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ABST
PAL  A self-propelled vehicle having independently steerable and suspended wheel
      assemblies for use in underground excavations. The vehicle includes means
      for temporarily supporting the roof of an excavation, drilling holes in
      the roof, and inserting bolts therein. The vehicle also includes scoops
      mounted at each end with a conveyor joining the scoops, thus giving the
      machine a self-loading capacity. The application also discloses a method
      for systematically installing roof bolts.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of U.S. application Ser. No. 299,354, filed Oct. 20,
      1972, now U.S. Pat. No. 3,811,290 .Iadd.(reissued as U.S. Pat. Re. 28,556
      from U.S. Ser. No. 525,223), .Iaddend.which is a continuation-in-part of
      U.S. Ser. No. 241,975, filed Apr. 7, 1972, now U.S. Pat. No. 3,793,966
      .[...]. .Iadd.and a reissue of U.S. Pat. No. 3,851,481, issued Dec. 3,
      1974. .Iaddend.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a vehicle for use underground more particularly,
      to a self-propelled, multipurpose vehicle for use in underground mining
      operations.
PAR  2. Description of the Prior Art
PAR  Underground mining operations, particularly in the coal industry, have come
      under increased scrutiny by governmental agencies and the general public
      because of the safety hazards presented to workers in the mines. Some of
      these hazards are inherent in the nature of underground mining itself; for
      example, the threat of a roof cave-in or the possibility of a build-up in
      gas or dust concentrations in the mine and a resulting explosion. Other of
      the hazards are created by inadequacies in equipment being used at the
      present time in an attempt to meet governmental regulations imposed
      because of the existence of the inherent hazards. A brief description of a
      typical underground mining operation carried out in today's coal mines
      will bring these equipment insufficiencies into focus:
PAR  A coal mine comprises a network of shafts and rooms excavated along the
      course of coal veins. Headroom in these shafts and rooms is ordinarily
      restricted depending upon the thickness of the particular vein and may
      vary between about 4 to 10 feet. Thus, low profile equipment is essential
      in most mines.
PAR  A machine known as a continuous miner is the primary piece of equipment
      used to extract coal from the vein. This machine works at the fresh,
      exposed face of the coal vein, loosening the coal by the action of movable
      augers. Mechanical arms mounted on the machine sweep the loosened coal to
      the rear of the machine as it progresses forwardly against the face. The
      bulk of this coal is picked up by suitable means and conveyed out of the
      mine. As the continuous mining machine advances, it creates an expanse of
      ceiling or roof which is unsupported and subject to collapse. Accordingly,
      the forward travel of a continuous miner under an unsupported roof is
      restricted by government regulation. When the appropriate limit of forward
      travel is reached, the continuous miner must retreat from the face of the
      mine until the roof has been suitably supported.
PAR  Roof support is achieved in most coal mines by installing metal bolts in
      the roof at spaced intervals fixed by government regulation. The required
      spacing of bolts will depend on the width of the room but ordinarily is 4
      feet both transversely and longitudinally. Installation of a roof bolt
      involves first the drilling of a hole in the roof, the insertion of a bolt
      having an expander of any well known type at the end, and finally
      torqueing the bolt to a predetermined value. Roof bolt installation is
      complicated by the fact that the government regulations prohibit mine
      personnel from working under an unsupported roof. Further problems are
      created during the roof bolting operation by government regulations
      requiring that any loose debris left by the continuous miner be cleaned
      from the mine floor as soon as possible.
PAR  Present coal mine practice involves the use of a machine known as a roof
      bolter for installing roof bolts. Generally, a roof bolter comprises a
      mobile platform having a movable boom extending therefrom. A drill head is
      mounted at the end of the boom and is controlled by a workman standing
      nearby. Usually, the workman actuates the drill with one hand and guides
      the shank of the upwardly moving drill bit with the other hand. The
      proximity of the workman to the drill has been the source of many serious
      accidents in the mines; for example, the drill bit may break or a drill
      bit extension may become disconnected and, in either case, strike the
      workman standing nearby. The drilling operation usually causes dust and
      debris to fall from the roof, hindering the workman's vision and otherwise
      endangering his health and safety.
PAR  Similar dangers are created by the existing method of inserting roof bolts.
      In most cases, the required length of the roof bolt is such that the bolt
      must be bent to start it into the hole drilled in the roof. The bending
      operation is done manually and with relatively little effort by the
      workman because of the flexibility of the metal used in conventional roof
      bolts. The head of the bolt is then inserted in the socket of the drill
      head and the bolt is driven home by the upward stroke of the drill head.
      Again the workman must control the movement of the drill head with one
      hand and guide the bolt with the other, thereby subjecting him to the
      danger of being hit by an errant bolt. Also, the insertion of the bolt
      causes dust and debris to fall from the roof, thereby creating the same
      hazards discussed above with respect to the drilling operation.
PAR  Following the insertion of bolts in an unsupported roof, conventional
      practice calls for the roof bolter to be withdrawn so that a machine with
      a scoop mounted on the front may enter the newly supported area to remove
      loose debris in accordance with regulations discussed above. Once the
      scoop is loaded, the machine must be backed away from the mine face until
      it reaches a cross-shaft where it can turn around and continue its
      movement to an unloading site. All of these operations are time consuming
      and reduce the productivity of the mine.
PAR  The present invention overcomes the disadvantages and objections associated
      with present roof bolting equipment and methods. Not only are personnel
      safety hazards markedly reduced, but also more efficient operating
      procedures are afforded by the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a self-propelled vehicle for use in
      underground excavations having a floor and a ceiling, the vehicle
      comprising: a frame; wheel assemblies supporting the frame, the wheel
      assemblies being independently suspended and steerable; a body supported
      on the frame; first lifting means supported by the frame for raising the
      body above the frame; a plurality of rotatable chuck assemblies disposed
      within the body and adapted to engage a workpiece for insertion into the
      ceiling; second lifting means supported by the body and engaging the chuck
      assemblies for raising the chuck assemblies above the body; and means
      mounted on the frame for contacting said ceiling above the vehicle and the
      floor below to support the ceiling against collapse. Preferably, each
      chuck assembly provided in the present invention is gimbal-mounted on its
      corresponding second lifting means and has pivotally mounted thereon a
      plurality of dogs for releasably engaging the workpiece. It is also
      preferable that the means for contacting the ceiling and the floor to
      support the ceiling against collapse comprises hydraulic jacks adapted for
      independent actuation.
PAR  Preferably, the present invention further comprises: a pair of movable
      scoop containers mounted on the frame at opposite ends thereof; and a
      reversible conveyor supported by the frame and positioned to transport
      material from one of the containers to the other.
PAR  The present invention further provides in a self-propelled vehicle for use
      in underground excavations, the vehicle including a frame supported by
      wheel assemblies, the improvement comprising: a pair of movable containers
      mounted on the frame of opposite ends thereof; and a reversible conveyor
      supported by the frame and positioned to transport material from one of
      the containers to the other.
PAR  The present invention further provides in a wheeled vehicle, an independent
      suspension and steering system for each wheel comprising: a frame member
      pivotally mounted at its inboard end to the vehicle undercarriage and
      including at its outboard end a trunion member; a mounting plate pivotally
      mounted within the trunion; a wheel assembly rotatably mounted to the
      outboard side of the mounting plate; and positioning means operably
      connected between the mounting plate and the outboard side of the vehicle
      undercarriage.
PAR  The present invention further provides a method for installing roof bolts
      in an underground mine room having an unsupported ceiling, said method
      comprising: (A) advancing a vehicle by remote control into a first
      position within the room; (B) remotely positioning jacking means mounted
      on the vehicle into engagement with a portion of the ceiling above the
      vehicle and a portion of the floor below the vehicle; (C) drilling a
      plurality of spaced holes in the ceiling above the vehicle while the
      vehicle is in its first position; (D) installing bolts in the holes
      drilled in step (C) while the vehicle is in its first position; (E)
      removing the jacking means from engagement with the ceiling and the floor;
      (F) advancing the vehicle by remote control further into the room on an
      acute angle from the direction of advance of step (A) to place the vehicle
      in a second position; (G) repeating steps (B) through (E) inclusive; (H)
      retreating the vehicle by remote control in a direction opposite from the
      direction of advance of step (A) to place the vehicle in a third position,
      the third position being longitudinally intermediate between the first
      position and the second position; and (J) repeating steps (B) through (E)
      inclusive.
PAR  Other advantages of the present invention will become apparent from a
      consideration of the following detailed description taken with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top elevation of the machine of the present invention;
PAR  FIG. 2 is a side elevation of the machine of FIG. 1;
PAR  FIG. 3 is a right-hand end elevation of the machine of FIG. 1;
PAR  FIG. 4 is a diagrammatic top elevation of the main frame and body of the
      machine of the present invention;
PAR  FIG. 5 is a side elevation of the main frame and body shown in FIG. 4;
PAR  FIG. 6 is an end elevation of the main frame and body showing the roof
      support cylinders and the lift cylinders for the body;
PAR  FIG. 7 is an end elevation of the main frame and body showing the slide
      posts for the body;
PAR  FIG. 8 is a partial top elevation showing the wheel mounting assembly of
      the machine of the present invention and the wheel positioning cylinders;
PAR  FIG. 9 is a sectional view taken through the wheel mounting assembly of
      FIG. 8 and one of the chuck assemblies shown in FIG. 1; .Iadd.
PAR  FIG. 9A is a sectional view taken along line IX--IX of FIG. 9; .Iaddend.
PAR  FIG. 10 is an enlarged top elevation of a chuck assembly;
PAR  FIG. 11 is a section taken along line XI--XI of FIG. 10 showing a chuck
      assembly, lift cylinders and guides;
PAR  FIG. 12 is a sectional view taken along line XII--XII of FIG. 10;
PAR  FIG. 13 is a side elevation of a dog as shown in FIG. 10;
PAR  FIG. 14 is a top elevation of the dog of FIG. 13;
PAR  FIG. 15 is a diagrammatic view showing a drilling pattern which may be
      employed with the machine of the present invention;
PAR  FIG. 16 is a side elevation similar to FIG. 2 but with the body raised;
PAR  FIG. 17 is a side elevation showing the raised chuck assemblies following
      the position reached by the body in FIG. 16;
PAR  FIG. 18 is a side elevation similar to FIG. 2 but showing the roof support
      cylinders in an extended position;
PAR  FIG. 19 is a diagrammatic view of the insertion of a roof bolt; and
PAR  FIG. 20 is a diagrammatic view showing the unloading of the conveyor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 through 7, there is shown a multi-purpose,
      wheel-supported machine 2 for use in underground mines. Machine 2 includes
      a main frame designated by the reference numeral 4. Frame 4 includes frame
      sections 6 (see FIG. 4) spaced away from and parallel to the longitudinal
      center line of machine 2. Frame sections 6 may be of box-type
      construction, as shown (FIG. 6), or of any other suitable construction.
      Frame sections 6 are connected by a number of transverse frame separators
      8 (FIG. 5), which may be made from heavy gauge channel or box stock.
      Extending outwardly and upwardly from frame sections 6 at each corner of
      frame 4 are L-shaped stiffeners 10 (FIGS. 5 and 6). Frame 4 is supported
      above the ground by four wheel assemblies generally designated by the
      numeral 12.
PAR  Mounted at each of the four corners of frame 4 by means of brackets 14
      extending transversely from frame sections 6 are roof support cylinders
      16. Roof support cylinders 16 are conventional, double-acting,
      telescoping, hydraulic cylinders having upper and lower pads 18 and 20,
      respectively, attached to their respective upper and lower piston rods 22
      and 24 (see FIG. 18). Mounted inboard of roof support cylinders 16 and
      supported directly on frame sections 6 are four upright lift cylinders 26.
      Lift cylinders 26 carry piston rods 27 and are of the conventional
      single-acting type.
PAR  A body, generally designated by the reference numeral 28, is supported
      above frame 4 by stiffeners 10 and lift cylinders 26. Body 28 includes a
      pair of spaced body sections 30 arranged outboard of frame sections 6 and
      parallel to the longitudinal center line of machine 2. Body sections 30
      may be of box-type construction, as shown, or other suitable construction.
      Body sections 30 are connected by transverse body support members 32, 34,
      36 and 38, respectively, which may be made from box stock or other
      suitable construction. Body 28 is completely enclosed at the top and sides
      with plate stock 40 (see FIG. 9) except for openings 42 formed in the top
      of body 28 (see FIG. 4) to permit passage of chuck assemblies 44,
      described in detail below. As shown in FIG. 4, suitable cut-outs are made
      in body support members 34 and 36 to form openings 42.
PAR  As will be described hereinbelow, body 28 is adapted to be raised above its
      support points by lift cylinders 26. To counteract side loads and assure
      smooth upward movement of body 28, during that lifting operation, four
      telescoping slide posts 46 are provided adjacent each of lift cylinders
      26. As best shown in FIGS. 5 and 7, slide posts 46 each include a vertical
      inner post 48 mounted to its associated frame section 6 and a concentric
      outer post 50 depending vertically from each of four gussets 52 which are
      mounted at the junctures of body sections 30 with body support members 32
      and 38. Inner post 48 and outer post 50 are dimensioned to make inner post
      48 easily slidable within outer post 50.
PAR  Mounted at each end of machine 2 are identical scoops 54. Each scoop 54
      includes a trapezoidal-shaped bottom portion 56, and a pair of vertical
      side walls 58 mounted to the non-parallel sides of bottom portion 56.
      Scoops 54 are arranged with respect to machine 2 so that the side walls 58
      of each scoop converge from the lip of the scoop toward its throat 59.
      Each scoop 54 is pivotally mounted in opposed transverse trunions (not
      shown) mounted inboard of frame sections 6 and carrying suitable bearing
      surfaces. Each scoop 54 is movable about its transverse mounting axis by
      means of a pair of hydraulic scoop cylinders 60 pivotally connected
      between main frame 4 and the outer side of each side wall 58.
PAR  Connecting the throats 59 of scoops 54 is a conveyor 62. Conveyor 62 is a
      conventional endless belt conveyor and is adapted to move material from
      the throat of one scoop to the throat of the other. Conveyor 62 passes
      over drive rollers 64 and 66, which are rotatably mounted between frame
      sections 6 at their left and right ends, respectively. Drive rollers 64
      and 66 are driven through a chain 70 and sprocket 72 arrangement by
      reversible hydraulic motors 74 and 76, respectively. Additional idler
      rollers 78 for supporting conveyor 62 (see FIG. 9) may be mounted on
      trunions 80 between frame sections 6 at intermediate points between drive
      rollers 64 and 66. A conventional conveyor belt tightening device (not
      shown) is installed on the conveyor to adjust the tension of the belt. As
      shown in FIG. 9, side guards 82 are provided on each side of conveyor 62
      to prevent spillage of material being conveyed. Side guards 82 are mounted
      to frame sections 6 by means of brackets 84.
PAR  Referring to FIGS. 8 and 9, the wheel assemblies 12 will now be described
      in detail. A pair of vertical carriage plates 86 are provided for each
      wheel assembly 12. Preferably, plates 86 are mounted upon frame section 6
      and are parallel to each other. Each pair of plates 28 has a pair of
      oppositely aligned holes (not shown). Pivotal movement of wheel assembly
      12 is provided by a transverse A-frame 88 having a pair of offset arms 90.
      A trunion 92 is provided at the outboard extension of arms 90 and a
      cylindrical pin holder 94 is provided at the inboard extension of arms 90.
      Preferably arms 90 are parallel to each other at the inboard extension of
      the A-frame 88, and are spaced apart and adapted for engagement between
      carriage plates 86. The inboard extension of arms 90 each include an
      opening (not shown) oppositely aligned from the other. Cylindrical holder
      and spacer member 94 preferably includes a sleeve (not shown) made of
      teflon or the like material. Holder 94 is of a length substantially equal
      to the spacing between support arms 90 at their parallel inboard
      extensions. Holder 94 is rigidly mounted between arms 90 with its opening
      therethrough in communication with the openings in arms 90. A-frame 88 is
      positioned so that the openings in arms 90 and, thus, holder 94 are
      aligned with the oppositely aligned holes in plates 86. A pin 96 is then
      inserted through the openings in plates 88, holder 94 and arms 90. Pin 96
      is preferably of sufficient length to extend beyond carriage plate 88 in
      its fully inserted position, and is threaded at both of the extended
      portions. Pin 96 is retained within the assembly by means of nuts 98
      secured to the threaded end portions of pin 96. The pivotal mounting of
      wheel assembly 12 just described permits the entire assembly to move
      vertically to conform with the terrain over which machine 2 passes.
      Downward movement of wheel assembly 12 about its pivotal mounting is
      limited by stop 97 extending from frame section 6. .Iadd.
PAR  At the inboard end of the top portion of trunion 92 is mounted a lower
      spring housing 200. Lower spring housing 200 is adapted to engage and hold
      suspension spring 201. A pair of oppositely facing L-shaped rail members
      202 are transversely mounted to horizontal support member 205 and extend,
      preferably, between plate 102 and the outboard side of motor 116.
      Horizontal support member 205 is, in turn, supported by a pair of
      upstanding support members 206 which are mounted to frame 6. This
      particular supporting arrangement for horizontal support member 205 is
      made necessary by the fact that body 28 and its associated body sections
      30 are movable and thus not suitable for supporting the suspension
      assembly for wheel 106. An upper spring housing 203 is secured to a spring
      mounting plate 204. Upper spring housing 203 preferably has an interior
      diameter slightly larger than the outer diameter of housing 200 to permit
      housing 200 to move within the upper housing 203 during flexing of spring
      201. At its upper end, spring 201 is mounted to plate 204. Plate 204
      includes a pair of lands for engaging the horizontally inwardly extending
      lands of rails 202 to permit the upper spring assembly to transversely
      move along rails 202. This permits the wheel assembly 12 to pivot about
      pin 96 as described above and yet retain a suspension mounting. .Iaddend.
PAR  At the outboard end of trunion 92 and along its vertical center line are
      mounted upper and lower female bearing members 100. A vertical motor
      mounting plate 102 having a pair of upper and lower male bearing members
      104 engaging, respectively, female bearing members 100 is positioned
      within trunion 92. Plate 102 is, therefore, adapted to pivot about the
      vertical center line of the respective bearings. Since the wheel 106 is
      mounted to plate 102, it will also pivot with the plate about a vertical
      axis.
PAR  Each wheel 106 is independently steerable through a total angle of
      45.degree., 22.5.degree. on either side of the transverse axis passing
      through the center of the wheel. Steering is provided by a pair of
      hydraulic steering cylinders 108 each pivotally mounted at one end to a
      mounting bracket 110 affixed to A-frame 88 and at the other end to motor
      mounting plate 102. Actuation of steering cylinders 108 cause wheel 106 to
      pivot about a vertical axis within the 45.degree. range indicated by
      dashed lines in FIG. 8. Suitable hydraulic control valves (not shown)
      allow for lengthening and shortening of cylinders 108 as wheel 106 moves
      vertically about its pivotal mounting to frame 4.
PAR  Mounting plate 102 is provided with an opening 114. A hydraulic motor 116
      is mounted at the inboard side of plate 102. Motor 116 is preferably a low
      speed, high torque hydraulic motor having s stationary housing or rotating
      shaft. Motor 116 includes a shaft 118 which passes through opening 114.
      Wheel 106 includes an annular support hub 120 mounted to shaft 118 by
      means of bolt 122. Support hub 120 includes an annular land 124 at the
      inboard end which is adapted to support and position brake disc 126.
      Support hub 120 also includes an outboard extension to which is mounted a
      circular wheel mounting member 128. Member 128 is mounted so as to provide
      the hub with an annular land 130 between the mounting member 128 and the
      outboard end of the hub. A wheel member 132 having a circumferential rim
      member 133 is bolted to mounting member 128 by means of bolt 134; wheel
      member 132 is adapted to be nested upon land 130. A tire 136 is mounted in
      a conventional manner on rim member 133. Unlike most rubber-tired vehicles
      used at present in underground mines, tire 136 may be solid rather than
      pneumatic because the wheel suspension system just described absorbs the
      forces normally transmitted by solid tires.
PAR  Referring now to FIGS. 10-14, chuck assemblies 44 will be described in
      detail. Chuck assemblies 44 serve a dual purpose in the operation of
      machine 2; they grip the drill bits necessary to drill holes in the mine
      roof and they hold the heads of the roof bolts for insertion into the
      drilled holes. Thus, the chuck itself (shown diagrammatically in FIG. 11
      and designated by the reference numeral 138) must be readily adaptable to
      grip the shank of a drill bit and securely hold the head of a bolt. Chuck
      138 is secured to a square horizontal mounting plate 140. Mounted to the
      bottom of plate 140 by means of bolts 142 is drive means 144 which imparts
      rotation to chuck 138 through a shaft 146. Drive means 144 may take the
      form of a hydraulic motor and includes a conventional torque limiting
      device. Pivotally mounted on the top surface of plate 140 by means of pins
      147 are dogs 148. The free end of each dog 148 has a semi-circular slot
      150 adapted to embrace a portion of the shank of a workpiece, either a
      drill bit or roof bolt. As shown in FIG. 10, two dogs 148 are positioned
      on opposite sides of chuck 138 and when pivoted into place their slots
      frictionally hold the shank of a workpiece 152 in the vertical position.
      Additional dogs 148 may be mounted on plate 140 if desired.
PAR  Plate 140 has a pair of aligned lugs 154 extending from opposite sides of
      plate 140 along a centerline thereof. Lugs 154 fit into trunions (not
      shown) mounted on a square gimbal member 156 positioned in planar
      relationship with plate 140 and equidistant from its edges. In turn,
      gimbal member 156 has a pair of aligned lugs 158 extending from opposite
      sides of gimbal member 156 on a center line of plate 140 which is
      perpendicular to the center line of lugs 154. Lugs 158 fit into trunions
      (not shown) mounted on an outer chuck support member 160 also positioned
      in planar relationship with plate 140 and gimbal member 156 and
      equidistant from the edges of gimbal member 156. The effect of these two
      gimbal mountings is to permit mounting plate 140 (and thus chuck 138) to
      seek the true horizontal regardless of the orientation of chuck support
      member 160. In this way, a workpiece held in chuck 138 will always assume
      a vertical position. Chuck assembly 44 is provided with suitable means
      (not shown) to automatically lock the gimbal mountings when drive means
      144 is energized.
PAR  Chuck support member 160 is supported by a pair of vertical hydraulic lift
      cylinders 162 and secured to the piston rods thereof by means of bolts
      164. Lift cylinders 162 are of the conventional single-acting type and are
      secured at their lower ends by means of bolts 165 to brackets 166
      depending from body sections 30 on either side of chuck assemblies 44.
PAR  Lift cylinders 162 are adapted to raise chuck assembly 44 above the top
      surface of body 28. To assure smooth upward movement of chuck assembly 44
      when lift cylinders 162 are actuated, a pair of vertical guide posts 168
      are provided to extend between the bottom of chuck support member 160 and
      brackets 166 which support lift cylinders 162. Each guide post 168
      includes a first L-shaped member 170 depending from its point of
      attachment at one corner of chuck support member 160 and a second L-shaped
      member 172 dimensioned to receive first L-shaped member 170 and secured at
      its lower portion to bracket 166.
PAR  As shown in FIG. 1, machine 2 is provided with an electric motor 174
      suitably mounted on frame 4. Motor 174 may receive its power from a
      trailing cable or a battery. In certain instances, it may be preferable to
      omit electric motor 174 and substitute therefor a diesel engine. Electric
      motor 174 is used to drive a hydraulic pump 176 by means of a rotating
      shaft 178. Pump 176 furnishes hydraulic fluid under pressure to drive
      hydraulic motors 116 and 76.
PAR  Referring now to FIGS. 15-20, the operation of machine 2 within an
      underground coal mine will now be described: As stated above, when the
      continuous miner withdraws from the face of the mine, it leaves an expanse
      of unsupported roof above. If the roof is of such composition as to make
      it particularly susceptible to collapse, vertical timbers may be wedged
      between the roof and the floor to provide temperaory support while the
      continuous miner is operating. In any event, government regulations
      prevent workmen from moving into a room under an unsupported roof to
      install roof bolts. Accordingly, the machine of the present invention is
      brought into position at the threshold of the room.
PAR  The machine 2 is fitted with four chuck assemblies located in two rows
      spaced 4 feet apart, with 4 feet between assemblies in each row. The
      purpose of this arrangement is to comply with the usual government
      regulation that roof bolts be placed at spaced intervals of 4 feet both
      longitudinally and transversely. A greater or lesser number of chuck
      assemblies than four may be employed to suit local conditions.
PAR  Government regulations also require that roof bolts be installed within a
      specified distance from the longitudinal walls of the room. Thus, the
      first position of machine 2 within the unsupported room will generally be
      closely adjacent a side wall as shown in FIG. 15. Position 1 shown in the
      Figure is reached by tramming the machine by remote control into the room,
      the machine operator being safely situated to the rear under a supported
      roof. If timbers have been erected, the machine will simply knock them
      down as it advances; the displaced timbers will be removed after the roof
      is supported.
PAR  Prior to advancing machine 2 into Position 1, lift cylinders 26 and 162 are
      placed in their retracted (lowermost) positions and drill bits are
      installed in chuck assemblies 44. As the machine advances to Position 1,
      the operator remotely actuates the forward scoop 54 to place its lip on
      the mine floor (see FIG. 16) so that any coal debris in the machine's path
      is gathered up by the scoop. At the same time, the rear scoop 54 is placed
      in a raised position. Conveyor 62 is also actuated so that when the coal
      debris gathered by the forward scoop is pushed rearwardly by the advance
      of machine 2, it falls onto conveyor 62 and is carried to rear scoop 54
      and deposited therein. Thus, the combination of the two scoops and the
      conveyor serves to make machine 2 self-loading and capable of carrying a
      payload far in excess of a conventional front scoop loading machine. It
      may be desirable to link the drive means of conveyor 62 with the drive
      means of the machine to take advantage of the low speed, high torque motor
      operation provided for in the machine drive means.
PAR  When machine 2 reaches Position 1, the operator remotely actuates roof
      support cylinders 16 to cause them to extend into engagement with the roof
      and the floor as best shown in FIG. 18. Once roof support cylinders are
      positioned, the operator is free to move under the roof since it is now
      supported. With the drill bits already in place in chuck assemblies 44,
      the operator actuates lift cylinders 26. In unison, lift cylinders 26
      extend their associated piston rods 27 upwardly and cause body 28 to lift
      from its points of support on frame 4. Smooth upward movement of body 28
      is assured by the cooperative sliding action of slide posts 46.
PAR  As body 28 moves upwardly, it carries with it chuck assemblies 44 and their
      associated lift cylinders 162. The gimbal-mountings provided in chuck
      assemblies 44 enable the upwardly moving drill bits to seek the true
      vertical regardless of the orientation of frame 4. When the drill bits
      strike the roof, the operator actuates drive means 144 to rotate the drill
      bits; automatically, the gimbal-mountings on chuck assemblies 44 are
      locked. Dogs 148 firmly hold the drill bits in place, making any manual
      steadying or guiding of the drill bits by the operator unnecessary. Thus,
      the simultaneous drilling of four correctly spaced holes begins.
PAR  When piston rods 27 reach the limit of their travel (see FIG. 16), the
      operator actuates lift cylinders 162 to commence the upward movement of
      chuck assemblies 44, guided by guide posts 168. The piston rods 182 of
      lift cylinders 162 extend upwardly to permit the drilling operation to
      progress. If necessary, the operator can retract chuck assemblies 44 and
      insert drill bit extensions to obtain the necessary depth in the holes
      being drilled. One of the advantages of the drilling sequence just
      described is that it effectively denies the operator any occasion to place
      his hands near the chuck assemblies 44 during drilling and thereby reduces
      the possibility of accident and injury.
PAR  When holes of correct depth are drilled, chuck assemblies 44 are lowered by
      bleeding lift cylinders 162. Then body 28 is lowered onto its points of
      support by frame 4 by bleeding lift cylinders 26. The operator may then
      remove the drill bits and any extensions thereof from chuck assemblies 44.
PAR  The next step is the insertion of roof bolts into the drilled holes. Since
      the presence of machine 2 beneath the holes usually prevents insertion of
      straight bolts into the holes, the operator usually will have to bend each
      bolt manually, get it started into the hole, and bend it back so that the
      bolt head may be placed in a suitable socket in chuck assembly 44. This
      operation is shown diagrammatically in FIG. 19. When all bolts are in
      position and being held in chuck assemblies 44 by dogs 148, the operator
      again sequentially actuates the lift mechanisms as described above to
      drive the bolts home. A torque sensing mechanism in each drive means 144
      permits the operator to automatically torque each bolt to the correct
      value.
PAR  When the bolts are secure, the operator lowers both lifting mechanisms and
      replaces the drill bits in chuck assemblies 44 in readiness for the next
      drilling operation. The operator next retracts roof support cylinders 16
      to the position shown in FIG. 16. While standing under the newly supported
      roof, the operator actuates each pair of steering cylinders 108 on wheel
      assemblies 12 to cause each wheel to pivot approximately 22.5.degree. to
      the left (see FIG. 15). The operator trams machine 2 into Position 2 shown
      in FIG. 15 while operating the scoop and conveyor as before. The entire
      drilling sequence just described is repeated and the operator then trams
      machine 2 in the direction indicated by the arrow in FIG. 15 to reach
      Position 3. For a machine configured with four chuck assemblies spaced on
      four foot centers, the distance between Position 2 and Position 3 will be
      12.0 ft., assuming a 22.5.degree. crab between Position 1 and Position 2.
      Further movements of machine 2 to complete the bolting pattern may be
      varied to suit local conditions.
PAR  When roof bolting has been completed, machine 2 may be used to complete the
      scooping up of debris from the room floor in the manner described above.
      The versatility of the present invention in this regard eliminates the
      need for a separate scoop machine, and the time required to withdraw a
      bolting machine and being in a scoop machine. The effect of the
      combination roof-bolter and scoop of the present invntion is therefore
      synergistic.
PAR  After scooping up debris and loading its rear scoop and conveyor to
      capacity, machine 2 may be moved to an unloading site at the rear of the
      mine without being turned around. The unloading of machine 2 usually may
      be accomplished by lowering the rear scoop into a bin and actuating
      conveyor 62. If necessary, however, the pair of roof support cylinders 16
      at the front of the machine may be actuated sufficiently to tilt conveyor
      62 toward the unloading bin as shown in FIG. 20.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-propelled vehicle for use in underground excavations having a
      floor and a ceiling, said vehicle comprising:
PA1  a frame;
PA1  wheel assemblies supporting said frame, said wheel assemblies being
      independently suspended and steerable;
PA1  a body supported on said frame;
PA1  first lifting means supported by said frame for raising said body above
      said frame;
PA1  a plurality of rotatable chuck assemblies disposed within said body and
      adapted to engage a workpiece for insertion into said ceiling;
PA1  second lifting means supported by said body and engaging said chuck
      assemblies for raising said chuck assemblies above said body;
PA1  a pair of movable scoop containers mounted on said frame at opposite ends
      thereof;
PA1  a reversible conveyor supported by said frame and positioned to transport
      material from one of said containers to the other; and
PA1  means mounted on said frame for contacting said ceiling above said vehicle
      and said floor below to support said ceiling against collapse.
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PAL  A method and apparatus for .[.sucking.]. loading poultry into transportable
      compartments, .Iadd.and for .Iaddend.protecting the poultry in loading and
      during transportation.
BSUM
PAR  In today's poultry farming, mechanization has cut costs of production. This
      has been brought about by, among other things, segregating the various
      functions of poultry raising into specialized segments such as maintaining
      laying flocks, hatching eggs and having a grower raise birds, until they
      are ready for market.
PAR  Each such operation is performed to maximize efficiency and permit greatest
      automation of each operation.
PAR  Once birds have reached optimum or selected size, they are crated and
      shipped off to the processing plant to be prepared for sale to the public.
PAR  Until now, though, the process of crating birds for delivery has been
      rather crude and done by hand, in most instances.
PAR  The process of crating birds has been fraught with many problems. Birds in
      the past have often been cornered in a bird house by a catching crew, then
      physically grabbed and stuffed into standard poultry crates. The crates
      are then stacked and shipped via trucks to the appointed destination.
PAR  The process of crating for conveying is expensive in terms of manual labor
      and further in terms of bruising and other damage to the birds incurred in
      the course of their capture and crating.
PAR  Some money-saving expedients have been employed to save labor and expense
      in the bird crating process. Such techniques as the use of special loader
      grapples on a crane to load a plurality of crates on a truck has proven of
      some value.
PAR  Some attempts have even been made to use a vacuum means to catch the birds,
      then hand load birds into conventional crates. The later method still
      required a good deal of bird handling with its concommitant danger of
      bruising the bird and the extra labor of placing the birds in crates.
PAR  The crate which has been used in the past has usually been 1 foot high by 2
      feet deep and 3 feet long, each holding about 12 to 16 birds. The upper
      and lower portions of the crate were spaced apart by spaced dowels or
      other spacers allowing free ventilation for the birds in the crate.
PAR  The disadvantages of the old system are many. Perhaps the foremost of these
      disadvantages is the decreasing labor available for this type of work.
      This problem has reached the acute stage. This method of procurement is
      highly conducive to bruising and losses of dead and damaged birds due to
      rough handling. Smothering occurs during the catching of the birds by
      piling them up in corners and during transit due to the small amount of
      air movement around the densely stacked crates. The fact that five or six
      birds at a time are forced through the opening of the crate when loading
      and are forcibly pulled from these crates when they are hung on the
      shackles in the plant, causes further damage.
PAR  According to .Iadd.one aspect of .Iaddend.the present invention, a method
      and apparatus is provided whereby a vacuum is applied to a tube or hose,
      the tube being large enough to allow a bird to freely pass through it. The
      bird is then sucked through the hose into a container which is usually
      substantially air tight except for its special openings. The container is
      filled with a selected number of birds picked up by the tube. The
      container is then provided with a flow of circulating air regulated to
      keep a normal body temperature of the birds in the container while they
      are being transported to their destination.
PAR  An apparatus for effectuating bird loading .Iadd.in this manner
      .Iaddend.requires at least a stationary engine powering a high vacuum
      blower and possibly air circulation in the .Iadd.container .Iaddend.
      .[.compartment.]..
PAR  The suction side of the blower is connected to a plenum or air chamber.
      This air chamber, standing vertically, forms a common front to a number of
      long rectangular compartments arranged in a horizontal position and
      stacked two, side by side. The compartments' sizes and number are
      dependent on amount of load desired. These compartments are enclosed at
      the rear by two large hinged doors which are gasketed to form an air tight
      fitting to the end of each individual compartment. Into these doors are
      fitted round ports which correspond to the center of each compartment. The
      purpose of these ports is for the connection of a suitable size tubular
      pipe or pick up hose to transport the birds into the compartments. .Iadd.
PAR  According to another aspect of the invention, a method and apparatus for
      laoding and carrying poultry is provided which includes the employment of
      a container having a plurality of compartments arrangaed in tiers each
      having conveyor means extending the length thereof. Birds are deposited at
      the open end of each compartment and the conveyor means is used to move
      them towards the remote end, allowing more birds to be deposited. The
      container is ventilated by forced air circulation to insure the proper
      environment for the tightly crowded birds..Iaddend.
DRWD
PAR  Although such novel feature or features believed to be characteristic of
      the invention are pointed out in the claims, the invention and the manner
      in which it may be carried out may be further understood by reference to
      the description following and the accompanying drawings.
PAR  FIG. 1 is a view showing one method of performing the process of the
      present invention.
PAR  FIG. 2 is a side elevation of a complete apparatus of the present invention
      on a truck.
PAR  FIG. 3 is a section of FIG. 2 along lines 3--3 showing the intake of birds.
PAR  FIG. 4 is a rear elevation of FIG. 1 with open gates.
PAR  FIG. 5 is a variant enlarged detail of FIG. 3.
PAR  FIG. 6 is an elevation of FIG. 5 at lines 6--6.
PAR  FIG. 7 is a detail of a chamber loading port-vent and viewing port.
PAR  FIG. 8 is a front elevation of another embodiment of a chamber of the
      present invention.
PAR  FIG. 9 is one means of discharging a cargo of birds of the present
      invention.
DETD
PAR  Referring now to the figures in greater detail, where like reference
      numbers denote like parts in the various figures:
PAR  In FIG. 1 a master container 10 is shown affixed to a truck 11. The
      container 10 comprises a plurality of compartments 12 separated by a
      partition 13. Each compartment 12 is preferably closeable by a gasketed
      master gate 14 having a port 15 for each compartment 12. The end 16, away
      from the port 15 of the compartment 12, is closed off by the air permeable
      member 17, such as a screen so that there can be no free passage of a bird
      outside the compartment 12 or into the plenum chamber 18.
PAR  In FIG. 7 the port 15 is shown closed with a plug 40 which includes
      adjustable dampers 41, 42 to regulate the flow of air in the compartment
      12 when the hose 23 is not inserted in the port 15.
PAR  A viewing port 43 is preferably adjacent the port 15 so that an operator
      may observe the loading of the birds into the compartments 12.
PAR  Spaced apart from the compartment ends 16 is a plenum chamber 18 with a
      duct 19 which may lead to a stationary engine 20, capable of drawing air
      through the compartment 12.
PAR  In FIG. 5 a pump drive is seen geared to a suction pump 45 with a duct 19
      leading to the plenum chamber 18.
PAR  In FIG. 6 the compartment doors can be seen, their open position joined by
      closure rods 47. The scoop 48 protrudes above the comparmtnet area of the
      plenum so that it can ventilate the compartment 12 when desired or be
      closed off by its damper 49 with the doors 46 so that a suction can be
      caused in the compartment 12 when desired.
PAR  The master gate 14 is closeable to cover the intake end 21 of each
      compartment.
PAR  The master gate 14 area is preferably gasketed (not shown) to prevent air
      leakage when the gate 14 is closed and the stationary engine 20 is sucking
      air through ports 15 or dampers 41.
PAR  When the master gate 14 is closed, as shown in FIGS. 1 and 3, a hose 23 may
      be introduced into a selected port 15, the other end of which extends into
      a poultry house 24. The catching crew may then load the birds by easing
      them to the flared end 25 of the hose 23 where they are sucked into the
      selected compartment 12.
PAR  When compartment 12 has a sufficient density of birds, the hose may be
      moved to another empty compartment 12, either manually or by use of the
      adjustable hoist 26 until the entire master container 10 has been loaded.
PAR  The port plugs 40 may be removed one at a time to open one compartment 12
      at a time.
PAR  A stationary engine 20 is preferably thermostat controlled to keep a
      constant selected temperature inside the compartment 12 by regulating its
      air flow and/or the dampers 41 may be under thermostat control.
PAR  Once a compartment 12 has birds inside, it is important to maintain a
      regular flow of air so that the body heat of the birds does not raise the
      internal temperature of the compartment 12 to a point where the health of
      the bird or birds is endangered.
PAR  To this end, a stationary engine 20 may be kept in constant movement,
      drawing air in through the ports 15 and dampers 41 and out the engine's 20
      exhaust, once it has passed through the compartment 12.
PAR  A loaded truck 11 with a master container 10 may be brought to a processing
      plant and emptied as shown in FIG. 9 by opening the master gate 14 and
      dumping the birds onto a conveyor 30.
PAR  A counter 29 may be provided within the hose 23 so that the density of
      birds in any one compartment 12 can be controlled by count, to protect the
      well being of the occupant birds in a compartment. Each compartment 12 may
      act as a separate unit for the loading and conveyance of poultry, though
      it is expedient to have a plurality of compartments 12 that can be loaded
      successively, one at a time.
PAR  The method of loading is performed by connecting a hose 23 to the port 15
      of an enclosed compartment and extending it to the location of the birds
      to be loaded, usually in a poultry house 24, then applying a vacuum to the
      compartment 12 to suck the birds through the hose and into the compartment
      12. Once a selected number of birds have filled the compartment 12, air is
      circulated in the compartment 12 to maintain a normal temperature for the
      birds in the compartment 12. The method may be repeated where there is a
      plurality of compartments 12 by removing the hose 23 from first selected
      compartment 12 and connecting the hose 23 to the next selected compartment
      12 to load that compartment 12 with the selected number of birds.
PAR  A preferred mode and apparatus for the loading of poultry is shown in FIG.
      5. The door 14 is preferably a single unit though in the detail doors 50
      are shown with individual hinges 51 as optional way of opening the
      compartments 12 individually. In FIG. 5 the hose 23 is shown inserted in a
      port 15 with birds 60 being sucked into the compartment 12. An operator
      may watch the loading through the viewing port 43. The compartment 12 is
      illuminated by a light 61 preferably blue so that the normally color blind
      birds 60 are not affected by the light.
PAR  The birds enter the compartment 12 and rest on a folded liner 62 which is
      overfolded or rolled so that it may stretch the length of the compartment
      12. One end of the liner 62 abuts a baffle 63. When the birds have filled
      the entry portion of the compartment 12 the motor 64 is actuated to pull
      the liner strap 65 allowing more birds 60 to be filled into the
      compartment 12 as can be seen in the lower compartment 12 in which the
      liner 62 extends the length of compartment 12.
PAR  Below the roof of the compartment 12 is a crowd screen 66. The crowd screen
      66 may have a deflector 67 which is raised when birds 60 are being loaded.
PAR  As shown in FIG. 5 the crowd screen 66 may have pivots 68 to adjust their
      height to the bird 60 size being loaded.
PAR  In FIG. 8 an alternate adjustment of the crowd screen 66 is based upon
      supports 69 at preset levels.
PAR  The crowd screen 66 provides a ventilator passage above the birds 60 to
      prevent suffocation and allow circulation of air either to warm the birds
      60 or to let off their body heat as the case may be.
PAR  In transit the birds may receive air through natural intake through the
      doors 46 when they are open. The doors 46 may be closed and air intake may
      be through the scoop 48 with its damper 49 open.
PAR  When loading birds the doors 46 may be simultaneously closed joined by the
      rods 47 and the scoop damper 49 closed. All must be properly gasketed (not
      shown). With the doors 46 and scoop damper 49 shut, ventilation may also
      be had through the duct 19.
PAR  In the preferred method of unloading, upon locating at the plant hanging
      lines, the near doors are opened and the liners are pulled by mechanical
      means or by hand toward the men who hang the birds.
PAR  This master container 10 may be a separate unit removable from the truck
      and engine 20 such as a pick-a-back container for use on a rail car also.
      The stationary engine 20 is joined by duct 19 to the plenum chamber 18
      into which all of the compartments 12 have an open free end 16. A
      thermostat (not shown) controls the constant air flow in the master
      container 10 when loaded with birds to maintain a proper internal
      temperature to protect the birds against overheating from their own
      concentration and body warmth.
PAR  Each compartment 12, in turn, may be loaded and when full the hose 23 may
      be manually placed in another port 15 for loading or may be assisted for
      placement in a port 15 by use of an adjustable hoist 26, which also helps
      to keep the hose 23 in position while loading. The port plugs 40 are
      replaced and the dampers adjusted for proper ventilation.
PAR  The terms and expressions which are employed are used as terms of
      description; it is recognized, though, that various modifications are
      possible.
CLMS
STM  Having thus described certain forms of the invention in some detail, what
      is claimed is:
NUM  1.
PAR  1. A method for loading and carrying a plurality of poultry comprising the
      step of applying a sucking force to a mobile compartment having a
      generally air tight body, extending a hose into a first opening into one
      portion of such compartment to the presence of a bird, causing a vacuum
      through another opening removed from said first opening in said
      compartment, sucking said bird into said compartment through said hose,
      and repeating the step of sucking birds into different portions of said
      compartment until a selected number of birds have been sucked into said
      compartment.
NUM  2.
PAR  2. The method of claim 1 including the step of removing a plug to an
      opening in said compartment and introducing said hose into said opening.
NUM  3.
PAR  3. The method of claim 2 including the step of closing said opening in said
      compartment with an air permeable member, after loading said birds.
NUM  4.
PAR  4. The method of claim 3 wherein said air permeable member is adjustable
      and is adjusted to the needs of the birds in said compartment.
NUM  5.
PAR  5. The method of claim 3 including the step of maintaining a continuous
      flow of air in said compartment.
NUM  6.
PAR  6. The method of claim 4 including the step of maintaining a circulation
      and temperature in said compartment conducive to the health of the birds
      in said compartment.
NUM  7.
PAR  7. The method of claim 1 wherein a plurality of compartments are
      successively loaded.
NUM  8.
PAR  8. An apparatus for loading and carrying a plurality of birds comprising at
      least one mobile compartment having a generally air tight body adapted to
      hold a plurality of birds; said compartment having a first opening large
      enough to admit the passage therethrough of selected birds, said opening
      further having means to receive a hose, large enough to allow passage
      therethrough of selected birds, and vacuum means connected to another
      opening in said compartment to suck birds through said hose into said
      first opening of said compartment.
NUM  9.
PAR  9. The apparatus of claim 8 also including a closed end permeable to the
      passage of air.
NUM  10.
PAR  10. The apparatus of claim 8 including a closure for said hose opening.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said closure includes adjustable
      damping means.
NUM  12.
PAR  12. The apparatus of claim 8 having air circulating means.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said air circulation means is
      thermostatically controlled to maintain a selected temperature in said
      compartment conducive to the health of birds in said compartment.
NUM  14.
PAR  14. The apparatus of claim 8 wherein said vacuum means is a stationary
      engine.
NUM  15.
PAR  15. The apparatus of claim 8 including a plurality of juxtaposed
      compartments of like construction.
NUM  16.
PAR  16. The apparatus of claim 15 wherein each compartment includes a closed
      end permeable to the passage of air.
NUM  17.
PAR  17. The apparatus of claim 15 wherein each said compartment opening
      includes a closure having an opening large enough to admit passage of
      selected birds.
NUM  18.
PAR  18. The apparatus of claim 15 wherein each compartment closure opening is
      adapted to receive a hose large enough to admit the passage of selected
      poultry through said duct.
NUM  19.
PAR  19. The apparatus of claim 15 wherein each compartment has air circulation
      means.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said air circulation means is
      thermostatically controlled to maintain the selected temperature in said
      compartments conducive to the health of the birds in said compartments.
NUM  21.
PAR  21. The apparatus of claim 15 wherein said vacuum means is a stationary
      engine.
NUM  22.
PAR  22. The apparatus of claim 15 wherein said compartments are contained in a
      master container.
NUM  23.
PAR  23. The apparatus of claim 22 wherein said master container includes vacuum
      inducing means.
NUM  24.
PAR  24. The apparatus of claim 23 wherein said vacuum inducing means is a
      stationary engine.
NUM  25.
PAR  25. The apparatus of claim 24 wherein said stationary engine and master
      container are unitary and mountable on a truck.
NUM  26.
PAR  26. The apparatus of claim 15 wherein said hose receiving portions are
      mounted on a gate, said gate adapted to close said compartments.
NUM  27.
PAR  27. The apparatus of claim 16 wherein said closed ends permeable to the
      passage of air open into a plenum chamber.
NUM  28.
PAR  28. The apparatus of claim 27 including a plurality of substantially air
      tight doors optionally openable to give access to at least a selected
      compartment.
NUM  29.
PAR  29. The apparatus of claim 27 including a substantially air tight damper
      optionally openable to vent said plenum chamber.
NUM  30.
PAR  30. The apparatus of claim 8 including an air permeable crowding screen
      substantially along the upper portion of said compartment spaced away from
      the top of said compartment.
NUM  31.
PAR  31. The apparatus of claim 30 wherein said crowding screen is optionally
      adjustable as to height.
NUM  32.
PAR  32. The apparatus of claim 31 wherein said screen has selected supports at
      selected levels in said compartment.
NUM  33.
PAR  33. The apparatus of claim 8 including a liner, said liner adapted to be
      extended along the length of said compartment.
NUM  34.
PAR  34. The apparatus of claim 33 including a baffle adjacent an end of the
      liner.
NUM  35.
PAR  35. The apparatus of claim 34 including means to draw said liner and baffle
      toward the closed permeable end of said compartment.
NUM  36.
PAR  36. The apparatus of claim 10 including a viewing portion in said closure.
NUM  37.
PAR  37. The apparatus of claim 36 including a light inside said compartment.
NUM  38.
PAR  38. The apparatus of claim 8 including a single door for said compartment.
NUM  39.
PAR  39. The apparatus of claim 15 including a single door for a plurality of
      said juxtaposed compartment.
NUM  40.
PAR  40. The apparatus of claim 8 including a means for removing said birds from
      said compartment by withdrawing a liner on the base of said compartment.
      .Iadd. 41. Mobile apparatus for transporting poultry, comprising an
      enclosed container adapted to hold a plurality of birds, an opening in
      said container large enough to allow passage of birds therethrough, and
      air circulating means at an end of said container remote from said
      opening, said container being provided with a plurality of compartment,
      each of which includes conveyor means for moving the birds from said
      opening toward said remote end of the container..Iaddend..Iadd. 42. Mobile
      apparatus in accordance with claim 41, wherein said air circulating means
      creates a negative pressure differential within the
      container..Iaddend..Iadd. 43. Mobile apparatus in accordance with claim
      41, wherein said conveyor means is further operative to move said birds
      from the remote end of said container to said opening..Iaddend..Iadd. 44.
      Mobile apparatus in accordance with claim 41, wherein said opening is
      closeable by air permeable means..Iaddend..Iadd. 45. Mobile apparatus in
      accordance with claim 41, wherein closure means are provided in said
      opening, which include adjustable damping means..Iaddend..Iadd. 46. Mobile
      apparatus in accordance with claim 41, wherein said air circulating means
      is thermostatically controlled to maintain a selected temperature range in
      said container conducive to the health of the birds..Iaddend..Iadd. 47.
      Mobile apparatus in accordance with claim 41, wherein each of said
      compartments has a separate adjustable opening yielding entry
      thereto..Iaddend. .Iadd. 48. Mobile apparatus in accordance with claim 41,
      including an air permeable crowding screen positioned along the upper
      portion of each of said compartments..Iaddend..Iadd. 49. Mobile apparatus
      in accordance with claim 41, wherein said conveyor means includes a liner,
      adapted to be extended along the length of each
      compartment..Iaddend..Iadd. 50. Mobile apparatus in accordance with claim
      49, wherein a baffle is provided adjacent to one end of said
      liner..Iaddend..Iadd. 51. A method for loading and carrying a plurality of
      poultry in a mobile container having compartments arranged in a plurality
      of tiers, each compartment including individual conveyor means extending
      the length thereof from an open end to a remote end, comprising:
      depositing birds at the open end of a compartment on the associated
      conveyor means; moving said conveyor means toward the remote end of said
      compartment allowing more birds to be deposited at said open end; and
      ventilating said container by forced air circulation..Iaddend..Iadd. 52. A
      method for loading and carrying a plurality of poultry in accordance with
      claim 51, including introducing an air permeable screen between the top of
      the birds and the top of the compartment, to establish a ventilation
      passage..Iaddend.
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ABST
PAL  A hoisting hook carries an end loop of a load bearing line and has an eye,
      a curved hook with a hook tip spaced from the eye to form a throat
      therebetween, and a throat closure device in the form of a safety gate
      pivotally mounted for rotation about the eye of the hook. The gate has a
      bridging arm portion which, in closed relation, extends from the eye of
      the hook to the .[.top.].  .Iadd.tip .Iaddend.of the hook across the hook
      throat and a connecting arm portion which extends upwardly from the eye of
      the hook to provide a gate eye to receive a hoisting line. When the end
      loop of the load bearing line is on the hook and the hook and gate
      combination is loaded, the load on the hook will tend to cause the
      bridging arm portion of the gate to close on the tip of the hook and to
      remain in a closed position. A self-locking latch is pivotally mounted
      entirely within the gate for movement between locking and release
      positions. The configuration of the bridging arm portion is such that it
      is extremely unlikely or impossible for the load line end loop to move off
      of encircling relation to the hook whether the load line is slack or
      loaded and when the hook is bridged. The safety gate can be rotated clear
      of the hook throat to provide virtually the entire throat dimension for
      receiving the edge of flat sheet or plate material or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hoisting hook carrying an end loop of a load
      bearing line and a safety gate pivotally mounted to the hoisting hook and
      shaped to retain the load line end loop on the hook whether the load line
      is taut or slack. The safety gate is self-closing under load and includes
      a non-loaded latch pivotally mounted in a throat bridging arm portion of
      the gate. The latch is biased into position to engage a raised shoulder on
      the hook eye so that the gate cannot roate when the latch is in its
      latched position. The safety gate and hoisting hook combination may also
      be used in an open position for lifting sheet material and the like. In
      addition to preventing the load line from accidentally coming off the
      hook, a major function of a safety hook is to prevent fouling of the load
      line when the load line is slack thus to insure against failure of or
      damage to the safety hook and/or load line when load is again applied
      through the hook to the load line. Many of the safety hooks of the prior
      art are shaped so that the end loop of a load line, being relatively
      stiff, can ride up from encircling relation to the hook itself and into
      encircling relation with the safety gate. This can bring the lifting
      forces to bear on the safety gate, which are usually not built to take the
      full lifting forces; and/or on the latch mechanism or protruding latch
      trigger arm. This can cause the latch to fail, making it inoperative and
      sometimes resulting in separation of the load line from the safety hook
      assembly.
PAR  Prior art structures subject to such problems include those shown in the
      following U.S. Pat. Nos. 3,114,955; 3,038,753; 2,927,358; and 2,706,318.
      For example, in the patent to Radcliff, as seen in FIGS. 1 and 3, when the
      load line is slack, as where the hook is resting on the ground with an end
      loop of a load line "trapped" on the hook, that loop will work off the
      hook body 3 to have position around the arms 9 of the safety gate 8, and
      between the hook shank 4 and latch handle end 29. Then when a lifting
      force is applied to shank 4, all the weight on the load line will be
      brought to bear on the arms 9 of the gate and on the latch handle 29. The
      structure does not have the strength of the hook and failure must result.
PAR  Another requirement of a safety hook is that the structural strength of the
      hook including the hook eye be maintained while providing a positive
      locking mechanism to prevent accidental opening of the safety gate and
      loss of contact with load bearing line. U.S. Pat. No. 1,956,786 to W. J.
      Bemis shows a combination hook and closure member arrangement, but
      depressions 20 and 21 weaken and provide stress points in the hook eye 4.
      No provision is made for a positive locking mechanism. Also, as shown in
      FIG. 3 of that patent, the maximum opening and exposure of the hook throat
      permitted by the movement of the closure member does not allow for use of
      the entire throat and body portion of the hook and so does not allow for a
      secure gripping action on the edge of a plate member, or the like, by the
      hook.
PAR  U.S. Pat. No. 3,114,955 to B. D. Ahlquist shows an arrangement having an
      arm portion for lockingly engaging the hook to insure entrapment of a load
      bearing line, but edge portions of plates or sheets cannot be received by
      this hook.
PAR  Various locks are known for use with different types of safety hooks. See,
      for example, U.S. Pat. No. 2,927,358 to Radcliff; No. 2,706,318 to
      Coffing; No. 1,532,927 to Nowland; and No. 1,505,051 to Lindgren. These
      all have the disadvantage of weakening of structural strength because of
      parts notched to receive a boss of some kind. Further, none can be used
      both as a hoisting hook for a load bearing line and to provide a
      completely open hook throat to receive the edges of plate material or the
      like.
PAR  It is often desirable to remove the safety gate and use the hook alone. A
      method of conveniently and separably interlocking disconnecting the parts
      is shown in my U.S. Pat. No. 3,453,822.
PAC  SUMMARY OF THE INVENTION
PAR  A safety gate depends from a hoisting line and is pivotally mounted to a
      hoisting hook through an eye of the hook for rotation between a closed
      position wherein a throat bridging arm portion of the gate is in blocking
      relation across the throat of the hook and an open position wherein said
      bridging arm is clear of alignment with the hook throat. In one manner of
      normal usage, a closed end loop of a load bearing line depends from the
      hook. A load axis will then extend from the center of the hoisting line of
      the center of the load bearing line. The pivotal connection between the
      safety gate and the hoisting hook is displaced from the load axis in
      direction toward the tip of the hook so that the load on the safety gate
      and hook combination will tend to cause the gate bridging arm to close
      against the tip of the hook and to forcefully maintain the closure
      relationship.
PAR  The configuration of the throat bridging arm of the gate in dimension in
      the plane of the hook body is such that a closed end loop of a load
      bearing line of convenient size to extend over the hook will fit over the
      bridging arm only with great difficulty or not at all.
PAR  A latch is pivotally mounted entirely within the hook throat bridging arm
      portion of the gate and is normally biased into position to engage a
      shoulder extending from the hoisting hook eye. Once the gate is closed,
      this latch engages the shoulder so that the gate cannot rotate from the
      closed position when the latch is in the latch position. The latch is
      manually movable into clearing relationship with the hook eye shoulder
      thus to allow free rotation of the gate for bringing the throat bridging
      arm portion of the gate into clearing relationship with the throat of the
      hook.
PAR  With the safety gate in the fully open position, full access to the throat
      of the hook is provided so that the hook may be engaged with plates or
      sheets of material, beams, or pipe on which there are no eyes or loops for
      the hook attachment. With the safety gate and hook combination in
      engagement with a late, for example, the load weight applied to the
      combination safety gate and hoisting hook is such that a frictional
      gripping engagement is provided between the end segment of the gate on top
      of the plate and the tip portion of the hook on the bottom of the plate
      with the load bearing body portion of the hook encompassing the edge
      portion of the plate so that the gripping pressure increases with the
      weight of the load. The thickness of the plate which can be so handled is
      roughly commensurate with the full throat dimension.
PAR  So that the safety gate can be removed from the hook, the pivotal
      connection between them consists of a coupling pin of uniform diameter
      which extends through holes in parallel facing side plates of the safety
      gate and through a resilient, longitudinally split locking sleeve of
      nominally smaller inside diameter than the outside diameter of the pin,
      the locking sleeve being situated inside the eye of the hook between the
      side plates and the sleeve thus situated having an outer diameter which is
      slightly less than the inner diameter of the hook eye.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a safety hook combination of the
      present invention, shown in the closure relationship with portions broken
      away, with a safety gate supported vertically from a hoisting line and
      with a load bearing line attached to the hook;
PAR  FIG. 2 is a cross sectional view along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a side view of the structure of FIG. 1 in the partially open
      position with portions of the safety gate in cross section;
PAR  FIG. 4 is a side elevational view of the hook as seen in FIG. 1, and
      showing the relationship of a closed end loop in the load line to the
      hook;
PAR  FIG. 5 is a semi-diagrammatic perspective view of a plurality of
      combination safety gates and hoisting hooks according to the present
      invention engaged with a plate or sheet of material for lifting same;
PAR  FIG. 6 is a side elevational view of one of the safety gates and hoisting
      hook combinations shown in FIG. 5 and according to the structure of FIG. 1
      in gripping engagement with a plate a and having portions of the safety
      gate surrounding the latch broken away; and
PAR  FIG. 7 is a top plan of a portion of the safety gate of FIG. 6 as seen
      along 7--7 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the figures, a hoisting hook 10 is formed with a tip 12 which
      extends into a curving load bearing body portion 14, which curves around
      in a semicircular fashion and extends into a weight supporting shank
      segment 16. The shank segment 16 widens into an enlarged eye 18 having an
      opening 20 therethrough. The space between the eye 18 and the tip 12 is
      designated as throat opening or throat 19. In FIG. 1, a load bearing link
      or line 22, partially shown, for supporting a load (not shown) is
      supported in the curving load bearing body portion 14 of the hook. In FIG.
      4, a closed end loop 23 is shown as the outward end portion of load line
      22.
PAR  A safety gate, generally designated 24, is pivotally mounted to the
      hoisting hook 10 for rotational movement between an open position allowing
      clear and complete access to the throat opening 19 of the hook and a
      closed position bridging the throat opening of the hook. The safety gate
      has a throat bridging arm portion 25 which includes an end segment 26
      formed to mate with the tip 12 of the hoisting hook. The safety gate
      includes a pair of side plates 28,28 which surround the eye 18 of the
      hook. Formed in the side plates 28,28 are holes 30,30 which form coaxial
      openings with the eye 20 of the hook but which have a smaller diameter.
PAR  Pin 32 is held in locking engagement with the side plates of the safety
      gate and with the eye of the hook by a resilient, longitudinally split
      locking sleeve 34. The sleeve 34 is normally biased to a smaller inside
      diameter than the diameter of the pin that the pin is clamped as it is
      driven through one of the holes 30, into the sleeve and through the other
      of the holes 30. The locking sleeve is larger than the holes 30, 30 in the
      side plates and will not pass therethrough, so that it is held in the eye
      of the hook and between the side plates. The pin does not then project
      beyond outside edge surfaces of these side plates 28,28.
PAR  A shoulder 36 is built up on the eye 18 of the hook and faces generally
      outwardly in the direction of the throat 19. By positioning this shoulder
      as part of an extended portion of the eye 18 rather than providing a notch
      in the narrower shank segment 16, the load bearing cross sectional area of
      the hook is not reduced so as to cause a stress point or otherwise limit
      the strength of the hook. A latch 38 is pivotally mounted entirely within
      the throat bridging arm portion 25 of the gate between the side plates
      28,28 on a latch pivot pin 40 which is supported by the side plates. A
      latch spring 42 is engaged between the latch and a stop 44 formed in the
      end segment 26 of the bridging arm portion of the gate to bias the latch
      towards the locking position in which the latch is engaged with the
      shoulder 36 in the hook, as shown in FIG. 1. When not engaged with the
      shoulder 36, the latch rests against a stop pin 46 which is supported
      between the side plates 28,28 of the safety gate. As the bridging arm
      portion of the safety gate is rotatably closed upon the tip of the hook,
      blocking the throat, a corner portion 48 of the latch rides over a boss 37
      formed as part of the eye of the hook and lockingly engages with the
      shoulder 36.
PAR  The latch includes an actuating arm 50 extending outwardly into an opening
      52 formed in an enlarged and elongated boss 54 on the outer surface of
      side plates 28,28 of the bridging arm portion of the safety gate. In order
      to prevent accidental unlocking of the latch, the actuating arm of the
      latch, in this preferred form of the invention, does not extend beyond the
      boss 54 when in a locked position. An operator must insert his finger or a
      tool into an opening 52 between the side plates on the safety gate in
      order to dislodge the latch and unlock the gate, as indicated in dotted
      lines in FIG. 1.
PAR  In order to prevent a closed end loop of the load line from accidentally
      becoming dislodged from the hook 10 and instead encircling the bridging
      arm 25, the transverse dimension of the bridging arm including boss 54
      across the hook throat and in the plane of the hook 10 is roughly
      commensurate with the throat dimension between the hook eye 18 and the tip
      12.
PAR  The safety gate 24 includes an upstanding connecting arm portion 56
      extending from the pivotal mounting with the hook eye and including
      portions of the side plates 28,28. Connecting arm 56 includes an eye 58 at
      the upper portion thereof for engagement with a hoisting line or link 60,
      partially shown. The entire outer periphery of the safety gate and hook
      combination when the gate is closed is smooth and regular so as not to
      present a surface where either the hoisting line 60 or the load line 22
      can catch.
PAR  As shown in FIG. 1, a draftsman's construction line extends from the center
      of the hoisting line 60 and the center of the load bearing line 22 to show
      and define the load bearing axis 62 of the hook and safety gate
      combination. The safety gate and hoisting hook are so designed that the
      pivot point of the gate in the hook eye is horizontally displaced from the
      load axis line 62 towards the tip 12 and throat 19 of the hook. A vertical
      construction line 64 passes through this pivot point axis. The weight of
      the load on the hook tends to move the pivot point into alignment with the
      load axis causing the safety gate to rotate to closed position with
      respect to the hook. The pivot point is prevented from coming into line
      with the load axis by the end segment 26 of the safety gate contacting the
      tip 12 of the hook so that the loaded hook will always tend to maintain
      the closed position of the safety gate with respect to the hook. Load
      weight on the hook does not cause pressure to bear on the latch, as the
      latch is allowed to rest without pressure on shoulder 36. However,
      accidental pressure tending to separate the end segments of the bridging
      arm portion of the safety gate from the tip of the hook, as when the hook
      is unloaded, will bring pressure to bear on the latch and the bridging arm
      will not leave the hook tip and accidental loss of the load bearing line
      is prevented.
PAR  Referring to FIGS. 5, 6, and 7, the safety gate and hoisting hook
      combination is illustrated in a second mode of operation in which a plate
      or sheet of material 66 is lifted using a plurality of units to grip the
      plate in four places. With loads such as plate material, beams or pipes,
      on which there are no loops for hook attachment, the hook is slipped over
      an edge of the material being hoisted. As best shown in FIG. 6, one of the
      hooks illustrated in FIG. 5 receives a relatively thick plate 66 filling
      essentially the entire throat opening 19 of the hook 10. As the load is
      lifted with lifting force being directed upwardly and inwardly on the
      hoisting line 60, the plate will be seated deep within the hook,
      contacting the body portion 14, and will be supported by the tip 12 of the
      hook. Because of lifting force applied to the hoisting line 60, the
      connecting arm 56 of the safety gate acts as a lever forcing the end
      segment 26 of the safety plate into firm, frictional engagement with the
      upper surface of the plate 66, so that the plate is gripped between the
      gate and the hook. The hook and gate combination will work as well with
      thinner materials or with a more generally vertical lift than that shown
      in the figures.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a safety hook, the combination with:
PA1  a hoisting hook having a curved, load engaging, uniplanar, body portion
      extending to a tip at a first end thereof and through a relatively
      straight shank segment to a hook eye at a second end thereof, said hook
      having an open throat between said tip and said eye;
PA1  a one piece safety gate having parallel side plates removably pivotally
      mounted through said hook eye, said gate including a connecting arm and a
      gate arm, each integral with and extending outwardly from said side plates
      in obtuse angular relation to each other;
PA1  said gate being rotatable concentric with .Iadd.hook eye .Iaddend..[.eye
      opening.]. between a first position wherein said gate arm is positioned
      across said throat and in contact with said tip and a second position
      wherein said gate arm lies in clearing relation to .Iadd.provide.Iaddend.
      access to said hook throat, an edge of said gate arm adjacent the hook
      throat when the gate is in said first position being in approximate
      alignment with an interior edge of said shank segment when said gate is in
      said second position .[...]..Iadd.;.Iaddend.
PA1  said connecting arm being provided with an eye for receiving a hoisting
      line, and the curved body portion of the hoisting hook being adapted to
      receive a load bearing line, the relationship of the parts being such that
      when the safety hook is supported on a hoisting line and supports a load
      line and the gate is in said first position, the axis of the hook eye will
      lie in offset relation to a load bearing axis extending between said
      lines, said offset being in direction toward said hook tip; .[.and.].
PA1  releasable latch means operative when said safety gate reaches said first
      position to lock it in said .Iadd.first.Iaddend. position .[...]..Iadd.;
PA1  said hook eye being provided with integral latch engaging means;
PA1  said gate arm being provided with a latch receiving cavity extending
      transversely therethrough but lying in the plane of the hook; and
PA1  said latch means including a latch resiliently urged by resilient means
      into contacting, locking relation with said latch engaging means when said
      gate reaches said first position, said latch including a latch actuating
      arm lying entirely within said gate arm when in latching position and
      accessible through said latch receiving cavity for manual actuation
      against said resilient means to move said latch into spaced relation with
      respect to said latch engaging means..Iaddend. .[.2. The structure of
      claim 1 wherein said hook eye is provided with integral latch engaging
      means; wherein said gate arm is provided with a latch receiving cavity
      extending transversely therethrough but lying in said hook plane; and
      wherein said latch means includes a latch resiliently urged into
      contacting, locking relation with said latch engaging means when said gate
      reaches said first position, said latch including a latch actuating arm
      lying entirely within said gate arm when in latching position and
      accessible through said latch receiving cavity for manual actuation
      against said resilient means to move said latch into spaced relation with
PAR   respect to said latch engaging means..]. 3. The combination of claim
      .[.2.]..Iadd.1 .Iaddend.wherein the dimension of the gate arm measured in
      the plane of the hook body in .Iadd.a .Iaddend.direction transverse to the
      throat opening is roughly the same as the dimension of the throat opening
      from the hook eye to the tip; and wherein outer surfaces of the safety
      gate are in such smooth flowing form as to make it impossible for a
      hoisting line, a load line and any other rigging to hang up on the gate as
PAR   the safety hook is moved between load handling and rest condition. 4. The
      structure of claim .[.2.]. .Iadd.1 .Iaddend.in which said latch engaging
      means is a shoulder formed in a widened eye portion of the hook and facing
      generally across and in the direction of the throat of the hook, and in
      which the latch is pivoted to the gate arm and includes a hook engaging
      corner portion adapted to contact said shoulder to latch said gate in said
      first position.
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ABST
PAL  A moulded socket for electric lamp bulbs comprising a hollow cylindrical
      body and an open end. An electrical cable is moulded within a base formed
      integrally with the cylindrical body. A center metal contact is partly
      moulded within the base and held at the center of the socket over the
      base. A U-shape metal side contact having two opposed sides and a
      connecting base is also partly moulded within the cylindrical body and
      adapted to receive and retain a lamp bulb screw base between the opposed
      sides. Points are formed with the contacts to penetrate the insulation on
      the electrical cable to make electrical connection with a respective wire.
      The base of the socket is provided with ventilating holes and guide ribs
      are formed in the inner surface of the cylindrical body to guide a screw
      base in the socket and to provide sufficient ventilation thereabout. A
      holding clip is also moulded, at one end thereof, within the socket base.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to sockets for electric lamp bulbs and more
      particularly to sockets moulded on an insulated conductor cable, and a
      method and apparatus for moulding the sockets on the cable.
PAR  2. Description of Prior Art
PAR  Electrical lamp sockets known to date include a socket housing having
      therein a metallic cylindrical cup, the side walls of which are threaded
      to permit the screwing of the base of an electrical light bulb therein. At
      the center of this cup is a central contact which is insulated from the
      side walls and connects to the center contact of the lamp screw base, when
      a light bulb is retained in the socket, so that current will flow through
      the filaments of the light bulb via the cylindrical side wall and the
      central contact.
PAR  Other type lamp sockets of this class and more particularly of the type for
      use to string lights on an electrical cord, for decoration purposes,
      utilize a cylindrical plastic body having a metal cylindrical cup therein
      and having contacts as mentioned hereinabove. However, these contacts are
      each provided with an extension pin extending through the base into
      transverse cavities and protruding therethrough to provide contact with a
      respective insulated wire positioned and retained in each of the
      transverse cavities. A pair of wires is separated with each wire placed
      over a respective cavity and by inserting a bottom cap over the base of
      the cylindrical body, each of the wires are forced against a respective
      pin which penetrates the insulating coating and provides connection for
      the center contact and the side wall contact. Many of these types of lamp
      sockets have not proved entirely satisfactory for many reasons. Some of
      these reasons are that it is very expensive to produce because of time
      consuming manual operations, and excessive number of parts utilized in its
      construction. Also, the casing is generally formed of a brittle plastic
      material and breaks easily. Still further, many of these constructions do
      not provide proper ventilation and cause moisture to be trapped in the
      socket, thereby causing short circuits and destroying the light bulbs and
      sometimes the socket contacts.
PAC  SUMMARY OF INVENTION
PAR  It is an object of the present invention to provide a moulded electrical
      lamp socket which substantially overcomes all of the above disadvantages.
PAR  Accordingly, from one aspect, the present invention relates to an
      electrical lamp socket or lamp bulbs having a screw base, the lamp socket
      comprising a hollow cylindrical body having an open end and closed at the
      opposite end by a socket base integrally moulded with the cylindrical
      body. An electrical cable, having two insulated conductor wires, is
      moulded within the socket base. A center metallic contact having a
      contacting portion is disposed substantially at the center of the inner
      face of the socket base and is retained in the base portion of the socket
      by moulding a retaining base portion integrally formed with the contacting
      portion and moulded within the socket base to rigidly secure the center
      contact in the lamp socket. A point is provided in the lower edge of the
      retaining base portion of the center contact and penetrates the cable to
      contact one of the two wires located in the cable. A metallic side contact
      of generally U-shaped configuration defining two opposed vertical sides
      and a connecting base is partly embedded within the hollow cylindrical
      body and is provided with undulations in the inner edge of the opposed
      vertical sides to engage and retain the screw base of a lamp bulb in the
      hollow cylindrical body. A point is also integrally formed in the lower
      edge of the connecting base and penetrates the cable to contact the other
      one of the two wires.
PAR  It is another object of the present invention to provide an improved method
      of manufacture whereby a substantial portion of the operations are
      automated to more rapidly produce a set of lamp bulb sockets.
PAR  Accordingly, from a further aspect, the present invention relates to a
      method of moulding electrical lamp sockets on an electrical cable having
      two insulated electrical conductors therein comprising the steps of
      feeding a bar having one or more mould cavities therein to an element
      insertion station and positioning a center contact, a side contact and a
      holding clip element in specific locations in each of a designated number
      of the cavities. Portions of a length of electrical cable are positioned
      over each of the mould cavities having elements therein. The bars with the
      positioned portions of the electrical cable are then fed to a moulding
      station where a thermoplastic material is injected in each of the mould
      cavities having a cable portion associated therewith. The moulded lamp
      sockets and cable portions are then extracted from the mould cavities.
PAR  It is a further object of the present invention to provide apparatus for
      moulding electrical lamp sockets on an electrical cable having two
      insulated electrical conductors therein.
PAR  The apparatus comprises means for feeding a bar having one or more mould
      cavities therein to element insertion apparatus. Means are also provided
      for positioning a center contact, a side contact and a holding clip in
      specific locations in each of a designated number of mould cavities. Means
      are also provided for positioning portions of the electrical cable over
      each of the mould cavities having a center contact, a side contact and a
      holding clip associated therewith. Means are further provided for feeding
      the bar, with the positioned portions of said electrical cable, to a
      moulding station where a thermoplastic material is injected in each of the
      mould cavities having a cable portion associated therewith. Still further,
      means are provided for extracting the moulded lamp sockets and cable
      portions from the mould cavities.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated, by way of example, in the accompanying
      drawings in which:
PAR  FIG. 1 is a side view of the lamp socket of the present invention, showing
      a lamp bulb therein;
PAR  FIG. 2 is a top view of the lamp socket;
PAR  FIG. 3 is a cross-sectional view along cross-section lines III--III of FIG.
      2;
PAR  FIG. 4 is a cross-sectional view along cross-section lines IV--IV of FIG.
      2;
PAR  FIG. 5 is a bottom view of the lamp socket;
PAR  FIG. 6 is a side view of the side contact;
PAR  FIG. 7 is a perspective view of the center contact;
PAR  FIG. 8 is a perspective view of the holding clip;
PAR  FIG. 9 is a flow diagram illustrating the method of assembly of the present
      invention; and
PAR  FIG. 10 is a portion of the block showing a lower mould cavity.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and more particularly to FIGS. 1 to 8, there
      is shown a unitary lamp socket 10 having a hollow cylindrical body 11
      defining an integral socket base 12 at the bottom thereof. Within the
      hollow cylindrical body 11 there is partly embedded a side contact member
      13 of substantially U-shaped configuration so as to retain the screw base
      14 of a light bulb 15 screwed therein. Centrally located in the base 12
      and partly embedded therein is a center contact 16. The center contact 16
      has a contacting portion 42 which protrudes and lies above the interior
      surface of the socket base 12 to provide a connection with the screw base
      center contact 18 located at the bottom of the screw base 14 of the light
      bulb 15 when it is screwed in the lamp socket 10. Also secured, at one
      end, in the base of the lamp socket is a holding clip 19 made of spring
      steel and is held against the outer surface 20 of the cylindrical body 11
      to position and retain the lamp socket 10 against a tree branch or various
      other elements depending on the use of the lamp socket 10.
PAR  An electrical cable 21 having two insulated electrical conductor wires 22
      and 23 embedded therein is integrally moulded in the socket base 12 of the
      lamp socket 10. The electrical cable 21 is positioned transverse to the
      longitudinal axis of the cylindrical body 11 and located such as to
      provide for alignment of the wires 22 and 23 with the points 24 or 25 of
      side contact 13 and center contact 16 of the lamp socket. In the inner
      wall of the socket are integrally formed a plurality of elongated guide
      ribs 26, disposed along the longitudinal axis of the socket 10, to assure
      that the light bulb screw base 14 is positioned centrally in the hollow
      cylindrical body 11 so as to achieve a good contact with the side contact
      13 and the center contact 16. As can be seen from FIG. 2, there are four
      such ribs 26 positioned at 90.degree. from each other. It can also be seen
      that the inner surface 28 tapers slightly outwardly to facilitate the
      insertion of a lamp bulb 15 therein and also to facilitate mould
      extraction. The outer surface 20 tapers slightly inwardly upwards to
      define an open end 30 of a diameter only slightly larger than that of the
      lamp bulb 15 adjacent thereto to provide ventilation therebetween. The
      taper on the outer surface also facilitates mould extraction and adds to
      the aesthetic of the socket 10. Referring to FIG. 5, it is seen that the
      contact base 12 is provided with a plurality of ventilating holes 27
      therein which are used to provide proper ventilation of the hollow
      cylindrical lamp socket to remove any moisture or water that could seep or
      form between the inner surface 28 of the hollow cylindrical body 11 and
      the screw base 14 of its associated light bulb 15. The elongated angularly
      disposed recess 29 is formed by a stamping head (not shown) which presses
      the electrical cable 21 against the points 24 and 25 during the injection
      moulding stage of the process. When the stamping head forming part of the
      top section of the mould (not shown) is retracted the recess 29 is formed,
      similarly, the holes 27 are formed by pins (not shown) during the
      injection moulding stage.
PAR  Referring more specifically to FIG. 6, there is shown the construction of
      the side contact 13 which is of substantially U-shaped configuration and
      comprises essentially two elongated vertical sides 35 and 36 and a
      connecting base 37. In the lower edge 38 of the connecting base portion is
      integrally formed a double point 24 which extends beyond the lower edge 38
      and penetrates the insulation of the electrical wire cord 21, as can be
      seen from FIG. 3, to provide contact with one of the conductors, as shown,
      conductor 21. As can be seen, the side contact 13 is symmetrical about the
      central axis to provide certain advantages in the assembly of the lamp
      socket 10 as will be described later. The outer edge of the elongated
      vertical sides are relatively flat whilst the inner edge is provided with
      undulations 39. The undulations define a plurality of rounded peaks 40 and
      valleys 41, the peaks 40 on one elongated vertical side 36 being opposite
      to valleys 41 on the opposite vertical side 35. The side contact
      corresponds to a cross section along a diameter of a lamp socket adapted
      to receive a screw base therein. The tolerance of the peaks and valleys or
      undulations are such as to accept the screw bases of most manufactured
      lamp bulbs, taking into consideration the variations within the
      tolerances. The side contact 13 is stamped out from a flat sheet or strip
      of metal, such as brass (not shown). An advantage of having opposed
      elongated vertical sides 35 and 36 is that the lamp bulb screw base 14 is
      prevented from side or lateral displacement, thereby retaining the lamp
      bulb solidly in the cylindrical body 11 and ensuring a good contact
      between the side contact 13 and the screw base 14. As mentioned
      hereinabove, the side contact 13 is symmetrical about its central axis,
      thereby permitting reception of the member from either faces when feeding
      them to insertion apparatus (not shown) for locating in a mould (not
      shown). As seen from FIGS. 2 and 3, the vertical sides 35 and 36 are only
      partly moulded within the inner surface 28 of the cylindrical body whilst
      the connecting base 37 is substantially entirely embedded in the socket
      base 12.
PAR  Referring now to FIG. 7, there is shown the detailed construction of the
      center contact 16. The center contact 16 consists substantially of a
      member having two sections disposed at right angles to each other. The
      first section is a contacting portion 42 which is tongue shaped and
      provides the contact surface which connects to screw base center contact
      18 of the light bulb 15. The second section, as can be seen, defines a
      retaining base 43 which is substantially wider than the contact section
      and which is embedded in the thermoplastic during the injection of the
      lamp socket 10. Thus, the center contact is rigidly secured in the socket
      base 12 and defines a central contact surface which lies flat and on the
      bottom of the hollow cylindrical body perpendicular to the longitudinal
      axis of the cylindrical body. A double point 25 is also provided
      integrally in the retaining base and extends beyond the lower edge of the
      base and to one side thereof so as to penetrate conductor wire 23 of the
      electrical wire cord 21 embedded in the socket base 12 of lamp socket 10.
      This contact is also stamped out of brass metal sheeting.
PAR  Referring now to FIG. 8, there is shown the holding clip 19 which is also
      moulded at one end thereof within the lamp socket base 12 as shown in FIG.
      3. The holding clip 19 has a specific configuration to retain the socket
      body 11 against a tree branch, or any other suitable members that the
      socket may be attached to. At the fixed end 44 of the holding clip 19 is
      provided a hole 45 and two flanges 46 extending at right angles to the
      plane of the holding clip 19 and on each side of the hole 45 at the end of
      the clip. The purpose of the hole 45 and the flanges 46 is to provide
      rigid anchoring points into the socket base 12 of the lamp socket, when
      the socket is moulded thereon. At the free end 47 of the holding clip
      there is provided an eyelet opening 48 which provides for insertion of a
      nail or other such fastening members therethrough to hold the lamp socket
      adjacent a surface to which said fastening means can fasten to. The free
      end 47 is also turned outwardly to provide ease of insertion and opening
      of the clip. Also, along a portion of the holding clip 19 and facing the
      outer surface 20 of the lamp socket 11 there is provided a serrated flange
      49 on each edge of the holding clip. The purpose of these serrated edges
      49 is to rigidly retain a member between the outer surface 20 of the lamp
      socket and the serrations. The holding clip 19 is formed of spring steel
      and is heat treated to provide adequate resiliency and longer life.
PAR  Referring now to the assembly diagram, FIG. 9, and with reference to FIG.
      10 and the other figures, there is illustrated generally the method and
      apparatus for assembly of the integrally moulded lamp sockets 10 to
      thereby constitute a set of light bulb sockets 10. A plurality of side
      contacts 13, center contacts 16 and holding clips 19 are placed into a
      respective sorting and feeding station 60 where each of these elements are
      sorted and fed on supporting means (not shown) to a respective insertion
      and inspection station 61 where insertion apparatus picks up each of the
      elements, one at a time, and feeds them into a specific location in a
      lower mould cavity 62, a plurality of which are provided in a mould bar
      63. The mould bars 63 are fed by conveying means 59 in synchronism to the
      insertion apparatus (not shown) of the station 61. Following the insertion
      apparatus is an inspection apparatus (not shown) which ensures that each
      of the elements is well located in its proper position. Therefore, as a
      bar 63 moves from an automatic feeding station 64 to the insertion and
      inspection stations 61, the side contacts 13, center contacts 16 and
      holding clips 19 are positioned in place and then the entire mould bar 63
      is conveyed to a standby position 65, where the bar 63 is then transferred
      to a bar holding and loop application station 66. At station 66, portions
      of a looped two conductor wire cord 21 are placed over respective lower
      mould cavities 62 to which there is associated a guide cavity 67 to
      position the cord 21 (see FIG. 10).
PAR  In order to ensure that the lamp sockets 10 are positioned in substantially
      the correct position and substantially equidistantly spaced from each
      other along a length of electrical cord, the entire electrical cord 21
      must arrive at the station 66 in a manner such as to readily identify the
      portions of the cord 21 which are to be positioned over the cavities 62.
      This identification is achieved as follows. A coil 69 of insulated
      electrical cord 21 feeds the input of loop forming station 70 where the
      cord 21 is cut to the proper length while stripping the insulation a
      limited distance from the cut ends. The cord is also looped around a
      looping mechanism (not shown) to provide a looped cord having a specific
      number of turns thereon. Also, in a different location of the station, the
      male 71 and female 72 connectors are injection moulded or secured to the
      stripped ends of the electrical wires 22 and 23 by suitable means, as is
      well known in the art. Therefore, at the output of the loop forming
      station comes an electrical cord 21 having a predetermined number of loops
      with a female and male connector at each end thereof, as shown by numeral
      73. Each of these loops are of substantially the same length and a
      fastening means 74 is provided at the center of the loops so as to
      maintain the ends of the loops in substantially the correct position when
      removed from the loop forming mechanism. This loop of wire 73 is fed to
      the bar holding and loop application station 66 where the end portions of
      the electrical cord of one side of the loop are passed over respective
      cavities 62 in a mould bar 63 and properly positioned by means of cable
      cavities 67. After the cords of one end of this loop are placed over the
      cavities of a bar, the loaded bar 63 is then placed on an automatic
      feeding turret 75 at a first or second loading position 76 or 77 and the
      bar is fed automatically to a moulding station 78 where the upper mould
      cavity (not shown) of the bar 63 is secured and through which is injected
      the thermoplastic material. As the upper mould cavity (not shown) comes
      down over the lower mould cavity 62, the portion of the cord, immediately
      adjacent the double points 24 and 25 of the side and center contacts,
      respectively, is pressed down over the points by means of a stamping pin
      (not shown) thereby ensuring penetration of the double points into the
      cable to make contact with a respective one of the two conductor wires 22
      and 23. Simultaneously, with this stamping, a plurality of pins come in
      contact with some of the elements 13, 16 and 19 positioned in the lower
      mould cavity to prevent these from shifting to retain them in the proper
      position to prevent bad contacts and consequently a defective lamp socket.
      When the upper part of the mould cavity (not shown) is retracted, the lamp
      socket 10 is formed and the side contact 13, center contact 16 and holding
      clip 19 are rigidly secured therein. Also, during retraction cycles holes
      27 are formed extending through the socket base 12 of the lamp socket 10
      by the extraction of the various pins and punch pins (not shown). As
      mentioned hereinabove, the purpose of these holes 27 is to provide
      improved ventilation in the socket to remove moisture or any water that
      may penetrate or form therein. When the next cycle is activated, the mould
      bars 63 are displaced by the clockwise rotation of the turret table 75.
      Thus, the bar 63 having the sockets 10 moulded on the cable 21 arrives at
      an unloading position 68 where the bar 63 is transferred to an extraction
      station 79 where the moulded socket 10 is automatically ejected out of the
      mould 63. The empty bar 63 is then conveyed to the accumulator 64 to serve
      in another cycle.
PAR  A synchronizing and control station 80 provides automatic cycle control for
      most of the operations. These operations are also synchronized to ensure a
      constant production flow. Also, the cycle time may be controlled to speed
      up or slow down the cycles or to switch to semiautomatic.
PAR  It is within the ambit of the invention to provide contacts 13 and 16 with
      single points in their lower edge instead of the double points 24 and 25
      as herein described. Also, the materials herein disclosed for the
      construction of the cylindrical body 11, the contacts 13 and 16 and the
      holding clip 19 may be substituted by suitable equivalent materials. Still
      further, suitable means, although not described herein, are provided to
      identify each of the electrical wires in the cable. This is especially
      important during the assembly of the string of sockets so that the
      polarity is maintained constant throughout the string of lamp sockets.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical lamp socket .Iadd.as claimed in claim 4 wherein there is
      further provided .Iaddend..[.for lamp bulbs having a screw base, said lamp
      socket comprising a hollow cylindrical body having an open end and closed
      at the opposite end by a socket base integrally moulded with said
      cylindrical body, an electrical cable having two insulated conductor
      wires, said cable being moulded within said socket base, a center metallic
      contact having a contacting portion disposed substantially at the center
      of the inner face of said socket base, a retaining base portion integrally
      formed with said contact surface and moulded within said base to rigidly
      secure said center contact in said lamp socket and a point in the lower
      edge of said retaining base portion and penetrating said cable to contact
      one of said two wires, a metallic side contact of generally U-shape
      configuration having two opposed vertical sides and a connecting base,
      said side contact being partly embedded within said hollow cylindrical
      body and having undulations in the inner edge of each of said opposed
      vertical sides to engage and retain the screw base of a lamp bulb in said
      hollow cylindrical body and a point integrally formed in the lower edge of
      said connecting base and also penetrating said cable to contact said other
      one of said two wires,.]. a holding clip having a fixed end and a free
      end, said fixed end being provided with anchoring means which are moulded
      within said socket base to retain a portion adjacent said free end against
      the outer surface of said hollow cylindrical body to thereby retain a
      holding element between said holding clip and said cylindrical body.
NUM  2.
PAR  2. An electrical lamp socket as claimed in claim 1 wherein a substantial
      portion of said free end is bent angularly outwardly from said cylindrical
      body and provided with an eyelet opening therein and elongated serrated
      flanges disposed on each side of said clip and extending in a direction
      towards said cylindrical body to rigidly retain said holding element
      between said clip and said cylindrical body.
NUM  3.
PAR  3. An electrical lamp socket as claimed in claim 1 wherein said contacting
      portion of said center contact extends at substantially right angle to
      said retaining base portion and lies above and parallel to said socket
      base and positioned in an insulated manner between said two opposed
      vertical sides of said side contact above said connecting base of said
      side contact. .Iadd. 4. An electrical lamp socket for lamp bulbs having a
      screw base, said lamp socket comprising a hollow cylindrical body having
      an open end and closed at the opposite end by a socket base integrally
      moulded with said cylindrical body, an electrical cable having two
      insulated conductor wires, said cable being moulded within said socket
      base, a center metallic contact having a contacting portion disposed
      substantially at the center of the inner face of said socket base, a
      retaining base portion integrally formed with said contact surface and
      moulded within said base to rigidly secure said center contact in said
      lamp socket and a point in the lower edge of said retaining base portion
      and penetrating said cable to contact one of said two wires, a metallic
      side contact of generally U-shape configuration having two opposed
      vertical sides and a connecting base, said side contact being partly
      embedded within said hollow cylindrical body and having undulations in the
      inner edge of each of said opposed vertical sides to engage and retain the
      screw base of a lamp bulb in said hollow cylindrical body spaced from the
      inner face of said body, a point integrally formed in the lower edge of
      said connecting base of said side contact and also penetrating said cable
      to contact said other one of said two wires, said socket base having at
      least two ventilating holes extending therethrough to provide ventilation
      about said screw base from said cylindrical body open end and through said
      base portion, said two ventilating holes being positioned one on a
      respective side of said metallic side contact. .Iaddend..Iadd. 5. An
      electrical lamp socket as claimed in claim 4 wherein said ventilating hole
      is disposed substantially parallel to the longitudinal axis of said
      socket. .Iaddend.
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ABST
PAL  A novel process for producing a thin flexible self supporting boron nitride
      felt comprising the following steps .[...]..Iadd.: .Iaddend.
PA1  A. purifying boron nitride fiber by washing with water and subsequently
      extracting with an aliphatic alcohol containing from 1 to 3 carbon
      atoms.Iadd.;.Iaddend.
PA1  B. forming a mat from the fibers in step A and incorporating therein an
      aqueous solution of an inorganic water soluble binder selected from the
      group consisting of water soluble halides, nitrates, nitrites and
      carbonates of the alkali metals, the alkaline earth metals, the Group III
      A metals and their mixtures; and
PA1  C. drying the resulting binder.Iadd.-.Iaddend.containing mat obtained from
      step (B) at a temperature below the melting point of the salt.
BSUM
PAR  This invention relates to a method for preparing an ion-permeable,
      electron-insulating separator for use in an electrical energy storage
      device. More particularly this invention relates to a method for preparing
      a separator composed of boron nitride felt which is particularly useful in
      electrical energy storage devices such as electrochemical cells under the
      most chemically severe operating conditions. A separator of this type
      constitutes an effective barrier between electrodes of opposite polarity
      and provides a means for spacing the electrodes.
PAR  Under operating conditions in some electrochemical cells and particularly
      in cells employing fused salt electrolytes, the electrodes undergo
      distortion as is evidenced by their buckling and swelling. Heretofore the
      distortion was compensated for by spacing the electrodes far enough apart
      so that even after buckling and swelling the electrodes failed to contact
      one another. Thus by one method of the prior art short-circuiting between
      electrodes was avoided. However, such excessive spacing was both wasteful
      and inefficient.
PAR  The general requirements of the separator of the present invention are that
      it be as thin as possible to minimize electrical resistance and to allow
      for compact electrical energy storage device, and that it possess the
      mechanical strength to withstand operating conditions entailing charging
      and discharging of the cell. Because electrochemical reaction devices such
      as electrochemical cells herein described operate over a wide temperature
      range from about ambient to 750.degree.C and above, depending on the
      electrolyte, the internal components are subject to considerable stress in
      the form of expansion and contraction. Therefore, the separator of the
      present invention must possess the structural integrity to withstand wide
      ranges of operating conditions. The separator must also possess insulating
      properties to prevent the short-circuiting of the electrodes should a
      bridge form from materials capable of promoting the formation of
      short-circuits. Also the separator must have a maximum porosity and must
      accommodate ionic diffusion. Any hindrance of the ions in their movement
      affects the efficiency of the electrochemical device. Of course, the
      porosity of the separator desirably approaches 100 percent.
PAR  The boron nitride separator prepared by the process of the present
      invention is designed for use in a highly corrosive, high-temperature
      environment, and it therefor is manifested that it have a high melting
      point, and be chemically and thermally inert, stable, and insoluble under
      operating conditions.
PAR  Boron nitride bulk fiber as obtained from commercial sources is either in
      the form of a loose, fluffy fiber or is in the form of roving, both of
      which are difficult to handle and to convert into a reproducible felt
      form. Although boron nitride felt is available commercially, the felt is
      unsatisfactory from the standpoint of impurities introduced in felting. By
      the process of this invention a minimum of impurities is introduced in the
      processing steps, and the roving or loose, fluffy boron nitride fiber can
      be readily converted into a flexible, integral, self-supporting felt of
      high purity that is suitable for use under the operating conditions
      heretofore specified. This is accomplished by employing an inorganic salt
      or combination of salts as a binder for the boron nitride fibers in the
      mat. Preferredly for practical purposes, the inorganic salt or salts
      utilized in this process are the more common, water soluble salts wherein
      the cation may be an alkali metal, an alkaline earth metal or a Group III
      A metal and the anion is a halide, nitrate, nitrite, or certain
      carbonates. In addition to the use of a single salt as a binder material,
      binary and ternary salt mixtures can also be utilized, such as lithium
      chloride-potassium chloride, potassium iodide-lithium iodide, potassium
      chloride-magnesium chloride, magnesium chloride-sodium chloride, lithium
      bromide-potassium bromide, calcium chloride-lithium chloride, lithium
      fluoride-rubidium fluoride, magnesium chloride-rubidium chloride, aluminum
      chloride-lithium chloride, and mixtures thereof. Examples of ternary
      mixtures are lithium chloride-potassium chloride-cesium chloride and
      lithium bromide-potassium bromide-lithium chloride. A preferred binder
      composition is a eutectic mixture of potassium chloride and lithium
      chloride.
PAR  The separator of this invention is particularly suitable for use in fused
      salt batteries wherein the binder may have the same composition as that of
      the electrolyte of the electrochemical cell. It is also feasible to employ
      the binder-saturated boron nitride felt as the only ion-containing and
      conducting medium in the battery, wherein the felt is placed between and
      is wrapped around the electrodes.
PAR  In the broadest aspect of this invention, the process for preparing the
      felt comprises adding an aqueous suspension of boron nitride fiber to a
      saturated solution of the binder in water, stirring the resulting mixture
      to obtain a uniform suspension of the fiber in water, separating the
      fiber-salt mixture from the aqueous medium as by filtration or by some
      other known means to produce a felt-like sheet, and subsequently shaping
      and drying the sheet. Alternatively, in a more preferred procedure, an
      aqueous suspension of the boron nitride fiber is filtered to produce a
      thin fiber mat, an aqueous solution of the binder is sprayed onto the
      surface of the mat, and the mat is then shaped and dried to obtain an
      integral, flexible, spacer. This latter procedure enables better control
      of the binder composition and concentration in the felt, particularly
      where the binder comprises a mixture of salts in certain definite
      proportions. On slow drying, the fiber mat may be reshaped periodically to
      adjust the form and thickness to the desired dimensions.
PAR  For satisfactory performance in an electrical energy storage battery, the
      boron nitride fiber employed in preparing the felt of this invention
      should contain a minimum of foreign matter so as not to contribute
      excessively to the leakage current of the electrochemical cell. It is
      therefor preferred that the boron nitride fiber contain less than about
      one percent by weight of any foreign substance. Boric oxide is a common
      impurity found in the fibers and this can be readily removed by converting
      the boric oxide to boric acid by means of washing with water and removing
      the boric acid by extraction with a low molecular weight (C.sub.1 to
      C.sub.3) aliphatic alcohol. It is also advantageous, but not essential to
      use fibers with a diameter of .ltoreq. 10 microns, and a density of
      .gtoreq. 1.85 grams/cc of fibers, and a d.sub.002 spacing .ltoreq. 3.41A.
PAR  Structural variables of the felt such as orientation of fibers, uniformity
      of fiber density, and thickness, are largely controlled by the
      concentration of fiber in the aqueous suspension. By using more dilute
      suspensions of the fiber, it is possible to obtain felt with uniform
      density, minimum orientation and a greater degree of cross-linking
      required for strength and flexibility to survive subsequent handling. With
      the use of a more dilute suspension it is also possible to produce felt
      with a minimum of thickness which is important from the standpoint of
      space conservation in electrochemical cells. For example, we have found
      that felts with satisfactory physical properties and having dimensional
      thicknesses of from 15 to 75 mils can be obtained by employing
      concentrations of boron nitride fiber of from about 1 to 5 grams per liter
      of water. It is also preferred, but not essential however, for a mat in
      this thickness range to have a fiber density of from about 2.5 to about
      12.5 .times. 10.sup.-.sup.2 g/cm.sup.2 of geometric surface area of felt.
      It has been found that lower drying rates also contribute to reduction of
      separator thickness, and that very satisfactory results are obtained by
      slow drying under reduced pressures at temperatures ranging from about
      50.degree.C to a temperature just below the melting point of the binder.
PAR  The concentration of the binder in solution necessary to produce
      satisfactory felts may vary with the salt employed and the manner in which
      it is incorporated into the boron nitride fiber. On adding an aqueous
      suspension of the fiber to a solution of the binder, it is preferred to
      employ a saturated salt solution, and the concentration will vary with
      temperature and the solubility characteristics of the particular salt
      employed. If, however, the salt is applied by spraying on to a preformed
      mat of fibers, generally more dilute salt solutions are required. It is
      preferred that the final concentration of the binder in the mat range from
      about 2 .times. 10.sup.-.sup.2 to about 5.5 .times. 10.sup.-.sup.2
      g/cm.sup.2 of mat.
PAR  It has also been found to be advantageous to produce multilayer laminates
      of boron nitride felt by combining several layers to obtain felt with
      increased cross-linking of fibers and to compensate for minor variations
      in thickness.
DETD
PAR  The following examples represent preferred modes of carrying out the
      process of this invention, but the scope of the invention is not limited
      to these procedures.
PAC  EXAMPLE 1
PAR  Twenty-five grams of boron nitride roving (Carborundum, high purity textile
      roving) were added to 500 mls. of distilled water. The slurry was boiled
      for 15 minutes and the water decanted. This latter step was repeated two
      additional times in order to convert boric oxide present as an impurity in
      the fiber to boric acid. The boric acid was then removed from the boron
      nitride roving by soaking in 500 mls. of methanol for 15 minutes and
      decanting the methanol. The boron nitride fiber was then placed in a
      Waring three-speed commercial blender containing 3,500 mls. of distilled
      water, and the fibers were blended for one second. The blended mixture was
      then diluted with distilled water to a total volume of 12 liters and
      agitated by means of an air sparger. The resulting suspension was filtered
      by vacuum through a porous filter with a nickel surface and having 3.8
      .mu. holes and 40  percent void fraction, and the fiber mat was checked
      for uniformity and density. The mat was removed from the filter with the
      aid of a gentle stream of air directed to the back of the filter and cut
      to the appropriate shape and size required for the separator. Excess water
      was removed from the mat by pressing, and the mat was sprayed with a
      binder solution consisting of a mixture of 7.3 grams of potassium chloride
      and 5.8 grams of lithium chloride in 52 mls. of water. The final mat
      containing 2.54 .times. 10.sup.-.sup.2 g/cm.sup.2 of binder, was then
      dried in a hot air oven at 50.degree.C for one hour and reshaped to a mold
      block. The mat was returned to the oven and dried at 125.degree.C, and
      then placed in a vacuum chamber and dried for a period of about 15 hours
      during which time the temperature increased to 300.degree.C and the
      pressure was reduced to approximately 10.sup.-.sup.5 Torr. The final boron
      nitride mat had a uniform thickness of  0.030 inches.
PAR  The resulting felt was utilized as a separator between the electrodes in an
      electrochemical reaction cell comprising a high surface area carbon
      electrode and an opposing electrode composed of an aluminum-lithium alloy.
      The space between the electrodes provided a clearance of 0.030 inches. The
      electrodes were immersed in an electrolyte composed of a eutectic mixture
      of lithium chloride and potassium chloride, (59 mole percent LiCl and 41
      mole percent KCL), and the cell was operated at a temperature of
      500.degree.C. The cell was contained in a rectangular 1,008 carbon steel
      housing, 6 inches wide, 8  inches high, and 1 inch thick, with the fused
      salt about 1/2 inch from the top of the cell. The cell was sealed to
      prevent liquid and gas evolution and was provided with a positive current
      carrier. The cell performed in the rechargeable mode as a secondary sealed
      system. The cell was cycled for 30 days between 3.34 v and 1.0 v. The
      separator was inspected after completion of the test and was found to be
      in excellent condition.
PAC  Example 2
PAR  The procedure of Example 1 was repeated using a eutectic mixture of lithium
      bromide and potassium bromide (mol ratio 1.63 LiBr/1KBr) as the
      electrolyte and as the binder in the boron nitride felt. The fiber density
      of boron nitride in the final felt was 8.10 .times. 10.sup.-.sup.2
      g/cm.sup.2 of mat, the felt had a thickness of 0.050 inches, and it had a
      binder content of 4.0 .times. 10.sup.-.sup.2 g/cm.sup.2 of mat. The cell
      was cycled as in Example 1 for a period of 30 days and on examination of
      the separator on completion of the test the separator was found to be in
      good condition.
PAC  Example 3
PAR  The procedure of Example 1 was repeated using lithium chloride-potassium
      chloride eutectic as the electrolyte and cesium chloride as the binder in
      the boron nitride felt. The felt had a fiber density of 4.05 .times.
      10.sup.-.sup.2  g/cm.sup.2 of mat, a thickness of 0.025 inches, and it had
      a binder concentration equivalent to 2.0 .times. 10.sup.-.sup.2 g/cm.sup.2
      of mat.
PAR  When employed as a separator in an electrical energy storage cell as in
      Example 1, which was operated for 20 days, the separator was found to be
      in excellent condition.
PAC  Example 4
PAR  The procedure of Example 1 was repeated except that the binder in the boron
      nitride mat consisted of a mixture of lithium chloride, rubidium chloride
      and potassium chloride in a molar ratio of 2.55:1.18:1. The mat had a
      thickness of 0.015 inches, a fiber density of 2.43 .times. 10.sup.-.sup.2
      g/cm.sup.2 of mat, and a salt concentration of 5.1 .times. 10.sup.-.sup.2
      g/cm.sup.2 of mat. The separator was wrapped around both electrodes of the
      cell, and the only electrolyte present in the system was held
      interstitially by the separator. After cycling the cell for 15 days, the
      separator showed no signs of deterioration.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing a thin, flexible, integral boron nitride felt
      comprising the following steps:
PA1  A. purifying boron nitride fiber by washing with water and subsequently
      extracting with an aliphatic alcohol containing from one to three carbon
      atoms;
PA1  B. forming a mat from the fibers in step (A) and incorporating therein an
      aqueous solution of a binder .[.in an amount such that the final
      concentration of the said binder in the mat ranges from about 2 .times.
      10.sup.-.sup.2 to about 5.5 .times. 10.sup.-.sup.2 g/cm.sup.2 .]., said
      binder being an inorganic salt selected from the group consisting of water
      soluble halides, nitrates, nitrites and carbonates of the alkali metals,
      the alkaline earth metals, the Group III A metals, and their mixtures; and
PA1  C. drying the resulting binder-containing mat obtained from step (B) at a
      temperature below the melting point of the salt.
NUM  2.
PAR  2. The process in claim 1 wherein the binder in step (B) is incorporated by
      adding an aqueous suspension of the boron nitride fiber to a saturated
      aqueous solution of the binder, and forming the mat therefrom.
NUM  3.
PAR  3. The process in claim 1 wherein the binder in step (B) is incorporated by
      spraying the mat formed from boron nitride fiber with an aqueous solution
      of the binder.
NUM  4.
PAR  4. The process in claim 1 wherein the inorganic salt consists of a eutectic
      mixture of lithium chloride and potassium chloride.
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ABST
PAL  To facilitate forming the inside seams of trouser legs, the trouser back
      panels are made with the so-called bottom or fork point projecting only
      slightly and with a fairly pronounced convexity in the upper region of
      their outer longitudinal edges. Increasing the prominence of the lower
      point of the fly slit on the front panels leads to a further improvement.
BSUM
PAR  The present invention concerns trousers and their method of manufacture.
PAR  It is known that a pair of trousers comprises two sections which are
      substantially symmetrical in relation to a longitudinal median plane, each
      section being formed by a front and back panel joined together along
      lateral seam lines, one external and the other internal, to form a leg of
      the said trousers and a half of the so-called "culotte" of the latter, the
      said sections also being joined together along the said longitudinal
      median plane to complete the culotte.
PAR  In known manner in a front panel, the outside longitudinal edge,
      corresponding to the outside lateral seam line, is continuous and
      substantially straight, having only a slight convexity in its upper part,
      whilst the inside longitudinal edge of such a panel, corresponding to the
      inside lateral seam line, has in its upper section a substantially
      transverse cut-out part, the so-called fly slit, of which the lower point
      projects in relation to the upper point and is connected to the lower
      section of the said front panel along a slightly concave edge.
PAR  Similarly, in a back panel of known type, the outside longitudinal edge,
      corresponding to the outside lateral seam line, is continuous and
      substantially straight having only a slight convexity in its upper
      section. The inside longitudinal edge of a back panel has in its upper
      section a large cut-out part beginning at one end at the waist and ending
      at the other end in a point, the so-called fork or bottom point, which
      projects prominently and is connected to the lower section of the back
      panel along a significantly concave edge. Generally, a back panel is wider
      than a front panel.
PAR  Thus joining a front panel and a back panel together along the outside seam
      line does not present undue difficulties, since the edges of these panels
      are very similar. On the other hand, the joining of these panels to form
      the inside seam line is very awkward because it is necessary to sew a
      slightly concave line (that which proceeds from the lower point of the
      fly) to a markedly concave line (that which is below the bottom point of
      the back panel) i.e. lines which are of different lengths. This results in
      the formation of a bulge which subsequently has to be shrunk by ironing.
PAR  However, shrinkage by ironing is not always possible. It depends on the
      nature of the fabric from which the trousers are made. For example, with
      synthetic fabrics such as "Tergal" and cotton fabrics in particular, any
      shrinkage by ironing is ruled out. Trousers made of these materials
      therefore have bulges which lead to the trousers "hanging" badly and
      therefore detract from their appearance.
PAR  It is an object of the present invention to solve these problems, and to
      provide trousers in which the formation of the bulges mentioned above is
      largely avoided.
PAR  To this end, in accordance with the invention the pair of trousers is
      distinguished in that in each of its back panels the bottom point of the
      cut-out upper section of the inside edge projects relatively slightly,
      whilst a fairly pronounced convexity of adequate proportions is provided
      in the upper section of the outside edge.
PAR  In trousers according to the invention, the line connecting the bottom
      point to the lower section of the back panel is less concave than
      hitherto, thus allowing the formation of the undesirable bulges to be
      avoided.
PAR  To improve matters still further, the or, preferably, each front panel of
      trousers according to the invention may be such that the lower point of
      the fly is more pronounced than in known trousers. In this way, the
      concave lines to be joined may be made more similar to one another.
PAR  Advantageously, the arrangement is such that the inside longitudinal edges
      of a front panel and back panel which correspond to one another may be
      superposed exactly between the bottom of the panels and the lower point of
      the fly slit or the bottom point, respectively.
PAR  Similarly, it is advantageous for the outside longitudinal edges of such
      panels to be exactly superposable between the base of the said panels and
      the onset of the pronounced concavity of the back panel.
PAR  Thus, with the trousers according to the invention, the seam from the fork
      to the heel is further inside in relation to the leg and becomes
      invisible. The balance of such a pair of trousers is better than
      heretofore obtained and its creases may be disposed exactly in the median
      longitudinal plane of the trousers. Furthermore, each leg may be ironed
      once in comparison with twice for known trousers, which greatly simplifies
      pressing.
DRWD
PAR  Trousers according to the invention will now be described, by way of
      example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 shows a schematic perspective view of a pair of trousers, and is
      intended to illustrate the general principles applicable.
PAR  FIG. 2 shows the pattern of a front panel for a pair of trousers of known
      type.
PAR  FIG. 3 shows the pattern of a back panel for a pair of trousers of known
      type.
PAR  FIG. 4 shows the front pattern of FIG. 2 superposed on the back pattern of
      FIG. 3.
PAR  FIG. 5 shows the pattern of a front panel for a pair of trousers according
      to the invention.
PAR  FIG. 6 shows the pattern of a back panel for a pair of trousers according
      to the invention.
PAR  FIG. 7 shows the front pattern of FIG. 5 superposed on the back pattern of
      FIG. 6.
PAR  FIG. 8 shows the front pattern of FIG. 5 superposed on the front pattern of
      FIG. 2.
PAR  FIG. 9 shows the back pattern of FIG. 6 superposed on the back pattern of
      FIG. 3.
DETD
PAR  Referring to FIG. 1, the trousers indicated generally by the reference
      numeral 1 are formed in known manner by joining together four longitudinal
      panels: two front panels 2 and 3 and two back panels 4 and 5. The front
      panel 2 and back panel 4 are joined along the outside lateral seam line 6
      and along the inside lateral seam line 7. In the same manner, the front
      panel 3 and back panel 5 are joined together along the outside lateral
      seam line 8 and along the inside lateral seam line 9. Finally, the back
      panels 4 and 5 are joined together along the rear seam line 10, whilst the
      front panels 2 and 3 are joined either by a front seam or by a fly 11.
PAR  The pattern 20 for the known front panel shown in FIG. 2 has a continuous
      outside longitudinal edge 21 (corresponding to the outside lateral seam
      line 6 or 8), which is substantially straight and has only a slight
      convexity 22 in its upper section with respect to the waist edge 23. The
      inside longitudinal edge 24 of the pattern 20 (which corresponds to the
      inside lateral seam line 7 or 9) has in its upper section a fly slit 25,
      of which the lower point 26 projects beyond the upper point 27, and is
      connected to the lower section of the said pattern (with respect to the
      base 28) along a slightly concave line 29.
PAR  The pattern 30 for the known back panel shown in FIG. 3 has a continuous
      outside longitudinal edge 31 (corresponding to the outside lateral seam
      line 6 or 8) which is substantially straight and has only a slight
      convexity 32 in its upper section, with respect to the waist edge 33. The
      inside longitudinal edge 34 of the pattern 30 (which corresponds to the
      inside lateral seam line 7 or 9) has in its upper section a large cut-out
      part 35 proceeding from the waist 33 and ending at a bottom point 36,
      which projects prominently and is connected to the lower section of the
      said pattern 30 (with respect to the base 37) along a significantly
      concave line 38.
PAR  The patterns 20 and 30 have various reference marks 39, which when brought
      into coincidence allow one of the patterns to be centred in relation to
      the other (see FIG. 4) in a position which corresponds to the seam
      position of the panels obtained from the said patterns. As shown in FIG.
      4, the back pattern 30 is generally wider than the front pattern 20.
PAR  It can be seen that the joining together of the panels obtained from the
      patterns 20 and 30 does not present any difficulties on the outside seam
      lines 6, 8 because on that side the outside longitudinal edges 21 and 31
      are very similar in shape and dimensions. On the other hand, joining the
      panels 20 and 30 together along an inside seam line 7 or 9 is very
      difficult because it is then necessary to join together the edges 24 and
      34 which have at 29 and 38, respectively, concave lines of different
      lengths. The disadvantages of this state of affairs has been described
      above.
PAR  The pattern 40 for the front panel according to the invention, shown in
      FIG. 5, has an outside longitudinal edge 41 similar to that of the pattern
      20 of FIG. 2 (as can be seen from the superposition represented in FIG.
      8), with a slight convexity 42 in its upper section, with respect to the
      waist edge 43. The inside longitudinal edge 44 of the pattern 40 has, in
      its upper section, a fly slit 45, of which the lower point 46 projects
      beyond the upper point 47 and is connected to the lower section of the
      said pattern (with respect to the base 48) along a concave line 49. As
      shown in FIG. 8, the point 46 of the fly slit 45 is more pronounced than
      the point 26, the pattern 40 therefore being slightly wider than the
      pattern 20.
PAR  If L.sub.1  is the width of pattern 20 at the level of point 26 and l.sub.1
       the projection of point 46 relatively to point 26 (see FIG. 8), according
      to the invention, the ratio (l.sub.1 /L.sub.1) may be comprised between 5
      and 15 %.
PAR  The pattern 50 for the back panel according to the invention shown in FIG.
      6 has an outside longitudinal edge 51 essentially similar to the edges 31
      or 41 of the patterns 30 and 40 respectively (see FIGS. 7 and 9). However,
      instead of the slight convexities 32 or 42, the pattern 50 has a marked
      convexity in the region 52. The inside longitudinal edge 54 of the pattern
      50 has in its upper section a cut-out part 55 proceeding from the waist
      edge 53 and ending in a bottom point 56 which projects slightly but in any
      case less than the bottom point 36. The bottom point 56 is connected to
      the lower section of the pattern 50 (with respect to the base 57) along a
      line 58 not so significantly concave as the line 38.
PAR  If L.sub.2  is the width of pattern 50 at the level of point 56 and l.sub.2
       the projection of point 36 relatively to point 56, according to the
      invention the ratio (l.sub.2 /L.sub.2) may be comprised between 5  and 15%
      (see FIG. 9). Furthermore, the ratio of the distance L.sub.3  between the
      point 56 and the median portion of convexity 32, and of the projection
      l.sub.3  of convexity 52 relatively to convexity 32 in this median portion
      may be comprised between 5  and 15%.
PAR  FIG. 7 shows that the edges 44 and 54 may be superposed between the points
      46 and 56 and the bases 48 and 57, whilst the edges 41 and 51 may likewise
      be superposed with the exception of the convexity 52 which projects
      prominently.
PAR  FIG. 9 shows that the pattern 30 is wider than the pattern 50, and that the
      edges 31 and 51 may be superposed with the exception of the convexity 52.
PAR  Trousers according to the invention have an appearance far superior that of
      known trousers and are much easier to make and iron.
PAR  It will be appreciated that the convexity provided in the upper section of
      the outside edge of the back panel of trousers according to the invention
      is relatively more pronounced than is the case in known trousers. This
      increased prominence is determined at least to some extent by the
      relatively decreased prominence of the bottom point.
PAR  As can be seen from the comparative dimensions illustrated in FIGS. 8 and 9
      of the accompanying drawings, the extent to which the panels of trousers
      in accordance with the invention may differ from the conventionally shaped
      panels of known trousers, in terms of the increased convexity in the back
      panel, increased prominence of the lower point of the fly slit in the
      front panel, and decreased prominence of the bottom point in the back
      panel, may typically vary between 5 and 15%.
CLMS
STM  I claim:
NUM  1.
PAR  1. Trousers adapted to prevent twisting of the trouser legs and prevent
      bulges near the lower point of the fly, comprising:
PA1  a. front panels and back panels, each of said front and back panels formed
      by an inside longitudinal edge, a waist edge, an outside longitudinal
      edge, and a panel base at the bottom of the trouser leg;
PA1  b. said front panel inside edge having a fly slit below the waist edge and
      a lower point of said fly slit;
PA1  c. said front panel outside edge having a convexity below said waist edge;
PA1  d. said back panel inside edge having a bottom point below said waist edge;
PA1  e. said back panel outside edge having a convexity below said waist edge;
PA1  f. a relationship between the inside and outside longitudinal edges of said
      front and back panels such that when superimposed upon one another, said
      front and back panel bases exactly superimpose, the inside edge of the
      back panel between the bottom point and panel base exactly superimposes
      with the inside edge of the front panel between the lower point and panel
      base, the outside edge of the back panel between the back panel convexity
      and panel base, exactly superimposes with the outside edge of the front
      panel between the front panel convexity and panel base, and the back panel
      convexity projects beyond the front panel convexity; and
PA1  g. inside lateral seam lines being formed by a connection of said front and
      back panel inside edges, and outside lateral seam lines being formed by a
      connection of said front and back panel outside edges.
NUM  2.
PAR  2. The trousers of claim 1 in which said back panel bottom point projects
      at least 5 percent less than a bottom point (36) in a prior art trouser
      back panel in FIG. 3.
NUM  3.
PAR  3. The trousers of claim 1 in which said front panel lower point projects
      at least 5 percent beyond a lower point (26) in a prior art trouser panel
      illustrated in FIG. 2.
NUM  4.
PAR  4. The trousers of claim 1 in which said back panel convexity projects at
      least 5 percent beyond a back panel convexity (32) in a prior art back
      panel illustrated in FIG. 3.
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ABST
PAL  An artificial implant comprising as its essential ingredients vitreous
      carbon and an acrylic polymer having substantially the characteristics of
      polymethylmethacrylate, and the method for making same.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  It is well known in the art to utilize an acrylic polymer, such as one
      having substantially the characteristics of polymethylmethacrylate, as the
      base material for an artificial implant. Note, for example, my U.S. Pat.
      No. 3,609,867, dated Oct. 5, 1971; and also my copending applications Ser.
      No. 60,983, filed July 6, 1970, now U.S. Pat. No. 3,790,507, and Ser. No.
      186,442, filed Oct. 4, 1971, now U.S. Pat. No. 3,789,029.
PAR  As is known, acrylic polymers, such as polymethylmethacrylate, have many
      characteristics that make them highly desirable for use as an artificial
      implant, which characteristics include the fact that this material may be
      readily molded to any desired shape whereby the implant can be "tailor
      made" to conform identically to the shape of the anatomical structure that
      is being replaced. Where used as a tooth implant, this type of plastic
      material has been found to be desirable, since it closely approaches a
      natural tooth in hardness and rigidity, is not adversely affected by the
      temperature conditions normally encountered in the human mouth, and has
      good retention characteristics with respect to color and composition.
      Also, the chemical and physical properties of a polymer implant can be
      altered or modified by combining certain ingredients with the polymer, as
      exemplified by my aforesaid copending applications Ser. Nos. 60,983 and
      186,442.
PAR  It has recently been found that vitreous carbon has interesting
      possibilities as an implant material, and particularly as the root portion
      for dental implants. Vitreous carbon has the advantage of being a highly
      inert material, perhaps the most inert material known in implantation
      procedures, and as such, it is not easily degraded in the oral
      environment, and produces no obvious adverse reactions within the
      surrounding tissues. In addition to its chemical inertness, vitreous
      carbon is light, hard, and has a low coefficient of linear thermal
      expansion. Also, vitreous carbon unlike metals, is resistant to corrosion
      at body temperatures and contains no impurities that could become tissue
      irritants.
PAR  On the other hand, vitreous carbon has certain disadvantages insofar as
      implantation procedures are concerned in that vitreous carbon implants
      must be pre-formed by a lengthy process and cannot be readily fabricated;
      and hence an exact fitting replica cannot be easily constructed, whereby
      in some cases the jaw structure has to be surgically modified so as to
      render the carbon implant acceptable. Also, since vitreous carbon is an
      extremely brittle material, implants made of this material are subject to
      fracture and breakage. In addition, vitreous carbon is incompatible with
      metals, and carbon implants therefore cannot easily be processed upon
      metal strengtheners, but rather metal can only be glued or cemented to
      effect a connection to a vitreous carbon implant. Another disadvantage is
      that a vitreous carbon implant appears to form no periodontal-like
      membrane.
PAR  It has now been found, however, as per the present invention, that by
      combining an acrylic polymer, such as polymethylmethacrylate, with
      vitreous carbon, in certain proportions and by using certain methodology,
      a highly desirable artificial implant may be obtained.
PAR  It is therefore a primary object of the present invention to provide an
      artificial implant that is readily formable to any desired shape, that is
      not adversely affected by normal temperature changes, is relatively hard
      and strong but is not unduly brittle, and which is highly inert, whereby
      no adverse reaction takes place within the surrounding tissues.
PAR  It is a further object to provide an artificial implant about which forms a
      periodontal-like membrane that more closely approaches that of a natural
      tooth.
PAR  Still a further object is the provision of an implant of the character
      described wherein by using a particular form of vitreous carbon a desired
      degree of porosity is imparted to the composition, thereby resulting in
      improved connective tissue attachment with the surrounding host.
PAR  Another object is the provision of an implant designed to be used as the
      root portion of an artificial tooth, the composition of the implant being
      such as to effectively receive and fuse with a polymer crown.
PAR  Other objects, features and advantages of the invention will become obvious
      as the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has been found that by combining an acrylic polymer, such as
      polymethylmethacrylate, with vitreous carbon, a highly desirable
      artificial implant is obtained. As previously stated, such an implant
      possesses the desirable characteristics of the polymethylmethacrylate,
      such as ready workability to any desired shape, desirable hardness,
      rigidity and strength, and desirable insensitivity to normal temperature
      changes. In addition, the resultant implant possesses certain desirable
      characteristics which result from the presence of the vitreous carbon in
      the composition, such as increased chemical inertness, thereby lessening,
      if not entirely eliminating, any adverse reaction or irritation with
      surrounding tissues. Also, by utilizing vitreous carbon microballoons in
      the composition, it has been found that a desired degree of porosity
      inherently results adjacent the surface of the final composition as a
      result of the sandblasting step that forms a part of the method of making
      my implant, as hereinafter described. This porosity contributes to better
      connective tissue attachment between the implant and the surrounding host.
      Still another advantage which results from the vitreous carbon
      polymethylmethacrylate mixture is the fact that the periodontal-like
      membrane which forms around the implant appears to more closely approach
      the alignment of the periodontal membrane of a natural tooth.
PAR  In making an implant in accordance with the present invention, vitreous
      carbon, either in powdered form (200 mesh) or in the form of microballoons
      in the order of approximately 10 to 100 microns, is combined with
      polymethylmethacrylate, it being understood, however, that the powdered
      vitreous carbon could be other than 200 mesh and further that other size
      microballoons could conceivably be used. Samples containing anywhere from
      1/4 of 1% to 50% vitreous carbon by weight have been mixed with
      polymethylmethacrylate. To this mixture is added .6 cc of a monomer per
      gram of the total dry mixture. The mixtures are then mixed and packed into
      plaster molds, which molds, held in flasks under pressure, are processed
      at approximately 300.degree. to 500.degree. F. for approximately 30
      minutes, after which they are quenched in cold tap water. The molded
      implant is then removed from the mold and is sandblasted for approximately
      one minute at approximately 120 P.S.I.G.' s to remove the outer skin which
      inherently exists thereon.
PAR  Where the implant is made from vitreous carbon microballoons, it has been
      found to possess some degree of porosity adjacent its outer surface as a
      result of the balloons apparently bursting during the sandblasting
      operation. On the other hand, implants made from powdered vitreous carbon
      appear to have no such porosity.
PAR  As would be expected, implants containing the least amount of vitreous
      carbon are stronger and less brittle but possess a somewhat lesser degree
      of chemical inertness. It is felt that a mixture comprising 97%
      polymethylmethacrylate and 3% vitreous carbon microballoons results in the
      best composition for implant purposes, and particularly the root portion
      of dental implants, since such a composition possesses the desired
      chemical inertness, and at the same time there is not sufficient vitreous
      carbon present to make the implant undesirably brittle. As previously
      stated, the surface porosity that results from the bursting of the
      vitreous carbon microballoons from sandblasting is desirable, since such
      porosity promotes better connective tissue attachment with the surrounding
      host, i.e., surrounding tissues are actually able to infiltrate into the
      pores of the implant.
DETD
PAC  SPECIFIC EXAMPLE
PAR  Using Cynocephalus baboons, the teeth to be replaced were removed and
      invested in Plaster of Paris in a flask. When the plaster hardened, the
      natural teeth were removed from the flask, and a separating media (SS
      White) was applied to the two halves of the hardened plaster mold.
      Vitreous carbon microballoons (10 to 100 microns) were mixed with clear
      polymethylmethacrylate, the mixture comprising 3% by weight vitreous
      carbon and 97% by weight polymethylmethacrylate. This dry mixture was
      thoroughly mixed, and a monomer was then added thereto, the amount of
      monomer being 0.6 cc's per gram of dry mixture. The mixture was again
      thoroughly stirred and was then packed into the plaster mold, which mold
      was then held in a flask under pressure and heat processed at
      approximately 300.degree. F. for approximately 30 minutes. The flasks were
      quenched in cold tap water, after which the implants were removed and
      finished down to size and then sandblasted with a fine quartz (Jelenko) at
      120 P.S.I.G.' s for approximately one minute to remove the outer skin from
      the implants. The implants were then washed in running cold tap water for
      approximately 2 minutes and then implanted into their respective alveoli
      and splinted into position with autopolymerizing acrylic and
      stainlesssteel wire. The splints were kept in place for 5 months before
      removal. At the time of implantation, the implants were well accepted by
      the baboon's oral tissues. Clinically epithelial attachments were evident,
      since the gingival sulci were comparable to that which exists about
      natural dentition. The gingival tone, textue and consistency about the
      implants were within normal range. After removal of the splints,
      approximately 5 months after implantation, it was noted that the implants
      were firmly entrenched. In fact, these implants appeared to progressively
      sink more deeply into the jaw upon subsequent examination.
PAR  Microscopic study of the tissues surrounding the replica tooth implants
      revealed normal alveolar bone with a cortex outlining and conforming to
      the shape of the roots of the implant. The cortex was slightly thinner
      than that in relation to the adjacent natural teeth. The gingiva was
      somewhat hyperplastic, but the epithelial attachment of the gingiva
      appeared to attach to the implant at a height comparable to that of the
      epithelial attachment of the adjacent natural teeth. The gingiva was
      infiltrated with chronic inflammatory cells, primarily lymphocytes and
      plasma cells, but scattered polymorphonuclear leukocytes and histiocytes
      were noted. Between the implant and the alveolar bone of the periodontium,
      there was a definite periodontal or periimplant membrane. The peri-implant
      membrane was seen to be composed of dense collagen bundles running from
      the alveolar bone to the implant and appeared to enter the pores in the
      implant surface. Hemorrhages were found where the implant had been torn
      away from the investing peri-implant membrance prior to embedding and
      sectioning of the tissues.
PAR  In certain areas, the peri-implant membrane was highly vascular, and
      reactive bone could be observed adjacent to the peri-implant connective
      tissue. One interesting observation was that in many areas of the
      peri-implant membrane the connective tissue fibers were oriented in a
      horizontal or diagonal direction. Expressed differently, the fibers
      appeared to run at right angles to the longitudinal axis of the implant
      rather than being more parallel to it. This more closely approached the
      fiber orientation in the natural periodontal membrane of the baboon. In
      some areas where the peri-implant membrane penetrated into the pores of
      the implant, there appeared to be some initial calcification.
PAR  It is interesting to note that in prior polymer implants the orientation of
      the collagen fibers of the periimplant (periodontal) membrane was more in
      a direction generally parallel to the longitudinal axis of the implant,
      whereas, as indicated above, in the present invention, the collagen fibers
      extend in a more horizontal or diagonal direction, which more closely
      approaches the orientation of the periodontal fibers in natural teeth.
      Although the complete significance of this finding has not as yet been
      fully explored, it will be obvious that the closer approach to a natural
      tooth is both beneficial and desirable.
PAR  It therefore will be apparent that by combining an acrylic polymer, such as
      polymethylmethacrylate, with vitreous carbon, it is possible to make an
      artificial implant of any desired shape within an hour's time, which
      implant will have all the desirable characteristics of a pure polymer
      implant, with the added advantages of vitreous carbon, namely, excellent
      tissue compatability. The percentage of vitreous carbon can be varied in
      the mixture, depending on the strength of the end product desired;
      although it has been found that less than one per cent by weight vitreous
      carbon will not add significantly to the inertness of the mixture, while
      if more than 50% by weight of vitreous carbon is used, the mixture becomes
      entirely too brittle. As previously indicated, a mixture of 97%
      polymethylmethacrylate and 3% vitreous carbon has been found to give
      optimum results. The vitreous carbon may be in either powder form or in
      the form of microballoons, although the latter is preferred, particularly
      for dental implants, since the microballoons create a surface porosity in
      the end product which enhances fibrous interconnection between the implant
      and surrounding tissue.
PAR  Since the vitreous carbon imparts a dark color to the composition, its use
      as an implant is limited to the root portion thereof. The presence of
      polymethylmethacrylate in the composition permits the crown portion of the
      implant to be much more easily and effectively united with the root
      portion, in contrast, for example, to the situation where the root portion
      is solely vitreous carbon. This is particularly true where the crown is a
      polymer.
PAR  It will be understood that the mixture of vitreous carbon and
      polymethylmethacrylate is effectively applicable to all areas where prior
      polymer implant materials have been used, including the use of the mixture
      as a coating for metallic pins or implants. In addition, other materials
      can be mixed with the vitreous carbon-polymethylmethacrylate composition,
      such as blowing agents -- for example, Dinitrosopentamethylene tetramine
      -- in order to create more porosity in the composition, etc. Also, grated
      anorganic bone could be added to achieve the benefits stated in copending
      application Ser. No. 60,983; and N-tributyl phosphate could be added to
      achieve the benefits disclosed in copending application Ser. No. 186,442.
      The essential and basic ingredients of the present invention, however, are
      simply vitreous carbon and polymethylmethacrylate.
PAR  As this invention may be embodied in several forms without departing from
      the spirit or essential characteristics thereof, the present embodiment is
      therefore illustrative and not restrictive, since the scope of the
      invention is defined by the appended claims rather than by the description
      preceding them, and all changes that fall within the metes and bounds of
      the claims or that form their functional as well as conjointly cooperative
      equivalents are therefore intended to be embraced by these claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An artificial implant comprising a composition consisting essentially of
      vitreous carbon and polymethylmethacrylate, said vitreous carbon
      comprising between 1/4 of 1% and 50% of the composition by weight, said
      vitreous carbon being in the form of microballoons.
NUM  2.
PAR  2. In the implant of claim 1, said vitreous carbon comprising approximately
      3% by weight of the composition.
NUM  3.
PAR  3. The implant of claim 1 further characterized in that the outer skin of
      said implant has been removed, whereby the outermost microballoons are
      bursted.
NUM  4.
PAR  4. The implaint of claim 2 further characterized in that the outer skin of
      said implant has been removed, whereby the outermost microballoons are
      bursted.
NUM  5.
PAR  5. An artificial implant comprising a composition consisting essentially of
      powdered vitreous carbon and polymethylmethacrylate, said vitreous carbon
      comprising between 1/4 of 1% and 50% of the composition by weight.
NUM  6.
PAR  6. In the implaint of claim 5, said vitreous carbon comprising
      approximately 3% by weight of the composition.
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ABST
PAL  An effluent disposal system for use in conjunction with a high temperature
      heat source in which waste material is macerate and meterably discharged
      into the source of heat as a function of heat source operating conditions
      such as pressure or temperature, thus insuring the most efficient waste
      disposal throughout the complete heat source operating range. When
      utilized with an internal combustion engine, the overall system efficiency
      is increased by obtaining engine operating information from the intake
      manifold with a sensing means which measures the vacuum or pressure within
      a particular portion of the intake manifold and uses the intake manifold
      information as an input to the metering device. Thus, Applicant's device
      determines the heat source output of an internal combustion engine and
      relates the engine condition to a metering device for discharging the
      effluent, thus insuring that the amount of effluent metered into the
      engine exhaust stream is a function of the engine output. Additionally the
      effluent discharge line may be placed and housed within the exhaust
      manifold itself, with the effluent discharge line being constructed of a
      thermally conductive material to provide effluent discharge into the
      exhaust line at the maximum heat source, thus insuring the most thorough
      calcination and sterilization of the effluent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a waste disposal system utilizing a
      source of intense heat for efficient waste eradication and removal,
      sterilization and calcination. It is specifically intended for use on
      vehicles such as mobile homes, mobile travel trailers, boats, motor
      coaches, aircraft, and the like. Up to the present, waste disposal systems
      have been utilized in which a constant volume of effluent is discharged
      directly into an internal combustion engine exhaust stream regardless of
      the engine operating level. The maximum amount of effluent that may be
      sterilized and calcinated is dependent upon the temperature of the heat
      source and the flow volume of the exhaust. The exhaust temperature (and
      pressure) of an internal combustion engine varies with engine power
      output. With a constant volume effluent flow disposal system, the correct
      amount of effluent for most efficient treatment is not received by a
      variable heat source such as an internal combustion engine operating in a
      wide power range. In another system, a control device has been utilized
      which initiates the waste flow at a predetermined threshold value of
      vehicle speed, again disregarding engine operating conditions. No system
      provides for complete and efficient waste disposal operable as a function
      of the heat source condition.
PAR  Applicant has provided an improved effluent disposal system in U.S. patent
      appplication Ser. No. 270,076 now U.S. Pat. No. 3,833,943, issued Sept.
      10, 1974, entitled "DISPOSAL SYSTEM UTILIZED WITH A HEAT SOURCE" which
      operates the effluent metering into the exhaust line as a function of
      exhaust line parameters. Applicant has found as an improvement that when
      the effluent discharge meter control means is connected to and receives an
      input determinative of the amount of vacuum or reduced pressure in the
      intake manifold, the intake manifold pressure provides a more sensitive
      and responsive engine operating parameter of the instantaneous operating
      condition of the engine to provide an operating parameter which controls
      the metering of effluent ejected into the internal combustion exhaust
      system for calcination and sterilization. The metering device may include
      a pressure sensitive diaphram in which, when the vacuum in the intake
      manifold is at a maximum, the output of the effluent disposal system into
      the manifold exhaust will be a maximum. For additional thoroughness of
      calcination and sterilization, the effluent outlet into the exhaust system
      is provided and housed within the effluent manifold chamber and is
      constructed of a thermally conductive material. This insures and provides
      that the exhaust gases of the internal combustion engine contact the
      effluent discharge at exhaust gas maximum output temperature.
PAR  It is an object of this invention to provide an improved effluent waste
      disposal system.
PAR  It is another object of this invention to provide a disposal system for use
      in a mobile environment such as travel trailers, boats, motor homes, and
      the like which utilize an internal combustion engine.
PAR  And yet another object of this invention is to provide an effluent disposal
      system in which the volume flow of macerate effluent into the heat source
      is meterably controlled as a function of maximum heat source disposal
      capacity.
PAR  And yet still another object of this invention is to provide a vehicle
      waste disposal system coupled to the exhaust line of the vehicle in which
      the optimum amount of effluent is discharged into the exhaust line for
      disposal into the atmosphere as a function of the exhaust gas temperature
      and flow volume availability.
PAR  And yet another object of this invention is to provide an effluent disposal
      system utilized in conjunction with an internal combustion engine in which
      the reduced pressure or vacuum formed in the intake manifold is utilized
      as a sensing signal to the effluent metering device to provide a volume of
      effluent discharge into the exhaust manifold line as a function of engine
      operating condition.
PAR  In accordance with these and other objects which will be apparent
      hereinafter, the instant invention will now be described with particular
      reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of Applicant's invention.
PAR  FIG. 2 shows the particular embodiment of Applicant's invention in partial
      vertical cross-section.
PAR  FIG. 3 shows the practical embodiment of Applicant's invention in
      horizontal cross-section through line b--b of FIG. 2.
PAR  FIG. 4 shows Applicant's improved device connected to a typical internal
      combustion engine with part of the exhaust manifold cut-away in a side
      elevational view.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawings, especially FIG. 1, Applicant's invention is
      shown schematically having a regular toilet 10 coupled by conduit 12 to
      the effluent storage tank 14. Coupled to the tank 14 by conduit 16 is an
      effluent grinder 18 the output being connected to the input of positive
      pump 22. Macerate effluent is pumped through conduit 24 into a metering
      valve 26 with output 30 emptying in the tank 14. The metering valve 26
      includes a sensing device attached to the exhaust line 36 by coupling 28
      which may either be electrical or mechanical. Exhaust line 36 begins at
      combustion engine 34 and exits into the atmosphere at flanged end portion
      38. The pump 22 is also coupled to the exhaust line 36 by conduit 32. A
      one-way check valve 20 prevents exhaust gases in exhaust line 36 from
      entering the pump 22. The meter 26 controls the pressure head in the pump
      22 such that when the valve is open macerate effluent passes from the pump
      through the meter 26 and back into the tank reservoir. When the meter
      valve is in any other position than full open, pressure will increase in
      the pump output chamber (as a function of valve position) forcing macerate
      effluent through conduit 22 into exhaust line 36 where it is sterilized
      and calcinated. The sensor 28 determines the condition of the exhaust
      pressure or temperature in exhaust line 36 and adjusts the meter valve 26
      to provide the proper amount of flow of effluent through return conduit
      30. When the meter valve is closed, all the macerate effluent flows into
      the exhaust line 36.
PAR  The intense heat of the exhaust gases sterilizes and calcinates the
      macerate particles, reducing them to a harmless, fine powder that is
      discharged into the atmosphere.
PAR  The preferred embodiment, including the sensing and metering devices, is
      shown in FIG. 2. Cylindrical housing 48 contains a grinder 42 connected by
      shaft 44 to pump blade 46, all being coupled to a motor 40 (dotted). The
      open end of housing 48 (arrow a showing flow) is submerged inside the tank
      58. The housing 48 is shown having a first portion contained inside tank
      58 with the remainder being located outside tank 58 with an appropriate
      seal (not shown) to prevent leakage between the housing 48 and the
      aperture in the tank 58. Fluid inside chamber 60 is prevented from
      reaching motor 40 by chamber wall 60A.
PAR  The circular grinder 42 has a plurality of teeth spaced about its
      circumference. Effluent is drawn to the circumference of the grinding
      blade by pressure created by the pump 46, where the rotational action of
      the grinding blade macerate the effluent. Rotating pump 46 draws the
      macerate effluent into chamber 60.
PAR  FIG. 3 shows chamber 60, where the macerate effluent is discharged by the
      pump and continues into chamber 68 under pressure. The effluent may then
      be discharged through one of two openings in the housing, namely exhaust
      line discharge opening 70 or tank return opening 72, dependent upon the
      position of diaphragm 62 and valve 64. Exhaust gas pressure from an
      internal combustion engine in the exhaust pipe 56 communicates through
      conduit 54 into diaphragm chamber 66, where it acts upon the elastic
      diaphragm 62. If the force on valve 64 from the exhaust pressure in
      chamber 66 is greater than the surrounding forces from fluid pressure
      within tank 58 and fluid pressure of effluent exiting through exhaust 72,
      the diaphragm 62 will be forced toward the tank return opening 72. As the
      valve plate 64 gets closer to the tank return conduit 74, pressure within
      chamber 68 on the effluent will increase. As the effluent pressure
      increases in chamber 68, effluent pressure is greater than exhaust
      pressure in conduit 52, and effluent will begin flowing out through
      conduit 52. The amount of effluent flowing through the conduit 52 will be
      a function of and is determined by the position of valve plate 64 in
      relation to the tank return opening across conduit 74. When the engine is
      at idle (lowest power output) the diaphragm 62 and valve plate 64 will be
      farthest from closing conduit 74 which thereby permits minimum flow of
      effluent out through conduit 74 back into the tank. Because of the exhaust
      pressure in conduit 52, minimum effluent will flow out into the exhaust
      line. The diaphragm 62 being responsive to the engine exhaust pressure and
      therefore regulating the return flow of effluent back into the tank will
      thus meterably regulate the amount of effluent flowing through conduit 52
      into the exhaust line 56. Thus the power output which controls exhaust
      pressure will thus be used to properly meter the correct amount of
      effluent into the exhaust stream that can be reasonably calcinated. In
      order for effluent to flow into conduit 52, the exhaust pressure in
      conduit 52 must be overcome by a larger pressure created in chamber 68,
      caused by closing valve 64. This insures maximum efficiency of operation
      regardless of the power setting of the vehicle. For example, a vehicle in
      low gear going up a hill at a high power output setting, although at low
      vehicle speed, would be able to utilize the maximum tank output, while
      conversely, proceeding downhill at lower power setting, only a small
      amount of effluent will be discharged into the exhaust line. It is
      especially important in view of pollution requirements that excessive
      amounts of effluent are not discharged into the exhaust stream when it is
      not capable of calcinating the macerate effluent.
PAR  Returning to FIG. 2, openings 72 and 70, return line and effluent output
      respectively are shown protruding through tank housing 58. A proper seal
      is provided about each conduit through the tank to insure that the tank
      does not leak.
PAR  In operation, the pump 46 may be turned on at anytime that the vehicle
      motor is running. The diaphragm size, and therefore the pressure necessary
      to move the valve plate 64 is chosen sufficiently large to provide
      pressure above atmospheric thereby insuring the proper quantity of
      effluent for a particular power setting. If, for example, (FIG. 3) the
      exhaust pressure in conduit 52 and across effluent discharge opening 70
      were one pound, then for effluent to be discharged out the opening 70, the
      pressure head in chamber 68 (above one pound) would have to be determined
      and provided by proper location of the diaphragm and valve plate 64 across
      the return opening 72. The pump output in volume flow remains constant at
      all times during operation.
PAR  The exact or particular amounts will be a function of the size of the pump,
      the conduits and other factors which will determine the pump mixture and
      ratio between effluent discharge and the vehicle engine exhaust.
PAR  Although shown as a pressure sensitive diaphragm, the sensing device could
      be replaced by a thermostatic control device that would open and close the
      valve 64 as a function of the temperature of the exhaust.
PAR  Overall system efficiency is also increased through the re-macerate of
      effluent that is returned to the tank when the heat source is not at
      maximum.
PAR  FIG. 4 shows an improved embodiment of Applicant's invention in which the
      effluent receiving tank 76 is connected by conduit 78 into a conventional
      internal combustion engine intake manifold 84 which is connected to the
      carburetor 80 by the intake manifold mixing chamber 82 wherein the fuel
      and air is mixed and sucked into the combustion chambers through the
      intake manifold 84. A reduced pressure (or vacuum) which is a function of
      engine load output is formed in mixing chamber 82. The output of the
      effluent disposal pump within tank 76, similar to that described above, is
      connected by conduit 98 into the effluent exhaust conduit 94 which is
      constructed of a thermally conductive material such that the exhaust end
      of the effluent output is disposed within the internal combustion engine
      exhaust manifold 96 in fluid communication with an exhaust pipe (not
      shown) connected at 92. The effluent outlet line 94 is longitudinally
      disposed within the exhaust manifold. Thus, the effluent discharge flowing
      through the elongated portion of thermally conductive conduit 94 disposed
      within the exhaust manifold chamber provides preheating of the effluent to
      calcinize and sterilize the effluent as it travels along the conduit
      adjacent and within the maximum heating area of the engine exhaust. The
      metering system shown in the embodiment of FIG. 4 may be similar in
      function as that shown in FIG. 3 except that the metering sensing device
      which controls the output of the effluent chamber into the exhaust system
      will be constructed to function such that as the vacuum is increased in
      the mixing chamber 82 of the intake manifold 84, the output of the metered
      effluent will increase so that when the engine is operating at its maximum
      capacity (having a maximum vacuum in the mixing chamber) the effluent
      disposal system will be providing a maximum output of effluent into the
      exhaust line system. Of course in principle, any vacuum sensitive device
      may be utilized to control or actuate and regulate the amount of metering
      with regard to the effluent output.
PAR  The particular or exact location of the open end of effluent disposal
      outlet conduit 94 is not specifically critical to the operation of the
      invention but it is desirous that the conduit 94 extend along and adjacent
      to the openings of typical exhaust conduits 86, 88 and 90 as shown in this
      example. Thus, prior to the effluent being ejected from the open end of
      conduit 94, as the effluent travels throughout the length of the thermally
      conductive conduit 94, which may be made of steel or the like, the
      effluent will be heated to improve the sterilization and calcination of
      the effluent as it is deposited into the exhaust system itself where it is
      discharged with the exhaust gases through exhaust pipe connection 92. The
      operation of the carburetor, intake manifold system, and exhaust manifold
      system are conventional and Applicant's device may be adapted to any type
      of conventional internal combustion engine system.
PAR  The instant invention has been shown and described herein in what is
      considered to be the most practical and preferred embodiment. It is
      recognized, however, that departures may be made therefrom within the
      scope of the invention and that obvious modifications will occur to a
      person skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An effluent waste disposal system utilized in combination with a
      conventional internal combustion engine having an exhaust manifold
      communicating with said engine by exhaust conduits an exhaust pipe
      connected to said manifold, an intake manifold, a carburetor, a mixing
      chamber disposed between said intake manifold and said carburetor,
      comprising:
PA1  effluent collection tank, said tank having an input and an output;
PA1  means connected to said tank for macerating said effluent within said tank;
PA1  a pressure sensing means having an input and an output, said input
      connected to said mixing chamber of said internal combustion engine;
PA1  effluent flow, pressure activated metering means connected to the output of
      said collection tank for regulating the quantitative volume flow of
      effluent from said tank as a function of pressure, the output of said
      pressure sensing means connected to said metering means; and
PA1  a thermally conductive effluent discharge conduit disposed within said
      exhaust manifold in the direction of the longitudinal axis of said exhaust
      manifold, positioned adjacent the exhaust conduits of said engine and
      having a discharge opening within said exhaust manifold, the input of said
      discharge conduit connected to the output of said effluent flow metering
      means whereby the meter flow discharge volume varies as a function of the
      pressure of said mixing chamber such that the maximum volume output of
      said effluent tank is achieved at the lowest absolute pressure in said
      mixing chamber.
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ABST
PAL  An improved toilet flush mechanism which upon actuation, permits either a
      limited amount of water to flow from the tank or the full amount of water
      to flow from the tank. The mechanism incorporates a pivotable member
      attached to a float arm which serves to close the opened tank valve as the
      float arm descends to limit the amount of water dispensed by the tank.
      When desired, the pivotable member is rotated away from engagement with
      the tank valve to permit the tank valve to remain open until a full
      tankful of water has been dispensed from the tank.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to an improved toilet flush mechanism, and
      particularly one which permits either a limited amount of water to flow
      from the tank or the full amount of water to flow from the tank.
PAR  The mechanism incorporates a pivotable member attached to a float arm which
      serves to close the opened tank valve as the float arm descends to limit
      the amount of water dispensed by the tank. When desired, the pivotable
      member is rotated away from engagement with the tank valve to permit the
      tank valve to remain open until a full tankful of water has been dispensed
      from the tank.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a front sectional view of the invention;
PAR  FIG. 2 is an end sectional view of the invention in position for a limited
      tank flush; and
PAR  FIG. 3 is an end view of the invention in the position for a full tank
      flush.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      illustrates a toilet tank 19 equipped with the improved flush mechanism
      10. The tank 19 is fitted with a conventional outlet leading to an
      attached toilet valve 13 that controls tank drain 20 and is linked in
      conventional fashion to a pull cord 31, the other end of which is fastened
      to the arm 14 fastened to a rotatable handle rod 23 joined to an external
      handle 29. A float 17 is fastened to a pivotable float arm 32 which is
      conventionally linked to the inlet valve 18 of the tank.
PAR  Handle rod 23 is slidably mounted in bearing 24 and is biased by
      compression coil spring 16 to normally push handle 29 away from the tank
      19.
PAR  A two part block 11 is permanently fastened through hole 36 to float arm
      32. Block 11 is fitted with a rotatable bracket 12 rotatably hinged to
      block 11 by hinge pin 37, with an arm 21 fastened to bracket 12 to project
      at an angle to bracket 12 in the plane of rotation of bracket 12 about
      hinge pin 37.
PAR  In the normal position shown in FIGS. 1-2, block 12 hangs so as to engage
      opened outlet valve 13 as the float arm 32 descends and closes outlet
      valve 13 after a further descent of float arm 32. In this manner, valve 13
      is closed prior to drainage of the full tank of water 40 in tank 19, to
      provide a limited flush of the tank when handle 29 has been initially
      rotated to pull cord 31 and initially open outlet valve 13.
PAR  For full flush of tank 19, handle 29 is pushed towards the tank 19 prior to
      rotation and then rotated to rotate handle arm 14 under block arm 21 and
      rotate block 12 away from engagement with outlet valve 13, as cord 31 is
      pulled to open valve 13. Valve 13 then remains open until the level 41 of
      the water in the tank falls below valve 13 since valve 13 has the normal
      floatation characteristics of a toilet outlet valve.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters patent of the United States is:
NUM  1.
PAR  1. A toilet flush tank mechanism which alternately provides means to permit
      a limited flush of the attached toilet or a full tank flush of an attached
      toilet, upon actuation of the mechanism, said tank fitted with a water
      supply valve controlled by a pivotable arm on which a float is fastened,
      which pivotable means is attached to the said pivotable float arm, which
      pivotable means in a first position serves to engage the outlet valve of
      the toilet tank mechanism, when the outlet valve is in the open position
      and the float arm has descended from its initial position, with further
      descent of the float arm serving to force said means to push the outlet
      valve into the closed position, in which the pivotable means may be
      rotated to a second position away from engagement with the outlet valve so
      as to permit the outlet valve to operate independently of the position of
      the pivotable float arm.
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ABST
PAL  A liner constructed of bio-degradable material in the form of a bag for use
      in combination with a bedpan, diaper or in any other location where a
      disposable bag-type liner is desired for receiving waste material where
      the waste material and the liner may be disposed of such as by flushing
      down a commode or the like. The bag-type liner includes a folded bag-like
      structure having a plurality of tabs on the open upper end thereof by
      which the open end of the bag may be secured to a bedpan or the like for
      maintaining the liner in position. The tabs are provided with adhesive
      material having a protector covering with the tabs facilitating unfolding
      of the bag-like liner and securement of the liner to the bedpan with the
      supporting ledge of the bedpan being covered by the liner and the tabs
      secured to the external surface of the bedpan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to a bedpan liner in the form of a
      bag constructed of bio-degradable material folded into a compact condition
      and readily expanded into the interior of the bedpan and secured in
      position by adhesive tabs with a portion of the liner overlying the
      occupant supporting flange of a conventional bedpan and the tabs secured
      to the external surface of the bedpan.
PAR  2. Description of the Prior Art
PAR  Bedpans with liners are known in various prior U.S. patents but such liners
      have been relatively difficult to assembly in relation to the bedpan or
      are difficult to remove therefrom and be disposed thereof, and in some
      instances require special bedpan structures to be used. The following U.S.
      patents disclose various types of bedpan and liner assemblies associated
      therewith: U.S. Pat. Nos, 1,067,423, issued Feb. 15, 1913; 1,086,584,
      issued Feb. 10, 1914; 1,954,684, issued Apr. 10, 1934; 2,523,452, issued
      Sept. 26, 1950; 3,377,631, issued Apr. 16, 1968; 3,484,874, issued Dec.
      23, 1969; and, 3,605,127, issued Sept. 20, 1971.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a bag-type liner
      especially adapted for use in combination with conventional bedpans but
      also usable with other devices, such as diapers or the like in which a
      disposable bag-type liner would be effective, with the liner being
      constructed of biodegradable plastic material capable of receiving and
      retaining human excrement with the entire liner and its contents being
      flushable such as by depositing the liner and its contents in a commode
      and flushing the commode so that the liner and its contents will be
      discharged into the sewage system with the material of the liner being
      degradable prior to reaching a sewage treatment plant or the like.
PAR  Another object of the invention is to provide a bag-type liner constructed
      so that it is folded into a substantially flat condition generally in the
      shape of the interior of a bedpan with tabs being attached to the open
      edge of the liner so that the tabs may be grasped and by pulling on the
      tabs, the open end portion of the liner may be pulled into overlying
      relation to the supporting flange on the bedpan with the remainder of the
      liner being extended by hand pressure exerted interiorally thereof, thus
      generally conforming the liner with the interior of the bedpan with all
      portions of the bedpan being engaged by a patient or occupany being
      covered by the liner, thereby maintaining aseptic conditions.
PAR  A further object of the invention is to provide a bag-type liner in
      accordance with the preceding objects in which the tabs provided on the
      liner are adhesively coated on one surface thereof for secure engagement
      with the exterior surface of the bedpan adjacent the bottom thereof and
      against the exterior surface of the bottom of the bedpan thereby retaining
      the liner securely in position during use and enabling removal of the
      liner by disengaging the tabs whereby the tabs become a handle to
      facilitate the removal of the liner from the bedpan and facilitate
      handling of the liner and its contents when positioning the same in a
      commode or the like.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the bag-type liner in its folded, compact
      condition prior to insertion into a bedpan.
PAR  FIG. 2 is a perspective view of a bedpan with the liner of the present
      invention inserted therein prior to the liner being unfolded into an
      assembled condition.
PAR  FIG. 3 is a perspective view of the liner and bedpan in assembled condition
      with the assembly ready for use.
PAR  FIG. 4 is a transverse, sectional view taken substantially upon a plane
      passing along section line 4--4 of FIG. 3 illustrating the associational
      relationship of the liner with the bedpan.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The bag-type liner of the present invention is generally designated by
      reference numeral 10 and is illustrated in use in combination with a
      conventional bedpan generally designed by reference numeral 12 in which
      the bedpan is conventional in construction and includes a generally flat
      bottom 14, an upstanding peripheral wall 16 and an inturned and downwardly
      sloping top wall 18 which forms a support for a person using the bedpan in
      a well known manner. The inturned supporting flange 18 is omitted at the
      front and is downwardly inclined and may be slightly concavely curved on
      its upper surface and provided with a generally oval shape configuration
      and insofar as the present invention is concerned, the bedpan is
      conventional in every respect.
PAR  The liner 10 is in the form of a bag like structure having a bottom panel
      20, upwardly extending peripheral wall portions 22 and top portions 24 and
      26 in which the top portion 24 is disposed generally in underlying
      relation to a portion of the flange 18 and the top portion 28 is disposed
      in overlying relation to the flange 18 and extends peripherally beyond the
      flange 18 so that the edge portion 28 of the top 26 extends downwardly
      along the outer surface of the upper portion of the peripheral wall 16 as
      illustrated in FIG. 3. The juncture between the top portion 24 and 26
      defines an entrance opening 30 which coincides with the inner edge of the
      flange 18 and is shaped in a manner that it will also cover the top edge
      of the forward portion of the peripheral wall 16 where the top flange 18
      has been omitted.
PAR  The main body portion of the liner is folded in a manner that it is
      substantially flat and has a general oval shape configuration generally
      similar to the overall configuration of the bedpan so that the liner may
      be stored in a substantially flat condition with the plarality of radial
      fold lines 32 therein with tabs 34 being provided on the peripheral edge
      of the liner 10 with the tabs being integral therewith and normally
      disposed in overlying relation to the main body of the liner 10 as
      illustrated in FIG. 1. When the line 10 is to be used, the liner is
      inserted into the interior of the bedpan as illustrated in FIG. 2 with the
      tabs 34 being disposed upwardly and oriented so that the fixed tabs on the
      liner are accessible through the open upper portion of the bedpan. Then by
      grasping the tab or tabs at one side of the liner with one hand and
      forcing the center part of the liner downwardly, the peripheral edge 28 of
      the liner will be drawn upwardly through the open upper end of the bedpan
      and into overlying relation to the top surface of the flange 18. As the
      peripheral edge 28 is pulled downwardly over a portion of the peripheral
      wall 16, the tab 34 is used to secure the peripheral edge of the liner in
      place by virtue of an adhesive coating 36 which is protected by a
      removable cover sheet 38. The tabs are usually oval shape in configuration
      and the adhesive coating 36 is on the surface thereof which will engage
      the external surface of the bedpan thereby securing the peripheral edge 28
      of the liner in overlying relation to the peripheral wall portion of the
      bedpan so that the liner will cover the flange 18 and the upper edge of
      the portion of peripheral wall of the bedpan at the far end thereof where
      the flange 18 has been omitted. During the progressive movement of the
      tabs by using one hand, the other hand will be used to unfold and shape
      the liner so that it generally conforms with the interior configuration of
      the bedpan with final assembly of the liner with the bedpan as illustrated
      in FIGS. 3 and 4.
PAR  The bag or line 10 is constructed of bio-degradable plastic material such
      as hydroxypropyl cellulose or other bio-degradable material which will
      contain human excreta for several hours and then can be flushed through
      normal hospital facilities such as a commode or the like since the bag can
      be flushed in cold water and be decomposed by the cold water, thus
      enabling complete degradation through plumbing systems without clogging.
      The adhesive material on the tabs and the cover therefor has sufficient
      anchoring characteristics to maintain the liner in position during use but
      yet enable easy removal of the tabs and the liner from the bedpan after
      use. The folded or closed position of the bag illustrated in FIG. 1
      includes folded and overlapping creases extending to the center of the bag
      which enables the bag and oppositely positioned tabs to be used to pull
      the peripheral edge of the liner up through the bedpan opening while at
      the same time forcing the center and central portions of the liner
      downwardly and into underlying relation to the bedpan flange, thus
      enabling installation of the liner without contact with the bedpan, and
      since the tab extends under the bedpan, when a patient is on the bedpan in
      a conventional position, the weight of the occupant actually will serve to
      facilitate the tabs holding the liner in position since the tabs will be
      securely locked to the bedpan by the adhesive and by the downward pressure
      exerted by the occupant of the bedpan. The accordianlike circular creasing
      enables the tabs to be used to move the peripheral edge of the bedpan
      liner outwardly as the diaphragm-like creases open, and even if the bottom
      portion of the liner is not fully extended in contact with the bedpan, any
      material disposed therein by the occupant will cause the liner to extend
      into conformation with the interior of the bedpan.
PAR  The bag or liner may be varied in size and shape depending upon its use and
      may also be utilized as a liner for portable urinals, diapers, drainage
      bags, sanitary napkins or pads and the like or in any other location where
      a disposal bag-type liner is desired for waste material which can be
      disposed of by flushing the bag and its contents down a commode into the
      plumbing system where the bag will decompose, thus avoiding any
      possibility of the plumbing system becoming clogged. The use of the bag or
      liner materially facilitates the maintenance of aseptic conditions in
      hospitals and the like and materially reduces the burdensome job of
      emptying and cleaning bedpans.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limt the invention
      to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A bag-type liner for bedpans comprising a body adapted to be positioned
      within a bedpan and covering the interior thereof, said body including an
      outwardly extending edge portion adapted to overlie and cover the inwardly
      extending flange on a bedpan, and anchoring means on the outwardly
      extending edge portion for engaging the bedpan for securing the liner
      thereto, said body including the outwardly extending edge portion and the
      anchoring means thereon being constructed of bio-degradable material to
      enable the liner and its contents to be flushed into a sewage system
      without clogging, said body and outwardly extending edge portion being
      folded into a generally planar condition for storage and for initial
      insertion into the interior of a bedpan with the body being folded by the
      provision of a plurality of radially extending overlapping creases
      defining an accordian fold structure which facilitates peripheral
      enlargement of the body into conformity with the interior of a bedpan when
      extended.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said anchoring means are in
      the form of a plurality of radially extending tabs on the peripheral edge
      of the outwardly extending edge portion of the body, each of said tabs
      including an adhesive coating on one surface thereof for anchoring the
      tabs and the peripheral edge portion of the body to the exterior of the
      bedpan.
NUM  3.
PAR  3. The structure as defined in claim 1 wherein each of said tabs is of oval
      shaped configuration, provided with a covering for the adhesive surface
      which is removable and being of a length to extend under the bedpan so
      that downward pressure exerted on the bedpan by an occupant will exert
      downward pressure on the tabs thereby securing the tabs and the liner more
      securely to the bedpan.
NUM  4.
PAR  4. In combination, a bedpan of rigid construction having a bottom,
      upstanding peripheral wall and inwardly extending occupant supporting
      flange defining an open upper end for receiving human excreta, a
      disposable bag conforming to and forming a liner for the interior of the
      bedpan and a cover for the occupant supporting flange thereon, means on
      the peripheral edge of the bag anchoring the peripheral edge of the bag to
      the exterior of the bedpan with the peripheral edge of the bag being
      disposed against a portion of the peripheral wall of the bedpan below the
      flange thereby completely covering the flange on the bedpan, said bag
      being constructed entirely of bio-degradable material capable of holding
      human excreta for a predetermined time period and becoming decomposed when
      flushed down a commode without clogging the sewage system said bag being
      folded into a generally planar condition for storage and for initial
      insertion into the interior of the bedpan with the bag being folded by the
      provision of a plurality of radially extending overlapping creases
      defining an accordian fold structure which facilitates peripheral
      enlargement of the bag into conformity with the interior of the bedpan
      when extended.
NUM  5.
PAR  5. The combination as defined in claim 4 wherein said means on the
      peripheral edge of the bag include a plurality of adhesively coated tabs
      of unitary construction with the bag, each of said tabs extending under
      the bedpan and adhesively secured thereto whereby downward pressure on the
      bedpan by an occupant will further anchor the tabs to the bedpan.
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ABST
PAL  Shower Spray Massage-Sauna equipment suitable for installation into
      existing bathrooms by adding a water diverter valve between the shower
      head and the shower arm pipe and using a connecting hose to direct the
      water from the shower head to the Shower Spray Massage-Sauna spray arm.
      This spray arm is mounted on the wall opposite to the shower water control
      valves to allow the user to sit on a seat and to control the temperature
      and the force of the water. This spray arm also supports the flexible body
      enclosing cover and is adjustable to suit the height of the person using
      it. The cover has a round opening for the head at the top and partable
      opening at the front to permit the entry and the exit of the user. This
      equipment can be left in the bathroom in the non-use position or it can be
      easily removed to allow the normal use of the bathtub or the shower.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to Shower Spray Massage-Sauna and more particularly
      to easily installed equipment to be used in existing shower and bathrooms
      utilizing hot water sprayed from the spray arm to create steam and higher
      temperature under a flexible man-enclosing cover and also using the water
      force from the spray arm for body massage.
PAR  The primary object of this invention is to provide inexpensive Shower Spray
      Massage-Sauna equipment, combining steam bath with water spray massage,
      which can be easily installed in any bathroom having existing shower
      attachment. To avoid the extra cost of prior art steam-making equipment,
      this invention uses the versatile hot water spray arm to create steam
      under the body enclosing cover, as hot water is supplied to this arm
      through the connecting hose and the shower head diverter valve.
PAR  Another important object of this invention is the elimination of a
      structure or a frame normally required for a steam compartment using body
      enclosing cover. Shower Spray Massage-Sauna spray arm not only supports
      the body enclosing cover, but the height of the arm is adjustable and it
      has a non-use position.
PAR  A further and no less significant object of the present invention is the
      ease and quickness a bathroom equipped with Shower Spray Massage-Sauna
      equipment can be converted to ordinary shower -- to bathtub and back to
      Shower Spray Massage-Sauna use.
PAR  One further object of this invention is to utilize the existing bathtub or
      shower room for Shower Spray Massage-Sauna and to eliminate the extra cost
      of a separate sauna room. By using the body enclosing cover the steam is
      retained within the interior of the cover so that the bathroom atmosphere
      remains relatively dry.
DRWD
PAR  The accompanying drawings and the following detailed description with
      operating procedures, including the appended claims will fully explain
      these and other objects and features of the present invention;
PAR  FIG. 1 illustrates the perspective view of Shower Spray Massage-Sauna
      equipment installed in an existing bathroom with spray arm and the cover
      in the use position.
PAR  FIG. 2 is the plan view of the spray arm.
PAR  FIG. 3 is the perspective view of the spray arm support bracket.
DETD
PAR  FIG. 1 shows a conventional bathroom equipped with Shower Spray
      Massage-Equipment in ready for use position. The diverter valve 13 is
      assembled between the shower arm pipe and the shower head 14. A connecting
      hose 11 to the spray arm 1 is supported by brackets 12 and attached to the
      spray arm 1 with a coupler 6. The spray arm 1 is supported by the bracket
      2, which is mounted on the wall to suit the height of a person using it
      when sitting on the seat 10. The flexible body enclosing cover 7 is
      supported by the spray arm 1, has a opening 8 for the users head and a
      zippered opening 9 at the front to allow the entry and the exit of the
      user.
PAR  The spray arm 1 shown on FIG. 2 has a number of holes 18 for the water
      spray located so that the spray is directed to every part of the users
      body. The total number and the size of the holes 18 determines the spray
      force and the fineness.
PAR  The support bracket 2 shown in FIG. 3 has holes 19 for the screws or toggle
      bolts 20, which are used for mounting the bracket 2 on the bathroom wall.
PAR  The following procedure is used to operate Shower Spray Massage-Sauna: The
      first step is to select the right hole 3 in the support bracket 2 to suit
      the persons height. The correct position for the spray arm 1 is
      approximately 2 inches higher than the users shoulders, when sitting on
      the seat 10. The spray arm extension 5 is then pressed into the selected
      hole 3. The next step is to turn the hot and cold water valves 15 on and
      to adjust the water temperature, at this time flowing from the bath tap
      17, to suit the individual user. As soon as a suitable and stable
      temperature is reached, the shower water diverter valve 16 is turned to
      direct the water to the shower head. Then the water diverter valve 13 to
      the spray arm 1 is turned on to direct the water to Shower Spray
      Massage-Sauna spray arm 1. The Shower Spray Massage-Sauna is now ready for
      the user to enter the shower compartment by opening the zipper 9 in the
      cover 7 and sitting on the seat 10, fully closing the zipper 9 from the
      inside. The users head is outside the cover 7 through the opening 8 and,
      if preferred, a towel around the neck of the user can be added to keep the
      hair dry. The user controls the water temperature and the force by lifting
      the cover 7 or opening the zipper 9 and adjusting the hot and cold water
      valves 15 to suit the individual needs.
PAR  To convert the Shower Spray Massage-Sauna back to ordinary shower or
      bathtub use, first the hot and cold water control valves are turned off,
      then the spray arm 1 is removed from the hole 3 and the extension 5 is
      pressed into hole 4. In this non-use position the spray arm 1 and the
      cover 7 are close to the bathroom wall and the cover 7 hangs loosely to
      permit the drying of the flexible material. The loose seat 10 is removed
      from the tub and the diverter valves 13 and 16 are turned to shower 14 or
      bathtub use. If preferred, the spray arm 1, the cover 7 and the hose 11
      can be unscrewed from the diverter valve 13 and removed from the bathroom.
PAR  The above-described invention may be embodied in other specific forms
      without departing from the spirit or essential characteristics thereof.
      The present embodiments are, therefore, to be considered in all respects
      as illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims rather than by the foregoing description,
      and all changes which come within the meaning and range of equivalency of
      the claims are therefore to be embraced therein.
PAR  For example, FIG. 2 illustrates a versatile horseshoe shaped spray arm pipe
      means, however the shape of this spray arm could be rectangular, square,
      etc. FIG. 3 illustrates the bracket with several holes used for height
      adjustment and a non-use position for the spray arm. The same function is
      achieved by using a support clamp sliding along a vertical rod which is
      mounted on the wall and has a pivoted non-use position for the spray arm.
      The spray arm is attached to the clamp using threads or other method. The
      connecting hose from the shower head diverter valve to the spray arm is
      fixed to the wall by small supporting brackets or could be alternatevily
      left loose during use and lifted to supporting hooks on the wall in the
      non-use position. The body enclosing cover can be opened and closed with a
      zipper or press studs or any other means.
CLMS
STM  What I claim and desire to secure by United States Letters Patent is:
NUM  1.
PAR  1. In a shower spray massage sauna for use in a bathroom comprising, in
      combination, a diverter valve installed between a shower head and a shower
      arm pipe, means introducing hot water from the shower arm pipe to the
      diverter valve by manipulating shower water control valves associated
      therewith, means directing hot water through the diverter valve and the
      connecting hose to said spray arm pipe means, said hose connects the
      diverter valve to the spray arm pipe means, said spray arm pipe means
      supports a body enclosing cover and is located inside said cover, means
      introducing the hot water spray under the cover, means combining inside
      the cover the force from the water for massage and the hot water spray for
      sauna, said cover adapted to assume a use or a non-use position, said
      spray arm pipe means supported and held in either position by a mounting
      mechanism attached to the wall, and in the use position a seat is placed
      inside the body enclosing cover.
NUM  2.
PAR  2. In a shower spray massage sauna as defined in claim 1 wherein the spray
      arm pipe means adapted to assume either a use or a non-use position and
      means permitting easy bathroom conversion from conventional use to shower
      spray massage sauna use.
NUM  3.
PAR  3. In a shower spray massage sauna as defined in claim 1 wherein the body
      enclosing cover means incorporates an opening at the top and a partable
      opening at the side to allow ingress and egress of the user.
NUM  4.
PAR  4. In a shower spray massage sauna as defined in claim 1 wherein the spray
      arm pipe means determines the water spray fineness and the direction of
      spray.
NUM  5.
PAR  5. In a shower spray massage sauna as defined in claim 1 wherein the water
      pressure for the massage and the water temperature for the sauna are
      adjustable.
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ABST
PAL  A plumbing fitting that is adaptable to be installed along any drain line
      so to permit the drain line to be easily and readily cleaned out in case
      it becomes clogged; the device consisting of a length of pipe having an
      internal screw thread at one end and an external screw thread at an
      opposite end for easy connection along the drain line, the length of pipe
      having a branch line extending from a side thereof and which is adaptable
      for receiving a clean-out rod or which may be attached to a hose, and a
      shut off valve cock being located along the main pipe so as to prevent
      back pressure up into a plumbing fixture such as a sink, tub or toilet.
BSUM
PAR  This invention relates generally to plumbing fixtures.
PAR  A principal object of the present invention is to provide a multi purpose
      clean-out attachment that makes it very easy to clean out a clogged drain
      line.
PAR  Another object of the present invention is to provide a multi purpose
      clean-out attachment which can be installed anywhere along a drain line so
      that it is always ready for use without the additional work of installing
      each time it is needed.
PAR  Still another object of the present invention is to provide a multi purpose
      clean-out device attachment which can be made in any size so that it is
      adaptable for all plumbing of a house.
PAR  Other objects of the present invention are to provide a multi purpose
      clean-out attachment which is simple in design, inexpensive to
      manufacture, rugged in construction, easy to use and efficient in
      operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing, wherein:
PAR  FIG. 1 is a side elevation view of the present invention shown installed in
      a plumbing drain system.
PAR  FIG. 2 is a side elevation view thereof showing the main fitting, and
      adapter and an end cap.
PAR  FIG. 3 is side elevation view of a modified design of end cap which
      incorporates a hose connection and a shut off valve cock.
DETD
PAR  Referring now to the drawing in detail, the reference numeral 10 represents
      a multi purpose clean-out attachment according to the present invention
      wherein there is a main fitting 11 that includes a straight length of pipe
      12 which at its opposite ends can be provided with any suitable form of
      screw thread 13 that may be internal or external in order that it may be
      readily installed within a drain system 14 as shown in FIG. 1 wherein the
      same is installed between a drain plug 15 of a sink 16 and a trap 17.
PAR  The fitting 11 actually is a Y-fitting by incorporating an angularly
      sidewardly extending branch line 18, the outer end of which includes some
      form of screw thread 19 in order that the same may be readily engageable
      with either an end cap 20, a special end cap 21 or else with an adaptor
      22.
PAR  As shown in FIG. 2, it is to be noted that a shut off valve cock 23 is
      installed along the pipe 12 of fitting 11 and is located in a position so
      to close communication between a sink 16 or other plumbing fixture from
      the rest of the drain system.
PAR  As shown in FIG. 3, the special end cap 21 includes an end cap 24 to which
      a small diameter pipe 25 is securely attached, one end of the pipe 25
      including screw thread 26 so that it is attachable to a conventional
      garden hose. Additionally the pipe 25 includes a shut off valve cock 27.
PAR  In operative use, it is now evident that in case of a clogged drain system,
      the end cap 20 may be removed from the end branch line pipe 18 so that a
      clean-out rod or snake can be pushed down therein and down into the drain
      so to dislodge the clogged material. Alternately, the special end cap 21
      can be threadingly engaged upon the end of the branch line pipe 18 and a
      garden hose can be attached to the threaded end 26 of pipe 25. At such
      time the valve cock 23 is closed and the valve cock 27 is opened so that
      the pressure of the water can be forced downwardly into the drain system
      so to force the clogged material ahead into a drain sewer. The valve cock
      23 must necessarily be closed at such time in order that there is no back
      into the sink 16 or other plumbing fixture such as a tub or toilet. In
      situations wherein a different size of hose is intended to be connected to
      the branch line pipe 18, the adaptor 22 may be used which includes
      different types of screw threads at each opposite end thereof.
PAR  Thus there is provided a multi purpose clean-out attachment.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention as is defined by the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A multi purpose clean-out attachment for a drain system comprising a
      fitting having a length of pipe with means at opposite ends thereof for
      connection to the drain system and a branch line pipe composite therewith
      and angularly disposed one end thereof to said length of pipe at an acute
      angle with one end of said length of pipe and having means at the free end
      of said branch pipe remote from said length of pipe for connection to a
      garden hose, a first integrally mounted manually controllable valve cock
      with the valve portion mounted within said one end of said length of pipe,
      and a second integrally mounted manually controllable valve cock with the
      valve portion mounted within said free end of said branch pipe whereby a
      drain system in which said clean-out attachment is connected can be
      cleaned out by closing said first valve cock, opening said second valve
      cock and directing water through said branch pipe from a garden hose into
      the length of pipe.
NUM  2.
PAR  2. In a clean-out system the combination of a drain plug of a sink; a trap;
      a fitting having a length of pipe with means at one end for connection to
      said drain plug and means at the opposite end for connection to said trap
      and a branch line pipe composite therewith and angularly disposed sideward
      at one end thereof to said length of pipe at an acute angle to said one
      end of said length of pipe and having means at the free end of said branch
      pipe remote from the length of pipe for connection to a garden hose, a
      first integrally mounted manually controllable valve cock with the valve
      portion mounted within said one end of said length of pipe, and a second
      integrally mounted manually controllable valve cock with the valve portion
      mounted within said free end of said branch pipe whereby said trap can be
      cleaned out by closing said first valve cock, opening said second valve
      cock and directing water from a garden hose through said branch pipe into
      said length of pipe and through said trap in a direction away from said
      drain plug.
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ABST
PAL  The elevation of a chair seat from normal to raised bed level by cam action
      between the chair seat and a wheeled frame on which the chair seat is
      guided for up and down movement. A camshaft journaled on the underside of
      the chair seat with cam wheels at each end with cam edges supported on
      rollers journaled on the frame and lever means on the cam shaft connected
      to the backrest of the chair seat for rocking the cam shaft upon
      adjustment of the backrest between its condition of a backrest relative to
      the chair seat and a condition level with the chair seat as a part of the
      bed pad when the chair seat is raised to bed level.
BSUM
PAC  BACKGROUND
PAR  This invention relates to an invalid transferring apparatus and more
      particularly to a wheel chair construction facilitating convertability of
      such chair into a wheeled stretcher and vice versa. In this connection it
      should be understood that hospital beds and the like intended for use of
      bed type patients are elevated to an approximate counter height to enable
      nurses, doctors and persons attending the needs of such patients to more
      easily do so without bending over or squatting to move or manipulate the
      patient in such bed. Wheel chairs, on the other hand, have their seats
      more nearly disposed at chair height wherein, the patients legs are so
      disposed, that their feet are but a short distance from the floor. It will
      therefore be appreciated that the wheeled stretcher contemplated by the
      instant application is of the type to support a patient at substantial bed
      level, i.e., at a considerable higher elevation than that of the seat of
      the wheel chair when the apparatus is converted into such form.
PAR  It will therefore be appreciated that the conversion of the wheel chair to
      a bed type stretcher, and vice versa entails an elevator mechanism
      operatively associated with the seat and bed for changing the elevation,
      thereof, in the course of convertability.
PAR  Several prior patients disclose structure for elevating the seat per se of
      such type of chair so that the back and foot rests follow the independent
      adjustment into a horizontal support. In this art it is customary to have
      the foot or leg rests as well as the back of the chair hingedly connected
      to the chair seat and adapted to level off with the latter when it is
      elevated to its uppermost position as a part of the bed with the leg rests
      and chair back.
PAR  Other patents in the prior art coordinate the pivotal or hinged connections
      between the seat, back and leg rests with the frame of the vehicle type
      chair to utilize the parallelogram leverage afforded thereby to raise
      and/or lower the seat relative to the frame. This puts an excessive load
      upon the leverages in the course of elevating the seat with patient
      thereon. Likewise, the lowering of a patient on the bed-like surface to a
      sitting position can become quite abrupt and fraught with shock, and
      unnecessary shaking up of the patient during the conversion.
PAR  The present invention seeks to alleviate the foregoing problems and yet
      attain a smooth operating elevator mechanism controlled by the chair back,
      i.e., using the latter as an operating lever for the elevator while
      changing the chair to a bed or the bed to a chair.
PAC  THE PRESENT INVENTION
PAR  The present invention has a principal object the provision of a cam type
      elevator mechanism between the chair seat and frame of the apparatus. This
      object contemplates the interconnection of the cam mechanism with the
      lever action afforded by the chair back and its hinged connection to the
      chair seat.
PAR  It is another object of the invention to provide a cam shaft on the lower
      surface of the chair seat and cams on the cam shaft bearing on roller
      supports provided on the frame of the apparatus.
DRWD
PAR  These and other objects and advantages of the present invention will become
      apparent in the following detailed description when read in the light of
      the accompanying three sheets of drawing in which:
PAR  FIG. 1 is a plan view of the convertable bed and chair made up as a bed and
      embodying the present invention;
PAR  FIG. 2 is a longitudinal section through FIG. 1 taken along line 2--2
      therein;
PAR  FIG. 3 is a bottom plan view of the bed arrangement of FIGS. 1 and 2;
PAR  FIG. 4 is an end view of the same as seen from the left-hand end of FIG. 2;
PAR  FIG. 5 is a side elevational view of the device of FIGS. 1 through 4,
      converted into a chair and at slightly larger scale;
PAR  FIG. 6 is a back elevational view of the same as seen from the lefthand
      side of FIG. 5;
PAR  FIG. 7 is a cross section through the chair of FIG. 5, as seen from line
      7--7 therein; and
PAR  FIG. 8 is an exploded isometric view of the chair of FIGS. 5 and 6, looking
      down on the frame and upwardly toward the underside of the seat, leg rest
      and back rest of the same.
DETD
PAC  GENERAL DESCRIPTION
PAR  The chair and bed combination in which the present invention has its
      embodiment generally includes a seat 10 provided with leg-like rods, 11,
      extending downwardly from its bottom at each of its four corners as best
      seen in FIG. 8. These leg-like rods, 11, are disposed to extend downwardly
      into guideways 12 formed in the four corner posts 13 of a frame 14.
PAR  The frame 14, comprises a rectangular or cube type structure having a pair
      of sides 15-16 of identical construction to include fore and aft corner
      posts 13 for each side of the frame 14. Each side of the frame 14 has
      upper and lower tubular members 17 and 18 uniting the fore and aft corner
      posts 13 thereof. The sides 15 and 16 are united by upper and lower cross
      members 19 and 20 at their fore ends and upper and lower cross members 21
      and 22, at the after end of the cube type structured frame 14. At the
      after end of the frame 14 the lower cross members 18, extend rearwardly
      and have a brace 23 formed between the latter and the aft corner posts 13.
      These brace members 23 provide suitable mounts for laterally extending
      axles 25 for the typical wheel chair wheels W having the usual hand
      engageable rims spaced from the spoke fellies of the wheel W.
PAR  At the fore end of each side 15 and 16 of the frame 14 a bushing and mount
      for a caster wheel 26 is mounted on the respective corner post 13. The
      frame 14 is thus supported on wheels for movement about in the usual
      manner.
PAR  As previously stated the four leg-like rods 11 are disposed to fit into the
      guideways 12 provided by the four corner posts of the frame 14. The seat
      10 is thereby guided for up and down movement relative to the frame 14.
      The means for moving the seat between its extreme up and/or down positions
      constitutes an elevator mechanism 30 forming the embodiment of the present
      invention.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention the elevator mechanism 30
      comprises a cam arrangement 31 between the seat 10 and the frame 14 and
      means 32 for turning the cam arrangement in unison with the adjustment of
      the seat back 33 between its back rest position relative to the seat and a
      horizontal position in alignment with the seat.
PAR  More specifically, the cam arrangement 31 comprises a cam shaft 34
      journalled on a pair of bearings 35-35' supported on brackets 36-36'
      suspended from the lower surface of the seat 10. The brackets 36-36' are
      spaced slightly inward from the sides of the seat 10 to provide a space
      for a cam 37-37' secured to the respective outer end of the cam shaft 34.
PAR  The cam 37 and 37' at each end of the shaft has a cam edge 38 which rides
      upon a roller 39-39' on a spindle shaft extending inwardly from a bracket
      40-40' extending upwardly from the lowermost cross member 18 of each side
      15 and 16 of the frame 14. (See FIGS. 5 and 7).
PAR  Midway between the ends of the cam shaft 34 there is a lever 41 secured to
      the shaft. This lever 41 facilitates rocking movement to the shaft 34 to
      change the position of the cams 37-37' relative to the supporting rollers
      39-39'. The arrangement is such that the lever 41 is so shaped as to
      enable a thrust applied thereto to swing the lever 41 between its two
      limits about the axis of the cam shaft 34. For this reason the lever 41
      has a general L shape in which the foot part 42 of the L shape extends
      radially from the toe end thereof which is located at the axis of the cam
      shaft 34.
PAR  Referring now to FIG. 5 it will be noted that when the seat 10 is down,
      i.e., lowermost as a result of the disposition of the elevator mechanism
      30, the leg part 43 of the L-shaped lever 41 is substantially horizontally
      disposed. In such condition the cams 37-37' have their declivities nearest
      the axis of shaft 34 resting upon the support rollers 39 and 39'
      respectively. However, when the lever 41 is swung counter clockwise FIG. 5
      about the axis of the cam shaft 34, the aclivity of the cam edge 38
      farthest removed radially from the axis of the cam shaft 34 is at rest
      upon the support rollers 39-39' as shown in FIG. 2. By rotation of the
      cams 37-37' from the position shown in FIG. 5 to that of FIG. 2 the seat
      10 is caused to be lifted, i.e., elevated to its uppermost condition for
      the basis of a bed.
PAR  To complete the bed, as illustrated in FIGS. 1 through 4 inclusive, the
      backrest 33 of the seat 10 as well as the leg rests 44 therefor must
      assume horizontal alignment with the seat 10. It is in this regard that
      the backrest 33 of the chair is operatively associated with the cam
      operating lever 41 of the elevator mechanism 30.
PAR  As in all forms of convertable wheel chairs the backrest 33 as well as the
      leg rests 44 are pivotally connected to the seat proper thereof. As best
      seen in the drawings the pivotal connections are designated 33' and 44'
      respectively at the back and front edges of the seat 10. In accordance
      with present invention the backrest 33 of the chair and its pivotal
      connection 33' to the seat of the chair 10 provides the basis for a lever
      45 to operate the L shaped lever 41 on the cam shaft 34. This is
      accomplished by a linkage 46 between the L shaped lever 41 and the lever
      45 on the backrest 33.
PAR  Referring to FIGS. 2 and 5 it will be noted that the lever 45 is connected
      to the backrest 33 adjacent the pivotal connection 33' thereof with the
      seat 10. The lever 45 extends perpendicular to the backrest 33 so as to
      dispose its terminal end 47 slightly below the axis of the camshaft 34
      when the seat 10 is in raised position and the backrest level with the
      seat (FIG. 2). In this position it will be noted that a stop projection 48
      on the back face of the backrest 33 extends under the bottom face of the
      seat 10 to maintain the backrest level with the seat. Moreover, the lever
      45 has an offset portion devised to engage the back face of the uppermost
      cross member 21 of the frame 14 to further brace the backrest for
      horizontal extension rearwardly from the seat 10.
PAR  Now when the apparatus is converted into a chair, the backrest 33 is swung
      counterclockwise (FIG. 2) from horizontal toward raised position. In this
      manner the downwardly projecting lever 45 moves concurrently with the
      backrest to thereby pull the linkage 46 between the lever 45 and the L
      shaped lever 41, connected thereto in a counterclockwise direction about
      the axis of the cam shaft 34. This turns the cams 37-37' similarly about
      the axis of the cam shaft 34 to lower the seat 10 to a position as shown
      in FIG. 5. The length of the linkage 46 is adjustable between its upper
      end which is pivotally connected as at 49 to the terminal end 47 of the
      lever 45, and its lower end 50. The lower end 50 of the linkage 46 has an
      upturned foot portion 51 pivotally connected as at 52 to the extreme end
      53 of the leg portion 43 of the L shaped lever 41. By this upturned offset
      51 on the linkage 46 a firm thrust is applied to the lever 41 from the
      seat back upon manual movement of the latter.
PAR  When the seat 10 is in lowered position as a chair seat (FIG. 5) the
      backrest 33 can be locked in place by a thumb nut 54 on a screw shown
      entering a sleeve bearing 55 through which a slide bar 56 extends. The
      lower end of the slide bar 56 is pivotally connected to a bracket 57 which
      extends rearwardly from the uppermost cross member 21 of the frame 14. By
      this arrangement the seat and backrest are secured in position relative to
      the frame as a chair.
PAR  A pair of leg rests 44--44 are pivotally mounted as at 41' to the fore edge
      of the chair seat 10. These leg rests 44--44 are adapted to be secured at
      desired positions angularly to the chair seat 10 by adjustable braces
      63-63' on each side 15 and 16 of the frame 14. A slide sleeve 64-64'
      extends from the top rail 17 of each side member 15 and 16 and adjacent
      the fore leg 13 thereof. Each brace 63-63' includes a slide rod 65-65'
      having one end secured to a leg rest 44 and an opposite end extending
      through the slide sleeve 64 or 64' as the case may be. A wing bolt
      threaded into the slide sleeve 64-64' secures the slide rod 65-65' in the
      desired position to support the leg rest in its lowermost position.
PAR  To maintain the leg rests in raised condition i.e. in horizontal alignment
      with the chair seat 10 in its raised position, the wing bolts on each
      slide sleeve 64 and 64' must first be released to allow the leg rest 44 to
      swing upwardly. The leg rests are raised automatically by means of a push
      rod 66 having one end pivotally connected as at 67 to an ear 68 on the L
      shaped lever 41. The ear 68 extends from the leg 43 of the L shaped lever
      41 in a direction opposite to the direction in which the foot portion 42
      extends therefrom. The ear 68 is therefore disposed lowermost when the
      apparatus is made up as a chair (FIG. 5). It should here be noted that the
      push rod 66 would normally fall toward suspension from its pivotal
      connection at 67 with the depending ear 68. However, to maintain the push
      rod 66 in an operative, raised condition, its free end has a T head 69
      (FIGS. 3 and 4) which rides upon arcuate support bars 70 and 70' which
      extend rearwardly and upwardly from the back face of each of the leg rests
      44-- 44. As best seen in FIG. 5 the push rod 66 is thus held in an
      operative fashion ready to exert a forward thrust against the back face of
      each leg rest 44 and 44. When the chair back 33 is swung downwardly to
      swing the L shaped lever 41 counterclockwise about the axis of the cam
      shaft 34. The movement thus made to the L shaped lever 41 causes the ear
      68 on lever 41 to extend forwardly within the frame 14. When the seat 10
      is thus completely elevated as illustrated in FIG. 2 the T head 69 of the
      push rod 66 presses into the acute angle of each of the support bars and
      the back face of the leg rests to brace and support them in horizontal
      position in alignment with the seat 10. The wing bolts on the slide
      sleeves 64-64' can thus be secured to brace the forwardly extending leg
      rest 44--44 horizontally with the bed level.
PAR  Referring to FIGS. 2, 5 and 8, it will be noted that the after end of the
      lower tubular member 18 on each side 15 and 16 of the frame 14 is provided
      with a stabilizing foot 71 and 71', respectively. Each foot 71 and 71' has
      its upper end pivotally connected as at 72-72' to the extreme end of the
      respective tubular bottom 18 of a side wall 15-16 of the frame 14. The
      opposite end of each foot has a rubber pad for engaging the floor,
      pavement or the like to maintain the member 18 level and prevent movement
      of the wheeled chair or bed.
PAR  For convenience the two foot members 71 and 71' are united by a cross bar
      73 so as to move in unison between active and inactive position as a
      stabilizer.
PAR  Referring to FIGS. 5 and 6 it will be noted that a pair of arm rests 74-74'
      are provided for the wheel chair. These arm rests 74 and 74' are pivotally
      mounted on the back rest 33 in such a manner as to be swung back into
      parallel relation with the backrest during its horizontal disposition as
      part of the bed (FIGS. 1 through 3.). For this reason each arm rest 74-74'
      is secured to a cross rod 75 which extends across the back face of the
      backrest 33 and is connected thereto by U straps 76. The U straps 76 are
      arranged as a pair adjacent each side of the backrest 33 and has a pair of
      radially extending stops 77-78 secured to the cross rod 75 between each
      said set of U straps 76. The stops 77 on each side engage the backrest 33
      to maintain the arm rests 74-74' parallel to the seat and at an angle
      relative to the backrest when the latter serve as a chair. However, when
      the backrest 33 is folded back into horizontal position as part of a bed,
      the stops 78 on the cross rod 75 serve to hold the arm rests parallel to
      the backrest as in FIGS. 1, 2 and 3.
PAR  Having thus described our new convertable wheel chair and bed structure in
      specific detail, it will be appreciated by those skilled in the art that
      the same may be susceptible to modification, alteration and/or variations
      without departing from the spirit or scope of our claims set forth as
      follows:
CLMS
STM  We claim:
NUM  1.
PAR  1. An invalid transferring apparatus comprising in combination:
PA1  a. a wheeled frame having sides with fore and aft corner posts providing
      tubular guideways;
PA1  b. a chair seat having leg-like rods at each of its four corners disposed
      in a respective corner post of said frame for guided up and down movement
      relative to the latter;
PA1  c. a cam shaft journaled transversally of said frame on the underside and
      in spaced relation to said chair seat;
PA1  d. support rollers mounted on said frame and adjacent each side wall
      thereof;
PA1  e. a cam wheel secured to each end of said camshaft and having their cam
      edges supported on said support rollers; and
PA1  f. lever means on said cam shaft for turning the latter to thereby change
      the position of said cam wheels, relative to said support rollers and
      effect a raising and lowering of said chair seat relative to said frame.
NUM  2.
PAR  2. The invalid transferring apparatus in accordance with claim 1 including
      a backrest for said chair seat; and
PA1  a. means for pivotally connecting the lower edge of said backrest to the
      back edge of said chair seat;
PA1  b. an arm perpendicular to the back face of said backrest and extending
      therefrom adjacent said pivotal connection between the latter and said
      chair seat; and
PA1  c. a linkage between the end of said lever means on said camshaft and the
      extreme end of the arm on said back rest to effect turning of said
      camshaft by the pivotal movement of said backrest between horizontal
      condition level with said chair seat and vertical condition as a backrest
      for said chair seat.
NUM  3.
PAR  3. The invalid transferring apparatus in accordance with claim 2 including
      locking means between said frame and said back rest for securing the
      latter in vertical condition relative to said chair seat.
NUM  4.
PAR  4. The invalid transferring apparatus in accordance with claim 3 in which
      said locking means comprises:
PA1  a. a sleeve bearing mounted on the back face of said back rest remote from
      said chair seat;
PA1  b. a slide bar having one end pivotally mounted on said frame and its
      opposite end extending through said sleeve bearing; and
PA1  c. a thumb nut bolt in said sleeve bearing for securing said slide bar
      therein.
NUM  5.
PAR  5. The invalid transferring apparatus in accordance with claim 2 including
      a pair of foot rests pivotally connected to the fore edge of said chair
      seat, and means between said frame and each of said footrests for
      releasably securing the latter in desired condition relative to said chair
      seat.
NUM  6.
PAR  6. The invalid transferring apparatus in accordance with claim 5 including
      means for moving said footrests into level condition relative to said
      chair seat simultaneously with the movement of said back rest into level
      condition relative to said chair seat.
NUM  7.
PAR  7. The invalid transferring apparatus in accordance with claim 6 in which
      said means for simultaneously moving said foot rests with said back rest
      comprises:
PA1  a. a push rod having one end pivotally connected to the free end of the
      lever means on said cam shaft;
PA1  b. a T head at the opposite end of said push rod; and
PA1  c. means on the underside of each of said foot rests engageable by the T
      head on said pushrod for maintaining the latter in a forwardly suspended
      condition relative to said lever means and for guiding said T head into
      pushing relation relative to the underside of said footrests for swinging
      the latter into horizontal condition level with said chair seat upon
      raising of the latter relative to said frame.
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ABST
PAL  An assembly of a multiplicity of thin wood boards each having parallel
      grooves in one face from edge to edge thereof, and the opposite face being
      ungrooved, is held together by one or more rods extending through the
      several boards, the grooved face of each board facing the smooth face of
      an adjacent board. At the ends of the assembly, cupped spring plates
      engage the outermost surfaces of the boards and nuts threaded on the rod
      ends apply pressure on the plates to hold the board surfaces in contact.
      There is a flexible thin strip of adhesive covering one end of each of the
      grooves and adhered to the board edges at that end of the grooves and to
      the adjacent side edges of the boards.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Certain wild bees for example, Megochile Rotundata, have been used to
      facilitate the pollination of alfalfa blossoms for the production of
      alfalfa seed. These bees appear to confine their pollen seeking activities
      to a small area surrounding their nests, where the eggs are laid and
      hatched. I have found that in order to provide nests wherein the bees may
      deposit their eggs in sufficient quantities to be effective, when hatched,
      to pollenize fields of alfalfa, it is desirable to have a nesting unit of
      a portable nature with capacity for holding several hundred eggs. These
      units are put in the field where the bees hatch and perform their
      pollenizing of the alfalfa.
PAR  It has been disclosed in the Barnes U.S. Pat. No. 3,191,199 that such
      portable units can be made by providing boards with grooves on one side
      and stacking the boards so that these grooves are closed by the ungrooved
      surface of an adjacent board. This patent discloses, so far as applicant
      knows, the most practical artificial nest for the desired wild bees, that,
      prior to my invention, has been known. Other prior bee nest devices are
      disclosed in the Barnes patent and in the patents to Green U.S. Pat. No.
      2,593,296, Lawther U.S. Pat. No. 200,549 and Aspinwall U.S. Pat. No.
      397,046. These are the only patent prior art that we know about. A search
      of the Patent Office records has not been made.
PAR  In wild bee nests of the type disclosed in the Barnes U.S. Pat. No.
      3,191,199 it is necessary to have the grooves capable of being cleaned out
      after the larvae have hatched. It is also necessary to have the grooves in
      which the bees lay their eggs closed at one end.
PAR  It is the purpose of this invention to provide an improved nest made up of
      boards grooved on one side face, wherein all of the grooved boards are
      alike except for one end board which has no grooves in either face, and to
      provide a flexible sealing cover for one end of each of the grooves which
      cover is sealed to the edges of individual grooved boards over one end of
      the grooves and to the adjacent edges of the boards so that parasites
      cannot enter the grooves from their closed ends.
PAR  It is also a purpose of the invention to provide a novel clamping and
      supporting means capable of pressing the several boards together to make a
      rigid unit. The clamping means comprises a bolt rod and end plates that
      are readily removable and a flexible sealing cover that is also readily
      removable to leave the several boards free of each other for individual
      cleaning and reuse.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a view in side elevation of the bee nest with parts broken away:
PAR  FIG. 2 is a sectional view on the line 2--2 of Fig. 1:
PAR  FIG. 3 is an end view of the bee nest; and
PAR  FIG. 4 is a fragmentary plan view of the bee nest with the holding means
      loosened to indicate how the end plates press against the end boards of
      the nest.
DETD
PAC  GENERAL DESCRIPTION
PAR  The artificial nest for hatching bees is made up primarily of a plurality
      of substantially alike boards 1 of wood that are three-eights of an inch
      thick. These boards are cut from planed boards into pieces measuring about
      four inches along the grain of the wood. In one face of each of the boards
      1 spaced grooves 2 are cut, the grooves running in the direction of the
      wood grain and being three-sixteenths of an inch across and spaced
      three-sixteenths of an inch across and spaced three-sixteenths of an inch
      apart. The depth of the grooves is about three-sixteenths of an inch and
      the bottom 2b of each groove is rounded as shown. In grooving the boards
      1, a section 3 about 1/2 inch wide midway between the side edges 4 and 5
      of each board 1 is not grooved but is provided with an aperture 6 at its
      center.
PAR  The several grooved boards 1 are assembled as shown in FIG. 1 with one end
      board 7 which is not grooved at all but otherwise essentially the same
      dimensions as the boards 1. A steel rod 8 is extended through the several
      boards 1 and the end board 7. This rod is provided with threads 9 at one
      end to receive a nut 10. A head 11 is provided at the other end of the rod
      8. Two steel end plates 12 are placed on the rod 8 to engage the end board
      1 and the end board 7. These plates are rectangular and elongated
      crosswise with respect to the grooves 2 and reach across all the grooves
      2. The plates 12 are slightly curved as shown in FIG. 4 so that the ends
      12a and 12b of the plate 12 will press the side portions of the boards 1
      and 7 tightly against the adjacent boards. The plates 12 are sufficiently
      resilient to maintain the boards tightly against each other when they are
      exposed in the field and alternately subjected to midday sun and evening
      coolness. It is important that the boards have this pressure to keep their
      surfaces sealed together so that parasites are kept from entering between
      boards.
PAR  The grooves 2 go all the way across the boards 1 so it is necessary to
      close one end of each groove to make the groove nest attractive to the bee
      as a place to deposit its eggs. I find that the closure of the end of the
      groove must be a seal that is capable of keeping out the parasites that
      attract the larvae of the bee. So I provide a flexiable thin sheet which
      is opaque, as the seal to close the end of the groove. For this I use a
      metallized sheet material 14, such as lead or aluminum foil, surfaced with
      a contact adhesive. I extend this material over one end of each of the
      boards 1 and 7 to cover one end of each of the grooves 2 and I lap the
      flexiable sheet over the adjacent side edges 4 and 5 of the boards 1 and
      7. The thin flexible sheet material 14 is not necessarily metallic as
      other sheet material having similar characteristics could be adhered to
      the assembled boards 1 and 7. It is essential for assurance of sealing the
      ends of the grooves that this sealing sheet be sufficiently soft and
      flexible to seal to the wood around the groove end and thus block out
      light and to keep parasites from the bee eggs that have already been laid
      in the groove 2. The groove is open at the end opposite that one covered
      by the sheet for entrance of the bees and the bees can police this
      entrance quite will to keep the parasites away.
PAR  I find it is possible to assemble about 100 boards 1 into a substantially
      rigid block on the rod 8. This block may be set in the field where the
      bees can have access to deposit their eggs. For storage, the blocks can be
      stacked flat against each other with the grooved side of one block against
      the ungrooved side 5 of an adjacent block. The only ungrooved board in a
      block is the end board 7.
CLMS
STM  Having described my invention I claim:
NUM  1.
PAR  1. A nesting structure for wild bees, comprising:
PA1  a plurality of parallel engaging wooden boards forming a stack;
PA1  a plurality of parallel grooves formed in one side surface of each board
      running from one side edge of the board to an opposite side edge in the
      direction of the wood grain;
PA1  wherein the remaining side surface of each board is planar and ungrooved
      with each grooved surface resting against a planar side of an adjacent
      board to form a plurality of closed channels opening at opposite ends of
      the stacked boards;
PA1  an aperture formed through each board from the grooved surface to the
      planar surface forming an open bore extending through the stack;
PA1  a supporting rod received through the open bore with ends protruding from
      the stack;
PA1  spring clamp bars at the rod ends for engaging the stack at opposite ends
      thereof; and
PA1  means on the rod for deflecting the spring clamp bars against the stack
      ends to secure the boards therein.
NUM  2.
PAR  2. The wild bee nesting structure as defined by claim 1 further comprising:
PA1  a flexible sheet covering the open channels at one end of the boards; and
PA1  an adhesive securing the flexible sheet to the one end of the boards to
      prevent communication between the groove at said one end of the boards.
NUM  3.
PAR  3. The device defined by claim 1 wherein said spring clamp bars are formed
      of resilient curved steel bars having concave faces facing end boards of
      the stack and receiving the supporting rod through apertures therein; and
      wherein said means is comprised of:
PA1  a head on one end of the rod against a convex side of one bar; an opposite
      end of the rod being threaded to receive a nut; and
PA1  a nut threaded on the rod at said opposite end to force the bars toward
      each other and flex the bars against the stack therebetween bias the
      boards together to prevent communication between the grooves at the side
      surfaces.
NUM  4.
PAR  4. The device defined by claim 2 wherein the flexible sheet material
      comprises a metal foil with an adhesive coated over one entire side
      surface thereof to enable adhesion to an entire side of the stack.
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ABST
PAL  A benthic bobbing buoy system which includes an anchor, a buoy, and an
       anr line connecting the buoy to the anchor, the anchor line being of a
      length to establish the buoy at a submerged position. Another buoy for
      bobbing between the surface of the water and a submerged position is
      connected by another line to the submerged buoy. Provision is made for
      selectively changing the buoyancy of the bobbing buoy between a positively
      buoyant condition to a less positively buoyant condition, and provision is
      made for limiting the descent of the bobbing buoy when the bobbing buoy is
      less positively buoyant. With such an arrangement the bobbing buoy can
      repeatedly bob between the surface of the water and a predetermined depth.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Oceanographic data, such as temperature of the water, plays a key role in
      predicting sonar conditions and even the migration and location of fish.
      Temperature data over large ocean areas is primarily obtained from
      temperature sensors which are wire connected to surface ships. When
      temperature data in a particular ocean area is desired a buoy system is
      commonly utilized with a submerged temperature sensor. One such system is
      a bobbing type buoy which descends and collects the temperature
      information and then ascends to the surface of the ocean and transmits
      this data to a remote location. In order to obtain the bobbing action the
      buoy is connected to a sea-anchor and contains a powered winch which
      alternately winds the buoy up and down between the surface and a submerged
      position for the collection of data and transmission of the collected data
      to a remote location. The powered winch has several serious drawbacks,
      namely: (1) The electrical noise of the winch which interfers with the
      transmission of the data, and (2) excessive power consumption by the winch
      because of its relatively massive components. Accordingly, there has been
      a strong need for an improvement in the prior art winch powered bobbing
      buoy systems to eliminate the problems associated therewith.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the problems associated with the powered
      winch bobbing buoy systems by providing a system which is practically free
      of noise and utilizes a minimum of power. This has been accomplished by
      providing an anchor, a buoy, and an anchor line which connects the buoy to
      the anchor, the anchor line being of a length to establish the buoy at a
      submerged position. Another buoy for bobbing between the surface of the
      water and a predetermined submerged position is connected by a line to the
      first submerged buoy. Means are provided for selectively changing the
      buoyancy of the bobbing buoy between a positively buoyant condition to a
      less positively buoyant condition, and means are provided for limiting the
      descent of the bobbing buoy when the bobbing buoy is less positively
      buoyant. With this arrangement the bobbing buoy will repeatedly bob
      between the surface of the water and the predetermined depth.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is schematic illustration of one embodiment of the invention with
      the bobbing buoy at a predetermined submerged position.
PAR  FIG. 2 is a schematic illustration of the one embodiment of the invention
      with the bobbing buoy at a surface position.
PAR  FIG. 3 is a schematic illustration of another embodiment of the invention
      with the bobbing buoy at a predetermined submerged position.
PAR  FIG. 4 is a schematic illustration of the other embodiments of the
      invention with the bobbing buoy in a surface position.
PAR  FIG. 5 is an enlarged cross-section taken along V--V of FIG. 4.
PAR  FIG. 6 is a schematic exemplary illustration of the components of the
      bobbing buoy.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like reference numerals desiginate
      like or similar parts throughout the several views there is illustrated in
      FIG. 1 a benthic bobbing buoy system 10 which includes an anchor 12, a
      buoy 14, and an anchor line 16 which connects the buoy 14 to the anchor
      12. The anchor line 16 is of a length which is sufficient to establish the
      buoy 14 at a submerged position below the surface of the water 18. Since
      the submerged buoy 14 is positively buoyant, the anchor 12, which may be
      simply a concrete clump, is of a sufficient weight to overcome the
      buoyancy of the buoy 14 and maintain its position under prevailing tide
      and current conditions.
PAR  Another buoy 20 is utilized for bobbing between the surface of the water,
      as illustrated in FIG. 2, and a submerged position, as illustrated in FIG.
      1. A bobbing line 22 connects the bobbing buoy 20 to the submerged buoy
      14. Means 24, which will be described in detail hereinafter, is utilized
      for selectively changing the buoyancy of the bobbing buoy 20 between a
      positively buoyant condition to a less positively buoyant condition so as
      to obtain the bobbing action as illustrated in FIGS. 1 and 2. The buoyancy
      changing means causes the bobbing buoy 20 to become positively buoyant so
      as to ascend from its submerged position in FIG. 1 to the surface position
      in FIG. 2; then after a period of time to become less positively buoyant
      so as to descend once again to assume its submerged position as
      illustrated in FIG. 1. This action will repeatedly occur so that the
      bobbing buoy bobs between the submerged and surface positions.
PAR  It is important that the bobbing buoy 20 be limited in its descent so that
      it will be established at the predetermined depth for collecting the
      oceanographic data. This has been accomplished by providing means for
      limiting the descent of the bobbing buoy 20 when the bobbing buoy is less
      positively buoyant. The descent limiting means for the embodiment
      illustrated in FIGS. 1 and 2 includes a weight 26 which is fixedly
      connected to the bobbing line 22 intermediate its ends. The weight 26 for
      cooperating with bobbing buoy 20 to form a bobbing buoy-weight system and
      establishes two lengths to the bobbing line 22, namely: (1) L.sub.1 which
      is the length of the bobbing line 22 between the submerged buoy 14 and the
      weight 26 and (2) L.sub.2 which is the length of the bobbing line 22
      between the weight 26 and the bobbing buoy 20. The length L.sub.2
      establishes the submerged depth of the bobbing buoy 20 for collecting
      oceanographic data. It is desirable that L.sub.2 be greater than L.sub.1
      so that when the bobbing buoy 20 is in the surfaced position, as
      illustrated in FIG. 2, a downward force exists on the submerged buoy 14
      through the length L.sub.1. Accordingly, during both the submerged and
      surface modes of the bobbing buoy 20 a tension will be maintained in all
      of the lines so as to minimize the chance of any entanglement thereof. In
      FIGS. 1 and 2 there is illustrated a slight current in the water. Because
      of the arrangement described hereinabove for the bobbing buoy system 10
      the tension on the lines will remain substantially static in either the
      submerged or surface modes even though there are current changes.
PAR  Exemplary buoyancy changing means are illustrated in FIG. 6. The buoyancy
      changing means should provide sufficient buoyancy to surface the bobbing
      buoy 20 so it can transmit collected oceanographic data, and yet provide a
      sufficient decrease in buoyancy so that the bobbing buoy can descend to a
      predetermined depth for collecting the oceanographic data. The buoyancy
      changing means may include a toroidal shaped inflatable bag 24 which is
      mounted about the bobbing buoy 20 intermediate its end. The bag 24 may
      have an inlet 28 for receiving gas and an electrically operated outlet
      valve 30 for dispelling gas. An exemplary means for providing the gas may
      include a gas generator 32 which has an outlet line 34 connected to the
      gas inlet 28 and a line 36 connected to a fuel tank 38. The fuel tank 38
      may be a pressurized tank of hydrazine and the gas generator 32 may have a
      catalyst so that when the hydrazine enters the gas generator gas is
      generated for inflating the bag 24. In order to control the flow of
      hydrogen fuel from the tank 38 to the gas generator 32 an electrically
      operated valve 40 may be provided which is connected to a timer 42 by an
      electric lead 44. The timer 42, which may receive its power from a battery
      46, is also connected by an electric lead 48 to the electrically operated
      outlet valve 30. The timer 42 is programmed to alternately open and close
      the valves 40 and 30 so that the toroidal shape bag 24 is alternately
      inflated to provide positive buoyancy to the bobbing buoy 20 and then
      deflated to provide a decrease in buoyancy to the bobbing buoy.
      Accordingly, (1) when the valve 40 is opened the valve 30 will be closed,
      (2) after the bag 24 has been sufficiently inflated both valves 40 and 30
      are closed, (3) after a predetermined period the valve 30 is opened while
      the valve 40 is closed, and (4) after the bag 24 has been deflated both
      valves 30 and 40 are closed. This cycle will continue as long as it is
      desired that the bobbing buoy 20 collect and transmit oceanographic data.
PAR  In order to collect the oceanographic data the bobbing buoy may be provided
      with an ocean sensor 50, such as a thermistor for sensing the temperature
      of the water. The oceanographic sensor may be connected to a recorder 52
      which in turn is connected to a transmitter 54. The transmitter 54 in turn
      is connected to an antenna 56 which extends from the top of the bobbing
      buoy 20 for transmitting the oceanographic data to a remote location, such
      as a surface ship (not shown). The components 50, 52, and 54 may receive
      their power from the battery 46 by leads which are not shown.
PAR  Another embodiment of the benthic bobbing buoy system is illustrated at 60
      in FIGS. 3 and 4 of the drawings. The benthic bobbing buoy system 60 may
      include the anchor 12, the buoy 14, and the anchor line 16 which connects
      the submerged buoy 14 to the anchor 12. The system 60 may further include
      the bobbing buoy 20 and the bobbing line 22 which connects the bobbing
      buoy 20 to the submerged buoy 14. The connection of the bobbing buoy 20 in
      the system 60 to the submerged buoy 14 is different from the connection
      illustrated in the embodiment 10 in that rather than being connected
      directly to the submerged buoy 14 the bobbing buoy 20 of the system 60 is
      indirectly connected to the submerged buoy 14. The bobbing line 22 is
      connected to negatively buoyant means 62 which is slideably mounted on the
      anchor line 16 between the anchor 12 and the submerged buoy 14. The
      descent limiting means of the embodiment 60 includes the slideable
      negatively buoyant means 62, and a pair of stops 64 and 66 which are
      located above and below the negatively buoyant means 62 for limiting the
      upward and downward movements of the negatively buoyant means 62 on the
      anchor line 16. The bottom stop 64 limits the downward movement of the
      negatively buoyant means 62 and the upper stop 66 limits the upward
      movement of the negatively buoyant means 62 so that the bobbing buoy 20
      can be cycled between the submerged position, as illustrated in FIG. 3, to
      the surfaced position, as illustrated in FIG. 4. As illustrated in FIG. 5
      the slideable negatively buoyant means 62 may be a negatively buoyant buoy
      which has a passageway 68 along its longitudinal axis for slideably
      receiving the anchor line 16.
PAR  The bobbing buoy 20 of the bobbing buoy system 60 may include the same
      components as illustrated in FIG. 6. The bobbing buoy 20 of this
      embodiment will cycle between the submerged and surfaced positions in
      essentially the same manner as described for the bobbing buoy system 10
      illustrated in FIGS. 1 and 2. There is one significant difference in the
      operation of the system 10 over the system 60 and that is that the bobbing
      buoy 20 of the system 10 will more nearly maintain a predetermined
      submerged depth when there are current changes than the bobbing buoy 20 of
      the system 60. Accordingly, when a predetermined depth for obtaining
      oceanographic data is critical the bobbing buoy system 10 should be
      utilized. However, the bobbing buoy system 60 has an advantage over the
      system 10 in that there is less likelihood of entanglement of the lines.
PAC  OPERATION OF INVENTION
PAR  In the operation of either of the systems 10 or 60 an operator aboard a
      surface vessel may throw either of these systems overboard and the systems
      will assume their respective positions in the water. In the submerged
      position the systems will obtain oceanographic data and after a
      predetermined time the bobbing buoy will surface to transmit the
      oceanographic data to a remote location such as a surface ship. The
      bobbing buoy of both systems 10 and 60 will continue to cycle between the
      submerged and surfaced positions to obtain and transmit oceanographic data
      as long as the system is designed to operate.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings, and, it is therefore
      understood that within the scope of the disclosed inventive concept, the
      invention may be practiced otherwise than specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A benthic bobbing buoy system comprising:
PA1  an anchor;
PA1  a buoy;
PA1  an anchor line connecting the buoy to the anchor;
PA1  said anchor line being of a length to establish the buoy in a submerged
      position;
PA1  another buoy for bobbing between the surface of the water and a submerged
      position;
PA1  a bobbing line connecting the bobbing buoy to the submerged buoy;
PA1  a weight connected to the bobbing line intermediate its ends for limiting
      the descent of the bobbing for cooperating with said bobbing buoy for
      forming a bobbing buoy-weight system buoy when the bobbing buoy-weight
      system is negatively buoyant;
PA1  means for selectively changing the buoyancy of the bobbing buoy-weight
      system between a positively buoyant condition to a negatively buoyant
      condition;
PA1  the length of the bobbing line between the submerged buoy and the weight
      means being represented by L.sub.1, and the length of the bobbing line
      between the weight means and the bobbing buoy being represented by L.sub.2
      ; and
PA1  L.sub.2 being greater in length than L.sub.1 so that during all positions
      of the bobbing buoy tension is maintained on all of the lines to prevent
      entanglement thereof.
NUM  2.
PAR  2. A benthic bobbing buoy system as claimed in claim 1 wherein the buoyancy
      changing means includes:
PA1  an inflatable bag mounted to the bobbing buoy, the inflatable bag having an
      inlet and an outlet;
PA1  gas generation means mounted to the bobbing buoy and connected to the inlet
      of the inflatable bag;
PA1  means mounted to the bobbing buoy for selectively introducing gas from the
      gas generation means into the inflatable bag through said inlet and for
      selectively opening and closing said outlet.
NUM  3.
PAR  3. A benthic bobbing buoy as claimed in claim 2 including:
PA1  an oceanographic data collecting package mounted on the bobbing buoy for
      collecting oceanographic data when the bobbing buoy is submerged;
PA1  a recorder mounted on the bobbing buoy and connected to the oceanographic
      data collecting package for recording the oceanographic data; and
PA1  a transmitter system mounted on the bobbing buoy and connected to the
      recorder for transmitting the recorded data when the bobbing buoy surfaces
      the water.
NUM  4.
PAR  4. A benthic bobbing buoy system comprising:
PA1  an anchor;
PA1  a buoy;
PA1  an anchor line connecting the buoy to the anchor;
PA1  said anchor line being of a length to establish the buoy in a submerged
      position;
PA1  another buoy for bobbing between the surface of the water and a submerged
      position;
PA1  a bobbing line connecting the bobbing buoy to the submerged buoy;
PA1  means for selectively changing the buoyancy of the bobbing buoy between a
      positively buoyant condition to a less positively buoyant condition;
PA1  negatively buoyant means slideably mounted on the anchor line between the
      anchor and the submerged buoy;
PA1  the bobbing line being connected to the slideable negatively buoyant means
      so as to make said connection to the submerged buoy; and
PA1  a pair of stops mounted on the anchor line for limiting the upward and
      downward movement of the slidable negatively buoyant means on the anchor
      line;
PA1  whereby the bottom stop limits the descent of the bobbing buoy and the
      upper stop limits the extent of the upward movement of the bobbing buoy.
NUM  5.
PAR  5. A benthic bobbing buoy as claimed in claim 4 wherein the buoyancy
      changing means includes:
PA1  an inflatable bag mounted to the bobbing buoy, the inflatable bag having an
      inlet and an outlet;
PA1  gas generation means mounted to the bobbing buoy and connected to the inlet
      of the inflatable bag;
PA1  means mounted to the bobbing buoy for selectively introducing gas from the
      gas generation means into the inflatable bag through said inlet and for
      selectively opening and closing said outlet.
NUM  6.
PAR  6. A benthic bobbing buoy as claimed in claim 5 including:
PA1  an oceanographic data collecting package mounted on the bobbing buoy for
      collecting oceanographic data when the bobbing buoy is submerged;
PA1  a recorder mounted on the bobbing buoy and connected to the oceanographic
      data collecting package for recording the oceanographic data; and
PA1  a transmitter system mounted on the bobbing buoy and connected to the
      recorder for transmitting the recorded data when the bobbing buoy surfaces
      the water.
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ABST
PAL  A shoe of lightweight, buoyant material adapted to be loosely worn on the
      foot below water level to cause the walking movements of the wearer to
      simulate those of an astronaut walking on the moon. The shoe can have a
      sole and toe design to simulate the footwear of an astronaut or the foot
      of an animal.
PARN
PAR  This is a Continuation of Ser. No. 877,351, filed Nov. 17, 1969, now
      abandoned.
BSUM
PAR  This invention relates to improvements in accessories worn in and around
      swimming areas and, more particularly, to a shoe of lightweight, buoyant
      material.
PAR  The present invention is directed to a shoe adapted to be loosely worn on
      the foot in a swimming pool or the like. The shoe is made of a
      lightweight, buoyant material, such as styrofoam, expanded plastic or the
      like and preferably is of a one-piece construction to minimize production
      costs and to provide a rugged, one-piece unit. The material of the shoe is
      sufficiently buoyant to permit the wearer, when wearing shoes on both
      feet, to simulate the walking movements of an astronaut on the moon or
      other planets whose gravitational effects are different from those on the
      earth. Thus, the user walking in the water will bob or spring up and down
      while moving forwardly, such movements providing a physical sensation
      which is not achieved when walking in the water in the normal manner.
PAR  Another aspect of the invention is the way in which the shoe is made so as
      to render it safe for use in the water. The major portion of the buoyant
      material of the shoe is in the front part of the shoe and the foot is
      loosely received therein when the shoe is worn. Thus, the shoe will float
      off the foot unless the user is standing or is otherwise erect. The shoe
      will, therefore, not cause instability of the user in the water.
PAR  A further aspect of the shoe of this invention is that it can be made with
      particular toe and sole designs to simulate the toe and sole portions of
      footwear worn by astronauts or to simulate the foot of an animal. Such
      designs will stimulate the interest of children and others in wearing the
      shoe and to use the same for the purpose described above as well as to
      cause distinctive footprints to be formed in loose soil or sand when
      walking to and from the water in which the shoe is to be used.
PAR  The primary object of this invention is to provide a shoe of lightweight,
      buoyant material which is adapted to be loosely worn on the foot to permit
      the wearer to walk through water in a spring-like fashion yet the shoe
      will not be so buoyant to cause the person to be rendered unstable in the
      water.
PAR  Another object of this invention is to provide a shoe of the type described
      which is of a simple, rugged, one-piece construction capable of being
      molded in different sizes or with different amounts of buoyant material to
      minimize production costs while permitting the shoe to be made with
      well-known molding techniques.
PAR  A further object of the invention is to provide a show of the aforesaid
      character which can be provided with specific toe and sole designs to
      provide a representation of either the footwear of astronauts or the foot
      of an animal so that specific footprints can be made in loose soil or sand
      when the shoe is worn to and from the water in which the shoe is used.
PAR  Still another object of the invention is to provide a shoe of the type
      described which can be made in the form of a boot which is capable of
      achieving the purpose set forth above with respect to the use of the shoe
      in water while, at the same time, the boot can be used for walking during
      rainy conditions or walking in snow so as to keep the feet or shoes dry
      and to provide some thermal insulation therefor.
PAR  Other objects of this invention will become apparent as the following
      specification progresses, reference being had to the accompanying drawing
      for illustrations of several embodiments of the shoe.
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PAR  In the drawings:
PAR  FIG. 1 is a perspective view of one embodiment of a buoyant shoe made in
      accordance with the teachings of this invention;
PAR  FIG. 2 is a vertical cross section of the shoe of FIG. 1;
PAR  FIG. 3 is a bottom plan view of the shoe;
PAR  FIG. 4 is a perspective view of a second embodiment of the shoe;
PAR  FIG. 5 is a vertical cross section of the shoe of FIG. 4 showing the same
      mounted on a foot;
PAR  FIG. 6 is a bottom plan view of the shoe of FIG. 4; and
PAR  FIG. 7 is a perspective view of a third embodiment of the shoe made in the
      form of a boot.
DETD
PAR  A first embodiment of the shoe of this invention is denoted by the numeral
      10 and includes a body 12 of lightweight, buoyant material, such as
      styrofoam, expanded plastic or the like. Body 12 is of a one-piece
      construction and includes an upper 14 which can be of any shape but, for
      purposes of illustration, it is oval shaped and has a front end 16
      provided with a suitable design, such as a number of forwardly extending
      ribs 18 or the like to simulate the configuration of an actual article of
      footwear, such as the toe portion of an astronaut's boot or shoe.  Such
      design can also simulate an animal's foot as will be described
      hereinafter. In any case, the design can be easily incorporated in the
      shoe and can be relied upon to stimulate the interest of children and
      grownups alike in acquiring and wearing the shoe for the purpose
      hereinafter set forth or for other purposes as well.
PAR  Upper 14 is integral with a sole 20 which has an upper surface 22 for
      engaging the sole of the foot when the front part of the foot is inserted
      into the space 24 between upper 14 and sole 20. Shoe 10 is backless so as
      to form a slipper which permits shoe 10 to be easily separated from the
      foot, such as when the shoe floats off the foot in water.
PAR  The bottom of sole 20 has a number of shallow, transverse grooves 26
      therein which provides a distinctive pattern in the footprint made by the
      shoe when the latter is worn when walking on wet sand or loose soil. Also,
      the grooves provide a specific design, such as the footprints of an
      astronaut on the surface of the moon. Thus, the shoe will, when worn by
      children, for instance, be the source of delight for the wearer in the
      sense that he will be able to form footprints which very closely resemble
      those formed on the surface of the moon and other planets by astronauts.
PAR  Shoe 10 is adapted to be worn on the foot below water level in a body of
      water, such as a swimming pool or the like. The amount of buoyant material
      in the shoe is such that the shoe has some buoyant effect on the user.
      Since the shoe is worn on the lowermost extremity of the user when the
      latter is standing or is otherwise erect in the water, the shoe on one
      foot, in conjunction with another and identical shoe on the other foot,
      will cause the user, when walking through the water, to bob up and down at
      a rate which is less than normal. The bobbing or springing movements of
      the user will, in effect, simulate very closely the walking movements of
      an astronaut on the moon or other planet whose gravitational force is less
      than that of the earth.
PAR  The shoes, when worn in the manner described above, are safe in the sense
      that they will not remain on the wearer unless the latter is in a standing
      position. If the wearer tends to topple to the side, the shoes will come
      off since they will generally be larger than the feet and also are
      backless to permit ready removal from the foot. Also, the major portion of
      the buoyant material is in the toe portion of the shoe so that the user
      can tilt the foot upwardly to cause the shoe to slip off and float to the
      surface of the water.
PAR  The shoes can be made in different sizes and are preferably molded to
      provide the one-piece construction of body 12. Molding is also preferred
      to reduce production costs by the use of well-known molding techniques.
      The thickness of upper 14 is shown as substantially the same as that of
      sole 20. This feature will provide the buoyancy capabilities described
      above. Increased buoyancy effects can be achieved by, for instance,
      increasing the thickness of the sole in the vicinity of upper 14.
      Moreover, the shoe can be made for users in specific weight ranges. For
      instance, one shoe can be made for children in the weight range of 30-60
      lbs; another shoe can be made for the weight range of 70-100 lbs; a third
      shoe can be made for the weight range of 110-150 lbs, and so on. For the
      greatest safety of the user, the space in the shoe for receiving the foot
      could be the same size in all such shoes with the difference between the
      shoes being in the amount of buoyant material used. Thus, the shoe would
      still float off the foot if a large user were to use the shoe for the
      30-60 lb. range.
PAR  Another embodiment of the invention is illustrated in FIGS. 4-6 and
      includes a shoe 110 having a body 112 provided with an upper 114, a sole
      120, a pair of spaced sides 121 and a back 123 interconnecting sides 121.
      Shoe 110 is made from lightweight, buoyant material of the type described
      above in a one-piece construction and generally is oversized to permit the
      foot 125 of the wearer to be loosely received within the shoe, such that
      the heel of the foot will generally be forwardly of the back 123.
PAR  Thus, when the shoe is worn in the water, the shoe will separate from the
      foot unless the wearer is in a standing position. Shoe 110 also provides a
      buoyancy to the wearer when the latter is walking in water and, when so
      walking, the wearer will bob up and down as described above with respect
      to shoe 10 to simulate the walking movement of an astronaut on the moon or
      other planet.
PAR   Shoe 110 can have an animated design on the toe portion and on the
      underside of sole 120. For purposes of illustration the front portion of
      body 112 is provided with a number of convex, toe-like enlargements 116 to
      simulate the toes of an animal. Also, surface extensions 117 and 119 can
      be provided on the bottom of sole 120 to simulate the bottom of the foot
      and toes of an animal. Thus, the surface extensions will cause a
      distinctive animal-like footprint in loose soil or sand when the wearer
      walks across the same.
PAR  A third form of the shoe of this invention is broadly denoted by the
      numeral 210 and is shown in FIG. 7. Shoe 210 is in the form of a boot
      having a body 212 provided with an upper 214, a sole 220 and a tubular
      extension 221 integral with upper 214 to provide the boot-like character
      for the shoe. A narrow V-shaped slit 223 is formed in one side of shoe
      210. The shoe is made from lightweight buoyant material of the type
      described above and is preferably a one-piece construction wherein upper
      214, sole 220 and extension 221 are formed simultaneously with each other
      in any suitable manner, such as in carrying out a molding process. Also,
      the V-shaped slit 223 can be formed during the molding process and is
      provided to permit some flexibility of extension 221 to facilitate the
      insertion of the foot in the shoe if such is deemed necessary. Generally,
      however, the shoe will be oversized to permit the foot of the wearer to be
      loosely received therewithin. Thus, when the shoe is worn in the water,
      the shoe will readily separate from the foot inasmuch as the major portion
      of the buoyant material is in the front part of the shoe. Shoe 210, like
      shoes 10 and 110, provides a buoyancy to the wearer when the latter is
      walking in water so that the wearer will bob up and down as described
      above with respect to shoes 10 and 110 to simulate the walking movement of
      an astronaut on the moon or other planet.
PAR  Shoe 210 can have toe and sole designs in the manner described above with
      respect to the other two embodiments of the invention. In addition, shoe
      210 can be worn during rainy conditions or can be worn while walking
      through snow. The shoe may be sufficiently oversized to permit the street
      shoe of the wearer to be inserted therewithin. Thus, the foot and street
      shoe, when worn in shoe 210, can be kept dry and essentially thermally
      insulated. Moreover, it is contemplated that shoe 210 can be disposable
      after a single use in this manner or after use over a particular period of
      time.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article of footwear to be loosely worn directly on the foot in a body
      of water comprising: a backless, strapless shoe having an upper and a sole
      integral with each other, the rear margin of the sole defining the
      rearmost structure of the shoe, said upper being spaced forwardly of said
      rear margin, said upper and said sole defining a space for receiving the
      front part of the foot, said upper and sole being formed from a
      lightweight, buoyant, expanded plastic material in sufficient amount to
      increase the buoyancy of the wearer in a body of water and to permit the
      wearer, when wearing a second, identical shoe to floatingly walk in the
      water and to bob up and down in the water while walking therethrough and
      while the shoe remains below the upper level of the water said shoe being
      easily releasable from the foot in case of the wearer's emergency.
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ABST
PAL  Buoyant water-walking apparatus including a pair of elongated, buoyant,
      water-walker assemblies adapted for attachment to the feet of a user for
      the purpose of supporting the weight of the user and enabling him to
      propel himself over the water. Each of the assemblies comprises a rigid,
      elongated base member and at least one buoyant flotation member carried by
      the base member. Additional buoyant flotation members may be added
      depending on the weight of the user. The flotation members are detachably
      secured to the base member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  The present invention relates to buoyant water-walking apparatus and more
      particularly to such apparatus which includes a pair of elongated, buoyant
      water-walker assemblies adapted for attachment to the respective feet of a
      user for the purpose of supporting the weight of the user in water and
      enabling him to propel himself over the water while in a standing
      position.
PAR  2. Description Of The Prior Art
PAR  Many previous efforts have been made to provide a suitable buoyant
      water-walking apparatus for the purpose of supporting the weight of a user
      and enabling him to propel himself across the surface of the water. Such
      apparatuses have generally taken the form of a pair of elongated, buoyant,
      water-walker members adapted for attachment to the respective feet of the
      user. Disclosures of such water-walking apparatuses are found, for
      example, in the patents to Sheldon, U.S. Pat. No. 1,384,354; Meredith,
      U.S. Pat. No. 1,533,023; Stephens, U.S. Pat. No. 2,482,074; Fournier, U.S.
      Pat. No. 2,940,090; Wheat, U.S. Pat. No. 3,084,356; Carlton, U.S. Pat. No.
      3,112,504; Plumley, U.S. Pat. No. 3,121,892; Livaudais, U.S. Pat. No.
      3,242,898; Davis et al., U.S. Pat. No. 3,566,427; Fairchild, U.S. Pat. No.
      3,601,828; La Rocca, U.S. Pat. No. 3,606,624; Mabuchi, U.S. Pat. No.
      3,609,782; and Senghas, U.S. Pat. No. 3,621,500.
PAR  The foregoing prior art devices all suffer from the common defect of being
      commercially unsatisfactory because of their constructional design
      features. Further, these prior art devices do not possess flexibility with
      respect to accomodating users of various weights. A further shortcoming of
      the prior art devices disclosed in the foregoing patents is that efficient
      keels which facilitate straight tracking with a minimum of side-slip have
      not been provided. Moreover, the prior art retard devices have not
      performed in a completely satisfactory fashion.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a buoyant
      water-walking apparatus which includes a pair of elongated, buoyant,
      water-walking assemblies adapted for attachment to the respective feet of
      a user wherein each assembly includes a rigid, elongated base member,
      buoyant flotation members carried by the base member and means for
      detachably securing the flotation members and the base member together so
      that the buoyancy of an individual assembly can be adjusted as is
      necessary to facilitate the weight of the user.
PAR  Another very important object of the invention is to provide such an
      apparatus wherein the base member of each assembly is provided with a pair
      of laterally spaced, longitudinally extending keels for the purpose of
      facilitating the straight tracking of each assembly with a minimum of
      side-slip.
PAR  Another very important object of the invention is to provide a retard
      mechanism for each of the assemblies of such an apparatus wherein the
      retard mechanism includes a gate element which is swingable about a
      generally vertical axis. In this same connection it is an aim of the
      invention to provide retard starter means for swinging the gate elements
      in the appropriate direction at the beginning of the movement retarding
      operation.
PAR  A further very important object of the invention is to provide guide means
      for such an apparatus for maintaining the assemblies in parallel
      relationship during operation while permitting movement of the assemblies
      longitudinally of one another. In connection with this object of the
      invention, it is also an aim of the invention to provide means for
      limiting the longitudinal movement of the assemblies relative to one
      another to facilitate the length of the stride of the individual user of
      the apparatus.
PAR  The foregoing objects, aims and purposes of the invention are accomplished
      and the shortcomings of the prior art described above are overcome through
      the use of a buoyant water-walking apparatus which includes a pair of
      elongated, buoyant water-walker assemblies adapted for attachment to the
      feet of a user. Each of the assemblies includes a rigid, elongated base
      member comprising a longitudinally extending central web section having
      lateral edges and a pair of longitudinally extending flange sections
      attached respectively to the corresponding edges of the web section to
      extend generally normally away from the latter in the same direction to
      present laterally spaced keels. Each of the assemblies also includes at
      least one buoyant flotation member carried by said web section, on the
      opposite side thereof from the direction of extension of the flange
      sections. The flotation member (or members as the case may be) are
      generally coextensive in length and width with the web section of the base
      member and each has an opening extending therethrough in a direction which
      is generally normal to the major plane of the web section. The opening in
      the flotation members is adapted for receiving the foot of a user therein.
      Each assembly also includes means detachably securing the flotation
      members and the base members together to present said assembly.
PAR  In a more specific aspect, each assembly of the apparatus includes a retard
      mechanism mounted between the keels thereof for impeding the movement of
      the assembly through the water in one longitudinal direction and
      permitting substantially unimpeded movement thereof in the opposite,
      longitudinal direction. The retard mechanism comprises a gate element and
      means mounting the element on the base member for swinging about an axis
      extending perpendicularly relative to the major plane of the web section.
      Even more specifically, the retard mechanism may comprise a pair of such
      gate elements, each element having a length which is approximately
      one-half the width of the central web of the base member and each being
      swingable about an axis disposed adjacent a respective keel. The axes of
      swinging of the elements being disposed on opposite sides of the base
      member. In connection with this aspect of the invention and in its more
      preferred form, each assembly may include two retard mechanisms disposed
      in longitudinally spaced relationship. It is preferred that each gate
      element of each retard mechanism be swingable between a first position
      where the gate element is disposed to extend longitudinally of the keels
      of the assembly to permit said substantially unimpeded movement and a
      second position where each gate element is disposed to extend laterally of
      the keels to impede the movement of the assembly. In this connection, each
      mechanism preferably includes stop means disposed for limiting the
      swinging movement of the gate elements to maintain the latter in their
      second positions during the impeded movement of the assembly.
PAR  In a further specific aspect of the invention, each retard mechanism
      preferably includes retard starter means comprising a foot actuated,
      spring loaded operator means and wedge means coupled to said operator
      means for movement by the latter to force each gate element toward its
      second position at the beginning of the impeded movement. Specifically,
      the operator means preferably comprises a plate mounted in the foot
      opening of the assembly for movement toward and away from the central web
      of the base member. Spring means are provided for biasing the plate away
      from the web. The wedge means preferably comprises a wedge for each gate
      element disposed for movement toward and away from the web on the opposite
      side of the latter from the plate and between the corresponding gate
      element and the keel adjacent thereto. Means are included for rigidly
      coupling the wedges and the plate whereby movement of the latter toward
      the web causes a corresponding movement of the wedges to force the gate
      elements away from the keels and toward their second positions.
PAR  In another more specific aspect of the invention, guide means are provided
      for maintaining the assemblies in parallel relationship during operation,
      the guide means preferably comprising an elongated, tubular frame,
      extending longitudinally of the assemblies and therebetween. Arm means
      carried by each assembly are provided for interconnecting the latter and
      the frame. Each arm means includes an arm element and a fitting mounting
      the corresponding arm element on the frame for longitudinal movement
      therealong and swinging movement relative thereto about an axis extending
      generally longitudinally of the assemblies. The frame preferably comprises
      a pair of tubular lengths extending longitudinally of the assemblies in
      laterally spaced relationship and a bight portion at each end of the frame
      interconnecting said lengths. The fittings on the arms preferably comprise
      rings disposed in encircling relationship to a corresponding one of the
      lengths. The arm means of each assembly preferably comprises a pair of
      longitudinally spaced arm elements, each arm element comprising an
      elongated arm having the ring at one end thereof. Also included are means
      mounting the other end of each arm on the corresponding assembly for
      swinging movement about an axis extending longitudinally of the assembly.
      The arms of each assembly are preferably curved and the means mounting
      each arm on the respective assembly is disposed on top of the upper most
      flotation member thereof whereby the frame may be swung upwardly relative
      to each assembly from a position between the latter to a position above
      the assemblies. In its preferred form, the apparatus includes stop means
      releasably clamped to the lengths of the frame. These stop means are
      slidable along said lengths when released for movement to a position for
      limiting the longitudinal movement of each assembly relative to the frame.
PAR  In another more specific preferred embodiment of the invention, a
      longitudinal extension is included at one end of the base member of each
      assembly and a hollow, buoyant container is mounted on such extension.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional elevational view of an elongated, buoyant,
      water-walker assembly contructed in accordance with the concepts and
      principles of the present invention;
PAR  FIG. 2 is a top plan view of the assembly;
PAR  FIG. 3 is a bottom plan view of the assembly;
PAR  FIG. 4 is an elevational, cross-sectional view taken along the line 4--4 of
      FIG. 2;
PAR  FIG. 5 is a partial, top plan view of a buoyant water-walking apparatus
      which includes a pair of the elongated, buoyant water-walker assemblies,
      said assemblies being interconnected by a guide means for maintaining the
      assemblies in parallel relationship during operation;
PAR  FIG. 6 is an enlarged, elevational cross-sectional view taken along the
      line 6--6 of FIG. 5;
PAR  FIG. 7 is a elevational, cross-sectional view of the apparatus taken along
      the line 7--7 of FIG. 5;
PAR  FIG. 8 is a cross-sectional, elevational view similar to FIG. 7 but with
      the frame swung upwardly to a position above the assemblies;
PAR  FIG. 9 is a partial top plan view of the base member of an assembly
      disclosing an embodiment of the invention which includes retard starter
      means for the retard mechanism;
PAR  FIG. 10 is an elevational, cross-sectional view taken substantially along
      the line 10--10 of FIG. 9;
PAR  FIG. 11 is an enlarged, elevational cross-sectional view taken
      substantially along the line 11--11 of FIG. 7;
PAR  FIG. 12 is an enlarged detail view illustrating another embodiment of the
      retard starter means and of stop means for the retard gate element;
PAR  FIG. 13 is an enlarged detail view of the bushing of the stop means of FIG.
      12; and
PAR  FIG. 14 is an enlarged perspective view of the pivot shaft for the gate
      element used in connection with the bushing of FIG. 13.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A buoyant, water-walking apparatus embodying the principles and concepts of
      the present invention is illustrated in FIG. 5 of the drawings and is
      broadly designated by the reference numeral 20. Apparatus 20 includes a
      pair of elongated, buoyant water-walker assemblies 22 adapted for
      attachment to the feet of a user of the apparatus. The assemblies 22 are
      identical in all substantial respects and the details of the same are
      illustrated in FIGS. 1, 2, 3 and 4.
PAR  Each assembly 22 includes a rigid, elongated base member 24 preferably
      constructed of a light weight metal such as aluminum or the like. Member
      24 has a longitudinally extending central web section 26 having lateral
      edges 26a at each side thereof. A longitudinally extending flange section
      28 is attached to each edge 26a of section 26. Flange sections 28 extend
      generally normally away from section 26 in the same direction as can be
      seen particularly in FIG. 4. It is to be appreciated that flanges 28
      present laterally spaced keels which are operable to facilitate the
      straight tracking of assembly 22 with a minimum of side-slip.
PAR  Viewing FIG. 4 it can be seen that the base member 24 preferably has a
      generally H-shaped transverse cross-sectional configuration presenting
      central web section 26, flanges or keels 28 and a pair of laterally
      spaced, longitudinally extending wall sections 30 which extend away from
      web section 26 in the opposite direction from the direction of extension
      of keels 28. The forward most end 24a of base member 24 is preferably
      curved upwardly to facilitate the movement of the assembly 22 through the
      water in the direction of end 24a.
PAR  Each assembly 22 also includes at least one buoyant flotation member 32
      carried by web section 26. Preferably, member 32 may be constructed from a
      single block of plastic foam material, such as, for example, styrafoam. In
      this connection, it should be appreciated, however, that many relatively
      light weight, buoyant materials known to those skilled in the art could be
      utilized as the material of construction for flotation member 32. For
      example, polyurethane foam could be utilized in place of the styrafoam.
      Other materials of construction for member 32 include cork or balsa wood
      and the same could have a construction of metal or plastic to present a
      hollow flotation space. That is to say, the exact means for rendering
      members 32 buoyant is not a critical feature of the present invention.
PAR  As can be seen in FIG. 1, additional buoyant flotation members 34, 36 and
      38 may be included, as desired to provide assembly 22 with a sufficient
      amount of buoyancy to support a given user of the apparatus. That is to
      say, for lighter weight users, fewer additional buoyant members would be
      utilized and with heavier users, buoyant flotation members even in
      addition to the members 32, 34, 36 and 38 might be utilized. Manifestly,
      members 34, 36 and 38 as well as in other such members utilized would be
      constructed of the materials disclosed as useful in connection with member
      32.
PAR  As can be seen particularly in FIGS. 1 and 4, the member 32, 34, 36 and 38
      are coextensive in length and width with base member 24. Further, each
      buoyant flotation member is provided with an opening 40. The openings 40
      of flotation members 32, 34, 36 and 38 are vertically aligned and extend
      normally with respect to the major plane of web section 26 providing
      access for the foot 42 of a user of the apparatus. As can be seen in FIG.
      1, conventional means for attaching the assembly to the foot 42 are
      provided at the bottom of the well presented by the openings 40. Also, it
      is to be noted viewing FIG. 1 that the members 32, 34, 36 and 38 may be
      maintained in a predetermined relative relationship by a series of aligned
      protrusions 46 and holes 48.
PAR  Means in the nature of straps 44 are provided for detachably securing
      flotation members 32, 34, 36 and 38 to base member 24 whereby to present
      assembly 22. Each strap 44 is provided with a conventional buckle 50 by
      means of which the straps may be tightened and maintained in a tightened
      condition. Brackets 52 carried by base member 24 are provided for
      facilitating the attachment of straps 44 to the assembly.
PAR  Each of the assemblies is provided with a retard mechanism 54 mounted
      between keels 28 for impeding the movement of the assembly through the
      water in a direction away from end 24a of base member 24 and permitting
      substantially unimpeded movement of assembly 22 in a longitudinal
      direction toward forward end 24a of base member 24. Preferably, as is
      illustrated in FIG. 3, each assembly 22 includes 2 retard mechanisms 54
      disposed in longitudinally spaced relationship. Each mechanism 54
      comprises a pair of gate elements 56, each of which is attached, by means
      of a corresponding hinge 58, to a respective keel 28. As can be seen in
      FIG. 3, the hinges 58 present means mounting gate elements 56 on base
      member 22 for swinging about an axis extending generally perpendicularly
      relative to the major plane of web section 26. The elements 56 each have a
      length which is approximately one-half the width of web 26 and the axes of
      swinging of elements 56 presented by hinges 58 are disposed on opposite
      sides of base member 22 whereby the gate elements are swingable between a
      first position where the same are disposed to extend generally
      longitudinally of keels 28, as illustrated by the solid lines in FIG. 3,
      and a second position where the same are disposed to extend generally
      laterally of keels 28 to impede the movement of the assembly, as
      illustrated by the dashed lines in FIG. 3. Each mechanism 54 also includes
      stop means in the nature of pins 60 disposed for limiting the swinging
      movement of gate elements 56 and maintaining the latter in their second
      positions during said impeded movement of the assembly.
PAR  Another embodiment of stop means for the mechanisms 54 is illustrated in
      FIGS. 12, 13 and 14. In this embodiment, the gate elements 56 are attached
      to respective keels 28 by hinge means 158. Hinge means 158 includes a
      bushing plate 160 which is provided with a hole 162. As can best be seen
      in FIG. 13, hole 162 comprises a 270.degree. segment of a circle
      presenting arcuately spaced abutments 162a and 162b.
PAR  Gate element 56 is provided with a shaft 164 disposed at the hinged end
      thereof, and as can best be seen in FIG. 14, one end of shaft 164 has a
      semi circular transverse cross-sectional configuration presenting a flat
      surface 166. The plane of surface 166 extends generally along the central
      longitudinal axis of shaft 164 and cooperates with abutments 162a and 162b
      to limit the rotation of shaft 164 in hole 162 to 90.degree. as can best
      be visualized viewing FIG. 12. Thus, gate element 56 is swingable between
      the first position illustrated in FIG. 12 where flat 166 contacts abutment
      162a and a second position with flat 166 in contact with abutment 162b
      where gate element 56 is in its second position disposed to extend
      generally perpendicularly of keel 28.
PAR  A support bushing such as the bushing 160 and a flat 166 may be used at
      each end of shaft 164 to appropriately support the latter for swinging
      relative to keel 28. However, as will be appreciated by those skilled in
      the art, one bushing could have a completely circular hole while the other
      has a hole such as the hole 162 to limit the rotation of the shaft 164.
PAR  If desired, a retard starter means 62 may be provided for the retard
      mechanisms for the purpose of shifting gate elements 56 toward their
      movement impeding positions at the beginning of the operation when
      movement is desirably impeded. Starter means 62 is illustrated in FIGS. 9
      and 10 of the drawings and includes a foot actuated, spring loaded
      operator means 64 comprising a plate 66 mounted at the bottom of opening
      40 in member 32 for movement toward and away from central web section 26.
      In this connection, it is to be understood that an appropriate concavity
      is provided in the lower side of member 32 to facilitate the movement of
      plate 66 toward and away from web 26. Retard starter means 62 also
      comprises wedge means in the nature of a wedge 68 for each gate element
      56. Wedges 68 are rigidly coupled to plate 66 by shafts 70 which extend
      through openings 72 in web section 26. Accordingly, movement of plate 66
      toward web section 26 causes a corresponding movement of wedges 68 between
      the corresponding gate element 56 and keel 28 whereby gate elements 56 are
      forced away from keels 28 and toward their second positions against pins
      60. Coil springs 73 are mounted in encircling relationship with respect to
      shafts 70 and operate between web section 26 and plate 66 for biasing the
      latter away from web section 26.
PAR  Another, much simpler embodiment of retard starter means for gate elements
      56 is illustrated in FIG. 12. In this embodiment, gate element 56 contacts
      and compresses a coil spring 168 when gate element 56 swings into its
      first position as illustrated in FIG. 12. At the beginning of the
      operation when movement is desirably impeded, spring 168 operates to
      yieldably bias element 56 toward its second position.
PAR  Guide means 74, which are particularly illustrated in FIG. 5, are included
      for the purpose of maintaining assemblies 22 in parallel relationship
      during operation. Guide means 74 comprises an elongated tubular frame 76
      which extends longitudinally of assemblies 22 and is disposed
      therebetween. Guide means 74 also includes arm means 78 carried by each
      assembly 22 for interconnecting the latter and frame 76.
PAR  Frame 76 comprises a pair of tubular lengths 80 which extend longitudinally
      of assemblies 22 in laterally spaced relationship. Frame 76 also includes
      a bight portion 82 at each end thereof interconnecting lengths 80. Each
      arm means 78 includes an arm element 84 and a fitting in the nature of a
      ring 86 disposed in encircling relationship with respect to the
      corresponding length 80. The internal diameter of each ring 86 is greater
      than the external diameter of the corresponding length 80 whereby each arm
      element 84 is mounted on frame 76 for longitudinal movement therealong and
      swinging movement relative thereto about an axis extending generally
      longitudinally of assemblies 22. Moreover, the internal diameter of each
      ring 86 is preferably sufficiently large with respect to the outer
      diameter of the corresponding length 80 to permit slight angular movement
      of the assemblies relative to one another in the horizontal plane so that
      turning is facilitated.
PAR  Preferably, as can be seen in FIG. 5, a pair of longitudinally spaced arm
      elements 84 are provided for each assembly 22, and each arm element is
      elongated and curved as illustrated in FIGS. 7 and 8. The ring 86 is
      mounted at one end of each arm 84 and hinge means 88 are provided for each
      arm element 84 for mounting the end of the latter remote from ring 86 on
      the corresponding element 22 for swinging movement about an axis which
      extends generally longitudinally of the assembly 22. Each hinge means 88
      includes a plate 90 having a slot 92 therein for receiving a corresponding
      strap 44 whereby the hinge means 88 may be secured to the corresponding
      assembly 22, as can best be seen in FIGS. 7 and 11.
PAR  Stop means in the nature of a clamp 94 may be provided at each end of frame
      76 for limiting the longitudinal movement of each assembly 22 relative to
      frame 76. In this connection, the clamp 94 includes upper and lower
      portions 96 and 98 which are forced together by a nut and bolt assembly
      100 as can best be seen viewing FIG. 6. When nut and bolt assembly 100 is
      tightened, the ends of upper and lower portions 96 and 98 are clamped
      against corresponding lengths 80 of frame 76, as can be seen in FIG. 6 and
      therefore clamp 94 is maintained in a fixed position relative to lengths
      80. However when assembly 100 is loosened, the entire clamp 94 may be
      moved along lengths 80 to any desired position. As can particularly be
      seen in FIG. 5, the rings 86 of the right hand arm elements 84 are
      disposed to engage the right hand clamp 94 when the respective assembly 22
      is moved to the right (FIG. 5) relative to frame 76. Manifestly, when the
      nut and bolt assembly 100 of the right hand clamp 94 is loosened, the
      latter may be moved to the left relative to frame 76 whereby to shorten
      the longitudinal distance that the assemblies 22 may be moved to the right
      relative to frame 76.
PAR  If desired, a longitudinal extension in the nature of a member 102 may be
      attached to the rear of base member 22 by nut and bolt means 104 as can be
      seen in FIG. 1. Preferably, extension member 102 has the same H-shaped
      transverse cross-sectional configuration as base member 22. A hollow,
      buoyant container 106 including a lid 108 is strapped to the central web
      110 of member 102 by strap means 112 which includes a buckle 114.
      Manifestly, strap 112 and buckle 114 may be identical with the straps 44
      and the buckles 50 of the main assembly 22 and in this connection member
      102 is provided with brackets 115 which are identical with the brackets 52
      for the purpose of attaching strap means 112 to the sides of member 102.
PAR  The operation of apparatus 20 is best explained viewing FIG. 5 wherein it
      should be appreciated that the assemblies 22 are floating on a body of
      water. The desired direction of travel is toward the right and therefore
      the user has his right foot in the opening 40 of the lowermost assembly 22
      and his left foot in the opening 40 of the uppermost assembly 22. Assuming
      that the user wishes to move his right foot first, he pushes forward (to
      the right in FIG. 5) on the lowermost assembly 22 whereupon the gate
      elements 56 of that assembly 22 move into the solid line positions thereof
      illustrated in FIG. 3 whereby substantially unimpeded movement of the
      lowermost assembly 22 is permitted in a right hand direction.
      Simultaneously with the thrusting of the lowermost assembly 22 to the
      right, an opposite reaction occurs with respect to the uppermost assembly
      22 and that assembly is correspondingly urged toward the left in FIG. 5.
      However, at this time the gate elements 56 of the uppermost assembly 22
      are swung into their dashed line position (FIG. 3) by water pressure to
      thereby impede the movement of the uppermost assembly 22 to the left. The
      assemblies 22 are maintained in parallelism by frame 76 and in this
      connection it is to be noted that the length of the stride permitted will
      be the distance between the clamps 94 and the central connecting member
      116 of frame 76.
PAR  After a full stride has been taken with the lowermost assembly 22, the
      uppermost assembly 22 may be urged forwardly by the left hand foot of the
      user whereupon the gate elements 56 of the lowermost assembly 22 will be
      swung into their dashed line positions (FIG. 3) by water pressure to
      impede the backward movement of the lowermost assembly 22 and at the same
      time the gate elements 56 of the uppermost assembly 22 will swing into the
      dashed line positions illustrated in FIG. 3 where substantially unimpeded
      movement of the uppermost assembly 22 will be permitted. Thus, by
      alternately moving the assemblies 22 forwardly, movement over the surface
      of the water is accomplished.
PAR  In the embodiment illustrated in FIGS. 9 and 10, at the end of each forward
      stride of a respective assembly 22, the weight of the user will be shifted
      to the forward most assembly while the other assembly is being urged
      forwardly by the foot of the user. When the users weight is shifted to the
      assembly whose backward motion is to be impeded, plate 66 will be forced
      downwardly toward section 26 and wedges 68 will start the movement of gate
      elements 56 toward the dashed line positions thereof illustrated in FIG.
      3, so that gate elements 56 will be in a position to impede the rearward
      movement of the assembly 22 upon which the weight of the user has been
      shifted. That is to say, the assemblies 22 are moved forwardly alternately
      and as each respective assembly 22 is moved forwardly relative to the
      other assembly 22, the weight of the user is shifted to the other assembly
      22 and the movement of the assembly 22 to which the weight has been
      shifted is desirably impeded in a direction oppositely to the desired
      direction of travel. This shifting of the weight of the user operates the
      retard starter assembly to initiate the movement of gate elements 56 into
      their movement impeding positions illustrated by the dashed lines in FIG.
      3.
PAR  Viewing FIGS. 7 and 8, it should first be noted that arm elements 84 are
      swingable relative to hinge means 88 about horizontal axes 118 provided by
      the latter. Also, arm elements 84 are swingable relative to frame 76 about
      the axes 120 provided by virtue of the fact that ring elements 86 are
      disposed in encircling relationship to lengths 80. In this connection,
      swinging movement of each of the arm elements 84 relative to the
      corresponding length 80 of frame 76 is permitted by virtue of the fact
      that the internal diameter of each ring 86 is greater than the external
      diameter of the corresponding length 80.
PAR  Because arm elements 84 are swingable relative to hinges 88 about axes 118
      and are also swingable relative to the frame 76 about axes 120, the entire
      frame member 76 can be caused to be swung upwardly to assume the position
      illustrated in FIG. 8. Hook means 122 may be provided to lock the
      assemblies 22 together when frame 76 is disposed as illustrated in FIG. 8.
      Manifestly, when frame 76 is disposed in the position illustrated in FIG.
      8, and when hook means 122 are secured, frame 76 will present a seat for
      the user of the apparatus.
CLMS
STM  I claim:
NUM  1.
PAR  1. Buoyant water-walking apparatus including a pair of elongated buoyant
      water-walker assemblies adapted for attachment to the feet of a user, each
      of said assemblies comprising:
PA1  a rigid, elongated base member comprising a longitudinally extending
      central web section having lateral edges and a pair of longitudinally
      extending flange sections attached respectively to a corresponding edge of
      the web section and extending generally normally away from the latter in
      the same direction to present laterally spaced keels;
PA1  at least one buoyant flotation member carried by said web section on the
      opposite side thereof from the direction of extension of the flange
      sections, said flotation member being generally coextensive in length and
      width with said web section and having an opening extending therethrough
      in a direction which is generally normal to the major plane of the web
      section, said opening being adapted for receiving the foot of a user of
      the apparatus therein;
PA1  said base member has a generally H-shaped transverse cross-sectional
      configuration presenting said web section and said keels, and also
      presenting a pair of wall sections extending in the opposite direction
      from said keels, said flotation member being disposed between said wall
      sections; and,
PA1  means detachably securing said flotation member and said base member
      together to present said assembly.
NUM  2.
PAR  2. Water-walking apparatus comprising a pair of elongated, buoyant
      water-walker members, each adapted for attachment to the foot of the user,
      and guide means for maintaining the members in parallel relationship
      during operation, said guide means comprising:
PA1  an elongated, tubular frame extending longitudinally of the members and
      therebetween; and
PA1  arm means carried by each member for interconnecting the latter and the
      frame,
PA1  each arm means comprising a curved arm element and mounting means having a
      fitting for mounting the corresponding arm element on the frame for
      longitudinal movement therealong and swinging movement relative thereto
      about an axis extending generally longitudinally of the members, said
      mounting means being disposed on the upper surface of said member whereby
      the frame may be swung upwardly relative to the members from a position
      between the latter to a position thereabove.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein said frame comprises a pair of
      tubular lengths extending longitudinally of the members in laterally
      spaced relationship and a bight portion at each end of the frame
      interconnecting said lengths, said fittings comprising rings disposed in
      encircling relationship to a corresponding one of said lengths.
NUM  4.
PAR  4. Apparatus as set forth in claim 3 wherein is included stop means
      releasably clamped to said lengths and slidable therealong when released
      for limiting the longitudinal movement of each assembly relative to the
      frame.
NUM  5.
PAR  5. Apparatus as set forth in claim 3 wherein the arm means of each member
      comprises a pair of longitudinally spaced arm elements, each arm element
      comprising an elongated arm having said ring at one end thereof, said
      mounting means mounting the other end of each arm on the corresponding
      member for swinging movement about an axis extending longitudinally of the
      member.
NUM  6.
PAR  6. Apparatus as set forth in claim 5 wherein is included stop means
      releasably clamped to said lengths and slidable therealong when released
      for limiting the longitudinal movement of each assembly relative to the
      frame.
NUM  7.
PAR  7. Apparatus as set forth in claim 2 wherein the arm means of each member
      comprises a pair of longitudinally spaced arm elements, each arm element
      comprising an elongated arm having said fitting at one end thereof, said
      mounting means mounting the other end of each arm on the corresponding
      member for swinging movement about an axis extending longitudinally of the
      member.
NUM  8.
PAR  8. Buoyant water-walking apparatus including a pair of elongated buoyant
      water-walker assemblies adapted for attachment to the feet of a user, each
      of said assemblies comprising:
PA1  a rigid, elongated base member comprising a longitudinally extending
      central web section having lateral edges and a pair of longitudinally
      extending flange sections attached respectively to a corresponding edge of
      the web section and extending generally normally away from the latter in
      the same direction to present laterally spaced keels;
PA1  at least one buoyant flotation member carried by said web section on the
      opposite side thereof from the direction of extension of the flange
      sections, said flotation member being generally coextensive in length and
      width with said web section and having an opening extending therethrough
      in a direction which is generally normal to the major plane of the web
      section, said opening being adapted for receiving the foot of a user of
      the apparatus therein;
PA1  means detachably securing said flotation member and said base member
      together to present said assembly; and
PA1  a retard mechanism mounted between said keels for impeding the movement of
      the assembly through the water in one longitudinal direction and
      permitting substantially unimpeded movement thereof in the opposite
      longitudinal direction, said retard mechanism including a gate element and
      means mounting the element on said base member for swinging about an axis
      extending generally perpendicularly relative to the major plane of said
      web section, said gate element of each retard mechanism is swingable
      between a first position where the same is disposed to extend generally
      longitudinally of said keels to permit said substantially unimpeded
      movement and a second position where it is disposed to extend generally
      laterally of the keels to impede the movement of the assembly, said retard
      mechanism including stop means disposed for limiting the swinging movement
      of the gate element to maintain the latter in said second position during
      said impeded movement of the assembly, and said retard mechanism further
      including retard starter means having foot actuated, spring loaded
      operator means and wedge means coupled to said operator means for movement
      by the latter to force the gate element toward said second position at the
      beginning of said impeded movement.
NUM  9.
PAR  9. Apparatus as set forth in claim 8 wherein said stop means for limiting
      the swinging movement of the gate element comprises a shaft having a
      portion provided with a flat surface extending longitudinally of the axis
      of the shaft and means defining a hole comprising a segment of a circle
      presenting arcuately spaced abutments, said portion of the shaft being
      disposed in said hole.
NUM  10.
PAR  10. Apparatus as set forth in claim 8 wherein is included retard starter
      means comprising means yieldably biasing the gate element from said first
      position and toward said second position.
NUM  11.
PAR  11. Apparatus as set forth in claim 10 wherein said yieldable biasing means
      comprises a coil spring disposed between the gate element and the keel.
NUM  12.
PAR  12. Buoyant water-walking apparatus including a pair of elongated buoyant
      water-walker assemblies adapted for attachment to the feet of a user, each
      of said assemblies comprising:
PA1  a rigid, elongated base member comprising a longitudinally extending
      central web section having lateral edges and a pair of longitudinally
      extending flange sections attached respectively to a corresponding edge of
      the web section and extending generally normally away from the latter in
      the same direction to present laterally spaced keels;
PA1  at least one buoyant flotation member carried by said web section on the
      opposite side thereof from the direction of extension of the flange
      sections, said flotation member being generally coextensive in length and
      width with said web section and having an opening extending therethrough
      in a direction which is generally normal to the major plane of the web
      section, said opening being adapted for receiving the foot of a user of
      the apparatus therein;
PA1  means detachably securing said flotation member and said base member
      together to present said assembly; and
PA1  a retard mechanism mounted between said keels for impeding the movement of
      the assembly through the water in one longitudinal direction and
      permitting substantially unimpeded movement thereof in the opposite
      longitudinal direction, said retard mechanism including a pair of gate
      elements and means mounting the element on said base member for swinging
      about an axis extending generally perpendicularly relative to the major
      plane of said web section, the axes of swinging of said gate elements
      being disposed on opposite sides of the base member adjacent a respective
      keel, each gate element having a length which is approximately one-half
      the width of said central web.
NUM  13.
PAR  13. Apparatus as set forth in claim 12 wherein each gate element of each
      retard mechanism is swingable between a first position where the same is
      disposed to extend generally longitudinally of said keels to permit said
      substantially unimpeded movement and a second position where it is
      disposed to extend generally laterally of the keels to impede the movement
      of the assembly, said mechanism including stop means disposed for limiting
      the swinging movement of each gate element to maintain the latter in their
      second positions during said impeded movement of the assembly.
NUM  14.
PAR  14. Apparatus as set forth in claim 13 wherein said retard mechanism
      includes retard starter means comprising foot actuated, spring loaded
      operator means and wedge means coupled to said operator means for movement
      by the latter to force the gate elements toward their second positions at
      the beginning of said impeded movement.
NUM  15.
PAR  15. Apparatus as set forth in claim 14 wherein said operator means
      comprises a plate mounted in said opening for movement toward and away
      from said central web and spring means biasing said plate away from said
      web, said wedge means comprising a wedge for each gate element disposed
      for movement toward and away from said web on the opposite side of the
      latter from the plate and between the corresponding gate element and the
      keel adjacent thereto, there being means rigidly coupling said wedges and
      said plate whereby movement of the latter toward the web causes a
      corresponding movement of the wedges to force the gate elements away from
      the keels and toward their second positions.
NUM  16.
PAR  16. Apparatus as set forth in claim 12 wherein each of said assemblies
      includes two of said retard mechanisms disposed in longitudinally spaced
      relationship.
NUM  17.
PAR  17. Buoyant water-walking apparatus including a pair of elongated buoyant
      water-walker assemblies adapted for attachment to the feet of a user, each
      of said assemblies comprising:
PA1  a rigid, elongated base member comprising a longitudinally extending
      central web section having lateral edges and a pair of longitudinally
      extending flange sections attached respectively to a corresponding edge of
      the web section and extending generally normally away from the latter in
      the same direction to present laterally spaced keels;
PA1  at least one buoyant flotation member carried by said web section on the
      opposite side thereof from the direction of extension of the flange
      sections, said flotation member being generally coextensive in length and
      width with said web section and having an opening extending therethrough
      in a direction which is generally normal to the major plane of the web
      section, said opening being adapted for receiving the foot of a user of
      the apparatus therein;
PA1  means detachably securing said flotation member and said base member
      together to present said assembly; and
PA1  guide means for maintaining the assemblies in parallel relationships during
      operation, said guide means including: an elongated tubular frame
      extending longitudinally of the assemblies therebetween, said frame having
      a pair of tubular lengths extending longitudinally of the assemblies in
      laterally spaced relationship and a bight portion at each end of the frame
      interconnecting said lengths; arm means carried by each assembly for
      interconnecting the latter and said frame, each arm means including a pair
      of longitudinally spaced arm elements; and fittings for mounting
      corresponding said arm elements on the frame for longitudinal movement
      therealong and swinging movement relative thereto about an axis extending
      generally longitudinally of the assemblies, said fittings having rings
      disposed in encircling relationship to a corresponding one of said
      lengths; each said arm element having an elongated arm having said ring at
      one end thereof, there being included means mounting the other end of each
      arm on the corresponding assembly for swinging movement about an axis
      extending longitudinally of the assembly; and said arms being curved, said
      means mounting the arms on the assemblies being disposed on top of the
      uppermost flotation member thereof whereby the frame may be swung upwardly
      relative to the assemblies from a position between the latter to a
      position thereabove.
NUM  18.
PAR  18. Apparatus as set forth in claim 17 wherein is included stop means
      releasably clamped to said lengths and slidable therealong when released
      for limiting the longitudinal movement of each assembly relative to the
      frame.
NUM  19.
PAR  19. Buoyant water-walking apparatus including a pair of elongated buoyant
      water-walker assemblies adapted for attachment to the feet of a user, each
      of said assemblies comprising:
PA1  a rigid, elongated base member comprising a longitudinally extending
      central web section having lateral edges and a pair of longitudinally
      extending flange sections attached respectively to a corresponding edge of
      the web section and extending generally normally away from the latter in
      the same direction to present laterally spaced keels;
PA1  at least one buoyant flotation member carried by said web section on the
      opposite side thereof from the direction of extension of the flange
      sections, said flotation member being generally coextensive in length and
      width with said web section and having an opening extending therethrough
      in a direction which is generally normal to the major plane of the web
      section, said opening being adapted for receiving the foot of a user of
      the apparatus therein;
PA1  means detachably securing said flotation member and said base member
      together to present said assembly; and
PA1  guide means for maintaining the assemblies in parallel relationships during
      operation, said guide means including: an elongated tubular frame
      extending longitudinally of the assemblies therebetween; and arm means
      carried by each assembly for interconnecting the latter and the frame,
      each arm means including an arm element and a fitting mounting the
      corresponding arm element on the frame for longitudinal movement
      therealong and swinging movement relative thereto about an axis extending
      generally longitudinally of the assemblies; said arm means of each
      assembly having a pair of longitudinally spaced arm elements, each arm
      element having a curved elongated arm having said fitting at one end
      thereof, and there being included means mounting the other end of each arm
      on the corresponding assembly for swinging movement about an axis
      extending longitudinally of the assembly, said means mounting the arms on
      the assemblies being disposed on top of the uppermost flotation member
      thereof whereby the frame may be swung upwardly relative to the assemblies
      from a position between the latter to a position thereabove.
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PAL  This invention consists primarily of a pair of hinged together plates of
      rectangular configuration which are secured fixedly to tubular members,
      each of the tubular members having leg members on one end of the ramp so
      as to support it in an inclined position, the unit includes a carrying
      handle, a latch strap and hook means for suspending the device from a
      wheel chair when it is not in use.
BSUM
PAR  This invention relates to platforms, more particularly to a portable ramp.
PAR  It is therefore the principal object of this invention to provide a
      portable ramp which will be lightweight and rugged in construction and
      will be suitably adaptable for wheelchairs.
PAR  Another object of this invention is to provide a portable ramp for
      wheelchairs which will be used to transfer a wheelchair with a person in
      it, from one level to another, such as from the street level to the curb
      and vice versa.
PAR  Another object of this invention is to provide a portable ramp for a wheel
      chair which will be foldable into a compact assembly that may be hung from
      the rear of the wheelchair for transporting, and the device includes a
      handle grip in order that it may be readily carried by hand.
PAR  A further object of this invention is to provide a portable ramp or a
      wheelchair which will have a pivotable latch strap which will hold the two
      halfs of the device in folded position when it is hung from the rear of a
      wheelchair or is being carried by hand.
PAR  Other objects of the invention are to provide a portable ramp for a
      wheelchair which is simple in design, inexpensive to manufacture, rugged
      in construction, easy to use and efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawings, wherein:
PAR  FIG. 1 is a side view of the present invention showing a wheelchair in
      phantom lines.
PAR  FIG. 2 is an enlarged top plan view of the invention.
PAR  FIG. 3 is an enlarged cross-sectional view taken along the line 3--3 of
      FIG. 2 shows the folded position in phantom lines.
PAR  FIG. 4 is an enlarged cross-sectional view taken along the line 4--4 of
      FIG. 2.
PAR  FIG. 5 is an enlarged cross-sectional view taken along the lines 5--5 of
      FIG. 2 and shows one of the legs mounted to the spring portion of the
      invention.
PAR  FIG. 6 is an enlarged cross-sectional view taken along the line 6--6 of
      FIG. 2.
DETD
PAR  According to this invention, a portable ramp 10 is shown to include a pair
      of rectangular configurated plates 12 and 13 having a narrowed surface 14
      so as to prevent slippage when wheels are in contact therewith. Plates 12
      and 13 are secured fixedly at one side edge to an elongated hinge 15 and
      the outer side edges of the structure includes an upwardly extending
      flange 18 so as to prevent the wheels of a chair from running off of ramp
      10. Secured fixedly to the flanges 18 are a snap latch 19 which when ramp
      10 is folded will render them secure together. Secured to the bottom of
      each of the plates 12 and 13, are a pair, one each, of U-shaped tubular
      members 16 which are fixedly secured thereto by means of suitable
      fasteners 17 receiving nut fasteners 18a. A handle grip 20 is secured
      fixedly in a suitable manner to one of the flanges 18 so as to enable a
      person to carry ramp 10 if desired. A latch strap 21 is pivotably secured
      to one of the tubular members 16, by means of a pin 22 and the latch strap
      21 is provided with an opening 23 which will slidably engage with an
      extending pin 24 secured fixedly to the opposite tubular member 16, the
      strap 21 serving to hold the ramp in folded position when it is hung. A
      tubular leg 25 having a rubber foot 25a is secured to one side of each of
      the frames tubular members 16 by bolt fastener 26 receiving a nut fastener
      27, the legs 25 serving as a supporting means for end of ramp 10. A pair
      of hood members 28 are secured rotatably to one side of one of the tubular
      members 16 and hook 28 may be rotated throughout 360.degree. in order that
      they may be turned upward so as to depend ramp 10 from the rear of
      wheelchair 29.
PAR  It shall be noted that the surface 14 of plates 12 and 13 are provided with
      a serrated surface 14 or may be provided with a skid resistant material so
      as to minimize slipping of either the wheelchair 29 or the person
      propelling the wheelchair 29.
PAR  It shall further be recognized that all of the components fastened to the
      tubing 16 may be secured by any suitable fastening means other than bolt
      and nut fasteners.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A portable ramp for wheelchairs, comprising a pair of hinged together
      and rectangular configurated plates with flange means so as to prevent
      said wheelchair from rolling off the side edges of said ramp, a pair of
      U-shaped tubular members secured to one side of said plates, a pair of
      spaced apart leg members secured one each to said tubular members, a
      pivotable latch strap member secured to one of said tubular members,
      handle grip means secured to one of said flanges and snap latch means
      secured one portion each to said flange members, a pair of rotatable hook
      members secured to said platform providing depending means for said
      portable ramp from the rear of said wheelchair.
NUM  2.
PAR  2. The combination according to claim 1, wherein said plates are secured
      fixedly to one side of an elongated hinge extending from one end of said
      ramp to the other, said plates being foldable towards each other and said
      latch snap is secured pivotably by pin means secured fixedly to one of
      said tubular members and an extending and fixedly secured pin member
      extending from the opposite tubular member freely and slidably receives
      the slot portion at the end of said strap.
NUM  3.
PAR  3. The combination according to claim 2, wherein said leg members are
      spaced apart and provided with rubber feet means for a ground surface and
      elevating one end of said ramp so as to incline said ramp and said flanges
      extend upwards from the sides of said a ramp, one of said flanges having
      secured fixedly thereto said handle grip and said hook means are a pair of
      rotatably secured and spaced apart to one of said tubular members is
      formed spring means for said ramp.
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ABST
PAL  An automatic swimming pool cleaner comprised of a car adapted to travel
      underwater along a random path on the pool vessel surface for dislodging
      debris therefrom. The car wheels are driven by a water powered turbine to
      propel the car in a forward direction, along the vessel surface. In order
      to prevent the car from being driven into a position, as for example
      against a vertical wall, from which it cannot emerge, a wheel geometry is
      employed which, upon contact, develops a horizontal force component
      parallel to the vertical wall, to thus enable the car to spin off.
      Alternatively, or in combination, a water flow produced reaction force can
      produce a torque to turn the car with respect to the engaged wheel to
      enable the car to spin off. The car is designed with a low center of
      gravity and a relatively buoyant top portion so as to produce a torque
      which maintains the car correct side up when on the pool bottom. Means are
      provided on the car for producing a water flow having force component
      perpendicular to the vessel surface to provide good traction between the
      car wheels and the vessel surface. Further, a water flow produced suction
      is created adjacent to the vessel surface for collecting debris into a
      basket carried by the car. In addition, one or more hoses is pulled by the
      car and whipped by water flow to sweep dirt from the vessel surface.
PARN
PAR  This is a division of application Ser. No. 275,173, filed July 26, 1972,
      now U.S. Pat. No. 3,822,754.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an automatic swimming pool cleaner and
      more particularly to a cleaner comprised of a car adapted to travel
      underwater along a random path on the surface of a pool vessel.
PAR  Many different types of apparatus are disclosed in the prior art for
      cleaning swimming pools. An example of U.S. Pat. No. 3,291,145 which
      discloses a cleaner employing a floating head carrying high pressure
      liquid dispensing hoses which sweep the pool vessel walls so as to put any
      dirt thereon in suspension where it can be filtered out by the pool's
      standard filtration system. As further examples, U.S. Pat. No. 2,923,954
      and 3,108,298 disclose cleaners in which wheeled vehicles move underwater
      along the pool vessel surface to collect debris and sweep the walls.
PAR  Prior art underwater cleaners have thus far met with only limited success
      for several reasons. Initially, in order to develop adequate traction
      between the wheels and pool vessel surface, they have typically had to be
      very heavy and cumbersome. Moreover, those underwater cleaners which
      employ an electric motor have proved to be somewhat inconvenient because
      of the potential shock hazard. That is, since it is normally recommended
      that the motor not be operated while there are swimmers in the pool, the
      cleaner cannot safely be left in the pool under the control of a time
      clock. As a consequence, the use of such cleaners has, for the most part,
      been restricted to commercial applications.
PAR  Further, it is characteristic of most prior art underwater cleaners to
      utilize relatively complex reversing and steering mechanisms in order to
      achieve adequate surface coverage. Such complex mechanisms are generally
      costly and relatively unreliable.
PAR  In view of the foregoing, it is an object of the present invention to
      provide an improved underwater swimming pool cleaner.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention is directed to a swimming pool cleaner
      including a car adapted to travel underwater along a random path on the
      pool vessel surface. The car is supported on power driven wheels which
      frictionally engage the vessel surface to drive it in a forward direction.
      In accordance with an improvement aspect of the invention, means are
      provided on the car for developing one or more water flows having a force
      component perpendicular to a plane tangential to the wheels and vessel
      surface. The water flows can, in addition, produce a forwardly directed
      force component which aids in propulsion and facilitates the climbing or
      spinning off of a vertical surface when encountered.
PAR  In accordance with a further aspect of the invention, a car wheel geometry
      is employed which produces a sidewise force component when the car wheels
      engage a vertical surface to thus cause the car to spin off and free
      itself from the surface without necessitating a reversal of driving
      direction.
PAR  In accordance with a still further aspect of the invention, the car
      structure is configured so that its center of gravity is close to the
      bottom of its vertical dimension so as to produce a torque tending to
      maintain it correct side up when on the pool bottom.
PAR  In accordance with a still further aspect of the invention, one or more
      hoses are coupled to the car and whipped by water flow therethrough to
      sweep the vessel surface and put any dirt thereon in suspension.
PAR  In accordance with a still further aspect of the invention, means are
      provided on the car for producing a suction adjacent to the vessel surface
      for pulling debris into a collection basket or bag carried by the car.
PAR  In a preferred embodiment of the invention, the car is formed of a platform
      supported on three wheels which engage the pool vessel surface. Two of the
      wheels are driven through gearing by a turbine which in turn is powered by
      water flowing thereto through a supply hose. In order to achieve the
      aforementioned spinoff effect, the two driven wheels are mounted for
      rotation about parallel, but spaced, axes. As a consequence, the leading
      edges of the driven wheels lie on a line which is not perpendicular to
      their direction of travel thus enabling the car to spin off obstructions
      and steep surfaces. The third wheel is mounted for rotation on an axis
      which pivots in a plane parallel to the plane tangential to the wheels so
      that this third wheel may be differently oriented for different pool
      surface slopes, thereby helping to randomly steer the car. Alternatively,
      positive drive means such as a linkage to the turbine can be provided to
      gradually pivot the third wheel or vary the discharge angle of a water jet
      to assure random car movement.
PAR  The water flow producing a force component perpendicular to the vessel
      surface is preferably developed by diverging a low volume, high velocity
      water flow from the supply hose to an orifice to thus pull water into the
      lower end of a venturi having a directional component extending
      perpendicular to the car platform which water is then discharged at the
      venturi's upper end. The force reaction presses the wheels against the
      pool vessel surface to thus develop significantly greater traction for
      propulsion than the weight of the car alone could provide As a
      consequence, the car can be constructed of relatively light and low cost
      materials and have the capability of climbing vertical surfaces. The
      suction produced adjacent the vessel surface by the water being pulled
      into the lower tube end draws debris from the pool surface into a
      collection basket carried by the car. Although a single water flow is used
      in the preferred embodiment of the invention for providing the primary
      hold down force as well as suction for picking up debris, it will be
      readily recognized that separate flows could be provided for this purpose
      if desired.
PAR  In accordance with another aspect of the invention, a portion of the water
      supply is diverted through the trailing sweep hoses to randomly whip them
      against the pool vessel surface.
PAR  In accordance with a still further aspect of the invention, means are
      provided within the collection basket for pulverizing leaves so that the
      remains can then be discharged and put in suspension in the pool water for
      later removal by the main filter system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric sectional view illustrating a pool cleaner in
      accordance with the present invention in a typical swimming pool;
PAR  FIG. 2 is a side elevation view of a preferred embodiment of the present
      invention;
PAR  FIG. 3 is a sectional view of a pool cleaner in accordance with the present
      invention taken substantially along the plane 3--3 of FIG. 2;
PAR  FIG. 4 is a side view, partially broken away, of a pool cleaner in
      accordance with the present invention;
PAR  FIG. 5 is a sectional view taken substantially along the plane 5--5 of FIG.
      3;
PAR  FIG. 6 is a sectional view taken substantially along the plane 6--6 of FIG.
      3;
PAR  FIG. 7 is a sectional view taken substantially along the plane 7--7 of FIG.
      3;
PAR  FIG. 8 is a plan view partially broken away illustrating an alternative
      arrangement including a linkage coupling the turbine to the third wheel to
      cause random steering and a means for pulverizing leaves and other debris
      sucked into the collection basket;
PAR  FIG. 9 is a side elevation, partially broken away, of the pool cleaner of
      FIG. 8; and
PAR  FIG. 10 is a sectional view taken substantially along the plane 10--10 of
      FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Attention is now called to FIG. 1 which illustrates a cutaway isometric
      view of a typical residential or commercial swimming pool. The water 10 is
      contained within a vessel 12 generally defined by a reinforced concrete
      wall 14 poured to conform to the shape of an excavated hole. Typically, a
      hole is excavated which defines a relatively deep end 16 and a relatively
      shallow end 18. In conforming to the shape of the excavation, the wall 14
      generally defines substantially horizontal or floor portions 19 as well as
      substantially vertical or wall portions 20 which rise above the intended
      level of the water 10 to decking or coping 21.
PAR  Typically, filtration systems employed with swimming pools of the type
      illustrated in FIG. 1 include a main pump and filter 22 for taking water
      from the pool, filtering the water, and returning the filtered water to
      the pool. Such filtration systems employ water intake ports, such as a
      surface or skimmer intake 24 and a below water level drain intake 26. The
      filtration system sucks water into the intakes 24 and 26, and after
      filtration, returns the water to the pool via a return line 27 and return
      ports 28 extending through the vertical wall portion 20 close to the water
      line.
PAR  Although the typical swimming pool filtration system does quite an adequate
      job of filtering the water to remove fine debris particles suspended
      therein, such systems are not effective to remove debris, such as leaves,
      which settle on the floor of the panel or fine particles of debris which
      settle on both the floor and vertical wall portions of the pool vessel
      surface. As a consequence, in order to maintain a swimming pool clean, it
      is necessary to periodically sweep the wall surface, as with a longhandled
      brush, to place any fine debris in suspension. Additionally, it is also
      necessary to periodically vacuum the pool floor to remove larger debris
      such as leaves.
PAR  The present invention is directed to a cleaning apparatus 30 which travels
      along a random path on the surface of the pool vessel to both sweep the
      walls and suck debris into a debris container carried thereby.
PAR  Attention is now called to FIGS. 2-7 which illustrate a preferred
      embodiment of pool cleaner in accordance with the present invention.
PAR  The pool cleaner 30 is comprised of a car 32 having a frame or body
      structure 34 supported on some type of movable traction means such as
      wheels 36a, 36b, 36c. As shown in FIG. 4, the frame structure 34 can be
      essentially pan shaped, consisting of a bottom plate or platform 38 and
      upstanding sidewall 40 extending around the periphery thereof. A dome or
      cover member 41 is provided having depending sidewalls 42 which mate with
      upstanding sidewall 40.
PAR  In accordance with the present invention, a turbine mechanism 44 is mounted
      within the frame structure 34 for producing rotary motion in response to a
      pressured water/flow supplied thereto. The turbine 44 can be conventional
      in design having a water inlet port 46, a water outlet port 48, and a
      power output shaft 50 which is rotated in response to water being supplied
      to the port 46.
PAR  The output shaft 50 extends axially in both directions from the turbine 44
      and is supported for rotation in openings through wall portions 51, 52.
      Small gears 54, 56 are secured to the shaft 50 at opposite ends thereof.
      The gear 54 is engaged with an annular rack 58 formed on the inner surface
      of wheel 36a as is best shown in FIGS. 3 and 4. The wheel 36a is mounted
      for rotation on axle 59 which extends parallel to, but is spaced from,
      shaft 50. The gear 56 is similarly engaged with annular rack 60 formed on
      the inner surface of wheel 36b mounted for rotation on axle 61. Axle 61
      also extends parallel to shaft 50 but is spaced therefrom in the direction
      opposite from axle 59. In contrast to the drive or traction function
      performed by wheels 36a and 36b, wheel 36c is merely a support wheel, as
      shown in FIGS. 3 and 4 mounted for rotation about axle 71. Axle 71 can be
      mounted for pivotal movement about pin 72 to better enable the wheel 36c
      to follow the contour of the vessel surface.
PAR  The turbine 44 is powered by water supplied to the port 46 via conduit 62
      coupled to outlet 64 of a water supply mainfold 66. A pressurized
      water/flow is supplied to the inlet 68 of the manifold 66 through a supply
      hose 69 preferably from a booster pump 70 (FIG. 1). As the turbine 44
      rotates to drive the shaft 50, both the wheel 36a and the wheel 36b will
      rotate.
PAR  It will be noted from FIG. 3 that although the wheels 36a and 36b rotate
      about parallel axes, the axes are offset with respect to one another. In
      other words, a line projected between the axes of wheels 36a and 36b will
      be skewed with respect to the planes of rotation of the wheels. As a
      consequence of this skew arrangement, the car will avoid getting stuck
      against vertical walls or barriers. That is, in its random travel along
      the pool vessel surface, even if the wheels 36a and 36b simultaneously
      engage a large obstacle such as the vertical wall of a step, the skewed
      relationship of the wheels 36a and 36b relative to the direction of travel
      will produce a force component extending parallel to the vertical wall to
      thus enable the car to spin off and thus avoid getting stuck in a position
      from which it cannot emerge.
PAR  It will be recalled from FIG. 1 that the wall 14 of a typical pool is
      shaped with a relatively large radius of curvature between the
      substantially horizontal or floor portions of the pool vessel and the
      substantially vertical or sidewall portions. In other words, for
      structural integrity and to facilitate water flow, many modern pools are
      not constructed with sharp corners between floor and wall. In order to
      most effectively clean a pool, it is desirable of course that the car be
      able to traverse as much of the pool vessel surface as possible. In other
      words, it is desirable that the car be able to climb the substantially
      vertically oriented portions of the pool vessel wall. In order to
      accomplish this, the car 32 in accordance with the present invention is
      provided with water powered means for producing a thrust to increase
      traction between the wheels 36 and the vessel surface. In accordance with
      the preferred embodiment of the invention, this thrust is produced by a
      water jet discharged from a directionally adjustable nozzle 90 and by a
      water stream discharged from a suction or vacuum unit 91. The two thrust
      components produce a substantial force extending normal to the vessel
      surface thereby increasing traction between the wheels 36a, 36b, 36c and
      the vessel surface and enabling the car to climb vertical surfaces.
PAR  The nozzle 90 is preferably mounted on some type of universal fitting such
      as a ball coupling 92 which couples the nozzle to the supply manifold 66
      for receiving a high pressure water supply from booster pump 70. The angle
      of the nozzle 90 is selected to yield both a downward thrust component
      (i.e. normal to the vessel surface) for providing traction and a forward
      component which aids in propelling the car and facilitates the car
      climbing vertical surfaces and working itself out of corners. Set means
      (not shown) can be provided for holding the selected angle of the nozzle
      and valve means (not shown) can be provided for varying the flow rate
      through the nozzle 90.
PAR  In use, as the car is propelled along the vessel surface by rotation of the
      drive wheels 36a and 36b, the vacuum unit 91 will always discharge a water
      flow having a component normal to the portion of the vessel surface on
      which the car then rests. The intensity of the water flow is selected to
      produce a reaction force sufficient to enable the car to climb vertical
      surfaces. As the car climbs, the combined effects of gravity, the cars
      inherent flotation characteristics and the directional variations produced
      by the water jet (and other effects to be discussed) cause a change in
      direction of travel causing the car to fall off the vertical surface and
      reestablish its travel along another path. In order to assure that the car
      lands correct side up, the car is designed to have a relatively low center
      of gravity; i.e. the weight distribution of the car is selected so that
      its center of gravity is close to the bottom of its vertical dimension, so
      as to thereby produce a bouyant torque tending to maintain its correct
      side up. The entire car structure is preferably designed to weigh very
      little when underwater, thereby assuring that the hold down force produced
      by the water flow together with the weight distribution of the car, will
      cause the car to land correct side up whenever it falls from a wall
      surface.
PAR  The car carries with it one or more sweep hoses 96 which are trailed along
      and whip against the vessel surface. More particularly, a hose 96 is
      coupled to a tube 100 communicating with the interior of the supply
      manifold 66. The remote end of the hose 96 is left open via an orifice.
      Water flowing from the manifold 66 and tube 100 through the hose 96 will
      exit through the open hose end and in so doing will produce a reaction
      force on the hose whipping it in random directions. As a consequence, it
      will rub against and sweep fine debris from the vessel surface, putting it
      in suspension for removal by the pools standard filtration system. A float
      102 is preferably mounted around the tube 100 to facilitate dynamic
      balance of the car. A valve 104 is preferably incorporated in the tube 100
      for controlling the flow rate to the sweep hose and thus the whipping
      action thereof.
PAR  In the course of moving along a random path on the pool vessel surface in a
      manner thus far described, it is of course the function of the cleaner to
      clean the surface as by putting fine debris thereon in suspension for
      removal by the standard filtration system.
PAR  In addition, in accordance with the invention, large debris such as leaves
      are collected by the subject cleaner by the vacuum unit 91 which produces
      a suction close to the pool vessel surface. More particularly, a suction
      or vacuum head 110 (FIGS. 3 and 4) extending across substantially the full
      width of the car between the wheels 36a and 36b is defined in the plate
      38. The suction head 110 defines a suction opening 112 at the bottom
      thereof. The opening 112 narrows down and communicates with the lower end
      114 of a venturi tube 116. An orifice 118 is mounted in the thrust of the
      venturi tube 116 for discharging a flow of water therethrough toward the
      open end 122 of the venturi tube. Orifice 118 receives water flow via
      conduit 124 coupled to outlet 126 on the supply manifold 66. As should be
      appreciated, the water discharged from the orifice 118 produces a reduced
      pressure in the throat area of the venturi tube thus producing a suction
      at the entrance opening 112. As a consequence, water and debris are drawn
      from the vessel surface into the opening 112 and through the venturi tube
      116. The water and debris are then discharged through the open venturi end
      122 into a debris collection container. In the embodiment of the invention
      illustrated in FIGS. 2-7, the debris collection container constitutes a
      bag 124 formed of mesh material having an entrance opening sealed around
      the open end 122 of the venturi tube 116 by a band 125. The bag 124 is of
      course removable from the venturi tube 116 for cleaning or disposal.
PAR  Reference was previously made to a supply hose 69 for supplying a
      pressurized water flow to the manifold 66. In order to assure that the car
      does not get entangled with the supply hose 69, it is preferable that the
      hose float during operation as is represented in FIG. 1. The hose of
      course can be cause to float by mounting suitable floats thereon. More
      particularly, the supply hose 69 can comprise a one-half inch inner
      diameter plastic hose, for example, having a swivel coupling 164 mounted
      in a first end 160 thereof. The swivel coupling 164 is adapted to be
      threaded into an outlet 166 provided in the pool vessel surface adjacent
      to the water surface. A water booster pump 70 which can divert water out
      of the pool's standard filtration system, provides a high pressure flow to
      the outlet 166. The second end 162 of the hose 69 is coupled by a similar
      swivel coupling 170 to the previously mentioned supply manifold 66.
PAR  From the foregoing, it will be recognized that a swimming pool cleaner has
      been disclosed herein which is comprised of a car which travels along a
      random path on the surface of a pool vessel propelled by traction wheels
      powered by a water driven turbine. As a consequence of employing the
      previously discussed water streams to produce a significant traction force
      between the wheels and the vessel surface, the car can be constructed of
      light-weight inexpensive materials, such as plastic. By being able to
      utilize light weight materials such as plastic, a car in accordance with
      the invention can be produced quite inexpensively. Moreover, by designing
      the car so as to assure full coverage of the pool vessel surface without
      requiring complex steering and reversing mechanisms, cost reduction and
      reliability improvement is further enhanced. Although a particular
      embodiment of the invention has been illustrated in FIGS. 2-7, it should
      be readily apparent that many variations can be made without departing
      from the spirit or scope of the invention. Thus, for example only, an
      alternative arrangement is shown in FIGS. 8-10 wherein, in lieu of
      utilizing a separate debris collection bag, the car structure itself forms
      the debris container with the car cover member 200 being perforated to
      permit water flow therethrough.
PAR  Utilization of the arrangement of FIGS. 8-10 contemplates that a user
      remove the dome 200 and then clean the debris from the pan shaped frame
      structure. In both the arrangement of FIGS. 8-10 and the arrangement of
      FIGS. 2-7, the mesh size for the water permeable material should be
      selected to suit a particular set of conditions. For example, in pool
      situations where many leaves are encountered, it would be desirable to
      utilize, material with relatively large holes so as to contain most of the
      leaves and enable the water to freely flow therethrough to suspend the
      rest of the debris for removal by the filter system. On the other hand, a
      pool with few leaves but a heavy silt problem would preferably use a very
      closely woven container material to remove the silt and reduce the load on
      the filter system.
PAR  In using the subject pool cleaner, it has been recognized that as the
      leaves collect within the container, the high velocity water stream
      discharged from the upper end of the venturi tube continually beats the
      leaves against the container screen material. As a consequence, the leaves
      are pulverized into fine particles which pass through the screen material
      and go into suspension in the water from which they can be removed by the
      pools regular filtration system. As a result of this action, the frequency
      with which the debris must be removed from the container is considerably
      reduced. In pool situations with a greater then normal leaf problem a
      pulverizing means 210 (FIGS. 8 and 9) can be incorporated in the container
      to more positively pulverize the leaves. More particularly, as shown in
      FIG. 8 a collar 212 carrying a plurality of radially extending blades 214
      can be mounted on turbine shaft 50'. As the shaft 50 rotates, the blades
      214 move past fixed blade 216 shredding leaves therebetween.
PAR  In order for the pool cleaner to function effectively, it should travel in
      a highly random manner so as to substantially cover the entire vessel
      surface. Various factors operating on the car depicted in FIGS. 2-7 will
      tend to produce this random motion. Such factors include the vessel
      surface terrain, the action of the whip hose 96 and the direction of the
      nozzle 90. However, it is recognized that if necessary, for certain pool
      situations, means can be incorporated in the car for positively
      randomizing the car motion. For example, attention is called to FIGS. 8-10
      which illustrates one such means for varying the plane of rotation of the
      wheel 36c as the car moves. In the embodiment of FIGS. 8-10, the axle 71'
      of the wheel 36c is pivoted around pin 72' by a link 220 coupled between
      the axle 71' and gear 224. The gear 224 is engaged with worm gear 226
      secured to turbine shaft 50'. As shaft 50' rotates, gears 224 and 226
      rotate around their axes thus moving the end 228 of link 220 in a small
      circle. This alternately pulls and pushes the free end of axle 71' thus
      pivoting it about pin 72'.
PAR  It should be recognized that other arrangements can also be employed for
      achieving the random motion produced by the embodiment of FIGS. 8-10. For
      example only, the direction of the nozzle 90 can be varied as the car
      moves, a movable rudder can be employed and/or the flow rate through the
      sweep hose can be varied.
PAR  From the foregoing, it will be recognized than an improved swimming pool
      cleaner has been disclosed herein which is capable of randomly traveling
      on the pool vessel surface and collecting debris therefrom as well as
      dislodging debris from the surface for collection by the pools standard
      filtration system. Although a preferred embodiment of the invention has
      been illustrated herein, it is recognized that numerous variations and
      modifications can be made therein without departing from the spirit and
      scope of the invention. Thus, for example only, tractions means other than
      the rough wheels can be employed for increasing traction area or for
      facilitating travel of the car over low obstructions, such as a hose.
      Similarly, means can be provided for changing drive direction in special
      pool situations where the car could get stuck against some obstacle. It
      should also be recognized that although the preferred embodiments of the
      invention illustrated herein employ a booster pump 70 for optimum
      performance, the booster pump could be eliminated in a low cost system and
      the turbine could be driven by water flow from the main pump.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A swimming pool cleaner including a car adapted to travel underwater on
      the surface of a pool vessel;
PA1  said car including a frame supported on traction means for engaging said
      pool vessel surface;
PA1  water supply means carried by said car having an inlet and at least one
      outlet;
PA1  turbine means carried by said car coupled to said water supply means
      outlet;
PA1  drive means coupling said turbine means to said traction means for
      drivingly rotating said traction means in response to water supplied to
      said turbine means for propelling said car along said vessel surface;
PA1  thrust means carried by said car for producing a water flow having a
      component directed to produce a reaction force on said car acting to
      thrust said traction means against said pool vessel surface;
PA1  debris container means and debris suction means carried by said car;
PA1  said debris container means including an entrance opening;
PA1  said debris suction means including a suction entrance located on said car
      in close proximity to said vessel surface and a suction exit coupled to
      said debris container means entrance opening.
NUM  2.
PAR  2. The swimming pool cleaner of claim 1 wherein said debris suction means
      includes a venturi tube having an exit end coupled to said debris
      container means entrance opening and an entrance end located in close
      proximity to said vessel surface;
PA1  said debris suction means further including an orifice coupled to one of
      said water supply means outlets and directed towards the throat of said
      venturi tube for discharging a water flow therein.
NUM  3.
PAR  3. The swimming pool cleaner of claim 2 wherein said venturi tube is
      oriented to discharge said water flow in a direction having a component
      extending normal to said vessel surface.
NUM  4.
PAR  4. The swimming pool cleaner of claim 1 wherein said debris container means
      is defined by a water permeable material.
NUM  5.
PAR  5. A swimming pool cleaner, useful in a system employing a water pump for
      withdrawing water from a swimming pool and for returning a pressurized
      water supply flow, said cleaner comprising:
PA1  a frame structure supported on movable traction means adapted to engage the
      pool vessel surface;
PA1  turbine means including a power output member supported on said frame
      structure;
PA1  supply hose means for coupling said water supply flow from said water pump
      to said turbine means for driving said power output member;
PA1  means coupling said power output member to said traction means for moving
      said frame structure in response to said water supply flow driving said
      power output member;
PA1  thrust means supported on said frame structure and coupled to said supply
      hose means for discharging a portion of said water supply flow in a
      direction having a component extending normal to said vessel surface to
      produce a reaction force in a direction to increase the traction between
      said traction means and vessel surface;
PA1  suction means carried by said frame structure and having a suction opening
      located to be in close proximity to said pool vessel surface;
PA1  a water permeable debris container carried by said frame structure; and
PA1  means communicating said suction opening with said debris container.
NUM  6.
PAR  6. The swimming pool cleaner of claim 5 wherein said means communicating
      said suction opening with said debris container comprises a venturi tube;
      and
PA1  means for discharging a portion of said water supply flow proximate to the
      throat of said venturi tue to produce a reduced pressure thereat.
NUM  7.
PAR  7. The swimming pool cleaner of claim 5 including means mounted in said
      container for pulverizing debris.
NUM  8.
PAR  8. The swimming pool cleaner of claim 7 wherein said means for pulverizing
      includes at least one movable blade coupled to said power output member.
NUM  9.
PAR  9. In a swimming pool cleaning system including a car adapted to travel
      underwater on the surface of a pool vessel, the improvement comprising:
PA1  a debris container carried by said car and having an entrance opening;
PA1  debris suction means carried by said car including a suction entrance
      disposed in close proximity to said vessel surface and a suction exit
      coupled to said debris container means entrance opening; and
PA1  pulverizing means mounted in said container for pulverizing debris.
NUM  10.
PAR  10. A swimming pool cleaner comprising:
PA1  a car including a frame supported on wheel means for engaging the surface
      of a swimming pool vessel;
PA1  propelling means carried by said car for propelling said car along said
      vessel surface;
PA1  said wheel means including first and second parallel wheels each mounted
      for rotation on said frame and offset with respect to one another so that
      a line projected between the axes thereof is skewed with respect to the
      planes of said first and second wheels, at least one of said wheels
      extending beyond said frame in the direction said car is propelled for
      engaging vertical surfaces of said swimming pool vessel; and
PA1  debris suction means carried by said car and including a suction entrance
      located on said car in close proximity to said vessel surface.
NUM  11.
PAR  11. The swimming pool cleaner of claim 10 further including:
PA1  debris container means carried by said car and including an entrance
      opening; and wherein
PA1  said debris suction means includes a suction exit coupled to said debris
      container means entrance opening.
NUM  12.
PAR  12. The swimming pool cleaner of claim 11 wherein said debris container is
      formed of water permeable material.
NUM  13.
PAR  13. The swimming pool cleaner of claim 11 further including:
PA1  pulverizing means mounted in said container for pulverizing debris.
NUM  14.
PAR  14. A swimming pool cleaner comprising:
PA1  a car including a frame supported on traction means for engaging the
      surface of a swimming pool vessel;
PA1  water supply means carried by said car having an inlet and an outlet;
PA1  propelling means carried by said car for propelling said car along said
      vessel surface;
PA1  thrust means carried by said car for producing a water flow having a
      component directed to produce a reaction force on said car acting to
      thrust said traction means against said pool vessel surface, said thrust
      means including a nozzle coupled to said water supply means outlet for
      discharging a water flow in a direction having a component extending
      normal to said vessel surface; and
PA1  debris suction means carried by said car and including a suction entrance
      located on said car in close proximity to said vessel surface.
NUM  15.
PAR  15. The swimming pool cleaner of claim 14 including adjustable means for
      supporting said nozzle in different orientations.
NUM  16.
PAR  16. The swimming pool cleaner of claim 14 wherein said debris suction means
      includes a tube having entrance and exit openings at opposite ends
      thereof, said tube entrance opening communicating with said suction
      entrance; and wherein
PA1  said thrust means nozzle is disposed in said tube for discharging a water
      flow from proximate to said tube entrance opening toward said tube exit
      opening to produce a suction at said tube entrance opening.
NUM  17.
PAR  17. The swimming pool cleaner of claim 14 further including:
PA1  debris container means carried by said car and including an entrance
      opening; and wherein
PA1  said debris suction means includes a suction exit coupled to said debris
      container means entrance opening.
NUM  18.
PAR  18. The swimming pool cleaner of claim 17 wherein said debris container is
      formed of water permeable material.
NUM  19.
PAR  19. The swimming pool cleaner of claim 17 further including:
PA1  pulverizing means mounted in said container for pulverizing debris.
NUM  20.
PAR  20. A swimming pool cleaner comprising:
PA1  a car including a frame supported on traction means for engaging the
      surface of a swimming pool vessel;
PA1  water supply means carried by said car having an inlet and first and second
      outlets;
PA1  propelling means carried by said car for propelling said car along said
      vessel surface, said propelling means including a nozzle coupled to said
      water supply means first outlet for discharging a water flow having a
      component directed substantially parallel to said vessel surface;
PA1  thrust means carried by said car including a nozzle coupled to said water
      supply means second outlet for discharging a water flow having a component
      directed normal to said vessel surface to produce a reaction force on said
      car acting to thrust said traction means against said vessel surface; and
PA1  debris suction means carried by said car and including a suction entrance
      located on said car in close proximity to said vessel surface.
NUM  21.
PAR  21. The swimming pool cleaner of claim 20 further including:
PA1  debris container means carried by said car and including an entrance
      opening; and wherein
PA1  said debris suction means includes a suction exit coupled to said debris
      container means entrance opening.
NUM  22.
PAR  22. The swimming pool cleaner of claim 20 wherein said debris suction means
      includes a tube having entrance and exit openings at opposite ends
      thereof, said tube entrance opening communicating with said suction
      entrance; and wherein
PA1  said thrust means nozzle is disposed in said tube for discharging a water
      flow from proximate to said tube entrance opening toward said tube exit
      opening to produce a suction at said tube entrance opening.
NUM  23.
PAR  23. A swimming pool cleaner comprising:
PA1  a car including a frame supported on traction means for engaging the
      surface of a swimming pool vessel;
PA1  water supply means carried by said car having an inlet and first and second
      outlets;
PA1  propelling means carried by said car for propelling said car along said
      vessel surface, said propelling means including means for discharging a
      water flow having a component directed substantially parallel to said
      vessel surface; and
PA1  suction means carried by said car and including a suction entrance located
      on said car in close proximity to said vessel surface, said suction means
      including a tube having entrance and exit openings at opposite ends
      thereof, said tube entrance opening communicating with said suction
      entrance, and a nozzle disposed in said tube for discharging a water flow
      from proximate to said tube entrance opening toward said tube exit opening
      to produce a suction at said tube entrance opening.
NUM  24.
PAR  24. The swimming pool cleaner of claim 23 wherein said nozzle is oriented
      to discharge said water flow in a direction having a component normal to
      said vessel surface to produce a reaction force acting to thrust said
      traction means against said vessel surface.
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ABST
PAL  An apparatus for brushing encased sausages to remove encrusted materials
      therefrom including an enclosed base housing having a closed chamber
      therein with an elongated opening on the upper surface of the housing
      leading to the chamber. An upright support disposed above the housing
      carries a vertically movable transverse member that suspends a plurality
      of encased sausages above the housing opening. A pair of elongated brushes
      are disposed within the housing chamber and beneath the opening with the
      axes of the brushes being generally parallel and skewed with respect to
      one another and the brushes are counter-rotated at predetermined speeds
      and directions so that when the encased sausages are moved downward
      through the housing opening into the area between the brushes, the
      sausages are brushed longitudinally and are rotated about their own axis
      during the brushing action. The support structure is counter-balanced so
      as to fully support the suspended sausages and the base housing includes
      auxiliary spray means to wash the sausages incident to brushing as well as
      an auxiliary exhaust system to prevent the brushed off materials from
      being thrown into the air outside the housing.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates generally to brushing or cleaning encased sausage
      products, and more particularly concerns an improved apparatus for
      brushing or cleaning encased sausage and the like prepared by a drying
      process on a production basis.
PAR  Generally, sausage of various types is among the older forms of processed
      food. Basically, the different types of sausage consist of comminuted
      meat, but sausages vary because of the spices and other ingredients added
      and the varied methods of processing. There are several classifications of
      sausage including, fresh or uncooked, smoked, and dry. Among these classes
      alone there may be hundreds of varieties marketed as sausage and
      ready-to-serve meat products.
PAR  A dry sausage such as certain salamis, for example, may be made from fresh,
      comminuted meat to which curing ingredients and spices have been added,
      and which may be followed by a period of several days curing. The product
      may then be encased in a natural or artificial casing followed by
      processing in a carefully controlled air drying atmosphere for a
      considerable period of time. During the drying operation, crusts or
      formations occur on the outside of the casing from the bacterial growth
      and the residues left from the dried fats and oils that come out of the
      sausage through the permeable casing.
PAR  Conventionally, such sausages leaving the encasing operation wherein the
      ends are tied off with string or the like, are suspended in a
      predetermined number depending upon the size on a stick which may be hung
      on suitable hooks or supports in a air drying room. While the sausage is
      being dried, a worker will occasionally manually brush the sausage to
      remove the surface formations and buildups that restrict or impair the
      drying process. In addition, when the processing is completed, the sausage
      is again brushed and even washed before it is packed for shipping or
      displayed for marketing.
PAR  Accordingly, it is a primary object of the present invention to provide an
      apparatus for brushing encased sausage being processed on a production
      basis. It is a related object to provide an apparatus of the foregoing
      type which also enables the washing of the sausage incident to the
      brushing operation.
PAR  It is another object of the invention to provide a sausage brushing
      apparatus which is relatively easy to operate, will handle a number of
      sausages at the same time and yet which may be easily disassembled and
      assembled for cleaning.
PAR  It is another object of the invention to provide an improved sausage
      brushing apparatus which will insure that brushing occurs completely
      around the periphery of the sausage.
PAR  It is still another object of the present invention to provide an improved
      sausage brushing apparatus which eliminates the formation of airborne
      particles during brushing that can be harmful to workmen operating the
      equipment or others present in the area of the brushing operation.
PAR  Other objects and advantages of the invention will become apparent by
      reference to the following detailed description and the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a sausage brushing apparatus in accordance
      with the present invention with a portion of the housing access panel
      broken away;
PAR  FIG. 2 is a fragmentary perspective view of the base portion of the
      apparatus illustrated in FIG. 1 with the covering broken away, here
      illustrating the brushing elements and auxiliary blower exhausting
      arrangement therefor; and
PAR  FIG. 3 is a fragmentary transverse sectional view taken substantially along
      the line 3--3 in FIG. 1.
DETD
PAR  While the invention will be described in connection with a certain
      preferred embodiment, it will be understood that it is not intended to
      limit the invention to the particular illustrative embodiment. On the
      contrary, it is intended to cover all alternatives, modifications and
      equivalent arrangements as may be included within the spirit and scope of
      the invention.
PAC  DETAILED DESCRIPTION
PAR  Turning now to the drawings, there is illustrated in FIG. 1 an illustrative
      embodiment of the sausage brushing apparatus, indicated generally at 10,
      in the form of a generally rectangular, enclosed base housing 12 mounted
      on wheels 13. The housing is made up of a frame structure 14 (FIG. 2)
      which carries side panel members 15, 16 and a chamber 18 is defined within
      the housing which has a back wall 20, side walls 21, 22 and a bottom wall
      23 having a drain opening 24 therein. A removable access panel 25 (FIG. 1)
      serves as the front wall and a part of the top wall of the chamber 18
      (FIG. 3) to define an elongated opening 28 (FIG. 3) in conjunction with
      partial top wall 29. The side panel 15 carries a control switch 17 to
      actuate power to the apparatus.
PAR  The housing 12 carries an upright support structure 30 which includes a
      vertically movable, longitudinally extending member 32 having depending
      hook members 34 thereon adapted to receive a conventional stick 36 of the
      type used for hanging a plurality of sausages 37 suspended by their casing
      strings 38 during drying. The arrangement is such that the suspended
      sausages 37 are disposed above the elongated opening 28 in the base
      housing 12.
PAR  In carrying out the present invention, rotatable brushing means are
      provided for removing crusts or formations on the sausage casings upon
      downward movement of the suspended sausages 37 into the chamber 18 through
      the elongated opening 28 in housing 12. To this end, referring to FIGS. 1,
      2 and 3 conjointly, a pair of elongated brushes 40, 42 are disposed within
      the chamber 18 beneath the elongated opening 28 with their respective
      shafts 43, 44 supported by journals 45 carried on opposite sides of the
      frame 14. Each of the brushes has its shaft protruding at one side through
      a journal to receive a pulley 46 driven by a belt 47 and motor 48. The
      arrangement is such that the individually driven brushes are
      counter-rotating with the peripheral direction of rotation being toward
      one another as viewed from the top. Disk shaped closures 49 (FIG. 1)
      surround the shafts and are secured to the side walls to protect the
      journal bearings.
PAR  In accordance with another of the important aspects of the present
      invention, the brushes 40, 42 have their axes generally parallel as viewed
      in the horizontal plane, but are skewed with respect to one another as
      viewed in the vertical plane (FIGS. 2 and 3). Because the brushes are
      skewed, a torque is applied to sausages 37 passing between the brushes
      thereby causing the sausages to rotate about their own axes so that the
      brushing action takes place about the whole periphery of the sausages
      (FIG. 3). The counter-rotating brushes tend to pull or draw the sausages
      37 downwardly between the brushes into the enclosed chamber 18. The
      brushing action takes place due to the resistance or counteraction of the
      sausage carrying, vertically movable, structure during downward movement
      and there is still an increased brushing action when the sausages are
      pulled upwardly against the rotation of the brushes. In accordance with
      another important aspect of the invention, the vertically movable,
      longitudinally extending member 32 which supports the stick 36 and
      sausages 37 is mounted with respect to the upright support 30 so as to be
      counter-balanced and remain stationary even with the weight of the
      suspended sausages thereon. The counter-balancing is such that positive
      downward movement is required to move the sausages down through the
      opening 28 into the area between the brushes 40, 42 where the brushing
      action then assists in the downward movement of the sausages. To this end,
      the member 32 is provided with slide bearings 50, 51 at its respective
      ends that are received by rods 52, 53 which are in turn supported by
      upright end column structures 54, 55.
PAR  The end column structures 54, 55 are in the present embodiment suitably
      mounted at their lower ends to the respective base housing side panel
      members 15, 16 and their upper ends are connected to a cross member 58
      that spans the top ends of the column structures 54, 55.
PAR  The upper and lower limits of the travel of member 32 along the rods 52, 53
      may be adjustably set by collars 60 provided with suitable clamping
      arrangements such as set screws or the like.
PAR  In order to provide the required counter-balancing, weights 62, 63 located
      outboard the ends of the apparatus 10 are suspended by cords 64 passing
      over roller slides or the like carried by cross member 58 with the ends of
      the cords 66 being attached to fastening members 67 carried by the member
      32.
PAR  As here shown, a hook and eyelet arrangement, indicated at 70, is provided
      between the weights 62 and 63 so that weight 63 may be readily removed.
      Similarly, additional weights may be added depending upon whether or not
      the particular load of sausages being handled is lighter or heavier.
PAR  In order to further provide for the required counter-balancing, springs 72
      (only one being shown in FIG. 1) are connected between the lower weight 63
      and a frame member 73 having a hook 74. It will be appreciated that
      instead of springs any suitable elastic or resiliently expandable coupling
      may be used. The function of the springs is to provide a desirable
      progressive reaction force tending to pull the member 32 upwardly as it is
      pushed downward and subjected to the additional downward pull during the
      brushing action. In addition, the springs provide restraint to the weights
      against their being swung such as when the apparatus is being moved from
      one place to another. By predetermined selection of the springs and the
      weights, the counter-balancing achieved readily permits the member 32
      carrying the suspended sausages to be moved upwardly and downwardly
      without excessive forces being required and when a positive force in
      either the upward or downward direction is discontinued the member 32 with
      the suspended sausages will stay in a stationary position.
PAR  Referring to FIG. 2, there is illustrated another aspect of the invention
      wherein provision is made for exhausting air from the base housing chamber
      18 so that a draft is created in the direction down through the elongated
      opening 28 and the brushing area to the chamber 18. This prevents particle
      materials brushed from the sausages to become airborne around the exterior
      of apparatus 10. To this end, referring to FIG. 2, sidewall 22 is provided
      with a fitting 76 having an opening therein adapted to receive a conduit
      78 attached to the intake of a blower unit 80. The exhaust side 82 of the
      blower may be connected to a suitable filtering unit or cleaner device
      (not shown) that prevents discharge of the removed materials to the
      atmosphere.
PAR  In accordance with still another aspect of the present invention, provision
      is made for wetting the brushes and/or the sausages being brushed with a
      liquid that may be either plain water or an appropriate wash solution.
      With sausage that is processed by air drying, brushing would normally be
      done in the absence of any liquid wash until the sausage products are
      ready to be prepared for marketing.
PAR  Accordingly, referring to FIGS. 1 and 3, fluid conduits 84, 85 having spray
      nozzles 86 are disposed on opposite sides of the opening 28 and are
      carried by a removable guide 88. The conduit 85 is connected through a
      valve 90 to a source of liquid (not shown) that is to be sprayed.
PAR  The guide 88 is generally trough-shaped with upperly sloped front and rear
      walls 92, 94 so that any liquid leaving the spray nozzles landing on the
      walls 92, 94 would be directed downwardly into the opening 28 and fall
      onto the brushes 40, 42. The drain opening 24 in the bottom wall of
      chamber 18 may be used to remove accumulated liquid wash by providing a
      hookup for connection to a sewer or by keeping the opening 24 plugged and
      then moving the apparatus 10 to a floor drain.
PAR  In order to more fully understand the operation of the brushing apparatus
      of the present invention, a brief description of the typical operating
      cycle is as follows referring to FIG. 1. A plurality of sausages 37 as
      suspended on their carrying stick 36 during or after the air drying
      processing is hung on the depending hooks 34 of member 32 which is in its
      uppermost position. The counter-balancing weights 62, 63 and spring 72
      hold the suspended sausages substantially as they are shown in FIG. 1.
      Control button 17 may then be pushed to commence the rotation of the
      brushes 40, 42. The operator then need only push down on member 32 to
      start the feed of the sausages into the elongated opening 28 and into the
      area between the brushes. When the sausages 37 have passed completely down
      through the brushing area, the operator then pushes the member 32 upwardly
      until it is returned to the uppermost position as shown in FIG. 1. This
      action may be repeated several times until it is observed that the
      sausages are brushed off or cleaned in the desired manner.
PAR  It will be appreciated by those skilled in the art that while the invention
      has been disclosed with the upright structure 30 being mounted to the base
      housing, the sausage carrying structure may be separate from the base
      housing and self-supporting. Also, it will be appreciated that while the
      arrangement here shown is intended to be manually operated, power
      actuating means may be employed to move the member 32 up and down with
      respect to the base housing.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Apparatus for brushing encased sausages and the like to remove encrusted
      materials therefrom comprising, in combination, an enclosed housing having
      a chamber therein, means defining an elongated opening on the upper
      surface of the housing leading to the chamber, upright support means
      disposed above said housing including a vertically movable transverse
      member means for suspending a plurality of said encased sausages above
      said housing opening adapted to move said suspended sausages into the
      housing through said opening, means including a pair of elongated brushes
      disposed within the housing chamber and beneath the housing opening, the
      axes of said brushes being generally parallel and skewed with respect to
      one another, and means for counter-rotating said brushes at predetermined
      speeds and directions so that encased sausages suspended from said
      vertically movable transverse member means upon downward movement thereof
      pass between the rotating brushes and the sausages are rotated about their
      own axes by and during the brushing action thereon.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said transverse member means is
      counter-balanced on said support so that the transverse member means
      remains self-supporting with the sausages suspended therefrom.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 including fluid spray means disposed
      adjacent at least one side of said housing opening for washing the
      sausages incident to said brushing.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein blower means associated with
      said housing produces a draft from said housing opening through the
      housing chamber so that said encrusted materials brushed from the sausage
      casings are prevented from being airborne outside the housing and are
      exhausted therefrom.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 wherein said upright support means is
      mounted to said housing.
NUM  6.
PAR  6. Apparatus as claimed in claim 2 wherein said transverse member means is
      slidably carried on a pair of spaced rods and said counter-balancing is
      provided by suspended weights connected to said transverse member means.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 wherein said counter-balance means
      includes spring means attached between said weights and the housing.
NUM  8.
PAR  8. Apparatus as claimed in claim 3 wherein said fluid spray means is
      carried on a removable trough-shaped guide adapted to be received by said
      housing opening.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 wherein said guide includes outwardly
      sloped front and back walls to direct fluid to the housing opening.
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ABST
PAL  A heated windshield wiper assembly having a heat resistant flexible blade
      element provided with an electrical heating arrangement disposed in a
      cavity of the blade element. The heating arrangement includes a resistance
      element encased in the blade element for heating water fed into the cavity
      and out holes in the blade element onto an associated windshield. The
      resistance element is advantageously a wire arranged in a folded
      non-conductive tubular member encased in the blade element. A
      non-conductive coil encircling the tubular member for holding same in a
      folded condition so that the tubular member will uniformly distribute heat
      transferred to the tubular member from the resistance wire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an electrically heated windshield wiper
      assembly, and particularly to such a wiper assembly having an internal
      cavity through which heated and unheated water may flow to an associated
      windshield. Advantageously, the wiper assembly according to the present
      invention embodies heat and water facilities for facilitating removal of
      ice and precipitation under freezing conditions from the windshield of a
      vehicle, and also to the removal of highway grime in summer by means of
      heat and water used in appropriate combination.
PAR  2. Description of the Prior Art
PAR  The present invention represents a development on the windshield wiper
      assemblies disclosed in my prior U.S. Pat. Nos. 2,923,022, issued Feb. 2,
      1960, and 3,249,959, issued May 10, 1966.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a heated type of wiper
      blade construction capable of dissipating a requisite quantity of heat and
      water onto an associated windshield being wiped by the blade in a more
      efficient manner than known wiper blades of this kind so as to reduce the
      drain of electrical energy to a lower and more practical value for vehicle
      installations. It is another object of the present invention to provide a
      wiper blade construction wherein the heating facilities are mounted in a
      novel manner for uniform distribution of the heat.
PAR  It is yet another object of the present invention to provide a heated wiper
      blade construction which is economical in cost and capable of being
      tailored to various installational requirements.
PAR  It is yet another object of the present invention to provide a wiper blade
      assembly through which heat and/or water may be distributed onto a surface
      being wiped, so as to facilitate the cleaning process of the windshield
      without wasting the supply of vehicular water.
PAR  These and other objects are achieved according to the present invention by
      providing a heated windshield wiper assembly having: a heat resistant
      flexible blade element provided with an internal cavity for receiving
      water; and an electrical heating assembly encased in the blade element for
      uniformly distributing heat throughout the blade element and heating water
      in the cavity. The heating arrangement advantageously includes a
      resistance element coupled to a source of electrical energy.
PAR  The heating arrangement advantageously further includes a heat distributing
      element in the form of a flexible, tubular member encased in the blade
      element and constructed from a non-conductive material. The tubular member
      may be arranged extending in a folded condition along the length of the
      blade element for flexing therewith. The resistance element will include a
      resistance wire extending through the tubular member and arranged for
      generating heat in response to a flow of electrical current through the
      resistance wire.
PAR  The heating arrangement still further advantageously includes a
      non-conductive coil arranged encircling the tubular member for holding
      same in the folded condition, whereby heat is uniformly distributed
      throughout the blade element.
PAR  The blade element preferably has a head portion, and a conductive, rigid
      blade holder is arranged retainingly embracing the head portion of the
      blade element for facilitating attachment of the blade element to a wiper
      arm.
PAR  According to a preferred construction of the present invention, the
      resistance wire has a length substantially exceeding the length of
      elongation of the blade element, and the tubular member includes a
      plurality of parallel portions extending substantially the elongated
      length of the blade and spaced from one another transversely to the
      elongated blade length.
PAR  A plurality of holes are advantageously provided in the blade element,
      these holes being arranged communicating with the cavity along coextensive
      sides of the blade element. In this manner, water being fed into the
      cavity in the blade element will exit through the holes and onto a
      windshield, and the like, being treated.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a windshield wiper assembly according
      to the present invention.
PAR  FIG. 2 is a fragmentary, sectional view taken generally along the line 2--2
      of FIG. 1.
PAR  FIG. 3 is a sectional view taken generally along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a fragmentary, perspective view showing a portion of the heating
      element according to the present invention.
PAR  FIG. 5 is a fragmentary, perspective view similar to the left end of FIG.
      1, but drawn to a larger scale and having some parts removed.
PAR  FIG. 6 is a fragmentary, bottom plan view of the wiper blade element
      according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to FIGS. 1 through 3 of the drawings, a
      heated windshield wiper assembly 10 according to the present invention has
      a heat resistant flexible blade element 12 provided with an internal
      cavity 14 arranged for receiving water and similar fluids. An electrical
      heating arrangement 16 is encased in element 12 for uniformly distributing
      heat throughout element 12 and heating water (not shown) in cavity 14. As
      illustrated, heating arrangement 16 is advantageously arranged in cavity
      14, and arrangement 16 includes a resistance wire 18 connectible to the,
      for example, electrical system (not shown) of the vehicle (not shown) on
      which assembly 10 is used as by a coupling arrangement 20 arranged for
      establishing a grounded electrical connection to resistance wire 18.
PAR  The heating arrangement further includes a heat distributing element in the
      form of a flexible, tubular member 22 encased in element 12, as by being
      arranged in cavity 14, and constructed from a suitable, known
      non-conductive material. It is to be understood that by non-conductive as
      used herein and in the claims, is meant non-electrically conducting
      materials, many suitable such materials being known to those skilled in
      the art. Member 22 is arranged extending in a folded condition along the
      length of plate element 12 for flexing therewith. Resistance wire 18 is
      arranged extending through tubular member 22 for generating heat in
      response to a flow of electrical current through wire 18. Blade element 12
      is elongated, as illustrated, with resistance wire 18 also being elongated
      and having a length substantially exceeding the elongated length of
      element 12. Member 22 includes a plurality of parallel portions, or legs,
      extending substantially the elongated length of blade element 12 and
      spaced from one another transversely to the elongated blade length. Wire
      18 has opposite end portions 24 and 26 arranged projecting from member 22
      at the ends of the latter. End portion 24 is illustrated as connected to a
      lead-in connection 28, while end portion 26 may be connected to a suitable
      ground wire 30. It will be appreciated that while ground wire 30 may be
      connected to a vehicle (not shown) with which assembly 10 is employed,
      wire 30 may also be attached to the holder of assembly 10 to be described
      below.
PAR  As perhaps can best be seen from FIG. 4 of the drawings, heating
      arrangement 16 still further includes a non-conductive coil 32 arranged
      encircling member 22 for holding the latter in the illustrated folded
      condition such that member 22 will uniformly distribute heat transferred
      thereto from resistance wire 18. Coil 32 is also advantageously completely
      encased in element 12 as by being arranged entirely in cavity 14 of
      element 12.
PAR  Lead-in connection 28 includes a flexible non-conductive tube 34, with
      ground wire 30 and a conductor wire 26 coiled about tube 34 and each held
      in electrical contact by coupling arrangement 20 with a respective one of
      the end portions 24, 26 of wire 18. Conductive, tubular coupling elements
      37, 37' electrically connect the wire 30 and conductor 36 to end portions
      24, 26, and thus form arrangement 20. A heat resistant sheathing 38, which
      is also constructed from conventional materials commonly used for such
      purposes, encases the coiled conductors 30 and 36 and extends into the
      opening in the end of element 12 which communicates with cavity 14. Blade
      element 12 is provided with a head portion 40, and an electrically
      conductive, rigid blade holder 42 is arranged retainingly embracing
      portion 40 for permitting attachment of blade element 12 to a conventional
      windshield wiper arm (not shown).
PAR  Referring now to FIGS. 3 and 6 of the drawings, a plurality of holes 44 and
      46 are provided in blade element 12 so as to form a pair of rows. The
      holes 44 and 46 are arranged communicating with cavity 14 along
      coextensive sides of element 12. Advantageously, the holes 44, 46 extend
      out of element 12 along parallel ledges 48 and 50. In this manner, water,
      or a similar fluid, may be fed through tubes 34 and 52 and into cavity 14
      for being heated by heating arrangement 16 as desired and then forced by
      the continued feeding of water into cavity 14 to exit through holes 44 and
      46 directly onto a windshield (not shown) being treated.
PAR  Resistance wire 18, which may be constructed from a heat and
      corrosion-resistant nickel base alloy that contains high percentages of
      chromium, is supplied with electrical current from the electrical system
      (not shown) of a vehicle associated with wiper assembly 10. In this
      manner, heat will be generated internally of blade element 12 by wire 18
      and transferred therefrom through tubular member 22 for distribution
      within blade element 12. In order to more uniformly distribute the heat
      throughout the blade element 12, the non-conductive coil 32, which may be
      made from copper wire, and the like, encircles the parallel spaced
      portions of member 22 in its folded condition and is thereby operative
      also to hold wire 18 and tubular member 22 assembled in their folded
      arrangement. Thus, the entire heating arrangement 16 extends lengthwise
      and transversely through blade element 12 terminating in close spaced
      proximity to the opposite longitudinal ends of element 12 so as to
      dissipate heat uniformly therealong and to flex with element 12 as it
      moves over the windshield surface. Blade element 12 is advantageously
      constructed of any suitable heat resistant material such as a silicone
      rubber capable of withstanding extreme temperature variations as for
      example exemplified by a temperature range of -85.degree. to 700.degree.F.
      Encased within the lead-in sheathing 38 is the tubular coupling
      arrangement 20 by means of which the projecting end portion 24 of
      resistance wire 18 is connected to the lead-in connection 28. Blade
      element 12 advantageously tapers toward a relatively narrow contact end
      from head portion 40 in cross section. The wiper opposite head portion 40
      is embraced by holder 42, which is itself generally channel-shaped in
      cross section and has inwardly extending portions received within aligned
      longitudinal grooves formed in the flexible blade element 12. Tubular
      member 22 may be constructed from a non-conductive material such as
      flexible glass or a suitable plastic, and is disposed in a folded
      condition within blade element 12. Multiple folds are illustrated for
      member 22, as member 22 has an unfolded length substantially exceeding the
      length of blade element 12 and yet is spaced from the blade contact end 54
      and from holder 42.
PAR  Flexible, non-conductive tube 34 may be constructed from rubber, and the
      like, about which is coiled conductor 36, which may be copper wire and the
      like, through which current is conducted for supplying resistance wire 18.
PAR  The non-conductive sheathing 38, which may be constructed from the same
      heat resistant material as blade element 12, encases conductor 36, ground
      30, and tube 34 and holds the ground 30 and conductor 36 in contact with
      end portions 24 and 26. Heat loss outside  of that generated within blade
      element 12 is thereby held to a minimum.
PAR  From the foregoing description, the construction, operation, and utility of
      the heated wiper blade assembly 10 will be apparent. It will therefore be
      appreciated, that the construction of the wiper blade may be tailored to
      any particular installation requirements by varying the gauge of
      resistance wire 18, the number of folds or lengths thereof and the choice
      of materials available having generally the same properties as specified
      in connection with the various parts described. With existing materials
      now available and the vehicle battery sources of electrical energy in
      common use, the construction of the present invention provides a more
      practical means for producing the requisite heating. Also, the more even
      distribution of heat dissipated by blade assembly 10 achieves the
      objectives of the invention in a most efficient manner.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A heated windshield wiper assembly, comprising, in combination:
PA1  a. a heat resistant flexible blade element having an internal cavity
      arranged for receiving water; and
PA1  b. electrical heating means encased in the blade element for uniformly
      distributing heat throughout the blade element and heating water in the
      cavity, the heating means including:
PA2  i. a resistance element;
PA2  ii. coupling means for establishing a grounded electrical connection to the
      resistance element, the heating means further including a heat
      distributing element in the form of a flexible, tubular member encased in
      the blade element and constructed from a non-conductive material, the
      tubular member arranged extending in a folded condition along the length
      of the blade element for flexing therewith, the heating means still
      further including a nonconductive coil means encircling the tubular member
      in folded condition for holding the tubular member in its folded condition
      and assuring uniform distribution of heat transferred from the resistance
      wire throughout the blade element, the coil means being completely encased
      in the blade element; and
PA1  c. a plurality of holes provided in the blade element, the holes being
      arranged communicating with the cavity along coextensive sides of the
      blade element, water being fed from the tube into the cavity in the blade
      element for exiting through the holes.
NUM  2.
PAR  2. A structure as defined in claim 1, wherein the heat distributing element
      includes a resistance wire extending through the tubular member and
      arranged for generating heat in response to a flow of electrical current
      through the resistance wire.
NUM  3.
PAR  3. A structure as defined in claim 2, wherein the heating means resistance
      wire has opposite end portions projecting from the tubular member, the end
      portions being respectively connected to a lead-in connection and to
      ground.
NUM  4.
PAR  4. A structure as defined in claim 3, wherein the lead-in connection
      includes a flexible, non-conductive tube, a conductor coiled about the
      tube and held in electrical contact by the coupling means with one of the
      end portions of the resistance wire within the blade element, and a heat
      resistant sheath encasing the coiled conductor and extending into the
      blade element.
NUM  5.
PAR  5. A structure as defined in claim 4, wherein the heating means further
      includes a non-conductive coil means encircling the tubular member in
      folded condition for holding the tubular member in the folded condition
      and assuring uniform distribution of heat transferred from the resistance
      wire throughout the blade element, the coil means being completely encased
      in the blade element.
NUM  6.
PAR  6. A structure as defined in claim 5, wherein the blade element has a head
      portion, and further including a conductive, rigid blade holder arranged
      retainingly embracing the head portion of the blade element.
NUM  7.
PAR  7. A structure as defined in claim 6, wherein the blade element is
      elongated, the resistance wire is elongated and has a length substantially
      exceeding the elongated length of the blade element, and the tubular
      member includes a plurality of parallel portions extending substantially
      the elongated length of the blade element and spaced from one another
      transversely to the elongated blade element length.
NUM  8.
PAR  8. A structure as defined in claim 1, wherein the blade element has a head
      portion, and further including a conductive, rigid blade holder arranged
      retainingly embracing the head portion of the blade element.
NUM  9.
PAR  9. A structure as defined in claim 2, wherein the blade element is
      elongated, the resistance wire is elongated and has a length substantially
      exceeding the elongated length of the blade element, and the tubular
      member includes a plurality of parallel portions extending substantially
      the elongated length of the blade element and spaced from one another
      transversely to the elongated blade element length.
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ABST
PAL  Apparatus to remove dust particles accumulating within the air cleaner of a
     ehicle engine, particularly an off-the-road vehicle of the military type.
      The apparatus includes a nozzle arranged to traverse the surface of the
      filter element within the cleaner, said nozzle being effective to blow or
      draw air through the pores of the filter element, thereby dislodging dust
      particles located on or in the filter element. The nozzle and filter
      element rotate relative to one another, whereby the nozzle traverses the
      entire peripheral dimension of the element; additionally the nozzle
      opening can be arranged to move in the direction of the filter element
      axis. By means of the combined axial and rotary movements the nozzle
      cleans the entire surface of the filter element.
GOVT
PAR  The invention described herein was made in the course of a contract between
      Donaldson Company Inc. and the U.S. Government. Devices embodying this
      invention may be manufactured or used by or for the Government without
      payment to the inventors of any royalties thereon.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Automotive vehicle engines operate with combustion air that is drawn
      through an air cleaner located in the air intake system. The air cleaner
      commonly includes one or more sheets of porous material, such as paper,
      formed with multiple pleats. The pleated fabric is formed into a ring or
      cylinder. Engine vacuum draws air inwardly through the fabric cylinder,
      causing dust particles to be trapped on the outer surfaces of the fabric
      pleats.
PAR  Dust particle build-ups on the fabric surface increase the resistance to
      air flow. Eventually the fabric ring must either have the dust build-ups
      removed or the fabric ring replaced with a new fabric element.
PAR  Removal of dust build-ups is somewhat complicated by the pleated nature of
      the fabric. The pleats are usually relatively deep and close together to
      provide as much total surface area as possible. The closely spaced walls
      of the narrow crevices permit the dust particles to pack into the bottoms
      of the crevices, making subsequent dislodgement difficult. The present
      invention proposes a dust-dislodgement nozzle that operatively spans only
      a few of the crevices at any one moment, thereby enabling a given
      aerodynamic dislodgement force to be exerted on a relatively small area of
      the fabric. The nozzle is arranged to traverse the fabric ring in a
      combination of rotational and axial motions, sufficient to clean the
      entire fabric surface.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 fragmentarily illustrates a conventional fabric filter element.
PAR  FIG. 2 is a sectional view taken through an engine air cleaner embodying
      the present invention.
PAR  FIGS. 3, 4, 5 and 7 are enlarged fragmentary views illustrating
      constructional details used in the FIG. 2 apparatus.
PAR  FIG. 6 shows a nozzle-forming tube used in the FIG. 2 apparatus unfolded to
      the "flat sheet" stage to show a preferred port arrangement.
PAR  FIGS. 8 and 9 schematically illustrate another possible embodiment of the
      invention.
DETD
PAC  FIG. 1
PAR  This FIG. fragementarily illustrates a pleated fabric filter element 10,
      formed for example of paper, to define an air inlet space 12 and an air
      outlet space 14. The engine cylinders communicate with space 14 to draw
      combustion air through the filter in the arrow 16 direction. FIG. 1 shows
      approximately two or three pleats; the complete filter element is an
      endless ring usually having 200 or more pleats extending from the ring
      inner perimeter 18 to the ring outer perimeter 20. The pleat walls are
      therefore relatively closely spaced together, particularly at the apex of
      each pleat near perimeter 18. Ordinarily the outer diameter of the filter
      element ring (defined by outer perimeter 20) is approximately twelve
      inches, and the inner diameter of the filter element ring (defined by
      inner perimeter 18) is approximately eight inches, providing a pleat depth
      dimension 22 of about 2 inches. Assuming 200 pleats in the entire filter
      element, each pleat would have an air entrance mouth dimension 24 of about
      0.2 inches; the pleat walls would converge toward each other at a total
      included angle x of approximately 5.degree. or less.
PAR  During Figure the dust particles appear to collect predominately near the
      apex of each pleat near inner perimeter 18. Apparently the relatively
      slight angle x, together with the small mouth dimension 24, allows the
      pleat walls to guide the dust particles into the narrowest portion 25 of
      the V-shaped crevice. Inertial effects contribute to an undesired packing
      in zone 25. Examination of filters after a period of service indicates
      that the outer area of each pleat (near perimeter 20) is visibly cleaner
      than the inner area (near perimeter 18).
PAR  The pleated nature of the filter element poses a problem when it is desired
      to automatically dislodge accumulated dust particles by reverse air
      cleaning procedures, either forced air or vacuum. Thus, assuming that an
      instrumentality is available for forced air cleaning in the reverse
      direction, i.e. from inner perimeter 18 toward outer perimeter 20, then
      the cleaning air tends to move along the inner surfaces of the pleat walls
      to collect in the crevice apex areas 27 near outer perimeter 20;
      apparently the pleat walls act as deflectors for the cleaning air, thereby
      preventing the cleaning air from most effectively dislodging the dust
      particles on the outer surfaces of the pleat walls. However, it is
      believed that if a relatively large volume of relatively low pressure air
      is used in the reverse air cleaning operation then the air pressure tends
      to equalize along the inner surfaces of the pleat walls from the outer
      apex area of each crevice (at perimeter 20) toward the inner mouth area
      (at perimeter 18); the equalized pressure presumably has an enhanced
      capability for disloging dust build-ups on wall areas near inner perimeter
      18. In practicing the present invention, it is proposed to use forced
      draft reverse air cleaning procedures with relatively low supply air
      pressures i.e. lower than the 60-80 p.s.i. that one usually has in mind
      when referring to "compressed air". The desired "low pressure" is however
      not less than 2 p.s.i. The desired low air pressures apparently facilitate
      pressure equalization along the depth of each crevice, hence better
      overall cleaning of the inner mouth wall area. The present invention is
      believed usable on the basis of forced draft reverse air cleaning concepts
      or induced draft (vacuum) reverse air cleaning concepts. In either case,
      the use of a moderate pressure differential across the fabric wall is
      preferred.
PAR  The large number of pleats in a conventional filter element tends to
      prevent reverse air cleaning of the entire element surface in a single
      operation or setting of the cleaning apparatus. The areas less clogged
      with dust particles tend to form air channels that bypass the flushing air
      around the more heavily clogged areas, thus preventing complete cleaning
      of the entire filter element surface. It is proposed to employ a reverse
      air cleaning apparatus that utilizes an air nozzle having a port area
      substantially less than the filter element area. The nozzle is arranged
      for rotational movement relative to the adjacent perimeterical surface of
      the filter element; additionally the nozzle opening may be arranged for
      axial movement relative to the filter element. By means of a combination
      of rotational and axial motions the nozzle is enabled to effectively clean
      the entire surface of the filter element.
PAC  FIG. 2
PAR  This Figure illustrates an engine air cleaner embodying the invention. An
      annular ring-like filter element 10, having pleats of the type shown in
      FIG. 1, is mounted between a stationary annular surface 30 and a
      stationary annular surface 32. Surface 32 forms part of a can-like cover
      34 arranged to be clamped on the base structure 36 by means of two or more
      toggle clamps, not shown, carried on the outer faces of the cover side
      wall 38.
PAR  Outside air is drawn into the annular space 12 through an air-supply
      passage 42. After passing through the annular filter element 10 the
      cleaned air moves from inner core space 14 through passage 46 to the
      engine.
PAR  In order to reduce dust build-ups on the pleated surfaces of filter element
      10 the illustrated air cleaner is provided with a centrifugal pre-cleaner.
      The precleaner consists of mechanism for applying centrifugal force
      components to the air entering space 12, and an induced draft fan for
      removing the larger dust particles that are thrown outwardly toward side
      wall 38 by the centrifugal forces. FIG. 7 illustrates the centrifugal
      force means as comprising a series of vanes 48 having surfaces angled in a
      circumferential direction. The vanes are evenly spaced around the
      periphery of the air cleaner to direct all of the incoming air in the
      circumferential direction, as denoted by the arrows in FIG. 7. Preferably
      the vanes are secured to cover 34, although they can be secured to base 36
      if desired.
PAR  The circumferentially-moving nature of the air stream in space 12 causes
      the larger dust particles to be centrifugally thrown outwardly toward wall
      38; the smaller and lighter dust particles are less affected by
      centrifugal force, hence less heavily concentrated near wall 38. A small
      induced draft fan 50 may be connected to space 12 to draw
      particle-enriched gas from the space nearest wall 38. Fan 50 is sized to
      draw off only a minor fraction of the fluid supplied to space 12. For
      example, assuming the engine vacuum pulls 1,100 c.f.m. into space 12, then
      fan 50 might be sized to draw off approximately 100 c.f.m.; the remaining
      1,000 c.f.m. is drawn into the engine. Fan 50 preferably operates whenever
      the engine is running.
PAR  Periodically dust build-ups on the outer surfaces of the pleated walls in
      filter annulus 10 may be blown outwardly toward wall 38 by the forced
      air-cleaning apparatus shown at 52. The apparatus comprises a compressed
      air source 54 supplying pressurized air to a tube 56 affixed to cover end
      wall 58. Surrounding tube 56 is a rotary tube 60 having a tapered section
      62 leading to an outwardly radiating tube section 64. Suitable bearings
      66, 68 and 70 are provided between the rotary tube and the immovable
      structures 56 and 72.
PAR  Tube section 64 connects with one end of an axially-extending tubular mask
      74, whose other end is suitably affixed to a radial arm 76 carried by tube
      60. Tubular mask 74 constitutes part of a nozzle structure 75 which
      directs pressurized air outwardly through filter annulus 10 to effect a
      reverse air cleaning operation on the dust accumulations. The entire
      assembly, comprising tube 60, tube section 64, and tubular mask 74, is
      capable of rotation as a unit around the central axis of the air cleaner.
      The nozzle structure is thereby enabled to traverse the entire inner
      perimeter 18 of the filter annulus.
PAR  Rotary movement of tube 60 and the associated structure may be accomplished
      by means of an electric motor 78 mounted on a spider 80 suitably affixed
      to tube 56. The output shaft 82 of the motor is affixed to a second spider
      84 carried by tube 60. Energization of the motor may be on a periodic or
      timed basis, spaced according to when it is necessary for the nozzle
      structure to remove dust accumulations from the filter annulus. Dust blown
      off the filter element by the nozzle reaches wall 38 where it is entrained
      in the circumferentially-moving stream exhausted through port 51 by the
      small fan 50. Circumferential swirl due to vanes 48 assists in moving the
      particles toward port 51.
PAC  FIGS. 3 THROUGH 6
PAR  These Figures illustrate the construction of the reverse air-cleaning
      nozzle structure 75 used in the FIG. 2 air cleaner. In general, the nozzle
      structure comprises a tube-in-tube unit wherein the outer tube has a slot
      extending its full length, i.e. the axial dimension l of the filter
      annulus. The inner tube has a number of shorter slots or ports located at
      different points around its circumference; the shorter slots are located
      at axially spaced points along the inner tube so that rotational
      adjustment of the inner tube causes different ones of the shorter slots to
      register with the full length slot in the outer tube; the outer tube
      functions as a mask to block selected ones of the ports. As the nozzle
      structure traverses the inner perimeter of the filter annulus the exposed
      slot in the inner tube will discharge pressurized air through the filter
      at the corresponding radial plane. At conclusion of one revolutional
      traverse the inner tube is indexed to place a different one of the short
      slots in registry with the full length slot in the outer tube. During the
      next revolution the newly registered slot will discharge pressurized air
      through the filter at a new radial plane. By a number of such orbital
      traverses around the inner perimeter of the annulus it is possible to
      clean the entire surface of the annulus.
PAR  Referring more particularly to FIG. 4, the nozzle structure will be seen to
      comprise the aforementioned masking tube 74 and a second inner tube 86
      rotatably adjustable about the tube axis 87. As shown in FIG. 4, tube 86
      is closed by means of a plug 88 having a stubshaft extension 90 affixed to
      an indexing disc 92. The disc is formed with ten notches that form ten
      teeth 94. As the nozzle structure moves around the inner perimeter of the
      filter annulus in the arrow 96 direction (FIG. 3) one of the teeth strikes
      a driver pin 98 carried by stationary tube 56; disc 92 is thereby forced
      to move relative to arm 76 in the arrow 100 direction, i.e. around the
      nozzle structure axis 87. A spring-urged detent 104 limits the arrow 100
      movement to a precise one tooth distance. During the arrow 100 movement
      the detent rides on the outer surface of disc 92.
PAR  FIG. 6 shows tube 86 unfolded to a flat sheet form to illustrate ten slots
      or ports 106 formed at staggered locations along its length. The
      illustrated ports are staggered in the lateral direction (corresponding to
      the circumferential direction when the sheet is formed into the tube
      shape). The number of slots 106 corresponds to the number of teeth 94,
      such that each orbital movement of the nozzle structure around the inner
      perimeter of the filter annulus causes pin 98 to index disc 92 and tube 86
      into a new position wherein a new slot 106 registers with a full length
      slot 108 formed in outer masking tube 74.
PAR  As best seen in FIG. 5, slot 108 is at the tube surface facing the pleated
      fabric filter annulus. Therefore, pressurized air is discharged from the
      interior of tube 86 through registering slots 106 and 108 against the
      fabric surface. Rate of movement of the nozzle structure along the filter
      element perimeter is preferably such that pressurized air fills each
      V-shaped cavity, thereby developing satisfactory aerodynamic
      dust-dislodgement force on the pleat apex at perimeter 18 where the major
      portion of the dust build-up is located.
PAR  The use of a tube-in-tube nozzle structure is most advantageous where the
      filter annulus has a relatively large axial dimension l, e.g. sixteen
      inches. In such structures the use of a single tube having a full length
      slot would not provide satisfactory cleaning along the entire length of
      the annulus; certain portions of the tube would receive greater
      percentages of the pressurized air than other portions. By using a
      tube-in-tube unit it is possible to provide a relatively short nozzle
      opening 106 during each revolution of the nozzle structure, hence less
      localized air starvation tendency and better coverage of the filter
      surface in radial alignment with the port. The indexing action (FIG. 3)
      enables the various ports 106 to be sequentially effective for directing
      air in different radial planes. Outer tube 74 functions as a mask to cover
      all ports 106 except the one being used at the moment. Mechanisms other
      than the tube-in-tube could also be used to accomplish movement of the
      nozzle opening 106 in the axial direction.
PAR  The rate of movement of the nozzle structure along perimeter 18 is perhaps
      best determined by actual testing with the particular filter being used;
      variables might include such parameters as the diameter of the filter
      annulus, the number of pleats, the filter material, the cleaning air
      pressure, the dimensions of the slots 106, etc. In a filter having an
      inner diameter of approximately 7 and 1/2 inches, an axial length of
      sixteen inches, and a total of 308 pleats, satisfactory cleaning was
      achieved using a motor 78 that produced 1 revolution of the nozzle
      structure in approximately 9 seconds; the nozzle structure comprised a
      tube-in-tube unit having one full length slot in the outer tube and 10
      short slots in the inner tube.
PAC  THE CONTROL SYSTEM
PAR  Under normal circumstances it may not be necessary or desirable that
      reverse air cleaning of the filter surface take place continuously.
      Instead it may be sufficient that cleaning occur on a periodic basis, as
      by using a timer, or on a pluggage-accumulation basis. In the latter event
      the cleaning mechanism power means (motor 78 and air compressor 54) may be
      energized for a predetermined time period only when the filter annulus is
      sufficiently plugged to warrant cleaning; such plugging can be detected by
      a conventional differential pressure switch responding to static pressures
      upstream and downstream of the filter annulus. The control system could
      include such a pressure switch, together with a suitable time delay means,
      sufficient to continue energization of the cleaning mechanism until the
      filter was substantially restored to an unplugged condition. In one
      instance the time delay means was selected to provide an energization time
      on the order of 4 minutes, equivalent to three passes of the nozzle
      structure over the filter (thirty revolutions of motor 78). During most
      engine-operating periods the cleaning mechanism is in a deenergized
      condition. For example, the mechanism might be energized for four minutes;
      then de-energized for 2 hours, then energized again for 4 minutes, etc.,
      all in accordance with the rate at which the filter accumulates dust from
      the atmospheric air being drawn into the engine.
PAC  FIG. 8
PAR  Previous discussion has centered to a certain extent on problems associated
      with removal of dust build-ups on pleated fabric filters. However, it is
      believed that the invention could be applied to air cleaners having
      non-pleated filter elements. FIG. 2 illustrates an embodiment of the
      invention using forced draft reverse air cleaning; however it is believed
      that the invention could probably use induced draft type reverse air
      cleaning structures. FIG. 8 schematically illustrates one form of the
      invention utilizing a non-pleated filter annulus cleaned by an induced
      draft cleaning apparatus.
PAR  In the FIG. 8 apparatus the filter annulus 10a is suitably affixed to an
      upper disc 11 and a lower disc 13; the lower disc includes a tube-like
      extension 46a that directs cleaned air to the engine. The above assembly
      is suitably mounted for rotation on a stationary base 36a, as by means of
      bearings 70a. An electric motor 78a is arranged on the end wall 58a of a
      can-like cover 34a to impart rotation to disc 11, hence to the filter
      annulus 10a. Cover 34a includes an annular side wall 38a having an
      air-admission opening 42a. It will be appreciated that the engine draws
      air through opening 42a into outer annular space 12a, thence through the
      filter annulus into core space 14a, and finally into the engine.
PAR  Periodic cleaning of the outer surface of filter annulus 10a may be
      accomplished by means of a small induced draft fan (blower) 50a connected
      to a nozzle structure 75a via a tube 51a. The nozzle structure may be
      mounted in a fixed location between walls 58a and 36a; it may be a
      tube-in-tube unit similar to the unit used in the FIG. 2 construction. As
      such, it is provided with an indexing means 92 driven by means of a driver
      pin 98 carried by the rotary disc 11.
PAR  Operation of the FIG. 8 apparatus during the filter cleaning mode involves
      energization of motor 78a to rotate the filter annulus, and energization
      of blower 50a to draw air from space 14a through the filter annulus. As
      the filter annulus moves past the stationary nozzle structure 75a the
      filter areas registering with the nozzle are cleaned in a fashion
      generally similar to that previously described. The indexing means 92 may
      be actuated by pin 98 after each revolution of the filter annulus, to
      thereby rotationally adjust the inner tube of the tube-in-tube unit to a
      position suitable for cleaning the next axial section of the filter.
PAR  It will be noted from FIG. 9 that due to the non-pleated nature of the
      filter element the nozzle is located very close to the filter element
      surface; additionally there are no V-shaped cavities that tend to cause
      tight packing of the dust particles. These factors tend to make the
      cleaning operation somewhat easier. However, the non-pleated filter has
      substantially less total face area than the pleated filter so that linear
      velocities during the normal run periods are appreciably higher. For a
      given filter element porosity the non-pleated filter may not collect as
      efficiently as the pleated filter. Additionally, the dust cake thickness
      may build up more rapidly with the non-pleated filter, thereby requiring
      cleaning at closer time intervals or possibly on a continuous basis. FIG.
      2 represents a preferred construction. FIG. 8 merely illustrates one
      alternate form that might prove acceptable for certain engines or
      applications.
PAR  The drawings show nozzle structures of the tube-in-tube type for
      successively cleaning different axial sections of a filter annulus in a
      predetermined program comprised of a number of revolutions of the nozzle
      (FIG. 2) or the filter annulus (FIG. 8). If the filter annulus has a
      relatively small axial dimension l then it may be possible to use a nozzle
      comprised of a single tube having a single slot or single row of openings
      therein; cleaning would thus be accomplished in one revolution of the
      nozzle or filter element.
PAR  Whatever the structure of the cleaning apparatus, it is preferred to mount
      as much of the apparatus as possible on cover 58 or 58a. In the FIG. 2
      construction the rotary nozzle structure is mounted primarily on tube 56
      that joins cover 58. Bearing 70 functions as a centering device to prevent
      undue stress on the rotary mechanism. The rotary mechanism is removable
      with the cover to expose the filter annulus when it becomes necessary to
      replace the filter element or service the motor, etc. The schematically
      illustrated structure shown in FIG. 8 lacks the filter element access
      feature possessed by the FIG. 2 structure. However, FIG. 8 is largely
      schematic; it would be possible to provide easy access features in the
      actual structure. Nozzle structure 75a would preferably be affixed or
      otherwise mounted on the cover, as for example by means of brackets 110.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and decribed, for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a dust removal apparatus comprising an annular filter element having
      an axial length "1"; a tubular air flow nozzle structure extending along
      and closely adjacent to a perimeter surface of the filter element for the
      full axial length 1; said nozzle structure comprising a port forming means
      facing the perimeter surface of the filter element, said port forming
      means having an axial dimension substantially less than the filter element
      length 1; means to move flushing air through the nozzle structure so that
      the port forming means removes dust build-ups from the filter element;
      first means to move the port forming means in a direction parallel to the
      filter element axis; and second means to move the port forming means
      circumferentially around the filter element surface:
PA1  the improvement wherein the second moving means operates continuously to
      produce a relatively slow uninterrupted circumferential motion of the port
      forming means, and the first moving means operates only at the end of each
      complete revolution of the port forming means to produce a relatively
      quick step-like axial indexing of said port forming means.
NUM  2.
PAR  2. In the apparatus of claim 1 said first moving means comprising a toothed
      disc carried by the nozzle structure, and a cooperating disc driver member
      carried by the filter element; said driver member being arranged to sweep
      through the space occupied by one of the disc teeth as the filter element
      completes 1 revolution, thereby producing a predetermined movement of the
      disc.
NUM  3.
PAR  3. In the apparatus of claim 2 said nozzle structure comprising two
      concentric tubes; one of said tubes having a full length flow slot facing
      the perimeter surface of the filter element, and the other tube having a
      series of flow openings spaced circumferentially and axially therealong in
      spiral fashion; said slot and said openings comprising said port forming
      means said other tube being rotatable relative to said one tube to cause
      different ones of the flow openings to register with the flow slot; said
      toothed disc being affixed to said other tube to produce the necessary
      tube rotation.
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ABST
PAL  A vacuum cleaner suction tool including a nozzle provided with improved
      structure for selectively applying high suction to an edge portion of the
      nozzle such as for improved cleaning of corner and edge areas. The suction
      control includes a valve adjacent the suction outlet of the nozzle and an
      operator for selectively positioning the valve to provide selective
      control of the suction action in the nozzle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to vacuum cleaners and in particular to suction
      tools for use in vacuum cleaners.
PAR  2. Description of the Prior Art
PAR  In one conventional form of vacuum cleaner, a nozzle is provided at the end
      of a hollow tube, or wand, for applying suction to the surface to be
      cleaned and permitting dirt loosened from the surface to be sucked in by a
      stream of air drawn through the nozzle and tube to the dirt collecting
      receptacle of the vacuum cleaner. The conventional suction nozzle of this
      type is transversely elongated with the tube extending from the
      mid-portion thereof. Thus, in the conventional nozzle arrangement, maximum
      suction is applied at the mid-portion of the nozzle.
PAR  In another conventional form of vacuum cleaner a nozzle is provided with a
      motor driven rotary brush for agitating a carpet while applying suction to
      the surface to be cleaned and permitting dirt loosened from the surface to
      be sucked in by a stream of air drawn through the nozzle to the dirt
      collecting receptacle of the vacuum cleaner. The conventional nozzle of
      this type includes brush bearings and brush drive mechanism at the
      opposite ends of the nozzle.
PAR  One of the deficiencies of the conventional nozzle is its inability to
      efficiently suck dirt at the opposite edges of the nozzle. This presents a
      vexatious problem where the unit is being utilized to clean a floor
      surface adjacent a wall or other upright obstruction. Thus,
      conventionally, resort is had to bringing the nozzle to adjacent the wall
      with the direction of elongation thereof parallel to the wall surface
      requiring substantial repeated manipulation of the vacuum cleaner to
      effect the desired cleaning of the floor surface adjacent the wall. Such
      repeated manipulation presents the further problem of potential damage to
      the wall surfaces as the nozzle must be brought repeatedly directly up to
      the wall in effectively cleaning the entire floor surface edge.
PAR  A number of different suction nozzle devices have been developed in an
      attempt to solve this vexatious problem. Thus, as shown in U.S. Pat. No.
      1,782,882 of S. H. Rippey, the nozzle is provided with means defining
      conduits extending to the opposite ends of the nozzle with the flow of air
      through the conduits being selectively blocked by a manipulatable valve
      and with the center portion of the nozzle remaining open at all times.
PAR  In the subsequent U.S. Pat. No. 1,895,584 of D. B. Replogle, an air
      cleaning tool is provided with an end closure means which is movable as a
      result of a downward pressure on the nozzle adjacent the side wheels to
      provide a controlled flow of air through the end openings. The wheels in
      the Replogle structure are disposed outwardly of the opposite ends of the
      nozzle, thereby preventing disposition of either nozzle end directly at a
      wall.
PAR  In U.S. Pat. No. 2,555,979 of G. E. Lofgren, a suction nozzle is shown
      having a valve for concentrating air flow at the end of the nozzle by
      varying the amount of closure of the mid-portion of the nozzle. At no time
      is the entire nozzle open to the tube.
PAR  In L. A. Wolf U.S. Pat. No. 3,550,183, a vacuum cleaner cleaning tool is
      shown having passages leading to the front corners of the nozzle. No means
      is provided for selectively controlling the relative air flow between the
      different portions of the nozzle inlet opening.
PAR  In R. D. Hill et al U.S. Pat. No. 3,377,647, a crack cleaning suction
      attachment is illustrated wherein an auxiliary suction duct is provided
      having a portion connected to the internal suction system of the vacuum
      cleaner and a forward end portion provided with a suction tip. Means are
      provided for removably mounting the suction tip at one side of the main
      suction head of the vacuum cleaner. The coupling portion is inserted
      through a valve port so as to open the normally closed port and permit
      suction to be applied through the attachment from the main suction fan
      means of the vacuum cleaner. Thus, both the main suction and auxiliary
      suction means have suction simultaneously applied thereto by the fan.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends as improved vacuum cleaner suction tool
      including means for sucking dirt-laden air through different inlet
      portions of the nozzle under the selective control of the operator.
PAR  More specifically, the invention comprehends providing means for
      selectively directing high suction to an edge portion of the nozzle for
      improved edge cleaning by the vacuum cleaner. In the illustrated
      embodiment, the edge suction means comprises a duct extending from an edge
      portion of the nozzle inlet to the suction outlet portion of the nozzle.
      The main suction air flow is provided through the mid-portion of the
      nozzle inlet to the suction outlet and is utilized in the normal cleaning
      operation. When it is desired to provide high edge suction cleaning
      action, a valve is manipulated by the operator to restrict the air flow
      from the mid-portion of the nozzle and provide substantially unrestricted
      flow from the edge portion to the nozzle suction outlet.
PAR  The duct means for conducting the air flow from the nozzle inlet air
      portion may be defined in part by the bottom plate of the vacuum cleaner.
      The valve means at the suction outlet is arranged to selectively control
      an opening from the duct means to the suction outlet and an opening from
      the mid-portion of the nozzle to the suction outlet.
PAR  In the illustrated embodiment, the valve means comprises a flap valve which
      is selectively swung to extend across either of the two openings to the
      suction outlet. In the arrangement wherein the valve extends across the
      opening from the mid-portion of the suction inlet, a small preselected
      minimum air flow is maintained so as to prevent clogging of the main
      portion of the nozzle such as by continued operation of the brush. At the
      same time, the duct is maintained substantially unrestricted so as to
      provide substantially maximum suction edge cleaning.
PAR  In the arrangement wherein the valve closes the opening from the duct to
      the suction outlet, the duct opening is substantially fully closed so that
      maximum air flow is obtained through the main, mid-portion of the suction
      inlet.
PAR  The valve is selectively operated by lever arrangement including a manual
      operating portion extending outwardly of the nozzle. Suitable
      interconnecting means are provided for swinging the valve as a result of
      selective movement of the operating handle.
PAR  In the illustrative embodiment, the valve is pivotally mounted to an end
      portion of the duct which cooperates with other wall means of the nozzle
      to define the wall of the suction outlet. The duct and suction wall means
      effectively define the openings to the suction outlet as discussed above.
PAR  The edge suction means is mounted to the nozzle for maintained association
      therewith. Thus, the present invention comprehends an improved suction
      control means which, while being extremely simple and economical, provides
      the highly desirable features discussed above.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a fragmentary perspective view of a vacuum cleaner having a
      suction control means embodying the invention;
PAR  FIG. 2 is a fragmentary enlarged bottom plan view thereof with the base
      plate removed;
PAR  FIG. 2A is a fragmentary enlarged bottom plan view comprising an extension
      of the upper lefthand portion of FIG. 2;
PAR  FIG. 3 is a fragmentary vertical section thereof taken substantially along
      the line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary vertical section thereof taken substantially along
      the line 4--4 of FIG. 2; and
PAR  FIG. 5 is a fragmentary vertical section thereof taken substantially along
      the line 5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      vacuum cleaner generally designated 10 is shown to comprise a nozzle
      generally designated 11 provided with suitable wheels 12 for movement over
      a floor surface to be cleaned. Movement of the wheeled nozzle is effected
      by manipulation of a tubular wand 13. Suction is applied through the wand
      13 from a suitable suction fan 14 which may be disposed remotely and
      provided with suitable bag means for collecting the entrained dirt such as
      a conventional canister vacuum unit. Wand 13 includes a flexible
      connecting portion 15 connected to a suction outlet fitting 16 carried by
      the nozzle 11.
PAR  As shown in FIGS. 1 and 3, nozzle 11 is defined by an upper housing portion
      17 and a lower base plate 18 removably secured to the upper portion by
      suitable means, such as screws 19, having threaded engagement with
      mounting post 20 of the nozzle.
PAR  The forward portion 21 of the bottom plate defines, with a forward wall
      portion 22 of the nozzle, a suction inlet 23 which includes a mid-portion
      24 and a side edge portion 25. A duct element 26 cooperates with the
      bottom plate 18 to define an edge suction passage 27 leading from inlet
      edge portion 25 to the suction outlet 16. Nozzle 11 further includes a
      removable wall portion 28 which defines the rear wall of the nozzle inlet
      mid-portion 24. A rotatable brush 32 driven by a motor 32a mounted within
      housing 17 is provided to extend along suction inlet 23 in a conventional
      manner.
PAR  As best seen in FIG. 4, duct element 26 defines a first opening 29 adjacent
      suction outlet 16 and cooperates with wall portion 28 to define a second
      opening 30. Opening 29 defines the opening from duct 26 to the suction
      outlet, and opening 30 defines the opening from the mid-portion 24 of the
      suction inlet 23 to the suction outlet 16.
PAR  The present invention comprehends a valve generally designated 31 for
      selectively controlling the openings 29 and 30 for improved control of the
      suction action in vacuum cleaner 10. Thus, as shown in FIG. 4 in a first,
      full line position of the valve 31, the opening 29 from duct passage 27 is
      effectively closed while the opening 30 from the inlet mid-portion 24 is
      substantially fully open for unrestricted suction from the inlet portion
      24 to the suction outlet 16. In a second, dotted line position of FIG. 4,
      valve 31 extends across the opening 30 to substantially restrict air flow
      from inlet portion 24 to suction outlet 16 while providing substantially
      unrestricted air flow through opening 29 of duct passage 27 to the suction
      outlet 16. The valve is arranged to provide a preselected small amount of
      air flow through opening 30 in the second position so as to carry away any
      small amount of material which may be loosened by the revolving brush
      element 32 extending across suction inlet 23.
PAR  As best seen in FIGS. 2 and 5, valve 31 comprises a flap valve having a
      closure portion 33, and pivot portions 34 pivotally mounted to the duct
      wall 26 at spaced journal portions 35. Extending from valve portion 33 is
      a connector portion 36 defining a crank arm having an end portion 37
      movably received in a connector slot 38 of a slide 39 received in a guide
      40. Slide 39 is rectilinearly reciprocated in guide 40 by a connecting arm
      41 fixed to one end of an operating lever 42 pivotally mounted to a pivot
      bearing 43 on the nozzle and a cooperating pivot bearing 44 carried by the
      duct 26. The rectilinear movement of guide causes pivotal movement of
      closure portion 33 through the movement of end portion 37 in slot 38.
      Guide 40 may be formed integral with duct 26. A frame portion 45 connects
      the bearing 44 to the duct 26 and is provided with a suitable latch 46
      releasably engaging a catch 47 on a portion 48 of nozzle wall 28. A screw
      49 may further be provided for securing the guide portion 40 to a support
      post 50 and thereby removably securing the duct 26 to the nozzle. As shown
      in FIG. 5, bearing 44 may comprise an integral extension of guide 40 and
      bearing 43 may comprise an integral extension of wall portion 48.
PAR  A pivot element 51 may be fixed to the lever 42 for journalling the lever
      for rotation about a vertical axis on the bearings 43 and 44, as shown in
      FIG. 5. As shown in FIGS. 2 and 3, the lever 42 extends rearwardly through
      an opening 52 in the rear wall 53 of the upper housing portion 17 and is
      provided at its distal end with a tab portion 54 adapted to be engaged by
      the user's hand or foot in swinging the lever 42 to different positions
      about the vertical axis of bearings 43 and 44. As best seen in FIGS. 2 and
      5, the swinging of lever 42 pivots connecting arm 41 so as to move the
      slide 39 in guide 40 and thereby, in turn, swing the end portion of the
      crank arm 36 about the axis of the pivot portion 34 of valve 31 for
      selectively positioning the valve across the openings 29 and 30 as
      discussed above.
PAR  Duct 26 includes a forward portion 55, as shown in FIG. 1, opening to the
      edge portion 25 of inlet 23. A suitable comb 56 is provided rearwardly of
      portion 55 for loosening tuft material adjacent the duct inlet 55 as the
      vacuum cleaner is moved back and forth on the surface to be cleaned. Comb
      56 may be removably secured to a housing portion 57 defined by the duct
      element 26 for facilitated cleaning and replacement as desired. In the
      illustrated embodiment, duct portion 55 is disposed laterally of the
      bottom plate 18 so as to define a downwardly opening inlet to the duct
      passage 27, thereby effectively comprising the edge portion 25 of the
      nozzle inlet 23.
PAR  The operation of the improved suction control of the present invention is
      extremely simple. The user need merely adjust the lever 42 to the desired
      position for selectively positioning the closure portion 33 of valve 31
      across opening 29 or opening 30 as desired. As discussed above, by
      disposing the valve across opening 30, high suction force is applied
      through the duct passage 27 to the edge inlet portion 25 whereby improved
      cleaning action is effected at the edge of the vacuum cleaner nozzle. At
      the same time, a small flow of air is maintained through the inlet
      mid-portion 24 to maintain the portion 32 free of entrained matter.
PAR  In the first position shown in full lines in FIG. 2, the valve portion 33
      is extended across the opening 29 so as to effectively prevent air flow
      through the duct passage 27 while providing maximum unrestricted flow from
      the mid-portion 24 of inlet 23 to the suction outlet 16 for normal use of
      the vacuum cleaner.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having thus described the invention, the embodiments of the invention in
      which an enclusive property or privilege is claimed are defined as
      follows:
NUM  1.
PAR  1. In a vacuum cleaner having a nozzle defining a suction passage having an
      inlet and an outlet, and means for sucking dirt laden air through said
      inlet to said outlet, said inlet of the nozzle defining a mid-portion and
      an edge portion, an improved means for controlling the suction of the dirt
      laden air through said inlet portions comprising: duct means extending
      from said edge portion of the nozzle inlet to said outlet; valve means at
      said outlet selectively movable between a first position and a second
      position, said valve means in said first position restricting air flow
      through said duct to said outlet while permitting unrestricted air flow
      from said mid-portion of the nozzle inlet to said outlet; means
      cooperating with said valve means for causing said valve means in said
      second position to permit unrestricted air flow through said duct while
      concurrently providing a preselected reduced air flow from said
      mid-portion of the nozzle inlet to said outlet and preventing full shutoff
      of said air flow from said mid-portion of the nozzle inlet to said outlet,
      said reduced air flow being substantially less than said unrestricted air
      flow through said duct; and means for selectively moving said valve means
      to said first and second positions.
NUM  2.
PAR  2. The vacuum cleaner suction control means of claim 1 wherein said valve
      means is arranged to selectively substantially fully block said duct in
      said first position.
NUM  3.
PAR  3. The vacuum cleaner suction control means of claim 1 wherein said nozzle
      includes a removable base plate defining a boundary wall of said suction
      passage mid-portion and edge portions.
NUM  4.
PAR  4. The vacuum cleaner suction control means of claim 1 wherein said duct
      includes a removable portion providing selective cleaning access thereto.
NUM  5.
PAR  5. The vacuum cleaner suction control means of claim 1 further including
      comb means adjacent said inlet edge portion.
NUM  6.
PAR  6. The vacuum cleaner suction control means of claim 1 further including
      comb means fixedly mounted to said duct means adjacent said inlet edge
      portion.
NUM  7.
PAR  7. In a vacuum cleaner having a nozzle defining a suction passage having an
      inlet and an outlet, a rotatably driven surface agitating brush positioned
      in said suction inlet, and means for sucking dirt laden air through said
      outlet, said inlet of the nozzle defining a mid-portion and an edge
      portion, and said outlet of the nozzle defining spaced, adjacent openings,
      an improved means for controlling the suction of the dirt laden air from
      said inlet portion through said outlet openings comprising: duct means
      extending from said edge portion of the nozzle inlet to one of said outlet
      openings; means for conducting air from said inlet mid-portion to the
      other of said outlet openings; valve means for controlling said outlet
      openings for selectively (a) restricting air flow through said one outlet
      opening while concurrently permitting substantially unrestricted air flow
      through said other outlet opening from said inlet mid-portion, and (b)
      permitting unrestricted air flow through said duct; means associated with
      said valve means for effectively positively preventing full shutoff of
      said air flow from said inlet mid-portion when said valve means is
      selectively arranged to permit unrestricted air flow through said duct
      thereby to assure at least a limited air flow from said inlet mid-portion
      at all times during the operation of the vacuum cleaner, said limited air
      flow being substantially less than said unrestricted air flow through said
      duct; and valve operator means for selectively positioning said valve
      means.
NUM  8.
PAR  8. The vacuum cleaner suction control means of claim 7 wherein said outlet
      defines a pair of angularly related wall portions, said one outlet opening
      being disposed in one of said wall portions and said other outlet opening
      being disposed in the other of said wall portions adjacent said one
      opening, and said valve means comprises a flap valve swingable between a
      first position across said one outlet opening to a second position across
      said other outlet opening.
NUM  9.
PAR  9. The vacuum cleaner suction control means of claim 7 wherein said outlet
      defines a pair of angularly related wall portions, said one outlet opening
      being disposed in one of said wall portions and said other outlet opening
      being disposed in the other of said wall portions adjacent said one
      opening, and said valve means comprises a flap valve swingable between a
      first position across said one outlet opening to a second position across
      said other outlet opening, said valve operator means being pivotally
      mounted to said nozzle and including an operator handle exposed outwardly
      of said nozzle for selectively swinging said flap valve to said positions.
NUM  10.
PAR  10. The vacuum cleaner suction control means of claim 7 wherein said outlet
      defines a pair of angularly related wall portions, said one outlet opening
      being disposed in one of said wall portions and said other outlet opening
      being disposed in the other of said wall portions adjacent said one
      opening, and said valve means comprises a flap valve swingable between a
      first position across said one outlet opening to a second position across
      said other outlet opening.
NUM  11.
PAR  11. The vacuum cleaner suction control means of claim 7 wherein said outlet
      defines a pair of angularly related wall portions, said one outlet opening
      being disposed in one of said wall portions and said other outlet opening
      being disposed in the other of said wall portions adjacent said one
      opening, and said valve means comprises a flap valve swingable between a
      first position across said one outlet opening to a second position across
      said other outlet opening, said valve being arranged to substantially
      fully block said duct in said one portion.
NUM  12.
PAR  12. The vacuum cleaner suction control means of claim 7 wherein said outlet
      defines a pair of angularly related wall portions, said one outlet opening
      being disposed in one of said wall portions and said other outlet opening
      being disposed in the other of said wall portions adjacent said one
      opening, and said valve means comprises a flap valve swingable between a
      first position across said one outlet opening to a second position across
      said other outlet opening, said wall portions being integral with said
      duct.
NUM  13.
PAR  13. The vacuum cleaner suction control means of claim 7 wherein said outlet
      defines a pair of angularly related wall portions, said one outlet opening
      being disposed in one of said wall portions and said other outlet opening
      being disposed in the other of said wall portions adjacent said one
      opening, and said valve means comprises a flap valve swingable between a
      first position across said one outlet opening to a second position across
      said other outlet opening, said valve being swingably mounted to said
      duct.
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ABST
PAL  A vacuum cleaner having an indicator for indicating an undesirable clogged
      condition of a dirt-collecting structure thereof. The indicator includes a
      control having a heater and a thermally responsive device responding to
      heat transferred from the heater to operate an observable indicator
      carried by the vacuum cleaner when a substantially clogged condition of
      the dirt-collecting means occurs. Operation of the indicator by the
      thermally responsive device is prevented as long as the dirt-collecting
      structure remains substantially unclogged as a result of the cooling
      action of air being flowed through the vacuum cleaner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to vacuum cleaners and in particular to means for
      indicating a condition of operation of a vacuum cleaner.
PAR  2. Description of the Prior Art
PAR  In the conventional vacuum cleaner, air is sucked by a suitable suction
      means to pick up dirt from a surface being cleaned. The air with the
      entrained dirt is flowed through a dirt-collecting means conventionally in
      the form of a porous bag which removes the entrained dirt and passes the
      cleaned air back to the atmosphere. The air suction means is
      conventionally powered by an electric drive motor. The power consumption
      of the motor varies as the bag pressure on the suction means. Such bag
      pressure conventionally increases as the dirt-collecting means becomes
      more and more filled with dirt until, in a substantially clogged
      condition, the bag pressure may be sufficient to cause the power
      consumption of the motor to overheat the motor and cause possible damage
      to the vacuum cleaner.
PAR  To avoid such damage, a number of devices have been developed which
      automatically terminate operation of the drive means when the
      dirt-collecting means becomes substantially clogged. One such structure is
      shown in U.S. Pat. No. 2,715,452 of Moss A. Kent. Another such structure
      is shown in U.S. Pat. No. 3,510,904 of Robert C. Lagerstrom. In each of
      these patents, the temperature of the air as heated by the electric drive
      means is sensed by a suitable thermostat to open the circuit to the drive
      means motor.
PAR  In another form of vacuum cleaner device, the prevention of overheating of
      the motor is effected by means of a pressure switch. Such pressure switch
      controls, however, have the disadvantage of nuisance operation as a result
      of use of bayonet cleaning tools and the like which tend to restrict the
      air flow in the normal operation of the vacuum cleaner notwithstanding a
      substantially unclogged condition of the dirt-collecting means.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved control means for use in
      effectively preventing damage to the vacuum cleaner drive motor as by a
      clogging of the dirt-collecting means. More specifically, the invention
      comprehends providing such an improved safety device wherein an indicator
      is caused to operate the dirt-collecting means is substantially clogged to
      warn the operator of the condition.
PAR  The improved control includes a thermally responsive device for causing
      selective operation of the indicator and a heater having a preselected
      thermal capacity for transferring heat to the thermally responsive device.
      The control is arranged so that when the air flow through the vacuum
      cleaner is sufficiently high, operation of the indicator by the thermally
      responsive device is prevented. However, when the dirt-collecting means
      becomes sufficiently clogged to lower the air flow sufficiently to permit
      the heater to heat the thermally responsive device to a preselected
      temperature, the indicator is operated so as to warn the user of the
      clogged condition of the dirt-collecting means.
PAR  In the illustrated embodiment, the indicator utilizes a thick film
      substrate carrying the heater and thermally responsive device for
      providing a variable voltage to control an indicator neon lamp. The
      thermally responsive device may comprise a positive temperature
      coefficient resistor chip mounted on the thermally conductive substrate
      which carries, in addition to the heater and thermally responsive device,
      suitable additional resistors for providing a desired highly accurate
      control of the indicator lamp operation as a function of the air flow
      through the vacuum cleaner. The control resistors may be arranged to
      provide a pre-biasing of the variable resistor chip so that a relatively
      small change in the resistance thereof may change the applied voltage to
      the indicator lamp from a nonoperating voltage to an operating voltage.
PAR  The indicating means of the present invention is extremely simple and
      economical of construction while yet providing the highly desirable
      improved functioning discussed above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a fragmentary perspective view of a vacuum cleaner provided with
      an indicating means embodying the invention;
PAR  FIG. 2 is a bottom plan view thereof;
PAR  FIG. 3 is a fragmentary enlarged section taken substantially along the line
      3--3 of FIG. 2; and
PAR  FIG. 4 is a schematic diagram of the circuitry of the vacuum cleaner means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      vacuum cleaner generally designated 10 is shown to comprise a housing 11
      including a base portion 12 and a cover 13 cooperatively enclosing a
      dirt-collecting bag 14. Air is drawn into the bag through an inlet 15 in
      base 12 by means of a blower, or fan, 16 driven by a suitable electric
      drive motor 17 mounted on a support wall 18 in the base. The filtered air
      is discharged around the drive motor 17 and outwardly through an outlet 19
      in the rear wall 20 of the base.
PAR  As discussed above, clogging of the dirt-collecting bag 14 may provide a
      back pressure to the suction means tending to overheat drive motor 17 when
      the bag reaches a substantially clogged condition.
PAR  The present invention comprehends an improved control generally designated
      21 comprising an indicating means for indicating to the user the
      substantially clogged condition of the dirt-collecting bag. As shown in
      FIG. 1, an indicator illustratively comprising an indicator lamp device 22
      may be mounted in the cover 13. Operation of lamp 22 is effected when the
      dirt-collecting bag 14 becomes substantially clogged so as to indicate to
      the user the need for removing the dirt laden bag before overheating the
      drive motor 17.
PAR  Control 21 is disposed in the outlet chamber 23 between motor 17 and outlet
      opening 19 in the path of air flow therebetween so as to be responsive to
      the temperature and velocity of the exhaust air.
PAR  As best seen in FIGS. 3 and 4, control 21, in the illustrated embodiment,
      comprises a thick film device including a thermally conductive substrate
      24 carrying a positive temperature coefficient resistor chip 25 closely
      adjacent a heater 26 so as to be in thermal conductive association
      therewith. Also carried on the substrate element 24 are a ballast resistor
      27 and a stabilizing resistor 28. As shown in FIG. 3, at least one of the
      heater 26, variable resistor 25, and substrate 24 are disposed in thermal
      transfer association with the flowing air, and as shown, the entire
      control 21 is so disposed.
PAR  The operation of control 21 is best seen with reference to FIG. 4 wherein
      the variable resistor chip 25 is connected in series with the stabilizing
      resistor 28 and the ballast resistor 27 across power supply leads L1 and
      L2 when the On-Off switch 29 of the vacuum cleaner is closed. As shown,
      the drive motor and two-speed switch 30 are connected in series with the
      On-Off switch 29 for driving the suction means 16 in the operation of the
      vacuum cleaner selectively at lower or higher speeds.
PAR  In the illustrated embodiment, the indicating lamp 22 comprises a
      conventional neon lamp which is connected from switch 29 to between
      resistors 27 and 28. Heater 26 is connected between switch 29 and power
      supply lead L2 to complete the control circuitry. Variable resistor 25
      illustratively may comprise a Sprague No. 3042709 PTCR chip having a
      switching temperature of approximately 105.degree.C. adapted to change in
      resistance at that temperature from a cool resistance of 3.3k ohms to a
      hot resistance of approximately 1 megohm. Stabilizing resistor 28 may
      comprise a 17 k ohm resistor and ballast resistor 27 may comprise 21.1k
      ohm resistor to provide selective operation of the neon lamp 22 when the
      temperature sensed by the variable resistor 25 reaches approximately
      105.degree.C.
PAR  As indicated, the substrate 24 comprises a thermally conductive substrate
      so as to conduct heat from heater 26 to the variable resistor 25 for
      improved sensitivity. Air flowing in heat transfer association therewith
      maintains the resistor 25 below the resistance change-over temperature as
      long as the dirt-collecting bag 14 remains substantially unclogged.
      However, when the dirt-collecting bag becomes substantially clogged, the
      dissipation of heat from heater 26 is sufficiently lowered to permit
      variable resistor 25 to sense a temperature in excess of approximately
      105.degree.C., and thereby switch to its high resistance condition
      providing firing voltage to the neon lamp 22 and thereby causing an
      indication to the user of the clogged bag condition.
PAR  The ballast resistor 27 effectively limits the current through the fired
      neon lamp to the necessary safe value.
PAR  The stabilizing resistor 28 effectively pre-biases the circuit so that the
      voltage applied to neon lamp 22 when the variable resistor 25 is in the
      low resistance state is only slightly less than the firing voltage. Thus,
      a relatively small change in the resistance of the resistor 25 immediately
      fires the lamp 22 to provide the desired clogged bag indication.
PAR  Stabilizing resistor 28 further minimizes the effect of variation in the
      firing voltages of different neon lamps and effectively eliminates
      flickering of the lamp once it is turned on.
PAR  As will be obvious to those skilled in the art, the specific heating
      capacity of heater 26 may be correlated with different power drive motors
      17 to provide optimum indicating functioning. Preferably, the heater 26 is
      selected so as to permit maximum power to be developed by the motor 17
      with a normal maximum restriction at the inlet 15, such as may be caused
      by the use of a crevice tool connected to the inlet, without causing the
      indicating lamp 22 to light. Thus, control 21 maximizes sensitivity while
      yet minimizes possibility of nuisance cycling as may be caused by a
      substantial restriction to the inlet such as by the use of a crevice tool.
PAR  It has been found that the use of control 21, including heater 26 for
      controlling the resistance of variable resistance 25 and thus the
      operation of neon lamp 22, provides a substantially greater sensitivity
      than that obtained with conventional pressure switch indicators. As will
      be obvious to those skilled in the art, maximum sensitivity may be
      obtained by adjusting the resistors 27 and 28 for accurate specific
      correlation with the other parameters of the specific circuit. The
      resistors, as discussed above, may comprise thick film resistors on
      substrate 24 and, thus, may be easily and economically adjusted to
      accuracies of .+-. 1/2% by using a standard laser trimming operation.
PAR  Control 21 may be adjusted for use with any suitable size vacuum cleaner
      motor. Illustratively, highly accurate control of such motors has been
      obtained in actual practice where the motors have been rated at 1hp. and
      2.8 hp. with heater resistors of approximately 2.0k ohms and 3.3k ohms,
      respectively, by suitable selection of the control circuit parameters.
      Similarly, other size motor drives may be similarly controlled.
PAR  Control 21 functions equally well when the motor is operated on either high
      or low speed. The PTC resistor 25 switching temperature and heater
      resistor 26 resistance value may be selected such that the net cooling
      effect of the higher speed, higher temperature air is substantially equal
      to that of the lower speed, lower temperature air when the dust bag is
      full.
PAR  Control 21 eliminates the need for any moving parts in controlling the
      operation of the indicating lamp 22 and as the air flowed in heat transfer
      association therewith is substantially completely unobstructed, as
      illustrated in FIGS. 1 and 2, no clogging of the control portion of the
      air flow system occurs so as to maintain the indicating means highly
      accurate with minimum servicing requirements. Changes in the
      suction-producing ability of the air moving means of the vacuum cleaner do
      not affect the functioning of the control 21 so that desired indication of
      the clogged bag condition is maintained throughout the life of the vacuum
      cleaner.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed is defined as follows:
NUM  1.
PAR  1. In a vacuum cleaner having an air suction means including drive means,
      collecting means for removing entrained material from air flowed
      therethrough by said suction means, and means for conducting said air in
      heat transfer association with the drive means for cooling the drive
      means, means for indicating an undesirable clogging of the collecting
      means comprising: electrically operable indicator means carried by said
      vacuum cleaner; thermally responsive means for operating said indicating
      means when the thermally responsive means is heated to above a preselected
      temperature including a positive temperature coefficient resistor
      electrically connected to said indicator means for varying the effective
      voltage applied thereto; heater means having a preselected heating
      capacity for heating said thermally responsive means to above said
      preselected temperature; and thermally conductive means mounting said
      heater means and thermally responsive means in heat transfer association,
      at least one of said heater means and said thermally responsive means
      being in heat transfer association with the sucked air subsequent to its
      conduction in heat transfer association with said drive means for
      maintaining the thermally responsive means at a temperature below said
      preselected temperature when the collecting means is substantially
      unclogged whereby said indicating means is precluded from operating and
      thereby indicate the substantially unclogged condition of said collecting
      means, and permitting the heater means to heat said thermally responsive
      means to above said preselected temperature when the collecting means is
      substantially clogged whereby said indicating means is caused to operate
      and thereby indicate the substantially clogged condition of said
      collecting means.
NUM  2.
PAR  2. The vacuum cleaner clogging indicating means of claim 1 wherein said
      heater means is disposed closely adjacent said thermally responsive means.
NUM  3.
PAR  3. The vacuum cleaner clogging indicating means of claim 1 wherein said
      heating capacity of said heater means is preselected as a function of the
      power rating of the drive means.
NUM  4.
PAR  4. The vacuum cleaner clogging indicating means of claim 1 wherein said
      thermally responsive means is carried in closely spaced relationship on
      said thermally conductive means.
NUM  5.
PAR  5. The vacuum cleaner clogging indicating means of claim 1 wherein means
      are provided for mounting both said heater means and said thermally
      responsive means in heat transfer association with said sucked air.
NUM  6.
PAR  6. The vacuum cleaner clogging indicating means of claim 1 further
      including a stabilizing resistor and ballast resistor in series with said
      positive temperature coefficient resistor, said positive temperature
      coefficient resistor and series connected stabilizing resistor being
      connected in parallel with said indicator means.
NUM  7.
PAR  7. The vacuum cleaner clogging indicating means of claim 1 wherein said
      indicating means comprises a neon lamp.
NUM  8.
PAR  8. The vacuum cleaner clogging indicating means of claim 1 wherein said
      indicating means comprises a neon lamp and said thermally responsive means
      further includes a stabilizing resistor and ballast resistor in series
      with said positive temperature coefficient resistor, said positive
      temperature coefficient resistor and series connected stabilizing resistor
      being connected in parallel with said lamp.
NUM  9.
PAR  9. The vacuum cleaner clogging indicating means of claim 8 wherein said
      stabilizing resistor is preselected to cause the voltage applied across
      the lamp to be slightly less than the firing voltage when said collecting
      means is substantially unclogged.
NUM  10.
PAR  10. The vacuum cleaner clogging indicating means of claim 1 wherein said
      positive temperature coefficient resistor comprises a chip element
      electrically conductively secured to said thermally conductive means.
NUM  11.
PAR  11. In a vacuum cleaner having an air suction means including drive means,
      collecting means for removing entrained material from air flowed
      therethrough by said suction means, and means for conducting said air in
      heat transfer association with the drive means for cooling the drive
      means, means for indicating an undesirable clogging of the collecting
      means comprising: indicator means carried by said vacuum cleaner;
      thermally responsive means for operating said indicating means when the
      thermally responsive means is heated to above a preselected temperature;
      heater means having a preselected heating capacity for heating said
      thermally responsive means to above said preselected temperature; and
      thermally conductive means mounting said heater means and thermally
      responsive means in heat transfer association with at least one of said
      heater means and said thermally responsive means being in heat transfer
      association with the sucked air subsequent to its conduction in heat
      transfer association with said drive means for maintaining the thermally
      responsive means at a temperature below said preselected temperature when
      the collecting means is substantially unclogged whereby said indicating
      means is precluded from operating and thereby indicate the substantially
      unclogged condition of said collecting means, and permitting the heater
      means to heat said thermally responsive means to above said preselected
      temperature when the collecting means is substantially clogged whereby
      said indicating means is caused to operate and thereby indicate the
      substantially clogged condition of said collecting means, said thermally
      conductive means comprises a substrate element and said thermally
      responsive means includes a plurality of resistors comprising thick film
      resistors on said substrate.
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ABST
PAL  A suction tool for use in a vacuum cleaner including a nozzle defining a
      suction inlet including a mid-portion and an edge portion and structure
      for selective blocking of air flow through the mid-portion to provide
      selectively high suction force at the edge portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to vacuum cleaners, and in particular to suction
      tools for use in vacuum cleaners.
PAR  2. Description of the Prior Art
PAR  In one conventional form of vacuum cleaner, a nozzle is provided at the end
      of a hollow tube, or wand, for applying suction to the surface to be
      cleaned and permitting dirt loosened from the surface to be sucked in by a
      stream of air drawn through the nozzle and tube to the dirt collecting
      receptacle of the vacuum cleaner. The conventional suction nozzle of this
      type is transversely elongated with the tube extending from the
      mid-portion thereof. Thus, in the conventional nozzle arrangement, maximum
      suction is applied at the midportion of the nozzle.
PAR  One of the deficiencies of the conventional nozzle is its inability to
      efficiently suck dirt at the opposite ends of the nozzle. This presents a
      vexatious problem where the unit is being utilized to clean a floor
      surface adjacent a wall or other upright obstruction. Thus,
      conventionally, resort is had to bringing the nozzle to adjacent the wall
      with the direction of elongation thereof parallel to the wall surface
      requiring substantial repeated manipulation of the vacuum cleaner to
      effect the desired cleaning of the floor surface adjacent the wall. Such
      repeated manipulation presents the further problem of potential damage to
      the wall surfaces as the nozzle must be brought directly up to the wall in
      effectively cleaning the entire floor surface edge.
PAR  A number of different suction nozzle devices have been developed in an
      attempt to solve this vexatious problem. Thus, as shown in U.S. Pat. No.
      1,782,882 of S. H. Rippey, the nozzle is provided with means defining
      conduits extending to the opposite ends of the nozzle with the flow of air
      through the conduits being selectively blocked by a manipulatable valve
      and with the center portion of the nozzle remaining open at all times.
PAR  In the subsequent U.S. Pat. No. 1,895,584 of D. B. Replogle, an air
      cleaning tool is provided with an end closure means which is movable as a
      result of a downward pressure on the nozzle adjacent the side wheels to
      provide a controlled flow of air through the end openings. The wheels in
      the Replogle structure are disposed outwardly of the opposite ends of the
      nozzle, thereby preventing disposition of either nozzle end directly at a
      wall.
PAR  In U.S. Pat. No. 2,555,979 of G. E. Lofgren, a suction nozzle is shown
      having a valve for concentrating air flow at the end of the nozzle by
      varying the amount of closure of the mid-portion of the nozzle. At no time
      is the entire nozzle open to the tube.
PAR  In L. A. Wolf U.S. Pat. No. 3,550,183, a vacuum cleaner cleaning tool is
      shown having passages leading to the front corners of the nozzle. No means
      is provided for selectively controlling the relative air flow between the
      different portions of the nozzle inlet opening.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved vacuum cleaner suction tool
      having means for providing substantially the entire air flow through the
      nozzle selectively at the end of the nozzle when it is desired to use the
      nozzle for cleaning the edge of the floor surface adjacent a wall or
      similar upright obstruction.
PAR  More specifically, the invention comprehends such a suction tool including
      a nozzle defining a suction inlet opening including a mid-portion and an
      edge portion, a suction outlet opening, and a flow passage for conducting
      dirt laden air drawn through the suction inlet opening mid-portion and
      edge portion to the outlet opening, and means for selectively blocking air
      flow through the suction inlet opening mid-portion to provide selectively
      high suction force at the suction inlet edge portion or causing said
      mid-portion to be substantially unrestricted.
PAR  In the illustrated embodiment, the nozzle defines an upwardly facing front
      wall portion and the means for selectively blocking the air flow includes
      an adjusting control valve having a manipulating portion overlying the
      front wall.
PAR  The air flow blocking means may include a mounting portion and a valve
      integral with the mounting portion, the mounting portion further defining
      brush carrying means.
PAR  In the illustrated suction tool, means are provided for adjusting the
      nozzle for use with different pile height carpeting including an adjusting
      control member disposed adjacent the air flow blocking means adjusting
      control member.
PAR  Thus, the vacuum cleaner of the present invention is extremely simple and
      economical of construction while yet providing the highly desirable
      features discussed above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a top plan view of a vacuum cleaner suction tool embodying the
      invention;
PAR  FIG. 2 is a fragmentary bottom plan view thereof;
PAR  FIG. 3 is a front elevation thereof with portions broken away to illustrate
      the tool construction;
PAR  FIG. 4 is a fragmentary enlarged vertical section taken substantially along
      the line 4--4 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in FIGS. 1 and 2,
      a vacuum cleaner suction tool generally designated 10 is shown to comprise
      a nozzle 11 defining a suction inlet opening 12 including a mid-portion 13
      and opposite end or edge portions 14 and 15. The nozzle further defines an
      outlet tube 16 adapted to have tubular wand connected thereto for
      conducting dirt laden air delivered through the nozzle to a dirt
      collecting means (not shown) of conventional construction.
PAR  As best seen in FIG. 4, the nozzle includes a top wall 17 and a bottom wall
      18 cooperatively defining a flow passage 19 for conducting the dirt laden
      air drawn through the suction inlet opening 12 to the outlet 16. The
      nozzle defines an outlet opening 20 to which the outlet tube 16 is secured
      by suitable releasable latching means 21.
PAR  To facilitate loosening of the dirt, a brush 22 may be provided extending
      rearwardly adjacent the suction inlet opening 12. The brush may include a
      brush carrying portion 23 retained in a receptacle portion 24 of the
      nozzle bottom wall 18.
PAR  As indicated briefly above, the present invention comprehends the provision
      in such a suction tool of means for controlling the air flow through the
      inlet opening 12 so as to selectively permit the entire inlet opening to
      conduct the air into the nozzle, or only the end portions of the inlet
      opening to conduct the air through the nozzle. Thus, as shown in FIGS.
      2-4, the bottom wall 18 effectively defines an integral valve, or air flow
      blocking means 25 which extends across the mid-portion 13 of the inlet
      opening 12 but which terminates at the end portions 14 and 15 thereof so
      that end portions 14 and 15 are open at all times with mid-portion 13
      being selectively open or closed as desired by the user.
PAR  To effect such controlled disposition of the blocking means 25, a control
      knob 26 is rotatably mounted to the top wall 17 of the nozzle and is
      connected through a connecting portion 27 and link 28 to the blocking
      means 25 as shown in FIG. 4. Connecting portion 27 defines an arm
      extending radially from the axis of rotation of handle 26 so that rotation
      of the handle effectively longitudinally moves the link 28 to swing the
      air blocking means 25 between the full line position of FIG. 4 and the
      dotted line position thereof corresponding respectively to the obstructing
      and nonobstructing arrangements of the blocking means relative to the
      mid-portion 13 of the inlet. As shown in FIG. 1, the knob 26 is disposed
      to indicate, in combination with suitable indicia 30, the disposition of
      the blocking means so as to provide the suction selectively only at the
      ends of the nozzle or in the normal manner through the entire nozzle inlet
      opening. As further shown in FIG. 1, a second manual control 31 is
      disposed adjacent knob 26 for manually controlling the arrangement of the
      nozzle for use with different pile height carpeting, both manual controls
      being disposed in the mid-portion of the nozzle, as shown.
PAR  As shown in FIG. 4, the air blocking means or valve 25 may be formed
      integrally with the bottom wall 18 and may be connected thereto by an
      integral hinge 32 for facilitated low cost construction. Thus, the bottom
      wall, including the blocking element 25, may comprise a molded element
      formed of conventional synthetic resin material suitable to define the
      hinge 32.
PAR  As discussed above, air may flow upwardly through the end portions 14 and
      15 of the inlet opening 12 when the air blocking means or valve 25 is
      shown in the blocking position substantially closing the mid-portion 13 of
      the inlet opening. The air flows from the end portions 14 and 15 over the
      blocking means 25 and thence outwardly to the outlet opening 20 and outlet
      tube 16, with substantially the entire suction force developed by the
      vacuum cleaner air moving means acting to draw the air through these
      limited size end openings whereby an improved, highly efficient vacuum
      suction action is obtained at the end of the nozzle which may be disposed
      readily immediately adjacent the upstanding wall, or other vertical
      obstruction, alongside the surface to be cleaned.
PAR  The suction tool of the present invention is extremely simple and
      economical of construction and the selective operation of the air flow
      control may be readily effected in the desired use of the vacuum cleaner.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. A vacuum cleaner suction tool comprising: a nozzle defining a suction
      inlet opening including a midportion and an edge portion, a suction outlet
      opening, and a flow passage for conducting dirt laden air drawn through
      said suction inlet opening mid-portion and edge portion to said outlet
      opening; and blocking means for selectively substantially blocking air
      flow through said suction inlet opening mid-portion to provide high
      suction force at said suction inlet edge portion, said blocking means
      being incapable of restricting air flow through said suction inlet edge
      portion.
NUM  2.
PAR  2. The vacuum cleaner suction tool of Claim 1 wherein a plurality of such
      edge portions of the suction inlet opening are provided.
NUM  3.
PAR  3. The vacuum cleaner suction tool of Claim 1 wherein said suction inlet
      opening is elongated and a pair of such edge portions is provided one each
      at the ends of said opening.
NUM  4.
PAR  4. The vacuum cleaner suction tool of claim 1 wherein means are provided
      for adjusting the nozzle height for use with different pile height
      carpeting including an adjusting control member disposed at a portion of
      said nozzle, and said means for selectively blocking a flow includes an
      adjusting control member disposed adjacent said pile height adjusting
      control member.
NUM  5.
PAR  5. The vacuum cleaner suction tool of Claim 1 wherein said means for
      selectively blocking air flow comprises a flap-type valve and manually
      operable means for swinging said valve between flow-blocking and
      flow-passing positions across said mid-portion of the suction inlet.
NUM  6.
PAR  6. The vacuum cleaner suction tool of claim 1 wherein said means for
      selectively blocking air flow comprises a flap-type valve member formed of
      synthetic resin, a base portion, and an integral hinge connection between
      said valve member and said base portion.
NUM  7.
PAR  7. The vacuum cleaner suction tool of claim 1 wherein said nozzle defines
      an elongated hollow member having opposite ends, and said edge portion of
      the suction inlet opening comprises a portion thereof at an end of said
      nozzle.
NUM  8.
PAR  8. The vacuum cleaner suction tool of claim 1 wherein said blocking means
      includes a blocking means movable between a first position and a second
      position, said blocking means blocking said mid-portion air flow in said
      first position and causing said mid-portion to be substantially
      unrestricted in said second position.
NUM  9.
PAR  9. A vacuum cleaner suction tool comprising: a nozzle defining an upwardly
      facing top wall, a suction inlet opening adjacent said wall including a
      mid-portion and an edge portion, a suction outlet opening, and a flow
      passage for conducting dirt laden air drawn through said suction inlet
      opening mid-portion and edge portion to said outlet opening; and blocking
      means for slectively blocking air flow through said suction inlet opening
      mid-portion to provide selectively high suction force at said suction
      inlet edge portion or causing said mid-portion to be substantially
      unrestricted, said blocking means including valve means for selectively
      blocking air flow including an adjusting control member defining a
      manipulating portion overlying said top wall, said valve means being
      incapable of restricting air flow through said suction inlet edge portion.
NUM  10.
PAR  10. A vacuum cleaner suction tool comprising: a nozzle defining an upwardly
      facing top wall, a suction inlet opening adjacent said wall including a
      mid-portion and an edge portion a suction outlet opening, and a flow
      passage for conducting dirt laden air drawn through said suction inlet
      opening mid-portion and edge portion to said outlet opening; and blocking
      means for selectively blocking air flow through said suction inlet opening
      midportion to provide selectively high suction force at said suction inlet
      edge portion or causing said mid-portion to be substantially unrestricted,
      said blocking means including valve means for selectively blocking air
      flow including an adjusting control member defining a manipulating portion
      overlying said top wall, said blocking means including a mounting portion
      and a valve integral with said mounting portion, said mounting portion
      further defining a brush carrying portion.
NUM  11.
PAR  11. A vacuum cleaner suction tool comprising: a nozzle defining an upwardly
      facing top wall, a suction inlet opening adjacent said wall including a
      mid-portion and an edge portion, a suction outlet opening, and a flow
      passage for conducting dirt laden air drawn through said suction inlet
      opening mid-portion and edge portion to said outlet opening; and blocking
      means for selectively blocking air flow through said suction inlet opening
      midportion to provide selectively high suction force at said suction inlet
      edge portion or causing said mid-portion to be substantially unrestricted,
      said blocking means including valve means for selectively blocking air
      flow including an adjusting control member defining a manipulating portion
      overlying said top wall, said blocking means including a mounting protion
      and a valve integral with said mounting portion, said mounting portion
      further defining a brush carrying portion disposed rearwardly of said
      valve.
NUM  12.
PAR  12. The vacuum cleaner suction tool of claim 9 wherein said flow passage
      means includes means for conducting dirt laden air to the center of said
      nozzle and thence to said outlet opening.
NUM  13.
PAR  13. The vacuum cleaner suction tool of claim 9 further including means for
      adjusting the nozzle height for use with different pile height carpeting
      including an adjusting control member disposed adjacent said air flow
      blocking means adjusting control member.
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ABST
PAL  This invention is a curtain stopping device wherein a body is displacable
      on a curtain rail and is provided with a presser continuously urged toward
      the curtain rail so that the body can only be substantially moved by
      separating the presser from the curtain rail.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a curtain stopping device made to stop a curtain
      in any position.
PAC  BACKGROUND OF THE INVENTION
PAR  In the conventional case of closing curtains made and dividing a curtain
      texture by making them meet each other in the middle, they will not
      completely close in the middle and also, in the case of a curtain made of
      a sheet of a curtain texture to be opened or closed by being pulled to
      either end, they will not positively close at both ends or one end.
      Further, there are devices as shown in FIG. 3, where a stopper (18)
      provided with a magnet (19) in the end part which is fitted to an end part
      of the curtain material so that the curtains may be closed in the middle.
      However, such a device can not be used in the case of opening or closing
      the curtain only one side. In all the above described cases, the curtain
      will not be kept stopped in any position in the course of opening or
      closing it, and can be opened or closed under the influence of wind or the
      like which would be undesirable.
PAC  OBJECTS OF THE INVENTION
PAR  The present invention is made to eliminate such disadvantages and is to
      provide a stopping device which can stop a curtain in any opened or closed
      position through only the operation of a hanging string without being
      influenced by wind or the like.
PAR  An embodiment of the present invention shall be explained with reference to
      the drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevation with portions broken away and sectioned;
PAR  FIG. 2 is a vertically section of FIG. 1; and
PAR  FIG. 3 is a diagramatic elevation of a conventional prior art stopper.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A body (2) is displacably provided on a tubular curtain rail (1) having
      tracks 1" flanking a slot 1' and wheels (3) are rotatably fitted to the
      tracks 1" at opposite sides of the body (2) into running contact with the
      lower surfaces i.e., tracks inside the curtain rail (1). A cutout (4) in
      the lower portion of the body (2) is formed in the central part of the
      body (2) and projections (5) are provided to project respectively at both
      ends of the lower part of the cutout (4).
PAR  A brake assembly A comprises spring (8) which fits inside a tube (7) having
      a annular abutment portion (6) formed at the lower end and the spring is
      kept in contact at the lower end with the annular abutment (6). A presser
      (10), formed by bending a plate member, has braking or pressing contact
      portions (9) disposed in close contact, respectively with spaced lower
      surfaces S beneath the curtain rail (1), and presser 10 is fitted inside
      coil spring (8). Laterally projecting parts (11) are formed near a central
      portion of the presser (10) and contact the upper end of the coil spring
      (8). The upper part of the tube (7) is located between the opposed
      projections (5). A transverse retaining pin (15) extends through opposed
      holes (12) formed in the upper part of the tube (7) and a space (13)
      inside the presser (10) and at opposite ends into hole (14) in the
      projections (5) so that the tube (7) is anchored to the body (2) so that
      the braking or pressing contact parts (9) of the presser (10) will be
      continuously urged against the spaced lower surfaces S of the curtain rail
      (1); see FIG. 2.
PAR  Further, a hanging string (16) depends from the lower end P of the presser
      (10) and a curtain (17) (shown in phantom line) is fitted in the end part
      to the body (2).
PAC  OPERATION
PAR  When the hanging string (16) is pulled downward, the pressing contact parts
      (9) of the presser (10) will be separated from the lower surfaces S of the
      curtain rail (1) and the body (2) can be moved to open or close the
      curtain (17).
PAR  When the hanging string (16) is released, the presser (10) will be moved
      upward by the spring (8), the pressing contact parts (9) will press the
      lower surfaces outside the curtain rail (1) and the body (2) will be fixed
      to the curtain rail (1) and the curtain (17) will stop in any position.
PAR  In short, in the present invention, a body (2) movably provided on a
      curtain rail (1) is provided with a presser (10) always pressing the
      curtain rail (1) so that the body (2) may be moved by separating the
      presser (10) from the curtain rail (1) and therefore the curtain may be
      stopped in any position and may not be opened or closed under the
      influence of wind or the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A curtain positioning assembly comprising in combination:
PA1  an elongated tubular rail for suspending draw curtains or the like,
PA1  said rail including spaced longitudinal track portions flanking a
      longitudinal slot;
PA1  curtain hanger means mounted on said rail and movable therealong for
      opening or closing the curtains, the improvement in which said curtain
      hanger means comprises:
PA1  a plate member having upper roller means disposed within said rail and
      engaged on inner surface portions of said longitudinal track portion, said
      plate member having a portion depending through said longitudinal slot of
      said rail and means for suspending a curtain therefrom; and
PA1  a brake assembly mounted on said plate portion depending through said rail
      slot, said brake assembly comprising a tubular sleeve anchored on said
      depending plate portion beneath said rail tracks, said tracks having lower
      surface portions for engagement with braking means, a braking member
      reciprocatingly disposed in said sleeve anchored on said plate member,
      said braking member being displacable relative to said rail and sleeve,
      spring means disposed in said sleeve in engagement with said braking
      member and constantly urging the braking member toward said rail, said
      braking member having braking portions constantly urged toward and
      engageable with the respective, spaced lower surfaces of said rail track,
      said braking member having a portion depending through said sleeve for
      connection to a tension-applying means for overcoming said spring means to
      permit the curtain hanger means to be readily moved longitudinally along
      said rail.
NUM  2.
PAR  2. The structure as claimed in claim 1, in which said plate has a
      downwardly-opening cutout portion into which said braking member projects,
      said braking member comprising a transversely-slotted element having an
      upper transverse portion engaged beneath said rail tracks, the depending
      plate having lateral support portions flanking the path of movement of
      said braking member, a mounting pin extending transversely through said
      sleeve and braking member and being permanently anchored in said lateral
      support portions at respective opposite ends of said mounting pin.
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ABST
PAL  A hinge construction molded from a plastic composition material and
      comprising first and second cooperating components, the first component
      including a pair of spaced parallel ribs, each having a circular opening,
      the second component including a pair of spaced ears, each having a boss
      on its outer surface. In assembled relation the ears are disposed adjacent
      respective ribs and the bosses are journalled in respective openings. In
      assembling the components the ribs are caused to spread apart to permit
      entrance of the bosses into respective openings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a molded hinge construction which is
      adaptable for use in folding type chairs and in other articles or devices
      particularly, where such articles are formed of molded plastic or other
      moldable material.
PAR  The hinge of the present invention lends itself to being molded as an
      integral part of an article formed of plastic or other moldable material.
      The hinge embodies the requisite strength and rigidity for withstanding
      substantial strains and stresses to which it would be subjected in
      service. Furthermore, no loose parts are required in assembly, the
      assembly operation requiring merely locating the two cooperating parts in
      proper registration and snapping the same into operative engagement. For
      purposes of illustration, the hinge of my invention is shown in the
      drawings as being applied to a folding chair formed of molded plastic
      material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front perspective view of a folding chair embodying a hinge in
      accordance with the present.
PAR  FIG. 2 is a side elevational view, on an enlarged scale, of the chair
      illustrated in FIG. 1.
PAR  FIG. 3 is a view similar to FIG. 2, but showing the chair in folded
      condition.
PAR  FIG. 4 is a fragmentary side elevational view, on an enlarged scale, with a
      part broken away, showing the construction of the chair and hinge in
      assembled relation.
PAR  FIG. 5 is a cross-sectional view taken substantially on line 5--5 of FIG.
      4.
PAR  FIG. 6 is a cross-sectional view taken substantially on line 6--6 of FIG.
      4.
PAR  FIG. 7 is a view similar to FIG. 4, but showing the chair and hinge in
      closed condition.
PAR  FIG. 8 is a view similar to FIG. 4 showing the hinge elements in partially
      engaged relation.
PAR  FIG. 9 is a vertical cross-sectional view of one hinge component, taken
      substantially on line 9--9 of FIG. 10.
PAR  FIG. 10 is a cross-sectional view taken substantially on line 10--10 of
      FIG. 9.
PAR  FIG. 11 is a cross-sectional view of a cooperating hinge component taken
      substantially on line 11--11 of FIG. 12.
PAR  FIG. 12 is a cross-sectional view taken substantially on line 12--12 of
      FIG. 11.
PAR  FIG. 13 is a top plan view looking in the direction of the arrows 13--13 of
      FIG. 11, and
PAR  FIG. 14 is a verticcal cross-sectional view showing the hinge components in
      partially engaged relation.
DETD
PAC  BRIEF DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the drawings, the hinge 16 of the present invention is shown
      integrally incorporated in a folding chair 15 molded from plastic or any
      suitable moldable material. As illustrated, one of the hinge components,
      indicated generally by the numeral 20, is located at the intersection of
      an armrest 21 and a front leg 22 and is integrally molded with said
      armrest and leg. Leg 22 is continuous with the armrest 21 and the
      cross-sectional configuration of the armrest and leg are identical, each
      having a pair of parallel side members 23 and 24 connected by a transverse
      web 26 in a generally H-shape formation. Formed integrally with the web 26
      and disposed between the members 23 and 24 in parallel relation, are three
      spaced ribs or ears 28, 29 and 31. The central rib 29 is shaped
      substantially as illustrated in FIG. 9, terminating in outer edges 32 and
      33 and intersecting edges 34 and 36, both of which merge into an arcuate
      edge 37. Each of the outer ribs 28 and 31 is shaped substantially as
      illustrated in FIG. 9 and terminates in outer edges 38 and 39 which are in
      registration with edges 32 and 33 respectively, of rib 29, the edges 38
      and 39 being connected by an arcuate edge portion 40. The ribs 28 and 31
      extend beyond the edges 34, 36 and 37 of the central rib 29, with the
      surface of each inner marginal edge portion 41 being beveled, as shown. As
      will be seen in FIG. 10, the beveled surfaces 41 are disposed in
      confronting relation. Each of the outer ribs 28 and 31 is provided with a
      circular opening 42, said openings being in coaxial registration with each
      other and with the arcuate edge 37. A shoulder 43 is integrally formed on
      the web 26 of the leg 22 to function as a stop, as will hereinafter be
      explained. As seen in FIG. 9, the edge portions 23a and 24 a of the
      members 23 and 24 are parallel to respective edge portions 34 and 36.
PAR  The cooperating hinge component 44 is illustrated as being an integral part
      of a molded leg 46 of the chair. Referring to FIGS. 11 and 12, the body of
      the leg 46 comprises a pair of spaced parallel side members 47 and 48
      connected by an integral web 49 and substantially H-shape, in cross
      section. Web 49 terminates at its upper end short of the upper edges 51 of
      the side members 47 and 48. Each of said upper edges includes an arcuate
      portion 51a and a straight portion 60 tangent thereto. Extending upwardly
      from the web 49 intermediate the members 47 and 48 are a pair of spaced
      ears 52 and 53, shaped substantially as illustrated in FIGS. 11 and 12,
      and provided with abutment edge portions 54, 55 and 56. Each of the ears
      52 and 53 is provided on its outer surface with a circular boss 57, with
      said bosses being in coaxial registration and also coaxial with the
      arcuate edge portion 51a. An integral bridging portion 52a reinforces ears
      52 and 53 against flexing.
PAR  The two hinge components 20 and 44 may be readily assembled in the manner
      illustrated in FIGS. 8 and 14. The ears 52 and 53 are inserted in the
      space between the ribs 28 and 29 and 29 and 31, the entrance into said
      spaces being facilited by the beveled edges 41 on the ribs 28 and 31. As
      seen clearly in FIG. 14, the ribs 28 and 31 are caused to spread or to be
      cammed outwardly upon engagement with the bosses 57. Continued inward
      movement of the hinge component 44 relative to the component 20 will
      dispose the bosses 57 in axial registration with the openings 42,
      permitting the bosses 57 to enter into said openings, at which point, the
      normal resilience of the ribs 28 and 31 causes said ribs to resume their
      normal condition locking the two components 20 and 44 in assembled
      relationship while permitting relative movement of the components. As seen
      in FIGS. 4, 6 and 7, in assembled relation, the side members 23 and 24 are
      in planar registration with the side members 47 and 49, respectively, and
      the arcuate edges 51a of component 44 are concentric with and contiguous
      to the arcuate edges 37 of component 20.
PAR  It will be understood that the degree of relative movement between the
      hinge components 20 and 44 may be varied depending upon the ultimate use
      of the hinge construction. In the present application of the hinge in a
      chair, the limits of relative movement of the hinge components are shown
      in FIGS. 4 and 7. In the open or in use position shown in FIGS. 4, 5 and
      6, certain edge portions of leg 46 abut the armrest 21 and leg 22 and
      constitute weight bearing surfaces. For example, edge portions 55 abut web
      26 of 22, edge portions 56 abut web 26 of arm 21, edge portions 60 abut
      edge portions 34, and the peripheries of bosses 57 abut the walls of
      openings 42. Also, edge portions 54 engage the shoulder 43 which functions
      as a limiting stop for leg 46. It will be understood that the
      relationships above described apply to corresponding parts of both legs
      46. In the closed or collapsed position, illustrated in FIGS. 3 and 7, leg
      46 lies adjacent leg 22.
PAR  Various changes coming within the spirit of my invention may suggest
      themselves to those skilled in the art; hence, I do not wish to be limited
      to the specific embodiments shown and described or uses mentioned, but
      intend the same to be merely exemplary, the scope of my invention being
      limited only by the appended claims.
CLMS
STM  I CLAIM:
NUM  1.
PAR  1. A molded hinge construction comprising first and second cooperating
      components molded from a plastic composition material, the first component
      including a pair of spaced parallel ribs integral with a transversely
      extending web, an intermediate rib integral with said web and disposed
      intermediate and in spaced relation to said parallel ribs, each of said
      parallel ribs having a circular opening with said openings being in
      coaxial registration, the second component including a pair of spaced
      ears, each having on its outer surface a circular boss with said bosses
      being in coaxial registration and journalled in respective circular
      openings, said ears being received in respective spaces between said
      parallel and intermediate ribs with the intermediate rib being received
      between said ears.
NUM  2.
PAR  2. The invention as defined in claim 1 including cooperating means on said
      components for limiting the relative movement between said components.
NUM  3.
PAR  3. The invention as defined in claim 1 in which the parallel ribs include
      beveled edges adjacent the openings to facilitate assembly of said
      components.
NUM  4.
PAR  4. A molded hinge construction comprising first and second components
      molded from a plastic composition material, the first component including
      a pair of spaced parallel side members and a transversely extending web
      integral with said side members, a pair of parallel ribs disposed normal
      to said web and spaced from said parallel side members and from each
      other, a central rib intermediate and in spaced relation to said pair of
      ribs and disposed normal to said web, each of said parallel ribs having a
      circular opening with said openings being in coaxial registration, the
      second component including a pair of spaced ears, each having on its outer
      surface a circular boss with said bosses being in coaxial registration and
      journalled in respective circular openings, said ears being received in
      respective spaces between said parallel and intermediate ribs with the
      intermediate rib received between said ears.
NUM  5.
PAR  5. The invention as defined in claim 4 in which the second component
      includes a pair of side walls parallel to and spaced outwardly of said
      spaced ears with each side wall being in coplanar registration with a
      respective side member of said first component.
NUM  6.
PAR  6. The invention as defined in claim 5 in which the side members and side
      walls have cooperating interengaging edges with certain of said edges
      constituting weight bearing surfaces.
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ABST
PAL  The invention involves pulling the hide mechanically from beef carcasses,
      in a manner such as to avoid hide and carcass damage without resorting to
      electric stimulus, and without the need for trimming knife labor in
      removing the hide effectively and advantageously from the skull of the
      carcass.
PARN
PAR  This is a division of application Ser. No. 304,386, filed Nov. 2, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various methods have been employed heretofore in mechanically pulling the
      hides from meat animals, as a step in the processing of meat on a rapid
      production basis. According to one method, as disclosed in U.S. Pat. No.
      3,626,550, a carcass is suspended by the hind legs and mechanical means
      are provided for stripping a loosened hide from the hindquarters toward
      the head. In this patent, electric stimulus is employed to cause carcass
      muscle contraction, which is said to stiffen the carcass and facilitate
      progressive removal of the hide from the body and the skull as a
      continuous operation. A somewhat similar operation is disclosed in the
      U.S. Pat. No. 3,537,130.
PAR  The prior methods above mentioned have been employed both with and without
      the aid of electric stimulus, with varying degrees of success. In some
      forms of mechanical apparatus for hide removal, the hide stripping
      operation commenced at the skull and progressed toward the hindquarters.
      This usually entailed a preliminary burden of skillful hand knifing at the
      skull, as well as along the sides of the carcass, without decreasing the
      liklihood of damage to the hide, flesh, and spine of the carcass. Such
      devices usually pulled the hide laterally then upwardly toward the
      hindquarters of the suspended carcass, as disclosed in a general way by
      the drawings hereto appended.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the hides of a suspended carcass
      is slitted along the belly and throat of the carcass, whereupon the use of
      a "Jarvis" air knife or equivalent cutting or trimming implement, flaps of
      hide are produced at opposite sides of the carcass along substantally the
      full length thereof in accordance with common practice. The carcass,
      suspended from its hind legs, is conveyed to a hide puller which comprises
      a plurality of moving upstanding hooks which travel for a distance along a
      somewhat lateral course, away from the spine of the carcass, and then
      digress approximately vertically upwardly to an upper limit of travel well
      above the point of suspension of the carcass.
PAR  A yoke member preferably in the form of a chain, with opposite free ends
      and an intermediate anchor portion, is used for pulling the hide
      progressively from the skull and thereafter from the remainder of the
      carcass, as a selected hook of the hide puller advances the yoke member
      steadily from a lower or base position toward the upper limit of travel.
PAR  The opposite free ends of the yoke member are provided with flap grippers
      or loops, which securely grip opposite side flaps of the hide produced by
      an advance skinning of the forelegs and chest. The intermediate or anchor
      portion of the yoke member is adapted to engage a traveling hook of the
      hide puller, by the simple act of throwing the anchor portion over the
      upstanding end of the hook.
PAR  During advancement of the yoke member by a traveling hook as stated, the
      previously skinned forelegs of the animal are drawn away from said hook in
      a direction opposite to the direction of the initial hook advancement.
      This withdrawal of the forelegs tends to arch the neck and spine of the
      carcass over the shoulders and back, while the yoke member continues to
      advance and to eventually skin the skull clear of hide. Further
      advancement of the yoke member dehides the shoulders, back, and
      hindquarters progressively and usually without the need for any knife
      work.
PAR  It has been determined that the procedure above outlined dehides the
      carcass without damage to the spine, the hide, or the flesh of the
      carcass, and this is accomplished without the use of electric stimulus. It
      is believed that contraction of the spine, rather than elongation or
      stretching thereof, results from arching the spine as stated, during
      detachment of the hide therefrom. By eliminating or minimizing stretch,
      and possible tearing of tissue or muscle connecting the vertebrae of the
      spine, the present invention ensures the production of meat which will
      readily pass inspection and reach the market in palatable condition.
PAR  Additional advantages resulting from practice of the present invention are
      that one man can be eliminated at kill rates as low as 35 cattle per hour,
      and about one pound of additional head meat is left on the carcass.
PAR  Another pronounced and important advantage is that an improved hide
      take-off from the upper back occurs due to the inclination imparted to the
      carcass by the stanchion, or secondary puller.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a carcass suspended from a conveyor
      before an up-pulling hide puller, and showing a counterpuller in
      conjunction therewith, the components being illustrated in a condition
      free of stress.
PAR  FIG. 2 is a side view similar to FIG. 1, showing the carcass undergoing
      dehiding in accordance with the teaching of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As is usual, the meat processing plant includes a conveyor system from
      which a multiplicity of carcasses 6 are suspended by the hind legs 8. The
      head 10 and forelegs 12 are lowermost, as shown. The conveyor system,
      denoted generally by the reference numeral 14, may be conventional, and
      will serve to carry the carcasses successively into position for removal
      of the hide 16. Before reaching the hide remover or hide puller mechanism
      20, the hide will have been slitted along the belly, and trimmed at the
      legs and shanks by means of a knife to provide flaps 18 at opposite sides
      of the carcass, the flaps extending from the region of the jawbones to the
      rear of the hind leg shanks, approximately.
PAR  A conventional hide puller denoted generally by the numeral 20 may comprise
      a heavy frame 22 in which is journaled a series of sprockets or wheels 24,
      26, 28, over which is trained an endless chain or conveyor 30 that carries
      a plurality of outwardly extending hooks 32 equally spaced along the
      chain. A curved guide rail 34 mounted upon the machine frame, guides the
      chain to provide a substantially lateral section or reach 36, and an
      upwardly directed section or reach 38. The chain may be advanced upon the
      several sprockets by means of a motor 40 and speed reducer 41, or any
      suitable drive mechanism, in the direction of the arrow shown. The hooks
      of the chain reach an elevation considerably above the suspension point of
      carcass 6.
PAR  The reference numeral 42 indicates a guide means for control of the hide
      undergoing removal, and forms no part of the present invention.
PAR  At 44 is indicated a chain or equivalent flexible element, formed as a yoke
      having two hide gripper arms 46 and 48 divergent from an intermediate
      connecting portion 50. The free ends of arms 46 and 48 carry flap grippers
      to securely grip the foreleg hide flaps at 54. The connecting porition 50
      is adapted to engage a hook such as 32 of the movable conveyor chain 30.
      The portion 50 may be referred to as an anchor portion of the yoke member.
      The anchor portion 50 is easily and quickly placed manually in engagement
      with a hook 32, where it will remain until the hide has been stripped from
      the carcass. The anchor portion disengages from the hook after the
      detached hide is drawn upwardly under a hood 52 and falls by gravity at
      the rear of the hide puller.
PAR  In accordance with the present invention, there is provided in conjunction
      with the up-pull type primary hide puller, a secondary or auxiliary puller
      or stanchion denoted generally by the numeral 60. Puller 60 operates to
      draw the previously skinned forelegs 12 in a direction substantially
      opposite to the pull initially exerted upon the hide by hook 32.
PAR  The secondary puller 60 comprises a base or fixed platform 62 upon which is
      pivoted at 64 an inclined stanchion 66, the stanchion being provided along
      a portion of its length with a series of studs or anchor members 68
      located at different distances from pivot 64. Members 68 furnish means for
      anchoring a pair of pull chains 70, 70 to the stanchion, which chains at
      their opposite ends 72 are secured about the forelegs 12, one chain being
      attached to each foreleg. The attachments at 72 may be formed by loops in
      the chains, to facilitate and expedite securement and release of the leg
      connections.
PAR  The stanchion 66 may be swung about pivot 64 by power means, between the
      inoperative full line position of FIG. 1 and the operative broken line
      position thereof. One form of power means is shown by way of example, as a
      pneumatic cylinder motor 74 under the control of a valve 76 located
      preferably near the attendant's station at the primary hide puller. The
      pneumatic cylinder may have pivotal connections at 76, 78 with the
      platform 62 and stanchion 66, respectively, for proper operation.
PAR  As shown, the secondary puller appears to employ a single pneumatic
      cylinder operative upon a single upright stanchion member 66, which member
      66 provides anchorage for two identical foreleg chains 70, one being
      attachable to each foreleg of the carcass. In practice, however, it may be
      desirable to construct the stanchion as a rigid open frame having two
      uprights, such as 66, arranged in a common plane, and movable in unison by
      two pneumatic cylinders each operative upon one of the uprights. The open
      frame may be rectangular in form. It is important, of course, that the two
      cylinders operate simultaneously to apply equal pulling forces to the two
      foreleg chains.
PAC  OPERATION OF THE DEVICE
PAR  The carcass 6 is prepared in advance of the hide removal operation, by
      slitting the hide lengthwise along the belly, and knife-trimming the hide
      from the forelegs, the hind legs and shanks, to form the longitudinal
      flaps 18 along opposite sides of the carcass. The head 10 is not to be
      skinned in advance, because the hide will be peeled from the head incident
      to the pulling procedure, with substantial advantage resulting.
PAR  The carcass prepared as stated, is conveyed head down, to the vicinity of
      the primary and secondary hide pullers, where an attendant attaches the
      skinned forelegs by means of chains 70 to the forwardly inclined stanchion
      66, (see full lines 66 of FIG. 1); also, the yoke chains 46, 48 will be
      secured to the foreleg side flaps at 54 at opposite sides of the neck or
      shoulders. Then the attendant engages the intermediate anchor portion 50
      of the yoke onto the nearest hook 32 of the primary hide puller. Hook 32
      in advancing will exert an initial lateral pull upon the side flaps at 54,
      by way of chain sections 46 and 48. After said chain sections have reached
      a state of tension, the attendant may manipulate valve 76 to effect
      pneumatic withdrawal of stanchion 66 to or toward the operative position
      of FIG. 2.
PAR  As shown by FIG. 2, continued advancement of the operative hook 32
      laterally, effects removal of hide from the shoulders and head 10, while
      the forelegs are drawn in the opposite direction by the secondary puller.
      Further advancement of hook 32, in upward direction, effects removal of
      hide completely from the back and rump, whereupon the attendant may
      manipulate valve 76 to restore stanchion 66 to the initial inoperative
      position, at which the chains 70 free of stress, may be detached from the
      forelegs of the carcass.
PAR  It is here to be noted that the counterforce imposed upon the forelegs of
      the carcass by the secondary puller 60, limits the extent to which the
      primary puller may contort the neck, head and vertebrae of the spine, as
      hook 32 proceeds toward and onto the upswing of its advancing movement.
      One important effect of said counterforce is evidenced by a clean and
      complete dehiding of the head, without the aid of the trimming knife. The
      head is cleanly dehided without objectionable tearing of flesh or fat
      therefrom. Accordingly, there is suffered no unnecessary loss of carcass
      weight, and the hide removed is found unusually clean and clear of
      unwanted flesh.
PAR  Another important accomplishment of the instant procedure, concerns the
      quality and appearance of the meat produced. Heretofore it was considered
      necessary to contract and stiffen the spine and surrounding muscles during
      dehiding, by applying electric stimulus or shock to the carcass, in order
      to preclude tearing, mutilation, and discoloration of the carcass meat as
      the hide was stripped therefrom. The present invention renders unnecessary
      the labor and expense of such electric stimulation, as the same results
      are realized by the proper application of pulling forces as herein taught.
PAR  It is believed that the opposing forces applied to the carcass by the
      primary and secondary hide pullers as herein taught, result in a
      controlled inward flexing (FIG. 2) of the spine which cramps and stiffens,
      rather than stretch the vertebral structure and its supporting muscles and
      tissues, so that these parts may not readily yield and tear apart under
      the stress of hide stripping.
PAR  Use of the method and apparatus herein disclosed minimizes the labor and
      expense of meat production, improves the quality and the appearance of
      meat produced, and results in the production of high quality unblemished
      hides on a major scale. By avoiding damage to the carcass in processing,
      this method facilitates and expedites inspection and passage in the
      application of health standards.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for removing the hide from a meat carcass having the hide
      slitted lengthwise of the belly, the hide being partially detached from
      the carcass to provide side flaps disposed along opposite sides of the
      carcass, said apparatus comprising: a conveyor suspending the prepared
      carcass from at least one hind leg with the head and forelegs lowermost; a
      primary hide puller including means to grip the side flaps at opposite
      sides of the suspended carcass and forcibly pull the side flaps in a
      common direction toward and beyond the spine of the suspended carcass; and
      a secondary puller including means to grip the forelegs and forcibly pull
      said forelegs in a direction substantially opposite to the direction of
      pull applied to the side flaps by said primary hide puller.
NUM  2.
PAR  2. Apparatus as defined by claim 1, wherein the direction of pull applied
      initially to the hide by the primary and secondary hide pullers, are
      lateral to the longitudinal axis of the suspended carcass.
NUM  3.
PAR  3. Apparatus as defined by claim 2, wherein the primary hide puller
      includes means to change its direction of pull to one which substantially
      parallels the longitudinal axis of the suspended carcass.
NUM  4.
PAR  4. Apparatus as defined by claim 1, wherein the gripping means of the
      primary hide puller is applied to the side flaps at locations proximate to
      the jawbones of the carcass head, to ensure pulling the hide from the head
      in advance of detachment of the hide from the back of the carcass.
NUM  5.
PAR  5. Apparatus as defined by claim 1, wherein the foreleg pulling means of
      the secondary puller includes a stanchion movable toward and from the
      longitudinal axis of the suspended carcass, and flexible means for
      detachably connecting the forelegs to said movable stanchion; and means
      under the control of an attendant for so moving said stanchion.
NUM  6.
PAR  6. Apparatus as defined by claim 5, wherein the means last mentioned is
      located upon the primary hide puller.
NUM  7.
PAR  7. Apparatus as defined by claim 5, wherein the direction of pull applied
      initially to the hide by the primary and secondary hide pullers, are
      lateral to the longitudinal axis of the suspended carcass.
PATN
WKU  039369099
SRC  5
APN  4357728
APT  1
ART  324
APD  19740123
TTL  Apparatus for severing thin tubing members
ISD  19760210
NCL  32
ECL  26
EXA  Gilden; Leon
EXP  Hinson; Harrison L.
NDR  3
NFG  8
INVT
NAM  Carter; Clarence F.
CTY  Danville
STA  IL
ASSG
NAM  Carter Engineering Company
CTY  Danville
STA  IL
COD  02
CLAS
OCL   17 42
EDF  2
ICL  A22C 1102
FSC   83
FSS  171;16;53
FSC  225
FSS  2;93.5;94;96;96.5
FSC   17
FSS  42
UREF
PNO  2106274
ISD  19380100
NAM  Frayer et al.
OCL  225 94
UREF
PNO  3110058
ISD  19631100
NAM  Morbach
OCL   17 42
UREF
PNO  3600994
ISD  19710800
NAM  Zapater
XCL   83171
LREP
FRM  Burns, Doane, Swecker & Mathis
ABST
PAL  A method and apparatus for severing a length of shirred casing from a
      length of unshirred casing utilizes a mandrel onto which an unshirred
      casing is introduced. A fluid is injected between the casing and the
      mandrel. The casing is shirred into tight overlays to provide a length of
      shirred casing. This length of shirred casing and the yet unshirred casing
      are engaged to displace them relative to and sever them from each other.
      Prior to severence, the casing is circumferentially weakened by thermal
      partial decomposition of the casing or by at least partial penetration
      with a weakening tool that does not engage the mandrel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an apparatus for severing thin tubing
      members or casings such as are used to contain prepared meats in the
      manufacture of sausages and other products. More specifically, the
      invention relates to an apparatus for severing shirred from unshirred
      portions of a casing.
PAR  Previously, sausage and other similar meat products were made by injecting
      certain prepared meats into lengths of the intestines of various animals.
      More recently, artificial cellulosic materials have been substituted for
      the natural intestine casing. Such artificial casings may be produced in
      virtually endless lengths. Extremely long lengths, however, may be
      difficult to handle in the manufacturing of sausage and other similar
      products. Thus, the thin, artificial casing material is compressed into
      relatively short axial lengths by shirring, i.e., laying the casing into
      tight axial folds or overlays. The casing material may thereby be reduced
      to convenient lengths called "sticks." The shirred sticks may be
      subsequently injected with prepared meat under sufficient pressure to
      unshir the stick and fill the previously shirred casing.
PAR  Though various methods are employed in the processing of casing into
      shirred lengths as described above, a conventional method involves the use
      of a storage roll from which casing material is drawn over a feeding
      roller and between driving belts. The driving belts grip the casing
      against the resistance of air pressure introduced into the interior of the
      casing by an apertured, inflating mandrel around and along which the
      casing moves. The driving belts direct the casing into a plurality of
      shirring rollers which shirr or lay the casing in tight folds or overlays
      to provide a highly compacted, shirred length of material.
PAR  Since it is desired commercially that the shirred casing material be
      cleanly cut, a cutter must be provided. It is in this regard that the
      present invention is useful in cleanly and quickly severing the shirred
      casing from the unshirred portion. With regard to this and other
      applications, the devices of the prior art entail a number of problems,
      such as those discussed below, which have not been dealt with or which
      have not been dealt with effectively.
PAR  Many of the devices for cutting casings which appear in the prior art may
      fail to cleanly cut the casing. An ineffective cut may produce loose
      flags, strands, or tatters in the area in which the casing materials are
      cut. Such loose flags, strands, or tatters may become embedded in the
      prepared meats which fill the casings and may be unpleasant to persons
      consuming the finished product. Such loose flags also may interfere with
      the forming of a finished sausage into lengths and may hamper the
      formation of an adequate seal at the end of the sausage.
PAR  Of independent significance, the loose flags, strands, or tatters which may
      result from ineffective cutting of the casing may also hamper satisfactory
      securement of the prepared casing to the machine which fills the casing
      with prepared meats. Moreover, these loose flags, strands, or tatters may
      render the casing more vulnerable to splitting or tearing in the area
      adjacent thereto.
PAR  Those devices of the prior art may be subject to other problems, as well as
      those of loose flags, strands, or tatters, which may occur at the severed
      section. These devices may be subject to a further difficulty of residual
      stresses and distortions introduced into the end of the casing adjacent
      the point at which the casing was severed by tearing or other such
      severing operations. Such residual stresses and distortions may render the
      end of the casing more susceptible to tearing and rupture and may impart
      irregular shape to the casing. A rupture, of course, may be wasteful of
      meat and casing. It would thus be desirable if an apparatus could be
      provided for cutting casings for prepared meats which would avoid residual
      stresses and distortions in the casings.
PAR  Other devices of the prior art which are employed to cut casings for meat
      may introduce stresses of unacceptable magnitude into the mandrel around
      and along which the casing is passed. A mandrel which is employed to
      support and inflate the casing may be rather long and slender and may be
      supported at only one end. Being loaded with a length of casing, a mandrel
      of the type just described may be particularly vulnerable to
      overstressing, fatigue, and fracture, particularly if forces applied to
      the mandrel are not balanced, or if they are cyclical in application.
      Fracture of a mandrel as a result of overstressing or fatigue may result
      in leakage of the inflating medium and may require costly repair during
      which the machine for preparing the casings may be idle. It would thus be
      desirable if an apparatus could be provided for cutting the casing for
      meat which would apply only balanced forces to the mandrel or which would
      apply no forces whatever to the mandrel.
PAR  The shirring of the casing may be conducted at high speeds. In this regard,
      many of the devices for cutting cashings which appear in the prior art may
      not function at a sufficiently high speed to provide economical production
      of the shirred casing materials. These devices may involve a relatively
      large number of parts which interact in a relatively complicated sequence
      of operation. Such arrangements may not only slow production but also may
      be vulnerable to wear and mechanical failure. In addition, such
      arrangements may require frequent lubrication which may contaminate the
      casing. Thus, it would be desirable if an apparatus for cutting casings
      for meats could be provided which could operate at a higher and more
      economical speed compatible with that of the shirring operation and yet
      remain simple in construction and relatively maintenance free.
PAR  Moreover, devices of the prior art subject to one or more of the problems
      discussed above may introduce unnecessary costs to the preparation of
      shirred casing. To the extent loose flags, strands, or tatters product a
      less acceptable finished product or hamper proper injection of meat into
      the casing, the cost of the finished sausage or other product may be
      increased. Similarly, shirred casing unnecessarily weakened may waste both
      casing and meat and may thus increase costs. Also, a mandrel which fails
      due to overstressing or fatigue, and which must be replaced also may
      increase costs of preparing shirred casings as may slow, uneconomical
      production and the maintenance requirements associated with a complex
      structure.
PAR  A U.S. Pat. No. 3,112,517, issued to Clifford E. Ives is illustrative of
      certain of the problems discussed above. This patent discloses a device
      for cutting casing wherein a digger or catch finger lifts and radially
      engages and penetrates the folds of the shirred casing. Opposed pinch
      rollers next advance in the direction in which the casing is shirred to
      unshirr a portion of the casing. Once the pinch rollers pass the catch
      finger and unshirr a length of casing, a scoring yoke or cutter moves
      radially to score and tightly clamp the casing against the support mandrel
      at points of contact on opposite sides of the mandrel. The continued
      movement of the pinch rollers tears the casing into opposed lengths,
      leaving triangular flaps, which are referred to as fishtails. The pinch
      rollers complete the operation by reshirring the unshirred casing.
PAR  A particular problem which would seem to occur with the Ives device is that
      the manner in which the casing is severed may cause undesirable loose
      flags, strands, or tatters and the associated problems mentioned earlier.
      It will be recalled from the preceding that the casing is scored and
      clamped against the mandrel on opposite sides thereof. The casing is
      subsequently torn into opposed lengths. It would seem apparent that this
      clamping and tearing may leave undesirable loose flags, strands, or
      tatters at the point at which the casing is severed.
PAR  Furthermore, it appears that the method of cutting casings disclosed by the
      Ives patent may apply considerable unbalanced force to the long, slender
      mandrel and thus, may overstress or fatigue the mandrel. It will be noted
      that considerable unbalanced force may be exerted on the mandrel by the
      catch finger during penetration between the folds of the shirred casing.
      Similarly, considerable unbalanced force may be exerted on the mandrel by
      the scoring yoke which must engage and clamp the casing against the
      mandrel with sufficient force to score and tightly secure the unshirred
      casing. It would thus appear that the individual or combined effects of
      these forces may overstress, fatigue, and eventually fracture the long,
      slender mandrel.
PAR  Finally, it would appear that the Ives device may entail a relatively large
      number of components which interact in a relatively complex manner. The
      number of parts would appear to introduce related problems of increased
      maintenance and lubrication requirements.
PAR  A U.S. Pat. No. 3,110,058, issued to Walter V. Marbach discloses a device
      which may involve many of the problems discussed earlier. The device
      disclosed in the Marbach patent provides a rotating gripping member on
      which are disposed pivoting jaws which grip and clamp an unshirred portion
      of the casing against the mandrel. When the gripping member has been
      rotated into position and the casing clamped against the mandrel, movement
      of the gripping member parallel to the longitudinal axis of the mandrel
      severs the casing at the leading edge of the gripping member by simple
      overstressing against the resistance of the shirring wheels.
PAR  Not only may this device be subject to the problem of loose flags, strands,
      or tatters which may develop incident to incomplete circumferential
      gripping of the casing, but also residual stresses and distrotions may be
      introduced in the portion of the casings adjacent the severed section.
      Such residual stresses and distortions may cause undesirable weakness and
      irregularity in shape in the end of the casing as mentioned earlier.
      Severing the casing by simple overstressing may also not effect the
      separation at the desired section of the casing. In other words, since an
      overstressed casing will break at the weakest point along the overstressed
      length, simple overstressing of the casing may not sever the casing at the
      desired point.
PAC  OBJECTS AND SUMMARY OF THE PREFERRED FORMS OF THE INVENTION
PAR  It is therefore a general object of the invention to provide a novel
      apparatus for cutting casings for meat intended to solve or minimize the
      problems of the type previously noted.
PAR  It is a particular object of the invention to provide a novel apparatus for
      cutting casings for meats wherein the casing is cut between the shirred
      and the unshirred portions of the casing in a clean and complete fashion
      free of loose flags, strands, or tatters at the severed edge.
PAR  It is another object of the invention to provide a novel apparatus for
      severing casings for meats which, while cleanly and effectively severing
      the casing, maintains the casing free of residual stresses and distortions
      in the zone of severing.
PAR  It is yet another object of the invention to provide a novel apparatus for
      severing casings for meats wherein the mandrel supporting the casing is
      maintained in a relatively stress free condition and is not acted upon by
      unbalanced forces exerted incident to the severing operation.
PAR  It is a further object of the invention to provide a novel apparatus for
      severing casings for meats wherein the severing of the casing is effected
      essentially at the interface of the shirred and the unshirred portions at
      a speed compatible with the high speed of the associated shirring
      operation.
PAR  It is still a further object of the invention to provide a novel apparatus
      for severing casings for meats which, by reason of the simplicity of its
      structure and operation, is less costly to operate and maintain.
PAR  An apparatus for severing casings according to a preferred embodiment of
      the invention intended to accomplish at least some of the foregoing
      objects, functions in cooperation with a shirring apparatus which
      processes unshirred casing into shirred casing.
PAR  Such a shirring apparatus may take a number of forms, but is generally
      comprised of a storage roll upon which a virtually endless length of
      casing is stored. The casing is directed from the storage roll through
      opposed feeding rollers in a desired direction. The casing is subsequently
      advanced around and along a hollow, apertured mandrel through which a
      pressurized inflating medium, such as compressed air, is introduced into
      the interior of the casing.
PAR  Opposed driving belts grip the inflated casing and continue the advancement
      of the casing along the mandrel. The driving belts further advance the
      casing into shirring rollers. The shirring rollers may be disposed at
      equal 120.degree. intervals about the mandrel. The shirring rollers are
      positioned in sufficient proximity to the mandrel to frictionally grip the
      unshirred casing and shirr it against the resistance of a slowly and
      uniformly retreating backup block.
PAR  In the preferred embodiment this backup block is rigidly secured to the
      mandrel. Thus, both the mandrel and the backup block retreat as a unit as
      shirred casing accumulates on the mandrel. Once the shirring rollers shirr
      a desired length of casing and only the tip of the mandrel remains between
      the shirring rollers, means are actuated to stop the shirring mechanism
      while the mandrel continues its retreating movement. This continued
      movement of the mandrel tends to draw or pull a short length of unshirred
      casing immediately downstream from the now stopped shirring rollers in a
      direction towards the length of already shirred casing. After this short
      length of unshirred casing is advanced to a desired position, the novel
      apparatus for cutting the casing, according to the present invention,
      comes into operation.
PAR  The novel apparatus for cutting the casing employs penetrating means to at
      least partially penetrate substantially an entire circumference of the
      casing between the shirred and the unshirred portions thereof.
      Concurrently the shirred and unshirred portions are firmly engaged by
      first and second engaging means. Finally, a displacing means displaces the
      first engaging means relative to the second engaging means to thereby
      sever the shirred from the unshirred casing.
PAR  In a preferred form, the apparatus severs the shirred casing from the
      unshirred casing at a location essentially defining the interface of the
      shirred and the unshirred portions of the casing material. The severing is
      accomplished by the composite motion of the severing apparatus wherein a
      separating means, comprised of engaging means of suitable form for
      engaging the casing, first secures the adjacent shirred and unshirred
      portions of casing. Concurrently, said penetrating means, hereinafter more
      fully described, pivot in a radial plane to a position of normal contact
      with the casing and at least partially penetrate substantially the full
      circumference of the casing essentially at the interface of the shirred
      and the unshirred portions without contacting the mandrel which carries
      the shirred casing. The shirred portion of the casing is next displaced
      relative to the held in place unshirred portion to effect a separation of
      the shirred from the unshirred portions at the section at which the
      circumferential penetration has taken place.
PAR  Of independent significance, the penetrating means at least partially
      penetrates the casing but without contacting the mandrel around which the
      casing is carried. The inflating medium, e.g., compressed air, is
      continuously introduced against an inside of the casing to provide a
      "fluid cushion." It is against the force of this fluid cushion that the
      penetrating means presses the outside of the casing to effect the at least
      partial penetration of the casing.
PAR  The separation means is preferably comprised of first engaging means for
      engaging the shirred casing and second engaging means for engaging the
      unshirred casing. The first engaging means may be moved into position for
      this purpose by a cam arrangement or other means, a preferred form of
      which is hereinafter more fully described. In a preferred embodiment, the
      first engaging means may be comprised of first clamping means in the form
      of arcuate clamping surfaces and essentially planar abutting surface
      means. The first engaging means engages the shirred portion of the casing
      at a location immediately adjacent the unshirred casing. The second
      engaging means may be comprised of feeding means such as the feeding
      roller mentioned earlier or other suitable second clamping means which
      secure the unshirred portion of the casing against axial movement after
      the shirring mechanism is momentarily stopped and a short length of
      unshirred casing is exposed beyond the shirring rollers.
PAR  In a preferred form, a displacing means imparts motion directionly to a
      proximal end or shoulder of the shirred casing. An element of the
      displacing means which, in a preferred embodiment, may be comprised of a
      pivot arm and a rotating cam which acts upon the end of the pivot arm,
      moves the displacing means into contact with the shoulder of the shirred
      casing for the purpose of imparting the motion mentioned above parallel to
      the longitudinal axis of the mandrel.
PAR  The first engaging means, the displacing means, and the penetrating means
      may all function independently, though sequentially. However, greater
      simplicity, dependability, and freedom from problems of maintenance may be
      attained if the elements mentioned are essentially integral. To this end,
      the elements in a preferred embodiment are connected and made integral by
      a suitable connecting means in the form of a solid head. Thus, in a
      preferred embodiment, when the first engaging means is moved into contact
      with the shirred casing to secure it in preparation for separation, the
      penetrating means is properly positioned to contact and at least partially
      penetrate the unshirred casing essentially at the interface of the shirred
      and the unshirred portions.
PAR  For the purposes of proper positioning, the penetrating means is disposed
      on each head immediately adjacent the abutting surface. As noted above,
      the penetrating means is operable to at least partially penetrate an
      unshirred portion of the casing at essentially the interface of the
      shirred and the unshirred casing. In a preferred embodiment the
      penetrating means is comprised of arcuate lengths of wire heated to a
      temperature sufficient to at least partially decompose and thereby
      penetrate the unshirred casing. In the alternative, the penetrating means
      may be comprised of arcuate blades for at least partially penetrating the
      thickness of the casing.
PAR  As noted above, a head unifies the first engaging means, the displacing
      means, and the penetrating means. Desirably, the apparatus of the present
      invention is comprised of three such heads, disposed 120.degree. apart.
      The heads cooperate to perform the severing operation by simultaneously
      moving, by means of the first displacing means, to circumferentially clamp
      and axially abut a shoulder portion of the shirred casing immediately
      adjacent the unshirred portion while concurrently at least partially
      penetrating substantially the full circumference of the adjacent unshirred
      portion without contacting the mandrel carrying the casing. The displacing
      means separates the shirred from the unshirred portion by axial
      displacement of the shirred portion relative to the unshirred portion, the
      unshirred portion being restrained by the second engaging means. By virtue
      of the dimensions of the arcuate configuration of the heads, the casing
      may be engaged and penetrated equally by each head. Furthermore, the heads
      acting together may penetrate and clamp substantially the full
      circumference of the casing in such a manner as to provide essentially
      uniform forces of penetration and separation so that the casing may be
      cleanly and effectively severed without imposing detrimental forces on the
      mandrel. The clamping and abutting surfaces and the penetrating means of
      each head circumferentially engage substantially the full circumference of
      the casing in a balanced, uniform manner by virtue of a symmetric
      disposition of the pivot arms about the mandrel and casing and the
      essentially radial movement of each head into contact with the casing in
      response to forces exerted by the first displacing means.
PAR  The heads and associated clamping and abutting surfaces and penetrating
      means are disposed on the ends of slender pivot arms which are pivotably
      disposed about the mandrel and casing on a base through which the mandrel
      and unshirred casing pass.
PAR  Coaxially with the opening of the base and on a side of the base opposite
      the heads there is a rotatable cam. The rotatable cam engages each of the
      arms at an end opposite the head and serves to move this portion of each
      of the arms radially to pivot the arms and thus radially move the heads
      and associated clamping and abutting surfaces and the penetrating means
      simultaneously into and out of engagement with the casing upon rotation of
      the cam. The rotating cam and the pivot arms form the first displacing
      means.
PAR  It will be appreciated that an appratus, which severs thin tubing as
      described above, may have several specific applications. For instance,
      such an apparatus might be employed to sever thin tubing fabricated from
      cellulose or other similar membranous materials. Such an apparatus might
      also be employed to sever certain types of flexible plastic pipe or garden
      hose in the course of manufacturing such items. As indicated, however, a
      particularly useful application of such an apparatus is found in severing
      unshirred from shirred portions of casing being prepared for use in the
      manufacture of various types of sausage and other prepared meats.
DRWD
PAC  THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      with reference to the detailed description to follow of a preferred
      embodiment thereof wherein like reference numerals have been applied to
      like elements in which:
PAR  FIG. 1 is a front view of an apparatus for shirring casing showing the
      general position of an embodiment of the apparatus for severing casing
      relative to other fixtures of the shirring apparatus;
PAR  FIG. 2 is a side view of displacing means which are operable to move a
      pivot arm into a position of engagement with shirred casing and to
      displace a prescribed length of shirred casing relative to remaining
      unshirred casing;
PAR  FIG. 3 is a transverse sectional view taken along the lines 3--3 of FIG. 2
      showing the relation between the end of each pivot arm and a rotating cam;
PAR  FIG. 4 is a sectional view taken along the lines 4--4 of FIG. 1 showing the
      apparatus of the invention in full contact with the casing and showing the
      position of the shirring rollers relative to the casing and the apparatus
      for severing the casing;
PAR  FIG. 5 is a vertical sectional view taken along the lines 5--5 of FIG. 4
      showing the relation of the first engaging means and the penetrating means
      to the shirred and unshirred portions of the casing during full contact
      with the casing;
PAR  FIG. 6 is an end view of an embodiment of the invention showing the heads
      of the apparatus in a position out of contact with the casing;
PAR  FIG. 7 is an end view of the heads of an alternative embodiment shown in a
      position of full contact with the casing; and
PAR  FIG. 8 is a vertical sectional view taken along the lines 8--8 of FIG. 7
      showing the head of an alternative embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 of the drawings, a preferred embodiment of the
      invention can be seen generally at 20 relative to other fixtures of an
      apparatus 22 for preparing lengths of shirred casing from a supply of
      unshirred casing. The apparatus for shirring the casing is supported by a
      frame 32 on which is rotationally disposed a storage means or roll 34 upon
      which is wound a length of casing 24 for processing by the shirring
      machine 22. The casing 24 is directed from the storage means or roll 34 to
      opposed feeding means or rollers 36 which firmly grip and direct the
      casing from the vertically oblique direction to a horizontal direction.
      From the feeding rollers 36 the casing is directed around and along a
      hollow, apertured guiding means or mandrel 38 having an orifice 40 in the
      end thereof through which a pressurized inflating medium, such as air,
      enters the interior 42 of the as yet unshirred casing 28 (see FIGS. 4 and
      5). The pressurized medium may be produced by any suitable compressing or
      inflating means such as an air pump 50. Opposed driving means or belts 44
      driven by a motor 46 contact and frictionally engage the inflated,
      unshirred casing 28 and direct the casing into shirring means or rollers
      26. The shirring rollers 26 frictionally engage the unshirred casing 28
      and convert this unshirred casing to shirred casing 30 by folding the
      casing in tight folds or overlays known as shirrs 52 against the
      resistance of a back stop 48 which is connected to and slowly retreats
      with the mandrel 38. The shirring rollers are circumferentially disposed
      around the casing (see FIG. 4) and grip and shirr the casing by means of
      arcuate peripheral surfaces 64.
PAR  As may be seen in FIG. 1, the novel apparatus for severng the casing 24
      into uniform, prescribed lengths is located generally at 20. As will be
      discussed in greater detail below, the apparatus for severing the casing
      may be disposed in a generally circumferential manner about the casing
      between and adjacent the shirring rollers 26.
PAR  In operation, the unshirred casing 28 is advanced in a vertically oblique
      direction from a storage 34 over selectively operable feeding means or
      rollers 36 into a horizontal direction. Upon being inflated by a
      pressurized medium conducted through the mandrel 38 from the inflating
      means 50, the casing 28 is advanced along the mandrel 38 by opposed
      driving belts 44 into engagement with shirring rollers 28 disposed in a
      generally circumferential manner about the mandrel 38 and the unshirred
      casing 28. The shirring rollers 26 lay the unshirred casing 28 in tight
      folds or shirrs 52 against the resistance of a backup block 48 which
      retreats with the mandrel 38. When a desired length of shirred casing 30
      has been formed, the shirring rollers 26 stop. The mandrel 38 continues to
      withdraw a short distance in the direction of the shirred casing 30 and
      draws a shirt length of unshirred casing 28 into a position beyond the
      shirring rollers 26.
PAR  Though a number of techniques may be employed to manipulate the mandrel and
      backup block assembly as described in the preceding, it is preferred that
      the mandrel be cantilevered from a horizontally rotatable, retreating
      turret 33. A plurality of such mandrels and backup blocks can be mounted
      on the turret; however, for simplicity, only one such mandrel is shown.
PAR  At the beginning of the shirring cycle just described, an empty mandrel is
      fully inserted between the shirring rollers (see FIG. 4) and within the as
      yet unshirred casing until the tip of the mandrel approaches the feed
      rollers 36. As casing is shirred on the mandrel against the backup block
      rigidly connected thereto, the turret 33 and thus the mandrel and backup
      block retreat in the direction of the accumulating shirred casing away
      from the shirring roller 26. Ultimately, when a desired length of casing
      has been shirred on the mandrel, the mandrel remains inserted only a short
      distance between the shirring rollers (see FIG. 5). At this point the
      shirring mechanism stops. The mandrel 38 and backup block, however,
      continue to retreat and a short length of unshirred casing is drawn into a
      position beyond the shirring rollers.
PAR  Inasmuch as the already shirred casing is advanced by the mandrel after the
      shirring rollers have been stopped, there will be a tendency for the
      shirred casing to axially expand slightly with a result that the actual
      length of the "stick" of shirred casing may appear to continue to increase
      even though the shirring rollers have stopped. As will be discussed below,
      the exposed length of unshirred casing and the axial freedom of the
      shirred casing facilitate the severing of the shirred from the unshirred
      casing.
PAR  Once the mandrel is full and the casing cut, the mandrel continues to
      retreat until it is fully withdrawn from between the shirring rollers.
      Once the loaded mandrel reaches the fully retreated position, the turret
      33 rotates about a horizontal axis generally parallel to the axis of the
      old mandrel to position a new mandrel in place of the old one. The new
      mandrel is then moved axially and is inserted into unshirred casing. The
      shirring process may begin again.
PAR  FIG. 2 illustrates a side view of a schematic form of the invention
      including a displacing means for effecting the displacement of the shirred
      casing relative to the unshirred casing. Preferably, the displacing means
      is defined in part by an arm 91 and an associated rotatable cam 86. As
      will be hereinafter more fully described, the arm 91 is pivoted by the cam
      86 in a radial plane containing the axis of the mandrel 38 (see FIG. 1) to
      displace a head 54 to a position of contact with the casing but not with
      the mandrel. The displacing means is further defined in the present
      embodiment by a carriage 78, a cylinder and piston 80, a base 82, and a
      head 54 which in conjunction with the arm 91, act essentially as a unit.
      As will be hereinafter more fully described, the displacing means, acting
      essentially as a unit, displaces the shirred casing 30 relative to the
      unshirred casing 28 to sever the casing.
PAR  As shown, a horizontal ways 76 provides a smooth surface upon which the
      carriage 78 for supporting the invention may freely slide generally
      parallel to the axis of the mandrel 38 (see FIG. 1) in response to the
      action of a translating means in the form of a pneumatic or hydraulic
      cylinder and piston 80. A supportive base 82 extends vertically from the
      carriage 78 and carries a hollow cylinder 84 through which the mandrel 38
      and the surrounding unshirred casing 30 pass. In the interest of
      simplicity, the mandrel 38 and the unshirred casing 28 illustrated in FIG.
      1 have not been shown in FIG. 2.
PAR  The rotating cam 86 has a cylindrical sleeve 87 and a transverse cam plate
      88 which surround the hollow cylinder 84. The cam is held in place by a
      bearing cap 96. The cam 86 engages, by means of a cam race 89, an end 90
      of a pivot arm 91. This arm 91 carries a head 54 at the extreme opposite
      the end 90. It will be understood, of course, that the invention is
      preferably comprised of two additional supportive arms 91 which are also
      pivoted by the rotating cam in a manner identical to that just described.
      The remaining two arms also carry identical heads 54. These remaining two
      arms have been omitted for simplicity but an end view of the heads
      associated with the arms can be seen by referring to FIG. 4.
PAR  In operation, the rotating cam is rotated by a second pneumatic or
      hydraulic cylinder and piston 92, pivotally secured at 93 to the carriage
      78 by a rigid extension 94. Rotation of the cam displaces radially the
      ends 90 of the arms 91 and thus simultaneously pivots the arms in radial
      planes containing the axis of the mandrel 38. The pivoting of the arms
      displaces the heads 54 in an essentially radial manner so that each head
      contacts and breaks contact with the casing in the area of the interface
      29.
PAR  As mentioned above, after a desired length of casing has been shirred, the
      motor 46 driving the shirring mechanism stops. After the mandrel has
      retreated a short distance, the engaging means next engage the shirred 30
      and unshirred casing 28 to secure these portions of the casing. The first
      engaging means, viz., clamping and abutting surfaces 74 and 72
      respectively of the heads 54, engage the shirred casing 30 while the
      second engaging means, viz., the feeding rollers 36, restrain the
      unshirred casing 28. It will be noted that the clamping surface 74 and the
      abutting surface 72 together also form a part of the displacing means
      described earlier.
PAR  Thus it may be seen that severing of the casing occurs as the result of
      cooperation among several items of apparatus. In the preferred embodiment
      illustrated in FIGS. 1 and 2, the preferred separating means is defined as
      the feeding rollers 36 which restrain the unshirred casing 28, and the
      arcuate clamping and abutting surfaces 74 and 72 which engage the shirred
      casing, and the cylinder and piston assembly 80 which is connected with
      the clamping and abutting surfaces through the head 54, arm 91, supportive
      base 82, and carriage 78. The cyclinder and piston 80 assembly displaces
      the clamping and abutting surfaces 74 and 72 respectively and therefore
      the shirred portion 30 of the casing relative to the feeding rollers 36
      and therefore the unshirred portion of casing 28 to sever the casing.
PAR  It will be appreciated that in order to accomplish the separation described
      in the preceding, the two portions of casing must both be secured. The
      clamping and abutting surfaces of the head 54 secure a shoulder of the
      shirred casing 30, and the feeding rollers 36 which, when momentarily
      stopped, firmly grip the unshirred casing to restrain this portion of the
      casing relative to the displacement of the shirred casing 30.
PAR  The portion of the separating means exclusive of the feeding rollers 36
      which effects the displacement of the shirred casing 30 and thus the
      separation of the shirred 30 and the unshirred 28 portions of the casing
      is comprised of the cyclinder and piston assembly 80 and the clamping and
      abutting surfaces, 74 and 72 respectively as structurally connected
      thereto by the head 54, arm 91, the supportive base plate 82, and the
      carriage 78 and as positioned in relation to the casing by the rotating
      cam 86. This assembly may be referred to as a displacing means.
PAR  Although the displacing means may effect the displacement of the shirred
      casing 30 relative to the unshirred casing 28 in a number of ways, in the
      preferred embodiment, the displacing means directly contacts the shirred
      casing 30 by means of the clamping and abutting surfaces of the head 54.
      Concurrently, a penetrating means 68, shown in FIG. 2 and hereinafter more
      fully described, contacts the interface 29 (see FIG. 5). To accomplish
      this contact, a portion of the displacing means comprised of the rotating
      cam 86 and the pivot arm 91, function to displace the head 54 to a
      position of contact with a shoulder of the shirred casing 30. It should be
      noted at this point that though in the preferred embodiment the first
      engaging means, the displacing means, and the penetrating means are
      rigidly connected by the head 54, as suggested earlier, each of these
      three elements could function independently.
PAR  It can be seen from FIGS. 1 and 2 that the head 54, is disposed on the
      pivot arm 91 at the extreme opposite the end 90 engaged by the rotating
      cam 86. In operation, the rotating cam 86 rotates in response to the
      second cylinder 92 after the retreating mandrel 38 has drawn a short
      length of unshirred casing 28 from between the shirring rollers and thus
      exposed and the interface 29 between the shirred 30 and the unshirred 28
      portions. Proper rotation of the cam 86 forces the ends 90 of the pivot
      arms 91 radially outward relative to the hollow cylinder 84 and thus, by
      pivoting the arms 91 in radial planes, displaces each head 54 radially
      toward the interface 29 between the shirred 30 and the unshirred 28
      casing. The heads 54 ultimately engage a shoulder of the shirred casing
      through the clamping and abutting surfaces 74 and 72.
PAR  It can be seen that the head 54 functions as a connecting means and unifies
      the first engaging means 72 and 74, the displacing means (the head 54,
      surfaces 72 and 74, arm 91, base 82, cam 86, carriage 78, and cylinder and
      piston assembly 80, and the penetrating means 68. Once the head 54
      contacts the casing as described in the preceding paragraph, the
      penetrating means 68 surrounds substantially the full circumference of the
      casing at essentially the interface 29 and at least partially penetrates
      this substantially full circumference. This completes the first phase of a
      composite motion employed to sever the casing.
PAR  In the second phase of the composite motion, the head 54 remaining in an
      engaged position, the cylinder and piston 80 translates the carriage 78
      and thereby the head 54 and the shirred casing 30 relative to the
      unshirred casing to separate the shirred casing 30 from the unshirred
      casing 28. The shirred casing can move relative to the unshirred casing by
      virtue of the axial freedom developed incident to the continuous retreat
      of the mandrel after the shirring mechanism stops. During this phase the
      unshirred casing 28 is restrained by the second engaging means, viz., the
      feed rolls 36. Once the shirred casing 30 is separated from the unshirred
      casing 28, the severing is complete. The rotating cam 86 is returned to
      the previous position by the cylinder and piston 92 and thus displaces the
      end 90 of the arm 91 radially inward toward the hollow cylinder 84. This
      radially inward displacement pivots the end 90 of the arm 91 radially
      toward the hollow cylinder 84 and moves the clamping and abutting surfaces
      74 and 72 of each head out of contact with the casing. Once the head 54
      has moved out of contact with the casing, the cylinder and piston 80
      retracts the carriage 78 to its previous position. Once the loaded mandrel
      is fully withdrawn and rotated out of position, a second mandrel may be
      fully inserted between the shirring rollers 26, and the shirring process
      may begin again.
PAR  FIG. 3 is a transverse sectional view taken along the lines 3--3 of FIG. 2
      and shows more fully the relation between the ends 90 of the pivot arms 91
      and the rotating cam 86. As illustrated, the rotating cam is characterized
      by a cylindrical sleeve 87 which surrounds the hollow cylinder 84, and a
      transverse cam plate 88 which carries a cam race 89 for each of the pivot
      arms 91. Within each cam race is disposed an end 90 of one of the pivot
      arms 91 which, as mentioned, are circumferentially arranged about the
      mandrel 38 and associated casing. The cam 86 is freely rotatable on the
      hollow cylinder 84 by a second cylinder and piston 92 which is pivotally
      secured to the carriage 78 by a rigid extension 94 of the carriage 78. The
      cylinder 92 is secured to the transverse cam plate 88 by a pin and yoke
      arrangement as indicated generally at 98. Because the pivot arms 91 are
      pivotally disposed on the supportive base 82, rotation of the cam 86 by
      the second cylinder and piston 92 forces the ends 90 to move radially
      relative to the hollow cylinder 84. When the ends 90 are radially more
      proximal to the hollow cylinder 84, the arms 91 are oriented so that the
      surfaces 72 and 74 of the heads 54 are out of contact with the casing.
      However, when the ends 90 are less proximal to the hollow cylinder 84, the
      arms 91 are oriented so that the surfaces 72 and 74 of the heads 54 may be
      in contact with the casing.
PAR  It will be appreciated that a number of methods could be employed to move
      the heads 54 radially in and out of contact with the casing. For instance,
      rather than a cylindrical rotating cam as shown in FIGS. 2 and 3, a
      sliding cam might be provided. Such a cam would move in a direction
      parallel to the axis of the mandrel 38 and casing. The sliding cam might
      be characterized by radially splayed camming surfaces which would embrace
      rollers disposed on each of the ends 90 of the pivot arms 91. If the
      camming surfaces were splayed radially outward, axial movement of the
      sliding cam away from the shirred portion of the casing would displace the
      ends 90 radially outward and would pivot the pivot arms 91 to move the
      heads 54 radially inward into contact with the casing. Movement in the
      direction of the unshirred casing would displace the ends 90 radially
      inward and would pivot arms 91 to move the heads 54 radially outward out
      of contact with the casing. The sliding of the cam might be effected by
      means of a cylinder and piston arrangement similar to that located at 92
      in FIGS. 2 and 3. The operation of the apparatus for severing the casing
      would, in all other respects, be identical to that described earlier.
PAR  It will be appreciated at this point that the invention as described in the
      foregoing is relatively simple in structure. Structurally the invention
      entails only a few parts which may interact at relatively high speeds and
      without the complexity of prior art devices. The apparatus of the present
      invention may thus provide relatively dependable service and be
      essentially maintenance free.
PAR  FIG. 4 illustrates a vertical sectional view taken along line 2--2 of FIG.
      1 and shows the angular and spacial relationship between the shirring
      rollers 26 and the heads 54. The heads 54 carry the arcuate clamping
      surfaces 74, the abutment surfaces 72, and the penetrating means 68 which
      facilitate the clamping, abutting, and at least partial penetrating of the
      casing.
PAR  As illustrated in FIG. 4, the shirring rollers 26 are disposed about the
      mandrel 38 and ordinarily surround the casing in a generally
      circumferential manner at equal 120.degree. intervals. The shirring
      rollers 26 and thus the arcuate central surfaces 64 which are bounded by
      short cylindrical surfaces 66 are located in sufficient proximity to the
      mandrel 38 that the arcuate central surfaces 64 may frictionally grip the
      casing. The gripping is facilitated by the resistance of the internal
      pressure of inflation to the extent that the stirring rollers may fold the
      unshirred casing in tight overlays or shirrs 52 against the slowly
      retreating backup block 48 as mentioned in connection with FIG. 1.
PAR  The balanced, circumferential disposition of the heads 54 and the manner in
      which the heads equally engage the casing without contacting the mandrel
      38 is quite significant. It can be seen from FIG. 4 that the heads 54
      engage the casing in a manner in which the applied forces are balanced so
      as to substantially avoid the exertion of any moment in the long, slender
      mandrel 38. It can also be seen that the heads 54 remain out of contact
      with the mandrel 38 during engagement of the casing. Thus, by the
      balancing of the forces of contact exerted against the casing above and
      the elimination of any direct contact with the mandrel, the invention may
      avoid any overstressing, fatigue, fracture, or surface wear of the
      mandrel.
PAR  As shown in FIG. 4, the shirring rollers 26 are rotationally disposed on
      and supported by supportive housings 56 which depend from differential
      housings 60 which in turn depend from extensions 58 of bases 61. The
      shirring rollers 26 are in each case retained on the supportive housings
      56 by retaining caps 62 which restrain the shirring rollers 26 from axial
      movement and thus maintain the rollers in proper relation to the mandrel
      38 and the surrounding casing.
PAR  The heads 54 and thus the clamping 74 and abutting 72 surfaces and the
      penetrating means 68 are shown in FIG. 4 in a position in which the
      arcuate penetrating means 68 is in circumferential contact with
      essentially the full circumference of the casing at a location at which it
      is desired to sever the shirred from the unshirred casings. This location
      is generally at the interface 29 between the shirred 30 and the unshirred
      casing (see FIG. 5). It should be noted that it is not necessary that the
      casing be penetrated and ultimately severed at the interface. However,
      this may be desirable in avoiding unwanted lengths of unshirred material
      at the end of the casing stick. By circumferentially contacting
      essentially the full circumference, undesirable loose flags, strands, or
      tatters which may result from insufficiently uniform circumferential
      penetration may be avoided.
PAR  A preferred penetrating means is comprised of the arcuate lengths of wire
      illustrated in FIG. 4. These wires may be heated by resistance to
      electrical current flowing therethrough when the heads 54 and thus the
      wires 68 are out of contact with the casing. As the heads 54 are moved to
      contact with the casing, the flow of current may be interrupted in order
      to avoid short circuiting at the point of contact 69 of the wires.
      However, though the flow of current is interrupted, the arcuate lengths of
      wire retain sufficient heat to at least partially decompose or penetrate
      essentially the full circumference of the casing.
PAR  The heads 54 move to the position shown in FIG. 4 when, after a desired
      length of casing has been shirred, the retreating mandrel draws a short
      length of unshirred casing from between the shirring rollers 26 to expose
      the casing to the heads. When the unshirred portion of casing has been
      exposed, the heads 54 and the associated clamping surfaces 74 and the
      abutting surfaces 72, move into contact with the casing to
      circumferentially contact substantially the full circumference thereof.
      Each clamping surface 74 and the abutting surface 72 engage a shoulder
      portion 102 (see FIG. 5) of the shirred casing immediately adjacent the
      unshirred portion so that the adjacent penetrating means 68 may contact
      and at least partially penetrate the unshirred casing. The penetration in
      this preferred embodiment occurs essentially at the interface 29 of the
      shirred 30 and the unshirred 28 portions.
PAR  The penetration mentioned in the preceding paragraph occurs by means of the
      hot, arcuate wires 68 which decompose the thin casing at essentially the
      locus of the points of contact about the casing and thus at least
      partially penetrate substantially the full circumference of the casing
      essentially at the interface 29. It should be emphasized that the hot
      wires need not fully decompose and penetrate the full circumference of the
      casing in an absolute sense. The hot wires need only at least partially
      decompose and thus only partially penetrate substantially the full
      circumference, the subsequent displacement of the shirred casing relative
      to the unshirred casing may serve to overstress and thus completely sever
      the casing.
PAR  FIG. 5 shows a vertical sectional view taken along the lines 5--5 of FIG. 4
      and illustrates the relationship of the clamping and abutting surfaces and
      the penetrating means to the shirred and unshirred portions of the casing
      during full contact with the casing. It should be noted that the mandrel
      38 remains inserted only a short distance between the shirring rollers 26.
      This will be generally the most desirable posture for the mandrel during
      the cutting operation. The shirring rollers 26 have stopped and the
      mandrel 38 has continued to withdraw a short distance from between the
      rollers 26 to expose the short length of unshirred casing indicated
      generally at 100. As described in connection with FIG. 2, the abutting
      surfaces 72 and clamping surfaces 74 have been moved into contact with the
      casing in the first phase of the composite motion by which the casing is
      severed. These surfaces engage the shirred portion 30 of the casing at the
      shoulder 102 of the shirred casing 30 at a location generally adjacent the
      interface 29 between the shirred 30 and the unshirred 28 casings.
PAR  By virtue of the fact that the penetrating means 68, such as the heated
      arcuate lengths of wire described earlier, are located immediately
      adjacent the abutting surfaces 72, the penetrating means 68 contact
      substantially the full circumference of the casing essentially at the
      interface 29 of the shirred and the unshirred portions. Thus, the casing
      is severed at the section at which the penetrating means 68 contact the
      casing, and substantially no unshirred casing will remain a part of the
      shirred casing 30 after the severing operation is completed. The inflating
      pressure of the pressurized medium entering the casing through the
      interior 42 of the mandrel 38 by way of the orifice means 40 maintains the
      casing 28 in an inflated but otherwise unsupported condition so that the
      casing at the interface 29 may be pressed with considerable force by a
      fluid cushion against the penetrating means 68. In this regard it should
      be noted that the inflated diameter of the unshirred casing is somewhat
      larger in diameter than the inside diameter of the circular enclosure
      formed by the penetrating means of the closed, cooperating heads. Thus,
      the unshirred, inflated casing may be constrained and thereby subjected to
      radial cutting forces by the effects of the penetrating means as the heads
      close about the casing. At no time does the penetrating means contact the
      mandrel.
PAR  Once the heads have been moved into the position shown in FIG. 7 in which
      the casing is symmetrically clamped and abutted, and at least partially
      penetrated about essentially the full circumference thereof, the second
      phase of the composite motion displaces the carriage 78 parallel to the
      longitudinal axis of the casing in a direction toward the shirred casing.
      The heads 54, being attached through the pivot arms 91 to the carriage 78
      therefore simultaneously move with the carriage parallel to the axis of
      the casing. The shirred portion 30 of the casing is thus displaced
      relative to and thereby separated from unshirred casing 28 which is
      restrained by the feed rollers 36. It will be appreciated from the
      previous discussion that the movement of the shirred casing is not
      resisted by the axial relaxation or expansion of the already shirred
      casing.
PAR  Thus, if full penetration of the full circumference of the casing has not
      been accomplished, the essentially uniform tensile stress exerted by the
      evenly placed and simultaneously acting heads locally overstresses areas
      of incomplete penetration and thereby cleanly breaks and separates the
      shirred casing from the unshirred casing at the interface 29 where the
      partial penetration has occurred. The essentially uniform axial stress and
      the partial penetration of essentially the full circumference of the
      casing ensures that the severed section will be free of loose flags,
      strands, or tatters.
PAR  Of independent significance, the severing just described is accomplished by
      a composite motion wherein there is essentially no contact of the mandrel
      by the severing mechanism. As a result, mandrel operation and life may be
      significantly improved.
PAR  The point at which the casing is severed is not dependent upon the point at
      which any catch finger or similar device engages the shirred casing
      preparatory to unshirring of the previously shirred casing. Thus,
      unnecessary puncturing may be avoided. Furthermore, because essentially
      the full circumference of the casing is at least partially penetrated at
      the interface 29, substantially less force may be required to separate the
      shirred from the unshirred casing. Thus, the introduction of residual
      stresses or distortions to the portion of the casing adjacent the severed
      section may be avoided.
PAR  It will be appreciated that the severing of shirred from unshirred casings
      as described in the preceding may avoid loose flags, strands, or tatters
      due to the composite motion in which essentially the full circumference of
      the casing is at least partially penetrated prior to separation of the
      shirred from the unshirred casing.
PAR  Unnecessary puncturing may be avoided since aside from the partial
      penetration by the penetrating means of essentially the full circumference
      of the casing, all other surfaces contacting the casing simply clamp or
      abut the casing. It bears repeating at this point that the mandrel is
      never directly contacted by an element of the invention. Finally, because
      the casing is at least partially penetrated about the full circumference
      thereof in the first phase of the composite motion, less force may be
      required to separate the shirred from the unshirred portions. Because of
      the relatively low forces required to separate the length of shirred
      casing, the likelihood that residual stresses or distortions may be
      introduced into the casing may be substantially reduced.
PAR  FIG. 6 shows an end view of an embodiment of the invention and illustrates
      a withdrawn or open position of the heads wherein there would be no
      contact with any casing. The heads 54 may be seen to be arranged in equal
      angular intervals of 120.degree. so that the heads are circumferentially
      disposed about the mandrel and casing. The mandrel and casing in this
      figure for simplicity have been eliminated. However, these features can be
      seen in relation to closed heads by reference to FIG. 4. Disposed on the
      heads are penetrating means 68 in the form of arcuate lengths of wire.
      When in the position shown, electrical circuits, of which each length of
      wire forms a part, are completed and the wires are heated by resistance to
      the flow of current therethrough. The circuits remain closed until the
      heads 54 move radially into contact with the casing whereupon the circuits
      are broken to avoid shorting. However, it should be appreciated that
      though the circuits are broken the wires retain sufficient heat to allow
      at least partial decomposition or penetration of the casing by the wires.
PAR  Immediately adjacent the wires, as best illustrated and more fully
      described in connection with FIG. 5, there are aubtting surfaces 72 and
      associated arcuate clamping surfaces 74. As more fully explained in
      connection with FIG. 5, these surfaces symmetrically abut and clamp a
      shoulder of the shirred casing while the penetrating means concurrently at
      least partially penetrates substantially the full circumference of the
      casing. This engagement and penetration takes place only when the heads 54
      move from the open position illustrated in FIG. 6, to what may be termed a
      closed position as illustrated in FIG. 4, whereupon the penetrating means
      contact one another at points of contact indicated generally at 69.
PAR  FIG. 7 shows an end view of the heads of an alternative embodiment
      illustrating the heads in a position of essentially full contact with the
      casing. The heads 54 are shown disposed at equal 120.degree. intervals. In
      this way, the heads are circumferentially disposed about the casing and
      engage substantially the full circumference thereof and exert only
      balanced forces when brought into the position of full contact with the
      casing illustrated in FIG. 6. It should be emphasized that while in this
      preferred form the surfaces 72 and 74 fully surround and circumferentially
      engage the shirred casing, there need not be full circumferential contact.
      All that is required is that the surfaces engage the shirred casing in a
      manner which allows the casing to be subjected to essentially uniform
      axial stress upon movement of the carriage. It should further be
      recognized that at no time do the heads 54 contact in any way the mandrel
      38.
PAR  Penetrating means 68 are shown disposed on the head in FIG. 7 in the form
      of arcuate blades. The blades at least partially penetrate essentially the
      full circumference of the casing when moved radially against the interface
      29 of the casing against the resistance afforded the otherwise unsupported
      unshirred casing by the pressurized inflating medium within the interior
      thereof. It will be recalled from the discussion of FIG. 5 that the
      resistance of the inflated casing develops radial cutting forces by virtue
      of the radial constraint of the inflated casing by the surrounding
      penetrating means. The tendency of the penetrating means to penetrate at
      least partially the full circumference of the casing is enhanced by the
      axial movement of the heads wherein the casing may be tensioned and thus
      pressed even more firmly in a radial direction against the penetrating
      means 68. It will be understood, in this regard that the diameter of the
      circle formed by the penetrating means when the heads are in a closed
      position is smaller than the inflated diameter of the unshirred casing at
      the interface of the shirred and the unshirred portions. Therefore, the
      tensile forces exerted in the casing tend to restore the casing to its
      normal diameter against the constraining forces exerted by the penetrating
      means. Therefore, the resultant of the tensile forces in the casing will
      be understood to be a force directed against the penetrating means by the
      tensioned casing.
PAR  As in FIG. 6 the penetrating means are carried by the heads 54 immediately
      adjacent the abutting surfaces 72 and associated clamping surfaces 74. It
      will be noted that the heads, including the penetrating means and the
      abutting and clamping surfaces are so configured that in the position of
      substantially full contact shown in FIG. 7 the heads may tightly contact
      one another at the points of contact 68. This facilitates the effective
      symmetrical abutting and clamping of the shirred casing and the
      penetration of essentially the full circumference of the casing at the
      interface 29.
PAR  FIG. 8 is a vertical sectional view taken along the lines 8-8 of FIG. 7 and
      illustrates the head 54 of an alternative embodiment described in the
      preceding. As shown, each head 54 is secured to a pivotable arm 91 in any
      suitable fashion. A threaded fastener 104, countersunk in the head 54 as
      illustrated generally at 106, is one of several possible methods of
      securinig the head to the arm. As mentioned above, the penetrating means
      68 takes the form of a rigid, arcuate blade which at least partially
      penetrates the casing at the interface 29. The chamfer 75 ensures proper
      clearance between the remaining portions of the head and the shirred
      casing. As in the case of the preferred embodiment discussed in connection
      with FIG. 6, the alternative embodiment just described at no time directly
      contacts the mandrel 38. The cutting and at least partial penetration of
      the casing by the blade weakens the casing and permits a clean cut when
      the weakened area is overstressed by the displacement of the shirred
      casing relative to the unshirred casing.
PAR  The operation of the invention and an associated typical shirring machine
      briefly summarized involves first the full insertion of a mandrel,
      cantilevered from a horizontally rotatable turret, between the shirring
      rollers of the machine and within the unshirred casing to be shirred. As
      the shirring rollers shirr the casing against the backup block attached to
      the mandrel, the mandrel retreats in the direction of the accumulating
      shirred casing. Once a desired length of casing has been shirred, the
      shirring mechanism stops. The mandrel and backup block, however, continue
      to retreat and concurrently a short length of unshirred casing is advanced
      past the shirring rollers. The shirred casing may, however, "expand"
      axially during this movement.
PAR  Next, the heads are pivoted radially into contact with the casing. The
      shoulder defined by the last few folds of the shirred portion of the
      casing is engaged by the clamping and abutting surfaces and substantially
      the full circumference of the unshirred is contacted and at least
      partially penetrated by the penetrating means. The feeding rollers stop
      and secure the unshirred portion of the casing relative to the shirred
      casing. When both the shirred and the unshirred casing are engaged and the
      casing at least partially penetrated, the shirred casing is displaced
      relative to the unshirred casing to separate these two opposed portions.
      The shirred casing is displaced by the movement of the heads parallel to
      the axis of the mandrel while the unshirred casing is restrained by the
      feeding rollers, and the casing is thus separated at the section
      previously at least partially penetrated.
PAR  The mandrel continues to retreat after the casing is severed. Ultimately
      the mandrel reaches a fully retracted position whereupon the turret
      rotates and a second mandrel is moved into the previous position of the
      first mandrel. This second mandrel is next fully inserted between the
      shirring rollers and within the unshirred casing and the entire operation
      can be repeated.
PAC  SUMMARY OF THE ADVANTAGES
PAR  It will be appreciated that in providing an apparatus for severing casing
      according to the present invention certain significant advantages are
      obtained.
PAR  In particular, the unique composite motion of the apparatus of the present
      invention wherein essentially the full circumference of the casing is at
      least partially penetrated prior to displacement of the shirred casing
      relative to the unshirred casing provides the advantage of a very clean
      cut free from any loose flags, strands, or tatters with a minimum of
      unshirred casing remaining connected to the shirred casing.
PAR  A further significant advantage resides in the fact that by at least
      partially penetrating essentially the full circumference of the casing,
      subsequent separation by displacement of the shirred casing relative to
      the unshirred casing introduces little stress into the casing and thus
      essentially no residual stresses or distortions are developed in the ends
      of the casing adjacent the section at which the casings are separated.
PAR  By reason of the circumferential contacting of the casing and the clearance
      maintained between the heads and the mandrel, an apparatus for severing
      casings is provided which enjoys the advantage that the long slender
      mandrel over which the casing moves is not subject to stresses of
      excessively great magnitudes.
PAR  Finally, the apparatus for severng casings which is provided is quite
      simple and entails very few parts which interact in a simple manner. Thus,
      the apparatus can function at a speed compatible with the relatively high
      speed at which the casing is shirred with the result that overall
      production of shirred casing may proceed more rapidly. Furthermore
      problems of lubrication, contamination of the casing, maintenance and
      costly manufacture are minimized.
PAR  In describing the invention, reference has been made to a preferred
      embodiment; however, those skilled in the art and familiar with the
      disclosure of the invention may recognize additions, deletions,
      substitutions, or other modifications which would fall within the purvue
      of the invention as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for severing a length of shirred casing for prepared meats
      from unshirred casing, said apparatus comprising:
PA1  an apertured cylindrical mandrel means for receiving prepared meat casing
      therearound, said apertured cylindrical mandrel means having aperture
      means for introducing a pressurized fluid into a zone between said mandrel
      means and said casing to inflat said casing to a maximum diameter greater
      than a diameter of said mandrel means;
PA1  means for introducing unshirred casing around said apertured mandrel means;
PA1  shirring means for folding the inflated, unshirred casing into tight
      overlays to provide a length of shirred casing;
PA1  a plurality of arcuate penetrating means for contacting and at at least
      partially penetrating substantially an entire circumference of said
      inflated casing at a loation defining essentially an interface between
      said shirred and said unshirred casing, said penetrating means being
      movable radially inwardly from a first position of no contact with said
      casing to a second position of balanced, substantially full
      circumferential contact with said inflated, unshirred casing;
PA1  limiting means operably connected to said arcuate penetrating means for
      limiting said radial movement thereof so that said arcuate penetrating
      means together form an essentially circular enclosure of said unshirred
      casing of a diameter;
PA2  greater than that of said mandrel, but less than the diameter to which said
      contacted circumference is being urged by said pressurized fluid,
PA2  such that said pressurized fluid establishes a fluid cushion against which
      said penetrating means acts to effect said at least partial penetration of
      said unshirred casing while said penetrating means and said contacted
      casing circumference are out of contact with said mandrel; and
PA1  separating means for separating said length of shirred casing from said
      unshirred casing, said separating means comprising:
PA2  first engaging means for engaging a portion of said length of shirred
      casing;
PA2  second engaging means for engaging a portion of said unshirred casing; and
PA2  displacing means for displacing said first engaging means to separate said
      length of shirred casing from said unshirred casing to sever said length
      of shirred casing from said unshirred casing.
NUM  2.
PAR  2. The apparatus for severing a length of shirred casing of claim 1 wherein
      said limiting means comprises:
PA1  contact surfaces disposed on and between each of said penetrating means,
      adjacent contact surfaces on adjacent penetrating means being inclined at
      equal angles so that said contact surfaces mate to limit said radial
      movement of said penetrating means.
NUM  3.
PAR  3. The apparatus for severing a length of shirred casing of claim 2 wherein
      said arcuate penetrating means comprises:
PA1  a plurality of arcuate heating means movable to contact with said
      circumference of said casing, for at least partially decomposing said
      circumference of said casing upon contact of said heating means with said
      casing.
NUM  4.
PAR  4. The apparatus for severing a length of shirred casing of claim 3 wherein
      said plurality of arcuate heating means are circumferentially disposed at
      equal angular intervals when said heating means are in contact with said
      casing.
NUM  5.
PAR  5. The apparatus for severing a length of shirred casing of claim 3 wherein
      said heating means comprises
PA1  arcuate lengths of wire, said lengths of wire being heatable by resistance
      to a flow of electricity therethrough prior to contact with said casing,
      said flow of electricity being interruptable prior to contact of said
      casing by said heated length of wire.
NUM  6.
PAR  6. The apparatus for severing a length of shirred casing of claim 2
      wherein:
PA1  said arcuate penetrating means comprises a plurality of arcuate blade
      means, movable to contact said circumference of said casing, for at least
      partially penetrating said casing upon contact of said blade means with
      said casing.
NUM  7.
PAR  7. The apparatus for severing a length of shirred casing of claim 6 wherein
      said plurality of arcuate blade means are circumferentially disposed at
      equal angular intervals when said blade means are in contact with said
      casing.
NUM  8.
PAR  8. The apparatus for severing a length of shirred casing of claim 2 wherein
      said first engaging means comprise:
PA1  a plurality of arcuate clamping surface means for clamping said shirred
      casing.
NUM  9.
PAR  9. The apparatus for severing a length of shirred casing of claim 8 wherein
      said clamping surface means are carried by pivot arm means for selectively
      moving said clamping surface means into engagement with said shirred
      casing.
NUM  10.
PAR  10. The apparatus for severing a length of shirred casing of claim 8
      wherein said second engaging means comprise:
PA1  feeding means for selectively feeding and restraining said unshirred
      casing.
NUM  11.
PAR  11. The apparatus for severing a length of shirred casing of claim 10
      wherein said displacing means comprise:
PA1  abutment surface means for abutting a shoulder of said shirred casing; and
PA1  translating means for translating said abutment surface means in a
      direction parallel to a longitudinal axis of said mandrel means to sever
      said length of said shirred casing from said unshirred casing engaged by
      said second engaging means.
NUM  12.
PAR  12. The apparatus for severing a length of shirred casing of claim 11
      wherein said abutment surface means and said first engagement means are
      rigidly connected.
NUM  13.
PAR  13. The apparatus for severing a length of shirred casing of claim 11
      wherein said translating means comprises:
PA1  piston means operatively connected to said abutment surface means for
      translating said abutment surface.
NUM  14.
PAR  14. An apparatus for severing a length of shirred casing for prepared meat
      from unshirred casing, said apparatus comprising:
PA1  a mandrel for receiving said casing;
PA1  penetrating means for at least partially penetrating substantially an
      entire circumference of said casing to weaken said circumference said
      penetrating means being movable from a condition out of contact with said
      casing radially inwardly to a condition spaced apart from said mandrel but
      in contact with said unshirred casing circumferentially constraining the
      unshirred casing to a diameter less than that of the shirred casing;
PA1  first engaging means disposed to one side of said penetrating means for
      engaging said shirred casing;
PA1  second engaging means disposed to the other side of said penetrating means
      for engaging said unshirred casing; and displacing means cooperating with
      said penetrating means for displacing said first engaging means relative
      to said second engaging means so as to exert longitudinal tensioning
      forces on the unshirred casing to:
PA1  maintain said unshirred casing substantially out of contact with said
      mandrel,
PA1  force said unshirred casing against said penetrating means while said
      unshirred casing remains in substantially continuously spaced apart
      relation to said mandrel, and
PA1  overstress said weakened circumference of said casing between said shirred
      and unshirred casing to thereby sever said length of shirred casing from
      said unshirred casing.
NUM  15.
PAR  15. The severing apparatus of claim 14 wherein said penetrating means
      comprise:
PA1  a plurality of arcuate heating means, movable to contact said circumference
      of said casing, for at least partially decomposing said circumference of
      said casing upon contact of said heating means with said casing.
NUM  16.
PAR  16. The severing apparatus of claim 15 wherein said plurality of arcuate
      heating means are circumferentially disposed at equal angular intervals
      when said heating means are in contact with said casing.
NUM  17.
PAR  17. The severing apparatus of claim 15 wherein said heating means comprise:
PA1  lengths of wire, said lengths of wire being heatable by resistance to a
      flow of electricity therethrough prior to contact with said casing, said
      flow of electricity being interruptable prior to contact of said casing by
      said heated lengths of wire.
NUM  18.
PAR  18. The severing apparatus of claim 14 wherein said penetrating means
      comprise:
PA1  a plurality of arcuate blade means, movable to contact said circumference
      of said casing, for at least partially penetrating said casing upon
      contact of said blade means with said casing.
NUM  19.
PAR  19. The severing apparatus of claim 18 wherein:
PA1  said plurality of arcuate blade means are circumferentially disposed at
      equal angular intervals when said blade means are in contact with said
      casing.
NUM  20.
PAR  20. The severing apparatus of claim 14 wherein said first engaging means
      comprise:
PA1  a plurality of arcuate clamping surface means for clamping said shirred
      casing.
NUM  21.
PAR  21. The severing apparatus of claim 20 wherein said clamping surface means
      are carried by pivot arm means for selectively moving said clamping
      surface means into engagement with said shirred casing.
NUM  22.
PAR  22. The severing apparatus of claim 20 wherein said second engaging means
      comprise:
PA1  feeding means for selectively feeding and restraining said unshirred
      casing.
NUM  23.
PAR  23. The severing apparatus of claim 14 wherein said displacing means
      comprise:
PA1  abutment surface means for abutting a shoulder of said shirred casing
      occurring at an interface between said shirred and said unshirred casing;
      and
PA1  translating means for translating said abutment surface means in a
      direction parallel to a longitudinal axis of said mandrel means to sever
      said length of said shirred casing from said unshirred casing engaged by
      said second engaging means.
NUM  24.
PAR  24. The severing apparatus of claim 23 wherein said abutment surface means
      and said first engagement means are rigidly connected.
NUM  25.
PAR  25. The severing apparatus of claim 23 wherein said translating means
      comprise:
PA1  piston means operatively connected to said abutment surface means for
      translating said abutment surface.
NUM  26.
PAR  26. An apparatus for severing a length of shirred casing for prepared meat
      from unshirred casing, said apparatus comprising:
PA1  mandrel means for receiving the shirred casing therearound;
PA1  inflation means for introducing a pressurized fluid into an interior of
      said casing disposed around said mandrel means to inflate and maintain a
      portion of said casing out of contact with said mandrel means;
PA1  penetrating means for at least partially penetrating a portion of said
      casing inflated by said inflation means to weaken said casing, said
      penetrating means being movable from a condition out of contact with said
      casing radially inwardly to a condition spaced apart from said mandrel but
      in contact with said unshirred casing;
PA1  limiting means operably connected to said arcuate penetrating means for
      limiting said radial movement thereof so that said arcuate penetrating
      means together form an essentially circular enclosure for said unshirred
      casing of a diameter;
PA2  greater than that of said mandrel, but
PA2  less than the diameter to which said contacted circumference is being urged
      by said pressurized fluid so as to maintain said penetrating means in
      spaced apart relation to said mandrel and in constricting relation to said
      unshirred casing;
PA1  first engaging means for engaging a portion of said shirred casing;
PA1  second engaging means for engaging a portion of said unshirred casing; and
PA1  displacing means cooperating with said penetrating means for displacing
      said first engaging means relative to said second engaging means to exert
      longitudinal tensioning forces on said unshirred casing to:
PA1  maintain said unshirred casing substantially out of contact with said
      mandrel,
PA1  force said unshirred casing against said penetrating means while said
      unshirred casing remains in substantially continuously spaced apart
      relation to said mandrel, and
PA1  overstress said weakened portion of said casing to sever a length of
      shirred casing from said unshirred casing.
NUM  27.
PAR  27. The apparatus for severing a length of shirred casing of claim 26
      wherein said limiting means comprises:
PA1  contact surfaces disposed on and between each of said penetrating means,
      adjacent contact surfaces on adjacent penetrating means being inclined at
      equal angles so that said contact surfaces mate to limit said radial
      movement of said penetrating means.
NUM  28.
PAR  28. The severing apparatus of claim 27 wherein said penetrating means
      comprise:
PA1  a plurality of arcuate heating means, movable to contact said circumference
      of said casing, for at least partially decomposing a circumference of said
      casing upon contact of said heating means with said casing.
NUM  29.
PAR  29. The severing apparatus of claim 28 wherein said plurality of arcuate
      heating means are circumferentially disposed at equal angular intervals
      when said heating means are in contact with said casing.
NUM  30.
PAR  30. The severing apparatus of claim 29 wherein said heating means comprise:
PA1  lengths of wire, said lengths of wire being heatable by resistance to a
      flow of electricity therethrough prior to contact with said casing, said
      flow of electricity being interruptable prior to contact of said casing by
      said heated length of wire.
NUM  31.
PAR  31. The severing apparatus of claim 27 wherein said penetrating means
      comprise:
PA1  a plurality of arcuate blade means, movable to contact a circumference of
      said casing, for at least partially penetrating said casing upon contact
      of said blade means with said casing.
NUM  32.
PAR  32. The severing apparatus of claim 31 wherein said plurality of arcuate
      blade means are circumferentially disposed at equal angular intervals when
      said blade means are in contact with said casing.
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ABST
PAL  A carding method in which the rotary flats of a carding machine are driven
      intermittently so that each time the flats are driven only a portion (1/6
      to 1/4) of the flats opposed to the cylinder of the machine are replaced
      by fresh flats, thereby decreasing the amount of good fibers in the waste,
      particularly when carding synthetic fibers.
PAL  The carding machine is provided with a solenoid clutch in the drive
      mechanism for the rotary flats and the flat cleaning means, and with a
      timer for controlling the clutch so that the flats can be intermittently
      driven at desired drive and stop intervals. For carding polyester fiber,
      the drive interval may be enough to replace one-fifth of the flats opposed
      to the cylinder of the machine with fresh flats, and the stop interval may
      be as much as sixty minutes.
BSUM
PAR  The present invention relates to a carding method using a carding machine
      with rotary flats, and to a carding machine for practicing this method.
PAR  Generally, the purpose of using the carding machine is to apply to a lap
      the carding action of stretching fibers which are hardly stretched up to
      the lap forming process, or fibers which are shrunken as a result of
      curling or bending; and also the action of removing various extraneous
      substances and neps, or fibers which are short to the point of being
      unsuitable for spinning, and glued fibers and other impurities; and, to
      provide a sliver consisting of a bunch of completely separated, stretched
      long fibers.
PAR  Thus, the needle density and the length of that portion of the loop of
      rotary flats which is opposed to the cylinder in the carding machine used
      for the general cotton carding process are determined so as to be suitable
      for cotton carding and the intended carding is achieved by driving the
      cylinder and flats at predetermined speeds. When the carding of synthetic
      short fibers such as polyester fibers is performed on such a cotton
      carding machine, it has been found that the card waste, or so-called
      strips from the flats contain a much larger amount of sufficiently
      suitable good fibers than in the case of the carding of cotton. In this
      connection, it is noted that usually a lap of synthetic fibers contains
      none of the extraneous substances such as cotton seed shell debris and
      dirt found in cotton laps and a very little amount of impurities such as
      neps and fibers too short for spinning. When such synthetic fiber lap is
      fed to the conventional carding machine, therefore, it is expected that
      only the movement of the fibers over a relatively short region of the
      entire path length along which the flats are opposed to the cylinder is
      enough for the fibers to finish undergoing both the carding action and the
      impurity removing action to the extent necessary and sufficient for
      achieving the intended object. Further, since the amount of various
      impurities arrested by the needles on the flats is very small, it follows
      that the synthetic fibers which have finished moving over said short
      region from the entrance are subjected to the carding action of the flat
      needles still having the sufficient fiber arresting function over the
      entire remaining region, during which, as it is surmised, good fibers
      subjected to centrifugal action float up and are arrested by the flat
      needles.
PAR  The presence of a large amount of good fibers in the card waste as
      described above results in the decrease of yield and hence in the increase
      of production cost. A principal object of the present invention is to
      enable the increase of yield and the production of a sliver of good
      quality suitable for spinning yarn even in the case of carding synthetic
      fibers on a carding machine.
PAR  Thus, the present method is characterized in that in a carding machine
      using rotary flats, the flats are intermittently driven on repetitive
      drive and stop intervals with the unit feed length on each drive interval
      being less than the length of that portion of the loop of flats which is
      opposed to the cylinder.
PAR  According to this method, the flats are intermittently driven with
      consideration given to the length of the stop interval so that the
      rotation of the flats is stopped until cleaned flats, introduced into the
      region corresponding in length to said unit feed length from the entrance
      to the carding work path between the cylinder and the flats, substantially
      lose the function of arresting impurities and the like, or they become
      unable to arrest any more impurities and the like due to the previously
      arrested impurities and the like. As a result, there is no longer
      substantially any danger of good fibers being arrested by the flat needles
      present in the long carding work path extending from the terminal end of
      said region to the exit. If, therefore, the carding of synthetic fibers,
      which are supposed to provide a sliver of good quality even if subjected
      to carding and impurity removing actions only in said region in the
      vicinity of the entrance, is performed by the present method described
      above, then, despite the use of a cotton carding machine, the chance of
      good fibers being arrested is limited to the time when they are moving in
      the small region in the vicinity of the entrance, with the result that the
      rate at which good fibers are arrested and removed is greatly decreased as
      a whole with the consequent increase of yield, and yet a sliver of good
      quality suitable for spinning yarns can be obtained.
PAR  The present method is not limited to the carding of synthetic fibers, and
      in some cases it may be utilized for the carding of cotton fibers. For
      example, in the case of carding a lap which has been sufficiently cleaned
      in the preceding scutching process or of producing a sliver for which some
      decrease in quality is tolerated from the standpoint of use, the present
      method may be utilized by taking into consideration the unit feed length
      and the length of stop time for the flats.
PAR  The unit feed length and the length of stop time for the flats in the
      present method is empirically determined so as to achieve maximum yield
      without lowering the quality of sliver below the required level.
PAR  According to a preferred embodiment of the present invention, the present
      method is practices by interposing a clutch in a rotation transmitting
      system extending from the cylinder to the flats and automatically engaging
      and disengaging said clutch by means of a timer.
DRWD
PAR  Other features and merits of the present invention will be readily
      understood from the following description of a preferred embodiment of the
      invention with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic side view of a carding machine using rotary flats;
PAR  FIG. 2 is an enlarged perspective view of a flat driving device;
PAR  FIG. 3 is a longitudinal section showing an example of an intermittent
      drive; and
PAR  FIG. 4 is a graph showing the relation between stop ratio and card waste
      ratio.
DETD
PAR  In FIGS. 1 and 2, a transmission pulley 2, which rotates together with a
      cylinder 1 driven by a motor, drives an intermediate driven pulley 4
      through a belt 3. A worm gear 5 coaxial with the driven pulley 4 transmits
      the rotation of the driven pulley 4 to a notch block 10 through a mating
      worm wheel 6, an intermediate shaft 7, a worm gear 8 and a mating worm
      wheel 9. The rotation of the notch block 10 results in driving flats 11
      installed over the cylinder 1 at a constant speed ratio to the cylinder 1.
PAR  FIG. 3 shows a preferred embodiment of the present invention wherein a
      solenoid clutch 12 is interposed between the driven pulley 4 and the worm
      gear 5 in order to intermittently drive the flats. A support shaft 13
      projecting from a fixed frame supports the worm gear 5 of the long boss
      type for rotation thereon. It also supports the driven pulley 4 for
      rotation thereon with a needle bearing 14 therebetween. An eccentric cam
      16 acts on a lever 28 to operate a stripping comb 29 for removing strips
      from the flats, and the driven disc 17 of the solenoid clutch 12 are
      fixedly mounted on the boss 15 of the worm gear 5 by keys 18 and 19,
      respectively. The stationary part (including the coil) 20 of the solenoid
      clutch 12 is supported on the boss 22 of the driven disc 17 with a ball
      bearing 21 therebetween. The friction surface of the driven disc 17 is
      opposed to an armature 23 fixed to the driven pulley 4 and has a lining 24
      fixed thereto. A grooved pulley 25 integral with the driven pulley 17
      serves as a transmission pulley for driving, through a belt 30 and pulley
      31, a circular brush 26 which forms a flat cleaning means. A timer 27 in a
      circuit to the solenoid coil 20 permits the clutch to be energized and
      deenergized at desired intervals.
PAR  The driven pulley 4 is being rotated all the time when the cylinder 1 is
      being driven, but since the armature 23 and the lining 24 are separated
      from each other when the solenoid clutch 12 is not energized, the rotation
      of the driven pulley 4 is not then transmitted to the worm gear 5.
      Therefore, the flats 11 perform carding in their stopped state. Under
      these conditions a certain period passes and immediately before the
      cleaned needles on the flats included in the unit length previously
      inserted to the position opposed to the cylinder by the previous rotation
      of the flats lose the function of arresting impurities and the like, the
      solenoid clutch 12 is energized. (The time at which it is energized is
      present by the timer 27). As a result, the armature 23 and the lining 24
      are attracted to each other to become a unitary body, so that the rotation
      of the driven pulley 4 is transmitted to the long boss worm gear 5 through
      the armature 23, lining 24 and driven disc 17, thereby driving the flats
      11, the brush 26 and the stripping comb 29 through the transmission system
      shown in FIG. 2. As a result, cleaned fresh flats 11 are inserted to the
      position opposed to the cylinder and perform the intended carding
      operation accordingly. The used flats occupying the path extending from
      said newly inserted flats to the end on the doffer side have arrested
      impurities to the extent that they have already lost the function of
      arresting impurities and the like. Therefore, as previously described,
      there is almost no danger of such used flats arresting good fibers from
      the lap fibers moving in opposition to the used flats.
PAR  The unit feed length for cleaned flats depends on the duration of
      energization of the solenoid clutch 12 and the rotative speed of the
      flats, but the duration of energization of the solenoid clutch 12 is
      preset by the timer so that the unit feed length is a fraction of the
      length of the flat path opposed to the cylinder.
PAR  The following table shows the results of a test in which the present method
      was applied to an existing carding machine to card a synthetic fiber of
      100 percent polyester (1.3.sup.d .times. 38.sup.mm).
TBL  __________________________________________________________________________
                                  Strips from flats                            
                                              Flat continuous                  
     Flat drive system                                                         
                    Measurement                                                
                           Strips from                                         
                                  calculated on a                              
                                              operation-strips                 
                    time   flats  120-min. conversion                          
                                              from flats ratio                 
                                  basis                                        
     __________________________________________________________________________
      continuous operation                                                     
                       120 min.                                                
                           150.0 g                                             
                                  150.0 g     100%                             
     5-min. drive+5-min. stop                                                  
                    120    92.5   92.5        61.7                             
     5-min. drive+10-min. stop                                                 
                    120    56.5   56.5        37.7                             
     5-min. drive +15-min. stop                                                
                    120    36.0   36.0        24.0                             
     5-min. drive+30-min. stop                                                 
                    140    29.5   25.3        16.9                             
     5-min. drive+60-min. stop                                                 
                    130    15.3   14.1         9.4                             
     __________________________________________________________________________
      *Conditions of carding:                                                  
      cylinder, 280R/M; doffer, 18.5R/M; flat speed, 54 mm/min; grains,        
      310gr/6yd; kind of material to be carded, polyester (1.3.sup.d .times.   
      38.sup.mm)100%?                                                          
PAR  In addition, the conditions for carding were: rotative speed of cylinder,
      280 r.p.m.; rotative speed of doffer, 18.5 r.p.m.; flat speed, 54/mm/min;
      length of flat portion opposed to cylinder, 1400 mm; resulting sliver,
      310gr/6yd.
PAR  FIG. 4 shows the above test results in the form of a card waste change
      curve. In this graph, stop ratio
      ##EQU1##
      is plotted on the horizontal axis and card waste ratio
      ##EQU2##
      .times. 100 is plotted on the vertical axis.
PAR  As is apparent from the above table and FIG. 4, the longer the stop time,
      the less the amount of strips from the flats and hence the amount of good
      fibers in the strips decreases and yield increases. Moreover, the
      operation with 5 minute drive and 60 minute stop intervals showed no
      abnormality in the quality of the resulting sliver. On each such drive
      interval, a unit feed length of 270 mm of clean flats was introduced into
      the portion of the loop of flats opposed to the cylinder, or approximately
      one-fifth the length of such portion. Considering the physical differences
      in carding machines known to us, the preferred unit feed length on each
      drive interval may vary between one-sixth and one-fourth the length of the
      flat portion opposed to the cylinder. FIG. 4 shows that when the stop
      interval is less than 10 minutes, the card waste ratio increases greatly
CLMS
STM  We claim:
NUM  1.
PAR  1. A carding method using a carding machine having a cylinder and a loop of
      rotary flats, a portion of which loop is opposed to the cylinder,
      comprising intermittently driving the flats with repetitive drive and stop
      intervals, and feeding a unit length of flats on each drive interval less
      than the length of said portion of the loop of flats.
NUM  2.
PAR  2. A carding method as set forth in claim 1, characterized in that said
      unit length of flats fed on each drive interval is a fraction of the
      length of said portion of the loop of flats which is opposed to the
      cylinder.
NUM  3.
PAR  3. A carding method as set forth in claim 1, characterized in that said
      stop interval is greater than said drive interval.
NUM  4.
PAR  4. A carding method as set forth in claim 1, characterized in that said
      stop is not less than said drive interval.
NUM  5.
PAR  5. A carding method as set forth in claim 1, characterized in that the unit
      length of flats fed on each drive interval is on the order of (one-sixth
      to one-fourth) the length of said loop portion, and that each stop
      interval is not less than 10 minutes.
NUM  6.
PAR  6. A carding method as set forth in claim 1, characterized in that the unit
      length of flats fed on each drive interval is on the order of one-sixth to
      one-fourth the length of said loop portion, and that each stop interval is
      about 60 minutes.
NUM  7.
PAR  7. In a carding machine having a cylinder, a loop of rotary flats, and
      means for transmitting power to the flats, the improvement wherein said
      power transmitting means includes a clutch, and means for engaging and
      disengaging said clutch for timed intervals thereby intermittently driving
      the flats.
NUM  8.
PAR  8. A carding machine according to claim 7 wherein said clutch includes a
      solenoid, and said means for engaging and disengaging said clutch
      comprises a timer for controlling the energizing and deenergizing of said
      solenoid.
NUM  9.
PAR  9. A carding machine according to claim 7 wherein said power transmitting
      means includes a shaft, a worm gear mounted on said shaft and having a
      long boss coaxial therewith, a driving pulley rotatable on said shaft, and
      said clutch is arranged to couple said driving pulley and the long boss of
      said worm gear.
NUM  10.
PAR  10. A carding machine according to claim 7 further including a stripping
      comb for stripping said flats and means driven through said clutch for
      intermittently operating said stripping comb.
NUM  11.
PAR  11. A carding machine according to claim 7 further including flat cleaning
      means, and driving means for said flat cleaning means, said driving means
      being intermittently operable by said clutch.
NUM  12.
PAR  12. A carding machine according to claim 9 further including a stripping
      comb and means for cleaning said flats, and individual driving means
      carried by the long boss of said worm gear for separately operating each
      said stripping comb and said flat cleaning means.
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ABST
PAL  Flat clothing is illustrated utilizing metallic wire segments affixed to an
      elongated base strip, within a channel therein extending the length of the
      strip, by an adhesive which is carried within vertical passageways or
      reservoirs extending entirely across vertical side surfaces of the
      shoulders of said segments affixing the segments to each other and to the
      base strip.
BSUM
PAR  This invention relates to metallic flat clothing wherein means are provided
      for supporting and fixing wire segments to each other and to a carrier or
      base strip so that parallel rows of teeth are provided for positioning in
      substantial alignment and in opposed relation with teeth on the main
      cylinder of a carding machine.
PAC  BACKGROUND OF THE INVENTION
PAR  A metallic flat clothing has been provided heretofore with limited success.
      It has been necessary to provide end clips of U-shaped configuration for
      fitting over the ends of segments for attaching them to an elongated base
      member. The number of segments which must be manipulated and thus affixed
      has been prohibitive from a practical manufacturing standpoint. Generally,
      therefore, the usual flexible clothing utilizing pins projecting through a
      base material is employed on flat top cards.
PAR  Efforts to provide metallic flat clothing have continued such as
      illustrated in United States Letters patent Nos. 3,737,953 and 3,793,677.
      Such devices again are difficult to position since the wires must be bent
      or otherwise inclined to the direction of fiber flow requiring
      considerable manipulation in constructing the clothing.
PAR  Accordingly, it is an important object of this invention to provide
      metallic flat clothing wherein a number of wire segments may be readily
      manipulated and firmly affixed to a base strip for use as clothing on a
      flat top card.
PAR  Another important object of the invention is to provide metallic flat
      clothing wherein the strips are readily and firmly affixed to each other
      and to a base member in alignment with the fiber flow and the teeth of the
      card clothing on the main cylinder.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that metallic flat clothing may be constructed utilizing
      an elongated base strip having a channel therein for receiving segments of
      metallic wire, wherein a plurality of closely spaced, substantially
      vertical passageways or reservoirs are formed on one or more sides of the
      shoulders of said strips extending therethrough for facilitating the flow
      and subsequent retention of a curable, liquid adhesive therein for bonding
      the segments to each other and to the base member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features thereof.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawing
      forming a part thereof, wherein an example of the invention is shown and
      wherein:
PAR  FIG. 1 is a perspective view illustrating metallic flat clothing
      constructed in accordance with the present invention;
PAR  FIG. 2 is a bottom plan view with parts broken away for illustrating a base
      portion of the metallic segments and adhesive for securing the segments to
      each other and to the base strip;
PAR  FIG. 3 is an enlarged, perspective view illustrating segments of metallic
      wire card clothing having spaced vertical passageways extending entirely
      across a vertical side surface of a shoulder thereof, and
PAR  FIG. 4 is a longitudinal, sectional elevation illustrating metallic flat
      clothing constructed in accordance with the present invention positioned
      for use on a flat top card.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The drawing illustrates flat clothing having metallic card clothing for use
      on a flat top card. An elongated base strip A has a longitudinal channel
      therein extending the length thereof for receiving metallic card clothing
      transversely therein. The metallic card clothing includes a plurality of
      segments of wire B each having a shoulder carrying upstanding teeth
      adjacent one side thereof. A plurality of spaced substantially vertical
      passageways C extend entirely across a vertical side surface of said
      shoulder of each of said segments. The segments B are stacked in aligned
      relation transversely of said channel with each shoulder abutting a next
      succeeding shoulder forming aligned rows of teeth extending transversely
      across and projecting above the base strip. An adhesive D substantially
      fills the vertical passageways affixing each segment to the next
      succeeding segment and to the base strip.
PAR  The elongated base strip A has a longitudinal channel 10 therein extending
      the length thereof for receiving the metallic card clothing. The base
      strip A has upstanding edges 11 and 12 defining a longitudinal recess 13
      and 14, respectively, adjacent each edge for receiving a clip, described
      in greater detail below, for affixing the flat clothing for use on a flat
      top card. The channel 10 is formed between upward projections 15 and 16
      and has longitudinal keyway slots 17, 18 and 23 equally spaced in the base
      of the channel 10 for receiving adhesive D, thereby locking wire segments
      B to base strip A. Each of the wire segments B has a shoulder 19 (FIG. 3)
      and a row of teeth 20 is formed in a rolled portion 21 extending upwardly
      adjacent one side of the shoulder 19.
PAR  The plurality of spaced, substantially vertical passageways C are formed in
      a side 22 of said shoulder remote from the teeth 20. The vertical
      passageways are illustrated as being in the form of substantially
      rectangular channels formed by the feed rolls as the metallic wire is
      being manufactured. The feed rolls may apply vertical passageways on the
      side 22 of the shoulder 19 remote from the teeth or the passageways may be
      provided on the other side of the shoulder or on both sides. If the
      passageways are provided on the tooth side of the shoulder, they should
      extend across the rolled portion 21 as well as the side portion opposite
      the side 22 of the shoulder 19.
PAR  The segments B are assembled in stacked relation and aligned transversely
      of the channel with each shoulder abutting a next succeeding shoulder. A
      suitable liquid adhesive is then poured across the teeth and such flows
      downwardly into the channel 10 and keyway slots 17, 18 and 23. The
      adhesive D, in addition to filling the keyway slots 17, 18 and 23 fills
      the passageways C and fills the spaces between the passageways C and the
      next adjacent segment as illustrated in FIG. 3. Any suitable, curable
      liquid adhesive may be used. An adhesive which has been used successfully
      is Product EC-1294 manufactured by the 3M Company.
PAR  FIG. 4 illustrates the manner of attaching the base strip A and metallic
      segments carried thereby to a base 27. Elongated U-shaped clips 28 affix
      the edges 11 and 12 of the strips to the base 27. It will be noted that
      the teeth 29 of the card clothing of the cylinder 30 face in an opposite
      direction to the teeth 20 of the clothing of the metallic flat strips. The
      main cylinder turns in the direction of the arrow rotating at a high speed
      while the flats also move in the direction of the arrow but at
      conventionally a much slower speed.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flat strip having metallic card clothing for use on a flat top card
      comprising:
PA1  an elongated base strip having a longitudinal channel therein extending the
      length thereof for receiving metallic card clothing transversely therein;
PA1  said metallic card clothing including a plurality of segments of wire each
      having a base carrying upstanding teeth adjacent one edge thereof;
PA1  a plurality of spaced substantially vertical passageways extending entirely
      across a vertical side surface of said base of each of said segments;
PA1  said segments being stacked in aligned relation transversely of said
      channel with each base abutting a next succeeding base forming aligned
      rows of teeth extending transversely across and projecting above said base
      strip;
PA1  an adhesive substantially filling said vertical passageways affixing each
      strip to the next succeeding strip and to the base strip; and
PA1  at least one open longitudinal slot in a base of said channel forming a
      reservoir for receiving adhesive having been poured over said segments and
      flowing through said vertical passageways attaching said segments to said
      base strip.
NUM  2.
PAR  2. The structure set forth in claim 1, wherein said at least one slot is a
      keyway slot.
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ABST
PAL  A system and a device for use in that system is provided for maintaining or
      tying down a flexible sheet material in a desired position. The device
      comprises a tie-down having two end portions connected by an elongate
      flexible link such that the end portions can be brought together by
      bending or flexing the link causing the latter to form a loop which can be
      secured to a scaffold bar or other anchor. The end portions are preferably
      hemispherical in shape and have surfaces which engage each other when the
      end portions are in their brought-together position. The end portions are
      substantially larger than the link so that when they are brought together
      and enveloped by the flexible sheet material, a cord or other securing
      means can be positioned at the juncture between the link and the
      brought-together end portions to secure the sheet material to the
      tie-down.
BSUM
PAR  This invention relates to a system for covering articles with a flexible
      sheet material, especially a reinforced plastic material, wherein an
      improved tie-down can be attached to the sheet material at any point
      thereon. In another aspect, it relates to a device adapted to be used to
      tie down such sheet material.
PAR  Heretofore many types of devices have been suggested for tying down sheet
      material. Some of these, such as grommets, are installed at the factory
      thereby limiting the choice of tie-down locations in the field. Also, they
      cannot be successfully used with relatively thin plastic sheet materials,
      such as polyolefin films even when reinforced with fibers. Another type of
      tie-down, such as shown in Bjorksten et al, U.S. Pat. No. 3,467,999, has
      the advantage of being attachable in the field to a sheet material at any
      point thereon. While the Bjorksten et al type of tie-down has been used
      successfully in many locations, some problems have been encountered with
      it, especially in locations where the sheet material is subject to
      buffeting by wind.
PAR  An object of this invention is to provide a system for covering articles or
      openings wherein the tie-down can be attached to a flexible sheet
      material, especially one made from plastic film, at any selected point on
      the material in a manner such that the stress in the sheet material in the
      locus of the tie-down is distributed over a relatively large area to
      reduce the likelihood of the tie-down being torn from the sheet material.
PAR  Another object is to provide such a system in which the tie-down affords
      shock absorption, such as might be caused by winds buffeting the sheet
      material, to reduce the peak stresses in the sheet material at the locale
      of the tie-down.
PAR  Another object is to provide such a system wherein the tie-downs per se can
      be directly attached to structural elements, such as scaffold bars,
      already present in the article to be covered.
PAR  Another object is to provide such a system employing a tie-down device of
      such configuration that it can be made as a single piece and then attached
      to the sheet material using other elements which are readily available in
      the field.
PAR  Another object is to provide a tie-down device per se which is usable in
      the systems of the foregoing objects.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent to one skilled in the art upon consideration of the
      specification, the claims and the attached drawings wherein:
PAR  FIG. 1 illustrates a simple covering system in which sheet material is tied
      down at each of its corners;
PAR  FIG. 2 is a view of a preferred form of the tie-down device of this
      invention;
PAR  FIG. 3 illustrates the tie-down device of FIG. 2 positioned around a
      scaffold bar; and
PAR  FIG. 4 shows the attachment of the sheet material to the tie-down device
      illustrated in FIG. 3.
DETD
PAR  In accordance with this invention, a system is provided for covering
      articles or openings with a flexible sheet material adapted to be held in
      position by a binding means including a tie-down device secured thereto.
      The tie-down device has two spaced-apart end portions connected by a
      flexible link such that the end portions can be brought together by
      flexing the link which also causes the latter to form a loop. The end
      portions are substantially larger than the part of link adjacent thereto.
      The sheet material envelopes the end portions when the latter are in their
      brought-together positions and is secured to the tie-down device at the
      juncture between the brought-together end portions and the link, such as
      by tying a flexible cord around the sheet material at this juncture. By
      making the end portions with rounded outer surfaces, preferably with each
      in the shape of a hemisphere, and by making such portions of substantial
      size, a considerable area is provided so that when the sheet material is
      placed under a load, a correspondingly relatively large area of it is
      pressed against the end portions thereby reducing or minimizing stress
      concentrations in the sheet material. Also by making the flexible link out
      of a material which permits the link to be resiliently stretched
      lengthwise, the link tends to absorb shocks applied to the sheet material
      thereby again reducing or minimizing the stresses applied to the sheet
      material at the tie-down point.
PAR  Referring now to the drawings, and especially FIG. 2, a device is shown
      which is adapted to be used to tie down the sheet of flexible material.
      This device has spaced-apart end portions 10 and 11 connected by an
      elongate flexible link 12. The end portions 10 and 11 are substantially
      larger than the part of the link adjacent thereto and each preferably has
      outer surfaces 10a and 11a which are rounded and preferably each of the
      end portions is in a shape of a hemisphere.
PAR  With this construction, the tie-down device can have its ends brought
      together as illustrated in FIG. 3 by flexing the link 12 thereby causing
      the latter to form a loop which is shown in FIG. 3 as encompassing a
      scaffold bar 13. Also as illustrated in FIG. 2, the end portions have
      surfaces 10b and 11b which preferably are complementary but which, in any
      event, are engaged with each other when the device is in its FIG. 3
      configuration.
PAR  To facilitate holding the device in its FIG. 3 position, means can be
      provided for holding the end portions in their brought-together position
      and this means can take the form of a rubber band 14 although any other
      suitable means accomplishing the same purpose can be used. This feature is
      optional as the device can be manually held in its FIG. 3 position during
      the time it is being connected to the sheet material.
PAR  As indicated in FIG. 4, the sheet material 15 is positioned so that it
      envelopes the brought-together end portions 10 and 11 and then a securing
      means, such as a cotton cord 16, is applied so as to engage the sheet
      material at the juncture between the end portions and the link.
PAR  Referring to FIG. 1, a sheet of material 15 is illustrated as being tied
      down at each of its corners by a tie-down device attached thereto in the
      manner shown in FIG. 4. However, in this instance, the loop formed by link
      12 is connected to an anchor point 18 by a cord 17 or other suitable means
      which extends through the loop of the tie-down device and is tied to the
      anchor point. The latter can be any convenient member to which a cord can
      be tied.
PAR  Link 12 which joins end portions 10 and 11 must be of such nature as to be
      flexible to form the loop as illustrated in FIG. 3. Preferably, it is made
      of an elastomer so that not only can it be readily flexed to form the loop
      but is also resiliently stretchable lengthwise to provide shock
      absorption. Thus, when sheet material is, for example, used at
      construction sites to protect workers from wind or to temporarily cover
      openings in a building to protect the interior from the weather, the sheet
      material will be subject to buffeting by winds. With the link 12 being
      resiliently stretchable lengthwise, some of the forces caused by this
      buffeting action can be absorbed by the link thereby decreasing the stress
      on the sheet material at the locus of the tie down.
PAR  The materials from which the end portions 10 and 11 are made is not as
      important as their shape and size. However, for ease of fabrication, it is
      preferred that these end portions be made of the same material as link 12,
      and to be integral therewith. For example, it is preferred that the
      tie-down device shown in FIG. 2 be made of rubber with the link 12 having
      a durameter of 65 to 70 and the end portions a durameter of 70 to 75. In a
      preferred form, the end portions will be hemispheres each having a radius
      of the order of 3/4 to 1 inch and the link can be about 1/4 inch thick by
      3/4 inches wide. Its length can be varied but usually a length of 6 inches
      will be satisfactory in most applications. These dimensions are merely
      examplary and can be varied substantially to conform to the requirements
      of particular installations. However, it is important that the overall
      size of the brought-together end portions as shown in FIG. 3 be
      sufficiently larger than the link at the juncture with the end portions
      that the sheet material can be securely fastened thereto as shown in FIG.
      4.
PAR  The preferred sheet material for the majority of applications is a plastic
      sheet reinforced with geometrically or non-randomly arranged strands of
      high-strength flex resistant fibers, such as cellulose, polyester,
      polyamide, polyacrylonitrile, polyolefins, etc. Particularly preferred is
      a flexible plastic sheet consisting of a laminate of two films between
      which a multiplicity of ordered reinforcing fibers, for example as in a
      diamond pattern, are arranged so that they move in response to stress
      patterns, thus supplying reinforcing automatically where most needed to
      meet stresses. Such arrangements are disclosed in detail in U.S. Pat. No.
      2,999,041 to R. P. Lappala.
PAR  From the foregoing it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. A system for covering articles or openings comprising, in combination, a
      flexible sheet material, said sheet material being adapted to be held in
      protecting position by a binding means secured thereto, said binding means
      having two end portions connected by a flexible link such that the end
      portions can be brought together by flexing the link causing the latter to
      form a loop, the end portions each being substantially larger than the
      part of the link adjacent thereto, said sheet material enveloping the end
      portions with the latter being brought-together as aforesaid, and securing
      means engaging the sheet material at the juncture between the
      broughttogether end portions and the link to hold the sheet material in
      enveloping position around said end portions, said link being flexible
      throughout its length and resiliently stretchable lengthwise.
NUM  2.
PAR  2. The system of claim 1 wherein said end portions each have rounded outer
      surfaces in their brought-together position.
NUM  3.
PAR  3. The system of claim 2 wherein said end portions are each in the shape of
      a hemisphere.
NUM  4.
PAR  4. The system of claim 1 wherein means are provided for holding the end
      portions in their brought-together position prior to their being enveloped
      by said sheet material.
NUM  5.
PAR  5. The system of claim 1 wherein said binding means is of an integral,
      one-piece construction.
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ABST
PAL  A clip for use in suspending an article from a T-bar ceiling structure is
      described. The clip is made of a single length of rigid wire shaped to
      define an upper portion for engagement with the bottom limb of the T-bar,
      and a lower portion of inverted triangular shape for engagement by an
      article to be suspended from the T-bar.
BSUM
PAR  This invention relates to clips for use in suspending articles from T-bar
      ceiling structures.
PAR  As is well known, a T-bar ceiling structure is made up of a plurality of
      elongate members of inverted T-shape in cross-section (T-bars) arranged in
      a grid pattern. Each T-bar has an upright stem and a bottom limb defining
      oppositely directed lateral portions. A plurality of ceiling tiles are
      supported on the said oppositely directed portions of the bottom limbs of
      the T-bars to form the surface of the ceiling. It is also known to provide
      clips which can be fitted to the T-bars for the purpose of suspending
      relatively lightweight articles such as lights, signs, advertising
      displays and the like.
PAR  An object of the present invention is to provide a simple, relatively
      light-duty clip for this purpose.
PAR  According to the invention, the clip is symmetrical about a longitudinal
      line of symmetry and is made of a single length of rigid wire shaped to
      define an upper portion for engagement with a T-bar, and a lower portion
      for engagement by an article to be suspended from the T-bar. The lower
      portion of the clip defines the general shape of an inverted isosceles
      triangle arranged with its base transverse to said line of symmetry. Said
      portion includes two inclined sections angularly disposed with respect to
      one another and extending along the inclined sides of said triangle, and
      two transverse sections extending generally parallel to one another
      generally along the base of the triangle and each joined at one end to a
      respective one of said inclined sections. The upper portion of the clip
      defines two angled sections each joined at one end to the opposite end of
      a respective one of said transverse sections. Said angled sections include
      respective portions at the ends of said lengths of wire, said end portions
      being positioned generally parallel to and closely adjacent said line of
      symmetry and projecting outwardly of the clip. The angled sections also
      include respective rectilinear portions which extend outwardly from said
      end portions transverse to said line of symmetry. When the clip is fitted
      to a T-bar in use, said end portions lie against respectively opposite
      sides of the T-bar and said rectilinear portions extend across the upper
      surfaces of said lateral portions of the T-bar.
DRWD
PAR  The invention will be better understood by reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view of a clip according to the invention;
PAR  FIG. 2 is a vertical sectional view through part of a T-bar ceiling
      structure showing the clip of FIG. 1 in use;
PAR  FIG. 3 is a view similar to FIG. 1 and illustrates how the clip of FIG. 1
      may be modified by the addition of a spring;
PAR  FIG. 4 is a vertical sectional view on line IV--IV of FIG. 3, showing the
      clip in use on a T-bar; and,
PAR  FIG. 5 is a view similar to FIG. 3 and illustrates how an extra spring may
      be fitted to the clip.
DETD
PAR  Referring first to FIGS. 1 and 2, a clip according to the invention is
      generally indicated at 20 and is made of a single length of spring steel
      wire of circular cross-section. The wire is 0.041 inch in diameter and is
      tinned m.b. gauge. The clip is symmetrical about a longitudinal line of
      symmetry S (FIG. 1) and includes an upper portion 22 for engagement with a
      T-bar in use, and a lower portion 24 for engagement by an article to be
      suspended from the T-bar.
PAR  The lower portion 24 defines the general shape of an inverted equilateral
      triangle arranged with its base transverse to said line of symmetry S. In
      this embodiment, the sides of the triangle are approximately one inch in
      length. Portion 24 includes two inclined sections 26,28 which are
      angularly disposed with respect to said line of symmetry and which extend
      along the inclined sides of the triangle. Two transverse sections 30 and
      32 extend generally parallel to one another and generally along the base
      of said triangle. Each of said sections 30, 32 is joined at one end to a
      respective one of said inclined sections 26, 28. In other words, the end
      of section 30 at the left hand end of said base of the triangle is joined
      to the upper end of the left hand inclined sections 26, and the end of the
      other section 32 at the right hand end of the base is joined to the upper
      end of the other inclined section 28.
PAR  The opposite ends of said sections 30 and 32 are joined to respective
      angled sections 34 and 36 of the upper portion 22 of the clip. The angled
      sections 34 and 36 and the transverse sections 30 and 32 co-operate to
      define a shape which conforms generally to the shape of the bottom limb of
      the T-bar to which the clip is to be fitted. Sections 34 and 36 include
      upstanding end portions 38 and 39 and adjacent respective rectilinear
      portions 40, 41.
PAR  Referring now to FIG. 2, part of a T-bar ceiling is shown in vertical
      cross-section. A T-bar is indicated at 42 and includes a bottom limb 44
      disposed generally horizontally, and a stem 46 which projects upwardly
      from the bottom limb 44 generally along the longitudinal median line of
      said limb. Ceiling tiles, part of two of which are visible at 48, rest on
      the upper surfaces of the oppositely directed portions 44a, 44b of said
      bottom limb 44 on opposite sides of the stem 46. The clip 20 is fitted to
      the T-bar 42 by lifting the tiles 48 and engaging the respective angled
      sections 34 and 46 of the upper portion of the clip over respectively
      opposite sides of the bottom T-bar limb 44. The said rectilinear portions
      40, 41 extend transversely of the upper surfaces of said
      oppositely-directed portions 44a, 44b of said T-bar limb 44. The tiles are
      then replaced on top of the rectilinear portions of the angled sections 34
      and 46. The inner edges of the tiles are located against the end portions
      38 and 39 of the clip. Sometimes, it may be more convenient to engage the
      respective angled portions 34 and 46 of the clip with the T-bar one at a
      time. In this event, one of the tiles 48 is first lifted and the relevant
      angled portion 34 or 36 of the clip is engaged over one side of the bottom
      limb of the T-bar. The lifted panel is then replaced and the other panel
      is lifted while the other angled portion of the clip is engaged with the
      other side of the limb 44.
PAR  In any event, it will be appreciated that the panels 48 tend to hold the
      clip in place on the T-bar. The panels 48 may be made of polystyrene or
      other material, the surface of which will be indented by the pressure of
      the tile against the angled sections of the clip. Such indentation will
      tend to assist in locating the clip. Accordingly, the clip will tend not
      to move along the T-bar. Twisting of the clip will also be resisted since
      any such movement would tend to cause the angled sections 36 and 34 to
      move apart due to the pressure between the side edges of the limb 44 of
      the T-bar and the adjacent portions of the clip. However, such movement of
      sections 34 and 36 apart is resisted by the inner edges of the tiles 48
      bearing against the end portions 38 and 39 of the upper portion of the
      clip.
PAR  An article to be suspended from the clip is engaged with the lower portion
      24. For example, as indicated in FIG. 2, the article may be suspended by a
      cord such as that indicated at 50 provided at its upper end with a hook 52
      which is engaged with the lower portion 24 of the clip at the junction
      between the inclined sections 26 and 28.
PAR  It will be noted that the line of symmetry S (FIG. 1) of the clip extends
      through the junction between the inclined sections 26 and 28 of the lower
      portion 24 of the clip and through the stem 46 of the T-bar when the clip
      is in use. Further, the shape of the angled sections 34 and 46 of the
      upper portion of the clip is such that the weight of an article suspended
      from the clip is distributed across the oppositely-directed portions 44a,
      44b of the bottom limb 44 of the clip. This weight is carried by the said
      rectilinear portions 40 and 41 of the angled portions 34 and 36 of the
      clip, which portions make line contact with the said upper surfaces of
      said oppositely-directed portions 44a, 44b of the bottom limb 44 of the
      clip. The weight of an article suspended from the clip therefore acts
      along the said line of symmetry and is equally distributed across the
      cross-section of the T-bar. This avoids distortion of the clip and uneven
      loading of the T-bar. It is, of course, to be understood that an article
      may be suspended from the clip other than in the manner illustrated in
      FIG. 2.
PAR  As has already been mentioned, the sections 30 and 32 of the clip are
      normally disposed generally parallel to one another. However, the weight
      of an article suspended from the clip tends to distort the clip so that
      the sections 30 and 32 adopt a crossed configuration as can be seen in
      FIG. 2. Where the article is comparatively light in weight, this
      distortion will be minimal. However, where heavier weight articles are to
      be suspended, the modification illustrated in FIG. 3 is preferably
      adopted.
PAR  Referring to FIG. 3, the clip itself is of the same form as that shown in
      FIGS. 1 and 2. However, the clip is modified by the addition of a
      compression spring 54 which is located around the sections 30 and 32 of
      the clip. The position of the spring when the clip is in use is indicated
      in chain dotted lines 56. The spring is fitted to the clip by engaging the
      end coil 58 of the spring around the sections 30 and 32 as indicated in
      FIG. 3 and rotating the spring to cause it to wind onto the sections. The
      spring is a helical compression spring and is of a length substantially
      equal to the length of the sections 30 and 32 so that the respective ends
      of the clip abut against parts of the clip indicated at 60 and 62 in FIG.
      3. The spring may be dimensioned so that it is under slight compression at
      this time.
PAR  In use, the spring 54 minimizes the extent to which the sections 30 and 32
      of the clip can move out of parallel. FIG. 4 shows the clip in a loaded
      condition with the sections crossed to the maximum possible extent within
      the spring. It will be noted that the inner surfaces of the endmost coils
      of the spring 54 have been contacted by end portions of the sections 30
      and 32 of the clip under the influence of the load on the clip. These
      endmost coils accordingly prevent the sections moving into positions in
      which they are crossed to a greater extent. The pressure exerted by the
      sections 30, 32 on the endmost coils of spring 54 tend to move the coils
      inwardly in the directions indicated by arrows 64 in FIG. 4. However, the
      spring tends to resist such compression, with the result that under normal
      loading, the endmost coils remain in their outermost positions and hold
      the clip sections 30 and 32 in the limit positions.
PAR  The intention is that the clip and spring will be sold together, but
      without the spring fitted to the clip. The clip can then be used alone for
      lightweight applications, or it can be fitted with a spring where heavy
      articles are to be suspended. Different strengths of spring may be
      provided to cater for different weight articles. Alternatively, to cater
      for different load requirements, several springs of the same strength may
      be supplied with the clip so that two or even more springs can be added to
      the clip to increase its load bearing capability, as will now be
      described.
PAR  FIG. 5 shows the spring wire clip 20 of the previous embodiments fitted
      with the spring 54 of FIG. 3. An additional spring 66 similar to spring 54
      is fitted to the clip so that the coils of spring 66 are located between
      the coils of spring 54. This second spring 66 is fitted in similar fashion
      to spring 54; that is, by being wound onto the clip. Spring 66 is
      positioned so that its leading end coil 68 is initially disposed between
      the two end coils 70 and 72 of spring 54. Spring 66 is then rotated as
      indicated by the arrow so that it is wound onto the clip sections 30 and
      32 between the coils of spring 54. Obviously, the resistance of the two
      springs 54 and 66 to radial distortion and to compression is substantially
      greater than the resistance of spring 54 alone. Accordingly, when fitted
      with two springs, the clip has a substantially higher load bearing
      capability than when fitted with a single spring.
PAR  It will be appreciated from the foregoing description that the clip
      provided by the invention can be manufactured simply and inexpensively and
      can be readily fitted to and removed from a T-bar without the need for
      special tools. Further, the clip is of neat and unobtrusive appearance and
      yet can be used to support significant loads. Also, as has already been
      explained, the weight of an article suspended from the clip is equally
      distributed across the cross-section of the clip.
PAR  It will be appreciated that the preceding description applies to a specific
      form of clip and that modifications are possible within the broad scope of
      the invention. For example, in the embodiment described, the lower portion
      24 of the clip is in the shape of an equilateral triangle. An equilateral
      triangle is a special form of isosceles triangle. The said lower portion
      24 of the clip can define the shape of any isosceles triangle in which the
      equal sides form the inclined sections 26 and 28.
PAR  The specific sizes quoted above are given by way of example only and are
      not limitive of the scope of the invention. Further, the clip is not
      essentially made of spring wire. For example, the wire may be deformable
      to fit the clip to a T-bar. Further, the wire is not essentially of
      circular shape in cross-section. If the clip is made of flat section wire,
      the cross-section of the wire should preferably not be too wide.
PAR  With respect to the spring arrangements (FIGS. 3 to 5), where two or more
      springs are used, they may be arranged concentrically with respect to one
      another. The maximum number of springs which may be fitted to a single
      clip will be determined by the space available.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A clip for use in suspending an article from a T-bar ceiling structure
      which includes a plurality of T-bars each having an upright stem and a
      bottom limb defining oppositely directed lateral portions, wherein the
      clip is symmetrical about a longitudinal line of symmetry and is made of a
      single length of rigid wire shaped to define an upper portion for
      engagement with one of said T-bars in use, and a lower portion for
      engagement by an article to be suspended from the T-bar, wherein the lower
      portion of the clip defines the general shape of an inverted isosceles
      triangle arranged with its base transverse to said line of symmetry and
      includes: two inclined sections angularly disposed with respect to said
      line of symmetry and extending along the inclined sides of said triangle;
      and two transverse sections extending generally parallel to one another
      generally along the base of the triangle and each joined at one end to a
      respective one of said inclined sections: and wherein the upper portion of
      the clip defines two angled sections each joined at one end to the
      opposite end of a respective one of said transverse sections, said angled
      sections including: respective portions at the ends of said length of
      wire, said end portions being positioned generally parallel to and closely
      adjacent said line of symmetry and projecting outwardly of the clip; and
      respective rectilinear portions which extend outwardly from said end
      portions transverse to said line of symmetry, whereby when the clip is
      fitted to a T-bar in use, said end portions lie against respectively
      opposite sides of the stem of the T-bar and said rectilinear portions
      extend across the upper surfaces of said lateral portions of the bottom
      limb of the T-bar.
NUM  2.
PAR  2. A clip as claimed in claim 1, wherein the said rigid wire is made of
      spring steel and is of circular shape in cross-section.
NUM  3.
PAR  3. A clip as claimed in claim 1, wherein the said lower portion of the clip
      defines the general shape of an equilateral triangle having sides of
      approximately one inch in length.
NUM  4.
PAR  4. A clip as claimed in claim 1 in combination with a helical compression
      spring fitted around said transverse sections of the lower portion of the
      clip and of a length generally corresponding to the length of said
      sections, said spring serving to limit the extent to which said transverse
      sections can move apart in response to loading of the clip in use.
NUM  5.
PAR  5. A clip fitted with a spring as claimed in claim 4, in combination with a
      further spring similar to said first mentioned spring and fitted around
      said transverse sections of the clip so that the coils of said further
      spring are located between the coils of the first-mentioned spring.
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ABST
PAL  A separable fastener for releasably connecting spaced ends of a flexible
      member, comprising first and second substantially flat body members, each
      having means at one of its ends for receiving an end of a flexible chain
      or the like, one of said members at its other end having a transverse
      upwardly extending flange and further having a centrally positioned
      opening adjacent to said flange and bridged thereby, said flange having
      centrally positioned upwardly and downwardly extending lugs thereon, and
      the second body member at its other end having a centrally positioned,
      gently curved, reversely bent tongue adapted to extend beneath said
      flange, upwardly throgh said opening, and then rearwardly over said flange
      to releasably interconnect said members, said tongue having a centrally
      positioned longitudinal slot therein through which the aforesaid lugs
      extend, whereby said body members must be positioned perpendicular to each
      other to permit connection or disconnection therebetween.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Where it is desired to releasably interconnect spaced ends of a flexible
      member, such as link chain used for necklaces and the like, it is
      necessary that the fastening means be of small size so as not to
      aesthetically detract from the appearance of the article, particularly
      where the article has a cosmetic signifcance, such as an article of
      jewelry; and it is further necessary that the fastener be easily
      manipulatable, both to open and close, by touch or feel, since necklaces
      are frequently opened or closed by the wearer with the fastener located
      behind the wearer's neck. In addition, the fastener must be so constructed
      as not to become inadvertently opened so as to result in undesirable
      disconnection of the chain or other flexible member. The present invention
      is designed to achieve all of these objectives; and while primarily
      adaptable for use in connection with articles of jewelry, it is obviously
      not limited thereto; but rather the fastener of the present invention may
      be used in any environment where it is desired to releasably connect
      spaced ends of a flexible member.
PAR  In the jewelry industry, the most common separable fastener heretofore used
      is the so-called "spring ring" comprising a ring-like member having a
      spring-loaded jaw normally urged to closed position but manually openable
      against the action of the spring when it is desired to interconnect the
      end link of a chain to the ring. Due, however, to recent material
      shortages and increases in material prices, the conventional spring rings
      have not only become extremely expensive, but also have become in short
      supply. Another problem with the conventional spring ring is that
      manufacturing equipment for automatically producing and assembling such
      spring rings is both sophisticated and expensive.
PAR  It is therefore an object of the present invention to provide a separable
      fastener which may form an adequate substitute for the conventional spring
      ring and which lends itself to automatic and economically feasible
      manufacture.
PAR  Another object is the provision of a separable fastener that may be
      effectively made of relatively small size so as not to aesthetically
      detract from the article with which it is associated, particularly where
      such article is a jewelry product.
PAR  Another object is the provision of a separable fastener that is easily
      opened and closed by touch or feel, whereby the fastener may effectively
      be manipulated by the user while the fastener is located behind the user's
      neck.
PAR  Still another object is the provision of a separable fastener of the
      character described wherein a secure connection is achieved when the
      fastener is in its closed or connected condition, thus rendering it
      virtually impossible for the fastener to become inadvertently separated
      during use.
DRWD
PAR  Other objects, features and advantages of the invention will become
      apparent as the description thereof proceeds when considered in connection
      with the accompanying illustrative drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which illustrate the best mode presently contemplated for
      carrying out the present invention:
PAR  FIG. 1 is a perspective view showing the fastener of the present invention
      in connected relation;
PAR  FIG. 2 is a perspective view showing the fastener in disconnected relation;
PAR  FIG. 3 is a bottom plan view of the connected fastener;
PAR  FIG. 4 is a section taken on line 4--4 of FIG. 3;
PAR  FIG. 5 is a top plan view of the connected fastener; and
PAR  FIGS. 6 through 8 sequentially illustrate the manipulatable steps employed
      when connecting the two body members of the fastener.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, and more particularly to FIGS. 1 and 2,
      there is shown generally at 10 a separable fastener comprising a first
      substantially flat, plate-like body member 12 and a second similarly
      dimensioned and configured plate-like body member 14, both of which are
      preferably sheet metal stampings of any suitable metallic material, such
      as tempered brass or the like.
PAR  As will be noted, both the members 12 and 14 are gently and arcuately
      tapered inwardly, whereby when said members are connected, as illustrated
      in FIGS. 1, 3 and 5, an elongated tear-drop configuration results. At
      their outer ends the members 12 and 14 are each provided with integrally
      formed eye portions 16 and 18, respectively, which portions receive the
      end links of the opposite ends of a flexible chain 20, although it will be
      understood that the fastener 10 is not limited to connecting the ends of a
      link chain but rather may be utilized to releasably connect the ends of
      any desired flexible member.
PAR  Body member 12, at its inner end is provided with a lateral, upwardly
      extending, integral flange 22 that extends from side to side of said body
      member. Adjacent said flange the body member 12 is provided with a
      centrally positioned, rectangularly shaped cut-out 24, it being noted that
      flange 22 actually bridges said cutout. The flange 22 is provided with
      upwardly and downwardly extending integral lugs 26, 28, respectively, the
      purpose of which will hereinafter become apparent.
PAR  Referring now to body member 14, it will be seen that at its inner edge it
      is provided with an integral tongue 30 which is centrally positioned and
      which extends forwardly from the edge of body member 14 and then gently
      curves upwardly and rearwardly, terminating in closely spaced relation to
      the adjacent surface of body member 14, as shown most clearly in FIG. 7.
      The spacing 32 between the terminal portion of tongue 30 and the adjacent
      surface of body member 14 is just slightly less than the thickness of the
      metallic stock from which the members 12 and 14 are constructed. Tongue 30
      is provided with a centrally positioned, longitudinally extending slot 34
      which begins at the edge of body member 14 and terminates intermediate the
      rearwardly extending portion of tongue 30. As will be noted, the width of
      opening or cutout 24 is somewhat greater than the width of tongue 30
      whereby the latter may extend therethrough, and, by the same token, the
      width of slot 34 is somewhat greater than the width of lugs 26, 28,
      whereby the latter may extend through said slot, in a manner hereinafter
      to be described.
PAR  Referring to FIGS. 6 through 8, the steps for connecting the body members
      12 and 14 are sequentially shown. It is first of all necessary that the
      body members be positioned substantially perpendicular with respect to
      each other, whereby flange 22 may be forced through space 32, it being
      understood that the resilience of tongue 30 permits this entry. After the
      body member 12 has been moved inwardly in the direction of the arrow in
      FIG. 6 until flange 22 is located within the loop of reversely bent tongue
      30, the body member 12 is rotated in the direction of the arrow shown in
      FIG. 7 until the body members 12 and 14 lie in substantially the same
      plane, as illustrated in FIG. 8. In this position, the lugs 26, 28 extend
      through the upper and lower portions of slot 34, since the distance
      between the edges of lugs 26 and 28 is substantially equal to or slightly
      greater than the maximum height of the loop portion of tongue 30. In order
      to disconnect the members 12 and 14, it is necessary that the
      just-described procedure be reversed.
PAR  It is important to note that with the members 12 and 14 connected, as
      illustrated in FIGS. 1, 4 and 8, it is not possible to pull the members
      apart, since the interconnection of tongue 30 and flange 22 prevents this.
      By the same token, with the body members 12 and 14 connected and lying in
      the same plane, it is not possible to push the members toward each other
      to effect disconnection, because engagement of lug 28 with the front edge
      36 of member 14 will prevent such movement, and even if the member 12 is
      tilted to the position illustrated in FIG. 7, in which position lug 28 is
      free to clear edge 36, the members still cannot be disconnected since lug
      26 will engage the rear end of slot 34 to prevent such disconnection. It
      is only when member 12 has been swung to a substantially perpendicular
      disposition with respect to member 14 that the members can be slidably
      disconnected. It will thus be seen that the provision of the lugs 26, 28
      and cooperating slot 34 is an extremely important feature of the present
      invention, because without these cooperating parts, it might be possible
      to separate the members 12 and 14 by forcing flange 22 outwardly beneath
      tongue 30. On the other hand, by providing lugs 26, 28 and cooperating
      slot 34, the members 12 and 14 can be disconnected only after they have
      been manipulated to the relative position illustrated in FIG. 6, which
      effectively eliminates the possibility of inadvertent separation between
      the members. It will be understood that even with the parts in the
      perpendicular disposition illustrated in FIG. 6, it is still necessary to
      slightly force the flange 22 outwardly beneath the terminal end of tongue
      30, but the resilience of the latter easily permits this.
PAR  It has been found that connection and disconnection of the members 12 and
      14 may be easily effected even when the fastener is located behind the
      neck of the wearer. The fastener 10 is relatively small and does not
      aesthetically detract from the article with which it is associated
      because, in use, all that is visible are the substantially flat surfaces
      of the members 12 and 14, as illustrated in FIG. 5. Also, as hereinbefore
      emphasized, once the members 12 and 14 have been connected, it is
      virtually impossible for them to become accidentally disconnected. The
      fastener 10 is easily made by automatic equipment and hence is
      economically feasible to manufacture, as well as being durable and long
      lasting in use.
PAR  While there is shown and described herein certain specific structure
      embodying the invention, it will be manifest to those skilled in the art
      that various modifications and rearrangements of the parts may be made
      without departing from the spirit and scope of the underlying inventive
      concept and that the same is not limited to the particular forms herein
      shown and described except insofar as indicated by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A separable fastener adapted to releasably interconnect spaced ends of a
      flexible chain or the like, comprising a first plate-like body member
      having means at one end for receiving an end of the flexible chain, an
      upstanding flange extending laterally across its other end, there being a
      centrally positioned opening in said body adjacent said other end, said
      opening being bridged by said flange, said flange having centrally
      positioned upwardly and downwardly extending lugs thereon, and a second
      plate-like body member having means at one end for receiving the other end
      of the flexible chain, said second body member at its other end having an
      integral tongue extending away from said other end and then gently curving
      upwardly, rearwardly and downwardly and terminating in closely spaced
      relation to the upper surface of said second body member, said tongue
      being of lesser width than said opening, whereby when said first and
      second body members are releasably connected to each other, said tongue
      extends beneath said flange, upwardly through said opening, and then
      rearwardly over said flange, said tongue having an elongated slot
      extending from adjacent the beginning thereof and terminating intermediate
      said rearwardly and downwardly extending portion, said slot receiving
      therethrough the aforesaid oppositely extending lugs.
NUM  2.
PAR  2. In the fastener of claim 1, the spaced relation between said terminal
      tongue portion and said upper surface being just slightly less than the
      thickness of said first plate-like body member.
NUM  3.
PAR  3. In the fastener of claim 1, the distance between the ends of said
      upwardly and downwardly extending lugs being substantially equal to the
      maximum height of said reversely bent tongue.
NUM  4.
PAR  4. The fastener of claim 1, further characterized in that said first and
      second body members are of sheet-metal construction.
NUM  5.
PAR  5. The fastener of claim 4, further characterized in that said first and
      second body members are of substantially the same size and configuration.
NUM  6.
PAR  6. The fastener of claim 5, further characterized in that said first and
      second body members taper arcuately inwardly from said other ends, said
      means for receiving the ends of said flexible chain comprising integrally
      formed eyes.
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ABST
PAL  A driven feed roller is disposed above a pair of needle chains. Members for
      spreading the web edges are located immediately preceding the feed roller,
      and a pair of needling rollers for impaling the web edges on the needle
      chains are located immediately following the feed roller in the direction
      of web movement. A device for sensing the web edges is arranged to scan
      the web edges on the feed roller.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of abandoned application Ser. No. 328,606,
      filed Feb. 1, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tentering machine for a cloth web, comprising a
      driven feed roller for the cloth web disposed above the needle chains, and
      members for spreading the edges of the cloth web, and two driven needling
      rollers for applying the edges of the cloth web to the needle chains,
      together with a device for sensing the edge of the web.
PAR  In previously known tentering machines the cloth web feed roller is spaced
      in front of the needling position (needling rollers) in the entry area of
      the machine so that what are known as unrolling fingers may for instance
      be disposed between said roller and the needling rollers, for spreading
      the web edges, together with a device for scanning the edges of the cloth
      web. In such cases the feed roller is generally in a plane above that
      wherein the web is conveyed by the needle chains. A web to be needled thus
      easily runs with a downward inclination from the feed roller to the
      needling position; the web edges can be spread out by the spreading
      members, and the edge-sensing device can be used to set the two lateral
      needle chains (with their rails) to the present width of the incoming
      cloth web. Parallel with the width adjustment of the needle chains there
      is at the same time an adjustment of the needling roller disposed above
      each needle chain.
PAR  It has now been found that after leaving the feed roller a cloth web to be
      needled hangs arcuately across its width, and the spreading elements
      engaging the web edges do not affect this condition. Under these
      conditions, it is customary to arrange the chain rails diverging, and the
      spreading rollers are also strongly diverging and distort the web. With
      broad and heavy webs of cloth this arcuate hanging may have an effect such
      that the web under its own weight will slip out of the spreading members
      (e.g. unrolling fingers) and possibly out of the needling rollers. Nor can
      any support for the web in its central area, ignoring the constructional
      expense involved, do much to change this tendency.
PAR  When with these known constructions the control according to the width of
      the incoming cloth web is effected by the sensing device (at the edges of
      the web), because of the arcuate handing of the web firstly there can be
      no adaptation to the exact width, and secondly the web edges will run
      extremely unevenly and hence make sensing of such edges extremely
      difficult. This has the consequence that the gap adjustment for the two
      needle chains and hence of the two needling rollers is affected in a very
      unfavorable manner, with the chain guiding elements travelling much closer
      together than is necessary. Since the sensing device for the edges of the
      cloth web usually lies between the spreading members and the needling
      rollers, the web must also usually cover a considerable distance before it
      can be needled, so that the spreadout edges of the web can at least partly
      roll up again, and also in particular diverging of the chain rails makes a
      large difference between the width at the sensing position and at the
      needling position, making the needling imprecise.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is thus to construct a tentering machine of the
      class described in such a manner that a web of cloth to be treated can be
      needled in fully spread condition, avoiding any arcuate hanging across the
      width, while at the same time extremely precise control of the interval
      between the two needle chains or the two needling rollers is provided by
      the sensing device.
PAR  According to the invention this object is achieved in that the spreading
      members for the web edges, the feed roller and the needling rollers are
      disposed in close sequence in the direction of web feed, and in that the
      device for scanning the edges of the cloth web is so provided that the
      edges can be scanned on the feed roller.
PAR  With the construction provided by the invention the edges of the cloth web
      to be treated are first spread or rolled out (depending on the design of
      the members) by spreading members acting parallel to the feed roller.
      Immediately after spreading out of the web edges the web runs on to the
      feed roller which passes the web on to the closely following needle
      rollers and thus to the needling position. Because of the close succession
      of feed roller and needling rollers, the path of the cloth across the
      entire width is substantially identical with the path of the web edges to
      the needling points, and there is in practice no possibility of the web
      hanging arcuately over its width and possibly slipping out of the needling
      position, as happens with known tentering machines. Since the spreading
      members are located closely in front of the feed roller, renewed
      deflection or rolling in of the web edges is also effectively prevented.
PAR  Since, as already stated, the cloth web runs over the feed roller in fully
      broadened condition and is thence fed directly to the needling rollers,
      the edges of the cloth web travel with extreme steadiness in the area of
      the tentering machine inlet. Because of the well-controlled guidance of
      the web resting evenly on the feed roller there is notagitated "jerking"
      by the spreading members and hence no zig-zag movement of the web edges on
      to the needling rollers, as is the case with known constructions. The
      disposition of the sensing device at the feed roller in accordance with
      the invention thus has the consequence that the edges of the web and hence
      the width of the web can be sensed with great accuracy, so that in turn
      very precise and steady control of the interval between the two needle
      chains or the two needling rollers can be obtained.
PAR  According to a preferred embodiment of the invention it is often beneficial
      if the needling rollers above the web are in contact with the feed roller
      and are thus driven. In this way the feed roller can at the same time act
      as a contact and drive member for the needling rollers. There is thus
      achieved a considerable simplification from the constructional aspect; in
      particular there are no awkward drive elements for the needling rollers,
      and hence the danger of any soiling of the web (through grease or oil
      sprayed from such drive elements) is complelely obviated.
PAR  The principle on which the invention is based not only can be effectively
      applied to tentering machines with an undivided feed roller, but is also
      particularly suitable for tentering machines whose feed rollers have a
      number of separately adjustable roller portions so that distortion in the
      web (longitudinal or arcuate distortion) can be effectively corrected and
      the web is fed properly aligned onto the needle strips.
PAR  In many cases, however, it is also desirable in accordance with a further
      aspect of the invention that the two separately drivable needling rollers
      be located with a slight peripheral gap behind the feed rollers and can be
      conveyed transversely of the web with the device for adjusting the needle
      chain width. The conveyance of the web in accordance with the invention as
      described above is in no way affected by the resulting small gap; at the
      same time, however, the needling rollers can be displaced axially of the
      feed roller relatively unhindered, and their rotary speed is independent
      of the feed roller.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified section through the feed portion of a tentering
      machine according to the invention, wherein the two needling devices are
      connected substantially rigidly to the corresponding chain rails.
PAR  FIG. 2 is a similar section of a second embodiment of the invention, with
      the two needling devices slidably movable along their corresponding chain
      rails.
PAR  FIG. 3 is a similar section through the feed portion of a further tentering
      machine in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As stated above, the drawings show only the feed section of tentering
      machines in accordance with the invention, for a web of cloth 1.
PAR  The feed section shown in FIG. 1 comprises a frame 2 wherein a web feed
      roller 4 is disposed before the chain rail feed field and in the area
      above the needle chain reverser wheels 3. The reverser wheels 3 are used
      to reverse the tenter chains 5, each of which engages one edge of the
      cloth web, and in this case, for instance, has its needle members 5a
      running perpendicular to the horizontal plane in which the web is
      conveyed, and is supported in chain rails 6 (with an upper and lower chain
      rail on each side). The feed roller 4, which if desired can be divided
      axially into a number of roller portions, separately drivable and
      adjustable, extends transversely across the feed section of the tentering
      machine and lies with its geometrical axis generally parallel to the axes
      3a of the chain wheels.
PAR  In the area of each edge of the web of cloth is disposed a needling roller
      7 which lies at a small peripheral interval behind the feed roller 4 taken
      in the direction of web travel (see arrow 8) and is disposed above a
      needle chain 5 in such manner that it impales the corresponding edge of
      the web 1 on the needle members 5a. Each needling roller 7 is driven from
      below by frictional drive through a counter-pressure roller 9, said
      counter-pressure roller being held by a bearing plate 10 which is disposed
      between the upper and lower guide rails 6 of the corresponding tenter or
      needle chain 5 and is fixedly attached to these chain rails. Each needling
      roller 7 is supported on a bearing block 11 fixed to the corresponding
      upper chain rail 6, by means of a vertical pivoted lever which engages a
      tension spring 13 and a horizontal lever 12 pivotally connected to said
      vertical lever and carrying the needling roller 7, which is thus pressed
      by the spring 13 against the counter-pressure roller 9.
PAR  The drive for the counter-pressure roller 9 is provided for instance by a
      horizontal shaft 14 supported by the bearing plate 10, which is driven
      from the same source as the feed roller in order that the peripheral speed
      of the needling roller 7 may be proportional to that of the feed roller 4.
      Between the horizontal shaft 14 and the counter-pressure roller 9 is a
      relatively small variable speed drive 15 which is also mounted on the
      bearing plate 10. By means of this variable speed drive the needling
      rollers 7 can be adapted in speed to the condition (slack or taut) of the
      corresponding edges of the cloth web 1. This is also an advantage when the
      feed roller is of the divided type, so that inclined distortions of the
      web can be corrected.
PAR  As may also clearly be seen from FIG. 1, immediately in front of the feed
      roller 4 opposite the direction of web travel are four unrolling fingers
      16 which are provided as spreading members for the web edges. Between the
      unrolling fingers 16 are disposed adjustable guide bars 17 which cause a
      greater or lesser embracement of the unrolling fingers 16 by the cloth web
      1. The unrolling fingers 16 and guide bars 17 in the area of each edge of
      the web are preferably held in support loops 18 and are slideably mounted
      on two guide bars 19 which have their axes parallel to the feed roller 4
      and extend across the feed section between the side walls of the frame 2
      in the tentering machine.
PAR  In order to permit adjustment of the needle chains to the present width of
      the incoming cloth web 1, the distance between the two chain guide rails
      6, perpendicular to the plane of the drawing in FIG. 1, is adjustable,
      with the chain guide rails 6 running with rollers 20 on guide tracks 21.
      Since for each needle chain 5 a needling device (with needling roller 7)
      is fixedly attached on the guide rail 6, width adjustment of needle chains
      5 or guide rails 6 causes a simultaneous width adjustment of the needling
      rollers 7. With the embodiment shown in FIG. 1 the support loops 18 of the
      spreading members have a dog 22 in the vicinity of each edge of the cloth
      web, which is connected to the guide rail 6 for the corresponding web edge
      in such manner that adjustment of the width of guide rails 6 or needle
      chains 5 provides at the same time an appropriate adjustment of the
      unrolling fingers 16. The control of the chain guide rails 6 and of the
      elements associated therewith (e.g., needling rollers 7 and unrolling
      fingers 16) is effected by a device for sensing the edges of the cloth
      web. In the embodiment shown in FIG. 1 the sensing devices 23 detect the
      edges of the cloth web 1 on the feed roller (and thus shortly before the
      needling rollers 7). The detection by each device 23 takes place
      optically, by means of a beam of light which is reflected by the bare
      surface of the roller 4 to a photocell. In this case the edges of the
      cloth web are detected in a section of their path wherein they are running
      smoothly, so that precise adjustment for the width setting of the needle
      chains, needling devices and cloth edge spreading members can be provided.
PAR  A web of cloth 1 to be treated reaches the feed section of the tentering
      machine provided by the invention, by first passing for instance over a
      supply roller 24, a width stretching roller 25, a superimposed pivotally
      mounted deflector roller 26 and a further spreader roller 25a disposed
      farther above, before it reaches the unrolling fingers 16. The close
      sequence of the unrolling fingers 16, feed roller 4 and needling rollers 7
      in the direction of web feed ensures that the web of cloth 1 is gripped on
      to the needle chains 5 without hanging arcuately across its width, and
      cannot contract in width again, so that any slipping of the web edges from
      the needling rollers is effectively prevented. This efficient guidance of
      the cloth web 1 is further aided if the rollers which deflect the web,
      e.g., 26 and 25a and the unrolling fingers 16 with the feed roller 4 are
      so disposed in relation to each other that the web 1 passes substantially
      vertically and then passes almost horizontally between the last deflecting
      roller 25a, the unrolling fingers 16 and the feed roller 4. In this case
      the generally horizontal plane of the cloth web in the feed section and
      the feed roller 4 lie above the plane which contains the upper chain guide
      rail 6.
PAR  In the embodiment just described, the needling rollers are carried by the
      bearing blocks 11 mounted on the corresponding chain rails. In that case
      the precise adjustment of the peripheral interval between the needling
      rollers 7 and the feed roller 4 is preferably carried out during assembly
      in order to allow for extensions which occur in the chain. The attachment
      between the chain rails and the bearing blocks 11 can be adjustable so
      that if necessary the peripheral interval between the needling roller 7
      and feed roller 4 can be re-adjusted at any time.
PAR  It should also be noted that the sensing devices 23 in the vicinity of each
      edge of the cloth web can be disposed on the bearing block 11 or the lever
      arm 12 of the corresponding needling device, and that the needling rollers
      7 can be raised by a hand lever 27 against the tension of the spring 13,
      in order that a new cloth web 1 can be inserted; the resilient and
      pivotally movable support of each needling roller 7 is also intended to
      ensure that said roller 7 can deflect should for instance the finger of an
      operator enter between the feed roller and the needling roller.
PAR  A further embodiment of a tentering machine in accordance with the
      invention is shown in FIG. 2. The main difference between this embodiment
      and the tentering machine shown in FIG. 1 resides in the slidably movable
      mounting of the needling device on the corresponding chain rail; the
      reference numbers of those parts which are the same in this drawing as in
      FIG. 1 are for simplicity's sake given the suffix "'", so that detailed
      description of such parts is unnecessary.
PAR  Again in this embodiment the cloth web feed roller 4' is in the area above
      the needle chain reverser wheels 3' which reverse into the inlet portion
      of the tentering machine the needle chains 5' and which rotate in chain
      guide rails 6' generally perpendicular to the horizontal plane of travel
      of the web. The chain rails 6' are adjustable by rollers 20' on guide
      tracks 21' to conform to the different widths of web. The width adjustment
      of the chain rails 6' again takes place simultaneously with the width
      adjustment of the unrolling fingers 16' for the web edges and of the
      needling rollers 7'. Control of the width adjustment is again provided by
      sensing devices 23' in the same manner as in the first embodiment, i.e.,
      by sensing of the edges of the cloth web on feed roller 4'.
PAR  In similar manner to FIG. 1, the drive of each needling roller 7' is
      between the upper and lower guide rails 6' for the corresponding needle
      chain 5'; it is however not fixedly attached to the chain guide rails 6'.
      The bearing plate 30 for this drive is carried by a carriage 31 provided
      with ball mountings which is adapted to slide, longitudinally of the guide
      rails 6' on a guide bar 32 which at its ends is fixedly mounted by means
      of claws 32a on the upper guide rail 6'. On the carriage 31 there is again
      a lever arm 33, which is movably and resiliently supported in similar
      manner to that in the preceding example.
PAR  The needling roller 7' is again driven frictionally by the counter-pressure
      roller 9', which again is mounted on the bearing plate 30; this plate
      again carries control gearing 15' incorporated between the counterpressure
      roller 9' and the horizontal shaft 14'.
PAR  In the lower part of the bearing plate 30 there is mounted a freely
      rotatable roller 34 engaged with a transverse guide bar 35 which as seen
      in the direction of web travel lies in the area behind the needle chain
      reverser wheels, generally parallel with the feed roller 4', and in a
      plane extending between the planes of the upper and lower chain guide
      rails.
PAR  On the guide bar 32 between the one holding claw 32a (the right hand claw
      in the drawing) and the carriage 31 there is a spiral spring 36 which
      tends to urge the carriage 31 with the needling roller 7' and the bearing
      plate 30 towards the feed roller 4', so that the bearing plate 30 with its
      roller 34 always is pressed against the transverse guide bar 35.
PAR  This arrangement of the needling devices ensures in practice that the
      peripheral interval between the web feed roller 4' and the needling
      rollers 7' is always kept at the same size, it being immaterial how
      obliquely (in the lateral direction) the chain guide rails 6' are set in
      their entry area, and how much the chain rails have been expanded by heat.
      The feed roller 4' and the needling rollers 7' can thus always be disposed
      one relatively close behind the other, so that on the one hand the rotary
      movement of the needling rollers 7' is independent of the feed roller 4',
      while however rolling back of the spread-out edges of the web is reliably
      prevented. With this embodiment of the tentering machine in accordance
      with the invention, needling of the cloth web on the tenter chains and
      their needle members can thus again take place without the web hanging
      arcuately across its width and with the web completely spread out.
PAR  While in the preceding examples the needling rollers are at slight
      peripheral distance from the feed roller and are each provided with a
      separate drive, within the scope of the invention the needling rollers may
      obviously also be in contact with the feed roller over the cloth web, and
      be driven in this manner. Such an embodiment is shown in FIG. 3. Again for
      this embodiment parts made in similar manner to those in FIG. 1 are for
      simplicity's sake given the suffix ", so that separate description of such
      parts can be dispensed with.
PAR  The web feed roller 4" is mounted in the top of the frame 2" before the
      chain rail entry area in this tentering machine. It is above the reversing
      wheels 3" of the tentering chain 5" with the needle members 5"a and hence
      above the chain rails 6". The feed roller 4"  can also again be divided
      axially into a number of roller portions, each being separately driven and
      adjustable, so that the two outermost roller portions are connected via
      cloth web 1 with the needling rollers 7", and so that these can then be
      separately driven.
PAR  In the vicinity of each edge of the web is disposed a needling roller 7"
      suspended on a lever 37 carried by a member 6"a jointly adjustable with
      the corresponding chain rail 6". At its periphery the needling roller 7"
      is in contact through web 1 with the periphery of the feed roller 4" (or
      with the corresponding outer roller portion of this feed roller) and
      receives its drive from said feed roller. The needling roller 7" presses
      the web edges into the needle members 5"a.
PAR  The chain rails 6" are adjustable to the particular width of the web, and
      run by means of rollers 38 on guide rails 39.
PAR  The web 1 is supplied to the feed roller 4" via width-stretching rollers 41
      and a reversal roller 42. A feed roller 43 running in synchronism with the
      feed roller 4" may be divided like roller 4" into several sections, which
      if necessary can be driven with separate controls.
PAR  Between the upper width-stretching roller 41 and the feed roller 4" are
      disposed unrolling fingers 16" between which are adjustable guide bars 17"
      which cause a greater or lesser embracement of the unrolling fingers 16"
      by the web 1. In order to bring the web effectively unrolled on to the
      periphery of feed roller 4", a small unrolling finger 16"a is placed in
      the gap between the last unrolling finger 16" and the feed roller 4".
PAR  On the right and left edge unrolling device is mounted in bearing loops 44
      which can be moved by a setting spindle 45 according to the web width. A
      guide bar 19 ensures an unchanging position for the device, and is held in
      the center of frame 2" in a support 40.
PAR  The control of chain rails 6" and of the elements movable therewith
      (especially the needling rollers 7") is again effected by sensing devices
      23", of the optical type, which sense the edges of the web 1 on the
      periphery of the feed roller 4" (and hence close before the needling
      rollers 7").
PAR  In addition coarse adjustment of the unrolling fingers 16", 16"a can be
      provided by a mechanical feeler 47 below a cover 48 beneath which is also
      located the top-most width-stretching roller 41. An end switch (not shown)
      switches off the drive for the adjustment spindle 45 before the unrolling
      fingers 16", 16"a allotted to the two egdes of the cloth web can collide.
PAR  Each needling roller 7" is preferably associated with a small freely
      rotating counter-pressure roller 49 which supports the edge of the web,
      and assists in guiding the web as it is pressed into the needles by the
      needling rollers 7".
PAR  As compared with the two tentering machines described previously, this
      third embodiment of the invention is notable for its constructional
      simplicity.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tentering machine for a cloth web, comprising a pair of endless needle
      chains, each having a driven needling roller cooperating therewith for
      impaling an edge of the web on an associated needle chain, the two
      needling rollers being substantially coaxial, and means for adjusting the
      lateral positions of the needling chains and needling rollers associated
      therewith, wherein the improvement comprises
PA1  a. driven feed roller means arranged ahead of and substantially tangent to
      the needling rollers, and having a web-driving periphery extending
      substantially continuously across the width of the web, for delivering the
      web downwardly onto the needling rollers with substantially no intervening
      gap in which lateral sagging of the web can occur,
PA1  b. members for spreading the web edges located immediately ahead of the
      feed roller means, and
PA1  c. edge-sensing means directed against the periphery of the feed roller
      means, for sensing the web edges immediately after they have been spread,
      while the web is supported across its entire width by the feed roller
      means, and for controlling the means for adjusting the lateral positions
      of the needling chains and needling rollers associated therewith.
NUM  2.
PAR  2. A tentering machine according to claim 1 wherein the needling rollers
      bear against the cloth web on the feed roller means and are thus driven by
      the feed roller means.
NUM  3.
PAR  3. A tentering machine according to claim 1 wherein the members for
      spreading the web edges include edge unrolling devices arranged beneath
      the web and at each edge thereof.
NUM  4.
PAR  4. A tentering machine according to claim 3 comprising means for laterally
      adjusting the edge unrolling devices independently of the needling
      rollers.
NUM  5.
PAR  5. A tentering machine according to claim 3 wherein a mechanical feeler for
      sensing an edge of the web and controlling the lateral adjustment of an
      edge unrolling device precedes each such device.
NUM  6.
PAR  6. A tentering machine according to claim 1 wherein a pair of reversing
      wheels are provided to guide the needle chains, and the feed roller means
      is located above the reversing wheels.
NUM  7.
PAR  7. A tentering machine according to claim 1 wherein mechanism is provided
      for driving the needling rollers at a speed proportional to that of the
      feed roller means.
NUM  8.
PAR  8. A tentering machine according to claim 7 wherein the driving mechanism
      comprises a variable speed drive associated with each needling roller.
NUM  9.
PAR  9. A tentering machine according to claim 1 wherein each needle chain is
      provided with a laterally adjustable guide rail, in which the needle chain
      runs, and each rail carries a pivoted lever that suspends one of said
      needling rollers.
NUM  10.
PAR  10. A tentering machine according to claim 9 including a transverse rail, a
      carriage slidably mounted on each guide rail, each carriage pivotally
      mounting an associated needling roller suspending lever, and a roller on
      each carriage for engagement with the transverse rail.
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ABST
PAL  Yarn is passed to a texturing zone wherein a yarn wad is formed, and the
      yarn wad is then passed through a flexible sleeve in a restraining zone
      wherein the yarn wad is restrained by a plurality of individual stacked
      members. In addition an apparatus is provided useful in the method of the
      invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method and apparatus for the production of yarn.
PAR  Synthetic fibers are commonly produced by extruding molten polymer through
      a spinneret. In order to produce yarns which have properties approximating
      those of wool or other natural materials, it is common practice to subject
      the extrudate from the spinneret to a texturing process. This can be
      accomplished by a variety of procedures known in the art, such as
      stuffer-box crimping, false twisting, and fluid jet texturing. One
      particularly effective procedure involves passing the yarn to be textured
      and a high velocity fluid to a first passage. Subsequently, the yarn and
      the fluid are passed to an enlarged passage and then to a zone where the
      yarn is restrained and cooled. In the restraining zone individual stacked
      members, such as balls are used to exert a force on the yarn to restrain
      the yarn, which is in the form of a yarn wad. The fluid escapes from the
      yarn through the voids between the stacked members and a textured yarn is
      removed from the restraining zone. Although this procedure produces a high
      quality textured yarn, a particularly troublesome problem involves loss of
      the stacked members from the restraining zone. Frequently, stacked members
      become entrained in the yarn wad and are carried away from the restraining
      zone. Also sudden disruptions in the texturing process cause the stacked
      members to be thrown from the restraining zone. In addition, operators
      occasionally knock stacked members from the restraining zone during string
      up and maintenance of the equipment. Further, recovering the stacked
      members from the floor and/or replacing them with new ones involves
      considerable expense, particularly where a number of such processing lines
      are used.
PAR  Although it would appear such a problem could be easily solved, this has
      not been the case. In order for the stacked members to function properly,
      they must be free to act upon the yarn wad, and in addition, the
      restraining zone containing the stacked members must be designed to allow
      the operator to easily string up and maintain the equipment. It has been
      very difficult to satisfy both of these conditions simultaneously.
      However, the present invention achieves such a result.
PAR  It is an object of the invention to restrain yarn.
PAR  Another object of the invention is to restrain and cool yarn textured using
      a fluid jet texturing process.
PAR  Another object of the invention is to eliminate the loss of stacked members
      from a restraining zone.
PAR  Still another object of the invention is to provide an apparatus useful for
      restraining yarn.
PAR  Yet another object of the invention is to provide an apparatus useful to
      cool and restrain yarn textured with a fluid jet wherein the apparatus
      contains individual stacked members which are not removed from the
      apparatus by the operation thereof.
PAR  Other aspects, objects, and advantages of the invention will be apparent to
      those skilled in the art upon studying the drawings, specification, and
      the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a textured yarn is passed to a
      restraining zone containing a flexible sleeve through which the yarn is
      passed and a plurality of individual stacked members, said flexible sleeve
      being positioned so as to prevent said stacked members from being removed
      from said restraining zone as the stacked members exert a force upon the
      flexible sleeve which in turn exerts a restraining force upon the yarn.
PAR  Further according to the invention, an apparatus for restraining yarn
      comprises a chamber having an inlet and an outlet and an inner and outer
      surface; a flexible sleeve having an inlet and an outlet through which the
      yarn is directed and an inner and an outer surface, the inlet of the
      flexible sleeve being attached to the inlet of the chamber and the sleeve
      being positioned in and extending through the chamber; and a plurality of
      individual stacked members positioned in the chamber between the inner
      surface thereof and the outer surface of the flexible sleeve.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates an embodiment of the apparatus of this invention and a
      fluid jet which is employed to texture the yarn.
PAR  FIG. 2 is a plan view of the embodiment of FIG. 1.
PAR  FIG. 3 illustrates another embodiment of the invention used with a fluid
      jet.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and to FIG. 1 in particular, there is shown a
      crimping or texturing apparatus generally designated by reference numeral
      10. This apparatus comprises an elongated sleeve 11 which has a hollow
      needle 12 positioned in the inlet section thereof. An elongated plug 14 is
      disposed in the outlet section of sleeve 11. Plug 14 has a central opening
      14b therethrough. The inlet of opening 14b is tapered to provide a seal
      14a adjacent the tip of the needle 12. The outlet of central opening 14b
      constitutes a section 14c of increased diameter. A conduit 17 communicates
      with sleeve 11 adjacent needle 12 to introduce a fluid, such as steam or
      air, at an elevated temperature. The above described apparatus is
      generally known as a fluid jet for texturing yarn.
PAR  Further according to the invention, a hollow chamber 18 having an inlet 18a
      is mounted immediately above sleeve 11 to receive yarn which is crimped in
      the fluid jet. A large number of relatively small individual stacked
      members, such as balls, 19a and 19b, are disposed within chamber 18.
      Chamber 18 can be provided with an outlet conduit 21 which is connected to
      a drain or to a source of reduced pressure, not shown. A screen 21a is
      positioned across conduit 21 to retain balls 19a and 19b within chamber
      18. A plurality of rigid members 24, generally defining a rigid
      cylindrical sleeve, are used to guide the yarn wad 20c. A flexible sleeve
      26 is attached to the inlet 18a of chamber 18 using a clamp 27 and is
      positioned between the stacked members 19a, 19b and the yarn wad 20c. The
      upper end of sleeve 26 can be loose or, as shown in FIG. 3, the flexible
      sleeve 26 can be extended to enclose the stacked members 19a, 19b by
      clamping an extended portion of the flexible sleeve 26a to the hollow
      chamber 18 with clamp 28.
PAR  In the operation of the apparatus of FIG. 1, one or more filaments 20a are
      inserted through needle 12 into the central passage of plug 14. These
      filaments can be delivered to the apparatus by any suitable feed means,
      not shown. In the normal start-up operation, the filaments are threaded
      completely through the apparatus. Fluid is introduced through conduit 17
      and flows upwardly through plug 14 into chamber 18. In the present
      embodiment which employs a fluid jet to texture the yarn, chamber 18
      functions both as a restraining zone and a cooling zone. The fluid so
      introduced surrounds needle 12 to elevate the temperature of the incoming
      filaments. The velocity of the introduced fluid is sufficiently high to
      produce a zone of substantial turbulence in the outlet region 14c of plug
      14. The yarn 20b in the turbulent zone passes upwardly to form an
      elongated generally cylindrical wad 20c in the center of chamber 18 which
      is guided by a plurality of rigid members, such as rods 24. This wad 20c
      passes through the flexible sleeve 26 which is surrounded by a plurality
      of stacked members, such as balls 19a and 19b. The balls confine and
      restrain the yarn wad, but they are prevented from becoming entrained in
      the yarn wad by the flexible sleeve. The fluid passes through pores in the
      flexible sleeve and into the voids between the individual stacked members.
      The yarn is cooled in passing through chamber 18 so that permanent crimps
      are imparted. The resulting textured yarn 20d is removed through a take-up
      device 30 and passed to a storage zone, not shown.
PAR  The velocity and temperature of the fluid introduced through conduit 17 are
      such as to impart the desired degree of crimp in the yarn. If desired, an
      external heater can be employed to assist in elevating the temperature of
      the crimping apparatus 10. The texturing fluid passes upwardly through the
      central opening 14b of plug 14, into chamber 18, and out through flexible
      sleeve 26 and voids between the stacked members, such as balls 19a, and
      19b.
PAR  The stacked members can be formed of metal, glass or any other material
      which is inert to the yarn at the temperatures encountered. Stacked
      members in the shape of spheroids or balls have produced good results;
      however, the invention is not limited to the use of balls as the stacked
      members, since other configurations of stacked members are also suitable,
      such as for example ellipsoids. As illustrated, stacked members 19a are
      larger than stacked members 19b to provide better packing; however, the
      stacked members can be all the same size. The height of the stacked
      members in chamber 18 should be sufficient to produce the desired degree
      of restraint.
PAR  It is important to point out that when the restraining zone of the present
      invention is in communication with a fluid jet texturing zone, and thus is
      used therewith, the restraining zone also functions as a cooling zone,
      particularly where the flexible sleeve contains pores through which the
      fluid can pass. However, it is equally important to point out that
      although the present invention finds particular applicability when used in
      conjunction with a fluid jet texturing zone, that the invention should not
      be limited thereby in its broadest aspect. In general, the present
      invention can be used with most any process or apparatus in which it is
      desirable to use a container of stacked members through which a product
      passes and in which it is desirable to prevent the stacked members from
      being removed from the container.
PAR  As for the construction of flexible sleeve 26, a variety of materials are
      suitable. For example, flexible materials such as nylon, polyester,
      polyolefins, glass, metal wire and polytetrafluoroethylene can be used to
      advantage. Suitable materials are usually woven or formed into the
      flexible sleeve. Generally, flexible sleeve 26 is constructed with a
      cross-sectional area larger than that of section 14c; however, the
      cross-sectional area of the flexible sleeve can be smaller than that of
      section 14c if the flexible sleeve is capable of expanding sufficiently to
      permit the stacked members to exert the primary restraining force on the
      yarn wad rather than the flexible sleeve. It is emphasized that the
      purpose of the flexible sleeve is to isolate the stacked members from the
      yarn, that is, to prevent the stacked members from becoming entrained in
      the yarn; but at the same time the flexible sleeve permits the stacked
      members to restrain the yarn. When used with a fluid jet, the flexible
      sleeve 26 should contain pores which are of sufficient size to permit
      passage of the fluid but not the stacked members or balls 19a, 19b as
      shown in FIG. 1. In FIG. 2, the rigid sleeve as indicated by rods 24, is
      positioned on the yarn side of the flexible sleeve 26; however, the
      flexible sleeve can be positioned on the yarn side of the rigid sleeve if
      desired.
PAR  In one specific example of this invention utilized in conjunction with a
      fluid jet as illustrated in FIG. 1, balls 19a had a diameter of about
      one-fourth inch; and balls 19b had a diameter of about one-eighth inch.
      Approximately 70 percent of the total number of balls in chamber 18 were
      balls of 1/4-inch diameter. Chamber 18 had an internal diameter of about 3
      inches, with the depth of balls being about 4 inches. The diameter of the
      yarn wad produced in the fluid jet was approximately three-fourth inch.
      The flexible sleeve was constructed from nylon 6, 6 double knit, which had
      44 courses per inch and 32 wales per inch. The nylon double knit was made
      from 100 denier, 34 filament yarn. The flexible sleeve was 13/4 inches
      inside diameter and 53/4 inches long.
PAR  In one specific mode of operation, a bundle of 126 polypropylene filaments
      having a denier of about 1800-2000 was introduced into the above described
      fluid jet at a velocity of about 1000-1100 meters per minute. Superheated
      steam at 90 psig and 365.degree.F was introduced at a rate of about 20
      pounds per hour. The textured yarn was removed at a velocity of about 800
      meters per minute.
PAR  Approximately 30 pounds of textured yarn were produced employing the above
      apparatus. No balls were carried away from the hollow chamber of
      entrainment in the yarn wad or thrown from the hollow chamber due to
      disruptions in the texturing process. Also string up by the operator was
      readily accomplished.
PAR  While this invention has been described in conjunction with presently
      preferred embodiments, it obviously is not limited thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method comprising:
PA1  passing a yarn to be textured to a yarn texturing zone; and
PA1  passing the yarn directly to a restraining zone in which a yarn wad forms,
      said restraining zone containing a rigid sleeve, a plurality of individual
      stacked members and a flexible sleeve through which the yarn wad passes,
      said rigid sleeve being positioned intermediate the yarn wad and the
      stacked members to assist in guiding the yarn wad through the restraining
      zone, said flexible sleeve being of substantially uniform diameter and
      being positioned intermediate the yarn wad and the stacked members so as
      to prevent said stacked members from being removed from said restraining
      zone by becoming entrained in the yarn wad as the stacked members confine
      and restrain the yarn wad.
NUM  2.
PAR  2. The method of claim 1 wherein said texturing zone is a fluid jet
      texturing zone, said flexible sleeve has porous walls wherein the pores
      are of sufficient size to allow passage of a fluid used in the fluid jet
      texturing zone but to prevent passage of said stacked members, and said
      restraining zone also functions as a cooling zone.
NUM  3.
PAR  3. The method of claim 1 wherein the stacked members comprise balls and the
      rigid sleeve comprises a plurality of rods.
NUM  4.
PAR  4. The method of claim 3 wherein the balls include balls of different
      sizes.
NUM  5.
PAR  5. The method of claim 1 wherein said flexible sleeve is constructed from a
      material selected from the group consisting of nylon, polyester,
      polyolefin and polytetrafluoroethylene.
NUM  6.
PAR  6. Apparatus for restraining a yarn wad comprising:
PA1  a yarn texturing means having an inlet and an outlet;
PA1  a chamber having an inlet and an outlet and an inner and outer surface,
      said inlet attached to the outlet of the texturing means;
PA1  a flexible sleeve having a substantially uniform diameter and having an
      inlet and an outlet and an inner and an outer surface, said inlet of said
      sleeve being attached to the outlet of said texturing means and said
      sleeve being positioned in and extending through said chamber;
PA1  a plurality of individual stacked members positioned in said chamber
      between the inner surface thereof and the outer surface of said flexible
      sleeve; and
PA1  a rigid sleeve disposed in said chamber adjacent the inlet thereof and
      extending therethrough to form an extension of said inlet, said rigid
      sleeve constructed so as to permit the stacked members to pass
      therethrough.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said yarn texturing means is a fluid
      jet and said flexible sleeve has a cross-sectional area larger than the
      outlet of the yarn texturing means.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said stacked members comprise balls.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said balls include balls of different
      sizes.
NUM  10.
PAR  10. The apparatus of claim 6 wherein said rigid sleeve comprises a
      plurality of rigid members spaced from one another and generally defining
      a rigid cylindrical sleeve.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said rigid members are rods
      positioned inside said flexible sleeve.
NUM  12.
PAR  12. The apparatus of claim 6 wherein the flexible sleeve is constructed
      from a material selected from the group consisting of nylon, polyester,
      polytetrafluoroethylene.
NUM  13.
PAR  13. The apparatus of claim 6 wherein said stacked members are completely
      enclosed by said chamber and said flexible sleeve.
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ABST
PAL  In stuffer box crimping of yarn, yarn is forced into a crimping chamber to
      form a wad and discharged with a discharge control being varied in
      response to sensing the position of the wad at the exit of the crimping
      chamber. The improvement of this invention comprises sensing the position
      of the yarn wad in the crimping chamber by issuing at least one jet of a
      fluid aligned to issue across the exit of crimping chamber and receiving
      the jet in an enlarged orifice communicating with a pressure sensor
      controller so the yarn wad unfolding point is sensed by interrupting the
      jet of fluid to thereby regulate the discharge controller with the
      pressure sensor controller.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to stuffer crimping of textile strands and is
      particularly concerned with a control method and apparatus for discharging
      the yarn from the crimping chamber. Control of discharge from a stuffer
      box during crimping of textile strands is known in the art in U.S. Pat.
      No. 3,859,695 and U.S. Pat. No. 3,528,149 . These patents and some of the
      patents cited as references thereto, teach sensing pressure or using photo
      cells to sense position or density of a compacted mass or wad of yarn as
      it unfolds from the crimping chamber and controlling the gate pressure at
      the exit of the crimping chamber. U.S. Pat. No. 3,777,338 teaches sensing
      yarn plug location in a stuffer tube of a steam jet texturing device by
      issuing a jet of fluid and sensing back pressure on the jet of fluid as it
      impinges on the yarn. The cited references to U.S. Pat. No. 3,777,338 also
      teach various means of sensing plug end control.
PAR  The prior art stuffer box crimping process for synthetic yarn comprises
      forcing the yarn into a crimping chamber to form a compressed mass or wad
      of the yarn in the crimping chamber, with the chamber having a pressure
      regulated discharge means at the outlet and discharging yarn from the
      crimping chamber. Controlling the discharge of the yarn from the chamber
      by regulating the pressure on the discharge means by varying the
      regulating pressure in response to sensing position of the wad of yarn at
      the exit of the crimping chamber and regulating the pressure with a
      pressure sensor controller is also known.
PAR  The prior art apparatus for stuffer box crimping of synthetic yarns
      comprises means to force the yarn into a crimping chamber having a
      regulated discharging means and a pressure sensor controller to regulate
      the position of the wad of the yarn in the crimping chamber by regulating
      pressure on the discharge means.
PAC  SUMMARY OF THE INVENTION
PAR  The process improvement of this invention comprises sensing the position of
      the wad of the yarn of the chamber by issuing at least one jet of a fluid,
      with the jet aligned to issue across the exit of the crimping chamber and
      receiving the jet of fluid in an enlarged orifice communicating with the
      pressure sensor controller, so that the presence of the wad of the yarn is
      sensed by interrupting the jet of fluid by the wad, thereby changing
      pressure in the enlarged orifice to regulate the discharge means through
      the pressure sensor controller.
PAR  The apparatus improvement comprises at least one port to issue a jet of
      fluid, the port communicating with a source of pressure, and the port
      aligned to issue the jet across the exit of the crimping chamber, and the
      jet directed into an enlarged port to receive the jet of fluid, the
      enlarged port communicating with the pressure sensor controller, so that
      the wad of the yarn is sensed by interrupting of the jet of fluid by the
      wad, thereby changing pressure in the enlarged port to regulate the
      discharge means through the pressure sensor controller. Preferably, the
      ratio of the diameter of the orifice or port of the jet issuing the fluid
      (emittor) to the diameter of the orfice or port receiving the jet of fluid
      (collector) should be between about 0.1 and 0.01. Preferably, the emittor
      or the jet issuing the fluid should be constructed to emit a conical fluid
      stream, opening toward the enlarged orifice. The stream should have an
      included angle between about 1.degree. and about 15.degree..Also it is
      preferred that the enlarged orifice (collector) is a concave surface
      within the opening, more preferably parabolic but spherical is acceptable.
      The enlarged orifice or collector port should communicate through a short
      conduit exiting into the center of a chamber extending across the diameter
      of the port. Preferably, the volume of the chamber communicating with the
      enlarged opening should be between about 0.1 and 1 cubic inch. The
      apparatus of this invention can be used to detect the presence of a mass
      or wad of yarn at a distance up to 3 inches. This is many times the
      distance possible with prior art fluid emittor type devices.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic showing a cross-section of the issuing jet and a
      cross-section of the enlarged orifice aligned to receive the jet of fluid.
PAR  FIG. 2 is an isometric schematic showing the use of the sensing device to
      control the discharge of yarn from a typical stuffer box.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the issuing jet 9 which can also be called the emittor
      issues a jet of fluid, such as air or steam through the channel 12 which
      has an outlet port or orifice as shown. The fluid is emitted from this
      port or orifice at one angle .phi.. The jet of fluid is received at the
      orifice or port 13 in the receiver 8 which also has chamber 14
      communicating with enlarged chamber 15. The preferred range of angle .phi.
      is between about 1.degree. and 15.degree.. Enlarged opening 15 is a volume
      of between about 0.1 and 1 cubic inch. The ratio of the diameter of the
      issuing port of channel 12 (emittor) to the diameter of the port receiving
      the jet of fluid (collector) 13 should be between about 0.1  and about
      0.01. The distance between emittor and receiver can be up to 3 inches.
PAR  Referring to FIG. 2, issuing jets 9 and 9' are shown aligned across the
      exit of a stuffer box 4 and also aligned to be collected by receiving
      ports 8 and 8' to sense the location of the wad of yarn 1 exiting stuffer
      chamber 4. Uncrimped yarn 1 is fed by nip rolls 2 and 3 into stuffer
      chamber 4 which is filled with high temperature fluid such as steam or hot
      air and is compressed and compacted by buckling into a wad which imparts
      crimp to yarn. Yarn exits stuffer chamber 4 under control gate 5 which is
      controlled by pneumatic or hydraulic cylinder 6 exerting force on rod 11.
      The pressure exerted by hydraulic or pneumatic cylinder 6 is controlled by
      pressure sensor controller 7 which senses pressure sensed in port 13,
      shown in FIG. 1, receiving the jet of fluid by collectors 8 and 8'. Fluid
      under pressure is supplied to issuing jets 9 and 9' from source 10.
      Pressure sensor controller 7 receives electrical power from source 16 and
      instrument air from source 17.
PAR  The apparatus and process of this invention was used on a conventional
      multi-end stuffer box crimping apparatus as shown in FIG. 1, to produce
      about 16,000 pounds of steam-crimped nylon yarn. Carpet made from the yarn
      was found acceptable and similar to commercial yarn of the same type.
      Based on the ratio of total of the time the machine was actually running
      to total actual chronological time of the run, the machine efficiency for
      the week before the use of this invention was 94.7 percent, and for the
      week after 94.8 percent, but improved to 97.1 percent during use of this
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a stuffer box crimping process for synthetic yarn comprising
PA1  forcing said yarn into a crimping chamber to form a wad of said yarn in
      said crimping chamber, said chamber having a pressure regulated discharge
      means at the outlet thereof, and
PA1  discharging said yarn from said crimping chamber, and
PA1  controlling said discharge of said yarn from said chamber by regulating
      said pressure on said discharge means, said regulating pressure being
      varied in response to sensing position of said wad of said yarn at the
      exit of said crimping chamber and regulating said pressure with a pressure
      sensor controller,
PAL  the improvement comprising
PA1  sensing said position of said wad of said yarn in said crimping chamber by
PA1  issuing at least one jet of fluid, said jet aligned to issue across the
      exit of said crimping chamber, and
PA1  receiving said jet of fluid in an enlarged orifice communicating with said
      pressure sensor controller,
PAL  so that the presence of said wad of said yarn is sensed by interrupting
      said jet of fluid by said wad, thereby changing pressure in said enlarged
      orifice to regulate said discharge means through said pressure sensor
      controller.
NUM  2.
PAR  2. The process of claim 1 wherein the ratio of the diameter of the orifice
      of the jet issuing said fluid to the diameter of the orifice receiving the
      jet of said fluid is between about 0.1 and 0.01.
NUM  3.
PAR  3. The process of claim 1 wherein a channel leading to said orifice issuing
      said jet of fluid is constructed to emit a conical fluid stream, opening
      toward said enlarged orifice.
NUM  4.
PAR  4. The process of claim 3 wherein the included angle of the conical fluid
      is between about 1.degree. and about 15.degree..
NUM  5.
PAR  5. The process of claim 1 wherein the enlarged orifice is a concave
      surface.
NUM  6.
PAR  6. The process of claim 5 wherein said concave surface is parabolic.
NUM  7.
PAR  7. The process of claim 5 wherein said concave surface is spherical.
NUM  8.
PAR  8. The process of claim 1 wherein said enlarged orifice communicates
      through a short conduit to a cylindrical chamber extending across the
      diameter of said enlarged orifice.
NUM  9.
PAR  9. The process of claim 8 wherein the volume of said chamber communicating
      with said enlarged opening is between the about 0.1 and 1.0 cubic inch.
NUM  10.
PAR  10. The process of claim 2 wherein a channel leading to said issuing
      orifice is constructed to emit a conical fluid stream, opening toward said
      enlarged orifice at an included angle of between about 1.degree. and
      15.degree.,  and said enlarged orifice is a parabolic surface, and said
      enlarged orifice communicates through a short conduit exiting into the
      center of a cylindrical chamber extending across the diameter of said
      opening and said chamber has a volume of between about 0.1 and 1.0 cubic
      inch.
NUM  11.
PAR  11. In an apparatus for stuffer box crimping of synthetic yarn comprising
PA1  means to force said yarn into
PA1  a crimping chamber having
PA1  a regulated discharge means, and
PA1  a pressure sensor controller to regulate the position of a wad of said yarn
      in said crimping chamber by regulating pressure on said discharge means,
PAL  the improvement comprising
PA1  at least one port to issue a jet of fluid, said port communicating with a
      source of pressure, said port aligned to issue said jet across the exit of
      said crimping chamber and said jet directed into
PA1  an enlarged port to receive said jet of fluid, said enlarged port
      communicating with said pressure sensor controller,
PAL  so that said wad of said yarn is sensed by interruption of said jet of
      fluid by said wad, thereby changing pressure in said enlarged port to
      regulate said discharge means through said pressure sensor controller.
NUM  12.
PAR  12. The apparatus of claim 11 wherein the ratio of the diameter of the port
      of the jet issuing said fluid to the diameter of the port receiving said
      jet of said fluid is between about 0.1 and 0.01.
NUM  13.
PAR  13. The apparatus of claim 11 wherein said issuing port has a channel
      constructed to emit a conical fluid stream, opening toward said enlarged
      orifice.
NUM  14.
PAR  14. The apparatus of claim 13 wherein the included angle of the conical
      fluid stream is between about 1.degree. and about 15.degree..
NUM  15.
PAR  15. The apparatus of claim 11 wherein said enlarged port is a concave
      surface within the opening.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said concave surface is parabolic.
NUM  17.
PAR  17. The apparatus of claim 15 wherein said concave surface is spherical.
NUM  18.
PAR  18. The apparatus of claim 11 wherein said collector port communicates
      through a short conduit exiting into the center of a cylindrical chamber
      extending across the diameter of said port.
NUM  19.
PAR  19. The apparatus of claim 18 wherein the volume of said chamber
      communicating with said enlarged port is between about 0.1 and 1.0 cubic
      inch.
NUM  20.
PAR  20. The apparatus of claim 12 wherein said port issuing said jet of said
      fluid has a channel constructed to emit a conical fluid stream, opening
      toward said enlarged orifice at an included angle of between about
      1.degree. and about 15.degree., said enlarged port opens into a parabolic
      surface, said enlarged port communicates through a short conduit existing
      into the center of the cylindrical chamber extending across the diameter
      of said port, and said chamber has a volume of about 0.1 to 1 cubic inch.
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ABST
PAL  Conveyor apparatus for temporary holdup of textile strands, especially
      crimped strands for setting. Screenlike conveyor belts receive the strand
      between downwardly converging flights and discharge the strand from
      between upwardly diverging flights. The conveyor apparatus is housed in a
      heated steam-fed enclosure.
PARN
PAR  This is a division of application Ser. No. 461,976, filed Apr. 18, 1974.
BSUM
PAC  STRAND TREATMENT APPARATUS AND METHOD
PAR  This invention relates to treatment of textile strands, especially after
      crimping, twisting, or similar configurational distortion, so as to
      preserve or "set" at least part of such distortion by concurrently heating
      such strand and so relieving distortion-induced strains therein.
PAR  Known methods of treating textile strands to preserve configurational
      distortion thereof often function irregularly or add further undesirable
      distortion thereto, sometimes of particularly objectionable recurrent
      type. Heat-relaxation aftertreatment poses a risk of uneven exposure and
      consequently either or both of such undesired results or other untoward
      effects.
PAR  A primary object of the present invention is uniform treatment of
      configurationally distorted strands to preserve such distortion to desired
      extent.
PAR  Another object is progressive lateral compression and release of such
      strand for such purpose.
PAR  A further object is provision of screenlike conveyor apparatus for
      accomplishing the foregoing objects.
PAR  Other objects of this invention, together with means and methods for
      attaining the various objects, will be apparent from the following
      description and the accompanying diagrams of a preferred embodiment
      presented by way of example rather than limitation.
DRWD
PAR  FIG. 1 is a schematic end elevation of conveyor apparatus (empty) according
      to this invention;
PAR  FIG. 2 is a view similar to FIG. 1 but showing textile strand being
      conveyed thereby;
PAR  FIG. 3 is a front elevation of the same apparatus, taken at III--III on
      FIG. 1;
PAR  FIG. 4 is a sectional elevation in the opposite direction to FIG. 3 and
      taken at IV--IV on FIG. 2; and
PAR  FIG. 5 is a schematic representation of apparatus of this invention
      including that of the foregoing views.
DETD
PAR  In general, the objects of the present invention are accomplished by
      injecting a textile strand into a gorelike downwardly progressing region
      of diminishing extent, accumulating the strand therein and passing it
      therethrough and into a gorelike upwardly progressing region of expanding
      extent, and withdrawing the strand from the latter region, preferably
      heating the strand throughout, as by suffusing it with steam or other hot
      fluid.
PAR  More particularly, the invention includes, in apparatus for treating
      textile strands previously subjected to configurational distortion desired
      to be retained in part, a pair of generally adjacent screens having a gore
      between mutually converging downward flights and a gore between diverging
      upward flights, being closest to one another intermediate the gores, at
      least one of the screens being constrained in part by a roll movable
      vertically to space the respective screens apart intermediately upon
      accumulation of strand therebetween.
PAR  FIG. 1 shows in end view five mutually parallel rolls, including rolls 11
      and 15 located at a common level and flanking but spaced from roll 12.
      Roll 14 is below and spaced from roll 12, and roll 13 is below and spaced
      from roll 13. First conveyor screen 18 passes in a V-like configuration
      about rolls 15, 13, and 11 but under roll 14, which not only constrains
      that first screen but also receives second conveyor screen about itself
      and roll 12, which together may be viewed as an I-like configuration
      nested within the V-like configuration. Each roll is flanged to retain the
      screens thereon, and the directions of rotation are shown by arrows.
PAR  The downwardly converging flights of the respective screens form input gore
      17 at the left, and output gore 19 at the right of the smaller second
      conveyor. At the intermediate part of their respective paths, adjacent
      roll 14, both conveyor screens are contiguous in the absence of strand
      accumulation therebetween forcing them apart as shown in the next view.
PAR  FIG. 2 shows strand 10 being injected downwardly (as indicated by an arrow)
      into the first gore and accumulated therein and between the respective
      screens throughout their intermediate portions (forced apart by
      intervening strand accumulation 10a). The strand accumulation continues
      into and substantially fills the output gore, from which treated strand
      10' is withdrawn upwardly (and obliquely) over roll 15. Spacing apart at
      the intermediate part of their paths is permitted by lifting of lowermost
      roll 13 by the first screen itself, that roll being an idler on a
      vertically movable axis (as indicated by the double-headed vertical
      arrow). It will be understood that the other rolls are mounted on fixed
      axes and that at least one roll about which either conveyor passes is
      driven rotatively in conventional manner and by conventional means (not
      shown).
PAR  First conveyor screen 18 is relatively coarse as shown in FIG. 3, and
      second conveyor screen 16 relatively fine as shown in FIG. 4. The latter
      view also clearly shows strand accumulation 10a between the respective
      screens beneath roll 14, and the correspondingly raised position of roll
      13 from a horizontal line of sight perpendicular to that in FIG. 2.
PAR  FIG. 5 shows the foregoing roll arrangement enclosed (to the upper roll
      axes) in housing 30. Pipe 34 from a suitable source (not shown) of steam
      or other hot fluid contains valve V and enters the housing to terminate in
      injection nozzle 35 therein. Electrical heater 37 in the lower part of the
      housing has pair of wires 36 for connection to an external source (not
      shown) of electrical power. The heater is capable of heating the enclosure
      and the hot fluid itself above the normal boiling point of water and may
      be controlled thermostatically in conventional manner to do so.
PAR  FIG. 5 shows schematically strand 10 proceeding as shown by arrows from a
      suitable source of supply (not shown) and about pair of spaced rolls 21
      and 22, including passage through the nip of rolls 22 and 23, thereby
      being metered at a given rate into forwarding jet 24, which receives air
      or other suitable forwarding fluid from a source thereof (not shown) into
      branch inlet tube 25 thereof as indicated by an arrow. Flexible guide tube
      26 leads the strand from the jet to a location above input gore 17, along
      which it is constrained to reciprocate (perpendicular to the plane of the
      view) by traverse guide 28 driven by slotted cam roll 27 or like traverse
      means.
PAR  From output gore 19 treated strand 10' is withdrawn, obliquely over roll 15
      and the first screen thereover (or, if desired, through a fixed guide
      located above the gore) to and about pair of spaced rolls 31 and 32,
      including passage through the nip of rolls 32 and 33, thereby being
      metered out at a given rate much as the input strand was metered in with
      the aid of a similar trio of rolls. The output strand may be treated
      further, be packaged, or be converted directly into fabric or other end
      use as may be desired.
PAR  The output strand is distortion-stabilized relative to the input strand, as
      may be confirmed by temporary tensioning and length comparison in
      conventional manner. The uniformity of stabilized characteristics is quite
      high, apparently because of the gradual application and release of
      constraint upon the strand and the even suffusion thereof by hot fluid via
      openings in the coarse outer conveyor screen. The fine screen aids
      diffusion of the fluid therethrough by permitting some of the fluid to
      escape through the openings therein, rather than presenting an impermeable
      barrier that might collect a condensate thereon if the hot fluid is a
      vapor, such as steam. Although indicated as a woven screen, the conveyors
      may comprise flexible belts with appropriate openings therethrough.
PAR  As an example, stuffer-crimped nylon multifilament having 2 to 5% residual
      shrinkage before treatment is found to have essentially no residual
      shrinkage after treatment according to this invention.
PAR  It will be apparent that the arrangement of rolls illustrated and described
      herein may be extended by addition of rolls and lengthening of the first
      screen into a W-like configuration with two nested I-like conveyor
      configurations, with means added to assure continuation of the path of
      accumulated strand from input to output. Other modifications may be made,
      as by adding, combining, or subdividing parts or steps, or substituting
      equivalents thereof, while retaining advantages and benefits of this
      invention--which itself is defined in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In apparatus for setting crimped textile strands, improved temporary
      holdup means comprising a pair of conveyor screens with mutually parallel
      rolls supporting the respective screens; the first screen having a V
      configuration as viewed edge-on, in the direction of the roll axes, the
      first screen passing about a first upper roll at one arm extremity of the
      V, a lower roll at the apex of the V, and a second upper roll at the other
      arm extremity of the V; the second screen having an I configuration as
      viewed likewise, the second screen passing about an upper roll and a lower
      roll, the upper roll of the second screen being located between and spaced
      from the upper rolls of the first screen, and the lower roll of the second
      screen being located above and spaced from the lower roll of the first
      screen; the first screen also being constrained to pass below the lower
      roll of the second screen and contiguous with the second screen thereat, a
      housing enclosing the respective lower rolls and extending to the
      respective upper rolls, means for injecting hot fluid into the housing,
      and means for heating the housing independently thereof.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the injecting means comprises a
      steam jet.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein the heating means is
      electrically powered.
NUM  4.
PAR  4. Apparatus according to claim 1, including fluid jet means for depositing
      textile strand into the gore between the adjacent downward flights.
NUM  5.
PAR  5. In apparatus for setting crimped textile strands, the improvement
      comprising a relatively coarse conveyor screen, a relatively fine conveyor
      screen, rotative means constraining the respective screens for travel
      adjacent one another over a part of their paths, the constraining means
      including a yieldable arrangement for permitting accumulation of strand
      between the respective screens to force them apart from one another at a
      locus of support thereof and means for injecting setting fluid at the side
      of the coarse screen opposite the strand-contacting surface thereof.
NUM  6.
PAR  6. Apparatus according to claim 5, including heating means adjacent the
      fluid-injection means.
NUM  7.
PAR  7. In apparatus for setting crimped textile strands, a setting chamber,
      conveyor means within the chamber including a pair of generally adjacent
      conveyor screens having a gore between mutually converging downward
      flights thereof and a gore between diverging upward flights thereof, being
      closest to one another intermediate the gores, means for depositing
      crimped strand between the downwardly converging flights, and means for
      withdrawing the strand lengthwise from between the upwardly diverging
      flights and out of the chamber.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein at least one of the screens is
      constrained in part by a roll movable vertically to space the respective
      screens apart intermediately upon accumulation of strand therebetween.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein such vertically movable roll is
      supported by and within one of the conveyor screens, which has a pair of
      rolls flanking such roll at a higher level than the level of such roll and
      supporting the ends of such conveyor screen, and wherein the other
      conveyor screen is essentially vertical and supported by rolls at its
      opposite ends substantially above such vertically movable roll.
NUM  10.
PAR  10. Apparatus according to claim 7, including a fluid jet for injecting
      crimped textile strand between the downwardly converging flights.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein one of the conveyor screens is
      coarser in mesh than the other, and including means for injecting setting
      fluid into the chamber and adjacent the coarser screen.
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PAL  A plural range pressure regulator construction having a housing provided
      with an inlet and an outlet separated by a valve seat that is controlled
      by a valve member that is interconnected to a flexible wall carried by the
      housing. Biasing means are carried by the housing for acting on one side
      of the wall to tend to move the wall in one direction relative to the
      housing, the biasing means comprising a plurality of separate spring means
      each acting on the wall to provide one pressure range for the pressure
      regulator construction. The housing has a storage space for storing one of
      the spring means so that the same will not act on the wall whereby the
      remaining spring means acting on the wall will provide another pressure
      range for the pressure regulator construction.
PARN
PAR  This application is a divisional patent application of its copending parent
      application Ser. No. 320,520, filed Jan. 2, 1973, now U.S. Pat. No.
      3,825,029.
BSUM
PAR  This invention relates to a plural range pressure regulator construction or
      the like as well as to a method for making such a pressure regulator
      construction or the like.
PAR  It is well known that pressure regulators have been provided for fuel
      burning apparatus to maintain the fuel being supplied from a fuel source
      to the fuel burning apparatus at a proper pressure level for proper
      operation of the fuel burning apparatus. It is also well known that
      various sources of fuel can be provided for the same fuel burning
      apparatus, such as a natural gas source and an LPG sources whereby the
      outlet pressure of the pressure regulator must be different for the
      different fuel sources in order for the fuel burning apparatus to function
      properly.
PAR  Accordingly, it is a feature of this invention to provide an improved
      plural range pressure regulator construction that is adapted to be easily
      converted from one outlet pressure thereof to another outlet pressure
      thereof.
PAR  In particular, one embodiment of this invention provides a plural range
      pressure regulator construction having a housing means provided with an
      inlet and an outlet separated by a valve seat opened and closed by a
      movable valve member that is carried by a flexible wall or diaphragm
      which, in turn, is carried by the housing means. Biasing means are carried
      by the housing means for acting on one side of the wall to tend to move
      the flexible wall or diaphragm in one direction relative to the housing
      means. The biasing means comprises a plurality of separate spring means
      each acting on the wall to provide one pressure range for the pressure
      regulator construction, such as for an LPG fuel source. The housing means
      has a storage space for storing one of the spring means so that the same
      will not act on the wall whereby the remaining spring means acting on the
      wall will provide another pressure range for the regulator construction,
      such as for a natural gas fuel source.
PAR  In this manner, the plural range pressure regulator construction can
      readily be converted between different outlet pressures thereof for use
      with different fuel sources by merely changing the location of one of the
      spring means thereof as will be apparent hereinafter.
PAR  Therefore, it is an object of this invention to provide an improved plural
      range pressure regulator construction or the like, the construction having
      one or more of the novel features set forth above or hereinafter shown or
      described.
PAR  Another object of this invention is to provide a method for making such a
      plural range pressure regulator construction or the like.
PAR  Another object of this invention is to provide an improved plural range
      biasing construction, the construction having one or more of the novel
      features set forth above or hereinafter shown or described.
PAR  Another object of this invention is to provide a method for making such a
      plural range biasing construction or the like.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description with proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a cross-sectional view of the plural range pressure regulator
      construction of this invention set for one pressure range thereof.
PAR  FIG. 2 is a view similar to FIG. 1 and illustrates the plural range
      pressure regulator construction set for another pressure range thereof.
PAR  FIG. 3 is an exploded perspective view of the various parts utilized to
      convert the pressure regulator construction from one pressure range
      thereof to another pressure range thereof.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted for providing a plural range
      pressure regulator construction for a fuel burning apparatus, it is to be
      understood that the various features of this invention can be utilized
      singly or any combination thereof to provide a plural range biasing means
      for other devices as desired.
PAR  Therefore, this invention is not to be limited to only the embodiments
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of uses of this invention.
PAR  Referring now to the drawings, the improved plural range pressure regulator
      construction of this invention is generally indicated by the reference
      numeral 10 and comprises a housing means 11 having an inlet 12 and an
      outlet 13 interconnected together by a resilient valve seat means 14 that
      is adapted to be controlled by a valve member 15 disposed on the inlet
      side of the valve seat 14 and being interconnected by a stem 16 thereof
      that projects through the valve seat 14 to a flexible diaphragm or wall 17
      carried by the housing means 11 and cooperating therewith to define a
      chamber 18 on the outlet side of the diaphragm 17 and another chamber 19
      on the other side 20 of the diaphragm 17 for a purpose hereinafter
      described.
PAR  The upper side 20 of the diaphragm 17 has a metallic backup plate 21
      secured thereto by the stem 16 of the valve member 15 in the manner
      illustrated with the backup plate 21 having a plurality of upwardly bent
      tabs 22 to provide a spring retaining function as will be apparent
      hereinafter.
PAR  The housing 11 has an internally threaded bore portion 23 leading to the
      chamber 19 and defining a storage space 24 for a purpose hereinafter
      described, the storage space 24 having its upper end closed by a removable
      cover member or end cap 25 threaded to the threaded portion 23 and having
      an annular flange 26 thereof adapted to abut against the top surface 27 of
      the housing 11 to limit the amount of insertion of the cover member 25
      into the housing means 11.
PAR  A first spring retainer 28 is of annular configuration and has its outer
      periphery 29 formed in such a manner that the same can be threaded to the
      threaded portion 23 of the housing 11 and thus be positioned in a
      preselected axial position therein in the manner illustrated in FIGS. 1
      and 2.
PAR  Another annular spring retainer 30 of this invention is adapted to be
      loosely disposed in the threaded portion 23 of the housing 11 and have its
      upper surface 31 abut against the lower surface 32 of the threaded portion
      33 of the end cap 25 in the manner illustrated in FIG. 1 or have the
      surface 31 thereof disposed on upwardly directed tabs 34 of the other
      spring retainer 28 in the manner illustrated in FIG. 2, the spring
      retainer 30 having an opening 35 passing therethrough and defining a
      cylindrical flange 36 extending therefrom. Similarly, the other annular
      spring retainer 28 has an opening 37 passing therethrough and defining a
      cylindrical flange 38 extending therefrom.
PAR  If desired, the annular spring retainer 28 can have suitable notches 39
      formed therein to facilitate the inward and outward threading thereof in
      the threaded portion 23 of the housing 11 by an appropriate tool inserted
      in such notches 39.
PAR  A biasing means of this invention is generally indicated by the reference
      numeral 40 and comprises a pair of coiled compression springs 41 and 42
      adapted to be concentrically disposed in the housing means 11 in the
      manner illustrated in FIG. 1 with the lower ends 43 and 44 of the springs
      41 and 42 respectively bearing against the backup plate 21 of the flexible
      wall 17 to act in a direction to tend to open the valve member 15 away
      from the valve seat 14 for a purpose that will be apparent hereinafter,
      the lower end 44 of the outer spring 42 nesting within the tabs 22 of the
      backup plate 21 whereby the tabs 22 provide a spring retaining function
      for the spring 42.
PAR  The upper end 45 of the outer spring 42 encircles the cylindrical flange 38
      of the threaded spring retainer 28 and bears against the under surface 46
      thereof in the manner illustrated in FIGS. 1 and 2.
PAR  The upper end 47 of the inner spring 41 is adapted to encircle the
      cylindrical flange 36 of the upper spring retainer 30 and bear against the
      under surface 48 thereof.
PAR  In this manner, it can be seen that when both springs 41 and 42 are
      assembled in the housing means 11 in the manner illustrated in FIG. 1, the
      spring retainers 28 and 30 support the upper ends 45 and 47 of the springs
      42 and 41 while the lower ends 43 and 44 thereof respectively act against
      the flexible wall 17 of the pressure regulator construction 10 to tend to
      move the valve member 15 away from the valve seat 14 with a certain force
      that is the sum of the forces of the two springs 41 and 42 acting
      downwardly in FIG. 1.
PAR  Thus, when a fuel source is interconnected to the inlet 12, such as an LPG
      fuel source the fuel passes through the open valve seat 14 to the outlet
      13. However, the pressure of the fuel passing through the open valve seat
      14 builds up in the chamber 18 and acts against the under side 49 of the
      flexible wall 17 in opposition to the force of the springs 41 and 42 tend
      to move the valve member 15 upwardly in FIG. 1 and, thus, close the valve
      seat 14. In this manner, the pressure in the chamber 18 and, thus, to the
      outlet 13 is maintained at a certain pressure value regardless of the
      pressure value of the fuel being directed to the inlet 12 of the housing
      means 11 as the position of the valve member 15 relative to the seat 14
      will assure that the fuel pressure in the chamber 18 and being directed to
      the outlet 13 will remain at a certain pressure level as determined by the
      combined force of the springs 41 and 42 in a manner well known in the art.
PAR  When it is desired to change the pressure range of the pressure regulator
      construction 10 to another pressure range thereof, such as for being
      interconnected to a natural gas fuel source, the cap 25 is unthreaded from
      the threaded portion 23 of the housing 11 and removed therefrom as well as
      the spring retainer 30 and inner spring 41. The spring retainer 30 is then
      turned over in the manner illustrated in FIG. 2 and inserted back through
      the threaded portion 23 of the housing 11 to have the surface 31 thereof
      rest against the upwardly directed tabs 34 of the lower spring retainer 28
      as illustrated in FIG. 2. If the end coil 47 of the inner spring 41 has
      been tightly fitted around the cylindrical flange 36 of the spring
      retainer 30, the same will have remained attached thereto so that when
      inverting the spring retainer 30 to insert the same downwardly through the
      threaded portion 23 of the housing 11 in the manner illustrated in FIG. 2,
      the inner spring 41 now projects upwardly therefrom out through the
      threaded portion 23 and is adapted to have its end 44 received in a
      chamber 50 formed in the end cap 25 when the end cap 25 is again threaded
      to the threaded portion 23 of the housing 11 in the manner illustrated in
      FIG. 2. Thus, the inner spring 41 is compressed between the end cap 25 and
      the spring retainer 30 in the storage space 24 of the housing means 11 so
      that the same has no affect on the movable wall 17 of the pressure
      regulator construction 10. Of course, if the spring 41 becomes separated
      from the spring retainer 30 during the changeover from the condition of
      FIG. 1 to the condition of FIG. 2, the spring 41 is inserted on top of the
      inverted retainer 30 in the manner illustrated in FIG. 2 to be stored in
      the storage space 24 as previously stated.
PAR  When the pressure regulator construction 10 is disposed in the condition
      illustrated in FIG. 2, it can be seen that only the compression spring 42
      is now acting in a downward direction on the flexible wall 17 so that the
      valve member 15 is moved away from the valve seat 14 by only the force of
      the compression spring 42 whereby the pressure regulator construction 10
      will tend to maintain a lesser pressure value of the fuel in the chamber
      18 and at the outlet 13 thereof than when both springs 41 and 42 were
      utilized in the manner illustrated in FIG. 1.
PAR  Therefore, it can be seen that this invention provides a pressure regulator
      construction that can readily be converted from one pressure range thereof
      to another pressure range thereof by merely changing the position of one
      spring thereof from a stored condition thereof to an active force applying
      condition thereof in a simple and effective manner.
PAR  Thus, when it is desired to convert the regulator construction 10 from the
      condition illustrated in FIG. 2 to the condition illustrated in FIG. 1,
      the end cap 25 is removed and the spring 41 and its retainer 30 are
      inverted from the position illustrated in FIG. 2 to the position
      illustrated in FIG. 1 whereby when the end cap 25 is replaced, both
      springs 41 and 42 will now act on the movable wall 17 for the reasons
      previously set forth.
PAR  Of course, the chamber 19 of the pressure regulator construction 10 is
      adapted to be interconnected to the atmosphere in any desired manner. For
      example, in the embodiment illustrated in the drawings, the housing means
      11 is provided with a passage means 51 leading from the chamber 19 to the
      exterior of the housing means 11 and having a suitable restrictor 52
      therein to slow down the movement of the diaphragm 17 from its various
      operating positions in much the same manner as a dashpot or the like.
PAR  Thus, it can be seen that this invention not only provides an improved
      plural range pressure regulator construction and method of making the
      same, but also this invention provides an improved plural range biasing
      construction and method of making the same.
PAR  While the form and the method of this invention now preferred has been
      described and illustrated as required by the Patent Statutes, it is to be
      understood that other forms and methods can be utilized and still come
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for making a plural range pressure regulator construction
      comprising the steps of providing a housing means with an inlet and an
      outlet separated by a valve seat and with a valve member for controlling
      said valve seat and being interconnected to a flexible wall carried by
      said housing means and controlling the movement thereof relative to said
      valve seat, disposing biasing means in said housing means for acting on
      one side of said wall to tend to move said wall in one direction relative
      to said housing means, said biasing means comprising a plurality of
      separate spring means, causing each spring means to act on said wall to
      provide one pressure range for said regulator construction, storing one of
      said spring means completely in a storage space of said housing means so
      that the same will not act on said wall whereby the remaining spring means
      acting on said wall will provide another pressure range for said regulator
      construction, forming said one spring means and said remaining spring
      means from coiled compression springs, causing said springs to be
      concentrically disposed and each having one end thereof operatively
      engaging said wall to provide said one pressure range for said regulator
      construction, and forming said storage space for said one spring means to
      be located in aligned relation with said remaining spring means and
      adjacent the other end thereof so as to be completely spaced from said
      wall a distance at least equal to the length of said remaining spring
      means whereby said one spring means is out of operative engagement with
      said wall and completely spaced therefrom a distance at least equal to the
      length of said remaining spring means when said other pressure range is
      being provided.
NUM  2.
PAR  2. A method for making a plural range pressure regulator construction
      comprising the steps of providing a housing means with an inlet and an
      outlet separated by a valve seat and with a valve member for controlling
      said valve seat and being interconnected to a flexible wall carried by
      said housing means and controlling the movement thereof relative to said
      valve seat, disposing biasing means in said housing means for acting on
      one side of said wall to tend to move said wall in one direction relative
      to said housing means, said biasing means comprising a plurality of
      separate spring means, causing each spring means to act on said wall to
      provide one pressure range for said regulator construction, storing one of
      said spring means in a storage space of said housing means so that the
      same will not act on said wall whereby the remaining spring means acting
      on said wall will provide another pressure range for said regulator
      construction, forming said one spring means and said remaining spring
      means from coiled compression springs, concentrically disposing said
      spring means when they are to act on said wall to provide said one
      pressure range for said regulator construction, forming said storage space
      for said one spring means in aligned relation with said remaining spring
      means and adjacent one end thereof, closing one end of said storage space
      that is remote from said one end of said remaining spring means with a
      removable cover means, and storing said one spring means in compressed
      relation between said cover means and said one end of said remaining
      spring means when the same is stored in said storage space.
NUM  3.
PAR  3. A method for making a plural range pressure regulator construction as
      set forth in claim 2 and including the steps of forming said cover means
      with a spring retainer, causing said one spring means to have one end
      thereof bearing against said spring retainer when the other end of said
      one spring means is acting on said wall to provide said one pressure range
      of said regulator construction, causing said one spring means to be
      disposed between said cover means and said spring retainer when said one
      spring is stored in said storage space.
NUM  4.
PAR  4. A method for making a plural range pressure regulator construction as
      set forth in claim 3 and including the steps of forming said housing means
      with an internally threaded portion, threading an annular spring retainer
      to said threaded portion, causing said one end of said remaining spring
      means to bear against the same, and causing said one spring means to
      project through said annular spring retainer when said one spring means is
      acting on said wall to provide said one pressure range of said pressure
      regulator construction.
NUM  5.
PAR  5. A method for making a plural range pressure regulator construction as
      set forth in claim 4 and including the step of threading said cover member
      to said threaded portion of said housing when closing said one end of said
      storage space.
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ABST
PAL  The present invention is a lightweight, internally stiffened aerodynamic
      shell structure with local fittings and a method for fabricating the same.
      Two typical type structures are the blades and vanes of a turbo fan
      engine. The invented structure exhibits heretofore unattainable strength
      and stiffness to weight ratios and a high degree of structural integrity.
      It is, therefore, particularly advantageous in applications such as the
      rotating blades in airborne or ground power conversion equipment. It is an
      aerodynamically shaped structure comprising metallic stiffening material
      interposed between, and joined to, a pair of relatively thin corresponding
      metallic face sheets which form the shell skin of the structure. As a
      function of design requirements, a root fitting, shroud fitting, and tip
      rib or fitting are solid-state diffusion bonded to the shell structure. In
      addition, the leading and trailing edges of the shell structure are formed
      by the solid-state diffusion bonding of the edges of the corresponding
      face sheets. The invented method for diffusion bonding the shell structure
      to the required fittings and the edges of the face sheets to form the
      leading and trailing edges achieves a homogeneous joint having parent
      material strength and properties while achieving a high degree of
      filleting in multiple directions. The invented method for fabricating the
      invented aerodynamic shell structure includes the use of (i) flow volumes
      of excess material located on the parts to be joined, the respective
      geometry and location of such flow volumes being determined as a function
      of the geometry of the parts and the juncture to be achieved, as well as
      the required filleting, and (ii) a specially designed die assembly which
      applies high localized pressure at an elevated temperature for a suitable
      period of time to achieve the desired plastic flow diffusion bond. Typical
      metals used to construct the invented shell structure are the wrought
      alloys such as titanium, aluminum, stainless steel, nickel base alloys,
      cobalt base alloys and columbium base alloys, etc. The invention also
      contemplates many variations of the internal stiffening material used to
      achieve the required shear and bending stiffness, and the placement of
      such material.
PARN
PAR  This application is a continuation-in-part of my co-pending application
      entitled INTERNALLY STIFFENED CONTOURED SHELL STRUCTURE AND METHOD FOR
      FABRICATING SAME, filed Aug. 14, 1972, and assigned Ser. No. 280,645.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to internally stiffened shell structures
      and, more particularly, shell structured aerodynamic blades and vanes and
      a method for fabricating the same.
PAR  2. Prior Art
PAR  Power conversion equipment which utilizes the change in velocity and
      direction of gas flow requires the use of rotating blades and stationary
      vanes. For airborne equipment it is necessary that structural concepts,
      yielding maximum strength and stiffness to weight ratios, be utilized to
      achieve the required power to weight efficiency. In all cases, it is
      desirable to minimize the weight of the rotating blades. Blades and vanes
      are thin aerodynamic shapes with varying degrees of camber, twist, and
      thickness as a function of the gas flow requirements. The gas pressure and
      flow characteristics impose bending strength and stiffness, torsional
      strength and stiffness, and shear strength and stiffness requirements upon
      the structural configuration of the blade or vane.
PAR  It is known that the lightest weight structures are achieved by utilizing a
      material having a high strength to weight ratio in conjunction with a
      structural configuration which places this material at the periphery of
      the structure, i.e., a hollow section. However, when using a hollow
      section with thin material, the material becomes unstable in compression
      and shear buckling modes. The use of internal stiffening material to
      stabilize the thin facing skins of hollow sections has been developed and
      proved in service for many years. While such internally stiffened shell
      structures are known in the prior art, they have been used in
      substantially planar configurations and large shells, and heretofore it
      has not been known how to fabricate them in the intricate shapes and
      geometric forms required by many applications, such as, for example,
      aerodynamic blades and vanes. Thus, the present invention now makes
      available for applications requiring contoured structures, the significant
      advantages of lightweight, structurally efficient, thin skin shell
      structures with internal stiffening material, all of whose joints have the
      homogeneity of the parent material. Such lightweight structurally
      efficient shell structures are highly advantageous when used in
      applications such as, for example, power conversion equipment, helicopter
      blades and turbo engine fan blades and vanes. In addition, the present
      invention achieves its high structural strength to weight ratio within the
      economic constraints of system cost effectiveness.
PAR  The most common method today for fabricating aerodynamic blades and vanes
      is by forging solid blanks, followed by 100 percent machining to achieve
      the desired shape and contours. While net precision forgings may also be
      produced, these require use of special alloys known in the art, but the
      latter are not as efficient as the wrought alloys. In the case of larger
      vanes, builtup brazed assemblies are typically produced. Each of these
      present methods are relatively costly and produce structures which are
      heavier than desirable. Recent "advances" in the art, such as the filling
      of hollow structures with suitable potting compounds, have enabled the
      production of lighter vanes. However, the vanes so produced have suffered
      from a disappointingly high failure rate because of the strain
      incompatability of dissimilar materials. A further shortcoming of blades
      and vanes produced by the methods of the prior art, other than solid
      structures, are their susceptibility to catastrophic failure caused by
      foreign object damages.
PAR  The present invention overcomes these shortcomings and limitations of the
      prior art by disclosing an internally stiffened shell structure having
      lighter weight, lower cost and greater structural integrity than has
      heretofore been attainable, and a practical method for its fabrication.
      The phrase "structural integrity", as used herein, relates to the strength
      and stiffness of the structure per pound and its resistance to
      catastrophic failure from foreign object damage. The resistance of the
      present invention to foreign object damage is attributable to the parent
      material homogeneity achieved by the diffusion bonded joining techniques
      disclosed herein. The value of this invention is best illustrated by
      reference to turbofan engine fan blades. As indicated above, these blades
      are now typically machined from solid material. Hollow, internally
      stiffened shell structured blades made of the same material by the present
      invention would have approximately one-third of the weight of solid blades
      made by the methods of the prior art. Weight saved on a rotating fan blade
      results in additional weight and economic savings in the full engine
      configuration by virtue of the reduction of the loads on the fan disc,
      main shaft, bearings, support structures and containment shrouding. The
      weight saving multiplier in a typical turbofan engine is in the range of
      3-5. Thus, for each pound of weight saved on a fan blade, 3 to 5 pounds of
      weight is saved in the totally configured engine.
PAR  The use of shell structures with internal stiffening material for the
      manufacture of aerodynamic blades necessarily requires the geometric
      placement of transition material, in an optimum location, for efficient
      load transfer from the relatively thin shell material to the more massive
      root fitting. Ideally, the blade and the root fitting should be a
      completely homogeneous material. One approach to this ideal structure is
      to carve the most efficient structural configuration from a mass of
      homogeneous material having a high strength to weight ratio, thereby
      precluding any need for joining. However, except for the most simple
      structural components, the one-piece homogeneous structure is neither
      weight efficient nor economically feasible. The techniques for producing
      homogeneous material structural components include machining from bar or
      plate stock, net forging, forging plus machining and extruding (for
      constant section members). These production techniques are not applicable
      to the fabrication of thin wall and hollow sections with internal
      stiffening material. In addition, the cost of machining aerodynamic thin
      shapes with varying thickness, camber and twist from solid stock is very
      high.
PAR  Because of the limitations on producing one-piece homogeneous aerodynamic
      stiffened shell structures, techniques for joining the blade to the root
      fitting must be used. All typical production methods of joining metals,
      such as by riveting, bolting, welding, brazing, organic bonding and
      polyimide bonding result in a load transfer capability lower than that of
      the parent material utilized; i.e., they do not achieve the required
      homogeneous properties and strain rate of the parent material across the
      joint. The solid state diffusion bonding technique, on the other hand,
      provides (i) a means for achieving full parent material strength across
      the joint interface because no foreign material is utilized; and (ii)
      strain compatibility across the joint interface. Several diffusion bonding
      techniques have been developed, such as, for example, roll bonding, press
      bonding and vacuum bag bonding. However, each of these techniques imposes
      limitations on the structural configurations achievable; for example,
      roll, press and vacuum bag diffusion bonding techniques cannot produce the
      required blending or filleting. In addition, they are not applicable to
      complex aerodynamic shapes. Each of these known techniques of diffusion
      bonding and their respective limitations and shortcomings are briefly
      described hereinbelow.
PAR  The roll diffusion bonding technique utiilizes a steel tooling retort with
      positioning filler tooling to locate the members to be joined in proper
      respective positions. The intimate contact is established by roll reducing
      the retort/tooling and to-be-joined parts by a sufficient percentage
      (generally 50 to 60 percent) to guarantee completely intimate surface
      contact and diffusion bonding. This process utilizes expendable tooling
      and is basically limited to the attachment of members in the rolling
      direction. The degree of joined member filleting is limited by the
      combination of tooling material flow and detail parts flow.
PAR  The press diffusion bonding technique utilizes reusable positioning and
      restraining tooling and massive hydraulic presses as the pressure source
      to establish the intimate contact. However, to utilize reusable tooling,
      the local surface deformation is generally limited to less than 5 percent.
      This requires the surfaces to be joined to be matched within very close
      tolerances. In addition, it also requires, because of the relatively low
      local unit pressure, a long time at an elevated temperature to allow the
      diffusion cycle to complete. Flow filleting is very limited because of the
      low local deformations allowable.
PAR  The vacuum bag bonding technique utilizes atmospheric pressure as the
      pressure source and is therefore limited to very thin sheet structures
      which can attain the required intimate surface contact at this relatively
      low pressure. Because of this low pressure, the time at an elevated
      temperature required to complete the diffusion cycle is very long. In
      addition, flow filleting cannot be achieved.
PAR  As a result of the above-described limitations in the techniques of joining
      metals, prior art turbofan engine fan blades, for example, are either
      completely machined from wrought bar stock or forged and completely
      machined, notwithstanding the high cost of such methods and the lower
      strength to weight ratio of the resulting blade as compared to that
      attainable with hollow internally stiffened shell structures. The present
      invention, however, overcomes these limitations of the prior art and
      discloses an aerodynamic blade or vane comprised of an internally
      stiffened shell structure which is diffusion bonded to a more massive root
      fitting, and a practical method for its fabrication. The invented
      structure may also include a shroud fitting and/or a tip rib or fitting as
      required. The invented techniques for diffusion bonding the shell
      structure to the required fittings achieves filleting and attachment in
      multiple directions. It also enables one to shape the member intersections
      so as to minimize stress concentrations. Further, the advantages of the
      present invention are attainable within the constraints of economic
      feasibility.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is a lightweight internally stiffened shell structure
      of aerodynamic shape attached to more massive members for load transfer,
      and a method for fabricating the same. The invention will be described
      with reference to a typical titanium turbofan engine blade. However, it
      should be understood that while this description relates to titanium
      blades of a turbofan engine it is applicable to substantially all
      aerodynamic shaped structures as well as to other applications requiring
      structurally efficient members and is applicable to alloys other than
      titanium. Since the present invention comprises both the method for
      fabricating and the structure produced thereby, a description of the
      invented method will necessarily include a disclosure of the invented
      structure and its essential characteristics.
PAR  The main emphasis of the present invention is to present an economically
      feasible design concept and fabrication technique for the above structure.
      To achieve this objective, it is required that the detail parts
      to-be-joined be kept simple and to a minimum in number. The internally
      stiffened shell structure is achieved through design and fabrication of a
      panel, the concept of which includes (i) constant face sheet spacing for
      simplicity; (ii) face sheets having the thickness required for selective
      placement of plastic flow material; and (iii) the internal stiffening
      material being crushable to achieve the required varying shape. This use
      of a pre-fabricated panel blank minimizes the number of detail parts to be
      processed during the final joining process and eliminates the requirement
      for complex removable internal tooling within the contoured shape of the
      completed structure. In addition, the use of a pre-fabricated panel blank
      enables the fabrication of a completely closed internally stiffened shell
      structure.
PAR  The solid state diffusion bond juncture of the panel skins to the required
      fittings, the required filleting shape and the joinder of the upper to
      lower skins to form leading and trailing edges is achieved by local
      plastic flow of material provided on the detail parts. The die design
      concept provides for high, localized pressures on these juncture areas, as
      well as the required finished part shape. The internal stiffening members
      of the panel are crush formed to the aerodynamic shape. The crush formed
      internal stiffeners provide sufficient support for the face sheets during
      the diffusion bonding process; therefore, no internal stabilizing tooling
      is required.
PAR  The internally stiffened crushable panel blanks may be made in a variety of
      configurations as required to satisfy the particular design requirements
      and the operational environment. For example, in some applications, round
      tubes may be included at intervals within the thin gage internal
      stiffening materials for additional shear and bending stiffness. In the
      case of aerodynamic blades, spaces are provided in the internal stiffening
      material along the outer edges of the panel blades in order to permit the
      fabrication of leading and trailing edges having very low wedge angles.
PAR  The panel blank is then rough trimmed to size, and provisions are made for
      contour references control by means of index holes. Next, it is crushed in
      a pair of crush dies in order to achieve the basic shape required. The
      thin membranes of the internal stiffening material crush form to a
      spring-like shape, while any internal tubes crush form to elliptical
      shapes. In the case of blades or vanes, the outer edges of the face sheets
      come together on each side of the panel blank to form the beginning of
      what will ultimately be the leading and trailing edges.
PAR  A retort die assembly is utilized for the final forming of the blade and
      the solid state diffusion bonding of (i) the blade shell sheets to a root
      fitting (or other fittings as required) and (ii) the edges of the face
      sheets to form the leading and trailing edges. The die assembly is
      designed and fabricated following (i) a determination of the volume of
      material required to flow in order to achieve the desired juncture; (ii) a
      determination of the direction of the forming and joining force, or load
      application, as a function of the geometry of the parts to be joined and
      the desirerd homogeneous juncture shape; (iii) establishment of the die
      ram action required to apply the required pressure to the parts, and the
      die ram shape to achieve the desired part geometry; and (iv) establishment
      of the retort or vacuum furnace press die tooling configuration.
PAR  In general, solid state diffusion bonding requires the removal of surface
      films and oxides from the materials to be joined. The surfaces of the
      materials are then placed in intimate contact, usually under pressure,
      while at an elevated temperature. The higher the temperature, the greater
      is the molecular diffusion across the joint interface in a given interval
      of time. Different alloys require different temperature and time
      parameters. However, for each alloy the diffusion temperature is limited
      by the transformation temperature, i.e., the temperature at which the
      grain structure of the material will transform to a degraded strength
      configuration. The method of the present invention for solid state
      diffusion bonding the blade section to the root fitting, and other
      fittings as required, as well as the method of joining the leading and
      trailing edges, includes the simple selective positioning of required
      material in the area of the materials to be joined so that plastic flow of
      the material forms the required filleting, while at the same time
      achieving the intimate contact for the solid state diffusion bondings of
      the materials. In addition, by the design of the die tooling, more fully
      described hereinbelow, high localized pressure is applied to the detail
      parts only in the joint area through the use of existing pressure
      equipment, such as, for example, an hydraulic press.
PAR  The diffusion bonding process requires the maintenance of an inert
      atmosphere during the time the detail to-be-joined parts are at the
      elevated temperature in order to prevent their oxidation. This inert
      atmosphere can be achieved by maintaining a vacuum or by utilization of an
      inert gas. In the following description of this invention, the approach
      described is one which utilizes the die tooling as a vacuum retort. It
      should be understood, however, that alternate approaches, such as a vacuum
      furnace press, inert atmosphere furnace press, inert gas retort die
      assembly, or inert gas continuous purge, may also be used.
PAR  Following the cleaning of the retort tooling and the parts to be joined,
      the parts are installed in the retort die assembly. The retort die
      assembly is sealed by welding retort membrance covers over the top and
      bottom of the die body. A purge tube is also welded into position. The
      retort die assembly is then purged with an inert gas, evacuated, heated to
      about 1000.degree.F to remove any remaining contaminants by vacuum hot
      out-gassing, and evacuated to at least a vacuum of 10.sup.-.sup.4 Torr.
      The assembly is then heated to a temperature approximately
      50.degree.-100.degree.F below the transformation temperature of the alloy
      from which the parts are made. After a uniform temperature distribution is
      attained, the retort die assembly is placed in an insulation box which is
      adapted to be installed in an item of pressure equipment such as a
      hydraulic press. Appropriate pressure is applied to the heated retort die
      assembly for a suitable period of time to form the blade and to obtain
      solid-state diffusion bonding by plastic flow and creep deformation. After
      cooling, the upper membrane cover is cut and the blade, with root fitting
      attached, is removed.
PAR  Thus, a principal object of the present invention is to provide a
      lightweight structurally efficient aerodynamic shaped, internally
      stiffened shell structure attached to a more massive member or members as
      required for load transfer or other purposes, such structure being the
      equivalent of a homogeneous structure. Typical examples of such structures
      are turbo-fan engine rotating blades and starter vanes.
PAR  Another principal object of this invention is to provide a cost effective
      method for fabricating the aforesaid structure.
PAR  Yet another principal objective of the present invention is to provide an
      economically feasible method for solid state diffusion bonding of metal
      members by local plastic flow in the joint area, with the ability to
      achieve filleting and attachment in multi-directions and parent material
      properties in the joint areas and, thereby, to provide maximum fatigue
      life for the structure with no loss in joint strength due to in-service
      exposure to elevated temperatures.
PAR  The novel features which are characteristic of the present invention, as
      well as other objects and advantages thereof, will be better understood
      from the following detailed description, reference being had to the
      accompanying drawings in which a presently preferred embodiment and method
      of the invention are illustrated by example.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a and 1b represent a functional block diagram showing the basic
      steps of the invented method as applied to fabricating an aerodynamic
      blade or vane.
PAR  FIG. 2 is a front perspective view of the simple detail parts of a typical
      aerodynamic blade or vane comprising an internally stiffened shell
      structured panel blank, a root fitting, a shroud fitting and a tip rib or
      fitting.
PAR  FIGS. 3a- 3g are perspective views of sections of a number of typical panel
      blanks, each having a different internal stiffening configuration.
PAR  FIG. 4 is a perspective view of a section of a panel blank having a spacer
      temporarily interposed within the inner core, the subsequent removal of
      which leaves desired spaces within the core.
PAR  FIG. 5 is a perspective view of a panel blank which has been rough trimmed
      to size and provided with tabs and index holes for contour reference
      control.
PAR  FIG. 6 is a perspective view of a panel blank interposed between matching
      crush dies prior to crush forming.
PAR  FIG. 7 is a perspective view of the panel blank of FIG. 5 after being crush
      formed in the crush dies.
PAR  FIG. 8a is a longitudinal cross-sectional view of a retort die assembly,
      with parts installed.
PAR  FIG. 8b is a latitudinal cross-sectional view of the retort die assembly,
      with parts installed.
PAR  FIG. 9 is a front perspective view of a shell blade section tack-welded to
      a root fitting blank for positioning prior to the final forming and
      diffusion bonding step.
PAR  FIG. 10 is a front elevational view of a root fitting blank.
PAR  FIG. 11 is a top elevational view of the root fitting blank of FIG. 10.
PAR  FIG. 12 is a partial cross-sectional view of the juncture between a shell
      blade section and the root fitting blank of FIGS. 10 and 11 prior to
      plastic flow.
PAR  FIG. 13 is a partial cross-sectional view of the juncture between a shell
      blade section and the root fitting blank of FIGS. 10 and 11 showing
      plastic flow of fillet material and face sheets.
PAR  FIG. 14 is a front perspective view of an insulation box containing a
      retort die assembly under pressure in a hydraulic press.
PAR  FIG. 15 is a partial front perspective view of a shell blade section
      showing its leading or trailing edge juncture of upper and lower face
      sheets.
PAR  FIGS. 16-19 are partial cross-sectional views of a shell blade section
      showing the manner in which the leading or trailing edge thereof is formed
      into a homogeneous bonded juncture.
PAR  FIG. 20 is a partial cross-sectional view of a chemmilled face sheet
      showing "steps" which provide extra material to plastic flow for achieving
      edges of greater solidity depth.
PAR  FIG. 21 is a front perspective view of a finished shell blade with attached
      root fitting and the leading and trailing edge junctures in the die
      parting plane, prior to being creep twisted to the required angle.
PAR  FIG. 22 is a side elevation view of a reusable retort die assembly showing
      the manner in which a new upper retort membrane cover is affixed after the
      original cover is cut away.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention is now described in detail with respect to the
      fabrication of a preferred embodiment thereof, namely an aerodynamic
      blade. In all FIGURES like numerals are used to designate like elements.
      For a better understanding of the following description, reference should
      be made to FIGS. 1a and 1b which functionally depict the flow of the steps
      comprising a preferred method of the present invention. FIG. 2 shows the
      basic parts of the aerodynamic blade which is the subject of this
      description; namely, panel blank 10, root fitting 50, shroud fitting 51
      and rib tip or fitting 53.
PAR  The first step of the invented method is to evaluate the finished structure
      requirements with respect to concentrated load application points,
      strength and stiffness. From this evaluation, the minimum number of
      fittings, shell skin thickness and internal stiffening requirements are
      established; in addition the transition filleting from the shell skin
      thickness to the fittings is determined so as to reduce the stress
      concentration from load transfer during functional operation.
PAR  With knowledge of the required filleting or blending geometry required at
      each juncture, the joint flow volumes are then determined; that is the
      volume of material required to supplement the intersection of straight
      line element parts. This volume of material, increased by approximately 5
      to 10 percent to provide positive fill without unnecessarily close
      tolerances, is then located on the to-be-joined parts in the juncture
      area. It can be located on either part or divided between the two parts as
      a function of part simplicity. The placement of this flow material in a
      simplified manner on the detail parts reduces (i) the parts complexity and
      (ii) the requirement for zero tolerance fit up of parts and the fit up of
      the parts in the die, such fit ups usually being required to achieve the
      diffusion bond. The volume of flow material is ultimately plastic flowed
      by the die action to achieve the intimate contact required for diffusion
      bonding. The die is designed such that the surplus material flows to the
      edge of the finished part and is trimmed off like flashing.
PAR  Having established the flow material volumes and the direction of their
      flow, the ram action direction is next determined. Since economic
      feasibility is one of the main objectives of this invention, the die set
      is designed such that only a single direction of external force is
      required. Internal force components caused by plastic flow in the joint
      areas are balanced by die body restraint of the single action ram. Thus,
      on a part such as a fan blade, with its high twist angle, the die set is
      designed to accomplish the diffusion bond on an untwisted blade to
      maintain the single direction ram action force. The blade is later creep
      twisted to the required twist angle.
PAR  The ram action force is determined from the flow volumes and distance of
      flow for the various required joints. This force and the duration of its
      application are determined from the plastic flow and creep characteristics
      of the materials to be joined at the diffusion bonding temperature. In
      addition to the local joint lines of force required, the additional small
      force required to (i) achieve the final size of the crushed panel (which
      is oversized at the time it is placed in the die set) and (ii) any other
      slight contour forming of parts is determined.
PAR  The details of placement of the flow material on a fitting are a function
      of the fitting and the junction to be achieved. Typically, the volume of
      flow material is positioned such that it can be fabricated with simple
      machine cuts. The flow material 150 on root fitting 50 is shown in FIGS.
      10-12.  FIG. 12 also illustrates the positioning of the shell material
      face sheets 14 and 15 relative to root fitting 50. The shape of slots 80
      and 80' of root fitting 50 and positioning of the flow material 150 causes
      the ends of face sheets 14 and 15 to provide a mechanical interlock after
      the materials are plastic flow diffusion bonded, thereby enhancing the
      strength of the solid state diffusion bonded joint. This mechanical
      interlock is shown in FIG. 13. The root platform and attachment lug are
      not shown in the drawings. These features are typically machined from the
      excess material blank of root fitting 50, as a function of the particular
      requirements.
PAR  One of the major features of this invention is the utilization of a simple
      flat panel blank 10, consisting of upper and lower face sheets 14 and 15
      joined to a crushable internal stiffening material 16, to form the complex
      aerodynamic shaped shell structure. Various forms of the basic panel blank
      10 are illustrated in FIGS. 3a-3g. The skin gage of panel blank 10 is that
      thickness which is required to provide a sufficient volume of flow
      material for diffusion bonding of the leading and trailing edges and the
      various other fittings. This utilization of a prefabricated panel blank 10
      minimizes the number of detail parts to be handled during the blade
      assembly diffusion bond cycle, thus providing economic feasibility to the
      invented method. The panel blank 10 itself must be fabricated utilizing a
      joining process which will ensure that the blank 10 will not deteriorate
      when subjected to the diffusion bond temperature of this invention.
      Preferably, panel blanks 10 should be diffusion bonded.
PAR  Panel blanks 10 are known in the art, and are typically in the form of face
      sheets 14 and 15 diffusion bonded to honeycomb core 16, such as those
      shown in FIGS. 3a-3d. In addition, processes are being developed to
      fabricate panel blanks 10 comprised of face sheets 14 and 15 stabilized by
      channels 16e, truss shaped members 16f and corrugated formed material 16
      g, as illustrated in FIGS. 3e-3g. Many variations of these basic panel
      blank configurations can be made to satisfy the specific requirements of
      the structure to be fabricated by the invented process.
PAR  The accomplishment of a complete homogeneous diffusion bond joint between
      metallic requires cleanliness, intimate contact, and exposure to elevated
      temperature for a period of time long enough to allow the intersurface
      diffusion to be completed. In general the intimate contact is established
      by pressure; further, the higher the pressure and temperature utilized,
      the shorter the diffusion time required. The invented process utilizes all
      of the ingredients of solid state diffusion bonding, including
      cleanliness, intimate contact, pressure, temperature, and time, thus
      simplifying the requirements with respect to the fabrication of the panel
      blank 10. For example, panel blank 10 can be fabricated by joining the
      internal stiffening material 16 to the face sheets 14 and 15 with only a
      partial or incomplete diffusion bond. The diffusion bonding of the panel
      blank 10 is subsequently completed by virtue of the cleanliness, pressure,
      temperature, and time parameters to which it is subjected during the
      diffusion bond joining processes disclosed by this invention. This
      represents a simplification in the fabrication of panel blank 10 and a
      corresponding reduction in its cost.
PAR  The selection of a particular configuration of panel blank 10 is a function
      of the load and dynamic environmental requirements of the application.
      FIGS. 3a-3g illustrate several versions of panel face sheets 14 and 15
      stabilized by crushable internal stiffening material 16. In applications
      requiring high local load support, portions of internal stiffening
      material 16 may be changed to a tube 17, as shown in FIGS. 3c and 3d.
      Tubes 17 will crush elliptical while still maintaining their strength,
      thereby fulfilling the requirement of a crushable panel blank 10.
PAR  Panel blanks 10b-10d in FIGS. 3b-3d, respectively, illustrate an important
      feature of panel blank used by this invention. It should be noted that
      they have no internal stiffening material 16 between the longitudinal
      edges of face sheets 14 and 15. This enables the subsequent forming of
      leading and trailing edges 26 and 26', respectively, as more fully
      described hereinbelow. The exclusion of stiffening material 16 between the
      edges of face sheets 14 and 15 is achieved by the temporary inclusion of
      appropriately sized spacers, such as spacer 19, shown in FIG. 4, at
      required intervals along the transverse direction of panel blank 10.
      Spacers 19 are mechanically removed after installation of the stiffening
      material 16 is completed, after which the panel blanks 10 are trimmed
      through this open space area to their required sizes. The spaces left by
      spacers 19 enable the achievement of the open edges of panel blank 10,
      Spacers 19 having the dimensions and shape required may also be used to
      create air or fluid passages within internal stiffening material 16 which
      may be advantageous in certain applications.
PAR  The leading and trailing edge flow volumes are the volumes required to
      create the degree of solidity S, specified in the leading and trailing
      edge junctures 26 and 26', respectively formed by the edges of upper and
      lower face sheets 14 and 15, as shown in FIGS. 15, 17 and 19. Thus, the
      next step is to determine the leading and trailing edge flow volumes. To
      maintain the simple configuration of panel blank 10, face sheets 14 and 15
      are made with the thickness required to provide the flow volume material
      previously determined as necessary. The balance of each face sheet 14 and
      15 in the direction away from the edges thereof are then reduced in
      thickness to whatever is structurally required. The reduction of the
      thickness of face sheets 14 and 15 to satisfy overall thickness
      requirements can readily be accomplished by existing techniques, such as
      chemical milling, electrical discharge milling or machining, either in a
      single step or in multiple steps as a function of required area variation.
      FIGS. 16 and 17 show the leading joint 26 when the minimum flow material
      required to achieve acceptable solidity S is the same thickness as the
      balance of the face sheets 14 and 15. Added solidity S is achievable by
      adding flow volume to the edges of face sheets 14 and 15, as shown in
      FIGS. 18, and 19. Added flow volumes may be achieved with stepped face
      sheet thickness, as indicated above and as shown in FIGS. 2 and 20,
      providing a more gradual variation of thickness over the area of the face
      sheets 14 and 15.
PAR  The next panel blank operation is to rough trim the panel blank 10 to size
      and to provide tabs 21 having index holes 23 for contour reference
      control, as illustrated in FIG. 5. The tabs 21 are cut down to
      sufficiently small areas so as not to cause problems during final forming
      and shaping operations. As indicated above, panel blank 10 utilized for
      the embodiment described herein has no internal stiffening material along
      the longitudinal edges of face sheets 14 and 15; this enables the
      prediffusion bonding cleaning of the material which will form leading and
      trailing edges 26 and 26', respectively. Stiffening material 16 may also
      be mechanically removed from the transverse ends of panel blank 10 by
      conventional machining techniques so as to enable manifolding, insertion
      of fittings, or to satisfy other design requirements.
PAR  Next, the panel blank 10 is placed between crush dies 22 and 22', as shown
      in FIG. 6. Crush dies 22 and 22' are fabricated to achieve an
      underdeveloped vane or blade shape; an underdeveloped shape is one in
      which the final contour (thickness, camber and twist) of the vane or blade
      is not achieved, but where the crushed blank is sufficiently oversized to
      permit final net sizing in the diffusion bond die set. For simplicity of
      the crush die set 22 and 21', the twist is removed, and the leading and
      trailing edges 26 and 26', respectively, are approximately planar. The
      blade is creep twisted to the required shape in an operation subsequent to
      the die diffusion bonding. It is not required, however, that the lines of
      the leading and trailing edges 26 and 26' of the crushed panel blank 10 be
      in the same plane. With reference to FIG. 7, it can be seen that the
      crushed panel lines of leading edge 26 and trailing edge 26' are each in
      one plane. Maintaining the trim lines of leading and trailing edges 26 and
      26' in their respective planes is important with respect to die simplicity
      and, therefore, maximum economic feasibility. Crush dies 22 and 22' have a
      controlled cavity configuration which achieves a slightly oversized
      thickness dimension. This ensures positive die fill during a subsequent,
      final diffusion bonding forming operation.
PAR  Crushing of the panel blank 10 between crush dies 22 and 22' can take place
      at either room temperature or an elevated temperature depending upon the
      properties of the internal stiffening materials 16 used and the degree of
      forming required. For example, the preferred temperature for crush forming
      alloys of titanium is in the range from 900.degree.-1200.degree.F because
      of the tendency of such alloys to crack at lower temperatures under severe
      forming.
PAR  The result of the crushing operation is shown in FIG. 7. It can be seen
      that the basic or initial aerodynamic shape of the blade has been imparted
      to the panel blank 10 (hereinafter to be referred to as the "shell blade
      section 10'.") The walls of the internal stiffening material 16 crush form
      to a spring-like shape while the tube 17 (when used) is crush formed to an
      elliptical shape.
PAR  In the next step the shell blade section 10' is formed to net contour, the
      leading and trailing edges 26 and 26' are plastic flow solid state
      diffusion bonded, and the required fittings (such as the root fitting 50)
      are plastic flow solid state diffusion bonded to the shell blade section
      10' with the required filleting. At the same time the diffusion bond of
      the face sheets 14 and 15 to the internal stiffening material 16 and tubes
      17, if any, is completed if the approach of incomplete diffusion bond of
      the panel material is utilized. For this purpose a die assembly 60 is
      designed which either forms a retort or is enclosed in a metallic membrane
      retort envelope for use in an air furnace. When an inert atmosphere or
      vacuum furnace press is utilized, the die assembly 60 is not sealed. In
      the following description, the die retort approach will be presented,
      since it represents the inclusion of the retort requirements. In addition,
      the approach of utilizing vacuum instead of an inert gas will be
      described, although use of inert gas is not precluded by this invention.
PAR  FIGS. 8a and 8b show a typical multi-purpose die assembly 60 which utilizes
      the die body 62 as the restraint tooling as well as the basic retort with
      upper membrane cover 64 and lower cover 64', respectively, to complete the
      retort. In die assembly 60 die rams 66 and ram base 66' are disposed
      within the die body 62 above and below the shell blade section 10',
      respectively. Upper and lower load distribution plates 68 and 68', which
      also serve as heat sink masses for more uniform temperature control of the
      parts, are also located atop and beneath the die body 62, respectively.
      Wedge 70 and wedge closure spring 72 provide a positive means for
      positioning the shell blade section 10' between the die body 62 and die
      ram and base 66 and 66', as well as maintaining root fitting 50 in a
      proper position relative to the shell blade section 10' to which it is to
      be bonded.
PAR  The wedge design performs two critical functions: first, through its
      vertical travel, which is imposed by wedge spring 72, the elements
      comprising blade section 10', typically made of titanium, the die body 62
      and the rams 66 and 66' are maintained in their proper positions even
      though they expand at different rates during heat up due to their having a
      different coefficient of expansion; secondly, reverse differential thermal
      expansion occurs during the cool down following the plastic flow which has
      fully filled the diffusion bond region die cavities. The reverse wedge
      action is utilized to remove the die ram 66 and the shell blade section
      10'. The spring 72 has a spring force sufficient to drive the wedge 70 to
      its closed position before movement of die ram 66 is initiated. As the ram
      pressure is applied, the spring 72 collapses to permit full ram travel.
      The die ram 66 is designed to close flush with the upper surface of die
      body 62 to achieve the net part section. The load plate 68 contacts the
      die body 62 to form a positive stop for the ram when the net required
      section is formed.
PAR  A similar spring 76 is utilized in a like manner to maintain the root
      fitting 50 (and other fittings) in its positive position until and during
      the application of force to the die ram 66. If springs 72 and 76 were not
      utilized, slight shifts in part and ram positioning due to component
      forces would occur during the plastic flow of material, and the proper
      part geometry would not be achieved.
PAR  With proper maintenance of the various detail parts, no contour machining
      of the finished part is required. The only machining required following
      diffusion bonding is to remove flashing 170, as illustrated in FIG. 19.
      The mating surfaces of the die assembly 60, utilized for the local plastic
      flow of the juncture material, are shaped in a manner to permit over-fill
      material to flow to the periphery of the finished part in the form of
      flashing 170. This flow cavity, illustrated in FIG. 8b, is formed by
      virtue of edges 63 and 63' of die ram 66, when the latter is in the closed
      die position relative to ram base 66.
PAR  Die assembly 60 is configured so that ram 66 applies a pressure on the
      to-be-joined surfaces which is approximately 100 times the pressure on the
      surfaces which are merely being formed to the required contours. For
      example, when titanium 6AL-4V is used, the pressure at the joints is
      typically about 20,000 psi while at the formed surfaces only 200-300 psi.
PAR  Completing die assembly 60 is a purge/evacuation tube 78, fitted into one
      side of the die body 62, enabling the purging and evacuation of the retort
      comprised of the die body 62 membrane cover 64 and lower cover 64'.
PAR  The die parts are fabricated from an alloy which will not interdiffuse with
      the alloy parts being joined; i.e., with the shell blade section 10' and
      the root fitting 50, both of which are typically made of titanium. An
      example of the alloy used for die parts is a stainless steel alloy having
      22 percent chronium, 4 percent nickel and 9 percent manganese, available
      from Armco Steel. The use of non interdiffusion alloys for die and the
      parts to be bonded eliminates the need for a parting compound and the
      associated disadvantage attributable to the tendency of parting compounds
      to migrate to the joint area where diffusion is to take place and thus
      prevent complete diffusion.
PAR  As discussed more fully hereinabove, several design steps must be completed
      prior to the forming and bonding step in die assembly 60. Firstly, from
      the geometry of the parts to be joined and the desired homogeneous
      juncture shape, the force application direction must be determined. In
      addition, the most economically feasible fabricable shape of the parts to
      be joined and the flow volume of material required to flow and achieve the
      desired juncture must also be determined. Overfill flow material must be
      provided so that intimate contact can be established during the
      application of force without requiring near zero tolerances on the
      relatively complex shaped parts being joined.
PAR  Also, prior to the forming and bonding step in die assembly 60, the die ram
      66 and ram base 66' must be designed and made in such a manner as to
      enable the application of the required loads to the area to be flowed and
      positive closed position stops provided to assure finished part net
      dimensions. In addition, the die ram 66 and ram base 66' must be shaped so
      as to achieve the desired finished part geometry. It is well known that,
      at elevated temperatures, metallic materials will plastic flow and creep
      flow if pressure is applied to them for a finite period of time. It is
      this plastic flow characteristic of metallic materials which makes
      possible the intimate surface contact and shaping attainable by this
      invented method of solid state diffusion bonding. It is preferable to use
      the highest elevated temperature, up to the limit of the transformation
      temperature of the alloy. In the case of 6AL-4V titanium, for example, the
      transformation temperature is approximately 1820.degree.F, and, thus, the
      preferred operating temperature. However, the transformation temperature
      will vary from heat batch to heat batch of a production alloy;, thus, a
      safe operating temperature for diffusion bonding is approximately
      50.degree. to 100.degree.F below the published transformation temperature
      for the alloy. For the alloys to be diffusion bonded, the plastic flow
      characteristics as a function of temperature, load, and rate of load
      application can be readily determined. Based upon these kind of data, upon
      the projected area of the material to be flowed and the ram travel
      required, the required ram load forces are determined.
PAR  A still further preparatory step done prior to the bonding and forming
      step, is to provide additional plastic flow material along the required
      edges of the face sheets 14 and 15 of the panel blank 10 as shown in FIG.
      20. As discussed above, the purpose of this is to provide the necessary
      volume of material to plastic flow to the required geometry of the parts
      juncture. The selective reduction of the panel thick face sheet material
      can be accomplished by techniques known to the state of the art; such as
      machining, electrical discharge removal and chemical milling. Chemical
      milling is presently the most economical method.
PAR  The achievement of a solid state diffusion bond joint requires that the
      surfaces to be joined are clean, free of surface oxides and other foreign
      contaminants, organic and otherwise. The requisite state of cleanliness
      must be maintained throughout the joining process. Therefore, prior to
      loading the die assembly 60, the shell blade section 10' and the root
      fitting 50, typically titanium, are cleaned by acid pickling techniques
      known in the trade, which pickling removes the surface oxides. A suitable
      acid for titanium is nitric hydroflouric (HNO.sub.3). The alloy steel
      parts of the die assembly 60 are solvent cleared to remove all organic
      contaminants. A typical solvent suitable for this purpose is acitone. The
      preferred method of maintaining the desired state of cleanliness during
      the heat processing of the diffusion bond is to use a hard vacuum such as,
      for example, 10.sup.-.sup.4 Torr minimum. The requisite vacuum is
      attainable by use of a die assembly 60 which is designed to form a retort,
      as shown, in FIGS. 8a and 8b. An alternate approach is to use a vacuum
      furnace press.
PAR  Assembly of die assembly 60 and the installation of shell blade section 10'
      and root fitting 50 therein is preferably done in a dust-free atmosphere.
      Contamination due to handling is reduced substantially by the use of clean
      white gloves. The parts, i.e., the shell blade section 10' and root
      fitting 50, must be positioned in their correct spatial relationship
      within the die assembly 60. Shimming of the die parts, such as 200 in FIG.
      8a, is done as required to minimize tolerance build-up. Shell blade
      section 10' is tack welded to root fitting 50 at points 82 and 82', as
      shown in FIG. 9, to assure that the part will maintain their spatial
      relationship during the die loading step. Tacking is done at points 82 and
      82' which typically are designed to be subsequently machined away during
      the removal of flashing 170. The die assembly 60 is then sealed by welding
      upper retort cover 64 to die body 62. In addition, the purge tube 78 is
      welded into position, as shown in FIG. 8a. In this configuration die
      assembly 60 functions as a retort die (and will hereinafter be referred to
      as such). The next step is to check the retort die assembly 60, with parts
      installed, for leaks, the objective being to verify that it can hold a
      vacuum of at least 10.sup.-.sup.4 Torr.
PAR  To further clean and remove the air from sealed retort die assembly 60, it
      is purged with an inert gas, such as argon. Purge tube 78 is coupled to a
      vacuum pump and to a source of the inert gas through a conventional pipe
      and valve assembly (not shown). By the appropriate opening and closing of
      the valves, the sequential evacuation of retort die assembly 60 and its
      back-filling with the inert gas is carried out. First the retort die
      assembly 60 is evacuated to a minimum vacuum level of about 10.sup.-.sup.4
      Torr and then back-filled with the inert gas. The evacuation and
      back-filling cycle is repeated a number of times, typically at least 3
      times, and then a final vacuum is achieved and maintained. By virtue of
      the multiple evacuation and back-filling cycles, any residual gas in the
      retort die assembly 60 is substantially the inert gas rather than air. The
      retort die assembly 60 is then heated to approximately 1000.degree.F for a
      sufficient period of time, typically at least 30 minutes, to remove, by
      out-gassing, any remaining gases, water vapor and organic contaminants.
      Following the vacuum hot out-gassing step, the retort die assembly 60,
      while the hard vacuum of at least 10.sup.-.sup.4 Torr is maintained, is
      heated to approximately 50.degree.-100.degree.F below the alloy
      transformation temperature. Heating can be accomplished in an air furnace
      using the die retort approach. In the case of titanium alloy 6AL-4V, the
      temperature used is about 1725.degree.F. In order to ensure uniform
      temperature distribution, the retort die assembly is allowed to soak at
      this temperature for a sufficient period of time, typically at least one
      hour. The temperature is maintained at approximately
      50.degree.-100.degree.F below the theoretical transformation point since
      the process temperature must not exceed the actual transformation
      temperature of the particular alloy in order to maintain the original
      wrought properties of the materials to be joined. However, as indicated
      above, the highest practical temperature should be used to achieve the
      greatest possible degree of plastic flow.
PAR  At this point in the invented method the required load (pressure) is
      applied to the heated retort die assembly 60 at the required rate and held
      for the required time. There are a number of different means for applying
      the load as a function of the equipment available. A preferred method is
      to remove the retort die assembly 60 from the furnace and to place it in a
      heat insulation box 87. The insulation box 87 is then closed and placed in
      a hydraulic press 97, as shown in FIG. 14. After the required deformation
      is achieved, the load pressure is maintained for the predetermined time to
      utilize the creep characteristics of the blade material so as to enhance
      the finished part tolerance control. This takes advantage of creep
      deformation, which typically occurs in addition to complete plastic flow,
      to fill the die cavity.
PAR  During the load application step, the leading and trailing edges 26 and 26'
      of the shell blade section 10' are formed with the specified degree of
      solidity S. Leading and trailing edge solidity is of great importance.
      Solidity S, as used here, refers to the chord-wise depth of the solid
      portion of the leading and trailing edges, 26 and 26', formed by the
      juncture of the edges of face sheets 14 and 15. Solidity S allows for
      service damage to the edges, caused by foreign object impingement to be
      repaired by filing or machining the edges without getting into the hollow
      portion of the blade. The forming of the leading edge 26 is described with
      reference to FIGS. 16-19. The description is equally applicable to
      trailing edge 26'. FIG. 16 shows the respective positions of face sheets
      14 and 15 interfacing along what will become the leading edge 26, prior to
      the application of the load. Following the diffusion bonding step, a
      homogeneous juncture is achieved, as shown in FIG. 17. An increased volume
      of local flow material 14' and 15' along the edges of the face sheets 14
      and 15, respectively, preferred for greater solidity S in the junction
      area. The addition of such flow material 14' and 15' is shown in FIG. 18.
      As a result of the plastic flow of added material 14' and 15', a solid
      state diffusion bonded leading edge 26 is achieved with substantially
      greater solidity S as shown in FIG. 19. Subsequently, leading and trailing
      edges 26 and 26' are machined to remove the flashing and provide the
      required radius r. Typically, the wedge angle W and radius r are very
      small; i.e., usually the wedge angle W is from 6.degree.-10.degree. while
      the radius r is from 0.005-0.020 inches. The zone of solidity S achieved
      by the invented method is sufficiently wide to encompass the required
      wedge angle solid section, as shown in FIG. 19. Machining is typically
      accomplished by a mill cutter. The method disclosed herein allows
      substantially greater design freedom with respect to the solidity S of
      leading and trailing edges 26 and 26'. For example, in the case of
      aerodynamic blades, leading and trailing edges 26 and 26', having a
      solidity depth of from 0.125 to 0.250 inches, can be readily achieved as
      compared with a depth of 0.060 inches achieved by the methods of the prior
      art.
PAR  Following the forming and bonding step, the retort die assembly 60 is
      removed from insulation box 87 and allowed to cool to about the ambient
      air temperature. After cooling, the upper membrane retort cover 64 is cut
      and removed. This enables the removal of ram die 66 and aerodynamic blade
      90 comprised of the now joined shell blade section 10' and the root
      fitting 50. Aerodynamic blade 90 is shown in FIG. 21, after the removal of
      surplus flashing and subsequent machining. The retort die assembly 60 is
      reusable with only the addition of new upper membrane retort cover 64a, as
      shown in FIG. 22. The new upper retort cover 64a is typically welded to
      the remnant of the original upper retort cover 64 left after being cut for
      the removal of the blade.
PAR  The finished blade 90, shown in FIG. 21, has a thin airfoil shape in
      cross-section. It can have a variable thickness and variable chord and
      camber along its longitudinal direction 92 and a variable angle of twist
      can be added by creep twisting. The leading and trailing edges 26 and 26'
      have very small wedge angles, i.e., angles which approach the knife edge
      typical in aerodynamic applications. The result is a thin skin shell blade
      90 having high strength and stiffness to weight ratios as required for
      maximum efficiency.
PAR  Although this invention has been disclosed and described with reference to
      a particular embodiment and to a preferred method, the principles involved
      are susceptible of other applications which will be apparent to persons
      skilled in the art. Also, it should be understood that while specific
      reference has been made to titanium base alloys as the preferred part
      material, other wrought alloys can be used such as aluminum base alloys,
      stainless steel alloys, nickel base alloys, cobalt base alloys and
      columbium base alloys. It is understood that various changes in the form,
      detail and application of the present invention can be made by those
      skilled in the art without departing from the spirit and scope of the
      invention. This invention, therefore, is not intended to be limited to the
      particular embodiment or preferred method herein disclosed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for fabricating a thin skin, internally stiffened, aerodynamic
      shaped shell structure having homogeneous leading and trailing edges with
      parent material properties comprising the steps of:
PA1  a. fabricating a panel blank comprised of metallic stiffening material
      disposed between and joined to first and second planar metallic face
      sheets, said face sheets each having a thickness dimension substantially
      less than its surface dimensions, the edges of each of said face sheets
      having in their longitudinal direction a sufficient volume of flow
      material thereon to achieve the required solidity of said leading and
      trailing edges, said volume of flow material being about 5-10 percent
      oversized, and said stiffening material giving to said structure the
      required strength and stiffness to weight ratios;
PA1  b. forming said panel blank into a basic aerodynamic shape by imparting
      thereto aerodynamic contours;
PA1  c. providing a die assembly including a die ram, said die assembly being
      installed within means for applying pressure and said die ram being
      configured to achieve the desired contours for said aerodynamic structure;
PA1  d. disposing said panel blank in said die assembly; and
PA1  e. applying a forming and joining force to said panel blank by the action
      of said die ram in said die assembly as pressure is applied to said die
      assembly in an inert atmosphere at a temperature below the transformation
      temperature of the metal of said panel blank for a sufficient duration to
      form said aerodynamic structure and to acheive solid state diffusion
      bonding of said edges of said face sheets into said leading and trailing
      edges, said forming and joining force being determined from the volumes of
      said flow material and the plastic flow and creep characteristics of said
      metal whereby said oversized flow material on said face sheet edges allows
      said edges to fit within said die assembly with a positive fill, thereby
      substantially eliminating the necessity of very close tolerances.
NUM  2.
PAR  2. The method of claim 1 wherein said panel blank is initially fabricated
      by partially diffusion bonding said stiffening material to said face
      sheets so as to maintain them in intimate contact, complete diffusion
      bonding thereof taking place during said application of said forming and
      joining force thereto.
NUM  3.
PAR  3. The method of claim 1 wherein said panel blank is fabricated with a
      constant spacing between said face sheets.
NUM  4.
PAR  4. The method of claim 1 wherein said stiffening material is crushable.
NUM  5.
PAR  5. The method of claim 1 wherein said volume of flow material along said
      longitudinal edges of said face sheets is achieved by fabricating said
      panel blank with face sheets having a greater thickness than required and
      by reducing said thickness in at least one step in the transverse
      direction away from said edges.
NUM  6.
PAR  6. The method of claim 5 wherein the reduction of the thickness of said
      face sheets is by chemical milling.
NUM  7.
PAR  7. The method of claim 5 wherein the reduction of the thickness of said
      face sheets is by electrical discharge machining.
NUM  8.
PAR  8. The method of claim 1 wherein said panel blank is formed into a basic
      aerodynamic shape by crush forming within a crush die set.
NUM  9.
PAR  9. The method of claim 1 wherein said inert atmosphere is a vacuum of at
      least approximately 10.sup.-.sup.4 Torr.
NUM  10.
PAR  10. The method of claim 1 wherein said die ram and assembly are configured
      so that the pressure produced by said forming and joining force is
      approximately 100 times greater along said edges being joined than on the
      surfaces of said face sheets being formed.
NUM  11.
PAR  11. The method of claim 1 wherein said die assembly is enclosed in metallic
      members which form a retort envelope, said retort envelope being
      configured to maintain said inert atmosphere.
NUM  12.
PAR  12. The method of claim 11 wherein said inert atmosphere is an inert gas.
NUM  13.
PAR  13. The method of claim 11 wherein said inert atmosphere is a vacuum of at
      least approximately 10.sup.-.sup.4 Torr.
NUM  14.
PAR  14. The method of claim 11 wherein, prior to the application of said
      forming and joining force, said retort envelope is purged with an inert
      gas and evacuated, heated to approximately 1000.degree.F for a time
      sufficient to remove remaining contaminants by vacuum hot out-gassing,
      finally evacuated to a vacuum of at least approximately 10.sup.-.sup.4
      Torr, and then soaked at said temperature for a time sufficient to achieve
      uniform temperature.
NUM  15.
PAR  15. The method of claim 1 wherein said die assembly is placed within an
      inert atmosphere furnace press, said furnace press being configured to
      maintain said inert atmosphere.
NUM  16.
PAR  16. The method of claim 15 wherein said inert atmosphere is an inert gas.
NUM  17.
PAR  17. The method of claim 15 wherein said inert atmosphere is a vacuum of at
      least approximately 10.sup.-.sup.4 Torr.
NUM  18.
PAR  18. The method of claim 1 including the additional step of cleaning the
      to-be-joined surfaces of said panel blank prior to the application of said
      forming and joining force.
NUM  19.
PAR  19. The method of claim 1 including the additional steps of cooling said
      structure and removing flashing from said leading and trailing edges
      thereof, after the application of said forming and joining force, said
      flashing being due to excess flow material.
NUM  20.
PAR  20. The method of claim 1 wherein said forming and joining force is applied
      at a temperature approximately 50.degree.-100.degree.F below said
      transformation temperature.
NUM  21.
PAR  21. A method for fabricating a thin skin, internally stiffened, aerodynamic
      shaped shell structure having leading and trailing edges and having joined
      thereto at least one fitting, said leading and trailing edges and the
      juncture with said fitting each having homogeneous joints with parent
      material properties, comprising the steps of:
PA1  a. fabricating a panel blank comprised of metallic stiffening material
      disposed between and joined to first and second planar metallic face
      sheets, said face sheets each having a thickness dimension substantially
      less than its surface dimensions, the edges of each of said face sheets
      having in their longitudinal direction a sufficient volume of flow
      material thereon to achieve the required solidity of said leading and
      trailing edges, said volume of flow material being about 5-10% oversized,
      and said stiffening material giving to said structure the required
      strength and stiffness to weight ratios;
PA1  b. fabricating a fitting blank of the same metal alloy group as said panel
      blank, said fitting blank being adapted to engage said panel blank along
      the corresponding surfaces to be joined, said fitting blank having a
      sufficient volume of flow material in the vicinity of said surfaces to be
      joined to achieve said homogeneous joint and required blending geometry,
      said volume of flow material of said surfaces being about 5-10 percent
      oversized;
PA1  c. forming said panel blank into a basic aerodynamic shape by imparting
      thereto aerodynamic contours;
PA1  d. position attaching said fitting blank to said panel blank;
PA1  e. providing a die assembly including a die ram, said die assembly being
      installed within means for applying pressure and said die ram being
      configured to achieve the desired contours of said aerodynamic structure;
PA1  f. disposing said panel blank and said fitting blank in said die assembly,
      and
PA1  g. applying a forming and joining force to said panel blank and said
      fitting blank by the action of said die ram in said die assembly as
      pressure is applied to said die assembly in an inert atmosphere at a
      temperature below the transformation temperature of said metal for a
      sufficient duration to form said aerodynamic structure, to achieve solid
      state diffusion bonding of said edges of said face sheets into said
      leading and trailing edges, and to achieve solid state diffusion bonding
      between said forming and joining force being determined from the volumes
      of said flow material and the plastic flow and creep characteristics of
      said metal whereby said oversized flow material on said face sheet edges
      allows said edges and said fitting blank to fit within said die assembly
      with a positive fill and the engagement of said fitting blank and said
      panel blank is made with a positive fill, thereby eliminating the
      necessity of very close tolerances.
NUM  22.
PAR  22. The method of claim 21 wherein said panel blank is initially fabricated
      by partially diffusion bonding said stiffening material to said face
      sheets so as to maintain them in intimate contact, complete diffusion
      bonding thereof taking place during said application of said forming and
      joining force thereto.
NUM  23.
PAR  23. The method of claim 21 wherein said panel blank is fabricated with a
      constant spacing between said face sheets.
NUM  24.
PAR  24. The method of claim 21 wherein said stiffening material is crushable.
NUM  25.
PAR  25. The method of claim 21 wherein said volume of flow material along said
      longitudinal edges of said face sheets is achieved by fabricating said
      panel blank with face sheets having a greater thickness than required and
      by reducing said thickness in at least one step in the transverse
      direction away from said edges.
NUM  26.
PAR  26. The method of claim 25 wherein the reduction of the thickness of said
      face sheets is by chemical milling.
NUM  27.
PAR  27. The method of claim 25 wherein the reduction of the thickness of said
      face sheets is by electrical discharge milling.
NUM  28.
PAR  28. The method of claim 21 wherein said panel blank is formed into a basic
      aerodynamic shape by crush forming within a crush die set.
NUM  29.
PAR  29. The method of claim 21 wherein said inert atmosphere is a vacuum of at
      least approximately 10.sup.-.sup.4 Torr.
NUM  30.
PAR  30. The method of claim 21 wherein said die ram and assembly are configured
      so that the pressure produced by said forming and joining force is
      approximately 100 times greater on the surfaces being joined than on the
      surfaces of said face sheets being formed.
NUM  31.
PAR  31. The method of claim 21 wherein said die assembly is enclosed in
      metallic members which form a retort envelope, said retort envelope being
      configured to maintain said inert atmosphere.
NUM  32.
PAR  32. The method of claim 31 wherein said inert atmosphere is an inert gas.
NUM  33.
PAR  33. The method of claim 31 wherein said inert atmosphere is a vacuum of at
      least approximately 10.sup.-.sup.4 Torr.
NUM  34.
PAR  34. The method of claim 31 wherein, prior to the application of said
      forming and joining force, said retort envelope is purged with an inert
      gas and evacuated, heated to approximately 1000.degree.F for a time
      sufficient to remove remaining contaminants by vacuum out-gassing, finally
      evacuated to a vacuum of at least approximately 10.sup.-.sup.4 Torr, and
      then soaked at said temperature for at time sufficient to achieve uniform
      temperature.
NUM  35.
PAR  35. The method of claim 21 wherein said die assembly is placed within an
      inert atmosphere furnace press, said furnace press being configured to
      maintain said inert atmosphere.
NUM  36.
PAR  36. The method of claim 35 wherein said inert atmosphere is an inert gas.
NUM  37.
PAR  37. The method of claim 35 wherein said inert atmosphere is a vacuum of at
      least approximately 10.sup.-.sup.4 Torr.
NUM  38.
PAR  38. The method of claim 21 including the additional step of cleaning the
      to-be-joined surfaces of said panel blank and said fitting blank prior to
      the application of said forming and joining force.
NUM  39.
PAR  39. The method of claim 21 including, after the application of said forming
      and joining force, the steps of cooling said structure, removing flashing
      and machining said fitting blank, said flashing being due to excess flow
      material.
NUM  40.
PAR  40. A method for fabricating a thin skin, internally stiffened, aerodynamic
      shaped shell structure, having homogeneous leading and trailing edges with
      parent material properties comprising the steps of:
PA1  a. fabricating first and second planar, metallic face sheets, each having a
      thickness dimension substantially less than its planar dimension, the
      thickness thereof being initially greater than that required;
PA1  b. reducing the thickness of said face sheets in at least one step in the
      transverse direction away from the longitudinal edges of said face sheets,
      thereby leaving on said edges of said face sheets a sufficient volume of
      flow material to achieve the required solidity of said leading and
      trailing edges;
PA1  c. fabricating a panel blank comprised of crushable metallic stiffening
      material disposed between said face sheets equidistantly spaced, said
      stiffening material being partially diffusion bonded to said face sheets
      so as to maintain them in intimate contact, complete diffusion bonding
      thereof taking place subsequently during the application of a forming and
      joining force thereto, said stiffening material giving to said structure
      the required strengh and stiffness to weight ratios;
PA1  d. rough trimming said panel blank and providing reference control means;
PA1  e. crush forming said panel blank within a crush die set, thereby imparting
      to it the basic aerodynamic contours and causing said longitudinal edges
      of said face sheets to be in contacting engagement along their entire
      length;
PA1  f. cleaning the to-be-joined surfaces of said panel blank;
PA1  g. installing said panel blank into a die assembly comprised of a
      restraining die body, a die ram, a ram base, load distribution plates and
      means for holding said panel blank securely in position, the shape of said
      die ram being configured to achieve the desired contours of said
      aerodynamic structure, said parts of said die assembly being first
      cleaned, said die assembly in turn being enclosed in metallic members to
      form a retort envelope;
PA1  h. purging said die assembly with an inert gas and evacuating the same a
      sufficient number of times to remove air enclosed during assembly;
PA1  i. heating said die assembly and said panel blank to approximately
      1000.degree.F for sufficient time to remove remaining contaminants by
      vacuum hot out-gassing;
PA1  j. evacuating said die assembly to a vacuum of at least approximately
      10.sup.-.sup.4 Torr.
PA1  k. soaking said die assembly and said panel blank at a temperature
      approximately 50.degree.-100.degree.F below the transformation temperature
      of the metal of said panel blank for sufficient time to achieve a uniform
      temperature distribution;
PA1  l. placing said die assembly into an insulation box to retain the heat,
      said insulation box in turn being placed into an hydraulic press;
PA1  m. applying pressure to said die ram, through said insulation box, for a
      sufficient duration to form said aerodynamic structure, to cause said flow
      material on said edges of said face sheets to plastic flow to the required
      shape while achieving intimate surface contact at the joint and to achieve
      thereby solid state diffusion bonding of said edges into said leading and
      trailing edges, said pressure causing said die ram to apply a forming and
      joining force upon said panel blank, said forming and joining force and
      its duration being determined from the volumes of said flow material, the
      distance of said flow, the travel of said die ram, the plastic flow and
      creep deformation characteristics of said metal and the force required to
      achieve final sizing and contour forming of said panel blank;
PA1  n. cooling said die assembly and removing therefrom said aerodynamic
      structure;
PA1  o. removing flashing from said leading and trailing edges; and
PA1  p. removing said reference control means and final machining any
      unnecessary remaining material.
NUM  41.
PAR  41. The method of claim 40 including additional steps whereby at least one
      fitting is solid state diffusion bonded to said panel blank, the joint
      thereinbetween being homogeneous and having parent material properties,
      said additional steps being comprised of:
PA1  a. fabricating a fitting blank of the same metal alloy group as the panel
      blank, said fitting blank being adapted to engage said panel blank along
      the corresponding surfaces to be joined, said fitting blank having a
      sufficient volume of flow material in the vicinity of said surfaces to be
      joined to achieve said homogeneous joint and required blending geometry;
PA1  b. position attaching said fitting blank to said panel blank following the
      crush forming of said panel blank; and
PA1  c. installing said fitting blank into said die assembly together with said
      panel blank.
NUM  42.
PAR  42. The method of claim 40 wherein said metal is titanium 6AL-4V, said
      crush forming takes place at a temperature in the range of 900.degree. to
      1200.degree.F, and said transformation temperature is about 1820.degree.F.
NUM  43.
PAR  43. The method of claim 40 wherein said crush die set achieves an
      underdeveloped aerodynamic shape.
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ABST
PAL  Disclosed herein is an apparatus for installing coil springs about a
      central longitudinal shaft, as for shock absorbers. The apparatus
      comprises a lever arm having one end that separates into a fork with two
      tines. A detachable pin is located at the end of the tines to provide a
      coupling with the shaft. A shank is mounted pivotally between the tines of
      the fork. Shoes on either end of the shank are inclined at opposite angles
      to mate evenly with coils of a spring. Applying force to the lever arm
      lowers the shoes, compressing the springs and allowing a keeper to be
      withdrawn.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for installing coil springs over a
      central longitudinal shaft, as in shock absorbers; and, in particular, to
      motorcycle shock absorbers.
PAR  2. Description of the Prior Art
PAR  Many types of shock absorbing means include a hydraulic damping absorber
      encircled by a coil spring. Often, the coil spring and the damping
      absorber are attached together as a separate unit, particularly rear shock
      absorbers on motorcycles. Normally with the damping absorber extended full
      length, the coil spring is under some compression.
PAR  To remove the spring for replacement or repair to the damping absorber,
      additional compression must be applied while a keeper, or whatever device
      that holds the spring under compression, is removed. To install a spring,
      it must be compressed while the keeper is inserted.
PAR  Compressing the spring can be difficult since a required force for
      compressing the spring the necessary distance may be as high as 150
      pounds. Without a special tool, normally two or three men using
      screwdrivers are needed to perform the installation. Such prior art
      operations not only require a relatively large number of man hours; but,
      also, accidents are more likely to occur during such multiple men
      operations.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of this invention to provide an improved
      apparatus for installing or removing a compressed spring encircling a
      shaft.
PAR  It is also an object to provide an improved apparatus for installing or
      removing a coil spring from a motorcycle shock absorber.
PAR  These and other objects will become apparent from the descriptive matter
      hereinafter; particularly, when taken in conjunction with the appended
      drawings.
PAR  In accordance with the objects a lever arm is provided with a bifurcated
      end analogous to the tines of a fork for coupling with the top of the
      damping absorber shaft. A shank is mounted pivotally between the tines of
      the fork. Shoes are located at either end of the shank for engagement with
      the coil spring. The shoes are inclined to mate evenly with the coils, one
      shoe for right hand winding and the other for left hand winding.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of an apparatus in accordance with the
      principles of this invention.
PAR  FIG. 2 is an end elevational view of the apparatus of FIG. 1 and a
      fragmentary view of a left hand coil spring shock absorber.
PAR  FIG. 3 is an end elevational view of the apparatus of FIG. 1 and a
      fragmentary view of a right hand coil spring shock absorber.
PAR  FIG. 4 is a side elevational view of the apparatus of FIG. 1 and a
      fragmentary view of a coil spring shock absorber, prior to actuating the
      apparatus.
PAR  FIG. 5 is a view of FIG. 4 after the apparatus has been actuated to remove
      the spring keeper and allow subsequent removal of the spring.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 2-5 show a portion of a typical coil spring shock absorber for a
      motorcycle. Coil spring 11 encircles the damping absorber (not shown) and
      its shaft 13. Stops (not shown) at the bottom of the damping absorber
      provide a seat for the coil spring 11.
PAR  As shown more clearly in FIGS. 4-5, a eye 15 is welded or screwed to the
      top of shaft 13. Eye 15 has a passage (not shown) for inserting a bolt or
      pin, normally fastened to a motorcycle frame. Often the eye is of smaller
      diameter than the inner diameter of the coil spring so that the spring can
      be slipped over it.
PAR  A keeper 17 is located between the coil spring 11 and the eye 15 and serves
      to restrain the spring in compression. The keeper 17 is a flat metal disc
      of a "C" shape, having a slot for the shaft 13 to extend through. To
      remove the coil spring, as shown in FIG. 5, the coil spring 11 must be
      further compressed and the keeper 17 withdrawn.
PAR  The apparatus to perform the function of adding further compression as
      shown in all the figures includes a lever arm 19, FIG. 1. The lever arm 19
      is sufficiently long to give a substantial leverage advantage, and thick
      enough to provide a comfortable grip. In the preferred embodiment, it is
      formed of two metal strips 21, 23 adhered together.
PAR  At the forward end of the lever 19, the strips separate into a fork 24 with
      two tines 25, 27. These tines 25, 27 separate into a "Y" shaped portion,
      designated as 29, then bend and extend generally parallel to each other
      and the lever arm 19. A pin 31 is inserted across the tines into holes
      adjacent the forward ends of the tines 25, 27. The pin is held by
      frictional engagement and is easily removed or detached.
PAR  A bolt 33 is inserted across the tines 25, 27 through holes between the pin
      31 and lever arm 19. Additional holes 35 are provided for the bolt 33
      should a different position be desired for different size coil springs.
      The bolt 33 serves as a pivotal mounting for a shank 37.
PAR  The lengths and strengths of the respective lever arm 19 and tines 25 and
      27 are proportioned such that the required compressive force on the spring
      is readily obtained with only nominal force on the lever arm 19.
PAR  For discussion purposes, the distance from bolt 33 to the end of lever arm
      19 is labeled Y, FIG. 1; and the distance from bolt 33 to the pin 31 is
      labeled X. The ratio Y/X should be at least 4. Ratios Y/X larger than 15
      are not necessary and result in a long, cumbersome tool. I have found that
      a ratio Y/X of about 7-8 is nearly ideal, allowing compressing a typical
      spring requiring 150 pounds with an easily attainable force of only about
      20 pounds on lever arm 19. The members extending over the distance Y have
      a length in the range of 6-24 inches (15-60 centimeters); a thickness in
      the range of 1/4-3/4 inch (5/8-2 centimeters); a height, or width, in the
      range of 1/4-1 inch (5/8-2.5 centimeters). The distance X is in the range
      of 1-3 inches (2.5-7.6 centimeters). In the illustrated embodiment the
      distance Y is 14 inches and the distance X is 2 inches, and allow easily
      applying the requisite force to shank 37.
PAR  Shank 37 is formed of a straight piece of square metal tubing with its
      longitudinal axis extending transverse to the longitudinal axis of lever
      arm 19. Bolt 33 extends through the shank to hold it pivotally to the
      tines 25, 27 of the fork. The shank 37 is mounted at a selected distance
      from the end of the fork, the distance being slightly greater than the
      coil spring 11 radius. The length of the shank may vary, but must be long
      enough for its ends to be placed adjacent coils of the spring 11 while
      coupled to the shock absorber.
PAR  Shoes 39, 41 are affixed to respective ends of the shank 37 for engaging
      the coils of the spring for compression. Each shoe 39, 41 is a flat metal
      plate projecting forwardly of the shank into approximate alignment with
      the end of the tines 25, 27 of the fork. The forward edge of each shoe 39,
      41 contains a notch 43, of radius slightly larger than the shaft 13. Notch
      43 abuts with shaft 13 when coupled to the shock absorber and prevents
      shoe 39 or 41 from slipping laterally.
PAR  The bottom surface of each shoe 39, 41 engages and compresses against a
      coil of spring 11, and is inclined an angle .alpha., FIG. 2, that is at
      approximately the same angle of inclination as the coils of the spring to
      provide even contact. A line drawn across the engaging surface of the shoe
      perpendicular to the longitudinal axis of the lever arm 19 would intersect
      the longitudinal axis of the pin 31 at angle .alpha.. The angles .alpha.
      are within the range of 5.degree.-30.degree.. Each shoe 39, 41 is inclined
      at an opposite angle to each other to correspond with coil springs of
      opposite winds. FIG. 2 shows shoe 39 engaging a left hand spring. FIG. 3
      shows the installing apparatus inverted with shoe 41 engaging a right hand
      spring.
PAR  To remove a coil spring from a shock absorber, as shown by FIGS. 4 and 5,
      the tines 25, 27 are placed in alignment with the eye 15, and pin 31 is
      inserted to couple the installing apparatus to the shock absorber. This
      coupling forms the fulcrum point for lever arm 19. A shoe 39, or 41,
      depending on the type of coil spring, is inserted between two coils, with
      the notch 43 in abutment with shaft 13. Lever arm 19 is then manually
      moved toward the spring, compressing the coils. Keeper 17 is then
      withdrawn and the spring allowed to expand to its natural state. Normally
      it will slide over eye 15.
PAR  To install a spring, initially the spring is inserted over eye 15. In its
      natural state, the spring will slightly overlap eye 15, but normally does
      not extend higher than the passage through which pin 31 is inserted. The
      installing device is coupled to the eye 15, then the spring is compressed
      by a shoe 39, 41 and the keeper 17 inserted.
PAR  It may be readily seen that an invention having significant advantages has
      been provided. The described apparatus aids in installing and removing
      springs by providing a fast and effective method to further compress the
      spring. It is simple in construction and adaptable to either left hand or
      right hand springs.
PAR  Although this invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      only by way of example and that numerous changes in the details of
      construction and the combination may be resorted to without departing from
      the spirit of the scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An for installing or removing a compressed coil spring encircling a
      shaft, comprising:
PA1  a lever arm;
PA1  a fork having two tines formed at the forward end of the lever arm;
PA1  coupling means for coupling the forward ends of the tines with the shaft to
      form a fulcrum point;
PA1  a shank pivotally attached between the tines and having a portion extending
      transverse to the longitudinal axis of the lever arm;
PA1  a first shoe affixed to a first end of the shank, projecting forwardly for
      applying compression to the coil spring, the engaging surface of the shoe
      being inclined an angle .alpha. with respect to the longitudinal axis of
      the coupling means for mating evenly with the coils of the spring.
NUM  2.
PAR  2. The apparatus according to claim 1 further comprising a second shoe
      affixed to a second end of the shank, the engaging surface of the second
      shoe being inclined at an opposite angle to the first shoe for mating
      evenly with coils of a spring wound opposite to the inclination of the
      first shoe.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein the coupling means comprises
      a detachable pin fitted across the tines of the fork adjacent their ends.
NUM  4.
PAR  4. The apparatus according to claim 1 wherein each shoe comprises a flat
      plate having a notch on its forward edge for abutting with the shaft to
      prevent slippage.
NUM  5.
PAR  5. The apparatus according to claim 1 wherein the angle .alpha. is within
      the range of 5.degree.-30.degree..
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ABST
PAL  Insulated wire, cable, and the like, is stripped of its insulation without
      damaging the wire. The insulated wire is preferably cooled to a low
      temperature, rendered brittle, and then continuously passed over roller
      means to effect fracturing and removal of the insulation. The bare wire is
      continuously recovered in an undamaged condition and the particles of
      insulation recycled where necessary. Wire straightening is optionally
      provided for straightening the bent wire after the insulation is removed.
PARN
PAR  This is a division of application Ser. No. 334,972, filed Feb. 22, 1973,
      now U.S. Pat. No. 3,858,776.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to method and apparatus for processing insulated
      wire. More particularly, this invention is directed to continuously
      processing insulated electrical wire for the purpose of economically
      recovering the underlying bare wire in an undamaged, reusable form and
      also for recovering the insulating material.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is estimated that about 1.5 billion pounds of insulated electrical wire
      of all types are manufactured each year in the U.S. A portion of the
      insulated wire manufactured, e.g., about 4 percent, is deemed to be
      defective due to improper application of the insulation. However, the wire
      itself is in generally good condition and is capable of being reused
      provided the insulation can be removed without damaging the wire
PAR  Various techniques have been proposed for stripping insulation from
      insulated wire. Among the suggestions made are the following:
PA1  1. Mechanical stripping, as by abrasion, shearing;
PA1  2. Thermal stripping, as by use of elevated temperature to destroy the
      insulation, or use of low temperature to weaken the insulation; and
PA1  3. Chemical stripping of the insulation.
PAR  Thus, U.S. Pat. No. 3,226,815 (A. Kelly) is exemplary of the mechanical
      approach for cutting away the insulation from the wire. There, a hand
      operated stripping tool with movable cutting jaws is employed for
      receiving and removing the insulation. U.S. Pat. No. 3,507,425 (J. Webb)
      and U.S. Pat. No. 2,956,717 (H. Scharf) disclose a combination of
      mechanical and thermal techniques for removing small, selected portions of
      insulation by first cooling the portion of the wire to be removed to a low
      temperature and thereafter applying opposed cutting blades to the cooled
      insulation. Exemplary of high temperature technique for decomposing the
      insulation is U.S. Pat. No. 3,635,454 (R. Angelo et al.). There, the
      chemically inert organic insulation is subjected to a stream of hot
      nitrogen gas to effect depolymerization of the insulation. In U.S. Pat.
      No. 3,635,454 there is also mentioned U.S. Pat. No. 3,331,718 which
      discloses a method of removing selected areas of resinous insulation by
      contacting the selected areas with a chemical reagent to remove the film.
PAR  Although each of the aforementioned techniques may be useful for the
      particular application referred to, none of these conventional techniques,
      however, is suitable where the wire itself is to be preserved for
      immediate reuse. The problem associated with the aforementioned prior art
      techniques is that in stripping off the insulation, the wire structure
      itself is altered and not in electrically undamaged condition. By
      "damaged" it is meant that the wire surface may be nicked or scratched by
      the sharp cutting blades, or, its surface condition and metalurgical
      condition may be altered when high temperature is used to remove the
      insulation. Another disadvantage of the prior art techniques is the
      relatively high cost of carrying out the stripping operations.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, a principal object of the present invention to provide
      method and means for overcoming the aforementioned disadvantages of the
      prior art techniques for removing insulation from insulated wire. It is
      another object of the present invention to provide method and means for
      continuously removing insulation from insulated wire in a manner which
      does not damage the wire, permitting reuse of the wire without having to
      reprocess the wire from a molten state. Another object of this invention
      is to provide method and means for recovering the insulation, e.g.,
      preferably of the polymeric type, from insulated wire in fragmented small
      pieces for recycling back to an extrusion coating device or the like for
      insulating wire. A still further object of the present invention is to
      provide method and means for continuously subjecting scrap insulated wire
      to a low temperature fluid to embrittle the insulation and immediately
      thereafter, or concurrent therewith, to bend the insulated wire in order
      to fracture the insulation without damaging the wire. Yet another object
      of the present invention is to provide roller means for effecting the
      bending and fracturing of the embrittled insulation.
PAR  These and other objects of the present invention are accomplished by
      providing method and means for processing insulated wire whereby,
PA1  1. the insulated wire being processed is first cooled to a temperature
      where embrittlement of the insulation is effected;
PA1  2. the chilled insulated wire is continuously bent over roller means
      causing the insulation to fracture without damaging the wire itself; and
PA1  3. the undamaged wire and the fractured insulation are collected.
PAR  Optionally, means are provided for straightening the wire emerging from the
      roller means prior to collecting the bare wire on a winding reel. Whether
      this step is employed depends on factors such as the size, number, and
      configuration of the roller means employed, the degree of bend required,
      the insulation thickness and/or its composition, and the type of wire
      used.
PAR  A principal advantage of the present invention over prior art techniques is
      the resulting cost savings which accrue from the improved technique
      disclosed herein. By recovering the wire from scrap insulated wire in
      substantially perfect condition, the wire can be reinsulated without
      additional cost, except for the cost of coating. This is especially
      significant where the wire recovered is stranded wire or cable which has
      an appreciable cost input already. As will be appreciated, the present
      invention eliminates the need for remelting, casting, drawing, and
      stranding the wire prior to insulating. By eliminating the aforementioned
      reprocessing steps, the costs associated with these steps are saved, or at
      least no additional costs are expended, except for the cost of recovery.
      It is estimated that by using the method and means of the present
      invention cost savings on the order of 15 cents per pound of wire can be
      realized over conventional techniques which merely recover the wire for
      its metal content. Potential cost savings on the order of $150,000 per
      year can therefore be realized by the implementation of the techniques
      disclosed herein. This cost savings is based on processing about 1,000,000
      lbs. per year of the scrap electrical wire generated. Additionally, the
      present invention permits recovery of the fractured insulation in a clean,
      reusable form. Thus, the insulation particles can be readily blended with
      raw material of a similar composition prior to extrusion, or the like,
      onto wire.
PAR  The word "wire", as used throughout this specification, is intended to
      include all forms of electrial conductors, including single filament wire,
      multifiliment wire, stranded filiments, cable, and the like.
PAR  These and other objects, features, and advantages of the present invention
      will become more apparent from the drawing and the description of the
      preferred embodiments which follow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic representation of apparatus for carrying out a
      first embodiment of the method of the present invention, illustrating a
      two-step procedure whereby the insulated wire is first cooled and then
      subjected to bending forces for fracturing the insulation; and
PAR  FIG. 2 is a diagrammatic representation of apparatus for carrying out a
      second embodiment of the method of the invention, illustrating means for
      concurrently cooling, fracturing, and collecting both the wire and the
      fractured insulation particles.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Broadly stated, the drawings illustrate, in diagrammatic form, two
      embodiments for processing insulated wire according to this invention.
      Thus, in FIG. 1, insulated wire, generally represented by reference
      numeral 10, emerges from the supply reel 12 into and through the cooling
      chamber 14 and into the housing 16 which includes roller means 18,
      comprising individual rollers 18a, 18b, 18c, 18d. The insulated wire 10
      passes over the roller means 18 in a tortuous path arranged to provide the
      necessary bending forces to cause fracturing of the chilled insulation.
      Upon leaving the roller means 18 the now bare wire 32 exits housing 16 and
      is rewound on a take-up reel 20. Thus, in this particular instance the
      wire speed and the path length may be arranged to give the insulated wire
      a treatment time ranging from about 5 seconds to about 10 minutes or more
      and preferably from about ten seconds to about one minute. The fractured
      insulation particles are collected at the bottom of the housing 16, at 22.
      Suitable valve means, or the like (not shown), is generally provided along
      the bottom portion of the housing 16 for recovering the particles
      collected therein.
PAR  Cooling chamber 14 comprises a trough-like insulated structure
      conventionally fabricated for handling liquefied cryogenic refrigerants,
      preferably liquefied nitrogen, in a manner designed to rapidly cool the
      insulated wire passing therethrough, as by immersion. The chamber 14, as
      illustrated in FIG. 1, includes two guide wheels 22, 24, the former
      positioned in the vicinity of the entrance of the chamber, the latter
      positioned within the chamber 14 to direct the insulated wire 10
      downwardly through the liquefied nitrogen 26, where it emerges at 28 in an
      embrittled condition. A cover 30 is provided for protection to personnel.
PAR  The embrittled insulated wire 10 emerges from cooling chamber 14 and is
      directed into chamber 16, over and around the four rollers 18a-18d. It
      will be understood that the number of rollers used and their respective
      orientation within the chamber 16 can be modified to suit the type of
      insulated wire being processed. Under certain conditions even a single
      roller may be sufficient to effect the necessary fracturing, provided the
      insulation is rendered brittle and sufficient bending forces are imposed
      by the roller to fracture the insulation. Where the insulation is of a
      particularly brittle nature, e.g., polystyrene, a large, single roller can
      be used. Alternatively, a single roller having means for receiving the
      insulated wire in more than one pass can also be employed. After the last
      roller, 18d, has been traversed, the insulation is substantially totally
      removed, and the bare wire 32, is recovered on the take-up reel 20.
      Conventional means for driving take-up reel 20 is provided (not shown). In
      the event that some particles of insulation may cling to the bare wire 32,
      a contacting pad, with or without lubricant, can be employed to remove
      these particles without damaging the wire. It should also be mentioned
      that under certain conditions the insulated wire being processed may be
      significantly deformed, requiring the additional processing step of
      straightening prior to being wound onto the take-up reel 20.
PAR  In FIG. 2, apparatus is shown for substantially simultaneously cooling and
      fracturing the insulation from the insulated wire being processed. In this
      embodiment, insulated wire 10' is fed from supply wheel 12', through the
      liquid nitrogen bath 26' housed in an inclined cooling chamber 14'. The
      cooling chamber 14' also includes a plurality of roller means 18', which,
      in this instance comprises nine rollers designed as 18' a-i, arranged in a
      tortuous path for inducing fracturing and removal of the insulation. By
      the time the insulating wire 10' leaves roller 18'i, all of the insulation
      has been removed and the wire 32' is wound and recovered on the take-up
      reel 20'. The particles of insulation are removed from the cooling chamber
      14' at the left-hand portion of the cooling chamber 14' by a continuously
      moving conveyor belt 40 having a plurality of spaced scoops 42 which pick
      up the fractured particles of insulation which accumulate at the bottom of
      the incline 46 of the cooling chamber 14'. The fractured particles are
      deposited in a collection box for subsequent recycling, or the like.
PAR  It will be noted that the expression "insulation" is meant to include a
      variety of organic as well as inorganic materials commonly employed for
      insulating wire. Exemplary of the organic insulators are the natural and
      synthetic polymerics, such as polyvinyl chloride, polyethylene,
      polyamides, polycarbonates, polystyrene, as well as known lacquers,
      rubbers, e.g., neoprene, butadiene, isoprene, and the like. Of the
      inorganic insulating materials used, ceramics and glass may be mentioned.
      The electrical wire, or core, over which the insulating material is
      applied can be any of the commonly used metal conductors, such as copper,
      aluminum, and alloys thereof.
PAR  The cooling fluid employed to render the insulation material brittle is not
      critical and can be selected from known refrigerants such as cryogenic
      fluids, e.g., liquid air, liquid nylon, liquid nitrogen, etc., as well as
      the halocarbon refrigerants, e.g., Freons, and the like. Accordingly, when
      selecting the cooling medium to be used, consideration must be given to
      such factors as the anticipated production rate, the rate of cooling
      needed to process a given quantity of material to a predetermined
      temperature in a given period of time, the nature of the insulating
      material and the core wire itself. Each insulating material will have a
      different temperature range where embrittlement occurs. For example, the
      publication, Guide to Plastics, published by Modern Plastics (1969) lists
      at pages 16-17, the glass transition temperature of a variety of organic
      materials, some of which are mentioned hereinabove. Natural rubber, for
      instance, has a glass transition temperature of -72.degree.C, whereas
      nylon 6 has a transition temperature of 60.degree.C. "Glass transition
      temperature" is defined as the temperature region where the material
      undergoes change from a viscous or rubbery condition to a hard and
      relatively brittle condition. Also, Guide to Plastics states that the
      modulus of elasticity is a measure of the degree of brittleness. Thus,
      where the modulus of elasticity is about 10.sup.10 dynes/cm, or more, the
      material is hard and brittle or glassy and not capable of very much
      elastic deformation. For purposes of simplicity, it is mentioned that
      although the glass transition temperature for the insulating materials
      employed in the present invention varies from about 100.degree. to about
      -100.degree.C, it has been found desirable to universally employ liquid
      nitrogen or liquid air regardless of the insulating wire being processed,
      since rapid cooling to a low temperature, e.g., about -100.degree.C or
      below, is achieved, which is adequate to give the desired results under
      all types of operating conditions.
PAR  Having described the invention in general terms, the following examples are
      set forth with reference to the drawing to more particularly describe the
      invention. These examples are, however, not meant to be limiting.
PAC  EXAMPLE 1
PAR  A 20 foot liquid nitrogen containing cooling chamber substantially as shown
      in FIG. 1 is employed to chill about 60 feet/min. No. 10 T-wire covered
      with 1/32 inch polyvinyl chloride insulation to below the glass transition
      temperature of the insulation. The insulated wire remained immersed in the
      liquid nitrogen for about 20 seconds and was immediately pulled over a
      staggered bank of six 1-inch rollers. The insulation readily fractured and
      the bare wire was recovered on the take-up reel in an undamaged condition.
PAC  EXAMPLE 2
PAR  15 KV 2/0 19-strand aluminum wire covered with plural layers of crosslinked
      polyethylene insulation, i.e., 175 mil insulation, 20 mil strand shield
      and 30 mil insulation shield, was first immersed in liquid nitrogen for
      about 30 seconds and then bent over a single 8-inch diameter roll. The
      insulation readily fractured and dropped from the wire leaving bare
      stranded wire in undamaged condition.
PAR  From the foregoing, it will be readily apparent that the concepts described
      herein and the means for carrying out the concepts represent an
      improvement over prior techniques for processing insulated wire for the
      purpose of economically recovering the constituents therein. It should be
      also appreciated that although cooling by immersion is preferred, any
      other suitable technique can be substituted, such as spraying, vapor
      contact, and the like. Moreover, where the insulation being treated is
      highly brittle at room temperature then the cooling step can be
      eliminated.
PAR  Thus, the present invention is not to be construed as being limited by the
      illustrated embodiments. Other embodiments can be utilized without
      departing from the inventive concept herein disclosed. Such embodiments
      are within the ability of one skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for continuously removing the insulating covering from the
      entire surface of insulated wire without damaging the wire comprising:
PA1  means for continuously feeding wire covered with a fragmentable insulation
      from a supply source to a recovery station;
PA1  means for continuously bending said wire and insulation along the length
      thereof and inducing stresses in said insulation in an amount sufficient
      to fracture said insulation;
PA1  means for contacting said insulation covered wire with a refrigerant
      capable of rendering said insulation brittle positioned between said
      continuous feeding means and said continuous bending means; and
PA1  means for recovering the resulting bare wire and fragmented insulation in
      an undamaged condition.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said bending means comprises
      roller means over which said insulated wire is passed.
NUM  3.
PAR  3. The apparatus according to claim 1, wherein said means for contacting
      said insulation covered wire with a refrigerant comprises chamber means
      for receiving liquid refrigerant having mounted therein guiding means for
      directing said insulated wire below the surface of said refrigerant.
NUM  4.
PAR  4. The apparatus according to claim 3 wherein said chamber means is
      inclined to collect particles of fragmented insulation at its lowest
      portion wherein said bending means is at least partially submerged in said
      refrigerant.
NUM  5.
PAR  5. The apparatus according to claim 4 wherein said bending means comprises
      roller means.
NUM  6.
PAR  6. The apparatus according to claim 3 wherein said refrigerant is a
      cryogenic liquid taken from the group consisting essentially of liquid
      nitrogen, liquid air, and mixtures thereof.
NUM  7.
PAR  7. The apparatus according to claim 4 wherein said refrigerant is a
      cryogenic liquid taken from the group consisting essentially of liquid
      nitrogen, liquid air, and mixtures thereof.
NUM  8.
PAR  8. The apparatus according to claim 1 further including means for
      straightening the bare wire prior to recovering same.
NUM  9.
PAR  9. The apparatus according to claim 7 including means for recovering the
      fragmented insulating material for recycling.
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PAL  Apparatus and method for installing a slide fastener with or without a
      slider and pull assembly to material wherein specially arranged and spaced
      pairs of pins pierce the adjacent edges of the carrier tapes of the slide
      fastener prior to the slide fastener being bonded to material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a slide fastener and in particular to the
      apparatus and method for installing a slide fastener to material.
PAR  2. Description of the Prior Art
PAR  It has been the practice to install a slide fastener to material when the
      slide fastener has carrier tapes composed of natural or synthetic
      material, wherein each one of the interengaged filaments of the slide
      fastener is secured to its respective one of the adjacent edges of the
      carrier tapes and wherein the adjacent edges of material are emplaced on
      and bonded in some fashion to the adjacent edges of the carrier tapes of
      the slide fastener.
PAR  U.S. Pat. Nos. 2,674,559 and 2,984,287 are representative of the prior art
      and illustrate a variety of apparatus and methods for installing a slide
      fastener or elements thereof to material.
PAR  One of the problems associated with the prior art apparatus and method for
      installing a slide fastener to material is that the prior apparatus in
      installing a slide fastener to material often resulted in the installed
      slide fastener having an arcuate contour instead of a flat appearance
      throughout its extent whereby the arcuately contoured slide fastener as
      installed in material would detract from or otherwise limit the appearance
      or fashion design of the material.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is summarized in an apparatus and method for
      installing a slide fastener to material, the slide fastener having a pair
      of carrier tapes and opposed interengaged fastening elements with each one
      of the elements being secured to its respective one of the adjacent edges
      of the pair of carrier tapes, wherein the apparatus includes a support
      block means, a first pair of laterally spaced pins disposed at one end of
      said block means, a second pair of laterally spaced pins disposed at the
      opposed end of said block means and spaced at a longitudinal distance less
      than the length of the slide fastener from said first pair of pins, each
      pin of said first or second pair being laterally spaced relative to the
      other pin of its respective pair at a distance greater than the overall
      width of the interengaged filaments of the slide fastener, the first and
      second pairs pins adapted for piercing certain opposed and spaced end
      portions of the adjacent edges of the carrier tapes of the slide fastener
      with the first and second pairs of pins so as to effect securing of the
      slide fastener to said first and second pairs of pins while at the same
      time to effect substantially flat nesting engagement of the secured slide
      fastener on said block means prior to attachment of the material to the
      slide fastener.
PAR  An object of the present invention is to provide an apparatus having at
      least two pairs of spaced pins for piercing the adjacent edges of carrier
      tapes of a slide fastener without adversely affecting the appearance of
      the slide fastener itself or the material to which it is installed.
PAR  Another object of the present invention is to provide an apparatus having
      spaced pairs of pins for securing a slide fastener with or without a
      slider and pull assembly to a support block.
PAR  This invention has another object in that the apparatus in having spaced
      pairs of pins secures the slide fastener with or without a slider and pull
      assembly in substantially flat nesting engagement on a support block prior
      to and during installation of the slide fastener to material.
PAR  Other objects and advantages of the present invention will become more
      apparent from the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view with parts broken away and other parts shown
      in dotted and solid lines of an apparatus for installing a slide fastener
      chain to garment material and embodying the present invention;
PAR  FIG. 2 is an end elevational view as taken along lines 2--2 of FIG. 1 and
      illustrates the upper die element for the apparatus;
PAR  FIG. 3 is an enlarged and partial end elevational view with certain parts
      shown in slightly vertically spaced relation to each other and other parts
      broken away as taken along line 3--3 of FIG. 1 and illustrates further
      details of the apparatus of the present invention;
PAR  FIG. 4 is a perspective view of another embodiment of the present invention
      with parts added and other parts broken away; and
PAR  FIG. 5 is an enlarged plan view with parts broken away as taken along line
      5--5 of FIG. 4 and illustrates further details of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is embodied in an apparatus and method for installing
      a slide fastener chain 10 to garment material 12 as illustrated in FIG. 1.
      The apparatus includes a block 14 for supporting slide fastener chain 10
      and for effecting emplacement of garment material 12 in overlapping
      relation to slide fastener chain 10. The apparatus also includes a die
      element 16 disposed above and in alignment with the top of block 14.
      During operation of the apparatus, die element 16 by way of its actuating
      ram 18 is advanceable between raised and lowered positions relative to the
      top of block 14 for effecting bonding and installation of the slide
      fastener chain 10 to the emplaced garment material 12.
PAR  Slide fastener chain 10 is made up of a pair of carrier tapes 20, 22 and
      opposed interengaged fastening elements or filaments 24 with each one of
      the opposed filaments 24 being secured to the adjacent edge of its
      respective carrier tape 20 or 22. Each one of the carrier tapes 20, 22 are
      composed of a natural or synthetic material, for example, a cotton fabric
      or plastic material such as a nylon or polyester. Carrier tapes 20, 22 are
      preferably of woven construction so as to enhance the elasticity and
      stretchability of slide fastener chain 10. Opposed elements or filaments
      24 are composed of a natural or synthetic material such as a suitable
      grade of steel or plastic, for instance, nylon.
PAR  Garment material 12 has spaced adjacent edges 26, 28 that define a common
      opening 30 to be closed by slide fastener chain 10. Garment material 12 is
      made up of an appropriate natural or synthetic material and is normally of
      a woven thread construction.
PAR  The top of support block 14 has a first pair of upstanding pins 32, 32 at
      one end and a second pair of upstanding pins 34, 34 at its opposite end.
      The second pair of pins 34, 34 are spaced at a longitudinal distance from
      and are disposed substantially in longitudinal alignment relative to the
      first pair of pins 32, 32. Each one of the pins 32 or 34 of either pair is
      suitably affixed at its lower end to the top of the block 14. A pin 32 or
      34 is of relatively thin size in cross section and preferably has a sewing
      needle configuration with the upper end of a pin 32 or 34 having a pointed
      end. Each one of the pins of the first or second pair 32 or 34 is
      laterally spaced relative to the other pin of its respective pair at a
      lateral distance greater than the overall width of the interengaged
      filaments 24 as viewed in FIG. 1. The lateral distance between the first
      pair of pins 32, 32 is indicated by arrowed line 36 in FIG. 3. Each pair
      of pins 32, 32 or 34, 34 in being laterally spaced lie in a common
      transverse plane at their respective end of block 14 wherein the common
      transverse plane for each pair of pins 32, 32 and 34, 34 is usually
      disposed parallel to and spaced from an end face of block 14. First and
      second pairs of pins 32, 32 and 34, 34; respectively, are preferably
      disposed in symmetrical relation about the longitudinal axis 33 of the
      interengaging elements 24 of slide fastener chain 10, as depicted in FIG.
      1.
PAR  A length of slide fastener chain 10 is suitably fed between block 14 and
      die element 16 until the leading end of the fed slide fastener chain 10 is
      disposed beyond the first pair of pins 32 in the manner illustrated in
      FIG. 1. The fed length of slide fastener chain 10 is disposed above and in
      vertical alignment relative to the first and second pairs of pins 32, 32
      and 34, 34 such that the opposed interengaged filaments 24 of the fed
      length of slide fastener chain 10 are interposed between and spaced above
      the first and second pairs of pins 32, 32 and 34, 34.
PAR  The leading and trailing ends of the fed length of the slide fastener chain
      10 disposed above the first and second pairs of pins 32, 32 and 34, 34 may
      be suitably grasped, such as by the hands of the operator, so as to effect
      tensioning of the fed length of slide fastener chain 10 between its ends.
      It has been found that stretching of the fed length of slide fastener
      chain 10 between its leading and trailing ends on the order of one-eighth
      of an inch per length of the slide fastener chain 10 has been satisfactory
      to properly tension the slide fastener chain 10 between the first and
      second pairs of pins 32, 32 and 34, 34 before the tensioned and fed length
      of slide fastener chain 10 is pierced by and secured to the first and
      second pairs of pins 32, 32 and 34, 34.
PAR  Certain spaced and opposed end portions of the adjacent edges of carrier
      tapes 20, 22 of the slide fastener chain 10 are pierced by the upper ends
      of the first and second pairs of pins 32, 32 and 34, 34 as the fed length
      of the slide fastener chain 10 is lowered in an appropriate manner from a
      position above the first and second pairs of pins 32, 32 to a lower
      position in engagement therewith as illustrated in FIGS. 1 and 3. The
      lower most position of slide fastener chain 10 occurs when the bottom of
      the slide fastener chain is disposed in substantially flat nesting
      engagement with the top of the block 14 thereby securing the slide
      fastener chain 10 to the first and second pairs of pins 32, 32 and 34, 34.
      Opposed interengaged filaments 24 of the secured slide fastener chain 10
      are interposed between and spaced from the first and second pairs of pins
      32, 32 and 34, 34.
PAR  Prior to emplacement of garment material 12 on the front of the secured
      slide fastener chain 10, the leading end of the non-secured length of
      slide fastener chain 10 may be severed from the trailing end of the
      secured slide fastener chain 10 by severing along a line of severance
      between the secured and non-secured lengths of the slide fastener chain 10
      as indicated by the dashed line 35 in FIG. 1. The fed length of the
      secured slide fastener chain 10 has a greater distance between its ends
      than the longitudinal distance between the first and second pairs of pins
      32, 32 and 34, 34.
PAR  Garment material 12 is emplaced on the front of slide fastener chain 10 on
      block 14 such that bottom surface portions of the adjacent edges 26, 28 of
      the emplaced garment material 12 are disposed in overlapping engagement
      with opposed and underlying front surface portions of the adjacent edges
      of the secured slide fastener chain 10 on block 14 as depicted in FIGS. 1
      and 3. The first and second pairs of pins 32, 32 and 34, 34 are interposed
      between and spaced from the adjacent edges 26, 28 of the emplaced garment
      material 12 as illustrated in FIG. 1 and as further indicated by the
      difference in the space between arrowed lines 38 and 36 in FIG. 3. In
      emplacing garment material 12 on the secured slide fastener chain 10 the
      top edge of the garment material 12 at the forward end of opening 30 is
      disposed to the left of the first pair of pins 32, 32 as viewed in FIG. 1
      and is also disposed in offset fashion to the leading end of the secured
      slide fastener chain 10 such that the leading end of the secured slide
      fastener chain 10 is partially exposed as shown in FIG. 1.
PAR  The bottom surface of die element 16 of the apparatus of the present
      invention has a protruding U-shaped rib 40 disposed thereon and extending
      between the opposed ends of die element 16. The U-shaped rib 40 is
      arranged to contact U-shaped strip surface portions 42 on the front
      surfaces of the adjacent edges 26, 28 of the emplaced garment material 12.
      The outer perimeter of the U-shaped strip surface portions 42 is indicated
      by dashed lines in FIG. 1 on the front surfaces of the adjacent edges 26,
      28 of the emplaced garment material 12.
PAR  The U-shaped rib 40 has a length greater than the longitudinal distance
      between the first and second pairs of pins 32, 32 and 34, 34 on block 14.
      U-shaped rib 40 is located on die element 16 such that it contacts the
      adjacent edges 26, 28 of the emplaced garment material 12 in centered
      relation with respect to the first and second pairs of pins 32, 32 and 34,
      34 when U-shaped rib 40 of die element 16 is lowered to engage the
      emplaced garment material 12.
PAR  A downwardly facing channel-shaped recess 44 is formed on the bottom
      surface of die element 16 and is interposed between and spaced from
      U-shaped rib 40 so as to be disposed in vertical alignment relative to the
      first and second pairs of pins 32, 32 and 34, 34 on block 14. The recess
      44 has a length that is greater than the longitudinal distance between the
      first and second pairs of pins 32, 32 and 34, 34 and extends from the left
      end of die element 16 to adjacent the U-shaped end of rib 40. Moreover,
      recess 44 has a length, width and depth such that the first and second
      pairs of pins 32, 32 and 34, 34 will be freely received within recess 44
      of die element 16 during operation of the described apparatus. As shown,
      the ribs 40, 40 may be the parallel arms of a U-shaped rib with a rib
      portion joining the parallel arms at the end. In the absence of the
      joining rib portion, recess 44 may extend to the ends of the die element
      16.
PAR  When U-shaped rib 40 of die element 16 is lowered into pressured contact
      with the U-shaped strip surface portions 42 on the front surfaces of the
      adjacent edges 26, 28 of the emplaced garment material 12, opposed
      U-shaped bottom strip surface portions of the adjacent edges 26, 28 of the
      emplaced garment material 12 are pressed into bonding engagement with the
      opposed and underlying U-shaped front strip surface portions of the
      overlapped adjacent edges of the carrier tapes 20, 22 of the secured slide
      fastener chain 10. The slide fastener chain 10 and garment material 12 may
      be bonded together in various ways such as, for example, by appropriate
      heating or ultrasonic vibration of die element 16 when the U-shaped rib 40
      of die element 16 is in pressured contact with garment material 12 as
      aforedescribed. Upon bonding the slide fastener chain 10 to garment
      material 12 die element 16 is elevated to its raised position and the
      adjacent edges of the carrier tapes 20, 22 of the slide fastener chain 10
      are suitably disengaged by the operator from the first and second pairs of
      pins 32, 32 and 34, 34. Upon removal of garment material 12 with slide
      fastener chain 10 installed thereto from block 14 another length of slide
      fastener chain 10 is fed onto block 14 for installing the fed length of
      slide fastener chain to another piece of garment material 12 in accordance
      with the teachings of the present invention.
PAR  In another embodiment of the present invention an apparatus as illustrated
      in FIGS. 4-5 installs a slide fastener 110 to material in similar fashion
      as the apparatus of FIGS. 1-3 installs slide fastener chain 10 to garment
      12. Reference numerals in the apparatus of FIGS. 4-5 with like numbers as
      in the apparatus of FIG. 1-3 correspond to identical parts; and reference
      numerals in the apparatus of FIGS. 4-5 which refer to similar parts in the
      apparatus of FIGS. 1-3 have the same number with 100 added. For example,
      the slide fastener 110 is similar to the slide fastener chain 10.
PAR  Opposed ends of the slide fastener 110 include top and bottom stops 146 and
      148. An appropriate design of a slider and pull assembly 152 is suitably
      connected to the opposed interengaged filaments 124 between the ends of
      the slide fastener 110 and is made up of a slider 154 and pull 156. Top
      and bottom stops 146 and 148 may have a width greater than the overall
      width of the slider and pull assembly 152 as shown in FIG. 5.
PAR  A third pair of laterally spaced pins 158, 158 are disposed on support
      block 14 and interposed between and spaced from said first and second
      pairs of pins 32, 32 and 34, 34. Further, the third pair of pins 158, 158
      are longitudinally aligned relative to and between the first and second
      pairs of pins 32, 32 and 34, 34. The third pair of pins are disposed
      nearer the first pair of pins 32, 32 and are spaced at a longitudinal
      distance from the first pair of pins so as to center the slider and pull
      assembly 152 in spaced relation between the first and third pairs of pins
      in FIG. 5. One pin 32 of the first pair of pins is laterally spaced from
      its respective other pin 32 of the first pair at a lateral distance
      slightly greater than the maximum width of the top stop 146 as shown in
      FIG. 5. Further one pin 34 of the second pair of pins is laterally spaced
      from its respective other pin 34 of the second pair at a lateral distance
      slightly greater than the maximum width of the bottom stop 148. The
      lateral spacing between the third pair of pins 158, 158 relative to a
      slider and pull assembly, such as assembly 152 in FIGS. 4-5, will of
      course vary by reason of the large variety of types and sizes of slider
      and pull assemblies being used. The third pair of pins 158, 158 lie in a
      common plane transverse of block 14 which common plane is parallel to a
      plane transverse of block 14 and including the first pair of pins 32, 32.
      Each pin 158 of the third pair of pins corresponds in shape to each pin 32
      or 34 of the first or second pair of pins.
PAR  Slide fastener 110 has a length somewhat greater than the longitudinal
      distance between the first and second pairs of pins 32, 32 and 34, 34. The
      slide fastener is fed onto block 14 in appropriate fashion above the
      first, second and third pairs of pins 32, 32; 34, 34; and 158, 158 such
      that the opposed interengaged filaments 124 of slide fastener 110 are
      interposed between and spaced from the first, second and third pairs of
      pins. At the same time the top and bottom stops 146 and 148 are interposed
      between and spaced from the first and second pairs of pins 32, 32 and 34,
      34 respectively and the slider and pull assembly 152 is centered between
      and spaced from the first and third pairs of pins 32, 32 and 158, 158 as
      depicted in FIGS. 4-5.
PAR  Other opposed and spaced end portions of the carrier tapes 120 and 122
      adjacent the inner edges thereof are pierced by the third pair of pins
      158, 158 as the certain opposed and spaced end portions are pierced by the
      first and second pairs of pins 32, 32 and 34, 34 when the centered and fed
      slide fastener 110 is lowered in suitable manner from a raised position to
      a lowered poition as shown in FIG. 4. When the pin-pierced slide fastener
      is secured in substantially flat nesting engagement between the first,
      second and third pairs of pins 32, 32; 34, 34; and 158, 158 on top of
      block 14, the slider and pull assembly 152 is secured and retained between
      the first and third pairs of pins 32, 32 and 158, 158 as shown in FIGS.
      4-5.
PAR  Upon securement of slider fastener 110 to the top of block 14, material
      such as garment 12 is placed on top of the slide fastener for effecting
      installation of the slide fastener to material 12 in similar fashion as in
      the apparatus of FIGS. 1-3. However, slide fastener 110 may be a slide
      fastener chain with a plurality of spaced and successively arranged slider
      and pull assemblies 152 attached thereto. Depending upon the material to
      which the slide fastener chain 10 or slide fastener 110 is to be installed
      opposed and spaced end portions of the material may be pierced by the
      first and second pairs of pins 32, 32 and 34, 34 or the first, second and
      third pairs of pins 32, 32; 34, 34; and 158, 158 before or after the slide
      fastener chain 10 or slide fastener 110 is pierced by the first and second
      pairs of pins or the first, second and third pairs of pins as
      aforedescribed. Because of different requirements for installing slide
      fastener 110 to material, slider 154 may be located at another point
      intermediate of stops 146 and 148; accordingly the third pair of pins 158,
      158 would be located at another point adjacent a differently located
      slider 154 and closer to the second pair of pins 34, 34 other than the
      position of the slider and third pair of pins as shown in FIGS. 4-5.
PAR  The pins 32, 34 or 158 of the first, second or third pair will at most form
      very minute punctures or holes in the adjacent edges of the pair of
      carrier tapes 20, 22 or 120, 122 of slide fastener chain 10 or slide
      fastener 110. The minute punctures in the adjacent edges of the carrier
      tapes 20, 22 or 120, 122 will not detract from the appearance of the
      material to which slide fastener chain 10 or slide fastener 110 is
      installed. Although slide fastener 110 has bridge-type stops 146, 148 as
      illustrated in FIGS. 4-5, the slide fastener may use other types of stops
      in carrying out the present invention. Because a fed length of slide
      fastener chain 10 or slide fastener 110 may be readily centered with
      respect to the first and second pairs of pins 32, 32 and 34, 34 or the
      first, second and third pairs of pins 32, 32; 34, 34; and 158, 158 the
      slide fastener chain 10 or slide fastener 110 may be installed to material
      without requiring a great deal of skill by the operator of the apparatus
      of the present invention.
PAR  Since the present invention is subject to many modifications, variations
      and changes in detail, it is intended that all matter contained in the
      foregoing description or shown in the accompanying drawing shall be
      interpreted as illustrated and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for installing a slide fastener to material, the slide
      fastener having a pair of carrier tapes and opposed interengaged fastening
      elements with each one of the elements being secured to its respective one
      of the adjacent edges of the pair of carriage tapes, said apparatus
      comprising
PA1  a support block means,
PA1  a first pair of laterally spaced pins disposed at one end of said block
      means,
PA1  a second pair of laterally spaced pins disposed at the opposed end of said
      block means and spaced at a longitudinal distance less than the length of
      the slide fastener from said first pair of pins,
PA1  each pin of said first or second pair being laterally spaced relative to
      the other pin of its respective pair at a distance greater than the
      overall width of the interengaged elements of the slide fastener, and
PA1  said first and second pairs of pins adapted for piercing certain opposed
      and spaced end portions of the adjacent edges of the carrier tapes of the
      slide fastener so as to effect securing of the slide fastener to said
      first and second pairs of pins while at the same time to effect
      substantially flat nesting engagement of the secured slide fastener on
      said block means prior to attachment of the material to the slide
      fastener.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 wherein the material has adjacent
      edges defining an opening therebetween and there is included die means
      arranged to engage spaced front surface portions of the adjacent edges of
      the material so as to effect bonding between the underlying opposed
      surface portions of the adjacent edges of both the material and the
      carrier tapes of the secured slide fastener.
NUM  3.
PAR  3. An apparatus as set forth in claim 1 wherein each one of said pins of
      said first and second pairs are of relatively thin cross-section and of
      sewing needle configuration.
NUM  4.
PAR  4. An apparatus as set forth in claim 2 wherein said die means has rib
      means for contacting certain surface portions of the adjacent edges of the
      material so as to effect bonding of the material to the slide fastener.
NUM  5.
PAR  5. An apparatus as set forth in claim 1 wherein die means are arranged in
      operative relationship to said first and second pairs of pins, and wherein
      said die means has a recess for freely receiving said first and second
      pairs of pins.
NUM  6.
PAR  6. An apparatus as set forth in claim 1 wherein a third pair of laterally
      spaced pins are mounted on said support block means and interposed between
      and spaced from said first and second pairs of pins.
NUM  7.
PAR  7. An apparatus as set forth in claim 6 wherein the slide fastener includes
      a slider and pull assembly, and wherein said third pair of pins are in
      spaced relation between the first and second pairs of pins so as to center
      the slider and pull assembly relative to the longitudinal axis of the
      interengaged elements of said slide fastener.
NUM  8.
PAR  8. An apparatus as set forth in claim 6 wherein the slide fastener includes
      a top stop; and said first pair of pins has a lateral spacing therebetween
      that is slightly greater than the maximum width of the top stop.
NUM  9.
PAR  9. An apparatus as set forth in claim 6 wherein the slide fastener includes
      a bottom stop; and said second pair of pins has a lateral spacing
      therebetween that is slightly greater than the maximum width of the bottom
      stop.
NUM  10.
PAR  10. An apparatus as set forth in claim 6 wherein each one of said third
      pair of pins are of relatively thin cross section and of sewing needle
      configuration.
NUM  11.
PAR  11. A method of installing a slide fastener to material, the slide fastener
      having a pair of carrier tapes with adjacent edges and opposed
      interengaged elements each each one of the elements being secured to its
      respective adjacent edge of the carrier tapes, the method utilizing a
      slide fastener support block means, first and second pairs of spaced pins
      for engaging the slide fastener, the first and second pairs of pins
      disposed at opposite ends of said block means and spaced at a longitudinal
      distance from each other, said method comprising the steps of
PA1  feeding a slide fastener having a length greater than the longitudinal
      distance between said first and second pairs of pins,
PA1  centering the fed length of slide fastener relative to the first and second
      pairs of pins such that the opposed interengaged filaments of the slide
      fastener are interposed between and spaced from the first and second pairs
      of pins,
PA1  piercing certain opposed and spaced end portions of the adjacent edges of
      the carrier tapes of the fed and centered slide fastener with the first
      and second pairs of pins so as to effect securing of the slide fastener to
      the first and second pairs of pins while at the same time to effect
      substantially flat nesting engagement of the secured slide fastener on
      said block means prior to securing of the material to the slide fastener,
      and
PA1  securing the slide fastener to the material.
NUM  12.
PAR  12. The method as set forth in claim 11 wherein the material is garment
      material with spaced adjacent edges defining an opening therebetween, and
      wherein there is included an additional step of emplacing the adjacent
      edges of garment material in overlapping engagement with the front of the
      adjacent edges of the carrier tapes of the secured slide fastener and with
      the adjacent edges of the emplaced garment material being spaced from the
      first and second pairs of pins.
NUM  13.
PAR  13. The method as set forth in claim 12 wherein the securing step includes
      bonding the adjacent edges of the emplaced garment material to the
      overlappingly engaged adjacent edges of the carrier tapes of the secured
      slide fastener.
NUM  14.
PAR  14. The method as set forth in claim 11 wherein an additional step includes
      stretching the slide fastener between its ends on the order of one-eighth
      of an inch per length of the slide fastener between its ends prior to
      piercing certain opposed and spaced end portions of the adjacent edges of
      the carrier tapes of the slide fastener with the first and second pairs of
      pins.
NUM  15.
PAR  15. The method as set forth in claim 11 wherein the slide fastener has a
      slider and pull assembly attached thereto, and wherein a third pair of
      spaced pins are disposed on said block means and are interposed between
      and spaced from said first and second pairs of pins.
NUM  16.
PAR  16. The method as set forth in claim 15, wherein the slide fastener has a
      top stop; and one of the pins of the first pair of pins is laterally
      spaced from its associated pin of the first pair at a distance somewhat
      greater than the maximum width of the top stop.
NUM  17.
PAR  17. The method as set forth in claim 15, wherein the slide fastener has a
      bottom stop; and one of the pins of the second pair of pins is laterally
      spaced from its associated pin of the second pair at a distance somewhat
      greater than the maximum width of the bottom stop.
NUM  18.
PAR  18. The method as set forth in claim 15 wherein an additional step includes
      centering the slider and pull assembly between said third pair of pins as
      the fed length of slide fastener is centered relative to the first and
      second pairs of pins.
NUM  19.
PAR  19. The method as set forth in claim 15 wherein the step of piercing
      certain opposed and spaced end portions of the adjacent edges of the
      carrier tapes of the fed and centered slide fastener with the first and
      second pairs of pins also includes piercing other opposed and spaced end
      portions of the adjacent edges of the carrier tapes with the third pair of
      pins so as to effect securing of the slider and pull assembly relative to
      the longitudinal axis of the interengaged filaments of said slide fastener
      and in spaced relationship to said first and third pairs of pins upon
      securing said slide fastener between said first, second and third pairs of
      pins and in substantially flat nesting engagement with said block means.
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ABST
PAL  A releaseable steel cable anchor comprises a steel cable assembly encased
      within a thermoplastic resin which bonds the cable assembly to an anchor
      body embedded within the ground. Typically, the cable assembly is buried
      in a hole filled with a hardening material such as cement or mortar, which
      forms the anchor body. Either electrical heating wire or an elongated
      receptacle to receive a combustible material is provided along
      substantially the entire length of the resin encasing the cable assembly
      in order to melt and/or combust the resin material encasing the steel
      cables, whereupon the steel cables may be readily withdrawn from the
      anchor assembly.
PAL  A method for withdrawing the steel cable anchor from its embedded position
      in the ground comprises the steps of debonding, by melting or combustion,
      the encasing thermoplastic resin by either igniting a combustible material
      disposed within or adjacent the resin, or by passing electrical energy
      through a heating wire disposed along substantially the entire length of
      the encasing resin. A withdrawing force is then applied to the cable.
BSUM
PAR  This invention relates to steel cable anchors which are embedded within the
      ground to provide an anchor to which a structural member may be attached.
PAR  This invention is more particularly concerned with a steel cable anchor
      which comprises one or a plurality of individual steel cables bundled
      together by binding wires or other suitable means and to a method for
      removing such steel cable anchors from the ground when they are no longer
      required.
PAR  Although it has broader applications, one aspect of the invention is
      particularly useful as it pertains to a method for use in removing, after
      use, a steel tension cable anchor from an elongated hole in the ground, in
      which hole the anchor was buried in a hardening material filling the hole.
PAR  In general, methods for fixing a steel cable anchor within the ground are
      well known and generally comprise drilling or otherwise forming a hole in
      the ground, inserting the cable anchor therein and filling the hole with a
      hardening material such as cement or mortar.
PAR  One known method for embedding an anchor in the ground comprises forming a
      suitable elongated hole in the ground and inserting an expansible tube
      therein. Mortar is injected about the outer circumference of the tube
      which is thereafter expanded to force the mortar against the walls of the
      hole, thereby consolidating the ground around the circumference of the
      hole as well as increasing the adhesive force of the mortar to the ground,
      so as to provide an increased resistance against withdrawal of the
      completed anchor. Into the hole formed in the mortar by withdrawal of the
      tube, a tension steel cable is inserted, and the cable is then bound
      therein by mortar or cement. Such anchors embedded within the ground are
      conventionally used to secure cables or structures such as sand guard
      walls, breast walls, revetments or the like. By whatever method it is
      formed, the anchor essentially consists of steel tension cables encased
      within mortar or cement in a hole in the ground.
PAR  In general, where a structure is supported by a steel tension cable anchor,
      there sometimes arises the need to provide one or moree cable anchors in
      an area, such as where a road or underground structure is to be built,
      from which the cable anchor cable must be removed after a certain stage of
      the construction is completed. In such cases, the steel cable anchor may
      be withdrawn by applying a force thereto which is greater than the tensile
      strength of the cable anchor so that it is forcibly torn from the ground.
      Alternatively, a heat producing charge, such as a thermite device, may be
      included in the construction of the steel cable anchor by being placed on
      a portion of the tension steel cable which is not covered with mortar or
      cement. When the cable anchor is no longer required, the thermite charge
      is ignited and the steel cable is severed by it and the severed portion
      removed.
PAR  Such prior art methods suffer from certain disadvantages. The former method
      (application of force) is inconvenient in requiring the application of
      enormous tensile forces to the cable to forcibly remove the same. The
      latter method (thermite charge) results in a failure to withdraw the whole
      body of the cable anchor, i.e., there remains a major portion of the steel
      cable anchor buried within the ground.
PAR  It is accordingly a principal object of the present invention to provide a
      steel cable anchor structure and a method for withdrawing the same from
      the ground after use, which method permits tensile force withdrawing of
      the cable anchor with much less force than that required by prior art
      withdrawal methods, and which permits recovery of the entire cable anchor.
PAR  Another object of the invention is to provide a tension steel cable anchor
      and method for withdrawing the same when it is no longer required, wherein
      means are provided for causing the combustion or fusion of a material such
      as a thermoplastic resin encasing the embedded tension steel cable.
PAR  Another object of the present invention is to provide a combustion member
      and/or substance within or adjacent the thermoplastic resin encasing the
      tension steel cables of a tension cable anchor, which member or substance
      may be used to cause the combustion or fusion of the encasing
      thermoplastic resin or other bonding material.
PAR  The present invention accordingly provides a steel cable anchor assembly
      and method for use in withdrawing the same, wherein one or more tension
      steel cables are encased within a bonding material, preferably a
      thermoplastic resin, which bonds the cables within an anchor body embedded
      in the ground so as to provide a substantial resistance against withdrawal
      of the anchor assembly by the pulling forces to which it is normally
      subjected, and means to carry out the combustion or fusion of the bonding
      material, i.e., the "de-bonding" thereof, so as to release the tension
      steel cables from the bonding material, whereby withdrawal of the tension
      steel cables from the anchor body may be achieved by the application of a
      minor withdrawing force thereto.
PAR  Any suitable material may be employed as the bonding material, provided it
      can bond with sufficient strength to the steel cables and the hardening
      material (cement, mortar) forming the anchor body, and can be fused or
      combusted in place to destroy its bonding strength by application of heat
      thereto. Thermoplastic resins, i.e., those which fuse upon application of
      heat thereto, are well suited for use in accordance with the invention,
      and are preferred. Epoxy resin, polyester resin and urethane resin are
      most preferred.
PAR  One embodiment of the present invention provides an electrical heating wire
      within or adjacent the thermoplastic resin which encases the tension steel
      cables, whereby the provision of electric current to the heating wires
      heats the encasing thermoplastic resin sufficiently to cause the fusion
      and/or combustion thereof, thereby facilitating the withdrawal of the
      tension steel cables.
PAR  In a modification of the foregoing, electric current is passed through the
      anchor elemental steel cables themselves, thereby heating them
      sufficiently to cause the combustion or fusion of the thermoplastic resin
      surrounding the bundled steel cables and facilitating their withdrawal.
PAR  In another embodiment, a conduit is provided within or adjacent the
      encasing thermoplastic material, and combustion means are provided therein
      to cause fusion and/or combustion of the thermoplastic material.
PAR  The combustion means may be a combustible powder or rod, or a burner may be
      employed to ignite gas mixtures within the conduit, or a combination of
      combustible powder, rod and gas mixture may be used.
PAR  Preferably, the electric heating wires, or the cables employed as such, and
      the conduit extend for substantially the entire length of the
      thermoplastic material encasing the steel tension cables. As used in the
      specification and claims, reference to the electrical heating wires being
      "disposed about" bonding material includes such wires being around, within
      or adjacent to such material.
PAR  Any suitable thermoplastic resin may be employed to encase the steel
      tension cables; epoxy resins, polyester resins and urethane resins are
      preferred.
DRWD
PAR  Other objects and advantages of the present invention will become clear
      from considering in detail certain preferred embodiments of the invention
      described below in connection with the attached drawings which form a part
      hereof and wherein:
PAR  FIG. 1 is a longitudinal section view of one embodiment of the invention
      showing an encased steel cable anchor supporting a revetment wall,
      including combustion means to effect de-bonding of the encasing material;
PAR  FIG. 2 is a cross-sectional view taken along line II--II of FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view similar to that of FIG. 1 showing
      another embodiment of the invention including combustion means to effect
      de-bonding of the encasing material;
PAR  FIG. 4 is a cross-sectional view taken along line IV--IV of FIG. 3;
PAR  FIG. 5 is a longitudinal sectional view similar to that of FIG. 1, showing
      another embodiment of the invention including an electrical heating wire
      to effect de-bonding of the encasing material;
PAR  FIG. 6 is a cross-sectional view taken along line VI--VI of FIG. 5;
PAR  FIG. 7 is a longitudinal sectional view similar to that of FIG. 1, showing
      another embodiment of the invention including an alternative construction
      of electrical heating wires to effect de-bonding of the encasing material;
PAR  FIG. 8 is a cross-sectional view taken along the line VIII--VIII of FIG. 7;
PAR  FIG. 9 is a longitudinal sectional view similar to that of FIG. 1, showing
      another embodiment of the invention including electrical connections to
      selected steel cables for heating to effect de-bonding of the encasing
      material;
PAR  FIG. 10 is a cross-sectional view taken along line X--X of FIG. 9;
PAR  FIG. 11 is an end view of the tension steel cables of the anchor of FIG. 9
      taken in the direction of the arrow F in FIG. 9; and,
PAR  FIG. 12 is a cross-sectional view showing the electric connection between a
      pair of elemental steel cables typical of the connection of the cables in
      the embodiment of FIG. 9.
DETD
PAR  Referring now to FIGS. 1 and 2, an anchor assembly is generally indicated
      by the letter A. The anchor assembly is constructed, generally, by first
      preparing an elongated hole 9 in the ground, into which an expansible tube
      is inserted. Mortar or concrete is then injected between the tube and the
      hole. The expansible tube is thereafter caused to expand under hydraulic
      pressure, in the known manner, and pressure is thereby exerted on the
      mortar or concrete which is pressed against the surrounding earth under
      pressure while it hardens. Means are provided, also in the known manner,
      to prevent escape of the mortar under pressure from the opening of the
      hole 9. After the lapse of a suitable amount of time, the application of
      pressure is decreased in order to contract the expansible tube and the
      tube is withdrawn from the hole leaving behind a body of hardened mortar 1
      having a hollow portion 10 formed therein. Thereafter, a tension steel
      cable assembly 3 is inserted within the hollow portion 10 of anchor body
      1. Tension steel cable assembly 3 is composed of a plurality of individual
      steel cables 4 made of steel wire or steel rod. The plurality of
      individual cables 4 are disposed about the circumference of a plurality of
      hoop-like spacers 5, and bundled thereon by binding members 6, which
      advantageously may be wires.
PAR  Spacers 5 are distributed at spaced intervals along substantially the
      entire length of cable assembly 3, as shown in FIG. 1.
PAR  As also seen in FIG. 1, anchor assembly A, specifically cable assembly 3
      thereof, is affixed in the known manner to a fixing member 8 which secures
      it against a revetment wall 7. Revetment wall 7 is thereby supported by
      the anchor assembly against the pressure of the earth, sand, etc.
      contained behind it.
PAR  The embodiments of the invention illustrated in the other FIGURES are also
      shown as connected to respective revetment walls 7 in similar fashion.
      Some parts of the anchor assemblies shown in the other FIGURES are
      numbered identically to corresponding parts shown in FIGS. 1 and 2.
PAR  A pipe 12, suitably made of a metal or synthetic resin, is inserted within
      cable assembly 3 by being passed through the center of hoop-like spacers
      5, as best seen in FIG. 2.
PAR  A thermoplastic resin 2 is then charged into the hollow portion 10 of
      anchor body 1 by means of a pipe 11 inserted into hollow portion 10. Upon
      setting of the thermoplastic resin 2, cable assembly 3 is fixed in place
      within anchor body 1.
PAR  Thermoplastic resin 2 may be any suitable thermoplastic material such as an
      epoxy resin, polyester resin, urethane resin or the like. Generally, as
      aforesaid, in any embodiment of the invention, any material may be
      employed in place of resin 2, which material will harden in place to
      effectuate a strong bond between the cable assembly and the anchor body,
      and which, upon a suitable degree of heating, will either melt or fuse, or
      be combusted, so as to release the bonding force upon the cable assembly.
PAR  As explained in more detail hereinbelow, pipe 12 provides a conduit which
      serves as a receptacle for the insertion of a combustible material which
      is ignited therein when it is desired to effectuate loosening and
      withdrawal of tension steel cable assembly 3. Accordingly, one end of pipe
      12 is accessible from the surface end of the anchor assembly to permit
      introduction of a combustible substance therein.
PAR  Referring now to FIGS. 3 and 4, an anchor assembly representing a different
      embodiment of the invention is generally designated by the letter B.
PAR  In this case, a tension steel cable assembly 14 is composed of a plurality
      of steel cables 16 disposed continuously about the circumference of a pipe
      15, as best seen in FIG. 4. The plurality of steel cables 16 are bundled
      into a unitary structure by binding members 17 which may suitably be steel
      wire or steel banding.
PAR  A suitable thermoplastic resin 18 is applied to steel cable assembly 14 so
      as to entirely surround and encase tension steel cable assembly 14 in
      hardened thermoplastic resin 18. An elongated hole 19 is provided in the
      ground and encased cable assembly 14 is inserted therein. Thereafter,
      mortar or concrete 13 is inserted into hole 19 under pressure in the known
      manner to form anchor body 13 about tension steel cable assembly 14 and
      hardened resin 18 encasing it.
PAR  As shown in FIG. 3, pipe 15 is substantially coextensive with individual
      steel cables 16, actually extending somewhat beyond them. Similarly, with
      reference to FIGS. 1 and 2, pipe 12 is substantially coextensive with,
      i.e., extends slightly beyond, individual steel cables 4. Both pipes 12
      and 15 provide a conduit or receptacle within which a suitable,
      non-explosive combustible powder, such as thermite powder, or black
      powder, or the like, may be charged, pipes 12 and 15 being accessible from
      their surface ends for the introduction of combustible substance therein.
      Alternatively, suitable burner means such as a gas burner or a jet flame
      burner such as one in which thyrosine and oxygen are employed as the main
      components for combustion, may be inserted within the pipe 12 or 15. As
      another alternative, a combustible rod such as an aluminum rod with carbon
      adhering therearound may be inserted into the pipe 12 or 15 and means for
      continually feeding oxygen therein may be supplied. Either or any of the
      above described means may be utilized to cause combustion, within the
      respective pipes 12 and 15, of sufficient intensity and duration to cause
      the de-bonding, by melting or combustion, of the respective thermoplastic
      resins 2 and 18, to thereby release the respective tension steel cable
      assemblies 3 and 14 from being bound to their respective anchor bodies 1
      and 13. Thus, the easy withdrawal of the tension steel cables is
      permitted.
PAR  As used in this specification and in the claims, reference to the
      de-bonding of the thermoplastic resin or other bonding material means
      destruction of its bonding ability as by fusion or melting of the
      material, and/or combustion of the same. Similarly, reference to "cables"
      shall include steel rods such as reinforcing rods, as well as wire rope,
      strands, cables and the like.
PAR  An obvious alternative to the above described structure and procedure is to
      provide a hole or opening extending substantially throughout the body of
      hardened thermoplastic resin 2 or 18 for charging the combustible material
      therein, or accommodating a burner therein. That is to say, a pipe 12 or
      15, while a convenient means of forming the receptacle conduit, need not
      necessarily be left behind in the completed structure, but a hole may be
      formed therein by any suitable means without the provision of a pipe.
PAR  Referring now to FIGS. 5 and 6, an anchor assembly representing yet another
      embodiment of the invention is generally indicated by the letter C, and is
      generally similar to the construction shown in FIGS. 1 and 2. Thus, a
      plurality of steel tension cables 16 are assembled into a cable assembly
      23 about the periphery of each of a series of hoop-like spacers 5, and
      held thereby by binding members 6. A continuous electrical heating wire 22
      is wound about cable assembly 23 along substantially the entire length
      thereof, and is doubled back so that both free ends 22' are at the surface
      end of cable assembly 23. The free ends 22' are extended to project beyond
      revetment wall 7 in the finished assembly, and thus to provide means to
      connecting heating wire 22 to a source of electrical potential.
PAR  The anchor body 20 comprises a concrete or mortar member formed in the
      ground by any suitable means, and having a hollow portion 21 thereof into
      which the cable assembly 23 is inserted. A thermoplastic resin 25 is
      charged into the hollow portion 21 of anchor body 20 by a pipe 24 and,
      upon hardening, thermoplastic resin 25 provides a unitary anchor assembly,
      bonding cable assembly 23 to anchor body 20.
PAR  As explained in detail hereinbelow, by the passage of an electrical current
      through heating wire 22 the thermoplastic resin 25 bonding tension steel
      cable assembly 23 to anchor body 20 is de-bonded by melting the same.
PAR  Referring now to FIGS. 7 and 8, an anchor assembly representing yet another
      embodiment of the invention is generally indicated by the letter D. As
      shown in FIGS. 7 and 8, a tension steel cable assembly 27 is comprised of
      a plurality of individual steel cables 16 formed into a bundle by binding
      members 29 and encased within an electrical insulating material 30 which
      advantageously is a thermoplastic resin. A heating wire 31 is wound around
      substantially the entire length of insulating material 30 covering tension
      steel cable assembly 27, and is doubled back so that both free ends 31'
      are at the surface end of cable assembly 27. A covering of thermoplastic
      resin 32 is then formed about insulating material 30 and heating wire 31.
      The thus encased steel cable assembly 27 is inserted into an enlongated
      hole formed in the ground and mortar or concrete 26 is then inserted into
      the hole under pressure thereby completing the construction of the anchor
      assembly. The free ends 31' of heating wire 31 are extended beyond the
      surface end of the anchor assembly to project outside revetment wall 7.
      The free ends 31' thus provide means to connect the heating wire to a
      source of electrical potential.
PAR  When it is desired to remove respective anchor assemblies C or D, electric
      current is fed through the respective heating wires 22 and 31 whereupon
      respective bonding thermoplastic resins 25 and 32 and/or insulating
      material 30 is encased to be de-bonded by fusion and/or combustion
      thereof, which releases respective steel cable assemblies 23 and 27 so
      that they may be readily removed from the respective anchor assemblies.
PAR  Referring now to FIGS. 9 and 10, an anchor assembly representing yet
      another embodiment of the invention is generally designated by the letter
      E. A tension steel cable assembly 35 is composed of a plurality of
      individual steel cables 37 bundled together by binding wires 38. Each
      individual steel cable 37 is covered at spaced intervals along the length
      thereof with strips of electrical insulating material 39, such as an
      insulating tape, glass wool, asbestos, or the like, wrapped around the
      circumference of each individual cable 37. As best seen in FIG. 12, the
      strips of electrical insulating material 39 are sufficiently thick and
      wide and located at repeated intervals spaced one from the other at
      distances close enough to prevent contact between adjacent individual
      steel cables 37. The portion of the circumference of the individual steel
      cables 37 not covered by insulating material 39 is enveloped in a suitable
      thermoplastic resin 40. Resin 40 may itself be an electrical insulating
      material, but the essential distinction is that resin 40 is fusible or
      combustible by the electrical current to be passed through the cables 37
      as described hereinbelow, whereas insulating material 39 is not.
PAR  Pairs of individual steel cables 37 are connected in electric current flow
      communication by connecting wires 41 fastened thereto by any suitable
      means. Lead wires 42 are connected to the opposite (surface) end of such
      paired individual cables 37 in order to form an electric flow circuit
      through connected pairs of cables 37. Lead wires 42 provide means to
      connect the paired cables 37 to a source of electrical potential.
PAR  As shown in FIG. 11, in this particular case wherein one individual steel
      cable (in the center of the bundle) is entirely surrounded by other
      individual steel cables, the single cable which is in contact only with
      cables electrically connected in pairs is not itself connected into an
      electrical circuit.
PAR  In order to construct the anchor assembly E, tension steel cable assembly
      35 made up of coated cables, is inserted into an elongated hole 36 bored
      in the ground, and a suitable mortar or cement 34 is injected therein
      under pressure to form the anchor assembly.
PAR  When it is desired to withdraw tension steel cable assembly 35 from the
      ground, lead wires 42, connected to a suitable source of electrical
      energy, are connected to respective pairs of individual steel cables 37
      coupled by the connecting wire 41 into an electrical circuit. The electric
      current is fed thereto, which results in heating the cables 37 thereby
      causing destruction by combustion of fusion of bonding thermoplastic resin
      40 surrounding individual steel cables 37. The individual cables 37 are
      thereby released from the disintegrating thermoplastic 40 and withdrawn
      from the anchor. Tension steel cable assembly 35 may be withdrawn as a
      unit, depending on its size, or individual paired cables 37, 37 may be
      withdrawn one at a time. Insulating material 39 is uneffected by the
      heating of cables 37 and the destruction of thermoplastic 40, and serves
      to maintain individual steel cables 37 separate one from the other to
      prevent short circuiting of the electric current during the heating
      operation. Thus, in this embodiment, the steel cables themselves serve as
      the heating wires.
PAR  While the invention has been described in detail with respect to specific
      embodiments thereof, it will be apparent upon a reading and understanding
      of the foregoing description that numerous modifications and alterations
      may be made to the specific structures and method described herein, which
      alterations and modifications are nonetheless within the spirit and scope
      of the present invention. It is intended to include all such modifications
      and alterations within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of withdrawing steel cables having terminal end portions from a
      cable anchor which includes at least one steel cable encased in a
      thermally fusible, combustible thermoplastic resin bonding material,
      having a fusing temperature and a combustion temperature, and embedded
      within a hardenable material, said method comprising the steps of: heating
      said thermally fusible bonding material within said hardenable material to
      at least said fusing temperature wherein said cable is debonded from said
      bonding material, and applying a tensional force longitudinally along said
      cable, thereby withdrawing said cable from said anchor.
NUM  2.
PAR  2. The method described in claim 1 wherein said heating step further
      includes continuing said step of heating said bonding material above said
      combustion temperature.
NUM  3.
PAR  3. The method of claim 1 wherein said step of heating comprises applying
      electric current to an electrical heating element wound around said steel
      cable along substantially its entire length within said bonding material
      of said cable anchor.
NUM  4.
PAR  4. The method of claim 1 wherein the anchor contains a plurality of said
      steel cables, said cables being electrically connected in pairs at their
      terminal end portions and wherein said step of heating comprises applying
      an electrical current to said electrically connected pairs of said steel
      cables, each of which is otherwise electrically insulated from the
      remaining said steel cables within said anchor.
NUM  5.
PAR  5. The method of claim 1, wherein said thermoplastic material is selected
      from the class consisting of epoxy resin, polyester resin, and urethane
      resin.
NUM  6.
PAR  6. The method of claim 1, wherein said bonding material is heated by
      applying electrical current through an electrical heating conductor within
      said cable anchor.
NUM  7.
PAR  7. The method of claim 1, wherein said bonding material is de-bonded by
      applying heat thereto by combusting a combustible substance.
NUM  8.
PAR  8. The method of claim 7, wherein said combustible substance is selected
      from the class consisting of thermite powder and black powder.
NUM  9.
PAR  9. The method of claim 7, wherein said combustible substance comprises a
      rod of combustible material.
NUM  10.
PAR  10. The method of claim 9, wherein said combustible rod is made of aluminum
      and carbon.
NUM  11.
PAR  11. The method of claim 7, wherein said combustible substance comprises a
      combustible gas.
NUM  12.
PAR  12. The method of claim 11, wherein combustion means are employed to supply
      and ignite said combustible gas.
NUM  13.
PAR  13. The method of claim 7, wherein said combustible substance is combusted
      within a receptacle supplied within said bonding material.
NUM  14.
PAR  14. The method of claim 13, wherein said receptacle is a pipe disposed
      within said bonding material.
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ABST
PAL  A cotter pin having a conical circumferential recess is provided for
      securely attaching extrusions and the like to frame members in business
      machines and other apparatus, such recess serving to translatably carry a
      C-shaped spring member as between discrete positions of varying diameters
      within the recess, insertion of the pin through an aperture formed in the
      frame member, with a concave resilient washer disposed adjacent the head
      thereof, into a cylindrical channel formed in the extrusion serving to
      translate the C-shaped spring to a discrete position corresponding to the
      smallest diameter of the recess, to thereby permit ready ingress of the
      pin to a position in the channel wherein the head of the pin has
      effectuated a yielding action of the resilient washer, release of the pin
      upon completion of its insertion serving to translate the C-shaped spring
      to a discrete position within the recess where it is grippably impinged
      between a larger diametered portion of the recess and the walls of the
      cylindrical channel, such translation to said grippable position being
      effectuated by a slight outward movement of the pin in the channel as
      motivated by the restoring action of the resilient washer.
PARN
PAR  This is a division of application Ser. No. 356,394, filed May 2, 1973, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to methods and means for attaching
      extrusions and the like to frame members, as for example for attaching
      various kinds and types of horizontal supporting members to side frames of
      a nature commonly used in business machines and the like.
PAR  2. Description of the Prior Art
PAR  As is well known in the mechanical arts, many different methods and means
      have been utilized for attaching extrusions and other types of formed
      members to frame structures, such methods and means involving a wide
      variety of schemes of varying degrees of complexity. A common motive
      underlying the provocating inventive effort that has given rise to such
      variety of arrangements has been the desire to achieve a completely
      reliable connection between such members at minimal material and labor
      costs.
PAR  Typical of the prior art methods and means for attaching extrusions and the
      like to frame members are those illustrated in FIGS. 1 through 3. In FIG.
      1 an extrusion 1 is shown attached to a frame member 3 by means of a screw
      5 inserted through an aperture formed in the frame member and into a
      cylindrical channel 7 formed in the extrusion 1, the channel 7 being
      provided with threads 9 for retainably receiving the threads of the screw
      5. In FIG. 2 an extrusion 1 having a vertical slot 11 formed therein is
      shown attached to a frame member 3 by means of a pin 13 slidably disposed
      in the cylindrical channel 7 of the extrusion 1, the pin 13 having a head
      portion 15 and a circular groove 17, the groove 17 being accessible by
      means of the vertical slot 11 for installing an E-ring retainer 19
      thereinto, a helical spring 21 also being disposed on the pin 13
      interposed between the leftmost extremity of the slot 11 and the E-ring
      retainer 19, the function of the helical spring 21 being to resiliently
      urge the pin 13 to a fully engaged position with respect to the channel 7
      such that the head 15 thereof is held in contact with the frame member 3.
      In FIG. 3 an extrusion 1 having a vertical slot 11 is shown in attached
      relationship relative to a frame member 3 by means of a headless pin 23
      that is slidable in the cylindrical channel 7 of the extrusion 1, the pin
      23 also having a circular groove 17 formed therein which is accessible by
      means of the vertical slot 11 for installing an E-ring retainer 19
      thereinto, a helical spring 21 being disposed on the pin 23 interposed
      between the E-ring retainer 19 and the leftmost extremity (as viewed in
      FIG. 3). of the vertical slot 11. The helical spring 21 thus biases the
      pin 23 in an outward direction relative to the extrusion 1 to thereby hold
      a tip end 25 of the pin into engaged relationship relative to an aperture
      formed in the frame member 3.
PAR  The disadvantages of these prior art attachment methods share the common
      characteristic of relatively high materials and labor costs. For example
      the arrangement illustrated in FIG. 1 requires the use of a screw and the
      performance of an additional machining operation on the extrusion 1, that
      of forming the threads 9 in the walls of the cylindrical channel 7. The
      arrangement of FIG. 2, while eliminating the need of a screw, requires
      still a different additional machining operation on the extrusion 1, that
      of forming the vertical slot 11, and the performance of a difficult
      assembly operation involving the installation of the helical spring 21 and
      the E-ring retainer 19 on the pin 13 within the confined area of the slot
      11. The arrangement of FIG. 3 also requires the additional slot-cutting
      machining operation on the extrusion 1, and the performance of the
      difficult and time consuming assembly operation referred to above in
      connection with the FIG. 2 arrangement.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide an improved
      method for attaching extrusions and the like to frame members wherein
      costly machining operations to the extrusions are minimized, as by
      eliminating the need for slotting the extrusions and for threading the
      cylindrical channels formed therein.
PAR  Another object of the invention is to provide improved means for attaching
      extrusions and the like to frame members wherein economies may be realized
      by eliminating the need of screws and E-ring retainers.
PAR  It is still a further object of the present invention to provide an
      improved method for attaching extrusions and the like to frame members
      wherein economies may also be realized in labor expense, as by eliminating
      difficult and time consuming assembly tasks.
PAR  Still another object of the present invention is to provide a means of
      attaching extrusions and the like to frame members that is completely
      reliable and provides optimized resistance to the displacement of the
      extrusions from the frame members.
PAR  Yet another object of the present invention is to provide a means of
      attaching extrusions to frame members wherein the connection therebetween
      is not susceptible of failure due to environmental vibrations and forces
      applied to the extrusions or to the frame members.
PAR  An important aspect of the inventive method for attaching extrusions and
      the like to frame members is the provision of a cotter pin having a
      conical circumferential recess disposed along a shank portion thereof, and
      a C-shaped spring translatably carried in the conical recess to assume
      discrete positions therein corresponding to varying diameters of the
      recess, insertion of the cotter pin into a cylindrical channel formed in
      the extrusion serving to translate the C-shaped spring to a discrete
      position corresponding to the smallest diametered portion of the recess,
      and the application of an expelling force to the pin serving to translate
      the C-shaped spring to a discrete position wherein a grippably impinging
      relationship with the walls of the cylindrical channel is established,
      withdrawal of the pin from the channel and displacement of the extrusion
      from the frame member being accordingly rigorously resisted.
PAR  Another aspect of the invention is the use of a resilient concave washer in
      association with the conically recessed cotter pin, the washer being
      installed on the pin to a position adjacent the head thereof before the
      pin is passed through an aperture formed in the frame member and inserted
      into the cylindrical channel of the extrusion, the effect of such
      resilient washer, after the pin has been fully inserted into the extrusion
      to a point where the washer has yielded to the insertional force applied
      by the head of the pin, is to urge the pin slightly outwardly of the
      channel to thereby translate the C-shaped spring to a position of
      grippable impingement against the walls of the cylindrical channel.
PAR  A further aspect of the invention is the provision of an improved method
      for attaching extrusions of a relatively lightweight nature to frame
      members in a vibration-free environment, such method involving the use of
      another embodiment of the inventive cotter pin which provides a circular
      groove rather than a conical recess for carrying the C-shaped spring, the
      inner diameter of the circular groove supporting the spring when in a
      compressed state to thereby establish a moderate gripping relationship
      with the walls of the cylindrical channel, insertion and withdrawal of the
      pin relative to the channel being characterized by a resistive dragging
      action sufficient for opposing the displacement of the extrusions from the
      frame members.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other objects and advantages of the invention will be apparent
      from the following description when read in conjunction with the
      accompanying drawing figures, wherein:
PAR  FIG. 1 is a partial sectional view of a prior art method for attaching
      extrusions to frame members involving the use of screws and the formation
      of threads in the extrusion channels;
PAR  FIG. 2 is a partial sectional view of another prior art method for
      attaching extrusions to frame members involving the slotting of the
      extrusions and the use of biased slidable pins in the extrusion channels;
PAR  FIG. 3 is a partial sectional view of still another prior art method for
      attaching extrusions to frame members involving the slotting of the
      extrusions and the use of biased and slidable headless pins in the
      extrusions channels;
PAR  FIG. 4 is a partial sectional view of the improved method for attaching
      extrusions to frame members, as disclosed and claimed in the present
      application;
PAR  FIG. 5 is an illustration of the preferred embodiment of the inventive
      cotter pin utilized in the improved method of attachment shown in FIG. 4;
PAR  FIG. 6 is a partial sectional view of an improved method of attachment that
      is suitable for lightweight extrusions in a vibration-free environment;
      and
PAR  FIG. 7 is a detailed view of the inventive cotter pin utilized in the
      attachment method shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Improved methods for attaching extrusions and the like to frame members in
      business machines and other apparatus are hereinafter described with
      reference to FIGS. 4 through 7, a preferred method being described with
      reference to FIGS. 4 and 5, and a further method, which is particularly
      suitable for attaching lightweight extrusions to frame members in a
      vibration-free environment, is described with reference to FIGS. 6 and 7.
PAR  The cotter pin utilzed in the preferred attachment method, generally
      indicated at 26 in FIG. 4, is comprised of a head portion 15, a nose
      portion generally indicated at 27 in FIG. 5, and a shank portion 29, the
      nose portion 27 being comprised of conical slopes 31 leading in an
      increasing order of diameter from the insertional edge thereof, and a pair
      of oppositely disposed flatted surfaces 33 that interrupt the continuity
      of the conical slopes 31. The cotter pin 26 is additionally provided with
      a conical recess 35 disposed intermediate the nose portion 27 and the
      shank portion 29, the slopes of such conical recess being inversely
      disposed relative to the conical slopes 31 of the nose portion 27. Carried
      in the conical recess 35 is a C-shaped spring 37 which is translatable to
      discrete positions within the recess that corresponds to varying diameters
      thereof, a position immediately adjacent the shank portion 29
      corresponding to the smallest diametered portion of the recess and a
      position immediately adjacent the nose portion 27 corresponding to the
      largest diametered portion of the recess.
PAR  It can be seen with reference to FIG. 4 that installation of a concave
      resilient washer 39, of the Bellville type, on the shank portion 29
      adjacent the head portion 15 of the pin 26, and insertion of the pin 26
      through an aperture formed in the frame member 3 and into a cylindrical
      channel 7 formed in the extrusion 1 will result in the translation of the
      C-shaped spring 37 to a discrete position corresponding to the smallest
      diametered portion of the conical recess 35, to thereby permit ready
      ingress of the pin 26 into the channel 7. A continued inward insertional
      thrust of the pin 26 into the channel 7, as by applying force to the head
      portion 15, will be effective to compress the concave resilient washer 39
      between the frame member 3 and the head portion 15 and to effectuate a
      slight additional insertional movement of the pin 26 into the channel 7.
      Release of the force applied to the head portion 15 will permit a slight
      outward movement of the pin 26 within the channel 7, as motivated by the
      restoring action of the resilient washer 39, such slight outward movement
      of the pin 26 being effective to translate the C-shaped spring 37 to a
      position corresponding to a larger diametered portion of the recess 35 and
      into a grippable impinging relationship with the walls of the channel 7.
      This grippable impinging relationship of the C-shaped spring 37 with the
      walls of the channel 7 will serve to rigorously resist withdrawal of the
      pin 26 from the extrusion and displacement of the extrusion from the frame
      member. As a matter of fact, this grippable action of the C-shaped spring
      37 against the walls of the channel 7 will generally be such that the pin
      26 cannot be removed from the extrusion, except by means of a bifurcated
      tool (not shown), the two prongs of the tool being insertable into the
      inner end of the channel 7 to thereby bypass the flattened surfaces 33 of
      the nose portion 27 of the pin 26 and to contactably engage the C-shaped
      spring 37, a slight dislodging force applied by the tool being effective
      to displace the C-shaped spring from its grippable impinging relationship
      relative to the walls of the channel 7 and the larger diametered portion
      of the recess, withdrawal of the pin 26 from the extrusion 1 and
      displacement of the extrusion from the frame member 3 being thereby
      enabled.
PAR  Another embodiment of a cotter pin effective for attaching lightweight
      extrusions 1 to frame members 3 in a vibration-free environment is
      illustrated in FIG. 7 and generally indicated at 41 in FIG. 6. Cotter pin
      41 is provided with a head portion 15, a nose portion 27 having conical
      slopes 31 similar to the slopes of the pin 26, and a shank portion 29
      connecting the head portion 15 and the nose portion 27. Interposed between
      the shank portion 29 and the nose portion 27 of the pin 41 is a circular
      groove 43 for carrying the C-shaped spring 37, such spring being
      compressible within the groove 43 to present an outer diameter slightly
      larger than the diameter of the shank portion 29 and substantially equal
      to the inner diameter of the channel 7 formed in the extrusion 1. It can
      be seen from FIG. 6 that insertion of the pin 41 through an aperture
      formed in the frame member 3 and into the cylindrical channel 7 formed in
      the extrusion 1, to a position wherein the head portion 15 abuttably
      contacts the outer surface of the frame member 3, will be accompanied by a
      resistive drag of the compressed spring 37 against the walls of the
      channel 7, such resistive drag serving to oppose withdrawal of the pin 41
      from the extrusion 1, such opposition being effective to prevent
      displacement of lightweight extrusions in such environments.
PAR  Although the inventive cotter pins 26 and 41, and their utilization in
      effecting improved means for attaching extrusions to frame members, have
      been described herein in considerable detail, it will be appreciated that
      various modifications in either the structure or utilization of the pins
      may be made by persons skilled in the art without departing from the true
      spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of attaching an extrusion or the like to a frame member or the
      like, said method being effective for providing a secure connection
      therebetween irrespective of the weight of the extrusion or the
      displacement forces applicable to the extrusion or to the frame member
      that would tend to effectuate their inadvertent disconnection, said method
      comprising the steps of:
PA1  a. forming a cylindrical channel in said extrusion in an edge thereof that
      is to be connected to said frame member,
PA1  b. forming an aperture of equal or slightly greater diameter than the
      diameter of said cylindrical channel in said frame member in an area
      thereof to which said extrusion is to be attached,
PA1  c. selecting or forming a self-locking pin of predetermined configuration
      and of a diameter slightly less than the diameter of said cylindrical
      channel, said predetermined configuration of said pin providing a shank
      portion defining the diameter of said pin, a head portion, a nose portion
      opposite said head portion and including inclined conical slopes leading
      in an increasing order of diameter from a leading edge thereof, a conical
      recess contiguous to and sloping inversely relative to said conically
      sloping nose portion, and a compressible and expandable C-shaped spring
      translatably carried in said conical recess and having an outer diameter
      slightly greater than the diameter of said shank portion when said spring
      is disposed in a relaxed state in a discrete position corresponding to the
      smallest diameter of said recess,
PA1  d. installing a resilient concave washer on the shank portion of said pin
      adjacent the head portion thereof,
PA1  e. inserting said self-locking pin through said aperture formed in said
      frame member and into said cylindrical channel formed in said extrusion,
      said insertion being accompanied, nearing the completion thereof, by the
      application of sufficient force to overcome the resiliency of said washer
      between said head portion of said pin and said frame member, and
PA1  f. releasing said pin to the expelling force applied by said resilient
      concave washer thereto, said expelling force being effective to translate
      said pin slightly outwardly of said channel and to thereby expandably
      translate said C-shaped spring carried in said conical recess to a
      discrete position therein corresponding to an increased diameter thereof
      wherein said spring is grippably impinged against the walls of said
      cylindrical channel formed in said extrusion to rigorously resist
      withdrawal of said pin therefrom and separation of said extrusion from
      said frame member.
NUM  2.
PAR  2. A method involving the use of a self-locking pin of predetermined
      diameter and configuration for securably connecting a pair of like or
      unlike members, said method comprising the steps of:
PA1  a. forming a cylindrical channel of slightly greater diameter than the
      diameter of said pin in a first of said members,
PA1  b. forming an aperture of equal or slightly greater diameter than the
      diameter of said cylindrical channel of said first member in a second of
      said members,
PA1  c. physically aligning said pair of members such that said aperture formed
      in said second member is registered with said cylindrical channel formed
      in said first member,
PA1  d. installing a resilient concave washer on a shank portion of said
      self-locking pin in abutting relationship with a head portion thereof,
      said self-locking pin being further characterized by a conically sloping
      nose portion oppositely disposed of said head portion, a conical recess
      contiguous to and sloping inversely relative to said conically sloping
      nose portion, and a compressible and expandable C-shaped spring
      translatably carried in said conical recess and having an outer diameter
      slightly greater than the diameter of said shank portion when said spring
      is disposed in a relaxed state in a discrete position corresponding to the
      smallest diameter of said conical recess,
PA1  e. inserting said self-locking pin through said aperture formed in said
      second member and into said cylindrical channel formed in said first
      member, said insertion being accompanied, nearing the completion thereof,
      by the application of sufficient force to overcome the resiliency of said
      washer between said head portion of said pin and said second member, and
PA1  f. releasing said pin to the expelling force applied by said resilient
      concave washer thereto, said expelling force being effective to translate
      said pin slightly outwardly of said channel and to thereby translate said
      C-shaped spring carried in said conical recess to a discrete position
      therein corresponding to an increased diameter thereof wherein said spring
      is expandably and grippably impinged against the walls of said cylindrical
      channel formed in said first member to rigorously resist withdrawal of
      said pin therefrom and separation of said first and said second members.
NUM  3.
PAR  3. A method of connecting a pair of like or unlike members in secure
      abutting relationship without end-play therebetween and such that the
      members may not be separated upon the application of variable displacement
      forces, said method comprising the steps of:
PA1  a. forming a cylindrical channel of predetermined diameter in a first of
      said members,
PA1  b. forming an aperture of equal or slightly greater diameter than the
      diameter of said cylindrical channel in a second of said members,
PA1  c. forming a locking pin comprised of a head portion, a nose portion
      including inclined conical slopes leading in an increasing order of
      diameter from a leading edge thereof, an interconnecting cylindrical shank
      portion, and a conical recess disposed contiguous to and sloping inversely
      relative to said conically sloping nose portion, said shank portion having
      a diameter slightly less than the diameter of said cylindrical channel,
PA1  d. installing a resilient concave washer on the shank portion of said
      locking pin adjacent the head portion thereof,
PA1  e. disposing a compressible and expandable C-shaped spring in said conical
      recess of said locking pin, said spring having an outer diameter slightly
      greater than the diameter of said shank portion when said spring is
      disposed in a relaxed state in a discrete position of said recess
      corresponding to the smallest diameter thereof,
PA1  f. inserting said locking pin through said aperture formed in said second
      member and into said cylindrical channel formed in said first member, said
      insertion being accompanied, nearing the completion thereof, by the
      application of sufficient force to overcome the resiliency of said washer
      between said head portion and said second member, and
PA1  g. releasing said locking pin to the expelling force applied by said
      resilient washer thereto, said expelling force being effective to
      translate said pin slightly outwardly of said channel and to thereby
      expandably translate said C-shaped spring to a discrete position within
      said conical recess corresponding to an increased diameter thereof wherein
      said spring is grippably impinged against the walls of said cylindrical
      channel of said first member to rigorously resist withdrawal of said pin
      therefrom and separation of said first and said second members.
NUM  4.
PAR  4. The method of connecting a pair of like or unlike members as defined in
      claim 3 wherein the step of forming said locking pin includes the step of
      providing said nose portion and said conical recess with a pair of
      oppositely disposed flattened surfaces for permitting removal tool access
      through one end of said cylindrical channel to said spring when said first
      and said second members are securably connected together, the insertion of
      said removal tool communicating with said flatted surfaces to dislodge
      said spring from its impinging relationship with the walls of said
      cylindrical channel to thereby enable withdrawal of said locking pin from
      said cylindrical channel and separation of said first and second members.
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ABST
PAL  The method involves forming an impeller with a slightly out-of-round hole
      in the center, and an impeller shaft with a complementary out-of-round
      peripheral surface, slidably engaging the impeller and shaft together, and
      then rotationally torquing either the impeller or shaft (relative to the
      other) to effect a binding lock-up of the two.
PARN
PAR  This is a continuation of application Ser. No. 444,740 filed Feb. 22, 1974,
      now abandoned, and which was a division of application Ser. No. 349,656,
      filed Apr. 10, 1973 which issued as U.S. Pat. No. 3,826,587 on July 30,
      1974 to Hanns Hornschuch for a Centrifugal Gas Compressor Unit.
BSUM
PAR  This invention pertains to gas compressors, and in particular to a high
      speed multi-housing, multi-stage centrifugal gas compressor unit, for high
      compression ratios, having as its primary application natural gas service
      such as gathering, pipeline feed, gas injection and gas lift.
PAR  Present day centrifugal compressors used for natural gas service employ
      two, or three multi-stage centrifugal compressor units arranged "in line",
      driven through a step-up gear, and coupled through high-speed couplings.
      This results in a very lengthy machinery arrangement which is difficult to
      line up and to keep in alignment. Such arrangments are very susceptible to
      vibration, when the alignment becomes distorted. The individual compressor
      units are vibration-sensitive because of the long shaft overhangs,
      particlarly on the thrust bearing end. Compressor unit maintenance and
      servicing are time consuming, because the housings or casings of some of
      the machines, and usually portions of their associated piping, must be
      completely removed from a baseplate to gain access. So also, the in line
      arrangment requires a very elongate baseplate, which is space consuming,
      and therefore costly, particularly wherein the machinery is mounted on an
      off-shore platform.
PAR  It is, therefore an object of this invention to set forth an improved
      centrifugal gas compressor unit which avoids the aforenoted limitations in
      the prior art.
PAR  Another object of the invention is to teach a centrifugal gas compressor
      unit comprising a plurality of separate, elongate, gas compressor
      housings; a plurality of successive gas compressing stages within each of
      said housings; means for admitting gas to a first of said housings; means
      for discharging compressed gas from a last of said housings; means for
      communicating gas between each of said housings for successive gas
      compression; said stages each comprising a bladed gas compressor impeller
      and a vaned diffusor; a shaft confined within each of said housings,
      rotatably supporting said impellers; bearing means interposed between each
      of said shafts and housings for supporting said shafts for rotation; a
      gear housing, having parallel spaced apart walls, integral with said
      compressor housings; said compressor housings extending in parallel axes
      from, and perpendicular to, one of said walls of said gear housing; each
      of said shafts extending through both of said walls, and having a hollow
      gear shaft concentrically engaged therewith; each of said gear shafts
      carries gear means intermediate said walls; an idler gear, rotatably
      supported by and between said walls, drivingly engaged with a plurality of
      said gear means; a driving gear, rotatably supported by an between said
      walls, drivingly engaged with said idler gear at at least one of said gear
      means; and means replaceably coupled to said compressor housings for
      retaining said stages and impeller shafts in said compressor housings;
      wherein said stages and impeller shafts are slidably removable from said
      compressor housings, and from said gear housing, via ends of said
      compressor housings opposite said one wall, upon removal of said retaining
      means.
PAR  A feature of this invention comprises a multi-housing compressor having a
      plurality of gas compressing stages in each of parallel housings, the
      housings being integral with and extending perpendicularly from a gear
      housing. Rotor assemblies and associated diffusors are slidably
      replaceable from the respective housings, obviating any requirement to
      dismantle the gear housings. While the housings each receive gas,
      sequentially, for further compression, impellers and shafts in a plurality
      of the compressor housings are of identical weight, with the impellers
      thereof of identical axial length albeit of differing diameters.
DRWD
PAR  Further objects and features of this invention will become more apparent by
      reference to the following description taken in conjunction with the
      accompanying figures, in which:
PAR  FIG. 1 is a front, elevational view of an embodiment of the novel
      centrifugal gas compressor, according to the invention, with the cover
      plate removed for purposes of clarity;
PAR  FIG. 2 is a rear elevational view of the embodiment of Fig. 1;
PAR  FIG. 3 is a fragmentary and half axial illustration of the driving gear
      within the gear housing;
PAR  FIG. 4 is a fragmentary view of the idler gear within the gear housing;
PAR  FIGS. 5 and 5A are broken, half axial views partly in cross-section, of the
      second compressor housing. Views 5 and 5A are broken on section lines A-A
      and are to be understood to be substantially symmetrical about the axial
      centerline thereof.
PAR  FIG. 6 is an axial illustration of the impeller shaft of the third
      compressor housing, with but halves of the impellers thereof shown in
      cross-section; and
PAR  FIG. 7 is a simple diagrammatic illustration representative of the novel
      arrangement set forth herein for coupling the impellers to the impeller
      shafts.
DETD
PAR  As shown in FIGS. 1 and 2 the compressor 10, according to one embodiment,
      comprises a baseplate 12 which supports a gear housing 14. A plurality of
      three barrels or compressor housings 16, 18 and 20, are integral with the
      gear housing, and, extend therefrom, perpendicularly, in parallel axes.
      The gear housing 14 is defined by an inner wall 22 and an outer wall or
      cover plate 24. Within these walls a driving gear 26 and an idler gear 28
      are rotatably mounted as shown in FIGS. 3 and 4. Driving gear 26 (FIG. 1)
      is in mesh with gear 30 of the first compressor housing 16, and with the
      idler gear 28. In turn, idler gear 28 is in mesh with gears 32 and 32' of
      the second and third compressor housings 18 and 20, respectively. Driving
      gear 26 is mounted on a shaft 34 which has a coupling end 36 projecting
      from the outer wall or cover plate 24, whereat a prime mover can be
      coupled to impart driving torque to the gear train.
PAR  The gear housing 14 confines therewithin a reservoir 38, shown in FIGS. 1
      and 5. Reservoir 38 has a plurality of outlet ports 40 which receive
      conduits 42. The conduits 42 are flexible and are conformed to open onto
      those locations within the gear housing 14 whereat the gears of the gear
      train mesh. A pair of limbs 44 disposed between the baseplate 12 and gear
      housing 14 have conduits or passageways (not shown) formed therein, and
      lubricant discharged by conduits 42 is scavaged therethrough for
      collection in a sump (not shown) mounted therebelow.
PAR  The several housings have inlet and outlet flanged ducts for admitting gas,
      sequentially to each of the housings in turn. Accordingly, inlet flanged
      duct 46 admits gas to the first housing 16, this housing having an outlet
      flanged duct 48. The latter duct, by means of piping (not shown)
      communicates with the inlet flanged duct 46' of the second compressor
      housing 18, and gas discharged therefrom is passed through its outlet
      flanged duct 48' to compressor housing 20. The latter also has both an
      inlet flanged duct 46" and an outlet flanged duct 48" for discharging the
      final, totally compressed gas product to a using end item (or to storage).
PAR  in FIGS. 5 and 5A, only one compressor housing, specifically the second
      compressor housing 18, is shown.
PAR  However, the parts emplacement and cooperation are sufficiently similar, in
      housing 16 and 20, so illustration of housing 18 only, is deemed to be
      adequate.
PAR  An impeller shaft 50 is rotatably carried within the housing 18 and mounts
      impellers 52 for rotation in cooperative adjacency to diffusors 54.
      Diffusors 54 are supported within a diffusor housing 56 according to a
      method well known in the prior art. Locking nuts 58 threadedly fastened to
      the gear housing end of the shaft 50 secure the shaft within the gear
      housing 14, against a thrust collar 59. A hollow gear-shaft 60 is
      rotatably engaged with shaft 50 (by conventional means) and has formed
      thereon the gear 32 which derives rotary power from the driving gear 26. A
      number of impeller dummies 64 are carried on the other end of the impeller
      shaft 50. The dummies 64 are of the same axial length as each of the
      impellers 52 so that when it is desired to increase or decrease the
      compressor housing capability it remains only to substitute impellers for
      one or more of the dummies 64, or vice versa. The rotor assembly,
      comprising the impeller shaft 50, the impellers 52 and the dummies 64,
      together with the diffusors 54 and housing 56, are slidably removable, as
      a unit, from the end of housing 18 which is most remote from the gear
      housing 14, upon removal of retainer 66 whereupon bench dismantling of the
      unit can follow. Retainer 66 is engaged with an end seal 68 for securing
      the removable unit in the housing 18. Retainer 66, in turn, is held within
      the housing by a split ring 70 and an retaining ring 72. Both rings have
      surfaces which define a tapered wedge interface. Mounting and tensioning
      hardware (not shown) secures ring 72 to the retainer 66.
PAR  A lubricant passageway 74 is formed within the housing wall or cover plate
      24 for admitting lubricant into the reservoir 38, and also for conducting
      lubricant to shaft bearing 76. It is to be noted that reservoir 38, in
      addition to serving as a lubricant manifold, also serves to suppress the
      emission of gear noise from the gear housing 14. As FIGS. 1 and 5
      evidence, the reservoir extends fully across the housing 14, and
      substantially envelops the gear train. In defining a hollow, walled
      structure, which is substantially closed, it presents a sound buffer
      intermediate the gear train and the external periphery of the housing 14.
PAR  The locked end of shaft 50 is enclosed within a cover 78 secured by means
      of bolts 80 to the gear housing 14, cover 78 being replaceable for service
      of the rotor assembly,
PAR  To replace the slidably removable unit (rotor assembly, diffusors, diffusor
      housing) from the housing 18 it remains only to remove cover 78, unfasten
      the lock nuts 58 and, using a gear puller or the like on thurst collar 59,
      withdraw the hollow gear shaft 60 from the impeller shaft 50. Cover plate
      24 carries bearing 76 within a bearing housing 81 in an aperture, and both
      are removed therethrough with gear shaft 60. Then by removing rings 70 and
      72, and the retainer 66, the whole unit can be withdrawn without having to
      disassemble the gear housing 14.
PAR  It is the teaching of this invention to secure the impeller 52 to the
      impeller shaft 50 without any requirement for keying, bolting, or heating.
      With reference to FIG. 7 it will be noted that the nominal inside diameter
      82 of the impellers corresponds substantially with the nominal outside
      diameter 82' of the impeller shaft. However, the impeller mounting bores
      as well as the outside diameter of the shaft are formed as something other
      than true circles. That is, as shown in FIG. 7, a true circular surface if
      formed about the shaft, and within the impellers, would be represented by
      the dashed lines and the solid lines contiguous therewith. However, the
      impeller bores and the shaft outside diameter or periphery are formed with
      eccentric surfaces 84 which, therebetween, define three lobes 86. With the
      impeller bores and the shaft surface aligned, lobe-for-lobe, the impellers
      are freely, slidably mountable onto the shaft. Then, by forcefully
      torquing the impellers on the shaft, the priorly aligned lobes separate,
      rotationally, and effect a binding, circumferential-wedging relationship
      with adjacent surfaces 84. It is a teaching of this invention to torque
      these lobes 86 into such a bound engagement with the adjacent eccentric
      surfaces 84, as will be greater than any contrary torquing force
      experienced by the impellers while compressing gas. When necessary to
      remove an impeller it remains only to reverse the torque lock-up rotation
      to again slidably align the lobes of both of the impellers and the shaft,
      whereupon the impellers can be slid off the shaft.
PAR  This teaching, of circumferentially wedging the impellers 52 (and 52') onto
      the impeller shaft 50 (and 50') is, of course, particularly useful in the
      disclosed gas compressor unit 10. However, it has a universal
      applicability whenever and wherever it is desired to couple a first
      element to a second element. Thus, all broad practices wherein one element
      is secured to another, by the torqued coupling arrangement, and the method
      of its execution, as disclosed herein, is considered to be within the
      ambit of my teaching.
PAR  The gear train, as is evidenced in FIGS. 3, 4, and 5, comprises helical
      gears which are so oriented as to counter the thrust normally developed by
      the rotor assembly. Therefore, the thrust bearing 88 (FIG. 5) need not be
      so large as ordinarily would be necessary. This offers no small economies
      in machine-space requirements and costs.
PAR  Housings 18 and 20 contain shafts 50 and 50', respectively (FIGS. 5, 5A,
      and 6) which are identical in length, weight and configuration. So also,
      the impellers 52 are identical in weight and axial length "AL" with
      impellers 52'. This is true, notwithstanding the fact that impellers 52
      and 52' have different diameters D' and D. This is arranged by having
      impellers 52' with weighting metal downstream of the blade surface. The
      common weight and length of these rotor assemblies and the standard axial
      length of the impellers, greatly simplifies the fabrication, balancing,
      and alignment of the compressor unit 10.
PAR  While I have described my invention in connection with a specific
      embodiment thereof, it is to be clearly understood that this is done only
      by way of example, and not as a limitation to the scope of the invention,
      as set forth in the objects thereof and in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of coupling first and second members, comprising the steps of:
PA1  forming said members with surfaces which, upon the latter being interjoined
      in a first engagement mode, effect a mutual, slidable engagement
      therebetween, and upon said surfaces being interjoined in a second
      engagement mode, defined by only a rotation of the surface of one said
      members relative to the surface of the other of said members, effect a
      torqued, interference fit therebetween;
PA1  slidably engaging said members in said first engagement mode; and
PA1  rotating said surface of said one member relative to the surface of said
      other member; wherein
PA1  said forming step comprises forming said surface of said first member with
      at least three equidistant and arcuate lobes, spacing said lobes apart
      from each other with intervening portions of said surface, and forming
      said intervening portions with only a convex shape, and forming said
      surface of said second member with at least three, equi-distant,
      lobe-accommodating arcuate recesses, spacing said recesses apart from each
      other with intervening, concave-shaped portions of said second member
      surface; and
PA1  said first member comprises a compressor impeller shaft, and said second
      member comprises a compressor impeller.
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ABST
PAL  An auger device is used to attach rigidized surface insulation to a
      spacecraft. The auger is preferably screwed into an insulation tile which
      has been predrilled. The augertile combination is then fastened to the
      spacecraft using an attachment screw which penetrates the spacecraft skin
      and which is secured by a blind end fastener. In an alternate method, the
      auger is incorporated in the insulation tile when the latter is
      fabricated.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an improved method for attaching rigidized
      surface insulation to a spacecraft.
PAC  BACKGROUND OF THE INVENTION
PAR  Attaching or fastening rigidized surface insulation to a spacecraft such as
      an orbiter shuttle vehicle presents a number of problems. The technique
      presently in use provides for bonding of the insulation to a rigid strain
      arrestor plate which, in turn, is bonded to a strain isolator pad, the pad
      being bonded directly to the skin structure of the spacecraft. This
      technique suffers serious disadvantages. For example, the strain induced
      in adjacent components must be compatible in order for the insulation to
      remain in place. However, with the technique outlined above, large
      compatability stresses are induced in the various components due to
      thermally and mechanically induced strains. Further, the orbiter skin
      cannot be allowed to buckle since transverse stresses would be induced in
      the rigidized surface insulation tending to cause separation, and this is
      a problem with the technique in question. In addition, this technique
      requires that the external fastener heads be flush with the outer surface
      of the skin. The foregoing problems dictate a relatively heavy design
      thereby adding to the overall weight. Yet another problem concerns the use
      of bonding as a means of attaching the insulation since such bonding
      degrades the overall system reliability.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an auger device or mechanism is utilized
      to fasten rigidized surface insulation to a spacecraft. The auger can be
      screwed into an insulation tile or included therein when the tile is
      fabricated, and the combination of the auger and tile is fastened to the
      skin of the spacecraft through suitable means such as an attachment screw
      which penetrates the skin, and an associated fastener. The rigidized
      surface insulation is weak in tension and shear, and thus applying the
      loads required to keep the insulation in place on the spacecraft
      (effectively at a point) presents a problem. An auger, because of the
      large shear and bearing area employed thereby, permits the application of
      relatively large loads to the insulation.
PAR  Among a number of major advantages of the attachment method of the
      invention over the present "baseline" method of attachment described is
      the reduction in weight of the attachment device as compared with the
      attachment device currently used. Further, since the auger arrangement
      provides for attachment of the structure to the orbiter skin at only one
      point, the orbiter structure is free to deform, due, e.g., to thermally or
      mechanically induced loads, without inducing compatability stresses.
      Further in this regard, the orbiter structure can be designed so as to
      permit the skin to buckle thus providing the possibility of large weight
      savings. In addition, the attachment method of the invention eliminates
      the need for flush external fastener heads as was required in the
      fastening technique described above, thus providing a more lightweight
      design. Further, elimination of the need for the series bonding of the
      various components as described above, eliminates the unreliability
      associated with such bonding. Thus, to briefly summarize, the method of
      the invention eliminates compatibility stresses, reduces weight, and
      improves reliability as compared with the attachment method presently in
      use.
PAR  Other features and advantages of the invention will be set forth in or
      apparent from, the detailed description of a preferred embodiment found
      hereinbelow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partly in section and partly broken
      away, illustrating the auger attachment method of the invention;
PAR  FIG. 2 is a side elevational view of a rigid surface insulation member
      which has been predrilled in accordance with initial steps in the
      attachment method of the invention;
PAR  FIG. 3 is a side elevational view illustrating the screwing of the auger
      into a rigid surface insulation member; and
PAR  FIG. 4 is a plan view of a rigid surface insulation member with an auger
      screwed thereinto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an insulation attachment auger according to the
      invention is generally denoted 10. The auger 10 is used to attach a
      rigidized surface insulation (RSI) member or tile 12 to the body or base
      structure 14 of a spacecraft such as an orbiter shuttle vehicle. The auger
      10 is installed from the side of the RS1 member 12 which ultimately goes
      next to orbiter skin, i.e., auger 10 is screwed in from the side adjacent
      the base structure 14. The base structure 14 includes a spacecraft skin
      14a and a support arrangement therefor indicated by support elements 14b.
PAR  The auger 10 includes a hollow, substantially cylindrical stem 16 and a
      helical blade 18 which extends laterally outward from stem 16 as shown.
      Auger 10 is attached to the spacecraft base structure 14 by means of an
      attachment screw 22 which extends through a hole or aperture 14c in
      spacecraft skin 14a. Attachment screw 22 is mounted within auger stem 16
      by means of an arrangement including a plurality of preloaded "Belleville"
      washers or springs 24 which are disposed between the head 22a of
      attachment screw 22 and an annular insulating washer 26 which is seated at
      the base of auger stem 16. A generally annular, inwardly extending flange
      or abutment 16a supports washer 26 and screw 22 extends through central
      opening in washer 26 and flange 16a as illustrated. A blind fastener 28 is
      used to affix or fasten attachment screw 22 to the spacecraft skin 14a.
PAR  A lightweight fibrous pad 30 is located between the insulating tile 12 and
      the spacecraft skin 14a.
PAR  As is illustrated in FIGS. 1 and 2, in accordance with a preferred
      emodiment, a tool hole 20, a portion of which is shown at the top of FIG.
      1, is drilled into insulation tile 12 prior to the installation of the
      auger. In addition to the tool hole 20, a second hole 21 is predrilled on
      the opposite side of RSI tile 12 which receives the auger stem 16. The
      required depth for hole 21 is only enough to clear the head of attachment
      screw 22 and the Belleville washers 24. However, the RSI tile 12 may be
      predrilled to depth corresponding to the entire auger stem 16. If the RSI
      tile 12 is predrilled to the minimum depth, the portion of the auger stem
      16 above the head 22 a of attachment screw 22 and the Belleville washers
      will be filled with insulation material from the tile 12 since that
      portion of the auger stem 16 operates much in the manner of a cookie
      cutter.
PAR  Considering the various steps in the attachment method of the invention, as
      mentioned above and as can best be seen in FIG. 2, the insulating tile 12
      is first predrilled at 20 to provide a clearance hole for a tool to be
      described hereinbelow, and at 21 to provide a clearance for the auger stem
      16. The auger 10 is then screwed into the rigidized surface insulation
      tile 12 as illustrated in FIG. 3. Installation of auger 10 is effected
      through the utilization of a special tool which is indicated at 40 in FIG.
      3. As shown in FIG. 4, the closed outer end of auger 10 includes a
      diametric slot 42 and a central hole 44 that corresponds to the hole
      through which attachment screw 22 extends in FIG. 1. Tool 40 includes
      female threading (not shown) for receiving attachment screw 22 and a
      diametric land, indicated at 46 in FIG. 4, which mates with slot 42,
      similar to the operation of a spanner wrench. When the special tool 40 and
      the auger 10 are properly mated, the mated assembly is placed into the
      chuck 50 of a device such as a drill press (not shown). The drill press is
      used only to hold and align the auger 10 and the turning force, indicated
      by the arrow in FIG. 3, is provided, for example, by an end wrench or by a
      "cheater" bar inserted through a diametric hole 48 drilled into tool 40.
      When auger 10 is properly installed in RSI tile 12, tool 40 is removed by
      loosening attachment screw 22. Access to attachment screw 22 is provided
      through tool hole 20. It is noted that auger 10 is screwed into tile 12
      below the surface of the latter by 1/32 to 1/8  in. in an exemplary
      embodiment. This allows the auger 10 to be isolated from the spacecraft
      skin 14a thereby preventing relative vibration between the auger and the
      RSI tile. The auger-tile combination and associated pad are held in
      position relative to the spacecraft skin 14a and the end attachment screw
      22 is secured in place by use of blind end fastener. Attachment screw 22
      is tightened by means of a suitable tool such as an Allen wrench inserted
      through tool hole 20. At this stage the fibrous pad 30 is preloaded.
PAR  As indicated above, rather than screwing the auger 10 into tile 12, the
      auger 10 may be encased in the tile when the latter is fabricated. It is
      also noted that while the use of the blind fastener 28 is the preferred
      method of attaching the screw 22 to the spacecraft skin, the blind
      fastener can be replaced by any other suitable arrangement for attaching
      the screw to the skin, such as, for example, the use of a "nut plate"
      bonded to the skin.
PAR  Although the present invention has been described relative to exemplary
      embodiment thereof, it will be understood by those skilled in the art that
      variations and modifications can be effected in these embodiments without
      departing from the scope and spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of attaching a rigidized surface insulation to a spacecraft
      comprising the steps of:
PA1  a. drilling a clearance hole in one side of said insulation, said clearance
      hole extending for only a portion of the thickness of said insulation;
PA1  b. drilling a tool hole on the opposite side of said insulation, coaxial
      and in communication with said clearance hole, said tool hole being
      located on the side of said insulation which will be exposed to an extreme
      temperature environment;
PA1  c. installing a blind-end fastener in a selected location on said
      spacecraft;
PA1  d. inserting an auger attachment means in said insulation through said
      clearance hole in said insulation, said auger having an attachment screw
      integral therewith, and connected to said auger by preloaded spring means;
PA1  e. aligning said attachment screw with said blind-end fastener; and
PA1  f. securing said insulation in place by tightening said attachment screw by
      means of a tool inserted through said tool hole and communicating with
      said attachment screw.
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ABST
PAL  A mounting assembly for a power transistor integrated circuit chip having a
      pair of electrodes on one surface thereof comprising base and emitter
      connections and a third electrode on the opposite surface thereof
      comprising the collector connection, is fabricated by the method including
      the steps of providing an electrically conductive strip having a central
      cavity extending the length thereof, the depth of the cavity being
      substantially equal to the height of the chip and the strip also including
      arms extending outwardly at opposite sides of the cavity; tinning the
      strip with solder; placing transistor chips in the cavity adjacent each
      other with the collector electrodes thereof being in contacting engagement
      with the strip; heating the strip with the chips therein to reflow the
      solder for connecting the chips thereto at the collector electrode; and
      severing the strip transverse the length thereof between chips to provide
      individual power transistor chip mounting assemblies each having a pair of
      outwardly extending support feet formed from the severed arms of the
      strip. The mounting assembly can be mounted to printed circuit conductors
      which are in-line by soldering the support feet to predetermined ones of
      the conductors and the base and emitter electrodes to others of the
      conductors.
PARN
PAR  This is a continuation of application Ser. No. 403,370, filed Oct. 4, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND
PAR  This invention relates generally to an assembly and method for mounting a
      semi-conductor device on a printed circuit board or the like and more
      particularly to an assembly and method of mounting a power transistor
      integrated circuit chip on a printed circuit board.
PAR  Conventionally, when mounting transistor chips of the type having a
      collector electrode on one surface and individual base and emitter
      electrodes extending from the opposite surface, sometimes in the shape of
      a ball on a printed circuit board, the collector electrode is first
      soldered to a printed metallic electrode and thereafter separate straps
      are soldered at first ends to the base and emitter electrodes,
      respectively, and at the opposite ends, to other printed metallic
      electrodes.
PAR  The last described mounting technique requires many individual steps which
      can raise the cost of the final circuit assembly considerably.
      Furthermore, the technique is timeconsuming and inefficient.
PAC  SUMMARY
PAR  Accordingly, it is a general object of the present invention to provide a
      new and improved assembly and method for mounting semi-conductor
      components on a printed circuit board which overcomes the drawbacks of the
      prior art techniques.
PAR  It is another, more specific object of the present invention to provide a
      new and improved assembly and method for mounting semi-conductor
      components of the type including power transistor chips having a first
      electrode on one surface with one or more electrodes on the opposite
      surface, on a printed circuit board while avoiding the drawbacks described
      heretofore.
PAR  Briefly, the method according to the invention comprises the steps of
      providing an elongated electrically conductive mounting strip or channel,
      preferably of a copper alloy. The strip includes a longitudinally
      extending cavity the depth of which is substantially equal to the height
      of a transistor chip to be mounted on a printed circuit assembly. Arms
      extend outwardly from the strip on opposite sides of the cavity and run
      the length of the strip. The strip is tinned with solder and an excess of
      solder is deposited in the channel. The strip is prescored across the
      width thereof at predetermined locations.
PAR  After tinning, a plurality of transistor chips are placed in the channel
      between the scored locations, with the collector electrodes in engagement
      with the excess solder in the channel. The base and emitter electrodes of
      the transistor chip extend upwardly therefrom and are substantially in the
      same plane as the arms of the mounting strip. Heating the assembly
      thereafter reflows the solder to join the transistor chip to the mounting
      strip. Once joined, the transistor chips may be tested and thereafter
      separated from each other along the prescored marks to provide individual
      transistor mounting assemblies. The transistor mounting assemblies are
      thereafter mounted on suitable printed metallic terminals or conductors by
      soldering the outwardly extending end tabs of the strip to first and
      second printed metallic terminals of the printed circuit board and the
      base and emitter terminals to other printed metallic terminals located
      between the first and second printed terminals. The lastmentioned
      soldering is accomplished by heating the assembly in a suitable furnace
      thereby causing the solder to reflow. No damage occurs to the printed
      circuit board as it is composed of a ceramic material.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an enlarged, perspective view of a power transistor integrated
      circuit chip of the type having outwardly extending base and emitter
      electrodes on one surface thereof and a collector electrode along the
      opposite surface thereof;
PAR  FIG. 2 is an enlarged, fragmentary, perspective view of a mounting channel
      used for mounting transistor chips of the type shown in FIG. 1 according
      to the method of the invention;
PAR  FIG. 3 is an enlarged, fragmentary, perspective view of the mounting
      channel of FIG. 2 after it has been tinned with solder according to the
      method of the invention;
PAR  FIG. 4 is an enlarged, fragmentary, perspective view of the mounting
      channel of FIG. 3 with a plurality of transistor chips shown in FIG. 1
      placed therein for attachment thereto, according to the method of the
      invention;
PAR  FIG. 5 is a perspective view of a completed mounting assembly for a
      transistor chip of the type shown in FIG. 1, fabricated in accordance with
      the method of the invention;
PAR  FIG. 6 is a top, plan view of a voltage regulator device including a
      transistor chip connected to the printed circuit portion thereof with a
      mounting assembly according to the invention; and
PAR  FIG. 7 is a side, sectional view of the voltage regulator device of FIG. 6
      taken along the line 7-7.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings in greater detail wherein like numerals have
      been employed throughout the various views to designate similar
      components, there is shown in FIG. 1 a power transistor integrated circuit
      chip of the type for which a mounting assembly and method for providing
      such assembly has been devised according to the invention.
PAR  The power transistor chip is rectangular in shape having on a first surface
      12 thereof a pair of spaced, copper alloy terminals 14, 16. The terminals
      are rounded or slightly ball-shaped and are connected to the base and
      emitter electrodes of the transistor chip. The opposite surface 18 of the
      transistor chip makes up the collector electrode thereof.
PAR  To prepare mounting assemblies for power transistor chips of the type shown
      in FIG. 1 according to the invention, there is provided an electrically
      conductive, copper alloy mounting channel or strip 20 like that shown in
      FIG. 2 of the drawings. The channel is elongated having a central cavity
      22 extending the length thereof. A pair of arms 24, 26 integrally formed
      with the channel extend outwardly at opposite sides of the central cavity.
      The depth d of the cavity is substantially equal to the height h of the
      power transistor 10 measured from the free end of the ball terminals to
      the opposite surface thereof, (See FIG. 1).
PAR  The mounting channel 20 is scored as shown along lines such as 28 which are
      spaced predeterminedly from each other to easily separate the channel into
      mounting members for individual power transistor chips 10.
PAR  To accomplish the fabrication of the transistor mounting assemblies, the
      copper alloy channel is first pre-tinned by application of solder in a
      bath or the like manner. The solder used for this purpose is one which is
      termed a "hard" solder, requiring a rather high temperature, in the area
      of 250.degree.C, to cause it to flow. An excess of solder 23 is preferably
      deposited in the central cavity 22 of the channel.
PAR  Once tinned, as shown in FIG. 3, individual power transistor chips are
      placed in the cavity 22 with the collector electrode 18 thereof being in
      contacting engagement with the tinned surface thereof. The transistor
      chips are spaced from each other slightly. Once positioned in the cavity,
      the channel with the transistor chips is placed into an oven or furnace
      for a short time to permit the reflow of the solder, whereby the collector
      electrodes of the transistor chips are soldered to the channel.
PAR  Once the power transistor chips are attached to the channel as described,
      the channel is severed along the perforations or scored lines 28 to
      provide individual transistor chip mounting assemblies, such as 30, shown
      in FIG. 5. Each mounting assembly 30 includes a transistor chip 10 mounted
      at a first electrode 18 thereof in the cavity 22 of a particular channel
      section severed from the channel 20. The assembly includes mounting or
      support pads or feet 32, 34, which are formed from the severed arms 24, 26
      of the original elongated channel member. As mentioned heretofore, the
      terminals 16, 18, extend outwardly into a plane in which the feet 32, 34
      of the mounting channel section lie.
PAR  To mount the power transistor assembly on a printed circuit board
      substrate, such as 36 of a solid state voltage regulator or the like
      device 37, FIG. 6, which includes adjacent parallel printed circuit
      conductors, such as 38, 40, 42, 44 (See FIG. 7), the conductor leads are
      first tinned, preferably with a solder compound that flows at a
      temperature lower than the solder used to connect the power transistor
      chip to the channel section. Typical solder for this use is that which
      flows at a temperature of approximately 400.degree.F. The pre-tinning can
      also take place in a solder bath.
PAR  Once the conductors of the printed circuit board are properly tinned, the
      mounting assembly is placed thereon with the feet thereof in contacting
      engagement with predetermined ones of the conductors, 42, 44 and the base
      and emitter terminals 14, 16 of the power transistor chip in contacting
      engagement with the remaining conductors 38, 40. Thereafter, the tinned
      conductors are heated so the solder reflows and the power transistor
      assembly is thereby connected thereto.
PAR  The feet 32, 34 of the mounting assembly provide support therefor as well
      as a connection to the transistor collector electrode of the chip. In
      addition, the overlying channel section protects the transistor chip, and
      more importantly, serves as a heat sink therefor in use.
PAR  The method for preparing power transistor chip mounting assemblies as
      described heretofore is relatively simple to carry out, and provides an
      easily mountable power transistor assembly. The mounting assembly lends
      itself for use in the fabrication of solid state devices such as, for
      example, the voltage regulator device 37 of FIG. 6.
PAR  While a particular embodiment and method of the invention has been shown
      and described, it should be understood that the mounting assembly and
      method for preparing the assembly are not limited thereto since many
      modifications may be made. It is therefore contemplated to cover by the
      present application any and all such modifications as fall within the true
      spirit and scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of providing a plurality of individual mounting assemblies,
      each assembly supporting a semiconductor component, each said component
      having at least a first electrode on one surface thereof and a second
      electrode on the opposite surface thereof, comprising the steps of:
PA1  forming one continuous electrically conductive strip having an upper
      surface and one continuous central cavity formed therein extending the
      length thereof, said cavity being of a depth substantially equal to the
      height of said semiconductor components including said electrodes, said
      strip having a pair of arms extending the length thereof and protruding
      outwardly therefrom, one on each side of said cavity,
PA1  first tinning said arms and central cavity portions of said upper surface
      of said strip with solder,
PA1  then placing said semiconductor components in said cavity in spaced
      relation so that a first one of said electrodes of each said components is
      in contacting engagement with said strip in said cavity,
PA1  reheating said strip to a temperature whereby said solder flows to attach
      said semiconductor components to said strip at said first electrodes, and
PA1  severing said strip as provided in the heating step transversely between
      adjacent semiconductor components to provide said plurality of individual
      mounting assemblies with an individual semiconductor component supported
      on each mounting assembly.
NUM  2.
PAR  2. The method of claim 1 wherein said semiconductor components each include
      a transistor having base and emitter electrodes provided on said one
      surface and extending outwardly therefrom a predetermined distance and a
      collector electrode formed on the opposite surface thereof, and wherein
      the forming step includes forming the depth of said cavity substantially
      equal to the height of said transistor measured from the free ends of said
      base and emitter electrodes to said collector electrode to place said free
      ends in the plane including the upper surface of both arms.
NUM  3.
PAR  3. The method of claim 1 further comprising the step of prescoring the
      strip transverse the length thereof between semiconductor components and
      wherein the step of severing said strip between adjacent semiconductor
      components comprises the step of breaking the strip at said prescored
      locations.
NUM  4.
PAR  4. The method of preparing mounting assemblies for a plurality of
      semiconductor chips each having first and second electrodes extending
      outwardly from a first surface thereof and a third electrode formed on the
      opposite surface thereof, and for mounting said assemblies on a circuit
      board substrate having first, second, third and fourth conductors thereon,
      comprising the steps of:
PA1  forming an electrically conductive strip having an upper surface formed
      with a central cavity extending longitudinally thereof, said cavity being
      of a depth substantially equal in height to a semiconductor chip as
      measured from the free ends of said first and second electrodes to said
      third electrode, said upper surface of said conductive strip being further
      formed with a pair of arms extending outwardly therefrom at opposite sides
      of said cavity, said arms extending the length of said strip and being in
      the plane including the said free ends,
PA1  first tinning the arms and cavity portions of the upper surface of the
      strip with solder meltable at a first temperature;
PA1  then placing the plurality of semiconductor chips in said cavity in a
      side-by-side relation, with the third electrodes of each said
      semiconductor chips being in contacting engagement with said strip;
PA1  reheating said strip with said semiconductor chips in place to a
      temperature whereby said solder is melted to join said semiconductor chips
      to said strip in said cavity at the third electrodes thereof;
PA1  severing said strip transversely thereof between semiconductor chips to
      provide individual mounting assemblies for said semiconductor chips, each
      said mounting assembly including a pair of support feet comprising the
      upper surface of said pair of arms extending outwardly therefrom at
      opposite sides thereof formed from the severed arms of said strip; and
PA1  mounting said individual assembly on said substrate by soldering, with said
      feet in contacting engagement with said first and fourth conductors and
      said first and second electrodes of said semiconductor chip in contacting
      engagement with said second and third conductors.
NUM  5.
PAR  5. The method of claim 4 further comprising the step of pre-tinning said
      conductors on said circuit board substrate with a solder which flows when
      heated to a temperature well below the temperature of said solder used to
      connect said semiconductor chips to said strip, and whereby said
      semiconductor chip mounting assemblies are connectible to said conductors
      by reheating said substrate with said semiconductor chip mounting
      assemblies in place thereon.
NUM  6.
PAR  6. The method of claim 4 wherein the mounting step includes inverting the
      mounting assembly relative to the substrate and juxtaposing said upper
      surface portions of said feet into contacting engagement with said first
      and fourth conductors while simultaneously juxtaposing the ends of the
      first and second electrodes into contacting engagement with said second
      and third conductors.
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ABST
PAL  Disclosed are improved field-effect and bipolar semiconductor devices and
      the method of making them, wherein maximum junction control provides
      highly predictable device parameters. Low temperature epitaxial
      depositions provide tight junction thickness and resistivity control, and
      an orientation dependent etch forms grooves circumscribing portions of the
      host substrate and overlying epitaxial layers to provide dielectrically
      isolated single crystalline mesas utilized in forming electronic devices.
PAR  This is a division of application Ser. No. 275,116, filed July 26, 1972.
BSUM
PAR  The invention relates to semiconductor devices and methods of making them,
      and, more particularly, to dielectrically isolated semiconductor
      electronic devices of the mesa type utilizing a plurality of epitaxially
      grown layers and an orientation dependent etch to form the mesas.
PAC  BACKGROUND OF THE INVENTION
PAR  As semiconductor devices and integrated circuits become more sophisticated
      and are required to provide more complex functions, precise junction
      control becomes a critical process requirement. That is, tight resistivity
      control and exact thickness with sharp nongraded junction control of the
      various regions comprising the semiconductor device become more crucial as
      the complexity increases. Generally, the more complex the function which
      the device is to provide, the more exact the process parameters must be,
      with smaller tolerances allowed for an operative device. To make such
      precisely characterized devices reproducible in large scale production, a
      manufacturing process is required which minimizes the process variables.
PAR  Techniques heretofore utilized in providing semiconductor electronic
      devices requiring exact process control have utilized conventional
      techniques, such as diffusion into an epitaxially grown layer, only with
      more stringent requirements on the diffusion process steps. That is, more
      precise control was required of the time, temperatures, surface
      concentrations of the dopant, and purity of the environment. Such
      techniques, however, do not lend themselves to large volume production and
      yet retain the exact process parameters required. Other processes
      developed include the "single support layer" technique over which this
      invention is an improvement, as described by U.S. Pat. No. 3,290,753,
      issued Dec. 13, 1966. Another process is the "double support layer"
      technique described in Electronic Industries, Vol. 24, No. 6, pp 38-42
      (June 1965).
PAR  In bipolar semiconductor technology devices having precise resistivity
      control and thickness control are desired to minimize junction breakdown
      and leakage characteristics and for exact predictability of the completed
      device. For example, a bipolar transistor having precisely controlled,
      epitaxially grown, collector and base regions realizes the advantages of
      an abrupt junction unachievable by diffusion techniques. However, such a
      process has heretofore suffered from the inability to affectively contact
      the epitaxially grown regions and still contact an emitter region formed
      in the base region. Other bipolar devices, such as SCR's, lateral
      transistors, and triacs obtain the advantage of such precise process
      control, heretofore related.
PAR  Field effect semiconductor devices also require exact resistivity and
      thickness control of the layers comprising the device, as the device
      becomes more sophisticated. That is, very tight channel thickness control
      and resistivity control allow more exact predictability of the
      characterization of the completed device when formed in a high volume
      production process.
PAR  Accordingly, it is an object of the present invention to provide devices
      and methods of producing them which provide tight junction control and
      resistivity control. It is another object of the present invention to
      provide semiconductor devices having tight process parametric control
      utilizing one or multiple epitaxially grown regions which are
      dielectrically isolated. It is still another object of the present
      invention to provide improved bipolar and field effect transistors both as
      discrete devices and in integrated circuits by a process rendering tight
      process parameters for improved performance and for improved
      reproducibility.
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Briefly, and in accordance with one embodiment of the invention, a single
      or a plurality of monocrystalline semiconductor layers are expitaxially
      grown overlying a semiconductor substrate or other suitable support means.
      The epitaxial growth is precisely controlled to provide exact resistivity
      and thickness control of each respective layer. Thereafter, an orientation
      dependent etch provides grooves circumscribing the epitaxially grown
      layers to provide dielectrically isolated single crystal mesas. The
      isolation grooves penetrate to either a P/N junction or a dielectric film
      which electrically isolates the mesas from the support means.
      Semiconductor electronic devices comprising these layers are thereafter
      formed in the mesas. Regions are selectively formed in the upper epitaxial
      layers contacting lower layers to provide reliable electrical contact
      thereto.
PAR  Bipolar transistors are formed utilizing the epitaxially grown layers as
      collectors, bases, and emitters and field-effect devices are formed
      utilizing an epitaxially grown layer as the channel region. A suitable
      dielectric material deposited within the isolation grooves or providing
      the isolation groves having shallow sloped sidewalls allows electrical
      interconnects to be formed thereover in integrated circuit configuration.
PAR  Novel features believed to be characteristic of this invention are set
      forth in the appended claims. The invention itself, however, as well as
      other objects and advantages thereof, may best be understood by reference
      to the following detailed description of preferred embodiments of the
      invention, wherein:
PAR  FIGS. 1A-1G depict various stages in the process of providing a basic
      structure from which a plurality of final embodiments are formed;
PAR  FIGS. 2A and 2B depict a JFET formed from the structure of FIG. 1G;
PAR  FIG. 3 depicts a bipolar transistor formed from the structure of FIG. 1G;
PAR  FIG. 4 depicts a lateral bipolar transistor formed according to one
      embodiment of the invention; and
PAR  FIG. 5 depicts an integrated circuit embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  For purposes of illustrational simplicity and clarity, the figures
      contained herein are not geometrically proportioned. The dimensions given
      in the following detailed description of each figure are to be construed
      as exemplary dimensions and are not to be construed as in disagreement
      with the drawings. Furthermore, as a plurality of embodiments have been
      illustrated, those embodiments having common elements with other
      embodiments have similar part numbers of clarity and simplification of
      description.
PAR  Referring now to the drawings, FIGS. 1A-1G depict process steps of the
      method of this invention in providing an intermediate structure utilized
      in forming the plurality of structural embodiments of this invention.
      FIGS. 1A-1E illustrate an optional sequence which is utilized in providing
      a means for controlling the thickness of a thin layer of semiconductor
      material. In the preferred embodiment of the invention, steps 1A-1E are
      advantageously utilized to provide a high monocrystalline silicon region 8
      from a monocrystalline silicon substrate 2. In this embodiment, the
      silicon structure 2 is preferably oriented in a (100) crystal orientation
      and is highly doped P-type but is of opposite type for other embodiments
      herein later described. The doping concentration is a design choice, as
      will be apparent in the particular finalized device structure. Typically,
      substrate 2 has a resistivity of 0.006 ohm-cm and is provided utilizing
      well-known techniques in the art such as doping with boron to a
      concentration of 2 .times. 10.sup.19 atoms/cm.sup.3.
PAR  Formed overlying the surface of substrate 2 is an
      orientation-dependent-etch-resistant masking layer 4 comprising silicon
      dioxide. Oxide mask 4 typically is 10,000 angstroms thick and has formed
      therein apertures 5 exposing the substrate 2. Grooves 6 of desired depths
      related directly to oxide mask opening width are formed in the substrate
      2, using an orientation dependent etch (O.D.E.). As is well known in the
      art of O.D.E., a 50% potassium hydroxide/water mixture is a suitable
      etchant for silicon. After forming the O.D.E. grooves 6, a thin,
      separation oxide layer 7 is grown, utilizing well-known techniques, to an
      approximate depth of 12,000 A. Thereafter, a polycrystalline silicon layer
      3 of any suitable type and conductivity is deposited overlying the oxide 7
      to provide mechanical support. The silicon substrate 2 is then lapped,
      etched, or otherwise removed from the surface 1 to the desired depth
      indicator to form thin layer 8. A typical thickness for layer 8 is 1.0
      mil.
PAR  The above described process is described in detail in copending patent
      application IMPROVEMENT IN METHODS FOR FORMING CIRCUIT COMPONENTS WITHIN A
      SUBSTRATE AND SEMICONDUCTOR SUBSTRATE, Ser. No. 788,177, filed Dec. 31,
      1968 by Kenneth E. Bean.
PAR  After having provided single crystalline highly doped P-type layer 8 of the
      desired thickness, for example 1.0 mils with such thickness determined by
      the characteristic desired for the particular type of electronic device, a
      vapor phase etch is utilized to remove all impurities and damaged regions
      from the upper surface 9 of the P-type layer 8. Vapor phase etching is
      well-known in the art and is preferably utilized as the lapping step which
      forms P-type layer 8 usually damages the surface of the layer. The vapor
      phase etch provides a near ideal surface on which to nucleate growth of
      the epitaxial layer.
PAR  The vapor etch typically removes approximately 0.5 mils from the surface 9
      of the layer 8. As the thickness of layer 8 initially is preferably 1.0
      mils, the final layer thickness is approximately 0.5 mils.
PAR  Monocrystalline layer 10 is thereafter grown overlying P-type layer 8. In
      the preferred embodiment, layer 10 is N-type and is typically formed by
      the low temperature decomposition of silane. As is well-known in the art,
      such a process proceeds at approximately 1000.degree.C. which minimizes
      the up-diffusion of the heavily doped P-type layer 8 into the lesser doped
      layer 10 to retain sharp junction definition. The resistivity and
      thickness of the layer 10 is a design choice with typical values being 0.6
      ohm/cm and a thickness of 0.2 mils. A phosphorus dopant may be utilized to
      provide a doping concentration of 10.sup.16 atoms/cm.sup.3.
PAR  Although not shown in FIGS. 1A-1G, additional epitaxially grown single
      crystalline layers may advantageously be grown overlying epi-layer 10. As
      will be apparent later in this application, such additional layers are
      utilized to provide various types of electronic devices, especially in
      bipolar technologies.
PAR  After having provided the desired number of epitaxially grown layers, a
      mask material, for example low temperature silicon dioxide, is deposited
      or grown, and apertures opened using standard photolithographic processes.
      Thereafter isolation grooves 12 are formed through the epitaxially grown
      layers to the separation oxide 7. A preferred mode of forming grooves 12
      is by orientation dependent etching layers 8 and 10 after having properly
      masked with layer 13 the surface of the epitaxially grown layers. As is
      well-known in the art, grooves 12 are predictably formed in (100) crystal
      orientation material, which have well-known structures. That is, mesas 14
      which are formed by the circumscribing aperture 12 have sloped sidewalls
      at an angle of 46.degree. or 54.degree. with the surface of the oxide
      layer 7. Such a slope is advantageously utilized in forming grooves 12 of
      a desired width and depth to allow dependable electrical interconnection
      of the mesas by metallic interconnects. Depositing metal over sharp
      corners while maintaining reliable continuity has plagued the art for many
      years. This invention allows metallic interconnect formation over less
      than sharp angles to allow reliable electrical connection to the mesas.
      For a more detailed description of orientation dependent etching isolation
      grooves in (110) and (100) crystal oriented silicon material, reference is
      made to copending patent application HIGH PACKING DENSITY ISOLATION
      PROCESS, Ser. No. 171,662, filed Aug. 13, 1971 by Kenneth E. Bean et al.
PAR  The above described process is equally suitable for providing a structure
      having P/N junction isolation instead of a dielectric isolation underlying
      the monocrystalline mesa. In such a case region 7 of FIG. 1G comprises
      semiconductor of type opposite that of layer 8.
PAR  Referring now to FIGS. 2A and 2B, there is depicted a preferred embodiment
      of the invention, wherein a junction field-effect transistor (hereafter
      referred to as JFET) has been formed from the structure shown in FIG. 1G.
      After having removed the O.D.E. masking layer 13 to expose the upper
      surface of the mesa 14, a plurality of highly doped P-regions 20 are
      selectively formed in the upper layer 10 by, for example, diffusing boron
      selectively. Conventional photolithographic/masking techniques are
      suitable and a typical concentration of P-type regions 20 is 2 .times.
      10.sup.19 atoms/cm.sup.3. As above noted, the channel layer 10 is
      typically 0.2 mils thick, and P+ type regions 20 extend approximately 0.06
      mils into the channel layer 10, depending on design choice.
PAR  While forming P-type regions 20, P-type regions 21 are simultaneously
      formed in channel layer 10, extending to the P+ layer 8. Highly doped
      regions 21 provide electrical contact to layer 10 which functions as the
      gate in the FET. Shown in FIG. 2A underlying the metal contact 25-27 are
      N+ regions 28 which provide for connecting source and drain terminals 30
      and 32 respectively of FIG. 2B to the N-channel layer 10. Such a region 28
      is provided, as is well-known in the art, to enhance the electrical
      contact and is typically doped using phosphorous to a concentration of 5
      .times. 10.sup.20 atoms per cc.
PAR  After forming all the diffused regions 20, 28 and 21, silicon dioxide layer
      34 is formed in FIG. 2B overlying the upper surface of the mesa as in FIG.
      1G, utilizing low temperature techniques. Apertures are selectively formed
      therein overlying regions 21, 28 and 20 through which metallic contacts
      provide respectively gate, source, and drain contacts. A typical thickness
      for oxide layer 34 is 5,000 angstroms.
PAR  Dimensions of the source, drain, and gate are, of course, design choices.
      However, typically the source and drain regions 28 and the upper-gate
      region 20 are 0.2 mils wide and 0.06 mils deep. A typical separation
      between source, upper gate, and drain regions is 0.3 mils between each.
PAR  Dimensions and resistivities heretofore expressed provide a final JFET, as
      shown in FIG. 2A, wherein a relatively high drain-to-source breakdown
      voltage of 30 volts is achieved. By utilizing the dielectric isolation
      process herein described, epitaxial layer 10 is exposed to minimal high
      heat treatment after its formation. That is, successive epitaxially grown
      layers are formed by low temperature processes as earlier described, and
      the O.D.E. isolation groove process eliminates the high temperature
      isolation diffusion which tends to also diffuse the epitaxial layers.
      Accordingly, as epitaxially grown layers are grown to very controllable
      specifications and dimensions, devices such as the JFET above described,
      are formed which have very tight channel tolerances. Such tight channel
      control allows finalized structures providing a widerange of desired and
      predictable electrical characteristics.
PAR  Conventional techniques utilizing a high temperature oxide formation step,
      such as growing oxide in the isolation grooves to provide other than an
      air dielectric, are deleterious to the sharp junction definition of the
      epitaxially grown layers. By utilizing air dielectric, such an effect is
      avoided. The advantages of utilizing an air dielectric are further
      enhanced upon considering the metallic interconnects are reliably formed
      over the corners of the low angled grooves without danger of electrical
      failure.
PAC  OTHER EMBODIMENTS OF THE INVENTION
PAR  The method of the invention heretofore described is equally suitable to the
      formation of other dielectrically isolated semiconductor devices, such as
      bipolar transistors. FIG. 3 illustrates such a dielectrically isolated
      bipolar transistor formed from the intermediate structure of FIG. 1G,
      wherein substrate layer 8 is a highly doped N type. A typical resistivity
      for layer 8 is 0.009 ohm centimeters which is provided utilizing the
      well-known Czochvalski techniques of crystal growth, doped with
      phosphorous to provide a concentration of approximately 6 .times.
      10.sup.18 atoms per cc. Following the technique earlier described, after
      the vapor etch damage removal step, an epitaxial layer 10 is thereover
      grown. A typical resistivity and thickness is 0.22 .+-. 0.02 ohm cm. to a
      thickness of 7.5 .+-. 0.5 microns. A second epitaxially grown layer 11 is
      thereafter formed overlying layer 10 using a similar low temperature
      silane process for example. Layer 11 is P-type and is, for example,
      moderately doped to a concentration of approximately 3.5 .times. 10.sup.18
      atoms per cc. which provides a resistivity of approximately 0.026 ohm cm.
      Layers 10 and 11 respectively provide the collector and base of the
      transistor to be formed. An N-type emitter region 15 is formed in layer
      11, utilizing well-known techniques such as the diffusion of phosphorous
      to a concentration of 1 .times. 10.sup.21 atoms per cc. Simultaneous with
      the formation of region 15 is the formation of region 10' which
      electrically connects to collector region 10. Conventional metallization
      techniques allow electrical connection to regions 10', 11 and 15 to
      provide the collector, base and emitter respectively.
PAR  Shown in FIG. 4 is yet another embodiment formed utilizing the method of
      this invention. After having formed the structure of FIG. 1G wherein layer
      8 is highly doped P-type silicon having a concentration of approximately
      2.3 .times. 10.sup.19 atoms per cc., and overlying epitaxially grown layer
      10 is N-type moderately doped to approximately 1 .times.10.sup.16 atoms
      per cc. By forming P-type regions 19 within the surface of layer 10,
      either an MOS type field-effect transistor is formed, or a lateral bipolar
      device is formed, depending upon doping concentration and junction width
      between regions 19. For example, forming P-type regions 19 by diffusing
      boron to a surface concentration of approximately 2.3 .times. 10.sup.19
      atoms per cc. and separating the pockets 19 by a distance of 12 microns,
      then a field-effect type transistor is formed after electrical connections
      are formed to the source, drain and gate terminals.
PAR  Likewise, by forming regions 19 to a proper concentration having a proper
      distance therebetween, then a lateral transistor is formed. The mode of
      operation and design features of such transistors are well-known in the
      art, and accordingly modifications to the above stated typical dimensions
      and concentrations will be apparent to one skilled in the art.
PAR  Shown in FIG. 5 is yet another embodiment utilizing a method of this
      invention. A dielectrically isolated integrated circuit is depicted
      wherein the JFET of FIGS. 2A and 2B, the bipolar transistor of FIG. 3 and
      the transistor of FIG. 4 are shown within the air dielectrically isolated
      mesas 14. The method herein described in combination with well-known
      techniques in the art of integrated circuits readily provide the
      integrated circuit depicted in FIG. 5. Although not shown in FIG. 5, other
      well-known electronic circuit elements, such as resistors and diodes and
      capacitors are formed in other mesas 14 and interconnected with the
      transistors herein described.
PAR  It is understood that the partial interconnection of transistors in FIG. 5
      is not to be construed as a limitation, but is exemplary of device
      interconnection via selected metallic formation over the low angled
      grooves in, for example, integrated circuits.
PAR  Although the preferred embodiments of this invention, herein described,
      have utilized a starting substrate material comprising (100) oriented
      monocrystalline silicon, it is understood that other crystal orientations
      could be utilized to provide other isolation groove structures.
PAR  Furthermore, other substrates besides silicon provide highly controllable
      crystallographic planes which may be preferentially etched along a
      predictable plane. Such other well-known materials are gallium arsenide
      and germanium.
PAR  Furthermore, the formation of regions in the epitaxially grown layers need
      not be diffused, but may be equally suitably ion implanted, which now is a
      well-known process in the art.
PAR  Although specific embodiments of this invention have been described herein
      in conjunction with specific semiconductor transistors, various
      modifications to the details of construction will be apparent to those
      skilled in the art for providing other electronic device embodiments
      without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing dielectrically isolated electronic devices on a
      supporting electrically isolated substrate comprising the steps of:
PA1  a. forming a plurality of orientation-dependent-etched grooves of
      precisely-known, different depths in a low-resistivity monocrystalline
      semiconductor body of one conductivity type,
PA1  b. forming an insulation layer on said body and in said grooves,
PA1  c. depositing a polycrystalline semiconductor support layer on said
      insulation layer,
PA1  d. removing monocrystalline semiconductor material from the backside of
      said body, until a first layer having the desired thickness is achieved,
      as indicated by exposure of said insulation layer in the bottom of a
      selective groove,
PA1  e. forming a second monocrystalline semiconductor layer of the other
      conductivity type overlying said first layer, to a desired thickness as
      indicated by said grooves,
PA1  f. forming isolation moats circumscribing said first and second layers at a
      location spaced from said grooves, said moats extending to said substrate
      and providing a single crystalline mesa comprising said first and second
      layers, and
PA1  g. forming semiconductor pockets of said other conductivity type
      selectively spaced within the surface of said second layer to provide
      active device regions.
NUM  2.
PAR  2. The method of claim 1 wherein said substrate and said first and second
      layers are (100) oriented silicon.
NUM  3.
PAR  3. The method of claim 1 and including the step of selectively forming a
      region of said one conductivity type in and through said second layer
      providing a means for electrically contacting said first layer.
NUM  4.
PAR  4. The method of claim 3 and prior to the step of forming a first layer,
      the step of selectively removing any damaged regions from the upper
      surface of said substrate to provide a damage free surface on said
      substrate.
NUM  5.
PAR  5. The method of claim 1 wherein said pockets are of said one conductivity
      type and form source and drain regions to provide a field-effect
      transistor.
NUM  6.
PAR  6. The method of claim 1 wherein said pockets are of said one conductivity
      type and form collector and emitter regions to provide a lateral bipolar
      transistor.
NUM  7.
PAR  7. The method of claim 1 wherein said pockets are of said one conductivity
      type to provide emitter regions to thereby provide a transistor.
NUM  8.
PAR  8. The method for producing dielectrically isolated electronic devices
      according to claim 1 wherein said step of forming isolation moats provides
      air isolation.
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ABST
PAL  The cell comprises two spaced apart substrates and a plurality of terminals
      for the cell disposed along an exposed surface of one of the substrates.
      Electrodes are disposed on each of the substrates, and connector means for
      connecting one of the terminals on the one substrate and an electrode on
      the other substrate comprises a fused glass bump bridging the space
      between the two substrates and electrically connected to the one terminal
      and the electrode on the other substrate. The glass bump contains metal
      particles dispersed therethroughout to provide it with electrical
      conductive characteristics.
PARN
PAR  This is a division of application Ser. No. 270,245, filed July 10, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to liquid crystal devices, and particularly to means
      for making electrical connections to the electrodes of such devices.
PAR  One known type of liquid crystal cell comprises a pair of oppositely
      disposed, spaced apart substrates having a liquid crystal material
      sandwiched therebetween. Each substrate has an electrode on the inside
      surface thereof, and the cell is turned on by applying a voltage between
      the electrodes.
PAR  To make electrical connections to each of the electrodes, metallized paths
      are provided on the inside surfaces of the substrates extending between
      the electrodes and edge portions of the substrate where terminal
      connections are made.
PAR  To provide access to the substrate inside surfaces at the substrate edges,
      it is the practice to extend an edge portion of each substrate beyond the
      corresponding edge of the other substrate. For example, if the cell
      comprises upper and lower substrates, on one side of the cell the lower
      substrate extends beyond the edge of the upper substrate, thereby exposing
      a portion of the inside surface of the lower substrate, while on another
      side of the cell, an edge portion of the upper substrate extends beyond
      the edge of the lower substrate, thereby exposing a portion of the inside
      surface of the upper substrate. Thus, terminal connections can be made to
      metallized paths which terminate at the exposed portions of the substrates
      at the two sides of the cell.
PAR  To simplify mounting and socketing of the cell, it is sometimes preferred
      that all the terminal connections be made to a single side only of the
      cell and to one only of the substrates. To accomplish this, it is
      necessary that an electrical connection be provided between the electrode
      on the other substrate and the portion of the one substrate to which the
      terminal connections are made.
PAR  An object of this invention is to provide such connection in a simple,
      reliable, and inexpensive manner.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a liquid crystal cell made in accordance with the
      instant invention;
PAR  FIG. 2 is a sectional view taken along line 2-2 of FIG. 1;
PAR  FIG. 3 is a plan view of one substrate of the cell shown in FIGS. 1 and 2
      at one step in the fabrication of the cell, and
PAR  FIG. 4 is a sectional view taken along line 4-4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to FIGS. 1 and 2, a liquid crystal cell 10 is shown. The
      cell 10 comprises a pair of oppositely disposed substrates 12 and 14 of an
      insulating material, usually glass, maintained in spaced apart relation by
      means of a number of small shims 16 of a suitable material, preferably
      inorganic, such as mica, disposed slightly inwardly of the edges of the
      substrate 12. Sandwiched between the substrates 12 and 14 is a liquid
      crystal material 18 of any of the various known types. The spacing between
      the substrates is generally in the order of 1/2 mil. An hermetic seal is
      provided by means of a fused glass joint 19 disposed between the
      substrates along the edge of the substrate 12.
PAR  As shown, an edge 20 of the substrate 14 extends beyond the edge 22 of the
      substrate 12 thereby exposing a portion 24 of the surface 26 of the
      substrate 14.
PAR  Disposed on the inside surface 28 and 26 of each substrate 12 and 14,
      respectively, is a rectangular conductive layer or electrode 30 and 32,
      respectively, the electrode 32 being slightly larger and overlapping the
      electrode 30, as shown in FIG. 1. The electrodes can be of various
      materials normally used in such cells, such as aluminum, tin oxide, indium
      oxide, or the like. Conductive paths 34 and 36 are disposed on the inside
      surface 26 of the substrate 14, the path 34 extending between the
      electrode 32 and a conductive terminal pad 38 on the exposed surface
      portion 24, and the path 36 extending from a conductive terminal pad 40 on
      the exposed surface portion 24 to an inner path end 42 which is spaced
      from the electrode 32. A metallized path 44 is also provided on the inside
      surface 28 of the substrate 12 connected to the electrode 30 thereon. This
      path 44 terminates short of the edge 22 of the substrate 12 but overlaps
      the metallized path 36 on the substrate 14.
PAR  The paths 34 and 36 extend beneath the glass joint 19. Preferably, the
      paths 34 and 36 are of the same material as the electrode 32, and have
      such a small thickness (equal to that of the electrode 32), in the order
      of 0.3 microns, as not to provide any problems with respect to
      hermetically sealing the cell, as described hereinafter.
PAR  To provide an interconnection between the two metal paths 36 and 44, a mass
      50 of conductive material in the form of a generally conical bump is
      disposed between the two substrates 12 and 14 in contact with the two
      paths 36 and 44. The bump 50 is of a material, e.g., glass, which is
      bonded to each of the metal paths 36 and 44, and the bump 50 contains a
      quantity of metal particles, e.g., silver, disposed therewithin to provide
      the bump with electrical conductive characteristics. Since the liquid
      crystal material between the substrates 12 and 14 generally has a high
      electrical impedance, as known, the conductivity of the bump 50 is not
      critical and can be relatively high. In one embodiment, for example, the
      resistance of the liquid crystal material in its active or scattering
      state is in the order of 5 .times. 10.sup.8 ohms, and the resistance of
      the bump is in the order of 5 .times. 10.sup.5 ohms.
PAR  In operation of the device, voltage is applied between the two terminal
      pads 38 and 40 by means of suitable socketing means, not shown, whereby a
      voltage is impressed between the two electrodes 30 and 32. In known
      fashion the voltage between the electrodes 30 and 32 affects the light
      transmitting characteristics of the liquid crystal material 18 between the
      electrodes.
PAR  The fabrication of the cell 10 is as follows.
PAR  Starting with the two substrates 12 and 14, generally of glass or some
      other suitable insulating material, the inside surfaces 26 and 28 thereof
      are coated by known means with a layer of a material, e.g., indium oxide,
      stanus oxide, aluminum, chromium, or the like, of which the electrodes 30
      and 32 and the metal paths 34, 36 and 44 are to be formed. Thereafter, the
      coated layers are defined by known photolithographic techniques to provide
      these electrodes and metal paths. Using known techniques, such as silk
      screening, a bead 60 (FIGS. 3 and 4) of a known type of glass frit (i.e.,
      a suspension of glass particles in a liquid vehicle of an organic solvent
      and an organic binder) is disposed on the inside surface 26 of the
      substrate 14 along three edges thereof and inwardly of the edge 20. Owing
      to the thinness of the metallic paths 34 and 36, there is little
      likelihood of spaces or voids being left between the bead 60 and the
      substrate 14 where the bead crosses the paths 34 and 36.
PAR  Thereafter, the substrate 14 is fired, at a temperature in the order of
      480.degree.C, to fusion bond the bead 60 to the inside surface 26 of the
      substrate 14 and to the surface of the paths 34 and 36.
PAR  A dot 62 (FIGS. 3 and 4) of a conductive ink is then placed on the
      substrate 14 directly on top of the path 36 adjacent to the inner end 42
      thereof. The composition of the dot 62 is not critical, but it is
      preferably of a material that can be secured to the substrate 14 to
      prevent displacement thereof during subsequent processing steps. A
      preferred dot ink comprises a suspension of solder glass (i.e., low
      temperature melting glass such as lead glass) in a liquid vehicle
      comprising a suitable binder and solvent, and metallic particles to
      provide a degree of electrical conductivity in the dot. Inks of the type
      described are well known and commercially available.
PAR  By way of specific example, the ink can comprise finely ground particles of
      lead glass fine enough to pass through a 250 mesh screen; flake-like
      particles of silver; an organic binder such as lucite, nitrocellulose,
      methyl cellulose; and a solvent such as amyl acetate, toluene, butyl
      carbotol, or methyl ethyl ketone, the particular solvent used being one in
      which the particular binder used is soluble. The silver flakes are
      sub-micron in size and comprise 70% by weight of the solids in the ink,
      that is, of the silver and glass. Other conductive particles such as gold
      or other noble metals can be used. The amounts of the solvent and binder
      used are dependent upon the desired ink viscosity, which is dependent, in
      turn, upon the particular means used to apply the ink. Such means can
      comprise printing, inking using a suitable nib or pen, or silk screening.
      Means for preparing and applying such inks are known.
PAR  Thereafter the ink dot 62 is dried at a relatively low temperature, in the
      order of 150.degree.C, to remove most of the solvent while not burning off
      the binder or fusing the glass constituent of the dot. Owing to the
      presence of the binder, the dot remains relatively securely bound to the
      substrate with little danger of the dot falling off the substrate during
      subsequent handling thereof.
PAR  As shown in FIG. 4, the mica spacer shims 16 are then disposed on the
      substrate 14 inside the bead 60. As shown, the shims 16 have a height
      somewhat less than that of the bead 60 and the dot 62. In one embodiment,
      for example, the spacers 16 have a height of 1/2 mil, while both the bead
      60 and the dot 62 have a height in the order of 11/2 mils.
PAR  The two substrates 12 and 14 are then disposed in face-to-face relation and
      in such position that the electrodes 30 and 32 are properly aligned with
      one another, and the dot 62 aligned with an end portion of the metallic
      path 44 on the substrate 12. Also, the edges of the substrate 12 contact
      the upper surface of the bead 60.
PAR  Thereafter, suitable clamping means or weights are provided to apply
      compressive pressure between the two substrates 12 and 14, and the cell is
      exposed to a temperature in the order of 520.degree.C for a time
      sufficient to soften the bead 60 and the dot 62. The compressive pressure
      forces the two substrates 12 and 14 towards one another until further
      movement is prevented by contact of the substrate 12 with the shims 16.
      The movement of the substrates 12 and 14 towards one another causes
      lateral spreading of the softened bead 60 and dot 62. Preferably, the
      softening of the bead 60 and dot 62 is not so great as to cause or allow
      any more lateral movement thereof than is necessary to contain the mass
      thereof between the two substrates 12 and 14 and in contact therewith.
      Thus, for example, with a bead 60 having an initial thickness of 20 mils
      (in the drawing, the vertical scale is grossly exaggerated for convenience
      of illustration), the final thickness thereof is in the order of 40 mils.
      Likewise, the dot 62 which may have a diameter in the order of 10  mils
      when initially applied spreads to a diameter in the order of 20 mils.
PAR  Upon completion of the firing operation and cooling of the cell, the glass
      bead 60 provides a hermetic seal between the two substates 12 and 14, and
      the dot 62, now the bump 50 (FIG. 2), is fusion sealed to the two metallic
      paths 36 and 44.
PAR  To complete the cell, known means, not shown, are used to inject the liquid
      crystal material into the space defined by the substrates 12 and 14 and
      the bead 16. An example of a suitable process for filling liquid crystal
      cells is described in my co-pending application Ser. No. 155,845 filed
      June 23, 1971.
PAR  In another embodiment, not illustrated, substantially the entire inside
      surface 28 of the substrate 12 is coated with a conductive, electrode
      material. In this embodiment, the bump 50 is connected to such conductive
      coating, or electrode, and a separate conductive path, such as the path 44
      on the substrate 12, as shown in FIG. 2, is not required.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of fabricating a liquid crystal cell, the improvement
      comprising:
PA1  providing on a surface of a first glass substrate first and second spaced
      apart conductive layers,
PA1  adhering to a portion of said first layer a slurry of glass in the form of
      a bump, said slurry having conductive particles therewithin,
PA1  providing on a surface of a second glass substrate a third conductive
      layer,
PA1  disposing said two substrates in face-to-face spaced apart relation with
      said second and third layers disposed in overlapped relation and with said
      bump disposed in alignment with a portion of said third layer, and
PA1  simultaneously fusion bonding said bump to said first and third layers
      while maintaining a space between said substrates, said bump providing an
      electrical connection between said first and third layers and spanning the
      space between said substrates.
NUM  2.
PAR  2. The method of claim 1 including the steps of:
PA1  disposing a spacer element on one of said two substrates prior to said
      face-to-face disposing step, the height of said spacer being less than
      that of said bump, and
PA1  moving said substrates towards one another during said fusion step until
      further inward movement is prevented by said spacer.
NUM  3.
PAR  3. The method of claim 2 including the steps of:
PA1  providing a glass bead on one of said substrates adjacent to the edge
      thereof prior to said face-to-face disposing step, said bead having a
      height greater than that of said spacer, and
PA1  fusing said bead to the other of said substrates to form a joint between
      said substrates simultaneously with said fusion bonding step.
NUM  4.
PAR  4. The method of claim 1 wherein said slurry includes a solvent and a
      binder, said method including the step of removing said solvent while
      leaving said binder to adhere said bump to said first layer prior to said
      fusion bonding of said bump.
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ABST
PAL  A method employing a wire holder to retain side-by-side lead and magnet
      wires, joined together at adjacent ends, in a fixed position with respect
      to and insulated from a magnet coil on which it is mounted. It relieves
      strain on the magnet wire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Small electric coils, such as may be used on electromagnets, solenoids,
      transformers, motors, relays and the like, are frequently wound with small
      diameter magnet wire, which is relatively fragile. The magnet wire is
      usually insulated by a thin coat of varnish or a synthetic resin, which is
      adequate for insulation between adjacent turns on the coil. Neither the
      small solid wire nor its insulation is satisfactory for use in making
      external connections. The end of the magnet wire is therefore joined to a
      larger diameter flexible lead wire, having a thicker flexible insulation,
      that is better adapted for making external connections. In the past the
      junction between the magnet and lead wires has been insulated from the
      coil as by a layer of fish paper and held in place by a layer of adhesive
      electrical tape. This did not provide a satisfactory anchor for the lead
      wire, which, upon being pulled, could break the magnet wire or pull it off
      of the coil. The lead wire was passed through one or more holes in the
      flange of the bobbin on which the coil was wound. Knots in the lead wires
      and various clamping devices were used to prevent pulling the lead wires
      from the holes. These solutions proved time consuming and unsatisfactory.
      Terminals were mounted on the bobbin flange and the magnet and lead wires
      were soldered to the terminals. This was time consuming and left an
      uninsulated terminal. None of these provided a satisfactory solution to
      the problem.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention the magnet and lead wires of an electrical coil
      are joined together by a connector having a transverse dimension larger
      than the diameter of the lead wire, after which the wires are retained by
      a wire holder mounted upon the coil. The wire holder positions the wires,
      relieves strain on the magnet wire and insulates the wire junction from
      the magnet wire wound on the coil. Barriers are provided to insulate a
      plurality of wire junctions from each other. Means are provided for
      positioning the holder on the coil. The coil and holder are covered with
      insulating material, which also retains the holder in fixed position on
      the coil and provides mechanical protection.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a preferred embodiment of the wire holder.
PAR  FIG. 2 is a view of a coil partially cut-away substantially along the line
      2--2 in FIG. 4, with a wire holder mounted thereon and showing how the
      wires are retained by the wire holder.
PAR  FIG. 3 is an end view of a solderless connection suitable for use with the
      wire holder.
PAR  FIG. 4 is an end view of the coil in FIG. 2
PAR  FIg. 5 is a plan view of another embodiment of the wire holder.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As seen in FIG. 1 the wire holder 10 comprises a rigid plane base 11 of
      insulating material from the surface of which a pair of spaced projections
      12, 13 extend in a perpendicular plane. Ears 14, 15, extending toward each
      other at the ends of projections 12, 13 respectively, define a gap 16 and
      partially enclose a space 17 between the projections. Protuberances 18, 19
      provide means for attaching the wire holder to a coil 20 as shown in FIG.
      2 and described later. A second pair of projections 22, 23, similar to
      projections 12, 13 are separated from the latter by an insulating barrier
      24, perpendicular to the base. The wire holder is preferably molded in one
      piece.
PAR  In FIG. 2 the wire holder 10 is mounted on a coil 20. The coil is formed by
      winding magnet wire 25 on a coil form or bobbin 26. The bobbin comprises a
      tubular portion 27 terminating in flanges 28, 29 -- all of insulating
      material. The wire holder 10 is positioned between flanges 28, 29 to
      prevent sidewise movement and the protuberances 18, 19 are engaged in
      holes, such as 31 in flange 28 receiving protuberance 18, to provide an
      interlocking mechanical fastening, preventing longitudinal motion.
PAR  FIG. 3 shows a covering 32 of resilient insulation, such as rubber or
      vinyl, on a stranded lead wire 33, joined to magnet wire 25 in
      side-by-side relationship by a solderless connector 34. The solderless
      connector shown was originally a cylindrical metal tube that was
      subsequently flattened over the bared adjacent ends of wires 25, 33 to
      form an electrical connection. Some solderless connectors do not require
      baring the ends of the wires. For this application at least one transverse
      dimension of the connection must be larger than the diameter of the
      insulation covering 32 for reasons to be presented later.
PAR  Going back to FIG. 1, the gap 16 between ears 14, 15 is narrower than the
      outside diameter of the insulation 32, but wide enough to permit passage
      of the insulated wire 33 laterally therethrough when the insulation is
      squeezed. The partially enclosed space 17 is of sufficient area to snugly
      confine the insulated wires 25, 33 and of such dimensions as to prevent
      passage of the connector 34 lengthwise therethrough. After the insulated
      wires 25, 33 have been passed laterally through the gap 16 into space 17,
      as seen in FIG. 2, they are prevented from transverse movement with
      respect to the base 11. Lengthwise movement of the wires 25, 33 through
      the space 17 when lead wire 33 is pulled is prevented after the enlarged
      connection 34 abuts the projections 12, 13, as shown. This relieves
      tension on magnet wire 25. The connector 34 is insulated from the magnet
      wire 25 wound on the bobbin 26 by the base 11 and from a similar adjacent
      connector (not shown) by barrier 24. Flange 28 provides insulation of the
      connector 34 from external conductors along the axis of the coil 20. The
      insulated lead wire 33 is passed through a hole 35 in flange 28 to limit
      the direction from which the lead wire 33 can be pulled with respect to
      the wire holder 10 and to further define the location of the lead wire. A
      layer 36 of insulation, such as electrical tape, formed over the magnet
      wire 25 wound on the bobbin 26, the wire holder 10 and connector 34,
      prevents outward movement of the wire holder 10 with respect to the coil
      20, insulates the magnet wire 25 and the connector 34 from external
      electrical conductors and provides mechanical protection to the coil.
      Outward movement of the wire holder 10 from coil 20 could also be
      prevented by additional interlocking portions such as 18, 31.
PAR  FIG. 5 shows in plan another embodiment of the invention, in which the base
      11 and projection 12, 13 are the same as in FIG. 1, but an insulating
      barrier 38, shown as comprising three straight sides, along with the base
      11 and projections 12, 13 provide all the insulation required, except from
      the top, for a connector, such as 34, enclosed thereby. The projections
      could be integral with the barrier.
PAR  The embodiments shown and described are merely exemplary. They do not
      establish the limits of the invention, which are defined by the claims.
      Many other embodiments will be readily apparent to those skilled in the
      art. It will be obvious that the steps recited in the claims need not
      necessarily be performed in the order in which they are presented.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for retaining a connection between insulated magnet and lead
      wires in fixed position on a coil and insulating the connected wires from
      magnet wire wound on the coil comprising the steps of positioning the
      wires side-by-side and with adjacent ends, joining the adjacent ends in an
      electrical connection having a transverse dimension larger than the
      diameter of the insulated lead wire, squeezing the insulated parallel
      wires transversely through a gap into a snugly confining space between
      projections from the surface of an insulating base, and affixing said base
      to the coil.
NUM  2.
PAR  2. A method according to claim 1 further comprising forming a layer of
      insulation over the assembled magnet wire wound on the coil, the base and
      the connection.
NUM  3.
PAR  3. A method according to claim 1 wherein said affixing of the base to the
      coil comprises interlocking portions of said base and said coil.
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PAL  A pair of .omega.-section metallic channels are juxtaposed to form a hollow
      core with their flat flanges coextensively contacting one another. This
      core is advanced in steps having a length equal to an even multiple of the
      predetermined distance toward a work station. Strips are pulled off a pair
      of supplies at this station and the ends of these strips are advanced
      toward locations on the core which are spaced apart by the predetermined
      distance. These strips are advanced by an increment on each step advance
      of the core. The ends of the strips are spot welded to the flanges on the
      respective side of the core and the end sections are cut between
      incremental advances of the strips and step advances of the core to leave
      a pair of strip arms welded to the core and spaced longitudinally apart by
      the predetermined distance. The free end of each arm is formed with a
      split and these split ends are bent in opposite directions to opposite
      sides of the split. The operations of cutting off the end section and
      splitting the ends can be carried out simultaneously by a single stamping
      arrangement. The core is held between upper and lower rollers as it is
      advanced straightly longitudinally toward the station where the arms are
      applied thereto.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method of and an apparatus for making a
      filter electrode. More particularly this invention concerns the production
      of elongated metallic filter electrodes usable in electrostatic
      precipitators and the like.
PAC  BACKGROUND OF THE INVENTION
PAR  A dust filter electrode is known which is formed of a pair of
      .omega.-section straight metal channels which are fitted together, concave
      sides toward each other, with their flat flanges coextensively contacting
      one another. The hollow core so formed is fitted at regular intervals with
      laterally extending metallic arms whose ends are frequently split and bent
      in opposite directions.
PAR  It is customary to form such an electrode simply by manually juxtaposing
      two channel sections of the desired length, then manually spot welding
      individual preformed arms to the flanges of the core so formed at the
      desired intervals. It is absolutely essential that the electrodes be
      perfectly straight and uniform. Such manual manufacture is an extremely
      expensive and painstaking process. Since it is often necessary to produce
      electrodes having a length of 12 meters or more, the fabrication process
      can take up a great deal of space, often requiring a work table and jig
      that is immense.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      method of and apparatus for making a filter electrode of the
      above-described general construction.
PAR  Another object is the provision of an apparatus which allows such
      electrodes to be made rapidly yet inexpensively.
PAC  SUMMARY OF THE INVENTION
PAR  The objects are attained according to the present invention in a system
      wherein a pair of .omega.-section straight metallic channels are
      juxtaposed with coextensively contacting flanges to form a hollow core.
      This core is advanced in steps each having a length equal to an even
      multiple of a predetermined distance toward a work station provided with a
      pair of supplies of metallic strip and a pair of strip feed means at the
      station at opposite lateral sides of the core. These strip feed means pull
      the strips off the supplies and advance the ends of the strips towards
      locations on the core spaced apart by the above-mentioned predetermined
      distance in an increment in opposite directions toward opposite lateral
      sides of the core between the respective strip feed means and the core and
      serving to spot weld the ends of the strips to the respective
      coextensively contacting flanges of the core between incremental advances
      of the strips and step advances of the core. In addition the end sections
      of each strip are cut off during or after the spot-welding operation but
      still between incremental advances of the strip and step advances of the
      core so as to leave a pair of strip arms welded to the core and spaced
      longitudinally apart by the predetermined distance. The free end of each
      arm is formed with a split and the split ends of the arms are bent apart
      in opposite directions to opposite sides of the split.
PAR  In accordance with the present invention a pair of stamping means at the
      station on opposite lateral sides of the core and each between a
      respective spot-welding means and a respective strip feed means serve to
      both cut the end section off the respective strip and form the split in
      the cut-off end section. A pair of bending means are provided at the
      station on opposite lateral sides of the core and each spaced downstream
      from a respective spot welding means by a spacing equal to a whole
      multiple of the predetermined distance for bending of the split ends of
      the cut-off end sections in opposite directions as described above.
PAR  The apparatus according to the present invention is therefore capable of
      rapidly and automatically producing an electrode of absolutely uniform
      construction along its length. The only manual work that need be done is
      loading the core halves into the guide, and keeping a supply of strip
      material at the work station. Otherwise the entire process is carried out
      automatically with great precision.
PAR  According to another feature of this invention the individual arms are
      stamped out of the strip material and that end of each arm opposite the
      split end is formed with a small dimple or bump. The spot-welding is
      effected directly at this bump so as to insure a very good connection
      between the arm and the flange, and between the two flanges on the side of
      the core.
PAR  According to yet another feature of this invention the core feed means
      includes a plurality of sets of rollers which engage under the lateral
      flanges and either engage over the top of these flanges or at the central
      part-cylindrical portion of the core so as to guide these cores accurately
      and prevent any lateral shifting of them.
PAR  Although it is possible to feed the core channels continuously to the work
      station, in practice it has been found more advantageous simply to load
      individual channel sections into the device. This is due to the fact that,
      especially when an electrode of 12 meters or greater length is being
      produced, it is necessary to employ perfectly straight channels. Should
      the finished product be bowed the filter in which it is installed would
      arc out and be inoperative. It is also necessary to fit special hangers to
      the ends of these electrodes.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages will become more
      readily apparent from the following, reference being made to the
      accompanying drawing, in which:
PAR  FIG. 1 is a top view of the apparatus according to the present invention
      with parts removed for clarity of view;
PAR  FIG. 2 is an end view taken in the direction of arrow II of FIG. 1;
PAR  FIG. 3 is an end view of the apparatus taken in the direction of arrow III
      of FIG. 2 with parts removed for clarity of view;
PAR  FIGS. 4 and 5 are top and end views of a finished electrode according to
      the present invention;
PAR  FIG. 6 is a top view of a detail of a partly assembled electrode;
PAR  FIG. 7 is an end view of a detail of the apparatus of FIG. 1;
PAR  FIG. 7A is a section taken in the direction of line VIIA--VIIA of FIG. 7;
PAR  FIGS. 8a, 8b, and 8c are end view of the guides for the core according to
      the present invention; and
PAR  FIGS. 8d, 8e, and 8f are side views of FIGS. 8a, 8b and 8c, respectively.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The apparatus according to the present invention as shown in FIG. 1
      basically comprises a central working station 1 provided with a downstream
      output frame 2 and an upstream input or feed frame 3. A feed device 30 is
      provided at the feed side 3. Two strip feeders 10, stampers 11, spot
      welders 12, and benders 19 are provided at the work station 1.
PAR  At the input station 3 a core 4 formed of a pair of .omega.-section steel
      channels 5 having parallel and diametrically opposite flanges 5' are held
      in guide roller sets 20. Each set 20 as shown in FIGS. 8a and 8d is
      comprised of two upper rollers 20a engaging the upper sides of the flanges
      5' and two lower rollers 20b engaging the lower sides of the flanges 5'.
      The feed device 30 comprises a hydraulically operated clamp 31
      displaceable along a pair of guide rails 32 through a distance s by means
      of a hydraulic ram 31. Thus when the clamp 31 is closed and the ram 33 is
      operated the entire core 4 is advanced in the direction of arrow A through
      a step having a length equal to s. This cylinder 33 is connected to
      control means 7 (FIG. 2) which synchronizes all of the actions of the
      machine and periodically operates the cylinder 33.
PAR  The strip feeders 10 at the work station 1 are on opposite sides of the
      core 4 and spaced apart by a distance s/2. Each such feeder 10 is adapted
      to pull a strip 8 off a respective roll 14 of strip material carried under
      the work table 13 of the work station 1. The strip material 8 passes up
      over a deflecting roller 18 and thence through a clamp 10a of the feeder
      10. This clamp 10a is carried on rods 10b in turn connected to a hydraulic
      actuator 10c of the feed 10. Each time the cylinder 33 is actuated by the
      control means 7 the actuator 10c is similarly operated so as to advance
      the strip 8 by a given increment toward the core 4.
PAR  Inward of each feeder 10 is a spot welder 12 which is vertically
      displaceable on an upright post 1a of the apparatus so as to be engageable
      down against the very innermost end of the respective strip 8 and the
      flanges 5' of the underlying core 4. Each of these welders 12 is of the
      electric type and is only operated by the control means 7 after actuation
      of the feeds 10 and 30.
PAR  Between each of the feeds 10 and the respective welder 12 there is further
      provided a stamper 11 whose function, as illustrated in FIG. 6, is to cut
      an end section 6 of the respective strip 8 by removing therefrom a portion
      as indicated at hatched region 11a in FIG. 6. This forms a split 6a in the
      end of the section 6, subdividing it into two pointed tips 6' and 6".
      Simultaneously the mating punch and die of each stamper 11 form a small
      dimple or boss 11b in the very end of the remaining strip 8. The stamper
      11 is closed on the strip 8 after incremental advance of this strip 8 and
      before or during spot welding of the strip 8 to the flanges 5'. The welder
      12 is set up to align with the dimple 11b and weld the arm 6 so formed to
      the flanges 5' at this point, thereby simultaneously welding the two
      flanges 5' together.
PAR  On the work table 13 the assembly is held and guided by roller sets 21 as
      shown in FIGS. 8b and 8e comprising a single upper roller 21a engaging the
      central core section 4 at the top of its semicylindrical portion, and a
      pair of lower rollers 21b engaged under the flanges 5'.
PAR  The set of working tools 10, 11 and 12 to each side of the core 4 are
      spaced longitudinally apart along the core 4 by a distance s/2 so that the
      arms 6 that are applied to the core are similarly spaced apart a distance
      s but staggered on opposite sides of the core 4. Downstream by the
      distance s from each welder 12 is a respective bender 19 shown in more
      detail in FIGS. 3 and 7. Each such bender 19 comprises a vertically
      displaceable lower die 15, a vertically displaceable upper die 16 directly
      above the lower die 15, and a horizontally displaceable punch 17. The two
      dies 15 and 16 have cylindrically curved side or end surfaces 15a and 16a.
      The punch 17 is formed with longitudinally spaced and adjoining cutouts
      17a and 17b, the latter downstream of the former and the two opening in
      vertically opposite directions. The inner faces of the cutouts 17a and 17b
      correspond to the surfaces 15a and 16a, respectively, so that when the two
      dies 15 are closed on the end of a flat arm 6 the punch 17 can be brought
      in between them so as to deflect the tips 6' and 6" in opposite
      directions, and bend them permanently to a Y shape.
PAR  At the output side 2 the finished electrode merely rides as shown in FIGS.
      8c and 8b on sets of rollers 22 each comprising a single pair of lower
      rollers 22a engaging the underside of the flanges 5'. The guides 20, 21
      and 22 serve to maintain the core in perfectly straight condition and
      prevent both vertical and lateral displacement of it as the arms 6 are
      welded thereto and the flanges 5' are welded together.
PAR  The apparatus is made to function by the controller 7 as follows:
PAR  A pair of .omega.-section steel channels are placed upstream of the feeder
      30 on guides similar to the guides 22 and the downstream end of the core 4
      so formed is fitted into the clamp 31.
PAR  The controller 7 then actuates the cylinder 33 twice until the downstream
      end of the core 4 is passt the furthest downstream spot welder 12. The
      feeders 10 are then actuated so as to bring the very ends of the strips 8
      into position below the respective spot welder 12 and above the respective
      flange 5' of the core 4.
PAR  Thereupon the stampers 11 and welders 12 are both actuated so as
      simultaneously to cut off end sections 6 and weld same to the respective
      flanges 5'. After this operation is completed the cylinder 33 is again
      actuated so as to advance the two arms 6 into the benders 19 and bring a
      fresh section of the core 4 under the spot welders 12.
PAR  The dies 15 and 16 of the benders 19 are closed on the respective arms 6
      and the punch 17 brought across the bend the tabs 6' and 6" in opposite
      directions. Meanwhile the two feeders 10 have been actuated so as to bring
      the next arm section 6 up into place and the stampers 11 and welders 12
      are again operated so as to secure these new arms 6 to the core 4.
PAR  Thereafter the operation goes completely synchronously. That is the feeders
      30 and 10 are actuated simultaneously and thereafter the stampers 11,
      welders 12 and benders 19 are actuated simultaneously. In this manner an
      accurately manufactured and perfectly uniform electrode is produced.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for making a filter electrode, said apparatus comprising:
PA1  core feed means for longitudinally advancing in a transport direction
      toward a work station and in a succession of steps each having a length
      equal to an even multiple of a predetermined distance a pair of
      .omega.-section metallic channels having coextensively contacting flat
      flanges and forming a straight hollow core;
PA1  a pair of supplies of metallic strip at said station;
PA1  a pair of strip feed means at said station on opposite lateral sides of
      said core and spaced apart in said transport direction by said distance
      for advancing said strips by an increment from said supplies incrementally
      in opposite directions toward said core on each stepwise advance of said
      core;
PA1  a pair of spot-welding means at said station on opposite lateral sides of
      said core and each between the respective strip feed means and said core
      for spot welding the ends of said strips to the respective coextensively
      contacting flanges of said core after each incremental advance of said
      strips and between step advances of said core;
PA1  a pair of stamping means at said station on opposite lateral sides of said
      core and each between a respective spot-welding means and a respective
      strip feed means for cutting an end section off the respective strip on
      each incremental strip advance and for forming in the end of the cut-off
      end section turned away from said core a split extending transverse to
      said core; and
PA1  a pair of bending means at said station on opposite lateral sides of said
      core and each spaced downstream from the respective spot-welding means by
      a spacing equal to a whole multiple of said distance for bending the split
      ends of each cut-off end section in opposite direction on opposite sides
      of the respective split.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said length of said steps is
      equal to twice said distance between said stamping means.
NUM  3.
PAR  3. The apparatus defined in claim 2 wherein said bending means are spaced
      downstream of said spot-welding means by a spacing equal to said distance.
NUM  4.
PAR  4. The apparatus defined in claim 1 wherein said stamping means each have a
      die for forming in the respective strip a boss positioned to lie at said
      flange after advance of said strip, said spot-welding means being aligned
      to spot weld each strip at its boss to said flanges.
NUM  5.
PAR  5. The apparatus defined in claim 1, further comprising guide means
      including a plurality of sets of rollers longitudinally provided along
      said core and supporting same, each set including at least two lower
      rollers engaging said flanges, at least some of said sets engaging down
      against said core.
NUM  6.
PAR  6. A method of making a filter electrode comprising the steps of:
PA1  juxtaposing a pair of .omega.-section straight metallic channels with
      coextensively contacting flanges to form a hollow core;
PA1  advancing said hollow core in steps each having a length equal to an even
      multiple of a predetermined distance toward a work station;
PA1  pulling strips off a pair of supplies of metallic strip material and
      advancing the ends of said strips toward locations on said core at said
      station spaced apart by said distance in an increment in opposite
      directions toward opposite sides of said core on each step advance of said
      core;
PA1  spot welding the end of each strip to the respective flanges of said core
      and cutting the end section off each strip between incremental advances of
      said strip and step advances to leave a pair of strip arms welded to said
      core and spaced longitudinally apart by said distance;
PA1  forming the free end of each arm with a split; and
PA1  bending the split ends of each arm in opposite directions to opposite sides
      of said split.
NUM  7.
PAR  7. The method defined in claim 6 wherein said end sections are
      simultaneously cut from said strips and spot welded to said core.
NUM  8.
PAR  8. The method defined in claim 7 wherein said splits are formed
      simultaneously as said end sections are cut from said strips.
NUM  9.
PAR  9. The method defined in claim 8 wherein said split ends are bent
      simultaneously as other end sections are cut from said strips.
NUM  10.
PAR  10. The method defined in claim 9 wherein said core is advanced
      horizontally and said split ends are bent vertically.
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ABST
PAL  Leading portions of individual wires of a plurality of wires are positioned
      in spaced apart relationships with respect to each other by a wire
      separating mechanism which utilizes a template having a generally planar
      surface with a primary groove defined therein capable of substantially
      accommodating a trailing portion of each of the wires in a bunched
      together condition and a plurality of secondary grooves defined therein
      which emanate from the primary groove along separate, spaced apart paths,
      each of the secondary grooves capable of substantially accommodating
      therein the leading portion of only one of the wires. A clamp on the
      mechanism located near one end of the primary groove holds the trailing
      portions of the wires within the primary groove in their bunched together
      condition. A roller element mounted on the mechanism and having a
      cylindrical surface is moved by the mechanism into engagement with the
      trailing portions of the wires so as to introduce compressive forces
      thereon. Alternatively, a slide element may be utilized in place of the
      roller element. The mechanism continues the application of the compressive
      forces simultaneously along the wires by rolling the roller element along
      the planar surface of the template such that the application of the
      compressive forces simultaneously progresses along each of the wires from
      the trailing portion toward the leading portion of each of the wires
      whereby the leading portions of the wires are forced individually into
      respective secondary grooves in the planar surface of the template and
      thereby positioned in spaced apart relationships with respect to each
      other.
PARN
PAR  This is a division, of application Ser. No. 389,924 filed Aug. 20, 1973,
      now U.S. Pat. No. 3,891,013.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to the assembly of electrical
      connecting devices to individual conductor wires of a plurality of wires
      and more particularly is concerned with a method and apparatus for
      positioning leading portions of the individual wires in spaced apart
      relationships with respect to each other to allow simultaneous assembly of
      the connecting devices to the individual wires.
PAR  2. Description of the Prior Art
PAR  Heretofore, the assembly of electrical connecting devices, such as
      terminals, etc., to individual conductor wires of a plurality of wires,
      for example, wires bunched together and enclosed by an insulation sheath,
      has been predominately carried out by inherently expensive and slow hand
      operations which include separating one at a time the portions of
      individual wires which freely extend from the bunched together plurality
      of wires and positioning these wire portions one at a time into
      appropriate applicator tools for assembly of the connecting device
      thereto.
PAR  The present invention eliminates the inherent limitations of the
      aforementioned hand operations by providing automated separating and
      positioning of these individual wire portions in spaced apart
      relationships with respect to each other to allow simultaneous assembly of
      the connecting devices thereto.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of the present invention, therefore, is to provide a method and
      apparatus which significantly automates the assembly of electrical
      connecting devices to pluralities of conductor wires.
PAR  Another object of the present invention, accordingly, is to provide a
      method and apparatus which simultaneously separates and positions the
      leading portions of the wires into spaced apart relationships and thereby
      allows for the simultaneous occurrence of subsequent operations which
      result in the assembly of the connecting devices to the wires.
PAR  These and other objects of the invention are achieved in a preferred
      embodiment thereof wherein method and apparatus achieve positioning of
      leading portions of individual wires of a plurality of wires in spaced
      apart relationships with respect to each other. First and second surface
      means are provided with the first surface means having a primary groove
      defined therein capable of substantially accommodating a trailing portion
      of each of the wires in a bunched together condition and a plurality of
      secondary grooves defined therein which emanate from the primary groove
      along separate, spaced apart paths, each of the secondary grooves capable
      of substantially accommodating therein the leading portion of only one of
      the wires. Holding means positions the trailing portions of the wires in
      their bunched together condition in the primary groove of the first
      surface means. Force-applying means introduces an application of
      compressive forces on the wires at their trailing portions by bringing the
      second surface means and the primary groove of the first surface means
      into close proximity to each other while the trailing portions are so
      positioned in the primary groove of the first surface means by the holding
      means. The force-applying means then continues the application of
      compressive forces simultaneously along the wires by moving at least one
      of the first surface means and the second surface means relative to the
      other such that the application of the compressive forces simultaneously
      progresses along each of the wires from its trailing portion toward its
      leading portion whereby the leading portions of the wires are forced
      individually into respective secondary grooves of the first surface means
      and thereby positioned in spaced apart relationships with respect to each
      other.
PAR  Other objects and attainments of the invention will become apparent to
      those skilled in the art upon a reading of the following detailed
      description when taken in conjunction with the drawings in which there is
      shown and described illustrative embodiments of the invention; it is to be
      understood, however, that these embodiments are not intended to be
      exhaustive nor limiting of the invention but are given for purpose of
      illustration in order that others skilled in the art may fully understand
      the invention and the principles thereof and the manner of applying it in
      practical use so that they may modify it in various forms, each as may be
      best suited to the condition of a particular use.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the course of the following detailed description reference will be
      frequently made to the attached drawings in which:
PAR  FIG. 1 is a perspective view of a wire separating mechanism comprising the
      apparatus of the present invention;
PAR  FIG. 2 is an enlarged front elevational view of the wire separating
      mechanism of FIG. 1;
PAR  FIG. 3 is an enlarged perspective view of one form of the template utilized
      in the apparatus of FIG. 1 also showing a clamp positioned next to an end
      of the primary groove in the top surface of the template;
PAR  FIG. 4 is a perspective view similar to that of FIG. 3 now showing a
      plurality of wires emanating from an insulation sheath and being
      positioned in the primary groove by the clamp;
PAR  FIG. 5A is a perspective view similar to that of FIG. 4 now showing a
      roller element of the mechanism of FIG. 1 in an initial position aligned
      above trailing portions of the wires;
PAR  FIG. 5B is a perspective view similar to that of FIG. 5A but showing the
      roller element in an alternative initial position aligned slightly above
      the top surface of the template and rearwardly of the trailing portions of
      the wires;
PAR  FIG. 6 is a perspective view similar to that of either FIG. 5A or FIG. 5B
      showing the roller element having been moved from either of the respective
      initial positions thereof into engagement with the trailing portions of
      the wires so as to apply compressive forces to the wires;
PAR  FIG. 7 is a perspective view similar to that of FIG. 6 now showing the
      roller element continuing to apply compressive forces on the wires while
      being rolled along the top surface of the template from the trailing
      portions toward the leading portions of the wires.
PAR  FIG. 8 is a perspective view similar to that of FIG. 7 now showing the
      roller element after having forced the leading portions of the wires into
      respective secondary grooves in the top surface of the template;
PAR  FIG. 9 is a perspective view similar to that of FIG. 7 but showing a slide
      element which may be utilized, in place of the roller element, in the
      apparatus of FIG. 1 to carry out substantially the same operations as the
      roller element;
PAR  FIG. 10 is a perspective view similar to that of FIG. 9 now showing the
      slide element after it has forced the leading portions of the wires into
      respective secondary grooves in the top surface of the template;
PAR  FIG. 11 is an enlarged fragmentary sectional view of the primary groove of
      the template taken along line 11--11 of FIG. 3 showing a step formed in
      the primary groove;
PAR  FIG. 12 is an enlarged fragmentary sectional view of the primary groove of
      the template of FIG. 3 taken along line 12--12 of FIG. 4 showing the
      trailing portions of the wires positioned therein;
PAR  FIG. 13 is an enlarged fragmentary sectional view of the primary groove of
      the template of FIG. 3 taken along line 13--13 of FIG. 6 showing the
      roller element in cross-section engaged with the trailing portions;
PAR  FIG. 14 is an enlarged fragmentary sectional view of the primary groove and
      the secondary grooves of the template of FIG. 3 taken along line 14--14 of
      FIG. 7 showing the roller element in cross-section engaged with the
      trailing portions and having forced the trailing portions into
      side-by-side dispositions with respect to each other in a shallower
      portion of the stepped primary groove;
PAR  FIG. 15 is an enlarged perspective view similar to that of FIG. 3 showing
      an alternate form of the template in that the primary groove thereof now
      has a ramp and smaller step formed therein instead of the larger step as
      shown in FIGS. 3 and 11;
PAR  FIG. 16 is an enlarged fragmentary sectional view similar to that of FIG.
      12 but showing the alternative form of the template of FIG. 15;
PAR  FIG. 17 is an enlarged fragmentary sectional view similar to that of FIG.
      13 but showing the alternative form of the template of FIG. 15 and showing
      the roller element engaging and applying compressive forces to the forward
      end of the insulation sheath to effect initial flattening of the sheath
      and spreading of the wires enclosed therein on the ramp of the primary
      groove;
PAR  FIG. 18 is an enlarged fragmentary sectional view similar to that of FIG.
      17 now showing further flattening of the insulation sheath on the ramp of
      the primary groove and spreading of the trailing portions of the wires on
      the step of the primary groove into side-by-side dispositions with respect
      to each other;
PAR  FIG. 19 is an enlarged fragmentary sectional view similar to that of FIG.
      14 but showing the alternative form of the template of FIG. 15;
PAR  FIG. 20 is an enlarged perspective view similar to that of FIGS. 3 and 15
      showing yet another alternative form of the template in that a depressable
      plunger element is mounted into the primary groove thereof adjacent to its
      juncture with the plurality of secondary grooves of the template;
PAR  FIG. 21 is an enlarged fragmentary sectional view of the plunger element
      mounted at the juncture between between the primary groove and the
      plurality of secondary grooves taken along line 21--21 of FIG. 20 showing
      the plunger element in its normal rest position;
PAR  FIG. 22 is an enlarged fragmentary sectional view similar to that of FIG.
      21 now showing the trailing portions of the wires positioned in the
      primary groove and extending upwardly and forwardly through a
      wire-confining notch defined in the upper end of the plunger element;
PAR  FIG. 23 is an enlarged fragmentary sectional view similar to that of FIG.
      23 now showing the roller element engaging and applying compressive forces
      to the trailing portions of the wires to cause spreading and arrangement
      of the trailing portions into side-by-side dispositions within the
      wire-confining notch of the plunger element;
PAR  FIG. 24 is an enlarged fragmentary sectional view similar to that of FIG.
      23 now showing the roller element after it has forceably moved the plunger
      element downwardly into the forward end of the primary groove to its
      depressed position which has caused the leading portions of the wires
      which extend in a forwardly direction from the wire-confining notch of the
      plunger element to be deposited individually into respective rearward ends
      of the secondary grooves;
PAR  FIG. 25 is another enlarged fragmentary sectional view of the primary
      groove of the template of FIG. 3 taken along line 25--25 of FIG. 4; and
PAR  FIGS. 26 through 28 are enlarged fragmentary views similar to that of FIG.
      25 further showing reciprocatory movement of the roller element, shown in
      enlarged fragmentary form, in a transverse relationship to the
      longitudinal extent of the trailing portions of the wires and the primary
      groove simultaneously as the roller element is engaging and applying
      compressive forces to the trailing portions of the wires.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As a preferred or exemplary embodiment of the method and apparatus of the
      present invention, FIGS. 1 and 2 illustrate a wire separating mechanism 10
      and FIGS. 3 through 8 schematically illustrate the basic sequence of
      operations performed by the mechanism 10 for positioning leading portions
      L of individual wires W of a plurality of wires W in spaced apart
      relationships with respect to each other.
PAR  The wire separating mechanism 10 utilizes a novel template 12 having a
      generally planar upper surface 14 with a primary groove 16 defined therein
      capable of substantially accommodating a trailing portion T of each of the
      wires W in a bunched together condition (see FIG. 4) and a plurality of
      secondary grooves 18 defined therein which emanate from the primary groove
      16 along separate, spaced apart paths and are each capable of
      substantially accommodating therein the leading portion L of only one of
      the wires W (see FIG. 8). After a plurality of wires W are manually
      located in the primary groove 16 of the template 12, a clamp 20 on the
      mechanism 10 located near one end of the primary groove 16 holds the
      trailing portions T of the wires W within the primary groove 16 in their
      bunched together condition (see FIG. 4). Although the wires W at the
      rearward ends of their trailing portions T, as illustrated in the
      drawings, are enclosed by an insulation sheath S, the trailing portions T
      may just as readily be held in the primary groove 16 by the clamp 20
      without the assistance of the insulation sheath S. Positioning of the
      leading portions L of the wires W is achieved when a carriage 22 of the
      mechanism 10 moves a roller element 24 rotatably mounted thereon across
      the template 12 into engagement with the trailing portions T of the wires
      W so as to introduce compressive forces on the trailing portions T.
      Alternatively, a slide element 26, as shown in FIGS. 9 and 10, may be
      utilized in place of the roller element 24. Continued movement of the
      carriage 22 across the template 12 causes continuation of the application
      of compressive forces simultaneously along incremental lengths of the
      wires W by the roller element 24 such that the application of the
      compressive forces simultaneously progresses along each of the wires W
      from the trailing portion T toward the leading portion L of each of the
      wires W such that the leading portions L are forced individually into
      respective secondary grooves 18 in the planar surface 14 of the template
      12 and thereby positioned in spaced apart relationships with respect to
      each other. The wires W have a predetermined length greater than that of
      the template 12 so that the free ends of the leading portions L will
      extend beyond the forward ends of the secondary grooves 18 of the template
      12 (see FIG. 8) and be appropriately aligned for a suitable applicator
      mechanism A, such as a crimping press (shown in block outline form in FIG.
      1), to simultaneously apply articles, such as electrical connecting
      devices, to the free ends of the wires W.
PAR  Referring now in greater detail to FIGS. 1 and 2, the wire separating
      mechanism 10 has a base 28 on which is securely mounted a table-like frame
      30 having a generally horizontal top plate 32 with a tracking groove 34
      defined in its underside 36 along each of its two opposing longitudinal
      edges 38 from its rearward end 40 to its forward end 42. A recessed region
      44 is formed in an upperside 46 of the top plate 32 for snugly receiving
      and holding the template 12 therein. The clamp 20 has a unmovable part 48
      securely fixed to the upperside 46 of the top plate 32, and a pivotal part
      50 coupled to the plate 32, adjacent to one side of the recessed region 44
      which is located near the rearward end of the primary groove 16 when the
      template 12 is positioned into the recessed region 44. The adjacent ends
      of the clamp parts 48, 50 define a wire-confining channel 52 for securely
      holding the wires W in their desired bunched together condition. It is
      readily apparent that rotation of the pivotal clamp part 50 either toward
      or away from the unmovable clamp part 48 allows for either securing or
      releasing the hold of the clamp 20 on the plurality of wires W as desired.
PAR  The carriage 22 is mounted on the top plate 32 of the frame 30 and includes
      a pair of opposing leg members 54 being separated from each other through
      a distance slightly greater than the width of the top plate 32 and a body
      member 56 which connects with the leg members 54 at their upper ends.
PAR  More particularly, the carriage 22 is mounted on the horizontal top plate
      32 for movement therealong by a cylindrical roller 58 which is journalled
      to each of the leg members 54 on the side thereof which faces the opposing
      one of the leg members 54 and a pair of bevelled rollers 60, 62 which are
      journalled to each of the leg members 54 also on the side thereof which
      faces the opposing one of the leg members 54 but below, and respectively
      offset from, the cylindrical roller 58. The pair of bevelled rollers 60,
      62 on each leg member 54 of the carriage 22 are vertically displaced below
      the cylindrical roller 58 through a distance slightly less than the
      thickness of the top plate 32 in order that the top plate 32 may be
      received between the cylindrical rollers 58 and the pairs of bevelled
      rollers 60, 62 with the cylindrical rollers 58 respectively engaging the
      upperside 46 of the top plate 32 near its longitudinal edges 38 and with
      each of the pairs of bevelled rollers 60, 62 at a continuous bevelled
      peripheral edge 64 on each roller 60, 62 engaging one of the tracking
      grooves 34 on the underside 36 of the top plate 32. By such mounting
      arrangement of the carriage 22 on the top plate 32 of the frame 30, the
      carriage 22 is only permitted to move along a linear path between the
      rearward and forward ends 40, 42, and parallel to the upperside 46, of the
      top plate 36.
PAR  An air cylinder 66 which is securedly mounted by an upstanding support
      brace 68 of the frame 30 may be appropriately actuated in a conventional
      manner to cause movement of the carriage 22 along its horizontal linear
      path via a linkage assembly 70 which couples the carriage body member 56
      to a piston rod 72 which extends from the air cylinder 66. Accordingly,
      movement of the roller element 24 mounted by the carriage 22 is achieved
      through actuation of the air cylinder 66.
PAR  The carriage 22 further includes a U-shaped member 74 fixedly mounted on
      the carriage body member 56 which defines a vertically-directed channel 76
      within which is slideably mounted a piston block 78 which is coupled at
      its upper end by another piston rod 80 to another air cylinder 82 securely
      mounted on the top end of the U-shaped member 74 by a bracket 84. Another
      bracket 86 slideably coupled to the lower end of the block 78 rotatably
      mounts the roller element 24. Selected actuation of the air cylinder 82 in
      a conventionally known manner will cause movement of the block 70 and thus
      the roller element 24 either toward or away from the top plate 32 as
      desired.
PAR  Reciprocatory movement of the roller element 24 in a transverse
      relationship to the linear path of movement of the carriage 22 and also to
      the longitudinal extent of the primary groove 16 and the wires W when
      positioned therein is caused by selective rotation of a head 88 on the end
      of the rotatable cable connected to a suitable drive means (not shown)
      which head 88 extends from the end of a cable sheath 90 mounted by a
      bearing/bracket assembly 92 to the U-shaped member 74. The rotatable cable
      head 88 is coupled to the slideable bracket 86 which mounts the roller
      element 24 via linkage arms 94, 96.
PAR  Referring now to FIGS. 3 through 8 and 11 through 14, in one form of the
      template 12 which may be utilized in the schematically illustrated
      sequence of operations carried out by the mechanisms 10, the primary
      groove 16 is defined by a recessed step, generally designated 98, formed
      in the planar surface 14 of the block of resilient material, such as
      steel, comprising the template 12. A rearward region of the primary groove
      16 which is capable of substantially accommodating therein a rearward
      trailing portion RT of each of the wires W in a randomly bunched together
      condition, as illustrated in FIG. 12, comprises a lower tread 100 of the
      step 98. A forward region of the primary groove 16 which is capable of
      substantially accommodating therein a forward trailing portion FT of each
      of the wires arranged in a side-by-side bunched together condition, as
      illustrated in FIG. 14, comprises an upper tread 102 of the step 98. The
      lower and upper treads 100, 102 are interconnected by a riser 104.
PAR  Referring now to FIGS. 15 through 19, in another form of the template 12
      which also may be utilized in the schematically illustrated sequence of
      operations carried out by the mechanism 10, the primary groove 16 has a
      ramp 106 and short riser 108 interconnecting the upper and lower treads
      102, 100 of the step 98 instead of the longer riser 104.
PAR  Referring now to FIGS. 20 through 24, a preferred form of the template 12
      is illustrated wherein a plunger element 110 is yieldably mounted by a
      suitable spring 112 in a forward end of the primary groove 16 contiguous
      to rearward ends of the secondary grooves 18. The plunger element 110 has
      an upper wire-confining notch 114 defined therein which forms a region
      capable of substantially accommodating the forward trailing portions FT of
      the wires W when arranged in a side-by-side bunched together condition, as
      illustrated in FIG. 23. Side nibs 116 which define the notch 114 are
      inclined toward the forward end of the template 16 and extend above the
      surface 14 of the template when the plunger element 110 is in its normal
      rest position. Further a forward lip 118 of the notch 114 is aligned above
      the rearward ends of the secondary grooves 18 when the plunger element 110
      is in the normal rest position. When the roller element 24 is brought by
      the mechanism 10 into engagement with the plunger element 110 either by
      vertical descent of the block 78 or by forward movement of the carriage 22
      where the roller element 24 was previously aligned for engagement with the
      top surface 14 of the template 12, the forward trailing portions FT of the
      wires W are forced by the compressive forces being introduced thereupon to
      become rearranged from their random bunched together condition of FIG. 22
      to their side-by-side bunched together condition of FIG. 23. Further
      movement of the roller element 24 along the wires W, as caused by forward
      movement of the carriage 22 of the mechanism 10 along its linear path,
      engages the roller element 24 with the inclined surface of the nibs 116
      and causes forced movement of the plunger element 110 against the action
      of the spring 112 to a depressed position, as shown in FIG. 24, in which
      the wire-confining notch 114 is now aligned with the rearward ends of the
      secondary grooves 18 and the leading portions L of the wires W are
      individually deposited into respective rearward ends of the secondary
      grooves.
PAR  Referring now to FIGS. 25 through 28, there is illustrated the
      reciprocatory movement of the roller element 24 which preferably occurs
      simultaneously as the roller element 24 is being brought into close
      proximity or actual engagement with the top surface 14 of the template 12
      at the forward end of the primary groove 16. This transverse movement aids
      in the "rolling" of the wires W into side-by-side dispositions in order to
      insure and facilitate the subsequent forcing of individual leading
      portions L of the wires into respective secondary grooves 18.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of positioning leading portions of individual wires of a
      plurality of wires in spaced apart relationships with respect to each
      other, comprising the steps of:
PA1  providing first and second surfaces, said first surface having a primary
      groove capable of substantially accommodating therein a trailing portion
      of each of said wires in a bunched together condition and a plurality of
      secondary grooves which emanate from said primary groove along separate,
      spaced apart paths, each of said secondary grooves capable of
      substantially accommodating therein said leading portion of only one of
      said wires;
PA1  positioning said trailing portions of said wires in said bunched together
      condition in said primary groove of said first surface;
PA1  introducing an application of compressive forces on said wires at said
      trailing portions thereof by bringing said second surface and said primary
      groove of said first surface into close proximity to each other while said
      trailing portions are so positioned in said primary groove of said first
      surface; and
PA1  continuing said application of said compressive forces simultaneously along
      said wires by moving at least one of said first and second surfaces
      relative to the other such that said application of said compressive
      forces simultaneously progresses along each of said wires from said
      trailing portion toward said leading portion of each of said wires whereby
      said leading portions of said wires are forced individually into
      respective secondary grooves and thereby positioned in spaced apart
      relationships with respect to each other.
NUM  2.
PAR  2. A method as defined in claim 1 further comprising the step of:
PA1  moving at least one of said first and second surfaces relative to the other
      with the direction of movement being in a transverse relationship to the
      longitudinal extent of said trailing portions of said wires and said
      primary groove, simultaneously as said application of compressive forces
      is being introduced on said trailing portions, to thereby cause
      arrangement of said trailing portions of said wires in side-by-side
      dispositions with respect to each other within said primary groove and
      facilitate subsequent forcing of individual leading portions of said wires
      into respective secondary grooves by said continuation of said application
      of compressive forces simultaneously along said wires.
NUM  3.
PAR  3. A method of positioning leading portions of individual wires of a
      plurality of wires in spaced apart relationships with respect to each
      other, comprising the steps of:
PA1  stationarily positioning a first surface having a primary groove capable of
      substantially accommodating therein a trailing portion of each of said
      wires in a bunched together condition and a plurality of secondary grooves
      which emanate from said primary groove along separate, spaced apart paths,
      each of said secondary grooves capable of substantially accommodating
      therein a leading portion of only one of said wires;
PA1  positioning said trailing portions of said wires in said bunched together
      condition in said first groove of said first surface;
PA1  bringing a second surface into closed proximity to said
      stationarily-positioned first surface such that said second surface
      overlies said primary groove and acts therewith to apply compressive
      forces on said trailing portions of said wires so positioned in said
      primary groove of said first surface; and
PA1  continuing said application of said compressive forces simultaneously along
      said wires by moving said second surface relative to said first surface
      such that said application of said compressive forces simultaneously
      progresses along each of said wires from said trailing portion toward said
      leading portion of each of said wires whereby said leading portions of
      said wires are forced individually into respective secondary grooves and
      thereby positioned in spaced apart relationships with respect to each
      other.
NUM  4.
PAR  4. A method as defined in claim 3 further comprising the step of:
PA1  moving said second surface relative to said stationarily-positioned first
      surface with the direction of movement being in a transverse relationship
      to the longitudinal extent of said trailing portions of said wires and
      said primary groove, simultaneously as said second surface is being
      brought into close proximity to said first surface, to thereby cause
      arrangement of said trailing portions of said wires in side-by-side
      dispositions with respect to each other within said primary groove and
      facilitate subsequent forcing of individual leading portions of said wires
      into respective secondary grooves by said continuation of said application
      of compressive forces simultaneously along said wires.
NUM  5.
PAR  5. A method as defined in claim 4 wherein said moving of said second
      surface is carried out in a reciprocatory fashion relative to said first
      surface.
NUM  6.
PAR  6. A method of positioning leading portions of individual detached flexible
      wires of a plurality of relatively movable wires in spaced apart
      relationships with respect to each other, comprising the steps of:
PA1  providing a template having a plurality of elongated grooves, each groove
      being capable of receiving only a single detached flexible wire, and one
      end of the grooves being in spaced apart relationships to each other;
PA1  holding portions of the plurality of wires in fixed relationship to each
      other adjacent the other end of the grooves; and
PA1  positioning portions of the wires which extend away from the held portions
      of the wires in said plurality of grooves whereby portions of said
      positioned wires are disposed in spaced apart relationships with respect
      to each other.
NUM  7.
PAR  7. A method of positioning portions of individual wires of a plurality of
      wires in spaced apart relationships with respect to each other, comprising
      the steps of:
PA1  providing a template having a plurality of spaced apart grooves, each
      groove being capable of receiving only a single wires;
PA1  holding portions of the wires in fixed relationship to each other adjacent
      one end of the grooves; and
PA1  applying a compressive force to said portions of the wires over said one
      end of the grooves and moving the compressive force from one end of said
      grooves to the other end to progressively position said portions of the
      wires into said grooves whereby they are positioned in spaced apart
      relationships with respect to each other.
NUM  8.
PAR  8. A method of positioning leading portions of individual wires of a
      plurality of wires in spaced apart relationships with respect to each
      other, comprising the steps of:
PA1  providing first and second surfaces, said first surface having a plurality
      of grooves, the terminal end portion of the grooves being in spaced apart
      relationshp with respect to each other, and each of said grooves being
      capable of substantially accommodating therein said leading portions of
      only one of said wires;
PA1  holding portions of said wires adjacent the other end of said plurality of
      grooves; and
PA1  introducing an application of compressive force on said wires by bringing
      said second surface and said first surface into close proximity to each
      other while portions of the wires are being held adjacent said other end
      of said grooves and continuing the application of said compressive force
      simultaneously along the wires by moving at least one of said first and
      second surfaces relative to the other such that the application of the
      compressive force simultaneously progresses along each of said wires from
      the portion being held toward said leading portion of each of the wires
      whereby said leading portions of said wires are forced individually into
      respective grooves and are thereby positioned in spaced apart
      relationships with respect to each other.
NUM  9.
PAR  9. A template for a wire separating mechanism being capable of positioning
      leading portions of individual wires of a plurality of wires in spaced
      apart relationships with respect to each other, said template comprising:
PA1  a block made of resilient material and having a generally planar top
      surface;
PA1  said surface having a primary groove defined therein, said primary groove
      capable of substantially accommodating therein a trailing portion of each
      of said wires in a bunched together condition and including a rearward
      region capable of substantially accommodating therein a rearward trailing
      portion of each of said wires in a randomly bunched together condition and
      a forward region having a shallower depth than that of said rearward
      region and capable of substantially accommodating therein a forward
      trailing portion of each of said wires arranged in a side-by-side bunched
      together condition; and
PA1  said surface also having a plurality of secondary grooves defined therein
      which emanate from said forward region of said primary groove along
      separate, spaced apart paths, each of said secondary grooves capable of
      substantially accommodating therein said leading portion of only one of
      said wires.
NUM  10.
PAR  10. A template as defined in claim 9 wherein:
PA1  said primary groove is defined by a recessed step formed in said surface of
      said block;
PA1  said rearward region of said primary groove is comprised by a lower thread
      of said step; and
PA1  said forward region of said primary groove is comprised by an upper thread
      of said step.
NUM  11.
PAR  11. A template for a wire separating mechanism being capable of positioning
      leading portions of individual wires of a plurality of wires in spaced
      apart relationships with respect to each other, said template comprising:
PA1  a block made of resilient material and having a generally planar top
      surface;
PA1  said surface having a primary groove defined therein, said primary groove
      capable of substantially accommodating therein a trailing portion of each
      of said wires in a randomly bunched together condition;
PA1  said surface also having a plurality of secondary grooves defined therein
      which emanate from said primary groove along separate, spaced apart paths,
      each of said secondary grooves capable of substantially accommodating
      therein said leading portion of only one of said wires; and
PA1  a plunger element yieldably mounted in a forward end of said primary groove
      contiguous to rearward ends of said plurality of secondary grooves and
      having an upper wire-confining region capable of substantially
      accommodating therein a forward trailing portion of each of said wires
      when arranged in a side-by-side bunched together condition, said plunger
      element capable of being forced to move toward into said primary groove
      from a normal rest position in which said upper wire-confining region of
      said plunger element is displaced above said rearward ends of said
      secondary grooves to a depressed position in which said wire-confining
      region is aligned with said rearward ends of said secondary grooves,
PA1  whereby when said forward trailing portions of said wires are arranged in
      said side-by-side bunched together condition within said upper
      wire-confining region of said plunger element with said element being in
      its normal rest position, forced movement of said plunger element to its
      depressed position results in leading portions of said wires adjacent to
      said forward trailing portions thereof being individually deposited into
      respective rearward ends of said secondary grooves.
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ABST
PAL  A culinary core for the coring of apples, pears, pineapples, oranges and
      other fruits as might be desired, formed from a single strip of metal
      stamped and cut-out in the shape of an elongated strip having a pointed
      spoon bowl at each end thereof with sharpened points and edges of the
      spoon bowl and with a pressed rigid in handle for strengthening thereof
      and with the elongated handle being U-bent into the form and shape of
      tongs, with the spoon bowls at the opposite ends of the strip being
      positioned into opposing relationship to one another pointed in a common
      direction with relationship to one another pointed in a common direction
      with the concavities of the respective spoons facing one another.
BSUM
PAR  This invention relates to a culinary device for the coring of various
      fruits.
PAC  BACKGROUND TO THE INVENTION DISCLOSURE
PAR  Prior to the present invention, there have existed a variety of coring
      devices, but unfortunate these devices have been less than efficient for
      speedy use in the obtaining a high rate of production in the coring of
      various fruits, as well as such devices being often of a type requiring a
      person having substantial skill in the use thereof in order to safely
      and/or effectively use the same, and such devices often being complicated
      in structure resulting in a high cost of manufacture thereby eliminating
      the availability of such a device to the housewife during the current-day
      society of high cost of materials and high cost of process of manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, objects of the present invention are to overcome one or more
      difficulties and disadvantages of the types discussed above as well as to
      obtain novel advantages and structures not heretofore available.
PAR  Another object is to obtain a culinary corer which may be simply and
      inexpensively stamped out of a bendable and substantially rigid and
      possibly somewhat-resilient structure producible from pressably strip
      sheets metal or plastic.
PAR  Another object is to obtain a culinary corer which is effective both for a
      cutting-out of the core and for subsequent release of the core material
      from the device.
PAR  Other objects become apparent from the preceding and following disclosure.
PAR  One or more objects of the present invention are obtained by the invention
      as defined herein.
PAR  Broadly the invention includes a handle having extending in a common
      direction therefrom at one end thereof two spaced-apart substantially
      parallel spoon bowl positioned with concavities thereof in opposing
      relationship to one another with each of the spoon bowls being
      substantially sharply pointed and having edges thereof sharpened, the
      handle preferably being unitary and continuous with each of the spoon
      bowls in the form of tongs. The tongs preferably are formed from a unitary
      metallic flat-faced strip cut and pressed into an elongated shape having
      the spoon bowls at each of opposite ends extending in opposite directions
      from one another with preferably a strengthening rigid press-formed
      therein running at least partially the length of the handle portions of
      the legs of the tongs adjacent the respective spoons for the strengthening
      of the handle portions, with the handle portions being thereafter bent
      into the U-shape in the form of tongs such that the concave portions of
      the respective spoons are in opposing relationship to one another facing
      one another, and with the flattened faces of the tong handles in opposing
      relationship. Preferably the metal strip is substantially rigid but with a
      minor degree of resiliency such that during the coring they may be pressed
      slightly towards one another during the twisting thereof into the center
      of the fruit around the core of fruits such as pineapples, apples or
      around the eye of potatoes in the eye-removal therefrom, or the like, and
      thereafter by release of inward pressures on the tong legs the core
      material is permitted to drop from between the concave surfaces of the
      opposing spoon bowls.
PAR  The invention may be better understood by making reference to the Figures
      as follow.
DRWD
PAC  THE FIGURES
PAR  FIG. 1 illustrates an elevation plan view of the tongs of a preferred
      embodiment of the present invention.
PAR  FIG. 2 illustrates a view of the embodiment of FIG. 1 as taken along lines
      2--2 of FIG. 1.
PAR  FIG. 3 illustrates an in-part view in plan elevation as taken along lines
      3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In greater details, FIGS. 1 through 3 disclose a preferred emboidment of
      the invention, for the tongs 4 having the handling element 5 which
      includes 5' and 5" respectively, each respectively having integral and
      unitary therewith at the distal end thereof spoon bowls 6a and 6b
      respectively. Extending longitudinally down the respective legs 5' and 5"
      are pressed-in ridges 7a' and 7b', for example the rigid 7a' being viewed
      in FIG. 1 as a crease 7a. In each of FIGS. 1 and 2 for the respective
      spoons there is viewable the convex hump portions 8a and 8b respectively
      of the spoon bowl 6a and 6b respectively, while in the FIG. 3 illustration
      there is viewable concavity (concave base wall structure) 8a'. The
      respective spoon bowl edges 9aa and 9bb are preferably sharpened edges
      thereby facilitating the cutting of the core of a fruit during a twisting
      action of the core while pressing the tong downwardly into the apple or
      orange or pineapple or the like being cored, the respective spoon bowls
      having sharpened pointed distal ends 10a and 10b respectively for the
      piercing of the fruit by pressing downwardly and forwardly the twist
      coring action while maintaining the spoon bowl 6a and 6b in the
      illustrated spaced-apart relationship to one another such that the coring
      material may be cut and positioned and clamped therebetween while gripping
      action on the respective legs 5' and 5" on the legs towards one another
      serves to hold the core material until the core is withdrawn at which time
      the spreading of the tong is releases the core. Respective spoon bowls are
      integral with the respective legs at 11a and 11b.
PAR  It is within the scope of the present invention to make such variations and
      modifications as would be apparent to a person having ordinary skills.
CLMS
STM  I claim:
NUM  1.
PAR  1. A culinary device comprising in combination: a handle element having
      opposite distal ends thereof projecting in a common direction, said handle
      element being tong-shaped with the opposite distal ends thereof extending
      in said common direction and having two separate and spaced-apart spoon
      bowls mounted unitarily one from one of the distal ends and the other from
      the remaining other distal end as a unitary single stamped-strip of
      material with the handle element being bent into substantially a U-shape,
      said spoon bowls being of substantially shallow oval shapes positioned one
      relative to the other with their concavities in opposing relationship to
      one another and with the distal ends of the respective spoon bowls pointed
      both in said common direction, peripheral edges of each of said spoon
      bowls being substantially sharpened as cutting edges, a ridge-projection
      being formed in each of the legs of the handle element of the U-shape
      strip at respective positions adjacent the spoon bowls respectively, with
      each rigid projection extending in a direction parallel to a longitudinal
      axis of the handle element whereby each leg of the U-shape strip is
      strengthened adjacent the respective spoon bowl.
NUM  2.
PAR  2. The culinary device of claim 1, in which said spoon bowls and said
      handle element are of metallic composition.
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ABST
PAL  The apparatus disclosed is for cutting elongated material, such as molding,
      at any desired angle to its longitudinal axis selected from a group of
      angles available for forming miter joints and the like. The apparatus
      includes two members that are connected intermediate their ends in
      side-by-side relationship for relative pivotal, scissor type, movement
      around a common axis. Portions of the members on one side of the pivotal
      axis provide jaws and the portions on the other side provide handles for
      moving the jaws toward and away from each other. One of the jaws carries a
      cutting edge. A base plate is mounted on the other jaw for pivotal
      movement around an axis parallel to the direction of movement of the jaws.
      A stop plate is attached to the base plate to provide a guide to engage
      the material to be cut and to position it on the plate. An index is
      provided to indicate the position of the base and stop plate relative to
      the line of cut so that the plate can be rotated to position the material
      to be cut along an angle to its longitudinal axis selected from several
      angles available.
BSUM
PAR  This invention relates to apparatus for cutting elongated material, such as
      molding, at different angles to its longitudinal axis as desired to form
      miter joints and the like.
PAR  This invention has utility for cutting any elongated material at various
      angles to its longitudinal axis. It is particularly useful, however, in
      cutting molding to form miter joints. Traditionally, carpenters have used
      miter boxes and hand saws to cut molding at the proper angle for miter
      joints.
PAR  It is an object of this invention to provide apparatus for cutting
      elongated material, such as molding, at one of several selected angles to
      its longitudinal axis for ease in forming miter joints and the like that
      is of simple construction, that can be operated easily, and that can be
      adjusted for different angles of cut quickly and accurately.
PAR  It is another object of this invention to provide such apparatus that
      includes a shear arrangement to cut the material along the desired angle
      and an indexing type plate movable relative to the cutting edge of the
      shears to position the material to be cut at the desired angle to its
      longitudinal axis.
PAR  Other objects, advantages, and features of this invention will be apparent
      to those skilled in the art from a consideration of this specification,
      including the attached drawings and appended claims.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side view, partially in elevation and partially in section, of
      the preferred embodiment of the apparatus of this invention;
PAR  FIG. 2 is a view taken along line 2--2 of FIG. 1 looking down on the
      indexing or positioning plate of the apparatus;
PAR  FIG. 3 is a similar view to FIG. 2 showing the indexing plate positioned to
      cut material at a different angle; and
PAR  FIG. 4 is a view taken along line 4--4 of FIG. 1.
DETD
PAR  The apparatus includes two members 10 and 12 that are connected together
      intermediate their ends by pivot pin 14 to provide relative pivotal
      scissor type movement of the members around the axis of the pin. The
      portions of the members on the right hand side of the pivot pin, as viewed
      in FIG. 1, provide jaws 16 and 18. The portions of the members on the left
      hand side of the pivot pin provide handles 20 and 22 that will move the
      jaws together when the handles are moved together in the nature of a pair
      of scissors or shears.
PAR  Means are provided for positioning the material to be cut at a selected
      angle to its longitudinal axis. In the embodiment shown, such means
      includes base plate 24, which is mounted on jaw 18 of first member 10 for
      rotation around an axis parallel to the direction of movement of the jaws.
      As shown, threaded rod or stud 26 extends through an opening in jaw 18 and
      the longitudinal axis of the stud is parallel to the direction of movement
      of jaws 16 and 18 as they are moved together by the handles. Nut 28, which
      may be knurled for ease of operation, can be loosened to allow plate 24 to
      be rotated around the axis of stud 26 and then tightened to hold the plate
      in the desired position.
PAR  The positioning means includes stop means that is carried by the plate and
      against which the material is moved to position it relative to the plate
      for the desired angle of cut. In the embodiment shown, vertical plates or
      lugs 30 and 32 are attached to plate 24 along one edge. The lugs provide
      aligned surfaces 30a and 32a against which the material being cut, such as
      molding, can be positioned to insure that the molding is properly
      positioned on the plate to obtain the angle of cut desired.
PAR  For example, as shown in FIG. 2, plate 24 is positioned so that surfaces
      30a and 32a lie in a plane that is transverse the plane in which the jaws
      move. Thus, an elongated piece of of molding positioned against surfaces
      30a and 32a will be cut at an angle of 90.degree. by cutting blade 34
      carried by jaw 16 when the two jaws are moved together. Cutting blade 34
      can move between stop members 30 and 32 to make the cut in the molding
      without interference. When it is desired to cut the molding at a different
      angle, for example, at a 45.degree. angle to its longitudinal axis, nut 28
      is loosened and plate 34 is rotated around the axis of stud 26 to the
      position shown in FIG. 3. The molding, as shown with dashed lines in FIG.
      3, can then be positioned against surfaces 30a and 32a and when the
      cutting edge carried by jaw 16 is moved downwardly, it will cut the
      molding at a 45.degree. angle to its longitudinal axis.
PAR  For convenience in positioning the plate to obtain the desired angle of
      cut, index 38, comprising a notch, as shown in FIG. 4, along the front
      edge of jaw 18, combines with the scale, shown in FIG. 4, that is provided
      on the bottom surface of plate 24 to indicate the angle that plate 34 will
      cut for a given position of plate 24. In the embodiment shown, a
      90.degree. scale is indicated. This, of course, could be enlarged or
      reduced, as desired.
PAR  Since the angles of 90.degree. and 45.degree. will be the most popular and
      most frequently used angles of cut, it may be convenient to provide
      detents to indicate when the plate is in one of these positions. As shown
      in FIG. 1, detent ball 40 and spring 42 are positioned in a hole in jaw 18
      so that the spring urges the ball upwardly against the plate. Shallow
      depressions or cavities 44, 46, and 48 are provided in the lower surface
      of plate 24 and positioned equidistance from the axis of rotation of the
      plate so that they will rotate into position to be engaged by ball 40.
      This will allow an operator knowing by observation that the plate is in,
      for example, the position shown in FIG. 2, to loosen nut 28 slightly,
      rotate plate 24 until he hears ball 40 snap into cavity 44, and he knows
      the plate is in position to cut at a 45.degree. angle. In the same way, he
      can rotate it back to 90.degree. or to the other 45.degree. position
      without checking the index.
PAR  Spring 50 is positioned between handles 20 and 22 to keep the jaws open so
      that the operator can conveniently place the material or position the
      plate, as desired, without having to worry about holding the jaws open.
      Also, latch 52 is provided so that the two jaws can be moved together and
      latch 52 moved into engagement with hole 54 in member 10 to hold the jaws
      together when the tool is to be stored or not used for a period of time.
PAR  Also, if desired, plugs 30 and 32 could be positioned with their ends
      adjacent each other with just enough clearance to allow the passage of
      cutting edge or blade 34 to provide a guide for the cutting edge if this
      appears to be desirable. With a 45.degree. angle, of course, the lugs
      could be provided with appropriate grooves to allow the passage of the
      cutting edge in the same manner to provide guidance to it.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the apparatus of this invention
      without departing from the scope thereof, it is to be understood that all
      matter herein set forth or shown in the accompanying drawings is to be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. Apparatus for cutting elongated material, such as molding, at a selected
      angle to its longitudinal axis for miter joints and the like, comprising
      first and second members, means connecting the members intermediate their
      ends for relative pivotal scissor type movement so that the portions of
      the members on one side of the connecting means provide jaws and the
      portions of the members on the other side provide handles for moving the
      jaws toward and away from each other, a cutting edge carried by the jaw of
      the second member for cutting the material at the desired angle when the
      jaws are moved together by the handles to force the cutting edge on the
      jaw of the second member through the material positioned on the jaw of the
      first member, means for positioning the material on the jaw of the first
      member for cutting at a selected angle to its longitudinal axis, said
      means including a base plate and stop means carried by the base plate to
      engage the material to be cut and position the material in a preselected
      position on the base plate, means mounting the base plate between the jaws
      and on the jaw of the first member for rotation around an axis parallel to
      the direction of movement of said jaws for locating the stop means to
      position the material to be cut at the desired angle to the jaws and for
      holding the base plate in the desired position, said mounting means
      including a threaded mounting member connected to the base plate and
      extending through the jaw to allow pivotal movement of the plate around
      the longitudinal axis of the mounting member and a nut in threaded
      engagement with the mounting member to engage the lower side of the jaw
      and clamp the plate in the desired position when rotated in one direction
      and to move out of engagement with the jaw when rotated in the other
      direction to allow the plate to be positioned for the stop means to hold
      the material at the desired angle to be cut, said stop means comprising
      two spaced stop plates having aligned surfaces to engage the material to
      be cut, said stop plates being spaced apart and of a length to allow the
      cutting edge on the jaw of the first member to pass therebetween when the
      plate is positioned to make a cut of 90.degree. to the longitudinal axis
      of the material and to allow the cutting blade to clear the stop plates
      when the plate is positioned to make a cut of 45.degree. to the
      longitudinal axis of the material.
NUM  2.
PAR  2. The apparatus of claim 1 in which the base plate is provided with a
      scale and the jaw upon which it is carried is provided with an index to
      combine with the scale to indicate the angle of cut for the position of
      the base plate.
NUM  3.
PAR  3. The apparatus of claim 2 further provided with means to hold the base
      plate in the desired position.
NUM  4.
PAR  4. The apparatus of claim 3 in which the holding means include a detent
      ball carried by the jaw on which the base plate is mounted, resilient
      means urging the ball into engagement with the plate, and cavities
      positioned to be engaged by the ball to releasably hold the plate in
      selected positions.
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PAL  A dental clinic wherein two or more dentists can each efficiently handle
      two patients at one time. The dentist's operatory is divided by a cabinet
      wall containing operating equipment and independent patient access is
      provided from a separate reception area to both divided sections. A
      support area containing a clean-up section, laboratory and dark room is
      arranged to be easily accessible to each section of the operatory.
BSUM
PAC  BRIEF DESCRIPTION
PAR  In the practice of dentistry, it is imperative that if the dentist is to
      achieve maximum efficiency and productivity, he must be able to move from
      patient to patient with a minimum of wasted time and effort and a maximum
      conservation of movement. This means that as he finishes with one patient
      he must be able to immediately move to another without waiting for the
      time normally required to prepare the patient. Also, since some dental
      operations necessitate a wait during the operation, it is desirable to
      have another patient available on whom the dentist can operate during the
      delay. It is also important that patient apprehension be alleviated, that
      traffic patterns for both patients and dental personnel be open and free
      and that movement from patient to patient by the dental personnel be
      efficient and incorporate necessary activities that would otherwise
      require time delays and detours.
PAC  PRIOR ART
PAR  In the past, many dentists have attempted to achieve the desired efficiency
      and productivity by utilizing two or more independent rooms, each
      containing a full compliment of chair, drills, and other equipment and by
      then having a second patient prepared by an assistant while the dentist
      works on the first patient. This has been a great improvement on the prior
      practice of using a single chair and the completion of work on one patient
      before the next patient is prepared for examination and/or operation.
PAR  Nevertheless, these prior methods of handling patients, and the equipment
      and building arrangement used, have not been entirely satisfactory. They
      are generally wasteful of building area, equipment, or personnel and they
      frequently result in congestion as patents, dental assistants, clerical
      personnel and dentists move about within the dental clinic using common
      traffic patterns. Furthermore the formidable array of equipment and the
      constant activity of dental personnel present is both nerve wracking and
      destracting to the patient. Nervous apprehension is frequently increased
      too, as one patient who has been treated moves from the operatory through
      crowded corridors and a waiting room to exit the building.
PAR  Principal objects of this invention are to provide a dental clinic arranged
      such that maximum efficiency and productivity can be readily achieved.
PAR  Other objects are to provide a dental clinic wherein a single reception
      clerk can serve two or more dentists; a pair of patients can be prepared
      in complete privacy in patients chairs for concurrent treatment or
      examination; and each dentist has full mobility between the prepared
      patients and can make maximum use of common x-ray equipment, serving both
      patients chairs, while still having individual equipment such as drills
      and the like for each chair but located in a common wall cabinet, out of
      the view of the patients.
PAR  Still another object is to provide a dental clinic wherein optimum use is
      made of the space available and wherein the dental personnel and patients
      have free unobstructed movement throughout the clinic such that they do
      not adversely affect each other's movement and such that patients do not
      have to retrace their steps.
PAR  To accomplish these objects, I have provided, as principal features of my
      invention, a building having an entrance and reception area, a pair of
      corridors extending from opposite ends of the entrance and reception area,
      passageways at each end of each corridor opening to a dentist's operatory
      that is centrally divided by an equipment containing cabinet wall. Both
      sections of the operatory are adjacent to a support area containing a
      clean-up section, a laboratory and a dark room, and passage is provided
      between sections and between the support area and the operatory at the
      cabinet wall and at the side of the operatory opposite the passageways
      interconnecting the operatory room and a corridor.
PAR  Additional objects and features of the invention will become apparent from
      the following detailed description and drawing, disclosing what is
      presently contemplated as being the best form of the invention.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a floor plan of the main floor of the dental clinic building of
      the invention; and
PAR  FIG. 2, is a similar view of a lower floor.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing:
PAR  In the illustrated preferred embodiment, the dental clinic of the invention
      includes a building having walls, shown generally at 10, a front deck 11,
      extending out from the front of the main floor 12, a rear deck 13,
      extending out from the rear of the main floor 12 and windows 14.
PAR  An entrance and reception room 15 extends fully across the front of the
      main floor 12, and doors 16 and 17 provide access to the entrance and
      reception room from the front deck 11.
PAR  A receptionists desk 18 is preferably provided centrally of the entrance
      and reception room and at the rear wall 19 of the room. The area behind
      the table than opens, through doorways 20 and 21 to support areas 22 and
      23, respectively.
PAR  Corridors 24 and 25 extend respectively from doorways 26 and 27 at
      locations adjacent to opposite ends of the entrance and reception room
      through the building to rear doorways 28 and 29 opening onto rear deck 13.
      The rear doorways 28 and 29 thus serve as private entrances for dental
      personnel or for emergency patients who can be brought in without
      disturbing patients in the waiting room. While all patients can exit
      through the doors 28 and 29, it is particularly advantageous to have
      patients under stress exit this way, so that they do not upset waiting
      patients in the reception area.
PAR  Each corridor has two doorways 30 and 31, respectively, opening from one
      side of the corridor to one of the sections of an adjacent divided
      operatory 32 and, if desired, doorways opening from the other side of the
      corridor to an office 33, a storage area 34, and a rest room 35.
PAR  Each operatory 32 is divided by a wall cabinet 36 into sections 32a and 32b
      and each section contains a patients chair 37, facing away from the wall
      cabinet, a dental stool 38, for use by the dentist and sink containing
      cabinet 39.
PAR  Support area 22, opens through doorway 40 to one operatory 32 and support
      area 23, opens in similar fashion, through doorway 41 to the other
      operatory 32.
PAR  Each laboratory area includes sink containing cabinets 42 and 43 at
      opposite sides of the doorway to the adjacent operatory room and a dark
      room 44 at one end thereof in which x-ray film can be developed. Cabinets
      42 contain sterilization units and provide the clean-up section of the
      support area and cabinets 43 provide the laboratory area where plasters,
      etc. are prepared.
PAR  The doorways 40 and 41 open centrally into the operatory so that either
      section of the operatory is mutually accessible to the laboratory, and yet
      the support area is not viewed by a patient in either patients chair. Thus
      activities in the support area do not distract the patient or add to his
      apprehension.
PAR  Since the wall cabinet 36, extends only partially across the operatory and
      centrally thereof the dentist and his assistants can move freely from one
      section of the operatory to the other and to the support area.
PAR  In practice, the dentist will leave a patient in one chair 37, move
      directly around the clean-up area side of the cabinet wall 36, to the sink
      in the cabinet of the other section of the operatory, scrub up, in the
      view of the patient in the other chair and move to that patient to begin
      or continue work. Simultaneously, the dentists chair assistant will leave
      the first patients chair, go to the sink of the cabinet in the first
      patients section of the operatory, scrub up and then move around the other
      side of the cabinet wall to the patient in the other chair. Thus, both the
      dentist and his assistant can simultaneously scrub up, they do not have to
      travel in the same traffic patterns and maximum time and motion efficiency
      is obtained.
PAR  Since the chairs 37 are arranged back to back, with the cabinet wall unit
      36 between them, the travel distance of the dentist and his assistant is
      kept to a minimum.
PAR  While a single operatory arranged as herein disclosed, together with the
      support area, reception room and corridor is highly efficient for use by a
      single dentist, the use of a pair of operatories off of a single reception
      room adds to the efficiency of personnel since a single clerk receptionist
      and/or roving assistant can then readily handle patients for two dentists.
      The efficiency is even further increased if another floor, containing
      similarly arranged operatories and support areas and accessible from a
      common reception area is used. Thus, as shown in FIG. 2, additional
      divided operatories 45 and 46 are arranged to have support areas 47 and
      48, corresponding to the operatory areas 22 and 23, previously described,
      connected thereto.
PAR  Corridors 49 and 50 lead from a waiting area 51 that, through stairs 52
      forms a continuation of the entrance and reception area and, as with
      corridors 24 and 25, doorways open from each corridor to each section of
      its adjacent operatory and to an office 53, a store room 54 (which may
      contain heating and air conditioning equipment) and a rest room 55. The
      cabinet wall unit, chairs and cabinets of the lower floor operatories are
      arranged the same as those on the upper floor operatories.
PAR  With this arrangement, a single clerk-receptionist located in the entrance
      and reception area can readily handle incoming patients for as many as
      four dentists, and each patient can move to the proper section of his
      assigned operatory without disturbing any other patient and without
      crossing the normal working time traffic pattern of the dental personnel.
PAR  A roving assistant can easily prepare one patient at one side of the wall
      cabinet while the dentist and his chair assistant are working on a patient
      at the opposite side. The dentist and the chair assistant can then move
      from patient to patient as allowed by the dental procedures taking place
      and they can quickly move to a next prepared patient as soon as they have
      completed work on a first patient, in the manner previously described.
PAR  The patients can move easily from the entrance and reception area, through
      the proper corridor to either section of the operatory of the assigned
      dentist. After the dental procedure the patient can move easily out of the
      building through either front doorways 16 or 17 or rear doorways 28 and 29
      or 56 and 57 on the lower floor.
PAR  Each dentist and his assistants normally operate in a zone comprising a
      support area and the operatory room when patients are present, and utilize
      the office and store rooms across the adjacent corridor only before or
      after patients are present. There is never any need for the dentist to
      pass through the entrance or reception area during his business day, a
      single clerk-receptionist area may serve a multiple number of dentists,
      and patient traffic is unobostructed and does not cross the traffic
      pattern of the dental personnel.
PAR  The wall cabinet 36 is equipped with such items of equipment as an x-ray
      unit with an extendible or movable head at each side of the wall cabinet
      such that the x-ray unit can be commonly used on both sides of the
      cabinet. Since it is necessary for the dental personnel to be shielded
      behind the cabinet wall as x-ray pictures are taken, it is not possible to
      take simultaneous x-rays on both sides and a single unit will suffice. A
      complete set of drills and other equipment is preferably provided at each
      side of the cabinet wall so that no delays will be encountered in patient
      treatment.
PAR  While a preferred embodiment of the invention has been herein disclosed, it
      should be obvious that variations are possible and that the storage rooms
      and offices, for example, can be rearranged without affecting the
      essential plan of the dental clinic.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dental clinic comprising
PA1  a building having an entrance and reception area;
PA1  at least one corridor extending from the entrance and reception area;
PA1  an operatory adjacent to each said corridor;
PA1  a wall cabinet containing dentist's equipment extensible out from each side
      thereof, extending partially across each operatory centrally thereof and
      dividing the operatory into sections;
PA1  a doorway from each said corridor opening into each section of the
      operatory; and
PA1  a patient's chair in each section arranged such that a patient sitting
      therein is facing away from the wall cabinet.
NUM  2.
PAR  2. A dental clinic as in claim 1, further including
PA1  a support area adjacent to each operatory;
PA1  a doorway interconnecting the adjacent support area and the operatory
      centrally of the operatory and at a location behind the patients chairs.
NUM  3.
PAR  3. A dental clinic as in claim 1, wherein
PA1  a plurality of corridors are provided, each extending from the entrance and
      reception area; and further including
PA1  a plurality of operatories, each having a wall cabinet therein to divide
      the operatory into sections and an entrance way into each section from one
      of said corridors.
NUM  4.
PAR  4. A dental clinic as in claim 2, further including
PA1  a doorway interconnecting the laboratory area and the entrance and
      reception area.
NUM  5.
PAR  5. A dental clinic as in claim 4, wherein
PA1  a pair of sinks are positioned within each operatory, with one sink at each
      side of the doorway interconnecting the support area and the operatory.
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ABST
PAL  A case for containing gnathological apparatus and gnathostomatic appliances
      for transport between an orthodontist and an orthodontic laboratory. A
      rugged reusable case that will withstand the rigors of shipment via mail
      or like carrier and that has interior thereof fasteners for removably and
      rigidly mounting gnathological apparatus and gnathostomatic appliances so
      that the same will not be damaged or altered during transport or shipment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In order to increase the time that an orthodontist can devote to direct
      treatment of patients, it is typical for certain appliances to be
      constructed to the orthodontists' specifications at an orthodontic
      laboratory. Typically, an orthodontic laboratory is located at some
      distance from the orthodontists' office so that models and/or impressions
      must be shipped by mail or like carrier. Heretofore it has been necessary
      for the orthodontist or the orthodontic laboratory to carefully wrap all
      materials and ship them in cardboard cartons which are then discarded. To
      produce an accurate positioner or like gnathostomatic appliance, it is
      essential that the laboratory be apprised of various measurements of the
      patient's jaw movements. Heretofore if such measurements were taken by the
      orthodontist on the patient by means of a face bow, pantograph or the
      like, the apparatus and measurements could not be transported to the
      laboratory except when reduced to numerical form and then transmitted to
      the orthodontic laboratory on paper. Reducing the measurements to written
      form is not only time-consuming for the orthodontist but affords an
      opportunity for transmission of erroneous measurements.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the present invention is to provide a transport case
      for gnathological apparatus and gnathostomatic appliances that enhances
      the efficiency and accuracy with which an orthodontic laboratory can fill
      an order from an orthodontist. This object is achieved by providing a
      transport case which has facilities for firmly but removably retaining
      patient impressions and face bow apparatus which the orthodontist
      typically transmits to the laboratory and which retains plaster models and
      an articulator which the laboratory typically returns to the orthodontist
      for inspection and approval before the laboratory produces the final
      product, typically a gnathostomatic appliance for use by the patient.
      Because the case is of rugged exterior construction and because the
      appliances and apparatus are securely retained therein, breakage of the
      apparatus and appliances is virtually eliminated.
PAR  As used herein, gnathological apparatus refers to those instruments which
      measure placement of the teeth so that there are no interferences with
      proper mandibular movement. Gnathostomatic, on the other hand, pertains to
      movements of the jaw in relation to the teeth, muscles and nervous system.
PAR  A feature and advantage of the present invention is that by returning the
      articulator and models or molds to the orthodontist before the
      gnathostomatic appliance is finally fabricated, the orthodontist is
      afforded the opportunity to check the accuracy of the laboratory's work
      before final fabrication of the gnathostomatic appliance. When the
      orthodontist is satisfied that the set-up models and the articulator
      settings are as desired, he need only reinstall them interior of the case
      and return the case to the laboratory for final fabrication of the
      appliance.
PAR  Another feature and advantage of the present invention is that an entire
      pantograph apparatus can be transmitted between orthodontist and
      orthodontic laboratory. A pantograph is an instrument by which the
      orthodontist appraises and measures the relative position of the upper and
      lower jaws and movements thereof. This pantograph measurement dictates the
      relative position of the upper and lower teeth of the set-up models in
      conjunction with the patient's jaw movements. By providing a transport
      case which enables the pantograph, after it is adjusted in accordance with
      the patient's mandibular movements and jaw positions, to be transported to
      the laboratory, the orthodontist's time is saved and the likelihood of
      erroneous transcription and communication of measurements is virtually
      eliminated. Moreover, when the orthodontic laboratory has utilized the
      measurements recorded in the pantograph, the pantograph can be returned to
      the orthodontist in the same case with the models so that the set-up can
      be thoroughly checked by the orthodontist before final fabrication of the
      gnathostomatic appliance is completed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a perspective view of a transport case of this invention in a
      closed position;
PAR  FIG. 2 is a perspective view of the transport case in an opened condition
      with a face bow and upper and lower impressions therein;
PAR  FIG. 3 is a perspective view of the case with the face bow, models and
      articulator, as would be transported by the laboratory to the orthodontist
      for checking before fabrication of the gnathostomatic appliance;
PAR  FIG. 4 is a perspective view of another embodiment of the transport case of
      the invention specifically adapted for transporting a pantograph;
PAR  FIG. 5 is a perspective view of another embodiment of the transport case of
      the present invention;
PAR  FIG. 6 is a side view showing a set-up model secured to the mounting bar.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to the drawings, reference numeral 12 indicates
      a case formed or rigid material such as steel, fiber reinforced plastic,
      or the like. Case 12 has a bottom portion 14 and a cover portion 16 which
      fit together along a parting line 18. At one side of the case along
      parting line 18 there is a hinge joint 20 and at the opposite side of the
      case is a locking mechanism such as a hasp 22.
PAR  The parallelepiped form of case 12 is merely exemplary of any suitable
      shape. In this particular embodiment, bottom section 14 includes a bottom
      wall 24, side walls 26 and 28 and end walls 30 and 32, which walls are
      rigidly joined together and are typically integral with one another. Top
      section 16 includes a top wall 34, side walls 36 and 38 and end walls 40
      and 42, which are formed rigid with one another and are preferably
      integral with one another. The bottom and cover portions of the case are
      typically of similar size so that they form a relatively tight joint along
      parting line 18 when in the closed position of FIG. 1.
PAR  Rigidly secured in bottom section 14 to bottom wall 24 and extending upward
      from the bottom wall interior of the case are two spaced apart threaded
      studs 44 and 46 as shown in FIG. 2 which are used to retain the impression
      trays 47 which carry the upper and lower impressions made by the
      orthodontist in the patient's mouth, one such impression being indicated
      at 48. As is conventional, the impression trays 47 each have a hole 49
      which, during transport is engaged onto threaded studs 44 and 46 after
      placement of a resilient spacer 50 and a washer 51 on the stud. A wing nut
      52 is used to secure the impression and impression tray on to the stud and
      is tightened sufficient to somewhat compress resilient spacer 50. The
      impressions are essential for the laboratory to use in fabricating the
      gnathostomatic appliance.
PAR  Also essential for the laboratory is one or more measurements indicating
      the relative position of the upper and lower surfaces or the relative
      position of the upper and lower impressions. For this purpose it is
      conventional for the orthodontist to adjust in accordance with the
      patient's jaw configuration a face bow indicated generally at 53. Because
      the operation adjustments of the face bow are well understood and form no
      part of the invention, they will not be described in detail herein except
      to note that the face bow includes a base bar 54 which typically includes
      adjacent opposite extremities thereof threaded openings to mount the face
      bow on cooperating equipment in the office of the orthodontist. The
      presence of the threaded openings on base bar 54 are exploited in the
      present invention to firmly mount the face bow within case 12. For this
      purpose a pair of suitably spaced apart threaded studs 55 and 56 are
      rotatably supported in top wall 34 of cover section 16. The threaded studs
      pass through top wall 34 and are provided at the exterior surface of the
      case with knurled heads 55' and 56' respectively (FIG. 1) to enable
      engagement of the threads of studs 55 and 56 with the threads in the
      openings of opposite ends of the base bar 54. Thus when the parts of face
      bow 53 have been adjusted in accordance with the patient's jaw
      configuration the face bow is placed so that the holes in the opposite
      ends of base bar 54 register with threaded studs 55 and 56 after which the
      base bar is securely clamped to the inner surface of wall 34 by rotation
      of heads 55' and 56'. The face bow shown in FIG. 2, together with certain
      other numerical data, are sufficient for enabling the orthodontic
      laboratory to commence construction of the desired gnathostomatic
      appliance. However, the remaining structure of FIG. 2 will be described at
      this point and will be alluded to hereinbelow in conjunction with FIG. 3.
      Top wall 34 of cover section 16 is also provided with additional threaded
      studs 58 and 59 which are mounted in top wall 34 for rotation relative
      thereto as is the case with threaded studs 55 and 56. Threaded studs 58
      and 59 extend exterior of cover section 16 at which they are provided
      respectively with enlarged knurled heads 58' and 59' (FIG. 1). Lower
      section 14 has extending upward from bottom wall 24 an additional pair of
      studs 60 and 61 which, as is the case with studs 44 and 46, are rigidly
      secured to the bottom wall. Finally, the interior of the case is provided
      with a spring clip 62 which is attached to side wall 26 of bottom section
      14 and an identical clip directly opposite on the interior surface of side
      wall 28.
PAR  Referring now to FIG. 3, the case is seen in its condition upon return to
      the orthodontist for approval, if desired, before the gnathostomatic
      appliance is finally fabricated. In FIG. 3, face bow 53 is in place as
      described above after measurements have been taken from it by the
      orthodontic laboratory. The settings of the face bow have not been changed
      however to afford the orthodontist an opportunity to thoroughly appraise
      the accuracy of the laboratory work before approving final fabrication.
      Engaged in cover section 16 by threaded studs 58 and 59 are the set-up
      models 63 which are fabricated by the laboratory on the basis of
      impressions 48 and face bow registration. Such models are typically
      constructed of plaster like material with teeth reset in wax and with
      metal base members that define a threaded hole for engagement with
      threaded studs 58 and 59. Because the models are firmly retained within
      cover section 16, they are virtually impervious to breakage during
      transport.
PAR  Mounted in bottom section 14 is an articulator composed of a first element
      64 and a second element 65. The articulator typically has various
      adjustments which are made by the laboratory on the basis of the
      adjustments communicated by the position of the parts of face bow 53 and
      other data supplied by the orthodontist. The articulator elements support
      model 63 in the relative position dictated by the patient's jaw
      configuration. For orienting the two elements of the articulator during
      testing and during fabrication of the gnathostomatic appliance a guide pin
      66 cooperates with the articulator elements. The guide pin is retained in
      spring clip 62 and its counterpart on the interior surface of side panel
      28. Articulator element 64 is retained within the case by engagement onto
      threaded stud 61, a washer 67 and a wing nut 68 being provided to retain
      the element within the case. It will be noted that studs 44 and 46 are
      positioned so as to avoid interference with articulator element 64.
      Articulator element 65 is retained within case 14 on threaded stud 60 by
      means of a washer 69 and a wing nut 70.
PAR  When the orthodontist receives the case containing the elements shown in
      FIG. 3, the orthodontist assembles the set-up models 63 onto articulator
      elements 64 and 65 and establishes the relative position of the
      articulator elements by means of guide pin 66. The orthodontist is thereby
      presented the set-up models 63 which will be used by the orthodontic
      laboratory in fabricating the gnathostomatic appliance and is thus enabled
      to determine that it precisely corresponds with the patient's jaw
      configuration and movements. When the orthodontist is satisfied that the
      work is accurate, the elements need only be reinserted into the transport
      as case 12 as shown in FIG. 3 and returned to the laboratory for final
      fabrication of the gnathostomatic appliance. The appliance, because it is
      constructed of pliable or rubber like material, is virtually unbreakable
      and it can be returned to the orthodontist within the case 12 or can be
      separately transported to the orthodontist. The transport case 12 of the
      present invention permits the elements shown in FIG. 3 and the finished
      gnathostomatic appliance to be returned to the orthodontist simultaneously
      so that the orthodontist can again check the appliance against the
      settings on the articulator and face bow. Thus at all times, the
      orthodontist is afforded an opportunity to evaluate the accuracy of the
      work done and communication of the necessary information between
      orthodontist and orthodontic laboratory is facilitated.
PAR  To recapitulate the operation of the embodiment of the invention shown in
      FIGS. 1 - 3, the orthodontist makes impressions 48 directly from the
      patient and sets the adjustments on the face bow 53 in a like manner. The
      orthodontist then installs these elements within the case (see FIG. 2) and
      transports the case to the laboratory. Because of the ruggedness of the
      case and the presence of hasp 22 and possibly a lock (not shown), the
      likelihood of damage to or loss of the apparatus is virtually eliminated.
      On receipt of the transport case 12 as shown in FIG. 2, the laboratory is
      in a position to fabricate set-up models 63. The laboratory is also in a
      position to set up the articulator elements 64 and 65 in accordance with
      the patient's jaw configuration and movements. The apparatus enumerated in
      the preceding sentence, together with face bow 53 are then installed in
      the case as shown in FIG. 3 and returned to the orthodontist who then has
      before him the exact equipment that the laboratory will use in the final
      fabrication of the gnathostomatic appliance. Therefore, it is virtually
      certain that the final product will conform to the expectations of the
      orthodontist. Thereupon the case, with the equipment shown in FIG. 3, is
      returned to the laboratory and the appliance is fabricated. With the
      equipment shown in FIG. 3, the appliance is returned to the orthodontist
      so that it can again be inspected before installation in the patient's
      mouth. Thus, the likelihood of error is reduced, the time of the
      orthodontist is conserved, and the time and convenience of the patient is
      optimized.
PAR  Referring to FIG. 4 there is shown a case, the exterior of which is
      substantially identical to case 12 of FIGS. 1 - 3. Reference numerals
      greater by 100 than those used in describing the embodiment of FIGS. 1 - 3
      are used in FIG. 4 to describe corresponding parts. That is to say, case
      112 has a cover section 116 and a top wall 134 having extending therefrom
      a plurality of rods 70, 71 and 72. On the ends of the rods remote from top
      wall 134 are clamping assemblies 73, 74 and 75, respectively, which are
      constructed and arranged to secure to cover section 116 a pantograph 76
      such as a Denar pantograph (shown in dotted outline), a measuring
      apparatus used by many practitioners. The pantograph 76 is adjusted in
      accordance with the patient's jaw structure and movements to afford the
      data necessary for the laboratory to make a proper gnathostomatic
      appliance. Use of the pantograph 76 in place of the face bow arrangement
      results in more accurate measurements because the actual mandibular
      movements of the patient are traced. Because the rods 70, 71 and 72 are
      rigid with cover section 116 and because the cover can be firmly secured
      to the lower section 114 of case 112, the pantograph 76 when secured by
      clamps 73, 74 and 75 will retain its settings during transport.
PAR  Spanning the end panels 130 and 132 of lower section 114 is a mounting bar
      77. At spaced intervals along bar 77 are threaded studs and threaded
      receptacles such as those identified at 144, 146, 158, 159, 78 and 79. The
      studs are equivalent in function to studs 44, 46, 58 and 59 in FIGS. 1 - 3
      in that they afford secure and removable attachment within case 112 of the
      impression trays 47 and the set-up models 63. The articulator elements 64
      and 65 are positioned by means of screws which fit into threaded
      receptacles 78 and 79. The provision of bar 77 for supporting the threaded
      studs is but an alternative to the arrangement disclosed in FIGS. 1 -  3.
      The studs on bar 77 can either be rigid therewith or can be rotatably
      secured thereto. In the latter case, the studs are provided with knurled
      heads of the type identified at 55' and 56' in FIG. 1 to afford engagement
      of the threads of the stud with either nuts or complemental threaded
      openings in appliances to be secured within the case. Bar 77 is relatively
      narrow so as to afford access to the bottom surface of the bar and to the
      fastening elements carried thereon. Moreover, the bar is tilted, as shown
      in FIG. 4, to expedite access to such fastening elements as are on the
      lower surface of the bar.
PAR  Utilization of the embodiment of the invention shown in FIG. 4 is
      substantially identical to that described hereinabove in connection with
      FIGS. 1 - 3. The orthodontist takes upper and lower impressions as well as
      setting the pantograph apparatus 76 to accurately reflect the patient's
      jaw configuration and jaw movements. The pantograph is clamped to top
      section 116 by means of clamp assembly 73, 74 and 75 and the impression
      trays are secured on the threaded studs in cross bar 77. Thereupon the
      case is dispatched to the orthodontic laboratory. After the orthodontic
      laboratory has made upper and lower models corresponding to the
      impressions and has set the articulator in accordance with the settings in
      the pantograph apparatus, the pantograph apparatus is returned to the
      orthodontist in case 112 along with the articulator and the set-up models.
      The articulator and the models are secured within lower section 114 by
      engagement with the threaded studs on cross bar 77 or, if the lower
      section 114 is arranged as is section 14, by the procedure described
      hereinabove with respect to FIGS. 1 - 3. The orthodontist is then able to
      inspect the work and if it is in order can return to the orthodontic
      laboratory in the same case the models and the articulator in order that
      the gnathostomatic appliance can be completed. Thereupon the case and its
      contents, including the completed appliance, can be returned to the
      orthodontist.
PAR  Referring to FIG. 5 there is shown another case, the exterior of which is
      also similar to case 12 of FIGS. 1 - 3. Reference numerals greater by 200
      than those used in describing the embodiment of FIGS. 1 - 3 are used in
      FIG. 5 to identify corresponding parts. Thus, case 212 has a cover section
      216 and a top wall 234 which has extending therefrom spaced apart studs
      255 and 256 to mount the face bow indicated generally at 253 and the base
      bar 254 thereof within the case 212. Also extending from top wall 34 are
      elongate spaced apart threaded studs 244 and 246 which are provided to
      retain impression trays 247 within the case. Resilient tubular spacers 250
      and wing nuts 252 secure the impression tray 247 on the stud in spaced
      relation from the interior surface of top wall 234. The top wall is also
      provided with a resilient band 280, the ends of which are fixed to top
      wall 234, such as at 281. Band 280 is adapted to retain a box 282 in which
      the finished gnathostomatic appliance is placed by the laboratory when
      completed.
PAR  Spanning side walls 230 and 232 of bottom section 214 is a rigid mounting
      bar 277. In addition to strengthening bottom case section 214 the mounting
      bar provides for secure retention of set-up models 263 and articulator
      elements 264 and 265. Mounting bar 277 has a lower level 277a in which
      there are two threaded studs 258 for engaging complemental threaded
      openings in set-up models 263. As seen in FIG. 5 the position of lower
      level 277a is such as to afford adequate space for the set-up models even
      though the parts of face bow 253 extend into bottom section 214 when the
      case is closed. The mounting bar also includes an upper level 277b
      extending upward from which there are two spaced apart threaded studs 260
      and 261. Knurled nuts 270 are provided for engagement with threaded studs
      260 and 261 so that articulator elements 264 and 265 can be securely
      mounted on the mounting bar. Level 277b of mounting bar 277 is elevated
      above wall 224 sufficient that the parts of articulator elements 264 and
      265 can extend downward into bottom section 214, the width of mounting bar
      277 being substantially less than the width of bottom section 214 to
      afford space for such portions of the articulator elements. The relatively
      narrow width of mounting bar 277 also permits entry of the user's hand to
      the underside of the bar such as is needed in engaging knob 258' of
      threaded stud 258. Because the method of using the embodiment of the
      invention shown in FIGS. 5 and 6 is believed apparent from the foregoing
      detailed description of the other embodiments, such method of operation
      will not be explained in detail here, it being sufficient to say that the
      embodiment of FIGS. 5 and 6 affords secure and convenient retention of the
      various parts for shipment between orthodontist and laboratory.
PAR  Thus it will be seen that the present invention provides a case that not
      only protects apparatus and appliances that are transported between
      orthodontist and orthodontic laboratory but permits the transport of
      measuring equipment without jeopardizing either the safety of measuring
      equipment of the settings contained therein. Accordingly the invention
      affords protection of valuable equipment, conservation of the
      orthodontist's time, and improved accuracy of the final results. The case,
      because its constituent parts are of extremely rugged construction has
      virtually an infinite life as contrasted with prior art packaging methods
      which employed disposable materials.
PAR  In addition, the transport case of the present invention can be used for
      any shipment of gnathological measuring instruments, such as between the
      general dental profession and the numerous dental laboratories associated
      therewith. The transport case can also be used by the general dental
      practitioner when involved in mouth reconstruction work.
PAR  Although three embodiments have been shown and described, it will be
      obvious that other adaptations and modifications can be made without
      departing from the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transport case for gnathological apparatus comprising a rigid case
      having side walls, a top wall, and a bottom wall, said side walls defining
      a parting line and a hinge at the parting line on one of the side walls to
      afford access to the interior of the case, a plurality of threaded studs
      secured rigid with at least one of said case walls and projecting interior
      of the case, at least one impression tray with an impression thereon and
      having therein a hole remote from the impression suitable for positioning
      on a stud, a face bow with a base bar attached thereto having at least one
      hole therein suitable for positioning on a stud, means for securing said
      impression tray and face bow onto said studs, a rigid cross bar mounted
      within said case in spanning relation between two opposite side walls
      thereof, a set-up model having a threaded hole in the bottom thereof, an
      articulator having a first element and a second element with an aperture
      in each of said elements, and means for securing said set-up model and
      said articulator onto said rigid cross bar whereby said apparatus can be
      safely transported between orthodontist and laboratory.
NUM  2.
PAR  2. A transport case according to claim 1 wherein at least one of said studs
      is secured in said case for rotation relative thereto, said one stud
      having a portion for affording a grip to permit rotation of said stud so
      as to threadedly engage an appliance in said case.
NUM  3.
PAR  3. A transport case according to claim 1 including a resilient tubular
      spacer defining a central opening to afford passage of said threaded stud
      therethrough, said tubular spacer when compressed by engagement of an
      appliance engaged on last said threaded stud providing a cushioning effect
      between said appliance and said case.
NUM  4.
PAR  4. A transport case according to claim 1 wherein at least two of said studs
      are secured to said top wall for rotation relative thereto and in spaced
      apart relation, last said studs each having a portion extending externally
      of said case for affording a grip to permit rotation of said stud so as to
      threadedly engage a model on each said stud within said case.
NUM  5.
PAR  5. A transport case according to claim 1 wherein said cross bar has at
      least a first edge spaced apart from one of said side walls to afford
      access to the lower side of said cross bar.
NUM  6.
PAR  6. A transport case according to claim 5 wherein said cross bar is tilted
      so that said first edge is higher than the opposite edge thereof.
NUM  7.
PAR  7. A transport case according to claim 1 wherein said cross bar has at
      least two levels so as to afford attachment thereon of apparatus of
      different size.
NUM  8.
PAR  8. A transport case for gnathological apparatus comprising a rigid case
      having side walls, a top wall, and a bottom wall, said side walls defining
      a parting line and a hinge at the parting line on one of the side walls to
      afford access to the interior of the case, a rigid cross bar mounted
      within said case in spanning relation between two opposite side walls and
      in tilted relationship thereto, at least one impression tray with an
      impression thereon and having therein a hole remote from the impression, a
      set-up model having a threaded hole in the bottom thereof, an articulator
      having a first element and a second element with an aperture in each of
      said elements, means for securing said set-up model, impression tray and
      articulator onto said rigid cross bar, and a plurality of elongate rods
      secured to one wall and projecting interior of the case, a clamp assembly
      fixed to the inner end of said rod, said clamp assemblies being adapted to
      removably secure a pantograph within the case whereby said apparatus can
      be safely transported between orthodontist and laboratory.
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ABST
PAL  An orthodontic spring appliance which is readily inserted in the mouth and
      may be stretched to exert a predetermined force is provided by a coil
      spring having on at least one end a substantially straight wire having
      protrusions thereon spaced at predetermined intervals. The wire with
      protrusions may be readily connected to a spring clip which may be
      attached to the arch wire or a tooth bracket. The clip has a slot therein
      which is so designed that it readily accommodates the protrusion but
      prevents the wire from being pulled out by the tension force of the
      spring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to orthodontic appliances and their use in the
      practice of orthodontics. In particular, this invention relates to coiled
      wire springs and spring clip retention devices which may be prefabricated
      and readily installed in the mouth to correct malocclusions of teeth
      and/or jaws.
PAR  Most orthodontists correct maloccluded teeth using a system of arch wires
      that connect all of the teeth. In approximately 60% of orthodontic cases,
      protrusive anterior teeth are retracted into non-protrusive position.
      Retraction is normally effected by a tensile force exerted on the arch
      wires. These tensile forces have heretofore been created by bending
      springs into the arch wire itself or by using either elastic rubber bands
      or metallic coil springs.
PAR  Springs built into the arch wire itself are extremely difficult for the
      orthodontist to fabricate and require considerable non-productive time on
      the part of the orthodontist. Moreover, they are not readily adapted for
      use between the upper and lower arches of the teeth and create undesired
      rotations.
PAR  Elastic bands have several advantages insofar as they can be inserted and
      removed by the patient, do not have to be cleaned since they are
      disposable and do not have to be reactivated by the orthodontist. However,
      elastic bands have a number of disadvantages. Elastic bands are easily
      removed by the patient thereby frustrating the orthodontist's efforts and,
      furthermore, are subject to interaction with the natural fluids in the
      patient's mouth. This interaction with fluids in the patient's mouth
      rapidly reduces the physical properties of the conventional strand
      elastics resulting in a tensile force reduction of about 40% after the
      elastics have been in place for several hours. Accordingly, the restoring
      force exerted by the elastic when stretched to a specific elongation does
      not remain constant and is difficult to control.
PAR  Coiled wire spring appliances have been used in orthodontics and such
      appliances are discussed in U.S. Pat. No. 3,618,214 to M. M. Armstrong
      entitled "Coiled Wire Spring Appliances for Use in Orthodontics". However,
      the devices described therein must be tied at each end which is often a
      difficult procedure especially in the back of the mouth.
PAR  It is an object of this invention to provide a coiled spring device which
      may be readily inserted in the mouth, easily stretched and readily
      attached to a spring clip retention device without complicated tying
      procedures.
PAR  It is a further object of this invention to provide a coil spring device
      which may be readily positioned in the mouth and stretched to a
      predetermined easily discernable degree of elongation thereby applying a
      predetermined, readily discernable calibrated tensile force to the arch
      wires and maloccluded teeth.
PAR  It is yet another object of this invention to provide a spring clip
      retention means to which said coil spring device may be readily attached
      without complicated tying procedure.
PAR  These and other objects of this invention may be achieved by an orthodontic
      treatment assembly for applying repositioning forces to teeth in a
      patient's mouth comprising, in combination, means suitable for insertion
      in the mouth to produce a tension force, said force producing means having
      a plurality of spaced apart positioning means on at least one end, a
      spring retention device adapted to engage one of said positioning means
      and further adapted to be mounted on a stable support.
PAR  In a preferred embodiment, the means which produces a tension force
      comprises a resilient element capable of producing a stable and
      predictable force upon elongation preferably a metallic coil spring. The
      coil spring itself preferably has a first end, a central coil section, and
      a second end. Both of the aforesaid ends are capable of being retained
      when force is applied thereto and at least one end is a substantially
      straight wire having a plurality of positioning means spaced at
      predetermined distances from the central coil. The positioning means may
      be protrusions on the wire such as nodules, crimps, or peenings. A second
      retention means adapted to retain said second end may also be provided,
      the resilient element may be elongated to engage said first and second
      retention means with at least one of the aforesaid positioning means. The
      amount of force applied to the resilient element will be proportional to
      the distance of the engaged positioning means from the central coil
      section.
PAR  Ready retention of an end of the spring which end is a substantially
      straight wire having protruding means therein can be achieved by a spring
      retention device comprising means for attachment to a fixed support in the
      mouth and retention means for retaining an orthodontic spring appliance
      which retention means comprises an element having means therein
      constructed and arranged to permit a substantially straight wire shaped
      end of an orthodontic spring appliance to be readily inserted therein and
      retained when the spring appliance is under tension. Preferably the spring
      retention device comprises a tube, capable of being threaded onto an
      orthodontic arch wire, said tube having attached thereto means for
      retention of an orthodontic spring appliance which means comprises an
      element attached to said tube, said element having a slot therein
      constructed and arranged to permit a substantially straight wire shaped
      and of the aforesaid metallic coil spring to be inserted therein, said
      element being further constructed and arranged to retain said wire shaped
      end therein when said spring appliance is under tension.
PAR  A readily applied, easily discernable, calibrated tensile force may be
      achieved by an orthodontic spring appliance comprising means for producing
      a force, said means having a plurality of spaced apart positioning means
      on at least one end. Preferably the orthodontic spring appliance comprises
      a resilient element which produces a stable and predictable force upon
      elongation, desirably a metallic coil spring suitable for use in a
      patient's mouth having a first end, a central coil section and a second
      end, at least one of said ends being a substantially straight wire having
      protrusions thereon spaced at predetermined intervals from said central
      coil section, both of said ends constructed to be retained whereby said
      spring may be stretched to exert a tensile force.
PAR  In this invention, the working forces for the orthodontic device are
      preferably provided by coil wire springs. When the springs are installed
      in the mouth, the resulting forces on the maloccluded teeth are determined
      by the characteristics of the unelongated or static springs, and by the
      extent of spring elongation.
PAR  Selection of wire type and diameter and of coil configuration is important
      in the manufacture of all embodiments. Spring tempered stainless steel
      wire stock is currently available having satisfactory strength and elastic
      properties. Knowing the basic physical properties of a particular wire,
      the determination of spring parameters such as wire diameter, number of
      coils and coil diameter is readily made by referring to any of the readily
      available texts on spring design.
PAR  To be functional and comfortable, the coil springs of this invention should
      have a sufficiently small outside diameter so that they can be
      accommodated in the limited space available in the vestibules of the
      mouth. Moreover, the springs should also be available in various length to
      permit use in a variety of positions and to accommodate the wide ranges of
      intermaxillary spans in the mouths of different patients. Appliance length
      is readily determinable because other parameters such as wire diameter,
      cross-section and material, coil diameter and the number of springs can be
      varied to provide a spring having the desired unelongated or static length
      and a desired working elongation.
DRWD
PAR  The invention will be more particularly described with respect to the
      drawings.
PAR  FIG. 1 is a perspective view of the orthodontic treatment assembly of this
      invention in use to apply forces between two teeth of the dental arch.
PAR  FIG. 2 is a partial sectional view of the orthodontic treatment assembly of
      this invention showing one form of the spring appliance of this invention
      held to an arch wire by two spring retention clips shown in section.
PAR  FIG. 3 is a partial perspective view showing a second form of the spring
      appliance of this invention in stretched position between two spring
      retention clips.
PAR  FIG. 4 is an end view of the orthodontic treatment assembly of this
      invention taken along the line 4--4 of FIG. 3.
PAR  FIG. 5 is a side view of one form of the spring retention clip of this
      invention.
PAR  FIG. 6 is a front sectional view of the spring retention clip of this
      invention taken along the line 6--6 of FIG. 5.
PAR  FIG. 7 is an enlarged front view of the orthodontic spring appliance of
      this invention showing nodular protrusions spaced along the substantially
      straight wire ends of a coiled spring.
PAR  FIG. 8 is an enlarged front view of an alternative embodiment of the spring
      appliance of this invention wherein the substantially straight wire ends
      of the spring are crimped to form v-shaped protrusions.
PAR  FIG. 9 is an enlarged view of a second alternative, the spring appliance of
      this invention showing one end having a substantially straight wire with
      v-shaped protrusions and the other end having a laterally disposed coil
      extension of the spring through which is threaded an arch wire.
PAR  FIG. 10 is an end view of spring of FIG. 9.
PAR  FIG. 11 is a sectional view of the substantially straight end of the spring
      appliance of this invention taken along the line 11--11 of FIG. 7.
PAR  FIG. 12 is an enlarged partial sectional view of a second form of the
      spring retention means of this invention used to connect the spring
      appliance to an arch wire.
PAR  FIG. 13 is a partial sectional view of an orthodontic treatment assembly of
      this invention taken along the line 13--13 of FIG. 12.
PAR  FIG. 14 is a perspective view of a second form of the spring clip retention
      means of this invention.
DETD
PAR  As best seen in FIG. 7, spring appliance 1 consists of a central coil
      portion 2 and substantially straight end wire portions 3 and 4 which have
      positioning means 5 thereon. The positioning means which are spaced
      predetermined distances d.sub.1, d.sub.2, etc., away from central portion
      2 of the spring appliance may be either nodules 5, crimps 6 or equivalent
      devices readily determined by the skilled mechanic. The straight wire end
      may be peened at regular intervals, however, this method of forming
      protrusions weakens the wire at the locations peened.
PAR  Since one can readily calculate the force required to extend a given spring
      a given distance, the orthodontist can readily determine the forces
      applied to the spring by adjusting the position of the nodule or crimp in
      the spring retention device. The orthodontist need only move the nodule or
      crimp forward or backward in the spring retention device to vary the
      amount of force desired.
PAR  In another embodiment of this invention shown in FIG. 9, the spring 1 has a
      substantially straight wire at one end and a tube or loop section 7 at the
      other end. The loop is designed to be quickly inserted over the end of an
      orthodontic arch wire 8. The axis of loop 7 is parallel to and laterally
      disposed from the axis of the coil spring. This arrangement holds the
      spring away from the gum tissue and away from the biting surface of the
      teeth. Furthermore, it permits the axis of pull to be kept parallel to the
      axis of the spring thereby preventing undesirable rotations of the device
      during use. The loop may simply be a section of the spring itself which
      may be bent 180.degree. from the horizontal. Alternatively the loop may be
      a separate device welded or otherwise attached to the side of the spring.
PAR  The spring clip retention device 9 as seen in FIGS. 13 and 14 comprises a
      tube 10 capable of being threaded onto an orthodontic arch wire 8. The
      central hole 11 of the tube can be either round or square to accommodate
      the arch wire. A spring retaining element 12 is soldered or otherwise
      attached to tube 10. A slot 13 is cut into element 12 along the axis of
      the tube 10. The slot may be partially blocked at one end so that when the
      protrusions 5 and 6 of spring 1 are inserted into the slot 13, they are
      captured by the partially blocked end thereby applying a tensile force to
      the spring 1. In a preferred embodiment, the element 12 has a second slot
      14 positioned 90.degree. from the first so that the end of the spring may
      be inserted in slot 13, twisted and retained by slot 14.
PAR  As shown in FIGS. 3 and 6, an alternative form 19 of the spring retention
      device comprises a spring retaining element integral with and co-extensive
      with a first tube 15 designed to be threaded or otherwise placed onto the
      arch wire. In that case a circular groove 16 may be cut out of one end of
      spring retaining element 17 to permit the protrusion to be caught therein.
      The groove need not be completely circular and may be any shape so long as
      it is capable of retaining a protrusion. Preferably, the groove is narrow
      enough to prevent rotation of the wire end within the groove. A slot 18
      permits insertion of the straight end of the spring in element 17.
PAR  The spring retention device 9 may be fabricated of relatively soft material
      and be slotted so that it may be readily inserted over the arch wire and
      crimped. Alternatively, one end of the spring retention device may be heat
      treated so that it may be bent or crimped to different lengths. It is
      preferred, however, that the material is not soft since once crimped the
      spring retention clip would be unusable.
PAR  As shown in FIGS. 1, 2 and 3, the spring appliance 1 is stretched and
      retained in spring clip retention device 19 by inserting nodules 5 or
      crimps 6 in slot 18 of device 19 where they are trapped by groove 16. Upon
      insertion of the nodules, the device is pulled against and retained by
      brackets 10 mounted on bands 21.
PAR  In actual use, the springs may be applied within one arch as from tooth to
      tooth as seen in FIG. 1 or alternatively may be applied between arches as
      from lower molar to upper cuspid for the retraction of upper anterior
      teeth. A crimp may be placed in the arch wire to prevent lateral movement
      of the spring retention device. It is not necessary to use a spring
      retention element to retain the straight end of the springs since one can
      tie the free end to the brackets disclosed in U.S. Pat. No.  3,775,850.
PAR  The disclosures and the descriptions herein are purely illustrative and are
      not intended to be in any sense limiting. Since variations of the
      invention will be apparent to those skilled in the art, it is intended
      that those skilled in the art be limited only by the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An orthodontic treatment assembly for applying repositioning forces to
      teeth in a patient's mouth comprising, in combination, means suitable for
      insertion in the mouth to produce a tension force, said tension producing
      means comprising a resilient element that produces a stable and
      predictable force upon elongation of said element, said resilient element
      having a first end and a second end opposite to said first end, wherein
      both of said ends are capable of being retained when force is applied
      thereto, at least one of said ends comprising a force determining element
      consisting essentially of a substantially straight wire having a plurality
      of positioning elements thereon, said positioning elements being located
      on said substantially straight wire at predetermined intervals spaced from
      each other whereby the amount of elongation of said tension producing
      means and the force generated thereby is dependent upon which of said
      positioning elements is inserted in and retained by a retention device,
      and means for retaining both ends of said resilient element, at least one
      of said retaining means comprising a retention device, said retention
      device adapted to be mounted on a stable support and having a slot therein
      constructed and arranged to permit a substantially straight wire shaped
      end of said force determining element to be inserted therein and
      constructed and arranged to retain said straight wire shaped end therein
      when said resilient element is under tension by retaining said positioning
      element.
NUM  2.
PAR  2. The orthodontic treatment assembly of claim 1 wherein said stable
      support in an arch wire.
NUM  3.
PAR  3. The orthodontic treatment assembly of claim 1 wherein said resilient
      element is a metallic coil spring having at least one end which is a
      substantially straight wire.
NUM  4.
PAR  4. The orthodontic treatment assembly of claim 3 wherein said retention
      device comprises a first tube capable of being threaded onto an
      orthodontic arch wire and having an element attached thereto having a slot
      therein parallel to and laterally disposed from the axis of said tube.
NUM  5.
PAR  5. The orthodontic treatment assembly of claim 4 wherein said element
      comprises a second tube co-axial and integral with said first tube, said
      retention device being cylindrical shape, flat at one end and having a
      substantially circular groove at its opposite end, said groove being
      co-axial with said tube.
NUM  6.
PAR  6. The orthodontic treatment assembly of claim 4 wherein said metallic coil
      spring comprises a central coil section, a first end and a second end
      opposite to said first end, both of said ends so constructed and arranged
      that they may be retained when force is applied thereto, thereby placing
      said resilient element under tension, at least said first end consisting
      essentially of a substantially straight wire having a plurality of
      positioning elements thereon spaced at predetermined intervals from said
      central coil section, said assembly further including a second retention
      device adapted to retain said second end whereby said coil spring may be
      elongated to engage said first and second retention devices, the amount of
      force applied to said coil spring being proportional to the distance of
      the positioning elements engaged from said central coil section.
NUM  7.
PAR  7. The orthodontic treatment assembly of claim 6 wherein both said first
      end and said second end consist essentially of a substantially straight
      wire having positioning elements thereon spaced at predetermined intervals
      from said central coil section.
NUM  8.
PAR  8. The orthodontic treatment assembly of claim 7 wherein said second
      retention device is adapted to engage one of the positioning elements of
      said second end and further adapted to be mounted on a second stable
      support.
NUM  9.
PAR  9. The orthodontic treatment assembly of claim 8 wherein said second stable
      support is an arch wire.
NUM  10.
PAR  10. The orthodontic treatment assembly of claim 6 wherein said second end
      attached to said central portion comprises means defining a channel for
      use on an arch wire, said channel being parallel to and laterally disposed
      from the central axis of said coil spring.
NUM  11.
PAR  11. A spring retention device for orthodontic spring appliances comprising
      means for attachment to a fixed support in the mouth and means for
      retaining an orthodontic spring appliance comprising an element attached
      to said means for attachment, said element having a slot therein
      constructed and arranged to permit a substantially straight wire shaped
      end of an orthodontic spring appliance having a plurality of positioning
      elements to be inserted therein and constructed and arranged to retain
      said straight wire shaped end therein when said spring appliance is under
      tension by retaining said positioning element.
NUM  12.
PAR  12. The spring retention device of claim 11 wherein said means for
      attachment to a fixed support is a first tube capable of being threaded
      onto an orthodontic arch wire said means for retaining an orthodontic
      spring appliance comprises an element attached to said tube, said element
      having a slot therein constructed and arranged to permit a substantially
      straight wire shaped end of said orthodontic spring to be inserted therein
      and constructed and arranged to retain said wire shaped end therein when
      said spring appliance is under tension.
NUM  13.
PAR  13. The spring retention device of claim 12 wherein said element comprises
      a second tube, the axis of which is parallel to the axis of said first
      tube.
NUM  14.
PAR  14. The spring retention device of claim 12 wherein said second tube is
      co-axial with and larger in diameter than said first tube.
NUM  15.
PAR  15. The spring retention device of claim 14 wherein said slot is elongated
      and parallel to the axis of said first tube, said means being flat at one
      end and having a substantially circular groove at said other end, said
      groove being co-axial with said first tube.
NUM  16.
PAR  16. The spring retention device of claim 13 wherein said element is
      parallel to the axis of said tube and the cross-sectional area of one end
      of said slot is less than the cross-sectional area of the other end.
NUM  17.
PAR  17. The spring retention device of claim 16 wherein the longitudinal axis
      of said element is laterally disposed from the longitudinal axis of said
      tube.
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ABST
PAL  An orthodontic appliance according to the present invention may incorporate
      a thin veneer body of non-metallic material that may be flexible so as to
      conform readily to the external configuration of a patient's tooth and
      which veneer body may be bonded directly to the enamel of the tooth in any
      desirable manner. An orthodontic appliance which may be composed of metal
      may be permanently embedded within the thin veneer body and may protrude
      from the veneer body to enable other orthodontic devices to be attached
      thereto. Marginal leakage between the veneer body and the enamel surface
      of the tooth is effectively prevented by the use of a dental sealer
      material.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to orthodontics and to orthodontic
      appliances for attachment to the teeth of a patient and more particularly
      the invention is directed to an orthodontic appliance assembly that may be
      bonded to the enamel of a patient's tooth structure and may be connected
      to other orthodontic devices for application of forces to the teeth of the
      patient.
PAC  BACKGROUND OF THE INVENTION
PAR  Orthodontics is that branch of dentistry concerned with the study of the
      growth of craniofacial complex, the development of occlusion, and the
      treatment of dentofacial abnormalities. Orthodontic therapy is directed to
      abnormal occlusion of the teeth, growth of the complex of craniofacial
      bones and the function of the orofacial neuromusculature, which alone or
      in combination may cause any of a number of abnormalities such as impaired
      mastication, undesirable facial aesthetics, dysfunction of the
      temporomandibular articulation, susceptibility to periodontal disease,
      susceptibility to dental caries, and impaired speech due to the
      malpositions of the teeth etc. By means of suitable appliances, the
      individual teeth of the patient can be positioned more favorably to
      provide better aesthetics, occlusal function, oral health and speech.
PAR  Movement of teeth within the bone structure defined by the craniofacial
      skeletal structure of the patient may be accomplished in many different
      ways. One of the more typical means for accomplishing tooth movement is by
      employment of band and arch wire assemblies, wherein the teeth to be moved
      are encircled with bands of thin metal that is cemented to the teeth and
      dental appliances, which may take the form of arch wire brackets or any of
      numerous other connecting devices may be affized to or formed integrally
      with the band structure. An arch wire, which may be of round or
      rectangular configuration when viewed in cross section, may be received by
      the various brackets protruding from the bands encircling the teeth to be
      moved. Springs, elastic bands, and numerous other devices may be employed
      to apply forces to the various teeth to be moved within the rather porous
      craniofacial skeletal structure of the patient. As forces are applied to
      the teeth, during orthodontic therapy, the mechanical pressure applied
      between the teeth and the bone structure causes tooth drift, which, in
      simple terms, results from addition of bone structure on one side of the
      tooth and resorption on the opposite side. Orthodontic appliances are
      employed to produce a force that will elicit optimum tissue response
      within the periodontal ligament and bone structure of the patient thereby
      resulting in permanent repositioning of the patients teeth, as desired.
      The orthodontic appliance is a force system that stores and delivers
      forces against the teeth, muscles, or bone and creates a reaction within
      the periodontal ligament and alveolar bone that permits movements of the
      teeth relative to the bone structure, which movement is of permanent
      nature because it is accomplished by induced tooth drift that results in
      controlled reformation of the bone structure.
PAR  Orthodontic treatment often involves removal of at least some of the
      patient's teeth in order to gain the space that is necessary for optimum
      positioning of the remaining teeth, but tooth removal is accomplished only
      when absolutely necessary to provide for optimum spacing. There are cases
      however, when the normal spacing of a patient's teeth is proper and tooth
      removal is inappropriate, but there is insufficient space to accommodate
      the combined thicknesses of the thin bands that normally encircle the
      teeth during treatment. Under this condition, removal of some of the
      patient's teeth may result simply to accommodate the bands that are
      necessary during treatment. Because of the undesirability of removing
      teeth simply to provide the space necessary for the orthodontic bands, it
      is considered desirable to provide means other than bands for support of
      the brackets and other orthodontic appliances that are utilized to impart
      forces to the teeth for movement of the same within the bone structure of
      the patient. In the past, metal brackets and other orthodontic appliances
      have been bonded directly to the enamel surface of the patient's teeth in
      position for optimum connection with arch wires and other orthodontic
      devices. Direct attachment of metal brackets to the tooth structure has
      not been satisfactory because of the difficulty of providing a bond
      between a metal surface and the enamel surface of the tooth. Thus far, no
      bonding agent has been found that will provide a desirable and
      controllably releasable bond between metal brackets and the enamel of the
      teeth.
PAR  Direct bonding of metal brackets to the tooth structure is also undesirable
      from the standpoint of removal of the brackets or appliances after
      completion of orthodontic treatment. If the bond between the metal and
      enamel is sufficient to retain the same in assembly during treatment, the
      bonding material will typically refuse yield readily after treatment and
      it is possible to damage the enamel as to the metal is separated from the
      enamel. Removal of the metal structure from the enamel by grinding or
      other mechanical operations is not conveniently possible because of the
      heat that is generated and because of the susceptability of the teeth to
      damage by metal working tools.
PAR  Another disadvantage of the conventional band type method of accomplishing
      orthodontic treatment is the problem of tooth decalcification that
      frequently occurs during treatment. The cement that is typically employed
      to attach the bands to the individual teeth is typically susceptible to
      being disolved by the action of the saliva, thereby causing spaces to
      develop beneath the bands and these spaces are usually not detectible. The
      spaces beneath the bands can accumulate food product, and, because of the
      action of the saliva thereon, the food product will develop an acid that
      causes demineralization of the tooth structure. In some cases, caries will
      develop because of the action of the acid in the spaces under the bands,
      but the most typical result is demineralization, which develops tooth
      discoloration that logically detracts from the aesthetic appearance of the
      teeth.
PAR  Conventional orthodontic bands also have rather sharp marginal edges and
      protrusions that may constantly irritate the gingiva, causing pain to the
      patient and detracting from the ability of the patient to keep his teeth
      hygenically clean during the period of orthodontic treatment. Infection of
      the gingiva is a constant problem when orthodontic treatment is conducted
      with metal bands about the teeth.
PAR  Brackets and other orthodontic appliances composed of plastic material have
      been successfully bonded to the enamel surface of teeth to provide for
      orthodontic treatment primarily because the plastic material may be
      removed quite effectively following orthodontic treatment without any risk
      of damage to the tooth structure. Plastic brackets and appliances however
      are considered undesirable from the standpoint of application of forces to
      the teeth to be moved. For example, most plastic materials are yieldable
      under mechanical pressure. Although the mechanical pressure that is
      applied to the teeth during orthodontic treatment is quite low, i.e., in
      the order of 5 to 15 ounces, the mechanical pressure that is applied in
      point to point contact between the arch wire and the bracket is quite
      high. When brackets are composed of plastic material, the mechanical force
      reacting against the plastic tends to cause the plastic to yield or cold
      flow, thus causing the application of forces to the tooth structure to
      diminish quite rapidly after having been properly set by an orthodontist
      during installation or adjustment of the same. It is desirable therefore
      to provide non-yieldable contact, such as metal-to-metal contact between
      the arch wire and bracket structures, but to provide means for effectively
      attaching the metal bracket structures to the tooth structure in such a
      manner that the bracket can be readily removed from the tooth structure
      when desired.
PAR  The caulk division of Dentsply International, Inc. of Milford, Delaware,
      has proposed a method of attaching a metal orthodontic bracket to the
      enamel surface of teeth wherein the tooth surface is prepared by acid
      etching and a coating of a dental sealer material is applied to the etched
      surface and hardened. After this has been done, a dental filler material
      may be applied to the cured sealer materail and an orthodontic bracket may
      be brought into assembly with the uncured filler material in such manner
      that the filler material protrudes through apertures formed in the bracket
      structure. The dental filler material then may be cured in place, thereby
      causing the bracket or other orthodontic appliance to be permanently
      affixed to the tooth structure. Removal of the metal bracket from the
      enameled surface of the tooth is accomplished simply by cutting or
      machining away the dental filler material protruding through the apertures
      of the bracket thereby destroying the mechanical interlocking relationship
      between the metal and the dental filler material, whereupon the metal
      bracket or other orthodontic appliance may be simply removed. After
      removal of the bracket, the remaining dental filler material and coating
      may be removed by conventional machining operations. This method of
      attachment is not entirely satisfactory because the dental filler
      material, protruding through the apertures of the bracket, tends to
      interfere with connection wires that are typically employed to establish
      firm connection between the bracket and arch wire assembly.
PAR  It is therefore a primary object of the present invention to provide a
      novel orthodontic appliance assembly wherein orthodontic appliances such
      as brackets and other mechanical device may be fixed to the exterior
      enamel surface of the patient's teeth without necessitating employment of
      conventional orthodontic bands.
PAR  It is another object of the present invention to provide a novel
      orthodontic appliance assembly that may be simply applied and removed from
      the tooth structure without any damage to the tooth structure when such
      removal is desired.
PAR  It is an even further object of the present invention to provide a novel
      orthodontic appliance assembly employing a metal orthodontic bracket or
      other appliance that will establish nondeforming mechanical
      interconnection between force applying parts of the orthodontic assembly.
PAR  It is another object of the present invention ro provide a novel
      orthodontic appliance assembly that may be simply and effectively removed
      from the tooth structure of the patent when removal is desired.
PAR  Smong the several objects of the present invention is noted the
      contemplation of a novel orthodontic appliance assembly that facilitates
      effective movement of teeth under circumstances when there is minimal
      spacing between the teeth and it is not appropriate to remove teeth to
      provide additional spacing.
PAR  It is also an important object of the present invention to provide a novel
      orthodontic appliance assembly that may be attached to the tooth structure
      of the patient in a movable manner and may be shifted as desired to
      provide proper alignment with respect to other orthodontic appliance
      assemblies before being controllably and immovably bonded in place.
PAR  It is an even further object of the present invention to provide a novel
      method for attaching orthodontic brackets and other orthodontic appliances
      to the enamel surfaces of the teeth of patients.
PAR  Other and further objects, advantages and features of the present invention
      will become apparent to one skilled in the art upon consideration of this
      disclosure. The form of the invention, which will now be described in
      detail, illustrates the general principles of the invention, but it is to
      be understood that this detailed description is not to be taken as
      limiting tthe scope of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  A preferred embodiment of the present invention may conviently take the
      form of a thin veneer body of non-metallic material such as any one of a
      number of suitable plastic materials, which veneer body is shaped to
      conform to a portion of the exterior surface of the tooth to which it is
      to be attached. An orthodontic appliance, having a base portion and an
      active portion that are interconnected by means of a support portion, may
      be structurally interconnected with the thin veneer body prior to
      attachment of the same to the tooth structure of the patient. The thin
      veneer body, with the orthodontic appliance attached, is pre-formed and
      the material supporting the orthodontic bracket or appliance is fully
      cured before it is attached to the patient's tooth structure.
PAR  The base portion of the orthodontic appliance may be provided with a
      plurality of apertures through which the material of the veneer may extend
      thereby establishing a positive interlocking relationship between the
      orthodontic appliance and the veneer body. Additionally, the base portion
      of the bracket or other orthodontic appliance may be provided with rounded
      edges that cooperate with the material from which the veneer body is
      composed to prevent development of excessive areas of strain within the
      thin veneer body. The base portion may be imbedded within the fully cured
      veneer body and the support portion may protrude from the veneer body and
      may provide support for the active portion of the appliance. The active
      portion may conveniently take the form of an orthodontic bracket or any
      one of numerous other orthodontic fixtures within the spirit and scope of
      the present invention.
PAR  Attachment of the thin veneer body, with its orthodontic appliance fixed
      thereto, to the tooth structure of the patient may be accomplished simply
      by placement of the veneer body into assembly with the tooth structure in
      order to assure proper fitting relationship therebetween. After it has
      been ascertained that the veneer body will fit the exterior enamel surface
      of the tooth, that portion of the tooth structure to which the veneer body
      is to be attached may be etched with a weak acid solution such as citric
      acid. After this has been accomplished, the beneer body may be brought
      into engagement with the tooth in the presence of a bonding agent to
      complete the attachment procedure. As an alternative, the etched surface
      of the tooth and the internal surface of the thin veneer body may be
      coated with a dental sealer material and these coatings may be appropriate
      cured in place. After curing of the coating, a quantity of dental filler
      material may be applied either to the coated interior surface of the
      veneer body or to the coated surface of the tooth and the veneer body may
      be brought into assembly with the tooth. Sufficient mechanical force may
      be applied to squeeze out excess dental filler material, thus causing all
      of the voids between the coated surfaces of the tooth and the veneer body
      to be filled with the dental filler material. The dental filler material
      may be controllably cured in place to bond the veneer body to the tooth
      structure at this point, or bonding of the dental filler material may be
      accomplished after all or most of the orthodontic appliances have been
      assembled to the respective teeth of the patient and have been
      appropriately aligned with other orthodontic appliances. In this case, all
      of the veneer bodies applied to the various teeth may be controllably
      cured simultaneously. After the veneer bodies and the orthodontic
      appliances supported thereby have been bonded to the tooth structure, a
      coating of dental sealer material may be applied to the exposed surfaces
      of the thin veneer body to establish a positive seal at the marginal edges
      of the veneer body to prevent marginal leakage that might otherwise
      provide an environment that is not conductive to oral hygiene.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  So that the manner in which the above recited features, advantages and
      objects of the present invention, as well as others, which will become
      apparent, are attained and can be understood in detail, more particularly
      description of the invention, briefly summarized above, may be had by
      reference to the embodiments thereof which are illustrated in the appended
      drawings, which drawings form a part of this specification.
PAR  It is to be noted however that the appended drawings illustrate only one of
      numerous orthodontic appliance assemblies that are made possible by
      employment of the method and materials set forth herein and is therefore
      not to be considered limiting of its scope, for the invention may admit to
      other equally effective embodiments without departing from the spirit and
      scope of this invention.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a pictorial representation of a tooth that is to be moved by
      orthodontic treatment and to which tooth is affixed an orthodontic
      appliance assembly constructed in accordance with the present invention.
PAR  FIG. 2 is a sectional view of a tooth structure such as that set forth in
      FIG. 1 also illustrating a sectional view of the orthodontic appliance,
      assembly attached to the tooth structure, and which assembly in this case
      takes the form of an orthodontic bracket for assembly with an orthodontic
      arch wire.
PAR  FIG. 3 is a fragmentary enlarged sectional view of a portion of a tooth
      structure such as shown in FIG. 1, illustrating the component parts of an
      orthodontic appliance assembly constructed in accordance with this
      invention and depicting attachment of the orthodontic appliance assembly
      to the tooth structure utilizing dental sealer and filler materials as
      bonding agents.
PAR  FIG. 4 is a partial sectional view of an orthodontic bracket or other
      orthodontic appliance illustrating apertures found in the base portion of
      the bracket to establish physical connection with the material from which
      the thin veneer body is composed.
PAR  FIG. 5 is a pictorial representation of an orthodontic appliance assembly
      constructed in accordance with the present invention and shown in full
      line while showing a portion of a tooth structure to which the same is to
      be attached in broken line.
PAR  FIG. 6 is a side view of the orthodontic appliance assembly of FIG. 5, also
      illustrating the tooth structure to broken line.
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 6.
PAR  FIG. 8 is a pictorial representation in broken line of a portion of the
      tooth structure of a patient, having an orthodontic appliance assembly
      constructed in accordance with the present invention affixed thereto, the
      thin veneer body of which is of significantly smaller dimension than the
      labial surface of the tooth.
PAR  FIG. 9 is a side view of the tooth and orthodontic appliance assembly shown
      in FIG. 8, with the tooth structure and the base portion of an orthodontic
      bracket being shown in broken line and with the remaining portions of the
      orthodontic appliance assembly being shown in full line.
PAR  FIG. 10 is a sectional view taken along line 10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Now referring to the drawings and first to FIG. 1, the present invention
      may take the form of an orthodontic appliance assembly, together with a
      method for temporarily attaching the orthodontic appliance assembly to the
      tooth structure of a patient whose teeth are to be shifted in accordance
      with orthodontic principles. A tooth structure, illustrated generally at
      10 in FIG. 1, which tooth is shown to be an anterior incisor, is shown
      with the crown portion 12 of the tooth extending from the gingiva or gum
      while the root portion 16 of the tooth structure, shown in broken line, is
      of course, embedded and supported by the bone structure of the patient.
PAR  As shown in section in FIG. 2, the tooth structure incorporates an inner
      pulp portion 18 surrounded by dentin with the dentin being surrounded in
      the crown portion of the tooth by a layer of enamel 22. The enamel meets
      with the dentin at the juncture between the crown and root portion of the
      tooth defining a rather abrupt shoulder 24.
PAR  In order to shift the tooth 10 within the rather porous bone structure of
      the patient, it is desirable to apply light mechanical pressure gradually
      and over a long period of time in order that a pressure responsive
      condition of bond adsorption and deposition may occur that causes
      controlled permanent drift of the tooth to occur within the bone
      structure. It is desirable to apply mechanical pressure in such manner
      that the periodontal ligament surrounding the tooth structure and
      interposed between the tooth structure and bond structure in the alveolar
      socket will not be overstressed or overcompressed during translation or
      bodily movement of the tooth. Mechanical forces may also be applied to
      cause tipping of the teeth, wherein the crown and root of the tooth are
      moved in opposite directions around a center of rotation within the root
      or torque may be applied to a tooth to cause rotation of the tooth around
      its long axis. Other tooth movement such as intrusion and extrusion
      wherein movement of the tooth is either inwardly or outwardly relative to
      the alveolar socket may be accomplished by similar application of
      mechanical force over long periods of treatment. Moreover, if torque is
      applied in the orthodontic sense, the purpose is to obtain movement of the
      root portion of the tooth without consequent movement of the crown. This
      is caused by a tipping movement with the fulcrum of movement in the
      bracket.
PAR  As illustrated pictorially in FIG. 1 and in section in FIG. 2, a rather
      thin body of fully cured material having substantial structural integrity
      may be adhered directly to the labial surface 28 of the crown portion of
      the tooth and may, if desired, cover substantially the entire labial
      surface of the tooth essentially as shown in FIGS. 1 and 2. The pre-formed
      thin veneer body or lamination 26 that is to be bonded to the tooth
      structure during orthodontic treatment in accordance with the methods set
      forth herein, may conveniently take any suitable form that is acceptable
      for the establishment of a good mechanical bond with the tooth structure.
      It has been found through initial tests that a plastic material such as
      fully polymerized, pre-formed methyl methacrylate is a suitable material
      from which the thin veneer body may be composed. Methyl methacrylate is
      utilized presently in the manufacture of denture teeth and therefore
      corresponds very closely to the appearance and functional capabilities of
      natural teeth. Other materials, such as polycarbonate plastics and
      acrylate plastics, for example, may also be successfully employed to
      define veneer bodies for attachment to the patients teeth in accordance
      with this invention. It is envisioned that the thin veneer body structure
      may be premanufactured according to various shapes, forms, colors, and
      contour in order to conform to the particular characteristics of the teeth
      to which the thin veneer body is to be applied. Moreover, the thin veneer
      body may be flexible in order to conform to the configuration of the teeth
      to which it is to be applied and may also be formed to define thin
      knifelike edges in order that a smooth configuous surface may be
      established at the joint between the enamel surface of the tooth and the
      veneer body. The plastic veneer may be of tooth color, giving a much
      better and esthetically pleasing appearance during orthodontic treatment
      as compared to metal handed teeth or it may be clear, so the condition of
      the enamel may be monitored during treatment to prevent demineralization
      of the tooth structure. The material from which the veneer body is
      composed may also be easily machinable in order that minor differences in
      contour between the facing and the external configuration of the tooth may
      be accommodated by simple machining that can be accomplished while the
      patient is sitting for installation of the orthodontic appliance assembly.
PAR  The thin veneer body, if desired, may be composed of very thin flexible
      material that may be readily molded by application of mechanical pressure,
      thereby causing the flexible veneer body to conform to the tooth surface
      to which it is to be attached. For example, it may be desirable to provide
      a flexible and moldable plastic veneer body that may be molded to conform
      to selected surfaces of the tooth. If desired, the thin veneer body may be
      of such flexibility and curvature that it may be utilized all or part of
      the labial surface of the tooth and may additionally cover one or more of
      the proximal edges.
PAR  As shown in FIG. 2, the thin veneer body 26 may be bonded to the labial
      surface of the tooth, by a bonding material that may be any one of a
      number of commercially available bonding materials without departing from
      the spirit or scope of the present invention. One suitable bonding
      material for example, may be of the type that is produced by the reaction
      product of bisphenol A and glycidyl methacrylate and which is activated by
      benzoin methyl ether catalyst and polymerized responsive to application of
      ultra-violet light and which is manufactured by the Caulk Division of
      Dentsply International, Inc. and sold under the registered trademark
      "Nuva-Tach".
PAR  It will be desirable to establish a mechanical connection between the thin
      veneer body 26 and other orthodontic devices such as arch wires, for
      example, and to provide a mechanical structure that will not yield as
      pressure is applied over long periods of time. In accordance with the
      present invention, an orthodontic appliance may be partially imbedded in
      the thin veneer body and may have an active portion thereof protruding
      from the veneer body and positioned for mating relationship with other
      orthodontic devices. As shown in FIG. 2 and also in FIG. 3, for example,
      an orthodontic bracket is illustrated generally at 32 having an active
      portion 34 that is in the form of an elongated generally rectangular head
      having opposed wire retaining flanges 36 and 38 formed integrally
      therewith. The head portion or active portion of the bracket 32 is shown
      to be adapted to receive an arch wire that is positioned within an
      elongated groove 40 defined in the head 34. The groove 40 is shown to be a
      rectangular cross sectional configuration to receive an arch wire of
      mating rectangular cross sectional configuration, but this particular
      structure is not intended to limit the present invention in any way, it
      being obvious that arch wire grooves of other than rectangular
      configuration may be provided without departing from the spirit and scope
      of the present invention. It is also within the spirit and scope of the
      present invention to employ mechanical devices other than orthodontic
      brackets that are supported by the thin veneer body 26 in similar manner.
PAR  The orthodontic appliance supported by the thin veneer body 26 may
      incorporate a base portion 42 that is shown in FIG. 3 as being slightly
      curved to conform to the configuration of the veneer body and the exterior
      surface of the tooth and which is shown in FIG. 4 as being generally
      rectangular in configuration. The base portion 42 may have rounded corners
      and edges that cooperate with the material from which the veneer body is
      composed to prevent overstressing of any particular part of the veneer,
      thus allowing the base portion of the appliance to be positively and
      unyieldingly supported by the veneer body during an entire orthodontic
      procedure. Further, as illustrated in FIGS. 3 and 4, the base portion 42
      of the orthodontic appliance or bracket 32 may have a plurality of
      apertures 44 defined therein which apertures provide for development of an
      interlocking relationship with the cured material from which the thin
      veneer body 26 is composed. As the veneer body is molded during
      manufacture thereof, the material from which it is composed during the
      uncured state will flow through the apertures 44 and will cooperate with
      the generally rectangular configuration of the base portion of the bracket
      to define a positive mechanically interlocked integral relationship
      between the base portion of the bracket and the thin veneer body. After
      the composition of the veneer body has fully cured, the veneer body and
      the base portion of the orthodontic appliance will be substantially
      integral.
PAR  A connecting element such as an elongated generally rectangular connector
      46 may be formed integrally with the head portion and base portion of the
      orthodontic appliance or may be connected between the head and base
      portions of the orthodontic appliance in any suitable manner to provide a
      supported relationship between the head and base portions.
PAR  Although it may be desirable simply to establish a mechanical connection
      between the thin veneer body 26 and the labial surface 28 of the tooth
      with a bonding agent as illustrated in FIG. 2, it may also be desirable to
      employ dental sealer and filler materials as bonding agents in the manner
      illustrated in FIG. 3 in order to take advantage of the sealing and
      filling qualities thereof as well as taking advantage of the bonding
      function provided by the same. It will also be desirable to prepare the
      labial surface of the tooth for bonding with some suitable process that
      provides an appropriate enamel surface for retention of the bonding
      material. For example, a small portion or the entire labial surface of the
      enamel of the tooth may be prepared in such a way as to remove undesirable
      mineral deposits that might interfere with the bonding process. This may
      be accomplished by very light sanding. Desired portions of the exposed
      enamel then may be prepared for bonding by application of a suitable acid
      material such as a weak solution of citric acid for a short period of
      time. This is known in the art as acid etching, a process that creates
      spaces or "micro pores" within the surface layer of enamel which will
      allow the dental sealant material to penetrate into the surface of the
      enamel itself and establish an efficient mechanical interlocking bond with
      the enamel. As the tooth is etched, projections, which may be referred to
      as "rods" or "tags" are developed which increase the physical bonding of
      the sealant to the tooth structure. The employment of acidic conditioning
      agents has an effect on the tooth enamel that removes at least a portion
      of the mineral salts from the enamel surface to a very shallow depth,
      i.e., in the order of 25 microns, thereby creating spaces or micro pores
      in the enamel where the mineral salts have been dissolved. Etching of the
      tooth enamel, although initially creating a dull appearance on the enamel
      surface, does not constitute permanent alternation of the enamel surface
      of the tooth. In fact, areas of enamel surface that have been etched, if
      not covered by a coating of dental sealant material, will return to the
      normal translucency thereof within a few days' time. It is theorized that
      acid etched enamel is remineralized by the deposition of calcium phosphate
      salts from the saliva. Other than the creation of a superficial etch,
      there appears to be no detrimental effect on the tissue of the tooth.
      After acid etching of desirable portions of the enamel of the tooth
      structure, the acid etched enamel is maintained clear of any material such
      as water, oil, saliva, etc., that might interfere with the bonding
      process, and a dental sealant material may be applied thereto and may be
      allowed to subsequently become catalized in place in order to seal the
      micro pores that have been established by the etching process and to
      establish a physical surface to which the thin veneer body may be
      effectively bonded. Although the dental sealant material may take any
      suitable form within the spirit and scope of the present invention, it may
      be desirable to employ a dental sealant material such as that sold under
      the trademark "Nuva-Seal" by the Caulk Division of Dentsply International,
      Inc., which is referred to hereinafter merely as a dental sealer or dental
      sealing material. The dental sealing material may be of the type that is
      produced by the reaction product of bisphenol A and glycidyl methacrylate
      such as a product manufactured and sold under the trademark Nuva-Seal by
      the Caulk Division of Dentsply International, Inc., of Milford, Delaware.
      The sealant product, referred to as Nuva-Seal, is activated by benjoin
      methyl ether catalyst prior to the application thereof to a tooth
      structure and is polymerized after application to the surface by exposure
      to ultra-violet light.
PAR  After etching that portion of the enamel that is to receive the thin veneer
      body, a coating of dental sealant material 48 may be applied directly to
      the prepared enamel surface and may be cured in place by exposing the
      applied coating to ultra-violet light. After this has been done, the
      interior surface of the thin veneer body may also be provided with a
      coating 50 of dental sealant material and this coating may also be cured
      in place by exposure to ultra-violet light. The thin veneer body, having
      been previously coated on the inside surface thereof, is now ready for
      application to the prepared surface of the tooth, but it is desirable that
      there be no voids between the inside surface of the veneer body and the
      prepared and coated exterior surface of the tooth structure. For the
      purpose of filling all of the voids, a quantity of dental filler material
      51, which may also be a reaction product of bisphenol A and glycidyl
      methacrylate and which is also activated by benjoin methyl ether catalyst
      and selectively polymerized by exposure to ultra-violet light, may be
      applied either to the prepared outer surface of the tooth structure or to
      the prepared inner surface of the thin veneer body. The dental filler
      material will typically have a fairly thick, paste-like consistency as
      compared to the rather "wet" thin consistency of the dental sealer
      material. The dental filler material identified above is sold by the Caulk
      Division of Dentsply International, Inc., under the trademark "Nuva-Fil".
      It is not intended to limit the present invention to use of these
      particular dental sealer and filler materials, however, it being obvious
      that other sealer and filler materials as well as other bonding agents may
      be effectively employed within the spirit and scope of this invention.
      Cyanoacrylate bonding agents and self curing acrylic resins are exemplary
      of the many commercially available bonding agents that may be successfully
      employed to carry out this invention.
PAR  The veneer body 26 is then brought into assembly with the tooth structure
      with the uncured dental sealant material disposed therebetween, the dental
      filler material being of a relatively thick paste-like consistency.
      Sufficient mechanical pressure is applied manually to squeeze out most of
      the dental filler material between the prepared surfaces of the tooth and
      veneer body and the dental filler material that is so displaced may be
      removed from about the marginal edges of the veneer body with a simple
      smoothing tool. In order to provide as much control as possible, to insure
      the establishment of properly interrelated relationships between the
      various orthodontic appliance assemblies of other teeth of the patient, it
      may be desirable to refrain from curing the dental sealant material until
      all of the orthodontic appliances have been placed in assembly with the
      various teeth.
PAR  After proper alignment of the various orthodontic appliance assemblies has
      been insured, the dental sealer material may be polymerized simply by
      exposing the same to ultra-violet light and this polymerization process
      positively bonds the thin veneer body 26 to the coated and prepared
      surface of the tooth.
PAR  In view of the fact that the orthodontic appliance assembly may remain in
      supported relationship with the tooth structure for long periods of time,
      it is desirable to prevent any marginal leakage between the veneer body
      and the tooth structure. Accomplishment of the same may conveniently take
      the form of a coating 52 of dental sealant material that may be applied to
      the outer exposed surface of the thin veneer body, which coating may also
      cover the joint defined between the marginal edges of the veneer body and
      the enamel surface of the tooth. The dental sealant material defining the
      coating 52 may be of the same character and type as employed to define the
      coatings 48 and 50, but may take other suitable forms as is desired
      without departing from the spirit and scope of the present invention.
PAR  By employing dental sealant and filler materials such as those sold by the
      Caulk Division of Dentsply International, Inc., under the trademarks
      Nuva-Fill and Nuva-Seal, the dental sealer and filler material will not
      become polymerized until polymerization is controllably induced. The
      dental filler and sealer therefore may be worked for whatever period of
      time is necessary to properly shape the unpolymerized dental filler and
      sealer materials about the thin veneer body portion of the orthodontic
      appliance assembly and polymerization will occur in a few seconds time
      after application of ultra-violet light to the shaped material.
PAR  It is not intended however to limit the present invention solely to the use
      of ultra-violet light activated dental sealer and filler materials, it
      being obvious that other dental sealer and filler materials may be
      employed within the spirit and scope of the present invention.
PAR  As illustrated in FIGS. 5, 6, and 7, orthodontic appliance assemblies for
      temporary attachment to the labial surfaces of teeth may be designed to
      cover the entire labial surface, thereby providing an optimum structural
      interrelation between the tooth structure and the structure of the veneer
      body to transmit forces applied through the orthodontic appliance to the
      veneer body and consequently to the tooth structure. Although the thin
      veneer body is shown in the various figures as being applied to the labial
      surface of the tooth structure, it is to be borne in mind that suitably
      formed veneer bodies carrying orthodontic appliances may be effectively
      bonded to any other desirable portions of the tooth structure within the
      spirit and scope of the present invention.
PAR  As illustrated in FIGS. 8, 9 and 10, the orthodontic appliance assembly may
      conveniently take a smaller form than the dimension of the labial surface
      area of the tooth structure. The veneer body 26a in this case will be of
      sufficient dimension to provide proper mechanically locked interrelation
      between the veneer body and the tooth structure and to withstand the
      forces applied thereto during orthodontic treatment. The veneer body 26a
      may be formed to conform to that portion of the tooth structure to which
      it is to be applied and may include knife-like marginal edges that
      coincide smoothly with the enamel surface of the tooth structure. The
      orthodontic appliance assembly that covers only part of the labial surface
      of the tooth, may be connected to the enamel surface of the tooth simply
      by bonding with any suitable bonding material or, in the alternative, it
      may be secured to the tooth structure utilizing dental sealer and filler
      materials in the manner identified above. The partial laminations defined
      by the thin veneer body may have embedded therein and protruding therefrom
      any number of different types of orthodontic appliances including
      orthodontic brackets as shown.
PAR  After orthodontic treatment has been completed or when it is desired to
      remove the orthodontic appliances from at least some of the teeth, this
      can be accomplished simply and efficiently simply by scraping the
      non-metalic or plastic material from the surface of the tooth with a sharp
      instrument or by machining away the plastic material about the base
      portion of the orthodontic appliance thereby allowing the metallic
      appliance to be easily extracted from its seated position relative to the
      plastic material of the thin veneer body. After the metal appliance
      structure has been removed, the remaining portion of the plastic material
      may be simply machined from the surface of the tooth and the tooth will be
      restored to its original condition. Removal of orthodontic appliances of
      this nature, from individual teeth takes only a few seconds' time.
PAR  In view of the foregoing it is apparent that I have provided a unique
      orthodontic appliance assembly for attachment to the tooth structure of a
      patient that is involved in orthodontic treatment, which appliance may be
      very easily and simply applied to the tooth structure in readily
      controlled manner, thereby enabling a number of orthodontic appliance
      assemblies to be precisely oriented, taking as much time as desired for
      such orienting, before a firm bond is established between the orthodontic
      appliance assembly and the tooth structure. The orthodontic appliance
      assembly I have provided, utilizes metallic connector elements for
      connection with other orthodontic devices, and therefore will not yield or
      cold flow as in the case of plastic brackets and will not become worn
      during ordinary use to the point that replacement is necessary before the
      orthodontic procedure is completed.
PAR  I have also provided a unique method for attachment of veneer supported
      orthodontic appliances to the tooth structure of patients, utilizing
      dental sealer and filler materials in a controlled manner to accomplish
      optimum support as well as in appearance. The orthodontic appliance
      assemblies, once firmly attached to the tooth structure, will serve
      unyieldingly throughout a protracted orthodontic procedure and, when
      removal is desired, may be removed quite simply and efficiently in a few
      seconds' time by simple mechanical operations.
PAR  It is therefore apparent that the present invention is one well adapted to
      attain all the objects and advantages hereinabove set forth, together with
      other advantages which will become obvious and inherent from a description
      of the apparatus and method utilized in accordance with the teachings of
      the present invention. It will be understood that certain combinations and
      subcombinations are of utility and may be employed without reference to
      other features and subcombinations. This is contemplated by and is within
      the scope of the present invention.
PAR  As many possible embodiments may be made of this invention without
      departing from the spirit or scope thereof, it is to be understood that
      all matters hereinabove set forth are shown in the accompanying drawings
      are to be interpreted as illustrative and not in a limiting sense.
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STM  What is claimed is:
NUM  1.
PAR  1. An orthodontic appliance assembly for attachment to the tooth structure
      of a patient, said orthodontic appliance assembly comprising:
PA1  a fully cured pre-formed thin veneer body of plastic material, said veneer
      body defining a concave interior surface that is shaped to conform to a
      portion of the exterior surface area of at least one of the patients teeth
      and defining an exterior surface that conforms to the natural
      configuration of the teeth of the patient; and
PA1  an orthodontic appliance, said appliance having a base portion and an
      active portion, said base portion being formed to define plastic
      interlocking means, said base portion being molded within said thin veneer
      body and said plastic material being interconnected with said base portion
      and firmly supporting said base portion, said active portion of said
      appliance protruding from said veneer body and having an orthodontic
      connector portion formed thereon, said connector portion being of
      generally T-shaped crosssection defining an arch wire slot and defining
      opposed wire retaining flanges for receiving ligature wires, said
      connector portion of said orthodontic appliance being spaced from the
      exterior surface of said thin veneer body.
NUM  2.
PAR  2. An orthodontic appliance assembly as recited in claim 1, wherein:
PA1  said thin veneer body has knife-like edges formed about at least a portion
      thereof, said knifelike edges being disposed for contact with the exterior
      surface of the patients tooth and cooperating with said exterior surface
      of the patients tooth to define a smooth marginal joint between said thin
      veneer body and said exterior surface of said tooth.
NUM  3.
PAR  3. An orthodontic appliance assembly as recited in claim 1, wherein:
PA1  said thin veneer body is flexible and conforms readily to the contour of
      the patients tooth for which it is formed; and
PA1  said thin veneer body has knife-like edges formed about at least a portion
      of the peripheral portion thereof, said knife-like edges being disposed
      for contact with the exterior surface of the patients tooth and
      cooperating with said exterior surface of the patients tooth to define a
      smooth marginal joint between said thin veneer body and said exterior
      surface of said tooth.
NUM  4.
PAR  4. An orthodontic appliance assembly as recited in claim 1, wherein:
PA1  said thin veneer body is of sufficient size, relative to the size of the
      tooth of the patient for which the veneer body is intended, to cover
      substantially all of the labial surface area of the tooth of said patient.
NUM  5.
PAR  5. An orthodontic appliance assembly as recited in claim 1, wherein:
PA1  said thin veneer body is of smaller size than the size of the labial
      surface of the tooth of said patient.
NUM  6.
PAR  6. An orthodontic appliance assembly as recited in claim 1, wherein:
PA1  said veneer body is preformed of fully cured material before application
      thereof to the exterior surface of the tooth of said patient;
PA1  said thin veneer body is flexible and conforms readily to the contour of
      the patients tooth to which it is to be applied; and
PA1  said thin veneer body has knife-like edge formed about at least a portion
      of the peripheral portion thereof said knife-like edges being disposed for
      contact with the exterior surface of the patients tooth and cooperating
      with said exterior surface of the patients tooth to define a smooth
      marginal joint between said thin veneer body and said exterior surface of
      said tooth.
NUM  7.
PAR  7. An orthodontic appliance assembly as recited in claim 1, wherein:
PA1  said base portion of said orthodontic appliance has rounded edges formed
      thereon that function in conjunction with the material from which said
      thin veneer body is formed to prevent the formation of excessively
      stressed areas in said material as forces are applied to said orthodontic
      appliance.
NUM  8.
PAR  8. An orthodontic appliance assembly as recited in claim 1, wherein:
PA1  said base portion of said orthodontic appliance is of generally rectangular
      configuration;
PA1  said active portion of said orthodontic appliance is of a configuration
      that cooperates with other orthodontic appliance structure utilized for
      imparting moving to the patients teeth relative to the bond structure of
      the patient; and
PA1  connecting means of smaller dimension than the dimension of said base
      portion and said active portion between said base portion and said active
      portion of said orthodontic appliance, said connection means being
      partially molded within said veneer body.
NUM  9.
PAR  9. In combination with the tooth structure of an orthodontic patient:
PA1  a thin veneer body of fully cured stain resistant plastic material, said
      veneer body defining a concave interior surface that is shaped to conform
      to a portion of the exterior surface area of at least one of the teeth of
      said patient and defining an exterior surface that conforms to the natural
      configuration of the labial surface of said one of the teeth of said
      patient;
PA1  an orthodontic appliance having a base portion and an active portion, said
      base portion being formed to define plastic interlocking means, said base
      portion said active portion protruding from said veneer body, said
      orthodontic appliance having a connecting portion of smaller dimension
      than the dimension of said active portion and said base portion and being
      at least partially molded within said thin veneer body and having an
      orthodontic connector portion formed thereon, said connector portion being
      of generally T-shaped cross-section defining an arch wire slot and
      defining opposed wire retaining flanges for receiving ligature wires, said
      connector portion of said orthodontic appliance being spaced from the
      exterior surface of said thin veneer body; and
PA1  bonding material being disposed between said veneer body and said exterior
      surface area of said tooth filling any voids between the veneer body and
      the tooth and bonding said thin veneer body to the exterior surface of
      said tooth.
NUM  10.
PAR  10. The combination of claim 9, wherein said bonding material comprises
      dental sealer material.
NUM  11.
PAR  11. The combination of claim 9, wherein said bonding material comprises:
PA1  dental sealer material coating adjacent surfaces of said tooth and said
      thin veneer body; and dental filler material filling the voids between
      said coated adjacent surfaces.
NUM  12.
PAR  12. The combination of claim 11, wherein:
PA1  said dental sealer material is composed of material being the reaction
      product of bisphenol A and glycidyl methacrylate activated by benzoin
      methyl ether catylist and polymerized after exposure to ultra-violet
      light; and
PA1  said dental filler material is composed of material that is substantially
      chemically identical to the composition of said dental sealer material and
      is of thicker consistency in the unpolymerized state as compared to said
      dental sealer material.
NUM  13.
PAR  13. The combination of claim 9, wherein:
PA1  said thin veneer body is bonded directly to the enamel surface a tooth of
      said patient.
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PAL  A dental handtool in which an extended sleeve has at its center, a driving
      shaft for rotary movement of the tool used for dental treatment. The
      driving shaft is at one end of the sleeve, and a freely rotating driving
      part is attached to the handtool at the opposite end of the sleeve. A
      coolant pipe between the driving part and the handtool, feeds coolant to
      the treatment area of the dental tool.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention concerns a dental handtool with an extended handtool sleeve,
      in the center of which a driving shaft is located for the rotary movement
      of a tool for dental treatment. The tool is fitted at one end of the
      sleeve, and at the opposite end of the sleeve to which the tool is fitted,
      a driving part can be fitted to the handtool. The driving part is
      essentially free to rotate, and between the driving part and the handtool
      a separable coolant pipe is provided to feed coolant to the area of the
      dental treatment tool.
PAR  Such handtools, heretofore, are known from a leaflet of the applicant's
      product literature PR-Nr. 7230/4-III.71, page 3 and 4. Here the driving
      part is provided with a discharge pipe piece and with an inlet pipe piece
      on the handtool for a flexible coolant pipe. Should one now wish to place
      a different handtool onto the driving part, the coolant pipe must first be
      freed from the previously used handtool, and after connecting the new
      handtool, the coolant pipe must again be pushed onto the inlet pipe stub.
      In addition, even with an excessive length of flexible coolant pipe, free
      rotation of the handtool against the driving part of more than 360.degree.
      is not possible, because the coolant pipe winding itself around the
      handtool or the driving part by the rotation, blocks further turning by a
      rotational path depending on the length of the coolant pipe.
PAR  Accordingly, an object of the present invention is to produce a dental
      handtool of the foregoing character, in which an essential, required free
      rotation between the handtool and the driving part is obtained and special
      hand operations are avoided when connecting or disconnecting, the coolant
      pipe sections in the driving part and in the handtool.
PAC  SUMMARY OF THE INVENTION
PAR  The object is achieved in accordance with the invention, with the coolant
      pipe section running within the driving part. In the connected condition,
      it protrudes out of a surface of the driving part resting against the
      handtool, and there runs out into a ring or annular channel provided on
      the driving part and/or on the handtool, from where the coolant pipe
      section inside the handtool protrudes.
PAR  This produces the assurance, that without any special hand operation, a
      connection is immediately made between the coolant pipe section inside the
      driving part and the coolant pipe section inside the handtool. The ring
      channel thus permits an unlimited free rotation around the axis of the
      essentially cylindrical-shaped, extended handtool between the handtool and
      the driving part, provided it is constructed as a closed ring.
PAR  Sometimes an unlimited free rotation is not desired. It then suffices, when
      after a further embodiment of the invention, the ring channel is formed in
      the shape of an open ring or sub-divided into several sections.
PAR  So that no measures need be taken when connecting, because of the necessary
      sealing off of the ring channel in order to ensure a special tight fit of
      the surface of the driving part and the handtool which mate, it is
      provided that on both sides of the ring channel sealing elements e.g.
      O-rings are present.
PAR  A special suitable form of construction regarding the practically automatic
      adjusted connection of the coolant pipe resides in the feature that the
      coolant pipe section inside the driving part, before its emergence, is
      attached to a guide connecting piece of the drive part inserted in the
      wall of a connecting opening of the handtool, and emerges out of this wall
      radial to the guide pipe stub.
PAR  On the other hand it is also possible, that before its emergence, the
      coolant pipe section inside of the driving part, is arranged in a sleeve
      of the driving part, which overlaps the handtool with its end, and emerges
      radial from the sleeve. A further possibility exists, in that the coolant
      pipe section inside the driving part emerges from the face side of the
      driving part, which faces the handtool.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages therof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional elevational view of a dental handtool connected
      freely rotating to a driving part, with the front or rear ends of the
      connected parts omitted in the interest of clarity;
PAR  FIG. 2 is a sectional elevational view of another embodiment of FIG. 1; and
PAR  FIG. 3 is a sectional elevational view of a further embodiment of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing, the cylindrical handtool sleeve of an extended
      dental handtool is designated by 1 in the drawing. Within this sleeve, the
      driving shaft 2 for the rotary movement of a tooth treatment tool e.g. of
      a drill, is centrally located. The known or conventional bearing of the
      driving shaft and the also known dental tool are not illustrated for the
      sake of clarity. On the sleeve end opposite the tool end i.e. on the right
      hand end of the handtool sleeve 1 in the drawing, is a driving part
      referenced in general by 3, and is freely rotatingly connected to the
      handtool. The coupling devices in general referenced by 4, are provided
      for the connection, and are here not described in detail. Between the
      driving part 3 and the handtool sleeve 1 is a coolant pipe generally
      referenced by 5, to feed coolant to the area of the dental tool.
PAR  The coolant pipe section 6 inside of the driving part 3, emerges on a
      surface of the driving part 3 which butts against a corresponding surface
      of the handtool sleeve 1 in the connected state, and runs out into a ring
      channel 7, from where the coolant pipe section 8 inside the handtool
      sleeve starts out. In the case of FIGS. 1 and 3, the ring channel is on
      the handtool and in the case of FIG. 2 in the driving part 3. On both
      sides of the channel 7 is fitted a sealing ring 9, 10. The sealing rings
      9, 10 are located in corresponding grooves, which are arranged within the
      inside wall of the handtool sleeve 1 (FIG. 1), or within the inside wall
      of a sleeve 11 of the driving part 3 (FIG. 2) with its end overlapping the
      handtool sleeve 1, or in the face wall of the driving part 3 (FIG. 3).
PAR  In the form of construction of FIG. 1, the coolant pipe section 6 within
      the inside of the drive part 3 is before its emergence, arranged in a
      guide connecting piece 13 inserted in the wall of a connecting opening 12
      of the handtool sleeve 1. The coolant pipe section 6 emerges there radial
      to the guide connecting piece 13 from its wall to the outside, and there
      runs out into the ring channel 7.
PAR  In the form of construction to FIG. 2 the coolant pipe section 6 within the
      inside of the drive part 3 emerges out of the face side 14 of the drive
      part 3, facing the handtool 1, and there runs out axial, i.e. parallel to
      the axis A of the handtool sleeve 1 into the ring channel 7.
PAR  The coolant pipe section 8 in the inside of the handtool can, as not
      illustrated, run along the inside up to the handtool point showing the
      treatment tool. As, however, the coolant pipe in this section causes no
      real trouble if it runs to the outside, the coolant pipe section 8 of the
      handtool sleeve 1, can also as illustrated in the drawing, emerge to the
      outside and run parallel to the axis A to the front, where it then passes
      by one of the known methods to the squirting section directed to the tool
      tip.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention, and
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dental handtool comprising, in combination, an extended hand sleeve; a
      driving shaft located at the center of said sleeve for rotary movement of
      a tool for dental treatment, said tool being at one end of said sleeve, a
      freely rotating driving part disconnectably attached to the handtool at
      the opposite end of said sleeve; a coolant pipe for feeding coolant to the
      region of said dental tool, said coolant pipe having a first coolant
      section inside said driving part and having a second section inside said
      sleeve; a ring channel; said coolant sections being disconnectably coupled
      by said ring channel when in the connected state; sealing elements on two
      sides of said ring channel, the coolant section inside said driving part
      entering said ring channel radially from said driving part.
NUM  2.
PAR  2. The dental handtool as defined in claim 1, including a guide connecting
      piece, a wall having an opening for insertion of said connecting piece,
      said first coolant section inside said driving part being fitted to said
      guide connecting piece before emerging, said first coolant section
      emerging out of said wall radial to said guide connecting piece; a sleeve
      on said driving part, said second coolant section arranged in said sleeve
      before emerging and overlapping the handtool with its end, said second
      coolant section emerging radially out of said sleeve.
NUM  3.
PAR  3. The dental handtool as defined in claim 2, wherein said ring channel
      comprises substantially an open ring, said ring channel being sub-divided
      into a plurality of sections, said first coolant section inside said
      driving part emerging from the side of said driving part facing the
      handtool.
NUM  4.
PAR  4. The dental handtool as defined in claim 1, wherein said ring channel
      comprises substantially an open ring.
NUM  5.
PAR  5. The dental handtool as defined in claim 1, wherein said ring channel is
      sub-divided into several sections.
NUM  6.
PAR  6. The dental handtool as defined in claim 1, including a guide connecting
      piece; a wall having an opening for insertion of said connecting piece,
      said first coolant section inside said driving part being fitted to said
      guide connecting piece before emerging, said first coolant section
      emerging out of said wall radial to said guide connecting piece.
NUM  7.
PAR  7. The dental handtool as defined in claim 1, including a sleeve on said
      driving part, said second coolant section arranged in said sleeve before
      emerging and overlapping the handtool with its end, said second coolant
      section emerging radially out of said sleeve.
NUM  8.
PAR  8. The dental handtool as defined in claim 1, wherein said first coolant
      section inside said driving part emerges from the side of said driving
      part facing the handtool.
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ABST
PAL  A wheel slide protection system removes the brakes from a wheel when the
      deceleration of the wheel exceeds a predetermined value and re-application
      of the brakes to the wheel then takes place at a time which is related to
      the rate of acceleration of the wheel.
BSUM
PAR  This invention relates to wheel slide protection circuits, particularly,
      but not exclusively, for road vehicles.
PAR  A circuit according to one aspect of the invention comprises in combination
      switch means driven from a first state to a second state when the
      deceleration of the wheel exceeds a predetermined value and driven back to
      its first state when the wheel accelearates, control means coupled to the
      switch means and normally occupying a first state, the control means being
      driven to a second state when the switch means is in its second state and
      then effecting release of the brakes from the wheel, and circuit means
      operable when the switch means reverts to its first state to maintain the
      control means in its second state for a period of time inversely related
      to the rate of acceleration of the wheel.
PAR  A circuit according to another aspect of the invention comprises means for
      producing an electrical signal having a value dependent on the rotational
      speed of the wheel, a differentiating circuit to which said signal is
      applied, said differentiating circuit producing an output dependent upon
      the rate of change of rotational speed of the wheel, means operable by the
      output from the differentiating circuit for releasing the brakes from the
      wheel when the deceleration of the wheel reaches a value such that the
      wheel is liable to slide, and for reapplying the brakes when the wheel
      accelerates subsequent to release of the brakes, and timing means
      responsive to the rate of acceleration of the wheel for ensuring that the
      brakes remain off for a predetermined period of time which decreases as
      the rate of acceleration of the wheel increases.
PAR  The accompanying drawing is a circuit diagram, partly in block form,
      illustrating one example of the invention.
PAR  Referring to the drawing, there are provided positive and negative supply
      lines 11, 12, powered by the battery of a road vehicle, but line 12
      conveniently being earthed. One of the wheels of the vehicle is indicated
      diagrammatically at 13, and associated with the wheel is a toothed member
      which produces pulses in a pick-up winding 14, the frequency of the pulses
      produced in the winding 14 being proportional to the rotational speed of
      the wheel. The output from the winding 14 is fed to a frequency to voltage
      converter 15 of any convenient known form, the output from the converter
      15 being a d.c. voltage proportional to the rotation speed of the wheel.
      The converter 15 conveniently comprises a transistor pump circuit.
PAR  One output terminal of the converter 15 is connected to the line 12, and
      its other output terminal is connected to the base of an n-p-n transistor
      16, the collector which is connected to the line 11 and the emitter of
      which is connected through a resistor 17 to the line 12. The emitter of
      the transistor 16 is further connected to the line 12 through a resistor
      18 and a capacitor 19 in series, and the junction of the resistor 18 and
      capacitor 19 is connected through a resistor 21 and a capacitor 22 in
      series to the gate of a field effect transistor 23. The gate and drain of
      the transistor 23 are interconnected through a capacitor 24, and the drain
      is further connected to the collector of a p-n-p transistor 25 having its
      emitter connected to a supply line 26 through a resistor 27. The line 26
      is connected to the junction of a resistor 28 and a capacitor 29 connected
      in series between the lines 11, 12. Connected between the lines 26, 12 are
      a pair of diodes 31, 32 and a resistor 33 in series, the junction of the
      diode 32 and resistor 33 being connected to the base of the transistor 25.
      Also connected between the lines 26, 12 are a pair of resistors 34, 35 in
      series, the junction of the resistors 34, 35 being connected to the source
      of the transistor 23. Moreover, the collector of the transistor 25 is
      connected through a resistor 36 and a resistor 37 in series to the line
      26, the junction of the resistor 36, 37 being connected to the base of a
      p-n-p transistor 38, the emitter of which is connected to the line 26 and
      the collector of which is connected through resistors 39, 41 in series to
      the line 12. The junction of the resistors 39, 41 is connected to the base
      of an n-p-n transistor 42, the emitter of which is connected to the line
      12 and the collector of which is connected to the line 26 through a
      resistor 43, and to the gate of the transistor 23 through a resistor 44.
PAR  The collector of the transistor 42 is connected to a line 51 which is
      coupled through a resistor 52 to the base of an n-p-n transistor 53 having
      its emitter connected to the line 12 through resistors 54, 55 in series,
      and its collector connected to the line 11 through three parallel paths
      containing respectively a resistor 56, a capacitor 57, and a pair of
      resistors 58, 59 in series. The junction of the resistors 58, 59 is
      connected to the base of a p-n-p transistor 61, the emitter of which is
      connected to the line 11 and the collector of which is connected through a
      resistor 62 and a diode 63 in series to the base of an n-p-n transistor
      64, the collector and emitter of which are connected to the lines 11, 12
      respectively through resistors 65, 66. The emitter of the transistor 64 is
      further connected to the base of an n-p-n transistor 67 and its emitter
      connected to the line 12 and its collector connected through a solenoid 68
      to the line 11, the solenoid 68 being bridged by a freewheel diode 69.
PAR  The potential on the line 51 is smoothed by a capacitor 71 connected
      between the line 51 and the line 12. There are a number of further
      components connected between the lines 51, 12, but for the moment the
      operation of the circuit will be described as if these components are not
      present.
PAR  The output from the converter 15, it will be recalled, is a voltage
      proportional to the rotational speed of the wheel 13. This voltage turns
      on the transistor 16, which provides an input to an amplifier constituted
      by the transistors 23, 25, 38, 42, the amplifier having a feedback path by
      way of the resistor 44, and serving to differentitate its input signal and
      provide at the collector of the transistor 42, that is to say on the line
      51, a signal representing the rate of change of the rotational speed of
      the wheel. It will be seen that the base potential of the transistor 25 is
      set by the diodes 31, 32 and the resistor 33, and the transistor 25 serves
      in conjunction with the transistor 23 to determine the conduction level of
      the transistor 38, which in turn determines the conduction of the
      transistor 42. When the wheel 13 is neither accelerating or decelerating,
      the potential on the line 51 will be at a set value between the potentials
      on the lines 11, 12. When the wheel decelerates, the potential on the line
      51 increases. When the wheel accelerates, the potential on the line 51
      decreases, that is to say approaches the potential on the line 12.
PAR  The emitter potential of the transitor 53 is set by the resistors 56, 54,
      55, and when the wheel 13 is not accelerating or decelerating, the
      transistor 53 is off, so that no base current is provided to the
      transistor 61. As a result, no base current is provided to the transistors
      64, 67, which are both off, so that no current flows in the solenoid 68.
PAR  If the brakes of the vehicle are applied, the signal on the line 51 rises
      towards the potential of the line 11, by an amount dependent on the level
      of deceleration and if the deceleration of the wheel reaches a value such
      that the wheel is about to slide, then the potential at the base of the
      transistor 53, becomes sufficiently high to turn the transistor 53 on. As
      soon as the transistor 53 conducts, it turns on the transistor 61, which
      in turn provides base current to the transistors 64 and 67, so that the
      solenoid 68 is energised. Energisation of the solenoid 68 operates a valve
      in the braking system to release the braking pressure from the wheel.
      Moreover, the amplifier constituted by the transistors 23, 42 and their
      associated components saturates, so that there is no further feedback by
      way of the resistor 44, and the capacitor 22 charges to a level dependent
      on the wheel slip. In other words, the charge developed across the
      capacitor will be a measure of the nature of the road surface.
PAR  When the braking pressure is reliever from the wheel, the wheel can
      accelerate again, and after a delay, the potential on the line 51 falls
      sufficiently to allow the transistor 53 to be turned off again, so that
      the transistor 61 is turned off and the transistors 64 and 67 turn off and
      the solenoid 68 is no longer energised. The brakes are now applied again.
      The length of the delay depends on the charge across the capacitor 22. On
      a good road surface, providing a good grip between the tire and the road,
      the delay will be shorter than on a smooth road surface, because during
      deceleration on a smooth road surface the capacitor 22 will charge more
      than during deceleration on a good road surface. Thus, the arrangement
      described automatically increases the delay on a smooth road surface so
      that on a smooth road surface the wheel has longer to accelerate.
      Nevertheless, it is found that with some vehicles having high inertia, the
      increased delay on a smooth road surface is still not sufficient to ensure
      that the rotational speed of the wheel at the instant when the brakes are
      reapplied is sufficiently high.
PAR  With a view to overcoming this difficulty, a pair of resistors 72, 73 are
      connected in series between the line 51 and the line 12. The junction of
      the resistor 72, 73 is connected to the base of an n-p-n transistor 74,
      the emitter of which is connected to the line 12 and the collector of
      which is connected through a capacitor 75 to the collector of the
      transistor 53.
PAR  When the wheel 13 is neither accelerating or decelerating, current can flow
      to the base of the transistor 74 by way of the resistor 72, and the
      transistor 74 is on so that the capacitor 75 is charged. However, when the
      brakes are applied and the deceleration exceeds the predetermined level,
      so that the transistor 53 turns on, then the capacitor 75 discharges by
      way of the transistor 53 and is held discharged. When the wheel starts to
      accelerate again following release of the braking pressure, then when the
      transistor 53 turns off, the capacitor 75 will be in a discharged state.
      The transistor 74 is arranged to turn off at an acceleration level in
      excess of the accleration level necessary to turn off the transistor 53.
      In other words, as the potential on the line 51 falls during acceleration,
      the transistor 74 turns off at a lower potential on the line 51 than the
      transistor 53. While the transistor 53 is off but the transistor 74 is on,
      then the capacitor 75 charges through the emitter-base of the transistor
      61 and the resistor 58, and this charge current holds the transistor 61
      on. The capacitor 75 takes a predetermined time to charge completely, and
      on an extremely smooth road surface, the transistor 74 may not turn on
      during this predetermined period of time. During the time when the
      capacitor 75 is charging, the transistor 61 still conducts, and so the
      transistors 64 and 67 are on. Thus, in an extreme condition when the
      transistor 74 does not turn on while the capacitor 75 is charging, then
      there will be a delay between turning off of the transistor 53 and
      re-application of the braking pressure, this delay being equal to the time
      taken for the capacitor 75 to charge. This delay is of course additional
      to the delay provided by the capacitor 22. Thus, on a very smooth road
      surface, as compared with an arrangement without the capacitor 75 the
      brakes are held off longer and so the rotational speed of the wheel at the
      instant when the braking pressure is reapplied is greater.
PAR  On a very good road surface providing an excellent grip, the transistor 74
      will turn off almost immediately after the transistor 53, because the
      potential on the line 51 is falling rapidly. In these circumstances, the
      capacitor 75 has virtually no effect on the circuit operation, because
      once the transistor 74 turns off there is no charging path for the
      capacitor 75 and the transistor 61 turns off. Between the two extreme
      situations, conditions can arise at which the transistor 74 turns on at
      some point in the charging cycle of the capacitor 75. Thus an additional
      delay is provided which is dependent on the nature of the road surface,
      and decreases as the rate of acceleration of the wheel increases.
PAR  The amplifier constituted by the transistors 61, 64, 67 and their
      associated components effectively constitutes control means having a first
      state in which the transistors are off and a second state in which the
      transistors are on. In the second state, the brakes are released from the
      wheel. The transistor 53 constitutes switch means which normally occupies
      a first state in which it is non-conductive, but at a predetermined
      deceleration level occupies a second state in which it is conductive, the
      transistor 53 then driving the control means to its second state. The
      transistor 53 turns off again when the wheel accelerates. There is also
      circuit means constituted by the transistor 74 and the capacitor 75. The
      transitor 74 is on during acceleration and is turned off at an
      acceleration level greater than the acceleration level at which the
      transistor 53 turns off. The time between turning off of the transistor 53
      and turning off of the transistor 74 is of course dependent upon the rate
      of acceleration. The circuit means 74, 75 holds the control means in its
      second state for a period of time which is inversely related to the rate
      of acceleration of the wheel, because the greater the rate of
      acceleration, the sooner the transistor 74 turns off after the transistor
      53 turns off. However, the capacitor 75 also restricts the maximum time
      for which the control means can be in its second state. Clearly, the
      capacitor 75 also performs the function of preventing the transistor 74
      from providing an input to the control means when the transistor 53 is
      off.
PAR  The circuit also incorporates an inhibiting circuit to prevent the brakes
      from being held in the release condition unnecessarily when the vehicle is
      travelling over a rough surface. By way of example, with a vehicle
      travelling over a cobbled road, a wheel will decelerate as it travels up
      the cobbled stone, and accelerate as it travels down the cobbled stone. If
      the vehicle is being braked at the time, then the mean rotational speed of
      the wheel will be decreasing, and so there will be a deceleration signal.
      However, superimposed upon this signal will be acceleration and
      deceleration signals at a much greater frequency as a result of the
      acceleration and deceleration caused by the cobble stones. Not only are
      these signals at a very high frequency, but they are at a substantial
      magnitude, certainly sufficient to energise the solenoid 68. Thus, if a
      situation is imagined in which the mean deceleration is such that the
      wheel is not likely to slip, so that the solenoid 68 should not be
      energised, nevertheless, the solenoid 68 will be energised and
      de-energised rapidly as a result of the high frequency signals resulting
      from the wheel travelling over the cobble stones. Moreover, because the
      brakes on a vehicle wheel take longer to apply than to release, a
      situation is found to be reached quickly in which the brakes are in fact
      held off permanently, so that the braking effort is lost.
PAR  In order to overcome this problem, the circuit includes a resistor 81 and a
      pair of diodes 82, 83 connected in series between the lines 51, 12. The
      junction of the resistor 81 and diode 82 is connected to the base of an
      n-p-n transistor 84, the base of which is further connected to the line 12
      through a resistor 85, the emitter of which is connected to the line 12,
      and the collector of which is connected to the line 11 through a resistor
      86. A capacitor 87 is connected between the collector of the transistor 84
      and the junction of the diodes 82, 83, and the collector of the transistor
      84 is also connected through a resistor 88 to the base of an n-p-n
      transistor 89 having its emitter connected to the line 12 and its
      collector connected to the base of the transistor 64 through the diode 63.
PAR  The transistor 84 is normally held on by current flowing through the
      resistors 28, 43, 81. Conduction of the transistor 84 removes base current
      from the transistor 89, and so the transistor 89 has no effect.
PAR  When the vehicle decelerates, the potential on the line 51 rises as
      previously explained, and the transistor 84 stays on. However, when the
      wheel accelerates, and the potential on the line 51 falls, the transistor
      53 turns off as previously explained so that the solenoid 68 is
      deenergised and the brakes are re-applied. Moreovoer, when the wheel
      accelerates, the transistor 84 turns off, whereupon the capacitor 87 is
      charged by way of the resistor 86 and the diode 83. While the transistor
      84 is off, the transistor 89 is turned on by current flowing through the
      resistors 86, 88, but since the transistor 64 is already off, the
      transistor 89 has no effect at this stage.
PAR  As the wheel decelerates again as a result of re-application of the brakes,
      the potential on the line 51 will rise and turn on the transistor 53.
      However, when the wheel decelerates the transistor 84 is not turned on
      immediately, but is held off for a predetermined period of time while the
      capacitor 87 discharges. During this predetermined period of time, the
      transistor 89 conducts, and should the transistor 53 turn on during the
      predetermined period of time, it will not result in conduction of the
      transistor 64, because the current flowing through the transistor 61 is
      diverted through the transistor 89. Thus, if the predetermined
      deceleration is exceeded during the predetermined period of time, the
      brakes will not be released. Since the frequency with which the brakes are
      released on a cobbled surface is much higher than the frequency with which
      the brakes would be released during a normal braking operation when the
      wheel is likely to slip, the predetermined period of time can readily be
      chosen such that if the wheel is on a good surface and is about to slip,
      then by the time the predetermined deceleration has been exceeded for the
      second time, the capacitor 87 will have been discharged and so the
      transistor 89 will be off by the time the transistors 53, 61 turn on.
      However, on a cobbled surface, the transistor 53 will turn on well before
      the transistor 89 has turned off, so that the inhibition explained above
      will be effected.
PAR  The resistor 85 sets the acceleration level at which the inhibit timer
      resets.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wheel slide protection circuit comprising in combination first switch
      means driven from a first state to a second state when the deceleration of
      the wheel exceeds a predetermined value and driven back to its first state
      when the wheel accelerates, control means coupled to the first switch
      means and normally occupying a first state, the control means being driven
      to a second state when the first switch means is in its second state and
      then effecting release of the brakes from the wheel, the maximum time for
      which the control means is in its second state after the first switch
      means reverts to its first state being restricted, and circuit means
      operable when the first switch means reverts to its first state to
      maintain the control means in its second state for a period of time
      inversely related to the rate of acceleration of the wheel, said circuit
      means including second switch means driven from a first state to a second
      state at an acceleration level greater than the acceleration level at
      which the first switch means reverts to its first state, the control means
      reverting to its first state when the second switch means is driven to its
      second state, and in which the circuit means includes a capacitor which is
      held discharged while the first switch means is in its second state but
      when the first switch means reverts to its first state charges by way of
      the second switch means, the charging current of the capacitor holding the
      control means in its second state, whereby the control means remains in
      its second state until either the capacitor is charged or the second
      switch means is driven to its second state.
NUM  2.
PAR  2. A circuit as claimed in claim 1 in which the first switch means is a
      transistor which is off and on in its first and second states respectively
      and when on provides an input signal to an amplifier constituting said
      circuit means.
NUM  3.
PAR  3. A circuit as claimed in claim 2 in which the second switch means is a
      transistor which is on and off in its first and second states respectively
      and when on provides an input signal to the amplifier by way of said
      capacitor.
NUM  4.
PAR  4. A wheel slide protection circuit comprising means for producing an
      electrical signal having a value dependent on the rotational speed of the
      wheel, a differentiating circuit to which said signal is applied, said
      differentiating circuit producing an output signal dependent upon the rate
      of change of rotational speed of the wheel, first switch means operable by
      way of the output signal from the differentiating circuit for releasing
      the brakes from the wheel when the deceleration of the wheel reaches a
      value at which the wheel is liable to slide, and for permitting
      re-application of the brakes when the wheel accelerates subsequent to
      release of the brakes, and timing means responsive to the rate of
      acceleration of the wheel subsequent to release of the brakes for ensuring
      that when said rate of acceleration of the wheel is below a predetermined
      value, the brakes are held off for a predetermined period of time after
      the differentiating circuit output signal permits re-application of the
      brakes said timing means comprising a capacitor and a second switch means
      responsive to said rate of acceleration and through which said capacitor
      may be discharged if said rate of acceleration exceeds said predetermined
      value, said predetermined period of time determined by the charging rate
      of said capacitor.
NUM  5.
PAR  5. A wheel slide protection circuit for a wheel of a road vehicle,
      comprising in combination first and second d.c. supply lines, means for
      producing an electrical signal having a value dependent on the rotational
      speed of the wheel, a differentiating circuit to which said signal is
      applied, said differentiating circuit producing an output signal dependent
      upon the rate of change of rotational speed of the wheel, the output
      signal differentiating circuit being a d.c. signal having a value
      intermediate the potentials of the first and second supply lines when the
      wheel is rotating at a constant speed, this potential approaching the
      potential of the first line when the wheel decelerates and approaching the
      potential of the second line when the wheel accelerates, a first
      transistor coupled to the output from the differentiating circuit and
      biased to be off when the wheel is rotating at a constant speed, the first
      transistor being turned on by the potential at the output of the
      differentiating circuit when the deceleration of the wheel exceeds a
      predetermined value with which the wheel is likely to slide, an amplifier
      which is operated when the first transistor turns on and releases the
      brakes from the wheel, a second transistor which is coupled to the output
      from the differentiating circuit and is also coupled to the amplifier by
      way of a capacitor, the second transistor being conductive when the wheel
      is rotating at a constant speed, and remaining conductive when the wheel
      decelerates, but the capacitor de-coupling the second transistor from the
      amplifier, the first transistor serving when it is conductive to discharge
      the capacitor so that when the first transistor turns off again the second
      transistor provides an input to the amplifier by way of the capacitor, the
      second transistor being arranged to turn off at an acceleration level
      which is greater than the acceleration level at which the first transistor
      turns off.
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ABST
PAL  An optical pantograph for directing light beams and the like from a source
      to a receiver according to the movement of a pointer. The device can be
      used for, among other things, directing a laser beam and the like to a
      target for etching patterns on a target according to the movement of a
      pointer relative to a pattern trace.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalties
      thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an optical pantograph and more
      particularly to a device for directing light beams such as laser beams,
      light waves emitted from the sun, and the like, to a receiver. Heretofore,
      devices have been developed for directing light beams according to
      predetermined patterns such as shown in U.S. Pat. No. 3,776,113 and U.S.
      Pat. No. 2,686,101. While these devices may operate satisfactorily for the
      purposes intended, it can be seen that such are fairly complicated,
      particularly the apparatus shown in U.S. Pat. No. 2,686,101 which is
      utilized for reproducing surface contours. In U.S. Pat. No. 3,776,113, a
      collimated light source is mechanically deflected in a cartesian reference
      frame to record graphical data on photosensitive media. Conventionnal or
      high speed electromechanical plotting apparatus can be used to implement
      the deflection. While this device may be satisfactory for plotting, it is
      not seen how such can be readily used for directing a light beam such as a
      laser beam to a receiver according to a predetermined pattern.
PAC  SUMMARY OF THE INVENTION
PAR  The invention includes an optical pantograph for directing light beams and
      the like from a source to a receiver according to a predetermined pattern
      or by continuously aligning the pointer optically with either a moving
      source or a moving receiver. The optical pantograph includes a mirror with
      a first downwardly extending leg attached thereto and a second downwardly
      extending leg spaced from said first leg pivotally attached thereto. A
      third downwardly extending leg is centrally disposed between the first and
      second leg and has an upper end attached to the mirror. A slidable joint
      is carried on a lower portion of the third downwardly extending leg.
      Pivotal braces extend between the first and second legs and the slidable
      joint for maintaining the distance between the first leg and the third leg
      equal to the distance between the second leg and the third leg. By
      maintaining such distances equal, it can be seen that an angle defined by
      the first leg and the third leg and the corresponding brace is always
      equal to the angle defined by the second leg and the third leg and the
      corresponding brace connected therebetween. A pointer is carried on the
      lower end of the first leg and such can be manipulated so as to trace a
      pattern. The lower end of the second leg is rotatably secured to any
      suitable device so as to permit the pointer to be able to follow a desired
      trace. As the pointer is moved, the slidable joint is raised and lowered
      on the third leg causing the mirror to deflect the light beam impinging
      thereon to a different portion of the receiver so that the light beam
      follows the trace made by the pointer.
PAR  Accordingly, it is an important object of the present invention to provide
      an improved device for deflecting light beams and the like.
PAR  Still another important object of the present invention is to provide a
      device for directing a concentrated or unconcentrated energy source in a
      collimated beam towards a desired target and to alter the target point
      according to the manipulation of the mechanism.
PAR  Still another important object of the present invention is to provide a
      simple and accurate device for controlling and manipulating a light beam
      according to predetermined patterns.
PAR  Still another important object of the present invention is to provide a
      device for directing a concentrated or unconcentrated energy source in a
      cullimated beam towards a desired target and to alter the sighting
      direction to the energy source to continuously accommodate a moving energy
      source, such as the sun.
PAR  These and other objects and advantages of the invention will become
      apparent upon reference to the following specification, attendant claims,
      and drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view illustrating an optical pantograph constructed
      in accordance with the present invention, and
PAR  FIG. 2 is a side elevational view of the optical pantograph shown in FIG.
      1.
PAR  FIG. 3 is a fragmentary view showing a pointer modified to provide for a
      sliding action along the line-of-sight direction of the movable leg which
      allows the pointer to adjust to surface irregularity in the trace pattern.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring in more detail to FIG. 1 of the drawing, there is illustrated a
      light source generally designated by the reference character 10, which may
      be any suitable light source such as a laser beam source. It is to be
      understood that the light source could be the sun, a picture produced by a
      projector, or any other similar device. The particular source 10 is
      provided for generating a laser beam 12 which is directed towards a
      substantially square shaped mirror 14 for being reflected back upwards to
      a receiver 16 in the form of a rectangular plate. Dotted lines 18, shown
      on the plate, are provided to assimilate the path that the beam has
      travelled on the plate. If it is desired to etch a pattern on the receiver
      16, such can be used to assimilate the etched pattern.
PAR  The mirror surface 14 is supported on a cradle 20 which has a pair of
      upwardly extending arms 22 and 24 through which a pin 26 passes.
PAR  A first downwardly extending leg 28 has its upper ends pivotally connected
      by pin 26 to the mirror 14. Carried on a lower end of the first downwardly
      extending leg 28 is a pointer 30 which has a sharpened point 32 on the
      lower end thereof which is used to follow the trace 34 on a pattern 36.
      The tip 32 of the pointer as illustrated in FIG. 1 falls on an imaginary
      spherical surface whose coordinate origin is at the intercept of the
      Z-axis and the upper surface of the mirror 14. The first downwardly
      extending leg 28 includes a pair of spaced arms 38 and 40 which are
      positioned on opposite sides of the mirror 14 and have holes extending
      through the upper ends for accommodating the pins 26. The lower ends of
      the downwardly extending arms 38 and 40 converge towards the pointer 30
      and are secured to an upper end thereof by any suitable means such as
      welding.
PAR  A second downwardly extending leg 42 is also pivotally attached by its
      upper end to the mirror 14. The second downwardly extending leg 42 is
      defined by a pair of spaced arms 44 and 46 which have holes extending
      through the upper ends thereof for accommodating the pins 26. The lower
      ends of the second downwardly extending leg 42 converge toward a pivot
      joint 48 and are secured thereto by any suitable means such as welding.
      The pivot joint 48 includes a block 50 through which a bolt 52 extends so
      as to permit the second downwardly extending arm 42 to rotate along an
      axis Z. The bolt 52 is journaled within a housing 54 which is, in turn,
      secured to any fixed member such as illustrated by the reference character
      56. A nut 58 is carried on the upper end of the bolt 52 for preventing the
      second leg 42 from slipping off of the bolt.
PAR  Disposed intermediate the first and second downwardly extending legs 28 and
      42 is a third downwardly extending leg 60 which is in the shape of a rod
      that has its upper end secured to the member 20 which supports the mirror
      so that any movement of the rod causes the mirror 14 to move accordingly.
PAR  A slidable joint 62 having a longitudinal bore extending therethrough is
      provided for slipping over the rod 60 so that the rod can move freely up
      and down therein. The slidable joint 62 is in the form of a block and has
      pins 64 extending out opposite sides thereof for permitting pivotal braces
      66 and 68 to be pivotally attached thereto. The upper ends of braces 66
      and 68 are connected between the legs 28 and 42 accordingly. For example,
      the brace 66 is pivotally connected between the downwardly extending arms
      44 and 46 of the second leg 42 by means of pins 70. Similarly, the brace
      68 is connected between the downwardly extending arms 38 and 40 of the
      first leg by means of pins 72. The lower ends of the braces 66 and 68
      include a pair of spaced arms through which the pins 64 extend for
      pivotally attaching such to the slidable block 62. The length of the
      braces 66 and 68 are identical so as to maintain the first and second
      downwardly extending legs 28 and 42 an equal distance from the second rod
      60.
PAR  As can be seen in FIG. 2, the triangle A defined by the brace 68, the upper
      portion of leg 28 and the portion of the rod 60 extending between pin 26
      coupled to the mirror 14 and the pin 64 coupled to the sliding joint 62 is
      equal to the triangle B provided by the brace 66, the upper portion of the
      second leg 42 between the pin 70 and the pin 26, and the portion of the
      slidable rod between the pin 26 and the pin 64. These triangles A and B
      are always maintained equal as the pointer 30 is moved along a trace on
      the pattern 36. As the pointer moves outwardly, the slidable joint 62
      slides upwardly on the rod 60.
PAR  In operation, as the pointer is moved about the trace 34 carried on the
      pattern 36, the rod 60 will rotate so as to always bisect the angle
      between the legs 28 and 42. The slidable joint 62 slides up and down on
      the rod 60 as it rotates. Since the rod 60 is connected to the mirror 14,
      the mirror will tilt as the rod rotates changing the location of the
      reflected beam on the receiver. Thus, if it is desired to use a laser beam
      from the source 10 to etch a pattern on a receiver 16, it is only
      necessary to put a corresponding pattern on a pattern trace 36 and trace
      out the pattern by moving the pointer 30 therealong. The beam 12 will
      follow the pattern traced and, in turn, be reflected on to the receiver to
      etch a corresponding pattern on the receiver.
PAR  In one particular embodiment, instead of the rotatable joint 54 only being
      allowed to rotate about the Z axis, such can be changed so as to allow the
      second arm 42 to slide up and down within the joint 54 so as to permit the
      pointer to be moved off a given horizontal plane in order to trace
      contoured surfaces. Such would require the mounting of the block 48 on a
      rod so that it would operate similar to the slidable joint 62.
PAR  The pointer 30 may be modified as shown in FIG. 3 to slide longitudinally
      to accommodate irregular or imperfect trace patterns. Such a pointer would
      include a shank portion 74 carried on a lower end of legs 28 and 40. A
      tubular pointer 76 is carried on the shank portion 74 with a spring 78
      provided on the shank portion 74 for forcing the pointer away from the
      collar 80.
PAR  Therefore, the pointer 76 is permitted to slide up and down on the shank
      portion 74 as it is moved over irregular surfaces.
PAR  The optical pantograph is not necessarily limited in size to a small
      device. Large reflectors several feet in diameter could conceivably be
      incorporated in a scaled-up version to reflect solar rays on a target. A
      multiplicity of these reflectors geometrically arrayed with respect to a
      common collector would form the basis for a solar heater for power
      conversion to steam and then ultimately to electricity. For each such
      reflector assembly, the leg 42 would be aligned with the receiver while
      leg 28 would be maintained in alignment with the sun during sunlight
      hours.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical pantograph for directing light beams and the like from a
      source to a receiver according to a predetermined pattern, said pantograph
      comprising:
PA1  a first downwardly extending leg;
PA1  a mirror;
PA1  means for pivotally attaching an upper end of said first downwardly
      extending leg to said mirror with said first leg extending downwardly
      along a first longitudinal axis;
PA1  a pointer carried on the lower end of said first leg;
PA1  a second downwardly extending leg;
PA1  means for pivotally attaching an upper end of said second downwardly
      extending leg to said mirror with said second leg extending downwardly
      along a second longitudinal axis at an angle to said first axis;
PA1  means for focusing collimated light beams along one of said axes to said
      mirror for reflection from said mirror;
PA1  means for receiving said light beams reflected from said mirror, said
      receiving means being located on the other of said axes;
PA1  a third downwardly extending leg centrally disposed between said first and
      second legs and having an upper end attached to said mirror;
PA1  a slidable joint;
PA1  a lower portion of said third leg extending through said slidable joint;
PA1  a pivotal brace means carried between said first and second legs and said
      slidable joint for maintaining the distance between said first leg and
      said third leg equal to the distance between said second leg and said
      third leg;
PA1  means for rotatably securing said second leg on a horizontal plane for
      rotation only about said second axis so that said first leg moves relative
      to said second leg as said pointer is moved about said pattern;
PA1  whereby a light beam reflected from said mirror to said receiver is
      angularly reflected according to the angular movement of said first leg
      relative to said second leg.
NUM  2.
PAR  2. The invention as defined in claim 1, including means for mounting said
      pointer in a yieldably retractable attachment whereby said pointer may
      automatically adjust its longitudinal position as it is moved over
      irregular surfaces.
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PAL  In connection with a mechanical system comprising a relatively movable part
      and a relatively stationary part, a tensioned linearly extended tape
      having precisely spaced openings along its length is attached at its
      extremities to one of the two mentioned parts. A measuring apparatus
      including read-out means is attached to the other of the parts in a
      location which lies in the line of extension of the tape. The tape is
      caused to pass through the measuring apparatus, where it is retained in a
      partial wrap-around assembly with a rotatable cylinder having
      circumferentially distributed surface projections that engage the tape
      openings. Relative motion of the two parts of the mechanical system
      effects rotation of the cylinder, which, in turn, causes an indication of
      the relative motion of the parts to be produced at the read-out point.
      Means are provided which enable the operator to convert at will from
      English to metric read-out.
BSUM
PAR  The invention concerns apparatus for measuring linear distances with high
      accuracy and reliability. Its use is typified by but not limited to
      application in machine tool systems.
PAC  BACKGROUND AND BRIEF SUMMARY OF THE INVENTION
PAR  Economical precision manufacture of mechanical parts, particularly those
      made in small quantities, requires that the relative displacement of the
      members of the machine upon which they are produced be quickly and
      accurately determinable at all times. In the past, attempts to meet this
      requirement have involved use of one or more of the following, associated
      in most cases with graduated dials, cursors, and other read-out means:
PA1  1. Lead screws and nuts
PA1  2. Rack and pinion mechanisms.
PA1  3. Standard length measures, (such as Johansson blocks).
PA1  4. Optical systems, generally associated with very high magnification.
PA1  5. Electronic systems in which a series of electrical fields interact upon
      relative displacement.
PA1  6. Friction-dependent systems, in which
PA2  A. a cylinder or disc of known diameter is held against a flat surface so
      that relative motion of the cylinder support means and the surface causes
      the cylinder to rotate, or
PA2  B. a cable or tape is wrapped about a cylinder in such a way that rotation
      of the cylinder is produced by frictional engagement between the cylinder
      axis and the capable or tape.
PA1  7. Rotary drum systems in which a cable or tape is wrapped spirally about a
      drum, as in an elevator hoist.
PA1  8. Systems combining two or more of the above.
PAR  Either initially or with the passage of time, all of the above systems
      prove subject to one or more of the following deficiencies:
PA1  1. Absolute error produced by irreducible errors in manufacture.
PA1  2. Backlash errors -- as when a screw and rack system is moved to the same
      position from opposite directions.
PA1  3. Accumulative errors -- as when a very slight error developed in movement
      to a first operating position is increased by a similar error occurring
      during movement to a second operating position.
PA1  4. Errors which increase in proportion to use -- as is the case in all
      systems dependent solely upon frictional engagement.
PA1  5. Errors due to stress, as when varying the load on the member being moved
      causes a variable error in the means used to determined the ultimate
      position of the member.
PA1  6. Errors caused by misalignment of the relatively moving member and the
      measuring means.
PA1  7. Operator errors attributable to inherent difficulties in reading or
      setting the measuring means.
PAR  The many expedients adopted by various manufacturers to minimize these
      difficulties have inevitably tended to multiply costs without in any case
      providing a fully satisfactory solution to the underlying problem.
PAR  It is an object of the present invention to provide lost cost measuring
      apparatus which has the following advantages over prior devices:
PA1  1. Simplicity of design and manufacture leading to minimum possibility of
      absolute errors in construction.
PA1  2. Avoidance of the possibility of backlash, or of accumulative,
      progressive or relative errors.
PA1  3. Avoidance of error resulting from strain on machine parts.
PA1  4. Minimization of errors due to machine misalignment or operator
      carelessness.
PA1  5. Capability of being read continuously without change or adjustment and
      the capacity to measure in both the positive and negative directions.
PA1  6. Availability of a full floating zero or datum point.
PA1  7. Capability of measuring at machine movement speeds in excess of 200
      inches per minute and over distances of up to 50 feet.
PA1  8. Read-out capability in either the English or metric systems.
PAR  The invention employs the concept that a flexible tape engaging a rotatable
      cylinder of known dimensions, can, upon relative motion between the tape
      and the cylinder surface, cause the resulting rotation of the cylinder to
      perform a measuring function. However, the invention provides means for
      overcoming the defects of prior tape driven systems which have militated
      against satisfactory performance of such systems in situations in which
      very high precision measurement is essential. In particular, arrangements
      are provided which entirely avoid reliance upon surface friction as a
      means for producing relative motion between engaging parts.
PAR  More specifically, the invention employs an extended tape (or similar
      continuous elongated flexible member) having a number of equally spaced,
      precisely formed holes, the spacing of which is exactly known as long as
      the tape is subjected to appropriate longitudinal tensile stress. Combined
      with the tape is a cylinder having its diameter related in a critical way
      both to the parameters of the measuring system which is to be employed and
      to the location of the pitch line of the tape as it is bent around the
      periphery of the cylinder. In operation, the tape is maintained in a
      partial wrap-around relationship with the cylinder. Precisely controlled
      relative motion between the tape and cylinder during rotation of the
      latter is achieved by provision on the cylinder of tape-engaging elements,
      the spacing of which (measured along a critical circle), is precisely that
      of the tape openings, and the configuration of which is appropriately
      related to that of such openings. The cylinder is connected through high
      quality gearing to a precisely calibrated read-out system, the reading of
      which is controlled by rotation of the cylinder as effected by relative
      motion between it and the tape.
PAR  In applying the combination as so far described to a structural system
      (e.g. a machine tool) having a movable part and a fixed part, attachment
      means are provided such that the axis of the cylinder is maintained
      transverse to the direction of motion of the movable part and the
      principal longitudinal extension of the tape is maintained parallel to
      that direction. Either the extremities of the tape are attached to the
      movable part of the structural system with the cylinder being borne by the
      fixed part, or the reverse condition is maintained. Under either of these
      conditions, it is found that the relative motion of the tape and cylinder
      which occurs when the movable part is shifted from one position to another
      will, through the resulting rotation of the cylinder, produce a read-out
      of the part movement with an accuracy (in the English system) of or better
      than one ten-thousandth of an inch. By operator switch-in of a translation
      gear chain between the cylinder and the read-out mechanism, read-out with
      similar accuraucy can immediately be obtained in the metric system.
PAR  Particulars of the invention, as well as its further objects and
      advantages, may best be understood by reference to the following detailed
      description, taken in connection with the accompanying drawings.
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PAR  In the drawings:
PAR  FIGS. 1 and 2 are side elevation views of a typical machine tool, shown in
      two successive conditions of operation to illustrate one context of use of
      the invention;
PAR  FIGS. 3 and 4 are front elevation views of the assembly of FIGS. 1 and 2,
      again shown in two successive conditions of operation to illustrate a
      second context of use of the invention;
PAR  FIG. 5 is an enlarged segment of FIG. 1 which shows in further detail the
      relationship of certain principal elements of the invention as illustrated
      in FIGS. 1 and 2;
PAR  FIG. 5A is a further enlargement of certain elements of FIG. 5 shown in
      section along line 5A--5A;
PAR  FIG. 6 is a still further enlarged and partially cut away detail of part of
      FIG. 5;
PAR  FIG. 6A is a view of segment of one element of FIG. 6, taken in the
      orthogonal plane;
PA1  Fig. 7 is an end view of FIG. 6;
PAR  FIG. 8 is a section taken on line 8--8 of FIG. 6;
PAR  FIG. 9 is a greatly enlarged detail of certain parts of FIG. 6, shown in a
      slight altered condition of operation;
PAR  FIG. 9A is a still further enlarged view of certain elements of FIG. 9;
PAR  FIG. 9B is a sectional view illustrating the mode of assembly of certain
      parts shown in FIG. 9A;
PAR  FIG. 10 is a side elevation (partial cut away) showing one phase of
      production of a critical part of the invention;
PAR  FIG. 10A is an end view of FIG. 10.
PAR  FIG. 11 is an enlarged section taken on line 11--11 of FIG. 10;
PAR  FIG. 12 is a side view, partially broken away, to show the use in context
      of a modified assembly of the principal elements of the invention;
PAR  FIG. 13 is a side view, again partially broken away, of a special mode of
      application of the invention;
PAR  FIGS. 14 and 15 are related sectional views which conjointly illustrate a
      variable gearing arrangement by which the invention can alternatively be
      applied to measurements in either the English or the metric system.
PAR  FIG. 16 is a broadside view of an elongated driving member useful as an
      alternative to the metal tape of FIGS. 1 through 15;
PAR  FIG. 17 is a section taken on line 17--17 of FIG. 16;
PAR  FIG. 18 is a section taken on line 18--18 of FIG. 17;
PAR  FIG. 19 is a plan view of an assembly for applying the elongated member of
      FIG. 16;
PAR  FIG. 20 is a view of an enlarged profile view of one element of FIG. 19;
      and
PAR  FIGS. 20A, B and C are successive sections taken as indicated in respect to
      FIG. 20.
DETD
PAR  Referring now to the conjunction of FIGS. 1 through 4, these show
      schematically a precision boring machine 10 of a type in which the
      drill-bearing saddle 12 is mounted for horizontal traverse. In all these
      figures a work piece 15 is shown as being supported on a sliding table 17
      which in turn is borne upon a stable bed 20. As will be seen by comparison
      of FIGS. 1 and 2, the table 17 may be moved from left to right (and
      returned) for the purpose of positioning the work piece along the
      left-right axis. It is assumed that controllable drive means (not shown)
      are provided for carrying out the positioning function.
PAR  Uprights 22 connected to the bed 20 support a cross rail 25 upon which the
      saddle 12 is mounted for horizontal motion, as previously stated. A crank
      30 connecting with a lead screw 32 is shown as a possible means for
      controlling the position of the saddle 12, but it will be understood that
      an automatically controlled machine drive may alternatively be used for
      this purpose. It will be further understood that driving means are
      provided within the saddle 12 for controlling the motion of the drill 40
      in the vertical direction and that suitable means for rotating the drill
      are also incorporated in the assembly shown.
PAR  FIGS. 1 and 3 conjointly show the work piece 15 and the saddle 12 in what
      may be taken as a starting position from which their subsequent movement
      is desired to be accomplished with highly measurable precision. In FIG. 2
      the work piece is shown as having been moved significantly to the right
      from the location which it occupied in FIG. 1, and in FIG. 4 the saddle 12
      is shown as being similarly moved to the right from the position which it
      occupies in FIG. 3. Appropriate means for effecting movement of the work
      piece table 17 are, of course, assumed, although such means are not
      specifically illustrated. It is with improved apparatus for the precise
      measurement of the relative movement of the various parts just referred to
      that the present invention is primarily concerned. For specific
      illustration, and referring again to FIGS. 1 through 4, application of the
      invention is indicated both in connection with the movable saddle 12 and
      the movable table 17. In connection with FIGS. 1 and 2, for example, there
      is shown an elongated gaging member 50 (e.g. a tape). This member, of
      which only the narrow edge is seen, extends along the side of the table
      17, being fixedly secured at one end by a pin 52 and at the other end by a
      tensioning device 54, the details of which will be specified at a later
      point. Also, as will later appear in detail, the tape 50 passes through a
      casing 58 which may be assumed to contain metering elements interacting
      with the tape and which is shown as having read-out dials 60 and 61 on its
      outer surface. The casing 58 is solidly affixed to the bed 20, for
      example, by attachment means indicated at 65. As will further appear, the
      tape 50 and the elements within the casing 58 are combined in an assembly
      (to be later described) by which one can measure with great accuracy the
      movement of the table 17 as it proceeds, for example, from the position
      shown in FIG. 1 to the altered position shown in FIG. 2. A generally
      similar assembly, having a corresponding measurement function in relation
      to movement of the saddle 12, is shown in FIGS. 3 and 4 as comprising the
      combination of a tape 70 and a casing 78 carrying read-out dials 80 and
      81. In this case the casing 78 is associated with the movable saddle 12
      while the tape 70 is affixed to the stationary cross rail 25. It will be
      recognized, however, that even under these changed circumstances, movement
      of the saddle produces relative motion between the tape and the casing 78
      which in practical effect corresponds exactly to the relative motion
      produced between the tape 50 and the casing 58 by motion of the former.
PAR  Further details of one segment of the apparatus just described are shown in
      an enlarged scale in FIG. 5 in which various parts correspond to similarly
      numbered parts shown in FIGS. 1 and 2. Thus, at the left hand end of FIG.
      5 is shown the fixed member 52 to which one etremity of the gaging tape 50
      is attached, while at the right hand end of the Figure there is shown an
      assembly 54 which is attached to the extremity of the tape 50 and by means
      of which appropriate tensile stress is applied to the tape. Because this
      assembly plays an important role in the functioning of the invention, its
      details are shown in still greater particularity in FIG. 5A. Specifically,
      the assembly 54 includes a rod or pin 54a which is passed through a loop
      or bight formed at the end of the tape 50 as indicated at 54b. The pin 54a
      includes a threaded opening aligned with a similarly sized hole punched in
      the right hand central portion of the tape loop 54b. Through this hole a
      threaded bolt 54d engages the threaded opening just referred to. This bolt
      has a slotted head 54e which abuts against a retaining plate 54f through
      which the bolt passes as shown, and which is engaged on its inner face by
      a lock nut 54g. With the arrangement indicated it will be apparent that
      rotation of the bolt head 54e will apply controlled tensile stress to the
      tape 50 by exerting more or less pull on the pin 54a as desired. As will
      appear, this feature contributes importantly to the accurancy of the
      measuring system as a whole.
PAR  Also illustrated in some detail in FIG. 5 are the read-out arrangements
      provided on the outer surface of the casing 58. These include a left hand
      dial 60 having peripheral markings 100 (shown incompletely because of
      scale) which, under circumstances shortly to be described, provide, by
      rotation of the index hand 101, a numeralized read-out in tenths of
      inches. They further include a second dial 105 which is calibrated so that
      its numeralized sub-divisions provide direct readings of thousandths of
      inches (and, by interpolation, ten thousandths of inches) as the index
      hand 106 rotates. The specific mechanisms by which these results are
      achieved through use of the present invention will now be described.
PAR  FIGS. 6 and 7 show a general way the manner in which the tape 50 (and, by
      analogy, the tape 70 of FIGS. 3 and 4) is caused to interact with
      measurement-producing devices contained within the associated casing.
      Before explaining this interaction, however, it will be useful to further
      describe the tape 50 in the form in which this element is employed in a
      preferred embodiment of the invention. To this end, FIG. 6a shows a
      segment of the tape in a plane orthogonal to that represented in FIG. 6.
      While the tape may take variant forms, I have achieved excellent results
      with a ribbon of heat-treated spring steel 1/2 inch wide and 0.004 inch in
      thickness. The particular steel employed is rated 58 Rockwell C and has a
      yield strength of 380,000 pounds per square inch and a modulus of
      elasticity of 30,000,000 pounds per square inch.
PAR  As further appears in FIG. 6a, the tape 50 is provided along its length
      with a series of precisely-spaced holes 50a, these being shown circular by
      way of a prefered example. As will be further explained at a later point,
      the holes are produced with the tape maintained under a definite or
      predetermined tensile stress and with their centers spaced by a linear
      distance which is known to a precision not less than one ten-thousandths
      of an inch as long as the tape is maintained under corresponding stress.
      Moreover, it is contemplated that when the tape is used in the combination
      illustrated in FIG. 6, it will be maintained under the appropriate tensile
      stress by adjustment of the tensioning assembly 54 previously described in
      connection with FIG. 5. A spacing which has been found specially
      appropriate for application in the measurement system of the present
      invention is 5 inches, although multiples and sub-multiples of this figure
      would also serve, subject to scaling up or down the corresponding
      dimensions of the remainder of the apparatus. For an application of the
      invention designed exclusively for use in the metric system, a hole
      spacing of 10 centimeters (or some appropriate multiple thereof) would be
      correspondingly appropriate.
PAR  Referring again to FIG. 6, it will be seen that, for a left-to-right
      movement of the casing 58, the tape enters the casing through an opening
      58a at the right hand end of the casing and leaves the casing at a similar
      opening 58b provided at its opposite extremity. Between these two openings
      the tape passes over idler pulleys 110 and by these pulleys is held in
      contact with the peripheral surface of an intermediate cylinder or wheel
      120. For reasons which will appear, the idlers 110 are so located in this
      particular embodiment as to maintain the tape in contact with the cylinder
      periphery over at least 50%, and preferably over something greater than
      50% of its circumference. In a particular case a contact arc of
      195.degree.has been found appropriate. At diametrically opposed regions of
      its periphery the cylinder 120 has outwardly directly projections 130, the
      assembly of the tape and cylinder being such that these projections
      respectively coincide with and extend into two successive openings 50a
      formed in the tape. To make this possible, the peripheral dimensions of
      the cylinder must be properly correlated with the spacing of the openings.
      Since the nature of this correlation is important to the intended
      functioning of the apparatus as a whole, it is indicated in detail in the
      enlarged illustration of selected parts of the apparatus shown in FIG. 9.
PAR  Referring to FIG. 9, the cylinder 120 and the idler pulleys 110 and 110a
      are shown in substantially the relationship which they occupy in FIG. 6,
      although the cylinder 120 has been turned about 15.degree.from the
      position which it occupies in that Figure in order better to illustrate
      the operating function of the projections 130. The cylinder 120 and the
      idlers 110 may be assumed to be about 1/2 inch (or a little more) in axial
      extension so that their peripheral surfaces are in full contact with the
      tape 50. The essential function of the projections 130 is to inter-engage
      with successive ones of the circular openings formed in the tape 50 as
      they come into concurrence with the projections. To serve this function,
      the projections must be of such shape at their outer extremities as
      readily to enter and retract from the openings 50a upon relative rolling
      motion between the cylinder 120 and the tape. A generalized condition for
      the fulfillment of this objective is that each projection must have, about
      a center which lies in the surface of revolution containing the effective
      pitch line of the tape, a transverse cross-section (i) which coincides
      with the shape of the tape openings and (ii) which further has, in the
      plane which contains both the pitch line and the center lines of said
      openings, a cross-section the leading and trailing edges of which
      approximate an involute curve constructed upon the periphery of the
      cylinder 120. I have found, however, that where the openings in the tape
      50 are circular, as in the case presently being considered, the foregoing
      conditions are sufficiently approximated if each of the projections 130
      terminates in a hemisphere 130a, the great circle of which (i) has a
      center that lies approximately in the surface of revolution that contains
      the effective pitch line of the tape and (ii) has a diameter that matches
      the diameter of the opening in the tape. This case is illustrated in FIG.
      9A where one of the hemispheres referred to is represented at 130a and
      where one of the great circles referred to is located at 130b. The pitch
      line of the tape 50 is indicated by the dot-dash line 50c, and, for tapes
      having the thickness specified (i.e. 0.004 inch), will lie very close to
      midway between the opposite major surfaces of the tape.
PAR  As a matter of definition, the length of arc of the circular pitch line 50c
      which lies between the center lines of two adjacent openings 50a as
      perceived at the pitch circle 50c is precisely equal to the displacement
      of these center lines when the tape is restored to a straightened
      condition. However, because of distortion of the tape which occurs during
      bending, the same cannot be said of measurements taken along either major
      surface of the tape. Better understanding of this point may be gained from
      consideration of FIG. 9A, which shows on a magnified and intentionally
      exaggerated scale a small segment of the tape and projection assembly
      which lies at position A in FIG. 9. In this Figure, it will be seen that
      bending the tape 50 about the cylinder 120 introduces a slight elongation
      of the tape in the region outside the pitch line and a slight compression
      of the tape in the region which lines nearer the surface of the cylinder
      120. The pitch line 50c, however, lies in (or approximately in) a
      "neutral" region of the tape which is substantially free of either
      elongation or fore-shortening. If, as has been previously postulated as a
      matter of design, the center of the great circle 130b of the hemispherical
      projection part 130a lies in the pitch line 50c, and if (as is again the
      principle of design employed) the diameter of that circle closely matches
      the diameter of the opening 50a (i.e. when undistorted), it is clear that
      there will be some "pinching" of the main body of projection shaft 130 at
      the inner edge of the tape opening. This effect is shown enormously
      exaggerated for purposes of illustration at 50d in FIG. 9A, and it should
      be recognized that because of the slightness of the distortions involved,
      there would, in actual practice, be no observable inter-penetration of
      metal such as that pictured in FIG. 9A. Nevertheless, the slight pinching
      that does occur is useful for purposes of the present invention because it
      assures a positive and extremely tight-fitting engagement of the
      projection 130 and the tape opening at all times during their coincidence,
      except when they are in the position of incipient disengagement indicated
      at B in FIG. 9 or the position of beginning engagement suggested in dotted
      outline at C. The result is that while either of the projections 130 may
      readily enter the openings 50a upon their first coming into coincidence
      and may readily retract from the openings at the region of their beginning
      divergence, the tape and cylinder are nevertheless firmly coupled in a
      backlash-free manner (i.e. through one or the other of the projections
      130) throughout their entire range of operation.
PAR  What has been said in the immediately preceding description will make
      apparent the importance of precise placement of the projections 130, not
      only in respect to their accurate displacement from one another but also
      in respect to their radial extension beyond the surface of the cylinder
      120. Producing openings for the projection shafts which are exactly
      180.degree.displaced about the surface of the cylinder is a matter which
      is well within the skill of the art. Proper radial extension, of the
      hemisphere 130a, and more particularly the location of the great circles
      130b at the desired radial distance from the surface of the cylinder 120,
      can be accomplished in the following way.
PAR  After the projection part 130 has been formed with a cylindrical shaft
      portion 130c having a diameter corresponding to that of the tape openings
      and with a hemispherical end portion 130a having a great circle which
      exactly matches the diameter of the shaft portion, the cylindrical shaft
      is positioned to be press-fitted into one of the appropriately sized
      openings previously formed in the cylinder 120. A precisely dimensioned
      gage 300 (see FIG. 9B) is used to drive the shaft into the opening to a
      depth at which the outwardly directed centerpoint of the hemisphere 130a
      lies exactly R + T/2 inches outside the peripheral circle of the cylinder
      120. In the expression, R + T2, R is the radius of the hemisphere 130a
      (e.g. about 0.047 inch), and T is the thickness of the tape to be employed
      -- for example, 0.004 inch. To avoid problems associated with driving a
      member into a blind opening, the interior of the cylinder 120 is partially
      cut away as indicated at 120b (FIG. 9) to form an accessible interior
      space. A set screw 131 may be provided to lock the shaft 130c against any
      possible radial motion.
PAR  For operation in the English system it is desirable that the length of the
      pitch circle of the tape about the cylinder 120 be ten inches or some
      convenient multiple or submultiple of that figure (e.g. 20 inches as a
      multiple or 5 inches as a submultiple). The reasons for this, which will
      be further developed in due course, are related to the special
      compatibility of 10 (and its multiples) with measurements to be read out
      in the decimal system. With the circumference of the pitch circle fixed
      at, say, 10 inches, it will be apparent that the spacing of the openings
      50a in the tape 50 should be 10/N where N is an integer greater than
      unity. It has previously been mentioned that 5 inches has been found to be
      an advantageous choice for this spacing. It will be useful next to
      describe the way in which the dimensions of the cylinder 120 (as
      distinguished from the dimensions of the pitch circle about the cylinder)
      are determined.
PAR  Since, to a very close approximation, the pitch circle 50c (FIG. 9A) lies
      radially outward from the periphery of the cylinder 120 a distance d
      corresponding to one half the tape thickness, the radius of the cylinder
      required to produce the desired pitch circle for a tape of thickness T is
      C/2 .pi. - T/2, where C is the circumference of the pitch circle. From
      this, by obvious conversion, the desired cylinder diameter D is calculated
      as C/.pi. - T. In a particular case, working with a cylinder of stainless
      steel and a preferred pitch circle diameter of 10 inches, this approach
      yields the following results:
PA1  Tape thickness T = 0.004 inch;
PA1  Linear spacing of tape openings (S) = 5 inches;
PA1  Desired pitch circle circumference = 2S= 10 inches;
PA1  Desired pitch circle diameter D = 2S/2.pi. =3.1831 inches;
PA1  Displacement (d) of the pitch circle from the cylinder surface = T/2 =
      0.002 inch;
PA1  Computed cylinder diameter = D - 2d = 3.1831 - 0.004 =3.1791 inches.
PAL  From the foregoing, it will be seen that, subject to extremely small
      corrections which can be readily incorporated in manufacturing procedures,
      the desired circumference of the cylinder 120 for the embodiment of FIG. 9
      may be described as substantially equal to two times the spacing of the
      tape openings 50a minus 2 .pi. times the displacement d between the outer
      periphery of the cylinder 120 and the effective pitch line of the tape
      when in engagement with the peripheral surface of the cylinder.
PAR  Because the program of dimension determination described above depends
      critically upon having established with exactitude the spacing of the
      openings in the tape 50, a tested procedure for this manufacturing step
      will next be described. Referring to FIG. 10, there is shown a bench setup
      which comprises a longitudinally slotted base member 150 having a block
      152 fixedly secured at its right hand end. To the top of this block there
      is attached (e.g. by a clamping bolt 154) one end of a length of spring
      metal tape 49 from which is to be formed the regularly punched tape 50 of
      FIGS. 1 through 9. Near the other end of the base member 150 there is
      provided a slidable block 158 having its upper surface precisely aligned
      with the similar surface of the block 152. The tape 49 is secured to the
      block 158 as indicated at 159 and, when appropriate sliding force is
      applied to this block, is held in a flat horizontal plane by the two
      blocks 152 and 158. In order that the appropriate force may be applied, a
      hanging weight 160 is attached to the block 158 by a cord 162 riding over
      a pulley 164. This weight is of known magnitude (e.g. 18-20 pounds) so
      that a precisely predetermined tensile stress in a range of, say, 8000 to
      12000 pounds per square inch may be applied to the tape at all times
      during the subsequent operations now to be described.
PAR  Channeled in a slot 156 extending longitudinally of the base member 150 is
      a slidable structure 170 which includes a die-forming assembly (to be
      described) by which precisely dimensioned circular holes are to be
      produced in the tape 49. A section of the structure 170 is shown in FIG.
      11, in which the structure is seen to have an upper part 172 and lower
      part 174. These two parts are separable but, when conjoined, are held in
      vertical alignment by aligning pins 176. The lower part 174 has in its
      upper surface a shallow slot 179 dimensioned to receive snugly the tape 49
      as shown in FIG. 11. This part further has a vertical cylinder opening 177
      terminating at its upper end in a still larger opening 178. In the latter
      opening there is inserted a hardened steel die 180 having a central
      cylindrical opening 182, the diameter of which corresponds precisely to
      the diameter of the holes to be produced in the tape 49. The upper
      structural part 172 incorporates a second die part 184 having a vertical
      opening 186 aligned with opening 182. In use of the structure 170, a
      hardened cylindrical punch 188, conforming in diameter to the openings 182
      and 186, is introduced into the latter opening as shown in FIG. 11. This
      punch, when struck sharply at its upper end, will drive through the tape
      49, removing a circular piece of metal and leaving a hole the diameter of
      which is precisely that of the punch itself. The latter dimension is of
      course, preselected to provide a hole size which will match exactly the
      known diameter of the hemispherical projection part 130a (FIG. 9). In a
      particular case, a diameter of 0.09373 inch has been found suitable for
      the hole and the projection part. Precise spacing of the centers of
      successive holes formed in the tape 49 is accomplished by a procedure now
      to be described.
PAR  For coaction with the slot 156 formed in the base member 150 the
      die-carrying part 170 has a downwardly extending rib 189 (shown in
      cross-section in FIG. 11). The interfit of the rib and slot permits
      controlled longitudinal sliding motion of the entire part 170. To locate
      the first hole to be produced in the tape 49 a precise gage (for example,
      a Johansson block) is introduced into the space between the fixed part 152
      and the structural assembly 170 as indicated at 200 in FIG. 10. (Let it be
      assumed that this first block is 2 inches in length and that it is
      accurate to better than one ten-thousandth of an inch). The structure 170
      is then moved into pressing engagement with the block 200 so that the
      distance between its end wall and the opposing wall of the part 152 is
      precisely two inches. With this condition maintained, a hole is now formed
      in the tape 49 by use of the punch 186. Next, the assembly 170 is moved to
      the left (i.e. to the new station indicated in dotted outline at B). The
      two-inch gage 200 is removed and a new gage (or combination of gages) 202
      measuring precisely 7 inches is introduced between the parts 170 and 152,
      these parts being brought into firm contact with the gage extremities as
      before. The punch 186 is again applied, and a second hole is produced in
      the tape with its center line spaced precisely 5 inches from the center
      line of the first hole. This procedure is now repeated with a third gage
      (or gage combination) measuring 12 inches, and this process is continued
      until a sufficient number of identically spaced holes are produced to
      provide a punched tape of the length required for application in the
      apparatus of FIGS. 1 through 9. Let it be noted for future reference that
      this entire punching operation is conducted with the tape 49 maintained
      under a known predetermined tensile stress by means of the weight 160.
      Under these circumstances, and with the gaging procedure just described,
      the accuracy of location of any given hole with respect to the datum point
      (i.e. the surface of the block 152) is dependent only upon the gage being
      used for positioning of that hole. Accordingly, errors (if any) will not
      be accumulative. That is to say, an error made in the positioning of one
      hole will not carry over to the next hole.
PAR  With some of the critical parameters now established, we may next consider
      how the apparatus as so far described is made to produce a perceptible
      indication of the measurements which it is intended to provide. Referring
      once again to FIG. 6, we can readily deduce that a relative linear
      left-to-right or right-to-lefft motion of ten inches occurring between the
      axis of the cylinder 120 and any given point on the lontitudinal axis of
      the tape 50 (as projected, for example between the casing openings 58a and
      58b) will produce one full rotation of the cylinder. This is a necessary
      consequence of the postulated fact that the pitch circle of the tape about
      the cylinder has a circumference of precisely 10 inches. A tenth of a
      revolution of the cylinder will therefore correspond to one inch of
      relative movement of the cylinder axis and the tape; a hundredth of a
      revolution to one tenth inch of movement; a thousandth of a revolution to
      one hundredth of an inch, and, at the practically measurable limit of this
      process, one one-hundred thousandth of a turn will represent one
      ten-thousandth of an inch of relative movement. If, then, we can provide a
      readable indication of the occurrence of each one hundred thousandth of a
      turn of the cylinder 120, we shall have the ability to observe (and
      record) relative linear movements to an accuracy of one ten-thousandth of
      an inch. As will next be shown, this can be accomplished in accordance
      with the present invention within the limits of reasonable manufacturing
      capabilities.
PAR  To illustrate this point, consider that the right hand dial 105 of FIG. 5
      (enlarged in FIG. 6) is to provide a perceptible indication of the
      occurrence (at some source of linear movement) of motion down to at least
      one ten-thousandth of an inch. Note that this dial has 100 equally spaced
      circumferential markings. The spacing between successive ones of these is
      to be taken as representative of one one-thousandth of an inch of primary
      motion (i.e. motion of the object the displacement of which is to be
      measured by the dial). By interpolation between markings, readings down to
      ten-thousandths of an inch can be made, and, going in the upward
      direction, a complete rotation of the indicator will represent one tenth
      of an inch of primary motion. But this complete revolution must in turn
      correspond to one one-hundredth of a complete revolution of the
      tape-driven cylinder 120 (i.e. since a complete revolution of that
      cylinder involves ten inches of circumferential movement taken at the
      pitch line of the tape 50). The machinist's task, therefore, is to
      establish a precise 100-to-1 gear ratio between the cylinder 120 and the
      gear 405 which drives the indicator 106. This can be done by an assembly
      of parts such as that illustrated in FIG. 8.
PAR  This Figure is to be viewed as an irregular section taken upon line 8-8 of
      FIG. 6 -- with the cut-away parts of FIG. 6 being restored for this
      purpose. A glass cover plate 109 is shown as shielding the upper surface
      of the assembly, although this is not essential to its functioning. The
      cylinder 120 is assumed to be keyed to shaft 121, which in turn is
      supported in anti-friction bearings 122. A sleeve 123 supporting an
      indicating needle 101 (see also FIG. 5) is affixed to the shaft by a set
      screw 124 in such a way that the setting of the needle on the shaft may be
      adjusted at the time the system as a whole is being calibrated for use in
      its intended setting or for a particular measurement. The needle 101
      sweeps the entire face of the dial 100 each time the cylinder 120
      completes one full revolution, and has been previously indicated, provides
      readings in inches the tenths of inches.
PAR  Also keyed to the shaft for synchronous rotation with it is a primary spur
      gear 400. This meshes in turn with a secondary gear 402 affixed to a shaft
      403 which further drives a tertiary gear 405. This last-mentioned gear
      meshes with a final gear 410, keyed to a shaft 412 which drives the
      microindicator 106 in reference to the dial 105 (FIG. 6). By means of a
      set screw 126 the indicator 106 is adjustable with respect to the shaft
      412 for purposes of calibration. While alternative gear relationships may
      obviously be chosen, the following have been found suitable in a
      particular application of the present invention:
     GEAR NO.         TOOTH COUNT                                              
     ______________________________________                                    
     400              280                                                      
     402              28                                                       
     405              360                                                      
     410              36                                                       
     ______________________________________                                    
PAL  It will be apparent that, with the gear train thus provided, the desired
      reduction of 100-to-1 between the rotation of the shaft 121 and that of
      the shaft 412 will be accomplished, and reading of hundredths, thousandths
      and ten-thousandths of inches may be obtained from the coaction of the
      dial 105 and the indicator 106. Movement over distances greater than ten
      inches can be, of course, measured by maintaining a count of the number of
      complete revolutions of the indicator 101 produced by such movement,
      recognizing that each such complete revolution represents 10 inches of
      movement, with the concluding partial revolutions of the indicators 101
      and 106 measuring the increments which are to be added to the last
      multiple of 10. It would, of course, be well within the current state of
      the art to attach the shafts of the indicators 101 and 105 to electronic
      counting mechanisms capable of converting the revolutions and partial
      revolutions of these shafts into a remote digital read-out of the
      measurements otherwise determinable by the dials 100 and 105.
PAR  As in all precision equipment, it is important that backlash in the gearing
      system be eliminated so far as possible. In the low-inertia system
      provided by the present invention as so far described, this elimination is
      effectively accomplished by continuously loading or biasing the gear train
      by a low power torque motor having a lightweight induction or hysteresis
      rotor 420 directly coupled to the shaft 412 and through this shaft to the
      gear 410. A single phase stator-winding, indicated schematically at 425,
      has an energizing connection 427, and functions when energized to apply
      constant unidirectional torque, on the order of a few hundredths
      ounce-inches, to the rotor output shaft 412 and, through this, to the gear
      train. In this way, gearing backlash is eliminated.
PAR  while in connection with FIGS. 1, 2 and 5 through 9, the invention has been
      described in a context in which the tape 50 passes through the casing 58
      in the direction of the longest dimension of the casing, it will be
      understood that this is not essential to the invention's purposes. Thus,
      FIG. 12 illustrates an alternative embodiment in which the tape 250 passes
      "from side to side" through the measuring device casing 260. The cover
      plate of the casing is shown partially broken away to disclose the manner
      in which the tape may be related to a driven cylinder 320 corresponding in
      form and function to the cylinder 120 of FIG. 6. It is to be noted in
      particular that the tape 250 is connected at one end with a tensioning
      assembly 254 (similar to the assembly 54 of FIG. 5A) by which the tape may
      be maintained under a predetermined tensile stress corresponding to that
      at which the spacing of the holes produced in it was established. It may
      usefully be noted at this point that this stress (as chosen both for
      punching the tape and for constraining it in its operating assembly) is
      optimal if it at least equals but does not greatly exceed that required to
      make the tape conform to the smallest radius of curvature which it must
      assume in the measuring assembly with which it is associated. Greater
      tension than this will unnecessarily increase the frictional loading of
      the system; less will prevent maintenance of designed operating
      tolerances. For purposes of the present invention, and using structural
      elements as so far described, a tensile stress of about eight to about
      twelve thousand pounds per square inch of tape cross-section has been
      found appropriate.
PAR  A still further alternative mode of applying the invention is shown in FIG.
      13. Here the element 352 may be taken to represent a machine part of
      relatively small dimensions, which for one reason or another, is not well
      adapted for supporting either an elongated tape or a gear and metering
      assembly of the kind shown, for example, in FIG. 5. This element is to be
      considered as movable with respect ot a base structure 354 under
      conditions such that the relative movement of these two parts is desired
      to be measurable. In this context a measuring assembly 360, corresponding
      in general construction to the assembly 260 of FIG. 12 is attached to an
      end surface of the base structure 354. In this case, however, openings are
      provided at the left hand end of the assembly 360 to permit the entrance
      and egress of the two oppositely moving ends of a tape 350. This tape has
      spaced openings, as in the cases previously described. In this case,
      however, the openings successively engage projections 430 provided at
      120.degree. intervals about the surface of a freely rotatable cylinder
      420. As in the constructions previously described, the cylinder 420 is
      coupled through appropriate gearing to calibrated read-out mechanisms, of
      which one only (numbered 405) is shown.
PAR  In the overall assembly of FIG. 13, the tape 350 is anchored at both
      extremities to the movable machine part 352 as indicated at 355 and 356,
      the anchorage 356 including tension adjusting means 358 for purposes
      previously described. At the end of base structure 354 which is remote
      from the measuring assembly 360, the tape passes over an idler roll 357,
      similar in diameter to the cylinder 420, and the upper throw 350a of the
      tape has a free running return to the measuring assembly 360. To this end,
      open passages through (or beneath) the machine part 352 are provided as
      suggested by the dotted line 350b. With these arrangements, it will be
      seen that movement of the part 352 in relation to the base structure 354
      will cause identical (although oppositely directed) linear movements of
      the upper and lower tape segments as they respectively enter and leave the
      metering assembly 360. Accordingly, this assembly will function to measure
      the extent of such movement in accordance with the principles previously
      described.
PAR  It is a special virtue of the measuring system of the present invention
      that it is capable of providing, in a single instrument, direct read-out
      in either the English or the metric systems of measurement. FIGS. 14 and
      15 illustrate schematically means by which this can be accomplished.
PAR  Referring to FIG. 14, it will be seen that this includes a gear-bearing
      shaft 700 which has two axially displaced operating positions. It may be
      moved from one of these positions to the other by means of a liftable
      notched knob 705 which in FIG. 14 is shown in the lower of its two
      possible locations. A rotatable latch 710, having a lower retaining member
      712 and and upper retaining member 714, each capable of coacting with a
      notch 715 formed in the knob 705, serves to fix the knob in the position
      selected by the operator. The shaft 700 bears and has affixed to it a set
      of four spur gears, respectively numbered 720, 722, 724 and 726. In the
      lower position of the shaft (FIG. 14) only the gears 722 and 726 are
      actively engaged, and these in a way which relates to the use of the
      apparatus in its English system mode. In the upper position of the shaft
      (FIG. 15) only the gears 720 and 724 are engaged, and these in a way which
      relates to the use of the apparatus in its metric mode of measurement.
PAR  As in the constructions previously described, the measuring function of the
      device of FIGS. 14 and 15 depends upon relative motion between a precisely
      tensioned tape 728 and a rotatable cylinder formed to coact with the tape
      in the manner previously described in connection with FIGS. 1 through 9. A
      cylinder of the appropriate kind is shown at 730 as being supported for
      free rotation in respect to an axial shaft 735 by antifriction bearings
      737. The shaft itself is also rotationally supported by additional
      bearings 739 and connects with a read-out indicator 740 having an
      associated dial 741. (Both of these represented schematically in FIG. 14.)
      For purposes of further explanation it will be assumed that the cylinder
      730 is of such diameter as to provide (i.e. in respect to the tape 728)
      and effective pitch circle 10 inches in circumference.
PAR  Attached to its upwardly directed surface the cylinder 730 carries a
      cluster gear system having a small diameter gear 742 and a large diameter
      gear 744, the design and function of these gears being described at a
      slightly later point. A second cluster gear system, having a small
      diameter gear 748 and a large diameter gear 750, is attached to the shaft
      735 so as to be rotatable with it. In all conditions of operation of the
      apparatus, the gear 750 provides the driving input to a gear-train
      comprising gears 755, 757, 759, the last of these being connected to an
      output shaft 765 to which is attached a microindicator 767 and associated
      read-out dial 769 (both shown schematically in FIG. 14). For backlash
      avoidance, a torque motor 772 provides constant loading to the gear system
      so far described.
PAR  Referring now particularly to FIG. 14, let it be assumed that the
      relationship of the various gears shown in that Figure is being actively
      engaged is represented by the following table.
TBL  ______________________________________                                    
     GEAR NUMBER      NUMBER OF TEETH                                          
     ______________________________________                                    
     744              280                                                      
     722              74                                                       
     726              74                                                       
     750              280                                                      
     755              28                                                       
     757              360                                                      
     759              36                                                       
     ______________________________________                                    
PAL  It will be found by conventional calculation that the resultant rotational
      reduction between gear 744 (with its directly attached cylinder 730) and
      gear 759 (with its directly attached shaft 765) is 100-to-1. Thus, working
      with the ten inch pitch circle assumed in connection with cylinder 730, it
      will be seen that the indicator 767 and the dial 769 can provide readings
      in ten thousandths of inches as previously explained in connection with
      the similar construction of FIGS. 1 through 9.
PAR  When measurement in the metric system is desired, the alternative apparatus
      arrangement of FIG. 15 is employed. In this case, the gear pairs 744-722
      and 726-750 are disengaged, and the alternative gear pairs 742-720 and
      724-748 are brought into engagement. Before specifying recommended ratios
      for these gears, it will be helpful to discuss the conditions which,
      without changing (i) the dimensions of the tape engaging cylinder 730, or
      (ii) the spacing of the openings in the tape 728, will nevertheless permit
      direct metric system readings to be made from the dial. In this
      connection, let it be noted that the circumference of the cylinder 730,
      (projected to the pitch circle of the engaging tape) becomes in the metric
      system 254 millimeters. This is not in itself a readily "decimalizable"
      quantity and therefore cannot produce conveniently decimalized readings at
      the output dial 767 merely by introduction of a 100-to-1 gear reduction
      between the shaft 700 and the shaft 765. Otherwise stated, a simple
      100-to-1 reduction of 254 millimeters of circumferential motion observed
      at the periphery of the cylinder 730 as that cylinder makes one full
      revolution, will translate into 2.54 millimeters for one full revolution
      of the indicator 767 or into 0.0254 millimeters for each single marking of
      the dial 769. This obviously does not constitute a practicable scheme of
      direct read-out.
PAR  To overcome this difficulty, the arrangement of FIG. 15 interpolates
      between the reduction gear chain 750-755-757-759 and the cylinder 730 a
      "translating gear chain" 742-720-724-748 of which the specifications are
      as follows:
TBL  GEAR NUMBER      NUMBER OF TEETH                                          
     ______________________________________                                    
     742              118                                                      
     720              236                                                      
     724              254                                                      
     748              100                                                      
     ______________________________________                                    
PAR  The aggregate internal ratio of the chain is
      ##EQU1##
      Accordingly, it follows that 200 units of input motion taken at the pitch
      line of the cylinder 730 (where -- in the metric mode of operation -- one
      unit represent 1 millimeter) will produce the same 360.degree. rotation of
      the driven gear 750 as 254 such units (i.e. one complete revolution of the
      10 inch cylinder) would produce if the apparatus were operating in the
      English mode represented in FIG. 14. This means that one complete rotation
      of the indicator 740, as produced by a corresponding rotation of the shaft
      735, will represent a linear measurement of 200  millimeters, readily
      observable and subdivisible on the inner scale 741a. Moreover, since the
      gear 750 is the first link in the 100-to-1 conversion system provided by
      the gear chain 750-755; 757-759, it will be apparent that each revolution
      of the indicator 767 (FIG. 14) as driven by the gear 759 will represent
      200/100 = 2 millimeters of primary movement of the driving tape.
      Correspondingly, each of the one hundred subdivisions of the dial 769a
      will represent 0.02 millimeters of indicated motion and each half of a
      subdivision will represent 0.01 millimeters. A practical decimal read-out
      is thus provided in respect to a metric system input -- whether or not a
      secondary set of markings are provided on the dial 769 to assist in making
      decimal interpolations. However, in order to resolve dial ambiguity, I
      have found it convenient to make the dial removable and to provide an
      alternative dial which can be substituted when read-out in the metric
      system is desired.
PAR  While a translating gear chain having a 254 to 200 conversion ratio is
      preferred in the respect that it involves a minimum "percentage departure"
      from the operation of the apparatus in the English system of measurement,
      it should be clear that, in principle, a conversion ratio of 254 to 100
      could also be used -- although with correspondingly greater demands upon
      the precision and mechanical strength of the gearing employed.
      Particularly because of the last-mentioned consideration, ratios greater
      than 254 to 100 do not recommend themselves. A general expression for the
      permissible range of conversion ratios is "254/100M, where M is a smaller
      integer." M might obviously be somewhat larger than 2 (e.g. 3).
PAR  All of the embodiments so far described depend upon precision coupling
      between an elongated thin metal tape and the driven cylinder, and, on the
      basis of experience to date I regard these embodiments as preferred. It
      should be apparent, however, that certain modifications may be found
      practicable without departing from the spirit of the invention.
PAR  For example, I conceive that the elongated member 50 of FIG. 1 could be
      made of other cross-section than that of the tape so far described and of
      a material other than spring steel, provided such material is selected to
      have adequate flexibility and to maintain reproducible longitudinal
      dimensions under predetermined tensile stress. To exemplify such an
      alternative, I have shown in FIG. 16 an elongated flexible plastic strip
      500 selected to be of high dimensional stability, and having a transverse
      cross-section as shown in FIG. 17. Along the broad surface of this member
      there are provided a succession of equally-spaced rectangular openings 510
      with their orthogonal interior surfaces respectively parallel to and
      perpendicular to the long edges of the member 500. The leading and
      trailing interior surfaces of the openings have a curved sectional contour
      as shown in FIG. 17, with the curve described by each of these edges being
      an involute developed upon the surface of a cylinder with which the face
      of the member 500 is to be maintained in contact.
PAR  The mode of use of the elongated member 500 is analogous to that of the
      tape 50 of FIGS. 1 through 9 and is illustrated in FIG. 19. Here the
      member 500 is shown as being in peripheral contact with a cylinder 520
      which is assumed to perform the function of the cylinder 120 of FIG. 6. In
      this case, however, the cylinder is shown as having three (rather than
      two) equally-spaced projections 530 adapted to coact with the openings
      510. To assure this coaction, the member 500 is -- by idler pulleys or
      otherwise -- maintained in contact with the cylinder surface over a
      peripheral arc at least equal to and preferably somewhat greater than
      120.degree.. Moreover, the projections 530 have their respective center
      lines spaced identically with those of the openings 510 (i.e. at the pitch
      line of the member 500) in accordance with the principles previously
      explained. Tensioning means for the member 500 are assumed to be provided
      as in FIGS. 1 and following. The projections 530 are constructed so that
      their outer surfaces conform to the inner surfaces of the openings 510,
      being tapered for this purpose as indicated in FIGS. 20 and 20A, B and C,
      where the last three figures are sections taken upon FIG. 20 as indicated.
      Section 20B may be considered as taken in a plane which, in the context of
      FIG. 19, will lie substantially in the pitch line of the member 500. At
      section 20B the transverse dimension X is substantially the same as that
      of the similarly designated dimension of section 20C. Above section 20B,
      however, the projection may suitably be tapered inwardly as indicated by
      comparison of the dimensional indications X and Y of FIG. 20C.
PAR  In addition to illustrating one possible variation in the form of the
      elongated flexible driving member to be employed, FIG. 19 also
      demonstrates that the invention is not limited to the use of only two
      diametrically opposed engaging members formed on the surface of the driven
      cylinder. Nevertheless, because of the difficulties otherwise encountered
      in maintaining the very precise dimensional relationships upon which the
      effectiveness of the invention depends, I prefer to limit the number of
      projections to four or less. Moreover, I consider that the two-projection
      embodiment of FIGS. 6 through 9 offers the optimum construction from the
      standpoint of both precision and manufacturing economy.
PAR  A generalized expression for the dimensions of the driven cylinder (120 in
      FIG. 6 and 520 in FIG. 19) is that it shall have a circumference NS -
      2.pi. d, where N is a small whole number greater than one, S is the
      spacing of the centers of the openings in the elongated driving member,
      and d is the displacement between the outer periphery of the cylinder and
      the effective pitch line of the driving member about the cylinder. A
      cylinder so dimensioned should have N projections extending outwardly from
      its periphery with their effective centers on a circle the plane of which
      also contains the centers of the openings in the elongated member, the
      projection centers being accurately separated about the circumference of
      the cylinder by angles corresponding to 2.pi./N radians. Each of the
      projections should have a transverse cross-section (taken about a center
      which lies in the surface of revolution that contains the effective pitch
      line of the elongated member) which section coincides in shapes with the
      shape of the openings in the elongated member. It should preferably also
      have, in the plane which contains the center lines of these openings, a
      cross-section of the leading and trailing edges of which approximate an
      involute curve constructed upon a base circle which follows the periphery
      of the cylinder. The elongated member should engage the periphery of the
      cylinder over an arc at least equal to (and preferably somewhat in excess
      of) 2.pi./N radians and in which the projections on the cylinder may enter
      and retract from the openings in the member upon relative rolling motion
      between the member and the cylinder.
PAR  It will also be apparent to those familiar with machine tool practice, that
      under some conditions one or the other of the dial indicator shafts 121
      and 412 (FIGS. 6 and 8) can also serve as the input shaft for applying the
      motive power by which the movable machine tool part 17 of FIG. 1 (for
      example) is to be moved in respect to the bed 20. That is to say, in a
      system in which the inertia of the machine tool parts is not too great in
      proportion to the structural strength of the rotatable measuring parts,
      the latter can be connected directly to the tool-moving power source
      without sacrificing their concurrent measuring capabiltiy.
PAR  Other modifications will occur to those skilled in the art, and I intend in
      the appended claims to cover all such modifications as fall within the
      true spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A measuring system for apparatus having two parts that are linearly
      movable with respect to each other to accurately determine such linear
      movement and to the relative position of the parts to one another, said
      system comprising,
PA1  A. a first part on the apparatus; and
PA1  B. a second part on said apparatus linearly movable with respect to said
      first part;
PA1  C. a tape having a number of identically formed openings spaced at equal
      intervals along at least a substantial portion of its length, the centers
      of said openings being in a plane perpendicular to the width of said tape
      and parallel to the tape edges; the arcuate spacing S of the centers of
      said openings being maintained when said tape is elongated by being
      subject to substantially the same longitudinal tensile strain as when said
      openings were formed in said tape;
PA1  D. securing members for supporting the extremities of said tape in fixed
      relation with reference to said first part at points which are displaced
      along a line which parallels the line of relative movement of the two
      apparatus parts, said securing members including a tensioning portion
      having means for subjecting said tape to substantially the same elongating
      tensile strain as when said openings were formed therein to maintain the
      precise spacing S between said openings;
PA1  E. a cylinder rotatably supported in fixed relation to said second part and
      having its axis of rotation perpendicular to the plane of said openings in
      said tape, said cylinder further having
PA2  1. a diameter of NS/.pi.-T, where N is a small whole number greater than
      one and T is the thickness of said tape,
PA2  2. N projections extending outwardly from and equally spaced about the
      periphery of said cylinder with their effective centers on a circle the
      plane of which also contains the centers of the openings in said tape, the
      projection centers being accurately separated by angles corresponding to
      2.pi./N radians, each of said projections being formed to facilitate their
      entry into and retraction from the openings in said tape, upon relative
      rolling motion between said tape and the cylinder periphery;
PA1  F. means for maintaining the center line of said tape in the same plane
      throughout its operative length and in close circumferential contact with
      the periphery of said cylinder through an arc of at least 360.degree./N
      but less than 360.degree. whereby at least one projection is engaged at
      all times with one of said tape openings; and
PA1  G. means for translating the rotation of the cylinder produced by relative
      motion between the cylinder and said tape caused by movement of the
      movable one of said apparatus parts into a perceptible measurement of such
      movement,
PA2  1. said means including a torque motor to exert a unidirectional torque
      upon said cylinder, whereby each of said projections engages the same
      portion of said tape openings as said tape passes over and drives said
      cylinder.
NUM  2.
PAR  2. A measuring system according to claim 1 in which the means for
      maintaining said tape in engagement with the rotatable cylinder are idlers
      positioned adjacent said cylinder to maintain such engagement over an arc
      at least equal to 2.pi./N radians.
NUM  3.
PAR  3. A measuring system according to claim 1 in which the means (G) for
      translating the rotation of said cylinder into a perceptible measurement
      of movement includes,
PA1  1. a gear system driven by said cylinder converting its rotation into a
      greatly increased output rotation indicative of a decimal part of said
      cylinder's rotation,
PA2  a. said torque motor being engaged with the output of said gear system to
      exert a constant unidirectional torque on all moving parts of said gear
      system and said cylinder whereby each gear in said gear system always
      engages an adjacent gear on the same gear tooth sides to prevent gear
      backlash; and
PA1  2. a readout device driven by said gear system.
NUM  4.
PAR  4. A measuring system for use with apparatus having a part which is to be
      moved linearly with respect to a relatively fixed part, said system
      comprising,
PA1  A. an elongated flexible tape having a number of openings with their center
      spaced at equal intervals along its length, the spacing S of said centers
      being precisely known as long as said tape is subjected to longitudinal
      tensile stress within a predetermined narrow range of stress;
PA1  B. an assembly having disposed therein a cylinder having its outer
      periphery engaged by said tape, said cylinder further having a
      circumference slightly less than NS, where n is a small whole number
      greater than one;
PA1  C. n projections extending outwardly from the periphery of said cylinder
      with their centers being separated by angles corresponding to 2.pi./N
      radians, each of said projections having a transverse cross-section which
      coincides in shape with the openings in said tape;
PA1  D. idlers adjacent said cylinder for retaining the tape in contact with the
      cylinder in which it engages the periphery of the cylinder over an arc at
      least equal to2.pi./N radians but less than 360.degree., whereby the
      projections may enter the retract from the openings in said tape upon
      relative rolling motion between said tape and the cylinder;
PA1  E. bearings mounting said cylinder in said assembly so that it is free to
      rotate upon relative rolling motion between said cylinder and the engaging
      portion of the tape;
PA1  F. means for attaching the assembly to the apparatus;
PA1  G. securing assemblies attaching the tape to said apparatus with said tape
      maintained under tensile stress within said predetermined range, the
      center line of said tape being held in the same plane throughout its
      operative length;
PA1  h. said securing assemblies being located so that either (i) the axis of
      the cylinder or (ii) a point on the longitudinal axis of said tape may be
      made to move in concordance with the movement of the said movable part of
      the the apparatus while the other of these remains fixed with respect to
      that part; and
PA1  I. means for translating the rotation of the cylinder produced by relative
      motion between the cylinder and the tape into perceptible measurement of
      the movement of said movable part.
NUM  5.
PAR  5. A measuring system for use with apparatus having a part which is to be
      moved linearly with respect to a fixed part, said system comprising,
PA1  A. an elongated flexible tape having a number of circular openings with
      their centers spaced at equal intervals along its length, the spacing of
      said centers being precisely known as long as said tape is subjected to
      longitudinal tensile stress in a predetermined narrow range of stress;
PA1  B. an assembly having disposed therein a cylinder having an outer
      peripheral surface, the extension of which in the direction of the wheel
      axis approximates or exceeds the width of the tape, said cylinder further
      having
PA2  1. a circumference equal to two times the spacing of the centers of the
      tape openings minus 2.pi. times the displacement between the outer
      periphery of the wheel and the effective pitch line of the tape when in
      engagement with the peripheral surface of the cylinder, and
PA2  2. a pair of projections extending outwardly from the periphery of the
      cylinder at diametrically opposed regions of such periphery, the outer
      extremities of said projections comprising hemispheres the great circles
      of which have
PA3  a. centers which lie approximately in the surface of revolution which
      contains the said effective pitch line of the tape, and
PA3  b. diameters which match the diameters of the said openings in the tape;
PA1  C. idlers for retaining the tape in contact with the cylinder in which it
      engages the periphery of the cylinder over at least one half of the
      cylinder's circumference and in which the said projections may enter and
      retract from the tape openings upon relative rolling motion between the
      tape and the cylinder periphery;
PA1  D. bearings mounting said cylinder in said assembly so that it is free to
      rotate upon relative rolling motion between it and the engaging portion of
      the tape;
PA1  E. securing members for attaching said assembly and said tape to the
      apparatus so that either the axis of said cylinder or a point on the
      longitudinal axis of said tape moves linearly in precise concordance with
      the movement of the movable part of the apparatus and in a direction
      perpendicular to the axis of rotation of said cylinder while the other
      element of such assembly remains stationary with reference to the movable
      part, the center line of said tape being held in the same plane throughout
      its operative length;
PA1  F. an adjustable portion on at least one of said securing members for
      applying tensile stress to the tape in said predetermined narrow range of
      stress; and
PA1  G. means for translating the rotation of the cylinder produced by relative
      motion between the cylinder and the tape caused by movement of the said
      movable apparatus part into a perceptible measurement of such movement.
NUM  6.
PAR  6. A measuring system according to claim 5 in which said idlers are
      positioned adjacent said cylinder to maintain said tape in engagement with
      the periphery of said cylinder over more than 180 but less than
      360.degree. of wheel arc.
NUM  7.
PAR  7. In a measuring system for use with machinery of the type which has a
      fixed part and a part which is linearly movable with respect to the fixed
      part, the combination comprising,
PA1  A. an elongated flexible tape having a number of similar openings with
      their centers spaced at precisely equal intervals S along its length;
PA1  B. an assembly having disposed therein a cylinder having its outer
      periphery engaged by said tape, said cylinder further having a
      circumference slightly less than NS, where N is a small whole number
      greater than one;
PA1  C. n projections extending outwardly from the periphery of the cylinder
      with their centers being separated by angles corresponding to 2.pi./N,
      each of said projections having a transverse cross-section at the pitch
      line of the tape about the cylinder which coincides in shape with the
      openings in said tape;
PA1  D. means for retaining the tape in contact with said cylinder in which it
      engages the periphery of the cylinder so that the projections may enter
      and retract from the openings in the tape upon relative motion between the
      tape and the cylinder, the center line of said tape being held in the same
      plane throughout its operative length;
PA1  E. means mounting said cylinder in the said assembly so that it is free to
      rotate upon relative motion between the assembly and the engaging portion
      of said tape;
PA2  1. said assembly having means for attaching it to either the fixed or the
      movable part of the machinery and said tape having means for attaching
      said tape to the part of such machinery to which the assembly is not
      attached, whereby motion of the movable part in relation to the fixed part
      will cause corresponding relative motion between the tape and the
      cylinder;
PA3  a. said attaching means including an adjustable securing assembly means for
      maintaining said tape under substantially the same longitudinal tensile
      strain as when said openings were formed in said tape;
PA1  F. a gear system driven by the cylinder for converting its rotation into a
      greatly increased output rotation indicative of a decimal part of the
      rotation of the cylinder as produced by relative motion between the fixed
      and movable parts of the machinery;
PA1  G. a read-out driven by said gear system; and
PA1  H. means for interposing in said gear system a translating gear having a
      conversion ratio of 254/100M, where M is a small integer, thereby to
      permit decimal read-out in the metric rather than in the English system of
      measurement without changing other parameters of the measuring system.
NUM  8.
PAR  8. In a measuring device having a fixed part and a movable part, the
      combination comprising
PA1  A. a tape having a plurality of spaced openings along a line parallel to
      the longitudinal center line of said tape;
PA2  1. the centers of said openings being spaced a distance of S from one
      another;
PA1  B. a cylinder having a circumference slightly less than NS and rotatably
      mounted on one of the fixed or movable part of said device, and around
      which said tape is closely engaged on an arc of said cylinder of more than
      180.degree. and less than 360.degree., N being a small whole number,
PA2  1. said tape being held in such engagement by idlers adjacent said
      cylinder,
PA2  2. said cylinder wheel axis being perpendicular to the plane of the tape
      longitudinal center line,
PA2  3. and having N projections extending from the periphery of said cylinder,
PA3  a. with the centers of said projections being spaced around said cylinder
      at angles of 2.pi./N radians,
PA3  b. each of said projections closely interfitting into said tape openings;
PA1  C. securing assemblies at each end of said tape on the part of said device
      other than that on which said cylinder is mounted,
PA2  1. said tape being held under tension by said securing assemblies,
PA2  2. said securing assemblies and idlers being aligned to hold the
      longitudinal center line of said tape in a single plane along the
      operative length of said tape; and
PA1  D. means for translating and displaying the rotative movement of said
      cylinder into units of measurement.
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ABST
PAL  A sewing tape especially adapted to provide a measured sewing guide line
      when using a sewing machine. The tape is in the form of a strip provided
      with cuts extending through the tip for separating the tape into ribbons
      of predetermined thickness and has suitable guide lines printed thereon
      some of which coincide with the cuts. The tape is held together by
      pressure sensitive adhesive coated on one surface of the tape which is
      wound under tension.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part and is co-pending with
      application Ser. No. 244,562, filed Apr. 7, 1972, for SEWING TAPE, now
      U.S. Pat. No. 3,797,120.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a sewing tape for facilitating the use of sewing
      machines to provide for accurate top stitching.
PAR  2. Description of the Prior Art
PAR  In the use of sewing machines, even a skilled operator has difficulty in
      maintaining exact alignment and regularity when stitching. Heretofore
      various means for the alignment of the material being sewn have been
      utilized including pins, chalk marks, and the like, all of which are
      unsatisfactory. Pins cannot be used in connection with vinyls, suede,
      leather, and other fabrics which are damaged thereby. Chalk marks often
      leave difficult to clean spots on the fabric and in themselves are not
      wholly accurate.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to overcome the various
      disadvantages of the prior art alignment means while also providing a
      sewing tape that has numerous applications besides facilitating accurate
      and perfect top stitching.
PAR  It is another object of the invention to provide a sewing tape which is
      adapted for numerous uses including aiding zipper applications, to
      stabilize stretchy fabrics, baste hems, simplify pattern alterations,
      measure button and buttonhole placements, which is adapted to mark the
      right and wrong sides of fabrics, and which as adapted to be placed on a
      sewing machine as a stitching guideline.
PAR  The construction of this invention features a sewing tape that is fully cut
      through linearly to separate into ribbons of predetermined widths having
      accurate lines and indicia thereon which may be easily packaged in endless
      rolls under tension with the linear cut apart portions being held in place
      by a pressure sensitive adhesive coated thereon, which is adapted to be
      adhesively secured on a piece of fabric in a manner so as to be securely
      fastened thereto while being easily removable from the fabric without
      pulling or stretching the fabric, and which is inexpensive to manufacture
      in elongated strips adapted to be formed into rolls for packaging at
      relatively low cost thereby permitting wide use and distribution.
DRWD
PAR  These, together with the various ancillary objects and features of this
      invention, which will become apparent as the following description
      proceeds, are attained by this sewing tape, a preferred embodiment of
      which is illustrated in the accompanying drawing, by way of example only,
      wherein:
PAR  FIG. 1 is a plan view of a portion of a sewing tape in accordance with the
      concepts of the present invention with the balance of the tape being wound
      under tension to form a roll;
PAR  FIG. 2 is an enlarged sectional view looking along the plane of line 2--2
      in FIG. 1;
PAR  FIG. 3 is a perspective view illustrating one manner in which the tape may
      be used;
PAR  FIG. 4 is a sectional detail view taken transversely of the tape shown in
      FIG. 3 and illustrating in an enlarged scale the next step of the manner
      in which the tape is used for facilitating top stitching; and,
PAR  FIG. 5 is a view similar to FIG. 3 after stitching has been completed.
DETD
PAR  With continuing reference to the accompanying drawing, wherein like
      reference numerals designate similar parts throughout the various views,
      reference numeral 10 is used to generally designate a sewing tape in
      accordance with the concepts of the present invention. This sewing tape
      includes an elongated strip 12 of paper or paper-like material or any
      other suitable flexible base material, which is provided with a coating 14
      of a pressure sensitive adhesive on the lower face 16 thereof. A plurality
      of depressions 18 are formed in rows and project upwardly from the lower
      face 16 above the upper face 20 of the strip 12. These depressions 18 are
      imperforate forming closed air pockets which are useful for a purpose to
      be hereinafter disclosed. Further, the closed depressions 18 maintain
      their shape even after the tape has been applied on any desired fabric.
PAR  Linear cuts 22, 24, 26 and 28 are formed in and extending fully the strip
      12 and extend longitudinally thereof in spaced parallel relationship to
      each other with the cut 22 being 1/8 inch from the edge 30 of the strip
      12. The cut 24 is 1/4 inch from the edge 30 and the cut 26 is 3/8 inch
      from the edge 30 and 3/8 inch from the edge 32 of strip 12. The cut 28 is
      1/2 inch from the edge 30 and 1/4 inch from the edge 32, the entire tape
      being 3/4 inch in width. Accordingly, suitable indicia 34, 36, 38, 40 and
      42 designate the width of the strip along the cuts 22, 24, 26 and 28 from
      the edge 30 and are suitably printed on the strip 12.
PAR  A plurality of lines 44, 46, 48 and 50 which closely coincide with the cuts
      22, 24, 26 and 28 are printed on the strip 12 and are preferably black in
      color so as to stand out from the color of the strip 12, which may be of
      any suitable color such as yellow, white, cream or the like. These lines
      44, 46, 48 and 50 provide a visual indication of the location of the cuts
      and when the ribbons have been separated along any of the cuts, the
      printed lines 44, 46, 48 and 50 provide visual graphic edging for the
      ribbons. The strip 12 is held together only by the pressure sensitive
      adhesive coating 14a which is applied simultaneously with the cutting and
      printing of the tape and while the tape is being wound under a tensile
      force in the order of 100 lbs. Pressure sensitive adhesive coating 14a
      extends across the fully cut through linear cuts holding the ribbon
      together as illustrated in FIG. 2. The formation of the indentations 18
      aid in the maintenance of the ribbons in the assembled strip formed by
      urging the pressure sensitive adhesive across cuts.
PAR  A first plurality of transverse lines 60 are printed in spaced relation to
      each other any suitable distance apart and extend from the edge 30 to the
      line 48. Other printed lines 62 are 1/4 inch apart from each other, while
      the printed lines 60 are located 1/2 inch apart from each other. In
      addition, transverse lines 64 are provided on the strip 12 and extend from
      the edge 32 to the line 46 so that the ribbon 70 is provided with the
      transverse lines which are 1/4 inch apart.
PAR  In using the sewing tape for top stitching, it is desired to cut a length
      of tape 80 as needed and as shown in FIG. 3. The length 80 has been pulled
      apart along cut 26 to form a ribbon 3/8 inch wide. The edge 30 is placed
      at the seam line on the section of material A which overlies the piece of
      material B and the tape section 80 leaving line 48 as a stitching
      guideline. Then, as shown in FIGS. 4 and 5, it is possible to stitch a
      seam S exactly next to the stitch guideline 48. The tape may be slashed or
      split and wrapped around curves as may be needed. If more than one line of
      stitching is desired, it is possible to stitch directly through the tape
      preferably along one of the guidelines 44, 46, 48 and 50 so that when it
      is desired to remove the tape, the tape will readily pull apart along one
      or more of the cuts 22, 24, 26 and 28, thus allowing the tape to be easily
      removed without disturbing the stitching. Of course, the needle of the
      sewing machine must be wiped clean periodically when stitching through the
      tape.
PAR  Then, as shown in FIG. 5, the tape 80 may be easily removed because of the
      trapped air in the depressions 18. The depressions 18 facilitate the
      removal of the tape without disturbing the fibers of the materials because
      of the break in the adhesive contact of the pressure sensitive adhesive 14
      with the fabric.
PAR  It is to be noted that two or more widths of tape may be combined for
      measurements wider than 3/4 inch. The tape may be used to stabilize
      stretchy fabrics for stitching. The tape 10 is useful for final stitching
      of zippers on outsides of the garmet by use as stitching guides and to
      hold zippers in place inside of a garmet. The transverse lines 60, 62, and
      64 are highly desireable for use as measuring guides for replacing buttons
      and making buttonholes and lines 60, 62 and 64 are useful for measuring
      and holding hems in position at the desired length. Of course, pieces of
      the tape may be placed on the wrong side of cut pieces before removing a
      pattern so that the right from wrong side of the fabric can be easily
      identified. The tape may be used as a machine stitching guide by suitable
      application on a sewing machine. The ribbons may be used as guides in any
      other manner as desired.
PAR  A latitude of modification, change and substitution is intended in the
      foregoing disclosure, and in some instances some features of the invention
      will be employed without a corresponding use of other features.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sewing tape comprising an elongated strip of flexible material having
      an upper face and a lower face, a pressure sensitive adhesive coating on
      said lower face, and fully cut through cuts in said strip extending
      longitudinally the length of said strip completely dividing said strip
      into ribbons of predetermined width, said strip having a plurality of
      imperforate depressions in the lower face and projecting upwardly of said
      upper face causing some of said pressure sensitive adhesive coating to
      extend across said cuts holding said ribbons together, a plurality of
      longitudinally extending lines on said upper face closely coinciding with
      at least some of said cuts, said lines extending parallel to each other,
      indicia on said upper face indicating the distance each of said lines is
      from an edge of said strip, a plurality of transverse lines on said tape
      extending normally to said strip and marking at least some of said ribbons
      into sections of predetermined length, some of said transverse lines
      extending from one edge of said strip to one of said cuts, and others of
      said transverse lines extending from another edge of said strip to another
      of said cuts.
NUM  2.
PAR  2. A sewing tape according to claim 1, wherein said tape is wound in a roll
      under a tensile force of about 100 lbs.
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PAL  The invention described herein relates to a device for use with measuring
      instruments having a movable plunger, such as dial gauge indicators. The
      device includes a body carrying a slidable member, a shoulder element
      movable within the body and a suitable means for mounting the body to the
      measuring instrument. In operation, selective movement of the slidable
      member limits the amount of plunger travel to a fixed distance. The device
      may be utilized with different adapters to vary the measuring capabilities
      of the instrument and at least one novel adapter is described herein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device which is interposable between a dial
      gauge indicator and a workpiece to facilitate the taking of a plurality of
      similar measurements. The device readily receives various adapters for
      making measurements similar to those depicted in U.S. Pat. Nos. 3,101,551
      and 3,225,447, to I. E. Bryant, thereby increasing the measuring
      capabilities of the dial gauge indicator.
PAR  Dial gauge indicators are precision measuring instruments well known among
      machinists. A typical gauge has a face divided into one hundred
      increments, an indicator plunger which is movable into the gauge a
      distance of one inch, and, a dial or pointer which indicates movement of
      the plunger on the face. The dial completes one revolution on the face of
      the gauge for every one-tenth inch of plunger movement to enable the user
      to measure one-thousandth of an inch or less. A second, smaller dial, is
      often employed with a scale indicating tenths of an inch to count
      revolutions of the main dial when measuring distances exceeding one-tenth
      of an inch.
PAR  Although the foregoing dial gauges are widely used by machinists, it is
      often bothersome to watch both dials to determine measurement to the
      nearest tenth of an inch before taking the precise measurement to the
      desired thousandth of an inch. Moreover, the internal mechanism of these
      gauges are relatively delicate and it has been experienced that repeated
      thrusting of the plunger a distance of several tenths of an inch or more
      can cause undue wear of the gauge reducing its accuracy and eventually its
      useful life. For example, in the measurement of a one-half inch bore, the
      dial is driven around the face between four or five revolutions before the
      actual measurement may be taken. If a plurality of these measurements are
      repeatedly made, such as by an inspector, the gauge is subjected to at
      least four unnecessary revolutions of the dial per use.
PAR  By employing the device described hereinbelow, it is possible to adjustably
      preselect and maintain a single one-tenth inch increment within which to
      take a plurality of similar measurements, i.e., in the above instance the
      gauge would be set to measure between 0.4 inches and 0.5 inches and at
      rest would not indicate less than 0.4 inches. Devices which purport to
      perform a similar function have been described in U.S. Pat. Nos.
      2,667,701, to A. G. Davis, and 3,192,635, to C. E. Miles. However well
      these devices may in fact operate, it is believed that the preferred
      embodiments set forth herein represent a new and novel improvement in the
      art.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a device
      usable with a dial gauge indicator which can be readily adjusted to limit
      the amount of movement of the indicator plunger to a desired range, less
      than the total distance of which the gauge is capable of measuring.
PAR  It is another object of the present invention to provide a device usable
      with a dial gauge indicator and which is capable of receiving a variety of
      adapters for taking measurements on different types of workpieces.
PAR  It is a further object of the present invention to provide a device usable
      with a dial gauge indicator and having a minimum number of components
      enabling it to be readily manufactured and easily operated.
PAR  It is yet another object of the present invention to provide a device
      usable with a dial gauge indicator which will prevent undue wear of the
      gauge.
PAR  It is still another object of the present invention to provide a device
      usable with a dial gauge which will permit the user to take a measurement
      much faster than with existing equipment.
PAR  These and other objects of the present invention, together with the
      advantages thereof over existing and prior art forms which will become
      apparent from the following description, are accomplished by the means
      hereinafter described and claimed.
PAR  In general, the device is usable with measuring instruments having a
      movable plunger such as a dial gauge indicator and includes a body
      carrying a slidable member, a shoulder element movable within the body,
      and a means for mounting the body to the measuring instrument. The body
      has a bore extending throughout its length which receives the plunger from
      the measuring instrument. A plurality of notches extend through at least
      one wall of the body and commmunicate with the bore. The slidable member
      engages at least one of the notches and a portion thereof supports the
      shoulder member carried within the bore. Movement of the plunger, which
      rests upon the shoulder member is limited to a desired fixed distance as
      selected by the position of the slidable member on the body.
PAR  The device may be mounted for use with a dial gauge indicator in two
      positions and by substituting various shoulder elements it is possible to
      vary the distance of travel of the indicator plunger. The device may be
      further modified by its use with adapters to permit various type of
      measurements to be made. At least one novel type of adapter is disclosed
      herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation of a preferred form of the device as utilized
      with a dial gauge indicator and depicting measurement of a workpiece;
PAR  FIG. 2 is a cross section taken substantially on line 2--2 of FIG. 1
      depicting the internal structure of the device;
PAR  FIG. 3 is a cross section taken substantially on line 3--3 of FIG. 2
      depicting the relationship of the sliding member with the shoulder member;
PAR  FIG. 4 is an exploded elevational view of the components comprising the
      preferred form of deivce;
PAR  FIG. 5 is a cross sectional view similar to FIG. 2 depicting an alternative
      form of shoulder member;
PAR  FIG. 6 is a front elevation similar to FIG. 1 depicting the device mounted
      in an alternate position;
PAR  FIG. 7 is an exploded elevational view of the components as utilized in the
      embodiment depicted in FIG. 6;
PAR  FIG. 8 is a front elevation of the device coupled with a novel adapter for
      taking different measurements;
PAR  FIG. 9 is a cross section taken substantially on line 9--9 of FIG. 8
      depicting movement of the foot in relation to the anvil of the adapter;
      and,
PAR  FIG. 10 is a cross section taken substantially on line 10--10 of FIG. 9
      depicting the position of the foot within the adapter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The device indicated generally by the numeral 20 is described in
      conjunction with a conventional dial gauge indicator 21 having an
      indicator plunger 22 passing through the upper and lower surfaces of the
      gauge. As it typical, the gauge 21 has a face 23 divided into one hundred
      increments or other suitable number, a primary pointer 24, capable of one
      or more revolutions about the face 23, and a secondary pointer 25, which
      records the revolutions of the pointer 24 as the indicator plunger 22
      passes downwardly through the gauge 21. In order to clearly describe the
      operation of the device 20 it is to be understood that the gauge 21 is
      capable of measuring a distance slightly in excess of 1.000 inch to the
      nearest 0.001 inch. Thus, each revolution of the pointer 24 indicates
      movement of the plunger equal to 0.1 inch, and the numerals 10-90 on the
      face 23 indicate movement equal to 0.01 inch. In normal rest position, the
      plunger 22 extends down through the gauge a distance of 1.000 inch and, to
      "zero" adjust the gauge 21, the dial face 23 can be moved by rotating an
      outer ring 26 until the 0 is positioned beneath the pointer 24 when the
      latter is at rest. Thereafter, a locking screw 28 can be tightened to
      maintain the face 23 in a fixed position.
PAR  The basic structural components of a preferred embodiment of the device are
      most clearly depicted in FIG. 4. The device 20 includes a body portion 30
      which comprises a generally cylindrical barrel having a longitudinally
      extending bore 31 therethrough which partially houses the plunger 22. The
      body 30 and remaining components are preferably constructed of metal for
      durability, although certain plastics or other materials may be suitable.
      The upper end 32 of the body 30 may carry a tapered external thread 33 and
      one or more axial slots 34 for coupling the device 20 to the dial gauge
      21. As depicted in FIG. 2, the gauge 21 has a cylindrical extension or leg
      35 which is received within a bore 36 in the body 30. A knurled ring 38
      engages the threaded portion 33 which, when tightened, will cause the bore
      36 to frictionally engage the leg 35. Of course, equivalent fastening
      means could be employed as desired by the manufacturer so long as the
      gauge 21 is vertically adjustable within the bore 36.
PAR  In the side wall of the body 30 is a plurality of notches 39-48, which as
      seen in the drawings, are longitudinally oriented in an alternating or
      staggered fashion on both sides of and communicating with an elongated
      slot 50, hereinafter collectively referred to as the adjustment slot,
      indicated generally by the numeral 51. The body 30 may be provided with a
      second adjustment slot 51', similar to and opposite the slot 51, although
      it is to be understood that one such slot 51 will suffice. Furthermore,
      the number of notches 39-48, equals ten, corresponding to 0.1 inch
      increments on the dial gauge 21; however, it is within the scope of this
      invention to employ other suitable series of notches, e.g., five or
      twenty. For convenience, scribings (not shown) could be applied to the
      side wall of the body 30 to aid the user in determining the incremental
      range selected without the need for concurrent reference to the dial
      gauge.
PAR  A sleeve or sliding member 52 rotatably communicates with the body 30 and
      is provided with a screw 53 which extends through the side wall thereof,
      through the adjustment slot 51, and into the central bore 31 of the body
      30. A second screw 54 may be employed to engage the adjustment slot 51'. A
      small spool-shaped shoulder element 55, having upper and lower flanges, 56
      and 58, respectively, separated by a generally cylindrical neck, is
      positioned within the bore 31 and is generally maintained therein by the
      screws 53 and 54 as depicted in FIG. 2. The shoulder element 55 may have
      an internally threaded bore 59 passing through the lower flange 58 for
      receiving the upper threaded end 60 of a plunger extension 61. Although
      the shoulder element 55 and plunger extension may be one continuous
      member, greater measuring capabilities are available utilizing a removable
      extension 61 as will become apparent below.
PAR  The plunger extension 61 may be a fixed distance such as 1.000 inch below
      the lower end 62 of the body 30, or below an adapter such as 63, for
      reposing against a workpiece indicated generally by the letter W. The
      adapter 63 is a bar-shaped member, having a broad flat underface 64, which
      will traverse a larger bore than would the lower end 62 of the body 30.
      The adapter 63 has an axial leg 65 and is readily coupled to the device
      20, via knurled ring 66 and threaded surface 68, in the same manner as the
      device 20 is coupled to the gauge 21. The plunger extension 61 passes
      freely through a bore 69 in adapter 63.
PAR  The sliding member 52 is movable along the body 30 when the former is
      rotated so that the body of screw 53 is within the elongated slot 50 and
      the body of screw 54 is within the elongated slot 50'. The shoulder
      element 55, being confined in position by the ends of screws 53 and 54,
      then travels with the sliding member 52. When the device 20 is coupled to
      the gauge 21, the indicator plunger 22, having a removable tip 70, rests
      against the upper flange 56 of shoulder element 55 and movement of the
      sliding member 52 upwardly along the body 30 will retract the plunger 22.
      By rotating the sliding member 52 a few degrees to the right or to the
      left, the screws 53 and 54 will engage one of the nearest notches, 39-48
      and 39'-48' respectively. Further downward movement of the plunger 22,
      shoulder element 55 and plunger extension 61 ceases, as the upper flange
      56 now contacts the screws 53 and 54.
PAR  Utilizing the above described gauge 21, for measuring up to 1.000 inch as
      exemplary, each of the alternating notches 39-48 and 39'14 48' is spaced
      at an interval of 0.1 inch from the opposite notch. Thus, when the screw
      53 engages notch 48; the plunger 22 is extended a distance of 1.000 inch,
      as is the plunger extension 61 from the flat undersurface 64 of the
      adpater 63. Both pointers 24 and 25 should rest on 0 and a shoulder 71
      between bores 31 and 36 may be provided to facilitate this objective
      during assembly.
PAR  With reference now the shoulder element 55, the preferred distance between
      the upper and lower flanges, 56 and 58, respectively, is 0.1 inch. Thus,
      upward movement of the plunger extension 61 is limited to 0.1 inch, i.e.,
      the distance of travel when the lower flange 58 of the shoulder element 55
      contacts the screws 53 and 54. The dial gauge 21 is therefore limited to
      measuring a 0.1 inch increment from 1.000 inch to 0.9 inch.
PAR  In FIGS. 1 and 2, the slide 52 has been moved upwardly on the body 30 and
      then rotated until the screw 53 rests within the notch 41 (the screw 54
      will also rest within a notch 41' not shown in the drawings). At this
      position, the indicator plunger 22 is extended 0.3 inch, the tip 70 is
      urging the flange 56 against the screws 53 and 54 and, the plunger
      extension 61 is extended 0.3 inch below the undersurface 64 of adapter 63,
      as depicted in phantom in the drawings. When the adapter 63 is placed over
      the workpiece W, a bore B, having a depth greater than 0.2 inch and less
      than 0.3 inch, e.g., 0.225 inch, can be readily measured. Without the use
      of the device 20, the indicator plunger 22 would travel 0.7 inch, or seven
      revolutions of the pointer 24, for each bore B that is measured.
PAR  It should be apparent that if one desired to measure a bore having a depth
      greater than 1.000 inch, e.g., 1.500 inch, 2.750 inch, 4.625 inch, etc.,
      plunger extensions 61 of various lengths could be employed, the slide 52
      being set to the nearest 0.1 inch as in the foregoing example. Also, the
      increments of measure could be varied by substituting various shoulder
      elements 55, differing as to the space between flanges 56 and 58.
PAR  A slight variation of a shoulder element is depicted in FIG. 5, wherein the
      shoulder 80 has an upper flange 81 but no lower flange. A small extension
      82 from flange 81 may be threadably connected to the indicator plunger 22,
      by the removal of the tip 70 from the latter or, if the tip 70 is
      employed, the flange 81 will be flat. The shoulder element 80 may extend a
      distance beyond the lower end of the body 30, or it may be provided with
      an extension 83, similar to the extension 61.
PAR  Utilizing the same example as presented hereinabove, the slide 52 has beem
      moved so that the screw 53 rests in notch 41, and screw 54 is in notch 41'
      wherein the plunger extension 83 extends a distance of 0.3 inch below the
      undersurface 64 of adpater 63. In this instance the plunger 22 and
      extension 83 can travel a total distance of 0.3 inch, between 0.300 inch
      and 0.000 inch.
PAR  In FIG. 6, an alternative embodiment is depicted wherein a modified form of
      the device, indicated generally by the numeral 90, is coupled to the top
      of the dial indicator gauge 21. Although not depicted in the drawing, an
      adpater such as 63 or the like could also be coupled to the gauge
      extension 35 in a suitable manner. The modified device 90 includes a body
      91 comprising a generally cylindrical barrel having a longitudinally
      extending bore 92 therein which receives the upper end of the indicator
      plunger 22. The lower end of the body 91 carries an internal thread 93,
      joining the bore 92, which engages an external mating thread 94 on an
      upper leg 95 extending from the gauge 21. A lock ring 96 is threadably
      interposed between the gauge 21 and device 90.
PAR  The body 91 has an adjustment slot, indicated generally by the numeral 100,
      comprising ten notches 101-110, which communicate with an elongated slot
      112, similar to the arrangement described in conjunction with the device
      20. A second adjustment slot 100' (not shown) may be provided in the
      opposing body wall, having notches 101'-110' communicating with an
      elongated slot 112'. A sliding member 113 is also provided having a screw
      114 engaging the slot 100 and a screw 115 engaing the slot 100'. Both
      screws 114 and 115 extend partially into the bore 92 in the body 91. The
      cap screw 116, which customarily is provided on a gauge 21, may be
      employed as the shoulder element of the device 90 or, if desired, a spool
      shaped element, similar to shoulder element 55 having upper and lower
      flanges could be substituted.
PAR  To assemble the device 90 and couple it to the gauge 21, the lock ring 96
      and body 91 are threaded onto the upper leg 95. The sliding member 113 is
      then positioned around the body 91, toward the lower end thereof, and the
      screws 114 and 115 are threaded into the walls of member 113 so as to
      engage the underside of cap screw 116. In this position, as the sliding
      member 113 is raised on body 91, the cap screw 116 and indicator plunger
      22 will travel away from the gauge 21. Upon rotation of the member 113 to
      the left or right, to engage the screws 114 and 115 within a notch in the
      slots 100 and 100', downward movement of the plunger to its rest position
      will be selectively terminated.
PAR  In FIG. 6, the screw 114 engages notch 103 while the screw 115 engages
      notch 103' (not shown) and the plunger 22 is extended a distance of 0.300
      inch from the lower leg 35 of the gauge 21. Further travel of the
      indicator plunger 22 will be between the dimensions 0.300 inch and 0.000
      inch, unless a spool shaped shoulder element is employed, in which case
      travel could be limited to 0.1 inch or other suitable increment.
PAR  By rotating the entire device 90 upon the threaded leg 95 it is possible to
      further limit the extent of plunger travel. For example, the slide 113 may
      be used to set the plunger depth to 0.300 inch. Then by unscrewing the
      device 90, 0.050 inch, as will be readily observable by the pointer 24,
      measurements may be taken between the dimensions 0.250 inch and 0.000
      inch. Utilizing a spool shaped shoulder element, having a space of 0.1
      inch between flanges, the increment of measure can be lessened to any
      desired extent such as 0.020 inch or 0.010 inch by unscrewing the device.
      Of course, the device 90 can be readily "zero" adjusted by rotation in the
      latter direction and, whenever a desired location is found, the lock ring
      96 may be rotated against the body 91.
PAR  In addition to the adapter 63, previously described in conjunction with the
      device 20, an elongated barrel 120 may be substituted therefor. With
      references to FIGS. 8-10, the barrel 120 is depicted, having an internal
      bore 121 extending longitudinally therethrough, and a milled straight slot
      122 extending through one side wall to the bore 121 as well as along most
      of the length thereof. The slot 122 terminates short of the upper end 123
      of barrel 120 which is received within the lower end 62 of device 20 and
      frictionally engaged therein upon tightening of the knurled ring 66. The
      lower, opposite end of barrel 120 terminates in a flat disc or anvil 124
      also provided with the bore 121 and slot 122.
PAR  An elongated plunger extension 125 is threadably connected at its upper end
      to the shoulder element 55, and at its lower end bears an internally
      threaded portion for receiving a tip 126 having a radially extending foot
      128 which is dimensioned so as to travel freely within the slot 122. The
      radius of the foot 128 as depicted is greater than that of the disc 124,
      although a radius of equal or lesser extent could be utilized. In use, a
      variety of measurements may be taken from the inner and outer surfaces,
      130 and 131, respectively, of the foot 128, to the inner and outer
      surfaces, 132 and 133, respectively, of the disc 124, and barrels and
      extensions of various lengths may be readily substituted. Possible
      measurements include axial distances within internal bores such as
      grooves, rings for seals, and the thicknesses thereof. Unlike many prior
      art devices, wherein the extension 125 is also provided with a disc, the
      particular combination taught herein of a milled slot and a foot slidable
      therein, will enable the skilled machinist to take measurements more
      readily and accurately.
PAR  It is to be understood that with either device 20 or 90, the adpater 63
      could be coupled with an elongated barrel and plunger combination, 120 and
      125, in any suitable manner, wherever such an arrangement would enable the
      user to take a desired measurement. Moreover, other known adapters capable
      of being coupled with the device may be readily employed.
PAR  Thus, it should be evident that the disclosed device carries out the
      objects of the invention set forth above. As apparent to those skilled in
      the art, modifications can be made without departing from the spirit of
      the invention herein disclosed and described, the scope of the invention
      being limited solely by the scope of the attached claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for use with measuring instruments including dial gauge
      indicators and the like which have a movable plunger for determining
      dimensions of a workpiece, comprising:
PA1  a body member having a bore therethrough receiving the plunger and further
      having an adjustment slot extending through at least one wall thereof and
      communicating with said bore;
PA1  means for mounting said body member to the measuring instrument;
PA1  a sliding member carried on said body member over said adjustment slot;
      and,
PA1  shoulder means, engagable with said sliding member for supporting the
      plunger whereby movement of the plunger is limited to a fixed distance as
      determined by the position of said sliding member on said body member.
NUM  2.
PAR  2. A device for use with measuring instruments, as described in claim 1,
      wherein said adjustment slot comprises:
PA1  an elongated slot; and,
PA1  a plurality of notches longitudinally oriented in an alternating fashion on
      opposite sides of said elongated slot.
NUM  3.
PAR  3. A device for use with measuring instruments, as described in claim 2,
      wherein said body member has two said adjustment slots in opposite walls.
NUM  4.
PAR  4. A device for use with measuring instruments, as described in claim 2,
      wherein said sliding member comprises:
PA1  a rotatable sleeve having a screw mounted in a side wall thereof passing
      through said adjustment slot and extending into said bore.
NUM  5.
PAR  5. A device for use with measuring instruments, as described in claim 4,
      wherein said screw selectively engages one of said notches in response to
      vertical movement of said sliding member upon said body and rotation
      thereof.
NUM  6.
PAR  6. A device for use with meausuring instruments, as described in claim 1,
      wherein said shoulder means comprises:
PA1  a generally cylindrical neck moveable within said bore having an upper
      flange and wherein said shoulder means communicates with the end of the
      movable plunger.
NUM  7.
PAR  7. A device for use with measuring instruments, as described in claim 6,
      wherein said shoulder means further includes
PA1  a lower flange at a fixed distance below said upper flange.
NUM  8.
PAR  8. A device for use with measuring instruments, as described in claim 4,
      wherein said shoulder means comprises:
PA1  a generally cylindrical neck movable within said bore, having an upper
      flange, wherein said shoulder means communicates with the end of the
      movable plunger, movement of said upper flange being limited by said screw
      extending into said bore.
NUM  9.
PAR  9. A device for use with measuring instruments, as described in claim 8,
      wherein said shoulder means further includes
PA1  a lower flange at a fixed distance below said upper flange, movement of
      said lower flange being limited by said screw extending into said bore.
NUM  10.
PAR  10. A device for use with measuring instruments, as described in claim 1,
      wherein said device further includes
PA1  means for mounting adapters for interposition between said device and a
      workpiece.
NUM  11.
PAR  11. A device for use with meausuring instruments, as described in claim 1,
      further including:
PA1  a plunger extension detachably mounted to said shoulder means.
NUM  12.
PAR  12. In combination, a device for use with measuring instruments, including
      dial gauge indicators and the like which have a movable plunger, and an
      adapter for interposition between said device and a workpiece comprising:
PA1  a body member having a bore therethrough receiving the plunger and further
      having an adjustment slot extending through at least one wall of said body
      member and communicating with said bore;
PA1  means for mounting said body member to the measuring instruments;
PA1  means for mounting said body member to the adapter;
PA1  a sliding member carried by said body member over said adjustment slot;
      and,
PA1  shoulder means engageable with said sliding member for supporting the
      plunger whereby movement of the plunger is limited to a fixed distance as
      determined by the position of said sliding member on said body member.
NUM  13.
PAR  13. The combination of claim 12, wherein the adapter comprises:
PA1  a bar having a relatively broad, flat surface;
PA1  a leg extending from a surface opposite said flat surface and receivable
      within said bore in said body; and,
PA1  a transversely extending bore in said leg and said bar.
NUM  14.
PAR  14. The combination of claim 12, wherein the adapter comprises:
PA1  an elongated barrel having a flat disc at one end;
PA1  a longitudinally extending bore therethrough;
PA1  a straight slot extending through one wall of said barrel and said disc and
      contiguous with said bore, said slot terminating before said opposite end
      of said barrel;
PA1  a plunger extension detachably mounted to said shoulder means and movable
      within said longitudinally extending bore; and,
PA1  a foot carried by said plunger extension reciprocable within said slot
      whereby measurements may be taken on a workpiece between said disc and
      said foot.
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ABST
PAL  A gear testing apparatus has a probe or feeler biassed into engagement with
      a gear tooth flank for measurement of the flank. To lift the feeler from
      the tooth flank and/or to displace it to a further setting in which it can
      be used to measure an oppositely facing flank a mechanism is provided that
      requires only a momentary power input to effect the lifting or
      displacement. The apparatus is arranged to retain the feeler in its new
      setting when lifting or displacement has occurred and after said power
      input has been discontinued.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to feeler or tracer apparatus for the testing of gear
      forms and is concerned with the provision of means for lifting a probe or
      feeler from a gear tooth flank under measurement and/or changing over the
      setting of the probe or feeler for respective measurements on left-hand
      and right-hand tooth flanks.
PAR  In a known gear testing apparatus, the probe or feeler can be lifted from a
      tooth flank by means of an electromagnet which is continuously on after
      the lifting operation and during the measurement process. Due to the long
      period for which the electromagnet is switched on, a heating effect occurs
      which has an effect on the measurement. In addition, with this known
      apparatus a change-over from the pitch measurement of left-hand tooth
      flanks to that of right-hand tooth flanks has to be effected manually by
      another arrangement of the separate feelers.
PAR  One object of the invention is to limit a minimum the heating of the
      apparatus by the mechanism for said adjustments of the probe or feeler in
      order to avoid any influence on the results of measurements. Another
      object of the invention is to eliminate the necessity for manual
      adjustment when changing over from the measurement of one tooth flank to
      an oppositely facing flank.
PAC  SUMMARY OF THE INVENTION
PAR  This is achieved according to the invention by providing a power
      transmitter that is operative only intermittently on the probe or feeler
      and simply for the lifting of the probe or feeler and/or for its
      change-over from one flank to an oppositely facing flank.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more particularly described by way of example with
      reference to the accompanying diagrammatic drawings, wherein:
PAR  FIG. 1 is a perspective view of one form of feeler apparatus according to
      the invention,
PAR  FIG. 2 is a perspective view of a second form of feeler apparatus according
      to the invention, similar in many respects to that in FIG. 1 but having a
      different lifting and changeover mechanism, and
PAR  FIG. 3 is a plan view of a feeler arrangement incorporating the apparatus
      of FIG. 1 or FIG. 2 and having a pair of spaced probes or feelers for gear
      pitch measurements.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 of the drawings, this shows a base plate 1 which is
      guided by means (not shown) for reciprocatory movement in the direction of
      arrows 2 on a gear production or testing machine. Said machine can be of
      known design and as its form is not part of the subject matter of the
      present invention, it is not illustrated, although further details of one
      manner of mounting the base plate are shown in FIG. 3 and will be further
      described below with reference thereto.
PAR  Fixed on the base plate 1 is a pedestal 3 to which two parallel leaf
      springs 4 are secured by their rear ends, while a support 5 is fixed to
      the other end of the two springs. In their intermediate zones between the
      two ends the springs 4 are provided with stiffening means 6. The support 5
      is thus mounted to be movable in the direction of the arrow 7, the leaf
      springs 4 acting as guides in a parallel motion linkage.
PAR  Fixed in the support 5 to project forwardly therefrom is a probe or stylus
      8, which is shown in contact with a flank 9 of a gear 10 mounted in the
      gear production or testing machine for rotation as indicated by the arrow
      12. In the tooth space in which the probe is shown, reference 11
      designates the tooth flank opposite the flank 9. The support 5 also has
      arranged thereon a measuring pin 13, which is a part of an induction
      sensing arrangement responsive to the position of the probe 8 in the
      direction 7, the associated electric or electronic measuring elements of
      said arrangement being arranged in a housing 14, fixed on the base plate
      1. Such induction sensing arrangements are known in the art of measurement
      and require no further illustration or explanation here.
PAR  Also fixed on the support 5 is a stop pin 15, which limits the movement of
      the support 5 in the direction of the arrows 7. For this purpose the pin
      15 co-operates with stop discs 16 and 17, which are held on a bolt 20
      secured in a support 21 fixed to the base plate. The discs 16, 17 are
      urged towards each other by springs 18 and 19 but this movement of the
      discs 16, 17 is limited by stop discs 23 and 24 mounted on a screw member
      22 threadedly engaged by the support 21. The member 22 is thus adjustable
      to vary the positions of the stop discs 23, 24, so varying the biassed end
      positions of the discs 16, 17 and thereby determining the end positions of
      the support 5 and the probe 8 in the direction of the arrows 7.
PAR  The support 5 also has fixed thereon a leaf spring 25, on which is secured
      a rigid extension 26 formed with an opening 27. Engaging in this opening
      is an eccentric pin 28 of a rotor arm 29, forming part of a motor 30 which
      is mounted on the base plate 1. The rotor arm 29 has a pivoting movement,
      as indicated by the arrow 33, between angular end settings 31 and 32. The
      settings 31 and 32 are inclined somewhat below the horizontal through the
      axis of rotation of the rotor arm, i.e. the arm can be rotated through
      more than 180.degree., but less than 360.degree.. Due to the resilient
      deflection of the leaf spring 25 at the end positions, there is therefore
      a transverse pressure of the extension 26 on the eccentric pin 28 that
      provides a force component urging the rotor arm downwards and thereby
      locking the arm in the end position it has reached, even with the motor 39
      switched off.
PAR  In operation, with a helical or spur gear to be tested rotated to a first
      position, the probe 8 is brought into contact with one tooth flank, as
      shown, when the base plate 1 is moved to a forward, measuring position.
      The position of the probe is sensed by the measuring pin 13 and can be
      indicated and/or recorded by conventional instrumentation. If required,
      the probe can trace a measurement path over the tooth flank by movement of
      the base plate, possibly in conjunction with rotation of the gear. When
      measurement of the flank has been completed, the probe is disengaged from
      it by displacing the base plate to its rearward position in the direction
      2 and after rotary indexing of the gear the next tooth space is located
      before the probe for the base plate to be moved forwards again and the
      next measurement made in a similar manner.
PAR  The procedure serves for measuring one flank of each tooth -- e.g. in the
      position of adjustment of the apparatus shown in FIG. 1, the apparatus is
      set for measuring the left-hand flank 9 of each tooth. If the apparatus is
      now to be used for making a measurement on the right-hand flank 11, the
      motor 30 is briefly switched on, whereupon the rotor arm 29 swings the
      eccentric pin 28 from the angular position 31 into the position 32.
      Consequently, the extension 26, through the leaf spring 25, urges the
      support 5 from a leftwardly biassed position to a rightwardly biassed
      position on the parallel motion linkage provided by the springs 4. The end
      position of the support 5 is given by the stop pin 15 and the stop disc
      17, and will require to be reset by the screw member 22 according to the
      module of the gear to be tested. After this changeover for the testing of
      the right-hand tooth flanks, the measurement of the flanks proceeds in
      just the same way as with the left-hand tooth flanks. The mechanism
      comprising the motor 30 for adusting the position of the support 5 can be
      used alternatively or additionally for the purpose of lifting the probe
      from a tooth flank in essentially the same way.
PAR  A modification of FIG. 1 can be seen in FIG. 2, where parts corresponding
      to those already described are indicated by the same reference numbers. In
      this embodiment, however, an electromagnet 34 is mounted on the base plate
      1 instead of the motor 30. Magnet coils 35 and 36 can be energised to pull
      a lever 37 pivotally mounted in the magnet 34 towards one or other side.
      In each of its opposite end positions the lever is urged rearwards by a
      spring 38 and is thus held in either end position when the electromagnet
      is without current. A slot 39 in the lever 37 engages a pin 40 of an
      extension 41 which is connected to the leaf spring 25 and the displacement
      of the lever by momentary operation of the electromagnet changes the
      position of the support 5 to the same effect as the arrangement in FIG. 1.
      The lateral pressure on the lever 37 from the pin 40 is resisted by the
      force of the spring 38 in both end positions of the lever.
PAR  FIG. 3 shows an arrangement of feelers for pitch testing by measuring the
      spacing of two similarly directed flanks 9, 44 of a spur or helical gear
      10. The arrangement comprises two feeler units 42, 46 of which the
      left-hand unit 42 is precisely of the form illustrated in FIG. 1 or FIG. 2
      and is indicated with the probe 8. The right-hand unit 46 is simply an
      opposite-handed form of the unit 42 and does not therefore require any
      further description or illustration. Its probe is indicated by the
      reference number 45.
PAR  Each unit 42, 46 is displaceably secured on a respective cross-slide 43, 47
      to be movable towards and away from each other. The cross-slides 43, 47
      are pivotally securable on a main slide 48 movable forwards and backwards
      in the direction of the arrows 2 and thus providing the previously
      described reciprocating movements of the base plate 2 of each unit. The
      settings of the units 42, 46 along their cross-slides 43, 47 and the
      angular positions of the cross-slides on the main slide 48 are dependent
      on the number of teeth on the gear to be tested and the tooth spacing. As
      will be clear from this figure, the mutually oblique arrows 2 drawn in
      FIGS. 1 and 2 indicate different positions of angular adjustment of the
      cross-slides on the main slide.
PAR  The manner of adjusting the settings of the probes for measurement of the
      opposite tooth flanks is of course as already described. It will be
      appreciated that the motors 30 or the electromagnets 34 of the respective
      units can be actuated simultaneously by a common input.
PAR  It is a feature of the constructions described that there will be virtually
      no heating effect on a feeler unit from the brief switching on of the
      motor 30 or the electromagnet 34. The test measurements are thus
      unaffected by thermal effects from this source.
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. Feeler apparatus for gear testing comprising, in combination, a support,
      carrier means mounted on said support, a probe element held by said
      carrier means for engagement with a tooth flank of a gear to be tested,
      displacement means for adjusting the position of the element on the
      support between at least two alternative positions, said carrier means
      permitting movement of said element relative to the support in each of
      said positions, said displacement means comprising a motive power device
      for effecting the adjustment of said element between the alternative
      positions, and biassing means acting on said element to retain it in
      either position after each adjustment whereby the motive power device is
      operative only for the displacement of the element to each alternative
      setting.
NUM  2.
PAR  2. Feeler apparatus for gear testing comprising, in combination, a support,
      a probe element mounted on said support for engagement with a first tooth
      flank of a gear to be tested, displacement means operable upon said
      element for adjustment of the element position to displace said element
      laterally away from said first tooth flank until it is caused to engage a
      second tooth flank of the tooth space bounded by both said flanks and
      location means for urging the element to either of two mutually remote
      positions in dependence upon the direction of adjustment of the element,
      the location means retaining said element in a respective position after
      operation of the displacement means to move it toward said position,
      whereby said displacement means are operative only during the adjusting
      displacement of said element.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said retaining means bias the
      probe element towards engagement with a tooth flank and said displacement
      means comprise a rotatable member that swings through an angle greater
      than 180.degree. and less than 360.degree., said member acting against the
      biassing means in an intermediate part of said swinging movement to adjust
      the element position against the biassing means force and said biasing
      means acting on the member in opposite end positions of said swinging
      movement to retain the member in said end positions.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein said displacement means comprise
      electromagnet means operatively associated with said element to effect
      said adjustment of element position by pulse operation.
NUM  5.
PAR  5. Apparatus according to claim 4 further comprising a lever displaceable
      by said pulse operation of the electromagnet means, said lever being
      connected to the probe element thereby to effect said adjustment of
      element position, said retaining means comprising a resilient member
      acting on the lever to retain it in alternative end positions of
      adjustment corresponding to said adjustment of element position.
NUM  6.
PAR  6. Feeler apparatus for gear testing comprising, in combination,
PA1  a. a support,
PA1  b. a probe element for engagement with a tooth flank of a gear to be
      tested,
PA1  c. means mounting said element on said support in an adjustably
      displaceable manner,
PA1  d. displacement means operable to displace the element for adjustment of
      the element position, whereby said element is caused to either of engage
      the respective laterally opposite tooth flanks bounding a tooth space of
      said gear to be tested,
PA1  e. drive means for said operation of the displacement means, and
PA1  f. biasing means acting between the support and the element for urging the
      element laterally towards the respective tooth flank determined by the
      position of the element by said displacement means,
PA1  whereby the drive means of said displacement means are operative to effect
      the adjusting displacement of the element only between the respective
      positions and the element is retained in each position by said biasing
      means after said operation of the drive means.
NUM  7.
PAR  7. Apparatus according to claim 2, wherein a resilient link between the
      displacement means and the probe element urges the element towards the
      respective tooth flank of the alternative element settings.
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ABST
PAL  A method and apparatus for establishing the azimuth position of a remote
      object is provided utilizing a north seeking gyro and a rotating transfer
      arm. Alignment devices such as an autocollimating telescope is provided at
      one end of the transfer arm for determining the relative position and
      alignment of the remote object to the transfer arm. A balance weight is
      provided at the other end of the arm to provide appropriate compensation
      for free rotation. The output of the north seeking gyro is connected to
      the transfer arm through an encoder while the telescope is rotatably
      connected to the transfer arm also through an encoder. The sum of the two
      angles measured by the encoders will provide the azimuth position angle
      for the remote object.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to an apparatus in combination with a
      north seeking gyro to determine the azimuth position of a remote object
      for positioning of the remote object relative to the azimuth. More
      particularly, the present invention is directed to a rotating transfer arm
      mounted on a north seeking gyro that permits the north seeking gyro to be
      maintained stationary as the transfer arm is aligned with the remote
      object to determine its relative position.
PAR  2. Description of the Prior Art
PAR  Various attempts have been made in the prior art for determining the
      position of a remote object with respect to the azimuth in a relatively
      short period of time. For example, in directional equipment that is
      mounted on mobile trucks where it is desired to align the equipment
      relative to the true north, it has often been necessary to expend a
      considerable amount of time surveying the proposed location and
      establishing the exact alignment of true north at the site. After the
      direction of true north has been established and marked at the site by,
      for example, positioning blocks, it was necessary to utilize a number of
      theodolites as angle measuring devices for transferring the azimuth from
      the calibrated blocks to the remote object. Since the truck carrying the
      equipment can have a variable location relative to the mounting blocks, it
      was necessary to provide a theodolite with a parallel slide for moving the
      established angular relationship between the theodolite and another
      theodolite mounted above one of the mounting blocks to a perpendicularly
      aligned prism mounted on the guidance platform of the equipment. The time
      and effort involved was extensive and meant that the equipment remained
      inoperative for an excessive period of time before it could be properly
      aligned. Further, it was necessary to employ a surveying team to establish
      the position of the mounting blocks at the site location before the
      equipment could become operative. Generally, it has been found that
      depending on the latitude, the true north can be approximated within a
      plus or minus seven degrees for aligning equipment. However, the exact
      alignment to the azimuth within a range of seconds has been found to be
      extremely difficult.
PAR  Frequently, celestial sightings have been utilized to determine the true
      north. This method, however, suffers the disadvantage of being subjected
      to environmental weather conditions.
PAR  Recently, a rugged north seeking gyro has been developed, as disclosed in
      the Ambrosini U.S. Pat. No. 3,512,264 granted May 19, 1970 which permits
      an exact determination of the true north within a remarkably short period
      of time. However, as can be appreciated by those skilled in the art, a
      north seeking gyro instrument pendulously or otherwise mounted in
      extremely sensitive to any movement once it has been activated and nears
      final alignment.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method and apparatus of combining a north
      seeking gyro with a rotating transfer arm that mounts an alignment means
      at one end of the transfer arm. The alignment means is capable of
      determining the relative heading of the remote object and can, for
      example, be an autocollimating or autoreflecting telescope. Means are
      provided for determining the azimuth of the remote object from the
      position of the alignment means and from the output indicator of the north
      seeking gyro. These determining means include a pair of encoders having
      their rotors rotatably connected through a flexible bellows connection
      respectively to the telescope and the north seeking gyro. Calibration
      means, including a mirror, is provided to ensure that the horizontal
      alignment of the telescrope will be maintained relative to the horizontal
      alignment of the north seeking gyro. In transferring the azimuth to the
      remote object, the true north is determined by the north seeking gyro and
      then the transfer arm is rotated to align its autocollimating telescope
      with a reflector such as a porro prism on the remote object. The encoders
      then determine the sum of the relative angles to give the horizontal
      direction in which the telescope is pointing. This result can be
      transmitted to the remote object and the remote object can be accordingly
      moved until it is in alignment.
PAR  Frequently, portable equipment will have a guidance platform that will
      incorporate a gyroscope and a porro prism for determining the relative
      position of the prism with the guidance platform gyroscope. The gimbals of
      the gyroscope are generally maintained locked on the guidance platform and
      the azimuth determined by a first reading with the equipment accordingly
      adjusted. After the azimuth adjustment has been provided to the equipment
      or at least stored in the guidance system, a second reading is
      accomplished with the gimbals unlocked to ensure the appropriate azimuth
      aligning.
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description, taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of the present invention; and
PAR  FIG. 2 is a schematic illustration of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a north seeking gyro 2 utilizes a suspension band 4
      that pendulously supports in the vertical plane or axis the rotary gyro
      (not shown). The details of this north seeking gyro can be found in U.S.
      Pat. No. 3,512,264 granted to Ambrosini. Briefly, the gyro will quickly
      align itself with the meridian of the earth and oscillations will be
      damped out by coil torquers (not shown) which are mounted respectively on
      the rotary gyro and the container 7 which encloses and follows the rotary
      gyro. The transfer arm 10 is mounted for rotation on the bearings 11 at
      the top of the north seeking gyro 2 and has a radial axis relative to the
      vertical reference axis of the gyro 2. At one end of the transfer arm 10,
      a telescope 12 is mounted and can be an autocollimating or autoreflecting
      telescope. In a preferred embodiment, a 30X telescope with autocollimation
      capability that can be focused from 1.7 meters to infinity has been used.
      A balanced weight 15 is mounted at the other end of the rotating transfer
      arm 10 and the combined dimensions of the transfer arm 10, telescope 12
      and balanced weight 15 provide equal wind resistance so that the trnasfer
      arm 10 will be stable and not influenced by wind. For the convenience of
      the operator, a 60.degree. eyepiece 13 can be mounted on the telescope 12
      so that an operator can look downward when utilizing the telescope 12.
      Bearings 17 mount the telescope 12 rotatably on the transfer arm 10 and an
      encoder 14 consisting of a rotor 18 and a stator 20 is connected to the
      telescope 12. The stator 20 is held by fasteners 21 to the transfer arm
      10. The rotor 18 is connected directly to follow the line of sight of the
      telescope 12 through a bellows assembly 26 that comprises an upper and
      lower flexible bellows 28 intermediately connected by a metalic
      cylindrical sleeve 30. The bellows assembly 26 must transmit rotational
      information to a high degree of accuracy (1 to 2 arc seconds maximum
      error) over a wide temperature range and with adequate compliance in all
      axis other than the axis of rotation. While the maximum torque required to
      rotate the encoders 14 and 16 is small (ounce-inches) the tortional spring
      constant of the coupling must be very high when considering the angular
      deflection allowed. The bellows 26 and 28 possess the high tortional
      spring constant required as they are composed essentially of parallel
      plates, welded at the periphery. Thus, the bellows assembly 26 provides a
      sensitive and accurate following of the rotor 18 with the actual movement
      of the telescope 12. A pair of 18 bit whole word optical encoders have
      been successfully utilized in the present invention. A similar bellows
      connection is employed to connect the rotor 22 with the container housing
      7.
PAR  The container housing 7 will, by virtue of the alignment of the coil
      torquers (not shown) be positioned at a 90.degree. relationship to the
      meridian or along the azimuth. The gyro encoder 16 has its stator 24
      connected by appropriate fasteners 25 to the transfer arm 10. The standard
      deviation of all errors is 10 arc seconds which is composed of errors from
      the following sources; total transfer arm 10, both encoders 14 and 16 plus
      accompanying electronic bellows coupling errors, telescope errors, errors
      due to non-parallelism of the vertical axis of the telescope with respect
      to vertical axis of the north seeking gyro and operator errors.
PAR  The electronic unit (not shown) basically consists of a control panel,
      binary to decimal converter (binaverter) electronics, power supply and the
      optical encoders electronics. The north seeking gyro 2 can be mounted on a
      foldable tripod assembly (not shown) which consists of a base plate and
      three hinge-mounted legs. Three hold-down clamps installed on the base
      plate are used to secure the gyro unit 2 in the tripod assembly. A
      circular level vial can be provided on the base plate to enable coarse
      leveling of the instrument. Three fine-leveling screws can be provided on
      the base plate for adjusting the assembly during set up procedures. A
      center section on each leg can be adjusted by loosening a height-locking
      clamp assembly. The ends of the legs can be pointed to maintain the
      assembly stable during operations.
PAR  Various locks and telescope controls can be provided to permit the operator
      to adjust and hold elevation, aximuth, reticle focus and telescope focus.
      A magnetic compass (not shown) can be provided on any of the equipment
      covers to provide a rough directional reference.
PAR  A bubble level 43 is provided on the base of the aiming telescope 12 to
      indicate the level of the system while making azimuth alignments and
      transferring azimuth lines.
PAR  Alignment compression plates 32 can be positioned adjacent the telescope
      mounting 9 to permit a vertical alignment by the torquing of appropriately
      positioned bolts 33. To supplement or replace the compression plates 32, a
      trio of fine adjusting screws (not shown) can be provided to adjust the
      vertical alignment.
PAR  The transfer arm 10 can have mounted on it one or more jack assemblies 45
      to assist in parallel aligning the vertical axis of the telescope 12 to
      the vertical axis of the north seeking gyro 2. Frequently, the equipment
      to be aligned with respect to the true north direction will not lie on the
      same horizontal plane as the telescope 12 and it is necessary to insure
      that the vertical axis of the north seeking gyro 2 and the telescope 12
      are reasonably parallel. Since the transfer arm 10 is cantilevered from
      the north seeking gyro 2 there is a tendency for the transfer arm 10 to
      bend under the gravitational pull of the earth. The use of the jacks 45
      permit compensation stress to be introduced to the transfer arm 10.
      Preferably, the jacks 45 will at least be positioned on the top and bottom
      of the transfer arm 10. It is, however, possible to utilize the jacks 45
      on all four sides of the transfer arm 10. The jacks 45 are anchored at
      points 46 and 38 to the transfer arm 10 and threaded rods 50 and 52 are
      connected by an adjustment nut 54 to exert either a compensation
      compression or tension stress to the transfer arm 10 through the anchor
      points 46 and 48. This compensation stress will insure a parallel
      alignment of the gyro 2 and the telescope 12 vertical axis.
PAR  The entire rotating arm aiming device system can be initially calibrated
      from a known set reference. Generally a reference telescope aligned with
      the set references will be aligned with the telescope 12 to insure a
      proper reference point for true north. A mean average of readings through
      360.degree. with the gyro 2 will be taken to determine any deviational
      errors from the standard reference true north. The final reading is then
      taken at the mean average and any corrections to the system are then made.
PAR  This calibration correction is then physically transferred to the
      particular instrument by aligning the telescope 12 with an alignment
      mirror 38 connected to the container housing 7. The binary read out of
      this value is recorded and preferably attached to the casing of the gyro 2
      as an azimuth decal. A calibration alignment of the encoder 14 and 16 read
      outs can be thus accomplished before each operation of the gyro system by
      autocollimating the telescope 12 to the alignment mirror 38 and adding or
      subtracting from the binary read out of the encoders 14 and 16 in an
      offset switch panel until the known calibration reading on the aximuth
      decal is duplicated and the system is calibrated. A cover 40 has a window
      42 for the appropriate alignment of the telescope 12 with the mirror 38.
PAR  As mentioned above, vertical deviations from a relative parallel
      arrangement of the axis of the telescope 12 and the axis of the gyro 2 are
      a source of error. This error can be minimized to a tolerable degree by
      the following procedure. The telescope standards or base has a bubble
      level 43 mounted on the theodolite axis in the vertical gravitational
      plane of the telescope 12. The telescope base 12 is rotated 360.degree. to
      determine any deviations from this vertical plane. If any deviations are
      found, the legs of the tripod assembly are then adjusted until the
      telescope 12 can be rotated 360.degree. without displacing the bubble of
      the level.
PAR  At this point, it is then known that the telescope axis is in the vertical
      gravitational plane. To make sure that the gyro axis is also in the
      vertical gravitational plane and thus parallel, the transfer arm 10 is
      rotated 180.degree. degrees or until the maximum error is found on the
      bubble level 43. The correction adjustment is generally one half of the
      displacement reading of the bubble level 43. This adjustment is
      accomplished by the appropriate addition of compression or tension stress
      to the adjustment arm by the jacks 45. Generally the adjustment is the
      addition of compression to the top of the transfer arm 10. This procedure
      is repeated until any deviation from parallel is within 5 arc seconds.
PAR  In operation, the relationship between the angles A, B, and C, and seen in
      FIG. 2, is set forth as follows:
EQU  &lt;A + &lt;B + &lt;C = 180.degree.
EQU  360.degree. - .theta..sub.1 + .congruent.1/2.degree. - .theta..sub.2 + &lt;C =
      180.degree.
EQU  &lt;C = .theta..sub.1 + .theta..sub.2 - 360.degree.
EQU  &lt;C + 180.degree. = .theta..sub.1 + .theta..sub.2 - 180.degree.
EQU  &lt;C + 180.degree. = (.theta..sub.1 - 180.degree.) + .theta..sub.2,
      .theta..sub.1 = .theta..sub.1 - 180.degree.*
EQU  HDG = .theta..sub.1 + .theta..sub.2
FNT  *(Accomplished by the encoder mounting method)
PAR  As can be seen from the above calculations, the summation of the two
      encoder outputs from the north seeking gyro 2 and the telescope 12 will
      provide the appropriate azimuth position of the object to be aligned.
      After the appropriate calibration steps have been accomplished, the north
      seeking gyro 2 is activated and given sufficient time to establish a
      meridian. If desired, and antibacklash gear locking torque can be applied
      so that when the transfer arm 10 is rotated, it will not disturb the
      meridian position of the gyroscope 2. The actual physical dimension of the
      radius or radial axis of the transfer arm 10 from the north seeking gyro
      axis to the telescope 12 will depend upon the relative distance from the
      remote object and the initial error range of alignment of the object. For
      example, a truck carrying directional equipment can use a magnetic compass
      to position itself within a plus or minus seven degrees of the true north.
      If the north seeking gyro 2 must be positioned 90 inches from the guidance
      platform, then the arm must be 12 inches in radial length to ensure a
      complete range of movement to the telescope within the plus or minus 7
      degrees. If the equipment has a guidance system of its own that utilizes a
      gyro, the equipment will initailly be utilized with the gyro or gimbals of
      the gyro in a locked or caged position. The transfer arm 10 and telescope
      12 are rotated until the telescope 12 is aligned with, for example, a
      porro prism 34. The outputs from the encoders 14 and 16 are added in a
      digital computer 36 to provide the correction to the platform of the
      equipment. Generally the equipment will be moved in accordance with this
      correction to assume a relatively rough alignment with the azimuth. The
      transfer arm 10 and telescope 12 are then again rotated until the
      telescope 12 can position itself relative to the porro prism 34 which in
      some embodiments can be advantageously arranged to be perpendicular to the
      platform axis. The gyro system of the equipment would be uncaged and a
      second reading would be taken to provide a fine adjustment within .1 mil
      of the desired azimuth. The entire operation can be performed in less than
      seven and one half minutes and does not require external information such
      as a predetermined pair of mounting blocks that have been aligned with
      respect to the true north. Thus, the equipment can be quickly utilized
      with respect to the correct azimuth in a relatively short period of time
      at any location. By use of the transfer arm 10 and its particular mounting
      arrangement with the north seeking gyro 2, the north seeking gyro 2 will
      be relatively undistrubed and will be able to provide a reference azimuth
      reading which can ultimately be conveyed to the equipment.
PAR  It should be noted that various modifications can be made to the apparatus
      while still remaining within the purview of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a north seeking gyro system for establishing an azimuth position of a
      remote object including establishing an azimuth position of a remote
      object including a north seeking gyro having a directional reference
      output and a reference axis, the improvement comprising:
PA1  a transfer arm;
PA1  mounting means connected to the transfer arm and the gyro for permitting
      movement of the transfer arm relative to the gyro;
PA1  an alignment device capable of focusing a line of sight at the remote
      object and rotatably mounted on the transfer arm at an offset radial
      position relative to the reference axis of the gyro;
PA1  first means operatively connected with the alignment device for providing
      an indication of the angular position of the line of sight of the
      alignment device relative to the reference axis of the gyro;
PA1  second means operatively connected with the gyro for providing an
      indication of the angular radial position of the alignment device relative
      to the directional reference output established by the gyro, the azimuth
      of the remote object being determined from the indication outputs of the
      first and second means.
NUM  2.
PAR  2. The invention of claim 1 wherein the mounting means permits a rotational
      movement of the transfer arm about the reference axis of the gyro.
NUM  3.
PAR  3. The invention of claim 11 wherein the first means includes a first
      encoder connected to the alignment device and the second means includes a
      second encoder connected to the gyro.
NUM  4.
PAR  4. The invention of claim 3 wherein the alignment device is a telescope.
NUM  5.
PAR  5. The invention of claim 3 wherein the first and second encoders are
      rotatably connected respectively to the telescope and gyro by flexible
      bellow connections.
NUM  6.
PAR  6. The invention of claim 5 wherein the alignment device is an
      autocollimating telescope.
NUM  7.
PAR  7. The invention of claim 4 further including means for calibrating the
      vertical alignment of the telescope relative to the reference axis of the
      gyro.
NUM  8.
PAR  8. The invention of claim 3 further including a weight member mounted on
      the transfer arm to balance the arm about its mounting means.
NUM  9.
PAR  9. The invention of claim 4 wherein the transfer arm surface area has equal
      wind resistance on both sides of the mounting means.
NUM  10.
PAR  10. The invention of claim 4 further including compression pads adjacent
      the mounting of the telescope to permit vertical adjustment of the
      telescope relative to its vertical axis.
NUM  11.
PAR  11. The invention of claim 4 further including a porro prism mounted on the
      remote object to permit relative alignment.
NUM  12.
PAR  12. The invention of claim 3 further including calibrating means for the
      encoders including a container for the gyro and a mirror mounted on the
      container adjacent the gyro.
NUM  13.
PAR  13. The invention of claim 12 further including means operatively connected
      with the first and second means for transferring the azimuth position to
      the remote object.
NUM  14.
PAR  14. The invention of claim 1 further including means operatively connected
      with the alignment device for parallel alignment of the vertical axes of
      the alignment device and the north seeking gyro.
NUM  15.
PAR  15. The invention of claim 14 wherein the means for parallel alignment
      includes means for applying stress to the transfer arm to move the arm
      relative to the gyro vertical axis.
NUM  16.
PAR  16. The invention of claim 14 wherein the means for applying stress
      includes at least one jack apparatus mounted on the transfer arm.
NUM  17.
PAR  17. The invention of claim 3 further includes means for determining the
      azimuth of the object including a digital computer operatively connected
      with the first and second means.
NUM  18.
PAR  18. The invention of claim 17 wherein both the first and second encoders
      are respectively connected to the transfer arm.
NUM  19.
PAR  19. In a north seeking a gyro system for establishing an azimuth position
      of a remote object including a north seeking gyro having a directional
      reference output and a reference axis, the improvement comprising:
PA1  a transfer arm having a radial axis;
PA1  mounting means connected to the transfer arm and the gyro for permitting
      rotational movement of the transfer arm about the gyro reference axis;
PA1  a telescope device capable of focusing a line of sight at the remote object
      and mounted rotably on the transfer arm at an offset radial position
      relative to the reference axis of the gyro;
PA1  first means including a first encoder connected to the telescope and the
      transfer arm for providing a signal representative of the angular position
      of the line of sight of the telescope relative to the radial axis of the
      transfer arm;
PA1  second means including a second encoder connected to the directional
      reference output of the gyro and the transfer arm for providing a signal
      representative of the angular position of the radial axis of the transfer
      arm relative to the directional reference output established by the gyro;
      and
PA1  output means for determining the azimuth of the remote object from the
      output signals of the first and second means.
NUM  20.
PAR  20. The invention of claim 19 further including means operatively connected
      with the telescope for parallel alignment of the vertical axes of the
      telescope and the gryo.
NUM  21.
PAR  21. The invention of claim 19 wherein the output means for determining the
      azimuth includes a digital computer.
NUM  22.
PAR  22. The invention of claim 19 further including flexible bellows for
      connecting the telescope and the gyro respectively to the first and second
      encoders.
NUM  23.
PAR  23. A method of establishing the relative position of a remote object to
      the azimuth with a north seeking gyro and a rotatable transfer arm with a
      radial axis having a telescope rotably mounted on the transfer arm,
      comprising the steps of:
PA1  determining true north from the north seeking gyro;
PA1  rotating both the transfer arm and the telescope relative to the transfer
      arm without moving the gyro until the telescope's line of sight is
      co-ordinated to the object, and
PA1  determining the azimuth of the object from the relative angles between
      respectively the transfer arm radial axis and true north and the line of
      sight of the co-ordinated telescope and the transfer arm radial axis.
NUM  24.
PAR  24. The method of claim 23 further comprising the steps of transmitting the
      azimuth position to the object and moving the object until it aligns with
      the azimuth.
NUM  25.
PAR  25. The method of claim 24 further including applying stress to the
      transfer arm through the jack apparatus to move the transfer arm.
NUM  26.
PAR  26. The method of claim 24 further comprising the steps of rotating the
      transfer arm without moving the gyro until the telescope is co-ordinated
      with the aligned position of the object; re-determining the azimuth of the
      object from the relative angles between the true north and the position of
      the telescope; comparing the aligned position of the object with the
      azimuth position from the gyro and moving the object if necessary in
      accordance with the comparison results to ensure a correct azimuth
      position.
NUM  27.
PAR  27. A method of establishing the relative position of a remote object to
      the azimuth with a north seeking gyro having a rotatable transfer arm with
      a radial axis, a telescope rotatably mounted on the transfer arm, a pair
      of encoders connected respectively to the north seeking gryo and the
      telescope and a calibration indicator such as a mirror mounted on the
      gryo, comprising the steps of:
PA1  collimating the telescope to the mirror;
PA1  adjusting if necessary the encoders output reading to a predetermined
      reading for calibration of the encoders;
PA1  determining true north from the north seeking gyro;
PA1  rotating both the transfer arm and the telescope relative to the transfer
      arm without moving the gyro until the telescope's line of sight is
      coordinated to the object; and
PA1  determining the azimuth of the object from the output signals of the
      encoders representing the relative angles between respectively the
      transfer arm radial axis and true north and the line of sight of the
      coordinated telescope and the transfer arm radial axis.
NUM  28.
PAR  28. A method of establishing the relative position of a remote object to
      the azimuth with a north seeking gyro having a rotatable transfer arm with
      a radial axis having a telescope rotatably mounted on the transfer arm and
      at least one jack apparatus mounted on the transfer arm, comprising the
      steps of:
PA1  moving the transfer arm to parallel align the vertical axis of the
      telescope with the vertical axis of the north seeking gyro;
PA1  determining true north from the north seeking gyro;
PA1  rotating both the transfer arm and the telescope relative to the transfer
      arm without moving the gyro until the telescope's line of sight is
      coordinated to the object; and
PA1  determining the azimuth of the object from the relative angles between
      respectively the transfer arm radial axis and true north and the line of
      sight of the coordinated telescope and the transfer arm radial axis.
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PAL  Disclosed herein is a method for determining azimuthal direction relative
      to true north using gyroscopic apparatus. The input axis of a gyroscope is
      rotated at a substantially constant rate about the local vertical axis. A
      series of precessional rates at the gyroscope's output axis is measured as
      the input axis rotates through a predetermined portion of each half
      revolution. The predetermined portion of each half revolution of the input
      axis is in known relationship to the heading or reference being
      determined. Each difference in successively measured ones of the series of
      precessional rates is filtered to reduce the effect of drift within the
      gyroscope and thereby accurately determine the azimuthal direction of such
      heading relative to true north.
PARN
PAR  This is a continuation of application Ser. No. 175,854 filed Aug. 30, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a method for determining azimuthal
      direction and more particularly to a method for determining azimuthal
      direction relative to the earth's true north using gyroscopic apparatus.
PAR  As is known, gyroscopic apparatus have been used for determining azimuthal
      direction relative to true north where, for example, the accuracy
      attainable with a magnetic compass is inadequate. The use of such
      apparatus is based on the fact that, because the earth rotates about the
      true north-south axis, there will be no component of the earth's
      rotational rate about the east-west axis. Consequently, a gyroscope having
      an input axis maintained orthogonal to the earth's vertical axis together
      with mutually orthogonal spin axis and output axis may be used to
      determine the north-south axis. This is so because, absent any error
      within such gyroscope, the amount of precession at the output axis will be
      zero when the input axis is aligned with the east-west axis. In any
      practical application, however, there are developed within the gyroscope
      apparatus torques attributable to, inter alia, imperfections in gimbal
      bearings of the apparatus. Such torques result in precessional rates (i.e.
      drifts) at the output axis which are indistinguishable from precessional
      rates attributable to the earth's rotation. Because the amount of drift is
      generally unknown the accuracy in measuring azimuthal direction with such
      a gyroscope may, in some applications, be unacceptable.
PAR  One method for improving the azimuthal direction measuring accuracy using
      gyroscopic apparatus has been to initially align the input axis of such
      gyroscope along the east-west axis, the latter such axis being determined
      by detecting the position of the input axis where the precessional rate at
      the output axis is zero and then, after reversing the direction of spin
      motor drive of the gyroscope's rotor, to realign the position of the input
      axis so that the precessional rate at the output axis is again zero. Such
      method assumes that the drift of the gyroscope will not significantly
      change after the direction of spin of the rotor is reversed. It follows,
      then, that the effect of drift may therefore be cancelled by assuming that
      the mean direction of the two alignments of the input axis is coaxial with
      the true east-west axis. The reversal of spin direction, however, may,
      unless an extremely stable gyroscope is used, give rise to unwanted
      torques which cause the drift in the gyroscopic apparatus to change after
      reversal. The assumption on which such method is based may therefore be
      invalidated. A second method is sometimes used to determine azimuthal
      direction relative to true north is to initially align the input axis of
      the gyroscope along an estimate of the earth's true east-west axis and,
      while so aligned, to measure the precessional rate at the output axis
      after the gyroscope has "settled out" (i.e. reached a steady state
      condition). The input axis may then be realigned 180.degree. from the
      initial alignment and the precessional rate again measured after the
      gyroscope has settled out. Therefore, with the assumption that the drift
      of the gyroscopic apparatus does not change between the first and second
      measurement, such drift can be calculated and its effect compensated to
      arrive at a true indication of the precessional rate of the output axis
      attributable to the earth's rotation. Such method, however, requires,
      typically, a ten minute "settling time" at each alignment position in
      order to determine the azimuthal direction to an accuracy within a quarter
      of a degree. Consequently, a relatively expensive gyroscope with low drift
      within such settling time must be used. Also, the realignment of the input
      axis will, because of rotational accelerations exerted on the gyroscope by
      such realignment procedure, develop forces within the gyroscopic
      apparatus, which inter alia, result in concomitant changes in the drift of
      such apparatus. The assumption on which the mmeasurement accuracy method
      is based thereby is invalidated.
PAC  SUMMARY OF THE INVENTION
PAR  With the background of the invention in mind, it is an object of this
      invention to provide a method using inexpensive gyroscopic apparatus for
      determining, in a given time period, an azimuthal direction of a reference
      axis fixed in a gyro mounting about the local vertical with a degree of
      accuracy herebefore attainable only with expensive gyroscopic apparatus.
PAR  This and other objects of the invention are attained generally by
      continuously rotating, at a substantially constant rate relative to the
      earth, the spin reference axis of a gyroscope in a plane disposed
      perpendicular to the local vertical. The input axis of the gyroscope is
      also disposed in the plane just mentioned but is orthogonal to the spin
      reference axis. In order to reduce the effect of high frequency drifts
      within the gyroscope a series of precessional torques developed about an
      output axis, (such axis being mutually orthogonal to the spin reference
      axis and the input axis) are measured over a predetermined portion of each
      half revolution of such input axis. Because the housing of the gyroscope
      is rotated at a constant rate the just-mentioned measurements are always
      taken when the housing of the gyroscope is in a steady state condition,
      there is no need for waiting for the gyroscope to settle out before each
      series of measurement of the precessional torques at the output axis is
      made. The predetermined portion of each half revolution of the input axis
      in which measurements are made is in known relationship with the reference
      direction being determined. The difference in the precessional torques for
      successive series thereof is used to determine the azimuthal direction of
      such reference direction relative to true north. In order to reduce the
      effect of long term drifts within the gyroscope each successive one of
      such differences is averaged.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and many of the attendant advantages of the invention will be
      readily appreciated as the same becomes better understood by reference to
      the following detailed description when considered in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 shows a diagram of gyroscopic apparatus greatly simplified for
      practicing the invention;
PAR  FIG. 2 shows a curve representative of the pickoff signal at the output
      axis of a gyroscope in FIG. 1 operating under ideal conditions;
PAR  FIG. 3 shows a curve representative of the pickoff signal at the output
      axis of a gyroscope in FIG. 1 operating under practical conditions;
PAR  FIG. 4 shows the details of the processor in FIG. 1; and
PAR  FIG. 5 shows a timing diagram representative of the operation of the
      processor in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a conventional rate sensing gyroscope 10 has been
      selected to illustrate the principles of the invention. Thus, such
      gyroscope has a case 11 and at least one gimbal 12, such gimbal being
      suitably connected to the case through suitable restraint means 14, as
      shown. As in any gyroscope the degree of restraint provided by such
      restraint means is a compromise between the amount of angular deflection
      required for proper operation of the gyro pickoff and the amount of
      angular deflection permitted to attain any desired degree of precision
      with the method contemplated herein. A rotor 16 is rotatably mounted
      within gimbal 12 by suitable bearings (not shown). The rotor is caused to
      spin about spin axis 18 by any convenient means (not shown). The spin axis
      18 is orthogonal to an output axis 20, such output axis being coaxial with
      the axis of the restraint means 14, as shown. An input axis 22 is mutually
      orthogonal to the spin axis 18 and the output axis 20. As is known, a
      rotational rate about input axis 22 will cause a precessional rate (and
      accompanying restraint torque) to be developed about output axis 20. The
      amount of such restraint torque here may be determined by any conventional
      angular displacement transducer, as a conventional pickoff 32 as shown in
      FIG. 2. Thus, when the case 11 is fastened to the rotor 23 of a
      synchronous motor 24 and the input axis 22 is here preferably maintained
      orthogonal to the local vertical axis by means of a suitable platform 27,
      fixed relative to the earth for supporting the stator 25 of such motor,
      and the case 11 is rotated about such vertical axis at a constant rate
      (preferably one revolution per minute) by means of synchronous motor 24,
      the voltage developed at the output of the pickoff 32 will be proportional
      to the precessional torque developed at the output axis 20. FIG. 2 shows a
      waveform representative of the output of the pickoff 32 when the gyroscope
      10 has no drifts. Such waveform is generally sinusoidal, having a maximum
      and a minimum value when the input axis 22 is, respectively, aligned with
      the local north and south axis (not shown in FIG. 1) and a zero value when
      the input axis 22 is aligned along the local east-west axis, E-W.
      Synchronous motor 24 is adapted by any convenient means, as by mounting a
      pair of contacts to the rotor 23 and the stator 25 in a conventional way,
      to transmit a pulse on line 26 each time the input axis 22 is parallel to
      the reference direction 28. It is preferable that the reference direction
      28 be approximately east-west so that such pulse is transmitted when the
      input axis 22 is approximately aligned along the east-west axis E-W. Such
      alignment may be made with a magnetic compass. Consequently, if, at the
      time a pulse is transmitted on line 26, the voltage produced at the output
      of the pickoff 32 is zero, the input axis 22 must be parallel to the
      east-west axis E-W in the absence of any drifts developed within gyroscope
      10. The distinction between east or west may be made by any convenient
      means, such as a magnetic compass. In the absence of any drifts, the
      deviation of the reference direction 28 from east-west may be measured by
      measuring the voltage at the output of the pickoff 32 when there is a
      pulse transmitted on line 26.
PAR  As is known, the output signal of the pickoff 32 is, in any practical
      situation, not perfectly sinusoidal, as shown in FIG. 2. Because of long
      term and high frequency drifts the signal is modulated so that the output
      signal typically appears as shown in FIG. 3. It is noted in such case that
      even if the reference direction 28 is aligned with the east-west axis,
      E-W, the voltage at the output of the synchro is not zero. This is so
      because of the long term drift in the gyroscope. The effect of such drift
      may be cancelled if such drift does not significantly vary in one-half
      revolution of the input axis by subtracting successively measured voltages
      when successive pulses are transmitted on line 26. When the reference
      direction 28 is aligned along the east-west axis E-W, such voltage
      difference under the above assumption will be zero. Likewise, the voltage
      difference will be of known relationship to the angular deviation of the
      reference direction 28 from the east-west axis E-W.
PAR  Processor 30, the details of which are shown in FIG. 4, is used to reduce
      the effect of the high frequency and low term drifts. In particular, the
      effect of the high frequency drifts are reduced by picking off and
      processing a series of signal levels at successive intervals of time in
      which the input axis is rotated through a predetermined angle, .theta.,;
      after having been codirectional with the reference direction 28. The
      effect of the long term drifts is reduced by detemining the differences
      among the plurality of signal levels at the ends of successive half
      revolutions of the input axis 22 and averaging successive ones of such
      differences each half revolution thereafter. One way of viewing the
      functions of the processor 30 is to consider it as determining an
      "average" pickoff signal level at the output axis 20 each time the input
      axis is "aligned" with the reference direction 28.
PAR  Referring now in detail to FIG. 4, processor 30 is shown to be actuated by
      means of pickoff 32 and line 26. The output signal produced by synchro 32
      is digitized by A/D converter 34. Line 26 is connected to a flip-flop 36
      such that, each time a pulse is transmitted on line 26, counters 38a  and
      38b are alternately initiated to count clock pulses from clock 39.
      Comparators 40a, 40b produce gating signals at their respective output
      terminals until the counters 38a, 38b respectively connected thereto have
      counted up to N. The value N represents the time it takes for input axis
      22 (FIG. 1) to rotate through the angle .theta.. The gating signals of
      such comparators 40a, 40b are applied to AND gates 42a, 42b, respectively,
      as shown. Also connected to gates 42a, 42b is the output of A/D converter
      34. Every other time the input axis 22 (FIG. 1) is aligned with the
      reference direction 28, gate 42a is enabled for an interval of time to
      allow N samples of the pickoff signal levels 20 to pass through such gate
      and that each one-half revolution later gate 42b is similarly enabled to
      allow N samples to pass therethrough. The sampled pickoff signal levels
      passing through gate 42a are added in accumulator 44a and the sampled
      pickoff signal levers through gate 42b are added in accumulator 44b. In
      other words, if after N samples the number in either one of accumulators
      44a, 44b were divided by N, the resultant number would represent the
      average pickoff signal level during the period of time in which the input
      axis 22 is rotated through the angle .theta. after having been
      codirectional with the reference direction 28. The difference between the
      sum of the precessional rates stored in accumulators 44a, 44b is
      determined by subtractor 46. Such difference is passed through AND gate 48
      to accumulator 50 when there is no gating signal produced by either
      comparator 40a or 40b. The enabling signal for AND gate 48 is supplied by
      AND gate 49. The accumulator 44a is reset by means of reset pulse R.sub.2,
      such reset pulse being developed a short time after the termination of the
      gating signal produced by comparator 40b, by means of inverter 60b,
      capacitor 62b, resistor 64b, diode 66b and delay line 68b, in a
      conventional manner. Similarly, accumulator 44b is reset by means of reset
      pulse R.sub.1, such reset pulse being similarly developed a short time
      delay after the termination of the gating signal produced by comparator
      40a. A timing diagram for processor 30 is shown in FIG. 5. Therefore, the
      signal stored in accumulator 50, after [being normalized by the number of
      full revolutions (by means of divider 52)], for a small angular deviation
      of the reference direction 28 from the east-west axis, E-W, is indicative
      of the azimuthal direction of such reference direction 28 from such axis.
      Utilization device 54, here a digital display means, is provided to
      present the angular deviation of the reference direction 28 from
      east-west.
PAR  While only one particular embodiment of the invention has been set forth
      and described, variations that fall within the principle of the invention
      will occur to those skilled in the art. For example, the input axis may be
      rotated in a plane other than a plane orthogonal to the local vertical
      because the difference signal stored in accumulator 50 will be zero when
      such input axis is aligned along the east-west axis E-W. For maximum
      sensitivity, however, it is preferable to maintain such plane orthogonal
      to the local vertical axis. It also follows that the principles of the
      invention may be readily used to determine the local vertical if true
      north were known a priori because the amplitude of the signal generated by
      pickoff 32 when the input axis 22 is aligned with the north-south axis is
      related to the angular deviation of the plane in which the input axis is
      rotated. Further, the orientation of spin axis 18 and output axis 20 may
      be reversed. Still further, the effect of high frequency drift and long
      term drift may be reduced by other techniques.
PAR  It is felt, therefore, that the invention should not be restricted to the
      proposed embodiment but rather should be limited only by the spirit and
      scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for determining the difference in direction between a reference
      direction and a direction related to the earth's rotational axis using
      gyroscopic apparatus, such apparatus having an input axis, a spin axis and
      an output axis, each one of such axes being orthogonal to the other two of
      such axes, comprising the steps of:
PA1  a. continuously rotating, at a substantially constant rate, the input axis
      about the earth's vertical axis;
PA1  b. measuring, as the input axis is rotated, the precessional rates and
      accompanying restraint torques at the output axis during successive
      periods of time in which the input axis is rotated through a predetermined
      angle after having been aligned with the reference direction; and
PA1  c. determining the difference between the measured precessional rates and
      accompanying restraint torques at the output axis in successive ones of
      such periods of time, each such difference being indicative of the then
      existing difference in direction between the reference direction and the
      direction relative to the earth's rotational axis.
NUM  2.
PAR  2. The method recited in claim 1 including the additional step of averaging
      successive differences in the measured precessional rates and accompanying
      restraint torques to eliminate the effect of drift of the gyroscopic
      apparatus.
NUM  3.
PAR  3. The method recited in claim 1 wherein each successive period of time is
      the time during which the predetermined angle is less then 90.degree..
NUM  4.
PAR  4. The method recited in claim 3 including the additional step of averaging
      successive differences in the measured precessional rate and accompanying
      restraint torque to eliminate the effect of drift in the gyroscopic
      apparatus.
NUM  5.
PAR  5. The method recited in claim 1 wherein the input axis is rotated in a
      plane disposed in known relationship to the vertical axis.
NUM  6.
PAR  6. The method recited in claim 5 wherein the input axis is rotated in a
      plane substantially orthogonal to such vertical axis.
NUM  7.
PAR  7. The method recited in claim 2 wherein the input axis is rotated in a
      plane disposed in known relationship to the vertical axis.
NUM  8.
PAR  8. The method recited in claim 7 wherein the input axis is rotated in a
      plane substantially orthogonal to such vertical axis.
NUM  9.
PAR  9. The method recited in claim 4 wherein the input axis is rotated in a
      plane disposed in known relationship to the vertical axis.
NUM  10.
PAR  10. The method recited in claim 9 wherein the input axis is rotated in a
      plane substantially orthogonal to such vertical axis.
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ABST
PAL  A static non-swinging device for determining the course on board a vehicle
      comprising a magnetometer having three axes for determining the components
      of the earth's magnetic field along three axes connected to the vehicle, a
      vertical gyroscope and a computer for calculating the direction with
      respect to the vehicle of the horizontal component of the earth's magnetic
      field, wherein said magnetometer comprises on each axis a single coil
      having a saturable core controlled in such manner as to furnish a d-c
      voltage which is proportional to the component of the magnetic field along
      said axis.
BSUM
PAR  The present invention relates to a static nonswinging course determining
      device on board a ground, sea, or more particularly, an air vehicle.
PAR  Knowledge of the magnetic course is an important factor in the navigation
      of sea or air craft, since it is required for determining the true course
      as a function of the value of the local declination.
PAR  The human navigator may be content with the reading of the magnetic course
      on a swinging magnetic compass floating in a damping bath; the declination
      is then introduced by offsetting the reading zone, but the course read off
      is then never the real course owing, on one hand, to the slowness of the
      oscillation due to the damping and, on the other hand, to the fact that
      the compass is necessarily swinging so that the compass indicates the
      direction of the earth's magnetic field along an apparent horizontal, the
      longitudinal accelerations and the centrifugal accelerations in turns
      considerably modifying the position of the apparent horizontal.
PAR  For this reason, the reading of the course on a simple magnetic compass has
      been abandoned for some time now and a magnetic compass is now mounted on
      board aircraft only as an auxiliary safety instrument, since its operation
      depends on no supply which is liable to break down so that it is a
      self-sufficient independent instrument.
PAR  For a precise navigation, there are at present employed gyro-compasses in
      which a directional gyroscope controlled by the magnetic compass maintains
      the North reference, but in these apparatus it is necessary to employ a
      slow control so as not to seriously disturb the directional gyroscope in
      the course of short-duration changes in the attitude of the aircraft
      (tucking, diving, turning) so that the indicated course is only exact in a
      stabilized rectilinear flight.
PAR  Nonetheless, in the course of continual evolutions of the carrier vehicle
      -- as is the case of aircraft and helicopters on special missions -- the
      value of the gyrometric course is:
PA1  Erroneous due to the gimbals of the gyroscope when the frames are no longer
      orthogonal,
PA1  Disturbed by the phenomena of viscosity of the liquid damping the bar and
      the action, in turns, of centrifugal forces on the mass compensating the
      vertical component of the earth's magnetic field (phenomenon termed change
      of North in the language of navigators).
PAR  In the case where the gyromagnetic course is employed as an input parameter
      of a navigation computer, one of the main functions of which is to
      integrate, as a function of time, the ground speed, or rather its
      component along axes with reference to the ground, the course errors have
      serious consequences on the calculation of the path travelled through. It
      is consequently important to have course information which is as precise
      as possible. Gyro-compasses known at the present time also have the
      following drawbacks:
PA1  they are necessarily heavy, since the gyroscope must have a large mass and
      the frames of the dials an excellent rigidity;
PA1  they are expensive since they can only operate if they are of a perfect
      mechanical construction and have high precision;
PA1  they consume an appreciable amount of energy, of the order of a tenth of a
      watt;
PA1  they require a compensation, namely a semi-circular compensation, which is
      rather delicate to achieve and comprises placing small magnets in the
      vicinity of the compass at regions which are determined experimentally in
      the carrier vehicle.
PAR  It is not possible, without complicating the compensation, to place two
      gyro-compasses near each other when, for reasons of safety, the equipment
      is required to be duplicated which is the case on all modern aircraft.
PAR  An object of the present invention is to overcome these drawbacks and to
      provide a static device for determining the course of a vehicle, which
      device is non-swinging, that is insensitive to variation in the apparent
      vertical as a function of changes of attitude of the carrier vehicle and
      of accelerations, devoid of damping means, that is to say that the exact
      course is furnished instantaneously, which permits an easy semi-circular
      compensation, without the juxtaposition, for reasons of safety, of two or
      more identical devices resulting in any disturbance in the operation of
      each one of the devices.
PAR  The invention therefore provides a device which comprises a magnetometer
      having three axes for determining the components of the earth's magnetic
      field along three axes fixed with respect to the vehicle, a vertical
      gyroscope, and a computer for calculating the direction with respect to
      the vehicle of the horizontal component of the earth's magnetic field,
      wherein said magnetometer comprises on each axis a single coil having a
      saturable core controlled in such manner as to furnish a d-c voltage which
      is proportional to the components of the magnetic field along said axes.
PAR  The features of the device according to the invention will be clear from
      the ensuing detailed description with reference to the accompanying
      drawing. As the three elements of the combination: magnetometer, vertical
      gyroscope and computer, are known as concerns their principle of
      operation, they will not be described in a detailed manner, merely the
      particular features necessary for the applications thereof in accordance
      with the invention will be mentioned.
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PAR  In the drawings:
PAR  FIGS. 1a, 1b, recall the operation of a magnetometer;
PAR  FIG. 2 is a simple geometric figure for establishing the trigonometric
      formulae for calculating the horizontal component of the earth's magnetic
      field;
PAR  FIG. 3 is a complete diagram of the system.
PAR  The principle of operation of a magnetometer will first be recalled:
PAR  A coil having a saturable magnetic core energized with alternating current
      has dissymmetry in the peak voltages when the core is subjected to an
      exterior magnetic field, for example a component H.sub.o of the earth
      field H. FIG. 1a illustrates this phenomenon. This dissymmetry in the
      peaks is employed as an error signal for controlling a negative feedback
      magnetic field -H.sub.o which is proportional to the d-c current in the
      coil. The measurement of this current gives the value of the component
      H.sub.o of the earth field H along the axis of the coil, since, at each
      instant, the control maintains the field seen by the magnetic core null.
PAR  FIG. 1b recalls the diagram of the principle of operation of the
      magnetometer comprising a core N and a coil B placed on an axis making an
      angle .beta. with an exterior field H.
PAR  The core is traversed by a component H.sub.o = H cos .beta. of the field H.
PAR  The coil is supplied with high-frequency square signals by an oscillator 1
      associated with a frequency divider 2. The peak voltages U1, U2 are
      transmitted through diodes D1, D2 and capacitors C1, C2 to an
      adding-amplifier A.S. which imposes in the resistor Rm and the coil B the
      d-c current creating the field -H.sub.o in the core.
PAR  The voltage U.sub.s developed by this d-c current at the terminals of the
      assembly comprising the resistor Rm, coil B, is therefore proportional to
      the field H.sub.o and constitutes the measurement of this field.
PAR  Magnetometers of this type have a sensitivity which is the higher as the
      ratio of the length of the bar to its diameter is greater. Existing
      magnetometers have a relatively large-diameter bar of mumetal or a hollow
      core constituted by a thin sheet of mumetal rolled in the form of a tube.
      Owing to the mass of magnetic metal they cannot be supplied at high
      frequency without having large losses which disturb the measurement and,
      moreover, they have a large amount of background noise which may be
      attributed mainly to the following two phenomena:
PA1  Barkausen effect which is the greater as the mass of the magnetic core is
      larger;
PA1  Non-uniformity in the alternative field in the whole of the bar,
      particularly at the ends, which are all the more marked as the ratio
      between the length and the diameter of the core is smaller; this promotes
      the preceding effect.
PAR  A first improvement according to the invention comprises:
PA1  taking as a core a very thin 0.1 mm mumetal wire having a length of 50 mm
      which affords a very high ratio length/diameter of 500,
PA1  and introducing the wire on the axis of a ceramic tube having an outside
      diameter of 0.6 mm on which is wound a solenoid having a wire of 5/100 mm
      diameter.
PAR  The magnetic core is thus perfectly centered on the axis of the coil and
      this also contributes to a reduction in the background noise.
PAR  As concerns its length, the solenoid extends distinctly beyond each end of
      the core by about 2 mm.
PAR  This arrangement has the following advantages:
PA1  high sensitivity,
PA1  possibility of a high frequency supply,
PA1  substantial reduction in background noise,
PA1  low consumption (of the order of 120 milliwatts),
PA1  considerable lightness and small overall size,
PAL  the latter advantages being of particular interest when the carrier vehicle
      is an aircraft.
PAR  In order to simplify the language in the ensuing description, the carrier
      vehicle will be termed an aircraft although it must be understood that the
      invention is also applicable to ships and ground vehicles.
PAR  Three magnetometers are disposed on the axes of a tri-rightangled trihedral
      OXYZ connected to the aircraft. Knowing on one hand, the three components
      of the earth's magnetic field along the axes and, on the other hand, the
      data furnished by the vertical gyroscope which exists on all aricrafts,
      which gives the attitude of the aircraft, permits calculating
      mathematically the value and direction of the earth's magnetic field and
      the value and direction of the horizontal component of the earth's
      magnetic field; this direction of the horizontal component of the earth's
      magnetic field makes with the axis of the aircrat an angle .alpha. which
      is the magnetic course of the aircraft.
PAR  Although, on principle, the trihedral OXYZ may be of any type, there is
      preferably chosen a trihedral connected to the aircraft which is such that
      in stablized horizontal rectilinear flight with a medium loading of the
      aircraft:
PA1  the axis OX is the roll axis,
PA1  the axis OY is the pitch axis,
PA1  the axis OZ is the yaw axis.
PAR  The interest of this choice will be seen hereinafter.
PAR  The compass has three fluxgates disposed on the axes of the trihedral OXYZ
      of the aircraft. HX, HY, HZ are the components of the axes of the earth's
      magnetic field H (FIG. 2).
PAR  If Oxyz is the horizontal aircraft trihedral deduced from the foregoing by
      a rotation through an angle .theta. about OY defining the trihedral
      OX.sub.1 Y.sub.1 Z.sub.1 with Y = Y.sub.1, and a rotation through an angle
      .phi. about OX.sub.1 defining the trihedral Oxyz with x = X.sub.1. .phi.
      is the instantaneous transverse trim angle, .theta. the instantaneous
      longitudinal trim angle and are measured by the vertical reference.
PAR  The flux meters measure HX, HY, HZ. Knowing .theta. and .phi. permits
      knowing by calculation Hx and Hy which are the horizontal components of
      the earth's field in the longitudinal and transverse directions of the
      aircraft. Whence the magnetic course .alpha. from:
      ##EQU1##
PAR  Indeed, the two successive rotations give:
EQU  HX.sub.1 = HX cos .theta. + HZ sin .theta.
EQU  HY.sub.1 = HY                                              (2)
EQU  HZ.sub.1 = HZ cos .theta. - HX sin .theta.
PAL  and
PA1  Hx =  HX.sub.1
PA1  hy = HY.sub.1 cos .phi. + HZ.sub.1 sin .phi.               (3)
PA1  Hz = HZ.sub.1 cos .phi. - HY.sub.1 sin .phi.
PAL  whence:
PA1  Hx = HX cos .theta. + HZ sin .theta.
PA1  Hy = HX sin .theta. .sup.. sin .phi. + HY cos .phi. + HZ cos .theta. .sup..
      sin .phi.                                                 (4)
PA1  Hz = HX sin .theta. .sup.. cos .phi. - HY sin .phi. + HZ cos .theta. .sup..
      cos .phi.
PAR  The first two equations of the system of equations (4) permit with the
      equation (1) calculating the course .alpha. whose general expression is:
      ##EQU2##
PAR  This equation (5) shows the interest of the choice which was made of the
      trihedral OXYZ since, in a stabilized horizontal rectilinear flight with a
      medium load, the angles .theta. and .phi. are null. The terms in sine are
      null and the terms in cosine are equal to 1.
PAR  The course becomes:
      ##EQU3##
PAR  In the event of break-down of the vertical gyroscope (break-down which may
      be detected automatically) it is sufficient to continue the calculation of
      the course with the same equation with angles .theta. and .phi. null. The
      course .alpha. will still be strictly accurate in stabilized horizontal
      flight. A small variation in the load modifying the incidence is
      represented by a value .theta. in the neighbourhood of zero; a flight path
      which deviates but little from the horizontal and from a rectilinear path
      is manifested by very low values of pitch angle .theta. and roll angle
      .phi.; the sines remain very close to zero and the cosines very close to
      1, the calculated course .alpha. is under these conditions acceptable for
      a safety navigation.
PAR  FIG. 3 shows diagrammatically the assembly of the device with a computer
      comprising multiplying units m.sub.1 to m.sub.7 and adding units A.sub.1,
      A.sub.2.
PAR  In the computer, a unit m.sub.1 receives from the gyroscope the value cos
      .theta. and from the magnetometer the value HX for working out the product
      HX cos .theta. which is sent to the adding unit A.sub.1.
PAR  A unit m.sub.2 receives from the gyroscope the value sin .theta. and from
      the magnetometer the value HZ for working out the product HZ sin .theta.
      also sent to the unit A.sub.1 which calculates the addition:
EQU  HX cos .theta. + HZ sin .theta. = Hx
PAL  which is the denominator in the formula (5).
PAR  A unit m.sub.3 receives from the gyroscope the value cos .phi. for
      calculating the product HY cos .phi. which is sent to the adding unit
      A.sub.2.
PAR  A unit m.sub.4 receives from the gyroscope the value sin .theta. and from
      the magnetometer the value HX for calculating the product HX sin .theta.
      which is sent to the unit m.sub.5 which receives from the gyroscope the
      value sin .phi. for calculating the product HX sin .theta. .sup.. sin
      .phi. which is sent with the minus sign to the adding unit A.sub.2.
PAR  A unit m.sub.6 receives from the magnetometer the value HZ and from the
      gyroscope the value cos .theta. for calculating the product HZ cos .theta.
      which is sent to the unit m.sub.7 which receives from the gyroscope the
      value sin .phi. for calculating the product HZ cos .theta. .sup.. sin
      .phi.. This value is received in the adding unit A.sub.2 at the output of
      which is obtained the sum:
EQU  HY cos .phi. - HX sin .theta. .theta.. sin .phi. + HZ cos .theta. .sup..
      sin .phi. = HY
PAL  which is the numerator of the equation (5).
PAR  The values Hx and Hy from the units A.sub.1 and A.sub.2 are received in a
      unit Q which gives the course:
      ##EQU4##
PAR  Several modifications may be adopted for the computer shown in FIG. 3.
PAR  1. If there is a central computer on board the aircraft the computer of the
      device may be an integral part of the central computer.
PAR  2. If the navigation computer which must employ the course .alpha. is a
      digital computer, the course computer is an integral part of the
      navigation computer.
PAR  3. If the navigation computer which must employ the course .alpha. is an
      analog computer the course computer may be an analog computer.
PAR  The three fluxmeters placed on the axes OX, OY, OZ, are without influence
      on each other and may be placed in a common small case. Indeed, as has
      been explained hereinbefore, in operation, the field in each bar is null,
      and everything happens as if the core was of a non magnetic metal. As a
      result of this feature, two identical magnetometers may be placed near to
      each other without interaction and with no adverse effect on the
      semi-circular and inclination compensation.
PAR  The device is also advantageous in that it permits effecting at a distance
      the parasitic semi-circular and inclination compensation without requiring
      access to the apparatus; indeed in order to compensate the effect of the
      permanent magnets present in the aircraft, it is sufficient to send to
      each coil of the magnetometer d-c currents which are metered so that the
      resultant field thus created is equal and opposite to the field created by
      these permanent parasitic magnets.
PAR  Accessorily, it is clear that knowing the three components of the earth's
      field given by the magnetometer and of the trim of the aircraft given by
      the vertical gyroscope, permits adapting the computer to calculate and to
      ascertain at each point of the globe at which the aircraft is located the
      intensity and inclination to the horizontal of the earth's magnetic field.
PAR  The device according to the invention leads itself particularly well to the
      construction of navigation equipment on board earth, sea and, more
      particularly, aircraft having a computer on board.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a static non-swinging device for determining on board the course of a
      vehicle, comprising a magnetometer with three axes for determining the
      components of the earth's magnetic field along three axes fixed with
      respect to the vehicle, a vertical gyroscope for determining the attitude
      of the vehicle, and a computer for calculating the direction with respect
      to the vehicle of the horizontal component of the earth's magnetic field
      from signals produced by the magnetometer and the gyroscope, the
      improvement wherein the magnetometer comprises on each said axis of said
      magnetometer a single coil having a saturable core and further comprising
      means for supplying high frequency squarewave signals to each said coil, a
      plurality of adder amplifiers, each being associated with one of said
      coils, a plurality of coupling circuits, each connecting one end of one of
      said coils with an input of one of said amplifiers, each said circuit
      having a branch connected between said one end and said input, said branch
      having a diode their having one end thereof connected to said one end of
      said coil and a capacitor connected between the other end of said diode
      and common potential, said branch coupling peak signals due to the
      component of the earth's magnetic field from said coil along each said
      axis to said input of said adder-amplifier, and a supply resistor for said
      coil connected between the output terminal of said adder-amplifier and
      said one end of said coil wherein the output signal of said
      adder-amplifier is applied to said supply resistor.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said circuit has two branches for
      transmitting peak signals of opposite polarity from said one end of said
      one of said coils to said input of said adder-amplifier, each branch
      having a diode, one end of which is coupled to one end of said coil, the
      other end of each said diode being coupled to a common point through a
      capacitor.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein the core of each coil is made of
      fine wire whose length diameter ratio is about 500, said wire being
      located on the axis of a small ceramic tube on which is wound a solenoid
      which extends beyond each end of said core.
NUM  4.
PAR  4. A device as claimed in claim 1, wherein each coil is supplied with a
      continuous voltage which is characterisitic of the opposite of the
      component of the parasitic field along the axis of said coil.
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ABST
PAL  The method for inerting the surface of a moving product involves; passing a
      stream of inert gas, having a width at least equal to the width of the
      product, into an enclosure through which the product is to pass and in the
      direction of the product so as to impinge upon the product surface at a
      predetermined angle with respect thereto and having a velocity component
      in a direction opposing the advancing product and a magnitude at least
      substantially equal to the velocity of the product.
BSUM
PAR  This invention relates to an improved method for inerting the surface of a
      cross-linkable polymeric product while the product is in motion.
PAR  A system for maintaining a gaseous inert atmosphere above a product as the
      product is moved through a work zone where it is subjected to treatment by
      exposure to radiant energy, is disclosed in pending U.S. Pat. application
      Ser. No. 266,121 entitled Apparatus for Irradiation of a Moving Product in
      an Inert Atmosphere and filed in the name of H. Troue now U.S. Pat. No.
      3,807,052 issued Apr. 30, 1974. A fundamental distinction is revealed in
      the above patent between that of a static system wherein the product
      remains stationary during treatment and that of a dynamic system wherein
      the product is in motion during treatment. To accomplish effecting
      inerting in a dynamic system, the inerting procedure must account for the
      air lying immediately above the product which, as the product moves, tends
      to be drawn with the product and along its surface. Hence, simply purging
      the work zone, although effective in a static system, is entirely
      inadequate and unsuitable for the dynamic system.
PAR  Common to the dynamic inerting system disclosed in the above cited patent
      application and to the present invention is an enclosure including a
      treating chamber, which houses the source of radiant energy, an entrance
      tunnel leading to the treating chamber and adapted to receive the product,
      and an exit tunnel extending rearward from the treating chamber. Likewise,
      the design of the inerting system to be disclosed herein adheres to the
      principles of the cited patent application concerning the relevance of the
      inerting geometry to the dynamic system although directed to an improved
      method of passing the inert gas into the enclosure. The means for
      injecting the inert gas must take such form as to provide a substantially
      unidirectional curtain or stream of inert gas having a width at least
      equal to the width of the moving product and must be so oriented as to
      direct the stream of gas toward the moving product so that the stream
      intersects with the surface of the product at a predetermined angle of
      inclination and with a component of velocity opposed to the moving
      product. An elongated channel or slot formed in the tunnel surface wall,
      as is shown in the aforementioned patent application, represents the
      preferred inert gas injector means.
PAR  Heretofore it was necessary for the enclosure exit tunnel to have a length
      substantially greater than the entrance tunnel length. In this manner the
      majority of the inerting gas was forced to flow out the entrance tunnel.
      This method of controlling gas flow direction proved to be satisfactory at
      low and moderate product line speeds of less than 200 feet per min.
      However, at higher line speeds, of over 200 feet per minute and up to
      about 1000 feet per minute, the length of the exit tunnel becomes, from a
      practical standpoint, prohibitive. It has now been discovered that the
      length of the exit tunnel can be significantly reduced and in fact
      rendered essentially independent of the length of the entrance tunnel
      provided that:
PAR  (1) the inert gas stream is fed into the enclosure at an included angle of
      above about 45.degree. but below about 85.degree. with respect to the
      longitudinal axis of the enclosure, said angle oriented such that the
      issuing gas stream has a velocity component in a direction opposed to the
      direction of the moving product;
PAR  (2) the inert gas flow rate exiting from the entrance and exit tunnel
      respectively is held to below a critical volumetric flow level per unit of
      tunnel width for each specific inert gas composition; and
PAR  (3) the inert gas velocity component opposing the moving product has a
      magnitude substantially equal to and preferably greater than the velocity
      of the moving product.
PAR  The specification of any given production line facility and tunnel design
      parameters outlined in the previously cited patent may then govern the
      total enclosure design length with the inert gas injector inclination
      angle and flow rate chosen to satisfy the hereinabove stated conditions.
      Moreover, by satisfying the above stated conditions, occasional
      instability in the direction of inert gas flow within the enclosure, which
      has been noted to occur particularly at higher operating speeds, has been
      eliminated.
PAR  It has been further demonstrated that, provided the above noted conditions
      are satisfied, the stream of inert gas can be introduced into the
      enclosure either upstream of the treating chamber as is shown in the
      aforementioned patent application or, if desired, downstream of the
      treating chamber. The latter arrangement has been found to be particularly
      advantageous in applications where the product consists of a plurality of
      entities each of finite length and where the product thickness varies over
      at least about one-quarter inch in depth.
PAR  Accordingly, it is the principal object of the present invention to provide
      a method for maintaining a substantially inert atmosphere at the surface
      of a moving product as it moves through the interior of an enclosure.
PAR  It is a further object of this invention to provide a method of inerting
      the surface of a moving product at product travel speeds of up to about
      1000 feet per min. and regardless of whether the product is of a
      continuous length or represents one of a plurality of entities each of
      finite length and thickness.
DRWD
PAR  Other objects and advantages will become apparent from the following
      detailed description when taken in connection with the accompanying
      drawings of which:
PAR  FIG. 1 is a diagrammatic illustration in longitudinal section of a
      treatment enclosure for irradiating a moving product in an atmosphere to
      be controlled in accordance with the teachings of the present invention;
PAR  FIG. 2 is an exploded view of the inert gas injector showing the preferred
      angle of inclination for the injector relative to the longitudinal axis of
      the enclosure;
PAR  FIG. 3 is an illustrative isometric of a portion of either tunnel of the
      enclosure of FIG. 1 in which the inert gas injector is located with a
      section thereof cut-away to illustrate the lateral orientation of the
      inert gas injector relative to the width of either tunnel respectively.
DETD
PAR  Referring to FIGS. 1-3 inclusive in which the treatment enclosure 10, for
      irradiating the moving product P, is diagrammatically illustrated and
      comprises a treating chamber 12 which houses a source of radiant energy
      (not shown); an entrance or inlet tunnel 14 located upstream of the
      treating chamber 12 in the direction of the moving product P; and an exit
      tunnel 16 extending downstream of the treating chamber 12. The term
      "tunnel" for purposes of the present disclosure is defined as a hollow
      passageway of uniform cross-section which may either have a self-enclosed
      periphery or a partially enclosed periphery which becomes substantially
      fully enclosed when the moving product P is present and which preferably
      conforms to the design parameters outlined in the aforementioned patent
      application. For simplicity of illustration, the medium 18, which may
      represent, for example, a conveyor belt surface for advancing the product
      P through the enclosure 10, is shown forming the physical bottom of the
      enclosure 10. It should be understood, however, that the bottom of the
      enclosure 10 may be formed in any manner and is, in fact, preferably
      established by the moving product itself where the product is continuous.
PAR  The product P may represent a chemical coating or a coated substrate and
      may be of a continuous length such as a web or of a finite length. In the
      latter instance the product P would actually be presented to the enclosure
      for treatment as a series of abutting or spaced entities. For purposes of
      the present invention any source of radiation may be employed to treat the
      product P within the treating chamber 12 of the enclosure 10 although an
      internally cooled or non-cooled source is preferred. Preferred sources of
      actinic radiation are low pressure ultraviolet mercury tubes and/or
      germicidal lamps as disclosed in patent application Ser. No. 266,122 filed
      on June 26, 1972 in the names of C. L. Osborn and H. H. Troue and entitled
      "Process" now U.S. Pat. No. 3,840,448 issued Oct. 8, 1974. as well as
      conventional medium pressure mercury tubes.
PAR  Inert gas G is supplied from an inert gas plenum chamber 19 and passed
      through an inert gas injector 20 into the enclosure 10. The source of
      supply for delivering the gas to the plenum chamber 19 is not shown. The
      inert gas injector 20 is oriented with respect to the longitudinal axis of
      the enclosure so that its shorter axis intersects with the longitudinal
      axis forming the acute angle ".alpha." as shown in FIG. 2. Angle .alpha.
      is defined as the angle formed between the stream of inert gas G, issuing
      from the gas injector 20, and the longitudinal axis of the enclosure 10
      along which the product P is intended to travel and should lie within a
      range of above about 45.degree. but below about 85.degree. and be oriented
      within such range such that the gas stream has a velocity component in a
      direction opposing the moving product and of a magnitude at least about
      equal to the velocity of the product. The gas injector 20 may be
      fabricated by forming a slot in the top surface of the enclosure 10, as
      shown in FIGS. 1 and 3 respectively. The longer or longitudinal axis of
      the gas injector 20 should lie substantially parallel to the width of
      either tunnel 14 and 16 respectively as is shown in FIG. 3.
PAR  In the aforementioned U.S. patent application Ser. No. 266,121 it has been
      taught that dynamic inerting requires a non-turbulent non-mixing inert gas
      flow within the interior of the enclosure 10. It has now been discovered
      that the required non-turbulent non-mixing flow within the enclosure 10 is
      assured regardless of product speeds up to about 1000 feet per min. by the
      combination of: introducing inert gas into the enclosure 10 in the form of
      a substantially unidirectional stream; appropriately directing the inert
      gas stream toward the advancing product P at the preferred angle .alpha.;
      and maintaining an inert gas volumetric flow per unit of tunnel width,
      which is limited, for each inert gas composition, to a maximum level out
      of each tunnel 14 and 16 respectively. For an inert gas of substantially
      nitrogen the volumetric flow per unit of tunnel width out from each tunnel
      14 and 16 respectively must be below about 650 cu.ft./hr. per foot of
      tunnel width. For helium the maximum level is about 5000 cu.ft./hr. per
      foot of tunnel width and for carbon dioxide the maximum level is about 360
      cu.ft./hr. per foot of tunnel width. The above levels were determined
      mathematically and confirmed experimentally. It should be noted that the
      above levels are independent of tunnel height and independent of product
      speed at least up to about 1000 feet per min.
PAR  Moreover, it has further been discovered that substantially all of the air
      carried with the advancing product P, upon approaching the inlet opening
      22 of the enclosure 10, may be stripped off the product surface and
      diverted away from the enclosure 10 provided that; the inert gas velocity
      component, in the direction opposing the moving product P, has a magnitude
      substantially equal to or greater than the velocity of the moving product
      P. This is based upon a study made of the atmosphere within the enclosure
      10. Measurements of the oxygen levels within the enclosure 10 have shown
      levels of 50 to 100 ppm and generally less than 500 ppm under typical
      operating conditions at line speeds in the range of about 300 to about
      1000 feet per minute.
PAR  As previously stated, the inclined position of the inert gas injector 20
      provides a preferential direction for the inert gas flow toward the
      upstream end of the enclosure 10. This preference has been shown to exist
      not only when the injector is located in the forward tunnel 14 but also
      when located in the exit tunnel 16. The latter arrangement wherein the
      inert gas is fed into the enclosure 10 through the rear tunnel 16 is
      taught in a corresponding U.S. application Ser. No. 461,393 filed
      concurrently now abandoned herewith in the name of Donald W. Hunter and
      entitled Method For Inerting The Atmosphere Above A Moving Product. It is
      taught in the corresponding application that the injector can be as
      equally effective when located in the exit tunnel 16 as it is when
      positioned in the entrance tunnel 14 but not necessarily at the same angle
      of inclination. Moreover, although the entrance tunnel 14 should still
      have a length which extends, as is taught in the aforementioned patent
      U.S. Ser. No. 266,121 now U.S. Pat. No. 3,807,052, from the inlet 22
      downstream to the injector 20 a distance equal to at least ten times the
      smallest cross-sectional dimension of the tunnel opening; the length of
      the exit tunnel 16 no longer must bear any relationship to the length of
      the entrance tunnel 14.
PAR  The faster the product travels through the enclosure 10 the more the
      injector should depart from a vertical position, i.e., the angle of
      inclination .alpha. should become smaller. An angle .alpha. of below about
      45 degrees, however, significantly raises the danger of establishing a
      venturi effect at the rear of the enclosure causing air to be drawn into
      the enclosure 10 through the exit tunnel 16. The preferred angle for
      speeds above 200 feet per minute is about 60.degree..
PAR  For a slower moving product below 200 feet per min. and particularly a
      discontinuous product, it is more desirable to operate at a higher angle
      of inclination limited however to below about 85.degree., preferably at
      about 75.degree.. At this angle any slight perturbation in flow which
      might develop due to a thickness variation in product P of greater than
      one-quarter inch or due to a sudden change in product speed will not upset
      the preferential flow condition out of the entrance tunnel 14.
PAR  Although the method of the present invention has been described with
      reference to a single injector 20, it is obvious that a tandem combination
      of injectors may be used provided that the stipulated conditions of,
      maximum volumetric flow, total velocity component opposing the moving
      product and range of inclination angle be observed. In the latter respect,
      it is also apparent that the injector 20 need not be fabricated so as to
      be stationary in orientation. Instead, an adjustable injector means may be
      employed for affixing any desired angular orientation within the
      prescribed range. It should be further understood that it will be apparent
      to one of ordinary skill in the art to suggest minor variations and
      modifications without departing from the scope and spirit of the invention
      as is hereby claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of maintaining a substantially inert atmosphere over the
      treatable surface of a product which is to be subjected to irradiation
      while moving at a given speed of up to about 1000 feet per minute through
      the interior of an enclosure having a treating chamber and a first and
      second tunnel with the first tunnel located upstream of said chamber
      relative to said moving product and the second tunnel located downstream
      of said chamber; said method comprising the steps of:
PA1  a. forming a unidirectional stream of inert gas having a width at least
      about equal to the width of said moving product;
PA1  b. passing said unidirectional stream of inert so that the entire flow of
      inert gas supplied into said enclosure enters said treatable surface and
      forms an acute angle with respect thereto within a range of from above
      about 45.degree. to below about 85.degree.; and
PA1  c. selecting said acute angle such that a major portion of said gas stream
      is caused to flow in a direction opposed to the advancing product and with
      a magnitude above the velocity of the moving  and having a minor portion
      caused to flow in the direction with the moving product whereby said major
      portion of said gas stream, sweeps over the treatable surface of the
      advancing product so as to prevent air from being drawn into either end of
      the enclosure.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said treating chamber houses a
      source of actinic radiation consisting of at least one ultraviolet
      radiating lamp.
NUM  3.
PAR  3. A method as defined in claim 2 wherein said inert gas is nitrogen and
      further comprising the step of passing said nitrogen stream at a flow rate
      such that the maximum volumetric flow out of each tunnel respectively is
      below about 650 cu.ft./hr. per foot of tunnel width.
NUM  4.
PAR  4. A method as defined in claim 3 wherein said stream of nitrogen is
      introduced into the enclosure upstream of said treating chamber.
NUM  5.
PAR  5. A method as defined in claim 4 wherein when said product is moving at a
      speed of less than 200 feet per minute orienting said angle at about
      75.degree..
NUM  6.
PAR  6. A method as defined in claim 4 wherein when said product is moving at a
      speed of above about 200 feet per minute orienting said angle at about
      60.degree..
NUM  7.
PAR  7. A method as defined in claim 2 wherein said inert gas is helium and
      further comprising the step of passing said helium stream at a flow rate
      such that the maximum volumetric flow out of each tunnel respectively is
      below about 5000 cu.ft./hr. per foot of tunnel width.
NUM  8.
PAR  8. A method as defined in claim 7 wherein said stream of helium is
      introduced into the enclosure upstream of said treating chamber.
NUM  9.
PAR  9. A method as defined in claim 2 wherein said inert gas is carbon dioxide
      and further comprising the step of passing said carbon dioxide stream at a
      flow rate such that the maximum volumetric flow out of each tunnel
      respectively is below about 360 cu.ft./hr. per foot of tunnel width.
NUM  10.
PAR  10. A method as defined in claim 9 wherein said stream of carbon dioxide is
      introduced into the enclosure upstream of said treating chamber.
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ABST
PAL  In a method of and apparatus for heating circulating air, particularly
      circulating air in drying equipment, a portion of the circulating air is
      exhausted from the drying equipment and conveyed to a combustion chamber
      for the thermal incineration therein. Prior to entry into the combustion
      chamber, the exhaust portion of the circulating air is preheated by a
      transfer of heat with oxidyzed gases produced in the combustion chamber.
      Thereupon, an outlet channel conveys all or part of still-heated
      incinerated gases either directly to the remainder of the circulating air
      in the drying chamber, or indirectly to an air-lock, or alternatively to a
      heat exchanger to heat the remaining circulating air in the drying
      chamber. An intake and exhaust channel communicates with the outlet
      channel for allowing pollution-free air to enter the drying equipment to
      replace the portion of heated oxidyzed gases which has been discharged and
      to mix together with a portion of the heated incinerated gases so as to
      preheat the mixture thereby prior to entry into the drying chamber.
      Temperature sensor and flow control means cooperate so as to permit choice
      in selection of the path by which the exhausted portion of circulating air
      travels prior to entry into the combustion chamber through a preheat
      exchanger or by-pass.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of and apparatus for heating
      circulating air and more particularly air which circulates in drying
      equipment by utilizing the thermal energy obtained in the process of
      thermal incineration or oxidation as a source of heat to preheat an
      exhausted portion of the circulating air and directly or indirectly supply
      heat to the remaining circulating air in the drying chamber; thus,
      maximizing the return of the thermal energy contained in the incinerated
      gases and fuel economy.
PAR  In the prior art, it is known to heat the circulating air in drying
      equipment and especially in automotive painting installations, so that the
      drying process may be accomplished in a short time period. A minimum
      drying time allows for substantial cost savings and for an efficient
      production line process. It is known to exhaust a portion of air from the
      drying equipment and direct it to a burner of a thermal incinerator,
      whereupon the heat of the incinerated gases is partially used to directly
      or indirectly heat the remainder of the circulating air in the drying
      equipment.
PAR  The disadvantage with the prior art method is that is does not utilize all
      of the thermal energy still potentially to be derived from the heated
      incinerated gases; because thus, of not using a preheat exchanger, making
      the prior art method costly and inefficient.
PAR  This disadvantage makes the prior art process expensive, difficult and
      cumbersome to carry out, and the apparatus unsuitable for production line
      techniques.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the general object of the present invention to overcome
      the disadvantages of the prior art.
PAR  More particularly, it is an object of the present invention to provide an
      improved method of and apparatus for heating of circulating air in
      paint-drying equipment or in other contexts in which circulating air must
      be heated.
PAR  It is a further object of the present invention to provide an improved
      method which efficiently utilizes the thermal energy contained in the
      incinerated gases by preheating the exhausted portion of the circulating
      air prior to entry into a combustion chamber.
PAR  It is a further object of the present invention to provide an improved
      method which transmits the thermal energy still contained in the
      incinerated gases, either directly or indirectly, back to the remaining
      circulating air in the drying equipment.
PAR  An additional object of the present invention is to provide a efficient
      pollution-reduction of a drying process.
PAR  A further additional object of the present invention is to provide an
      apparatus to make the process described easily feasible by using a heat
      exchanger in the preheating step.
PAR  In keeping with these objects and others which will become apparent
      hereinafter, the method according to the present invention of heating
      circulating air in drying equipment mainly comprises the steps of
      exhausting a portion of the circulating air from the drying equipment,
      circulating the exhausted portion of the air in a path into a combustion
      chamber to the thermal incineration therein, circulating the incinerated
      gases produced in the combustion chamber in another path in which the
      incinerated gases exchange heat with the exhausted air portion to preheat
      the same prior to entry thereof into the combustion chamber.
PAR  The step of exhausting a portion of circulating air from the drying
      equipment may include exhausting the said portion by means of a fan or a
      blower.
PAR  The step of circulating a portion of exhausted circulating air may include
      preheating the same in a preheater or a heat-exchanger. This feature
      overcomes the disadvantages of the prior art by efficiently utilizing the
      retained thermal energy of the incinerated gases. The exhausted air
      portion is preferably preheated to a temperature which is dependent upon
      the temperature of the circulating air. Temperature sensors are preferably
      located in or near the drying chamber to relay temperature data to flow
      control units which regualte the flow of the exhausted air portion. A
      bypass conduit with its own respective flow control unit cooperating with
      the temperature sensors is preferably positioned to provide an alternate
      path to bypass the preheater or the heat exchanger; thus, maximizing
      control of the drying process.
PAR  The apparatus needed to support oxidation in the combustion chamber may
      include a burner and a fuel source with its own associated flow controls
      to regulate the flow of fuel entering the combustion chamber. The flow
      controls preferably cooperate with temperature sensors positioned in or
      near the combustion chamber, so as to regulate the operation temperature
      of incinerator air.
PAR  The apparatus used for circulating the incinerated gases away from the
      preheater may include an outlet channel for further directing the path
      that the stillheated oxidyzed gases may be directed to one section of
      another heat exchanger having at least two sections each in
      heat-exchanging relationship with the other section, and whose second
      section surrounds a path through which the remaining circulating air
      travels, so as to exchange heat and thereby heat the remaining circulating
      air.
PAR  Alternatively, all or a part of the incinerated gases may be directed to an
      air-lock which, either directly or indirectly by means of another heat
      exchanger, heats the remaining circulating air inside the drying chamber.
PAR  Alternatively, all or a part of the heated incinerated gases may be
      directed directly back into the drying equipment.
PAR  Alternatively, all or a part of the heated incinerated gases may be mixed
      with incoming pollution-free air to preheat the mixture prior to entry
      into the drying equipment.
PAR  Alternatively, all or a part of the heated incinerated gases may be
      directed to a first section of a heat-exchanger having at least two
      sections each of which is in heat-exchanging relationship with the other
      section, and whose second section surrounds a path through which the
      incoming pollution-free air travels, so as to exchange heat and thereby
      preheat the incoming pollution-free air indirectly.
PAR  The above-mentioned feature of the alternative paths all overcome the prior
      art disadvantage of inefficient heat recovery and control of the drying
      process.
PAR  The apparatus used for circulating the incinerated gases may further
      include intake and exhaust valves, so as to insure that all pollutants are
      discharged to the outside atmosphere and that pollution-free air may
      replace any or all of the incinerated gases already discharged.
PAR  The drying chamber is preferably separate from the combustion chamber, and
      an additional feature of the present invention is that the separate drying
      chamber may be positioned contiguous to or in heat-exchanging relationship
      with the drying chamber so as to further heat by conduction the remaining
      circulating air. This feature of separate enclosures assures that no
      unwanted pollutants will be returned to the drying equipment.
PAR  As a further feature of the present invention, the flow control units use
      flap valves which are operative electrically by means of electric
      servomotors.
PAR  The novel features which are considered as characteristic for the present
      invention are set forth in particular in the appended claims. The
      invention itself, however, both as to its construction and its method of
      operation, together with additional objects and advantages thereof, will
      best be understood from the following description of specific embodiments
      when read in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic vertical-section in schematic form of an apparatus
      according to the present invention; and
PAR  FIG. 2 is a diagrammatic top plan view in schematic for of a portion of the
      apparatus shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Jointly discussing the apparatus of and the method for the present
      invention which has been illustrated in FIGS. 1 and 2 of the preferred
      embodiment, it will be seen that the drying equipment consists of a drying
      chamber T and an apparatus V mounted thereon. The circulating air from the
      chamber T passes through a pipe 10 to a portion 12 of the drying chamber T
      which accommodates a heat exchanger 13. The circulating air is thereupon
      returned to the chamber T by a fan 14 by way of a pipe 15.
PAR  A portion of the circulating air in the chamber T is exhausted by means of
      a fan 17 through a pipe 16. As an alternate path, pipe 16a located
      intermediate the pipe 10 and the pipe 16 may be used to direct the portion
      of exhausted air to the heat-exchanger 18, i.e. the preheater 18a. The
      heat-exchanger 18 has two sections; namely, the first part 18a and the
      second part 18b, each in heat-exchanging relationship with the other. The
      portion of exhausted air passed through the first part 18a by means of the
      pipe 16 where it is preheated by thermal energy exchanged from the second
      part 18b. Thereupon the preheated portion of exhausted air passes through
      the pipe 19 and the burner 20 and in turn to the combustion chamber 11,
      separate from the portion 12 of the drying chamber T as shown in FIG. 2,
      so as to support combustion therein.
PAR  Fuel is supplied to the combustion chamber 11 through the pipe 21 whose
      flow is controlled by the fuel control valve 21a located therein. The fuel
      control valve 21a cooperates with the temperature sensor 35 which is
      located in or near the pipe 22 which leads the heated incinerated gases
      away from the combustion chamber 11 to the second part 18b of the heat
      exchanger 18. When the temperature of the incinerated gases rises above a
      certain predetermined temperature, the fuel supplied to the burner 20 will
      be reduced by a partial or complete closing of the fuel control valve 21a.
      Of course, should the temperature of the incinerated gases decrease below
      a certain predetermined temperature, the amount of fuel supplied to the
      burner 20 will be dependently increased. In this manner, the temperature
      of incineration or oxidation can be kept as constant as required.
PAR  All combustible elements present in the combustion chamber 11 are oxidyzed,
      thereby producing the incinerated gases. The incinerated gases are
      conducted by means of the pipe 22 to the second part 18b of the heat
      exchanger 18, so as to exchange heat with the exhausted portion of
      circulating air present in the first part 18a prior to entry into the
      combustion chamber 11.
PAR  Subsequent to the heat exchange in the heat-exchanger 18, the incinerated
      gases are conducted away from the second part 18b by means of the pipe 23.
      Since the incinerated gases still retain useful thermal energy, the
      incinerated gases are led to one section of a heat-exchanger 13 having at
      least two sections, each in heat-exchanging relationship with the other;
      the other section of the heat-exchanger 13 surrounds a portion of the flow
      of the remainder of the circulating air conducted through the portion 12
      of the drying chamber T, thereby heating said circulating air and
      returning thermal energy back to the drying chamber T.
PAR  The incinerated gases subsequent to exchange of heat in the heat-exchanger
      13 may still be utilized to provide other possible heating functions prior
      to discharge to the outside atmosphere. If no further heating functions
      are desired, then the incinerated gases may be discharged through the pipe
      24 by way of the opened valve 29 positioned therein.
PAR  In order to replace the exhausted portion of circulating air removed from
      the chamber T, pollution-free air enters the drying equipment by way of a
      pipe 25 and a fan 26 cooperating with the opened valve 30 positioned in
      pipe 25. The pollution-free air is added to the remaining circulating air
      downstream of the heat-exchanger 13 and upstream of the fan 14.
PAR  A connecting pipe 27 connects the pipe 24 to the pipe 25 and, by opening a
      valve 28 positioned in the pipe 27, and optionally by closing the valve 29
      located in the pipe 36, the pollution-free air may be heated by the
      incinerated gases subsequent to the heat exchange in the heat exchanger 13
      prior to addition to the remainder of the circulating air in the drying
      chamber.
PAR  A pipe 36 provided with a valve 37 leads from the pipe 24, to an air-lock
      S, or alternatively to a heat-exchanger (not shown). By closing the valve
      29 located in pipe 24, and by closing the valve 28 in pipe 27, and by
      opening the valve 37, the heated combustion gases will flow to the
      air-lock S which is in heat-exchanging relationship with a portion of the
      chamber T. In this way, the retained thermal energy of the incinerated
      gases will subsequent to the heat-exchange by the heat-exchanger 13 heat
      the air-lock, and in turn heat the remaining circulating air in the drying
      chamber T. The air-lock may be provided with conduit and valve means (not
      shown) to allow the heated combustion gases to escape after the heat
      exchange has occured.
PAR  A pipe 31 bypasses the first part 18a of the heat exchanger 18. The flow
      control means 32 und 33 are positioned in or near the pipes 16 und 31
      respectively in order to respectively close partly entirely either the
      pipe 16 leading from the fan 17 to the preheater 18a or the pipe 31. The
      flow control means 32 and 33 cooperate with the temperature sensor 34
      which is positioned in or near the pipe 15 which returns a portion of the
      remaining circulating air back into the drying chamber T.
PAR  The flow control means 32 and 33 cooperate to insure that the temperature
      of the remaining circulating air remains as constant as possible. In case
      the temperature of the remaining circulating air falls, the flow control
      means 33 will open and the flow control means 32 will close, so that the
      amount of heat energy given by the incinerated gases to the exhausted
      portion of air in the preheater 18a will be reduced. As a result, an
      increased amount of heat will be available to heat the remaining
      circulating air in the heat exchanger 13. Of course, should the
      temperature of the circulating air rise, the operation of flow control
      means 32 and 33 will be just the opposite to that described above; and
      again the temperature of the circulating air will remain as constant as
      required.
PAR  A pipe 38 with a flow control valve 39 positioned therein bypasses the
      second part 18b of the heat exchanger 18. This arrangement provides for an
      optional control condition. In other words, if the temperature of the
      circulating air has reached a certain predetermined point and it therefore
      becomes unnecessary to preheat the exhausted portion of air, then valve 39
      may be opened to allow the heated incinerated gases to bypass the heat
      exchanger portion 18b and go directly to pipe 23.
PAR  A pipe 40 with a flow control valve 41 positioned therein bypasses the heat
      exchanger 13. This arrangement provides for additional controllability and
      adaptability in creating the desired operating condition. In other words,
      if the temperature of the remaining circulating air has reached a certain
      predetermined point and it therefore becomes unnecessary to heat the
      remaining circulating air in the portion 12 of the drying chamber T, then
      the valve 41 may be opened to allow the incinerated gases to bypass the
      heat exchanger 13.
PAR  As a further feature of the present invention, the flow control means used
      throughout this system can utilize flap valves operative electrically by
      means of electric servomotors. In order to provide for simplification in
      the design of flow control means 32 and 33, a three-way valve unit can be
      employed as an equivalent structure.
PAR  As a further feature, the incinerated gases conducted through the pipe 27
      by means of the opened valve 28 positioned therein may be directed to a
      heat-exchanger to be positioned at the junction 25a. The heat-exchanger
      shall have two sections, each in heat-exchanging relationship with the
      other, whose first section receives the incinerated gases and discharges
      the same to the outside atmosphere, and whose second section receives the
      pollution-free air through the pipe 25 and the opened valve 30 positioned
      therein, so as to indirectly heat the pollution-free air prior to entry
      into the drying chamber T without the incinerated gases being intermixed
      and unnecessarily polluting the remaining circulating air in the drying
      equipment.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      method of and apparatus for heating circulating air by preheating a
      portion of the circulating air, it is not intended to be limited to the
      details shown, since various modifications and structural changes may be
      made without departing in any way from the spirit of the present
      invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that
      from the standpoint of prior art fairly constitute essential
      characteristics of the generic or specific aspects of this invention, and
      that therefore, such adaptations should and are intended to be
      comprehended within the meaning and range of equivalence of the following
      claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In an apparatus for heating air, particularly circulation air in drying
      equipment or the like, a combination comprising a drying chamber
      containing circulation air; a combustion chamber separate from said drying
      chamber; first passage path means for circulation of a portion of the air
      from said drying chamber in a first path and into said combustion chamber;
      second passage path means including a heat-exchanger for circulating
      incinerated gases from said combustion chamber in a second path to said
      heat-exchanger in which said incinerated gases exchange heat with said air
      in said first path, so as to preheat said air in said first path prior to
      entry thereof into said combustion chamber; and third passage path means
      for circulating said incinerated gases from said heat-exchanger in a third
      path, so as to heat said remaining circulating air in said drying chamber,
      said third passage path means comprising means defining a conduit, pumping
      means, and a flow control means, said means defining a conduit forming a
      portion of said third path and conveying a portion of said incinerated
      gases to said drying chamber by operation of said flow control means
      cooperating with said pumping means.
NUM  2.
PAR  2. An apparatus as defined in claim 1 said heat-exchanger having at least
      two sections, one of said sections surrounding a portion of said first
      path, and the other of said sections surrounding a portion of said second
      path and being in heat exchanging relationship with said one section.
NUM  3.
PAR  3. An apparatus as defined in claim 2 and further comprising third passage
      path means for circulating said incinerated gases from said other section
      of said heat-exchanger in a third path, so as to heat said remaining
      circulating air in said drying chamber.
NUM  4.
PAR  4. An apparatus as defined in claim 3, wherein said third passage path
      means comprises another heat-exchanger, means defining an alternate
      conduit, and flow control means, said other heat-exchanger having at least
      two sections, one of said sections surrounding a portion of said third
      path, and the other of said sections surrounding a portion of a path
      through which said remaining circulating air in said drying chamber is
      conducted and being in heat-exchanging relationship with said one section,
      said means defining an alternate conduit forming a portion of said third
      path and providing an alternate parallel path so as to permit said
      incinerated gases to bypass said one section of said other heat exchanger
      by operation of said flow control means.
NUM  5.
PAR  5. In an apparatus for heating air, parituclarly circulation air in drying
      equipment or the like, particularly combination comprising a drying
      chamber containing circulation air, a combustion chamber separate from
      said drying chamber; first passage path means for circulating a portion of
      the air from said drying chamber in a first path and into said combustion
      chamber; second passage path means for circulating incinerated gases from
      said combustion chamber in a second path in which said incinerated gases
      exchange heat with said air in said first path, so as to preheat said air
      in said first path prior to entry thereof into said combustion chamber,
      said second passage path means comprising a heat-exchanger, said
      heat-exchanger having at least two sections, one of said sections
      surrounding a portion of said first path, and the other of said sections
      surrounding a portion of said second path and being in heat-exchanging
      relationship with said one section; and third passage path means for
      circulating said incinerated gases from said other section of said
      heat-exchanger in a third path, so as to heat said remaining circulating
      air in said drying chamber, said third passage path means comprising means
      defining a conduit, pumping means, and a flow control means, said means
      defining a conduit forming a portion of said third path and conveying a
      portion of said incinerated gases to said drying chamber by operation of
      said flow control means cooperating with said pumping means.
NUM  6.
PAR  6. An apparatus as defined in claim 5, wherein said third passage path
      means further comprises intake means and discharge means, said intake
      means being operable to replace said incinerated gases removed by
      operation of said discharge means with outside ambient atmosphere; and
      wherein said intake means has means defining another conduit forming a
      portion of said third path and conveying a portion of said outside ambient
      atmosphere to said means defining the first-mentioned conduit so that said
      portion of said ambient atmosphere is mixed with said incinerated gases
      located in said means defining the first-mentioned conduit prior to entry
      thereof into said drying chamber.
NUM  7.
PAR  7. In an apparatus for heating air, particularly circulation air in drying
      equipment or the like, a combination comprising a drying chamber
      containing circulation air; a combustion chamber separate from said drying
      chamber; first passage path means for circulating a portion of the air
      from said drying chamber in a first path and into said combustion chamber;
      second passage path means including a heat-exchanger for circulating
      incinerated gases from said combustion chamber in a second path to said
      heat-exchanger in which said incinerated gases exchange heat with said air
      in said first path so as to preheat said air in said first path prior to
      entry thereof into said combustion chamber; and third passage path means
      for circulating said incinerated gases from said heat-exchanger in a third
      path, so as to heat said remaining circulating air in said drying chamber,
      said third passage path means comprising means defining a conduit, and air
      lock, and a flow control means, said means defining a conduit forming a
      portion of said third path and conveying a portion of said incinerated
      gases to said air lock to heat the same by cooperation with said flow
      control means, and said air lock being separate from said drying chamber
      and being in heat-exchanging relationship with said remaining circulating
      air in said drying chamber.
NUM  8.
PAR  8. In an apparatus for heating air, particularly circulation air in drying
      equipment or the like, a combination comprising a drying chamber
      containing circulation air; a combustion chamber separate from said drying
      chamber; first passage path means for circulating a portion or the air
      from said drying chamber in a first path and into said combustion chamber;
      second passage path means for circulating incinerated gases from said
      combustion chamber in a second path in which said incinerated gases
      exchange heat with said air in said first path so as to preheat said air
      in said first path prior to entry into said combustion chamber, said
      second passage path means comprising a heat-exchanger, said heat-exchanger
      having at least two sections, one of said sections surrounding a portion
      of said first path, and the other of said sections surrounding a portion
      of said second path and being in heat-exchanging relationship with said
      one section; and third passage path means for circulating said incinerated
      gases from said other section of said heat-exchanger in a third path, so
      as to heat said remaining circulating air in said drying chamber, said
      third passage path means comprising means defining a conduit, an air lock,
      and a flow control means, said means defining a conduit forming a portion
      of said third path and conveying a portion of said incinerated gases to
      said air lock to heat the same by cooperation with said flow control
      means, and said air lock being separate from said drying chamber and being
      in heat-exchanging relationship with said remaining circulating air in
      said drying chamber.
NUM  9.
PAR  9. In an apparatus for heating air, particularly circulation air in drying
      equipment or the like, a combination comprising a drying chamber
      containing circulation air; a combustion chamber separate from said drying
      chamber; first passage path means for circulating a portion of the air
      from said drying chamber in a first path and into said combustion chamber,
      said first passage path means comprising exhaust means, a bypass conduit,
      and a flow regulation means, said exhaust means removing a portion of said
      circulating air from said drying chamber and directing said portion of
      exhaust air along said first path, and said flow regulation means
      comprising sensors and flow control means, said temperature sensors being
      located in said drying chamber and detecting the temperature of the
      remaining circulating air in said drying chamber, and said flow control
      means located in said first path and being valves regulating the flow of
      said portion of exhaust air to said combustion chamber by cooperating with
      said temperature sensors; and second passage path means for circulating
      incinerated gases from said combustion chamber in a second path in which
      said incinerated gases exchange heat with said air in said first path, so
      as to preheat said air in said first path prior to entry thereof into said
      combustion chamber, said second passage path means comprising a
      heat-exchanger, said heat-exchanger having at least two sections, one of
      said sections surrounding a portion of said first path, and the other of
      said sections surrounding a portion of said second path and being in
      heat-exchanging relationship with said one section, said bypass conduit
      defining a portion of said first path and providing an alternate parallel
      path so as to bypass said one section of said heat-exchanger.
NUM  10.
PAR  10. In an apparatus for heating air, particularly circulation air in drying
      equipment or the like, a combination comprising a drying chamber
      containing circulation air; a combustion chamber separate from said drying
      chamber; first passage path means for circulating a portion of the air
      from said drying chamber in a first path and into said combustion chamber;
      and second passage path means for circulating incinerated gases from said
      combustion chamber in a second path in which said incinerated gases
      exchange heat with said air in said first path, so as to preheat said air
      in said first path prior to entry thereof into said combustion chamber,
      said second passage path means comprising a heat-exchanger, said
      heat-exchanger having at least two sections, one of said sections
      surrounding a portion of said first path, and the other of said sections
      surrounding a portion of said second path and being in heat-exchanging
      relationship with said one section, said second passage path means further
      comprising means defining a bypass path and a flow regulation means, said
      means defining said bypass path forming a portion of said second path and
      providing an alternate parallel path so as to bypass said other section of
      said heat-exchanger, and said flow regulation means having temperature
      sensors to detect the temperature of said incinerated gases and flow
      control means located in said means defining a bypass path which
      cooperates with said temperature sensors to regulate the flow of said
      incinerated gases past said other section of said heat-exchanger.
NUM  11.
PAR  11. A process for heating air, particularly circulating air in drying
      equipment or the like, by using incinerated gases from a combustion
      chamber comprising the steps of exhausting a portion of said circulating
      air from aid drying equipment, circulating said portion of exhausted air
      from said drying chamber in a first path and into said combustion chamber,
      and circulating said incinerated gases from said combustion chamber in a
      second path in which said incinerated gases exchange with said portion of
      exhausted air in said first path, so as to preheat said portion of
      exhausted air in said first path prior to entry thereof into said
      combustion chamber, said step of circulating said incinerated gases
      including conducting said incinerated gases in a third path so as to heat
      said remaining circulating air in said drying chamber and conveying a
      portion of said incinerated gases directly into said drying chamber.
NUM  12.
PAR  12. A process for heating air, particularly circulating air in drying
      equipment or the like, by using incinerated gases from a combustion
      chamber comprising the steps of exhausting a portion of said circulating
      air from said drying equipment, circulating said portion of exhausted air
      from said drying chamber in a first path and into said combustion chamber,
      circulating said incinerated gases from said combustion chamber in a
      second path in which said incinerated gases exchange heat with said
      portion of exhausted air in said first path, so as to preheat said portion
      of exhausted air in said first path prior to entry thereof into said
      combustion chamber, said step of circulating said incinerated gases
      including conducting said incinerated gases in a third path so as to heat
      said remaining circulating air in said drying chamber and conveying a
      portion of said incinerated gases to an air lock for indirect heating of
      said remaining circulating air in said drying chamber.
NUM  13.
PAR  13. A process for heating air, particularly circulating air in drying
      equipment or the like, by using incinerated gases from a combustion
      chamber comprising the steps of exhausting a portion of said circulating
      air from said drying equipment, circulating said portion of exhausted air
      from said drying chamber in a first path and into said combustion chamber,
      and circulating said incinerated gases from said conbustion chamber in a
      second path in which said incinerated gases exchange heat with said
      portion of exhausted air in said first path, so as to preheat said portion
      of exhausted air in said first path prior to entry thereof into said
      combustion chamber, said step of circulating said incinerated gases
      including conducting said incinerated gases in a third path so as to heat
      said remaining circulating air in said drying chamber and exhausting a
      portion of said incinerated gases to the outside atmosphere, and intaking
      pollution-free air from the outside into said drying chamber and mixing
      said pollution-free air with said incinerated gases so as to preheat said
      pollution-free air prior to entry thereof into said drying chamber.
NUM  14.
PAR  14. A process as defined in claim 13, wherein the step of circulating said
      incinerated gases in said second path further comprises the step of
      preheating said portion of exhausted air from said drying equipment in
      said first path to a temperature dependent upon the temperature of said
      remaining circulating air in said drying equipment.
NUM  15.
PAR  15. A process as defined in claim 14, wherein the step of circulating said
      portion of incinerated gases in said second path further comprises the
      step of preheating said portion of exhausted air from said drying
      equipment in said first path by directing said incinerated gases to a heat
      exchanger, said heat exchanger having at least two sections, each of which
      is in heat-exchanging relationship with the other, one of said sections
      surrounding a portion of said first path, and the other of said sections
      surrounding a portion of said second path and being in heat exchanging
      relationship with said one section.
NUM  16.
PAR  16. A process as defined in claim 13, wherein the step of circulating said
      incinerated gases in said third path conveys said incinerated gases to a
      heat exchanger having at least two sections, each of which is in heat
      exchanging relationship with the other, one of said sections surrounding a
      portion of said third path, and the other of said sections surrounding a
      portion of a path through which said remaining circulating air in said
      drying chamber is conducted and being in heat-exchanging relationship with
      said one section.
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ABST
PAL  A freeze-dryer, especially for comestibles such as coffee extract, is
      connected to a condenser with a dust separator interposed therebetween.
      The discharge opening of the dust separator communicates with an
      after-drying device with its own discharge arrangement for the
      freeze-dried dust. The vapor produced in the freeze-dryer is introduced
      into a passage connecting the main dryer with the dust separator.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to an apparatus for freezedrying, and more
      particularly, to an apparatus for the freezedrying of comestibles such as
      coffee to form granular coffee extract.
PAC  BACKGROUND OF THE INVENTION
PAR  The freeze-drying process generally comprises subjecting a frozen product
      to heating at reduced (subatmospheric) pressure to sublimate water
      contained therein and thereby dry the product.
PAR  The apparatus for carrying out this process can comprise a sublimation-type
      dryer and a condenser connected thereto, a dust separator being interposed
      between the sublimating-type dryer and the condenser.
PAR  In a known arrangement of this kind, the dust recovered from the separator
      and containing residual moisture is fed back by a worm conveyor to a lower
      stage of the dryer and is mixed with the granular product therein. This
      has the disadvantage of altering the appearance of granulate.
PAR  For example, in the freeze-drying of coffee, the return of the moist dust
      to the granulate in the dryer tends to make the coffee extract somewhat
      yellowish and to decrease the market value of the product without
      appreciably effecting the taste.
PAR  Moreover, the return of moist dust to the granulate in the dryer
      detrimentally affects the bulk density of the product.
PAR  These problems have not been solved heretofore without loss of a valuable
      fraction of the product.
PAC  OBJECT OF THE INVENTION
PAR  It is the principal object of the present invention to provide an apparatus
      permitting economical recovery of the separated dust without interference
      with the quality of the product, thereby obviating the aforedescribed
      disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that it is possible, without loss of a valuable
      component of the product to be dried, to carry out freeze-drying with
      recovery of the dust, by collecting the dust in a separator between the
      dryer and the usual condenser, and subjecting the dust to an after-drying
      independently of the main dryer. It is indeed surprising, in light of the
      long-held belief heretofore that the dust could only be rendered useful
      upon return to granulate, that the dust has an independently valuable
      utility when subjected to after-drying apart from the granulate and is
      employed separately therefrom.
PAR  According to the principles of this invention, the outlet or discharge
      opening of the dust separator, in a system having a main sublimation-type
      dryer, a dust separator connected to the dust separator, is provided with
      an after-drying device with its own discharge arrangement for the dry
      dust.
PAR  This arrangement allows removal of the residual moisture from the product
      dust without deterioration of the quality of the granulate by contact with
      this dust and without alteration of the bulk density of the main product.
      The dry dust has been found to be a completely useful independent product
      of significance in the production of vending machine or filter coffee and
      wherever rapid solubilization of the coffee is desired.
PAR  According to an important feature of the invention, a feed-back duct is
      provided for the return of the vapor produced in the after-drying device
      to a passage interconnecting the main dryer and the dust separator or into
      the dust separator directly. The vapor freed from the product dust thus
      eventually is led to the condenser connected to the dust separator and
      consequently an independent condensing arrangement for the after-dryer is
      unnecessary.
PAR  According to the invention, moreover, the after-dryer arrangement is a
      heated-worm conveyor having a housing of a cross-section increasing
      progressively in the direction of displacement of the dust by the worm,
      the vapor outlet opening into this housing at a location of minimal vapor
      turbulence. This approach ensures especially effective drying of the dust,
      minimum residual moisture and an effective separation of the dry dust from
      the vapor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is an elevational view partly broken away of an apparatus embodying
      the present invention; and
PAR  FIG. 2 is an enlarged detail view, partly in elevation and partly in
      section, of the after-drying device of the apparatus of FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In the drawing I show a sublimation-type plate dryer 1 of conventional
      construction and provided with a multiplicity of vertically spaced drying
      plates which can be heated by a fluid such as hot water. The plates 2 are
      in the form of annular discs.
PAR  Above the dryer 1 I provide an inlet gate 3 for the frozen product to be
      dried while scoops, vanes or the like can be provided at 4 on a vertical
      shaft 5 which may be rotated by the motor 6 to spread the product on the
      plates 2 and progressively cause the product to fall from the plate to
      plate through the dryer.
PAR  Discharge arrangements 7 are provided at the bottom of the dryer 1 and are
      formed with conventional vacuum gates 8 which permit the reduced pressure
      in the dryer to be maintained in spite of the fact that the product can be
      discharged. The discharge arrangements 7 empty the completely dried
      granulate into storage containers not shown.
PAR  Lateral passage or ducts 10 communicate with the side wall of the dryer 1
      and open into a dust separator 11 of the cyclone type. The dust separator
      11 has its free space above the conical discharge hopper of the separator
      connected with one or more condensers 12 which, in turn, are chilled by a
      refrigerating cycle not shown in detail. The condenser communicates with a
      suction source 9 which maintains the reduced pressure in the entire system
      which is necessary for freeze-drying. Of course, individual suction
      devices can be provided for each of the units 1, 11 and 12.
PAR  At the bottom of the dust separator 11 there is provided a discharge
      opening or outlet 14 which communicates with an afterdrying device 13
      according to the present invention.
PAR  The after-drying device 13 is shown in greater detail in FIG. 2 and is
      partly broken away in this FIGURE.
PAR  The discharge opening 14 of the dust separator 11 is connected via a ball
      valve 16 with a dust-conveying tube 17 which opens downwardly into the
      small-cross-section end of a housing 18 which widens horizontally away
      from the point at which the dustsupply tube 17 communicates with the
      housing.
PAR  A worm 20, driven by a motor 19 extends horizontally in the housing and is
      rotated so as to displace the dust from the narrow end of the housing to
      the wide end thereof. At the wide end of the housing there is provided a
      further discharge arrangement 21 which may be in the form of a simple
      vertical downwardly opening discharge pipe 22 connected through a vacuum
      gate 23, such as a tube-blocking duct, to a canister 27 in which the dust
      can be collected. A detachable fitting 28 couples the canister 27 with the
      duct 22.
PAR  As noted, the housing 18 widens in the direction of advance of the product
      by the worm 20 toward a discharge opening 24 and the upper part of the
      housing. This opening 24 is connected by a further ball valve 25 to a
      feedback line 26 which opens directly into the dryer 1 or into one of the
      ducts 10 communicating between the dryer 1 and the dust separator 11. The
      canister 27 can, of course, be replaced when filled by another.
PAR  The housing 18 is jacketed or otherwise formed with double walls on its
      sides and bottom to provide a heating chamber 29 which can be filled with
      hot water. Of course, other heating arrangements can be used, e.g.
      electric-heating wires, fluid-heated tube coils.
PAR  The product dust containing (coffee) residual moisture and collected in the
      dust separator 11 is led to the right-hand side of the worm or screw 20
      and is thereby displaced across the heated zone formed by the housing 18.
      The vapor generated by the heating of the dust travels with reduced speed
      and turbulence through the housing and out through the duct 24 to the
      passage 10. Any dust entrained with this vapor is thus recycled to the
      dust separator. The after-dried product cascades through tube 21 and the
      discharge gate 23, 28 into the replaceable canister 27. The ball valves 16
      and 25 and the vacuum slide 23 enable the required pressure differentials
      vis-a-vis the main freeze-drying apparatus to be established for operation
      in the manner described.
PAR  The product, finely subdivided and completely dried coffee powder, has been
      found to be especially effective for use as vending-machine coffee and
      filter coffee.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for the freeze-drying of a product comprising, in
      combination:
PA1  a main dryer adapted to receive a frozen product and provided with means
      for heating said frozen product in vacuo to release vapor from said
      product and form a freeze-dried granulate therefrom;
PA1  a dust separator communicating with said dryer for separating dust from the
      vapor emerging therefrom;
PA1  a condenser connected to said dust separator for condensing the vapor upon
      separation of dust therefrom;
PA1  an after-dryer connected to said dust separator for receiving separated
      dust therefrom and drying said separated dust independently of said
      granulate; and
PA1  discharge means connected to said after-dryer and operable independently of
      the main dryer for discharging the dry dust from the apparatus as a
      product separate from said granulate.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said after-dryer comprises a
      housing in which vapor is generated upon the drying of said dust, said
      apparatus further comprising means communicating between said housing and
      said dryer for discharging vapor from said housing.
NUM  3.
PAR  3. The apparatus defined in claim 2 wherein said separator is connected to
      said main dryer by at least one duct, said means communicating with said
      housing including a passage connecting said housing with said duct.
NUM  4.
PAR  4. The apparatus defined in claim 2 wherein said after-dryer further
      comprises a worm rotatable in said housing for displacing dust therealong,
      and means for heating the dust in said housing.
NUM  5.
PAR  5. The apparatus defined in claim 4 wherein said housing widens in the
      direction of advance of said dust by said worm, said means communicating
      with said housing opening therein at a wide portion of the housing.
NUM  6.
PAR  6. The apparatus defined in claim 5, further comprising a replaceable
      canister communicating with said housing for receiving dry dust therefrom.
NUM  7.
PAR  7. The apparatus defined in claim 6, further comprising a suction source
      connected to said apparatus at said condenser.
NUM  8.
PAR  8. The apparatus defined in claim 7 wherein said housing is double-walled
      and is provided with a heating fluid.
NUM  9.
PAR  9. The apparatus defined in claim 8, further comprising a ball valve
      between said separator and said housing.
NUM  10.
PAR  10. The apparatus defined in claim 9, further comprising another ball valve
      in said means communicating with said housing.
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ABST
PAL  Method and apparatus for drying a moving web utilizing one or more air caps
      each including an apertured plate together with a high pressure plenum
      which is arranged to deliver high pressure air through the apertures in
      the plate to impinge against the web. The geometry of the plates, their
      spacing from the web and the positioning of exhaust means are correlated
      to provide a minimum amount of cross flow interference thereby improving
      the heat transfer and ultimately the efficiency of the drying operation.
PARN
PAR  This is a continuation of application Ser. No. 405,142, filed Oct. 10,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of drying by means of impingement flow of
      high pressure heated air, with provisions being made for exhausting the
      impinging air streams behind the impingement jets so that the impinging
      air streams are directed to an exhaust chamber at a relatively low
      velocity and without excessive pressure drop.
PAR  2. Description of the Prior Art
PAR  Impingement flow, that is, flow directed normal to the surface has been
      recognized as an efficient means for heating or cooling. In recent years,
      this method of heat transfer has been used in the paper industry for
      drying of paper. Representative patents in this field are U.S. Pat. Nos.
      3,163,502; 3,167,408; and 3,447,247 all owned by the assignee of the
      present invention.
PAR  Air impingement drying is particularly suited for drying of lightweight
      grades of paper such as tissue paper and for drying coated paper. These
      applications require higher rates of heat transfer because of the limited
      drying length and the requirements of high speed operation.
PAR  There are various types of air impingement devices in use on paper drying
      apparatus. One of these types uses slotted nozzles and another
      incorporates round holes to provide jet orifices for impingement purposes.
      The slot nozzle arrangements have the disadvantage of requiring a
      relatively complex system of air removal ducts between the slots. Slot
      arrangements are also characterized by inefficient performance as measured
      by the heat transfer coefficient obtainable for a given expenditure of air
      blower horsepower. In addition, relatively small spacings between the
      impingement surface and the slot nozzles are required in order to obtain
      good heat transfer results.
PAR  Some of the disadvantages inherent in the slot nozzle arrangement are
      eliminated in the round hole impingement systems. For example, the heat
      transfer coefficient is relatively unaffected by the distance from the
      nozzle to the impingement surface as long as there is a proper ratio of
      the impingement distance to the hole diameter. Also when using round
      impingement holes, it becomes easier to incorporate air exhaust systems
      sets of the round holes.
PAR  With the demand for increased machine speeds, adequate drying must either
      be accomplished by raising the drying rate or the heat transfer length.
      Increased drying lengths require additional capital expenditure for
      already expensive drying equipment. In tissue drying applications, where
      the wet web is pressed on the surface of a large diameter rotating drum,
      the web must be dried in less than one revolution. Typically, such a
      drying system employs a large diameter steam filled cylinder surrounded by
      a high temperature, high velocity air impingement cap. However, these
      steam filled cylinders are already operating at about the highest
      practical steam pressures possible and are being built at about the
      largest practical diameter possible. Therefore, any further increases in
      speed must come from increased heat transfer rates from air impingement.
      At the present time, air caps are being operated at temperatures of about
      800.degree.F. In order to achieve higher temperatures, expensive high
      temperature alloys must be employed. In addition, at these higher
      temperatures problems are encountered in maintaining the dimensional
      stability of the equipment and as impingement temperatures get higher,
      more problems will be encountered with drying uniformity.
PAR  Inasmuch as air caps in use today in the paper industry are already
      operating at about the limit of temperature, it becomes necessary to
      increase the convective heat transfer coefficient in order to increase the
      heat transfer rate and consequently the evaporation rate. In paper drying
      applications, a large convective heat transfer coefficient helps to
      alleviate any nonuniform drying problems. One method of increasing the
      convective heat transfer coefficient is simply by increasing the
      impingement velocity. However, for a given system configuration an
      increase in impingement velocity can only be obtained at the expense of
      increased fan horespower. Increases in fan horsepower represent both
      increased capital cost for equipment and also increased operating expense.
      Therefore, an upper limit exists whereby increases in heat transfer rate
      by adding additional fan horsepower are no longer considered feasible.
PAR  Another means of increasing the heat transfer coefficient is to increase
      the number of impinging jets, that is, by increasing the open area of the
      impingement plate. Published literature indicates that after the open area
      is increased beyond approximately 2%, no further gains in the heat
      transfer rate are obtainable. It was thought that the inability to improve
      the heat transfer rate was caused by interference between adjacent
      impinging jets, that is, as the open area was increased and the
      impingement jets became closer and closer together, it was thought that
      the adjacent jets interfered with each other thereby reducing the heat
      transfer coefficient.
PAR  More recently published experimental data indicates that this reduction in
      heat transfer coefficient is not caused by interference between adjacent
      jets but rather by cross flow interference from the spent air. The jets
      after impingement must travel to an opening to be exhausted and this means
      that the spent air must travel across adjacent jets before reaching an
      exhaust outlet. This exhaust cross flow interference can actually cause
      the impinging jet to be bent at an angle which is not perpendicular to the
      surface of impingement. Any deviation of the impingement jet from a line
      normal to the heated or cooled surface results in a degradation of the
      heat transfer rate. Consequently, it becomes important to eliminate or
      reduce cross flow interference if the average heat transfer coefficient is
      to be increased.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a method and apparatus for impingement
      drying involving a correlation between the variables involved in such
      drying as well as structural features which minimize cross flow
      interference between adjoining jet orifices. One of the features of
      structure involved is the provision of a support housing for the apertured
      plate which is of lesser cross-sectional area than the plate so that the
      area behind the individual plates serves as an extended area exhaust
      region in which the impinging air streams are directed at a relatively low
      velocity and without an excessive pressure drop. Another structural
      feature involves the use of an array consisting of a plurality of
      apertured plates with exhaust regions located about the entire periphery
      of each plate so that any given aperture in the plate is not spaced an
      excessive distance from an exhaust region. Also contributing to the
      improved efficiencies of the present invention are an improved aperture
      configuration. For best results, we have found it desirable to space each
      jet aperture an equidistant amount from the next adjacent jet aperture as
      by providing a pattern of apertures which is a series of squares or a
      series of equilateral triangles.
PAR  As far as operating parameters are concerned, we have found that the open
      area of the apertures in the plate should constitute no more than about 3%
      of the area of the plate and that the diameter of the apertures should
      preferably be within the range from about 1/16 inch to about 3/4 inch. It
      is also important to correlate the ratio of the distance of the aperture
      from the surface of the web to the diameter of the aperture such that with
      greater open areas, the ratio of distance to diameter is lower.
PAR  Basically, the present invention provides small diameter impingement holes
      over the entire impingement plate to achieve large heat transfer rates per
      unit area. The arrangement is such that there is a relatively large open
      area to obtain a large number of heat transfer spots. Exhaust openings are
      provided on all sides of the impingement plate to minimize any cross flow
      interference. Another feature involves the use of a central high pressure
      plenum to feed each of the impingement boxes uniformly. Other improvements
      are achieved by utilizing tapered impingement boxes and smoothly contoured
      inlets for feeding the high pressure air through the apertured plates.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
PAR  FIG. 1 is a somewhat schematic view illustrating an air cap system of the
      present invention associated with a large diameter Yankee drier drum;
PAR  FIG. 2 is a fragmentary vertical cross-sectional view of the bell-shaped
      support means for the perforated plate;
PAR  FIG. 3 is a fragmentary view partly in elevation and partly in
      cross-section of one of the bell structures as shown in FIG. 2;
PAR  FIG. 4 is a fragmentary cross-sectional view of the type of apertured plate
      used in the structure of FIGS. 2 and 3;
PAR  FIG. 5 is a fragmentary cross-sectional view on an enlarged scale taken
      substantially along the line V--V of FIG. 4;
PAR  FIG. 6 is a cross-sectional view taken along the line VI--VI of FIG. 2; and
PAR  FIG. 7 is a schematic view, partly broken away illustrating another air cap
      structure produced according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before proceeding with a detailed description of the drawings, it would be
      well to review the inter-relationship between the variables involved in an
      impingement drying process. As mentioned previously, cross flow
      interference from the spent air provides a significant reduction in the
      average heat transfer coefficient of the system. One means of alleviating
      the cross flow interference would be to provide exhaust openings at or
      near impinging jets, but this results in a very complex and expensive
      system. It is also desirable to provide as many heat transfer spots as
      possible. For a given open area this can be accomplished by incorporating
      small diameter impingement holes. It has been found that small diameter
      holes are more susceptible to cross flow interference. As the cross flow
      velocities are increased, the small diameter jet can easily be bent or
      even destroyed by the cross flow. Larger diameter jets are less
      susceptible to this interference because of the larger momentum associated
      with the jet.
PAR  Another problem associated with utilizing small diameter jets is that the
      distance from the impingement plate to the surface to be heated or cooled
      must be kept at a relatively small value in order to avoid a reduction in
      heat transfer. At very small spacings, a pressure buildup can occur at
      locations away from the exhaust openings. This results in the
      establishment of a large pressure drop between the area at which the jet
      impinges and the point at which the spent air is exhausted. At points
      where the pressure is high impingement velocities are low, and at points
      where the pressure is low higher impingement velocities occur. The resason
      for this is that the plenum pressure is constant and the impingement
      velocity is controlled by the pressure differential across the impingement
      plate. This results in nonuniform heat transfer and ultimately nonuniform
      drying.
PAR  We have now managed to correlate these inter-acting variables and provide
      an integrated system in which high heat transfer rates are obtained with a
      minimum of cross flow interference into the exhaust openings. Through the
      particular arrangement to be discussed, we have managed to minimize the
      pressure gradient between jets located at varying distances from the
      exhaust openings.
PAR  Turning to specifics, we have found that the open area of the apertures in
      the impingement plate should constitute no more than about 3% of the area
      of the plate. We have also found that the diameter of the apertures should
      be in the range from about 1/16 inch to about 3/4 of an inch. Furthermore,
      our work has determined that the ratio of the distance of an aperture from
      the surface of the web to the diameter of the aperture for best results,
      should be in accordance with the following table:
TBL                TABLE I                                                     
     ______________________________________                                    
     Open area         Ratio of distance/                                      
                       diameter                                                
     ______________________________________                                    
     up to 1%          3 - 6                                                   
     greater than 1%                                                           
     up to 2%          2 - 5                                                   
     greater than 2%                                                           
     up to 3%          2 - 4                                                   
     ______________________________________                                    
PAR  In order to secure uniform heat transfer across the web, it is desirable
      that the apertures be symmetrically disposed within the plate, with each
      aperture being equidistant from the adjacent apertures. We accordingly
      prefer to provide a pattern of apertures which constitutes a series of
      squares or a series of equilateral triangles.
PAR  The plates in which the apertures are located are preferably substantially
      square. In order to provide access of the centrally disposed apertures in
      the plate to the peripheral exhaust area surrounding the plate, it is
      advisable to make the length of one side of the square plate no more than
      about 1.8 times the diameter of an aperture divided by the open area. As a
      specific example, for a plate having apertures of 1/8 inch in diameter and
      an open area of 0.0276 (2.76%) of the maximum length of a side of the
      square plate would be about 8.15 inches.
PAR  Turning now to a specific description of the drawings, in FIG. 1 there is
      illustrated a drying assembly of the type which is used for drying
      lightweight webs such as tissue paper and the like. The drying assembly
      includes a large diameter steam heated Yankee-type drier roll 10 to which
      a web of tissue or the like is applied by means of a conveyor belt 11
      trained around a roller 12. As illustrated in FIG. 1, the web of tissue
      travels around a major portion of the periphery of the drum 10 and is
      removed therefrom by means of a doctor blade 13 and wound up on a takeup
      roll 14.
PAR  The drying assembly of FIG. 1 includes a pair of air cap assemblies which
      are positioned in close proximity to the surface of the traveling web and
      extend the full width of the web. High pressure heated air is applied from
      a source (not shown) to an inlet manifold 15 which delivers the air to
      conduits 16 and 17 located in spaced relation along the arcuate periphery
      of the air cap assembly, thereby providing a high pressure plenum 18 from
      which a plurality of bell-shaped plate supports 19 are fed. The
      configuration of these supports 19 is best illustrated in FIGS. 2 to 6 of
      the drawings from which it will be seen that the supports 19 are formed
      with a rounded entrance portion 20, a relatively small diameter throat
      portion 21 and a flared bell-shaped bottom portion 22 in which there is
      located an apertured plate 23. A series of dimples 24 and tabs 25 are
      provided at the periphery to confine the plate 23 tightly within the base
      of the bell-shaped portion.
PAR  The plate 23 contains apertures 26 in symmetrically disposed array which
      constitutes a square pattern as illustrated in FIG. 4. The inlet end of
      each of the apertures 26, as illustrated in FIG. 5, has a contoured
      entrance 27 to minimize flow irregularities and turbulence.
PAR  The high temperature high pressure air passing through the apertures 26 in
      the plate 23 impinges against the web on the surface of the drum 10 with
      very substantial velocities on the order of 20,000 to 30,000 feet per
      minute. A typical web speed of light-weight paper would be about 4,000 to
      6,500 feet per minute. The impinging air after striking the surface of the
      web is deflected around the periphery of each of the bell-shaped supports
      19 into the region between the relatively narrow throats 21 which region
      is an exhaust region identified at reference numeral 28 in the drawings.
      The exhaust region 28 is in fluid communication with an exhaust conduit 29
      as illustrated in both FIGS. 1 and 2. Each of the exhaust conduits 29 has
      a rounded inlet portion 30 and an outwardly tapered body portion 31, the
      function of which is to provide as low a pressure drop as possible and as
      little turbulence as possible in the flow of the exhausted air. The
      exhausted air is directed into a plenum chamber 32 from where it is
      removed by means of an exhaust conduit 33.
PAR  The other air cap structure illustrated in FIG. 1 is substantially
      identical to that described and the corresponding elements of this
      structure are identified with the same reference numerals as used
      previously, followed by the subscript a.
PAR  Another arrangement of apertured plates for high velocity impingement
      drying is illustrated in FIG. 7 of the drawings. In the form of the
      invention there illustrated, a plurality of generally square plates 34
      each having an array of apertures arranged in a square pattern are
      received in support means including inwardly curved side walls 35 which
      fasten to relatively small diameter pipes 36. The ends of the pipes 36 are
      fastened to a wall 37, the ends having a smoothly rounded lip 38. A wall
      39 is spaced from the wall 37 to provide a high pressure plenum chamber 40
      therebetween for introducing high pressure heated air through the pipes 36
      and thence through the perforated plates 34. The complete array may
      include twenty-four to thirty-six plates or so and centrally of the array
      of plates there is left a blank exhaust area 41. An exhaust conduit 42
      having a tapered end portion 43 communicates with the exhaust area 41 to
      vent the exhaust air therefrom.
PAR  With both of the forms of the invention shown, it will be apparent that the
      impingement air is directed rearwardly about the entire peripheries of the
      plates to a single exhaust means thereby providing a relatively large area
      for exhaust flow resulting in a relatively low exhaust velocity and the
      absence of an excessive pressure drop.
PAR  Various types of plenum arrangements may be made to take advantage of the
      improvements of the present invention. For example, the air exhausted into
      the exhaust area behind each plate can be directed to a large exhaust area
      located between adjoining plenums where the combined exhausts from the
      adjoining plenums are combined and vented.
PAR  Calculations have determined that air cap structures including the
      improvements of the present invention are considerably more efficient for
      drying purposes than other air caps presently available. These
      calculations were based on drying a tissue paper having a weight of 12
      pounds for 3,000 square feet and an initial moisture content of 1.5 pounds
      of water for every pound of fibers. The air caps would be located about a
      Yankee drier of 16 feet in diameter and occupy 270 .degree. of the
      circumference of the drier drum. In both cases, the steam temperature
      within the drier drum was taken as 345.degree.F, and the impinging air was
      to be at a temperature of 800.degree.F. In both cases, the impingement
      velocity was assumed to be 25,000 feet per minute.
PAR  With a commercially available air cap device, the jets have an open area of
      0.0147 (1.47%) and a jet diameter of 0.375 inch. The vertical spacing of
      the jets is 1 inch from the surface of the web. The impingement heat
      transfer coefficient was calculated to be 56.1 BTU per hour, per square
      foot, per degree F. Under these conditions, the web could be dried at a
      machine speed of 5,154 feet per minute.
PAR  With the new design of air cap, the open area is taken as 0.0276 (2.76%)
      and the jet diameters at 0.125 inches. The vertical spacing from the jet
      to the web was to be 1/2 inch. It was calculated that under these
      conditions, the impingement heat transfer coefficient would be 83.7 BTU
      per hour, per square foot, per degree F. Under these circumstances, the
      paper could be dried to the same degree of moisture content at a machine
      speed of 6,873 feet per minute, thereby increasing the drying speed by a
      factor of more than 30%.
PAR  At the same open area and impingement velocity, the heat transfer
      coefficient for the 1/8 inch jet array is approximately 30% higher than
      the 3/8 inch jet array at the same power consumption.
PAR  Thus, with the arrangement above described, increased heat transfer from
      the drying air to the moist web, and hence increased evaporation is
      achieved. A reduction of the deleterious effects of cross flow upon the
      heat transfer coefficient is achieved. In partial summary of the above,
      the openings have a diameter D in range of 1/16 inch to 3/4 inch. The
      distance Z of the openings to the supporting surface is related to the
      size of orifice openings so that the ratio of Z:D is no greater than 6. By
      increasing the spacing between the orifices and the support, the cross
      flow velocities of the escaping air are decreased. It has been found that
      heat transfer is relatively unaffected by vertical distance as long as the
      ratio of Z:D is equal to or less than 6.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. An apparatus for drying a moving web comprising at least one air cap
      having a width corresponding to the width of the web to be dried, each air
      cap including at least one apertured plate, hollow support means for
      positioning the plate in relatively close proximity to the web, a high
      pressure plenum connected to said support means for delivering high
      pressure air through the apertures in said plate to impinge against said
      web, said support means having a throat of lesser cross-sectional area
      than said plate between said plate and said plenum, thereby providing an
      exhaust region of extended area behind each plate into which the impinging
      air streams are directed at a relatively low velocity and without an
      excessive pressure drop, the open area of the apertures in said plate
      constituting no more than about 3% of the area of said plate, the ratio of
      the distance of the apertures from the surface of the web to the diameter
      of the apertures being in accordance with the following table:
TBL                    Ratio of distance/                                      
     Open area         diameter                                                
     ______________________________________                                    
     up to 1%          3 - 6                                                   
     greater than 1%                                                           
     up to 2%          2 - 5                                                   
     greater than 2%                                                           
     up to 3%           2 - 4.                                                 
     ______________________________________                                    
NUM  2.
PAR  2. The apparatus of claim 1 in which the diameter of the apertures is in
      the range from about 1/6 inch to about 3/4 inch.
NUM  3.
PAR  3. The apparatus of claim 1 in which a given aperture in each plate is
      spaced equidistant from each of its adjoining apertures.
NUM  4.
PAR  4. An apparatus for drying a moving web comprising a high pressure plenum,
      a plurality of apertured plates extending across the width of the web to
      be dried, conduit means enclosing each of said plates and connecting the
      same to said plenum, each of said plates being spaced from adjoining
      plates along its entire periphery thereby providing exhaust channels for
      air streams impinging against said web, said conduit means having a
      cross-sectional area of lesser extent than the cross-sectional area of its
      associated plate inwardly of said plate in the direction of said plenum
      thereby providing an extended exhaust space between said plates and said
      plenum, and a common exhaust conduit communicating with said exhaust
      space, said conduit extending through and beyond said plenum, the open
      area of the apertures in said plate constituting no more than about 3% of
      the area of said plate, the ratio of the distance of the apertures from
      the surface of the web to the diameter of the apertures being in
      accordance with the following table:
TBL                    Ratio of distance/                                      
     Open area         diameter                                                
     ______________________________________                                    
     up to 1%          3 - 6                                                   
     greater than 1%   2 - 5                                                   
     up to 2%                                                                  
     greater than 2%   2 - 4                                                   
     up to 3%.                                                                 
     ______________________________________                                    
NUM  5.
PAR  5. The apparatus of claim 4 in which the apertures in said plates are
      smoothly contoured to reduce flow disturbances.
NUM  6.
PAR  6. The apparatus of claim 4 in which said plates are substantially square
      and the length of one side of the square is no more than about 1.8 times
      the diameter of an aperture divided by the open area.
NUM  7.
PAR  7. An apparatus for drying a moving web comprising a high pressure plenum,
      a plurality of apertured plates extending across the width of the web to
      be dried, conduit means enclosing each of said plates and connecting the
      same to said plenum, each of said plates being spaced from adjoining
      plates along its entire periphery thereby providing exhaust channels for
      air streams impinging against said web so that air exhausting between the
      plates prevents cross flow interference of spent air with air streams,
      said conduit means having a cross-sectional area of lesser extent than the
      cross-sectional area of its associated plate inwardly of said plate in the
      direction of said plenum thereby providing an extended exhaust space
      between said plates and said plenum, and a common exhaust conduit
      communicating with said exhaust space, said conduit extending through and
      beyond said plenum.
NUM  8.
PAR  8. An apparatus for drying a moving web constructed in accordance with
      claim 7:
PA1  wherein said openings have a diameter in the range of 1/16 to 3/4 and have
      an area of no greater than 3% of the area of the plate.
NUM  9.
PAR  9. An apparatus for drying a moving web constructed in accordance with
      claim 7:
PA1  wherein said plate apertures comprise openings having a diameter D and
      having a distance Z from the web, the ratio Z:D being no greater than 6.
NUM  10.
PAR  10. An apparatus for drying a moving web constructed in accordance with
      claim 7:
PA1  wherein the ratio of the distance of the apertures from the surface of the
      web to the diameter of the apertures is in accordance with the following
      table:
     Open Area         Ratio of distance/diameter                              
     ______________________________________                                    
     up to 1%          3 - 6                                                   
     greater than 1%                                                           
     up to 2%          2 - 5                                                   
     greater than 2%                                                           
     up to 3%           2 - 4.                                                 
     ______________________________________                                    
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ABST
PAL  1. An electronic circuit for use with apparatus having timing signal
       geneing clock means and means for combining waveform information from a
      plurality of input channels into a single pulse train signal wherein time
      displacements of particular recurrent pulses along the pulse train signal
      time base, as established by said clock means, are indicative of the
      channels from which the particular pulses were derived, said electronic
      circuit comprising:
PA1  Phase-splitter means responsive to said timing signal to provide two,
      timed, sine wave signals of equal magnitude but having a predetermined
      phase difference;
PA1  Phase-shift resolver means connected to said phase-splitter means and
      having a stator and a rotor, said resolver being responsive to said timed
      sine wave signals and to the position of said rotor to provide a resolver
      output signal which is phase-shifted with respect to said time base in
      accordance with the position of said rotor;
PA1  Gate shaping means connected to said phase-shift resolver means and
      responsive to said resolver output signal to provide a sliding gate signal
      which is positioned along said time base in accordance with the position
      of said rotor;
PA1  Multiplier means for receiving said pulse train signal and connected to
      said gate shaping means and responsive to said sliding gate signal so as
      to provide an output corresponding to coincidence of said sliding gate
      signal and pulses of said pulse train signal, whereby positioning of said
      rotor can be utilized to select from said pulse train signal those pulses
      derived from particular ones of said plurality of input channels;
PA1  Said multiplier means comprising means for forming said gate signal into a
      plurality of gate signals of differing widths and signal levels for
      passing coincident pulses within those widths, and summing means for
      summing the pulses so passed to provide smooth transition between
      different outputs resulting from changes in said rotor position.
BSUM
PAR  The present invention pertains to electronic circuitry for use in a
      training device and is particularly directed towards an electronic circuit
      for simulation of signals in a sonar training system. In operational sonar
      systems when it is desired to scan or search over a particular area or
      over a 360.degree. circle about the sonar location, the sonar operator has
      available mechanical scanning equipment which directs the sonar beam to
      the particular point of scan that the operator desires. In order to
      simulate such scanning or directional sonar information, the present
      invention is utilized to simulate such directional scanning.
PAR  It is therefore an object of the instant invention to provide a novel
      electronic circuit for simulation of operational sonar scan.
PAR  Another object of the instant invention is to provide a novel electronic
      circuit for simulation of sonar scanning, said novel electronic circuit
      being simple in construction and inexpensive to build.
PAR  A further object of the instant invention is to provide a novel electronic
      circuit which will provide variable control over selection of information
      from a combined signal derived from a large number of different input
      channels.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings wherein:
PAR  FIG. 1 is an overall block diagram of the omni-directional bearing selector
      circuitry;
PAR  FIG. 2 is a block diagram of multipliers A and B;
PAR  FIG. 3 is a schematic diagram of the phase-shift resolver;
PAR  FIGS. 4a-4d is a schematic diagram of phase-splitter A utilized in the
      bearing selector;
PAR  FIG. 5 is a schematic diagram of gate-shaper A of the omni-directional
      bearing selector; and
PAR  FIG. 6 is a schematic diagram of the gate-shaper B.
DETD
PAR  One preferred embodiment of the invention is utilized with a trainer which
      simulates an operational sonar system which has the following
      characteristics. The information is provided in 48 discrete channels which
      are linearly spaced about the circumference of 360.degree.. The
      information in each channel is limited to the information from one segment
      which is 1/48 of 360.degree. or 71/2.degree. for each channel. This is
      analogous to the beam width of the particular sonar set being simulated.
PAR  The information from each of the 48 channels is combined by known time
      sharing multiplexing techniques to provide a single aurel signal
      comprising a train of amplitude modulated pulses, the amplitudes of which
      correspond to frequencies of the input at individual channels, while the
      time displacements of the aurel pulses along the signal time base are
      representative of the particular input channels, or bearing in this
      example wherein each channel represents 71/2.degree. of bearing in a sonar
      device. This pulse train or combined aurel signal (so called to
      distinguish from various audio frequency signals in the simulator device
      embodying the invention) constitutes an input signal applied to input line
      43 of FIG. 1.
PAR  The invention described hereinafter provides the means for extracting from
      that combined aurel signal those aurel pulses corresponding to a selected
      bearing, and for converting or reconstituting therefrom the original audio
      input to the channel corresponding to that bearing. This the invention
      accomplishes through the agency of novel "sliding gate" means.
PAR  By a sliding gate is meant a gating signal which can be selectively
      positioned, in time, along the time reference base of the combined aurel
      signal in accordance with a selected bearing sought to be scrutinized. The
      aurel pulses which coincide with the selectively positioned sliding gate
      are thereby gated to suitable means for reconstituting them as an audio
      signal which can be utilized to drive a loud speaker, for example.
PAR  Thus, if a sonar trainee wants to study the return from a certain bearing
      and operates a bearing selector to select that bearing, the sliding gate
      means picks out those aurel pulses which were derived from the input
      channel corresponding to the desired bearing.
PAR  Referring now to FIG. 1, the bearing selector circuitry comprises
      multiplier A, 50, multiplier B, 52, gate-shaper A, 54, gate-shaper B, 56,
      phase-splitter A, 58, phase-splitter B, 60, and the bearing selector
      circuitry comprising the 4KC phase-shifter resolver 62, the
      electro-mechanical follower 64 and the servo amplifier 66. The
      phase-splitter A, 58 receives input waveforms on lines 68 and 70
      respectively from a play-back clock B and a 4KC generator. These input
      waveforms are shown in FIG. 1. The playback clock (not shown) derives the
      mentioned waveform from another clock means and serves to provide proper
      timing or synchronization of the system being described with the system
      which combined the plural channel inputs into the combined aurel signal.
      The outputs from phase-splitter A, 58 are fed to a phase-splitter B, 60 in
      the form of two pulses, one of which is superposed on the other. The
      phase-splitter components A and B actually operate together to perform a
      single electrical function, that is to provide two, 4KC output signals one
      of which is 90.degree. out of phase with the other. The outputs from
      phase-splitter B, 60 are fed to a bearing selector 4KC phase-shift
      resolver 62. The output from this resolver is fed to gate-shaper A, 54,
      then to gate-shaper B, 56, then to multiplier A, 50 and then to multiplier
      B, 52. The output of the electro-mechanical follower 64 is fed to the 4KC
      phase-shift resolver. The 4KC phase-shift resolver is shown in FIG. 3. It
      comprises a rotor 74 and two stators, 76 and 78, which are 90.degree. out
      of phase with each other. In order to actuate a phase-shift resolver 62,
      it is necessary to provide signals for the stators of this resolver which
      are 90.degree. out of phase with each other. These are two, equal
      amplitude, timed, sine wave output signals provided by phase-splitter A,
      58 and B, 60. These voltages being 4KC sine waves therefore develop a
      rotating magnetic field in the resolver which rotates at 4KC per second as
      indicated in the caption at the top of FIG. 3. The magnetic vector shown
      in FIG. 3 is not a physical element but is a symbolic representation of
      the vectorially combined forces or fields which result from the 4KC
      quadrature voltages applied to stators 76 and 78. The synchro bearing
      selector signal 72, which is a typical synchro signal generated by a
      rotary transformer or the like operated as by a bearing selecting
      handwheel, indicates the particular bearing to be selected by the bearing
      selector circuitry. The bearing selector circuitry which comprises the 4KC
      phase-shift resolver 62, the electro-mechanical follower 64 and the servo
      amplifier 66 produces a shaft position which is analogous with the input
      synchro bearing signal. This shaft position of the bearing selector servo
      controls and adjusts the shaft position or the rotor shaft position of the
      4KC phase-shift resolver 62. The phase-shift resolver 62 is responsive to
      the timed, sine wave signals from the phase-splitter means, and to the
      position of the resolver rotor to provide a resolver output signal which
      is phase shifted with respect to the time base in accordance with the
      position of the resolver rotor.
PAR  Referring now to FIGS. 4a-4d, input signals from the playback clock and the
      4KC generator, respectively supplied on lines 68 and 70, are applied
      through a summing circuit to the transistor 75. The summing circuit
      includes diodes 77 and 79 which together with the 22K resistor connected
      between their anodes and the positive 24 volt DC source form a gate
      circuit of the type shown in FIG. 2-1(a), page 38, of "Digital Computer
      Components and Circuits" by R. K. Richards. These input signals are
      applied through capacitors 80 and 82 and enter the base of
      emitter-follower transistor 75. Transistor 75 is an impedance matching
      cathode follower circuit component. The outputs for the emitter-follower
      are applied to the base of the following amplifier 84. Amplifier 84
      utilizes an inductance network 86 for peaking which serves to filter the
      input pulse information to the phase-splitter and produce an output to
      which is sinusoidal in shape. The output from the phase-splitter A is
      applied to phase-splitter B which has an emitter-follower 88 as its first
      stage. The output from emitter-follower 88 is transformer coupled by
      transformer 90 to a three-stage RC phase shifter which provides the
      required approximate 90.degree. phase shift. This phase-shifter comprises
      capacitors 92, 94, 96 and associated resistors 98, 100, and 102. The
      output of this phase-shifter is applied to push-pull amplifiers 104 and
      106. The input signals to these push-pull amplifiers are phase-shifted
      90.degree.. The outputs from these push-pull amplfiers are therefore
      90.degree. out of phase with each other and the RC networks in each of the
      emitters of amplifiers 104 and 106, respectively RC combination 108 and
      110 and the RC combination 112 and 114, serve to tune out the subsequent
      stator inductance of the phase-shift resolver.
PAR  The output from phase-splitter B is then applied to phase-shift resolver
      62. The output from the 4KC phase-shift resolver is applied to gate-shaper
      A shown on FIG. 5. The 4KC input from the bearing selector is a sinewave
      which is applied to the base of amplifier 116. The combination of
      capacitor 120 and variable inductor 118 in the collector circuit of
      amplifier 116 is adjustable. The output from the collector of amplifier
      116 is applied to the base of emitter-follower 122. The output from
      emitter-follower 122 is applied to the base of mono-stable multivibrator
      comprising transistors 124 and 126. The mono-stable multivibrator is used
      to form a very sharp defining point for the point of triggering the
      following circuitry. The square-trigger output pulse from the mono-stable
      multivibrator is applied to gate-shaper B. The first stage of gate-shaper
      B is the amplifier 130. Amplifier 130 in combination with stage 132 and
      limiting diode 134 form a blocking oscillator circuit which produces the
      required gate pulses. The output transformer 136, and diode 138 form part
      of the blocking oscillator circuit. The blocking oscillator output is in
      the form of approximately 5-microsecond pulses through transformer 136.
      When no pulse appears across the output winding 5-6 of transformer 136,
      diodes 134 and 140 are both conductive because of the potential from the
      negative 22 volt supply, and capacitor 146 has substantially a zero
      charge. When the leading edge of the blocking oscillator 5-microsecond
      pulse, which is about 40 volts, positive in amplitude, appears on winding
      5-6, and when the voltage across the capacitor 146 begins to go positive,
      diode 140 is back-biased and becomes non-conductive, thereby permitting
      the capacitor 146 to be charged linearly through resistor 144, the
      resistance of which is selected to provide linear charging to about 2
      volts in the 5-microsecond charging period. At the instant the charging
      pulse ends, the capacitor voltage is at its maximum and diode 134 becomes
      back-biased and non-conducting, thereby leaving resistor 147 as the only
      path for discharge of capacitor 146. Resistor 147 is selected to provide
      an RC time constant which will effect linear discharge of the capacitor
      146 during an approximate period of another 5-microseconds, thereby
      providing approximately a 10-microsecond triangular signal. The triangular
      signal is passed by D.C. blocking capacitor 142 to the base of an emmitter
      follower 148 and results in a triangular wave-shaped pulse output from
      emitter-follower 148. The purpose of emitter follower 148 is to avoid
      loading of the blocking oscillator output and consequent distortion of the
      triangular signal developed across capacitor 146. This triangular output
      pulse is applied to the multipliers A and B.
PAR  Multipliers A and B have two inputs. One input is the triangular sliding
      gate from gate-shaper B, 56. The other input is the combined aural signal
      42. In the preferred embodiment of the invention, rectangular sliding
      gates of 3, 6 and 10 microsecond widths are generated from the triangular
      sliding gate. To accomplish this the triangular gate 18 is first passed
      through the amplifier inverter stage 20 in multiplier A. The amplified and
      inverted output, now negative is applied to three identical
      emitter-follower stages 22. The outputs are three identical triangular
      gate signals which are fed to three clipper limiter stages, respectively
      24, 26 and 28. The triggering levels of these stages are adjusted to
      produce the required 3, 6 and 10 microsecond square-wave gating signals.
      In addition to the clipper limiter stages, multiplier B has three AND
      gates and three multiplier networks. The AND gates, respectively 30, 32
      and 34 produce an output when two signals are applied which coincide in
      time. One input to each gate is a square-wave gating signal, 3, 6 or 10
      microseconds wide. The second input is the combined aural signal 42. When
      the triangular sliding gate is moved along the time axis the three
      square-wave gates move in exact coincidence, thus scanning the combined
      aural pulse train which is fixed in relative time. The outputs are fed to
      the respective multipliers 36, 38 and 40 which are conveniently in the
      form of voltage dividing resistance networks and hence multiply by
      fractions. The multipliers are adjusted so that their common output will
      be approximately the same level as the AND gate inputs when an aural pulse
      is coincident with all three gates. The common output of the multipliers
      will be approximately two-thirds of the AND gate level when an aural pulse
      is coincident with the 6 and 10 microsecond gates. The common output of
      the multipliers will be approximately one-third of the AND gate level
      input when an aural pulse is coincident only with the 10 microsecond gate.
      The purpose and net result of the three overlapping but different width
      gating signals is to provide a smooth transition between ouputs as a
      trainee, for example, operates the bearing selector means to traverse the
      different information input channels.
PAR  Thus it is seen by the use of simplified circuitry, the bearing selector
      circuitry for training purposes provides a controllable, variable, sliding
      triangular gate which controls the amount of channel information provided
      for listenting on an operational sonar set.
PAR  Thus it is seen that a novel circuit is provided in which a triangular
      sliding gate is utilized for control of bearing information. The novel
      circuitry utilized in the instant invention can also be utilized in other
      devices and applications where it is required to select and mix different
      audio channel information in a controllable manner.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic circuit for use with apparatus having timing signal
      generating clock means and means for combining waveform information from a
      plurality of input channels into a single pulse train signal wherein time
      displacements of particular recurrent pulses along the pulse train signal
      time base, as established by said clock means, are indicative of the
      channels from which the particular pulses were derived, said electronic
      circuit comprising:
PA1  phase-splitter means responsive to said timing signal to provide two,
      timed, sine wave signals of equal magnitude but having a predetermined
      phase difference;
PA1  phase-shift resolver means connected to said phase-splitter means and
      having a stator and a rotor, said resolver being responsive to said timed
      sine wave signals and to the position of said rotor to provide a resolver
      ouput signal which is phase-shifted with respect to said time base in
      accordance with the position of said rotor;
PA1  gate shaping means connected to said phase-shift resolver means and
      responsive to said resolver ouput signal to provide a sliding gate signal
      which is positioned along said time base in accordance with the position
      of said rotor;
PA1  multiplier means for receiving said pulse train signal and connected to
      said gate shaping means and responsive to said sliding gate signal so as
      to provide an output corresponding to coincidence of said sliding gate
      signal and pulses of said pulse train signal, whereby positioning of said
      rotor can be utilized to select from said pulse train signal those pulses
      derived from particular ones of said plurality of input channels;
PA1  said multiplier means comprising means for forming said gate signal into a
      plurality of gate signals of differing widths and signal levels for
      passing coincident pulses within those widths, and summing means for
      summing the pulses so passed to provide smooth transition between
      different outputs resulting from changes in said rotor position.
NUM  2.
PAR  2. An electronic circuit as defined in claim 1, and further comprising:
PA1  electromechanical servo means for selectively positioning said rotor.
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ABST
PAL  A driver training simulator apparatus is disclosed which provides accurate
      simulation of the operation of the steering wheel and clutch. The
      resistance of the steering wheel to a turning force is greater when the
      simulated training vehicle is at rest than when the vehicle is moving. The
      simulated clutch offers a progressively different resistance to movement
      of the clutch pedal depending on the degree of engagement or disengagement
      of the simulated clutch. Also provided in the simulator is a stall sensor
      which causes the simulated vehicle to "stall" while also providing an
      indication of the occurrence of a stall when predetermined simulated
      conditions of engine speed and load are present in the simulated vehicle.
BSUM
PAR  The present invention relates generally to driver training apparatus, and
      more particularly, to an apparatus of this type offering a more realistic
      simulation of actual driving conditions.
PAR  The use of a training simulator as an aid in teaching driving techniques is
      well known and has long been generally accepted as a highly advantageous
      means for instructing students in the various operations involved in
      driving a vehicle, such as an automobile or truck. In such an apparatus,
      the student driver is typically seated in a console of a vehicle which
      includes a steering wheel, accelerator, brake pedal, and where applicable,
      a clutch pedal.
PAR  In many of the known simulators, a reduced-sized model vehicle contains
      steering and speed controls that are remotely operated in response to the
      student's operation of the various controls in the console. The student
      driver learns to operate the vehicle by observing the effects of his
      operations on the model vehicle, and by adjusting those operations to
      bring about the desired movement of the model vehicle, such as starting,
      steering, and stopping the vehicle. The student driver by the use of such
      a simulator can within a relatively short time become an effective driver
      without ever driving an actual vehicle. This technique is highly
      advantageous and economical since it avoids the need for providing an
      actual vehicle for each student, and more importantly, prevents damage to
      an actual vehicle which would probably result when an unskilled and
      untrained driver is required to learn his skills on an actual vehicle.
PAR  In order for this learning experience to be most effective, the simulated
      driving conditions should present, as closely as possible, the actual
      conditions the student will experience when he drives an actual vehicle,
      at which time the margin for driving error is at a minimum. For example,
      as disclosed in the Chedister U.S. Pat. No. 2,870,548, the steering wheel
      and clutch pedal of the vehicle simulator are designed to simulate the
      conditions of feel of the clutch and steering wheel in an actual vehicle.
      Other patents disclosing clutch and steering simulators are the Acker et
      al U.S. Pat. No. 3,740,870 and the Ratcliffe U.S. Pat. No. 3,647,210.
      These known devices, however, are relatively complex and moreover often do
      not provide the student with a true-to-life simulation of the controls of
      an actual vehicle. In addition, no driver training simulator has been
      developed in which an indication of a stall is presented to the student
      when the conditions for a stall are present in the simulated vehicle,
      although such an indication is of significant benefit to the student to
      assist him in preventing future stall conditions.
PAR  It is thus an object of the invention to provide a driver training
      simulator that provides the student with a more realistic simulation of
      actual driving conditions.
PAR  It is a further object of the invention to provide a driver training
      simulator that provides a realistic simulation of clutch and steering
      wheel operation.
PAR  It is another object of the invention to provide a driver training
      simulator of the type described in which an indication of stall of the
      simulated vehicle is reliably given upon the existence of predetermined
      stall conditions.
PAR  To these ends, the present invention provides a driver training simulator
      which includes a console having a brake pedal, clutch pedal, steering
      wheel and accelerator pedal. A small-scale model vehicle has control
      elements therein which respond, such as by remote control, to the
      operation of the console controls so that the student driver operating the
      console controls "drives" the model vehicle; that is, the model vehicle
      follows the movements of the console controls.
PAR  In one aspect of the invention, the resistance to turning the steering
      wheel is relatively high when the simulated vehicle is at rest and
      relatively low when the simulated vehicle is in motion. In another aspect
      of the invention, the resistance to movement of the clutch pedal is
      progressively greater during the disengagement of the clutch, and is then
      progressively decreased as the clutch is engaged in the manner of an
      actual clutch.
PAR  In yet another aspect of the invention, the load and speed of the simulated
      vehicle are both sensed to develop a "stall" signal upon the sensing of a
      predetermined stall condition. At this time, the model vehicle is stopped
      and a visual stall indication is provided. When the simulated vehicle is
      restarted, the stall condition is removed, and normal vehicle operation
      resumes so long as the student avoids a reoccurrence of a stall condition.
DRWD
PAR  To the accomplishment of the above and to such further objects as may
      hereinafter appear, the present invention relates generally to a driver
      training simulator, substantially as defined in the appended claims and as
      described in the following specification taken together with the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the driver training apparatus of the
      invention illustrating the console and the model vehicle controlled by the
      student driver in the console;
PAR  FIG. 2 is a plan view of the console and a portion of the vehicle platform;
PAR  FIG. 3 is a perspective fragmentary view of the console as viewed from the
      opposite direction than in FIG. 1;
PAR  FIG. 4 is a schematic block diagram of the stall detector and indicator
      portion of the apparatus;
PAR  FIG. 5 is an elevation of the clutch simulator of the apparatus;
PAR  FIG. 6 is a view partly schematic and partly in elevation of the steering
      wheel simulator of the apparatus;
PAR  FIG. 7 is a section taken in the direction of the arrows 7--7 in FIG. 6;
PAR  FIG. 8 is an end elevational view taken along the lines 8--8 in FIG. 2;
PAR  FIG. 9 is an elevational view viewed along the lines 9--9 of FIG. 2; and
PAR  FIG. 10 is a fragmentary view, partly in section, as viewed along the lines
      10--10 of FIG. 9.
DETD
PAR  The present invention is directed to improvements in a vehicle training
      simulator of the type illustrated in FIGS. 1 to 3 wherein is shown a
      simulator for use in teaching the operation of a truck, although the
      simulator of the invention may be used to equal advantage in teaching the
      techniques of driving other vehicles such as automobiles, buses, and the
      like.
PAR  As shown in FIGS. 1 to 3, the simulator includes a simulated console
      generally designated 20 and an adjacent table 22 on which a miniaturized
      or model vehicle, here shown as a model truck 24, is placed and is free to
      move. Also on table 22 is a model of a typical driving environment
      including streets, houses, trees and the like, through which the student
      is to drive the model vehicle.
PAR  To this end, as is conventional, the model vehicle 24 contains signal
      receivers, servos, motors, and the like, which respond to signals
      transmitted from the console produced by the operation of the control
      elements in the console, such as a steering wheel 26, an accelerator pedal
      28, a brake pedal 30, a gear shift lever 32, and a clutch pedal 34. The
      model vehicle 24 can be started, stopped, steered, speeded up, and slowed
      down in response to the operation of these controls by a student seated on
      a seat 36 in the console much as he would do were he driving an actual
      vehicle.
PAR  By operating the controls, which are of actual size, and by observing the
      resulting movement of the model vehicle, the student driver can readily
      learn to operate an actual vehicle without the risk of damage to the
      actual vehicle during the period of instruction. The concept of
      controlling a miniaturized vehicle from a remote console is not broadly
      new and, as such, is not considered to be a part of the present invention.
      Since the manner of achieving such control is known (see, for example,
      Schott et al U.S. Pat. No. 3,231,987, and Genin U.S. Pat. No. 3,605,334)
      no further description of this portion of the simulator of FIGS. 1-3 is
      provided in this specification.
PAR  The present invention is directed toward certain improved aspects of the
      simulator including an improved clutch simulator that simulates the feel
      or resistance of the clutch pedal during the periods of clutch
      disengagement and engagement; an improved steering wheel simulator which
      simulates the different resistance or stiffness of the steering wheel,
      when the vehicle is at rest as compared to when it is in motion; and a
      vehicle stall indicator. Also provided is a ramp simulator and height
      level indicator to provide improved judgment of vehicle operation on an
      incline and in low height-clearance conditions.
PAC  Clutch Simulation
PAR  The clutch simulator, as well as the steering wheel simulator and other
      control elements of the system, are contained in a panel 38 mounted on the
      console. As shown in FIG. 5, the clutch simulator includes a linkage 40
      pivotable about a pivot point 41 and including an arm 42 to which the
      clutch pedal 34 is affixed at one end. The other arm 44 of linkage 40 is
      located within the panel 38 and has one end of a piston rod 46 affixed
      thereto, which in turn, is connected to a piston capable of vertical
      motion within a master hydraulic cylinder 48.
PAR  A hydraulic conduit 50 extends between an output port of master cylinder 48
      and an inlet port of a slave hydraulic cylinder 52 from which a rod 54
      extends. Rod 54 passes through an opening 56 formed in a plate 58
      extending transversely from a wall 60 and carries at its upper end a cup
      62. A collar 64 is affixed to the lower end of rod 54 and is normally
      located, as shown in FIG. 5, below plate 58 and is of a diameter
      permitting it to pass through opening 56.
PAR  A first spring 66 is compressed between vertically spaced plates 68 and 70
      and has its upper end abutting plate 68. As shown in FIG. 5, cup 62
      normally rests on plate 70 and is received within the interior of spring
      66. The lower end of the spring 66 rests on a lower circular flange 72 of
      cup 62. A second spring 74, preferably having a higher spring constant
      than that of spring 66, surrounds the upper portion of rod 54 and has its
      upper end abutting the underside of plate 70. The lower end of spring 74
      is abutted against a flanged member 76 which rests on plate 58 and also
      surrounds rod 54.
PAR  In the operation of the clutch simulator of FIG. 5, the student desiring to
      shift gears, presses downward on the clutch pedal 34. This causes rod 46
      to move in a downward direction to increase the pressure on the hydraulic
      fluid in master cylinder 48 in turn to increase the hydraulic pressure in
      cylinder 52. In this condition, spring 66 becomes compressed by the action
      thereon of rod 54 through cup 72, and as the clutch pedal is further
      pressed down, rod 54 is moved steadily upwards thereby creating a
      progressively increasing compression force on spring 66 which force is
      sensed by the student. At a certain position of the clutch pedal, as its
      downward motion is continued, collar 64, which has been gradually moving
      upwardly along with rod 54, will come into contact with flanged member 76,
      causing the latter to begin to compress spring 74. This position
      corresponding to the initial disengagement of the simulated clutch and
      creates a sudden abrupt increase in the resistance to further downward
      movement of the clutch pedal since such further movement now causes the
      increasing compression of both springs 66 and 74, which resistance again
      gradually increases with increasing downward movement of the clutch pedal.
PAR  To thereafter engage the clutch, the clutch pedal is raised causing rod 46
      to move upward reducing the pressure on the fluid in cylinder 48. This, in
      turn, decreases the pressure in cylinder 52 and causes rod 54 to move
      downwardly, as viewed in FIG. 5. The initial downward movement of rod 54
      gradually reduces the compression on springs 66 and 74, thereby reducing
      the force at the clutch pedal. Upon further upward movement of the clutch
      pedal, rod 54 moves further downward until collar 64 is moved away from
      contact with flanged member 76, corresponding to simulated clutch
      engagement, at which time the force at the clutch pedal is abruptly
      decreased, since spring 74 is no longer being compressed. Still further
      upward movement of the clutch pedal causes further downward movement of
      rod 54, thereby gradually reducing the compression on spring 66. This
      gradual decrease in spring compression continues until the clutch pedal is
      released. The force felt at the clutch pedal both prior to and following
      simulated clutch disengagement as well as prior to and following simulated
      clutch engagement thus closely simulates the force felt by the student
      driver during operation of the clutch pedal in an actual vehicle, as
      desired. The spring constants of springs 66 and 74 are preferably selected
      to achieve optimum accuracy of simulation of the actual feel of a clutch
      pedal.
PAC  Steering Wheel Simulation
PAR  In the operation of an actual vehicle, the resistance to movement of the
      steering wheel when the vehicle is at rest (and the clutch and drive gears
      are disengaged) is greater than when the vehicle begins to move (following
      the engagement of the clutch and drive gears) and is also increased the
      further the steering wheel is turned away from a straight ahead position.
      The steering wheel simulator illustrated in FIGS. 6 and 7 presents to the
      student driver these same variations in resistance to movement as the
      student operates the simulated training vehicle. As there shown, the
      steering wheel 26 is mounted on one end of a shaft 80, which is affixed to
      a section 82 of a magnetic brake 84, and drives a multi-turn rotation
      position potentiometer 90. The latter produces a rotation position voltage
      in accordance with the rotative position of shaft 80 in a known manner.
      Another section 86 of brake 84 rests adjacent brake section 82. Section 86
      is positioned about shaft 80 and is axially movable along the shaft toward
      and away from section 82 in accordance with the magnetic force developed
      by section 82.
PAR  The force of magnetic brake 84, which determines the resistance to rotation
      (or torque) of shaft 80 and thus of the steering wheel 26, is thus
      proportional to the magnitude of a control voltage applied to brake
      section 82 over a line 94, which, in turn, determines the magnitude of the
      magnetic force of section 82 on section 86 to bring the latter into more
      intimate physical contact with the former, when the magnetic force is at
      its higher level. The increased physical contact, in turn, increases the
      braking force of the brake 84 on the steering wheel, as desired.
PAR  That control voltage is obtained from a brake voltage supply circuit 96
      which produces on line 94 a voltage at one of two levels of a magnitude
      depending on the position of a common contact 98. (Circuit 96, which is
      otherwise not further disclosed herein, preferably includes a time delay
      circuit, such as a conventional R-C circuit, to establish a transition
      voltage between the two voltage levels produced by the circuit.)
PAR  As shown in FIG. 6, contact 98 is movable between two positions; that is,
      between a Stop Drag contact 100 and a Run Drag contact 102, depending on
      whether or not a relay 104 is energized by being connected to a 12-volt
      supply upon the closing of both an Engaged Clutch contact 106 and an In
      Gear contact 108. Those contacts are in turn closed upon the energizing of
      corresponding relays (not shown) upon the engaging of the simulated clutch
      (such as described previously with respect to FIG. 5) and the simulated
      engagement of gears upon the operation of the gear shift lever.
PAR  In operation, when the clutch is depressed (not engaged) or the simulated
      transmission is in neutral, relay 104 is unenergized and the common
      contact 98 is in the position shown in FIG. 6 in contact with the Stop
      Drag Contact 100. Under this condition, the brake voltage applied to the
      magnetic clutch is at the high value, thereby causing magnetic brake 84 to
      develop a high torque or high resistance to the movement of the steering
      wheel. When the simulated clutch is engaged and the simulated drive gears
      are engaged, contacts 106 and 108 are both closed and relay 104 is
      energized to cause the common contact 98 to move into contact with the Run
      Drag contact 102, whereupon the brake voltage is gradually decreased to
      its low value, thereby decreasing the torque produced by the magnetic
      brake and reducing the resistance to rotative movement of the steering
      wheel. It will thus be appreciated that the resistance to the rotation of
      the steering wheel is high when the simulated vehicle is at rest, and
      gradually decreases to a low level as the simulated clutch is engaged and
      the simulated vehicle is in motion, in the same manner as in an actual
      vehicle.
PAR  To further simulate the true operation of a steering wheel, the resistance
      to motion of the wheel is increased as the steering wheel is moved in
      either direction away from a straight ahead position. To this end, brake
      section 86 carries a pin 110 to which one end of tension springs 112 and
      114 are respectively attached. The other ends of the springs are attached
      to fixed surfaces 116 and 118, respectively, such that as shaft 80 is
      rotated in either direction, as indicated by the arrows in FIG. 7, one of
      the springs 112, 114 is stretched whereas the other spring is relieved,
      such that the torque on the steering wheel is increased by an amount
      proportional to the stretching of one of the springs.
PAR  Section 86 also carries circumferentially spaced pins 120 and 122 and a
      stop 124 is affixed to a wall surface 126, such that when either of pins
      120 or 122 contacts stop 124 upon the rotation of the shaft, further
      rotation of brake section 86 is prevented so as not to damage the springs
      while more effectively simulating the breakaway torque effect of the
      steering operation when the simulated vehicle is stationary.
PAC  Stall Sensor and Indicator
PAR  One of the common problems faced by student drivers is the propensity to
      create a stall condition for the simulated vehicle by failing to provide
      sufficient fuel to the engine upon an increase in engine torque
      requirement, such as when the simulated vehicle is moving up an incline.
      The training simulator of the invention includes a stall sensor and
      indicator, which upon the existence of a stall condition, such as a
      reduction in the speed of the drive motor to below a minimum value, or the
      existence of a specified combination of motor speed and torque in the
      simulated vehicle, will cause the vehicle motor to stop, as would occur in
      a real vehicle upon the occurrence of a stall, and an indicator to be
      actuated to advise the student and instructor that the engine has stalled.
      Upon restarting the simulated engine, the stall indication is deactuated
      and the engine is restarted again as would occur in an actual vehicle.
PAR  In the embodiment of the stall sensor and indicator shown schematically in
      FIG. 4, modulated signals, here shown as pulse-width modulated signals,
      are received from a receiver-decoder (not shown) which receives control
      signals from the console. Those modulated signals are applied to a signal
      conditioner 126 which converts the pulse-width modulated signal to a dc
      voltage having a magnitude proportional to the engine speed. That signal
      is applied to a variable-gain amplifier 128 the output of which is in turn
      applied to the input of a switch 130 and to the input of a "dead-band"
      circuit 132. The latter senses whether the magnitude of the voltage is
      outside a dead-band between a magnitude corresponding to a forward speed
      and one corresponding to a reverse speed. That is, when the control
      voltage is either greater or less than a predetermined band of voltage
      levels, circuit 132 produces a control signal on a line 134 to cause
      switch 130 to be conductive and to pass the control voltage to the input
      of a second switch 136. Switch 136, like switch 130, may be a silicon
      controlled rectifier (SCR) or a unijunction transistor (UJT) which is
      rendered conductive when a control signal is applied to a control
      electrode of the switch.
PAR  The output of switch 136, which is the amplified control signal from the
      input conditioner when switches 130 and 136 are both conductive, is
      applied to the input of a motor drive amplifier 138. The output of
      amplifier 138 is connected to a drive motor 140 which when energized
      causes the simulated vehicle 24 to move at a speed proportional to the
      speed of the motor.
PAR  To simulate the operation of an actual vehicle, a stall condition will
      occur for certain conditions of engine speed and torque. More
      specifically, a stall will occur, for certain torque values, if the engine
      speed is less than a predetermined value; for engine speeds exceeding this
      level, no stall will occur, irrespective of the engine torque.
PAR  In the operation of the stall indicator of FIG. 4, two signals, one
      proportional to motor speed and a second proportional to motor current and
      hence torque, are developed and processed to determine whether a stall
      condition exists. To this end, means, here shown as a tachometer 142
      mechanically coupled to motor 138, is provided to provide a speed signal,
      that is, a voltage having an amplitude proportional to the engine (motor)
      speed. Alternately, the speed signal may be obtained from the voltage
      supplied to the drive motor.
PAR  The speed voltage developed by tachometer 142 is supplied to one input of a
      summer 144. The other input to summer 144 is a torque signal, which is a
      voltage proportional to the motor current and thus to the motor torque.
      The level of the torque signal can be adjusted by the control of a control
      variable resistance 145. The summed torque signal and speed signal is
      applied to one input of a stall differential amplifier 146 the other input
      of which is connected to a reference, here shown as ground. The output of
      stall amplifier 146 is applied over a line 148 to the control element of
      second switch 136, the output of which is connected to a stall indicator,
      here shown as a stall indicator lamp 150.
PAR  Also connected to the decoder is a time constant circuit 152, the output of
      which is connected to one input of an unlatch amplifier 154. The other
      input of amplifier 154 is connected to a reference, here shown as ground.
      The output of amplifier 154 is connected to the signal input of stall
      amplifier 146 at point 156.
PAR  In the operation of the stall indicator of FIG. 4, when switch 136 is
      conductive, the dc drive signal is applied to operate motor 140, and stall
      indicator lamp 150 is not energized. However, whenever the torque signal
      is greater than a predetermined level and the speed signal is below a
      certain level, indicating a stall condition, the sum (or difference) of
      the speed and torque signals is less than the reference (ground) and the
      polarity of the output signal is reversed, thereby producing a signal on
      line 148 to place switch 136 in the nonconducting condition, thereby
      removing the drive voltage from the motor and actuating the stall
      indicator lamp. In an alternative stall sensor circuit, the occurrence of
      a stall may be sensed by sensing only the speed of the motor in the
      vehicle, when it falls below a specified speed, indicating that the power
      supplied to the motor is insufficient to provide stall-free driving for
      the conditions under which the vehicle is being operated. In such a
      circuit, the motor speed can be derived either from a tachometer as shown
      in FIG. 4, or by sensing the magnitude of the reverse e.m.f. produced by
      the motor. That speed signal is then compared to a predetermined reference
      to produce a stall condition and indication as previously described
      whenenver the sensed speed signal falls below the reference. As before,
      the stall condition and indication are removed by restarting the "engine".
PAR  The stall condition and indication remains in effect until the student
      restarts the simulated engine by operating a control (not shown) in the
      console, much as a driver of an actual stalled vehicle would restart the
      vehicle. The operation of this control is effective to interrupt the
      decoded pulse signals to time-constant circuit 152 such that after a brief
      period the output of unlatch amplifier 154, which when applied to input of
      stall amplifier 146 at point 156, resets the output level of amplifier 146
      to a value that causes switch 136 to be reset to a conducting condition,
      thereby restoring the drive signal to the motor. This, in turn, causes the
      system to be returned to the operating condition which remains in effect
      so long as the student avoids another stall condition by maintaining the
      proper engine speed consistent with the simulated driving conditions.
PAR  Those conditions can be modified under the control of the instructor by
      means of a device illustrated in FIG. 8 for modifying the grade or angle
      of the roadway over which the simulated vehicle is "driven" by the
      student. In this manner, the student can learn to adjust his driving
      operations to maintain proper vehicle operation on a graded road; that is,
      to prevent the vehicle from stalling for failure to provide sufficient
      fuel to the engine to compensate for the increased engine torque required
      to move the vehicle up the graded road.
PAR  As shown in FIG. 8, a roadway 158 in the form of a rubber surface is
      carried on a plate 160 to which a pair of angle brackets 162 are secured.
      Members 164 and 166 are respectively located at each end of roadway 158
      and include spaced posts 168 and 170 and an upper cross bar 172. Located
      near each member 164, 166 is an electric motor 174 carrying a pulley 176.
      Pulley 176 carries on its circumference a pair of spaced pins 178 and 180
      and strings 182 and 184 are respectively connected at one of their ends to
      pins 178 and 180.
PAR  String 178 passes over idler pulleys 186 and 188 rotatably mounted on cross
      bar 172 and its other end is attached to one side of a plate 190 extending
      between angle plates 162. Similarly, string 184 is passed over idler
      pulleys 192 and 194 rotatably mounted on cross bar 172 and is attached at
      its other end to the opposite side of plate 190. As shown in FIGS. 1 and
      2, a similar arrangement of motor pulley strings and plates is provided at
      both ends of the roadway at members 164 and 166.
PAR  In the operation of the adjustable ramp device, the instructor actuates one
      of the motors 174 at either end of the roadway to cause one end of the
      roadway to be lifted off the surface of table 22. If desired, the roadway
      may also be tilted along its longitudinal axis to present an incline or
      bank condition for the vehicle, by raising, such as by the use of an
      additional pulley (not shown), one longitudinal edge of the roadway above
      the other longitudinal edge. In addition, bumps or holes may be provided
      in the roadway to produce a closer simulation of actual road conditions to
      the student driver.
PAR  FIGS. 9 and 10 illustrate another aspect of the invention used to train the
      student in judging vertical clearance of his vehicle, particularly when
      the roadway is graded, or banked in the manner just described. As therein
      shown, as well as in FIG. 1, an intermediate member 200 is positioned over
      the roadway at an approximate central portion thereof. Member 200 includes
      a cross member 202 carried by a pair of vertical supports 204 which are
      placed alongside the roadway.
PAR  The ends of a bar 206 are pivotably attached to member 202 at spaced pivot
      locations 208, 210. Also secured at the pivot locations is an arm 212
      (FIG. 10) which has its other end in contact with a mercury switch 214
      supported in a bracket 216. Switch 214 is electrically connected in
      circuit with a voltage source (not shown) and a suitable indicator, here
      shown as buzzer 218. When the roadway is lifted so that when vehicle 24
      traveling up the roadway and beneath member 202, contacts bar 206, this
      contact will cause switch 214 to be actuated, thereby energizing indicator
      218 so that the student is apprised that he has failed to pass safely
      under the simulated vertical clearance limitation under the given grade
      conditions of the roadway, as desired.
PAR  It will thus be appreciated from the foregoing description of the driver
      training simulator of the invention, that a simulator has been provided
      that gives the student driver a more realistic and lifelike driving
      experience, without ever driving an actual vehicle. More specifically, the
      student experiences the actual feel of a clutch pedal and steering wheel.
      Moreover, if the student does not properly operate the simulated vehicle
      it will stall, as in an actual vehicle. The system of the invention thus
      significantly improves the driving learning experience and reduces the
      time needed for the student to learn to properly operate an actual
      vehicle.
PAR  It will also be appreciated that although the invention has been herein
      described with respect to one embodiment thereof, modifications to this
      embodiment may be apparent to those skilled in the art without necessarily
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a driver training simulator including simulated controls of a vehicle
      including a steering wheel, an accelerator pedal, and a brake pedal, and a
      reduced-size vehicle the movements of which are controlled by the
      operation by a student driver of one or more of said controls, the
      improvement which comprises: means for sensing whether the reduced-size
      vehicle is at rest or in motion, and means for producing a first
      resistance to the rotation of said steering wheel of a first magnitude
      when the reduced-size vehicle is at rest and for producing a second
      resistance to the rotation of said steering wheel of a second magnitude
      less than that of said first magnitude when the reduced-size vehicle is in
      motion.
NUM  2.
PAR  2. The simulator of claim 1, in which the stimulated controls further
      include a clutch pedal, and further comprising means for producing a
      resistance to the movement of the clutch pedal over a predetermined
      distance prior to simulated clutch disengagement, and means for producing
      an increased resistance to the movement of the clutch pedal following the
      initiation of simulated clutch disengagement upon further movement of the
      clutch pedal.
NUM  3.
PAR  3. The simulator of claim 2, in which the reduced-size vehicle includes an
      electric motor for driving the vehicle, and further comprising means for
      producing a signal bearing a relation to the speed of said motor, and
      means for producing a simulated stall condition in said vehicle when said
      speed signal is below a predetermined value.
NUM  4.
PAR  4. The simulator of claim 3, further comprising means for producing a
      signal bearing a relation to the torque of said motor, said stall
      condition producing means further comprising means for comparing the
      relative magnitudes of said torque and said speed signals.
NUM  5.
PAR  5. The simulator of claim 4, in which said stall condition producing means
      comprises means for deactuating said motor upon the sensing of a stall
      condition.
NUM  6.
PAR  6. The simulator of claim 5, further comprising means for indicating the
      existence of said stall condition upon the production of said simulated
      stall condition.
NUM  7.
PAR  7. The simulator of claim 6, further comprising means for modifying the
      grade along which the vehicle moves.
NUM  8.
PAR  8. The simulator of claim 5, further comprising means for reactuating said
      motor upon the removal of the stall condition.
NUM  9.
PAR  9. The simulator of claim 5, in which said stall condition producing means
      includes means for operatively summing said speed and torque signals, and
      means for comparing said summed signals against a reference.
NUM  10.
PAR  10. The simulator of claim 3, in which said rotation-resistance producing
      means includes means for producing a first control signal when the vehicle
      is at rest and a second control signal when the vehicle is in motion,
      brake means capable of producing a resistance force at one of said first
      and second magnitudes in accordance with said control signal, and means
      for applying said control signal to said brake means.
NUM  11.
PAR  11. The simulator of claim 10, in which said brake means comprises a
      magnetic brake, and said signal producing means includes means capable of
      selectively producing signals at one of two levels and switch means
      operable between a first condition when the vehicle is at rest and a
      second condition when the vehicle is in motion, said signal producing
      means producing a signal of a first level when said switch means is in
      said first condition and for producing a signal at a second level when
      said switch is in said second condition.
NUM  12.
PAR  12. The simulator of claim 10, in which said clutch pedal movement
      resistance-producing means comprises a first member for providing an
      initial resistance to movement of the clutch pedal over said predetermined
      distance, and a second member providing additional resistance to that
      offered by said first member when the clutch pedal is moved beyond the
      point of simulated clutch disengagement.
NUM  13.
PAR  13. The simulator of claim 12, in which said first and second members
      respectively include first and second springs, said second spring having a
      higher spring constant than that of said first spring.
NUM  14.
PAR  14. The simulator of claim 13, further comprising drive means operatively
      coupled to the clutch pedal for movement therewith for compressing only
      said first spring when the clutch pedal is moving along said initial
      predetermined distance, and means for compressing both of said first and
      said second springs when the clutch pedal is moved additionally beyond
      said predetermined distance.
NUM  15.
PAR  15. The simulator of claim 14, in which said first and second springs are
      axially aligned with respect to one another, said drive means comprising a
      rod carrying a first member at one end thereof for operatively engaging
      and compressing said first spring upon the initial movement of said drive
      means and a second member spaced from said first member and carried by
      said drive means for operatively engaging and compressing said second
      spring.
NUM  16.
PAR  16. The simulator of claim 1, in which the reduced-size vehicle includes an
      electric motor for driving the vehicle, and further comprising means for
      producing a signal bearing a relation to the speed of said motor, and
      means for producing a simulated stall indication in said vehicle when said
      speed signal is below a predetermined value.
NUM  17.
PAR  17. The simulator of claim 16, further comprising means for modifying the
      grade along which the vehicle moves.
NUM  18.
PAR  18. The simulator of claim 17, further comprising means for deactuating
      said motor upon the occurrence of a simulated stall condition, and means
      for reactuating said motor upon the removal of the stall condition.
NUM  19.
PAR  19. The simulator of claim 18, further comprising means for indicating the
      existence of a stall condition upon the production of a simulated stall
      condition.
NUM  20.
PAR  20. The simulator of claim 1, in which said rotation-resistance producing
      means includes means for producing a first control signal when the vehicle
      is at rest and a second control signal when the vehicle is in motion,
      brake means capable of producing a resistance force at one of said first
      and second magnitudes in accordance with said control signal, and means
      for applying said control signal to said brake means.
NUM  21.
PAR  21. The simulator of claim 20, in which said brake means comprises a
      magnetic brake, and said signal producing means includes means capable of
      selectively producing signals at one of two levels and switch means
      operable between a first condition when the vehicle is at rest and a
      second condition when the vehicle is in motion, said signal producing
      means producing a signal of a first level when said switch means is in
      said first condition and for producing a signal at a second level when
      said switch is in said second condition.
NUM  22.
PAR  22. The simulator of claim 21, in which said brake means includes a first
      section mounted on the steering shaft for rotation therewith, and a second
      section axially movable along the shaft toward and away from said first
      section in accordance with the magnitude of said control signal, thereby
      to respectively increase or decrease the resistance offered by said brake
      means to the rotation of the steering wheel, said control signal being
      applied by said applying means to one of said first and second sections.
NUM  23.
PAR  23. The simulator of claim 22, further comprising first spring means
      secured respectively to circumferential points on one of said first and
      second sections for respective expansion and contraction upon the rotation
      of the steering wheel shaft.
NUM  24.
PAR  24. The simulator of claim 21, in which said clutch pedal movement
      resistance-producing means comprises a first member for providing an
      initial resistance to movement of the clutch pedal over said predetermined
      distance, and a second member providing additional resistance to that
      offered by said first member when the clutch pedal is moved beyond the
      point of simulated clutch disengagement.
NUM  25.
PAR  25. The simulator of claim 24, in which said first and second members
      respectively include first and second springs, said second spring having a
      higher spring constant than that of said first spring.
NUM  26.
PAR  26. The simulator of claim 25, further comprising drive means operatively
      coupled to the clutch pedal for movement therewith for compressing only
      said first spring when the clutch pedal is moving along said initial
      predetermined distance, and means for compressing both of said first and
      said second springs when the clutch pedal is moved additionally beyond
      said predetermined distance.
NUM  27.
PAR  27. The simulator of claim 26, in which said first and second springs are
      axially aligned with respect to one another, said drive means comprises a
      rod carrying a first member at one end thereof for operatively engaging
      and compressing said first spring upon the initial movement of said drive
      means and a second member spaced from said first member and carried by
      said drive means for operatively engaging and compressing said second
      spring.
NUM  28.
PAR  28. The simulator of claim 2, in which said clutch pedal movement
      resistance-producing means comprises a first member for providing an
      initial resistance to movement of the clutch pedal over said predetermined
      distance, and a second member providing additional resistance to that
      offered by said first member when the clutch pedal is moved beyond the
      point of simulated clutch disengagement.
NUM  29.
PAR  29. The simulator of claim 28, in which said first and second members
      respectively include first and second springs, said second spring having a
      higher spring constant than that of said first spring.
NUM  30.
PAR  30. The simulator of claim 29, further comprising drive means operatively
      coupled to the clutch pedal for movement therewith for compressing only
      said first spring when the clutch pedal is moving along the initial
      predetermined distance, and means for compressing both of said first and
      said second springs when the clutch pedal is moved additionally beyond
      said predetermined distance.
NUM  31.
PAR  31. The simulator of claim 30, in which said first and second springs are
      axially aligned with respect to one another, said drive means comprising a
      rod carrying a first member at one end thereof for operatively engaging
      and compressing said first spring upon the initial movement of said drive
      means and a second member spaced from said first member and carried by
      said drive means for operatively engaging and compressing said second
      spring.
NUM  32.
PAR  32. In a driver training simulator including simulated controls of a
      vehicle and a reduced-size vehicle whose movement is controlled by the
      operation of one or more of said controls, said vehicle including an
      electric drive motor, the improvement which comprises: first means for
      producing a first signal bearing a relation to the speed of said motor,
      second means for producing a second signal bearing a relation to the
      torque of said motor, and means operatively coupled to said first and
      second signal producing means and including means for comparing the
      relative magnitudes of said first and second signals for producing a
      simulated stall condition in said vehicle at predetermined levels of said
      first and second signals.
NUM  33.
PAR  33. The simulator of claim 32, further comprising means for modifying the
      grade along which the vehicle moves.
NUM  34.
PAR  34. The simulator of claim 32, further comprising means for deactuating
      said motor upon the occurrence of a simulated stall condition, and means
      for reactuating said motor upon the removal of the stall condition.
NUM  35.
PAR  35. The simulator of claim 32 in which said stall condition creating means
      includes means for operatively summing said torque and said speed signals,
      and means for comparing said summed torque and speed signals against a
      reference.
NUM  36.
PAR  36. The simulator of claim 34, further comprising means for indicating the
      existence of a stall condition upon the production of a simulated stall
      condition.
NUM  37.
PAR  37. A driver training simulator including simulated controls of a vehicle
      including a clutch pedal, means for producing a varying resistance to the
      movement of the clutch pedal corresponding to the movement thereof, and a
      reduced-size vehicle whose movement is controlled by the operation of one
      or more of said controls, said varying-resistance producing means
      comprising a first resistance member for providing an initial gradually
      increasing resistance to movement of the clutch over a predetermined
      distance to a point simulating clutch disengagement, and a second
      resistance member axially aligned with and axially spaced from said first
      resistance member for providing additional resistance to that offered by
      said first member as the clutch pedal is moved beyond said predetermined
      distance.
NUM  38.
PAR  38. The simulator of claim 37, in which said first and second members
      respectively include first and second springs, said second spring having a
      higher spring constant than that of said first spring.
NUM  39.
PAR  39. The simulator of claim 38, further comprising drive means operatively
      coupled to the clutch pedal for movement therewith for compressing only
      said first spring when the clutch pedal is moving along said initial
      predetermined distance, and means for compressing both of said first and
      said second springs when the clutch pedal is moved additionally beyond
      said predetermined distance.
NUM  40.
PAR  40. The simulator of claim 39, in which said drive means comprises a rod
      carrying a first member at one end thereof for operatively engaging and
      compressing said first spring upon the initial movement of said drive
      means and a second member spaced from said first member and carried by
      said drive means for operatively engaging and compressing said second
      spring.
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ABST
PAL  A contoured sole for providing wearers with a reflex thrust action in
      response to walking movements is disclosed herein. The reflex thrust is
      achieved by incorporating therebetween, a special undulating construction,
      having multiple crests with troughs in the bottom of the sole.
      Accordingly, the new sole is provided with a series of specifically
      defined and segregated portions, which cooperate to enhance and control in
      a positive and beneficial manner, the walking movements and comfort of the
      wearer.
BSUM
PAC  STATEMENT OF THE INVENTION
PAR  In general terms, this invention relates to a specifically designed
      resilient sole for shoes, to provide certain benefits for the wearer not
      otherwise available from conventional soles. More particularly, this
      invention relates to a generally wedge-shaped, substantially thickened
      sole having undulating or sinuous contours along the bottom surface
      thereof. This sole, with its sinuous or "wave-like" contour, serves to
      form multiple contact zones which enhance the movements of the wearer by
      adding to or supplementing normal walking movements in reflex and rolling
      actions, thereby increasing the thrust and roll of the foot, leg and spine
      movements for each stride during the walking action. Moreover, the
      contours of the sole, in accordance herewith, serve to improve posture and
      leg muscle tone during standing because of the inherent rocking action
      given to the wearer of shoes incorporating the sole herein.
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art discloses a variety of shoe soles contoured for a plethora of
      purposes. For example, wedge-shaped inclined soles have been developed for
      use in playing golf and other sports-related activities, to facilitate the
      assumption of appropriate stances during a golf swing or other physical
      activity. In addition, contoured "orthopedic soles" have been developed
      for enhancing the comfort and physical well-being of the wearer. These
      developments, to varying degrees, contribute to the comfort or the proper
      stance of the wearer, or force the wearer during stride to maintain his
      foot in a certain orientation when the sole is placed on a supporting
      surface.
PAC  SUMMARY OF THE INVENTION
PAR  With this invention, by contrast, a new and improved contoured sole is
      provided which enhances in a positive manner, by a reflex action, the
      striding movements of the wearer. A generally wedge-shpaed sole is
      provided for shoes, with a bottom surface configured to enhance and to
      generate the body movements of the wearer from the moment the heel is
      placed on the ground or other supporting surface to the time the toe
      leaves the ground in a striding action. Moreover, the sole of this
      invention, because of the compound curved bottom surfaces thereof,
      provides a rocking and thrusting action even during standing, which
      rocking action serves to enhance and tone the leg muscles of the wearer.
      This results in an exhilarating, determined stride, which reduces fatigue
      and ultimately enhances the desire and ability to walk, and gives the
      wearer a feeling of well-being.
PAR  Specifically, the bottom surface of the sole defines a series of
      alternating ground-contacting crests and troughs, which give the sole a
      free-flowing, wave-like appearance. The rearmost crest in the heel portion
      of the sole gives the wearer a roll-like head start (there is a longer
      contact period in comparison with a squared, non-rounded heel) in his
      stride during the initial impact with the ground or other supporting
      surface. Moreover, it absorbs impact shock. The second crest imparts a
      slight thrust to the wearer in the arch region of the foot during the
      rolling placement of the arcuate sole surfaces on the ground, serves to
      generate a further forward propulsion force during the stride, and also
      absorbs impact shock.
PAR  The third crest at the ball of the foot impacts with the ground at the peak
      of the stride, and enhances the generation of forward momentum. The fourth
      and final crest at the toe of the shoe is elevated above the general
      surface plane of the other crests and provides a rolling finish for the
      stride, and develops a positive, determined forward thrust for the
      commencement of the next step in the walking action.
PAR  In conjunction with the curved contour of the bottom sole surface, in
      accordance herewith, the upper or insole surface thereof is
      "orthopedically" contoured to properly support the foot in overall
      contact. Accordingly, the toe portion of the insole is raised with a
      lower, gradual curved area in the ball area of the foot, and with a
      gradually curved and raised platform area for the arch and heel of the
      foot.
PAR  Before describing this invention further, it should be noted that the sole
      herein is of generally solid construction. However, if desired or
      necessary, the sole may be lightened and strengthened by an internal
      honeycomb structure. It may be manufactured by molding from natural or
      synthetic elastomers, various resins, including thermoplastics, and a
      variety of foamed resin materials. Preferably, the material will be
      somewhat flexible to enhance the thrusting action of the sole. The sole
      may be combined with a conventional upper of a flexible material,
      including leathers, or synthetic materials, canvas and other fabrics,
      etc., to form a unique and improved walking shoe. Moreover, the upper may
      be of a scuff-like design with an open heel, or it may be straps,
      providing a sandal-like configuration.
PAR  With the foregoing and additional objects in view, this invention will now
      be described in more detail, and other objects and advantages hereof will
      be apparent from the following description, the accompanying drawings, and
      the appended claims.
PAR  As purely illustrative of an arrangement of the positive reflex action sole
      of this invention, the accompanying drawings illustrate a "wedge"-type
      sole, with a conventional scuff-type upper comprised of a relatively soft,
      flexible material such as leather, synthetic leather, canvas or other
      fabric.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a scuff-type shoe with the sole of the
      invention, and with the upper partially broken away to show the contour of
      the upper surface of the sole;
PAR  FIG. 2 is a top plan view of the shoe of FIG. 1;
PAR  FIG. 3 is a front elevational view of the shoe of FIG. 1, again with a
      portion of the upper broken away;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 1;
PAR  FIG. 5 is a rear elevational view of the shoe of FIG. 1;
PAR  FIG. 6 is a plan view of the bottom surface of the sole of FIG. 1; and
PAR  FIG. 7 is a perspective view of the shoe of FIG. 1, with a portion of the
      upper broken away.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, in which like reference characters refer to like
      parts throughout the several views thereof, FIG. 1 shows a scuff-type shoe
      generally designated as 10, incorporating the sole 12 of the invention,
      with a relatively soft, flexible upper 14. As shown, the upper has an open
      back design, although it will be apparent that a conventional closed back
      upper may be used with the sole 12 of the invention. Moreover, the upper
      may be of a relatively rigid material, if desired. The upper 14 may be
      adhered or otherwise conventionally fastened by mechanical means to the
      sole 12 in a wrap-around fashion, as shown in FIG. 4, with one side 40 of
      upper 14 folded under, as shown at 44, and adhered by conventional
      adhesives to sole 12. The opposite side 42 of upper 14 may then be folded
      as shown at 46, and adhered to that portion 44 of the upper already
      adhered to the sole 12. Subsequently, if desired, a separate insole 26 may
      be inserted and adhered to layer 46 of upper 14, again by conventional
      adhesives. Of course, it should be understood that these various layers
      may be sewn together, stapled, nailed, or heat sealed, if desired, or if
      more appropriate for the type of materials utilized.
PAR  As shown in FIG. 1, the bottom surface of the sole 12 is divided into a
      series of curved crest portions 16, 18, 20 and 22, with each of these
      portions separated by a trough 24. This alternating pattern of crests and
      troughs serves to incorporate into sole 12 an inherent roll-generating
      action, which provides for the wearer a positive enhanced reflex action
      during his striding movements.
PAR  During the initial step of the foot on a supporting surface, such as the
      ground, the raised curved portion 30 of the heel curve 16, which is
      substantially rigid because of the thickened section thereof, initiates a
      determined rolling action to the beginning of the stride. Subsequently,
      upon impact of the curved portion 18 at the arch region, there is a second
      impact and subsequent rolling action, not provided in a conventional sole,
      which provides an impetus to the wearer, positively projecting the sole
      forward in a rolling, striding action. Subsequently, upon impact of crest
      20, there is an automatic, positive reflex forward motion given to the
      wearer, which thrusts him forward in the continuing movement of the gait
      or stride. Finally, upon impact of crest 22, there is a rolling finish and
      a compound flexion of the sole about the axis of the forwardmost trough
      24, rather than the usual abrupt finish prior to removing the foot from
      the supporting surface. In this connection, it should be noted that the
      toe portion 22 of the bottom surface of sole 12 is elevated with respect
      to the remaining bottom surfaces (FIG. 3) to enhance this forward rolling
      action.
PAR  Although, as discussed above, the sole may be comprised of a variety of
      materials, it is preferred, in accordance herewith, that the sole will be
      comprised of a flexible and resilient material, advantageously as a
      natural or synthetic elastomer such as "Kraton" (styrene-butadiene block
      copolymer, by Shell Oil Company) to impart flexibility and resiliency to
      sole 12 and to enhance its positive reflex action during the striding
      movements of the wearer.
PAR  Moreover, sole 12 is provided with a curved contoured top surface 13, as
      shown in FIG. 1, in order to configure the bottom of the foot of the
      wearer to the sequential consecutive curved impacts during the striding
      action. Moreover, as shown in FIG. 2, the inner side 28 may be slightly
      raised to accommodate and conform the top surface 13 of sole 12 to the
      arch of the wearer.
PAR  It should be noted further that, in moments of standing, the continuously
      curved contour of the bottom surface of the sole, in accordance herewith,
      initiates a positive rocking action, which serves to stretch the front and
      back muscles of the leg and improves the muscle tone thereof.
PAR  Thus, as will be apparent from the foregoing, there is provided, in
      accordance herewith, a sole for shoes which enhances and controls the
      walking movements of the wearer by positively superimposing a continuous
      series of reflex actions to the movements of the wearer. The wearer is,
      therefore, inspired to move with a determined gait, the individual strides
      of which tend to be increased due to the forwardmost and rearwardmost
      curves or crests. Moreover, the construction of the sole herein, with its
      curved configuration, incorporates a continuous impulse-type reflexive
      action which increases the muscle tone of the wearer, whether or not he is
      walking or merely standing still. There is, ultimately, therefore, a
      feeling of well being and a substantial reduction in fatigue in the use of
      shoes incorporating the soles, in accordance herewith. Moreover, because
      of the relative simplicity of the configuration of the sole herein, it may
      be comprised of a variety of different moldable, resilient and flexible
      materials, which may be easily and economically formed into the desired
      configuration by mass production molding techniques. The sole, as
      discussed above, may be combined with a wide variety of different uppers
      to form many different styles of shoes, all of which provide the
      beneficial characteristics of the illustrated shoe.
PAR  While the particular arrangement of sole described herein is one embodiment
      of this invention, this invention is not limited to that particular
      arrangement, and, as will be appreciated and understood by those skilled
      in the art, changes may be made therein without departing from the scope
      of the invention which is defined in the appended claims. For example, the
      specific geometry of the sole may be modified or somewhat altered (in
      terms of proportions, number of crests and troughs, etc.) while
      maintaining the beneficial properties and characteristics of the
      illustrated sole by stretching the back of the leg and providing a
      distinct and positive forward thrust to the wearer in a general, "free
      flowing," multiple waved manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reflex action one-piece sole for shoes, which comprises
PA1  a. a longitudinally extending thick body of resilient, shnock absorbing
      material;
PA1  b. said body including generally horizontal upper surfaces, an edge wall
      having front, side, and rear portions, and a bottom surface;
PA1  c. said bottom surface comprised of alternating crests and troughs
      extending completely thereacross and being generally perpendicular to the
      longitudinal axis of said body;
PA1  d. said crests including spaced, lowermost ground contacting portions;
PA1  e. said alternating crests constituting in succession, a forwardmost toe
      crest, an intermediate ball crest, an intermediate shank portion crest,
      and a heel crest, the lowermost ground contacting surfaces of the latter
      three crests lying in a substantially common plane;
PA1  f. said forwardmost toe crest being elevated with respect to the remainder
      of said crests and extending forwardly toward and terminating at front
      edge portions of said sole to provide a rolling, thrusting action as the
      sole is progressively engaged with a ground surface in walking; and
PA1  g. said heel crest extending upwardly and rearwardly toward and terminating
      in said rear edge portions of said sole to provide an initial rolling
      action as the sole is progressively engaged with a ground surface in
      walking;
PA1  h. said sole thereby providing a gentle rocking motion as it progressively
      contacts a ground surface.
NUM  2.
PAR  2. A reflex action one-piece sole for shoes in accordance with claim 1, in
      which
PA1  a. said upper foot supporting surfaces are contoured to conform to the
      anatomical lower surfaces of a human foot.
NUM  3.
PAR  3. A reflex action one-piece sole for shoes in accordance with claim 1, in
      which
PA1  a. said resilient shock absorbing material is a styrene-butadiene block
      copolymer-like elastomer.
NUM  4.
PAR  4. A reflex action one-piece sole for shoes in accordance with claim 1, in
      which
PA1  a. said body is generally wedge-shaped, the rearwardmost upper foot
      supporting surfaces being disposed in a higher plane than the forwardmost
      foot supporting surfaces.
NUM  5.
PAR  5. A reflex action one-piece sole for shoes in accordance with claim 1, in
      which
PA1  a. said heel crest has a generally flat central portion.
NUM  6.
PAR  6. A reflex action one-piece sole for shoes in accordance with claim 1, in
      which
PA1  a. said intermediate ball crest, said intermediate shank portion crest, and
      said heel crest are substantially equal in length.
NUM  7.
PAR  7. A reflex action one-piece sole for shoes, which comprises
PA1  a. a longitudinally extending thick body of resilient, shock absorbing
      material;
PA1  b. said body including an upper foot supporting surface, an edge wall
      having front, side, and rear portions, and a bottom surface;
PA1  c. said bottom surface comprised of alternating crests and troughs
      extending completely thereacross and being generally perpendicular to the
      longitudinal axis of said body;
PA1  d. said crests including spaced, lowermost ground contacting portions;
PA1  e. said alternating crests constituting in succession, a forwardmost toe
      crest, an intermediate ball crest, an intermediate shank portion crest,
      and a heel crest.
NUM  8.
PAR  8. The reflex action one-piece sole of claim 7, in which
PA1  a. the lowermost ground contacting surfaces of the latter three crests
      lying in a substantially common plane;
PA1  b. said forwardmost toe crest being elevated with respect to the remainder
      of said crests and extending forwardly toward and merging into front edge
      portions of said sole.
NUM  9.
PAR  9. The reflex action one-piece sole of claim 8, in which
PA1  a. said heel crest extending upwardly and rearwardly toward and merging
      into said rear edge portions of said sole.
NUM  10.
PAR  10. The reflex action one-piece sole of claim 7, in which
PA1  a. said upper foot supporting surfaces are contoured to conform to the
      anatomical lower surfaces of a human foot.
NUM  11.
PAR  11. The reflex action one-piece sole of claim 7, in which
PA1  a. said resilient shock absorbing material is a styrene-butadiene block
      copolymer-like elastomer.
NUM  12.
PAR  12. The reflex action one-piece sole of claim 7, in which
PA1  a. said body is generally wedge-shaped, the rearwardmost upper foot
      supporting surfaces being disposed in a higher plane than the forwardmost
      foot supporting surfaces.
NUM  13.
PAR  13. The reflex action one-piece sole of claim 7, in which
PA1  a. said heel crest has a generally flat central portion.
NUM  14.
PAR  14. A reflex action one-piece sole for shoes, which comprises
PA1  a. a longitudinally extending thick body of resilient, shock absorbing
      material;
PA1  b. said body including an upper foot supporting surface, an edge wall
      having front, side, and rear portions, and a bottom surface;
PA1  c. a plurality of shallow shaped crests having predetermined
      circumferential lengths and predetermined depths, said circumferential
      lengths being a multiple of not less than six times said predetermined
      depths for each of said shallow shaped crests;
PA1  d. said crests including spaced, lowermost ground contacting portions; and
PA1  e. said alternating crests constituting in succession, a forwardmost toe
      crest, at least one intermediate crest, and a heel crest.
NUM  15.
PAR  15. The reflex action one-piece sole of claim 14, in which
PA1  a. said resilient shock absorbing material is a styrene-butadiene block
      copolymer-like elastomer.
NUM  16.
PAR  16. The reflex action one-piece sole of claim 14, in which
PA1  a. said body is generally wedge-shaped, the rearwardmost upper foot
      supporting surfaces being disposed in a higher plane than the forwardmost
      foot supporting surfaces.
NUM  17.
PAR  17. The reflex action one-piece sole of claim 14, in which
PA1  a. said heel crest has generally flat central portions.
NUM  18.
PAR  18. The reflex action one-piece sole of claim 14, which further includes
PA1  a. a foot retaining upper means affixed to said one-piece sole along
      peripheral portions thereof.
NUM  19.
PAR  19. The reflex action one-piece sole of claim 18, in which
PA1  a. said upper foot supporting surfaces are contoured to conform to the
      anatomical lower surfaces of a human foot.
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PAL  A mechanical device in the form of a circular slide rule of which a
      circular portion and two arms rotate around a common axis on a fixed
      rectangular base plate. Said circular portion displays information through
      six horizontal apertures which is revealed from the rectangular base
      plate. Two arms rotating from the common axis atop the circular portion
      contain three apertures through which information is displayed from the
      circular portion. The device has an adjustable input in the form of
      precise birth data, and an output portion revealing a plurality of factors
      in gemstones, Biblical data, historical and symbolic data directly related
      to, and associated with, time of birth factors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Throughout history it has been customary for people to wear various
      adornments, often for superstitious or religious purposes such as warding
      off evil spirits or protecting oneself against sickness or disease. Often
      such adornments were worn to bring good luck and fortune, or to indicate
      status and wealth, or as means of identification. At the present time a
      tremendous amount of jewelry is manufactured for an infinite number of
      reasons often known only to the person who buys and wears it.
PAR  While more recent history of the wearing of certain types of adornments is
      somewhat obscure, the initial wearing of birthstones is considered to have
      begun sometime around the 16th Century A.D., and is believed to be based
      on an early use of stones for identifying a specific nation or
      nationality, as in the origin of the breastplate. Early lore indicates
      that the breastplate was constructed with 12 gemstones, each engraved with
      the name of one of the 12 tribes of Israel, from which foundation stones
      are believed to have been evolved. Thus, each of the 12 stones was
      associated with the name of one of the 12 Apostles. From the origin of the
      foundation stones until today, little has changed in the birthstone
      concept. In addition to the 12 Apostles, gemstones have been associated
      with the 12 guardian angels and with the signs of the zodiac.
      Additionally, the days of the week, hours of the day and the four seasons
      have been associated with gemstones and adapted to the life of man. So,
      throughout history gemstones have become associated with the origin of a
      person and more specifically with the time of birth of the person.
      However, because of the vast number of stones and factors involved in the
      origin of people, it has been difficult to assemble such information into
      a readily usable form.
PAR  The basic birth information normally provided includes the person's month
      of birth, zodiac date or sign, day of the week of birth, and the hour of
      birth, from which the season of the year of birth is known. The
      Gemological Institute of America lists 43 gemstones associated with the
      foregoing time of birth factors, as well as variations in color, and so
      forth, of the stones.
PAR  The device provides a unique system for determining from various factors of
      a person's time of birth his personal genetic background in symbolic
      gemstones, such as in the form of an adornment. The 43 different gems
      involved in this system provide an almost endless choice of gemstones that
      can be worn by the person in terms of what might be called "Life stones".
      The device provides 14 basic pieces of information regarding a person's
      Biblical and tribal background, Zodiac data and thousands of different
      gemstone and symbolic combinations with 48 items of genetic data regarding
      birth and heritage. Thus, when the device is utilized with regard to the
      jewelry trade, a unique adornment may be customized for the individual. As
      used herein "Demotic" means "Science of life".
PAR  The invention, in brief, is directed to a device having sections in the
      form of an input portion adjustable to selected input settings designating
      particular birth data, and an output portion adjustable to output setting
      upon adjustment of the input portion to the selected input setting, for
      designating symbolic data and gemstones associated with the designated
      birth data. While the device may be of any suitable type such as
      electrical or electronic, in the illustrated embodiment it is mechanical
      with the input and output sections including parts mounted for relative
      movement, the parts including a first part having time of birth
      designations and symbolic designations, and a second part having
      indicators including a first indicator designating a particular time of
      birth designation, and a second indicator designating an associated
      symbolic designation. Pairs of these parts cooperate with each other and
      each pair includes one of the aforesaid first and second parts. In the
      illustrated embodiment the pairs are in the form of a circular slide rule,
      each of the parts being mounted for rotation about a common axis.
PAR  It is a primary object of this invention to provide a new and useful device
      including an input portion adjustable to selected input position
      designating particular birth data, and an output portion adjustable to
      output positions responsive to the adjustment of the input portion, the
      resultant output position designating data symbolic of the designated
      birth data. A related object is provision of the birth data in a form
      including factors of the time of birth and the symbolic data including
      designations of symbols and gemstones, one associated with each of the
      time of birth factors. A related object is provision of the input portion
      comprising sections adjustable relative to each other to a selected input
      position and responsive thereto the output portion including sections
      adjusted relative to each other to the resultant output position. Still
      another related object is provision of the input and output sections in
      the form of parts mounted for movement relative to each other to a
      selected input position, the parts including a first part having time of
      birth designations and symbolic designations, and a second part having
      indicators including a first indicator designating a particular time of
      birth designation and a second indicator designating a symbolic
      designation. A still further related object is provision of pairs of said
      parts, each pair including one of the aforesaid first and second parts,
      the pairs being mounted in the form of a circular slide rule.
PAR  These and other objects and advantages of the invention will be apparent
      from the following description and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a facial view of a preferred embodiment of the invention;
PAR  FIG. 2 is a sectional view taken generally along the stepped section line
      2--2 in FIG. 1; and
PAR  FIG. 3 is a facial view of a part shown in FIG. 1, but removed from the
      device, and with ends broken away.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to FIG. 1 of the drawing, the demotic gemstone indicating device
      is illustrated in the form of a circular slide rule having a rectangular
      base 10, a disc 12, and a pair of arms 14 and 16 mounted on a pivot pin 18
      for rotation about a common axis.
PAR  Input data for the device is in the form of birth data and includes a
      vertical column 20 along the left-hand margin of the rectangular base 10,
      and designated "A" on the device. Column 20 lists the 12 months of the
      year and the Zodiac dates. The input data further includes an arched
      column along a peripheral portion of the disc 12 designating the names of
      the 7 days of the week; and a second arched column 24 approximately midway
      between the periphery of the disc and the pivot pin 18, the column 24
      designating the hours of the day from one to 12 A.M. and from one to 12
      P.M. of the hour of birth. As shown in FIG. 1 horizontal lines separate
      each of the month and Zodiac date designations, and a triangularly shaped
      arrowhead 26 along the peripheral portion of the disc 12 is aligned with
      the appropriate one of the month and Zodiac date designations and New
      Testament stones. An indicator window 28 in the arm 14 is positioned over
      the appropriate day designation in the column 22, and as illustrated over
      the designation for "Thursday", and circular indicator window 30 in the
      arm 16 is positioned over the appropriate hour designation, illustrated as
      three o'clock P.M. Thus, the factors of the input data have been set on
      the slide rule, and include the month and Zodiac date of birth designation
      in column 20, as indicated by the arrowhead 26 on the disc; the day of
      birth designation in column 22 as indicated by the window 28 in the arm
      14; and the hour of birth designation in column 24, as indicated by the
      window 30 in the arm 16. Because Zodiac dates run from one mid-month to
      the next, one additional input movement may be necessary to establish the
      Zodiac sign and Zodiac gemstone. Example: In FIG. 1, arrow 26 is set on
      the data range of June 22 to July 22, indicating the Zodiac gemstone as
      emerald in window 62 and Cancer for the Zodiac sign opposite arrow 60 in
      column 32. If however, the actual birthdate was June 5, then arrow 26 on
      disc 12 must be moved clockwise to the data range of June 5, which would
      automatically and correctly adjust window 62 to indicate agate for the
      Zodiac gemstone and arrow 60 on disc 12 to the Zodiac sign of Gemini in
      column 32. If on the other hand, the birth data was July 27, then arrow 26
      must be moved counterclockwise to the July 27 date range indicating onyx
      for the Zodiac gemstone in window 62 and Leo for the Zodiac sign in column
      32.
PAR  Once this additional movement has been accomplished and the Zodiac sign and
      gemstone have been established, arrow 26 is then returned to the month of
      birth and all data, other than the Zodiac sign and Zodiac gemstone (which
      has already been established by previous movement when necessary) is then
      read as constant and correct without further movements. It should be noted
      that the exact birth date range and month of birth may correspond on the
      initial setting of pointer 26 to the month, in which case no additional
      movements of pointer 26 are required to get correct readings.
PAR  An output portion of the device includes symbolic output data which is
      herein illustrated in the form of historical, religious astrological and
      gemstone symbols. Designations of this symbolic data are found in column
      20 in the form of New Testament stone designations, as 31; a column 32,
      designated as column "B" along the right hand marginal portion of the
      rectangular base 10, such designations including the Zodiac sign and name,
      as 34, the ancient tribe name, as 36, and the foundation gemstone name as
      38. Additional output designations found on the rectangular base 10 are
      shown in FIG. 3 in the form of circular sector columns including a Zodiac
      gemstone column 40, an Apostle name column 42, an Apostle gemstone column
      44, a birthstone or "ags" (American Gem Society) gemstone column 46, a
      guardian angel gemstone column 48, and a guardian angel name column 50.
      Other output data designations are found on the disc 12 (FIG. 1) and again
      include circular segment columns including a day of birth column 52 of
      phenomenal gemstones (a phenomenal stone is one in which light floats or
      in which there is an asterisk effect) and a column 54 of non-phenomenal
      gemstones; and a column 56 designating the gemstones associated with each
      hour of birth. Additionally, the disc 12 carries a column 58 indicated by
      letter "K" designating gemstones for each of the four seasons of the year.
PAR  Indicators for designating the appropriate output data symbols are found on
      the disc 12 and the two arms 14 and 16. More particularly, the disc 12
      carries a triangularly shaped arrowhead 60 along its peripheral portion
      and this arrowhead is automatically aligned with the associated Zodiac
      sign and ancient tribe and foundation gemstone designation as bracketed by
      horizontal lines in column 32, upon alignment of the arrowhead 26 with the
      appropriate Zodiac date designation in column 20. Additionally, the disc
      12 has a window 62, indicated by the letter "C", to indicate the
      appropriate Zodiac stone designation of column 40 (FIG. 3).
PAR  The disc 12 also has a window 64, designated by the letter "D", to indicate
      the appropriate Apostle name designation in column 42 (FIG. 3); a window
      66, indicated by the letter "E", to indicate the appropriate Apostle
      gemstone designation in column 44 (FIG. 3); a window 68, indicated by the
      letter "F", to indicate the appropriate ags or birth-stone designation of
      column 46 (FIG. 3); a window 70, designated by the letter "G", to indicate
      the appropriate guardian angel gemstone designation of column 48 (FIG. 3);
      and a window 72, indicated by the letter "H", to indicate the guardian
      angel name designation of column 50 (FIG. 3). The arm 14 indicated by the
      letter "I", carries indicators in the form of a window 74 to indicate the
      phenomenal gemstone designation of column 52 on the disc; and an indicator
      window 76 to indicate the nonphenomenal gemstone designation of column 54
      associated with the day of birth designation on the disc, as indicated by
      the indicator window 28 of the arm 14. Finally, the arm 16, indicated by
      the letter "J", has a window 78 to indicate the hour of birth gemstone
      designation in column 56 on the disc.
PAR  While this invention has been described with reference to a particular
      embodiment in a particular environment, various changes may be apparent to
      one skilled in the art and the invention is not to be limited to such
      embodiment or environment except as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gemstone indicating device comprising:
PA1  a base having a first set of input data designating specific birth
      information and a first set of symbolic output data related to said birth
      information;
PA1  a disc rotatably mounted on said base above said output data, said disc
      having an indicator thereon whereby said disc may be adjustable to input
      settings selecting one of said first input data;
PA1  a plurality of apertures in said disc overlying said first set of output
      data on said base, whereby said apertures will designate certain of said
      output data which are related to said selected input data;
PA1  said disc further having a second set of input data designating additional
      birth information and a second set of symbolic output data related to said
      additional birth information;
PA1  and a pair of adjustable arms pivotally mounted on said base above said
      disc, each of said arms having a plurality of first and second apertures
      therein, said first apertures selecting certain of said second input data
      and said second apertures designating certain of said second output data
      which is related to said selected second input data.
NUM  2.
PAR  2. A device as set forth in claim 1 in which said input data is adjustable
      to the month, the Zodiac date range of birth, the day of the week and hour
      of birth.
NUM  3.
PAR  3. A device as set forth in claim 1 in which said birth data comprises a
      plurality of factors of the time of birth and the symbolic data comprises
      designations of symbols and gemstones, one associated with each of said
      factors.
NUM  4.
PAR  4. A device as set forth in claim 3 in which gemstones are associated with
      the month, the Zodiac date range, day of the week, hour of the day and
      season of the year.
NUM  5.
PAR  5. A device as set forth in claim 3 in which said symbols include a
      religious symbol and associated gemstone.
NUM  6.
PAR  6. A device as set forth in claim 3 in which said symbols include an
      astrological symbol and associated gemstone.
NUM  7.
PAR  7. A device as set forth in claim 3 in which said symbols include a
      historical symbol and associated gemstone.
NUM  8.
PAR  8. A device as set forth in claim 1 in which said apertures designate
      religious, historical, astrological symbols including Biblical, Apostle,
      guardian angel, ancient tribes, Zodiac names, foundation gemstones, New
      Testament gemstones and birthstones; and phenomenal and non-phenomenal
      gemstones corresponding to the day of the week, and a gemstone
      corresponding to the hour of birth, and a gemstone corresponding to the
      season of birth.
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ABST
PAL  Simulation of sonar reverberation signals is accomplished from square
       pul the timing and duration of which are computer determined by known
      principles by processing the pulses through novel shaper means including
      diode controlled charging and discharging of a capacitor through different
      selected resistances to provide appropriate ascent and descent curves to
      the pulses. The shaped pulses are then used to pulse modulate a
      doppler-shifted carrier signal which is generated by a voltage controlled
      oscillator responsive to control signals which are functions of ship's
      speed, transmission angle and the like. The resulting pulse modulated
      doppler-shifted carrier is then attentuated to provide the desired
      simulated reverberation signal components.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sonar simulators for training purposes or the
      like, and more particularly to improved simulation of reverberation
      background noise resulting from an actively pinging sonar
      detecting-ranging set. This background noise consists of reflections of
      transmitted acoustic energy from the ocean bottom, ocean surface, and the
      ocean itself in the immediate vicinity of the hydrophones. The
      characteristics of each reflective component resulting from a single
      transmission, as well as the time relationship between the components,
      vary with the physical conditions of the situation. Each reverberation
      signal component consists of an envelope of audio frequency pulses, the
      shape and amplitude of which is a function of those physical conditions.
      In general, simulation of reflected sonar signals, either target or
      background, has been accomplished through systems including RC pulse
      shaping networks, timing means such as counters, attenuators, and
      oscillator means such as basic voltage controlled oscillators, in
      combination to produce the simulated sonar signals. Such systems have been
      notably complex and have usually required instructor controlled inputs.
PAC  SUMMARY OF THE INVENTION
PAR  With the foregoing in mind it is a primary object of this invention to
      provide an improved sonar reverberation simulator which is of relatively
      simple design, may be computer controlled, and provides a more realistic
      simulation of various components of background noise.
PAR  It is another object of this invention to provide an improved reverberation
      simulator wherein more realistic simulation is achieved through novel
      implementation and control of a voltage controlled oscillator for
      generating a doppler-shifted carrier frequency.
PAR  Still another object is the provision, in a reverberation simulator, of
      improved pulse shaping for producing carrier wave modulating pulses having
      more realistic ascent and descent curves than have been utilized
      heretofore.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be further said to reside in certain novel constructions
      and arrangements of parts whereby the foregoing objects and advantages, as
      well as others, are achieved, as will become apparent from the following
      detailed description of a preferred embodiment when read in conjunction
      with the accompanying sheets of drawings forming a part of this
      specification, and in which:
PAR  FIG. 1 is a diagrammatic illustration of sonar reverberation geometry which
      leads to reverberation signals of the character which this invention
      simulates;
PAR  FIG. 2 is a graphic illustration of reverberation signal components showing
      characteristic shapes and amplitudes with respect to time,
PAR  FIG. 3 is a block diagram illustrating reverberation generation according
      to the present invention; and
PAR  FIG. 4 is a schematic illustration of an ascent/descent shaper utilized in
      the reverberation generation of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a portion of a submarine vessel 10 is illustrated
      having a sonar projecting and receiving hydrophone array indicated
      generally at 12. A pulse of sonic energy transmitted into the water 14 may
      be considered to be either directional or omni-directional depending upon
      the mode of operation of the sonar equipment. Even in the directional
      mode, scattering of the energy results in a plurality of distinct,
      reflected reverberation component signals. Because the generation of
      reverberation component signals for the omni-directional and directional
      modes is identical, the remainder of this specification will be understood
      to apply to either mode of operation. The characteristics of each
      component, illustrated in FIG. 2, as well as the time relation between
      components, vary with the simulated situation.
PAR  Thus, immediately ahead of the hydrophone array 12 is found volume
      scattering resulting in a return represented by curve 18 in FIG. 2. In
      addition, there are zones of normal incident scattering from the ocean
      bottom 20 directly below the hydrophone array, main bottom scattering,
      direct surface scattering, indirect surface scattering and convergence
      zone scattering, from which zones sonic energy is reflected to the
      hydrophone array to produce corresponding reverberation signal components
      22, 24, 26, 28, and 30 of FIG. 2.
PAR  In addition to reverberation, background noise includes a more or less
      constant noise level 32 from other sources not pertinent to this
      description.
PAR  The signal components 22, 24, 26, 28, and 30 each consist of an envelope of
      audio frequency pulses, the shape and amplitude of which envelope is a
      function of the situation under which the reflection of energy occurred.
PAR  The shapes of the envelopes may be considered as comprising an ascent curve
      and a descent curve. For example, the envelope of signal component 22 has
      an ascent curve 42 and a descent curve 44. It will be noted that the
      ascent/descent curves of each of the signal components 22, 24, 26, 28, and
      30 are similar but that these signal components differ mainly in amplitude
      and time duration. Moreover, each reverberation component (direct surface,
      main bottom, etc.) is received at the hydrophone array 12 a definite time
      after transmission, depending upon the path length traveled by the
      acoustic energy. This time may be quite short as in the case of volume
      reverberation, or quite long as in the case of the convergence zone
      component. The particular shapes and time delays appropriate to the
      individual reverberation components are simulated in a manner which will
      become apparent as this description proceeds.
PAR  Referring now to FIG. 3, apparatus for generation of reverberation signal
      components according to this invention is indicated generally at 50. The
      apparatus 50 comprises a source 52 of sonar transmit pulses which are
      conducted as indicated by flow line 54 to a control logic section 56. The
      source 52 may conveniently form part of a larger, overall sonar simulator
      apparatus of which the reverberation generating apparatus 50 is a
      component part. The transmit pulses herein referred to are not replicas of
      actual sonar transmissions, but rather are indications or signals of the
      times when the transmitter has been keyed.
PAR  The control logic section 56 provides timing signals in the form of strobe,
      trigger, clock, and reset signals via lines 60, 62, 64, and 66 to a direct
      surface scattering pulse generator 70. The pulse generator 70 is
      representative of the plurality of pulse generators which would be used,
      one for each reverberation signal component to be simulated. Inasmuch as
      the generation of each of the reverberation signal components 22, 24, 26,
      28, and 30 is accomplished in the same manner, generation of only the
      direct surface scattering reverberation signal component 22 will be
      described.
PAR  Upon receipt of a transmit pulse signal from source 52 via line 54, the
      control logic section applies a strobe signal which presets counters in
      the pulse generators such as 70 with computed delay and reverberation
      pulse width data. This data is supplied from a simulation computer via
      flow line 72 and is characteristic of the situation being simulated. At
      some later time, a trigger signal is applied to the pulse generator 70,
      the later time being determined by the shortest possible time at which the
      type of reverberation signal component with which that pulse generator is
      concerned could be reflected back to the hydrophones array 12. The applied
      trigger signal enables the clock signals from the logic section 56 to
      drive the counter means in pulse generator 70. At a time after the trigger
      signal, which time is determined by the computed delay data, the pulse
      generator 70 provides a generally square output pulse 74 on line 76, the
      duration of which output pulse is determined by the computed reverberation
      pulse width data.
PAR  The pulse 74 is applied via line 76 to an ascent/descent shaper 78 which
      serves to shape the ascent and descent portions of the pulse in accordance
      with computer supplied ascent and descent data applied to the shaper 78
      via flow line 80.
PAR  Referring to FIG. 4, the ascent/descent shaper 78 comprises a first diode
      82 connected between line 76 and a first variable resistor means 84 which
      is in turn connected to one side of a capacitor 86. The other side of
      capacitor 86 is connected to ground potential at 88.
PAR  A second diode 90 is connected by line 92 to the other side of capacitor
      86. The diode 90 is also connected, as illustrated, to a second variable
      resistor means 94 which is in turn connected to the other, grounded side
      of the capacitor. A third diode 96 is connected between line 76 and a
      junction 98 between the diode 90 and variable resistor 94.
PAR  The variable resistor means 84 and 94 are varied in their ohmic values by
      operation of relay means 100 under the control of ascent/descent data via
      line 80. The resistor means 84 is set to a value according to the ascent
      data and may be referred to as the ascent resistor means, while the
      resistor means 94 is set according to the descent data and may be referred
      to as the descent resistor means.
PAR  Now, when a negative pulse 74 from the pulse generator 70 is applied, via
      line 76, through diodes 82 and 96 to resistors 84 and 94, the capacitor 86
      charges toward -6 volts through the ascent resistor means. While the
      capacitor 86 is charging, diode 90 is reverse-biased by the voltage
      appearing across resistor means 94, thereby preventing the capacitor from
      discharging through resistor means 94. When the duration of pulse 74 has
      ended, the diode 90 is no longer reverse-biased, and the capacitor 86
      discharges through the descent resistor means 94.
PAR  The output of the shaper 78 is taken from the cathode of diode 90 (or from
      the ungrounded side of capacitor 86) via line 104 and is in the form of a
      shaped voltage pulse 106 having an ascent curve 106a and a descent curve
      106b determined by the rates of charge and discharge of the capacitor 86.
      The pulse 106 is applied via line 104 to a modulator 110 wherein the pulse
      106 is utilized to modulate a doppler shifted carrier signal 112 generated
      in a carrier generator 114 and applied to the modulator 110 via line 116.
PAR  The carrier generator 114 comprises a reverberation oscillator 120 which is
      a voltage controlled oscillator, preferably of the unijunction transistor
      relaxation oscillator type. The oscillator 120 operates around a
      predetermined center frequency, corresponding to the carrier frequency of
      the transmit pulses of the sonar being simulated, the actual frequency
      being modulated by pulse-width controlled FM (frequency modulation)
      applied via line 122. This pulse-width controlled FM is derived from a
      white noise source which is pulse-width modulated in accordance with pulse
      width characteristics of the sonar being simulated. The frequency of the
      reverberation oscillator output on line 124 is further under the control
      of an analog voltage signal representative of own ship speed and angle of
      transmission, this analog signal being applied via line 126. The resulting
      carrier frequency output on line 124 is simulative of doppler shifted
      frequency and is applied to a modulator 130 forming part of the carrier
      generator 114.
PAR  The modulator 130 effects amplitude modulation of the doppler shifted
      carrier signal from the oscillator 120 in accordance with the ship speed
      and transmission angle, thereby providing a realistic doppler shifted
      carrier signal 112 on line 116.
PAR  The modulator 110 pulse modulates the carrier signal 112 with the pulses
      106, thereby providing as an output on line 134 signals such as 136 which
      consist of the doppler shifted carrier frequency within an envelope having
      the desired shapes in the ascent and descent curves. The modulator 110 is
      conveniently in the form of one of the well known photo-resistor types,
      and the input and output therefrom may be appropriately amplified as by
      emitter followers (not shown).
PAR  The output from the modulator 110 is applied via line 134 to a variable
      attenuator 140 which serves to attenuate the signal 136 in accordance with
      computer supplied amplitude data provided thereto on line 142. The
      attenuated output appears on line 144 in the form of the desired
      reverberation signal component 22. This signal component may then be
      combined in suitable summation means with other components such as 24, 26,
      etc., generated in the same manner as component 22, to form complete
      simulation of reverberation signals.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A sonar reverberation signal generator for generating reverberation
      signal components comprised of a doppler-shifted carrier having an
      envelope characterized by predetermined ascent and descent curves, said
      generator comprising:
PA1  a source of transmit pulses;
PA1  logic means responsive to said transmit pulses and operative to provide
      timing signals;
PA1  pulse generator means responsive to said timing signals to provide squared
      voltage pulses of predetermined duration;
PA1  shaper means connected to receive said squared voltage pulses and to shape
      said pulses to provide shaped pulses having said predetermined ascent and
      descent curves;
PA1  carrier generator means for generating a simulated doppler shifted carrier
      signal;
PA1  modulator means connected to receive said carrier signal and said shaped
      pulses and operative to modulate the former with the latter to provide
      pulse modulated carrier signals having an envelope characterized by said
      ascent and descent curves; and
PA1  attenuator means connected to receive said pulse modulated carrier signals
      and operative to reduce the amplitude thereof to provide said simulated
      reverberation signal components.
NUM  2.
PAR  2. A sonar reverberation signal generator as defined in claim 1, and
      wherein said shaper means comprises:
PA1  a capacitor;
PA1  a first resistor means connected to one side of said capacitor, the other
      side of said capacitor being connected to ground potential;
PA1  a first diode connected to said one side of said capacitor and to said
      pulse generator means, said first diode being oriented to pass said
      voltage pulses to charge said capacitor through said first resistor means;
PA1  a second diode connected to pass said voltage pulses;
PA1  a second resistor means connected at one side to said second diode and at
      the other side to said ground potential;
PA1  a third diode connected between said one side of said capacitor and said
      one side of said second resistor means, said third diode being oriented to
      be reverse-biased by said second resistor means throughout the duration of
      said voltage pulses so as to block discharge of said capacitor through
      said second resistor means when so reverse-biased, and said third diode
      being operative to permit discharge of said capacitor through said second
      resistor means when the duration of each of said voltage pulses
      terminates; and
PA1  means for connecting said one side of said capacitor to said modulator
      means for providing said shaped pulses thereto.
NUM  3.
PAR  3. A sonar reverberation signal generator as defined in claim 1, and
      wherein said carrier generator means comprises:
PA1  a voltage controlled oscillator operable at a predetermined center
      frequency, said oscillator being responsive to an analog voltage signal
      which is a function of ship's speed and angle of transmission to shift to
      a frequency off said center frequency.
NUM  4.
PAR  4. A sonar reverberation signal generator as defined in claim 3, and
      wherein said carrier generator means further comprises modulator means
      connected to receive the output of said oscillator and responsive to said
      analog voltage signal to amplitude modulate said output of said oscillator
      so as to provide said carrier signals.
NUM  5.
PAR  5. A sonar reverberation signal generator as defined in claim 3, and
      wherein said shaper means comprises:
PA1  a capacitor;
PA1  a first resistor means connected to one side of said capacitor, the other
      side of said capacitor being connected to ground potential;
PA1  a first diode connected to said one side of said capacitor and to said
      pulse generator means, said first diode being oriented to pass said
      voltage pulses to charge said capacitor through said first resistor means;
PA1  a second diode connected to pass said voltage pulses;
PA1  a second resistor means connected at one side to said second diode and at
      the other side to said ground potential;
PA1  a third diode connected between said one side of said capacitor and said
      one side of said second resistor means, said third diode being oriented to
      be reverse-biased by said second resistor means throughout the duration of
      said voltage pulses so as to block discharge of said capacitor through
      said second resistor means when so reverse-biased, and said third diode
      being operative to permit discharge of said capacitor through said second
      resistor means when the duration of each of said voltage pulse terminates;
      and
PA1  means for connecting said one side of said capacitor to said modulator
      means for providing said shaped pulses thereto.
NUM  6.
PAR  6. A sonar reverberation signal generator as defined in claim 4, and
      wherein said shaper means comprises:
PA1  a capacitor;
PA1  a first resistor means connected to one side of said capacitor, the other
      side of said capacitor being connected to ground potential;
PA1  a first diode connected to said one side of said capacitor and to said
      pulse generator means, said first diode being oriented to pass said
      voltage pulses to charge said capacitor through said first resistor means;
PA1  a second diode connected to pass said voltage pulses;
PA1  a second resistor means connected at one side to said second diode and at
      the other side to said ground potential;
PA1  a third diode connected between said one side of said capacitor and said
      one side of said second resistor means, said third diode being oriented to
      be reverse-biased by said second resistor means throughout the duration of
      said voltage pulses so as to block discharge of said capacitor through
      said second resistor means when so reverse-biased, and said third diode
      being operative to permit discharge of said capacitor through said second
      resistor means when the duration of each of said voltage pulses
      terminates; and
PA1  means for connecting said one side of said capacitor to said modulator
      means for providing said shaped pulses thereto.
NUM  7.
PAR  7. A sonar reverberation signal generator as defined in claim 2, and
      wherein:
PA1  said first and second resistor means each comprise variable resistor means.
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ABST
PAL  A rear-entry ski boot comprising a semi-rigid shell is provided with a
      two-piece liner system, one section of which covers the forward portion of
      the user's foot from behind the ankle bones, the second section covering
      the heel and Achilles' tendon areas, the sections cooperating to cover the
      entire surface of the wearer's foot within the shell. The liner sections
      are not interconnected, and at least the second section is readily
      removable and replaceable. By selection of an appropriate rear section, a
      custom fit can be more easily achieved, and changes in the wearer's foot
      size, as in the case of children, can be readily accomodated.
BSUM
PAR  This invention relates to ski boots and more particularly to a rear-entry
      ski boot having a semi-rigid outer shell and an inner resilient liner.
      Still more particularly, the invention relates to a boot having a liner
      comprising two separate sections, a forward portion covering the forward
      portion of the wearer's foot from behind the ankle bones and a rearward
      portion covering the heel and Achille's tendon area thereof. At least the
      rearward section of liner is readily removable from the shell, so that by
      appropriate selection of the thickness and contour of this section, an
      accurate custom fit can be made between the feet of the wearer and the
      shell of the boot, thereby increasing the comfort and control which the
      boots afford.
PAC  BACKGROUND
PAR  Most currently available ski boots, including those enjoying the widest
      popularity among skiers, comprise a semi-rigid outer shell formed of a
      synthetic plastic material, enclosing a resilient liner designed to adapt
      the contours of the wearer's foot firmly to that of the shell, while
      permitting the wearer a reasonable degree of comfort. Because of practical
      considerations, the outer shells are made in a limited number of different
      sizes, each size of shell being intended to cover several different foot
      sizes. In order to custom fit the feet of a wearer to a shell of
      appropriate size, there are employed liner assemblies of different types,
      all of which are intended to secure firm engagement of the wearer's foot
      to the shell of the boot while at the same time avoiding pressure points
      which might cause discomfort. A wide variety of liners has been used,
      including assemblies comprising bags containing a flowable, putty-like
      material, or resilient plastic, fibrous or other non-flowable material,
      all of which are usually installed at the factory and thus lack the
      capability for a true custom fit to the wearer's foot. Other liner systems
      include the use of an injected foamable material installed in a dealer's
      shop and intended to fill the void between the wearer's foot and the outer
      shell. Such systems have several disadvantages, including the necessity
      for very close control of the amount of foamable material injected, and
      practical difficulties arising from the heat, odor, and clean-up problems
      encountered during the foaming procedures.
PAR  Another liner system, as described in our U.S. Pat. No. 3,798,799, issued
      Mar. 26, 1974, uses a liner assembly including a resilient inner padding
      member having an outer surface which defines one or more cavities between
      the padding member and the inner surface of the shell. Into these
      cavities, there is injected a non-compressible thermo-plastic fitting
      material which is flowable during injection but thereafter hardens
      sufficiently to give firm support to the foot while affording comfort for
      skiing.
PAR  In one embodiment of the system disclosed in U.S. Pat. No. 3,798,799,
      intended for use with a rear opening boot, the liner assembly does not
      itself cover the entire surface of the wearer's foot and ankle enclosed
      within the shell, the liner being open at the back for removal of the
      wearer's foot through the rear opening of the boot. The rear opening,
      which is closed by means of a vertical tongue member pivotally connected
      at its bottom to the shell, is provided with a pad, which, when the tongue
      is in the closed position, abuts the rear portion of the wearer's ankle
      and serves a padding function for this portion of the wearer's foot. The
      liner attached to the tongue member is an integral portion thereof, being
      installed at the factory, and is, therefore, designed to accommodate a
      foot of average or typical contour. The custom fitting aspect of the liner
      assembly is provided by a bladder which covers the wearer's instep area
      and the sides of his ankle, into which bladder there is injected a
      thermo-plastic material under sufficient pressure to fill the space
      between the wearer's foot and the inside surface of the shell. Although
      the custom fit produced by the described liner system is generally
      satisfactory, there is occasionally encountered some difficulty in
      producing the desired close fit in the rear portion of the ankle above the
      heel and in the vicinity of the Achille's tendon area, particularly in the
      case of skiers having ankle or calf contours which vary markedly from the
      average.
PAC  SUMMARY
PAR  In accordance with the invention, there is provided a liner assembly for
      use in a rear entry boot having a semi-rigid shell, which liner assembly
      comprises two individual portions which together completely enclose the
      wearer's foot. The forward section of the liner, which is in contact with
      the forward section of the wearer's foot, excluding the heel and Achille's
      tendon areas, is similar in construction to that shown in U.S. Pat. No.
      3,798,799. The rearward section of the liner, however, is not integrally
      connected to the vertical tongue member described in the aforementioned
      patent, but is rather an independent section which encloses the heel and
      Achille's tendon areas of the foot of the wearer. By suitable selection of
      the rearward section of a liner, a custom fit can be readily made to
      accommodate variations in the ankle and calf sizes of skiers having the
      same nominal foot size. In addition, provision can be made for making the
      forward section of liner also removable, whereby by replacement of both
      sections of the liner, a given shell can be used to accommodate a skier
      whose foot size has changed, as in the case of a growing child. Since the
      cost of the shell represents a major portion of the entire cost of the
      boot, the re-use of the shell to accommodate a skier having a different
      foot size or contour than those to which the boot was originally fitted,
      represents a substantial economy. In addition, the invention permits
      dealers to custom fit a larger variety of foot sizes and shapes with a
      minimum inventory of shells.
DRWD
PAR  The invention will be better understood from the detailed description
      thereof, taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 represents a side elevation of a boot in accordance with the
      invention, the rear portion of the boot being in section to illustrate the
      liner assembly of the invention;
PAR  FIG. 2 is a view of the rear end of the boot of FIG. 1, illustrating a
      modification in the vertical tongue forming the rear closure which permits
      an adjustment in flexibility by the skier;
PAR  FIG. 3 is a section along the line 3--3 of FIG. 1, showing the placement of
      the liner within the shell of the boot;
PAR  FIG. 4 shows an alternative embodiment of means for providing adjustable
      flexibility in the rear tongue of the boot shown in FIG. 2;
PAR  FIG. 5 is a sectional view along the line 5--5 of FIG. 4;
PAR  FIG. 6 is a view of still another embodiment of means for providing
      adjustable flexibility in the tongue of the boot shown in FIG. 2; and
PAR  FIG. 7 is a partial right side view of the embodiment of FIG. 6.
DETD
PAR  Referring to the figures, there is depicted a boot 10, including a
      semi-rigid shell 11 having a vamp 12 attached to a sole 13. The boot is
      provided with a rear entry defined in part by rear edges 14 and 16 of vamp
      12. Situated in and closing the rear opening of the vamp is a vertical
      tongue member 17 which is pivotally connected to the shell at a point near
      the lowermost edge of the rear opening, by means of an extended arm
      portion 18 provided with a lug 19 at its free end, which lug nests within
      a suitably dimensioned groove 21 in the top surface of 13, which forms the
      floor of vamp 12.
PAR  With tongue member 17 in its closed position, as shown in FIG. 2, the rear
      opening of the boot is closed by means of securing means which includes a
      clamp 22, an endless cable 23 and a buckle 24. While at least one such
      securing means is essential, it is preferred to use two as illustrated,
      although more than two can also be used.
PAR  In a preferred embodiment as shown in FIg. 1, the shell 11 of the boot is
      preferably molded in two complementary shell portions which are mated
      together in a vertical plane along a center line extending from the toe to
      the heel of the boot, as described in our U.S. Pat. No. 3,848,347, issued
      Nov. 19, 1974. In accordance with such constrtuction, the complementary
      halves of shell 11 are joined at the forward portion of the vamp 12 by
      means of rivets 26 passing through mating ribs, e.g., 27, extending
      outwardly from the rounded front surface of the vamp. Each of ribs 27 has
      an outwardly flaring flange 28 which is substantially perpendicular to the
      rib. The forward edges of the mating sections of shell 11 are not
      permanently joined at any point above uppermost rivet 26 but are left free
      to separate on forward pressure of the skier's foot at the top of shell
      11, thus permitting the shell to flex. In order to permit a degree of
      adjustability in the flex caused by such forward pressure, slide clip 29,
      which rides on flanges 28, can be adjustably positioned with its locating
      pin 31 passing through a desired one of holes 32 through ribs 27. By
      positioning clip 29 in the uppermost hole 32, the length of the split in
      the upper section of the vamp is shortened, thereby increasing the
      stiffness of the vamp. By positioning the slide clip at a lower point, a
      greater degree of flex, ile., less stiffness, is provided, as described in
      the aforementioned U.S. Pat. No. 3,848,347. In order to reduce the degree
      of stiffness in the upper section of the vamp, it may be desirable to
      eliminate the flange portion 28 of rib 27 above the uppermost positioning
      hole 32, as shown in FIg. 1.
PAR  Fitted within shell 11 of the boot is a liner assembly consisting of two
      separate parts, a forward section 33 and a rear section 34. The forward
      section 33 has an inner surface which follows the contours of that portion
      of the wearer's ankle and foot forward of a vertical line passing
      approximately through the wearer's tibia, not including any of the heel
      portion of the wearer's foot. The rear section 34 of the liner has an
      inner contour which when mated with forward section 33 completely covers
      the wearer's foot, including the ankle portion thereof. Rear section 34
      completely covers the wearer's heel and is provided with a tongue-like
      flap 35 which extends forward under the heel to a point where it joins the
      mating edge of forward section 33 at a vertical partition surface 36. The
      sides of the flap 35 abut the edges of forward section 33 in generally
      vertical partition surfaces 37 and 38 (Fig. 3). At the points of contact
      between the adjacent portions of the liner, the opposed surfaces meet in
      abutting relationship, indicated by the lines 39, 41, and 42, as shown in
      FIGS. 1 and 3. At the top of the boot, however, rear section 34 is
      provided with flaps 43 which overlap the adjacent portions of forward
      section 33, and thus create a more secure seal against the entry of snow.
PAR  It will be seen in FIG. 1, that in the vicinity of the wearer's Achille's
      tendon, rear liner section 34 has a substantial thickness between its
      outer surface 44 and the inner surface 46 of vertical tongue 17, against
      which it abuts. In the event that a given rear liner section provides
      insufficient room for a particular foot configuration, and thus lead to
      excessive pressure, the entire rear section 44 can be removed and replaced
      with one having a thinner rear wall, thus accommodating the wearer's foot
      and providing a custom fit. The ready replaceability of the liner
      sections, and particularly the rear liner section, is particularly
      advantageous in boots for use by children. In such cases, a new boot may
      be supplied with a relatively thick rear liner. As the size of the child's
      foot grows, the rear section can be removed and replaced with one having a
      thinner wall, thus permitting several seasons of use from the same shell.
      If desired or necessary, the forward section of the liner can be replaced
      in the same way. Initially, a forward section having a relatively thick
      wall section can be used, and replaced successively with liners having
      thinner walls in order to accommodate the growing foot of the user.
PAR  In accordance with the invention, there is no integral attachment between
      rear liner section 34 and the inner surface of tongue 17. When tongue 17
      is rotated rearwardly between rear edges 14, 16 of vamp 12 in order to
      permit entry to the interior of the boot, rear liner section 34 flexes at
      its connecting flap 35 lying on the floor of vamp 12, connecting flap 35
      being held in place by frictional contact with the edges of forward
      section 33, as shown in FIG. 3. During normal use of the boot, therefore,
      the rear section 34 will remain in position during opening and closing of
      the boot. If it is desired to replace the section, however, it can be
      readily pulled out of position and a replacement section readily
      installed.
PAR  In another aspect of the invention, provision is made for varying the
      rearward flexibility of tongue member 17 in accordance with the desire of
      the skier. As shoown in FIG. 2, the upper portion of tongue member 17 is
      provided with a downwardly extending V-shaped split 46, the edges of which
      are defined by relatively thick ribs 51. The opposing edges of split 46
      are unconnected except at a point near the top of the split, at which
      point there is an inter-connecting member 47, advisably integrally formed
      in tongue 17, spanning the split and joining the opposed edges. In the
      form shown in FIG. 2, the edges of split 46 cannot separate in response to
      rearward pressure at the top of the tongue, thus providing a certain
      degree of rigidity. If the skier desires the top of tongue 17 to be more
      flexible, he need only cut interconnecting member 47, thus permitting the
      edges of the V-sahped split to separate in response to rearward pressure,
      resulting in greater flexibility.
PAR  In an alternative embodiment shown in FIGS. 4 and 5, no split portion or
      void area is provided in tongue member 17a between ribs 51a, the opposite
      edges of which are interconnected throughout their length by member 52,
      which is suitably an integral extension of the wall of member 17a. With
      ribs 51a interconnected by member 52 as shown in FIG. 4, i.e., without the
      split provided in the embodiment of Fig. 2, tongue member 17a has its
      greatest degree of rigidity. To increase the flexibility of tongue member
      17a, some or all of member 52 between ridges 51a can be cut or otherwise
      removed, thus creating in effect a split similar to that of the embodiment
      of Fig. 2. A further increase in the flexibility of tongue member 17a can
      be obtained by reducing the thickness or width of ribs 51 by shaving or
      filing, thus permitting the edges of the split to separate more easily on
      the application of a rearward force.
PAR  In the embodiments shown in Figs. 2, 4, and 5, the change in flexibility
      obtained by cutting member 47 or member 52 is permanent. It is also within
      the contemplation of the invention, however, to provide means for
      adjustably increasing or decreasing the rigidity of tongue 17, by
      providing an adjustable clamp interconnecting the edges of a split in
      tongue 17, as disclosed and claimed in our U.S. Pat. No. 3,848,347. An
      embodiment of such a construction is shown in Figs. 6 and 7. As shown,
      tongue 17b is provided with a split 46b, the edges of which are provided
      with outwardly extending ribs 53. The ribs 53 have outwardly flaring
      flanges 54 on which a slidable clip 56 rides. Clip 56 has a locating pin
      57 which can be passed through any one of holes 58 through ribs 53,
      thereby controlling the extent of separation of split 46b in response to
      rearward pressure and hence the flexibility of tongue 17b.
PAR  The ski boot of the invention is readily adapted for and preferably used
      with the fitting method and means described in our aforementioned U.S.
      Pat. No. 3,798,799, in which there is employed a bladder or the like
      positioned between the forward liner and the shell of the boot, into which
      there is injected aa thermoplastic flowable material which provides the
      custom fit. In Fig. 3, there is shown a portion of the bladder 48 provided
      between the inner liner and the shell 11 of the boot, into which the
      thermoplastic material can be injected.
PAR  The foregoing detailed description has been give for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom as modiciations will be obvious to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A ski boot comprising:
PA1  a semi-rigid shell comprising a vamp having a rear opening;
PA1  a semi-rigid tongue member pivotally attached to said vamp near the
      lowermost portion of said rear opening, said tongue member being adapted
      to close said rear opening;
PA1  securing means for securing said tongue member in the closed position;
PA1  a first resilient liner member disposed in the forward section of said
      shell, said first liner member having an inner surface conforming
      substantially to the outer surface of a wearer's foot forward of the heel
      and Achille's tendon area thereof and an outer surface contoured to fit
      into the forward section of said shell;
PA1  a second resilient liner member disposed within the rearward portion of
      said shell, said second liner having an inner surface conforming to the
      outer surface of the heel and Achille's tendon area of the wearer's foot,
      and an outer surface contoured to fit the rearward section of said shell
      and abut the inner surface of said tongue member;
PA1  the edges of said first and second liner members abutting each other within
      said shell and cooperating to cover the entirety of the wearer's foot, at
      least said second liner member being readily removable from said shell.
NUM  2.
PAR  2. A ski boot in accordance with claim 1 wherein said first liner member is
      readily removable from said shell.
NUM  3.
PAR  3. A ski boot in accordance with claim 1 in which said tongue member is
      provided with means for adjusting the flexibility of said tongue member in
      response to rearward pressure.
NUM  4.
PAR  4. A ski boot in accordance with claim 3 in which said tongue member is
      provided with a pair of thickened stiffening ribs formed on the surface of
      said tongue member and arranged in the form of a V, the opposed inner
      edges of said V being interconnected by a portion of said tongue member,
      said portion being severable to increase the flexibility of said tongue in
      response to rearward pressure applied thereto.
NUM  5.
PAR  5. A ski boot in accordance with claim 3, wherein said tongue member is
      provided with a vertical split extending downwardly from the top thereof,
      the opposing edges of said split along a portion of its length being
      interconnected by a transverse connecting member, said connecting member
      being severable to permit the edges of said split to separate on the
      application of rearward pressure to the top of said tongue, whereby the
      flexibility of said tongue member can be increased at the option of the
      wearer of the boot by severing said connecting member.
NUM  6.
PAR  6. A ski boot in accordance with claim 5, in which said split and said
      connecting member are integrally formed in said tongue member.
NUM  7.
PAR  7. A ski boot in accordance with claim 1, in which said second liner member
      includes a flap portion extending under the heel of the wearer of said
      boot, said flap portion acting as a hinge for permitting said second liner
      member to be pivoted through said rear opening for permitting entry of the
      wearer's foot into said boot.
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ABST
PAL  A rooted plant with a ball may be excavated from the surrounding soil by
      means of an apparatus the form of which comprises a plurality of spades
      cooperatively associated so as to independently pierce the earth about the
      plant forming a hollow enclosure for a generally frusto-conical ball of
      earth. After the earth has been pierced and enclosed a separate
      undercutting element is swung beneath the enclosure generating a somewhat
      hemispherical bottom beneath the enclosed ball such that the apparatus,
      the plant and retained ball may be lifted from the surrounding soil and
      the plant and ball may be easily removed from the apparatus. The resulting
      ball may be wrapped to form a unique plant package.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the excavation of rooted plants such as trees and
      shrubs, the excavation being undertaken in such a way that a well shaped
      protective ball of soil about the roots of the plant is maintained intact
      for protection of the plant during transplantation.
PAR  The apparatus is adapted for use in connection with a vehicle such as a
      tractor, truck or specialized vehicle like the Case Uniloader Model 1737,
      the vehicle functioning in cooperation to position the apparatus with
      respect to the plant to be excavated and to provide mobility and power for
      the apparatus. The apparatus is adapted first to surround the trunk or
      base of the rooted plant and pierce the soil thereabout and then to
      undercut the soil beneath the plant forming a generally frusto-conical
      ball of protective soil. In this way the plant may be removed from the
      surrounding soil with a substantial part of the roots thereof and
      protective soil intact. The apparatus is designed to excavate the rooted
      plant quickly and efficiently with a minimum of hand labor, and in the
      preferred form it removes a generally frusto-conical ball having a
      hemispherical bottom. The ball when wrapped with burlap or the like
      constitutes a unique plant package which optimizes root protection, ease
      of handling and ease of storage and replanting.
PAR  The invention features spades and spade supports of novel construction for
      piercing the earth and forming a retaining enclosure of generally
      frusto-conical shape about the roots of the plant, a novel structure for
      supporting and manipulating the enclosure, a novel bowed undercutting
      element for severing the ball from the earth beneath the enclosure and a
      novel plant package resulting therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the invention an apparatus is provided
      comprising a U-shaped support connected to a vehicle for vertical movement
      relative to the earth and for supporting three spades equally spaced about
      the support for reciprocal movement into and out of the earth. The spades
      may be operated to pierce the earth independently of one another to
      minimize the amount of reaction force and power required. A simple locking
      arrangement is provided for holding the spades in a position forming a
      steep-sided, substantially frusto-conical enclosure and for sustaining the
      weight of the plant and ball during removal from the earth. The U-shaped
      support includes a bight connected to a pair of horizontally extending
      legs hinged at a point between the bight and their ends for horizontal
      arcuate movement of said ends. Mounting to the bight and each of the ends
      are substantially vertical guides for each of the three spades. The ends
      may be pivoted about a vertical axis away from one another thus moving the
      guides and spades associated with each from their earth piercing position
      to a C-shaped pattern for receiving the trunk or the base of the rooted
      plant prior to excavation, or in the alternative for removing the ball
      after excavation.
PAR  The soil excavating means consists of the described cooperating spades and
      an undercutting element which is mounted for swinging movement about a
      horizontal axis relative to the U-shaped support member to undercut the
      soil beneath the plant after the piercing has been accomplished but before
      the ball enclosure is lifted from the earth. There is preferably a pair of
      arms pivotally mounted on the U-shaped support at their one end and
      connected to opposite ends of a knife blade at their other end. The blade
      is bowed outwardly with respect to the pivot axis of the arms and is
      adapted to swing from a position juxtaposed to the bight downwardly and
      forwardly under the enclosure formed by the spades which have pierced the
      earth and thereby sever a ball with a substantially hemispherical convex
      bottom. If desired, the undercutting element knife blade may remain in its
      downward position to aid in the lifting and removal of the plant and ball.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side perspective elevational view of an excavating apparatus
      and vehicle wherein the spades of the apparatus are in a position slightly
      opened as also shown in FIG. 3;
PAR  FIG. 2 is a front elevational view of the spades and their guides shown in
      a completely opened position for facilitating the positioning of the
      apparatus about the trunk or case of a rooted plant;
PAR  FIG. 3 is a front elevational view of the spades shown in FIG. 2 except
      however, here the spades are shown in the nearly closed position prior to
      forming a substantially frusto-conical hollow enclosure when the spades
      meet after piercing the earth as shown in phantom for one of the spades;
PAR  FIG. 4 shows a front elevational view partly in section of the excavating
      spades inserted completely into the earth and forming a generally
      frusto-conical hollow enclosure, shown also is the latching means which
      hold the front spades together;
PAR  FIG. 5 is an enlarged side elevational view of the apparatus showing the
      spade mechanism and the undercutting blade, phanthom lines are used to
      illustrate the alternate positions of both;
PAR  FIG. 6 is a partial perspective view of the side of the apparatus and in
      particular the U-shaped support and the mounting of the hydraulic power
      cylinders;
PAR  FIG. 7 is an enlarged perspective view of the undercutting blade;
PAR  FIG. 7a is a partial sectional view taken along lines 7a--7a of FIG. 7;
PAR  FIG. 8 is a sectional view of the spades in their open position and taken
      along lines 8--8 of FIG. 2;
PAR  FIG. 9 is a sectional view of the spades in their closed or enclosure
      forming position taken along lines 9--9 of FIG. 4;
PAR  FIG. 10 is an enlarged partial sectional view of the locking members shown
      in FIG. 4, and taken substantially along lines 10--10;
PAR  FIG. 11 is a partial sectional view of the locking members shown in FIG. 10
      as viewed along lines 11--11 therein;
PAR  FIG. 12 is a schematic representation of another embodiment having two
      spades, one of which pivots to open the hollow frusto-conical enclosure;
PAR  FIG. 13 is a schematic illustration of another arrangement including four
      spades which cooperate to form a hollow frusto-conical enclosure, and
PAR  FIG. 14 is a partial perspective view of an optional pivot mounting for the
      pivot pins of the undercutter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings, more particularly to FIGS. 1 and 2, a plant
      excavator apparatus 10 is adapted to excavate a rooted plant 11 and
      associated ball from the surrounding soil. The apparatus 10 is shown
      attached by suitable linkage 12 to the front of a vehicle such as a rubber
      wheeled tractor or truck or specialized vehicle like a Case Uniloader
      Model 1737 the vehicle functioning in cooperation to position the
      apparatus 10 about the plant to be excavated and to provide mobility and
      power for the apparatus 10; whereby, hydraulic fluid under pressure is
      transmitted from a pump means connected to the engine for the vehicle,
      such that fluid transmission lines can be connected to the excavator
      apparatus 10. The excavating apparatus 10 may be raised and lowered and
      kept generally parallel to the ground by means of linkage 12 activated by
      power cylinders 13, see FIGS. 1 and 6 in a manner well-known in the
      hydraulic fork lift art.
PAR  The excavating apparatus 10 comprises a U-shaped support 15 having a bight
      portion 16 and a pair of horizontally extending legs 17 connected to
      opposite ends of the bight 16 at their end nearest the vehicle and having
      hinged connections 18 at points between the bight 16 and the most
      outwardly extended ends 17a of the leg 17. As shown in FIGS. 1, 8 and 9
      the outwardly extending ends 17a are free to pivot in a horizontal plane
      outwardly with respect to the U-shaped support 15 but not inwardly as
      hinges 18 are positioned on the outer sides of legs 17.
PAR  As best shown in FIGS. 1, 2 and 3, the group of spades 19 are individually
      labeled 19a, b and c, and are supported upon U-shaped support 15 for
      independent reciprocal vertical movement by three power mechanisms 20
      labeled (from the viewers left to right) 20a, b and c, respectively, and
      in particular, in FIG. 1, spade 19c with mechanism 20c is shown. Similar
      power mechanisms 20a and b are used in conjunction with spades 19a and b.
      The construction of spades 19a, b and c will be described in complete
      detail after the means by which they are mounted and moved is explained.
      Power mechanisms 20a, b and c include spade supports 21a, b and c, spade
      guides 22a, b and c, and releasable spade connections 23a, b and c. Spade
      supports 21a, b and c are channels having a U-shaped cross section
      arranged to ride upon similar but smaller channels or guides 22 a, b and
      c, respectively, for guiding the spades 19a, b and c. The spade
      connections 23a, b and c are similar to the connection for the components
      of a hinge in that there are a series of aligned eyes attached to each
      side of spade supports 21a, b and c which conjugate with similar aligned
      eyes mounted to the upper back sides of spades 19a, b and c, respectively.
      Suitable L-shaped rods 24 each having an elongated end 24a are inserted
      through the aligned conjugated eyes for attachment of each spade 19a, and
      c to their respective spade support 21a, b and c. Connections 23a, b and c
      are important because they allow the spades 19 to be quickly changed if
      circumstances warrant. For instance, if the spades are damaged or if the
      spades 19 are too small for the particular rooted plant, a new set of
      spades 19 having a larger size forming a larger hollow frusto-conical
      enclosure can easily be substituted. As will be explained the apparatus 10
      can be adjusted to excavate plants with balls of diameters varying from 15
      to 24 inches and having a height of 10 to 20 inches. Various sized rooted
      plants can be accommodated by this apparatus 10 without need of costly or
      time consuming parts or procedures.
PAR  Spade guides 22a, b and c are welded to support 15 at an angle of 8.degree.
      to 10.degree. with respect to the vertical such that the open portion of
      each guide 22a, b and c face outwardly or away from the opening of
      U-shaped support 15, and the upper end of each guide 22 is inclined
      outwardly or away from the U formed by support 15, see FIGS. 1, 2, 3 and
      4. The three guides 22a, b and c are positioned about the support 15 such
      that guide 22b is supported by bight 16 and the other two guides 22a and c
      are each supported by its respective leg end 17a. When ends 17a are in
      line with legs 17, as in FIGS. 1, 4 and 9, the plane defined by the inward
      faces of guides 22a, b and c intersect with one another and generally
      describe an inverted three-sided pyramid. Spade supports 21a, b and c ride
      on guides 22a, b and c respectively, for sliding movement.
PAR  The inclination of guides 22a, b and c and the shape of the spades 19a, b
      and c and the reciprocal movement of the spade supports 21a, b and c upon
      guides 22a, b and c causes the spades 19a, b and c to form a hollow
      generally frusto-conical enclosure 25, best shown in FIGS. 4 and 9. The
      movement of spades 19a, b and c being caused by hydraulic cylinders 26a, b
      and c respectively, shown in FIGS. 1, 3, 4 and 5. Cylinders 26a, b and c
      nestle within and parallel to the hollow of the U formed by guides 22a, b
      and c, and are of a standard well-known design and include upper and lower
      pivotal connections 27a, b and c and 28a, b and c respectively, the former
      connect to each spade supports 21a, b and c and the latter to U-shaped
      support 15. As shown in FIG. 5 in solid lines, cylinder 26c and blade 19c
      are in their lowermost positions; similarly, phantom lines depict the
      spade cylinder 26b at its uppermost position. The controls (not shown) for
      the hydraulic fluid for each of the cylinders 26a, b and c are arranged
      such that they may be activated independently of one another to move
      spades 19a, b and c along their respective guides 22a, b and c separately
      and independently.
PAR  Each spade 19a, b and c is heavy sheet metal formed with a latitudinally
      curved and slight taper. Prior to forming, the flat sheet from which the
      spade is made has an oppositely truncated diamond shape composed of two
      regular trapezoids wherein their equally sized larger bases abut one
      another. Each of the two portions formed by the abutting opposed
      trapezoids perform different functions. The top portion is smaller and
      acts to support and connect the spades 19a, b and c to the spade supports
      21a, b and c while the bottom portion acts as the earth piercing element.
      By varying the amount of lateral curve and size of the truncated diamond a
      variety of different sized spades can be made which operate to produce
      different size balls having different diameters. Spades 19a, b and c are
      connected to their respective spade supports 21a, b and c, by eyes mounted
      on the back of each blade 19a, b and c.
PAR  Spades 19a, b and c are each forced into the earth by hydraulic cylinders
      26a, b and c to form a hollow generally frusto-conical enclosure 25 having
      a slight taper from top to bottom resulting from the curved trapezoidal
      configuration of the lower portion of each spade 19, the inclination of
      the guides 22a, b and c on which spade supports 21a, b and c move.
PAR  To retain supports 21 on their respective guides 22 there are plates 29 and
      retaining blocks 30. The same arrangement is used on each of the power
      mechanisms 20 such that for any particular mechanism 20a, b or c there are
      corresponding retaining locks 30a, b or c, or plates 29a, b or c. In FIG.
      1 the back of plate 29c is shown captured by retaining blocks 30c bolted
      to the inside walls of support 21c. Plate 29c is attached to the front
      face of guide 22c and extends to the inside edges of the front wall of
      support 21c. Plate 29c is captured within the confines of guide 22c,
      blocks 30c, and support 21c such that it can move up and down along guide
      22c. Similarly, power mechanisms 20a and b include corresponding
      components 29a and b and 30a and b which cooperate in the same way.
PAR  FIGS. 2 and 8 illustrate how the spades 19a and b are moved apart when ends
      17a pivot with respect to legs 17 about vertical hinge 18. FIG. 6 shows
      hydraulic cylinder 31a mounted parallel and above leg 17 of support 15 and
      similarly FIG. 1 shows hydraulic cylinder 31c mounted above leg 17 on the
      opposite side of support 15. Cylinders 31a and c operate to rotate legs
      17a and spades 19a and c, respectively, from a closed position shown in
      FIG. 3 to an open position shown in FIG. 2. For this purpose curved arms
      32a and c are provided on guide channels 22a and c, respectively, see
      FIGS. 1 and 6. To eliminate any binding between hydraulic cylinders 31a
      and c and curved arms 32a and c, pivotal connections 33a and c are
      provided between the arms 32a and c and the cylinders 31a and c. The
      cylinders 31a and c are controlled in a well-known manner such that the
      spades 19a and c are moved or pivoted about hinges 18 in a uniform manner.
PAR  The undercutting mechanism 34 shown in FIG. 5 severs the rooted plant 11
      and associated ball from the ground immediately therebeneath. Mechanism 34
      includes a cutter 35 and power cylinders 36a and c. Cutter 35 has a pair
      of arms 35a and c, pivotally connected at their top ends to the U-shaped
      support 15 near and slightly above and rearwardly of hinges 18, such that
      they rotate about an axis 15a as shown in FIGS. 1, 5, 6 and 7 upon pins
      and bearings. Arms 35a and c are joined by a bowed blade 35b, see FIGS. 7
      and 7a. The cutter element 35 is arranged to move from a position with
      blade 35b juxtaposed to bight 16 to a position where blade 35b is below
      hollow frusto-conical enclosure 25, see FIG. 5, wherein the cutter element
      35 is shown in both positions and a phantom arc has been added to
      illustrate the path of the knife blade 35b. In order to facilitate the
      movement of cutter 35 through the earth the leading edge is beveled and
      when viewed from a point on what would be the axis 15a of the pivot for
      arms 35a and c, the blade 35b is V-shaped forwardly to act as a plow thus
      easing the cutting, see FIGS. 6 and 7. Hydraulic cylinders 36a and c,
      FIGS. 1, 5 and 6, are connected by clevises 37a and c, respectively, for
      moving the cutter element 35 as described. There is a slight offset
      between the axis of the clevis connections 37a and c and the axis 15a of
      the pivot connections for cutter arms 35a and c such that a moment arm is
      provided between the clevis connections 37a and c of cylinders 36a and c
      and cutter 35. Again, cylinders 36a and c are supported on U-shaped
      support 15 by means of pivotal connections 38a and c, respectively, on a
      pair of upstanding gussets 39a and c located near the connections of legs
      17 with bight 16. Cylinders 36a and c are controlled in a well-known
      manner such that cutter 35 is moved forcefully from its juxtaposed
      position for undercutting. More specifically, a flow dividing circuit
      provides more fluid at greater pressure to the cylinder either 36a  or 36c
      which has the greater load so that cutter 35 moves without cocking or
      stalling because of rocks, stones or inclusions in the earth.
PAR  FIG. 14 shows a modification to the mounting for the undercutter pivots
      made to assist in the movement of the cutter 35 through the earth. To
      overcome friction between the surface of the cutter and the surrounding
      earth and to help the blade cut through the earth an orbital oscillation
      is applied to the cutter blade. FIG. 14 shows an eccentric bearing 50
      mounting at the pivots for the undercutter 35 whereby axis 15a is rotated
      in a circular orbit such that an eighth of an inch radial movement is
      caused 500 times per minute at the cutter. The eccentric bearing 50
      includes an outer bearing 51 and an inner bearing 52 such that axis 15a
      about which undercutter 35 pivots is completely bushed with respect to
      eccentric bearing 50. When eccentric bearing is rotated the axis 15a of
      undercutter 35 is caused to orbit in a circle imparting an orbital
      oscillatory motion to the cutter 35. The oscillation need not be large nor
      the frequency of such motion be great in order to overcome the static
      friction between the earth and cutter 35.
PAR  The operation of the excavation apparatus 10 can be described by
      considering the procedure of excavating a tree or rooted plant 11 from the
      earth in conjunction with the drawings, and the preceding description. It
      should be appreciated that the spades 19a and c are initially swung to
      their outwardly or open position about hinges 18 by cylinders 31a and c
      and that the spades 19 are in their uppermost position with respect to
      guides 22a, b and c. The apparatus 10 is brought into position about the
      rooted plant 11 such that the plant 11 is centered with respect to the
      spades 19, as shown in FIGS. 2 and 8. Once the apparatus 10 is so aligned
      the arms 12 are lowered by cylinders 13 such that support 15 comes to rest
      upon adjustable feet 40 which touch the ground. The adjusted position of
      feet 40 has a definite bearing upon the depth of the ball excavated. That
      is to say if the feet 40 are extended downwardly to the extent shown in
      FIG. 1, the resulting ball will not be as deep as if the feet are
      positioned as shown in FIGS. 2, 3 and 4. Once the apparatus 10 is properly
      lowered and positioned the control which supplies hydraulic fluid to
      cylinders 31a and c is opened for applying pressure through pivots 33a and
      c to arms 32a and c for pivoting ends 17a such that they are brought into
      alignment with legs 17 whereby spades 19a and c assume the positions
      illustrated in FIG. 3, surrounding the base of the rooted plant 11, but
      not completely enclosing same. As explained the spades 19a, b and c are
      mounted for reciprocal movement on guides 22a, b and c, and are slightly
      angled with respect to the top of U-shaped member 15 such that their
      bottom ends if extended would meet at a substantial distance below the
      center of the rooted plant 11 and this is important since the bottom of
      the ball should be as large as possible. Similarly, if the inward faces of
      guides 22a, b and c or plates 29a, b and c were extended into plane
      surfaces until they intersect with one another, an inverted three-sided
      pyramid would be generated. The foregoing is helpful in the understanding
      of the way in which the spades 19 converge about the roots of the plant 11
      forming a generally frusto-conical hollow enclosure 25. The process of
      piercing the soil by spades 19 is accomplished in separate stages and each
      spade 19 is inserted and moved into the soil separately and independently,
      thus minimizing the amount of power required and the reaction forces
      incurred by the apparatus 10 during the piercing of the soil. The
      hydraulic fluid supply for cylinders 26a, b and c can be uniform,
      intermittent or oscillating to provide a smooth or a reasonanting jack
      hammer effect to pierce the earth. Similarly, the hydraulic fluid supply
      for the undercutter cylinders 36a and c can be used to vibrate and ram the
      cutter 35 through the earth. FIG. 3 shows spade 19c supported by spade
      support 21c for movement downwardly along guide 22c by means of cylinder
      26c pivotally connected to support 21c at pivot 27c and to end 17a at 28c.
      Consequently, spade 19c may be inserted into the earth the full stroke of
      cylinder 26c, and similarly spade 19b is driven into the earth by cylinder
      26b and 19a is forced into the earth by cylinder 26a. A generally
      frusto-conical enclosure 25 is formed by the inserted spades 19a, b and c,
      thus severing a ball of a frusto-conical shape from the surrounding soil.
      Consequently, the roots of plant 11 are surrounded by a unique ball
      package shaped for good transplantation. The taper of the ball being
      slight (8.degree. to 10.degree.) with earth surrounding the roots at the
      bottom as well as the top, thus saving more of the important root
      structure for replanting and early reestablishment.
PAR  Before the plant may be removed, it must be severed from the earth beneath
      the enclosed ball; for this purpose cutter 35 is provided, to be swung, as
      shown in FIG. 5 by hydraulic cylinders 36a and c, from its juxtaposed
      position downwardly and forwardly beneath enclosure 25. It will be noted
      that the bow or curve of blade 35c produces a generally hemispherical
      convex bottom for the ball which is important to its removal from the
      enclosure 25 and retention of the tap root. The blade radius is 28 inches.
PAR  To support the ball during removal from the surrounding earth the cutter 35
      may be left immediately below the ball while the rooted plant 11, the
      enclosure 25 and the ball are lifted out of the earth by arms 12 and
      cylinders 13, supported on a rubber-tired vehicle, as Case Uniloader Model
      1737.
PAR  The edge of spade 19c includes an outwardly semi-cylindrical finger 41, see
      FIGS. 3, 10 and 11, which is shaped to cooperate with a C-shaped latch 42
      located on the adjoining edge of spade 19a. Finger 41 is near the top of
      the spade portion of spade 19c where it abuts spade 19a when both spades
      are at their lowermost inserted position. C-shaped latch 42 is similarly
      located near the upper abutting edge spade 19a, therefore, when spade 19a
      is lowered into the ground spades 19a and 19c are brought into latching
      engagement, and latch 42 slides over finger 41 as shown in FIG. 10. This
      feature is particularly important during the lifting of the enclosure 25
      with rooted plant 11 and the ball from the surrounding earth as the latch
      42 helps hold the spades 19a and c together. FIG. 11 shows that portions
      of finger 41 and latch 42 are shaped to guide a cam finger 41 into the
      C-shaped recess of latch 42.
PAR  After movement of apparatus 10 to a convenient location, the cutter 35 is
      swung about axis 15a rearwardly and upwardly to its juxtaposed position,
      and then the enclosure 25, ball and rooted plant 11 are lowered such that
      the hemispherical bottom rests upon the ground causing the weight of the
      plant 11 to be slightly lifted from the enclosure 25. Spades 19a or c may
      then be shifted slightly with respect to each other releasing finger 41
      from the C-shaped latch 42 without disturing the ball. Ends 17a may be
      pivoted outwardly by cylinders 31a and c, thus forcing spades 19a and c to
      swing apart at their front edge and converge at their rear edge gently
      pushing the ball away from the spade 19b. The placement of hinges 18 along
      legs 17 is directly related to the amount of push given by rear edges of
      spades 19a and c; too much push will damage the ball whereas too little
      push will not assist in removal. As illustrated in FIG. 2, spades 19a and
      c part sufficiently to allow easy separation of the excavated rooted plant
      11 and the apparatus 10.
PAR  FIGS. 12 and 13 show schematic arrangements wherein either two or four
      spades may be employed to cooperate in forming a generally frusto-conical
      hollow enclosure for the pierced earth about the roots of a tree or shrub.
      It should be appreciated that the mechanisms previously described will
      function as well with any number of spades and the use of either two,
      three or four spades is related to the ball size and power required.
PAR  Briefly, FIG. 12 shows a generally U-shaped structure 115 for supporting a
      pair of spades 119a and b on guide mechanisms 120a and b which are
      identical in operation and construction to the mechanisms 20 already
      described. U-shaped support 115 includes a bight portion 116 and a pair of
      outer legs 117 either one of which may support a pivoted or hinged
      extended arm 117a at pivot 118. Arm 117a is arranged to swing in a
      horizontal plane outwardly with respect to support 115 and has mounted
      thereon at the end thereof a mechanism 120a for supporting a spade 119a.
      Spade 119b is similarly mounted on a mechanism 120b attached to the bight
      portion 116 of U-shaped support 115 such that spades 119a and b cooperate
      to form a two piece hollow frusto-conical enclosure 125.
PAR  Spades 119a and b may include a locking device similar to that shown in
      FIG. 11 at 41 and 42 but located at the point where the adjoining spades
      part to open the enclosure.
PAR  FIG. 13 shows a generally U-shaped support 215 for carrying four spades
      219a, b, c and d, each retained for reciprocal movement on a mechanism
      220a, b, c and d, respectively, in the manner and mode already explained
      in connection with the three spade embodiment. U-shaped support 215
      includes a bight portion 216 and a pair of horizontally extending legs 217
      each of which supports a hinged end 217a at pivots 218. Ends 217a are
      arranged to swing in a horizontal plane outwardly or away from support 215
      and are provided with spade mechanisms 220a and d such that the hollow
      frusto-conical enclosure 225 formed by spades 219 a, b, c and d can be
      opened to permit removal of the excavated plant. At the junctures of bight
      216 and legs 217 are additional mechanisms 220b and c which move spades
      219b and c.
PAR  Spades 219a and d may include a locking device similar to that shown in
      FIG. 11 at 41 and 42 but located at the point where the adjoining spaces
      part to open the enclosure.
PAR  The alternate embodiments shown in FIGS. 12 and 13 are arranged to operate
      with the rest of the apparatus 10 explained in this specification. The
      details of the hydraulic cylinders explained in connection with the three
      spade embodiment are for the most part identical as are the undercutting
      and locking components.
PAR  As explained the number of spades, the size of spades, and their location
      may be varied from those described and illustrated as long as a generally
      frustoconical enclosure is formed without departing from the scope of the
      invention. It is to be understood that the present disclosure has been
      made only by way of example and that many additional modifications and
      changes in various details may be applied to achieve the invention. Thus,
      it will be seen that a simple, sturdy, reliable, efficient and economical
      excavation apparatus has been provided wherein the rooted plant is removed
      with an associated ball having a shape to protect the roots during
      transplantation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus comprising: a U-shaped support attached to a vehicle for
      vertical movement relative to the earth including a bight connecting a
      pair of horizontally extending legs, each of said legs being hinged at a
      point between said bight and its end for horizontal arcuate motion of said
      ends; a plurality of spades, each defining a frusto-conical segment, and
      means mounting each of said spades to said U-shaped support spaced from
      and surrounding a vertical central digging axis, each of said spades being
      mounted for independent receiprocal movement of said spades in a generally
      downward direction convergent toward said axis and upward divergent from
      said axis; power means connected to each of said hinged legs for pivoting
      said ends from a first position in line with said legs to a second
      position pointed away from each other; whereby a generally frusto-conical
      tapering hollow enclosure having a slightly larger opening at the top than
      the bottom and being open at both ends is formed by said spades when said
      ends are in said first position and said spades are moved to the bottom of
      their vertical travel, said enclosure opening along the side nearest the
      mouth of said U-shaped support when said ends are in said second position
      and said U-shaped support is moved to the top of its vertical travel; a
      severing member including a pair of arms, each having one end pivotally
      connected to one side of said U-shaped support and a blade connected
      between the opposite ends of said arms for swinging movement about a
      horizontal axis and beneath the lower opening of said enclosure, and the
      central portion of said blade being bowed outwardly with respect to said
      horizontal axis, whereby a frusto-conical tapering ball of earth with a
      convex bottom may be severed from the earth by the apparatus.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said power means includes a pair of
      hydraulic cylinders mounted generally parallel and above said horizontally
      extending legs connected to each of said hinged legs for pivoting said
      ends and for movement of said ends from said first position to said second
      position control means associated with the hydraulic supply for said
      hydraulic power cylinders such that said ends may be moved in unison.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said means mounting each of said spades
      includes a plurality of channels supported in substantially vertical
      positions extending upwardly and outwardly from said U-shaped support,
      each said channel portion facing away from said U-shaped support, a
      plurality of power cylinder means nestled within the open side of said
      channels and attached thereto at their lower end and connected to spade
      supports at their upper ends, said spade supports shaped to fit, slide
      upon, and be guided by the inward faces of said channels for movement
      along said channels, said spade support connecting between the movable end
      of said power cylinder and the upper end of said spades, connecting means
      associated with said spades and said spade supports to facilitate
      changing, replacement and repair of said spades.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said connecting means includes two rows
      of eyes located on the support sides of said spades and disposed in two
      lines aligning said eyes, cooperating rows of eyes with aligned openings
      connected to said spade support and positioned in a similar spaced
      relationship whereby said eyes of said spade and said eyes of said spade
      support conjugate, and L-shaped rods having elongated sides to be used for
      filling the aligned conjugated eye openings.
NUM  5.
PAR  5. The apparatus of claim 3 wherein hydraulic fluid pressure control means
      are provided in a line supplying fluid to said spade hydraulic cylinders
      for periodically changing the flow and pressure of the hydraulic fluid
      therein to create a jack-hammer effect upon the movement of said spade.
NUM  6.
PAR  6. The apparatus of claim 3 wherein said spades are formed of a
      latitudinally curved piece of metal developed from a flat sheet in the
      shape of an oppositely truncated diamond, said diamond disposed with its
      larger truncated base at the bottom such that when in said first position
      being inclined at an angle for abutting adjacent spades forming an element
      of said enclosure when said spade is at the bottom of its travel along
      said channels.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the abutting edges of at least one pair
      of said spades include slidable locking means having an outwardly
      extending C-shaped latch for cooperating with a protruding finger on
      another of said spades such that when the spades are juxtaposed for
      forming an enclosure said latch surrounds and retains said finger assuring
      the abutment of said adjacent spades.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said channels are angled at 8.degree.
      to 10.degree. with respect to the vertical such that said blades converge
      to form a slightly tapered generally frusto-conical enclosure.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said blade is swung arcuately by
      hydraulic means connected between said arms and said U-shaped support.
NUM  10.
PAR  10. The apparatus of claim 9 wherein hydraulic fluid pressure control means
      are provided in a line supplying fluid to said severing member hydraulic
      means for periodically changing the flow and pressure of the hydraulic
      fluid therein to create a jack-hammer effect upon the movement of said
      severing member.
NUM  11.
PAR  11. A method of excavating a rooted plant with a trunk that is transverse
      to the earth surface consisting of the following steps: centering the
      rooted plant within an apparatus having a plurality of earth piercing
      spades disposed at a slight angle with respect to the trunk such that
      movement of said spades into the earth tends to bring them into contact
      with one another for forming an inwardly tapering hollow frusto-conical
      enclosure open at both ends; driving one of said spades into the earth and
      thereby piercing the earth to a depth sufficient to sever a portion of the
      earth about the plant roots; driving additional spades into the earth for
      forming a hollow generally frusto-conical enclosure about the roots;
      swinging a stirrupshaped cutter beneath the lower open end of said
      enclosure for severing the bottom of said rooted plant beneath said
      enclosure and for generating a generally downwardly convex surface
      thereat; lifting said enclosure, said cutter and the rooted plant out of
      the ground; and moving said enclosure and said cutter to a convenient
      place; swinging said cutter away from the convex surface; lowering said
      spades relative to the severed earth and rooted plant to rest the convex
      surface on the earth surface and separate the severed earth from said
      spades.
NUM  12.
PAR  12. An apparatus for excavating a section of earth comprising a member
      disposed in a horizontal plane connected to a vehicle by means of a pair
      of links such that said member may be raised and lowered, a plurality of
      spade-like tools which may be brought to abut one another along adjacent
      vertical edges supported upon said horizontal member by means of a
      plurality of slides and associated means for independently moving said
      tools into the earth for forming a conic sleeve tapering inwardly toward
      the bottom, said slides and means are angled with respect to said member
      so that their bottom ends if extended would meet at a substantial
      distance, hinge means on said member for pivotal movement about a vertical
      axis of at least one of said spade-like tools with respect to said member,
      locking means on said tools for slidably connecting said abutting edges of
      at least two of said tools, a swing shaped cutting blade pivotally
      supported on said member swingable therefrom to a position past the bottom
      of said sleeve, said blade bowed away from said sleeve for severing a
      generally hemispherical convex bottom on the section of earth.
NUM  13.
PAR  13. The apparatus of claim 12 wherein the pivotal support for said swing
      shaped cutting blade revolves in a circular orbit whereby an oscillating
      orbital motion is imparted to said cutting blade.
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ABST
PAL  Device for covering drainage tubing with fine textured soil granules
      comprises main framework with pair of tillers connected thereto by
      adjustable connection which varies elevation of tillers relative to main
      framework. Each tiller includes vertically oriented shaft journaled to
      secondary frame, and tines extend outwardly from each shaft. Motivators
      are connected to rotate each shaft so that tines penetrate side walls of
      trench in which drainage tubing has been positioned to thereby break away
      fine textured soil granules and shower them over drainage tubing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a tube bedding device, and more
      particularly to a device for covering drainage tubing with fine textured
      soil granules.
PAR  Subsurface drainage systems fabricated from corrugated tubes are currently
      playing a major role in land development and improvement. The advantages
      of corrugated drainage systems over the heretofore commonly used tile
      networks are quite numerous. The ease with which corrugated tubes are
      manufactured in continuous lengths together with the rather simple and
      inexpensive installation procedures are but a few factors which have
      contributed to the overwhelming commercial success of corrugated drainage
      systems. For the most part, such systems include main and lateral
      subsurface drainage lines comprising corrugated tubing, tees, wyes,
      couplings or connectors, and adaptors of one type or another. A typical
      system usually comprises a series of inclined lateral lines spaced from
      one another in parallel fashion on opposite sides of an inclined main line
      to which the laterals are conncted by either tees or wyes. The main and
      lateral lines may be quite long and therefore require the piecing together
      of various lengths of tubing. End caps are also needed to close the open
      ends of the main and lateral lines and thereby prevent the surrounding
      earth from entering into the drainage system.
PAR  Regarding the installation procedures, a trenching machine of one type or
      another may be utilized to dig the required trench. The tubing is then
      installed within the trench at the bottom thereof, and the trench is then
      backfilled with the soil initially removed. Generally, during the
      backfilling operation earth moving equipment is used to simply push the
      earth back into the trench. Large clumps of heavy soil are filled into the
      trench and the drainage tube becomes surrounded with these clumps. As a
      result, the clumps leave a large percentage of void volume which
      ultimately causes settling of the soil directly above the drainage tube.
      This settling crushes the tube and reforms the cross section thereof from
      circular to oval. Such ovalizing of the tube reduces the cross-sectional
      area thereof, and the load on the tube sometimes damages the tube.
PAR  On the other hand, when fine textured soil granules are utilized to bed the
      tubing, the void volume is significantly reduced. Little if any settling
      occurs, and the ovalizing of the tube is significantly reduced or
      completely eliminated. Also, bedding the tube in friable, high density
      soil provides a natural filter medium for the liquid flowing into the
      tubing during the drainage operation. Attempts have beem made to initially
      backfill the trench by manually breaking the clumps and then cover the
      tube with the thus formed smaller soil pieces. However, such a procedure
      is time consuming and not completely satisfactory.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the primary object of the present invention is to provide an
      efficient and economical mechanical device for covering drainage tubing
      with fine textured soil granules prior to completing the backfilling of
      the trench in which the tube is positioned.
PAR  In accordance with the present invention a tube bedding device covers
      drainage tubing with fine textured soil granules. The device comprises a
      main framework and tiller structure is mounted upon the main framework by
      an adjustable connection arranged to vary the elevation of the tiller
      structure relative to the framework. The tiller structure includes at
      least one shaft with outwardly extending tines connected thereto. A
      motivator rotates the tiller shaft so that the tines penetrate the side
      wall of a trench in which tubing has been positioned to thereby break away
      fine textured soil granules and shower them over the tubing.
PAR  Moreover, the tiller structure may include a guide shoe arranged so that
      the tines extend outwardly therefrom. The shoe engages the side wall of a
      trench in which the tubing has been positioned to thereby limit
      penetration of the tines. Also, the adjustable connection between the
      tiller structure and the main framework may include an internally threaded
      block on the tiller structure and a vertically oriented lead screw
      received within the block and journaled to the main frame. A motivator is
      provided for rotating the lead screw in one direction or the other so that
      the block rides up and down on the screw to vary the elevation of the
      tiller structure relative to the main framework. Such adjustment enables
      the tiller structure to be positioned so that the tines penetrate the most
      preferred stratum of soil in the side wall of the trench.
PAR  Continuing, a pair of secondary frames may be pivotally mounted to the
      adjustable connection for swinging movement toward and away from one
      another. The tiller structure then includes a pair of shafts, one
      journaled to each secondary frame, and the tines extend outwardly from
      each shaft. A hydraulic motor is connected to rotate each shaft.
      Preferably, each secondary frame is pivotally secured to the adjustable
      connection by a vertically oriented pivot pin, and the shafts of the
      tiller structure are vertically journaled to the secondary frames. A
      linkage extends between the secondary frames for adjusting the spread of
      the frames relative to one another.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Novel features and advantages of the present invention in addition to those
      mentioned above will become apparent to those skilled in the art from a
      reading of the following detailed description in conjunction with the
      accompanying drawings wherein similar reference characters refer to
      similar parts and in which:
PAR  FIG. 1 is a side elevational view of a trenching and tube installing
      machine including a tube bedding device according to the present
      invention;
PAR  FIG. 2 is a side elevational view of a tube bedding device according to the
      present invention, with parts broken away to show detail;
PAR  FIG. 3 is a front elevational view of the tube bedding device shown in FIG.
      2; and
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to more particularity to the drawing, FIG. 1 illustrates a
      conventional trenching machine 10 including a tractor portion and a
      trenching wheel 12. The wheel is drivingly connected to the tractor and
      includes cutting scoops or blades which dig a trench 14 as the machine 10
      is driven. As is well known, rotation of the trenching wheel 12 removes
      earth and deposits it alongside of the thus formed trench. The machine 10
      forms no part of the present invention and is commercially available from
      a number of manufacturers. Also, the present invention may be utilized
      with machines of other design as such machines may be available.
PAR  The arrangement shown in FIG. 1 also includes a funnel-shaped guide 16 into
      which corrugated tubing 18 is delivered. Immediately after entering the
      funnel-shaped guide 16, the tubing 18 extends downwardly between a pair of
      rotating feeder rollers 20. These rollers may be configured to conform to
      the exterior shape of the corrugated tubing and as they rotate the tubing
      is pulled into the trench and deposited at the bottom thereof. After
      tubing is so positioned in the trench 14 it only remains to backfill the
      trench to complete the tube installing procedure.
PAR  FIGS. 2-4 illustrate the details of the tube bedding machine 22 of the
      present invention. This machine is secured at the rear end portion of the
      overall installing apparatus and it functions to cover the tubing 18 in
      trench 14 with a mass of fine textured soil granules. As explained above,
      by bedding the tube 18 with material having these characteristics, the
      resultant mass of earth above the tubing has significantly less void
      volume when compared to a backfilling operation which merely covers the
      installed tube with large clumps. ALso, by utilizing this procedure,
      settling of the soil directly above the tube is substantially or
      completely eliminated and this prevents crushing or ovalizing of the tube.
PAR  Specifically, the tube bedding device 22 comprises main freamework 24 which
      is anchored to the trenching and tube laying machine. Tiller machine,
      generally identified by reference numeral 26, is secured to the main
      framework 24 by an adjustable connection 28 arranged to vary the elevation
      of the tiller structure 26 relative to the main framework. As explained
      more fully below, such variation of the elevation of the tiller structure
      26 positions the tiller structure at a desired location within the trench
      14. As such, one can select the location in the trench from which the
      bedding soil will be dislodged.
PAR  The adjustable connection 28 between the tiller structure 26 and the main
      framework 24 includes an internally threaded block 30 secured to the
      tiller structure. Also, the connection includes a vertically oriented
      rotatable lead screw 32 received within the block 30 and journaled to the
      main framework 24, as shown best in FIG. 2. The block 30 is dimensioned to
      fit within a vertical channel 34 which forms part of the framework 24. A
      hydraulic motor 36 is connected to rotate lead screw 32 in one direction
      or the other so that threaded block 30 rides up and down on the lead screw
      within the channel 34 to thereby vary the elevation of the tiller
      structure 26 relative to the main framework and the trench 14. A suitable
      operator (not shown) may be provided to control the flow of hydraulic
      fluid to the motor 36 to thereby rotate the lead screw 32 in one direction
      or the other depending upon the desired location of the tiller structure
      26.
PAR  The tiller structure 26 includes a pair of secondary frames 38 pivotally
      mounted to the adjustable connection 28 for swinging movement toward and
      away from one another. Each secondary frame 38 is pivotally secured to the
      internally threaded block 30 of the connection 28 by a vertically oriented
      pivot pin 40. Moreover, each secondary frame 38 carries a vertically
      oriented shaft 42 journaled thereto. In this regard, each secondary frame
      has a pair of spaced apart upper and lower parallel plates 44, 46, and the
      shaft 42 is journaled to the secondary frame at these plates. Earth
      digging tines 48 extend outwardly from each shaft 42 for penetration of
      the side wall of the trench 14 to thereby break away fine textured soil
      granules therefrom and shower them over the tubing 18, as explained more
      fully below.
PAR  A hydraulic motor 50 is connected to the upper end of each shaft 42 of the
      tiller structure 26. The motor 50 is anchored to the secondary frame 38,
      and suitable hydraulic lines connect each motor to a controlled source of
      hydraulic fluid. The operator of the vehicle merely controls the flow rate
      of hydraulic fluid to the motors 50 to thereby control the rotational
      speed of the digging tines 48.
PAR  A two-piece linkage 52 extends between the secondary frames 38 of the
      tiller structure 26. One end of each link of the linkage 52 is pivotally
      connected to one of the secondary frames 38, and the links are pivotally
      connected together at 54, as shown best in FIG. 4. The linkage 52 is
      connected by a rod 56 to a lever operator 58 for the linkage. The
      arrangement of the operator 58 is such that when it is pulled downwardly
      and rearwardly, the connecting rod 56 pulls the linkage 52 in a forward
      direction and this causes each of the secondary frames to move toward one
      another. Obviously, reverse movement of the lever 58 extends the effective
      length of the linkage 52 to thereby spread the secondary frames apart.
PAR  A guide shoe 60 is secured to each secondary frame 38 of the tiller
      structure 26. As shown best in FIG. 2, the guide shoe is secured to the
      lower plate 46 of each secondary frame. The location of the guide shoe
      relative to the secondary frame 38 is such that the earth digging tines 48
      extend outwardly from the exterior surface of the shoe. As a result of
      this relationship, the guide shoes 60 function to limit the penetration of
      the tines 48 into the side walls of the trench 14.
PAR  As noted above, the function of the tube bedding machine 22 is to provide a
      desirable bedding material for surrounding the drainage tube 18. By
      providing such material for the bedding operation the tube is properly
      installed and functions indefinitely for the purpose it was designed.
      After a portion of the trench 14 has been dug, the side wall of the trench
      is examined to determine the best location from which the bedding material
      should be taken. The elevation of the tiller structure 26 is then adjusted
      so that earth digging tines will penetrate the trench side walls at the
      desired location. This is accomplished by delivering hydraulic fluid to
      the motor 36 which then causes the lead screw 32 to rotate. Such rotation
      causes a simultaneous movement of the threaded block 30 which then adjusts
      the position of the tiller structure 26 to the desired predetermined
      elevation.
PAR  During the above preliminary manipulations, the lever operator 58 for the
      linkage 52 is in its downward position whereby the secondary frames 38 are
      close to one another and the guide shoes 60 are out of contact with the
      side walls of the trench. After completion of the adjustment of the
      elevation of the tiller structure 26 the lever operator 58 is moved to its
      upward position which causes the secondary frames to pivot about the pins
      40 away from one another. Ultimately, the earth digging tines penetrate
      into the desired soil stratum in the side walls of the trench and the
      shoes 60 engage the side walls to limit further penetration of the tines.
      The tube bedding machine 22 is then ready to envelop the tube 18 in a
      desired bedding material.
PAR  The hydraulic lines to the motors 50 are arranged so that each shaft 42
      rotates in a direction that aids in propelling the trenching machine 10 in
      a forward direction. In other words, when viewed as shown in FIG. 4, the
      motor 50 to the left of the figure rotates in a counterclockwise direction
      while the righthand motor rotates in a clockwise direction. Needless to
      say, such movement conserves energy when compared to rotational directions
      which oppose the forward travel of the machine. Also, the guide shoes 60,
      by controlling the depth of penetration of the tines 48, prevent one set
      of tines from fighting the other in favor of a less dense side of the
      trench. Moreover, and most important, the shoes 60 maintain the device in
      proper alignment during the installation operation.
PAR  During the trenching operation the motors 50 are energized and the tines 48
      dig into the side walls of the trench 14 to remove soil therefrom in the
      form of fine textured soil granules. These granules fall onto the tubing
      18 in the bottom of the trench to thereby envelop the tubing in a friable,
      high density soil. The overall thickness of the soil covering the tubing
      depends upon the rotational speed of the shafts 42 and the linear speed at
      which the tubing is installed. Either variable can be altered to thereby
      deposit the required amount of bedding material upon the tubing. After the
      tube is bedded in fine textured soil granules at least 3-5 inches thick,
      the backfilling operation is completed by pushing the earth piled
      alongside the trench back into the trench.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for covering drainage tubing with fine textured soil granules
      comprising a main framework, a pair of secondary frames mounted for
      swinging movement toward and away from one another about at least one
      vertically oriented axis, an adjustable connection between the main
      framework and the secondary frames including a motivator for varying the
      elevation of the secondary frames relative to the main framework, tiller
      means connected to the secondary frames including a pair of vertically
      oriented shafts, one journaled to each secondary frame, tines secured to
      and extending outwardly from each shaft, motivating means connected to
      rotate each shaft whereby the tines penetrate the side walls of a trench
      in which tubing has been positioned to thereby break away fine textured
      soil granules therefrom and shower them over the tubing, and a guide shoe
      connected to each secondary frame for engaging the side walls of the
      trench to thereby limit the penetration of the tines.
NUM  2.
PAR  2. A device as in claim 1 wherein the adjustable connection between the
      tiller means and the main framework includes an internally threaded block
      secured to the tiller means, and a vertically oriented lead screw received
      within the block and journaled to the main framework, and wherein the
      motivator rotates the lead screw in one direction or the other whereby the
      block rides up and down on the lead screw to vary the elevation of the
      tiller means relative to the main framework.
NUM  3.
PAR  3. A device as in claim 1 including a linkage extending between the
      secondary frames for adjusting the spread thereof relative to one another.
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ABST
PAL  A box clip which comprises a spring clip and a folded shell which is
      secured to and covers the spring clip. The shell is made from a
      substantially rectangular, pliable material. A portion of the material
      extends laterally from the clip and the shell defines vertically-extending
      walls adapted to slidably receive therebetween a box tray.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a division of Applicant's copending application Ser.
      No. 379,282, filed July 16, 1973, and now Published Pat. Application No.
      B379,282, published Jan. 28, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Spring-biased, folded clips are known. One such clip is described in U.S.
      Pat. No. 1,897,755. Another such clip is described in U.S. Pat. No.
      1,818,559. The known clips serve the function of removably clipping flat
      members, typically pages of documents or files.
PAR  It is an object of the present invention to provide a new spring-biased,
      foldable box clip which can serve both as an index clip and as a box clip
      for storage of articles associated with the clipped member.
PAC  SUMMARY OF THE INVENTION
PAR  A box clip which comprises a folded shell adapted to slidably receive
      therein a box tray. The shell is secured to and covers a spring clip. The
      shell is made from a substantially rectangular, pliable material adapted
      to be written or printed upon and comprising a portion extending laterally
      from the clip to facilitate the insertion of a member into the clip.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a flat member longitudinally scored to facilitate the folding
      of the member to the proper dimensions;
PAR  FIG. 2 shows a plurality of spring clips installed on the edge of the first
      fold and an adhesive applied to a portion of the member;
PAR  FIG. 3 shows the spring clip of FIG. 2;
PAR  FIG. 4 shows the folded structure in the process of being bent on the
      remaining scores and prior to the folds being interadhered;
PAR  FIG. 5 shows the completely folded, flat structure prior to being cut to
      finished size;
PAR  FIG. 6 shows an individual box clip shell resulting from the cutting
      operation and raised into position to receive a standard slide box tray of
      appropriate dimensions; and
PAR  FIG. 7 shows an assembled box clip ready to accept an article to be
      clipped.
DETD
PAR  Referring to the drawings, wherein the same numerals are used to designate
      the same parts, there is shown a flat member 10 of a suitable material.
      Member 10 has a rectangular configuration. While all sides thereof may be
      equal, it is preferred that its length dimension be slightly longer than
      its width dimension. The material may be paper, leather, plastic, etc.,
      and preferably is a material which will easily accept printed indicia and
      writing thereon. Materials of various colors may be used to provide the
      user an additional variety based on color.
PAR  Scores 15-19 divide member 10 into first, second, third, fourth, fifth and
      sixth sections, respectively. The widths of the combined sections three
      and four and combined sections five and six are made progressively larger
      than the width of the second section for reasons which will become
      subsequently apparent.
PAR  The scored board is then completely folded on score 15 (FIG. 2) to provide
      a first fold on the edge of which are installed a plurality of metal
      spring clips 14. While this invention is not limited to any particular
      type spring 14, in the preferred embodiment it is a wire spring having a
      triangular configuration with a base 24 and two equal legs 25 and 26 whose
      free ends 27, 28 extend past their intersection 29. The legs 25, 26 can be
      sprung apart to insert therebetween and to exert spring pressure on the
      edge of a flat article desired to be clipped.
PAR  After installing springs 14 on the first fold, a suitable adhesive 30 is
      applied over the entire surface of the sixth section. Member 10 is then
      completely bent upon itself, first along score 16 and then along score 18.
      In the folded structure, score 15 will lie below score 18 and the
      separation may be according to the depth box desired. The completely
      folded structure is then pressed tightly for adhesion of all glued folds
      to each other and to the spring clips (FIG. 5). The folded structure is
      then cut between the springs to produce individual, flat shells 34 for the
      box clips (FIG. 6). Each box shell 34 is then ready for assembly with a
      standard box tray of appropriate dimensions to produce a box clip 40 (FIG.
      7). To assemble members 34 and 38, the flat shell 34 is merely raised into
      a vertical position so that sections three and five become the side walls
      fo box clip 40.
PAR  With the dimensions as previously given, the upper half 36 of each
      individual box clip 40 will be shorter than the bottom half 37 which
      defines a laterally-extending portion 37' to facilitate the insertion of a
      flat, thin article 41 desired to be clipped. The clipped article will
      cause the legs 25, 26 of the spring clip 14 to separate but they will
      continue to exert spring pressure against the edge of the article inserted
      therebetween. The smooth inner folds of the box clip 40 serve to protect
      the clipped article against mutilation by the metal spring 14. The outer
      folds can bear printed legends or other decoration, and as previously
      mentioned may be of a distinct color.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tray box clip comprising:
PA1  a pliable rectangular shaped shell having a top horizontal wall, a first
      bottom horizontal wall, and two vertical walls interconnected with said
      horizontal walls, to form a hollow open-ended shell adapted to receive a
      tray therewithin,
PA1  a second bottom horizontal and external wall integral with one of the
      vertical walls and extending in a plane substantially parallel to said
      first bottom horizontal wall said second bottom horizontal and external
      wall consisting of two planar members having securing means therebetween,
PA1  a wire spring having an open ended curved configuration with one free leg
      of said spring being sandwiched between said planar members and the other
      free leg of said spring being elastically urged onto the exposed inner
      surface of the first bottom horizontal wall, thereby forming an integral
      and hollow shell with a rectangular cross-section, and
PA1  a slide tray adapted to be inserted in said shell.
NUM  2.
PAR  2. The tray box clip of claim 1 wherein said exposed planar member of said
      second bottom horizontal and external wall extends outwardly of the other
      of said vertical walls so as to provide a supporting surface for a flat
      article.
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ABST
PAL  A wrist-worn tennis scoring device including a back having wrist mounting
      straps and a pivot post to receive a stack of five discs, the first two of
      which are rotatable and have separately colored index tabs which project
      outwardly from the disc peripheries, the tabs being rotatably alignable
      with score figures on the fifth or face disc. The third disc is rotatable
      and has a series of numbers in a circle around its periphery and between
      the third and face discs is a rotatable, transparent fourth disc having a
      second set of numbers in a circle concentric with the circle of numbers on
      the third disc. The face disc has a pair of diametrically opposed holes
      through which the numbers on the third and fourth discs can be observed.
      The tab indicator positions record the player point scores within each
      game and the numbers appearing in the face disc windows record the number
      of games scored in each set by each player.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a portable game scoring register and, more
      particularly, to a wrist-mounted, tennis scoring register.
PAR  While tennis score computing devices and wrist-worn register mechanisms are
      previously known, such devices generally use complicated mechanisms in
      which knobs or buttons are used to activate a series of gears which in
      turn operate indicators. Most of these mechanisms are relatively
      complicated to manufacture, are not particularly durable and because of
      their complexity, may not be manufactured cheaply enough to be put into
      popular use.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other disadvantages of prior art scoring devices are overcome
      by the present invention of a device for recording both the number of
      points scored by each of two players in a game and the number of games
      scored by each player in a set of games, the device comprising a back
      having a projecting pivot post, a first disc rotatably mounted on the
      pivot post adjacent to the back and having a first tab projecting radially
      outwardly from the disc periphery, a second disc rotatably mounted on the
      pivot post adjacent to the first disc and having a second tab projecting
      radially outwardly from its periphery, a third disc rotatably mounted on
      the pivot post adjacent to the second disc and having a third tab
      projecting radially outwardly from its periphery and further having a
      first circle of scoring characters on its surface facing away from the
      second disc, and a fourth disc rotatably mounted on the pivot post
      adjacent to the third disc and having a fourth tab projecting radially
      outwardly from its periphery and further having a second circle of scoring
      characters, which are the same as the first circle of scoring characters,
      arranged concentrically with the first circle on the surface of the fourth
      disc which faces away from the third disc, the fourth disc having a
      circular, optically transparent portion in alignment with the first circle
      of scoring characters.
PAR  The face or fifth disc is fixedly mounted on the pivot post and has two
      sets of corresponding scoring characters arranged in separate hemicircles
      on its surface facing away from the fourth disc. The face disc has two
      windows, the first window being in alignment with the first circle of
      scoring characters and the second window being in alignment with the
      second circle of scoring characters. The radius of the face disc is less
      than the radial distance of the first and second tabs from the pivot post
      so that the first and second tabs are rotatably alignable with the
      individual scoring characters of the respective hemicircles on the face of
      the fifth disc and the third and fourth discs are rotatable to align the
      scoring characters of the first and second circles with the first and
      second windows in the fifth disc, respectively.
PAR  In the preferred embodiment, the back is mounted on a wrist strap and the
      first and second circles of scoring characters correspond to the game
      count of a tennis set and the hemicircularly arranged scoring characters
      correspond to the point count of an individual tennis game within a set.
PAR  It can thus be seen that the scoring device of the invention utilizes a
      relatively simple mechanism which is both inexpensive to manufacture and
      is reliable.
PAR  It is therefore an object of the present invention to provide a wrist-worn
      device for recording both the number of points scored by each of two
      players in a game and the number of games scored by each player in a set
      of games.
PAR  It is another object of the invention to provide a wrist-worn, tennis
      scoring device having individually rotatable discs for indicating both the
      point and game scores of each of two players.
PAR  It is still another object of the invention to provide a wrist-worn score
      recording device which is mechanically simple and reliable.
PAR  The foregoing and other objectives, features and advantages of the
      invention will be more readily understood upon consideration of the
      following detailed description of the preferred embodiments of the
      invention, taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a score keeping device according to the invention;
PAR  FIG. 2 is a side view in elevation of the score keeping device depicted in
      FIG. 1;
PAR  FIG. 3 is a plan view of the face disc of the score keeping device depicted
      in FIG. 1;
PAR  FIG. 4 is a plan view of a point indicating disc of the score keeping
      device depicted in FIG. 1;
PAR  FIG. 5 is a plan view of the back for the score keeping device depicted in
      FIG. 1;
PAR  FIG. 6 is a plan view of the outermost game scoring disc of the recording
      device depicted in FIG. 1; and
PAR  FIG. 7 is a plan view of the inner game scoring disc of the recording
      device depicted in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The scoring device of the invention has particular use in recording tennis
      scores and, as indicated above, records the point scores and the game
      scores of the two players. The device includes a back 10 having a
      projecting pivot post 12 and a pair of forked edges 14 to which the ends
      of a wrist strap 16 are attached by pins 18 in a manner similar to that
      used in the construction of wristwatches.
PAR  A first disc 20 is rotatably mounted on the pivot post 12 with the pivot
      post 12 projecting through a center hole 22 in the disc 20. A tab 24
      projects radially outwardly from the periphery of the disc 20. The disc 20
      is positioned immediately adjacent to the back 10. A second disc 26, which
      is substantially of the same construction as the disc 20, is rotatably
      mounted on the pivot post 12 adjacent to the disc 20. The disc 26 has a
      projecting tab 27 corresponding to the tab 24.
PAR  Referring now more particularly to FIG. 7, a third disc 28 is rotatably
      mounted on the pivot post 12, adjacent to the disc 26, and has the pivot
      post 12 projecting through a center hole 30 in the disc 28. The disc 28
      has a tab 29 which projects radially outwardly from the disc periphery. A
      first circle of scoring characters 32 are arranged around the hole 30. The
      scoring characters 32 correspond to the numerals 0, 1, 2, 3, 4, 5, 6, 7, 8
      and 9 which can represent the games of a tennis match, for example. The
      numbers are each imprinted so as to be readable right-side up when each
      number is in the six o'clock position on the disc 28. A fourth disc 34,
      shown in FIG. 6, is rotatably mounted on the pivot post 12 with the pivot
      post 12 projecting through a center hole 36 in the disc 34. A tab 35
      projects radially outwardly from the periphery of the disc 34.  As shown
      in FIG. 1, the tabs 29 and 35 extend radially further from the pivot post
      12 than the tabs 24 and 27 to facilitate the rotational adjustments of the
      discs 28 and 34 without disturbing the positions of the discs 20 and 26.
      The disc 34 has an optically transparent portion 38 which is in alignment
      with the circle 32 of scoring characters on the subjacent disc 28. The
      disc 34 has a second circle of scoring characters 40 which correspond to
      the first circle of scoring characters 32 on the disc 28. The scoring
      characters 40 are each imprinted so as to be right-side up when viewed in
      the twelve o'clock position on the disc 34. The circle 40 is arranged
      concentrically with the circle 32 on the disc 28 so that the scoring
      characters in the circle 32 are visible through the transparent portion 38
      of the disc 34. AS depicted in FIGS. 6 and 7, the radius of the circle of
      characters 32 is less than the radius of the circle 40 of characters.
      However, in other embodiments, these dimensions can be reversed, and the
      transparent portion 38 can be rearranged accordingly.
PAR  Referring now more particularly to FIG. 3, an outer face disc 42 is fixedly
      mounted on the pivot post 12 so as to be non-rotatable. On the surface of
      the disc 42, facing away from the disc 34 and located about its periphery,
      are a pair of hemicircularly arranged sets of scoring characters 44. The
      scoring characters 44 represent the individual point scores of a tennis
      game for each of two sets of players. The player characters "A" and "B"
      are also imprinted on the same surface. A pair of diametrically opposed
      windows 46 and 48 are located in the disc 42 such that the window 46 is
      aligned with the circle of scoring characters 40 and the window 48 is
      aligned with the circle of scoring characters 32.
PAR  In the completely assembled device depicted in FIG. 1, it can be seen that
      the tabs 24 and 27 of the disc 20 and 26, respectively, are rotatably
      alignable with the separate hemicircularly arranged sets of scoring
      characters 44 to record the separate point scores of the players A and B
      within an individual game. The tabs 29 and 35 of the discs 28 and 34,
      respectively, are rotatably alignable so as to make different scoring
      characters of the circles 32 and 40 appear in the windows 46 and 48 of the
      face disc 42, respectively. The numbers appearing in the windows 46 and 48
      thus indicate the number of games scored within a set of games by the
      players A and B. The face disc 42 may be divided by a suitable indicating
      line 50 so as to separate the scores of the players A and B.
PAR  While the wrist-scoring device of the present invention has been
      particularly described above with reference to recording the scores of
      tennis games, it should be apparent that it is equally applicable to
      scoring other types of games in which individual point scores are recorded
      and individual game scores of a set of games are recorded between two
      players.
PAR  The terms and expressions which have been employed here are used as terms
      of description and not of limitation, and there is no intention, in the
      use of such terms and expressions, of excluding equivalents of the
      features shown and described, or portions thereof, it being recognized
      that various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A score recording device comprising:
PA1  a back member having a face and a pivot post projecting from the face;
PA1  a first disc rotatably mounted on the pivot post and having a first tab
      projecting radially outwardly from its periphery;
PA1  a second disc rotatably mounted on the pivot post and having a second tab
      projecting radially outwardly from its periphery;
PA1  a third disc rotatably mounted on the pivot post and having a first circle
      of scoring characters on its surface facing away from the face of the back
      member;
PA1  a fourth disc rotatably mounted on the pivot post, the surface of the
      fourth disc facing away from the third disc having both a second circle of
      scoring characters arranged concentrically with the first circle of
      scoring characters and an annular transparent portion radially aligned
      with the first circle of scoring characters, the first, second, third and
      fourth discs being arranged on the pivot post such that the first circle
      of scoring characters is otherwise visible through the transparent portion
      of the fourth disc and the first and second circles of scoring characters
      are otherwise visible when looking toward the face of the back member; and
PA1  a fifth, cover disc fixedly mounted on the pivot post and having two sets
      of scoring characters arranged in separate hemicircles on its surface
      facing away from the face of the back member, the first and second tabs
      being visible beyond the periphery of the cover disc and being rotatably
      alignable with the individual scoring characters of the respective
      hemicircles on the face of the cover disc by rotation of the first and
      second discs, respectively, the cover disc further having a first window
      in alignment with the first circle of scoring characters and a second
      window in alignment with the second circle of scoring characters such that
      selected ones of the scoring characters of the first and second circles of
      scoring characters can be made to appear in the first and second windows,
      respectively, by rotation of the third and fourth discs, respectively.
NUM  2.
PAR  2. A score recording device as recited in claim 1 further comprising a
      wrist strap and wherein the back is mounted on the wrist strap.
NUM  3.
PAR  3. A score recording device as recited in claim 1 wherein the third disc
      has a third tab projecting radially outwardly from its periphery, the
      fourth disc has a fourth tab projecting radially outwardly from its
      periphery, and the first, second, third and fourth tabs project radially
      beyond the outer peripheries of the succeeding discs in the outward
      direction from the back and are individually distinguishable.
NUM  4.
PAR  4. A score recording device as recited in claim 3 wherein the third and
      fourth discs have individually distinguishing colors.
NUM  5.
PAR  5. A score recording device as recited in claim 1 wherein the first and
      second circles of scoring characters correspond to the game count of a set
      of tennis games and the hemicircularly arranged scoring characters
      correspond to the point of an individual tennis game within a set.
NUM  6.
PAR  6. A device for recording both the number of points scored by each of two
      players in a game and the number of games scored by each player in a set
      of such games, the recording device comprising:
PA1  a back having a projecting pivot post;
PA1  a first disc rotatably mounted on the pivot post adjacent to the back and
      having a first tab projecting radially outwardly from its periphery;
PA1  a second disc rotatably mounted on the pivot post adjacent to the first
      disc and having a second tab projecting radially outwardly from its
      periphery;
PA1  a third disc rotatably mounted on the pivot post adjacent to the second
      disc and having a third tab projecting radially outwardly from its
      periphery and further having a first circle of scoring characters on its
      surface facing away from the second disc;
PA1  a fourth disc rotatably mounted on the pivot post adjacent to the third
      disc and having a fourth tab projecting radially outwardly from its
      periphery and further having a second circle of scoring characters which
      are the same as the first circle of scoring characters, arranged
      concentrically with the first circle, on the surface of the fourth disc
      which faces away from the third disc, the fourth disc having a circular,
      optically transparent portion in alignment with the first circle of
      scoring characters; and
PA1  a fifth disc fixedly mounted on the pivot post and having two sets of
      corresponding scoring characters arranged in separate hemicircles on its
      outer surface facing away from the fourth disc, the fifth disc further
      having a first window in alignment with the first circle of scoring
      characters and a second window in alignment with the second circle of
      scoring characters, the radius of the fifth disc being less than the
      radial distance of the first and second tabs from the pivot post,
PA1  the first and second tabs being visible beyond the periphery of the fifth
      disc and being rotatably alignable with the individual scoring characters
      of the respective hemicircles on the face of the fifth disc by rotation of
      the first and second discs, respectively, and the third and fourth discs
      being rotatable to align the scoring characters of the first and second
      circles with the first and second windows in the fifth disc, respectively.
NUM  7.
PAR  7. A score recording device as recited in claim 6 wherein the first and
      second tabs and the third and fourth tabs extend to different radial
      distances from the pivot post.
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PAL  Microfilm is converted into microfiche by feeding the film through a
      cutter, cutting the film into one or more frames, and then mounting the
      frame(s) upon a transparent microfiche base. The microfilm has a pair of
      adhesive strips along the top and bottom edge of its bottom surface for
      attaching the microfilm to the base. The microfiche base is mounted on a
      fiche deck by means of registration pins; lights are provided below the
      fiche deck for informing the operator where to place the frames on the
      base; and a margin grid having guide bars overlies the base to aid the
      operator in mounting the frames in precise alignment on the base. The film
      cutter removes a slice from the cut frames to aid the operator to mount
      the frames.
PAL  The microfiche is updated by mounting all "updatable" frames in the same
      row and pre-cut from each adjacent frame. A solenoid and its push pin are
      positioned beneath each updatable frame and a clearance opening for each
      push pin is located in the microfiche base. To update a microfiche, the
      proper solenoid is energized to remove one edge of the frame to be updated
      from the base, the frame is then completely removed, and a new updated
      frame is substituted for the outdated, removed frame.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a divisional of U.S. patent application Ser. No.
      268,792, filed July 3, 1972 and now U.S. Pat. No. 3,802,979, issued Apr.
      9, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to microfiche and in particular to a microfiche
      converter and updater employing microfiche of the type having a
      transparent base and a plurality of rows of microfilm frames mounted
      thereon by means of adhesive.
PAR  2. Description of the Prior Art
PAR  Microfiche of the type having a transparent base and a plurality of rows of
      microfilm frames mounted thereon by means of adhesive is well-known.
      However, the microfiche is made by a manual method in which the operator
      simply cuts off the desired frame(s) and then manually applies it to the
      base. In the present invention, the operator is aided in mounting the
      microfiche on the base in that a light is provided underneath the
      transparent fiche deck corresponding to each frame-receiving area of the
      microfiche base. The lights can be energized to inform the operator where
      to place the newly cut frame(s). The operator is also aided by a margin
      grid overlying the microfiche base and having thin guide ribs that
      precisely align the newly mounted frame(s) in each row. Regarding
      updating, according to the prior art if a microfiche included a particular
      frame or frame which needed updating, the entire microfiche was simply
      remade and the old, outdated microfiche was destroyed. According to the
      present invention, however, the particular frame to be updated is easily
      and quickly removed from the old microfiche and the new updated frame is
      installed on the same frame-receiving area from which the old frame was
      removed.
PAC  SUMMARY OF THE INVENTION
PAR  The microfiche converter/updater of the present invention includes a
      transparent fiche deck having a pair of spaced-apart, differently shaped,
      registration pins projecting upwardly therefrom and adapted to be received
      in a pair of correspondingly shaped and spaced-apart registration openings
      in a transparent microfiche base. An L.E.D. (light emitting diode) grid is
      positioned beneath the fiche deck, with the L.E.D.s in a rectilinear array
      with one light being centrally positioned with respect to each
      frame-receiving area of the microfiche base. The lights are selectively
      energized to inform the operator on which frame-receiving area(s) of the
      base a particular frame(s) is to be mounted during converting, and which
      frame is to be removed and replaced during updating. A margin grid is
      hingedly connected to the fiche deck and is adapted to move down on top of
      the fiche deck and on top of a microfiche mounted on the deck. The margin
      grid includes a plurality of parallel, spaced-apart, thin ribs to aid the
      operator in applying a filmstrip or frame to the base in precise alignment
      thereon. A microfilm roll is mounted on the converter/updater and a
      predetermined number of frames is cut off from the roll and are mounted on
      the base in the frame-receiving areas thereof indicated by the energized
      lights, to convert the microfilm into microfiche.
PAR  The present invention also provides for updating of a microfiche by putting
      all frames which might possibly be desired to be updated in the bottom row
      of the microfiche and pre-cut from adjacent frames. A solenoid is located
      beneath each frame-receiving area in the row of updatable frames, with a
      solenoid push pin (or ejector pin) in alignment with a clearance opening
      in the transparent microfiche base. To update a particular frame, the
      microfiche is placed in registration on the fiche deck, the margin grid is
      positioned on top of the microfiche, a light is energized corresponding to
      the frame to be updated, and the proper solenoid is energized pushing one
      end of the frame up. The operator then completes removal of the frame by
      use of a vacuum tool. After retraction of the solenoid push pin, the new
      updated frame is mounted in the same frame-receiving area from which the
      outdated frame was removed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be more fully understood by reference to the
      following detailed description thereof, when read in conjunction with the
      attached drawings, wherein like reference numerals refer to like elements,
      and wherein:
PAR  FIG. 1 is a partly diagrammatic isometric view of the converter/updater of
      the present invention;
PAR  FIG. 2 is a partly diagrammatic, cross-sectional view of the apparatus of
      FIG. 1;
PAR  FIG. 3 is a plan view of a microfiche according to the present invention;
PAR  FIG. 4 is a cross-sectional view of the microfiche of FIG. 3, also showing
      the fiche deck, the L.E.D. grid, and a solenoid;
PAR  FIG. 5 is a plan view of the margin grid of the present invention;
PAR  FIG. 6 is a plan view of the fiche desk area of FIG. 1 with the cover 50
      removed;
PAR  FIG. 7 is a side view of the apparatus of FIG. 6;
PAR  FIG. 8 is an enlarged view of a portion of the apparatus of FIG. 7;
PAR  FIG. 9 is a partly cross-sectional side view of the fiche deck, L.E.D.
      grid, and solenoid apparatus of the present invention;
PAR  FIG. 10 is a partly cross-sectional side view of the cutting mechanism of
      the present invention; and
PAR  FIG. 11 is a partly diagrammatic, isometric view of the cutting and film
      centering system of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The converter/updater 10 of the present invention converts 16 mm microfilm
      imagery to microfiche and updates it. The microfiche described below
      preferably has a format of five rows with 12 frames per row, although
      other formats can be used. This invention updates the microfiche by the
      replacement of outdated images or frames in the bottom row with updated
      frames, and by the addition of frames anywhere on the fiche. The present
      invention concerns the mechanical aspects of the converter/updater as
      contrasted to any inventions in the computer and electronics that can be
      used to make the converter/updater computer-directed semi-automatic.
PAR  While the present invention can be used with any method for mounting
      microfilm frames on a microfiche base, the preferred system will be
      described and that is the use of a microfiche wherein the microfilm is
      mounted on the base by means of a pair of adhesive strips adjacent the top
      and bottom edges of the microfilm. The adhesive is preferably a
      double-coated tape applied to the microfilm on the roll with a protective
      backing layer thereon that is removed as the microfilm comes off of the
      supply roll on the converter/updater. The microfiche carrier or base is
      preferably a polyester material about 0.007 inches thick, and the
      microfilm images are preferably contained on 16 mm Agx roll film at about
      a 21:1 reduction.
PAR  An overall description of the converter (or mounting) aspect of the present
      invention will now be described with reference to the drawings. FIGS. 1
      and 2 show a converter/updater 10 according to the present invention
      including a microfilm supply reel 12, and a backing strip collection
      driven reel 14 for collecting two backing strips 16 and 18 from the two
      adhesive strips 20 and 22, one on each edge of a filmstrip 24, as the
      filmstrip 24 is fed from the reel 12 to a cutter 26. A screen 28 and an
      optical system 30 (see FIG. 2) provide for enlarging and viewing a frame
      prior to its being cut off by the cutter 26.
PAR  After a frame 32, for example, is cut, it is picked up by the operator by
      means of a vacuum probe 34 and is mounted on a microfiche base 36. The
      microfiche base 36 is mounted on a fiche deck 38 (see FIG. 4) in
      predetermined orientation and registration by means of a pair of
      registration pins 40 and 42 (see FIGS. 1 and 4) extending upwardly from
      the fiche deck 38 and through a pair of registration openings 44 and 46
      (see FIG. 3) in the base 36. A margin grid 48 is hingedly connected to a
      cover 50 of the converter/updater 10 for movement down onto the top of the
      microfiche base 36; the margin grid 48 includes a rectangular border 49
      and a plurality of parallel equally spaced-apart ribs 52 to aid the
      operator in mounting the frame 32 (or a filmstrip including a plurality of
      individual frames) onto the microfiche base 36 in precision alignment
      thereon.
PAR  After the frame 32 is placed on the base 36 in the proper frame-receiving
      area thereof, the vacuum is disengaged on the vacuum tool 34 and a foot 54
      thereof is used by the operator to press the frame 32 down onto the base
      36 to assure good adhesive contact therebetween.
PAR  The fiche deck 38 includes a separately energizable light source
      corresponding to each frame-receiving area of the overlying microfiche
      base 36. This is preferably achieved by making the fiche deck 38
      transparent and having an L.E.D. (light emitting diode) grid 56 located
      directly thereunder. The L.E.D. grid 56 includes a rectilinear array of
      L.E.D.s 58. The light of the L.E.D.s 58 is used to inform the operator
      where to place the cut frame(s) 32.
PAR  After a microfiche 60 (see FIG. 3) has been prepared according to the
      present invention, the margin grid 48 is lifted up off of the finished
      microfiche 60 and the microfiche is removed. Another microfiche base 36 is
      then placed on the fiche deck 38 for use in preparing another microfiche.
PAR  An overall description of the updater aspect of the present invention will
      now be described with reference to the drawings. It is known when the
      original material is being microfilmed, what frames are "permanent", i.e.
      will never need to be updated, and what frames are updatable, i.e. frames
      that it may be desired to update in the future. According to the preferred
      embodiments of the present invention, all of the updatable frames are
      individually pre-cut and are individually mounted on the microfiche base
      36. The permanent frames can be mounted on the base 36 individually or in
      a series of uncut frames in a filmstrip. Thus, when it is desired to
      update a particular frame on a particular microfiche, that frame is
      already separate from any adjacent frame(s), and it does not therefore
      have to be cut from any adjacent frame(s) before being removed. Thus, it
      is only necessary to remove it (or un-stick it) from the base.
PAR  This removal is accomplished according to the preferred embodiment of the
      present invention by providing a row of solenoids 62 (see FIGS. 2, 4, and
      5) with one solenoid being positioned under each updatable frame. Each
      solenoid has a push pin 64 (see FIG. 4) adapted to move upwardly, when the
      solenoid 62 is energized, through a push pin clearance opening 65 in the
      fiche deck 38, and through a push pin clearance opening 66 in the
      microfiche base 36 and into contact with the frame to de deleted. The push
      pin 64 is preferably located directly under the adhesive strip 22 along
      the top edge of the frame. The push pin 64 is effective to completely lift
      up at least the top edge of the frame off of the base 36. To complete
      removal of the frame, the vacuum tool 34 is applied to the frame with the
      vacuum energized and the frame is easily stripped off from the base 36
      along the adhesive strip 20 along the bottom edge of the frame. The new or
      updated frame is then simply mounted on the base 36 in the same
      frame-receiving area from which the out-of-date frame was removed.
PAR  The microfiche 60 of the present invention will now be described with
      reference to FIGS. 3 and 4. The microfiche 60 comprises a carrier or base
      36 and a plurality of parallel, equally spaced-apart, rows 68 of microfilm
      frames 69. The rows 68 may be formed of individual frames, filmstrips
      containing two or more frames, and combinations thereof.
PAR  The two, differently-shaped, spaced-apart registration openings 44 and 46
      are positioned adjacent the top of the base; the opening 44 is elongated
      and the opening 46 is circular and about 0.125 inch in diameter. The rows
      68 are spaced apart 0.050 inch. The height of each frame is about 0.629
      inch, and the center-to-center spacing of frames in each row is about
      0.446 inch. The base is about 4.134 .times.  5.856 inch. The cutter
      removes a slice about 0.030 inch in width from the filmstrip, to aid the
      operator in mounting the frames without any edge overlap.
PAR  The updatable frames 71 are all placed in a bottom row 70 and the base 36
      is provided with a row of equally spaced-apart, in-line, clearance
      openings 66, one under each frame 71 in the bottom row 70. The openings 66
      are located underneath the top adhesive strip 20 and are centrally
      positioned along the top edge of each frame 71.
PAR  Referring now to FIG. 4, the clearance openings 66 in the fiche base 36 are
      each large enough to accommodate a solenoid push pin 64 of a solenoid 62
      mounted beneath the fiche deck 38. The dotted lines in FIG. 4 show the
      position of a frame 71 and a push pin 64 after energization of a solenoid
      62; the top edge of the frame 71 is pushed up off of the base 36. The
      frame 71 is then completely removed, preferably by use of the vacuum tool
      34. The solenoid 62 is then deenergized, retracting the push pin 64, and
      the new updated frame can be mounted on the same area from which the frame
      71 was removed.
PAR  FIG. 4 also shows an L.E.D. (light emitting diode) grid 56 mounted below
      the fiche deck 38 and containing a plurality of L.E.D.s 58 arranged in a
      rectilinear array with each L.E.D. 58 centrally positioned beneath a
      respective frame-receiving area of the base 36. The grid 56 is preferably
      a printed circuit board including the necessary wiring for individually
      energizing the L.E.D.s.
PAR  The margin grid 48 and its operation will now be described in more detail
      with reference to FIGS. 5-8. In operation, a lock lever 80 (see FIG. 1) on
      the cover 50 has an upper "release" position and a lower "lock" position.
      The lever 80 is pushed to its release position, the margin grid 48 is
      lifted up, a microfiche 60 is placed on the fiche deck 38 with the
      registration pins 40 and 42 extending through the two registration
      openings 44 and 46 in the base 36, the margin grid 48 is then moved back
      down on top of the microfiche 60 and the lever 80 is then moved to its
      lock position. When the margin grid 48 comes down on top of the microfiche
      60, the ribs 52 of the margin grid 48 come down on top of the rows 68 of
      microfilm. When the lever 80 is pushed to its lock position, this causes
      the entire margin grid 48 to slide upwardly (as viewed in FIG. 1) across
      the microfiche 60 until the ribs 52 drop into spaces 82 between adjacent
      rows 68 of microfilm. The width of the ribs 52 is less than the width of
      the spaces 82.
PAR  FIG. 5 is a plan view of the margin grid 48 showing the ribs 52 with
      openings 88 therebetween, including a pair of openings 84 and 86 that
      provide clearance openings for the registration pins 40 and 42. The ribs
      52 are preferably about 0.043 inch wide, and the openings 88 between the
      ribs are about 0.635 inch wide. The length of the openings 88 is about
      5.547 inch. The ribs 52 are strengthened by applying a stretching force
      thereto along their longitudinal axis by applying a pulling force to the
      two short sides of the margin grid 48.
PAR  The mechanism (see FIGS. 6-8) for sliding the margin grid 48 up so that the
      ribs 52 drop into the spaces 82, includes the lever 80 pinned to an
      arcuately movable shaft 90, that is in turn connected to an arm 92. The
      arm 92 supports a roller 94 that is in engagement with a lever 96 pivoted
      at 98 and in abutting engagement with a pin 100. The pin 100 is slidably
      mounted in a movable plate 102 for movement to the left (as viewed in FIG.
      8) against a compression spring 104. The pin 100 and the plate 102 are
      biased to the right (as viewed in FIG. 8) by the spring 104 and against a
      compression spring 106. The movable plate 102 is connected to the margin
      grid 48 at a pivot 108. The plate 102 slides to the left and right (as
      viewed in FIG. 8) with the margin grid 48. The plate 102 is slidably
      mounted in a stationary block 110 having a pair of stationary end plates
      112 and 114 connected thereto against which one end of each of the springs
      106 and 104, respectively, press.
PAR  Referring to FIG. 8, the parts are shown in the position occupied when the
      margin grid 48 is down and locked. To unlock and raise up the margin grid
      48, the lock lever 80 (see FIG. 7) is pushed to the right (all references
      to directions are as viewed in FIG. 8); this rotates the arm 92 clockwise
      causing the lever 96 to also rotate clockwise and causes the pin 100 to
      move to the left against the force of the spring 104. When the pin 100
      head 101 moves to the left, the spring 106 takes over and pushes the plate
      102 and the margin grid 48 to the left. However, the margin grid 48 is
      lifted up off of the microfiche 60 before the margin grid 48 moves to the
      left, by means of a lifting plunger 116 (see FIG. 7) that is biased
      downwardly by a compression spring 118. A lifting arm 120 is pinned to the
      shaft 90 and rotates clockwise lifting the plunger 116 when the lever 80
      is moved to its release position. When the margin grid 48 is down and
      locked, it is preferably held down by a magnet 122.
PAR  Thus, when the margin grid 48 is in its "up" position to receive a
      microfiche 60, the margin grid 48 is to the left as viewed in FIG. 8.
      After the margin grid 48 has been moved down on top of the microfiche, the
      lock lever 80 is moved to the left to the lock position, sliding the
      margin grid 48 to the right, about 0.010 inch, such that the ribs 52 fall
      into the spaces 82 between the rows 68 of microfilm on the microfiche 60.
      A slide assembly 124 as described above can be provided on each end of the
      shaft 90 as shown in FIG. 6.
PAR  FIGS. 7 and 9 also show the location of the solenoids 62 with one each
      positioned below one each of the frame-receiving areas of a microfiche
      base 36 when positioned in registry on the fiche deck 38. The solenoids 62
      are preferably located such that their push pins 64 are located underneath
      the top adhesive strip 20 on the bottom row 70 of filmstrip frames 71 on
      the microfiche 60.
PAR  FIG. 9 is another cross-sectional side view through the fiche deck 38
      showing the solenoids 62, a solenoid support frame 126, and the L.E.D.
      grid 56 supporting the L.E.D.s 58 underneath the fiche deck 38. A power
      supply 146 is provided for energizing the L.E.D.s 58; a separate switch
      (for example, switch 148) is provided for separately energizing each of
      the L.E.D.s 58, whereby any one or more L.E.D.s 58 can be energized at the
      same time to show the operator where to place the next frame(s) to be
      mounted on the base 36 during converting, or what frame is to be updated
      during updating.
PAR  FIGS. 10 and 11 show the cutter 26 of the present invention comprising a
      blade 130, preferably having a concave cutting edge 131, cooperating with
      a cutting die 132 for cutting out a slice 134 from the filmstrip 24. The
      slice 134 is preferably about 0.030 inch wide. By having the frame (or the
      end frames of a filmstrip) narrower than the frame-receiving area, the
      operator can quickly and easily mount the frame (or filmstrip) without
      having the ends overlap the adjacent frames. The blade 130 is preferably
      actuated by a motor and crank arm (not shown) as will be understood by one
      skilled in the art, and such energizing means forms no part of the present
      invention; the invention in the cutter 26 being in cutting out the slice
      134 in a microfiche mounting process. Other types of cutters can be
      employed, if desired.
PAR  FIG. 11 also shows the use of a fiducial mark 136 and an optical system 138
      to impinge it on a pair of photoelectric detectors 140. The signals from
      the photoelectric detectors 140 is fed to a differential amplifier 142 and
      then to a film drive motor 144, for use in properly centering the next
      filmstrip frame to be cut.
PAR  The present invention is not limited to the specifics of the preferred
      embodiments described above, as will clearly be understood by one skilled
      in the art. For example, it is not necessary that the microfiche format be
      that of five rows of 12 frames each. Other mounting systems can be used in
      place of the pair of adhesive strips 20 and 22. A single solenoid can be
      used with a guide bar for moving it (or the ejecting pin) to the desired
      frame, in place of a separate solenoid and ejector pin for each updatable
      frame. The updatable frames need not be placed in only the bottom row,
      they can be placed in any row and can take up more than one row, if
      desired. Other frame lighting or indicating means can be used in place of
      the L.E.D. grid with a separate L.E.D. for each frame. For example,
      instead of the fiche deck 38 being transparent with lights located
      underneath it, the fiche deck can be opaque with the lights incorporated
      in its surface. Different types of cutters can be used in place of the
      motor actuated cutter 26, however, it is preferred that whatever cutter is
      used does cut out a slice from the filmstrip. The margin grid 48 can be
      slid into position manually, if desired, and in fact can be made to come
      down directly into place, without sliding. The registration openings 44
      and 46 are positioned on the base 36 in such a way, and are shaped and
      sized in such a way, that the base 36 can not be mounted on the fiche deck
      38 and on the registration pins 40 and 42 in any other orientation than
      the correct orientation. The openings 44 and 46 are thus "different", (as
      defined for use in the present specification) either by shape, size, or
      orientation on the base, to provide only a single correct orientation.
      Thus, they may be the same shape and size but at different positions on
      the base, or they may be of the same shape and position but of different
      size, or they may be of different shape but of the same size and position,
      or they may be different in more than one way.
PAR  The converter/updater 10 of the present invention can be computer-directed
      or can be operated manually, with the operator following instructions for
      each tape, for example, telling her what lights to turn on and how many
      frames should be cut off of the filmstrip. When computer-directed,
      information is fed into a computer when the original material is being
      microfilmed. This information is then fed out of the computer into the
      converter/updater 10 in synchronism with the particular supply reel 12 and
      the particular next frame(s) on the reel to be cut and mounted. The
      converter/updater 10 can then automatically feed out the right number of
      frames, cut them off, and light up the right L.E.D.s, to tell the operator
      where to mount the frames and when she is through with a particular
      microfiche.
PAR  The invention has been described in detail with particular reference to the
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinabove and as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An article comprising a microfiche including a transparent base and a
      plurality of microfilm frames removably mounted on said base in a
      plurality of parallel, equally spaced-apart rows, with all of any
      updatable frames being pre-cut and separate from all adjacent frames,
      whereby each one of said updatable frames can be removed from said base
      without first having to cut it away from any adjacent frame, and with all
      of any permanent frames being not all pre-cut and separate from all
      adjacent frames.
NUM  2.
PAR  2. The article according to claim 1 wherein all of said updatable frames
      are positioned in at least one predetermined row on said base, said
      plurality of frames also including  at least one row of permanent frames
      at least two of said permanent frames being integral parts of a film strip
      and attached to each other.
NUM  3.
PAR  3. An article comprising a microfiche including:
PA1  a. a flat, rectangular, transparent base;
PA1  b. a plurality of microfilm frames removably mounted on top of said base in
      a plurality of parallel, equally spaced-apart rows;
PA1  c. a pair of different registration openings extending through said base
      and each opening being located in a non-frame-receiving area of said base;
      and
PA1  d. a plurality of substantially identical solenoid pin clearance openings
      extending through said base in frame-receiving areas of said base, said
      substantially identical solenoid pin clearance openings each having an
      area that is a small fraction of the image area of the microfilm frames,
      and each solenoid pin clearance opening being located substantially only
      in non-image areas of said microfilm frames.
NUM  4.
PAR  4. The article according to claim 3 wherein each of said solenoid pin
      clearance openings is located under a separate frame-receiving area of
      said base.
NUM  5.
PAR  5. The article according to claim 4 wherein said base has a top edge, a
      bottom edge and two side edges, and a plurality of parallel, spaced-apart
      frame-receiving rows parallel to said top edge and including a bottom row,
      and with each row including a plurality of frame-receiving areas in each
      row.
NUM  6.
PAR  6. The article according to claim 5 wherein each of said frames is attached
      to said base by a layer of adhesive therebetween.
NUM  7.
PAR  7. The article according to claim 6 wherein said layer of adhesive
      comprises a pair of adhesive strips, one adjacent each of the top and
      bottom edges of each frame.
NUM  8.
PAR  8. The article according to claim 7 wherein said clearance openings are
      located in-line, parallel to said top edge of said base, are
      equi-distantly spaced-apart, and are located only in said bottom
      frame-receiving row.
NUM  9.
PAR  9. The article according to claim 8 wherein each of said clearance openings
      is positioned underneath the top adhesive strip in said bottom row.
NUM  10.
PAR  10. The article according to claim 9 wherein all frames mounted on said
      bottom row are all pre-cut and separate from each other, whereby they can
      be separately removed from said bottom row without having to be first cut
      away from any adjacent frame.
NUM  11.
PAR  11. The article according to claim 3 wherein all of the frames in at least
      on predetermined row are pre-cut and separate from any adjacent frame,
      whereby any individual frame in said at least one row can be removed from
      said row without having to first cut it away from any adjacent frame.
NUM  12.
PAR  12. The article according to claim 11 wherein said at least one
      predetermined row is the bottom row.
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ABST
PAL  A movable device supporting a movable figure having movable arms,
      comprising a longitudinal path formed by a substantially horizontal upper
      surface of a portion of the device in the operative position of the
      device, a roller freely movable along the path under the influence of
      acceleration and deceleration of said device, said path having means at
      each end for limiting the movement of said roller, and mechanical linkage
      connecting said roller and movable members, the path having a slightly
      upwardly convex curvature whereby the ends are disposed at a slightly
      lower level than the center portion in the operative position of the
      device.
BSUM
PAR  This invention relates to a movable figure containing a manoeuvre mass
      arranged to be freely movable over a supporting path which is
      substantially horizontal in the operative position of the figure and of
      limited extension at both ends, the said manoeuvre mass comprising a
      roller the axis of which extends transversely of the longitudinal
      direction of the supporting path and which is connected by mechanical
      transmission means such as link couplings to one or more movable members
      of the figure. The said figure may be used for instance for advertising
      purposes or as an eye catcher, and the movements of the figure are
      controlled by acceleration or retardation of the body on which the figure
      is mounted and which may be for instance a motor car or a door. Where the
      figure for instance is mounted on a motor car the acceleration and
      retardation of the car will cause the manoeuvre mass to move and the
      movement will be transmitted to the movable members of the figure. The
      same will be the case when the figure is mounted on a door, for instance a
      shop door, where it may be used for advertising purposes as an eye
      catcher, for instance by displaying alternating texts on part of the
      figure.
PAR  The previously known figure of this type were attended with the drawback
      that the figure could not be made to take stable positions, but by forming
      the supporting path with a slightly upwards convex curvature so that both
      ends are disposed slightly lower than the centre of the path and
      connecting the roller to the mechanical transmission means through a fork
      member stability has been imparted to the movable members of the figure,
      which will thus perform a clean movement between the two permament extreme
      positions. Besides, the construction is very simple and has the further
      advantage that the effectiveness of movement can easily be adapted to the
      occurring accelerations and retardations by adjustment of the mass of the
      said roller while the movable mass is connected with a minimum of energy
      loss to the transmission means, which do not affect the movement of the
      roller.
PAR  A specific development of the movable figure according to the invention
      comprises a first arm to which is pivotally coupled a second arm provided
      with a counterweight which is disposed so that the second arm under the
      influence of the counterweight and on the movement of the first arm will
      be moved relatively to the first arm. This construction aims at providing
      a more complex movement which may be used for instance for presenting a
      figure having the character of a doll with a movable arm. Thus the upper
      arm might be moved directly under the influence of the movable roller so
      that the under arm after the completion of the upper arm movement will
      perform a further movement and may be raised to a top position in response
      to the action of the said counterweight. This specific dual movement is
      conditioned on the achievement of stable end positions.
PAR  Another expedient embodiment of the movable figure according to the
      invention comprises a shaft connected to the mechanical transmission means
      and supporting means carrying advertising text or other eye catchers so
      that the said text or eye catchers will be displayed alternately in
      response to the acceleration and retardation of a door, for instance a
      shop over which the figure may be mounted. To accelerate and accentuate
      the movements of the figure it may be provided with a support edge on
      either side of the centre of the roller path and below the centre with a
      third support edge parallel to the two side edges and in the operative
      position disposed below the plane formed by these.
DRWD
PAR  The invention will be explained in greater detail here with reference to
      the drawing, in which presents a schematic view of a movable figure
      according to the invention.
DETD
PAR  The drawing shows a figure comprising a base 1 and a superstructure 2. In
      the base 1 is provided a roller path 3 which is upwardly curved so that
      the two ends of the path are disposed at a lower level than the central
      portion of the path, and at the ends of the path are provided stops, 4 and
      5 respectively.
PAR  The roller path 3 supports a roller 6 the shaft 7 of which is connected to
      a fork 8 at the end of a rod 9 which is pivotable about a shaft 10
      attached to the superstructure 2. The rod 9 is connected to a toothed
      segment 11 which cooperates with a gear wheel 12 mounted on a shaft 13 and
      connected with an arm 14, which may for instance be the upper arm of a
      movable doll's arm. At the end of the arm 14 is rotatably mounted a second
      arm 15 provided with a counterweight 16, and it is indicated by the dotted
      lines how this counterweight will produce an extra movement of the arm 15
      relatively to the arm 14 when the latter by movement of the roller 6
      towards the stop 5 in the roller path 3 has been caused to perform an
      upward movement. An arcuate member is provided on the counterweighted end
      of arm 15 and moves therewith as shown in the drawing. The shaft 13 may be
      used also in other ways, in that it may be formed as an elongated shaft on
      which may be mounted means for supporting advertising texts or other eye
      catchers.
PAR  In order to improve the movability of the figure the illustrated embodiment
      of the invention is provided with a supporting edge 17, 18 on either side
      of the centre of the roller path 3, and immediately under the centre a
      third supporting edge 18 is disposed parallel to and lower than the edges
      17 and 18, so that the whole figure can tilt about the edge 19 and thus
      contribute to the movement of the roller 6 and thereby to the movement of
      the whole figure.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A moveable device for supporting a moveable figure comprising a base
      having an upwardly-directed surface, means on said base including edges
      for supporting said base on a horizontal surface with said
      upwardly-directed surface in generally horizontal position and the device
      in operative position, means defining a longitudinal supporting path on
      said upwardly-directed surface, means including a roller supported on said
      path having an axis extending transversely thereto and freely moveable
      along said path under the influence of acceleration and deceleration of
      said device, said path having at each end means for limiting the movement
      of said roller, means including a superstructure mounted on said base for
      carrying a moveable figure on said device, said superstructure having
      moveable members pivotally mounted thereon, and mechanical transmission
      means connecting said roller to said moveable members, for transmitting
      the movement of said roller thereto said supporting path having a slightly
      upwardly convex curvature so that both ends thereof are disposed at a
      slightly lower level than the center portion of the path in the operative
      position of the device.
NUM  2.
PAR  2. A moveable device according to claim 1, wherein said transmission means
      comprise a fork member engaging a shaft on said roller, said fork member
      being pivotally mounted on said device and connected to said moveable
      members through a gear arrangement.
NUM  3.
PAR  3. A moveable device according to claim 1, wherein said moveable members
      comprise a first arm pivotally connected to a second arm, said
      transmission means connecting said roller to said first arm, and a
      counterweight on said second arm disposed thereon such that it will cause
      movement of the second arm relative to said first arm upon movement of
      said first arm.
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ABST
PAL  Incorporating for the first time in a perpetual calendar the concept of
      separating the two digits of the "year," into a single DEACDE digit plus a
      single YEAR digit, this device determines the calendar for any desired
      century, decade, year and month whatever, by positioning these calendric
      time units in combination with each other in successive chain-like
      liaison, automatically revealing, as a result, the correct calendar
      desired. It consists of a number of components, each comprising one or
      more indicia-group-bearing and viewing-area-embracing means or elements
      (of whatever kind, style or nature), each of which consists either or an
      indicia-group region and a viewing-area (fenestella, arrow, or the like)
      region, or of two indicia-group regions. The desired century can, in a
      given calendar, be displayed in only one way; this determines the only
      single way in which the desired decade can then be displayed, this
      positioning, in turn, determining uniquely the spatial setting of the
      desired year, and so on. Only one such specific designation is displayed
      at any one time, and it is displayed in full! This unequivocal and unique
      sequential setting and display and, consequent, automatic calendar
      revelation are achieved by providing differentially restricted viewing
      areas, and numerals and month names all correctly positioned with respect
      to each other on such means, in strict accordance with the hebdomadal
      sequence patterns fundamental to, and inherent in, the several kinds of
      time units necessarily involved in the Gregorian (and/or Julian) calendar
      formulas.
BSUM
PAR  This invention relates to Calendars, and specifically to perpetual or
      permanent calendars.
PAR  The objects of the present invention are: (1) to provide a calendar which
      automatically yields the correct calendar for the desired year (or month)
      when the designation for the desired full 4-digit year (or for the desired
      full 4-digit year and specific month of that year) is displayed: (2) which
      REVEALS such full designation; (3) which, at any one time, reveals NO
      OTHER DESIGNATION (for which the calendar revealed would also be correct);
      and (4) which makes it possible to show the correct number of days in a
      month, even unto automatically showing 28 days for common year Februaries
      and 29 days for Leap Year Februaries, automatically differentiating
      between century years (those ending in --00) which ARE, are those which
      are NOT, leap years.
PAR  The first principle upon which patentable novelty is predicated is that,
      whatever means (sliding flat, elongated elements, rotating circular,
      conical or other elements, separate individual cards or plates,
      interleaved meshing components tantamount to such individual cards,
      revolving disks, whether circular or otherwise, etc., etc.) are employed
      in reducing the invention to practice in any particular physical
      structural embodiment, the invention itself, as such, resides, in part,
      upon the SEPARATION OF DECADE AND YEAR DIGITS as INDEPENDENT COMPONENTS OR
      ELEMENTS, POSITIONABLE INDEPENDENTLY instead of as a 2-digit unit, the
      designation "1973," for example, being achieved thru THREE settings,
      instead of TWO: "19" + "7" + "3" instead of "19" plus "73", as is
      traditionally the manner in which, heretofore, in the prior art,
      multi-year calendars of the kind described have been designed. This is a
      fundamental principle. So far as applicant knows no one has ever designed
      either a single-month, or a full-year, truly perpetual, unequivocal,
      calendar invoking this concept.
PAR  The second basic principle upon which patentable novelty is predicated
      involves the concept of SUB-CATEGORIZATION. The primary categories into
      which are divided the means for displaying the indicia representing the
      various calendric time units, which in themselves, individually, are well
      known in the art, but which in combination, in the manner delineated, are
      new, and achieve a new total result in co-operation with each other, are:
      Century, Decade, Year, Month; and "in-depth" analysis of the anatomy of
      the calendar, however, reveals that these, in turn, are, from the nature
      of construction of the calendar formula (which has to be adhered to, to
      produce meaningful results) sub-divided into distinct SUB-CATEGORIES:
      Julian (J) and Gregorian (G) centuries; Odd (D) and even decades; Leap and
      Common years; and 28-, 29-, 30-, and 31-day months.
PAR  These have to be further broken down into sub-sub-categories: G.sub.j =
      those Gregorian centuries which have, however, 36,525 days, like the
      Julian, and G.sub.g those which have only 36,524 days; the even decades
      have to be split into (E), including zero, and (e) exclusing zero, and
      zero (z) decades; the common years have to (for practical purposes of
      avoiding double-occupancy of a single space, by, for instance, 3 and 9,
      etc., after the manner of a 5-rowed calendar resorting to a dodge like
      23/30 and 24/31) be divided into C.sub.1 and C.sub.2 sub-categories; and
      the 31-day months have to make two sub-categories for January by itself
      and for the 6 post-February 31-day months, a matter not of arbitrary
      design but a basic difference in the characteristics of the members of one
      group with respect to another of a higher (and/or lower) category,
      subcategory, or sub-sub-category of calendric time units. This introduces
      the third basic principle upon which patentable novelty is predicated,
      namely: PATTERNIZATION. The sequence pattern, for instance, of the leap
      years WITH RESPECT TO THE ODD DECADES is: -- -- -- 6 -- 2 -- in heptal
      cycle, whereas with respect to the even decades it is: 0 -- -- 8 -- 4 --
      (for the pre-March months), but for the post-February months it is,
      respectively: -- 0 -- -- 8 -- 4 vis-a-vis the pre-March months.
PAR  "Direction" (i.e., whether 8 4 0 or 0 4 8, etc.,) is irrelevant here, since
      everything is heptally cyclical and a "grid" or a "shingled" arrangement
      is not mandatory, nor do the components, elements or other means
      necessarily have to be in any kind of "alignment" (except as to the
      conventional alignment of week days and month dates in the calendar
      itself). So long as internal sequence patternization integrity is
      maintained, the Julian centuries which are in dense sequence, say 09, 10,
      11, 12, 13, 14, 15 (.+-. 7k, where k is any integer), or 15, 14, 13, 12,
      11, 10, 09, (.+-. 7k) could be arranged in a given embodiment as follows:
TBL  ______________________________________                                    
             09                          14                                    
     ______________________________________                                    
             10        12                11                                    
     ______________________________________                                    
     13                          15                                            
     ______________________________________                                    
PAL  so long as the sequence pattern abcdefg is followed for all seven
      positionings, as in:
TBL  ______________________________________                                    
             a                           f                                     
     ______________________________________                                    
             b         d                 c                                     
     ______________________________________                                    
     e                           g                                             
     ______________________________________                                    
PAL  so that the next arrangement would be:
TBL  ______________________________________                                    
              10                         15                                    
     ______________________________________                                    
              11       13                12                                    
     ______________________________________                                    
     14                          09                                            
     ______________________________________                                    
PAL  and so on.
PAR  A fourth basic principle upon which patentable novelty is predicated is:
      UNIQUENESS OF CONCATENATION. This is best explained by simply listing the
      necessary and sufficient 84 exhaustive and mutually exclusive PATHS which
      (in the month calendar) can be "traversed" in the unique successive
      display of a selective century, decade, year, and month designation, to
      reveal the exactly correct calendar for that specific designation and
      nothing else, there being no other way to set this particular designation,
      and, moreover, there being no other calendar which can be displayed as a
      result of this specific designation. These "paths" are:
     J      D        L            Jan. 29, 30, and 31                          
                     C.sub.1      "    28  "                                   
                     C.sub.2      "    28  "                                   
            E        L            "    29  "                                   
                     C.sub.1      "    28  "                                   
                     C.sub.2      "    28  "                                   
     G.sub.j                                                                   
            D        L            "    29  "                                   
                     C.sub.1      "    28  "                                   
                     C.sub.2      "    28  "                                   
            E        L            "    29  "                                   
                     C.sub.1      "    28  "                                   
                     C.sub.2      "    28  "                                   
     G.sub.g                                                                   
            D        L            "    29  "                                   
                     C.sub.1      "    28  "                                   
                     C.sub.2      "    28  "                                   
            e        L            "    29  "                                   
                     C.sub.1      "    28  "                                   
                     C.sub.2      "    28  "                                   
            z        L            "    29  "                                   
                     C.sub.1      "    28  "                                   
                     C.sub.2      "    28  "                                   
PAR  For the full-year calendar, there would, of course, be only 21 paths.
PAR  A fifth basic principle involved in this invention is COMMENSURABILITY.
      This is not new, being more or less unwittingly recognized in some
      "perpetual" calendars, but not fully exploited in them. It is the
      commensurability of a relatively small number of centuries with an exact
      number of weeks. On the Gregorian basis 4 centuries embrace exactly 20,871
      weeks (146,097 days), so that the calendar for any month is exactly the
      same as that for the same month exactly 400 years earlier or later. On the
      Julian basis it is 700 years, embracing, of course, 36,525 weeks.
PAR  True perpetuality can thus be achieved without listing actually more than
      four Gregorian centuries, or seven on the Julian basis. Herein the word
      "century" means the digits and has nothing to do with "The twentieth
      century," 99 of the years of which naturally use the digits 19 and not 20
      at all. Only the last year of a century uses the digits which correspond
      to the words.
PAR  The Twentieth Century ends at midnight Dec. 31, 2000, or, in astronomical
      nomenclature Jan. 0, 2001. The twenty-first century begins at 00:00:00
      Hours on Jan. 1, 2001.
PAR  Although there was no Julian CALENDAR, as a continuous instrumentality of
      fixed formula, before Mar. 1, 0004 A.D., the Julian BASIS can be carried,
      mathematically, back or forward as far as desired with this calendar. The
      Gregorian CALENDAR, as such, did not exist until Oct. 15, 1582, but the
      Gregorian BASIS, the FORMULA, can be applied to any period. Thus from Mar.
      1, 200 A.D. thru Feb. 28, 300 A.D. the Julian and Gregorian bases were
      exactly alike, not only calendar-wise but also as to identify of actual
      days (J. D. Numbers). From Mar. 1, 1100 thru Feb. 28, 1300, both
      inclusive, the Julian and Gregorian calendars would have been identical,
      but the "Julian Day Numbers" would have been 7 days off, since the period:
      Mar. 1, 1100 thru Feb. 28, 1300 Julian, would correspond day by day to the
      period: Mar. 8, 1100 thru Mar. 7, 1300 Gregorian. It is to be noted that
      the year 1 B.C. is NOT the year "minus one" (-1) A.D., but the year
      "zero"! The years 3 A.D., 2 A.D., 1 A.D., 1 B.C., 2 B.C., 3 B.C., are,
      mathematically and astronomically, the years, respectively: 3, 2, 1, 0,
      -1, -2.
PAR  The sequence patterns (with hebdomadal periodicity) which are mandatory,
      are exactly as follows:
TBL  CENTURIES: (All .+-. 28K, where K is any integer)                         
     J      1  2  3  4  5  6  7                                                
            8  9  . .                                                          
                     . . . .                                                   
                        etc., 21                                               
            29 23    11    49                                                  
                     etc.        all .+-.7K                                    
     G.sub.j                                                                   
            -- -- -- -- 12 -- --                                               
            -- -- -- -- 16 -- --                                               
            -- -- -- -- 20,                                                    
                           etc.                                                
                              -- all .+-. 4K                                   
     G.sub.g                                                                   
            -- 2  -- 3     -- 5                                                
            -- 6  -- 7     -- 9                                                
                     etc.                                                      
            -- 30 -- 39    -- 29                                               
                     etc.     49 all .+-. 4K                                   
     DECADES:                                                                  
     D      1  5  9  -- 3  7  -- with respect to J, G.sub.j and G.sub.g        
     E      4  8  -- 2  6  -- 0  with respect to J and G.sub.j ;               
     e      4  8  -- 2  6  -- -- with respect to G.sub.g ;                     
     z      -- -- -- -- -- -- 0  with respect to G.sub.g.                      
     YEARS:                                                                    
     With respect to D:                                                        
     C.sub.1 :                                                                 
            -- 3  4  -- 0  1  --                                               
     C.sub.2 :                                                                 
            8  9  -- 5  -- -- 7                                                
     L :    -- -- -- -- 6  -- 2  (For pre-March months)                        
     L :    2  -- -- -- -- 6  -- (For post-February months)                    
     With respect to E and e:                                                  
     C.sub.1 :                                                                 
            -- -- 1  2  3  -- --                                               
     C.sub.2 :                                                                 
            5  6  7  -- -- 9  --                                               
     L :    0  -- -- 8  -- 4  -- For pre-March months)                         
     L :    -- 0  -- -- 8  -- 4  (For post-February months)                    
     With respect to z:                                                        
     C.sub.1 :                                                                 
            -- 0  1  2  3  -- --                                               
     C.sub.2 :                                                                 
            5  6  7  -- -- 9  --                                               
     L :    -- -- -- 8  -- 4  -- (For pre-March months)                        
     L :    -- -- -- -- 8  -- 4  (For post-February months)                    
     MONTHS:                                                                   
     With respect to common years:                                             
     Jan:   --  --  --  JAN --  --  --                                         
     28d:   FEB --  --  --  --  --  --                                         
     30d:   NOV --  --  --  APR SEP JUN                                        
     31d:   MAR AUG MAY OCT JUL DEC --                                         
     With respect to leap years:                                               
     Jan:   --  --  --  --  JAN --  --                                         
     29d:   --  FEB --  --  --  --  --                                         
     30d:   NOV --  --  --  APR SEP JUN                                        
     31d:   MAR AUG MAY OCT JUL DEC --                                         
DRWD
PAR  The construction and operation of the means which, in combination, produce
      the new result in the present invention are concurrently explained with
      respect to references to the Figures of the Drawing.
PAR  In the Drawings
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the century display.
PAR  FIG. 2 is a plan view of the decade display.
PAR  FIG. 3 is a plan view of the year display.
PAR  FIG. 4 is a plane view of the month display.
PAR  FIG. 5 is a plan view of the calendar display front face.
PAR  FIG. 6 is a plan view of an alternate calendar display front face.
PAR  FIG. 7 is a plan view of an alternate century display.
PAR  FIG. 8 is a plan view of an alternate decade display.
PAR  FIG. 9 is a plan view of an alternate year and month display.
DETD
PAR  FIGS. 1 thru 5 represent a full single month perpetual calendar of the
      slide type. FIGS. 1, 2, 3, and 4 are the means by which, respectively,
      century, decade, year, and month indicia are displayed at viewing areas of
      FIG. 5, a front face. Alignment of corresponding horizontal levels or rows
      of FIGS. 1, 2, 3, and 4 with respect to each other and with respect to
      FIG. 5 is by means of edge-keyed letters, 2. Selected century numeral, 1,
      of FIG. 1, is displayed at viewing area, 3, of FIG. 5; this positions one
      and only one of the viewing areas, 4, of FIG. 1 behind window, 5, of FIG.
      5. Selected decade digit, 6, of FIG. 2, is then positioned so as to be
      displayed thru this fenestella, 4, thus positioning one of the
      fenestellas, 7, at window, 8, of FIG. 5; selected year digit, 9, of FIG.
      3, is then positioned so as to be seen thru this fenestella, 7, thereby
      positioning FIG. 3, so that one of the fenestellas, 10, is seen thru
      window, 11, of FIG. 5. Lastly, FIG. 4 is positioned so that selected month
      name, 12, is seen thru this fenestella, 10, thereby positioning seven
      columns of calendar grid, 13, to be seen thru window, 14, of FIG. 5.
PAR  FIGS. 6, 7, 8, and 9 show a front face, 15, and a representative member
      element from each of the century, decade, and year displaying means of a
      full-year wall calendar involving, not slides at all, but individual cards
      or sheets, shown, in this particular embodiment, as being hung and
      registered with respect to each other, in a fixed positional relationship,
      by means of eyelets or other means, 32. FIG. 7 represents one of a
      plurality of cards, having two century designations, 21, 22, for century
      digits "19" and "21" respectively. FIG. 7 is hung behind FIG. 6, so as to
      display, thru windows, 16, 17, respectively, the millenium and century
      digits, as the "century" desired, thereby positioning one of fenestellas,
      23 (or 25), on grid, 24 (or 26), as the case might be, to be revealed thru
      window, 18, of FIG. 6. The desired one of the decade displaying means, two
      of which are represented by FIG. 8, is then hung behind card of FIG. 7, so
      as to reveal the desired one of decade digits, 27, thru fenestella, 23,
      (or 25), previously positioned; this positions fenestella, 29, of grid,
      28, within the confines of window, 19, of front face, 15, behind which, so
      as to reveal, thru fenestella, 29, the desired year digit, 30, is then
      hung the sheet of FIG. 9, displaying by this means, the correct full
      12-month calendar, 31, thru window, 20, of FIG. 6. The location of the
      single fenestella responsive to, say, the century digits (in this
      embodiment) consisting, for the sake of uniformity, of a "millenium" digit
      and a century digit, although operatively regarded simply as the century
      digits, "19", is located in row 2, column 4 of grid, 24, of FIG. 7, and
      that corresponding to, or in paired relation with, the century digits "21"
      is located in row 2, column 5. Similarly every century designation has a
      unique location in the grid for its fixedly related decade-digit-revealing
      fenestella. Since the cards are all positioned fixedly (in
      contradistinction to "slidably" or "rotatively", etc.) with respect to
      each other, as cards, it follows that the decade digit desired must occupy
      that particular location in order for it to be seen (displayed), because
      the digits (in this embodiment) are placed BEHIND the fenestella AFTER
      same has been positioned. The same procedure holds with regard to the
      decade digits and their fixedly related fenestellas. In other embodiments
      the decade digits may be positioned FIRST when the century digits are
      placed, and the decade fenestella then placed IN FRONT OF the digits, the
      FENESTELLA being placed AFTER the digits are positioned. Thus that one of
      the cards, which in one of its areas or regions has the desired decade
      digit in exactly that location is the only one which can reveal this
      desired digit. The digits are arranged on the grids in accordance with a
      prestipulated (logically related) correct sequence pattern, as explained
      hereinbefore, so that every relevant digit, on one card region or another
      CAN come precisely into that location. The card of FIG. 8, as can be seen,
      has on one and the same rectangular grid, TWO "6"'s, for example. The
      reason is that there is ample room on this grid for two sequence pattern
      circuits, in this case, namely, one for the even decades (e) responsive to
      the 36,524-day (G.sub.g) century, and another for even decades (E)
      responsive to the 36,525-day (J and G.sub.j) century. The fact that there
      are two "8"'s and two "6"'s, but only one each of "0"'s, "2"'s and "4"' s
      on one region, while the other region shown has two "2"'s and two "4"'s,
      but only one each of "0"'s, "6"'s and "8"'s, arises out of the fact that
      each numeral must, on one region or another occupy every one of the seven
      locations constituting a sequence pattern circuit cycle, but there are not
      seven digits involved, hence, as is clearly seen in the hebodmadal
      sequence patterns tabulated hereinbefore, there are some vacant spots.
PAR  In this particular embodiment the entire complement of cards, other than
      the front face, is as follows, remembering that no more than four regions
      are available on a single card -- two, thru a "work-and-spin" rotation, on
      each side:
     CATEGORY                                                                  
           SUB-CATEGORY                                                        
                   SUB-SUB-                                                    
                         NUMBER OF REGIONS                                     
                                     NUMBER                                    
                   CATEGORY                                                    
                         Avail-                                                
                             Used                                              
                                 Blank                                         
                                     OF CARDS                                  
                         able        REQUIRED                                  
     __________________________________________________________________________
     Century                                                                   
           Julian  J     8   7   1   2                                         
                   G.sub.j   1                                                 
           Gregorian     4       0   1                                         
                   G.sub.g   3       3                                         
     Decade                                                                    
           Odd     D     8   7   1   2                                         
                   E, e, 8   7   1   2                                         
           Even                                                                
                   z     4   3   1   1                                         
                                     5                                         
           Leap    L     8   7   1   2                                         
     Year                                                                      
                   C.sub.1                                                     
                         8   7   1   2                                         
           Common                                                              
                   C.sub.2                                                     
                         8   7   1   2                                         
                                     6                                         
                   Totals                                                      
                         56  49  7   14                                        
     __________________________________________________________________________
PAL  If the Julian Calendar is not involved, there would be only 12 cards.
CLMS
STM  Having thus divulged and explained my invention in complete detail, both in
      the Specification and in the Drawings, and both as to the basic principles
      of combinations which constitute the invention, as such, and as to the
      construction and operation of two structurally different
      reduced-to-practice embodiments thereof, I claim:
NUM  1.
PAR  1. A perpetual calendar comprising, in combination:
PA1  means for exhibiting a first viewing area;
PA1  means for selectively displaying, at such first viewing area, indicia
      designating a numeral consisting of at least one digit representative of a
      century;
PA1  means for the positioning, responsively to such selectively displayed
      century-designating indicia, of a second viewing area;
PA1  means for selectively displaying, at such second viewing area, indicia
      designating a numeral consisting of one digit representative of a decade;
PA1  means for the positioning, responsively to such selectively displayed
      decade-designating indicia, of a third viewing area;
PA1  means for selectively displaying, at such third viewing area, indicia
      designating a numeral consisting of one digit representative of a year;
PA1  means for the positioning, responsively to such selectively displayed
      year-designating indicia, of a fourth viewing area;
PA1  means for selectively displaying, at such fourth viewing area, indicia
      specifying a designation representative of a calendar period of time
      constituting a part of a year consisting of at least one month;
PA1  means for exhibiting a fifth viewing area;
PA1  means for resultingly displaying, at such fifth viewing area, and
      responsively to such selectively displayed partial-year-specifying
      indicia, indicia constituting, in correlation vis-a-vis the days of the
      week, the corresponding dates of the calendric period designated by the
      thus successively, selectively displayed century-representing,
      decade-representing, year-representing, and
      partial-year-period-representing indicia.
NUM  2.
PAR  2. A perpetual calendar comprising, in combination:
PA1  means for exhibiting a first viewing area;
PA1  means for selectively displaying, at such first viewing area, indicia
      designating a numeral consisting of at least one digit representative of a
      century;
PA1  means for positioning, responsively to such selectively displayed
      century-designating indicia, indicia designating a plurality of numerals,
      each consisting of one digit representative of a decade;
PA1  means for positioning a second viewing area so as to display thereat,
      selective indicia designating a numeral consisting of one digit
      representative of a decade;
PA1  means for positioning, responsively to such second viewing area, indicia
      designating a plurality of numerals, each consisting of one digit
      representative of a year;
PA1  means for positioning a third viewing area so as to display thereat,
      selective indicia designating a numeral consisting of one digit
      representative of a year;
PA1  means for positioning, responsively to such third viewing area, indicia
      specifying a plurality of designations, each representative of a calendric
      period of time constituting a part of a year consisting of at least one
      month;
PA1  means for positioning a fourth viewing area so as to display thereat,
      selective indicia specifying at least one designation representative of a
      calendric period of time of at least one month;
PA1  means for exhibiting a fifth viewing area;
PA1  means for resultingly displaying, at such fifth viewing area, and
      responsively to such fourth viewing area, indicia constituting, in
      correlation vis-a-vis the days of the week, the corresponding dates of the
      calendric period of time designated by the thus successively, selectively
      displayed century-representing, decade-representing, year-representing,
      and partial-year-period-representing indicia.
NUM  3.
PAR  3. A perpetual calendar comprising, in combination:
PA1  means for exhibiting a first viewing area;
PA1  means for selectively displaying, at such first viewing area, indicia
      designating a numeral consisting of at least one digit representative of a
      century;
PA1  means for the positioning, responsively to such selectively displayed
      century-designating indicia, of a second viewing area;
PA1  means for selectively displaying, at such second viewing area, indicia
      designating a numeral consisting of one digit representative of a decade;
PA1  means for the positioning, responsively to such selectively displayed
      decade-designating indicia, of a third viewing area;
PA1  means for selectively displaying, at such third viewing area, indicia
      designating a numeral consisting of one digit representative of a year;
PA1  means for exhibiting a fourth viewing area;
PA1  means for resultingly displaying, at such fourth viewing area, and
      responsively to such selectively displayed year-designating indicia,
      constituting, in correlation vis-a-vis the days of the week, the
      corresponding dates of the full year designated by the thus successively,
      selectively displayed century-representing, decade-representing, and
      year-representing indicia.
NUM  4.
PAR  4. A perpetual calendar comprising, in combination:
PA1  means for exhibiting a first viewing area;
PA1  means for selectively displaying, at such first viewing area, indicia
      designating a numeral consisting of at least one digit representative of a
      century;
PA1  means for positioning, responsively to such selectively displayed
      century-designating indicia, indicia designating a plurality of numerals,
      each consisting of one digit representative of a decade;
PA1  means for positioning a second viewing area so as to display thereat,
      selective indicia designating a numeral consisting of one digit
      representative of a decade;
PA1  means for positioning, responsively to such second viewing area, indicia
      designating a plurality of numerals, each consisting of one digit
      representative of a year;
PA1  means for positioning a third viewing area so as to display thereat,
      selective indicia designating a numeral consisting of one digit
      representative of a year;
PA1  means for exhibiting a fourth viewing area;
PA1  means for resultingly displaying, at such fourth viewing area, and
      responsive to such third viewing area, constituting, in correlation
      vis-a-vis the days of the week, the corresponding dates of the full year
      designated by the thus successively, selectively displayed
      century-representing, decade-representing, and year-representing indicia.
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ABST
PAL  A device capable of being mounted on a horizontal surface of a motor
      vehicle for exhibiting emergency signs includes three plate sections
      hinged together along two side edges thereof to form a triangular-shaped
      sign support. The remaining side edge of the sections are detachably
      interconnected by means of fasteners, and means are provided on one of the
      plate sections for detachably mounting the support on the horizontal
      surface. Channel means are provided on another of the plate sections for
      the reception of interchangeable emergency signs.
PARN
     This is a continuation of application Ser. No. 352,685, filed Apr. 19,
      1973, now abandoned.
BSUM
PAR  This invention relates generally to sign exhibiting and more particularly
      to a collapsible sign support for exhibiting emergency signs on a
      horizontal surface of a motor vehicle.
PAR  Any motorist experiencing motor vehicle trouble can appreciate the
      perplexities of being stranded on the highway without available
      assistance, out of communication with the police and other emergency
      services. Many of such motorists therefore attempt to alert others by
      raising the engine hood of their automobile indicating motor trouble or a
      need of gas, or by even attempting to wave-down passers-by. Other
      motorists passing by are, however, extremely reluctant to render
      assistance because of a fear for their own safety. If the stranded
      motorist could specifically announce to others his reason for stopping off
      the highway, passers-by could at least render some assistance without
      stopping. For example, display of an "out of gas" sign or an "engine
      trouble" sign would permit the passer-by motorist to render assistance by
      simply stopping off at the nearest service station or police station to
      relay the message of the stranded motorist. The safety of both the
      passer-by and stranded motorist is thereby not endangered.
PAR  The prinicpal object of this invention is therefore to provide an emergency
      sign carrying device of simple and economical construction which can be
      easily stored by the motorist and assembled for mounting on a horizontal
      surface of his motor vehicle.
PAR  Another object is to provide such a device as including three plate
      sections hinged together along two side edges thereof to form a
      triangular-shaped sign support when assembled. The plate sections may be
      folded into a collapsed condition in which they are disposed parallel to
      one another so that the support may be easily stored.
PAR  A further object of this invention is to provide such a device wherein
      mounting means are provided on one of the plate sections for detachably
      mounting the support on the motor vehicle horizontal surface, and
      convenient securing means is provided for detachably securing together a
      free edge of the plate sections so as to lock the sections together when
      assembled.
PAR  A still further object of the invention is to provide such a device wherein
      spaced channel-forming means are provided on one of the plate sections for
      the reception of display signs for emergency conditions.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of a motor vehicle showing the device of
      the present invention mounted thereon;
PAR  FIG. 2 is a side elevational view of the present device;
PAR  FIG. 3 is an end elevational view of the device of FIG. 2;
PAR  FIGS. 4 and 5 are views showing typical signs which may be displayed on the
      emergency sign device; and
PAR  FIG. 6 is a perspective view of the device in its collapsed condition.
DETD
PAR  Turning now to the drawings wherein like reference characters refer to like
      and corresponding parts throughout the several views, the emergency sign
      or display device 10 of the present invention is shown generally in FIG. 1
      as mounted on the horizontal hood surface 11 of a motor vehicle 12
      indicating, for example, that the stranded motorist is out of gas in an
      emergency situation. Of course, such device 10 may be alternatively
      mounted in place on the horizontal trunk lid surface 13 as shown in
      phantom lines in FIG. 1, or the device may be mounted on the horizontal
      roof surface 14 of the motor vehicle as well. The details of the device
      are shown in FIGS. 2 and 3 as comprising first, second and third plate
      sections 15, 16 and 17, respectively. A first hinge means 18 interconnects
      plate sections 15 and 16 together along their adjacent side edges, and a
      second hinge means 19 interconnects plate sections 16 and 17 together
      along their adjacent side edges in a similar manner. Both hinge means
      include the standard integral hinge plates 21 and hinge pins 22. The free
      ends of plates 15 and 17 are joined together as in FIG. 3 by a detachable
      securing means which include outwardly extending abutting flanges 23 and
      24 provided along the free edges of respective plate sections 15 and 17.
      The securing means further include fasteners such as the standard male and
      female snap buttons 25, 26. As can be seen, each of the plate sections are
      of the same size and rectangular shape so as to together form a
      triangular-shaped support for displaying the emergency signs when
      assembled. Means are provided on one of the plate sections for detachably
      securing the support on to a horizontal surface 11, 13 or 14 of the motor
      vehicle. Such means may comprise a pair of suction cups 27 having threaded
      studs 28 thereon for threaded engagement with a suitable opening provided
      in plate section 16. The support may therefore be conveniently mounted in
      place without the likelihood of falling from its horizontal surface, and
      may also be conveniently removed when necessary. Of course, permanent
      magnetic discs (not shown) may also be used in lieu of the suction cups.
PAR  Means are provided on another of the plate sections for the reception of
      interchangeable emergency signs such as 29 and 31 shown in FIGS. 4 and 5.
      Such means include a pair of spaced, horizontal, channel-forming angle
      members 32 mounted on plate section 15 and opening toward one another as
      shown in FIG. 3. A vertical end stop channel-forming member 33 may be
      provided between members 32 at one end of plate 15. Accordingly, a sign or
      card such as indicating an emergency situation 29 may be conveniently slid
      into place between members 32 from the open end thereof. Another pair of
      similar channel-forming angle members 34 may also be mounted on plate
      section 15 parallel to and below members 32, a vertical stop member 35
      also being provided between members 34 so that a card or sign such as 31
      indicating an out-of-gas situation, may be slid between members 34 from
      the open end until it reaches stop 35.
PAR  Straps 36 are each secured at one end thereof to plate section 17, for
      example, to permit the plate sections to be secured together in their
      collapsed condition as shown in FIG. 6. Accordingly, male and female snap
      buttons 37 are provided for holding the collapsed plate sections together
      as straps 36 are snapped in place on plate section 16.
PAR  The device or card support 10 is normally stored in the motor vehicle in
      its collapsed condition as shown in FIG. 6. During an emergency condition,
      the motorist simply unsnaps straps 36 and pivots plate sections 15 and 17
      about their hinges so as to abut together flanges 23 and 24 thereof to
      form a triangular-shaped support as shown in FIG. 3. Snap fasteners 25 and
      26 are interengaged, and suction cups 27 are mounted in place. Any one or
      two of a select number of signs or cards such as 29 and 31 may be
      thereafter slid into place between angle members 32 and/or 34.
      Alternatively, several of these signs may be stored in place by means of
      these angle members when the device is in its collapsed condition of FIG.
      6. The signs are not shown in this Figure although it should be understood
      that one or more may already be positioned between angle members 32 and/or
      between angle members 34. Straps 36 are therefore designed as having a
      width sufficient to cover the inner ones of angle members 32 and 34 so
      that any signs already in place in the stored condition of FIG. 6 will not
      accidentally slide out. After assembling the support as in FIG. 3, select
      one or more signs depending on the emergency condition at hand. The
      assembled support of FIG. 3 may therefore be mounted in place on one of
      the horizontal surfaces of the motor vehicle.
PAR  Although only two signs or cards 29 and 31 are shown, it should be
      understood that any number of different signs may be provided without
      departing from the scope of the invention. For example, one sign may have
      "engine trouble" printed thereon, another sign may have printed "flat
      tire" thereon, and so on.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device capable of being mounted on a horizontal surface of a motor
      vehicle for exhibiting emergency signs, comprising first, second and third
      plate sections of equal size, first hinge means interconnecting one side
      edge of said second plate section with one side edge of said first plate
      section, second hinge means interconnecting the other side edge of said
      second plate section with one side edge of said third plate section,
      flanges extending outwardly from the other side edges of said first and
      said third plate sections and being rigidly connected thereto, said
      flanges forming an angle greater than 90.degree. with the outer surfaces
      of said first and said third plate sections, detachable fasteners provided
      on said flanges for detachably securing said first and third plate
      sections together in an assembled triangular-shaped support in which said
      flanges are in face-to-face contact with one another, means on one of said
      plate sections for detachably mounting said support to the horizontal
      motor vehicle surface, at least one pair of spaced, parallel
      channel-forming elements on another of said plate sections extending
      parallel to said side edges and opening toward one another for the
      reception of interchangeable emergency signs, and fastener means on said
      one plate section and on the remaining one of said plate sections for
      securing all of said plate sections together in a collapsed condition
      lying substantially parallel to one another, said fastener means including
      straps extending outwardly of opposite end edges of said one and said
      remaining plate sections and overlapping with opposite end edges of said
      another plate section in the collapsed condition of said support, said
      straps being located on said one and said remaining plate sections so as
      to lie between said channel-forming elements when overlapping said another
      plate section, whereby the emergency signs are completely prevented from
      moving outwardly of said elements while in said collapsed condition.
NUM  2.
PAR  2. The device according to claim 1 wherein said mounting means comprise at
      least one suction cup secured to said one plate section for removably
      mounting said support.
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ABST
PAL  An adjustable frame comprising corner members, cross braces for connecting
      said corner members, the cross braces comprising strips which can be cut
      down or bent back so as to adjust the cross braces to any desired frame
      size, a plurality of apertures on each of the cross braces performing a
      double function, the first function being to provide apertures for
      connecting the brace to diagonally opposite corner member, the second
      function being to provide means for anchoring a suspension wire to the
      frame. Two of the corner members include means for adjustably connecting
      the cross brace thereto so as to assure that the cross brace is tight.
      Each of the corner members further include stand receiving means to permit
      the frame to be supported on its end or on its side. The stand is an
      L-shaped member capable of being selectively inserted in the stand
      receiving means so as to permit the frame to be weighted down or anchored
      to the ground. Each of the corner members may include spring biased means
      so as to readily accommodate and grasp articles of varying thicknesses.
      The frame is designed so that the spring clips and cross frame braces lie
      flush or within the confines of the corner members so as to minimize
      interference in hanging or storing the framed articles. The frame may be
      designed without cross braces so that pictures and the like may be viewed
      from both sides of the frame.
PARN
PAR  This is a division of application Ser. No. 46,638, filed June 16, 1970, now
      U.S. Pat. No. 3,823,499.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to frames and more particularly, to
      adjustable frames capable of framing articles of varying dimension. Such
      frames have many applications such as the framing of pictures, documents,
      the assembling of sheet material for storage and transportation, etc.
PAR  Heretofore, frames have been made which are adjustable to accommodate
      pictures of varying dimensions. Examples of such structures are
      illustrated in U.S. Pat. Nos. 2,824,398, 2,810,226, 2,632,971, 208,681 and
      2,164,299.
PAR  None of the above proposed systems have proved to be commercial due to the
      complexity of the adjusting mechanism. These complex structures are not
      only costly, but in addition, interfere with compact storage and hanging.
      A further limitation in each of these structures is their inability to
      readily convert to a stand type structure. These structures are further
      limited in that they will only hold articles of a selected thickness. A
      further limitation in some of these structure is that the frame portions
      are not positively locked in palce.
PAC  BRIEF DESCRIPTION
PAR  The present invention comprises an adjustable frame comprising four corner
      members interconnected by cross braces.
PAR  The cross braces comprise thin plastic strips which can be cut down or bent
      back so as to adjust the cross braces to any desired frame size. The cross
      braces are formed with a plurality of apertures so that after the strip is
      cut down or bent back, an aperture is available for attaching the strip to
      a headed member provided on each of the corner members. The headed members
      are selectively positioned on the corner members so as to assure that the
      brace can be made tight. The apertures in the braces are also utilized to
      anchor a suspension wire so as to allow the framed articles to be hung, if
      desired.
PAR  The braces lie flush with the corner members so as not to protrude from the
      back of the frame and thereby interfere in hanging or with compact storage
      of framed articles.
PAR  The frame easily converts to a stand type structure by the incorporation of
      stand receiving means in each of the corner members. The stand receiving
      means allows for selective positioning of the frame on its end or on its
      side. The stand is L-shaped and selectively inserted into the standing
      means so as to permit the stand to be weighted down or anchored to the
      ground. The stand may be selectively secured to the corner members so as
      to support the frame in raised or adjacent positions relative to the
      ground.
PAR  In a still further embodiment of the invention, spring clamps are provided
      on each of the corner members so as to resiliently grasp the framed
      articles against the corner members. In a still further embodiment of the
      invention, the corner members are made of pliable plastic so as to
      resiliently grasp the article to be framed. In both of these
      modifications, the spring means is sufficiently resilient to adjust to
      articles of various thicknesses.
PAR  In a still further embodiment of the invention, cross braces extend across
      both faces of the frame to provide rigid support while in another
      embodiment the cross braces are eliminated to permit viewing pictures on
      opposite surfaces of the frame.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a front elevational view of the frame of the present invention
      mounted on an article.
PAR  FIG. 2 is a sectional view taken on line II--II of FIG. 1.
PAR  FIG. 3 is a rear elevational view of the frame shown in FIG. 1.
PAR  FIG. 4 is a sectional view taken along line IV--IV of FIG. 3.
PAR  FIG. 5 is a sectional view taken on line V--V of FIG. 3.
PAR  FIG. 6 is a rear elevational view illustrating a modified form of the
      present invention.
PAR  FIG. 7 is a sectional view taken on line VII--VII of FIG. 6.
PAR  FIGS. 8 and 9 are perspective views illustrating frame member constructions
      in accordance with a further modification of the present invention.
PAR  FIGS. 10 and 11 are elevational views illustrating alternative stand
      arrangements when the stand is anchored to the ground.
PAR  FIG. 12 is an elevational view illustrating a further embodiment of the
      invention.
PAR  FIGS. 13 and 14 are perspective views of the corner member of the assembly
      in FIG. 12.
PAR  FIG. 15 is a perspective view of a further embodiment of the present
      invention.
PAR  FIG. 16 is an exploded view of the corner member used in the assembly of
      FIG. 15.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, a picture 1 is shown having a frame 3 constructed in
      accordance with the present invention.
PAR  While the present invention will be described and illustrated in connection
      with a picture or the like, it is to be understood that the frame can be
      used in connection with various articles which have need for a frame. As
      an example, the present invention has application in packaging and in
      transporting sheets of material such as thin metal. It is particularly
      applicable where the surfaces of the sheet metal have to be protected from
      marring and in cases where it is desired to prevent thin sheets from
      creasing. In these applications, protective boards of a dimension equal to
      the dimension of the sheet metal are placed in contact with opposite
      surfaces of the metal, and the frame of the present invention is then
      utilized to hold the assembled sheets together and to offset the assembled
      sheets from contact with adjacent surfaces.
PAR  As shown in FIG. 1, the frame 3 comprises corner members 3A, 3B, 3C and 3D.
      The corner members may be constructed from any suitable material such as
      wood, rigid foam, metal and preferably, are formed of plastic.
PAR  Referring to FIG. 2, each corner member is grooved, as shown at 5, to fit
      about the corners of picture 1. Picture 1 is snugly engaged by the corner
      members 3A, 3B, 3C and 3D as it is wedged between a glass or transparent
      plastic sheet 7 and one or more backing pieces 9. The backing piece may
      comprise cardboard, masonite, or the like.
PAR  Referring to FIG. 3, a rear view of the frame 3 is shown. The corner
      members 3A, 3B, 3C and 3D are interconnected and locked to picture 1 by
      cross braces 11 and 13 which extend diagonally across the back of the
      picture. The cross braces are made of thin plastic material, such as
      cellulose butyrates, one thirty-second of an inch thick, which is capable
      of being bent upon itself or cut by scissors, razor blade, knife or the
      like, so as to permit the cross braces to be cut down or bent back to a
      size corresponding to the diagonal dimension of the picture. It is to be
      understood that the cross braces may be made from any suitable plastic and
      thickness as long as it is capable of readily binding and/or being cut.
      The cross braces are initially made extra long to accommodate extra large
      pictures.
PAR  The cross braces 11 and 13 include apertures 15 and 17 at one end for
      anchoring the braces to corner members 3C and 3D respectively. The braces
      are connected by snap fitting apertures 15 and 17 (see FIG. 4) over headed
      pins 19 and 21 integrally formed on the corner members 3C and 3D,
      respectively.
PAR  Each of the cross braces 11 and 13 are also provided with a series of
      apertures 23 and 25, respectively, so that an aperture is available for
      attaching the brace to headed pins 27 and 29 releasably secured to corner
      members 3A and 3B, respectively. After securing the braces by way of
      apertures 23 and 25, the cross braces are cut down. This method allows
      extra lengths of the cross braces to serve as a convenient grip while
      attaching.
PAR  Referring to FIG. 5, pin holes 31A, 31B and 31C are provided in corner
      member 3A for releasably and frictionally receiving pin 27. These holes
      are spaced apart a predetermined distance, e.g., one-fourth of an inch
      while apertures 23 are also spaced a predetermined smaller distance, e.g.,
      three-sixteenths of an inch. This arrangement assures that one of the
      holes 31A. 31B and 31C will lie between one-eighth and one-sixteenth of an
      inch outwardly from one of the apertures 23. When the pin 27 to be
      inserted in such outer aperture, the plastic cross brace 11 is then
      stretched so as to snap over the pin 27. In this manner, the cross brace
      is made tight. The same arrangement is provided in connecting cross brace
      13 to headed pin 29 in corner member 3B.
PAR  It is to be understood that apertures 23 and pin holes 30 may be spaced
      greater or smaller distances depending on the degree to which it is
      desired to make the cross braces taut.
PAR  As hereinbefore described, the cross braces are made extra long so as to
      accommodate large pictures. Generally, the braces have to be cut down,
      e.g., by cutting with a scissor the extra length portions shown in broken
      lines in FIG. 3. In the alternative, the cross braces may be bent back
      upon themselves as shown in FIG. 5 and as hereinafter more particularly
      described.
PAR  It will be noted that even after the cross braces are cut down, the frame
      can be made to accommodate pictures of smaller dimension merely by cutting
      down further on the cross braces. The series of apertures 23 and 25 extend
      along the cross braces to a sufficient extent so as to allow an adjustment
      down to a size where the corner members 3A, 3B, 3C and 3D are abutting. If
      a purchaser desired to frame a larger article, it is only required that he
      purchase four cross braces of suitable length. In its commercial form, the
      initial package may include such extra braces.
PAR  The cross brace need not be cut down. As shown in FIG. 5, the cross brace
      11 is bent back upon itself at 11A with the apertures aligned so as to
      permit the strip to be snapped over pin 27. This arrangement allows the
      cross brace to be subsequently used in framing larger as well as smaller
      pictures.
PAR  Referring to FIG. 3, the series of apertures 23 and 25 perform a second
      function as selected horizontally aligned apertures 23A and 25A in each
      series are used to anchor suspension wire 33. The wire 33 is simply
      extended at each of its ends, through apertures 23A and 25A and wrapped
      about itself as indicated at 35 and 37. The wire 31 is of sufficient
      length so as to provide slack for hanging the framed pictures.
PAR  Referring to FIGS. 3, 4 and 5, each of the corner members 3A, 3B, 3C and 3D
      include channels 39 for receiving the cross braces 11 and 13 so that the
      cross braces are flush with the outer surface of the corner members. In
      this manner, there is a minimal interference in hanging the framed
      picture. When the frame is used to assemble sheet material, the flush
      arrangement allows a plurality of framed sheets to be compactly arranged
      during storage and transportation. The channels 38 include diverging walls
      40 so as to accommodate the cross braces in various angular positions
      within the size adjustment range.
PAR  Referring to FIG. 6, a modification of the present invention is shown which
      is particularly adapted to be used in framing paintings and assembled
      sheets as hereinbefore described. In this embodiment, the corner members
      3W are modified to include clamps 41 securing the corner members to the
      framed article. The clamps 41 are spring biased and can accommodate framed
      articles of varying thicknesses.
PAR  As shown in FIG. 6, the framed article is a painting comprising a canvass
      43 mounted on a rectangular frame 45. Each of the clamps 41 comprise
      single bend twenty-five one thousanth shim steel plates, cemented or
      otherwise secured, at one end to a recess 47 in each of the corner members
      3W. The other end of the spring clamps bear against the frame 45 as
      indicated at 49 in FIG. 7.
PAR  The spring clamps 41 are mounted so as not to project from the corner
      members and interfere with hanging or storage. Rather than cementing the
      clamps 41 to the corner members, the same may be removably connected by,
      e.g., a conventional cooperating detent and recess arrangement (not shown)
      on the clamp 41 and in recess 47, respectively. This has the advantage of
      allowing ready replacement in case of breakage or wear.
PAR  The edges of the framed article in FIG. 6 are finished by plastic frame
      portions 51 which extend between the corner member giving the appearance
      that the frame is continuous. The frame portions 51 extend into recesses
      53 formed in the corner members with the fit sufficiently snug to hold
      frame portions 51 in place. Frame portions 51 are also made of thin
      plastic material and are initially provided in extra long lengths capable
      of being cut down to the required dimension.
PAR  Rather than frame portions 51, plastic coated cloth tape (not shown) may be
      extended between the corner members 3W in order to finish off the frame
      edges intermediate the corner members.
PAR  Referring to FIG. 8, a modified corner member 3X is shown wherein one side
      wall 55 of the corner member converges toward the other side wall 57.
      Corner member 3X is made of a plastic material so that wall 55 is
      sufficiently pliable to resiliently and adjustably grasp the article to be
      framed. The corner member is split at corner section 59 so as to permit
      walls 55 to pivot. A metal insert 61 is embedded in the corner member so
      as to prevent the corner member from splitting in the area of split 59.
PAR  In all embodiments of the invention illustrated, stand receiving means may
      be provided so that the frame is capable of self support. It is preferred
      that each of the corner members include stand receiving means so that the
      frame can be supported on end or on its side.
PAR  When using corner members as illustrated in FIG. 8, frame portions 63,
      similar in function to frame portion 51 shown in FIG. 6 and above
      described, may be provided to extend between the corner members so as to
      give the impression that the frame is continuous. As shown in FIG. 9,
      frame portions 63 are made of pliable plastic and comprise a base wall 65,
      sidewall 67 and an opposed sidewall 69 converging toward sidewall 67 so as
      to resiliently and adjustably grasp the article to be framed. The frame
      portions 63 are received in recess 70 formed in corner member 3X so as to
      give the frame a continuous appearance.
PAR  The stand receiving means comprise angled bores 71 which are adapted to
      receive L-shaped rod stands 73 as illustrated in FIG. 7. It will be noted
      that the stand rods 73 extend substantially adjacent to the surfaces on
      which the frame is supported due to the angle of bore 71. This permits a
      weight to be rested on the stand and effectively hold the same when the
      occasion demands. One leg 75 of the L-shaped rod stand 73 prevents the
      weight from falling off the stand.
PAR  The L-shaped rod stand 73 permits alternate stand arrangements. As shown in
      FIG. 10, the short leg 75 is rotated 180.degree. so as to permit the short
      leg to be embedded in the ground. As shown in FIG. 11, the short leg 75 is
      inserted in bore 71 and the long leg is embedded in the ground so as to
      support the frame in the elevated position.
PAR  As hereinbefore described, the cross braces have been described as flexible
      members so as to allow the same to be easily cut down or bent back. In
      storage and transportation applications, ease in cutting may not be a
      requirement and the cross braces could be made rigid extending across both
      the front and rear faces of the framed article as shown at 77 and 79 in
      FIG. 12 to provide double structural support. In this instance, the extra
      lengths of cross brace would have to be sawed off or otherwise removed by
      equivalent means.
PAR  The corner member 3Y used in FIG. 12 is shown more particularly in FIGS. 13
      and 14. Corner member 3Y includes opposed channels 81 and 83 for receiving
      cross braces 77 and 79 within the confines of the corner members so as to
      allow compact stacking of framed articles.
PAR  Except for their rigidity, the cross braces 77 and 79 are identical to the
      cross braces hereinbefore described including a plurality of apertures 85
      to permit adjustment. Screw 87 extends through an aperture 85 into a
      threaded recess 89 in the corner member to secure the cross brace to the
      corner member.
PAR  Walls 91 and 93 of channels 81 and 83 and walls 95 and 97 of channel 83
      diverge as they extend inwardly into the corner member. This permits the
      cross braces 77 and 79 to pivot to a greater extent so as to permit
      greater freedom in adjustment to accommodate sheets of various size.
PAR  The corner member 3Y as shown in FIG. 13 is adapted to receive sheets of
      material 99 and 101, one of which is the sheet being transported and the
      other of which is a protective intermediate and cover sheet. These sheets
      99 and 101 are supported by a sheet support flange 103 on corner member 3Y
      and are held thereagainst by cross brace 77.
PAR  Referring to FIGS. 15 and 16, a further modification of the present
      invention is shown wherein the cross braces are eliminated. In this
      embodiment, stands 105 and 107 are provided so as to stand the frame in a
      vertical position and permit viewing of pictures mounted in both sides of
      the frame.
PAR  Referring to FIG. 16, an exploded view of a corner member 3Z used in FIG.
      15 is shown together with frame members 109. The corner member 3Z in FIG.
      15 is similar to the corner member of FIG. 8 in that it is made of pliable
      plastic and it is adopted to be spring biased about the framed article. In
      this embodiment, the corner member 3Z includes two converging sidewalls
      111 and 113. Frame member 109 is received in a recess 115. At the
      extremity wall 111 an aperture 115 is provided through which a nail 7 is
      hammered so as to hold the frame members 109 in place.
PAR  The invention is not necessarily limited to the exact details of
      construction that are shown, since various modifications may be made
      therein without departing from the spirit and scope of the invention as
      set forth in the appended claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A frame comprising corner members mounted to support the corner portions
      of a picture, said corner members having a first inwardly curved
      upstanding side and a second upstanding side spaced apart from the first
      side by a flat section, said first and second sides being connected to
      opposite edges of said flat section and said first side being biased
      toward said second side to releasably grasp the picture and straight
      members having a first inwardly curved upstanding side by a flat section,
      said sides and said flat section having substantially the same
      cross-sectional configuration as said corner members and being insertable
      therein and mounted to support the side portions of an article being
      positionable between two adjacent corner members and being mounted to
      releasably grasp the sides of the article to form a supporting frame with
      said corner members, and wherein the corner members contain a slot at the
      corner sections to permit the parts of the corner sections to pivot.
NUM  2.
PAR  2. The frame of claim 1 including a metal insert embedded in the corner
      member adjacent said slot to prevent them from splitting.
NUM  3.
PAR  3. A frame comprising corner members mounted to support the corner portions
      of a picture, said corner members having a first inwardly curved
      upstanding side and a second upstanding side spaced apart from the first
      side by a flat section, said first and second sides being connected to
      opposite edges of said flat section and including a recess at an end of
      the corner member and said first side being biased toward said second side
      to releasably grasp the picture and straight members, said straight
      members having a first inwardly curved upstanding side and a second
      upstanding side spaced apart from said first side by a flat section, said
      sides and said flat section having substantially the same cross-sectional
      configuration as said corner members and being insertable in said recess
      and mounted to support the side portions of an article being positionable
      between two adjacent corner members and being mounted to releasably grasp
      the sides of the article to form a supporting frame with said corner
      members.
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ABST
PAL  A compact, portable, inflatable blind designed for use on land, on water,
      or on both land and water. It is composed of a flexible inflatable body
      which serves as a buoyant concealment device when inflated and which can
      be folded up into a small bundle when deflated, a seat-forming member
      which preferably is inflatable and contains a pouch to receive the folded
      body, and means supporting the seat-forming member across the lower
      interior of the inflated body. Various advantageous features of
      construction and use are described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel and useful blind construction and more
      particularly to an inflatable blind suitable for use by hunters, wildlife
      photographers and the like.
PAR  Various types of blinds and other concealment devices have been proposed
      heretofore. See for example U.S. Pats. 2,327,169; 2,816,297; 3,052,054;
      and 3,540,170. Despite these and other efforts in the general field, a
      welcome contribution to the art would be a compact, portable, inflatable
      blind that can be designed for use on land, on water, or on both land and
      water. This invention is believed to represent such a contribution.
      Besides possessing the foregoing advantageous characteristics, the blinds
      of this invention are capable of being manufactured inexpensively; are
      easy to use, transport and store; are effective in providing comfortable
      concealment for the user; are readily camouflagable either in manufacture
      or during use; and are constructed so that the user can have an
      unobstructed field of movement and view when desired. These and other
      advantageous features of this invention will become readily apparent from
      a consideration of the accompanying Drawings, the ensuing description and
      the appended claims.
PAC  Summary of the Invention
PAR  In accordance with this invention there is provided, inter alia, an
      inflatable blind which comprises (1) a seat-forming member having a pouch
      therein, and (2) a flexible inflatable body for use with the seat-forming
      member and adapted when deflated and folded to fit within said pouch and
      when inflated to furnish around said member an upstanding wall affording
      concealment for the user. The seat-forming member is preferably inflatable
      although this is not essential. Preferably the body of the device includes
      an elongate inflatable tubular base member from which the inflatable wall
      extends, as this enables the provision of blinds which are buoyant on
      water and which have good stability when used on dry land.
PAR  A feature of this invention is that the entire blind can be furnished
      either in the form of an essentially one-piece unitary structure or in the
      form of an essentially two-piece structure. The one-piece construction
      involves providing a permanent connection between the seat-forming member
      and the inflatable body. The two-piece structure involves use of
      detachable connections between the seat-forming member and the inflatable
      body--i.e., in this case there is no permanent connection. It is
      particularly advantageous to provide the seat-forming member in the form
      of an inflatable cushion having a pouch aligned on one face thereof, to
      permanently connect the cushion to the body along the back edge of the
      cushion toward which the pouch opens, and to render the cushion detachably
      connectable to the body in the vicinity of the sides of the cushion. This
      furnishes a one-piece structure which is easy to assemble and disassemble,
      as will be apparent from the description hereinafter.
PAR  A further preferred embodiment is to provide the seat-forming member in the
      form of an inflatable cushion having a flap aligned on one face thereof,
      the cushion when deflated being sufficiently flexible so that essentially
      one-half of the cushion can be manually depressed into the other half
      thereof to thereby form a double-walled pouch to receive the folded
      deflated body, the opening in the pouch so-formed being coverable by said
      flap. It will be seen that in this embodiment the pouch in the
      seat-forming member does not exist at all times. Rather, the pouch is
      created when the deflated cushion is pushed into itself so that
      essentially one half of its exterior fits within essentially the other
      half of its exterior. Consequently, the double-walled pouch of this
      embodiment is created when the blind is packed up for storage or
      transportion and it remains in existence until the blind is unpacked and
      the cushion is inflated. Thus in accordance with this invention it will be
      understood and appreciated that whenever reference is made in general to a
      seat-forming member or cushion having a pouch therein and the context
      otherwise permits, such terms are inclusive of an inflatable seat-forming
      member or cushion of the type described in this paragraph wherein the
      pouch exists during the time the blind is packed up but does not exist
      when the blind is unpacked and the cushion is inflated. It will also be
      understood and appreciated that the preferred embodiment referred to in
      this paragraph may be used pursuant to this invention in unitary blinds of
      one-piece construction or of two-piece construction.
PAR  In another embodiment the blind is characterized in that the inflatable
      body includes an inflatable tubular base member and a plurality of
      inflatable pleated wall portions extending from one side and being
      disposed along substantially the entire length of said base member, said
      body when inflated being bendable so that its two ends can be brought
      together to circumscribe a zone of concealment, and in that the blind
      includes means for detachably connecting together said two ends of said
      body to maintain said zone of concealment.
PAR  Another aspect of the invention involves the inclusion of means adapted to
      be secured on the torso of the user for supporting the device when
      inflated above ground level and below eye level of the user. This makes it
      possible for the user to walk about with unobstructed view while carrying
      the inflated blind above ground level without requiring use of his hands.
PAR  Particularly preferred embodiments of this invention involve combinations
      of the foregoing such as, for example, a unitary inflatable blind adapted
      for use on land and on water which comprises
PA1  1. an inflatable seat-forming cushion having a pouch aligned on one face
      thereof;
PA1  2. a flexible inflatable body comprising an elongate inflatable tubular
      base member and a plurality of inflatable pleated wall portions extending
      from one side of said base member and being disposed along substantially
      the entire length of said base member, said body being adapted:
PA2  a. when deflated to be foldable upon itself into compact form to fit within
      said pouch, and
PA2  b. when inflated to be bendable so that its two ends can be brought
      together with the wall portions extending upwardly from said base member
      to circumscribe a zone of concealment;
PA1  3. means connecting and supporting said cushion across the lower interior
      of the inflated body; and
PA1  4. means detachably connecting together said two ends of said body to
      maintain said zone of concealment.
PAL  Such unitary structure may be essentially a one-piece or two-piece system
      as explained above. Further, the cushion and the body may be separately
      inflatable and deflatable or they may be inflatable and deflatable in
      unison. Another preferred feature provides a seat-forming cushion which
      further includes a flap adapted to be detachably secured over the opening
      in the pouch when the body folded into compact form is contained within
      the pouch.
PAR  Another particularly preferred blind for use on land and water comprises
PA1  1. an inflatable seat-forming cushion having a flap aligned on one face
      thereof, the cushion when deflated being sufficiently flexible so that
      essentially one-half of the cushion can be manually depressed into the
      other half thereof to thereby form a double-walled pouch, the opening in
      the pouch so-formed being coverable by said flap;
PA1  2. a flexible inflatable body comprising an elongate inflatable tubular
      base member and a plurality of inflatable pleated wall portions extending
      from one side of said base member and being disposed along substantially
      the entire length of said base member, said body being adapted:
PA2  a. when deflated to be foldable upon itself into compact form to fit within
      said pouch, and
PA2  b. when inflated to be bendable so that its two ends can be brought
      together with the wall portions extending upwardly from said base member
      to circumscribe a zone of concealment;
PA1  3. means connecting and supporting said cushion across the lower interior
      of the inflated body; and
PA1  4. means detachably connecting together said two ends of said body to
      maintain said zone of concealment.
PAL  This unitary blind may be an essentially one- or two-piece structure, and
      the cushion and body may be separately or commonly inflatable.
PAR  The blinds of this invention can be designed for use on water, use on land,
      or for both uses. Preferably the tubular base member is large enough so
      that when inflated it is sufficiently buoyant on water to support the
      weight of the user and his equipment. Use of an inflatable seat-forming
      member adds buoyance to the system. It will be noted that the seat-forming
      member serves the added function of being a carrying case for the deflated
      blind.
PAR  This invention thus provides a compact, portable, inflatable blind composed
      of a flexible thin-walled inflatable body which serves as a buoyant
      concealment device for the user when inflated and which can be folded up
      into a small bundle when deflated, a seat-forming member which preferably
      is inflatable and contains a pouch to receive the folded body, and means
      for supporting the seat-forming member across the lower interior of the
      inflated body.
PAR  Other features and embodiments of this invention will appear hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective, with a portion of the wall cut away, of a
      blind of this invention depicted in use on water in inflated condition;
PAR  FIG. 2 is a top plan view of an inflated blind such as depicted in FIG. 1;
PAR  FIG. 3 is a side elevation of the inflated blind of FIG. 2 with a portion
      of the wall cut away;
PAR  FIG. 4 is a front view of the inflated blind of FIG. 2;
PAR  FIG. 5 is a rear view of the inflated blind of FIG. 2;
PAR  FIGS. 6A through 6H are a series of views in perspective depicting in
      sequential form the disassembly, deflation, folding and packing of a
      preferred blind of this invention;
PAR  FIG. 7A depicts an optional but preferred lifting attachment enabling the
      user to transport the blind while inflated, while FIG. 7B illustrates the
      use of this lifting attachment in this manner;
PAR  FIG. 8 is a view in perspective of an inflatable seat-forming member
      permanently connected to the inflatable body of the blind, a fragmentary
      portion of which is shown; and
PAR  FIG. 9 depicts an inflatable blind of a different configuration.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the Drawings wherein like reference characters denote
      corresponding parts among the several Figures, a preferred blind adapted
      for use on water as well as on land is composed of a flexible inflatable
      body designated generally by the numeral 10 and a seat-forming member
      designated generally by the numeral 30. In the form depicted in FIGS. 1-8
      body 10 is composed of an elongate inflatable tubular base member 12 and a
      plurality of inflatable pleated wall portions 14 extending outwardly
      (i.e., protruding) from one side of member 12, this side of course being
      the top of member 12 during use. There are enough such pleated wall
      portions 14 to coincide with the length of base member 12 so that when
      deflated (note FIG. 6B) body 10 is generally rectangular in configuration.
      A check valve 11 of the type commonly used on automotive and bicycle tires
      is suitably positioned on body 10 to facilitate inflation and deflation of
      the body. Body 10 is fabricated of an air-tight material, such as
      reinforced or unreinforced natural or synthetic rubbers or plastics, which
      is sufficiently flexible as to enable the body to be folded several times
      upon itself when deflated (note FIGS. 6B, 6C, 6D and 6E) to facilitate its
      packing, transport and storage. In addition, body 10 when inflated is
      sufficiently flexible and so designed and constructed that its two ends
      13, 13 can be brought together to circumscribe an area or zone for
      occupation by the user. As best seen in FIG. 2 base member 12 is
      preferably made such that when ends 13, 13 are joined together the central
      segment 15 of member 12 remains essentially linear for a distance
      corresponding to the desired width of the blind (e.g., about 3 to 4 feet)
      and at the ends of segment 15 member 12 bends forwardly at substantially
      right angles to furnish a pair of generally parallel lateral segments 16,
      16. This forward bending may be facilitated by furnishing crease lines 17,
      17 on the inner sides of member 12 between segment 15 and segments 16, 16.
      Additionally, the forwardmost segments 18, 18 of member 12 are preferably
      arcuate in configuration when inflated (note FIG. 2) so that ends 13, 13
      can more readily be brought together to furnish the enclosed zone of
      concealment for the user. If desired, reinforcing means (not shown) may be
      provided to assist in maintaining the desired configuration of member 12
      during inflation and use. Joining straps 19 serve as means for detachably
      connecting together ends 13, 13.
PAR  As can be seen from the Figures, member 12 lies generally in a single plane
      when inflated.
PAR  To form the pleats in the pleated wall portions 14, conventional
      manufacturing techniques may be employed, such as use of heat sealing,
      adhesives, stitching or the like. Naturally the method selected will take
      into consideration the need to keep the device air-tight.
PAR  Pleated wall portions 14 may be in direct open interior connection with
      base member 12 so that the entire body 10 may be inflated and deflated by
      passage of air through a single valve 11. Alternatively, pleated wall
      portions 14 may be inflatably interconnected with each other and
      physically connected to but not inflatably connected with member 12. In
      this case the pleated wall portions as a group and the inflatable base
      member as a unit are separately inflated and deflated, and of course two
      or more valves 11 are suitably positioned on body 10 to make this
      possible. Heat sealing, stitching, use of adhesives, or combinations of
      these or other common techniques may be used in joining and securing wall
      portions 14 to base member 12 during manufacture of the device. If
      desired, body 10 may be fabricated as a one-piece unitary structure rather
      than by joining the wall and base members during manufacture although as a
      rule the latter technique tends to be less expensive and more convenient.
      Irrespective of the manufacturing or fabricating techniques used, the wall
      portions 14 and base member 12--which itself may be made up of separately
      inflatable segments linked together, if desired--are air-tight so that
      they may be inflated during use, and are flexible and foldable so that
      they may be joined together at ends 13, 13 during use and deflated and
      folded into a compact package for transport and storage.
PAR  As best seen in FIG. 2 pleated wall portions 14 are preferably thinner in
      cross section when inflated than the diameter of the inflated base member
      12. To insure adequate buoyancy during usage on water, base member 12 when
      inflated preferably has a diameter in the order of 5 to 7 inches and an
      over-all length (i.e., from end 13 to end 13) of at least about 10 feet
      and most preferably at least about 12 feet, although, of course, other
      suitable dimensions may be used. The height of the device when inflated
      may likewise be varied although in general a height of 3 to 5 feet is
      normally adequate.
PAR  As illustrated in FIG. 1, camouflage painting or decalcomania may be
      affixed to the exterior of body 10. If desired, pockets or loops (not
      shown) may be furnished on body 10 to receive and hold pieces of
      underbrush, swamp grass or other plant life available at the site of usage
      to further assist in camouflaging the device.
PAR  Seat-forming member 30 in the form depicted is an inflatable body long
      enough to extend across the lower interior of body 10 and sized so that
      when inflated it fits within and occupies the area defined by segment 15
      and the rearward portions of segments 16, 16 of the inflated base member
      12. Member 30 is supported in place by means of one or more support straps
      20 connected to member 30 at appropriate locations and fastened by means
      of snap fasteners 21 to matching snap fasteners secured to the interior of
      base member 12 by means of tabs 22. In addition, member 30 may be
      detachably connected to the lower interior of body 10 by means of
      additional suitably positioned snap fasteners and tabs (not shown). Anchor
      ties 23 attached to the exterior of base member 12 enable the blind to be
      tied to a tree, a post or other suitable anchoring means to prevent the
      blind from drifting in water.
PAR  One or more supports 24 may be furnished on the interior walls of body 10
      to support equipment of the user.
PAR  In the preferred form as depicted in FIG. 8, member 30 is composed of an
      inflatable rectangular cushion in which a pouch is formed when the cushion
      has been deflated and the blind is being packed up for storage or
      transportation. In this form the volume of the cushion when fully inflated
      is at least approximately twice the size of body 10 when body 10 has been
      deflated and suitably folded. Note in this connection the sequence of
      operations depicted in FIGS. 6A through 6H. Once deflated body 10 has been
      folded up into a small bundle such as shown in FIG. 6F, the bundle is
      pushed against backwall 31 of the cushion (note FIG. 8) whereby the walls
      of the back half of the cushion (i.e., the half under flap 33 in FIG. 8)
      are pushed into the other half of the deflated cushion so that a double
      walled pouch is formed which contains the bundle. Flap 33 is then secured
      over the opening in the pouch by means of straps 34, 34 and buckles 35,
      35, which buckles do not appear in FIG. 8 as they are on the underside of
      member 30, but which are shown in FIG. 6H. It will of course be understood
      that the system in which the pouch is formed in the deflated cushion
      during the packing operation just described is applicable whether or not
      the cushion is permanently attached to the body. It will be seen that FIG.
      8 depicts the particularly preferred construction wherein member 30 has a
      permanent connection to body 10 so that the over-all device is an
      essentially one-piece unitary structure. In particular, cushion 30 is
      connected to a segment of tubular base member 12 (preferably segment 15)
      along the back edge of the cushion toward which the pouch opens. As
      previously explained, cushion 30 is also detachably connectable to base
      member 12 by means of one or more support straps 20 connected to cushion
      30 at suitable locations, e.g., its bottom face, straps 20 carrying snap
      fasteners 21 matching with snap fasteners carried on tabs 22 affixed to
      member 12 at appropriate locations. It will of course be understood that
      the matching snap fasteners are composed respectively of a male member and
      a female member sized to effect a tight detachable connection when snapped
      together, these and other suitable detachable fasteners being well-known
      to the art.
PAR  Instead of permanently connecting cushion 30 to body 10 as explained in the
      preceding paragraph, another highly preferred embodiment of this invention
      involves rendering these two members detachably attachable to each other
      such as by means of a suitable number of support straps 20 carrying snap
      fasteners 21 matching with snap fasteners carried on tabs 22 affixed at
      proper load-distributing portions of member 12 or by means of other
      appropriate disconnectable connection means. In this case the over-all
      unitary system is composed essentially of a two-piece structure, the
      inflatable body 10 and the seat-forming member 30 which preferably is also
      inflatable. In this embodiment, it is preferred that body 10 and member 30
      when inflatable each be supplied with suitably placed valves so that they
      can be separately inflated and deflated.
PAR  In the particularly preferred embodiment wherein there is a permanent
      connection between member 30 and body 10, each of these connected parts
      may be equipped with suitably placed valves so that they can be separately
      inflated and deflated. Alternatively, member 30 and body 10 may be
      inflatably connected to each other by means of tubing or other air
      passageways (not shown) so that the unitary essentially one-piece system
      may be inflated and deflated by means of a single valve.
PAR  Instead of employing an inflatable cushion in which a pouch is formed
      during the folding and packing operation as previously explained in
      connection with FIG. 8, an inflatable cushion with a permanent pouch may
      be used. In this case there is provided a pouch covering essentially the
      entire upper or lower face of member 30, which pouch opens toward the rear
      of the cushion. This enables the folded bundle to be pushed into the
      pouch. Flap 33 is attached to the outside of member 30 and is positioned
      so as to cover the opening in the pouch thereof. Once again, fastening is
      readily effected by means of suitably positioned straps 34, 34 and buckles
      35, 35. Such permanent pouches may be used with either the essentially
      one-piece unitary structures or the essentially two-piece unitary
      structures.
PAR  It will be noted that in each of the foregoing embodiments body 10 and
      member 30 function in concert to provide a comfortable buoyant support for
      the user enabling him to conceal himself from view whether on land or on
      water. It will also be noted that the preferred construction depicted in
      FIGS. 1-8 enables body 10 and member 30 to work in unison to distribute
      the user's weight over a large zone comprising base member 12 and cushion
      30.
PAR  From FIGS. 6A through 6H it can be seen that to disassemble the device
      after use, joining straps 19 and support straps 20 are disconnected, the
      air is released from body 10 and member 30, deflated body 10 is folded
      several times into a compact bundle which is inserted into the pouch of
      member 30 and flap 33 is detachably secured in place by means of straps 34
      and buckles 35. It will of course be self-evident that to assemble the
      device for use, the procedure just described is reversed by proceeding
      through the sequence of FIG. 6H through 6A, unfolding the body instead of
      folding it, inflating it instead of deflating it, and connecting the
      straps 19, 20 instead of disconnecting them.
PAR  FIG. 9 illustrates the fact that the blinds of this invention can be
      furnished in a variety of configurations. In FIG. 9 the inflatable body
      providing the concealment enclosure is shaped to resemble a tree stump. As
      in the case of the embodiments previously described the seat member having
      the pouch therein is positioned within the interior of the inflated blind
      for use by the occupant. It will be appreciated that the embodiment of
      FIG. 9 is designed primarily for use on land. Accordingly, there is no
      need in this embodiment to furnish connections between the inflatable
      cushion--these two members are preferably furnished as separate,
      independently inflatable parts, the pouch in the cushion of course being
      large enough to accommodate the folded, deflated body.
PAR  Referring now primarily to FIGS. 7A and 7B another preferred embodiment of
      this invention involves providing belt 25 which is secured around the
      user's waist. Lines 26 which are carried on belt 25 have spring clips 27
      or other suitable attaching means which can be fastened to tabs 28
      suitably positioned on the interior of body 10 (note FIG. 2). This enables
      the user to stand erect and walk about on land or in shallow water with
      unobstructed view while carrying the inflated blind with him (note FIG.
      7B).
PAR  It will thus be readily apparent that the preferred device of this
      invention is entirely self-contained, i.e., there are no unnecessary extra
      parts used for storing or carrying the blind. That is to say, the
      seat-forming member also serves as a means for packaging and carrying the
      inflatable body as well as the optional belt and carrying means depicted
      in FIGS. 7A and 7B. This feature reduces the likelihood of components
      being mislaid or lost during storage or use. In fact, the most preferred
      blinds of this invention involve one- or two-piece unitary structures.
      And, in addition the inflatable body and the inflatable seat-forming means
      work together during use to enhance the buoyancy of the over-all system on
      water when supporting the weight of the user and his equipment.
PAR  It will now be obvious to one skilled in the art that various changes may
      be made in the invention without departing from its true spirit and scope.
      Accordingly, this invention is not intended to be unduly limited by that
      which is illustrated in the Drawings and described in the specification.
CLMS
STM  I claim:
NUM  1.
PAR  1. An inflatable blind comprising
PA1  1. an inflatable seat-forming member of sufficient flexibility such that
      when in deflated condition it can be manually depressed into itself to
      thereby form a double-walled pouch,
PA1  2. a flexible inflatable body for use with said seat-forming member and
      adapted when deflated and folded to fit within said pouch and when
      inflated to furnish around said member an upstanding wall affording
      concealment for the user, and
PA1  3. means connecting and supporting said member across the lower interior of
      the inflated body.
NUM  2.
PAR  2. The device of claim 1 wherein said body includes an elongate inflatable
      tubular base member from which the inflatable wall extends.
NUM  3.
PAR  3. The device of claim 1 wherein said seat-forming member has a permanent
      connection to said body so that the device is an essentially one-piece
      unitary structure.
NUM  4.
PAR  4. The device of claim 1 wherein said seat-forming member is detachably
      connected to said body so that the device is an essentially two-piece
      structure.
NUM  5.
PAR  5. The device of claim 1 wherein said seat-forming member has a permanent
      connection to said body along the back edge of said member toward which
      the pouch when formed opens, and wherein said member is detachably
      connectable to said body in the vicinity of the sides of the member.
NUM  6.
PAR  6. The device of claim 1 wherein said body includes an inflatable tubular
      base member and a plurality of inflatable pleated wall portions extending
      from one side and being disposed along substantially the entire length of
      said base member, said body when inflated being bendable so that its two
      ends can be brought together to circumscribe a zone of concealment, and
      wherein said device includes means for detachably connecting together said
      two ends of said body to maintain said zone of concealment.
NUM  7.
PAR  7. The device of claim 1 further including means adapted to be secured on
      the torso of the user for supporting the device when inflated above ground
      level and below eye level of the user.
NUM  8.
PAR  8. A unitary inflatable blind adapted for use on land and on water which
      comprises
PA1  1. an inflatable seat-forming cushion having a pouch aligned on one face
      thereof;
PA1  2. a flexible inflatable body comprising an elongate inflatable tubular
      base member and a plurality of inflatable pleated wall portions extending
      from one side of said base member and being disposed along substantially
      the entire length of said base member, said body being adapted:
PA2  a. when deflated to be foldable upon itself into compact form to fit within
      said pouch, and
PA2  b. when inflated to be bendable so that its two ends can be brought
      together with the wall portions extending upwardly from said base member
      to circumscribe a zone of concealment;
PA1  3. means connecting and supporting said cushion across the lower interior
      of the inflated body; and
PA1  4. means detachably connecting together said two ends of said body to
      maintain said zone of concealment;
PAL  said cushion having a permanent connection to said body so that the device
      is an essentially one-piece structure.
NUM  9.
PAR  9. The device of claim 8 wherein said cushion is detachably connectable to
      said body in the vicinity of the sides of the cushion.
NUM  10.
PAR  10. The device of claim 8 wherein said cushion has a permanent connection
      to said tubular base member along the back edge of said cushion toward
      which the pouch opens, said connection involving a segment of said base
      member intermediate the ends thereof, and wherein said cushion is
      detachably connectable to said base member in the vicinity of the sides of
      the cushion, said detachable connections involving portions of said base
      member closer to the ends thereof than said segment.
NUM  11.
PAR  11. The device of claim 8 wherein said cushion and said body are separately
      inflatable and deflatable.
NUM  12.
PAR  12. The device of claim 8 wherein said cushion and said body are inflatably
      interconnected so that they are inflatable and deflatable in unison.
NUM  13.
PAR  13. The device of claim 8 further including means adapted to be secured on
      the torso of the user for supporting the device when inflated above ground
      level and below eye level of the user.
NUM  14.
PAR  14. The device of claim 8 wherein said seat-forming cushion further
      includes a flap adapted to be detachably secured over the opening in said
      pouch when said body folded into compact form is contained within said
      pouch.
NUM  15.
PAR  15. A unitary inflatable blind adapted for use on land and on water which
      comprises
PA1  1. an inflatable seat-forming cushion having a flap aligned on one face
      thereof, the cushion when deflated being sufficiently flexible so that
      essentially one-half of the cushion can be manually depressed into the
      other half thereof to thereby form a double-walled pouch, the opening in
      the pouch so-formed being coverable by said flap;
PA1  2. a flexible inflatable body comprising an elongate inflatable tubular
      base member and a plurality of inflatable pleated wall portions extending
      from one side of said base member and being disposed along substantially
      the entire length of said base member, said body being adapted:
PA2  a. when deflated to be foldable upon itself into compact form to fit within
      said pouch, and
PA2  b. when inflated to be bendable so that its two ends can be brought
      together with the wall portions extending upwardly from said base member
      to circumscribe a zone of concealment;
PA1  3. means connecting and supporting said cushion across the lower interior
      of the inflated body; and
PAR  4. means detachably connecting together said two ends of said body to
      maintain said zone of concealment.
NUM  16.
PAR  16. The device of claim 15 wherein said cushion has a permanent connection
      to said body so that the device is an essentially one-piece structure.
NUM  17.
PAR  17. The device of claim 15 wherein said cushion is detachably connectable
      to said body so that the device is an essentially two-piece structure.
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ABST
PAL  This invention relates to a fish lure which emits light having a peak wave
      length in the range from about 4500 A to 5000 A. The lure comprises a
      light source such as a luminescent material comprising a phosphor such as
      zinc sulfide, an extender such as magnesium carbonate and a suspending
      agent such as silica and zinc palmitate and a carrier for the luminescent
      material such as a transparent or translucent plastic. The invention also
      relates to a method of fishing comprising displaying the above described
      lure in the presence of a means for catching fish.
BSUM
PAR  This invention relates to methods for harvesting fish and means for
      carrying out the harvesting. Fish harvesting methods vary widely from the
      use of spears to the use of hooks, nets, traps, or pumps. The basis for
      success in each of these methods is locating or attracting the fish to the
      device used for capture. Bait in one form or another is used to cause the
      aquatic animal to move toward or strike the entrapping device. Various
      types of lures including chemical attractants, live bait, sound projectors
      and light reflectors or projectors.
PAR  Luminous fish lures have been proposed. In U.S. Pat. No. 2,303,097 it is
      suggested that a luminous material be mixed with a molding compound and
      that the mixture be molded into the form of a bait. Luminescent lures have
      been made from materials which emit bright colors such as red and yellow
      which have wave lengths of about 6000 A or more. Thus, in U.S. Pat. No.
      2,691,839 it is indicated that the luminescent lure described there should
      emit orange or yellow which is highly attractive to fish.
PAR  The luminescent lures which have been in existence have failed to exhibit a
      significantly greater attractiveness to fish than other lures available.
      Furthermore, a disadvantage of the luminescent lures presently available
      is that they have a relatively short life. Thus, it has been ovserved that
      the intensity of light emitted decreases rapidly with use and that the
      lure quickly loses its effectiveness.
PAR  It is thus desired to provide a luminescent lure which is highly attractive
      to fish and which has a long life at a relatively high intensity of
      emitted light.
DETD
PAR  According to the present invention, it has been found that the lures of
      this invention having a peak wave length of emitted light in the range
      from about 4500 A to about 5000 A are extremely effective and surprisingly
      many times more effective than luminescent lures having peak emissions at
      other wave lengths.
PAR  The lures of the present invention also emit light of a sufficiently high
      intensity to lure and attract fish for a much longer time than previously
      available luminescent lures.
PAR  The lures of this invention thus provide a method of fishing comprising
      attracting fish with the lures and then catching the fish with some
      catching means.
PAR  The lures of this invention may include light sources such as lamps or
      luminescent material. Luminous lures of this invention may have any
      desired size and shape. Thus, any lure could be made from luminescent
      material in accordance with this invention. The lure may be in the form of
      a fish or some other type of sea animal. Further, the lure may be in a
      shape which represents or suggests a sea animal. A particularly suitable
      design for the lures of this invention comprises a hollow cylindrical body
      with long strands projecting from one end of the body. The cylindrical
      body and/or the projecting strands may be made from luminescent material
      in accordance with this invention. The lures may also be in any desired
      geometric shape such as squares, discs, triangles, balls, etc.
PAR  The luminescent material comprises three major components. The first is a
      phosphor having a peak wave length in the range of 4500 A to 5000 A,
      preferably from about 4600 A to 4900 A. Any suitable phosphor material
      emitting light in this range may be used. An example of a suitable
      phosphor is zinc sulfide. However, any of the typical phosphors such as
      divalent metal salts, e.g., zinc, beryllium, etc., salt of silicates,
      borates, sulfides, phosphates, tungstenates, etc. may be used. The
      phosphor when mixed with a plastic is used in a concentration of up to
      about 25 percent by weight and preferably up to about 10 percent by weight
      based upon the weight of the plastic.
PAR  The second component is an extender. Any suitable extender may be used. It
      has been found that magnesium carbonate is a particularly suitable
      material which will not adversely react with the phosphor material and
      also provides for increased luminescent life of the mixture. The weight
      ratio of magnesium carbonate to phosphor should be in the range from about
      1:1 to about 4:1.
PAR  The third component of the luminescent material is a suspending agent such
      as silica and zinc palmitate. The suspending agents tend to keep the
      luminescent material uniformly distributed in the plastic. The ratio of
      the suspending agent to phosphor should be from about 1:10 to about 1:4.
      Both silica and zinc palmitate act as extenders also and may be used in
      place of magnesium carbonate.
PAR  The luminescent material can be incorporated into the lure in any suitable
      manner. Thus, for example, a capsule of the phosphor material may be
      placed inside a lure of the desired shape. Of course, the capsule and lure
      are preferably transparent or translucent so that the emitted light can be
      seen. The preferred way of incorporating the luminescent material into a
      lure is to disperse it in a plastic material and then mold the plastic
      material into the desired shape or form. Any suitable material which is
      compatible with the luminescent material may be used. Preferably the
      plastic is transparent or translucent so that a large portion of the
      emitted light can be seen. Suitable plastics are commercially available
      molding powders such as methyl methacrylate, polystyrene, cellulose
      acetate, urea formaldehyde, phenol formaldehyde, polyolefins such as
      polyethylene and polypropylene, polyvinylchloride, teflon, polyamides,
      etc.
PAR  The lures of this invention have a stable composition, are rapidly
      activated by incident light and yield a prolonged emission at relatively
      high intensities at a wave length of about 4500 A to about 5000 A.
PAR  The lure may be used in conjunction with a hook. The lure may tend to hide
      the hook and/or attract the fish to the hook. Further, the lure may simply
      be an object which attracts fish to the hook net trap or other catching
      means. In general, any method of attracting fish to a catching means
      through the use of the lure is within the scope of the method of this
      invention. As an example, the lure of the invention may be used for tuna
      fishing in the following manner.
PAR  Normally, fishing for tuna involves locating schools by visual observation
      from search aircraft, noting the behavior of certain fishing birds or
      direct observation of water turbulence by feeding schools. Once located,
      fresh live bait is distributed within easy distance from the known
      position of the eating school. When the school begins actively eating upon
      the bait, catching begins using barbless hooks, covered with reflective
      pieces or shreds. Feeding frenzies last for variable lengths of time but
      once this behavior ceases the catch rate declines rapidly.
PAR  The procedure using luminescent lures according to this invention changes
      the sequence of locating and catching and increases the total catch for
      the same vessel manifold. The system (1) attracts the school when visual
      sighting is unlikely, (2) attracts the school more readily when the vessel
      is approaching or following visual sightings, (3) increases the catch rate
      during the feeding frenzy, and (4) extends the period of catch during the
      declining phase of the feeding frenzy. The system is as follows:
PAR  A trolling line, used to raise schools, consists of a lead-weighted
      luminous head of about 1 to 3 inches in length weighing from about 1/4 to
      1 pound. Attached to the lure is a luminescent shredded sheet providing a
      trailing skirt hanging in length from about 2 to 10 inches depending upon
      the location of the hook or hooks. This lure will attract schools both
      horizontally and vertically from distances of up to 1,000 feet, depending
      on the clarity of the water and the intensity of ambient lighting.
PAR  When the fish rise, the boat is stopped and conventional live bait or chum
      is cast into the region of the school to hold its position.
PAR  Catching may be accomplished by the pole method using barbless hooks
      covered with luminescent tubing, sheeting or tape fashioned into small,
      squid-shaped skirts of 1 to 4 inches overall length depending on the size
      of the hook.
PAR  It should be understood that instead of trolling, the luminescent lures may
      be stationary. Further, the lures may be placed inside stationary or
      moving nets or traps.
PAR  An important feature of the lures of this invention is their ability to
      emit light over a prolonged period. Thus, unlike prior art lures, the
      present lures emit light at a high intensity for a full fishing cycle
      which may be a period of several hours.
PAR  In addition to luminescent lures of the type described, any other source of
      light such as a lamp or luminescent point having a peak wave length in the
      range of 4500 A to 5000 A may be used according to this invention.
PAR  The reason for the attractiveness of the lures of this invention is not
      fully understood. It is believed that the visual attraction is an
      important factor but it may not be the only mechanism of attraction.
PAR  It should be understood that the foregoing examples are merely illustrative
      of the invention and that the scope of the invention is limited only by
      the scope of the appended claims. For example the ratio of phosphor,
      extender and suspending agent may be varied to obtain the desired lure.
      Also, the amount of luminescent material in the plastic can be varied to
      obtain the desired intensity of luminescence.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of fishing comprising attracting fish with light having a peak
      wave length in the range of from 4500 A to 5000 A and catching said fish
      with a catching means, said light being emitted from a luminescent
      material comprising a phosphor, an extender capable of extending the
      emitting life of the phosphor and a suspending agent capable of suspending
      the phosphor in a plastic material, the weight ratio of the extender to
      the phosphor being in the ratio of from about 1:1 to about 4:1 and the
      ratio of the suspending agent to the phosphor being in the range of about
      1:10 to 1:4.
NUM  2.
PAR  2. The method of claim 1 wherein said catching means comprises a hook
      attached to said lure.
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ABST
PAL  Fly fishing apparatus including a double-ended special connector having
      horizontal and vertical eyes at each end between the fishing line and a
      leader connected to a fishing hook also having a horizontal and vertical
      eye whereby the cutting of lines and tieing of knots is eliminated. In
      modifications the upper end of the double-ended special connector is
      provided with a horizontal eye only for receiving the knob of a plastic
      fishing line resulting from the application of heat or for receiving the
      fishing line with a knot therein.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention provides a double-ended special connector whereby fly
      fishing lines and fly fishing hooks with leaders may be rapidly connected
      and disconnected without the cutting of lines or tieing of knots except in
      modifications where this may be necessary only with the line to the rod.
      The cutting of the line to the rod would seldom be necessary in any event
      as the leader and hook with fly may be exchanged without removal of the
      line to the rod. While a conventional hook may be used this invention
      provides a hook with a horizontal and vertical eye similar to that
      disclosed for the special connector. The apparatus provides a solution to
      hitherto unsolved problems regarding fly fishing.
PAR  The primary object of the invention is the provision of a double-ended
      special connector whereby the rapid exchange of fishing apparatus is
      facilitated.
PAR  Another object is to provide such a double-ended special connector with a
      modified upper end so as to cooperate with a fishing line knob or knot;
DRWD
PAR  Further objects and advantages will clearly appear from a description of
      preferred embodiments as shown in the accompanying drawing, in which:
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
PAR  FIG. 1 shows the special double-ended connector with fishing line, leader,
      and fly hook connected thereto;
PAR  FIG. 2 is similar to FIG. 1 wherein the upper eye is reversed and also
      shows how the fly rod fishing line is attached to the double-ended
      connector;
PAR  FIG. 3 depicts a modification of the double-ended connector and also shows
      how the leader is connected to the hook; and
PAR  FIG. 4 illustrates another modification of the double-ended connector and
      also shows a step in attaching the leader to the special connector.
DETD
PAC  DETAILED DESCRIPTION
PAR  It will be understood that some of the elements are exaggerated in the
      drawing for the purpose of illustration as most parts associated with fly
      fishing apparatus are quite small. Further, the several views are somewhat
      pictorial for simplicity as conventional side and top views would not
      adequately disclose the invention.
PAR  Turning now to the drawing, FIG. 1 shows the double-ended special connector
      with fly rod fishing line and leader and hook attached. The numeral 1
      generally indicates the fly fishing apparatus. The fly fishing line 2 from
      the rod is provided with a loop 3 with the manner of connection to the
      connector being described with regard to FIG. 2. The special connector has
      a central shank 4 connected to an upper vertical eye 7 which in turn is
      connected to an upper horizontal eye 5 encircling the central shank 4 and
      having an end 6. A lower vertical eye 8 is connected to the central shank
      4 and also to a lower horizontal eye 9 having an end 10 which may complete
      the lower horizontal eye by having a brasing material 11 filling the gap.
      A brazing material may also be used to fill similar gaps in the remaining
      figures when the special connector is produced by wire bending rather than
      by a method that produces an integral joint. The upper vertical and
      horizontal eye members are normally slightly larger than the lower
      counterparts since the fly fishing line is usually somewhat larger in
      diameter than the leader 12. The leader is provided with an upper leader
      eye or loop 13 and a lower leader loop 14 enlarged sufficiently to permit
      engagement with the lower vertical eye of the special connector and with
      the vertical eye 18 of the fishhook having a point 16 and shank 15 with
      protuberances 17 to aid in preventing the fly material from rotating. The
      vertical eye 18 on shank 15 is connected to a horizontal eye 19 that
      encircles the shank 15.
PAR  With this arrangement the necessity of tieing the leader to the fly and the
      cutting of the leader to change to another fly is avoided, thus saving
      time and leader material. The same advantages are obtained when it becomes
      desirable to change leaders (lighter to heavier, or vice versa). The
      manner in which the line and the leader are connected to the special
      connector and to the fishhook will be described in conjunction with the
      description of the structure of the remaining figures.
PAR  The special connector of FIG. 2 is similar to that shown in FIG. 1 except
      that the upper horizontal eye is reversed as exemplary of all of the
      horizontal eyes in all of the figures since this feature is not critical.
      The central shank 20 extends upward to an upper vertical eye 22 which is
      connected to an upper horizontal eye 21 encircling the shank 20. The lower
      end of shank 20 extends to a lower vertical eye 23 which is connected to a
      lower horizontal eye 24 encircling the shank 20. The loop 26 in fly
      fishing line 25 is passed through the upper horizontal eye 21 adjacent the
      central shank 20 and over the lower horizontal eye 24 and lower vertical
      eye 23. A pull on the line 25 will place the loop in the position shown in
      FIG. 1. It will be apparent that the loop 26 could also be passed over the
      flyhook with leader (if in place as seen in FIG. 1) with the same result.
PAR  In the modification shown in FIG. 3 the upper vertical eye has been
      eliminated. Shank 30 culminates in upper horizontal eye 31 so that fly
      fishing line 32 from the reel may be passed through eye 31 and be retained
      therein by a knob 33 produced by the application of heat (melting) from a
      match or cigarette lighter when the fly fishing line is plastic or nylon
      as well known to fishermen. The lower end of shank 30 is provided with a
      vertical eye 34 which in turn is connected to a lower horizontal eye 35
      encircling the shank 30. The leader 36 is provided with an upper loop 37
      which is somewhat larger than the lower leader loop 38. The fishhook is
      provided with a shank 39 having fly material 41 (exemplary) and the usual
      point 40. The shank 39 is provided with an upper vertical eye 42 which is
      connected to an upper horizontal eye 43 encircling the shank 39. The
      leader 36 is connected to the hook by passing lower leader loop 38 through
      the upper horizontal eye 43 adjacent the shank 39 and over the point 40
      when a pull on the leader will place it in the position shown in FIG. 1.
PAR  Still another modification is illustrated in FIG. 4 wherein the shank 45 is
      provided with an upper horizontal eye 46 and with an outward bend 47 in
      the shank 45. The bend 47 is desirable to accommodate the knot 49 in fly
      fishing line 48 so that the entire assembly has a straight in-line pull.
      The shank 45 has a lower vertical eye 50 which culminates in lower
      horizontal eye 51 encircling the shank 45. The leader 52 is provided with
      an upper leader loop 53 which may be slightly larger than the lower leader
      loop 54. Without the hook on the leader, the leader 52 may be attached to
      the special connector with or without the fly fishing line 48 in place.
      The upper leader loop 53 is passed over the lower horizontal eye 51
      adjacent the shank 45 (as in FIG. 4), and then the lower leader loop 54 is
      passed through the lower horizontal eye 51. A pull on the leader will
      cause the leader to assume the position shown in FIG. 1. It will now be
      apparent that the leader 51 may be connected to the special connector with
      or without the line 48 being present, but the flyhook must be attached as
      a last operation as described with reference to FIG. 3. While a special
      fishhook has been disclosed it will be apparent that an ordinary fishhook
      could be utilized provided the hook eye is large enough to pass the lower
      leader loop 54.
PAR  In summary it will be apparent that fly fishing apparatus including a
      special connector has been provided wherein no cutting or tieing of the
      leader with hook is involved in all figures whereby the flyhook may be
      rapidly exchanged in less time and with minimum difficulty. While tieing
      or cutting of the fly fishing line in FIGS. 3-4 may occasionally be
      necessary this too is eliminated in FIGS. 1-2.
PAR  While for purposes of description I have shown and described specific
      embodiments of my invention, it will be apparent that changes and
      modifications can be made therein without departing from the spirit of my
      invention or the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Fly fishing apparatus comprising a double-ended special connector, said
      connector including a central shank, a lower vertical eye connected to
      said central shank, a lower horizontal eye closing upon itself connected
      to said lower vertical eye and encircling said central shank, a first
      means on the upper end of said central shank for receiving a fly fishing
      line, a leader, an upper enlarged loop on said leader for engagement with
      said lower vertical eye, a lower enlarged loop on said leader, and a
      second fishing implement means connected to said leader lower enlarged
      loop, said lower horizontal eye having substantial diameter relative to
      said central shank so as to provide sufficient space to pass said upper
      enlarged loop on said leader.
NUM  2.
PAR  2. Fly fishing apparatus according to claim 1 wherein said lower horizontal
      eye closing upon itself includes brazing material to effect the closing.
NUM  3.
PAR  3. Fly fishing apparatus according to claim 1 wherein said second fishing
      implement means includes a fly fishhook.
NUM  4.
PAR  4. Fly fishing apparatus according to claim 1 wherein said first means on
      the upper end of said central shank includes a horizontal eye closing upon
      itself connected to said central shank for receiving and retaining a knob
      on said fly fishing line produced by heat.
NUM  5.
PAR  5. Fly fishing apparatus according to claim 1 wherein said first means on
      the upper end of said central shank includes an upper horizontal eye
      closing upon itself connected to said central shank, said central shank
      having an outward bend adjacent said upper horizontal eye whereby said
      outward bend accommodates a knot in said fly fishing line for retaining
      said fly fishing line in a straight-line pull relationship with respect to
      said upper horizontal eye on said special connector.
NUM  6.
PAR  6. Fly fishing apparatus according to claim 1 wherein said first means
      includes an upper vertical eye connected to said central shank for
      receiving an enlarged loop in said fishing line, and an upper horizontal
      eye closing upon itself connected to said upper vertical eye and
      encircling said central shank providing sufficent space relative to said
      central shank to pass a loop in said fly fishing line.
NUM  7.
PAR  7. Fly fishing apparatus comprising a double-ended special connector, said
      connector including a central shank, a lower vertical eye connected to
      said central shank, a lower horizontal eye closing upon itself connected
      to said lower vertical eye and encircling said central shank, a first
      means on the upper end of said central shank for receiving a fly fishing
      line, a leader, an upper enlarged loop on said leader for engagement with
      said lower vertical eye, a lower enlarged loop on said leader, said lower
      horizontal eye having substantial diameter relative to said central shank
      so as to provide sufficient space to pass said upper enlarged loop on said
      leader, and a second fishing implement means including a fly fishhook
      connected to said leader lower enlarged loop, said fly fishhook comprising
      a shank, anti-rotational fly material protuberances on said shank, a
      vertical eye connected to said fly fishhook shank for receiving said lower
      enlarged loop on said leader, a horizontal eye connected to said fishhook
      vertical eye and encircling said fishhook shank providing sufficient space
      relative to said fishhook shank to pass said lower enlarged loop on said
      leader.
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ABST
PAL  An animal trap for small animals, such as mice, rats, squirrels, and the
      like, the trap includes an enclosure over which is arranged a bait
      compartment with two oppositely-facing tilting bottom panels, each panel
      being mounted on a pivot in the bait compartment with a base edge having a
      counterweight, a magnetic means, and a spring mechanism on one side of the
      pivot positioned proximate to the pivot and with a facing distal edge on
      an opposite side of the pivot and spaced from the pivot. Two ramps
      arranged on opposite sides of the bait compartment lead from a ground
      surface to the base edges of the tilting bottom panels to provide an
      apparent continuous passage through the animal trap. The counterweights
      balance the panels, the magnetic means is adapted to retain the panels in
      a horizontal position with a predetermined force, and the spring mechanism
      is constructed to return the panels to the horizontal position after
      tilting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The animal trap of this invention is of the trapdoor type and is designed
      to entrap small animals, such as rodents, in an enclosure by utilizing the
      weight of the animals to activate a tilting bottom panel in a bait
      compartment arranged over the enclosure. While the construction and design
      of the trap are suitable for a wide variety of small animals, it is
      contemplated that the dimensions and forces required for operation of the
      trap are alterable according to the particular animal sought to be
      trapped. For example, the equipment necessary to capture small mice
      weighing 6 to 8 grams will necessarily be of a smaller scale than that
      suitable for capturing large rats weighing 1 to 2 pounds.
PAR  While trapdoor type animal traps are old in the art, it has been found that
      conventional counterbalanced tilting panels lack the necessary sensitivity
      to be fully effective in preventing occasional escape once a rodent senses
      a tilting of the platform. In general, a counterweight customarily
      employed to return a platform to its original horizontal position
      generally provides too great an increment of leverage and occasionally
      permits a rodent to make his escape. The increment of imbalance necessary
      to effect a return is particularly significant for the lighter weight
      rodents and will sometimes exceed the moment of a lightweight rodent at
      the end of a platform, preventing the platform from tilting.
PAC  SUMMARY OF THE INVENTION
PAR  The invented animal trap is of the trapdoor type for capturing mice, rats,
      squirrels, and the like. The trap includes an enclosure over which is
      arranged an elongated bait compartment containing a food that preferably
      includes a highly aromatic substance, such as bits of bacon and grain, to
      lure the rodents to the trap. The bait compartment includes an apparent
      platform which is formed by two oppositely-facing tilting bottom panels
      mounted on pivots, enabling the panels to downwardly tilt into the
      enclosure. The panels are preferably rectangular with a smooth top surface
      to prevent the rodent from obtaining a foothold to make his escape. Each
      panel is supported on a pivot that is located both proximate to the end of
      the bait compartment and proximate to one end of the panel. The other end
      of each panel is distally spaced from the pivots and centrally located in
      the bait compartment such that the distal ends of the two oppositely
      arranged panels are mutually facing.
PAR  To achieve a sensitivity to even the weight of the lightest of rodents, an
      adjustable counterweight and a stationary counterweight are located under
      the base ends of the panels opposite the distal ends and as close to the
      point of pivot as possible. The counterweights are adjusted to balance the
      short length of panel between the pivot and the base end with the
      relatively long length of platform between the pivot and the distal end.
      To provide a minimal holding force for maintaining the panels in a
      preoperative horizontal position, a magnetic means, such as a small
      permanent magnet, is used in combination with magnetizable material; one
      of the elements being affixed to the underside of the base end of the
      panels and the other element being mounted in the bait compartment in
      juxtaposition to the other element when the panels are horizontally
      oriented. To minimize the holding force, a nonmagnetizable material may be
      interposed between the magnet and magnetized elements. For example, one or
      both of the elements may have a thin, stainless steel plate attached
      thereto. In achieving a balance or near balance in the panels, the
      magnetic elements on the panels are included in determining the ultimate
      weight of the counterweights. The magnetic means provides a holding force
      that allows a rodent to move substantially beyond the fulcrum or pivot
      point before the magnetic force is broken and the rodent tipped suddenly
      into the enclosure. Because the counterweights merely balance and do not
      provide any substantial return force necessary to return the panel to
      horizontal, the chances of recovery are greatly minimized. By positioning
      the counterweights as close to the pivot point as possible, the leverage
      or moment effect of the counterweights is substantially reduced during
      tilting since they are displaced partially up over the point of pivot,
      reducing the moment arm of the counterweight. The downward tilt is thus
      speeded by the increase in imbalance at the distal end of the panels.
      Because the counterweights in the preoperative position are positioned
      below the level of the pivot, the trap operates within a wide range of
      overall orientation making the trap fully operational on board ships. A
      spring device is utilized to "bounce" each panel back to its preoperative
      position. Since the spring device is not engaged until after the tilting
      of the panel has been initiated, it has no effect on the balance or near
      balance of the panels in the preoperative position.
PAR  The trap operates continuously; capturing numerous rodents without killing
      them, without resetting of the trap, and requiring only periodic attention
      to remove the captured rodents. The improved sensitivity of this trap
      enables the trap to be effective for rodents having a wide range of
      individual weights.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of the animal trap in collapsed position
      for convenient transport.
PAR  FIG. 2 is an elevational view, partly in cross section, of the animal trap
      in operational position.
PAR  FIG. 3 is a cross-sectional view taken on the lines 3--3 in FIG. 2.
PAR  FIG. 4 is a fragmentary cross-sectional view taken on the lines 4--4 in
      FIG. 3.
PAR  FIG. 5 is a cross-sectional view of a ramp taken on the lines 5--5 in FIG.
      2.
PAR  FIG. 6 is a cross-sectional view taken on the lines 6--6 in FIG. 2.
PAR  FIG. 7 is an elevational, cross-sectional view, partially fragmented,
      illustrating the operation of the animal trap.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the animal trap, designated generally by the reference
      numeral 10, is shown in a collapsed position suitable for storage or
      transport. The animal trap is formed with two main detachable sections: a
      bait compartment 12 and a box enclosure 14. The bait compartment 12 is
      mounted on top of the box enclosure 14 and secured thereto by an L-bracket
      16 on the underside of one end of the bait compartment 12, which engages a
      rim strip 18 at the top of one end of the box enclosure 14 and a
      spring-loaded finger latch 20 on the underside of the other end of the
      bait compartment 12. The finger latch 20 engages a second rim strip 22 at
      the top of the other end of the box enclosure 14 to releasably secure the
      bait compartment 12 to the box enclosure 14. By pressing an extension 24
      of the finger latch 20, the bait compartment can be disengaged and
      separated from the box enclosure 14; for example, when captured rodents in
      the box enclosure 14 are to be transferred to an exterminator, as
      described in our copending application entitled "A PORTABLE RODENT
      EXTERMINATOR," Ser. No. 525,658, filed on Nov. 20, 1974.
PAR  To easily detect the presence of captured rodents, the box enclosure 14 is
      provided with a clear viewing window 26 on the side of the enclosure. The
      viewing window is preferably a safety glass or clear plastic material to
      prevent accidental breakage. The viewing window also allows uncaptured
      rodents to be attracted by the captured rodents in the trap.
PAR  The bait compartment 12, as shown in FIG. 1, is formed with a pair of
      elongated horizontal side supports 28 (one visible in FIG. 1) which extend
      beyond the ends of the box enclosure when the bait compartment is mounted
      to the enclosure. At each end of the side supports is pivotally mounted a
      telescoping ramp 30, here shown collapsed and folded against a top plate
      32 joining two trapezoidal sidewalls 34 (one visible in FIG. 1).
PAR  Referring to FIG. 2, the ramps 30 can be pivoted and telescoped from the
      collapsed position, shown in FIG. 1, to the operable position, shown in
      FIG. 2. In this position, the distal ends of the ramps 30 rest on a ground
      surface common to the box enclosure 14. The opposite ends on which the
      ramp structures are pivoted are connected to the ends of the side supports
      28 by pins 38. To provide adequate traction for rodents and the like to
      ascend the ramps, the upper surface of each ramp includes a series of
      treads 40.
PAR  A cross-sectional detail of the ramps is shown in FIGS. 5 and 6. In FIG. 5,
      the upper section 42 of the ramp 30 is pivotally connected to the side
      supports by the pivot pins 38. This upper section 42 includes sides 44
      having elongated grooves 46 telescopically engaging the edges 48 of the
      lower section 50, as shown in FIG. 6. The lower section 50 is thus
      permitted to slide with respect to the upper section 42, providing access
      to the bait compartment from the ground surface. Preferably, the ramps are
      non-metallic and constructed of wood or heavy plastic since rodents are
      adversely sensitive to thin metal surfaces.
PAR  As shown in the cross-sectional portion of FIG. 2, the ramp 30 leads to a
      smooth, tilting bottom panel 52 in the bait compartment 12 which is
      connected to the side support 28 by pivot pins 54 arranged on each panel
      proximate to the ramp end. The pivot pins 54 are stainless steel to
      prevent corrosion. To balance the tilting bottom panel 52, a stationary
      counterweight 56 is provided on the underside of the panel 52 in an end
      bracket 57, enabling a major portion and the distal end of the panel 52 to
      extend over the box enclosure in a horizontal preoperative position. A
      second counterweight 55, which is adjustable, is arranged on the end
      bracket and is adjusted as described hereinafter. To retain the tilting
      bottom panel in the preoperative position, a magnetic element 58 is
      attached to the underside of the panel end on the end bracket 57, which
      engages a cooperating magnetic element 60 attached to a cross member 61 in
      the bait compartment. The magnetic elements 58 and 60 further comprise a
      stop to prevent movements of the panels from the preoperative position
      when pressure is applied to the panels at the ramp end. Preferably, the
      magnetic element 58 on the panel comprises a steel pad and the magnetic
      element 60 on the cross member comprises a permanent magnet having a
      pyrimidal cross section with a rounded top to provide a uniform and proper
      contact, even after long use and rough handling. For proper balance, the
      weight of the magnetic element 58 is included in the weight of the
      counterweights 55 and 56. To adjust the retaining force of the magnetic
      elements, the magnetizable element 58 includes a stainless steel plate 63.
      In this manner, a relatively weak holding force sufficient to retain the
      balanced bottom panel in the preoperative position is achieved, allowing a
      sudden release for even the lightest of rodents seeking bait in the bait
      compartment.
PAR  An accurate balance in the bottom panels is preferred for a most efficient
      operation of the trap. However, a very minimal imbalance in favor of the
      shorter distal end may be present. In this manner, a rodent that has
      passed the fulcrum point at the pivot pins 54 will suddenly plunge into
      the box enclosure when the weak magnetic retaining moment is exceeded. A
      rodent tilted into the enclosure is unable to recover because there is no
      assist from a substantial imbalance in the panel, customarily present in
      prior art devices, to return the panel to the preoperative position. In
      fact, the location of the counterweights causes any return force to
      diminish in effect as the platform tilts. To adjust the counterweights 55,
      the adjustment screws 62, pivotally attached to the end brackets 57 under
      the panel 52 and threadably engaged with the counterweights, are turned to
      displace the counterweights 55 forward or backward in the end brackets,
      thus altering the effective moment of the weights. In this manner, the
      sensitivity of the panels can be adjusted for larger or smaller rodents.
PAR  In the present embodiment, after tilting has been initiated, a spring
      mechanism 83 engages a tilted bottom panel to return the panel to the
      preoperative position, as described in greater detail with reference to
      FIG. 7.
PAR  With reference to FIG. 3, the interior of the bait compartment 12 and its
      arrangement over the box enclosure is illustrated. The side supports 28 of
      the bait compartment are L-shaped to provide a seat on the peripheral top
      rim of the box enclosure 14. The trapezoidal sidewalls 34 have a depending
      peripheral edge 64 which inserts within the box enclosure 14 to properly
      locate the bait compartment on the enclosure.
PAR  Mounted from the top center of one of the trapezoidal sidewalls 34 is a
      bait container 66. The container, which is also shown in FIG. 4, is formed
      with a backplate 68 bent over the top of the sidewall 34, forming a tab 70
      for removal of the container 66 from the compartment. The bottom of the
      backplate 68 is formed into a receptacle 72 and, against the backplate 68,
      is a storage tube 74 for depositing a quantity of bait into the receptacle
      72. To replenish the bait container or to remove stale bait, a sliding
      cover plate 76 is mounted against the top plate 32 of the bait compartment
      by a spring pin 78 which maintains the cover plate against the top plate
      but permits it to slide when manipulated by a tab 80 on the cover plate
      exposing an opening 82 in the top plate through which the bait container
      can be withdrawn.
PAR  Since the bait compartment is arranged with two opposite paths of access to
      the bait container, a rodent approaching the compartment from either of
      the opposite ramps will gain a sense of security when it perceives the
      apparent opposite means of escape through the bait compartment. The rodent
      will thus approach the balt container with less caution than if the
      container were located at the end of a dead-end passage.
PAR  Referring to FIG. 7, the spring mechanism 83 is arranged such that it is
      displaced from the panels and is engageable only after tilting has been
      initiated. The spring mechanism 83 includes a bracket 84 attached to one
      of the trapezoidal sidewalls 34, a plunger 86, and a small compression
      spring 88 contacting the bracket at one end and the plunger at the
      opposite end. A small rubber stop 90 provides a limit to the downward tilt
      of a panel. For example, referring to the downwardly tilting panel 52,
      schematically shown in FIG. 7, the plunger 86 is engaged with the top
      surface of the panel 52 and is retracted, compressing the spring 88 by
      action of the top surface of the panel against the end of the plunger.
      When the stop 90 is contacted by the top surface of the tilting panel 52,
      the panel has reached its maximum downward tilt and is subsequently
      returned by action of the potential energy stored in the compressed spring
      which expands the spring 88 after the rodent is deposited in the box
      enclosure. While the panels 52 are in both the preoperative position and
      the tilt position, a cross shield 89, arranged under the panels, prevents
      captured rodents from escaping under the panels.
PAR  When it is desired to empty the box enclosure of captured rodents, a slide
      plate 92, shown in FIG. 3, may be inserted through a slot 94 in the side
      of the box enclosure, shown also in FIG. 7. The slide plate 92 is
      positioned by guide rails 96 such that it encloses the lower portion of
      the box enclosure, thereby confining captured rodents when the bait
      compartment is removed from the enclosure. To prevent accidental opening
      of the slide plate 92, a spring-loaded finger latch 98 is mounted on the
      box enclosure. The finger latch 98 engages a tab 100 on the end of the
      slide plate, securing the plate in the enclosure. The slide plate 92 is
      connected to the box enclosure by a chain 99 to prevent its loss when not
      in use during active operation of the trap.
PAR  It is preferred that the captured rodents be maintained alive and
      annihilated in a cooperating auxiliary exterminator, as described and
      referenced hereinbefore.
PAR  The lower portion of the box enclosure preferably includes a liquid bottle
      102 mounted to the inside wall of the enclosure by a bracket 104 and
      includes food 106, as shown in FIG. 1, in order that captured rodents do
      not become distressed and signal other rodents, preventing them from
      approaching the trap. Flea powder may be added to the box enclosure to
      kill fleas on the captured rodents. Both the captured, live rodents and
      collected fleas are contained in the enclosure for subsequent disposal or
      laboratory examination. Additionally, it is preferred that the trap be
      painted a dull, neutral color which rodents appear to prefer. Since the
      operation of the trap is virtually noiseless, rodents continuously
      approach the trap without fear and, as noted, may be attracted by seeing
      already captured rodents through the viewing window.
PAR  The trap is designed to operate effectively within a wide range of angular
      orientations, making it particularly useful on board ships.
PAR  While in the foregoing specification an embodiment of the invention has
      been set forth in considerable detail for the purposes of making a
      complete disclosure thereof, it will be apparent to those skilled in the
      art that numerous changes may be made in such details without departing
      from the spirit and principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An animal trap for rodents and the like comprising: an enclosure having
      an open top; and, a bait compartment adapted to be coupled to, and
      arranged over, the open top of said enclosure, said bait compartment
      comprising a support structure for supporting said bait compartment over
      said enclosure; at least one tilting bottom panel having pivot means
      pivotally connected to said support structure for pivoting said panel from
      a first horizontal preoperative position over said enclosure to a second
      tilted operative position directed into said enclosure, said panel having
      a first end proximate to said pivot means and a second end distal to said
      pivot means, said panel having further mounted to said first end of said
      panel adjacent said pivot means first magnetic means and counterweight
      means for substantially balancing said panel at said pivot means, said
      panel and a substantial portion of said counterweight means being arranged
      above said pivot means when said panel is in said preoperative position;
      and, second magnetic means mounted to said support structure cooperatively
      arranged with said first magnetic means for retaining said panel in said
      preoperative position with a predetermined magnetic force; wherein said
      panel is displaced from said horizontal preoperative position to said
      tilted operative position by the moment of the rodent's weight on said
      panel, overcoming the retentive force of said two cooperating magnetic
      means, said counterweight means having an effective moment, opposite to
      the moment of a rodent's weight, which effective moment is substantially
      reduced when said panel is displaced from said preoperative position to
      said operative position.
NUM  2.
PAR  2. The animal trap of claim 1 wherein said counterweight means has further
      means for adjusting the effective moment of said counterweight means in
      said preoperative position.
NUM  3.
PAR  3. The animal trap of claim 1 wherein said bait compartment comprises
      further, return means connected to said support structure and engageable
      with said bottom panel of said bait compartment after a tilt of said panel
      has been initiated for returning said panel from a tilted operative
      position to a horizontal preoperative position.
NUM  4.
PAR  4. The animal trap of claim 3 wherein said return means comprises a spring
      mechanism having a bracket mounted to said support structure, a plunger
      mounted in said bracket, said plunger having an end displaced from said
      panel when said panel is in said horizontal position and engageable and
      displaceable with said panel when said panel is in said tilted position,
      and a compression spring arranged between said plunger and said bracket,
      said compression spring being compressed when said plunger is engaged and
      displaced by said panel.
NUM  5.
PAR  5. The animal trap of claim 3 wherein said bait compartment includes two
      bottom panels oppositely arranged in said support structure with second
      ends in facing juxtaposition centrally located over said enclosure.
NUM  6.
PAR  6. The animal trap of claim 5 wherein said bait compartment and said
      enclosure have cooperating latching means for releasably securing said
      bait compartment to said enclosure.
NUM  7.
PAR  7. The animal trap of claim 5 wherein said bait compartment includes a bait
      container attachable to said support structure proximate to the second
      ends of said bottom panels.
NUM  8.
PAR  8. The animal trap of claim 5 wherein said enclosure includes a window
      adapted to view the inside of said enclosure.
NUM  9.
PAR  9. The animal trap of claim 5 wherein said enclosure has further guide
      means for insertion of a shield to enclose at least a portion of said
      enclosure, and a guide shield insertable in said guide means.
NUM  10.
PAR  10. The animal trap of claim 5 wherein said bait compartment includes
      access means for providing an access path for rodents to the first ends of
      said panels.
NUM  11.
PAR  11. The animal trap of claim 10 wherein said access means comprises a pair
      of ramps adapted to lead from a ground surface to the first ends of said
      panels.
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ABST
PAL  An animal trap comprising a pair of open frame rectangular sections hinged
      together by one side thereof and having a heavy duty spring normally
      biassing the frames towards one another. A trigger and bait holder or
      assembly is provided to hold the frames apart in the set position and
      includes a first member pivoted by one end thereof to one of the frames
      and engaging a cross bar of the other frame by the other end thereof. A
      second member is pivoted to the other end and extends upwardly between the
      open frames and bait may be impaled on the distal end. The other end by
      which it is pivotally secured to the first member, projects downwardly and
      also engages the cross bar so that if the second member is pivoted or
      moved slightly by an animal attempting to remove the bait, the first
      member is rocked clear of the bar thus allowing the trap to be sprung. A
      cover can be incorporated which covers the trap and the animal when the
      trap is sprung, thus protecting the pelt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in animal traps. For
      some considerable time there has been considerable experimentation carried
      out in order to produce an animal trap which is humane in operation yet
      which at the same time is economical enough for the average trapper to be
      able to purchase same.
PAR  Conventionally, animal traps utilize serrated jaws or snare-type loops. The
      serrated jaws while very efficient insofar as catching an animal is
      concerned, nevertheless often catch the animal by the foot and certainly
      cannot be considered to be humane. Furthermore, the serrated jaws often
      damage the pelt.
PAR  Snare-type traps while very efficient, have to be placed carefully in
      position so that the animal runs into the snare and, of course, snare-type
      traps are extremely difficult to bait in order to attract the animal to
      the snare.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes these disadvantages by providing a
      spring-type trap which not only is humane, but also may be baited readily
      and easily.
PAR  The principal object and essence of the invention is therefore to provide a
      spring-type trap which eliminates serrated jaws and which furthermore is
      provided with means to hold bait which, when disturbed, springs the trap.
      This means that the animal's head is fully within or between the jaws in
      order to get at the bait so that the trap closes on the neck of the animal
      thus killing the animal rapidly and humanely.
PAR  Still another object of the invention is to provide a device of the
      character herewithin described which may incorporate a cover which covers
      the trap and animal when sprung thus protecting the pelt from the weather.
PAR  Still another object of the invention is to provide a device of the
      character herewithin described which is simple in construction, economical
      in manufacture and otherwise well suited to the purpose for which it is
      designed.
PAR  With the foregoing objects in view, and other such objects and advantages
      as will become apparent to those skilled in the art to which this
      invention relates as this specification proceeds, my invention consists
      essentially in the arrangement and construction of parts all as
      hereinafter more particularly described, reference being had to the
      accompanying drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the trap shown in the trap set position.
PAR  FIG. 2 is an enlarged cross sectional view showing the engagement of the
      bait and trigger assembly with the cross bar.
PAR  In the drawings like characters of reference indicate corresponding parts
      in the different figures.
DETD
PAC  DETAILED DESCRIPTION
PAR  Proceeding therefore to describe the invention in detail, the trap consists
      of a substantially rectangular base frame 10 having a pair of spaced and
      parallel side members 11, and end member 12 and a cross bar 13 extending
      between the side members 11 substantially intermediate the ends thereof.
      An inner member 17 extends between the inner ends of the side members 11
      thus making a substantially rectangular frame configuration.
PAR  A movable frame collectively designated 14 is also provided having an
      external configuration substantially similar to the configuration of the
      base frame 10. This frame 14 consists of side members 15 together with an
      end member 16. A cross bar 18 is also provided, but in this frame it is
      secured to intermediate the ends of front member 16 and the other end
      rests behind member 17 of the other frame, when the two frames are
      assembled as follows:
PAR  Cylindrical portions 19 engage around the inner member 17 of the base frame
      adjacent the outer ends thereof and apertured washers 19A are welded or
      otherwise secured to these portions 19. The inner ends of the side members
      15 of the movable frame are inturned and pivotally engaged within these
      washers 19A as clearly shown, thus hingingly connecting the movable frame
      to the base frame by the common longitudinal member 17 and the washers 19A
      secured to the cylindrical portions 19.
PAR  The dimensions of the two frames is such that when the movable member 14
      folds downwardly over the base member 10, they are substantially in
      interfacial relationship one with the other.
PAR  Heavy duty coil springs 20 are provided around the inner member 17 of the
      movable frame 14 and extending ends 21 of these coil springs engage under
      the cross bar 13 of the base member 10. The other ends 22 of the springs
      engage behind the cross bar 18 of the movable member and hold the bar 18
      against member 17 and normally urge the movable member towards the fixed
      member. If desired, the ends 22 of the two coil spring sections 20
      illustrated, may be joined together behind the cross bar 18.
PAR  A combination trigger and bait holding assembly 23 is provided to hold the
      trap in the trap set position illustrated in FIG. 1 against the pressure
      of spring 20. This assembly includes a first member 24 pivoted by one end
      25 thereof to an offstanding pin 26 on the cross member 18 of the movable
      frame 14. The other end 27 of the first member 24 is concavedly curved as
      shown at 28 to engage the cross bar 13 of the base frame 10, as shown in
      FIG. 2.
PAR  The second member 29 constitutes the bait holding portion of the assembly
      and is pivoted to adjacent the end 27 of the first member by means of
      pivot pin 30 and it will be observed from FIG. 2 that the extremity 31 of
      the second member 29 extends beyond the concave end 28 of the first member
      24 and also engages the surface of the cross member 13. When in the set
      position shown in FIG. 1, this second member 29 extends upwardly within
      the angle formed by the two frames 10 and 14 when in the trap set
      position.
PAR  The other end of the second member 29 is provided with a pointed end 32 or
      the like upon which may be impaled bait to attract the animal to be
      trapped.
PAR  When in the set position shown in FIG. 1, it will be appreciated that any
      pulling movement on the second member 29, particularly in the direction of
      arrow 33, will disengage the end 28 of the second member from the cross
      member 13 due to the leverage relationship between the assembly and the
      member 13 clearly illustrated in FIG. 2.
PAR  This enables the springs 20 to snap the movable member downwardly towards
      the base member 10 to the trap sprung position thus striking the animal
      across the back of the neck and killing it instantly. A chain 20A is
      secured by one end thereof to member 17 and may be used to anchor the trap
      to a fixed location if desired.
PAR  A light wire frame 34 is shown in phantom extending upwardly and behind the
      movable frame 14 and it is secured to the frame 14 by means such as hog
      rings or the like (not illustrated). A light cloth cover 35 is secured to
      this wire frame 34 and of course closes with the trap, thus covering the
      trap and the animal and protecting the pelt from weather damage or from
      being attacked by other animals.
PAR  Finally it should be noted that although the trigger and bait holding
      assembly is illustrated and described as being pivotally secured to the
      movable frame 14 and detachably engageable with the base frame 10,
      nevertheless these positions could be reversed if desired with the first
      member 24 being pivoted to cross member 13 of the base frame 10 and the
      bait holding portion 29 and the distal end of the first member 24 engaging
      a similar cross member (not shown) spanning the movable frame 14.
PAR  Since various modifications can be made in my invention as hereinabove
      described, and many apparently widely different embodiments of same made
      within the spirit and scope of the claims without departing from such
      spirit and scope, it is intended that all matter contained in the
      accompanying specification shall be interpreted as illustrative only and
      not in a limiting sense.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. An animal trap comprising in combination a base frame section and a
      movable section hingedly secured by one side thereof to one side of said
      base section, spring means co-operating between said sections normally
      urging said sections towards one another to a trap sprung position and a
      combination trigger and bait holding assembly operatively connected
      between said sections to releasably hold said movable section at an angle
      from said base section in a trap set position against the pressure of said
      spring means, said trigger and bait holding assembly including a first
      member pivotally secured by one end thereof to one of said sections and
      being detachably engageable with the other of said sections to hold said
      sections in the trap set position, and a second member pivotally secured
      by adjacent one end thereof to adjacent the other end of said first member
      and engaging said other of said sections by said one end thereof whereby
      said other end of said second member extends within the angle formed by
      said sections when in the trap set position and bait holding means on said
      other end of said second member, said second member co-operating with said
      first member and said other section to release said first member from said
      other section when said other end of said second member is moved a
      pre-determined amount.
NUM  2.
PAR  2. The trap according to claim 1 in which said sections are substantially
      rectangular and are hingedly secured together by common longitudinal edges
      thereof.
NUM  3.
PAR  3. The trap according to claim 1 in which said base frame includes a
      trigger assembly engaging bar spanning said base frame, said other end of
      said first member being shaped to detachably engage said bar when said
      frames are in the trap set position, said one end of said second member
      having a projecting portion engaging said bar whereby movement of said
      second member disengages said other end of said first member from said
      bar.
NUM  4.
PAR  4. The trap according to claim 2 in which said base frame includes a
      trigger assembly engaging bar spanning said base frame, said other end of
      said first member being shaped to detachably engage said bar when said
      frames are in the trap set position, said one end of said second member
      having a projecting portion engaging said bar whereby movement of said
      second member disengages said other end of said first member from said
      bar.
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ABST
PAL  A combined top and yo-yo is disclosed as having a pair of discs and opposed
      hubs mounted on a shaft and a string connected to the shaft effects
      rotation of the combined top and yo-yo in various combinations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a combined top and yo-yo and more particularly it
      relates to a combined top and yo-yo having more than one position for the
      rotation thereof.
PAR  2. Description of the Prior Art
PAR  Past designs of tops and yo-yos for amusement and enjoyment of both adults
      and children have been separate devices. A portable toy top made up of one
      or more elements has rotated as a unit or has separated into individual
      rotating units upon rotation of the top. Relatively large top-type devices
      secured to the ground have also been utilized to satisfy the play of
      children at certain ages. A yo-yo on the other hand has generally involved
      a pair of discs and a windable string therebetween for effecting rotation
      of the yo-yo.
PAR  The prior art, as exemplified by U.S. Pat. No. 668,607, No. 2,068,053 and
      No. 3,785,641 illustrates a variety of toy apparatus and top-like devices.
PAR  One of the problems in the prior art is that separate tops and yo-yos have
      not always proven to be fully satisfactory for amusement purposes.
      Therefore a combined top and yo-yo would be greate amusement than a single
      top or yo-yo.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is summarized in a combined top and yo-yo that
      includes a shaft means with opposed ends and a longitudinal axis between
      the opposed ends, a pair of discs, each one of said pair of discs being
      concentrically mounted between the ends of said shaft means and being
      disposed transversely of said shaft means in opposed and spaced relation
      to each other, a string means secured to and wound about said shaft means
      between said pair of discs, opposed hub means disposed at the opposed ends
      of said shaft means and the pair of discs being interposed between said
      opposed hub means, and one of said hub means being rotatably mounted about
      one end of said shaft means and being graspable by a user to support and
      control the position of said shaft means upon pulling said string means to
      effect rotation of said shaft means about its longitudinal axis.
PAR  An object of the present invention is to provide a combined top and yo-yo
      that is of simplified and unitized construction.
PAR  Another object of the present invention is to provide a combined top and
      yo-yo that provides amusement for adults or children.
PAR  Still another object of the present invention is to provide a combined top
      and yo-yo that is positionable in more than one position for rotation.
PAR  This invention has another object in that the combined top and yo-yo may
      serve as a top, as a yo-yo or even as a wheel.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of a combined top and yo-yo
      embodying the present invention;
PAR  FIG. 2 is a perspective view of the combined top and yo-yo and illustrates
      a horizontal rotating position thereof; FIG. 3 is another perspective view
      with parts added and illustrates a vertical rotating position of the
      combined top and yo-yo;
PAR  FIG. 4 is an enlarged longitudinal sectional view of the combined top and
      yo-yo;
PAR  FIG. 5 is a longitudinal sectional view of another embodiment of the
      combined top and yo-yo of the present invention; and
PAR  FIG. 6 is a longitudinal sectional view of still another embodiment of the
      combined top and yo-yo of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is embodied in a combined top and yo-yo 10 as
      illustrated in FIGS. 1-4 and includes a shaft 16 having opposed ends. A
      pair of opposed discs 12 and 14 of corresponding shape are concentrically
      mounted and affixed between the ends of shaft 16 and are disposed
      transversely thereof. Further the pair of discs 12 and 14 are arranged on
      shaft 16 in parallel spaced and reverse relation to each other as shown in
      FIG. 4.
PAR  A hub 18 is disposed at one opposed end of shaft 16 and is integrally
      formed on the one opposed end thereof. The one opposed end of shaft 16 at
      its outermost end includes a concentric pin-like or pointed element 20.
PAR  The other opposed and reduced end of shaft 16 has a shoulder 22 and an
      internally threaded end bore 24. The threaded end of a cap screw 26 is
      threadably connected to the threaded end bore 24 of shaft 16 as indicated
      in FIG. 4.
PAR  Another and hand graspable hub 32 is disposed at and rotatably mounted on
      the other opposed and reduced end of shaft 16 and has an inner end face 30
      that engages the shoulder 22 on shaft 16. Hub 32 is retained on the
      reduced end of shaft when the threaded end of cap screw 26 engages the
      internally threaded end bore 24 and the head of cap screw abuts the
      internal shoulder 33 of hub as shown in FIG. 4.
PAR  The inner or one end of a string 24 is inserted in the concentric aperture
      of disc 12 prior to mounting disc 12 on shaft 16. When disc 12 is mounted
      on shaft 16 the inner inserted end of string 34 is secured to shaft 16
      between disc 12 and shaft 16. The trailing portions of the string 34 are
      wound counterclockwise about the shaft 16 between the pair of discs 12, 14
      as shown in FIG. 4. The outer end face of each disc 12, 14 is
      concentrically recessed and includes a depressed outer end face 36. A
      plurality of four equi-spaced apertures 38 of corresponding size extend
      between depressed outer face 36 and the back face of each disc 12, 14 as
      illustrated in FIGS. 1-4.
PAR  When one hand of the user releases his hand grasp of the rotatable hub 32
      when the top and yo-yo 10 is in a horizontal position while at the same
      time the one hand of the user retains his grasp of the outer end of string
      34, the top and yo-yo 10 not only rotates counterclockwise about the
      longitudinal axis 40 of shaft 16 but it also travels from a raised
      position to a lower position as indicated by the directional arrow 42 in
      FIG. 2; and thus the top and yo-yo 10 functions as a yo-yo.
PAR  One hand of the user may grasp the other hub 32 and hold the top and yo-yo
      10 in an upright position relative to a support surface 44 and with
      pin-like element 20 in engagement with the support surface 44 as shown in
      FIG. 3. As the other hand of the user grasps and pulls the outer end of
      rewound string 34 the top and yo-yo 10 will rotate counterclockwise and
      function as a top. By reason of the balanced construction of the top and
      yo-yo 10 one hand of the user may grasp the other hub 32 and hold the top
      and yo-yo 10 in an inverted and upright position relative to support
      surface 44 and with the outer end face 46 of inverted hub 32 in engagement
      with surface 44. Then the other hand of the user in grasping and pulling
      the outer end of rewound string 34, the top and yo-yo 10 is rotated
      counterclockwise in an inverted and upright position; and hence the top
      and yo-yo 10 again functions as a top.
PAR  One hand of the user may grasp and pull the outer end of string 34 to
      rotate the top and yo-yo 10 counterclockwise about the axis 40 of shaft
      16. At the same time, the other hand of the user in grasping hub 32 holds
      the top and yo-yo 10 in a horizontal position relative to surface 44, and
      then places the outer peripheral surfaces 48, 48 of discs 12, 14 in
      engagement with surface 44 thereby causing the top and yo-yo 10 to roll to
      the left as viewed in FIG. 2 and thus the top and yo-yo 10 functions as a
      wheel.
PAR  In another embodiment a combined top and yo-yo 50 of the present invention
      as illustrated in FIG. 5 includes a shaft 56 having opposed and reduced
      ends. A pair of relatively thin opposed discs 52, 54 of corresponding flat
      shape are concentrically mounted between the ends of the shaft 56 and are
      disposed transversely of shaft 56 in parallel spaced relation to each
      other.
PAR  A hand graspable hub 58 is rotatably mounted on one opposed end of shaft
      56. Hub 58 is retained on the lower end of shaft 56 when the threaded end
      of a cap screw or fastening element 62 threadbly engages the internally
      threaded end bore 60 of one opposed end of shaft 56 and the head of cap
      screw 62 engages the lower end of hub 58 as shown in FIG. 5. The upper end
      64 of hub 58 engages the lower shoulder of shaft 56.
PAR  Another hand graspable hub 66 is rotatably mounted on the other opposed and
      reduced end of shaft 56. The threaded end of a cap screw 70 theadably
      engages the internally threaded end bore 68 of the other opposed and
      reduced end of shaft 56 thereby retaining the other hub 66 to the other
      opposed and reduced end of shaft 56. At this time the head of cap screw 70
      abuts the inner annular ridge 72 of hub 66 and the lower end 74 of hub 66
      abuts the upper shoulder of shaft 56 as viewed in FIG. 5. Opposed ends of
      hubs 58 and 66 may be beveled in the manner shown in FIG. 5.
PAR  The inner or one end of a string 76 is secured to shaft 56 between discs
      52, 54 in similar fashion as with the inner end of string 34 in the
      aforedescribed top and yo-yo 10 of FIGS. 1-4.
PAR  One hand of a user may grasp and pull the outer end of the string 76 while
      the user releases his grasp of either hub 58 or 66 causing the top and
      yo-yo 50 to function as a yo-yo in rotating counterclockwise about its
      longitudinal axis 78 of shaft 56 and in travelling from a raised position
      to a lower position as indicated by arrow 42 in FIG. 2.
PAR  With one hand of the user grasping hub 66 and holding the top and yo-yo 50
      in an upright position and with the head of cap screw 62 in engagement
      with the support surface 44, the other hand of the user grasps and pulls
      the outer end of rewound string 76 to effect counterclockwise rotation of
      the combined top and yo-yo 50 thereby causing the top and yo-yo 50 to
      function as a top. Further, one hand of the user grasps hub 58 and holds
      the combined top and yo-yo 50 in an inverted and upright position relative
      to support surface 44 and with the outer annular end face 80 of sleeve 66
      in engagement with surface 44. Then when the other hand of the user pulls
      and grasps the outer end of rewound string 76 the top and yo-yo 50 will
      rotate counterclockwise about its longitudinal axis 78 in an inverted and
      upright position relative to surface 44 thereby functioning again as a
      top.
PAR  Furthermore one hand of the user may grasp either hub 58 or 66 and hold the
      top and yo-yo 50 in a horizontal position while the other hand grasps and
      pulls the outer end of rewound string 76 thereby causing counterclockwise
      rotation of the top and yo-yo 50. If the one hand places the outer
      peripheral surfaces 82, 82 of discs 52, 54 in engagement with support
      surface 44, the top and yo-yo 50 will move along surface 44 as a wheel in
      similar fashion as the top and yo-yo 10 in FIGS. 1-4 and as shown in FIG.
      2.
PAR  In still another embodiment, a combined top and yo-yo 100 of the present
      invention is illustrated in FIG. 6. Reference numerals in FIG. 6 with like
      numerals in FIG. 5 refer to identical parts that have the same structure
      and function. On the other hand reference numerals in FIG. 6 that refer to
      similar parts in FIG. 5 have the same reference numeral with 100 added.
      For example shaft 56 in FIG. 5 is identified as shaft 156 in FIG. 6.
PAR  Shaft 156 includes an inner rod-like shaft 184 and an outer sleeve-like
      shaft 186 concentrically and rotatably mounted about inner shaft 184.
      Opposed ends of inner shaft 184 extend beyond the opposed ends of outer
      shaft 186 as illustrated in FIG. 6. Opposed and hand graspable hub
      elements 188, 190 are concentrically mounted and affixed about the opposed
      ends of inner shaft 184 and in parallel spaced relation to each other
      transversely of shaft 184. Opposed inner faces of opposed hubs 188, 190
      include concentrically arranged opposed and reversed frusto-conically
      shaped protrusions 187 and 189. When the outer shaft 186 is rotated about
      inner shaft 184 upon pulling the outer end of string 76, minimal
      frictional engagement occurs between opposed protrusions 187, 189 and
      opposed end faces 198, 200 of outer shaft 186 thereby permitting
      substantially free rotation of outer shaft 186 and discs 52, 54 about the
      longitudinal axis 192 of the top and yo-yo 100. Hence outer shaft 186 is
      retained on inner shaft 184 between opposed hubs 188, 190.
PAR  Upon the user grasping either hub 188 or 190, the combined top and yo-yo
      100 may be rotated as a top about its longitudinal axis 192 in an upright
      or an upright and inverted position when the outer end of string 76 is
      pulled as the outer opposed end surface 194 or 196 of inner shaft 184 is
      placed in engagement with support surface 44 in FIG. 3. The combined top
      and yo-yo 100 may also function as a yo-yo or even as a wheel when outer
      peripheral surfaces 82, 82 of discs 52, 54 are in rolling engagement with
      support surface 44 in similar fashion as with the top and yo-yos 10 and 20
      of FIGS. 1-4 and 5.
PAR  The combined tops and yo-yos 10, 50 and 100 of the present invention may be
      made of appropriate materials such as a suitable grade of plastic
      material. By reason of the hand of a user grasping rotatable hub 32,
      either rotatable hub 58 or 66 or either hub 188 or 190, the combined top
      and yo-yo 10, 50 or 100 is easily controlled and manipulated to any
      desired position so that the top and yo-yo 10, 50 or 100 will function as
      a top, a yo-yo or a wheel as aforedescribed.
PAR  Since the present invention is subject to many modifications, variations
      and changes in detail, it is intended that all matter contained in the
      foregoing description or shown in the accompanying drawings shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combined top and yo-yo comprising
PA1  shaft means having opposed ends and a longitudinal axis between the opposed
      ends,
PA1  a pair of discs, each one of said pair of discs being concentrically and
      securely mounted to and between the ends of said shaft means and being
      disposed transversely of said shaft means in opposed and spaced relation
      to each other,
PA1  a string secured to and wound about said shaft means between said pair of
      discs,
PA1  opposed hub means disposed at the opposed ends of said shaft means and the
      pair of discs being interposed between said opposed hub means, and
PA1  one of said hub means being rotatably mounted about one end of said shaft
      means and being graspable to a user to support and control the position of
      said shaft means upon pulling said string means to effect rotation of said
      shaft means about its longitudinal axis.
NUM  2.
PAR  2. A combined top and yo-yo as set forth in claim 1 wherein each one of
      said pair of discs includes a plurality of apertures.
NUM  3.
PAR  3. A combined top and yo-yo as set forth in claim 1 wherein fastener means
      is connected to the one opposed end of said shaft means and to said one
      hub means, and said fastener means retains said one hub means on the one
      opposed end of said shaft means.
NUM  4.
PAR  4. A combined top and yo-yo as set forth in claim 1 wherein a support
      surface is disposed on said shaft means, and the other opposed end of said
      shaft means includes means engaging the support surface during rotation of
      said shaft means about its longitudinal axis when said shaft means is
      disposed in an upright position.
NUM  5.
PAR  5. A combined top and yo-yo as set forth in claim 1 wherein a support
      surface is disposed on said pair of discs, and the outer peripheral
      surface means of the pair of discs are in rolling engagement with the
      support surface during rotation of said shaft means about its longitudinal
      axis when said shaft means is disposed in a horizontal position.
NUM  6.
PAR  6. A combined top and yo-yo as set forth in claim 1 wherein a support
      surface is disposed on said one opposed hub means, and the outer end of
      said one opposed hub means includes means engaging the support surface
      during rotation of said shaft means about its longitudinal axis when said
      shaft means is disposed in an inverted and upright position.
NUM  7.
PAR  7. A combined top and yo-yo as set forth in claim 1 wherein the other
      opposed hub means is rotatably mounted about the other opposed end of said
      shaft means.
NUM  8.
PAR  8. A combined top and yo-yo as set forth in claim 1 wherein said shaft
      means includes an inner shaft means and an outer sleeve-like shaft means
      concentrically and rotatably mounted about said inner shaft means, and
      said pair of discs are concentrically mounted between the opposed ends of
      said outer sleeve-like shaft means and in opposed and spaced relation to
      each other.
NUM  9.
PAR  9. A combined top and yo-yo as set forth in claim 8 wherein the opposed
      ends of said inner shaft means extend beyond the opposed ends of said
      outer sleeve-like shaft means, and opposed hub means are concentrically
      mounted and affixed to the opposed ends of said inner shaft means.
NUM  10.
PAR  10. A combined top and yo-yo as set forth in claim 9 wherein at least one
      of said opposed hub means includes a protruding means for frictionally
      engaging one of the opposed ends of said outer shaft means when said outer
      shaft means is rotated relative to said shaft means.
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ABST
PAL  An elongated bed for growing mushrooms and the like is longitudinally
      displaceable by being supported on an open-weave fabric slidable on a
      second open-weave fabric which in turn is supported on a floor.
BSUM
PAR  This invention relates generally to the cultivation of mushrooms and like
      crops, and in particular to a bed for growing such crops.
PAR  Although the invention will be described hereinafter with particular
      reference to the cultivation of mushrooms, it is to be understood that it
      is not so limited, and can also be utilized for the cultivation of other
      crops grown under similar conditions.
PAR  Mushrooms are at present being grown in air-conditioned spaces in beds of
      about 10 to 30 centimeters of a growing medium, such as compost earth,
      supported on a supporting floor. In a typical example of such an
      arrangement, there would be tiers of five to seven of such beds in
      superposed relationship, each bed being about 1.4 m wide and about 15 m
      long, with the interspace between superposed beds being 30 to 40 cm, and
      the lanes between adjacent tiers being no more than about 1 m. In such an
      arrangement it is essential that after completion of the cultivation the
      growing medium, in particular the old, spent compost earth, is removed and
      after disinfection of the cell replaced with fresh growing medium.
PAR  For obvious reasons of economy, room for attendant personnel is limited,
      and hence the introduction, and in particular the replacement of the layer
      of growing medium is a time-consuming and cumbersome operation.
PAR  It is an object of the present invention to provide a cultivation bed
      enabling ready and relatively rapid introduction of the layer of growing
      medium, and in particular ready and rapid replacement thereof, with
      optimum support characteristics, in particular as regards the aeration of
      the layer of growing medium from the bottom upwards.
PAR  According to the present invention, there is provided an elongated bed for
      the cultivation of mushrooms or like crops, comprising a layer of growing
      medium, such as compost earth, supported on two superimposed webs of woven
      fabrics carried by a supporting floor, said fabrics being both highly
      permeable to air and consisting of a material inert to biochemical
      influences and resistant to temperatures of up to at least 70.degree.C,
      the upper one of said two webs of fabric being substantially impermeable
      to the growing medium of said layer, and the top surface of the lower one
      of said two webs of fabric being smoother than the bottom surface thereof,
      so that during relative displacement in the longitudinal direction of the
      bed the frictional resistance of the lower web relative to said supporting
      floor is considerably greater than relative to said upper web, the fabric
      of said lower web being of considerably more open weave than the fabric of
      said upper web. By virtue of this arrangement, in which the layer of
      growing medium lies on two webs of fabric, the lower one of which has a
      relatively smooth upper face, a layer of medium can be deposited on the
      upper web of fabric at one end of the bed and moved inwards lengthwise of
      the bed, supported on the upper one of the webs of fabric, sliding on the
      lower web of fabric. When the layer of growing medium needs replacement,
      it can be slid out in the same way and removed at the end of the bed. Thus
      the introduction and removal of growing medium can be effected efficiently
      and the relatively low height between superposed beds is no longer an
      impediment.
PAR  In a preferred embodiment of the cultivation bed according to the invention
      the weave of the lower web of fabric is such that one surface of the web,
      namely, that which, in use, is the upper surface thereof, is predominantly
      constituted by warp threads. When relatively smooth threads are used for
      making the web, in particular monofilaments of plastics materials, the top
      surface of the lower web of fabric thus acquires relatively low-friction
      characteristics, which facilitates the sliding of the upper web over it,
      whereas the relatively high-friction bottom surface of the lower web of
      fabric retains its hold on the supporting floor.
DRWD
PAR  Further features and details of the invention, especially as regards the
      preferred weave, materials and meshes to be used for the fabrics, as well
      as the way in which the two webs can be brought into their operative
      position and removed, will become apparent from the following description
      of a preferred embodiment of a mushroom cultivation cell with reference to
      the accompanying diagrammatic drawings.
PAR  In said drawings,
PAR  FIG. 1 is a horizontal section, partly in plan view, of two cultivation
      beds, located side by side in a mushroom cultivation cell, with some parts
      being broken away and with the beds in different situations;
PAR  FIG. 2 is a part-sectional elevation on the lines II--II of FIG. 1.
DETD
PAR  Referring to the drawings, the outer wall of a mushroom nursery cell is
      designated by reference numeral 1. The cell has a doorway 2.
PAR  Reference numeral 3 designates scaffolding consisting essentially of stiles
      and carrying, in the embodiment shown, six cultivation beds 4a-4f
      supported on cross-members 5 extending horizontally between the stiles of
      scaffolding 3.
PAR  The support of each bed 4a-4f consists of a supporting floor formed of
      wooden boards 6 which rest on horizontal flanges of cross-members 5, which
      in vertical section are approximately of inverted "T" shape.
PAR  Boards 6 are disposed with considerable interspaces 7 (FIG. 1), so that the
      layer of growing medium to be carried by the supporting floor is properly
      aerated from below.
PAR  A lower web of fabric 8, hereinafter termed "sliding mat" lies on the
      supporting floor of each bed, formed by cross-members 5 and boards 6.
PAR  In the present practical embodiment, the sliding mat 8 consists of a woven
      fabric, inert to biochemical effects and resistant to temperatures of up
      to about 70.degree.C, of polyolefinic warp and weft monofilaments. The
      mesh size is approximately 300 .mu., measured in the perpendicular
      projection of the fabric on the plane defined by the web, in the present
      case a horizontal plane.
PAR  The sliding mat has a conventional 3/1 warp cross twill weave, in which
      each warp thread, extending in the longitudinal direction of the web,
      underlies one weft thread, then overlies three adjacent weft threads, then
      again unerlies one weft thread, and so on, as viewed in the plan view of
      FIG. 1. As a result the top surface of the sliding mat is predominantly
      constituted by warp threads, and accordingly is relatively smooth in its
      longitudinal direction.
PAR  Sliding mat 8 is partly broken away in the lower half of FIG. 1 to show the
      subjacent supporting floor with boards 6 and cross-members 5.
PAR  Shown in the upper half of FIG. 1 is the upper or top web of fabric 9,
      hereinafter referred to as the "cultivation mat", of bed 4f. In the other
      bed 24f shown in the lower half of FIG. 1 this web has been omitted.
PAR  In the showing of FIG. 1, the cultivation mat 9 is being drawn inwards, in
      the direction of arrow A, from a roller 10 on which the mat is still
      partly wound. Roller 10 is mounted on the outside of the right-hand end of
      bed 4f (as viewed in FIG. 1), and mat 9 is run off the top of roller 10
      drawn by a leader belt 20, which is attached to it, end-to-end, via a rod
      inserted in a seam at the end of mat 9. Leader belt 20 is wound upon a
      roller 11 at the distal end of the bed. As mat 9 is drawn in the direction
      of arrow A, a supply conveyor, generally designated 12, supplies material
      for a layer of growing medium, such as compost earth, at the right-hand
      end (as viewed in FIG. 1) of the bed, so that a uniform layer, about 20 cm
      thick, is deposited on the cultivation mat.
PAR  As shown diagrammatically in FIG. 2, conveyor 12 is portable, so that it
      can be used for other cells as well. It has a section 13, which transports
      the material diagonally upwardly, and a delivery section 14, which is
      pivoted over the bed to be filled and is inclined slightly downwardly.
      When conveyor 12 is removed from the cell, section 14 is pivoted back into
      substantial alignment with section 13, and the latter is subsequently
      lowered for it to pass through doorway 2.
PAR  It will be clear that when leader belt is wound upon roller 11 at a uniform
      speed, so that mat 9 is drawn inwards at a uniform rate as well, the layer
      of growing medium 15 can be applied in the desired uniform thickness, in
      the present case about 20 cm.
PAR  Owing to the particular construction of sliding mat 8, as described
      hereinbefore, cultivation mat 9 carrying the layer of growing medium 15
      slides easily over the top surface of mat 8.
PAR  Owing to the relatively high-friction bottom surface of mat 8, the latter
      does not slide on boards 6 during this operation. For greater security,
      mat 8 is additionally anchored to scaffolding 3 in a manner not shown in
      the drawings.
PAR  Cultivation mat 9 has warp and weft threads of polyolefinic monofilaments,
      for example, of polyethylene or polypropylene, preferably of round
      cross-section. The mesh size of mat 9 is 135-150 .mu., measured in the
      same way as described with reference to mat 8. Warp monofilaments of about
      23 dr/cm impart amply sufficient strength to the cultivation mat with a
      bed length of, for example, 15 m.
PAR  Owing to the use of a sliding mat under the cultivation mat, the latter has
      a long service life, that is to say, the layer of growing medium can be
      replaced many times by sliding the cultivation mat back and forth over the
      sliding mat, before the cultivation mat needs replacement.
PAR  If desired, roller 11 with leader belt 20 wound upon it, and including the
      drive therefor, which is not shown in the drawings, can be removable, so
      that it can be used for other beds. The same applies to roller 10 and the
      drive therefor. It will be understood that, in those cases, mat 8 is
      detached from belt 20 and from roller 10, respectively.
PAR  The use of the sliding mat ensures the uniform introduction of the layer of
      growing medium without jolting movements and without undesirable
      compacting of the material, so that proper aeration, partly promoted by
      the air-permeability of mats 8 and 9, is ensured.
PAR  Another advantage of the mats according to the invention is that they can
      easily be cleaned.
PAR  It will be understood that monofilaments of materials other than those
      specifically mentioned hereinbefore are likewise suitable for making the
      mats according to the invention, provided the material is sufficiently
      smooth.
PAR  We also wish it to be understood that the invention is not limited to the
      specific, exemplary embodiment described and shown in the accompanying
      drawings. Numerous variations and modifications will readily occur to
      those skilled in the art without departing from the scope of the invention
      as defined in and by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cultivation bed for growing mushrooms and other crops, comprising: an
      air permeable, supporting floor; a first, permeable, lower web of a woven
      fabric supported on said floor; a second, permeable, superimposed, upper
      web of a woven fabric supported by said lower web; and a layer of growing
      medium supported by said upper web, there being means comprising the
      weaves of the fabrics from which said upper and lower webs are fabricated
      for making said upper web readily slidable relative to said lower web and
      thereby facilitating the application of growing medium to said second web
      and the removal of the growing medium therefrom, said webs being
      biochemically inert with respect to the growing medium and the crops grown
      therein and resistant to temperatures at least as high as 70.degree.C.,
      the upper of said two webs being substantially impermeable to the growing
      medium thereon, the top surface of the lower of said two webs being
      smoother than the bottom surface thereof so that, during relative
      displacement of the upper web relative to the lower web, the friction
      between the lower web and the supporting floor will be greater than the
      friction between the lower and upper webs, and the fabric of said lower
      web being of a more open weave than the fabric of said upper web.
NUM  2.
PAR  2. A cultivation bed as defined in claim 1, wherein the upper surface of
      the lower web is defined predominantly by threads extending in the
      direction in which the upper and lower webs are relatively slidable.
NUM  3.
PAR  3. A cultivation bed as claimed in claim 1, wherein said lower web of
      fabric has a weave such that, as viewed from the top of the web, each warp
      thread alternately passes under one weft thread and over three weft
      threads, thus forming a warp cross twill weave.
NUM  4.
PAR  4. A cultivation bed for growing mushrooms and other crops, comprising: an
      air permeable, supporting floor; a first, permeable, lower web of a woven
      fabric supported on said floor; a second, permeable, superimposed, upper
      web of a woven fabric supported by said lower web and slidable relative
      thereto; a layer of growing medium supported by said second web; and means
      for displacing said second web relative to said first web to facilitate
      the application of growing medium to said second web and the removal of
      growing medium therefrom, said webs being biochemically inert and
      resistant to temperatures at least as high as 70.degree.C., the fabrics of
      both webs consisting of polyolefinic monofilaments, the fabric of said
      upper web having a mesh size of 135-150 microns and the fabric of said
      lower web having a mesh size of about 300 microns, both measured in the
      perpendicular projection of the fabric on the plane defined by the web,
      whereby said upper web is substantially impermeable to the growing medium
      thereon and the fabric of said lower web is more open than the fabric of
      said upper web, and the top surface of the lower web being smoother than
      the bottom surface thereof so that, during relative displacement of the
      upper web relative to the lower web, the friction between the lower web
      and the supporting floor will be greater than the friction between the
      lower and upper webs.
NUM  5.
PAR  5. A cultivation bed for growing mushrooms and other crops, comprising: an
      air permeable, supporting floor; a first, permeable, lower web of a woven
      fabric supported on said floor; a second, permeable, superimposed, upper
      web of a woven fabric supported by said lower web; and a layer of growing
      medium supported by said upper web, there being means comprising the
      weaves of the fabrics from which said upper and lower webs are fabricated
      for making said upper web readily slidable relative to said lower web and
      thereby facilitating the application of growing medium to said second web
      and the removal of growing medium therefrom by making it possible to slide
      said upper web to one end of said bed and there remove and replace the
      growing medium, the lower web being woven of polyolefinic monofilaments in
      a warp, cross twill weave in a mesh size of about 300 microns and being
      disposed with its upper surface predominantly constituted by
      longitudinally extending warp threads and the upper web eing woven of
      polyolefinic monofilaments in a weave having a mesh size of about 135 to
      150 microns, whereby the friction between said lower web and said
      supporting floor is greater than the friction between said lower web and
      said upper web and the upper web with the layer of growing material
      thereon can therefore be slid longitudinally over said lower web without
      substantially displacing said lower web relative to said supporting floor.
NUM  6.
PAR  6. The cultivation as claimed in claim 5, wherein said webs are woven of
      polyethylene monofilaments of round cross-section.
NUM  7.
PAR  7. The cultivation as claimed in claim 5, wherein said webs are woven of
      polypropylene monofilaments of round cross-section.
NUM  8.
PAR  8. A cultivation bed for growing mushrooms and other crops, comprising: an
      air permeable, supporting floor; a first, permeable, lower web of a woven
      fabric supported on said floor; a second, permeable, superimposed, upper
      web of a woven fabric supported by said lower web; and a layer of growing
      medium supported by said upper web, there being means comprising the
      weaves of the fabrics from which said upper and lower webs are fabricated
      for making said upper web readily slidable relative to said lower web and
      thereby facilitating the application of growing medium to said second web
      and the removal of growing medium therefrom by making it possible to slide
      said upper web to one end of said bed and there remove and replace the
      growing medium, the lower web being woven of polyolefinic monofilaments in
      a warp, cross twill weave in a mesh size of about 300 microns and being
      disposed with its upper surface predominantly constituted by
      longitudinally extending warp threads and the upper web being woven of
      polyolefinic monofilaments in a weave having a mesh size of about 135 to
      150 microns, whereby the friction between said lower web and said
      supporting floor is greater than the friction between said lower web and
      said upper web and the latter with the layer of growing material thereon
      can therefore be slid longitudinally over said lower web without
      substantially displacing said lower web relative to said supporting floor;
      and said bed further including means for displacing said upper web
      relative to said lower web which comprises rotatable members at opposite
      ends of the bed, the ends of said upper web being attached to said
      rollers.
NUM  9.
PAR  9. The cultivation bed as defined in claim 8, together with means for
      depositing growing medium on said upper web at said one end of said bed.
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ABST
PAL  In the disclosed method, grass seed or the like is coated with an inner
      "sticker" coating to which is adhered discrete particles of
      water-activatable adhesive. The resulting seed is resistant to movement by
      wind and water after sowing or planting.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our earlier filed
      application, Ser. No. 322,013, filed Jan. 8, 1973 (and now abandoned).
PAR  Our application, Ser. No. 321,679, filed Jan. 8, 1973, now U.S. Pat. No.
      3,808,740, discloses methods of coating plant seeds and coated plant seeds
      obtained thereby.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to coated seeds of gymnospermous and angiospermous
      plants and to a method of preparing such seeds for planting or sowing the
      seeds in or on loose seed beds or on surfaces that have been subjected to
      minimal preparation and on established lawns, roadside embankments, spoil
      banks, rangeland pastures, reclaimed cut-over forest lands, wood lots,
      established native pastures and even flower beds. After planting, the seed
      is resistant to movement caused by wind, flooding of the soil with water,
      or the like. An aspect of this invention relates to the application of a
      novel coating comprising an inner layer of adhesive binding an outer layer
      of coating comprising a water-activatable adhesive deployed as particulate
      matter. A further aspect of the invention relates to the sowing of
      processed seeds of angiospermous and/or gymnospermous plants on grassy,
      weedy, or bare soil and adherently bonding the seeds to the surface by
      moistening the surface and activating the particulate activatable
      adhesive. A further aspect of the invention relates to coated seeds
      suitable for this planting method, e.g. coated monocotyledonous seeds such
      as common grass seed.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  There are a variety of seeds generically known as monocotyledonous seeds
      which produce grassy plants with slender leaves when sown on the surface
      of the soil. The common grasses grown on lawns and golf courses belong to
      this family of plants. Since this type of seed is light in weight and is
      sown or planted on the surface of the ground, it is very susceptible to
      erosion or movement caused by water and wind. It can be particularly
      difficult to sow a stable seed bed on a steep hill. The problem can be
      particularly acute on the fairways and greens of golf courses, where
      criteria for the evenness of the stand of grass are particularly high.
      Special problems of plant distribution are also encountered with seeding
      of spoil banks, roadside embankments, and native pastures which are not
      encountered in sowing cultivated fields.
PAR  Other types of seed, even angiospermous plant seed, can be subject to
      similar difficulties. Flaws resulting from error, from inability to put
      machinery on land, high costs of seed bed preparation or from other causes
      may expose seeds to special and unusual perils. Small seeds may be washed
      to excessive depths in a loose seed bed and may be unable to emerge during
      germination. Buoyant seeds may be floated in puddled soils or may be
      transported as a consequence of sheet erosion on relatively flat land.
PAR  Seeds may be lifted by mower action on turf seedings. The consequence of
      seed movement is that the desired patterns of seed disposition are
      altered. Seeds may be transported to undesirable locations that impede
      germination of seeds or survival of seedlings. Germinating seeds may be
      isolated from the soil as a consequence of movement. Combination of these
      influences render performance of seedings unsatisfactory with attendant
      economic or aesthetic losses. These problems all generally relate to
      reducing the tendency of sown seed to move from the original planting
      site, and are well known to those experienced in the planting of seeds.
PAR  The art of coating dicotyledonous or leguminous seeds is well developed.
      Examples of the prior art patent literature in this field include U.S.
      Pat. No. 2,967,376 (Scott), issued Jan. 10, 1961, and U.S. Pat. No.
      3,621,612 (Porter), issued Nov. 23, 1971 and the patent references cited
      therein. The Scott patent, for example, contains a disclosure of the
      adherent materials or "sticker" used to cement on various additives to the
      seed including hygroscopic agents and parting agents such as silica which
      restore the seeds to a state of dry flowability. There is, however, little
      or no discussion in these references relating to coatings or other
      treatments for reduction of seed mobility after planting, or to the
      particular problems encountered with the more highly mobile seed such as
      grass seed.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention involves adhering discrete granules of a
      water-activatable adhesive, such as a polyoxyalkylene resin, to a
      "sticker" coating on seed subject to excessive seed movement after sowing
      or planting, e.g. grass seed. For the purposes of this invention, it is
      important that the "sticker" coat be tacky but sufficiently free of water
      to prevent the discrete granules or particles of water-activatable
      adhesive from softening to the point where they would lose their discrete
      particulate character. The resulting coated seed can be sown over existing
      grass or on bare ground and moistened (e.g. with a lawn sprinkler) until
      the particulate outer coating on the seeds is transformed into tiny, stiff
      masses of adherent material. Surprisingly, these tiny masses of
      water-activated adhesive apparently have the ability to, in some sense,
      cement the seeds to the soil. The resulting seed bed is resistant to
      movement caused by wind or water. Furthermore, germination of the seed in
      the seed bed does not appear to be adversely affected, and normal
      emergence of seedlings is generally observed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention can be more clearly understood with respect to the
      accompanying drawing, wherein:
PAR  FIG. 1 is a cross sectional, greatly enlarged view of a seed coated
      according to the teachings of this invention.
PAR  FIG. 2 is a fragmentary view, also in cross section but even more enlarged,
      of a coated seed sown according to the teachings of this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  As pointed out previously, this invention is suited for use with
      angiospermous and gymnospermous seeds and is particularly useful for
      providing anti-erosion treatments or coatings for monocotyledonous seeds
      such as any of the common grass seeds used on lawns, golf courses, etc. A
      significant characteristic of these common types of seed is the lack of
      any naturally occurring oily or waxy material on the surface of the seed.
      It has been found that conventional "stickers" such as the water soluble
      ethylene oxide polymers form a strongly adherent bond when coated onto the
      surfaces of grass seeds.
PAC  Materials Used in Coating
PAR  The character of the coating on coated seeds of this invention can be more
      easily described with reference to the accompanying drawing. In FIG. 1, it
      can be seen that coated seed 10 comprises a grass seed 11, an inner
      "sticker" coat 15 and an outer layer 13 of particles bound to inner
      coating 15. The thickness of coating 15 and the size of the particles in
      layer 13 are greatly exaggerated for purposes of illustration.
PAR  The inner or "sticker" coating is firmly bonded to seed 11 and comprises
      one or more of the adherent materials described in the Scott and Porter
      patents cited previously. The principal requirement of the inner coating
      is that it should be coatable from a non-aqueous liquid carrier and/or it
      should be capable of being formed from a coating composition which dries
      to a substantially dry but tacky state. The term "substantially dry" or
      "substantially water free" is used to denote a condition wherein the
      amount of water in the tacky coating is not sufficient to obliterate the
      discrete particulate character of particles of water-activatable adhesive
      which come in contact with the coating.
PAR  A typical example of a suitable material for the inner coating 15 is the
      class of polymers derived from the polymerization of ethylene oxide, i.e.
      the solid, hydrophilic, high molecular weight polyoxyethylene resins.
      These resins typically have the formula:
EQU  A--(CH.sub.2 CH.sub.2 O).sub.n --CH.sub.2 CH.sub.2 B
PAL  wherein n is the index of polymerization and A and B are terminal groups
      such as hydroxy, alkoxy, and the like. The molecular weight of these
      ethylene oxide polymers can range from a few hundred up to about 5
      million. The higher molecular weight polymers (molecular weights typically
      above a few thousand) are solids. Virtually all polymers containing a
      substantial proportion by weight of repeating oxyethylene units are
      hydrophilic and some are water soluble. Water solubility can range from a
      fraction of 1% up to infinite solubility. In the present invention, it is
      generally convenient to use a liquid coating composition containing the
      ethylene oxide polymer. Clear solutions of the polymer, rather than
      suspensions or dispersions, are preferred.
PAR  Solid ethylene oxide polymers which are soluble in water at a concentration
      greater than 0.1 weight percent (e.g. up to about 2 weight percent or
      more) are commercially available and can be used in this invention. An
      important characteristic of the aqueous solutions of these polymers is
      that, after evaporation of nearly all of the water, a substantially dry,
      tacky film can be formed by an appropriate coating technique. Apparently,
      the hydrophilic nature of the polymer takes up or retains enough water to
      remain tacky. These polymers are soluble in other solvents besides water,
      e.g. a variety of organic solvents. Since, to be economical, coating from
      organic solvent solutions would require a solvent recovery step, it is
      generally more convenient to use at least a major amount of water to
      dissolve the polymer. One manner of accomplishing this is to dissolve or
      suspend the polymer in a small amount of ethanol and dilute the resulting
      ethanolic medium with a major amount of water to provide a predominantly
      aqueous solution.
PAR  Another suitable material for the inner coating 15 is disclosed in Example
      I of Porter, U.S. Pat. No. 3,808,740, i.e., the adhesive "XA-2382"
      presently obtainable from the 3M Company, Adhesives, Coatings and Sealants
      Division, St. Paul, Minnesota.
PAR  The outer particulate layer 13 which is adhered to the inner ("sticker")
      coating 15 comprises discrete tiny granules or or particles of a water
      activatable adhesive. For example, the ethylene oxide polymers described
      previously are available in particulate form. The particles of adhesive
      tend to form an adherent, pituitous, viscoelastic mass when moistened with
      water.
PAR  One suitable commercially available form of these particulate
      poly(oxyethylene) materials is the class of polymers known as "POLYOX"
      (trade mark) water soluble resins, a product of Union Carbide Corporation,
      Chemicals and Plastics Development Division, New York, N.Y. "POLYOX"
      resins are granular nonionic poly(ethylene oxide) homopolymers ranging in
      molecular weight from over 100,000 to 5 million and above. They differ
      from other polyalkylene oxide analogs in being truly thermoplastic and
      completely soluble in water. The polymer chain structure of the "POLYOX"
      resins is believed to be largely linear. The hydrogen bonding which
      results when the repeating oxyethylene units come into contact with water
      is believed to be a major contributing factor to the unusual
      pseudoplasticity or viscoelasticity of the resulting viscous aqueous
      solution. The "POLYOX" granular powders are presently manufactured in 8
      grades, i.e., 4 "WSR" grades and 4 "WSR N" grades. The WSR grades are
      preferred because they have extraordinarily high thickening power in
      aqueous media and greater pituitousness.
PAR  The WSR grades of "POLYOX" resin range in molecular weight from 200,000
      (for WSR-35) to 4 million (for WSR-301). Excellent results can be obtained
      with WSR-105, which has a molecular weight of 600,000. The viscosity of a
      5% solution of even the lower molecular weight WSR grades can range from
      520 to 8000 centipoise at 25.degree.C. Particle sizes for these materials
      are all 98% minus 10 mesh, and, as will be explained subsequently, -60
      mesh particles are particularly suitable for use in this invention.
PAR  The chemical properties of the "POLYOX" resin (except for water
      sensitivity) are generally less important than the physical properties of
      moistened or dissolved "POLYOX", particularly pituitousness and
      pseudoplasticity or viscoelasticity. Thus any particulate water-sensitive
      adhesive with pituitousness and viscoelasticity or pseudoplasticity in the
      moistened state can be used in this invention as the outer particulate
      layer 13. The pituitousness creates a condition whereby the adhesive can
      be diluted with water to very low concentrations (e.g. 1%, 0.1%, or even
      about 0.05% by weight) without resulting in a total loss of adhesiveness.
      Moreover, this condition also assures that the adhesiveness will survive a
      series of wet/dry cycles. Under natural growing conditions, heavy rains
      may create a high water content in the seed environment, and rains
      frequently alternate with dry spells. Thus, adhesive particles which lack
      pituitousness in the moistened or dissolved state can be inoperative in
      the context of this invention if used as the sole adhesive in particulate
      outer layer 13.
PAR  "Pituitousness" is a term of art defined on page 12 of Union Carbide's 1968
      pamphlet on "POLYOX Water Soluble Resins". In general, a pituitous
      material, in aqueous solution, will tend to form long strings or filaments
      as any immersed object is withdrawn from the solution. Pituitousness
      appears to vary exponentially with molecular weight and also appears to be
      related to the viscoelastic and pseudoplastic behavior of the water
      solutions. "Pseudoplasticity" is defined as a reversible reduction of
      viscosity with increasing shear rate which is believed to result from
      interaction of the dissolved adhesive molecules with water.
      Pseudoplasticity may be apparent in water solutions of "POLYOX" which
      contain less than 0.1% polymer. Pituitousness is also observed at low
      concentrations. For example, a wooden probe can be inserted in a 1.0
      weight-% solution of "POLYOX" (WSR grade) and then withdrawn, and the
      result will be that a string or filament of solution will form that can be
      stretched to more than a centimeter in length (even several centimeters)
      before breaking.
PAR  Water activatable adhesives which lack pituitousness are not preferred for
      use in this invention, since the adhesiveness or tackiness provided by
      these materials can be lost, even permanently lost if an excess of water
      is present or if the adhesive goes through more than one or two wet/dry
      cycles. Hydrophobic materials (e.g. starch esters) are even less suitable,
      as are materials which are totally or substantially insoluble in water.
PAR  Thus, the practice of this invention runs generally contrary to the prior
      art practice relating to the addition of parting agents to mass of tacky
      or freshly coated seeds. In the prior art, the purpose of the parting
      agent is to reduce tack; hence, when the seeds are coated with a
      water-activatable adhesive, a parting agent is selected which is
      substantially insensitive to water. In the present invention, a water
      sensitive material is used for the outer coating on the seeds and, in a
      sense, serves as the parting agent. The parting-agent effect is obtained
      because, as explained previously, the mass of seeds provided with the
      inner or "sticker" coating is allowed to become substantially water-free
      before the water activatable adhesive particles are added to reduce the
      tackiness and adhere to the "sticker" coatings. Provided that the
      "sticker" coating is a material non-injurious to seeds, one can also use a
      non-aqueous "sticker" comprising a suitable adhesive dissolved in a
      suitable organic solvent which is also non-injurious to seeds. The organic
      solvent is of course, more expensive than water, and the non-aqueous
      systems are less preferred for that reason.
PAR  As is known in the art, pituitousness can be augmented or synergized with
      additives, e.g. lignin derivatives.
PAR  The particles of water-activatable adhesives should be very small in
      comparison to the size of the seed. Preferably, the particles should pass
      a 60 mesh (U.S. or Tyler) screen and be retained on a 325 mesh screen.
      Thus, a typical particle size distribution will be generally within the
      range of 10-250 microns. In the preferred practice of this invention,
      minus 80 plus 250 mesh particles or granules, wherein the majority of the
      particles are larger than 60 microns but smaller than 170 microns, are
      used.
PAR  As will be explained in more detail subsequently, outer layer 13 of a
      coated seed 10 of this invention tends to soften when moistened and form
      adherent masses 23 (FIG. 2) which appear to have the effect of actually
      cementing the seed to the soil.
PAC  The Coating Process
PAR  Batch processes of the type conventionally used to coat leguminous plant
      seeds can be used in this invention. For example, a mass of grass seed can
      be mixed with a solution of adhesive in a rotating drum. After the mass of
      seeds has been thoroughly blended with the adhesive and the solvent for
      the adhesive has evaporated off or been driven off, the seeds are in a
      substantially dry state but have been provided with tacky "sticker"
      coatings. The particulate or granular water-activatable adhesive can then
      be added to the seeds in a manner similar to the addition of a parting
      agent. The tacky seeds are then converted to a free flowing mass of seeds.
      Most of the seeds in the mass of seeds resemble coated seed 10 of FIG. 1
      and have an inner coating 15 and an adherent outer layer 13 of the
      particulate water-activatable adhesive.
PAR  An adequate inner coating 15 can be provided by adding about 0.1-10 parts
      of adhesive solution per 100 parts by weight of seed. In the case of the
      ethylene oxide polymers, the adhesive solution typically contains about
      0.5-2% by weight of ethylene oxide polymer dissolved in water and/or hot
      ethanol. Thus, the substantially dry, tacky inner coat remaining after
      evaporation of the solvent is extremely thin and typically comprises less
      than 0.1 % of the weight of the dry seed. (Typically, 0.5-5 parts of
      solution are added to 100 parts by weight of dry seed.) It is preferred to
      use 1-2 weight percent of adhesive in the adhesive solution, thereby
      providing more than 0.005% by weight of the inner coat 15, based on the
      weight of the dry seed. Since grass seed is generally free of any
      naturally occurring outer waxy coating, good adherence of the ethylene
      oxide polymer to this type of seed can be obtained.
PAR  The amount of particulate water-activatable adhesive used to form outer
      layer 13 is generally about 0.1-10 parts per hundred, based on the weight
      of the dry seed. Good parting efficiency and good effectiveness as an
      anti-erosion coating can be obtained with, for example, about 0.5 parts
      per hundred (same basis).
PAC  Sowing of Coated Grass Seed
PAR  FIG. 2 of the accompanying drawing shows the lower portion of a seed 11
      coated according to this invention adherently disposed upon bare soil 20.
      The seed has been sown on the surface of the soil 20 in the conventional
      manner and then has become moistened, by environmental moisture or rain or
      by sprinkling with a spray of water droplets, e.g. from a hose or lawn
      sprinkler. Regions of outer layer 13 have become softened and have formed
      stiff masses 23 of water-activated adhesive. Surprisingly, these stiff
      masses 23 appear to glue or cement the seed to the soil 20 or otherwise
      reduce seed mobility, thus keeping the seed close to the planting site.
      This cementing effect apparently occurs despite the irregularities and the
      uncontrolled environmental conditions under which the seed is sown. It
      might be expected, for example, that uncontrolled constituents in the soil
      might render the adhesive masses 23 ineffective. However, when the soil is
      flooded, a significant decrease in erosion or seed movement is noted, even
      on seed beds with a steep pitch. As a result, the regulation of seed
      distribution in a sowing operation can be improved.
PAR  With normal care of seeds coated and sown according to this invention,
      normal germination and emergence of grass is generally also noted.
PAR  The following Example illustrates the principle and practice of this
      invention. All parts and percentages are by weight unless otherwise
      indicated.
PAC  EXAMPLE
PAR  Coated broccoli seeds were prepared according to the teachings of this
      invention. The procedure was as follows: 0.5 g of "sticker" were added to
      50 g of broccoli seed. The "sticker" used in this Example was Adhesive
      XB-2390 available from the 3M Company, Adhesives, Coatings, and Sealants
      Division, St. Paul, Minnesota. This adhesive is described in essence in
      Example I of Porter, U.S. Pat. No. 3,808,740. The sticker and seed were
      mixed until each seed was covered. The mass was allowed to stand until it
      was substantially dry, but still somewhat sticky. "POLYOX" (WSR grade) was
      then added in the manner of a parting agent (approximately 1.0 gram) and
      the mass of seeds was mixed until the seeds were uniformly covered and
      free flowing.
PAR  For comparison with the prior art, an effort was made to duplicate Example
      E of Scott, U.S. Pat. No. 2,967,376, with presently available materials.
      Some substitutions were made for convenience. "Pyrotone Red" pigment was
      used in place of the wettable fungicide powder, since this pigment has
      particle size and wetting properties appropriate to the purposes of this
      comparison. Eagle-Pitcher "Celatom" was used in place of the "Hisil".
      "Celatom" is an infusorial earth characterized by small particle size and
      high silicate content. It is believed to resemble "Hisil" in its physical
      properties.
PAR  In preparing the coated seeds according to Scott, six 50-gram batches of
      broccoli seed were used. The procedure for coating each 50-gram batch was
      as follows: 0.26 g of the "Pyrotone Red" pigment and 0.5 g of a "sticker"
      were added to the 50 gram of seed. The pigment, seed, and sticker were
      mixed until each seed appeared to be covered with dust. Two milliliters of
      3:1 mixture of glycerine/water was then added and the mass of seeds was
      mixed until each seed was covered. The mass was allowed to stand until it
      was dough-like in character. Then, 1.0 g of "Celatom" was added as a
      parting agent and mixed into the mass until the seeds were uniformly
      covered and free-flowing. The six-50 gram samples were cured overnight
      before testing. A different sticker was used for each 50-gram sample, as
      explained in the following table, wherein the samples are designated E-1
      through E-6:
TBL                Table I                                                     
     ______________________________________                                    
     Sample       Sticker Material                                             
     ______________________________________                                    
     E-1          Carboxymethyl cellulose (CMC)                                
     E-2          Hydroxyethyl cellulose (HEC)                                 
     E-3          Methyl cellulose                                             
     E-4          "POLYOX" WSR-204                                             
     E-5          Guar gum                                                     
     E-6          Gum Arabic                                                   
     ______________________________________                                    
PAR  An anti-erosion test was conducted in the following manner:
PAR  A line was drawn across each test surface (a rectangular greenhouse flat)
      near one end. Two grams of seed were distributed in a band along the line
      and then the flat was sprinkled with water so as to wet the surface
      without moving the seeds. At this time, the flat was level so seeds were
      not displaced. The wet flats were let stand for an hour to allow adhesion
      of the seeds to the surface. Each flat was then placed on a standard slope
      of approximately 40.degree. up from horizontal. A gentle spray of water
      was used to create the erosion force. Erosion conditions were duplicated
      as precisely as possible for each flat. In addition to the six flats of
      Samples E-1 through E-6 and the flat for the seeds of this invention, an
      additional flat was set up and tested in the same way to determine the
      erosion effect on an untreated Control Sample. After the erosion had taken
      place, 5 inches further down the slope from the original band of seeds
      were marked off. The original band of seeds was the reference line (0.0
      inches displacement) and the other five zones (for each flat) were as
      follows: 0.0 - 1.12 inch; 1.12 - 2.25 inches; 2.25 - 4.50 inches; 4.50 -
      6.75 inches; and more than 6.75 inches. The seed bed surfaces in each flat
      comprised a material which was selected to resemble packed earth.
PAR  The results of counting and tabulating the seed distributions are given in
      Table II. These results indicate that 80% (numerically) of the coated
      seeds of this invention did not migrate from the reference or base line
      area. About 10% showed minor displacement, and only 3.7% were in the fifth
      zone. Samples E-1 through E-6, on the other hand, did not appear to
      perform significantly better than the Control sample in terms of movement
      under erosion stress. Apparently, a water-sensitive inner or sticker
      coating has no anti-erosion effect if it is inactivated with a water
      insensitive outer coating.
TBL                                    Table II                                
     __________________________________________________________________________
     RESULTS OF ANTI-EROSION TEST                                              
                     NUMERICAL % OF APPLIED SEED MOVED DISTANCES SHOWN         
     SAMPLE:         0 Inch 1.12 Inch                                          
                                    2.25 Inch                                  
                                            4.50 Inch                          
                                                    6.75 Inch                  
                                                            +6.75              
     __________________________________________________________________________
                                                            Inch               
     E-1  (CMC)      2.74   13.75   8.26    5.32    0.02    69.72              
     E-2  (HEC)      15.96  1.28    2.02    3.12    1.83    75.78              
     E-3  (Methyl cellulose)                                                   
                     10.28  5.87    5.13    11.55   4.40    62.75              
     E-4  ("POLYOX") 3.30   2.57    6.42    10.09   2.20    75.41              
     E-5  (Guar Gum) 17.98  0.09    2.20    3.49    2.20    73.58              
     E-6  (Gum Arabic)                                                         
                     2.94   14.13   4.59    3.12    0.04    74.86              
          mean       8.86   6.28    4.77    6.12    1.79    72.02              
     THE INVENTION*  80.55  10.46   3.49    2.39    0.00    3.67               
     CONTROL (NO TREATMENT)                                                    
                     6.78   2.94    8.07    5.50    2.75    73.90              
     __________________________________________________________________________
      *Prepared as described previously in this Example.                       
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing plant seeds for planting comprising the steps
      of:
PA1  a. coating the seeds with a substantially water-free tacky film which will
      not activate a water-activatable adhesive,
PA1  b. contacting said tacky film with a dry, solid, particulate
      water-activatable adhesive which is not activated by said tacky film, said
      adhesive being capable of forming pseudoplastic, viscoelastic, pituitous
      water solutions in 1 weight percent concentration in water, at least 98%
      by weight of the particles of said adhesive being small enough to pass a
      10 mesh screen; said contacting step being continued until (1) said seeds
      are covered with an adherent outer layer of discrete granules of said
      adhesive as the outermost layer of the coating on said seeds, and (2) said
      seeds are a dry, free flowing mass of discrete seeds.
NUM  2.
PAR  2. A process according to claim 1 wherein said step (a) consists
      essentially of:
PA1  a. coating said seeds with liquid coating composition comprising a
      liquid-activated film-forming material capable of forming a normally
      tacky, substantially dry film after liquid activation, said film-forming
      material being contained in a liquid carrier which activates said
      film-forming material and
PA1  b. evaporating said liquid carrier until normally tacky, substantially dry
      films are formed on said seeds.
NUM  3.
PAR  3. A process according to claim 2 wherein said liquid coating composition
      comprises:
PA1  i. a water-activatable adhesive capable of dissolving in water,
PA1  ii. a liquid carrier consisting essentially of water.
NUM  4.
PAR  4. A process according to claim 3 comprising the steps of:
PA1  a. dissolving in ethanol a water-activatable adhesive comprising an
      ethylene oxide polymer,
PA1  b. diluting the resulting ethanolic solution with water to form a
      predominantly aqueous solution having an ethylene oxide polymer content of
      about 0.5-2% by weight,
PA1  c. contacting a mass of seeds with 0.1-10 parts, per 100 parts by weight of
      said seeds, of said predominantly aqueous solution, until each of said
      seeds is coated with a layer of said predominantly aqueous solution,
PA1  d. permitting the water and ethanol in said layer of predominantly aqueous
      solution to evaporate until said layer becomes substantially dry but still
      retains some tackiness,
PA1  e. contacting said substantially dry but tacky layer with 0.1-10 parts by
      weight, per 100 parts by weight of said seed, of dry solid granules of
      water-activatable ethylene oxide polymer adhesive.
NUM  5.
PAR  5. A process according to claim 1 wherein said dry, solid, particulate
      water-activatable adhesive used in said step (6) is an ethylene oxide
      polymer having a molecular weight greater than 200,000.
NUM  6.
PAR  6. A process according to claim 1 wherein said plant seeds are the seeds of
      a monocotyledonous plant.
NUM  7.
PAR  7. A process according to claim 1 wherein the pituitousness of said
      pituitous water solutions is augmented with lignin derivatives.
NUM  8.
PAR  8. A coated plant seed, said plant seed being coated with:
PA1  a. a substantially water-free inner sticker coating, bonded to said seed,
      the composition of said inner sticker coating being capable of being tacky
      in a substantially water-free state,
PA1  b. adhered to said sticker coating as the outermost coating on said seed, a
      particulate coating comprising a dry, solid, particulate water-activatable
      adhesive which is not activated by said inner sticker coating when said
      inner sticker coating is substantially water-free and tacky, said
      water-activatable adhesive being capable of forming pseudoplastic,
      viscoelastic, pituitous water solutions in 1 weight per cent
      concentrations in water, at least 98% by weight of the particles of said
      adhesive being small enough to pass a 10 mesh screen.
NUM  9.
PAR  9. A coated plant seed according to claim 8, wherein said water-activatable
      adhesive adhered to said inner sticker coating is an ethylene oxide
      polymer having a molecular weight greater than 200,000.
NUM  10.
PAR  10. A method of planting comprising broadcasting the seeds of claim 8.
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PAL  A door operator includes a double acting power cylinder with a dual
      metering valve mounted thereon. The valve unit includes an external tube
      with a sliding control piston coupled to the power cylinder for
      corresponding selected movement. A pair of spaced metering assemblies are
      secured to the tube and each includes a supply-exhaust port connected
      through a four-way valve means to an air supply and an exhaust, and
      connected to provide air flow to and from opposite end heads of the power
      cylinder. Each assembly has a one-way supply passageway, a central speed
      control passageway and a fixed damping passageway. The latter two
      passageways each have a small needle valve control and the speed control
      passageway is selectively blocked by the control piston.
PAL  The power and damping cylinder assembly includes a mounting enclosure with
      the controls therein and with the power cylinder piston rod pivotally
      connected to a tubular drive arm. An adjustable excursion rod adjustably
      telescopes into the drive arm and in turn is pivotally interconnected to a
      second positioning rod. A pivotal mounting bracket is adjustably secured
      to the outer end of the positioning rod for attachment to the door. The
      linkage adapts the operator to various sizes and types of doors, with a
      special positioning rod and angle drive arm provided for swinging doors.
PAL  A ratcheting relay control unit is coupled to control the solenoid valve in
      response to actuation of any one of a plurality of interconnecting control
      and/or safety switches.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluid operating apparatus for positioning of load
      devices and in particular to a pneumatic operating apparatus having speed
      change control for moving relatively heavy loads, such as heavy duty
      industrial, commercial, and refrigerator doors and other closure members.
PAR  Fluid driven positioning apparatus is widely employed in industry for
      rapidly and reliably positioning of various types of loads, including
      valves, dampers, machine operating elements as well as various closure
      members. In the institutional and commercial field, automatic door
      closures may employ fluid driven operators for automatic closing and
      opening of the doors in response to an appropriate input signal. The
      operators may be either hydraulic or pneumatic operated. Pneumatic driven
      door operators may employ air supplies which are generally available in
      other parts of the institution or which can be readily supplied. Pneumatic
      systems also are highly desirable in connection with the convenient method
      of exhausting of the system to the atmosphere.
PAR  In such operators, and particularly in connection with door operators, the
      controlled movement of the door is extremely important to permit safe
      movement of personnel and associated equipment. Thus, the operator
      desirably provides relative rapid movement of the door without, however,
      creating dangerous conditions. This, of course, is particularly
      significant in heavy door installation such as encountered in industrial
      and commercial application. Thus, if an operator should be opening or
      closing a door and during the movement, a vehicle such as a forklift unit
      attempts to move through the opening without allowing adequate clearance,
      interengagement could cause severe damage to the door structure and/or the
      vehicle structure. The large mass of industrial and/or commercial door
      structure also requires that the velocity and deceleration of the door be
      controlled both during opening and closing to prevent possible damaging of
      the door mechanism.
PAR  Conventionally, pneumatic or fluid operators include controlled damping
      means built into the operator. For example, the conventional pneumatic
      cylinder will normally have the terminal portion of the piston stroke
      cushioned by a fluid volume of air within the terminal portion of the
      chamber and may be provided with a special damping chamber mechanism to
      permit control of the damping characteristic. Such conventional methods
      although operable do require relatively rugged special construction in
      order to compensate for the significant stresses and mechanical loads
      which may be encountered particularly when the piston rod directly
      interacts with the damping mechanism. Further, most operators are
      especially designed for particular applications and require relatively
      expensive custom installation. Although other forms of controls including
      metering means have been suggested, they have, for one reason or another,
      not found significant application and there is a great need for a rugged,
      reliable controlled door operator for providing controlled acceleration
      and deceleration of the door.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is particularly directed to a fluid operator which
      can be readily applied to a door operator to provide a basic unit for
      controlling of various types and sizes of doors. Although the present
      invention can be employed in any desired automatic positioning control
      where control of velocity changes of the load positioning during the
      stopping and starting of the drive is considered important, the
      characteristic had been found to provide an exceptional satisfactory motor
      means for industrial and commercial door operators and is, therefore,
      particularly described in connection therewith.
PAR  Generally, the present invention includes a fluid motor means having a
      mechanical output coupled to position a load between various possible
      positions. The fluid motor means is coupled to a pressurized fluid supply
      which is preferably a pneumatic source through a novel metering control
      valve unit to permit selective control of velocity changes of the load in
      response to application of the fluid driving force. Generally, the
      metering valve of the present invention includes a control coupled to the
      actual load coupling and preferably directly to the mechanical output of
      the motor. The valve is thus positioned in accordance with the load
      position. The metering valve is coupled to the exhaust side of the motor
      means and particularly includes a plurality of parallel flow passages
      including a pair of two-way control passageways, at least one of which is
      selectively opened and closed in accordance with the movement of the door
      and the other of which provides an adjustable final damping
      characteristic. For reversible drive, the metering valve further includes
      a one-way passageway.
PAR  In accordance with a preferred and novel construction, the motor means is a
      reversible pneumatic motor having a pair of supply-exhaust means and
      having a metering valve unit constructed in accordance with the present
      invention connected to each of the supply-exhaust connections and to a
      pressure source. The one-way passageway is connected to permit pressure
      application via the metering valve to the motor drive means and with the
      two parallel passageway providing for a controlled exhaust. The movement
      of the motor drive means thus exhausts the fluid through the opposite
      metering valve with the one-way valve passageway being closed by the
      exhausting fluid while the other two control passageways provide for the
      controlled exhaust. When the load has been moved to a selected position
      the one exhaust passageway is fully or partially closed to thereby further
      modify the acceleration characteristic. The control passageways are formed
      with adjustable valve means such as needle valves to permit selective
      adjustment of the exhaust characteristic and thereby the acceleration and
      deceleration characteristic.
PAR  The present invention eliminates the undesirable heavy, mechanical loading
      associated with direct interaction between the operating piston and the
      damping mechanism as well as the undesirable mechanical coupling between
      auxiliary pneumatic or hydraulic damping cylinders mounting parallel to
      and mechanically coupled to the load cylinder. The latter exerts
      relatively heavy load bending moments on the piston rod with the resultant
      wear and reduced bushing life on the piston rod support.
PAR  In a preferred and particularly novel construction, the motor means
      includes a double acting power cylinder. The metering valve unit includes
      an external tube adapted to be mounted to the power cylinder with a
      control piston or spool slidably disposed therein. The piston rods of the
      power cylinder and valve unit are coupled for corresponding selected
      movement. A pair of spaced metering assemblies are secured to the tube
      which includes a supply-exhaust port connected through a four-way solenoid
      air valve means to an air supply and an exhaust. A first metering assembly
      is connected to one head of the power cylinder and the second assembly is
      connected to the opposite head of the power cylinder. Each assembly is
      similarly constructed with a one-way passageway between the two ports. A
      central passageway is formed through the valve body and the damping tube.
      The damping piston is specially formed to selectively open and close the
      passageway to provide a controlled exhaust flow. This passageway is
      preferably provided with a small needle valve to control the rate of flow
      therethrough and thereby permit adjustment of the acceleration of the
      power operator. Directly in parallel therewith is a second interconnecting
      exhaust passageway which further includes an adjustable needle valve. It
      provides a small continuous exhaust flow independent of the positioning of
      the damping piston and provides final controlled deceleration of the motor
      drive and load. Thus, the present invention provides complete control of
      the drive characteristics during both directions of a power drive by
      adjustable means controlling the exhaust flow from the fluid motor means.
      The particular characteristics during acceleration and deceleration are
      conveniently and independently controlled to produce a great variety of
      different characteristics by simple rearrangement or relative location and
      dimensions of the several components. Thus, a door may rapidly open for
      quick access while closing at a stepped rate of speed change to minimize
      the time. Maximum safety is provided by high final damping to the pinch
      point and the distance between the two metering valve assemblies relative
      to the piston units permits adjustment of the characteristic. The
      particular characteristic may be further produced, for example, by varying
      the clearance either in steps or progressively with the position relating
      to the valve assembly.
PAR  The adjustable control drive of the present invention is particularly
      desirable in application to door closures because it can be readily
      adapted to a great variety of different sizes and weights with widely
      varying hardware while maintaining the desired opening and closing
      characteristic.
PAR  In accordance with a further aspect and feature of the invention, a basic
      system includes an adaptive interconnecting mechanical linkages for
      coupling to horizintal and vertical sliding doors, swinging doors and
      overhead doors. The power and damping cylinder assembly as well as the
      electrical and air control means are housed within a mounting enclosure
      with the operating piston coupled to a pivotally mounted drive arm which
      projects outwardly of the housing. An adjustable excursion arm or link is
      connected to the drive arm and in turn is pivotally interconnected through
      a suitable adjustable coupling to a second positioning link or arm. A
      pivotal mounting bracket is adjustably secured to the outer end of the
      positioning arm for attachment to the door. The variable mechanical
      linkage permits the ready adaptation of the single power operator for
      various types of doors. Generally, for sliding doors the drive arm is a
      straight adjustable member interconnected at its outer end to the
      intermediate coupling. For a swinging door model, a special drive arm
      includes an offset portion to accommodate the swinging motion while
      minimizing the projection of the interconnecting mechanical linkage.
      Similarly the mounting bracket includes a pivot construction permitting
      the swinging motion. Each element is readily directly connected as a part
      of the linkage to the basic operator. For double door units of the sliding
      or swinging type, a main operator may be coupled to one door and a slave
      unit connected to the opposite door of the unit.
PAR  In accordance with a further novel feature of the present invention, the
      power cylinder and interconnected metering valve assemblies are mounted
      within a housing or enclosure along with the valving and electrical
      controls. The pivoted arm is secured to the power cylinder within the
      enclosure and projects outwardly therefrom. Environmental conditioning
      means may be provided to adapt the unitized construction to severe
      environmental conditions. Thus, heating and/or cooling means can be
      provided to maintain the operator components well within the necessary
      rated operating temperatures.
PAR  Although any desired control system can be employed, a very simple and
      reliable electrical control employs a ratcheting relay control to
      alternately set a switch contact between a closed door and an open door
      position to thereby set the circuit for opening and closing. Thus, it is
      only necessary to pulse the ratcheting relay to selectively energize the
      solenoid and thereby the supply of fluid power to the power operator. A
      plurality of interconnecting control switches are parallel connected to
      control the ratcheting relay. Further, one or more safety switches can
      similarly be parallel connected to control the relay and provide for
      desired reversing under any adverse or damaging conditions.
PAR  The present invention thus provides an improved fluidic motor drive with
      controlled acceleration and deceleration to thereby establish smooth,
      controlled characteristics of operation. By employing a pneumatic system
      the unit is readily adapted to existing building structures or commercial
      type structures and provides a relatively quiet continuously adjustable
      control or operator. Further, it can be readily constructed as an unitized
      integrated operator for adaptation to various control to new and existing
      door installations and the like. The simplicity and integrated
      construction is desirable from an initial cost, manufacture and
      installation, but also permits very convenient and subsequent maintenance
      by minimizing the number of parts for the various types of doors employed
      in industry and the ready access to such parts. The controlled movement
      and the ready interconnection of the safety controls further particularly
      adapts the door to a safe, reliable installation for protection of
      personnel and equipment.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings furnished herewith illustrate preferred constructions of the
      present invention in which the above advantages and features are clearly
      disclosed as well as others which will be readily understood from the
      subsequent description of such embodiments.
PAR  In the drawings:
PAR  FIG. 1 is a front elevational fragmentary view of a door operator applied
      to a horizontal sliding door unit forming a part of a building structure;
PAR  FIG. 2 is an enlarged elevational view of the power door operator system
      shown in FIG. 1 with parts broken away and sectioned to more clearly
      illustrate the details of construction;
PAR  FIG. 3 is a vertical section taken generally on line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary view taken generally on line 4--4 of FIG. 1;
PAR  FIG. 5 is an enlarged vertical section taken on line 5--5 of FIG. 2;
PAR  FIG. 6 is a fragmentary sectional view illustrating a preferred mounting of
      an air control valve shown in FIGS. 1-2;
PAR  FIG. 7 is a schematic illustration of a control circuit for application to
      the operator of FIGS. 1-6;
PAR  FIG. 8 is a view similar to FIG. 1 illustrating the application of the
      power operator of the present invention as shown in FIGS. 1-6 to a
      vertical rise door; and
PAR  FIG. 9 is a view illustrating the same operator modified in accordance with
      the present invention for application to a swinging door.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring to the drawing and particularly to FIG. 1, the present invention
      is shown applied to a sliding door 1 forming a part of a building
      structure 2 and overlying a door opening 3. The sliding door 1 in
      accordance with conventional practice is hung by a pair of spaced trolley
      units 4 from a suitable track structure 4a. An automatic power door opener
      or operator 5 constructed in accordance with the present invention is
      shown typically mounted immediately above the door track 4a by a pair of
      mounting brackets 6 secured to the building wall 2. Generally, the power
      operator of the present invention, illustrated in FIG. 1, includes a power
      pneumatic cylinder unit 7 coupled to the door through an adjustable
      driving linkage unit 8 which may be adapted to various sizes and types of
      doors. The mounting brackets 6 may be adjustably constructed to provide
      alignment of the linkage to the one surface of the door 1. The pneumatic
      cylinder 9 of unit 7 is coupled to a suitable air supply line 9a in
      response to any one of a plurality of control switch units of which one is
      shown at 10 in FIG. 1.
PAR  The pneumatic operator 5 may be driven from any suitable pneumatic supply
      such as the usual air supply employed in commercial establishments. The
      illustrated switch unit 10 is a push button type mounted adjacent to the
      door structure 1. Additionally, at least one similar unit 10a is provided
      on the opposite side and generally pull cord switch unit 11, which may be
      actuated by a forklift operator or the like as he approaches the door will
      also be provided to permit opening and closing of the door without leaving
      the forklift.
PAR  In accordance with the present invention, the air supply connection to the
      power cylinder 9 is controlled by a unique travel damping valve unit 12
      mounted as a part of the power cylinder operator. The damping valve unit
      12 establishes a controlled acceleration and deceleration of the door
      movement which permits setting of widely different opening and closing
      speeds. The damping valve in particular permits the matching of the
      operator characteristic to the door to permit smooth safe operation of the
      door. Generally, each actuation of a switch 10 actuates the operator from
      the previous actuation to reverse the door movement and thereby provide
      for the alternate opening and closing. Further, the door movement can be
      reversed during any portion of the door movement and, in fact, may be
      provided with automatic reversing safety switches to prevent damaging to
      protect personnel and equipment.
PAR  More particularly, in the illustrated embodiment of the invention, the door
      operator includes an outer enclosing shroud or housing 13 in the form of a
      generally rectangular box which is somethat larger than the power cylinder
      unit 7. The shroud 13 is secured to the wall by the mounting brackets 6. A
      generally L-shaped frame member 14 is secured or mounted to the mounting
      brackets 6 by suitable mounting bolts 15. The depending leg 16 of the
      frame 14 is bifurcated and the clevis of the power cylinder 9 is pivotally
      mounted to the lower end thereof as by a lubricated bolt 17. The usual
      piston 18 in the cylinder 9 is connected to a piston rod 19 and projecting
      outwardly from the front of the cylinder and coupled by a bifurcated
      clevis-bracket 20 and lubricated pin 21 to a drive arm 22 of the door
      connecting linkage 8. The upper end of the arm 22 is connected by a pivot
      attachment 23 to a small depending bracket 24 from the top leg of the
      mounting frame 14 and projects outwardly through an opening in housing 13
      adjacent the surface of the door. The power cylinder unit 9 is thus
      mounted within the housing 13 in such a manner as to permit limited
      pivotal movement as the piston and rod 19 and interconnecting linkage 8 is
      moved to open and close the door 1.
PAR  As most clearly shown in FIG. 2, the combined inlet-outlet ports 25 and 26
      are provided at the front and back heads of the cylinder 9 and connected
      respectively by inlet-outlet fluid lines 27 and 28 to the fluid supply and
      to exhaust by the unique damping valve 12 and a small four-way electrical
      solenoid air valve 29 which may be mounted within the shroud 13. The power
      cylinder unit 7 is a suitable double acting air cylinder providing
      extension and retraction of the piston rod 19 by appropriate supplying of
      air pressure to one end of the cylinder 9 while simultaneously exhausting
      the oppsoite end of the cylinder 9 through the special damping valve or
      meter unit 12. The air supply connection to the operator 5 will also
      include conventional air processing elements such as a filter 31 having an
      appropriate clean out to ensure a supply of clean dry air and a
      lubricating unit 32 to provide lubrication to the power cylinder. A
      pressure regulator 33 which usually includes a visual reading gauge will
      also normally be provided to permit a variable setting of the operating
      pressures. Thus, the introduction of air into the head port 25 causes
      retraction of the piston 18 while introduction of air into the rear head
      port 26 results in extension of the piston 18 with a corresponding
      positioning of the rod 19 and linkage 8, and particularly a pivoting of
      the drive arm 22 about its pivot point. The adjustable driving linkage 8
      in the embodiment of the invention includes the arm 22 which is a suitable
      tubular member, and an adjustable excursion rod 34 which projects into the
      drive arm tube 22 and through an attachment plug 35 firmly affixed within
      the drive arm tube 22. A pair of set screws 36 secures rod 34, with the
      outermost end connected by a pivot joint unit 37 to a positioning rod 38.
      The projection of the excursion rod 34 is selected to establish the
      desired amplitude of movement or slide of the door. For small door
      installations, the free end of rod 38 is cut off so as not to interfere
      with the pivot mounting of the arm 22.
PAR  In the illustrated embodiment of the invention, the pivot joint unit 37
      includes an eye member or hub 39 secured with its axis normal to that of
      the rod 34 to the outermost end of the excursion rod 34. An inner sleeve
      bearing 39a projects outwardly slightly of the hub to form end bearing
      surfaces. The excursion rod hub 39 is secured within a clevis 40 on the
      end of rod 38 by a grease bolt 41a. The positioning rod 38 projects
      outwardly and is adjustably secured to a mounting plate unit 41 having a
      mounting plate 42 which is bolted or otherwise firmly affixed to the door
      1. A clamping block 43 slidably receives the positioning rod 38 which is
      firmly locked in place by set screws 43a.
PAR  The clamping block 43 is secured to the door pivot plate 42 by a pivotal
      joint including a stepped tubular journal 44 welded to the plates 42 in
      alignment with an access opening. A bolt 45 passes through a sleeve
      bearing inserted in the tubular journal 44 and is threaded into the block
      43 and thereby provides a pivotal mounting of the clamping block 43 and
      rod 38 relative to the pivot plate 41 during the opening and closing
      movement of the door 1.
PAR  The multiple adjustable linkage and pivot joint coupling of the drive arm
      22, excursion rod 34 and the positioning rod 38 permits adaptation of the
      operator 5 to a great variety of different sized horizontal sliding and
      vertical sliding doors as well as different door movements.
PAR  Excursion rod 34 is formed of a suitable flexible steel and flexes relative
      to the tube 22, particularly in the event an abnormal load is placed on
      the linkage 8 such as by an obstruction to the door movement. A small
      reversing safety switch 46 is mounted as by threading into a threaded
      opening in the tubular drive arm 22 in the path of rod 34 during the
      closing door movement. A similar switch 46a may be placed in the opposite
      side of arm 22 to respond during the opening of door 1. The reversing
      safety switch unit 46 and 46a are connected into the control circuit for
      the door operator 5 to automatically reverse the door movement in the
      event of an abnormal restraining force. The flexible rod 34 will, under
      all normal conditions, directly transfer the opening and closing forces to
      the door 1, with a minimum flexure which is insufficient to operate the
      switch. In the presence of any abnormal restraining load, however, the rod
      34 will flex to activate the reversing safety switch or switches. The
      unique flexible linkage and safety switch assembly is more fully disclosed
      and claimed in Applicant' s copending application Ser. No. 428,923
      entitled Control Switching for Automatic Load Operators filed Dec. 27,
      1973 and assigned to the same assignee and is described herein to define a
      total integrated improved door operator.
PAR  The extension and retraction of the excursion rod 34 varies the effective
      length of the rod and, consequently, the arc at the outermost end of the
      rod 34, as shown by the phantom illustrated in FIG. 1, thereby controlling
      the linear movement or total travel of the door 1. Thus, in the initial
      setup with the shroud or housing 13 located, the rod 34 is slidably
      disposed within the plug 35 with the set screws 36 released and located
      with pivot joint 37 on the door center. The excursion rod 34 is then
      secured in place by tightening of the set screws 36. The door 1 is then
      opened and closed and the rod 34 projected outwardly to permit the door to
      completely open and close within its casement opening.
PAR  The precise movement between the desired door overlap limits is set by
      appropriate setting of the positioning rod 38. The location of the
      clamping block 43 and thus unit 41 closer to the pivot point unit 37
      causes the entire door motion to move toward the opening side of the
      casement in the illustrated embodiment of the invention.
PAR  In practice, the unit 41 is appropriately located spaced vertically
      downwardly from the top of the door opening by 1/2 of the sum of distances
      between the top of the door opening and the positions of the joint 37 with
      the door closed and with the door opening. The horizontal position of unit
      41 is adjusted upon the positioning rod to locate the same relative to the
      edge of the door opening equal to 0.1 of the door opening, with the door
      closed.
PAR  Once the proper adjustments of the excursion rod 34 and the positioning rod
      38 have been made, the total assembly can be moved to the building and
      door proper. This may be advantageous where a number of basic similar
      doors are encountered having somewhat differing building appurtenances.
      Further, an installation may require relocation of the door operator by
      some subsequent building changes. With the operator of this invention,
      such changes are quickly and reliably made with a minimum of skill
      requirement.
PAR  In summary, the actual starting and stopping position of the door 1 is
      directly controlled by the position of the unit 41 on the position rod 38
      with the length of movement controlled by the selective extension of the
      excursion rod 34. Thus, by appropriate energizing of the power cylinder,
      the door is moved between the opened and closed position. The total unit
      can be mounted with the positioning rod 38 pivoted to a mirror image with
      respect to joint 37. Various size tubular arms 22 may be provided to
      conveniently adapt the basic unit to different size openings and
      associated doors.
PAR  In accordance with a particularly unique aspect of the present invention,
      the door travel and particularly the acceleration and deceleration is
      controlled by the unique travel damping valve unit 12, which is most
      clearly shown in FIGS. 2 and 5. The travel, damping valve unit 12 is shown
      mounted to the cylinder 9 by a pair of mounted spaced brackets 48 and 48a
      on the top of the front and rear heads of the cylinder 9. The travel
      damping valve unit 12 particularly includes an outer tubular housing or
      tube 49 mounted in fixed relation by brackets 48 and 48a parallel to
      cylinder 9. A pair of air metering valve assemblies 50 and 51 are spaced
      axially of the cylinder or tube 49 and interconnected as a part thereof.
      The fluid lines 27 and 28 from the rear and front heads of the cylinder 9
      are connected by air assemblies to common supply-exhaust lines from the
      four-way solenoid air valve 29. The air metering assemblies 50 and 51 are
      controlled by a common control spool or piston 52 which is slidably
      mounted in the tubular housing 49 to control assemblies 50 and 51. The
      damping piston 52 includes a control operator shown as an extending piston
      rod 53 projecting outwardly therefrom generally aligned with and in
      parallel to the power piston rod 19. A bracket 54 couples the power piston
      rod 19 to the damping valve rod 53 with a lost motion coupling to provide
      a predetermined interrelated movement of the damping piston 52 with the
      power piston 18. In the illustrated embodiment of the invention, the
      bracket 54 is secured to the bifurcated clevis 20 and is moved in
      accordance with the movement of the power piston rod and consequently
      directly in accordance with the position and movement of the door 1. The
      bracket 54 projects upwardly and includes an opening 55 through which a
      reduced threaded portion 56 extends. The damping valve rod 53 is provided
      with a pair of axially spaced shoulders which may be predesigned to
      provide predetermined fixed spaced relationship or as illustrated may be
      adjustably mounted on the piston rod. Thus, in the embodiment of the
      invention the damping valve rod is threaded and provided with a pair of
      spaced lock nuts 57 and 58 located to the opposite side of the upper end
      of the coupling bracket 55. The stroke and movement of the damping piston
      is controlled by appropriate positioning of the lock nuts 57-58 on the
      damping valve rod 56 with the spacing therebetween defining a lost motion
      coupling such that the power piston 18 in moving from a given position
      does not effect movement of the damping piston 52 during the initial
      accelerating portion of the door opening. During the terminal portion of
      the power cylinder movement and the door movement, the travel damping
      valve piston 52 is actuated to vary the characteristic of door movement.
      Further, as presently developed the traveling damping valve unit 12
      functions to control exhaust of the air in cylinder 9 through the
      associated metering valve 50 and 51 to both control the acceleration and
      deceleration of the door operator 7 and interconnected door 1.
PAR  Each of the air metering assemblies 50 and 51 is similarly constructed and
      the air metering assembly 51 connected to the rear cylinder head is
      described in connection with the illustration of FIGS. 2 and 5. In the
      full illustration of FIG. 2, the piston rod 19 is fully extended to open
      the door 1 and thus is in the alternate position from that shown in FIG.
      1. Air was previously applied to the rear head of the cylinder 9 and the
      piston 18 extended to the position of FIG. 2 by actuation of the four-way
      solenoid valve 29 with the air pressure maintained in cylinder 9 behind
      the piston 18. Actuation of valve 29 automatically reverses the connection
      and provides a supply of air through assembly 50 to the head port 25 with
      exhaust of the air in cylinder 9 through the rear port 26 and the metering
      valve assembly 51.
PAR  Thus, referring particularly to FIGS. 2 and 5, the air metering assembly 51
      includes an outer body portion 60 which is secured in fluid tight
      engagement to the damping valve tube 49 and, in essence, to form an
      integral part of such tube. The illustrated body member 60 is generally a
      small rectangular blocklike member having parallel top and bottom walls.
      The bottom wall is provided with a tapped opening 61 for receiving the
      fluid line 28 from the rear head of the power cylinder 9. The top wall is
      provided with tapped opening 62 to one side, shown as the right side as
      viewed in FIG. 5, for receiving supply-exhaust line 63 from the four-way
      solenoid air valve 29. A pair of similar multiple passage coupling
      passageways 64 and 65 are formed extending laterally through the top and
      bottom portions of body 60 to the opposite sides of the damping valve tube
      49 with the outer ends thereof closed by suitable threaded plugs 66. The
      lower passageway 64 projects laterally across the cylinder connecting
      opening 61 while the upper lateral passageway 65 extends laterally from
      the solenoid connection opening 63. The two lateral passageways 64 and 65
      are connected by a plurality of interconnection of control passageways
      including a one-way supply passageway 68 to one side of tube 49, a closing
      damping passageway 69 to the opposite side of tube 49, and an intermediate
      speed adjusting passageway 70 which extends downwardly through the damping
      valve tube 49.
PAR  The supply passageway 68 as illustrated includes a one-way flow control
      means illustrated as a ball-check unit 71 which permits the free flow of
      air from the supply connection 62 to the power cylinder connection 61. The
      illustrated unit 71 includes a check-ball 72 urged by a spring 73 into
      closing engagement with a valve seat to the power cylinder connection side
      of the passageway 65. A plug member 73a closes the connection to the
      ball-check opening and stresses the ball spring to firmly hold the ball
      against the valve seat. When air is supplied from the solenoid valve 29 to
      the metering valve assembly 51, the air pressure positively forces the
      ball 72 downwardly and freely admits the passage of air to the cylinder
      connection 61 and via line 28 to port 26. However, when the solenoid valve
      29 connects the solenoid connection 62 to exhaust the air from port 26,
      the opposite directional flow from the cylinder acts on the ball 72 to
      positively close this passageway 68 and diverts all exhausting air through
      the two alternate passageways 69 and 70.
PAR  The speed adjusting passageway 70, as previously noted, extends through the
      travel damping valve tube 49 and piston 52 and is especially constructed
      to selectively control the air flow therethrough. The illustrated travel
      damping piston 52 is slidably mounted within the valve tube 49 and is
      generally of a corresponding size with a suitable sliding O-ring end seal
      75 and a central seal 74 located to the opposite side of the metering
      valve assembly 51. The piston 52 further includes a reduced valving
      portion 76 which when aligned with the passageway 70 provides a minimal
      flow restriction therethrough with a corresponding coupling of passageway
      64 to passageway 65 and thus from the power cylinder 9 to the exhaust-side
      of solenoid valve 29. The alignment of the portion 76 with the valve
      assembly 49 is controlled by the spacing of the stops 57 and 58. In the
      illustrated embodiment, adjustable stops 57 and 58 are shown. In
      practicing the invention, Applicant has found that fixed stops can be
      employed with the piston portion 76 and central seal 74 offset to produce
      a different end of travel damping. Thus, for door operators, Applicant has
      found that an offset of 55% for closing and 45% for opening is an optimum
      fixed setting.
PAR  A needle valve 77 is adjustably mounted by a threaded lock nut 78 in body
      60 to selectively locate the tapered end 79 of a needle in the upper side
      of the passageway 70. The positioning of the needle valve 77 controls the
      size of the flow restriction through the speed adjusting passageway 70 and
      thereby provides a first adjustable control on the movement of the power
      operator 5 and door 1.
PAR  The damping passageway 69 is connected in parallel with the speed adjusting
      passageway 70 and is provided with a similar adjustable needle valve unit
      80. The damping passageway 69 is mounted to one side of the tube 49 and
      thus provides a minimal continuous interconnection between the two
      coupling passageways 64 and 65 and thus between the solenoid connection 62
      and the cylinder connection 61. However, as illustrated, the damping
      passageway 69 is significantly smaller than any of the other passageways
      70 or 68 and does not appreciably effect the overall operation with the
      metering assembly 51 in operative position illustrated in FIG. 2. The
      previous operation of the four-way solenoid valve unit 29 in the opening
      sequence, supplied air through the rear port 26 and holds of the piston 18
      at the end of the stroke to lock the piston and door in the illustrated
      full line position of FIG. 2. This results in the maintaining of the
      compressed air within the power cylinder 9. When the four-way solenoid
      valve unit 29 is reversed to reverse the door position, the compressed air
      trapped in the air cylinder 9 is allowed to escape at a reasonably rapid
      rate through the relatively large speed adjusting passageway 70 during the
      initial return movement. This permits creation of a relatively large break
      away force on the door 1 and the necessary power to accelerate the door,
      with the acceleration controlled by the setting of the meter speed
      adjusting passageway needle valve 77. The door 1 is accelerated and
      movement continues. The coupling bracket 55 moves rearwardly and at a
      selected point engages the spaced stop 57 on the damping valve rod 56.
      Further, movement to the left in FIG. 2 results in the positive
      repositioning of the damping valve piston 52 within the tube 49 and after
      a predetermined movement, the reduced portion 76 of damping piston 52
      moves from alignment with the speed adjusting passageway 70 and
      effectively seals such passageway. Consequently, the exhaust flow through
      the speed adjusting passageway 70 is stopped and exhaust air can only pass
      outwardly through the damping passageway 69 which, as previously noted, is
      of a significantly smaller size. This significantly increases the
      restriction on the exhaust flow and creates a back pressure in the
      cylinder 9 which more strongly opposes the piston movement as established
      by the supply line pressure to the opposite side of the piston 18 as
      provided by the connection at the front head of the power cylinder 9. This
      reduces the speed of the power cylinder as the door approaches the end of
      its travel and provides a large air volume means to effectively cushion
      the air cylinder unit and the associated door or other load with an
      effective deceleration control. The illustrated embodiment of the
      invention is particularly directed to relatively heavy duty door openers
      such as encountered in warehouses, regrigeration units and the like, where
      the damping will occur during approximately 55% of the cylinder stroke
      during closing and 45% of the cylinder stroke during opening.
PAR  Thus, as viewed in FIG. 2, the bracket 54 engages the damping valve rod
      shoulder 57 at approximately 55% and 45% of the total stroke of the power
      cylinder unit 7 during the respective operation modes.
PAR  The solenoid valve 29 holds the power cylinder 9 in the retracted alternate
      position until such time as it is again actuated to reverse the connection
      to the front and rear heads of the cylinder 9. When that occurs the
      metering valve assembly 51 is connected to provide full pressure to the
      rear head of the power cylinder 9 via port 61 while the front head
      metering valve assembly 50 is connected to meter the exhaust flow in
      precisely the same manner as that just described. Consequently, the power
      cylinder movement will reverse with a corresponding reversed controlled
      acceleration and deceleration of the door.
PAR  The acceleration and deceleration for opening and closing may thus be
      controlled independently. For example, it might be desirable to
      significantly increase the damping characteristic during the closing
      operation to prevent possible striking of personnel and equipment. During
      the opening operation, the same degree of damping may not be required if
      the door moves into a more or less protected area.
PAR  The speed adjusting passageway with the metering of the exhaust flow
      minimizes any tendency for the door opening to occur in an erratic,
      stepped manner such as often may occur with automatic door openers which
      encounter a relatively large initial breakaway force due to its weight
      and/or sealing characteristic of the door, and particularly if the door
      otherwise has a relatively low friction hardware and support. The power
      cylinder is powered to positively hold the door in the two alternate
      positions. When the solenoid valve reverses, the holding air is, in
      essence, in a more or less compressed condition within the power cylinder
      9 except for the exhaust adjustment passageway. If the exhaust condition
      is rapidly created and prior to the build-up of pressure on the opposite
      or the operating end of a level sufficient to cause breakaway, the exhaust
      effectively reduces the retarding pressure on the piston 18. When the
      driving force then rises to the breakaway level, the retarding force has
      already dropped significantly and as a result immediately after breakaway,
      undesired acceleration and high speed travel of the power cylinder unit 7
      and door 1 may be created until the damping mode is established. Thus,
      even the momentary periods between breakaway and the completion of the
      exhaust passageway results in a significant reduction in the exhaust
      characteristic and, consequently, in prior unit permits undesired rapid
      acceleration. When the damping does start the rapidly moving piston has a
      build-up of pressure on the exhaust side, because the rapid acceleration
      will tend to trap and compress a greater quantity of air within the
      cylinder than would normally be provided during the desired controlled
      exhaust. At some point, prior to the complete open travel, the air to the
      exhaust side may, therefore, be compressed momentarily to a level which
      exceeds the driving force on the opposite side of the piston. This may
      cause a slight hesitation and actual return bounce of the door until the
      small remaining volume of exhaust air had continued to bleed out of the
      opening through the severely restricting needle valve. The dual metering
      adjustment eliminates such a possibility by permitting the operator to
      accurately adjust the initial speed opening to restrict the exhaust
      passageway during the initial reversal of the solenoid and to thereby
      accurately control the door acceleration and speed during the initial
      travel and prior to the initiation of actual damping. This permits a
      highly desired control on the build-up or on the air pressure
      characteristic to initially release it at a controlled rate to permit
      smooth opening but to maintain a controlled build-up at a proper rate to
      smoothly start and stop the door. This also minimizes the volume just
      prior to when the door closes and thereby minimize the amount of decayed
      fluid after stopping.
PAR  Thus, the damping valve of the present invention may be readily applied
      with any power cylinder unit and provides a relatively simple and
      therefore relatively inexpensive, practical device or external control.
PAR  Although the two metering assemblies 50 and 51 are shown as an integrated
      unit, separate assemblies can be provided with an appropriate adjustable
      coupling between separate valve piston or with separate coupling to the
      power cylinder to provide complete adjustable mounting or the like.
PAR  The complete independent multiple adjustment provided by the unique damping
      valve unit of the present invention is particularly desirable as a
      practical matter to adapt the unit to a plurality of different door
      characteristics. Thus, smoothness, reliability and safety of travel during
      the entire stroke of the power operator is a function of many different
      factors including the door weight, the friction characteristics of the
      door support and guides, the characteristic of the supply pressure as well
      as the required initial seal or breakaway force required to initiate
      movement of heavy doors and the like. The unitized mounting design permits
      convenient construction of different sized power operator. Thus, the same
      basic assembly may be changed by substituting different power cylinder
      units. The characteristics within any given design will not only vary for
      different size doors but, as a practical matter, for any given
      installation depending upon the particular mounting characteristics and
      surrounding environment. Consequently, the multiple adjustment provided by
      the separate damping valve assemblies and with the internal multiple
      adjustments permits ready optimum setting for any given installation.
PAR  The independent forward and reverse drive motion control is also
      particularly important for industrial door operators where a significant
      difference in the speed of opening and closing the door is often
      desirable. Thus, the door should open quickly to provide rapid access and
      also minimize the potential damage from a rapid moving vehicle. The door
      should, however, close significantly more slowly to provide a high degree
      of safety to personnel and property moving through the opening as well as
      the door apparatus. The closure during the final closing portion from the
      dangerous pinch point should be particularly at a slow speed. Thus, in
      combination, the door operator may be set with a very high speed opening
      and some reasonable final damping to prevent damage to the mechanism. A
      relatively intermediate speed closing is provided in combination with a
      high degree of damping through the final closing to the pinch point. This
      provides a relatively rapid closure without creation of abnormally
      dangerous conditions.
PAR  In summary, during the installation the operator independently adjusts the
      metering valves during the power opening and closing of the door to adjust
      the actual characteristic to the desired speed and to the desired damping
      characteristic by adjustment of the metering orifices. For example, the
      initial closing portion will normally be a relatively high speed closure
      to minimize the door opening period. However, the final closure should be
      at a significantly reduced speed to permit personnel, vehicles and the
      like to move out of the door closing opening and further to minimize the
      impact in the event they are in the doorway.
PAR  The exact characteristic can be controlled further by relative shaping of
      the damping piston and cylinder to provide a graduated closing of the
      speed adjusting passageway rather than the single abrupt on-off
      characteristic illustrated. For example, if the damping piston is provided
      with a generally cone-shaped closure portion rather than the abrupt step
      change, the metering characteristic will be further modified in accordance
      with the clearance between the piston and the cylinder wall during the
      speed adjusting cycle.
PAR  The controlled speed of acceleration and the controlled acceleration and
      deceleration over essentially 100% of the total stroke of the operator and
      particularly the result of the controlled metering of the large volume of
      exhaust air permits highly accurate control of the speed as well as the
      final cushioning motion of the cylinder and interconnected door or other
      load even though such a load may have a relatively large mass.
PAR  The four-way solenoid valve unit 29 can, of course, be of any suitable
      construction and operated through any suitable control, or any other
      automatically controlled supply means can be provided. The illustrated
      solenoid valve unit 29 is diagrammatically illustrated in FIG. 2 by the
      conventional ASA symbol as loaded by a spring 81 to a first position and
      having a solenoid 82 which establishes the alternate position when
      energized. The valve unit 29 includes a pair of cylinder ports connected
      respectively to the assemblies 50 and 51 by line 63 and 63a for
      selectively supplying and exhausting air therethrough. A common supply
      port or passageway 83 and a pair of exhaust ports or passageways 84 and
      84a which are selectively coupled to the cylinder port lines 63 and 63a
      through a valve spool, not shown, which is selectively positioned by the
      de-energization and energization of the solenoid 82.
PAR  The illustrated air supply system includes the usual lubricating means 32
      and consequently the exhaust air carries some oil content. Although
      minute, if the exhaust is directly within housing 13, it constitutes a
      possible source of contamination for the electrical switching components.
      The valve unit 29 is therefore desirably mounted adjacent to an outer
      housing wall with the exhaust ports 84 and 84a aligned with appropriate
      openings, as most clearly shown in FIG. 6. In certain applications, the
      operator may be constructed with a suitable low friction material or
      coating to avoid the air borne lubrications. However, longer operating
      life has been found with the use of the lubricant.
PAR  In FIG. 2, the assembly is shown as having just moved unit 29 to the
      de-energized position to close the door. In the energized condition, the
      valve unit 29 would shift to the alternate position from FIG. 2 tending to
      extend and hold piston rod 19 to the door open position as shown in FIG.
      2. Inlet pressure is then applied to the rear metering assembly 51 and
      thus the rear head of the cylinder 9 which is closed off from the related
      exhaust port. The front cylinder head metering assembly 50 is connected to
      the related exhaust and disconnected from the supply port. Conversely,
      when the unit is de-energized the valve unit is in the full line position
      of FIG. 2 and the cylinder head connection exhaust through assembly 51 and
      supplies air through assembly 50.
PAR  The air supply system preferably is provided with a suitable manually
      operable power release valve unit 85 such that in the event of any
      malfunction, associated with, for example, a loss of electrical power, the
      power cylinder 9 can be completely exhausted. This will permit the
      convenient manual operation of the door and thereby prevent interference
      with the operation of the system. This, of course, is also essential in
      connection with certain installations such as a freezer room where the
      operator must be permitted to provide manual release of the door structure
      in the event of a failure. The illustrated emergency air released valve
      unit 85 is a well-known lever actuated three-way, normally open valve
      coupled directly in series with the connecting line 7a to the up-stream
      side of the solenoid valve unit 29 and having a manual control 85a for the
      convenient operation by the necessary personnel.
PAR  For illustrated valve 29, to close the door, the solenoid valve unit 29 is
      de-energized and to open and hold the door in the open position, the
      solenoid is energized. A particularly satisfactory system and circuit is
      illustrated in FIG. 7. Thus, referring to FIG. 7, the solenoid air valve
      coil 86 is connected to a suitable power source such as the usual
      alternating current power supply. The solenoid valve unit and circuit is
      preferably a low voltage system and is coupled to the incoming
      conventional supply line 87 through a step-down transformer 88, which
      provide the desired low voltage output. One end of winding 86 is connected
      to the common of the transformer secondary 89 and the opposite end is
      selectively connected by a relay unit 90 to the opposite side of the
      secondary for selective energization in response to momentary actuation of
      any one of the illustrated control switches 10 and 11 or the reversing
      safety switch 46 during closing cycle only as shown in FIG. 7 and switch
      46a when employed. The relay unit 90 is preferably of a ratcheting type
      having a drive winding 91 connected to the secondary 89 in series parallel
      with the several control switches 10 and 11. The closure of any one or
      more of these switches energizes the relay winding which drives a suitable
      ratchet mechanism to transfer and latch the contacts between alternate
      door open and door close position. The switches 10, 10a and 11 preferably
      are constructed to provide a direct momentary operation to prevent the
      accidental continued energization of the ratcheting relay. Thus, the
      ratcheting relay normally requires de-energization and energization before
      it will actually step its contacts.
PAR  The contacts of the ratcheting relay 90 are shown in a common movable pole
      or arm 92 connected to the secondary of the transformer 88 and selectively
      engaged with a door open contact 93 and a door close contact 94. The door
      open contact 93 is connected to the air valve coil 86 and is energized to
      effect the opening and holding of the door open. The close door contact 94
      normally de-energizes coil 86 to effect closing of the door and holding of
      the door closed. The close door contact 94 is connected in series with
      safety switch 46 to energize the relay 90 during the door closure cycle if
      an abnormal condition results in closing of switch 46.
PAR  The switch contact arm 92 moves from the illustrated closed door position
      to energize the solenoid coil 86 until the relay 91 is again actuated to
      reset the contacts.
PAR  The solenoid air valve unit 29 is energized and connects the cylinder head
      port 26 to the air supply line 9a and connects the front head port 25 to
      atmosphere via the assemblies 51 and 50, respectively, as shown in FIG. 2.
      As a result the power cylinder piston 18 and piston rod extend thereby
      opening the door with a cushioned stopped movement. The power cylinder
      unit 17 positively holds the door in the open position until such time as
      personnel actuate a control switch 10, 10a or 11 to close the door 1. The
      latter would reset the ratcheting relay contacts to the full line position
      shown, de-energizing the solenoid coil 86. The solenoid valve unit 29
      would then automatically return to the reset opposite position under the
      action of spring 81 again providing for the opposite connection of the
      cylinder ports 25 and 26 through the metering valve assemblies 50 and 51
      to supply air to the frost head port 25 and to exhaust air under a
      controlled manner from port 26, with the resulting power closing of the
      door, once again with the metered speed adjustment and damping adjustment.
PAR  The safety switch 46 is normally open and is normally wired between the
      power supply and the top side of the ratcheting relay coil 91 in series
      with the fixed closed door contacts 94 of the ratchet relay. Thus, when
      the door is in the closing mode, closing of the safety switch 46 again
      ratchets the relay 90 to practically instantaneously reverse the position
      of the solenoid unit 29 whereupon the power actuator 7 is oppositely
      connected to the air supply to stop closing and to again provide door
      opening movement. If both safety switches 46 and 46a are employed, the
      switches should be parallel connected to any set of terminals which are
      normally connected to control switches such as switches 10 and 11, or
      connected one to each of the fixed contacts of the ratcheting relay.
PAR  The door 1 may also be provided with additional safety such as a safety
      edge switch 95 such as commonly employed in elevator doors and other
      structures. The switch 95 is shown parallel connected with the closing
      safety switch 46 and thus functions only during the door closing mode.
      Further, the unitized construction and mounting of the power cylinder, the
      metering assembly and interrelated controls also adapts the system to
      widely varying and relative severe environmental conditions. Thus, as
      shown in FIG. 6, an environmental conditioner such as a heater 96 may be
      mounted within the housing 13. A low wattage heater particularly if
      housing 13 is insulated will permit maintaining of a suitable operating
      temperature. Thus, the system can be readily designed to operate in
      minimum temperatures of degrees.
PAR  Similarly, if a high temperature environment is encountered, a cooling
      system would be coupled to the unitized construction. Such a system can,
      of course, be as simple as a relatively cool air supply tube connected to
      supply cooling air into the housing 13 to maintain a maximum operating
      temperature for the system which can be readily designed for temperature
      up to 190 degrees. The arm opening in the housing 13 through which the
      tubular arm 22 projects may be provided with a flexible type closure or
      the like to completely enclose the operating components while permitting
      arm movement for severe conditions.
PAR  The present invention provides a reliable and relatively simple power door
      operator which is readily adapted to the many different types of door
      constructions and installations. For exmaple, the structure for the
      horizontal sliding door 2 shown in FIGS. 1 - 7 can be readily applied to a
      vertical rise door 97, for example, as shown in FIG. 8. Thus, a
      conventional vertical rise door 97 is mounted for vertical movement in a
      suitable guide track 98 and 99. A power operator 100 is mounted to one
      side of the door 97 with the linkage 101 extending laterally across the
      door 97 and interconnected thereto by the mounting plate unit 102. The
      unit is built as previously described and the excursion rod and the
      positioning rod are appropriately located to provde for raising and
      lowering of the door structure. Thus the dual, pivotal mounting linkage
      101 permits the required accurate movement of the drive arm portion while
      transmitting of the force to the door to thereby provide for powered
      opening and closing. Once again, the unique damping valve unit 103
      provides a controlled acceleration and deceleration of the door movement
      and provides and maintains accurate control during the complete door
      movement.
PAR  Essentially the same construction for a door operator 104 can be readily
      applied to a swinging door 105 having a vertical hinge 106, for example,
      as shown in FIG. 9. For a swinging door, the drive arm 107 of a similar
      linkage 108 is preferably formed with an outer angled portion to minimize
      the protrusion of the linkage and to optimize the force transmission. The
      flexible rod 109 is pivotally coupled to a positioning rod 110 by rigid
      coupled 111 mounted on the excursion rod 109 and with the positioning rod
      110 adjustably secured within a clamping block 112. The outer end of the
      positioning rod 110 is formed with a right angle pivot portion pivotally
      attached to a bushing 113 in a mounting plate 114, with the offset pivot
      permitting the normal movement of the cylinder power unit 104 while
      transmitting of said motion as a swinging motion to the door 105. Thus it
      is merely necessary to change the drive arm 107 and the positioning rod
      110 in the interconnecting linkage to adapt the complete unit to a
      swinging door construction.
PAR  Further, in many installations, the door must close automatically in the
      event of fire and may be provided with a closing weight 114 which is shown
      in FIG. 1 in a particular novel construction for automatic door operators.
      The weight 114 is connected to cable 115 which passes over a pulley and
      then extends along to the top of the door 1, passing through an eyelet
      bolt member 116 secured in the top of the door 1. The outer end of the
      cable 115 is provided with a loop 117 hooked over a top of a pivoted arm
      118 pivotally mounted on the mounting structure. The loop 117 is formed
      such that when released, the end of the loop end of cable 115 cannot pass
      through the eyelet member 116 but rather transmits the force of weight 114
      to the eyelet bolt member 116 and thereby to the door 1. A fused linkage
      119 extends across the top of the door opening 3 beneath the cable 115
      with a plurality of fuse links 120 spaced therein. The linkage 119 is
      connected to hold pivot arm 118 and the attached weight inoperative until
      a fuse 120 is disrupted by a fire. In accordance with a further aspect of
      this invention, the operator 5 is effectively removed to permit the
      automatic closure. Referring particularly to FIGS. 1 and 6, a normally
      closed valve unit 121 is coupled in series in the air supply line 9a to
      the solenoid valve 29. Valve unit 121 may be similar to unit 85. The
      linkage 119 is secured to the valve unit 121 to hold the valve 121 open
      and permits the normal operation. The linkage 119 is looped over an anchor
      pin 122 on the pivot arm 118, extends back across the door and is secured
      to the front track bracket. When any one of the fuses 120 is released in
      response to disruption or breakage of the fuse 120, the linkage releases
      valve 121 which operatively cuts off the air supply from the operator and
      exhausts the operator. This also releases the pivot arm 118, which pivots
      under the tension of the cable 115 and its associated weight 114. In so
      pivoting, the cable loop 117 slips from the top of the arm and the weight
      drops pulling the cable along the top until the loop 117 engages the
      eyelet bolt 116 and transmits the weight to the door. This positively
      closes the door 1.
PAR  Thus, the power operator of the present invention may be conveniently
      adapted to fire doors and the like. Additionally, interlocks may, of
      course, be employed. For example, the valve air line connections may be
      responsive to fire and heat to directly disrupt and exhaust the power
      operator to provide a redundancy in the air system.
PAR  The operator of this invention can also be applied to the conventional
      sectional overhead door by horizontal mounting and coupling of a special
      two degree of freedom linkage to the top section of a door for
      swinging-lifting action thereof. Also the operator can be applied to
      hinged swinging doors.
PAR  Further, the operators can be readily applied to bi-parting sliding doors
      or to double swinging doors and the like. An individual operator is
      provided for each of the doors. One of the door operators is constructed
      as illustrated in the drawings and thus provided with the necessary
      electrical control and solenoid air valve unit and functions as a master
      control unit. The second operator for the other half of the door assembly
      includes the power cylinder and separate travel damping valves suitably
      housed within an enclosure and coupled to the door by the appropriate
      linkage. The second operator does not have a separate electrical control
      or solenoid valve but rather is connected through suitable connecting
      fluid lines in dotted illustration with the master operator and functions
      as the slave unit, as shown for example in FIG. 2. In an actual, practical
      system, the double door operators will generally be standardized to
      provide the controls in one unit such as the left hand operation while the
      opposite unit is always formed as the slave unit, to adapt the unit to
      mass production processes and the like and to minimize installation
      requirements and the like. The several doors of double units would be
      provided with individual safety switches all of which would be parallel
      connected such that operating any one reverses the door operator and
      movement.
PAR  Further, the door unit may employ an air-piloted four-way air valve in
      place of the electrically driven system where required, for example, in
      explosive environments. Suitable air activated controls such as in the
      fluidic art could be employed for reversing controls and the like.
PAR  The relatively simple, rugged external damping valve assembly provides a
      wide adjustment of drive characteristics in order to meet particular
      specifications arising from different installations. The same basic
      operator can, of course, be constructed with a plurality of different
      diameter cylinders to adjust the system to wide ranges of light and heavy
      door installations as well as available pressure. Thus, an extremely large
      door with a great amount of friction may be operated with standard air
      pressure by merely employing a larger diameter cylinder. All mountings
      can, of course, be made standard with the shroud or enclosure constructed
      to accommodate the largest possible diameter and thereby permit
      introduction of the desired cylinder. The pivotal mounting of the cylinder
      to the supporting frame and to the rod similarly allows the adaptation of
      any desired cylinder to the operating mechanism including the support and
      the linkage.
PAR  The integrated construction of the door operator also provides convenient
      adaptation to a wide variety of door construction and permits its
      installation to existing or new doors in a relatively simple, inexpensive
      and reliable manner. The door operator itself is of a relatively simple,
      reliable, rugged construction which can be factory assembled. A very
      minimum number of working components are employed and all may be formed of
      a heavy duty type construction to minimize the possible failure points.
      Further, pneumatic cylinder units and the necessary control valves and the
      like are readily available and understood in industry. Consequently,
      special field personnel is not required for normal servicing of the
      operator. Further, where a plurality of the operators are employed in any
      given plant, any repair parts to be inventorized can be minimized as a
      result of essential interchangeability between the several parts of the
      various operators.
PAR  The present invention thus provides a highly improved pneumatic load
      positioning device and particularly one adapted to the opening and closing
      of heavy industrial type doors and the like.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims, particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic fluid activated operating apparatus for controlling a fluid
      motor means driven from a fluid supply means and a fluid exhaust means and
      having a pair of operating port means for supplying and exhausting of
      fluid from the motor means, comprising metering valve means connected to
      said port means to exhaust fluid from the motor means, said metering valve
      means including a plurality of passageway means between the port means and
      the exhaust means, at least a first of said passageway means constituting
      an acceleration control passageway including a movable closure means for
      varying the effective size of said first passageway means, said closure
      means being coupled to the motor means and mounted for progressive
      selective positioning within said passageway in accordance with the
      relative position of said motor means and being progressively
      correspondingly positioned after selected movement of the motor means to
      change the effective operation of said first passageway means to control
      the rate of change movement of the output of the motor means, said closure
      means being selectively coupled to the motor means and moves thereby
      through a selected portion of the output of the motor means, said closure
      means being constructed with a plurality of different closure sizes and
      successively moving into said first passageway means to correspondingly
      vary the rate of closure of said first acceleration control passageway
      means at different selected rates with the position of the motor means.
NUM  2.
PAR  2. The operating apparatus of claim 1 wherein said metering valve means
      includes a tubular control member having a diametrically extended
      passageway forming a part of said first passageway means, said closure
      means includes a closure member relatively slidably disposed within said
      tubular control member, the internal diameter of said control member and
      the external diameter of said closure member varying relative to each
      other to control the closing and opening of said first passageway.
NUM  3.
PAR  3. The operating apparatus of claim 2 wherein said closure member has a
      first closure portion and a second offset opening portion to define a step
      change in the opening and closing of the first passageway means.
NUM  4.
PAR  4. The operating apparatus of claim 2 wherein said diameters vary in a
      progressive manner to produce a gradual change in the size of said first
      passageway means.
NUM  5.
PAR  5. The operating apparatus of claim 2 wherein said diameters vary in a
      progressive manner and in a step-like manner to produce gradual and step
      changes in the effective size of said first passageway means.
NUM  6.
PAR  6. The automatic fluid activated operating apparatus of claim 5 including a
      linkage means connecting of the motor means to a door to open and close
      the door said tubular control member having a second diametrically
      extended passageway spaced axially from the first passageway, said closure
      member having spaced closure portions aligned with the first and second
      passageways, for simultaneous opposite movement relative to said
      passageways, said closure portions being selected to effectively close the
      aligned one passageway during the final 55 percent of the door opening or
      closing stroke.
NUM  7.
PAR  7. An automatic fluid activated operating apparatus for controlling a fluid
      motor means driven from a fluid supply means and a fluid exhaust means and
      having a pair of operating port means for supplying and exhausting of
      fluid from the motor means, comprising metering valve means connected to
      said port means to exhaust fluid from the motor means, said metering valve
      means including a plurality of passageway means between the port means and
      the exhaust means, at least a first of said passageway means including
      closure means for varying the effective size of said first passageway
      means, and said closure means being coupled to the motor means and
      selectively positioned in accordance with the relative position of said
      motor means after selected movement of the motor means to change the
      effective operation of said first passageway means to control the rate of
      change movement of the output of the motor means, said metering valve
      means includes a body portion including a first, second and third parallel
      passageway between a motor connection means and a supply-exhaust
      connection means, said body portion having mounting means for connection
      to the motor means, said first passageway means being adjustable and
      providing a first restricted flow passageway controlled by said closure
      means, said first passageway means being located between said second and
      third passageway means and including a cross-opening therethrough, said
      closure means being a piston-like element mounted in said cross-opening
      and coupled to the motor means for selectively positioning in accordance
      with the relative position of said motor means, the third of said
      passageways constituting a one-way flow passageway means permitting full
      transfer of fluid pressure from the supply-exhaust connection means to the
      motor connection means and restricting reverse flow, and the second of
      said passageways providing a continuous restricted flow passageway.
NUM  8.
PAR  8. The operating apparatus of claim 2 wherein said second passageway means
      includes an adjustable means, said second passageway means having a
      minimum restriction significantly greater than the minimum restriction of
      said first passageway means whereby the second passageway means provides
      maximum damping characteristics after closure of the first passageway
      means.
NUM  9.
PAR  9. The operating apparatus of claim 1 for coupling to a door of a building,
      comprising a pivoting door arm pivotally mounted and coupled to said fluid
      motor means for selective pivoting between a door open position and a door
      closed position, a connecting linkage connected to said pivoting door arm
      and including a first adjustable link connected as a linear extension to
      said door arm and a pivot joint coupler connected to a second adjustable
      link and to said first adjustable link, means to adjust the relative
      lengths of said second adjustable link, and a door attachment means
      pivotally attached to said second adjustable link and including a mounting
      means for selectively coupling of said second adjustable link to the door
      for moving of the door.
NUM  10.
PAR  10. The operating apparatus of claim 9 wherein said pivoting door arm
      includes an outer offset portion and said door attachment means includes a
      pivot axis parallel to the axis of the pivoting door arm for attachment to
      a swinging door.
NUM  11.
PAR  11. The operating apparatus of claim 9 wherein said pivoting door arm is
      rectilinear and said first link is a rod adjustably attached to the outer
      end of the arm, said second link being a rod, said pivot point coupler
      being pivotally secured to one of said rods and adjustably attached to the
      other of said rods.
NUM  12.
PAR  12. In the automatic fluid activated operating apparatus of claim 1 wherein
      said fluid motor means is a reversible cylinder operator having a cylinder
      with a pair of opposite end ports for selectively supplying and exhausting
      of fluid with respect thereto for reversibly driving a piston having an
      output rod, said metering valve means including a pair of individual
      metering valve assemblies connected respectively to each of said ports and
      each having a common supply-exhaust connection means and a port connection
      means joined by said plurality of passageways, and control valve means for
      selectively connecting said common supply-exhaust connection means of said
      pair of valve assemblies to supply and exhaust fluid from said cylinder.
NUM  13.
PAR  13. An automatic fluid activated operating apparatus for controlling a
      cylinder operator having a cylinder with a pair of end ports for
      selectively supplying and exhausting of fluid from the said ports for
      reversibly driving a piston having an output rod, a pair of individual
      metering valve assemblies connected respectively to each of said ports and
      each having a common supply-exhaust connection means and a port connection
      means, each of said metering valve assemblies including a plurality of
      passageway means between the port connection means and the supply-exhaust
      connection means, at least a first of said passageway means including
      closure means for varying the effective size of said first passageway
      means, and said closure means being coupled to the motor means and
      selectively positioned in accordance with the relative position of said
      motor means after selected movement of the motor means to change the
      effective operation of said first passageway means to control the rate of
      change movement of the output of the motor means, control valve means for
      selectively connecting said common supply-exhaust connection means of said
      pair of valve assemblies to supply and exhaust fluid from said cylinder,
      each of said metering valve assemblies includes a body portion including a
      first, second and third parallel passageway between the motor connection
      means and the supply-exhaust connection means, the first of said
      passageways constituting a one-way flow passageway means permitting full
      transfer of fluid pressure from the supply-exhaust connection means to the
      port connection and restricting reverse flow from the cylinder, said
      second passageway means being adjustable and providing a first restricted
      flow passageway between the metering connections, said second passageway
      means including means for positively closing said passageway, and said
      closure means being coupled to the motor means and selectively positioned
      in accordance with the relative position of said motor means, and said
      third passageway means including an adjustable means to define a
      restricted passageway between the metering valve assembly connections,
      said third passageway means having a restriction significantly greater
      than restriction of said second passageway means whereby the third
      passageway means provides maximum damping characteristics through movement
      of the fluid motor and automatic means for selectively controlling the
      connection of the supply means and the exhaust means to said metering
      valve means.
NUM  14.
PAR  14. In the operating apparatus constructed in accordance with claim 8
      including a pivoting load drive arm pivotally mounted and coupled to said
      cylinder piston rod for selective pivoting between a first load position
      and a second load position, a connecting linkage connected to said
      pivoting drive arm and including a first adjustable link connected to said
      drive arm, a second adjustable link pivotally connected to said first
      adjustable link, and a load attachment means pivotally attached to said
      second adjustable link and including mounting members for selectively
      coupling of said second adjustable link to the load for preselected linear
      and swinging movement of the load.
NUM  15.
PAR  15. An automatic fluid activated operating apparatus for controlling a
      cylinder operator having a cylinder with a pair of end ports for
      selectively supplying and exhausting of fluid from the said ports for
      reversibly driving a piston having an output rod, a pair of individual
      metering valve assemblies connected respectively to each of said ports and
      each having a common supply-exhaust connection means and a port connection
      means, each of said metering valve assemblies including a plurality of
      passageway means between the port connection means and the supply-exhaust
      connection means, at least a first of said passageway means including
      closure means for varying the effective size of said first passageway
      means, and said closure means being coupled to the motor means and
      selectively positioned in accordance with the relative position of said
      motor means after selected movement of the motor means to change the
      effective operation of said first passageway means to control the rate of
      change movement of the output of the motor means, control valve means for
      selectively connecting said common supply-exhaust connection means of said
      pair of valve assemblies to supply and exhaust fluid from said cylinder,
      an enclosure, means mounting said cylinder, said control valve means and
      metering valve assemblies within said enclosure, and means within said
      enclosure to control the operating temperature within the enclosure.
NUM  16.
PAR  16. The automatic fluid activated operating apparatus of claim 15 including
      a housing for said motor means and said metering valve assembly, said
      supply means including an air source having means to introduce lubricating
      oil into the air supplied to the motor means, an electrically actuated
      control valve mounted within said housing for reversing the connection of
      the metering assembly to the supply and the exhaust means, an electrical
      control for said control valve mounted within said housing, and passageway
      means for directing said exhaust from said control valve directly from
      said housing.
NUM  17.
PAR  17. An automatic pneumatic door controller comprising a reversible
      pneumatic cylinder unit having opposite end ports for selectively
      supplying and exhausting of air to correspondingly position a piston and
      piston rod, the relative connection of the supply and of the exhaust
      connections to said ports determining the direction of the piston, a pair
      of individual metering valve assemblies connected respectively to each of
      said ports and each having a common supply-exhaust connection means, means
      for selectively connecting said common supply connection means to a supply
      means and to an exhaust means, each of said metering valve assemblies
      including a body portion including a first, second and third parallel
      passageway between the port connection means and the supply-exhaust
      connection means, the first of said passageways constituting a one-way
      flow passageway means permitting full transfer of air pressure from the
      supply connection means to the port connection means and preventing
      reverse flow from the cylinder, said second passageway means being
      adjustable and providing a first restricted flow passageway between the
      metering connections, said second passageway means including means for
      positively closing said passageway, said closure means being coupled to
      the motor means and selectively positioned in accordance with the relative
      position of said motor means, said third passageway means including an
      adjustable means to define a restricted passageway, said third passageway
      means having a minimum restriction significantly smaller that the minimum
      restriction of said second passageway means whereby the third passageway
      means provided maximum damping characteristics, an automatic means for
      selectively controlling the connection of the supply means and the exhaust
      means to said metering valve means.
NUM  18.
PAR  18. The door operator of claim 17 wherein said metering valve assemblies
      include a common tube member mounted on top of said cylinder and passing
      through said second passageways, said closure means includes a common
      metering piston slidably mounted within said tube and having a pair of
      spaced reduced diameter portions spaced in accordance with said second
      passageways, and means coupling of said common metering piston to said
      piston rod.
NUM  19.
PAR  19. The door operator constructed of claim 18 including a pivoting door-arm
      operator pivotally mounted and coupled to said fluid motor drive for
      selective pivoting between a door open position and a door closed
      position, a connecting linkage connected to said pivoting door operator
      and including a first adjustable link connected to said door operator and
      a second adjustable link pivotally connected to said first adjustable
      link, and a door attachment means pivotally attached to said second
      adjustable link and including a plurality of mounting members for
      selectively coupling of said second rod adjustable link to the door for
      linear movement of the door and alternatively for a swinging movement of
      the door.
NUM  20.
PAR  20. In the automatic pneumatic door operator of claim 17 including a safety
      valve means connected in said supply means, a mechanical means connected
      to the safety valve means to hold the valve means to supply air to the
      motor means, a mechanical door closure means coupled to the door, and a
      fused linkage means coupled to said mechanical door closure means and said
      mechanical latch means to exhaust said motor means and release said
      closure means.
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ABST
PAL  The movable window-leaf has an axis of pivotal motion parallel to one side
      and displaceable in translational motion in a direction parallel to
      itself, two identical arms being pivotally attached at one end to the two
      sides located at right angles to said axis and at the other end to the
      corners of the fixed window-casing. The length of the two arms is at least
      equal to one-half the length of the sides of the window-casing located at
      right angles to the pivotal axis so as to permit complete reversal of the
      window-leaf about the two points of pivotal attachment of the arm to the
      leaf.
BSUM
PAR  This invention relates to a bellows-opening window which permits complete
      reversal of the window-leaf.
PAR  A window is referred-to as having a bellows-type opening action if the
      moving portion of the window which comprises the glazed portion is capable
      of opening by pivotal motion of the moving assembly about an axis which
      coincides with one of the sides of the fixed window casing. The opening
      action is of the so-called external type if the window-leaf is intended to
      move outside the building-wall in which the window is fitted, this type of
      window being employed especially for roof-lights.
PAR  By "fixed window-casing" is meant both a stationary frame which is rigidly
      fixed to the masonry and made of any suitable material and a frame formed
      by the concrete back-band of the building structure.
PAR  One of the important problems involved in the use of a window of this type
      arises at the time of cleaning of the outer face of the glass pane. This
      problem is particularly acute in the case of an external-opening window
      since the outer face of the glass panel is practically inaccessible in
      this case.
PAR  This result can already be obtained by means of existing windows of the
      roof-light type and among these can be mentioned:
PAR  A ROOF-LIGHT IN WHICH THE PIVOTAL AXIS OF THE WINDOW-LEAF IS LOCATED AT THE
      MID-LENGTH OF THE WINDOW-CASING AND THEREFORE ALSO OF THE LEAF. This
      solution has a major drawback in that it permits the penetration of water
      and snow when the window is open in addition to the fact that the leaf
      projects inwards;
PAR  ANOTHER TYPE OF WINDOW HAS TWO FRAMES PIVOTALLY CONNECTED TO EACH OTHER BY
      MEANS OF PIVOT-PINS LOCATED AT THE MID-LENGTH AND PERMITTING OF REVERSAL
      OF THE GLAZED PORTION WHICH IS FIXED ON ONE OF THEM FOR THE PURPOSE OF
      CLEANING THE OUTER FACE; THESE TWO FRAMES ARE NORMALLY EMPLOYED FOR A
      BELLOWS-TYPE OPENING WHEN THEY ARE ATTACHED TO EACH OTHER, THIS OPENING
      BEING FORMED BY MEANS OF A PIN WHICH IS PLACED ON ONE SIDE OF ONE OF THE
      FRAMES AND PERMITS OF ARTICULATION WITH RESPECT TO THE FIXED
      WINDOW-CASING. This solution multiples sealing problems by two and
      therefore increases the cost of manufacture.
PAR  The precise aim of the present invention is to provide a window of the
      bellows-opening type which overcomes the disadvantages mentioned in the
      foregoing insofar as it also permits complete reversal of the window-pane
      by means of a single leaf which remains at the exterior during the entire
      period of reversal.
PAR  The window of the bellows-opening type which permits complete reversal of
      the window-leaf essentially comprises a movable leaf, said leaf being
      provided along one side with means for forming an axis of pivotal motion
      of said leaf with respect to the fixed window-casing, said axis being
      parallel to said side and being constrained to move in a direction
      parallel to itself, said window-leaf being further provided on each of its
      two sides which are located at right angles to the axis of pivotal motion
      with an arm such that one end of said arm is pivotally mounted on the side
      of the window-leaf at a point of articulation which permits complete
      reversal of said leaf and the other end of said arm is pivotally attached
      to one of the corners of the fixed window-casing, the straight lines which
      join said points of articulation respectively to the window-leaf and to
      the window-casing being parallel to the axis of pivotal motion whilst the
      straight line which joins the points of articulation of the articulated
      arm with respect to the window-casing coincides with the axis of pivotal
      motion of the window-leaf when said leaf is in the closed position, the
      two arms being identical and having a length at least equal to one-half
      the length of the sides of the window-casing at right angles to the axis
      of pivotal motion so that a movement of complete reversal of the
      window-leaf takes place about the points of articulation of said arms on
      said leaf.
PAR  In a preferred embodiment of the invention, the means for forming an axis
      of pivotal motion are constituted by rollers, each roller being coupled to
      one of the two consecutive corners of the window-leaf, both rollers being
      so arranged as to have a common axis which coincides with the axis of
      pivotal motion to be formed and by two grooves extending over at least the
      full length of the sides of the window-casing which are at right angles to
      the common axis of the two rollers, said rollers being constrained to move
      within said grooves.
PAR  In one alternative embodiment, the end of each arm which is pivotally
      attached to the window-casing is rigidly fixed to one end of a straight
      rod which traverses said window-casing through two bores, the longitudinal
      axis of said rod being intended to constitute the axis of pivotal motion
      of said arms with respect to said window-casing, said rod being fitted on
      the one hand with an elastic restoring device so arranged that one end of
      said device is attached to the window-casing and the other end thereof is
      attached to said rod and on the other hand with a member for displacing
      said rod in rotation about its longitudinal axis.
DRWD
PAR  A clearer understanding of the invention will in any case be obtained from
      the following description of two embodiments of the invention which are
      given by way of example and not in any sense by way of limitation,
      reference being made to the accompanying drawings, wherein:
PAR  FIG. 1 is a side view showing the complete window in the first embodiment;
PAR  FIG. 2 is a detail view of FIG. 1 showing one form of construction of the
      movable axis of rotation;
PAR  FIG. 3 is a detailed fragmentary sectional view of FIG. 1 taken along the
      plane A--A;
PAR  FIG. 4 is a sectional view taken along the plane B--B of FIG. 1;
PAR  FIGS. 5a, 5b and 5c show alternative forms of construction of the roller
      and of the guide forming the movable axis of rotation;
PAR  FIG. 6 is a view in perspective showing the second embodiment of the
      window;
PAR  FIG. 7 is a perspective view showing a detail of FIG. 6;
PAR  FIG. 8 is a sectional view taken along the plane A--A of FIG. 7;
PAR  FIGS. 9a to 9f are diagrams illustrating the operation of the window. The
      use of terms up and down, or above and below, are intended to facilitate
      comprehension but not meant in any limiting sense. They referred to the
      directions shown in the Figs. (as drawn) as up or down.
DETD
PAR  There is shown diagrammatically in the side view of FIG. 1 a first
      embodiment of the window according to the invention. Said window comprises
      a rectangular casing 2 which is stationarily fixed to the roof structure
      and can be either vertical, horizontal or inclined according to the type
      of service which is contemplated. The window can be made of any materials
      such as wood, aluminum, plastic and so forth. It should also be understood
      that the term "rectangular" is intended to include square window-casings.
PAR  At the time of normal operation, the window opens in a normal bellows-type
      movement about the axis X-X' which is parallel to one of the sides of the
      fixed window-casing 2 (namely the side at right angles to the plane of
      FIG. 1). The window-casing 2 is provided along each side at right angles
      to the axis X-X' with a guide 4 which terminates at each end in a curved
      portion 6 and 8 respectively. The guide 4 as represented in greater detail
      in FIG. 3 is constituted, for example, by a metallic sectional member
      having a groove 10 which is formed along the entire length of this latter
      and is open towards the exterior of the window-casing 2. The open face of
      the groove 10 is partly closed by a flange 12. The metallic sectional
      member is rigidly fixed to the window-casing 2 by any known means such as
      forcible interengagement as shown in FIG. 3.
PAR  The window further comprises a rectangular leaf 14 which constitutes the
      transparent portion of the window. The window-leaf 14 is fitted at the two
      corners nearest the axis X-X' with a member 16, one end of which is
      secured to the window-leaf and the other end of which is rigidly fixed to
      a roller 18. The roller 18 is mounted to rotate freely on the spindle 20
      which is rigidly fixed to the member 16. Said roller 18 is capable of
      moving freely within the groove 10 of the guide 4. The two rollers 18 thus
      define an axis of rotation for the window-leaf 14; this movable axis of
      rotation is capable of displacement along the entire length of the
      window-casing while remaining parallel to the axis X-X'. The window-leaf
      14 is fitted with a rigid arm 22 on each side which is located at right
      angles to the axis X-X'. The arm 22 is pivotally mounted on the one hand
      on the pin 24 which is rigidly fixed to the top portion 6 of the guide 4
      (the axis of said pivot-pin coincides with the axis X-X') and is pivotally
      mounted on the other hand on the pin 26 which is rigidly fixed to the
      window-leaf 14 and located in the vicinity of the mid-point of the side of
      said leaf.
PAR  The window leaf can be provided on each side with a second arm or
      supporting arm 28 consisting of two rigid rods 30 and 32 which are
      articulated at the point 34. Said supporting arm is pivoted to the
      window-leaf by the pin 26 and to the window-casing by the pin 36 which is
      located slightly below the guide 4. An elastic compensation device may
      also be provided at point 34 and at the pin 36. The window is further
      provided with a stop 38 (as shown in FIG. 2) which is placed at the top of
      the curved portion 6 of the guide 4 and rigidly fixed to said guide by
      means of a screw 40. The portion 6 of the guide 4 is provided with a stud
      42 and this latter is retractable by means of a mechanism which is not
      shown in the figure. When the stud 42 projects within the groove 10, it
      arrests the roller 18 in the position shown in FIG. 2.
PAR  The rods 30 and 32 have a sufficient length to form an angle .alpha. of
      less than 180.degree. in all positions of the window-leaf. Moreover, when
      the window is closed (position I of the window-leaf), the two rods tend to
      apply the movable leaf 14 against the fixed casing 2.
PAR  The window-leaf 14 can consist of a single or double glass pane unit with
      or without a frame. The leaf can also have two independent glass panes 44
      and 46 as shown in FIGS. 3 and 4. These two panes are joined together by
      means of two hinges 48 and 50 and by means of a catch (not shown).
      Leak-tightness between the top pane 44 and the window-casing 2 is
      obtained, for example, by means of a sealing strip 52 which is fixed
      around the entire periphery of the window-casing 2 at the top portion of
      this latter. Leak-tightness between the bottom pane 46 and the
      window-casing 2 is obtained by means of a flexible sealing strip 54 which
      is fixed within a channel 56 formed in the internal face of the
      window-casing 2. Said sealing strip 54 permits the possibility of lowering
      the window-pane 46 in the direction of the arrow F' by pivotal motion
      about the hinges 48 and 50. Furthermore, it is possible to add a
      locking-bolt which is secured to the fixed casing 2 and serves to apply
      the window-leaf against said casing.
PAR  In FIGS. 5a, 5b and 5c, there are shown different forms of construction of
      the guides 4. The form shown in FIG. 5a corresponds to the guide which has
      already been described. In FIG. 5b, the curved portion 8' (corresponding
      to the curved portion 8 of FIG. 1) is directed downwards. In this case the
      members 16' which serve to attach the rollers 18 are elbowed. In FIG. 5c,
      the guide 4 is rectilinear. Each roller 18' is constituted by two
      runner-wheels 62, 64 and a spindle 66 which are connected together by
      means of a plate 68. In this case the member 16 is rigidly fixed to the
      top spindle 66, the runner-wheels 62 and 64 being engaged in the guide 4.
      In each of these figures, the right-hand half-view shows the roller in its
      initial position and the left-hand half-view shows the same roller after
      the reversal of the window-leaf has taken place.
PAR  It must be understood that the system consisting of the rollers 18 and the
      guide 4 has been described solely by way of example without any limitation
      being implied. In consequence, it would not constitute a departure from
      the scope of the invention to provide any system which makes it possible
      to form an axis of pivotal motion of the window-leaf with respect to the
      fixed casing, said axis being capable of translational motion in a
      direction parallel to the plane of contact between the casing and the leaf
      when this latter is closed. In particular, consideration could be given to
      other methods for guiding said axis. For example, each roller 18 could be
      attached to a continuous chain stretched between two pinions placed at
      each end of the window-casing, the movements of displacement of the chain
      being such as to cause the translation motion of the corresponding roller
      and therefore of the pivotal axis. Similarly, the supporting arms 28 are
      not essential to the constructional design of the window and serve only to
      ensure easier and more reliable operation of the window-leaf.
PAR  FIG. 6 is a diagrammatic view in perspective showing the complete window
      assembly in accordance with the alternative embodiment. In this figure,
      the same reference numerals have again been employed to designate parts
      which are common to FIG. 1. The fixed rectangular window-casing 2 is
      provided on each of the sides which are perpendicular to the pivotal axis
      of the window-leaf with a groove 4 terminating in two curved portions 6
      and 8 respectively. The groove 4 can advantageously be formed in the
      manner which has been described earlier.
PAR  The window further comprises a movable rectangular leaf 14 which
      constitutes the transparent portion of the window. The window-leaf 14 is
      fitted at each of its two bottom corners with a member 16, one end of said
      member being fixed on the window-leaf and the other end of said member
      being coupled to a roller 18. The roller 18 is constrained to move in
      translational motion within the groove 4. On each of the sides which are
      fitted with the members 16 and rollers 18, the window-leaf 14 is provided
      with an arm 22 which is pivoted at one end to the leaf 14 by the pin 26
      and at the other end to the fixed casing 2 at the point 24. In accordance
      with the improvement which forms the subject of the invention, the points
      of articulation 24 of the arms 22 with respect to the fixed casing are
      essentially constituted by a straight rod 70 which traverses the casing
      through two bores not shown in the figure, said rod being rigidly fixed at
      each end to one of the arms 22 at the point 24. Thus the movements of
      rotation of the rod 70 result in a rotation of the arms 22 about the axis
      of the rod 70. The rod 70 is fitted with an elastic restoring system
      constituted for example by a spring 72 which is placed around the rod 70.
      One end of the spring 72 is secured to the rod 70 by means of the collar
      74. The other end of the spring 72 is secured to the window-casing 2 by
      means of the member 76. In addition, the rod 70 is fitted with an
      operating lever 78; said lever may be replaced by a toothed pinion which
      is mounted on the rod 70 and disposed in meshing engagement with a worm.
PAR  The articulation of the arm 22 on the fixed window-casing 2 is shown in
      greater detail in FIG. 7. As explained earlier, in order to permit a true
      bellows-type opening action in addition to complete reversal of the
      window-leaf, the common axis of the rollers 18 must coincide with the axis
      of pivotal motion of the window-leaf with respect to the window-casing or
      in other words must coincide with the axis of the rod 70 when the
      window-leaf is in the closed position of rest.
PAR  This result is achieved by forming within each end portion of the rod 70,
      that is to say substantially at the point 24 at which the arms 22 are
      fixed on the rod 70, a recess 80 having a length and a diameter which are
      sufficient to permit the introduction within said recess of the roller 18
      and of the lower end of the arm 16. Said recess therefore forms an
      extension of the curved portion 6 of the groove 4. It will be understood
      that the recess 80 is provided with an opening 82 which is intended to
      establish a communication between the recess 80 proper and the portion of
      groove 6 and permits the transfer of the roller 18 from the groove 6 to
      the recess 80. The opening 82 has an extension in the form of a groove 84
      into which the lower end of the arm 16 is permitted to pass when the
      roller 18 is locked in position within the recess 80.
PAR  In order to permit opening in a normal bellows-type movement, each recess
      80 is fitted with a retractable and controllable locking device (not shown
      in FIG. 2) which serves to lock the roller 18 in position within the
      recess 80 at the time of an opening movement. On the contrary, when it is
      desired to obtain the reversal of the window-leaf, the locking device is
      withdrawn, thereby permitting the displacement of the roller 18 within the
      groove 6 and then within the groove 4.
PAR  In the alternative form of construction shown in FIG. 8, the retractable
      locking-bolt can be dispensed with in order to maintain each roller 18 in
      position at the time of opening in a bellows movement.
PAR  In the state of rest (that is to say when the window is closed), the
      opening 82 of the recess 80 does not open into the groove 6; on the
      contrary, said opening is closed-off by the top portion 86 of the fixed
      window-casing 2. The roller 18 is thus locked in position within the
      recess 80. In order to lift the window-leaf, the operating lever 78 is
      actuated and this causes the rotation of the rod 70. The roller 18 remains
      imprisoned within the recess 80 until the opening 82 comes opposite to the
      groove 6. This position is represented by the arrow F in a chain-dotted
      line. The window can thus be opened in a bellows-type movement through an
      angle .alpha.. When the operating lever is in position indicated in the
      figure by the arrow F, the roller 18 escapes from the recess 80 and passes
      into the groove 6, then into the groove 4. When the window-leaf has passes
      beyond the vertical position (namely the position of the leaf shown in
      FIG. 6), the direction of rotation of the rod 70 is reversed, thereby
      initiating the reversal of the window-leaf 14 as indicated earlier.
PAR  With reference to FIGS. 9a to 9f, there will now be described the movement
      of the window when it is desired to obtain complete reversal of the
      window-leaf, that is to say when it is found necessary to clean the outer
      face of the window-pane.
PAR  FIG. 9a represents the commencement of the opening movement in a normal
      bellows action: the rollers 18 are maintained in position by the
      locking-bolts within the curved portions 6 of the grooves 4. The arms 22
      are in position alongside the window-leaf 14. FIG. 9b shows the
      window-leaf which is open at a wider angle. Starting from FIG. 9c, the
      locking-bolts are withdrawn and the rollers 18 leave the end portions 6 of
      the grooves 4.
PAR  In FIG. 9d, the window-leaf 14 has passed beyond the vertical position (at
      right angles to the plane of the window-casing). This is the beginning of
      the movement of reversal. In FIGS. 9e and 9f, the movement of reversal
      continues until the rollers 18 arrive within the curved end portions 8.
      The "outer face" of the window-leaf is the directed towards the
      window-casing and cleaning of this face of the window-pane can readily be
      performed. In order to close the window again, the same operations are
      obviously carried out in the reverse order.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A window having a fixed rectangular windowcasing and a rectangular
      window-leaf movable in bellowslike manner between open and closed
      positions and also being completely reversible relative to said window
      casing comprising:
PA1  leaf pivot means for forming a first axis of pivotal motion of said
      window-leaf with respect to said fixed window casing, said leaf pivot
      means being formed along a first side of said window-leaf, said first axis
      of pivotal motion being parallel to said first side and being movable in a
      direction parallel to itself;
PA1  a first arm pivotally secured by a first pivot means to a second side of
      said window-leaf which side is perpendicular to said first side;
PA1  a second arm pivotally secured by a second pivot means to a third side of
      said window-leaf which side is perpendicular to said first side;
PA1  said first and second pivot means defining a second axis of pivotal motion
      which permits complete reversal of said window-leaf;
PA1  said first and second arms being pivotally secured by third and fourth
      pivot means, respectively to opposite sides of said window casing near one
      end thereof;
PA1  said third and fourth pivot means defining a third axis of pivotal motion;
PA1  said second and third axes of pivotal motion being substantially parallel
      to said first axis of pivotal motion;
PA1  said third axis of pivotal motion substantially coinciding with said first
      axis of pivotal motion when the window is operated in bellows-like manner
      between open and closed positions;
PA1  said second and third axes of pivotal motion being maintained spaced apart
      by said first and second arms for a distance at least equal to one-half
      the length of the sides perpendicular to the first side; whereby complete
      reversal of said window-leaf may be achieved by rotation about said second
      axis of pivotal motion.
NUM  2.
PAR  2. A window according to claim 1, wherein the leaf pivot means are
      constituted by two rollers, each roller being coupled to one of the
      consecutive corners of the window-leaf, both rollers being so arranged as
      to have a common axis which coincides with the first axis of pivotal
      motion and groove means defining two grooves which open in a direction
      away from the opening in the window casing and which extend at least the
      full length of the sides of the window-casing which are at right angles to
      the common axis of the two rollers, said rollers being constrained to move
      within said grooves.
NUM  3.
PAR  3. A window according to claim 2, wherein said grooves are located on the
      external face of the window-casing and wherein aid grooves have a
      rectilinear portion located slightly beneath the plane of contact between
      the window-casing and the window-leaf when said window leaf is in the
      closed position, said rectilinear portion being intended to extend over a
      distance at least equal to the length of the window-leaf, each groove
      being formed so as to terminate in an upwardlycurved end portion so as to
      ensure that the rollers are located in said end portions in the plane of
      contact of the window-casing and the window-leaf when said leaf is closed.
NUM  4.
PAR  4. A window according to claim 2 wherein each said groove is fitted with a
      retractable locking-bolt which is capable of securing the rollers against
      translational motion when said rollers take up the position corresponding
      to that of the closed window-leaf.
NUM  5.
PAR  5. A window as claimed in claim 2 further comprising a first and a second
      supporting arm, each supporting arm being composed of two articulated arms
      having points of articulation and being pivotally secured to said window
      leaf by said first and second pivot means, respectively;
PA1  a fifth and sixth pivot means each being disposed below said grooves near
      the center of the sides in which the third and fourth pivot means are
      disposed, respectively; and said first and second supporting arms being
      pivotally secured to said fifth and sixth pivot means respectively.
NUM  6.
PAR  6. A window according to claim 5, wherein the points of articulation of
      said articulated arms and said fifth and sixth pivot means each include
      elastic compensation devices.
NUM  7.
PAR  7. A window according to claim 5, wherein the rods constituting each
      supporting arm have a length such that in the closed position the second
      axis of pivotal motion will have moved past dead center with respect to
      the supporting arms so that both said points of articulation will be above
      the second axis of pivotal motion whereby said rods will exert pressure
      urging the window-leaf against the windowcasing when said leaf is in the
      closed position.
NUM  8.
PAR  8. A window according to claim 1, wherein said third and fourth pivot means
      include a straight rod disposed through said casing and being freely
      rotatable therein, the longitudinal axis of said rod coinciding with said
      third axis of pivotal motion, said rod including an elastic restoring
      device so arranged that one end of said device is attached to the
      window-casing and the other end thereof is attached to said rod; and a
      member operable for rotating said rod about its longitudinal axis.
NUM  9.
PAR  9. A window having a fixed rectangular window-casing and a rectangular
      window-leaf movable in bellows-like manner between open and closed
      positions and also being completely reversable relative to said window
      casing comprising:
PA1  leaf pivot means for forming a first axis of pivotal motion of said
      window-leaf with respect to said fixed window casing, said leaf pivot
      means being formed along a first side of said window-leaf and including
      two rollers each coupled to one of the two consecutive corners of the
      window-leaf and both having a common axis which coincides with the first
      axis of pivotal motion said first axis of pivotal motion being parallel to
      said first side and being movable in a direction parallel to itself;
PA1  a first arm pivotally secured by a first pivot means to a second side of
      said window-leaf which side is perpendicular to said first side;
PA1  a second arm pivotally secured by a second pivot means to a third side of
      said window-leaf which side is perpendicular to said first side;
PA1  said first and second pivot means defining a second axis of pivotal motion
      which permits complete reversal of said window-leaf;
PA1  said first and second arms being pivotally secured by third and fourth
      pivot means, respectively to opposite sides of said window casing near one
      end thereof;
PA1  said third and fourth pivot means including a straight rod disposed through
      said casing and being freely rotatable therein, the longitudinal axis of
      said rod coinciding with said third axis of pivotal motion, said rod
      including an elastic restoring device so arranged that one end of said
      device is attached to the window casing and the other end thereof is
      attached to said rod; and a member operable for rotating said rod about
      its longitudinal axis;
PA1  said third and fourth pivot means defining a third axis of pivotal motion;
PA1  said second and third axes of pivotal motion being substantially parallel
      to said first axis of pivotal motion;
PA1  said third axis of pivotal motion substantially coinciding with said first
      axis of pivotal motion when the window is operated in bellows-like manner
      between open and closed positions;
PA1  said second and third axis of pivotal motion being maintained spaced apart
      by said first and second arms for a distance at least equal to one-half
      the length of the sides perpendicular to the first side; whereby complete
      reversal of said window-leaf may be achieved by rotation about said second
      axis of pivotal motion; and
PA1  groove means defining two grooves extending over at least the full length
      of the windowcasing sides which are perpendicular to the common axis of
      the two rollers, said rollers being constrained to move within said
      grooves, and wherein said rod is provided at each end with an internal
      recess which is capable of receiving each roller, each recess being
      provided with an opening so as to permit the transfer of said roller from
      one of the grooves to the corresponding recess, the common axis of said
      recesses being such as to coincide with the longitudinal axis of said rod.
NUM  10.
PAR  10. A window according to claim 9, wherein each said internal recess is
      fitted with a retractable locking-bolt for maintaining each roller within
      the corresponding recess.
NUM  11.
PAR  11. A window according to claim 9, wherein the position of the rod when the
      window is in the closed position is such that the opening which permits
      the transfer of the roller establishes a communication between one of the
      grooves and the corresponding recess only when said rod has rotated
      through a predetermined angle.
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ABST
PAL  The blades of a rotary blasting machine are removably mounted on a rotor
      bracket in a spaced relationship with the bracket outwardly from a point
      of contact at the inner extremity of the blade-bracket junction.
      Preferably, the space diverges outwardly, and an inner portion of the
      blade hooks over the bracket to resist centrifugal force acting on the
      blade, and also seal the junction against ingress of abrasive particles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Rotary blasting machines have become standard equipment for processing
      metal surfaces to remove scale, and in preparation for the application of
      coatings of various types. In summary, these machines project a high
      velocity stream of abrasive particles at the target, the velocity being
      generated by a rotor shaped somewhat like a paddle wheel. The abrasive
      particles are fed into the central portion of the rotor at a selected
      point to establish a particular direction of the tangential stream
      emerging at the periphery of the rotor. These machines have evolved a
      fairly standard feeding mechanism that receives the bulk abrasive
      material, and distributes it at a uniform rate in to the area swept by a
      set of blades mounted on the rotor in a generally radial position with
      respect to the axis of rotation. These blades present flat or slightly
      curved surfaces close to a radial plane containing this axis of rotation,
      and these active surfaces of the blades are subject to violent erosion as
      the machine continues to operate. These conditions have resulted in the
      manufacture of these blades as replacable components of an extremely hard
      alloy. The need for frequent replacement, and the cost of the alloy
      material, have resulted in a strong need for a blademounting system that
      is secure enough to handle the centrifugal forces involved, and positive
      enough in placement of the blades to assure continuation of the most
      effective operating position.
PAR  A common type of rotor design uses a single plate mounted on a hub secured
      to a shaft rotating in conventional bearings, and adapted to receive power
      through a standard belt drive system. The plate is positioned in a plane
      perpendicular to the axis of rotation, and carries a set of brackets
      providing support for the blades. The blades have projections
      interengaging with these brackets to resist the action of centrifugal
      force, and a locking system is always incorporated to maintain the
      interengagement of the blades and the brackets. As thus broadly defined,
      such machines are conventional.
PAR  One of the problems involved in these machines is the tendency for abrasive
      particles to accumulate at the junction between the blades and the
      brackets, to the point that the position of the blade is distorted. This
      problem is dealt with in Application Ser. No. 465,550 (assigned to the
      same assignee as the present application), filed on Apr. 30, 1974, now
      U.S. Pat. No. 3,894,360, issued July 15, 1975, by shielding the inner
      extremity of the junction between the brackets and blades to at least
      protect this junction from the direct stream of abrasive particles. A
      substantial percentage of these particles, however, may be considered as
      moving in a random pattern at very high velocities, as a result of
      rebounding from the many surfaces on the rotor, blades, and feeding
      mechanism. This random movement has inevitably resulted in the eventual
      accumulation of particles between the blade and the bracket, although the
      shielding of the inner extremity has the effect of vastly reducing the
      rate of accumulation. It would be very desirable to not only further
      reduce this tendency, but eliminate it entirely.
PAC  Summary of the Invention
PAR  The present invention establishes a tendency for the particles finding
      their way into the junction between the blade and bracket to release,
      rather than accumulate. This is accomplished by establishing a spaced
      relationship between the blade and the bracket from a point outward of the
      inner extremity of the bracket. Preferably, the blade hooks over the
      bracket at this point to establish the sort of shielding action provided
      in Application Ser. No. 465,550, and additionally provides for the
      transfer of forces necessary to resist the centrifugal force operating on
      the blade. This produces a very solid interengagement between the blade
      and the bracket which functions additionally as a seal against the ingress
      of abrasive particles at this point. Any particles entering at the minute
      openings along the inevitably rough surfaces of the blade, or along the
      edges, are released because they then enter into a preferably diverging
      space between the blade and the bracket. The spaced relationship is
      established by projections preferably on the blade, which bear on the
      bracket near its outer extremity.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a blasting machine incorporating the present
      invention, taken on a plane containing the axis of rotation.
PAR  FIG. 2 is a perspective view showing a blade mounted on its support
      bracket.
PAR  FIG. 3 is a sectional elevation on the plane 3--3 of FIG. 2.
PAR  FIG. 4 is a perspective view of the locking clip used in the assembly
      appearing in FIG. 2.
PAR  FIG. 5 is a section taken on the plane 5--5 of FIG. 4.
PAR  FIG. 6 is a top view of the assembly shown in FIG. 2.
PAR  FIG. 7 is a perspective view showing the back of the blade.
PAR  FIG. 8 is a perspective view showing the front, or throwing face, of the
      blade appearing in FIGS. 6 and 7.
PAR  FIG. 9 is an elevation of the support bracket appearing in FIG. 6.
PAR  FIG. 10 illustrates the interengagement of the blade and bracket without
      the presence of the retaining clip.
PAR  FIG. 11 shows an opposite-hand installation with respect to FIG. 10,
      corresponding to opposite rotation of a rotor assembly.
PAR  FIG. 12 is a view on a plane perpendicular to the axis of rotation, and
      illustrating the mounting of a group of blades and brackets on the rotor
      plate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the rotor shaft 20 is rotatably mounted in the
      conventional bearing assembly 21 mounted on the machine frame 22. A hub 23
      is mounted on the shaft 20, and the rotor plate 24 is secured to the hub
      by a group of screws as indicated at 25 and 26 in FIG. 1. Bulk abrasive
      particles are deposited in the receptacle 27, and proceed through the
      elbow 28 into the space occupied by the impellor 29 secured to the shaft
      20 with the bolt 30. The impellor thus rotates with the shaft, and
      distributes the abrasive particles through one or more perforations 29a in
      its peripheral wall into the interior of the adjustable control cage 31.
      (Refer to FIGS. 1 and 12.) This member usually has one peripheral opening
      31a, and is rotatively adjustable with respect to the housing 32 so that
      this opening may be placed appropriately to produce a desired direction of
      tangential emergence of the abrasive particles at a selected target.
PAR  The housing is normally lined by a series of plates of very hard alloy, as
      indicated at 33-37, and has a removable cover 38 through which the liner
      member 35 can be removed for access to the interior of the machine for
      installation and removal of the blades 39-44. These blades are mounted on
      the brackets 45-50, respectively, secured to the rotor plate 24 by screws
      as shown at 51-56. These brackets are in a cross-sectional configuration
      presenting a right angle, with the flanges perpendicular to the plate 44
      providing the supporting surfaces for the blades.
PAR  The interengagement of the blades and brackets is shown in FIGS. 2 and 6,
      and in the views related to these figures. All of these mounted on the
      rotor are identical. An inner portion of the blade indicated at 57 hooks
      over the inner extremity of the bracket to provide a shield against the
      ingress of abrasive particles at this point, particularly those proceeding
      in the general stream moving outward through the rotor. This blade portion
      additionally forms a structural interconnection for the resistance of
      centrifugal force operating on the blade. To maintain the interengagement
      of the hooked inner portion 57 of the blades with the inner extremities of
      the brackets, the blades are provided with a projecting stud 58 normally
      traversing the opening 59 in the flange 60 of the brackets, which extends
      radially and generally parallel to the axis of rotation. This opening is
      elongated, as appears best in FIGS. 9-11, to assure that all of the
      centrifugal force is resisted by the interengagement of the inner blade
      portion 57 with the inner edge 61 of the bracket flange 60. This blade is
      held against the flange 60 by the resilient spring clip 62 engaging the
      groove 63 in the stud 58, as shown in FIG. 3. The effect of this clip is
      to function as a leaf spring, and resiliently hold the blade against the
      flange 60 of the bracket. The stud 58 is solidly secured to the material
      of the blade 39 as a result of being cast in place as an insert, according
      to conventional procedures.
PAR  The back surface 64a of the blade is provided with projections as shown at
      65a and 65b, which are cast integrally with the blade material. These are
      preferably on the order of 1/16th of an inch in height, and approximately
      1/4 of an inch in diameter, and establish a spaced relationship between
      the back surface 64a of the blade and the flange 60 of the bracket. Since
      the inner portion of the blade rests directly against this flange, the
      projections 65a and 65b establish a diverging space that has the effect of
      releasing any particles that find their way in between the blade and
      bracket. These could conceivably enter through minute gaps due to the
      surface irregularities in the blade material 39 at the junction between
      the portion 57 and the edge 61, or possibly as a result of rebounding from
      the sides of the liner plates so that they could enter laterally into the
      diverging space. In any case, the increasing gap will continually clear
      itself of any accumulation of particles that might otherwise build up
      under sufficient pressure to lift the blade against the action of the
      spring clip 62, and distort its operating position, and possibly disengage
      the portion 57. This position is selected as a result of experience to
      place the throwing face 64b at a particular orientation with respect to
      the axis of rotation to produce the best results with respect to both the
      direction and nature of the stream of abrasive, and to establish the best
      wearing characteristics. To minimize the effects of wear on the brackets,
      and also to reduce interference between the brackets and the following
      blades, the base flanges of the brackets are beveled as shown at 66 and
      67. The double bevel permits the brackets to be used on wheels of rotor
      assemblies adapted for either direction of rotation. FIG. 11 illustrates a
      mounting for the direction of rotation opposite from that of FIG. 10.
      Except for this right-left hand relationship, the structure in both cases
      is identical.
CLMS
STM  I claim:
NUM  1.
PAR  1. A blasting machine having a rotor including a rotatable shaft and a
      plate mounted on said shaft in a plane normal to the axis of rotation of
      said shaft, and also including at least one bracket secured to said plate
      and a blade detachably secured to said bracket in a position adjacent a
      radial plane containing said axis, said machine also including feeding
      means adapted to supply abrasive material to the central portion of said
      rotor for engagement with said blade, wherein the improvement comprises:
PA1  projection means on at least one of said bracket and said blade extending
      from the face of said one of said bracket and blade opposite the other
      thereof and establishing a space between said opposite faces.
NUM  2.
PAR  2. A machine as defined in claim 1, wherein said space diverges radially
      outward.
NUM  3.
PAR  3. A machine as defined in claim 1, wherein said blade has a portion
      overhanging the inner extremity of the junction between said blade and
      bracket as a shield for said junction against the entrance of abrasive
      particles.
NUM  4.
PAR  4. A machine as defined in claim 3, wherein said portion and bracket
      interengage to resist the centrifugal forces normally acting on said
      blade.
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ABST
PAL  A wire is passed along an axial path through a housing having a frame
      driven rotatably about the axis of the path. A plurality of angularly
      equispaced arms mounted on shafts parallel to the axis each carry a
      respective grinding member having a central bore which is aligned with the
      axis so that the inner surface of the bore is the active grinding surface
      effective on the outer surface of the wire. The grinding members are
      rotated and/or the wire is rotated for grinding action across the
      displacement direction.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method of and an apparatus for grinding wire,
      tubes, rods, strip or other elongated workpieces by means of rotating
      grinding members.
PAC  BACKGROUND OF THE INVENTION
PAR  In the production of elongated elements by rolling, drawing, and similar
      operations, interstage annealing is often required which produces a more
      or less strong scaling or at least oxidation of the surfaces. Such scale
      layers must be removed before the further processing. Chemical methods may
      be used for this purpose but involve difficulties in connection with the
      disposal of the pickling agents which have been employed and which in most
      cases are liquid. For this reason, descaling by means of wire-grinding
      machines has been increasingly adopted because it involves less potential
      for pollution of the environment.
PAR  Unlike elements of short length, wires, rods, strip material and the like
      cannot be ground by fixing them, e.g. in a lathe, rotating them, and
      machining them with a stationary or also rotating grinding member to which
      an axial feed is imparted. Wires and the like must be axially advanced as
      they are ground and in that operation their three-dimensional relation to
      the grinding member must be controlled by guides. To provide for a
      descaling over the entire outer surface of the wire, care must also be
      taken to create relative rotation between the axially advancing wire and
      the grinding member.
PAR  According to one proposal, this is accomplished in an apparatus for
      grinding round stock which comprises a stationary supporting frame
      carrying a system or support which rotates about an axis that is parallel
      to the direction of travel of the stock to be ground, and at least two
      rotating wheels mounted on the rotating system.
PAR  In that apparatus the rotating grinding members are offset by 180.degree.
      from each other with respect to the axis of rotation of the system so that
      the stock to be machined is ground on two mutually opposite lines of
      contact at the same time. Such machining is possible only if guide means
      are provided to hold the stock to be machined in the correct position
      relative to the grinding members. Such guide means must be provided close
      to the point where grinding is performed so that it can take up the
      reaction forces which are due to the grinding operation. On the other
      hand, in apparatus comprising a pair of simultaneously operating grinding
      wheels the space which is available for such guide means is very small,
      particularly when it is desired to grind material which is relatively
      small in cross-section. In addition the adjustment for the grinding
      members relative to each other and to the guide means involves a
      considerable expenditure because economic grinding can be expected only if
      very exact adjustment is employed.
PAC  Objects of the Invention
PAR  It is therefore an object of the present invention to provide an improved
      method of and apparatus for grinding an elongated workpiece such as a
      wire.
PAR  Another object is the provision of an improved grinding system which can
      machine workpieces of different diameters without requiring complicated
      resetting and which is relative simple.
PAC  Summary of the Invention
PAR  These objects are attained according to the present invention in a system
      wherein the stock to be ground is axially and rectilinearly guided through
      a central opening of an annular grinding member and is advanced so that
      the surface of the grinding member which defines the opening is used as an
      active grinding surface.
PAR  In accordance with the invention, the outside peripheral surface or end
      face of a rotating grinding member is not used as the active grinding
      surface. A grinding member having the central bore is, on the contrary,
      mounted in such a manner that the central bore usually employed for
      mounting the member, more specifically, the surface defining said bore,
      can be used for grinding.
PAR  According to a further feature of the method according to the invention, a
      revolving relating movement takes place between the stock to be ground and
      the rotating grinding member. This may be effected by rotating the stock
      to be ground substantially about its own longitudinal axis or by rotating
      the grinding member about the stock to be ground.
PAR  The stock to be ground is suitably guided and advanced through a plurality
      of rotating grinding members arranged in succession.
PAR  The apparatus for carrying out the method according to the invention
      comprises a frame which is rotatably mounted in a stationary machine frame
      by means of hollow journals, at least one driven shaft which is
      eccentrically mounted in the frame on an axis parallel to the axis of
      rotation of the frame, at least one arm which is pivoted on the shaft, a
      grinding member which is rotatably mounted on the arm in an outer bearing
      and has a central cylindrical opening substantially coinciding with the
      axis of rotation of the frame, drive means for the grinding member or
      members consisting of a motor, a first V-belt drive, a gear train, and one
      or more second V-belt drives, independent drive means for the frame
      consisting of a motor and a V-belt drive, and means known per se for
      feeding and discharging the stock to be ground.
PAR  The rotatably mounted frame consists suitably of a drum having journals on
      its opposite ends.
PAR  According to another feature of the apparatus according to the invention,
      the means for driving the frame is connected to one journal and the gear
      for driving the grinding members is rotatably mounted on the other journal
      and connected to a V-belt pulley.
PAR  In accordance with another feature of this invention the driven shaft
      carries a gear on its end which protrudes from the end face of the frame
      and this gear is in mesh with a gear that is rotatably mounted on the
      journal.
PAR  At least two driven shafts are mounted in the frame and are angularly
      equispaced about the axis.
PAR  A plurality of grinding members together with associated V-belt drives are
      arranged according to the invention on each of these shafts.
PAR  To enable an operator to reach into the apparatus for instance to collect
      the material removed by grinding, part of the stationary machine frame
      consists of a hinged covering section of a housing shell.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is an axial section partly in diagrammatic form through the
      apparatus according to the invention;
PAR  FIG. 1A is a large-scale view of a detail of FIG. 1, and
PAR  FIG. 2 is a section taken along line II -- II of FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In the apparatus according to the invention shown in FIGS. 1 and 2, the
      stock to be ground is advanced along an axial path indicated at 18. A
      frame 3 is mounted in a stationary machine frame 8, 9 by means of hollow
      journals 6 and 7 centered on and rotatable about the axis defined by said
      path. The frame consists essentially of a tubular element 19 passing
      axially between two circular end faces 20' and 20" which are externally
      connected to the journals 6 and 7 and internally to the tubular member 19.
      Two axle shafts 15 and 16 are rotatably mounted in the circular end faces
      and are disposed outside the tubular element 19 parallel to and equispaced
      radially from the axis of rotation of the frame but parallel to said axis.
      Pinions 11 are mounted on the ends of these shafts 15 and 16 outside the
      circular end face 20" and are in mesh with a large gear 10 which is
      rotatably mounted on the journal 7. A motor 4 and a V-belt drive 5,
      rotates the gear 10 so that the shafts 15 and 16 can thus be driven
      independently of the rotary movement of the frame 3, to which rotation is
      imparted by a motor 1 and V-belt drive 2 connected to the journal 6. Arms
      25 and 26 are pivoted to the tubular member 19 so that their pivot axes
      coincide with the axis of the driven shafts 1 and 16, respectively. These
      arms extend toward the path 18 of the apparatus and carry at their free
      inner ends bearings 23 and 24 pivotally movable to a position in which
      they are centered on said axis. Annular grinding stones or members 21, 22
      are rotatably mounted in the bearings 23 and 24. Rotation is imparted to
      these grinding members by the driven shafts 15 and 16 and V-belt drives 12
      and 13.
PAR  FIG. 1A shows the drive 12, which is identical to the drive 13. A belt 29
      is spanned between a pulley 27 on the shaft 15 and a pulley bolted to the
      axial end face of the cylindrically annular grinding stone 23 which itself
      is rotatable within the bearing 21. In this manner rotation of the shaft
      15 by the motor 4 also rotates the respective stones 23 about the axis 18.
PAR  In the apparatus according to the invention, the pivoted carriers for the
      grinding members and centrifugal forces generally ensure that a
      sufficiently high pressure will be applied between the stock to be ground
      and the grinding members. If the pressure applied is too small or too
      large, devices 14 and 17 may be used to turn the arms 25 and 26 through a
      predetermined angle from the radial position or to urge them with a
      predetermined force against the stock to be ground which moves through the
      openings in the stones.
PAR  More than four grinding members can be used in the apparatus according to
      the invention. The driven shafts 15 and 16 arranged in the circular end
      faces need not be angularly offset by 180.degree.; any desired number of
      grinding members with a spacing may be used. For instance, for three
      grinding members, three driven shafts would be provided, offset from one
      another by 120.degree..
PAR  As is indicated in FIG. 2, the upper portion 9' of the machine frame 9 is
      suitably hinged at 30 to facilitate access to the interior of the
      apparatus.
PAR  When the apparatus according to the invention is used, e.g. for grinding,
      the number of grinding members, their axial extent, the speed of the frame
      and the speed of advance of the wire are matched so that the surface of
      the wire is ground at least once in sufficient depth. The adjustment may
      also be such that the surface is ground several times. Suitable grinding
      members may be employed for rough and finish grinding operations.
PAR  The stock S is pulled through the machine by a pair of rollers 31 and 32
      which can also be rotated about the axis 18 as shown by arrow 33 by means
      of a drive indicated schematically at 34. The feed speed and rotation
      direction are set depending on the stock type. Advantageously the stock S
      is rotated in one sense and the grinding stones 22 and 23 in the opposite
      sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for grinding wire comprising:
PA1  means for displacing said wire along a straight path;
PA1  a frame journaled for rotation about an axis lying along said path;
PA1  an arm swingably mounted on said frame about a pivot offset from said axis;
PA1  a grinding body formed with a bore traversed by said wire and having an
      abrasive wall, said grinding body being rotatably mounted on said arm;
PA1  first driving means operatively connected with said frame for rotating same
      about said axis; and
PA1  second driving means operatively connected with said grinding body for
      rotating same to abrade the exterior surface of said wire against said
      wall.
NUM  2.
PAR  2. The apparatus defined in claim 1, wherein a plurality of such grinding
      members are carried on said frame and angularly equispaced about said
      axis.
NUM  3.
PAR  3. The apparatus defined in claim 1 wherein each of said drive means
      includes a motor and a V-belt drive.
NUM  4.
PAR  4. A method of grinding the outer surface of an elongated workpiece,
      comprising the steps of:
PA1  displacing said workpiece longitudinally through a bore having an abrasive
      wall in an annular grinding member;
PA1  swinging said annular grinding member against said workpiece about an
      orbital axis parallel to but spaced from the axis of said workpiece;
PA1  confining said workpiece to a straight line path during said displacement
      and through said bore;
PA1  rotating said orbital axis about said axis of said workpiece; and
PA1  concomitantly rotating said grinding member about said workpiece with said
      wall of said bore in contact with the outer surface of said workpiece
      whereby the rotation of said orbital axis about said workpiece brings said
      abrasive wall into contact with substantially the entire periphery of said
      workpiece.
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ABST
PAL  A dental model trimming machine is provided. A wheel is adapted to
      concentrically mount a number of abrasively faced disks to provide both
      coarse and fine grinding surfaces on the same wheel. Two housing members
      are provided with flanges, and a gasket is mounted in the corner of one
      housing; when the housing members are telescoped together, the gasket is
      compressed and an effective seal is provided. Quick-release clamps permit
      removal of one housing member for removing and replacing a grinding disk.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to dental model trimming machines.
PAR  Modern dentistry often requires the preparation of cast plaster models of a
      patient's dental anatomy. These dental casts or models are used to study a
      patient's dental anatomy when fitting false teeth, braces, or engaging in
      other work. During the preparation of these plaster models, good practice
      requires grinding away part of each rough model or cast to provide
      relatively standardized facets or faces oriented generally parallel to the
      rows of teeth. Other facets or faces are provided at the heels or rear
      ends of the models in a plane at least generally parallel to the medial
      line of the cast tooth arch, and approximately equidistantly from the two
      rear molar casts.
PAR  These grinding or faceting operations are usually performed on a grinding
      machine or dental model trimming machine. Typically, a trimming machine
      includes an abrasive wheel and a work-supporting shelf adjacent the wheel
      upon which the model or cast is supported while the facets are being
      ground. Model orienting devices called angulators are often carried upon
      the work supporting shelf to engage the workpiece cast model and to
      precisely orient it in a predetermined angular position for grinding.
PAR  Extended use of the trimming machine inevitably wears out the abrasive on
      the abrasive wheel and requires its replacement. Until now, such
      replacement has been sometimes difficult, since many abrasive wheels are
      mounted directly to the hub of a motor shaft for relatively high speed
      rotation. Other model trimmers use rigid wheels permanently or
      semipermanently faced with an abrasive surface. Moreover, these wheels are
      surrounded by a housing adapted to retain groundaway grit, abraded plaster
      material and flushing or grinding fluids such as water. Thus, when it is
      desired to replace or change a grinding wheel or the face of a grinding
      wheel, the machine must be stopped, the housing disassembled, and the
      wheel removed or a new grinding face emplaced upon a backup wheel. Complex
      machine construction demands lengthy delays to accomplish this work.
PAR  Moreover, most prior machines provided only a single grinding face having a
      single grit size or a single abrasive quality. The abrasiveness of the
      grinding face was usually selected as a compromise between a coarse
      grinding grit providing rapid but coarse facet formation, and a find
      grinding grit providing slow but smooth and accurate facet formation. This
      compromise prevented rapid abrasive work for preliminary model forming,
      and further prevented relatively careful, slow final facet smoothing and
      finishing.
PAR  It is the general object of the invention to provide a model trimmer which
      will quickly trim dental models and provide model facets of high accuracy
      and quality.
PAR  A more specific object of the present invention is to provide an improved
      model trimming machine providing a plurality of different grinding
      surfaces mounted for common motion past a work station.
PAR  Another object is to provide a model trimmer wherein a grinding surface can
      be quickly and easily changed or replaced.
PAR  Yet another object is to provide a model trimmer having a substantially
      splash-free, substantially leak-free housing capable of accommodating
      copious amounts of cooling and flushing water.
PAR  Still another object is to provide a model trimmer having the above
      features in a compact yet rugged device of long service life and
      relatively maintenance-free, trouble-free operation.
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings. Throughout the description, like reference numerals refer to
      like parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS.
PAR  FIG. 1 is a general perspective view of an embodiment of the present
      invention;
PAR  FIG. 2 is an exploded view showing principle parts of the invention
      embodiment shown in FIG. 1;
PAR  FIG. 3 is an elevational sectional view taken substantially in the plane of
      line 3--3 in FIG. 1;
PAR  FIG. 4 is an exploded view similar to FIG. 2 but showing an alternate
      embodiment of the machine wheel and associated parts.
PAR  FIG. 5 is a fragmentary sectional view taken substantially in the plane of
      line 3--3 in FIG. 1 showing in further detail the embodiment shown in FIG.
      4; and
PAR  FIG. 6 is a fragmentary sectional view taken substantially in the plane of
      line 6--6 in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  While the invention will be described in connection with a preferred
      embodiment, it will be understood that it is not intended to limit the
      invention to this embodiment. On the contrary, it is intended to cover all
      alternatives, modifications and equivalents as may be included within the
      spirit and scope of the invention.
PAR  Turning first to FIGS. 1-3, there is shown a model trimming machine 9
      embodying the present invention. In general, this machine 9 includes a
      stand 10 within which is carried a motor 11 upon a shelf 12 or other
      convenient mount. A wheel 13 is rotatably driven by the motor 11 within a
      housing 14. To support the workpiece dental models (not shown), a shelf 15
      extends across the front of the housing 14. The front of the housing 14 is
      provided with an access opening 16 to permit the dental models to be urged
      toward the wheel 13 and against the grinding surface or surfaces.
PAR  Upon the shelf 15, guide grooves 18 can be conveniently formed to engage a
      foot (not shown) of an angulator device 19. By this arrangement, the
      angulator device 19 can be precisely oriented in a desired position and
      urged in a perpendicular direction toward and away from the wheel 13 to
      grind facets upon the workpiece model with great angular accuracy.
PAR  A liquid for flushing and cooling the grinding face such as water is
      brought to the machine through an intake hose 21, and waste water, grit,
      and ground-away plaster is lead away from the machine through discharge
      hose 22 to a plaster trap or to a sewer. If desired, a work light 23 of
      convenient design can be mounted upon the machine, and it is oriented to
      illuminate the shelf 15 and housing access opening 16. An off-on motor
      switch 24 is provided to actuate and halt the machine operation. At the
      rear of the stand 10, a cover 25 is attached by convenient screws 26 or
      other means, and provides access to the machine interior for motor or hose
      maintenance. In the illustrated embodiment the machine rests upon a number
      of cushioned feet 27, but the feet 27 can be removed and bolts substituted
      for rigidly mounting the machine 9 to a work table or other desired
      location.
PAR  In accordance with one aspect of the invention, two or more different
      grinding surfaces are provided upon the same wheel 13, and these grinding
      surfaces can be rapidly and easily changed when desired. To this end, the
      machine 9 includes a first abrasive disk 30 having a grinding face of a
      first abrasive quality, and a second abrasive disk 31 having a grinding
      face of second abrasive quality different from the first grinding face.
      Here, these different grinding disks 30 and 31 take the form of a
      sandpaper or emery cloth which are bonded to the wheel 13 by adhesive or
      any convenient type.
PAR  In the illustrated embodiment, the outer disk 30 is provided with an 80
      grit relatively course surface, and the inner disk is provided with a
      relatively fine 600 grit surface, but other grits or surfaces could be
      used without departing from the invention. However, providing a coarse
      grit on the outer disk 30 permits the relatively strong coarse
      grit-backing paper bonding agent to effectively counteract the relatively
      high centrifugal forces applied to the grit near the wheel periphery and
      minimize grit loss and grinding surface wear.
PAR  For convenience and economy, the first abrasive disk 30 takes the form of
      an angular ring having a maximum radius equal to or slightly less than the
      maximum radius of the wheel 13. At an inner edge, the minimum radius of
      the ring disk 30 is substantially equal to the maximum radius of the
      smaller disk 31. This arrangement permits the two different abrasive disks
      30 and 31 to be concentrically mounted upon the wheel 13 without overlap
      or interference. When one disk wears out or becomes loaded with plaster or
      other abraded material, the disk can be simply peeled from the backup
      wheel 13 and replaced with a fresh disk with minimum expenditure of money
      and maintenance time.
PAR  As shown in FIG. 1, this arrangement of disks 30 and 31 permits model
      trimming at maximum efficiency in minimum time. A single access hole 16 in
      the housing 14 is elongated to extend over most of the wheel radius, and
      to extend past both the abrasive disks 30 and 31 mounted upon the wheel
      13. Thus, the workpiece can be urged first against the relatively
      coarse-surface disk 30 for preliminary forming. The workpiece is then
      moved toward the center of the wheel and urged against the inner disk 31
      for final facet machining and shaping. In the present embodiment, the
      access hole 16 is also extended in an elevational direction to increase
      the amount of abrasive cutting surface available for quick and accurate
      trimming operations.
PAR  As shown in FIGS. 2 and 3, the machine is provided with structure for
      directing a flushing and cooling stream of water or other liquid against
      the face of the abrasive disk or disks. To this end, a fluid distribution
      device 35 includes an elongated pipe 36 provided with a plurality of
      liquid-dispensing holes 37 spaced therealong. It is a feature of the
      invention that a coupling connection 38 permits the pipe 36 to be swung
      from a fluid-distribution position overlying the face of both disks 30 and
      31 as shown in FIG. 3 to a disk-maintenance position out of the overlying
      position shown in FIG. 2 which permits a disk 30 or 31 to be removed from
      the wheel 13 and the installation of a fresh disk on the wheel without
      interference by the pipe 36.
PAR  It is another feature of the invention that flush water, grit and abraded
      plaster is discouraged from passing through the access hole 16 and out of
      the machine. To this end, as shown particularly in FIG. 6, the housing
      access hole 16 is partially defined by a flange 40 extending from the
      housing 14 toward the disks 30 and 31 sufficiently closely to discourage
      passage of material out of the interior of the hollow housing 14. Since
      the housing 14 is made of high-impact plastic, inadvertent minor
      misalignment of the housing flange which brings it into engagement with a
      grinding disk does not damage the machine; rather, the flange 40 is simply
      abraded away to provide only a minor disk-housing flange gap of the type
      described.
PAR  In further accordance with the invention, means are provided to discourage
      the passage of liquid, grit or abraded plaster through another housing
      aperture 43 at the rear of the housing 14. As shown particularly in FIG.
      3, the motor 12 is provided with a shaft 44 extending through the aperture
      43 and connecting the motor 11 to the wheel 13. Surrounding the shaft 44
      and housing shaft aperture 43 is a shroud 45 which extends from a rear
      wall 46 of the housing toward the wheel 13 and terminates adjacent the
      wheel 13 sufficiently closely to discourage passage of liquid from the
      housing interior as described above. In the illustrated embodiment, a
      built-up hub 48 interconnects the shaft 44 and wheel 13, as by a hub-shaft
      key way and key 49 and by hub-wheel screws 50 or other convenient means.
      When the machine is thus constructed, the shroud 45 has an internal
      diameter just slightly larger than the maximum diameter of the built-up
      hub 48 to further discourage the passage of liquid, grit and plaster
      between the hub 48 and shroud 45 and through the housing aperture 43.
PAR  Not only is liquid, abraded plaster and grit discouraged from passing from
      the housing interior to places outside the machine, but this material is
      positively retained within the housing 14 for drainage through the
      discharge hose 22. In accordance with this aspect of the invention, the
      housing 14 comprises two flanged housing members 54 and 55 which are
      formed to substantially surround the wheel 13. An annular gasket 56 is
      carried in a corner of a first housing member 54 adjacent a housing member
      axially oriented flange 57. The opposite or second housing member 55 is
      also provided with a flange 58, but this flange 58 is sized to telescope
      into the first housing member 54. When the housing members are located at
      mutual predetermined position of telescopic engagement as illustrated in
      FIG. 3, the gasket 56 is compressed to a predetermined extent and provides
      a fluid-tight seal of maximum effectiveness at minimum cost.
PAR  In accordance with yet another aspect of the invention, the housing members
      54 and 55 are retained in their mutually telescoped positions by
      quick-release fasteners as illustrated in FIGS. 2 and 3. In the
      illustrated embodiment, this quick-release mechanism includes a number of
      fingers 60 fixed either to the rear housing member 55 itself or to the
      stand 10 and a corresponding plurality of over-center clamps 61 mounted
      upon the other housing member 54 in positions for engaging the finger 60
      and drawing the housing members 54 and 55 into the described mutually
      telescoped positions. Since both the fingers and the clamps are mounted
      outside the housing members 54 and 55, fouling by liquid, grit and abraded
      waste material contained inside the housing is prevented, and easy
      mechanism manipulation is provided. This, when it is desired to change a
      disk 30 or 31, the first housing member 54 can be easily withdrawn from
      the front of the machine by simply releasing the clamps 61 from their
      engaging fingers 60. The housing member 54 is then telescopically removed
      from the machine, the water pipe 36 is swung out of the way, and the
      subject disk is peeled away from the wheel 13. A fresh disk is installed,
      and the machine is then quickly and easily reassembled.
PAR  As an alternative to the foregoing construction, a sandpaper, emery cloth,
      or other abrasive disk 65 can be either temporarily or permanently secured
      to an intermediate backup plate 66, as illustrated in FIGS. 4 and 5. The
      backup plate 66 is then superimposed over the wheel 13 and is drawn toward
      the plate 13 by a quick change screw member 67 threadably received in a
      wheel hub 68 located at the coincident axes of both the plate 66 and wheel
      13. This screw 67 is provided with a stepped head 69 which engages a
      stepped aperture 70 formed at the center of the plate 66 for radially
      aligning the plate 66 with the wheel 13, as illustrated in FIG. 6. Rapid
      grinding face change is also encouraged with this arrangement: the first
      housing member 54 is removed, and the screw 67 is withdrawn. This action
      frees the plate 65 and its bonded disk 65 or abrasive surface for removal
      and replacement by another disk and surface. It will be understood that a
      grinding wheel could be substituted for the plate 66 and disk 65 without
      departing from at least the quick-change aspects of the invention.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A dental model trimmer machine comprising a rotatable wheel, a first
      abrasive disk, a temporary bonding material temporarily bonding the first
      disk to the wheel during model trimmer use and permitting the disk to be
      peeled from the wheel after model trimmer use, a loadable, removable
      grinding material of first abrasive quality, a grit bonding material
      bonding the first grinding material to the disk and permitting controlled
      removal of some first grinding material during model trimmer use, a second
      abrasive disk, a temporary bonding material temporarily bonding the second
      disk to the wheel concentrically with the first disk during model trimmer
      use and permitting the disk to be peeled from the wheel after model
      trimmer use, a loadable, removable grinding material of second abrasive
      quality different from the first grinding material, a grit bonding
      material permanently bonding the second grinding material to the disk and
      permitting controlled removal of some second grinding material during
      model trimmer use, a wheel housing providing a single grinding access
      extending past all the abrasive disks, an elongated fluid distributing
      pipe extending over the face of the wheel-mounted disks to distribute a
      grinding fluid to all the disks, coupling means permitting the pipe to be
      swung out of its disk overlying position to permit a disk to be peeled
      from the wheel and to permit a fresh disk to be installed on the wheel
      without interference by the pipe, motor means for rotating the wheel in
      the housing at a model trimming speed, shaft means extending through a
      housing aperture and connecting the motor means to the wheel, and shroud
      means surrounding the housing aperture and shaft means and extending from
      the housing means toward the wheel sufficiently closely to discourage the
      passage of liquid between the wheel and the shroud means.
NUM  2.
PAR  2. A dental model trimmer according to claim 1 wherein said housing access
      includes a flange extending from the housing toward the disk sufficiently
      closely to discourage the passage of liquid from the housing interior
      through the access.
NUM  3.
PAR  3. A dental model trimmer according to claim 1 including hub means
      interconnecting the shaft means and the wheel, extending from the wheel
      toward the housing and having a maximum diameter less than the internal
      diameter of the shroud to further discourage the passage of liquid between
      the hub and the shroud.
NUM  4.
PAR  4. A dental model trimmer according to claim 1 wherein said wheel housing
      includes first and second flanged housing members for substantially
      surrounding the wheel, a gasket member carried in one housing member
      adjacent its flange in a position for compressive engagement by the
      opposite housing member flange, quick release fastener means including a
      plurality of fingers fixed relative to one housing member and a
      corresponding plurality of over-center clamps fixed relative to the other
      housing member for engaging the fingers and drawing one housing member
      partially into the other at mutual predetermined positions of telescopic
      engagement for compressing the gasket member to a predetermined extent,
      and means for mounting said quick release fastener means outside said
      housing means to prevent fastener fouling by liquid, grit and abraded
      waste material.
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ABST
PAL  A generally rectangular three dimensional body is provided constructed of
      two superimposed layers of abrasive material. The layers of abrasive
      material have different abrasive properties and the body is provided with
      three parallel bores extending through the two layers of the body and
      spaced longitudinally therealong. The bores are approximately 1/8 inch,
      7/8 inch and 3/4 inch in diameter and the opposite ends of the bores open
      through parallel planar remote surfaces of the two layers of the body and
      are provided with inwardly tapering conical counterbores. The body of
      abrasive material may therefore be utilized to sharpen the beveled ends of
      cylindrical cutting members such as dehorners utilized to dehorn calves at
      branding time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When calves are branded the usual practice is to dehorn them at the same
      time they are restrained for branding purposes. The tools used in
      dehorning calves comprise hollow cylindrical bodies having handle portions
      on one end and beveled sharpened edges at the other end. These tools have
      their sharpened ends telescoped over the beginning horns of calves and are
      utilized to cut the horns from the calf, the intermediate portions of the
      cylindrical cutters spaced between their opposite ends being provided with
      enlarged windows or discharge openings for the horns which are removed.
PAR  When horns are to be cut from calves a cutter of a size only so large as is
      necessary to snugly telescope over the base end of the horn is utilized.
      Accordingly, dehorning tools are conventionally constructed of 1inch
      diameter, 7/8 inch in diameter and 3/4 inch in diameter to ensure that a
      dehorning tool only so large as is necessary may be used.
PAR  After a dehorning tool is used several times the beveled cutting edge
      thereof becomes dull and renders the dehorning process more difficult and
      time cosuming. Accordingly, it is necessary to frequently re-sharpen the
      beveled cutting edge of dehorning tools. However, conventional methods of
      sharpening dehorning tools include grinding wheels, files and conventional
      Carborundum stones. With these types of sharpening tools the re-sharpening
      of dehorning tools becomes a time consuming task.
PAR  Examples of sharpening devices including some of the general features of
      the instant invention may be found in U.S. Pat. Nos. 104,732, 466,077,
      502,932 and 905,638.
PAC  SUMMARY OF THE INVENTION
PAR  The sharpening stone of the instant invention is in the form of a
      conventional Carborundum stone including superposed plies of Carborundum
      stone of different grades. However, the stone is provided with three bores
      formed therethrough at points spaced therealong with the opposite ends of
      the bores opening through the remote sides of the two plies of the stone
      and being provided with conical inwardly tapering counterbores. The angle
      of the counterbores is comparable to the desired bevel on the cutting end
      of a cylindrical dehorning tool and the diameters of the bores are 1 inch,
      7/8  inch and 3/4  inch, corresponding directly to the inside diameters of
      the three most common sizes of dehorning tools.
PAR  The main object of this invention is to provide a sharpening stone for
      dehorning tools which may be utilized in conjunction with the three basic
      sizes of dehorning tools in order to rapidly sharpen the beveled cutting
      ends thereof with little effort.
PAR  Another object of this invention, in accordance with the immediately
      preceding object, is to provide a sharpening stone in accordance with the
      preceding objects and including opposite side portions thereof having
      different abrasive characteristics.
PAR  Yet another object of this invention is to provide a dehorning tool
      sharpening stone which may be also utilized to sharpen other instruments
      which may require sharpening.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide a dehorning tool sharpening stone in accordance with the preceding
      objects and which will conform to conventional forms of manufacture, be of
      simple construction and easy to use so as to provide a device that will be
      economically feasible, long lasting and relatively trouble free in
      operation.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the dehorning tool sharpening stone of the
      instant invention with a dehorning tool to be sharpened illsutrated in
      displaced position relative to the sharpening stone ready for engagement
      with the latter;
PAR  FIG. 2 is an enlarged longitudinal vertical sectional view taken
      substantially upon the plane indicated by the section line 2--2 of FIG. 1
      and with the shaprened end of a dehorning tool engaged with the sharpening
      stone; and
PAR  FIG. 3 is an enlarged transverse vertical sectional view taken
      substantially upon the plane indicated by the section line 3--3 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to the drawings, the numeral 10 generally
      designates the sharpening stone of the instant invention. The stone 10
      includes a substantially rectangular three dimensional body 12 constructed
      of a pair of plies 14 and 16 secured together in superposed relation. The
      body 12 includes upper and lower surfaces 18 and 20, opposite side
      surfaces 22 and 24 and opposite end surfaces 26 and 28.
PAR  Three upstanding bores 30, 32 and 34 are formed through the body 12 at
      points spaced along the longitudinal centerline thereof and the opposite
      ends of the bores 30, 32 and 34 open through the upper and lower or top
      and bottom surfaces 18 and 20 of the body 12. The upper ends of the bores
      30, 32 and 34 are beveled as at 30', 32' and 34' and the lower ends of the
      bores are beveled as at 30", 32" and 34". The beveled surfaces 30', 32'
      and 34' define inwardly tapering counterbores and the beveled surfaces
      30", 32" and 34" define corresponding inwardly tapering counterbores
      formed in the lower ends of the bores 30, 32 and 34.
PAR  The bore 30 is 1 inch in diameter, the bore 32 is 7/8 inch in diameter and
      the bore 34 is 3/4 inch in diameter.
PAR  The plies 14 and 16 of the body 12 are formed of fine and coarse
      Carborundum which consists of an abrasive of silicon carbide.
PAR  As may be seen in FIGS. 1. and 2 of the drawings, the numeral 40 generally
      designates a dehorning tool. The tool 40 includes a cylindrical body 42
      provided with a knob-shaped handle 44 on one end and open at its other
      end. The open other end of the body 42 includes an outer taper 46 whereby
      the open end of the body 42 is sharpened. In addition, the body 42 also
      includes an enlarged window or port 48 centrally intermediate its opposite
      ends defining a discharge port for horns removed by the tool 40.
PAR  When the beveled cutting edge 46 of the body 42 is to be sharpened, the
      tool 40 is first engaged in the end of the bore of the corresponding size
      formed in the body 12 opening through the outer surface of the course ply
      16. Then, with the longitudinal axis of the tubular body 42 disposed
      substantially normal to the adjacent surface 20 of the body 12, the tool
      40 is oscillated about its longitudinal axis to renew the bevel 46. Then,
      when the bevel 46 has been renewed by the rough or coarse Carborundum ply
      16, the beveled end 46 of the tool 40 is engaged in the opposite end of
      the bore opening through the surface 18 of the ply 26 and again oscillated
      about its longitudinal axis in order to complete the sharpening operation.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A sharpening stone for sharpening dehorners, said stone comprising an
      elongated body defined by a pair of elongated superposed plies of rigid
      abrasive materials graded as fine and coarse abrasives, the remote
      surfaces of said plies being substantially planar and parallel, said body
      having a plurality of longitudinally spaced bores of different diameters
      formed therethrough with the opposite ends of said bores opening through
      said remote surfaces, said opposite ends of said bores including inwardly
      tapering counterbores.
NUM  2.
PAR  2. The combination of claim 1 wherein said remote surfaces are sufficiently
      wider than the maximum diameters of the counterbores opening therethrough
      to define grinding surfaces upon which various blade-type tools may be
      sharpened.
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ABST
PAL  This invention relates to a device useful in making circular shapes of
      predetermined size on power sanding machines and the like. The device is
      essentially a fixture which enables a workpiece to be located on an
      adjustable center so that it can be rotated with respect to a driven
      sanding disc, polishing wheel, or similar abrasive tools. The device also
      permits an oversize workpiece to be fed into the sanding disc until the
      predetermined radius is reached.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Circular
PAR  In order to produce a circular part on ordinary home shop equipment, it is
      necessary to mark a circle of the desired radius on the workpiece, perhaps
      cut it roughly to shape with a saw, and attempt to sand to the line on a
      disc sander while positioning the work by hand. It is essentially
      impossible to produce circular parts without flat spots and to produce
      duplicate parts.
PAR  Circular parts can be produced on tools where the work is rotated against a
      sanding block but equipment such as lathes and drill presses are not
      always available. Furthermore, it may be difficult to secure the work to
      the driving means and to control the finished dimension of the circular
      parts.
PAC  SUMMARY OF THE INVENTION
PAR  The circle forming fixture of this invention, hereinafter referred to as
      the "fixture," permits the production of truly circular parts on common
      power disc sanders that are widely available in private workshops. While
      it has primary utility in the production of wooden discs and will be
      described as such, it also can be used with other materials and with power
      equipment or tools other than sanders such as polishers, grinders, rotary
      rasps and other rotary abrasive wheels.
PAR  This fixture is especially adapted to be used with disc sanders which
      consist of a work table and a driven sanding disc adjacent to or extending
      through the table. Such tables ordinarily have a slot for a miter gage
      which may be utilized by this invention.
PAR  A primary object of this invention is to provide a simple fixture which
      facilitates production of circular parts on disc sanders and the like.
PAR  Another object of this invention is to provide a means for indexing the
      work so that the desired radius can be produced and reproduced.
PAR  The invention also has the objective of being adjustable for various radii.
PAR  Yet another objective is to permit a workpiece which is irregular and
      oversize to be fed into the sanding disc until a positive stop determines
      final radius.
PAR  An object of the preferred embodiment of this invention is to allow use of
      the full surface of the sanding disc without losing control of workpiece
      radius.
PAR  Still another object is to permit safe mounting and feeding of a workpiece
      on power sanding equipment.
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a perspective view of a power disc sander with which this
      invention may be used, showing the fixture of this invention positioned on
      it.
PAR  FIG. 2 is a plan view of the disc sander and the fixture of the present
      invention showing the initial position of a rough workpiece. The relative
      proportions of the parts are intentionally different from FIG. 1.
DETD
PAC  Description Of The Preferred Embodiment
PAR  The fixture of this invention is adapted for use with a disc sander such as
      shown at 10 in FIG. 1. Machines of this type consist of a driven sanding
      disc 11 which rotates in a fixed plane relative to the work supporting
      table 12. The table 12 is normally fitted with a slot 13 which is parallel
      to the plane of the sanding disc. The slot is provided for the use of a
      miter gage but may also be used to position the novel fixture of this
      invention.
PAR  The fixture of this invention is shown generally as 20 in FIG. 1. It
      consists of two basic plates, the base 21 and the platen 22. The base 21
      preferably has a raised rib 23 on the underside which is adapted to locate
      the fixture in the slot 13 of table 12. The platen 22 is pivoted to the
      base 21 by pin 24. It will be clear from the Figure that pivotal movement
      of the platen will be parallel to table 12. The extent of pivotal movement
      of the platen 22 toward the disc 11 is limited by a projection 25 on the
      base 21 which engages shoulder 26 on the platen 22 as shown in FIG. 2. The
      platen also has a number of holes 22a located varying distances from the
      front edge 22b of said platen. An adjustable center or work-mounting pin
      27 may be located in any desired hole to determine the radius of the
      finished circular workpiece.
PAR  The device is used in the following manner with reference to FIG. 2. A
      workpiece 30 is provided with a hole sized to match the work-mounting pin
      27 and roughly cut to a size larger than the desired final radius. The
      work-mounting pin 27 is located in the desired hole of the platen 22 and
      the fixture is positioned in slot 13 on table 12. Then the platen is
      pivoted away from the sanding disc 11 far enough to permit the workpiece
      30 to be positioned on work-mounting pin 27. The platen 22 is then pivoted
      toward the rotating sanding disc 11 until the workpiece engages the
      sanding disc. Pivoting continues until projection 25 contacts shoulder 26
      thereby determining final workpiece radius. Then the workpiece is rotated
      on work-mounting pin 27 until the entire periphery has been sanded to the
      same radius. It will be apparent that sliding the fixture back and forth
      in slot 13 will not change workpiece radius but will utilize various parts
      of the sanding disc surface.
PAR  It will be clear that many changes may be made in the fixture without
      departing from the spirit of the invention. For example, the positive stop
      means shown as projection 25 and shoulder 26 could take the shape of a
      flange or a projection other than a pin. Also, the projection could be
      fixed to either the base or the platen so long as it is located in such a
      way as to limit desired the degree of pivot.
PAR  The fixture can produce eliptical or cam or other arcuate shaped parts
      rather than circular parts if two or more centering holes are used on the
      workpiece.
PAR  It will be apparent that the fixture would be usable without the rib 23.
      While the rib is most convenient for tables having a miter slot and does
      permit maximum use of disc surface, the fixture could be securely located
      on the table using dowels, tacks, clamps or the like.
PAR  Each of the holes in the platen may be marked with the radius or diameter
      part they will produce. If a part size intermediate two holes is desired,
      a shim may be placed between the projection 25 and shoulder 26. This will
      change the indexing location yet permit use of the device in a normal
      manner.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fixture for producing circular parts for use in conjunction with an
      abrasive wheel or the like; said fixture consisting essentially of; a base
      including means for positioning said fixture a fixed distance from said
      abrasive wheel, a pivot pin joining said base and a platen for pivotal
      movement, said platen having a plurality of work-mounting pin locations
      with a work-mounting pin positioned in one of said locations for mounting
      a workpiece center for rotation thereupon, and positive stop means which
      limits the degree of pivotal movement of the platen with respect to the
      base.
NUM  2.
PAR  2. The fixture of claim 1 wherein said positioning means is a raised rib on
      the base adapted to engage a worktable miter slot.
NUM  3.
PAR  3. A work holding fixture to facilitate the production of circular parts on
      the worktable of a disc sander or the like, said fixture including:
PA1  a. a base having means to position said fixture on said worktable,
PA1  b. a platen, having a plurality of work-mounting pin locations, pivotally
      mounted to said base for pivotal movement in a plane parallel to said
      worktable,
PA1  c. a work-mounting pin in one of said locations on said platen and
PA1  d. positive stop means to limit the degree of pivotal movement between said
      base and platen whereby a workpiece may be mounted on said work-mounting
      pin, said platen pivoted to the degree permitted by the positive stop
      means and the workpiece rotated on said work-mounting pin against a tool
      to produce a circular part.
NUM  4.
PAR  4. The work holding fixture of claim 3 wherein said means to position said
      fixture on said worktable comprises a rib proportioned to engage and slide
      in a worktable miter slot.
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ABST
PAL  An air inflated structure, the outer shell walls of which have a surface
      geometry consisting of one or more concave sections. Heat flow from or
      into the enclosed volume is drastically curtailed by thin plastic films,
      which are secured to the outer boundaries of the concave surface sections,
      and are joined to the shell wall at locations within the boundaries of its
      curved surface section by direct attachment or via flexible anchor tie
      strips.
PAL  The surface area of each film is less than that of the surface geometry
      encompassed within the boundary to which it is secured, whereby in its
      inflated state, the outer shell wall extends the films in a taut fashion
      across its curved surface geometries to define a thin, uniform and
      dimensionally stable insulating air space between the shell wall and the
      plastic films. Additional sets of plastic films, spaced approximately
      parallel, may be utilized to further curtail the said heat flow.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to air inflatable structures and more
      specifically relates to air inflatable structures incorporating means to
      limit the heat flow into and out of the space thereby enclosed.
PAR  In recent years, a variety of causes have combined to provide a very high
      order of interest in so-called air-inflated structures. These structures
      are essentially a flexible shell, formed, for example, of tough plastic
      material, such as for example, a nylon or dacron cloth impregnated with a
      vinyl or vinyl residue, which shell is maintained in an inflated, expanded
      condition by a positive air pressure, supplied within the space thereby
      covered, as for example by simple air-pumping means. In part, the said
      structures have become practical, and, therefore, increasingly used,
      because of the development of the type of plastic materials which lend
      themselves to the structures represented. However, there are more basic
      causes for the increased popularity of the structures, such as for
      example, the ever-increasing cost of constructing permanent frame
      buildings, and the fact that structures of the inflatable type may be set
      up and put to work performing their function within a matter of hours as
      opposed to weeks or months, as is the case with more permanent structures.
      The inflatable structures have moreover become of increasing interest
      because of their ready adaptability to use in enclosing recreational
      facilities, such as for example tennis courts and swimming pools. Such
      recreational facilities have come into increasing and more widespread use
      within recent years and a consequent increase in interest has occurred
      with respect to coverings enabling use of such recreational facilities on
      a year-round basis.
PAR  In this latter connection, it may be noted that one of the most significant
      shortcomings presently limiting what would otherwise be an even more
      wide-spread use of inflatable structures, is the fact that such structures
      are notoriously ineffective in restraining heat transmission into and out
      of the thus enclosed space. This unfortunate occurrence is basically due
      to the fact that a space enclosed by the said structures is separated from
      the ambient environment only by the thin wall of the inflated structure.
      The consequent, inordinately high heat transmission co-efficient for the
      stucture, makes the heating and air-conditioning of the enclosed space
      both difficult and very expensive. Troublesome condensation also arises
      when the moist, warm interior air contacts the cold, thin wall of the air
      structure. These factors negate much, if not all, of the economic
      advantages of utilizing such a structure in those many cases where heating
      or air-conditioning is a requirement.
PAR  In accordance with the foregoing, it may be regarded as an object of the
      present invention to provide air-inflated structures wherein the heat
      transmission through the walls thereof is so severely diminished that the
      structures may be economically heated and air-conditioned.
PAR  It is another object of this invention to provide air-inflated structures
      wherein the tendency for moisture condensation upon the walls thereof is
      so severely diminished that a comfortable environment is provided within
      the structure.
PAR  It is a further object of the present invention to provide air-inflated
      structures which include means for insulating the walls thereof against
      heat flow into and out of the enclosed space, which insulating means are
      provided in a simple and inexpensive manner and by the addition of
      relatively little weight to the basic structure.
PAR  It is a still further object of the present invention to provide a
      construction for insulating air-inflatable structures, which is
      particularly adaptable to the sculptured type inflatable structures
      utilizing shroud lines, and which when incorporated into such structures
      provides a highly effective and low-cost insulation against heat
      transmission into and out of the enclosed space.
PAR  It is yet an additional object of the present invention, to provide a
      construction for insulating the walls of inflatable structures, which
      readily lends itself to mass production techniques and which adds little
      cost and very little weight to the walls of such inflatable buildings.
PAC  SUMMARY OF INVENTION
PAR  Now in accordance with the present invention, the foregoing objects, and
      others as will become apparent in the course of the ensuing specification,
      are achieved through use of thin plastic films so secured to the inner
      walls of the inflatable structures as to provide one or more thin layers
      of dead air space between the walls and the enclosed space. The thin
      plastic films are secured to the boundaries of the basic surface
      geometries comprising the shell walls and are joined to the shell wall at
      locations within the boundaries of its curved surface geometries by direct
      attachment or via flexible anchor tie strips, whereby in its inflated
      state the outer shell wall extends the film in relatively taut fashion
      across its curved surface geometries to define a thin, uniform and
      dimensionally stable insulating air space between wall and film. Plural
      sets of plastic film, spaced approximately parallel, may be utilized to
      further curtail the said heat flow by thus providing a plurality of thin
      insulating air spaces.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is diagrammatically illustrated, by way of example, in the
      drawings appended hereto in which:
PAR  FIG. 1 is a schematic diagram illustrating the basic principles of the
      present invention as applied to a cylindrically shaped portion of an
      inflatable structure.
PAR  FIGS. 2 and 2a are schematic diagrams similar to FIG. 1, setting forth the
      principles of the invention as applied to part of a spherically shaped
      inflated structure.
PAR  FIG. 3 is an isometric depiction of a sculptured structure with which the
      present invention may be employed.
PAR  FIG. 4 is a fragmentary partially sectional view through the wall of the
      FIG. 3 structure, taken along the line 4-4' and illustrates arrangement of
      the components utilized in the invention.
PAR  FIG. 5 is a cross-sectional view through a wall structure similar to FIG.
      4, but incorporating a plurality of insulating thin films; and
PAR  FIG. 6 illustrates an embodiment of the invention wherein distinct anchor
      tie elements are not used.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In FIG. 1, a diagram appears illustrating the basic principles of the
      present invention as applied to a cylindrically shaped portion of an
      inflatable structure. In connection with this figure, it should be
      appreciated that the showing is highly schematic in nature and is not
      intended to depict details of the structure, which will rather appear and
      be further described herein below.
PAR  In FIG. 1, a generally cylindrically shaped concave section 11 of an
      inflatable structure is set forth. Section 11 may be regarded as a
      comparatively large portion of an inflated structure, as for example the
      arched roof of an inflatable structure enclosing a tennis court or the
      like; or alternatively, the section 11 may be considered as merely
      representing a small element of an inflated structure, as for example, a
      billowing section defined between a pair of shroud lines which might thus
      be present at the edges 15 and 17 of the section. Section 11, in any
      event, is in its inflated, expanded condition, with the skin 13 displaced
      to its fully expanded state by positive air pressure provided within the
      space 19. The skin 13, even as apparent in the present schematic showing,
      comprises a single layer of tough, flexible cloth-like material, typically
      a nylon or dacron cloth impregnated with vinyl or a vinyl residue.
PAR  In accordance with the principles of the present invention, a thin plastic
      film 21 is secured to the edges 15 and 17 of section 11. Thus,
      specifically, the film 21 which is typically a continuous film of
      polyvinyl chloride or similar thermoplastic material, and has a thickness
      typically of the order of 2 mils, is secured, as for example, by heat
      sealing to skin 13 along the edges 15 and 17. The width of film 21 of
      section 11 extending between edges 15 and 17 is of shorter dimension than
      the width of the skin 13 of section 11. The film 21 is secured to skin 13
      at locations intermediate to the edges 15 and 17 via flexible anchor tie
      strips 27. Thus, the film 21 is heat sealed to lateral edge 29 of tie
      strip 27 while the opposite lateral edge 28 of tie strip 27 is heat sealed
      to the skin 13. The anchor ties 27 typically may comprise a thermoplastic
      thin material, such as for example, the same polyvinyl chloride film as is
      used for film 21. As a consequence of this structural arrangement, it is
      apparent that when the section 11 is in its inflated or expanded
      condition, the film 21 will be extended in a relatively taut fashion as
      shown in FIG. 1 between edges 15 and 17 and will establish a surface
      approximately parallel to the skin 13 and spaced therefrom by a distance
      approximately equal to the transverse width of the anchor tie strips 27.
      By such extension of film 21, a relatively thin and uniform air space 25
      is established between the skin 13 and film 21 which provides effective
      insulation that severely inhibits the flow of heat through the air
      structure walls. It is pointed out at this time that the tie strips 27 are
      not essential features of this invention since the film 21 could in some
      instances be directly heat sealed to the skin 13 without too much loss of
      overall insulating efficiency. The tie strips 27 are useful and desireable
      however since they (a) inhibit the heat loss and moisture condensation
      that would otherwise occur in the attachment regions (b) they permit the
      establishment of uniform air spaces of any desirable thickness and (c)
      they facilitate the storage and handling of the deflated air structure by
      permitting the flat folding of the outer skin 13, unrestrained by the
      smaller dimensions of the film 21. For this reason, tie strips will
      generally be employed in the preferred embodiments hereinafter described
      but should not be construed as limiting the scope of the invention.
PAR  FIGS. 2 and 2a, similar to FIG. 1, set forth in highly schematic fashion
      the manner in which the principles of the present invention are applied to
      a spherical concave section 31 of an inflated structure. The section 31 in
      this case may be regarded either as a complete air inflated structure or
      alternatively as a very limited section of the structure in question.
PAR  In the present instance, the spherical skin 33 of the inflated structure is
      secured to the base of the structure along perimeter 41. A thin film 35 is
      secured to the spherical skin 33 in a manner similar to that discussed in
      connection with FIG. 1. More specifically, a generally spherically shaped
      film 35, whose radius of curvature is somewhat less than that of the
      spherical skin 33, is secured at the base of the structure along the
      perimeter 42 and separated from the skin by a small distance d. The
      highest point 38 of the film 35 is secured to the highest point 39 of the
      skin 33 by a short filamentary anchor tie 40. Additionally, anchor tie
      strips 43 are employed at the two intermediate locations shown. The
      plastic film 35 is heat sealed to the anchor tie strips 43 along the edges
      34 while the skin 33 is heat sealed to the tie strips along the edges 32.
      When the skin 33 is in its inflated condition, it will extend the plastic
      film 35 into a relatively taut surface which will be spaced from the outer
      skin 33 by a distance determined by the anchor ties. In this manner, air
      spaces 36 will be created between the film 35 and the skin 33 which will
      restrict the heat flow from or to the enclosed volume.
PAR  In FIG. 3, an isometric view appears of an inflated structure 49
      particularly suited for use with the present invention. To the extent
      shown in FIG. 3, the external aspects of structure 49 are conventional and
      are merely set forth herein in order to concretely provide an
      understanding of the present invention. The structure 49 thus includes an
      inflated shell 51, the outer skin of which typically comprises the
      relatively tough, impregnated cloth previously referred to. Structure 49
      is of the so-called "sculptured" type, which utilizes a plurality of
      shroud lines 53, which are drawn about the inflated structure and act to
      relieve stress in the expanded skin. As is known in the art, the structure
      49 also includes a number of entrance and exit ports, such as at 55, which
      are usually of the revolving door type so as to include appropriate seals
      for aiding in retention of positive air pressure within the structure.
PAR  In FIG. 4, a fragmentary, partially sectioned view appears through the wall
      of the structure of FIG. 3. The view is taken along the line 4-4' of FIG.
      3, and illustrates the arrangement of the components utilized in the
      invention. As seen therein, the relatively thick skin 57 of the inflated
      structure extends between a pair of shroud lines 59, 61. Because of the
      positive air pressure within the structure, the skin 57 is seen to be
      displaced into a billowing arc 62 extending between the said shroud lines.
      Positioned against the inner side of skin 57 are film-shroud line anchor
      strips 63 which extend in parallel fashion to the shroud lines, and may be
      formed of a flexible plastic, as for example polyvinyl chloride. Strip 63
      has a thickness of the order of one-half inch and is preferably
      heat-sealed or otherwise secured to skin 57 at the side adjacent thereto.
      At the opposite sides of strips 63, a thin plastic film 69, comprising for
      example a 2 mil polyvinyl chloride or similar thermoplastic material, is
      heat sealed to strips 63 along the lines such as 65 and 67. The film 69 is
      continuous along its extension between lines 65 and 67, and in accordance
      with the principles of the invention previously set forth, is between such
      boundary lines of lesser extension than is the length of arc 62 defined by
      skin 57 between shroud lines 59 and 61.
PAR  The film 69 is attached to the skin 57 along lines intermediate to the
      shroud lines 59 and 61, via the anchor tie strips 73 which typically
      comprise a thin, flexible thermoplastic material similar or identical to
      that utilized for film 69. The inner lateral edge 77 of the ties 73 is
      secured to the film 69 as by heat sealing while the outer lateral edge 75
      is in like manner secured to the skin 57. In consequence of the structural
      arrangement described in FIGS. 3 and 4, it will be evident that when skin
      57 is fully expanded due to positive air pressure within the structure 49,
      the thin film 69 will be extended in relatively taut fashion between 65
      and 67 thereby sandwiching a thin, uniform and dimensionally stable dead
      air space 71 between the skin 57 and the thin film 69. It is, of course,
      this dead air space 71 which in accordance with the invention provides the
      highly effective insulation which limits the heat flow into and out of the
      structure 49. In order to provide venting to allow the pressure within the
      dead air space 71 to equalize to that within the air structure under all
      circumstances, as during inflation and due to heating effects, a plurality
      of small venting holes 74 are provided in the film 69.
PAR  In FIG. 5, a cross-sectional view appears through an embodiment of the
      invention similar to that set forth in FIG. 4. The skin 49 shown in FIG. 5
      may thus once again represent a portion of an arc extending for example
      between a pair of shroud lines 59, 61 in FIG. 4. The embodiment shown in
      FIG. 5 differs from the prior view in that now a plurality of films 81, 83
      are secured in parallel spaced fashion to the arc. The films 81, 83 are
      once again secured to the end line dividing the arc as for example by heat
      sealing such films to an anchor strip 85.
PAR  Anchor ties 87 secure the middle film 81 to the skin 79 by heat sealing
      along 91 and 89 respectively while anchor ties 86 secure the inner film 83
      to anchor ties 87 via heat seals 93 and 91 respectively.
PAR  As in prior embodiments, the films 81 and 83 are extended in a relatively
      taut fashion across the concave surface of billowing, inflated skin 79.
      The anchor ties 86, 87 merely act as restraints along intermediate points
      of the film holding such intermediate protions in spaced fashion from the
      skin to thereby define a plurality of parallelapiped shaped dead air
      spaces 95 between the films 81, 83 and spaces 96 between the film 81 and
      skin 79.
PAR  FIG. 6 illustrates an embodiment which achieves the objectives of the
      present invention without the use of distinct anchor tie elements. In this
      embodiment, the middle film 181 is secured to the anchor strips 185 along
      lines 182 and is heat sealed to the outer skin 179 along the line 189. The
      inner film 183 is secured to the anchor strips 185 along lines 184 and is
      heat sealed to the middle film along lines 193. In much the same manner as
      previously, as the positive air pressure inflates the air structure, the
      skin 179 billows outwardly from the restraining shroud lines 159, 161 and
      extends the middle and inner films in the relatively taut fashion shown.
      In this case, air spaces of triangular cross section 196 are created
      between the skin 179 and the middle film 181 while similarly shaped air
      spaces 195 are created between the middle and inner films.
PAR  While the present invention has been particularly set forth in terms of
      specific embodiments thereof, it will be understood in view of the present
      disclosure that numerous variations upon the invention are now enabled to
      those skilled in the art which variations in propriety yet reside within
      the scope of the present invention.
PAR  Thus it will be understood that the term "film" as used herein is not
      restricted to a homogeneous plastic sheet but may include any relatively
      impermeable, lightweight sheeting such as for example those formed of
      foamed plastics the surfaces of which may be sealed if necessary to
      provide the requisite permeability. Also encompassed within the term
      "film" are suitably impregnated lightweight fabrics. Accordingly, the
      invention is to be broadly construed and limited only by the scope and
      spirit of the claims now appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. An air inflated shell-like structure for enclosing a volume of space
      therein, said structure having insulated walls which curtail heat flow
      from or into said enclosed volume, comprising:
PA1  a flexible outer skin defining the exterior shell of said structure;
PA1  means for providing positive air pressure within said enclosed volume of
      said structure for maintaining said skin in a fully expanded condition,
      the geometry of said skin being such that in said expanded condition,
      concavities are formed by said skin defining said shell wall; and
PA1  a thin plastic film secured at the outer surface boundaries of said
      concavity, and secured to the shell wall within said boundary, said thin
      film being continuous across said boundary and the surface area of the
      film being less than surface of said concavity within said boundary, the
      space between said outer skin and thin plastic film communicating by
      openings in said plastic film with the said enclosed volume of said
      structure and being at the pressure of said enclosed volume, whereby said
      flexible outer skin is expanded by said positive pressure in said enclosed
      volume, whereby in the inflated structure, the said film is extended in
      taut fashion across the concavity to define an insulating air space
      between wall and film.
NUM  2.
PAR  2. A structure according to claim 1 wherein said film is restrained within
      said boundary at points offset from said wall.
NUM  3.
PAR  3. A structure according to claim 2 wherein said film is restrained by
      attaching said film to flexible anchor tie strips which are secured to the
      wall of said shell at intermediate points within said boundary.
NUM  4.
PAR  4. A structure according to claim 3 including a plurality of said thin
      films, said films being in substantially parallel overlying relationship
      with one another whereby additional insulating air space is defined
      between said thin films.
NUM  5.
PAR  5. A structure in accordance with claim 3 wherein said thin films comprise
      a thermoplastic material which is secured by heat sealing.
NUM  6.
PAR  6. A structure according to claim 5 wherein said anchor ties comprise a
      thin thermoplastic material, said anchor ties being secured to said shell
      skin and to said thin film by heat sealing.
NUM  7.
PAR  7. A structure according to claim 1, wherein said communication to said
      space between said skin and thin plastic film is enabled by perforations
      in said film for permitting air movement into and out of said air space.
NUM  8.
PAR  8. A structure according to claim 1, further including a plurality of
      shroud lines drawn about the external wall of said shell skin for reducing
      strain in said structure, said concavities being defined by the billowing
      portions of said skin between successive shroud lines.
NUM  9.
PAR  9. A structure according to claim 8, further including a plurality of
      film-shroud line anchor strips secured to the inner side of said shell
      skin and extending in parallel fashion with said shroud lines, said thin
      film being secured to said concavities by attachment thereof to the side
      of said film-shroud line anchor strips non-adjacent to said shroud lines.
NUM  10.
PAR  10. A structure according to claim 9 wherein said film-shroud line anchor
      strip comprises a resilient plastic material.
NUM  11.
PAR  11. A structure according to claim 10 wherein said thin film and anchor tie
      strips comprise a polyvinyl chloride film.
NUM  12.
PAR  12. A structure according to claim 9 wherein said anchor tie strips
      comprise strips of flexible thermoplastic material, one edge of said strip
      being secured to said shell skin by heat sealing; the opposite edge of
      said strip being secured to said thin film by heat sealing.
NUM  13.
PAR  13. A structure according to claim 12 wherein said anchor tie strips
      comprise polyvinyl chloride sheet material.
NUM  14.
PAR  14. A method for insulating an air inflatable structure for enclosing a
      volume of space, said structure being of the type including a flexible
      fabric shell defined by a flexible outer skin, said shell possessing a
      geometry such that when said structure is inflated, said skin is expanded
      to define concavities at said shell interior, comprising:
PA1  securing a thin plastic film to said concavities of the interior wall of
      said shell by securing said thin film to the boundaries of said concavity
      and to points on said wall within said boundary, the area of said secured
      film being less than the area of said concavity; and providing by openings
      in said thin film a path of gas communication between the space defined
      between the said skin and thin plastic film and said enclosed volume of
      said structure, to enable pressure equalization between said enclosed
      volume and said space, whereby when said flexible outer skin is expanded
      by positive air pressure within to enable said inflation, the said film is
      stretched taut across the concavity to define an insulating air space
      between wall and film.
NUM  15.
PAR  15. A method according to claim 14 wherein the said film is restrained at
      points offset from said wall by attaching the said film to flexible
      connecting means extending between said wall and said film.
NUM  16.
PAR  16. A structure according to claim 1, further including at least a second
      thin film secured at said boundary at radial points which with respect to
      said concavity are inwardly displaced, said second film being continuous
      across said boundary and having a smaller surface area than said first
      film, and said second film being secured to said first film at
      intermediate points within said boundary, whereby in the inflated
      structure, said second film is drawn taut between said boundary and the
      points of securing to said second film to thereby define air spaces
      between said first and second films.
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ABST
PAL  Polygon shaped barrels of different size can be readily assembled from
      conventional end plates of appropriate diameter, and conventional support
      members connect the end plates to one another to define rectangular
      openings. Panels, which can be readily cut to size along predetermined
      lines are placed in these openings. The largest barrel size utilizes
      panels which need not be cut, whereas proportionately smaller barrels are
      made up from panels cut to predetermined, somewhat smaller, sizes. Each
      panel includes an outer portion having relatively wide generally
      longitudinally extending ribs, and intersecting cross ribs, to define
      relatively large rectangular openings. The inner portion of each panel has
      smaller openings defined by partitions molded integrally to this
      one-piece, "one-size" panel.
BSUM
PAC  SUMMARY OF INVENTION
PAR  This invention relates generally to electroplating barrels, and deals more
      particularly with a unique panel construction for assembling polygon
      shaped barrels of different size.
PAR  The general object of the present invention is to provide a panel
      construction which can be molded in one-size, and in one-piece, with the
      configuration of the panel being such that it can be used either directly
      as so molded for assembling large size polygon shape barrels, or can be
      used after first being cut along a predetermined line to provide a
      slightly smaller size polygon shape barrel.
PAR  The foregoing aim is achieved by providing a one-piece panel with
      integrally molded inner and outer grid portions provided within a
      rectangular frame, the panel having at least one longitudinally extending
      brace defined just inside a line of weakening or score line in the panel,
      which construction not only permits the panel to be cut but also provides
      a slightly smaller frame for this rectangular panel to allow assembly of
      slightly smaller size electroplating barrel.
PAR  The use of generally flat rectangular panels to assemble a polygon shaped
      electroplating barrel is well known in the art. Further, the provision of
      a generally rectangular frame, defining a plurality of rectangular
      openings, which frame is covered by a mesh with predetermined opening
      sizes, is also known in the art. However, such a panel can be used only to
      assemble a barrel of one particular size. The present invention seeks to
      provide a one design panel which can be severed along predetermined lines
      to define more than one rectangular panel size for use in assembling
      electroplating barrels of a variety of diameters and axial lengths. In
      order to preserve the generally rectangular frame associated with the
      smaller size panel braces are integrally molded in the panel, and it is a
      further feature of the present invention that the generally reatangular
      openings defined in the grid work of the panel are also provided with
      partitions, which partitions define the relatively small openings through
      which the electrolytic fluid is adapted to be passed, and which openings
      are preferably of such a size that the articles being electroplated do not
      become snagged in or pass through the openings of the panel.
PAR  The one-piece panel can be integrally molded in an injection molding
      machine or can be compression molded or formed in a process combining
      these techniques, or by transfer molding process. The panel is provided
      with breaker bars defined on the inside surface of the panel such that the
      articles being plated are caused to be continuously tumbled as the barrel
      is rotated. All of these features are provided in a one-piece panel molded
      from a chemically inert plastic material such as polypropylene which
      material is also provided with a predetermined quantity of chopped glass
      fibers to improve its wear resistance, and to provide a panel better able
      to resist distortion due to extremes of heat or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view showing the outside surface of a one-piece, one-size
      panel constructed in accordance with the present invention and adapted for
      use in assembling a generally polygon shaped barrel sidewall, the panel
      being so designed as to provide use in a predetermined number of lengths,
      and also a predetermined number of widths.
PAR  FIG. 2 is a side elevational view of the panel illustrated in FIG. 1. FIG.
      3 is an end view also in elevation illustrating the panel of FIGS. 1 and
      2.
PAR  FIG. 4 is an enlarged view taken in vertical cross section of one end
      portion of the panel depicted in FIG. 1
PAR  FIG. 5 is a vertical sectional view taken at right angles to the FIG. 4
      view.
PAR  FIG. 6 is a fragmentary view illustrating one of the end plates provided in
      a typical polygon shaped electroplating barrel, together with one of the
      support members to which the panels of the present invention are fitted so
      as to provide a generally polygon shape electroplating barrel.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning now to the drawings in greater detail, FIG. 1 shows a rectangular
      panel having a long side L1 and a short side W1 which cooperate with one
      another to define a generally rectangularly shaped frame. This frame is
      integrally molded from a chemically inert plastic material such as
      polypropylene preferably with a significant quantity (10-30%) of chopped
      glass fibers added thereto in order to improve the wear resistance of the
      panel when assembled in an electroplating barrel of polygon shape and to
      reduce distortion of the panel due to high temperature environment. The
      marginally extending sides 10 and 12 of the rectangular panel frame have a
      generally square cross sectional configuration as best shown in FIGS. 4
      and 5.
PAR  The rectangular frame comprises one portion of the integrally molded panel,
      another portion comprising the outer, or upper grid portion defined within
      the frame and integrally molded thereto. This outer portion includes
      longitudinally extending ribs 14, 14 arranged parallel to the long side 10
      of the rectangular frame, and cross ribs which intersect these
      longitudinally extending ribs to define relatively large rectangular
      openings therebetween as best shown, for example, in FIG. 1. The cross
      ribs are indicated generally by the reference numeral 16, and FIGS. 4 and
      5 show the relative sizes of these ribs to better advantage.
PAR  Still with reference to FIGS. 4 and 5, the grid portion of the panel
      defined generally between the sides 10 and 12 of the rectangular frame can
      be seen to further include an inner or lower grid portion, which is also
      integrally molded to the frame and to the outer portion as well, which
      inner portion includes longitudinally extending ribs or extensions of the
      ribs 14, 14 as well as the extension of the inner section cross ribs 16,
      16, which extensions or inner grid portion ribs correspond in thickness
      and in location to the intersecting ribs 14 and 16. The inner grid portion
      defined by these intersecting rib extensions and cross rib extensions also
      includes longitudinally and laterally extending mutually perpendicular
      partitions, 18 and 20 respectively, which partitions are integrally molded
      to the said rib extensions. These partitions define relatively smaller
      rectangular openings and it is a feature of the present invention that
      these smaller openings are generally square, and have a dimension
      corresponding generally to the thickness of the ribs and rib extensions
      mentioned previously. The presently preferred size of this dimension for
      present day barrels is three thirty-seconds of an inch, but slightly
      larger or smaller openings might be provided for to accommodate larger or
      smaller articles in the electroplating process. A dimension for this
      parameter between one-sixteenth and one-eighth of an inch yields desirable
      results, best results being obtained with a value of three thirty-seconds
      of an inch.
PAR  Referring once again to the view of FIG. 1, and as mentioned previously,
      the rectangular frame shown has a length L1 and a width W1. These
      dimensions can be varied simply by cutting the panel along predetermined
      lines of weakening or score lines such as illustrated for example at 22,
      24, and 26 and 28. Each of these lines of weakening is defined adjacent an
      integrally molded brace extending either longitudinally or laterally in
      direction and oriented parallel one or the other of the marginal sides 10
      and 12 of the rectangular frame. Each of these brace portions also has a
      cross sectional configuration similar to that of the frame side to which
      it corresponds, and the line of weakening may either comprise a notch such
      as shown at 26 in FIG. 4 or may be arranged between a rib 14 and the brace
      member itself such as shown at 10a in FIG. 5, and as illustrated generally
      by the notch 22.
PAR  By way of summary then, the one-size panel described herein is so designed
      that it can be used to assemble polygon shape electroplating barrels of
      various size whether of different diameters from one another or of
      differing axial lengths, the panel being such that it can be molded in
      one-piece from a chemically inert plastic material such as polypropylene
      to which a substantial portion by weight, preferably 20%, of chopped glass
      fiber material has been added. The outer portion of the grid defining
      structure includes relatively wide longitudinally extending ribs which act
      as paddles to agitate the electrolyte during rotation of the barrel, as
      well as intersection cross ribs which are of equal width and serve to
      strengthen the longitudinally extending paddle-like ribs. These ribs also
      extend inwardly or radially of the barrel and define breaker bars 14a, 14a
      which serve to break up the load of articles being electroplated within
      the barrel. The inner portion of the grid defining structure for each
      panel also includes longitudinally extending ribs and intersecting ribs
      corresponding in location and size with those defining the outer portion
      with the relatively large rectangular openings.
PAR  It is a further feature of the present invention that such inner grid
      portion further includes longitudinally and laterally extending partitions
      which define relatively small square openings such that the articles being
      plated are not entangled in the barrel as the barrel rotates but are
      instead caused to tumble during the plating operation. Braces are provided
      parallel the edges 10 and 12 of the panel and these braces serve to define
      a rectangular frame for the panel when it is cut along one or the other of
      the lines of weakening indicated generally in FIG. 1.
PAR  As shown in FIG. 1 the panel is symmetrical left to right with a generally
      centrally arranged brace being provided primarily to improve the
      distribution of the liquid plastic material in the mold during the forming
      of the panel itself. The braces also serve this function but are intended
      primarily to define the rectangular frame for one of the various
      rectangular sizes permitted as a result of the present design. That is, a
      length L2 can be provided for in addition to the length L1 by severing the
      panel along the line of weakening 28. A panel L3 in length can be provided
      by severing the panel along the lines of weakening 26 and 28 shown in FIG.
      1. The panel width can be varied from the dimension W1 depicted in FIG. 1
      by severing the panel along the line of weakening 22 so as to provide a
      panel of width W2. Finally, width W3 is provided for by severing the panel
      along the line of weakening 24.
PAR  FIG. 6 shows two such panels joined along their marginal or longer side
      edges by means of a support member 30 of the type normally used in
      fabricating polygon shaped barrels generally. One of the two end plates is
      also shown and is indicated generally at 32 at FIG. 6. The longitudinally
      extending side edges of two adjacent panels are also shown and are
      indicated generally at 10c, 10c. Each of these side edges of each of these
      panels is being received in a corresponding formed slot provided for this
      purpose in the support member 30. In accordance with conventional practice
      one of these panels may be removable, to provide access to the interior of
      the barrel, as for example by cutting away the support member 30 generally
      along the lines indicated generally at 32 in FIG. 6. When such a removable
      panel is provided for, two such support members 30 must be so cut, and a
      panel received therein must be releasably retained in the openings so
      defined by conventional means as for example by spring clips or the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. A panel for use in constructing polygon shaped barrels of differing
      sizes, said panel comprising:
PA1  a. an integrally molded rectangular frame portion defining the periphery of
      said panel and having marginally extending sides of generally square cross
      section,
PA1  b. an outer grid portion within said frame portion and integrally molded
      thereto, said outer portion including longitudinally extending ribs and
      intersecting cross ribs defining relatively large rectangular openings
      therebetween,
PA1  c. an inner grid portion within said frame portion and integrally molded to
      said outer portion and to said frame, said inner portion including
      longitudinally extending ribs and intersecting cross ribs corresponding in
      thickness and in location to said ribs defining said outer grid portion,
      and each rectangular opening defined between said inner grid openings
      being further divided by longitudinally and laterally extending partitions
      defining relatively small rectangular openings, said partitions integrally
      molded to said ribs defining said large openings,
PA1  d. at least one integrally molded brace oriented parallel one of said
      marginal sides and spaced therefrom, said brace having a cross sectional
      configuration similar said frame side and a predetermined line defined
      adjacent said brace and in the space between said brace and said parallel
      side to provide a slightly smaller size panel when said panel is severed
      along said line.
NUM  2.
PAR  2. The panel defined in claim 1 wherein said rectangular frame brace
      extends longitudinally of said frame and parallel the longer sides of the
      rectangle.
NUM  3.
PAR  3. The panel defined in claim 1 wherein said rectangular frame brace
      extends perpendicular to the longitudinal direction of said frame and
      parallel the shorter sides of the rectangle.
NUM  4.
PAR  4. The panel defined in claim 1 wherein said integrally molded panel is
      fabricated from a chemically inert plastic material and includes a
      substantial portion of chopped glass fibers, preferably 10 to 30% by
      weight.
NUM  5.
PAR  5. The panel defined in claim 1 further characterized by inwardly
      projecting breaker bars integrally molded to said longitudinally extending
      ribs in said inner grid portion, said breaker bars having a height at
      least approximately equal to the thickness of said ribs on which said bars
      are defined.
NUM  6.
PAR  6. The panel defined in claim 2 further characterized by a frame brace
      perpendicular said longitudinal brace, and a predetermined line adjacent
      said perpendicular brace between it and one of said shorter dies of said
      frame.
NUM  7.
PAR  7. The panel defined in claim 6 further characterized by inwardly
      projecting breaker bars integrally molded to said longitudinally extending
      ribs in said inner grid portion, said breaker bars having a height at
      least approximately equal to the thickness of said ribs on which said bars
      are defined.
NUM  8.
PAR  8. The panel defined in claim 7 wherein said smaller rectangular openings
      in said inner grid portion have a square configuration the length of the
      side of such square openings being at least approximately equal to the
      thickness of said longitudinally extending ribs.
NUM  9.
PAR  9. The panel defined in claim 8 wherein said square openings have a length
      in the range between one-sixteenth and one-eighth of an inch.
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ABST
PAL  A curtain wall construction and anchorage structure for cooperatively
      mounting the curtain wall to and between floor slabs of a building is
      disclosed. The curtain wall is molded as a unit to a frame carrying
      anchorage structure. The curtain wall facade may be in the form of a plain
      face, formed to provide a contour and may include doors and/or windows.
      Additional anchorage structure is carried by the floor slabs. These
      structures cooperate to provide that mounting of the curtain wall is
      carried out by hanging the same on the building. The edges of each curtain
      wall are formed to provide interlocking and sealing engagement with the
      adjoining edge of an adjacent curtain wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Present construction techniques utilize principles whereby buildings are
      constructed by pouring the concrete floor slab and interior dividing walls
      throughout one level after another until the desired number of levels have
      been completed. At this stage, anchor structure is mounted to the several
      floor slabs and the exterior shell of the building is created by placing
      therearound curtain wall sections which are secured to the anchor
      structure.
PAR  In the known prior art techniques the curtain wall sections are bolted to
      the anchor structure in the securement operation. While this technique
      satisfies the ultimate objective of creating the shell around the building
      there are many disadvantages to this type of a procedure.
PAR  Firstly, the procedure is time consuming in that once the curtain wall has
      been moved to a desired final position a number of bolts must be tightened
      down on the anchor structure so that the curtain wall is secure in that
      position to withstand wind loading, for example.
PAR  If the curtain walls are to be bolted it is best that all structure be
      properly aligned for receipt of the fastening bolts. If this is not the
      case action must be taken to overcome the situation of non-alignment of
      anchoring structures. This situation may occur for many reasons including
      non-alignment of the flooring itself.
PAR  Additionally, the fact that the curtain wall is bolted to the anchor
      structure presents a rigid body which may be incapable of undergoing
      expansion and contraction in response to climatic conditions such that
      internal stresses are developed.
PAR  With costs being at least partly dependent upon man hours involved and
      equipment to be used at a building site it is an objective to derive the
      ultimate end of the completion of construction according to the building
      codes in the shortest possible time.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention seeks to derive this end, and in accordance with the
      teachings of the present invention, there is provided apparatus and method
      for hanging curtain walls between floors of a building in a simplified and
      rapid manner thereby to overcome the disadvantages of the prior art
      whereby the curtain walls are mounted by bolting the curtain walls to the
      floors.
PAR  In construction, the curtain wall is molded on and substantially around a
      supporting frame having a plurality of elements serving as anchor boxes
      secured thereto. The anchor boxes are disposed in an arrangement to
      receive cooperating anchoring structure supported by the floor slabs. Each
      floor slab supports anchoring structure including upper and lower hooks or
      finger members for receipt into the anchor boxes. The finger members are
      directed upwardly so that a curtain wall may be received on and lowered to
      a position at which the finger members cooperate with the anchor boxes and
      carry the load of the curtain wall.
PAR  It is contemplated that each curtain wall be supported at a plurality of
      upper and lower positions. To this end, the anchoring structure at each
      floor slab will provide a complement of upper and lower fingers equal to
      the number of upper and lower anchor boxes, and the curtain wall will be
      received over the upper fingers from anchor structure at one floor and
      lower fingers from anchor structure at the next higher floor to enclose
      the open space.
PAR  The curtain walls are formed at each edge to mate with an adjoining edge of
      an adjacent curtain wall to both lock the curtain walls together yet
      enable the curtain walls to undergo expansion and contraction. To this
      end, each cooperating edge of the curtain walls may be formed with tongue
      and groove structure, the tongue entering further into the groove during
      expansion of the curtain wall or retracting somewhat within the groove
      during contraction of the curtain wall. The joint between curtain wall
      sections maintains a substantially continuous facade.
PAR  A material may advantageously reside between the adjoining edges of the
      sections of curtain wall for sealing the interlocked edges. The curtain
      wall sections preferably are mounted in a sequence whereby alternate
      curtain walls and thereafter the intermediate curtain walls at the lowest
      level are hung to the anchor structure and interlocked with those curtain
      walls already in place, with each level following in similar manner. Thus,
      each curtain wall throughout the total area of the building shell is
      interlocked at each edge with the adjoining edge of an adjacent curtain
      wall.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial view in elevation of a structure illustrating one full
      section of curtain wall and portions of adjacent sections on each of three
      adjoining floors;
PAR  FIG. 2 is a cross-section as seen along the line 2--2 in FIG. 1;
PAR  FIGS. 3 and 4 are enlarged views in cross-section of a portion of one floor
      slab of the structure, anchor support structure carried by the floor slab,
      and depicting the sequence of first hanging the sections of curtain wall
      to complete one floor, following thereafter by hanging sections of the
      curtain wall of the next upper floor;
PAR  FIG. 5 is a cross-section as seen along the line 5--5 in FIG. 4;
PAR  FIG. 6 is a view, somewhat similar to that of FIG. 2, although enlarged, of
      a portion of two adjacent sections of curtain wall illustrating a
      weatherstrip seal which extends vertically along abutting edges;
PAR  FIG. 7 is an enlarged fragmentary showing of a frame support upon which the
      curtain wall may be molded;
PAR  FIG. 8 is a fragmentary cross-section as seen along the line 8--8 in FIG.
      6;
PAR  FIG. 9 is a fragmentary bottom plan view at a corner of a section of
      curtain wall illustrating a weatherstrip seal which extends along a
      vertical edge and within a horizontal channel; and
PAR  FIG. 10 is an exploded perspective of the portion of the structure as
      illustrated in FIGS. 3 and 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A portion of the outer wall or shell of a building may be seen in FIG. 1 of
      the drawings. The wall includes a plurality of curtain wall sections 10a,
      b and c providing an outer wall for the floor below floor slab 13;
      sections 11a, b and c providing an outer wall for the floor between floor
      slabs 13 and 14; and sections 12a, b and c providing an outer wall for the
      floor above floor slab 14. Each of these individual sections of curtain
      wall are hung in sequence and when one floor level is completed the
      undertaking of commencement of the next upper floor level is begun. To be
      described is the manner of and the structure for hanging each section of
      curtain wall, which is supported partially by one floor slab and partially
      by an adjacent floor slab.
PAR  As may be appreciated from FIGS. 2 and 6, within each floor level alternate
      sections of curtain wall are hung, and then the intermediate sections of
      curtain wall are hung between the alternate sections then in position.
      Particularly, alternate sections such as sections 11a, 11c and so forth
      are hung and thereafter each intermediate curtain wall section such as
      section 11b is received therebetween.
PAR  Intermediate sections of curtain wall, such as section 11b, are formed to
      provide a pair of vertical panels 15 and 16 separated by a mullion 17.
      Mullions 18 and 19 are provided at the outer edge and define the width
      dimension of the section. All mullions 17-19 extend throughout the height
      of the section of curtain wall and are substantially continuous from floor
      to floor. The discontinuity between mullions, as may be seen in FIG. 1, is
      the result of the manner of mounting the sections and allows for vertical
      expansion in the section. In the event that the section undergos a degree
      of contraction, the spacing between the mullions will be slightly greater.
      In actual practice expansion and contraction of each section may change
      the overall dimension of that section by about .+-. 1/2 inches (about .+-.
      1.27 cm).
PAR  Alternate sections of curtain wall, such as sections 11a and 11c, likewise
      are formed to provide a pair of vertical panels 15' and 16' separated by a
      mullion (not shown). Through the manner of mounting of the adjacent
      curtain wall sections 11a, b and c a continuity of pattern of the panels
      and the separating mullions will be appreciated.
PAR  The sections of curtain wall may be formed to any dimension. Generally, the
      size of each section is dictated by building construction carried out in
      accordance with local building codes. Specifications which are drawn under
      a typical code may dictate that the dimension between the bottom of one
      floor slab and the top of an adjacent floor slab be 8 feet 6 inches (about
      2.6m); that the interior building walls be on centers of 25 feet 3 inches
      (about 7.7m); that the floor slab be 61/2 inches (about 16.5cm) in
      thickness; and that the interior walls be 10 inches (about 25.4cm) in
      thickness. Therefore, the intermediate sections of curtain wall to be hung
      on the anchor structure supported by the floor slabs will have a width
      between centers of mullions 18 and 19 of 6 feet 5 inches (about 1.96m) and
      a height or length of 8 feet 113/4 inches (about 2.74m). The mullions
      themselves may be 3 inches (about 7.62 cm) in width. The alternate
      sections of curtain wall will be of the same height or length. Since each
      of the adjacent sections of curtain wall is positioned on centers of 3
      feet 21/2 inches (about 0.98m) the alternate sections will be of a width
      dimension to closely receive the intermediate sections to a planar
      disposition with that degree of tolerance to permit expansion of the
      sections without development of compressive internal stress in one section
      caused by stress in an adjacent section.
PAR  Several sections of curtain wall will be hung between interior building
      walls.
PAR  A window 20, of any type such as a casement window, is supported within
      panel 16 by a pair of spaced jambs 21 and 22, a header 23, and a sill 24.
      The panel, rather, may provide a door supported in similar well-known
      fashion or the panel may present a plain facade, all as desired.
      Similarly, panel 15 may provide a window or a door or neither a window nor
      a door. The disposition of doors and/or windows will be determined in part
      by the positioning of the particular panel relative to an interior wall
      and the type of structure to which the curtain walls are hung. Further
      aesthetic considerations may dictate such disposition. The panels may
      present a plain facade, a facade in the form of simulated stone as at 25
      or any other aesthetically pleasing surface.
PAR  Each section of curtain wall may be molded around an internal frame. The
      frame serves the purpose of providing internal structural stability to
      each section of curtain wall and also serves to mount a plurality of
      anchor boxes which cooperate with anchorage structure carried by the
      respective floor slabs 13 and 14, for example, for purposes of hanging the
      curtain wall.
PAR  The frame may be seen to best advantage in FIG. 7. The frame includes a
      pair of I-beams 26 and 27 which are arranged with their webs 28 (only one
      shown in the Figure) perpendicular to the plane of the curtain wall to be
      molded thereon. Anchor boxes 29, 30, 31 and 32 (best shown in FIGS. 2 and
      3), also allowing for expansion and contraction, as well as compensation
      for any misalignment of anchoring structure, are secured to the ends of
      each of the I-beams 26 and 27. Each anchor box is constructed and mounted
      to the respective I-beams in a similar manner. A T-beam 33 is provided for
      purposes of connecting and supporting I-beams 26 and 27 in spaced,
      parallel relation. The T-beam 33 is disposed outwardly of the plane of the
      panels 15 and 16 and both forms and strengthens the mullion 17. For this
      purpose, T-beam 33 extends both above and below the I-beams 26 and 27 to
      positions closer to the upper and lower edges of the sections of curtain
      wall.
PAR  Although not shown, it is contemplated that the frame, if additional
      strengthening of the curtain is desired, include structural members to
      define a perimeter around the components of FIG. 7. Thus, the T-beam may
      support a further pair of I-beams disposed both above and below the anchor
      boxes and extending outwardly of the anchor boxes. The ends of the I-beams
      may be connected by any suitable connecting structure. The connecting
      structure may be supported by the I-beams 26 and 27, if extended to be
      coextensive with the further pair of I-beams. If the modified frame is
      used to support a molded intermediate curtain wall a pair of side T-beams
      may be supported by and connected to each of the horizontally disposed
      I-beams. The side T-beams will form and strengthen the mullions 18 and 19.
PAR  T-beam 33 includes a foot portion 34, a web 35 and a face 36. The T-beam
      may be secured to the I-beams 26 and 27 in any convenient manner and by
      any well known means, such as rivets 37. A plurality of rivets may be
      employed, two on each side of web 28, as illustrated at the broken away
      portion in the Figure.
PAR  The frame members including T-beam 33 and the I-beams 26 and 27 may be
      formed of metal or of one of the plastic materials having structural
      integrity and being capable of formation by extrusion or otherwise to the
      desired cross-section. In the preferred form of the invention the frame
      members are aluminum. This material provides the desired structural
      capability, it lends itself to fabrication, and, further, the material is
      light so as not to substantially increase the weight of each section of
      curtain wall.
PAR  The anchor boxes, such as anchor box 29 at the upper portion of a lower
      section of curtain wall 10b and anchor box 31 at the lower portion of an
      upper section of curtain wall 11b, may be seen in FIGS. 3-5. Each of the
      anchor boxes are formed of metal such as steel and are identical in
      make-up. Therefore, a consideration directed only to anchor box 31 will
      suffice for all.
PAR  Anchor box 31 is positioned at the inner face of the curtain wall and
      includes a pair of spaced, parallel members 38 and 39 extending inwardly
      and perpendicular to the face. Feet 40 and 41 are located at the
      respective ends of the member. The feet are oppositely directed to assist
      in maintaining the anchor boxes in position against forces tending to pull
      the anchor boxes from the molded body. A wall 42 connects the members 38
      and 39 between their ends. A front face 43 depends downwardly from the
      other end of member 38. The front face extends throughout a short
      distance, in an orientation parallel to the wall 42, and terminates in an
      outwardly directed lip 44. The spacing between the face 43 and the wall 42
      provides a pocket for hanging receipt of the curtain wall on the anchorage
      structure, to be described, whereas the spacing between the lip 44 and the
      member 39 provides an entry of the anchorage structure to the pocket.
PAR  The anchor box 31 extends along the inner face over a short distance, as
      best seen in FIG. 5. A connector such as a rivet 45 is received through
      and secured to both the wall 42 and face 43 at spaced apart locations. In
      this manner pocket integrity is enhanced.
PAR  The wall 42 on the side opposed from the pocket is formed with a pair of
      fingers 46 and 47. The fingers are spaced equidistantly along their length
      from the wall and directed toward one another. The anchor boxes may be
      received over the I-beams 26 and 27 by sliding one face 48 through the
      pocket formed by the fingers. The web 28 extends between the fingers and
      joins to the other face 50. The T-beam 33 is connected to face 50 in a
      manner as described above, The individual anchor boxes may be secured to
      the I-beams in any convenient manner as by welding.
PAR  The frame is disposed in a mold frame (not shown) and supported so that the
      curtain wall may be molded therearound. The curtain wall may be formed of
      any one of plastic, metal and cementitious composition-type materials
      capable of undergoing molding and which display structural stability or
      may be made structurally stable by a frame so as to meet building
      requirements, including wind loading, among others. Further, the materials
      should both be fire and smoke resistant. A curtain wall formed of water
      extended polyester material has been used to advantage and is preferred.
PAR  Each of the webs 28 of the I-beams 26 and 27 as well as the web 35 of
      T-beam 33 are apertured such as at 51 and 52, respectively, along and at
      spaced locations of their lengths. Thus, increased stability is introduced
      to the molded curtain wall by the fact that the material is able to flow
      through the apertures during the molding process and to set within these
      apertures.
PAR  Anchorage structure for hanging the curtain walls includes an anchor plate
      53 including a straight portion 54. The straight portion 54 terminates at
      one end in a flange 55. The other end includes an angled portion 56 and a
      finger 57. Both the flange and the angled portion are similarly directed
      toward the curtain wall and the finger is directed toward the flange. A
      pair of L-shaped anchor brackets 58 and 59 provide support for the anchor
      plate against the end of and in relation to the floor slab 13. Each anchor
      bracket is rigidly secured to the floor slab by a pair of anchors 61. The
      anchors may be a form of stud which as well known may be expanded within
      the opening by threading a member into the expandable housing. The anchor
      plate 53 is secured to the anchor brackets by any convenient means. Thus,
      the flange 55 may be welded to the anchor bracket 58; whereas a pair of
      machine screws 62 may be employed to connect the anchor bracket 59 to the
      straight portion 54. Anchor bracket 58 has an extended length shank so
      that the base portion 63 forming a finger resides in the plane of the
      finger 57. The finger 63, likewise, is upwardly directed.
PAR  As is evident in FIG. 10, the anchorage structure is duplicated for
      disposition on floor slab 13 at spaced location. The spacing will be such
      that each of the pairs of fingers 63 are received in the pocket between
      the rivets 45. As should be apparent, the anchorage structure could be
      formed by individual components similarly formed.
PAR  The anchorage structure is formed of the same material as employed in the
      anchor boxes.
PAR  FIG. 3 illustrates the disposition of the curtain wall 10b, for example,
      which is hung by engagement of the fingers 57 in the pocket of anchor box
      29. In the Figure, the curtain wall 11b is yet to be mounted. FIG. 4
      illustrates the disposition of both curtain walls following hanging of
      curtain wall 11b. As a first step, the curtain wall 11b is moved into
      position at which its inner surface is coplanar with the inner surface of
      curtain wall 10b yet elevated above curtain wall 10b. In the first
      position the fingers 63 of anchor brackets 58 will have been received
      through the entry of anchor box 31 and disposed below the pocket.
PAR  Each section of curtain wall is provided with a rectangular projection 64
      along and coextensive with the upper edge, and a rectangular channel 65 of
      complementary outline although of slightly greater depth and width along
      and coextensive with the lower edge. From the first position the curtain
      wall 10b may be lowered to the second position (FIG. 4) at which the
      projection 64 is received in channel 65 and fingers 63 are received in the
      pocket of anchor box 31.
PAR  While not illustrated in the Figures the upper and lower anchor boxes 29
      and 31 of curtain walls 11b and 10b, respectively, similarly receive the
      fingers 57 of anchor plates 53 and the fingers 63 of anchor brackets 58.
      Thus, curtain walls 11b, for example, will be hung at four spaced
      locations to elements of the anchor structure mounted to floor slab 13 and
      to elements of anchor structure mounted to floor slab 14 of the next upper
      story.
PAR  The load of the curtain walls will be taken by the four fingers coating
      with the undersurface of members 38. The fingers will provide a bevelled
      edge to assist in passage by the lips 44. In the mounted orientation of
      the curtain walls a slight clearance will be maintained between the outer
      extension of the several lips and surfaces of anchor plates 53 and anchor
      brackets 58. This will enhance load distribution.
PAR  Suitably, both the upper and lower surfaces of the floor slabs may be
      recessed sufficiently to accommodate the anchorage structure including
      anchor brackets 58 and 59 and the anchor studs. Once these components of
      the anchorage structure are in place grouting material may be received
      thereover to present an overall smooth surface.
PAR  Weatherstrip material 66 is disposed within the channel 65. Like
      weatherstrip material 67, also, is disposed along one edge of each pair of
      adjoining edges of curtain wall sections 11a and 11b, for example. In
      short, the adjoining edges of all curtain walls are sealed.
PAR  The weatherstrip material may be any one of the commonly used caulking and
      sealing compounds having characteristics such as good adhesion properties
      and initially have a viscosity to permit ease in application along the
      various edges of the curtain walls. Further, the material should be
      applicable to the method of hanging the curtain walls whereupon a curtain
      wall section is moved into abutting relation with a fixed curtain section
      and upon setting up will retain its plastic properties of pliability over
      an extended time period and throughout ranges of temperatures as are
      likely to be experienced.
PAR  While the invention is not limited to the use of a single recited
      weatherstrip material which fulfills this criteria, it has been found that
      a weatherstrip material of asphalt impregnated polyurethane provides
      satisfactory results and is preferred. Though adhesion to adjoining walls
      at least within the area toward the ambient conditions the asphalt
      impregnated polyurethane weatherstrip material will aid in the prevention
      of temperature change within a conditioned area by substantial elimination
      of draft through the locations of junction and serve substantially as a
      barrier to migration of ambient moisture into the confines of the
      building.
PAR  Curtain wall sections 11b and 11c are illustrated to advantage in FIG. 6.
      The sections are formed in the manner such that the former section
      includes a plurality of mullions 17-19, whereas the latter includes a
      single centrally disposed mullion (not shown). Mating complementary
      tapered surfaces 68 and 69 define the ends of curtain walls 11b and 11c,
      respectively. Curtain wall 11c provides a tongue 70 and curtain wall 11b
      includes a partial groove 71. The weatherstrip material 67 initially may
      be disposed along either vertical surface 68 and 69 including the surface
      of the projection 64. Preferably, however, the weatherstrip material will
      be disposed as a bead along the surface 69 near the front face of curtain
      wall 11c so that when curtain wall 11b is received the mating surface will
      adhere to the weatherstrip material and move it to the disposition along
      the surfaces. Thus, the weatherstrip material will move toward the tongue
      70, yet fill the area surrounding the bead.
PAR  As illustrated in FIG. 6, the tongue and groove along the vertical edges
      provide an expansion joint for horizontal expansion of each adjoining
      curtain wall. Similarly, the projection 64 and channel 65 acting as a
      tongue and groove coact to provide an expansion joint for vertical
      expansion of the curtain walls at this adjoining surface. The receipt of
      the several fingers 57 and 63 in the pockets of the anchor boxes is such
      to retain the hanging disposition of each curtain wall yet they coact to
      maintain by what may be characterized as a floating mount for the curtain
      walls.
PAR  Molding 72 may be employed to enclose the open space between the inside
      surface of curtain wall 10b below the anchor box 29 and the underside of
      floor slab 13. The molding will extend from the surface of the curtain
      wall and in the vicinity of that end may be attached to a block 73. Screw
      74 may be used for this purpose. The block is disposed within the lower
      pocket of anchor box 29 (and 30) and serves the further purpose of
      "locking" the fingers 57 within the upper pocket region.
PAR  The other end of the molding is attached to the floor slab in any manner.
      If the anchor structure is exposed, the molding may be welded to the end
      of the anchor bracket 59. A machine screw may be used to stabilize the
      molding between its ends to the anchor plate 53.
PAR  Similar molding (not shown) may be employed at the upper surface of floor
      slab 13. This molding may have the additional function of supporting, for
      example, electrical conduit. The molding at both the upper and lower
      surfaces of the floor slab will have a lateral dimension to extend
      slightly beyond both anchor boxes 29 and 30.
PAR  As can be appreciated, the anchorage structure carried both by the curtain
      wall and a floor slab are readily cooperable so that with relative ease
      and in a simplified manner the curtain wall may be hung in the completion
      of the outer building. Each curtain wall is formed to present at its edges
      a surface for cooperation with a surface of an adjoining curtain wall. The
      cooperation is one of interlocking of adjacent curtain walls with
      capability that expansion in both the horizontal and vertical directions
      may take place without development of internal stress in any curtain wall
      yet with sealing maintained at each interlocking edge. The anchorage
      structure also provides freedom of mounting adjustment and of response to
      expansion and contraction by the floating-type interconnection. This is
      important particularly in the event of slight non-alignment of floor
      slabs. A locking structure may serve to prevent disassembly of the
      anchorage components.
PAR  Having described the invention with particular reference to the preferred
      form thereof, it will be obvious to those skilled in the art to which the
      invention pertains after understanding the invention that various changes
      and modifications may be made therein without departing from the spirit
      and scope of the invention as defined by the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A curtain wall for mounting between spaced floor slabs of a building
      each carrying upper and lower anchor elements to hangingly support said
      curtain wall to form a portion of the building outer shell, said curtain
      wall comprising:
PA1  a. a rectangular body having an inner face and an outer face spaced
      therefrom;
PA1  b. at least two anchor boxes each having a pocket and a wall including an
      entrance to said pocket; and
PA1  c. frame means disposed between said faces of said body providing both
      structural stability to said body and a fixed mounting for said anchor
      boxes, at least one of said anchor boxes being disposed near the top of
      said body and at least one of said anchor boxes being disposed near the
      bottom of said body with each said anchor box disposed in cooperative
      relation with a respective one of said upper and one lower anchor elements
      on adjacent floor slabs, each said anchor box supported by said frame
      means with said entrance to said pocket substantially in the plane of said
      inner face, and each said anchor element adapted to be received through a
      respective one of said entrances to cooperate in said pocket for hanging
      mounting of said curtain wall on said anchor elements.
NUM  2.
PAR  2. The curtain wall according to claim 1 wherein:
PA1  a. the body includes means formed along each edge for spaced interlocking
      cooperation with an adjoining edge of an adjacent body to permit expansion
      and contraction of said bodies yet maintain the shell substantially
      continuous.
NUM  3.
PAR  3. The curtain wall according to claim 2 wherein:
PA1  a. the upper and lower edges of said body include one of a tongue and a
      groove, and
PA1  b. the individual side edges of said body are tapered.
NUM  4.
PAR  4. The curtain wall according to claim 3 including:
PA1  a. sealing means carried along at least one edge of said adjoining edges,
      said sealing means adhering to both edges during said expansion and
      contraction.
NUM  5.
PAR  5. The curtain wall according to claim 1 wherein:
PA1  a. said outer face includes at least a pair of panels, each said panel
      being disposed in a direction perpendicular to the plane of said floor
      slabs, and
PA1  b. a separator member disposed between and substantially coextensive with
      said panels.
NUM  6.
PAR  6. The curtain wall according to claim 5 wherein:
PA1  a. said support means includes,
PA2  1. a pair of horizontal support members mounting an anchor box near opposed
      ends cooperative with similarly spaced upper and lower anchor elements,
      and
PA2  2. a vertical support member connecting said horizontal support members,
      said vertical support member extending through the plane of said outer
      surface, and said separator member being molded around said vertical
      support member.
NUM  7.
PAR  7. The curtain wall according to claim 1 wherein:
PA1  a. each anchor box includes,
PA2  1. an upper surface extending between said inner and outer faces, and
PA2  2. an outer surface, said outer surface being coplanar with said inner face
      and extending by a distance to provide an entrance to a pocket below said
      upper surface, and
PA1  b. said at least one upper and lower anchor element being received through
      said entrance into said pocket, said anchor elements being loaded by the
      weight of said body through coaction with said upper surface.
NUM  8.
PAR  8. The curtain wall according to claim 5 wherein:
PA1  a. at least one of said panels includes framing means for supporting one of
      a door and a window.
NUM  9.
PAR  9. In combination:
PA1  a. A building structure including
PA2  1. a plurality of spaced floor slabs, and
PA2  2. a plurality of upper and lower anchor elements carried at predetermined
      spaced locations on each floor slab; and
PA1  b. a curtain wall for mounting between said spaced floor slabs to form a
      portion of the outer shell of said building including
PA2  1. a rectangular body having an inner face and an outer face spaced
      therefrom,
PA2  2. at least two anchor boxes each having a pocket and a wall including an
      entrance to said pocket, and
PA2  3. frame means disposed between said faces of said body providing both
      structural stability to said body and a fixed mounting for said anchor
      boxes, at least one of said anchor boxes being disposed near the top of
      said body and at least one of said anchor boxes being disposed near the
      bottom of said body with each said anchor box disposed in cooperative
      relation with a respective one of said upper and one lower anchor elements
      on adjacent floor slabs, each said anchor box supported by said frame
      means with said entrance to said pocket substantially in the plane of said
      inner face, and each said anchor element received through a respective one
      of said entrances to cooperate in said pocket for hanging mounting of said
      curtain wall on said anchor elements.
NUM  10.
PAR  10. The combination according to claim 9 wherein:
PA1  a. the body includes means formed along each edge for spaced interlocking
      cooperation with an adjoining edge of an adjacent body to permit expansion
      and contraction of said bodies yet maintain the shell substantially
      continuous.
NUM  11.
PAR  11. The combination according to claim 10 wherein:
PA1  a. the upper and lower edges of said body include one of a tongue and
      groove, and
PA1  b. the individual side edges of said body are tapered.
NUM  12.
PAR  12. The combination according to claim 11 including:
PA1  a. sealing means carried along at least one edge of said adjoining edges,
      said sealing means adhering to both edges during said expansion and
      contraction.
NUM  13.
PAR  13. The combination according to claim 9 wherein:
PA1  a. said outer face includes at least a pair of panels, each said panel
      being disposed in a direction perpendicular to the plane of said floor
      slabs, and
PA1  b. a separator member disposed between and substantially coextensive with
      said panels.
NUM  14.
PAR  14. The combination according to claim 13 wherein:
PA1  a. said support means includes,
PA2  1. a pair of horizontal support members mounting an anchor box near opposed
      ends cooperative with similarly spaced upper and lower anchor elements,
      and
PA2  2. a vertical support member connecting said horizontal support members,
      said vertical support member extending through the plane of said outer
      surface, and said separator member being molded around said vertical
      support member.
NUM  15.
PAR  15. The combination according to claim 9 wherein:
PA1  a. each anchor box includes,
PA2  1. an upper surface extending between said inner and outer faces, and
PA2  2. an outer surface, said outer surface being coplanar with said inner face
      and extending by a distance to provide an entrance to a pocket below said
      upper surface, and
PA1  b. said at least one upper and lower anchor element being received through
      said entrance into said pocket, said anchor elements being loaded by the
      weight of said body through coaction with said upper surface.
NUM  16.
PAR  16. The combination according to claim 15 including:
PA1  a. anchor support means including,
PA2  1. a plate member,
PA2  2. a pair of bracket members mounted to and extending from said floor slab,
      said bracket members mounting said plate member in substantially coplanar
      relation to said inner face, and
PA2  3. one end of bracket members and plate member comprising said upper and
      lower anchor elements.
NUM  17.
PAR  17. The combination according to claim 16 wherein:
PA1  a. said anchor elements are upwardly directed fingers.
PATN
WKU  039369870
SRC  5
APN  5403391
APT  1
ART  354
APD  19750113
TTL  Interlocking brick or building block and walls constructed therefrom
ISD  19760210
NCL  3
ECL  1
EXA  Raduazo; Henry
EXP  Abbott; Frank L.
NDR  3
NFG  10
INVT
NAM  Calvin; Edward L
STR  181 Country Club Drive
CTY  Rock Hill
STA  SC
ZIP  29730
CLAS
OCL   52309
XCL   52585
XCL   52586
EDF  2
ICL  E04C  110
FSC   52
FSS  585;586;405;309
UREF
PNO  2134637
ISD  19381000
NAM  Loucks
OCL   52585
UREF
PNO  3166873
ISD  19650100
NAM  Rosenfeld
OCL   52585
UREF
PNO  3204376
ISD  19650900
NAM  Elgenstierna
OCL   52612
UREF
PNO  3292331
ISD  19661200
NAM  Sams
OCL   52405
UREF
PNO  3430403
ISD  19690300
NAM  Muse
OCL   52585
UREF
PNO  3512327
ISD  19700500
NAM  La Padura
OCL   52309
UREF
PNO  3546833
ISD  19701200
NAM  Perreton
OCL   52405
UREF
PNO  3783566
ISD  19740100
NAM  Nielson
OCL   52585
UREF
PNO  3864885
ISD  19750200
NAM  Muse
OCL   52585
FREF
PNO  461,529
ISD  19131200
CNT  FR
OCL   52585
FREF
PNO  12,920
ISD  19020600
CNT  UK
OCL   52405
FREF
PNO  812,205
ISD  19510800
CNT  DT
OCL   52586
LREP
FR2  Fishburne, Jr.; B. P.
ABST
PAL  A concrete block simulating a Norman brick is formed with two large cores
      separated by a central web. The cores are adapted to receive insulating
      foam during manufacturing of the block. Each block is grooved in its
      opposite ends and recessed in its central web for the reception of wedge
      elements or keys formed of plastic or the like. Adjacent blocks in each
      course are interlocked and the courses of walls constructed from the
      blocks in either a stacked bond or running bond are mechanically
      interlocked and properly aligned. Epoxy cement is utilized for bonding of
      courses in a customized wall or in prefabricated panel sections utilizing
      the interlocking block.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention has arisen as a result of a long-standing need in the art for
      a practical masonry module which may be used in the construction of
      buildings and walls by relatively unskilled labor, without the necessity
      for constantly checking on alignment by the use of a level and string.
PAR  More particularly, the invention saves time and labor in the construction
      of walls with either a stacked or running bond configuration. In its
      preferred form, the module formed of concrete in a conventional block
      machine is made to resemble a Norman brick in shape, size and color. In
      the formation of walls, epoxy cement is utilized as the bonding agent
      without the use of conventional mortar. However, the traditional mortar
      joints may be simulated by chamfering the end and top corners of both
      faces of each module.
PAR  The interlocking feature of the invention provides precise alignment of
      each module with others in the wall without the use of external geometric
      alignment means. The alignment feature consists of providing a first
      recess in the center top of each module and a pair of end vertical grooves
      in the module, the grooves and recess lying in a common vertical plane
      through the center of the module. Interlocking wedges or keys preferably
      formed of relatively soft plastic or other suitable material are
      introduced into the center top recess of each module with one-half of the
      wedge or key projecting above the top face of the module. In the usual
      running bond wall structure, each new brick or module in the wall will be
      fitted between a pair of upstanding wedges projecting from the centers of
      adjacent modules in the course immediately therebelow. In this manner,
      each module becomes mechanically interlocked with two modules of the
      preceding course and with both immediately adjacent modules in the same
      course, thus causing the entire wall structure to be properly aligned and
      interlocked until the epoxy bond becomes set or hardened to provide the
      ultimate high strength joints between all modules of the wall or
      structure.
PAR  The modules can be laid in a stacked bond by simply inserting the wedges in
      the end grooves of adjacent modules rather than in the center recesses
      thereof, as will be fully described.
PAR  Another important feature of the invention resides in the filling of the
      module cores with foam insulation during the manufacturing of the modules
      and while they are still on the pallets after forming in the block
      machine. The pre-insulated modules or bricks, after being laid up in
      either running or stacked bond, have their foam filled cores in vertical
      alignment in the wall, thereby providing essentially continuous insulation
      in a hollow masonry wall. The foam insulation will not settle in the
      hollow wall like loose insulation material and will resist water
      saturation. No additional labor whatsoever is required for building an
      insulated wall with the modules of the invention. In some instances, if
      desired, the modules can be manufactured without cores and without the
      insulation feature.
PAR  The invention lends itself well to the formation of prefabricated panels
      utilizing the interlocking arrangement and epoxy cement bonding in either
      running or stacked bond. These panels would be pre-assembled at a factory
      prior to transporting to a job site for erection with other panels.
      Adjacent panels may be joined along straight vertical edges by placing
      them on preleveled bases. In the joining of adjacent panels, temporary
      alignment at the meeting vertical straight edges is obtained by inserting
      continuous alignment or locking bars into the end vertical grooves of the
      panels. If an expansion joint is required, the rigid steel bar can be used
      to align and lock the adjacent panels, and a rubber expansion element can
      be inserted to seal the joint. Normally, the abutting vertical edges of
      panels are bonded by epoxy mortar.
PAR  The prior patented art, while containing a relatively large number of
      proposals relating to interlocking building elements, has failed to
      provide an arrangement which has met with any widespread acceptance in the
      industry. This lack of acceptance has been due to excessive cost of
      manufacturing the interlocking modules and, in some instances, the
      requirement for as much or even more labor in the construction of a wall
      or building as in the case of non-interlocking types. In short, the prior
      art proposals have not proven to be fully practical and efficient in terms
      of the desired requirements of reduced manufacturing and labor costs and
      the appearance of the structures produced with the modules. The present
      invention is believed to satisfy all of these requirements and therefore
      constitutes a significant improvement on the known prior art and a
      practical answer to the long-standing need for a construction element of
      this type.
PAR  Other features and advantages of the invention will become apparent during
      the course of the following detailed description taken in connection with
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING FIGURES
PAR  FIG. 1 is an exploded perspective view of a building module or brick
      embodying the invention and a coacting wedge or key employed therewith for
      interlocking with adjacent modules in a wall.
PAR  FIG. 2 is a central vertical section through the module taken on line 2--2
      of FIG. 1.
PAR  FIG. 3 is a perspective view, on a reduced scale, showing a half brick
      employed in the invention.
PAR  FIG. 4 is a similar view showing a corner brick.
PAR  FIG. 5 is a perspective view of a wall structure produced by the
      interlocking bricks or modules laid in a running bond.
PAR  FIG. 6 is a similar view of a wall structure where the interlocking modules
      are in stacked bond.
PAR  FIG. 7 is an enlarged fragmentary vertical section through a wall composed
      of interlocked modules according to the invention in running bond.
PAR  FIG. 8 is an exploded perspective view of prefabricated panels made from
      modules in stacked bond.
PAR  FIG. 9 is a similar view of prefabricated panels made from modules in
      running bond.
PAR  FIG. 10 is a fragmentary side elevation of a wall section constructed in
      running bond according to the invention and particularly illustrating
      simulated mortar joints.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail wherein like numerals designate like
      parts, attention is directed initially to FIGS. 1 and 2 showing a basic
      building module embodying the invention and designated by the reference
      numeral 15. This module 15 may be formed in a standard concrete block
      machine using a mixture of Portland cement, sand, gravel and mineral
      pigment to impart a desirable brick-like color. Internal waterproofing may
      be employed to control moisture absorption. Preferably, the module 15 is
      shaped to provide the appearance of a standard Norman brick when included
      in a wall structure.
PAR  The module or brick 15 has two large core openings 16 formed therethrough
      to qualify it for hollow masonry construction, and preferably the core
      openings are filled with porous insulation 17 during the manufacturing
      process. More particularly, plastic foam such as polyurethane self-foaming
      compound is injected in the proper amount into each core opening while the
      bricks are still on the pallets in the forming machine. The amount of
      injected polyurethane will be controlled to completely fill the core
      opening upon completion of the curing process. The foam can be placed in
      the green block directly from the block machine, if the block is
      air-cured, or can be injected after removal of the block from the curing
      oven. As will be further discussed, when the insulation-filled bricks or
      blocks are laid up in either a running bond or a stacked bond, the aligned
      cores in the wall will provide an essentially continuous insulation in the
      wall cavity. The cured foam insulation 17 cannot settle in the wall like
      loose insulation material and will not soak up water to cause loss of
      insulation value. No increased labor is required to completely insulate a
      wall during its construction with the brick embodying the invention.
PAR  The brick 15 further comprises front and rear walls 18 and 19, or webs, a
      center front-to-back web 20 separating the core openings 16, and end webs
      21, all integrally joined as shown. At the midpoint of the brick between
      its forward and rear sides, the end webs 21 are provided with grooves 22
      extending through the top and bottom faces of the brick and also opening
      through its end faces. The center web 20 is similarly provided with a
      recess or slot 23 whose bottom terminates near the center of thickness of
      the brick while opening through the top face thereof and in lateral
      alignment with the two grooves 22.
PAR  In order to simulate the appearance of conventional mortar joints in a
      wall, FIG. 10, each brick or module is chamfered on the end and top
      corners at its forward and reverse sides as indicated at 24 and 24' in the
      drawings. Preferably, a relatively larger chamfer is provided along the
      front and back top face edge of each brick as is apparent in FIG. 1.
PAR  The brick or module 15 thus far described is the standard stretcher brick
      utilized in wall construction. To satisfy requirements at the corners of
      structures and in the formation of certain prefabricated panels, yet to be
      described, corner modules 25, right and left hand, and half-bricks or
      modules 26, as depicted in FIGS. 4 and 3, are provided, as a part of the
      invention. These modules also preferably contain foamed insulation filled
      cores 27 and 28, vertical grooves 29, and a top recess 30 whose functions
      will be more apparent during the description of walls in accordance with
      the invention.
PAR  A uniform size wedge or key element 31, preferably formed of plastic or
      another similar material, is provided for entry in a snug manner into the
      various grooves 22, etc. and into the slots 23 during the formation of
      walls having either a running or stacked bond, FIGS. 5 and 6,
      respectively. Each wedge 31 preferably has its opposite end portions 32
      somewhat tapered on all four sides and includes a non-tapered rectangular
      cross section center portion with full dimension straight sides.
PAR  In the construction of a custom wall with the usual running bond, FIGS. 5,
      7 and 10, after applying epoxy mortar 33 in a bead along the inside and
      outside edges of a brick and to the end of the adjoining brick, a new
      brick 15 is fitted between two wedges 31 protruding from the centers of
      adjacent bricks, it being understood that, when a wedge 31 is placed in a
      top slot 23 of a brick, one-half of the wedge or key will project above
      the upper face of the brick. Therefore, when the new brick is laid down
      between two projecting wedges, such wedges will enter the end grooves 22
      of the newly-laid brick and key and align it in the wall structure until
      the epoxy cement sets. This arrangement is clearly visible in FIGS. 5 and
      7 and the simulated mortar joints produced by the chamfering 24 is clearly
      evident in FIG. 10. When each brick is pressed down to compress and spread
      the epoxy mortar 33 to a thickness of about one-sixteenth inch, the wedges
      31 cause the brick to be aligned in both horizontal directions with the
      bricks in the immediately underlying course. Proceeding in this manner,
      each brick is interlocked with a pair of bricks in the preceding course
      and with the two adjacent bricks in the same course, causing the entire
      wall to be locked in proper alignment until the cement 33 sets to provide
      the ultimate bond strength in the wall.
PAR  Proceeding to FIG. 6 of the drawings, a custom wall utilizing the identical
      bricks 15 can be laid in stacked bond by a very similar procedure, by
      simply inserting the wedges 31 in the recesses formed by the mating end
      grooves 22 of the courses rather than in the top center recesses 23, as
      previously described. This adaptability of the brick and wedges to either
      running or stacked bond walls is a prime feature of the invention.
PAR  Another useful function of the end groove 22 is that it may also serve as a
      recess at window openings in a wall for installing a window sash, for
      example, in the location of the end groove 22' in both FIGS. 5 and 6.
PAR  As depicted in both of these figures, a wall corner is formed by the
      utilization of the described corner bricks 25 which are made available for
      either right or left hand corners. As shown in these figures, the wedges
      31 may be received by the slot 28 or the grooves 29, as required to join
      corner bricks with adjacent stretcher bricks 15 in either a running bond
      or a stacked bond arrangement. Here again, the invention is most versatile
      and adaptable to different requirements found in construction.
PAR  It may be observed in FIG. 7 showing the running bond arrangement that the
      aligned pre-insulated bricks have their insulation components 17 in
      registration to form continuous insulation in the wall cavity. The same
      continuity of insulation will be present in the stacked bond arrangement.
PAR  FIGS. 8 and 9 show the adaptability of the invention to prefabricated
      panels constructed in the factory for transport to a job site and erection
      on the site. The use of epoxy cement produces a panel of sufficient
      strength to permit handling in shipment without special reinforcement or
      supports. The prefabricated panels in stacked bond, FIG. 8, or running
      bond, FIG. 9, are designed to complete one modular section of wall adapted
      to be joined to another prefabricated panel along a straight vertical
      joint. If a running bond is employed, FIG. 9, the panel edge will be
      completed with stretcher and half-bricks 15 and 26 in alternating
      relation. In the case of stacked bond, FIG. 8, the vertical straight edge
      will result naturally from the stacking of full or stretcher bricks 15 in
      the prefabricated panels.
PAR  In either case, when the prefabricated panels are set up on the job site on
      a suitable preleveled base, using epoxy mortar, their opposing straight
      vertical edges are ready for joining in the wall. The edge of one panel is
      attached to an adjacent panel, again using epoxy mortar, with a temporary
      alignment and support means in the form of a steel bar 34 of the proper
      dimensions to enter the aligned grooves 22, FIG. 8, or 22 and 29, FIG. 9.
      If an expansion joint is required rather than a rigid joint between panel
      sections, the steel bar 34 can be used to align and lock the panels
      together, and a rubber expansion element can be inserted to seal the
      joint. The locking together and aligning of the prefabricated panels in
      the described manner on a job site represents still a further valuable use
      of the end grooves 22 and 29 of the stretcher and half-bricks.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a wall construction including a plurality of courses of blocks, and
      the blocks in each course being in end-to-end abutting relationship, the
      improvement which comprises each block in each course being rectangular
      and dimensioned to simulate a brick, each block having forward and rear
      webs and end webs joined in right angular relationship and a center
      front-to-back web parallel with the end webs and joined with said forward
      and rear webs, said center web having an enlargement substantially midway
      between the forward and rear webs, said end webs having interior side
      enlargements spaced from and opposing said enlargement of the center web,
      all of said webs and said enlargements being continuous in a vertical
      direction and extending from the top face to the bottom face of the block,
      the exterior faces of said end webs provided midway between the forward
      and rear webs with narrow constant width grooves which extend vertically
      and continuously between the top and bottom faces of said block and
      opening through said top and bottom faces, said center web enlargement
      having a centrally located rectangular cross section slot formed therein
      vertically and being aligned laterally with said grooves and being of
      substantially equal width with the grooves in the front-to-back direction,
      said slot having a bottom wall substantially at the center of vertical
      thickness of the block, said slot elongated in the direction between said
      end webs and grooves, said webs of the block forming a pair of equal size
      and substantially identically shaped large core openings extending
      entirely through the block from top-to-bottom thereof, foam insulation
      material substantially completely filling said core openings and being
      flush with the flat top and bottom faces of the block, and slender
      rectangular cross section key elements having symmetrically arranged
      tapering wedge-like end portions and full thickness intermediate portions
      engaging snugly in said slots and grooves of all of the blocks and all of
      the courses to thereby firmly mechanically interlock the courses in
      properly registering relationship while interlocking the blocks of the
      courses in properly aligned relationship, said key elements having a
      length in the vertical direction during use to bottom in said slots with
      substantially half of their lengths projecting above the tops of the slots
      for entry into opposing registering pairs of said end web grooves of
      adjacent blocks in the courses, thin layers of epoxy cement bonding
      together the courses of blocks in the wall construction, and each block
      being chamfered on its upper horizontal corners and both end vertical
      corners at its forward and rear sides, said chamfers simulating brick wall
      mortar joints in said wall construction and said chamfers rendering the
      blocks reversible in the front-to-back direction.
NUM  2.
PAR  2. The construction defined in claim 1, wherein said blocks are molded from
      concrete and said key elements are formed of somewhat yielding material.
NUM  3.
PAR  3. The construction defined in claim 2, and said key elements formed of
      plastic.
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ABST
PAL  A repair device is used to restore a damaged dry wallboard, wherein a 2.5
      inch or larger hole is cut out from the damaged wall. A cut out piece of
      wallboard of slightly smaller dimensions than the hole is used to effect
      the restoration in conjunction with the repair device. The repair device
      consists of a wallboard support member that inserts through the hole to be
      secured onto the inside surface of a rear drywall. The cut out piece of
      wallboard is secured to the board support member. A plurality of clip
      members are affixed onto the cutout piece of wallboard, wherein the clip
      members engage an inside surface of the damaged wall board. The cut out
      piece of wallboard is recessed inward from the front face of the damaged
      drywall. A user plasters material into the recess and onto the cut out
      piece of wallboard. The clip members and board support member become an
      integral part of the restored wallboard.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My present invention relates to a unique and novel repair device used to
      restore a damaged dry wallboard.
PAR  A number of U.S. Pat. Nos.: 2,230,349; 2,319,129; 2,325,766; and 2,338,870
      have employed devices used in conjunction with dry wallboards, but these
      aforementioned patents are non-applicable to my present invention.
PAR  Accordingly, it is an object of my present invention to provide a low cost
      means for restoring a damaged wallboard with a repair device that becomes
      an integral part of the restorated wallboard.
PAR  A further object of my present invention is to provide a repair device
      capable of being used on a drywall board having either three or four inch
      studding.
PAR  Briefly, my present invention consist of a repair device 10 used to restore
      a damaged dry wallboard, wherein a 2.5 inch or larger hole is cut out from
      the damaged wall. A cut out piece of wallboard of slightly smaller
      dimensions than the hole is used to effect the restoration in conjunction
      with the repair device. The repair device consists of a wallboard support
      member that inserts through the hole to be secured onto the inside surface
      of a rear drywall. The cut out piece of wallboard is secured to the board
      support member. A plurality of clip members are affixed onto the cutout
      piece of wallboard, wherein the clip members engage an inside surface of
      the damaged wall board. The cut out piece of wallboard is recessed inward
      from the front face of the damaged drywall. A user plasters material into
      the recess and onto the cut out piece of wallboard. The clip members and
      board support member become an integral part of the restored wallboard.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a perspective view in a detached state of the wallboard
      support member of the repair device;
PAR  FIG. 2 illustrates a side cross sectional view of the repair device in use;
PAR  FIG. 3 illustrates a perspective view of a clip member of the repair device
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1,
      2 show a repair device 10 used as an aid in the restoration of a damaged
      dry wallboard 11. If a wallboard 11 is damaged, the conventional method of
      repair is to cut away the wallboard 11 from stud to stud which is a time
      consuming and costly operation. With the use of the repair device 10, the
      user cuts out a 2.5 inch or large hole 12 and effects repair on the hole
      12. The repair device 10 consist of two components: a wallboard support
      member 13 and a plurality of clip members 25. The wallboard support member
      13 consist of a circular bottom base plate 39 having an open ended
      cylindrical sleeve 14 extending upward from a center of a top face 15 of
      plate 39. A cylindrical rod 16 is slidably contained within a top end 40
      of sleeve 14, wherein a coil tension spring 17 is contained within sleeve
      14 and secured onto a bottom base 18 of rod 16. A pair of first spike
      members 19 extend perpendicularly outward from a bottom face 20 of plate
      39. A second spike member 21 extends perpendicularly outward from the top
      base 22 of rod 16. A circular disc shaped element 23 having a central
      opening 24 therethrough engages the top base 22 of rod 16, wherein member
      21 extends through opening 24.
PAR  FIG. 3 shows a clip member 25 broadly consisting of a rectangular shaped
      center portion 26 having a pair of perpendicularly downward extending
      rectangular shaped flanges 27, 28 joined to the ends of portion 26. A
      rectangular shaped flange element 34 extend perpendicularly upward from a
      center top face 29 of portion 26.
PAR  In use, a hole 12 is cut out around the damaged area of the wallboard 11.
      The board support member 13 is inserted through hole 12, wherein the first
      spike members 19 are embedded into a rear drywall 31 as the bottom face 20
      of plate 39 engages the inside surface 30 of the rear wallboard 31. A
      cutout piece of wallboard 32 of slightly smaller dimensions than hole 12
      is secured onto a top base 33 of disc element 23, wherein the second spike
      member 33 is embedded into wallboard 32. The user pushes inward on
      wallboard 32 causing rod 16 to retract inward within sleeve 14 until
      wallboard 12 is behind the plane of wallboard 11. A plurality of clip
      members 25 are affixed onto wallboard 32. When pressure is removed from
      wallboard 32, flange element 34 engages the inside face 35 of wallboard
      12. The front face 36 of wallboard 32 is recessed inwardly from the front
      face 38 of wallboard 12. The user plasters material into the recess 37
      onto the cutout piece of wallboard thereby effecting the necessary
      restoration. The clip members 25 and board support member 13 become an
      integral part of the restored system.
PAR  Hence, obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as an illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United State is:
NUM  1.
PAR  1. A repair device for repairing a damaged dry wallboard having a hole
      therein, which comprises:
PA1  a. a wallboard support member consisting of:
PA2  1. a circular bottom base plate,
PA2  2. a cylindrically shaped sleeve affixed perpendicularly onto a top center
      face of said circular bottom base plate,
PA2  3. a cylindrically shaped rod slidably contained in said sleeve and
      extending outwardly from an open end of said sleeve,
PA2  4. a coil tension spring contained within said sleeve and secured to said
      rod,
PAR  5. a plurality of first spike members extending perpendicularly outward
      from a bottom face of said circular plate, said spike members adapted to
      engage into a rear dry wallboard,
PA2  6. a second spike member extending perpendicularly outward from a top
      center face of said cylindrically shaped rod,
PA2  7. a circularly shaped disc element having a central hole therethrough,
      said disc element mounted onto said top base of said cylindrically shaped
      rod with said second spike extending through said central opening, said
      spike member adapted to engage into a cutout wallboard piece; and
PA1  b. a plurality of clip members, each said clip member adapted to engage
      said cutout wallboard piece and adapted to engage an inside surface of
      said damaged dry wallboard.
NUM  2.
PAR  2. A repair device according to claim 1, wherein each said clip member
      further comprises:
PA1  a. a rectangularly shaped center portion;
PA1  b. a pair of rectangularly shaped flanges joined to the ends of said center
      portion and extending perpendicularly downward from said ends, said cutout
      wallboard pieces adapted to be received between said flanges; and
PA1  c. a rectangularly shaped flange element extending perpendicularly upwardly
      from a center top face of said center portion, said rectangularly shaped
      flange element adapted to engage said inside surface of said damaged dry
      wallboard.
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PAL  This building block includes upper and lower sides having longitudinally
      extending ribs and grooves respectively interfitting with the grooves and
      ribs of compatibly formed blocks. The ribs and grooves include spaced
      faces inclined in the same general direction and interconnected by a
      transverse flat face. In the building wall construction corner blocks are
      provided having a partial rib and full groove; end blocks are provided
      having a partial groove and no rib, and cap blocks are provided having a
      full groove and no rib.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to building walls formed from interlocking
      building blocks and particularly to building blocks having asymmetrical
      rib and groove construction.
PAR  There have been numerous attempts to improve building wall construction by
      utilizing molded interlocking blocks which do not require mortar joints
      but rely rather on the structural interengagement of block parts to
      stabilize the wall.
PAR  Two disadvantages of existing systems are to be found in the fact that the
      individual blocks are either relatively complicated or else more than one
      type of basic block is required. Another disadvantage lies in the fact
      that known molded block systems are not readily adapted to produce a
      visual appearance which is comparable to the common brick either with
      respect to size or the building bond which may be achieved.
PAR  The present block overcomes these and other disadvantages in a manner not
      disclosed in the known prior art.
PAC  SUMMARY OF THE INVENTION
PAR  The basic building block used in the wall construction herein does not
      require mortar joints to ensure the stabilization of the wall but provides
      a building block having an interlocking means which resists separation of
      the blocks under load.
PAR  Although modifications of the basic block are utilized for corner, end and
      cap construction, the basic blocks used in the wall construction are
      identical to each other.
PAR  The speed of construction is considerably increased because of
      self-aligning structural arrangement of building block parts. The
      particular interlocking rib and groove feature provided by the blocks does
      not interfere with the external appearance and the blocks are readily
      adaptable so that they provide a brick and mortar appearance.
PAR  The blocks are particularly susceptible to end molding techniques and are
      sufficiently simple in configuration to ensure that they can be
      inexpensively manufactured and laid without special instruction.
PAR  It is a primary object of this invention to provide a building block having
      an upper side which includes a longitudinally extending rib having first
      and second laterally spaced faces interconnected by a transverse face, the
      intersection between said transverse face and said first inclined face and
      said transverse face and said second inclined face defining acute and
      obtuse angles respectively; and a lower side which includes a
      longitudinally extending groove having laterally spaced first and second
      inclined faces interconnected by a transverse face, the intersection
      between said transverse face and said first and second faces respectively
      defining an acute included angle and an obtuse included angle so that said
      groove receives the rib of a compatible block in interfitting relation.
PAR  It is another object to provide that the acute included angles of the rib
      and groove are substantially equal and that the obtuse included angle of
      the rib and groove are substantially equal and to provide that the mouth
      of the groove is slightly wider than the rib.
PAR  A further object is to provide that the sum of the acute and obtuse
      included angles of both the rib and the groove are less than one hundred
      and eighty degrees so that the first and second inclined faces of the rib
      converge outwardly and the first and second inclined faces of the groove
      converge inwardly.
PAR  Still another object is to provide that the upper side of the block
      includes longitudinally extending flanking portions, contiguously adjacent
      each rib and each groove that are sloped downwardly away from said rib and
      groove respectively.
PAR  Yet another object is to provide a building block having a front side which
      includes a substantially rectangular brick-simulating panel, defined in
      part by relatively recessed right-angularly related margin portions on two
      margins only.
PAR  Another object of this invention is to provide said block with front and
      rear sides and ends which are substantially vertical one of said ends
      including relatively outstanding bearing portions engageable with the
      other of said ends.
PAR  It is a further object to provide a second building block similar to the
      first building block except that the rib extends only one half of the
      length of the block.
PAR  Still another object is to provide a third building block only half the
      size of the first building block and having neither ribs nor grooves.
PAR  Yet another object is to provide a cap block having a groove but a flat
      face in lieu of a rib.
PAR  It is yet another object to provide a fourth building block having a
      partial groove and no rib.
PAR  It is an important object of this invention to provide a building wall
      construction consisting primarily of a plurality of first blocks laid in
      alternating tiers in common bond; said wall having a corner construction
      provided by a combination of said second and third blocks, a cap
      construction provided by said cap blocks, and an end construction provided
      by a combination of said third and fourth blocks.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a building wall constructed from the
      interlocking building blocks;
PAR  FIG. 2 is a fragmentary perspective view of an end wall construction;
PAR  FIG. 3 is a perspective view of a basic building block;
PAR  FIG. 4 is a perspective view of a cap building block;
PAR  FIG. 5 is a perspective view of a building block used in corner
      construction;
PAR  FIG. 6 is a perspective view from the underside of a building block used in
      end wall construction;
PAR  FIG. 7 is a perspective view of a rectangular building block;
PAR  FIG. 8 is a perspective view of a basic half block;
PAR  FIG. 9 is an enlarged end elevational view of the basic building block;
PAR  FIG. 10 is a plan view of said block;
PAR  FIG. 11 is a side elevational view of said block;
PAR  FIG. 12 is a schematic view of a first tier of blocks in a corner
      construction; and
PAR  FIG. 13 is a schematic view of a second tier of blocks in a corner
      construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now by characters of reference to the drawing and first to FIGS.
      1 and 3 it will be understood that the building wall 10 shown in FIG. 1 is
      constructed primarily of a basic building block 20 which is illustrated in
      FIG. 2. For exemplary purposes, the wall 10 is shown as comprising
      perpendicularly related wall sections 11 and 12 and a parallel wall
      section 13. In general, the sections 11, 12 and 13 are formed from a
      plurality of tiers of vertically staggered blocks laid on a foundation 14
      over a mortar pad 15. Block 20 will be described first and the cap blocks,
      corner blocks, end blocks and other variations of said basic block 20,
      necessary to complete the wall 10, will be described later.
PAR  As shown by reference to FIG. 3 and FIGS. 9-11, each block 20 includes a
      rib 21 and a groove 22, both extending longitudinally substantially the
      entire length of the block. The rib 21 and the groove 22 are formed so
      that the rib 21 can be received within the groove 22 of a campatibly
      formed block. The rib 21 and contiguous, downwardly sloped flanking
      portions 23 and 24 form the upper portion of the block 20. The groove 12
      and contiguous, downwardly sloped flanked portions 25 and 26 form the
      lower portion of the block 20. It will be understood that the downward
      slope of the flanking portions precludes the retention of rainwater on
      these surfaces. The block 10 further includes front and rear portions 30
      and 31 and end portions 32 and 33. Each of the sides 30 and 31 includes
      right-angularly related, recessed margin portions 34 and 35, which provide
      mortar-simulating strips and define a substantially rectangular
      brick-simulating facing panel 36, about the size of a common brick.
PAR  Importantly, the rib 21 and the groove 22 are configurated to interlock in
      such a manner that the bending resistance offered to forces applied to the
      front of the wall 10 is considerably greater than it is to forces applied
      on the other side of said wall. To this end, and as shown clearly in FIGS.
      9-11, the rib 21 includes a transverse face 40 which extends between
      laterally spaced faces 41 and 42. The spaced faces 41 and 42 constitute
      first and second faces and are inclined in the same general direction at
      angles A and B respectively measured clockwise from a horizontal line 48.
      This geometrical arrangement provides that the intersection between said
      transverse face 40 and said first face 41 defines an acute included angle,
      and provides further that the intersection between said transverse face 40
      and said second face 42 defines an obtuse included angle. Similarly, the
      groove 22 includes a transverse face 43 extending between laterally spaced
      faces 44 and 45. Said spaced faces 43 and 44 constitute first and second
      faces said faces being inclined in the same general direction at angles A
      and B so that the intersection between said transverse face 43 and said
      first face 44 defines an acute included angle and the intersection between
      said transverse face 43 and said second face 45 defines an obtuse included
      angle. In the preferred embodiment angles A of the rib 21 and the groove
      22 are identical and angles B of the rib 21 and the groove 22 are
      identical. However, angles A and B are not equal and in the preferred
      embodiment angle A is greater than angle B so that the rib spaced faces 41
      and 42 converge outwardly and the groove spaced faces 44 and 45 converge
      inwardly. Both angles A and B are less than right angles, but because
      angle A is greater than angle B the sum of the acute and obtuse included
      angles is greater than two right angles. Angles of 76.degree. (A) and
      70.degree. (B) have been used.
PAR  The mouth of the groove 22, which is defined by the distance L is greater
      than the maximum width of the rib 21, which is defined by the distance L'.
      This geometrical arrangement facilitates entry of the rib 21 within said
      groove 22. In the preferred form of manufacture, an end mold is used,
      which is indicated in phantom outline by numeral 46. The above described
      relationship between angles A and B ensures that the wear on the mold
      which tends to be excessive at obtuse angles is compensatory in nature and
      results in a prolonged mold life, particularly when the block 20 is
      removed from the molds by end movement. A length L' one-sixteenth in. less
      than L has been used.
PAR  As clearly shown in FIG. 10 the end 32 of the block 20 includes laterally
      spaced projecting bearing portions 50 which facilitate the fit of an
      adjacent block, such as that shown in phantom outline in FIG. 10, by
      reducing the surface contact between the ends 32 and 33. It will be
      understood that blocks 20 can readily be made hollow, where a lighter
      weight block is desired, by the provision of a longitudinal passage shown
      in phantom outline by numeral 51. In addition, a centrally located
      vertical groove 52 can be provided for receiving a threaded rod such as
      that indicated by numeral 53 in FIG. 1, which is anchored to the
      foundation 14. Longitudinal, semi-circular grooves 54 can also be provided
      to accommodate longitudinally disposed reinforcing rods (not shown).
PAR  In order to construct a wall 10 of substantially conventional brick bond
      appearance other blocks are used in addition to block 20 which constitutes
      a first building block. In particular, such blocks are used for cap,
      corner and end construction and will now be described with reference to
      FIGS. 4-8.
PAR  A typical cap block is indicated by numeral 120 in FIG. 4. This cap block
      120 is of the same overall length between ends 122 and the same overall
      width between front and rear sides 130 and 131 as the basic block 20. It
      is, however, shorter in height than block 20 and is provided with a flat
      top 121 which is substantially equal to the height of the brick-simulating
      panel 136 which is of the same height as panel 36 of block 20, and is
      clearly indicated in FIG. 9 by numeral 121. In other respects the cap
      block 120 is similar to said block 20 and for convenience corresponding
      parts are given the same numeral preceded by the numeral 1.
PAR  The corner construction at the intersection of wall sections 11 and 12 is
      formed from a conbination of building blocks 220 and 320 as illustrated in
      FIGS. 5 and 7, said blocks 220 and 320 constituting second and third
      blocks respectively. Bulding block 220 is a variation of block 20 and
      corresponding parts are given the same identifying numeral preceded by
      numeral 2. Block 220 provides, in effect, only a partial rib 221 and
      flanking portions 223 and 224 which extend substantially only half the
      length of said block. The portion of the block 220 extending beyond the
      rib and flanking portions is cut away to a flat top 221' at a level
      corresponding to the upper edge of the side panels 236. This flat top 221'
      permits the generally rectangular block 320, shown in FIG. 6, to be
      utilized as an end block in both a lengthwise and an endwise direction. As
      shown in FIG. 1 the block 320 is of a length, between ends 332 and 333,
      and height between upper and lower sides 231 and 322 substantial equal to
      the length and height of the brick-simulating panel 36 of said basic block
      20. The width between the front and rear sides 330 and 331 is
      approximately half the length of said block, an allowance being made for
      the width of a mortar strip. The ribless and grooveless building blocks
      320 define the vertical corner line, and a mortar pad or other spacer
      means is provided at the corners, as shown by numeral 100, to compensate
      for the absence of locking means under said rectangular corner block 320,
      said blocks being disposed lengthwise and widthwise in successive tiers.
PAR  The corner construction can be best understood by reference to FIGS. 12 and
      13 which illustrate schematically the arrangement of blocks in vertically
      alternating first and second tiers, respectively. The first tier T1
      includes a plurality of blocks disposed in perpendicularly related rows 1
      and 2. Row 1 includes a plurality of blocks 20, a block 220 disposed so
      that the half rib 221 is continuous with the rib 21 of said block 20, and
      a block 320 transversely related to said block 220 to define the wall
      corner. Row 2 includes a plurality of blocks 20 abuting blocks 220 and
      320. The second tier T2 is identical to the first tier T1 except that rows
      1 and 2 are interchanged. The result is that row 2 of the second tier T2
      overlies row 1 of the first tier T1 and the last block 20 is interlocked
      with block 220 below it. Similarly row 1 of the second tier T2 overlies
      row 2 of the first tier and block 220 is interlocked with block 20 below
      it.
PAR  As an alternative to the corner construction shown in FIGS. 12 and 13 the
      cap blocks 120 can be used in lieu of blocks 220. In this event,
      additional mortar is required because of the absence of the partial rib
      221 which is present on block 220.
PAR  As shown in FIG. 1, the end of wall section 13 is formed by using basic
      blocks 20 in combination with half blocks 420 as shown in FIG. 8 in
      alternate tiers. The half blocks 420 are of the same cross-sectional
      configuration as block 20 having an identical overall width between front
      and rear sides 430 and 431 but are only half the length between ends 432
      and 433. The rib 421, groove 422, and contiguous flanking portions 423,
      424 and 425, 426 respectively extend from end to end of the block 420 and
      brick-simulating panels 436 are provided. It will be understood that,
      although a full cap block 120 is shown as terminating the upper portion of
      wall section 13, a half block is used as necessary said half block (not
      shown) having the same configuration as cap block 120 but the same length
      as half block 420.
PAR  FIG. 2 discloses an alternative wall end which does not show the
      interlocking rib and groove structure. This end wall construction is
      particularly suitable where doors and windows are to be provided. The
      construction is formed by using a combination of the plain rectangular
      block 320 shown in FIG. 7 and bulding block 520 which is shown in FIG. 6
      and constitutes a fourth building block. Essentially, block 520 is a
      variation of the cap block 120 in that it is provided with a flat top 521
      extending between front and rear sides 530 and 531 and ends 532 and 533
      and a brick-simulating panel 536. However, the groove 522 and flanking
      portions 525 and 526 terminate short of the end 533 to provide a plain
      rectangular appearance at this end. Plain rectangular blocks 320
      alternating with blocks 520 are used to complete the end, it being
      understood that said blocks are separated by mortar or other spacer means.
      The common bond arrangement, by which, in general, each basic block 20
      straddles the abuting ends of the two similar blocks disposed above and
      below it, is particularly suitable for the wall construction, as will be
      readily understood. This type of bond, because of the interlocking nature
      of the blocks provides an extremely stable wall in a horizontal as well as
      a vertical direction.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A building block comprising:
PA1  a. an upper side including a longitudinally extending rib having laterally
      spaced first and second inclined faces and a transverse face extending
      therebetween, the intersection between said transverse face and said first
      inclined face defining an acute included angle and the intersection
      between said transverse face and said second inclined face defining an
      obtuse included angle,
PA1  b. a lower side including a longitudinally extending groove having
      laterally spaced first and second inclined faces and a transverse face
      extending therebetween, the intersection between said transverse face and
      said first inclined face defining an acute included angle and the
      intersecion between said transverse face and said second inclined face
      defining an obtuse included angle said groove receiving the rib of a
      compatible block in interfitting relation, and
PA1  c. opposed front and rear sides and opposed ends.
NUM  2.
PAR  2. A building block as defined in claim 1, in which:
PA1  d. the acute included angle of the rib and the acute angle of the groove
      are substantially equal, and
PA1  e. the obtuse included angle of the rib and the obtuse angle of the groove
      are substantially equal.
NUM  3.
PAR  3. A building block as defined in claim 1, in which:
PA1  d. the sum of the acute included angle and the obtuse included angle of the
      rib is less than two right angles so that said first and second inclined
      faces converge outwardly.
NUM  4.
PAR  4. A building block as defined in claim 1, in which:
PA1  d. the sum of the acute included angle and the obtuse included angle of the
      rib is less than two right angles so that said first and second inclined
      faces converge outwardly,
PA1  e. the sum of the acute included and the obtuse included angle of the
      groove is less than two right angles so that said first and second
      inclined faces converge inwardly, and
PA1  f. the projected first faces of the rib and groove are parallel and the
      projected second faces of the rib and groove are parallel.
NUM  5.
PAR  5. A building block as defined in claim 1, in which:
PA1  d. the rib is on the upper side and the groove is on the lower side, and
PA1  e. said upper and lower sides include longitudinally extending flanking
      portions adjacent each rib inclined face and each groove inclined face,
      and said flanking portions slope downwardly away from said rib and said
      groove.
NUM  6.
PAR  6. A building block as defined in claim 1, in which:
PA1  d. said front side includes a substantially rectangular brick-simulating
      panel defined in part by relatively recessed right-angularly related
      margin portions on two margins only.
NUM  7.
PAR  7. A building block as defined in claim 1, in which:
PA1  d. said front and rear sides and ends are substantially vertical, and
PA1  e. one of said ends includes relatively outstanding bearing portions
      engageable with the other of said ends.
NUM  8.
PAR  8. A building block as defined in claim 1, in which:
PA1  d. said rib extends substantially the entire length of the block, and
PA1  e. said groove extends substantially the entire length of the block.
NUM  9.
PAR  9. A building block as defined in claim 1, in which:
PA1  d. said rib extends substantially one half of the entire length of the
      block, and
PA1  e. said groove extends substantially the entire length of the block.
NUM  10.
PAR  10. In a building wall construction:
PA1  a. a plurality of first building blocks each including upper and lower
      sides, front and rear sides and opposed ends,
PA2  1. said upper side including a longitudinal rib extending substantially
      between said ends said rib including laterally spaced first and second
      inclined faces and a transverse face extending therebetween, the
      intersection between said transverse face and said first inclined face
      defining an acute included angle and the intersection between said
      transverse face and said second inclined face defining an obtuse included
      angle.
PA2  2. said lower side including a longitudinal groove extending substantially
      between said ends, said groove including laterally spaced first and second
      inclined faces and a transverse face extending therebetween, the
      intersection between said transverse face and said first inclined face
      defining an acute included angle and the intersection between said
      transverse face and said second inclined face defining an obtuse included
      angle, said groove receiving the rib of a compatible block in interfitting
      relation,
PA1  b. a plurality of second building blocks each including upper and lower
      sides, front and rear sides and opposed ends,
PAR  1. said upper side including a longitudinal rib extending substantially
      from one of said ends to a point midway between said ends said rib
      including laterally spaced first and second inclined faces and a
      transverse face extending therebetween the intersection between said
      transverse face and said first inclined face defining an acute included
      angle and the intersection between said transverse face and said second
      inclined face defining an obtuse included angle,
PA2  2. said lower side including a longitudinal groove extending substantially
      between said ends including laterally spaced first and second inclined
      faces and a transverse face extending therebetween the intersection
      between said transverse face and said first inclined face defining an
      acute included angle and the intersection between said transverse face and
      said second inclined face defining an obtuse included angle, said groove
      receiving the rib of a compatible block in interfitting relation, and
PA1  c. a plurality of third ribless and grooveless building blocks each having
      a length substantially equal to twice the width thereof,
PA1  d. said first, second and third building blocks being laid in first and
      second tiers,
PA2  1. the first tier including a plurality of blocks disposed in
      perpendicularly related rows one of said rows including a plurality of
      endwise related first blocks, an endwise related second block and
      terminating with a transversely related third block defining the wall
      corner, and the other of said rows including a plurality of endwise
      related first blocks abuting said second and third blocks,
PA2  2. the second tier including a plurality of perpendicularly related rows
      one of said rows including a plurality of endwise related first blocks, an
      endwise related second block and terminating with a transversely related
      third block defining the wall corner, and the other of said rows including
      a plurality of endwise related first blocks abuting said second and third
      blocks,
PA2  3. said other row of said second tier overlying said one row of said first
      tier, and said other row of said first tier being overlain by said one row
      of said second tier.
NUM  11.
PAR  11. A wall construction as defined in claim 10, in which:
PA1  e. the front side of said first blocks includes a substantially
      rectangular, brick-simulating panel defined in part by relatively recessed
      right-angularly related margin portions,
PA1  f. the third block includes front and rear sides substantially equal in
      size to said rectangular brick-simulating panel.
NUM  12.
PAR  12. A wall construction as defined in claim 10, in which:
PA1  e. the front side of said first blocks includes a substantially
      rectangular, brick-simulating panel defined in part by relatively recessed
      right-angularly related margin portions,
PA1  f. the front side of said second block includes a substantially rectangular
      brick-simulating panel of the same size as said rectangular panel of said
      first block defined in part by relatively recessed perpendicularly related
      margin portions spaced from each other, and
PA1  g. the third block includes a front side substantially equal in size to
      said rectangular brick-simulating panel.
NUM  13.
PAR  13. A wall construction as defined in claim 10, in which:
PA1  e. a plurality of cap building blocks is provided disposed in an aligned
      row overlying one of said perpendicularly related rows each including
      upper and lower sides, front and rear sides and opposed ends,
PA2  1. said upper side including a substantially flat face extending
      substantially between said ends,
PA2  2. said lower side including a longitudinal groove extending substantially
      between said ends, said groove including laterally spaced first and second
      inclined faces and a transverse face extending therebetween the
      intersection between said transverse face and said first inclined face
      defining an acute included angle and the intersection between said
      transverse face and said second inclined face defining an obtuse included
      angle, said groove receiving the rib of a compatible block in interfitting
      relation.
NUM  14.
PAR  14. A wall construction as defined in claim 10, in which:
PA1  d. a plurality of fourth building blocks disposed in vertically aligned
      alternating relation with third building blocks each including upper and
      lower sides, front and rear sides and opposed ends,
PA2  1. said upper side including a substantially flat face extending
      substantially between said ends,
PA2  2. said lower side including a longitudinal groove extending from one end
      and terminating short of said other end, said groove including laterally
      spaced first and second inclined faces and a transverse face extending
      therebetween the intersection between said transverse face and said first
      inclined face defining an acute included angle and the intersection
      between said transverse face and said second inclined face defining an
      obtuse included angle, said groove receiving part of the rib of a
      compatible first block in interfitting relation,
PA1  e. said third building blocks being disposed transversely of said groove
      and having a lengthwise face vertically aligned with the non-grooved end
      of said fourth building blocks.
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ABST
PAL  There is disclosed suspended ceiling construction in which the usual grid
      members are provided, having exposed surfaces which are to be covered by
      trim bodies, said bodies being connected to the members by the clips of
      the invention which interengage with the grid members and are connected to
      the bodies by inserting interlocking elements of said clips into suitable
      recesses formed in the bodies.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  It is a principal object of this invention to provide for the application
      of decorative ceiling division members in conjunction with suspended
      ceiling construction.
PAR  It is a further object of this invention to provide means which will enable
      the easy affixing of trim bodies in the form of strips or the like, to
      existing grid members by connection of the same with the said grid members
      including the main tees, cross tees and wall angles making up the same.
PAR  A further and additionally important object is to form the trim bodies in
      strips which have recesses included therein, which recesses provide for
      the means to fasten the bodies to the grid members.
PAR  Another further object of the invention is to provide a novel form of clip
      or clips which will be useful in mounting the trim bodies to the grid
      members by simple application of the same, including mating of the clips
      with recesses in the trim members and engaging of the clips with the grid
      members so as to facilitate such installation by relatively unskilled
      persons.
DRWD
PAR  Other and further objects of the invention will be understood from a
      consideration of the specification appended hereto and disclosed in the
      drawing, wherein:
PAR  FIG. 1 is a generally illustrative disclosure of a suspended ceiling
      looking towards the corner of a room in which said ceiling is installed,
      to illustrate generally the wall angles, cross tees and main tees which
      comprise the grid members and provide for the support of ceilingpanels
      thereby.
PAR  FIG. 2 is a sectional view, fragmentary in nature, illustrating the manner
      of support of a trim body with respect to the wall angle.
PAR  FIG. 3 is a cross sectional view, fragmentary in nature, illustrating the
      manner of connection of a trim body to a cross tee or main tee with the
      clip shown in place with respect thereto.
PAR  FIG. 4 is a perspective view of a clip in accordance with the disclosure
      herein.
PAR  FIG. 5 is what may be termed a front view of the clip of this invention.
PAR  FIG. 6 is a side view of the said clip.
PAR  FIG. 7 is a rear view of the clip hereof.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is disclosed a corner of a room looking
      toward the ceiling thereof in which wall angles 1 are fastened to the wall
      below the top of the wall, and extending from the said wall angles in one
      direction are the main tees 2, with cross tees such as 3 and 4 which are
      connected to the main tees 2 in any preferred manner and supported at
      their ends denoted 5 and 6 respectively by the wall angle 1 as generally
      shown and as is relatively well known in the art.
PAR  These tees andangles will be denoted grid members and are designed to
      support ceiling panels thereon, in the usual and preferred manner, and
      designated P.
PAR  The invention hereof is directed to the means for supporting certain
      decorative trim bodies from said grid members, and is further illustrated
      in the other figures herein, FIG. 3 being referred to initially as showing
      in section a trim body 7, which is preferably formed of a rigid, cellular,
      poly vinyl chloride extrusion, so that same may be made in continuous long
      lengths and will usually be coated or covered with an outer skin such as 8
      of decorative nature.
PAR  The trim body 7 is provided with recesses 9 and 10 extending longitudinally
      thereof and of continuous nature in this disclosure, of a particular
      preferred dimension, each having a side 9a and 9b in recess 9, and 10a and
      10 b in recess 10.
PAR  An additional longitudinal recess 11 not particularly important to this
      invention but provided to lighten and reduce the amount of material used
      in the manufacture of the trim bodies, likewise extend longitudinally or
      throughout the length of such body.
PAR  Since it is desired to support the trim body such as 7 with respect to both
      the main tees 2 and cross tees 3 and 4, the clip of this invention will
      now be described, and shown more particularly in FIGS. 4 to 7 inclusive
      designated 12, and comprising a portion 13 in the form of a platform, and
      a section 14 integral therewith and extending downwardly therefrom in the
      form of a depending leg, which depending leg or section 14 is further
      formed as its extremity with offstanding element of angular form denoted
      15 which is reversely bent so to speak, and illustrated in side elevation
      particularly in FIG. 6, terminating in an edge 16.
PAR  It is noted that the clip just heretofore described will preferably be made
      of relatively thin spring-like material, and spring steel is a desirable
      material, for purposes which will appear as this description proceeds.
PAR  Referring again to FIG. 3, it will be noted that the recess 10 is shown as
      having positioned therein a clip 12 in accordance with the detailed
      description in reference to FIG. 4 which clip 12 has been pressed into the
      recess 10 with the section 14 of said clip against the side 10a, and the
      extremity 15 of said section 14 engaging the opposite side 10b and
      pressing with substantial spring pressure against said recess so as to
      retain the clip 12 in place as shown.
PAR  Since the trim body 7 has been positioned beneath the tee, which for the
      purpose of this description will be designated tee 2, and particularly
      against the normally exposed surface 2a thereof, which in turn is that
      surface of the tee 2, this being an inverted tee as will be apparent which
      comprises oppositely extending flanges 2c and 2d.
PAR  The trim body 7 is positioned as shown and the clips such as 12 placed as
      indicated, so that the platform 13 or portion of the clip 12 will extend
      over the upper surface of the flange 2c and thereby maintain the clip in
      position as illustrated with the trim body fastened thereby.
PAR  Since the tee 2 is suspended from the ceiling by the wire or other means
      such as 17, the trim body 7 will likewise be suspended thereby.
PAR  It is of course contemplated that additional clips will be used and
      positioned in the recess 9 so as to engage with the sides 9a and 9b
      thereof in a manner similar to the manner in which the clip 12 engages the
      recess 10 to thereby firmly fix the trim body 7 in place.
PAR  It is of course contemplated that the trim body will extend along the main
      tees 2 and of course along the cross tees 3 and 4 likewise to cover the
      lower surfaces of the grid members as previously pointed out in detail.
PAR  Since it is also desirable to provide for the covering of the wall angles
      1, the same being illustrated in FIG. 2 as comprising a mounting flange 1a
      and a support flange 1b, which extends outwardly from the wall which may
      be designated A, being fastened thereto as by means of the nail 18.
PAR  In this instance, since the wall angle flange 1b is of such an extent as to
      terminate along its edge about the middle of the trim body 7, it is
      necessary to provide a slightly different form of clip, in this instance
      denoted 20, having the platform portion 21 with the section including the
      leg 22and terminating with an upturned offstanding element 23 reversely
      bent in the same manner as the corresponding section of the clip 12
      previously described.
PAR  The platform portion 21 is ofconsiderably longer extent than the
      corresponding portion 13 of the clip 12 so that the end of said portion 21
      will overlie the flange 1b of the wall angle 1 and thereby in turn support
      the trim body 7 in position so as to cover the lower surface of the flange
      1b.
PAR  It will be apparent that suitable cutting and trimming of the respective
      trim bodies to fit and form a general gridwork over the grid members 1, 2,
      3 and 4 will be accomplished to hereby provide a decorative trim
      appearance to the ceiling different from the usual grid members previously
      supplied.
PAR  As is true of the clip 12, the edge 24 of the clip 20 will interengage with
      the relatively resilient side of the recess 9, and thereby maintain the
      trim body 7 in place as was true of the trim body 7 with regard to FIG. 3.
PAR  The respective clips disclosed will make possible some variation in both
      the thickness and configuration of the trim bodies and yet rather firmly
      position the same with regard to the grid members from which they are
      supported.
CLMS
STM  I claim:
NUM  1.
PAR  1. In suspended ceiling construction of the class described, in
      combination, grid members for supporting ceiling panels, said members
      having a normally exposed surface and at least one generally horizontal
      flange to support ceiling panels thereon, a trim body to cover said
      exposed surface, said body having a recess therein including spaced sides,
      and trim body mounting means comprising a series of clips, each having a
      portion extending over the said flange and a section seated in the recess
      whereby to engage at least one side thereof to maintain the trim body in
      juxtaposition with said normally exposed surface to cover the same.
NUM  2.
PAR  2. Trim body mounting means as claimed in claim 1, wherein the clips
      comprise a platform and a leg depending therefrom, said leg including an
      offstanding element to interengage with one side of the recess when the
      leg is positioned therein.
NUM  3.
PAR  3. Mounting means as claimed in claim 1, wherein the clips are formed of
      spring-like material, the portion constituting a platform engaging the
      flange, the section comprising a depending leg at right angles to the
      platform to engage one side of the recess when inserted therein, and an
      offstanding angular element to engage the other side of the recess,
      whereby to maintain the trim body in position with respect to the grid
      member.
NUM  4.
PAR  4. The combination as claimed in claim 3, wherein the offstanding angular
      element is reversely bent and having resilient connection to the leg
      whereby the leg and element interlock with the recess when positioned
      therein to resist removal therefrom.
NUM  5.
PAR  5. The combination as claimed in claim 1, wherein the sides of the recess
      in the trim body are relatively resilient, and the section of the clip
      seated in the recess includes a surface engaging one side thereof and an
      element formed to interlock with the opposite side to resist disengagement
      of the trim body from the surface as aforesaid.
NUM  6.
PAR  6. Ceiling construction as claimed in claim 1, wherein certain of the grid
      members are of inverted T-shape in cross section, the cross part
      constituting the flange and having the exposed surface to be covered by
      the trim body, the body is formed with a pair of parallel grooves, each
      comprising a recess, each recess having spaced sides, and the series of
      clips are positioned at opposite sides of the cross part with a portion of
      each extending thereover, each clip likewise having a section seated in
      its respective recess to engage the sides thereof and maintain the trim
      body in alignment and juxtaposition as stated.
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ABST
PAL  A bottle stoppering machine includes a travelling belt which carries the
      bottles to be stoppered, a stopper distributor positioned over the belt,
      and a stopper driver also positioned over the belt at a position
      downstream of the distributor. To adjust the vertical separation of the
      belt and distributor according to undesired variations in the height of
      the bottles, a first detector detects the approach of a bottle to the
      distributor, second and third detectors detect excess or deficiency in the
      height of the approaching bottle, and servo-mechanism controlled by these
      detectors raises or lowers the belt at the position beneath the
      distributor, or alternatively raises or lowers the distributor, in
      response to the signals of the detectors to match the separation of the
      belt and distributor at the distributor to the height of the bottle to be
      stoppered.
BSUM
PAR  The present invention pertains to machines for closing glass or plastic
      bottles with stoppers which are first set onto the bottle opening and are
      then forced down thereinto.
PAR  As an example of this type of machine, one may cite machines for closing
      mineral water bottles with plastic stoppers. In such machines the bottles
      are carried on a belt and pass beneath a stopper distributor or delivery
      device, from the lower end of which each bottle receives a stopper,
      loosely positioned in the bottle mouth. At a subsequent station the
      stopper is forced down into the bottle mouth or opening.
PAR  Such machines require careful adjustment because, in order for them to
      operate correctly, it is necessary for the stopper to be correctly
      centered on the bottle opening as the bottle passes beneath the
      distributor. Experience shows that for proper operation these machines
      must be fed with bottles having, to a close tolerance, a uniform height.
      Even a very small departure of the bottle height from that for which the
      machine has been constructed and adjusted will result in an incorrect
      initial position for the stopper on the bottle and hence in a defective
      closure of the bottle, requiring a slowing or stoppage of the machine.
PAR  It is an object of the invention to surmount this shortcoming and to
      increase the permissible speed of operation of such machines. This result
      is obtained according to the invention by adding to the machine a device
      capable of controlling the vertical distance between the bottle carrier
      and the stoppers as presented by the distributor so as to make this
      distance always closely equal to the height of the bottle being
      instantaneously stoppered.
PAR  The apparatus according to the invention is advantageously provided with
      three detectors such as photoelectric cells, disposed a short distance
      upstream of the distributor along the path of bottle motion. One of these
      detectors detects the arrival of a bottle to be stoppered and the others
      detect an excess or deficiency in the height of the bottle by reference to
      a desired or designed height. These detectors control a servo-mechanism
      such as a reversible motor which raises or lowers the bottle-carrying belt
      at the position of its engagement with the distributor or which, in a
      variant construction, raises or lowers the distributor, in either case to
      make the separation of the belt and distributor correspond to the height
      of the bottle about to be stoppered.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be further described in terms of a number of
      presently preferred exemplary embodiments thereof and with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a partial schematic view in elevation of a bottle stoppering
      machine according to the invention; and
PAR  FIG. 2 is a view similar to that of FIG. 1 showing a variant construction.
DETD
PAR  The machine of the invention illustrated in FIG. 1 comprises a frame 1 over
      which there passes a travelling belt or conveyor 2. The travelling belt
      carries the bottles to be stoppered beneath a distributor 3 which contains
      a supply of stoppers 4 from which the stoppers are delivered one at a
      time. In proper operation of the machine, the upper rim 5 of each bottle
      engages, as it passes beneath the distributor, the lower extremity 7 of a
      stopper protruding from the distributor 3 and carries this stopper off
      with it, the stopper being aligned vertically in the bottle mouth. The
      stopper is then forced down into the mouth of the bottle by a driving
      device generally indicated at 10 which may in and of itself be of known
      type. The essential element of this driving device is an endless belt 11
      driven by a motor 12 of controllable speed.
PAR  The support for belt 11 is yieldingly affixed to a member 13, fixed with
      reference to frame 1. The slope of the belt can be adjusted with respect
      to the horizontal, and so also can its spacing above the belt 2.
PAR  When belt 2 carries the bottle 14 beneath the driving device 10 with a
      stopper loosely disposed in the bottle opening, the stopper is gradually
      forced by the belt 11 down into the bottle. The inclination of the belt 11
      and its elastic coupling to the frame 13 insure that the stopper will be
      driven home into the bottle opening whatever the height of the bottle
      (within wide limits) with respect to the designed or theoretical height
      therefor, provided only that the stopper be properly though loosely
      positioned in the opening of the bottle in the first place upon passage of
      the bottle beneath the distributor 3.
PAR  It will be realized however that if the height of the bottle is too much
      less than the correct value, the bottle will be incapable of picking up a
      stopper upon passing beneath the distributor. Alternatively, if the bottle
      is too high, this will either cause the stopper to fall beside the bottle
      or will improperly position it loosely in the bottle opening. Thus, if the
      stopper is positioned obliquely in the bottle opening, it may not be
      correctly driven home as the bottle piece passes beneath the device 10.
PAR  Let it be assumed that the designed height for the bottle for optimum
      operation of the machine is H and that the critical limits on H for
      correct machine operation are h.sub.1 and h.sub.2. These three values are
      shown in FIG. 1.
PAR  The apparatus of the invention comprises in an opening 15 in the frame 1
      beneath the distributor 4, an oscillating plate 16, articulated with
      respect to the frame on a horizontal axis at 17. The bottle-carrying belt
      2 passes over this oscillating plate.
PAR  The approximately horizontal position of the oscillating plate 16 is
      however subjected to adjustment by operation of an eccentric 20 on which
      the free end of the plate rests, this eccentric being driven by a
      servomotor 21 having a reversible direction of rotation and mounted on the
      frame at 22.
PAR  The stoppering machine moreover comprises three detectors 23, 24 and 25. In
      the example illustrated these are optical, e.g., photoelectric detectors,
      but they may be of mechanical or hydraulic nature. The detector 23 detects
      the presence of a bottle within the range of its sensitivity on a portion
      of frame 1 preceding the opening 15. The detector 24 is excited when the
      bottle so detected exceeds in height the height h.sub.1, and the detector
      25 is excited when the bottle so detected is of height greater than
      h.sub.2.
PAR  The combination of these detectors is coupled to the servomotor 21 which
      operates on the height of the plate 16 by operation of the eccentric 20,
      so as to raise or lower the bottle-carrying belt 2 in the correct sense as
      to bring the upper portion of the bottle between the levels identified in
      the figure at the upper ends of the intervals h.sub.1 and h.sub.2. Servo
      control apparatus of this kind is well-known and need not be described in
      detail. In this way the distributor 4 is caused to operate correctly and
      to position each stopper correctly in the bottle to be closed thereby.
PAR  In the embodiment of the invention diagrammatically illustrated in FIG. 2,
      the detectors 23, 24 and 25 control a servo system including elements 20a
      and 21a like the elements 20 and 21 respectively and mounted at 22a in
      fixed position with respect to the belt support 1. Elements 20a and 21
      operate on one end of a lever 19, articulated at its opposite end to
      rotate about an axis 17a fixed with respect to the frame. In this
      embodiment it is the distributor 3 and hence the stoppers which are raised
      or lowered above the bottle-carrying belt 2 as a function of the height of
      the individual bottles in order to insure correct placement of the stopper
      with respect to the bottle. It is to be noted that the spacing between the
      detectors 24 and 25 is much exaggerated in the drawings. In modern bottle
      manufacture, especially with plastic bottles, the variation in height of
      two bottles of a given series is no more than a few tenths of millimeter,
      so that a range of vertical motion of one millimeter is in general
      sufficient for the distributor in the case of FIG. 2 or for the
      bottle-carrying belt 2 in the case of FIG. 1. It is hence easy to find a
      material for that belt having sufficient flexibility. It may be of textile
      material, of metal, or of plastic.
PAR  It will thus be seen that the invention provides bottle stoppering
      apparatus including stopper delivery means such as the distributor 3,
      stopper driving means such as the device 10, means such as the belt 2 to
      carry bottles in a substantially horizontal direction beneath the delivery
      and driving means in succession, means such as the detectors 23 to 25 to
      measure the height of bottles on the carrying means upstream of the
      delivery means, and means such as the servo-mechanism 20,21 to adjust the
      vertical separation of the delivery and carrying means as a direct
      function of bottle height measured.
PAR  In a preferred embodiment the measuring means include one detector to
      detect the approach of a bottle, another to detect insufficient height for
      the bottle and a third to detect excess height for the bottle. The
      adjusting means may comprise a servo-mechanism coupled to adjust the
      vertical position of the carrying means at a location beneath the stopper
      delivery means. The bottle-carrying means comprise a belt such as the belt
      2 and guide means for the belt such as frame 1 having an opening 15
      therein, and the adjusting means may then comprise a plate like the plate
      16 movably supported within that opening to control the vertical position
      of the belt, and means coupling the plate to the servo-mechanism.
      Alternatively, the stopper delivery means may be movably mounted above the
      bottle-carrying means as illustrated in FIG. 2, and the servo-mechanism
      may be coupled to the stopper delivery means to raise and lower it above
      the bottle-carrying means.
PAR  In both of the above described embodiments, due to its set-off position and
      to the shape of the bottles, detector 23 begins and ceases to be excited
      before detectors 24 and 25 may be excited or de-excited.
PAR  Thus, the control device works as follows:
PA1    23 excited : authorization for 24 and 25. Then :
PA1  - 24 excited, but 25 not excited : 16 back to MID - POSITION
PA1  - 24 and 25 not excited : 16 UP h.sub.2 - h.sub.1 /2
PA1  - 24 and 25 both excited : 16 DOWN h.sub.2 - h.sub.1 /2
PA1    23 not excited : motor 21 deenergized, 16 STEADY.
PAR  While the invention has been described hereinabove in terms of a number of
      presently preferred embodiments thereof, the invention itself is not
      limited thereto but rather comprehends all modifications of and departures
      from those embodiments properly falling within the spirit and scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Bottle stoppering apparatus including stopper delivery means, stopper
      driving means, means to carry bottles in a substantially horizontal
      direction beneath said delivery and driving means in succession, means
      including three photoelectric detectors to measure the height of bottles
      on said carrying means upstream of said delivery means, one of said
      detectors detecting the approach of a bottle, another detecting
      insufficient height for the bottle and a third detecting excess height for
      the bottle, and means to adjust the vertical separation of said delivery
      and carrying means as a direct function of bottle height measured, said
      adjusting means comprising a servo-mechanism coupled to adjust the
      vertical position of said carrying means at a location beneath said
      delivery means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said carrying means comprise a
      belt and guide means for the belt having an opening therein, and wherein
      said adjusting means comprise a plate movably supported within said
      opening to control the vertical position of said belt, and means coupling
      said plate to said servo-mechanism.
NUM  3.
PAR  3. Bottle stoppering apparatus including stopper delivery means, stopper
      driving means, means to carry bottles in a substantially horizontal
      direction beneath said delivery and driving means in succession, means
      movably mounting said delivery means above said carrying means, means
      including three photoelectric detectors to measure the height of bottles
      on said carrying means upstream of said delivery means, one of said
      detectors detecting the approach of a bottle, another detecting
      insufficient height for the bottle and a third detecting excess height for
      the bottle, and means to adjust the vertical separation of said delivery
      and carrying means as a direct function of bottle height measured, said
      adjusting means comprising a servo-mechanism coupled to said mounting
      means to adjust the vertical position of said delivery means above said
      carrying means.
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ABST
PAL  An assembly of articles are received in a receptacle having a removable
      base and loaded into a tray disposed beneath the base when the base is
      removed, the loaded tray being also received on vertically movable support
      means at an upper position following which the support means are moved
      selectively into either one lower position for single-stage operation or
      into two vertically spaced, lower positions successively for a two-stage
      operation. In the single-stage operation, the support means carrying a
      single loaded tray is moved into one of the lower positions at which the
      loaded tray is removed, and in the two-stage operation, the support means
      carrying a single loaded tray is moved into the other of the lower
      positions at which a second loaded tray is stacked on the first tray
      following which the support means is moved into the one lowest position
      and the two stacked trays are pushed off together.
BSUM
PAR  The invention relates to a machine for filling carrying trays with objects,
      particularly cans, bottles and the like, which are disposed in groups,
      with a conveying means for feeding the objects, a dropping box with a
      removable bottom, an apparatus for advancing the carrying trays to a
      lowerable support disposed beneath the dropping box, and with an
      arrangement for pushing out the objects deposited on carrying trays
      disposed on the lower supports. A machine of this type which has proved
      very satisfactory in practice, is known from German Pat. Specification No.
      2,000,264. In the case of this known machine, the objects are continually
      fed in parallel rows to the filling arrangement in which they collect
      before abutments. The tightly packed objects are then, in divided groups,
      pushed into a dropping box, the bottom of which consists of a sliding
      panel. The sliding panel is then briefly removed so that the objects fall
      into a carrying tray which is ready beneath the sliding panel and disposed
      on a lowerable table. The table is then lowered into a second plane in
      which the tray, with the objects deposited on it, is pushed onto a
      conveyor or into a machine in which it is provided with a covering of
      shrinkable plastics film, by which the tray with the objects deposited on
      it can be shrunk into one compact packaging unit. Since the consumer goods
      industry requires even more efficient packaging machines with which
      inexpensive packages can be produced, it is the object of the present
      invention to increase the efficiency of the known machine while reducing
      the packaging costs.
PAR  In the case of the machine described at the outset, this problem is
      resolved in that the support can be lowered in two stages, each of which
      is attuned to the height of the objects to be packed. Using the machine
      according to the invention, a tray can be filled in known manner with
      objects and then be lowered to a second stage, the surfaces of the second
      objects disposed in the lower tray forming a support for a tray deposited
      thereon and carrying a second filling of objects. From the lowest stage of
      the lowered support, the two-layered packaging unit is then pushed out and
      provided with a shrunk-on film covering in known manner. The machine
      according to the invention results not only in a substantial increase in
      output by forming a two-layer package but it also results in a saving on
      shrinkable plastics film amounting to over 25%, since the films enclosing
      the intermediate layers are unnecessary.
PAR  In order that the machine according to the invention may be used optionally
      for single-layer and two-layer operation, a further development of the
      invention provides for the lowering of the support to be switchable from
      single-stage to two-stage operation.
PAR  It is ideal for the trays used to have on their underside abutments which
      extend the side walls beyond the tray bottom, from which the abutments are
      separated by U-shaped notches, the abutments developing from the bottom as
      the prepared tray blanks are folded to shape, and being disposed in the
      plane of the side walls. Through the lateral edges, these abutments grip
      the objects deposited on the lowest tray and thus secure on the first
      layer the second layer of the package which is provided by the second
      tray, so that when the filled trays, stacked one on the other, are fed to
      the shrinking-on apparatus, slipping is avoided. However, in order to
      prevent the abutments of the tray deposited on the first layer of the
      package and engaging over the edge of this first layer, becoming
      compressed during vertical placement, means are expediently provided for
      moving the carrying trays with the objects deposited on them in a
      longitudinal direction by approximately half the width of an object during
      the first lowering stage. Since the objects to be packed normally consist
      of cylindrical bodies, this measure avoids a compression of the abutments,
      because these then fit into the gusset formed between the upright
      cylindrical members. In order to align the staggered filled trays into an
      aligned edged stack, adjustable guides are provided which, when the trays
      are pushed off, move these with respect to one another by the amount by
      which they are staggered. In this case, the abutments are pushed via the
      greatest diameter of the objects which are to be packed, so that the
      second tray becomes anchored on the first filling.
PAR  The removable bottom of the dropping box is expediently constructed as a
      sliding panel having on its underside lateral guides to receive the
      pushed-in carrying trays which are supplied from a magazine. Since no tray
      guides can be provided on the first layer of the package, the guides
      disposed on the sliding panel provide for accurate feeding. During the
      brief removal of the sliding panel, an abutment prevents the tray being
      pulled out together with the sliding panel which is beneath the
      downwardly-falling objects.
PAR  Expediently, the support consists of a table movable on vertical guides and
      capable of being moved by push-rods. The lowerable table can be moved by
      compressed-air cylinders. However, it is more expedient for the push-rod
      which moves the table to be driven by a rocker arm driven by a cam drive.
      The mechanical drive can be more easily adjusted in its height of stroke
      and adapted to the working rate of the machine. The cam drive expediently
      consists of a camplate which is in turn driven through a link by a rocker
      arm. For adjustment as well as for readjustment of the height of lift of
      the push-rod operated by the rocker arm, the link may be adjustably
      disposed in an elongated hole in the camplate. It is simple for adjustment
      in the elongated hole to be effected through a geared transmission. The
      driving pinion can be connected to an arrangement for indicating the
      setting of the desired height of lift.
PAR  Expediently, the rocker arm which drives the camplate through the link is
      driven by a second camplate rotating at a uniform speed.
PAR  The second camplate is expediently provided on both sides with cams, one of
      which is intended for single-layer operation while the other is intended
      for two-layer operation the camplates being engaged by bifurcated means on
      the rocker arm, on the inner arms of which sliding blocks are disposed,
      the bifurcated rocker arm being displaceable on its axis for engagement of
      one slide block in each case into the associated cam. The bifurcated
      rocker arm can be expediently adjusted on its axis through a spindle
      drive. When the sliding block is set for two-layer operation, a shift
      transmission reduces the rotary speed of the drive shaft for the second
      complate to half that required for single-layer operation, since one
      revolution of the camplate corresponds to a lowering in two stages, during
      which, in the working rate of the machine, two layers of goods to be
      packaged are deposited.
PAR  Not all the objects to be packaged can be cleanly deposited in the prepared
      tray by the gravity principle described. For example, cans of small height
      have a tendency, when falling onto the panel held ready in the gravity
      shaft, to lie on one another or to be tilted. Cans of low height are
      preferably grouped together into two-layer packaging units.
PAR  A further object of the invention lies therefore in providing an apparatus
      which makes it possible also for such packaging goods to be deposited
      perfectly on a tray held ready in the gravity shaft, and during the
      free-falling of which trouble was hitherto feared.
PAR  In a further development of the invention, this further problem is resolved
      in that, above the objects pushed into the dropping box, a raisable and
      lowerable unit is provided to grip them securely and lower into the
      gravity shaft after removal of the sliding panel, releasing the objects
      again once they are deposited on the carrying tray disposed in the gravity
      shaft. By using this arrangement according to the invention, the objects
      can be deposited in an accurately defined manner on the prepared carrying
      tray.
PAR  If the objects which are to be packaged are ferromagnetic then the raisable
      and lowerable holding means may consist of a vertically guided magnetic
      plate. The magnetic plate may be provided with permanent magnets,
      anti-ferritic rods traversing the magnetic plate in order to push the
      deposited objects off the magnets. The magnetic plate may also comprise
      electromagnets, the magnetising current of which is broken after the
      objects have been deposited. Finally, the raisable and lowerable holding
      means may also have suction or gripping means. Suitable suckers are
      suction cups or suckers connected to a vacuum force.
DRWD
PAR  By way of example, an embodiment of the invention is described in greater
      detail hereinafter with reference to the attached drawings, in which:
PAR  FIG. 1 shows the slides for guiding the lowerable table, with its drive;
PAR  FIG. 2 shows the drive of the push-rod for moving the lowerable table, in a
      view rotated through 90.degree. with respect to FIG. 1;
PAR  FIG. 3 is a diagrammatic view of the paths for feeding to the dropping box
      the objects which are to be packaged and the trays;
PAR  FIG. 4 is a side view of the lowerable table shown in FIG. 1;
PAR  FIG. 5 is a section through the drive shown in FIG. 3 and
PAR  FIGS. 6 and 7 show the control cams for the lowerable table in single-layer
      and double-layer operation.
DETD
PAR  The process by which cylindrical objects 7 are filled into trays 1 is
      explained with reference to FIG. 3. A conveying means, not shown, pushes
      the objects 7, arranged in parallel rows, in the direction of the arrow A
      in known manner onto the sliding panel 3, on which they are secured in
      their position with respect to one another by the U-shaped frame 3'
      disposed rigid with the machine. The sliding panel 3 has on its sides,
      formed by U-shaped angled portions, guides and supports 4, into which, in
      the direction of the arrow B, the trays 1 supplied over guides 2 by a
      magazine, not shown, can be pushed. Closely beneath the guides 4 for the
      trays 1 is the lowerable table 6. After one layer of objects 7 have been
      pushed into the dropping box formed by the frame 3' and the sliding panel
      3, the sliding panel 3 is briefly extended outwards in the direction of
      the arrow C so that the tray which is braced against the abutment 5 rigid
      with the machine, cannot follow the extending movement, so that the
      objects 7 fall into the tray exposed by the sliding panel 3 and are
      deposited on the table 6 together with the tray.
PAR  The table 6 is mounted on a supporting member 8 which is guided to slide on
      the columns 9, 10. The supporting member 8 has an eye-shaped bearing 12 at
      which the push-rod 11 is articulated, the other end of the push-rod 11
      being articulated through the eye-shaped bearing 13 on the bifurcated
      rocker arm 15, the other end of which is rigidly connected to the shaft 14
      mounted in the machine frame. The shaft 14 also carries, disposed at a
      distance from the rocker arm 15, a rocker arm 16 (FIGS. 1 and 5) with the
      free end of which the push-rod 17 is connected, at the joint 20, its other
      end being articulated by the joint 19 on the rocker arm 18 which is
      mounted to pivot about a bearing 21 rigid with the machine. The lowerable
      table 6 is thus driven through a gear transmission with six joints 21, 19,
      20, 14, 13, 12. The rocker arms 15, 16 mounted on the shaft 14 which is
      mounted in the machine frame serve only to increase the travel, so that
      the push-rod 11 could also be articulated directly on the rocker arm 18 if
      this latter is constructed for a sufficiently wide pivoting angle.
PAR  The rocker arm 18 is pivoted by the camplate 22 with its integral cam 24
      and which is mounted for free rotation on the drive shaft 23. For this
      purpose, the slide block 25 mounted on the rocker arm 18 by the bolt 26
      slides in the curve or cam pattern 24.
PAR  For its part, the camplate 22 is driven by the rocker arm 28 which is
      pivotable about the axis 27, rigid with the machine, through the link 30
      which is articulatingly connected to the eye-shaped bearing 29 with the
      rocker arm 28 and by the eyeshaped bearing 31 with the camplate 22. The
      rocker arm 28 is mounted on a bush 32 which is rotatably and
      longitudinally displaceably mounted on the spindle 27. Secured on the bush
      32 is a second rocker arm 33, the rocker arms 28 and 33 engaging in
      bifurcating fashion around the camplate 34. The camplate 34 is mounted on
      the drive shaft 23 which is drivingly connected to the main machine drive.
      The camplate 34 has, machined onto its two sides, curved grooves, of which
      curve 35 serves for two-layer operation while curve 36 serves for
      single-layer operation. Secured to the rocker arm 28 is a sliding block 37
      which, for two-layer operation is displaced into the curve 35 by movement
      of the bush 32 which carries the rocker arm 28. If the sliding block 37 is
      pushed into the curve 35, then at the same time, the sliding block 38
      which is mounted on the rocker arm 33, is pushed out of the curve 36 for
      single-layer operation.
PAR  The extreme positions of the displaceable bush 32 are fixed by the
      abutments 39, 40 which are rigidly disposed on the spindle 27. The spindle
      41' for displacement of the bush 32 is actuated via the crank 41. The
      spindle 41' can be locked and released by means of the nut 42 which is to
      be operated by the hand lever 43.
PAR  The eye-shaped bearing 29 and 31 of the link 30 are so constructed that
      they can compensate for displacement of the mountings by movement of the
      bush 32.
PAR  The eye bearing 31 is displaceable in the elongated hole 44 provided in the
      camplate 22. Displacement can thereby be effected by a rack and a drive.
      The drive pinion being possibly provided with a pointer to indicate the
      height of lift which has been set. The elongated hole 44 is so provided in
      the camplate 22 that by adjusting the eye-shaped bearing 31 in this
      elongated hole, the angle of rotation of the camplate 22 can be increased
      or decreased according to the height of lift of the table 6 which is
      required.
PAR  On the righthand side of FIG. 4, the table 6 is shown in its lowest
      position 6', with objects 7 deposited on it in two layers, on trays. The
      upper tray is staggered by half the width of a can on the lower layer of
      objects (for example cans), in such a way that the abutments 52 which are
      a prolongation of the tray edge, rest in the gussets formed between the
      individual cans. Upon the two layers of cans, deposited on trays, being
      pushed out, guides which are not shown in greater detail are provided for
      pushing the trays onto one another so that the offset is eliminated, and
      ensuring that the abutments 52 are pushed over the largest diameters of
      the goods deposited on the lower tray.
PAR  FIGS. 6 and 7 show control cams for single-layer and two-layer operation
      respectively. In these diagrams, the travel of the table 6 is plotted with
      respect to the angle of rotation of the camplate 34 for an extended
      apparatus. The diagram in FIG. 6 shows the control cam for single-layer
      operation. At the point 45, the table is in its upper position. In this
      position, the trays and the objects which are to be packaged are deposited
      on the table 6. In the lower position 46, the tray is pushed out with the
      objects deposited on it.
PAR  The diagram in FIG. 7 shows the control cam for two-layer operation, the
      characteristics of which will be manifest from the pattern of curve 35 on
      the camplate 34. The straight portion 47 denotes a rest following the
      first lowering stage, the straight portion 48 shows the rest for filling
      of the second layer and at the point 49, the two-layer package unit is
      pushed out. At the points 50, 51, the corresponding parts of the two
      curves 35 and 36 on the camplate 34 coincide, so that it is at this point
      that the equipment can be changed over from two-layer to single-layer
      operation and vice versa.
PAR  The height of lift of the rest points for two-layer operation can be
      infinitely variably adjusted by adjusting the eye-shaped bearing 31 in the
      elongated hole 44 in the camplate 22.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for loading an assembly of articles such as cans or the like
      onto trays, comprising in combination, a receptacle having a removable
      base and a side wall therefor for receiving said assembly of articles,
      means associated with said receptacle for guiding said assembly of
      articles into said receptacle in supported relationship on said base,
      means for supporting a tray in underlying relationship with said base,
      means for moving a tray onto said tray supporting means into said
      underlying relationship with said base whereby said assembly of articles
      is deposited in said tray upon removal of said base, vertically movable
      tray support means movable into an upper position beneath said receptacle
      for supportedly receiving a tray loaded with said assembly of articles
      upon removal of said base and into two vertically spaced lower positions
      and drive means for moving said support means reciprocally between said
      upper position and selectively into either one of said lower positions for
      removal of a single loaded tray from said support means in a single-stage
      operation or into both of said two lower positions successively for
      receiving a second loaded tray in stacked relationship with the first
      loaded tray and for removal of said stacked trays from said support means
      in a two-stage operation.
NUM  2.
PAR  2. A machine in accordance with claim 1, wherein said drive means includes
      means for guiding said support means during said vertical movement, a
      driving cam, means for rotating said driving cam, a drive rocker arm
      operatively connected to said driving cam and linkage means including a
      push-rod connected between said rocker arm and said support means.
NUM  3.
PAR  3. A machine in accordance with claim 2, wherein said drive means include
      means for converting said drive means selectively for said single-stage
      operation or said two-stage operation.
NUM  4.
PAR  4. A machine in accordance with claim 3, wherein said driving cam comprises
      a rotatably mounted cam plate having a cam slot, a cam follower on said
      rocker arm slidably engageable with said driving cam slot and wherein said
      converting means include means for adjusting said driving cam rotating
      means.
NUM  5.
PAR  5. A machine in accordance withh claim 2, wherein said means for rotating
      said driving cam includes a rotatably driven cam plate having a cam track
      on each side face, a first rocker arm having a cam follower arranged for
      slidable engagement with one of said cam tracks, a second rocker arm
      having a cam follower arranged for slidable engagement with the other of
      said cam tracks, means for drivably connecting one of said first and
      second rocker arms to said driving cam, means for interconnecting said
      first and second rocker arms for movement of said rocker arms between
      first and second positions for selective engagement of one of said cam
      followers with its associated cam track, means for moving said rocker arms
      between said first and second positions whereby engagement of said cam
      follower of said first rocker arm with its associated track conditions
      said driving cam rotating means for said single-stage operation and
      whereby engagement of said cam follower of said second rocker arm with its
      associated track conditions said driving cam rotating means for said
      two-stage operation.
NUM  6.
PAR  6. A machine in accordance with claim 5, wherein said means for drivably
      connecting one of said first and second rocker arms to said driving cam
      include a coupling member and means for adjustably connecting the ends of
      said coupling member to said one rocker arm and said driving cam.
NUM  7.
PAR  7. A machine in accordance with claim 6, wherein said connecting means
      include a slot on said driving cam for adjustably connecting one end of
      said coupling member to said driving cam for adjusting the vertical
      position of said support means in each of said lower positions.
NUM  8.
PAR  8. A machine in accordance with claim 5, wherein said means for
      interconnecting said first and second rocker arms include a sleeve member
      arranged for axial displacement between said first and second positions,
      said first and second rocker arms being mounted at one end on said sleeve
      and including a spindle connected to said sleeve for moving said sleeve
      axially between said first and second positions for selective engagement
      of said cam followers on said first and second rocker arms with their
      associated cam tracks.
NUM  9.
PAR  9. A machine in accordance with claim 1, wherein said receptacle removable
      base comprises a panel having side edges and wherein said means for
      supporting a tray in underlying relationship with said base includes a
      downwardly depending flange on opposite side edges of said panel for
      slidably accommodating said tray and including abutment means adjacent
      said receptacle for engagement with a tray disposed in underlying
      relationship with said panel to retain said tray when said base is
      removed.
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ABST
PAL  An envelope filling machine including conveyor apparatus for transporting
      individual envelopes from a feed station to a filling station for
      receiving an insert therein. Positioned intermediate the feed and the
      filling stations there is provided a spreading device for opening the
      mouth of the envelope and a dampener device for moistening the gummed flap
      of the envelope. The conveyor apparatus is arranged to transport an
      envelope to the filling station in a feeding direction in a first
      transport plane and, in response to completion of an envelope stuffing
      operation, the conveyor apparatus is pivoted into a second transport plane
      inclined downwardly towards the feed station. A drive means is provided
      for driving the conveyor apparatus in the feeding direction to advance the
      envelope to the filling station and, alternately, driving the conveyor
      means in the opposite direction, in response to movement of the conveyor
      apparatus to the inclined position, for transporting the stuffed envelope
      from the filling to a discharge station.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a known prior art device of this general kind as shown, for example, in
      German Pat. Publication Application No. 1,761,792, the conveyor means at
      the filling station is swingable into a downwardly inclined position in
      response to the arrival of an envelope at the filling station. On
      completion of an envelope stuffing operation, and in response to a setting
      device, the conveyor means is pivoted in the opposite direction so as to
      provide a downwardly inclined transport for conveying the stuffed envelope
      from the filling station in the same direction in which the envelope was
      transported to the filling station. This opposite position of inclination
      of the conveyor means for discharging the envelope from the filling
      station relies on the weight of the envelope, conveyed with its flap at
      the lead edge, for movement of the envelope by gravity from the inclined
      conveyor means to a pair of rollers for closing and sealing the flap of
      the envelope. However, because the envelope is conveyed with the flap
      thereof facing upwardly and at the lead edge, in order to close the flap
      against the body of the envelope prior to a flap sealing operation, the
      prior art device additionally resorts to an air blast for moving the
      envelope flap towards a closed position.
PAR  In this prior device, as a result of the air blast acting against the
      stuffed envelope on the inclined conveyor means the envelope will, at
      times, be held against movement on the inclined conveyor means by the air
      blast applied to the envelope. In other instances, while the envelope may
      not be held against movement, the air blast often retards discharge of the
      stuffed envelope from the conveyor means thereby slowing down and
      disturbing the machine operation as a whole. Moreover, since the envelope
      is fed with the flap at its lead end and the flap only is gripped to hold
      the envelope for a stuffing operation at the filling station, and because
      the flimsy and limp nature of the flap does not lend itself to positive
      gripping action, the envelope may be improperly positioned or shifted out
      of position at the filling station thereby further hampering proper
      operation of the machine.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a device for transporting envelopes in a
      feeding direction in a first plane to a filling station of an envelope
      stuffing machine, and for transporting the envelopes from the filling
      station in a direction opposite to the feeding direction in a different
      plane.
PAR  It is an object of the present invention to provide a conveyor apparatus
      for transporting an envelope in a first transport plane and direction to
      advance the envelope to the filling station, and to position the conveyor
      apparatus in a second transport plane and to drive the conveyor apparatus
      in the opposite direction for transporting a stuffed envelope from the
      filling station.
PAR  Another object of the invention is to provide a conveyor means in which
      only a minimum amount of movement is required for positioning the conveyor
      means between the first and the second transport planes to thereby provide
      a machine of compact construction.
PAR  A further object of the invention is to provide an envelope transport means
      in which the envelope is transported to and from the filling station by a
      single conveyor means to afford controlled guided movement to the envelope
      during each phase of envelope transport with substantial assurance that
      uncontrollable chance events will not adversely effect the operation of
      the machine.
PAR  A further object of the invention is to provide alternately operable
      forward and reverse conveyor drive means at one end of the transport plane
      ahead of the filling station, and pivotal support means at the other end
      of the transport plane beyond the filling station for movement of the
      conveyor means between the first and the second transport planes and
      alternate engagement of the forward and reverse drive means, to thereby
      provide a minimum distance of travel of the envelope by transporting the
      envelope in a discharge direction opposite to the direction of envelope
      transport to the filling station.
PAR  A still further object of the invention is to provide a feed roller for
      advancing an envelope to the conveyor means and for, in cooperation with a
      pressure roller, sealing the flap of the envelope as it is delivered from
      the filling station through the nip of the rollers. This arrangement of a
      single roller performing a dual function further aids in the contruction
      of a compact device and, of course, eliminates the requirement of an
      additional roller for effecting an envelope flap sealing operation.
PAR  A further object of the invention is to provide a drive means for driving
      the conveyor means alternately in forward (feed) and reverse (discharge)
      directions by engaging the drive means for forward feed of the envelope
      when the conveyor means is in the first transport plane, and for engaging
      the drive means for reverse feed in response to movement of the conveyor
      means to the second transport plane.
PAR  Other objects, features and advantages will appear hereinafter as the
      description proceeds.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a front elevation in section, partially broken away, of an
      envelope filling machine and showing in full lines a conveyor means for
      transporting an envelope to a filling station and showing in phantom the
      position of the conveyor means for discharging the envelope from the
      filling station in accordance with the present invention;
PAR  FIG. 2 is a plan view of the conveyor means of FIG. 1;
PAR  FIG. 3 is a front elevation, partially in section, showing a drive means
      for alternately driving the conveyor means in opposite directions;
PAR  FIG. 4 is an end view of a drive means for operating a pair of rollers for
      sealing the flap of the envelope; and
PAR  FIG. 5 is a section taken substantially along the plane designated by line
      A--A of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1, 2 and 3 the envelope conveyor apparatus includes a
      pair of side plates 1 and 2 supported on a frame of the machine (not shown
      in the drawing) and extending longitudinally in a direction of envelope
      transport to a filling station, as indicated by arrow 3. The side plates 1
      and 2 rotatably support a power drive shaft 4, a feed roller 5 and a
      conveyor belt support shaft 6 in laterally spaced relationship in an
      aligned plane. As best shown in FIG. 1 and 2, the power drive shaft 4 is
      provided with a pair of axially spaced pulleys 11 and 12 for supporting a
      pair of feed belts 7 and 8 respectively. A similar pair of pulleys 13 and
      14 are provided on the conveyor belt support shaft 6, in alignment with
      the pulleys 11 and 12, for guiding and supporting a pair of endless
      conveyor belts 9 and 10 respectively.
PAR  As best shown in FIGS. 1, 2 and 3, there is provided an envelope conveyor
      apparatus comprising a support plate 17 having a pair of depending side
      walls 15 and 16. The support plate 17 is positioned between the side
      plates 1 and 2 and is mounted for controlled pivotal movement on the
      conveyor belt support shaft 6. The support plate 17 as shown in the
      position of FIG. 1 defines a first transport plane for transporting an
      envelope 32 from a first end to a second end at the filling station and,
      when pivoted to an inclined position of the conveyor belts 9 and 10 shown
      in phantom in FIG. 1, defines a second transport plane for transporting
      the stuffed envelope from the second end to the first end in a discharge
      direction opposite to the direction of envelope feed. The front end of the
      support plate 17, opposite the pivoted end thereof, is supported on a
      conveyor drive shaft 18 rotatably mounted in the side walls 15 and 16 of
      the support plate 17. The conveyor drive shaft 18 is also provided with a
      pair of pulleys 19 and 20, in axial alignment with the pulleys 13 and 14,
      for supporting and driving the endless conveyor belts 9 and 10
      respectively.
PAR  With reference to FIGS. 1 and 2 there is shown a housing 21 secured to the
      support plate 17 and extending transversely to the direction of envelope
      feed. The housing 21 supports a pair of spaced apart contact switches 22
      and 23 provided with stop tongues 24 and 25 respectively. The housing 21
      also supports a pair of pivotable levers 26 and 27 positioned in alignment
      with the conveyor belts 9 and 10 respectively. Each of the levers 26 and
      27 is provided with a ball 28 (only one ball shown in FIG. 1 of the
      drawing) which rests lightly and rotatably on the envelope 32 at the
      filling station or, in the absence of an envelope at the filling station,
      on the conveyor belts 9 and 10. The levers 26 and 27 support the balls 28
      for movement into and out of contact engagement with the envelope 32 at
      the filling station.
PAR  As shown in FIG. 1, each of the levers 26 and 27 is provided with an angled
      front end 29 resting on a projection 30 provided on each of a pair of
      spreading fingers 31. The spreading fingers 31 are movable between lowered
      and raised positions for opening the mouth of the envelope 32 for a
      stuffing operation. As the spreading fingers 31 are moved to the raised
      position for opening the mouth of the envelope 32 the projections 30
      acting against the angled ends 29 of the levers 26 and 27 pivot the levers
      26 and 27 in a clockwise direction as viewed in FIG. 1, to thereby lift
      the balls 28 out of engagement with the envelope 32 at the filling
      station. Thereafter, as the spreading fingers 31 are moved to their
      lowered position the balls 28 are again lowered into guiding and
      supporting contact with the envelope.
PAR  Still referring to FIG. 1, the feed roller 5 is in rolling engagement with
      a pressing roller 33 for sealing the flap of the envelope as it is fed
      from the filling station between the nip of the rollers 5 and 33. The feed
      roller 5 is also in rolling engagement with a ball 34 rotatably supported
      in a guide plate 38' for guiding the envelope in its transport by the
      belts 7 and 8 to the belts 9 and 10 of the conveyor apparatus. The inserts
      to be stuffed into the envelope 32 at the filling station are delivered by
      means of a pair of coacting belts 35 and 36 also shown in FIG. 1.
PAR  With reference to FIGS. 1 and 3, the support plate 17 and the conveyor
      drive shaft 18 are shown in full line positions in which the support plate
      17 lies in a horizontal first transport plane for advancing to and
      supporting the envelope 32 at the filling station, while the conveyor
      belts 9 and 10 and thus the support plate 17 and the conveyor drive shaft
      18 as shown in the dotted line positions define an inclined second
      transport plane, in alignment with the nip of the feed roller 5 and the
      pressing roller 33, for transporting the stuffed envelope from the filling
      station in a discharge direction.
PAR  The support plate 17 of the conveyor apparatus is pivoted from the first to
      the second transport plane, in timed relationship with each envelope
      feeding cycle, by means of a solenoid 37 having a plunger 38 secured to
      one of the side walls 15 or 16 of the support plate 17. Although not shown
      in the drawing, conventional spring means may be utilized for restoring
      the conveyor means including the support plate 17 from the inclined
      position to the first transport plane.
PAR  With reference to FIGS. 1, 3, 4 and 5, the drive means for the feed roller
      5 and the pressing roller 33 comprises a train of gear wheels 39, 40, 41
      and 42. The power driven gear 39 is fixed on the power drive shaft 4 and
      is driven in a clockwise direction as viewed in FIG. 5 in meshing
      engagement with the gear wheel 40 fixed on a shaft extension 33' of the
      pressing roller 33. The gear 41 is also fixed on the shaft extension 33'
      and meshes with the gear 42 fixed on a shaft extension 5' of the feed
      roller 5. Thus, as viewed in FIGS. 1 and 5, the meshing gears 39 and 40
      rotate the pressing roller 33 in a counterclockwise direction and the
      meshing gears 41 and 42 rotate the feed roller 5 in a clockwise direction,
      thereby rotating the feed roller 5 in a direction to advance the envelope
      to the filling station and rotating the pressing roller 33 in the opposite
      direction to transport the envelope to the discharge station and sealing
      the flap of the envelope as it passes through the nip of the rollers 5 and
      33.
PAR  With reference now to FIGS. 2 and 3 there is shown a drive means for the
      conveyor drive shaft 18 for driving the conveyor belts 9 and 10 comprising
      gear wheels 43, 44, 45 and 46 positioned at the side of the support plate
      17 opposite the gear wheels 39-42 described hereinabove. The power driven
      gear wheel 43 is fixed on the power drive shaft 4 and is in mesh with
      idler gear 44 which is mounted for free rotation on a shaft extension 5"
      of the feed roller 5. The idler gear 44, in turn, meshes with idler gear
      45 also mounted for free rotation on a shaft extension 33" of the pressing
      roller 33. The gear wheel 46 is rotatable in opposite directions, is fixed
      on the conveyor drive shaft 18 and is pivotally movable between a drive
      position in mesh with the idler gear 44 when the conveyor means is in the
      first transport plane, and a drive position in mesh with the idler gear 45
      when the conveyor means is positioned in the inclined second transport
      plane.
PAR  With the support plate 17 in the first transport plane, the gear wheel 46
      meshes with the idler gear 44 and thus is driven in a clockwise direction,
      as viewed in FIG. 3, to drive the conveyor belts 9 and 10 to advance an
      envelope 32 from a feed station towards the filling station. In response
      to pivotal movement of the support plate 17 to the inclined second
      transport plane, the gear wheel 46 is moved out of engagement with the
      idler gear 44 and into meshing relation with the idler gear 45. In this
      position the gear wheel 46 is driven in a counterclockwise direction and
      the conveyor belts 9 and 10 are driven in the opposite direction to
      thereby transport the envelope from the filling station to the nip of the
      feed roller 5 and the pressing roller 33 for said sealing the flap of the
      stuffed envelope.
PAR  In an envelope feeding cycle the conveyor belts 9 and 10 are driven in a
      clockwise direction through the gear train 43, 44 and 46 to advance the
      envelope 32 to the filling station and the lead edge of the envelope
      against the stop tongues 24 and 25 of the contact switches 22 and 23.
      Activation of the contact switches 22 and 23 by the lead edge of the
      envelope 32 de-energizes the means (not shown) for driving the power drive
      shaft 4 and the feed belts 7 and 8, the feed roller 5, the pressing roller
      33 and the conveyor belts 9 and 10. Thereafter, the spreading fingers 31
      are actuated to open the mouth of the envelope 32 and simultaneously pivot
      the levers 26 and 27 to lift the balls 28 from engagement with the
      envelope. At this point the conveyor belts 35 and 36 deliver an insert
      into the envelope and the spreading fingers 31 are withdrawn from the
      mouth of the envelope. In response to the stuffing of the envelope, the
      solenoid 37 is energized and pivots the conveyor means to the inclined
      second transport plane thereby engaging the gear 46 with the idler gear 45
      which, though the gear train 43, 44, 45 and 46, drive the conveyor belts 9
      and 10 and transport the stuffed envelope in a reverse or discharge
      direction. Energization of the solenoid 37 also restores the drive to the
      power drive shaft 4 for driving the conveyor belts 7 and 8 for a
      subsequent envelope feeding cycle.
PAR  In the movement of the conveyor apparatus from the first to the second
      transport plane the gear wheel 46 which was in mesh with the idler gear 44
      to provide forward feed of the envelope is now in mesh with the idler gear
      45 and, therefore, is driven in the opposite direction to transport the
      envelope in a discharge direction from the filling station. Also, as the
      spreading fingers 31 move out of the mouth of the envelope they also
      effect lowering of the levers 26 and 27 to place the balls 28 into contact
      engagement with the stuffed envelope to provide the required friction
      between the envelope and the conveyor belts 9 and 10 to assure positive
      guided movement of the stuffed envelope in its conveyance from the filling
      station and to facilitate withdrawal of the envelope flap from the nip of
      the feed roller 5 and the ball 34. The balls 28 acting against the
      envelope withdraw the flap from the nip and hold the envelope against the
      conveyor in the second transport plane. Movement of the support plate to
      the first transport plane restores the levers to the raised position of
      FIG. 1 where they are retained by the spreading fingers 31.
PAR  Thus, there is provided a conveyor apparatus for advancing a sheet or an
      envelope between multiple pairs of work stations wherein first and second
      work stations are at separate locations. The conveyor assembly provides an
      integrated unit linking the first pair of work stations and is pivotable
      about one end thereof to a position to link the second pair of work
      stations. The drive means drives the conveyor assembly in one direction
      when the conveyor assembly links-up with the first pair of work stations
      and reverses the drive when the conveyor assembly links-up with the second
      pair of work stations.
PAR  From the foregoing, it will be appreciated that the present invention
      provides a compact conveyor apparatus for transporting individual
      envelopes from a feed station to a filling station of an envelope stuffing
      machine and then to a discharge station. The arrangement of the drive
      means for advancing the envelope in a first direction to the filling
      station and in a reverse direction to the discharge station, together with
      the first and the second transport planes for transporting an envelope to
      and from the filling station in opposite directions, provides for a
      minimum only of envelope travel thereby assuring positive guided movement
      of the envelope and reliable machine operation. Additionally, the gear
      drive train provides a simple but effective means for driving the feed
      roller in a direction to advance the envelope to the filling station,
      driving the conveyor belts alternately in opposite directions and driving
      the pressing roller in a reverse direction. Thus, the feed roller not only
      advances the envelope but also coacts with the pressing roller for
      discharging or ejecting the stuffed envelope and sealing the flap of the
      envelope as the envelope passes through the nip of the roller pair.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A conveyor apparatus for transporting an envelope from a feed station to
      a filling station of an envelope stuffing machine and for transporting a
      stuffed envelope from the filling station to a discharge station,
      comprising:
PA1  a support plate movable between a first and a second transport plane for
      supporting the envelope in its transport to and from the filling station;
PA1  conveyor means including an endless belt having an upper run thereof
      overlying the support plate for advancing the envelope from a first end of
      the first transport plane to a second end thereof at the filling station,
      and for advancing the stuffed envelope from the second end to a first end
      of the second transport plane;
PA1  mounting means for supporting the support plate for controlled pivotable
      movement between the first and the second transport planes;
PA1  means for moving the support plate from the first to the second transport
      plane in response to the presence of a stuffed envelope at the second end
      of the first transport plane;
PA1  retainer means mounted on the support plate and movable therewith between
      an inactive position and an active position for holding the stuffed
      envelope against the conveyor means during movement of the support plate
      from the first to the second transport plane; and
PA1  drive means for driving the conveyor means in one direction when the
      support plate is in the first transport plane and for driving the conveyor
      means in an opposite direction in response to movement of the support
      plate to the second transport plane.
NUM  2.
PAR  2. A conveyor apparatus as set forth in claim 1 in which the drive means
      comprises a first and a second drive means;
PA1  said conveyor means alternately driven by the first and the second drive
      means for transporting the envelope to and from the filling station;
PA1  said first drive means mounted on the support plate at one end thereof and
      movable with the support plate between the first and the second transport
      planes; and
PA1  said second drive means operatively engageable by the first drive means for
      alternately driving the conveyor means in the said one and the said
      opposite directions.
NUM  3.
PAR  3. A conveyor apparatus as set forth in claim 1 which further includes a
      driven feed roller in rolling engagement with a pressing roller to provide
      therebetween a roller nip in alignment with the second transport plane of
      the conveyor means for receiving the stuffed envelope being transported
      from the filling station and sealing a flap of the envelope passing
      through the roller nip.
NUM  4.
PAR  4. A conveyor apparatus as set forth in claim 2 in which the first drive
      means includes a first gear wheel alternately rotatable in opposite
      directions, and the second drive means includes a first pair of meshing
      idler gear wheels each rotatable in one direction only;
PA1  whereby the first gear wheel meshes with one and alternately the other of
      the first pair of idler gear wheels for driving the conveyor means in
      either of the said directions in response to movement of the support plate
      between the first and the second transport planes.
NUM  5.
PAR  5. A conveyor apparatus as set forth in claim 1 in which the first
      transport plane extends in a horizontal path and the second transport
      plane extends in a path inclined downwardly in the direction of the first
      end of the second transport plane.
NUM  6.
PAR  6. A conveyor apparatus as set forth in claim 1 in which the means for
      moving the support plate comprises actuable means energizable by a switch
      means for moving the support plate from the first to the second transport
      plane by activation of the switch means in response to the presence of a
      stuffed envelope at the second end of the first transport plane.
NUM  7.
PAR  7. A conveyor apparatus as set forth in claim 6 which includes resilient
      means for restoring the support plate from the second to the first
      transport plane by de-energization of the actuable means in response to
      transport of the stuffed envelope from the second end to the first end of
      the second transport plane.
NUM  8.
PAR  8. A conveyor apparatus as set forth in claim 4 which further includes a
      driven feed roller in rolling contact with a driven pressing roller;
PA1  a third drive means including one of the second pair of meshing gear wheels
      fixed on the feed roller, and a second gear wheel and the other of the
      second pair of gear wheels fixed on the pressing roller; and
PA1  a pair of power driven gear wheels one of which is in mesh with one of the
      first pair of idler gear wheels of the second drive means and the other of
      the said pair of power driven gear wheels in mesh with the second gear
      wheel of the third drive means for driving, respectively, the first and
      the second drive means alternately in opposite directions, and for driving
      the third drive means in a single direction only.
NUM  9.
PAR  9. A conveyor apparatus as set forth in claim 8 in which the first gear
      wheel of the first drive means is fixed on a drive shaft for supporting
      and driving the conveyor means in said one direction in response to
      meshing engagement of the first gear wheel with said one of the first pair
      of idler gear wheels of the second drive means, and for driving the
      conveyor means in the opposite direction in response to meshing engagement
      of the first gear wheel with the other idler gear wheel of the second
      drive means.
NUM  10.
PAR  10. A conveyor apparatus as set forth in claim 9 in which the said one of
      the pair of power driven gear wheels drives the drive shaft and the said
      other of the pair of power driven gear wheels drives the pressing roller.
NUM  11.
PAR  11. An apparatus for advancing sheet material between a feed and a filling
      station defining a first pair of work stations and between the filling and
      a discharge station defining a second pair of work stations in a
      processing machine wherein the first and second pairs of work stations are
      at separate locations, comprising:
PA1  a support plate linking said first pair of the work stations, said support
      plate being an integrated unit and adapted to pivot about one end thereof
      at one of the work stations;
PA1  conveyor means including an endless belt having an upper run thereof
      overlying the support plate for advancing sheet material;
PA1  means for pivoting the support plate to link the second pair of work
      stations;
PA1  retainer means pivotally mounted on the support plate and movable therewith
      for holding the sheet material against the conveyor means when the support
      plate links-up the second pair of work stations; and
PA1  drive means for driving the conveyor means in one direction when the
      support plate links-up the first pair of work stations and for reversing
      the drive when the support plate links up the second pair of work
      stations.
NUM  12.
PAR  12. An apparatus as set forth in claim 1 in which the retainer means is
      restored to the inactive position by the support plate in its movement
      from the second to the first transport plane.
NUM  13.
PAR  13. An apparatus as set forth in claim 1 in which the retainer means
      comprises:
PA1  a lever arm having one end pivotally mounted on the support plate and
      extending in alignment with the endless belt with its other end
      terminating adjacent the filling station;
PA1  releasable retaining means for holding the lever means at a position spaced
      above the envelope at the filling station when the support plate is in the
      first transport plane, and for releasing the lever arm for pivotal
      movement with the support plate; and
PA1  weight means carried by said other end of the lever means for pivoting the
      lever means and holding the stuffed envelope against the conveyor means in
      response to release of the lever means.
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ABST
PAL  A series of rollers mounted at spaced locations on a windrow pickup about a
      rear discharge opening defined therein interengage with a circular track
      mounted on a crop material chopping chamber of a forage harvester and at
      least partially encircling a front receiving opening defined therein to
      continuously support the pickup on the chopping chamber in an operating
      field position, in a non-operating transport position and for pivotal
      movement relative thereto between the field and transport positions. The
      interengaging series of rollers and circular track are moveable relative
      to each other to provide pivotal movement of the pickup relative to the
      chopping chamber between the field and transport positions within a plane
      extending in a generally transverse relationship to the direction of
      movement of the forage harvester across the field and about a pivotal axis
      located generally at the center of curvature of the circular track.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to machines for treating crop
      material, such as forage harvesters which chop crop material into small
      pieces, and, more particularly, is concerned with means for converting a
      crop material delivering means, such as a windrow pickup, mounted on the
      machine between field and transport positions.
PAR  2. Description of the Prior Art
PAR  A crop material treating or harvesting machine, such as a forage harvester,
      combine or the like, commonly utilizes a crop delivering means, such as a
      conventional crop material pickup, which is mounted on the front of the
      machine and extend laterally beyond one or both sides of the machine in
      order that a swath of crop material, substantially wider than the machine,
      may be delivered by the means from the field to the machine. However,
      utilization of the aforementioned type of pickup presents difficulties
      when it is desired to transport such machine along public or other roads,
      over narrow bridges and through narrow field gates between harvesting
      operations.
PAR  Several methods have been employed to convert the delivering means prior to
      machine transport to within the narrower machine width and thus avoid
      difficulties during the transporting of such machine.
PAR  One method found in the prior art has been to pivotally couple the one
      portion of the delivering means which extends laterally beyond a side of
      the machine to one end of the remaining portion of the delivering means
      disposed within the lateral sides of the machine and then pivotally fold
      the one portion toward the remaining portion, such as illustrated and
      described in U.S. Pat. No. 2,224,970.
PAR  Another method found in the prior art, generally similar to the one method
      mentioned above, has been to mount each of a pair of delivering means on a
      pivot pin which extends axially in the general direction of machine travel
      and is mounted to frame parts of the machine and then pivotally move each
      delivering means about its pivot pin, such as illustrated and described in
      U.S. Pat. Nos. 3,258,901, 3,345,808, 3,478,499, 3,503,190, 3,540,195 and
      3,683,601.
PAR  While the aforementioned prior art methods appear to satisfactorily avoid
      the difficulties associated with the transporting of such machine, it is
      noted that these respective methods contemplate supporting the delivering
      means on the machine both at the field and transport positions and during
      its pivotal movement between these positions by generally the same member
      which also pivotally couples the delivering means to the machine and is
      located at the pivotal axis of the delivering means. It is believed that,
      under most circumstances, a delivering means so supported and pivotally
      coupled on the machine, and ordinarily having a substantial weight,
      continuously focuses and imposes undesirably high, excessive bearing loads
      on the axially-located supporting and coupling member and on the
      structural portions of the delivering means immediately adjacent thereto
      which has a tendency to eventually result in bending or cracking and thus
      failure of such structural portions unless relatively complex, heavy duty
      and expensive structural reinforcement is provided.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention avoids the aforementioned imposition of excessive
      bearing loads and resulting tendency toward structural failure by
      distributing the bearing load of the delivering means over a greater area
      on both the means itself and the machine to which it is mounted and away
      from the axis about which the delivering means is pivotally moved between
      the field and transport positions.
PAR  Accordingly, in a machine for treating crop material during movement across
      a field and being of the type which includes a frame, crop material
      receiving and treating means mounted on the frame and means for delivering
      crop material from the field to the receiving and treating means, an
      improved means of the present invention for converting the machine between
      a field position and a transport position broadly comprises means
      continuously supporting said delivering means on the receiving and
      treating means in an operating field position, in non-operating transport
      position and for pivotal movement relative thereto between the positions,
      with the pivotal movement of the delivering means being within a plane
      extending in a generally transverse relationship to the direction of
      machine movement across the field and about a pivotal axis from which the
      continuously supporting means is disposed at a spaced location.
PAR  More particularly, the improved converting means further comprises means
      pivotally coupling the delivering means and the receiving and treating
      means to each other at the pivotal axis. Further, interengaging means is
      disposed on both the delivering means and the receiving and treating means
      for releasably latching the delivering means in a fixed relationship to
      the receiving and treating means when the delivering means is at least in
      its operating field position.
PAR  When the delivering means is in its operating field position, the machine
      has a first width and the delivering means is supported in a generally
      horizontal plane. When the delivering means is in its non-operating
      transport position, the machine has a second width less than its first
      width and the delivering means is supported in a generally upright plane.
      The delivering means dependingly mounts and carries a ground wheel for
      additionally supporting the delivering means when in its operating field
      position. When the delivering means is in its non-operating transport
      position, the wheel may be adjusted between a first position in which the
      wheel generally extends outside of the limits of the second width of the
      machine and a second position in which said wheel is generally within the
      limits of the second width of the machine.
PAR  Still more particularly, the continuously supporting means comprises
      circular track means at least partially encircling, and having a center of
      curvature coincident with, the pivotal axis and being fixedly mounted to
      one of the delivering means and receiving and treating means.
      Specifically, the circular track means is fixedly mounted on a forward
      side of the receiving and treating means and also at least partially
      encircles a crop material receiving opening defined in the receiving and
      treating means.
PAR  Further, more particularly, the continuously supporting means comprises
      track follower means fixedly mounted to the other of the delivering means
      and the receiving and treating means and coupled to the circular track
      means for supporting the delivering means on the receiving and treating
      means and for allowing relative movement between the track follower means
      and the circular track means in pivotally moving the delivering means
      relative to the receiving and treating means between the field and
      transport positions. Specifically, the track follower means comprises a
      plurality of roller elements mounted on a rearward side of the delivering
      means and disposed outwardly from the pivotal axis at spaced apart
      locations and outwardly from a crop material discharge opening defined in
      the delivering means.
PAR  The receiving opening and the discharge opening are in communication when
      the delivering means is in its operating field position. Further, the
      means pivotally coupling the delivering means and the receiving and
      treating means to each other at the pivotal axis is located above the
      receiving and discharge openings.
PAR  Being also directed to other types of applications and uses, the present
      invention broadly relates to an improved means for converting a mobile
      argricultural machine between field and transport positions where the
      machine has a base component and another component intended to be moved in
      relation to the base component to convert the machine between its field
      and transport positions. The converting means comprises track means at
      least partially defining a circle and being fixedly mounted to one of the
      base component or the another component, and track follower means fixedly
      mounted to the other of the base component or the another component and
      coupled to the circular track means for allowing relative movement between
      the track follower means and the circular track means to provide pivotal
      movement of the another component relative to the base component and
      thereby convert the machine between its field and transport positions.
PAR  Other advantages and attainments of the present invention will become
      apparent to those skilled in the art upon a reading of the following
      detailed description when taken in conjunction with the drawings in which
      there is shown and described an illustrative embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the course of the following description reference will be frequently
      made to the attached drawings in which:
PAR  FIG. 1 is a side elevational view of a forage harvester embodying the
      principles of the present invention with some parts of the harvester being
      schemically illustrated, other parts being omitted and still other parts
      being shown in cross-section; and
PAR  FIG. 2 is a front elevational view of the forage harvester, on a slightly
      smaller scale than that of FIG. 1, with parts of the harvester broken away
      and showing the harvester tilted rearwardly approximately 45.degree. from
      its normal operating ground position (as would be corresponding seen in
      side elevation in FIG. 1 by rotating FIG. 1 clockwise approximately
      45.degree.) in order to more clearly expose to view the continuously
      supporting means broadly comprising the improved converting means of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the following detailed description, right hand and left hand references
      are determined by standing at the rear of the machine, such being at the
      far right side of FIG. 1 and behind the sheet containing FIG. 2, and
      facing in the direction of forward travel, such being toward the far left
      side of FIG. 1 and facing out of the sheet containing FIG. 2. Also, in the
      following detailed description, it is to be understood that such terms as
      "forward," "rearward," "left," "upwardly," etc., are words of convenience
      and not to be construed as limiting terms.
PAC  IN GENERAL
PAR  Referring now to FIGS. 1 and 2, there is shown a mobile agricultural
      machine, such being a preferred crop material treating or harvesting
      machine, generally indicated by numeral 10, for incorporating the improved
      converting means of the present invention, namely a forage harvester.
      Particularly, the forage harvester 10 illustrated is of the type intended
      to be mounted on the rear end of a tractor (not shown) by suitable
      mounting frame components and disposed in a side-by-side relationship to
      one of a pair of rear traction wheels T of the tractor. However, the
      improved converting means of the present invention is not so specifically
      limited, in its potential applications, solely to tractor-mounted forage
      harvesters, nor, for that matter, generally limited to forage harvesters
      of varying types, but may be applied or adapted to the general class of
      mobile agricultural machine or classes of crop harvesting or treating
      machines, such as, in addition to forage harvesters, to combines,
      mower-conditions, windrowers or the like, as desired.
PAC  CROP MATERIAL RECEIVING AND TREATING MEANS
PAR  The forage harvester 10 has crop material receiving and treating means,
      generally indicated by numeral 12, positioned adjacent the outer right
      side of the wheel T of the tractor (not shown) by the aforementioned
      mounting frame components, such as a transverse hitch bar 13 which would
      be mounted at one end to a tractor hitch assembly (not shown) and at an
      opposite end would be clamped to the rear end 14 of a casing 16 shown in
      FIG. 1 which encloses the major operative components of the receiving and
      treating means 12.
PAR  Since the important features and operative components of the receiving and
      treating means 12 of the forage harvester 10 are generally well known in
      the art, only the general arrangement and functions thereof will be
      briefly described hereinafter.
PAR  A crop material receiving opening 18 defined in front wall 20 of the casing
      16 allows delivery of crop material in a rearwardly direction, from left
      to right in FIG. 1, into the casing 16. A pair of transversely-extending,
      counter-rotating front feed rolls 22, 24 located within the casing 16
      adjacent the receiving opening 18 receive the crop material and move it
      rearwardly therebetween to a pair of transversely-extending, identically
      counter-rotating rear feed rolls 26, 28. These latter rolls 26, 28 move
      the crop material rearwardly therebetween and feed it into a cutter
      mechanism 30 which chops the crop material into small pieces and
      discharges it through a transition member (not shown) to a spout (not
      shown) for delivery to a truck or trailing wagon (not shown).
PAC  CROP MATERIAL DELIVERING MEANS
PAR  The forage harvester 10 further has crop material delivering means,
      generally indicated by number 32, mounted on the front of the casing 16 of
      the receiving and treating means 12 for delivering crop material from the
      field, such as by a rotating pickup component 34, and to the receiving and
      treating means 12, such as by a rotating auger component 36.
PAR  The auger component 36 receives the material from along the pickup
      component 34 and laterally from left to right, as seen in FIG. 2, feeds
      the material toward a discharge opening 38 defined in the left rear end of
      a housing or feed trough 40 of the delivering means 32. Retractable
      fingers 42 suitably mounted within and projecting from the auger cylinder
      44 deliver the laterally feeding crop material through the housing
      discharge opening 38 and concurrently through the receiving opening 18 of
      the casing 16 and then to between the front feed rolls 22, 24 as described
      hereinbefore.
PAR  Power for driving the operative components of the delivering means 32 and
      the receiving and treating means 12 is generally supplied by the power
      takeoff of the tractor being interconnected to a gearbox (not shown)
      mounted to the transverse hitch bar 13 near the rear end 14 of the casing
      16 by a power transmission shaft (not shown) running generally parallel to
      and below the hitch bar 13.
PAR  On the outboard right side of the casing 16 are exposed suitably sprockets
      (not shown) fixed to respective shafts of the rolls 22, 24, 26, 28, the
      cutter mechanism 30 and other mechanisms for discharging the chopped crop
      material from the casing 16, which sprockets are drivingly coupled by a
      chain to a drive sprocket (not shown) on an output shaft (not shown) of
      the gearbox.
PAR  On the inboard left side of the forage harvester 10 are exposed suitable
      arrangements of chain and sprockets (not shown) for intercoupling shafts
      of the pickup 34, the auger 36 and the mechanism of retractable feed
      fingers 42 and pulley and sheaves (not shown) for drivingly coupling
      another output drive shaft (not shown) of the gearbox to the chain and
      sprockets through a driven shaft (not shown) of the delivering mean 32.
PAC  CONVERTING MEANS
PAR  Improved means for converting the forage harvester 10 between an operating
      field position, as shown in FIG. 1 and in solid line in FIG. 2, and a
      non-operating transport position, as shown in broken line in FIG. 2,
      primarily comprises support means, generally designated by numeral 46,
      which continuously supports the delivering means 32 on the receiving and
      treating means 12 in the operating field position, in the non-operating
      transport position and for pivotal movement relative thereto between the
      field and transport positions. The support means 46 allows pivotal
      movement of the delivering means 32 within a plane extending in a
      generally transverse relationship to the direction of harvester movement
      across the field.
PAR  When the delivering means 32 is in its operating field position, as shown
      in solid line in FIG. 2, it is supported in a generally horizontal plane
      and extends substantially beyond the right side of the receiving and
      treating means 12. Thus, the field width of the harvester is effectively
      the transverse distance between the outer right portion of the delivering
      means 32 and the extreme left portion (not shown) of the tractor which
      ordinarily would be the left rear traction wheel. However, when the
      delivering means 32 is pivotally moved through an approximately 90.degree.
      clockwise angular displacement from its solid line field position to its
      broken line transport position, as shown in FIGS. 2, it is then supported
      in a generally upright or nearly vertical plane and it is seen that it
      extends in general alignment with the right side of the receiving and
      treating means 12. Therefore, now the transport width of the harvester is
      effectively the transverse distance between the outer right side of the
      receiving and treating means 12 (or the outer right portion of the
      upturned delivering means 32) at one extreme and the left traction wheel
      of the tractor at the other extreme. It is readily apparent that the
      transport width of the harvester and tractor combined is significantly
      narrower than their combined field width.
PAR  The support means 46 includes a circular track means, being generally
      indicated by numeral 48, formed by a circular plate 50 having a central
      slot 52 for receiving the front wall 20 of the casing 16 when the plate 50
      is fixedly mounted in any suitably manner about the front end of the
      casing 16. The plate 50 peripherally encircles the casing 16 through
      approximately 300.degree. with the slot 52 opening at the periphery of the
      plate 50 at the bottom end 54 thereof, as seen in FIGS. 2.
PAR  The circular track means 48 is further formed by a flange or track 56 which
      is integrally formed on, welded or otherwise suitably rigidly secured to
      the periphery of the circular plate 50 and runs substantially therealong
      for the whole 300.degree. of the plate periphery. The track 56 preferably
      projects generally rearwardly from, and perpendicularly to the plane of,
      the plate 50. However, the track could readily be disposed at other
      angular relationships to the plane of the plate depending on the
      particular supporting relationship, the plane of pivotal movement, one
      desires to provide between respective components of a machine.
PAR  The support means 46 further includes track follower means, being generally
      indicated by numeral 58, fixedly mounted in any suitably manner to the
      rear side of the delivering means 32.
PAR  The track follower means 58 is preferably composed of a series of three
      spaced apart braces 60, 62, 64 being fixedly attached to the rear side of
      the delivering means 32. Two upper braces 60, 62, as seen in FIG. 2 are
      welded, or secured in any suitable manner, along the top edge portion of
      an upper rear structural member 66 of the trough or housing 40 and extend
      upwardly therefrom when the delivering means 32 is in its solid line
      operating field position as illustrated in FIG. 2. A third lower brace 64
      is welded, or otherwise suitably secured, to a lower rear frame 68
      securely connected to the housing 40.
PAR  Further composing the track follower means 58 is a series of brackets 70,
      72, 74 which each by a fastening element 76 rotatably mount a roller
      element 78. Each of the brackets 70, 72, 74 project generally rearwardly
      in the direction of the casing 16 and beyond the periphery of the plate 50
      and, still further, beyond the track 56. As readily seen in FIG. 1, the
      roller elements 78 (only one being shown) are rotatably mounted to
      respectively free outer end portions of the brackets 70, 72, 74 on the
      side thereof adjacent to the track 56. As clearly seen in FIG. 1, each of
      the roller elements 78 has a continuous circular groove 80 formed in its
      periphery which receives therein a rear outer peripheral edge 82 of the
      track 56.
PAR  It is readily apparent, therefore, that the respective roller elements 78
      are disposed radially outwardly from the axis A about which the delivering
      means 32 may be pivotally moved relative to the receiving and treating
      means 12 and at spaced apart locations lying on a circle which
      substantially coincides with that defined by the circular track 56.
      Further, it is readily understood that the interengaging relationship
      between the roller elements 78 and the ciruclar track 56 couples the track
      follower means 58 to the circular track means 48 for supporting the
      delivering means 32 on the receiving and treating means and for allowing
      relative rotational movement between the track follower means 58 and the
      circular track means 48 in pivotally moving the delivering means 32
      relative to the receiving and treating means 12 between the solid line
      operating field position as shown in FIGS. 1 and 2, and the broken line
      non-operating transport position, as shown in FIG. 2. Prior to conversion
      of the delivering means 32 from its field position to its transport
      position, however, it will be necessary to uncouple the aforementioned
      drive pulley (not shown) which extends between the gearbox and the drive
      shaft of the delivering means on the inboard left side of the harvester
      10.
PAR  The improved converting means additionally comprises a pivot pin means 82
      rotatably coupling the delivering means 32 and the receiving and treating
      means 12 to each other about their aforementioned pivotal axis. The pivot
      pin means 82 extends through the upper rear structural member 66 of the
      trough or housing 40 of the delivering means 32 and through the front wall
      20 of the casing 16 of the receiving and treating means 12 just above
      their respective discharge and receiving openings 38, 18. While the pin
      means 82 may provide some additional support function to the delivering
      means 32 in its mounting arrangement on the receiving and treating means
      12, in view of the interengaging, coupled relationship between the roller
      elements 78 of the track follower means 58 with the track 56 of the
      circular track means 48, the loading weight of the delivering means 32 is
      now significantly shared with the support means 46 by the pivot pin means
      82 and thereby the imposition of excessive bearing forces thereon is
      minimized or eliminated.
PAR  Still further, the improved converting means includes interengaging means,
      generally designated 84, for releasably latching the delivering means 32
      to the receiving and treating means 12 in fixed relationships when the
      delivering means 32 is respectively in its field position and transport
      positions.
PAR  The interengaging means 84 includes a bracket 86 mounted along the right
      outboard side of the casing 16, as clearly shown in FIG. 2 (being also
      shown in solid line in FIG. 1 although it would be on the opposite or
      hidden side of casing 16 from which the figure is viewed), to the right
      one of a pair of wing flanges 88, 90 extending laterally from the upper
      portion of the front casing wall 20 to which is affixed the upper portion
      of the plate 50. A forward portion 92 of the bracket 86 is fixed, bolted
      or otherwise suitably secured to the rearward side of the wing flange 88
      and merges into a lateral, 90 degree rearward portion 94. A latch member
      96, having a handle portion 98 with an upper, forwardly-extending plunger
      portion 100 and a lower, forwardly-extending shorter retaining portion
      102, extends at its portion 100 through a hole in the rearward bracket
      portion 94, on through complementary holes in the wing flange 88 and plate
      50, and finally through a first latching hole 103 in a lateral brace 104
      fixed to the right upper brace 60. A spring 106 is mounted about the
      plunger portion 100 between the rearward bracket portion 94 and a washer
      108 held against the spring 106 by a key through the plunger portion 100.
PAR  In FIGS. 1 and 2, the interengaging means 84 is shown latching the
      delivering means 32 in a first fixed relationship to the receiving and
      treating means 12 when the delivering means 32 is in its operating field
      position.
PAR  To unlatch the interengaging means 84, the handle portion 98 of the latch
      member 96 is gripped and pulled rearwardly against the forwardly directed
      bias of the spring 106 until the terminal end of the retaining portion 102
      is located rearwardly of the rearward bracket portion 94, whereupon slight
      counterclockwise rotation of the latch member 96 and, then, releasing
      thereof seats the terminal end of the retaining portion 102 on the rear
      surface of the rearward bracket portion 94. With the retaining portion 102
      so seated, the terminal end of the plunger portion 100 is now retracted to
      a position rearwardly of the first latching hole 103 of the lateral brace
      104 on the delivering means 32 and retained at such position. Now, the
      delivering means 32, after the aforementioned drive belt is uncoupled
      therefrom, can be readily pivoted or rotated, such as by one man, from its
      solid line field position to its broken line transport position, as seen
      in FIG. 2.
PAR  When the delivering means 32 is placed in its transport position a second
      latching hole, designated as 110 in FIG. 2, will be aligned with the
      aforementioned complementary holes in the wing flange 88 and plate 50.
      Reversing the above-described unlatching procedure deposits the terminal
      end of the plunger portion 100 back through the second latching hole 108
      and thus locks the delivering means 32 in its transport position.
      Obviously, the aforementioned procedure can be again repeated to return
      the delivering means 32 to its field position.
PAR  Finally, the improved converting means includes a ground wheel 112 mounted
      from, and carried by, the delivering means 32 at its lower rearward side.
      The wheel 112 is rotatably mounted by an axle 114 which extends between,
      and is fastened at its opposing ends to, the respective lower apices of a
      pair of spaced apart, generally V-shaped support plates 116. When the
      delivering means 32 is in its field position, as shown in FIG. 1, the
      support plates 116 are pivotally coupled by fastener element 118 at their
      respective forward ends to correspondingly adjacent forward ends of a pair
      of spaced apart mounting plates 120 being fixed to the rear underside of
      the trough or housing 40 of the delivering means 32 and which extend
      downwardly and rearwardly therefrom within the narrow clearance between
      the support plates 116 and the opposite sides of the wheel 112 and above
      the wheel axle 114. A generally vertical slot 122 is defined in the
      opposite rearward ends of each of the mounting plates 120 for receiving a
      fastening element 124 having an adjusting handle 126 threadably engaged
      thereon at one end of the element 124, which element 124 also extends
      through a hole in each of the support plates 116 being aligned with the
      corresponding slot 122. Thus, the height of the delivering means 32 above
      the field surface may be adjusted by unloosening the handle 126 on the
      fastening element 124 and then pivoting the support plates 116 with the
      wheel 112 in relation to the mounting plates 120 about the fastener
      element 118 to a desired position before the handle 126 is again tightened
      on the fastening element 124 to fix the support plates 116 in the desired
      position relative to the mounting plates 120.
PAR  When the delivering means 32 has been moved to its transport position, as
      shown in broken line in FIG. 2, the wheel 112 will normally extend
      laterally beyond the upright delivering means 32 and, thus, outside of its
      desired transport width unless further adjustment to the position of the
      wheel 112 is made. Such adjustment is accomplished by removing the
      fastening element 118, loosening the handle 126 on the fastening element
      124, pivoting the support plate 116 in a counterclockwise direction, as
      seen in FIG. 1, to place the wheel 112 in a position generally rearwardly
      of the rearward ends of the mounting plates 120; and when the fastening
      element 124 is positioned at the upper ends of the slots 112, the handle
      126 is again tightened on the element 124 to hold the wheel 112 in the
      aforementioned position generally directly behind the trough 40 of the
      delivering means 32 and within the combined transport width of the forage
      harvester 10 and the tractor. By reversing the aforementioned procedure,
      the wheel 112 may be returned to its desired position generally laterally
      beyond the upright delivering means 32 prior to conversion of the
      delivering means 32 back to its field position.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description and it will be apparent that
      various changes may be made in the form, construction and arrangement of
      the converting means described without departing from the spirit and scope
      of the invention or sacrificing all of its material advantages, the form
      hereinbefore described being merely a preferred or exemplary embodiment
      thereof.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. In machine for treating crop material during movement across a field and
      being of the type which includes a frame, crop material receiving and
      treating means mounted on said frame and means for delivering said crop
      material from the field to said receiving and treating means, an improved
      means for converting said machine between field and transport positions
      which comprises:
PA1  means supporting said delivering means on said receiving and treating means
      in an operating field position, in a non-operating transport position and
      for pivotal movement relative thereto between said positions, said pivotal
      movement of said delivering means being within a plane extending in a
      generally transverse relationship to the direction of machine movement
      across the field and about a pivotal axis from which said supporting means
      is disposed at a spaced location, said supporting means including a first
      support member being fixedly mounted to one of said delivering means and
      said receiving and treating means and a plurality of second, spaced apart
      support elements mounted to the other of said delivering means and said
      receiving and treating means and movably coupled to said first support
      member at locations radially spaced from said pivotal axis for supporting
      said delivering means on said receiving and treating means and for
      allowing relative movement between said first support member and said
      plurality of second support elements in pivotally moving said delivering
      means relative to said receiving and treating means between said field and
      transport positions.
NUM  2.
PAR  2. The machine as recited in claim 1, wherein when said delivering means is
      in its operating field position said machine has a first width and said
      delivering means is supported in a generally horizontal plane and when
      said delivering means is in its non-operating transport position said
      machine has a second width less than its first width and said delivering
      means is supported in a generally upright plane.
NUM  3.
PAR  3. The machine as recited in claim 1, wherein said converting means further
      comprises:
PA1  means pivotally coupling said delivering means and said receiving and
      treating means to each other at said pivotal axis.
NUM  4.
PAR  4. The machine as recited in claim 1, wherein said converting means further
      comprises:
PA1  interengaging means disposed on both said delivering means and said
      receiving and treating means for releasably latching said delivering means
      in a fixed relationship to said receiving and treating means when said
      delivering means is at least in its operating field position.
NUM  5.
PAR  5. In a machine for treating crop material during movement across a field
      and being of the type which includes a frame, crop material receiving and
      treating means mounted on said frame and means for delivering said crop
      material from the field to said receiving and treating means, an improved
      means for converting said machine between field and transport positions
      which comprises:
PA1  means supporting said delivering means on said receiving and treating means
      in an operating field position, in a non-operating transport position and
      for pivotal movement relative thereto between said positions, said pivotal
      movement of said delivering means being within a plane extending in a
      generally transverse relationship to the direction of machine movement
      across the field and about a pivotal axis from which said supporting means
      is disposed at a spaced location, said machine having a first width when
      said delivering means is in its operating field position in which it is
      supported in a generally horizontal plane and said machine having a second
      width less than its first width when said delivering means is in its
      non-operating transport position in which it is supported in a generally
      upright plane; and
PA1  a ground wheel mounted from, and carried by, said delivering means for
      additionally supporting said delivering means when in its operating field
      position, said wheel being adjustable, when said delivering means is in
      its non-operating transport position, between a first position in which
      said wheel generally extends outside of the limits of said second width of
      said machine and a second position in which said wheel is generally within
      the limits of said second width of said machine.
NUM  6.
PAR  6. In a machine for treating crop material during movement across a field
      and being of the type which includes a frame, crop material receiving and
      treating means mounted on said frame and means for delivering said crop
      material from the field to said receiving and treating means, an improved
      means for converting said machine between field and transport positions
      which comprises:
PA1  means supporting said delivering means on said receiving and treating means
      in an operating field position, in a non-operating transport position and
      for pivotal movement relative thereto between said positions, said pivotal
      movement of said delivering means being within a plane extending in a
      generally transverse relationship to the direction of machine movement
      across the field and about a pivotal axis from which said supporting means
      is disposed at a spaced location, said supporting means including circular
      track means at least partially encircling, and having a center of
      curvature coincident with, said pivotal axis and being fixedly mounted to
      one of said delivering means and said receiving and treating means, and
      track follower means fixedly mounted to the other of said delivering means
      and said receiving and treating means and coupled to said circular track
      means for supporting said delivering means on said receiving and treating
      means and for allowing relative movement between said track follower means
      and said circular track means in pivotally moving said delivering means
      relative to said receiving and treating means between said field and
      transport positions.
NUM  7.
PAR  7. The machines as recited in claim 6, wherein said converting means
      further comprises:
PA1  interengaging means disposed on both said delivering means and said
      receiving and treating means for releasably latching said delivering means
      in a fixed relationship to said receiving and treating means when said
      delivering means is at least in its operating field position.
NUM  8.
PAR  8. The machine as recited in claim 6, wherein said track follower means
      comprises:
PA1  a plurality of roller elements disposed outwardly from said pivotal axis at
      spaced apart locations lying on a circle which substantially coincides
      with said circular track means.
NUM  9.
PAR  9. The machine as recited in claim 6, wherein said converting means further
      comprises:
PA1  means pivotally coupling said delivering means and said receiving and
      treating means to each other at said pivotal axis.
NUM  10.
PAR  10. The machine as recited in claim 9, wherein:
PA1  said pivotal coupling means comprises a pin element; and
PA1  said track follower means comprises a plurality of roller elements disposed
      outwardly from said pivotal pin element at spaced apart locations lying on
      a circle which substantially coincides with said circular track means.
NUM  11.
PAR  11. The machine as recited in claim 6, wherein:
PA1  said circular track means is fixedly mounted on a forward side of said
      receiving and treating means and at least partially encircles a crop
      material receiving opening defined in said receiving and treating means;
      and
PA1  said track follower means is fixedly mounted on a rearward side of said
      delivering means outwardly from a crop material discharge opening defined
      in said delivering means, said receiving opening and said discharge
      opening being in communication when said delivering means is in its
      operating field position.
NUM  12.
PAR  12. The machine as recited in claim 11, wherein said converting means
      further comprises:
PA1  means pivotally coupling said delivering means and said receiving and
      treating means to each other at said pivotal axis, said respective
      receiving and discharge opening being defined in said delivering means and
      said receiving and treating means below said coupling means.
NUM  13.
PAR  13. An improved means for converting a mobile agricultural machine between
      field and transport positions, said machine being of the type having a
      base component and another component intended to be moved in relation to
      said base component to convert said machine between its field and
      transport positions, said improved converting means comprising:
PA1  track means at least partially defining a circle and being fixedly mounted
      to one of said base component and said another component;
PA1  a plurality of angularly spaced apart track follower elements fixedly
      mounted to the other of said base component and said another component and
      movably coupled to said circular track means for allowing relative
      movement between said plurality of track follower elements and said
      circular track means to provide pivotal movement of said another component
      relative to said base component and thereby convert said machine between
      its field and transport positions; and
PA1  means pivotally coupling said base component and said another component to
      each other at the center of curvature of said circular track means, said
      center being coincident with the axis of pivotal movement of said another
      component relative to said base component.
NUM  14.
PAR  14. An improved converting means as recited in claim 13, further
      comprising:
PA1  interengaging means disposed on both said base component and said another
      component for releasably latching said another component in fixed
      relationships to said base component respectively when said machine is
      converted to both of its positions.
NUM  15.
PAR  15. An improved means for converting a mobile agricultural machine between
      field and transport positions, said machine being of the type having a
      base component and another component intended to be moved in relation to
      said base component to convert said machine between its field and
      transport positions, said improved converting means comprising:
PA1  track means at least partially defining a circle and being fixedly mounted
      to one of said base component and said another component; and
PA1  a plurality of angularly spaced apart track follower elements fixedly
      mounted to the other of said base component and said another component and
      movably coupled to said circular track means for allowing relative
      movement between said plurality of track follower elements and said
      circular track means to provide pivotal movement of said another component
      relative to said base component and thereby convert said machine between
      its field and transport positions, said elements being in the form of a
      plurality of roller elements disposed on said other of said base component
      and said another component outwardly from the axis of relative pivotal
      movement of said components at spaced apart locations lying on a circle
      which substantially coincides with said circular track means.
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ABST
PAL  A frame for a textile machine such as a spinning frame, a twisting machine
      or a rewinding machine, which includes a series of similar stations, said
      frame comprising a hollow rectilinear central girder having support
      elements, such as bosses, webs, notches, and bores, which are integral
      parts of the girder and are adapted to support, directly and with great
      accuracy, the parts of the various stations of the machine. The girder is
      preferably made up of a plurality of lengths fitted together end to end,
      preferably with end faces perfectly perpendicular to the general direction
      of the girder. The girder may be cast or extruded.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to textile machines such as spinning frames, twisting
      machines and rewinding machines, which includes a series of similar
      stations.
PAR  The development of the art, particularly as regards the constant increase
      in the speeds of rotation of the various parts as well as of the forces,
      torques and stresses involved, has led to these machines having to be more
      and more rigid, elements having to be positioned with increasing
      precision, and vibrations having to be damped down as much as possible.
PAC  PRIOR ART
PAR  Now, the technique hitherto in current use for manufacturing the frames of
      such machines does not lend itself to the obtaining of the desired
      results. Indeed, this technique consists in fitting together vertical
      frame members, often made up of two uprights connected by a cross-piece in
      such a way as to recall the general shape of the letter H, by means of
      horizontal stringers or longitudinal stiffening members on which are then
      mounted the various parts of the machine. Such a frame cannot have
      exemplary rigidity; the stringers which connect two successive frame
      members cannot be strictly in alignment with the preceding stringers, nor
      with the succeeding stringers, with the result that, for positioning of
      the parts, it is necessary to provide individual supports which are
      individually adjustable both vertically and horizontally in a transverse
      direction. There is no doubt that such supports appreciably increase the
      cost of the machine and the cost of setting the same up in a works, not to
      take into account the considerably extra work necessitated by its
      dismantling before delivery and the setting which has to be started over
      again in a user's premises. In short, such frames lack rigidity, they do
      not damp down vibrations well, with the inadequacy of precision in the
      positioning of the various parts being indeed a cause for increase in
      vibrations, their manufacturing cost is high, they complicate the
      structure of the whole of the complete machine, they require a tedious
      setting, their dismantling before delivery is also very complicated, and
      re-setting at a user's premises is no less long and onerous. All these
      disadvantages become increasingly significant as the machine increases in
      length, with the difficulties increasing much more quickly than the length
      of the machine.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a machine frame which makes it
      possible to obviate or mitigate all the aforesaid disadvantages at one and
      the same time and which, moreover, has additional advantages.
PAR  According to the present invention, there is provided a frame for a textile
      machine such as a spinning frame, a twisting machine or a rewinding
      machine which includes a series of similar stations, said frame comprising
      a hollow rectilinear central girder having support elements, such as
      bosses, webs, notches, and bores, which are integral parts of the girder
      and are adapted to support, directly and with great accuracy, the parts of
      the various stations of the machine.
PAR  The product of the invention is a very rigid frame on which vibrations
      possibly originating are of only relatively smal amplitude and by which
      they are damped down to a considerable extent, since this girder makes up
      in whole or in part, a common support or a casing common to all the
      machine stations, in such a manner that the substantial and compact design
      of the whole is favorable to the damping down of the vibrations.
PAR  The positioning of the various parts of the working stations is immediate
      and automatically accurate, both in each station and in one station in
      relation to all the others. This concept of a central girder with a
      compact structure serving as a common support greatly facilitates the
      setting and the transport of the machines, while at the same time
      rendering the risk of distortions practically nil.
PAR  It is very easy, without adding any other parts, to make this central
      girder in such a way that it has one hollow or a plurality of hollows of a
      shape stretching or extending the full length of the machine and capable
      of being fully closed if desired. The or each hollow, whether open or
      closed, provides a sure and scarcely onerous means of arranging
      fluid-tight channels suitable for the circulation of a liquid or gaseous
      fluid, whether or not loaded with solid particles, such as, for example,
      air possibly carrying along textile fibers or different wastes.
PAR  In addition, the or each open or closed hollow likewise provides ready-made
      trunking for mechanical, pneumatic, electrical or other elements.
PAR  The guides may or may not be made up of different elements which may or may
      not be of equal length, according to the length of the machine to be
      constructed, and, in particular, the number of working stations to be
      brought into play and their inter-spacing.
PAR  In the case of machines of considerable length in which this central girder
      is in fact composed of aligned girder elements, the simple and precise
      fitting together of these different elements in a manner to have regard
      for their perfect alignment and/or positioning, is effected by tested
      mechanical methods. Mention may be made, by way of example, of bolting
      together by adjusted bolts, or else fitting together by dovetails or by
      cottering. The fitting together is preferably effected by end faces which
      are perfectly perpendicular to the general direction of the girder.
PAR  The term "central girder" used hereinafter and in the claims is to be
      construed as embracing either the central girder or successive elements of
      the central girder, with these elements each serving for supporting
      several working stations.
PAR  The central girder may or may not be of composite construction, and
      metallic materials, may or may not be used in its construction. It may,
      for example, be made from metal which may be cast or extruded.
PAR  The concept of the invention is of general advantage for the machines at
      issue, notably spinning frames, twisting machines or rewinding machines,
      may be applied, inter alia, particularly well to the construction of
      machines for spinning bast fibers.
PAR  The spinning elements of machines for spinning bast fibers are basically
      made up of a device for feeding fiber bands or tufts, a device for
      separating the fibers, which may or may not cause at the same time
      stretching or spreading of the fibers in order to free them from one
      another, a turning element which may or may not collect the fibers and is
      intended to impart twist to the thread, a device making it possible to
      ensure delivery of the thread by turning cylinders or other systems, and a
      device for reeling the thread and enabling it to be presented in the form
      of bobbins.
PAR  In almost all these cases, these elements are driven and positioned along
      the full length of such machines by longitudinal elements. Mention may be
      made, by way of nonlimiting example, of fixed or rotating shafts, belts,
      tubes, tablards, or else battens, all of which constitute such
      longitudinal elements.
PAR  The invention will be better understood by reading the description which
      follows and by examining the accompanying drawings which show by way of
      non-limiting examples, some embodiments of frames for textile machines in
      accordance with the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In these drawings:
PAR  FIG. 1 is a diagrammatic elevation of a frame comprising a central girder
      in two parts;
PAR  FIG. 2 is a perspective view showing in more detail one of the two parts of
      the girder of the frame of FIG. 1;
PAR  FIG. 3 is a perspective view of a modification of the girder part of FIG.
      2;
PAR  FIG. 4 is a section through a frame of a machine for spinning bast fibers
      comprising a central girder similar to that of FIG. 3; and
PAR  FIG. 5 is a perspective view of a modification of the frame of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The textile machine frame shown in FIG. 1 comprises basically a central
      hollow rectilinear girder generally designated by the reference numeral 1,
      mounted on legs 2,3,4, and bounded at its ends; for example, by end
      cupboards or casings 5,6 which contain, for example, driving mechanisms
      for the various parts of the machine and/or electrical control equipment
      for these parts and a drive motor for the machine. In this embodiment, the
      central rectilinear girder 1 is made up of two parts 1A and 1B of the same
      section fitted together, end to end, one to the other.
PAR  In FIG. 2 there can be seen in more detail one example of how one of the
      two parts of the central girder 1, namely the part 1A, may be constructed.
      It is tubular in form and provides a longitudinal conduit 11. Its lateral
      faces have reinforcing webs, such as 12, and other webs, such as 13, which
      serve as supports of co-axial bearings 14,15 intended to receive shafts
      which extend the whole length of the frame. One face 18, which extends the
      whole length of the girder, has holes 19 for precise positioning of and
      fixing in place parts of various stations which this girder has to
      support.
PAR  The two end faces of the girder part 1A, (the face 21 is seen in FIG. 2),
      are perfectly trued and perpendicular to the longitudinal direction of the
      girder in order to serve as bearing surfaces for fitting another frame
      part, for example a girder part similar to the part 1A, or else and end
      casing, such as the casing 5 for example (FIG. 1).
PAR  While the girder part 1A shown in FIG. 2 is of cast metal, there is shown
      in FIG. 3, by way of modification, a girder part 1A which is extruded. Its
      main part 31 if of rectangular section and it has two lateral wings 33,34
      in planar extension of its lower wall 32, and two other wings 35, 36 at an
      intermediate level, with all four wings extending the full length of the
      girder.
PAR  The central girder 1 shown in FIG. 4 has a section resembling that of the
      beam of FIG. 3. This section is rectangular and the girder has an
      intermediate internal wall 41 which give rise, in the upper part of the
      girder, to a closed conduit 42, and, in the lower part, to a conduit 43
      which, in this embodiment, is open towards the bottom. It also has two
      lower lateral wings 33, 34 and two intermediate lateral wings 35, 36. It
      is provided, at intervals, with legs such as 45 which support it at a
      certain height above ground level. The upper face 48 of the girder and the
      upper faces of the wings 33, 34, 35, 36 form plane reference surfaces for
      supporting various parts of the machine.
PAR  Webs such as 51, 52 support perfectly-aligned bearings 53, 54, 55 and 56 in
      which are journalled shafts 58, 59, 61 and 62, respectively.
PAR  The present-day mechanical construction techniques make it possible, in the
      piece formed by this central girder, to carry into effect with a high
      degree of precision parallelism and alignment of the bearing bores, as
      well as plane reference and support surfaces and distances apart.
PAR  The conduit 42 may serve, for example, for the circulation of a fluid
      suitable for bringing about a lowering of pressure necessary in certain
      part of the machine, while the lower conduit 43 may be used for the
      passage of electrical cables or for fluid ducts.
PAR  The modified girder shown in FIG. 5, again of basically rectangular
      section, has an upper longitudinal conduit 71 and a lowe longitudinal
      conduit 72. This girder is intended for forming part of the frame of a
      machine for spinning bast fibers. It includes, on its lateral faces, lugs
      forming aligned bearings 74 suitable for directing a rotary shaft, such as
      75, which extends along the whole length of the girder. This shaft serves
      to carry along draft system blocks 76 which are strictly aligned and
      secured to lateral lugs 78 on the lateral face of the beam. Other lugs 81
      form aligned bearings in which a stretching shaft 82 is journalled.
PAR  Open-end spinning devices generally referenced 85, and not represented in
      detail are mounted on the lateral faces of the girder. They mainly
      compries a rotor 86 and a fixed part 87. The rotor 86 is mounted in a part
      88 of the device 85 which can swing or rock about a horizontal hinge 89.
      The drive for rotation of each rotor 86 is transmitted through an endless
      belt 91 from a primary belt 92 which passes over guide rollers inside the
      upper conduit 71 of the girder. The belts 91 pass through openings 95 cut
      in the lateral walls of the girder.
PAR  The mounting of the transmissions in the interior of the girder makes it
      possible to reduce noise and to facilitate maintenance and cleanliness of
      the machine.
PAR  Naturally the invention is not limited to the embodiments described and
      illustrated, and modifications may be made in accordance with the
      applications contemplated, without in so doing departing from the scope of
      the invention as defined in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A frame for a textile machine such as a spinning frame, a twisting
      machine or rewinding machine which includes a series of similar stations,
      said frame comprising a central longitudinally extending body solely
      defined by lateral, upper and lower walls providing a hollow girder of
      rectangular cross section, first wings constituting extensions of the
      lower wall extending normal to the lateral walls, second wings located
      between said first wings and the upper wall extending normal to the
      lateral walls in parallel relationship to the first wings, said first and
      second wings having plane upper surfaces for supporting machine parts,
      longitudinally spaced webs integral with the lateral walls and extending
      between the first wings and second wings providing reinforcing means for
      the lateral walls and support means for bearings, respectively, with the
      bearings being adapted to receive machine shafts extending axially of the
      girder, an internal wall constituting an extension of said second wings
      extending normal to the lateral walls providing a first conduit between
      the internal wall, the lateral walls and the upper wall and a second
      conduit between the internal wall, the lateral walls and the lower wall,
      and support legs for the girder.
NUM  2.
PAR  2. The frame as claimed in claim 1 in which said girder is defined by a
      plurality of lengths, each having ends perpendicular to the general
      direction of the girder, with said lengths secured together end to end.
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ABST
PAL  A cellulose acetate yarn and a nylon or polyester yarn are independently
      false twist textured in opposite directions on the same machine using
      different false twisters to impart to each its optimum level of false
      twist and the yarns are collected side-by-side on a package. The composite
      balanced, substantially zero-torque yarn is autoclaved, twisted in the
      course of coning and circular knit into fabrics with no stripping back of
      the acetate over the nylon or polyester.
PARN
PAC  Benefit of Prior Application
PAR  This application is a continuation of application Ser. No. 186,785, filed
      Oct. 5, 1971, now abandoned.
BSUM
PAR  The present invention relates to producing a joined or composite yarn of
      balanced torque and comprising an end of false twisted acetate and an end
      of another false twist textured yarn such as nylon or polyester.
PAR  Synthetic thermoplastic yarns have been subjected to false twist texturing
      to impart to fabrics made therefrom varying degrees of stretch and/or a
      special hand and appearance. Each yarn so treated will have a different
      set of characteristics, e.g. cellulose acetate yarns will impart a crisp
      hand, they are bright and lustrous, dye especially well, etc. Nylon or
      polyester yarns are stronger and can thus be used to make lightweight
      fabrics which will perform well. In addition, they are especially fast
      drying, hold their texture more permanently, etc.
PAR  It is obviously desirable for some purposes to combine the advantages of
      some of these component yarns and this can be done by plying a false
      twisted yarns of one type with another type of yarn which may or may not
      also have been textured. Thus to achieve the desirable aesthetic qualities
      of cellulose triacetate, for example, it has been plied with nylon which
      imparts strength, and the plied yarn has been textured on a false twisting
      machine. Unfortunately, however, it has often been found that there is a
      tendency for the triacetate component to slide over the slippery nylon
      component and thus form snags or loops, which detract from the appearance
      of the fabric made therefrom. This tendency is especially pronounced when
      the yarn makes a sharp angle over a guide, such as is found on many makes
      of knitting machines. Since knitting is a principal use of such yarns, the
      problem is especially acute.
PAR  It is accordingly an object of the present invention to provide a false
      twist textured composite yarn made up of two different components and
      which can be knit or otherwise processed with little or no tendency toward
      loop formation or slippage of one component over the other.
PAR  Another object of the invention is to provide an inexpensive simple process
      for preparing such yarn.
PAR  These and other objects and advantages are realized in accordance with the
      present invention wherein two different thermoplastic yarns are
      simultaneously and independently false twist textured, one in S direction
      and the other in Z direction, thee yarns are joined and then twisted
      together. Each component yarn or end is textured under its best conditions
      which will differ for the two components. Advantageously both yarns are
      false twist textured on a single conventional machine using multiple false
      twist spindles or bushings which are rotated to impart the desired twist
      level, i.e. turns per inch. Since the optimum twist levels differ for the
      components, it is most convenient to utilize a standard multiposition
      false twist device fitted with a multiplicity of false twisters driven by
      a common belt. Suitably, yarns of one type will be fed at their best
      overfeed ratios to spindles or bushings of one size while the second yarns
      will be supplied independently at their optimum overfeeds to spindles or
      bushings of a different size. All spindles or bushings will be driven, as
      customary, off a common drive at a particular surface speed, as by a belt
      drive. Because of the different sizes, however, the given surface speed
      will translate into different revolutions per minute, the spindle or
      bushing sizes being selected to give the desired differential. Preferably,
      each set of spindles is also mounted to rotate in opposite direction from
      the other set so that the joinder following false twisting will result in
      a balanced yarn exhibiting little or no torque.
DRWD
PAR  The invention will be more fully described by reference to the drawings in
      which:
PAR  FIGS. 1 and 2 are partial perspective views of the apparatus of the present
      invention illustrating duel take-up positions and single take-up with duel
      threadlines.
DETD
PAR  Referring more particularly to the drawings, yarn 10 is withdrawn from
      creel 12 by feedrolls 14 and hence across heater plate 16 through false
      twist spindles 18 and 20 to drawrolls 22 from which the yarn is eventually
      taken up on a package 24. False twist spindles 18 and 20 are driven by
      common drive belt 26. False twist spindles 18 and 20 have different drive
      diameters, thus resulting in different speeds for the spindles being
      operated off of the common drive belt 26.
PAR  In FIG. 2 wherein two yarns are taken up on the same package, the yarns are
      converged after drawroll 22 prior to take-up on package 24.
PAR  Advantageously the composite yarn is collected with a zero-twist take-up,
      i.e. a collection package rotating about a horizontal axis which adds no
      twist to the collected yarn. Before or after take-up, the zero twist yarn
      may be suitably interlaced as in the manner described in U.S. Pat. No.
      2,985,995.
PAR  The product may thereafter be given a thermal heat setting or stabilizing
      treatment on the package in an autoclave or such treatment may be carried
      out on the joined yarns before collection or even on the individual yarns
      after texturing but before joining. Alternatively, the thermal treatment
      can be combined wholly or in part with dyeing, being effected in a hot dye
      bath. Dyeing can be effected either with or without such treatment and the
      yarn, optionally dyed and/or heat treated, may be twisted in a separate
      coning operation carried out to produce cones suitable for knitting.
PAR  The component yarns may each comprise thermoplastic synthetic polymers such
      as cellulose acetate, especially triacetate, condensation polymers such as
      nylon and polyesters, polymers or vinylidene compounds such as olefins,
      e.g. homopolymers or copolymers or ethylene and/or propylene, vinyl
      chloride, vinylidene chloride, acrylonitrile, vinylidene cyanide methyl
      acrylate, and the like. The nylon, i.e. polyamide, is preferably nylon 66
      or 6, i.e. polyhexamethylene adipamide or polyaminocaproic acid but units
      of other dicarboxylic acids, diamines or aminocarboxylic acids can be
      present in whole or in part. The polyester is preferably polyethylene
      terephthalate but, here too, units of other glycols or dicarboxylic acids
      may be included, e.g. butylene glycol, isophthalic acid, etc.
PAR  The individual yarns may comprise staple fibers twisted into a bundle or
      embedded in a carrying structure of continuous filaments but preferably
      they comprise a continuous filament structure. The individual filament or
      fiber denier may be as low as 1, or even less, up to 50 or more but
      advantageously it ranges from about 2 to 25 and preferably about 3 to 15.
      The yarns may comprise mono-filaments but since they will usually be
      ultimately plied and mono-filaments are more costly, they each generally
      comprise bundles of continuous filaments. The number of filaments will
      depend upon the total denier of each component which will generally range
      from about 15 to 250; the number of filaments will then generally range
      from about 2 to 50 and preferably from about 10 to 40.
PAR  The filaments making up each yarn are preferably structured relative to one
      another so that they cannot splay out loosely which could result in snags
      or snarling with adjacent yarns. To this end they may be lightly bonded to
      one another, although preferably they are held together mechanically. This
      can be achieved by imparting twist to the yarn, e.g. less than about 5
      turns per inch, or by interlacing the filaments as by pneumatic means.
      Where an actual twist is utilized, if possible, it is preferred that the
      false twisting of that component yarn be in direction opposite to that of
      the yarn's own twist. This tends to open the bundle, allowing the
      filaments to be acted upon more easily by the heating means which is a
      part of the false twisting apparatus.
PAR  Each yarn, in conventional fashion, will pass from a supply at a given
      speed into a false twist and heating zone from which it leaves at a
      different speed. If the leaving speed is 1% faster than the supply speed,
      the yarn is said to be overfed 1%; if the leaving speed is 1% slower, the
      yarn is overfed -1%. Each component yarn in accordance with the invention
      will be supplied at the appropriate speed to result in the optimum
      overfeed speed since both yarns must leave their false twist and heating
      zones at the same speed to be collected together. The overfeeds will vary
      depending upon the composition and structure of the yarn and even when one
      is positive, the other can be negative. In passing through the false twist
      zone either on its way to the false twist spindle or bushing each yarn
      will pass over a heating element while it is in temporarily twisted
      condition to fix the twist. The heating element may comprise a steam
      chamber or the like although it is preferably a contact plate heated
      electrically. The temperature and times of contact may differ for the
      component yarns although it has been found possible with the preferred
      yarn structures involved herein to have the temperatures and times the
      same for both components. This simplifies the procedure for starting and
      ending an operation since the machine does not have to be modified to
      permit subsequent normal use without blending; only half the spindles
      would have to be replaced.
PAR  The yarns individually could be given a heat stabilizing treatment by
      passing over a second contact plate, in known manner, or they can be
      joined and the composite subjected to a heat stabilizing treatment either
      before or after being collected on a package. As noted previously, such
      treatment may be combined with dyeing by utilizing a hot liquid bath
      containing appropriate dyestuffs or by applying cool liquid containing a
      coloring agent and placing the wet yarn in an autoclave where heat serves
      to stabilize the yarn and simultaneously to drive the coloring agent into
      the fiber.
PAR  At times, it may be desirable to employ different yarn texturing processes
      for each of the composite yarn components for novel yarn effects. In
      producing hosiery yarns, for example, one particularly successful
      technique involves cotexturing twin ends of yarn by doubling and
      introducing a plying twist, passing the plied, doubled yarn through a
      heating zone to set the twisted configuration in the respective ends, and
      thereafter separating and untwisting. A representative teaching appears in
      U.S. Pat. No. 3,091,908. Because the yarn is twisted through a helix of
      greater radial dimension, cotextured yarns have a generally higher crimp
      amplitude than spindle textured yarns, but cotexturing processes are
      unable to handle heavy denier yarns or achieve truly high twist levels.
      The yarn of this invention can be produced by texturing at least one first
      and through a false twist spindle to a crimp frequency of at least 40
      turns per inch; cotexturing at least one second end; and plying or
      blending the said ends as by passing through an intermingling jet. The
      resultant product is a consolidated bulky yarn having intermingled
      filamentary structures arranged to helical configurations of differing
      amplitude and frequency. Desirably the respective ends are textured in the
      opposite sense, i.e. S and Z, respectively, whereby the finished yarn is
      of balanced or reduced torque. Since the yarn has undergone only a single
      heat treatment in each case, it is of relatively high stretch, but also
      exhibits relatively high bulk by virtue of the high crimp amplitude
      component. It is practicable to utilize as one of the yarn components a
      heterofil or knife edge type of yarn which develops helical crimp. Thus, a
      polyethylene terephthalate core/polytetramethylene terephthalate sheath
      fiber may be combined with a spindle textured fiber to produce a useful
      yarn of differential crimp amplitude.
PAR  In accordance with the preferred aspect of the invention one of the
      component yarns is multifilament cellulose acetate and the other of said
      yarns is a nylon, polyester, polyolefin, acrylic or modacrylic yarn,
      especially nylon or polyester. The total denier of the cellulose acetate
      yarn, preferably cellulose triacetate, is about 100 to 300 and is about 2
      to 6 times that of the nylon or polyester. As a result, the appearance and
      hand of the yarn will overwhelmingly be those of acetate but, because of
      the strength, it will be possible to make a lighter weight fabric than if
      only acetate were present. Moreover, because of the manner in which the
      yarn is produced compared with plying yarns wholly independently textured,
      the new yarn is even stronger than ordinarily plied yarns and thus even
      lighter weight fabrics are possible. In addition, the yarns can be knit at
      higher speeds and tensions with far fewer interruptions due to breakage or
      formation of defects due to stripping back.
PAR  With these preferred structures the acetate and nylon or polyester
      subjected to texturing preferably has about 1 to 5 turns per inch of twist
      or their equivalent, i.e. an equivalent level of interlacing, light
      bonding, or the like. The temperature of the contact surface over which
      the yarns pass is about 180.degree. to 190.degree.C. The advantages of
      these yarns are especially pronounced where the twist level of the nylon
      or polyester, i.e. its turns per inch during false twisting, is about 1.5
      to 2 times that of the acetate.
PAR  The invention will be further described in the following illustrative
      example.
PAC  EXAMPLE 1
PAR  A. Using a false twist texturing machine identified as A.R.C.T.-FT 415,
      150/22/2Z cellulose triacetate is overfed 5% and subjected to 1900 turns
      per meter of false twist in S direction by using a false twister of a
      given size. A 30/10 nylon 66 interlaced yarn is overfed 2% and given 2300
      turns per meter of Z false twist using a false twister of smaller
      diameter, both twisters being driven by a common drive belt. Both yarns
      while false twisted pass over a metal surface at 185.degree.C. upstream of
      the twisters. The yarns are collected side-by-side without twist and the
      package is autoclaved for 45 minutes at 130.degree.C. with a vacuum
      suction before and after this treatment. If desired, at this stage the
      composite yarn can be dyed, e.g. pressure muff dyeing. The yarn, whether
      or not dyed, is then twisted to the extent of 2-4 turns per inch in the
      course of being wound onto cones suitable for circular knitting. The yarns
      are circular knit into fabrics in conventional manner and the fabrics are
      characterized by minimal levels of defects due to strip back of the
      acetate component over the nylon component of the composite yarn. The
      fabric can be cut and sewn into garments in known fashion. Because of the
      freedom from torque the yarns process readily and the garments lay flat
      without twisting and curling. Similar results are obtained when the nylon
      6,6 contains 1 to 15% caprolactam, by weight.
PAR  B. A similarly useful product is obtained if the nylon yarn of (A) is
      overfed 14% and is false twisted 4300  turns per meter, which level
      normally aggravates the problem of strip backs but here poses no problem.
PAR  C. Example (A) is repeated but the package is package dyed at 125.degree.C.
      instead of being autoclaved with the yarn being stabilized during the
      dyeing treatment.
PAC  EXAMPLE 2
PAR  Substantially the same results are achieved as in Example 1(A) if there is
      employed a Sotexa FT-24 machine and its spindles modified as in Example 1
      with the sole differences being that the nylon is overfed 20% and is given
      3000 turns per meter of Z false twist.
PAC  EXAMPLE 3
PAR  The process of Example 2 is repeated, replacing the nylon yarn by a 45/20
      interlaced polyethylene terephthalate feed yarn. The product processes
      readily into knit fabrics.
PAC  EXAMPLE 4
PAR  Using the same machine, temperature and overfeeds as in Examples 2 and 3,
      150/40/2Z cellulose triacetate is S false twisted 1900 turns per meter and
      68/24 interlaced polyethylene terephthalate is Z false twisted to the same
      extent; the false twisters are actually different to compensate for the
      differences in denier of the component yarns. Because of the lower twist
      level of the polyester yarn and the lower dpf of the triacetate, fabrics
      knit therefrom exhibit an extremely soft hand.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention. For example, one or both the yarn
      components, where suitable, could be sequentially and/or simultaneously
      drawn during the texturing operation for example as described in Belgian
      Pat. No. 728,461.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for simultaneously and independently false twist texturing
      each yarn member forming pairs of multifilamentary thermoplastic yarns on
      a single multiposition false twist machine fitted with a multiplicity of
      twister means associated individually with said multipositions, said
      process comprising texturing said yarn members of respective pairs of
      yarns at different twist levels by running each member of said pairs of
      yarns through individual twister means, said twister means inserting
      different twist levels as measured in twists per inch and being driven by
      a common drive belt.
NUM  2.
PAR  2. The process of claim 1, wherein one member of each of said pairs of
      multifilamentary thermoplastic yarns is of a different chemical
      composition from the other member of said pairs.
NUM  3.
PAR  3. The process of claim 1, wherein one member of each of said pairs is
      twisted in the S direction and other member is twisted in the Z direction.
NUM  4.
PAR  4. A process for simultaneously and independently false twist texturing
      each yarn member forming pairs of multifilamentary thermoplastic yarns,
      each member of said pair being of a different chemical composition than
      the other, on a single multiposition false twist machine fitted with a
      multiplicity of twister means associated individually with said
      multipositions, said twister means associated individually with said
      multipositions, said twister means being driven by a common belt, said
      process comprising texturing said yarn members of respective pairs of
      yarns at differential twist levels for each of the different chemically
      composed yarn members, by running each of said member of said pairs of
      yarns through individual twister means at adjacent texturing stations, the
      twister members of said individual adjacent twister means having modified
      belt contacting surfaces constituted by circular cross sections of
      different diameter.
NUM  5.
PAR  5. In a false twist texturing machine having multiple yarn false twist
      texturing positions, each position comprising a yarn feed device, a false
      twist setting heater and a false twister, with a common drive belt to
      drive the false twisters, the improvement which comprises false twisters
      of different circular diameters driven at respective different revolutions
      per minute by contact with said common drive belt to enable different
      false twist levels to be inserted into different yarns being processed at
      the same yarn speed on a single machine.
NUM  6.
PAR  6. The process which comprises simultaneously and independently falst twist
      texturing at different turns per inch of twist level insertion on the same
      false twist machine (1) a plurality of cellulose acetate yarns and (2) a
      plurality of other yarns selected from the group consisting of nylon,
      polyester, polyolefin, acrylic and modacrylic yarns; overfeeding to the
      false twisting devices the cellulose acetate yarns a predetermined amount
      independently of said other yarns; passing the cellulose acetate yarns to
      a set of false twisting devices of different diameter than the set of
      false twisting devices to which said other yarns are passed; driving both
      sets of false twisting devices by a common drive at the same linear drive
      speed; false twisting said cellulose acetate yarns and said other yarns
      one in S direction and the other in Z direction; joining a cellulose
      acetate yarn with one of said other yarns to form pairs of joined yarns
      and twisting the joined yarn.
NUM  7.
PAR  7. The process according to claim 6 wherein the joined yarn is subjected to
      a thermal stabilizing treatment prior to twisting.
NUM  8.
PAR  8. The process according to claim 7, wherein the false twisting of both
      yarns is effected at about 185.degree.C., the total denier of each
      cellulose acetate yarn is about 100 to 300 and is about 2 to 6 times that
      of the other yarn, the other yarn being selected from the group consisting
      of nylon yarns and polyester yarns.
NUM  9.
PAR  9. The process according to claim 8, wherein the other yarns are false
      twisted to the extent of about 1.5 to 2 times the number of turns per inch
      of the cellulose acetate yarn.
NUM  10.
PAR  10. In a false twist texturing machine having multiple yarn false twist
      texturing positions, each position comprising a yarn feed device, a false
      twist setting heater and a false twister, with a common drive belt to
      drive the false twisters, the improvement which comprises pairs of false
      twisters, one twister of said pair being of a different belt contacting
      perimeter than the other, along the machine at adjacent positions, each
      twister of said pair being driven at respective different revolutions per
      minute by contact with said common drive belt, to enable different false
      twist levels to be inserted into different yarns being processed at the
      same yarn speed on a single machine, and a single wind-up for each pair of
      false twister positions.
NUM  11.
PAR  11. The apparatus of claim 10, including means to feed yarn at different
      speeds to each twister member of a pair of false twisters.
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ABST
PAL  The invention relates to a device for taking up the thread in textile
      machines in which the tow or yarn travels from the drawing system to the
      wind-up unit through a closed conduit, either at the start of the spinning
      or after a breakage of the thread, comprising a bell shaped member,
      connected at its base to an aspiration unit through a flexible tube, and
      an electrically conductive spring lodged in the bell member so as to
      protrude beyond the mouth thereof, the spring being electrically connected
      to the aspiration unit, so that the aspiration action is started upon the
      spring contacting metallic parts, like the outlet of the thread to be fed
      to the drawing system.
BSUM
PAR  The present invention concerns a device for taking up the thread in textile
      machines, such as preparation machines for spinning and spinning machines
      themselves, of the type in which the travel of the tow or of the yarn
      between the drawing system and the wind-up unit is by means of pipes.
PAR  Devices of this type are known, and they act by leading the end of a
      thread, after a breakage of the thread during processing, through the
      pipes in order to have the said end of the thread knotted to the extremity
      of the thread leaving the drawing system. Up to the present time this
      operation was carried out by means of a flexible member which was
      introduced from the side of the drawing system into the closed pipe so as
      to bring the said flexible member to the opposite side of said closed pipe
      and so as to knot it to the thread leading to the wind-up device.
      Subsequently, the thread was drawn by means of the flexible member through
      the closed pipe in order to knot it at the end of the thread coming out of
      the drawing system.
PAR  This manner of proceeding calls for a correct guidance of the flexible
      member in the closed pipe and entails much loss of time with corresponding
      interruption of the processing: whence the performance of the machine is
      diminished. With the devices of the known type, moreover, it is possible
      to free the said pipe of dusts and of the fibres detaching themselves
      during the breakage of the thread.
PAR  The purpose of the present invention is to decrease to a remarkable extent
      the down-times of a spinning machine resulting from breakage of a thread
      and to effect, during the take-up of the broken thread for the purposes of
      its re-attachment, a cleaning of the closed pipe holding the thread.
PAR  According to the present invention, this purpose is achieved by means of
      the realization of a device for taking-up the thread after any breakage
      thereof in textile machines of the type in which the travel of the tow or
      yarn between the drawing system and the wind-up assembly is by means of a
      closed pipe, the said device consisting of a bell of electrically insulant
      material, communicating through its base with a flexible tube connected to
      an aspiration unit, an electrically conductive spring being housed in the
      said bell in such a way that it protrudes beyond the free edge of this
      latter, and an electrical control of the said aspiration unit being
      electrically connected with the said spring in such a way as to actuate
      the action of aspiration of the said unit when the spring is brought into
      contact with metallic parts.
PAR  The flexible tube can with advantage be connected up to the general
      aspiration system of the drawing system.
PAR  The bell can of course be lined with electrically insulant material, or
      else be realized entirely in insulant material.
DRWD
PAR  The device according to the invention will be better understood by means of
      the following description of one embodiment thereof as represented in the
      attached drawings, in which:
PAR  FIG. 1 represents a spinning machine with the device according to the
      invention, in non-operative position;
PAR  FIG. 2 represents the same device in an operative position, and
PAR  FIG. 3 is an axial section of the device according to the invention.
DETD
PAR  There is shown in the Figures, for a possible use of the device according
      to the invention, a speed frame for the spinning of the tow.
PAR  As is known, a frame of such type consists of a frame 1, onto which are
      mounted the drawing system, indicated generically with 2, the tow guide
      units, indicated generically with 3 and by the wind-up spindles 4. These
      last are rotatorily borne by a carriage 20, supported by a device 21 which
      actuates its movement for the correct winding of the bobbins.
PAR  Below the drawing system 2 there is installed a passage 6, placed into
      depression by aspirators shown schematically at 23, such passage being
      such as to remove the spinning wastes and the impurities deriving from the
      tow during the drawing step. The aspirators 23 are actuated by motors 24.
PAR  The guide units 3 are substantially constituted by a mouth 14 of a
      conveyance conduit 5 which extends into a tow-guide 16 having the form of
      a bell.
PAR  No further explanation is given of other particularities and details of
      machine, since they are not necessary for the understanding of the
      invention, and are well-known to persons skilled in the art.
PAR  Communicating with the passage 6 is a flexible tube 7 which extends above
      the drawing system 2 and comes close to the mouth 14. At the free end of
      the tube 7 there is applied a bell 8, preferably in electrically insulant
      material. At its base, the bell 8 has a tubular portion 9 which extends
      axially, partly inside itself and partly outside itself. In the bell 8
      there is housed a spring 10, in electrically conductive material, in such
      a way that the tube 9 is surrounded by it. The spring 10 protrudes,
      furthermore, beyond the opening of the bell 8 and is electrically
      connected at 11, with a circuit shown in FIG. 1, which controls the feed
      of the motors 24 when the spring 10 contacts metallic parts, in particular
      when the bell 8 is aligned in contact with the mouth 14.
PAR  It should be noted, finally, that the internal diameter of the tube 9 is
      less than that of the flexible tube 7, in order to increase therein the
      velocity of the air.
PAR  The functioning of the device according to the invention is as follows:
PAR  The tow 15 leaves the drawing system and is guided through the conduit 5,
      to be wound onto the spindle 4.
PAR  At the start of a spinning run, or in the event of breakage of the tow or
      of a thread in general, the machine and the aspiration are stopped as the
      result of manual intervention or automatic systems, for example systems
      controlled by a photoelectic cell, well-known in the field; the end of the
      tow on the side of the spindles 4 must be introduced again into the
      conduit in order to be brought into the vicinity of the drawing system 2,
      and, more exactly, up to the extremity of the tow on the side of the
      drawing system.
PAR  To an electric line 25 there are connected, by means of a switch 26, the
      actuating organs of the machine that are not shown in the drawings. To the
      line 25 there is separately connected, by means of a remote-control switch
      27, each of the motors 24. The remote-control switch receives a contact
      signal from the line 11 when the spring 10 touches the mouth 14.
PAR  With the machine stopped, as a result of the bell 8 fitting over the mouth
      14, an aspiration is then effected through this latter, which pulls the
      tow 15 through the conduit 5; when the bell is lifted, and the motor 24
      then stopped, the tow is taken up by hand and then knotted to the end of
      the tow leaving the stretching system.
PAR  The machine is then started by throwing the general switch 26. When this
      switch has been thrown, the motors 24 can also be fed when the system of
      aspiration through the passage 6 is also intended to effect the cleaning
      of the wastes and dusts, etc.
PAR  The device according to the invention can be predisposed for a plurality of
      spindles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thread taking-up device for textile machines comprising a drawing
      system, a wind-up unit and a conduit for transferring the thread from the
      drawing system to the wind-up unit, said device comprising a bell of
      electrically insulated material, a flexible tube connecting the bell to an
      aspiration unit, an electrically conductive spring housed within said bell
      and protruding outwardly therefrom and an electrical control for the
      aspiration unit, said control being electrically connected to said spring
      for starting operation of the aspiration unit when the spring is brought
      into contact with metallic means.
NUM  2.
PAR  2. A thread taking-up device according to claim 1, wherein said bell has a
      tubular extension for connection thereof to said flexible tube, said
      tubular extension having an internal cross-section smaller than the
      internal cross-section of said flexible tube.
NUM  3.
PAR  3. A thread taking-up device according to claim 1, including a textile
      machine having an auxiliary aspiration and cleaning unit, said
      first-mentioned aspiration unit of said thread taking-up device being
      formed by said auxiliary unit of the textile machine.
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ABST
PAL  A spinning, twisting or spooling machine, especially a draw-twisting
      machine, wherein the various thread transport rollers are driven by
      individual electric drive motors, and wherein electric switches and
      circuitry are provided for the time-staggered actuation of selected
      sub-groups of drive motors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a spinning, twisting, or spooling machine,
      especially to a draw-twisting frame for the processing of synthetic
      endless threads, in which the thread is stretched or drawn between a feed
      roller which is preferably common to several processing stations, and draw
      rollers, or godets, associated with each processing station and is
      subsequently wound up on spools.
PAR  In draw-twisting frames of customary construction, the draw rollers, also
      called godets or galettes, which transport the threads, are driven by a
      common shaft via directly meshing gears. The drive shaft is connected,
      through directly meshing gear trains, with the shaft or shafts of the feed
      roller or rollers which deliver the thread to the draw rollers or godets.
      The gear ratio between the feed rollers and the draw rollers is so chosen
      that the desired stretching (drawing) of the threads is achieved.
PAR  After the stretching operation, the threads are wound up on spools which
      can be fastened on spindles. The threads are wound up with the aid of a
      ring and traveler while being twisted. In the usual case, the spindles are
      driven by positively engaging belts from a common driving shaft. Powering
      by means of a tangential belt which is guided alongside the whorls of the
      spindles is also known. In other cases, the threads are wound up on spools
      which are powered by positive contact with a friction roller. In all these
      cases, the threads are wound up without rotation (draw-spooling frame).
      However, these drive methods limit the rotational speed which can be
      attained by the working elements, especially by the draw rollers and the
      spindles, and therefore, also limit the operational speed of the machine
      and its rate of production. At the draw rollers, the gear transmissions
      cause problems related to lubrication, wear and tear, and noise, making an
      increase of the rotational speed beyond a certain limit uneconomical or
      even impossible. The noise generated by the belt drive of the spindles
      also leads to excessive annoyance when the spindle rpm is further
      increased and, in addition, a positive belt drive is unsatisfactory for
      transmitting the required start-up energy, especially for spools whose
      thread packages have already acquired some weight.
PAR  For this reason, it has already been proposed (U.S. Pat. No. 3,009,308) to
      provide individual drive means for the feed roller, the draw roller, and
      the spindle of each processing station in the form of an individual motor,
      whereby the drive motors of the feed roller and of the draw roller are
      synchronous motors, whereas the drive motor of the spindle is an
      asynchronous motor. The power for these motors is supplied by frequency
      generators.
PAR  It has been shown that, for example, a static frequency generator or
      frequency converter which could handle the switch-on current transient
      would have to be approximately ten times as large as necessary for normal
      operation, i.e., for supplying the energy required by a running machine.
      Such an over dimensioning of the frequency generator is not economical.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a draw-twisting machine
      in which the above cited disadvantages are avoided without requiring
      enlargement of the dimensions of the frequency generator.
PAR  It is another and more specific object of the present invention to provide
      in a spinning, twisting or spooling machine switching means and associated
      connecting lines to permit the separate actuation of electric drive motors
      within a selected sub-group of a plurality of thread processing stations.
PAR  To achieve these objects, it is proposed according to the invention, and in
      a machine of the kind described, that its thread-processing stations be
      subdivided into at least two groups or regions of stations and that the
      individual synchronous motors within any one region can all be
      simultaneously connected to the frequency generator, but at a time which
      is staggered with respect to the time of connection of a group of
      individual synchronous motors within any other region.
PAR  Further features and advantages of the invention will become apparent from
      a study of the following description with reference to the drawing, it
      being understood that other embodiments are possible within the scope of
      the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An exemplary embodiment of the invention is illustrated in the drawing
      whose single FIGURE is a schematic representation of the relevant working
      elements of a spinning or twisting machine, and of the associated
      drive-power means and electrical connections therefor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of the machine represented in the single FIGURE
      has feed rollers 1 and 1', draw rollers 2, and spindles 3'; each spindle
      can be driven by its own synchronous motor 3. The machine is intended to
      process threads (not shown) which are to be stretched, twisted and wound
      up on a spindle. Each thread runs over an associated region of the feed
      roller 1 or 1' and over a draw roller 2 to its associated spindle. This
      set of working elements associated with the course of an individual thread
      will hereinafter be called a processing station. In the example shown,
      both the draw rollers 2 as well as the spindles 3' are equipped with
      individual motors, whereas the feed rollers 1 and 1' are driven by a
      single motor 5 acting through a transmission 27. The drive motors 3 of the
      spindles 3' are embodied as asynchronous motors, whereas the drive motors
      4, 5 of draw rollers 2 and of the feed rollers 1 and 1' are embodied as
      synchronous motors. The latter design is necessary in order to guarantee
      the absolutely synchronous running of these two working elements which is
      required for the precise maintenance of the amount of stretching to which
      the threads are subjected between the feed roller and the draw rollers.
      Thus, the synchronous motors 4, 5 are supplied with electrical energy by a
      frequency generator 14. The generator 14 can be preset for a particular
      output frequency for the start-up of synchronous motors 4, 5 and controls
      their start-up rpm. The output frequency of the generator 14 is infinitely
      variable. The construction of such frequency generators is known and will
      not be further described here.
PAR  In the example shown in the drawing, all processing stations of the machine
      are grouped into four regions (I, II, III, and IV); each region including,
      preferably, the same number of processing stations, and these regions are
      delimited from one another in the drawing by two intersecting broken
      lines. It is to be understood that the drawing shows only a portion of the
      total number of processing stations, for example 156 processing stations,
      actually present in the machine.
PAR  The drive motors of the draw rollers 2 of region I and the drive motor 5 of
      the feed rollers 1 and 1' can be connected to the frequency generator 14
      through a common supply line 10, and through the switch 12. In the same
      way, the drive motors 3 for spindles 3' of region I can be connected,
      through line 15 and the switch 16, directly to the power line grid serving
      as energy source. The two switches 12 and 16 are mechanically coupled
      together and can be actuated only in unison.
PAR  In the same way, and correspondingly, the motors 4 of draw rollers 2 of the
      other regions II, III, and IV as well as the motors 3 of spindles 3' of
      those regions can be connected, through their own supply lines and through
      separate, but commonly actuatable switches 21, 19, or 23, to the frequency
      generator 14 or directly to the power line grid, respectively.
PAR  At the locations where two regions of processing stations adjoin, the two
      feed rollers 1 and 1' can be separated into independent sections, for
      example by electromagnetically actuatable clutches 24, 25, but these
      sections can be coupled together to form a positive rotational connection.
PAR  The section of feed roller 1 associated with region I is directly driven by
      motor 5 through transmission 27 and the section of feed roller 1'
      associated with region III can be connected to the transmission 27 through
      the clutch 29. It is preferable if the clutches 24, 25, 29 are powered
      with the same energy that drives motors 3 of those spindles which are
      associated with the particular section of the feed roller 1 or 1' which is
      to be clutch-coupled to the transmission 27 or to the neighboring feed
      roller section for the purpose of obtaining drive power. The energy supply
      to the clutches therefore takes place through the same supply lines which
      supply the motors 3 of the associated spindles.
PAR  The method of operation of the apparatus is as follows: closure of the
      switch pair 12, 16 simultaneously connects the motors 3 of the spindles of
      region I to the power line grid and it connects the motors 4 of draw
      rollers 2 of this region I and the motor 5 of the feed rollers 1, 1' to
      the frequency generator 14. Thus, the working elements of this region I
      start to run in unison. Advantageously, the initial acceleration is
      maintained only until a so called creep rpm is reached, at which the
      working elements turn only very slowly.
PAR  As soon as the power supply has absorbed the transient current pulse
      associated with the start-up of the motors of region I, the closure of
      switch 19 causes the motors of the working elements of region II to be
      connected to their respective energy sources and the clutch 25 is engaged.
      The processing stations of region II now start to run in unison, and are
      accelerated up to the creep rpm. In the same way, this process is repeated
      by the time-staggered actuation of switches 21 and 23 for regions III and
      IV, respectively. It is to be understood that the time-staggered actuation
      of switches 12, 16 and 19, 21, 23 can be effected either automatically or
      manually. When the elements of all regions of the machine have been
      switched on, the rotating members of the entire machine can be brought up
      to their operational speed in synchronism.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a spinning, twisting or spooling machine, especially a draw-twisting
      machine, which includes a plurality of thread processing stations, each of
      which includes a thread feed roller and a thread draw roller, where said
      rollers are driven by a plurality of individual synchronous motors whose
      AC drive current is produced by a common frequency generator, the
      improvement comprising: switching means and associated connecting lines to
      permit the separate actuation of the electric drive motors within a
      selected sub-group of said plurality of thread processing stations.
NUM  2.
PAR  2. A machine as defined in claim 1, wherein at least one of said thread
      feed rollers extends over, and is associated with several of said
      processing stations, the improvement further comprising: separate, coaxial
      feed roller sections, each section being associated with one of said
      sub-groups of processing stations; and clutch means, disposed axially
      between pairs of said feed roller sections, for the selective, positive
      coupling of said feed roller sections to one another and to one of said
      synchronous motors.
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PAL  A false twist-crimped polyester yarn having a density (d) of
      1.3800.ltoreq.d.ltoreq.1.3970 (g/cm.sup.3) and total percentage crimp (TC)
      of TC 30% is produced by false twisting a polyester multi-filament having
      a birefringence (.DELTA.n) of 0.030.ltoreq..DELTA.n.ltoreq.0.145 while
      heat setting the filament in the twisted state at 160.degree. to
      210.degree. at a draft (dr) which satisfies the following equation:
EQU  -150(.DELTA.n) + 17.ltoreq.dr.ltoreq.0.9 .times. 10.sup.4
      (.DELTA.n.sup.2)-29 .times. 10.sup.2 (.DELTA.n)+248.
PARN
PAR  This application is a continuation-in-part of our application U.S. Ser. No.
      131,242 filed on Apr. 5, 1971 now U.S. Pat. No. 3,797,221.
BSUM
PAR  This invention relates to novel false twist-crimped polyester multifilament
      yarns having both highly improved total percentage crimp and highly
      improved dyeability, and to a process for producing such yarns.
PAR  It is known to produce a yarn of crimped polyester filaments by false
      twisting a travelling drawn polyester yarn and heat-setting the
      false-twist yarn before it passes through the false-twist means.
PAR  However, the known false twist-crimped polyester yarns do not have a
      satisfactory combination of crimp properties and dyeability. In the known
      process it is necessary to use high temperatures (usually
      210.degree.-230.degree.C) to obtain adequate heat-setting to provide
      satisfactory crimp properties, and use of such temperatures results in
      deterioration of other properties of the yarn. In particular the yarns so
      produced have reduced dyeability (Dye exhaustion often is less than 80%
      with disperse dyes.) and even small variations in the heat-setting
      temperature result in yarns which have substantially non-uniform
      dyeability.
PAR  It is also known to modify false twist-crimped polyester yarns by
      subjecting them to a second heat-setting. However disadvantages as pointed
      out above remain in the modified yarns.
PAR  An object of the present invention is to provide a novel false
      twist-crimped polyester yarn having a very satisfactory combination of
      good crimp properties and level dyeability.
PAR  Another object of the present invention is to provide a process for
      producing such yarns which are simpler and cheaper to operate than the
      known process.
PAR  Many objects and advantages of the present invention will become apparent
      from the following description:
PAR  In its first aspect, the present invention provides a false twist-crimped
      polyester yarn having a density of 1.3800-1.3970 g/cm.sup.3, a tensile
      strength of 2.0-5.0 g/denier, a breaking elongation of 20-60% and a total
      percentage crimp (TC) of at least 30%.
PAR  In its second aspect, the present invention provides a modified false
      twist-crimped polyester yarn having a density of 1.3800-1.3970 g/cm.sup.3,
      a tensile strength of 2.0-5.0 g/denier, a breaking elongation of 20-60%, a
      total percentage crimp (TC) of not more than 20%, and a torque of between
      2/3(TC) and 26 T/25 cm.
PAR  In its third aspect, the present invention provides a process for producing
      a falst twist crimped polyester yarn which comprises false twisting a
      polyester multifilament yarn having a birefringence (.DELTA.n) of
      0.030-0.145, while heat-setting said multifilament yarn in the twisted
      state at 160.degree.-210.degree.C., at a draft (dr) expressed by the
      equation (I)
EQU  -150 (.DELTA.n) + 17 .ltoreq. dr .ltoreq. 0.9 .times. 10.sup.4
      (.DELTA.n).sup.2 - 29 .times. 10.sup.2 (.DELTA.n) + 248   (I)
PAR  In its fourth aspect, the present invention provides a process for
      producing a modified falst twist-crimped polyester yarn which comprises
      subjecting the false twist-crimped yarn obtained by this process to a
      second heat-setting at a temperature of 100.degree.-230.degree.C under the
      controlled relaxation.
PAR  In the known processes, the birefringence (.DELTA.n) of the starting
      polyester multifilament yarn has been at least 0.16 and it has not
      previously been suggested that draft should be varied according to the
      birefringence of the starting yarn. Furthermore, it has been necessary to
      heat-set the yarn, while it is being false-twisted, at higher temperatures
      of 210.degree.-230.degree.C.
PAR  We have found as a result of strenuous study, that by employing a starting
      yarn of lower birefringence between 0.030 and 0.145, a product of good
      crimp properties can be obtained at lower heat-setting temperatures of
      160.degree.-210.degree.C, and furthermore by controlling yarn tension
      during heat-setting, by maintaining the draft (dr) within the range
      specified by the equation (I) above, the product has good, level
      dyeability as well as useful mechanical properties.
PAR  The birefringence (.DELTA.n), total percentage crimp (TC) and dye
      exhaustion (L-value) torque, density and mechanical properties are defined
      as follows:
PAC  A. Birefringence (.DELTA.n)
PAR  Sodium D rays (wavelength 589 millimicrons) are used as a light source, and
      the filaments are disposed in a diagonal position. The birefringence
      (.DELTA.n) of the specimen is computed from the following equation:
      ##EQU1##
      where n is the interference fringe due to the degree of orientation of the
      polymer molecular chain : r is the retardation obtained by measuring the
      orientation not developing into the interference fringe by means of a
      Berek's compensator; .alpha. is the diameter of the filament; and .lambda.
      is the wavelength of the sodium D rays.
PAC  B. Total Percentage Crimp (TC)
PAR  The yarn is placed under two loads, a lighter load of 2 mg/denier and a
      heavier load of 0.2 g/denier. After a lapse of 1 minute, the length
      (l.sub.o) is read. Immediately the heavier load is removed, and the yarn
      under the lighter load is placed in boiling water. It is taken out of the
      water 20 minutes later. The lighter load is removed, and the yarn is under
      ambient conditions dried for 24 hours. Both loads are again placed on the
      dried yarn, and its length (l.sub.2) is measured after a lapse of 1
      minute. Immediately, the heavier load is removed, and after a lapse of 1
      minute, its length (l.sub.3) is measured. The total percentage crimp (TC),
      which is the crimp properties of the false twist filaments, is expressed
      by the equation:
      ##EQU2##
PAC  C. Dye exhaustion (L value)
PAR  The processed yarn is knitted on a circular knitting machine. The knitted
      artilce is dyed for 30 minutes in boiling water using a dye bath
      containing 3-4% of Eastmann Polyester Blue GLF and 0.5 g/liter of
      "Monogen" at a liquor ratio of 1:100. The lightness (L-value) of the
      dyeing is measured by a CM-20 type color differential meter of Nippon
      Color Machine Company. This L-value is employed as dye exhaustion. Larger
      L-values mean lighter colors, and smaller L-values mean darker colors.
PAC  D. Torque
PAR  A length of about 1 m of the yarn is held in a generally horizontal
      position and a load of 1 mg/denier is placed at the center of the yarn.
      The two ends of yarn are then brought together, which causes the two
      halves of the yarn to twist in a length (y) of the double twist yarn which
      contains two 25 cm lengths of yarn (i.e. one 25 cm length from each half
      of the yarn). Because the double yarn is shortened by the twisting
      together of the two levels, the length (y) is less than 25 cm. The number
      of turns can be determined visually or by turning the load until all the
      twist is removed and the average is taken.
PAC  E. Density
PAR  The yarn is put into a density gradient tube of n-heptane-carbon
      tetrachloride (25.degree.C) using a float (made by Shibayama Scientific
      Instruments Works, Ltd.). The density is measured after a lapse of 48
      hours.
PAC  F. Tensile Strength and Breaking Elongation
PAR  The tensile strength and breaking elongation are measured by the method
      according to JIS L 1069.
DRWD
PAR  In order that the invention may be more clearly understood, reference may
      be made to the accompanying drawings in which:
PAR  FIG. 1 shows the relationship between the heat-setting temperature (In this
      specification "the heat-setting temperature" means the temperature of the
      yarn during heat-setting) and the time needed to cause secondary
      crystallization;
PAR  FIG. 2 shows one example of the relationship between the heat-setting
      temperature and dye exhaustion (L-value) and the total percentage crimp;
PAR  FIG. 3 shows the relationship between the birefringence of the starting
      yarn and the draft (dr);
PAR  FIG. 4 shows diagrammatically one example of apparatus suitable for use in
      the present invention.
DETD
PAR  Referring to FIG. 1, as abscissa is plotted the temperature of the yarn on
      the heater, and as ordinate the time needed to cause the secondary
      crystallization. The curve a is for the conventional polyester yarn, and
      the curve b is for the starting polyester yarn in the present invention.
      The denier size (de/fil), birefringence and draft of the yarns used are:
TBL                  a         b                                               
     ______________________________________                                    
     Denier size (de/fil)                                                      
                       75/24       75/24                                       
     Birefringence (.DELTA.n)                                                  
                       0.168       0.085                                       
     Draft (%)         -4          8                                           
     ______________________________________                                    
PAR  By the term "time need to cause secondary crystallization", we mean the
      time which elapses before a substantially straight line relation is
      established between the logarithm of the time elapsed and the density of
      the yarn. In order to obtain good crimps, the time should be between
      t.sub.1 and t.sub.2 and the secondary crystallization should not take
      place before crimps have set. It will be seen that for the conventional
      yarn, the temperature of the yarn during heat-setting must be from T.sub.3
      to T.sub.4 (usually 210.degree.-230.degree.C) for these condition
      fulfilled, whereas for the starting yarn used in this invention the
      temperature is lower, namely from T.sub.1 to T.sub.2 ; this difference is
      presumably due to different crystalline structures.
PAR  Referring now to the lower part of FIG. 2, the dye exhaustion of the yarn
      of the invention is shown by curve b.sub.1 and the dye exhaustion of the
      conventional false twist-crimped polyester yarn by curve a.sub.1. It will
      be seen that the novel yarn of this invention has dyeability that not only
      is better than that of the conventional yarn but also varies much less
      with variations at the heat-setting temperature employed to give good
      crimps.
PAR  Referring now to the upper part of FIG. 2, the curves a.sub.2 and b.sub.2
      represent the total percentage crimps (TC) of the crimped yarns
      corresponding to a.sub.1 and b.sub.1. The TC of the crimped yarn of the
      invention becomes maximum at a temperature in the range of
      160.degree.-210.degree.C, especially 175.degree.-205.degree.C., within
      which excellent level dyeability can be obtained. In contrast, with the
      conventional false twist-crimped polyester yarns having a density of
      1.398-1.410,  the total percentage crimps become maximum at
      210.degree.-220.degree.C., and above, at which heat-setting temperatures
      the crimped polyester yarns suffer from large fluctuations in dyeing
      difference (.DELTA.D) with the temperature difference (.DELTA.T) and also
      reduced dye exhaustion.
PAR  Referring now to FIG. 3, the shaded area A.sub.1 shows the drafts that are
      employed in this invention. This corresponds to yarn tension during
      twisting of 0.05-0.50 g/denier.
PAR  In the area designated A.sub.3, the yarn tension is too low and the product
      contains tight-spots (untwisted filaments and melt-adhered filaments). In
      the area A.sub.2, the tension is too high and the product has poor crimp
      characteristics and fluffs.
PAR  Referring to FIG. 4, starting polyester multifilament yarn 2 is withdrawn
      from package 1, through the snail guide 3 and is delivered by a pair of
      feed rollers 4 and 4'. It then passes first heater 5 and false twist means
      (such as spindle) 6, and is then taken up by a pair of first delivery
      rollers 7 and 7'. It passes second heater 8 and the second delivery
      rollers 9, 9' if desired, and then is wound up on bobbin 10 which is
      rotated frictionally by roller 11. Generally draft (dr) is determined by
      the following equation:
      ##EQU3##
      wherein V.sub.1 is the peripheral speed of feed rollers 4, 4' and V.sub.2
      is the peripheral speed of first delivery rollers 7, 7'.
PAL  The type of the false twist-crimping is not critical, but the spindle
      method is especially preferred. If desired, second heater 8 may be
      provided between first delivery rollers 7, 7' and second delivery rollers
      9, 9', in order to heat-set the crimped yarn at a temperature of
      100.degree.-230.degree.C, preferably 160.degree.-220.degree.C, under the
      controlled relaxation e.g. under the condition allowing shrinkage of
      0-40%, preferably 5-35%, and reduce the torque and shrinkage of the said
      yarn.
PAR  The starting yarn for the process of the invention can be undrawn
      multifilament yarn obtained by high-speed melt spinning of polyester. In
      this method, undrawn polyester yarn extruded through a spinneret can be
      drawn and wound up on a bobbin rotating at a peripheral speed of 2500-5000
      m/min., preferably about 3000 m/min. In the high-speed melt spinning
      process, polyester yarn extruded through a spinneret, after cooling to the
      temperature of the second transition point, may be heated in the spinning
      chamber, or on the withdraw rollers.
PAR  The undrawn yarns used in the present invention may be those obtained by
      high-speed melt spinning of the polyester containing at least 80 mole % of
      ethylene terephthalate, preferably polyethylene terephthalate.
PAR  Especially preferred are those having a denier size of 0.5-150 denier
      monofilament, and an intrinsic viscosity of 0.3-1.2, as computed from the
      value measured in o-chlorophenol at 35.degree.C.
PAR  The undrawn yarn may have not only a circular cross-section, but also a
      non-circular cross-section such as a triangular or flat and hollow
      section.
PAR  Thus according to the present invention, a low torque false twist-crimped
      polyester yarn having highly improved dyability, good crimping properties
      and useful mechanical properties. A particular advantage of the process of
      the invention is that, because lower yarn temperatures are needed in
      heat-setting, higher operating speed is possible.
PAR  The invention will further described by the following Examples:
PAC  EXAMPLE 1-10
PAR  Polyethylene terephthalate chips having an intrinsic viscosity of 0.65 were
      melted at 285.degree.C., and extruded through a spinneret having 30
      orifices each having a diameter of 0.4 mm at 285.degree.C, followed by
      winding up at the speeds shown in Table 1, and then the undrawn yarns were
      false twist-crimped using the machine shown in FIG. 4.
PAR  The properties of the undrawn yarns, the false-twist-crimping conditions
      and the properties of the false-twist crimped yarns are shown in Table 1,
      in which the number of false twist turns (T/M) is the amount of twist in
      turns per meter inserted by the false twist spindle.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     EXAMPLE             1   2   3   4   5   6   7   8   9   10                
     __________________________________________________________________________
           Spinning speed (m/min)                                              
                         2500                                                  
                             3000                                              
                                 3500                                          
                                     4000                                      
                                         5000                                  
                                             3000                              
                                                 3000                          
                                                     3000                      
                                                         3500                  
                                                             3500              
     __________________________________________________________________________
           Size of denier (d/fil)                                              
                         300/30                                                
                             255/30                                            
                                 231/30                                        
                                     195/30                                    
                                         171/30                                
                                             210/30                            
                                                 240/30                        
                                                     300/30                    
                                                         231/30                
                                                             231/30            
           Birefringence (.DELTA.n)                                            
                         0.030                                                 
                             0.038                                             
                                 0.052                                         
                                     0.065                                     
                                         0.089                                 
                                             0.041                             
                                                 0.039                         
                                                     0.037                     
                                                         0.052                 
                                                             0.052             
     Undrawn                                                                   
           Density (g/cm.sup.3)                                                
                         1.3440                                                
                             1.3490                                            
                                 1.3515                                        
                                     1.3585                                    
                                         1.3720                                
                                             1.3505                            
                                                 1.3494                        
                                                     1.3485                    
                                                         1.3515                
                                                             1.3515            
     yarn  Tensile strength (g/d)                                              
                         2.04                                                  
                             2.48                                              
                                 2.80                                          
                                     3.15                                      
                                         3.50                                  
                                             2.55                              
                                                 2.50                          
                                                     2.25                      
                                                         2.80                  
                                                             2.80              
           Tensile elongation (%)                                              
                         245 190 152 125 105 175 190 200 152 152               
     __________________________________________________________________________
           Draft (%)     100  70  54  30  14  40  60 100  54  54               
     False First heat-setting tempe-                                           
            rature(.degree.C)(temp. of yarn)                                   
                         190 190 190 190 190 190 190 190 170 200               
     twist-                                                                    
           Number of twist (T/M)                                               
                         2600                                                  
                             2600                                              
                                 2600                                          
                                     2600                                      
                                         2600                                  
                                             2600                              
                                                 2600                          
                                                     2600                      
                                                         2600                  
                                                             2600              
     crimping                                                                  
           Speed of first delivery                                             
            roller (m/min)                                                     
                         200 200 200 200 200 200 200 200 200 200               
     conditions                                                                
           Second heat-setting                                                 
            temperature (.degree.C)                                            
                         200 200 200 200 200 200 200 200 200 200               
           Speed of second                                                     
            delivery roller                                                    
                         172 172 172 172 172 172 172 172 172 172               
           Twist tention (gr)                                                  
                          30  34  32  30  35  21  30  55  32  31               
     __________________________________________________________________________
           Density (g/cm.sup.3)                                                
                         1.3910                                                
                             1.3925                                            
                                 1.3905                                        
                                     1.3899                                    
                                         1.3908                                
                                             1.3908                            
                                                 1.3919                        
                                                     1.3921                    
                                                         1.3851                
                                                             1.3935            
           Total percentage crimp (%)                                          
     Properties                                                                
            standard spindle (TCs)                                             
                         12.5                                                  
                             12.8                                              
                                 12.4                                          
                                     12.2                                      
                                         12.5                                  
                                             13.4                              
                                                 12.6                          
                                                     10.8                      
                                                         11.4                  
                                                             13.8              
            crimp difference (.DELTA.TC)                                       
                         1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0               
     of    Dyeing properties                                                   
     crimped                                                                   
            standard spindle (Ds)                                              
                         38.6                                                  
                             39.0                                              
                                 38.5                                          
                                     39.2                                      
                                         38.6                                  
                                             38.7                              
                                                 38.2                          
                                                     36.8                      
                                                         38.6                  
                                                             38.6              
            dyeing difference (.DELTA.D)                                       
                         0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2               
     yarn  Torque (T/25 cm)                                                    
                         14  14  14  14  15  15  14  13  14  16                
           Tensile strength (g/d)                                              
                         3.85                                                  
                             3.75                                              
                                 3.85                                          
                                     3.70                                      
                                         3.90                                  
                                             3.70                              
                                                 3.76                          
                                                     3.95                      
                                                         3.90                  
                                                             3.85              
           Tensile elongation (%)                                              
                         32  34  32  33  34  35  34  30  33  32                
           Size of denier (d/fil)                                              
                         160/30                                                
                             161/30                                            
                                 160/30                                        
                                     160/30                                    
                                         159/30                                
                                             160/30                            
                                                 160/30                        
                                                     158/30                    
                                                         161/30                
                                                             160/30            
     __________________________________________________________________________
PAC  EXAMPLE 11-16
PAR  Polyethylene terephthalate chips having an intrinsic viscosity of 0.65 were
      melt spun at 285.degree.C, through a spinneret having 30 orifices each
      having a diameter of 0.4 mm, into a spinning chamber in which middle part
      is heated, followed by winding up at the speeds shown in Table 2. And
      then, the obtained undrawn yarns were false twist crimped using the
      machine shown in FIG. 4.
PAR  The spinning conditions, properties of undrawn yarns, false twist crimping
      conditions, and the properties of the false twist crimped yarns, are shown
      in Table 2.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     EXAMPLE                     11   12   13   14   15   16                   
     __________________________________________________________________________
     Spinning                                                                  
           Spinning speed (m/min)                                              
                                 3700 3700 3700 2000 3000 4000                 
           Temp. of the middle part in the spin-                               
     Conditions                                                                
            ning chamber (.degree.C)                                           
                                 150  170  190  170  170  170                  
           Temp. of the with-draw rollers (.degree.C)                          
                                 25   25   25   25   25   25                   
     __________________________________________________________________________
     Undrawn                                                                   
           Size of denier (d/fil)                                              
                                 180/30                                        
                                      173/30                                   
                                           165/30                              
                                                195/30                         
                                                     180/30                    
                                                          165/30               
     yarn  Birefringence (.DELTA.n)                                            
                                 0.105                                         
                                      0.118                                    
                                           0.126                               
                                                0.068                          
                                                     0.095                     
                                                          0.124                
           Density (g/cm.sup.3)  1.3660                                        
                                      1.3685                                   
                                           1.3704                              
                                                1.3621                         
                                                     1.3649                    
                                                          1.3700               
     __________________________________________________________________________
     False Draft (%)             20   15   10   30   20   10                   
     twist-                                                                    
           First heat-setting temp. (.degree.C.)                               
                                 190  190  190  190  190  190                  
     crimping                                                                  
           Number of twist (T/M) 2600 2600 2600 2600 2600 2600                 
     conditions                                                                
           Speed of first delivery roller (m/min)                              
                                 200  200  200  200  200  200                  
           Second heat-setting temp. (.degree.C)                               
                                 200  200  200  200  200  200                  
           Speed of Second delivery roller (m/min)                             
                                 172  172  172  172  172  172                  
           Twist tension (gr)    34   36   35   36   35   36                   
     __________________________________________________________________________
           Density (g/cm.sup.3)  1.3912                                        
                                      1.3913                                   
                                           1.3907                              
                                                1.3930                         
                                                     1.3926                    
                                                          1.3927               
           Total percentage crimp (%)                                          
            Standard spindle (TCS)                                             
                                 12.4 12.3 12.4 12.0 12.3 12.1                 
     Properties                                                                
            Crimp difference (.DELTA.TC)                                       
                                 1.0  1.0  1.0  1.0  1.0  1.0                  
     of    Dyeing properties                                                   
     crimped                                                                   
            Standard spindle (Ds)                                              
                                 36.8 37.0 36.6 37.5 37.8 37.3                 
     yarns  Dyeing difference (.DELTA.D)                                       
                                 0.2  0.2  0.2  0.2  0.2  0.2                  
           Torque (T/25 cm)      18   19   18   16   17   16                   
           Tensile strength (g/d)                                              
                                 4.20 4.45 4.50 3.90 4.07 4.30                 
           Tensile elongation (%)                                              
                                 28   30   29   34   33   30                   
           Size of denier (d/fil)                                              
                                 160/30                                        
                                      160/30                                   
                                           161/30                              
                                                160/30                         
                                                     159/30                    
                                                          160/30               
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing a false twist-crimped polyester yarn which
      comprises false twisting undrawn polyester multifilament yarn obtained by
      melt-spinning at a speed of 2500-5000m/min., having a birefrigence
      (.DELTA.n) of 0.030-0.145 and a density of not greater than 1.3720, while
      heat-setting said yarn in the twisted state at a first temperature of
      160.degree.-210.degree.C, at a draft (dr) expressed by the equation:
EQU  -150(.DELTA.n) + 17 .ltoreq. dr .ltoreq. 0.9 .times. 10.sup.4
      (.DELTA.n.sup.2) - 29 .times. 10.sup.2 (.DELTA.n) + 248
PAL  and then subjecting the false twist-crimped yarn to a second heat-setting
      temperature.
NUM  2.
PAR  2. A process according to claim 1 wherein a modified false twist-crimped
      yarn is produced by subjecting the false-twist crimped yarn to a second
      heat setting temperature of 100.degree.-230.degree.C under controlled
      relaxation conditions.
NUM  3.
PAR  3. A process according to claim 1 wherein the amount of relaxation in the
      second heat setting is 0-40% based on the length of the false
      twist-crimped yarn.
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ABST
PAL  A continuous bi-compound bulky yarn consisting of a pair of acrylic
      polymeric components differing from each other in some of their properties
      is prepared by spinning those components in solution to produce a spun
      yarn which is drawn and then, successively, passed through a first oven
      heated to a temperature in the range of 130.degree.-250.degree.C,
      subjected to a false twist by means of a rotating spindle, passed through
      a second oven heated to a temperature in the range of
      120.degree.-240.degree.C, and wound on a holder.
BSUM
PAR  This invention refers to a bi-compound acrylic bulky yarn and the method of
      the production of same.
PAR  Continuous yarns of other types are already known in this field and in
      particular amongst these, are those of an acrylic nature.
PAR  The production of acrylic fibres was promoted by the fact that the basic
      monomers cost considerably less than those monomers used in the production
      of polyamides and polyesters. Moreover, the acrylic polymers are produced
      by means of very simple and cheap suspension or emulsion polymerization
      processes and may have variable properties within wide limits without
      incurring additional costs or processing complications.
PAR  The transformation of the acrylic polymers into fibres is achieved by
      spinning in solution. Two methods of spinning are known: wet and dry. The
      dry technique is particularly advantageous for the high spinning speeds
      for obtaining continuous yarns.
PAR  The most widely used solvents for dry spinning are: dimethylformamide,
      dimethylphormamide and dimethylsulphoxide.
PAR  To give bulk to such continuous yarns many methods, such as mechanical
      crimping by compression in a compression chamber, false twisting by means
      of spindles operating at a very high number of revs per minute,
      texturization on a knife blade (hot), fluffing with air or gas, and
      texturizing by means of stitching and unstitching, have been studied.
      Another method for obtaining bulky yarns consists of producing
      self-crimping yarns which are composed of two components which each behave
      in a different manner when the yarn is subjected to specific treatments
      (physical or chemical).
PAR  To obtain bi-compound filaments, pairs of acrylic polymers, each having a
      different chemical and/or physical make up, are used. These polymeric
      pairs are differentiated by their different content of neutral comonomers,
      their different content of comonomers or polymers having ionizable groups,
      and their different content of comonomers and polymers of a hydrophylic
      nature.
PAR  The most widely used neutral comonomers are: methyl acrylate, ethyl
      acrylate, methylmethacrylate, vinyl acetate, acrylamide, vinyl pyrrolidon,
      vinyl chloride, and vinyliden chloride, butyl acrylate.
PAR  The comonomers with ionizable groups which are copolymerizable with
      acrylonitrile are: allyl-methallyl, vinylbenzene-sulphonic acids, acrylic,
      methacrylic, itaconic, citraconic and cinnamic acids and their salts.
PAR  The comonomers and polymers having a hydrophylic nature are:
      vinylpyrrolidon, vinylacetamide, acrylamide and their polymers.
PAR  Now we go on to examine the known draw-backs when the constituents of the
      filament are acrylic compounds. In the case of yarns with filaments
      composed of a single acrylic polymer or copolymer, it can be noted that
      said yarns after texturizing, show a good hand, but they are not resistent
      during heat treating, particularly that involved during the dyeing
      processes.
PAR  It follows that the yarns must be dyed before texturizing and consequently
      the finished piece cannot be washed in very hot water as it would, totally
      or almost entirely, lose the bulk given by the texturization and the
      product would no longer hold any interest.
PAR  Dyeing prior to texturization creates considerable difficulties due to the
      impossibility of being able to follow fashion trends and due to warehouse
      stocks and production remnants.
PAR  The draw-backs involved as far as bi-compound yarns are concerned, are
      essentially due to the fact that the crimping produced during their
      development is not generally very uniform. This inequality of crimping is
      caused by the fact that the single filaments making up the yarns at the
      moment of their introduction into the development oven, either due to
      oiling of spinning or electrostatic phenomena, are never completely
      separated one from the other, and therefore during crimping some areas, in
      which all or a good part of the filaments crimp together in stages, are
      produced. The single filaments making up the yarns in such areas, that is,
      do not crimp individually to create a bulky yarn but instead become
      entangled in the same direction amongst themselves and as a a result the
      yarn has only a sparse bulk.
PAR  All the above-mentioned facts lead to the presence of areas of a high
      degree of bulk and others of considerably reduced bulk, in the yarns. As a
      result, the yarns are particularly sensitive during dyeing wherein
      normally coloured patches alternating with patches of a lighter or darker
      colour are obtained.
PAR  It has been found, and this represents the subject matter of the invention,
      that a texturized bi-compound acrylic fibre does not have the same
      disadvantages as the texturized acrylic fibres made up of only one polymer
      or copolymer or those bi-compound acrylic yarns developed according to
      conventional methods.
PAR  Each filament of the bulky continuous bi-compound yarn of the invention is
      made up of a pair of acrylic polymeric components each of which have
      different chemical and/or physical properties. The polymeric components
      have a base of polyacrylonitrile, which may also represent the only
      constituent of such polymeric components. The two polymeric components are
      differentiated by their different plasticizing comonomer content, namely
      methyl acrylate, methyl methacrylate, vinyl acetate, ethyl acrylate, butyl
      acrylate, vinyl chloride, vinyliden chloride; the polymeric components on
      the other hand can be differentiated by their different content of
      ionizable groups, namely allylmethallyl-, vinylbenzene-sulphonic acids,
      acrylic, methacrylic, itaconic, citraconic and cinnamic acids and their
      salts (in which case the copolymers making up each of the components of
      the filament are obtained as a result of the copolymerization of
      acrylonitrile with the above-mentioned compounds: allyl-methallyl,
      vinylbenzene-sulphonic acids, etc.); (different ionizable groups are
      obtainable also by varying the catalytic system of the polymerization);
      finally, the polymeric components can be differentiated by their different
      hydrophylic degree, (in which case the copolymers making up each of the
      components of the filament are obtained either through the
      copolymerization of acrylonitrile with compounds such as vinylpyrrolidon,
      acrylamide and vinylacetamide, or by mixing some of the above-mentioned
      substances in the polymeric form with acrylic polymers.
PAR  It should be noted moreover, that the polymeric components can be formed by
      copolymerization of acrylonitrile not only with the comonomers of only one
      of the afore-mentioned groups, but also with the comonomers of two or all
      the groups, the quantities of the comonomers, in addition to the first,
      being the same or different in the two components, with at least one of
      the two comonomers being in a different quantity, in the two components of
      the filament. The number of waves per centimeter of the yarn ranges from 4
      to 15 and is preferably between 7 and 12; the rate of crimping ranges from
      5% to 20% and is preferably between 8% and 15%; the rate is determined in
      accordance with the following formula:
      ##EQU1##
      Elongation ranges from 10% to 30%.
PAR  Crimping results are mechanically stable up to a load of 1.5 mg/denier.
PAR  The permanency of the crimping, after treatment in boiling water for 5
      minutes with 0.1 mg/denier tension, is total; in fact, the crimping proves
      to be increased in an amount which varies according to texturizing method
      used.
PAR  The yarn shows no dyeing defects and its appearance improves after the
      dyeing process has been carried out; however, it appears full and soft.
PAR  A further point of the invention is the manufacturing process of the
      continuous acrylic bulky bi-compound yarn.
PAR  The spun yarn after drawing, is passed through a first oven heated to a
      temperature of between 130.degree.C and 230.degree.C, preferably
      160.degree.C, and is then subjected to false twisting by means of a
      spindle rotating at a rate of between 100,000 r.p.m. to 1,000,000 r.p.m.
      with the feeding speed of said spindle ranging from 500 to 1000 m/minute,
      which produces a number of (false) twists of from 1000 to 2000 per meter,
      preferably 1600 per meter; after the false twisting stage, the yarn passes
      into a second oven heated to a temperature between 120.degree.C and
      200.degree.C, and preferably around 150.degree.C. The second oven may,
      however, be eliminated and in this case a yarn with a twisting moment is
      obtained. In this case, the yarn must be used with particular care in
      order that the finished article does not show tensions which tend to
      deform its shape. It is therefore necessary to use a binate made up of
      fibres with S and Z twists and work with multi feed machines, alternating
      fibres with S twists with those having Z twists.
PAR  Below, by way of illustration, though not of limitation, are listed some
      examples, with a view to giving a better idea of what the invention
      entails.
PAC  EXAMPLE NO. 1
PAR  Below are recorded the conditions of the tests and the results obtained
      thereby, for a texturized continuous yarn constituted by filaments formed
      of a 91.5% acrylonitrile, 8% methyl acrylate, 0,5% sodium
      methallylsulphonate, copolymer (Column A) and for a texturized bi-compound
      continuous yarn (Column B) constituted by filaments formed of the
      following copolymer pair:
PA0  a. 91.5% acrylonitrile -- 8% methyl acrylate -- 0.5% sodium
      methallylsulphonate
PA0  b. 94.5% acrylonitrile -- 5% methyl acrylate -- 0.5% sodium
      methallylsulphonate
PAL  with 50/50 conjugation.
PAR  The two yarns were obtained by dry spinning of 30% dimethylformamide
      solution under the following spinning conditions:
PA1  Spinneret with 40 holes of 250 .mu. diameter
PA1  Head temperature: 140.degree.C
PA1  Column temperature: 200.degree.C
PA1  Temperature of the solvent evaporating means (nitrogen): 210.degree.C
PA1  Collection speed at bottom of column: 200 m/minute
PAR  The filaments, after washing to eliminate any residues of solvent, were
      drawn with a drawing ratio of 5 in superheated steam at 150.degree.C at a
      final speed of 500 m/minute.
TBL  ______________________________________                                    
     Texturizing Conditions                                                    
                          A         B                                          
     ______________________________________                                    
     Entry speed into 1st                                                      
     oven (m/minute)      150       150                                        
     Temperature of 1st oven (.degree.C)                                       
                          160       160                                        
     Revs of false twist                                                       
     spindle (Revs = Revolutions)                                              
                          240,000   240,000                                    
     % of overfeeding =                                                        
     oven feeding speed - oven leaving speed                                   
                          . 100                                                
     oven feeding speed                                                        
                          +7        +7                                         
     Temperature of 2nd oven (.degree.C)                                       
                          150       150                                        
     Collection speed (m/minute)                                               
                          125       125                                        
     Properties of the yarn                                                    
     Count (denier)       80/40     80/40                                      
     Tenacity (g/denier)  2.6       2.6                                        
     % Elongation         14        14                                         
     No. of waves per centimeter                                               
                          6         9                                          
     Rate of crimping (%) 12        12                                         
     Mechanical stability                                                      
     of crimping (g/denier)                                                    
                          0.9       0.9                                        
     No. of waves per centimeter                                               
     after boiling        1-2       11                                         
     % Rate after boiling 6         16                                         
     Look of the knitted fabric before                                         
                          empty     good                                       
     dyeing (boiling)                                                          
     Look of the knitted fabric after                                          
                          empty     good                                       
     dyeing (boiling)                                                          
     ______________________________________                                    
PAC  EXAMPLE NO. 2
PAR  The same yarns as in the first example were texturized under the following
      conditions (Column A for the yarn with filaments of one copolymer, Column
      B for the yarn with filaments of 2 copolymers):
TBL  Texturizing Conditions                                                    
                          A         B                                          
     ______________________________________                                    
     Entry speed into 1st                                                      
     oven (m/minutes)     150       150                                        
     Temperature of 1st oven (.degree.C)                                       
                          160       160                                        
     Revs. of false twist spindle                                              
                          375,000   270,000                                    
     % of overfeeding     +7        +7                                         
     Temperature of 2nd oven (.degree.C)                                       
                          150       150                                        
     Collection speed (m/minute)                                               
                          125       125                                        
     obtaining the following results :                                         
     Count (denier)       80/40     80/40                                      
     Tenacity (g/denier)  1,5       2,4                                        
     Elongation (%)       13        13                                         
     No. of waves per centimeter                                               
                          11        11                                         
     Rate (%)             12        12                                         
     Mechanical stability                                                      
     of crimping (g/denier)                                                    
                          0.9       0.9                                        
     No. of waves per centimeter                                               
     after boiling        3-4       13                                         
     % Rate after boiling 6         17                                         
     Look of the knitted fabric before                                         
     dyeing (boiling)     good      good                                       
     Look of the knitted fabric after                                          
     dyeing (boiling)     empty     good                                       
     ______________________________________                                    
PAC  EXAMPLE NO. 3
PAR  The same yarns as used in EXAMPLE 1, were subjected to the following
      texturizing conditions, (in Column A, the yarn with filaments of one
      copolymer; in Column B the yarn with filaments of two copolymers).
TBL  ______________________________________                                    
                        A       B                                              
     ______________________________________                                    
     Entry speed into 1st oven                                                 
     (m/minute)           150       150                                        
     Temperature of 1st oven (.degree.C)                                       
                          160       160                                        
     Revs false twist spindle                                                  
                          225,000   225,000                                    
     % of overfeeding     +7        +7                                         
     Temperature of 2nd oven (.degree.C)                                       
                          150       150                                        
     Collection speed (m/minute)                                               
                          125       125                                        
     obtaining the following properties :                                      
     Count (denier)       80/40     80/40                                      
     Tenacity (g/denier)  2.8       2.8                                        
     Elongation (%)       15        15                                         
     No. of waves per centimeter                                               
                          4         7                                          
     Rate (%)             11        11                                         
     Mechanical stability                                                      
     of crimping (g/denier)                                                    
                          0.9       0.9                                        
     No. of waves per centimeter                                               
     after boiling        0         10                                         
     % Rate after boiling 0         15                                         
     Look of the knitted fabric before                                         
                          empty     slightly                                   
     dyeing (boiling)               empty                                      
     Look of the knitted fabric after                                          
                          empty     good                                       
     dyeing (boiling)                                                          
     ______________________________________                                    
PAR  On the basis of the results of the three foregoing examples, it can be
      noted how the conjugate filament yarn, (Column B) requires fewer twists
      whilst giving better results than the single copolymer yarn (Column A).
      Therefore texturizing productivity may be increased, as can be seen
      hereinbelow in EXAMPLE 4.
PAC  EXAMPLE NO. 4
PAR  In this example the conjugate filament yarn of the aforegoing example was
      texturized in the following conditions:
TBL  Entry speed into 1st oven                                                 
     (m/minute)                  250                                           
     Temperature of 1st oven (.degree.C)                                       
                                 180                                           
     Revs false twist spindle    375,000                                       
     % of overfeeding            +7                                            
     Temperature of 2nd oven     170                                           
     Collection speed (m/minute) 210                                           
     obtaining the following properties :                                      
     Count (denier)              80/40                                         
     Tenacity (g/denier)         2.6                                           
     Elongation (%)              15                                            
     No. of waves per centimeter 6                                             
     Rate (%)                    11                                            
     Mechanical stability                                                      
     of crimping (g/denier)      0.9                                           
     No. of waves per centimeter after                                         
     boiling                     9                                             
     % Rate after boiling        16                                            
     Look of the knitted fabric before                                         
                                 slightly                                      
     dyeing (boiling)            empty                                         
     Look of the knitted fabric after                                          
                                 good                                          
     dyeing (boiling)                                                          
PAR  As can be seen from the above-mentioned examples, the conjugate filament
      yarn texturized with an equal number of twists per meter, shows better
      crimping and hand of the knitted fabric, when compared to the single
      copolymer yarn both before and after boiling (or dyeing), (EXAMPLE 1).
PAR  To obtain a single copolymer yarn of the same bulk (look) it is necessary
      to considerably increase the number of twists which leads, however, to a
      notable reduction of tenacity, without improving to any great extent the
      thermic stability during boiling and dyeing.
PAR  On the other hand, the texturized conjugate filament yarn develops its bulk
      during boiling (or dyeing) and can therefore receive fewer twists in the
      texturising phase, obtaining an equally satisfactory product as far as the
      look (touch) is concerned, (EXAMPLE 3).
PAR  All this leads to increased productivity, together with an improved quality
      of the yarn after boiling, (EXAMPLE 4).
PAC  EXAMPLE NO. 5
PAR  The untexturized conjugate filament yarn was developed, after having been
      drawn, in a hot air oven at a speed of 150 m/minute, without contact, at a
      temperature of 200.degree.C.
PAR  During the treatment, the yarn undergoes shrinkage at a rate of 30%.
PAR  The properties of the yarn obtained are the following:
TBL  Count (denier)          86/40                                             
     Tenacity (g/denier)     2.8                                               
     Elongation (%)          30                                                
     No. of waves per centimeter                                               
                             10                                                
     Rate (%)                10                                                
     Mechanical stability of crimping                                          
                             0.9                                               
     No. of waves per centimeter                                               
     after boiling           10                                                
     % Rate after boiling    14                                                
     Look of the knitted fabric before dyeing                                  
                             good                                              
     (boiling)                                                                 
     Look of the knitted fabric after dyeing                                   
                             good                                              
     (boiling)                                                                 
     Dyeing defects          very apparent                                     
PAR  As compared to the texturized conjugate filament yarn the dyeing defects
      due to the lack of crimping uniformity, are considerable.
PAR  The method described above is based on a texturization with a conventional
      bar spindle of the bi-compound yarn after a heating at a temperature of
      from 130.degree.C to 230.degree.C, preferably of about 160.degree.C and a
      further heating at a temperature of from 120.degree.C to 200.degree.C,
      preferably of about 150.degree.C.
PAR  We have found that it is possible to carry out said texturization also with
      friction type spindles, obtaining contemporaneously remarkable advantages.
      The method remains on the whole unchanged, except that the texturization
      is effected with friction systems.
PAR  The bulking by means of a friction spindle presents the remarkable
      advantage that said operation can be carried out at a speed much higher
      than that possible with bar spindles and therefore with a friction spindle
      the bulking effect can be obtained with a much lower number of revolutions
      of the spindle.
PAR  The number of revolutions of the friction spindle for bulking continuous
      acrylic bi-compound yarns is in the range of from 5000 to 50000 per
      minute, preferably from 20000 to 25000.
PAR  The feed speed to the spindle is in the range of from 50 to 1000 m/minute.
PAR  The temperature of the 1st fixing oven is in the range of from 130.degree.
      to 250.degree.C, preferably from 210.degree.C to 220.degree.C, while the
      temperature of the 2nd fixing oven is in the range of from 120.degree.C to
      240.degree.C, preferably from 130.degree.C to 150.degree.C.
DRWD
PAR  In the accompanying drawings, FIGS. 1 to 4 show friction texturization
      spindles which can be used with advantage in the practice of the
      invention.
PAR  In FIG. 1 there is shown a friction spindle constituted by two hollow
      cylinders provided with disks at their ends; the yarn (dashed line)
      follows the path a, b, c, d, so that by rotation of the two cylinders a
      false twist is produced.
PAR  In FIG. 2 a friction spindle is shown constituted by a cylinder inside
      which the yarn to be texturized passes; the cylinder by its rotation
      produces false twists.
PAR  In FIG. 3 a friction spindle is shown constituted by an idle cylinder
      rotating around axis e suitably sloped with respect to a horizontal plane;
      the yarn is wound for one or more helices on the surface of said cylinder
      and produces the rotatory motion of the same cylinder.
PAR  In FIG. 4 a friction spindle is shown constituted by a disk; the yarn
      touches the disk surface, preferably near its edge, and by rotation of the
      disk is subjected to false twist.
DETD
PAR  The shown friction texturization devices obviously are not the only ones
      which can be used for producing false twists since use can be made
      advantageously of all known friction texturization devices.
PAR  For illustrative but unrestrictive purposes the data obtained with the
      method according to the present invention will now be reported.
PAC  EXAMPLE 6
PAR  Two acrylic copolymers (A and B) obtained by polymerization in aqueous
      solution of the monomers ACN (acrylonitrile), AM (methyl acrylate), MASNa
      (sodium methallylsulphonate) in the ratios.
PA0  A: 91.5% acn; 8% am; 0.5% masna
PA0  B: 94.5% acn; 5% am; 0.5% masna
PAL  were dissolved in N-N dimethyl formamide (DMF) at a concentration of 30%
      for copolymer A and 27% for copolymer B.
PAR  The polymeric solutions were dry spun in side by side conjugation at the
      under listed spinning conditions:
PA0  Spinning head temperature: 140.degree.C
PA0  Evaporation column temperature: 200.degree.C
PA0  Temperature of nitrogen for removing solvent: 210.degree.C
PA0  Collection speed at the column bottom: 300 m/minute
PAR  The yarn was washed to eliminate the residual solvent and then drawn in
      steam at 150.degree.C with a drawing ratio equal to 5 and at a drawing
      speed of 700 m/minute.
PAR  The drawn yarn with a count of 80/30 filaments was texturized by means of a
      texturizing machine provided with a friction spindle like the one shown in
      FIG. 1 under the following conditions.
TBL  ______________________________________                                    
     Feed speed             350 m/minute                                       
     Temperature of the fixing oven                                            
                            215.degree.C                                       
     No of revolutions of the spindle                                          
                            23,000 per minute                                  
     % of overfeeding to the fixing oven                                       
                            +8                                                 
     Collection speed       312 m/minute                                       
     ______________________________________                                    
PAR  The yarn so obtained was analyzed and knitted obtaining the following
      characteristics:
TBL  Count                  88/30                                              
     Tenacity                2.5 grams/denier                                  
     Elongation:            11.9%                                              
     Shrinkage in boiling water                                                
                            11.0%                                              
     Bulkiness of the yarn as such:                                            
     Waves/cm                6.4                                               
     Rate % :               10.5                                               
     Bulkiness of the boiled yarn :                                            
     Waves/cm :              7.5                                               
     Rate % :               23.0                                               
     Estimation of the knitted fabric                                          
     knitted fabric as such :                                                  
                            slightly empty                                     
                            look                                               
     Dyed knitted fabric:   full look                                          
     Dyeing regularity:     good.                                              
PAC  EXAMPLE 7
PAR  A yarn obtained as described in example 1 but having a count equal to 50/30
      filaments was texturized with a friction spindle of the type shown in FIG.
      1 under the following conditions:
TBL  Feed speed:          400 m/minute                                         
     1st fixing oven temperature:                                              
                          220.degree.C                                         
     Revolutions of the spindle:                                               
                          25,000 per minute                                    
     % overfeeding to the lst oven                                             
                          + 7%                                                 
     2nd fixing oven temperature                                               
                          140.degree.C                                         
     Collection speed     335 m/minute                                         
PAR  The yarn so obtained was analyzed and knitted obtaining the following
      characteristics:
TBL  Count                  58/30                                              
     Tenacity               2.7 g/denier                                       
     Elongation             13%                                                
     Shrinkage in boiling water                                                
                            9.3%                                               
     Bulkiness of the yarn as such                                             
     Waves/cm               12                                                 
     Rate %                 11.5                                               
     Bulkiness of the boiled yarn                                              
     Waves/cm               12                                                 
     Rate %                 25                                                 
     Estimation of the knitted fabric                                          
     knitted fabric as such and dyed:                                          
                            good look                                          
     Dyeing regularity:     good                                               
PAC  EXAMPLE 8
PAR  Two acrylic polymers A and B obtained by polymerization of the monomers.
PA0  A: 91.5% acn; 8% am; 0.5% masna
PA0  B: 100% acn
PAL  were dissolved in DMF at the concentrations respectively of 30% and 22% and
      dry spun with a conjugation 50/50 under the spinning conditions of example
      2.
PAR  The yarn was drawn and texturized as in example 2.
PAR  The obtained results were the following ones:
PA0  count (denier) 58/30
PA0  Tenacity: 2.8 g/denier
PA0  elongation %: 12
PA0  Shrinkage in water at 100.degree.C (%): 9%
PA0  Bulkiness of the yarn as such:
PA0  waves/cm: 12
PA0  rate %: 11
PA0  Bulkiness of the boiled yarn
PA0  waves/cm: 13
PA0  rate %: 26
PA0  Estimation of the knitted fabric:
PA0  knitted fabric as such: good look
PA0  dyed knitted fabric: good look
PA0  dyeing regularity: good.
PAC  EXAMPLE 9
PAR  Two acrylic copolymers A and B obtained by polymerization of the monomers:
PA0  A: 91.5% acn; 8% am; 0.5% masna
PA0  B: 94.5% acn; 4% am; 1.5% masna
PAL  were dissolved in DMF at the concentration of 30% and 27% respectively,
      spun in conjugation 50/50, drawn and texturized as in example 2.
PAR  The obtained results were the following ones:
PA0  count (denier): 59/30
PA0  tenacity (g/denier): 2.6
PA0  elongation %: 13%
PA0  Shrinkage in water at 100.degree.C (%): 9.5
PA0  Bulkiness of the yarn as such
PA0  waves/cm 10
PA0  rate % 11
PA0  Bulkiness of the boiled yarn
PA0  waves/cm 9
PA0  rate % 24
PA0  knitted fabric as such and dyed: good look
PA0  Dyeing regularity: good.
PAR  The yarn of the preceding examples was drawn by a two stage process as
      follows: the spun yarn fed by means of a couple of rolls at 140 m/minute
      was drawn in steam at 150.degree.C by a couple or rolls at 583 m/minute
      heated at 170.degree.C; subsequently the yarn was subjected to a second
      drawing of 20% by means of a second couple of rolls at a velocity of 700
      m/minute. The total drawing of 1:5 was so divided:
PA0  In the 1st drawing stage in the presence of steam, the drawing ratio was
      1:4.16.
PA0  In the 2nd drawing stage with rolls at 170.degree.C, the drawing ratio was
      1:1.20.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method for the production of a bulky acrylic bi-compound, continuous
      yarn consisting of a pair of acrylic polymeric components differing from
      each other in some of their properties, characterized by from 4 to 15
      waves per centimeter and a crimping rate ranging from 5% to 20%, wherein
      the yarn is drawn, the drawn yarn is passed through a first oven heated to
      a temperature in the range from 130.degree.C to 230.degree.C, is then
      subjected to a false twist by means of a rotating spindle, is then passed
      into a second oven, heated to a temperature of from 120.degree.C to
      200.degree.C, and is then wound on a holder.
NUM  2.
PAR  2. Method in accordance with claim 1, where the spindle rotates at a rate
      of between 100,000 and 1,000,000 revolutions per minute, the spindle
      feeding speed varies between 50 and 1,000 meters per minute, so that from
      1,000 to 2,000 false twists are produced per meter.
NUM  3.
PAR  3. Method for the production of a bulky acrylic bi-compound, continuous
      yarn according to claim 1, wherein the drawn yarn is passed through said
      first oven at a temperature in the range of from 210.degree. to
      220.degree.C, is then subjected to a false twist by means of a friction
      spindle, and is then passed through said second oven at a temperature in
      the range of from 130.degree. to 150.degree.C.
NUM  4.
PAR  4. Method as claimed in claim 1 wherein the spindle makes from 5000 to
      50000 revolutions per minute, and the feeding speed of the yarn to the
      spindle is in the range of from 50 to 1000 meters per minute.
NUM  5.
PAR  5. Method for the production of a bulky acrylic bi-compound, continuous
      yarn in accordance with claim 1, wherein each of said acrylic polymeric
      components is composed of a polyacrylonitrile base and the comonomers,
      methyl acrylate and sodium methallylsulphonate, the relative proportions
      thereof being different in the respective polymeric components.
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ABST
PAL  An electronically regulated watch movement comprising a time-wheel
      mechanism driven by a drive, a generator being coupled to the drive via at
      least a portion of the time-wheel mechanism and with substantial gear
      reduction. The generator includes a rotor with magnets and coils for
      producing a.c. voltage at a frequency of operation FG. An electronic
      regulating circuit is connected to the generator and includes an
      oscillator for producing a precise reference frequency FR and a comparator
      having inputs receiving frequencies FR and FG to compare the same. A power
      source is connected to the comparator and the generator to supply current
      to the generator when FG &gt; FR to brake the generator until FG = FR and
      thereby provide a regulated operation of the time-wheel mechanism.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to watch movements and particularly to watch
      movements which are regulated by an electronic circuit,
PAC  PRIOR ART
PAR  In electronic watch movements, it is generally necessary to change, each
      year, the batteries which supply the drive energy. This is considered to
      be undesirable and a commercial handicap to such watches.
PAR  It has been proposed to utilize a drive to transform the mechanical energy
      produced in the movements of the hands into electrical energy. This
      electrical energy is stored in an accumulator and feeds an electric motor
      at a stable speed of rotation (spiral oscillating motor, step by step
      motor, synchronous motor etc.). The motor drives the wheel mechanism for
      the hands of the watch. Such solutions have a poor efficiency of energy
      usage because mechanical energy is converted to electrical energy which
      has to be retransformed back into mechanical energy.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a watch movement which avoids the
      deficiency of the known movements by eliminating the electric motor.
PAR  In accordance with the invention an a.c. voltage of frequency FG is induced
      at the output of a generator driven by a spring motor through the
      intermediary of at least a part of the time wheel mechanism and with
      substantial demultiplication or gear reduction to minimize the energy
      supplied to the generator. The generator feeds an electric circuit
      comprising a precision oscillator furnishing by a division of the
      frequency, a reference frequency FR, a frequency comparator for FR and FG
      or multiples or divisions thereof, and a charge circuit connected to the
      comparator such that electric current deducted at the output terminals of
      the generator increases when FG is greater than FR and thus brakes this
      latter thereby re-setting the speed of rotation and hence the speed of
      rotation of the members of the time wheel mechanism to that corresponding
      to the reference frequency.
PAR  It goes without saying that the spring furnishing energy to the system can
      be rewound manually or automatically by diverse known means in the
      horological art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a very schematic illustration of the assembly of a watch movement
      including the drive therefor according to a first embodiment,
PAR  FIG. 2 is an axial sectional view of the drive,
PAR  FIG. 3 is a very schematic illustration showing a drive according to a
      second embodiment,
PAR  FIG. 4 is a graph of the induced voltage for the drive,
PAR  FIG. 5 is a schematic electronic circuit diagram according to a first
      embodiment, and
PAR  FIG. 6 is a schematic electronic circuit diagram according to a second
      embodiment.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, therein is seen a watch movement which comprises a
      conventional spring-loaded driving drum 1 which drives a generator 13
      through the intermediary of a portion of the time-wheel mechanism
      including wheels 3, 5, 7, 9, and 11 and pinions 2, 4, 6, 8, 10, and 12,
      the latter pinion being fast with a rotor of the generator 13 according to
      the first embodiment, the train of the interposed wheels providing a
      substantial demultiplication in order that the energy to drive the
      generator is relatively small.
PAR  The spring of the drum 1 is rewound automatically by a central rotor 29
      driving two pawls 22 through the intermediary of pinion 19, wheel 20 and
      eccentric pin 21. The pawls 22 act on pawl wheel 23 and by this on ratchet
      wheel 24 such that the direction of rotation of pawl wheel 23, ratchet
      wheel 24 and drum 1 does not depend on the direction of rotation of rotor
      29.
PAR  The generator 13 includes a rotor of soft iron on one side of which six
      magnets 14 are mounted and a fixed coil 15 is supported adjacent the rotor
      so that the magnets pass one by one in front of the coil 15 as the rotor
      turns.
PAR  The choice of six magnets is not limiting and any even number is suitable.
      It is also possible to have a plurality of coils, for example two, spaced
      180.degree. apart.
PAR  The six magnets have alternating north-south polarity in such fashion that
      when the rotor turns, an induced alternating voltage U.sub.i is produced
      at the output terminals of the coil 15 as shown in the voltage curve in
      FIG. 4 corresponding to one turn of the rotor.
PAR  An electronic circuit is connected to coil 15 and is essentially composed
      of an integrated circuit 16 which achieves a function to be described
      later. A quartz resonator 18 is connected to circuit 16 and provides a
      very stable frequency of oscillation while a trimmer 17 enables adjustment
      of the oscillation frequency of the resonator.
PAR  FIG. 3 very schematically shows the disposition of the generator according
      to a second embodiment wherein the rotor 13' forms with spiral spring 28
      an oscillator of the spiral pendulum type. Energy is transmitted to the
      generator from the drive wheel by a conventional escapement wheel 26 and
      escapement 27 while also providing substantial demultiplication.
PAR  The rotor only carries here two magnets 14' in opposed relation and passing
      alternatively in front of fixed coil 15 in which it also induces an
      alternating voltage U.sub.i as in FIG. 4.
PAR  The resonator thus constituted produces a frequency of oscillation FG which
      is variable in amplitude on the one hand and on the other hand in
      frequency from a reference FR due to isochronism defects. These variations
      of amplitude of oscillation are thus assignable to the variations of the
      speed of rotation of the generator. The electronic circuit acts in the
      same manner as in the case of the embodiment of FIG. 1, but this
      disposition has the advantage of fixing, at the outset, the speed of
      rotation of the wheel in the vicinity of the frequency of regulation FR.
PAR  FIG. 5 schematically shows the electronic circuit according to a first
      embodiment thereof and it can be integrated in technique CMOS having very
      low power consumption. It employs the quartz oscillator therein.
PAR  The circuit comprises a rectifier A which provides direct voltage V from
      the induced voltage U.sub.i produced at the coil output terminals. This
      voltage is integrated in condensor C and permits feeding elements D, E, F,
      G, H in which
PA0  D is an amplifier which permits formation of voltage U.sub.i at frequency
      FG;
PA0  G is the quartz oscillator;
PA0  F is a frequency divider furnishing reference frequency FR; and
PA0  E is a comparator for frequencies FG and FR and furnishing a logical or
      analog signal as a function of the variation between FG and FR. This
      comparator can be a simple phase comparator or of any other suitable type
      as well known to those skilled in the art.
PAR  One such arrangement can consist, for example, of a bidirectional or
      balance counter. The frequency FG is applied to one input of the counter
      and the frequency FR to the other and if the impulses are equal, i.e. FR =
      FG, the counter is at rest. If FG is greater than FR the counter indicates
      a decreasing quantity. It is thus possible to provide at the output of the
      comparator a signal +V when FG &gt; FR or a signal 0 when FG &lt; FR.
PAR  H is a simple inverting amplifier. Its output is +V when signal 0 is
      applied to its input, i.e. when FG &lt; FR. The current flowing in load
      resistor R is thus null. When FG &gt; FR, +V is applied to the input of H and
      its output is 0. There is thus consumed in resistance R a power equal to
      V.sup.2 /R.
PAR  The operation of the electronic circuit is as follows:
PAR  It is well known that a drive can not provide greater electrical power than
      the mechanical power which it receives. It is also known that the spring
      of the drive furnishes a stable mechanical power. This power will be
      chosen so that when the resistance R is not active, it can furnish
      electrical energy to the electronic circuit which is stable and insures at
      the generator a speed of operation greater than the regulation speed. In
      these conditions, the frequency comparator detects FG &gt; FR. The voltage at
      the output of amplifier H is 0.
PAR  When current flows through resistance R a supplemental power V.sup.2 /R
      will be deducted from the generator. As the power furnished by the spring
      is constant, this supplemental power can only be deducted from the kinetic
      energy of the rotor of the generator which acts to brake the same. R will
      be selected in such manner that the speed of rotation will become less
      than the value of regulation. The frequency comparator thus reverses the
      signal in H. Power is no longer deducted from R, the drive accelerates up
      to the instant when FG &gt; FR. There is therefore a regulation of FG to FR.
      The speed of rotation is thus regulated and the hand mechanism indicates
      the time with the precision given by the quartz oscillator. The regulation
      of power can therefore be expressed
EQU  P.sub.M - P.sub.G - P.sub.e - P.sub.R = 0
PAL  wherein:
PAR  P.sub.M is the mechanical power delivered by the spring of the drive drum,
PAR  P.sub.G is the power dissipated by the generator and the time wheel
      mechanism when turning at the speed of regulation,
PAR  P.sub.e is the electric power consumed by the circuit,
PAR  P.sub.R is the electric power of regulation, of a maximum of V.sup.2 /R
      where
EQU  V.sup.2 /R &gt; P.sub.M - P.sub.G &gt; P.sub.e
PAR  It is thus seen that the factors P.sub.M, P.sub.G and P.sub.e can vary in
      magnitude while this relation sill holds true.
PAR  FIG. 6 shows a second embodiment of electronic circuit which conforms to
      the required conditions.
PAR  Therein, the amplifier D, oscillator G, divider F, frequency comparator E
      and amplifier H function in the same manner as in the previously described
      circuit, but the condensor C is replaced by a small battery or accumulator
      S. There is employed a gating arrangement formed by transistor B. When FG
      &gt; FR, the transistor is conductive. Power P.sub.a is deducted from the
      generator to brake the same. When FG &lt; FR the transistor is non-conductive
      and power is no longer deducted from the generator. The advantage of this
      arrangement is the accumulation of the energy of regulation rather than
      its loss in the resistance. Based on an energy balance, at an average, the
      accumulated energy should be useful in the feed of the circuit according
      to the following equation.
EQU  P.sub.e &lt; P.sub.M - P.sub.G &lt; P.sub.A
PAR  In contrast, instantaneously, P.sub.A can become null since the feed is
      assured by the battery A and not by the generator.
EQU  P.sub.e &lt; P.sub.M - P.sub.G &lt; 0
PAR  This gives a supplemental security of operation, e.g. for the passage of a
      day. On the other hand, the spring of the drive drum does not develop the
      same power over 36 hours.
PAR  In practice with a drive spring of 35 ergs/sec or 3.5 .mu. Watts existing
      in watches of so-called high frequency (36000 Ah), the following is
      obtained with the construction of the invention.
TBL  ______________________________________                                    
            Maximum  .mu. Watts    Minimum                                     
            Value    Average Value Value                                       
     ______________________________________                                    
     P.sub.M  4.0        3.5           3.0                                     
     P.sub.G  2.0        1.0           0.5                                     
     P.sub.A             5                                                     
     P.sub.e             2.0                                                   
     ______________________________________                                    
PAR  Taking the most unfavorable case
TBL    P.sub.M min - P.sub.G max &gt; 0                                           
                       3.0 - 2.0 = 1.0&gt;0                                       
       P.sub.M max - P.sub.G min &lt; P.sub.A                                     
                       4.0 - 0.5 = 3.5&lt;5                                       
     P.sub.e &lt;P.sub.M avg - P.sub.G avg &lt; P.sub.A                              
                       2.0 &lt; 3.5-1 = 2.5&lt;5                                     
PAR  It is seen that if these values are respected, the assembly functions
      perfectly.
PAR  It is obvious that other drives having one or more pairs of magnets or one
      or more coils can be utilized.
PAR  The magnets can be removable or fixed as can be the coils.
PAR  There can also be used all known electronic circuits to permit variation of
      the output to the drive as would be evident to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A watch movement comprising a drive means, a time-wheel mechanism driven
      by said drive means, a generator coupled to said drive means via at least
      a portion of said time-wheel mechanism and with substantial gear
      reduction, said generator including means for producing a.c. voltage at a
      frequency of operation F.sub.G, and an electronic regulating circuit
      connected to said generator, said circuit comprising an oscillator means
      for producing a precise reference frequency FR, a comparator having inputs
      receiving frequencies F.sub.R and F.sub.G to compare the same, and a
      charging means connected to the comparator and the generator to supply
      current to the generator when F.sub.G &gt; F.sub.R to brake the generator
      until F.sub.G = F.sub.R and thereby provide a regulated operation of said
      time-wheel mechanism.
NUM  2.
PAR  2. A watch movement as claimed in claim 1, wherein said generator includes
      at least one pair of magnets alternating in polarity, and at least one
      coil in which voltage is induced by relative travel of said magnets and
      the coil, said generator including a rotor driven from said drive means by
      which relative movement is provided between the coil and said magnets.
NUM  3.
PAR  3. A watch movement as claimed in claim 2, wherein said magnets are secured
      to said rotor and said coil is fixed adjacent the rotor so that the
      magnets advance therepast one by one as the rotor rotates.
NUM  4.
PAR  4. A watch movement as claimed in claim 2, wherein said generator comprises
      a spiral-pendulum oscillator, said rotor being an oscillator rotor.
NUM  5.
PAR  5. A watch movement as claimed in claim 4, wherein said magnets are two in
      number and are mounted in opposition on said rotor, said coil being fixed
      adjacent the rotor so that the magnets travel therepast as the rotor
      oscillates.
NUM  6.
PAR  6. A watch movement as claimed in claim 1, wherein said oscillator means
      comprises a quartz oscillator.
NUM  7.
PAR  7. A watch movement as claimed in claim 1, wherein said electronic circuit
      is an integrated circuit with very low energy consumption.
NUM  8.
PAR  8. A watch movement as claimed in claim 6, wherein said electronic circuit
      includes a rectifier producing a direct voltage V, a condensor connected
      to the rectifier, and an amplifier having an output signal with frequency
      F.sub.G, said comparator being connected to the amplifier and oscillator
      means to compare F.sub.G and F.sub.R.
NUM  9.
PAR  9. A watch movement as claimed in claim 8, wherein said comparator is a
      balance counter with an addition input to which the amplifier is connected
      and a reduction input to which the oscillator means is connected, said
      counter having an output signal +V for increasing state and O for
      decreasing state, said circuit further comprising an inverting amplifier
      connected to said comparator to provide an output signal V when the input
      is O and an output signal O when the input is V, and a resistance means
      connected to said inverter.
NUM  10.
PAR  10. A watch movement as claimed in claim 8, wherein said electronic circuit
      includes a rectifier producing a direct voltage V, a battery connected to
      the rectifier, an amplifier having an output signal with frequency F.sub.G
      and F.sub.R, and a gate between said generator and battery and connected
      to said inverting amplifier and including a semi-conductor gate member
      which is conductive when F.sub.G &gt; F.sub.R.
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ABST
PAL  An arm-actuated switch for a solid-state electronic watch having an
      electro-optic display. To conserve battery power, the display is normally
      quiescent and is momentarily turned on by the switch only when the wearer
      of the watch moves his arm in a particular way. The switch includes a pair
      of spaced contacts which when interconnected close the circuit. Such
      interconnection is effected by a shorting bridge formed by a pair of
      flexible tines which normally occupy positions adjacent to but out of
      touch with the contacts, the tines being flexed into engagement with the
      contacts by a pair of swingable mallets that are caused to swing and
      strike the tines only if the arm is moved in a predetermined manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to solid-state electronic wrist watches
      having an electro-optic time display, and more particularly to a watch
      incorporating an arm-actuated switch for activating the display of the
      watch only when the wearer moves his arm in a predetermined manner.
PAR  The term "solid-state electronic wrist watch," as used herein, is limited
      to wrist-borne electronic timepieces provided with an electro-optic time
      display and having no moving parts. The traditional spring-powered
      mechanical watch produces rotary motion for driving gearworks that operate
      the moving hands or time indicators. In those electronic watches which
      also have a moving hand readout, the oscillations of a balance wheel or
      the vibrations of a tuning fork are electronically sustained, the
      oscillations or vibrations being converted into rotary motion for driving
      the gear train. Hence moving parts are included in electronic watches of
      this type.
PAR  However, in recently introduced types of solid-state electronic watches,
      electrical pulses derived from a crystal-controlled time base serve to
      actuate an electro-optic display formed either by light-emitting diodes
      (LED) or by liquid-crystal elements (LCD). Hence in such solid-state
      electronic timepieces, no moving parts are entailed.
PAR  In a battery-operated electronic watch having moving parts, such as that
      disclosed in Hetzel U.S. Pat. No. 2,971,323, the time display is
      continuous, yet the efficiency of the movement is such that the operating
      life of the small power cell is well over a year. But in a solid-state
      watch, the power requirements of the electro-optic display, particularly
      in the case of an LED display, are relatively high; hence should the
      display be continuous, the life of the battery would be quite brief.
PAR  It is for this reason that commercially available types of solid-state
      watches are provided with a normally quiescent display that is turned on
      only when the user depresses a push-button demand switch, thereby
      conserving power and prolonging the life of the battery. In one such
      watch, the display is programmed so that upon merely touching the
      push-button switch, the minutes and hours are indicated for an interval of
      one and one-quarter seconds, whereas continued depression of the switch
      causes the minutes and hour data to fade and the seconds to appear and to
      continue to count as long as the button is held in. In this arrangement,
      precise computation of time is continuous and independent of whether or
      not it is displayed, so that the moment the switch is depressed, timing
      signals are applied to the display.
PAR  Since the wearer of the solid-state watch has it strapped to the wrist of
      one arm, he is compelled to use his other arm to reach the switch and
      activate the time display. This requirement gives rise to certain
      practical difficulties, particularly if the other arm is engaged in some
      necessary activity. For example, one who is carrying a package or driving
      a car cannot press the demand switch on the watch worn on one arm, without
      first freeing his other arm.
PAR  This difficulty is recognized in Kouchi U.S. Pat. No. 3,748,847, which
      discloses a solid-state watch whose casing is provided at its rear with a
      rotatable plate operatively coupled to a switch for activating the
      display. To bring the face of the watch into view, the arm bearing the
      watch is twisted. This twisting motion causes movement of the skin in
      contact with the rotatable plate, as a result of which the plate rotates
      through an angle sufficient to operate the switch associated therewith. A
      rotatable plate arrangement of this type requires a special and relatively
      costly watch case, and it complicates the waterproofing of the case.
PAR  Alternative approaches to a wrist-actuated switch are found in Bergey U.S.
      Pat. No. 3,742,699, where in one embodiment the switch is fully enclosed
      in the case of the solid-state watch and hence requires no special casing
      structure. However, in this arrangement the switch takes the form of a
      conductive ball movable within a sleeve, the ball successively completing
      a circuit between the sleeve and spaced contacts coupled to separate
      flip-flop circuits to produce an output signal in response to sequential
      engagement of the contacts by the ball. Hence, in addition to the switch,
      this arrangement requires a special electronic circuit associated
      therewith to produce a switching signal.
PAR  One serious problem encountered in prior types of arm-actuated switches for
      solid-state watches is that the switch may be activated by random or
      accidental arm movements so that a time-display is produced without regard
      to demand. This inadvertent switching activity results in excessive
      current drain and shortens the life of the power cell.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide an arm-actuated switch for activating the electro-optic display of
      a solid-state watch only when the wearer moves his arm in a predetermined
      manner, the switch being unresponsive to random or accidental arm
      movements.
PAR  More particularly, it is an object of this invention to provide an
      arm-actuated switch unit which may be contained within a standard watch
      case and requires no special case design or associated electronic circuits
      to produce a switching action.
PAR  Yet another object of this invention is to provide an arm-actuated switch
      unit which is of simple, inexpensive and reliable design.
PAR  Still another object of the invention is to provide a time-display
      arrangement which is coordinated with the arm-actuated switching action
      such that when the display is oriented for optimum viewability, the switch
      is operated to light up the display.
PAR  Briefly stated, these objects are attained in an arm-actuated switch formed
      by a pair of spaced stationary contacts which when momentarily
      interconnected, complete a circuit to turn on the electro-optic display of
      the electronic watch. Ordinarily, the contacts are not interconnected,
      hence the display is normally quiescent. The momentary interconnection of
      the contacts is effected by a conductive shorting bridge formed by a pair
      of flexible tines symmetrically arranged with respect to the contacts so
      that the tines are both normally adjacent to, but out of touch with, the
      contacts.
PAR  The only way by which the bridge is able to interconnect the contacts is
      for both tines thereof to simultaneously engage both contacts. For this
      purpose, associated with the tines are a pair of swingable mallets so
      arranged that when the wrist is raised to a horizontal position and
      rotated in one direction, then the mallets are retracted from the tines,
      but when the wrist is then rotated in the reverse direction, the mallets
      swing from their retracted position to strike the tines with sufficient
      force to cause the tines to flex and engage the contacts, thereby closing
      the switch and activating the display. The position of the electro-optical
      display on the case is made such that optimum viewability is attaned just
      when the switch is closed.
DRWD
PAC  OUTLINE OF THE DRAWINGS
PAR  For a better understanding of the invention, as well as other objects and
      features thereof, reference is made to the following detailed description,
      to be read in conjunction with the annexed drawings, wherein:
PAR  FIG. 1 is a block diagram of a solid-state watch including an arm-actuated
      switch in accordance with the invention;
PAR  FIG. 2 shows in perspective the watch as carried on the wrist of a wearer;
PAR  FIG. 3 is a schematic view of the switch in its quiescent state;
PAR  FIG. 4 shows the watch in its cocked state;
PAR  FIG. 5 shows the switch in its fired state;
PAR  FIG. 6 is an exploded view of an actual embodiment of the switch;
PAR  FIG. 7 is a section of the switch taken in the vertical plane; and
PAR  FIG. 8 is a section of the switch taken in the horizontal plane.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAC  The Electronic Watch
PAR  Referring now to FIG. 1, there is shown in simplified block diagram, the
      main components of a solid-state electronic watch in accordance with the
      invention. The watch comprises a time base or frequency standard 10 in the
      form of a quartz-crystal high-frequency oscillator whose output is
      supplied to a converter 11 in the form of a multi-stage divider that
      divides down the frequency from standard 10 so that the output signal of
      the converter is at a suitable low timing rate, such as a pulse frequency
      of 1 Hz.
PAR  This signal is applied to a display actuator 12 constituted by a suitable
      logic circuit which controls a four-digit electro-optic time display,
      generally indicated by numeral 13. A suitable time display is a matrix of
      light-emitting diodes (LED), or of liquid-crystal display elements (LCD).
PAR  Frequency standard 10 and frequency converter 11 are both energized by a
      first replaceable battery 14. The display actuator 12 and the time display
      13 are energized by a second replaceable battery 15 under the manual
      control of a switching mechanism 16 operated by the crown and stem
      assembly 17 of the watch so that power from battery 15 is not drawn, and
      the electro-optic display is normally inactive save when the switch 16 is
      actuated in a particular manner. All of these solid-state components
      including the time display, are incorporated in a single module which is
      placed in a wrist-watch casing C, as shown in FIG. 2, with digital display
      13 exposed through an end window W on the watch.
PAR  In normal operation, time is continuously kept but is not presented by
      display 13. That is to say, no time indication is visible, this being the
      normal condition which prevails in order to conserve the power of battery
      15. However, even though time is not displayed, the electronic watch
      system continues to keep accurate time and is capable of displaying the
      time or calender date at any instant when the crown and stem assembly 17
      is manually actuated.
PAR  Each of the four LED digits may be defined by a selectively-activated dot
      matrix. Alternatively, this display may be formed by a seven-bar segment
      composed of seven light-emitting diodes of elongated shape, so arranged
      that by energizing an appropriate combination of bars, any one of the
      numbers 0 through 9 may be presented. The invention is not limited to any
      one form of electro-optical display.
PAR  The display has three distinct states: the first being the time-of-day,
      given in hours and minutes; the second being seconds; and the third being
      calendar date. These states are under the control of crown and stem
      assembly 17, which operates the switching mechanism 16 whereby when the
      crown is depressed part-way, the time-of-day is displayed, when it is
      fully depressed, seconds are displayed, and when the crown is pulled out,
      the calendar date is presented. Since the display is
      electronically-actuated at the rate of one timing pulse per second, these
      pulses may be electronically counted and accumulated to afford a reading
      of seconds and a reading of minutes and hours. After every twenty-four
      hour interval is counted, the calendar date is advanced. Suitable decoder
      or logic circuits and all other electronic components are disclosed in
      U.S. Pat. Nos. 3,756,011 and 3,756,013.
PAR  A solid-state watch using a crown-operated switch to control the display is
      disclosed in greater detail in the co-pending application of Van Haaften,
      Ser. No. 413,370, filed Nov. 6, 1973. The present invention is not limited
      to this type of solid-state watch nor the particular type of manual switch
      disclosed in this application, the invention being usable with any known
      type of solid-state electronic watch including a manually-operated switch
      of the push-button or any other type which when momentarily actuated,
      produces a time-of-day (hours and minutes) electro-optic display.
PAC  THE SWITCHING PRINCIPLES
PAR  The present invention resides in an arm-actuated switch S which is
      incorporated in the module contained in case W and is shunted across the
      existing manually operated time-of-day switch so that switch S acts to
      activate the time-of-day display only when the watch, strapped on the
      wrist on one arm of the wearer, is moved in a predetermined manner, so
      that the switch undergoes a sequence of motions. The wearer may still, if
      he wishes, press the manually operated switch to obtain a time-of-day
      reading.
PAR  FIG. 2 shows the watch strapped on the wrist of the wearer's arm A, the end
      window W thereof facing the eyes of the wearer when the arm is raised to a
      horizontal position. The nature of the switch S and its orientation within
      case C are such that when the wearer raises his arm to the horizontal
      position and then rotates his arm about 90.degree. in the clockwise
      direction, thereby shifting window W away from the wearer's line of sight,
      switch S is thereby cocked, and when the wearer then quickly rotates his
      arm in the counterclockwise direction to return window W to the line of
      sight where the window is best viewable, at that point the switch is fired
      to activate the time display. The invention is by no means limited to the
      specific window arrangement shown, and is applicable to any solid-state
      watch having a switch-operated time display.
PAR  Referring now to FIG. 3, schematically showing the structure of switch S,
      it will be seen that the switch includes a pair of contacts 40 and 44
      which are spaced apart so that the circuit between terminals T.sub.1 and
      T.sub.2 is open. In order to momentarily close this circuit and thereby
      activate the time display, a conductive shorting bridge is provided which
      is formed by a wire of spring material, such as berrylium copper, the wire
      being bent to define a pair of flexible tines 37 and 38 extending from a
      mounting post 35. The normal or neutral position of the tines is such that
      they lie adjacent to but out of engagement with contacts 40 and 44, so
      that the circuit is normally open.
PAR  In order to close the circuit between contacts 40 and 44, it is necessary
      for the shorting bridge tines 37 and 38 to flex and simultaneously engage
      the contacts, for if only one of the contacts is engaged by a tine, the
      circuit remains open. To accomplish this result, there is provided a pair
      of freely swingable mallets 39 and 43, both of which are pivoted on a
      common axis, the mallets being symmetrically arranged relative to tines 37
      and 38. Stops 26 and 27 are associated with the mallets to limit the
      retracted position thereof relative to the tines.
PAR  Because the mallets of the switch are free to move in the range determined
      by the tines and the stops, they will, depending on the movement of the
      wearer's arm, intermittently strike the tines, but the striking force of
      the mallets, which is a function of their mass and acceleration, is
      ordinarily insufficient to flex the tines to a degree causing the tines to
      engage the contacts. In order to develop sufficient acceleration to
      produce the required striking force, it is necessary to position the wrist
      and to rotate it in a particular manner to cause the mallets to be
      retracted or cocked relative to the tines and to be then fired to strike
      the tines.
PAR  In order to explain the sequence of wrist motions necessary to actuate
      switch S, the axis H passing through the switch on FIGS. 3, 4 and 5,
      represents the position of the wrist on which the switch is borne when the
      wrist is raised to the horizontal position. The vertical plane Y, which is
      normal to axis H, represents the plane of wrist rotation about the point
      of intersection P.
PAR  When the wrist is rotated in plane Y about point P in the clockwise
      direction, the switch tilts in direction A, and when wrist rotation is in
      the counterclockwise direction, the switch tilts in direction B.
PAR  FIG. 3 shows the position of the mallets when the wrist is horizontal. The
      mallets are then in their neutral position and lie against the tines. When
      the wrist is rotated gently in direction A, the mallets shift to their
      stop position, as shown in FIG. 4, in which position the mallets are
      retracted or cocked in readiness for firing.
PAR  When thereafter the wrist is rotated with a quick tilting motion or snap
      action in the B direction, the mallets 39 and 43 then swing to strike the
      tines with sufficient force to cause the tines to deflect and
      simultaneously engage contacts 40 and 44 to complete a circuit
      therebetween, thereby closing the switch and energizing the display to
      provide a time-of-day reading. This closing is momentary, for the flexible
      tines thereafter quickly return to their normal position out of engagement
      with the contacts. However the time display, once actuated, is maintained
      for a period, such as a second determined by the time constant of the
      circuit associated with the display.
PAR  It will be appreciated that wrist motions other than the sequence described
      above will cause the mallets to swing and strike the tines, but unless the
      motions are in the prescribed sequence, a simultaneous striking action
      will not take place and the switch will not close.
PAC  THE ACTUAL SWITCH
PAR  Referring now to FIGS. 6, 7 and 8, showing a preferred embodiment of the
      actual switch structure, the switch includes a pair of complementary
      cup-shaped metal housing pieces 30 and 31 each having a central shaft 32
      and 33, respectively, anchored in the top thereof. Each housing piece is
      provided with top openings 30A and 31A through which the interior of the
      housing is viewable.
PAR  The complementary housing pieces are joined together by means of an annular
      spacer 34 formed of plastic insulating material, so that when assembled,
      the pieces, which serve as the terminals of the switch, are electrically
      insulated from each other. The free ends of shafts 32 and 33 are received
      within opposite ends of a small plastic hub 35 which is held within the
      housing chamber at the center thereof.
PAR  Resiliently clamped to hub 35 is a shorting bridge 36 formed of a spring
      wire bent to assume a modified hairpin shape which defines a pair of
      spaced tines 37 and 38. As best seen in FIG. 8, the tines lie in a plane
      parallel to the tops of the housing pieces.
PAR  The first swinging mallet is formed by a plastic pendulum 39 freely mounted
      on shaft 32 and retained thereon by means of a metal contact 40 which is
      friction-fitted onto the shaft and is provided with a bent finger 40A
      normally disposed adjacent to and out of engagement with tine 37 when the
      tine is unflexed. Pendulum 39 has a fan-shaped frame formation that is
      fitted with a relatively heavy metal insert 41 serving as a weight to
      increase the effective mass of the swinging mallet. Projecting laterally
      from insert 41 is a striking pin 42 which is positioned to strike and
      deflect tine 37.
PAR  The second swinging mallet is similarly formed by a plastic pendulum 43
      freely mounted on shaft 33 and retained thereon by means of a metal
      contact 44 which is friction-fitted on shaft 33, the contact having a bent
      finger 44A disposed adjacent to and out of engagement with tine 38 when
      this tine is unflexed. Pendulum 43 has a fan-shaped frame formation, and
      is provided with a metal insert 45 from which projects a striking pin 46
      which is positioned to strike and flex tine 38.
PAR  When assembled, all parts of the switch are fixed, with the exception of
      the freely swinging pendulums and the resiliently-clamped shorting bridge.
      In the assembly procedure, the two housing pieces 30 and 31 are initially
      rotated relative to each other until contact fingers 40A and 44A almost
      touch tines 37 and 38. In practice, a spacing of about 0.005 inch is
      appropriate for this purpose.
PAR  Openings 30A and 31A in the tops of the complementary housing pieces are
      used for observing the contact adjustment. Once a proper adjustment has
      been made, the two pieces are cemented to the spacer 34 to prevent any
      further rotation. The switch may be connected to the module circuit by
      soldering leads onto the housing pieces.
PAR  The switch is installed in the module so that colinear shafts 32 and 33 are
      vertical when the wrist of the wearer is horizontally extended, such that
      when the wrist is thereafter rotated to tilt the switch in the
      A-direction, the two pendulums swing away from the tines to their
      retracted positions pins 42 and 45 in the retracted position of the
      pendulum make contact with each other and serve as stops to limit further
      movement of the pendulums. Then with a quick tilting motion in the reverse
      or B-direction, the two pendulums are caused to swing, one to the right
      and the other to the left. In swinging, the pendulums gain momentum until
      the striking pins 42 and 45 hit the tines, causing the tines to flex to
      engage the switch contacts.
PAR  After striking, the pendulums bounce back and come to rest at their neutral
      position. The locations of the striking pins on the pendulums are such
      that when both pendulums are hanging down in the B-direction, they just
      engage the tines of the shorting bridge. Under this condition, a sudden
      jar will not cause flexure of the tines to a degree making electrical
      contact. Electrical contact can be made only if the pendulums have
      sufficient momentum so that the striking pins simultaneously bump and bend
      the tines, so that both tines are flexed inwardly at the same time. But if
      only one time is bent at a time, a circuit will not be completed.
PAR  While there has been shown and described a preferred embodiment in
      accordance with the invention, it will be appreciated that many changes
      and modifications may be made therein without, however, departing from the
      essential spirit thereof.
PAR  For example, the same switch may be used with electronic instruments other
      than watches, such as a miniature transmitter borne on the person and
      operating only when the wrist-borne switch is actuated.
CLMS
STM  I claim:
NUM  1.
PAR  1. An arm-actuated switch for an electronic device which is borne on the
      wrist of a wearer, said switch acting to close a circuit in said device to
      activate same only when the wearer's arm is made to undergo a
      predetermined sequence of motions, said switch comprising:
PA1  A. a pair of spaced contacts which when interconnected close said circuit;
PA1  B. a conductive shorting bridge having a pair of flexible tines
      symmetrically disposed with respect to said contacts, each tine in its
      neutral position being adjacent to but out of engagement with a respective
      contact, and
PA1  C. a pair of swingable mallets pivoted on an axis normal to the axis of
      symmetry of said tines and so disposed with respect to said tines that the
      mallets are capable of being retracted and then swung to strike the tines
      simultaneously with sufficient force to bend the tines to cause them to
      engage the contacts and close the circuit only when the wearer moves his
      arm so that it undergoes said predetermined sequence of motions.
NUM  2.
PAR  2. A switch as set forth in claim 1, wherein said sequence of motions
      involves a first step in which the arm is raised to a horizontal position,
      a second step in which the arm is rotated in one direction to tilt said
      switch to cause said mallets to retract relative to the tines, and a third
      step in which the arm is rotated in the reverse direction to cause said
      mallets to swing toward and strike said tines.
NUM  3.
PAR  3. A switch as set forth in claim 2, wherein said device is a solid-state
      electronic watch having an electro-optical display having a control
      circuit which is connected to a battery for powering said display, and
      said switch is included in said control circuit whereby said display is
      provided with power only when said switch is closed.
NUM  4.
PAR  4. A switch as set forth in claim 3, wherein said display is positioned on
      said watch to assume an optimum line-of-sight position when said switch is
      in the position determined by the third step.
NUM  5.
PAR  5. A switch as set forth in claim 1, wherein said pair of spaced contacts
      is mounted on co-linear central shafts extending from the tops of a pair
      of complementary cup-shaped housing pieces which are joined together by an
      insulating spacer.
NUM  6.
PAR  6. A switch as set forth in claim 5, wherein said mallets are formed by a
      pair of pendulums pivotally mounted on said shafts.
NUM  7.
PAR  7. A switch as set forth in claim 6, wherein said pendulums are provided at
      their free ends with metal weights.
NUM  8.
PAR  8. A switch as set forth in claim 6, wherein said shafts are joined by an
      insulating hub and said shorting bridge is formed of a hairpin-shaped wire
      which is resiliently clamped on said hub, the tines of the bridge
      cooperating with the contacts mounted on said shafts.
NUM  9.
PAR  9. A switch as set forth in claim 8, wherein said weights have striking
      pins extending laterally therefrom to engage said tines.
NUM  10.
PAR  10. An arm-actuated switch for an electronic device which is borne on the
      wrist of an arm of a wearer, said switch acting to close a circuit in said
      device to activate same only when the arm is made to undergo a
      predetermined multi-step sequence of motions, said switch comprising:
PA1  A upper and lower complementary cup-shaped metal pieces joined together by
      an insulating spacer to define a chamber, each piece having a central
      metal shaft extending along a common axis, the two shafts being joined
      together by an insulating hub positioned at the midpoint of the chamber,
      whereby the metal pieces constitute the terminals of the switch;
PA1  B upper and lower contact elements mounted on the respective shafts and
      extending laterally therefrom at different angles, the upper element
      having a downwardly bent finger and the lower element having an upwardly
      bent finger, said fingers defining a pair of spaced contacts;
PA1  C a shorting bridge formed by a hairpin-shaped wire clamped onto said hub
      and having a pair of resilient tines symmetrically disposed relative to
      said spaced contacts, each tine in its neutral position being adjacent to
      but out of engagement with a respective contact; and
PA1  D upper and lower pendulums pivoted on the respective shafts of the upper
      and lower pieces, each pendulum having a mallet at the free end thereof
      for striking a respective tine, said mallets being capable of being
      retracted and then swung to strike the tines simultaneously with
      sufficient force to bend the tines inwardly to cause them to engage the
      contacts and close the circuit only when the wearer moves his arm so that
      it undergoes said predetermined sequence of motion.
NUM  11.
PAR  11. A switch as set forth in claim 10, said switch being so oriented that
      said common shaft axis lies in the vertical plane when the wearer's arm in
      the first step in said sequence is raised to a horizontal position,
      whereby when the arm in the second step in said sequence is rotated in one
      direction to tilt said switch, said mallets retract relative to said
      tines, and when the arm in the third step in said sequence is rotated in
      the reverse direction, the mallets are caused to swing toward and strike
      said tines.
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ABST
PAL  The invention relates to an electric clock with an oscillator, especially a
      quartz oscillator, a frequency divider connected thereto, and a control
      stage connected to the output of the frequency divider either directly or
      via a pulse shaper stage. Through the control stage, a stepper motor,
      preferably a single-phase stepper motor, connected to the hand mechanism
      is acted upon by square-wave pulses of identical or alternating polarity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an electric clock of the type which uses a
      frequency divider to step down oscillations from an electric oscillator.
PAR  2. Description of the Prior Art
PAR  Quartz clocks are already known which use a vibrating quartz crystal
      operating in the megahertz range and whose output frequency is reduced, by
      means of a frequency divider, to a value ranging in the Hertz range. When
      a stepper motor is employed for driving a hand mechanism, the output
      frequency of the oscillator is reduced to 0.5 to 1 Hertz, or, when a
      synchronous motor is used, to 50 or 60 Hertz. For reasons of economy,
      however, a stepper motor is usually provided as the drive means for the
      hand mechanism. The low-frequency signal supplied by the frequency divider
      is fed, in one known device, to a pulse shaper stage, wherein the duration
      of the individual pulses of the low-frequency signal is reduced. The pulse
      shaper stage is constructed as a logic circuit which is triggered by
      various higher frequency output signals from the frequency divider and
      operates in the manner of a mixer. The pulse train transmitted by the
      pulse shaper stage is fed to a control stage which connects the stepper
      motor to the operating voltage source. The stepper motor is connected to
      the hand mechanism for the duration of one pulse prevailing at the control
      stage input. The stepper motor is consequently acted upon by square wave
      pulses of identical or alternating polarity, depending on the structure of
      the control stage.
PAR  Quartz clocks are generally operated independently of an a.c. power
      network, and are operated by means of a battery as voltage source. Thus,
      the power consumption of quartz clocks must be as small as possible. This
      requirement could be met by feeding short duration square-wave pulses to
      the stepper motor. This is possible per se within certain limits, but,
      when the pulse duration is shortened, an increase in the natural
      vibrations of the motor armature occurs. This causes a quivering movement
      of the second hand and, even more serious, it causes relatively loud
      noises to be produced.
PAR  To eliminate these shortcomings, attempts have been made to dampen the
      natural vibrations of the motor armature mechanically. In one known
      device, an inertia mass, such as a ring, a sleeve, or a disc, is loosely
      mounted on the armature shaft. In another known device, a portion of the
      armature shaft extends into or through a dampening chamber filled with
      silicon oil. However, this and other known devices using a mechanical
      dampening can only incompletely suppress the natural vibrations of the
      motor armature. Moreover, even if a rather acceptable noise dampening and
      dampening of the second hand movement could be achieved, the dampening
      agents eventually wear out and must therefore be replaced. Finally, a
      determination of the optimal possible dampening in the individual
      embodiments is difficult and time-consuming since it is necessary to
      proceed empirically.
PAC  SUMMARY OF THE INVENTION
PAR  These difficulties and disadvantages are overcome by the invention. The
      invention is directed to measures by which the natural vibrations of the
      motor armature can be permanently eliminated. The measures to be taken are
      simple and are capable of being carried out with the minimum expense and
      time. The invention provides electric or electronic means for extending
      the decay time of the trailing edge of each pulse fed to the stepper
      motor.
PAR  Thus, at the beginning of each step of the motor armature, a sufficiently
      high starting torque is produced by the pulse component with an amplitude
      which is constant or nearly constant in time. At the end of a step of the
      motor armature, a brake or stopping torque is exerted by the pulse
      component upon the motor armature, thereby largely preventing an
      overshooting oscillation of the motor armature and thus preventing an
      oscillation of entry of the motor armature into its new position. Thus the
      second hand moves stepwise without quivering and the noises which are
      relatively loud in known clocks can be reduced to a non-disturbing
      minimum. A special advantage of a device according to the invention is
      that the duration of the pulse component with an amplitude which is
      constant or nearly constant in time can be substantially shortened in
      comparison to known clocks. Thus, taking into account the pulse component
      with an amplitude depending on time, the stepper motor can be supplied
      with pulses of a smaller current-time or voltage-time integral, and thus
      there is a smaller power consumption than in known clocks. Moreover, the
      electric or electronic means required for suppressing the natural
      vibrations of the motor armature are not subject to any noteworthy wear,
      and therefore maintenance of the clock is reduced.
PAR  In a preferred embodiment, an increase in the decay period of the trailing
      edge of each pulse is brought about by at least one current or voltage
      divider whose individual stages can be successively switched between
      operative and inoperative conditions. The pulse fed to the stepper motor
      therefore have in each case a stairlike decaying trailing edge. The
      required increase in the trailing edge decay period could also be achieved
      by a capacitive load of the stepper motor, but such a solution has, in
      comparison with the preceeding one, the disadvantage that not only the
      decay time of the trailing edge but also the ascending time of the front
      edge of each pulse is affected, which would have an unfavorable effect
      upon the power consumption. To these disadvantages must be added the
      considerably greater need for space of such a capacitive embodiment,
      since, in contrast to the preferred embodiment, the capacitive embodiment
      requires discrete structural elements and cannot be integrated in
      integrated circuits. In the preferred embodiment, the frequency divider,
      the control stage and possibly the pulse shaper stage can be combined in
      an integrated circuit. The required lengthening of the trailing edge decay
      time could be accomplished by a corresponding shaping and actuating of the
      pulse shaper stage by the frequency divider. However, difficulties in
      transmission of such a pulse to the control stage might arise.
PAR  For actuating each current and voltage divider, it is suitable to provide a
      logic circuit which is triggered, indirectly or directly, by the frequency
      divider. In comparison with timing circuits which are likewise possible,
      with timing circuits, this circuit has the advantage of having a simpler
      structure and of being capable of being constructed in a completely
      integrated structure. Consequently, it is also cheaper and its structural
      volume may be very small.
PAR  The controllable current or voltage divider or dividers may be inserted
      between the frequency divider and the pulse shaper stage, or may be
      inserted in the pulse shaper stage, or may be connected to the outputs of
      the pulse shaper stage. Provision of at least one current divider in the
      output of the control stage has proved particularly suitable. This
      arrangement has the advantage, in comparison with the other mentioned
      possibilities, that in the pulse shaper stage as well as in the control
      stage, no measures need be taken that render the existing circuit more
      expensive to accomplish a fully satisfactory transmission of the pulse
      presenting a stair-shaped trailing edge.
PAR  In an advantageous embodiment, each current divider is composed of at least
      two transistors whose through-passages are connected in parallel. With
      respect to the number of transistors to be chosen, three to four
      transistors are generally sufficient. A number larger than this acts
      favorably on the operation of the stepper motor, because, with a larger
      number of transistors, the stairlike curve of the trailing edge of each
      pulse is transformed into a steady or nearly steady curve, but the expense
      grows with the number of transistors, and with a greater number of
      transistors, there is not sufficient improvement in the stepper motor
      operation to justify the added expense. The amplitude curve of the
      trailing edge of each pulse as a function of time can be adapted within
      wide limits to requirements in a simple manner by switching on
      corresponding resistors in the individual through-passages of the
      transistors, or by the use of transistors with transmitting resistance of
      different magnitudes. Such adaptation is particularly possible when
      field-effect transistors are employed.
PAR  When a stepper motor actuated by current pulses of alternating polarity is
      used, a particularly advantageous result is obtained when a bridge-like
      switch consisting of four transistors is provided in the control stage.
      This switch allows the stepper motor to be connected, with its poles
      reversible, to the operating voltage. Furthermore, at least two additional
      transistors are provided in each of the two alternatingly operative
      current paths, the passage paths of these transistors being parallel to
      those of the transistors assigned to the switch. The additional use of the
      switch transistors as part of the current conductor allows a particularly
      consumption-saving, compact structure.
PAR  Especially in the case of integrated structure of the individual stages of
      the clock in bipolar technique, it is advisable to construct each current
      divider of at least two constant current sources which can be individually
      switched to operative and inoperative conditions. By this device a smaller
      power consumption is achieved in a clock constructed in bipolar technique,
      in comparison with the previously described embodiments, which are
      especially suitable for an integrated structure in MOS (metal-oxide
      semi-conductor) technique or techniques based thereon. With a stepper
      motor actuated by current pulses of alternating polarity, it is
      particularly advantageous to provide a switch in the control stage
      constructed in the form of a four-transistor bridge, in one diagonal of
      which the stepper motor is mounted, and in the bridge feeding diagonal of
      which are mounted three constant current sources, which can be
      individually switched to operative and inoperative positions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be explained in greater detail with the aid of a
      diagrammatical representation of one embodiment.
PAR  FIG. 1 is a block diagram of the electric portion of a clock according to
      the invention.
PAR  FIG. 2 is a simplified block diagram of the control stage of the clock
      according to FIG. 1, constructed in MOS technique.
PAR  FIG. 3 is a simplified block diagram of a control stage of the clock,
      constructed in bipolar technique.
PAR  FIG. 4 is a curve of the current-time function of a pulse fed to the
      stepper motor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The electric clock contains, as shown in FIG. 1, a quartz oscillator 1,
      whose oscillator crystal is operated at a frequency of 4,194,304 Hz. A
      frequency divider 2, connected to the output of the oscillator, consists
      of 23 stages with a total frequency division ratio of 1 to 2.sup.23.
      Consequently, a signal with a frequency of 0.5 Hz appears at the output of
      frequency divider 2. This low-frequency signal, which consists of a
      sequence of pulses of alternating polarity, is fed to a pulse shaper stage
      3 which is actuated by various stages of frequency divider 2. Besides a
      reduction of the scanning ratio of the pulse sequence without change of
      the frequency, pulse shaper 3 may carry out further shaping of the
      individual pulses, so that a square wave pulse sequence is available in
      the output circuit of pulse shaper stage 3. Pulse shaper stage 3 is
      constructed as a logic circuit and operates in the manner of a mixer.
      Pulse shaper stage 3 is provided with two outputs, one of which supplies
      pulses of positive polarity, and the other supplies the pulses of negative
      polarity in the pulse sequence. One of the outputs is connected via a line
      4, and the other via a line 5, to the two inputs of a control stage 6. A
      single-phase stepper motor 7 can be actuated by the control stage by
      pulses of alternating polarity. Control stage 6 is actuated by several
      stages of frequency divider 1 via lines 8.
PAR  As shown in FIG. 2, control stage 6 comprises two logic circuits 9 and 10,
      one of which is connected, via a line 4, and the other via a line 5, to
      pulse shaper stage 3. Other inputs of the two logic circuits 9 and 10 are
      connected to lines 8. Control stage 6 also contains a switch 11,
      consisting of four field-effect transistors 12, 13, 14, and 15, which are
      connected in the form of a bridge. In one bridge diagonal the single-phase
      stepper motor 7 is connected, and in the other bridge diagonal is
      connected the operating voltage source which is indicated by the + and -
      signs.
PAR  In the state of rest, the field-effect transistors 12 and 13 block the
      current, while the field-effect transistors 14 and 15 are conductive. At
      the arrival of a positive pulse through line 4, field-effect transistor 12
      is brought to its conductive state, by way of logic circuit 9, and
      field-effect transistor 14 is brought to its blocking state, so that a
      current can flow in the direction of the arrow A through the motor coil. A
      corresponding process takes place when logic circuit 10 is actuated by a
      negative pulse via line 5. Then a current flows in the direction of the
      arrow B through the motor coil. Consequently stepper motor 7 is actuated
      by pulses of alternating polarity.
PAR  In each of the two alternatingly operative current paths, two additional
      field-effect transistors 16 and 17 or, respectively, 18 and 19 are
      provided, whose source-drain paths are connected in parallel with those of
      the field-effect transistors 12 and 13, and which form therewith in each
      case a current divider 20 or 21, respectively. Resistors may be provided
      for setting the required current divider ratios in the individual
      branches.
PAR  Field-effect transistors 16 to 19 are likewise actuated by way of logic
      circuits 9 and 10, and this is carried out in such a way that they become
      effective simultaneously with field-effect transistors 12 and 13 and that
      they are switched to the inoperative position at different times, either
      before or after field-effect transistors 12 and 13. When therefore, for
      example, the logic circuit 9 is actuated via line 4 by a pulse,
      field-effect transistors 12, 16, and 17 are connected into passage
      direction, and field-effect transistor 14 is connected into its blocking
      phase, so that a relatively high current I.sub.o flows through the motor
      coil. After a prespecified period of time, field-effect transistor 17 is
      brought into its blocking phase, whereby the effective transmitting
      resistance in this branch increases and a diminished current I.sub.1
      flows. After a further prespecified period of time, field-effect
      transistor 16 is brought into its blocking phase, and the current
      diminishes further to a value I.sub.2. Finally, field-effect transistor 12
      is brought into its blocking state, and field-effect transistor 14 into
      its conductive state again, so that the initial state is reached again.
      The current which flows through the motor coil during the entire time
      consequently presents a time curve as shown in FIG. 4. The decay time of
      the trailing edge of each pulse fed to stepper motor 7 is therefore
      increased by the current dividers 20 and 21 which are actuated after a
      delay.
PAR  Instead of individual field-effect transistors, field-effect transistors
      consisting of two or more parts may also be provided. Thus, for example,
      individual field-effect transistors 12, 16, and 17 can be replaced by a
      single field-effect transistor. The same applies to field-effect
      transistors 13, 18, and 19. Likewise it is possible to replace, for
      example, the two field-effect transistors 12 and 14, and the two
      field-effect transistors 16 and 17 in each case by a bipartite
      field-effect transistor. This applies to field-effect transistors 13 and
      15, as well as 18 and 19.
PAR  The control stage shown in FIG. 2 is particularly suitable for employment
      in an MOS technique. A control stage especially constructed to be employed
      in bipolar technique is shown in FIG. 3.
PAR  An alternate embodiment of control stage 6 (FIG. 3) contains a logic
      circuit 22 whose inputs are connected to lines 4 and 5, and whose outputs
      are connected to four bipolar transistors 23, 24, 25, and 26 which form a
      switch 11'. The four bipolar transistors 23, 24, 25, and 26 are connected
      in the form of a bridge, in one diagonal of which the single-phase stepper
      motor 7 is positioned and whose other diagonal is connected to the
      operating voltage by way of three controllable constant current sources
      27, 28, and 29. Constant current sources 27, 28 and 29 are actuated by way
      of a logic circuit 30 which is connected, via lines 8, to frequency
      divider 2.
PAR  At the arrival of a positive pulse via line 4, bipolar transistors 23 and
      26 are switched by way of logic circuit 22, into passage condition, and
      bipolar transistors 24 and 25 are switched into blocking condition. At the
      same time, the three current sources 27, 28, and 29 which constitute the
      current divider 31 of control stage 6, are switched to the operative
      position by way of logic circuit 30. Consequently, a high current I.sub.o
      now flows in the direction A through the motor coil. After a prespecified
      time period, current source 29 is switched off and the current that flows
      through the motor coil diminishes to the value I.sub.1. After a further
      prespecified time period, current source 28 is switched off, whereby the
      current diminishes to the value I.sub.2. After the passage of a
      prespecified time period the bipolar transistors 23 and 26 are brought
      back into their blocking condition, so that the current that flows through
      the motor coil is reduced to zero. The analogous result applies when a
      negative pulse arrives at the input of logic circuit 22, which is
      connected to line 5.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electric clock comprising:
PA1  A. oscillator means (1) for providing a substantially fixed frequency
      oscillating electrical signal,
PA1  B. frequency-divider means (2) responsive to the fixed frequency
      oscillating electrical signal for providing a reduced frequency
      oscillating electrical signal,
PA1  C. a stepper motor (7) for driving hands of the clock, and
PA1  D. control means responsive to the reduced frequency oscillating electrical
      signal for driving the stepper motor,
PA1  the improvement wherein the control means comprises:
PA1  E. pulse generating means responsive to the reduced frequency signal for
      generating a train of pulses at said reduced frequency, and
PA1  F. decay-time means (20, 21, 31) for lengthening the decay-time of the
      trailing edge of each pulse in said train of pulses.
NUM  2.
PAR  2. A clock according to claim 1 wherein the decay-time means comprises:
PA1  A. at least one divider element (20, 21, 31)
PA1  B. means for switching the individual stages of (12, 16, 17; 13, 18, 19;
      27, 28, 29) of said at least one divider element to be successively
      operative and inoperative.
NUM  3.
PAR  3. A clock according to claim 2 further comprising a logic circuit (9, 10,
      30) actuated in response to the frequency-divider means (2) for actuating
      each divider element.
NUM  4.
PAR  4. A clock according to claim 3, wherein the at least one divider element
      comprises at least one current divider (20, 21, 31) in the output of the
      control means.
NUM  5.
PAR  5. A clock according to claim 4 wherein each current divider (20, 21)
      contains at least two transistors (16, 17, 18, 19) having their passage
      paths connected in parallel.
NUM  6.
PAR  6. A clock according to claim 5, further comprising:
PA1  A. a four-transistor bridge switch (12, 13, 14, 15) means for connecting
      the stepper motor (7) to an operating voltage, the switch operating
      selectively to reverse the polarity of the operating voltages as applied
      to the stepper motor, and
PA1  B. said current divider providing two alternately effective current paths
      comprising said at least two transistors (16, 17, 18, 19) with their
      passage paths connected in parallel to those of two (12, 13) of the four
      transistors in said bridge switch.
NUM  7.
PAR  7. A clock according to claim 4 wherein the current divider (31) comprises;
PA1  A. at least two constant current sources (27, 28, 29), and
PA1  B. means controlled by the logic circuit (30) for individually and
      selectively switching the current sources between operative and
      inoperative conditions.
NUM  8.
PAR  8. A clock according to claim 7 further comprising:
PA1  A. a four-transistor bridge switch (23, 24, 25, 26) having two diagonals,
PA1  B. means for connecting the stepper motor in one of said diagonals, and
PA1  C. means for connecting the constant current sources to feed current in the
      other diagonal.
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ABST
PAL  An electronic timepiece, used as a pager watch, has a speaker for emitting
      an alarm sound at a preset time and also for reproducing an external call
      signal intercepted by a receiver for incoming electromagnetic waves. The
      receiver may be maintained normally inactive, being periodically activated
      for short time intervals under the control of a frequency divider in the
      output of a crystal oscillator serving to drive an electro-optical
      display. Sensors responsive to abnormal ambient conditions, e.g.
      temperature or blood pressure of the wearer, may also operate the speaker.
BSUM
PAR  Our present invention relates to a so-called pager watch, i.e. to a
      portable electronic timepiece provided with a receiver for an internal
      call signal to be acoustically reproduced by a suitable sound emitter.
PAR  For the individual paging of a large number of wearers of timepieces such
      as wristwatches by electromagnetic waves emitted from a central location,
      different types of call signals may be employed as well as different
      carrier frequencies therefor. In order to discriminate between diverse
      call signals, however, relatively complex circuitry is necessary.
PAR  The object of our present invention, therefore, is to provide simplified
      means in a pager-type timepiece for making a receiver thereof selectively
      responsive to certain call signals to the exclusion of signals designated
      for the wearers of other timepieces of the same general construction.
PAR  This object is realized, in accordance with our present invention, by the
      provision of normally deactivated receiving means in a timepiece
      comprising a crystal oscillator which steps a counter through the
      intermediary of a frequency divider, the counter working into a code
      converter for generating time-indicating signal for the energization of
      electro-optical display means such as liquid-crystal segments. A timer
      controlled by the frequency divider serves for the periodic actuation of
      the receiving means for a limited time interval; it is only during this
      time interval that a sound emitter on the timepiece can respond to
      external call signals to alert the user.
PAR  The emitter may also be operated, in a manner known per se, by a manually
      settable alarm circuit controlled by the counter. That counter may also be
      resettable by an external signal intercepted by the receiving means.
PAR  According to a further feature of our invention, the timepiece may be
      provided with one or more sensors connected to the sound emitter for
      operating same upon detecting an abnormal ambient condition, e.g. as to
      the body temperature or the blood pressure of the wearer.
DRWD
PAR  Our invention will now be described in detail with reference to the
      accompanying drawing the sole FIGURE of which shows, diagrammatically, an
      integrated electronic timepiece of the CMOS type designed as a pager watch
      according to the present improvement.
DETD
PAR  As shown in the drawing, a pager-type wristwatch embodying our invention
      comprises an electro-optical unit 1A, a game-timing unit 8A, a
      sound-emitting unit 15A, a sensing unit 25A, a calculating unit 50A and a
      power supply 60A. These units may all be incorporated in an
      integrated-circuit module consuming relatively little electrical energy.
PAR  The electro-optical unit 1A comprises a crystal oscillator 1 serving as a
      timing-pulse generator, this oscillator working into a frequency divider 2
      which steps a counter 3 through a changeover circuit 8 included in
      game-timing unit 8A. A liquid-crystal display 5, driven by the counter 3
      through a code converter 4 as is well known per se, comprises the usual
      array of segmented digital indicators manually controllable by fast-feed
      switches 10. Unit 1A also has an alarm section 16 with indicating elements
      32 and control switches 33 therefor.
PAR  Unit 8A further includes a 100-Hz signal generator 6 and a reset circuit 7,
      the latter being controllable by external switches not shown. Circuits 6
      and 7 work into changeover circuit 8 for modifying the time display of
      unit 1A, in a manner not relevant to our present invention, by loading the
      counter 3 with information on elapsed time measured in fractions of a
      second with the aid of the output signal from generator 6.
PAR  Unit 15A includes a memory 9 for storing the time preset by means of
      switches 33 in unit 1A. A detector 13, with inputs connected to memory 9
      and counter 3, responds to a coincidence of the selected setting with the
      reading of the counter to actuate a driving circuit 14 for a speaker 15 so
      as to emit an audible alarm signal. The alarm condition may also be
      indicated by a flashing of the indicator elements in section 16 of unit
      1A.
PAR  An antenna 17, designed to intercept electromagnetic waves originating at a
      remote station which may be common to a large number of such timepieces,
      works into a receiver 18 which, via a selection circuit including filters
      19 and 20, energizes the driving circuit 14 of speaker 15 through an
      amplifier 22 in the presence of an incoming call signal. In accordance
      with our present invention, however, receiver 18 is normally deactivated
      by virtue of the fact that a connection 60, carrying an operating voltage
      V.sub.DD from power supply 60A, includes a gate 292 which is blocked in
      the absence of an activating signal from a timer 282 controlled by the
      frequency divider 2. This activating signal is generated only for a
      limited time interval, e.g. of 5 minutes, during a recurrence period of,
      say, 15 minutes, the time intervals being relatively staggered for
      different groups of pager watches served by the same central station.
      Thus, speaker 15 is externally operable only at certain times, along with
      the speakers of other watches in the same group but to the exclusion of
      those in other groups.
PAR  Unit 25A comprises a plurality of sensors 25, 26, 27 designed to detect
      certain abnormal ambient conditions, such as gas or radiation; they could
      also respond, for example, to the body temperature or the blood pressure
      of the wearer. Each generator works through a respective threshold gate
      28, 29, 30 into a carrier-wave generator 31 whose output passes through a
      transmission circuit 40 into receiver 18 and thence to the speaker 15.
      Gates 28 - 30 are controlled by frequency divider 2 to give passage to the
      sensor outputs at suitable times.
PAR  A branch of the output circuit of receiver 18 also includes a filter 21, a
      gate 23 and a reset-signal generator 24 working into the counter 3. Thus,
      a synchronization signal received from the remote station and having a
      frequency designed to pass the filter 21, e.g. of 400 Hz, can be used to
      reset the counter 3 to zero.
PAR  Calculating unit 50A comprises a set of key switches 45 for the digits 0 -
      9 and for the selection of mathematical operations to be performed, a
      memory 50 for the storage of numerical values, a sequence generator 52 for
      the various calculating steps, an arithmetic device 51, a decoder 53 and a
      coupling circuit 54 controlled by frequency divider 2. A memory 50 works
      into code converter 4 for enabling the result of the operation to be
      displayed by unit 1A.
PAR  Power supply 60A may be rechargeable from an external source by
      conventional means not shown.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a portable electronic timepiece, in combination:
PA1  a crystal oscillator;
PA1  frequency-dividing means connected to said oscillator;
PA1  counting means stepped by said frequency-dividing means;
PA1  code-conversion means connected to said counting means for generating
      time-indicating signals;
PA1  electro-optical display means connected to said code-conversion means for
      energization by said time-indicating signals in a display recurrent cycle
      of at least 12 hours;
PA1  normally deactivated receiving means for external signals;
PA1  timing means controlled by said frequency-dividing means for periodically
      activating said receiving means several times during said display cycle
      for a limited time interval; and
PA1  sound-emitting means responsive to external call signals upon activation of
      said receiving means by said timing means.
NUM  2.
PAR  2. The combination defined in claim 1, further comprising resetting means
      for said counting means responsive to an external synchronizing signal
      from said receiving means.
NUM  3.
PAR  3. The combination defined in claim 1, further comprising sensing means
      connected by way of said receiving means to said sound-emitting means for
      operating same upon detecting an abnormal ambient condition.
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ABST
PAL  A key for removing locking members from drive chains or the like comprised
      of a rigid body, at least one release groove and one reset groove formed
      in said body, with said release groove being tapered to form a wedge with
      one end of said body and being adapted to engage with, lift, and then
      release said locking member from said drive chain when the key is suitably
      positioned within the central opening of a fastened locking member and
      rotated therein, and with said reset groove being formed such that, when
      the reset groove end of the key is suitably placed within the central
      opening of an unfastened locking member suitably positioned over the
      sprocket shafts of adjacent chain links, the key can be rotated to reset
      the locking member to a fastened position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention relates to small specialized tools, and more
      particularly to a key device which can remove locking members from drive
      chains or the like, and which can also replace an unfastened or detached
      locking member in locking engagement with the drive chain assembly.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Drive chains, that is, chains which transmit power from one rotating shaft
      to another, are widely used and have a variety of industrial and
      non-industrial applications. Most people recognize drive chains as being a
      continuous chain made up of rigid individual elements, or links, tied
      together in such a manner that adjacent elements can rotate with respect
      to one another about parallel axes and in a plane common to all of the
      elements. Thus, a chain is provided which is flexible in a common plane,
      but is substantially rigid with respect to any force component outside of
      that plane.
PAR  The links of a drive chain are joined together by link connectors, and by
      removing the link connectors the chain can be disassembled for repair or
      replacement of a damaged link. To provide this disassembly capability,
      releasable locking members in the form of elongated lock washers are used
      to hold the link connectors in a locked in position. To disconnect two
      adjacent chain links, the locking member must first be removed.
PAR  To applicant's knowledge, these locking members have heretofore been
      removed with a screwdriver by wedging the end of the screwdriver
      underneath the locking member, and prying it off of the chain links. This
      method has proven to be very awkward and time consuming since it is
      difficult to both hold the drive chain with one hand, and position the
      screwdriver with the other so as to wedge the screwdriver end underneath
      the locking member while obtaining suitable leverage to pry the locking
      member free. In fact, this procedure can often be very frustrating since
      it is a common experience to have the screwdriver painstakingly positioned
      such that the locking member is nearly released, only to have the
      screwdriver slip along the metal surfaces, and the locking member spring
      back into locking engagement in seeming defiance of any renewed attempts
      at prying it loose. To add to the frustration of these time consuming
      efforts, every time the screwdriver slips, any portion of the body which
      is close to the working area is in danger of receiving a cut or puncture
      wound.
PAR  The present invention overcomes the difficulties and hazards of using a
      screwdriver, or the links, to pry locking members off of the links of a
      drive chain by providing a key device which can easily and quickly remove
      a locking member by a simple twisting motion, and which with a similar
      twisting motion can also be used to easily and quickly replace the locking
      members back into its locked position. Using the present invention there
      is no danger of slipping and cutting one's hand, and also the present
      invention has the advantage of preventing excessive bending and twisting
      of the locking member by imparting just that amount of distortion to the
      locking member which will remove it from the chain link.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a key for removing locking members from drive
      chains or the links. The key is comprised of a rigid body having an
      elongated portion with a flat end of a size to fit within the central
      opening of the chain locking member. At least one release groove is formed
      in the body, and this release groove is positioned adjacent to and
      parallel the flat end of said elongated portion. The groove is tapered to
      form a wedge with the flat end whereby, when the flat end of the elongated
      portion of the body is placed within the central opening of the locking
      member and the flat end is held against the underlying chain link, the key
      can be rotated to permit both the release groove to engage one of the
      internal edges within the central opening of the locking member, and the
      side of the body opposite the release groove to engage the opposite
      internal edge. As the key is further rotated, the wedge formed by the
      release groove causes the locking member to separate and lift from its
      locked position.
PAR  In addition to a release groove, a reset groove is provided such that, when
      the reset groove end of the key is placed within the central opening of a
      detached locking member which is suitably positioned, the key can be
      rotated to reset the locking member to its locked position on the drive
      chain.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an important object of the present invention to provide a
      key device which can be used to quickly and easily remove lock washers
      from drive chains, or the like.
PAR  It is another object of the present invention to provide a key device for
      removing locking members from drive chains, or the like, which can safely
      be used without the possibility that it will slip off of the locking
      member and cut or puncture the hand of the operator.
PAR  It is a further object of the present invention to provide a key device
      which in addition to being used to remove locking members from a drive
      chain, can also be used to quickly and easily replace the locking member
      back into its locked position on the drive chain.
PAR  It is still another object of the present invention to provide a key device
      for removing locking members from drive chains, or the like, which by
      eliminating excessive bending or twisting of the locking member increases
      the useful life thereof.
PAR  It is still a further object of the present invention to provide a device
      for removing locking members from drive chains, or the like, which can
      easily be carried in a persons pocket such as on a key chain.
PAR  And it is yet another object of the present invention to provide a key for
      removing locking members from a drive chain which can be manufactured at a
      very small expense, and consequently, could sell at a very nominal price.
PAR  Other objects of the present invention will become apparent from the
      description of the preferred embodiment contained in the following
      specification and claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the key device of the present invention
      together with a section of a drive chain showing the present invention in
      its operative position for releasing the locking member from the drive
      chain.
PAR  FIG. 2 is a front elevation of the key device of the present invention.
PAR  FIG. 3 is a side elevation of the present invention taken along lines 3--3
      of FIG. 2.
PAR  FIG. 4 is an end elevation of the present invention taken along lines 4--4
      of FIG. 2.
PAR  FIG. 5 is a side elevation of two adjacent drive chain links showing the
      key device of the present invention positioned for releasing the locking
      member from its locked position on the drive chain. Rotation in a
      counter-clockwise direction is indicated as the first step of releasing
      the locking member.
PAR  FIG. 6 shows the drive chain and key device of FIG. 5 with the key device
      being rotated in a counter-clockwise direction as the second and final
      step of releasing the locking member from the drive chain.
PAR  FIG. 7 shows the drive chain and key device of FIG. 5 with the key device
      positioned for resetting the locking member to locking engagement with the
      drive chain sprocket shafts. Rotation is indicated in the
      counter-clockwise direction as the first step in resetting the locking
      member.
PAR  FIG. 8 shows the drive chain and key device of FIG. 7 with the key device
      being indicated as being rotated in a clockwise direction as the second
      and final step of resetting the locking member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is a key device for removing locking members, often
      times referred to as lock washers, from drive chains for the purpose of
      detaching one link of the drive chain from an adjacent link. The locking
      members of the drive chain keep the individual chain links locked together
      and work in the following manner: Referring to FIG. 1 of the drawings,
      each drive chain link is comprised of two load bearing steel cylinders 11,
      13 and 15, 17 which are rotatably mounted on inner cylinders, not shown.
      Two side plates 19, 21 and 23, 25 are provided with each chain link, and
      each side plate has a hole such as 27 formed in each end thereof. The side
      plates are secured to the ends of the inner cylinders such that the holes
      in the ends of the side plates and the inner cylinder bores align to
      provide cylindrical passages through the entire chain link. Through these
      cylindrical passages are inserted sprocket shafts such as 29 and 30 which
      extend beyond the sides of the link, and about which the individual chain
      links can rotate.
PAR  Each link is held together by joining plates 33, 35 which, like the side
      plates of the chain links, also have holes formed in either end thereof.
      One sprocket shaft 29, 33 of each of two adjacent chain links are fitted
      through these holes thereby tying the two adjacent links together. On many
      drive chains, one joining link 35 will be held onto the respective
      sprocket shafts by having that end of the sprocket shafts flared; the
      opposite joining plate 33 on the other side of the chain is in turn held
      onto the ends of the sprocket shaft by means of locking member 37.
PAR  Locking member 37 is an elongated washer split through its entire width at
      39 and held in place against joining plate 33 on the ends of the sprocket
      shafts 29, 30 which protrude through joining plate 33. These sprocket
      shaft ends have enlarged end portions, and the size of the locking
      member's central opening 39 is such that the locking member will closely
      fit around the shaft diameter within the enlarged ends, but not around the
      enlarged ends themselves. Hence, when snapped into position about sprocket
      shafts 29 and 30, and against joining plate 33, the locking member will
      prevent the joining plate from sliding off of the ends of the sprocket
      shafts; when removed, the links can be disconnected by first removing
      joining plate 33, and then removing the assembly of the sprocket shafts
      and joining plate 35 by sliding the sprocket shafts through the inner
      cylinders secured between side plates 19, 21, and 23, 25.
PAR  To remove the locking member from sprocket shafts 29 and 30, it is
      necessary to spread the legs of the locking member formed by the locking
      member's elongated sides until the width of the central opening 39 is
      sufficient to allow the locking member to fit over the enlarged ends of
      the sprocket shafts. The locking members are fabricated of metal and, in
      order to so effect their release, a considerable upward and outward force
      is required to overcome the restoring forces involved. Likewise, when the
      locking member is to be reset to locking engagement with the sprocket
      shafts a considerable downward and outward force is required.
PAR  Applicant's invention, as shown in FIGS. 2, 3, and 4, provides a tool for
      releasing and replacing locking member 37 on sprocket shafts 29 and 30
      using a simple twisting motion. The invention is a key comprised of a
      rigid body 41 which has an enlarged portion 43 terminating in a flat edge
      45 of suitable size for fitting within the central opening 39 of locking
      member 37. In its preferred form, the elongated end has a rectangular
      cross-section having a width slightly smaller, and a length slightly
      greater than the width of the central opening of the locking member. This
      geometry allows the elongated end to fit lengthwise within the central
      opening and be rotated until opposite edges 47 and 49 of the key engage
      the interior edges 51 of the elongated sides of the locking member.
PAR  The rigid body is preferably L-shaped as shown in FIG. 2, and may have a
      hole, such as 53, formed therethrough such that the key of the present
      invention can be conveniently carried on a key chain.
PAR  Release groove 55 is formed on the elongated rod 43 of rigid body 41
      adjacent to and parallel flat end 45. In the preferred embodiment, a
      release groove 55, 55A is formed at the end of each leg of the L-shaped
      body. In most situations either of these release grooves can be used to
      remove the locking member, however, in some situations it might be
      convenient to use the slightly longer reach provided by the longer leg of
      the L-shaped body, whereas in other situations where slightly greater
      leverage may be required, the longer leg of the L-shaped can be used for
      gripping since this longer portion of the body can be more easily held.
PAR  Release groove 55 has an open end 57 on the outside edge 59 of the rigid
      body 41, and tapers therefrom along its length to form a wedge 61 with
      flat end 45. As release groove 55 tapers away from outside edge 59, the
      depth of the groove decreases such that the groove terminates by blending
      into the side of the rigid body at 63. It is noted that the release
      groove, in the preferred form of the invention, runs along both sides of
      the rigid body from open end portion 57.
PAR  To release locking member 37 from sprockets 29 and 30, flat end portion 45,
      or, alternatively, flat end portion 45A on the shorter leg of the L-shaped
      body, is placed against joining plate 33 within the central opening 39 of
      locking member 37 with the open end 57 of release groove 55 pointing
      toward the split end 39 of the locking member as is shown in FIGS. 5 and
      6. As the key device is firmly held against joining plate 33, it is
      rotated as is shown in FIG. 5 until the front portion of the release
      groove at the tip of wedge 61 engages the interior side of leg 37A of the
      locking member. At this point, the base 58 of the release groove, that is
      the side of the body opposite the release groove, should be engaged with
      the internal edge of the locking member's opposite leg 37B. With continued
      twisting of the key device, the tip of wedge 61 is forced between locking
      member leg 37A and underlying joining plate 33, and with further rotation
      thereof, leg 37A is forced upward and outward as it rides up the ramped
      portion of the wedge until the end of the locking member leg proximate the
      split portion 39 rides up over the enlarged portion of sprocket shaft 29.
      The key device is now rotated in the opposite direction as is shown in
      FIG. 6 for releasing of the opposite leg from the sprocket in the same
      manner as the first leg.
PAR  Once the split end of the locking member is entirely removed from sprocket
      shaft 29, the locking member can be removed from sprocket shaft 30 by
      first rotating and sliding the locking member to position the split end 39
      at sprocket shaft 30, and by then grabbing the loose end of the locking
      member and simultaneously working it back and forth and in an upward
      direction.
PAR  In its preferred form, the present invention also includes reset groove 65
      formed in the body of the key such that the key device can be used to
      replace a detached locking member into locking engagement with the drive
      chain sprocket shafts. The reset groove is a transverse groove formed in
      the edge and situated proximate the elbow of the L-shaped body of the key.
      One side of this groove, shown as reset surface 67, is for engaging in top
      of the locking member; it is generally flat, and is angled with respect to
      outside edge 59 of the body. Flat pivotal surface 69 is formed adjacent
      reset groove 65, and is angled from its intersection with the reset groove
      approximately parallel to the reset groove's reset surface 67.
PAR  FIGS. 7 and 8 show how the key device of the present invention is used to
      replace locking member 71 onto sprocket shaft 29 and 30. Sprocket shaft 30
      is first placed through one end of the central opening of the locking
      member. This is done by placing the central opening of the locking member
      over the enlarged portion of sprocket shaft 30, and, by holding the loose
      end of the locking member, exerting a firm downward pressure until the
      locking member snaps over the enlarged portion of the sprocket shaft. The
      locking member should now be arranged such that the end of the central
      opening adjacent the split end of the locking member is loosely positioned
      over the enlarged portion of sprocket shaft 29. As is shown in FIG. 7, the
      flat pivotal surface of the key device is then placed against underlying
      joining plate 33 with the reset groove 67 overlying one leg of the locking
      member. Care should be taken that the reset groove is pointing toward the
      split end of the locking member which has been placed above sprocket shaft
      29. Holding the key firmly against the joining plate surface, the key is
      rotated, such as in the counter-clockwise direction shown in FIG. 7, until
      the outer edge portion 73 of the body situated on the opposite end of the
      pivotal surface from the reset groove engages the interior edge of the
      locking member which is opposite the leg of the locking member engaged by
      the reset groove. At this point, opposite sides of the key at opposite
      ends of the pivotal surface should be engaged with opposite interior edges
      of the locking member. With continued rotation, the leg of the locking
      member engaged by the reset groove is forced outward and downward by reset
      surface 69 until it snaps over the enlarged portion of sprocket shaft 29.
      In a similar manner the remaining disengaged leg of the locking member is
      forced to locking engagement with sprocket shaft by rotating the key in
      the opposite, or clockwise, direction as is shown in FIG. 8.
PAR  The present invention provides a new and novel key device which can easily,
      quickly, and safely remove a locking member from its locking engagement
      with the sprocket shafts of adjacent links of a drive chain. The present
      invention, in addition, can be used to replace a detached locking member
      to its locked position. The invention greatly improves on the old method
      prying at locking members with a screwdriver, and has the advantage of
      providing a small tool which is easily and cheaply manufactured and can
      conveniently be carried in a person's pocket.
PAR  Although the present invention has been described in considerable detail in
      the preceding specification, it should not be limited to such a
      description except as may be necessitated by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A key for removing locking members from drive chains or the like
      comprising
PA1  a rigid body having an elongated portion with a flat end of a size to fit
      within the central opening of the drive chain locking member,
PA1  at least one release groove formed in said body adjacent to and parallel
      the flat end of said elongated portion, said groove being tapered so as to
      form a wedge with said flat end whereby, when the flat end of said
      elongated portion of said body is placed within the central opening of
      said locking member and said flat end is held against the chain link
      underlying said locking member, the key can be rotated to permit both the
      release groove to engage one internal edge of the locking member within
      the central opening, and the side of the body opposite the release groove
      to engage the opposite internal edge of the central opening whereby the
      wedge formed by said release groove causes the side of the locking member
      engaged by the release groove to separate and lift from its locked
      position when the key is further rotated, and
PA1  a reset groove formed in said body such that when said locking member is
      loosely positioned over suitably spaced locking member sprocket shafts
      said reset groove can engage one of the internal edges of said locking
      member within its central opening permitting the key to force said locking
      member into locking engagement with said sprocket shafts by rotating said
      key within said central opening while the key is held firmly in contact
      with the surface of the underlying chain link.
NUM  2.
PAR  2. A key for removing locking members from drive chains or the like
      comprising
PA1  a generally L-shaped rigid body having a substantially rectangular
      cross-section and legs having substantially flat end of a size to fit
      within the central opening of the drive chain locking member,
PA1  a release groove formed adjacent to and parallel the flat end of at least
      one leg of said L-shaped body, said release groove being tapered so as to
      form a wedge with said flat end whereby, when the flat end of said
      elongated portion of said body is placed within the central opening of
      said locking member and said flat end is held against the chain link
      underlying said locking member, the key can be rotated to permit both the
      release groove to engage one internal edge of the locking member within
      the central opening, and the side of the body opposite the release groove
      to engage the opposite internal edge of the central opening whereby the
      wedge formed by said release groove causes the side of the locking member
      engaged by the release groove to separate and lift from its locked
      position when the key is further rotated, and
PA1  a reset groove transversely formed on the outer edge of said L-shaped body
      proximate the elbow thereof whereby said reset groove can engage a locking
      member loosely positioned over suitably spaced locking member sprocket
      shafts permitting the key to force said locking member into locking
      engagement with said sprocket shafts by rotating said key while the key is
      held in contact with the underlying chain link surface.
NUM  3.
PAR  3. The key of claim 1 wherein a generally flat pivotal surface is formed on
      said key adjacent said reset groove, said flat pivotal surface being
      angled from its intersection with said reset groove approximately parallel
      to the locking member reset surface formed by the internal surface of said
      reset groove opposite the intersection of said pivotal surface and reset
      groove whereby, when said pivotal surface is held against the chain link
      underlying said locking member within the central opening thereof, said
      key can be rotated on said first flat pivotal surface such that, while
      opposite sides of the key at opposite ends of the pivotal surface engages
      opposite internal edges of said locking member within the central opening,
      the reset surface of said reset groove engages the top of one side of said
      locking member urging that side of the locking member slightly outward and
      downward into locking engagement with said sprocket shafts, and whereby,
      when the key is rotated in the opposite direction the remaining unengaged
      side of said locking member can in the same manner be urged into locking
      engagement with said sprocket shafts.
NUM  4.
PAR  4. A key for removing locking members from drive chains or the like
      comprising
PA1  a generally L-shaped rigid body having a substantially rectangular
      cross-section and legs having substantially flat ends of a size to fit
      within the central opening of the drive chain locking member.
PA1  a release groove formed in at least one leg of said L-shaped body adjacent
      and substantially parallel the flat end of said leg, said groove extending
      from one edge and along both sides of said leg and tapering in a generally
      V-shape such that the bottom of said groove forms a wedge with the flat
      end of said leg of said key whereby, when the end of the leg of said
      L-shaped body having said release groove is placed within the central
      opening of said locking member and is held against the underlying chain
      link, the key can be rotated to permit both the release groove to engage
      one internal edge of the locking member within the central opening, and
      the side of the body opposite the release groove to engage the opposite
      internal edge, so that with further rotation the wedge formed by the
      tapering of said release groove causes the locking member to be forced
      outward and upward from its locked position,
PA1  a reset groove transversely formed in the outer edge of said L-shaped body
      proximate the elbow thereof, and
PA1  a generally flat pivotal surface extending at an angle from one side of
      said reset groove to the outer edge of the opposite leg of said L-shaped
      body and approximately parallel to the reset surface formed by the portion
      of the reset groove surface opposite the intersection of said pivotal
      surface with said reset groove whereby, when said locking member is
      loosely positioned over suitably spaced locking member sprocket shafts and
      said flat pivotal surface is held against the surface of the underlying
      drive chain within the central opening of said locking member, said
      L-shaped body can be rotated such that while opposite sides of the key at
      opposite ends of the pivotal surface engage opposite internal edges of the
      locking member within its central opening, the reset surface of said reset
      groove engages the top of one side of the locking member urging that side
      of the locking member slightly outward and downward into locking
      engagement with said sprocket shafts, and, whereby, when the key is
      rotated in the opposite direction the remaining unengaged side of said
      locking member can in the same manner be urged into locking engagement
      with said sprocket shafts.
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ABST
PAL  A machine is disclosed for producing staples or the like. A mat of wires is
      fed towards rotating discs, which at the same time cut and bend the wire
      mat to staples. The bending is performed over a fixed bar, where the mat
      is kept by an arm, and the cutting is performed by one fixed and one
      rotating knife. Many types of staples are obtainable, including naillike
      staples with sharp points.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention has as an object a method of obtaining staples or the
      like, whereon by which the length of the legs and the distance between the
      legs can be predetermined within wide limits. The present invention also
      relates, moreover, to the means for carrying into effect the method which
      has just been mentioned.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings, to which reference will be made in the following description,
      by way of non-limitative example, show an embodiment of the means to
      manufacture staples of the type mentioned.
PAR  In the drawings:
PAR  FIG. 1 shows an embodiment of means for carrying into effect the method
      according to the present invention;
PAR  FIG. 2 shows the same embodiment, seen from one side, partly in cross
      section, with the bending plate removed;
PAR  FIG. 3 shows a section along line III--III of FIG. 2;
PAR  FIG. 4 shows a section along line IV--IV of FIG. 2;
PAR  FIG. 5 shows a section along line V--V of FIG. 2.
PAR  FIG. 6 shows an embodiment where the beater plate is movable in the
      longitudinal direction of the wire mat; and
PAR  FIG. 7 shows a hydraulic sensing member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, there is shown a shaft 17 which is fitted in
      bearings 29 of steel mounted on a base plate 28. On the shaft 17 are
      mounted two discs 18, which rotate with the shaft 17. Between the discs 18
      there is positioned a distance piece 25, which is in principle
      cylindrical. The discs 18 are provided with navenecks 30 and are kept
      pressed against the distance piece 25 by jamb nuts 31, which are threaded
      on shaft 17. Thus the discs 18 could be exchanged, if a bearing 29 is
      removed. On the discs 18 there are made mutually congruent sectorformed
      cavities 32. Parallel to the shaft 17, a mat or strip 1 of wires in a
      plane, which wires adhere to each other, e.g. by the aid of some adhesive,
      is fed by a feeding member 7, which is per se known. Member 7 feeds the
      mat or strip 1 stepwise towards a cutting member 9,10, and the length of
      the steps could be predetermined. The cutting member 9,10 comprises a
      beater plate 10, which is arranged perpendicular to the longitudinal
      direction of the mat or strip 1, which is also its direction of movement.
      FIG. 6 shows an embodiment where a bracket a is movable in the direction
      of the wire mat by tightening screws b. The cutting member 9,10 also
      comprises an overhang beater 9, which is attached to, but in an
      exchangeable way, to disc 18, and more exactly to the disc which is
      nearest to the beater plate 10. The beater 9 is fitted to the side on the
      rear edge of the sectorformed cavity 32, in the rotation direction, and is
      directed to the beater plate 10. A bar 3 is horizontally arranged
      perpendicular to the shaft 17, with its upper edge higher than the centre
      line of shaft 17. The width of bar 3 is so much less than the width of the
      distance piece 25, as double the thickness of mat or strip 1. It is
      arranged to extend between the discs 18, nearly to the distance piece 25.
      In the middle in front of the beater plate 10 its upper side is formed
      like a shallow, in the cross-section dull V-formed groove 2, whose legs
      extend to the sides of the bar 3, which are mutually parallel. A plate 8,
      with the same thickness as the width of the bar 3 is arranged between the
      discs 18, is pivoted on a trunnion 20, which is parallel to the shaft 17,
      and is arranged behind this on the same level. The plate 8 extends above
      and below the shaft 17, and its portion, which extends above the shaft 17
      reaches the far end edge of the beater plate 10, across the bar 3. The
      plate 8 is is provided with cam sufaces 21,22 in the middle above and
      below the shaft 17, said cam surfaces 21,22 being arranged to cooperate
      with a ridge 23 which is attached to the distance piece 25 in the
      following way: A short moment before the overhang beater 9 starts to cut a
      portion of the mat or strip 1, which has been fed across the bar 3, the
      lower cam surface presses the plate 8 downwards in a way, that its
      portion, which extends across the bar 3, which is equipped with a jaw 34
      is pressed against the mat or strip 1. The lower side of jaw 34 is formed,
      in the cross section, like a ridge as a blunt V, the angle of which is
      less than the angle of the groove 2, which means that the jaw 34 presses
      the central portion 5 of the cut portion down in the groove 2 a short
      moment before the overhang beater 9 cuts the mat or strip 1. As soon as
      the portion of the mat has been cut off, the edges of the discs 18, which
      are provided with hardened, bent bending bars 11,12, bend the legs 4,
      which are mutually of the same length, of the portion of the mat 1 which
      projects across the bar 3, downwards along the parallel sides of the bar
      3. The ridge 23 of the distance piece is designed in a way to keep the jaw
      34 pressed against the central portion 5 of the mat portion until the
      bending is completed.
PAR  The discs 18 are, on their sides which are facing each other, equipped with
      mutually congruent, helical expelling surfaces 13. The ridge 23 is so
      arranged, that when the expelling surfaces are just hitting the bent legs
      4 of the mat portion, the pressure of the jaw 34 on the central portion 5
      of the mat portion is reduced thus making it possible for this piece to be
      moved along the bar 3. When it has been moved away, the ridge 23 will hit
      the upper cam surface of the plate 8 and thus lift the plate 8 with the
      jaw 34, to make it possible to put in a new portion of wire mat under the
      jaw 34. The legs 4 of the portion of wire mat, which has been moved away
      diverge somewhat towards their free ends because of the resilience of the
      wire material. A little further away on the bar 3 there is provided press
      equipment. This is formed as a bar 15, which is arranged along and above
      the bar 3. The length of the bar 15 is somewhat longer than the width of
      the mat or strip 1. The lower side of the bar 15 is formed like a shallow,
      blunt V-formed groove 33, whose angle is somewhat less than the angle of
      the groove 2, which groove 33 is arranged to cooperate with a ridge 6 with
      a cross-section like a blunt V, whose angle is somewhat greater than that
      of the groove 33, which ridge 6 is attached to the upper side of the bar
      3. This means that the bar 15, when it is pressed downwards by a servo
      motor 26, presses the ends of the central portion 5 of the wire mat
      portion downwards, which causes the the legs 4 to be bent somewhat
      inwardly into cavities 16 in the sides of the bar 3. When the bar 15 is
      thereafter lifted, the legs 4 will bend out by the resilience of the wire
      material, to make the legs parallel. The servomotor 26 might be
      electromagnetic, but is preferably as is shown on FIG. 1 a single acting
      hydraulic cylinder which is connected by a tube 27 to a preferably
      cylinderformed sensing member, arranged to be acted upon directly or
      indirectly by a ridge (not shown), on the naveneck 30 of the disc 18. It
      has proved to be convenient to design the trunnion 20 as an eccentric, to
      make it possible to predetermine the level of the plate 8 and the distance
      of the jaw 34 from the shaft 17.
PAR  There is a sensing member 14 (FIGS. 1 and 7) which operates as follows and
      is clearly seen in FIG. 7:
PA1  A cam d operates a cam-following pulley f on a lever g, which is swingable
      on a shaft h and by a screw i through the lever g acts on the sensing
      member 14, which may be an electric switch (not shown) but is shown as a
      hydraulic transmitting cylinder 14, which by suitable piping 27 is
      connected with the servo-motor 26 (FIGS. 1 and 5), acting on the thus
      synchronized pressing member 15 (FIGS. 2 and 5). The screw i is adjustable
      and lockable by a locking nut k.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method to produce staples with parallel legs comprising the following
      steps:
PA1  arranging a plurality of wires of desired cross section in a side-by-side
      relationship in a plane and adhering the wires to each other to form a mat
      or strip, moving the mat or strip which is obtained stepwise in the
      longitudinal direction of the wires, the length of the steps being chosen
      as desired, cutting off the portion of the mat which has been moved in
      this way from the rest of the mat while the central portion of said
      portion is kept fixed, and is given a somewhat concave, blunt V-shaped
      bending on the upper side, bending the side legs of the cut portion of the
      mat downwards, principally to mutual parallel positions, moving the cut
      and bent portion of the mat along a bar, pressing both ends of the central
      portion of the bent portion of the mat downwards over a ridge, shaped as a
      blunt V, to make its leg to converge towards their free ends, and
      interrupting the pressing when the legs have achieved a position, from
      which they will become parallel by the resilience of the material.
NUM  2.
PAR  2. Apparatus for producing staples with parallel legs wherein:
PA1  a feeding member, is arranged to feed, in a stepwise manner and in
      predetermined, desired steps, a mat of wires, arranged so as to adhere to
      each other in a plane, comprising a keeping member, arranged to press down
      a central portion of a mat portion fed in stepwise manner into a shallow,
      V-shaped groove, on the upper side of a bar which is arranged
      perpendicular to the movement direction of the wire mat, cutting members,
      comprising a fixed lower beater plate and an overhang beater, which is
      fixed, substantially radially, to a circular disc which is attached to and
      rotating with a shaft, bending members, which are designed as bent bending
      surfaces, each of the bending members being attached to a respective disc,
      which rotates with a rotating shaft, and being substantially radially
      arranged on said discs, said bending members being arranged to bend down
      both legs of the cut portion of the mat over said bar, expelling members,
      designed as cam surfaces, arranged on the sides of the rotating discs,
      which face each other, and arranged to expel the adhering mat of staples
      which has been formed, along the bar, a pressing member, arranged above
      said bar and arranged to press both ends of the central portion of the
      formed mat of staples against the edges of a ridge, bluntly V-shaped,
      which is arranged below the pressing member, along the upper side of said
      bar, to make the legs of the staple mat to be pressed into cavities in the
      sides of said bar, said pressing member being arranged to work in a
      synchronous manner with said rotating shaft.
NUM  3.
PAR  3. Apparatus according to claim 2, said cutting members having said lower
      beater plate located on a higher level than the rotating shaft, to make
      the overhang beater work scissorlike.
NUM  4.
PAR  4. Apparatus according to claim 2, said lower beater plate is arranged to
      be movable in the longitudinal direction of the wire mat.
NUM  5.
PAR  5. Apparatus according to claim 2, said overhang beater is arranged to be
      exchangeable, the different overhang cutting blades being of different
      width, to make them able to cut portions of different length of the wire
      mat as they are cooperating with the movable lower beater plate.
NUM  6.
PAR  6. Apparatus according to claim 2, said pressing member being arranged to
      be operated by a singleaction hydraulic servo-motor, which is connected by
      a relatively wide tube to a hydraulic sensing member, which is arranged to
      be acted upon, directly or indirectly, by a ridge attached to the rotating
      shaft.
NUM  7.
PAR  7. Apparatus according to claim 2, said keeping member being designed as a
      plate, which is arranged between said rotating discs, pivoted on a
      trunnion, which is parallel to said rotating shaft, said trunnion being
      attached adjacent to the discs and extends in a direction which is opposed
      to said bar, said plate extending across said rotating shaft and at least
      as far across said bar as which relates to the width of said wire mat,
      said plate being equipped with cam surfaces in the middle, below and above
      said rotating shaft, and arranged to be acted upon by a ridge which is
      attached to said rotating shaft in such a way that the ridge, acting upon
      the lower cam surface, will press a contact surface, arranged on the plate
      centally above said bar, against a central portion of the wire mat, which
      has been put in under said contact surface, and, when said ridge acts upon
      the upper cam surface, will lift the plate and the contact surface, to
      make it possible to position a new portion of the wire mat under the
      contact surface.
NUM  8.
PAR  8. Apparatus according to claim 7, said ridge is arranged to start to act
      upon a lower cam surface shortly before the overhang beater starts to cut
      the wire mat, and keeps the contact surface pressed against the wire mat
      with a pressure, which will continuously be reduced during about a quarter
      of a revolution.
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ABST
PAL  Combustion chamber apparatus and process for use in gas turbine engines
      including a premix chamber bounded by porous ceramic material and a
      combustion chamber immediately adjacent a porous ceramic diaphragm which
      bounds the premix chamber. In this premix chamber, partial vaporization of
      the fuel, without combustion, takes place so as to improve combustion
      efficiency and shorten the length of the flame tube or combustion chamber
      needed for complete efficient combustion of the fuel. Primary air is
      introduced into the premix chamber, which passes with the fuel into the
      flame tube or combustion chamber, for futher mixture with secondary and
      tertiary air.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a combustion chamber and process for use
      in gas turbines.
PAR  Combustion chambers for gas turbines are known in which the fuel is
      injected directly at the upstream end of the flame tube. With these
      combustion chambers the mixture is not satisfactorily conditioned on
      account of, chiefly, insufficient atomization of the fuel, of poor mixing
      with the combustion air, and of insufficient heating of the fuel.
      Inadequate atomization of the fuel causes relatively heavy emission of
      injurious matter and environmental contamination. Also, the turbine inlet
      temperature profiles of these combustion chambers are exceedingly
      inconsistent and thus detrimental to the useful life of the blades. With
      again other, known combustion chambers, vaporizer tubes are used in lieu
      of direct injection. While these vaporizer tubes provide more perfectly
      conditioned mixtures than will direct injection, they still fail to give
      entire satisfaction owing to their more narrowly restricted operating
      range and the low temperatures that these vaporizer tubes will be able to
      sustain because they are made of nickel alloy.
PAR  Practically all known combustion chambers have in common flame tubes
      generally made of sheet, where use is made of certain nickel alloys as a
      material. Inasmuch as these materials will not safely sustain temperatures
      of more than 1300.degree.K, with combustion temperatures running far
      above, these flame tubes need intensive cooling to prevent their
      destruction and achieve the long useful life essential to economical
      operation. However, low wall temperatures resulting from such intensive
      cooling greatly promotes the formation of soot, which often settles on the
      cool walls near the nozzle where it impairs the combustion efficiency and
      frequently occasions malfunctions.
PAR  A broad aspect of the present invention is to provide a combustion chamber
      which, while economizing the cost of manufacture, improves combustion,
      reduces the emission of injurious matter and promotes favorable turbine
      inlet temperatures profiles by, particularly, raising the ceiling on wall
      temperatures and improving the fuel conditioning process.
PAR  It is a particular object of the present invention to provide a combustion
      chamber in which the fuel is conditioned, and mixed with the primary air
      needed to sustain combustion, in an entirely permeably walled premix
      chamber attached to the upstream end of the flame tube, and in which
      combustion occurs, immediately after the mixture issues from the premix
      chamber, in a combustion zone beginning directly at the intervening
      diaphragm. In this mixing chamber, partial vaporization of the fuel
      provides more perfectly conditioned fuel than could be achieved in the
      previously known combustion chambers, which in turn improves combustion
      efficiency, shortens the length of flame and considerably improves the
      resultant temperature profile over previously known temperature profiles.
      The reduction in the length of combustion zone will naturally also affect
      to advantage the over-all length of the combustion chamber.
PAR  In a further apsect of the present invention, the premix chamber is made of
      a porous ceramic sinter material enabling it to safely sustain elevated
      wall temperatures as high as 2000.degree.C, which will in turn provide
      still more perfectly conditioned fuel and which, most importantly, will
      prevent the formation and deposition of soot.
PAR  In a further aspect of the present invention the premix chamber consists of
      two parts of which one is an approximately frustum-shaped head member
      incorporating an opening for the fuel nozzle and of which the other is a
      disk-shaped diaphragm through which the combustible mixture enters the
      combustion zone.
PAR  This arrangement considerably simplifies the manufacture of the premix
      chamber and, more particularly, it prevents the thermal stresses which
      would otherwise be induced in the ceramic components as a result of the
      elevated temperatures of the diaphragm. Also very importantly, it
      considerably economizes the cost of manufacture and permits the materials
      and porosities to be varied between the two components.
PAR  In a still further aspect of the present invention the flame tube
      downstream of the premix chamber incorporates a stepped flare and exhibits
      inwardly inclined passageways for secondary air. This enables the supply
      of secondary air at points in close proximity to the combustion zone,
      without major pressure losses, and in an approximately axial direction
      with a radial component.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single drawing FIGURE illustrates a combustion chamber arranged in
      accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  The direction of flow of the working medium is indicated by arrowheads. The
      compressed air enters the combustion chamber from the left, with a portion
      of the air, or the primary air 1, forcing its way through the permeable
      walls 3 of the premix chamber 1 at the upstream end and the remaining air
      flowing past the premix chamber 1 to enter the flame tube 8 directly for
      duty as secondary 2 (through openings 6) or tertiary air (through openings
      7).
PAR  Fuel is injected, through a fuel injector nozzle 5, into the premix chamber
      where it is atomized and extensively mixed with the primary air 1, in
      which process a portion of the fuel vaporizes but combustion is still
      prevented. A portion of the fuel may optionally be allowed to retain its
      droplet form. The fuel/air mixture then flows into the combustion zone (of
      flame tube 8) through the pores of the very hot ceramic diaphragm 4. In
      transit through this hot diaphragm 4, the still remaining fuel also
      vaporizes, so that the mixture entering the combustion zone of flame tube
      8 may be burned to form an exhaust gas maximally free from residue despite
      a very short flame. The oxygen needed for complete combustion is carried
      laterally towards the combustion zone of flame tube 8 through the
      passageways 6 for secondary air, which also operate to create a
      recirculation zone which assists stabilization, attemperation and a
      reduction in the length of the combustion zone. The tertiary air is
      admixed in a mixing zone adjacent openings 7 to reduce temperatures.
PAR  By way of example and not by way of limitation, the following preferred
      dimensions are given for the combustion chamber arrangement illustrated in
      the drawings:
TBL  D.sub.1 -- 40mm      a -- 30.degree.                                      
     D.sub.2 -- 25mm      b -- 30.degree.                                      
     D.sub.3 -- 60mm      c -- 30-45.degree.                                   
     D.sub.4 -- 90mm                                                           
     L1 -- 10mm                                                                
     L2 -- 50mm                                                                
     L3 -- 10mm                                                                
     L4 -- 160mm                                                               
PAR  In the preferred arrangement illustrated, eight openings for secondary air
      2 are equally spaced around a circumference, with each having a diameter
      of 18mm. Eight openings for tertiary air 7 are also provided equally
      spaced around the circumference, with each having a diameter of 25mm.
PAR  The wall thicknesses of all outer walls vary between 3 and 6mm with the
      plate or diaphragm 4 which divides the premix and combustion chamber being
      10mm thick as indicated above. The porosity of the ceramic sinter
      materials (percentage of the area open to the air flow in relation to the
      total area) should be approximately 30% for all outer walls and 70% for
      the plate or diaphragm dividing the premix and combustion chamber.
PAR  Preferred materials for the ceramic sinter materials for the porous walls
      of the premix chamber are:
PA1  a. "Saffil" on the basis of aluminum oxyde, as made by the British firm
      "Imperial Chemical Industries -- Mond Devision", London.
PA1  b. "Saffil" on the basis of circonium oxyde, made by the same firm.
PA1  c. "Recristallised Silicon Carbide NC400", made by the British firm
      "Advanced Materials Engineering" Gateshead, England.
PAR  These specific dimensional and material examples given herein are included
      only to aid in providing an enabling disclosure for those skilled in the
      art to practice the invention, and and it is not in any way intended to
      limit the scope of the claims attached hereto. The particular dimensions
      of the chambers and the flaring of the combustion or flame tube wall
      portions disclosed herein provide optimum operation of the combustion
      chamber.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It should therefore be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. Combustion chamber for use in gas turbines, comprising a flame tube, a
      premix chamber located at the upstream end of the flame tube, and fuel
      injector means for injecting fuel directly into said premix chamber,
      wherein the premix chamber comprises an entirely permeably walled chamber
      which includes an intervening diaphragm attached to the upstream end of
      the flame tube, wherein combustion occurs, immediately after the mixture
      issues from the premix chamber, in a combustion zone beginning directly at
      the intervening diaphragm.
NUM  2.
PAR  2. Combustion chamber of claim 1, further characterized in that the walls
      of the premix chamber are made of a porous ceramic sinter material.
NUM  3.
PAR  3. Combustion chamber of claim 2, further characterized in that the walls
      of the premix chamber consist of two parts of which one is an
      approximately frustum-shaped head member incorporating an opening to
      accommodate said fuel injector means and of which the other is the
      diaphragm having a disk shape through which the combustible mixture
      reaches the combustion zone.
NUM  4.
PAR  4. Combustion chamber of claim 3, further characterized in that the flame
      tube downstream of the premix chamber and in the combustion chamber
      incorporates a stepped flare and exhibits inwardly inclined passageways
      for secondary air.
NUM  5.
PAR  5. Combustion process for gas turbines comprising:
PA1  conditioning fuel by directly injecting and mixing the fuel with primary
      air needed to sustain combustion in an entirely permeably walled premix
      chamber attached to an upstream end of a flame tube,
PA1  passing the conditioned fuel and primary air mixture through a permeable
      wall of the premix chamber into the flame tube,
PA1  and effecting the combustion of the mixture issuing from the premix chamber
      in the flame tube immediately upon passage of the same through the
      permeable wall separating the premix chamber and the flame tube.
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ABST
PAL  A low emission combustion chamber in which vitiated products of combustion
      from a pilot burner are caused to swirl about the combustion chamber axis
      before fuel droplets are introduced into the vitiated, swirling combustion
      products for flash vaporization therein to produce a vaporized, swirling,
      vitiated fuel-air mixture so as to effect ignition lag until swirling
      combustion air can be mixed with the swirling mixture to molecularly
      premix the fuel and air and increase its oxygen content to reduce the
      ignition lag to effect autoignition at an equivalence ratio less than 1 so
      as to effect high-rate, lean burning in the primary combustion chamber.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  Some of the subject matter disclosed or discussed in this application is
      also disclosed or discussed in applications entitled "Low Emission
      Combustion Chamber" and "Combustion Chamber" filed on even date herewith
      in the names of S. J. Markowski and J. Nolan, and R. A. Jeroszko,
      respectively.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to combustion chambers and more particularly to
      swirl type combustion chambers which produce low emission combustion both
      by subjecting the air passing through the engine to NOx producing elevated
      temperatures for minimal periods of time and by establishing a controlled
      ignition lag so as to permit molecular premixing between a vitiated,
      swirling, prevaporized fuel-air mixture and swirling primary combustion
      air to establish controlled autoignition so as to produce high-rate, lean
      burning in the primary combustion chamber.
PAR  2. Description of the Prior Art
PAR  In the combustion art, swirl burning has been used both to accelerate
      mixing and combustion of fuel and air to accelerate mixing of products of
      combustion and cooling air during the dilution process, as in Markowski
      U.S. Pat. Nos. 3,701,255; 3,747,345; 3,788,065; 3,792,582; and 3,811,277,
      Lewis U.S. Pat. No. 3,675,419 and pending U.S. patent application Ser. No.
      406,711 filed Oct. 15, 1973 in the names of S. J. Markowski and R. H.
      Lohmann and entitled "A Swirl Combustor With Vortex Burning and Mixing",
      but these prior art swirl burners do not use selective swirl burning to
      effect low emission combustion in the manner described herein.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the present invention is to provide the method and
      hardware for producing low emission in a combustion chamber both by
      reducing the dwell time of engine gases at elevated NOx producing
      temperature and by establishing a sufficient ignition lag to permit
      molecular premixing of swirling, vitiated, vaporized fuel-air mixture from
      a pilot combustion chamber with swirling combustion air entering the main
      combustion chamber so that auto-ignition therebetween occurs at an
      equivalence ratio less than unity and so that high-rate, lean and low
      emission burning occurs in the main combustion chamber. As used herein the
      terms equivalence ratio is the ratio of a fuel-air mixture to a
      stoichiometric fuel-air mixture, and will hereinafter be referred to as
      ER. As used herein, the term "vitiated" is used in describing a fuel and
      air mixture, where the oxygen available for combustion in the air or
      mixture is less than the normal 21%, that is, a mixture of reduced oxygen
      content.
PAR  In accordance with the present invention, the ignition lag established is
      in the order of one or possibly two milliseconds.
PAR  In accordance with a further aspect of the present invention, fuel droplet
      burning is avoided because of the high relative velocity between the fuel
      droplets and the surrounding gas, because of the vitiated condition of the
      gas mixing with the fuel droplets, and because of the centrifugal force
      generated in the swirling gases to strip peripheral vapor from the
      droplets before combustion occurs.
PAR  It is a further aspect of the present invention to teach process and
      hardware for producing low emission combustion using the principle of
      minimal dwell time at elevated temperatures and molecular premixing of the
      fuel-air by a rapid diffusion mixing process in conjunction with a
      controlled ignition lag.
PAR  It is a further teaching of this invention that the pilot combustion
      chamber comprise a radially extending forward wall through which axially
      extending fuel nozzles project, while enveloped by swirl vane rings, and
      wherein a corrugated and canted trigger mechanism is used to impart swirl
      to the vitiated products of combustion from the pilot combustion zone,
      preferably with the simultaneous addition of swirling air thereto, wherein
      fuel droplets are injected into the vitiated, swirling products of the
      pilot combustion chamber so as to rapidly vaporize the fuel to produce a
      swirling, vitiated, vaporized fuel-rich air mixture to which swirling air
      is added upon entry to the primary combustion chamber, preferably from a
      downstream corrugated and canted trigger mechanism, to effect molecular
      premixing of the vaporized fuel and air to bring about controlled
      autoignition with attendant high-rate, lean burning to produce low exhaust
      emissions.
PAR  It is still a further aspect of the present invention to teach such a
      combustion chamber in which the molecular premixing of fuel and air is
      aided by a controlled ignition lag accomplished by injecting fuel droplets
      into a vitiated products of combustion to flash vaporize the fuel before
      further air is added thereto to bring about autoignition at an ER less
      than 1.
PAR  It is still a further teaching of the present invention to promote mixing
      and rapid combustion in the primary combustion chamber by introducing
      swirling air thereto by means of a corrugated and canted trigger and to
      also use plunged holes in the outer wall of the combustion chamber liner
      at that station to produce cooperating combustion air streams for mixing
      with the swirling air flow.
PAR  It is still a further feature of the present invention to teach such a
      combustion chamber in which axially staged corrugated triggers are
      utilized so as to prevent the stalling of the downstream trigger which
      would occur if it were required to impart too much swirl to the mixture,
      and wherein the convolutions of each trigger are canted at about a 55
      degree angle to the axis of the combustion chamber so as to produce
      typically 30 degree swirl in the primary combustion chamber.
PAR  It is still a further aspect of the present invention to teach such a
      combustion chamber in which the products of combustion from the primary
      combustion chamber are rapidly diluted so as to reduce their temperature
      below the emission creating level with minimal dwell time thereabove.
PAR  It is still a further aspect of the present invention to teach such a
      combustion chamber which is of minimal axial dimension and in which
      ignition takes place completely in a matter of milliseconds.
PAR  It is a further aspect of this invention to teach such a combustion chamber
      wherein low emission combustion occurs by introducing swirling combustion
      air to a vaporized, fuel rich-air mixture to produce molecular premixing
      of the fuel and air and to establish an ignition lag to thereby produce
      autoignition at an ER less than 1.
PAR  It is a further aspect of this invention to teach such a combustion chamber
      which vaporizes the fuel.
PAR  Other objects and advantages of the present invention will be evident by
      referring to the following description and claims, read in conjunction
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a gas turbine engine, partially broken away to
      show the combustion chamber in its environment.
PAR  FIG. 2 is a graph demonstrating the emission benefits to be gained by
      minimizing the dwell time of the engine gases at elevated temperatures.
PAR  FIG. 3 is a graph demonstrating the emission benefits to be gained by
      establishing an ignition lag so that molecular premixing of fuel and air
      can be accomplished to an ER of less than 1 prior to autoignition and
      subsequent combustion.
PAR  FIG. 4 is a cross-sectional showing of the combustion chamber.
PAR  FIG. 5 is a front view of the combustion chamber.
PAR  FIG. 6 is a view taken along line 6--6 of FIG. 4.
PAR  FIG. 7 is a view taken along line 7--7 of FIG. 4.
PAR  FIG. 8 is a view taken along line 8--8 of FIG. 7.
PAR  FIG. 9 is an unrolled view of a first modification of the annular pilot
      combustion chamber.
PAR  FIG. 10 is a unrolled view of a second modification of the annular pilot
      combustion chamber.
PAR  FIG. 11 is an unrolled view of a third modification of the annular pilot
      combustion chamber.
PAR  FIGS. 12 and 13 are a cross-sectional showing and an unrolled view
      respectively of a fourth modification of the annular pilot combustion
      chamber.
PAR  FIG. 14 is a cross-sectional showing of a modification of the combustion
      chamber utilizing canted plunger tubes to impart swirling flow to the
      pilot products of combustion as a substitute for the convoluted ring of
      FIG. 4.
PAR  FIG. 15 is a view taken along line 15--15 of FIG. 14.
PAR  FIG. 16 is a schematic representation of a combustion chamber utilizing
      this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 we see a gas turbine engine 10 utilizing the combustion
      chamber of interest. Gas turbine engine 10 is preferably of circular cross
      section and concentric about engine axis 12 and comprises a conventional
      compressor section 14, burner section 16 and turbine section 18, all
      enveloped within engine case 20 so that air entering engine inlet 22 is
      compressed in passing through compressor section 14, has energy added
      thereto in passing through burner section 16, and has energy extracted
      therefrom sufficient to drive compressor 14 when passing through turbine
      section 18. The air from turbine 18 may be either discharged through a
      conventional exhaust nozzle to generate thrust or may drive a free turbine
      to generate power. Combustion chamber 16 may consist of a plurality of
      can-type burners 24 positioned in circumferential orientation about axis
      12 and located axially between the last compressor stage 26 and the
      forward turbine stage 28. Each can burner 24 is positioned radially
      between engine case 20 and inner case 30, so that each burner 24 is
      located in annular passage 32, which connects the compressor to the
      turbine. The air leaving the compressor last stage 26 passes through
      diffuser section 34 and then either through or around combustion chambers
      24 to turbine first stage 28. The air which passes around the combustion
      chamber is primarily cooling air and the air which enters the combustion
      chamber is either used to support combustion or to dilute the products of
      combustion so as to reduce their temperature sufficiently to permit them
      to pass through turbine stage 28 without damaging the turbine. Burner 24
      is perferably can shaped and concentric about burner axis 36 and includes
      pilot combustion zone 38, main combustion zone 40 and transition sections
      42, which join the circular afterends of each burner can to the turbine
      first stage 28 as transition section 42 changes in cross-sectional area
      from a mating circle to the burner can at its forward end to match the
      arcuate shape of turbine stage 28 at its after end. Burners or combustion
      chambers 24 are supported by support members 44, which are pivotally
      connected to support rod 46 so as to retain burner 24 in its desired axial
      position. Pilot fuel passes through pilot fuel manifold 48 and into the
      combustion chamber in a manner to be described hereinafter, while the
      primary fuel passes through manifold 50 then into the combustion chamber
      in a manner to be described hereinafter.
PAR  While burner 24 is shown and described as one of a series of cans
      positioned circumferentially about the engine axis, it could as well be a
      single annular burner joining compressor 14 to turbine 18.
PAR  To appreciate the specific construction of combustion chamber 24, it seems
      advisable to first consider its principles of operation to effect low
      emission combustion. These may be better understood by considering FIGS. 2
      and 3.
PAR  FIG. 2 shows a graph with the combustion chamber ER as one coordinate with
      an ER of 1.0 being a stoichiometric mixture. In the FIG. 2 graphs, the
      stoichiometric mixture with ER of 1.0 is indicated and it will be realized
      that ER less than unity (lean fuel-air mixtures) are to the left thereof
      while ER greater than unity (rich fuel-air mixtures) are to the right
      thereof. The other coordinate of the FIG. 2 graph represents temperature
      of combustion T, the carbon monoxide (CO) formed by combustion, and the
      oxides of nitrogen (NOx) formed in an engine. Viewing the FIG. 2 graph, it
      will be noted that temperature of combustion is maximum at the ER of
      slightly greater than 1, that the carbon monoxide (CO) generated by
      combustion increases with ER, and that the dwell time of the engine gases
      at elevated temperatures causes an increase in the amount of NOx
      generated. The latter is best demonstrated by comparing curve A, which
      represents NOx generated by subjecting the engine gases to elevated
      temperatures for a finite time, and graph B, which represents NOx
      generated by subjecting engine gases to elevated temperatures for an
      infinite time. It is a known fact that the amount of NOx generated by
      heating air is a function of the time for which the air is held at the
      necessary elevated temperature, whether or not there is combustion
      involved, and this is actually the principle demonstrated by curves A and
      B of FIG. 2. By viewing FIG. 2, it will accordingly be seen that minimal
      NOx will occur if we subject the engine gases, including the air therein,
      to NOx creating temperatures for a minimal time period. The carrying out
      of this principle is one of the functions of operation of this combustion
      chamber. It is generally accepted that objectionable NOx production is
      generated by elevating air or engine gases to temperatures above
      3200.degree.F.
PAR  Referring to FIG. 3 we see a graph of the same coordinates and which
      illustrates the reduced temperature, carbon monoxide generation and NOx
      creation which can be achieved by controlling autoignition and causing
      combustion to occur through an ignition lag at a reduced ER. Viewing FIG.
      3 we see the conventional temperature curves T which occurs with ER
      variation above and below unity, i.e., stoichiometric. It will be noted
      therefrom that if we can cause autoignition and combustion to occur at a
      reduced ER, such as at point C, we have accomplished reduced combustion
      temperature, CO formation by combustion, and NOx generation. Curve D
      represents, schematically, the locus of ER states transversed by a
      characteristic unit of fuel during mixing with swirling combustion air in
      the primary zone prior to autoignition. .DELTA. represents the
      characteristic lean ER displacement from stoichiometric (ER = 1.0)
      achieved by the premixing within the autoignition lag time period. FIG. 3
      demonstrates the second principle of combustion operation utilized in this
      combustion chamber, namely molecular premixing of the fuel and air
      permitted by an ignition lag to produce autoignition at a reduced ER.
PAR  The operation of this combustion chamber may be better understood by also
      viewing FIG. 16 which is a schematic representation of combustion chamber
      operation following our teachings.
PAR  It should be borne in mind that autoignition in a fuel-air mixture is
      brought about by a combination of oxygen content, temperature above
      vaporization temperature and ER of the mixture, and time. For a given
      oxygen content in a fuel-air mixture, and assuming that the temperature
      thereof is above the fuel vaporization temperature, if we allow any such
      mixture to remain at this condition for sufficiently long time, it will
      autoignite. We are taking advantage of this characteristic of a fuel-air
      mixture to first establish an ignition delay at the time we inject the
      fuel droplets so that the fuel will vaporize rather than burn as droplets.
      This by way of fuel preparation. Thereafter, we introduce swirling
      combustion air to effect molecular mixing between the fuel and air due to
      the swirling quality of the two streams and raise the oxygen level of the
      new mixture so that autoignition occurs sooner than would have been the
      case had we not introduced the swirling combustion air, and at an ER less
      than 1. It will be seen that we establish and control ignition lag to
      obtain these emission benefits.
PAR  Viewing FIG. 16, initial combustion takes place in pilot combustion zone 62
      wherein hot, fully combusted, pilot exhaust gases of reduced oxygen
      content are generated and discharged downstream therefrom. Swirling, cool
      air is then introduced through swirler 92 to the pilot exhaust gases to
      produce a first mixture in zone 93 formed of the pilot exhaust gases and
      this swirling air from 92, which first mixture will be swirling about axis
      36 and will have a lower temperature than the pilot exhaust gases but a
      sufficiently high temperature to vaporize the fuel to be injected at a
      station downstream in this combustion chamber. This first swirling mixture
      will also be of reduced oxygen content, i.e. vitiated, because the
      selected amount of swirling air introduced through swirler 92 does not
      replace all of the oxygen burned in the pilot zone 62. We then introduce
      atomized fuel from atomizer or atomizers 104 to produce a second swirling
      mixture in zone 110 of reduced oxygen content so as to prevent or delay
      autoignition of the fuel droplets so injected but, rather, cause the fuel
      droplets to vaporize fully due to the temperature of the second swirling
      mixture. The second mixture also swirls about axis 36 and is a vaporized,
      swirling fuel-air mixture having an oxygen content which will produce
      autoignition of the second swirling mixture at time delay (ignition lag)
      t.sub.1. It is important to note that if the combustion chamber of FIG. 16
      did not include the additional structure or features to be described
      hereinafter, autoignition of this second swirling mixture would occur at
      station 111 after this first time delay t.sub.1 had elasped. This time
      delay t.sub.1 is not permitted to run full term, however, in our
      combustion chamber.
PAR  Swirling combustion air is introduced through swirler 94 to produce a third
      mixture in zone 74 swirling about axis 36 and consisting of the swirling
      second mixture and the swirling combustion air from swirler 94 which
      produces molecular mixing between the fuel and air due to the fact that
      both of these fluids are swirling, this third swirling mixture has an
      oxygen content greater than that of said second swirling mixture to
      establish a new and reduced ignition lag or delay time t.sub.2 in the
      third mixture to thereby cause autoignition of the third swirling mixture
      at station 99 in chamber 74 at an ER less than 1 when delay time t.sub.2
      has expired. It should be noted that introducing swirling air at swirler
      94, autoignition of the third mixture has occurred upstream at station 99
      and earlier in time than autoignition of the second mixture which would
      have occurred at station 111. The benefit of this earlier combustion, and
      the subsequent dilution of the products of combustion thereof, is to
      reduce the dwell time of the engine air at the NOx creating temperature
      and thereby further reduce exhaust emissions.
PAR  Referring to FIGS. 4 and 5 we see combustion chamber 24 in greater
      particularity. Reference numerals used in explaining FIG. 6 will be used
      to identify common parts in FIGS. 4 and 5. As previously mentioned,
      combustion chamber 24 is shown to be of the can type and concentric about
      axis 36, but it should be borne in mind that it could well be a single
      annular combustion chamber extending between compressor 14 and turbine 18
      of FIG. 1 and concentric about axis 12. Combustion chamber 24 consists of
      an outer louver wall 52 comprising a plurality of overlapping and joined
      louver rings 54 having a plurality of cooling air apertures 56 at the
      forward end thereof to permit the cooling of wall 52. Outer wall 52 is
      joined to forward wall 58, which is substantially flat and extends
      radially, and which is joined to inner wall 60 so as to form annular pilot
      combustion chamber 62 therewithin. A plurality of fuel nozzles 64 are
      circumferentially spaced around forward wall 58 and extend axially
      therethrough and are enveloped by conventional swirl vane rings 66,
      through which pilot primary combustion air passes in conventional fashion
      to establish a stagnation zone downstream of each fuel nozzle 64 to
      support combustion in pilot combustion chamber 62. Fuel is directed to
      nozzle 64 from pilot fuel manifold 48, which joins to each nozzle through
      a conduit such as 68. A plurality of cooling air holes 70 are positioned
      in forward wall 58.
PAR  Inner body 72 is positioned concentrically about axis 36 within outer wall
      52 and cooperates therewith to define annular primary combustion chamber
      74, which increases in cross-sectional area in a downstream direction so
      as to serve as a diffuser. Sleeve member 76 concentrically envelops
      central member 72 to define annular combustion air passage 78
      therebetween. A plurality of swirl vanes 80 are located circumferentially
      within annular combustion air passage 78 and are of selected angularity,
      such as 55 degrees, to impart swirl about axis 36 to the combustion air
      passing therethrough. Duct member 82 is concentrically positioned between
      members 72 and 76 and may be supported from member 72 by pin member 84 and
      86 to cooperate therewith to define annular combustion air passage 88 with
      inner body 72 and annular combustion air passage 90 with member 76.
      Trigger members 92 and 94 are supported from the downstream ends of
      members 76 and 82 so as to constitute axially staged triggering of the
      combustion air passing through combustion air passage 78 and then dividing
      into passage 88 and 90. Trigger mechanisms 92 and 94 are preferably
      corrugated rings, whose corrugations cant or are angular with respect to
      axis 36 and which serve to impart a rotational or swirling motion about
      axis 36 to the air passing thereunder and to the products of combustion
      passing thereover. By viewing FIGS. 6, 7 and 8 it will be seen that
      trigger mechanisms 92 and 94 are corrugated ring members, whose
      corrugations have maximum amplitude at their downstream ends and minimum
      amplitude at their upstream ends and whose corrugations, as best shown in
      FIG. 8 form an angle of about 55 degrees with the combustion chamber axis
      36.
PAR  Cooling air passes through the interior cylindrical passage 96 within inner
      body 72 and then through swirl vane ring 98 into combustion chamber
      dilution zone 100.
PAR  Outer wall or liner 52 includes a plurality of radially extending and
      circumferentially oriented holes 102 extending therethrough, through which
      air may flow into the interior of the combustion chamber and into the main
      combustion stream 74 in barberpole fashion to accelerate mixing within
      combustion chamber 74 as more fully described in U.S. Pat. No. 3,788,065.
      Fuel for the primary combustion chamber 74 enters through manifold 50 and
      is injected in droplet or atomized form through a plurality of fuel
      nozzles 104, which are positioned circumferentially selectively about
      outer wall 52 and each joined to manifold 50 through a conduit member 106.
PAR  Conventional cross-overtubes 108 extend between adjacent combustion chamber
      24 for conventional purposes.
PAC  OPERATION
PAR  Viewing FIGS. 4 and 5, the operation of combustion chamber 24 will now be
      described. Fuel enters pilot combustion chamber 62 in atomized, spray form
      through a plurality of conventional fuel nozzles 64 which are positioned
      circumferentially about the radial forward wall 58 of combustion chamber
      24. In conventional fashion, each fuel nozzle 64 is enveloped by a swirl
      vane ring 66 through which a portion of the combustion chamber air passes
      to establish a recirculation zone to support combustion in pilot
      combustion chamber 62. If desired, toroidal deflector ring 63 may be used
      to intercept some of the air from swirl vane ring 66 and direct it across
      the exposed face of nozzle 64 to prevent coke formation thereon. The
      products of combustion from pilot combustion zone 64, which typically have
      an ER of about 0.35 and a temperature of about 2000.degree.F then flow in
      fully combusted, vitiated fashion and at elevated temperature rearwardly
      over the outer surfaces of the canted convolutions of trigger ring 92 to
      have swirl about axis 36 imparted thereto in passing thereover. At the
      same time, combustion or cooling air from passage 90 is introduced to the
      pilot products of combustion in swirling fashion as the air passes over
      the inner, canted convolutions of trigger mechanism 92 and its swirling
      momentum, which it gains by passing over swirl vanes 80 and trigger 92,
      adds to the swirling component of the pilot products of combustion and
      accelerates rapid mixing between the pilot products of combustion and the
      swirling air from trigger 92. In typical swirl mixing fashion, the product
      parameter .rho. V.sub.t.sup.2, where .rho. is density and V.sub.t is
      tangential velocity, for the air from trigger 92 will be greater than the
      comparable product parameter of the pilot products of combustion so that
      intermixing therebetween is accelerated as fully explained in U.S. Pat.
      No. 3,788,065. In this fashion, a vitiated, gas mixture is introduced in
      swirling fashion to chamber region 110 at a temperature below the NOx
      generating temperature but at a sufficiently high temperature that it is
      capable of vaporizing fuel droplets. Typically the mixture of pilot
      products of combustion and trigger 92 air entering region 110 will have an
      ER of about 0.18 and a temperature of about 1500.degree.F. Atomized fuel
      droplets are then directed into this vitiated, swirling mixture at station
      110 from a plurality of circumferentially positioned fuel nozzles 104 for
      flash vaporization therewith. Flash vaporization occurs and droplet
      burning is avoided at station 110 because of the high relative velocity
      between the fuel droplets and the surrounding swirling gas, because of the
      vitiated condition of the swirling gas, and because centrifugal force of
      the swirling gas strips the peripheral vapor from the droplets before
      combustion can occur. In this fashion, a swirling, vitiated, vaporized
      fuel rich-air mixture is created having an ignition lag or delay time
      t.sub.1 as described supra and is passed over the outer surfaces of the
      convolutions of trigger mechanism 94 to have further swirl imparted
      thereto and for immediate mixing with the swirling combustion air from
      passage 88, which has swirl imparted thereto both by passing swirl vanes
      80 and the inner surfaces of the canted convolutions of trigger 94. Mixing
      of the fuel and air in the primary combustion zone 74 is aided by the fact
      that combustion air also enters a plurality of circumferentially disposed
      ports 102 in burner wall 52 and is directed substantially radially
      inwardly therefrom as discrete streams of combustion air moving
      substantially radially in barberpole fashion toward the outwardly directed
      convolutions of combustion air from passage 88 passing under trigger 94
      and cooperating therewith to effect rapid mixing and combustion between
      the fuel and air utilizing both the swirl burn principle and the
      barberpole mixing principle described more fully in U.S. Pat. No.
      3,788,065. Typically the ER of the vaporized, fuel richair mixture will be
      above 1 before mixing with combustion air from trigger 94 and below 1
      thereafter. The product parameter .rho. V.sub.t.sup.2 dissimilarity
      between the vitiated, vaporized fuel-air mixture and the passage 88
      combustion air causes accelerated mixing therebetween so that the fuel and
      air are molecularly premixed and the ER reduced to below unity before
      autoignition occurs in primary combustion zone 74 as the addition of
      oxygen from the air from passage 88 to the vitiated, vaporized fuel brings
      the oxygen content of the mixture to a level to reduce the ignition lag to
      t.sub.2 as described in connection with FIG. 16 to effect auto-ignition at
      point C shown in FIG. 3. It will therefore be seen that the introduction
      of combustion air at 94 both reduces the ER of the fuel air mixture below
      1 and raises the oxygen content to accelerate autoignition thereof. It
      will be observed that an ignition lag has occurred from the time atomized
      fuel is injected from nozzles 104 until it is finally autoignited in
      primary combustion chamber 74, thereby giving the fuel and air the
      opportunity to molecularly premix and avoid fuel droplet burning to
      produce high-rate, lean burning in the primary combustion zone 74 so that
      minimum NOx is generated. As best shown in FIG. 3, since autoignition has
      taken place at point C, the temperature of combustion, the amount of CO
      generated by combustion, and the amount of NOx generated by exposure of
      the exhaust gases to elevated temperatures is reduced over that which
      would have occurred by combustion of fuel droplets at ER unity. Due to the
      high velocity of the gases passing through combustion chamber 24, which is
      in the vicinity of 400 feet per second, the ignition will probably occur
      in combustion zone 74 at ER of about 0.45 temperature of about
      2500.degree.F.
PAR  It is important to note that this combustion chamber does not utilize fuel
      droplet burning, but rather prevaporizes the fuel for molecular mixing
      with the combustion air for high-rate, lean burning to produce minimum
      NOx. In fuel droplet burning, the periphery of the droplet is brought to
      elevated temperatures as soon as burning commences and the air in that
      vicinity is raised above the NOx creating temperature. As burning
      continues, all of the fuel combusted with the air in the combustion area
      goes through the maximum achievable temperatures at ER slightly greater
      than 1.0, thereby generating a substantial amount of NOx because fuel
      droplet burning has caused the air in the burner to be subjected to NOx
      creating temperature for long periods of time.
PAR  Dilution air passes through passage 96 and through swirl vane ring 98 to
      mix with the products of combustion from combustion zone 74 and to rapidly
      reduce their temperature below a temperature which would be injurious to
      turbine 28. The desired dissimilar product parameter .rho.V.sub.t.sup.2
      preferably exists between the dilution air from swirler 98 and the
      products of combustion from primary combustion chamber 74 to accelerate
      mixing and hence dilution and cooling therebetween. Additional cooling air
      is received through passages in wall 52, such as passages 112, and any
      other apertures of conventional design in the louver rings 54 located
      axially downstream of zone 74.
PAR  It is also important to note that due to the rapid mixing of fuel and air
      and the rapid combustion in this combustion chamber, all combustion occurs
      in a very short axial dimension so that the overall dimension of the
      combustion chamber is minimal.
PAR  The desired low emission combustion accomplished in this combustion chamber
      is brought about by a combination of combustion principles, first, by
      subjecting the engine air to elevated temperatures for a minimal period of
      time to gain the low NOx benefit demonstrated in FIG. 2 and, second, by
      molecular premixing of fuel and air permitted by controlled ignition lag
      to obtain the additional low emission benefit to be gained as illustrated
      in FIG. 3.
PAR  It may be considered that triggers 92 and 94 constitute staged swirling,
      thereby avoiding the stalling in the trigger 94, which could occur if
      trigger 94 alone were used and thereby had to impart very high swirl
      components to the gas passing thereover.
PAR  From an operations standpoint, pilot burner 62 alone may be operated during
      engine idle operation, while both pilot burner 62 and main burner 74 are
      operational during higher power operations such as at take-off.
PAR  To this point, combustion chamber 24 has been described utilizing a
      radially extending forward wall 58 with axially extending fuel nozzles 64
      and swirl vane rings 66 extending therethrough and with swirl imparted to
      pilot products of combustion by trigger 92. Modifications of this
      construction, as shown in FIGS. 9 through 15, will now be described in
      which wall 58 is not always radially extending and in which the fuel
      nozzles and the swirl vane rings may not be axially extending.
PAR  In the construction shown in FIG. 9, a modification of combustion chamber
      24 at combustion zone 62 is shown in which the combustion chamber wall 58a
      is radially extending in part and is shaped to support a plurality of
      circumferentially disposed fuel nozzles 64a positioned within swirl vane
      rings 66a so that the fuel nozzles and swirl vane rings are angularly
      disposed with respect to combustion chamber centerline 36 so as to produce
      swirling combustion in pilot zone 62. The products of combustion from the
      FIG. 9 pilot combustion zone 62 will also be swirling about axis 36 as
      they enter secondary fuel injection zone 110. The remainder of combustion
      chamber 24 of the FIGS. 9-15 modifications will be as shown in FIG. 4. In
      is intended that with the constructions shown in FIGS. 9 through 15,
      upstream trigger 92 can be eliminated, but it could also be used, if
      desired, in the FIGS. 9 through 15 configurations. Fuel nozzles 64a and
      66a of FIG. 9 are positioned in swirl flow guides 120, which may either by
      a cylindrical or axially curved tube of circular cross section or
      selectively shaped wall members oriented to direct the entry of the fuel
      and swirling air from nozzle 64a and vanes 66a into pilot combustion zones
      62 in swirling or tangential fashion with respect to centerline 36.
      Cooling louvers 122 are located in the downstream walls of guides 120 and
      serve to introduce cooling air along the outer periphery of the downstream
      walls of guides 120 to protect the walls from the heat of the pilot
      combustion zone 62. Louvers 122 may be of any conventional design such as
      slots or discrete holes of the type shown in FIG. 4 as cooling air holes
      56 and 112.
PAR  The FIG. 10 configuration is a second modification of the pilot zone area
      of the FIG. 4 combustion zone chamber wherein forward wall 58b of annular
      pilot zone 62 of combustion chamber 24 has a plurality of
      circumferentially disposed and spaced pipe or conduit members 124
      extending upstream thereof so as to be canted with respect to combustion
      chamber axis 36 and so as to each support a fuel nozzle 64b and swirl vane
      ring 66b therewithin at the forward or upstream end thereof so that the
      fuel nozzle and swirl vanes are similarly canted with respect to axis 36.
      In the FIG. 10 construction, the fuel and air from the fuel nozzles 64b
      and rings 66b will enter combustion chamber 62 as a series of swirling
      fuel-air mixture columns whose paths are tangentially or canted with
      respect to axis 36 so as to establish swirling combustion within and
      products of combustion discharge from pilot zone 62. In all of the FIGS.
      9-13 constructions, the swirl established in the pilot combustion chamber
      62 is selected so as to match or optimally integrate with downstream
      swirler 94.
PAR  FIG. 11 shows a third modification of combustion chamber 24 wherein forward
      wall 58c is radially extending and supports a plurality of axially
      extending fuel nozzles 64c enveloped by swirl vane rings 66c therewithin.
      Forward wall 58c has a plurality of angularly disposed, preferably
      parallel passages 126 extending therethrough so that the air passing
      through passages 126 is introduced to combustion chamber pilot zone 62 in
      angularly or swirling relation to axis 36 so as to intercept the fuel
      being injected through fuel nozzle 64c and impart angular flow thereto so
      as to establish a combustion in and discharged from zone 62 which swirls
      about axis 36.
PAR  A fourth modification of combustion chamber 24 is shown in FIGS. 12 and 13,
      wherein radially extending forward wall 58d supports circumferentially
      oriented and spaced and axially extending fuel nozzles 64d and swirl flow
      rings 66d therewithin and further supports a plurality of
      circumferentially disposed and spaced deflection vane members 128. Vane or
      deflector members 128, shown in FIGS. 12 and 13, extend for the full
      radial dimension of pilot combustion zone 62, and are curved with respect
      to axial 36 as shown in FIG. 13 so as to cause the products of combustion
      from combustion zones 62 to be discharged in swirling fashion with respect
      to axis 36 so that they enter secondary fuel injection zone 110 in this
      swirling fashion. Deflector vanes 128 are hollow so that cooling air may
      enter the forward end 130 thereof and be discharged in swirling fashion
      about axis 36 through the outlet end 132 thereof. Preferably apertured
      cooling louvers 134 are located on opposite sides of deflector vanes 128
      and have some of the cooling air from the vane interior discharged through
      apertures 136 in the side walls therethrough to cause cooling air to flow
      along the outer walls of vanes 128 to protect them from the heat of
      combustion.
PAR  Still another modification of combustion chamber 24 is shown in FIGS. 14
      and 15. In this modification, combustion chamber 24 is intended to be in
      all respects like the combustion chamber shown in FIG. 4 except that the
      products of combustion from pilot combustion zone 62 are caused to swirl
      about combustion chamber axis 36 by positioning a plurality of
      circumferentially disposed and spaced plunged tubes 130 to project from
      the outer wall 52 of burner 24 and to be oriented so as to cause the air
      passing therethrough into the interior of the combustion chamber to be in
      a swirling motion about axis 36, to thereby impart a swirling motion to
      the products of combustion from the pilot combustion zone 62. Similarly, a
      plurality of circumferentially disposed plunged tubes 132 could be placed
      in inner wall 60 of the combustion chamber and be oriented as best shown
      in FIG. 15 to perform the same function. Obviously, in any combustion
      chamber outer tubes 130 could be used with or without inner tubes 132, and
      vice versa. Canted, plunged tubes 130 and 132 would serve the same
      function as does upstream swirler 92 in the FIG. 4 construction to impart
      a swirling motion to the pilot zone products of combustion about axis 36.
      It will be realized that when plunged tubes 130 and 132 are used in the
      same combustion chamber, they should be oriented to impart swirl to the
      products of combustion in the same direction about axis 36. Tubes 130 and
      132 may be positioned in a radial alignment about axis 36 or may be
      circumferentially offset from each other.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and described, for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A low NOx combustion chamber comprising:
PA1  A. means to produce hot, fully combusted, pilot exhaust gases of reduced
      oxygen content,
PA1  B. means to mix a selected quantity of cool, swirling air with the pilot
      exhaust gases to produce a first swirling mixture having a selected
      temperature lower than the pilot exhaust gases but above the vaporization
      temperature of the fuel to be utilized in the combustion chamber, and of
      reduced oxygen content so that the first swirling mixture has an ER less
      than 1,
PA1  C. means to inject atomized fuel into the first swirling mixture in
      selected quantity to produce a second swirling mixture of fuel and air of
      reduced oxygen content so that the second swirling mixture has a first
      ignition delay time to prevent autoignition of the atomized fuel droplets,
      said second swirling mixture also having a selected temperature to
      vaporize the fuel so that said second swirling mixture is a vaporized,
      swirling fuel-air mixture having a reduced oxygen content to produce
      autoignition at the culmination of the first time delay, and
PA1  D. means to mix a selected quantity of swirling combustion air with the
      second swirling mixture to effect molecular mixing between the fuel and
      air since both the second mixture and combustion air are swirling, and in
      selected quantity to produce a third swirling, vaporized fuel-air mixture
      of oxygen level greater than that of said second mixture to effect a new
      and reduced ignition delay time so as to autoignite the third mixture at
      an ER less than 1 and at a time sooner than the expiration of the first
      ignition delay time to thereby reduce the dwell time of the engine air at
      NOx creating temperature.
NUM  2.
PAR  2. A combustion chamber according to claim 1 having an axis and a pilot
      combustion chamber axially upstream of a main combustion chamber and
      wherein the first, second and third mixtures swirl concentrically about
      the axis.
NUM  3.
PAR  3. A low NOx emission combustion chamber concentric about an axis and
      having a main combustion zone and including:
PA1  A. a pilot combustion chamber operable to produce vitiated products of
      combustion swirling about the axis and having a temperature hot enough to
      vaporize fuel,
PA1  B. means for introducing fuel droplets into the swirling, products of
      combustion to rapidly mix therewith to produce a swirling, fully vaporized
      fuel-rich air mixture having selected oxygen content to establish a
      selected autoignition lag, and
PA1  C. means to introduce swirling air to the swirling vaporized fuel-rich air
      mixture to produce accelerated mixing therebetween resulting in molecular
      premixing of the fuel and air and in sufficient quantity to reduce the ER
      to less than 1 and increase the oxygen content to accelerate autoignition
      to thereby produce high-rate, lean burning with resultant low NOx products
      of combustion.
NUM  4.
PAR  4. A combustion chamber according to claim 2 wherein said pilot exhaust gas
      producing means includes said pilot combustion chamber including an
      annular chamber having a substantially radially extending forward wall
      with a plurality of fuel nozzles extending therethrough to inject fuel
      into the annular chamber and each having a swirl vane ring positioned
      thereabout so that the fuel nozzle and swirl ring extend axially and
      cooperate to effect stable combustion, and further including means to
      impart swirl to the vitiated products of combustion from pilot combustion
      chamber about the combustion chamber axis in the form of a first trigger
      mechanism comprising a corrugated ring whose convolutions are canted with
      respect to the axis and whose amplitudes increase in a downstream
      direction.
NUM  5.
PAR  5. A combustion chamber according to claim 4 wherein the means for
      introducing swirling combustion air to the second vaporized, swirling
      fuel-air mixture is a second trigger mechanism in the form of a corrugated
      ring positioned concentric about the combustion chamber axis and having
      corrugations which are canted with respect to the axis and increasing in
      radial dimension in a downstream direction.
NUM  6.
PAR  6. A combustion chamber according to claim 5 and including a passage having
      turning vanes therein and communicating with the first trigger mechanism
      to provide air thereto which has been acted upon by the turning vanes to
      cause swirling thereof about the combustion chamber axis.
NUM  7.
PAR  7. A combustion chamber according to claim 6 and including passage means
      having turning vanes therein and communicating with the second trigger
      mechanism so that air passing therethrough is acted upon by said turning
      vanes to impart a swirl thereto concentric about the combustion chamber
      axis.
NUM  8.
PAR  8. A combustion chamber according to claim 7 wherein the passages providing
      swirling air to the first and second trigger mechanisms are common in part
      and wherein a single set of turning vanes acts upon the air passing
      through each passage.
NUM  9.
PAR  9. A combustion chamber according to claim 4 and wherein said triggers are
      axially spaced along the combustion chamber axis so that their effects in
      imparting swirl motion about the axis to the vaporized fuel-air mixture
      are additive.
NUM  10.
PAR  10. A combustion chamber according to claim 9 wherein the corrugations in
      the triggers are canted with respect to the axis at selected angles so as
      to produce a 30.degree. swirl about the axis to the vaporized fuel-air
      mixture departing the downstream trigger.
NUM  11.
PAR  11. A combustion chamber according to claim 10 wherein the convolutions of
      each trigger are canted about 55 degrees to the axis.
NUM  12.
PAR  12. A combustion chamber according to claim 7 wherein said triggers are
      axially spaced and concentric about the axis and with the downstream
      trigger communicating with the main combustion chamber zone, and with the
      triggers being sized and positioned so that the products of combustion
      from the pilot combustion zone will pass over the exterior corrugated
      surface of the upstream trigger and so that air passing through said
      passage will pass over the inner corrugated surface of said upstream
      trigger to have swirl imparted thereto to produce a product parameter
      .rho.V.sub.t.sup.2 of passage air, wherein .rho. is density of passage air
      and V.sub.t is tangential velocity of passage air about the axis, which is
      greater than the corresponding product parameter of the pilot combustion
      chamber products of combustion, and wherein the second vaporized fuel-air
      mixture passes over the exterior corrugated surface of the downstream
      trigger while the air passing through said passage means passes over the
      inner corrugated surface of the downstream trigger so that the said
      product parameter of the passage means air passing over the downstream
      trigger has swirl imparted thereto so as to have a product parameter
      .rho.V.sub.t.sup.2 greater than said product parameter of the second
      vaporized fuel-air mixture in view of the swirl imparted thereto by the
      downstream trigger.
NUM  13.
PAR  13. A combustion chamber according to claim 9 wherein said combustion
      chamber has an outer wall having a plurality of circumferentially
      dispersed and spaced plunger holes extending therethrough in selected
      position to produce a series of radially directed combustion airstreams
      positioned to intercept the third swirling vaporized fuel-air mixture
      shortly after it passes over the downstream trigger.
NUM  14.
PAR  14. A combustion chamber according to claim 5 and including means to impart
      dilution air to the combustion chamber interior to dilute and reduce the
      temperature of the main combustion chamber products of combustion.
NUM  15.
PAR  15. A combustion chamber according to claim 3 and including a plurality of
      circumferentially spaced and disposed tube members connected to the inner
      or outer walls of the pilot combustion chamber, or both, and oriented at
      an angle to the combustion chamber axis so that air entering the pilot
      combustion chamber therethrough will be directed at a substantial angle
      with respect to the axis and thereby impart a rotary motion to the pilot
      combustion chamber products of combustion about the combustion chamber
      axis.
NUM  16.
PAR  16. A combustion chamber concentric about an axis and having outer wall
      means and inner wall means supported in spaced relation to define an
      annular combustion chamber cavity therebetween and wherein said outer wall
      means and inner wall means are shaped so as to define:
PA1  A. an annular pilot combustion zone positioned at the combustion chamber
      forward end,
PA1  B. trigger means in the form of a corrugated ring having corrugations
      canted with respect to the axis and increasing an amplitude in a
      downstream direction and positioned at the downstream end of the pilot
      combustion zone to impart swirl about the axis to the pilot zone products
      of combustion,
PA1  C. an annular primary combustion zone located downstream of said pilot
      trigger and shaped to increase in cross-sectional area in a downstream
      direction so as to be in the form of a diffuser,
PA1  D. a primary combustion zone trigger mechanism in the form of a corrugated
      ring mounted concentrically about the axis and having corrugations canted
      with respect to the axis and increasing in amplitude in a downstream
      direction and supported to be located at the entrance of the primary
      combustion zone and spaced axially downstream from the pilot trigger so
      that the pilot zone products of combustion will pass over the convolutions
      of both triggers,
PA1  E. means to pass selected quantities of combustion air over the opposite
      corrugation surfaces of both triggers to produce accelerated mixing
      between the fluids passed over opposite surfaces of the triggers,
PA1  F. means to introduce fuel droplets into the combustion chamber and
      circumferentially thereabout at an axial station between said triggers,
      and
PA1  G. means to provide dilution air to the interior of the combustion chamber
      downstream of the primary combustion zone.
NUM  17.
PAR  17. A combustion chamber according to claim 16 wherein the convolutions of
      said triggers are canted with respect to the axis selectively so as to
      produce about a 30.degree. swirl motion about the axis of the fluid
      passing through the primary combustion zone.
NUM  18.
PAR  18. A combustion chamber according to claim 17 wherein said trigger
      convolutions are canted with respect to the axis at an angle of about
      55.degree..
NUM  19.
PAR  19. A combustion chamber according to claim 16 and including a plurality of
      circumferentially spaced and dispersed plunger holes extending through the
      combustion chamber outer wall at an axial station slightly downstream of
      the primary combustion zone trigger and shaped to produce a series of
      radially directed airstreams into the primary combustion zone at a station
      immediately downstream of the combustion zone trigger.
NUM  20.
PAR  20. A combustion chamber according to claim 16 and including flow turning
      means positioned upstream of said triggers and operably connected thereto
      and shaped so that the air passing thereover in passage to said triggers
      is caused to swirl about said axis.
NUM  21.
PAR  21. A combustion chamber according to claim 16 and including a plurality of
      circumferentially spaced and disposed tube members connected to the inner
      and outer walls of the pilot combustion chamber, or both, and oriented at
      an angle to the combustion chamber axis so that air entering the pilot
      combustion chamber therethrough will be directed at a substantial angle
      with respect to the axis and thereby impart a rotary motion to the pilot
      combustion chamber products of combustion about the combustion chamber
      axis.
NUM  22.
PAR  22. The method of producing low NOx combustion in a combustion chamber
      comprising the steps of:
PA1  A. producing hot, fully combusted, pilot exhaust gases of reduced oxygen
      content,
PA1  B. mixing a selected quantity of cool, swirling air with the pilot exhaust
      gases to produce a first swirling mixture having selected temperature
      lower than the pilot exhaust gases but above the vaporization temperature
      of the fuel to be utilized in the combustion chamber, and of reduced
      oxygen content so that the first swirling mixture has an ER less than one,
PA1  C. injecting atomized fuel into the first swirling mixture in selected
      quantity to produce a second swirling mixture of fuel and air of reduced
      oxygen content so that the second swirling mixture has a first ignition
      delay time to prevent autoignition of the atomized fuel droplets, said
      second swirling mixture also having a selected temperature to vaporize the
      fuel so that said second swirling mixture is a vaporized, swirling
      fuel-air mixture having a reduced oxygen content to produce autoignition
      at the culmination of the first time delay, and
PA1  D. mixing a selected quantity of swirling combustion air with the second
      swirling mixture to effect molecular mixing between the fuel and air since
      both the second mixture and combustion air are swirling, and in selected
      quantity to produce a third swirling, vaporized fuel-air mixture of oxygen
      level greater than that of said second mixture to effect a new and reduced
      ignition delay time so as to autoignite the third mixture at an ER less
      than one and at a time sooner than the expiration of the first ignition
      delay time to thereby reduce the dwell time of the engine air at NOx
      creating temperature.
NUM  23.
PAR  23. The method of producing combustion in a combustion chamber with low NOx
      emission comprising the steps of:
PA1  A. producing hot, vitiated products of combustion in a pilot burner,
PA1  B. cooling the pilot products of combustion to a temperature where they
      will vaporize selected fuel but retain their vitiated condition and
      causing them to swirl about an axis,
PA1  C. introducing fuel in droplet form into the swirling, vitiated, cooled
      pilot products of combustion to produce flash vaporization of the fuel due
      to the high relative velocity between the fuel droplets and the swirling,
      vitiated products of combustion and due to the centrifugal force existing
      between the vitiated products of combustion and the fuel droplets so
      injected so as to produce a swirling, fully vaporized, fuel-air mixture
      having an oxygen content to establish a selected time delay to
      autoignition,
PA1  D. introducing swirling combustion air to said vaporized, swirling fuel-air
      mixture to establish molecular premixing of the fuel and air and increase
      the oxygen content thereof to reduce the time lag and cause autoignition
      at an ER less than unity to thereby produce high-rate, lean burning of
      said premixed mixture so as to effect low NOx emission due to a
      combination of minimum dwell time of air above the NOx forming temperature
      and the high-rate, lean burning due to molecular premixing.
NUM  24.
PAR  24. A method according to claim 23 wherein said vaporized, fuel-air mixture
      and said combustion air are swirling concentrically about the combustion
      chamber axis.
NUM  25.
PAR  25. The method according to claim 22 and including the additional step of
      introducing a plurality of discrete streams of combustion air into the
      second swirling, vaporized fuel-air mixture in addition to said swirling
      combustion air to cooperate with said swirling combustion air in rapidly
      mixing with said swirling vaporized fuel-air mixture.
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ABST
PAL  A rotary internal combustion engine is shown having a combination of
      reaction nozzle means and turbine elements to extract energy from a stream
      of hot gases. A centrifugal air compressor feeds a rotary diffusion
      combustion chamber to operate the reaction nozzles. The products of
      combustion issuing from the nozzles are redirected by stationary vanes to
      drive a turbine to extract further energy from the gas flow as it passes
      to the exhaust.
BSUM
PAC  BACKGROUND
PAR  Various designs have been proposed heretofore for making use of the
      products of combustion in an internal combustion engine for driving gas
      actuated reaction nozzles that are adapted to drive a rotary means
      connected to a power shaft. Typical examples of such engines are shown in
      the U.S. Patent Nos. granted to: Fisher 2,407,824 issued Sept. 17, 1946,
      Cooke 2,439,717 issued Apr. 13, 1948, Goddard 2,544,418 issued Mar. 6,
      1951, Paradiso 2,914,920 issued Dec. 1, 1959, Wormser 3,118,277 issued
      Jan. 21, 1964, and Warren et al, 3,287,904 issued Nov. 29, 1966.
PAC  BRIEF DESCRIPTION OF THIS INVENTION
PAR  The present invention provides an improvement on these known engines in
      providing a rotating centrifugal compressor for feeding air in a
      streamlined direction into a rotating combustion chamber means. Fuel is
      added to the compressed gas and an elongated rotating combustion chamber
      contains the mixture while fuel combustion is being completed. The gases
      continue to move outwardly in a streamlined path until combustion is
      completed and then the fully combusted fuel and mixed gases issue in a
      high velocity stream directly from the combustion chamber through reaction
      nozzles at the outer periphery of the combustion chamber to impinge
      against fixed deflector blades arranged in a circle around the outside of
      the rotary path of the nozzles. The fixed blades turn or redirect the high
      velocity stream to direct the gas flow through cooperating turbine means
      concentrically arranged around these blades to extract additional energy
      from the power stream of hot gases. The design provides for a continuously
      outwardly moving gas stream from the central intake through the
      compressor, the combustion chamber, the turbine and into the exhaust.
PAR  The combined rotating compressor and combustion chamber design accomplishes
      a most efficient movement of the gas stream through the engine while
      retaining the fuel, air and the resulting products of combustion in the
      combustion chamber until the most efficient burning of all of the fuel has
      been accomplished, with a minimum production of undesired exhaust
      components that might be harmful if exhausted into the atmosphere.
PAR  It is therefore, an object of the invention to provide a rotary turbine gas
      actuated engine designed to exert a maximum jet thrust for conversion to
      usable torque.
PAR  It is another object of this invention to provide an engine adapted to
      extract a maximum amount of work from a given amount of fuel.
PAR  It is another object of this invention to provide a turbine engine having a
      centrifugal gas flow from inlet, through a compressor and rotary
      combustion chamber for driving a turbine.
PAR  It is another object of the invention to control combustion of a fuel in a
      manner to minimize the production of pollutants to be found in the
      exhaust.
PAR  Another object is to provide a rotary engine structure adapted to extract
      the maximum thrust from a gas stream for conversion to torque at the drive
      shaft.
PAR  It is another object to provide an arrangement of reaction nozzle means
      driven by a gas stream coupled with deflector vanes and turbine means all
      arranged concentrically to extract the maximum thrust from a gas stream
      for conversion to torque at the drive shaft.
PAR  Another object of the invention is to provide a simplified design of jet
      driven turbine engine.
PAR  Another object is to provide an engine of light weight but rugged design.
PAR  It is another object of this invention to provide an efficient combustion
      cycle embodied in an engine having a simplified, light weight, and low
      maintenance structure.
PAR  It is another object of this invention to provide a unique engine design
      having a rotary combustion chamber, gas jet, stator blade and combined
      turbine structure.
PAR  A still further object is to provide an engine having an efficient
      operating cycle and a wide range of adaptability.
PAR  These and other objects will appear more fully in the description below.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a diagrammatic perspective view of my engine assembly; and
PAR  FIG. 2 is a front elevation showing the compressor and combustion chamber
      assembly of this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  An assembly view of the internal combustion engine of this invention is
      shown in FIG. 1. It includes an air compressor, combustion chamber,
      reaction jet drive means and a turbine drive to extract energy from the
      fuel. The air is fed from one end of the engine into a centrifugal
      compressor which in turn delivers the air into a rotary combustion chamber
      or diffuser, the products of combustion issue from the jets on the
      periphery of the diffuser to be directed by stationary blades into turbine
      blades. The compressor and diffuser are arranged concentrically on a drive
      shaft as will appear more fully below.
PAR  The engine is carried in a two part frame composed in one part of rigid
      spokes 10 and a circular flange 11 and a second section composed of spokes
      12 and a circular flange 13. Flanges 11 and 13 are adapted to be
      integrally assembled together by bolts 14. The assembled frame is designed
      to support spaced apart inlet housing 15 and the rear power take-off
      housing 16 in fixed alignment. The separate housings 15 and 16 support
      aligned bearing means 17 and 18 respectively which in turn carry the
      hollow rotating main shaft 20 of the engine.
PAR  At the front or air intake end of the engine the shaft 20 extends into the
      center of the housing 15, through the bearing 17 carried in the inlet
      housing and into a forward drive compartment 22 that incloses a power take
      off drive for any auxiliary equipment such as fuel pump, oil pump or other
      usual means, not shown, that may desirably be associated with engines such
      as here disclosed. At its opposite end the shaft 20 is generally centrally
      disposed in housing 16 to rotate in bearings 18 and 24. A main power take
      off gear 26 is contained within housing 16 and is keyed to the shaft 20.
PAR  The housing 15 at the front end of the engine has an integral bell shaped
      mouth 28 leading into a passage 30 to deliver air to the compressor for
      the engine. At the throat of housing 15, a fan 32 is provided, the fan
      including a plurality of blades carried on a hub 34 keyed to shaft 20. The
      fan blades assist in moving air through passage 30 into the converging
      inlet passage 36 within the rotating housing 38 leading to the air
      compressor means.
PAR  The housing 38 is formed to have a bell shaped inlet section 40 leading to
      a throat 42 and behind the throat, the housing has an integral front wall
      44 forming one wall of the compressor and combustion chamber elements. The
      housing 38 has a central hub 46 keyed to shaft 20 and the hub supports a
      series of spiral compressor blades 48 that extend lengthwise throughout
      the entire throat 42 and are concentrically arranged on shaft 20. Hub 46
      is also integrally connected to a rear wall 50 of the housing that
      encloses blades 48 wall 50 being spaced apart from wall 44 to provide an
      internal space for confining the compressor and combustion chamber means.
PAR  The air compressing means associated with this engine includes the bell
      shaped entrance 28 that may be driven at a more or less high velocity into
      the atmosphere to collect air that is moved on by fan blades 32 into the
      converging throat 42 of housing 38. The spiral compressor blades 48 then
      engage the air to move it through the throat and drive it outwardly into
      the final stage of the compressor means shown in FIG. 2. This stage
      includes a single converging spiral passage 52 that receives the somewhat
      compressed air flowing from the outer periphery of spiral vanes 48. The
      passage 52 is defined by the wall 54 that extends across the space between
      walls 44 and 50. As best seen in FIG. 2, one end of wall 54 is formed
      adjacent to or may be integral with an end of one of the vanes 48 and
      gradually diverges therefrom as shown in FIG. 2. The several convolutions
      of the single wall 54 forming the passage 52 are supported from walls 44
      and 50 to define an air passage having a converging pattern whereby the
      air is further compressed as it is moved by the vanes 48 toward and over
      their rear ends to flow outwardly by centrifugal force through passage 52.
      The air flow is compressed as the engine revolves and the air moves
      through several revolutions of the converging passage until it reaches the
      outlet 56 from the compressor passage 52. The outlet is formed by a
      continuation of wall 54 together with an added baffle wall 58 positioned
      between different portions of wall 54 in one of the convolutions. As shown
      in FIG. 2, the throat 56 is positioned in the second complete convolution
      from the inlet to passage 52.
PAR  The compressed air issuing from throat 56 flows into the combustion chamber
      that is defined by walls 44 & 50 and the succeeding convolutions of wall
      54. Just after the compressed air flows from throat 56, fuel is injected
      into the air stream by injector 60. The fuel air mixture normally
      maintains a continuous flame in the initial stages of the expanding
      passage 62. The combustion chamber 62 is designed to be of a length to
      allow relatively gradual expansion of the resulting gases as combustion of
      the fuel in the air takes place, the combustion being completed in a time
      period and at such a rate as to allow for complete oxidation of the fuel
      in the most efficient manner. By providing the several diverging
      convolutions of wall 54 forming the combustion chamber as shown in FIG. 2,
      complete combustion of a fuel such as kerosene, for example, can be
      completed at a temperature of 1540.degree.F without the undue production
      of any unwanted chemical products that might otherwise pollute the
      atmosphere when finally exhausted from the engine. The combustion chamber
      is provided with a glow plug or other igniter 62' that is activated upon
      start up of the engine and whenever needed otherwise, if there should be
      an unexpected flame-out.
PAR  The initial combustion stages take place in a fuel air mixer 64 and when
      combustion is well started, the burning components in the gas stream flow
      into the gradually expanding passage 62 and on to the plurality of outlet
      jets 66 disposed around the outer periphery 68 of combustion chamber. The
      combustion gases issue from jets 66 disposed at 90.degree. to a radius
      drawn through the axis of shaft 20 about which the housing 38, compressor,
      and combustion chamber rotate, whereby a maximum thrust component is
      generated by the reaction to this high velocity gas flow.
PAR  As the working gas stream issues from the jets 66, the several jet streams
      impinge upon a series of fixed vanes 70 which turn the streams to redirect
      them into a series of turbine blades 72. The fixed blades or stators 70
      are arranged close to and concentrically around the periphery 68 of the
      combustion chamber. The stators are supported integral with spokes 10 on
      pedestals 72, the stators being supported in a cantilever manner from one
      end to be positioned between jets 66 and turbine blades 72. The turbine
      blades 72 are formed integral with wall 44 of housing 38 whereby the
      blades 72 are driven to add their power to the action of jets 66 that also
      drive shaft 20 through wall 44 and wall 50.
PAR  The gases flowing through the turbine blades 72 are confined by wall 74
      integral with the rear ends of the turbine blades, the wall 74 providing
      in effect an extension of wall 50 and the forward end of pedestal 72, to
      confine the products of combustion. The exhaust gases from the turbine are
      collected in a manifold 76 to be exhausted to the atmosphere, or elsewhere
      through outlet 78.
PAR  It will be noted that the structure described above provides an engine for
      compressing air to be fed to a combustion cycle in which all of the air,
      fuel, and products of combustion flow centrifugally through a rotary
      system. The path the gases travel is substantially one continuous spiral
      whereby a most efficient flow principle is followed. The compressor is
      coupled to a rotary diffuser combustion chamber having a long path for
      completing the oxidation reaction before the work is extracted from the
      high velocity gas streams. As stated above, this burning action together
      with the elimination of a continuously intermittently sparking igniter
      such as the spark plug of a piston engine, provides an apparatus that
      makes possible a substantially pollution free burning cycle and one which
      makes possible the use of kereosene and other fuels that can be extracted
      from petroleum crudes in greater quantity than the lighter fractions that
      must be provided for the known piston automotive engines used almost
      universally today for automotive applications.
PAR  The structure makes use of the restrictive exhaust jets 66 disposed at
      90.degree. to the radius of rotation to issue jet streams relatively free
      of eddy currents whereby the maximum thrust of the gases issuing through
      the jets is recovered. Recovery of the residual energy in the flowing high
      velocity stream is obtained by redirecting the gas stream through stators
      70 for impingement on turbine blades 72. This arrangement of the
      concentric positioning of the stators around the periphery of the
      combustion chamber and jets 66 continues the straight forward outward flow
      of the entire gas stream whereby the most efficient flow pattern is
      provided for accomplishing a maximum production of energy in the gas
      stream.
PAR  The centrally disposed compressor blades 48 are designed to pick up the
      inflowing air stream that has been slightly compressed during its flow
      into the engine from the inlet 28. The compressor blades 48 engage the air
      stream and cause it to be further compressed and change direction to flow
      outwardly from the axis of shaft 20 into the centrifugal compressor and
      the combustion chamber. The air and ultimately the fuel and combustion
      products continue onwardly in the enclosed combustion chamber 62 as
      described above. The diffuser combustor allows for the maintenance of a
      continuous flame to maximize energy production with the production of a
      minimum or negligible volume of pollutants. The elimination of a
      continuously firing spark plug as used in a piston engine, contributes
      substantially to the elimination of nearly all objectionable nitrogen
      oxide components in the combustion gases.
PAR  The operation of this engine is apparent from the description above. Once
      rotary motion has been started as with a starter motor, not shown, and
      ignition takes place, the gas flow accelerates through the rotating
      diffuser combustion chamber to issue as a power jet stream from the
      reaction outlet jets 66. This action drives the housing 38 keyed to shaft
      20 to rotate about the axis of the shaft. Once ignition takes place, the
      igniter may be deactivated and the continuous flame produces the high
      velocity gas stream from which the energy is extracted to drive shaft 20,
      the compressor, combustion chamber, and turbine, in order to provide
      energy for driving such equipment as may be connected to power take off
      26.
PAR  The various elements of this machine are designed for light weight and the
      frame members 10, 11, 12 and 13 support all of the structure. This quite
      simple support makes it possible to very easily service the mechanism. It
      should also be noted that the walls 44 and 50 which enclose the combustion
      chamber, are fully exposed and are air cooled so that available steel
      alloys may be used for fabrication of the engine. This engine will be
      found to be light weight, durable and easy to maintain.
PAR  It is apparent that known forms of seals may be used where necessary to
      assist in confining the high velocity gas stream to cause it to all flow
      through the turbine blades. Also, the fuel feed system may include
      connections to feed fuel into the hollow shaft 20 for eventual delivery to
      the fuel injector 60 in a known manner. The design will require a minimum
      of lubrication and no lubrication in any area involving the combustion
      chamber.
PAR  The above description covers the preferred form of my engine and it is
      possible that many modifications thereof may occur to those skilled in the
      art that will fall within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary internal combustion reaction engine having air inlet, fuel
      injection means and an exhaust outlet for the products of combustion
      produced in the engine comprising a rotating air compressing means for
      receiving air from said inlet, said compressing means having a passage
      extending around at least 360.degree. in the direction of its rotation, a
      rotating combustion chamber integral with and concentrically disposed with
      respect to said compressing means, said combustion chamber having an
      infeed throat at its inner end to receive compressed air from said
      compressor, said combustion chamber extending outwardly, from said throat,
      fuel injection means at said throat to feed fuel into the combustion
      chamber, igniter means at said throat to initiate combustion of the fuel
      and air at said throat, a common wall means for defining a portion of said
      compressing means and said combustion chamber to provide for a heat
      exchange between the infeeding compressed air and heat from the combustion
      chamber, reaction nozzle means near the outer end of the combustion
      chamber and rotating therewith forming an exhaust means for allowing the
      products of combustion to issue from the combustion chamber whereby to
      drive said compressing and combustion chamber means to rotate about a
      common axis, fixed frame means for supporting said air compressing and
      combustion means, fixed deflector blades carried on said frame
      concentrically with respect to said axis and said reaction nozzle means to
      redirect the flow of exhaust gases issuing from said nozzle means, turbine
      means disposed concentrically outside of said deflector blades to be
      driven by the exhaust gas flowing from said combustion chamber, and
      rotating driven means operatively connected to said reaction nozzle means
      and said turbine means to deliver power from the engine.
NUM  2.
PAR  2. An engine as in claim 1 wherein said air compressing means and said
      combustion chamber are serially arranged in different portions
      respectively of a continuous spiral path.
NUM  3.
PAR  3. An engine as in claim 2 wherein the combustion chamber is an elongated
      passage.
NUM  4.
PAR  4. An engine as in claim 2 wherein the flow of exhaust gases issues from
      the nozzle means in a direction at right angles to a radius through said
      axis.
NUM  5.
PAR  5. An engine as in claim 4 wherein said combustion chamber has a closed
      outer wall forming a periphery and said nozzle means extend through said
      periphery.
NUM  6.
PAR  6. An engine as in claim 5 wherein said deflector blades are cantilever
      supported means extending in a direction parallel to said axis from said
      frame means to be positioned between said nozzle and turbine means.
NUM  7.
PAR  7. An engine as in claim 6 wherein said frame includes a stationary frame
      means extending at right angles to said common axis and said compressor
      and combustion chamber are confined between a pair of rotating spaced
      apart walls each disposed at right angles to said common axis, and said
      rotating walls define opposite side walls of said comopressor and
      combustion chamber means.
NUM  8.
PAR  8. An engine as in claim 7 wherein said engine includes a rotating drive
      shaft, bearing means on said frame means for rotatably supporting said
      shaft, and said rotating walls being fixedly supported on said shaft.
NUM  9.
PAR  9. An engine as in claim 8 wherein the inlet includes a rotating mouth
      element forming bell shaped passage, fan shaped spokes for integrally
      supporting said mouth element on said shaft, an entrance from said passage
      into said inlet to the compressor means, and spirally shaped deflector
      blades surrounding said entrance to compress and deliver infeed air into
      the compressor.
NUM  10.
PAR  10. An engine as in claim 2 wherein said compressor includes a widened
      entrance portion to said spiral path and the combustion chamber has a
      narrowed path at the throat thereof.
NUM  11.
PAR  11. An engine as in claim 10 wherein the portion of said path forming the
      combustion chamber expands between said narrowed throat and said nozzle
      means.
NUM  12.
PAR  12. An engine as in claim 1 wherein said inlet includes a fixed bell shaped
      member positioned in front of a smaller rotating bell shaped member, said
      fixed bell shaped member being supported integrally with said fixed frame
      and said rotating member is integral with said compressor.
NUM  13.
PAR  13. A structure as in claim 1 wherein said fixed frame includes spaced
      apart bearing means for supporting said rotating compressing and
      combustion means, and said deflector blades are supported on spokes
      radiating from one of said bearing means.
NUM  14.
PAR  14. A structure as in claim 13 wherein said inlet includes a fixed bell
      shaped element for directing air into said compressing means, said bell
      shaped element being integral with the other of said bearing means.
NUM  15.
PAR  15. A structure as in claim 14 wherein said bell shaped element is
      supported on said other bearing and a flange that is removably attached to
      said spokes.
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PAL  A rotating wheel made of oxygen absorbing material absorbs oxygen from air
      passing therethrough from an air inlet to a residual gas outlet. Fuel
      passing through the wheel from a fuel inlet to an oxidized gas outlet is
      oxidized by the absorbed oxygen.
BSUM
PAR  The present invention relates to a fuel oxidizer, and more particularly to
      a fuel oxidizer preventing formation of nitrogen oxides during fuel
      oxidation.
PAR  In a conventional fuel oxidizer, it has been a common practice to mix fuel
      with air to form an air-fuel mixture which is fired by a suitable igniter.
      During combustion of the air-fuel mixture, a reaction will take place
      between nitrogen and oxygen contained in the air thereby producing
      nitrogen oxides which are emitted to the atmosphere and cause air
      pollution. Formation of nitrogen oxides can not be prevented as long as
      atmospheric air is used as an oxygen source for burning fuel. However, it
      is impractical in usual fuel oxidizers to use pure oxygen as an oxygen
      source as in a rocket engine, because of high cost and complexity in
      construction. Accordingly, a fuel oxidizer using oxygen extracted from
      atmospheric air is now necessarily required in the world.
PAR  An object of this invention is therefore to provide an improved fuel
      oxidizer for preventing formation of noxious nitrogen oxides during fuel
      oxidation.
PAR  Another object of this invention is to provide a fuel oxidizer which uses
      pure oxygen extracted from atmospheric air to prevent formation of noxious
      nitrogen oxides.
PAR  A further object of this invention is to provide a fuel oxidizer for use
      with a prime mover such as a gas turbine engine.
PAR  A still further object of this invention is to provide a fuel oxidizer
      which is simple and economical to manufacture.
PAR  It is well known that metals such as Fe, Ni, Cu, and V have a property to
      be alternately oxidized and reduced in dependence on the temperature of
      the atmosphere and the pressure of oxygen surrounding the metals. Reduced
      metals are oxidized by contact with an oxygen source such as air, while
      oxidized metals are reduced by contact with a material which requires
      oxygen for burning. In other words, the metals act as oxygen carriers
      which alternately attract and release oxygen. It is an important feature
      of this invention that fuel is burned with oxygen carried by a metal of
      the above-mentioned type.
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      conjunction with the accompanying drawing, in which a single Figure shows
      a preferred embodiment of a fuel oxidizer according to the present
      invention.
PAR  In the drawing, there is schematically shown a preferred embodiment of a
      fuel oxidizer according to the present invention. In the illustrated
      embodiment, the fuel oxidizer is shown as being combined with a gas
      turbine engine by way of example only, and may be utilized with other
      devices. As shown, the fuel oxidizer comprises a housing 10 in which a
      chamber 12 is formed. A porous wheel 14 is rotatably disposed in the
      chamber 12 and driven by a suitable prime mover, though not shown, through
      a shaft 15 in the direction of an arrow A. The porous wheel 14 is made of
      an oxygen absorbing material such as a metal, which has the property of
      being alternately oxidized and reduced in dependence on certain factors.
      It should be appreciated that metals such as Fe, Ni, Cu, and/or V can be
      utilized as oxygen absorbing materials for the porous wheel 14. The porous
      wheel 14 may be rotated at a constant speed within the chamber 12 by the
      prime mover (not shown) or may be rotated at varying speed to meet the
      intended purpose.
PAR  The housing 10 has a fuel inlet 16 which opens into the chamber 12 adjacent
      to an end face of the porous wheel 14. This fuel inlet 16 is connected
      through a pipe 18 with a source of fuel (not shown). The pipe 18 is shown
      as having a flow control valve 20 to meter fuel passing through the fuel
      inlet 16. The fuel inlet 16 may be provided with a suitable igniter 22 at
      a desired position and serve as a pre-combustion chamber. The igniter 22
      may be of any suitable type insofar as it functions to ignite fuel in the
      fuel inlet 16.
PAR  The housing 10 also has an air inlet 24 which opens into the chamber 12
      adjacent to the end face of the porous wheel 14 for introducing air into
      the chamber 12. This air inlet 24 is connected to a source of air (not
      shown) so that air under pressure is supplied through the air inlet 24. It
      should be noted that the air inlet 24 is spaced apart from the fuel inlet
      16, but the central axis of the air inlet 24 is equidistant from that of
      the fuel inlet 16.
PAR  As shown in the drawing, an oxidized gas outlet 26 is formed in the housing
      10 and opens into the chamber 12 adjacent to an opposite end face of the
      porous wheel 14. The oxidized gas outlet 26 is substantially axially
      aligned with the fuel inlet 16. The housing 10 is also formed with a
      residual gas outlet 28 which opens into the chamber 12 adjacent to the
      opposite end face of the porous wheel 14. The residual gas outlet 28 is
      substantially axially aligned with the air inlet 24. As shown, the
      residual gas outlet 28 is interconnected with the oxidized gas outlet 26
      so that residual gas from the residual gas outlet 28 is mixed with
      oxidized gas from the oxidized gas outlet 26 to produce high-temperature
      gases. The high-temperature gases are then fed through a conduit 30 to a
      turbine 32 of the gas turbine engine and utilized thereby to produce
      mechanical power.
PAR  Indicated as 34 and 36 are annular seals disposed between end walls of the
      chamber 12 and adjacent end faces of the porous wheel 14, respectively, to
      provide a sealing function.
PAR  In operation, fuel is admitted through the pipe 18 to the fuel inlet 16
      from the source of fuel (not shown). The amount of fuel flow is regulated
      by the flow control valve 20. The fuel is fired by the igniter 22 so that
      it is partly oxidized prior to complete combustion. The partly oxidized
      fuel is fed into the porous wheel 14, and is completely oxidized during
      contact with the metal oxide FeO, NiO, CuO, and/or VO.sub.2 contained in
      the porous wheel 14. In this step, the combustible fuel reacts with the
      oxygen of the metal oxide to reduce it to its metallic component Fe, Ni,
      Cu, and/or V. Combustion products from this step are fed through the
      oxidized gas outlet 26. Next, the portion of the wheel 14 in which the
      reduction reaction has occurred moves to a location between the air inlet
      24 and the residual gas outlet 28 by rotation of the wheel 14. Since air
      is continuously flowing through the air inlet 24 and a path in the chamber
      12 formed between the inlet 24 and the outlet 28 to the outlet 28, the
      porous wheel 14 absorbs oxygen by reaction with the reduced metal Fe, Ni,
      Cu, and/or V reduced in the aforementioned step to produce the metal oxide
      FeO, NiO, CuO, and/or VO.sub.2. After the oxygen in the air is extracted
      to combine with the reduced metal, the residual gas of which the principal
      ingredient is nitrogen is released through the residual gas outlet 28 to
      the conduit 30. The oxidized metal in this step is reduced again by
      oxidizing the fuel during the rotation of the wheel 14. Thus, the metal in
      the porous wheel 14 is alternately oxidized and reduced. Residual gas
      flowing through the residual gas outlet 28 and oxidized gas flowing
      through the oxidized gas outlet 26 are mixed to produce high-temperature
      gases which are fed through the conduit 30 to the turbine 32 to produce
      power.
PAR  Nitrogen oxides are therefore not formed and emitted to the atmosphere
      because fuel is efficiently oxidized by the oxygen extracted from the air
      by the wheel 14.
PAR  As many apparently widely different embodiments of this invention may be
      made without departing from the scope thereof, it is to be understood that
      the invention is not limited to the specific embodiments thereof except as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel oxidizer comprising a housing defining therein a chamber; an
      oxygen absorbable porous wheel rotatable within said chamber, said wheel
      being made of an oxygen absorbable material which alternately absorbs and
      releases oxygen in dependence on certain factors; a fuel inlet opening
      into said chamber adjacent to an end face of said wheel; an air inlet
      opening into said chamber adjacent to said end face of said wheel, said
      air inlet being spaced apart from said fuel inlet; an oxidized gas outlet
      opening into said chamber adjacent to an opposite end face of said wheel,
      said oxidized gas outlet being substantially axially aligned with said
      fuel inlet, said oxidized gas outlet feeding into means which produce
      mechanical power by being supplied with oxidized gas from said oxidized
      gas outlet; a residual gas outlet opening into said chamber adjacent to
      said opposite end face of said wheel, said residual gas outlet being
      substantially axially aligned with said air inlet; said wheel being
      operative to absorb oxygen, in a portion thereof which lies between said
      air inlet and said residual gas outlet opening, from air introduced into
      said chamber through said air inlet and allow residual gas to pass out of
      said chamber through said residual gas outlet; and said wheel being
      operable to allow fuel introduced into said chamber through said fuel
      inlet to be oxidized by said absorbed oxygen therewithin when said portion
      of said wheel is rotated to a position between said fuel inlet and said
      oxidized gas outlet opening and allow said oxidized fuel to pass out of
      said chamber through said oxidized gas outlet.
NUM  2.
PAR  2. A fuel oxidizer as claimed in claim, 1 further comprising an igniter
      located in said fuel inlet for igniting said fuel, and wherein said fuel
      inlet serves as a pre-combustion chamber.
NUM  3.
PAR  3. A fuel oxidizer as claimed in claim 1, in which said residual gas outlet
      is in communication with said oxidized gas outlet.
NUM  4.
PAR  4. A fuel oxidizer as claimed in claim 1, in which the central axis of said
      fuel inlet and said air inlet are radially equidistant from a central axis
      of said housing.
NUM  5.
PAR  5. A fuel oxidizer as claimed in claim 3, in which said outlets feed into
      said means which produce mechanical power.
NUM  6.
PAR  6. A fuel oxidizer as claimed in claim 5, in which said means includes a
      turbine.
NUM  7.
PAR  7. A fuel oxidizer as claimed in claim 1, in which said means includes a
      turbine.
NUM  8.
PAR  8. A mechanical power producing system comprising in combination: a fuel
      oxidizer including a housing defining therein a chamber, an oxygen
      absorbable porous wheel rotatable within said chamber, said wheel being
      made of an oxygen absorbable material which alternately absorbs and
      releases oxygen in dependence on certain factors, a fuel inlet opening
      into said chamber adjacent to an end face of said wheel, an air inlet
      opening into said chamber adjacent to said end face of said wheel, said
      air inlet being spaced apart from said fuel inlet, an oxidized gas outlet
      opening into said chamber adjacent to an opposite end face said wheel,
      said oxidized gas outlet being substantially axially aligned with said
      fuel inlet, a residual gas outlet opening into said chamber adjacent to
      said opposite end face of said wheel, said residual gas outlet being
      substantially axially aligned with said air inlet, said wheel being
      operative to absorb oxygen, in a portion thereof which lies between said
      air inlet and said residual gas outlet opening, from air introduced into
      said chamber through said air inlet and allow residual gas to pass out of
      said chamber through said residual gas outlet, and said wheel being
      operable to allow fuel introduced into said chamber through said fuel
      inlet to be oxidized by said absorbed oxygen therewithin when said portion
      of said wheel is rotated to a position between said fuel inlet and said
      oxidized gas outlet opening and allow said oxidized fuel to pass out of
      said chamber through said oxidized gas outlet; and means which produce
      mechanical power by being supplied with oxidized gas from said oxidized
      gas outlet, said means being connected through said oxidized gas outlet to
      said oxidizer.
NUM  9.
PAR  9. A mechanical power producing system as claimed in claim 8, in which said
      fuel oxidizer further includes an igniter located in said fuel inlet for
      ignition said fuel, and wherein said fuel inlet serves as a pre-combustion
      chamber.
NUM  10.
PAR  10. A mechanical power producing system as claimed in claim 9, in which
      said residual gas outlet is in communication with said oxidized gas
      outlet.
NUM  11.
PAR  11. A mechanical power producing system as claimed in claim 8, in which the
      central axis of said fuel inlet and said air inlet are radially
      equidistant from a central axis of said housing.
NUM  12.
PAR  12. A mechanical power producing system as claimed in claim 10, in which
      said outlets feed into said means which producing mechanical power.
NUM  13.
PAR  13. A mechanical power producing system as claimed in claim 8, in which
      said means includes a turbine.
NUM  14.
PAR  14. A mechanical power producing system as claimed in claim 12, in which
      said means includes a turbine.
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ABST
PAL  A fuel injector in which, an annular intermediate flow containing fuel is
      ndwiched between an inner and an outer flow of air caused to rotate by
      swirl-promoting bladed devices called "swirlers," the inner flow being
      generated in a tubular duct which is closed at its upstream end with a
      bottom plate, and the "swirler" associated with said inner flow being a
      centripetal bladed device that opens to the tubular duct upstream of an
      annular duct supplied with fuel and itself opening at its downstream end
      to the tubular duct, thus forming a sharp enlargement within the tubular
      duct.
BSUM
PAR  The invention relates to fuel injectors, particularly those suitable for
      aircraft jet engines. The invention is concerned more specifically with an
      injector of the type in which an annular intermediate flow containing fuel
      is sandwiched between a first or inner air flow and a second or outer air
      flow caused to rotate by swirl-promoting bladed devices that are sometimes
      called 'swirlers", whereby the inner and outer flows exert a shearing
      effect on the intermediate flow, so as to accelerate atomisation and
      vaporisation of the fuel.
PAR  It is quite obvious that, the more powerful the shearing effect, the more
      rapid the atomisation and the vaporisation will be but one must prevent
      local over-pressures, generated by interaction of the flows, from inducing
      a backflow of the fuel in a reverse direction. In addition, the atomised
      and vaporised fuel is intended to burn within a stream of hot gases, and
      the swirling movement generated by the bladed devices or swirlers within
      the flow emerging from the injector may create in the flow a zone of
      reduced pressure which forms what is called a "suction cone" of the hot
      gases. Such a suction cone promotes vaporisation of the fuel, but
      generally brings about an over-heating effect with the risk of the
      injector getting damaged.
PAR  An object of the invention is to provide an injector of the type mentioned
      above which, in use, produces a a powerful shearing effect without
      incurring the risk of a backflow of the fuel in the reverse direction. A
      further object of the invention is to provide an injector which, produces
      a suction cone without running the risk of getting damaged by heat.
PAR  According to the invention, the inner air flow is generated in a tubular
      duct which is closed at its upstream end by a bottom plate and is caused
      to rotate by a centripetal bladed device or swirler which communicates
      with the tubular duct upstream of an annular duct supplied with fuel and
      itself opening at its downstream end to the tubular duct, thus forming a
      sharp enlargement within the tubular duct so that an air-and-fuel mixture
      is channelled downstream along the wall of the tubular duct through the
      agency of the inner flow, to be then sandwiched between this flow and the
      outer flow of air which is caused to pass around the tubular duct.
PAR  The fuel supplied to the annular duct is preferably caused to rotate. It is
      then urged against the outer wall of the annular duct because of
      centrifugal force and hot air is sucked in along the axis of the injector.
      If the inner wall of the annular duct does not extend to the end of the
      injector, the air-and-fuel mixture may start forming inside the injector
      and the fuel may begin to vaporise.
PAR  According to a further feature of the invention, fuel entering the injector
      passes into channels made in the bottom plate which closes the front of
      the tubular duct. This bottom plate is cooled as a result of the entirety
      of the fuel reaching the central part of the bottom plate, thus preventing
      heat damage to the injector in spite of the formation of a suction cone.
      This cooling effect, in cooperation with the presence of the stream
      emerging from the centripetal swirler, also prevents the formation of
      carbon deposits in the centre of the injector.
PAR  The injector has anti-pollution properties, i.e. a jet-engine fitted with
      injectors according to the invention emits into the atmosphere appreciably
      less carbon monoxide, unburnt hydrocarbons and nitrogen oxides than does a
      jet-engine fitted with previous forms of injector. However, in a
      high-efficiency engine, these emissions may still be too high and it is a
      further object of the invention to increase the anit-pollution properties
      of the injector.
PAR  Thus, the second flow of air opens into the tubular duct upstream of a
      second annular duct which can be connected to a fuel supply system and
      which itself opens at its downstream end into the tubular duct, forming
      inside the latter a second sudden enlargement, and a third flow of air,
      which is caused to rotate by a third swirl-promoting blade device or
      swirler, passes around the tubular duct. The second flow is preferably
      generated by a centripetal bladed device or swirler.
PAR  The injector thus comprises a first fuel supply system providing a first
      intermediate flow which is sandwiched and subjected to a shearing effect
      between the inner flow of air and the second flow of air, and a second
      fuel supply system providing a second intermediate flow which is
      sandwiched and subjected to a shearing effect between the second flow of
      air and the third flow of air. The first supply system operates solely at
      low speed, and the two supply systems operate together in the
      "full-thrust" region. In other words, to cause the engine to operate at
      slow speed, the first intermediate flow contains the entirety of the
      "slow-speed" fuel supply and the fuel burns at high efficiency, which
      makes it possible to reduce the amount of carbon monoxide and of unburnt
      hydrocarbons emitted by the engine. To cause the engine to operate in
      other regions, and more especially in the full-thrust region, the fuel
      supply is divided between the two intermediate flows, this making it
      possible to reduce temperature variations in the combustion zone, and
      consequently the amount of nitrogen oxides emitted by the engine.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings which illustrate three embodiments of fuel injectors
      in accordance with the invention. In the drawings:
PAR  FIG. 1 is a sectional view of a fuel injector taken along the line I--I of
      FIG. 2,
PAR  FIG. 2 is a sectional view of the injector taken along the line II--II of
      FIG. 1,
PAR  FIG. 3 is an exploded view of the injector shown in FIGS. 1 and 2,
PAR  FIG. 4 is a view similar to that of FIG. 2 and showing a second embodiment,
      and
PAR  FIG. 5 is a sectional view of a third embodiment.
DETD
PAR  The fuel injector shown in FIGS. 1 to 3 consists of three parts assembled
      together, namely an outer part in the form of an annular cap 1, an annular
      central part 2 forming a tubular duct 3 which has an annular duct 4
      opening on to it, and a rear part 5 forming the bottom plate of the
      tubular duct 3. The central part 2 is linked to the cap 1 and to the
      bottom plate 5 by two bladed devices 6, 7, which form an axial swirler and
      a centripetal swirler respectively. The cap 1 includes a cylindrical rear
      portion 8 and a front portion 9, which is internally of frusto-conical
      shape, provided with an external flange 9a pierced with holes 9b which
      serve for attachment of the injector to a combustion chamber (not shown).
PAR  Central part 2 is made up of two annular units 10, 11. Annular unit 10
      forms a partitioning jacket having an axial cross-section which is almost
      triangular and presenting an inner cylindrical wall 10a and an outer
      frusto-conical wall 10b. It also has a flat rear wall 10c provided with an
      annular recess 10d, with grooves 10e extending from the recess and opening
      tangentially to the cylindrical inner wall 10a (only one of these grooves
      is shown in FIG. 3) and with a peripheral groove 10f. The annular unit 11
      comprises an outer part 12 connected by means of an annular plate 13 to a
      cylindrical inner part 14. The outer shield 12 forms, ahead of plate 13, a
      cylindrical appendix 12a the forward end of which fits into, and is welded
      in, the groove 10f so that the flat front face 13a of the plate 13 is
      applied against the flat rear face 10c of the jacket 10. This outer part
      12 has an outer cylindrical wall 12b to which the inner edges of the
      blades 6 are welded, the outer edges of these blades being welded to the
      rear part 8 of the cap 1. The blades 6, of which only a few are shown in
      FIGS. 1 and 3, are inclined in such a way as to impart a rotating movement
      to an outer or second air flow, indicated diagrammatically by chain-dotted
      arrows 15, which air enters axially the annular channel between the wall
      12b and the cylindrical part 8.
PAR  The rear surface of the annular plate 13 comprises a flat inner part which
      is linked by a curvate portion 12c (of large radius) to the inner wall of
      the outer part 12b. The cylindrical inner part 14 is entirely located
      ahead of the plate 13 and extends for approximately one-third of the axial
      length of the jacket 10, defining along with the inner wall 10a the
      annular duct 4 which opens to the tubular duct 3, thus forming a sharp
      enlargement of the duct 4. The central part 2 of the injector, made up of
      the assembled units 10 and 11, forms an internal annular chamber 16 which
      is disposed between the flat front face 13a of the plate 13 and the recess
      10d, and from which channels 17 extend to pass between the flat face 13a
      and the grooves 10e, and to open tangentially to the annular duct 4. The
      plate 13 is traversed by two diametrically opposite holes 18, 18a, which
      open axially to the annular chamber 16.
PAR  The rear part 5 of the injector comprises a circular end plate 19 the rear
      face of which is pierced by a blind bore 20 in which a tube 21 is fitted.
      The blind bore 20 is intersected by a transverse bore 20a which passes
      diametrically across the end plate 19. In each end of this transverse bore
      is fitted a tube 22, 22a which is curved so as to be parallel to the tube
      21. The front ends of the tubes 22, 22a fit into the holes 18 and 18a
      respectively. The front face of the end plate 19 comprises a tapering
      central part 19a which is linked by a curvate portion 19b (of large
      radius) to a flat annular peripheral part 19c. The rear edges of the
      blades 7 are welded to this flat part 19c and the front edges of the
      blades 7 are welded to the flat inner part of the rear face of the annular
      end plate 13. The circular plate 19 is thus attached to the central part 2
      of the injector so as to form the bottom of the tubular duct 3 and so as
      to define, together with the annular plate 13, an annular duct 23 for the
      introduction into the tubular duct 3, upstream of the annular duct 4, of
      an inner or first flow of air indicated diagrammatically by arrows 24
      drawn with broken lines. The blades 7, of which only a few are shown in
      FIG. 1, are inclined in such a way as to form a centripetal swirler which
      imparts a rotating movement to the inner air flow 24 in the same direction
      as the outer flow 15.
PAR  The injector, attached by means of its flange 9a to the front part of a
      combustion chamber (not shown), is positioned, in use, in an axial airflow
      which enters the intake of the duct 23 so as to form the inner flow of air
      24 which issues in a swirling movement from the tubular duct 3, and also
      enters the swirler 6 so as to form the outer flow of air 15 which issues
      in a swirling movement around the inner flow 24, and passes by way of the
      channel formed between the frusto-conical outer wall 10b of the jacket 10
      and the frusto-conical inner wall of the part 9 of the cap 1. The tube 21
      is supplied with liquid fuel which enters the annular chamber 16 via the
      bore 20a and the tubes 22, 22a and leaves the chamber via the channels 17.
      The fuel is thus discharged tangentially into the annular duct 4 in the
      form of a liquid stream to which a rotational movement has been imparted
      in the same direction as the inner flow of air 24. This rotating liquid
      flow, which has a tendency to adhere to the wall 10a of the jacket 10, is
      swept along by the inner flow 24 so as to leave the annular duct 4,
      forming an intermediate annular flow which is indicated diagrammatically
      by the arrows 25. The intermediate flow 25 moves along the wall 10a and is
      then sandwiched and flattened between the inner flow 24 and the outer flow
      15, the resultant shearing effect accelerating atomisation and
      vaporisation of the fuel and improving combustion inside the combustion
      chamber (not shown).
PAR  It should be noted that the cylindrical inner part 14 of the unit 11 forms
      a wall which provides a shield for the air-and-fuel mixture which extends
      for a distance sufficient to ensure that the mixture will not tend to flow
      back in the upstream direction through the duct 23. It is also to be noted
      that the end plate 19, which closes off the upstream end of the tubular
      duct 3, cannot give rise to carbon deposits because these are swept away
      by the air from the inner swirler. The end plate 19 cannot become
      over-heated because of the internal cooling which is obtained by the fuel
      flowing in the bore 20a. This constitutes a considerable advantage,
      because the majority of known injectors of the type referred to run the
      risk of overheating in the centre, as well as of the deposition of carbon
      in this area.
PAR  In the embodiment shown in FIGS. 1 to 3, the outer and inner air flow turn
      in the same direction, a factor which favours combustion stability. In an
      injector intended for fitting on a combustion chamber that has a tendency
      to produce a lot of smoke, there would be some advantage in arranging for
      the two flows to turn in opposite directions.
PAR  It should also be noted that the arrangement described above and
      illustrated in FIGS. 1 to 3 (the bladed device 7 forming a centripetal
      swirler, the particular shaping of the faces 19a and 19b, and the
      arrangement for the fuel inlets which causes no appreciable wake of
      turbulence in the rotating inner flow) makes it possible to obtain an
      inner flow 24 adapted to create, in the hot gas stream downstream of the
      injector, an area of reduced pressure which forms a suction cone for the
      hot gases. The suction cone, which -- as has already been explained -- is
      highly favourable to combustion, does not incur the risk of bringing about
      deterioration in the injector through overheating, in view of the
      considerable cooling effect provided by the passage of fuel through the
      bore 20a, the tubes 22 and 22a, the annular chamber 16 and the channels
      17.
PAR  A number of modifications can be made to the embodiment described above.
      For example, instead of causing the fuel to flow along a diametral channel
      20a in the end plate 19, it would be possible to make it flow along one or
      more channels linked to one or more ports in the annular chamber 16. In
      another modification, the fuel could flow within the blades themselves of
      the centripetal swirler; this would have the advantage that the turbulence
      created by the obstacles constituted by the tubes 22 would be completely
      eliminated. Nor would one go beyond the scope of the invention by
      replacing the axial swirler 6 by a centripetal swirler such as is shown as
      6' in FIG. 4.
PAR  The fuel injector shown in FIG. 4 comprises, as does the one in FIGS. 1 to
      3, a central part 2' which forms a tubular duct 3' closed at its upstream
      end by a bottom plate 5. The inner air flow 24 is, again, produced by a
      centripetal swirler 7, but the outer stream 15' is produced by a swirler
      6' which is also centripetal. The central part 2' comprises an annular
      unit 11 similar to that in FIGS. 1 to 3, and an annular jacket 10' which
      differs from the jacket 10 in that it has an axial section which is of
      generally L-shape, in that its inner wall includes a cylindrical portion
      10'a followed by a short frusto-conical divergent portion 26, and in that
      its outer wall includes a cylindrical portion 27 which fits on to the
      cylindrical outer wall 12b of the unit 11, the cylindrical portion 27
      being connected by a flat portion 28 to a cylindrical portion 10'b which
      is of a smaller diameter.
PAR  The cap 1 is replaced by a short cylindrical unit 9' of the same external
      diameter as the cylindrical portion 27 and of an internal diameter which
      is slightly larger than the external diameter of the wall 10'b. The blades
      of the swirler 6' are welded at their rear edges to the flat portion 28,
      and at their front edges to the rear edge of the unit 9'. The latter,
      together with the jacket 10' defines an annular channel which comprises a
      centripetal portion 29a that opens radially to the outside of the
      injector, and an axial portion 29b that emerges around the outlet of the
      tubular duct 3'. The outer flow of air 15' bled from the stream of air in
      which the injector is immersed flows through this annular channel and the
      flow rate of the flow 15' is determined by the static pressure of the
      stream, and not by its head pressure, as was the case with the embodiment
      shown in FIGS. 1 to 3. The blades of the swirler 6' are inclined in the
      same direction as the blades of the swirler 7 but they could alternatively
      be inclined in the opposite direction.
PAR  The injector shown in FIG. 5 has a structure resembling those shown in the
      preceding figures, and corresponding parts are designated by the same
      reference numbers but increased by a hundred. The tubular duct 103 is
      closed at its upstream end by the bottom plate 105, and its downstream end
      portion is bounded by the annular jacket 110 which has a virtually
      triangular axial section and is connected to the cylindrical rear portion
      108 of the annular cap 101 by a bladed device 106 which forms an axial
      swirler. The annular duct included between the front portion 109 of the
      said cap 101 and the jacket 110 is designated by the reference number 30.
      The bottom plate 105, afforded by the circular end plate 119 having on its
      upper face a conical central portion 119a, is connected to the annular
      plate 113 of the annular unit 111 by the centripetal swirler 107 which is
      intended to cause rotation of the first or inner air flow 124 entering by
      means of the annular duct 123, and to discharge it into the tubular duct
      103. The cylindrical inner shield 114 of the unit 111 provides the inner
      boundary of the annular duct 104 which opens to the tubular duct 103 by
      way of a sharp enlargement and which is normally supplied with fuel by the
      ducts 117 leading from the annular chamber 116, which is itself supplied
      with fuel through the swirler 107 by the ducts shown diagrammatically at
      122. The ducts 122 extend from the central cavity 120 of the bottom plate
      105 which is connected by the pipe 121 to a fuel supply (not shown).
PAR  However, the annular duct 104 is not bounded externally by the jacket 110,
      but by an annular part 31 in which are formed the annular chamber 116 and
      the ducts 117 and which itself includes a cylindrical wall 31a which
      defines part of the outer boundary of the tubular duct 103. The part 31 is
      connected by a bladed device 32 which forms a centripetal swirler to an
      annular plate 35 forming part of an annular unit 33 which comprises, as
      does the unit 111, an outer portion 34 joined by the plate 35 to a
      cylindrical inner portion 36. The outer portion 34 is attached to the
      annular part 110 and is connected by the bladed device 106 to the
      cylindrical rear portion 108 of the annular cap 101. Outer portion 34
      extends towards the upstream part of the injector, defining around the
      part 31 and annular duct 37. The cylindrical inner portion 36 extends for
      part of the length of the jacket 110 thus defining, together with the
      inner wall 110a of the latter, a second annular duct 38 which opens to the
      tubular duct 103, forming in the latter a second sharp enlargement. The
      annular duct 38 is connected by ducts 39 to a second annular chamber 40,
      which is itself connected by ducts (which are shown diagrammatically at 41
      and pass through the part 31 and through the swirler 32), to a pipe 42
      which can be connected to the fuel supply (not shown). The pipe 42 and the
      pipe 121 run inside a fuel delivery line 43.
PAR  It should be noted that the configuration and mode of assembly of the
      second centripetal swirler 32 and of the annular part 33 defining the
      second annular duct 38 are identical with the configuration and mode of
      assembly of the first centripetal swirler 107 and of the annular part 111
      defining the first annular duct 104, that the annular chamber 40 and the
      ducts 39 are identical with the annular chamber 116 and with the ducts
      117, and that the passage through the swirler 32 formed by the ducts 41
      can be effected in the same manner as the passage through the swirler 107
      formed by the ducts 122. Components 107, 111, 104, 116, 117 and 122, which
      are shown diagrammatically, have configurations the same as the
      corresponding components of the preceding figures. It is therefore
      unnecessary to describe them again in detail.
PAR  As in the preceding figures, the cap 101 is provided with a flange 109a
      which enables one to mount the injector at 109b, on the rear portion of a
      combustion chamber (not shown) of an aircraft engine, so that in operation
      the injector is positioned in an axial stream of air. The air comes in at
      the entrance to the duct 123 so as to form the first or inner flow of air
      124, which is discharged with a swirling movement at the upstream end of
      the tubular duct 103. The air also enters the intake of the duct 37 so as
      to form the second flow of air 115 which is caused to rotate by the
      centripetal swirler 32 and is discharged with a swirling movement into the
      tubular duct 103 between the downstream end of the cylindrical shield
      portion 114 and the cylindrical portion 36. In addition, the air enters
      the swirler 106 so as to form a third flow of air 44 which emerges with a
      swirling motion around the second flow 115, by way of the duct 30.
PAR  The fuel supply system (not shown) comprises means for opening and closing
      the pipes 121 and 42 and for independently adjusting the rates of delivery
      of fuel along these two pipes. In order to make the engine run at slow
      speed, the pipe 42 is closed and the pipe 121 is fed at a so-called
      slow-speed rate of flow. The duct 123 and the swirler 107 have such
      dimensions that, when the engine is thus turning at slow speed, with the
      aircraft either motionless or taxi-ing on the ground, the throughput of
      the inner stream of air 124 forms a virtually stoichiometric mixture with
      the fuel emerging from the annular duct 104 at the slow-speed delivery
      rate. The fuel issues from the annular duct in the direction indicated by
      the arrow 125 and is subjected to a shearing action between the flows of
      air 124 and 115, being atomised and vaporised as in the preceding figures.
      Here too there is produced a suction cone of hot gases which further
      accelerates vaporisation of the fuel. The latter burns with a very high
      efficiency, without producing carbon monoxide and without the emission of
      unburnt hydrocarbons. The third flow of air 44 merely encircles the second
      flow 115.
PAR  To make the engine operate in other regions, the rate of delivery of fuel
      is increased, but it is divided between the pipes 121 and 42. The fuel
      emerging at 125 from the first annular duct 104 is sandwiched between the
      inner flow 124 and the second flow 115, as in the preceding figures; the
      fuel supplied to the pipe 42 passes by way of the ducts 41 into the
      annular chamber 40, passes from here by way of the ducts 39 into the
      second annular duct 38, from which it emerges in the direction of the
      arrow 45 and is sandwiched between the second flow 115 and the third flow
      44 which together effect a shearing action on it, so bringing about its
      atomisation and its vaporisation, and improving its combustion. Combustion
      thus occurs in two stages, which makes it possible to obtain a more
      uniform combustion temperatures, and consequently to reduce the output of
      nitrogen oxides. It is indeed well-known that nitrogen oxides form in the
      hottest zones, the rate of their formation varying exponentially as a
      function of the temperature.
PAR  All the modifications described with reference to the preceding figures
      could be employed; the fuel supplied to the second annular duct 38 can
      with advantages be caused to rotate, preferably in the same direction as
      the second flow of air, and the axial swirler 106 could be replaced by a
      centripetal swirler like the swirler 6' in FIG. 4.
PAR  In the embodiment described, the swirler 32 which gives rise to the second
      air flow is centripetal; this arrangement is advantageous because it does
      not produce any turbulence in the second air flow giving rise to
      heterogeneity in the intermediate air-and-fuel flow situated between the
      second flow and the third flow. However, it would not be beyond the scope
      of the invention to create the second flow by means of an axial swirler.
PAR  In general, a selection will be made of the relative directions of rotation
      of the swirlers according to whether greater importance is attached to
      combustion at a low speed or at a high speed. The rotation of two flows of
      air in a single direction favours stability of combustion of the
      intermediate fuel flow which is of importance at low speeds. Rotation in
      opposite directions favours the achieving of complete homogeneity of
      air-and-fuel mixture, which is of importance at high speeds. However, in
      certain cases, it may be of advantage to make the second flow rotate in
      the reverse direction compared to the other two flows.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel injector for atomizing and vaporizing fuel into an airflow,
      comprising a jacket (10) with a generally cylindrical inner surface (10a)
      having its axis generally parallel to the airflow direction, means (11)
      structurally associated with said jacket to form a generally cylindrical
      shield (14) extending coaxially with and over a substantially smaller
      axial extent than said cylindrical inner surface (10a), said axially
      smaller cylindrical shield (14) being spaced internally of an upstream
      section only of said cylindrical inner surface (10a) and ending short of a
      downstream section of said cylindrical inner surface (10a) thus leaving
      said downstream section unshielded, whereby said shield (14) defines with
      said cylindrical surface (10a) both a stepped tubular duct (3) and an
      annular duct (4) bounded by said shield (14) and said upstream section of
      said inner surface (10a), plugging means (5) fitted at the upstream end of
      said tubular duct (3) to bottom the same, a centripetal air swirler (7)
      leading into said tubular duct (3) and fitted upstream of said shield
      (14), means (23) tapping air from said airflow to feed said centripetal
      air swirler (7) thereby producing an inner whirl of air (24) through said
      tubular duct (3) towards the downstream end of said jacket (10), means (6)
      for producing an outer whirl of air (15) around said jacket (10) towards
      the downstream end of said jacket (10), and piping means (21, 20a, 22, 16,
      17) for supplying fuel to said annular duct (4).
NUM  2.
PAR  2. Fuel injector as claimed in claim 1, wherein said plugging means (5)
      comprises an end-plate (19), and wherein said piping means comprises a
      passage (20a) formed in said end-plate (19) and connected to said annular
      duct (4), and a fuel supply line (21) opening into said passage, whereby
      fuel flowing therethrough cools said end-plate (19).
NUM  3.
PAR  3. Fuel injector as claimed in claim 2, wherein said end-plate is in the
      form of a hollow bottom member (119) having an inner space (120) which is
      supplied with fuel from said line (121).
NUM  4.
PAR  4. Fuel injector as claimed in claim 1, wherein said shield (14) comprises
      an annular unit (11) having an outwardly extending upstream section (13),
      wherein said plugging means (5) comprises a disc-shaped end-plate (19)
      bottoming said tubular duct (3) in entirety at said upstream end thereof
      and having adjacent said tubular duct (3) an inner face which presents a
      central tapering portion (19a) exposed to and projecting inwardly of said
      tubular duct (3) to bottom the same, and a peripheral flat portion (19c)
      axially spaced from said upstream section (13) of said annular unit (11)
      to define therebetween a centripetal air intake (23), and wherein said
      centripetal air swirler (7) comprises blades fitted in said centripetal
      air intake (23).
NUM  5.
PAR  5. Fuel injector as claimed in claim 4, wherein said piping means comprises
      an annular chamber (16) extending between said jacket (10) and said
      outwardly extending upstream section (13) of said annular unit (11) on the
      opposite side thereof relative to said centripetal air intake (23), a
      plurality of channels (17) extending from said annular chamber (16) and
      opening tangentially into said annular duct (4), and means (21, 22) for
      delivering fuel to said annular chamber (16).
NUM  6.
PAR  6. Fuel injector as claimed in claim 5, wherein said fuel delivering means
      comprises at least one passage (20a) extending radially within said
      end-plate (19), and a bent tube (22) connecting said passage (20a) with
      said annular chamber (16) across said centripetal air intake (23).
NUM  7.
PAR  7. Fuel injector as claimed in claim 5, wherein said fuel delivering means
      comprises at least one passage (120) formed in said end-plate (119), and
      fuel passages (122) bored within the thickness of said centripetal air
      swirler blades (107).
NUM  8.
PAR  8. Fuel injector as claimed in claim 1, wherein said piping means comprises
      a fuel swirler (17) adapted to cause fuel to whirl through said annular
      duct (4) and along said unshielded downstream section of said cylindrical
      surface (10a).
NUM  9.
PAR  9. Fuel injector as claimed in claim 8, wherein said fuel swirler (17) is
      designed so that fuel is whirled through said annular duct and along said
      unshielded downstream section in the same direction of rotation as said
      inner whirl of air (24) through said tubular duct (3).
NUM  10.
PAR  10. Fuel injector as claimed in claim 1, further comprising a further
      jacket (110) arranged coaxially around said first mentioned jacket (31a)
      and having a substantially cylindrical further inner surface (110a)
      extending downstream beyond said first mentioned jacket (31a), means (35)
      forming a substantially cylindrical further shield (36) inwardly spaced
      from and extending coaxially along an upstream portion only of said
      further inner surface (110a) to end short of a further downstream section
      of said further inner surface (110a) thus leaving said further downstream
      section unshielded, whereby said further shield (36) defines with said
      further inner surface (110a) a further annular duct (36) therebetween and
      said further shield (36) also defines an annular passage between said
      first mentioned jacket (31a) and said further shield (36), a further air
      swirler (32) leading into said annular passge and means (37) for feeding
      the same with air from said airflow to generate said outer whirl of air
      (115) and discharge the same through said annular passage, means for
      forming around said further jacket (110) a further outer whirl of air
      (44), further fuel supply means for supplying said further annular duct
      (38) with fuel, and means (121, 42) for feeding said fuel supply means and
      said further fuel supply means with fuel separately.
NUM  11.
PAR  11. Fuel injector as claimed in claim 10, wherein said further air swirler
      (32) is a centripetal air swirler.
NUM  12.
PAR  12. Fuel injector as claimed in claim 10, further comprising means to cause
      fuel to whirl in said further annular duct (38) and along said unshielded
      further downstream section of said further inner surface (110a).
NUM  13.
PAR  13. Fuel injector as claimed in claim 12, wherein fuel is whirled in said
      further annular duct (38) and along said unshielded further downstream
      section in the same direction of rotation as said outer whirl of air
      (115).
NUM  14.
PAR  14. Fuel injector as claimed in claim 1, wherein said piping means
      comprises a tube (22) extending across said air tapping means (23) and
      upstream of said centripetal air swirler (7).
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ABST
PAL  An arrangement for producing rotational energy, particularly for generating
      thrust gases in rocket combustion chambers using hypergolically reacting
      propellants, comprises a rocket combustion chamber having a closed end and
      a gas discharge end with an impeller mounted in the closed end. The
      impeller has a plurality of spaced vanes which extend radially and which
      define flow ducts therebetween having discharge ends which extend
      substantially tangential to the combustion periphery. The apparatus
      includes means for directing hypergolically reacting propellant components
      into the combustion chamber at a location in which they are deposited at
      the inner radial ends of the flow ducts. The oxygen carrier propellant is
      supplied radially inside of the other propellant component so that it
      forms a cooling veil along the impeller. The impeller is advantageously
      rotatably mounted so that the components are whirled outwardly into the
      combustion chamber and the individual blades are provided with passages in
      order to enhance the interreaction of the propellant components.
PARN
PAR  This is a stream continuation, of application Ser. No. 203,115 filed Nov.
      26, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to an apparatus and method for
      introducing hypergolically reactive components into a combustion chamber
      and, in particular, to a new and useful arrangement for the production of
      rotational energy which comprises means for introducing two hypergolically
      reactive propellant components onto an impeller having passages which
      discharge substantially tangentially into a combustion zone.
PAR  2. Description of the Prior Art
PAR  With the known rotational burners for combustion chambers which are
      activated with atmospheric oxygen, the primary combustion oxygen flows
      over the impeller vanes into the combustion chamber and thereby atomizes
      the injected propellant. A combustion between the propellant and the
      oxygen of the atmosphere does not take place in the interstitial spaces of
      the whirling flow of gases. With the known rocket propulsion chamber
      constructions which employ combustion fuel and oxygen it is common to use
      a cooling medium for cooling the inside of the combustion chamber wall,
      for example a medium such as water which does not actively participate in
      a combustion chamber process. Such a medium is fed in a whirling stream
      into the combustion chamber through a ring slot having an axially directed
      opening in order to insure that the medium has a secure adhesion to the
      interior of the combustion chamber. U.S. Pat. No. 2,654,997 indicates a
      construction with a whirling flow of cooling medium alongside the interior
      of the combustion chamber and both propellant components are fed at the
      periphery of the chamber tangentially therealong. With this construction,
      the rotational flow is maintained in a central region of the combustion
      chamber in order to cause a return gas current flow as a consequence of
      the depression which occurs there, so that the path of the final
      combustion and also the constructive length of the combustion chamber is
      contracted and the very hot core of the combustion flame in the center of
      the combustion chamber is stabilized mechanically in terms of current
      flow. With such a construction, the final combustion of the combustion
      mixture toward the inside of the combustion chamber is guaranteed and the
      combustion chamber wall remains protected from thermal damage. Even though
      with the known construction there is a whirling tangential flow of the
      propellant component, such a whirling flow is insufficient in many cases
      and it is not intensive enough. As indicated in U.S. Pat. No. 3,169,368,
      additional torque chambers are arranged before the main combustion chamber
      in order to form compact rotational currents in these chambers which
      continues over the overflow opening into the main combustion chamber. Even
      with such a construction, however, the kinetic energy contained in the
      propellant components is only sufficient for the required turbulance in
      the main combustion chamber because an ignition of the mixture is only
      provided for, or is only desirable, in the main combustion chamber. The
      kinetic energy which is effective in the direction of the circumference
      amounts to only a fraction of the energy which is freed in all possible
      directions by the reaction of the propellant components in the main
      combustion chamber. These gases which expand in all directions, however,
      do not permit the necessary generation of rotational current in the main
      combustion chamber for the formation of a central return flow.
PAR  In accordance with the present invention, the disadvantages of the prior
      art constructions are overcome and a construction is provided to guarantee
      an intensive whirling propellant and gas flow. This is provided in
      accordance with the invention by an arrangement of impeller vanes in a
      radial or substantially radial plane with flow ducts defined between the
      vanes which are directed tangentially to the combustion chamber periphery.
      The propellant components are directed into the flow passages where they
      interact or at least partially pre-react. The propeller vanes are arranged
      on a propellant obturator head which projects centrally into the
      combustion chamber from the closed or front end thereof. The propellants
      are fed radially into the inner ends of the flow ducts defined between the
      impeller blades.
PAR  In order to achieve at least a local condensation of the propellants for
      their fast reaction, the impeller vanes are curved in such a way that a
      depression area is formed by means of flow currents or eddies on their
      rear sides. In the depression area there are provided openings through the
      blades which provide flow passages between adjacent ducts through which
      partial amounts of centrifugally accelerated propellants are passed from
      one impeller duct into a condensation zone of the other impeller duct.
PAR  According to a further feature of the invention, the propellant components
      are fed coaxially to each other into the impeller ducts and the oxygen or
      oxygen carrier is supplied radially inwardly of the fuel propellant.
PAR  A further embodiment of the invention comprises the arrangement of the
      impeller vanes in the combustion chamber wall. In the formation of this
      embodiment, it is advantageous to provide propellant ring conduits having
      discharge openings extending into the impeller ducts and which
      advantageously include more than one aligned drillings which are oriented
      so that their discharges intersect.
PAR  In a further embodiment of the invention, the combustion chamber wall is
      provided with coolant ducts along which is conveyed a propellant component
      especially oxygen in order to permit the coolant ducts to discharge into
      the impeller ducts through discharge openings defined around the ring
      conduits.
PAR  In accordance with the method of the invention, a plurality of propellant
      components are directed into the closed end of a rocket engine combustion
      chamber onto the surface of a rotating impeller which includes radially
      extending flow passages, and wherein the impeller is rotated to hurl the
      components along the passages and to discharge them substantially
      tangentially into the combustion chamber, and wherein flow from one
      adjacent passage to another is provided to pass the propellant from one
      impeller duct into a condensation zone of another impeller duct.
PAR  With the invention, the general advantage of achieving an intensive
      whirling flow with high energy content takes place as a consequence of the
      reaction of the propellant components or at least a pre-reaction which
      takes place in the individual impeller passageways or ducts of the
      impeller. The resultant high energy of these components are directed in a
      substantially peripheral direction. The individual impeller passages or
      ducts are similar to a prechamber of a diesel motor, for example, which
      has a gas emission substantially directed to the periphery. An intensified
      whirling flow does not only affect the combustion and maintaining of a
      strong central return current flow, but also contributes to the formation
      of a rotational symmetric whirling flame combustion with radially
      outwardly diminishing temperatures. Through sufficient rotation, the
      cooler and consequently heavier liquid and gas particles not yet
      participating in the reaction process are centrifugally moved toward the
      combustion chamber wall and they are kept there to cool the wall until
      they are drawn back into the central return flow area toward the end of
      the combustion chamber. Local overheating of the combustion chamber wall
      is therefore practically avoided. By feeding the propellant components
      coaxially to each other and by adding the oxygen component radially
      inwardly onto the impeller, an intensive cooling takes place and an
      interreaction of the propellant components. The oxygen component is first
      spread over the area of the rotating impeller and provides a protective
      cooling film before the application of the other propellant component. The
      cooling action of the oxygen also causes a heating of the oxygen so that
      it contributes to the condensation of the propellant components. The
      rotating impeller maintains the combustion and contributes to the
      formation of an intensive return current flow of gases.
PAR  Accordingly, it is an object of the invention to provide an arrangement for
      the production of rotational energy, in particular, for rocket combustion
      chambers which are activated with hypergolically reacting propellant
      components which comprises an impeller rotatively mounted in the closed
      end of a combustion chamber and with means for directing propellant
      components onto the impeller to cause them to move between flow ducts
      defined between impeller blade portions and be discharged peripherally
      into the combustion chamber for hypergolic reaction therewithin.
PAR  A further object of the invention is to provide a combustion chamber
      construction which includes a rotatable impeller with a plurality of
      impeller blades arranged over a flat disk portion and which define
      radially extending flow ducts therebetween, and including means for
      directing at least two propellant components to the inner radial end of
      the impeller for flow through the radial flow passages, and wherein the
      impeller may be arranged centrally within the combustion chamber or within
      an exterior wall of the combustion chamber.
PAR  A further object of the invention is to provide a method of operating a
      combustion chamber having a rotating impeller with blades extending
      substantially radially defining flow passages therebetween comprising
      directing at least two propellant components to the inner radial end of
      the flow passages of the impeller while the impeller is rotated to cause
      the propellant components to move along the passages and to interact and
      wherein the oxygen propellant component is advantageously added so as to
      cool the surface of the impeller.
PAR  A further object of the invention is to provide an arrangement for the
      production of rotational energy which is simple in design, rugged in
      construction and economical to manufacture.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its uses, reference
      should be had to the accompanying drawing and descriptive matter in which
      there is illustrated preferred embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a longitudinal sectional view of the closed end of a rocket
      engine combustion chamber constructed in accordance with the invention;
PAR  FIG. 2 is a section taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 2 of another embodiment of the invention;
PAR  FIG. 4 is a partial longitudinal sectional view of the embodiment shown in
      FIG. 3; and
PAR  FIG. 5 is a view similar to FIG. 4 of another embodiment of the invention.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in particular, the invention embodied therein in
      FIGS. 1 and 2 comprises a rocket engine combustion chamber, generally
      designated 50, which has a front or closed end in which is mounted a
      propellant obturator head or impeller 1 which is advantageously rotatably
      mounted in the closed end wall. The impeller 1 includes a plurality of
      vanes 2 which extend generally radially and which define flow ducts 3
      therebetween over an inclined deck or base portion 1a of the impeller.
PAR  In accordance with the invention, hypergolical propellant components are
      directed inwardly through a plurality of annular supply ducts 52 and 54
      into the combustion chamber in a manner such that an oxygen component is
      delivered as indicated by the arrow 4 radially inwardly in respect to
      another propellant component indicated by the arrow 5. The oxygen
      component is directed downwardly onto the inner end of the disk portion 1a
      and it flows radially outwardly therealong and provides a cooling veil
      over the top surface thereof. The propellant component 5 is supplied over
      the cooling oxygen layer.
PAR  The propellant components 4 and 5 react as they move along the passages 3
      at least partially. The impeller vanes 2 are curved so that on their rear
      sides a U-shaped depression area with cavitation effects is formed in the
      area designated by the letter U. The propellants can condense at least in
      this area and their reaction is assured. This construction is of
      particular advantage for the coupling of the propellant components whose
      hypergolic qualities remain relatively sluggish. In order to intensify the
      reaction which has already started in the U-shaped depression area U and
      to resupply it with fresh propellant components, perforations A are
      provided through the vanes 2 to permit flow from the adjacent passage into
      the condensation zone.
PAR  In the construction shown in FIGS. 3 and 4, a rocket combustion chamber
      generally designated 50' includes an impeller 1' having impeller vanes 12
      which are located inside the combustion chamber wall 56. Propellant
      components are supplied through propellant ring conduits 6 and 7 and an
      oxygen propellant component indicated by the arrow 4 is directed outwardly
      through a nozzle opening 6a formed at a plurality of locations around the
      conduit and directed an angle to intersect the component 5 directed
      outwardly through a nozzle opening 7a from the ring conduit 7. The
      intersection of these propellant component streams enhances their
      interreaction. The impeller blades 12 define passages 13 therebetween
      through which the propellant components pass. The impeller 1' may be
      mounted for rotation of the arrangement in fixed position in which the
      passages 13 align with the corresponding passages 6a or 7a. Rotation of
      the impeller 1' enhances the flow and whirling characteristics of the
      propellants and the resulting gases which are formed by their
      interreaction.
PAR  In the construction indicated in FIG. 5, an oxygen propellant component
      indicated by the arrow 4 moves along cooling channels 8 defined along the
      wall 56' and through discharge openings 8a into the space containing the
      impeller 1". Another propellant component is again introduced through the
      ring conduit 7' through openings 7a'.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for the production of rotational energy for rocket
      combustion chambers which are activated only by hypergolically reacting
      propellant components, comprising wall means defining a rocket combustion
      chamber having a closed rear end and a gas discharge front end, an
      impeller comprising a mushroom shaped body of revolution having an
      outwardly and forwardly facing surface facing the rear end, said impeller
      being mounted adjacent said closed rear end and having a plurality of
      spaced radially extending upstanding curved vanes on said surface, said
      vanes having front inwardly curved sides and rear outwardly curved sides
      and the curvature of said vanes being such that on their rear sides flow
      between said blades produces an area of reduced pressure, said vanes
      defining flow ducts therebetween having radially outer discharge openings
      directed tangentially, a plurality of passages extending through said
      blades, and means for directing the reacting propellant components
      including an oxygen carrier together with other components at the same
      time but in separate streams and concentrically of said impeller and into
      the radial inner ends of said flow ducts for interaction with each other
      in said ducts and for flow along said ducts to the outer circumference of
      said impeller and substantially tangentially into the combustion chamber
      with the oxygen carrier being directed radially inwardly of said impeller
      from the other of said components.
NUM  2.
PAR  2. An arrangement according to claim 1, wherein said wall means includes a
      combustion chamber wall having a cooling passage therethrough, one of said
      propellant components comprising oxygen flowing through said cooling
      passage, said cooling passage discharging into said flow ducts of said
      impeller.
NUM  3.
PAR  3. An arrangement for the production of rotational energy, in particular,
      for rocket combustion chambers which are activated by hypergolically
      reacting propellant components, comprising wall means defining a rocket
      combustion chamber having a closed end and a gas discharge end, an
      impeller mounted in said closed end and having a plurality of spaced
      radially extending vanes defining flow ducts therebetween, and means for
      directing hypergolically reacting propellant components together into said
      combustion chamber into the radial inner ends of said flow ducts for
      interaction with each other and for flow to the periphery of said ducts
      for peripheral discharge into the combustion chamber, said combustion
      chamber including a wall having a hollow space therein, said impeller
      being arranged within said combustion chamber hollow wall space.
NUM  4.
PAR  4. An arrangement according to claim 1, wherein said wall includes a
      propellant ring conduit for each propellant component having a discharge
      into the hollow space into the impeller flow ducts.
NUM  5.
PAR  5. An arrangement for the production of rotational energy for rocket
      combustion chambers which are activated only by hypergolically reacting
      propelling components, comprising wall means defining a rocket combustion
      chamber having a rear closed end and a gas discharge end, an impeller
      mounted in said closed end and having a forwardly and radially outwardly
      inclining surface with a plurality of spaced radially outwardly and
      rearwardly extending vanes defining flow ducts therebetween over said
      surface having radially outer discharge openings between ducts directed
      tangentially, means for directing an oxidizer reacting propellant
      component into said combustion chamber into the radial inner end of said
      flow duct and along the bottom of said duct for flow radially outwardly
      therein, means for applying a fuel into said flow duct at the radial inner
      end over the oxidizer for flow therewith and for interreaction with the
      oxidizer and for discharge substantially tangentially into the combustion
      chamber, said vanes being curved so that they form depression areas
      intermediate their length on the side of the duct which is concave, said
      propellant components tending to evaporate in said zones by hypergolic
      reaction.
NUM  6.
PAR  6. An arrangement according to claim 5, wherein said duct vanes have
      openings therethrough for the flow of fuel in the depression areas between
      adjacent ducts in order to increase the hypergolic interreaction.
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PAL  A simple by-pass type jet propulsion engine includes a centrifugal
      compressor and a centripetal turbine mounted back-to-back and a combustion
      apparatus disposed radially outwardly of the turbine. These constitute the
      core engine; the fan part of the engine is provided by fan blades
      extending outwardly from the rotor blades of the core engine compressor
      which discharge through outlet guide vanes into a fan duct lying radially
      outwardly of the combustion apparatus. The fan outlet guide vanes or the
      fan duct nozzle may be variable to substantially close the fan duct for
      starting the engine. Part of the air flows from the compressor to the
      combustion apparatus of the core engine through hollow turbine nozzle
      vanes.
BSUM
PAR  My invention is directed to a simple fan type gas turbine jet propulsion
      engine. An engine according to my invention is particularly suitable
      because of its simplicity, low cost, and light weight for use as a small
      jet engine in remote controlled expendable aircraft such as target drones.
      However, the principles of the invention may also be applied to longer
      life engines for light aircraft.
PAR  Briefly stated, an engine according to the preferred embodiment of my
      invention includes a centrifugal compressor and a centripetal turbine
      mounted back-to-back with the compressor discharging through combustion
      apparatus disposed radially outwardly of the turbine to constitute a core
      engine. The rotor may be supported at the forward end of the compressor
      and outlet end of the turbine. The core engine discharges through a jet
      propulsion nozzle. The fan portion of the engine is constituted by fan
      blades extending from the centrifugal compressor rotor and discharging
      through a duct which extends outwardly and then rearwardly over the outer
      wall of the combustion apparatus. In most cases, it is preferable to have
      means for substantially closing the fan duct to facilitate starting the
      engine. This may be taken care of by variable setting outlet guide vanes
      of the fan or by a closable jet nozzle at the discharge end of the fan
      duct. The turbine nozzle is cooled and flow of air to the combustion
      apparatus is facilitated by directing part of this air spanwise through
      hollow turbine nozzle vanes.
PAR  The principal object of my invention is to provide a very simple
      inexpensive small fan jet engine of adequate performance and fuel economy.
DRWD
PAR  The nature of the invention and its advantages will be apparent to those
      skilled in the art from the accompanying detailed description of the
      preferred embodiment of the invention, the accompanying drawings, and the
      appended claims.
PAR  FIG. 1 is a sectional view of a fan jet engine taken in a plane containing
      the axis of rotation of the rotor of the engine.
PAR  FIG. 2 is a partial sectional view through the turbine nozzle, taken on the
      plane indicated by the line 2--2 in FIG. 1.
DETD
PAR  Referring first to FIG. 1, this discloses a simple fan jet engine
      particularly suited for propulsion of aircraft. The engine 2 includes a
      compressor 3, combustion apparatus 4, and a turbine 6. These are the basic
      elements of a core engine which provides jet thrust and also provides
      power to drive a fan 7 which discharges air under pressure through a fan
      duct 8 to a propulsion nozzle 9.
PAR  The engine is of generally circular cross-section. It includes an outer
      casing 10 of circular cross-section which comprises a generally
      cylindrical forward portion 11, a flaring wall portion 12, and a fan duct
      outer wall 14. The fixed structure also includes an intermediate casing 15
      which has a generally radial forward portion 16, a cylindrical portion 17,
      and a converging portion 18, the latter two defining the inner wall of the
      fan duct 8 and also the outer casing of combustion apparatus 4. Forward
      portion 16 is the outer shroud of the compressor and separates compressor
      from fan flow. The intermediate casing terminates in an inwardly extending
      annular disk 20 which defines the rear end wall of the combustion
      apparatus. The outer casing 10 and intermediate casing 15 may be connected
      structurally by circumferentially spaced struts 22 which may be welded to
      the intermediate casing and welded or bolted to the outer casing.
PAR  The fixed structure also includes an inner casing 23 which comprises a
      forward portion 24 extending from the compressor rotor to the turbine
      rotor, to be described, an intermediate converging portion 26 which
      defines the inner wall of the combustion apparatus and the outer shroud of
      the turbine, and a converging jet nozzle portion 27 downstream of the
      turbine. Casing portion 23 is connected to portion 16 of intermediate
      casing 15 by a ring of compressor diffuser vanes 28. The vanes may be
      welded to the wall portions. The portion 26 of the inner casing is
      connected to portion 24 through an annular turbine nozzle 30. The
      intermediate wall is connected to the inner wall at annular joining line
      31. These parts may be welded or bolted together at these junctions.
PAR  All of the casing portions are divided on axially extending split lines
      which may be diametrically opposite in a plane which contains the axis of
      rotation of the rotor of the engine. Such a split of the casings or some
      other expedient is required to fit the casings around the rotor.
PAR  Considering now the rotating portion of the engine, the compressor-fan
      rotor 32 includes an annular hub 34 which may be similar to those of
      conventional centrifugal compressors. Centrifugal compressor blades 35
      extend outwardly and forwardly from the hub and fan blades 36 extend
      outwardly from the forward portion of the compressor blades. The
      compressor and fan blades blend smoothly into each other without any
      discontinuity of curvature. Thus there is no discontinuity of pressure at
      the leading edge of casing portion 16 to cause recirculation between the
      compressor and the fan. The rear face of hub 34 is formed with radial
      splines 38 coupled to the turbine rotor 40. This rotor includes a hub 42
      from which turbine blades extend rearwardly and outwardly to provide an
      inward-flow turbine of known type. The forward face of hub 42 is splined
      to couple to the splines 38 of the compressor rotor. These may be held
      together by a tie bolt 43 threaded into the compressor rotor and a nut 44
      threaded onto the tie bolt and bearing against the rear end of the turbine
      rotor. These parts thus constitute a unitary compact rotor assembly.
PAR  The rotor assembly is mounted for rotation on a forward thrust bearing 46
      and a rear radial bearing 47. Bearing 46 is suitably mounted in a bearing
      support ring 48 fixed through radial struts 50 to the forward end of outer
      casing 10. The inner race of bearing 46 may abut a shoulder on the forward
      end of the hub and be held in place by a snap ring 51 or other fastener.
      The rear bearing 47 is suitably mounted in a housing 52 at the center of
      the jet nozzle 27, which is supported from the intermediate wall by a ring
      of struts 54.
PAR  The air inlet to both the core engine and the fan is provided by the
      forward end portion 11 of the outer casing and the bearing support ring
      48. The struts 50 which connect these may have setting or twist if it is
      desired to impart swirl to the air entering the rotor 32.
PAR  A labyrinth seal is defined at 55 between the compressor rotor and the
      inner casing by ridges on the rear face of the hub 34 or the forward face
      of the casing, or both. Similarly, a labyrinth seal 56 is defined between
      the turbine rotor hub 42 and a flange 57 extending inwardly from the inner
      casing. These seals are provided to substantially inhibit flow of air
      directly from the compressor rotor to the turbine rotor. A part of the
      leakage through seal 55 may flow through tooth clearances in the splines
      38, through a passage 58 in the turbine rotor around tie bolt 43, and
      through an outlet or outlets 59 in the rear end of the turbine hub to
      provide some cooling for bearing 47.
PAR  No seals or lubricating means are illustrated for the rolling contact
      bearings 46 and 47. These may be prelubricated for short duration flights;
      or, if required, conventional lubrication means and seals for lubricants
      can be provided according to known practice.
PAR  Proceeding now to the combustion apparatus 4, this includes an annular
      combustion liner 60 having an outer wall 62, an inner wall 63, and an
      upstream wall 64 joining the other two walls. The downstream and forward
      ends of the liner walls are curved inwardly to an outlet 66 discharging
      into the turbine nozzle 30. The combustion liner may be of conventional
      type. As illustrated, it defines ports 67 for primary combustion air and
      ports 68 for dilution air according to known practice. Fuel is supplied to
      the combustion apparatus by a ring of fuel spray nozzles 70 extending
      through the casing portion 20 and the upstream wall of the combustion
      liner. The combustion liner may be slidably mounted on the exterior of the
      turbine nozzle 30 and secured there by any suitable means.
PAR  Air discharged by the compressor 28 flows into a plenum 71 around the liner
      60 defined by the casing portions 17, 18, 20, and 23, through two paths.
      One path is exteriorly of the combustion liner and the other is through
      hollow vanes of the turbine nozzle 30. Air may also flow from the outer
      part of the plenum around the upstream end of the combustion liner to the
      inner portion of the plenum 71.
PAR  Referring also to FIG. 2, the turbine nozzle includes an annular cascade of
      nozzle vanes 72 which may be cast or formed sheet metal structures welded
      to a forward ring or shroud 74 and a rear ring or shroud 75. Each vane
      defines a spanwise extending passage 76 and the shrouds 74 and 75 have
      openings matching the passages through the vanes. Substantial area for
      flow of combustion air to the inner wall of the combustion liner is thus
      provided. This flow of air also is advantageous in that it provides
      substantial cooling for the turbine nozzle vanes which are exposed to hot
      combustion products flowing over the outer surfaces of the vanes.
PAR  Turning now to the fan portion of the engine, we may restate that air
      entering between struts 50 and flowing through the outer or fan portion 36
      of the compressor rotor blades is discharged through fan duct 8. The air
      flow from the fan blades 36 is diffused and straightened in a ring of fan
      outlet guide vanes 78. These vanes may be fixed. It may be desirable to
      have them mounted for variable setting; that is, for rotation about a
      spanwise extending axis of each blade so that the area for flow from the
      fan blades can be substantially closed. Such variable setting vane
      cascades are well known and, therefore, details need not be enlarged upon.
      See, for example, U.S. Pat. Nos. to Campbell 2,857,092, Oct. 21, 1958;
      Gardiner 2,862,654, Dec. 2, 1958; Johnson 3,303,992, Feb. 14, 1967, and
      Mason 3,542,484, Nov. 24, 1970. As illustrated, the variable vanes include
      an inner end portion 79 brazed or otherwise fixed to the forward surface
      of casing portion 16, an outer end portion 80 brazed or otherwise fixed to
      the casing portion 12, and a main vane portion 82 bridging the gap between
      the end portions. Vane portion 82 is fixed to a shaft 83 rotatably mounted
      in the casing portion 12 on the vane end portions 79 and 80. A crank arm
      84 fixed to each shaft 83 includes a crankpin 86 coupled to an actuating
      ring 87 extending around the outer casing. The connection between the
      crankpin and actuating ring may include a ball joint 88 which may swivel
      in the ring 87 and which may slide on crankpin 86. The actuating ring 87
      may be rotated around the axis of the engine by any suitable actuator, as
      is well understood.
PAR  The fan duct 8 may terminate in a fixed nozzle, particularly if the fan
      outlet vanes 78 are capable of closing. However, the fan duct may be
      closed off by a variable area outlet nozzle as illustrated at 9. Such
      nozzles are well known. As illustrated, the nozzle 9 comprises a ring of
      overlapping flaps or plates 91 which may swing about hinge axes at 92
      tangent to the casing. The flaps 91 may be pulled inwardly against gas
      pressure by any suitable actuating means indicated schematically by a
      cable 94 which may be tightened to close the nozzle. Typical multiflap
      nozzle structures are illustrated in U.S. Pat. Nos. to Gaubatz 2,697,907,
      Dec. 28, 1954, to Gardiner et al 2,828,602, Apr. 1, 1958, and to Johnson
      3,592,389, July 13, 1971. If a variable nozzle is used to close off the
      fan duct to reduce the starting load, the variable fan outlet guide vanes
      may be dispensed with. As a matter of fact, if sufficient power is made
      available for starting the engine, all variable geometry of the fan system
      may be omitted.
PAR  The engine may be started by a motor connected to the forward end of hub
      32, by an impingement starting system in which air is directed
      tangentially against the compressor or turbine blades, or by windmilling
      if a sufficiently powerful jet, as from another jet engine, is available
      for discharge into the inlet of the engine.
PAR  It may be pointed out that the configuration described is suited to fan jet
      engines having a by-pass ratio of about 2 and in which the fan and
      compressor compression ratios are 2 and 7, respectively, or to engines in
      which the by-pass ratio is approximately 2, the fan pressure ratio 1.5,
      and the compressor pressure ratio about 5, for example. An engine with a
      thrust of about 400 lbs. should weigh less than 50 lbs. and can be
      slightly over a foot in diameter.
PAR  It will be apparent from the foregoing that the principles of my invention
      provide for a very simple, economical, and light weight fan jet engine
      having a high thrust to weight ratio well suited to expendable engines or
      to more durable engines for operation of small aircraft.
PAR  The detailed description of the preferred embodiment of the invention for
      the purpose of explaining the principles thereof is not to be considered
      as limiting or restricting the invention, since many modifications may be
      made by the exercise of skill in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A by-pass type single-shaft gas turbine jet propulsion engine
      comprising, in combination, an engine casing; a centrifugal compressor
      rotor and a centripetal turbine rotor rigidly connected coaxially
      back-to-back; bearing means for the rotor supported by the engine casing
      at the front end of the rotor and at the rear end of the rotor; combustion
      apparatus including combustion liner means disposed radially outward of
      the turbine; a diffuser connecting the compressor rotor to the combustion
      apparatus; and a turbine nozzle providing an outlet from the combustion
      liner means into the turbine rotor; the engine including an annular
      cascade of fan blades extending radially from the upstream end of the
      compressor rotor and an annular fan duct terminating in a jet nozzle
      disposed around the combustion apparatus, the fan blades discharging only
      through the fan duct; and means operable to throttle only the fan duct for
      starting the engine.
NUM  2.
PAR  2. An engine as defined in claim 1 in which the means operable to throttle
      the fan duct is a variable cascade of outlet guide vanes for the fan.
NUM  3.
PAR  3. An engine as defined in claim 1 in which the means operable to throttle
      the fan duct is a variable nozzle at the outlet of the fan duct.
NUM  4.
PAR  4. A by-pass type single-shaft gas turbine jet propulsion engine
      comprising, in combination, an outer casing defining the outer wall of an
      engine air inlet and a by-pass duct; an intermediate casing defining the
      inner wall of the by-pass duct and the outer wall of a core engine; an
      inner casing defining the inner wall of combustion apparatus of the engine
      and the outer wall of the turbine and exhaust nozzle of the core engine;
      the core engine comprising a centrifugal compressor rotor and a
      centripetal turbine rotor rigidly connected coaxially back-to-back;
      bearing means for the rotor supported by the outer casing at the front end
      of the rotor and by the inner casing at the rear end of the rotor;
      combustion apparatus including combustion liner means disposed radially
      outward of the turbine between the intermediate and inner casings; a
      diffuser connecting the compressor rotor to the combustion apparatus; and
      a turbine nozzle providing an outlet from the combustion liner means into
      the turbine rotor; the engine including an annular cascade of fan blades
      extending radially from the upstream end of the compressor rotor and an
      annular fan duct between the outer and intermediate casings terminating in
      a jet nozzle disposed around the combustion apparatus, the fan blades
      discharging only through the fan duct.
NUM  5.
PAR  5. A by-pass type single shaft gas turbine jet propulsion engine
      comprising, in combination, an outer casing defining the outer wall of an
      engine air inlet and a by-pass duct; an intermediate casing defining the
      inner wall of the by-pass duct and the outer wall of a core engine; an
      inner casing defining the inner wall of combustion apparatus of the engine
      and the outer wall of the turbine and exhaust nozzle of the core engine,
      the core engine comprising a centrifugal compressor rotor and a
      centripetal turbine rotor rigidly connected coaxially back-to-back;
      bearing means for the rotor supported by the outer casing at the front end
      of the rotor and by the inner casing at the rear end of the rotor;
      combustion apparatus including combustion liner means disposed radially
      outward of the turbine between the intermediate and inner casings; a
      diffuser connecting the compressor rotor to the combustion apparatus; and
      a turbine nozzle providing an outlet from the combustion liner means into
      the turbine rotor, the engine including an annular cascade of fan blades
      extending radially from the upstream end of the compressor rotor and an
      annular fan duct between the outer and intermediate casings terminating in
      a jet nozzle disposed around the combustion apparatus, the fan blades
      discharging only through the fan duct, the fan duct extending generally
      radially from the fan and then rearwardly; and means operable to only
      throttle the fan duct for starting the engine.
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PAL  A control circuit arrangement for a gas turbine engine has first and second
      identical control circuits which are responsive to groups of input signals
      to provide nominally identical first and second output signals. It is
      arranged that input signals to the first control circuit are nominally
      identical with corresponding input signals to the second control circuit.
      Means are provided, responsive to malfunction of either one of the first
      and second control circuits, to render the malfunctioning circuit
      inoperative and to render the other of the control circuits operative. A
      third control circuit is responsive to at least one pair of corresponding
      input signals to the first and second circuits, to provide a third output
      signal to the engine. The first, second and third output signals do not
      control the engine reheat system, and the arrangement may include a fourth
      control circuit for controlling this reheat system.
BSUM
PAR  This invention relates to electric control circuit arrangements for gas
      turbine engines.
PAR  It is known, in order to increase operational reliability, to duplicate
      electric control circuits which generate output control signals for
      aircraft gas turbine engines. It has in the past been the practice to
      duplicate such circuits in their entirety. Such circuits, however,
      commonly include elements whose inherent reliability is high, or whose
      failure will not have an unacceptable effect, or whose failure can readily
      be compensated for, or which are responsive to a common input signal from
      a single source, or whose outputs are interconnected to provide a common
      output signal. Duplication of such elements results in unnecessary loss of
      space and increase in weight, and may complicate servicing.
PAR  It is an object of the invention to provide a control circuit arrangement
      in which unnecessary duplication of elements is avoided.
PAR  According to the invention an electric control circuit arrangement for a
      gas turbine engine comprises a first control circuit responsive to a
      plurality of first input signals to provide first output control signals,
      a second control circuit responsive to a plurality of second input signals
      to provide second output control signals which are nominally identical
      with said first control signals, corresponding ones of said first and
      second input signals being nominally identical and first and second output
      control signals being nominally identical, a third control circuit
      responsive to at least one of said input signals to provide a third output
      control signal, and selector means for rendering either said first or said
      second control circuit operative, said selector means being responsive to
      malfunction of either one of said first and second control circuits to
      render the malfunctioning one of said circuits inoperative and to render
      the other of said circuit operative.
DRWD
PAR  Examples of the invention will now be described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 shows a block diagram of a gas turbine engine fuel control
      arrangement,
PAR  FIG. 2 shows an alternative arrangement, and
PAR  FIG. 3 shows a detail of the arrangement of FIG. 2.
DETD
PAR  As shown in FIG. 1 a control system for an aircraft gas turbine engine 9
      comprises two identical control circuits 10, 11.
PAR  Control circuit 10 is responsive to input signals derived from transducers
      and dependent on engine operating parameters, as for example a signal
      .theta., corresponding to the position of an engine speed selection lever,
      a signal T.sub.1 corresponding to a temperature at a slected location in
      the engine, a signal P.sub.1 corresponding to an air pressure at a
      selected location in the engine compressor, and a signal N.sub.1
      corresponding to engine speed.
PAR  Control circuit 11 is responsive to a further set of control signals
      .theta..sub.2, T.sub.2, P.sub.2, N.sub.2 which correspond to the above
      parameters, but which are derived from a different set of transducers, so
      that corresponding input signals to control circuits 10, 11 are nominally
      identical. Circuits 10, 11 generate nominally identical output control
      signals on respective lines 14, 15 which can pass via a selector logic
      circuit 16 to the engine 9 to control fuel flow, in a known manner.
PAR  Logic circuit 16 is operative to pass the signals from only one of circuit
      arrangements 10, 11 and is arranged so as normally to pass signals from
      arrangement 10. Circuit 16, is, moreover, responsive to the operating
      condition of arrangement 10 so that, in the event of malfunction of the
      latter, signals from arrangement 11 are then passed to the engine.
PAR  There is also provided a further logic and switching circuit 17 the output
      signal from which does not provide a control signal for the engine. In the
      example shown circuit 17 includes two switch devices 18, 19 respectively
      responsive to the speed input signals N.sub.1, N.sub.2 and also to
      respective reference signals R.sub.1, R.sub.2 to provide output signals
      when the engine speed falls below a predetermined level. A comparator
      device 20 is responsive to the signals from switch devices 18, 19 so as to
      provide an output signal on a line 21 only if there is no significant
      disparity between the outputs of devices 18, 19. The signal on line 21 is
      arranged to energise an indicator or warning device 22.
PAR  As shown in FIG. 2 a gas turbine engine, indicated generally at 30,
      includes a reheat system 31. The engine 30 includes a fuel metering valve
      which is operable by either one of a pair of actuators 32, 33 which are
      respectively responsive to first and second electrical control signals on
      lines 34, 35.
PAR  A first control circuit 36 is responsive to a first set of input signals
      derived from transducers, and dependent on engine operating parameters, to
      generate the first control signals on line 34. The first control signals
      include, for example, a signal .theta..sub.1 corresponding to the position
      of an engine speed selection lever, a signal T.sub.1, corresponding to the
      temperature at a selected location in the engine 30, a signal N.sub.1
      corresponding to engine speed, and a signal M.sub.1 corresponding to the
      air speed of an aircraft in which the engine 30 is fitted.
PAR  A second control circuit 37 is identical with circuit 36 and is responsive
      to a second set of control signals, .theta..sub.2, T.sub.2, N.sub.2,
      M.sub.2 which correspond to the above parameters but which are derived
      from different transducers, so that corresponding input signals in the
      first and second sets of control signals are nominally identical. The
      second control circuit 37 provides the second electrical control signal on
      line 35.
PAR  The control arrangement as a whole will initially be working with a
      selected one of control circuits 36, 37 operative. Respectively associated
      with the control circuits 36, 37 are first and second monitor circuits 38,
      39. Monitor circuit 38 is responsive to malfunction of circuit 36, or to
      departure of any one of input signals M.sub.1, N.sub.1, T.sub.1,
      .theta..sub.1 from acceptable limits, to render circuit 36 inoperative and
      circuit 37 operative. Monitor circuit 39 is similarly responsive to
      malfunction of circuit 37 to render circuit 17 inoperative and circuit 36
      operative.
PAR  A third electrical control circuit 40 includes a circuit element 41 which
      is responsive to input signals P.sub.1, P.sub.2, P.sub.3 from three
      identical transducers, the signals P.sub.1, P.sub.2, P.sub.3 corresponding
      to the pressure at a selected location within a compressor of the engine
      30. The circuit element 41 is of a known type which compares the signals
      P.sub.1, P.sub.2, P.sub.3 with one another, rejecting any signal which
      differs from the other two by more than a predetermined amount. The
      circuit element 41 also provides an output signal on a line 42, this
      output signal being an average of those of the signals P.sub.1, P.sub.2,
      P.sub.3 which have not be rejected. The signal on line 22 thus has a high
      integrity and provides one of the input signals to both the first and
      second control circuits 36, 37. A blow off valve 43, by means of which a
      high pressure zone of the engine compressor may be vented, is also
      incorporated in the engine 30. Valve 43 is responsive to an increase in
      the signal on line 42 above a predetermined limit.
PAR  A selector switch 44 is responsive to whichever of control circuits 36, 37
      is in operation, to supply either the signal N.sub.1, via circuit 36, or
      the signal N.sub.2, via circuit 37, to a differentiating circuit 45.
      Circuit 45 provides, on a line 46, an acceleration signal based on the
      output signal from selector 44.
PAR  A further selector switch 47 is responsive to whichever of circuits 36, 37
      is in operation, to supply either a signal proportional to N.sub.1
      .sqroot.T.sub.1 from circuit 36, or a signal proportional to N.sub.2
      .sqroot.T.sub.2 from circuit 37, to a line 48.
PAR  a circuit element 49 is responsive to predetermined combinations of signal
      levels on lines 42, 46, 48 to provide a signal to an igniter 50 of the
      engine 30, so that the engine 30 is relit in the event of an unintentional
      flame-out.
PAR  A switching circuit 51, shown in detail in FIG. 3 is responsive to signal
      N.sub.1 or signal N.sub.2, via whichever of the respective control
      circuits 36, 37 is in operation. Circuit 51 is operable, when either
      signal N.sub.1 or signal N.sub.2 reaches 30% of its maximum value, to
      provide a signal on a line 52 to a starter arrangement 53 for the engine
      30. The signal on line 52 is such as to inhibit operation of the starter
      arrangement 53.
PAR  Circuit 51 has a pair of comparators 54, 55 each of which can receive
      signal N.sub.1 or N.sub.2 as an input. Comparators 54, 55 are also
      responsive to reference signals R on respective lines 56, 57, so as to
      provide output signals on lines 58, 59 respectively when signal N.sub.1 or
      N.sub.2 exceeds 30 % of its maximum value. The signals on lines 58, 59 act
      to control a pair of parallel switches 60, 61. Failure of one of
      comparators 54, 55 to provide an output signal, and/or failure of one of
      the switches 60, 61 in an open-circuit condition, does not affect the
      operation of circuit 51.
PAR  A fourth control circuit 62 is responsive to engine operating parameters
      and to selection of reheat to control the operation of the engine reheat
      system 31.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric control circuit arrangement for a gas turbine engine,
      comprising a first control circuit responsive to a plurality of first
      input signals to provide first output control signals, a second control
      circuit responsive to a plurality of second input signals to provide
      second output control signals which are nominally identical with said
      first output control signals, corresponding ones of said first and second
      input signals being nominally indentical, a third control circuit
      responsive to at least one of said input signals to provide a third output
      control signal, and selector means for rendering either said first or said
      second control circuit operative, said selector means being responsive to
      malfunction of either one of said first and second control circuits to
      render the malfunctioning one of said circuits inoperative and to render
      the other of said circuits operative.
NUM  2.
PAR  2. An arrangement as claimed in claim 1 in which said third control circuit
      is responsive both to one of said first input signals and to a
      corresponding one of said second input signals.
NUM  3.
PAR  3. An arrangement as claimed in claim 1 in which said one input signal is
      applied to said third control circuit via the one of said first or second
      control circuits which is, for the time being operative.
NUM  4.
PAR  4. An electric control circuit arrangement for a gas turbine engine,
      comprising a first control circuit responsive to a plurality of first
      input signals to provide first output control signals, a second control
      circuit responsive to a plurality of second input signals to provide
      second output control signals which are nominally identical with said
      first output control signals, corresponding ones of said first and second
      input signals being nominally identical, a third control circuit
      responsive to at least one of said input signals to provide a third output
      control signal and also being responsive to a plurality of nominally
      identical third input signals to provide a fourth output control signal,
      said first and second control circuits also being responsive to said
      fourth output signal, and selector means for rendering either said first
      or said second control circuit operative, said selector means being
      responsive to malfunction of either one of said first and second control
      circuits to render the malfunctioning one of said circuits inoperative and
      to render the other of said circuits operative.
NUM  5.
PAR  5. An arrangement as claimed in claim 4 in which said first and second
      circuits include means for generating respective fifth and sixth output
      signals which are respective functions of selected ones of said first and
      second input signals and in which said third control circuit includes
      means, responsive to said one input signal, to said fourth output signal
      and to a selected one of said fifth or sixth output signals, for
      generating a seventh output signal.
NUM  6.
PAR  6. An arranagement as claimed in claim 4 which includes a fourth control
      circuit for generating a control signal for a reheat system of said
      engine.
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PAL  This specification discloses an exhaust gas cleaning device which is
      intended for removing harmful substances from exhaust gases of internal
      combustion engine, especially for removing carbon particles or the like.
PAL  The device has a body accomodating a filter element adapted to catch the
      particles in the exhaust gases. The device is attached to the engine as if
      it were an exhaust manifold so that the clogging particles are
      conveniently burned by hot gases, whereby the filter element is
      conveniently recovered.
BSUM
PAR  The present invention relates to an exhaust gas cleaning device for
      internal combustion engines and more particularly to a device for reducing
      the amount of carbon particles or the like, as well as other harmful
      substances, in the exhaust emissions.
PAR  Exhaust gases from internal combustion engines contain considerable amounts
      of particles of carbon or the like, as well as other harmful substances
      such as nitrogen oxides (NOx), carbon monoxide (CO) and hydrocarbon (HC).
      Especially the exhaust gases from diesel engines are rich in those carbon
      particles or the like which is so called smoke.
PAR  Hitherto, two types of devices have been proposed for the purpose of
      catching the carbon particles or the like. Devices of these two types,
      i.e. dry type and wet type can catch the particles, but the catching
      effect can be maintained only for a short period because of the clogging
      of the device by the caught particles. Therefore, as far as these two
      types of devices are concerned, it is necessary to restore the catching
      effect by suitably removing the particles from the devices.
PAR  For the purpose of removing the clogging particles, there has been proposed
      two methods. The first one is to remove the clogging particles
      mechanically, and the second includes what is called an after-burner
      system in which the clogging particles are burned by the heat generated in
      the afterburner. The mechanical way is inconvenient in that it is required
      to treat the removed particles in a suitable manner with resulting
      expensive treating equipment. The after-burner system is also inconvenient
      in that a certain amount of fuel is required for the after-burning, as
      well as expensive systems for igniting, fuel feeding and air supplying.
PAR  The present invention is directed to avoiding above described shortcomings
      by providing an improved exhaust gas cleaning device.
PAR  According to the invention, there is provided an exhaust gas cleaning
      device comprising a body, a heat resistant filtering element disposed
      within said body, said element having filtering material corrugated in a
      circumferential direction so as to form a wall having a corrugated, round
      cross-section, said wall dividing the space within said body into first
      and second spaces, said first space communicating with at least one inlet
      port which is formed in said body, said second space communicating with an
      outlet port which is also formed in said body, said inlet port directly
      communicating with exhaust ports of the internal combustion engine when
      assembled.
PAR  Since the exhaust gases of high temperature are fed through the inlet port
      to the first space along with the carbon particles or the like, those
      particles are conveniently caught by the filtering element and burned due
      to the high temperature of the exhaust gases.
PAR  It is to be noted that the corrugation of the filtering material provides a
      large filtering surface for a predetermined volume of the filtering
      element.
PAR  In another aspect of the invention, the exhaust gases which have passed
      through the filtering element are returned to suction side of the engine.
      Since the returned gases contain only a little amount of particles, the
      rapid wear of the cylinder liner or contamination of lubrication oil is
      less likely to occur.
PAR  In a still another aspect of the invention, the device comprises a by-pass
      passage which connects the first space directly to the outlet port. A
      value is provided for opening and closing the by-pass passage.
PAR  By so constructing the filter, it becomes possible to make the exhuast
      gases flow through the filtering material and through the by-pass passage,
      selectively, whereby the filtering material becomes available for a longer
      period.
DRWD
PAR  The above and other objects and features of the invention will become
      apparent from the description of embodiments which will be made
      hereinafter making reference to attached drawings in which;
PAR  FIG. 1 shows diagrammatically an internal combustion engine being equipped
      with an exhaust cleaning device according to the invention.
PAR  FIG. 2 shows an embodiment of the invention in section along the
      longitudinal axis.
PAR  FIG. 3 is a cross-sectional view along the III--III line of FIG. 2.
PAR  FIG. 4 is cross-sectional view along the IV--IV line of FIG. 2.
PAR  FIG. 5 is a graph which shows relationships between engine revolutions and
      smoke densities.
PAR  FIG. 6 shows a further embodiment of the invention in section along the
      longitudinal axis thereof.
PAR  FIG. 7 shows still a further embodiment of the invention in section along
      the longitudinal axis thereof.
PAR  FIG. 8 shows a cross-section along the VIII--VIII line of FIG. 7.
PAR  FIG. 9 is a radial cross-sectional view of still another embodiment of the
      invention.
PAR  FIG. 10 is a radial cross-sectional view of still another embodiment of the
      invention.
PAR  FIG. 11 is a radial cross-sectional view of still another embodiment of the
      invention.
PAR  FIG. 12 is a radial cross-sectional view of still another embodiment of the
      invention.
PAR  FIG. 13 is a radial cross-sectional view of still another embodiment of the
      invention.
PAR  FIG. 14 shows a general arrangement of the exhaust system of an internal
      combustion engine being equipped with an embodiment of the invention of
      second type in which a part of the cleaned exhaust gases is returned to
      the suction side of the engine.
PAR  FIG. 15 shows an example of the embodiment of the second type in section
      along the longitudinal axis thereof.
PAR  FIG. 16 shows the cross section along the XVI--XVI line of FIG. 15.
PAR  FIG. 17 shows a filter element as used in the example of FIGS 15 and 16
      partially in cross-section.
PAR  FIG. 18 shows a further example of the embodiment of the second type in
      section along the longitudinal axis.
PAR  FIG. 19 shows an example of the embodiment of the third type in which a
      by-pass is provided for directly connecting the outlet port to the first
      chamber, the gas flow through the by-pass is controlled by a control
      valve.
PAR  FIGS. 20 and 21 are graphs showing relationships between the torque of the
      engine and the engine revolutions.
PAR  FIG. 22 shows an electric circuit for controlling and actuating the control
      valve.
PAR  FIG. 23 shows a further example of the embodiment of the third type in
      section along the longitudinal axis.
PAR  FIG. 24 shows a still further example of the embodiment of the third type
      in section along the longitudinal axis.
PAR  FIG. 25 is a cross-sectional view along the line XXV--XXV of FIG. 24.
PAR  FIG. 26 shows an important portion of a still further example of the third
      type.
PAR  FIG. 27 shows a still further example of the embodiment of the third type
      along the axis line.
PAR  FIG. 28 shows a still further example of the embodiment of the third type
      along the axis line.
PAR  Referring to FIG. 1, the numeral 1 designates an internal combustion
      engine, 2 and 4 are gaskets, 3 points to an exhaust gas cleaning device of
      the present invention and 5 designates an exhaust pipe.
PAR  The engine 1 comprises a piston 7 which is adapted for reciprocating within
      a cylinder 6. The reciprocating motion of the piston 7 is converted into a
      rotational movement through a connecting rod 8 and a crank mechanism 9.
PAR  A suction port 11 and an exhaust port 12 are formed in the cylinder 6 and
      are provided with a suction valve 13 and an exhaust valve 14,
      respectively.
PAR  The gases generated through the combustion in the combustion chamber 10 are
      exhausted through the exhaust port 12 during the opening phase of the
      exhaust valve 14.
PAR  The engine under discussion is supposed to have four cylinders, and
      accordingly four ports and four valves.
PAR  The exhaust cleaning device 3 is attached to the engine 1, merely through
      the medium of the gasket 2 in such a manner that each inlet port of the
      device 3 (these ports will be described later) directly communicates with
      the corresponding exhaust port of the engine, respectively. In other
      words, the exhaust gas cleaning device 3 is attached to the engine as if
      the device 3 were an exhaust manifold. The device 3 is connected to the
      exhuast pipe 5 through the medium of the gasket 4 so that the outlet port
      (this will be described later) of the device communicates with the exhaust
      pipe 5. The device 3 is fully illustrated in FIGS. 2 through 4.
PAR  In the Figures, the body of the device 3 is generally designated at 15.
PAR  The body 15 includes a cylindrical casing 16 one of the open ends of which
      has a flange 16a.
PAR  A cap 17 is fixed to the flange 16a through a ring-like gasket 18 by bolts
      17a to close said open end of the casing 16.
PAR  Numeral 19 designates a disc-like guide plate having a large central port
      19a.
PAR  An end plate 20 consists of a cylindrical portion 20a and a bottom plate
      portion 20b, and is fixed to the other open end of the casing 16 by means
      of, for example, welding.
PAR  The cylindrical portion 20a of the end plate 20 is cut away over a certain
      length to provide a passage 20c for the gases.
PAR  The end plate 20 also defines a passage space 21, cooperating with the
      guide plate 19.
PAR  A left-hand side wall 22 is secured to the outer surface of the casing 16
      over a certain circumferential length of the casing 16, while a right-hand
      side wall 23 is welded to the bottom plate 20b at portion where the
      passage 20c is provided.
PAR  Numerals 24 and 25 (See FIG. 3) designate upper and lower walls,
      respectively, whic are secured to the outer surface of the casing 16, to
      the outer surface of the cylindrical portion 20a of the end plate 20, as
      well as to the left-hand and right-hand side walls 22, 23, by means of for
      instance welding.
PAR  A flange 26 is secured to the walls 22, 23, 24 and 25 by, for example,
      welding and is maintained a suitable distance between itself and the
      casing 16. This flange has four inlet ports 27 which are disposed in
      parallel with the axis of the casing 16 and are spaced so that they may
      correspond to the exhaust ports 12 of the engine 1 to which the body 15 is
      to be attached.
PAR  The body 15 can be attached to engine 1 by means of bolts 31 which
      penetrate the assembly apertures 26a, with the gasket 2 interposed
      therebetween, whereby each inlet port 27 communicates directly with the
      corresponding exhaust port 12 of the engine 1.
PAR  An inlet space 28 is defined by casing 16, left-hand and right-hand side
      walls 22, 23, and upper and lower wall 24, 25, which communicate at one
      end to the inlet ports 27 and at the other end to the passage space 21 via
      passage 20c.
PAR  An outlet port 29 is provided in the casing 16, for the communication with
      an outlet pipe 30 which is connected to the exhaust pipe 5.
PAR  The connection of the outlet pipe 30 to the exhaust pipe 5 is made through
      flange 30a in which a plurality of assembly apertures 30b are provided.
PAR  The body 15 including the above described elements can be produced
      unitarily by molding or casing.
PAR  Preferably, the body 15 is enveloped by a heat insulating material as will
      be described later.
PAR  A cylindrically formed filtering element 33 comprises an inner cylindrical
      wall 34 and an outer cylindrical wall 35 which have a plurality of through
      holes 34a and 35a, respectively.
PAR  Left hand and right-hand end plates 36 and 37 are secured to the axial ends
      of both cylindrical walls 34 and 35 so as to close the annular openings
      between these two cylindrical walls.
PAR  Filtering material 38 is disposed within the annular space which is defined
      by the cylindrical walls 34, 35 and end plates 36, 37.
PAR  The filtering element 33 thus constructed is disposed within the casing 16
      in such a manner that the left-hand end plate 36 is fixed to the cap 17
      through the gasket 18 and that the right-hand end plate 37 is fixed to the
      guide plate 19 through a ring-like gasket 39. Accordingly, the space
      within the casing 16 is devided into two chambers, one of which is inner
      chamber 40 defined within the inner cylindrical surface of the filtering
      element 33, while the other is an outer chamber 41 defined between the
      outer cylindrical surface and the inner surface of the casing 16.
PAR  The central port 19a of the guide plate 19 has a diameter almost equal to
      the inner diameter of the filtering element 33.
PAR  The inner chamber 40 communicates with the passage space 21 through the
      central port 19a, while the outer chamber 40 communicates with the outlet
      pipe 30 through the outlet port 29.
PAR  The filtering material 38 may be fabricated from gauze wire of stainless
      steel or a porous body of ceramic material, or similar heat resistant
      material.
PAR  When the gauze wire of stainless steel is employed as the filtering element
      38, it is preferable to corrugate the gauze wire in the circumferential
      direction along the cylindrical walls 34, 35 in such a manner that each
      valley and each top ridge of the corrugation are fixed to the cylindrical
      walls 34, 35. With respect to this corrugation, the detail will be
      described later in connection with another embodiment of the invention.
PAR  When the ceramic material is to be used, it is possible to eliminate the
      cylindrical walls 34, 35 by forming the ceramic in a cylindrical shape of
      a self supporting nature.
PAR  The installation of the filtering element 33 into the casing 16 can be
      conveniently, effected by removing the cap 17.
PAR  Since the inner chamber 40 communicates with the passage space 21 and inlet
      space 28, the chamber 40 and the spaces 21, 28 can be considered as
      constituting a single space. Therefore, the space within the body 15 is
      divided into two spaces or chambers.
PAR  Thus, the chamber including the inner chamber 40, passage space 21 and
      inlet space 28 will be hereinafter referred as "first space," while the
      outer chamber 41 will be called "second space."
PAR  In operation, the exhaust gases are directly fed into the inlet space 28
      through the inlet port 27 as shown by an arrow a when the corresponding
      cylinder 6 of the engine 1 is at exhausting stroke. Assuming that the load
      applied to the engine is heavy, the temperature of the exhaust gases is
      high enough to burn the carbon particles, so that a part of the carbon
      particles or the like contained in the gases are burned away as it passes
      the inlet space 28. It will be understood that the inlet space 28 provides
      a field of high temperature which is suitable for the burning.
PAR  The inventors have confirmed through a series of experiments that the
      burning of the carbon particles is commenced at a temperature as low as
      about 500.degree.C, and that 10 to 15 percent of the particles are burned
      away at the inlet space 28 when the engine is operated at full load.
PAR  When the load applied to the engine is low, the exhaust temperature is
      relatively low, so that almost all of the carbon particles is passed
      through the inlet 20c and the passage space 21 into the inner chamber 40
      as shown by an arrow b without being burned.
PAR  The gases which reach the inner chamber 40 then flow through the filtering
      element 33 as shown by an arrow c, during which the carbon particles or
      the like contained in the gases are conveniently caught by the filtering
      material 38 which is made of stainless steel gauze wire or a porous body
      of ceramic as aforementioned, whereby the gases which are free from those
      carbon particles or the like are passed through to the outer chamber 41
      and emitted into the atmosphere through outlet port 29, outlet pipe 30 and
      then the exhaust pipe 5.
PAR  During heavy load phase of the engine, the exhaust temperature is so high
      that the inlet chamber is maintained at a high temperature, as a result of
      which the filtering element is heated up to a temperature high enough to
      burn the carbon particles or the like which have been caught by the
      filtering material 38.
PAR  Thus, the carbon particles or the like clogging the filtering element 33
      are completely burned out whereby the function of the filtering element 33
      is restored.
PAR  It will be understood that, even if the engine were operated at low load
      for a while thereby clogging the element with the carbon particles, a
      subsequent full load operation of the engine would surely enable the
      filtering element to be renewed, i.e. recovered.
PAR  Since the construction is such that the exhaust gases slow through the
      inlet space 28 and then through the passage space 21 to the filtering
      element, and that the filtering element 33 of large heat capacity disposed
      in the inner chamber 40 can be maintainend at a higher temperature than
      the inlet space 28, the burning of the carbon particles is enhanced in the
      inner chamber 40 and in the filtering element 33 so that the recovery of
      the clogged filtering element 33 becomes very easy.
PAR  The inventors have confirmed through experiments that the temperature at
      the inner chamber 40 can be maintained at a temperature which is higher
      than the temperature at the inlet space by 40 to 120.degree.C. This means
      that the heat energy existing in the exhaust gases is effectively
      utilized.
PAR  As aforementioned, the carbon particles or the like, which is so called
      smoke is thick especially in diesel engines. FIG. 5 shows the result of
      the test conducted on a diesel engine to seek the relationship between the
      smoke thickness and the engine revolutions at full load operation. In the
      diagram, abscissa is plotted in accordance with engine revolutions in
      R.P.M., while the ordinate is plotted in according to the smoke thickness
      in Bosch scale.
PAR  The curve d represents the smoke thickness of the engine which comprises a
      conventional exhaust system, while the curve e represents the smoke
      thickness of the engine having the exhaust gas cleaning device of the
      present invention.
PAR  It will be understood that the exhaust gas cleaning device of the invention
      is highly effective in reducing the smoke thickness at each engine speed.
      It has been confirmed through the experiments also that the exhaust
      cleaning device of the invention does not affect the engine performance.
PAR  FIG. 6 shows the second embodiment of the invention. In this second
      embodiment, a plurality of through holes 19a' is provided at the
      peripheral edge of the guide plate 19', through which the outer chamber 41
      within the casing 16' communicates with the passage space 21 and the inlet
      space 28.
PAR  The cap 17' comprises an outlet port 29' which is connected to the outlet
      pipe 30'.
PAR  A cylindrical projection 19b' formed in the guide plate 19' and the portion
      of the outlet pipe which projects inwardly of the case 16 cooperates to
      correctly centralize the filtering element 33.
PAR  The outer surface of the body 15 is covered with an heat insulating layer
      42 so as to prevent the heat from escaping to the ambient air.
PAR  Preferably, a cover 43 is provided over the body 15 with a certain gap left
      therebetween for accomodating the insulating material 42.
PAR  It will be apparent that the device of the first embodiment may comprise
      this heat insulating construction.
PAR  In this second embodiment, the first space consists of the inlet space 28,
      passage space 21 and the outer chamber 41, whereas the second space is
      constituted by the inner chamber 40, so that the gases pass the filtering
      element 33 from outside to inside.
PAR  Although the direction of the gas flow is contrary to the case of the first
      embodiment, the carbon particles can be removed from the exhaust gases as
      well.
PAR  FIGS. 7 and 8 show the third embodiment of the invention.
PAR  In this embodiment, the inlet space 28 directly communicates with the outer
      chamber 41. Thus, the casing 16" is cut away over a certain
      circumferential length so as to provide a passage 16"a for the gases. The
      open ends of the casing 16" are closed by left-hand side plate 17" and
      right-hand side plate 19", respectively. Left-hand wall 22 and right-hand
      wall 23, as well as upper and lower walls 24, 25 are provided so as to
      define the passage 16"a. The filtering element 33 is disposed within the
      casing 16" concentrically therewith so as to define the inner chamber 40
      and the outer chamber 41. Thus, the inlet space 28 and the outer chamber
      41 constitute the first space, whereas the inner chamber 40 constitutes
      the second space.
PAR  The outlet port 29" is formed in the left-hand side plate 17" which
      receives the end portion of the outlet pipe 30.
PAR  The casing 16" is preferably assembled from some sections so as to make it
      possible to install the filtering element 33 within the casing 16".
PAR  The casing 16", the left-hand and right-hand walls 22, 23 and the upper and
      lower walls 24, 25 are coated with heat insulating material 42.
PAR  In operation, the gases exhausted from the exhaust ports 12 are fed through
      the inlet ports 27, the inlet space 28 and the passage 16"a as shown by an
      arrow a, to the outer chamber 41. The gases then pass through the
      filtering element 33 toward the inner chamber 40, as illustrated by an
      arrow c, during which the carbon particles or the like are removed in
      almost the same manner as in the case of the first embodiment.
PAR  FIG. 8 shows the filtering element 33 having filtering material 38' which
      is made of stainless steel gauze wire. Cylindrical inner and outer walls
      34, 35 are disposed concentrically with each other with a certain radial
      distance left therebetween for accomodating the corrugated filtering
      material 38'. The valleys and crests of the corrugation are fixed to the
      inner or outer cylindrical wall 34, 35. The two cylindrical walls comprise
      a plurality of through holes for passing the gases, respectively.
PAR  It will be understood that the working surface of the filtering element is
      greatly increased for a given volume of the element because of the
      corrugation of filtering material 38', so that the cleaning effect can be
      greatly enhanced.
PAR  However, as far as the construction of FIGS. 7 and 8 are concerned, the
      filtering element 33 tends to be contaminated especially at the portion
      facing the inlet space 28 because almost all of the exhaust gases are
      likely to pass through this portion. Therefore, the filtering element is
      likely to be damaged at this portion, resulting in shorter service life.
PAR  This problem can however be solved in the following manner. Namely, in the
      fourth embodiment as illustrated in FIG. 9, the filtering element 33 is
      disposed such a manner that the center thereof is offset from the center
      of the casing 16" in the direction away from the inlet space 28. In this
      construction, the exhaust gases do not concentrate in a limited zone on
      the filtering element but can spread widely so that the local
      contamination of the filtering element is avoided.
PAR  In the fifth embodiment as illustrated in FIG. 10, the filtering element is
      disposed excentrically in the same manner as in the case of FIG. 9, and in
      addition, no through hole is provided in the outer cylindrical wall 35 at
      the portion facing the inlet space 28. Accordingly, the exhaust gases fed
      through the inlet space 28 are baffled by the outer cylindrical wall 35 to
      flow along the wall 35 as shown by an arrow b and then enter into the
      filtering element 35 in a more even manner, whereby the unfavourable local
      contamination of the filtering element 33 is avoided.
PAR  Preferably, the crests of the corrugated filtering material at the portion
      nearest to the inlet space 28 are kept separated from the inner surface of
      the outer cylindrical wall 35 so that the gas may pass through the gap
      between the crests and the cylindrical wall 35.
PAR  In the sixth embodiment as shown by FIG. 11, the filtering element is
      disposed excentrically as is the case of FIG. 9, and in addition baffle
      plates 44 are fixed to the outer cylindrical wall 44 at the portion facing
      the inlet space 28. These baffle plates may be flat or arcuate. These
      baffle plates are orientated in a tangential direction of the outer
      cylindrical wall 35 or bent outwardly, so as to cover the through holes
      35a behind the baffling plate.
PAR  In the seventh embodiment as shown by FIG. 12, a baffling plate 44' is
      disposed between the inlet space 28 and the cylindrical wall 35.
PAR  It will be understood that the baffling plates 44, 44' enable the exhaust
      gas to enter the filtering element evenly therearound whereby the local
      contamination of the filtering material 38' is substantially avoided.
PAR  The eighth embodiment is shown in FIG. 13.
PAR  In this embodiment, the filtering element 33 is disposed within the casing
      16" concentrically therewith. This embodiment is characterized in that the
      inlet space 28 is connected to the outer chamber 41 in a tangential
      direction of the latter. To this end, the left-hand and the right-hand
      side walls (not shown) and the upper and lower walls 24, 25' are secured
      to the casing 16" in such a manner that the inlet space 28 defined by
      those walls is orientated tangentially with respect to the casing 16".
PAR  In the construction as illustrated in FIG. 13, the lower wall 25 projects
      inwardly of the casing 16" to reach the outer cylindrical wall 35.
PAR  Therefore, the exhaust gases flow circumferentially along the inner surface
      of the casing 16" and gradually enters the filtering element 33, whereby
      the distribution of the gases over the filtering element becomes even and
      the local contamination is avoided.
PAR  Now the description will be made with respect to the embodiments of the
      second type in which the exhaust gases which have been cleaned by the
      device of the invention are returned to the suction side of the engine.
      Such a system for recirculating the exhaust gases is known as an E.G.R.
      system, which is effective in cleaning the exhaust emissions from the
      internal combustion engines.
PAR  In the E.G.R. system, the recirculation of the exhaust gases is controlled
      upon detecting the mode of engine operation, especially the load applied
      to the engine. It has been pointed out that the suction side of the engine
      is likely to be contaminated by the carbon particles or the like which are
      contained in the returned exhaust gases, whereby the engine performance is
      considerably affected and the wear of the cylinder is greately increased.
      In this connection, the present invention provides a particular effect to
      avoid such shortcomings in the E.G.R. systems, by removing the carbon
      particles or the like from the exhaust gases to be returned to the suction
      side of the engine.
PAR  FIG. 14 shows a general arrangement of the E.G.R. system, in which the
      exhaust cleaning device of the invention is incorporated.
PAR  The system of FIG. 14 is almost the same as the system of FIG. 1, except
      that a by-pass pipe 107 is provided for connection between the exhaust gas
      cleaninng device 103 and the suction manifold 102 of the engine. A valve
      108 is provided at an intermediate of the pipe 107, and is adapted to be
      controlled in accordance with the variation of the engine speed and the
      load applied to the engine. A fan 109 is provided for cooling the exhaust
      gases in the by-pass pipe 107. To this end, radiation fins 107a are
      provided at the surface of the by-pass pipe 107 at the portion facing the
      fan 109.
PAR  Supposing that the engine 1 is a diesel engine, the fresh air is fed
      through the air cleaner 103 and then through the suction manifold 102, to
      the cylinder 6, whereas the fuel is directly injected into the cylinder 6
      for the combustion.
PAR  Supposing that the engine 1 is a gasoline engine, the fuel and air mixture
      are generated in a carburetor (not shown).
PAR  The gases generated during the combustion in the cylinder 6 are fed into
      the exhaust cleaning device 103, where the gases are cleaned and emitted
      from the exhaust pipe 5. However, when the valve 108 is opened, a portion
      of the cleaned exhaust gases is returned to the suction manifold 102 of
      the engine through the by-pass pipe 107.
PAR  The opening and closing motion of the valve 108, and the opening degree of
      the valve 108 are controlled in accordance with the variations in the
      engine speed and the load applied to the engine.
PAR  The first example of the device 103 as employed in the E.G.R. system is
      shown by FIG. 15.
PAR  The whole construction of the cleaning device body 15 is almost same with
      those of the device as explained before, except that the inner chamber 40,
      which is defined within a filtering element 45 having annular
      cross-section, communicates with the by-pass pipe 107 through the port
      20'a formed in an end plate 20'. Numeral 136 designates a support for the
      filtering element 45, having a cylindrical shape with at least one through
      hole 136a. The open end of the support 136 is fixed to a left-hand side
      plate 17'" so as to surround the outlet port 29'" formed in the plate
      17'". The support 136 comprises at its closed end a protrusion 127 which
      is adapted for locating and holding the left-hand end plate 36 of the
      filtering element 45.
PAR  FIG. 17 shows the filtering element having a filtering material 38' of
      stainless steel gauze wire. In this element, between the left-hand and the
      right-hand end plates 24 and 25, there are provided inner and outer
      cylindrical walls 34 and 35. The annular spaces between those two
      cylindrical walls 34 and 35 receive the filtering material 38' of
      stainless steel gauze wire of for example 500 meshes.
PAR  The filtering material 38' is folded in a circumferential direction along
      the cylindrical walls 34 and 35. The cylindrical walls 34 and 35 reaction
      plates, as well as a support for the gauze wire.
PAR  The end plates 36, 37 and the cylindrical walls 34, 35 are bonded to one
      another by a heat resistant inorganic adhessive.
PAR  The corrugated filtering material 38' can also be bonded to those plates
      36, 37 and walls 34, 35 by the adhesive.
PAR  It will be understood that the filtering element 45 divides the space
      within the casing 16" into two spaces, the first space includes the outer
      chamber 41 and inlet space 28 while the second space consists of inner
      chamber 40.
PAR  The first space communicates with the inlet ports 27 and the outlet port
      29'", whereas the second space communicates with the by-pass pipe 107.
PAR  The density of the NOx in the exhaust gases, which can be reduced by the
      E.G.R. system, is maximized at almost 75% load.
PAR  When the load applied to the engine reaches the above value when the
      density of NOx is thick, the valve 108 is opened to permit the
      recirculation of the exhaust gases through the by-pass pipe 107. Since the
      exhaust gases must pass through the filtering element 45 before they reach
      the second space to which the by-pass pipe 107 communicates, the gases
      returned to the suction manifold have been freed of carbon particles or
      the like by the filtering material 38'.
PAR  Therefore, carbon particles or the like, which would contaminate the
      suction side of the engine and increase the wear of the cylinder liner,
      are never returned to the suction side.
PAR  In the example as illustrated by FIG. 15, the exhaust gases which are not
      returned to the suction side of the engine are never cleaned and scattered
      into the atmosphere.
PAR  However, in the example as shown by FIG. 18, the gases to be scattered are
      also cleaned by the filtering element 33 which is provided to divide the
      first space into two sections.
PAR  The filtering element 33 may be disposed in almost same manner as in the
      cases of FIGS. 6 through 13. It will be seen from FIG. 18 that the first
      space is divided into two sections, the one communicates to the inlet
      ports 27 while the other communicates to the outlet ports 29'". Therefore,
      the gases to be returned to the suction side of the engine must pass
      through two filtering elements 33 and 45, whereby highly cleaned gases are
      returned to the suction side of the engine, whereas the gases which are to
      be discharged into atmosphere are cleaned considerably by the filtering
      element 33.
PAR  Hereinafter, explanation will made of the embodiments of the third type, in
      which a passage is provided for by passing the filtering element.
PAR  In order to obtain a longer service life of the exhaust cleaning device, it
      is preferable to make the exhaust gases pass through the filtering element
      only during a predetermined phase of engine operation, which phase would
      actually necessitate the cleaning of the exhaust gases. In other words, it
      is not only useless but also inconvenient that the exhaust gases are
      forced to pass through the filtering element when the engine is under such
      condition that very little amounts of carbon particles or the like are
      contained in the exhaust gases.
PAR  Referring to FIG. 19, the space within the casing 16" is divided into two
      spaces by the filtering element 33 as in the case of foregoing
      embodiments.
PAR  The first space communicates with the inlet ports 27 and includes the inlet
      space 28 and the outer chamber 41, whereas the second space communicates
      with the outlet pipe 30" and consists of inner chamber 40.
PAR  A by-pass port 19'a is provided in the guide plate 19' for by-passing the
      filter element 33 and making those two spaces directly communicate with
      each other. A valve seat 19'b is formed in the bypass port 19'a for
      cooperating with the by-pass valve 236. The by-pass valve 236 includes a
      conical valve head 236a for engaging with the valve seat 19'b and a stem
      236b carrying the head 236a. The stem 236b penetrates the right-hand side
      wall 20" and the outer cover 43, being supported by a bearing 237 which
      acts as a seal for preventing the gases from escaping. A flange 236b' is
      formed at near the end of the stem 236b, against which a compression
      spring 38 is pressed so that the valve head 236a may be moved to separate
      from the valve seat 19'b. A plunger 239 of ferromagnetic material is fixed
      at the end of the stem 236b.
PAR  The numeral 240 designates a coil retainer for retaining a magnet coil 241,
      and includes a cylindrical portion 240a which is secured to the outer
      cover 43 by means of, for example, a welding, and a supporting portion
      240b which is screwed to the cylindrical portion 240a.
PAR  The cylindrical portion 240a is not ferromagnetic, but the supporting
      portion 240b is made of ferromagnetic material. The supporting portion
      240b is adapted for receiving the plunger 239 by the bore 240b'. The coil
      241 is disposed within the recess formed in the bore 240b'.
PAR  Numeral 242 designates a cover for the valve 236 and is formed in a
      cup-like shape with its open end being attached to the outer cover 43 by,
      for example, a welding.
PAR  The cover 242 is provided with a cooling water inlet pipe 243 and a cooling
      water outlet pipe 244 for filling the space between the coil retainer 240
      and the cover 242 with cooling water of the engine for the purpose of
      cooling the coil retainer 240 and the coil 241.
PAR  The construction is such that when the coil 241 is energized the valve head
      236a engages the valve seat 19'b against the biasing force of the spring
      238, to close the by-pass passage.
PAR  A thermal switch 245 is provided so as to detect the exhaust temperature in
      the exhaust pipe 30". The thermal switch 245 may be such a conventional
      one as a binetal or a wax which inflates as the temperature gets higher,
      and is set to close the contact when the exhaust temperature exceeds, for
      example, 600.degree.C.
PAR  The numeral 246 designates a switch for detecting the load applied to the
      engine, which may be a conventional micro switch positioned to be opened
      or closed according to the position of the acceleration pedal 247. The
      switch 246 is set so as to close when the pedal 247 is advanced to a
      position which corresponds to in excess of 75 % load. The electrical
      source 248 may be a battery when the engine is for automobiles.
PAR  Thermal switch 245 and the load detecting switch 246 are made parallel with
      each other, each of which being in series with the source 248 and the coil
      241, so that the coil 241 may be energized when either one of the switches
      245 and 246 is closed.
PAR  When the exhaust temperature within the exhaust pipe exceeds 600.degree.C
      and/or when the load applied to the engine exceeds 75 % load, the coil 241
      is energized to close the by-pass passage, whereby the exhaust gases are
      forced to pass through the filtering element 33. Generally speaking, the
      amount of carbon particles or the like is large when the load applied to
      engine is high.
PAR  However, because of the load detecting switch 246 which acts to close the
      valve 236 when the load is heavy, the particles are conveniently caught by
      the filtering element during this heavy load phase.
PAR  When the exhaust temperature is higher than 600.degree.C, the valve 236 is
      closed whereby the heat energy of the high temperature gases are utilized
      for burning the carbon substances or the like.
PAR  When the engine is operated at relatively light load with relatively low
      exhaust temperature, the valve 236 is kept opened so that the gases may
      flow from the first space to the second space directly, whereby the
      filtering element 33, especially the filtering material 38' is prevented
      from being unnecessarily heated. It may be recalled that when the load
      applied to the engine is low and when the exhaust temperature is low, the
      amount of carbon particles or the like is so small that there is no need
      for removing those particles.
PAR  In the diagram of FIG. 20, the curve K represents the maximum torque at
      full load engine operation for each engine revolution of a diesel engine.
      The curve m represents the torque value for each revolution at which
      torque the smoke density in the exhaust emissions is reduced to a
      predetermined level. The curve 1 represents the torque value for each
      revolution when the exhaust cleaning device is employed, at which torque
      the smoke density in the exhaust emissions is at the same predetermined
      level.
PAR  Under this circumstance when the load on the engine is such that the smoke
      density in the exhaust gases is lower than a predetermined level, the
      by-pass valve 236 is opened by the load detecting switch 246 which is
      opened or closed in accordance with the position of the accelerating pedal
      247, so that the exhaust gases are allowed to flow through the by-pass
      passage.
PAR  It will be understood that by making the gases by-pass the filtering
      element 33 at such low load engine operation, the filtering element 33
      lasts for a longer period and the clogging of the filtering element is
      prevented. In FIG. 20, the zone N represents the phases when the by-pass
      valve 236 is opened, and this zone corresponds, for example, to phases
      when the engine load is below 75%. It should be noted that even when the
      exhaust valve 236 is opened, the filtering element 33 is kept heated
      because the exhaust gases of considerably high temperature contact the
      filtering element even when they flow passing through the by-pass passage.
PAR  Thus the heated filtering element acts as a heat accumulator to enhance the
      burning of the carbon particles or the like.
PAR  As aforementioned, when the exhaust temperature exceeds a predetermined
      level, for example 600.degree.C, as a result of continued engine operation
      at heavy load, the thermal switch 245 is closed to shut the by-pass valve
      236. The curve 0 in the diagram of FIG. 21 represents torque value for
      each engine revolution, at which torque value the exhaust temperature
      reaches the predetermined level, i.e. 600.degree.C.
PAR  Therefore, the by-pass value 236 is opened when the engine is at phases
      corresponding to the zone P in FIG. 21, when the valve 236 is adapted to
      be controlled upon detecting both of engine load and exhaust temperature
      as described.
PAR  It is of course possible to control the valve 236 upon detecting only the
      engine load so as to catch the carbon particles or the like which would
      increase at heavy load engine operation.
PAR  However, in order to burn the carbon particles or the like, it is
      preferable to close the valve 236 also when the exhaust temperature is
      high, as described above.
PAR  By doing so, the particles caught in the filtering element 33 are
      effectively burned when the exhaust temperature is higher than
      600.degree.C, even if the engine load is at below 75%, whereby the
      filtering element is conveniently recovered.
PAR  It is still possible to arrange the thermal switch 245 and the load
      detecting switch 246 in series so that the by-pass valve 236 may be closed
      only when both of the engine load and the exhaust temperature exceed their
      respective predetermined levels. By doing so, the filtering element 33
      becomes available for longer period since the filtering element 33 is
      passed by the gases only for a short period during which two requirements
      for the load and the temperature are satisfied.
PAR  As aforementioned, the burning of the particles at the inlet space has been
      observed to commence when the exhaust temperature reaches up to
      500.degree.C.
PAR  However, since no free space which is required for the burning is provided
      in the filtering element 33, the exhaust temperature must be somewhat
      higher than 500.degree.C in order to obtain a good burning of the clogging
      particles at the filtering element 33, and this is the reason why the
      thermal switch 245 is set to close at 600.degree.C.
PAR  In the first example as described above, the coil 241 is conveniently
      cooled by the cooling water for the engine 1, which is supplied into the
      space defined by the coil retainer 240 and the cover 242.
PAR  The load detecting switch 246 may, instead of being interlocked with the
      pedal 247, be interlocked with the rack of the fuel injection pump when
      the engine 1 is a diesel engine, or may be interlocked with an air
      restricting valve of the fuel injection pump when said pump is equipped
      with an air type governer (This governer is known to shift the rack upon
      detecting a vacuum in a venturi formed in the suction pipe).
PAR  It is possible to utilize a heat sensor such as a thermistat or the like
      for detecting the exhaust temperature. In such a case it is necessary to
      provide an electric circuit for comparing the output signal with the
      preset value. FIG. 22 shows an example of such a circuit. In FIG. 22,
      numeral 245' designates a thermistat and 250 designates a circuit for
      comparison. The circuit 250 includes divided resistance 251, 252 for
      setting the preset value, a resistance 253, comparator 254, a transistor
      255, and a diode 256 for absorbing the reverse power generated by the coil
      241.
PAR  When the temperature detected by the thermistat 245' exceeds the preset
      value which is determined by the ratio between the resistances 251, 252,
      the resistance value in the thermistat 245' is reduced upon which the
      comparator 254 acts to turn the transistor 255 to on, whereby the coil 241
      is energized.
PAR  FIG. 23 shows the second example of the third type. This example is almost
      the same as the first one as described with reference to FIG. 19, except
      that the by-pass valve 236 is operated mechanically. The plunger 239 is
      projected from the supporting portion 40b of the coil retainer 240, said
      projected portion of the plunger 239 having a slot 239a for engaging with
      a pin 257a which is provided at one end of a lever 257.
PAR  The lever 257 is pivoted at its center by the coil retainer 240 through a
      pin 258, with its one end being connected to a wire 59 which wire 59 in
      turn is connected to an end of a U shaped lever 61. The U shaped lever 61
      is pivoted by a pin 60 and is adapted to be rotated around the pin 60 in
      accordance with the position of the acceleration pedal 247. Accordingly,
      the by-pass valve 236 is moved in accordance with the position of the
      acceleration pedal 247, i.e. in accordance with the load applied to the
      engine.
PAR  Since the slot 239 has a substantial length in the axial direction of the
      valve 236 to provide a certain lost motion, the magnet coil 241 can
      actuate the valve 236 independently of the position of the acceleration
      pedal 247.
PAR  It will be understood that the U shaped lever 261 may be associated with a
      rack of the fuel injection pump.
PAR  FIGS. 9 and 10 show a third example of the third type. In this embodiment,
      a pipe 262 opens at the first space within the casing.
PAR  The pipe 262 is connected to a linear pipe 263 which comprises a enlarged
      portion 263a at the center thereof. The linear pipe 263 is in turn
      connected to another pipe 265 which is in turn connected to the exhaust
      pipe 30".
PAR  These pipes are assembled by means of bolts 264 and 266 at respective
      flanges.
PAR  It will be understood that those pipes 262, 263 and 265 in series
      constitute a by-pass passage for by passing the filtering element.
PAR  A disc-like by-pass valve 236' of the butterfly type is disposed within the
      enlarged portion 263a of the linear pipe 263. This valve is supported
      rotatably by a shaft 236'a. The portion of the shaft 236'a which projects
      outwardly of the pipe 263 carries a lever 236'b which is associated with
      an electro-magnetic means 241' in a known manner.
PAR  The electro-magnetic means 241' has a construction similar to that of the
      first and second examples, and is adapted to rotate the valve 236' by
      attracting the lever 236'b upon energization of a magnet coil.
PAR  A torsion spring 267 is provided surrounding the shaft 236'a which exerts a
      force on the lever 236'b to bias the valve towards the full opening
      position.
PAR  Accordingly, the by-pass valve 236' usually assumes the fully opened
      position, and is rotated to the closing position as illustrated by full
      line in FIG. 9 when the electro-magnetic means 241' is energized. The
      electrical power is supplied to the electro-magnetic means 241' in the
      same manner as the foregoing examples, excepting that the thermal switch
      245' is provided at the inlet space 29.
PAR  It will be understood that when the by-pass valve 236' is opened almost all
      of the exhaust gases flow through the by-pass passage without passing
      through the filtering element 33, and when the by-pass valve is closed the
      gases are forced to pass through the filtering element to be got rid of
      the the carbon particles or the like.
PAR  The electro-magnetical means 241' may be substituted by an electric motor.
PAR  The adoption of the butterfly type valve makes it easy to control the
      quantity of the gases passing through the by-pass valve analogously in
      both electrical and mechanical ways.
PAR  FIG. 26 shows the fourth example of the third type in which the opening
      degree of the by-pass valve 236' is controlled analogously in accordance
      with the load mechanically. that
PAR  The U shaped lever 261 is pivoted by a pin 260 and is adapted to be rotated
      as the accelerating pedal 247 advances. A wire 259 is connected to one end
      of the U shaped lever 261 at its one end, and connected to a lever 236'b
      at its other end. Thus, the opening degree or passage area of the valve
      236' is varied in accordance with the rotational movement of the shaft
      236'a so thaat the flow rate of the exhaust gases through the by-pass
      passage is analogously controlled in accordance with the position of the
      acceleration pedal, i.e. the load applied to the engine.
PAR  FIG. 27 shows the fifth example of the third type. In this example, the
      first space includes the inlet space 28 and the outer chamber 41, while
      the second space is constituted by the inner chamber 40. The pipe 262
      which constitutes a portion of the by-pass passage communicates with the
      outer chamber 41 which constitutes a portion of the first space. In this
      construction, the gases introduced to the cleaning device as an arrow a
      flow around the filtering element 33 and escapes from the by-pass passage
      as an arrow e when the valve 236' is opened.
PAR  On the contrary, when the valve 236' is closed, the gases are forced to
      flow through the filtering element as an arrow c, whereby the carbon
      particles or the like are caught by the filtering element 33.
PAR  In the foregoing examples, a small quantity of the gases unavoidably flow
      through the filtering element, even when the by-pass valve is kept fully
      opened. Although this problem is not usually serious because the carbon
      particles or the like are lean when the by-pass valve is kept opened, this
      may cause a clogging of the filtering element since the exhaust
      temperature is not high enough to burn the carbn particles.
PAR  Therefore, it is required that the gases never pass through the filtering
      element when the by-pass valve 236' is kept opened.
PAR  In the sixth example as shown by FIG. 28, the filter is improved in that
      the exhaust gases never pass the filtering element when the by-pass valve
      236' is kept opened.
PAR  As clearly seen from FIG. 28, the first space is constituted by the inlet
      space 28, the passing space 21' and the inner chamber 40, whereas the
      second space is constituted by the outer chamber 41.
PAR  Those two spaces are separated from each other by the filtering element 33.
PAR  The exhaust pipe 30" is disposed to open in the outer chamber 41 facing the
      cylindrical wall of the filtering element 33.
PAR  As clearly seen from the Figure, the gases which flow through the inner
      chamber are not baffled or interrupted by the wall of the filtering
      element, so that the exhaust gases do not pass through the filtering
      element when the by-pass valve 236' is kept opened.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An exhaust gas cleaning device for an internal combustion engine,
      comprising a casing adapted to be directly attached to the engine and
      having inlet ports corresponding in number to the number of cylinders of
      the engine from which exhaust gas is coupled to said device, said device
      including at least two outlets, said inlet ports each being adapted to be
      directly connected to a corresponding exhaust port of said cylinder; a
      tubular filtering element disposed in said casing to divide the space
      within said casing into two spaces, said filtering element being pleated
      circumferentially, one of said two spaces being communicated with one of
      said two outlets and with said inlet ports, the other of said two spaces
      being communicated with the other of said two outlets and being
      communicated through said filtering element with said one of the two
      spaces; and means connected to said one of the two outlets for controlling
      the amount of gas passing through said one of the two outlets.
NUM  2.
PAR  2. An exhaust gas cleaning device as claimed in claim 1, wherein said
      controlling means is operative in response to the temperature of the
      exhaust gas from the engine.
NUM  3.
PAR  3. An exhaust gas cleaning device as claimed in claim 1, wherein said
      controlling means is operative in response to the load condition of the
      engine.
NUM  4.
PAR  4. An exhaust gas cleaning device as claimed in claim 1, wherein said one
      of the two spaces includes the space surrounded by the inner periphery of
      said filtering element.
NUM  5.
PAR  5. An exhaust gas cleaning device as claimed in claim 1, wherein said the
      other of the two spaces includes the space surrounded by the inner
      periphery of said filtering element.
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PAL  A hydraulic safety circuit which keeps a hydraulic motor supplied with
      fluid during the interval when the motor coasts to a stop following shut
      off of its source of driving fluid. The circuit includes a conduit
      extending between the motor outlet and the motor inlet, with a check valve
      arrangement which shuts off normal fluid flow from the motor outlet to the
      fluid reservoir when the driving pump is shut off, and which instead
      diverts the fluid through the above noted conduit back to the motor inlet.
      This permits fluid to circulate through the motor as the motor coasts to a
      stop, preventing dry coasting and consequent possible burnout. The
      invention is particularly applicable to a wood chipper, where a heavy
      rotor (containing wood chipping blades) is connected to the motor and
      causes the motor to coast for an appreciable interval after the pump is
      shut off.
BSUM
PAR  This invention relates to a hydraulic safety circuit for a hydraulic motor.
      More particularly, it relates to a circuit for reducing the likelihood of
      motor burnout during the time when the motor coasts to a stop following
      shut off of its source of driving fluid.
PAR  The invention is particularly applicable to a brush chipper and will be
      described in that connection. A brush chipper is a device commonly used by
      public utilities to reduce branches and even small logs to wood chips. The
      chipper includes a heavy rotor with blades which rotates at a substantial
      speed, and an inlet through which brush can be fed into the rotary blade
      assembly. The chipper may be carried on a separate trailer or may be part
      of a truck, and in both cases the chips are ejected by the air flow
      created by the rotary blade assembly (if desired supplemented by a
      centrifugal fan).
PAR  In the past, wood chippers have normally been driven by chains or belts.
      Attempts have been made to drive the wood chippers by hydraulic motors,
      but it was found that when the pump driving the hydraulic motor of the
      chipper was stopped, the momentum of the heavy chipper rotor caused the
      hydraulic motor driving the rotor to coast for a substantial interval
      before it came to a stop. During this coasting interval, with the source
      of hydraulic fluid shut off, the motor cavitated, overheated and tended to
      burn out. Attempts were made to overcome this problem by providing brakes
      which were applied automatically as soon as the pump was stopped, in order
      to bring the motor to a rapid halt. However, such braking systems have
      been expensive and have not worked well.
PAR  Accordingly, it is an object of this invention to provide, for a hydraulic
      motor, a hydraulic safety circuit which will reduce the likelihood of
      motor burnout when the pump which pressurizes fluid for the motor is
      stopped. In a preferred embodiment of the invention, this is achieved by
      providing a conduit extending between the motor outlet and the motor
      inlet, with a check valve arrangement which shuts off normal fluid flow
      from the motor outlet to the fluid reservoir when the pump is shut off and
      which instead diverts the fluid through the above noted conduit back to
      the motor inlet. This permits fluid to circulate through the motor as the
      motor coasts to a stop. Since the motor is thus supplied with fluid during
      the coasting interval, the likelihood of cavitation and motor burnout
      during this interval is much reduced.
DRWD
PAR  Further objects and advantages of the invention will appear from the
      following description, taken together with the accompanying drawings, in
      which:
PAR  FIG. 1 is a schematic diagram illustrating a hydraulic safety circuit
      according to the invention, and
PAR  FIG. 2 is a diagrammatic side view showing a wood chipper embodying the
      hydraulic circuit of the invention and mounted on a truck.
DETD
PAR  Reference is first made to FIG. 1 which shows a hydraulic fluid reservoir
      2, from which hydraulic fluid is drawn through a suction conduit 4 to a
      pump 6. The pump 6 is typically powered from the power take-off fitting 8
      of a truck 10 (FIG. 2). From the pump 6, the fluid travels at substantial
      pressure, typically 1100 psi, through a conduit 12 to the inlet 14 of a
      hydraulic motor 16.
PAR  The fluid entering the inlet 14 drives the motor 16 at a substantial speed,
      and then emerges at a motor outlet 18. From the outlet 18 the fluid
      travels through a conduit 20 to a check valve 22. The fluid passes through
      the check valve 22 (the arrows in the drawing show the direction of
      permitted fluid flow), and then through a return conduit 24, a return
      filter 26, and then to the reservoir 2 (usually entering the reservoir at
      its top). A relief valve 28 bypasses the motor circuit in case the motor
      or its load should jam.
PAR  In addition, a further conduit 30 is provided to connect the motor inlet
      and outlet. The conduit 30 contains a second check valve 32 which allows
      fluid flow in the direction of the direction of the arrow marked on the
      drawing under appropriate pressure conditions, as will be described.
PAR  The hydraulic motor 16 is connected to a wood chipper 34 which is also
      shown diagrammatically in FIG. 2 as mounted on the vehicle 10. The chipper
      34 includes a feed inlet 36, a heavy rotor blade assembly 38 which rotates
      inside a blade housing 40, and an exit chute 42 through which chips are
      blown into and stored in the body 44 of the vehicle 10. The chips may also
      be exhausted externally if desired.
PAR  The operation of the apparatus described is as follows. When the vehicle
      power take-off 8 is operated, the pump 6 is driven and pumps pressurized
      hydraulic fluid through the conduit 12 into the motor inlet 14. This
      drives the motor 16 at a relatively high speed (typically between 2000 and
      3000 rpm for a wood chipper), driving the chipper rotor 38 (which is
      rigidly connected to the motor shaft) at the same speed. Brush and small
      logs may then be fed into the chipper feed inlet 36, where they will be
      converted into chips and exhausted through the outlet 42. Spent hydraulic
      fluid from the motor outlet 18 will travel through the conduit 20 and
      check valve 22 back to the reservoir.
PAR  The check valve 22 has an operating pressure typically of 50 psi, so that
      spent fluid from the motor outlet 18 can pass through the return conduit
      24 only so long as its pressure exceeds 50 psi. However, while the pump 6
      is operating, the pressure at the motor outlet typically is at least 70
      psi, since there must be sufficient pressure at the outlet to overcome
      losses in the return conduit and return filter and to overcome the head of
      oil in the reservoir 2. The check valve 22 therefore does not interfere
      with normal operation.
PAR  As soon as the pump 6 is shut off, the pressure at the motor inlet tends to
      drop essentially to zero. However, the momentum of the heavy rotating
      chipper rotor 38 causes the motor 16 to continue to coast for a
      substantial interval, typically 180 seconds. During this coasting
      interval, the motor acts as a pump, generating a pressure rise of 7 to 10
      psi across it. The resultant pressure at the motor outlet 18 is less than
      50 psi, so that the check valve 22 closes when the pump 6 is shut off.
PAR  However, the check valve 32 is set to open when the pressure at the motor
      outlet 18 exceeds that at the motor inlet 14 by 5 psi. The check valve 32
      now opens immediately after the closing of the check valve 22, and
      hydraulic fluid flows through the circuit consisting of conduit 30 and
      check valve 32, the motor inlet 14, the motor 16, and the motor outlet 18.
      Fluid continues to flow through this circuit as the motor coasts, until
      the motor slows down sufficiently that the pressure differential between
      the motor outlet and the motor inlet is less than 5 psi. At this time the
      check valve 32 closes. By this time the speed of the motor 16 has dropped
      sufficiently that there is little or no likelihood of cavitation, and the
      extra impedance to rotation created by the closing of valve 32 causes the
      motor to stop almost instantly.
PAR  Because of the action of the safety circuit comprising the conduit 30 and
      check valves 22, 32, the problem of the hydraulic motor during the
      coasting interval is much reduced, and consequently the likelihood of
      motor burnout is much reduced. The simple circuit described, consisting of
      two check valves and a short length of conduit, is considerably less
      expensive than a braking system for the motor and operates reliably and
      virtually instantaneously when required.
PAR  The invention has been operated successfully with the following equipment.
PAR  Chipper components: manufactured by Asplundh Chipper Company of Chalfont,
      Pennsylvania, U.S.A.
PAR  Pump: Tyrone No. 20400 CID driven at 1720 rpm and pumping approximately 60
      gallons per minute at this speed.
PAR  Hydraulic Motor: Tyrone No. M20250-3D driven at approximately 2750 rpm at
      60 gallons per minute.
PAR  Relief Valve: Yuken No. BT-10H-10 set at 2000 psi.
PAR  Check Valve 22: Yuken No. CRT-10-50-20 set at 50 psi.
PAR  Check Valve 32: Yuken No. CRT-10-5-20 set at 5 psi.
PAR  Typical pressure ranges for the equipment are as follows:
PAR  Relief Valve 28: normal working pressure 1100 psi. : minimum working
      pressure 600 psi. : maximum working pressure 2000 psi.
PAR  Check Valve 22: normal working pressure 50 psi. : minimum working pressure
      20 psi. : maximum working pressure 75 psi.
PAR  Check Valve 32: normal working pressure 5 psi. : minimum working pressure 1
      psi. : maximum working pressure 55 psi.
PAR  If the pressure at which check valve 22 opens is designated p1, and the
      pressure at which check valve 32 opens is designated p2, then the
      preferred ratio of p1 to p2 is 10 to 1 for normal operation, 20 to 1 for
      minimum pressure operation, and 75 to 55 for maximum pressure operation.
PAR  It will be understood that the specific pressure values listed are all
      preferred values and ranges for operation with a wood chipper, and other
      values may be used as required by the application. Concerning the 5 psi
      shut-off for valve 32, it has been determined in the equipment tested that
      when the pressure generated by the motor 16 during coasting has fallen to
      5 psi, the motor is turning relatively slowly, and when valve 32 closes at
      the 5 psi pressure differential, the motor then stops almost immediately.
      In other words, the fluid acts as a brake as soon as check valve 32
      closes, and the motor's momentum at this point is not sufficient to keep
      the motor coasting and cause cavitation. If a lower shut-off point for
      valve 32 were used, the motor would simply coast for a longer interval.
PAR  It will be appreciated that although this invention has been described in
      connection with a brush or wood chipper, and is particularly advantageous
      in that regard since it solves long standing problems in wood chippers,
      the invention can also find secondary application in any hydraulic motor
      connected to equipment having sufficient stored kinetic energy to cause
      the motor to coast appreciably after the pump which drives the motor is
      shut off.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hydraulic safety circuit for a hydraulic motor adapted to be driven
      from a source of pressurized hydraulic fluid, said circuit comprising:
PA1  a inlet means associated with said motor for admitting said fluid to said
      motor to drive said motor, said fluid entering said motor being at a first
      pressure,
PA1  b outlet means associated with said motor for removing said fluid from said
      motor, said fluid leaving said motor at said outlet means being at a
      second pressure, said first pressure being higher than said second
      pressure when said fluid is driving said motor, said second pressure being
      higher than said first pressure when said source is shut off and said
      motor is coasting,
PA1  c first conduit means for conducting spent fluid from said outlet means,
PA1  d second conduit means connecting said inlet means and said outlet means,
PA1  e and check valve means associated with said first and second conduit means
      and responsive to said first and second pressures for directing fluid from
      said outlet means through said first conduit means when said fluid is
      driving said motor and said first pressure is higher than said second
      pressure and for directing fluid from said motor through said second
      conduit means and hence back to said inlet means of said motor when said
      second pressure is higher than said first pressure, whereby when said
      source is shut off to shut said motor off, and when said motor is coasting
      so that said second pressure is higher than said first pressure, said
      fluid may circulate through said motor, through said outlet means, through
      said check valve means, through said second conduit means back to said
      inlet means, and again through said motor, whereby to supply said motor
      with fluid during coasting and hence to reduce the likelihood of motor
      burnout during coasting.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said check valve means comprises
      first and second check valves, said first check valve being mounted in
      said first conduit means and permitting fluid flow through said first
      conduit means at pressures higher than a predetermined pressure, said
      predetermined pressure being lower than said second pressure when said
      source is operative and said fluid drives said motor and being higher than
      said second pressure when said source is disconnected from said motor and
      when said motor is coasting, said second check valve being located in said
      second conduit means, said second check valve blocking flow of fluid
      through said second conduit means from said motor inlet to said motor
      outlet means and permitting flow of fluid through said second conduit
      means from said motor outlet means to said motor inlet means when said
      second pressure exceeds said first pressure by a predetermined difference
      pressure.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein the ratio of said predetermined
      pressure to said predetermined difference pressure is between 20 to 1 and
      75 to 55.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said predetermined pressure is
      between 20 and 75 pounds per square inch and said predetermined difference
      pressure is between 1 and 55 pounds per square inch.
NUM  5.
PAR  5. Apparatus according to claim 1 and including means for energizing said
      source to provide fluid to said motor at a pressure and flow sufficient to
      drive said motor at a speed of at least 2000 revolutions per minute.
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PAL  To simplify control, decrease start-up time and improve efficiency, a heat
      storage device is provided connected to receive hot combustion gases from
      a burner, the heat storage device preferably including a vessel which
      contains a substance changing in phase between solid and liquid, and being
      heated by the exhaust gases from the burner. A heat pipe is in heat
      transfer relation to the substance, extending in a predetermined
      direction, and ducts, pipes or conduits conducting the combustion gases
      from the burner extend in parallel to the heat pipe, through the
      substance, or surrounding a vessel containing the substance. Preferably a
      group of heat storage units are joined to common inlet and outlet
      manifolds connecting combustion gases, arranged such that the flow speed
      of combustion gases further downstream is higher than that further
      upstream, to equalize heat transfer and hence storage capability and
      storage times of the individual units.
BSUM
PAR  Cross reference to related patents and application:
PA1  U.s. pat. Nos. 3,795,102, 3,795,112, 3,802,198, 3,820,331, 3,821,734.
PAR  U.S. Ser. No. 400,883, filed Sept. 26, 1973, now U.S. Pat. No. 3,863,451.
PAR  The present invention relates to an external combustion engine operated by
      hot gases, and more particularly to a hot gas engine with a heat storage
      device which can be applied to the actual engine operating medium.
PAR  It has previously been proposed (see German Disclosure Document DT-OS
      2,149,868) to apply heat derived from an external combustion source, such
      as a burner, over heat pipes formed as thermal diodes, the heat pipes
      conducting the heat to a heat manifold or distributing device, from which
      heat energy is derived to heat a heat exchanger, and a heat storage
      device. The energy is applied to the heat exchanger over heat pipes formed
      as thermal triodes, that is, over heat pipes through which the heat energy
      being transferred is controllable. If too much heat is applied to the heat
      storage device, the temperature in the distributing chamber may collapse,
      so that insufficient heat is applied from the distributing chamber to the
      heat exchanger of the hot gas motor. In the system, as proposed, a heat
      pipe system applies heat from an external combustion apparatus, such as a
      burner, to the heat storage device. Transmitting energy in the form of
      heat over a heat pipe is subject to losses, however, due to heat passage
      through walls thereof, resulting in substantial temperature drop. Since
      the operating temperature of heat pipes of the diode type cannot exceed
      certain maximum temperatures due to limitation of materials, losses
      resulting in temperature drop cannot be overcome by increasing the output
      temperature (which would require an increase in input temperature). Heat
      storage devices include a medium which changes from solid to liquid phase,
      that is, which stores heat upon being heated. Before such a heat storage
      device can operate satisfactorily, upon having heat applied thereto from
      the heat pipe leading to the heat storage device, it is necessary to first
      bring the heat carrier medium by pure heat conduction to molten phase and
      to its operating temperature. A heat conduction medium is, for example,
      sodium which only begins to operate efficiently from a temperature of
      about 500.degree.  C; the sodium is contained within a high temperature
      heat pipe and, therefore, in the known arrangement charging of the heat
      storage device is slow and loading of heat energy into the heat storage
      device is gradual. Apparatus, as proposed, have the further disadvantage
      that the heat flow is usually radially outwardly directed from a centrally
      arranged heat pipe, when it is desired to charge or load the heat storage
      device. The surface effecting heat transfer or heat exchange from the
      heating pipe to the storage medium is therefore relatively small. The
      storage medium, in the known devices, progressively melts in a radially
      outward direction, starting from the centrally located heat pipe, so that,
      if a certain heat energy is applied, the radially inner regions or zones
      will have a comparatively high thickness of storage medium in melted, that
      is, liquid phase. This storage medium, when melted, has a substantially
      poorer heat conductivity than the crystallized, or solid heat storage
      medium, and this causes substantial temperature drop. Utilization of a
      heat pipe effect to charge or load the storage device requires substantial
      control equipment in order to prevent collapse of temperature in the
      distribution chamber since the various storage devices and heat
      conductivity devices can be switched only in a predetermined temporal
      sequence. The control equipment necessary to control the burner of the
      external combustion system, and to control the heat pipes formed as
      triodes is substantial. A certain redundancy is necessary in the control
      equipment for many operating conditions; this redundancy further increases
      the amount of equipment required for the control system. The heat
      exchanger will be subjected to temperature differences if the hot gas is
      operated under simultaneous loading of the heat storage device. To control
      temperature differences requires additional control equipment.
PAR  It is an object of the present invention to improve the reliability and
      efficiency of the heating and heat supply system for a hot gas engine, in
      which the requirements for control equipment are decreased, and in which
      charging or loading of heat storage devices is speeded while requiring
      only a minimum in control apparatus.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  An external combustion hot gas engine system has an engine heat exchanger,
      and a burner which provides hot combustion gases, and further heat supply
      means including a heat storage device, the heat supply means and the heat
      storage device deriving heat from the hot combustion gases, and supplying
      this heat to the heat exchanger.
PAR  In accordance with the present invention, the heat storage device is
      connected to receive the hot gases from the burner; preferably, the heat
      storage device includes a vessel retaining a substance which is subjected
      to cyclical changes in phase. The heat storage device includes a heat pipe
      extending into the heat storage device in a predetermined direction, and
      in heat exchange relation to the substance which changes phase, and a duct
      connected to receive the combustion gases from the burner, located in the
      heat exchange relation to the heat storage device and extending parallel
      to the heat pipe of the heat storage device so that heat energy can,
      selectively, successively or simultaneously be supplied from the burner
      and withdrawn through the heat pipe.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a general schematic block diagram of a system in accordance with
      the present invention with a simple external combustion burner system;
PAR  FIG. 2 is a schematic diagram of a system similar to FIG. 1 and having two
      burners;
PAR  FIG. 3 is a fragmentary highly schematic cross section through those
      portions of the system which are not standard elements or components;
PAR  FIG. 4 is a schematic cross-sectional view of a heat storage device
      directly subjected to combustion gases;
PAR  FIG. 5 is a cross-sectional view along line V--V of FIG. 4;
PAR  FIG. 6 is a longitudinal sectional view of another embodiment of a heat
      storage device assembly;
PAR  FIG. 7 is a cross-sectional view along line VII--VII of FIG. 6;
PAR  FIG. 8 is a simplified schematic diagram of another embodiment of the
      invention, similar to FIG. 3;
PAR  FIG. 9 is a fragmentary sectional view through a heat storage device, in
      horizontal position;
PAR  FIG. 10 is a cross-sectional view along line X--X of FIG. 9; and
PAR  FIG. 11 is a fragmentary sectional view transverse to the axis of a heat
      storage unit, and illustrating another embodiment.
DETD
PAR  A hot gas engine 1, only schematically indicated (FIG. 1), has hot gases
      applied thereto through a heater 2, connected to a first heat pipe 3 which
      derives heat from a distributor 4. Heat from distributor 4 is applied by
      means of the heat pipe effect to the heater 2. The distributor 4,
      preferably a distributor tube, or manifold or the like, has heat supplied
      thereto by a second heat pipe 5, preferably a thermal diode, that is, a
      heat pipe which transmits heat only in the direction of the arrow in heat
      pipe 5. Heat pipe 5 has heat applied thereto by an external combustion
      system. Heat is additionally applied to the distributor 4 through a heat
      pipe 6, preferably formed as a thermal triode, and applying heat in the
      direction of the arrow as shown within heat pipe 6, but with controllable
      energy transfer. Heat pipe 6 is in heat transfer relationship to a heat
      storage device 7, and can be heated from the storage device 7. Heat is
      applied to the storage device 7 from an external combustion system.
PAR  Since heat is applied, in the example shown, to the distributor 4 over
      thermal diodes, and thermal triodes, the distributor 4 can be constructed
      as a simple, non-controlled heat pipe. Distributor 4 could, however, also
      be constructed as a controlled triode, for example by including a cold
      trap in connection therewith. Simple heat pipes can be used for the heat
      transfer pipes 5 and 6. A thermal diode is a heat pipe in which the heat
      is transported only in the direction for which it is designed, in the
      present direction to the distributor 4. A thermal triode is a heat pipe in
      which the heat energy being transported can be controlled, or completely
      interrupted. The heat storage material within the heat storage device 7
      may, for example, be lithium fluoride which melts when the heat storage
      device has a heat charge applied thereto, that is, when it is being
      loaded. Upon solidification, the heat of liquification is liberated and
      can be taken off over the triode 6 when it is desired to discharge, or
      unload the heat storage deivce 7, that is, to apply the heat over triodes
      6 through distributor 4 to the hot gas engine 1.
PAR  In its simplest form, the external combustion system includes a burner 8,
      for example, an oil burner, gas burner or the like which receives
      combustion air over a pre-heater 9, the combustion air being applied for
      example by a fan or blower 9a. The combustion gases are conducted from
      burner 8 through a line 10. Line 10 connects the combustion gases first to
      the diode 5 which, in actual structure, may be a group of unilaterally
      conducting heat pipes. Downstream - with respect to flow of the combustion
      gases - from diode 5, is the heat storage device 7, and the heat still in
      the combustion gases is sufficient to melt the heat storage material
      therein. The heat storage device 7 is directly heated by hot combustion
      gases and thus can be loaded rapidly. The remaining heat still available
      from the combustion gases is utilized by returning the combustion gases
      back to the pre-heater 9 to preheat the air for combustion in burner 8.
      Preferably, the air is pre-heated, with respect to the combustion gases,
      in a counterflow heat exchanger. The combustion gases, with practically
      all the heat content removed, are then exhausted.
PAR  The stream of combustion gases through the heat storage device 7 can be
      controlled by locating valves 11, 12 at the inlet and outlet to the heat
      storage device 7, the valves being connected together by means of a short
      circuit line 12. The valves 11, 12 may, for example, be flap valves of the
      three-way type. During loading of the heat storage device 7, short circuit
      or shunt line 12 is disconnected. After loading, the heat storage device 7
      is bridged or shunted over line 12. The valves 11, 12 are controlled by a
      sensor T.sub.S, sensing the outlet temperature from the heat storage
      device 7, which sensed temperature is applied to a control unit C which,
      in turn, provides the necessary positioning output signals to valves 11 to
      regulate the flow of the gases through shunt line 12. The input control
      lines are schematically indicated in the Figures in broken lines; the
      output control lines in chain-dotted lines.
PAR  Usually, the heat supplied by the external combustion system to the diodes
      5 is sufficient in order to operate the hot gas engine 1. Peak loading
      may, however, require additional heat which is derived from the heat
      storage device 7. Heat is derived from the heat storage device 7 and
      applied through the triode heat pipe 6 to the distributor 4, by suitable
      control of the triode 6 from the control unit C. If necessary, cold traps
      may be used in the control system. The hot gas engine 1 can be operated
      also without the diodes 5, directly from the heat storage device 7. Let it
      be assumed that the burner 8 first has charged or loaded the heat storage
      device 7, and is then stopped, so that it will not cause exhaust gases.
      Heat can then be derived from storage device 7. This mode of operation may
      be used in an automotive vehicle with advantage; for example, in built-up
      areas, in start-stop operation, or the like, it is important that the
      emission of exhaust gases from the burner be avoided. On the open road,
      and in open high-speed operation, the burner can be started and by
      suitable switching of the triodes 6, the heat storage device 7 is again
      charged to supply heat when the burner is disconnected.
PAR  The burner 8 can be controlled to apply a constant output, that is, can be
      loaded to a constant fixed load position by measuring the air outlet
      temperature T.sub.O from the pre-heater 9. To sense change in loading, the
      temperature T.sub.D in the distributor pipe 4 provides a suitable command
      signal. The control system is simple and can be readily supervised, as is
      apparent from the diagram of FIG. 1. Heating of the diodes 5 and loading
      of the storage device 7 requires only a single burner, so that the entire
      arrangement uses a minimum of components. The output signal from the
      distributor 4 may also be applied through the burner control unit BC to
      the heat transfer control unit C to command the heat transfer triode pipe
      6.
PAR  In the embodiments to be described, similar elements operating similarly
      will not be described again and have been given the same reference
      numerals. The arrangement of FIG. 2 utilizes two burners. This increases
      the enthalpy of the combustion gases after heat has been delivered to the
      diodes 5, by providing a second burner 13, behind the diode 5, and located
      in series with the burner 8. Burner 13, in the simplest case, is driven at
      a constant output loading. In a preferred form, however, burner 13 is
      controlled from control unit C', which will have an additional output,
      control being effected under command of the output signal derived from
      sensor T.sub.S of the output temperature of the storage device 7. After
      the storage device 7 has been charged with heat energy, burner 13 is
      disconnected. The combustion gases derived from burner 8 are conducted
      over the shunt line 12, controlled by the valves 11, and shunted away from
      burner 13 and storage device 7. The arrangement utilizing two burners
      provides for substantial flexibility in operation of the entire system,
      and for rapid charging time of the heat storage device 7. Burner 13 can be
      operated at constant loading, and is connected in series with the
      controllable burner 8; this embodiment provides for simple control of the
      entire system. Control of burner 13 is obtained over line 13' from control
      unit C'. Control of burner 8 is identical to that of FIG. 1 and therefore
      the burner control unit BC has been omitted from FIG. 2.
PAR  The system of FIG. 3 illustrates the hot gas engine in greater detail, in
      combination with the heat supply system. The hot gas engine 1 has a
      displacement piston 15 and an operating piston 16, the pistons being
      connected to gear drive in a gear box 17. The working gas for the hot gas
      engine 1 is, for example, helium. The flow path of the hot gas medium
      leads from the hot working space 18 over the heater 2 to the herein
      attached regenerator-cooler 19, and then to the cold working space 20. As
      the gases pass through the heater 2, the working medium, for example
      helium is heated, that is, has heat energy applied. The heat pipe 3 is
      used in this case to heat the heater 2. Heat pipe 3, for example, has heat
      applied thereto externally to vaporize sodium within heat pipe 3. The
      sodium vapor condenses on the heater 2, which is at relatively low
      temperature, and delivers heat energy thereto. The condensate which may
      arise is re-cycled to the surfaces which are externally heated over a
      capillary system. In the present example, the heat pipe 3 is heated
      directly from a group of heat pipes formed as thermal diodes 5, and by
      another group of heat pipes, one of which is shown, and forms a thermal
      triode 6. The heat pipes, formed as thermal diodes, have a capillary
      system therein which is so arranged that the capillary system is effective
      in only one direction. Thus, flow of the heat is possible only in one
      direction. Heat flows through the heat pipes formed as thermal triodes 6
      can be interrupted by a cold trap 21, shown only schematically. If the
      temperature set at the cold trap 21 is less than that of the heat pipe 3,
      no more heat is transported towards the heat pipe. By the direct
      connection of the second heat pipe, that is, in the present case the
      thermal diodes 5, and by the connection of the heat pipes formed by the
      thermal triodes 6, directly with heat pipe 3, it is possible to reduce the
      losses which arise when heat energy is transferred through confining walls
      of the heat medium to a minimum.
PAR  The external combustion system consits of two completely independent
      sub-systems. Each sub-system has its own suction or fresh air supply
      blower or fan system, pre-heater, and it own burner. Two heat tubes 5 of
      the diode type are illustrates, representing a group of such heat pipes. A
      separate burner 22 is provided to heat the pipes 5, supplied by combustion
      air from a blower 24, which passes air through a pre-heater 23. The partly
      cooled combustion gases pre-heat the air in pre-heater 23 as indicated
      schematically in FIG. 3. Control of the burner 22 is effected similarly to
      the example of FIGS. 1 and 2, that is, by measuring, for example, the
      outlet temperature of the gases derived from the pre-heater 23 to obtain a
      constant load command signal, or to measure the temperature in the heater
      3 to determine a variable load point, and to provide a variable command
      signal to burner control unit BC which, in turn, controls the burner 22
      (omitted from FIG. 3, for clarity).
PAR  The heat storage device 7 is illustrated to include merely a single storage
      element 25, although a plurality would be used, as will appear. A burner
      25 provides hot combustion gases to the storage unit 7. Air is supplied
      through an individual blower 28, pre-heated in a pre-heater 29 and
      conducted over inlet pipe 27 to the burner 26. The combustion gas outlet
      30 from the burner is applied to a distributing manifold 31, located in
      the region of the axial end face of the storage unit 25. The manifold 31
      distributes the combustion gases derived from burner 26 to ducts 32 of a
      plurality of storage units 25. The cross-sectional area of the ducts 32 is
      much less than that of the manifold 31, so that approximately equal
      distribution of the combustion gases to all the ducts will result
      automatically. The combustion gases are carried in axial direction at the
      radially outer wall 33 of the storage units 25 and they collected in a
      collection manifold 34 which is opposite inlet manifold 31 and which may
      be similar thereto. A combustion gas line similar to inlet line 30 is then
      connected to the pre-heater 29, pre-heater 29 operating as a heat
      exchanger, preferably in counterflow mode. Using two parallel separate
      systems to supply heat by external combustion, in which each burner has
      its own independent pre-heater, permits completely independent operation
      of the separate sub-systems, without any feedback. An additional advantage
      is the ease of location of the various gas and combustion gas lines, air
      lines, and the like which result in great flexibility of location of
      components.
PAR  Ordinarily, the hot gas engine 1 would be operated with burner 22. To
      prevent environmental air pollution, however, and in built-up areas, heat
      can be derived from the heat storage device 7. Control of delivery of heat
      is obtained by the cold traps 21. The heat storage device 7 could also be
      completely separated from the heater 3. As shown, a small gap is left
      between the triodes 6 and the heat pipe 3, so that heat has to pass from
      the triodes 6, deriving heat from storage device 7 through the gap to the
      heat pipe 3. A heat dissipation element can be introduced into the gap to
      conduct heat away from the gap, that is, to prevent or modify the
      transmission of heat from heat pipes 6 to heat pipe 3. Any heat shield, or
      heat conductor introduced into the gap between pipes 6 and heater pipe 3
      may be used to additionally pre-heat, for example, the air applied to
      burner 22, so that the efficiency of the overall system is not decreased.
PAR  The heat storage device 7, shown only highly schematically in FIG. 3, is
      illustrated in greater detial in FIGS. 4 and 5. A plurality of storage
      units 25 are located in groups, assembled in rows of three units 25, each.
      This results in a compact spatial arrangement. The various rows are
      stacked in parallel layers to each other. Preferably, the storage units 25
      are cylindrical, and have centrally arranged triode tubes 6. Each storage
      unit 25 is surrounded by a concentrically located outer sleeve or tube 35
      which forms the duct 32 between the sleeve 35 and the radially outer wall
      33 of the associated storage unit 25, by enclosing a cylindrical, annular
      space. Large heat transfer surfaces are obtained thereby. The heat flux,
      as is indicated by the arrows in FIG. 4, is radially inwardly directed to
      the triodes 6, upon loading, as well as upon unloading of the storage
      device. The liquid heat storage material is in the radially outwardly
      located regions; the solidified heat storage material is in the zones
      adjacent the triodes 6. The resistance to heat conductivity of the molten
      storage material is high with respect to that of the solidified heat
      storage material. The heat transfer conditions are therefore desirable,
      both for loading as well as for unloading. Upon loading, the thickness of
      the layer of the liquid storage material is small due to the large surface
      through which heat can pass. The triodes are unloaded through the
      solidified storage material, at a small diameter, that is, a smaller
      surface has to be traversed for heat flux, upon unloading of stored heat
      energy. It is an advantageous characteristic of the invention that heat
      flow occurs in only one direction; upon loading or charging the heat
      storage device, the worse heat conductivity characteristics of the liquid
      storage material are therefore compensated.
PAR  The combustion gases are simply and directly guided past the various
      storage units. The storage units are assembled in groups, alongside of
      which the combustion gases pass in parallel to the heat pipes 6. The
      groups are connected to common distribution manifolds 31, 34,
      respectively. By merely serially connecting the various groups of the
      storage units, combustion gases will pass therealong in the direction of
      the arrows, and as indicated by the broken lines in FIG. 4. Heat energy
      contained in the combustion gases is thus efficiently and effectively
      utilized, that is, practically all the energy contained therein is
      extracted. The temperature difference which arises in the combustion gases
      between the input 36 and the output 37 of the heat storage unit is very
      high. Due to the substantial temperature drop of the gases, however, the
      charging or loading time of the various storage increases from group to
      group. These storage or loading times can be equalized by increasing the
      speed of the gas flow of the later groups (that is, in the direction of
      gas flow, downstream from the inlet). As an example, the number of
      individual storage units 25 in any one of the groups can become less and
      less as the groups are connected in downstream direction. This has the
      advantage that all the storage units 25 can be constructed to be equal,
      although the speed of flow of the combustion gases increases. As
      illustrated in FIG. 5, however, this object can be obtained differently,
      by changing the diameter of the outer sleeve 35 to decrease from group to
      group, in downstream direction. This way of increasing the speed of flow
      of the gases as they become cooler has the additional advantage that each
      group will have an equal number of storage units 25 associated therewith.
      The essentially uniform charging or loading time then approximately
      corresponds to the duration which would be required to load any individual
      group with heat energy, when being supplied with combustion gases of
      average temperature, that is, average between inlet and outlet connection.
PAR  FIGS. 6 and 7 illustrate storage units 7' in which all the storage elements
      25 are connected to form a single storage group, alongside of which all
      the gases pass in parallel. The ducts 32 defined by the outer sleeves or
      cylinders 35 around the storage units 25 are all connected to common inlet
      and outlet manifolds 31, 34. Since all the storage units 25 are equally
      and simultaneously exposed to the combustion gases, derived directly from
      the burner through the inlet manifold, the storage or charge time is very
      low. This arrangment has the additional advantage that all the storage
      unit may be identical, that is, all of them may have ducts 32 of the same
      size, since uniform flow of gases through the ducts is desired. A maximum
      number of storage units 25 can be located within a given space. The
      difference in combustion gas temperature between the input 36 and the
      output 37 of the arrangement of FIGS. 6 and 7 is less than that of the
      arrangment in FIGS. 4 and 5, however. This drop can be accepted if
      particularly short loading or charging time are important; further, the
      mechanical construction and arrangement of the storage units is
      simplified. This embodiment is particularly advantageous when the heat
      energy still contained in the combustion gases can be utilized to pre-heat
      the combustion air being applied to the burner units in the pre-heater
      elements 9 (FIGS. 1, 2) or 29 (FIG. 3).
PAR  The heat storage device 7 preferably consists of a plurality of individual
      storage units 25. To simplify the arrangement of the storage units 25, the
      heat pipes 6 within the storage unit 25, as well as the geometry of the
      heater 2 and of the heat pipe 3 which supplies heat to the heater 2, it
      has been found desirable to provide a distributor pipe 4 between the heat
      pipes 6 and the heat pipe 3. Distributor pipe 4 - FIG. 8 - utilizes the
      heat pipe effect for heat transmission. Connection of the heat storage
      device 7 is simply obtained by constructing the distributing pipe 4 with a
      cold trap 38, that is, in the form of a controllable triode. Further
      apparatus to control the heat transfer from the heat pipes 6 in the heat
      storage devices 25 may then be omitted, and the control of the cold trap
      38 can be connected similarly to the output from control unit C, FIG. 1
      (or C', FIG. 2, respectively) to the heat pipes 6. The heat pipes 6 then
      can be constructed as simple, uncontrolled heat pipes, which further
      simplifies the control system, and the arrangement of the controls
      required. The heat storage device 7 can be completely isolated from the
      heat pipe 3 by providing a gap 40 between the heat pipe 6 and distributor
      4, as well as another gap 40' between the distributor heat pipe 4 and heat
      pipe 3. An adjustable heat shield, or heat dissipating conductor can be
      introduced in the gap 40, manually or by a controllable positioning
      device. To improve heat transfer and to simultaneously control the heat
      transfer, the gap can be filled, more or less, with a material which has a
      high heat conductivity. In the example given, the second heat pipe group
      formed by the diodes 5 is connected outside of the distributor tube 4
      directly to the heater 3. This reduces the number of walls through which
      the heat energy must be transferred when the hot gas engine 1 is supplied
      with heat from burner 22 which directly heats the diode-type heat pipes 5.
      If a large number of diode-type heat pipes 5 is provided, it may be
      desirable to also connect diodes 5 to the distribution tube 4. It is also
      possible to substitute ordinary heat pipes for the heat pipes 5, which
      have diode effect. Such heat pipes do, however, provide some heat by
      radiation to ambient atmosphere, to that a certain amount of heat will be
      lost when heat is supplied from the storage device 7, that is, when the
      burner 22 is disconnected.
PAR  The combustion gas which provides heat energy to the diodes, or heat pipes
      5, that is, after having been burned in burner 22, is then used to
      pre-heat the air for the burner in the pre-heater 23. Thus, all heat which
      is generated is utilized. Burner 26 with its associated pre-heater 29 is
      arranged in parallel to the external combustion system to heat diodes 5.
      Burner 26 provides heat energy to storage unit 7. A common inlet blower
      system 41 is provided to supply combustion air to the pre-heaters 23, 29,
      connected in parallel. A suitable air flow distributor 42 distributes the
      mass flow of combustion air, in a desired proportion. Supplying heat to
      the diodes 5 requires a comparatively small mass flow; to charge the
      heater storage device 7, a greater mass flow is required. Connecting
      burners and pre-heaters in parallel permits suitable spatial arrangement
      of the repsective sub-systems and matching of the performance of the
      respective sub-systems to any desired mass flow of air. Of course, a
      common single pre-heater may also be used. If the storage burner 26 is
      disconnected, that is, if the overall mass flow of air is decreased by
      that required to operate the burner 26 to heat the storage device,
      combustion air for burner 22 will be heated to a greater degree, which
      increases the efficiency of the burner 22 itself.
PAR  The combustion gas distribution manifold 31, for inlet air, and the outlet
      manifold 34 are connected to tubes 43 corresponding to the connection
      ducts 32 (FIG. 3), the tubes 43 being located within the storage material
      of the associated storage units. The heat transfer surface which is
      thereby obtained, formed of the sum of the transfer surfaces of the
      individual tubes 43 becomes high. This arrangement has the advantage that
      the various tubes 43 can be distributed over the cross section of the
      associated storage unit 25 in accordance with the mass distribution of the
      storage material in the storage units 25. This advantage is particularly
      apparent when the storage units are located in horizontal position, that
      is, rotated 90.degree. with respect to the illustration in FIG. 8. The
      storage material, when solidified, is in crystalline state and has a lower
      volume than when in liquid state. When solidified, the storage units 25
      are therefore not completely filled with storage material. FIGS. 9 and 10
      illustrate a horizontal heat storage unit, for simplicity merely two
      storage units 25' are shown in detail in FIG. 10. As is clearly apparent
      from FIG. 10, solid storage material is not uniformly distributed
      throughout the cross section of the storage element 25 itself, but rather
      leaves a hollow empty space 44 in the upper region thereof. To prevent
      excessive heating of the storage unit in the region of the hollow space
      44, pipes 43 forming the ducts 32 are distributed non-uniformly over the
      cross section of the storage unit 25, as is clearly apparent from FIG. 10.
      In the lower half, where a higher heat transfer is desired, a larger
      number of tubes 43 are provided - as clearly seen in the left-hand element
      of FIG. 10.
PAR  To obtain short storage or loading times, the various units 25' of the
      storing device, generally indicated at 7, are connected in parallel with
      respect to combustion gas flow, that is, are connected in parallel to a
      common input manifold 31 and to a common output manifold 34, respectively.
      Of course, sequential or serial connection of the various layers could be
      used; to render the storage time uniform, and to decrease the storage
      time, the cross-sectional areas of the flow ducts 43 can be made different
      (smaller at the downstream layers) or lesser numbers of tubes can be
      connected to have gases flow therethrough.
PAR  In vertically arranged storage units, as seen in FIG. 11, storage units 25"
      are enclosed by a radially outer tube 35, which defines a cylindrical
      space between the inner wall thereof and the outer wall 33 of the storage
      unit 25" itself, similar to the storage units of FIGS. 3 to 7. In the
      example of FIG. 11, tubes 43 are symmetrically distributed across the
      cross section of the storage unit 25". Excessive heating of the zone of
      the storage unit 25 which is not filled with storage material if the
      material has solidified can be avoided by applying the hot gases to the
      lower region of the storage unit 25, in which storage material will always
      be present. When the combustion gases have risen to the upper regions of
      the storage unit, they have already cooled to such an extent that the
      various constructional elements and tubes through which they pass will no
      longer be damaged by excessive temperatures. This arrangement combines the
      advantages of storage units having an outer duct, and assemblies or arrays
      or bundles of hot gas ducts.
PAR  In accordance with the invention, therefore, the heat storage device is
      connected to the combustion gas outlets from an external burner system; in
      each one of the heat storage devices at least one duct, gas pipe, or the
      like, is provided, located in parallel to the flow direction of the
      associated heat pipe of the storage device. This arrangement permits high
      operating temperatures of the heat storage device, so that the system can
      operate with a large temperature difference, which increases efficiency.
      By suitable arrangement of the gas ducts, large heat transfer surfaces can
      be obtained.
PAR  Direct application of the heated exhaust gases to the heat storage devices
      permits immediate storage of heat energy upon application of exhaust
      gases, without delay. Due to the direct application of heat energy to the
      storage device, the storage device itself cannot remove heat from the
      associated heater to which it is to supply heat. It is therefore possible
      to operate the hot gas engine in its ordinary operating mode without
      further control systems for the heat flow. Heat transport through the heat
      pipes from the storage devices will be in only one direction; the storage
      of heat energy is thus entirely independent of operation of the associated
      hot gas motor, and control apparatus and control systems to match heat
      storage operation to the motor operation are therefore not required.
      Separating the heat supply to the motor and to the storage device permits
      operating the storage device, as well as the heater for the motor at
      substantially uniform operating temperatures. Controlled conduction of the
      combustion gases in the region of the heat storage units, or elements, of
      the heat storage device permits effectively uniform application of heat
      energy thereto and thereby efficient and essentially complete utilization
      of the heat energy available, as well as of the storage material which is
      available, decreasing the charge or loading time of the heat storage
      device and increasing efficiency of operation of the entire system.
PAR  Arranging the heat storage units or elements in layers and in rows provides
      for a compact, easily supervised arrangement, in which individual units
      can readily be replaced, or exchanged for maintenance or repair.
      Constructing the storage units in cylindrical form permits the location of
      heat transfer surfaces at equal distances from the center so that the
      various storage devices are uniformly heated, or cooled, respectively.
      Locating the storage devices in prismatic form permits, on the other hand,
      complete space utilization without any dead spaces. Combining a plurality
      of storage units, or elements in groups, equalizes the charge or loading
      time of the elements within the groups and permits connecting the various
      groups in series, or in parallel - with respect to flow of the combustion
      gases - as desired for best utilization of the combustion gases in given
      circumstances.
PAR  If a group of heat storage units is connected in parallel, then the flow
      speed of the combustioon gases - in direction of flow thereof - is
      preferably increased from group to group. The flow within the storage
      units themselves is turbulent. By increasing the flow speed, the heat
      transfer coefficient is improved. By considering the drop of the
      temperature difference of the farther downstream units, and
      correspondingly increasing the speed of flow permits averaging of the heat
      transfer, and thus averaging the loading or charging time of the various
      groups and, consequently, decreasing the overall loading time required to
      charge the entire heat store. The flow speed can be increased, for
      example, by decreasing the cross-sectional area of the size of the ducts
      for the combustion gases, decreasing the number of ducts, decreasing the
      number of units, or the like, depending upon whether it is of greater
      importance that all elements are uniform, that inlet and outlet manifolds
      are of utmost simplicity, or maximum space utilization. Any one or more of
      the constructional arrangements to increase speed of flow of the gases
      through the storage units which are farther downstream may be used.
PAR  Connecting all storage units in parallel substantially simplifies the
      manifolds to be constructed, and additionally decreases the required
      storage time; the flow speed of the exhaust gases then need not be
      specially controlled. The resulting heat storage device is simple,
      compact, and has high storage capability. A high temperature difference
      between the exhaust gases initially applied to the storage device, and the
      storage materials within the storage device itself will result. Use of the
      heat energy is, therefore, efficient and the loading time is short.
PAR  Constructing the various storage units in essentially cylindrical form,
      surrounded by an outer sleeve or outer covering tube through which the
      combustion gases pass, results in heat flux which is radially directed
      from the outside towards the inside of the storage units. Low resistance
      to heat flow in the zone adjacent the separating wall will result.
      Constructing the storage units with individually distributed tubes (FIGS.
      9-11) permits high loading capacity and thin layers of charge or loading
      material surrounding the tubes, and thus provides for excellent heat
      transfer. The outer surrounding sleeves or duct tubes may be omitted
      entirely, if desired, thus permitting the storage units to be located in
      horizontal position (FIGS. 9, 10) with suitable re-location of the tubes,
      to provide for most efficient heat transfer to the heat storage substance.
      The distribution of the individual heat transfer tube will then be in
      accordance with the mass distribution of the heat storage substance within
      the heat storage units when the substance is solidified, for example has
      crystallized.
PAR  Providing two burners is a preferred embodiment of the invention, one
      burner providing heat to the engine directly and the other burner
      providing heat to the heat storage device. Providing two individually
      controlled heat sources substantially increases the flexibility of use and
      operation of the overall system and also substantially decreases the
      loading or charging time of the heat storage unit. To increase the
      combustion efficiency, at least one pre-heater to pre-heat the combustion
      air being applied to the burner is preferably provided.
PAR  Providing a distribution pipe, such as pipe 4, very slightly decreases the
      overall efficiency since heat transfer through an additional wall cannot
      be avoided. On the other hand, however, providing such a unit (FIGS. 1, 2,
      8) substantially increases the freedom of layout and design for the
      designer of the entire external combustion motor system. The distributor 4
      can readily be constructed in the form of a thermal triode with a heat
      trap (or, rather, a cold trap), thus permitting ease of control of heat
      flow from the heat storage device to the distributor and hence to the
      motor. Control may, in this embodiment, be left entirely to controlling
      the heat flow to the distributor tube 4, and separate controls for the
      storage unit heat pipes themselves may be eliminated.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept.
CLMS
STM  We claim:
NUM  1.
PAR  1. External combustion hot gas engine system having a hot gas engine (1),
      an engine heat exchanger (2), burner means (8, 13, 22, 26) providing hot
      combustion gases, and heat supply and distribution means (3, 4, 5, 6),
      including heat storage means (7) deriving heat from said hot combustion
      gases and supplying heat to the engine heat exchanger (2),
PA1  the improvement wherein
PA1  the heat storage device (7) is connected to receive hot combustion gases
      from the burner (8) and includes a heat storage substance, a heat pipe (6)
      extending into the heat storage device in a predetermined direction and in
      heat exchange relation with the substance, and duct means (32, 43)
      separate from said heat pipe (6), connected to receive the hot combustion
      gases from the burner, located in heat exchange relation to the heat
      storage substance and extending parallel to the heat pipe (6) to permit
      sequential or simultaneous withdrawal of heat energy by the heat pipe (6)
      and recharging of the storage device by energy from the burner.
NUM  2.
PAR  2. System according to claim 1, wherein the heat storage device includes a
      vessel (25) retaining the substance which is subjected to cyclical changes
      in phase, the heat pipe (6) being in heat exchange relation with said
      substance.
NUM  3.
PAR  3. System according to claim 1, wherein the heat storage device (7)
      comprises a plurality of heat storage units (25) arranged in layers, with
      individual units arranged in a row, each unit having said duct means, the
      heat storage units being located relative to each other such that the duct
      means (32) through which the hot gases pass along the heat storage units
      are in parallel paths.
NUM  4.
PAR  4. System according to claim 3, wherein the speed of flow of the combustion
      gases through the duct means increases in the direction of flow and as the
      gases are cooled by heat exchange with the storage units.
NUM  5.
PAR  5. System according to claim 4, wherein the plurality of heat storage units
      (25) is arranged in groups, and the number of heat exchange units (25) in
      any group having their duct means (32) connected in parallel to the hot
      combustion gases decreases in the direction of gas flow.
NUM  6.
PAR  6. System according to claim 4, wherein (FIGS. 3, 4) the plurality of heat
      storage units (25) are arranged in groups, and the cross sections of the
      duct means (32) of different heat storage groups are of different
      cross-sectional area, in decreasing dimension in the direction of flow and
      as the ducts are more remote from the burner.
NUM  7.
PAR  7. System according to claim 3, wherein (FIGS. 6, 7) the plurality of heat
      storage units have a common inlet forming an inlet manifold (31) and
      common outlets forming an outlet manifold (34), the manifolds being
      connected to the burner and to an exhaust, respectively.
NUM  8.
PAR  8. System according to claim 3, wherein (FIGS 4, 5) the plurality of heat
      storage units (25) are arranged in groups, and wherein the groups of the
      heat storage units, each, have a common inlet, forming a group inlet
      manifold, and a common outlet, forming a group outlet manifold, the group
      inlet manifolds and the group outlet manifolds being connected to the
      burner means and to an exhaust, respectively.
NUM  9.
PAR  9. System according to claim 1, wherein (FIGS. 3-7) the heat storage device
      (7) comprises at least one heat storage means forming a closed vessel (25)
      surrounded by a spaced tube or shield (35), the space between the vessel
      and the tube or shield forming said duct means (32).
NUM  10.
PAR  10. System according to claim 1, wherein (FIGS. 9-11) the heat storage
      means (7) comprises a closed vessel (25') and a plurality of pipe, or
      conduit means (43) passing within said closed vessel, and forming said
      duct means, the combustion gases, at least in part, being conducted
      through said pipe or conduit means.
NUM  11.
PAR  11. System according to claim 10, wherein the closed vessel retains a heat
      storage substance; and the heat supply to any one heat storage unit is
      distributed in dependence on the mass distribution of the heat storage
      substance within the closed vessel.
NUM  12.
PAR  12. System according to claim 11, wherein the distribution of the pipes or
      conduits (43) within the closed vessel is arranged, across the cross
      section of the closed vessel, in dependence on relative mass distribution
      within the closed vessel of said heat storage substance, regions of
      greater mass of heat storage substance having a greater concentration of
      pipes, or conduits, per unit area.
NUM  13.
PAR  13. System according to claim 1, wherein the burner means comprises at
      least two burners (8, 13, 22, 26);
PA1  the heat supply means comprises a direct heat pipe (5) having heated
      combustion gases from one of the burners (8, 22) applied thereto and
      supplying heat to the heat exchanger (2), the heat storage device (7)
      having heat applied thereto by the hot combustion gases from the other one
      of the burners (13, 28).
NUM  14.
PAR  14. System according to claim 13, including at least one pre-heater (9, 23,
      29), receiving heat from exhaust combustion gases from at least one of the
      burners to pre-heat combustion air being supplied to the burners.
NUM  15.
PAR  15. System according to claim 14, wherein said one burner (8) having said
      direct heat pipe (5) associated therewith is located in advance - with
      respect to flow direction of combustion gases - of the other burner (13)
      providing heat to the heat storage device (7).
NUM  16.
PAR  16. System according to claim 14, wherein both burners (8, 13) are
      connected in parallel with respect to pre-heated combustion air.
NUM  17.
PAR  17. System according to claim 13, wherein each one of the burners (22, 26)
      has an individual pre-heater (23, 29), the pre-heater having combustion
      gases from the associated burner applied thereto to pre-heat air being
      supplied to the respective burner.
NUM  18.
PAR  18. System according to claim 1, wherein the heat supply means comprises a
      heat distributor (4) connected in heat exchange relation to the heat
      exchanger (2) to deliver heat thereto and being further connected in heat
      exchange relation to the heat storage device (7) to receive heat
      therefrom.
NUM  19.
PAR  19. System according to claim 18, wherein the heat supply means further
      comprises a direct heat pipe (5) having heated combustion gases from said
      burner means (8, 13, 22, 26) applied thereto and supplying heat to the
      distributor (4) additionally, or exclusively of heat being supplied by the
      heat storage device.
NUM  20.
PAR  20. System according to claim 19, wherein at least one of:
PA1  heat distributor (4);
PA1  heat pipe (6);
PA1  comprises a thermal triode in which the flow of heat transfer is
      controllable.
NUM  21.
PAR  21. External combustion hot gas engine system having a hot gas engine (1),
      an engine heat exchanger (2), burner means (8, 13, 22, 26) providing hot
      combustion gases, heat storage means (7), heat supply and distribution
      means (3, 4, 5, 6), and heat conduction means (10, 30, 31, 34) to supply
      heat to the heat storage means,
PA1  wherein
PA1  said heat supply and distribution means to transport heat to the engine
      heat exchanger comprises a heat pipe system (3, 4, 5, 6);
PA1  said heat pipe system includes first heat pipes (5) exposed to combustion
      gases from the burner (8, 22);
PA1  second heat pipes (6) in heat exchange relation with said storage means
      (7);
PA1  and third heat pipes (3, 4) in heat exchange relation with at least one of
      said first and second heat pipes, (5, 6) and conducting heat to the engine
      heat exchanger (2);
PA1  the heat storage means (7) comprises a plurality of storage units (25),
      each being symetrical with respect to a center line thereof, said heat
      storage units (25) being located in adjacent rows and in superimposed
      layers, said second heat pipes (6) extending into said units centrally
      thereof, said units having duct means (32, 43) connected to receive the
      hot combustion gases from the burner and located in heat exchange relation
      to the storage medium of the heat storage device, and extending parallel
      to said heat pipe (6) centrally of the respective unit;
PA1  and collection manifolds (31, 34) to which said duct means (32, 43) are
      connected, located at the end surface of the respective storage units
      (25).
NUM  22.
PAR  22. A heat storage battery (7) for combination with external combustion hot
      gas engine systems comprising
PA1  a plurality of heat storage units (25) located in adjacent rows and in
      superimposed layers, each said units including
PA1  a heat pipe (6) extending centrally of the units;
PA1  a heat storage medium surrounding said centrally located heat pipe;
PA1  duct means (32, 43) connected to receive hot fluids in heat exchange
      relation to said heat storage medium, said duct means extending parallel
      to the heat pipe centrally of the unit;
PA1  and distribution and collection manifolds (31, 34) to which said duct means
      (32, 43) are connected, located at the end surface of the respective
      storage units whereby hot fluids passing through the duct means will
      transfer heat radially inwardly to be stored in the heat storage medium,
      for removal by the heat pipe, as desired, simultaneously, or successively
      with application of heat to the storage medium by the hot fluids, and
      independently of flow of the hot fluids through said duct means to store
      heat in the storage medium.
NUM  23.
PAR  23. Heat storage battery according to claim 22, wherein the plurality of
      heat storage units (25) are arranged in groups, and the cross sections of
      the duct means of the different heat storage groups are of different cross
      sectional area, in decreasing dimension in the direction of flow of the
      heat supplying fluid, and as the ducts are more remote from the source of
      said fluid.
NUM  24.
PAR  24. Heat storage battery according to claim 22, wherein the closed vessel
      (25) is provided, said duct, or conduit means comprises a plurality of
      pipes or conduits (43) passing within said closed vessel, and the
      distribution of the pipes or conduits (43) within the closed vessel is
      arranged, across the cross section of the closed vessel, in dependence on
      relative mass distribution within the closed vessel of the heat storage
      substance, regions of greater mass of heat storage substance having a
      greater concentration of pipes, or conduits per unit area.
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ABST
PAL  Drive means for the displacer piston of a free-piston Stirling type motion
      device comprises a rod which has one end connected to the displacer
      piston, while the other end, which has a small piston thereon, is mounted
      for limited axial movement in a cylinder zone formed in a power piston or
      in a stationary cylinder. A pair of gas passages connect opposite sides of
      the small piston to a source of compressed gas. The source of compressed
      gas is created by movement of the power piston.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,552,120 - William T. Beale discloses a Stirling cycle
      thermal engine or refrigerating device wherein there is no primary
      mechanical connection between the displacer pistons and their associated
      power pistons. In my patent, the use of the displacer piston rod as a
      displacer movement initiating means is disclosed and claimed. This
      application is directed to alternate means for initiating motion in the
      displacer piston wherein means cooperating with the displacer piston rod
      and the power piston causes the displacer piston to move at a fixed point
      in the travel of the power piston, thus insuring rapid displacer piston
      motion at the proper portion of the engine's cycle resulting in more
      complete transfer of the gases between the hot and cold displacer cylinder
      spaces which in turn results in an increased cyclic work potential of the
      engine.
PAR  It has been found that any influence which results in improper displacer
      phasing can result in poor distribution of the hot and cold gases during
      expansion and compression giving rise to thermal hysteresis and lower
      thermal efficiency as discussed in SAE Paper 730647, June 18 - 22, 1973.
PAC  THE INVENTION
PAR  It has been found that by controlling the initiation of the displacer
      piston movement by a fluid pressure coupling between the displacer piston
      and the power piston so that the displacer piston moves at a fixed point
      in the power piston travel such disadvantages of the free-piston Stirling
      cycle type engine are avoided.
PAR  In general, the present invention comprises a free-piston Stirling type
      engine including a displacer piston and a power piston, each mounted for
      reciprocation in respective displacer piston and power piston cylinder
      zones, means for adding heat to and withdrawing heat from opposite ends of
      the displacer cylinder zone and drive initiating means for the displacer
      piston comprising a rod, means connecting one end of the rod to one end of
      the displacer piston, a small piston on the other end of said rod, a
      cylinder for said small piston formed in the power piston having a length
      to permit limited axial movement of the small piston relative to the power
      piston, or to a stationary cylinder, and a pair of gas passages connecting
      opposite sides of the small piston to an alternating source of compressed
      gas to thereby initiate movement of the small piston and its rod connected
      displacer piston.
PAR  Throughout the specification and claims hereof, the terms Stirling cycle
      type engine or device are intended to include an engine, a refrigerator,
      and/or a heat pump and the like.
DRWD
PAR  The invention will be more specifically described in reference to the
      drawing wherein:
PAR  FIG. 1 shows a free-piston type Stirling cycle device having a displacer
      piston and a power piston constructed in accordance with the teachings of
      this invention; and
PAR  FIG. 2 shows a modified form of the invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The principles of Stirling cycle thermal devices are well known in the art
      and a relatively comprehensive review of past and recent developments in
      Stirling thermal engines and the comparison of such engines with the Otto,
      Brayton, Carnot, and Ericsson cycle engines is found in Volume 68, SAE
      Transactions, 1960, pp. 665-684. Since the principles of Stirling thermal
      cycle devices are well known to those skilled in the art, the following
      detailed discussion will be restricted to the improvements in the art
      brought about by the present invention.
PAR  Referring to FIG. 1 of the drawing, 10 generally designates a Stirling
      cycle type thermal device which includes a housing 14. The housing 14
      encloses a displacer piston D 16 and a power piston P 18. Associated with
      the displacer piston D 16 is a displacer piston cylinder D 20 and the
      power piston has a power piston cylinder P 22.
PAR  Associated with the displacer cylinder D 20 is a combined heat exchange
      means and regenerator generally designated 24, which includes a heater
      portion 26, a regenerator portion 28, and a cooler 30. The elements may
      take the form such as shown in FIG. 6 of my said U.S. Pat. No. 3,552,120.
      The heater 26 communicates with the end 32 of cylinder D 20 through the
      opening 34 while the cooler 30 communicates with the opposite end of the
      cylinder D 20 via opening 36.
PAR  The displacer piston D 16 has mounted thereto a displacer piston rod 38.
      The displacer piston rod 38 passes through a bore 40 in the upper end 42
      of the power piston P 18. The displacer rod 38 has provided at its
      opposite end a small piston designated 44 which operates in a cylinder or
      bore 46 within the power piston P 18. The bore 46 has two end chambers 48
      and 50 of a diameter only slightly larger than the diameter of the piston
      44 so that active spaces or zones are provided at the limits of movement
      of the small piston 44.
PAR  The pair of spaces 48 and 50 are axially spaced from each other a distance
      equal to the distance A which comprises the desired power piston stroke.
      The lower end of the power piston 52 operates in a bounce space or zone 54
      and the power piston has connected thereto a power piston rod 56 which is
      provided with a rolling or bellows type seal or other appropriate seal 58
      where it projects through the end 60 of the housing 14.
PAR  It will be noted that the power piston P 18 is provided with an enlarged
      band or ring 62 which operates in an enlarged bore 64 provided with
      reduced diameter end portions defining active spaces or chambers 66 and
      68. Gas adjacent face 70 of the band 62 on the power piston P 18 is in
      communication with the active space 48 via an internal gas passage 72
      while the opposite face 74 of the enlarged portion 62 of the power piston
      P 18 communicates with the active space 50 via internal gas passage 76.
      Further, a bore 78 in a portion of the housing 14 permits communication
      between the gas in the bounce space 54 and the zone 64 within which the
      enlarged portion of the power piston reciprocates.
PAR  To complete the assembly, the enlarged portion 62 of the power piston P 18
      is provided with an internal bore 80 and a cross bore 82. The ends of bore
      80 are provided with flapper type check valves 84 and 86. These valves
      maintain the gas pressure in active zones 48 and 50 at not less than the
      pressure of the gas in the bounce zone 54, thereby avoiding premature
      return motion of the displacer piston as the power piston rebounds at
      either end of its stroke and tends to reduce gas pressure in the zones 48
      and 50.
PAR  The operation of the device, when functioning as an engine with heat being
      added to heater 26 by suitable heating means; with the displacer piston D
      16 and the power piston P 18 moving toward end 60 of the housing 14; and
      with the cylinders D 20 and P 22 charged with, for example, hydrogen gas
      at, for example, 2,000 psi; will be described hereinbelow.
PAR  Under these conditions, as the power piston P 18 moves into the bounce
      space 54 between piston face 52 and end wall 60 of the housing 14, gas is
      trapped in such bounce space and in zone 64. Adjacent the extreme movement
      of the power piston P 18 gas is also trapped in space 66 by the enlarged
      portion 62 of the piston and the trapped gas will be forced through
      passage 76 to space 50. It will be noted that the small displacer drive
      piston 44 will be positioned in the active space 50 during this stage of
      the combined movement of the displacer piston D 16 and the power piston P
      18 toward end 60 of the housing. The increased gas pressure in space 50
      will then drive the small piston 44 toward end 32 of the displacer
      cylinder D 20 and in turn the displacer piston D 16. After the displacer
      piston D 16 commences to move toward end 32 of the displacer piston
      cylinder D 20, the pressure in gas bounce space 54 drives the power piston
      P 18 away from end 60 of the housing. The power piston and the displacer
      piston will continue to move away from end wall 60 of the housing 14 until
      gas trapped in the active space 68 is transmitted through internal bore 72
      to active space 48 where it will act against the displacer piston rod
      piston 44 which will force the displacer D 16 in the opposite direction or
      toward wall 60 of housing 14 and its motion in that direction will cause
      the reversal of direction of movement of the power piston P 18 and the
      cycle repeats.
PAR  Referring to FIG. 2 of the drawing, 10' shows a modified form of the
      present invention wherein the cylinder zone for the small piston connected
      to the displacer piston rod is formed in a stationary block and the power
      piston is remote from the displacer piston. The housing 14' encloses a
      displacer piston D 16' and a nonaxially aligned power piston P 18'. The
      displacer piston reciprocates in a displacer piston cylinder D 20' and the
      power piston reciprocates in a power piston cylinder P 22'.
PAR  Associated with the displacer piston cylinder D 20' is a conventional
      combined heat exchange means and regenerator like the combined heat
      exchange means and regenerator 24 of the FIG. 1 form of the invention.
PAR  The displacer piston D 16' has mounted thereto a piston rod 38' which has a
      small piston 44' formed at the lower end thereof. The piston 44'
      reciprocates in a cylinder 46' having two end chambers 48' and 50' which
      are only slightly greater in diameter than the diameter of the small
      piston 44' so that active spaces or zones are provided at the limits of
      movement of the small piston, which limits are defined by the limits of
      movement of the displacer piston D 16'.
PAR  The power piston P 18' is provided with an enlarged band or ring 62' at its
      lower end which band operates in an enlarged bore 64' provided with
      reduced diameter end portions defining active spaces or chambers 66' and
      68' at the extremities of the enlarged bore 64'.
PAR  Gas adjacent face 70' of the band 62' is in communication with the active
      space 48' via an internal gas passage 72' while the opposite face 74' of
      the enlarged portion 62' of the power piston P 18' is in communication
      with the active space 50' via internal gas passage 76'.
PAR  The band 62' may also be provided with suitable check valves as
      hereinbefore described in reference to the form of the invention shown in
      FIG. 1. Operation of this form of the invention is substantially identical
      to operation of the form of the invention illustrated in FIG. 1 and
      movement of the displacer piston is brought about by pressure created in
      zones 66' or 68' transmitted to zones 50' or 48' depending on the
      direction of movement of the power piston P 18'.
PAR  As is known in the art, the power piston may be returned by springs and/or
      a combination of springs and compressed gas as shown and described in
      reference to FIGS. 12 and 13 of my U.S. Pat. No. 3,552,120. It will be
      further appreciated that instead of a single power piston and a single
      displacer piston, dual inter-connected displacers and power pistons may be
      employed with the displacer phasing mechanism of this invention and
      suitable displacer piston and power piston arrangements are illustrated,
      for example in FIGS. 1 and 2 of my said U.S. Pat. No. 3,552,120.
PAR  From the foregoing description of a specific embodiment of the present
      invention, it will be seen that the recited and other advantages are fully
      accomplished.
CLMS
STM  I claim:
NUM  1.
PAR  1. A free-piston Stirling cycle type engine including a displacer piston
      and a power piston, each mounted for reciprocation in respective displacer
      piston and power piston cylinder zones, means for adding heat to and
      withdrawing heat from opposite ends of the displacer cylinder zone and
      phasing means for the displacer piston comprising a rod, means connecting
      one end of the rod to one end of the displacer piston, a small piston on
      the other end of said rod, a cylinder for said small piston, and a pair of
      gas passages connecting opposite sides of the small piston to alternating
      sources of compressed gas initiated by the power piston to thereby
      initiate movement of the small piston and its rod connected displacer
      piston at an appropriate point in the power piston travel.
NUM  2.
PAR  2. A free-piston Stirling cycle type engine including a displacer piston
      and a power piston, each mounted for reciprocation in respective displacer
      piston and power piston cylinder zones, means for adding heat to and
      withdrawing heat from opposite ends of the displacer cylinder zone and
      phasing means for the displacer piston comprising a rod, means connecting
      one end of the rod to one end of the displacer piston, a small piston on
      the other end of said rod, a cylinder for said small piston formed in the
      power piston having a length to permit limited axial movement of the small
      piston relative to the power piston, and a pair of gas passages connecting
      opposite sides of the small piston to alternating sources of compressed
      gas initiated by the power piston to thereby initiate movement of the
      small piston and its rod connected displacer piston at an appropriate
      point in the power piston travel.
NUM  3.
PAR  3. The invention defined in claim 1 wherein the source of compressed gas
      comprises gas compressed by the power piston as it is moved by movement of
      the displacer piston from the hot zone of the displacer cylinder.
NUM  4.
PAR  4. The invention defined in claim 1 wherein the source of compressed gas is
      formed by gas compressing zones adjacent travel limits of the power
      piston.
NUM  5.
PAR  5. The invention defined in claim 4 wherein said gas compressing zones are
      defined by a pair of annular spaces in the power piston cylinder and a
      cooperating ring formed on the power piston.
NUM  6.
PAR  6. The invention defined in claim 5 including an axial gas passage in said
      ring and check valves at the extremities of said axial gas passage to
      maintain the gas pressure in the pair of annular spaces not less than gas
      pressure in the gas rebound space.
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ABST
PAL  A machine is constructed from plural elongated elements constructed as
      tubes or rods with double duct and which are alternatingly cooled and
      heated past a transition temperature, whereby restauration of the original
      length occurs during heating under development of force and is effective
      as work producing stroke, while upon cooling below the transition
      temperature such element is extended or upset. The elements are
      resiliently coupled to a crank shaft or to the rotary output of swash
      plate like machine. Heating and cooling fluid is alternatingly driven
      through the duct or ducts in the stroke producing elements to obtain
      periodic extension and contraction which is translated into rotational
      power.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a thermoengine with a displacement element
      analogous to piston strokes and operating particularly by converting
      thermal energy into mechanical energy.
PAR  The internal combustion engine is a type of engine which generates thermal
      energy through combustion and converts that energy into mechanical energy.
      Generally speaking, these engines are reciprocating pistons, rotary
      pistons or turbines. The conversion of thermal energy into mechanical
      energy as such is, however, independent from the actual construction of
      the machine. These machines use the phenomenon known as internal
      combustion according to which fuel burns at an accellerated rate producing
      pressure energy which is in one way or another converted into mechanical
      movement. It is known, however, that all of these machines are more or
      less noisy, produce pollutants and contaminants and run relatively
      inefficiently. Since the production of combustion is the modus operandi of
      these machines, the fuel must be used under conditions in which the
      generation and sustaining of combustion is the primary prerequisite. All
      other factors are secondary. While improvements on isolated aspects are
      still conceivable, the known internal combustion engine cannot be
      considered an optimum type of machine for converting theremal energy into
      mechanical energy.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved
      thermo-engine having a lifting and reciprocating, work-producing element
      which is highly efficient and can be operated under ecologically
      advantageous conditions.
PAR  In accordance with the preferred embodiment of the present invention, it is
      suggested to provide a plurality of elongated elements which change length
      mechanically under exertion of relatively low force in a first temperature
      range, while restoring their respective original length in a different
      tremperature range, particularly when exceeding a transition temperature
      range and under development of significant force. The elements each are
      exposed alternatingly to heating and cooling fluids, and the elements are
      elastically coupled to a rotating device or element (e.g. a disk or a
      crank-shaft) to convert the resulting length expansion and contraction of
      the elements into rotary motion.
PAR  The invention, therefore, is to be seen in eliminating the thermocycle of
      gas heating and expansion of a combustion engine, and instead thermally
      produced, periodical length changes of these elongated elements are used.
PAR  In the preferred form of practicing the invention, elongated elements are
      constructed from a Nickel-Titanium alloy of the type disclosed, for
      example, in British Pat. No. 1,180,782. An elongated element made of such
      a material is rather easily deformible, such as longitudinal upsetting or
      compression or extension when below the so-called transition temperature
      range, while restoring to its original length when heated above that
      temperature range, resulting in a work producing stroke.
PAR  The fluids provide for alternating cooling below and heating above the
      transition range, whereby preferably the temperature spread of cooling and
      heating is a multiple of that transition range to permit these alternating
      contractions and expansions to occur in rapid sequence. The transition
      range is for instance from 130.degree. to 140.degree.C and the operating
      range is for instance from 110.degree. to 160.degree.C.
PAR  Preferably, one will provide ducts through these elements for alternating
      passage of heating and cooling fluid. The elastic coupling of the linearly
      expanding and contracting elements to the rotary output keeps hard impacts
      from the latter, as the change in longitudinal dimension of such elements
      occurs quite rapidly when traversing the critical, transition temperature
      range.
PAR  The heat exchange fluid will be heated preferably in a steady heating
      process that does not need to operate with combustion. Burning of clean
      fuel under conditions favorable to ecology can become the prime factor
      operation. Unlike in combustion engines, the requirement here is merely
      that an exothermic process be used which can be sustained as such. Thus,
      burning of fuel can readily be optimized as far as BTU output is concerned
      and/or as far as completeness of burning and avoiding formation of
      contaminant is concerned. The heat exchange fluid is preferably a liquid
      such as heat resisting oil.
PAR  It can readily be seen that the invention permits complete separation of
      the development of thermal energy from the mechanical-work producing
      process. The fluid heating the elements must be heated somehow, or more
      generally, the elements must be heated periodically in some fashion. It
      makes no difference where the thermal energy comes from.
PAR  As far as cooling is concerned, forced air cooling suffices, While such air
      could be used as cooling fluid, a heat exchange process with a cooling
      liquid, such as water, possibly with anti-freeze, is preferred so as to
      increase the heat exchange rate with the elongated elements. It can also
      be seen that ambient air readily suffices even under very different
      climate conditions.
PAR  The machine can be expected to have a long life, as the elements on
      internal tecture change, no outside wear is involved. The resulting
      internal cycle is such that an element restoring its original length on
      heating provides the force which causes length change in one or several
      elements which are cooled in the instant. However, the force developed on
      restauration is considerably higher than the force needed to compress or
      extend, as the case may be, one or several cooled elements.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a somewhat schematic and diagrammatic illustration of a first
      example for practicing the preferred embodiment of the invention;
PAR  FIG. 2 is a schematic and diagrammatic detail of FIG. 1;
PAR  FIG. 3 is partially a section view, partially diagram of the second example
      for practicing the preferred embodiment of the invention; and
PAR  FIG. 3A is a side view of element 35 of FIG. 3.
DETD
PAR  Proceeding now to the detailed description of the drawings, FIG. 1 shows
      three elongated, work-stroke producing elements 10, 11 and 12. Preferably
      made from a titanium nickel alloy with a temperature dependent memory of
      the type disclosed in said British patent; it may be assumed that e.g.
      after annealing these elements have a particular length. They can be
      rather easily longitudinally compressed, i.e. upset when at a temperature
      for instance below 130.degree.C. Upon heating these elements above the
      range, they restore to their original length under development of much
      greater force than needed for the low temperature upsetting of any such
      element, so that the force balance permits extraction of a useful output.
      A length change of about 10 percent is readily available here.
PAR  One end of each element is provided, e.g. with a transverse cylindrical
      configuration received in a corresponding socket in a housing 13. This
      wall all elements are pivotally connected to the housing. The pivot axes
      may be coaxial and extend transverse to the elongated extension of each
      element but parallel to an axis 15' for a rotational output. The other
      ends of these elements are connected to a crankshaft 15 as output and
      having that axis 15'. The connection is made in each instance through
      elastic connectors 14. The connection to the crank-shaft is made so that
      the points of engagement with the crank-shaft are apart by 120.degree..
      Arrow 15a points to an axial front projection of the connections as made
      relative to the axis 15' of the crank-shaft.
PAR  Each of the elements 10, 11, 12 is longitudinally traversed by two parallel
      bores which are fluid conductively interconnected adjacent the respective
      elastic connector 14. Rotary slide or disk valves 16, 17 and 18
      respectively connect these bores alternatingly (as to each element) to a
      heating circulation 20 and to a cooling circulation 22, for driving heat
      exchange fluid through the ducts to obtain heating and cooling of the
      elements in alternating sequence as to each of them but with a phase among
      the three. Accordingly, each of the elements 10, 11, 12 is alternatingly
      cooled and heated, but at a phase shift explained as follows:
PAR  Generally speaking, the valves 16, 17, and 18 are under control of a
      controller 19, having the rotation of the crank-shaft 15 as an input. The
      operative connection between crank-shaft 15 and the valves is such that
      cooling cycle and heating cycle is operated for each element 10 to 12 in
      strict dependency upon the phase angles of rotation as representing the
      forward and retracted positions of the several elements. As a consequence,
      heating and cooling fluid is passed through these lements 10, 11, 12 in
      alternating sequence as to each element and with a 120.degree. phase shift
      among the several elements causing the elements to alternatingly contract
      and expand, with the same phase shift.
PAR  In the illustrated position, with arrow 15b denoting the desired rotation,
      rod 10 is supposed to contract. Under the assumption that the elements
      expand when heated, valve 16 has passed and may still be passing cooling
      fluid into element 10, so that the element is cold while being upset by
      the crank-shaft. Element 11 is at maximum expansion and cooling fluid may
      just begin to be fed into and through its ducts. Element 12 is the one
      performing work at this point. It is being heated by heating fluid and it
      is expanding, turning the crank. Accordingly, the crank-shaft is driven by
      these elements to the extent they expand and contract.
PAR  The resulting stroke of expansion and contraction of each element is rather
      small but may be up to about 10 percent. The small stroke, however, is
      carried out under development of a significant amount of force. Even
      though the lever action on the crank-shaft is accordingly small, the
      resulting torque is of significant magnitude.
PAR  The operation could be carried out in the reverse in that the restoration
      of length of each element 10, 11, 12 involves its contraction on heating,
      while with comparatively little force they are extended when below the
      transition temperature range. Under such circumstances element 10 in FIG.
      1 would still receive heating fluid to undergo and continue its
      contraction pursuant to higher temperature restoration of its length,
      while element 12 is cooled and undergoes extension by the crank-shaft.
PAR  The resilient coupler or connector 14 for each expanding and contracting
      element has a rather important function. It cushions the rather hard
      pushing and pulling action as provided by the respective element, whenever
      restoring it original configuration upon traversal of the transition
      temperature. The resiliency prevents also destruction of the machine in
      the case of malfunction.
PAR  It is of advantage to operate heating and cooling fluids at a temperature
      differential which is well in excess of the critical temperature range of
      the transition to obtain rapid traversal of that transition change so as
      to obtain rapid expansion and contraction in each instance. This permits
      development of relatively high rotational speeds at the crank-shaft,
      bearing in mind, however, that this is a low speed high torque machine.
PAR  By way of example, the heating fluid should have a temperature of for
      instance 60 centigrade and the cooling fluid may have room temperature.
PAR  FIG. 2 shows a schematic for the heating and cooling circulations for one
      element (e.g. 11) of FIG. 1. The valve 17 is shown here in two
      synchronously operating parts or portions 17a and 17b, one for each duct
      11a, 11b. In the illustrated valve position, the ducts 11a and 11b are
      connected into the heating fluid circulation, while the cooling fluid
      circulation is positively interrupted. This, however, is correct only as
      to the one particular stroke element. In reality, there may always one
      element be connected to the heating fluid circulation, one to the cooling
      fluid circulation, while the third one is in transition of connection and
      may also be connected to the heating or to the cooling circulation as
      required. It will be recalled that in FIG. 1 element 10 is connected to
      the cooling circulation, but may soon be cut off, while element 11 had
      just been connected also to the cooling circulation.
PAR  The heating circulation includes a heating source 20a for heating fluid
      which is pumped into the circulation by a pump 21. Specifically, hot fluid
      is pumpsed through valve 17a into duct 11a and returns from duct 11b
      through valve 17b to the heat source. The source 20a may be a clean fuel
      steady operating burner with a BTU output sufficient to maintain a
      particular temperature of the circulating heat exhchange fluid as being
      pumped by pump 21. The burner 20a is a completely independent unit. It
      may, for example, be operated in a feedback loop to maintain,
      approximately at least, constant temperature of the fluid it heats and
      which is pumped through the system. One can use gaseous or liquid fuel and
      operate the burner under minimum polluting conditions with maximum use of
      its latent energy content.
PAR  Upon changing the disposition of valves 17a, b (see arrow in FIG. 2), the
      heating circulation is cut off from element 11, and the cooling
      circulation 22 is connected to ducts 11a, 11b through valves 17a, b. A
      cooled fluid is pumped from a cooling source 22a by means of a pump 23
      into duct 11a and back from duct 11b.
PAR  The prime input of the cooling circulation may be a fan forcing outside air
      into heat exchange relation with the cooling fluid, so that the latter
      gives off thermal energy it receives from the respective element or
      elements. If the air needed for the burner is taken from that cooling
      circuit, one may achieve still greater efficiency.
PAR  It should be noted that speed regulation of the engine may be carried out,
      for example, by controlling the pump or pumps 21, 23. The pumps are, of
      course, driven via the crank-shaft, and their volume of pumped fluid may
      be valvecontrolled, so that the rate of fluid flow is controlled which in
      turn controlls heating and cooling speeds. These speeds are the primary
      factor for rotational speed control. One could also control the
      temperature of the fluids, but that is a slower process.
PAR  Turning now to the second example of the preferred embodiment of the
      invention as shown in FIG. 3, an engine is illustrated here resembling a
      swash plate machine with axially parallel pistons, except that this
      particular machine has no pistons but expanding - contracting, stroke
      producing, tubular elements 30 and 31. These elements are articulated on
      one end in a follower disk 34, while they are held in a likewise revolving
      disk 32 at their other end by means of force - dependent, elastic couplers
      38 and 39, respectively. Due to the articulated connection, the resilient
      connection to disk 32 amounts indirectly to a resilient connection to disk
      34. Disk 34 revolves about an axis oblique to, but intersecting the axis
      of rotation of disk 32, while elements 30, 31 extend parallelly to the
      latter axis. The disks 32, 34 are journalled in appropriate bearings in a
      housing 40. Housing 40 has two end plates 35 and 36 constructed as
      stationary control disks provided with appropriate arcuate slots in disk
      35.
PAR  Analogously, disk 34 revolves in face to face abutment with disk 36, and
      ducts 34a, 34b alternatingly align with the openings in disk 36. These
      ducts in disk 34 terminate inside of the disk in sockets which articulate
      end balls of the elements 30, 31. These end balls are also traversed by a
      bore to continue the tubular interior of the tubular elements but with
      slightly flared ends. Thus, as the end balls change directions, the hollow
      interior remains in fluid conductive alignment with ducts 34a, 34b
      throughout.
PAR  The respective other ends of tubular elements 30, 31 are slidingly held in
      short flanged sleeves 38, 39 on disk 32 which in turn communicate with the
      ducts 32a, 32b.
PAR  Inlet and outlet of the cooling circulation are permanently connected to
      one opening or slot in disk 35 and one opening in disk 36, respectively.
      Inlet and outlet of the heating circulation are connected to the
      respective other openings in disk 35, 36. Additional valves are not
      necessary as the relative movement of disk 32 on disk 35 performs e.g. the
      inlet valving function, while disk 34 as rotating on disk 36 performs the
      outlet valving function or vice versa.
PAR  It can readily be seen that fluid is passed through each stroke producing
      element in one direction only. The illustrated disposition of the machine
      in FIG. 3 shows heating fluid to begin to pass through element 31, while
      cooling fluid begins to pass through element 30.
PAR  As can be taken from FIG. 3a, the crosssection of ducts 32a, 32b must be a
      little smaller than the distance of the arcuate slots at their ends from
      each other, so that these ducts 32a, 32b will not interconnect the cooling
      and the heating circulations. On the other hand, as soon as, for example,
      duct 32a of rotating disk 32 has completely receded from alignment with
      one of the arcuate slots in disk 35 it will open passage and connection to
      the other slot.
PAR  It is assumed also that the mechanical memory of the elements is such that
      cooling permits and will produce contraction, while heating beyond the
      transition temperature will result in expansive restauration of the
      respective tube, 30 or 31 as the case may be.
PAR  For a full cycle, assume that tube 31 is being heated and its temperature
      exceeds the transition temperature it expands quite forcefully. Resilient
      coupler 39 attenuates the impact and causes more gradual conversion of the
      axial push into rotation, thereby imparting torque upon disks 32 and 34.
      The resilient couplers 38, 39 are shown in an intermediate position in
      which they are held by elastic forces, tending to restore that disposition
      upon deflection therefrom in either direction. The couplers 38, 39 may for
      instance be spring centered mechanisms or hydraulic pressure loaded
      elements.
PAR  Concurrently to heating of tube 31, tube 30 was cooled, so as to assume its
      upset, shortened configuration. This in turn provides torque upon the
      assembly in support of the torque as provided by the expansion of tube 31.
      After 180.degree. rotation the heating and cooling of the tubes is
      reversed.
PAR  The direction of the resulting rotation is simply the one the rotating
      structure already has. The relative phase of the various openings bores
      and ducts in relation to the axes can be selected in relation to the tilt
      angle of disk 34, so that the correct rotation is assumed from the
      beginning. The starting position is preferably not dead center, but full
      or partial alignment of the bores (32a etc.) with the respective slots
      which place the tubes 30, 31 off - dead center.
PAR  It can readily be seen that the mode of operation can be reversed. The
      elements 30, 31 may be extended when cooled but contract on heating; the
      phases of operation are simply changed by 180.degree. as between rotation
      on one hand, and valve operation for connection of heating and cooling
      circulations on the other hand.
PAR  The invention is not limited to the embodiments described above, but all
      changes and modification thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  I claim:
NUM  1.
PAR  1. Thermo-engine in which thermal energy is converted into mechanical,
      rotational energy by an output member, comprising:
PA1  a plurality of elongated elements which change their length extension under
      development of a relative high force, when changing temperature beyond a
      transition temperature or temperature range while permitting length
      changes in the opposite direction under exertion of relatively little
      force, when at a temperature oppositely beyond said transition temperature
      or temperature range;
PA1  means including resilient means for coupling said elements to said output
      member, so that the length changes of the elements are translated into
      rotational movement imparted upon the output member when at least one
      element changes length under development of said high force, while causing
      the opposite length change under exertion of force in one other of the
      elements as at least the one element changes length under development of
      force; and
PA1  means for cyclically and alternatingly exposing said elements to heating
      and cooling fluids to obtain temperature changes thereof under rapid
      traversal of said transition temperature or range in each instance to
      obtain said length changes in each of said directions.
NUM  2.
PAR  2. Thermo-engine as in claim 1, wherein the elements are being upset under
      exertion of relatively little force, while expanding under the development
      of large force.
NUM  3.
PAR  3. Thermo-engine as in claim 1, wherein the elements are being extended
      under exertion of relatively small force, while contracting under the
      development of large force.
NUM  4.
PAR  4. Thermo-engine as in claim 1, wherein each of the elements is traversed
      by at least one duct, there being valve means controlled in synchronism
      with rotation of said rotatable member for alternatingly passing heating
      and cooling fluids through said elements.
NUM  5.
PAR  5. Thermo-engine as in claim 1, wherein each element is pivotally supported
      at at one end and resiliently at the respective other end.
NUM  6.
PAR  6. Thermo-engine as in claim 1, the last means including means for
      sustaining steady burning of fuel as heat source for continuously heating
      the heating fluid, there being valve means for controlling the alternation
      of exposing the elements to the heating fluid.
NUM  7.
PAR  7. Thermo-engine as in claim 1, the last means including means for
      providing cooling air and a heat exchanger for cooling the cooling fluid.
NUM  8.
PAR  8. Thermo-engine as in claim 1, wherein the cooling fluids differ in
      temperature by a value which is a multiple of the said transition
      temperature range.
NUM  9.
PAR  9. Thermo-engine in which thermal energy is converted into mechanical
      energy by causing a rotatably mounted element to rotate, comprising a
      plurality of elongated elements which expand and contract in dependency
      upon temperature and each restoring to a particular length upon being
      heated above a critical transistion temperature range, and each including
      a longitudinal extending duct with externally accessible inlet and outlet;
PA1  means including transversely effective elastic couplers for connecting the
      elongated elements to the rotatable element so that length changes in the
      elements are converted into rotation of the rotatable element; and
PA1  means for cyclically alternating passing a heating and a cooling fluid to
      the inlets of the elements of the plurality with a phase shift to obtain
      alternatingly contraction and expansion of the elements for causing said
      rotatable element to rotate.
NUM  10.
PAR  10. Thermo-engine as in claim 9, wherein the means for cyclically passing
      include valve means operating in synchronism with the rotation of said
      element to obtain cyclically alternating passing of heating and cooling
      fluid through the elements.
NUM  11.
PAR  11. Thermo-engine as in claim 9, wherein said rotatable element is c
      crank-shaft, the elongated elements connected with one end thereto by said
      elastic means, the respective other end of each element being fixed as to
      longitudinal extensions.
NUM  12.
PAR  12. Thermo-engine as in claim 11, wherein each elongated element is
      longitudinally traversed by two ducts communicating in the region of
      connection of the element to the crank-shaft, the ends of the two ducts at
      the other end of the shaft being respectively connectable to feed and
      return paths of heating and cooling fluid circulations of the last means.
NUM  13.
PAR  13. Thermo-engine as in claim 11, wherein said elements are constructed
      from material with an elastic temperature-dependent memory each being
      changed in length by the crank-shaft during one half cycle of rotation,
      while exerting force upon the crank-shaft during the other half cycle of
      rotation.
NUM  14.
PAR  14. Thermo-engine as in claim 9, the rotatable element being a tilted disk
      to which the elongated elements are articulated by one respective end, the
      other ends of the elongated elements being connected to a second disk by
      said disks journalled in a housing and operating as rotating valves, the
      means for passing being connected to said housing, the elements being
      tubular for passage of said fluids and in alternating sequence in
      dependence upon the rotating valves.
NUM  15.
PAR  15. Thermo-engine as in claim 14, wherein each tubular element is
      constructed from material with an elastic temperature-dependent memory
      each being changed in length by said titled disk during one half cycle or
      rotation while exerting force upon the disk during the other half cycle of
      rotation.
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ABST
PAL  A dual master cylinder has a cylinder housing in which one bore is
      provided. A pair of pressurizing pistons are mounted in tandem in the bore
      to define therewith a pair of pressurizing chambers. Each chamber is
      connected to a separate brake circuit. The cylinder housing also has
      formed in it a pair of secondary reservoir chambers which are connected to
      the bore by compensation ports. A single primary reservoir chamber is
      formed by a stamped metal reservoir body which is secured to the cylinder
      housing over the secondary reservoir chambers so as to cover those
      chambers and seal them. Fluid transfer ports through the bottom of the
      reservoir body connect with the secondary reservoir chambers, and have
      their axes axially misaligned relative to the axes of the compensation
      ports so that fluid returning to the reservoirs through the compensation
      ports will not be able to enter the primary reservoir chamber when a
      squirting action takes place. A fluid level sensor is mounted in the side
      of the reservoir body so that it senses the level of brake fluid in the
      primary reservoir chamber. The reservoir body has a sealed diaphragm and
      cover which closes the primary reservoir chamber.
PARN
PAR  This is a continuation of our application Ser. No. 379,349, filed July 16,
      1973.
BSUM
PAR  The invention relates to a master cylinder having a plurality of
      pressurizing chambers formed in a bore in a cylinder housing. More
      particularly, the invention relates to the provision of a secondary
      reservoir chamber for each pressurizing chamber, the secondary reservoir
      chambers being connected to the bore by means of compensation ports so
      that the fluid in the pressurizing chambers and the circuits connected to
      them may be compensated. The secondary chambers are defined primarily by
      the cylinder housing and are covered by a stamped or formed reservoir body
      which is secured by suitable means, preferably welding, to the cylinder
      housing so as to seal the secondary reservoir chambers. The reservoir body
      defines a single primary reservoir chamber which is connected to the
      secondary reservoir chambers by fluid transfer ports formed in the bottom
      of the reservoir body. The axes of these fluid transfer ports are axially
      misaligned relative to the axes of the compensation ports so as to prevent
      the squirting of fluid through the compensation ports and into the primary
      reservoir chamber when brake fluid is returned under pressure to the
      reservoirs. A fluid level sensor is mounted on the reservoir body and
      extends into the primary reservoir chamber so as to sense the level of
      brake fluid therein.
PAR  In the preferred embodiment the assembly combines a permanent mold iron
      cylinder body with a stamped steel primary reservoir body. The body and
      reservoir are welded together using a low energy weld technique such as
      ultra-pulse welding. The volume of fluid contained in either of the
      secondary chambers will be adequate to provide a reasonable number of
      vehicle stops if a partial system failure occurs which depletes the supply
      of fluid in the primary reservoir chamber and in one of the secondary
      reservoir chambers. The fluid transfer ports are located away from the
      side walls of the secondary chambers so that they will not allow transfer
      of fluid to the failed system during downhill driving, high deceleration
      stops, or cornering.
PAR  The use of a single chamber primary reservoir permits the use of a single
      fluid level sensor. Since excessive usage of fluid by either of the two
      brake systems connected to the master cylinder will lower the fluid level
      in the primary reservoir chamber, a single sensor can be used to detect
      either a pressure loss or excessive lining wear. The single sensor
      simplifies the arrangement and results in a more economical assembly.
DRWD
PAC  IN THE DRAWING:
PAR  FIG. 1 shows a master cylinder assembly in crosssection and embodying the
      invention.
PAR  FIG. 2 is a sectional view of the assembly of FIG. 1 taken in the direction
      of arrows 2--2 of that FIGURE.
DETD
PAR  The master cylinder assembly 10 includes a cylinder housing 12 and a
      reservoir body 14. The cylinder housing is preferably a permanent mold
      iron housing, but may be made of other materials and by other processes
      while embodying the invention. A bore 16 is provided in the housing 12 and
      pressurizing pistons 18 and 20 are reciprocably mounted in the bore. A
      piston stop 22 cooperates with the rear end of piston 20 and the piston
      return springs 24 and 26 to define the release positions of the pistons,
      shown in the drawing. The pistons cooperate with the bore 16 to define
      first and second pressurizing chambers 28 and 30. Outlets 32 and 34 are
      respectively connected to different brake fluid circuits in a vehicle
      brake system, all in a manner well known in the art.
PAR  The upper portion of the cylinder housing 12 is formed to provide secondary
      fluid reservoir chambers 36 and 38. The chambers are defined in part by
      their respective side walls 40 and 42 and their bottom walls 44 and 46.
      These walls are integral parts of the cylinder housing 12. The side walls
      are preferably flat on their upper surfaces so as to receive the flat
      bottom of the reservoir body 14 thereon in sealing relation. The bottom of
      reservoir body 14 therefore provides closing means for the individual
      reservoirs. The compensating ports 48 and 50, formed through bottom wall
      44, connect the secondary reservoir chamber 36 with the bore 16. The
      compensating ports 52 and 54, formed through the bottom wall 46 connect
      the secondary reservoir chamber 38 with the bore 16. Ports 48 and 52
      communicate with the pressurizing chambers 28 and 30, respectively, when
      the master cylinder is in the release position shown. As is common in the
      art, these ports are closed by suitable piston seals or cups when the
      pistons are moved in a pressurizing direction by movement of the push rod
      56, and are uncovered as the pistons return to the release position and
      are positioned by stop 22. Ports 48 and 52 are also positioned
      substantially centrally of the bottom walls 44 and 46 of the secondary
      reservoir chambers 36 and 38.
PAR  The bottom wall 58 of the reservoir body 14 is secured to the side walls 40
      and 42 so that it closes the secondary reservoir chambers. This securing
      is preferably accomplished by use of a low-energy weld technique, such as
      ultra-pulse welding, indicated by intersecting cross hatching at 41. The
      reservoir body 14 defines the primary reservoir chamber 60 of the master
      cylinder assembly. This is a single chamber and is connected to the two
      secondary chambers through fluid transfer ports 62 and 64. These ports are
      provided in the bottom wall 58 of the reservoir body and communicate with
      their respective secondary reservoir chambers 36 and 38. Port 62, for
      example, is positioned away from side wall 40 and has its axis 63 axially
      misaligned relative to the axis 49 of compensating port 48. Port 64 is
      similarly positioned relative to side wall 42 and the port 52. This
      arrangement prevents undue transfer of fluid from one secondary reservoir
      chamber to the other during downhill driving, high deceleration stops,
      cornering, or during master cylinder compensation after a normal brake
      apply. This is particularly important when one circuit has suffered a loss
      of fluid and would lose any additional fluid received by it.
PAR  A suitable fluid level sensor 66 is provided which will sense the level of
      fluid in chamber 60. In the preferred embodiment this may be a single
      bi-metal sensor, but other fluid level sensors may be used. Chamber 60 is
      covered by a diaphragm 68 and a reservoir cover 70. Thus the reservoir
      chamber 60 is sealed from direct atmospheric contact.
PAR  In normal operation, reservoir chamber 60 is filled with brake fluid to a
      point well above the fluid level sensor 66. It maintains this level during
      brake operation, subject only to brake lining wear which requires
      additional fluid displacement in the circuits, and possible pressure loss
      in one or both of the circuits. If, for example, the brake linings wear
      sufficiently, without any pressure loss having occurred, to require enough
      fluid to uncover the fluid level sensor 66, it will indicate that the
      level is sufficiently low to require checking. The cause may be readily
      determined. If one of the circuits, for example the circuit connected to
      outlet 32, develops a leak and a resulting pressure and fluid volume loss,
      the fluid in chamber 60 can be depleted to a point below that of the fluid
      level sensor 66 and it will again signal such a low level. Should the
      condition continue, the fluid level may be well below the sensor and can
      even be fully depleted out of the primary reservoir chamber 60. Again,
      assuming the circuit outlet 32 is the circuit suffering a loss of fluid,
      the secondary reservoir chamber 36 can be depleted of fluid without
      affecting the fluid contained in the secondary reservoir chamber 38. Thus
      there will be sufficient fluid to continue operating the brake circuit
      connected to outlet 34.
PAR  An economical master cylinder has been disclosed which provides for sensing
      of the brake reservoir fluid level by use of a single sensor in a single
      large reservoir while at the same time providing secondary reservoir
      chambers for independent circuit reservoir capability when the fluid level
      drops below a predetermined point. The secondary reservoir chambers are
      provided as an integral part of the cylinder housing, with the reservoir
      body defining the primary reservoir chamber being secured to the cylinder
      housing so as to cover the secondary reservoir chambers and to provide
      fluid connection with the single primary reservoir chamber. This results
      in a lighter weight master cylinder assembly than would be the case should
      the entire reservoir body also be made of a cast material, usually
      integrally with the cylinder housing as is in the current art. It also
      provides for easy manufacture of a system having a single primary
      reservoir chamber and a pair of secondary reservoir chambers.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A multiple circuit master cylinder assembly having a pressurizing
      chamber for each circuit and an individual fluid reservoir for each
      pressurizing chamber and a single primary fluid reservoir for all of said
      individual fluid reservoirs,
PA1  a body defining said pressurizing chambers and said individual fluid
      reservoirs with open individual reservoir tops defining a lip in a
      substantially regular surface,
PA1  a second body secured to said one body and of mating conformation at said
      surface and closing said individual reservoir tops so as to define a
      bottom surface that bears against the entirety of the lip, the second body
      further having fluid transfer ports of small cross section in relation to
      the reservoirs therethrough providing continuous fluid communication
      between said primary reservoir and said individual reservoirs,
PA1  and a fluid level sensor sensing at least a decrease in fluid level below a
      predetermined level in said primary fluid reservoir.
NUM  2.
PAR  2. A multiple circuit master cylinder assembly having a pressurizing
      chamber for each circuit and an individual fluid reservoir for each
      pressurizing chamber and a single primary fluid reservoir for all of said
      individual fluid reservoirs,
PA1  a cast first body defining said pressurizing chambers and said individual
      fluid reservoirs with open individual reservoir tops defining a lip in a
      substantially regular surface,
PA1  a stamped metal second body welded to said first body and of mating
      conformation at said surface and closing said individual reservoir tops so
      as to define a bottom surface that bears against the entirety of the lip,
      the second body further having fluid transfer ports of small cross section
      in relation to the reservoirs therethrough providing continuous fluid
      communication between said primary reservoir and said individual
      reservoirs,
PA1  and a fluid level sensor sensing at least a decrease in fluid level below a
      predetermined level in said primary fluid reservoir.
NUM  3.
PAR  3. A multiple circuit master cylinder assembly having a pressurizing
      chamber for each circuit and an individual fluid reservoir for each
      pressurizing chamber and a single primary fluid reservoir for all of said
      individual fluid reservoirs,
PA1  a body defining said pressurizing chambers and said individual fluid
      reservoirs with open individual reservoir tops defining a lip in a
      substantially regular surface,
PA1  a second body secured to said one body and of mating conformation at said
      surface and closing said individual reservoir tops so as to define a
      bottom surface that bears against the entirety of the lip, the second body
      further having fluid transfer ports of small cross section in relation to
      the reservoirs therethrough providing continuous fluid communication
      between said primary reservoir and said individual reservoirs,
PA1  said first body having compensation ports between said individual
      reservoirs and said pressurizing chambers, the axes of said compensation
      ports being offset from the axes of said fluid transfer ports to minimize
      the flow of return compensating fluid under pressure to said primary fluid
      reservoir by a squirting action,
PA1  and a fluid level sensor sensing at least a decrease in fluid level below a
      predetermined level in said primary fluid reservoir.
NUM  4.
PAR  4. A multiple circuit master cylinder assembly having a pressurizing
      chamber for each circuit and an individual fluid reservoir for each
      pressurizing chamber and a single primary fluid reservoir for all of said
      individual fluid reservoirs,
PA1  said pressurizing chambers and said individual fluid reservoirs being
      formed in one body with open individual reservoir tops,
PA1  said primary fluid reservoir being formed in a second body secured to said
      one body and closing said individual reservoir tops and having fluid
      transfer ports therethrough providing continuous fluid communication
      between said primary fluid reservoir and said individual reservoirs,
PA1  and a fluid level sensor sensing at least a decrease in fluid level below a
      predetermined level in said primary fluid reservoir.
NUM  5.
PAR  5. A multiple circuit master cylinder assembly having a pressurizing
      chamber for each circuit, an individual fluid reservoir for each
      pressurizing chamber, compensation ports connecting the associated
      pressurizing chambers and individual fluid reservoirs, and a single
      primary fluid reservoir for all of said individual fluid reservoirs,
PA1  said pressurizing chambers and said individual fluid reservoirs being
      formed in one body with open individual reservoir tops,
PA1  said primary fluid reservoir being formed in a second body secured to said
      one body and having means closing said individual reservoir tops, said
      closing means having fluid transfer ports therethrough providing
      continuous fluid communication between said primary fluid reservoir and
      said individual reservoirs,
PA1  and a fluid level sensor sensing at least a decrease in fluid level below a
      predetermined level in said primary fluid reservoir.
NUM  6.
PAR  6. A multiple circuit master cylinder assembly having a pressurizing
      chamber for each circuit and an individual fluid reservoir for each
      pressurizing chamber and a single primary fluid reservoir for all of said
      individual fluid reservoirs,
PA1  said pressurizing chambers and said individual fluid reservoirs being
      formed in one body with open individual reservoir tops,
PA1  said primary fluid reservoir being formed in a second body secured to said
      one body and closing said individual reservoir tops and having fluid
      transfer ports therethrough providing continuous fluid communication
      between said primary fluid reservoir and said individual reservoirs,
PA1  said first body being a casting and said second body being a stamped metal
      body welded to said first body at said individual reservoir tops,
PA1  and a fluid level sensor sensing at least a decrease in fluid level below a
      predetermined level in said primary fluid reservoir.
NUM  7.
PAR  7. A multiple circuit master cylinder assembly having a pressurizing
      chamber for each circuit and an individual fluid reservoir for each
      pressurizing chamber and a single primary fluid reservoir for all of said
      individual fluid reservoirs,
PA1  said pressurizing chambers and said individual fluid reservoirs being
      formed in one body with open individual reservoir tops,
PA1  said primary fluid reservoir being formed in a second body secured to said
      one body and closing said individual reservoir tops and having fluid
      transfer ports therethrough providing continuous fluid communication
      between said primary fluid reservoir and said individual reservoirs,
PA1  said one body having compensation ports between said individual reservoirs
      and said pressurizing chambers the axes of which are offset from the axes
      of said fluid transfer ports to minimize the flow of return compensating
      fluid under pressure to said primary fluid reservoir by a squirting
      action,
PA1  and a fluid level sensor sensing at least a decrease in fluid level below a
      predetermined level in said primary fluid reservoir.
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ABST
PAL  A hold off valve for use in a two stage pressurizing mechanism to control
      the transition from a first operational condition to a second operational
      condition. A stepped piston in the pressurizing mechanism has a first
      diameter and a second diameter through which an input force sequentially
      operates a control valve to produce a first operational fluid force and a
      second operational fluid force in a pressurizing chamber. A relief chamber
      which is connected to the pressurizing chamber receives the first
      operational fluid force when the control valve is operated. The hold off
      valve retains the first operational fluid in the relief chamber until a
      predetermined pressure build up occurs after which the second diameter
      independently operates to produce the second operational fluid force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In copending U.S. application 481,433 filed June 20, 1974, it is disclosed
      how a stepped diameter piston can sequentially produce a first pressure
      force and a second pressure force when a transfer control valve is
      operated by movement of a plunger connected to an input push rod. The
      input push rod transfers an output force created by the development of a
      pressure differential across a wall. The stepped diameter piston is
      connected to the wall. When the transfer control valve is activated, the
      output force is shifted from acting on a first diameter to act on the
      second diameter to produce an added output potential. However, in the
      event that the pressure differential across the wall does not develop, the
      transfer control valve directly shifts the input force from the first
      diameter to the second diameter completely eliminating the development of
      the first pressure force. In most applications, the development of the
      first pressure force is necessary to supply a braking system with
      sufficient fluid to allow full development of the second pressure force.
PAC  SUMMARY OF THE INVENTION
PAR  We have devised a hold off means for delaying the development of the second
      pressure force until the first pressure force reaches a predetermined
      value when the transfer control valve is operated by the input force. In
      our servomotor means a stepped piston means divides the pressurizing
      chamber of the pressurizing mechanism into a first section and a second
      section. The first section is connected to a relief chamber through the
      transfer control valve. The relief chamber is connected to a reservoir
      through a flow path. A tilt valve means located in the flow path allows
      communication of fluid from the reservoir when a stem therefrom engages
      the stepped piston and prevents communication of fluid from the relief
      chamber when the stepped piston disengages the stem. As the stepped piston
      moves in response to the input force, the first diameter transfers fluid
      from the first section through the transfer control valve into the relief
      chamber. The hold off means prevents any fluid from escaping from the
      relief chamber until the first pressure force reaches a predetermined
      value. This same first pressure force is simultaneously supplied to the
      wheel brakes. When the first pressure force reaches the predetermined
      value, the hold off means releases fluid to the reservoir and permits the
      input force to act through that portion of the stepped piston means in the
      second portion to provide an added output as a second pressure force for
      operating the wheel brakes.
PAR  It is the object of this invention to provide a two stage servomotor with
      control means for permitting a volume of fluid to be transmitted to an
      outlet chamber during a first mode of operation after the actuation of
      transfer control valve means to optimize the development of an output
      fluid force in a second mode of operation.
PAR  It is an object of this invention to provide a two stage servomotor with
      means for permitting displacement of fluid in the first stage before
      establishing the second stage when a transfer control valve is opened in
      response to an initial input force.
PAR  It is another object of this invention to provide an actuated tilt valve
      with an integral relief valve to limit the pressure of fluid in a chamber
      while maintaining a minimum fluid pressure in the chamber at all times.
PAR  It is a further object of this invention to provide a two stage apparatus
      with a control means for retarding the second operational stage until the
      first stage has substantially completed its contribution to the total
      output.
PAR  It is a still further object of this invention to provide a relief chamber
      with a release means for retarding the escape of fluid therefrom until a
      predetermined pressure build up occurs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a power braking system with a
      sectional view of a two stage servomotor having a hold off means for
      permitting a volume of fluid to be supplied to an output chamber during a
      first stage to optimize the creation of an output fluid force in a second
      stage.
PAR  FIG. 2 is another embodiment of a hold off means to optimize the operation
      of the second stage of a two stage servomotor.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The braking system 10, shown in FIG. 1, has a fluid pressure servomotor 12
      connected to a master cylinder 14 for supplying the front wheel brakes 16
      and rear wheel brakes 18 with an operational hydraulic force in response
      to an input force applied to pedal 20 by an operator.
PAR  The fluid pressure servomotor 12 has a first shell 22 joined to a second
      shell 24 by a twist lock arrangement 26. A movable wall means 28 is
      located within the first shell 22 and the second shell 24 to form a first
      variable volume chamber 30 and a second variable volume chamber 32. The
      wall means 28 has a central hub 34 with a backing plate 36 extending
      therefrom. A diaphragm 40 has a first bead 42 on its periphery which is
      held between flange 44 and flange 46 on the first shell 22 and the second
      shell 24, respectively, and a second bead 48 which is snapped onto groove
      50 adjacent the backing plate 36.
PAR  The hub 34 has a rearwardly extending projection 52 which extends through
      opening 54 in the second shell 24. The projection 52 has an axial bore 56
      into which a control valve means 58 is located for supplying an
      operational input from pedal 20 through push rod 60.
PAR  The control valve means 58 has a poppet assembly 62 which is sequentially
      operated upon movement of plunger 66 by a push rod 60 to interrupt vacuum
      and allow air to develop a pressure differential across the wall means 28.
PAR  The poppet assembly 62 has a face 68 separated from a fixed bead 64 by a
      flexible section 70. The bead 64 is retained within bore 56 by a retainer
      72 which biases the bead 64 against the projection 52. A first spring 74
      connected to shoulder 80 on push rod 60 urges the face 68 toward a vacuum
      seat 67 adjacent vacuum passage 76. The vacuum passage 76 connects the
      first chamber 30 with the interior bore 56 of the hub means 34. A second
      spring 78 located between retainer 72 and fingers 82 on the push rod 60
      urges atmospheric seat 84 on the plunger 66 into contact with face 68.
PAR  A return spring 88 located between the shell 22 and hub means 34 urges
      bumper 90 on diaphragm 40 toward shell 24. In this position, vacuum
      communicated from the intake manifold through conduit 92 past check valve
      93 into the front chamber 30 will evacuate air from the second variable
      volume chamber 32 by way of passage 86 into bore 56 and out passage 76 to
      vacuum suspend wall means 28.
PAR  A ratio changer means 94 has a cylindrical stepped piston means 96 which is
      attached to the hub means 34. The stepped piston 96 has a first diameter
      98 located in a first diameter section 100 and a second diameter 104
      located in a second diameter section 106 of the bore of the master
      cylinder 14. The first diameter 98 of the piston means 96 divides the
      first diameter section 100 into a pressurizing chamber 108 and a relief
      chamber 110. An axial passage 112 which extends through the stepped piston
      means 96 has a first radial passage 114 which connects the pressurizing
      chamber 108 with an outlet chamber 116 and a second radial passage 118
      which connects the pressurizing chamber 108 with the relief chamber 110.
PAR  A reaction disc 120 located within the axial passage 112 is positioned
      against shoulder 122 by a sleeve 124 which extends from the hub means 34.
      An adjustable plunger extension 127 has one end attached to plunger 66 and
      the other end aligned by sleeve 124 with the axial center of the reaction
      disc 120.
PAR  A transfer control valve means 126 is located adjacent the reaction disc
      120 to regulate the communication of fluid through the axial passage 112.
      The transfer control valve means 126 has a first sleeve 128 located
      adjacent shoulder 130 in the transfer control chamber 132. The first
      sleeve 128 has an axial bore 134 for establishing a flow path from the
      control chamber 132 into the outlet chamber 116. A spring or resilient
      means 136 urges the first sleeve 128 into contact with an annular poppet
      valve 138. The annular poppet valve 138 is attached to a second sleeve
      140. The second sleeve 140 forms a guide surface for plunger 142. The
      plunger 142 has a cylindrical end 144 which abuts the reaction disc 120
      and is in direct alignment with end 146 of the adjustable plunger
      extension 127. A ball valve 148 carried on the end of plunger 142 is
      adapted to engage seat 150 surrounding the axial bore 134 on the end of
      the first sleeve 128.
PAR  The pressurizing chamber 108 has a port 152 located adjacent lip seal 154
      when the bumper 90 is held against shell 24 by return spring 88, as shown
      in FIG. 1. The relief chamber 110 has a port 156 connected to flow path
      158 through which reservoir 160 maintains the fluid in the brake system at
      a constant level. The communication of the fluid in the flow path 158 from
      the reservoir 160 is controlled by a tilt valve means 162 located in a
      release chamber 172. The tilt valve means has a plate or disc 164 secured
      to a cylindrical section 166 from which a stem 168 extends through port
      156 and into the relief chamber 110. A spring 170 located in the release
      chamber urges the plate or disc 164 toward a seat 174. A passage 176
      connects port 152 with the release chamber 172. An axial bore 178 which
      extends through plate 164 into the cylindrical section 166 is connected to
      the release chamber 172 by radial passage 180. A ball valve 182 is urged
      onto a seat 184 surrounding the axial bore 178 by resilient means 186 to
      prevent fluid flow through the axial bore 178 from the reservoir 160. A
      first seal 188 surrounds seat 174 and a second seal 190 surrounds the
      passage 176 to assure that fluid communication from the relief chamber 110
      is directed through the flow path 158.
PAC  MODE OF OPERATION OF THE PREFERRED EMBODIMENT
PAR  When an operator applies an input force to pedal 20, push rod 60 will move
      to allow spring 74 to move face 68 of the poppet assembly 62 against
      vacuum seat 67 to interrupt communication between the first chamber 30 and
      bore 56 through passage 76. Further movement of the push rod 60 will move
      the atmospheric seat 84 away from face 68 to allow air at atmospheric
      pressure present in bore 56 to enter the rear chamber 32 through passage
      86. With air in the rear chamber 32 and vacuum in the front chamber 30, a
      pressure differential will be created across the wall means 28. This
      pressure differential will create an operational force which will be
      transmitted through the hub means 34 to move the stepped piston 96 in bore
      of the master cylinder 14. As the first diameter section 98 of the stepped
      piston 96 moves in the first diameter section 100 a first hydraulic
      pressure will develop in the pressurizing chamber 108 after the lip seal
      154 has moved past passage 152. This first hydraulic pressure will be
      communicated through passage 114 into control chamber 132, out axial bore
      134 and into the outlet chamber 116 for communication to the wheel brakes
      16. At the same time spring 190 and the fluid pressure in chamber 116 will
      move piston 192 to develop a corresponding hydraulic pressure in chamber
      194 for operating the rear wheel brakes 18.
PAR  The first hydraulic pressure in the control chamber 132 will act on the
      cylindrical section 144 to balance the input force transmitted to the
      reaction means 120 through the adjustable plunger extension 127 of the
      plunger 66. As the operator increases the input force through the push rod
      60, the pressure differential across wall means 28 will correspondingly
      increase until the rear chamber 32 is completely filled with air at
      atmospheric pressure, commonly referred to as "vacuum runout." Any further
      input from the operator will be transmitted from plunger 66 through the
      reaction means 120 to move the second plunger means 142. When sufficient
      movement has occurred to move ball 148 onto seat 150, communication
      between the pressurizing chamber 108 and the outlet chamber 116 will be
      interrupted. Further movement of the plunger 142 will move sleeve 128 in
      opposition to spring 136 to open the poppet valve 138 and allow the first
      hydraulic fluid pressure to enter the relief chamber 110. Since spring 170
      has seated plate or disc 164 on seat 174 and seal 188, the relief chamber
      110 is separated from the reservoir 160. When the pressure in the relief
      chamber is sufficient to overcome spring 186, ball 182 will move away from
      seat 184 and allow fluid to escape into the reservoir 160. At the same
      time, the pressure differential acting across wall 28 will proportionally
      move the second diameter 104 of the stepped piston 96 in the second
      diameter section 106 to provide an increased or second stage hydraulic
      pressure in the outlet chamber 116 for operating the wheel brakes 16 and
      18.
PAR  Upon termination of the input force, the first diameter 98 of the stepped
      piston 96 engages stem 168 to open the relief chamber 110 to the reservoir
      160. At the same time return spring 78 will move the atmospheric seat 84
      against face 68 and face 68 away from the vacuum seat 67 to allow the
      vacuum present in chamber 30 to evacuate the rear chamber and again vacuum
      suspend the wall means 28.
PAR  In the event that vacuum is not available and the operator is required to
      make a "no power" brake application the following operational sequence
      will occur.
PAR  The input force applied to pedal 20 will move push rod 60 causing plunger
      66 to immediately move face 146 into contact with reaction means 120.
      Further movement will cause the first diameter section 98 to move away
      from stem 168 and segregate the relief chamber 110 from the reservoir 160.
      This input from the plunger 66 by way of face 146 will correspondingly
      move ball 148 of plunger 142 onto seat 150 and close the communication
      between the pressurizing chamber 108 and the outlet chamber 116. Further
      movement of the stepped piston 96 will cause the fluid present in the
      pressurizing chamber 108 to be communicated through the control chamber
      132 out the passage 118 into the relief chamber 110. Since the physical
      volume of the relief chamber 110 is substantially smaller than that of the
      pressurizing chamber 108 a first stage hydraulic pressure will be
      developed.
PAR  This first stage hydraulic pressure will act on the plunger 128 to move the
      seat 150 away from the ball 148 and be communicated to the outlet chamber
      116 for distribution to the front wheels 16. When the fluid pressure build
      up in the relief chamber 110 reaches a predetermined value sufficient to
      overcome spring 186, ball 182 will move away from seat 184 permitting
      fluid to escape into the reservoir 160. At the same time any further input
      from the operator will now move the second diameter 104 in the outlet
      chamber 116 to provide the second stage hydraulic pressure for operating
      the wheel brakes.
PAR  Upon termination of the input force, the first diameter 98 will engage the
      stem 168 to provide free communication between the reservoir 160 and the
      relief chamber 110.
PAR  In the secondary embodiment shown in FIG. 2, parts identical to that in
      FIG. 1 for the hold off means are so identified by the same numeral.
PAR  A tilt valve means 262 is located in the compensation port 156 to control
      the communication between the relief chamber 110 and the reservoir 160.
      The tilt valve means has a poppet face 264 with a stem 266 which extends
      into the relief chamber 110 for engagement with diameter 98 of the stepped
      piston 96. A spring 268 urges the poppet toward a seat 270. The
      compensation port 252 in the pressurizing chamber 108 is directly
      connected to the reservoir 160. The compensation port 252 is substantially
      smaller in size than compensation port 256.
PAR  In a no-power condition when the transfer control valve means 126 is
      activated, the fluid in the pressurizing chamber 108 is transmitted
      through the control chamber 132 into the relief chamber 110. Since
      movement of the diameter 98 of the stepped piston 96 in the bore 102 will
      allow spring 268 to seat poppet face 264 on seat 270, relief chamber 110
      will be segregated from the reservoir 160. When stepped piston 96 has
      moved sufficient such that compensation port 252 is relocated in the
      relief chamber 110, hydraulic fluid can escape to the reservoir 160 upon
      opening of the transfer control valve 126. However, the size of port 252
      will delay or retard rapid flow from the chamber 110 permitting a first
      stage hydraulic fluid pressure to build up and be transmitted to the
      outlet chamber 116 for distribution to the front wheel brakes 16.
PAR  Thus, we have provided a hold off means for delaying the formation of
      second hydraulic fluid pressure until a first hydraulic fluid pressure is
      developed which is sufficient to provide a braking system with a volume of
      fluid sufficient to permit the full development of a second hydraulic
      fluid pressure from a controlled input force.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a power braking system having piston means for sequentially producing
      a first fluid force in a first mode of operation and a second fluid force
      in a second mode of operation upon actuation of valve means responding to
      an input force, control means for permitting a volume of fluid to be
      transmitted to an outlet chamber to establish said first mode of operation
      when the valve means is actuated by an input force to optimize the
      development of the second fluid force, said control means comprising:
PA1  a housing having a bore therein for retaining said piston means, said
      piston means dividing said bore into a pressurizing chamber and a relief
      chamber, said pressurizing chamber communicating fluid to the relief
      chamber upon actuation of the valve means, said relief chamber being
      connected to a reservoir through a flow path, said pressurizing chamber
      being connected to said reservoir through a first port in the housing to
      allow compensatory fluid to freely flow from the reservoir to said
      pressurizing chamber; and
PA1  hold off means for delaying the communication of fluid in the relief
      chamber to the reservoir upon actuation of the valve means to allow said
      piston means to move in the pressurizing chamber past said first port in
      the housing and supply a volume of fluid to the outlet chamber to assure
      that said first operational fluid force is developed.
NUM  2.
PAR  2. In the power braking system, as recited in claim 1 wherein said hold off
      means includes:
PA1  tilt valve means connected to said piston means and located in said flow
      path for preventing flow of fluid from the relief chamber into the
      reservoir upon disengagement with the piston means.
NUM  3.
PAR  3. In the power braking system, as recited in claim 2 wherein said housing
      further includes:
PA1  a second port located betwen the relief chamber and the reservoir, said
      first port having a substantially smaller flow path than said second port,
      said tilt valve means being located in said second port, said piston means
      upon moving in said bore past the first port segregating the pressurizing
      chamber from the reservoir during the production of the first pressurizing
      fluid force, said piston means moving in the bore sufficiently to bring
      the relief chamber into communication with said first port, said first
      operational fluid force being communicated through the first port into the
      reservoir when said value means is actuated by the input force at a rate
      sufficiently low to allow the first operational fluid force to operate the
      braking system.
NUM  4.
PAR  4. In the power braking system, as recited in claim 3, wherein said hold
      off means further includes:
PA1  relief means connected to the first port for preventing communication from
      the relief chamber into the reservoir.
NUM  5.
PAR  5. In the power braking system, as recited in claim 2 wherein said housing
      further includes:
PA1  a first passage connected to said flow path to permit communication between
      the reservoir and the pressurizing chamber when the piston means engages
      the tilt valve means, said piston means segregating the first passage from
      the pressurizing chamber upon disengagement with the tilt valve means to
      allow development of the first operational fluid force.
NUM  6.
PAR  6. In the power braking system, as recited in claim 5 wherein said hold off
      means further includes:
PA1  relief means located in the flow path for allowing a volume of fluid to
      escape from the relief chamber after a predetermined pressure build up has
      been achieved through the movement of the first piston means in the
      pressurizing chamber in response to the input force.
NUM  7.
PAR  7. In the power braking system, as recited in claim 6 wherein said tilt
      valve means includes:
PA1  a plate member located in the flow path having a stem which extends into
      relief chamber for contacting the piston means; and
PA1  biasing means for urging said plate toward a seat in the housing
      surrounding the flow path from the reservoir.
NUM  8.
PAR  8. In the power braking system, as recited in claim 7 wherein said tilt
      valve means further includes:
PA1  a cylindrical body located between said plate and said stem, said plate
      having an axial bore therethrough which extends into said cylindrical
      body, said cylindrical body having a radial passage which connects the
      axial bore with the flow path between said seat and the relief chamber,
      said first fluid force present in the relief chamber passing through the
      radial passage into the axial bore for communication to the reservoir.
NUM  9.
PAR  9. In the power braking system, as recited in claim 8 wherein said relief
      means further includes:
PA1  a ball located in said flow path; and
PA1  resilient means for urging said ball toward said plate of said tilt valve
      means, said ball being seated on the plate to prevent fluid communication
      through the axial bore when said stem is engaged by the piston means and
      to allow fluid communication through the axial bore when the first fluid
      force in the relief chamber is sufficient to overcome said resilient
      means.
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ABST
PAL  A rotary system including a rotor, a rotating shaft, and a housing
      surrounding the shaft and the rotor, sealing between a process zone
      containing the rotor and a lubricant zone being provided by a seal fluid
      injected into the housing between the two zones at a relatively high
      pressure, the seal fluid having been separated from the working fluid used
      in the process zone.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of Ser. No. 356,580,
      filed May 2, 1973 now U.S. Pat. No. 3,831,381.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to systems in which a working fluid is
      passed through a rotary machine including a rotor. More specifically, the
      invention pertains to power systems wherein a working fluid is heated and
      vaporized. The working fluid then being expanded to do work, as for
      example, in a turboexpander the rotor of which drives a shaft attached
      thereto.
PAR  In systems such as described above, the rotor and shaft are enclosed in a
      housing, and the housing and shaft typically have mating radial bearings
      and thrust bearings. Such bearings must be lubricated, and the usual way
      of doing this is by injecting a lubricant, under pressure, into the
      bearings through a lubricant passageway in the housing. The lubricant
      flows through each bearing, axially and circumferentially along the shaft.
      It is then drained from the bottom of the housing to a reservoir from
      which it is pumped back through the bearings again. Thus, a given quantity
      of lubricant is continually recycled through the system. Similarly, the
      working fluid is recycled. In a power system as described above, it is
      condensed after expansion and passed again through the heat exchanger.
PAR  There are several problems inherent in such systems particularly when the
      lubricant and the working fluid are chemically similar or are reactive
      with each other, when one is soluble in the other, or when they are
      otherwise incompatible in the sense that one interferes with the desired
      properties of the other. Two of the major problems in such cases are loss
      of working fluid and loss of lubricant viscosity and other properties, or
      conversely losses of lubricant and contamination of the working fluid
      thereby.
PAR  The turboexpander or other rotary machine must be sealed against
      atmosphere. This is generally accomplished by utilizing a seal around the
      shaft between the process zone, containing the working fluid and rotor,
      and the lubricant zone, containing the bearings and the remainder of the
      shaft. The seal should also serve to prevent the working fluid from
      leaking into the lubricant zone as this results in loss of working fluid
      and/or possible dissolution of the working fluid in the lubricant so as to
      reduce its viscosity or other necessary properties.
PAR  2. Description of the Prior Art
PAR  One previous method of sealing the process zone essentially utilized the
      bearing as a seal by pumping lubricant into the bearing with sufficient
      pressure that it would leak into the process zone and thereby seal the
      process zone against atmosphere while preventing leakage of working fluid
      into the lubricant zone. The major disadvantage of this system is that it
      requires a leakage of the lubricant, usually oil, into the process zone.
      Thus, the lubricant must be separated from the working fluid and collected
      so that they can be respectively recycled. Additionally, the heavy
      constituents of the working fluid become dissolved in the lubricant,
      interfering with its lubricating properties and also depleting the amount
      of and changing the composition of the working fluid. This is most
      undesirable since only the slightest amount of working fluid loss is
      tolerable in such systems.
PAR  Other types of seals have been used. Many of them must be lubricated by oil
      which leaks into the process zone introducing problems similar to those
      described above. In any event, there has generally been danger of leakage
      in one direction or the other in prior art systems regardless of what type
      of sealing system was used.
PAC  SUMMARY OF THE INVENTION
PAR  In the power system of the present invention a seal means, preferably a
      labyrinth seal, is disposed around the shaft between the process zone and
      the lubricant zone. A seal fluid, which may be a seal gas or vapor, is
      separated from the working fluid and injected into the seal at a
      sufficient pressure to prevent either the working fluid or the lubricant
      from leaking past the seal. The seal fluid flows axially away from the
      seal in both directions and comes into contact with both the working fluid
      and the lubricant. Means are provided for recovering the seal fluid from
      the working fluid and from the lubricant and recycling it through the
      seal.
PAR  The seal fluid is chosen so as to have properties which make it
      substantially non-reactive with the working fluid and the lubricant and
      preferably to be easily separable from the lubricant. The seal fluid may
      be separable from the lubricant by virtue of being substantially more
      volatile than the lubricant or by virtue of being immiscible with the
      lubricant. In either event, only negligible quantities of the seal fluid
      will dissolve in the lubricant. In the case where the seal fluid is chosen
      so as to be much more volatile than the lubricant, albeit soluble, the
      seal fluid and lubricant are drained from a contact area in the housing
      between the seal and the bearing closest thereto and collected in a
      separating chamber where most of the seal fluid is recovered at
      substantially the same pressure as that existing in the contact area at
      which pressure the seal fluid is gaseous. The seal gas is usually at least
      partially condensed after recovery, so that this recovery of most of the
      seal gas at a relatively high pressure substantially lessens the amount of
      work needed to condense it. The lubricant is then directed into a
      reservoir maintained at approximately atmospheric pressure. The small
      amount of seal gas dissolved in the lubricant flashes at this point and is
      then recovered.
PAR  In one form of the invention, the working fluid is comprised of a mixture
      of constituents and is vaporized in a countercurrent heat exchanger rather
      than in a simple boiler. Such working fluids and systems utilizing them
      are more fully described in applicant's copending application, Ser. No.
      321,810 filed Jan. 8, 1973, now U.S. Pat. No. 3,831,381. The different
      constituents boil at different points in the heat exchanger depending on
      their relative weights, the lightest or most volatile constituents boiling
      at the lower temperatures. The seal fluid in this form of the invention is
      a seal gas, is comprised of the most volatile constituent of the working
      fluid, and is substantially free of the heavier or less volatile
      constituents. Thus, when the seal gas leaks from the seal into the process
      zone, it is simply allowed to mix with or otherwise become entrained in
      the working fluid flowing out of the turboexpander. When the working fluid
      is passed again through the heat exchanger, the seal gas can be recovered
      by a tap in the heat exchanger at a location at which the major part of
      the vaporized portion of the working fluid is comprised of the most
      volatile constituent.
PAR  As noted, the seal fluid preferably possesses properties which make it
      easily separable from the lubricant. Consequently, low contamination of
      the lubricants with negligible loss of desirable lubricating properties is
      encountered. Additionally, since the seal fluid is a component of the
      working fluid, unwanted contamination of the latter by the former is
      eliminated and the overall system is greatly simplified.
PAR  The preferred form of the invention also includes a seal fluid storage tank
      where a reserve of the seal fluid may be stored for use at start-up.
PAR  Accordingly, one object of the invention is to provide a sealing system for
      a rotary system which utilizes a seal fluid separated from the working
      fluid.
PAR  A further object of the invention is to provide automatic fractionation of
      the seal gas in recovering it from the power cycle working fluid.
PAR  Another object of the invention is to provide a power system using a seal
      fluid which is easily recoverable from both lubricant and working fluid.
PAR  Another object of the invention is to provide a sealing system using a seal
      fluid wherein most of the seal fluid is recovered from the lubricant and
      working fluid at a relatively high pressure.
PAR  An important object of the invention is to provide a power system whose
      working fluid is comprised of a mixture of constituents and wherein the
      lightest of the constituents is used as a seal gas.
PAR  Other objects and advantages of the instant invention will be made apparent
      by the following detailed description and the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a flow diagram of a sealed power system according to the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  While the invention will be described with particular reference to a power
      system employing a turboexpander, it is to be understood that the
      invention is not so limited and is applicable to other types of systems
      involving sealed rotors for handling working fluids.
PAR  In the power system shown, a pump 10 is used to drive a working fluid
      through line 12 and into a heat exchanger 14. In the system shown, the
      working fluid comprises a mixture of constituent fluids such as
      hyrocarbons. The criteria for choosing the constituents of a working fluid
      of this type and for determining the proper proportion therefor is
      described in applicant's copending application, Ser. No. 321,810 filed
      Jan. 8, 1973. To the extent that the disclosure of said application, Ser.
      No. 321,810 is helpful in the understanding of the present invention, said
      disclosure is hereby expressly incorporated herein by reference.
PAR  Where the fluid comprises a plurality of constituents, the heat exchanger
      14 is preferably of the countercurrent type. As the working fluid passes
      through the heat exchanger 14, it is vaporized and perhaps superheated by
      a heating fluid passing countercurrent to the working fluid. The working
      fluid vaporizes over a range of temperatures, the lighter constituents
      boiling nearer the low temperature end of the heat exchanger and the
      heavier constituents boiling at the high temperature end. The heating
      fluid may be, for example, hot water from an underground well. The heating
      fluid enters the heat exchanger 14 at 16 and exits at 18. After passing
      through the heat exchanger 14, the water is considerably cooler and is
      usually returned to the ground by means of another well.
PAR  The vaporized working fluid leaving the heat exchanger at 20 passes through
      a scrubber 22 and thence through line 24 and into the inlet 26 of a
      turboexpander. The scrubber 22 serves to remove any unvaporized substance
      in the working fluid, e.g. lubricant which by misoperation has been
      introduced into the working fluid. The turboexpander comprises a rotor 28
      enclosed by a rotor housing 30. Integrally attached to the rotor 28 is a
      shaft 32. The shaft 32 is enclosed by a shaft housing 34 which, in the
      embodiment shown, is formed integrally with the rotor housing 30. The
      working fluid is directed radially into the rotor 28 by nozzles 36, passes
      through the rotor 28, and exits in an axial direction through line 38. As
      the working fluid vapor passes through the rotor 28, it expands and turns
      the rotor which in turn rotates the shaft 32. The rotating shaft 32 does
      work as by driving some type of engine illustrated diagramatically at 40.
      The working fluid is then condensed by condenser 60 from which it is once
      again drawn into pump 10 and recycled.
PAR  The shaft 32 is supported in housing 34 by first and second bearing
      assemblies, 42 and 44 respectively. The annular, radially inner surfaces
      of bearing assemblies 42 and 44 serve as radial bearings to support the
      shaft 32. The opposed end surfaces of assemblies 42 and 44 cooperate with
      flanges 46 and 48 on the shaft 32 to form thrust bearings.
PAR  A lubricant oil from a reservoir 50 is driven by pump 52 through lubricant
      line 54 and injected under pressure into the bearing assemblies 42 and 44
      through respective first and second lubricant passageways 56 and 58. The
      lubricant flows radially and axially along the shaft in both directions
      lubricating the bearings and then collects in the bottom of housing 34
      from which it is directed back to reservoir 50 by means to be described
      more fully below.
PAR  In the rotor housing 30 is a labyrinth seal 62 surrounding the shaft 32
      adjacent the rotor 28. The rotor housing 30, to the left of seal 62,
      defines a process zone containing working fluid; and the shaft housing 34,
      to the right of seal 62, defines a lubricant zone containing oil. The seal
      62 separates these two zones. A seal fluid, which is derived from the
      working fluid, is injected under pressure into the seal 62 through seal
      passageway 64. The seal gas flows axially away from passageway 64 in both
      directions. The pressure of the seal gas in the passageway 64 and seal 62
      is sufficiently greater than the pressures of the adjacent parts of the
      process zone and lubricant zone that it effectively seals the process zone
      against leakage to atmosphere and further prevents mixing of the working
      fluid and lubricant oil, since neither the working fluid nor the oil can
      flow past the seal 62. Additionally, the pressure of the oil in first
      lubricant passageway 56 is greater than the pressures of the adjacent
      parts of the lubricant zone so as to prevent seal fluid from flowing past
      the first bearing assembly 42. Thus, the area in the housing between the
      seal 62 and the first bearing assembly 42 becomes a contact area for seal
      fluid and oil.
PAR  In setting up the system, the seal fluid must be chosen so as to be
      non-reactive with either the working fluid or the lubricant. It should
      also be separable from the lubricant and compatible with the working fluid
      in the sense that, in the amounts present, it does not interfere with the
      desired characteristics of the working fluid. One way in which the seal
      fluid can be easily separable from the lubricant is if it is substantially
      lighter and more volatile than the lubricant. It will tend not to dissolve
      in the lubricant in the contact area. Rather, it will remain substantially
      in gaseous form while the oil is liquid even though the contact area
      pressure is substantially greater than atmosphere.
PAR  In the system shown in the drawing, apparatus for recovering such a
      volatile seal fluid from the lubricant is shown. A mixture vent and drain
      means 66 is provided in the bottom of the contact area to drain lubricant
      oil and seal fluid from the contact area into a separating chamber 68. The
      drain 66 is wide enough to serve as a vent as well as a drain so that the
      pressure of the separating chamber 68 is substantially the same as that of
      the contact area. A small amount of the seal fluid may dissolve in the
      contact area and in the drain 66. However, most of the seal fluid is still
      in gaseous form when it reaches the separating chamber 68. In the
      separating chamber 68, the oil settles to the bottom of the chamber. A
      maximum depth level of lubricant, indicated by dotted line m, is
      maintained in the chamber 68 by a float control valve mechanism 70. When
      the depth of the lubricant in chamber 68 begins to rise above line m, a
      float in the chamber rises and operates a mechanism which opens the valve
      in lubricant conduit 72 leading from the bottom of the separating chamber
      68 to the reservoir 50.
PAR  If the seal fluid is sufficiently volatile, most of the seal fluid in
      chamber 68 will not be in solution even though it may be soluble in the
      lubricant. Thus, the seal gas rises to occupy the space above the line m.
      The seal fluid is removed from this space by means of a seal fluid conduit
      74 leading from the top of chamber 68 to line 38. Line 38 serves as a seal
      fluid collecting duct where the seal fluid, originally a part of the
      working fluid, rejoins the expanded working fluid exiting from the
      turboexpander. It will be readily appreciated that the relatively light
      volatile nature of the seal fluid, whereby it is essentially
      self-separating from the lubricant at mixing area pressure, is one of the
      main advantages of this form of the invention and considerably reduces the
      amount of energy and equipment necessary to separate the seal fluid from
      the lubricant.
PAR  The lubricant reservoir 50 is maintained at substantially atmospheric
      pressure so that almost all of the small amount of seal fluid which may be
      dissolved in the lubricant flashes to its gaseous form in the reservoir 50
      and collects in the upper part thereof. This seal fluid is then drawn off
      through line 76 by compressor 74 which also serves to maintain reservoir
      50 at substantially atmospheric pressure. The compressor 74 compresses the
      seal fluid to essentially the pressure of line 38. This seal fluid is then
      directed into line 38 via line 78, one way valve 80 and line 74.
PAR  At this point, only the smallest traces of seal fluid might remain in the
      lubricant in the bottom of reservoir 50. These traces are small enough not
      to represent a serious loss of the seal fluid. These traces ordinarily
      would not seriously interfere with the viscosity of the oil. However, by
      choosing a lubricant which is slightly more viscous than necessary, it
      becomes ideal in operation when the traces of seal fluid are present.
PAR  Lubricant which flows to the portion of shaft housing 34 between the two
      bearing assemblies 62 and 64 flows through lubricant vent and drain means
      82 into the reservoir 50. The portion of housing 34 opposite drain 82 is
      vented to atmosphere through labyrinth seal 84. Lubricant from this part
      of the shaft housing 34 is collected in auxiliary lubricant collection
      means and also delivered to the reservoir 50. The auxiliary lubricant
      collecting means comprises drain 86, drum 88 and conduit 90, with conduit
      90 being controlled by a float control valve mechanism 92. The purpose of
      the auxiliary lubricant collecting means and particularly of the valve 92
      is to prevent air which may be present in the shaft housing 34 and seal
      fluid in the lubricant reservoir 50 from mixing, as this could cause loss
      of seal fluid, contamination of seal fluid, and/or explosions. The oil in
      the bottom of reservoir 50 is substantially free of seal fluid, except for
      the slight traces mentioned above, and is pressurized by pump 52 and
      driven through cooler 93, filter 94 and line 54 to the lubricant
      passageways 56 and 58.
PAR  It will be understood that the apparatus for separating the seal fluid from
      the lubricant, as described above, pertains to a highly volatile seal
      fluid which exists in gaseous form at the super-atmospheric pressure of
      the contact area and separating chamber. A seal fluid which is somewhat
      less volatile, but still substantially more volatile than the lubricant,
      can be used with similar apparatus. For example, means might be provided
      for heating the separation chamber 68 slightly to cause the seal fluid to
      vaporize and separate from the lubricant. The lubricant, being
      substantially less volatile, would remain in liquid form at the slightly
      elevated temperature.
PAR  It will be appreciated that if the seal fluid is substantially more
      volatile than the lubricant, allowing easy separation by means of
      vaporization, a substance which is soluble in the lubricant can be used
      for the seal fluid if desired. On the other hand, an alternative way of
      providing a seal fluid which is readily separated from the lubricant, is
      to choose a seal fluid which is immiscible in the lubricant. For example,
      if the basic working fluid constituent were acetone and the lubricant a
      hydrocarbon, a small amount of methanol could be added to the working
      fluid to serve as a seal fluid. The methanol would not interfere with the
      desired properties of the acetone and would be immiscible in the
      hydrocarbon lubricant. Where the seal fluid is immiscible in the
      lubricant, it can, if desired, have a boiling point which is fairly close
      to that of the lubricant, or it can even be less volatile than the
      lubricant. Under these circumstances the seal fluid would be separated
      from the lubricant by means of a phase separation technique, such as are
      well known in the art. Of course, a highly desirable seal fluid would be
      one which is both immiscible in the lubricant and also substantially more
      volatile than the lubricant. In any event, the apparatus for separating
      the seal fluid from the lubricant will include means for delivering the
      separated seal fluid into the seal fluid collecting duct 38.
PAR  The fluid which collects in the seal fluid collecting duct 38 is comprised
      of working fluid which has been expanded in the turboexpander and seal
      fluid which has been removed from chamber 68 and reservoir 50. These
      fluids, including the seal gas, may simply be considered the "working
      fluid" at this point since the seal fluid is actually comprised of part of
      the working fluid. The condenser 60, pump 10 and line 12 comprise a
      working fluid line which liquefies the working fluid in duct 38 and
      directs it back through heat exchanger 14.
PAR  The seal fluid is separated from the remainder of the working fluid by
      means of a tap 96 in the heat exchanger 14. In some cases the seal fluid
      may have the same composition as the working fluid, and this will, of
      course, be true if the working fluid comprises a pure fluid. If the
      working fluid consists of a plurality of constituent fluids, the seal
      fluid may be comprised of any constituent or group of constituents which
      can be easily separated from the working fluid and preferably also from
      the lubricant. If the working fluid, as designed for use as such, does not
      contain a constituent which is suitable for use as the seal fluid, a
      suitable fluid may be added to the original working fluid formula. Of
      course, this seal fluid must be chosen so that it is non-reactive and
      compatible with the rest of the working fluid in the amounts present.
PAR  Where the working fluid comprises a plurality of constituent fluids, the
      seal fluid is preferably comprised of either the most or least volatile
      constituent or constituents because these are the easiest to separate from
      the remainder of the working fluid. There is a particular advantage to
      using a seal fluid which is comprised of the lightest or most volatile
      constituent or constituents and free of the heavier ones. This is because
      the most volatile constituent will usually also be substantially more
      volatile than the lubricant. This, as explained above, is one way of
      providing the separability required for practicing the preferred forms of
      the invention. However, it should be understood that any constituent of
      the working fluid having the desired seal fluid characteristics may be
      used. In the example given above in which the working fluid was comprised
      of acetone plus a small amount of methanol, the seal fluid, methanol,
      could be the least volatile of the two working fluid constituents
      depending on the pressure.
PAR  In order to separate from the working fluid a seal fluid which is the
      lightest constituent, a tap 96 is located in the heat exchanger 14 at a
      point near the cool end of exchanger 14 at which the major part of the
      vaporized portion of the working fluid being heated is comprised of the
      very lightest or most volatile constituent or constituents of the working
      fluid, i.e. that constituent which is to be used for seal fluid. If a
      constituent other than the lightest one is to be used, the tap 96 is
      located in the exchanger 14 at the appropriate point. It will be
      understood that the tap 96 would be sized so as to allow the proper amount
      of the seal fluid constituent to escape and that some of this constituent
      will probably remain in the working fluid. Accordingly, in preparing the
      working fluid, it is necessary to take into consideration the fact that
      some of this constituent will be extracted from the working fluid and used
      as seal fluid. Thus, the formula for the working fluid will have to
      include a proper amount of this constituent so as to provide the desired
      amount of seal fluid and leave the remainder of the working fluid with the
      desired composition after the extraction of the seal fluid.
PAR  To process a seal fluid which is the most volatile constituent of the
      working fluid, the tap 96 is connected to the bottom of a fractionating
      tower 98 and is also sized to allow reflux from the bottom of tower 98 to
      flow therethrough by gravity into the heat exchanger 14 against the stream
      of seal gas in tap 96. The seal gas flows upwardly through the tower 98
      and is further stripped of the heavier constituents of the working fluid
      and other impurities by a reflux fluid flowing downwardly through the
      tower. The seal gas emerging from the top of tower 98 is thus
      substantially free of the heavier or less volatile constituents of the
      working fluid, i.e. any traces of the heavy constituents are so slight as
      to represent negligible interference with the properties of the lubricant
      when the two are mixed in the contact area. The seal gas then passes
      through seal fluid line 100 to the seal passageway 64. The seal fluid line
      100 has a segment 102 which directs some of the seal fluid into a
      condenser 104 where it is liquefied. A portion of this liquefied seal
      fluid is directed to the top of the fractionating tower 98 by reflux line
      106 and is used as the reflux fluid for the tower. Another portion of the
      liquefied seal fluid from condensor 104 is stored in a seal fluid storage
      tank 108. This stored seal fluid is used as a reserve and can be released
      into seal fluid line 100 through reserve line 110 connected downstream of
      the condenser 104 to provide the necessary seal during start-up of the
      system.
PAR  A valve 112 in reserve line 110 may be operated either manually or
      automatically to open reserve line 110 during start-up and to close the
      line 110 when sufficient seal gas is being released from the fractionating
      tower 98. Similar valves 114 and 116 can be used at shutdown to
      respectively close line 100 upstream of line 110 and the passageway
      between the condenser 104 and the tank 108.
PAR  It will be apparent that the apparatus for separating the seal fluid from
      the working fluid may require some modification if the constituent to be
      used is other than the most volatile. For example, the tap 96 would have
      to be located nearer the hot end of exchanger 14 to collect a less
      volatile constituent. It will also be apparent that if the working fluid
      is comprised of a single constituent, the apparatus can be considerably
      simplified.
PAR  In order to prevent loss of seal fluid or working fluid during shutdown of
      the system, a seal off valve 118 is provided. During operation of the
      system, the seal off valve 118 remains in the position shown. At shutdown,
      it is moved to the right so that O-ring 121 bears against a shoulder 120
      on the shaft 32 so that no fluid from the contact area can leak past the
      shoulder. Valve 118 can be operated mechanically or it can be operated
      automatically by virtue of the fact that at shutdown the pressure in
      lubricant passageway 56 drops so that the pressure in the contact area is
      operative to push the valve 118 to the right and into engagement with
      shoulder 120. The liquid trapped in chamber 68 and the check valve 80
      together prevent any bypass around the seal of valve 118. Stop 19 prevents
      valve 119 from blocking mixture vent and drain means 66 during operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a system of the type wherein a working fluid is passed through a
      rotary machine, wherein said machine comprises a rotor housing, a rotor
      within said rotor housing integrally connected to and, in operation,
      rotating with a shaft on a common axis of rotation, wherein said shaft
      extends from said rotor housing and is supported by a first bearing
      assembly externally of the rotor housing, and wherein a lubricant is
      injected under pressure into said first bearing assembly and caused to
      flow through the first bearing assembly around said shaft and therefrom
      axially toward said rotor: the improvement which comprises seal means in
      said rotor housing surrounding a portion of said shaft adjacent said rotor
      for sealing said rotor housing around said shaft, means for separating
      seal fluid from said working fluid, means for injecting said separated
      seal fluid into said seal means around said shaft intermediate the axial
      extremities of the seal means, said seal fluid being non-reactive with
      said working fluid and said lubricant, the interior of said rotor housing
      defining a process zone on one side of said seal means containing said
      working fluid under a working pressure lower than said seal fluid as
      injected, a shaft housing enclosing said shaft adjacent said seal means
      and defining a lubricant zone on the other side of said seal means, said
      lubricant zone including a contact area between said seal means and said
      first bearing assembly and maintained under pressure lower than the
      pressure of said seal fluid as injected, whereby said seal fluid will leak
      into both said process zone and said contact area and will prevent
      intermingling of said working fluid and said lubricant.
NUM  2.
PAR  2. A system according to claim 1 wherein said seal fluid is separable from
      said lubricant, said system further including means for recovering said
      seal fluid from said lubricant and for recycling said seal fluid through
      said seal means.
NUM  3.
PAR  3. A system according to claim 2 wherein said seal fluid is substantially
      more volatile than said lubricant.
NUM  4.
PAR  4. A system according to claim 3 wherein the pressure of said contact area
      is such that said seal fluid is in a gaseous state and said lubricant is
      in a liquid state in said contact area.
NUM  5.
PAR  5. A system according to claim 4 wherein the pressure in said first bearing
      assembly is higher than the adjacent pressures in said lubricant zone
      whereby said seal fluid is prevented from flowing axially past said first
      bearing assembly.
NUM  6.
PAR  6. A system according to claim 4 including a separating chamber, mixture
      vent and drain means connecting said contact area with said separating
      chamber such that said lubricant and said seal fluid can flow from said
      contact area into said separating chamber, said separating chamber being
      maintained at substantially the same pressure as said contact area, means
      for limiting the level of said lubricant in said separating chamber to a
      predetermined level less than the full volume of said separating chamber,
      whereby the major portion of said seal fluid separates from said lubricant
      in said separating chamber and occupies the space above said maximum depth
      level in said separating chamber, and means for removing said seal fluid
      from said space.
NUM  7.
PAR  7. A system according to claim 6 further comprising a lubricant reservoir,
      a lubricant conduit connecting said lubricant reservoir to said separating
      chamber below said maximum depth level, and means for selectively opening
      said conduit when said lubricant tends to rise above said maximum depth
      level to allow flow of lubricant from said separating chamber to said
      lubricant reservoir, wherein the pressure in said lubricant reservoir is
      substantially lower than the pressure in said separating chamber whereby
      any of said seal fluid which is contained in liquid form in the lubricant
      flowing through said lubricant conduit flashes to a gaseous state in said
      lubricant reservoir and collects in an upper part of said reservoir, said
      system further comprising means for drawing said seal fluid from the upper
      part of said reservoir.
NUM  8.
PAR  8. A system according to claim 6 wherein said seal fluid removing means
      comprises a seal fluid conduit connecting said space above said maximum
      depth level in said separating chamber with a seal fluid collecting duct
      of lower pressure than the pressure in said separating chamber.
NUM  9.
PAR  9. A system according to claim 7 wherein said seal fluid removing means
      comprises a seal fluid conduit connecting said space above said maximum
      depth level in said separating chamber with a seal fluid collecting duct
      of lower pressure than the pressure in said separating chamber but greater
      than the pressure in said lubricant reservoir, and wherein said seal fluid
      drawing means comprises a compressor operative to draw said seal fluid
      from said upper part of said reservoir and direct said seal fluid into
      said seal fluid collecting duct while increasing the pressure of said seal
      fluid from that of said reservoir to that of said duct.
NUM  10.
PAR  10. A system according to claim 7 wherein said shaft housing has lubricant
      vent and drain means adjacent said first bearing assembly opposite said
      contact area and leading to said reservoir.
NUM  11.
PAR  11. A system according to claim 10 including a second bearing assembly
      supporting said shaft, said lubricant vent and drain means being located
      between said bearing assemblies.
NUM  12.
PAR  12. A system according to claim 11 wherein said shaft housing has a vent
      located adjacent said second bearing assembly opposite said lubricant vent
      and drain means, said system further including auxiliary lubricant
      collection means between said second bearing assembly and said vent and
      connected to said reservoir for collecting said lubricant and returning it
      to said reservoir and having a control valve mechanism operative to
      substantially prevent exchange of gases between said reservoir and said
      shaft housing through said auxiliary lubricant collection means.
NUM  13.
PAR  13. A system according to claim 2 wherein said seal fluid is immiscible in
      said lubricant.
NUM  14.
PAR  14. A system according to claim 13 wherein said means for recovering said
      seal fluid includes phase separation means for separating said seal fluid
      from said lubricant.
NUM  15.
PAR  15. A system according to claim 1 wherein said working fluid is comprised
      of a plurality of constituents and said seal fluid is comprised of a
      lightest one of said constituents.
NUM  16.
PAR  16. A system according to claim 8 wheein said working fluid is comprised of
      a plurality wherein constituents, said rotary machine is a turboexpander
      operative to expand said working fluid, and said seal fluid is comprised
      of a lightest one of said constituents, and wherein said seal fluid
      collecting duct is in equal pressure communication with the outlet of said
      turboexpander.
NUM  17.
PAR  17. A system according to claim 15 wherein said rotary machine is a
      turboexpander operative to expand said working fluid, said system further
      including a countercurrent heat exchanger for vaporizing said working
      fluid, feed means for feeding said vaporized working fluid into the inlet
      of said turboexpander, said heat exchanger having tap means located at a
      point in said heat exchanger at which a major part of a vaporized portion
      of the working fluid is comprised of said lightest constituent, said tap
      means allowing escape of said vaporized portion, and a seal fluid line
      communicatively connecting said tap means with said means for injecting
      said seal fluid.
NUM  18.
PAR  18. A system according to claim 17 wherein said seal fluid line includes a
      seal fluid condenser between said tap means and said seal fluid passageway
      for liquefying at least a fraction of the vaporized portion of said
      working fluid escaping through said tap means.
NUM  19.
PAR  19. A system according to claim 18 further including a seal fluid storage
      tank connected to said fluid condenser for storing a quantity of said
      liquefied fraction to serve as a seal fluid reserve.
NUM  20.
PAR  20. A system according to claim 19 further including a reserve line
      connecting said seal fluid storage tank to said seal fluid line downstream
      of said seal fluid condenser, and valve means in said reserve line
      operative to open and close said reserve line.
NUM  21.
PAR  21. A system according to claim 16 further including a fractionating tower
      in said seal fluid line immediately adjacent said tap means and having its
      lower end connected to said tap means, a reflux line connecting a liquid
      containing portion of said seal fluid condenser to the upper end of said
      fractionating tower, and wherein a segment of said seal fluid line further
      connects the upper end of said fractionating tower to a vapor containing
      portion of said seal fluid condenser.
NUM  22.
PAR  22. A system according to claim 16 including a countercurrent heat
      exchanger for vaporizing said working fluid, a working fluid line
      connecting said duct and said outlet end of said turboexpander to a cool
      end of said heat exchanger, said working fluid line including a working
      fluid condenser for liquefying said seal fluid and the working fluid
      flowing from the outlet end of said turboexpander; and a working fluid
      pump for directing said working fluid, including said seal fluid, through
      said working fluid line to said cool end of said heat exchanger.
NUM  23.
PAR  23. A system according to claim 1 wherein said rotary machine is a
      turboexpander operative to expand said working fluid and thereby drive
      said shaft.
NUM  24.
PAR  24. A system according to claim 1 wherein said working fluid is comprised
      of a plurality of constituents and said seal fluid is comprised of a
      heaviest one of said constituents.
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ABST
PAL  A system and method for destroying waste including garbage, organic trash
      and sewage in which the waste products are initially combined in an
      emulsifier, grinder, or shredder at the source such as a residential
      dwelling or business establishment and pumped through present sewage lines
      to a slurry tank. The basic system can also be utilized on marine, land
      and air vehicles. The enriched slurry mixture of waste is pumped into a
      reactor chamber where through an electrolitic reaction it causes the
      slurry to produce its own pressure achieving the by-products of high
      pressure steam to drive a turbine-driven electrical generator and
      sterilized water with only a residue of ash being produced. The by-product
      of electricity may be utilized for heating the slurry mixture in the
      reactor while providing electrical power for other uses. Excess condensate
      from the steam may then be collected and utilized as sterilized water. The
      system is designed for use at the municipal level to combine various
      sources of organic-type wate, such as garbage, trash, sewage, to a common
      disposal point in the community which produces an ash residue with
      by-products of power and sterilized water being achieved from the total
      system. The system is also designed in its basic concept to be utilized on
      marine, land and air vehicles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an improved system for waste removal
      and disposal at a community level, and more particularly to an improved
      system which utilizes the present sewage pipe system to pump waste and
      especially organic-type waste materials to a common point in the community
      where it may be disposed of in the reactor chamber under high pressure and
      temperature to produce steam which may drive a turbine driven electrical
      generator and sterilized water with the only waste product being an ash
      which may be readily disposed of as land fill or fertilizer or soil
      conditioner and not being a water, land or air polutant.
PAR  Present day waste removal and disposal systems commonly employed at the
      community and municipal level include a plurality of different systems
      which are quite inefficient in that sewage trash and garbage are removed
      and treated with completely separate systems. Sewage is removed and
      treated at one location. Papers, garbage and trash are picked up and
      delivered to a common burning point or incinerator and while still other
      items of trash, such as bottles, cans and plastics are mixed in with the
      organic trash that is burned, making it very difficult to separate and
      recycle. Further, the burning of trash increases air pollution problems
      from the smoke and products that are discharged into the atmosphere during
      the burning.
PAR  Applicant's invention overcomes these problems by combining various wastes
      so that the material, such as cans and bottles which can be recycled can
      be separated at the source of waste such as a residential or business
      establishment level. Utilizing the present facilities of sewage lines,
      Applicant's system includes combining yard trash, sewage and garbage at a
      common point which is emulsified into a slurry at the source of waste and
      then pumped to the reactor chamber where the waste is reduced and
      transformed into high pressure steam which may be utilized to drive a
      turbine driven electrical generator and an ash which may be readily
      disposed of without air pollution. The utilization of Applicant's system
      can reduce expenses to the municipality or the like by providing more
      efficient and total waste removal and destruction with valuable
      by-products being extracted during the waste disposal under a continuous
      operation.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  An improved waste disposal system for destroying garbage, organic trash,
      sewage and the like, which comprises an emulsifying, grinding or shredding
      means at the source of waste for emulsifying, grinding or shredding waste,
      such as organic trash, sewage and garbage into a slurry including the
      addition of water, a standard sewage line means connecting said initial
      emulsifying means to a collection tank in the existing sewer system with
      or without agitators, a feeder line means connecting said collection tank
      through a feeder pump means to the reactor chamber, electronic probes
      inside the said reactor chamber for producing an electro-chemical reaction
      in the slurry, causing the slurry to increase in temperature through an
      electro-chemical reaction which eliminates odors and produces its own
      pressure, with an end result of a reduction of the slurry converting it
      into steam and ash, a steam pipe means for conducting steam from said
      reactor chamber, a turbine driven electrical generator means connected to
      said steam pipe providing electrical energy, and a residue disposing pipe
      connected to said reactor chamber for blow-down to rid the chamber of ash.
PAR  In operation, waste material and especially organic materials are
      emulsified at the source and include paper, which is a recycleable
      material but will disintegrate, organic trash, sewage and garbage to be
      ground up and shredded into a slurry which is liquified in water and is
      pumped to a collection tank, from where the slurry is pumped into the
      reactor chamber. An electrical current to the electronic probes produces
      an electronic reation in the slurry causing the slurry to increase in
      temperature through an electrochemical reaction which eliminates odors and
      produces its own pressure to a point where it is broken down achieving
      high pressure steam from the water and hydrogen and oxygen contained in
      the organic materials while the solid residue is reduced to an ash.
PAR  It is an object of this invention to provide an improved waste disposal
      system.
PAR  It is another object of this invention to provide an improved waste
      disposal system which eliminates organic trash, garbage and sewage and
      provides an electrical power by-product of the waste destruction.
PAR  And still yet another object of this invention is to provide an unified
      waste disposal system which eliminates sewage, organic trash and garbage
      and combines it into a single mixture which is reduced to an ash
      eliminating air pollution caused from the present day combustion of these
      materials.
PAR  And yet still another object of this invention is to provide an improved
      waste disposal system which utilizes standard sewage-type equipment now in
      use and available which will greatly minimize the installation
      expenditure.
PAR  And yet still another object of this invention is to provide an organic
      trash, garbage and sewage disposal system which has, as a by-product,
      generation of electrical power and recycling of sterilized water.
PAR  And yet still another object of this invention is to provide an organic
      trash, garbage and sewage system which will eliminate out-fall lines.
PAR  And yet still another object of this invention is to provide an organic
      trash, garbage and sewage system which could be utilized in marine, air
      and land vehicles both commercial and recreational.
PAR  And yet still another object of this invention is to provide an organic
      trash garbage and sewage system for ports, airports and marinas where
      currently vessels come to discharge.
PAR  And yet still another object of this invention is to provide an organic
      trash, garbage and sewage system which will eliminate the need for sludge
      ponds, therefore eliminating the need to add chemicals and insecticides to
      out environment.
PAR  And yet still another object of this invention is to provide an organic
      trash, garbage and sewage system which would allow, at the source, the
      separation of recycleable materials, such as bottles, plastics, cans and
      mass lots of paper, which would be picked up by inexpensive flat-bed
      trucks, and packaged for sale to recycling plants.
PAR  In accordance with these and other objects which will be apparent
      hereinafter, the invention will now be described with particular reference
      to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing shows a schematic of Applicant's system including a schematic
      cross-section of the electronic reactor chamber utilized in Applicant's
      invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawing, Applicant's system is shown comprising an
      emulsifier, grinder or shredder 2 which may be installed at the source of
      waste, such as a residential dwelling or business establishment 1
      connected into a standard sewage line system 3 which includes an existing
      soil line 1A. The sewage pipe is connected to a collection tank 4. A
      removal pipe 5 is connected to feeder pump 6 and through to the electronic
      reactor inlet pipe to the interior chamber 7 of the reactor chamber.
PAR  For increased efficiency the reactor chamber includes an outer chamber 11
      which contains a transformer or other high temperature resistant type oil
      21, immersing the inner chamber 7 completely. Connected to the inner
      chamber 7 is an outlet pipe 13 which provides for the blow-down removal of
      ash which is the reduced end product of the slurry after it has been
      destroyed in a high pressure environment. Also connected to the inner
      chamber 7 is a steam outlet pipe 10 which is connected to a steam driven
      turbine 14. A surge tank 12 is connected between pipe 10 and the outer
      chamber 11 to provide a balance of pressure between the inner chamber 7
      and the outer chamber 11, controlled by control valve 12A. Also provided
      in the center of the inner chamber 7 are electronic probes 9 which produce
      an electrochemical reaction in the slurry causing the slurry to increase
      in temperature through an electrolitic reaction which eliminates odors,
      with an end result of a reduction of the slurry converting it into steam
      and ash. Surrounding the inner chamber is a single continuous pre-heater
      line 8 which may be connected to the condensate line 15 coming off of the
      steam driven turbine 14 which provides high temperature condensate for
      increased efficiency in operation. The pre-heater line (heater coils)
      could also be electrical, connected to the output of the steam driven
      electrical generator, or a continuous conductor of lithium from an atomic
      plant. Line 15 is connected into a condenser lake or heat exchanger 16
      which allows the condensate to be cooled and transferred by pipe 22 to a
      cooling tower 17. From the cooling tower 17, pipe 18 may dispose of the
      condensate water into any type of chamber area desired represented by 19
      and no waste out-fall line.
PAR  The turbine is mechanically connected to electrical generator 20 which is
      utilized to provide electricity for any desired need. The electrical
      output of the steam driven electrical generator 20 may be connected to
      electrode probes 9 to provide electrical current for the electro-chemical
      reaction in the slurry. It may also be mechanically connected to heater
      coils in the outer chamber.
PAR  In operation, waste materials are fed into the shredder, grinder or
      emulsifier 2 at each particular source 1 of waste. The materials included
      in this would be garbage, organic trash, non-recycleable papers and
      organic material, which can be shredded, ground or emulsified and reduced
      to a pulp-like material. Items, such as cans, bottles, plastics and bulk
      paper would not be fed into the shredder but would be separated at this
      point for removal and recycling into the other areas of the community.
      Organic materials, papers and the like, are then shredded by the
      emulsifier 2 and mixed with water and pumped into the sewage system
      conduit 3 where when mixed with sewage, they become a slurry mixture. The
      mixture is then received into the collection tank 4 then through feeder
      line to pump 5, pump 6, feeds the enriched slurry directly into the
      electronic reactor chamber 7. The chamber is kept under high temperature
      and pressure with the heat being provided by an electro-chemical reaction
      in the slurry caused by electrical current transmitted through the
      electronic probes 9. The heater coils 8 which could be electrical, steam
      or lithium metal from an atomic plant are utilized to maintain the
      transformer type oil in the outer chamber 21 at operating temperature
      which pre-heats the slurry prior to the slurry entering the inner reactor
      chamber 7 and maintains the immersed reactor chamber 7 at operating
      temperature. When the slurry is subjected to high temperature and
      pressures, the water present in and formed from the slurry mixture is
      evaporated and forms a high pressure steam which exits through pipe 10 and
      is received into turbine 14 which in turn drives the electrical generator
      20. The non-vapor residue produced by the high temperatures and pressures
      in the chamber, is reduced to an ash which is discharged through blow-down
      pipe 13 and received into a desired collecting point or final dryers. This
      eliminates the by-products found today in the burning of trash and
      disposing of sewage and garbage which is discharged into the atmosphere
      causing additional air, land and water pollution problems.
PAR  Turbine 14 being driven by the high pressure steam is mechanically
      connected to rotatably drive the mechanical electrical generator 20. The
      condensate which exhausts from the turbine 14 is fed through line 15 where
      it may be received either into a cooling lake 16 for cooling or may be
      returned by dotted line to heater coils 8 which surround the inner chamber
      to provide additional heating to the chamber. After discharge from the
      cooling lake 16, the water is then circulated through pipe 22 to a cooling
      tower 17 which brings the hot water down to atmospherically acceptable
      temperatures and then pumped through pipe 18 to a lake, reservoir or the
      like 19 and recycled back into the community.
PAR  The reactor chamber is comprised of an outer chamber 11 which holds the oil
      21 acting as an insulator and heat transmitter to retain the heat in the
      inner chamber 7. The inner chamber 7 is shown as spherical which provides
      for the best efficiency of operation but is not limited thereto. Surge
      problems caused by fluctuations in the steam and the heated oil are
      corrected by the pressure equalization chamber 12 controlled by pressure
      equalization chamber control valve 12A.
PAR  With the utilization of Applicant's improved waste disposal system, maximum
      efficiency is achieved by providing a system which handles several
      different types of waste matter which can be reduced to an ash form
      without combustion into the atmosphere while providing by-products of
      sterilized water and electrical power from the heating of the waste
      material itself. This also allows for items which cannot be shredded or
      ground into an emulsion, such as cans, plastics, bottles and bulk paper,
      to be seperated at the initial waste point so that items such as these are
      recyclable and reusable. The high temperatures also provide for the
      sterilization and purification of the water which is utilized in the
      sewage system and allows it to be recycled back into usable form, without
      out-fall lines or the like.
PAR  The device has been shown and described herein in what is considered to be
      the most practical and preferred embodiment. It is recognized, however,
      that departures may be made therefrom within the scope of the invention
      and that obvious modifications will occur to a person skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An improved waste disposal system comprising:
PA1  an emulsifier means for changing waste such as organic trash, garbage and
      sewage into a slurry mixture;
PA1  a feeder pump means;
PA1  a collection tank means connected to said emulsifier means for receiving
      the output slurry of said emulsifier means;
PA1  a reaction chamber means for receiving said slurry mixture connected to
      said collection tank means by said feeder pump means;
PA1  means for heating and pressurizing the reaction chamber means to a high
      temperature and high pressure connected to said reaction chamber means;
PA1  steam discharge line connected to said reaction chamber means;
PA1  residue disposal line connected to said reaction chamber means;
PA1  a turbine means connected to said steam discharge line;
PA1  an electrical generating means connected to said turbine means;
PA1  a condensate exhaust line connected from said turbine;
PA1  a reservoir connected to said turbine by said condensate discharge line;
PA1  said heating means including an electrical current heating means connected
      to said generator and said reactor chamber means, the residual output of
      said generator disposed to an outside load;
PA1  an outer chamber;
PA1  an inner chamber for receiving said slurry mixture disposed within said
      outer chamber;
PA1  a fluid insulating means within the outer chamber wherein the inner chamber
      is totally immersed within said insulating fluid means; and
PA1  preheating coil means surrounding said inner chamber also immersed in the
      fluid insulating means, said coil means connected to said condensate
      discharge line from said turbine.
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PAL  A coordinated control system for a power producing unit consisting of two,
      single reheat steam generators supplying steam to a single
      turbine-generator.
PARN
PAR  This is a division of application Ser. No. 367,775 filed June 7, 1973.
BSUM
PAR  This invention relates to a coordinated control system for large size
      electric power producing units such as found in modern central stations.
      As an order of magnitude such units may, for example, be rated at upwards
      of 1000 MW requiring, at full load, over 6,000,000 pounds of primary steam
      per hour at 2500 psig and 1000 F. Customarily, in such units, the steam
      passes first through a high pressure turbine, thence through a reheater
      pass in the steam generator wherein the steam is raised to a hot reheat
      temperature of approximately 1000 F., and thence through a low pressure
      turbine to a condenser.
PAR  To improve the reliability of such power producing units and to maintain a
      reasonable steam generator size it has recently been proposed to satisfy
      the total steam demand of the turbine by providing the unit with two steam
      generators operating in parallel. Such a combination of two steam
      generators, single turbine generator presents unique control problems as
      will be evident from the detailed description to follow. It is to the
      solution of these problems that our invention is addressed. It will be
      apparent, however, that our novel control system incorporates features
      equally applicable to the more common single turbine generator - single
      steam generator arrangement.
PAR  In accordance with our invention the total output of the two steam
      generators is maintained primarily in accordance with the unit MW or
      energy demand as established by an automatic load dispatch system or
      otherwise.
PAR  Further, in accordance with our invention, the unit energy demand may be
      apportioned between the two steam generators as desired.
PAR  Further, in accordance with our invention, if the output of one steam
      generator is limited, the output of the other steam generator is
      automatically increased as required to satisfy the unit energy demand.
PAR  Further, in accordance with our invention, if the total available output of
      the two steam generators is insufficient to satisfy the unit energy
      demand, the demand is reduced to be compatible with the total available
      output.
PAR  Further, in accordance with our invention, feedwater, fuel and air are
      supplied each steam generator primarily in accordance with the proportion
      of unit energy demand allocated to the steam generator.
PAR  Further, in accordance with our invention, the total reheat steam flow from
      the turbine is apportioned between the two steam generators primarily in
      accordance with the share of the unit energy demand allocated to the steam
      generator.
PAR  These and further objectives of our invention will be apparent as the
      description proceeds in connection with the drawings, in which:
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a block diagram of the basic steam-water flow cycle of a typical
      power producing unit having two single reheat steam generators supplying
      steam to a turbine.
PAR  FIG. 2A is a block diagram of the basic air-gas flow cycle of steam
      generator A shown in FIG. 1.
PAR  FIG. 2B is a block diagram of the basic air-gas flow cycle of steam
      generator B shown in FIG. 1.
PAR  FIG. 3 is a block diagram of the control system organization.
PAR  FIG. 4 is a logic diagram showing in detail the ratio control identified in
      FIG. 3 by the block 32.
PAR  FIG. 5 is a logic diagram showing in detail the feedwater flow control for
      each of the steam generators A and B identified in FIG. 3 by blocks 34A
      and 34B respectively.
PAR  FIG. 6 is a logic diagram showing in detail the firing rate control (fuel
      and air control) for each of the steam generators A and B identified in
      FIG. 3 by blocks 36A and 36B respectively.
PAR  FIG. 7 is a logic diagram showing in detail the reheat steam control
      identified in FIG. 3 by block 42.
PAR  FIG. 7A is a fragmentary logic diagram showing a modification of the reheat
      steam control illustrated in FIG. 7.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, we therein show the elementary steam-water cycle
      for a more or less typical two boiler-single turbine generator power
      producing unit comprising steam generators, or boilers as they are
      sometimes called, A and B, a common turbine generator unit generally
      indicated at 8 having a high pressure turbine 9 and a low pressure turbine
      10. As shown both high pressure and low pressure turbines may drive a
      single generator 11, or each turbine may drive a separate generator both
      feeding into a common bus. The particular arrangement of turbine and
      generator which may be used forms no part of our present invention. Steam
      discharged from secondary superheaters 12A and 12B of steam generators A
      and B respectively passes through high pressure turbine 9, is then
      divided, part passing through reheater 13A and the remainder through
      reheater 13B. The hot reheat steam from reheater 13A and 13B then passes
      through low pressure turbine 10 and is discharged into condenser 14. What
      is shown as a low pressure turbine may in actual practice be an
      intermediate pressure turbine and one or more low pressure turbines.
PAR  Condensate from condenser 14 is pumped by condensate pump 15 through low
      pressure heaters 16, heated by extraction steam from low pressure turbine
      10, into the deaerating heater 17, also heated by extraction steam from
      low pressure turbine 10. Feedwater for boiler A is drawn from the
      deaerating heater 17 by a boiler feed pump 18A and is discharged through
      high pressure heater 19A into boiler A having a furnace 20A, a primary
      superheater 21A and into secondary superheater 12A. Feedwater for boiler B
      is also drawn from deaerating heater 17 by a boiler feed pump 18B and
      discharged through high pressure heater 19B into boiler B having a furnace
      20B, primary superheater 21B and into secondary superheater 12B.
PAR  In FIGS. 2A and 2B are shown the air-gas cycles for boilers A and B
      respectively. The cycles are identical and in the interest of brevity that
      for boiler A only will be traced. Components for the boiler A in FIG. 2A
      being identified by a number followed by the letter -- A -- and like
      components for the boiler B in FIG. 2B being identified by the same number
      followed by the letter -- B --.
PAR  Referring to FIG. 2A, air for combustion supplied by a forced draft fan 22A
      passes through air heater 23A and is discharged into furnace 20A. Fuel,
      which may be oil, gas, coal or a combination thereof, is discharged into
      the furnace 20A from any conventional supply means (not shown, but
      schematically represented by the line 24A). The gasses of combustion, or
      flue gas, as it is commonly called, leaving the furnace pass through
      secondary superheater section 12A, reheater section 13A, primary
      superheater section 21A, air heater 23A and induced fan 25A whence they
      are discharged to the atmosphere through a stack (not shown). Flue gas
      leaving the primary superheater 21A may also be recirculated into the
      furnace 20A by gas recirculating fan 26A as a means of partially or wholly
      controling reheat steam temperature. In general, the rate of flow of
      recirculated gas is maintained in inverse proportion to heat or energy
      input to the boiler. The order shown in which the products of combustion
      pass over the several heating sections is not the exclusive order. The
      order may be, for example, primary superheater, secondary superheater, and
      reheater; or secondary superheater, primary superheater, and reheater.
      Likewise, an economizer section may be included in the order at an
      appropriate place.
PAC  SYSTEM ORGANIZATION (FIG. 3)
PAR  FIG. 3 shows, in block diagram, the organization of the control system. The
      unit load demand may be established by an automatic load dispatch system,
      as shown at 28, or by other automatic or manual means. It is the purpose
      of this control to generate a control signal corresponding to the desired
      energy output as may be measured in MW, BTU or other energy units. The
      control signal so generated is transmitted to a master controller 30 which
      may be any one of the several types now more or less common in the art.
      One particular suitable type being illustrated and described in Chapter 35
      of the thirty eighth edition of "Steam" published by The Babcock & Wilcox
      Company. It is the primary purpose of the master controller to generate,
      from the control signal established by the load dispatch system 28, a
      control signal to the steam generators whereby the actual energy output of
      the power producing unit will be maintained equal to the desired energy
      output. The control signal generated in master controller 30 is
      transmitted to a ratio controller 32, the purpose of which is to apportion
      the total load demand between steam generators A and B as desired within
      the capabilities of the generators. That is to say, it divides the control
      signal from master controller 30 and establishes a first demand signal for
      the boiler A and a second demand signal for the boiler B. The first demand
      signal, as shown, is utilized in a feedwater control 34A and firing rate
      control 36A of boiler A. Similarly, the second demand signal is utilized
      in the feedwater control 34B and firing rate control 36B of boiler B. The
      two demand signals generated in ratio control 32 are also transmitted to a
      reheat flow control 42, the purpose of which is to apportion the flow of
      reheat steam to boilers A and B primarily in proportion to boiler load.
PAR  FIGS. 4, 5, and 7 show the ratio, feedwater, firing rate and reheat flow
      control for boilers A and B. In reference to these figures it should be
      noted that conventional control logic symbols have been used. The control
      components or hardware, as it is sometimes called, which such symbols
      represent, are commercially available and their operation well understood
      by those familiar with the art. Furthermore, we have used conventional
      logic symbols to avoid identification of the control system with any
      particular type of control, such as pneumatic, hydraulic, electronic,
      electric or a combination of these, as the invention may be incorporated
      in any one or a combination of these types. The primary controllers shown
      in FIGS. 4, 5, 6 and 7 have been referenced into FIGS. 1, 2A, and 2B as
      have the final control elements.
PAC  RATIO CONTROL (FIG. 4)
PAR  Referring to FIG. 4, the control signal corresponding to total boiler
      demand, as generated by master controller 30 (FIG. 3) is transmitted to a
      multiplying unit 44, the output signal from which is transmitted to a
      difference unit 46. That portion of total boiler demand that each boiler
      should assume is established in ratio control station 48 which generates a
      control signal transmitted to multiplier 44. The output signal from
      multiplier 44 is thus the demand signal to boiler A. In the difference
      unit 46 the boiler A demand signal is subtracted from the total boiler
      demand signal and the output signal therefrom is the boiler B, demand
      signal.
PAR  In the event one or more factors in the operation of either boiler A or
      boiler B is limited or exceeds a predetermined limit it is necessary that
      the demand signal to the boiler be limited accordingly. Representative of
      factors, the supply of which places a limitation on boiler output are fuel
      flow, air flow, feedwater flow, reheater flow and superheater flow during
      by-pass operations. Representative of factors, which if exceeding a
      predetermined limit places a limitation on boiler output is furnace draft
      which may exceed a predetermined positive limit in the event the capacity
      of the induced draft fan is limited. The factors mentioned are to be taken
      as merely representative of the many factors which can place a limitation
      on boiler capacity.
PAR  As shown in FIG. 4 such factors as are deemed critical generate signals
      forming the inputs to a limit control 49A for boiler A and a similar limit
      control 49B for boiler B. To avoid momentary and small excursions beyond
      predetermined limits needlessly constraining boiler demand excursions less
      than a 5% deadband are ignored. Following a sustained excursion beyond 5%,
      however, the deadband error signal is reduced to 1% so that errors less
      than 1% only are ignored. The demand signal to the boiler is then run back
      to bring it into congruence with the constrained boiler capacity. The
      output signals from limit controls 49A and 49B are integrated with respect
      to time in integrating units 52A and 52B and then transmitted to low
      selectors 56A and 56B respectively. It is therefore the signal from
      multiplier 44 or the signal from integrator 52A, whichever is the lessor,
      which is the actual demand signal to boiler A. Similarly, it is the signal
      from difference unit 46 or the signal from integrator 52B, whichever is
      the lessor, which is the actual demand signal to boiler B.
PAR  Notwithstanding that a constraint is placed on the output of one boiler, it
      is desirable that the total output of the two boilers should satisfy the
      unit energy demand. Accordingly, our invention comprehends in the event
      the output of one boiler is limited, to automatically compensate therefor
      by increasing the output of the other boiler. To this end a difference
      unit 60A generates a signal proportional to the difference between the
      output signal of multiplier 44 and low signal selector 56A which is
      transmitted through direct proportional unit 64 to a summing unit 68.
      Similarly, a difference unit 60B generates a signal proportional to the
      difference between the output signal of difference unit 46 and low signal
      selector 56B which is transmitted through reverse proportional unit 66 to
      the summing unit 68.
PAR  If both boilers A and B are carrying their assigned loads, i.e. if the
      output of neither one is limited, the output signal generated by summing
      unit 68 ill be at neutral. In the event the output of boiler is limited,
      the output signal from summing unit 68 operates a transfer unit 70 and
      thereafter serves as the input signal to multiplier 44. As the output
      signal from multiplier 44 changes in a direction to bring it into equality
      with the output signal from integrating unit 52A, the demand signal to
      boiler B will be increased accordingly through operation of difference
      unit 46.
PAR  A constraint on the output of boiler B operates in similar fashion, the
      output signal from reverse proportional unit 66 operating through summing
      unit 68 and transfer unit 70 to increase the demand signal to boiler A and
      reduce the demand signal to boiler B until the output signal from
      difference unit 60B is at neutral.
PAR  If after a predetermined length of time, in the order of one to five
      minutes, transfer of load from one boiler to the other is unable to
      satisfy total boiler demand, the unit load demand is reduced to be equal
      to the actual capabilities of the two boilers. An unsatisfied demand on
      boiler A, indicated by a sustained output signal from difference unit 60A,
      is transmitted to a high signal selector 72, whence after a predetermined
      time delay, as set in time delay unit 73, runs back the unit load demand
      generated by the load dispatch system 28 to be compatible with the total
      capabilities of the two boilers. To this unit is also transmitted the
      output signal from difference unit 60B indicative of a sustained
      unsatisfied demand to boiler B. As evident, the high signal selector 72
      serves to pass to the unit load dispatch system 28 the higher of the two
      error signals generated in difference units 60A and 60B. Accordingly, if
      the larger of the two signals indicating an unsatisfied demand on either
      boiler, from either difference unit 60A or 60B is reduced to zero by
      running back the unit load demand, the unsatisfied demand on both boilers
      will be reduced to zero.
PAC  FEEDWATER CONTROL (FIG. 5)
PAR  In the usual arrangement of single boiler -- single turbine, feedwater
      temperature varies in a direct predictable functional relation to unit
      load. With the two boiler -- single turbine arrangement such is the case
      so long as the two boilers are in operation at identical loads. This
      relationship is destroyed, however, whenever the two boilers operate at
      different loads, as feedwater temperature is a function of turbine load.
      The relationship between feedwater temperature and actual steam flow
      entering the turbine, which in turn is equivalent to total feedwater flow
      to both boilers is directly related to the total turbine extraction flow
      to high and low pressure and deaerating feedwater heaters. Thus a lower
      feedwater temperature than that to be expected for the existing boiler
      demand has a direct relationship to the existing lower steam flow to the
      turbine which in turn is equivalent to a lower required boiler feedwater
      flow. Thus if the feedwater temperature is higher than that to be expected
      for the then existing boiler demand, the feedwater demand will be
      increased to reflect the actual increase in steam flow to the turbine that
      results from the increased extraction flow.
PAR  In the control, shown in FIG. 5, the rate of flow of feedwater to each
      boiler is maintained in direct proportion to boiler demand. Thus, the
      control signal generated in ratio control 32 is transmitted to feedwater
      control valve 74A. A feed back loop comprising flow transmitter 76A,
      difference unit 78A, integrating unit 80A and multiplying unit 82A
      maintains the actual feedwater flow equal to demand feed-water flow.
PAR  To provide for a departure in actual feedwater temperature from that to be
      expected for the then existing boiler demand, the signal generated by
      function generator 83A, corresponding to the expected feedwater
      temperature, is compared to a signal generated by a temperature
      transmitter 84A, corresponding to actual feedwater temperature, in a
      difference unit 86A. The output signal from difference unit 86A is
      transmitted to a multiplying unit 87A through a summing unit 88A and
      modifies the demand control signal in accordance with deviations in actual
      feedwater temperature from that to be expected for the then existing
      boiler demand.
PAR  Also affecting the desired rate of feedwater flow for a given boiler demand
      are changes which may be made in steam temperature set point from normal
      or design set point. Thus an increase in desired steam temperature from
      normal should effect a decrease in the rate of feedwater flow and vice
      versa. A control signal corresponding to changes in steam temperature set
      point, generated in unit 90A, modify the output of summing unit 88A to
      effect the desired compensation. While we have illustrated and described
      the feedwater control for boiler A, it is to be understood that that for
      boiler B is in all respects identical with that of boiler A.
PAC  FIRING RATE CONTROL (FIG. 6)
PAR  The demand signals to boilers A and B are measures of the heat release
      required of the boilers to satisfy the energy output demanded of the power
      producing unit. The head release is directly related to the fuel BTU input
      to the boiler furnace. The boiler demand signal thus adjusts fuel flow in
      parallel with air flow. It is recognized that for a given fuel and fuel
      BTU input the required combustion air flow remains essentially constant.
      Since the boiler demand signal is directly equated to energy output
      demanded and since the total cycle efficiency at each load is relatively
      constant and predictable our invention matches air flow directly to the
      boiler demand. Fuel flow is readjusted as required to maintain the
      superheater outlet temperatures of the two boilers equal and at turbine
      throttle temperature set point.
PAR  In accordance with the foregoing description, as shown in FIG. 6, the
      boiler A demand signal is transmitted to final control element 91A, such
      as a damper drive unit, controling the rate of flow of air supplied for
      combustion. A feedback signal generated in flow transmitter 92A,
      proportional to measured air flow, maintains actual air flow equal to
      desired air flow. The signal generated in transmitter 92A is transmitted
      to difference unit 93A, and the output signal through a proportional plus
      integral unit 132A serves to adjust the air flow damper 91A as required to
      maintain actual air flow equal to desired air flow.
PAR  A signal proportional to temperature error from set point and to the rate
      of change in superheater outlet temperature of boiler A is superimposed
      upon the demand signal in a sense opposite the direction of temperature
      change thereby compensating for momentary fluctuations in superheater
      outlet temperature. As shown, a signal corresponding to superheater outlet
      temperature is generated in temperature transmitter 94A and transmitted to
      a proportional plus derivative unit 95A and thence to summing unit 96A.
PAR  The demand signal to boiler A, modified in accordance with the rate of
      change in superheater outlet temperature, also controls the rate of fuel
      flow to maintain the rate of fuel flow in required relationship to the
      rate of air flow. As shown, the output signal from summing unit 96A is
      transmitted to final control element 97A, shown in FIG. 2A as a fuel
      control valve, the specific type of fuel flow control device employed
      depending upon the type of fuel. A feedback loop comprising fuel flow
      transmitter 98A, difference unit 99A and proportional plus integral unit
      100A maintains actual rate of fuel flow equal to the demand rate of fuel
      flow.
PAR  Relatively long term changes in turbine throttle temperature indicative of
      a change, for example, in the BTU content of the fuel effect a change in
      the ratio between the rate of flow of air and rate of flow of fuel, thus
      in effect automatically and continuously calibrating the rate of fuel flow
      to the rate of air flow. This is accomplished by introducing the signal
      generated in turbine throttle temperature transmitter 103 into integral
      unit 101A, the output signal from which is transmitted to a multiplying
      unit 102A. The output signal from multiplying unit 102A thus serves to
      modify the feedback signal from fuel flow transmitter 98A in accordance
      with long term changes in turbine throttle temperature which are,
      inferentially, a measure of changes in the relationship between the rate
      of fuel flow and rate of heat input to the boiler.
PAR  While the firing rate control so far described is specific to the control
      for boiler A, reference to FIG. 6 will show that the control for boiler B
      is identical, like components being indicated by the same number followed
      by the letter -- B --.
PAR  To avoid interaction, or hunting as it is commonly called, between the
      superheater outlet temperatures of the two boilers while maintaining the
      desired turbine throttle temperature, in FIG. 6 we show additionally a
      push-pull control arrangement whereby the rate of fuel flow to the boiler
      having the higher superheater outlet temperature is decreased and
      simultaneously the rate of fuel flow to the other boiler is increased,
      thus maintaining the superheater outlet temperatures equal while
      adjusting, concurrently, the rate of fuel flow to both boilers in
      accordance with deviations in throttle steam temperature from set point.
      As shown, a signal proportional to the difference between boiler A and
      boiler B superheater outlet temperatures is generated in a difference unit
      122 and through a direct acting proportional unit 124 and a reverse acting
      proportional unit 125 is transmitted to summing units 105A and 105B to
      bias the input signals to integral units 101A and 101B in opposite
      directions.
PAC  REHEAT FLOW CONTROL (FIG. 7)
PAR  Out invention comprehends proportioning the reheat steam from high pressure
      turbine 9 between boilers A and B in accordance with a feed forward signal
      derived from the demand signal to each boiler, thus, inferentially
      maintaining a reheat flow to each boiler proportional to primary steam
      generation. In FIG. 7 the demand signal to boiler A positions final
      control element, a flow control valve, 107A. Similarly, the demand signal
      to boiler B positions flow control valve 107B. By means of function
      generators 108A and 108B any desired linear or non-linear functional
      relationship between demand signal and the reheat flow to boiler A and B
      respectively can be programmed. Proper distribution of total available
      reheat flow is obtained by means of a push-pull feedback control loop
      whereby an equal difference between the actual reheat flow and programmed
      reheat flow through each boiler is maintained. As shown, reheat flow
      through boiler A and boiler B is measured by flow transmitters 109A and
      109B respectively. While, for simplicity, in FIG. 1, the primary elements
      of the reheat flow transmitters are shown schematically as orifices, our
      invention comprehends the use of any pressure drop varying in functional
      relationship with respect to flow, thus, to minimize unrecovered pressure
      loss the pressure drop through the reheater may be used, or a primary
      element such as a Venturi Tube or flow nozzle. Known flow measuring means
      other than the type producing a pressure differential varying with flow
      might also be used. Further, as is well known, both pressure and
      temperature of the reheat steam vary with reheat flow and the flow
      transmitters can be compensated for both these conditions by any suitable
      means.
PAR  The difference between actual reheat flow and programmed reheat flow
      through each boiler is determined by difference units 110A and 110B. By
      way of example, an actual reheat flow greater than the programmed reheat
      flow may be considered as generating a positive output signal from
      difference unit 110A or 110B and vice versa. The generated signals are
      transmitted to a difference unit 111. The output signal generated therein
      through proportional plus integral unit 112, reverse and direct acting
      proportional unit 113A. 113B inputs to summing units 114A and 114B
      respectively. The output signals from summing units 114A and 114B are thus
      modified in opposite directions to position valves 107A and 10B in
      opposite directions to maintain equal differences between the actual
      reheat flows and programmed reheat flows. It is evident, if desired, the
      amount of readjustment allowed to maintain equal differences may be
      limited.
PAR  By the proper distribution of total reheat flow between the two boilers, as
      described, desired reheat temperature can be obtained by gas recirculation
      as shown in FIG. 1 supplemented, if required, by spray attemperation or
      other well known means. In the event, however, the hot reheat temperature
      of a boiler exceeds set point, our invention comprehends increasing the
      reheat flow to that boiler while simultaneously decreasing the flow to the
      other; or if the hot reheat temperatures of both boilers exceed set point
      to increase the reheat flow to that boiler having the greater excess while
      simultaneously decreasing the reheat flow through the other boiler.
PAR  This action thus tending to maintain the excess hot reheat temperatures
      from both boilers equal.
PAR  Temperature transmitters 115A and 115B generate signals corresponding to
      the hot reheat temperatures of boilers A and B. These signals are compared
      in high signal selecting units 116A and 116B against set point signals. So
      long as the signal generated in transmitter 115A, for example, is less
      than set point unit 116A transmits the set point signal to a difference
      unit 117. When, however, the signal corresponding to hot reheat
      temperature exceeds the set point signal, it is transmitted to difference
      unit 117. Similarly, so long as the signal generated by transmitter 115B
      is below set point, the signal transmitted to difference unit 117 will be
      the set point signal, if, however, the signal generated in transmitter
      115B is greater than the set point signal it will be transmitted to
      difference unit 117. From the foregoing it is evident that the output
      signal from difference unit 116 will have a neutral value, such as zero,
      as long as both hot reheat temperatures are at or below set point. When,
      however, the hot reheat temperature of one boiler exceeds set point, unit
      117 generates a signal in one sense, whereas if the hot reheat temperature
      of the other boiler exceeds set point, unit 117 will generate a signal in
      opposite sense. If the hot temperatures of both boilers exceed set point,
      then unit 117 will generate an output signal having a sense, dependent
      upon which boiler has the greater hot reheat temperature and will have a
      value corresponding to the difference between the two hot reheat
      temperatures.
PAR  The signal generated in difference unit 117 is transmitted to a direct
      acting proportional unit 118A and a reverse acting proportional unit 118B.
      These units through summing units 120A and 120B serve to modify the feed
      forward signals for boilers A and B in opposite senses, thus effecting a
      positioning of valves 107A and 107B in opposite directions, thus tending
      to maintain the hot reheat temperatures from both boilers below set point
      and further to maintain equal hot reheat temperatures from both boilers
      when both such temperatures are above set point.
PAR  An alternate arrangement, especially applicable if reheater absorption to
      load characteristic is such that reheat attemperators are seldom used and
      the two boilers are operated frequently with unbalanced steam flow and
      thus unbalanced reheater outlet temperature is to maintain reheater
      temperature control capability by biasing steam flow through the reheaters
      at all times a temperature difference occurs at the outlet of the two
      reheaters either above or below set point. To accomplish this, as shown in
      FIG. 7A, the high auctioneers 116A and 116B are replaced by difference
      units 130A and 130B developing a reheater outlet temperature error from
      set point for comparison in difference unit 117. Whenever either reheater
      outlet temperature error differs from the comparable error from the other
      boiler, the reheater steam flow will be increased through the reheater
      having the higher outlet temperature.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a feedwater control system for a steam generator, the combination
      comprising, means generating a feedwater demand signal, means responsive
      to said signal maintaining the rate of feed water flow in proportion to
      the magnitude of said demand signal, a function generator responsive to
      said demand signal generating a first signal varying in functional
      relationship with said demand signal and corresponding to the expected
      feedwater temperature, means generating a second signal corresponding to
      the actual feedwater temperature, a difference unit generating a third
      signal proportional to the difference between said first and second
      signals and means responsive to said third signal generating a modified
      feedwater demand signal to thereby adjust the feedwater flow in accordance
      with the difference between the expected and actual feedwater
      temperatures.
NUM  2.
PAR  2. A control system as set forth in claim 1, further including means for
      modifying said third signal in accordance with steam temperature set point
      adjustments.
NUM  3.
PAR  3. A feed water control system as set forth in claim 1, wherein said third
      signal generates a modified feed water demand signal decreasing the rate
      of flow of feed water in functional relationship to decreases in the
      actual feed water temperature and vice versa.
NUM  4.
PAR  4. In a feed water control system for a two boiler-single turbine power
      producing unit wherein the two boilers are provided with feed water
      comprised of condensate from the turbine heated by a feed water heater
      supplied with extraction steam from the turbine, the combination
      comprising, means generating a first primary feed water demand signal for
      one of said boilers and a second primary feed water demand signal for the
      other of said boilers, means varying the rate of flow of feed water to
      said one boiler in functional relationship to changes in the value of said
      first primary demand signal, means modifying the rate of flow of feed
      water to said one boiler in accordance with deviations in actual feed
      water temperature from expected feed water temperature for the then
      existing value of said first primary demand signal, means varying the rate
      of flow of feed water to the other of said boilers in functional
      relationship to changes in the value of said second demand signal and
      means modifying the rate of flow of feed water to the other of said
      boilers in accordance with deviations in actual feed water temperature
      from expected feed water temperature for the then existing value of said
      second primary demand signal.
NUM  5.
PAR  5. A feed water control system as set forth in claim 4. wherein each of
      said modifying means decreases the rate of flow of feed water in
      functional relationship to decreases in actual feed water temperataure and
      vice versa.
NUM  6.
PAR  6. A control system as set forth in claim 5, further including means for
      modifying the rate of flow of feed water to each of said boilers in
      accordance with steam temperature set point adjustments.
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ABST
PAL  This invention pertains to inflatable envelope apparatus or pressurized
      container structures and associated methods to be used together with
      slurry products of concentrated or metallurgical plants in backfilling and
      other operations involving subterranean works. The pressurized container
      structures are envelopes which can be fabricated of various materials and
      shapes, or other light weight pressurized containers, the shape or volume
      of which is sustained by internal gas pressure. The technique for
      extracting a metal bearing substance comprises several steps, the
      principal ones being the placing within a subterranean chamber a
      pressurized envelope structure, pouring into the chamber adjacent the
      envelope structure slurry products emanating from a concentrator or
      flotation plant which lie in contact with but external to the pressurized
      envelope. The slurry is dewatered or otherwise solidified after which the
      metal bearing substances located adjacent to the envelope are extracted
      using equipment acting from within the volume defined by the envelope.
BSUM
PAC  BACKGROUND OF THE INVENTION AND REVEIW OF PRIOR ART
PAR  In mining operations it is often necessary to handle slurry emanating from
      flotation or concentrator platns in which ore produced in mines is
      treated.
PAR  One common instance is the use of tailings slurry from the flotation plant
      or other kinds of liquid-solids mixture to fill back the excavation
      chamber or stopes from which ore is extracted. For several decades it has
      been common practice to re-fill the excavation chamber wherefrom ore is
      extracted with common rocks, which act to support the roof of the
      excavation. This is obviously expensive and time consuming. In more recent
      procedures, the tailing of the plant, which contains unrecoverable
      residual metals in the fluid, is pumped back into the mine's excavation.
      In the case of underground operations the tailings usually fill the
      exploitation chamber and once its liquid content has drained, it
      solidifies into a substance capable of supporting the roof. This procedure
      is known as backfilling with tails, and when practiced in shallow or
      horizontal ore bodies, requires the underground fabrication of frontal
      walls or dams within the compass of the chamber to force the position of
      the backfill against the chamber's roof and to separate the backfill from
      the ore face which is to be cut after the fill is dry. The span of
      unsupported roof between ore face and backfill is reduced with the frontal
      dams. Backfilling is often used also to dispose of the tailings in an
      inconspicuous non-polluting place, often requiring the erection of
      expensive walls to limit the location of the backfill within the desired
      bounds.
PAR  In another common instance the products of concentrator plants must be
      transported from the plant's location to the refinery wherein the
      concentrated products are transformed into metals. It has been common
      practice for several decades that the slurry products or pulp of the
      concentration plant are first allowed or forced to dry, and thereafter
      transported in bulk or in sacks. This requires special loading any
      unloading procedures which are costly. More recently, the pulp from a
      concentrator plant is pumped as a fluid to a recipient chamber in a
      transporting vessel, which can be a boat, a tank-truck or a railroad tank
      car; wherein the fluid material by drainage or other ways is transformed
      into a solid. For unloading purposes however, once the vessel arrives to
      its destination, water jets are used to re-transform the solid into pulp
      which is then pumped to the refinery. This type of loading and unloading
      in slurry form avoids considerable handling charges, other costs, and time
      delays.
PAR  It is seen that the handling of fluids emanating from concentrator or
      flotation plants has become in recent times of considerable technical
      importance with vast economic consequence.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  In general, it is an object of the present invention to provide a method
      and apparatus utilizing inflatable structures which will substitute for
      the aforementioned operations requiring the building of dams and the like.
PAR  Another object of the invention is to provide a method and apparatus of the
      above character which is particularly applicable to act as a wall divider,
      dam or internal passage within a subterranean chamber. The invention also
      has application in connection with mining industries and other industries
      to regulate gas pressure exterior of the envelope and to control
      ventilation, define safety walls for containing dangerous gases and for
      the control of water and other fluids or slurries in surface and
      underground excavations.
PAR  According to the present invention, slurry emanating from a concentrator
      plant is poured into subterranean chambers. Inflatable envelopes or
      containers formed of light-weight structures and supported by internal gas
      pressures are pre-placed within the chamber and defined gas filled volumes
      emplaced within the slurry which is subsequently backfilled adjacent the
      envelope. The slurry is allowed to set as by becoming deliquified and at a
      later time extractive procedures are applied from within the volume
      defined by the envelope to recover substances initially adjacent thereto.
PAR  In one embodiment the inflatable envelope is placed within a chamber formed
      from the mining of an ore body and adjacent to a free face of the ore body
      prior to backfilling the chamber with tailings. The inflated envelope
      defines a lateral wall for the backfill and acts as a frontal dam the
      volume of which forms a passage between the fill and the ore face. Once
      the tails have become set as by drying and dewatering into a substantially
      solidified mass the body of solidified tailings offers support for upper
      and lateral walls of the chamber as well as the storage for the tailings
      themselves. The passage created by the envelope provides access from which
      operators using conventional drills can mine subsequent cuts from the ore
      body and transport the resultant run of the mine to outside the chamber.
      The backfill can consist of tailings from flotation plants or other
      slurried solids such as water suspended sand.
PAR  In another embodiment, the inflatable envelope is preplaced within the
      chamber of a transport vessel into which the slurry pulp of a concentrator
      plant is poured and deliquified. The container defines a passage or cavity
      within the dry pulp from within which an adequate pulping agent or
      solvent, such as high pressure water jets can be rapidly applied to
      transform the dry pulp into slurry which is then easily pumped out of the
      vessel at destination.
PAR  Also disclosed herein are air bag containers having one or more
      longitudinal or tubular chambers, some of asymetrically strechable
      material and some with internal structurs for defining particular shapes.
      In one form, an envelope is disclosed which can be assembled in an
      underground location.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS RELATING TO THE PRIOR ART
PAR  FIG. 1 in a cross sectional elevational view of conventional backfill in a
      vertical ore body.
PAR  FIG. 2 is a cross sectional elevational view of conventional backfill in an
      inclined ore body.
PAR  FIG. 3 is a view similar to FIG. 2 which compares the unsupported roof
      length in an inclined ore body with and without the use of a dam.
PAR  FIG. 4 is a view similar to FIG. 2 showing an alternate method of using
      backfill in shallow bodies.
PAR  FIGS. 5 through 7 are similar to FIG. 2 and show the use of a rotating high
      pressure water tube to carve a passage within solidified backfill.
PAR  FIG. 8 is a view similar to that of FIG. 2 showing an alternate hydraulic
      method for carving out a passage inside settled backfill including the use
      of fixed tubes with jets.
PAR  FIG. 9 is a sketch illustrating the construction of a tube suitable for
      carving passages in backfill.
PAR  FIG. 10 is a view similar to FIG. 2 and FIG. 8 illustrating the use of tube
      construction of FIG. 9 in carving a passage inside settled backfill.
PAR  FIGS. 11 and 12 show sketches of water drills used in carving passages in
      dried substances.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS RELATING TO THE PRESENT INVENTION
PAR  FIG. 13 shows a cross sectional elevational view of an inflated enclosure
      constructed in accordance with the present invention and installed in an
      inclined ore body.
PAR  FIG. 14 is a view of an inflatable envelope constructed and used in
      accordance with the present invention and including means for permitting
      the envelope to be deflated and recovered after use.
PAR  FIG. 15 illustrates the view similar to FIG. 13 and illustrates the nature
      of the passageway developed after deflation and removal of the envelope.
PAR  FIG. 16 is a top plan cross sectional view showing installation of
      inflatable envelopes in accordance with the present invention for use in a
      verticle shaft.
PAR  FIGS. 17 through 18 are views similar to FIG. 13 showing inflatable
      envelopes constructed in accordance with the present invention and having
      generally prolate shape in cross section.
PAR  FIGS. 19 and 20 are cross sectional elevational views illustrating
      inflatable structures constructed in accordance with the present invention
      together with means for controlling the shape thereof.
PAR  FIG. 21 is a cross sectional elevational view of inflatable envelope
      constructed in accordance with the present invention installed in an
      inclined stope and using pressure valves for regulation of the pressure
      within the envelope and the head of the backfill.
PAR  FIGS. 22 through 24 illustrate cross sectional elevational views various
      systems in accordance with the present invention for controlling the
      cross-sectional shape of the envelope.
PAR  FIG. 25 is a cross sectional elevational view showing an enflatable
      envelope adapted for assembly in an underground location.
PAR  FIG. 26 is a detailed view taken along the lines 26--26 of FIG. 25.
PAR  FIG. 27 is a cross sectional elevational view illustrating the positioning
      of an inflatable envelope in accordance with the present invention under
      flotation in an inclined underground stope.
PAR  FIGS. 28, 29 and 30 are cross sectional elevational views showing the use
      of inflatable envelope structures in accordance with the present invention
      for the unloading of slurryable material from a vessel.
PAR  FIG. 31 is a cross sectional elevational view illustrating the use of an
      inflatable envelope constructed in accordance with the present invention
      as a barrier to control the flow of gas in a subterranean excavation.
PAR  FIG. 32 is a graph depicting the elastic stretch of fabric suitable for use
      as an inflatable structure in accordance with the present invention as a
      function of internal pressure.
PAR  FIG. 33 is a schematic elevational view of the use of spaced tubular
      envelopes to form a structure passageway in accordance with the present
      invention.
PAR  FIG. 34 is a schematic view in perspective showing an inflatable envelope
      apparatus employing interposed sealing means constructed in accordance
      with the present invention.
PAR  FIG. 35 is a cross-sectional view showing the sealing action and employment
      of FIG. 34.
DETD
PAC  DETAILED DESCRIPTION OF PRIOR ART SYSTEMS
PAR  When mineral from a vein or a generally vertical ore body is extracted,
      backfill with tails in the remaining cavity is often attractive. Backfill
      material flows and seeks a horizontal surface level under the effect of
      gravity. The level of the upper surface of the backfill is determined by
      the mine operator some yards below the roof of the cavity being filled,
      such that, once the upper surface has dried, it serves as a floor from
      which operators can drill holes in the ore above, to place explosives and
      extract the next layer of mineral. This is shown in FIG. 1, in which dried
      backfill is shown as 1 and ore to be mined as shown as 3 between walls 5
      and 7. When a vein or ore body is inclined at an angle, the use of
      backfill becomes more complicated. If the backfill is allowed to seek a
      horizontal level, than a large portion of the roof become unsupported, as
      shown by x in FIG. 2. Backfill is shown as 9 and ore as 11.
PAR  It is evident that if distance Y in FIG. 2 is kept adequate for good
      transit and extraction of ore, the unsupported roof distance x becomes
      increasingly large. As the angle of inclination of the vein or ore body
      approaches a small value, it is no longer feasible to use backfill with
      tails to support the roof in a horizontal excavation if a horizontal level
      of the fill surface is permitted. In other words, in FIG. 2 as .theta.
      approaches zero, x approaches infinity if Y is held finite.
PAR  It is comman mining practice therefore when using backfill with tails in
      ore bodies which are horizontal strata or have shallow angles of the order
      of 45.degree. or less, to construct dams, usually out of wood, between
      roof and floor in order to hold the backfill away from the ore face and
      yet decrease unsupported length of the roof to a minimum. This is shown in
      FIG. 3, in which 13 illustrates a wood dam holding backfill 15 away from
      oreface 17 which is yet to be mined.
PAR  The advantage of the dam is shown in FIG. 3 by comparing unsupported roof
      length x without a dam, with the value of x with the dam. Now, wood or
      other dams are costly in materials, time, labor and also use up the
      internal hauling and transportation systems of the mines. They can be a
      bottleneck to production. They are so cumberson that in some mines they
      are not used at all. Instead, backfill with tails is avoided altogether in
      favor of columns made out of mineral not extracted. Alternatively, there
      can be used the so-called blind backfill with tails, as shown in FIG. 4 in
      which the fill 19 is allowed to meet ore face 21, and a new tunnel 23 is
      made near the ore face facing the backfill, to permit continued extraction
      of the adjacent ore body by mining faces 25 and 27. Although tunnel 23 is
      shown horizontal, the blind backfill method can be used in inclined
      passages perpendicular to 23 and following ore 29.
PAR  Now the system of exploitation of FIG. 4 is also expensive since additional
      drilling and laterial extraction of the tunnel 23 or inclined passage is
      necessary. The complication is evident by comparing the system of FIG. 1
      to that of FIG. 4.
PAR  A different method to employ backfill with tails, when working inclined or
      horizontal veins or ore bodies, consists of the use of water jets on the
      dried backfill, to carve out with water jets in the fill a passage for
      access and to permit setting up explosives and extracting ore. This is
      shown in three steps in FIGS. 5, 6, and 7. Backfill 31 is first applied up
      to ore face 33 similar to the "blind" fill of FIG. 4, but on top of a high
      pressure water tube 35 which has been previously placed, and which in FIG.
      6 is then shown carving a passage in the dried backfill 31 by means of
      high-pressure water jet 37 using from a slot or nozzle 39.
PAR  By rotating water tube 35 of FIG. 6, by angle 0 shown in FIG. 7, high
      pressure jets or sheets are made to carve out a complete passage in the
      dried backfill. The passage is shown terminated as 41 in FIG. 7.
PAR  It is, of course, feasible to use more than one high pressure tube to carve
      out the passage. The tubes can be used simultaneously or sequentially
      without rotation of tubes, as shown in FIG. 8 in which fixed tubes 43, 45
      and 47 carve out a passage 49 within backfill 51 which before discharge of
      water 53, extended up to ore face 55. Tubes are removed and reusable after
      passage 49 is completed.
PAR  FIG. 9 shows a fixed tube 57 which performs the job of rotating tube 35 of
      FIGS. 5, 6, and 7 but without rotation. This is accomplished by nozzle
      discharges at different angles from tube 57. Each water jet carves out its
      own hollow hemisphere in the backfill, and as hemispheres interconnect,
      the passage is formed. As shown in FIG. 9, tube 57 has internal webs which
      define separate water conduits 59, 61 and 63. High pressure water is
      applied through the conduits sequentially by means of a valve. Jets 65 and
      67 issue only from conduit 59. Jets 71 and 67 issued only from conduit 61,
      jets 73 and 75 issue only from 63. Only a short segment of tube 57 is
      shown. Sequential application of water pressure as shown in FIG. 10 serves
      to economize water pressures, and to simplify carving out of the passage
      by consecutive slices in the backfill, from floor towards the roof of
      passage.
PAR  FIG. 11 shows a carriage having several water drills which can be aimed and
      applied to dry hydraulic backfill, or to deposits of tailerings. Carriage
      77 receives a water supply by tube 79 which pumps 81 transmits at higher
      pressures to manifold 83. Water drill or jets 87 are discharged from
      nozzles 85. Carriage is movable on wheels 89 and 93, but can be secured
      before discharging jets 87 by means of insertion to the ground of
      extendable spike 91.
PAR  FIG. 12 shows a smaller water drill structure comprising water supply hose
      97, recipient 95 which may incorporate a water pump. Nozzles 99 discharge
      water jets 97 at high pressures. Water drill can be moved by shoulder
      strap 101, and secured to ground by means of spikes or tripod 103.
PAR  The use of high pressure water jets, or water sheets, is, however, costly.
      It requires high pressure lines. Water supply is not always available.
      Special hydraulic and mechanical equipment is needed. Also, it adds water
      to the mine, which can be a problem in some cases.
PAR  Consideration can be given to air jets or similar pneumatic means to carve
      out passages in dried backfill, taking advantage of availability of high
      pressure air for pneumatic drills in the mines. However, for obvious
      reasons progress would be very slow, the drain or air supply may be
      serious, and a critical dust problem could be created.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE PRESENT INVENTION
PAR  Reference is made to FIG. 13 which shows an underground stope having upper
      and lower walls 105, 106 and a lateral ore face 107 forming a chamber. An
      inflatable envelope or airbag 107 having a generally tubular shape is
      disposed in the chamber and is supplied with internal gas, such as air,
      under pressure so that the envelope or airbag expands into contact with
      the upper and lower walls of the excavation and the ore face. After being
      so positioned a fluid-solids mixture such as a slurried backfill 109 is
      disposed by pumping it into the region on the lower side of the envelope,
      the mixture being laterally supported by the adjacent wall 110 of the
      airbag. Afterwards, the fluid phase of the mixture is drained, or the
      mixture is otherwise caused to set up into a structural body capable of
      giving lateral support and upward support to the roof. In a typical
      application, a backfill of tailings slurried with water is used as the
      backfill so that surface tailing ponds can be eliminated and the natural
      material taken from the excavation returned, thus solving the
      environmental problem rendering surface tailings ponds unacceptable.
      Furthermore, since the layout of mined areas is known the use of tailings
      serves as an ordering of underground space to which furture access might
      be had should recovery of further values from the tailings ever be deemed
      economic. When slurried tailings are used as backfill it is common that
      the water is allowed to drain away through the natural subterranean
      porosity and the resulting solid phase then becomes set in a relatively
      dry state. Subsequently, the envelope or airbag may be removed as
      explained hereinafter or it may be retained in place and further mining
      operations against the ore face can be conducted using the exposed wall of
      the backfill as a structural base. If the envelope is not removed, it is
      destroyed in the process of mining through the ore. Among the further
      advantages of the invention using backfill with tailings include lightness
      and ease of installation of the airbag which is previously collapsable so
      as not to create a hauling and transportation problem that it is reuseable
      or disposable capable of being inflated, and collapsed in a few minutes
      and requiring no high pressure air source. It is found that a range of 2
      psi to 10 psi is adequate in many applications, and the usual air supply
      at the mine can therefore be used with the aid of a simple valve to reduce
      pressures. Furthermore, the use of inflatable expandable envelope in
      accordance with the present invention is relatively inexpensive. A gas
      tight fabric bag is all that is needed, and in certain applications even
      material having some porosity would be acceptable. In general, it is
      preferred that the material be non-expandable in the length dimension but
      stretchable radially so that excellent contact with the upper and lower
      walls of the stope can be obtained. Known elastomerically impregnated or
      rubberized materials possess the foregoing characteristics and are
      commercially available. Referring now to FIG. 14, there is shown in
      schematic form an illustration for procedure for recovering the airbag
      from within a chamber for reuse. After extraction of the ore but before
      the backfill is emplaced, the disposable protective carpets made of fabric
      or carton are unrolled as shown at 121 and 123 on the ore face and floor
      respectively. The envelope or airbag 125 is then unrolled adjacent to the
      ore wall and on top of carpet 123. The airbag is then inflated until it
      touches the roof 123 oreface and floor from an air supply tube 129 and
      through a valve 131 for controlling and lowering the pressure supplied.
      Just prior to the envelope touching the roof a protective carpet 135 can
      be positioned between the bag and the roof. Backfill 137 is then emplaced
      until level 139 is reached and the envelopes internal pressure can be
      increased as the backfill material gains height and exerts pressure on the
      envelope. After this the backfill is drained and dried and the chamber
      below the envelope is filled. At this juncture the internal pressure is
      reduced and if necessary, below atmospheric pressure to collapse the bag,
      which can then be rolled or otherwise removed in compact form and leaving
      an access passage as shown in FIG. 15.
PAR  With viscous fill, in which the airbag may adhere to fill, or in order to
      help drain of fill, special low viscosity fluid conduit 141 in FIG. 14
      (air or water) may be activated after hydraulic fill is dried (or while it
      is drying) to aid collapse of bag. Alternatively, tube 141 can be porous
      to act as a drain to water content of fill 137.
PAR  If necessary, after the airbag is extracted a scraper can then be passed to
      set up a planar face on backfill along lines A-A of FIG. 15.
PAR  Now airbags of various types may be used to define the shape of the passage
      in Hydraulic fill.
PAR  FIG. 16 shows two separate air tubes 143 and 145 one next to the other,
      defining a vertical passage between fill 147 and ore 149.
PAR  FIG. 17 shows the use of an airbag 151 of the prolate or cross-sectional
      pillow shape, next to inclined ore face 153.
PAR  FIG. 18 shows the use of a special airbag 155 with an internal web 157 to
      support the free face before fill is applied. Web 157 can be porous or
      hermetic. In the latter case, sequential filling of top and bottom
      portion, is desirable.
PAR  FIG. 19 shows an external support 161 to the free face of the airbag by
      means of internal cables 159 anchored to the ore body 163 to provide
      adequate shape before fill is applied, and to pack fill tightly against
      roof 165 by tight inflation of bag 167 after fill 169 has been applied.
PAR  FIG. 20 shows airbag 171 supported by pillars 175 anchored to roof and
      floor at certain intervals, to fix shape before fill 173 is applied.
PAR  FIGS. 13 to 17 and other figures in this invention can be considered as
      cross sections in a horizontal plane as illustrating application of the
      airbag near or at raises when using backfill in vertical or steeply
      inclined body. In this application the airbag would avoid the use of a
      lateral dam. Also the fact that figures exhibit walls different from the
      ore, this is done by ways of illustration and not of limitation, as it is
      evident that the nature of the surrounding walls could be mineralized,
      i.e., containing ore.
PAR  The internal pressure of the airbag can exceed the hydrostatic pressure ot
      the backfill. As the latter varies with depth, deformation of the airbag
      need not be uniform, and shape of the airbag, its elasticity and
      distribution and its inflation technique can be varied to provide optimum
      shape of the airbag and consequent passage after the backfill is
      completed. For example in FIG. 18 the lower bag can be inflated at a
      higher pressure than the upper one if web 157 is made hermetic. This
      applied also to FIG. 16.
PAR  In another embodiment of my invention air pressure in the bag is varied
      after backfill has reached a certain level.
PAR  Pressure in the airbag can be measured with respect to the hydrostatic
      pressure in the backfill's fluid, and the pressure difference can then
      regulate the flow of air into the airbag and control its shape. This is
      shown in FIG. 21.
PAR  Pressure detector 177 and 179 permit valve 181 to sense pressure difference
      and regulate air supply from plenum 183 into airbag 185 if pressure in
      airbag falls below a specified margin below pressure in hydraulic backfill
      187.
PAR  FIG. 22 shows how a combination of an airbag having a variable stretch
      distribution together with an inflation technique which makes air pressure
      dependent on level of backfill, can define optimum slope B-B.
PAR  Airbag 189 has two kinds of materials, portion b with little stretch, and
      portion a which stretches when certain valve x of internal pressure p is
      reached.
PAR  Now when hydraulic fill is below or up to level 191, pressure P is less
      than X and a lies along the dash line. Once fill reaches level 191,
      pressure P is raised above X such as to expand portion a of airbag to
      solid line shape 193. The fill is raised to level 195 thereby approaching
      very closely slope B--B as intended.
PAR  When the inflation process described for FIG. 22 is sequentially applied to
      an airbag of uniform stretch distribution in its entire perimeter, the
      resulting shape is shown in FIG. 23; airbag 197 has internal pressure P of
      a first magnitude when backfill is at level 199. The intermediate dash
      line shape 201 of airbag is attained by further increasing pressure P only
      after level 199 is achieved. Thereafter backfill level is raised to 203.
      Then pressure is further increased until final dot-line shape 205 is
      achieved by airbag, and thence fill material is allowed to reach level
      207. Of course, gradual increase of P as hydraulic level increases can
      better be used instead of step increments. This process, in addition to
      securing a stable face to hydraulic fill after removal of airbag, also
      contributes to increase pressure of backfill against roof 209, rendering a
      useful structural function.
PAR  FIG. 24 shows a structure in which two compartments are used. The first 211
      is inflated to hold shape up to level 213, the second 215 holds hydraulic
      fill face up to level 217.
PAR  FIG. 24 also shows a small tube 219 auxiliary to main tube 211. Tube 219 is
      inflated after tube 219 is inflated or simultaneously with it, but before
      hydraulic fill is applied. 219 can be a separate hose, or even a porous
      tube to aid drainage and drying of fill 213.
PAR  The system of FIG. 24 is also advantageous for the case where the axis of
      tube 211 is not horizontal but inclined, in which case level 213 shown
      will not correspond to all places in the tube. For such inclined axis
      cases, 211 is inflated to a pressure higher than pressure of 215, but both
      are inflated before fill is poured in its corresponding cavity.
PAR  When mining underground layers of great thickness, for example 8 yards, it
      may be easier to assemble inside the mine air tubes out of rolled air
      tight fabric. For such dimensions and purposes the fabric's edges may be
      united inside the mine lengthwise by men operating from eithin or from
      outside the tube's fabric, by use of special clamps. Internal clamps
      simplify the use of internal tensors or cables to regulate shape of
      airbags. A detailed vier of typical calmp is shown in FIG. 26.
PAR  The complete tubes of FIG. 25 are shown in FIG. 26. In FIG. 25 arms 245 and
      247 hold between them edges of fabrics 241 and 243 hermetically sealed
      with aid of longerons or structural bars 249. Arms are tightened by screw
      251. Clamp is secured internally in the bag by cable 253.
PAR  A solution of interest for an inclined strata of great depth is shown in
      FIG. 27, in which airbag 259 can actually be allowed to float to upper
      left corner next to ore 255 and roof to define a large passage capable of
      housing a truck 263. Fill 257 is placed forcing tube 259 to upper left
      corner in drawing. Some ore ramps 261 remain unremoved for simplicity.
PAR  FIG. 28 shows the use of air filled envelopes for the extraction of dry
      pulp in a chamber. Here the passages inside the airbag are used to secure
      access to remote protions of the chamber, and to gradually evacuate the
      dry pulp by adding then high pressure fluids. This normally requires that
      the airbag be placed in position before the pulp material is applied. The
      pulp is allowed to dry on top of the airbag. Then when removal is desired,
      water drills and pumps are introduced into airbags to remove dried pulp by
      adding the adequate solvent and pumping the newly formed fluid out through
      the channels formed by the airbag. This embodiment is therefore applicable
      to new deposits of tailings below which there is pre-set a channel system
      of airbags, which will serve to easily move the tailings in the future.
      Another application is for the extraction of dry mineral fluids used in
      ship transportation.
PAR  FIG. 28 shows the limits of a chamber 263 such as in a ship, but could be
      the limits of a mining chamber for tailings or the cargo volume of a
      truck, at the bottom of which there is placed air tubes 267 near the
      horizontal and 269 near the vertical. Liquid with minerals or concentrates
      265 is applied and allow to firm up. When ship arrives to port, water guns
      or water drills 271 such as for example FIGS. 12 or 11, which may be
      introduced or preferrably pre-installed, operate through the fabric of the
      airbag, or after the removal of the aribag, to dissolve the dry substances
      which flow as 279 and are evaculated by means of pump 275 and ejection
      tube 277. More than one water drill, such as 273 may be used sequentially
      or simultaneously.
PAR  FIG. 29 shows an airbag 281 which is attached at its bottom to a vessel's
      chamber 295 which here exemplifies a railroad car, but could be the bottom
      of a ship, and inflated before fluid material 285 is poured. Bag 281 is
      placed approximately concentric with extractor tube 283 having a pump 293
      to pump upwards through 291 the water 289 which generates fluid substances
      297 which fall inwards through the passage (vertical) defined by airbag
      281. Water jets 289 can be fired from a rotating gun 287 which can descend
      on a screw on the outer walls of 283. Water jets or other fluid jets can
      actually pierce through fabric of airbag 281, or airbag can be removed
      before operation of water jet. As an alternate to pump 293, bottom of
      vessel can have a valve to evacuate fluid 297 by gravity, such as valve
      296.
PAR  FIG. 30 has a similar extractor tube to that of FIG. 31, but airbag is seen
      capable of being closed at top. Here water gun carriage 299 generates a
      cavity at the bottom of which has a fluid 301 formed by water jets against
      dried up substance 303, and is pumped out of vessel 305 by a pump at the
      bottom of extractor tube 307. Pressure inside cavity and tube 297 can be
      kept high to aid in the support of the roof of the cavity and aid in its
      gradual dissolution, as well as to act in aid, or in place of pump 308.
PAR  An important feature of the embodiment of FIGS. 29 and 30 is the rapid
      action of water jets acting from within the passage formed by airbags.
      Obviously the walls of the passage must sustain considerable lateral
      pressure, specially near the bottom of vessel, and I make them of a light
      material which can be either removed or pierced or destroyed by the water
      jets if necessary. A light material can be used when internal pressure P
      are held high until the fluid material 285 and 303 has dried.
PAR  Also, preformed vertical passage formed by airbags, or equivalent
      structures, help to provide a center core from which action of water jets
      can irradiate. In FIG. 31 the flow of water is across material 285 and
      dissolved pulp flows through the vertical passage formed by the airbag.
PAR  FIG. 31 shows the use of an airbag 309 to provide a separation between
      regions 311 and 313 having different pressures P.sub.2 and P.sub.1, both
      of which must be less than pressure P.sub.3 inside airbag. Pressure
      P.sub.2 can be controlled and increased by means of flow from P.sub.3 to
      P.sub.2 through valve 315. The purpose of raising pressure P.sub.2 can be
      to support roof 319. For example P.sub.1 could be atmospheric, P.sub.3
      four atmospheres, and P.sub.2 three atmospheres. Auxiliary flow between
      P.sub.1 and P.sub.2 can be accomplished by communicating tube 321 having a
      valve, or an air pump 317.
PAR  FIG. 32 shows the elastic properties I have defined on a fabric I have
      developed to construct inflatable stretchable airbags. Elongation is
      plotted as a function of internal pressures. A stretchable fabric was
      covered with rubber. Very slow air leaks under pressure. Would require a
      permanent air supply to hold internal pressure consistant while pulp is
      drying.
PAR  I have shown how to apply by airbag or air tube for backfilling chambers or
      stopes with tails or similar substances in horizontal and inclined
      orebodies. I have also shown its application on transportation systems
      such as loading chambers in ships and railroad cars. The airbag also
      applies to control of fluids in general in undergroudn works, for example
      to channel water in certain directions; or to isolate poisonous gasses by
      means of airbag barriers, or to aid in ventilation by dividing underground
      passages wherein the airbag acts as a dividing compartment; or to act as
      supporting barrier to increase pressures on one side of the airbag.
PAR  Referring to FIG. 33, there is shown a system for forming an isolated
      access tunnel through a series of excavation chambers, two of which are
      shows at 330, 332. Generally the excavation chambers are interconnected by
      a tunnel portion 334 having substantially parallel, opposed walls 336,
      338. A first elongate tubular envelope 340 as disclosed herein is disposed
      within the tunnel portion and is inflated by suitable means so as to
      contact the opposed wall surfaces. A second elongate tubular envelope 342
      which may be identical in construction to the first is positioned in
      spaced apart relationship from the first envelope and is supplied with
      suitable means for inflating the same into contact with the opposed walls
      of the tunnel to thereby cooperate with the first envelope to form an
      access passage 344. After formation of the tunnel the remaining portions
      of the lateral excavation in chambers 330, 332 can be filled with backfill
      as hereinbefore described. In general this system permits continuous
      progressive mining in which various ore bodies are interconnected by a
      tunnel or shaft and after mining of each body it is backfilled and the
      next ore body is mined in turn.
PAR  Referring to FIGS. 34 and 35, there is shown an arrangement whereby the
      unevenness of typical opposed walls in an excavation site may be
      accommodated so as to form a better seal between the inflatable member and
      the walls. For this purpose an elongate tubular envelope 350 is provided
      and rests in shaped elongate deformable shell means 352,354 disposed
      between the envelope and each adjacent wall. The envelope is inflated to
      thereby partially crush the deformable means between the envelope and the
      wall, the deformable means conforming to the unevenness to form a seal
      therewith. Typically such deformable structure can be made of plastic foam
      products shaped as in block form with alignment lugs 356 to form a
      continuous elongate structure. A typical plastic is rigid foam
      polystyrene. FIG. 35 shows that when suitably shaped with a slight
      concavity to accept tubular structure that the edges of the deformable
      means also deform the inflatable envelope as well as being deformed
      thereby and by the unevenness of the walls. Accordingly, an excellent seal
      is created both between the envelope and the deformable means and between
      the ladder and the adjacent uneven wall.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for extracting substances containing mineral values from a
      region which defines a mineralized face adjacent a chamber in an
      excavation site, comprising the steps of disposing an inflatable envelope
      within said chamber with a first side of the envelope contiguous to said
      face, inflating said envelope with a charge of fluid under pressure,
      disposing fluid substance containing a mixture of liquid and solids into
      the chamber contiguous to a second side of said envelope whereby said
      fluid substance exercises an external pressure on said envelope which is
      transmitted at least partially by the pressure of the fluid charge within
      the envelope to be resisted by said face, said fluid substance being at
      least partially drained to become solidified within said chamber and
      substantially outside said envelope whereby the boundary of said
      solidified fluid substance is substantially defined by said second side of
      the envelope and whereby an accessway is defined between said mineralized
      face and said solidified fluid substance.
NUM  2.
PAR  2. A method as in claim 1 wherein said substance containing mineral values
      forms a layer adjacent to said envelope and further including the step of
      mining said substances containing mineral values from within said
      passageway after said fluidized substance has solidified.
NUM  3.
PAR  3. A method as in claim 2 in which said fluid substance comprises a slurry
      of tailings from mining operations mixed with water.
NUM  4.
PAR  4. A method as in claim 1 further including the step of mining the material
      adjacent the envelope after the fluid substance has set.
NUM  5.
PAR  5. A method as in claim 4 further including the steps of collapsing and
      removing the envelope before proceeding with the mining step.
NUM  6.
PAR  6. A method as in claim 1 and further characterized in that said region has
      a portion which defines an ore body, said envelope is inflated by
      injecting a charge of gas under pressure into the envelope, and said fluid
      substance comprises tailings.
NUM  7.
PAR  7. A method of mining mineral values from an excavation having a
      mineralized face, comprising the steps of disposing an inflatable envelope
      within said excavation adjacent said face, inflating said envelope with a
      charge of fluid under pressure whereby one side of the envelope is
      contiguous to said face, disposing a settable mixture of solids and liquid
      within said excavation contiguous to a side of said envelope which is
      substantially opposite said first side whereby the pressure of the
      settable mixture is resisted by the pressure of the fluid charge within
      the envelope and transmitted to be resisted at least partially by the
      mineralized face, setting said mixture whereby an accessway is defined
      between the boundary of the set mixture and the mineralized face,
      deflating said envelope, removing said envelope from the accessway, and
      removing mineral values from said mineralized face through the accessway
      whereby the excavation is enlarged and a second mineralized face is
      thereby formed spaced from the boundary of said set mixture.
NUM  8.
PAR  8. The method of mining which comprises:
PA1  a. removing a portion of a body of ore leaving an open volume communicating
      with an exposed face of ore;
PA1  b. placing space occupying means in one portion of said open volume
      contiguous to said exposed face;
PA1  c. filling at least another portion of said volume from which ore has been
      removed with a solidifiable material wherein said solidifiable material
      exerts a pressure on said space occupying means which is transmitted at
      least partially by said space occupying means to be resisted by said face;
PA1  d. removing ore from said exposed face through work operations conducted
      within said one portion of said open volume.
NUM  9.
PAR  9. The method of claim 8 in which said space occupying means comprise a
      container adapted to be injected with fluid.
NUM  10.
PAR  10. The method of claim 9 in which said solidifiable material includes
      particles from tailings which have been generated from a concentration
      plant treating ore.
NUM  11.
PAR  11. The method of claim 10 in which said solidifiable material includes a
      cementing substance.
NUM  12.
PAR  12. The method of claim 9 in which fluid is withdrawn from said container
      and said work operations for removing ore are conducted across said
      container.
NUM  13.
PAR  13. The method of claim 8 in which the removal of said ore from said space
      is accomplished utilizing vehicles driven within said one portion of said
      open volume
NUM  14.
PAR  14. The method of claim 8 in which said work operations include the use of
      hydraulic mining means.
NUM  15.
PAR  15. The method of claim 8 in which said space occupying means comprise a
      flexible container adapted to be injected with a gas-containing substance.
NUM  16.
PAR  16. The method of claim 8 in which said space occupying means comprise two
      elongated inflatable containers extending one in contact with the other
      adjacent to said face.
NUM  17.
PAR  17. The method of claim 8 in which said space occupying means comprises an
      inflatable flexible container which is adapted to be placed adjacent said
      ore face with a separate protective lining material between said container
      and the surrounding surfaces adjacent said container.
NUM  18.
PAR  18. The method of claim 8 in which said space occupying means is elongated
      and has a long dimension, with tubular draining means provided
      approximately parallel to said long dimension along external surface
      portions of said space occupying means.
NUM  19.
PAR  19. The method of claim 8 in which said solidifiable material comprises a
      mixture of solids and liquids and said space-occupying means comprises a
      flexible inflatable fluid container, and in that after said filling
      material has reached a first level, the pressure of the fluid in said
      container is increased to modify the shape of said container above said
      first level, and thereafter additional filling material is added to a
      level above said first level.
NUM  20.
PAR  20. A method for mining and filling in which safety of personnel is
      attained by virtue of the disposition in each of its steps comprising:
PA1  a. removing a portion of a body of ore leaving an open volume enclosed with
      surfaces communicating with an exposed face of ore, said volume having a
      distance approximately perpendicular to said face of ore;
PA1  b. placing space occupying means in one portion of said open volume
      contiguous to said exposed face, occupying a portion of said distance;
PA1  c. withdrawing all personnel from said one portion of said open volume;
PA1  d. filling another portion of said volume with a mixture of liquid and
      solid material to occupy the remaining portion of said distance, whereby
      said material plus said space occupying means extend substantially
      completely across said distance;
PA1  e. said solidifiable material being characterized in exerting fluid
      pressures against said space occupying means and being adapted to drain
      off its liquid content and solidify, thereby ceasing to exert said fluid
      pressures;
PA1  f. after said material has solidified, moving said space occupying means
      and occupying said one portion of said open volume with personnel for the
      removal of said ore from said body.
NUM  21.
PAR  21. The method of mining and filling in approximately horizontal ore cuts
      in which work is conducted within the space existing between the opposite
      faces of an ore formation being extracted and the face of a solidified
      backfill material, characterized in having a roof distance between said
      ore and backfill faces compatible with the strength of said roof,
      comprising the cyclic steps of:
PA1  a. removing a cut of ore from an ore formation leaving an open volume
      limited in one side by an exposed face of ore and in an opposite side by
      said face of backfill material, with a roof extending between said faces;
PA1  b. placing space occupying means in one portion of said open volume
      contiguous to said exposed face of ore;
PA1  c. filling the remaining portion of said open volume from which ore has
      been removed with a solidifiable material contiguous to said space
      occupying means with said space occupying means and said solidifiable
      material extending substantially completely between said solidified face
      and said face of ore, with said roof distance extending between said
      solidified face and said ore face, being of a dimension limited to be no
      greater than the width of said solidifiable material plus the width of
      said space occupying means;
PA1  d. moving said space occupying means thereby creating a passageway in said
      one portion of said open volume;
PA1  e. removing another cut of ore through said passageway to define a second
      open volume, and continue the cyclic mining and filling steps described
      above.
NUM  22.
PAR  22. The method of claim 21 in which said occupying means comprise a
      container having an expandable volume adapted to be expanded by
      introducing a fluid into the container.
NUM  23.
PAR  23. The method of claim 21 in which said step of filling said open volume
      is accomplished by a substance including particles which have issued from
      the tailings of a concentration plant treating ore.
NUM  24.
PAR  24. The method of mining and filling in operations conducted in a plane
      which is inclined at a large angle to the vertical utilizing a low
      pressure inflatable elongated container which comprises the steps of:
PA1  a. removing a portion of a body of ore along said plane leaving an open
      volume communicating with an exposed face of ore;
PA1  b. placing said container in one portion of said open volume adjacent to
      said exposed face;
PA1  c. inflating said container to a low internal pressure no greater than
      approximately 3 pounds per square inch;
PA1  d. filling at least a substantial portion of the remaining said open volume
      from which ore has been removed with a solidifiable material extending in
      said remaining volume and contiguous to said space occupying means;
PA1  e. deflating said container after said solidifiable material has solidified
      thereby defining an accessway within said one portion of said open colume;
PA1  f. said solidifiable material exerting pressures on said container which
      are transmitted by said container to be resisted at least partially by
      surfaces external to said container and acting on three sides of said
      container;
PA1  g. removing ore from said face along said accessway.
NUM  25.
PAR  25. The method of claim 24 in which after the filling material has reached
      a first level external to said container, the pressure in said container
      is increased to increase the volume of said container above said level,
      and thereafter additional filling material is added to raise its level
      above said first level.
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ABST
PAL  This disclosure relates to a lining apparatus for the protection of
      trenches, which lining apparatus includes lining plates which are
      insertable in pairs in vertical sliding carriers on the side of the trench
      and are capable of being pressed against the wall of the trench by
      expanding devices, each lining plate including two component plates
      connected together loosely and detachably and the component plates being
      guided together in the sliding carriers with the outer dimension of the
      component plates being approximately equal to those of a unitary lining
      plate.
BSUM
PAR  This invention relates to lining apparatus for the protection of trenches
      for utilities such as pipes and cables; consisting of lining plates which
      can be inserted in pairs in vertical sliding carriers on the edge of the
      trench, the plates being capable of being pressed by adjustable expanding
      devices against the wall of the trench.
PAR  The dismantling of the lining apparatus forms a substantial part of the
      work entailed in lining the trench, i.e. The extraction and taking apart
      of the lining plates and sliding carriers, after or during the filling of
      the trench. As the lining apparatus have to be reused many times, they
      must be handled with appropriate care. In order to avoid accidents, the
      lining plates must not be extracted until there is sufficient certainty
      that the walls of the trench will not collapse. This in turn presupposes a
      sufficient consolidated filling of the trench.
PAR  The lining plates are of course, during extraction, subjected to
      considerable frictional forces so that extracting devices of considerable
      strength are required. Since the gripping locations for the extracting
      devices on the lining plates are subject to a considerable tension load,
      it is desirable to lighten the extraction work and substantially reduce
      the traction forces which need to be applied to the plates.
PAR  An object of this invention is to provide lining apparatus such that it
      permits comparatively light dismantling work.
PAR  According to the invention there is provided a lining apparatus for the
      protection of trenches, comprising lining plates which are insertable in
      pairs in vertical sliding carriers on the side of the trench, and capable
      of being pressed against the walls of the trench by expanding devices,
      wherein each lining plate consists of two component plates connected
      together loosely and detachably, the component plates being guided
      together in sliding carriers, and the outer dimensions of the component
      plates being approximately equal to those of a unitary lining plate.
PAR  The construction according to the invention has the advantage that the
      component plate, which upon being driven into the soil is worn the most,
      can be replaced more cheaply that if, as previously, a complete lining
      plate has to be exchanged.
PAR  In order to be certain that the lining plate, consisting of two component
      plates is inserted uniformly into the ground, according to a preferred
      construction of the invention, it is advantageous of one of the two
      component plates engages under the other plate by means of a bracket. By
      this means it is ensured that the component plates can then be moved
      relative to one another only upon extraction, and not during pressing into
      the ground. At the same time there is thus obviated any need for screws
      which are sheer-resistant, which would be needed to connect the component
      plates detachably to each other. In addition, it is possible to place two
      lining plates on top of one another in a simple manner if it is required
      to protect particularly deep trenches.
PAR  In order to render possible easy use of the lining plate, it is
      advantageously arranged that one of the two component plates is connected
      to a pointed plate foot part. This plate foot part may be connected firmly
      or detachably to one of the component plates or to a bracket.
PAR  In order to reduce to a minimum frictional forces between the two component
      plates, there are advantageously friction reducing means disposed between
      the two component plates.
PAR  The friction reducing means may consist of perpendicular sliding bars
      connected to at least one of the component plates. Both component plates
      are advantageously connected to sliding bars which are disposed to slide
      on one another.
PAR  It is furthermore of advantage it at least the sliding faces of one
      component plate has a plastics coating.
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PAR  The invention will be further described by way of example, with reference
      to the accompanying drawings, wherein:
PAR  FIG. 1 is a partial perspective view of a lining plate according to the
      invention;
PAR  FIG. 2 is a perpendicular longitudinal sectional view on line II -- II of
      FIG. 1; and
PAR  FIGS. 3 to 5 are horizontal sectional views of different embodiments of
      lining plates which are guided in perpendicular sliding carriers.
DETD
PAR  FIG. 1 shows in perspective the front part of a lining plate 1 which is
      formed as a so-called edge supporting plate. This lining plate 1 consists
      of two component plates 2, 3, perpendicularly super-imposed, and a foot
      plate part 4 placed on the component plate 2. The end of the lining plate
      1 consists of flanges 5 and 6 which are attached to the component plates 2
      and 3 respectively, and are guided in a perpendicular sliding carrier (not
      shown). Between the component plates 2, 3 there is arranged a gap 7 in
      which are disposed some perpendicular guide bars 8 which are firmly
      connected to one of the component plates 2 or 3 respectively. By means of
      these guide bars the faces of the two single plates 2 and 3 moveable on
      one another are reduced to a minimum.
PAR  FIG. 2 shows a lining plate similar to that of FIG. 1 in a perpendicular
      longitudinal section, and with this plate, no gap 7 is arranged between
      the component plates 2 and 3, nor are there guide bars 8. The drawing
      shows that the outer component plate 2 (that is, the component plate which
      is placed directly at the top of the trench) is at its lower end received
      in a plate 9 which also acts at the same time as a support bracket for the
      component plate 3. By means of this plate 9 it is possible to introduce
      the two component plates together and without material movement into the
      ground.
PAR  Each component plate consists in known manner of a frame formed from
      profiled supports 10 and 11 respectively, and cover plates 12 and 13
      respectively fixed theron. Other types of lining plate are also feasible
      within the scope of the invention.
PAR  A lining plate according to FIG. 2 is shown in horizontal cross-section in
      FIG. 3. The flanges 5, 6 and guided to lock in a generally T-sectioned
      channel 15 is in a perpendicularly sliding carrier 14 which has directed
      towards the inside of the trench, a likewise slotted hollow cross-section
      strip 16 to receive shors on expanding devices for forcing the lining
      plates against the trench wall.
PAR  FIG. 4 shows a modified construction of a lining plate. Herein, a gap 7 as
      in the plate of FIG. 1 is provided and there are sliding bars 8 provided
      and fixed to the component plate 2. On both side of the sliding bars 8
      guide bars 17 are fixed on the component plate 3 so that the two component
      plates 2 and 3 are guided and interlock in the perpendicular direction.
PAR  The lining plate according to FIG. 5 differs from that of FIG. 4 in that
      the flange 6 of the inner component plate 3 engaged around the flange 5 of
      the component plate 2. This construction could be of course reversed so
      that the flange 5 engages around the flange 6.
PAR  In practical use, first of all the inner component plate 3 is extracted,
      and is guided by sliding over the component plate 2 being subjected only
      to the frictional forces of the filling in the trench. After this
      component plate 3 has been extracted, there is no longer any difficulty in
      extracting the component plate 2 remaining in the lining.
PAR  In order to bring about further reduction in the frictional forces between
      the two component plates, 2, 3, it may be expedient for a plastic coating
      to be provided on at least one of the sliding faces of the two component
      plates. A plastics coating may also be provided on the outer walls of the
      component plates 2, 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. Lining apparatus for the protection of trenches comprising vertical
      sliding carriers and lining plates which are insertable in pairs in said
      vertical sliding carriers on the side of a trench and capable of being
      pressed against walls of a trench by expanding devices, each said lining
      plate comprising two component plates assembled together loosely and
      detachably, said component plates being guided together in said sliding
      carriers, and one of said component plates has a bracket along its lower
      edge which engages under the lower edge of the other of said plates to
      generally maintain a vertically adjacent relationship between said two
      component plates.
NUM  2.
PAR  2. Lining apparatus according to claim 1 wherein a pointed plate foot part
      forms an extension of said component plates and is connected to said
      bracket with a lower edge of other of said component plates being seatable
      thereon.
NUM  3.
PAR  3. Lining apparatus according to claim 1 wherein friction reducing means
      are disposed between said component plates.
NUM  4.
PAR  4. Lining apparatus according claim 3 wherein said friction reducing means
      comprise perpendicular sliding bars connected to at least one of said
      component plates.
NUM  5.
PAR  5. Lining apparatus according to claim 4 wherein both said component plates
      are connected to respective ones of said sliding bars, and there are guide
      bars respectively guided in one another and connected to said component
      plates.
NUM  6.
PAR  6. Lining apparatus according to claim 3 wherein said friction reducing
      means is in the form of at least that face of at least one of said
      component plates facing the other of said component plate being coated
      with a plastics material.
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ABST
PAL  The invention affords a method and apparatus for transporting and erecting
      an offshore tower. The invention entails a barge which buoyantly supports
      the tower as it is conveyed to a desired offshore location. Supporting
      means connected to the barge and sliding means connected to the tower
      slidingly interconnect the tower and the barge. Suitable rotating means
      operably associated with the barge serves to rotate the barge about the
      longitudinal axis thereof to lower one side and thus statically, laterally
      incline the supporting means and the sliding means relative to the surface
      of the surrounding water. This occurs once the barge and tower reach the
      desired offshore location. Translating means operably associated with the
      barge are afforded for the purpose of moving the tower down the resulting
      incline, off the lowered side of the barge, and into the surrounding
      water. In the course of this downward movement, the tower and sliding
      means move in sliding relation along the supporting means.
PAL  In transporting and erecting an offshore tower, the tower is first
      supported on the barge and floated to the desired offshore location.
      Thereupon, the barge is rotated about the longitudinal axis thereof to
      lower one side and statically, laterally incline the surfaces upon which
      the tower rests, relative to the surface of the surrounding body of water.
      Thereafter the tower is translated down the incline off the lowered side
      of the barge and into the water, free of the barge. The intended lower
      portion of the tower is next submerged to turn the tower upright in the
      body of water. Next the base of the tower is located at the desired
      location on the floor of the body of water.
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PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to a method and apparatus for transporting
      and erecting a tower at a desired site within a body of water. More
      particularly, the invention relates to a method and apparatus for rapidly
      and conveniently transporting, launching, and positioning the tower and
      for recovering for reuse the portion of the invention employed in
      transporting the tower.
PAR  In the past, offshore towers have been employed advantageously in a number
      of different marine situations. For instance, offshore towers have been
      employed as supports for radar or sonar stations, light beacons, and
      various types of laboratories. Furthermore, offshore towers have
      frequently been employed in the exploration for oil in an offshore
      environment.
PAR  The use of offshore towers in the exploration for oil has received
      increasing emphasis as supplies of petroleum indigenous to the major
      industrial countries have diminished and as countries having significant
      surplus reserves have become more nationalistic. In the past, the
      exploration for oil in offshore environments has been conducted in
      locations having relatively shallow water. Areas of this type which are
      productive of oil and gas exist, for instance, along the shores of the
      Gulf of Mexico.
PAR  Recently however, dramatic increases in the price of oil have made
      exploration for oil in the geological strata underlying very deep areas of
      the oceans economically practical. Indeed, exploration has been conducted
      to date in water approaching a thousand or more feet in depth. Oil fields
      submerged in water of this depth may be found for instance along the
      Pacific Continental Shelf of the United States, certain Arctic regions,
      and in the North Sea. Exploration of these and other areas having
      similarly deep water is continuing and, indeed, exploration is being
      pressed into ever deeper areas of the oceans.
PAR  In order to exploit oil fields existing beneath such substantial depths of
      water, towers formerly deemed quite reliable and effective have undergone
      drastic redesign to accommodate anticipated prolonged stress of rather
      high levels, as well as stresses introduced by recurrent natural
      phenomena. The redesign has resulted in towers enormous in both size and
      weight. The enormous size and weight of the towers has precipitated great
      difficulties in the construction, transportation, and erection thereof.
      The transportation and erection of the towers pose the most difficult
      problems since these two operations must be conducted on the high seas
      fully exposed to the effects of what is often a very hostile environment.
      This is particularly the case with towers which must be erected in areas
      such as the North Sea.
PAR  In dealing with problems regarding the transportation and erection of
      offshore towers attention has been focused on the concept of a buoyant
      support which is structurally independent of the offshore tower.
      Typically, once the tower and buoyant structure reach the desired offshore
      location, the tower and buoyant structure are disconnected, whereupon the
      buoyant structure can be employed in connection with other towers. Such an
      arrangement reduces the weight and surface area of the tower significantly
      so that not only is the cost of the tower itself reduced, but the tower is
      rendered less vulnerable to hydrodynamic and seismic forces.
PAR  One method and apparatus for transporting and erecting an offshore tower
      which embraces the concept described in the foregoing paragraph entails
      the attachment of one or more pontoons to the exterior of the tower. The
      tower is thereupon floated to a desired offshore location resting upon the
      pontoons. Once the offshore location is reached, the tower can be erected
      by releasing the pontoons in a manner causing the offshore tower to settle
      into an upright posture on the floor of the body of water. This approach
      has been found to be undesirable in some cases for a number of reasons.
      For instance, due to the enormous forces of buoyancy exerted in supporting
      the tower, the pontoons may be subject to sudden, violent movement when
      released. In addition, if the pontoons are employed to lower the tower
      into place on the floor of the body of water the center of gravity of the
      combined tower and pontoon may shift as the pontoons are ballasted. As a
      result, placement of the tower may be rendered more difficult.
PAR  Another method and apparatus for transporting and erecting an offshore
      tower in which the buoyant support is unitary and can be recovered and
      reused entails the use of a buoyant structure which is generally
      rectangular in configuration. The buoyant structure includes two
      iinterconnected lower pontoons and a pair of upper pontoons connected
      thereto by vertically extending, buoyant columns. An offshore tower to be
      transported and erected through the use of this buoyant structure is
      surrounded by and releasably connected to the upper and lower pontoons and
      the interconnecting buoyant columns. The tower and buoyant structure are
      turned upright in the water and separated once the base of the tower is
      resting on the bottom of the body of water.
PAR  Theoretically, such an arrangement has some appeal. However, in practice,
      significant improvement may be necessary. The structure is relatively
      complex and requires considerable amounts of materials for construction.
      The buoyant structure is thus relatively costly. Furthermore, the size and
      configuration of the buoyant structure may render the combined buoyant
      support and tower relatively unseaworthy. Furthermore, in light of the
      manner in which the buoyant structure surrounds the tower, the buoyant
      structure cannot be rapidly removed. Thus, the entire structure may be
      subjected to considerable buffeting by winds and heavy seas. Somewhat
      related to the foregoing problem is that caused by the tendency of the
      buoyant structure to be hydrodynamically driven into the tower once the
      connection therebetween is released. Also, the movement of the combined
      tower and buoyant structure in the course of the erection of the tower may
      be relatively erratic and sudden, and may for this reason be less
      suitable.
PAR  It would be quite helpful considering the preceding remarks, if a method
      and apparatus could be provided wherein the buoyant structure requires
      fewer materials so that the cost may be reduced and the seaworthiness of
      the structure increased. It would be also desirable if the buoyant
      structure could be quickly removed from the vicinity of the tower so that
      the tower is less subject to buffeting and there is less danger of any
      impacting of the tower by the buoyant structure. It would also be highly
      useful if a method and apparatus could be provided wherein the combined
      buoyant support and tower could be moved gently and predictably as the
      tower is being erected.
PAR  Yet another method and apparatus previously used in transporting and
      erecting an offshore tower is comprised of a pair of pivotally connected
      barges. As the tower is being conveyed to the desired offshore location,
      the barges are oriented relative to one another so as to fall in a single
      plane. One of these barges is considerably larger than the second and can
      be employed to support the tower as the barges are jackknifed relative to
      one another to lower the tower to the floor of the body of water. The
      larger of the two barges remains in a floating condition on the surface of
      the body of water. Thus, the placement of the tower is dependent upon
      buoyant structural elements located on the surface of the body of water.
      This restricts the usefulness of the arrangement described in the
      preceding to relatively shallow water and towers of relatively small size.
      It would thus be highly desirable if a method and apparatus could be
      provided in which the placement of the tower is independent of structural
      elements located on the surface of the body of water and which can be used
      to handle large towers in relatively deep water.
PAR  A further approach to the problem of transporting and erecting an offshore
      tower contemplates the use of a conventional barge carrying an inclined
      skidway built up from the deck and sloping downwardly toward the stern of
      the barge. Carried atop the inclined skidway is an offshore tower having a
      central, buoyant column nested among the legs thereof. The offshore tower
      is transported atop the skidway and once the desired offshore location is
      reached is disconnected from the barge and moved down the skidway in
      response to forces exerted by an auxiliary vessel. The auxiliary vessel
      ultimately pulls the offshore tower into the water where the tower assumes
      a horizontally floating posture. Thereafter, the central bouyant column is
      ballasted to turn the tower upright and lower it to the floor of the body
      of water.
PAR  Though such an arrangement may be suitable in certain circumstances, a
      number of serious structural problems may be involved. For instance, the
      use of an inclined skidway requires the fabrication of an additional
      structural element as an integral part of the bouyant support.
      Furthermore, the skidway must be of a highly durable character, capable of
      sustaining towers of enormous weight. This sort of structure necessarily
      requires considerable amounts of materials and labor. Additionally, the
      structure of the inclined skidway may render the barge somewhat top heavy
      and thus may diminish the degree of seaworthiness of the combined barge
      and offshore tower. The requirement of an inclined skidway may also render
      the barge less flexible in use, as towers of different configuration may
      require skidways of different configuration. Additionally, and quite
      importantly is the problem caused by the required length of the skidway.
      Because the skidway extends along most of the length of the tower,
      considerable resistance may be offered against the movement of the tower
      down the skidway and into the water.
PAR  Other problems reside in the control of the movement of the tower as it is
      launched. It is important that the movement of the offshore tower be
      carefully controlled as the tower enters the water as well as when it is
      being turned upright. The movement of the offshore tower down the skidway,
      into the water off the stern of the barge, takes place with the tower
      sliding in a direction roughly parallel to the longitudinal axis thereof.
      Since only a small portion of the tower, viz. the base, enters the water
      first, undesirable movement of the tower may occur. There may not be
      sufficient initial positive control of the movement of the tower for safe
      and reliable erection thereof on the floor of the body of water.
PAR  Perhaps the most significant problem of the approach presented above
      resides in the fact that the launching of an offshore tower end first from
      a barge by sliding the tower down an inclined skidway may greatly alter
      the posture of the barge in the water. The stern of the barge may be
      forced into an essentially submerged condition. Once the tower clears the
      barge however, the barge may undergo rapid, violent movement in response
      to buoyant forces exerted on the stern or other areas of the barge
      undergoing inordinant amount of deflection.
PAR  Considering the foregoing remarks, it would be highly desirable if a novel
      method and apparatus for transporting and erecting an offshore tower could
      be provided in which no additional structural elements are required for
      the purposes of launching the tower and in which the bouyant structure
      employed to transport the tower is readily adaptable to various structures
      of different configuration. It would be desirable as well if resistance to
      the launching of the tower could be reduced or substantially eliminated.
      It would also be highly desirable if in launching the tower the movement
      thereof could be positively controlled to within relatively close
      tolerances. It would also be desirable to avoid violent movement of the
      bouyant support.
PAR  Other methods and apparatus for transporting and erecting a tower employed
      in the prior art also do not afford sufficient control over the movement
      of the tower. Control of the movement of the tower involves two distinct
      aspects. The first has to do with the particular manner in which the tower
      is first introduced into the water. In many instances in the prior art,
      the tower is introduced into the water in such a way that the tower may be
      subjected to undesirable movement.  Clearly, if such movements cannot be
      adequately controlled, erection of the tower may be greatly hampered. A
      second aspect of the problem resides in the control of the tower once the
      tower is in the water and as it is being turned upright prior to placement
      on the floor of the body of water. As the tower is being turned upright,
      the tower may be vulnerable to rolling. This mode of uncontrolled movement
      also can render placement of the tower difficult. It would therefore be
      highly desirable if a novel method and apparatus could be provided in
      which the movement of the offshore tower can be controlled to an extent
      sufficient to prevent the tendency of the tower to pitch or roll from
      interfering with the placement of the tower.
PAR  The problems suggested in the preceding, while not exhaustive, are among
      many which tend to reduce the effectiveness and desirability of methods
      and apparatus of the prior art for transporting and erecting offshore
      towers. Other noteworthy problems may also exist; however, those presented
      in the discussion above should be sufficient to demonstrate that such
      methods and apparatus appearing in the prior art have not been entirely
      satisfactory.
PAC  OBJECTS AND SUMMARY OF THE PREFERRED FORMS OF THE INVENTION
PAR  In light of the foregoing, it is a general object of the invention to
      provide a novel method and apparatus for transporting and erecting an
      offshore tower intended to obviate or minimize problems of the type noted.
PAR  It is a particular object of the invention to provide a novel method and
      apparatus for transporting and erecting an offshore tower wherein the
      buoyant support employed to carry or manipulate the tower is of such a
      character that it undergoes little or no violent movement upon
      disconnection from the tower.
PAR  Another object of the invention is to provide an innovative method and
      apparatus for transporting and erecting an offshore tower wherein the
      buoyant structure employed to transport the tower can be shed upon
      reaching the desired offshore location to reduce buffeting of the tower
      and possible impacting of the structures together.
PAR  Still another object of the invention is to provide a novel method and
      apparatus wherein the bouyant structure employed to convey the offshore
      tower to the desired offshore location can be readily retrieved and reused
      to convey another offshore tower to a different location.
PAR  Yet still another object of the invention is to provide a novel method and
      apparatus wherein the offshore tower, upon being launched, can be turned
      upright and placed on the floor of the body of water with either only a
      minimal or only a predictable shift in the location of the center of
      gravity thereof so that better control can be maintained over the
      placement of the tower.
PAR  A further object of the invention is to provide an innovative method and
      apparatus for transporting and erecting an offshore tower wherein the mode
      of entry of the tower into the water is such that the tendency of the
      tower to roll can be controlled within sufficiently close tolerances as to
      ensure safe and reliable placement of the tower on the floor of the body
      of water.
PAR  A still further object of the invention is to provide a novel method and
      apparatus for transporting and erecting an offshore tower wherein the
      buoyant support afforded the tower during transportation to the desired
      offshore location is removed in a manner diminishing the vulnerability of
      the tower to uncontrolled movement.
PAR  Yet still a further object of the invention is to provide an innovative
      method and apparatus for transporting and erecting an offshore tower in
      which the placement of the tower on the floor of the body of water is
      independent of structural elements floating on the surface and which is
      amenable to the convenient placement of large towers in deep water.
PAR  Yet another object of the invention is to provide a novel method and
      apparatus for transporting and erecting an offshore tower wherein
      extraneous structural elements associated with the buoyant structure
      transporting the tower are obviated.
PAR  Yet still another object of the invention is to provide an innovative
      method and apparatus for transporting and erecting an offshore tower in
      which the resistance offered by the buoyant support to the launching of
      the tower is minimized.
PAR  A novel apparatus according to the invention is preferably comprised of a
      barge which buoyantly supports the tower as the tower is conveyed from an
      area such as a fabrication yard, to a desired offshore location. Suitable
      support means are disposed on the barge for the purpose of supporting the
      tower as it rests thereon. In the course of construction, sliding means of
      a suitable nature are connected to the tower so as to slidingly
      interconnect the tower and the supporting means disposed on the barge.
      Operably associated with the barge is suitable rotating means which serves
      to rotate the barge about a longitudinal axis to thus lower a side of the
      barge and statically, laterally incline the supporting means of the barge
      and the sliding means of the tower relative to the surface of the
      surrounding body of water. This occurs once the tower and the barge have
      reached the desired offshore location. The tower is moved down the incline
      of the supporting means and off the lowered side of the barge, into the
      surrounding water by appropriate translating means operably associated
      with the barge. As the tower moves from the barge into the water, the
      tower and the sliding means together move in sliding relation along the
      supporting means connected to the barge.
PAR  The method of the invention contemplates a number of discrete steps, the
      first of which is the supporting of the tower on the barge. The tower and
      the barge are next floated to a desired location whereupon the barge is
      rotated about a longitudinal axis to lower a side of the barge to thus
      statically, laterally incline the surfaces thereof upon which the tower
      rests relative to the surface of the surrounding body of water
      transversely of the longitudinal axis. The tower is next translated down
      the incline, off the lowered side of the barge, and into the water so that
      it is free of the barge. Once the tower is in the water and free of the
      barge, the lower portion thereof is submerged to turn the tower upright.
      Thereupon, the base of the tower is located at a desired location on the
      floor of the body of water.
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PAC  THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent with
      reference to the detailed description to follow of a preferred embodiment,
      wherein like reference numerals have been applied to like elements, and in
      which;
PAR  FIG. 1 is an environmental perspective view of an exemplary offshore tower
      which may be transported and erected according to the invention;
PAR  FIG. 2 is a side view of a tower which may be transported and erected
      according to the invention, resting on the floor of the body of water and
      presenting an end view of skids which facilitate the launching of the
      tower;
PAR  FIG. 3 illustrates a partial, transverse sectional view of the tower taken
      along the lines 3--3 of FIG. 2, but with the tower resting on a portion of
      the supporting means of the invention;
PAR  FIG. 4 illustrates a partial, transverse sectional view taken along the
      lines 4--4 of FIG. 2;
PAR  FIG. 5 illustrates a partial transverse sectional view taken along the
      lines 5--5 of FIG. 2;
PAR  FIG. 6 illustrates a side view of a tower to be transported and erected
      according to the present invention resting on a barge;
PAR  FIG. 7 illustrates an end view of the base of the tower illustrated in FIG.
      6 preparatory to the launching of the tower into the body of water;
PAR  FIG. 8 is an end view of the base of the tower illustrated in FIG. 6 as the
      barge is rotated and the tower launched;
PAR  FIG. 9 is a side view of the tower after being launched from the barge
      moments before the tower is turned upright;
PAR  FIG. 10 illustrates a side view of the tower as it is turned upright in the
      body of water; and
PAR  FIG. 11 illustrates a side view of the tower as it is being located on the
      floor of the body of water.
DETD
PAC  DETAILED DESCRIPTION
PAC  General Overview
PAR  Illustrated in FIGS. 1 and 2 is a tower 10 of the general type which may be
      advantageously transported and erected according to the present invention.
      As illustrated, the tower generally includes a plurality of legs 12
      interconnected by suitable bracing lattice indicated generally at 14. When
      the tower is fully erected, a suitable superstructure 16 is normally
      included for the purpose of carrying necessary equipment and conducting
      the desired activities. Connected to the lower portions of the tower may
      be a plurality of piling jackets 18 through which piles may be driven to
      anchor the tower to the floor 20 of the surrounding body of water 22.
PAR  Connected to discrete portions of the tower at different vertical level
      thereof are suitable sliding means which may take the form of skids 24 and
      26. As can be appreciated from an examination of FIG. 2, these skids are
      integrally connected to various structural members of the tower.
PAR  As illustrated in FIGS. 9, 10, and 11, the tower also carries a quanternary
      of generally columnar buoyancy tanks 28. These tanks can be seen in
      transverse section in FIG. 3. The function of these tanks will be
      described in detail in the course of subsequent discussions.
PAR  As illustrated in FIGS. 6, 7, and 8, a barge 30 is employed to buoyantly
      support the tower 10 as the tower is conveyed to a desired offshore
      location. The barge assumes a generally rectangular configuration and
      includes a stern 32, a bow 34, and starboard and port sides 36 and 38
      respectively. The barge may be connected through a suitable tether 40 to
      an auxiliary towing vessel 42. In addition to providing the motive force
      for transporting the floating barge and tower to a desired offshore
      location, the auxiliary vessel can perform general anchoring or steadying
      functions at various stages of the launching of the tower as illustrated
      in FIGS. 7 and 8.
PAR  Disposed on the barge are suitable supporting means for supporting the
      tower. The supporting means may take the form of suitable skids 44 and 46
      having configurations analogous to those of the skids 24 and 26 connected
      to the tower. The skids 44 and 46 serve to slidingly interconnect the
      tower and barge through the skids 24 and 26 connected to the tower. This
      interconnecting relation can perhaps best be appreciated upon examining
      FIGS. 6 and 7.
PAR  Also disposed on the barge 30 is a plurality of pivotable skids 48 which
      constitute lateral extensions of the skids 44 and 46. These pivotable
      skids are capable of pivotable movement about at least on generally
      horizontal axis adjacent an edge 50 of a side of the barge 30.
PAR  Operably associated with the barge is a suitable rotating means which is
      employed to rotate the barge about a longitudinal axis to lower a side and
      statically, laterally incline the skids 44 and 46 and thus the skids 24
      and 26 relative to the surface 22 of the surrounding body of water. This
      inclination is transverse to the longitudinal axis and is effected once
      the barge and tower have reached a desired offshore location and it is
      desired to launch the tower. The effects of the rotating means can best be
      appreciated from an examination of FIG. 8. The rotating means preferably
      is comprised of a plurality of buoyancy chambers 86 and appropriate
      equipment 88 for ballasting the chambers.
PAR  Also operably associated with the barge is a suitable translating means 51
      which can be employed to move the tower down the incline of the skids 44
      and 46, off the side of the barge, and into the surrounding water. Any
      suitable translating means may be employed and may entail equipment for
      either merely intiating movement of the tower down the incline, or for
      providing continuous urging therefor.
PAR  The general operation contemplated by the invention can be understood
      generally from an examination of FIGS. 6 through 11. As can be readily
      understood from FIG. 6, the tower first must be supported on the barge and
      floated to a desired offshore location. Once the offshore location is
      reached, the barge may be ballasted if desired to raise the water line on
      the barge and move the tower closer to the surface 22 of the body of
      water. The barge may next be rotated, as illustrated in FIG. 8, about a
      longitudinal axis to lower one side of the barge and thus statically,
      laterally incline the surfaces thereof upon which the tower rests, i.e.,
      the skids 44 and 46, relative to the surface 22 of the surrounding body of
      water. The inclination is lateral in the sense that it is transverse to
      the longitudinal axis. The tower is next translated down the resulting
      incline of the skids into the water, free of the barge. In the course of
      this movement the skids of the tower and barge slide relative to one
      another.
PAR  As the tower moves toward the water, increasing weight is placed on the
      pivotable skids 48. In some instances, as the lateral center of gravity,
      i.e., the center of gravity of the tower as viewed from the base (see FIG.
      7) projected downwardly, passes the edge of the barge, the weight of the
      tower will induce pivoting in the pivotable skids. Thus, the inclination
      of the supportive surfaces of the barge may be increased shortly before
      the tower enters the body of water. In other instances the pivotable skids
      will move only after portions of the tower have entered the water. In any
      case the pivotable skids assist in ensuring that the tower smoothly enters
      the water and concurrently control the mode of contact between the tower
      and the edge of the barge.
PAR  Once launched, the tower assumes momentarily the posture illustrated in
      FIG. 9. The launching of the tower into the body of water is followed by
      the submerging of the intended lower portion of the tower to turn the
      tower upright. This submerging is accomplished by pivoting the tower about
      a generally horizontal axis extending through opposite lateral portions
      thereof. The pivoting can be effected as a consequence of preexisting
      negative bouyancy of the intended lower end of the tower which allows the
      lower end to move downwardly while the upper end of the tower continues to
      be supported principally through the columnar buoyancy tanks.
      Alternatively, the pivoting can be effected by ballasting to develop
      negative buoyancy in the lower end of the tower during and/or shortly
      after launching the tower from the barge.
PAR  As the rotation of the tower to submerge the lower portions thereof
      continues toward the orientation illustrated in FIG. 11, the buoyancy
      tanks undergo progressive entry into the water. This progressive movement
      develops buoyancy forces of increasing magnitude. Thus the rotational
      movement of the tower is slowed and ultimately stopped with the buoyancy
      tanks suspending the tower above the floor of the body of water.
PAR  The base of the tower is next located at a desired site on the floor of the
      body of water. During this phase of the operation, mooring lines 53 may be
      employed to steady the tower. The columnar buoyancy tanks 28 or the legs
      12 or a combination thereof may at this point be ballasted to gently lower
      the tower to the floor of the body of water.
PAC  The Tower and Skids
PAR  As indicated earlier, the tower 10 is essentially comprised of a number of
      legs which extend, once the tower is erected, from the floor to a position
      somewhat above the surface of the body of water. The legs of the tower are
      interconnected by suitable bracing lattice 14 formed by cross members 52.
      The tower carries suitable sliding means in the form of skids 24 and 26
      which operate in slidable relation with suitable supporting means, such as
      skids 44 and 46 or rails, disposed on the barge.
PAR  The skids 24 and 26 are located at at least two discrete points along the
      length of the tower but are preferably disposed at three such points as
      illustrated in FIG. 2. The skid assume a generally rectangular
      configuration and are dimensioned so that the tower 10 is properly
      supported when the skids of the tower are in contact with the skids 44 and
      46 of the barge (see FIG. 6) and when in contact with only the pivotable
      skids 48 (see FIG. 8).
PAR  As illustrated in FIGS. 3, 4, and 5, the skids preferably assume two,
      basic, different configurations. The differences in the configurations are
      dependent upon the size of the legs and the general configuration of the
      tower. FIG. 3 illustrates the topmost skid 24, while FIGS. 4 and 5
      illustrate the middle and lowermost skids, respectively.
PAR  As illustrated in FIG. 3, the topmost skid 24 is characterized by generally
      planar sides 54 and a scuptured inboard side 56 configured for relatively
      close connection to the tower. The skid 24 also includes a generally
      planar outboard side 58 which curves toward the inboard, sculptured side
      of the skid at arcuate ends 60 thereof. The skid is hollow and is suitably
      internally reinforced. Preferably, flanged webs 62 and splayed webs 64 are
      employed. The skid 24 is interconnected with the tower through the leg and
      cross braces 12 and 52 respectively, by means of suitable brackets 66 and
      68.
PAR  The middle and lowermost skids 26 are preferably essentially identical.
      These skids include planar sides 70 and a planar inboard side 72 extending
      between the legs 12. These skids further include a planar outboard side 74
      which extends arcuately around arcuate ends 76 of the skid to connect with
      the legs 12. The skids 26 are suitably internally reinforced in a manner
      preferably similar to that employed in reinforcing the skid 24 illustrated
      in FIG. 3. As can be readily appreciated from FIGS. 4 and 5, the skids 26
      are integrally connected with the legs 12 of one side of the tower.
PAR  A number of piling jackets through which piles are driven to anchor the
      tower are illustrated in FIGS. 4 and 5. These piling jackets are suitably
      connected with adjacent legs 12 and the skids 26 may fully surround one or
      more of these piling jackets. The skids 26 are also connected to the cross
      braces 52 forming a part of the bracing lattice 14 of the tower, and thus
      are incorporated as a part of this bracing lattice.
PAR  The tower and skids described to this point may be ballasted as desired. In
      this context, a quaternary of bouyant, generally columnar tanks 28 may be
      connected to upper portion of the tower so that the longitudinal axes
      thereof are generally parallel to the longitudinal axis of the tower.
      These buoyancy tanks are illustrated in FIGS. 6, 9, 10, and 11 and are
      shown in transverse section in FIG. 3. As FIG. 3 suggests, one bouyancy
      tank of the quaternary is disposed in each interior corner of the tower
      where it is connected thereto by a suitable bracket 78. These bouyancy
      tanks function to arrest movement of the tower as it pivots downwardly in
      the body of water as illustrated in FIG. 10.
PAR  The tanks are progressively submerged as the tower rotates so that the
      bouyant forces exerted on the tanks increase to the point that movement of
      the tower is essentially stopped. Ultimately, the quaternary of tanks
      serves to suspend the tower in an upright posture similar to that
      illustrated in FIG. 11 but elevated somewhat above the floor of the body
      of water. The invention in this way affords a method and apparatus for
      transporting and erecting a tower in deep water in which the manipulation
      of the tower in the water is entirely independent of any auxiliary
      supportive structure floating on the surface.
PAR  A large part of the buoyant support provided the tower is exerted by the
      buoyancy tanks 28. Thus, it is not necessary to flood large external tanks
      which may be coextensive with the tower and thus the center of gravity of
      the tower shifts less and/or more predictably. As a result, movement of
      the tower can be more carefully controlled. Indeed, little shifting of the
      center of gravity should occur as the tower rotates from the posture
      illustrated in FIG. 9 to that illustrated in FIG. 11. The principal
      shifting should occur as the tanks 28 are ballasted to lower the tower to
      the floor of the body of water. In this phase of the manipulation of the
      tower, the center of gravity should move predictably upward.
PAC  The Barge
PAR  As well illustrated in FIGS. 6 through 8, the barge may be essentially
      rectangular and may be towed by a suitable auxiliary towing vessel 42
      through a tether 40. The barge is preferably characterized by a stern 32,
      a bow 34, and starboard and port sides 36 and 38 respectively.
PAR  The barge carries suitable supporting means for supporting the tower 10 as
      it rests on the deck of the barge. These supporting means may be comprised
      of suitable rails or skids 44 and 46. Portions of the supporting means are
      rigidly and nonpivotably connected to the barge. However, other portions
      include pivotable skids 48 which may be employed to increase the degree of
      inclination of the supporting means as the tower is moved off the side of
      the barge as illustrated in FIG. 8. Preferably a plurality of the
      pivotable skids 48 is employed and the skids are connected to the barge,
      as illustrated in FIG. 3, in a manner affording pivoting movement about at
      least one generally horizontal axis adjacent the edge 50 of the side of
      the barge which is lowered.
PAR  As indicated in FIG. 3, each pivotable skid includes a planar surface 82
      which engages the planar outboard side of the skids connected to the
      tower. The pivotable skids preferably taper downwardly toward a fulcrum 84
      pivotally mounted adjacent the edge 50 of the side of the barge. Because
      of the fixed relation between the edge of the barge and the pivotable
      skids, the location of the area of contact between the barge and tower can
      be controlled. The skids thus prevent any uncontrolled point loads from
      being applied to the barge. As illustrated, the pivotable skids overhang
      the edge of the barge considerably.
PAR  The pivotable skids remain in the posture illutrated in FIG. 3 until either
      the lateral center of gravity of the tower passes beyond the edge of the
      barge and the fulcrum of the pivotable skid or significant portions of the
      tower enter the water. The pivotable skids can pivot at this point under
      the weight of the tower or in response to the buoyancy of the tower to
      afford a relatively gentle movement of the tower into the water with
      minimal reactive movement of the barge (see FIG. 8). It should thus be
      emphasized that the supporting means, i.e., the skids connected to the
      barge, involve two discrete portions. One is fixed rigidly and
      nonpivotally to the barge. The other is pivotally connected thereto
      adjacent the edge of the barge. It can be readily appreciated at this
      point that the gentle entry of the tower assists in maintaining the tower
      in a stable posture. Additionally, because the area of contact between the
      tower and barge is reduced, less resistance is offered to the movement of
      the tower during launching.
PAR  Suitable rotating means are employed to statically incline the skids of the
      barge relative to the surface of the surrounding body of water. This
      rotating means is preferably comprised of successive ballasting chambers
      86 individually extending in a manner generally parallel to the edge 50
      (see FIG. 3) of the barge but serially extending transversely thereto.
      These successive ballasting chambers may be compartmentalized along the
      length thereof for increased stability as the chambers are ballasted. In
      other words, the chambers can be compartmentalized in order to keep the
      bulk of the ballasting material from flowing into one area of a chamber.
PAR  The successive ballasting chambers are ballasted by suitable ballasting
      means 88 operably associated with the barge. The ballasting means
      functions to ballast the successive ballasting chambers to progressively
      decreasing extents in a direction away from the edge 50 of the barge. In
      other words, the ballasting chamber adjacent the edge 50 is ballasted the
      most, while the farthest from the edge is ballasted the least. This
      particular mode of ballasting is illustrated schematically in FIG. 8. This
      progressive ballasting induces the rotation of the barge about a
      longitudinal axis, as illustrated in FIG. 8, and in lowering one side of
      the barge affords a ramp or incline down which the tower may move.
PAR  The successive ballasting chambers may also constitute lowering means for
      lowering the skids relative to the surface of the body of water.  If the
      ballasting chambers are to perform this function, each should be ballasted
      equally to vertically lower the barge relative to the surface of the body
      of water. Lowering the barge and tower in this manner decreases the
      potential energy of the tower and should render the entry of the tower
      into the water more gentle. It should be emphasized at this point that the
      successive buoyancy chambers are such that even if they are initially
      equally ballasted to lower the tower relative to the surface of the body
      of water, the chambers can nonetheless be progressively ballasted to cause
      the barge to rotate as illustrated in FIG. 8. It should also be emphasized
      that the progressive ballasting of the chambers obviates the need for any
      ramp or other similar extraneous structure which might otherwise be
      required as a part of the barge.
PAR  While the tower and barge are in transit from a construction area to a
      desired offshore location, the tower is safely secured to the barge. The
      tower is only released from connection with the barge when the desired
      offshore location is reached and it is desired to launch the tower into
      the water. The barge is rotated and the tower must move down the incline
      formed by the skids or rails of the rotated barge. Suitable translating
      means 51 are provided to serve this function. The translating means may be
      comprised of any suitable means for exerting lateral forces on the tower
      sufficient to effect movement of the tower down the incline. Two different
      approaches to the movement of the barge down the incline can be employed.
      First, the translating means may be such that it is employed only to
      initiate movement of the tower. Thereafter, continued movement of the
      tower down the incline is afforded by the force of gravity. In this case,
      the skids of the supporting means must be inclined to a degree sufficient
      to ensure continued movement of the tower. Alternatively, the translating
      means may take the form of a jack or winch which exerts continuous lateral
      forces on the tower to move the tower down the incline and into the water.
      It should be emphasized that in either case, once the tower enters the
      water, the tower and barge are entirely independent of one another. There
      is no potential for the interference of any buoyancy tanks with drilling
      operations to be conducted later.
PAC  The Method of Transporting and Erecting the Offshore Tower
PAR  The invention affords a method of transporting and erecting an offshore
      tower which is quite advantageous relative to methods employed in the
      prior art. The method of the invention entails a number of operations
      illustrated sequentially in a general manner in FIGS. 6 through 11.
PAR  Initially, the tower 10 is supported on a barge 30 as illustrated in FIG.
      6. Normally the barge is first located at a suitable graving dock and is
      complete with skids or rails, ballasting chambers, and other equipment
      discussed in the preceding. Once the barge is located in the graving dock,
      the tower can be constructed directly thereon, in its completed form
      including the skids and buoyancy tanks discussed earlier.
PAR  Next, as illustrated in FIG. 5 and 7, the tower and barge are together
      floated to a desired offshore location. This is accomplished by first
      opening the graving docks to flood the area and lift the tower and barge
      into a floating condition. Thereafter the combined tower and barge may be
      towed to the desired offshore location by means of an auxiliary towing
      vessel 42 connected to the barge 30 through a tether 40.
PAR  Once the desired offshore location is reached, the barge is rotated
      essentially about the longitudinal axis thereof, as illustrated in FIG. 8,
      to lower one side and statically, laterally incline the surfaces, i.e.,
      the skids upon which the tower rests relative to the surface of the
      surrounding body of water transversely of the longitudinal axis. This
      rotation of the barge is accomplished by selectively ballasting the barge
      to reduce the buoyancy of discrete portions thereof as described earlier.
      These discrete portions include the successive buoyancy chambers 86. These
      buoyancy chambers may be ballasted in any desired manner but perhaps most
      desirably are ballasted with seawater pumped into the interiors of the
      chambers. It may also be desirable at this point to ballast the barge to
      raise the mean water line thereof and move the surfaces upon which the
      tower rests nearer the susrface of the surrounding water. These functions,
      i.e., the selective ballasting and the ballasting of the barge to raise
      the mean water line are not incompatible and may be performed concurrently
      so as to both incline the surfaces of the barge supporting the tower and
      also lower these surfaces. FIG. 8 illustrates both functions. The
      situation in which the tanks are ballasted to both incline and to lower
      the surfaces of the barge is shown by the indication of the water line 22
      in phantom in FIG. 8.
PAR  Once the barge is statically inclined, the tower is translated down the
      incline of these surfaces, off the lowered side of the barge, and into the
      water free of the barge. As the lateral center of gravity of the tower
      passes beyond the edge 50 of the barge, the degree of inclination of the
      surfaces upon which the tower rests may be increased. Alternatively, if
      the tower has already begun entering the water, the inclination may be
      decreased. The degree of inclination is altered at this point by rotating
      the skids 48 overhanging the lowered edge of the barge and pivotable about
      at least one horizontal axis parallel thereto.
PAR  The mode of launching the tower presented in the foregoing affords a number
      of useful advantages. First, because the barge is itself inclined and
      perhaps lower in the water as well, there occurs no violent movement of
      the barge as the tower slips into the water. Furthermore, the mode of
      entry of the tower into the water described in the foregoing maintains
      better control over the movement of the tower. One corner of the tower
      simply slips into the water and before the tower has an opportunity to
      sink further, the adjacent corner slips laterally off the overhanging
      pivotable skids 48. The tower thereafter momentarily assumes the posture
      illustrated in FIG. 9. Additionally, because there is only fairly limited
      contact between the tower and barge, less resistance is offered to the
      launching of the tower.
PAR  The tower can be translated down the incline formed by the rotated barge in
      at least two different ways. First, the barge may be rotated to statically
      incline the surfaces thereof to such a degree as to cause the force of
      gravity to move the tower down the inclined surfaces and into the
      surrounding once the movement of the tower in that direction is initiated.
      Once the barge is inclined to this extent, lateral forces of a magnitude
      sufficient to initiate movement of the tower may be exerted on the tower
      down the incline. Alternatively, continuous lateral forces may be exerted
      on the tower to move the tower down the inclined surfaces into the water.
PAR  It should be readily apparent at this point that once the launching of the
      buoyant structure is initiated, the tower in effect sheds the buoyant
      structure almost immediately. The barge in no way accompanies the tower
      into the intended upright condition and is entirely independent of the
      tower in a structural sense. Thus the tower is not subject to buffeting as
      it is moved into an upright posture and is not buffeted by winds and heavy
      seas once erected to the extent it would, should the barge or any portion
      thereof remain attached thereto. The barge is also entirely reusable. No
      portion of the barge is at all incorporated in the structure of the tower.
PAR  Once the tower has been launched from the barge, the intended lower portion
      of the tower is submerged to turn the tower upright in the body of water
      as illustrated in FIG. 10. This submerging of the tower can be
      accomplished in either of two ways. The intended lower portion of the
      tower can be immediately submerged as a consequence of preexisting
      negative buoyancy. Alternatively the tower can be ballasted once it is
      launched to submerge the intended lower portion of the tower. In either
      case the tower simply pivots about a generally horizontal axis and moves
      toward an upright posture.
PAR  As the tower begins approaching a vertical posture, the rotation of the
      tower is arrested by the progressive submerging of the buoyancy tanks 28
      as illustrated in FIG. 10. As indicated earlier, these tanks are of a
      generally columnar character and are oriented so that the longitudinal
      axes thereof are generally parallel to the longitudinal axis of the tower.
      Consequently, as the tower rotates about a generally horizontal axis, the
      buoyancy tanks disposed in the laterally upper corners of the tower are
      submerged to increasing extents and the resulting buoyancy forces act to
      resist continued rotation of the tower. Ultimately, when the tower reaches
      a generally upright posture, the tower is suspended by a quaternary of
      columnar buoyancy tanks.
PAR  When the tower reaches the generally upright, suspended condition discussed
      in the preceding paragraph, the base of the tower can be located at a
      desired point on the floor of the body of water, This phase of the
      operation is perhaps best illustrated in FIG. 11. The operation of
      locating the base of the tower entails restraining the movement of the
      tower away from the desired location. This can be accomplished through the
      use of a number of suitable mooring lines 53, each appropriately connected
      at one end to the tower and at the other to a work barge floating nearby
      or other suitable means. Once the tower is placed under restraint by the
      mooring lines, the buoyancy of the tower itself and/or the quaternary of
      generally columnar tanks can be reduced to lower the tower to the desired
      location on the floor of the body of water. At this point, erection of the
      tower is essentially complete. The uppermost skid 24 of the tower can be
      removed if desired for later use, as can the columnar buoyancy tanks 28.
      Concurrently, or perhaps prior to the removal of these structural
      elements, the tower can be anchored to the floor of the body of water by
      driving a number of pilings. Ultimately, the superstructure illustrated in
      FIG. 1 can be assembled atop the tower and the tower used for its intended
      purpose.
PAC  SUMMARY OF THE MAJOR ADVANTAGES OF THE INVENTION
PAR  It will be appreciated that in providing a novel method and apparatus for
      transporting and erecting an offshore tower, upright on the floor of a
      body of water, certain significant advantages are obtained.
PAR  A major advantage of the invention resides in the fact that the buoyant
      support employed to carry or manipulate the tower is of such a character
      that it undergoes little or no violent movement upon disconnection from
      the tower.
PAR  Another advantage of the invention accrues since the buoyant structure
      employed to transport the tower can be shed upon reaching the desired
      offshore location to reduce buffeting of the tower and possible impacting
      of the structures together.
PAR  Still another advantage of the invention is that afforded by the capability
      of the buoyant structure to be readily retrieved and reused to convey
      other offshore towers to different locations.
PAR  Yet still another advantage of the invention stems from the fact that upon
      being launched, the offshore tower can be turned upright and placed on the
      floor of the body of water with either only a minimal or only a
      predictable shifting in the location of the center of gravity thereof so
      that better control can be maintained over the placement of the tower.
PAR  A further advantage of the invention is afforded in the erection of the
      tower since the mode of entry of the tower into the water is such that the
      tendency of the tower toward uncontrolled movement can be maintained
      within sufficiently close tolerances as to ensure safe abd reliable
      placement of the tower on the floor of the body of water.
PAR  A still further advantage of the invention accrues in the erection of the
      tower because the buoyant support afforded the tower during transportation
      to the desired offshore location is removed relatively rapidly so as to
      diminish the vulnerability of the tower to uncontrolled movement.
PAR  Yet still a further advantage of the invention resides in the fact that the
      placement of the tower on the floor of the body of water is independent of
      structural elements floating on the surface and is amenable to the
      convenient placement of large towers in deep water.
PAR  Yet another advantage of the invention stems from the fact that extraneous
      structural elements associated with the buoyant structure transporting the
      tower are obviated.
PAR  Yet still another advantage of the invention is derived from the fact that
      the resistance offered by the buoyant support to the launching of the
      tower is minimized.
PAR  In describing the invention, reference has been made to a preferred
      embodiment. However, those skilled in the art and familiar with the
      disclosure of the invention may recognize additions, deletions,
      substitutions, or other modifications which would fall within the purview
      of the invention as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of transporting and erecting an offshore tower, upright on the
      floor of a body of water, comprising the steps of:
PA1  supporting the tower on a barge with one lateral edge thereof being
      supported on pivotable skid means located along the overhanging one side
      of said barge and having a pivot axis extending longitudinally of said
      barge and tower and another lateral edge thereof being supported on fixed
      skid means;
PA1  floating the tower and the barge to a desired offshore location;
PA1  rotating the barge about a longitudinal axis to lower said one side thereof
      and, laterally incline said pivotable skid means and fixed skid means of
      the barge upon which the tower rests relative to the surface of the
      surrounding body of water transversely of the longitudinal axis;
PA1  translating the tower laterally of said barge and slidably across said
      laterally inclined pivotable skid means and away from said fixed skid
      means;
PA1  pivoting said tower about the pivot axis of said pivotable skid means to
      effect entry of said tower into said water free of said barge with said
      tower undergoing lateral sliding and downward pivotal movement relative to
      said barge across said overhanging pivotable skid means;
PA1  submerging the intended lower portion of the tower to turn the tower
      upright in the body of water; and
PA1  locating the base of the tower at a desired location on the floor of the
      body of water.
NUM  2.
PAR  2. The method of transporting and erecting an offshore tower as defined in
      claim 1, wherein said step of submerging the intended lower portion of the
      tower comprises the steps of:
PA1  submerging the intended lower portion of the tower by pivoting the tower
      about a generally horizontal axis; and
PA1  arresting the rotation of the tower as the tower approaches the intended
      vertical orientation by progressively submerging buoyancy tanks of a
      generally columnar character oriented so that the longitudinal axes
      thereof are generally parallel to the longitudinal axis of the tower and
      located in the intended upper end of the tower.
NUM  3.
PAR  3. The method of transporting and erecting an offshore tower as defined in
      claim 2, wherein said step of pivoting the tower about a generally
      horizontal axis comprises the step of:
PA1  supporting the tower principally through the buoyancy of the columnar
      buoyancy tanks while essentially immediately submerging the intended lower
      end of the tower as a consequence of preexisting negative buoyancy
      thereof.
NUM  4.
PAR  4. The method of transporting and erecting an offshore tower as defined in
      claim 2, wherein said step of pivoting the tower about a generally
      horizontal axis comprises the step of:
PA1  ballasting and thus submerging the intended lower end of the tower while
      concurrently maintaining the buoyancy of the columnar buoyancy tanks.
NUM  5.
PAR  5. The method of transporting and erecting an offshore tower as defined in
      claim 2, wherein said step of submerging the intended lower portion of the
      tower further comprises the step of:
PA1  suspending the tower by a quaternary of the bouyant, generally columnar
      tanks once the tower reaches a generally upright condition.
NUM  6.
PAR  6. The methods of transporting and erecting an offshore tower as defined in
      claim 5, wherein said step of locating the base of the tower at a desired
      location on the floor of the body of water comprises the steps of:
PA1  restraining movement of the tower away from a desired location on the floor
      of the body of water through a plurality of mooring lines; and
PA1  reducing the buoyancy of the quaternary of generally columnar tanks to
      lower the tower to the desired location on the floor of the body of water.
NUM  7.
PAR  7. Apparatus for transporting and erecting an offshore tower on the floor
      of a body of water comprising:
PA1  a barge for buoyantly supporting the tower as the tower is conveyed to a
      desired offshore location;
PA1  supporting means disposed on said barge for supporting the tower thereon;
PA1  said supporting means including
PA2  pivotable skid means supporting one lateral edge of said tower and located
      along the overhanging one side of said barge and having a pivot axis
      extending longitudinally of said barge and tower, and
PA2  fixed skid means supporting another lateral edge of said tower;
PA1  sliding means connected to the tower for slidingly interconnecting the
      tower and said supporting means;
PA1  rotating means operably associated with said barge for rotating said barge
      about a longitudinal axis thereof to lower a side thereof to laterally
      incline said pivotable skid means and fixed skid means and said sliding
      means relative to the surface of the surrounding body of water when said
      barge and the tower reach the desired offshore location; and
PA1  said tower being operable to move down the incline of said supporting means
      off said lowered side of said barge and into the surrounding water, the
      tower and said sliding means moving in sliding relation along said
      suporting means; and
PA1  said tower, during said movement down said incline,
PA2  translating laterally of said barge and slidably across said laterally
      inclined pivotable skid means and fixed skid means, and
PA2  pivoting about the pivot axis of said pivotable skid means to effect entry
      of said tower into said water free of said barge with said tower
      undergoing lateral sliding and downward pivotable movement relative to
      said barge across said overhanging pivotable skid means.
NUM  8.
PAR  8. The apparatus for transporting an erecting an offshore tower on the
      floor of a body of water as defined in claim 7, further comprising:
PA1  a quaternary of buoyant, generally columnar tanks connected to upper
      portions of the interior of the tower with the longitudinal axes thereof
      generally parallel to the longitudinal axis of the tower, the tanks being
      progressively submerged as the tower is turned upright in the body of
      water and operable to arrest rotation of said tower as it approaches a
      vertical orientation.
NUM  9.
PAR  9. The apparatus for transporting and erecting an offshore tower on the
      floor of a body of water as defined in claim 8 wherein:
PA1  said quaternary of tanks suspends the tower in an upright posture and
      wherein said tanks are ballastable to lower the tower to the floor of the
      body of water.
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ABST
PAL  Module for conditioning air by the Peltier effect, comprising a hot plate
      and a cold plate arranged face to face, divided into strip plates and both
      provided with ribs, the P and N thermoelements connected by the strip
      plates and arranged between the crests of the cold ribs and the crests of
      the hot ribs, the cold ribs are vertical and the hot ribs are vertical or
      horizontal. The air to be conditioned circulates by natural convection
      along the vertical ribs without forced ventilation.
BSUM
PAR  The present invention relates to a module for conditioning air by the
      Peltier effect and to air conditioning installations comprising such
      modules.
PAR  It is known that there are devices for conditioning air by the Peltier
      effect comprising a conductor constituted by an alternate sequence of P
      and N thermoelements connected in series and provided at its ends with two
      direct current feed terminals, the cold (or hot) junctions of that
      conductor being in thermal contact with the air of the room.
PAR  These devices have the advantage of supplying heat and cold in a static
      manner but their operation is not free from all noise, as it is necessary
      to ventilate the air along junctions in thermal contact with the air in
      the room to be conditioned.
PAR  The air conditioning module of the Peltier effect type according to the
      invention has the advantage of operating without the necessity of
      ventilating junctions in contact with the air in the room.
PAR  That module comprises a conductor constituted by an alternate sequence of P
      and N thermoelements connected up in series and provided at its ends with
      two direct current feed terminals, characterized in that it comprises,
      moreover, a hot conductive plate provided with parallel hollow ribs, a
      cold conductive plate also provided with parallel hollow ribs and arranged
      opposite the hot plate, the ribs of the two plates being situated in the
      space comprised between the planes of the two plates, each of the
      thermoelements being arranged between the crest of a rib of the hot plate
      and the crest of a rib of the cold plate, the hot plate and the cold plate
      being divided into strip plates, each of the strip plates establishing an
      electrical contact between a thermoelement of the P type and a
      neighbouring thermoelement of the N type so as to form the said continuous
      conductor.
PAR  In the module according to the invention, the conductive strip plates fixed
      to the thermoelements also act as heat evacuating fins, these strip plates
      having surfaces which are several hundreds of times larger than the
      surface of the various junctions; moreover, due to the fact that ribs are
      used, the distance between the planes of the two plates is noticeably
      greater than the height of a thermoelement, this decreasing, to a great
      extent, the thermal coupling between the two plates and improving the
      operation of the module.
PAR  According to a first embodiment of the invention, the ribs of the hot plate
      are parallel to the ribs of the cold plate. It is thus possible to arrange
      these ribs vertically and the evacuation of the calories (or of the
      frigories) is made very much easier by the air which flows by natural
      convection along these ribs.
PAR  According to a second embodiment of the invention, the ribs of the hot
      plate are orthogonal to the ribs of the cold plate. Such modules are a
      particular advantage when used in air conditioning installations of two
      contiguous rooms. Indeed, two modules are arranged face to face in the
      partition separating the two rooms, the cold plates of each of the two
      modules being in contact with the air of one room to be climatized and the
      hot plates being arranged face to face.
PAR  The ribs of the cold plates are vertical, so much so that the air of the
      rooms, flowing by natural convection along the strip plates and the ribs,
      evacuates the frigories without there being any need to use a ventilator
      in any of the rooms. In the middle part between the hot plates, a
      horizontal air current is made to flow along the ribs and the hot strip
      plates. The air current is set up by a ventilator which may be situated
      outside the rooms.
PAR  The noise caused by that forced ventilation is slightly noticeable in the
      rooms, it being damped by the modules.
DRWD
PAR  The following description with reference to the accompanying drawings will
      make it easier to understand how the invention may be brought into effect.
PAR  FIG. 1 shows an air conditioning module according to the invention;
PAR  FIG. 2 is a detailed view of a part of the module in FIG. 1;
PAR  FIG. 3 shows a variant of the module for conditioning air according to the
      invention;
PAR  FIG. 4 is a more detailed cutaway view of the module according to the
      invention;
PAR  FIG. 5 shows an air conditioning installation according to the invention.
DETD
PAR  The air conditioning module according to the invention, such as
      diagrammatically shown in FIG. 1, comprises a cold plate 2 and a hot plate
      3 arranged face to face.
PAR  The cold plate 2 comprises parallel hollow ribs 4 and is separated into
      strip plates 5 which are electrically insulated from one another;
      likewise, the hot plate 3 comprises also parallel hollow ribs 6 and is
      separated into strip plates 7 which are electrically insulated from one
      another.
PAR  In FIG. 1, the ribs 4 and 6 of the cold plate 2 and hot plate 3 are
      parallel to each other.
PAR  Positive thermoelements 8 and negative thermoelements 9 (see FIG. 2) are
      arranged between the crests 4' of the ribs 4 of the cold plate, each of
      the strip plates establishing an electrical contact between a positive
      thermoelement and a neighbouring negative thermoelement.
PAR  Each plate is provided with an electric therminal, + for the one and - for
      the other, to which a direct current is applied.
PAR  The thermal coupling between the two plates is slight, as they are set
      apart from each other. In order to reduce that thermal coupling, ribs
      whose bottom 4", 6" is corrugated, the depth of the ribs being maximum at
      the points of contact with the thermoelements are used.
PAR  A second possible embodiment of the module according to the invention is
      shown in FIG. 3. According to that other embodiment, the module 10
      comprises two plates, cold and hot, 12 and 13, the cold plate 12
      comprising parallel hollow ribs 14 and being divided up into strip plates
      15 which are electrically insulated and the hot plate comprising parallel
      hollow ribs 16 and being divided up into strip plates 17, the ribs 14
      being orthogonal with the ribs 16.
PAR  Positive thermoelements 18 and negative thermoelements 19 are arranged at
      the crossing points between the crests of the ribs 14 and 16, each of the
      strip plates establishing an electrical contact between a positive element
      and a neighbouring negative element.
PAR  The operation of the air conditioning module according to the invention is
      as follows;
PAR  When a direct current is applied to the conductor formed by the alternate
      sequence of positive and negative thermoelements connected up in series
      through strip plates, the strip plates of one of the plates are brought to
      a temperature lower than that of the strip plates of the other plate,
      because of the Peltier effect.
PAR  The plate in contact with the air to be conditioned is arranged vertically
      with its ribs vertical. Assuming that this plate is the cold plate, the
      strip plates which are of very great size in relation to the
      thermoelements acts as fins for the evacuation of frigories.
PAR  The air inside the part in contact with the cold plate has a tendency to
      fall and it cools on falling, so that an air flow in a vertical direction,
      from top to bottom, is produced naturally along the ribs of the cold
      plate.
PAR  When the ribs of the hot plate are vertical (FIG. 1) ascending air current
      is naturally produced in contact with that plate and along the ribs. That
      air current evacuates the calories of the plate.
PAR  The hot plate side of the module is arranged with in contact with the air
      which is not to be climatized.
PAR  On reversing the flow direction of the current, the function of the plates
      is reversed, so that an ascending air current which is heated up on rising
      is produced against the hot plate in contact with the air to be
      climatized, whereas a descending current which evacuates the frigories of
      that cold plate is produced against the cold plate not in contact with the
      air to be climatized.
PAR  In the case where the ribs of the plate not in contact with the air to be
      climatized are horizontal (FIG. 3), the ascending current or descending
      current is formed improperly, because of the direction of the ribs. That
      is why it is an advantage to provide a lateral ventilation causing a
      lateral ventilation driving a horizontal air current passing along these
      ribs and evacuating the calories (or the frigories, according to the
      direction of the direct supply current) of that plate.
PAR  The noise caused by that ventilation is only slightly perceptible in the
      room, as it is damped by the thickness of the module.
PAR  FIG. 4 shows a cutaway view of a module shown in greater detail.
PAR  The space between the hot plate and the cold plate is filled with an
      insulating foam 30 (for example, expanded polyurethane) this conferring a
      certain solidity on the module and increasing the heat insulation between
      the two plates.
PAR  That module is surrounded by a metallic frame 31 not in contact with the
      plates. An insulating trellis 32 has been arranged in front of the plate
      in contact with the air to be climatized, for example, the cold plate and
      the air which is cooled flows in the direction of the arrows shown in the
      figure.
PAR  A trough 33 used for collecting condensed water vapour which flows along
      the plate in contact with the air to be conditioned is arranged in the
      lower part of the module. The module may be arranged in the thickness of
      the partition 34.
PAR  FIG. 5 shows diagrammatically an air conditioning installation for two
      contiguous rooms.
PAR  In these cases, two modules (or groups of modules) 41, 51 are arranged face
      to face in the partition separating the two rooms.
PAR  The two modules are of the type shown in FIG. 3, that is, having the ribs
      of one plate orthogonal to the ribs of the other plate.
PAR  A space is left between the two modules. The two modules have been arranged
      so that this space be limited by two plates 43, 53 whose ribs 45, 55 are
      horizontal, so that the plates 42, 52 in contact with the air to be
      conditioned in the two rooms have vertical ribs 44, 54.
PAR  It is thus possible to reduce or increase simultaneously the temperature of
      the two parts, providing forced ventilation means for the air in the space
      between the two modules. That air evacuates the calories (or the
      frigories) of the two inside plates.
PAR  Although the air conditioning modules which has just been described may
      appear to afford the greatest advantages for implementing the invention,
      it will be understood that various modifications may be made thereto
      without going beyond the scope of the invention, it being possible to
      replace certain of its elements by other elements capable of fulfilling
      the same technical function or an equivalent technical function therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. Module for air conditioning by the Peltier effect comprising a conductor
      constituted by an alternate sequence of P and N thermoelements connected
      in series and provided at its ends with two direct current feed terminals
      characterized in that said module comprises, moreover, a hot conductive
      plate provided with parallel hollow ribs, and a cold conductive plate also
      provided with parallel hollow ribs, said cold conductive plate arranged in
      separated facing relationship to said hot plate, wherein said parallel
      hollow ribs of each of said two plates project between the space comprised
      between the planes of the two plates, each of the thermoelements being in
      direct contact with the crest of one rib of said hot plate and with the
      crest of one rib of the cold plate, the hot plate and the cold plate being
      divided into strip plates, each of the strip plates establishing an
      electrical contact between a thermoelement of the P type and a
      neighbouring thermoelement of the N type so as to form said continuous
      conductor.
NUM  2.
PAR  2. Module for conditioning air by the Peltier effect according to claim 1,
      characterized in that the ribs of the hot plate are parallel to the ribs
      of the cold plate.
NUM  3.
PAR  3. Module for air conditioning by the Peltier effect according to claim 2,
      characterized in that the bottoms of the ribs of the hot plate end of the
      cold plate are corrugated, the depth of the ribs being at its maximum at
      the point of contact with the thermoelements.
NUM  4.
PAR  4. Module for air conditioning by the Peltier effect according to claim 1,
      characterized in that the ribs of the hot plate are orthogonal to the ribs
      of the cold plate.
NUM  5.
PAR  5. Module for air conditioning by the Peltier effect according to claim 2,
      characterized in that the space comprised between the two plates is filled
      with an insulating foam.
NUM  6.
PAR  6. Module for conditioning air by the Peltier effect according to claim 5,
      characterized in that the insulating foam is expanded polyurethane.
NUM  7.
PAR  7. Module for conditioning air by the Peltier effect according to claim 2,
      characterized in that it comprises a rigid frame electrically insulated
      from the hot plate and cold plate.
NUM  8.
PAR  8. Module for conditioning air by Peltier effect according to claim 2,
      characterized in that one of the plates is covered with a trellis made of
      insulating material.
NUM  9.
PAR  9. Air conditioning installation comprising several modules according to
      claim 2 forming a vertical partition, characterized in that the ribs of
      the plates of the various modules are vertical.
NUM  10.
PAR  10. Air conditioning installation for two contiguous rooms separated by a
      partition comprising several modules according to claim 4, characterized
      in that the partition is formed by two groups of modules arranged in two
      vertical planes, the cold plates of each of the groups being in contact
      with the air of each of the two rooms and the hot plates of each of the
      two groups being arranged one facing another, the ribs of these hot plates
      being horizontal and in that it comprises, moreover, air suction means
      situated between the hot plates of the 2 groups of modules.
NUM  11.
PAR  11. Module for air conditioning by the Peltier effect according to claim 3,
      characterized in that the space comprised between the two plates is filled
      with an insulating foam.
NUM  12.
PAR  12. Module for air conditioning by the Peltier effect according to claim
      11, characterized in that the insulating foam is expanded polyurethane.
NUM  13.
PAR  13. Module for air conditioning by the Peltier effect according to claim 3,
      characterized in that it comprises a rigid frame electrically insulated
      from the hot plate and cold plate.
NUM  14.
PAR  14. Module for air conditioning by the Peltier effect according to claim 3,
      characterized in that one of the plates is covered with a trellis made of
      insulating material.
NUM  15.
PAR  15. Air conditioning installation comprising several modules according to
      claim 3, forming a vertical partition, characterized in that the ribs of
      the plates of the various modules are vertical.
NUM  16.
PAR  16. Module for air conditioning by the Peltier effect according to claim 4,
      characterized in that the space comprised between the two plates is filled
      with an insulating foam.
NUM  17.
PAR  17. Module for air conditioning by the Peltier effect according to claim
      16, characterized in that the insulating foam is expanded polyurethane.
NUM  18.
PAR  18. Module for air conditioning by the Peltier effect according to claim 4,
      characterized in that it comprises a rigid frame electrically insulated
      from the hot plate and cold plate.
NUM  19.
PAR  19. Module for air conditioning by the Peltier effect according to claim 4,
      characterized in that one of the plates is covered with a trellis made of
      insulating material.
NUM  20.
PAR  20. Module for air conditioning by the Peltier effect according to claim 1,
      wherein each of said thermoelements is in direct electrical and thermal
      contact with the respective crests of said one rib of each of said hot and
      cold plate.
NUM  21.
PAR  21. Module for air conditioning by the Peltier effect according to claim 1,
      wherein said parallel hollow ribs of the respective hot and cold plates
      form a heat exchanger by air flow through said hollow ribs.
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ABST
PAL  A refrigerant fluid charging device that comprises an expansion valve, a
      charging tube for connecting the outlet of the expansion valve to the
      system to be charged, a thermally conductive tube enveloping the charging
      tube, and a thermal sensing tube connected to the expansion valve, the
      sensing tube being in temperature sensing contact with the conductive tube
      at spaced locations and at one of such locations being adapted to be
      brought into temperature sensing contact with the suction line of the
      system to be charged. The method includes the steps of providing a
      charging device in accordance with the foregoing, connecting the inlet of
      the expansion valve with a source of refrigerant fluid, connecting the
      charging tube to the suction line of the system to be charged, bringing
      the thermal sensing tube at one location thereof into temperature sensing
      contact with the system suction line, and initiating flow of refrigerant
      fluid from the source of supply through the expansion valve and charging
      line to the system suction line, and permitting flow of fluid into the
      system until the expansion valve is automatically closed under the
      influence of the sensing tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Air conditioning and other refrigeration systems require an initial
      refrigerant fluid charge and may also require occasional replenishment or
      replacement of this fluid. To either initially charge or refill the system
      in the field requires special equipment and techniques and heretofore it
      has been difficult to accomplish in a relatively short time and with good
      control against overfilling.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a charging device that includes an expansion
      valve connectable to a source of refrigerant fluid and which has a
      charging tube at its outlet which is connectable to an access port of the
      system in the suction line for the compressor. A thermally conductive tube
      surrounds and protects the charging tube against mechanical damage to the
      charging tube during handling of the device and also provides good thermal
      flow capability that is utilized in the operation of the device.
PAR  The device also includes a thermal sensing tube connected to the power
      element of the expansion valve and which is in temperature sensing contact
      with the conductive tube at two locations. At one of the locations the
      sensing tube senses temperature of the conducting tube at that point. At
      the other location the sensing tube is adapted to be also brought into
      contact with the suction line of the air conditioning system whereby the
      sensing tube senses a temperature that is a composite of the temperature
      of the conductive tube at that particular location and the temperature of
      the system suction line.
PAR  The method of the present invention involves connecting of the charging
      device to a source of refrigerant fluid and to the suction line of the
      system.
PAR  The charging tube is of relatively low flow capacity so that the system
      cannot be charged too rapidly so as to cause overfilling of the same. The
      sensing tube directly senses the temperature of the suction line and
      indirectly senses the temperature of the charging fluid by conduction
      through the conductive tube. The sensing tube in turn controls opening and
      closing of the expansion valve in response to the temperatures sensed so
      as to provide a flow rate that is substantially a maximum for the
      particular condition of the system for minimizing the time for filling but
      yet accomplishes rapid and positive shut-off when the proper amount of
      charge has been introduced into the system.
DRWD
PAC  DETAIL DESCRIPTION
PAR  FIG. 1 is a planned view of the charging device.
PAR  FIG. 2 is a cross section, partially schematic, of a thermo expansion valve
      used in the charging device.
PAR  FIG. 3 is a schematic of an air conditioning circuit with the charging
      device connected thereto.
PAR  As shown in the drawing, and as is well known, an air conditioning system
      will include an evaporator 10 whose outlet side is connected to the inlet
      of a compressor 11 by a suction line 12. Connected to the suction line is
      a normally closed valve 13 that can be opened when it is desired to
      introduce refrigerant fluid into the air conditioning system.
PAR  Connectable to valve 13 is a hose assembly 14 that includes a hose 15 with
      a manifold 16 at one end and a fitting 17 at the other end. The manifold
      may have a gauge connection 18 and a vent valve 19 which may be in the
      form of a Schrader type tire valve. Connectable to hose assembly 14 by
      means of a fitting 22 is the charging device 25 of the present invention.
PAR  The charging device includes an expansion valve 26 to whose inlet port 27 a
      filter drier 28 may be attached and to whose outlet fitting 29 one end of
      a charging tube 30 is rigidly attached in sealed relation thereto, as by
      brazing. The other end of the charging tube is rigidly attached to fitting
      22 and sealed relative thereto, as by brazing.
PAR  A conductive tube 34 is also rigidly attached to expansion valve outlet
      fitting 29 and to fitting 22 as by brazing and surrounds and has its
      inside wall spaced from charging tube 30.
PAR  The expansion valve 26 has a valve element 36 for controlling flow
      therethrough and which is mechanically connected by a pin 35 to a
      diaphragm 37 whose outer margin is attached and sealed to the expansion
      valve body. One side of diaphragm 37 is exposed to pressure of fluid on
      the outlet side of valve element 36 via a clearance around pin 35 and the
      other side is exposed to pressure of fluid in a thermo sensing tube 38
      whose one end is connected to valve 26 above diaphragm 37 and whose other
      end is closed.
PAR  Sensing tube 38 has a first coiled portion 39 that is coiled at a first
      location about conductive tube 34 into tight contact therewith for good
      heat exchange therebetween and is connected by an uncoiled portion 40 to a
      second coiled portion 41 that is coiled about conductive tube 34 at a
      second location and which is also in good heat exchange contact therewith.
      An insulating block 44 of polystyrene foam or other suitable insulating
      material encapsulates expansion valve 26 and the first coiled portion 39
      of the sensing tube to insulate the same from ambient temperature.
PAR  Filter drier 28 has an inlet fitting 46 for connection to a line 47 leading
      from a valve 48 connected to a tank 49 that contains a supply of
      refrigerant fluid.
PAR  In a preferred embodiment of the device, charging tube 30 is of copper with
      an outside diameter of about 0.100 inch and an inside diameter of 0.049
      inch and with the conductive tube being of copper and having an outside
      diameter of about 5/16 inch and an inside diameter of about 1/4 inch. In
      other cases the charging tube may have an outside diameter of about 0.100
      inch and an inside diameter of from 0.35 inch to 0.065 inch. The sensing
      tube may be in accordance with usual industry practice in which it is of
      copper with an outside diameter of about 3/32 inch and having a wall
      thickness of about 0.030 inch.
PAC  OPERATION
PAR  In use, the charging device 25 is connected to the supply tank and to hose
      assembly 14 and the latter is connected at manifold 16 to the valve 13 of
      the air conditioning system, all as shown in FIG. 3. Sensing tube coil
      portion 41 is then taped or strapped as at 47 into tight engagement with
      suction line 12 and covered with an insulating material such as foam
      rubber, as diagramatically illustrated at 50 in FIG. 3, to insulate coil
      portion 41 from ambient temperature.
PAR  To operate the device, as when replenishing an air conditioning system that
      is low on refrigerant fluid, the air conditioning system is turned on for
      operating in its normal manner. After the system pressures have
      stabilized, valve 48 is then opened to initiate flow of refrigerant fluid
      from tank 49 to the charging device. Valve 19 is then manually opened to
      purge to atmosphere any air that had been contained in the lines between
      supply tank 49 and manifold 16.
PAR  Following purging, valve 19 is closed and valve 13 is manually opened to
      permit flow of refrigerant fluid into the system. At this time, because of
      the depleted supply of refrigerant fluid in the system, suction line 12
      will have a temperature higher than its normal operating temperature.
      Thus, its temperature may be for example, about 60.degree.F. Also at this
      time, the temperature of the charging tube 30 and of sensing tube 38 and
      conductive tube 34 may be the same as ambient, as for example 75.degree.F.
PAR  At the beginning of the filling operation, valve element 36 of the
      expansion valve will be fully opened and refrigerant fluid from tank 49
      will flow at a fairly rapid rate to filter drier 28, expansion valve 26
      and charging tube 30 through hose assembly 14 and valve 13 into suction
      line 12. The refrigerant fluid is liquid as it passes through expansion
      valve 26 and charging tube 30 but it vaporizes as it flashes from charging
      tube 30 into fitting 22 and hose assembly 14. Vaporization in this manner
      decreases the temperature of the fluid and of outlet fitting 22. The
      decrease of temperature is transmitted along conductive tube 34 so that
      the latter will be colder in the vicinity of sensing tube coil 39 than in
      the vicinity of coil 41. There is also a gradual decrease in the
      temperature of suction line 12 as the amount of fluid within the air
      conditioning system increases.
PAR  As the temperature of conductive tube 34 and suction line 12 decreases, the
      changes are detected by both coils 39 and 41, causing a decrease of
      temperature and thus of the pressure of the motive fluid within sensing
      tube 38 and on the upper side of diaphragm 37, thus causing a gradual
      closing movement of valve poppet 36. When the air conditioning system has
      been filled the proper amount, the temperature of the suction line 12 and
      conductive tube 34 at coil 41 is such that complete closure of the
      expansion valve is effected. As for example, the temperature of suction
      line 12 may be 45.degree.F and that of coil 41 may be 45.degree.F at the
      time the expansion valve closes. Valves 48 and 13 may then be turned off
      and the charging device disconnected from the air conditioning system.
PAR  To operate the device for charging an air conditioning system containing no
      refrigerant fluid, the system is first evacuated of air in a conventional
      manner. The charging device is then connected to the system and to the
      supply tank 49 and the device and hose assembly 14 are purged of air in
      the manner already indicated. Thereafter, valve 13 is opened and
      refrigerant fluid will flow into suction line 12 until the vapor pressure
      therein increases to some positive pressure, say between 20 and 70 PSI.
      Compressor 11 is then turned on to operate the system. Fluid from supply
      tank 49 will then again begin to flow into the system and will continue
      until the temperature at coils 49 and 41 has reached the proper value for
      closing of the expansion valve, as aforesaid.
PAR  In a modified form of the invention the sensing tube may have only one coil
      41 with the first coil 39 omitted.
CLMS
STM  We claim:
NUM  1.
PAR  1. A charging device for filling a receiving device with refrigerant fluid,
      said charging device comprising an expansion valve having an inlet to
      which a supply of refrigerant fluid may be connected, an outlet, a valve
      element for controlling flow of refrigerant fluid from said inlet to said
      outlet, and a pressure sensitive element controlling opening and closing
      of said valve element, one side of said pressure sensitive element being
      exposed to pressure of fluid in said outlet, the other side being exposed
      to fluid in a sensing tube, a charging tube having one end connected to
      said outlet, the other end of the charging tube having means for
      connection to the receiving device, said sensing tube being in temperature
      sensing relation to said charging tube for sensing the temperature
      thereof, and fluid in said sensing tube responsive to temperature changes
      in said sensing tube for actuating said pressure sensitive element for
      opening and closing said valve, and said sensing tube having a portion
      thereof exposed for contact with a portion of the receiving device.
NUM  2.
PAR  2. The device of claim 1 in which there is a thermally conductive tube
      surrounding the charging tube and said sensing tube contacts said
      conductive tube.
NUM  3.
PAR  3. The device of claim 2 in which said sensing tube contacts the conductive
      tube at first and second spaced locations, said first location is adjacent
      said pressure sensitive element and the second location is between the
      first location and said outlet.
NUM  4.
PAR  4. The device of claim 2 in which said sensing tube is coiled about and in
      temperature sensing contact with said conductive tube.
NUM  5.
PAR  5. The device of claim 2 in which said sensing tube is coiled about said
      conductive tube at both said locations.
NUM  6.
PAR  6. The device of claim 1 in which there is a filter drier unit connected to
      said inlet and through which refrigerant fluid must pass to enter said
      inlet.
NUM  7.
PAR  7. The device of claim 2 in which the other end of said charging tube
      connects to a fitting that has means for connection to said receiving
      device and said conductive tube extends from said outlet to said fitting.
NUM  8.
PAR  8. The device of claim 2 in which said charging tube has an outside
      diameter of approximately 0.100 inch and an inside diameter of about 0.049
      inch, and said conductive tube has an inside diameter of approximately 1/4
      inch.
NUM  9.
PAR  9. The device of claim 2 in which said charging and conductive tubes each
      have a U bend and said second location is at the bottom of the U.
NUM  10.
PAR  10. The device of claim 2 in which said charging tube has an inside
      diameter of from about 0.035 inch to 0.065 inch and the inside diameter of
      said conductive tube is spaced from the outside diameter of the charging
      tube.
NUM  11.
PAR  11. The device of claim 7 in which said conductive tube is rigidly
      connected to both the expansion valve and said fitting.
NUM  12.
PAR  12. The device of claim 11 in which said charging tube is rigidly connected
      to both said expansion valve and said fitting and has its exterior sealed
      relative to each.
NUM  13.
PAR  13. A method of filling a receiver device with refrigerant fluid by use of
      a charging device wherein said charging device includes an expansion valve
      with an inlet and an outlet and a valve element for controlling flow of
      fluid from said inlet to said outlet, a charging tube connected at one end
      to said outlet, a pressure sensitive element controlling the valve
      element, and a temperature sensing tube containing fluid for actuating the
      pressure sensitive element, said sensing tube being in temperature sensing
      relation with the charging tube and having a portion thereof exposed, said
      method comprising connecting said other end of the charging tube to said
      receiving device, bringing said exposed portion of said sensing tube into
      contact with a portion of said receiver device, connecting the expansion
      valve inlet with a source of refrigerant fluid, and connecting the
      charging tube to said receiving device whereby there will be flow of
      refrigerant fluid from said source through said charging device to said
      receiving device until a drop in temperature of the fluid in the sensing
      line causes automatic closing of said valve element.
NUM  14.
PAR  14. The method of claim 13 in which a conductive tube surrounds said
      charging tube and said sensing tube contacts said conductive tube.
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ABST
PAL  An open-cycle air-conditioner for compressing and expanding gas with heat
      rejection for cold production and more particularly to improved means for
      carrying out thermodynamic cycles in open cycle systems using an internal,
      stationary, porous body as a thermal capacitor.
BSUM
PAR  In conventional air conditioning systems freon is often used as a working
      medium. The principle components of such systems include a freon
      compressor, a low temperature heat exchanger, a high temperature heat
      exchanger, an expansion valve and one or two blowers to force air through
      the heat exchangers. The low temperature heat exchanger is generally not
      allowed to drop in temperature below 273.degree.K, to avoid freezing of
      condensed water and to avoid poor conversion efficiencies. These systems,
      i.e., those using an intermediate working medium such as freon, are
      oftentimes referred to as "closed" systems. Thermodynamic refrigerating
      cycles involve a compression and an expansion of the working fluid and
      temperatures below ambient are achieved by the, preferably adiabatic,
      expansion of a compressed fluid. If air is to be cooled it is forced past
      the working medium as the working medium is expanded and taking heat.
PAR  When the air to be cooled is also the working fluid, the system is "open
      cycle". The prior art has found many difficulties with open cycle systems
      for which it is a primary objective of this invention to solve.
PAR  In conventional open cycle systems fresh ambient air is compressed and the
      heat of compression is removed by recuperative heat exchangers. This is
      followed by expansion and lower temperatures. Typical problems relate to
      achieving system efficiency and to obtain the small volumes and weights
      common to freon and other closed systems. A principle objective of this
      invention is to provide means for overcoming many of these difficulties by
      utilizing an internal stationary thermal capacitor in an open cycle air
      conditioning system.
PAR  The prior art is aware of the use of regenerators with closed systems.
      However, in these systems the regenerators are normally used with balanced
      (equal flow in both directions) flow conditions if efficient operation is
      to obtained. In the instant invention balanced flow conditions are
      achieved by valve control so that a fixed amount of fresh air
      automatically and alternately removes the heat of compression and the
      produced cold, stored in the thermal capacitor. The valving is operated at
      a frequency of one-half of the alternating volume frequency.
PAR  Although the thermal capacitor of the invention is small, it nevertheless
      offers increased heat transfer at small temperature differences. Another
      objective of the invention is to provide a compact, open air conditioning
      system offering high efficiency. A still further objective of this
      invention is to provide an open cycle air conditioning system having
      reduced system pressure. Because of the temperature gradient in its
      thermal capacitor, the working fluid pressure is not required to exceed
      approximately 15 psi. gauge pressure. Open systems of the prior art
      oftentimes require at least 40 psi. to reach adequate cooling temperatures
     .
DRWD
PAR  The above mentioned and other features and many attendant advantages of
      this invention will be readily appreciated upon consideration of the
      following detailed description of a presently preferred design, and the
      accompany drawings wherein:
PAR  FIG. 1 is a diagrammatic cutaway perspective view showing operation of the
      system;
PAR  FIGS. 2A, 2B and 2C are graphical representations of volume and pressure
      variations plotted against crankshaft positions;
PAR  FIG. 3 is an idealized pressure-volume diagram for the expansion space; and
PAR  FIG. 4 is an idealized pressure-volume diagram for the compression space.
DETD
PAR  Referring now to the drawings wherein like elements are referred to by
      numerals, the mechanism of this invention is referred to generally by the
      numeral 10. A first cylinder 12 and a second cylinder 14 slidably and
      respectively receive pistons 16 and 18. Piston 16 is actuated by means of
      connecting rod 20 driven by offset portion 22 of rotating crankshaft 24.
      The crankshaft is mounted in bearings 30 and is rotated by any
      conventional power means 31. Piston 18 is actuated by means of connecting
      rod 26 driven by offset portion 28 of the crankshaft 24.
PAR  A first varying volume compression space 62 is achieved in the space formed
      by cylinder 12 and reciprocating piston 16. A second varying volume
      expansion space 64 is similarly achieved in the space formed by cylinder
      14 and piston 18. The compression space 62 is communicated with an
      expansion space 64 by a duct 66. A thermal capacitor 68 is located
      intermediate the length of duct 66. The thermal capacitor is of a type
      offering little restriction to the passage of a gas therethrough. The
      thermal capacitor 68 can be constructed of multi-layer wire mesh or a
      relatively dense steel wool. Because of moisture and condensation
      conditions, the substance of which the capacitor is made should be of a
      non-rust variety.
PAR  The capacitor is received in a housing portion 69. The duct segments on
      either side of the housing will be referred to by the numerals 66a and
      66b.
PAR  Compression space 62 is communicated with a fresh air duct 38 through an
      inlet valve 34 which is operable to open and close a port 46. The space 62
      is also cummunicated to hot air exhaust duct 56 through a port 52 which is
      adapted to be opened and closed by an outlet valve 48. Expansion space 64
      is communicated to ambient air by duct 40 and port 44. The port 44 is
      adapted to be opened and closed by valve 36. Space 64 is communicated to a
      cold air duct 58 by outlet 54 under the control of a valve 50.
PAR  The valves 50, 36, 42 and 48 are operated respectively by cams 43, 45, 47
      and 49 mounted on camshaft 32. The shaft 32 is supported in bearings 33.
      The camshaft is driven by crankshaft 24 by means of a non-slip belt and
      gear arrangement 60 having intermeshing teeth. The transmission 60 has a
      speed reduction ratio of "2:1"  to insure proper timing. The cams, of
      course, are shaped and affixed to the cam shaft to provide for opening and
      closing of the valves described herein.
PAR  Two crankshaft revolutions will complete a single cycle. Pistons 16 and 18
      are out of phase by a rotational angle corresponding to the angular
      displacement of crank offset 22 with respect to crank offset 28 of
      crankshaft 24. The phase ange may have any value between 0.degree. and
      180.degree. although the most economical values will be found between
      90.degree. and 120.degree.. As shown in FIG. 1, the offset is 90.degree..
PAR  The following explanation of operation, the working medium, being air, will
      be considered as an ideal gas. This is a close approximation for low
      pressure air at a temperature above 270.degree.K. For ideal gases p * V =
      m * R * T, where p is the pressure, V the volume, m the total mass of gas,
      R the gas constant and T the absolute temperature of the gas. In other
      words the pressure times the volume of a certain amount of gas is equal to
      its total mass m multiplied by a gas constant R and its absolute
      temperature T.
PAR  For a closed system comprising a number of interconnected volumes each with
      a different temperature this leads to the following relationship:
      ##EQU1##
PAR  If each partial system volume V.sub.x is reduced by multiplying the volume
      value by the temperature factor T.sub.a /I.sub.x, in which T.sub.x is the
      mean volume temperature and T.sub.a is the ambient air temperature taken
      as a reference. It may be stated that the gas pressure in the system
      multiplied by the sum of all reduced volumes is constant, thus:
      ##EQU2##
PAR  FIG. 2a illustrates the variation of the reduced system volumes with
      crankshaft position for a system in which the phase difference in volume
      variation is 90.degree.. FIG. 2c illustrates the variation of the sum of
      all reduced system volumes with crankshaft position. The crankshaft
      position is defined as 0.degree. when the expansion space volume 64
      reaches its maximum value and the compression space inlet valve 34 is
      opened. For purposes of description, as seen in FIG. 2, each cycle period
      of two crankshaft revolutions is divided into the ten intervals I through
      X.
PAR  During interval I, only the compression space inlet valve 34 is opened and
      fresh air is drawn into the compression space 62 at atmospheric pressure
      during the time interval that total reduced system volume increases.
PAR  During the time period of interval II, only the expansion exhaust valve 50
      is open and air at low expansion space temperature is released at an
      atmospheric pressure level, while total reduced system volume decreases.
PAR  During intervals III, IV and V, all valves are closed and equation No. 2 is
      applicable. The system pressure will rise and fall inversely proportional
      to the total reduced system volume as shown in FIG. 2c.
PAR  During interval III air is compressed in the compression space 62. During
      interval IV, hot air is transferred via duct 66 b, from the compression
      space to the expansion space 64, passing through the thermal capacitor 68
      in which much of the heat of compression is stored temporarily. During
      interval V, the already relatively cool air expands in space 64 resulting
      in lower temperatures. During interval VI the expansion space inlet valve
      36 is open and fresh air is drawn to space 64 and it is largely
      transferred to the compression space 62 through the thermal capacitor 68,
      thus passing and removing the compression heat that was temporarily
      stored. During interval VII, the compression space exhaust valve 48 is
      open and air at high compression space temperature is exhausted. During
      intervals VIII, IX, and X all valves are closed and a compression, a
      transfer and an expansion take place as in intervals III, IV and V.
PAR  Since most of the expansion work occurs in expansion space 64 and most of
      the compression work occurs in the compression space 62, the mean
      expansion space temperature will be lower and the mean compression space
      temperature will be higher than the temperature of fresh air entering the
      system.
PAR  When the system pressure of FIG. 2c is plotted versus the expansion space
      volume variation and versus the compression space volume variation, the
      results obtained are as diagrammatically shown in FIGS. 3 and 4.
PAR  During each cycle, these diagrams are traversed twice. The enclosed area of
      FIG. 3 represents the expansion work performed by piston 18 or represents
      the heat removed during one cycle. If there were no conduction losses and
      regenerative losses in the thermal capacitor, the expansion work performed
      would show completely as a temperature drop between inlet air and the
      outlet air at the expansion space. In case of humid air, however, a part
      of this indicated cold production is lost as water condenses and releases
      heat at the expansion side of the thermal capacitor. Consequently, that
      much less heat is removed from the air to be cooled.
PAR  The enclosed area of FIG. 4 represents the compression work performed by
      piston 16 during a single cycle. If there were no conduction losses and
      regenerative losses in the thermal capacitor, this work would show
      completely as a temperature increase between the inlet air and the outlet
      air from the compression space.
PAR  Without any irreversibility during each cycle, the system efficiency would
      be equal to the well known Carnot efficiency determent by the expansion
      and compression space temperatures.
PAR  Since an unbalanced flow condition through the thermal capacitor would
      cause many serious irreversibilities, the high efficient ideal situation
      is more closely approached with the steady balanced conditions achieved in
      this invention by valve timing related to the system volume variation,
      rather than by pressure differences and flow restrictions.
PAR  If, by reducing the actuation time of the valves, a longer time interval is
      chosen for the valves to be closed, cold production will increase and the
      discharge air flow will decrease. This results in a larger temperature
      difference between inlet and outlet air. A large cold production per unit
      of swept volume requires small air flows and a large temperature
      difference between inlet and outlet. However, this is limited, by the fact
      that the discharge air temperature should not be permitted to drop below
      the freezing point of water.
PAR  Systems made in accordance with the teachings of this system will show
      temperature differences of 15.degree. to 25.degree. Kelvin, still with a
      favorable specific cold production; the time, during which all valves are
      closed, will in that case be near to one-half of the cycle time.
PAR  In a general manner, while there has been disclosed an effective and
      efficient embodiment of the invention, it should be well understood that
      the invention is not limited to such an embodiment as there might be
      changes made in the arrangement, disposition, and form of the parts
      without departing from the principle of the present invention as
      comprehended within the scope of the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An open cycle system for taking ambient air and removing heat from one
      portion thereof and adding said heat to the remaining portion thereof to
      thus obtain an output of relatively cool air and an output of relatively
      hot air comprising:
PA1  a first cylinder,
PA1  a first piston, reciprocally received in said first cylinder and forming a
      first variable volume chamber therewith,
PA1  a second cylinder,
PA1  a second piston reciprocally received in said second cylinder and forming a
      second variable chamber therewith,
PA1  a first duct communicating said first and second chambers,
PA1  a heat capacitor means disposed intermediate the length of said duct,
PA1  power means to reciprocate said pistons in an out-of-phase relationship
      with respect to one another,
PA1  a first air intake duct communicated with said first chamber via a first
      valve seat opening,
PA1  a second air intake duct communicated with said second chamber via a second
      valve seat opening,
PA1  a hot air exit duct communicated with said first chamber via a third valve
      seat opening,
PA1  a cold air exit duct communicated with said second chamber via a fourth
      valve seat opening,
PA1  first, second, third and fourth valves, respectively, opening and closing
      said first, second, third and fourth valve seat opening,
PA1  timing means sequentially opening and closing said valves to cause air
      compressed and heated in said first chamber to pass through said
      capacitor, where a portion of the heat is stored, and then into an
      expanding second chamber and to exhaust this relatively cooler air to said
      cold air exit duct, and
PA1  said timing means sequentially opening and closing said valves to cause
      fresh air to mix with said relatively cooler and expanded air in said
      second chamber and to pass through said capacitor in the direction toward
      said first chamber and removing the compression heat stored therein and
      then into said first chamber and to exhaust whereby the relatively hot air
      is exited through said hot air exit duct.
NUM  2.
PAR  2. The system defined in claim 1 wherein the matrix of said thermal
      capacitor is a multiple layer of wire mesh.
NUM  3.
PAR  3. The system defined in claim 1 wherein said thermal capacitor is steel
      wool.
NUM  4.
PAR  4. The system defined in claim 1 wherein said out-of-phase relationship
      between driven reciprocating pistons is between 90.degree. and
      120.degree..
NUM  5.
PAR  5. The system defined in claim 1 wherein said thermal capacitor permits
      substantially unrestricted flow of air between said first and second
      chambers and does not substantially restrict communication between said
      chambers.
NUM  6.
PAR  6. The system of claim 1 wherein said timing means includes cams for each
      of said first, second, third and fourth valves.
NUM  7.
PAR  7. The system of claim 6 wherein said drive means includes a driven
      crankshaft and said cams are mounted on a camshaft and transmission means
      connect said crankshaft to said camshaft to cause said crankshaft to
      rotate at twice the speed of said camshaft.
NUM  8.
PAR  8. The process of creating cool air and warm air from a source of air at
      ambient temperatures comprising the steps of:
PA1  compressing and heating a portion of said air and simultaneously
PA1  passing said portion through a thermal capacitor in a first direction to
      remove and store a segment of its heat,
PA1  expanding said portion permitting it to become cool and removing it to a
      place of use
PA1  causing ambient air to pass through said capacitor in a direction opposite
      to said first direction, in sufficient amounts to remove the heat from
      said theremal capacitor.
NUM  9.
PAR  9. The process of claim 8 wherein the expanding step is in an expanding
      chamber.
NUM  10.
PAR  10. The Process of claim 9 wherein the said amount of ambient air flowing
      through said capacitor in a reverse direction is sufficient to evaporate
      and remove any water therein.
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ABST
PAL  A cooling system for cooling a hot material comprising a cooling chamber, a
      heat exchanger in the chamber, gas circulating means for forcing a cooling
      gas within the chamber in a closed circuit that includes cooling contact
      with the heat exchanger, means for passing the hot material from a source
      thereof through the heat exchanger and back to the source and means for
      selectively providing an additional cooling medium to the cooling system
      such as a flowable cryogen and particularly a cryogen gas.
BSUM
PAC  Background of the Invention
PAR  One of the features of this invention is to provide an improved cooling
      system to supply supplemental cooling when required to cool a hot fluid
      when the normal cooling means for this fluid is insufficient to compensate
      for an abnormal heat buildup therein. Thus the cooling system of this
      invention is not ordinarily called upon to function so long as the cooling
      demands are not excessive.
PAR  The most pertinent prior art of which applicant is aware are U.S. Pat. Nos.
      3,564,866 and 3,646,243 but neither of these, although relating to cooling
      apparatus, discloses the features of the present invention.
DRWD
PAC  Brief Description of the Drawing
PAR  The single FIGURE of the accompanying drawing is a perspective view
      partially broken away of an apparatus showing one embodiment of the
      invention.
DETD
PAC  Description of the Preferred Embodiment
PAR  In the embodiment illustrated in the accompanying drawing there is provided
      a cooling chamber 10 having the walls thereof insulated as indicated by
      the insulation 11 and located within the interior 12 of the chamber is a
      heat exchanger 13 of a customary and well known type having open tubular
      coils 14 supported in a casing 15 with the casing having an open back 16
      and a transverse bar 17 which comprises mounting means for supporting a
      gas circulating means embodied in an electric motor 18 and a fan or blower
      19 rotated thereby. Thus the gas circulating means forces gas through the
      open back 16 and over and between the coils 14 and back again in a cooling
      circuit identified by the arrows 20.
PAR  The cooling system cools a hot material here embodied in a cooling oil 21
      for an electric cable 22 with the oil being passed through an enclosing
      casing 23 that surrounds the cable 22 and serves as a confining oil path
      of a customary type as illustrated in the above prior U.S. Pat. No.
      3,646,243.
PAR  During ordinary operation the oil coolant 21 will be sufficient to cool the
      cable 22 sufficiently. In extraordinary situations such as where peak
      loads are encountered the circulating oil 21 will not be sufficient to
      remove heat from the cable 22. In those instances the cooling system of
      this invention is used to provide additional cooling.
PAR  In order to provide this additional cooling a pump 24 of the ordinary
      electrically operated type is used to direct oil from the casing 23 by way
      of a control valve 25 into an oil line 26 which leads to the coils 14 of
      the tubular heat exchanger for cooling by the blast of cooling gas 20 from
      the blower 19. After circulating through the heat exchanger 13 in the
      cooling chamber 10 the now cooler oil is returned to the casing 23 by a
      return line 27 to any point desired in the cooling circuit 28 for the
      chamber 22.
PAR  In order to provide additional cooling there is provided a source of an
      additional cooling medium, here shown as a source of a vaporizable liquid
      cryogen which may be any of the ordinary types such as liquid nitrogen,
      liquid air, liquid carbon dioxide and the like. In the illustrated
      embodiment this source is a tank 29 of liquid nitrogen in which the liquid
      nitrogen is maintained under pressure and when needed is directed through
      a cryogen supply line 30 by way of a control valve 31 into a loop spray
      head 32 located at the rear of the fan or blower 19, with this spray head
      having spaced nozzles 33 spraying jets of cryogen from the rear of the
      blower and into the circulating cooling gas stream 20. The cryogen being
      vaporizable provides additional cooling gas to this gas circuit 20 for
      cooling the high temperature hot material which in this case is the oil
      from the cooling circuit 28 and thereby provides the additional cooling
      when needed.
PAR  The heat insulation 11 insulates the interior 12 of the cooling chamber
      from the ambient which is normally hotter than the coolant gases within
      the space 12. The chamber is provided with vent means 34 shown
      schematically in the drawing as an opening which may be closed by a cover
      35. This vent 34 is for venting gases from the chamber as indicated by the
      arrow 36 in an amount to compensate at least approximately for the amount
      of cryogen gas introduced by the means for selectively providing
      additional cooling medium. In the illustrated embodiment these vented
      gases comprise a mixture of air and gaseous nitrogen. In this embodiment
      the liquid nitrogen is identified as LN.sub.2 and gaseous nitrogen as
      GN.sub.2.
PAR  Thus in the illustrated embodiment, when the operating conditions of the
      electric cable 22 are what is considered normal, the cooling oil circuit
      24-28 will be sufficient to cool the cable properly. Under abnormally high
      temperature conditions, however, the cooling may be augmented by
      selectively providing the additional cooling. Where the additional cooling
      required is moderate this can be done by directing the cooling oil from
      the circuit 28 by way of a forced pump 24 through the tubular coil 14 and
      back into the cooling circuit 28. During this passage the oil passing
      through the coils 14 will be cooled by the circulating air stream 20
      within the chamber 10.
PAR  When the cooling required is greater than moderate, however, additional
      cooling is provided by directing a vaporizable cryogen through the control
      valve 31 and the line 30 into the spray nozzles 33 during which the
      cryogen becomes vaporized and joins the cooling gas circuit 20 with the
      result that the temperature of this circuit is reduced suddenly and
      effectively to provide the additional cooling required depending upon the
      rate of flow of the liquid cryogen through the supply line 30 and the
      spray head loop 32 containing the spray nozzles 33.
PAR  This invention is useful with systems that are subjected to peak load
      cooling requirements such as cooling electrical transmission lines where
      oil is circulated through the line to reduce heat as in the illustrated
      embodiment, cooling of engine generators, cooling of gas or oil pump
      systems and the like.
PAR  In the illustrated embodiment the cooling heat exchanger 13 is a standard
      unit with the one shown being manufactured by the assignee as their
      "Albraze" industrial oil cooler having the fan 19 and motor 18 attached.
PAR  Having described my invention as related to the embodiment shown in the
      accompanying drawing, it is my intention that the invention be not limited
      by any of the details of description unless otherwise specified, but
      rather be construed broadly within its spirit and scope as set out in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cooling system for cooling a hot material, comprising: a cooling
      chamber; a heat exchanger in said chamber occupying only a fraction of a
      cross sectional space in said chamber; gas circulating means for forcing a
      cooling gas within said chamber in a closed circuit within said space in
      said chamber that includes cooling contact with said heat exchanger; a
      source of hot material externally of said chamber; means for passing said
      hot material from said source through said heat exchanger and back to said
      source; and means for selectively providing an additional cryogenic
      gaseous cooling medium to the cooling gas in said closed cooling gas
      circuit.
NUM  2.
PAR  2. The system of claim 1 wherein said means for providing said additional
      cooling medium comprises means for introducing a vaporizable cryogen and
      thereby additional cooling gas to said closed circuit of said cooling gas
      and there are provided insulating means for heat insulating said chamber
      from its ambient and vent means for venting gases from said chamber to
      said ambient in an amount to compensate for the cryogen gas introduced by
      said cryogen means.
NUM  3.
PAR  3. The system of claim 1 wherein said hot material is a fluid, said heat
      exchanger and gas circulating means comprise a cooling unit comprising a
      casing, heat exchange coil means mounted therein and mounting means on
      said casing for supporting said gas circulating means, and there are
      provided means for directing said hot material fluid through said coil
      means.
NUM  4.
PAR  4. The system of claim 1 wherein said hot material comprises a fluid, said
      heat exchanger and gas circulating means comprise a cooling unit
      comprising a casing, heat exchange coil means mounted therein and mounting
      means on said casing for supporting said gas circulating means, and said
      circulating means comprises a motor driven blower, said means for
      providing said additional cryogenic gaseous cooling medium comprises means
      for introducing a vaporizable liquid cryogen and thereby additional
      cooling gas to said closed circuit of said cooling gas on the upstream
      side of said heat exchanger relative to said cooling gas circuit.
NUM  5.
PAR  5. The system of claim 4 wherein said gas circulating means comprises a
      blower with a gas inlet side and a gas outlet side adjacent to said heat
      exchanger, and said means for introducing said cryogen comprises a conduit
      for said liquid cryogen having a plurality of spray nozzles at said gas
      inlet side.
NUM  6.
PAR  6. A method for cooling hot material, comprising: providing a cooling
      chamber having a heat exchanger therein occupying only a fraction of a
      cross sectional space in said chamber; forcing a cooling gas within said
      chamber in a closed circuit in said chamber that includes cooling contact
      with the heat exchanger; passing said hot material from a source thereof
      externally of said chamber through said heat exchanger and back to said
      source; and selectively providing when needed an additional vaporizable
      liquid cryogenic cooling medium to the closed cooling gas circuit for
      providing supplemental cooling for said hot material during its passage
      through said heat exchanger.
NUM  7.
PAR  7. The method of claim 6 wherein said hot material comprises a heated fluid
      and said additional vaporizable liquid cryogenic cooling medium is
      introduced at the upstream side of said heat exchanger in relation to the
      cooling gas circuit.
NUM  8.
PAR  8. The method of claim 7 wherein said cooling gas within said chamber is
      vented to ambient in an amount corresponding to the amount of said cryogen
      gas introduced for the additional cooling.
NUM  9.
PAR  9. Apparatus, comprising: a heated member; cooling means therefor including
      means for contacting said member with a cooling fluid material that
      becomes heated during said contact to become a hot fluid material; a
      cooling chamber separate from said heated member; a heat exchanger in said
      chamber occupying only a fraction of a cross sectional space in said
      chamber; gas circulating means for forcing a cooling gas within said
      chamber in a closed circuit within said space in said chamber that
      includes cooling contact with said heat exchanger, said heat exchanger and
      gas circulating means comprises a cooling unit comprising a casing, heat
      exchange coil means mounted therein and mounting means on said casing for
      supporting said gas circulating means; means for passing said hot fluid
      material through said heat exchanger and back to said heated member; means
      for introducing a vaporizable cryogen and thereby additional cooling gas
      to said closed circuit of said cooling gas for selectively providing when
      needed an additional cooling medium to said cooling gas circuit in said
      chamber; and means for directing said hot fluid material through said coil
      means.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said means for providing said
      additional cooling medium comprises means for introducing a vaporizable
      cryogen and thereby additional cooling gas to said closed circuit of said
      cooling gas on the upstream side of said heat exchanger relative to said
      cooling gas circuit, said gas circulating means blower has a gas inlet
      side and a gas outlet side adjacent to said heat exchanger, and said means
      for introducing said cryogen comprises a conduit for a liquid cryogen
      having a plurality of spray nozzles at said gas inlet side.
NUM  11.
PAR  11. A method for cooling a hot material, comprising: contacting a heated
      member with a cooling material that becomes heated during said contact to
      become a hot material; providing a cooling chamber separate from said
      heated member and a heat exchanger in said chamber occupying only a
      fraction of a cross sectional space in said chamber; forcing a cooling gas
      within said chamber in a closed circuit in said chamber that includes
      cooling contact with the heat exchanger; passing said hot material from
      said heated member through said heat exchanger and back to said heated
      member; and selectively providing an additional cooling medium to the
      cooling gas circuit during excess heat loads of said hot material for
      providing supplemental cooling for said hot material during its passage
      through said heat exchanger by supplying a vaporizable cryogen to said gas
      circuit on the upstream side of said heat exchanger in relation to the
      cooling gas circuit.
NUM  12.
PAR  12. The method of claim 11 wherein said cooling gas is vented from said
      circuit to ambient in an amount corresponding to the amount of said
      cryogen gas introduced for the additional cooling.
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ABST
PAL  An ice clutch control for an automatic ice maker wherein a drive motor
      continually turns a threaded drive rod extending within a liquid filled
      temperature sensing tube which in turn is positioned within a pocket of an
      ice cube mold. Upon the freezing of the water in the mold the temperature
      of the sensing tube and the liquid charge contained therein is frozen
      solid causing the rod to thread in the solid liquid resulting in axial
      travel of the rod so as to exert a thrust on coupling means thereby
      initiating the ice harvesting sequence of the ice maker. Upon completion
      of the harvesting operation the temperature of the sensing tube is raised
      by the fill water in the mold which melts the frozen liquid therein
      freeing the threaded rod from the coupling means for resumption of its
      independent rotation by the drive motor until the liquid charge is
      refrozen during the next ice making cycle of the ice maker.
BSUM
PAR  The present invention relates to automatic ice makers and more particularly
      to a clutching arrangement for initiating the harvesting of frozen ice by
      utilizing the change of state of a freezable substance from a liquid state
      to a solid state.
PAR  Prior art apparatuses for making and automatically harvesting ice employed
      an ice-operated motor or unit which allows sufficient movement to assist
      in loosening separated ice pieces from grid walls and discharging ice
      blocks from the apparatus. An example of such an ice making apparatus is
      disclosed in U.S. Pat. No. 2,907,179 to Frei, issued Oct. 6, 1959, wherein
      the freezable substance in an ice motor expands against a plunger causing
      its longitudinal shifting and through suitable mechanical linkage to
      impart movement to the walls of a grid wherein the ice pieces are broken
      loose therefrom. In the present application applicant has made use of the
      change of state of a freezable substance from its liquid state to its
      solid state to initiate an ice harvesting operation as contrasted with the
      prior art, exemplified by the Frei patent, which teaches ice operated
      motor apparatus utilizing the expansion force of the freezable substance
      upon its freezing to control an ice making operation.
PAR  It is therefore an object of this invention to provide an automatic ice
      maker having an ice clutch control wherein a power driven threaded drive
      rod is positioned within a temperature sensing container filled with a
      freezable liquid which container is positioned in heat conducting
      relationship with an ice forming apparatus such that the rod undergoes
      threaded axial movement upon the freezing of the liquid charge resulting
      in the engagement of coupling means to the power source for initiating an
      ice harvesting cycle of the ice maker.
PAR  It is a further object of the present invention to provide an improved
      automatic ice making apparatus for a domestic refrigerator wherein an ice
      clutch control is employed having a threaded drive rod connected to a
      drive motor with the rod extending within a temperature sensing tube
      filled with a freezable substance, and wherein the tube is positioned in
      heat sensing relation with an ice piece forming tray such that the
      freezing of the water in the tray removes heat from the tube causing the
      substance contained therein to be frozen solid; and the rotating rod to
      thread in the substance resulting in axial travel of the rod and exerting
      a coupling thrust on secondary clutch means to initiate an ice harvesting
      cycle of the ice maker; and upon completion of the harvesting of the ice
      from the tray the temperature of the sensing tube is raised by the refill
      water in the tray thereby liquifying the frozen substance and freeing the
      threaded rod for reverse axial travel decoupling the secondary clutch to
      again permit independent rotation of the threaded rod by the drive motor
      until the substance is refrozen during a subsequent ice making operation
      of the ice maker.
DRWD
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein a preferred embodiment of the invention is clearly shown.
PAR  In the Drawings:
PAR  FIG. 1 is a vertical side elevational view of an automatic ice maker
      incorporating the present invention;
PAR  FIG. 2 is an enlarged fragmentary vertical sectional view of a portion of
      the ice maker of FIG. 1, showing the ice clutch control mechanism;
PAR  FIG. 3 is a vertical elevational view of the outer side of the electrical
      mounting dividing wall of the ice maker;
PAR  FIG. 4 is a vertical elevational view, partly in section, of the inner side
      of the dividing wall;
PAR  FIG. 5 is a horizontal sectional view taken substantially on the line 5--5
      of FIG. 3;
PAR  FIG. 6 is a horizontal sectional view taken substantially on the line 6--6
      of FIG. 3;
PAR  FIG. 7 is a vertical sectional view of the disc clutch housing taken on the
      line 7--7 of FIG. 2;
PAR  FIG. 8 is a schematic diagram of the electrical control circuit for the ice
      maker; and
PAR  FIG. 9 is an enlarged exploded view of the ice and disc clutch assembly.
DETD
PAR  In the preferred embodiment of the invention as disclosed in the drawings
      an ice maker, generally indicated at 10 in FIG. 1, is shown which is
      adapted to be housed in the freezer section of a household refrigerator
      comprises a mold or tray 11 defining a plurality of pockets such as the
      two rows of pockets 12 with each row having four ice making pockets
      therein. The tray has an upwardly flanged rim 13 extending around the
      short and long sides with the tray adapted to receive water to be frozen
      into a plurality of ice pieces or blocks as described in detail in U.S.
      Pat. No. 3,540,227 to Eyman, et al., the disclosure of which is
      incorporated by reference herein. The ice maker has a wide U-shaped frame
      18 which surrounds the tray 11 while seated directly below the frame is a
      rectangular bin (not shown) for receiving and storing the frozen ice
      pieces or cubes ejected from the tray 11. Reference may be had to U.S.
      Patent application Ser. No. 490,760 for the description of one form of ice
      storage bin.
PAR  At the rear of the tray 11 is an integrally molded boss 22 including a
      pivot pin 30, having a bearing portion 32 of reduced size fitting a
      bearing aperture in the rear wall of the frame 18. The pivot pin 30
      bearing portion, located outside the frame, has an annular groove 34
      around which is wrapped a portion of a tension coil spring 36 which spring
      has one end attached to the groove and its opposite end attached to the
      rear wall of the frame as shown in the mentioned Eyman et al patent.
      Reference may be had to the Eyman patent for a discussion of how the tray
      is rotated in a direction opposite to the pull of the spring to limit the
      inverting movement of the rear of the tray 11 so as to impart a warping or
      twisting action thereto during the ice harvesting operation, wherein a
      first and second twist may be applied to the tray.
PAR  For accessibility, all of the mechanism controls of the automatic ice maker
      are located at the front of the refrigerator freezer compartment with the
      tray rotating and twisting mechanism and a control system being located in
      the rear housing 27 while the electric driving motor 29 and suitable
      wiring are located in the front housing indicated at 31 in FIG. 1. Both of
      the housings are formed of suitable plastic material while substantially
      the entire operating and control mechanism is mounted upon irregular
      plastic upright dividing wall 33 which divides the interior of the housing
      27 and 31 into rear compartment 35 and front compartment 37. The front
      compartment 37 contains the drive motor 29 with the details of the motor
      drive shaft and driving gear arrangement to be described.
PAR  As seen in FIG. 4, an eccentrically located crank pin 40 is positioned on a
      large commutator gear 41. This large gear 41 has an apertured hub 42
      rotatably mounted in a removable manner by a snap ring retainer 43 on the
      inner shaft end of hexagon collar bolt 44. The outer threaded end of bolt
      44 extends through an opening in boss 45 on the wall 33 and the bolt is
      fixedly secured thereto by nut 46 and bolt collar 47. The crank pin 40
      extends into an elongated irregular loop of yoke member, integral with a
      horizontal rack bar with the yoke driven by the crank pin to reciprocate
      the rack bar in a manner shown and described in the above-mentioned Eyman
      et al patent.
PAR  The drive motor 29 in the front compartment 37 has a final drive shaft 48
      extending through the dividing wall 33 provided with a cross bar 49. An
      integral or compound gear 50 is rotatably mounted on the wall 33 by
      threaded bolt 51 and includes a small drive pinion 52 which continuously
      meshes with the commutator gear 41. The compound gear 50 has a large drive
      pinion 54 which meshes with outer circumferentially disposed teeth forming
      a drive gear 56 of a clutch housing member generally indicated at 60 in
      FIGS. 2 and 9. As seen in phantom lines in FIG. 4, the gear 56 is in
      driving engagement with the large driven pinion 54. It will be noted that
      the large driven pinion 54 has the same diameter and number of teeth as
      the clutch housing peripheral drive gear 56. Thus, as viewed in FIG. 4
      when the large driven pinion 54 of the compound gear 50 is rotated in a
      clockwise direction by the housing gear 56 the small drive pinion 52,
      meshed with gear 41, will cause the commutator gear 41 to be rotated in a
      counterclockwise direction.
PAR  As seen in FIG. 2, the clutch housing 60, preferably molded of plastic
      material such as acetal resin, has a large annular socket or coupling
      sleeve 62 positioned with its open end 63 telescoped in annular journal
      cup 64 integrally formed on the inner face of wall 33. The inner base 66
      of housing 60 has a reduced spindle portion 68 extending through coaxial
      tray pinion gear sleeve 69 which tray sleeve extends through and is
      rotatably mounted in the bearing passage 71 provided in the base of
      housing 27. The tray sleeve 69 has an interrupted pinion or spur gear 67
      provided on its front end which cooperates with a rack bar 72 with teeth
      73 that mesh with the pinion 67. The rack bar 72 is slidably mounted in a
      horizontal groove provided in the adjacent base wall of the rear housing
      27 with the rack bar having an upright yoke (not shown) molded integrally
      with the horizontal rack bar. The Eyman patent shows the yoke in the form
      of an elongated irregular loop in which the sides are in the form of cams
      which cooperate with the crank pin 40 to reciprocate the rack bar 72 and
      rotate the ice cube tray 11. The tray sleeve 69 has a coaxial rearward
      hollow projection 74 provided with flattened side surfaces which fit
      tightly within a socket 77 of boss 75 located between the front ice cube
      pockets 12 of the tray. An air space 76 is provided in the boss socket 77
      surrounding the coaxial cavity 78 between the adjacent walls of the
      pockets 12 to receive a temperature sensor tube 79 of the applicant's
      novel ice clutch assembly generally indicated at 80 in the exploded view
      of FIG. 9.
PAR  As seen in FIGS. 2 and 9, the ice clutch housing spindle 68 is formed with
      an integral sleeve bearing 82 which is rotatably received in coaxial
      recess 84 of sleeve 69. The open end 63 of the housing 62 is rotatably
      mounted in cup 64 to allow the clutch housing 60 to revolve therein when
      driven by motor drive shaft 48 through the ice clutch in conjunction with
      mechanical clutch means to be described. The ice clutch assembly sensing
      tube 79 has a cavity in the form of an axial cylindrical bore 86, with
      recessed locking or groove means on the bore wall shown in the disclosed
      form as axial V-sectioned grooves 87, for receiving a threaded drive shaft
      extension 88 of clutch stem member 90. The clutch stem 90 includes an
      intermediate socket tube portion 92 connecting the threaded extension or
      rod 88 in axial alignment with a forward square-sectioned clutch drive bar
      or hub 94. It will be noted that in the form shown the socket tube 92 is
      preferably formed of a suitable plastic material to provide a thermal
      break and thus reduce the amount of conduction heat flow or transfer from
      the water fill in the tray 11 to the freezer cabinet. The inner end of the
      sensing tube 79 is closed and sealed as by a set screw 96 threaded into
      the rearward end of its bore 86. The extension 88 is rotatable and axially
      movable in the bore by means of a defined annular clearance 98. This
      clearance together with the space between adjacent turns of the thread
      define a volume into which a suitable liquid charge such as a
      water-alcohol mixture, pure water, etc. is injected. In the preferred form
      the helical threaded extension 88 has a major diameter of about 0.125
      inches (No. 5-40 left hand V threads per inch) wherein the clearance
      between the thread crests and bore wall 86 is about 0.0015 inches on a
      radius. With reference to FIG. 9, the forward end of the sensing tube has
      a raised knurled portion 102 having an over all diameter of about 0.245
      inches such that upon the sensing tube being inserted into the reduced
      portion 105 of bore 104 of the spindle with portion 105 having an I.D. of
      0.238 inches wherein the knurled portion 102 fixedly seats the sensing
      tube at its inner end prior to the clutch stem 90 being inserted therein.
      An O-ring seal 106 is positioned in the spindle bore 104 to seal the
      clearance space or freezable liquid chamber 98.
PAR  As seen in FIGS. 2 and 9, the square sectioned clutch drive bar 94 carries
      a friction disc pack consisting of a plurality of driving discs or washers
      which in the disclosed form are three in number indicated at 111, 112 and
      113. The first disc 111 is fixed to the drive bar by suitable means such
      as being press fitted thereon in abutment with the cylinder socket tube
      portion 92 thereof. The discs 112 and 113 are similarly provided with
      square openings 114 and 115 respectively, for driving engagement with the
      square drive bar 94 dimensioned so as to be axially slidable thereon. A
      free turning spacer washer 116, having a round opening 118, is also
      provided to take up any stacking clearances of the disc clutch.
PAR  A pack or plurality of hex clutch plates are mounted on the drive bar in
      alternate spacing with the disc washers. In the disclosed form the hex
      plates are three in number, indicated at 121, 122 and 123, with each hex
      plate having a circular opening 124, 125 and 126 respectively, of a
      diameter which allows the drive bar 94 to rotate freely within the hex
      openings. By virtue of their hex configuration the hex plates 121, 122 and
      123 are mounted so as to be rotationally fast with the clutch socket head
      62 by splined engagement with axially extending V-shaped internal splines
      128 formed on the inner periphery of the socket head 62. As best seen in
      FIG. 7 in the disclosed form there are twelve V-shaped internal splines
      128 thereby locking the six pointed hex plates with alternate ones of the
      internal splines to prevent relative rotation of the hex plates with
      respect to the socket head 62. The twelve internal splines allow for
      decreased rotation of the parts during assembly. Clutch disc retaining
      means are provided in the form of a C-shaped retainer ring 129 for snap
      fit in socket groove 130.
PAR  Resilient axial pressure means are provided in the form of a compression
      coil spring 132 which telescopes into stem axial socket bore 134 and is
      compressed therein by means of motor output driving shaft 48. The shaft
      cross pin 49 is received in a pair of longitudinal opposed slots 139 in
      the free end of drive bar or clutch hub 94 which allows axial movement of
      the cross pin 138. The spring 132 acts to bias the threaded shaft 88 to
      the right upon thawing of the liquid charge to insure normal separation of
      the clutch friction, driving washer plates 112, 113 and friction, driven
      hex plates 121-123 in a manner to be described.
PAR  By means of applicant's arrangement the projecting sensor tube 79 is made
      predominantly responsive to the temperature of the frozen liquid in the
      front pockets 12 of the tray 11. The drive motor continuously turns or
      rotates the clutch stem member 90 including the drive bar 94 and the
      threaded shaft 88 that extends inside the sensor tube 79. As soon as the
      water in the ice tray 11 is frozen and the temperature of the clutch
      reaches the freezing point of the liquid charge in the space 98, which in
      the disclosed form is a water-antifreeze solution having a freezing point
      of about 16.degree. F., the threaded shaft 98 moves axially in an outward
      direction. The outward threaded travel of the shaft 88 relative to the
      sensing tube and its frozen charge is achieved solely because of the
      change of state of the freezable substance in the space 98 from a liquid
      to a solid state. It will be noted that because of the relatively small
      volume of liquid charge in the sensing tube, of the order of a few drops,
      no appreciable movement of the threaded shaft 88 is caused by expansion
      forces of the frozen charge.
PAR  As seen in FIG. 2, outward travel of the clutch stem member 90 causes fixed
      stem washer to exert axial pressure on the adjacent hex plate 121 and in
      turn the clutch disc 112, the hex plate 122, the clutch disc 113 and the
      final hex plate 123 for effecting drive between the stem member and the
      clutch housing member 60. Upon the attainment of a driving one-to-one
      ratio between the clutch elements or multi disc pack the clutch stem
      member 90 and the clutch housing member 60 rotate as one member in unison.
PAR  The clutch housing outer drive gear 56 begins driving the large drive
      pinion 54 which in turn drives the small pinion 52 driving the commutator
      gear 41 of the icemaker for harvesting the ice pieces in the tray 11, as
      described in the Eyman et al patent. After the ice has been ejected from
      the tray 11 and the tray returned to its level position of FIG. 1, the
      tray is filled with water. This causes the temperature of the probe to
      rise and melts the liquid charge in the space 98 preventing rotation of
      the commutator gear and the initiation of a harvest cycle until the liquid
      charge is refrozen upon freezing of water in the tray.
PAR  As seen in FIGS. 4 and 5 a delay reset gear 142 is supported on dividing
      wall 33 by means of mounting hub 143 which receives threaded bolt 144
      having a journal portion 145 pivotally receiving the gear 142. Resilient
      biasing means is provided for the gear 142 in the form of an extension
      reset spring 146 having one end eccentrically attached to the gear 142 by
      screw 147 while the opposite end of the spring 146 is hooked to outboard
      screw 148. The spring 146 is operative to bias or urge the gear 142 in a
      clockwise direction, as viewed in FIG. 4 wherein the eccentric screw 147
      is shown positioned in the lower right hand quadrant of the gear 142 or at
      about a five o'clock position for a reason to be explained.
PAR  Turning now to the schematic diagram of FIG. 8 commutator plate 150,
      located on the inner face of the commutator gear 41, which is driving
      indirectly off the motor by the housing outer drive gear 56 and the
      compound gears 52 and 54. Thus, whenever the socket external gear 56 is
      rotated via applicant's ice clutch arrangement by the unidirectional
      electric motor 29, the commutator gear 41 and plate 150 therein must also
      rotate in a counterclockwise direction as viewed by the arrows in FIG. 4.
      With the commutator plate 150 in its harvest start position current from
      L.sub.1 flows via line post D and line arm 151 through the plate 150 to
      terminal post B via delay arm 152 and line 153 to the normally closed
      contact post G of ice level reset switch movable contact 155, terminal
      post A, line 157, terminal post C, motor 29, line 159 to post E and then
      to line L.sub.2 to continually energize the motor 29.
PAR  Applicant's mechanical delay reset system will now be described. Assume
      that the ice maker has completed a harvest cycle and its tray 11 has just
      received a refill of water. At that instant just after the fill contact
      arm 156 of terminal post F drops off the commutator plate 150 deenergizing
      the fill valve solenoid 160, the hold switch arm 154 of terminal post C
      drops off the plate 150 and shortly thereafter the delay switch arm 152
      has its end engage the arcuate open portion 163, as shown in FIG. 4,
      opening the circuit and deenergizing the motor 29. The solenoid 160 is
      connected via line 161 to post F while the motor is connected to post C by
      line 158. At this time the delay reset gear 142 is in a position such that
      its eccentric screw 147 is located in the lower right hand quadrant of the
      gear 142 wherein reset spring 146 is urging or pulling the gear 142 in a
      clockwise direction and thus trying to advance the reset gear 142 in a
      clockwise direction as is the driving motor. However, because the ice
      clutch and consequently the multi-disc clutch are still engaged while the
      motor 29 is deenergized means that the gearing system cannot be advanced
      until such time as the fill water, which has entered the tray, is able to
      warm-up the ice clutch fluid. The fill water temperature will cause it to
      "melt-out" or thaw the ice clutch liquid charge thereby freeing the
      multiple disc clutch allowing the delay reset gear 142 to be advanced by
      the reset spring 146 and as a result advance the large gear 41 and its
      commutator plate 150 to a point where the delay contact 152 comes back
      onto the commutator plate completing the circuit to the motor to restart
      same. It will be noted that at this time the clutch has been thawed-out
      and that consequently the motor shaft 136 and the threaded rod 88 are
      turning free or idling and will not drive the ice maker mechanism through
      another harvesting cycle until the liquid charge in the clutch space 98
      has been refrozen.
PAR  It will be appreciated that a principal reason for the delay reset feature
      occurs when a condition exists where a customer turns the refrigerator
      cold control to its coldest position and the ice maker is shut-off by a
      full bin of ice cubes causing the freezer compartment to "soak-out" to a
      sub zero temperature of about -10.degree. F. In this situation when the
      customer removes some ice cubes from the storage bin the ice maker will go
      through a cycle and harvest the ice in the tray. Next, the commutator
      plate 150 will rotate around to the delay position afer the tray has
      received a fill of water. It is essential at this point to insure that the
      ice clutch control is deactivated long enough to respond to the
      temperature change, i.e. allow heat flow from the water to the clutch and
      melt-out or thaw and free the ice clutch before the ice maker is reset.
      Without the mechanical delay after the refill of water the present ice
      maker would provide only about 15 to 30 seconds which would not be enough
      time for the clutch to free itself for the next ice making cycle. By
      virtue of the mechanical delay the ice clutch is given time to respond. If
      it does not respond for some reason, i.e. the tray did not get any refill
      water, the ice maker will not operate. The ice maker in this state must be
      manually reset by pushing up the ice level sensing arm 170 (FIG. 1)
      causing the ice level manual reset switch arm 155 to be closed to normally
      open contact H and thence via line 172 and post D to L.sub.1 to energize
      motor 29, resulting in the ice maker being reset as explained in the U.S.
      Pat. application Ser. No. 420,360. This will cause the ice maker to go
      through a harvest and try to refill again which will tell the operator
      that there is a fill problem to be solved, water supply turned off, fill
      tube frozen, etc., before the ice maker can start making ice. It will be
      noted that arm 170 has its forward end secured in pivotal holder member
      generally indicated at 200 while an automatic ice maker shut-off torque
      rod 180 is shown in FIG. 1, the details of which are disclosed in U.S.
      Patent application Ser. No. 490,760 also assigned to the same assignee as
      the present application.
PAR  In operation the axially movable clutch stem member 90 is normally biased
      rearwardly by spring 132 while drive connection is provided by having the
      drive shaft 48 slidably disposed within the coupling clutch hub bore 134
      by means of the cross pin 49 received in the slots or notches 139 of the
      hub. This enables the rotation of the drive shaft 48 to be transferred to
      the clutch hub while permitting axial movement of the clutch stem 90.
      Thus, when the liquid charge (not shown) occupying the space 98 freezes
      solid into a tubular cylinder the outer surface is locked or keyed to the
      sensing tube bore wall 86 by virtue of the frozen charge filling and
      conforming to the keyway like grooves 87. Internal mating threads are
      similarly formed on the interior of the cylindrical locked frozen charge
      whereby outward axial threaded travel (to the left in FIG. 2) of the stem
      90 is produced relative to the fixed sensing tube. It will be noted that
      in the disclosed form the motor shaft 48 is rotating clockwise and
      consequently the left hand threads on extension 88 are also being
      continuously rotated clockwise resulting in the outward travel of the stem
      90. This movement causes the driving plates 111, 112 and 113 to
      frictionally engage the driven plates 121, 122 and 123 thus connecting the
      drive shaft 48 to the clutch housing 60 and thereby cause rotation of the
      tray 11 via gear train transfer means. The gear train means includes
      peripheral clutch housing drive gear 56 meshing with the large drive
      pinion of integral gear 50, which in turn has its small drive pinion 52
      meshed with the commutator or large gear 41. Commutator gear 41, by means
      of crank pin 40 cooperating with a Scotch yoke (not shown) imparts
      longitudinal motion to rack bar 72, as disclosed in the mentioned Eyman et
      al patent, causing rotary motion of the ice tray gear sleeve 69 resulting
      in the pivoting and flexed inverting of tray 11 thereby harvesting of the
      ice cubes therein into the subjacent storage bin 20. Upon the liquid
      charge in the sensing bore 98 being thawed by the temperature of the fill
      water entering the tray the clutch stem, including extension 96, is moved
      by the spring 132 inwardly to disconnect the clutch friction plates so
      that the clutch stem threaded extension is freely rotatable within the
      bore 86 during the next ice making cycle of the ice maker.
PAR  While the embodiment of the present invention as herein disclosed
      constitutes a preferred form, it is to be understood that other forms
      might be adopted. For example, it will be understood that the invention
      contemplates a sensing tube 79 having a polygon cross section such as a
      rectangle or triangle wherein the cavity surface 86 would be provided with
      inner corners serving as the groove means 87 to lock the frozen liquid
      charge to the sensing tube allowing the axial outward travel of the
      threaded extension 88.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic ice maker for a refrigerator including a support for an ice
      piece mold mounted for rotational movement on said support, means for
      supplying water to said mold, means for freezing water in said mold, drive
      means including a drive shaft having an axially movable extension thereon,
      a portion of said extension having an external helical thread, means for
      harvesting ice from said mold, a separate rotary part on said support
      adapted to be driven by said drive means to initiate the ice harvesting
      operation, connecting means controlled by a temperature responsive ice
      clutch adapted to connect said rotary part to said extension when the
      water in said mold is frozen, said ice clutch including a sensing tube
      fixedly positioned to said mold, said tube having a cavity of a
      predetermined size whereby said threaded extension being rotatable and
      axially movable therein, the inner surface of said cavity having groove
      means, means for connecting said drive means to a source of power whereby
      said extension is constantly rotated in said cavity, the space between
      adjacent turns of said thread and said cavity inner surface being filled
      with a liquid charge, means for sealing the liquid charge within said
      cavity, upon completion of the freezing of the water in said mold the
      liquid charge being frozen solid and locked to said cavity inner surface
      by said groove means, internal threads being formed by the frozen liquid
      charge mating with said external threads whereby axial threaded travel of
      said extension is produced relative to said tube, said connecting means
      operable upon the travel of said extension connecting said drive shaft to
      said rotary part to harvest ice from said mold, and whereby upon the
      charge returning to its liquid state said extension being again free to
      rotate within said cavity.
NUM  2.
PAR  2. An automatic ice maker for a refrigerator including a support for an ice
      piece mold mounted for rotational movement on said support, means for
      supplying water to said mold, means for freezing water in said mold, a
      drive motor including a drive shaft having an axially movable extension
      rotatable therewith, a portion of said drive shaft extension being
      externally threaded, means for harvesting frozen ice pieces from said
      mold, a separate rotary part journaled on said support adapted to be
      driven by said motor to initiate the ice harvesting operation of said ice
      maker, friction clutch means controlled by a temperature responsive ice
      clutch adapted to connect said rotary part to said drive shaft extension
      when the water in said mold is frozen into ice pieces, said ice clutch
      including a sensing tube fixedly positioned to said mold, said tube having
      a generally cylindrical bore of a predetermined internal diameter whereby
      said threaded extension is slidably and rotatably received in said bore
      with its threads in close proximity with the wall defining said bore, the
      wall of said bore having groove means therein, circuit means for
      connecting said drive motor to a source of electrical power whereby said
      drive shaft extension is constantly rotated in said bore, the annular
      clearance between said threads and said bore wall being filled with a
      liquid charge, means for sealing the liquid charge within said bore, upon
      completion of the freezing of the water in said mold the liquid charge
      freezes into a solid that is locked to said bore wall by said groove
      means, internal threads being formed by the frozen liquid charge mating
      with said external threads whereby axial threaded travel of said shaft
      extension is produced relative to said tube, said friction clutch means
      operable upon the shaft extension axial travel connecting said drive shaft
      to said rotary part to harvest ice pieces from said mold, and upon the
      charge in said bore being thawed by the temperature of the fill water
      entering said mold said shaft extension again being rotatable within said
      bore during the next ice making cycle.
NUM  3.
PAR  3. An automatic ice maker for a refrigerator including a support for an ice
      piece tray mounted for rotational movement on said support, means for
      supplying water to said tray, means for freezing water in said tray, a
      drive motor including a drive shaft having an axially movable extension
      rotatable therewith, a portion of said drive shaft extension having an
      external helical thread, means for harvesting frozen ice pieces from said
      tray, a separate rotary part journaled on said support adapted to be
      driven by said motor to initiate the ice harvesting operation of said ice
      maker, a multiple disc friction clutch having driving and driven plates
      controlled by a temperature responsive ice clutch adapted to connect said
      rotary part to said drive shaft extension when the water in said mold is
      frozen into ice pieces, said ice clutch including a sensing tube fixedly
      positioned within a cavity in said tray, means for biasing said shaft
      extension in one axial direction to separate said plates, said tube having
      a generally cylindrical bore of a predetermined internal diameter whereby
      said threaded extension is slidably and rotatably received in said bore
      with its threads in close proximity with the wall defining said bore, the
      wall of said bore having axially extending grooves therein, circuit means
      for connecting said drive motor to a source of electrical power whereby
      said drive shaft extension is constantly rotated in said bore, the annular
      clearance between said threads and said bore wall being filled with a
      liquid charge, means for sealing the liquid charge within said bore, upon
      completion of the freezing of the water in said tray the liquid charge
      freezes into a solid that is locked to said bore wall by said axial
      grooves, internal mating threads being formed by said frozen charge
      conforming to said external threads whereby threaded travel of said shaft
      extension in the other axial direction is produced relative to said tube,
      said multiple disc friction clutch plates operable upon the shaft
      extension axial travel connecting said drive shaft to said rotary part to
      rotate said tray and harvest ice pieces therefrom, and upon the charge in
      said bore being thawed by the temperature of the fill water entering said
      tray said shaft extension is moved by said biasing means in said one
      direction so as to be freely rotatable within said bore.
NUM  4.
PAR  4. An automatic ice maker for a refrigerator including a support for an ice
      piece tray mounted for rotational movement on said support, means for
      supplying water to said tray, means for freezing water in said tray, a
      drive motor including a drive shaft, an axially movable clutch stem member
      including a coupling hub and a threaded extension, the free end of said
      drive shaft being slidably disposed within said coupling hub with means
      for enabling rotation of said drive shaft to be transferred to said
      coupling hub while permitting axial movement of said clutch stem member on
      said drive shaft, means for harvesting frozen ice pieces from said tray,
      an ice tray gear sleeve fixed to said tray and journaled on said support
      adapted when rotated to initiate the ice harvesting operation of said ice
      maker, a multiple disc friction clutch including driving plates on said
      coupling hub and driven plates on a clutch housing, said clutch housing
      having peripheral gears thereon, gear train means connecting said clutch
      housing gears to said tray gear sleeve, said disc clutch controlled by a
      temperature responsive ice clutch adapted to connect said clutch housing
      gear means to said drive shaft extension when the water in said mold is
      frozen into ice pieces, said ice clutch including a sensing tube fixedly
      positioned within a cavity in said tray, means for biasing said clutch
      stem member in one axial direction to separate said clutch plates, said
      tube having a generally cylindrical bore of a predetermined internal
      diameter whereby said threaded extension is slidably and rotatably
      received in said bore with its threads in close proximity with the wall
      defining said bore, the wall of said bore having groove means therein,
      circuit means for connecting said drive motor to a source of electrical
      power whereby said drive shaft extension is constantly rotated in said
      bore, the annular clearance between said threads and said bore wall being
      filled with a liquid charge, means for sealing the liquid charge within
      said bore, upon completion of the freezing of the water in said tray the
      liquid charge freezing into a solid that is locked to said bore wall by
      said groove means, internal threads being formed by the frozen liquid
      charge mating with said external threads whereby threaded travel of said
      clutch stem member in the other axial direction is produced relative to
      said tube, said clutch plates operable upon the clutch stem member axial
      travel connecting said drive shaft to said clutch housing to rotate said
      ice cube tray via said gear train means and said tray gear sleeve to
      harvest ice pieces therefrom, and upon the charge in said bore being
      thawed by the temperature of the fill water entering said tray said shaft
      extension being moved by said biasing means in said one axial direction so
      as to be freely rotatable within said bore during the next ice making
      cycle of said ice maker.
NUM  5.
PAR  5. The ice maker of claim 4 wherein said gear train includes a spring
      biased delay reset gear meshing with a commutator gear, a control circuit
      for said ice maker including a delay contact connectable in series with
      said drive motor, commutator plate means on said commutator gear operative
      for opening said delay contact and deenergizing said motor upon completion
      of the tray being filled with water, said spring biasing means urging said
      delay reset gear in the same direction as the motor whereby upon the
      thawing of the liquid charge said spring biasing means advancing said
      reset gear and thus said commutator gear to a point where said delay
      contact comes back into contact with said commutator plate completing the
      circuit to said motor and restarting same, whereby said commutator plate
      is positioned in the control circuit to initiate a harvesting and water
      refill cycle upon the liquid charge being refrozen.
NUM  6.
PAR  6. An automatic temperature responsive control device for initiating an
      operation comprising a rotatably supported driven member, a rotatable
      drive member supported in coaxial relation with said driven member, clutch
      means responsive to relative axial movement between said members to
      interconnect said members, said driven member including a container
      portion adapted to be exposed to an ambient temperature and containing
      material having a normally liquid characteristic above a predetermined
      ambient temperature and a normally solid characteristic below said
      predetermined temperature, means on the inner surface of said container
      portion for gripping said material when it is solid, said drive member
      including an externally threaded portion positioned coaxially within said
      container portion and submerged in the material, means for constantly
      rotating the threaded portion of said drive member in said material, said
      material in response to the exposure of said container portion to a
      temperature below said predetermined temperature assuming its normally
      solid characteristic to lock said container portion to said material at
      said gripping means, and said material by solidifying forming an internal
      thread therein in threadedly mating relation with the threaded portion of
      said drive member, whereby unscrewing movement is produced between the
      container portion of said driven member and the constantly rotating
      threaded portion of said drive member to produce relative axial movement
      between said members operating said clutch means to interconnect said
      members and initiate said operation.
NUM  7.
PAR  7. An automatic temperature responsive control device for initiating an
      operation comprising a rotatably supported driven member, a rotatable
      drive member supported in coaxial relation with said driven member, clutch
      means comprising a multiple disc clutch having first plates connected to
      said driven member and second plates connected to said drive member, said
      first and second plates being coaxial with both said members and
      responsive to relative axial movement between said members to compress
      said first and second plates to interconnect said members, said driven
      member including a container portion adapted to be exposed to an ambient
      temperature and containing material having a normally liquid
      characteristic above a predetermined ambient temperature and a normally
      solid characteristic below said predetermined temperature, means on the
      inner surface of said container portion for gripping said material when it
      is solid, said drive member including an externally threaded portion
      positioned coaxially within said container portion and submerged in the
      material, means for constantly rotating the threaded portion of said drive
      member in said material and for constantly rotating said second plates in
      said clutch means, said material in response to the exposure of said
      container portion to a temperature below said predetermined temperature
      assuming its normally solid characteristic to lock said container portion
      to said material at said gripping means, and said material by solidifying
      forming an internal thread therein in threadedly mating relation with the
      threaded portion of said drive member, whereby unscrewing movement is
      produced between the container portion of said driven member and the
      constantly rotating threaded portion of said drive member to produce
      relative axial movement between said members compressing said plates for
      operating said clutch means to interconnect said members and initiate said
      operation.
NUM  8.
PAR  8. The automatic control device of claim 7 wherein said first plates are
      polygonal to key with said driven member and said second plates are
      circular for constantly rotating with said drive member relative to said
      first plates and said driven member when said container portion is exposed
      to a temperature above said predetermined ambient temperature.
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ABST
PAL  A multiple curtain, refrigerated display case employing an energy saving
      air defrost system that, during the first defrost stage, draws defrosting
      ambient air into the refrigerated air curtain passage from both
      directions, and during the second defrost stage employs part of the
      defrost air to form a circulating air curtain over the open front of the
      case. The case has defrost exhaust fans in the upper rear thereof actuated
      by a timer simultaneously with deactuation of the guard curtain fans and
      the refrigeration condensing unit. The circulation fans for the
      refrigerated air of the case have a total propulsive capacity
      significantly greater than that of the exhaust fans, such refrigerated air
      circulation fans being upstream of the refrigeration coils in the
      refrigerated air curtain passage, and the exhaust fans being downstream of
      such coils.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to air curtain type refrigerated display cabinets,
      and more particularly to a novel air defrost refrigerated display cabinet.
PAR  Multiple air curtain refrigerated display cases or cabinets have, since the
      pioneering development of such in the late 1950's and early 1960's by E.
      W. Simons, S. Beckwith, W. Hagen, R. Vogel, and others, gained wide
      acceptance in the food market industry. Such cabinets provide tremendous
      advantages in the storage and display of frozen foods and the like. The
      cabinets generally employ two or three air curtains, with the innermost
      one and the adjacent one normally being recirculated around the cabinet
      through passages. The innermost curtain is normally the coldest, the
      second one being somewhat warmer, and the third outer one being basically
      an ambient temperature curtain to reinforce the jet inertia and warm the
      aisle. Refrigeration means, normally in the form of one or more evaporator
      coil units, is located in the innermost passage for cooling the air
      flowing past. Periodically during operation, this innermost passage and
      its refrigeration means must be defrosted to remove accumulated frost on
      the coil collected from the cooled air and tending to impede the operation
      of the equipment. On commercial units, such defrosting is usually achieved
      with electrical heaters adjacent to the coils of the refrigeration means,
      or in some instances, by passing hot gas through the coils of the
      refrigeration means. Hot gas defrost is complex, and is practical in only
      a small percentage of the installations, however. With electrical defrost,
      the refrigeration operation is temporarily halted, allowing the
      recirculating air curtain to be warmed by the high voltage electrical
      heaters. This normally requires special wiring from the compressor room
      and, because of the high wattage, is normally operated at higher voltage
      than the rest of the electrical components of the case. The warm air can
      then melt the frost built up on the evaporator tubes and fins. It is
      important to melt this frost, as rapidly as possible in order to minimize
      temperature rise of the frozen food products, and to minimize collection
      of frost on the frozen food products from the higher humidity in the
      recirculated warm air. To achieve this rapid defrosting necessitates the
      use of considerable electrical power, as is understandable, but has been
      necessary to this time.
PAR  Several years ago, some attempts were made to defrost the display cabinet
      by circulating ambient air through the inlet and coil zones of the inner
      passage (U.S. Pat. No. 3,082,612), or the inlet, coil, and back zones of
      the inner passage (U.S. Pat. No. 3,403,525), using internal baffles to
      block off the discharge end of the passage. Unfortunately, neither of
      these concepts proved practical and, as a consequence, all of the
      thousands of multiple curtain display cabinets manufactured use either the
      electrical defrost or, in a small percentage of cases, the hot gas defrost
      technique.
PAR  More recently, a cabinet was developed which effectively uses air
      defrosting, as set forth in U.S. Pat. No. 3,850,003, the defrost air
      traveling through the coils from both ends. Air defrost has significant
      advantages over hot gas defrost, as well as significant benefits over
      electrical defrost. Compared to hot gas defrost, air defrost enables the
      use of less suction and liquid line, less plexiglass dividers between case
      sections, less suction and liquid line solenoids, less EPR valves, less 3
      way valves, and less auxiliary heat or aisle warming because of the
      ability to use heat from condensing. Compared to electrical defrost, hot
      air defrost requires no additional cabinet electrical power for
      defrosting, the defrost time required is less, and the product temperature
      rise is less. Unfortunately, however, although the energy savings from the
      unit in U.S. Pat. No. 3,850,003 are very impressive, and undoubtedly would
      be important over a long period, the added depth of the resulting cabinet
      enabled only three twelve foot cabinets to be fitted onto a forty foot
      long shipping trailer rather than six as previously, thereby causing
      shipping expense to be double. This added expense plus some added
      manufacturing expense for the novel defrost construction, enabled
      competitors to spotlight the differential in initial cabinet cost to the
      customer, and thereby discourage sale of this cabinet.
PAR  Therefore, efforts were applied to achieve an effective air defrost case
      which could be sold at a price comparable to the energy-consuming
      competitive units, to thus achieve the energy savings beneficial over the
      long run to the customer and the nation, while preventing the competition
      from causing such an energy saving case to be shelved as a result of some
      initial price differential.
PAC  SUMMARY OF THE INVENTION
PAR  An important object of this invention therefore is to provide a multiple
      curtain, open front refrigerated display case or cabinet capable of rapid
      defrosting of the refrigeration means, the inner passage, and the air
      curtain inlet and outlet nozzle, using ambient air, without the
      complexities of the hot gas system, without periodically demanding large
      amounts of electrical power as at present, and without significantly
      increasing the initial cost or size of the case relative to comparable
      cases employing hot gas or electrical defrost.
PAR  The novel case is defrosted in an excellent manner by ambient air first
      flowing for a short time into opposite ends of the refrigerated air
      passage or conduit in opposite directions, and then flowing only in one
      direction to reestablish a protective curtain across the open front of the
      case. The total defrost time is as short as or shorter than that required
      for high energy consumption electrical defrost. Moreover, no additional
      power consumption is required for defrost, such that total power
      consumption of the display cabinet is lowered considerably.
PAR  During the air defrost function, a timer stops the condensing unit and
      freon flow to the case, turns on special defrost fans, and stops the guard
      circuit fans. The defrost fans apply negative pressure, i.e. suction, to
      both ends of the innermost passage. And, during the initial stages of the
      defrost operation, defrosting ambient air is drawn into both ends of this
      innermost passage, in spite of the greater number of air recirculating
      fans in this innermost passage than the number of defrost fans, because of
      the air flow resistance past the frosted coils. As the coils become more
      and more defrosted, the air flow through the outlet nozzle of this
      innermost passage changes direction from inflow to outflow for the
      remainder of the defrost period, with a protective envelope air curtain
      being reestablished around the cabinet. At this changeover time, the
      greater volume of the recirculating fans partially overrides the pull of
      the defrost fans, to reestablish a cool air curtain across the front of
      the case with part of the air discharging out openings at the top of the
      case. As a result, defrosting time has been found to be shorter and
      product temperature rise is kept down. During this entire defrost period,
      air is not circulated through the guard ducts of the case, such that heat
      is not wasted warming these guard ducts.
DRWD
PAR  Additional objects, advantages and features of the invention will become
      apparent from the following detailed description and the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational, sectional view of the novel display cabinet;
PAR  FIG. 2 is a fragmentary, enlarged, sectional view of a portion of the top
      of the cabinet in FIG. 1, showing the defrost ducts, fans, and doors;
PAR  FIG. 3 is a fragmentary perspective view of the top of the cabinet taken
      from the opposite end as that in FIG. 1; and
PAR  FIG. 4 is a circuit diagram for certain components of the novel case.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now specifically to the drawings, the upright refrigerated
      display cabinet or case assembly 10 constitutes a housing assembly 12
      having an access opening 14 in the front thereof, from the ambient air
      space 16 about the cabinet to the food storage and display space 18 in the
      cabinet. This structure is normally placed in a grocery store or
      supermarket, with display space 18 being divided into sections by a
      plurality of vertically spaced generally horizontal shelves 20. Space 18
      is defined by an upper panel or ceiling 22, a rear panel or wall 24, a
      bottom panel 26, a pair of end walls 28, and open front 14. Shelves 20 are
      mounted, preferably adjustably, on suitable uprights at rear wall 24.
PAR  Extending around and adjacent the bottom 26, back 24, and top 22 of display
      area or space 18 is an inner, refrigerated air flow passage or conduit 30
      extending substantially along the length of the case. Passage 30 has an
      elongated, upwardly oriented air flow inlet 32 extending along the lower
      edge of access opening 14, and normally covered by a perforate, heated
      grill 34. At the opposite end of the passage, and opposite inlet 32 across
      open front 14, is a corresponding, elongated air flow outlet nozzle 36,
      normally containing downwardly oriented, air directing means such as
      honeycomb as depicted.
PAR  Within passage 30, preferably along the lower rear portion thereof, as in
      the space behind the downwardly, forwardly sloping back panel 24, is
      evaporator coil means 38 containing the usual tubes and fins, and
      extending generally along the length of the back panel. Such is shown
      arranged here in a plurality of three banks, one above the other. This
      evaporator refrigeration equipment is operably connected with conventional
      condensing unit equipment external of the display case in usual fashion,
      e.g. on the roof of the store, in the rear of the store, or the like, as
      is conventionally done.
PAR  Also within passage 30, preferably at the bottom portion of the display
      case, is a plurality of motor operated fans 40 spaced lengthwise along the
      display case and acting as air propulsion means to constantly circulate
      air drawn into inlet 32, past these fans 40, through passage 30, including
      coils 38, out outlet 36, and down across the open front of the case, i.e.
      in counterclockwise fashion in the depicted form in FIG. 1, as represented
      by the solid arrows, to be recirculated. Passage 30 is basically defined
      between the noted panels 26, 24 and 22 forming one side thereof, and a
      spaced panel or partition 42 extending around the bottom, back and top of
      the case to form the other side of the passage. The refrigerated air
      flowing through passage 30 not only forms an enclosing air curtain in the
      open front of the case, but a protective envelope around the case.
      Partition 42 not only forms the outer wall of inner passage 30, but also
      forms the inner wall of a second adjacent passage 44 which extends around
      the bottom, back and top of the case outwardly of passage 30, relative to
      display space 18. The outer wall of passage 44 is formed by bottom panel
      46, and back and top panel 46'. Passage 44 includes an elongated inlet 48
      adjacent to and outwardly of inlet 32, and having a perforate protective
      grid or grill 50 thereover. Opposite upwardly opening inlet 48 and
      adjacent outlet nozzle 36 is a downwardly oriented, elongated outlet
      nozzle 52 from passageway 44 including air directing means such as
      honeycomb as depicted. Nozzle 52 is preferably at a small acute angle to
      nozzle 36. During normal operation, air is circulated through passage 44
      by a plurality of motor operated fans 54, preferably in the bottom of the
      case. Such fans propel air from inlet 48 through passage 44, enveloping
      the refrigerated air passage 30, and out nozzle 52, to form a protective
      guard curtain of air contiguous with refrigerated inner air curtain across
      the open case front, and returning to outlet 48 for recirculation, all as
      shown by the solid arrows in FIG. 1. During normal operation, the
      temperature of this recirculated guard air through passage 44 is at a
      temperature somewhat higher than the temperature of the inner refrigerated
      air curtain, but below ambient temperature. Fans 54 are spaced
      longitudinally along the passage to obtain relatively uniform flow along
      the length of this passage.
PAR  A third curtain of air at ambient temperature is preferably also employed,
      this curtain not being recirculated around the case, but rather entering
      the case at the top and exiting in front of the rub rail into the aisle.
      The ambient air for this third curtain enters the case through a plurality
      of top inlets 56 covered by perforate grids 58, the air being drawn down
      in by a plurality of motor operated fans 60 spaced longitudinally along
      the top of case 12. The air is then propelled forwardly through elongated
      passage 62 between panels 46' and top panel 64, to third outlet nozzle 66
      directed downwardly across the open front of the case. It is adjacent
      nozzle 52 and preferably at a small acute angle relative thereto. This air
      flow occurs as depicted in the solid lines in FIG. 1. Such air flow, after
      passage across the open front or access opening 14, basically flows in
      front of the rub rail 68 at the lower edge of the access opening, and out
      into the aisle area of the store, so that the ambient air can warm the
      aisle for customer comfort, as well as adding inertia to the total air
      curtain.
PAR  Basically, the construction described in detail above is the normal
      construction known previously, the novel features incorporated into the
      combination being as follows.
PAR  Extending upwardly through the top rear of the display case, from the upper
      rear corner of passage 30, is a plurality of vertically oriented,
      longitudinally spaced hollow sleeves 70, the lower end of each of which
      communicates with the upper rear portion of passage 30, and the upper end
      of each of which communicates with an elongated common plenum chamber 72
      which extends longitudinally along the top of the display case at the rear
      thereof. This plenum has a top panel 74, end panels 28 rear panel 78, and
      front panel 80. A plurality of openings 82 (FIG. 2) extend through top
      panel 74 from the plenum chamber to the ambient atmosphere above the
      display case at the rear thereof. These openings are normally closed by a
      plurality of respective doors 86, each of which is pivotally mounted along
      a side edge to upper panel 74 by hinges 88 (FIG. 2). Each door has an
      upstanding bracket 90 attached thereto, all of which brackets 90 are
      pivotally attached to a common elongated horizontal link 92, one end of
      which is pivotally connected to a crank 94 of a rotational power gear
      motor means 96. Thus actuation of the gear motor to shift crank 94
      angularly upwardly (to the phantom line position depicted in FIG. 2) draws
      link 92 and brackets 90 to pivot the plurality of doors 86 simultaneously
      from a lower closed position, about their hinges 88, to an open up
      position (depicted by the phantom lines in FIG. 2 for the door on the
      left). Deactivation of power to gear motor allows the doors to drop back
      down by gravity bias, supplemented if desired by spring biasing means.
PAR  Mounted within plenum 72, and positioned beneath the respective doors 86 at
      openings 82 are a plurality of respective motor operated exhaust fans 98.
      These motor operated fans, which may be mounted for example to upper panel
      74 by suitable brackets 100, when actuated, serve to draw air from
      passageway 30, through hollow passages 71 formed by sleeves 70, into
      plenum 72 and then propel it out openings 82 for exhausting it to the
      ambient atmosphere.
PAR  The total air propulsion capacity of the plurality of exhaust fans 98 taken
      as a group, is significantly less than the air total propulsion capacity
      of the plurality of refrigerated air circulating fans 40 taken as a group.
      This can be readily achieved by having more fans 40 than fans 98,
      preferably about twice as many. Thus, for example, on a display case eight
      foot long, there will normally be four fans at 40, and two fans at 98, or,
      on a twelve foot display case, there will be six fans at 40 and three fans
      at 98. The results of this difference in propulsion effect will become
      clear.
PAR  The sleeves 70 are spaced sufficiently apart to not seriously affect the
      flow of guard air through passage 44 through which these sleeves protrude.
PAR  In FIG. 4 is depicted a simplified electrical circuit diagram for the
      defrost control components of the display case, i.e. not including heaters
      at the honeycomb or at the air inlets, and not including lights and the
      like which are set forth in detail in previous patents and are now
      conventional and not a significant part of the invention herein. The
      depicted circuit includes a conventional timer (shown as T) and defrost
      relay (shown as DR). The timer T is preset to periodically defrost the
      refrigeration equipment of the display case a certain number of times per
      day, e.g. two, three or four, depending on the circumstances. Also shown
      is a plurality of three motor operated exhaust fan units 98 (shown as EF),
      gear motor 96 (shown as M), and normally open contacts DR1 of relay DR in
      series therewith. Also shown is a plurality of three guard fan units 54
      (shown as GF) in series with the normally closed contacts DR2 of relay DR.
      There are also a plurality of six refrigerated air fan units 40 (shown as
      RF) and a plurality of three ambient air fan units 60 (shown as AF), with
      units 40 and 60 not being electrically operated by the timer operated
      relay DR.
PAR  During normal operation, when product is displayed in space 18 on shelves
      20, air is circulated through passage 30 over coils 38 supplied with
      refrigerant from the condensing unit, by air propelling fans 40, to flow
      out nozzle 36, down across the front of the display case in an air curtain
      form and into return inlet 32. Circulated simultaneously with
      recirculation of this refrigerated curtain, in the same direction, is the
      guard air propelled by fans 54, from inlet 48 through passage 44
      enveloping the case, around sleeves 70, to outlet 52, and down across the
      case contiguous with the refrigerated curtain, to inlet 48. And,
      simultaneously, ambient air is drawn in through inlets 56 by fans 60 and
      propelled through passage 62 and out honeycomb nozzle 66 across the open
      front to be discharged in front of the rub rail to the floor area of the
      aisle. This normal circulation of the inner air curtain and the guard air
      curtain, and the flow of the ambient air curtain during operation are
      shown in FIG. 1 by solid line arrows.
PAR  Periodically, timer T times out to activate the defrost cycle. Upon timer T
      activating the defrost cycle, relay DR is activated causing relay contact
      DR1 to close and contact DR2 to open. When this occurs gear motor M is
      activated opening doors 86 (FIG. 2), exhaust fans 98 are activated and
      guard fans 54 are stopped.
PAR  The refrigerated air circulating fans 40 and the ambient fans 60 continue
      to operate. For the first several minutes of the defrost cycle, because of
      the frost accumulation on the coil, flow of air from fans 40 is restricted
      and ambient air is pulled into passage 30 (as depicted by the broken line
      arrow in FIG. 1) by fans 98. The air that does flow past coils 38 and up
      passage 30 will flow completely up passageways 71 to plenum 72 and exhaust
      fans 98 which propel it out openings 82 at the top of the case.
      Simultaneously the drawing or suction effect of the defrost fans causes
      air to be pulled in a reverse fashion into outlet nozzle 36, basically
      from the ambient air curtain out of nozzle 66, as shown by the broken line
      arrow at the top of FIG. 1, in a reverse direction through passage 30 at
      the top of the case, to flow out passageways 71 to plenum 72 and fans 98
      to be discharged out the top of the case. Thus both ends of passage are
      simultaneously rapidly defrosted while the coils 38 are being gradually
      defrosted.
PAR  After several minutes of this operation during which the ambient air enters
      both ends of passage 30, this passage is cleared of frost except for
      portions remaining on the downstream end of coils 38 i.e. on the upper end
      thereof. At this point, the resistance of warm air flow through the coils
      drops sufficiently that the greater air propulsive capacity of fans 40
      relative to the propulsive capacity of defrost fans 98 causes the volume
      of air flowing past coils 38 to be greater than the suction of fans 98.
      Thus, part of this air flows to the exhaust fans and the remainder flows
      through the top portion of passage 30 and out nozzle 36 in the general
      flow pattern indicated by the broken dot dash line arrows in FIG. 1.
      During the remainder of the defrost cycle, some of the defrosting air,
      cooled somewhat by passage through the air evaporator coils 38, forms a
      lower velocity protective curtain across the open front of the case, into
      inlet 32 and back through fans 40 to lessen the warming effect on the
      product. Once the coil is completely defrosted, thermo disc 83 closes a
      circuit in the time clock which puts the condensing unit back in operation
      and de-energizes the coil of the defrost relay DR thereby opening contact
      DR1 and closing DR2.
PAR  During this defrost cycle, no air is circulated through the guard ducts or
      passage 44 because the guard fan units are not operating. This enables the
      walls of passage 44 to remain cool. Therefore the walls need not be cooled
      down again after termination of defrost. And, no heat is lost warming
      these walls. As a consequence of all of these factors, it has been found
      that the defrost time can be shortened significantly compared to
      electrical defrost. In terms of energy savings alone, it has been
      determined that about 0.93 KWH is saved per day per foot of display case.
      Moreover, the product quality remains higher because of less temperature
      rise during the shorter defrost period.
PAR  Extensive experimentation with this development has proven it to accomplish
      significant energy savings over present commercial units, without added
      cabinet size that would impose shipping problems and without significant
      added production cost that would inhibit its adoption by stores.
PAR  Conceivably, certain minor deviations from the particular preferred
      depicted embodiment of the inventive concept could be incorporated to suit
      a particular case configuration, store environment, display product, or
      the like. Thus, the particular embodiment set forth as illustrative of the
      novel concept is not intended as a limitation of the concept, which is to
      be limited only by the scope of the appended claims and the reasonable
      equivalents thereto.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an upright refrigerated display cabinet having a top, a bottom, a
      rear, a front side, and an access opening in said front side communicating
      a storage and display space within the cabinet with the ambient
      atmosphere, at least two outlets, an inner one and an adjacent one,
      extending across one edge of said access opening; and corresponding inner
      and adjacent inlets extending across the opposite edge of said access
      opening; an inner conduit extending from said inner inlet, around the
      bottom, back and top of said cabinet, to said inner outlet; an adjacent
      conduit extending from said adjacent inlet around said cabinet to said
      adjacent outlet; refrigeration coil means in said inner conduit; a
      plurality of refrigerated air circulating fans in said inner conduit to
      propel air from said inner inlet, across said coil means, to said inner
      outlet, and across said access opening; a plurality of guard air
      circulating fans in said adjacent conduit; the improvement comprising:
      exhaust plenum means at the upper rear of said cabinet; exhaust passages
      extending from said refrigerated air duct, downstream of said coil means,
      to said exhaust plenum means; ports extending from said exhaust plenum
      means through said cabinet top; exhaust fan means in said exhaust plenum
      means oriented to withdraw air from said refrigerated air duct and
      discharge it out said ports; doors over said ports shiftable between a
      port-closing position and a port-opening position; power means for
      shifting said doors to said port opening position; control means operably
      associated with said guard curtain fans, said exhaust fan means and said
      power door shifting means, said control means being operable between one
      condition, for refrigeration, at which said guard curtain fans are
      actuated, said exhaust fan means is deactuated, and said power door
      shifting means is not actuated; and a second condition, for defrost, at
      which said guard curtain fans are deactuated, said exhaust fan means are
      actuated, and said power door shifting means is actuated to open said
      ports.
NUM  2.
PAR  2. The refrigerated display cabinet in claim 1 wherein said plurality of
      refrigerated air circulating fans have significantly greater capacity than
      said defrost fan means.
NUM  3.
PAR  3. In an upright refrigerated display cabinet having a top, a bottom, a
      rear, a front side, and an access opening in said front side communicating
      a storage and display space within the cabinet within the ambient
      atmosphere, at least two outlets, an inner one and an adjacent one,
      extending across one edge of said access opening; and corresponding inner
      and adjacent inlets extending across the opposite edge of said access
      opening; an inner conduit extending from said inner inlet, around the
      bottom, back and top of said cabinet, to said inner outlet; an adjacent
      conduit extending from said adjacent inlet around said cabinet to said
      adjacent outlet; refrigeration coil means in said inner conduit; a
      plurality of refrigerated air circulating fans in said inner conduit to
      propel air from said inner inlet, across said coil means, to said inner
      outlet, and across said access opening; a plurality of guard air
      circulating fans in said adjacent conduit; the improvement comprising:
      exhaust plenum means at said cabinet top at the rear thereof; exhaust
      passages extending from said refrigerated air duct, downstream of said
      coil means, to said exhaust plenum means; ports extending from said
      exhaust plenum means through said cabinet top; exhaust fan means in said
      exhaust plenum means oriented to withdraw air from said refrigerated air
      duct and discharge it out said ports; doors over said ports shiftable
      between a port-closing position and a port-opening position; said
      plurality of refrigerated air circulating fans having sufficiently greater
      capacity than said defrost fan means such that, during the initial stage
      of defrost the impeded flow of air from said refrigerated air circulating
      fans through said coils in a heavily frosted condition enables said
      exhaust fan means to draw air into said inner outlet, while in the latter
      stage of defrost the flow of air through said coils partially passes to
      said exhaust fan means and partially forms a circulating curtain out said
      inner outlet.
NUM  4.
PAR  4. The display cabinet in claim 3 including control means operably
      associated with said guard air circulating fans and said exhaust fan
      means, for deactivating the former and actuating the latter during
      defrost, and for activating the former and deactivating the latter during
      cabinet operation.
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ABST
PAL  A method and apparatus for compressing and expanding a fluid by passing
      said fluid through a rotating continuous flow centrifuge wherein said
      fluid is pressurized by centrifugal action on said fluid by said
      centrifuge rotor. Said rotor is provided with passageways for said fluid
      with vanes placed therewithin assuring that the fluid will rotate with
      said rotor. After compression, said fluid is passed in compressed state
      through nozzles near the periphery of said rotor with said nozzles
      oriented to discharge said fluid backward thus reducing the absolute
      tangential velocity of said fluid. After passing said nozzles, said fluid
      is passed through inward extending passageways to exit near the rotor
      center. Cooling is provided for said fluid during said compression, and
      heating is provided during expansion in said inward extending passages. As
      an alternate, two rotors may be employed, wherein said fluid is passed to
      a second rotor for said expansion and for deceleration. Work is required
      by said fluid during said compression and acceleration, and work is
      produced by said fluid during said expansion.
PARN
PAR  This application is a continuation-in-part application of "Rotary
      Pressurizer," filed 9-20-73, Ser. No. 399,199, now abandoned and
      "Compressing Centrifuge," filed 10-11-73, Ser. No. 405,584.
BSUM
PAR  This invention relates to devices for compressing and expanding gases from
      a lower pressure to a higher pressure by employing a continuous flow
      centrifuge with outward extending passages at the compressing section and
      then having inward extending fluid passages for expansion and for
      deceleration of said fluid.
PAR  In my previous U.S. Pat. Nos. 3,761,195 and 3,793,848, I described similar
      compressors; the compressor-expander of this invention adds some
      improvements intended to reduce the work input to the compressor-expander.
DRWD
PAR  FIG. 1 is a cross section of one form of the compressor, and FIG. 2 is an
      end view of the unit shown in FIG. 1.
PAR  FIG. 3 is a cross section of another form of the compressor, and FIG. 4 is
      an end view of the unit shown in FIG. 3.
PAR  FIG. 5 is a detail of the rotor nozzles.
DETD
PAR  It is an object of this invention to provide a means for adding heat to the
      fluid which is the first fluid, during expansion and deceleration within
      the centrifuge, for reduced work input to said compressor-expander.
PAR  Referring to FIG. 1, therein is shown a cross section of one form of the
      compressor-expander. 10 is casing, 11 is rotor, 12 is heat removal heat
      exchanger, 13 are rotor nozzles oriented to discharge said first fluid
      backward away from the direction of rotation, 14 is first fluid space, 15
      are vanes within the first fluid expansion passage, 16 is heat addition
      heat exchanger, 17 and 26 are rotor seals, 18 and 19 are first fluid
      exits, 20 and 28 are shaft bearings, 21 is rotor shaft, 22 and 27 are
      second fluid inlet and outlet, 23 is bearing support, 24 is casing vent
      into which a vacuum pump may be connected, 25 is second fluid distribution
      conduit, 29 and 31 are first fluid entries, 30 is a vane within outward
      first fluid passage.
PAR  In FIG. 2, an end view of the unit shown in FIG. 1, is illustrated. 10 is
      casing, 15 is a vane, 16 is heat addition heat exchanger, 32 indicates
      direction of rotation, 31 is first fluid inlet, 25 is second fluid
      conduit, 30 is vane, 12 is heat removal heat exchanger, 13 are rotor
      nozzles, 11 is rotor, and 21 is rotor shaft.
PAR  In FIG. 3, another form of the compressor-expander is shown, in cross
      section. 40 is casing, 41 is first rotor, 42 are first rotor nozzles, 43
      is second rotor, 44 is heat addition heat exchanger, 45 is vane, 46 is a
      bearing and seal, 47 and 48 are fluid exits, 64 and 63 are bearings and
      seals, 49 is first rotor shaft, 50 and 51 are third fluid entry and exit,
      52 is bearing support, 53 is second rotor shaft supported by bearing and
      seal 68, 54 is casing vent, into which a vacuum pump may be connected, 68
      is a vane, 55 is heat removal heat exchanger where second fluid is being
      circulated in heat exchange relationship with said first fluid, 56 is
      second fluid distribution conduit, 57 and 61 are first fluid inlets, 58
      and 59 are second fluid inlet and outlet, 62 is rotor seal, and 66 are
      vanes.
PAR  In FIG. 4, an end view of the unit shown in FIG. 3 is illustrated. 40 is
      casing, 41 is first rotor, 42 are first rotor nozzles, 56 is second fluid
      conduit, 61 is first fluid entry, 67 indicates direction of rotation for
      both rotors, 43 is second rotor, 44 is heat addition heat exchanger
      wherein said third fluid is circulated in heat exchange relationship with
      said first fluid, 45 are vanes, 49 is shaft, 66 are vanes, 68 are vanes.
PAR  In FIG. 5, a detail of the rotor nozzles is shown. 70 is rotor wall into
      which nozzles 71 are mounted, 72 indicates orientation of rotor shaft
      about which said rotor rotates in direction indicated by 74, and 73
      indicates first fluid leaving nozzles 71.
PAR  In operation, and referring to FIG. 1, first fluid enters via opening 31
      and enters rotor 11 via opening 29, and is then compressed within rotor
      outward extending passageways with vanes and heat exchanger fins assuring
      that said first fluid will rotate with said rotor. During said
      compression, heat is removed from said first fluid in heat exchanger 12,
      wherein a second fluid is circulated in heat exchange relationship with
      said first fluid. After said compression, said first fluid is discharged
      from nozzles 13 backward in a direction that is away from the direction of
      rotation thus reducing the absolute tangential velocity of said first
      fluid. Said first fluid is then decelerated and expanded in inward
      extending first fluid passageways with vanes and heat exchanger fins
      assuring that said first fluid will rotate with said rotor for recovery of
      work associated with said deceleration of said first fluid. After said
      deceleration, first fluid is discharged via opening 19, and opening 18.
PAR  The operation of the unit shown in FIG. 3 is similar to that described for
      the unit of FIG. 1. After discharge from the nozzles 42, the first fluid
      is passed to a second rotor inward extending passageways for deceleration
      and expansion and for recovery of work associated with said fluid
      deceleration. After said deceleration, said first fluid is passed to exit
      opening 47. Heat is added to said first fluid in heat exchanger 44 wherein
      a third fluid is being circulated in heat exchange relationship with said
      first fluid.
PAR  In the unit of FIG. 1, heat is added to said first fluid in heat exchanger
      16, where said second fluid may be circulated in heat exchange
      relationship with said first fluid; usually, said second fluid is first
      passed through said heat removal heat exchanger 12, and then passed to
      said heat addition heat exchanger 16.
PAR  In the unit of FIG. 3, said second fluid may be passed to heat exchanger 44
      and used as said third fluid. Also, in the unit of FIG. 1, a third fluid
      may be employed in heat exchanger 16, as desired.
PAR  The work input to the compressor of this invention is the difference
      between the work used to accelerate said first fluid to the rotor
      tangential velocity, and the work recovered from said first fluid during
      said expansion and deceleration. Heat removal during compression and
      acceleration reduces the first fluid density and thus results in a higher
      first fluid pressure at rotor periphery for a predetermined rotor
      rotational speed. Heat addition during expansion and deceleration will
      result in a reduced first fluid density, and thus a lesser pressure loss
      in said deceleration, for a predetermined rotor tangential speed.
      Normally, said compression of said first fluid is nearly isothermal,
      depending of second fluid entry temperature, and similarly, the expansion
      of said first fluid may be isothermal, depending of the temperature of the
      heat addition fluid in heat exchangers 44 and 16. Thus, very low work
      input to said compressor results.
PAR  Said second fluid and said third fluid are passed to said heat exchangers
      through passageways within said rotor shafts, and thus the work
      requirement for said fluids is nearly nil.
PAR  The first fluid is normally gas, being compressed to a higher pressure,
      such as air. Said second fluid and said third fluid are usually liquids,
      such as water, but gases also can be used if desired.
PAR  Various gauges and governors may be used with the compressor of this
      invention. They do not form a part of this invention and are not further
      described herein.
PAR  The rotating components of the compressor are normally made of high
      strength materials, usually metals. The heat exchangers are shown to be
      made of finned tubing, but other materials may be used, or the heat
      exchangers built to rotor walls. Vanes are provided to assure that the
      first fluid will rotate with the rotor, and the heat exchanger fins also
      serve as said vanes.
PAR  The unit shown in FIG. 1 has a single rotor, with the first fluid being
      discharged from nozzles 13 backward, and then the vane 15 tips are
      intented to have approximately the same tangential velocity as the first
      fluid entering the spaces between said vanes 15. Many fluids, especially
      gases with high viscosity, may be accelerated by the rotor 11 in space 14,
      thus making it difficult to obtain the desired tangential velocity
      reduction for said first fluid. This difficulty is provided for in the
      unit of FIG. 3, where a second rotor may rotate at any desired speed, thus
      assuring that the first fluid tangential velocity after leaving nozzles 42
      is maintained at a value required for best performance.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a compressor-expander having two rotating rotors with a fluid to be
      compressed being the first fluid, with a first rotor having an entry for
      said first fluid near the center of rotation with said first fluid then
      being accelerated and compressed in outward extending first rotor passages
      and said first fluid then being passed into a second rotor for
      deceleration and expansion, and to exit near the center of rotation of
      said second rotor, with heat being removed from said first fluid in a heat
      removal heat exchanger within said first rotor outward passages by
      circulating a second fluid in heat exchange relationship with said first
      fluid, the improvement comprising:
PA1  a. a heat addition heat exchanger within said inward extending second rotor
      first fluid passages for adding heat to said first fluid during said
      expansion and deceleration, by circulating a third fluid in heat exchange
      relationship with said first fluid, with a third fluid being supplied and
      discharged via passages carried by said second rotor.
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ABST
PAL  In a Hooke's joint comprising two yoke elements interconnected by a
      connecting member, the connecting member has trunnions received in
      respective bearing cups which are fitted in apertures formed in the arms
      of the yoke elements. Each arm of each yoke element has a retaining
      element to retain the associated bearing cup in the opening of the arm.
      The retaining element on one arm of each yoke element is adapted to bias
      the associated bearing cup towards the centre of the joint; whereas the
      retaining element on the other arm of the yoke element is adapted to
      function as a rigid stop to limit movement of the associated bearing cup
      away from the centre of the joint but not to bias the bearing cup inwardly
      of the joint.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  This invention relates to a universal joint of the Hooke's type,
      hereinafter referred to as a Hooke's joint.
PAR  A Hooke's joint comprises two yoke elements which in use rotate about
      respective axes (hereinafter called the rotary axes), these rotary axes
      coinciding in the straight position of the joint. Each yoke element
      includes a base portion and a pair of arms projecting axially from the
      base portion at diametrically opposite positions with respect to the
      rotary axis of the yoke element. The joint further comprises a connecting
      member pivotally connected to the arms of one yoke element and to the arms
      of the other yoke element for movement about respective
      mutually-perpendicular pivot axes which, in the straight position of the
      joint, are also perpendicular to the rotary axes of the yoke elements. The
      shafts or other rotary elements which are required to be coupled through
      the intermediary of the joint are integral with or connected to the base
      portions of respective yoke elements.
PAR  A common construction of Hooke's joint includes yoke elements, each of
      which has a pair of aligned circular openings formed one in each arm of
      the element, bearing cups in these openings, trunnions provided on the
      connecting member and received in respective ones of the bearing cups and
      needle bearings interposed between the trunnions and the bearing cups.
      Four retaining elements are provided, one on each arm of each yoke
      element, to retain the associated bearing cups within their respective
      openings.
PAR  It is desirable to avoid movement of the connecting member relative to
      either of the yoke elements in a direction along the pivot axis of that
      yoke element. Such movement will cause wear of components of the joint and
      will enable the centre of gravity of the connecting member to move from
      the rotary axis of one or both yoke elements so that the joint is out of
      balance. Rotation of a Hooke's joint in an out of balance condition
      generates vibration which can give rise to serious wear and to excessive
      generation of noise.
PAR  When the components of Hooke's joints are formed in a reasonably economical
      manner, it is inevitable that the dimensions of the components will vary
      within acceptable tolerance ranges. The existance of such variations gives
      rise to difficulty in avoiding freedom for movement of the connecting
      member relative to the yoke elements along the pivot axes thereof.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention we provide a Hooke's joint wherein the
      connecting member includes trunnions which are received in openings formed
      in respective arms of the yoke elements and retaining means is provided on
      each arm for controlling movement of the associated trunnion relative to
      the arm in a direction outwardly of the joint, characterised in that the
      retaining means on one arm of each yoke element is adapted to bias the
      associated trunnion in a direction inwardly of the joint along the pivot
      axis of the yoke element and in that the retaining means on the other arm
      of each yoke element is adapted to function as a rigid stop, positively to
      limit movement of the associated trunnion in a direction outwardly of the
      joint but not to bias the trunnion inwardly of the joint.
PAR  With this construction, the connecting member normally adopts a limit
      position relative to the yoke elements which is defined by the retaining
      means adapted to function as a stop. During manufacture, the joint would
      be balanced with the connecting member in this limit position.
PAR  A Hooke's joint in accordance with the present invention has a considerable
      advantage over a Hooke's joint wherein there is provided on each arm of
      each yoke element a retaining element which is adapted to bias the
      associated trunnion in a direction inwardly of the joint along the pivot
      axis of the yoke element. With this latter construction, there is
      substantially no opposition to a very small movement of the connecting
      member relative to the yoke elements, since the retaining elements bias
      the connecting member in opposite directions. Movement of the connecting
      member in one direction along the pivot axis of a yoke element is opposed
      by one retaining element and assisted by the other retaining element.
      Thus, it is possible for the connecting member to move relative to the
      yoke elements to a position in which the centre of gravity of the
      connecting member is offset from one or both rotary axes. If the joint if
      rotated in this condition, further displacement of the connecting member
      relative to the yoke elements will be promoted by centrifugal action. It
      will be appreciated that in a Hooke's joint where each yoke arm is
      provided with a retaining element adapted to bias the associated trunnion
      inwardly of the joint, the joint can become unbalanced in use and give
      rise to vibration.
PAR  In a Hooke's joint constructed in accordance with the present invention,
      any movement of the connecting member relative to the yoke elements out of
      the limit position is opposed by the retaining means adapted to bias the
      trunnions but is not assisted by any of the retaining means.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a Hooke's joint in accordance with the invention partly in
      side elevation and partly in cross-section;
PAR  FIG. 2 shows on an enlarged scale a plan view of a first form of retaining
      element incorporated in the joint of FIG. 1;
PAR  FIG. 3 shows the retaining element of FIG. 2 in end elevation;
PAR  FIG. 4 shows the retaining element in section on the line 4--4 of FIG. 2;
PAR  FIG. 5 shows, to the same scale as FIG. 2, a second form of retaining
      element incorporated in the joint of FIG. 1;
PAR  FIG. 6 shows the retaining element of FIG. 5 in end elevation;
PAR  FIG. 7 shows the retaining element in section on the line 7--7 of FIG. 5,
PAR  FIG. 8 shows in side elevation a further example of Hooke's joint in
      accordance with the invention, and
PAR  FIG. 9 is a fragmentary sectional view on the line IX -- IX of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION
PAR  The joint illustrated in FIG. 1 comprises two yoke elements 10 and 11
      which, when the joint is in use, rotate about respective rotary axes. In
      the straight position of the joint, which is illustrated in FIG. 1, these
      axes coincide and are indicated by the reference numeral 12. Each yoke
      element includes a tubular base portion (not shown) and a pair of arms 14
      and 15 integral with the base portion and projecting therefrom in the
      axial direction at diametrically opposite positions with respect to the
      axis 12.
PAR  The arms 14 and 15 of each yoke element are formed with respective circular
      openings 16 which lie on a pivot axis 17 of the yoke element, this pivot
      axis being perpendicular to the rotary axis of the yoke element. A bearing
      cup 18 is received in each of the openings 16, these bearing cups
      containing needle bearings 19 and receiving respective trunnions 20 of a
      connecting member 21. The yoke elements 10 and 11 are therefore connected
      together through the intermediary of the connecting member 21, which
      member can pivot relative to each of the yoke elements about the pivot
      axis 17 of the yoke element.
PAR  A thrust washer 22 is interposed between the end face of each trunnion 20
      and the end wall of the associated bearing cup 18 so that forces directed
      along the corresponding pivot axis can be transmitted from each trunnion
      to the associated bearing cup without interfering with relative pivoting
      movement.
PAR  For controlling movement of each bearing cup 18 relative to the associated
      yoke arm 14 or 15 in a direction outwardly of the joint, and thereby
      retaining the bearing cups within their respective openings 16, each of
      the yoke arms is provided with a retaining element. The retaining element
      provided on the arm 14 of each yoke element is indicated by the reference
      numeral 23 and is shown in detail in FIGS. 2 to 4. The retaining element
      provided on the arm 15 of each yoke element is indicated by the reference
      numeral 123 and is shown in detail in FIGS. 5 to 7.
PAR  The retaining element 23 is of plate-like form and is of rectangular shape,
      as viewed in plan. Two U-shaped slots 24 are pierced in the retaining
      element to form corresponding fingers 25 which are of substantially
      rectangular shape. These fingers are integrally connected with the
      remainder of the retaining element at positions near to the centre of the
      retaining element, the fingers projecting in opposite longitudinally
      outward directions towards the shorter margins of the retaining element.
      The fingers 25 are bent from the plane of adjacent portions of the
      retaining element in the same direction, a downward direction as viewed in
      FIG. 4.
PAR  End portions 26 of the retaining element 23, each of which end portions
      lies between a respective one of the slots 24 and an adjacent shorter
      margin of the retaining element, are deformed to a shallow channel shape,
      as the retaining element is viewed in end elevation. A mid-region of each
      of the end portions 26 is displaced downwardly slightly relative to the
      opposite lateral regions of the end portions, typically by a distance less
      than the thickness of the material of which the retaining element is
      formed. Corner portions 27 of the retaining element are also bent
      downwardly. The retaining element is also bent along a line which lies
      mid-way between the end portions 26 into a shallow V-shape, as viewed in
      side elevation. The apex 28 of this V-shape is presented downwardly, as
      seen in FIG. 4.
PAR  A part of the thickness of each of the yoke arms 14 and 15 is removed over
      a substantially rectangular area adjacent to the free end of the arm, this
      area including the opening 16, to form a recess in the radially outwardly
      presented surface of the arm. Along two opposite boundaries of this recess
      there are formed undercut lips 29 which define respective grooves 30. The
      lengths of these grooves 30 extend in a direction perpendicular to both
      the pivot axis and rotary axis of the yoke element in which the grooves
      are formed. Each of the grooves 30 is open at both ends.
PAR  When the joint is assembled, the grooves 30 of the yoke arm 14 of the yoke
      element 10 receive an anchorage portion constituted by respective marginal
      parts of the end portions 26 of the retaining element 23 so that a further
      part of the respective end portion projects from the mouth of each of the
      grooves 30 to overlie the associated bearing cup 18. As the retaining
      element 23 is forced into the grooves 30, the channel shape of the end
      portions 26 and the bent corner portions 27 will be deformed somewhat and
      a tight fit of the retaining element within the groove 30 is thereby
      assured.
PAR  The outwardly presented end face of each of the bearing cups 18 is formed
      with a groove 31 which extends from one side of the bearing cup to the
      other in a direction parallel to the rotary axis of the associated yoke
      element. As the retaining element 23 is forced into the grooves 30, the
      fingers 25 will be displaced resiliently outwardly of the joint by
      engagement with the end wall of the bearing cup. Such displacement is
      permitted partly by deflection of the fingers themselves relative to
      adjacent parts of the retaining element, and partly by resilient bending
      of the retaining element as a whole about the apex 28 so that the
      retaining element deforms towards a flat condition. However, when the
      retaining element is inserted sufficiently far along the grooves 30 for
      the fingers 25 to be aligned with the grooves 31, the fingers will snap
      into this groove and thereby prevent further displacement of the retaining
      element relative to the yoke element. The fingers will also restrain the
      bearing cup against angular movement relative to the yoke element about
      the pivot axis 17 of the yoke element, since abutment faces of the cup
      which define the sides of the groove 31 engage with abutment faces of the
      retaining element presented by the fingers 25.
PAR  Portions of the bearing cup 18 alongside the groove 31 will engage the apex
      28 of the retaining element 23 and axial thrust transmitted from the
      associated trunnion to the bearing cup will be transferred to the
      retaining element at this apex. The retaining element 23 is so formed that
      it defines a shallower V-shape when the joint is assembled than it does
      when the retaining element is free of external constraint. Thus, the
      retaining element will bias the associated bearing cup 18 in a direction
      inwardly of the joint. The retaining element can yield resiliently to
      permit movement of the bearing cup in a direction outwardly of the joint
      until the V-shape of the retaining element is substantially flattened and
      the bearing cup engages with the end portions 26 of the retaining element
      where these end portions project from the grooves 30. Since these end
      portions are of shallow channel shape and are a close fit within the
      grooves 30, these end portions will not deflect resiliently under pressure
      from the bearing cup. It will therefore be understood that movement of the
      bearing cup relative to the associated yoke element in a direction
      outwardly of the joint is positively limited by the retaining element.
      Under normal conditions of use, the bearing will be engaged only by a
      constraining portion of the retaining element constituted by the fingers
      25 and apex 28.
PAR  The retaining element 123 differs from the retaining element 23 shown in
      FIGS. 2, 3 and 4 in that it is not bent to a shallow V-shape, as viewed in
      side elevation. In other respects the element 123 is similar to the
      element 23 and corresponding parts are indicated in FIGS. 5, 6 and 7 by
      like reference numerals with the prefix 1. End portions 126 of the
      retaining element 123 are bent to a shallow channel shape, as viewed in
      end elevation, similar to the channel shape of the end portions 26 of the
      element 23. Accordingly, this further retaining element is, relative to
      the element 23, rigid and incapable of biasing the associated bearing cup
      in a direction inwardly of the joint. The further retaining element is,
      however, adapted to function as a rigid stop to limit movement of the
      associated bearing cup in a direction outwardly of the joint. In the
      assembled joint the associated bearing cup 18 engages with the end
      portions 126 of the retaining element 123 adjacent to the grooves 30. As
      these end portions are not significantly flexible, they prevent outward
      movement of the bearing cup. The further retaining element is mounted in
      the grooves 30 formed in the arm 15 in a manner exactly analogous to the
      mounting of the element 23 in grooves formed on the arm 14.
PAR  When the joint is assembled, the retaining element 123 is inserted before
      the retaining element 23. When inserted, the element 23 urges the
      connecting member 21 in a direction towards the retaining element 123
      mounted on the arm 15. Thus the connecting member normally occupies a
      limit position relative to the yoke element 10 which is defined by the
      retaining element 123. Forces which may be applied to the connecting
      member during normal use of the joint would be insufficient to displace
      the connecting member from this limit position.
PAR  The arms 14 and 15 of the yoke element 11 are provided with retaining
      elements, one of these being identical with the retaining element 23 and
      the other being identical with the retaining element 123 hereinbefore
      described. It will be understood that all four retaining elements are
      mounted in a similar manner on their respective yoke arms and that the
      retaining elements associated with the yoke element 11 co-operate with
      respective bearing cups 18 in a manner exactly analogous to that in which
      the retaining elements associated with the yoke element 10 co-operate with
      respective bearing cups.
PAR  The yoke elements 10 and 11 of the joint illustrated in FIG. 1 are each
      formed from tubular metal stock. In FIGS. 8 and 9 there is illustrated a
      joint having yoke elements which are formed by a forging operation. The
      joint shown in FIGS. 8 and 9 incorporates the retaining elements 23 and
      123 hereinbefore described with reference to FIGS. 2 to 6. Certain other
      parts of the joint shown in FIGS. 8 and 9 correspond to parts already
      described with reference to FIG. 1. Such corresponding parts are indicated
      in FIGS. 8 and 9 by like references with the prefix 2 and the preceding
      description is deemed to apply, except for the differences hereinafter
      mentioned.
PAR  The arms 214 and 215 of each of the forged yoke elements 210 and 211 are
      formed with respective flat surfaces surrounding the openings 216 in which
      the bearing cups 218 are received. Along two opposite margins of each such
      flat surface there are formed grooves 230 in which the shorter margins of
      the retaining elements 23 and 123 are received. The arm 215 of each yoke
      element which receives the retaining element 123 adapted to function as a
      rigid stop is formed with a pair of small projections 233 situated at
      opposite sides of the opening 216 and midway between the grooves 230.
      These projections enable the arms 215 to be distinguished from the arms
      214 intended to receive the retaining elements 23 which are adapted to
      bias the associated trunnions. Furthermore, the projections 233 prevent
      insertion of the retaining element 23 into the grooves 30 of the arm 215,
      as the apex 28 of the retaining element could not pass over the
      projections 23.
PAR  As can be seen from FIG. 9, that part of an end portion 126 of a retaining
      element 123 which is received in one of the grooves 230 is an interference
      fit in the groove and that part of the end portion 126 which lies outside
      the groove 230 is engaged with the end face of an associated bearing cup
      218. As the end portion 126 is of shallow U-shape, it is substantially
      inflexible and acts as a rigid stop against which the bearing cup is urged
      by the corresponding retaining element 23.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a Hooke's joint comprising two yoke elements, each having first and
      second arms, four bearing cups disposed within respective openings formed
      one in each of said arms, a connecting member having four trunnions, each
      trunnion received within a respective one of the bearing cups and
      retaining means provided on the yoke arms for retaining respective ones of
      the bearing cups within respective ones of said openings, the improvement
      wherein:
PA1  the retaining means provided on said first arm of each yoke element
      comprises a first retaining element,
PA1  an anchorage portion of said first retaining element is engaged with said
      first arm and is held in a fixed position with respect to said first arm,
PA1  a constraining portion only of said first retaining element is engaged with
      the respective bearing cup,
PA1  said constraining portion is spaced from said anchorage portion and is
      resiliently-displaceable relative thereto,
PAR  the retaining means provided on said second arm of each yoke element
      comprises a second retaining element,
PA1  an anchorage portion of said second retaining element is engaged with said
      second arm and is held in a fixed position with respect to said second
      arm,
PA1  a respective one of said bearing cups is engaged with a constraining
      portion of said second retaining element, and
PA1  said constraining portion of the second retaining element adjoins the
      anchorage portion thereof and is substantially immovable relative to said
      anchorage portion,
PAL  whereby said first retaining element is adapted to bias the associated
      bearing cup in a direction inwardly of the cup and said second retaining
      element is adapted to function as a rigid stop positively to limit
      movement of the associated bearing cup in a direction outwardly of the
      joint but not to bias the bearing cup inwardly of the joint.
NUM  2.
PAR  2. The improvement according to claim 1 wherein the anchorage portion of
      each retaining element comprises two opposite marginal portions and said
      constraining portions are between the marginal portions.
NUM  3.
PAR  3. The improvement according to claim 2 wherein each of said yoke arms is
      formed with a pair of parallel grooves which face each other across the
      opening of the arm and said marginal portions of the retaining element
      provided on the arm are received one in each of said grooves.
NUM  4.
PAR  4. The improvement according to claim 3 wherein said first retaining
      element is of plate-like form and is bent to a shallow V-shape including
      an apex, said marginal portions are spaced from and are on opposite sides
      of the apex, and said constraining portion includes the apex.
NUM  5.
PAR  5. The improvement according to claim 3 wherein each of said marginal
      portions of the second retaining element and the adjoining constraining
      portion are channel-shaped in cross-section, the base and sides of the
      channel being common to the marginal portion and adjoining constraining
      portion.
NUM  6.
PAR  6. The improvement according to claim 3 wherein each bearing cup and the
      retaining element associated therewith have respective mutally-engaged
      abutment faces which are presented in directions extending lengthwise of
      said grooves formed in the yoke arms and prevent movement of the retaining
      element along said grooves.
NUM  7.
PAR  7. The improvement according to claim 6 wherein each bearing cup has an end
      face, a groove is formed in said end face, said abutment faces of the cup
      define the sides of the groove formed in said end face, and the retaining
      element has fingers which extend into said groove formed in the end face
      of the associated bearing cup and present said abutment faces of the
      retaining element.
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ABST
PAL  A rotary power driven portable hand tool having a simplified torque
      responsive clutch assembly. The clutch includes a spindle having a
      radially outwardly extending flange, a clutch carrier rotatable about the
      flange, the clutch carrier carrying a plurality of clutch balls which are
      forced into engagement with one face of the flange by a compression spring
      being held in place by adjustable spring retaining means carried by the
      spindle. In one embodiment the face of the flange contacted by the balls
      is provided with a cam surface having a plurality of spaced apart
      recesses, there being a washer interposed between the balls and the end of
      the spring adjacent the balls. In a second embodiment a sleeve member is
      keyed to the spindle and is disposed between the compression spring means
      and the clutch balls, the sleeve member being reversible and having cam
      surfaces of different ranges on its opposed faces, one of which faces
      engages the balls to hold them against the face on the flange formed on
      the spindle.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to portable power tools of the type
      which are adapted to rotatably drive an output member, and more
      particularly, to a portable hand tool of the type referred to above in
      which torque responsive clutch means are provided to limit the output
      torque.
PAC  BACKGROUND OF THE INVENTION
PAR  Portable hand tools having torque responsive clutches which are coupled to
      a driven output member are well-known in the art. One such example is
      shown in U.S. Pat. No. 3,766,990 issued Oct. 23, 1973 to Eckman, et al. In
      the design shown in the patent a rotatable spindle, which is adapted to be
      interconnected with a driven output member, is in turn driven by a drive
      member through a torque responsive clutch. In Eckman, et al. a clutch
      carrier is secured to his output spindle, the clutch carrier supporting a
      plurality of clutch balls which engage a cam member having a plurality of
      spaced apart recesses. A compression spring normally biases the clutch
      balls into the recesses of the cam member but when an overload torque
      condition is encountered by the driven output member, the clutch balls
      will be cammed out of the recesses. In the design shown in the patent and
      in other well-known commercial variations of this form of torque
      responsive clutch it is necessary to provide thrust bearings of various
      forms which receive the thrust forces exerted by the spring, the thrust
      bearings transmitting the thrust forces either to the spindle in the
      manner shown in the Eckman, et al. patent or to a cylindrical housing
      disposed about the rotatable spindle in the manner shown in the U.S. Pat.
      No. 3,020,789 issued Feb. 13, 1964 to Etzkorn, the thrust bearing being
      indicated at 26 in this particular patent.
PAR  The foregoing designs are relatively difficult to assemble, and also are
      somewhat more costly than the design shown in this application in that
      they require thrust bearings.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a principle object of the present invention to provide a torque
      responsive clutch design of simplified construction which may be employed
      in portable power tools.
PAR  More particularly, it is an object of the present invention to provide a
      torque responsive clutch for a portable hand tool in which spring forces
      are transmitted directly to a rotatable spindle without the necessity of
      thrust bearings.
PAR  It is a further object of the present invention to provide a torque
      responsive clutch for use in a portable power tool in which the torque
      required to interrupt the drive can easily be varied within a given range.
PAR  A still further object of the present invention is to provide a torque
      responsive clutch for portable power tools in which various torque ranges
      may be provided.
PAR  Another object of this invention is the provision of an adjustable clutch
      screwdriver which is smaller in size for a given power output than prior
      devices.
PAR  It is also an object to provide an adjustable clutch screwdriver in which
      the torque increase during ratcheting after the clutch has disengaged is
      minimized.
PAR  These and other objects and advantages of the present invention are
      accomplished by providing a torque responsive clutch for a portable power
      tool in which a rotatable spindle is provided with an integral radially
      outwardly extending flange, by journalling a clutch carrier about the
      radially outwardly extending flange, the clutch carrier supporting a
      plurality of clutch elements in the form of balls for rotational movement
      with the clutch carrier, by disposing a spring about the spindle, and by
      providing retaining means adjustably interconnectable with the spindle to
      compress the spring, the spring normally biasing the balls into contact
      with one face of the flange. In a first embodiment the face of the flange
      is provided with a cam surface having a plurality of spaced apart recess
      means. In a second embodiment the sleeve member is interposed between the
      compression spring and the clutch balls, the sleeve member being rotatable
      with the spindle and having a cam surface on the radial face adjacent the
      clutch balls, the cam surface having a plurality of spaced apart recesses.
      In both modifications the clutch carrier is further provided with positive
      clutch teeth which may be selectively moved into and out of engagement
      with drive teeth on the drive means of the power tool.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a power tool incorporating the present invention
      wherein a portion of the housing has been broken away.
PAR  FIG. 2 shows a portable power tool in which the principles of the present
      invention have been incorporated in a first embodiment, parts of the tool
      being shown in section, the positive clutch teeth being shown in their
      disengaged position, and the torque responsive clutch being shown in its
      engaged position.
PAR  FIG. 3 is a view showing a portion of the tools shown in FIG. 1, the
      positive clutch teeth being shown in their engaged position and the torque
      responsive clutch also being shown in its engaged position.
PAR  FIG. 4 is a view similar to FIG. 2 showing the positive clutch teeth in
      engagement and the torque responsive clutch in its disengaged position.
PAR  FIG. 5 is a section taken generally along the line 5--5 in FIG. 2, parts
      being eliminated for purposes of clarity.
PAR  FIG. 6 is a section taken along lines 6--6 in FIG. 2.
PAR  FIG. 7 is a section taken along a line 7--7 in FIG. 3.
PAR  FIG. 8 is a sectional view of only the spindle, this section also being
      taken along the lines 7--7 in FIG. 3.
PAR  FIG. 9 is an exploded perspective view of various of the components shown
      in the preceding Figures.
PAR  FIG. 10 is a view illustrating a second embodiment of the present
      invention, this view being comparable to FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to the first embodiment shown in FIGS. 1 through 8 and more
      particularly to FIG. 1, the rotary power driven portable hand tool in
      which the principles of this invention are incorporated as indicated
      generally at 10. The tool includes a main housing 12, and a removable
      generally cylindrical housing portion 14. Mounted within the main housing
      12 is a power source which may be an electrical motor, an air motor, or
      the like. The motor may receive its power source through a power cord or
      the like. The motor in turn is connected to driving means indicated
      generally at 16. The driving means is in turn interconnectable with a
      torque responsive clutch assembly indicated generally at 18, the torque
      responsive clutch assembly being mounted within the removable housing
      portion 14. The torque responsive clutch assembly is in turn
      interconnectable with a driven output member 20 by a retainer or the like,
      which is indicated at 22, the retainer or the like being mounted upon a
      portion of the torque responsive clutch assembly in a manner not material
      to the present invention. The details of the retainer or the like also are
      not material to the details of the present invention.
PAR  The torque responsive clutch assembly includes first and second members
      which are interconnectable with the drive means 16 and the driven output
      member 20. In the first preferred embodiment the first member is a
      rotatable spindle 24 which is interconnectable with the driven output
      means 20 and the second member is a clutch carrier 26 which is journalled
      about the spindle for independent rotational movement, the clutch carrier
      being interconnectable with the driving means 16 through a positive clutch
      arrangement which will be discussed below. It should be noted at this
      point that the rotatable spindle could be interconnected with the drive
      means and the clutch carrier 26 could be interconnected with the driven
      output member.
PAR  The torque responsive clutch assembly includes, in addition to the
      rotatable spindle 24 and the clutch carrier 26, a compression spring 28
      which is disposed about the spindle 24; spring retaining means indicated
      generally at 30, one end of the compression spring 28 being held in
      compression by the spring retaining means; a washer 32 disposed adjacent
      the other end of the compression spring; and a plurality of clutch
      elements or clutch balls 34 which are carried by the clutch carrier 26.
      The spindle 24, which is best illustrated in FIG. 9, includes a radially
      outwardly extending flange portion 36 which is preferably formed
      integrally with the spindle, one face 38 of the flange 36 being provided
      with a cam surface having a plurality of spaced apart recess means 40. In
      the normal operative position of the tool, which is shown in FIG. 3, the
      spring 28, which is held in compression between the spring retaining means
      30 and the face 38 on the flange portion 36, will force the clutch balls
      34 into the spaced apart recesses 40. This will establish a driving
      relationship between the clutch carrier 26 and the spindle 24 as the balls
      34 are rotatable with the clutch carrier. Thus, the clutch carrier is
      provided with cylindrical pockets 42 which receive the balls 34, the axis
      of the cylindrical pockets being parallel to the axis of the clutch
      carrier and lying along a cylindrical locus concentric with the axis of
      the clutch carrier. The balls can only shift along the axis of the
      pockets.
PAR  The spring retaining means is longitudinally adjustable about the axis of
      the spindle and includes a washer 44, the washer being provided with a key
      46 which is received within a longitudinally extending groove 48 on the
      spindle. Thus, the washer is held from rotation relative to the spindle
      but can be shifted longitudinally along the axis of the spindle. The
      spring retaining means also includes a nut 50 which is internally threaded
      and is in turn threaded onto the threads 52 of the spindle. The adjacent
      faces 54, 56 of the nut and washer, respectively, are provided with an
      irregular mating surface which can best be seen in FIGS. 2 and 9. When the
      spring is compressed the washer 44 will bear against the nut 50 and the
      mating surface 56 of the washer will engage the mating surface 54 of the
      threaded nut to hold the nut from rotation. By adjusting the spring
      retaining means 30 (by rotating the nut on a threaded portion 52 of the
      spindle) the compressive force of the spring can be varied to vary the
      torque required to move the clutch elements 34 out of the corresponding
      spaced apart recess means 40.
PAR  The clutch carrier 26 is journalled about the outer edge 58 of the flange
      36 and is held from longitudinal shifting movement relative to the spindle
      by a retaining ring 60 and the forward portion of the clutch carrier 26
      which contacts the face 38 of the flange between the bores or pockets 42.
      The spindle 24 is journalled at its forward end by a bearing sleeve 62
      which is secured to the spindle, the outer surface of the bearing sleeve
      62 bearing against an internal bearing surface 64 of the removable housing
      portion 14. The other end of the spindle 24 is provided with a cylindrical
      extension 66 which is journalled for rotation within a corresponding
      recess 68 in one of the elements of the driving means 16.
PAR  The driving means 16 includes a first driving member 70 which is
      interconnected with the motor in the tool, the first driving member
      including a shaft 72 provided with external splines 74, the end of the
      shaft 72 next to the torque responsive clutch assembly being provided with
      the recess 68 that receives the cylindrical extension 66 of the spindle
      24. The second driving member 76 is provided with internal splines 77 and
      is disposed over the splines 74 on the cylindrical shaft 72 of the first
      driving member to be driven thereby, the second driving member including
      radially outwardly extending clutch teeth 78 for effecting a positive
      clutch interconnection with the carrier 26. The second driving member 76
      is held on the spline shaft 72 by the retaining ring 80. The positive
      clutch teeth 78 on the second drive member are adapted to be meshed with
      corresponding positive clutch teeth 82 on the clutch carrier 26. A
      compression spring 84 is mounted within the recess 68, one end of the
      spring 84 carrying a pin 86 having a rounded head which engages the
      periphery of a small cylindrical counter-bore 88 in the end of the
      cylindrical extension 66.
PAR  The operation of the modification shown in FIGS. 1 through 8 is as follows:
PAR  When the parts are at rest they are in the position shown in FIG. 2. In
      this position the compression spring 84 and pin 86 through the engagement
      with the periphery of the cylindrical counter-bore 88 will force the
      torque responsive clutch assembly to the left until the tapered surface 90
      on the clutch carrier contacts a corresponding tapered surface 92 on the
      removable housing portion 14. When the parts are in this position the
      positive clutch teeth 78, 82 will be disposed in a position where they
      cannot engage each other, thus positively interrupting the drive to the
      torque responsive clutch assembly. In order to start driving the driven
      output member 20 it is necessary to shift the torque responsive clutch
      assembly to the right to cause the teeth 78, 82 to become engaged. This is
      accomplished simply by exerting a force upon the driven output member to
      shift it to the right and after it has been shifted to the right the parts
      will be disposed in the manner indicated in FIG. 3. Thus, the torque
      responsive clutch assembly has been shifted to the right to cause the
      teeth 78, 82 to mesh. The tapered surfaces 90, 92 are no longer disposed
      in engagement with each other. In addition, the sleeve bearing 62, the
      retainer 22 and the driven output member 20 have also been shifted to the
      right. This condition could obviously take place when the driven output
      member is the bit of a screwdriver which is being brought to bear against
      a screw that is to be threaded into a workpiece. If the force to the right
      which is being exerted upon the driven output member 20 were removed the
      parts will again be shifted to the left by the action of the spring 84,
      the various shiftable parts assuming the position shown in FIG. 1 with the
      tapered surfaces 90, 92 interengaging each other and preventing the
      spindle from rotating.
PAR  Should an overload torque condition be encountered by the driven output
      member 20 after the positive clutch teeth have been engaged the clutch
      element or balls 34 will ride out of the spaced apart recesses 40 and
      ratchet about the recesses while effecting a preset driving torque
      condition between the clutch carrier 26 and the rotatable spindle 24. When
      this condition occurs the parts will be disposed in the position shown in
      FIG. 4 and it can be seen that the spring has been further compressed and
      the balls have moved out of the recesses 40.
PAR  All of the forces exerted by the spring 28 are received by the spindle 24.
      The force exerted by the left hand end of the spring is transmitted to the
      spindle through the washer 44, nut 50 and threads 52 and the force exerted
      by the right hand end of the spring 28 is transmitted to the spindle
      through the washer 32, clutch element 34, and face 38 of the outwardly
      extending flange 36.
PAR  The torque required to overload the torque responsive clutch assembly may
      be varied within a torque range by merely adjusting the threaded position
      of the nut 50. Thus, by moving the nut to the left the torque required to
      override the clutch is reduced. Similarly, by threading the nut to the
      right the torque required to overload the clutch is increased. In
      addition, the torque range may be varied by substituting stronger or
      weaker springs 28. The servicing and adjustment of the clutch is easily
      accomplished by unscrewing the removable housing portion 14 from the main
      housing 12 and this is accomplished through the provision of threads 94
      between the two portions of the housing.
PAR  In FIG. 10 a second modification is illustrated. This modification differs
      from the modification shown in FIGS. 1 through 9 in that a sleeve member
      100 is mounted about a rotatable spindle, the rotatable spindle being
      provided with splines 102 which cooperate with internal splines on the
      sleeve member. Thus, the sleeve member is free to shift longitudinally
      with the spindle but must rotate therewith. The faces 104, 105 of the
      sleeve member are provided with cam surfaces having spaced apart recess
      means 106, 107, the recesses 106 being of a differing depth than the
      recesses 107. The face of the flange 36 which is contacted by the clutch
      elements or balls 34 is not provided with a cam surface but is provided
      with a continuous groove or ball track 108. In this modification, when an
      overload torque condition is encountered the sleeve member 100 will be
      shifted to the left permitting the clutch elements 34 to ratchet about the
      recesses formed in the associated face. One advantage of this design is
      that the torque ranges may be varied by removing the sleeve member from
      the spindle and reversing it so that a second torque range may be provided
      for without the necessity of carrying loose parts in the form of
      additional springs of different strengths as would be required in the
      first modification. Within each torque range the torque may be varied by
      simply adjusting the nut 50 in the manner previously described.
PAR  While preferred structures in which the principles of the present invention
      have been incorporated are shown and described above, it is to be
      understood that the invention is not to be limited to the particular
      details shown and described above, but that, in fact, widely different
      means may be employed in the practice of the broader aspects of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary power driven portable hand tool having drive means and
      adapted to receive driven output means, the combination therewith of a
      torque responsive clutch comprising:
PA1  a clutch carrier and a rotatable spindle interconnected with said drive
      means and the driven output means, respectively, said clutch carrier being
      journalled about said spindle for independent rotational movement;
PA1  first radial face means formed integrally on said spindle, second radial
      face means confronting said first radial face means, one of said face
      means being provided with a cam surface having spaced apart recess means,
      and at least said one face means being rotatable with said spindle;
PA1  a plurality of clutch elements rotatable with said clutch carrier, said
      clutch elements being disposed between said confronting face means;
PA1  compression spring means disposed about said spindle, one end of the
      compression spring means being operable to bias one of said face means
      axially toward the other face means whereby said clutch elements are
      normally forced into said spaced apart recess means; and
PA1  spring retaining means mounted upon said spindle and operative to engage
      the other end of a compression spring means to hold said compression
      spring means in compression;
PA1  the parts being so arranged and constructed that when overload torque
      conditions are encountered by the driven output means the clutch elements
      will move out of said spaced apart recess means to temporarily interrupt
      the drive between said first and second members, said clutch elements
      automatically moving back into said spaced apart recess means to reengage
      the drive between said first and second members when said overload torque
      conditions are removed, and the forces exerted by said spring at all times
      being transmitted to the spindle by the spring retaining means and said
      first face means being independent of thrust bearing means.
NUM  2.
PAR  2. The rotary power driven portable hand tool set forth in claim 1 in which
      said spring retaining means is mounted for longitudinal adjustment along
      the axis of said spindle, whereby the force exerted on the clutch elements
      by said compression spring means may be varied to vary the torque required
      to move the clutch elements out of their associated spaced apart recess
      means.
NUM  3.
PAR  3. The rotary power driven portable hand tool set forth in claim 2 in which
      said spring retaining means includes a washer keyed about the axis of said
      spindle, one face of said washer engaging the compression spring means,
      and a nut threaded about said spindle, one face of said nut engaging
      another face of said washer and being provided with mating irregular
      surfaces.
NUM  4.
PAR  4. The rotary power driven portable hand tool set forth in claim 1 wherein
      said clutch carrier is journalled about the radially extending flange of
      said spindle.
NUM  5.
PAR  5. The rotary power driven portable hand tool set forth in claim 1 wherein
      said clutch carrier is provided with positive clutch means selectively
      engagable with one of said drive means or said driven output means.
NUM  6.
PAR  6. The rotary power driven portable hand tool set forth in claim 1 wherein
      said clutch carrier is provided with a plurality of cylindrical pockets
      which extend longitudinally relative to the axis of the spindle, the axis
      of said cylindrical pockets lying along a cylindrical locus concentric
      with the axis of the clutch carrier, said clutch elements being balls
      received within said cylindrical pockets.
NUM  7.
PAR  7. The rotary power driven portable hand tool set forth in claim 1 wherein
      said cam surface is formed on one face of a sleeve member keyed about said
      spindle for longitudinal shifting movement about the axis of this spindle
      and for rotational movement with said spindle.
NUM  8.
PAR  8. The rotary power driven portable hand tool set forth in claim 7 wherein
      said sleeve member is provided with a cam surface on the other of the
      radially outwardly extending faces, one of the cam surfaces being provided
      with spaced apart recessed means of a greater depth than other cam
      surface, the parts being so arranged and constructed that the sleeve can
      be reversed about said spindle to vary the output torque of the torque
      responsive clutch.
NUM  9.
PAR  9. In a rotary power driven portable hand tool adapted to receive driven
      output means and having drive means mounted within a housing, the
      combination therewith of a torque responsive clutch comprising:
PA1  a rotatable spindle journalled for rotational movement about its axis
      within the housing and interconnectable to said driven output means, said
      spindle having a radially outwardly extending flange formed integrally
      thereon;
PA1  a clutch carrier journalled about said spindle for independent rotational
      movement generally about the axis of the spindle, the clutch carrier being
      interconnectable to said drive means;
PA1  a plurality of clutch balls rotatable with the clutch carrier, the clutch
      balls being disposed adjacent a radially outwardly extending face on said
      flange, said face being provided with a cam surface having spaced apart
      recess means;
PA1  a washer disposed about said spindle;
PA1  compression spring means disposed about said spindle, one end of the
      compression spring means being operable to bias one face of said washer
      into engagement with said clutch balls in a direction towards the cam
      surface whereby the clutch balls are normally forced into said spaced
      apart recess means; and
PA1  spring retaining means mounted upon said spindle and operable to engage the
      other end of the spring means to maintain said compression spring means in
      compression;
PA1  the parts being so arranged and constructed that the compression spring
      means normally holds the balls in said spaced apart recess means to
      establish a clutched drive between said clutch carrier and said spindle,
      the clutch balls being movable out of the spaced apart recess means when
      overload torque conditions are encountered by the spindle whereby the
      drive between the clutch carrier and the spindle is temporarily
      interrupted, the clutch balls automatically moving back into said spaced
      apart recess means to reengage the drive between the clutch carrier and
      spindle when said overload torque conditions are removed.
NUM  10.
PAR  10. The rotary power driven portable hand tool set forth in claim 9 wherein
      said clutch carrier is further provided with positive clutch means
      selectively engagable with said drive means whereby said clutch carrier
      can be positively clutched independently of the torque responsive clutch.
NUM  11.
PAR  11. The rotary power driven portable hand tool set forth in claim 10
      wherein the positive clutch means on said clutch carrier includes
      longitudinally extending teeth engagable with cooperating teeth on said
      drive means, and further characterized by the position of means to
      normally bias said torque responsive clutch means away from said drive
      means so that the positive clutch is not normally engaged, said torque
      responsive means being shiftable towards said drive means by applying
      pressure at one end of the spindle remote from said clutch carrier whereby
      the clutch carrier may be engaged by the drive means.
NUM  12.
PAR  12. In a rotary power driven portable hand tool having drive means mounted
      within a housing, the tool also being adapted to receive driven output
      means, the combination therewith of a torque responsive clutch comprising;
PA1  a rotatable spindle journalled for rotational movement about its axis
      within said housing and interconnectable to said driven output means, said
      spindle having a radially outwardly extending flange;
PA1  a clutch carrier journalled about said spindle for independent rotational
      movement about the axis of said spindle, said clutch carrier being
      interconnectable to said drive means;
PA1  a plurality of clutch balls rotatable with said clutch carrier, said balls
      being disposed adjacent a radially outwardly extending face on said
      flange;
PA1  a sleeve member keyed about said spindle for longitudinal shifting of
      movement about the axis of said spindle and for rotational movement with
      said spindle, a radially outwardly extending face of said sleeve member
      being provided with a cam surface having spaced apart recessed means, said
      last mentioned face being disposed adjacent said clutch balls;
PA1  compression spring means disposed about said spindle, one end of the
      compression spring means being operable to bias said last mentioned face
      into engagement with said clutch balls in a direction towards the face on
      the flange whereby said clutch balls are normally forced into said spaced
      apart recess means; and
PA1  spring retaining means mounted upon said spindle and operable to engage the
      other end of the compression spring means to hold said compression spring
      means in compression.
NUM  13.
PAR  13. The rotary power driven portable hand tool set forth in claim 12
      wherein said sleeve member is provided with opposed radially outwardly
      extending faces, both of said faces being provided with a cam surface
      having spaced apart recess means, and wherein the spaced apart recess
      means on one of the faces extend to a greater depth than the spaced apart
      recess means on the other of said faces, the parts being so constructed
      and arranged that the sleeve member may be reversed whereby the output
      torque ranges can be varied.
PATN
WKU  039370372
SRC  5
APN  431686&
APT  1
ART  352
APD  19740109
TTL  Method and apparatus for knitting terry fabric
ISD  19760210
NCL  8
ECL  1
EXP  Reynolds; Wm. Carter
NDR  4
NFG  8
INVT
NAM  Moody; Robert J.
CTY  Franklin
STA  NH
ASSG
NAM  Scott & Williams, Inc.
STA  NH
COD  02
CLAS
OCL   66 93
XCL   66108R
EDF  2
ICL  D04B  912
ICL  D04B 1524
FSC   66
FSS  93;92;108 R;108 A;107;9 R
UREF
PNO  1038638
ISD  19120900
NAM  Paquette
OCL   66108R
UREF
PNO  1388341
ISD  19210800
NAM  Holmes et al.
OCL   66 93
UREF
PNO  1457903
ISD  19230600
NAM  Gagne
OCL   66108R
UREF
PNO  2270719
ISD  19420100
NAM  Smith, Jr.
OCL   66 93
UREF
PNO  3054278
ISD  19620900
NAM  Haddad
XCL   66108R
UREF
PNO  3094854
ISD  19630600
NAM  Fregeolle
OCL   66108A
UREF
PNO  3173277
ISD  19650300
NAM  Fregeolle
OCL   66107
UREF
PNO  3362196
ISD  19680100
NAM  Hin
OCL   66108R
FREF
PNO  692,960
ISD  19300800
CNT  FR
OCL   66108R
LREP
FRM  McNenny, Farrington, Pearne & Gordon
ABST
PAL  A method and means for improving quality of terry fabric by controlling the
      position of terry loops as they are cleared on the needles. A special
      sinker actuating cam assembly is arranged to withdraw and then readvance
      the sinkers, after the terry loops have been drawn, to transfer these
      loops into their respective sinker throats prior to raising of the needles
      to clear height whereby clearance and subsequent avoidance of the terry
      loops by the needle latches are assured. Additional sinker cams for
      selectively changing the timing of sinker motion for bare needle makeup
      and, alternately, for knitting terry fabric, and for withdrawing the
      sinkers at the point of transfer are also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to improvements in circular knitting of plush or
      terry fabric, and more specifically relates to a method and means for
      improving the quality of knitted terry fabric.
PAR  Terry fabric may be produced by knitting a backing yarn into a stable
      structure while simultaneously knitting a terry yarn into loose loops
      superimposed on the backing yarn, such as in a plated relationship. To
      develop its relatively longer loops, the terry yarn may be fed and drawn
      over special sinker ledges separate from the more conventional ledges on
      which the backing yarn is knit. The terry loop ledges are arranged with a
      greater spacing from the needle hooks at their fully drawn position than
      the corresponding spacing of the backing yarn ledges. This known method of
      knitting is disclosed, for example, in U.S. Pat. No. 3,293,886 to Nebel.
PAR  A recurrent problem experienced with the production of such terry fabric
      has been formation of random fabric flaws, where the terry loops have been
      misknitted. These flaws usually result from a tucking defect in the fabric
      where a terry loop fails to clear the needle latch when the needle rises
      to clear height, or where the latch descends from clear height back
      through a previously cleared loop.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides means by which the position of terry loops is
      precisely controlled during the knitting process to ensure that such loops
      may be reliably cast off when desired. Such loop control is effected by
      special sinker motion developed after drawing of the yarn into stitches.
      In accordance with the invention, the sinkers have a configuration which
      provides separate loop drawing ledges for separately forming the regular
      backing yarn loops and the relatively longer terry loops. The sinkers are
      withdrawn from the needle circle after these stitches have been completely
      formed to allow the terry loops to slip off their respective ledges. The
      sinkers are then returned towards the needle circle to cause the terry
      loops to be captured in the sinker throats before the needles are raised
      to clear height. The terry loops are thus retained against frictionally
      produced upward movement with the needles so that subsequent clearing of
      the needle latches is assured. Engagement of the terry loops in the sinker
      throats also prevents unwanted tuck stitches resulting from accidental
      movement of the needle latches through previously cleared loops.
PAR  In the preferred embodiment, a sinker cam ring includes cam means for
      successively withdrawing and readvancing the sinkers to transfer the terry
      loops to the sinker throats while the needles remain at the welt position.
      With the needles out of reciprocating movement at the welt position during
      this sinker withdrawal and advance movement, variations in knitting
      results are minimized.
PAR  In accordance with other aspects of the invention, the sinker cam ring
      includes selectively operable sinker advance cam means at a yarn feed
      station for advancing the sinkers relatively early for proper feeding of
      the yarn during knitting of terry fabric and, alternatively, for advancing
      the sinkers with a more conventional, or later, movement during bare
      needle makeup. Additionally, the sinker cam ring includes a sinker
      withdrawal cam at a transfer station to prevent the knitted loops from
      being distorted on the sinkers during transfer operations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view from the bottom of a sinker cam ring of a circular
      knitting machine incorporating the principles of the present invention;
PAR  FIG. 2 is an elevational developed view of a set of needle cylinder cams
      and associated yarn feeding stations in a typical circular knitting
      machine;
PAR  FIGS. 3a, b, c, d, and e schematically represent relative positions of
      needles and sinkers in the corresponding angular positions indicated by
      lines of the same letter designations in FIGS. 1 and 2; and
PAR  FIG. 4 is a fragmentary, elevational view of the knitting elements and yarn
      paths adjacent a yarn feeding station in the knitting machine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 illustrate cam arrangements for controlling the motion of
      sinkers 10 and needles 11, respectively, generally according to
      conventional practice, with the exception of certain sinker cams to be
      described hereinafter. FIGS. 3a through 3e illustrate the combined effect
      of the sinker and needle cams where sinkers 10 and needles 11 are shown
      forming plated stitches of terry and regular yarn.
PAR  A sinker cam ring body 12, according to conventional practice, provides an
      endless, generally circular path 13 through which sinker butts 14 pass in
      a counterclockwise direction as viewed in FIG. 1. On the sinker cam ring
      12 is mounted a central sinker cam 18 which includes a camming surface 19
      for withdrawing the sinkers from the needle circle preparatory to the
      feeding of yarn at a main yarn feed station 20, represented in FIG. 1 by
      its centerline y--y. Beyond a dwell portion 21 of the central sinker cam
      18 there is provided a preadvance surface 22 which allows the sinkers to
      be moved by a cam body 73 radially inward or advanced toward the needle
      circle in a zone between the main feed station 20 and a stitch drawing
      station defined by a stitch cam 34 (FIG. 2). A limited distance along the
      path 13, a surface 26 of a sinker knockover cam 27 causes the sinkers 10
      to reach their maximum inward position, termed "sinker knockover."
      Following this, in accordance with the invention, the sinker butts 14
      reach means for temporarily withdrawing and then readvancing the sinkers
      10 in the form of a cam 28 which, through a limited angular distance,
      causes the needle butts 14 to shift radially outwardly and then allows a
      return to a generally circular path. As shown, the sinker withdrawal cam
      28 includes a first surface 29 for retracting or moving the sinkers 10
      radially outward and a trailing surface 30 for allowing the sinkers to
      move radially inward under a driving influence of a surface 25 of the cam
      27 toward the needle circle again.
PAR  A path 32 of needle butts is illustrated in FIG. 2, representing the
      knitting of plain or jersey fabric. The center of the main feed station 20
      is again indicated by the centerline y--y. A needle cam set 31 includes a
      top center cam 33, which draws the needle butts down for engagement with a
      stitch cam 34. Upon reaching a lowermost portion 35 of the stitch cam 34,
      the needles are at knockover or their position of full draw. Shortly after
      this point 35, the needles are raised to welt position by a leftward
      portion 38 of a stitch cam block 39. The needles remain at welt height for
      a measurable distance until they contact a needle tuck cam 41 and they are
      raised to tuck height. Following this, the needles are further raised to
      clear height 42 by a needle clear cam 43.
PAR  Referring to FIG. 4, a regular or normally knit backing yarn 51 is fed at a
      relatively low level by a rightward yarn finger 52 extending through a
      hole 53 in a throat plate 54 of the feed station 20. As shown, the yarn 51
      is presented to the sinkers 10 below their uppermost surfaces 55,
      indicated by a broken line with the legend "top of sinkers" and above the
      "knitting platform" formed by lower ledges 56. A second feed finger 58
      supplies terry or plush yarn 59 across the throat plate 54 so that it is
      laid over upper sinker surfaces or ledges 55. For the sake of clarity in
      the drawings, only a limited number of sinkers 10 is shown in the left
      portion of FIG. 4, but it is to be understood that a sinker is provided
      between each pair of adjacent needles.
PAR  In FIGS. 3a through 3e, a conventional latch needle 11 is shown. In
      accordance with the invention, the sinkers 10 have a modified profile at
      their uppermost area or neb 60, where the high level ledge 55 extends
      substantially horizontally along a straight line in a plane transverse to
      the axis of the needle cylinder. The lower ledge 56 is more or less
      conventional in form and position, and defines the lower border of a
      throat 61. The upper ledge 55 extends to a relatively sharp point 63 at
      the entrance of the throat 61 so that yarn fed above the point will not
      enter the throat while, conversely, yarn fed below it will be directed
      into the throat.
PAR  In FIG. 3a, the sinker 10 is withdrawn away from the needle circle by the
      central sinker cam 18 to permit the backing yarn 51 to enter the throat
      61. The views of FIGS. 3a through 3e are taken along lines of
      corresponding letter designation indicated in FIGS. 1 and 2. In FIG. 3b,
      the sinker 10 is advanced along the cam surface 22 toward the needle
      circle, thereby capturing the backing yarn 51 in the throat 61 and moving
      the upper ledge 55 under the terry yarn 59. Simultaneously, the needle 11
      has begun its descent towards drawing the yarns 51 and 59 into stitches.
PAR  In FIG. 3c, the needle 11 has been drawn to its knockover position, and
      thus measures the respective lengths of a regular or backing yarn loop 66
      and a terry loop 67. The relative differential length of these loops 66
      and 67 is generally determined by the vertical spacing between the ledges
      55 and 56. At the left of FIG. 4, a needle 11a is shown drawing both yarns
      51 and 59 over their respective ledges 56 and 55 at the point of needle
      knockover.
PAR  In FIG. 3d, the needle 11 has risen slightly to welt height to relieve
      tension in the yarns 51 and 59 and the sinker 10 has been withdrawn by the
      cam surface 29, thereby releasing the terry loop 67 from the ledge 55.
      Study of FIGS. 1 and 2 reveals that substantially all of the withdrawal
      motion of the sinker 10 occurs after the needle is out of reciprocatory
      motion at the welt position.
PAR  From the withdrawn position of FIG. 3d, the sinker 10 is then advanced
      along the trailing cam surface 30 to capture the terry loop 67 in the
      sinker throat 61 while the needle is still in the welt position. With the
      terry loop now contained in the sinker throat, the needle 11 may rise to
      tuck height and then to clear height, with the latch, designated 69, of
      the needle reliably clearing the terry loop 67 and, of course, the regular
      loop 66. Since the position of the terry loop 67 is now controlled by the
      sinker, it is impossible for the latch 69 to re-enter the loop 67 upon its
      descent at the subsequent feed station, as has been previously experienced
      in the prior art.
PAR  It may be appreciated that, in accordance with the invention, the
      withdrawal and readvance of the sinkers 10 to control the position of the
      terry loops 67 are accomplished at the most favorable time during the
      knitting cycle, when the reciprocatory motion of the needles is stopped at
      the welt position. This technique reduces the effect of slight deviations
      in the motion of the knitting elements and yarn, owing to frictional
      differences in the system, and which would otherwise affect the quality
      and uniformity of the product. Terry fabric as produced in accordance with
      the invention may be advantageously used, for example, in specific
      portions of fine gauge ladies' hosiery, where fabric quality and
      uniformity are particularly important.
PAR  Referring to FIG. 1, the sinker cam ring 12 includes a pivotal cam element
      71 adjacent the trailing cam surface 22 of the central sinker cam. The
      pivotal cam 71 is connected by a link (not shown) to a movable cam body
      73. The pivotal cam member 71 operated by its link connection with the cam
      73 and, in turn, a suitable linkage between the cam 73 and a conventional
      patterning mechanism of the knitting machine swings on a pin 74 radially
      outward to cover the adjacent cam surface 22. The outwardly positioned cam
      71 extends the period of sinker withdrawal during bare needle makeup, to
      provide more conventional timing by delaying advance of the sinkers 10.
PAR  An additional cam 76, shown at the lower portion of FIG. 1, is provided on
      the sinker cam body 12 at an angular position corresponding to a
      conventional transfer station. This cam 76 withdraws the sinkers 10 at the
      transfer point to prevent the transfer loops from being distorted by
      engagement with the sinkers of the disclosed profile as they are
      transferred to the transfer jacks.
PAR  FIGS. 1 and 2 illustrate cam elements in a two-feed machine, with the
      second feed station designated generally at 79 (FIG. 2). A first sinker
      cam 81 is equivalent to the central sinker cam 18, and a pivotal cam 82 on
      it is equivalent to the first-mentioned pivotal cam 71. Similarly, a
      sinker withdrawal cam 84 is equivalent to the sinker withdrawal cam 28.
      While the needle path illustrated in FIG. 2 represents the knitting of
      plain or jersey plated fabric, it is contemplated that various other knit
      structures may be produced with terry loops formed in the disclosed manner
      in accordance with the invention.
PAR  Although a preferred embodiment of the invention is disclosed, it is to be
      understood that various modifications and rearrangements of the elements
      or steps may be resorted to without departing from the scope of the
      invention as taught and claimed herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a circular knitting machine having needles and sinkers, means for
      controlling the motion of the needles including a stitch cam for drawing
      the needles to form stitches, cam means for raising the needles to clear
      height subsequent to being drawn by said stitch cam, said sinkers having
      first and second yarn drawing ledges adapted to form regular and elongated
      loops respectively, a yarn feeding station having first and second yarn
      feeding means for feeding separate yarns to said first and second sinker
      ledges respectively, first sinker cam means for withdrawing said sinkers
      in preparation for feeding yarn at said feed station, first sinker cam
      means for advancing the sinkers in a zone between the feed station and
      stitch drawing station to a position where the yarns of the first and
      second feeding means are laid over the first and second sinker ledges
      respectively, second sinker cam means for withdrawing the sinkers
      substantially immediately after said yarns have been fully drawn into
      stitches at said stitch cam to permit said second yarn to be transferred
      from the second ledge to the throats of said sinkers, and second sinker
      cam means for advancing said sinkers before the needles are raised
      substantially above knockover height whereby the loops formed by said
      second yarn are restrained in said throats when said needles are raised to
      clear height by said cam means to assure reliable clearing of the loops of
      both of said yarns.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein said needle motion control
      means includes means for raising the needles to welt height after full
      draw and said second sinker cam withdrawal means is effective
      substantially after said needles are raised to welt height.
NUM  3.
PAR  3. Apparatus as set forth in claim 2, wherein said second sinker cam
      advancing means is effective before said needles are substantially raised
      from welt height by said needle motion control means.
NUM  4.
PAR  4. Apparatus as set forth in claim 1, wherein said first sinker advancing
      cam means includes means for selectively producing two modes of operation,
      the first of said modes being effective during knitting of terry fabric
      and allowing said sinkers to advance prematurely to facilitate laying of
      said yarns on their respective ledges, the second of said modes being
      effective to allow relatively conventional sinker advance timing for bare
      needle makeup.
NUM  5.
PAR  5. Apparatus as set forth in claim 4, wherein said selective means includes
      a cam member pivotal on a sinker cam ring body.
NUM  6.
PAR  6. A method of knitting terry fabric in a circular knitting machine,
      comprising the steps of feeding two yarns to the needles and sinkers,
      providing at least some of the sinkers with regular loop forming ledges
      adjacent their throats and separate terry loop forming ledges, advancing
      the sinkers towards the needles adjacent the feed station to cause one of
      said yarns to be laid across the regular loop forming ledge and the other
      yarn to be laid across the terry loop forming ledge, fully drawing the
      yarns to form stitches by moving said needles to a position of maximum
      draw at a stitch cam, substantially immediately after said yarns are drawn
      to stitches by the stitch cam withdrawing the sinkers away from the needle
      circle to cause the terry loops to move from their associated ledges into
      the sinker throats, and returning the sinkers towards the needle circle
      before said needles are substantially raised above knockover height to
      cause the loops of both yarns to be held in said throats while said
      needles are raised by a cam to clear height.
NUM  7.
PAR  7. The method as set forth in claim 6, wherein the sinkers are withdrawn to
      transfer the terry loops substantially while the needles are welting.
NUM  8.
PAR  8. The method as set forth in claim 7, wherein said sinkers are returned
      while said needles are welting.
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ABST
PAL  Apparatus for the continuous monitoring of the condition of the needle
      heads of a circular knitting machine which move past a predetermined point
      one after the other at a definite frequency comprising an illuminating
      component for producing a light spot in the form of a line situated in the
      plane of an illuminated needle head without light projecting laterally
      beyond it, said light spot being projected into an aperture substantially
      the size of the image of the light spot, a photo-receiver disposed behind
      said aperture and adapted to emit an electrical pulse signal in proportion
      to the luminous flux passing through the aperture, and a threshold value
      electronic device for receiving said signal, which when a pulse falls
      below a predetermined value and/or when there is a change in the
      predetermined time spacing of two successive pulses, delivers a warning
      signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a device for the continuous monitoring of the
      condition of an uninterrupted series of identical, light-reflecting
      objects which move past a predetermined point one after the other, at a
      definite frequency, in particular the needle heads on a circular knitting
      machine.
PAR  A device of this kind is of particular importance on a circular knitting
      machine because if a needle head bends or breaks and the machine continues
      to run, it can result in at least a substantial portion of the material
      produced to be regarded as seconds or even rejected.
PAR  THE OBJECT OF THE INVENTION THEREFORE CONSISTS IN PROVIDING A COMPACT
      DEVICE OF THE TYPE DESCRIBED ABOVE WHICH CAN BE PRODUCED ECONOMICALLY AND
      IS RELIABLE IN OPERATION, BY MEANS OF WHICH IT IS POSSIBLE, IF A NEEDLE
      BENDS OR BREAKS, TO SET OFF AT ONCE AN ALARM SIGNAL WHICH CAN BE UTILIZED,
      FOR EXAMPLE, TO STOP THE CIRCULAR KNITTING MACHINE IMMEDIATELY. Although
      the preferred field of application for the device according to the
      invention is with circular knitting machines, the device can, however, be
      used anywhere where similar problems arise.
PAC  SUMMARY OF THE INVENTION
PAR  As a solution of the problem according to the invention it is provided that
      a spot of light is produced at a certain point on each object, especially
      a needle head, not projecting beyond it laterally, which is projected into
      an aperture, substantially the size of the image of the light spot, behind
      which is disposed a photo-receiver, and that the electric pulse signal
      emitted by the photo-receiver in proportion to the luminous flux passing
      through the aperture is applied to a threshold value electronic device
      which, when a pulse falls below a predetermined value, and/or when there
      is a change in the predetermined time spacing of two successive pulses,
      delivers a warning signal. A description and circuitry of a threshold
      value electronic device will be found in U.S. Pat. No. 3,529,445 to Brose
      dated Sept. 22, 1970 in FIG. 4, element 14. Especially with the aperture
      being in the preferred form of a slit, it is possible according to the
      invention to obtain such a small depth of focus that on the one hand
      practically only reflected light coming from the needle heads reaches the
      photo-receiver and, on the other hand, a warning signal is given on even a
      very slight deviation of a needle head from the focal plane. The
      evaluating electronic system is of a particularly simple construction if
      it is only required to detect broken or badly bent needle hooks which
      practically cause the pulse to disappear. However, the electronic system
      may also be constructed so that even slightly bent needle hooks and
      laterally bent needles are detected. Even with this latter improved
      construction the optical arrangement is the same. Even the simpler form of
      construction which responds only to actually broken needles is of great
      importance practically because in circular knitting machines the incidence
      of breakage of needle hooks is a substantially large percent of all causes
      of breakdown. With the improved construction of the electronic system an
      even greater percent of breakdown causes would be detected, that is the
      laterally bent and drawn up needles, so that in practice the majority of
      all possible causes of breakdown can thus be detected promptly and
      remedied.
PAR  In a preferred form of construction the light spot takes the shape of a
      line situated in the plane of the respective needle head. This makes
      allowance for a larger area of the surface of the needle heads to
      participate in reflection and for the purpose of adjustment the light beam
      may project somewhat beyond the needle heads.
PAR  It is preferable, for monitoring the cylinder needles and the dial needles
      of a circular knitting machine, to employ a separate device in each case.
      Thus, for one machine, preferably two to three needle sensing devices will
      be employed in according with the invention, this being easily possible in
      view of their compact construction and economic production.
PAR  Since the needles on a circular knitting machine are equidistant and rotate
      in a circle at a constant speed and the needle sensor is mounted in a
      fixed position, the photo-receiver picks up periodic light pulses and
      these are then evaluated in the threshold value electronic system.
PAR  In another advantageous form of construction an illuminating component and
      a receiving component are disposed side by side in a housing. This gives a
      very compact construction. The same object is achieved by means of a
      housing consisting of a rectangular box, an end cover and a cylindrical
      tube.
PAR  The illuminating component conveniently comprises a light source, a
      condensing lens, a slit for producing a linear light spot, and focussing
      lenses. In this connection it is especially preferable for the focussing
      lenses disposed in the tube to consist of a semicircular lens taking up
      only half the tube cross-section and a round aspherical lens situated
      behind it taking up the entire tube cross-section. Here it is convenient
      if the coiled filament of the light source is imaged in the semicircular
      lens. This prevents any possible irregularities of the coiled filament of
      the light source from exerting a disturbing influence on the monitoring.
PAR  The focal point of the semicircular lens is conveniently situated in the
      slit so that the light beams emerging from the slit leave the lens
      parallel and thus are brought together at the focal point of the
      aspherical lens, which takes up the entire tube cross-section. Here, the
      focal point of the aspherical lens occupies the position of the needle
      head which is to be sensed.
PAR  In a further advantageous form of construction the receiving component
      comprises a photo-transistor acting as the photo-receiver, an aspherical
      lens, a slit and focussing lenses which focus the linear light spot in the
      aperture of the slit. Here the size of the slit determines the depth of
      focus of the system. If, with the transmission slit constant, the
      receiving slit is made bigger, then the depth of focus is likewise
      increased. In accordance with the invention the depth of focus is such
      that the circular knitting machine is not stopped for the normal
      fluctuations of the needle heads but only when the deflection of the
      needle heads exceeds the amount met with in normal operations.
PAR  The focussing lenses disposed in the receiving component likewise consist
      conveniently of a semicircular lens occupying only half the tube
      cross-section and the same aspherical lens located in front of it and also
      forming part of the illuminating component. Thus, according to the
      invention, a pupillary division takes place between the transmission
      component and the receiving component, but the terminal lens on the end is
      common to both beam paths. This gives a very compact and at the same time
      very effective optical construction.
PAR  The semicircular lenses are preferably of identical construction and
      disposed in the same cross-sectional plane of the tube. The optical axes
      of the semicircular lenses conveniently coincide with the optical axes of
      the illuminating component and the receiving component respectively,
      whereas the optical axis of the aspherical lens common to the illuminating
      component and the receiving component lies centrally between the optical
      axes of the illuminating component and the receiving component. In this
      way, while preserving well-defined optical imaging conditions, maximum
      advantage is taken of the cross-sectional space available in the tube.
PAR  The slits in the illuminating and the receiving components are
      advantageously parallel and situated in one plane. In this connection the
      two slits are preferably provided in one removable diaphragm. The
      advantage of this is that in the case of different applications it is
      always possible, by making the receiving slit in particular of an
      appropriate size, to select the optimum range of focal depth in advance.
PAR  The diaphragm is conveniently arranged so as to be movable perpendicular to
      the slits in their plane. By the provision of precisely dimensioned stops
      it is possible in this way, in spite of the interchangeability of the
      diaphragm, to ensure a very precise operational arrangement.
PAR  In order to substantially isolate the two beam paths from one another and
      to prevent stray light effects there is disposed, according to a further
      form of construction, at least inside the tube between the illuminating
      component and the receiving component, a partition wall extending as far
      as the lens located at the end of the tube. The wall also separates the
      two semicircular lenses from one another and these each then differ from
      the precisely semicircular by the amount of half the thickness of the
      partition wall. The essential point is that the lenses in question
      completely fill up the substantially semicircular space which is available
      between the partition wall and the wall of the tube.
PAR  In another advantageous form of construction the aspherical condensing lens
      is disposed in an axially adjustable mount. This permits precise
      adjustment during the assembling of the device.
PAR  The light source is accommodated advantageously in the box cover which can
      be adjusted transversely to the optical axis so that a precise preliminary
      adjustment of the coiled filament of the light source can also be
      achieved.
PAR  The photo-transistor is preferably cemented into a mount, together with the
      aspherical lens and an aspherical meniscus so that it can be prefabricated
      as a separate component and subsequently installed in the housing. This
      ensures a well-defined relationship between the assembled parts.
PAR  It is preferable, from both constructional and optical points of view, if
      the photo-transistor and the light source, on the one hand, and the
      aspherical lens and the condensing lens, on the other, are disposed side
      by side. The optical axis of the aspherical lens advantageously runs
      obliquely to the needle axis at the end of the tube and preferably at an
      angle of 45.degree. to the needle axis. Moreover it is preferable if the
      light spot is produced in the region of the curve extending beyond the
      crown of the needle heads and preferably at about the 45.degree. tangent.
PAR  This advantageous arrangement of the device on the circular knitting
      machine ensures an optimum response sensitivity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be further described by way of example with
      reference to the accompanying drawing in which:
PAR  FIG. 1 is a partially cut away side elevation of a preferred form of
      construction of the device according to the invention;
PAR  FIG. 2 is a section taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a diagrammatic sketch similar to the elevation of FIG. 1 to
      illustrate the preferred arrangement of the device according to the
      invention of a circular knitting machine; and
PAR  FIG. 4a, b, c, are diagrammatic elevations similar to FIG. 1, illustrating
      various conditions of operation, or of disturbance, on a circular knitting
      machine monitored by the device according to the invention.
DETD
     DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1 and 2, the device according to the invention has a
      housing which consists of a tube 17 and a box 15 with removable covers 1
      and 16. The tube 17 can be masked at its right-hand end by an opaque
      closing cap 28.
PAR  Disposed in the laterial adjustable end cover 1 as a light source is an
      incandescent lamp 2 behind which, in the box 15, is an adjustable mount 3
      which carries a condensing lens 4. Immediately behind the condensing lens
      4 is a diaphragm 9 which has, amongst other things, a slit 10 which is
      perpendicular to the plane of the drawing in FIG. 2.
PAR  In addition to the arrangement consisting of the incandescent lamp 2, the
      condensing lens 4 and the slit 10 there is a mount 6 in which are cemented
      a photo-transistor 5, an aspherical meniscus 7 and an aspherical lens 8.
      The mount itself is fixed rigidly in the box 15 of the housing. The
      aspherical lens 8 and the meniscus 7 ensure an optimum, full illumination
      of the photo-transistor. In order to improve the illumination, the
      interspace between the photo-transistor and the meniscus is filled up
      additionally with transparent cast resin 29.
PAR  Immediately in front of the aspherical lens 8, in the same diaphragm 9 in
      which the slit 10 is formed, is a further slit 11 running parallel with
      the slit 10. As can be seen best in FIG. 1, the diaphragm 9 is pushed on
      to a base in such a way that it can be removed.
PAR  Also disposed in the box 15, in accordance with the invention, are a
      pre-amplifier 12 and an earthing lug 13, at the positions shown. All the
      electrical connections are brought together and led out of the housing by
      means of a cable 14. The connection of the receiving optical system to the
      threshold electronic system 24 is shown in FIG. 2 by a broken line.
PAR  In the tube 17, in the middle, is a partition wall 18 extending
      longitudinally. Cemented on to the partition wall 18 in the right-hand
      portion, in accordance with the invention, are two identical,
      substantially semicircular lenses 19, 20. The external shape of these
      lenses is adapted to the free space, that is to say they are in the form
      of segments of circles. The optical axes of the lens 19, 20 are concentric
      with the optical axes of the condensing lens, or receiving optical system.
PAR  The tube 17 is terminated by an aspherical lens 21, the optical axis 27 of
      which lies between the abovementioned two optical axes.
PAR  As can be seen from FIG. 2 especially, the device according to the
      invention is thus subdivided into a receiving component 25 and an
      illuminating component 26. In this connection the aspherical lens 21 is
      common to both beam paths.
PAR  The incandescent lamp 2 illuminates the slit 10 by way of the condensing
      lens 4, this lens 4 being so constructed and disposed that the maximum
      amount of light strikes the lens 19 through the slit. Thus the coiled
      filament of the incandescent lamp 2 is imaged in the lens 19. Since the
      slit 10 lies at the focal point of the lens 19 the light leaves the lens
      19 parallel, as shown in FIG. 2. The lens 21 gathers the parallel light at
      a point 22 which is passed by the needle heads 23 of the circular knitting
      machine.
PAR  Light is reflected from the needle heads, into the receiving component 25.
      Part of the reflected light is gathered by the lens 21 and rendered
      parallel. A portion of this parallel bundle is picked up by the partial
      lens 20 and imaged in the slit 11. The light passing through the slit or
      aperture 11 is gathered by the lenses 7, 8 and concentrated on the
      photo-transistor 5. The size of the slit 11 must be set precisely so that
      with the normal fluctuations of the needle heads 23 of a circular knitting
      machine there is no setting off of the threshold value electronic system
      but that this does happen in the event of deviations beyond the normal. In
      other words the range of the depth of focus at the point 22, which is
      determined by the width of the slit 11, is an essential factor in the
      functioning of the device according to the invention.
PAR  FIG. 3 shows diagrammatically that the preferred arrangement of the device
      according to the invention is disposed on a circular knitting machine at
      an angle of substantially 45.degree. to the needle axis. For the sake of
      clarity, FIG. 3 shows only one needle head 23 at the point 22 and the
      aspherical lens 21 with the optical axis 27.
PAR  The functioning of the device according to the invention is described below
      with reference to FIG. 4.
PAR  FIG. 4a represents the normal case in which a beam of light 30 coming from
      the illuminating component falls on the point 22 of a needle head 23 from
      which the light is directed into the receiving component 25 as a reflected
      beam 31. Thus it is essential that the optical axis of the lens 21 is
      perpendicular to the tangential plane at the point 22 of the needle head
      23 which has just been sensed.
PAR  FIG. 4b shows a case of a bent needle head 23. It is obvious that the beam
      of light 30 is reflected back upon itself and so no light reaches the
      receiving component 25 and therefore the evaluating electronic system
      emits a warning signal.
PAR  FIG. 4c reproduces the case of a broken off needle head 23. In this case
      the beam of light from the illuminating component 26 is not reflected at
      all and so the receiving component 25 likewise receives no light and the
      threshold value electronic system 24 stops the circular knitting machine.
PAR  According to the invention the condensing lens 4 has a very short focal
      length and the lamp 2 is very small so that a high imaging ratio is
      obtained and the full illumination of the lens 19 is ensured with a
      relatively small coiled filament (0.3 mm .times. 0.8 mm). The transmission
      slit (0.5 mm .times. 4 mm) is imaged exactly in this way on the hook of
      the needle head. In accordance with the invention the image is narrower
      than the needle head 23. This ensures that during sensing no light passes
      the needle hook to be possibly reflected, from any bright object at the
      back. The slit is very sharp and long enough to facilitate adjustment.
PAR  The receiving component 25 is constructed practically on the same
      principles as the illuminating component 26.
PAR  The receiving diaphragm conveniently has an aspect ratio of 1.2 .times. 4,
      all dimensions being given in mm.
PAR  The condensing lens 8 in front of the photo-transistor 5, which consists of
      lenses 7 and 8, is optically constructed so that the image of the lens 20
      is smaller than the transistor crystal so that all the light coming into
      the optical system is picked up. This is important because there is no
      excess light since the lamp, according to the invention, must be operated
      with the minimum possible undervoltage. Hence, by means of the arrangement
      according to the invention, the amount of light available is exploited to
      the full.
PAR  It is important that the transmission slit 10 is also capable of being
      adapted to the needle size by an exchange of the diaphragm 9.
PAR  Since there is a variety of needle thicknesses, the interchangeability of
      the diaphragm 9 is particularly convenient.
PAR  Since, for a special case, both the slit 10 and also the slit 11 have to be
      adapted individually in size it is particularly convenient for these two
      important parts, of the optical system to be in the same diaphragm 9 so
      that the exchange of the two elements can be carried out in a single
      operation.
PAR  Lateral bending of needles can be monitored as follows. As long as the
      needles are unbent the optical signals come at uniform intervals. When
      needles are bent laterally these time intervals vary and can be measured
      with a suitable electronic device.
PAR  Furthermore, in accordance with the invention the aspherical front lens 21
      is made so as to be interchangeable so that it, too, can be adapted to
      different distances and optionally also to needle widths of different
      sizes. It is also important for the main beams between the lenses 19, 20
      and 21 to run parallel.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Apparatus for the continuous monitoring of the condition of the needle
      heads of a circular knitting machine which move past a predetermined point
      one after the other at a definite frequency, comprising a housing having a
      tube, an illuminating component and a receiving component disposed side by
      side in said housing, said illuminating component comprising: a light
      source, a condensing lens, a slit and focusing lenses for producing a
      light spot in the form of a line situated in the plane of an illuminated
      needle head, without light projecting laterally beyond it, said focusing
      lenses being disposed in the tube and consisting of a semicircular lens
      occupying substantially half the cross-section of the tube and a round
      aspherical lens occupying the entire cross-section of the tube disposed
      behind the semi-circular lens, the focal point of the semi-circular lens
      lying in said slit, said light spot being projected into an aperture
      substantially the size of the image of the light spot, a photo-receiver
      disposed behind said aperture and adapted to emit an electrical pulse
      signal in proportion to the luminous flux passing through the aperture,
      and a threshold value electronic device for receiving said signal, which
      when said signal undergoes a predetermined change is adapted to deliver a
      warning signal.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said predetermined change in
      said signal comprises a fall in a pulse below a predetermined value.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said predetermined change in
      said signal comprises a change in a predetermined time spacing of two
      successive pulses.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the housing consists of a
      rectangular box, an end cover and a cylindrical tube.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein the light source comprises a
      coiled filament which is imaged in said semi-circular lens.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein the receiving component
      comprises said photo-receiver in the form of a photo-transistor, a second
      aspherical lens, a second slit comprising said aperture, and second
      focusing lenses which project the linear light spot into the aperture.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein the second focusing lenses are
      disposed in the tube and consist of a semi-circular lens which occupies
      substantially half the cross-section of the tube and the first said
      aspherical lens, which is disposed in front of this.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein said semi-circular lenses are
      constructed in the same way and are disposed in the same cross-sectional
      plane of the tube.
NUM  9.
PAR  9. Apparatus according to claim 7, wherein the optical axis of the
      aspherical lens common to the illuminating and the receiving component
      lies in the middle between the optical axes of the illuminating and
      receiving components.
NUM  10.
PAR  10. Apparatus according to claim 6, wherein the slits of the illuminating
      and of the receiving components lie parallel in one plane.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein both slits are formed in an
      interchangeable diaphragm.
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ABST
PAL  An improved one-piece circular knit pantyhose having an intermediate panty
      portion and two integral leg portions formed from a single rotary knit
      tubular blank, whereof the crotch area of the panty portion is formed of
      more tightly knit stitches than the remainder of the panty portion to
      impart to the panty portion a continuous longitudinal curvature.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of this invention is to provide a new and improved
      one-piece circular knit panty-hose formed from an integral rotary knit
      tubulr blank having two leg portions joined by an intermediate panty
      portion, the latter having a continuous longitudinal curvature or curved
      configuration. The panty portion of the blank, following knitting, is slit
      in a wale-wise direction to form a waist opening, and an elastic waist
      band is attached thereto. The toe portions of the blank are closed in any
      conventional manner, and the garment then dyed and finished.
PAR  The curved configuration of the panty portion of the blank preferably is
      achieved by forming the crotch area of the panty portion of tighter or
      smaller stitches than the remaining are of the panty portion. However, it
      also may be realized by incorporating an elastic material into the crotch
      area under high tension.
DRWD
PAC  DESCRIPTION OF THE VIEWS OF THE DRAWING
PAR  The invention, together with other objects advantages thereof, will best be
      understood by reference to the following specification, taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a front perspective view of one embodiment of a one-piece
      seamless garment of the present invention;
PAR  FIG. 2 is a side perspective view of the garment of FIG. 1, illustrating
      the configuration thereof when the garment is disposed on the body of a
      user thereof;
PAR  FIG. 3 is a plan view of a generally tubular blank knit to provide the
      one-piece seamless garment of the present invention;
PAR  FIG. 4 is an enlarged view of the left-hand portion of the tubular blank of
      FIG. 3, illustrating further details of one of the stocking portions
      thereof;
PAR  FIG. 5 is an enlarged fragmentary view of the center section and stocking
      portions of the tubular blank of FIG. 2, illustrating the longitudinal
      slit in the center section of the tubular blank which slit provides the
      waist opening for the finished garment;
PAR  FIG. 6 is a front perspective view of that portion of the tubular blank
      illustrated in FIG. 5, with the stocking portions thereof being oriented
      away from the longitudinal axis of the tubular blank;
PAR  FIG. 7 is a front perspective view of the embodiment illustrated in FIG. 6,
      wherein a waist band has been connected to the slit upper edge of the
      panty portion of the garment so as to lengthen same;
PAR  FIG. 8 is a fragmentary front view of a second embodiment of the invention
      wherein the center section of the tubular blank is provided with a panel
      of a different denier material interlaid therewith;
PAR  FIG. 9 is a front perspective view of the portion of the tubular blank
      illustrated in FIG. 8 after the center section has been slit to provide a
      waist opening therein and the stocking portions have been oriented away
      from the longitudinal axis of the tubular blank;
PAR  FIGS. 10 and 11 are views similar to FIGS. 8 and 9, but illustrate a third
      embodiment of the invention wherein the tubular blank is provided with
      upper runguard sections between each stocking portion and center section;
PAR  FIGS. 12 and 13 are views similar to FIGS. 8 and 9, respectively, and
      illustrate a fourth embodiment of the invention wherein the tubular blank
      is provided with upper runguard sections adjacent the center section and a
      plurality of panels of different denier materials are interlaid in the
      center section;
PAR  FIGS. 14 and 15 are views similar to FIGS. 8 and 9, respectively, and
      represent still another embodiment of the invention;
PAR  FIGS. 16 and 17 are views similar to FIG. 10 and illustrate further
      embodiments of the invention; and
PAR  FIG. 18 is a front view of a graduation cam which is usable with otherwise
      conventional circular knitting machines whereby the tubular blank
      illustrated in FIG. 3 can be continuously and integrally knit on such
      machines.
DETD
PAR  Referring still to the drawings, and more particularly to FIGS. 1 and 2
      thereof, there is illustrated a combination one-piece garment 40 which
      includes a panty portion 50 that extends substantially from the crotch
      area to the waist of the associated wearer so as to cover the lower
      portion of the torso of the associated wearer. The garment 40 further
      includes a pair of seamless stocking portions 60 integrally knit with the
      panty portion 50 thereby to provide the one-piece seamless construction.
PAR  As illustrated in FIG. 1, each stocking portion 60 includes a foot section
      "A", a leg section "B" and a thigh engaging section "C". As illustrated in
      FIGS. 1 and 2, the garment 40 also is provided with a waist band 70 which
      is connected to the upper edge of the panty portion 50, the waist band 70
      extending for a substantial distance above the upper edge of the panty
      portion 50 thereby to lengthen same.
PAR  The details of construction of the complete garment 40 will be described
      specifically with reference to the method of making the embodiment thereof
      illustrated in FIGS. 1 and 2, however, it should be understood that the
      description of the embodiment of the garment illustrated in FIGS. 1 and 2
      is not intended in any limitative sense.
PAR  The method of making the one-piece seamless garment 40 of the type
      illustrated in FIGS. 1 and 2 will best be understood with reference to
      FIGS. 3 through 7 of the drawings. There is illustrated in FIG. 3 an
      elongated and generally tubular knit blank 100 which includes a center
      section 150 of fairly uniform diameter and two identical and outwardly
      extending stocking portions 160 each of gradually decreasing diameter away
      from the center section.
PAR  In knitting the tubular blank 100, each stocking portion 160 is formed of a
      plurality of integrally knit sections of different longitudinal and
      circumferential dimensions. For example, with reference to FIG. 4, each
      stocking portion 160 of the tubular blank 100 may be knit so that it
      includes a selvedge section 161 at the outer end thereof followed by a toe
      section 162; a lower runguard section 163; a lower foot and ankle section
      164; a lower boot section 165, the lower boot section 165 including a
      portion 166 which gradually increases in diameter beginning at the end
      thereof adjacent to the foot and ankle section 164; an upper boot section
      167, including a portion 168 which gradually increases in diameter
      beginning at the end thereof adjacent to the lower boot section 165; and
      an upper runguard section 169. It will be appreciated that the lower boot
      section 165 begins where the tubular blank 100 first begins to increase in
      diameter at the portion 166 thereof and the upper boot section 167 begins
      where the tubular blank 100 again begins to increase in diameter as at the
      portion 168 thereof.
PAR  The entire tubular blank 100 preferably is knit of a thermo-plastic stretch
      yarn to provide stretchability therefor. The term "stretch" is intended to
      include all types of mono-filament and multi-filament yarns capable of
      providing the desired stretch and shape characteristics for the finished
      garment. Also, as pointed out hereinafter, various sections of the tubular
      blank may be knit of different denier yarn or different stitch patterns,
      or the tubular blank may consist of a single yarn knit in a single stitch
      pattern.
PAR  For example, the tubular blank 100 may be knit of a lively torque yarn
      which has been twisted to provide sufficient torque to cause distortion of
      the knit stitches. Yarns having torque in opposite directions are usually
      knit in alternation to balance the overall torque in the stocking. The
      tubular blank 100 also may be knit of a "non-torque" or bicomponent type
      crimped or curled thermo-plastic yarn which does not require alternate
      knitting. The crimp or curl may be set in the yarn by passing it through a
      heated stuffer box, passing it over a heated blade, passing it between
      gear teeth, passing it through an air jet, or by other known means.
PAR  The tubular blank 100 also may be knit of any type of stitch patterns or of
      mulltiple types of stitch patterns. For example, the foot and ankle
      sections 164, the lower boot sections 165 and the upper boot sections 167
      may be knit of flat knit, micro-mesh or non-run stitches. The toe sections
      may be knit by reciprocation with a heavier reinforcing yarn, in the usual
      manner, while the lower and upper boot sections 165 and 167 of each
      stocking portion 160 may be knit of the same yarn as the foot and ankle
      section 163 and preferably forming a pattern of plain and tuck stitches of
      the type commonly referred to as micro-mesh which results in greater
      fabric wear as well as preventing downward runs. The lower and upper
      runguard sections 163 and 169 preferably are formed of a lock stitch
      pattern whereby runs in the stocking portion 160 won't be transmitted to
      the center section 150. The micro-mesh tuck stitch pattern may be
      continued into the center section 150 of the tubular blank where a heavier
      denier reinforcing yarn preferably is added.
PAR  It will be understood that the tubular blank 100 is continuously and
      integrally knit so as to first provide the various sections of one of the
      stocking portions 160 beginning with the selvedge section 161, followed by
      knitting of the center section 150 and then the opposite stocking portion
      160. After the tubular blank 100 is knit, it is steamed or preset in the
      conventional manner to a predetermined size which is substantially
      equivalent to the final size of the finished garment.
PAR  After presetting the tubular blank 100, a longitudinally extending slit 180
      (FIG. 5) of predetermined extent is made in the center section 150,
      whereby upon orienting both of the stocking portions 160 in the same
      direction away from the longitudinal axis of the tubular blank 100, the
      slit 180 in the center section 150 defines a generally annular waist
      opening in the tubular blank 100 (FIG. 6), the slit center section 150
      thereby providing the panty portion 50 for the finished garment 40
      illustrated in FIGS. 1 and 2. Depending upon the length and diameter of
      the center section 150 and the extent of the slit 180 made therein, the
      slit edge of the center section which defines the upper edge of the panty
      portion will be disposed at a predetermined point on the lower torso of
      the associated wearer.
PAR  To close off the slit edge 180 of the center section, an annular waist band
      such as 170 is sewed thereto. The waist band 170 may be formed of a highly
      elastic material so as to provide a support function for the lower torso
      area. Also, in certain instances, it may be desirable to lengthen the
      panty portion 50 so that the upper edge thereof is disposed higher on the
      body of the wearer. In this case the waist band 170 may be of substantial
      width such as illustrated in FIGS. 1, 2 and 7.
PAR  In addition to sewing the waist band 170 to the slit edge 180 of the
      tubular blank 100, the outer edge of each toe section 162 is cut and
      seamed along a dashed line 182 thereof (FIG. 4), whereby each stocking
      portion 160 is closed at the outer end thereof so as to provide the foot
      section "A" for the finished garment 40.
PAR  It will be understood that the seaming of each of the toe sections 162 to
      close same is a conventional operation and that the nomenclature
      "seamless" as used herein with reference to the one-piece garment is
      intended to refer to all sections of the garment with the exception of the
      seams at the toes and the waistband. After both toe sections are seamed,
      the slit tubular blank 100 may be put on an appropriate structure for
      stretching and boarding the same so as to impart the predetermined
      configuration thereto resulting in the finished garment 40 illustrated in
      FIGS. 1 and 2.
PAR  In a preferred embodiment of the invention, the tubular blank 100 will be
      knit such that each of the toe sections 162 has between 170 and 180
      courses, each of the lower runguard sections 163 has about 16 courses;
      each of the foot and ankle sections 164 has between 725 and 745 courses;
      each of the lower boot sections 165 has between 975 and 1005 courses, with
      the tapered portion 166 thereof comprising about one-fifth of such
      courses; each upper boot section 167 has between 700 and 740 courses, with
      the tapered portion 168 thereof comprising about half of such courses; and
      the center section 150, including the upper runguard section 169, has
      between 910 and 980 courses.
PAR  In a typical embodiment, the tubular blank 100 will be knit to include the
      various sections set forth herebelow from the selvedge 161 thereof to the
      center section 150 and then repeated in the opposite order for the
      remainder of the tubular blank. For example, the selvedge may consist of
      about 16 courses of lock yarn such as 100 denier Englo Rayon having a
      maximum diametrical stretch extent of about 10.5 inches. The toe section
      162 may consist of about 175 equal diameter courses formed of 50/1/S/2
      denier material knit of right and left twist alternately and having a
      maximum diametrical stretch extent of about 10.5 inches. The lower
      runguard section 163 may consist of about 16 courses of a 50 denier
      material knit with a lock stitch and having a maximum diametrical stretch
      extent of about 10.5 inches.
PAR  The foot and ankle section 164 may consist of about 735 equal diameter
      courses of a 50 denier material knit of a micro-mesh stitch and having a
      maximum diametrical stretch extent of between 10.5 and 11.0 inches.
PAR  The lower boot section 165 may consist of about 990 courses of a 15 or 20
      denier material knit in a micro-mesh stitch pattern, the tapered portion
      166 thereof consisting of about 200 courses, or about one-fifth of the
      total, the taper being imparted to the lower boot by increasing the
      diameters of the courses in four course intervals so that the portion 166
      has a maximum diametrical stretch extent of about 10.5 inches at the end
      thereof adjacent to the foot and ankle section and tapers outwardly so
      that the maximum diametrical stretch extent at the enlarged end is about
      12.25 inches.
PAR  The upper boot section 167 consists of about 720 courses of a 17 or 20
      denier material knit of a micro-mesh stitch, the tapered portion 168
      thereof comprising about 350 courses or about one-half of the total, the
      taper being imparted thereto in four course intervals so that the portion
      168 has a maximum diametrical stretch extent of about 12.25 inches at the
      end thereof adjacent to the lower boot section and tapers outwardly so
      that the enlarged end thereof has a maximum diametrical stretch extent of
      about 15.5 inches.
PAR  The upper runguard section 169 consists of about 16 courses of a 50 denier
      material knit in a lock stitch pattern, and the center section 150
      consists of about 400 equal diameter courses (including the 32 courses of
      both upper runguard sections 169) of a 50/1/S/2 denier material knit in a
      plain flat knit, or micro-mesh pattern and having a maximum diametrical
      stretch extent of about 16.5 inches. Because the central section 150 is
      knit of a heavier denier material, the panty portion 50 of the finished
      garment 40 gives the appearance of a separate garment which supports the
      stocking portions 60.
PAR  It will be understood that the foregoing dimensions and limitations of the
      preferred embodiment are exemplary only and that the different materials
      and stitch patterns and sizes may be used to provide a great variety of
      one-piece seamless garments. The phrase "diametrical stretch extent" used
      herein refers to that dimension measured normal to the longitudinal axis
      of the tubular blank with the blank being stretched to its maximum in such
      direction.
PAR  As previously stated, in manufacturing the tubular blank 100 illustrated in
      FIGS. 3 and 4, a substantially conventional circular knitting machine may
      be used. To impart the necessary configuration to the tubular blank 100, a
      fashioning cam or graduation wheel on the control drum of the machine may
      take the shape illustrated as 800 in FIG. 18. The cam 800 will be employed
      in lieu of the conventional fashioning cam or graduation wheel which is
      used in the machine for knitting conventional stockings which gradually
      increase in diameter toward the upper welt thereof.
PAR  When the cam 800 is used on an eight feed machine, for example, the machine
      will make up on four feeds and run a predetermined number of courses of
      selvedge 161. An additional four feeds are then brought in and the toe
      section 162 and lower runguard section 163 are knitted using the heavier
      denier material. When the toe section 162 is finished, the machine begins
      to size from the graduation cam 800 as illustrated in FIG. 18. As the
      machine makes the first foot and ankle and lower and upper boot sections,
      the stitches are loosened gradually by the cam 800 to produce the proper
      foot and ankle and lower and upper boot measurements.
PAR  When the first stocking portion 160 is finished, the heavier denier
      material is inserted in the machine for knitting the center section 150
      which will ultimately become the panty portion 50 of the garment 40. At
      this time the machine will be sizing from a series of cams on the control
      drum. When the machine changes to the heavier denier material to make the
      center section 150, it will start with the upper runguard section 169,
      then run a plain knit pattern through the center section 150, and then
      make another upper runguard section 169 at the opposite end of the center
      section 150.
PAR  At this time, the machine will then be changed to the type of material for
      the second stocking portion and the machine will be sizing from the
      fashioning cam 800 again. To make the second stocking portion, the
      stitches will be gradually shortened to produce the proper measurement
      first in the upper boot section 167 and then in the lower boot section 165
      and ultimately in the foot and ankle section 164. When the upper and lower
      boot sections and the foot and ankle section are finished, the machine
      will be changed to a heavier denier material so as to complete the tubular
      blank 100 by providing a second or lower runguard section 163, the toe
      section 162 and then end with a number of courses of selvedge 161.
PAR  The cam 800 is eccentric as illustrated in FIG. 18 and rotates one full
      cycle for each tubular blank 100 to be knitted. The first stocking portion
      will start at the midpoint of the cut-away portion designated as 801 on
      the cam, and the first foot and ankle section starts at the low point 802
      thereon. As the first stocking portion is made the cam 800 will rotate
      approximately 180.degree., gradually raising the needle cylinder and
      loosening the stitches to form the foot and ankle section 162 and the
      lower boot section 165 and upper boot section 167 of that stocking
      portion, ultimately ending at the high point 803 on the cam. The cam is
      provided with a second cut-out portin 804, and, as the cut-out portion 804
      rotates through the cycle, the center section 150 of a predetermined
      diameter will be knit. When the second stocking portion starts, the cam
      800 is again at a high point 805, and upon continued rotation thereof,
      gradually lowers the needle cylinder throughout the knitting of the second
      stocking portion to form the various sections thereof, the cam 800
      ultimately ending at the low point 806. The cam is thereagain cut-away at
      801, and it is at the cut-away portion 801 that the sizing of the second
      toe section occurs. The pattern generated by the cam surface from the
      point 805 to 806 is identical to that generated between 802 and 804, so
      that the stocking portions 160 are symmetrical.
PAR  The eccentric cam surface extending from point 802 to point 803 causes the
      needle cylinder to rise gradually during the knitting of the first leg
      portion of the garment, to gradually increase the size of the knitted
      stitches as knitting progresses. The eccentric cam surface extending from
      point 805 to point 806 causes the needle cylinder to descend gradually
      during knitting of the second stocking portion, thereby causing the
      stitches to be more tightly knit as knitting progresses.
PAR  Although stretch yarns of different denier have been employed in the center
      section 150 of the tubular blank 100 and found to be satisfactory,
      inelastic yarns may be employed with satisfactory results. It is
      contemplated that with an inelastic yarn being fed to the needles in the
      usual manner, added elasticity may be provided in the center section 150
      by either knitting or laying in without interknitting a highly elastic
      yarn into the fabric at selected courses or in all the courses of the
      center section. Also, it may be desirable to interlay yarns of a different
      denier or of different stretch characteristics in certain areas of the
      center section in order to provide different functional or decorative
      features in the finished garment. Various embodiments of the invention
      wherein different denier yarns are interlaid in the center section of the
      tubular blank are illustrated in FIGS. 8 through 17.
PAR  In the embodiment illustrated in FIGS. 8 and 9, the tubular blank 200 is
      provided with a continuous body panel designated as 290. The body panel
      290 is formed by interlaying a different denier material in the center
      section 250 while knitting the center section. The different denier
      material or yarn is preferably of a heavier denier and may be interlaid in
      the center section so as to define the configuration illustrated in FIG.
      8. The panel 290 is formed by interlaying the yarn thereof over only a
      part of the circumference of the tubular blank 200 for a predetermined
      number of courses, with the circumferential extent of the panel 290
      increasing toward the midpoint of the center section 250 and then
      decreasing thereafter. In the embodiment illustrated, the body panel 290
      is continuous over the entire circumference of the tubular blank at the
      midpoint of the center section, designated as 291. The slit 280 defining
      the waist opening for the garment is made along the upper edge 251 of the
      tubular blank, whereby when the stocking portions 260 of the tubular blank
      200 are oriented away from the longitudinal axis thereof, the continuous
      section 291 of the panel 290 will be disposed in the crotch area of the
      finished garment 240.
PAR  The panel 290 in the embodiment illustrated in FIG. 9 thus extends from the
      upper edge of the front side of the panty portion 250 downwardly to and
      through the crotch area and then upwardly along the rear side to the upper
      edge of the panty portion. In addition, the sides of the panel taper
      inwardly from the upper edge of the panty portion toward the crotch area.
      It also will be appreciated that the panel 290 need not be continuously
      formed if desired.
PAR  The line designated as 252 between each stocking portion 260 and the center
      section 250 indicates only that the center section 250 may be knit of a
      different denier material than the stocking portions 260. The difference
      in denier delineates the panty portion of the finished garment from the
      stocking portions thereof.
PAR  In the embodiment of the invention illustrated in FIGS. 10 and 11, the
      tubular blank 300 is provided with a panel 390 similar to that designated
      as 290 in the embodiment illustrated in FIGS. 8 and 9. In addition, the
      tubular blank 300 is provided with enlarged runguard sections 369
      intermediate each stocking portion 360 and the center section 350,
      whereupon orienting the stocking portions 360 downwardly, the finished
      garment 340 will appear as illustrated in FIG. 11. The enlarged runguard
      sections 369 cause the finished garment 340 to appear as a separate panty
      with stockings supported thereby.
PAR  Still another embodiment of the invention is illustrated in FIGS. 12 and
      13, wherein in addition to the enlarged runguard sections 469, a plurality
      of panels of different denier material are interlaid in the center section
      450 of the tubular blank 400. In this embodiment, a panel 495 of limited
      longitudinal and circumferential extent is interlaid in that area of the
      center section 450 which will ultimately define the crotch area of the
      garment 440 as illustrated in FIG. 13. A second much larger panel 496 also
      is provided in the center section 450, the second panel 496 extending
      between the runguard sections 469 and upwardly along the front and rear
      sides of the panty portion toward the upper edge thereof, whereby the
      finished garment 440 will appear as illustrated in FIG. 13. It will be
      understood that the panels 495 and 496 may be formed of different denier
      material and that the center section 450 and stocking portions 460 also
      may be knit of different denier material.
PAR  Still another embodiment of the invention is illustrated in FIGS. 14 and
      15. In this embodiment, the center section 550 of the tubular blank 500 is
      provided with a longitudinally extending panel 597 which extends between
      the runguard sections 569. The panel 597 wil ultimately be disposed in the
      crotch area of the garment and for the sake of convenience will be
      referred to as a crotch panel. In addition, the tubular blank 500 further
      is provided with a pair of body panels 598; the body panels 598 being
      disposed on the front and rear sides of the center section and being
      roughly semicircular in shape whereby they taper inwardly from the crotch
      area toward the upper edge of the panty portion. In addition to the body
      panels 598 and the crotch panel 597, the tubular blank 500 further is
      provided with front and rear mesh bands 599 which extend upwardly from the
      body panels 598 to the upper edge of the center section. The mesh bands
      599 are continuously knit as part of the tubular blank by appropriate
      adjustment of the knitting machine so as to provide the mesh type stitch
      pattern therefor.
PAR  Another embodiment of the invention is illustrated in FIG. 16 wherein the
      tubular blank 600 is provided with runguard sections 669. The center
      section 650 includes a longitudinally extending lower section 655 of
      limited circumferential extent formed of a more closely knit stitches than
      the remainder, i.e. upper area, of the center section 650. The
      longitudinally extending arcuate panel 655 extends continuously between
      the runguard sections 669 and ultimately will be disposed in the crotch
      area of the finished garment. Because of the more tightly knit stitches,
      the center section of the tubular blank 600 will have a slight
      predetermined longitudinal bow as illustrated in FIG. 16, and when the
      finished garment is worn, the section 655 thereof will more fully conceal
      the underlying body area as though such section were made of a heavier
      denier material. The knitting machine may be set by any means well known
      to experts in the art, to produce in the knitted structure 650 a panel 655
      of closer knitted stitches extending longitudinally of the fabric. The
      knitting technique employed may be the same as that referred to in U.S.
      Pat. Nos. 1,981,136 and 2,028,746. As explained in those patents, the
      closer knit portion of the center section 650 of tubular blank 600
      foreshortens the tubular structure of the center section so that it
      assumes an arcuate form.
PAR  It is preferred, during knitting of the upper area of center section 650,
      to lower the stitch cams at the yarn feeds axially of the needle cylinder
      a slight, selected amount, to permit the needles knitting that area to
      draw longer yarn loops. During knitting of the lower portion 655 of center
      section 650, the stitch cams are at their normal higher position.
PAR  Preferably, the arcuate panel 655 comprises approximately one third of the
      total peripheral area of center section 650. By reason of the arcuate
      panel 655 being formed of more closely knit stitches, the tubular blank
      600 is made shorter longitudinally in its crotch area.
PAR  There are many well known mechanisms for raising and lowering stitch cams
      to vary selectively the length of the knitted stitches in the courses
      which are being formed by the knitting machine. Any such mechanisms may be
      employed to provide the tubular blank illustrated in FIG. 16, such as
      those disclosed in U.S. Pat. Nos. 2,699,055, 3,029,619, 3,157,037,
      3,256,716, 3,342,042, 3,411,326 and 3,521,467.
PAR  In the embodiment illustrated in FIG. 17, the tubular blank 700 is provided
      with a longitudinally extending arcuate section 755 of a highly elastic
      material interlaid at a greater tension in the center section, thereby
      tightening up the crotch area of the center section and imparting a bow in
      the center section thereof, thereby to more closely conform to the
      adjacent underlying body area.
PAR  From the foregoing, it will be appreciated that various modifications may
      be made in the center section of the garment to impart various designs
      thereto by interlaying different types of yarn therein. In the embodiments
      illustrated wherein a body panel or crotch panel is provided in the center
      section, the yarn forming such panels may be interknit or interlaced in
      the center section of the tubular blank. The distribution of such yarn and
      the type of yarn used may be varied as well as the number of strands
      thereof which are to be interlaid in each course.
PAR  While there has been described what are at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A one-piece panty hose having two leg portions and an intermediate panty
      portion, which garment comprises a single continuous circular knit tube,
      the panty portion of which has a longitudinally extending arcuate panel
      providing a crotch area, said arcuate panel incorporating an elastic
      material under a high tension to impart a continuous longitudinal
      curvature to the panty portion.
NUM  2.
PAR  2. A seamless, circular knit lower body covering type garment comprising
PA1  a. a seamless curved panty portion having integrally formed downwardly
      depending leg portions defining a crotch area therebetween,
PA1  b. said seamless curved panty portion having an upper waist opening and an
      elastic band attached to the waist opening,
PA1  c. the size of the stitch loops in courses of at least said curved panty
      portion being reduced from large stitch loops positioned in a wale
      extending along opposite sides of said panty portion to small stitch loops
      inner sides of said leg portions and through the center of said crotch
      area, the curvature in the panty portion being produced solely by reducing
      the size of the stitches.
NUM  3.
PAR  3. A garment according to claim 2 wherein the reduction in size of the
      stitch loops in the panty portion is sufficient to impart to the panty
      portion a continuous longitudinal curvature.
NUM  4.
PAR  4. A seamless panty hose type garment comprising
PA1  a. a pair of seamless legs having closed toe ends at their lower ends,
PA1  b. a seamless curved panty portion having downwardly depending leg portions
      defining a crotch area therebetween said leg portions being integrally
      knit with the upper ends of said seamless legs,
PA1  c. an elastic waistband connected to the upper end of said curved panty
      portion and defining a waist opening therein, and
PA1  d. the size of the stitch loops in courses of at least the curved panty
      portion being reduced from large stitch loops positioned in a wale
      extending along opposite sides of said panty portion to small stitch loops
      positioned in a wale extending along the inner sides of said leg portions
      and through the center of said crotch area, the curvature in the panty
      portion being produced solely by reducing the size of the stitches.
NUM  5.
PAR  5. A method of forming a panty hose type garment comprising the steps of
PA1  a. knitting a tubular panty hose blank on a circular knitting machine by
      continuously knitting from one end of the garment blank to the other and
      while
PA1  b. knitting a first leg,
PA1  c. knitting a curved intermediate panty portion,
PA1  d. knitting a second leg,
PA1  e. reducing the size of the stitch loops in courses of at least said panty
      portion from large stitch loops along one side of said blank to small
      stitch loops along the opposite side of said blank, to provide a curvature
      in the panty portion solely by reducing the size of the stitches,
PA1  f. slitting the intermediate portion of said panty hose blank in a walewise
      direction and along said one side to form a waist opening therein, and
PA1  g. attaching an elastic waistband to the waist opening formed by the slit.
NUM  6.
PAR  6. A seamless, circular knit lower body covering type garment comprising
PA1  a. A seamless curved panty portion having integrally formed downwardly
      depending leg portions defining a crotch area therebetween,
PA1  b. said seamless curved panty portion having an upper waist opening and an
      elastic band at the waist opening,
PAR  c. the size of the stitch loops in courses of at least said curved panty
      portion being stepped from large stitch loops positioned in a wale
      extending along opposite sides of said panty portion to small stitch loops
      positioned in a wale extending along the inner sides of said leg portions
      and through the center of said crotch area, the curvature in the panty
      portion being produced solely by reducing the size of the stitches.
NUM  7.
PAR  7. A method of forming a panty hose type garment having a waist opening
      provided with an elasticated waistband comprising the steps of
PA1  a. knitting a tubular panty hose blank on a circular knitting machine by
      continuously knitting from one end of the garment blank to the other and
      while
PA1  b. knitting a first leg,
PA1  c. knitting a curved intermediate panty portion,
PA1  d. knitting a second leg,
PA1  e. reducing the size of the stitch loops in courses of at least said panty
      portion from large stitch loops along one side of said blank to small
      stitch loops along the opposite side of said blank, to provide a curvature
      in the panty portion solely by reducing the size of the stitches, and
PA1  f. slitting the intermediate portion of said panty hose blank to form a
      waist opening therein.
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ABST
PAL  A process for knitting the body portion of a panty or panty hose of one
      piece construction on a circular knitting machine which comprises knitting
      a first leg portion by tubular knitting, supporting the tubular knit
      portion on all the needles while inactivating the needles along a first
      arc and knitting by reciprocal motion on a second arc of needles to form a
      first waist portion, casting off the fabric from said second arc of
      needles, activating the needles along said first arc of needles and
      knitting by reciprocatory motion to form a crotch panel, inactivating said
      first arc of needles while supporting the crotch panel thereon, knitting a
      second waist panel on said second arc of needles, and then knitting on all
      the needles in a circular motion to form the remainder of the body
      portion. The dimensions of the waist panels and the dimension of the
      crotch panel may be changed as desired by varying the number of wales and
      courses in each panel according to the desired size of the completed
      garment.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  It is known to make panty hose, for example, of one piece construction on a
      circular knitting machine but difficulty has been encountered in providing
      a body portion of a comfortable fit, particularly in the larger sizes.
      Circular knitting machines usually have a needle cylinder of about four
      inches in diameter and the practice of knitting a one-piece panty hose
      generally consists of beginning with the toe portion of one leg and
      knitting by circular knitting the first leg portion, the body portion, and
      the second leg portion in succession. Consequently, the size of the body
      portion is predetermined by the diameter of the needle cylinder. An
      example of the one-piece panty hose of the type described is shown in U.S.
      Pat. No. 3,673,821 to Johnson.
PAC  SUMMARY OF INVENTION
PAR  The invention is illustrated and described in the environment of a
      one-piece panty hose or one-piece tights including a first leg portion, a
      body portion and a second leg portion, but the subject matter of the
      invention resides in the forming by reciprocal knitting panels of the body
      portion of said panty hose or tights.
PAR  In the illustrated embodiment, the one-piece panty hose is started by
      knitting the toe of a first leg portion, the toe being either a closed toe
      of the type, for example, as shown in Currier Pat. No. Re 26,580 or in
      Micheletti Italian Pat. Nos. 814,164 and 837,903, or an open toe which may
      be subsequently seamed after the knitting of the one-piece panty hose is
      completed and the garment removed from the machine. After knitting of the
      toe portion is completed, the first leg portion is knit on all the needles
      by continuous circular knitting in a conventional manner until the first
      leg portion is completed and the next step is to knit the body portion. A
      first arc of the terminal course of the first leg portion corresponds to
      the initial course of the crotch of the body portion.
PAR  Said first arc of the terminal course of the first leg portion is supported
      on an arc of needles comprising, for example, about one-half the needles
      of the machine. Reciprocatory knitting is begun on the remaining active
      needles to form a first panel of the body portion. Thereafter, successive
      panels of the body portion are formed by reciprocatory knitting on
      selected needles until the body portion is completed. Each of the several
      panels which define the body portion, or the panty in the event it is
      desired to knit only the body portion without legs, may be of desired
      dimensions, both course-wise and wale-wise depending upon the pattern of
      the machine for selecting the needles. Accordingly, the concept of
      defining successive panels of differing desired dimensions enables the
      making of the body portion with a proportional fit to thereby provide a
      more comfortably fit garment than has heretofore been possible on a
      circular knitting machine.
PAR  After the body portion is completed, knitting is continued on all the
      needles by conventional circular knitting to form the second leg and its
      toe portion, which also may be knit either closed or open as described in
      connection with the toe portion of the first leg.
PAC  OBJECTS OF INVENTION
PAR  The primary object of the invention is to provide a more comfortably
      fitting garment by circular knitting than has heretofore been possible and
      the method of needle selection which makes possible the knitting of such a
      garment.
PAR  It is a more specific object of the invention to provide a pattern of
      needle selection in a circular knitting machine wherein the needle
      selection is varied in each of a sequence of panels to produce a garment
      having a plurality of variously dimensioned panels which combine to form a
      better fitting garment than has heretofore been possible on a circular
      knitting machine. It will be understood that although the invention is
      described and illustrated as comprising a plurality of panels joined
      together at their common edges, the lines of demarcation are not visible
      in the completed garment.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Some of the objects of the invention having been stated, other objects will
      appear to those skilled in the art as the description proceeds when taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a fragmentary vertical sectional view of a portion of a circular
      knitting machine illustrating some of the components used in carrying out
      the method and making the resulting article of the invention;
PAR  FIG. 2 is a perspective view of a one-piece panty hose, according to a
      first embodiment of the invention, removed from the machine and with parts
      of the legs broken away and illustrating the sequence of forming by
      reciprocal knitting the several panels which define the body portion;
PAR  FIG. 3 is a schematic illustration of the arcs of the needles which knit
      designated panels of the body portion according to the embodiment of FIG.
      2;
PAR  FIGS. 4, 5, 6, 7 and 8 are prespective views schematically illustrating the
      sequence of knitting to form the several panels of the body portion
      according to the embodiment of FIG. 2;
PAR  FIGS. 4A, 5A, and 6A are views similar to FIGS. 4, 5, and 6 but more
      specifically illustrating the distortions which occur to the fabric when
      loops on inactive needles are picked up.
PAR  FIG. 9 is a view similar to FIG. 2 but illustrating a second embodiment of
      the invention;
PAR  FIGS. 10, 11 and 12 are vertical sectional views taken substantially along
      the lines X--X, XI--XI, and XII--XII in FIG. 9;
PAR  FIGS. 12A and 12B are schematic illustrations of stages of forming the
      tubular sheath of the second embodiment;
PAR  FIG. 13 is a view similar to FIG. 2 but partly in section and showing a
      third embodiment of the invention;
PAR  FIG. 13A is a view similar to FIG. 12B but illustrating the tubular sheath
      of the third form of invention;
PAR  FIG. 14 is a view similar to FIG. 2 but showing a fourth embodiment of the
      invention;
PAR  FIG. 15 is a view similar to FIG. 2 but showing a fifth embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown a partial representation of a circular
      knitting machine including a needle cylinder 1 around which are mounted
      for vertical reciprocation, a plurality of knitting needles 2. Cooperating
      sinkers 4 reciprocate radially in an annular structure or sinker cap 3
      surrounding the needle cylinder. Reciprocal radial movement is imparted to
      the sinkers 4 by an annular element or cam ring 5 surrounding the sinker
      cap 3. A dial 6 is rotated by a shaft 6a in synchronization with the
      rotation of the needle cylinder 1 and the dial 6 carries a plurality of
      radially reciprocable hooks 7 which are actuated by cams 8. The needle
      cylinder and its associated elements above described are of the
      conventional type and are used in a known manner to activate selected
      needles according to the sequence of the invention. The invention is not
      concerned with the means for knitting the fabric but is concerned with the
      sequence of needle selection for knitting the fabric.
PAR  Referring now to the first embodiment illustrated in FIGS. 2 through 8,
      there is indicated at 11 the upper part of a first leg portion formed by
      conventional circular knitting in the direction of the upwardly pointing
      arrow, it being understood that the toe and lower leg portion of the
      tubular fabric 11, although not shown, have already been knit. The tubular
      fabric 11 was knit on all the needles and its upper terminal course is
      defined by the lines 13 and 19.
PAR  After knitting the terminal course of the tubular fabric 11 defined by the
      lines 13 and 19, with a continuous circular motion, the needles
      corresponding to an arc 13 (FIGS. 3 and 4) of the needle circumference
      between the points 15 and 17 in FIGS. 3 and 4, are inactivated by raising
      the needles and retaining on them said terminal course 13. The needles
      along the arc 19 of the needle cylinder in FIGS. 3 and 4 continue knitting
      the fabric with a reciprocal motion to form a first panel or flap of
      fabric 21.
PAR  The panel 21 is of trapezoidal configuration and is formed with a
      progressive decrease of the needles along the arc 19 between the points 15
      and 17, successively inactivating additional needles adjacent the points
      15 and 17 by reising the needles to be inactivated, thereby tapering the
      ends of the panel 21 along the lines 23 and 25 extending respectively from
      the points 15 and 17. The panel 21 is knit in the direction of the arrow
      F-5 in FIG. 2 from the terminal course 19 to an edge 27 extending between
      points 29 and 31 at which the tapered ends denoted by the lines 23 and 25
      (FIG. 2) of the panel 21 terminate.
PAR  After reaching the terminal course 27 of panel 21, reciprocatory knitting
      continues between the points 29 and 31 to form an anti-ravel tab 33 which
      serves as a finish of a portion of the waistband defined by the panel 21
      in the embodiment of FIG. 2.
PAR  At the end of the forming of the tab 33 along the edge 27 of panel 21, the
      needles along the arc extending between points 29 and 31 are raised out of
      operation and reciprocatory knitting continues on the needles extending
      between the points 15 and 29 along the line 23 and in the direction of the
      arrow F-7 in FIG. 2 to form a second panel 35 of triangular configuration.
      The needles between the points 15-19 and -31 are put into action at this
      point. The triangular shape of panel 35 is achieved by gradually reducing
      the operational needles along the line 23 departing from the point 15
      toward the point 29 as shown in FIG. 4. The edges of the triangular panel
      35 are indicated at 37 and 39 in FIGS. 2, 5 and 6 and the triangular panel
      35 is formed by retaining the stitches onto needles gradually excluded
      from knitting between the points 15 and 29 in FIG. 4. The edge 39 is
      developed like a chain by the same needle which corresponds to the point
      29. The edges 37 and 39 converge to an apex 41 which along the needle bank
      also corresponds to the needle at point 29.
PAR  A third panel 43 is similarly formed in triangular configuration between
      the points 17 and 31 along the line 25 in FIGS. 2 and 4 and is knit in the
      direction of the arrow F-9 in FIG. 2. As in panel 35, panel 43 is formed
      by knitting with a reciprocatory motion and with courses gradually
      reducing with the progressive inactivating of the needles starting from
      the point 17 in the case of panel 43. The panel 43 is defined by an edge
      45 which remains engaged to the needles gradually excluded from operation
      and by an edge 47 developed as a chain edge at the needle coinciding with
      the point 31. The edges 45 and 47 converge to an apex 49.
PAR  The two triangular panels 35 and 43 may be formed simultaneously by an
      appropriate increase in the amplitude of the reciprocating motion of the
      needle cylinder, and with the provision of an appropriate feed position of
      the yarn designed for each of the two triangular panels.
PAR  After the two triangular panels 35 and 43 are completed all of the needles
      along the circumference of needles are out of action. At this point a
      forming stage takes place for a fourth panel 51 knitted with a
      reciprocatory motion along the bank of needles constituted by the arc 13
      and therebeyond on the needles which knit the edges 37 and 45 of panels 35
      and 43, that is between the points 41 and 49 in FIG. 2. The needles which
      have previously knit the first panel 21 remain out of action during the
      reciprocatory knitting of said fourth panel 51. The panel 51 is of
      rectangular configuration and is made without increase of decrease of the
      needles while knitting with reciprocal motion in the direction of the
      arrow F-10 in FIG. 2. The panel 51 includes end edges 52 and 54, each
      defined as a selvage by respective needles at the points 29 and 31, it
      being thereby understood that the end edges 52 and 54 on panel 51 are
      continuations of the respective selvages 39 and 47 on the triangular
      panels 35 and 43. Thus, in FIG. 2 the points 29, 41 and 56 correspond to
      the same position, that is, to the same needle and the end edge 54 of
      panel 51 is in fact a continuation of the selvage 47 of triangular panel
      43.
PAR  The panel 51 is defined in FIG. 2 beginning at the back with the selvage 54
      and continuing toward the front from the point 49 along the lines 45, 13
      and 37 to the selvage 52 and then back toward the rear from the point 56
      along the lines 62, 60 and 64 to the point 58. Referring to FIG. 2, it
      will be observed that the length 60 corresponds to the length 13, the
      length 62 to the length 37, and the length 64 to the length 45. The points
      56 and 58 indicate the limits of the length 62, 60 and 64, the point 66
      corresponding to the point 15 on the needle cylinder as shown in FIGS. 7
      and 8 and the point 68 corresponding to the point 17 on the needle
      cylinder as shown in FIGS. 7 and 8.
PAR  After completion of the course indicated by the line 60 between the points
      66 and 68, the rectangular fourth panel 51 is completed and the needles
      along the arc 13 are inactivated and knitting continues along the line 62
      in the direction of the arrow F-12 in FIG. 2 to knit a fifth panel 70 at
      the front of the garment Knitting is done with a reciprocal motion and
      with a reduction of active needles in a progressive manner from the point
      66 toward the point 56 to form the fifth panel in a triangular
      configuration. An edge 74 of panel 70 is retained by the needles
      progressively withdrawn from action and a selvage 76 is formed between the
      point 56 and the apex 78 of the triangular panel 70. A sixth panel 72 at
      the rear of the garment may be formed simultaneously or subsequently by
      reciprocal knitting between the points 60 and 58 along the line 64 in the
      direction of the arrow F-14 in FIG. 2 and with a corresponding reduction
      of needles along line 82 to form the panel 72 in a triangular
      configuration. A selvage 84 extends from point 58 to the apex 80 of the
      triangular panel 72.
PAR  Upon completion of the triangular panels 70 and 72, all the needles about
      the circumference of the cylinder will be raised to their inactive
      position at least along the arc represented by the edges 74, 60 and 82 in
      FIG. 7 between the points 78 and 80 in FIG. 8 (which corresponds on the
      circumference of the needles to the points 29 and 31 in FIG. 4).
PAR  Reciprocal knitting is then commenced along the arc 86 in FIG. 8 between
      the points 78 and 80 and in the direction of the arrow F-16 in FIG. 2 to
      form a seventh panel 88. The panel 88 is of trapezoidal configuration and
      is knit on the same bank of needles as knit the panel 21. In the completed
      garment, the panel 88 is opposite the panel 21 with the triangular panels
      35, 43, 70 and 72 and the ends of panel 51 extending therebetween to
      collectively define the waistband of the garment. The initial portion 86
      of panel 88 in the completed garment will be seen as corresponding to the
      edge 27 of panel 21 with the selvages extending therebetween at the front
      and back of the garment. It is therefore desirable for the edge 86 to be
      finished in the same manner as the edge 27. The initial edge 86 of the
      panel 88 may be finished in the same manner as the edge 27 or may be
      initiated or finished with a simple flap or anti-ravel tab 33. The panel
      88 is formed from courses of stitches which gradually increase in length
      by the progressive activation of needles starting from the point 78 and 80
      as knitting continues in the direction of the arrow F-16. The needles
      which are progressively activated join the triangular panels 70 and 72 to
      the panel 88 along respective edges 74 and 82.
PAR  Upon completion of the seventh panel 88 at its terminal course 90, circular
      knitting is resumed along the edge 90 and beyond the points 66, 68 along
      the edge 60 of panel 51, the edge 60 having been previously kept suspended
      from its corresponding needles which have been kept in their raised
      inactive positions during knitting of the panel 88. The continuous
      circular knitting motion on all needles forms the tubular fabric 92 in the
      direction of the arrow F-18 (FIG. 2) to make the remainder of the body
      portion and the second leg portion.
PAR  The length of the needle arc defined by the points 15, 17 along the lines
      13 and 19 may be desirably modified according to the size requirements
      which are to be imposed on the panty or the body portion of the garment
      being knit. The length of these knitting arcs will be determined in
      conjunction with the wale-wise dimension of the panels 21 and 88 as
      measured in the direction of the arrows F-5 and F-16 respectively; the
      wale-wise dimensions of the panel 51 measured according to the arrow F-10;
      and the widening or narrowing of the fabric according to the needle
      selection to progressively include and exclude needles from knitting
      during the forming of the panel 21 and the triangular panels 35, 43, 70
      and 72 and the triangular end portions of the panel 88.
PAR  Thus, it is possible with the sequence of knitting operations described to
      make the various panels of any desired dimension and thereby obtain an
      efficient proportioning of the dimensions of the panty or body portion of
      the panty hose while knitting the article entirely on a circular knitting
      machine of a diameter suitable for knitting by continuous circular
      knitting the leg portions of a one-piece panty hose.
PAC  THE SECOND EMBODIMENT
PAR  According to the embodiment illustrated in FIGS. 9 through 12, a welt-like
      tubular sheath is provided at the waist portion of the garment. Otherwise,
      the embodiment shown in FIGS. 9 through 12 is substantially the same as
      the first described embodiment and like parts or elements in the
      embodiment illustrated in FIGS. 9 through 12 bear the same reference
      numbers as corresponding parts or elements in the embodiment of FIGS. 2
      through 8, but increased by 100.
PAR  According to the embodiment of FIG. 2, the trapezoidal side panels 21 and
      88 terminate with their respective upper edges 27, 33 and 86 being
      flattened and communicating directly with their respective panels 21 and
      88. Consequently, the edge of the fabric in correspondence of the
      waistline in the embodiment of FIG. 2 is defined by the edge 27-33, by the
      edge 86 and by the chain edges 39--52--76 and 47--54--84. According to the
      embodiment of FIGS. 9 through 12, a tubular sheath is provided as an
      extension but integral with the side panels 21 and 88 and the intervening
      front panels 35, 51 and 70 and the intervening rear panels 43, 51 and 72.
      Partial tubular sheaths are formed on the side panels 21 and 88 by the
      well-known technique for forming the so-called double welt or the
      formation of a two-ply fabric by employing the dial 6 and its associated
      hooks 7.
PAR  Referring now to FIG. 1, it is there illustrated that an article 101 may be
      engaged to the dial hook 7 along the entire circumference of the dial or
      along any desired arc of its circumference. While the article 101 is
      engaged by the dial hooks 7, knitting may continue on the entire
      circumference of the knitting needles or along any desired arc of its
      circumference to form a pocket 103 extending between the dial hooks 7 and
      the cylinder needles 2. After the pocket has been knit to a desired
      dimension, the stitches retained by the dial hook 7 may be again engaged
      by the cylinder needles 2 to close the pocket and complete the welt for
      two-ply fabric as is well known by those skilled in the art.
PAR  By use of this will known technique, it is possible to provide a partial
      tubular sheath in correspondence of the panels 21 and 88 in FIG. 2.
PAR  According to the embodiment of FIGS. 9 through 12, after having knit the
      portions of the tubular fabric 111 and after having started from the lines
      119 to knit the trapezoidal side flap 121 with a reciprocating motion as
      has been more fully described in connection with the embodiment of FIGS. 2
      through 8, the stitches of an intermediate partial course 122 from point
      129 to point 131 of panel 121 are engaged to the dial hooks 7 which are in
      the corresponding arc of a conventional dial and reciprocal knitting
      continues to form a pocket fabric between the courses 122 and 127 as
      indicated at 103 in FIG. 1, until the terminal course 127 is reached.
      During the pocket knitting, the needles are gradually put out of action
      along the lines 123 and 125 until the arc of needles working is the same
      as 129-131. The course 127 is engaged to the fabric 121 along the line 122
      with a stitch clearing operation from the dial hooks 7 to the needles 2.
      Thereafter, the anti-ravel tab 133 is formed as shown in FIG. 10.
PAR  Then, in the manner already described in connection with the embodiment in
      FIGS. 2 through 8, the triangular panels 135 and 133 are knit and joined
      to the trapezoidal side panel 121 along the lines 123 and 125. The panel
      151 is also knit in the manner previously described by reciprocal knitting
      along the arc 113 and joined to the corresponding sides of the triangular
      panels 135 and 143. The triangular panels 170 and 172 are also knit as
      previously described in connection with the embodiment of FIGS. 2 through
      8. After having formed the apexes 178 and 180 of the triangular panels 170
      and 172, a course 186 is knit as described in connection with the
      embodiment of FIGS. 2 through 8 and is transferred onto the same dial
      hooks 7 which had previously retained the panel 121 along the line 122.
      Reciprocal knitting then continues to form a first portion 188a of the
      trapezoidal side panel 188 thereby forming a pocket similar to the one
      indicated at 103 in FIG. 17 by gradually increasing the number of needles
      in action. After the pocket has been knit a desired length, the loops of
      the initial fabric are discharged from the dial hooks 7 to the knitting
      needles 2 to connect the initial edge 186 with the fabric 188 along the
      line 187 in an intermediate portion of the trapezoidal panel 188 as shown
      in FIG. 12 to thereby form an additional partial tubular sheath 188a
      corresponding to the tubular sheath 121a. Thereafter, reciprocal knitting
      of the trapezoidal side panel 188 continues to its terminal course 190.
      During the reciprocal knitting to form this panel 188a, 188, needles are
      progressively added to join the panel 188 with the edges 174 and 182 of
      the triangular panels 170 and 172. Next, circular knitting is resumed on
      all needles to form the tubular fabric 192 starting from the lines 190 and
      160 in the same manner as previously described for knitting the tubular
      fabric 92.
PAR  The forming of the tubular sheath portions 121a and 188a has the practical
      effect of resulting in the portions of the triangular panels 135, 143, 170
      and 172 adjacent their respective chained edges 139, 147, 176 and 184, and
      the end portions of the panel 151 adjacent its chain edges 152 and 154 all
      being turned inwardly and downwardly to join with the closure courses 122
      and 187 of the side panels 121 and 188. Consequently, the inwardly and
      downwardly turned finished edges of the fabric at the waist opening in the
      embodiment of FIGS. 9 through 12 is located inside the waistband resulting
      in a more pleasing appearance.
PAR  The invention contemplates the possibility of providing for the insertion
      of an elastic band in said partial sheath 121a and 188a, or an elastic
      effect may be directly obtained by the use of elastic yarn in the knitting
      of the waistband portion.
PAR  The invention also contemplates that a waistband such as described in
      connection with FIGS. 9 through 12 may also be used in the embodiment of
      the invention to be subsequently described.
PAC  THE THIRD EMBODIMENT
PAR  Another technique for finishing the waist portion of the garment is
      illustrated in FIG. 13. The remainder of the garment and its method of
      forming by sequentially knitted panels is substantially the same as the
      embodiment of FIG. 2 and the explanation of the embodiment of FIG. 13 will
      be restricted to that portion of the garment corresponding to the edges 27
      and 86 in the embodiment of FIG. 2. The same reference symbols as used in
      the embodiment of FIG. 2 are used in illustrating like parts and like
      elements in the embodiment of FIG. 13.
PAR  According to the embodiment of FIG. 13, reciprocal knitting is carried out
      between the points 29 and 31 to form a tubular sheath having an
      intermediate zone indicated at 27X. The intermediate zone 27X is of
      uniform width throughout its length. Said intermediate zone 27X extends
      between end zones 27Y, each of which tapers from its juncture with the
      intermediate zone 27X toward its respective points 29 and 31 where the
      tubular sheath terminates. The tubular sheath 27X, 27Y is formed by the
      use of the dial hooks 7 and with reciprocatory knitting and with
      progressive increases and/or reductions of the active needles in the
      needle arc, the maximum width of the arc being that between the points 29
      and 31 in correspondence of the line 27. The knitting sequence of forming
      the tubular sheath is illustrated in FIG. 13A, wherein 2Z denotes the
      needles which are the last to be excluded and the first to be put again
      into action during the knitting of the portions 27Y, 27X, and 27Y of the
      tubular sheath. For purposes of this invention, it is explained that the
      dial hooks 7 are extended along the arc defined by the points 29 and 31 in
      FIG. 13 in order to engage the fabric along the line 27. The yarn is
      seized by the hooks 7 projecting into the arc 29-31, and the fabric is
      thus suspended from the hooks 7 as shown in FIG. 13A. After this
      operation, reciprocal knitting is carried out initially along the arc
      29-31 while the remaining needles are inactivated. The tapered portions
      27Y at the ends of the tubular sheath 27Y; 27X, 27Y are formed by
      gradually decreasing the number of active needles along the arc 29-31. The
      terminal course 28 of the tubular sheath is engaged to the needles along
      the arc 29-31. At this point, the fabric engaged by the hooks 7 is brought
      back onto the needles and the edges 27 and 28 are connected between the
      points 29 and 31. A partial tubular welt is thus formed, after which
      reciprocal knitting continues to form a small anti-ravel tab 33. The
      forming of a finishing sheath of this kind is more fully described in
      applicant's copending application Ser. No. 458,027 filed concurrently
      herewith.
PAR  After the forming of the finishing sheath 27Y, 27X, 27Y, knitting continues
      as previously described to form the panels 35, 43, 51, 70 and 72. Next, a
      finishing sheath 86Y, 86X and 86Y is formed wherein the intermediate zone
      86X has a uniform width throughout its extent and the terminal ends 86Y of
      the sheath taper from their respective junctures with the intermediate
      zone 86X toward their respective points 78 and 80 where the sheath
      terminates. The knitting of the sheath 86Y, 86X, 86Y is accomplished with
      the use of the dial hooks 7 and with the use of a reciprocal knitting
      motion and with the progressive increase and reduction of the active
      needles as has been described in connection with the formation of the
      sheath 27Y, 27X, 27Y. After the initial loops of the sheath 86Y, 86X, 86Y
      are transferred from the dial hooks to the needles, knitting proceeds in
      the manner previously described for the forming of the trapezoidal side
      panel 88.
PAR  The waistline is thus defined in two diametrically opposed and symmetrical
      zones by the tubular sheath 27Y, 27X, 27Y and 86Y, 86X, 86Y and with the
      intervening front chain edges 39, 52, 76 and the intervening rear chain
      edges 47, 54, 84.
PAC  THE FOURTH EMBODIMENT
PAR  The fourth embodiment, illustrated in FIG. 14, is like the first embodiment
      of FIG. 2 through 8 except that the triangularly shaped fifth and sixth
      panels 70 and 72 are omitted and the angular displacement of the
      triangularly shaped third panels 35 and 43 and the end portions of panel
      51 are correspondingly altered. Like parts and elements in the embodiments
      of FIGS. 2 and 14 bear the same reference characters with 200 being added
      to the embodiment of FIG. 14.
PAR  The fourth embodiment eliminates the fifth and sixth panels in the first
      embodiment with a consequent relocation of the end portions of what was
      described in the first embodiment as rectangular fourth panel 51. The
      fourth embodiment is formed by continuous rotary knitting of the first leg
      until the line 213-219 is reached, where the bank of needles along the arc
      213 is raised to inactive position and reciprocal knitting continues
      beginning along the line 219 in the direction of the arrow F-25 to knit
      the first panel 221. There is a gradual inactivation of needles at the
      ends of the panel 221 along the lines 223 and 225 to the point 229 and 231
      to form a trapezoidal configuration. The second panel is completed at the
      line 227 and an anti-ravel tab 233 is knit to allow the fabric to be cast
      off from the needles along the arc 227. Any desired finish may be employed
      such as a tubular sheath as previously described and shown in FIG. 13, for
      example.
PAR  After forming of the anti-ravel tab 233 or other equivalent finish along
      the line 227, all needles are raised and out of operation along the arc
      formed by the lines 223, 213 and 225 between the points 229 and 231 and
      all the needles along the arc 227 between the points 229 and 231 are
      cleared. Now, knitting with a reciprocatory motion is commenced on the
      needles corresponding to the inclined edge 223 between the points 215 and
      229 which have been relowered into operative positions to knit a second
      panel 235 in the direction of the arrow F-27. There is a gradual reduction
      of needles along the length 223 starting from the point 215 and proceeding
      toward the point 229 to form the second panel in triangular configuration.
      The triangular panel 235 is defined by an edge 237 along which the
      stitches are retained by the needles as they are gradually excluded by
      being raised. The triangular panel 235 is also defined by an edge 239
      which is developed as a chain edge by the same needle which corresponds to
      the point 229. The edges 237 and 239 converge into an apex 241 which,
      corresponds on the needle bank to the same needle to which the point 229
      also corresponds. A third panel 243, also of triangular configuration, is
      similarly formed starting along the inclined edge 225 between the points
      217 and 231 and proceeding according to the arrow F-29 with the length of
      courses always decreasing with the progressive exclusion of needles
      starting from the point 217 toward the point 231. The triangular panel 243
      is defined by an edge 243 along which stitches remain engaged to the
      needles which are gradually inactivated. The triangular panel 243 is also
      defined by an edge 247 developed as a chain edge. The edges 245 and 247
      converge into an apex 249.
PAR  As in the first embodiment, the two triangular panels 235 and 243 may be
      formed simultaneously with an appropriate increase in the length of the
      arc of reciprocatory knitting and with a suitable feed position of the
      yarn for forming each of the two triangular panels.
PAR  At the completion of the said second and third panels 235 and 243, all the
      needles are out of operation. At this point, knitting is begun on the
      fourth panel 251 in a manner similar to the knitting of the panel 51 in
      the first embodiment. Panel 251 is formed by reciprocating motion along
      the arc 213 and along the arcs defined by the edges 237 and 245, that is
      between the points 241 and 249, while the remaining needles are
      inactivated and mostly raised. The fabric of the fourth panel 251 is
      formed in rectangular configuration by reciprocal knitting without
      increase or decrease of needles and proceeding in the direction of arrow
      F-30 and defining chain end edges 252 and 254. Knitting of the panel 251
      is completed along the lines 262, 260, 264; the length 262 corresponding
      to the length 237, the length 260 corresponding to the length 213, and the
      length 264 corresponding to the length 245. The point 266 corresponds on
      the machine to the point 215 and the point 268 corresponds on the machine
      to the point 217.
PAR  At this point, all the needles are put out of action by raising them along
      the arc represented by the edges 262, 260, 264 between the points 256 and
      258 (which correspond on the needle circumference to points 229 and 231).
PAR  A fifth panel 288 of trapezoidal configuration is started up in a
      conventional manner on the needles along the arc designated at 286 between
      the points 256 and 258, the length 286 representing an edge which in the
      completed article is symmetrical to the edge 227. The edge 286 is
      therefore finished with an edge or border corresponding to that with which
      the edge 227 is provided. If the edge 227 presents a simple anti-ravel tab
      233 which is scarcely visible, the initial edge 286 may be started in a
      conventional manner without any particular border being provided. The
      panel 288 started on the edge 286 is formed in the direction of the arrow
      F-33 and with courses of stitches gradually increasing by the progressive
      activation of needles starting from the point 256 and 258. These
      progressively activated needles determining the stitch connection of the
      corresponding edges 262 and 264 to the panel 288. The panel 288 ends along
      the line 290 between the points 266 and 268 and in the completed garment
      the panel 288 lies opposite the side panel 221.
PAR  When panel 288 is completed along the line 290, knitting is resumed on all
      the needles with a continuous circular motion to form the tubular fabric
      292 in the direction of the arrow F-35 to form the second leg of tubular
      fabric.
PAR  The sizing or dimensions of the several panels may be established according
      to criteria similar to those described with reference to the embodiment in
      FIGS. 2 through 8.
PAC  THE FIFTH EMBODIMENT
PAR  FIG. 15 illustrates a fifth embodiment of the invention wherein the panty
      hose is formed as in the previous embodiment by knitting a toe portion and
      a first leg portion by conventional rotary knitting. Continuous rotary
      knitting of the first leg portion continues to form a first side panel of
      the body portion indicated at 411 in FIG. 15. The terminal course of the
      tubular rotary knit construction is indicated at 413 and 419 in FIG. 15.
      After having reached the lines 413 and 419, the needles corresponding to
      an arc along the line 413 between the points 415 and 417 are raised to an
      inactive position. The needles along the remaining arc 419 of the needle
      circumference are actuated in such a manner as to knit an anti-ravel tab
      of a known type, as indicated at 433, after which the needles are cleared
      of the fabric along the arc 419. If desired, the finished edge adjoining
      the terminal course 419 of the tubular fabric may be made in accordance
      with the tubular fabric finishes indicated in any one of the preceding
      embodiments, or otherwise as desired.
PAR  According to this fifth embodiment after the anti-ravel tab 433 is knit and
      the needles along the arc 419 are cleared, the needles along the arc 413
      are moved to operative position and reciprocal knitting takes place along
      the arc 413 for the makeup courses of a panel 451 extending between the
      points 415 and 417. The panel 451 is of rectangular configuration and is
      made by reciprocal motion beginning between the points 415 and 417 and
      extending in the direction of the arrow F-51 for a predetermined number of
      courses. Chain edges 452 and 454 are formed between the point 415 and the
      point 456 and another chain edge is formed between the point 417 and the
      point 458. On the machine, the points 415 and 456 correspond to the same
      needle on one side of the machine and the points 417 and 458 correspond to
      the same needle on the other side of the machine. The rectangular panel
      451 terminates in a course indicated at 460, the length of the course 460
      corresponding to the length of the initial course 413 in panel 451.
PAR  At this point, the makeup courses of a new fabric on the needles along the
      arc 419, which have been cleared on the anti-ravel tab 433, is started to
      form the initial course 486 by reciprocal knitting between the points 456
      and 458 (which ocrresponds to the points 415 and 417 on the needle
      circumference). The initial edge or makeup 486 will be furnished according
      to the same construction of the finish used for the course 419.
      Thereafter, knitting will be resumed on all needles with a circular motion
      along the arc 486 and beyond the points 456 and 458 along the arc 460, it
      being understood that the stitches in the terminal course of panel 451
      have been retained on the needles. Continuous rotary knitting is continued
      to form the tubular fabric 492 defining a second side panel of the body
      portion and continuing through the second leg portion to its associated
      foot and toe portion.
PAR  The amplitude of the needle arc forming the panel 451 beginning along the
      arc 413, and the wale-wise length of the panel 451 (in the direction of
      the arrow F-51) will be proportioned according to the desired dimensional
      results.
PAR  Various modifications of the several embodiments of the invention will
      occur to those skilled in the art, all of which are within the scope of
      the invention as defined by the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of knitting the body portion of a panty or panty hose of one
      piece construction on a circular knitting machine, said panty or panty
      hose having first and second leg portions and waist portions, said method
      comprising:
PA1  a. knitting a first tubular knit leg portion by circular knitting,
PA1  b. supporting the tubular knit portion on the knitting needles while
      inactivating the needles along a first arc,
PA1  c. knitting by reciprocal motion on a second arc of needles to form a first
      waist panel,
PA1  d. casting off the fabric from the second arc of needles,
PA1  e. activating the needles along said first arc of needles and knitting by
      reciprocal motion along said first arc of needles to form a crotch panel,
PA1  f. inactivating said first arc of needles while supporting the crotch panel
      thereon,
PA1  g. knitting a second waist panel on said second arc of needles, and
PA1  h. knitting on all the needles in a circular motion to form the second
      tubular knit leg portion.
NUM  2.
PAR  2. A method according to claim 1 wherein a waist opening is formed
      transversely of the direction of knitting simultaneously with the knitting
      of said crotch panel.
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ABST
PAL  A double knit fabric having a high relief of small puffs on the back of the
      fabric and a substantially smooth surface on the front of the fabric
      wherein said puffs are elliptical in shape and alternate in vertical rows
      with a depressed portion of the fabric that is double knitted and
      alternate in a checkerboard pattern with adjoining rows of puffs.
BSUM
PAR  This invention relates to a double knit fabric. In a specific aspect the
      invention relates to a double knit fabric having areas of high relief on
      one side thereof.
PAR  It is frequently desirable for reasons of comfort as well as for aesthetic
      reasons that a fabric have areas of high relief. This is particularly true
      for fabrics employed in upholstery. Thus it is an object of the present
      invention to provide a new and improved fabric. It is an object of the
      invention to provide a new double knit fabric having areas of high relief.
      Other objects, aspects and advantages of the invention will be apparent
      from a study of the specification, the drawings and the appended claims to
      the invention.
DRWD
PAR  In the drawings
PAR  FIG. 1 is a pattern diagram of the face stitches formed by the cylinder
      needles and the reverse side stitches formed by the dial needles in the
      repeat pattern for a fabric in accordance with one embodiment of the
      invention;
PAR  FIG. 2 is a schematic representation of a theoretical stitch construction
      of a double knit fabric utilizing the repeat pattern of FIG. 1, with the
      stitches being expanded laterally to show both the face stitches and the
      reverse side stitches; and
PAR  FIG. 3 is a photographic reproduction of the reverse side of a double knit
      fabric prepared in accordance with the invention.
DETD
PAR  Referring now to the drawings in detail and to FIGS. 1 and 2 in particular,
      the double knit fabric has a first set of alternating wales C1, C2, C3 . .
      . C13 and C14 formed by the knitting action of the cylinder needles and a
      second set of alternating wales D1, D2, D3 . . . D13 and D14 formed by the
      knitting action of the dial needles. The cylinder wales C1 . . . C14,
      which form the face of the fabric, alternate with the dial wales D1 . . .
      D14, which form the reverse side of the fabric. Thus each cylinder wale in
      the interior of the fabric is positioned between two dial wales. In the
      finished fabric the set of cylinder wales are in a plane generally
      parallel to the set of dial wales, and the fabric contracts laterally so
      that the set of cylinder wales contact each other to form the face of the
      fabric and the set of dial wales contact each other to form the reverse
      side of the fabric.
PAR  The fabric has a vertical repeat pattern of at least one primary set of
      consecutive courses followed by at least one secondary set of consecutive
      courses. The fabric illustrated in FIG. 1 has a vertical repeat pattern of
      three primary sets P1, P2, and P3 followed by three secondary sets S1, S2
      and S3. Any desired number of primary and secondary sets can be employed
      in the repeat pattern, and the number of primary sets can be the same as
      or different from the number of secondary sets employed. The number of
      courses in the repeat pattern will generally be limited only by the
      pattern generating device utilized, for example a Jacquard mechanism,
      utilizing pattern wheels, punched discs, punched cards, perforated rolls,
      programmed tape, or electronic programming. The fabric has a horizontal
      repeat pattern of a first group G1 of consecutive wales followed by a
      second group G2 of consecutive wales. Each first group G1 of consecutive
      wales contains at least four cylinder wales and at least four dial wales.
      Similarly, each second group G2 of consecutive wales contains at least
      four cylinder wales and at least four dial wales. Any desired number of
      wales in excess of these minimums can be employed in the first and second
      groups of consecutive wales, and the total number of dial and cylinder
      wales in the first group can be the same as or different from the total
      number of dial and cylinder wales in the second group. The number of dial
      wales in either the first or the second group can be the same as or
      different from the number of cylinder wales in the respective group. In
      general the number of wales in the repeat pattern will be determined by
      the number of needles or a factor of the number of needles in the
      cylinder. In the illustrated fabric, the first group G1 of consecutive
      wales contains cylinder wales C1, C2, C3, C4, C5, C6 and C7 and dial wales
      D1, D2, D3, D4, D5, D6 and D7, while the second group G2 of consecutive
      wales contains cylinder wales C8, C9, C10, C11, C12, C13 and C14 and dial
      wales D8, D9, D10, D11, D12, D13 and D14.
PAR  Each primary set of consecutive courses contains, consecutively, first,
      second, third and fourth courses. Feeds 1, 2, 3 and 4 are the first,
      second, third and fourth courses, respectively, of the first primary set
      P1. Feeds 5, 6, 7 and 8 are the first, second, third and fourth courses,
      respectively, of the second primary set P2. Feeds 9, 10, 11 and 12 are the
      first, second, third and fourth courses, respectively, of the third
      primary set P3. The first and second courses of each primary set of
      consecutive courses have knit stitches in a first series of wales of the
      second set of alternating wales and welt stitches in a second series of
      wales of the second set of alternating wales. The third and fourth courses
      of each primary set have knit stitches in the second series of wales of
      the second set of alternating wales and welt stitches in the first series
      of wales of the second set of alternating wales. In the illustrated
      fabric, the members of the first series are the even numbered dial
      stitches and the members of the second series are the odd numbered dial
      stitches. The first and third courses of each primary set of consecutive
      courses have knit stitches in an alpha series of wales of the first set of
      alternating wales in the first group G1 of consecutive wales and welt
      stitches in a beta series of wales of the first set of alternating wales
      in the first group G1 of consecutive wales. The second and fourth courses
      of each primary set have knit stitches in the beta series of wales of the
      first set of alternating wales in the first group of consecutive wales and
      welt stitches in the alpha series of wales of the first set of alternating
      wales in the first group of consecutive wales. In the illustrated fabric
      the members of the alpha series are the odd numbered cylinder wales and
      those in the first group G1 are C1, C3, C5 and C7, and the members of the
      beta series are the even numbered cylinder wales and those in the first
      group G1 are C2, C4 and C6. The first, second, third and fourth courses of
      each primary set of consecutive courses have welt stitches in at least
      substantially all of the cylinder wales in the second group of consecutive
      wales. In the illustrated fabric, there are welt stitches in all of the
      cylinder wales C8, C9, C10, C11, C12, C13 and C14 in the second group G2
      for the first and third courses, and welt stitches in cylinder wales C8,
      C9, C10, C11, C12 and C13 for the second and fourth courses, there being a
      knit stitch in the last even numbered cylinder wale C14 in each of the
      second and fourth courses.
PAR  Similarly, each secondary set S1, S2, and S3, contains first, second, third
      and fourth courses. Feeds 13, 14, 15 and 16 are the first, second, third
      and fourth courses for secondary set S1; feeds 17, 18, 19 and 20 are the
      first, second, third and fourth courses for secondary set S2; and feeds
      21, 22, 23 and 24 are the first, second, third and fourth courses for
      secondary set S3. The first and second courses of each secondary set have
      knit stitches in the first series of dial wales and welt stitches in the
      second series of dial wales. The third and fourth courses of each
      secondary set have welt stitches in the first series of dial wales and
      knit stitches in the second series of dial wales. The first, second, third
      and fourth courses of each secondary set have welt stitches in at least
      substantially all of the cylinder wales of the first group of consecutive
      wales. In the illustrated fabric there is a knit stitch in the first odd
      numbered cylinder wale in each of the second and fourth courses of each
      secondary set and welt stitches in all of the remaining cylinder wales in
      the first group G1 for each of the first, second, third and fourth
      courses. The first and third courses of each secondary set of consecutive
      courses have knit stitches in the beta series of cylinder wales in group
      G2 and welt stitches in the alpha series of cylinder wales in group G2.
      The second and fourth courses of each secondary set have knit stitches in
      the alpha series in group G2 and welt stitches in the beta series of
      cylinder wales in group G2. In the illustrated fabric the members of the
      alpha series in group G2 are C9, C11 and C13 and the members of the beta
      series in group G2 are C8, C10, C12 and C14.
PAR  Referring now to FIG. 3, there is shown a photographic reproduction of the
      reverse side of a double knit fabric prepared with the repeat pattern of
      FIG. 1. The fabric is substantially smooth on the face side. The fabric
      has high relief on the reverse side in the form of small generally
      elliptically shaped puffs which alternate in each vertical row with
      depressed portions of the fabric where the dial stitches intermesh with
      the cylinder knit stitches. The dial stitches in the puffs do not
      intermesh with the corresponding cylinder welt stitches. The puffs form
      because these areas of the reverse side contain more fabric than the
      portions of fabric formed by the series of contiguous welt stitches in the
      cylinder wales. While the fabric can be formed from unbulked yarn, it is
      advantageous to employ bulked yarns. The puffs in adjacent vertical rows
      are staggered to form a checkerboard pattern. The vertical length of each
      puff can be varied by varying the number of primary and secondary sets in
      the repeat pattern, while the horizontal width of each puff can be varied
      by varying the number of wales in each first and second groups of
      consecutive wales. If desired, horizontal spacing between puffs in
      adjacent rows can be increased by interposing a third group of consecutive
      wales between each first group G1 and each adjacent second group G2 with
      the knitting pattern for the third group having sufficient knit stitches
      in each of the dial wales and the cylinder wales to provide flat areas of
      fabric. Other reasonable variations and modifications are possible within
      the scope of the foregoing disclosure, the drawings and the appended
      claims to the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A double knit fabric comprising a first set of alternating wales forming
      the face of said fabric, and a second set of alternating wales forming the
      reverse side of said fabric, each interior wale of said first set of
      alternating wales being positioned between two wales of said second set of
      alternating wales;
PA1  said fabric having a repeat pattern of at least one primary set of
      consecutive courses followed by at least one secondary set of consecutive
      courses and a first group of consecutive wales followed by a second group
      of consecutive wales, each said first group of consecutive wales
      containing at least four wales in said first set of alternating wales and
      at least four wales in said second set of alternating wales, each said
      second group of consecutive wales containing at least four wales in said
      first set of alternating wales and at least four wales in said second set
      of alternating wales;
PA1  each said primary set of consecutive courses comprising, consecutively,
      first, second, third and fourth courses;
PA1  the first course of each said primary set of consecutive courses having
      knit stitches in a first series of wales of said second set of alternating
      wales, welt stitches in a second series of wales of said second set of
      alternating wales, said wales of said second series generally alternating
      with said wales of said first series, knit stitches in an alpha series of
      wales of said first set of alternating wales in said first group of
      consecutive wales, and welt stitches in a beta series of wales of said
      first set of alternating wales in said first group of consecutive wales
      and in at least substantially all of the wales of said first set of
      alternating wales in said second group of consecutive wales, said wales of
      said beta series generally alternating with the wales of said alpha
      series;
PA1  the second course of each said primary set of consecutive courses having
      knit stitches in said first series of wales of said second set of
      alternating wales, welt stitches in said second series of wales of said
      second set of alternating wales, knit stitches in said beta series of
      wales of said first set of alternating wales in said first group of
      consecutive wales, and welt stitches in said alpha series of wales of said
      first set of alternating wales in said first group of consecutive wales
      and in at least substantially all of the wales of said first set of
      alternating wales in said second group of consecutive wales;
PA1  the third course of each said primary set of consecutive courses having
      knit stitches in said second series of wales of said second set of
      alternating wales, welt stitches in said first series of wales of said
      second set of alternating wales, knit stitches in said alpha series of
      wales of said first set of alternating wales in said first group of
      consecutive wales and welt stitches in said beta series of wales of said
      first set of alternating wales in said first group of consecutive wales
      and in at least substantially all of the wales of said first set of
      alternating wales in said second group of consecutive wales;
PA1  the fourth course of each said primary set of consecutive courses having
      knit stitches in said second series of wales of said second set of
      alternating wales, welt stitches in said first series of wales of said
      second set of alternating wales, knit stitches in said beta series of
      wales of said first set of alternating wales in said first group of
      consecutive wales, and welt stitches in said alpha series of wales of said
      first set of alternating wales in said first group of consecutive wales
      and in at least substantially all of the wales of said first set of
      alternating wales in said second group of consecutive wales;
PA1  each said secondary set of consecutive courses comprising, consecutively,
      first, second, third and fourth courses;
PA1  the first course of each said secondary set of consecutive courses having
      knit stitches in said first series of wales of said second set of
      alternating wales, welt stitches in said second series of wales of said
      second set of alternating wales, knit stitches in said beta series of
      wales of said first set of alternating wales in said second group of
      consecutive wales, and welt stitches in said alpha series of wales of said
      first set of alternating wales in said second group of consecutive wales
      and in at least substantially all of the wales of said first set of
      alternating wales in said first group of consecutive wales;
PA1  the second course of each said secondary set of consecutive courses having
      knit stitches in said first series of wales of said second set of
      alternating wales, welt stitches in said second series of wales of said
      second set of alternating wales, knit stitches in said alpha series of
      wales of said first set of alternating wales in said second group of
      consecutive wales, and welt stitches in said beta series of wales of said
      first set of alternating wales in said second group of consecutive wales
      and in at least substantially all of the wales of said first set of
      alternating wales in said first group of consecutive wales;
PA1  the third course of each said secondary set of consecutive courses having
      knit stitches in said second series of wales of said second set of
      alternating wales, welt stitches in said first series of wales of said
      second set of alternating wales, knit stitches in said beta series of
      wales of said first set of alternating wales in said second group of
      consecutive wales, and welt stitches in said alpha series of wales of said
      first set of alternating wales in said second group of consecutive wales
      and in at least substantially all of the wales of said first set of
      alternating wales in said first group of consecutive wales; and
PA1  the fourth course of each said secondary set of consecutive courses having
      knit stitches in said second series of wales of said second set of
      alternating wales, welt stitches in said first series of wales of said
      second set of alternating wales, knit stitches in said alpha series of
      wales of said first set of alternating wales in said second group of
      consecutive wales, and welt stitches in said beta series of wales of said
      first set of alternating wales in said second group of consecutive wales
      and in at least substantially all of the wales of said first set of
      alternating wales in said first group of consecutive wales.
NUM  2.
PAR  2. A double knit fabric in accordance with claim 1 wherein the members of
      said first series of wales are the even numbered wales of said second set
      of alternating wales, and the members of said second series of wales are
      the odd numbered wales of said second set of alternating wales.
NUM  3.
PAR  3. A double knit fabric in accordance with claim 2 wherein the members of
      said alpha series of wales are the odd numbered wales of said first set of
      alternating wales, and the members of said beta series of wales are the
      even numbered wales of said first set of alternating wales.
NUM  4.
PAR  4. A double knit fabric in accordance with claim 3 wherein said repeat
      pattern comprises three of said primary sets of consecutive courses
      followed by three of said secondary sets of courses.
NUM  5.
PAR  5. A double knit fabric in accordance with claim 4 wherein each said first
      group of consecutive wales contains seven wales in said first set of
      alternating wales and seven wales in said second set of alternating wales.
NUM  6.
PAR  6. A double knit fabric in accordance with claim 5 wherein each said second
      group of consecutive wales contains seven wales in said first set of
      alternating wales and seven wales in said second set of alternating wales.
NUM  7.
PAR  7. A double knit fabric in accordance with claim 6 wherein there are knit
      stitches in the last even numbered wale of said first set of alternating
      wales in said second group of wales for each second and fourth course of
      each primary set of consecutive courses, and welt stitches in all of the
      remaining wales of said first set of alternating wales in said second
      group of consecutive wales for each course of each said primary set of
      consecutive courses; and wherein there are knit stitches in the first odd
      numbered wale of said first set of alternating wales in said first group
      of wales for each second and fourth course of each secondary set of
      consecutive courses and welt stitches in all of the remaining wales of
      said first set of alternating wales in said first group of consecutive
      wales for each course of each said secondary set of consecutive courses.
NUM  8.
PAR  8. A double knit fabric in accordance with claim 1 wherein said repeat
      pattern comprises three of said primary sets of consecutive courses
      followed by three of said secondary sets of consecutive courses.
NUM  9.
PAR  9. A double knit fabric in accordance with claim 8 wherein each said first
      group of consecutive wales contains seven wales in said first set of
      alternating wales and seven wales in said second set of alternating wales.
NUM  10.
PAR  10. A double knit fabric in accordance with claim 9 wherein each said
      second group of consecutive wales contains seven wales in said first set
      of alternating wales and seven wales in said second set of alternating
      wales.
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ABST
PAL  A water softening system utilizing a reusable, self-contained water
      softener device for an agitator type clothes washer. The water softener
      device includes a quantity of cation exchange resin contained in a torus
      shaped jacket formed of a closely woven porous, synthetic-fiber fabric.
      The water softener device is placed in the clothes washer in association
      with the agitator such that water will be circulated through the resin to
      effect a hardness reduction thereof by the removal of calcium and/or
      magnesium ions. After the softening operation, the water softener is
      removed from the washer and detergent and soiled fabrics are placed
      therein. The resin is then regenerated by treatment of the device with a
      salt solution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR   1. Field of the Invention
PAR  The present invention relates to a water-softening system utilizing a
      reusable, self-contained water softener device and more particularly, to
      such a water softener device for use in a clothes washer for reducing the
      hardness of water therein.
PAR   2. Description of the Prior Art
PAR  Ecological concern has resulted in legislation forbidding the use of
      polyphosphates as a detergent component in many geographical areas of our
      country. However, there are many areas of our country where the quality of
      water, and particularly the hardness, is such that poor clothes washing
      performance often results from the use of non-phosphate detergents. The
      generally recommended solution for the problem is the installation of a
      home water-softening system. This requires a substantial outlay of money
      on the part of the homeowner or lessor and as a result, people often are
      disposed to make do with the hard water situation as it is.
PAR  By the present invention, there is provided a low-cost means to soften
      water in agitator type clothes washers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided in a clothes
      washer having an agitator a water softening system utilizing a reusable,
      self-contained water softener device. The water softener device comprises
      a package of cation exchange resins, the package being permeable to water
      and arranged to be disposed within the clothes washer and associated with
      the agitator such that water will be circulated through the resin for
      removing calcium and magnesium ions from the water to effect a reduction
      of hardness of the water. The resin is of the type which is capable of
      regeneration by treatment with a salt solution.
PAR  It is therefore an object of the present invention to provide a water
      softening system for use in an agitator type of clothes washer wherein the
      system is efficient, of low cost and is reusable.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of an automatic clothes washing machine
      incorporating the preferred embodiment of the present invention, the view
      being partly in section and partly broken away to show certain operating
      components thereof;
PAR  FIG. 2 is a view taken generally along the lines 2--2 of FIG. 1 partly
      broken away and partly in section;
PAR  FIG. 3 is a front elevational view of certain portions of an automatic
      clothes washing machine broken away to more clearly show an alternate
      placement of the preferred embodiment of the present invention; and
PAR  FIG. 4 is a front elevational view partly in section and partly broken away
      of a regenerating device for regenerating the water softener resin of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown an agitator type clothes washer 10 of
      the vertical axis type having a conventional, perforated wash basket 12
      disposed within an outer, imperforate, liquid-retaining tub 14. With this
      combination, the basket 12 and tub 14 form suitable means for containing
      water and fabrics to be washed in the water. The outer tub 14 is rigidly
      mounted within an appearance cabinet 16 which includes an access lid or
      cover 18 hingedly mounted on a hinge rod on the top portion of the cabinet
      16 for providing access through an opening 20 to the basket 12.
PAR  At the center of the wash basket 12 is positioned an agitator 22 for
      agitating clothes during a washing operation. Conventionally, the basket
      12 is mounted for rotation and the agitator 22 is mounted for some type of
      oscillatory motion which will effect washing action on the clothes in the
      basket 12.
PAR  Basket 12 and agitator 22 are driven from a reversible motor 24 coupled by
      suitable means to a transmission 26. When the motor 24 is rotated in one
      direction, the transmission causes a slow speed oscillation of the
      agitator 22 and the basket is stationary and when the motor is driven in
      the opposite direction, the transmission 26 drives both basket 12 and
      agitator 22 at a high speed for centrifugal extraction of the liquid from
      the clothes.
PAR  In addition to operating the transmission 26 as described, motor 24
      provides a direct drive to a pump structure 28. During the high speed
      operation, pump 28 draws liquid from the outer tub 14 and discharges it
      through a conduit (not shown) and thence to a household sewage disposal
      system. During wash or slow speed when the agitator 22 is oscillating, the
      pump 28 draws liquid in through conduit 30 and discharges through conduit
      32 which extends up to and terminates at a nozzle 34 opening into basket
      12. This then constitutes a water recirculation system for the washer 10.
      Water expelled from nozzle 34 then passes into a filter pan 36 suitably
      mounted on agitator 22, the filter pan being provided with a central hub
      having a circular cross section for telescoping over and mating with the
      agitator center post which has a complementary configuration to drivingly
      engage the filter pan and thereby impart oscillatory motion to the filter
      pan simultaneously with the agitator.
PAR  In accordance with the present invention, in a preferred embodiment
      thereof, there is provided a reusable, self-contained water softener
      device denoted generally as 40 in the drawings. Water softener device 40
      has been formed in the shape of a torus or doughnut for placement over the
      central hub of the filter pan 36 such that it may rest against the bottom
      portion of the filter pan. In such an arrangement, water being expelled
      through the recirculation process from nozzle 34 will pass onto and
      through water softener device 40 (as shown in FIG. 1) to effect softening
      of the water in outer tub 14.
PAR  The water softener device 40 includes a package of cation exchange resins
      42 as seen in FIG. 2 such as, for example, strongly acidic resins. These
      resins are sold commercially by Rohm & Haas Company under the trade names
      Amberlite IR120 and Amberlite IR200, and by Dow Chemical Company under the
      trade names Dowex 50 and Dowex 50W. Such resins normally have a capacity
      in the order of about 30,000 grains of hardness as calcium carbonate
      (CaCO.sub.3) per cubic foot. The resin 42 is contained in a package or
      jacket 44 formed of a closely-woven, porous, synthetic-fiber fabric. This
      allows water to pass through the jacket but retains the small, bead-like
      particles of resin therewithin.
PAR  In normal operation, an automatic washer such as shown in FIG. 1 has a
      wash-fill water volume of about 22 gallons. For most water supplies, a
      reduction of 15 grains of hardness per gallon would be sufficient to allow
      for good wash performance. When using a strong acid, cation exchange
      resin, such as Amberlite IR200, the total resin requirement would be
      approximately 20 cubic inches to effect such a hardness reduction, if
      proper contact between the resin and water can be achieved. To provide 20
      cubic inches of resin then, dimensions (see FIG. 2) of the torus shaped
      jacket 44 found suitable are:
EQU  r = 0.69 inches,
EQU  R = 2.14 inches.
PAL  The inside diameter of the torus then would be approximately 2.9 inches.
PAR  The operational sequence, assuming fully regenerated resin is as follows:
PA1  1. Place water softener device 40 on the hub of filter pan 36 and washer 10
      is filled with fresh water in the normal manner.
PA1  2. Start agitation with water recirculation and allow to continue for up to
      15 minutes.
PA1  3. Stop machine and remove water softener 40.
PA1  4. Add detergent and soiled fabrics and proceed through normal wash, rinse
      and spin cycles.
PAR  In effect, then, calcium and magnesium ions, the main contributors to
      hardness in water, have been removed by the resins in a manner well known
      to those skilled in the art. The water softener device 40 and particularly
      the resins 42 therein should then be regenerated as will be discussed
      later.
PAR  Referring now to FIG. 3 there is shown an alternate arrangement for
      effecting water softening in an agitator type clothes washer 10. A water
      softener device in the form of a package of cation exchange resins is also
      provided, but is placed over the shaft of the agitator 22 to come to rest
      thereon at a point where the flared surface 48 commences. The package may
      again be in the form of a torus but it is not limited to such a shape. In
      such an application then, advantage is taken of the water motion in basket
      12 and therefore tub 14 created by the oscillatory action of agitator 22
      as shown by the arrows, and much as described and shown further in U.S.
      Pat. No. 1,704,932 -- Altorfer. Water in the machine then is effectually
      passed through the resin 42 of water softener device 40 in a continuous
      fashion to effect removal of calcium and magnesium ions, if present,
      therefrom. This process is performed in the aforementioned fashion, the
      water softener device 40 being removed from the washer 10 before the
      placement of detergent and soiled fabrics therein. Of course, in such an
      application the dimensions of the package or jacket 44 will have to be
      changed to accommodate the dimensions of the agitator and particularly
      those at the lower portion thereof.
PAR  Regeneration of such a water softening device is accomplished by placing
      the exhausted resin package in a solution of sodium chloride in water.
      However, simple immersion of the exhausted resin in a salt solution cannot
      be expected to be of high efficiency since the displaced calcium and/or
      magnesium ions remain within the solution to compete with the sodium ions
      for sites on the resin matrix. Ideally, the displaced calcium and any
      magnesium ions should be removed from the solution as rapidly as possible
      after they are evolved thus allowing the regeneration reaction shown below
      to proceed more nearly to completion:
EQU  R.sub.2 .sup.-CA.sup.+.sup.++ 2Na.sup.+ 2R.sup.-Na.sup.++Ca.sup.+.sup.+
PAL  where R is the resin matrix.
PAR  A more complete regeneration than simple immersion may be obtained by using
      the special purpose regeneration device or vessel 49 shown in FIG. 4. The
      exhausted resin package or water softener device 40 is placed in a
      container such as the lower compartment 50 of a two compartment vessel 49.
      The upper compartment 52 is then fitted into the lower compartment 50
      coming to rest against an annular platform 54 mounted within the lower
      compartment. A regenerating solution as a result of mixing one quarter
      pound of sodium chloride to a gallon of water is then added to the upper
      compartment. The base of upper compartment 52 is provided with a plurality
      of small orifices 56 constituting a means for automatically supplying the
      regenerating solution to the lower compartment 50. The rate of flow of the
      sodium chloride solution through the orifices should be such that the rate
      of flow will effectively cause the calcium and any magnesium ions on the
      resin matrix to be replaced by sodium ions. The size and quantity of
      orifices 56 should be such that delivery of the one gallon of salt
      solution to the lower compartment 50 containing approximately 20 cubic
      inches of resin will take from one to two hours. Lower compartment 50 is
      fitted with an overflow drain 58 in a side wall thereof at a level
      sufficiently high to allow for total immersion of the water softener
      device 40. Drain 58 then constitutes means for automatically removing
      evolved calcium ions from the container.
PAR  Regenerating vessel 49 including upper compartment 52 and lower compartment
      50 may be molded from high density polyethylene since they will be exposed
      only to aqueous salt solutions at room temperature.
PAR  Although the water softener device disclosed herein has been provided with
      a package formed generally in the shape of a torus, this is not absolute
      and there are in fact many forms which the package may take which will
      allow, in an agitator type clothes washer, for the suitable passage of
      water through the resins for effecting a reduction in hardness thereof.
      Likewise the regenerating device and particularly the means for
      automatically supplying the regeneration solution and the means for
      automatically removing evolved ions may take other forms readily obvious
      to those skilled in the art.
PAR  It should be apparent to those skilled in the art that the embodiment
      described heretofore is considered to be the presently preferred form of
      this invention. In accordance with the Patent Statutes, changes may be
      made in the disclosed apparatus and the manner in which it is used without
      actually departing from the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a clothes washer having a tub, an agitator, a pump to draw liquid
      from the tub, and a conduit connected to the pump for selectively
      returning liquid to the tub, a water softening system utilizing a
      reusable, self-contained, water softener device comprising:
PA1  a package of cation exchange resin, the package being permeable to water
      and arranged to be disposed within the tub and removably placed around the
      agitator such that water will be circulated through the resin by means of
      said pump and conduit for removing calcium and magnesium ions from the
      water to effect a reduction of hardness of the water,
PA1  the resin being capable of regeneration by treatment with a salt solution.
NUM  2.
PAR  2. The water softening system of claim 1 wherein the package is formed of a
      closely-woven, porous, synthetic-fiber fabric.
NUM  3.
PAR  3. In an automatic clothes washer having an agitator and a filter pan
      associated therewith for receiving and filtering water being recirculated
      within the washer, a water softening system utilizing a reusable,
      self-contained, water softener device comprising:
PA1  a package of cation exchange resin, the resin being contained in a
      closely-woven but porous, synthetic-fiber fabric and being arranged for
      placement in the filter pan such that water being recirculated
      therethrough will pass through the resin for removing calcium and
      magnesium ions from the water to effect a reduction of hardness thereof,
      the resin being capable of regeneration by treatment with a solution of
      sodium chloride and water.
NUM  4.
PAR  4. The water softening system of claim 3 wherein the filter pan has a
      bottom and a central hub for placement upon the agitator, the resin
      package being formed in the shape of a torus to be disposed around the
      central hub and in contact with the filter pan bottom.
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PAL  An ambient air intake system for a dry cleaner is disclosed which draws
      room air through the access opening when the door to the machine is open
      and vents this air to an outlet without passing it through the interior
      tubs which contain residual solvent vapor laden air. To accomplish this an
      air duct is interposed between the access opening of the cabinet housing
      the dry cleaner and the open end of the interior tubs, with the duct
      effectively sealed about the periphery of the cabinet opening and the open
      end of the outer tub and having aligned openings therethrough to define a
      passageway through which the clothes are inserted and removed. The duct is
      connected to an electrically actuated normally closed valve which in turn
      is connected to the inlet of a motor driven fan, the outlet side of which
      leads to an exhaust pipe. Both the valve and the fan are energized by a
      door switch when the door associated with the access opening is opened to
      draw ambient air into the accessed opening, then immediately into the air
      duct to be exhausted without passing into the interior of the tubs. This
      minimizes the commingling of the ambient air and the vapor laden air
      within the tubs to reduce the loss of solvent when the access door is
      opened.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application contains, in its description, matter common to co-pending
      cases Application Ser. Nos. 445,028, 445,503 and 445,504, of common
      assignee with the present application.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to an air flow system for a dry cleaner for inducing
      ambient air to flow into the access opening of the machine whenever the
      door is opened. Such systems have previously been referred to as air
      exhaust systems; however, the present invention is particularly adapted to
      provide the air flow without exhausting the tubs.
PAR  2. Description of the Prior Art
PAR  As a safety feature in dry cleaning machines, an air flow system is
      provided for drawing ambient or room air in through the access opening to
      the interior of the machine whenever the door to the machine is opened.
      This air flow minimizes the escape of toxic solvent vapors out the access
      opening so that the user will not be subjected to such vapors when loading
      or unloading clothes from the machine. Heretofore, this air flow was
      commonly induced by the fan or blower which also was used during the
      drying cycle to circulate heated air through the tubs. Also, to some
      extent, there were common ducts for each system with a diverter valve for
      determining whether the air would flow through the recirculating path or
      to an exhaust outlet. In machines using a relatively inexpensive solvent
      having normal volatility, the loss of residual solvent vapors from the
      interior of the tubs and the common ducts was of limited concern. Thus,
      the air flow system for inducing ambient air to flow in through the door
      was typically included in the tubs, exhausting the tubs of the residual
      solvent vapors therein and thus losing them to the atmosphere.
PAR  The use of a cleaning solvent which is substantially more expensive and of
      greater volitality required, for economic reasons, that the residual
      solvent vapors remaining in the tubs and air recirculating system at the
      end of the cleaning cycle not be exhausted to atmosphere but, of
      necessity, retained within the confines of the machine. However, it
      remains necessary to induce an air flow in through the access whenever the
      door to the machine is opened.
PAC  SUMMARY OF THE INVENTION
PAR  The dry cleaning machine of the present invention provides an air flow
      system for bringing ambient air into the access opening whenever the door
      is opened which is exclusive of the air recirculating system and
      substantially reduces exhausting the residual solvent vapors from the
      tubs. Thus, a separate intake fan and duct is provided with the duct
      interposed between the access opening of the machine housing and the open
      ends of the interior tubs, and includes a normally closed valve so that
      during normal operation of the machine the separate intake system is
      isolated from the solvent vapors developed during the cleaning cycle. In
      response to the access door being opened, the intake fan is energized and
      the valve is opened so that air is drawn into the access opening and
      directly into the interposed duct with only that vapor generally
      immediately adjacent the open end of the tubs commingling with the intake
      air and lost to atmosphere. However, for the most part, the vapors within
      the tubs are retained and the loss of solvent is minimized.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective schematic drawing of the dry cleaner primarily
      showing the solvent distributing system and the air distributing system of
      the present invention;
PAR  FIG. 2 is a perspective schematic drawing similar to FIG. 1 for primarily
      showing the air distributing system and a refrigeration system for solvent
      vapor recovery;
PAR  FIG. 3 is a timer cycle chart indicating the timer-energized components
      during each portion of the dry cleaning cycle; and,
PAR  FIG. 4 is a simplified schematic wiring diagram showing the machine
      controls.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring initially to FIGS. 1 and 2 it is seen that the dry cleaner 2 of
      the present invention is generally of known construction in that it
      includes a pair of nested tubs 4, 6 having a common horizontal access with
      the outer tub 6 generally stationarily supported and the inner tub 4
      rotatably supported, and an outer cabinet 8 (shown in dotted lines in FIG.
      1) having an access opening in alignment with the open end of the tubs and
      supporting a front opening door 9 for access to the inner tub 4. The
      cabinet 8 encloses the other operative elements of the dry cleaner such as
      the drive motor (see FIG. 4) coupled through a well-known belt and pulley
      drive to the inner tub 4 for either reversibly slowly rotating the tub or
      spinning the tub at a relatively high speed. Also included is a pump 24
      for pumping the dry cleaning solvent from a storage tank 20 into the tub 6
      through a filter 14 in the housing 36, and back into the storage tank and
      a blower 16 for circulating heated air through the tubs for drying the
      clothes.
PAR  The forward concentric openings of the tubs 4 and 6 are spaced from the
      wall of the cabinet having the opening to accommodate therebetween a
      header chamber 11. This chamber has opposed walls 11a defining concentric
      openings which in turn are in alignment with the cabinet opening and tub
      openings respectively to provide an access opening therethrough for the
      clothes. The walls of the chamber are also sealingly attached to the
      cabinet structure and outer tub 6, with the periphery of the forward
      opening bounded by a forwardly extending flange for sealingly engaging the
      inner face of the door when in a closed position. The upper portion of the
      chamber above the openings defines a plenum into which the air from the
      air blower is directed so that it enters the tubs at the forwardmost
      portion thereof, and also from which exhaust air is drawn as will be
      explained later.
PAR  The complete operation of the electrical components dictating the type of
      operation being performed is controlled through a well known timer
      mechanism 18 generally enclosed adjacent the rear of the housing in an
      area generally inaccessible to the customer/user.
PAR  The operative cycle of such a machine, maintained normally in a stand-by
      condition, includes, after the cleaning cycle is initiated, a washing
      portion wherein the solvent is delivered to the tub 6 during slow speed
      rotation thereof so that the clothes are randomly moved about within the
      solvent, a drain portion wherein the solvent is drained from the tub 6, a
      spin or centrifuging portion wherein the solvent is extracted from the
      clothes, and a drying portion when the clothes are again randomly moved
      about within the tub 4 in the presence of circulating heated air.
PAR  The present invention is better described with specific detail to the
      separate circulating systems within the machine. In this regard each
      system will be described as it functions through the various distinct
      portions of the complete cleaning cycle.
PAC  SOLVENT FLOW SYSTEM (FIG. 1)
PAR  Stand-by
PAR  Anytime the machine is not being used it is in a stand-by condition ready
      for use by merely closing the access door and depositing the appropriate
      coins. While in the stand-by condition there is no flow of the solvent
      within the machine, with the solvent being stored in tank 20.
PAR  Fill and Wash
PAR  After the clothes are loaded into the inner tub 4, the cleaning cycle is
      initiated, as by closing the access door 9 and depositing the correct
      change, which energizes the solvent pump 24. This pumps the solvent from
      the storage tank 20 through pump inlet line 22 into pump 24, hence to
      discharge pipe 26 and in one side 28A of a diverter valve 28 normally
      oriented to direct the flow into line 30 through nipple 29.
PAR  From line 30 the solvent passes through another diverter valve 32 which
      normally directs the flow into pipe 34 which is the inlet pipe of a
      housing 36 enclosing a pair of pleated paper and charcoal filters (not
      shown). After passing through the filters, the solvent exits the housing
      through outlet 38 which leads through a sight-glass 40 and manual valve 42
      into leg 44 of a T-connector 46. The opposite leg of the T-connector leads
      to a oneway valve 48 which is set up to prevent flow therethrough from the
      connector. Thus, the solvent goes to another diverter valve 50 normally
      directing the flow into yet another diverter valve 54 through a nipple 52.
      Valve 54 normally directs the flow into pipe 56 which leads into the outer
      tub 6.
PAR  Once the tub 6 fills to a predetermined level, any further solvent coming
      into the tub causes the solvent to flow out the tub 6 through the overflow
      line 60. It is to be noted that a drain or dump line 62 also leads from
      the tub 6, but as this line is closed by a motor drive valve 64 at this
      time, the solvent can exit the tub only via line 60.
PAR  Line 60 also has a motor driven overflow valve 66 which at this time is
      open permitting flow of the solvent into line 68 connected to a housing 70
      containing a button trap (as is well known in the art) enclosing a
      perforated container 72 interposed between the inlet and the outlet pipe
      74 leading back to the storage tank 20.
PAR  This recirculation of the solvent from the storage tank through the
      filters, into the tubs, through the button trap, and back to the tank, is
      continuous throughout the fill and wash portion of the cycle.
PAR  Dump and Spin
PAR  At the termination of the wash cycle, although the clothes tub 4 continues
      to tumble the clothes, the abovedescribed flow circuit is altered to
      provide two separate solvent flow paths. The first provides continuous
      filtration of the solvent by continuing to pump the solvent from the tank
      20 through the filters via the route described above with the exception
      being that valve 54 has now been energized and directs the solvent into
      line 76 which leads directly back to tank 20. Thus, no more solvent enters
      the tubs. The other path dumps the solvent already in the tubs into the
      tank 20. This is done by opening valve 64 of line 62 for flow therethrough
      into another inlet pipe 78 of button basket 72 before flowing through
      outlet pipe 74 to the storage tank 20. This flow path is maintained all
      during the drain and subsequent spin portion of the cycle. Also, for
      purposes of air pressure balance through the solvent distributing system,
      overflow valve 66 remains open during this portion of the cycle.
PAR  Tumble Dry With Heat
PAR  During this portion of the cycle the solvent continues to flow through the
      filtering cycle above described; however, valves 64 and 66 are closed,
      which in conjunction with valve 54 closing the solvent inlet line to the
      tub, (as is the case with the filtration flowpath utilized), the solvent
      flow system is isolated from any evaporative air circulated during the dry
      cycle.
PAR  Last Minute Of The Cycle
PAR  During the last minute of the cycle, the solvent which has been flowing in
      one direction through the filters, is caused to flow through the filters
      in a reversed direction in an operation known as "backwash". (Again see
      the U.S. Pat. No. 3,253,431 of common assignee.)
PAR  Thus, as before, the solvent is drawn from tank 20 through pipe 22 into
      pump 24 and discharged to line 26 into valve 28. This diverter valve has
      now been energized to direct the flow into line 88 and into valve 50 which
      also has been energized to direct flow into leg 44 of connector 46, thence
      through manual valve 42, sight-glass 40 and into the outlet 38 of the
      filter housing 36.
PAR  The solvent exits the housing 36 through inlet 34 and into diverter valve
      32 which is energized to divert the solvent into line 82 leading to the
      top of the button tank 70 which, as is also well known, houses a backwash
      bag which filters particles from the solvent as it passes therethrough
      into the button basket for return to the tank 20 via line 74.
PAR  A filter housing breather line 86 connects the upper end of the filter
      housing 36 with the button basket tank 70 to bleed any air entrapped
      therein out of the housing and into a suitable place. Any solvent that may
      flow therethrough goes directly to the button tank 70 and back to the
      storage tank 20.
PAR  It is important to note that valves 54, 64, and 66 still maintain the
      solvent distributing system isolated from the circulating drying air.
PAR  To complete the solvent flow system, a safety line 132 connects the top of
      the button tank 70 with a line 128 (a solvent vapor handling line to be
      explained subsequently) leading directly into storage tank 20. This line
      132 accommodates the solvent flow in the event the button trap 70 becomes
      clogged to the extent that return flow to the tank 20 through line 74 is
      blocked. Thus, under this condition, the button trap would fill with
      solvent to the line 132 which would deliver it back to the tank 20 at a
      rate capable of accommodating the pump capacity during the filtering
      portion of the cycle.
PAC  AIR FLOW SYSTEM (FIG. 2)
PAR  As previously explained, the header chamber 11 is attached to the outer tub
      6 at the tub's forward opening. This header chamber 11 thus is in air-flow
      communication with the inner tub 4 through the forward facing opening of
      the tub. The header chamber has attached thereto a pair of airflow hoses
      118 and 122. Another air hose 96 is attached to the stationary outer tub 6
      at some point axially remote from the header chamber 59. Each hose in turn
      is associated with an electrically energized oneway valve 90, 92, and 94
      respectively, for controlling the flow through these hoses, these being
      the only airflow ingress or egress lines connected to the tubs.
PAR  Stand-By With Access Door Closed
PAR  During this time there is no airflow as no blower is energized and valve
      90, 92 and 94 are normally closed. However, should the door become open, a
      door switch immediately energizes valve 92 and an exhaust blower 120.
      Thus, it is seen ambient room air is drawn through the front opening and
      immediately drawn into the upper portion of the header chamber 11 with
      minimal penetration into the interior of the tubs so that the solvent
      vapors within the tub are not exhausted while the air is being drawn
      through the front opening to prevent the user, when loading or unloading
      clothes, from encountering solvent vapor fumes.
PAR  Fill And Wash
PAR  Again there is no airflow during this portion of the cleaning cycle as
      valves 90, 92 and 94 remain closed and no blower is energized. Thus,
      during this portion of the cycle the solvent in the tub is not exposed to
      any circulating air.
PAR  Drain And Spin
PAR  During the drain portion of the cycle, valve 90 associated with the air
      inlet side of header chamber 59 and valve 94 associated with the air
      outlet side of the tub 6 are both open to assist in balancing the air
      pressure throughout the interior of the machine (with no blower being
      energized) as the solvent is drained from the tubs. However, once the
      drain portion is completed and the inner clothes tub 4 is energized to
      spin, all valves 90 and 94 are again closed. This again isolates the air
      within the tubs and prevents any air circulation through the air
      distributing system which could be induced by the spinning tub even though
      no blower was energized if such valves were open.
PAR  Elimination of the airflow through the clothes during spin by isolating the
      tubs as above described is important with respect to minimizing the
      undesirable phenomena associated with dry cleaning and referred to in the
      trade as "streaks and swales". These are darker areas in the form of spots
      and lines that form in the clothes when certain areas dry faster than
      others and before the solvent has a chance to be distributed generally
      equally throughout the clothes. Thus, in these areas, generally adjacent
      the creases or folds in the clothes which are dried quite rapidly, a
      concentration of non-volatile residue (N.V.R.) carried by the solvent as a
      result of cleaning the clothes, is present which is highly visible as
      darker streaks at the interface of the faster dried areas and the
      subsequently dried area of the clothes.
PAR  It logically follows that the greater the volatility of the solvent, i.e.
      the more readily the solvent vaporizes, the more likely it will be for
      uneven drying to occur, forming the streaks and swales. The uneven drying
      as accenuated by the spinning tub, which in addition to maintaining the
      clothes in a fixed position by virtue of the centrifugal force, also
      normally induces an air circulation through the tub, created by the high
      speed spinning of the clothes and tub acting as a blower.
PAR  It has been found that the formation of the streaks swales can be greatly
      reduced and even eliminated by preventing airflow through the tub during
      the spin cycle. This, in addition to decreasing the vaporization of the
      solvent from the exposed surfaces of the clothes due to air movement,
      prevents escape of the vaporized solvent, thereby permitting the vapor
      pressure within the tub to increase somewhat which itself retards further
      vaporization. Thus, although a solvent having a higher degree of
      volatility is used in this machine, the formation of streaks and swales is
      greatly reduced by having valves 90 and 94 closed during centrifugal
      extraction.
PAR  Tumble Dry With Heat
PAR  One minute after the start of the drying portion of the cycle wherein the
      tub 4 is again reversibly driven at a tumble speed, valves 90 and 94 are
      opened. This initial minute with the above valves closed permits the
      clothes to be in a tumbling mode before the flow of drying air is
      initiated. This is in furtherance of preventing rapid drying of selective
      areas for eliminating streaks of swales by letting the clothes move
      randomly about before being subjected to the rapid drying affects of the
      hot air.
PAR  Once the valves 90 and 94 are opened and blower 16 energized, the air and
      vapor mixture exits the tubs 4, 6 through hose 96 which leads into a lint
      box 98 having a lint screen 100. After passing through the lint box, air
      goes through valve 94, and then to hose 102 of the inlet of blower housing
      104 enclosing the blower 16. From there the air/vapor mixture goes through
      hose 106 and into condenser housing 108. Condenser housing 108 contains
      the evaporator coils 110 of a refrigeration unit (to be described) which
      condense the solvent vapor from this air and vapor mixture.
PAR  The air exits housing 108 through hose 112 which leads into a heater box
      114 enclosing a cast aluminum finned resistance heater 116, where the
      temperatures of air is elevated to a predetermined level. (It is noted in
      FIG. 3 that the heater has been energized a sufficient length of time
      prior to the flow thereover to insure the heater is at the elevated
      temperature when the airflow through the tub 4 begins.) From the heater
      box 114 the heated air flows into inlet valve 90 and thence into the inlet
      of header 59 to flow through the clothes in the tub 4, vaporizing the
      solvent from the clothes and repeating the closed circulation path
      described continuously through the dry portion of the cycle. At the
      termination of the dry portion of the cycle the blower 16 stops, valves 90
      and 94 close and the front opening access door is permitted to be
      electrically unlocked by manual depression of a door opening switch. (It
      should be pointed out that once the cycle has been initiated the door is
      mechanically locked in a manner that can only be unlocked through the
      electrical energization of a solenoid that is prevented from being
      energized until the cycle is complete and subsequently described with
      reference to FIG. 4.)
PAR  Clothes Removal
PAR  Once the dry portion of the cycle is completed as above described, the
      machine is no longer controlled by the timer but is in a stand-by
      condition ready to repeat a cleaning cycle. However, for removal of the
      clean clothes, the access door must be open. And, as previously explained,
      anytime the door is open an exhaust fan 120 is energized through a door
      switch 10 (see FIG. 4) along with exhaust valve 92, also energized through
      the door switch 10, being opened. Thus, air is forced to enter the front
      opening, flow directly into the header chamber 11, through valve 92
      attached thereto and into the blower 120. From the blower the air flows
      through hose 122 which in turn is to be connected to a venting system for
      the building housing the dry cleaner.
PAR  The airflow with the door open is thus limited to an exit path that is
      exclusive for exhausting and does not cause air to flow through the
      interior of the tubs 4, 6 thus minimizing the loss of solvent vapor to the
      exhaust. Also, the exhaust, to satisfy established requirements, causes
      air to flow through the door opening at a minimum rate of 100 linear feet
      per minute.
PAR  SOLVENT VAPOR HANDLING (FIG. 2)
PAR  During the fill portion of the cycle, the air in the tubs 4, 6 is displaced
      by the incoming solvent. Also, the warmer surfaces of the tubs cause some
      of the incoming solvent to vaporize. The closed door prevents this vapor
      from escaping through it and with the valves 90 and 94 closed, the
      air/vapor mixture is forced (by pressure) into hose 96 leading to lint box
      98.
PAR  An exit hose 124 leads from the lint box to an expandable closed impervious
      bag 126, preferably plastic and housed in a container (not shown) located
      in the upper portion of the machine. The bag expands to accommodate and
      retain the air-vapor mixture. This bag keeps the pressure within the
      machine within low enough limits such that positively sealing the machine
      against the existing pressure to prevent leakage does not become
      prohibitively expensive as it would if the solvent vapor remained in the
      confines of the tub and attached hoses. In practice the pressure within
      the machine tends to stabilize at approximately one-half psi as opposed to
      approximately ten psi without the bag.
PAR  A safety release valve 130 is interposed in line 124 and adjusted to open
      under a somewhat greater pressure than one-half psi to insure that the
      internal stays within an acceptably low limit. However, under most
      circumstances valve 130 will not be required to open.
PAR  During the wash portion of the cycle, the vapor pressure within the tubs
      and line 96 tends to stabilize so that there is minimal air/vapor
      movement. Also, during the dump portion of the cycle, even though valves
      90 and 94 are open, there is very little air/vapor flow from the bag 126
      as the increasing volume in the tubs decreases the vapor pressure which in
      turn permits more solvent to vaporize to fill this space. The valves 90
      and 94 being again closed for the spin portion of the cycle prevent
      air/vapor flow from the bag.
PAR  However, during the dry portion of the cycle with valves 90 and 94 open,
      the air is circulated as previously described. It is noted that line 24 is
      on the suction side of recirculating blower 16 so that with the blower 16
      energized, the air/vapor mixture in the bag, being at a greater pressure
      and at an elevated position with respect to the suction inlet to the
      blower, is forced back into the flow stream via the lint box 98, until the
      bag 126 is evacuated. The vapor in this air/vapor mixture is then
      recovered in the same manner as the vapor driven from the clothes during
      the drying operation is recovered. The bag is evacuated well before the
      termination of the drying operation.
PAR  The relatively warm ambient temperature causes some of the solvent in the
      storage tank 20 to vaporize. This vapor is removed from the tank (to
      prevent pressure buildup therein) by a breather line 128 leading to
      condenser box 108. As the air passage through the condenser box 108 is
      blocked by valves 90 and 94 during all portions of the cycle except drain
      and dry, the box 108 and the hoses connected thereto act like a chamber
      providing additional volume to accumulate and retain the vapors. However,
      during this time, should the pressure increase beyond an acceptable level,
      (i.e. somewhat less than one-half psi) the vapors can by this pressure, be
      forced through line 106, backwards (in relation to the normal direction of
      flow) through recirculating fan 16, into hose 102. This pressure is then
      on the back face of closed valves 94 which is oriented to prevent flow in
      the other direction, but with back-pressure thereon, opens sufficiently
      for the vapors to leak through it and into box 98. From there the vapors
      go through line 124 for retention in the expandable bag 126 for subsequent
      reclamation as previously described.
PAR  During the drain portion of the cycle, the vapors generated in the tank 20
      and directed to the condenser housing 108 are permitted to flow through
      the heater box 114 and into the tubs 4, 6 through the then open valve 90
      for subsequent reclamation during the dry portion of the cycle, whereas
      during the dry portion, when the evaporator 110 is operating, the vapors
      directed into the condenser box 108 from either the tub or the tank are
      condensed.
PAR  In addition to condensing solvent vapor, the evaporator 10 in the condenser
      housing also condenses water vapor evaporated from the clothes during the
      dry portion of the cycle. This water/solvent mixture is directed from the
      condenser housing 108 by gravity flow through line 134 to the water
      separator housing 136 where, because of the difference in the specific
      gravity between the two liquids, the solvent can be removed from the water
      by lines exiting the separator at different levels as is well known in the
      art. Thus, the water goes through the separator 136 through line 138 into
      a closed container 140 for intermittent manual dumping. The solvent exits
      the housing 136 through line 142 to return to the storage tank 20.
PAC  REFRIGERATION SYSTEM (FIG. 2)
PAR  Stand-by
PAR  A compression-type refrigeration system is provided in the dry cleaner for
      condensing the vapors in the condenser box 108 and also for maintaining
      the liquid solvent in the storage 20 at a predetermined temperature to
      minimize the vaporization therein. The system is best seen in FIG. 2 and
      operates to cool the storage tank under all portions of the cycle except
      the drying portion. Thus, the description for stand-by includes these
      other portions of the cycle.
PAR  Thus, whenever the thermostat 141 within the tank 20 exceeds a
      predetermined limit (80.degree.F) the refrigeration unit is energized with
      cooling directed to the evaporator coil 144 in the storage tank 20. In the
      system shown the refrigerant flow path includes a compressor 146 with a
      compressed refrigerant directed therefrom through line 148 to refrigerant
      condenser 150, accumulator 152, filter 154 and sight-glass 156 to
      T-connector 158. Of the two lines 160 and 162 leading from the T-connector
      158, line 160 contains a normally closed valve 164 which thus prevents
      flow therethrough. However, line 162 contains a normally open valve 166
      permitting the refrigerant to flow into line 168 leading to expansion
      valve 170 and evaporator coils 144 in the storage tank 20. From there the
      refrigerant is directed back to the compressor 146 through line 172 and
      T-connector 174. Once the solvent in the tank has been cooled to around
      75.degree.F, the refrigeration system is deenergized, but ready to repeat
      the cycle whenever the temperature exceeds 80.degree.F.
PAR  Dry
PAR  During the dry portion of the cleaning cycle the refrigeration unit is
      continuously energized through a switch 143 (See FIG. 4) controlled by the
      timer. At this time the refrigerant flow from the compressor 146 is
      identical to that described above until it reaches the T-connector 158.
      The flow path from there is altered by the normally closed valve 164 being
      energized to an open position and the normally open valve 166 being
      energized to a closed position. Thus, the refrigerant is directed into
      evaporater coil 110 of the condenser housing 108 for continuous condensing
      of the solvent vapors passing therethrough during this time, and
      maintaining a substantially fixed temperature therein over the varying
      load conditions. From there the refrigerant 146 passes through line 176
      leading to T-connector 174.
PAR  It is noted that during the dry portion of the cycle, the temperature of
      the solvent in the storage tank 20 can exceed the 80.degree.F temperature
      without refrigeration being directed thereto. However, as this dry portion
      is a relatively short-term operation, the temperature rise is never too
      much beyond the 80.degree.F and also the increased rate of vaporization is
      accommodated through the breather line 128 directing the vapor to the
      condenser housing where it is condensed and returned to the storage tank,
      as previously explained, as relatively cool solvent.
PAR  Further, as the refrigeration unit is sized in accordance with the heat
      removal required of it during the drying portion of the cycle (this being
      the greatest load it must accommodate) its refrigeration capacity is
      greatly in excess of that needed to maintain the solvent within the
      predetermined temperature range during all other portions of the cycle.
      Thus an alternative refrigeration control system would be to eliminate the
      normally closed valve 164 in line 160 and make valve 166 (previously
      identical as being normally closed valve. In this arrangement, during all
      portions of the cleaning cycle except drying, the now normally closed
      valve 166 would be opened in response to the thermostat sensing a
      predetermined limit and the refrigerant would then flow into the
      evaporator coils 144 in the tank 20. As the refrigerant line to the
      evaporator coils 110 is also opened (because there is no valve) a portion
      of the refrigeration would also flow into it, however, because of the
      oversized capacity of the unit, sufficient refrigerant would flow to the
      coils 144 to cool the tank.
PAR  During the dry portion of the cycle, valve 166 would be prevented from
      being energized by the thermostat, and thus being a normally closed valve,
      would direct all the refrigerant into the coils 110 to condense the vapors
      in the circulating drying air. This last described system permits the
      elimination of one valve (164) from the previously described system.
PAR  Thus, the refrigeration system has a single compressor for alternatively
      primarily cooling two distinct evaporator coils under either a
      continuously timed demand for one coil or a cyclical temperature
      responsive demand for the other coil, with the time demand having
      precedent.
PAC  CONTROLS (FIG. 4)
PAR  As previously stated and as is well known in the art, the automatic dry
      cleaning machine is controlled for the most part through a timer mechanism
      18 mounted in the back portion of the housing so as to be generally
      accessible to only certain personnel so that the cleaning cycle cannot
      normally be altered in any way.
PAR  However, in the present invention, provision is made for purposely altering
      the timer operation to provide what would normally be a dry portion of the
      cycle, but without rotating the tub or advancing the timer to other
      portions of the cycle. This modified dry operation is thus utilized to dry
      the filter cartridges, which must occasionally be replaced, prior to them
      being discarded to reclaim any residual solvent or solvent vapors therein
      that remain after the filters are removed from their housing 36 for
      replacement.
PAR  Normally, the proprietor would know when it was time to change the filters
      and would preferably allow the machine to remain quiescent for some period
      of time to permit solvent to gravitationally drain from the filters.
      However, as this does not remove all the recoverable solvent, the present
      machine permits the filters to be placed within the tub 4 and the control
      mechanism set to provide the above operation identified as "cartridge dry"
      on the timer control panel. To actuate the mechanism to this procedure, a
      switch (to be discussed) is included on the control panel having one
      switch arm serially connected in the timer motor circuit and another
      switch arm serially connected in the main motor circuit so that in the
      "cartridge dry" position of this switch, both motors are inactive. After
      placing the switch in this position, the timer is manually turned to any
      point in the dry portion of the cycle, thereby actuating all elements
      previously identified to accomplish a drying process within the machine.
      After some length of time sufficient to dry the cartridges, the cycle is
      manually terminated by turning the timer to an "off" position and
      returning the "cartridge dry" switch to the normal position, thereby
      readying the machine for further use by the customer.
PAR  Reference is now made to FIG. 4 to briefly describe the controls of the
      machine and particularly those applicable to the "cartridge dry"
      operation. Thus, it is seen that the control circuit includes a door
      switch 160 which, and the position shown, represents the access door being
      closed, and which is necessary for the machine to operate. It is noted
      that in the door open position, switch 160 would simultaneously energize
      the exhaust valve 92 and exhaust door 120 for air flow through the access
      opening as previously explained.
PAR  A control box switch 162 is in series with one side of the door switch and,
      in the position shown, indicates the termination of the cleaning cycle and
      thus the stand-by position. As the access door is mechanically locked,
      whenever closed, it can only be unlocked for access when this switch 162
      is in the position shown by manually depressing a door unlock switch 164
      which energizes an unlocking solenoid 168.
PAR  Once coins are deposited to initiate the cleaning cycle, the control box
      switch moves to its other position to energize the appropriate timer
      contacts and deactivate the line having the door unlock switch 164 so that
      the door can no longer be unlocked.
PAR  The timer 18 as well known, includes a plurality of cam actuated switches
      (only certain ones being illustrated) with the controlling cams rotatingly
      driven by a timer advancing motor 174. Also, as can be seen, the main
      motor 176 of the machine is controlled through a timer switch. The
      "cartridge dry" switch 172 is interposed in each motor line so that when
      moved to the "cartridge dry" position, contact 172A to the timer motor is
      opened along with contact 172B to the tumble winding of the main motor
      (the tumble winding being the winding that is energized through the timer
      when the timer is positioned in the dry portion of the cycle) thus
      preventing either advancement of the timer mechanism or rotation of the
      inner tub 4. When it has been determined that the cartridges are dry, the
      machine is returned to the normal operating condition by closing switch
      172 and returning the timer to the initiation point of the dry cleaning
      cycle.
CLMS
STM  We claim:
NUM  1.
PAR  1. An automatic dry cleaning machine having:
PA1  a cabinet housing a stationary outer tub and a rotatable inner tub, said
      housing defining an opening for access to the interior of said tubs
      through their common open end and door means hingedly attached to said
      cabinet for movement between an open and closed position for effectively
      sealing said opening when in said closed position;
PA1  a solvent circulating system for delivering solvent to said tubs and
      draining solvent from said tubs;
PA1  an air circulating system for passing air through said tubs; and,
PA1  an intake air system for drawing ambient room air through said opening when
      said door means is in said open position and directing said air to an
      outlet, and wherein the improvement comprises:
PA2  an intake fan in said intake system;
PA2  duct means in air flow communication with said tubs at their common open
      ends;
PA2  valve means between said duct means and said intake fan to control a flow
      of air through said duct means to said fan, said valve means being
      normally closed and said fan being normally off; and, means responsive to
      movement of said door from said closed position to energize said fan and
      open said valve, whereby room air enters said opening and flows directly
      into said duct means for maintaining the inner volume of said tubs out of
      the normal flowpath of said room air.
NUM  2.
PAR  2. A dry cleaning machine according to claim 1 wherein said cabinet housing
      defining said opening and the open ends of said tubs are spactially
      separated and said duct means defines a chamber interposed within said
      spatial separation and having opposed aligned openings respectively
      associated with said opening in said cabinet and said common open ends of
      said tubs to provide a clothes passage therethrough from the exterior of
      the machine to the interior of said tubs.
NUM  3.
PAR  3. Structure according to claim 2 wherein said chamber is effectively
      sealingly attached about said aligned openings to the respective adjacent
      cabinet structure and outer tub structure to provide an effectively sealed
      air flow path therethrough.
NUM  4.
PAR  4. Structure according to claim 3 wherein said intake air system includes
      means to draw air into the opening in said cabinet at the rate of at least
      100 linear feet per minute at any point of said opening.
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ABST
PAL  A method of and apparatus for dyeing a length of pile fabric moving
      continuously with its pile surface uppermost, the apparatus comprising a
      trough to contain dye liquor, a rotatable lick roller mounted in the
      trough with its axis extending transversely to the direction of travel of
      the fabric, a doctor blade extending parallel to the lick roller with its
      upper edge in contact with the lick roller, to pick up a film of dye
      liquor from the lick roller, the doctor blade having a smooth,
      uninterrupted upper surface, a corrugated sheet extending transversely to
      the direction of travel of the fabric and disposed beneath the lower edge
      of the doctor blade, the corrugated sheet collecting in its channels by
      gravity from the doctor blade a number of parallel streams of drops of dye
      liquor from which the drops fall directly on to the fabric, and means for
      imparting oscillation to the corrugated sheet in a direction transverse to
      the direction of travel of the fabric.
BSUM
PAR  It has previously been proposed to dye a pile fabirc, such for example as a
      tufted carpet, travelling continuously with its pile surface uppermost,
      with a spattered dye pattern by forming dye liquor into a film on the
      upper surface of a doctor blade extending transversely to the direction of
      travel of the fabric, the doctor blade having at its lower end formations
      which subdivide the dye liquor upon it into a series of parallel streams,
      and breaking the streams of dye liquid flowing from the lower edge of the
      doctor blade into individual droplets by an oscillating grid, disposed
      between the doctor blade and the fabric, which also scatters the droplets
      over the surface of the fabric.
PAR  The present invention provides a method of dyeing a pile fabric moving
      continuously with its pile surface uppermost, which comprises forming dye
      liquor into a film on a blade extending transversely to the direction of
      travel of the fabric, and having a smooth uninterrupted surface for
      receiving the film, channelling the dye liquor falling by gravity from the
      blade into a number of parallel streams of drops in the corrugations of a
      corrugated sheet disposed beneath the blade, and imparting oscillation to
      the corrugated sheet in a direction transverse to the direction of travel
      of the fabric to scatter individual drops of dye liquor from the lower
      ends of its corrugations directly on to the fabric.
PAR  The invention includes apparatus for dyeing a length of pile fabric moving
      continuously with its pile surface uppermost, comprising a trough to
      contain dye liquor, a rotatable lick roller mounted in the trough with its
      axis extending transversely to the direction of travel of the fabric, a
      doctor blade extending parallel to the lick roller with its upper edge in
      contact with the lick roller, to pick up a film of dye liquor from the
      lick roller, the doctor blade having a smooth, uninterrupted upper
      surface, a corrugated sheet extending transversely to the direction of
      travel of the fabric and disposed beneath the lower edge of the doctor
      blade, the corrugated sheet collecting in its channels by gravity from the
      doctor blade a number of parallel streams of drops of dye liquor from
      which the drops fall directly on to the fabric, and means for imparting
      oscillation to the corrugated sheet in a direction transverse to the
      direction of travel of the fabric.
PAR  Preferably, although this is not essential, the dye liquor flows from the
      lower edge of the doctor blade on to the corrugated sheet as individual
      droplets. The conditions which determine whether the dye liquor flows from
      the lower edge as individual droplets rather than as a film are the
      viscosity of the liquor, the inclination of the doctor blade and the speed
      of rotation of the lick roller. As the viscosity is increased more liquor
      is picked up by the lick roller, it flows more slowly down the doctor
      blade and falls off its edge more slowly in larger drops. If the doctor
      blade is inclined at a shallower angle the liquor flows more slowly down
      it, more readily forming drops at its lower edge. If the speed of the lick
      roller is increased more liquor is transferred onto the doctor blade and
      the drops fall more frequently from its lower edge eventually joining up
      into a continuous stream.
PAR  The corrugated sheet, which is conveniently oscillated by a cam, separates
      out the drops falling from the doctor blade -- or when the liquor falls as
      a film from the doctor blade channels the film into a series of streams of
      drops -- and drops --the drops on the fabric in a pattern determined by
      the profile and speed of the cam and the amplitude of movement imparted to
      the sheet. The effect on the fabric also depends on the number of
      corrugations in the sheet per unit length and on the speed of travel of
      the fabric.
DRWD
PAR  The following is a more detailed description, by way of example, of one
      embodiment of the invention, reference being made to the accompanying
      diagrammatic drawing which is a perspective view of an apparatus for
      dyeing a continuously moving pile fabric.
DETD
PAR  The pile fabric 10 is in the form of a continuous length of pile fabric of
      predetermined width. The fabric is drawn through a number of processing
      stages by rollers (not shown) in a path which includes the horizontal
      stretch shown in the drawing along which the fabric travels with its pile
      surface facing upwards.
PAR  A trough 11 extends transversely across the width of the fabric 10 above
      its pile surface. The trough 11 is filled with dye liquor and is connected
      to a supply of dye liquor (not shown) whereby the level of dye liquor in
      the trough 11 is maintained at a constant predetermined level. A lick
      roller 12 is rotated, by means not shown, in the direction indicated by
      the arrow 12A about an axis transverse to the direction of travel of the
      fabric 10 and has its lower portion immersed in the trough 11. The speed
      of rotation of the lick roller 12 may be independently varied. A doctor
      blade 13 has one edge in contact with the surface of the lick roller 12
      and the other edge arranged above a corrugated sheet 14 which is inclined
      at an angle to the plane of the fabric and which forms a number of
      parallel channels 14A terminating above the surface of the fabric 10.
PAR  The lower edge of the corrugated sheet 14 is bevelled so that the
      corrugations forming the bases of the channels are longer, in the
      direction of the lengths of the channels, than the corrugations forming
      the crests between the channels. The corrugated sheet 14 is mounted on a
      pair of arms 15 which are pivotally connected to further arms 16 carried
      on horizontal rods 17 which are mounted for rotation about their
      longitudinal axes. The lower edge of the corrugated sheet is about 50 mm
      above the pile fabric 10 although this distance may be up to 200 mm.
PAR  The right hand rod 17 carries a lever arm 18 formed with a slot 18A which
      forms a guide for a pin 19A carried on the end of a member 19. This member
      19 is connected to a plate 20 constrained for movement in a single plane
      only by engagement of its edges with a pair of fixed slotted guides 21.
      The plate 20 includes a pair of cam followers 22 which engage a cam 23
      mounted for rotation on a shaft driven by a motor 24 through a variable
      speed gearbox 25. This drive is independent of the drive to the other
      parts of the apparatus.
PAR  In use, the fabric moves in the direction of the arrow 26 and the lick
      roller 12 rotates to draw dye liquor from the bath 11 on its surface. The
      doctor blade 13 strips the dye liquor from the lick roller 12 in the form
      of a film of dye liquor and this falls as droplets from the lower edge of
      the doctor blade onto the corrugated sheet 14, under the influence of
      gravity.
PAR  The corrugated sheet 14 is oscillated by the rotating cam 23 which causes
      the plate 20 to oscillate in a vertical direction and this motion is
      transferred to the corrugated sheet 14 through the member 19, lever arm
      18, rod 17 and arms 16 and 15.
PAR  The drops of dye liquor falling from the lower ends of the channels 14A in
      the corrugated sheet 14 are scattered by the oscillatory motion of the
      corrugated sheet 14 so that they are deposited on the pile fabric 10 in
      paths determined by the contour of the cam 23.
PAR  As already explained the size of the drops may be varied by varying the
      viscosity of the dye liquor and/or by changing the angle of the
      corrugations of the corrugated sheet 14. The characteristics of the
      pattern in which the drops are deposited on the fabric may be varied by
      changing the cam 23 or by altering its rotational speed by adjustment of
      the gearbox 25. The pattern may also be varied by altering the angle of
      the doctor blade 13 and its relation to the lick roller 12 and by altering
      the rotational speed of the lick roller 12. It may also be altered by
      varying the size of the channels 14A in the corrugated sheet 14 and by
      changing the speed of travel of the fabric 10.
PAR  Additional lick rollers, doctor blades and oscillating corrugated sheets
      may be provided subsequent to the one shown and described above with
      reference to the drawing. These may either oscillate at the same frequency
      as the corrugated sheet 14 under control of the same cam or separate cams
      having the same profile or may oscillate at other frequencies under the
      control of cams having different profiles.
PAR  The fabric may be subjected to other dyeing steps before it reaches the
      corrugated sheet 14. It may be provided with a solid background colour or
      a pattern by feeding the fabric continuously through a nip between a
      driven printing roller and an associated backing roller, the driven
      printing roller having a continuous impervious surface wholly or at least
      partly covered with a material which readily absorbs dye liquor and which
      is charged with dye liquor by passing through a trough of dye liquor. Such
      a procedure is described in British Patent No. 827,342.
PAR  Alternatively, a background colour may be provided by passing the fabric
      through a padding trough or mangle as described in our British Patent No.
      1,395,979 prior to passing beneath the corrugated sheet 14.
PAR  After all the printing steps have been completed, the fabric preferably
      passes into a steamer to enable full fixation of the dye on the fabric.
      The steamer may be horizontal or loop or festoon or a combination of these
      as described in our British Patent No. 1,395,979.
PAC  EXAMPLE
PAR  A tufted carpet was fed continuously at a rate of 10 feet per minute
      through a printing unit which applied to its pile surface a background
      colour derived from a dye liquor of the following composition:
     Dyestuffs  Tectilon Blue 6 G       0.75 g/l                               
                Tectilon Yellow R       0.02 g/l                               
     Thickener  Meyprogum PAT   200 g/l (of a 2%                               
                                        solution)                              
     Buffering agent                                                           
                Citric Acid     10 g/l                                         
     Auxiliary agent                                                           
                Tinegal JSE/2   10 g/l                                         
PAR  It then received spatter colour by passage in succession beneath three
      units of the kind illustrated in the drawing. In each of these the doctor
      blade had a length of 4 meters and a width of 9 inches and was inclined at
      30.degree. to the horizontal and the lick roller rotated at 6 r.p.m. The
      corrugated sheet in each unit had channels 4 inches long and 3/4 inch wide
      and received 30 oscillations per minute from a three step cam rotating at
      5 r.p.m.
PAR  The dye liquors in the units contained different dyestuffs but the same
      thickener, buffering agent and auxiliary agent. They were of the following
      compositions:
TBL                           1       2     3                                  
             Nylomine Yellow AG                                                
                              0.6 g/l 1.5 g/l                                  
                                            0.8 g/l                            
     Dyestuffs                                                                 
             Nylomine Blue AG 1.2 g/l 3.0 g/l                                  
                                            0.1 g/l                            
             Nylomine Yellow A4R                                               
                              --      --    0.5 g/l                            
     Thickener Meyprogum PAT 300 g/l (of a 2% solution)                        
     Buffering agent Citric Acid 10 g/l                                        
     Auxiliary agent Tinegal JSE/2 2 g/l                                       
PAR  Meyprogum is a guar gum supplied by Meyhall A.G. of Switzerland and it
      serves to control the viscosity of the dye liquor. Tinegal is an ethylene
      oxide condensate supplied by Ciba Geigy Ltd. and is a wetting agent which
      serves to counteract the hydrophobic nature of nylon fibre of which the
      pile of the carpet consists.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for dyeing a length of pile fabric moving continuously with
      its pile surface uppermost, comprising a trough to contain dye liquor, a
      rotatable lick roller mounted in the trough with its axis extending
      transversely to the direction of travel of the fabric, a doctor blade
      extending parallel to the lick roller with its upper edge in contact with
      the lick roller, to pick up a film of dye liquor from the lick roller, the
      doctor blade having a smooth, uninterrupted upper surface, a corrugated
      sheet extending transversely to the direction of travel of the fabric and
      disposed beneath the lower edge of the doctor blade, the corrugated sheet
      collecting in its channels by gravity from the doctor blade a number of
      parallel streams of drops of dye liquor from which the drops fall directly
      on to the fabric, and means for imparting oscillation to the corrugated
      sheet in a direction transverse to the direction of travel of the fabric.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, in which the lower edge of the
      corrugated sheet is spaced from the fabric by a distance in the range of
      50 to 200 mm.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 in which the corrugations in the sheet
      are longer, at the bases of the channels formed by the corrugations, in
      the direction of the length of the channels than the corrugations which
      form the crests between the channels.
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ABST
PAL  Apparatus to collect and separate dye from a dye mist so that the dye may
      be recirculated to the dye system and the air system will become
      uncontaminated with dye particles.
BSUM
PAR  This invention relates to the application of dyestuffs to textile materials
      and, more particularly, to the printing of textile fabrics having
      relatively porous surfaces, such as pile carpets.
PAR  Textile fibers and fabric materials have long been colored with natural and
      synthetic dyes, and, in particular, printed by color decoration of the
      surface or surfaces of the materials in definite repeated forms and colors
      to form a pattern. The color printing of textile fabrics has been
      accomplished in various ways. Earlier forms of printing used carved blocks
      charged with colored paste pressed against the fabric. Subsequently, speed
      of printing has been increased by the development of roller printing
      wherein moving fabrics are sequentially contacted by engraved metal
      rollers each containing a different color dye to form the desired pattern
      thereon. Textile fabrics are also printed by sequential contact with
      screens each having a porous portion of a pattern and carrying a
      particular color dyestuff.
PAR  More recently, it has been proposed to print textile fabrics, including
      pile carpets, by the programmed spraying or jetting of plural colored dyes
      onto the surface of a moving fabric. Typical of such processes and
      apparatus are described in U.S. Pat. No. 3,443,878; U.S. Pat. No.
      3,570,275 and British Pat. No. 978,452. Generally, such apparatus consists
      of a plurality of dye applicator bars spaced along the direction of
      movement of the textile material and each containing multiple dye nozzles
      or jets extending transversely across the moving material. Each jet may be
      activated by suitable electric, pneumatic, or mechanical means to dispense
      dyes onto the moving material in a desired sequence, and pattern control
      of the jets may be accomplished by suitable programming means, such as
      coded punch tapes, magnetic tapes, computers, and the like.
PAR  U.S. Pat. Nos. 3,443,878 and 3,570,275 disclose specific means for applying
      streams of dyes to print a fabric by use of continuously flowing streams
      of dyes which are deflected by a stream of air to either impinge the
      dyestream upon the fabric or recirculate it to a reservoir. Control of
      such systems to form printed patterns may be accomplished by various of
      the aforementioned programming and control means.
PAR  In order to provide a greater variety of colors or shades of colors to the
      fabrics by use of such spray printing apparatus, it has also been proposed
      to apply different colors to the same locations or areas of the fabric to
      thereby blend primary colors in situ.
PAR  It can be appreciated that in the application of different colored dyes to
      the surface of textile fabrics, it is extremely important to accurately
      place each dyestuff on the fabric, particularly when intricate patterns
      are being printed and when in situ blending is employed. In dyeing
      relatively porous textile fabrics, such as pile carpets, it is also
      important that a carefully controlled amount of dye be applied to each
      dyed area on the pile surface to ensure optimum penetration of the dye
      color to the depth of the pile fiber without undesirable spread of the
      color into adjacent area of the fabric. U.S. Pat. No. 3,393,411 discusses
      such a problem of dye penetration of pile carpet and suggests controlling
      the flow rate of the dyestuff and the speed of movement of the pile carpet
      past the dye application point to provide the desired amount of dye to the
      carpet.
PAR  In printing pile carpets with detailed patterns of colors, it can be
      appreciated that the dye jet applicators are very closely spaced relative
      to each other to permit dyeing in fine detail on the pile surface. The
      mounting, construction or programmed control of various gun bars for
      application of various dyestuffs to moving webs are also disclosed in one
      or more of British Pat. Nos. 1,201,598; 1,201,600; 1,201,599; and
      1,202,345.
PAR  The present invention deals with improvements in the jet printing of
      textile products including pile fabrics and, in particular, in the
      accurate placement of increments of dye at specific locations on and/or in
      the surface of the pile fabrics to improve the pattern definition in such
      fabrics.
PAR  Therefore it is an object of the invention to provide a novel dyeing system
      which separates the dye from an air stream and allows the dye to be
      recirculated for re-use in the printing system.
DRWD
PAR  The present invention will be better understood by reference to the
      accompanying drawings which disclose a specific embodiment of the
      invention, and wherein:
PAR  FIG. 1 is a schematic side elevation of apparatus for the jet dyeing of
      textile materials;
PAR  FIG. 2 is an enlarged schematic plan view of the jet dye application
      portion of the apparatus of FIG. 1, showing in more detail the cooperative
      relation and operation of the conveyor with the jet gun bars;
PAR  FIG. 3 is a blown-up view of the jet dye applicator shown;
PAR  FIG. 4 is a partially schematic front view of one row of the jet dye
      applicator unit;
PAR  FIG. 5 is a cross-sectional view taken on line 5--5 of FIG. 4;
PAR  FIG. 6 is a view taken on line 6--6 of FIG. 5 showing the dye auger unit;
      and
PAR  FIG. 7 is a top view of the air and dye deflection plate taken on line 7--7
      of FIG. 5.
DETD
PAR  Referring more specifically to the drawing, FIG. 1 shows a jet dyeing
      apparatus for color printing textile fabrics such as pile carpets, tiles,
      and the like. As seen, the apparatus consists of a tile supply table 10
      where a plurality of tiles 11 is fed manually, or by suitable automatic
      mechanical means, not shown, onto the lower end of an inclined conveyor 12
      of a jet dye applicator 14 where the tiles are suitably printed by the
      programmed operation of a plurality of jet gun bars 16 in a manner which
      will be explained. The printed tiles leaving the dye applicator are moved
      by conveyors 18, 20 and driven by motors 22, 24, respectively, to a steam
      chamber 26 where the dyestuffs are fixed on the textile material. The
      tiles leaving steam chamber 26 are conveyed through a washer 28 and dryer
      30 to a collection table 32 where they are accumulated either manually or
      by suitable automatic means, not shown, for subsequent use.
PAR  Details of the present invention are best shown by reference to FIG. 2
      which is an enlarged schematic plan view of the jet dye applicator 14 of
      FIG. 1 and shows the endless conveyor 12 which is suitably supported for
      movement about rotatable rollers 42, 44 and driven by motor means 46. When
      it is desired to print carpet tiles of rectangular or square shape, the
      conveyor 12 is provided with a series of separator bars or spaces 48 which
      accurately position the tiles in spaced relation to each other on the
      conveyor. During movement of the conveyor, the tiles pass sequentially
      adjacent and beneath gun bars 16, five of which, 50-54, are shown
      schematically spaced along the path of travel of the conveyor and
      extending across its full width. Each jet gun bar is made up of a
      plurality of individual jet orifices which supply dyes in narrow streams
      to the surface of the pile carpet tiles. The stream of dyes issuing from
      each orifice of the gun bar is controlled individually by suitable means,
      which will be explained.
PAR  Each gun bar includes a dye supply manifold connected to the jet orifices
      of the bar which is supplied with liquid dyestuff from a reservoir so that
      each bar may be provided with a different color dye for printing the
      tiles. Typically, each gun bar may be provided with a primary color and
      operation of the individual jets of the gun bar are programmed to produce
      a desired pattern, with blending of the primary colors in situ on the
      surface of the carpet to provide many different shades and colors.
PAR  To ensure that the streams of dyestuff strike the carpet tile at an exact
      location to form the pattern in the carpet tile, control means are
      provided for coordination of the firing of each particular dye jet of the
      gun bars at the right time to the movement of the conveyor transporting
      the tiles for printing. As broadly shown in FIG. 2, the control system is
      provided with a synchronization switch 60 which is activated by a
      mechanical trip finger 62 attached to the edge of the conveyor 12 to
      engage the switch 60 at a given position of conveyor movement.
PAR  Operatively connected to the shaft 63 of roller 44 by suitable means, not
      shown, is a transducer 64 which converts the mechanical movement of
      conveyor 12 to a plurality of electrical pulses which activate firing of
      particular jets on the gun bars at desired positions of the conveyor, by
      controlling the pneumatic valves 66 through a suitable control 68.
PAR  Looking now to FIG. 3, the jet dye applicator 14 is shown enlarged to more
      clearly illustrate the relationship of the individual elements. The
      conveyor 12 of the jet dye applicator 14 is pivotally mounted in a frame
      70 on top of which is mounted a piston 72 to pivot the conveyor 12 from
      the position shown in solid lines to a position away from the jet dye guns
      50-54 so that access can be readily made to the jet dye guns 50-54 and
      associated apparatus.
PAR  The jet dye apparatus basically is supported by two spaced apart plate
      members 74 which in turn are attached to frame members 73. Mounted on
      frame members 73 is an upstanding support member 76 on which is mounted an
      air manifold 78, a dye header pipe 80 and a box 82 to support a plurality
      of valve cards with electrically operated pneumatic valves mounted
      thereon. Projecting upwardly from the support member 74 is a plurality of
      screw members 81, 84, 86 and 88 for adjustment of the jet dye applicator
      gun bars.
PAR  Shown schematically at the bottom of the support member 74 at each position
      of the jet dye gun bars is an auger member 90 to recirculate dye liquid
      back to the dye reservoir and a jet washer 92 to wash out the dye openings
      of the dye jet guns. Mounted on one of the vertical frame members through
      a suitable support 94 is a driven pulley 96 which drives the auger member
      90 through a suitable drive belt 98 and idler pulleys (not shown).
PAR  As shown broadly in FIG. 3 and in more detail in FIGS. 4 and 5 the dye jet
      orifice washer 92 is slidably mounted on a bar 100 mounted across each of
      the gun bars so the washer 92 is so aligned with each of the gun bars that
      the pressure water orifice 102 is directly in line with the orifices 104
      of the gun bar in order to squirt a jet of water therein to counteract dye
      liquor jet action and backwash and dislodge any particles or foreign
      matter.
PAR  FIG. 5, which is a cross-sectional view through one of the dye jet
      structures of FIG. 4, shows wherein the gun bars 16 consist of a Z shaped
      member 113 attached to second portion 108 by screws 107 and which in turn
      is supported to first portion 106 being locked thereto by suitable screw
      washer assembly 110 which engage a notch 109 in the Z bar support member
      113 and the top of the first portion 106. Z shaped member 113 and second
      portion 108 provide an accurate plane surface which coacts with the upper
      portion 106 when clamped securely thereto to provide a non-leak
      construction. As described previously dye from cavity 111 is supplied
      continuously from jet 104 and the pattern in the fabric being dyed is
      controlled by cutting off or cutting on the air pressure to selected air
      lines 112 to divert the dye liquid into the collection and separation
      chamber 114. Extending across the chamber 114 is a deflector or cut off
      116 which tends to direct dye in the air stream toward the openings 118 in
      the cylinder 121 around the auger member 90. The dye in the air stream
      from the air nozzle 120 connected to the air line 112 separates from the
      air stream partially due to the Coanda effect of the air foil shape 122 of
      the bottom of the second portion 108 of the gun bar and to the suction
      pressure applied to the chamber 124 by suction line 126 to pull the air
      through the openings 128 in the plate 130. The air foil shape 122 of the
      bottom of the second portion 108 and the deflector 116 together form a
      nozzle therebetween to provide a venturi effect which acts to pull air
      into the collection and separation chamber.
PAR  The unused dye that falls into the catch basin or chamber 114 is delivered
      to the auger member 90 through openings 118 in the cylinder 121 and is
      positively delivered back to the dye containers 80 by the screw action of
      the auger member 90.
PAR  The herein disclosed apparatus provides a novel apparatus to jet dye a
      fabric which employs a unique system to collect and separate dye liquor
      which has been sprayed from the dye jet.
PAR  Although the preferred form of the invention has been specifically
      described herein, it is contemplated that many changes may be made without
      departing from the scope or spirit of the invention, and it is desired
      that the invention be limited only by the scope of the claims.
CLMS
STM  That which is claimed:
NUM  1.
PAR  1. Apparatus for applying dyestuff to a moving material to dye the same
      including means for conveying the material in a predetermined path of
      travel, a dye jet gun bar having a row of dye-emitting orifices extending
      across the path of travel, means for supplying dye to the gun bar and
      orifices to direct the dye in plural streams toward the moving material to
      be dyed, gaseous fluid discharge means having a row of gaseous fluid
      discharge orifices positioned on one side of said row of dye-emitting
      orifices with the discharge axis of each of said gaseous fluid discharge
      orifices intersecting the discharge axis of a respective dye-emitting
      orifice for selectively directing streams of gaseous fluid against the
      streams of dye to deflect the same away from the path of travel of the
      material, and dye collection and separation means including a dye
      collection and separation chamber having an elongate opening extending
      along the gun bar on the opposite side of the dye-emitting orifices from
      said gaseous fluid discharge orifices for receiving the deflected dye and
      gaseous fluid therein, said collection and separation means including an
      elongate wall defining one side of said opening, said wall having a curved
      surface extending from approximately tangent to the discharge axes of said
      gaseous fluid discharge orifices adjacent said opening and diverging
      progressively inwardly of said chamber from said opening and away from
      said axes of the gaseous fluid discharge orifices to facilitate separation
      of gaseous fluid from liquid dye being deflected into the said chamber.
NUM  2.
PAR  2. Apparatus to apply liquid dyestuff to moving material comprising a dye
      jet gun bar having a plurality of dye-emitting orifices, means to convey
      the material adjacent said orifices, means to supply liquid dyestuff to
      said gun bar and orifices to direct the dye in plural streams toward the
      moving material to be dyed, means to supply a gaseous fluid under pressure
      against the dye streams issuing from said orifices to divert the streams
      in a path of collection away from said means to convey, a dye accumulation
      chamber having an entrance positioned adjacent said orifices and in said
      collection path to collect the diverted dye, a wall adjacent said entrance
      and said path having a curved surface diverging from said collection path
      to facilitate separation of the gaseous fluid from the liquid dye due to a
      surface attachment effect, and a deflector plate located across the
      entance of said accumulation chamber from said curved wall surface and
      having a facing surface diverging from the curved wall surface inwardly of
      the entrance to create a venturi effect in the path of collection and
      facilitate movement of the dye into the accumulation chamber.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said chamber includes a deflector plate
      and a dyestuff accumulation area, said deflector plate diverting the
      separated dyestuff to said dyestuff accumulation area.
NUM  4.
PAR  4. The apparatus of claim 3 wherein a screw type member is mounted in said
      dyestuff accumulation area to deliver the dyestuff back to the means to
      supply dyestuff to said gun bar.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said chamber includes a means to place
      said area under a negative pressure.
NUM  6.
PAR  6. The apparatus of claim 3 wherein a dyestuff circulating member is
      mounted in said dyestuff accumulation area to deliver the dyestuff back to
      the means to supply dyestuff to said gun bar.
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ABST
PAL  The lock comprises a lock casing in which there is slidably mounted a lock
      plate movable between a projected locking position and a retracted
      unlocking position by a manually actuable operating member projecting from
      the front face of the casing. A plurality of push button assemblies are
      mounted in the casing, and each assembly includes a push button, an
      interlock block and a code changer, the push buttons projecting from the
      front of the casing and the code changers being accessible at the rear of
      the casing. By operating the push buttons to selected positions in
      accordance with the "combination", the interlock blocks are positioned to
      release the lock plate for operation by the actuating member. The code
      changers are operable to angularly adjust the interlock blocks to set the
      desired "combination".
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates to a multi-combination push button lock for locking
      drawers, safes, and the like, and comprising a number of push button
      assemblies whose push buttons project out of a front casing. By pushing
      down a certain number of the push buttons to selected depths in accordance
      with a preset combination code, the lock can be unlocked without the use
      of any key.
PAR  In the prior art, there are many kinds of locks, such as cylindrical locks
      and mortise-type locks, which require use of a key for operation, magnetic
      locks, which require a powerful magnetic bar to operate the same, or a
      digital combination cylindrical lock which has only a single combination
      code which is preset by the manufacturer. Once a key has been lost or
      counterfeited, or once the combination code of a digital combination lock
      is known by others, the locks became useless. Thus, these conventional
      locks mentioned above have the disadvantages of unreliability and
      inconvenience.
PAC  SUMMARY OF THE INVENTION
PAR  The objective of the invention is a multi-combination push button lock for
      locking drawers, safes, doors and the like. To this end, the lock
      comprises a number of push button assemblies for controlling the lock,
      with each assembly comprising a push button, an interlock block, a code
      changer and a small coil spring. The locking device comprises a lock plate
      with a return coil spring, and a manually actuable operating lever secured
      to and projecting vertically from the lock plate. The elements of the lock
      are mounted in a casing assembly including a front casing, a rear casing
      and a rear cover.
PAR  By pushing inwardly a certain number of push buttons to preset depths in
      accordance with a preset combination code, and moving the operating lever,
      the lock can be unlocked. Additionally, the combination code can be
      changed easily by turning at least one of the code changers to change the
      position of the associated interlock block.
PAR  An object of the invention is to provide a multi-combination push button
      lock comprising a number of push button assemblies, a locking device and a
      lock casing.
PAR  Another object of the invention is to provide such a multi-combination push
      button lock which can be unlocked by pushing a certain number of push
      buttons to any one of at least four selected depths in accordance with a
      preset combination code.
PAR  A further object of the invention is to provide such a multi-combination
      push button lock in which the combination code can be changed by turning
      at least one code changer, included in a push button assembly, to change
      the angular position of the associated interlock block of the push button
      assembly.
PAR  Yet another object of the invention is to provide a multi-combination push
      button lock, including a lock plate having plural arcuate notches on its
      side edges.
PAR  A further object of the invention is to provide a multi-combination push
      button lock including a number of interlock blocks in the form of
      cylinders each extending through an arcuate notch in the lock plate, and
      each having longitudinally and angularly spaced grooves or slots formed
      therein for allowing movement of the lock plate.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawings.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a perspective view of a multi-combination push button lock
      embodying the present invention and illustrated in its locking state;
PAR  FIG. 2 is a top view corresponding to FIG. 1;
PAR  FIG. 3 is a rear view corresponding to FIG. 1;
PAR  FIG. 4 is a cross-sectional view along the line X--X of FIG. 3 illustrating
      the arrangement of the interior mechanism;
PAR  FIG. 5 is a rear elevation view of the front casing;
PAR  FIG. 6 is a rear elevation view of the rear casing;
PAR  FIG. 7 is an oblique view of the lock plate and its manually actuable
      operating lever;
PAR  FIG. 8 is an oblique view of a push button;
PAR  FIG. 9 is an oblique view of an interlock code changer;
PAR  FIG. 10 is an oblique view of an interlock block;
PAR  FIG. 11 is an end elevation view of an interlock block;
PAR  FIG. 12 is a partial sectional view illustrating the click means of a code
      changer engaged in a semi-spherical depression on the rear cover; and
PAR  FIG. 13 is a view, similar to FIG. 4, of a modification of the lock shown
      in FIG. 1.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to the embodiment of the invention illustrated in FIGS. 1
      through 13, the lock casing assembly includes a front casing 1, a rear
      casing 2 connected to front casing 1 by screws S, and a rear cover 3
      secured by screws to rear casing 2. A lock plate 4 is installed between
      the front and rear casings to move freely longitudinally of a slot defined
      conjointly by frontcasing 1 and rear casing 2. Lock plate 4 is operable by
      a manually actuable operating bar or lever secured to lock plate 4 to
      project vertically therefrom and through an elongated slot or aperture H
      in front casing 1. Push buttons 6 are mounted in respective bores h.sub.1
      in front casing 1 to project outwardly therefrom. In FIG. 4, reference
      character W denotes the material, such as wood, of drawers, safes or
      doors.
PAR  The several push button bores h.sub.1 are arranged on opposite sides of
      slot H. In the illustrated embodiment, there are six push button bores,
      three on each side of slot H. As best seen in FIGS. 1 and 2, limiting
      guides, for depression of the push buttons 6, are formed by two lands or
      ribs L.sub.1 and L.sub.2 projecting from the surface of front casing 1.
      Land L.sub.1 serves as a limit for a shallow push, land L.sub.2 serves as
      a limit for a medium push, and the surface of front casing 1 serves as a
      limit for a deep push. As best seen in FIG. 4, two grooves g are formed at
      the inner corners of the junction of lands L.sub.1 and the front surface
      of front casing 1, so that a thin plate 9, inserted into the grooves g,
      covers the longitudinal slot H. Flanges F are formed at the opposite sides
      of front casing 1 and serve as stops for mounting the lock on the frame of
      a door, a safe or a drawer on which the lock is to be installed.
PAR  Referring to FIG. 5, a recess R.sub.1 is formed on the rear surface of
      front casing 1, and forms part of the slot for accommodating and guiding
      lock plate 4. Extending centrally of this recess, through part of the
      length thereof, there is an elongated semi-circular groove d.sub.1 which
      serves to receive a coil spring 10 biasing lock plate 4 to the locking
      position. The recess d.sub.1 is aligned on the extended center line of the
      rectangular slot H.
PAR  In order to provide for push buttons 6 moving freely along push button
      bores h.sub.1 but without springing out of these bores, push button bores
      h.sub.1 are formed as circular cross-section bores having diametrically
      extending relatively narrow chord apertures n' at their front ends, to
      allow only the chordal parts n, as shown in FIG. 8, of the associated push
      button to extend therethrough. The rearward parts m' of the push button
      bores h.sub.1 are drilled or formed slightly larger in diameter than the
      cylindrical portions of the push buttons 6. For proper assembly of the
      front and rear casing in correct alignment, front casing 1 is formed with
      two alignment pins p, one adjacent each edge of its rear surface. Front
      casing 1 is also formed with tapped bores S.sub.1 for the screws S.
PAR  Referring to FIG. 6, which shows the front or inner side of rear casing 2
      and which will contact with the rear surface of front casing 1 after
      assembly of the two casing parts, in alignment with the recess d.sub.1 in
      front casing 1, there is a corresponding semi-circular recess d.sub.2 in
      the front face of the rear casing. Recess d.sub.2 cooperates with recess
      d.sub.1 to mount the return coil spring 10. In alignment with a
      substantially rectangular recess R.sub.1 in front casing 1, there is a
      substantially rectangular recess R.sub.2 in the front surface of rear
      casing 2 and which cooperates with the recess R.sub.1 to form the slot
      accommodating lock plate 4.
PAR  In alignment with each push button bore h.sub.1 in front casing 1, there is
      a respective push button bore h.sub.2, having the same diameter as the
      associated bore h.sub.1, drilled or otherwise formed in rear casing 2. The
      bores h.sub.2 contain interlock blocks 7 described hereinafter. About 1/4
      of the cross-sectional area of each interlock block 7 overlaps lock plate
      4 to prevent movement thereof. Circular recesses h.sub.3, having a larger
      diameter than bores h.sub.2, are formed concentric with the bores h.sub.2
      on the rear surface of rear casing 2 to accommodate flanges f of the code
      changers 8. The bores h.sub.1 and h.sub.2, the associated circular
      recesses h.sub.3, and circular openings h.sub.4 in cover 3 are formed
      coaxially with each other. In addition, the front surface of the rear
      casing 2 is formed with holes q to receive the alignment pin p, by which
      the front casing 1 and rear casing 2 can be assembled correctly. Rear
      casing 2 also is formed with tapped holes S.sub.1 ' for the screws S.
PAR  Referring to FIG. 7, which illustrates lock plate 4 in greater detail, the
      side edges of lock plate 4 are formed with a plurality of partial or
      complete semi-circular recesses or notches V, these notches having the
      same radius as the bores h.sub.2, or a slightly larger radius than that of
      the bores h.sub.2. When lock plate 4 is installed in the recess R.sub.2 of
      rear casing 2, each notch V is engaged with a respective interlock block
      7.
PAR  Interlock blocks 7 are installed loosely inside push button holes h.sub.2
      in rear casing 2. Referring to FIGS. 10 and 11, each interlock block is
      formed with a rectangular cross-section bore x extending longitudinally
      and centrally thereof, and preferably having a square cross-section. In
      addition, each interlock block 7 is formed with four chordal slots or
      grooves o, a, b and c on its outer surface, the bases of these grooves
      extending perpendicular to each other. Each groove extends parallel to a
      side of the square bore x. Additionally, the four grooves are displaced,
      relative to each other, by 90.degree., so that groove a extends
      perpendicular to groove o, groove b extends perpendicular to groove a, and
      groove c extends perpendicular to groove b. These chordal grooves are also
      spaced longitudinally from each other along interlock block 7, so that
      groove o corresponds to "no push" of the associated push button, groove a
      corresponds to a shallow push, groove b to a medium push and groove c to a
      deep push of the associated push button 6.
PAR  Referring to FIG. 9, each code changer 8 includes three portions, namely a
      narrow rectangular head with a projection y, a flange f and a square stem.
      Code changers 8 are used to change the angular positions of the associated
      interlock blocks 7, by virtue of the square stem thereof being inserted
      loosely into the square bore x of the associated interlock block 7. A
      round bore is drilled centrally of each square stem to receive a coil
      spring 11, and the flange f of each code changer 8 fits into the circular
      recess h.sub.3 of the rear casing 2, with the rectangular narrow head,
      whose major lateral dimension is less than the diameter of flange f,
      projecting outwardly through the circular hole h.sub.4 in rear cover 3.
      Thus, each code changer can be manually actuated to change the angular
      position of the associated interlock block 7.
PAR  As shown in FIG. 12, in order to make it more convenient to set code
      changer 8 in each adjusted position, a click means is installed between
      the outer surface of flange f and the inner surface of rear cover 3
      adjacent aperture h.sub.4 therein. The click means is so designed that
      there are four convex points G equiangularly distributed around the
      surface of flange f, and there are four semi-spherical depressions G',
      distributed correspondingly equiangular around the periphery of aperture
      h.sub.4 on the inner surface of rear cover plate 3, and each corresponding
      to a position of a respective convex point G. The bias of spring 11
      maintains the convex points G always engaged in the semi-spherical
      depressions G', so that code changer 8 can be set and releasably held
      firmly in a correct position without deviation from that position except
      when the code changer is manually actuated.
PAR  The main function of rear cover 3 is to hold code changers 8 in position
      and, through the use of screws S", to secure the entire lock assembly to
      drawers, safes, or doors. As shown more particularly in FIG. 3, the
      circular holes h.sub.4 in rear cover 3 make it possible for the narrow
      rectangular heads of code changers 8 to extend to the exterior of rear
      cover 3 for the user's convenience in manually turning the interlock code
      changers. Rear cover 3 is secured to rear casing 2 by flat head screws S'
      which are threadedly engaged in tapped holes in rear casing 2, as best
      seen in FIG. 4.
PAR  Referring further to FIG. 4, an elongated support pin 14 has one end fixed
      firmly in a central hole at the base of square recess x in each code
      changer 7, and serves to maintain spring 11 rectilinear while it is being
      compressed. The return coil spring 10 shown in FIG. 5 is a compression
      spring having one end engaging the bottom of lock plate 4 and the other
      end engaging the end or the ends of the slots d.sub.1 and d.sub.2 for
      biasing lock plate 4 to the projected locking position.
PAC  OPERATION OF THE INVENTION
PAR  A. Unlocking the Lock
PAR  In order to permit lock plate 4 to move freely along its slot or groove in
      the casing assembly, the notches V on the opposite sides of lock plate 4
      must not have the solid or unnotched portions of any interlock block
      engaged therein. This means that, without any of the push buttons 6 being
      depressed, the interlock blocks 7 should be so angularly oriented that
      their chordal grooves o have the opposite edges of lock plate 4 engaged
      therein. Such angular adjustment of the interlock blocks can be effected
      by the respective code changers 8. Under this condition, lock plate 4 can
      be moved between the locking and unlocking position by actuating operation
      lever 5 and by the bias of returning coil spring 10, without the necessity
      of operating any push buttons 6, all of which remain fully projected.
PAR  B. Locking the Lock
PAR  When any one or more of the interlock blocks 7 is angularly oriented so
      that a solid portion thereof is engaged in a notch V, rather than having a
      chordal groove thereof aligned with the adjacent side edge of lock plate
      4, lock plate 4 cannot be moved from the projected or locking position
      unless the preset code is set up by depressing the push buttons 6.
PAR  C. Setting Different Combination Codes for Unlocking the Lock
PAR  With different angular positions of interlock blocks 7, the invention
      provides for a large number of combination codes for unlocking the lock.
      For example, with a lock having six push buttons as shown in FIG. 1, the
      lock has 4.sup.6 = 4,096 different possible combination codes to be chosen
      or selected. In other words, the multi-combination push button lock of the
      invention is the equivalent of 4,096 single combination locks.
PAR  Taking a simple example, if a code changer 8 has been set at position a',
      as shown in FIG. 3, the corresponding groove a on the associated inner
      block 7 will face toward the lock plate 4, but will be longitudinally
      displaced from the lock plate 4 until the associated push button 6 is
      pushed inwardly to the first depth corresponding to a shallow push as
      determined by the land or rib L.sub.1. This brings the associated slot a
      into alignment with notches V and, until this is effected, lock plate 4
      cannot be moved to the unlocking position and will remain locked.
PAR  Similarly, assuming that one of the interlock blocks 7 has been set by its
      code changer 8 to the position b' of FIG. 3, unless the corresponding push
      button 6 is pushed to the second depth, or medium push, as determined by
      land or rib L.sub.2, the lock cannot be unlocked. As a further example,
      and supposing that code changer 8 sets the associated interlock block 7 at
      the position c' of FIG. 3, unless the corresponding push button 6 is
      pushed to the "deep push" position, wherein it is flush with the outer
      surface of front casing 1, the lock cannot be unlocked.
PAR  Stated another way, if a code changer 8 is set at the position a', the
      corresponding push button 6 must be pushed to the first depth L.sub.1, if
      the code changer is set at position b', the corresponding push button 6
      must be pushed to the second depth L.sub.2, and, if the code changer 8 is
      set at position c', the corresponding push button 6 must be pushed down to
      the surface of front casing 1, or otherwise, the lock cannot be unlocked.
      Therefore, there are four positions at which each code changer 8 can be
      set, for example, the angular positions o', a', b' and c'. However, it is
      not necessary to push the associated push button at all when a code
      changer 8 is set at the position o'. Thus, if the code changers 8 are set
      at selected positions a', b' and c' arbitrarily, the corresponding push
      button 6 must be pushed down to the proper respective depth
      simultaneously, or otherwise the lock cannot be unlocked.
PAR  As shown in FIG. 3, two code changers 8 are set at the position c', namely
      the first one on the right side and the second one on the left side, so
      that, in this case, the associated two push buttons 6 should be pushed all
      the way down to the surface of front casing 1 simultaneously, or
      otherwise, the lock cannot be unlocked.
PAR  FIG. 13 illustrates a modification of the embodiment already described in
      which parts identical with those of the already described embodiment have
      been given the same reference character and further explanation will not
      be made. Those parts which are different or modified will now be
      explained.
PAR  Referring to FIG. 13, there is a modified rear cover 3' whose area is the
      same as that of the rear casing, and the four installation screw holes
      have been eliminated, but four installation screws 13 have been added.
      Also, there are four tapped holes 14' drilled into the rear side of front
      casing 1, for receiving screws 13 which anchor a retaining plate 15 to
      front casing 1. Additionally, the rectangular narrow heads of code
      changers 8' are modified to be decreased in length so as not to project
      outwardly of rear cover plate 3' but rather to be flush with the outer
      surface of the rear cover. The outer end of the head of each code changer
      8' is formed with a slot or kerf k whereby the code changer can be
      angularly adjusted by a screwdriver to set or change the combination
      codes.
PAR  The click means is modified to the extent that, on the inner surface of
      rear cover 3', there are one or two pairs of symmetrical convex points G,
      and the outer surface of the flange of each code changer 8' is provided
      with four corresponding depressions G', the convex points and the
      depressions being equiangularly spaced from each other. Otherwise, the
      performance and operation of the modification of the invention shown in
      FIG. 3 is the same as that previously described. However, the modified
      form of the lock shown in FIG. 3 is easier to install on drawers, safes or
      doors of different thicknesses, and the end surfaces of code changers 8'
      are flat and flush with the outer surface of rear cover 3'. Thus, there is
      no possibility that the heads of the code changers can be hit or displaced
      by articles in the drawer so that their setting position is changed.
PAR  The special construction of the lock embodying the invention enables the
      user to change the combination code arbitrarily whenever he likes, so that
      the invention has a significant characteristic of high reliability and
      safety. The particularity of the invention is that, by turning the code
      changers 8 angularly to set the angular positions of the interlock blocks,
      the unlocked condition, or the combination codes for unlocking the lock,
      can be changed easily. Additionally, the user of the lock can push one or
      more than one of the push buttons on the front casing in accordance with
      the preset combination code to unlock the lock, so that it is not
      necessary to use any key.
PAR  The multi-combination push button lock forming the subject matter of the
      invention has been reduced to practice and, after a trial, the convenience
      of use, the reliability and the practical economy have been proven. These
      tests also prove that the lock forming the subject matter of the
      invention, as a practical matter, is a novel and revolutionary combination
      lock.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-combination push-button lock, with a plurality of preset
      positions, comprising, in combination, a front casing formed with a
      plurality of push-button bores therethrough each having a narrow chordal
      aperture adjacent the front surface of said front casing, the rear surface
      of said front casing being formed with a first rectangular recess having a
      first elongated semi-circular groove extending centrally thereof; a rear
      casing, fixed to said front casing, having a plurality of push-button
      assembly bores formed therethrough in alignment with said push-button
      bores of said front casing, and the surface of said rear casing facing
      said front casing being formed with a second rectangular recess having a
      second semi-circular groove extending centrally thereof, said first and
      second rectangular recesses defining a slot for a lock plate and said
      first and second semi-circular grooves defining a cylindrical recess for a
      return coil spring; a rear cover plate engaged with the outer surface of
      said rear casing and formed with circular apertures therethrough each
      aligned with a respective push-button assembly bore in said rear casing,
      said circular apertures providing access to code changers; a lock plate
      slidably mounted between said front and rear casing in said first and
      second rectangular recesses; a return coil spring disposed in said first
      and second semi-circular grooves and engaged with said lock plate and
      biasing said lock plate to its locking position; and a plurality of
      push-button assemblies each including a push-button, having an elongated
      chordal portion extending from a circular flange at its inner end, each
      push-button being mounted in a respective push-button bore, a cylindrical
      interlock block formed with four axially spaced chordal grooves in its
      outer periphery to provide four selective preset positions including
      shallow push, medium push, deep push and no push for the associated push
      button, each interlock block extending in a respective push-button bore
      and a respective push-button assembly bore aligned with the respective
      push-button bore, a code changer engaged with said interlock block and
      each disposed in a respective push-button assembly bore and having four
      angular setting positions corresponding to said four selective preset
      positions of the associated interlock block, for unlocking, and a
      respective coil spring engaged between each code changer and the
      associated interlock block and biasing the respective code changer toward
      the rear side and the respective interlock block and push-button
      conjointly toward the front side.
NUM  2.
PAR  2. A multi-combination push-button lock, as claimed in claim 1, in which
      the outer surface of said front casing is formed with ribs projecting
      therefrom different distances and, together with the outer surface of said
      front casing, defining respective operated positions of said push-buttons.
NUM  3.
PAR  3. A multi-combination push-button lock, as claimed in claim 2, in which
      each code changer has a polygonal inner end engaged in a polygonal bore in
      its associated interlock block; and detent means associated with each code
      changer and operable to releasably retain the code changer in a selected
      angular orientation.
NUM  4.
PAR  4. A multi-combination push-button lock, as claimed in claim 3, in which
      the outer end of each code changer is formed with a narrow rectangular
      head projecting exteriorly of said rear cover.
NUM  5.
PAR  5. A multi-combination push-button lock, as claimed in claim 3, in which
      the outer end of each code changer is flush with the outer surface of said
      rear plate and provided with a formation for engagement by a tool for
      angularly adjusting the code changers.
NUM  6.
PAR  6. A multi-combination push-button lock comprising, in combination, lock
      casing means constructed for installation in a door, a drawer, and the
      like; a lock plate slidably mounted in said casing means for movement
      between a projected locking position and a retracted unlocking position;
      manually actuable operating means secured to said lock plate; a plurality
      of push-button assemblies mounted in said casing means and each including
      a push-button, an interlock block and a code changer; said interlock
      blocks being interengageable with said lock plate to prevent movement
      thereof by said operating means and being displaceable longitudinally, to
      release said lock plate, by simultaneous operation of said push-buttons in
      accordance with a preset combination code; said interlock blocks being
      angularly adjustable by said code changers to preset the combination code;
      said interlock blocks having equal numbers of longitudinally and angularly
      spaced formations each of which, when aligned with said lock plate,
      releases the interengagement of the associated interlock block and said
      lock plate; the longitudinal edges of said lock plate, considered in the
      direction of movement of said lock plate, being formed with arcuate
      recesses therein; said interlock blocks having a cylindrical cross-section
      and each interlock block extending through a respective arcuate recess;
      said formations comprising chordal slots in said interlock blocks having
      depths equal to those of said arcuate recesses; each interlock block
      having four longitudinally spaced chordal slots at angular spacings of
      90.degree.; said code changers being operable selectively to align a
      selected chordal slot to extend parallel to a longitudinal edge of said
      lock plate; said chordal slots being movable longitudinally into alignment
      with the longitudinal edges of said lock plate by simultaneous operation
      of said push-buttons in accordance with said preset combination code; said
      casing means comprising a front casing, a rear casing, and a rear cover
      plate; the facing surfaces of said front and rear casings being formed
      with aligned recesses conjointly defining an elongated slot in which said
      lock plate is slidably mounted; said front casing being formed with a
      narrow rectangular slot therein extending centrally of the recess therein;
      said operating means comprising a lever secured to said lock plate and
      engaged in said narrow rectangular slot through said front casing; said
      front and rear casings being formed with aligned bores therethrough each
      receiving a respective push-button assembly, with the respective
      push-buttons projecting forwardly of the outer surface of said front
      casing; said rear cover plate being formed with circular apertures
      therethrough each aligned with a respective push-button assembly receiving
      bore and providing access to said code changers; first spring means
      biasing said lock plate to its projected locking position; and second
      spring means each biasing a respective push-button to project outwardly of
      the front surface of said front casing, each push-button being formed with
      means limiting its outward projection; the outer surface of said front
      casing being formed with ribs projecting therefrom different distances
      and, together with the outer surface of said front casing, defining
      respective operated positions of said push-buttons.
NUM  7.
PAR  7. A multi-combination push button lock, as claimed in claim 6, in which
      each code changer has a polygonal inner end engaged in a polygonal bore in
      its associated interlock block; and detent means associated with each code
      changer and operable to releasably retain the code changer in a selected
      angular orientation.
NUM  8.
PAR  8. A multi-combination push button lock, as claimed in claim 7, in which
      the outer end of each code changer is formed with a narrow rectangular
      head projecting exteriorly of said rear cover.
NUM  9.
PAR  9. A multi-combination push button lock, as claimed in claim 7, in which
      the outer end of each code changer is flush with the outer surface of said
      rear plate and provided with a formation for engagement by a tool for
      angularly adjusting the code changers.
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ABST
PAL  In the manufacture of drawn and ironed, unitary, can bodies, structure and
      method which interrupt surface contact between an ironing mandrel and the
      interior sidewall of a can body being ironed to reduce friction for
      removal of the ironed can body from the mandrel.
PAL  During passage through an ironing ring, sidewall metal is moved into a
      narrow-width, linearly-extended indentation in the mandrel sidewall. The
      metal of the protrusion thus formed on the interior surface of the can
      body is moved along the mandrel sidewall during passage through a
      subsequent ironing ring, with such movement breaking surface adhesion
      between the mandrel sidewall and the interior surface of the container
      body sidewall to facilitate removal.
BSUM
PAR  The invention is concerned with improving the manufacture of drawn and
      ironed seamless container bodies; more specifically, improved methods and
      structures for facilitating stripping of a drawn and ironed seamless
      container body from a mandrel after an ironing operation.
PAR  In the manufacture of seamless container bodies, a sheet metal blank is
      formed into a cup shape with a bottom wall and unitary sidewall. The
      sidewall is then thinned and elongated during passage successively through
      a series of ironing rings. Both the drawing and the ironing can be carried
      out in a single stroke of a mandrel having a common longitudinal central
      axis with the ironing rings. Basic machinery for ironing of sheet metal
      container sidewalls has been known in the art. Further details of such
      machinery and the theory of drawing and ironing are available in the
      literature; e.g. see U.S. Pats. No. 3,203,218 and 3,670,543.
PAR  Because of the intimate surface contact formed between the mandrel and the
      container, the problem of removing a container body from a mandrel after
      ironing has been a major concern. U.S. Pat. No. 3,406,554 discloses
      apparatus and methods for forming a gap for the reception of a flanging
      and stripping mechanism to facilitate removal. U.S. Pat. No. 3,733,880
      discusses methods and means for applying radially directed forces for
      flattening portions of the can body to facilitate subsequent stripping
      from a punch.
PAR  The complexity of such approaches of the prior art contrasts sharply with
      the simplified approach and the satisfactory solution contributed by the
      present invention.
PAR  During ironing a punch-mounted cup-shaped article is forced through a
      female ironing ring of circular configuration. The ironing ring is
      concentric with the ironing mandrel and has an internal diameter slightly
      less than that of the mounted cup-shaped article but also slightly greater
      than the external diameter of the peripheral working surface of the
      mandrel. As the metal is worked, an intimate surface contact is
      established between such mandrel sidewall working surface and the interior
      sidewall of the container body. This intimate surface contact manifests
      itself as an undesirably tight adherence between the mandrel and the
      cup-shaped article which makes stripping difficult.
PAR  In ironing steel container bodies, that approach which involves polishing
      the mandrel peripheral working surface to a high luster further increases
      such intimate surface contact between the smooth surface of the mandrel
      sidewalk and the smooth surface developed on the interior of the can body
      sidewall during ironing. The present invention takes a different approach.
PAR  The present invention modifies such intimate contact without distortion of
      the cylindrical configuration can body and without adding complexity or
      machinery. This interruption of friction contact between the mandrel and
      the container is performed as part of the ironing operation.
DRWD
PAR  Referring to the accompanying drawings for further description of the
      invention:
PAR  FIG. 1 is a side elevational view of a mandrel embodying the present
      invention and includes a schematic cross-sectional view of a cup-shaped
      article shown in dotted lines,
PAR  FIG. 2 is a graphical representation of a measured surface characteristic
      of the sidewall of the mandrel of FIG. 1,
PAR  FIG. 3 is a schematic representation of sidewall sheet metal movement
      caused by successive passage of a cup-shaped article through a plurality
      of ironing rings,
PAR  FIG. 4 is a schematic representation of an enlarged cross-sectional portion
      of a surface of a mandrel embodying the invention and the adjoining sheet
      metal of the cup-shaped article mounted on that mandrel after passage
      through a first ironing ring,
PAR  FIG. 5 is an enlarged cross-sectional view of portions of the mandrel
      surface and cup-shaped article surface of FIG. 4 showing movement of the
      sheet metal during passage through a subsequent ironing ring, and
PAR  FIG. 6 is a side elevational view of a mandrel embodying the invention
      employing a plurality of helical indentations.
DETD
PAR  Referring to FIG. 1, elongated mandrel 10 includes work input end 12 and
      work output end 14 joined by a sidewall 16. The working surface of the
      mandrel sidewall 16 includes indention means and surrounding peripheral
      surface; the latter being uniformly spaced from the central longitudinal
      axis of the mandrel 10.
PAR  In accordance with the invention a linearly-extended, narrow-width
      indentation 18 extends both longitudinally along and circumferentially
      about the mandrel sidewall over its working surface. Indentation 18 takes
      the form of a helix extending over substantially the full working surface
      between the longitudinal ends of the mandrel.
PAR  A plurality of helices can also be used. Such open face grooves or
      indentation lines interrupt the surface bonding effect between the mandrel
      and container sidewall which normally occurs during passage through an
      ironing ring by breaking the continuous intimate contact of the ironed
      container sidewall with the mandrel experienced in conventional ironing.
PAR  Indentation 18, or other suitably directed indention means, are formed in
      the mandrel sidewall 16 with a cross-sectional configuration allowing
      movement of metal into and out of such indentation during passage through
      successive ironing rings.
PAR  Typical dimensions for a satisfactorily performing indention are shown in
      FIG. 2. This magnified surface representation of a portion of a sidewall
      of a mandrel is referred to as a "TALYSURF" reading and is performed by a
      "TALYSURF" indicator, manufactured by and available through Engis
      Equipment Company, Morton Grove, Illinois. This instrument provides a
      highly accurate representation of surface conditions. For example, in the
      representation, vertical impressions are magnified 5,000 times and the
      horizontal impressions are magnified 20 times. As indicated in FIG. 2, the
      vertical measurements are in microinches and the horizontal measurements
      are in hundredths of an inch. This graphical representation was taken
      across the surface indentation 18 of FIG. 1. As indicated by the reading,
      groove 18 is about 200 micro-inches in depth and has a width at its open
      end of about 0.01 inches, which is typical for 12-oz. beverage can
      mandrel. The remaining peripheral surface is, practically speaking,
      smooth; i.e. substantially uniformly spaced from the central longitudinal
      axis of the mandrel 10.
PAR  The surface indentation means can be formed on the cylindrical periphery of
      the mandrel in various ways, e.g. by machining mechanically or chemically;
      also, the surface indentation means can be other than helical. However
      interruption in the intimate, high-friction, surface contact between the
      interior surface of the container wall and the peripheral surface of the
      mandrel preferably takes place around the full circumference and along
      substantially the full working surface length between longitudinal ends of
      the mandrel.
PAR  FIG. 3 shows movement of the sidewall metal of the cup-shaped article
      during ironing. A cup-shaped article 30 is mounted on mandrel 32. Article
      30 can be drawn into cup shape on mandrel 32. The sidewall 34 of the
      originally drawn cup 30 is shown in dotted lines. The thickness of the
      sidewall 34 and the thickness of the bottom wall 36 of the drawn cup 30
      are approximately the same and have a thickness gage which is well known
      or readily available to those skilled in the art. for flat rolled steel or
      aluminum. Such thickness gage can vary dependent on can size, end usage
      for the container, and strength requirements.
PAR  Mandrel 32 and cup-shaped article 30 are moved longitudinally in a
      direction parallel to the central longitudinal axis 33 of mandrel 32. The
      mandrel and mounted cup are forced through female circular ironing dies
      (not shown) which are positioned concentric with the mandrel; i.e. having
      interior working surfaces uniformly spaced radially from the central
      longitudinal axis 33. The internal diameter of the first ironing ring is
      slightly smaller than the external diameter of the sidewall of cup 30.
      Each succeeding ironing ring is of slightly smaller diameter than the
      preceding. Of course, the internal diameter of all such ironing rings is
      larger than the external diameter of mandrel 32.
PAR  During passage through a first ironing ring sidewall 34 is elongated and
      thinned forming intermediate sidewall 38 (shown in dotted lines). During
      passage through the next successive ironing ring, which is of slightly
      smaller diameter than that of the previous ironing ring, the sidewall
      sheet metal is again thinned and moved upwardly along the mandrel 32
      forming sidewall 40 of the container body.
PAR  This movement of sheet metal along the mandrel sidewall by passage through
      successive rings is used to interrupt and reduce intimate surface contact
      between the mandrel and the mounted container body. FIGS. 4 and 5 are
      attempts to show schematically the interruption in intimate surface
      contact phenomenon deemed to occur within the container body as the
      container sidewall metal is moved longitudinally during passage through
      successive ironing rings. In FIG. 4, the enlarged view of the cylindrical
      peripheral surface of the mandrel shows indentation 42 in radial cross
      section. During passage through the first ironing ring sheet metal of
      sidewall 44 is moved into indentation 42 forming the protrusion 46.
PAR  During passage through a successive ironing ring, protrusion 46 is moved
      out of its initial location in indentation 42 or replaced by other metal.
      The metal of protrusion 46 is moved or tends to move into contact with
      peripheral surface 48, which is indention free. In the theory of the
      operation which facilitates removal, this protrusion metal movement raises
      sidewall sheet metal slightly from such smooth peripheral surface 48, thus
      breaking the intimate surface contact in a manner shown in exaggerated
      form at space 50. This metal movement process is repeated during passage
      through successive ironing rings with a protrusion on the interior surface
      of the container body sidewall being formed in an indentation on the
      mandrel and, such protrusion metal being moved along the surface of the
      mandrel, or replaced by other sheet metal, reducing intimate surface
      contact between the ironing mandrel and the container sidewall to reduce
      friction facilitating removal after ironing.
PAR  While such protrusion is substantially flattened during such subsequent
      ironing, the tight adherence of mandrel and container of the prior art has
      been broken and is not fully re-established during passage through such
      subsequent ironing ring. This action is sufficient to allow easy removal
      of the container body after ironing and yet does not change the
      configuration of, nor mar the interior surface of, a container body in a
      manner which would inhibit any normal use of the container body.
      Examination, using magnification, of the interior surface of a container
      body after passage through a plurality of rings and removal from the
      mandrel, may reveal a faint impression of a wavy line, extending along the
      interior surface of the container body following the path of the
      indentation; e.g. helical with an indentation such as 18 of mandrel 10.
      The minute protrusion of sheet metal formed in an indentation, while being
      sufficient to break surface friction, is evidentally smoothed out by
      stripping of the container body from the mandrel.
PAR  Typical starting gages for flat rolled steel in forming drawn cup 30 would
      be between about 0.011 inch to about 0.015 inch (about 0.25mm to about
      0.4mm) in manufacturing container bodies for conventional pressurized
      beverage cans, and the like. That thickness gage is maintained in bottom
      wall 36 during ironing while the sidewall is reduced in thickness; e.g.
      the flat rolled steel of sidewall 40 would be reduced to a thickness gage
      in the range of about 0.003 inch about 0.005 inch (about 0.08mm to about
      0.125mm). Starting gages for an aluminum cup would be between about 0.014
      inch and 0.021 inch (about 0.35mm to 0.55mm) and would be ironed to about
      0.005 inch to 0.010 inch (about 0.13mm to 0.25mm)
PAR  FIG. 6 shows a plurality of helical lines 62 and 64 extending along the
      surface of mandrel 66. These indentations can follow a screw thread path
      or can have other configurations in travelling around a mandrel and
      extending longitudinally over its working surface.
PAR  Modifications in methods of forming these indentations in their linearly
      extended configurations and in dimensional and operational aspects will be
      available to those skilled in the art from the present disclosure without
      departing from the inventive teachings, therefore the scope of the
      invention is to be determined from the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Structure for use in an ironing process in which the sidewall sheet
      metal of a seamless, unitary, cup-shaped article is reduced in thickness
      and elongated by passage of the cup-shaped article, while mounted on a
      mandrel through a plurality of female, circular, ironing rings of
      progressively smaller internal diameter, during which passage an intimate
      surface contact is normally established causing an undesirably tight
      adherence between the elongated sidewall of the cup-shaped article and the
      punch,
PA1  such structure facilitating removal of an ironed sidewall cup-shaped
      article from the mandrel after ironing comprising
PA1  an elongated, generally-cylindrical configuration ironing mandrel having a
PA2  work input end,
PA2  a central longitudinal axis,
PA2  a sidewall radially spaced from the central
PA1  longitudinal axis, and
PA2  a work output end longitudinally opposite to the work input end,
PA1  the mandrel sidewall including indention means and remaining peripheral
      surface means, the latter being uniformly spaced radially from the central
      longitudinal axis of the mandrel,
PA1  the indention means comprising a narrow-width, linearly-extended
      indentation subsurface of the remaining peripheral surface of the mandrel
      sidewall which is uniformly spaced radially from the central longitudinal
      axis,
PA1  such indentation extending over a major portion of the mandrel sidewall
      which is contacted by sheet metal of the cup-shaped article sidewall
      providing for movement of sidewall sheet metal into such indentation to
      form a protrusion on the interior surface of the sidewall of the
      cup-shaped article during passage through an ironing ring and for movement
      of such protrusion metal along the sidewall of the mandrel during passage
      through a subsequent ironing ring so as to reduce intimate surface contact
      between the interior surface of the cup-shaped article and the ironing
      mandrel to facilitate removal of such cup-shaped article after ironing.
NUM  2.
PAR  2. The structure of claim 1 in which the indentation has a depth of about
      200 micro-inches below the remaining peripheral surface of the mandrel
      sidewall.
NUM  3.
PAR  3. The structure of claim 1 in which the cross-sectional width of such
      indentation is approximately 0.01 inch.
NUM  4.
PAR  4. The structure of claim 1 including a plurality of narrow-width,
      linearly-extended indentations in the cylindrical peripheral surface of
      the mandrel.
NUM  5.
PAR  5. The structure of claim 1 in which the linearly-extended, narrow-width
      indentation defines a helix extending over substantially the full length
      of such peripheral working surface of the mandrel sidewall.
NUM  6.
PAR  6. The structure of claim 2 in which such helical indentation extend around
      the full circumference of the cylindrical mandrel.
NUM  7.
PAR  7. The structure of claim 6 in which such helical indentation extends a
      distance in excess of a full circumference of the cylindrical mandrel
      within that position of the peripheral surface of the mandrel contacted by
      sidewall sheet metal of the cup-shaped article.
NUM  8.
PAR  8. Method for elongating and thinning the sidewall of a seamless, unitary,
      sheet metal cup-shaped article and facilitating stripping of such
      elongated sidewall cup-shaped article from an ironing mandrel by modifying
      the intimate surface contact between article and mandrel normally
      established during ironing, comprising the steps of
PA1  providing an elongated, generally-cylindrical configuration ironing mandrel
      having a
PA2  work input end,
PA2  a central longitudinal axis,
PA2  a sidewall radially spaced from the central longitudinal axis, and
PA2  a work output end longitudinally opposite to the work input end,
PA1  the mandrel sidewall including indention means and peripheral surface
      means, the latter being uniformly spaced radially from the central
      longitudinal axis,
PA1  the indention means comprising a narrow-width, linearly-extended,
      indentation, which indentation extends over a major portion of that
      portion of the mandrel sidewall contacted by sidewall sheet metal of a
      cup-shaped article being ironed,
PA1  providing a sheet metal cup-shaped article mounted on such mandrel, the
      cup-shaped article having a bottom wall, unitary sidewall, and an open end
      longitudinally opposite to such bottom wall,
PA1  the cup-shaped article having a configuration conforming to that of the
      ironing mandrel,
PA1  moving the mandrel and mounted cup-shaped article through a first, female,
      circular ironing ring having a central axis coincident with that of the
      central longitudinal axis of the ironing mandrel,
PA1  such ironing ring having an internal diameter less than the external
      diameter of the cup-shaped article and greater than that of the peripheral
      surface of the ironing mandrel such that sidewall sheet metal of the
      cup-shaped article is elongated and thinned with sidewall sheet metal
      being moved into at least a portion of such indentation forming a
      protrusion in the sheet metal on the interior surface of the cup-shaped
      article sidewall,
PA1  continuing longitudinal movement of the ironing mandrel and mounted
      cup-shaped article through a subsequent ironing ring of smaller internal
      diameter than the first ironing ring so as to move the sheet metal of the
      cup-shaped article sidewall longitudinally further along the sidewall of
      the mandrel, including movement of such protrusion metal, formed on the
      interior surface of the cup-shaped article sidewall, along the mandrel
      sidewall into contact with the peripheral surface of the mandrel reducing
      frictional contact between the peripheral surface of the mandrel sidewall
      and the interior surface of the cup-shaped article to facilitate removal
      of such cup-shaped article from such mandrel after ironing.
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ABST
PAL  There is disclosed methods and apparatus for proving fluid meters,
      particularly gas meters of the positive displacement, diaphragm-operated
      type in which the number of cycles of operations of the valve mechanism of
      the meter is used as a factor in proving the accuracy of the meter, the
      number of said cycles being determined by sensing a series of pressure
      waveforms in the test gas entering and leaving the diaphragm chambers of
      the meter, which waveforms are characteristic of the particular meter
      being tested and occur in each cycle and reoccuring cycle of operation of
      the meter when operating, detecting a characteristic waveform in each
      series of waveforms, amplifying and shaping the characteristic waveform
      and counting a predetermined number of cycles of said waveforms and
      comparing the volume of test gas which has passed through the meter as
      measured by a test bell with the amount that should have passed during
      that predetermined number of cycles of operations of the meter. The
      proving of the gas meter by the bell method may be carried out with
      negative pressure to determine gas drawn through the meter or by positive
      pressure by forcing gas through the meter. To carry out the above method
      of proving a meter, there is provided by the present invention improved
      apparatus for performing the proving operations in which the various
      valves, provided for the purpose, are operated by solenoids controlled by
      electronic means including a time controlled function selector, function
      performing circuits, a shift register for causing the functions to be
      performed consecutively and a malfunction detector.
BSUM
PAR  This invention relates to improved methods and apparatus for proving the
      accuracy of positive displacement, diaphragm-operated volumetric fluid
      meters, and more particularly gas meters of that type.
PAR  Heretofore it has been the practice to test gas meters of the positive
      displacement, diaphragm-operated type by supplying the meter with test gas
      which may be air or other inert gas, such as nitrogen, causing the meter
      to rotate through a precise number of cycles of operation as indicated by
      a complete revolution of the proving hand on the meter index and reading
      on the prover the volume of test gas displayed in said cycles of
      operation, the proof then being the relationship between the volume
      indicated by the proving dial of the meter and the volume indicated by the
      prover. In such method and with such means a substantial amount of time
      was required to flow the large quantity of test gas through the meter to
      obtain a usable reading of the proving hand of the meter index. For
      instance, heretofore such tests required use of two cubic feet of test gas
      measured by a scale or other volume encoder on a test bell so as to
      produce a readable display of the amount of test gas passing through the
      meter and comparing it with the reading of the meter's proving hand.
PAR  Besides, during such a test the condition of the test gas was subject to
      change, due to changes in ambient temperature and atmospheric pressure,
      thus making the accuracy of the test somewhat questionable. Therefore, it
      was extremely advantageous to substantially reduce the time required to
      make a complete test, especially when it is realized that usually the
      meter is separately tested under high and low flow conditions and that
      quite frequently adjustment of the meter valve mechanism must be made and
      the meter retested.
PAR  Due to variations in the manufacture and assembly of the meter,
      particularly in the drive means between the diaphragm and the index, there
      are differences in the performance of otherwise similar meters which would
      render the showing on the index of the meter inaccurate to an extent
      frequently sufficient to require readjustment of the meter before shipment
      to the consumer. Because of wear of the parts during prolonged periods of
      use, local ordinances require meters to be tested and adjusted after
      stated periods of time.
PAR  The importance of facilitating these testing operations so as to improve
      the accuracy of the test and reducing the testing time is apparent both
      from the viewpoint of the manufacturer and consumer.
PAR  Since the inaccuracies referred to above in the same meter are different
      under different conditions of flow of the test gas, it is usual to make
      two test runs on each meter being tested. One such test run referred to as
      an "open" test is conducted under maximum flow conditions and another such
      test run known as a "check" test is performed under reduced flow of test
      gas.
PAR  An object of this invention is to provide improved methods and apparatus
      for substantially reducing the time required to make the tests on a meter
      and to thereby make the tests more economically and more accurately. This
      is accomplished, according to the present invention, by providing methods
      and means whereby only a small fraction of the amount of test gas
      heretofore needed to conduct the test is now required to complete the
      test, and the reliability of the test is greatly improved.
PAR  This invention is based on the discovery that in each cycle of operations
      of the valve mechanism of the meter there are variable differences in
      pressure of the test gas between the inlet and outlet orifices of the
      meter and there is thereby produced a series of pressure fluctuations
      forming an explicit waveform train for each cycle of operation of the
      meter valve mechanism and that in each such train there is one, and with
      some meters more than one characteristic peak which are substantially the
      same in each reoccurring waveform train, and that said peaks may be sensed
      and the characteristic peak or peaks may be amplified, detected, and
      shaped to operate means for counting the number of cycles of the meter
      valve mechanism made during each test run to mark the termination of that
      particular test run.
PAR  The volume of test gas passing through the meter can be determined by the
      linear movement of a test bell, by means of an optical digital encoder
      operated by the test bell to produce a signal for each predeterminate unit
      of test gas used in a test run. The accuracy or the extent of inaccuracy
      of the meter is proved by noting the volume of test gas which has passed
      through the meter when the valve mechanism of the meter has made a
      predetermined number of cycles of operation and comparing it with the
      volume intended to be passed through the meter.
PAR  The difference between the patterns of the waveforms in different meters of
      the same construction is unimportant since the characteristic peak or
      peaks are used solely to count and limit the number of cycles of operation
      of the meter for each test run.
PAR  In the broader aspects of this invention any suitable means may be used to
      sequentially operate the valves for controlling the passage of gas through
      the meter while it is being tested. One such means is disclosed in U.S.
      Pat. No. 3,035,434, wherein electromechanical means comprising a rotatable
      program drum controls circuits to open and close the necessary solenoid
      valves seriatim according to the predetermined plan.
PAR  As disclosed in said patent the meter is proved by noting the amount of
      test gas which has passed through the bell at the end of a series of
      operations of the meter and comparing it with the reading of the meter's
      index device. But, according to the present invention, the proof of the
      meter under test depends on the utilization of said inherent
      characteristic of a diaphragm-operated volumetric gas meter, to wit, that
      in operation of such gas meters the pressure conditions within the
      diaphragm chambers in one cycle of operation are not uniform, but consist
      rather of a series of pressure waveforms or fluctuations of non-uniform
      amplitude including, in a meter having three diaphragm chambers, one
      characteristic waveform peak of greater amplitude than the others. One
      complete rotational cycle of a meter produces a family or train of
      pressure waveforms including said characteristic peak, which at constant
      flow rate produce the same waveform family in successive cycles.
PAR  With some meters, due to the number of diaphragm chambers therein, there
      may be more than one characteristic peak and this is taken into
      consideration in proving the meter.
PAR  In reliance upon the above-stated phenomenon of the pressure peaks
      occurring in the diaphragm chambers, the present invention provides means
      for sensing one or more characteristic pressure peaks occurring in each
      complete cycle of operation of the meter, whereby the number of cycles of
      a gas meter may be monitored and the test terminated when a predetermined
      number of cycles of operations of the meter has taken place. The volume of
      test gas intended to be passed through the meter in each test being known,
      by comparing the volume of test gas actually passed through the meter with
      said known volume, it can be quickly determined whether or not the correct
      volume of test gas has passed through the meter in a predetermined number
      of cycles.
PAR  This is accomplished, according to the present invention, by placing in
      communication with the test gas entering and leaving the diaphragm
      chambers a transducer which is responsive to the fluctuation in the
      pressure of the gas at the inlet and outlet orifices of the meter and
      which transducer generates a series or train of electrical signals
      repeated in each successive revolution of the valve mechanism of the
      meter. The signals which are rather feeble are first fed to a differential
      amplifier to increase the voltage to a level that can be used and
      processed further to obtain the desired signal control. From the first
      differential amplifier the undulating signal is passed to a first peak
      detector and is held at peak value. A peak value signal is then passed
      through an attenuator to a second differential amplifier which also
      receives the time varying signal directly from the first differential
      amplifier so that the attenuated signal is superposed on said time varying
      signal. The output from the second differential amplifier which amplifies
      the difference between the maximum output of the first differential is fed
      to a second peak detector amplifier whose output is attenuated and
      transmitted to an analog comparator which also receives signals from the
      second differential amplifier.
PAR  The waveforms representing a cycle of operations of the valve mechanism of
      the meter may vary in amplitude by several volts. To insure that the
      analog comparator produces a signal each and every time for the same peak
      output of the peak amplifier, the level of the attenuator signal is
      lowered further to a predetermined level after accepting the initial peak
      pulse.
PAR  Initially the reference level is set at a high point of 95% on the input
      waveform, but after the first pulse is received, the reference level is
      set to, for instance, a reference level of 60% of the waveform. This
      allows the output of the analog comparator to produce effective pulses
      even though the form of the input wave from the second differential
      amplifier is changing.
PAR  The signals at the outputs of the first and second differential amplifiers
      are repetitive for each revolution of the gas metering mechanism.
PAR  The passing of gas through the gas meter causes the proving bell either to
      evacuate, in pressure proving, or to fill, in vacuum proving, and the
      resultant linear movement of the proving bell is monitored by a
      pulse-producing encoder mounted on and operated by the proving bell.
PAR  By determining the number of pulses produced by the volume encoder for a
      given linear movement of the proving bell, a relationship between the
      number of pulses produced and volume of test gas displaced can be
      formulated.
PAR  By counting the pulses produced by the gas meter pressure sensing means and
      by predetermining the peak signals produced by one gas meter revolution,
      each gas meter cycle can be monitored; simultaneously the pulses produced
      by the testing bell encoder are totalized for any given number of gas
      meter revolutions or cycles of operation.
PAR  Therefore, by knowing the counts per gas meter cycle and the number of
      pulses produced by a volumetric bell displacement the gas meter
      calibration can be performed.
PAR  Another feature of this invention is the provision of improved electronic
      means for automatically and sequentially operating the valves which
      control the flow of test gas through the meter being tested, which means
      are sufficiently fast-acting to complement the rapidity with which a test
      can be completed by the methods and apparatus herein described.
PAR  As a result of the saving in time which the present invention has effected,
      one meter tester can make four or five times the number of tests which a
      tester could make in a given time period prior to this invention. Besides,
      for a given number of tests made per man-hour, fewer testing machines are
      required and the space presently occupied by the surplus machines can be
      used for other purposes.
PAR  When using the negative pressure method in which the flow of test gas is
      from the meter to the bell, the characteristic pressure fluctuations of
      the test gas being drawn in and through the meter are counted and recorded
      by the apparatus described below.
PAR  Other features and advantages will hereinafter appear.
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PAR  In the accompanying drawings:
PAR  FIG. 1 is a schematic view of the arrangement of the proving apparatus
      using a proving bell to indicate the amount of test gas passing through
      the meter being tested under high and low flow rates referred to as "open"
      and "check" tests.
PAR  FIG. 2 is a schematic view showing one form of volume encoder which may be
      used in connection with the test bell pulley.
PAR  FIG. 3 shows the conduits and valves in the testing equipment with the
      three-way valve in leak testing position.
PAR  FIG. 4 is a schematic view showing the relationship between the gas meter
      transducer and the components for amplifying and shaping the waveform of
      signals received from the transducer including the volume encoder, the
      cycle counter, the counter and totalizer and the digital comparator.
PAR  FIG. 5 is a graph of a representative amplified train of pressure signal
      waveforms issuing from the transducer in one cycle of operation of the
      valve mechanism.
PAR  FIG. 6 shows the signal waveform peak detected and attenuated.
PAR  FIG. 7 shows the waveform of the signal after it has passed through the
      second differential amplifier.
PAR  FIG. 8 shows the peak detected signal.
PAR  FIG. 9 shows the approximate shape of the peak signal after peak voltage
      level has been lowered.
PAR  FIG. 10 shows the final shape of a waveform as it leaves the analog
      comparator.
PAR  FIG. 11 represents the waveform of the signals leaving the analog
      comparator in one cycle of operation of the valve mechanism of the meter
      and the signal received by the digital comparator from the volume encoder.
PAR  FIG. 12 is a function timing diagram showing the functions to be performed
      in the sixteen steps of the shift register in making the "open" test run
      and the "check" test run, and, by way of example, the length of the
      respective time periods in which function operations are performed under
      the control of the shift register.
PAR  FIG. 12a is a diagrammatic view showing the relationship of the various
      elements leading to the display devices.
PAR  FIG. 13 is a diagrammatic view showing the function selectors, the function
      operating circuits, the shift register and the malfunction detecting
      circuits.
PAR  FIG. 14 is a schematic view of one form of drive circuit responsive to a
      signal from the shift register to initiate the operation of one of the
      function performing means.
DETD
PAR  There are two methods of conducting tests by the prover bell, one using air
      forced from the bell, due to the weight of the body, and through the
      meter, and the other referred to herein by way of example in which gas is
      drawn in through the meter and exhausted in the bell as a counterweight on
      the prover descends by gravity.
PAR  Referring to FIG. 1, a conventional test gas tank 10 is provided with a
      bell 11 which rides within the tank and is guided by rails 12. The closed
      top of the bell is connected to a cable 13 which passes over a pulley 14
      rotatably mounted on a platform 15 supported by the posts 12a. The other
      end of the cable 13 is connected to a weight 16 which acts as a
      counterweight for the bell. The bell rises and falls as test gas flows
      into the tank and bell or flows out respectively.
PAR  The bottom of the tank has a passage 17 connected to a vertical pipe 18
      connected by one branch of a T-fitting 19 and pipe 20 to a "bell" valve
      21, operated by solenoid 22. The valve 21 is connected by pipe 23 to a
      source of suction, not shown, or to a source of vacuum, not shown.
PAR  The other branch of the T-fitting 19 is connected by a pipe 24 to an
      "operate" valve 25 which is operated by a solenoid 26 and connected to a
      T-fitting 27 connected to a vertical pipe 28. The "operate" valve controls
      the flow of test gas between the tank and the meter.
PAR  The upper portion of the pipe 28 is connected by a T-fitting 29 and pipe
      29' connected to a flexible tube 30, the other end of which is fastened in
      a fitting 31 adapted to be placed over and against one of the ports of a
      meter 32 to be tested.
PAR  The other port of the meter is engaged by a fitting 33 which is connected
      by a flexible tube 34 to a four-way fitting 35 connected to a normally
      closed "open" valve 36 operated by solenoid 37. The other arm of the
      four-way fitting 35 is connected by a pipe 38 and elbow 39 to a normally
      open "check" valve 40 operated by solenoid 41. The other sides of the
      valves 36 and 40 are open to the atmosphere.
PAR  Each of the fittings 31 and 33 is carried by an arm 42 pivotally and
      slidably mounted on a vertical rod 43 carried by a table or platform 44a
      on which the meter to be tested is supported at a convenient height. One
      side of a differential pressure gauge 44 is connected by pipe 45, elbow 46
      and pipe 47 to fitting 35 and the other side of the gauge 44 is connected
      by a pipe 48, elbow 48a to a three-way valve 49 which is operated by a
      solenoid 49a. The three-way valve 49 is connected by elbow 29a and pipe
      29b to the T-fitting 29, pipe 29' and flexible tube 30.
PAR  Prior to testing the meter for performance, in order to insure that the
      connections between the meter and the bell 11 are gastight, the pressure
      gauge 44 which normally indicates the differential pressure across the
      inlet and outlet ports of the meter is used. When the connections are to
      be tested, the three-way valve 49 is adjusted, as shown in FIG. 3, in
      which test gas passes through the pressure gauge 44, a pipe 48 through the
      three-way valve 49, elbow 49c, pipe 49b and the fitting 19 to the port 17
      at the underside of the bell, the gauge 44 being cut off from the meter
      tube 30 by the three-way valve.
PAR  When the "check" test valve 40 is closed and the "operate" valve 25 is
      opened for a predetermined period of time to permit the pressure in the
      bell and the meter to equalize via the pipe 24, through "operate" valve 25
      to the pipe 28, fitting 29 and flexible tube 30 to the fitting 31 on the
      meter, through the meter fitting 33, flexible tube 34, fitting 35, and
      pipes 47 and 45 to the other side of the pressure gauge 44, then the
      "operate" valve 25 is closed and the "check" valve 40 remains closed. If
      the meter pressure changes beyond a predetermined amount, an alarm 44'
      would be activated by the pressure gauge and this would indicate that the
      connections between the meter and the bell were not gastight and the test
      should be stopped to correct the fault.
PAR  As shown herein, the testing apparatus is arranged to test the meter by the
      vacuum method in which test air at atmospheric pressure is taken into and
      passed through the meter due to the suction created by the test bell.
PAR  If there is no indication of leakage existing, then the normally open
      "check" valve 40 is opened and the "bell" valve 21 is opened to allow the
      test air to escape from the bell until a lug 14a on the pulley 14 engages
      a limit switch 14b supported on the top 15 of the bell structure. The
      limit switch 14b opens the circuit to the solenoid 22 which operates the
      "bell" valve 21.
PAR  It is the practice in the industry to make at least two test runs with each
      meter. One is an "open" test with the valves 36 and 40 open to the
      atmosphere and the other test run is a "check" test made with the normally
      closed "open" test valve 36 closed and the normally open "check" valve 40
      open, thus reducing the rate of flow of test gas passing through the
      meter.
PAR  Connected to the T-fitting 27 is a pipe 50, elbow 51, and bypass valve 52
      operated by solenoid 53. Connected to the bypass valve 52 is a pipe 54 and
      a T-fitting 55 in the exhaust pipe 23.
PAR  In order to measure the amount of test gas passing through the meter during
      a test run, the pulley 14 operated by the bell is connected to a rotary
      encoder referred to below which may be of any suitable type.
PAR  When the meter has made a predetermined number of cycles of operation, the
      volume of test gas which has passed through the meter during the "open"
      test is displayed to the operator and the accuracy or the degree of
      inaccuracy of the meter can be determined.
PAR  When gas at the lower rate of flow is to be tested, the normally closed
      "open" valve closes and the normally open "check" valve remains open.
PAR  In the broader aspects of this invention any suitable means for operating
      the valves above referred to in proper sequence may be used, for instance
      the electromechanical valve sequence apparatus shown in U.S. Pat. No.
      3,035,434. However, as will appear below, the time required for conducting
      the tests has been so substantially reduced by the method and apparatus of
      the present invention, that the time saved thereby would be substantially
      lost if the method and electromechanical apparatus of said patent were
      employed to control the sequence of the operations in the tests.
PAR  Hence, an important feature of this invention is the provision of
      electronic means for sequentially initiating and performing the various
      functions in testing a meter including the opening and closing of the
      various valves between the atmosphere and the volume measuring bell on the
      one hand and between the bell and the meter on the other hand.
PAR  The means for performing the functions required in connection with testing
      a meter, according to the present invention, comprises a timer 58
      diagrammatically illustrated in FIG. 12, a clock 59 which provides a
      negative pulse to step a shift register 65 and a plurality of function
      drive circuits 60a to 60h (see FIGS. 12 and 13), one of which is shown by
      way of example in FIG. 14. The circuits 60a to 60h are connected to
      outlets 61 of a function selector 62 which may comprise a diode matrix
      having inlets 63 connected by leads 64 to outlets L1 to L16 inclusive of a
      sixteen stage shift register 65.
PAR  Before proceeding with the description of the function selection and
      operation, attention is called to FIG. 12 which is a function timing
      diagram showing a list of the functions to be performed by the drive
      circuits 60a to 60h and showing by dotted lines in numbered vertical
      columns the 16 steps of the shift register 65 shown in FIG. 13. The steps
      represented in FIG. 12, except for the third step, sixth and seventh steps
      and 12th and 13th steps, are each controlled by the timer 58 and are
      identified by the time periods T1 to T11.
PAR  The third step marked "LS," is terminated when the limit switch 14b on the
      test bell indicates that the test bell is positioned to start the test. In
      the sixth step marked "1st Rev." the meter is running and the first
      rotation of the valve mechanism of the meter has been sensed. The seventh
      step marked "N. Rev." is terminated when the meter valve mechanism has
      made a predetermined number of revolutions in the "open" test. In the
      twelfth step marked "1st Rev." the meter is being sensed in the "check"
      test and the thirteenth step marked "N. Rev." is terminated when the meter
      has made a predetermined number of revolutions in the "check" test.
      Referring again to FIG. 12, the average duration of the periods of time in
      which the functions are severally performed are indicated in seconds in
      blocks 68 and by the shaded blocks 69.
PAR  Assuming that the fitttings 31 and 33 have been applied to the ports of the
      meter, that the shift register and function performing circuits are
      energized, in the first step represented in the function timing diagram of
      FIG. 12 having a time period T1 of 10 seconds (all times stated are
      average times): the threeway valve 49 is positioned as shown in FIG. 3 to
      connect the meter and the test bell to the differential pressure gauge 44;
      the normally open "check" valve 40 is closed; the "operate" valve 25 is
      opened and the system is tested for leakage. If during the second step the
      reading of the pressure gauge indicates that there is leakage of test gas
      between the meter and the test bell, the pressure gauge 44 activates the
      alarm 44' and opens the energizing circuit 44b (FIG. 13), the test is
      stopped and the shift register is reset. The operator must then readjust
      the fittings 31 and 33 and otherwise eliminate the leakage as pointed out
      above.
PAR  If there is no leakage, at the end of the second step, the three-way valve
      49 is shifted to its FIG. 1 position, the normally open "check" valve is
      opened and the "bell" valve 21 is opened to feed test gas to the bell or
      extract air therefrom depending on the mode of making the test.
PAR  When the test bell 11 is in a predetermined position, limit switch 14b on
      the bell is closed by lug 14a on the pulley 14 and this terminates the
      third step of the shift register by the closing of the "bell" valve 21.
PAR  At the end of the third step the circuit 60h is energized and "bell" valve
      21 is thereby closed, and when the fourth step (T3) is reached, the
      circuit 60f of the normally closed "open" test valve 36 is opened, and the
      circuit 60g to the "operate" valve 25 is opened. The operation of proving
      the meter begins after a period of about 5 seconds which allows time for
      damping any oscillations in pressure which may be caused by opening and
      closing the valves 25 and 36.
PAR  No change is made in the fifth step.
PAR  In the sixth step marked "1st Rev." the first revolution signal in the
      "open" test is received from the meter.
PAR  In the seventh step marked "N. Rev." the operation of detecting the peak
      pressure fluctuations which occur in the meter takes place, as will be
      explained below, the present counter circuit 60c is disabled. At the same
      time latch A for the "open" test optical display 125 and latch B for the
      "check" test optical display 125' are disabled, see FIGS. 12 and 12a, by
      the circuits 60a and 60b disabling the gates G1 and G2 respectively.
PAR  The period in which the actual "open" test is made, i.e., fifth, sixth and
      seventh steps, lasts for about 20 seconds during which the cycles of the
      meter valve mechanism are taking place and being counted by the cycle
      counter 111.
PAR  At the end of the seventh step the circuit 60f to the "open" test valve 36
      is closed and thus closes the valve 36 which remains closed for the
      remainder of the test. In the eighth step the counter readout takes place
      and the latches A and B are enabled, by the circuits 60a and 60b
      respectively, and gates G1 and G2 to transfer the count from the counter
      and totalizer 122 to the optical displays 125 and 125' respectively, and
      that is the end of the "open" test run.
PAR  In the ninth step the latches A and B are again disabled.
PAR  In the tenth step circuit 60b for the latch B is enabled and latch A
      remains disabled for the rest of the test. The circuit 60c for "present
      counter" is enabled in the 10th step and remains enabled until the end of
      the 12th step, marked "1st Rev.", indicating that the first revolution of
      the meter during the "check" test has been sensed. At the end of the
      twelfth step the circuit 60c is opened and the present counter is
      disabled.
PAR  At the beginning of the 13th step the latch B is disabled by closing the
      circuit 60f and the preset counter circuit is disabled. At the end of the
      13th step the circuit 60g is opened closing the "operate" valve 25.
PAR  In the 14th step the latch B is enabled and the latch A remains disabled so
      that the count of the "check" test can be transferred to the optical
      display 125'. During the 15th step the latch A remains disabled and the
      latch B is disabled.
PAR  At the end of the sixteenth step the latch A and the latch B are disabled
      and the shift register goes to null.
PAR  From the above it will be seen that the operation of testing for leaks,
      making the "open" test, and making the "check" test according to the
      present invention occupies approximately 85  seconds as against 4 minutes
      required heretofore to make the same kinds of tests.
PAR  It should be noted here, the purpose of the test being to compare the
      performance of the meter with an established optimum degree of accuracy,
      that any disparity between the optimum performance and that actually
      performed during the test can be discovered by comparing the volume of
      test gas delivered during the predetermined number of cycles of operations
      of the meter with a known standard volume for which the meter was
      constructed. It has been found advantageous to operate the test for a
      determinate number of cycles of operations of the valve mechanism of the
      meter. To this end, in the preferred form of this invention, as pointed
      out below, means are provided for terminating the test when the meter has
      made a predetermined number of cycles of operation and comparing the
      volume displayed by the optical displays 125 and 125' against a known
      standard volume.
PAR  As stated above and as shown in FIG. 13, the drive circuits 60a to 60h are
      energized by the function selector 62 which is preset to connect the
      desired function drive circuit or circuits 60 which are activated in the
      various stages of the shift register 65 which has, in the present
      embodiment, 16 stages corresponding to the 16 steps of the timer, the
      steps of which are represented by the diagram, FIG. 12.
PAR  To start the cycle, a starter switch 70 connected to a positive current
      source, +, is employed. Starter switch 70 is initially in closed position.
      Opening the switch 70 causes a surge of negative current to pulse into
      stepper terminal 68a via lead 69. Shift register 65 which is reset after
      each completed cycle (and thus reset before each new cycle) receives the
      step signal and energizes (turns on) output terminal L1. The ON signal of
      L1 is transmitted simultaneously to function selector 62 and to lead S1.
      The signal from S1 enters AND gate G1 together with input T1. Timer 58, as
      shown in FIG. 12, keeps T1 ON for approximately 10 seconds. G1 has an ON
      output as long as L1 via S1 and T1 are both ON. The ON output from AND
      gate G1 has no effect on stepper terminal 68a which steps the shift
      register only when it senses a negative pulsed signal. L1 will remain ON.
      When timer 58 turns T1 OFF after 10 seconds, AND gate G1 turns OFF. This
      causes a clock 59 to pulse the negative current to stepper 68a which
      shifts the shift register 65 to the position of output terminal L2 from
      output terminal L1. L2 is now ON; L1 is now OFF. The L2 signal follows a
      sequence similar to that of L1. This step-shifting continues until output
      terminal L16 is turned ON at which point the system stops and resets to
      the L1 position. L1 through L16 will thus be energized in seriatim for
      predetermined time periods T1 to T11 (set by timer 58) and for variable
      controlled periods LS, 1st Rev, N. Rev. in the "open" test and 1st Rev, N
      Rev in the "check" test.
PAR  The output terminals L1 to L16 of the shift register 65 are connected by
      circuits 64 to input terminals 63 of the function selector 62. However,
      the shift register circuits 64, according to the present invention, are
      not energized unless the step of the timer 58 is in the same step as the
      shift register 65.
PAR  For this purpose the present invention provides a malfunction preventing
      arrangement in which shift register output circuits 64 are respectively
      connected by leads S1 to S16, each leading to a related AND gate G1 to G16
      of ganged AND gate network 66 connected respectively to leads T1, T2, LS,
      T3, T4, 1st Rev., N. Rev., T5 to T8, 1st Rev., 2nd Rev., T9 to T11. The
      outputs of the AND gates G1 to G16 are each connected to a common lead
      68'. The output of the AND gates 66 (G1 to G16) are each made conductive,
      the companion circuit 64 from the shift register is energized and the
      related function is or functions are performed.
PAR  This arrangement prevents malfunctioning in the following way. If the timer
      58 skips a stage, no input to the function selector 62 will occur. For
      example, if the timer 58 goes to T3 from T1, AND gate G1 will turn OFF and
      stepper terminal 68a will shift the shift register 65 to L2. One input
      then to AND gate G2 will be carrying a signal (from L2 via S2) and only
      one input to AND gate G4 (from T3) will be present. Neither gate G2 nor
      gate G4 will be conducting. The system will be stopped. Also, if T2 is
      erroneously energized while L1 and T1 are ON, G1 will remain ON, as will
      L1. Because L2 must be OFF when L1 is ON, no signal will travel via S2 to
      AND gate G2. G2 will remain OFF and the function selector 62 will receive
      no signal from output terminal L2. Only functions connected to output
      terminal L1 will be energized.
PAR  In essence, the malfunction arrangement of FIG. 13 requires that there be
      an ordered cycle of selected functions. L2, the output terminal to
      function selector 62 will not remain ON unless timer 58 has turned T2 ON.
      If T2 is OFF, L2 is OFF. And, conversely, as shown in the examples above,
      where the timer 58 is in error in the time sequencing, there will be no
      output terminal errors.
PAR  After the cycle is completed, the terminal 69a of the reset circuit of the
      shift register is energized and the shift register is returned to starting
      condition in which it remains until the starter switch 70 is again
      operated.
PAR  It should be understood that the lines 60a to 60h shown in FIG. 13 between
      the shift register terminals L2, L3, L4, L7 and L16 and the related
      function driving circuit terminals 63 are representative of the manner in
      which the other companion terminals are interconnected and that the
      connection lines of several of the other circuits are omitted merely to
      avoid confusion.
PAR  In the form of the invention herein illustrated by way of example, there
      are only nine function drive circuits 60 while there are 16 time periods
      and shift register stages. This is because several of the functional
      operations extend over several time steps as indicated by the brackets in
      FIG. 13.
PAR  The duration of each of the time steps is controlled by the clock 59 except
      for step three which is terminated by the limit switch 14b on the bell
      frame, step six which is terminated by the shift register going to the
      seventh step when the first significant signal is received from the pulse
      sensing means referred to below, step 7, step 11, and step 12. Likewise in
      the seventh step of the time controlled function selector 62, the valve
      mechanism makes N revolutions. The eighth and ninth steps are of short
      duration and are passed through substantially instantaneously. Step eight
      marks the end of the "open" test while step nine disables the latch A to
      display the count in the counter and totalizer 122 of the result of the
      "open" test. In step 10 the revolution counter is enabled to terminate the
      "check"test when the meter valve mechanism has made a predeterminate
      number of cycles of operation.
PAR  At this point it may be noted that in the broader aspects of this invention
      any suitable drive circuit may be employed to furnish the power for
      performing the functions. However, it has been found that an electronic
      relay is best suited for the purpose. Such a relay is shown in FIG. 14 in
      which the output of the function selector 62 for each of the function
      performing devices may comprise a D.C. source 80 of low voltage fed to a
      luminous diode 81 and transistor 82 to ground. The base 83 of the
      transistor 82 is connected to one of the function leads 60. The light from
      the diode 81 impinges on a photodetector 84 which enables a triac gate 85
      in an A.C. power circuit 86 connected to and energizing the function
      performing device represented by block 87.
PAR  As stated above, an object of this invention is to provide methods and
      means for proving positive displacement, diaphragmoperated gas meters.
      Such meters are provided with valve mechanism for controlling the flow of
      gas from the inlet through the displacement chambers to the service
      outlet. The valve mechanism operates by means known as a "tangent" which
      drives the index mechanism and which is adjustable and must be adjusted if
      the proof of the meter is not accurate in both the "open" test and "check"
      test runs. This is done by reaching through a hand hole in larger meters,
      or in a small meter through a small hole through which a tool may be
      extended to make the adjustment.
PAR  The proof of a meter was heretofore made by comparing the reading of the
      meter index optically or automatically with the known quantity of test air
      which has passed through the meter during each of the test runs.
PAR  It required two cubic feet of test air to prove a meter in the prior method
      of testing and would take about four minutes, whereas with the method and
      apparatus of the present invention only a fraction of the time,
      approximately 80 seconds, is required to make the tests. This is because
      it is not necessary according to the present invention to depend upon the
      index of the meter to obtain a reading and only a fraction of the amount
      of test air is required to complete the tests. We have discovered that in
      each cycle of operation of the meter under test, due to the valve action
      of the meter, the air pressure between the inlet port and the outlet port
      of the meter fluctuates so that one or more voltage peaks are produced and
      reproduced in each reoccurring cycle. The pattern of the voltage peaks is
      substantially the same for each meter of the same size and class. Stated
      differently, all meters of the same size and style made by a manufacturer
      will produce essentially the same pattern of voltage peaks in each cycle
      of operations of the meter. For instance, in a three chamber meter of a
      certain size there may be one voltage peak for each cycle of the valve
      mechanism while in a meter of four chambers there may be three, four or
      more voltage peaks to a cycle of the meter operation.
PAR  The prover of the present invention as disclosed herein is intended for
      general utility for testing meters from the assembly line of a
      manufacturer or from various manufacturers that are removed from service
      for testing.
PAR  We have found that by providing a sampling circuit which senses one or more
      of the voltage peaks of the pressure fluctuations which occur and are
      repeated in each cycle of operations of the meter, counting pressure
      fluctuations, measuring determinate units of volume of test gas passing
      through the meter during the test run and comparing the pulse count with
      the volume count, the accuracy or the degree of inaccuracy of the meter
      can be determined.
PAR  Referring to FIG. 4, the sampling circuit of the present invention
      comprises a transducer 100, which may be of the resistance bridge type,
      which is connected by flexible tubes 30a and 30b to the fixtures 31 and
      33, see FIG. 1, which engage the inlet and outlet ports respectively of
      the meter.
PAR  The fluctuations of the test air pressure caused by operation of the valve
      mechanism of the meter which are applied to a transducer 100, FIG. 4
      during the operation of the meter under test, results in a series of
      electrical signals of varying voltages being fed through the leads 101 to
      a differential amplifier 102 which increases the voltage level of the
      signals received from the transducer 100 to usable strength to provide a
      signal A schematically shown in FIG. 5. The signal A is fed to a peak
      detector 103 which sends a signal to an attenuator 104 which produces and
      maintains the signal B at a level of voltage equal to a fraction of the
      maximum amplitude of the undulating signal at its input terminals as shown
      in FIG. 6.
PAR  From the attenuator 104 the signal B is passed to a second differential
      amplifier 105 which also receives a signal A via lead 106 from the first
      differential amplifier 102 and amplifies the difference between the
      signals A and B. The resulting signal C (see FIG. 7) is fed to a second
      peak detector 107 which passes a signal D (see FIG. 8) to a second
      attenuator 108.
PAR  As illustrated in FIG. 9, the attenuator 108 lowers the level of voltage
      response to accommodate signals having peak levels which may vary slightly
      from the greatest peak in each of the cycles of operations of the meter.
PAR  Signals E from the second attenuator are fed via lead 109 to analog
      comparator 110 which at the same time receives a signal C via line 109'
      from the differential amplifier 105. When the amplitude of the signal C
      exceeds that of the signal E the signal F is produced.
PAR  Since there may be more than one peak voltage signal occurring in each
      cycle of operations of the meter depending on the construction and mode of
      operation of the meter being tested, the output of the analog comparator
      110, as shown in FIG. 11, may consist of a plurality of peak voltage
      signals F for each cycle of operations of the meter. However, in testing
      another meter of different make or size, there may be a different number
      of peak voltage signals per revolution.
PAR  From the analog comparator, signals F are fed to a cycle counter 111 and if
      there are more than one signal F, produced in a cycle of operations
      without providing for this, the reading of the cycle counter would be
      false. Therefore, to permit the same test equipment to be used for
      different makes or sizes of meters, the present invention provides for
      feeding signals from a digital comparator 112 which prevents more than one
      signal F per revolution of the valve mechanism from being recorded in the
      cycle counter. For the purpose of permitting the passage of only one of
      said plurality of signals F to the cycle counter 111, the digital
      comparator 112 has a manually adjustable knob 113 which can be set by the
      operator according to the known number of volume controlled signals that
      are produced in the particular meter being tested in each cycle of the
      meter.
PAR  To determine the volume of test gas which has passed through the meter
      during the test, there is attached to the pulley 14 of the bell unit 11,
      see FIG. 1, an optical encoder 114 diagrammatically illustrated in FIG. 2.
      The encoder 114 includes a radiant source 115, a radiant energy-responsive
      cell 116, a source of current 117 and a slotted plate 118 interposed
      between the said source and the cell 116 and connected to the pulley 14 so
      that each increment of movement of the bell 11 will cause the pulley 14
      and the encoder plate 118 to rotate to produce signals G represented by
      the lines G' in FIG. 11. The signals so produced are passed via leads 119
      and 120 to the digital comparator 112. When the number of signals G as
      predetermined by the position of the settable control knob 113 are
      received by the digital comparator 112, the cycle counter 111 via lead 121
      is enabled to accept from the analog comparator 110 one signal F of the
      group of signals F'.
PAR  The cycle counter 111 is connected to the combined counter and totalizer
      122 by lead 123. When a predetermined number of signals F has been
      received by the cycle counter 111, which number is determined by setting
      adjustable knob 124, the counting operation is stopped.
PAR  Each time that the cycle counter passes a signal to the counter and
      totalizer 122, it passes a signal via lead 121a to the digital comparator
      to reset the same to zero.
PAR  It has been found that in connection with the attenuator 108 which is just
      before the analog comparator 110 in the output of amplifier 105, the
      amplitude of the peak of the waveform representing a cycle of operations
      may vary in amplitude by several volts. To insure that the analog
      comparator 110 produces a signal each and every time for the same peak
      output of amplifier 105, the level of signal E from attenuator 108 is
      reduced further to a predetermined level after accepting the initial peak
      pulse. Initially, the reference level is set at a high point--95% of the
      input waveform. After the first pulse is received, the reference level is
      set to say a level of 60% of the waveform. This allows the output of
      analog comparator 110 to produce effective pulses even though the form of
      the input wave from the last peak detector amplifier is changing in
      amplitude.
PAR  While it is more convenient in most cases to connect the transducer across
      the inlet and outlet orifices of the meter, where it is not convenient,
      the tubing 30a and 30b may be placed elsewhere in communication with the
      test gas flowing to and from the meter.
PAR  Summarized, the features of this invention which contribute to the
      efficiency of the method and apparatus disclosed herein result in part
      from: the sensing of the pressure pertubations in the test gas passing
      through the meter; the conversion of said pertubations into varying
      voltage signals; the converting of said varying voltages into discrete
      voltage pulses concurrent with maximum pressure pertubations; counting the
      number of cycles of operation of the meter by means of said voltage
      pulses; and enabling and disabling volumetric counting apparatus to
      determine by means of said voltage pulses, the volumetric displacement of
      said meter during a proofing test.
PAR  Variations and modifications may be made within the scope of the claims and
      portions of the improvements may be used without others.
CLMS
STM  We claim:
NUM  1.
PAR  1. The herein described method of proving a positive displacement,
      diaphragm-operated gas meter having metering mechanism and a prover bell
      which comprises the steps of causing test gas to flow through said meter
      and in said prover bell; causing said metering mechanism to operate
      through a predetermined number of cycles of operation and during such
      operation sensing resultant internal pressure fluctuations of said test
      gas in the meter which fluctuations are manifested as a family of pressure
      waves, which reoccurs during each cycle of operations of the metering
      mechanism; converting said pressure waves into a train of electrical
      signals of varying voltages; amplifying said signals; detecting and
      holding peak signals occurring during each cycle of operation of said
      metering mechanism; counting the number of said peak signals until a
      predetermined number of said peak signals has been received; and
      simultaneously signaling an encoder on said prover bell to record the
      volume of test gas which has passed through said meter during said
      predetermined number of cycles of operation to determine the proof of the
      meter.
NUM  2.
PAR  2. The method as defined in claim 1 which includes the step of amplifying
      by a first differential amplifier said train of signals, amplifying and
      feeding said signals to a first peak detector, and passing said detected
      signals to an attenuator to produce attenuated peak signals.
NUM  3.
PAR  3. The method as defined in claim 2 which includes the steps of passing
      said attenuated peak signals and the output of said first peak detector to
      a second differential amplifier which amplifies the difference between
      said peak signals from said first differential amplifier and the
      attenuated peak signals from said first peak detector.
NUM  4.
PAR  4. The method as defined in claim 3 which includes the steps of feeding the
      output of said second differential amplifier to a second peak detector and
      from the latter to a second attenuator, and feeding the output of said
      second attenuator along with the output of said second differential
      amplifier to an analog comparator and from the latter to a cycle counter.
NUM  5.
PAR  5. The method as defined in claim 4 which includes the steps of causing the
      prover bell to operate an encoder to produce one signal for each
      predetermined unit of volume of test gas passing through the meter and
      feeding said signals to a digital comparator.
NUM  6.
PAR  6. The method as defined in claim 5 in which a signal from the defined
      comparator is sent to a cycle counter to enable the latter to pass a
      signal to a counter and totalizer.
NUM  7.
PAR  7. In apparatus for use in proving a positive displacement,
      diaphragm-operated gas meter having metering mechanism comprising a fluid
      pressure transducer responsive to the test gas flowing through the meter
      to sense a train of pressure waves which occur and reoccur in each cycle
      of operations of the metering mechanism in a test run to produce signals
      of various voltages, including one or more characteristic peak voltage
      signal in each train of signals depending on the form of the meter being
      tested; means for amplifying the signals of each train of signals issuing
      from said transducer; means for detecting and amplifying said
      characteristic peak voltage signals; means for shaping said signals; and
      counting means for counting one of said characteristic peak voltage
      signals from each of said train of signals received in each cycle of
      operations of the meter.
NUM  8.
PAR  8. Apparatus as defined in claim 7 in which there are means for measuring
      the volume of test gas passing through the meter during a test run
      comprising a test bell and conduit means for connecting said test bell and
      meter for passage of test gas between the bell and the meter, a volume
      encoder operated by the movement of the test bell and including means for
      producing a volume-indicating signal in the form of an electric pulse each
      time the volume of test gas in the bell changes a predetermined amount
      during the test run; and means for counting and totalizing said electrical
      pulses to determine the total volume of test gas which passed through the
      meter during the test run.
NUM  9.
PAR  9. Apparatus as defined in claim 8 in which there are means for terminating
      the test run after a predetermined number of cycles of operation of the
      valve mechanism has been counted by said cycle counting means.
NUM  10.
PAR  10. Apparatus as defined in claim 8 in which there are means for displaying
      the volume of test gas which has passed through the meter during said test
      run so that it can be compared with the known volume of test gas which the
      meter was designed to pass during said predetermined number of cycles of
      operation of the valve mechanism.
NUM  11.
PAR  11. Apparatus for testing a positive displacement, diaphragm-operated gas
      meter having a test bell, conduit means between the test bell and one port
      of the meter being tested including an "operate" valve, conduit means
      between the other port of said meter and the atmosphere comprising a
      normally open "check" test valve for use in making a "check"  test run and
      a normally closed "open" test valve for use in making an "open" test run,
      function performing means including means for operating said valves to
      change their states: the improvement comprising preset means for
      controlling said function performing means step-by-step including function
      selectors for controlling the sequential energization of said function
      performing means, timing means for energizing the function selectors
      step-by-step in predetermined order and a shift register having circuits
      leading to said function performing means to be selectively activated at
      the respective steps of the shift register.
NUM  12.
PAR  12. Apparatus as defined in claim 11 in which said timing means for
      energizing certain of said function selectors includes a clock for
      controlling said shift register.
NUM  13.
PAR  13. Apparatus as defined in claim 11 in which said timing means for
      energizing certain of said function selectors includes a clock for
      controlling said shift register, and means responsive to the completion of
      certain functions by said function performing means for initiating the
      operation of the next function performing means.
NUM  14.
PAR  14. Apparatus as defined in claim 11 in which there are malfunction
      detecting means between said function selectors and said shift register
      for enabling the shift register circuits only when the latter are in step
      with the timing means.
NUM  15.
PAR  15. Apparatus as defined in claim 11 in which there are leak test conduit
      means between the one port of the meter and the other port and there is a
      pressure gauge inserted in said leak test conduit means, and valve means
      to connect said leak test conduit means to said "operate" valve; conduit
      means between said bell and said leak test conduit means including a
      three-way valve which in one position connects the conduit connected to
      the one port of the meter and said test conduit, and in the other position
      connects said conduit leading to the "operate" valve to said conduit
      attached to the meter, and there are function performing means for
      operating said three-way valve under the control of said function
      selectors.
NUM  16.
PAR  16. Apparatus as defined in claim 13 in which there are malfunction
      detecting means between said function selectors and said shift register to
      enable the shift register circuits only when the latter are in step with
      the timing means.
NUM  17.
PAR  17. Apparatus as defined in claim 11 in which there is a "bell" valve for
      preparing the test bell for meter proving and said function performing
      means includes means for operating said "bell" valve to change its state,
      said functional selectors including a selector for activating said
      last-named function performing means.
NUM  18.
PAR  18. Apparatus as defined in claim 11 in which there is a cycle counter for
      counting the cycles of operations of the valve mechanism of the meter in
      an "open" test run, and display means for displaying the volume of test
      gas which passed through the meter during a predetermined number of cycles
      of operations of said valve mechanism of the meter constituting said
      "open" test run, one of said function selectors controlling a circuit to
      cause said display means to display said volume at the end of said "open"
      test run.
NUM  19.
PAR  19. Apparatus as defined in claim 11 in which there is a cycle counter for
      counting the cycles of operations of the valve mechanism of the meter in a
      "check" test run, and display means for displaying the volume of test gas
      which passed through the meter during a predetermined number of cycles of
      operations of said valve mechanism constituting said "check" test run, one
      of said function selectors controlling a circuit to cause said count to be
      displayed at the end of said "check" test run.
NUM  20.
PAR  20. Apparatus as defined in claim 19 in which there are means for causing
      said cycle counter to count the cycles of operations of the valve
      mechanism of the meter in an "open" test run, a second display means for
      displaying the volume of test gas which passed through the meter during a
      predetermined number of cycles of operations of said valve mechanism of
      the meter occuring during said "open" test run, one of said function
      selectors controlling a circuit to cause said display means to display
      said volume at the end of said "open" test run.
NUM  21.
PAR  21. In apparatus for proving a positive displacement, diaphragm-operated
      fluid meter having metering mechanism, and inlet and outlet ports
      comprising a fluid pressure transducer in communication with said inlet
      and outlet ports of the meter and responsive to the pressure fluctuations
      which occur and reoccur in each cycle of operations of said metering
      mechanism and convert said pressure fluctuations to signals of varying
      voltage; means for amplifying said signals; means for amplifying and
      shaping a series of peak waveforms occurring in each cycle of operations
      of said metering mechanism, including at least one peak voltage waveform;
      a cycle counter; an analog comparator to pass to said cycle counter one of
      said peak waveform signals of said series of waveform signals occurring in
      each cycle of operation of said metering mechanism; a test gas volume
      encoder for producing a series of signals, one for each predetermined
      volume of test gas passing through the meter; a digital comparator; a
      counter and totalizer; and means, including said digital comparator, for
      passing one of said signals from the cycle counter to said counter and
      totalizer in each cycle of operation of the metering mechanism of the
      meter.
NUM  22.
PAR  22. Apparatus as defined in claim 21 in which there are means for
      discontinuing the test when said cycle counter reaches a preset count.
NUM  23.
PAR  23. Apparatus as defined in claim 21 in which the digital comparator is
      adjustable to pass to the cycle counter one signal from each group of
      signals received by it in each cycle of operations of the valve mechanism
      of the meter.
NUM  24.
PAR  24. Apparatus as defined in claim 21 in which the cycle counter is
      adjustable to pass to the counter and totalizer one signal of each group
      of signals received by it in each cycle of operations of the valve
      mechanism of the meter.
NUM  25.
PAR  25. In apparatus for use in proving a positive displacement,
      diaphragm-operated gas meter having adjustable index-operating mechanism
      comprising a gas pressure transducer in communication with the interior of
      said meter and responsive to pressure fluctuations which occur and reoccur
      in each cycle of operations of the meter and converting said fluctuations
      to signals of varying voltages; a first differential amplifier connected
      to said transducer to increase the amplitude of said signals; a first peak
      detector to which amplified signals are passed; a first attenuator to
      reduce the amplitude of said signals coming from said first peak detector;
      a second differential amplifier; means for feeding the signals passing
      from said first differential amplifier and signals passing from said first
      attenuator to said second differential amplifier; a second peak detector;
      means for feeding signals passing from said second differential amplifier
      to said second peak detector; a second attenuator; means for feeding
      signals passing from the second peak detector to said second attenuator;
      an analog comparator; means for feeding signals passing from said second
      attenuator and from said second differential amplifier to said analog
      comparator; a revolution counter; means for conducting signals from said
      analog comparator to said cycle counter; a volume encoder; a digital
      comparator; means for feeding signals from said volume encoder to said
      digital comparator; a counter and totalizer; and means for feeding signals
      from said digital comparator to said revolution counter to enable the
      latter to feed a signal to said counter and totalizer.
NUM  26.
PAR  26. Apparatus according to claim 25 in which there are means for displaying
      the count of said counter and totalizer comprising optical display means,
      and latch means for causing the count of said counter and totalizer to be
      displayed by said optical display means.
NUM  27.
PAR  27. Apparatus according to claim 25 in which there are means for displaying
      the count of said counter and totalizer in a first test comprising optical
      display means, and latch means for causing the count of said counter and
      totalizer in said first test to be displayed by said optical display
      means; and second means for displaying the count of said counter and
      totalizer in a second test comprising a second test optical display means,
      and second latch means for causing the count of said counter and totalizer
      in said second test to be displayed by said second display means.
NUM  28.
PAR  28. The herein described method of proving a positive displacement, a
      diaphragm-operated gas meter having metering mechanism and a test bell;
      means communicating with the interior of the meter including means
      connected to said inlet and outlet ports for sensing the fluctuations of
      pressure of the test gas occurring in the meter in a cycle of operation of
      the meter, and reoccurring during each cycle of operations of said meter,
      thereby producing a train of varying voltages which repeat in each cycle
      of operations; amplifying said train of signals; detecting and holding a
      peak signal or peak signals occurring in each signal train; simultaneously
      measuring the volume of test gas passing through the meter and relating
      said volume of test gas to a cycle or cycles of operation of the meter;
      and converting such relationship to an indication of the degree proof.
NUM  29.
PAR  29. The method of proving a positive displacement, diaphragm-operated gas
      meter which includes the step of determining the number of cycles of
      operations of the valve mechanism of the meter which occur during a test
      by sensing pressure fluctuations in test gas passing through the meter.
NUM  30.
PAR  30. The method of proving a positive displacement, diaphragm-operated gas
      meter according to claim 29 which includes the step of converting said
      pressure fluctuations to signals of varying voltages.
NUM  31.
PAR  31. The method of proving a positive displacement, diaphragm-operated gas
      meter according to claim 30 which includes the step of converting said
      signals of varying voltages to discrete voltage pulses concurrent with
      maximum pressure fluctuations.
NUM  32.
PAR  32. The method of proving a positive displacement, diaphragm-operated gas
      meter according to claim 31 which includes the step of determining the
      number of cycles of operations of the valve mechanism of the meter by
      counting the voltage pulses.
NUM  33.
PAR  33. The method of proving a positive displacement, diaphragm-operated gas
      meter according to claim 32 which includes the steps of enabling and
      disabling a volumetric counting device to determine by said voltage
      pulses, the volumetric displacement of said meter during a test.
PATN
WKU  039370496
SRC  5
APN  4487389
APT  1
ART  244
APD  19740306
TTL  Monitoring system for digital electronic timepiece
ISD  19760210
NCL  8
ECL  1
EXA  Appleman; John S.
EXP  Queisser; Richard C.
NDR  3
NFG  9
INVT
NAM  Murakami; Tomomi
CTY  Tokyo
CNT  JA
INVT
NAM  Kawashima; Hideyuki
CTY  Higashikurume
CNT  JA
ASSG
NAM  Citizen Watch Co., Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730312
APN  48-28732
PRIR
CNT  JA
APD  19730411
APN  48-41117
CLAS
OCL   73  6
EDF  2
ICL  G04B 1700
ICL  G04D  712
FSC   73
FSS  6
FSC   58
FSS  23 R
FSC   81
FSS  6
FSC  324
FSS  189
UREF
PNO  2748595
ISD  19560600
NAM  Hetzel
OCL   73  6
UREF
PNO  3838564
ISD  19741000
NAM  Holcomb
OCL   58 23AC
UREF
PNO  3892124
ISD  19750700
NAM  Reese
OCL   73  6
LREP
FR2  Montague; Ernest G.
FR2  Ross; Karl F.
FR2  Dubno; Herbert
ABST
PAL  An electronic timepiece provided with a liquid-crystal cell in a grounded
      casing, a common electrode on one side thereof and a segmented pattern
      electrode on the other side has a transparent shield electrode which is
      grounded to the casing and overlies the major part of the cell, with the
      exception of at least one window registering with a detecting electrode
      positioned on the glass cover of the casing. An ungrounded electrode
      underneath the window is pulsed by the electronic clockwork, the pulses
      being picked up by the detecting electrode and delivered to an evaluating
      device for measuring the operating rate of the timepiece. In one
      embodiment, two such windows associated with respective detecting
      electrodes are provided, one window registering with the common electrode
      at a location remote from all the segments of the pattern electrode, the
      other window being aligned with a coplanar extension of one of the
      segments of a digital array which is intermittently energized in the
      course of a pattern-forming cycle; the evaluator distinguishes between
      periods when the pulses picked up by the detecting electrodes are in phase
      and in phase opposition.
BSUM
PAR  This invention relates to electronic timepieces and more particularly to an
      electronic wristwatch which is capable of measuring the gain and loss in
      time keeping such as the difference in time indication per day or the
      change in pitch, with the aid of an external evaluation device.
PAR  In a wristwatch-type electronic timepiece comprising an electro-mechanical
      transducer, it has heretofore been the practice to measure deviations in
      its operating rate by listening to the ticking sound produced by a
      standard timepiece while observing with the naked eye the display of the
      timepiece to be checked. Even in digital-display-type electronic
      timepieces which make use of liquid crystals and photodiodes as means for
      displaying the time, the above-described observation with the naked eye
      has been relied upon heretofore in order to montor their performance. With
      this procedure it is difficult to carry out a number of such measurements
      with sufficient precision to satisfy the requirements of mass production.
PAR  In the above-described electronic wristwatch comprising an
      electro-mechanical transducer, it has heretofore been proposed to measure
      the pitch of the timepiece automatically by detecting the ticking sound or
      the leakage flux produced by that transducer. In this case, if the
      operating speed of the electro-mechanical transducer of the electronic
      timepiece (such as a pulse-responsive motor advancing one step every
      second); is low the ticking rate or the leakage flux is small and, as a
      result, it takes a long time to measure the pitch of the timepiece.
PAR  In recent years, a highly precise crystal timepiece has come into wide use
      requiring accurate calibration. In such timepieces, however, the frequency
      instability of the clock signal derived from the ticking sound or the
      leakage flux and a low signal-to-noise ratio make it impossible to perform
      these measurements in the usual way with the desired degree of precision.
PAR  Furthermore, the conventional electronic timepiece comprising an
      electro-mechanical transducer is provided in its casing with a magnetic
      shield plate in order to reduce the adverse effects of external magnetic
      field. Such magnetic shields prevent the leakage flux produced by the
      electro-mechanical transducer from being detected outside the casing of
      the timepiece for checking purposes.
PAR  Timepieces of the digital-display type, such as those using liquid crystals
      or photodiodes do not need any magnetic shield structure. Still a booster
      circuit in the electric power supply driving a liquid-crystal cell of such
      a timepiece, e.g. a Cockcroft Walton circuit comprising in combination a
      diode and a condenser, can only produce a very small amount of leakage
      flux which makes it difficult to measure the operation rate.
PAR  Moreover, in such a system the flyback voltage of booster coil is a rather
      unreliable measuring variable.
PAR  In a photodiode display timepiece, on the other hand it is easy to measure
      the operating rate by intermittently exciting the photodiode during the
      period of measurement and detecting the leakage flux produced by such
      exciting current. The use of this technique, however, has the disadvantage
      that the electric battery supplying the time piece is rapidly exhausted.
PAR  An object of the invention is to provide an electronic wristwatch which can
      obviate the above-mentioned disadvantages and which can meausure the gain
      and loss in timekeeping in a highly precise manner with the aid of a
      simple detecting device.
PAR  In accordance with our present invention, we provide a transparent shield
      electrode within a metallic casing of an electronic timepiece of the
      digital-display type, this shield electrode being electrically connected
      to the casing and extending over the major part of the display means --
      including electrode segments arrayed in digital patterns to be selectively
      excited in a recurrent cycle -- while leaving free at least one window
      offset from these segments. A monitoring conductor in the casing,
      electrically disconnected therefrom, is aligned with this window and is
      linked with the electronic clockwork of the timepiece by circuitry serving
      for the periodic pulsing of this conductor; the pulses are picked up by a
      detecting electrode on a transparent casing cover, overlying the display
      means, and are transmited to an evaluation device for measuring the
      recurrence rate of the pulses and thus the operating speed of the
      timepiece.
PAR  In a timepiece whose display means comprises a liquid-crystal cell with
      transparent walls whose inner surfaces carry transparent electrode
      segments energizable to form digital patterns and a common transparent
      electrode confronting all the segments, the monitoring conductor may form
      a coplanar extension of one of the electrode segments, especially a
      segment which is intermittently excited by the electronic clockwork in the
      course of a cycle. If such excitation involves a switchover from cophasal
      to antiphasal pulsing of the segment and the common electrode, the
      respective pulses may be picked up by two detecting electrodes via a pair
      of windows in the shield electrode aligned with the coplanar segment
      extension and with a portion of the common electrode remote from the
      several electrode segments.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawin, wherein:
PAR  FIG. 1 is a vertical longitudinal section of a first embodiment of a
      liquid-crystal display timepiece according to the invention;
PAR  FIG. 2 is a plan view of an electrode array in a liquid-crystal display
      cell of the timepiece shown in FIG. 1;
PAR  FIG. 3 is a set of graphs showing the voltage waveforms of clock; signals
      and monitoring signals generated in the operation of the timepiece shown
      in FIGS. 1 and 2;
PAR  FIG. 4A is a vertical longitudinal section of a second embodiment of a
      liquid-crystal display timepiece according to the invention;
PAR  FIG. 4B is a plan view of an electrode array in a liquid crystal display of
      the timepiece shown in FIG. 4A;
PAR  FIG. 4C is a set of graphs showing voltage waveforms of a clock signal and
      a monitoring signal generated in the operation of the timepiece shown in
      FIGS. 4A and 4B;
PAR  FIG. 5 is a vertical longitudinal section of a third embodiment of a
      liquid-crystal display timepiece according to the invention;
PAR  FIG. 6 is a plan view of electrodes arranged on a glass cover enabling
      observation of the digital patterns in the timepiece shown in FIG. 5; and
PAR  FIG. 7 is a set of graphs showing voltage waveforms of clock signals and
      monitoring signals generated in the operation of the timepiece shown in
      FIGS. 5 and 6.
DETD
PAR  In FIG. 1 we have shown a first embodiment of a liquid-crystal display
      timepiece according to the invention. The timepiece comprises an upper
      glass wall 1 and a lower glass wall 2 of a liquid-crystal cell, and a
      reflecting plate 3 made of metal and cemented to the lower surface of the
      lower glass 2. Sandwiched between the upper and lower glasses 1 and 2 is a
      liquid-crystal 5 which is sealed in place by means of a spacer 4.
PAR  Reference numerals 1a, 1b designate a transparent pattern electrode and a
      transparent monitoring electrode deposited on the bottom surface of the
      upper glass 1 from the vapor phase; a layer 2a forms a transparent common
      electrode arranged on the top surface of the lower glass 2 to coact with
      electrodes 1a, 1b in producing a a display pattern upon selective
      excitation of certain electrode segments. A transparent shield electrode
      1c arranged on the upper glass 1 of the liquid-crystal cell extends all
      over the top surface thereof except one area confronting the monitoring
      electrode 1b and another area confronting a monitoring position 2a' of the
      transparent common electrode 2a as shown in FIG. 2. A metallic base plate
      constituting a substrate of the timepiece is secured to a part of the
      reflecting plate 3 and supports an electronic clockwork 7 adapted to
      display the time with the aid of the liquid crystal, a flexible foil 8 on
      base plate 6 being soldered to both the electronic circuit 7 and the
      corresponding electrodes of the liquid-crystal cell for transmitting clock
      pulses from the electronic circuit 7 to these electrodes. An elastic
      rubber gasket 9 urges an electrically conductive part of the foil 8
      against the corresponding cell electrodes and is held in position by a
      frame 10 of synthetic resin a metallic member 11, a supporting the
      liquid-crystal cell, is electrically connected to the transparent shield
      electrode 1c and to the metal part of the casing 14 of the timepiece. A
      protective glass cover 12 is supported by a ring 13 on the on the casing
      14 which also contains an electric battery 15. A pair of detecting
      electrodes 16, 17 are disposed on the glass cover 12 for the purpose of
      measuring the gain and loss in timekeeping with the aid of electric fields
      established on the one hand between the detecting electrode 16 and the
      monitoring electrode portion 2a' and on the other hand between the
      detecting electrode 17 and the transparent monitoring electrode 1b.
      Shielded wires 16a, 17a respectively transmit the signals detected by
      electrodes 16, 17 to a measuring device (not shown), the shields of the
      these wires 16a, 17a being electrically connected to the casing 14 of the
      timepiece.
PAR  In FIG. 2 we show an array of the above-described cell electrodes. The
      transparent pattern electrode 1a is one of several such electrodes in
      different digital positions, arranged on the bottom surface of the upper
      glass 1 as is well known per se; the illustrated electrode has segments a,
      e - g shown in full line. Each pattern electrode serves to display units
      of time, i.e. seconds in the first digital position. The segments of
      electrode 1a are complemented by a further segment b integral with
      electrode 1b which forms a coplanar extesnion thereof.
PAR  The transparent common electrode 2a with its exposed monitoring portion
      2a', arranged on the top surface of the lower glass 27 is shown by dotted
      lines. In FIG. 2 shaded portions represent a digital display pattern.
PAR  The transparent shield electrode 1c arranged on the top surface of the
      upper glass 1 is shown by chain-dotted lines, those portions of electrode
      1c which overlie the monitoring portion 2a' of the transparent common
      electrode 2a and the transparent pattern electrode 1b integral with
      segment b being broken away so as to form windows 1c', 1c", respectively
      offset from all the segments a - g.
PAR  A voltage wave of a clock signal applied to the transparent common
      electrode 2g is shown in graph I of FIG. 3, while a voltage wave of a
      clock signal applied to the segment extension 1b so as to display the
      segment b is shown in graph II thereof. These clock signals are in phase
      when the segment b is not to be displayed, as shown at the left side of
      FIG. 3, and are in phase opposition when the segment b is to be displayed
      as shown at the right side of FIG. 3.
PAR  Waveforms of differentiated voltages capacitively picked up by the
      detecting electrodes 16, 17, having steep leading edges, are shown in
      graphs I' and II' of FIG. 3, respectively. The waveform of the resultant
      differentiated voltage, obtained by summing the voltage waves I' and II',
      is shown in graph of FIG. 3.
PAR  The embodiment shown in FIGS. 1 and 2 operates as follows.
PAR  The clock signal delivered from the electronic circuit 7 is transmitted
      through the conductive foil 8 to the transparent common electrode 2a and
      transparent pattern electrode 1b of the liquid-crystal cell.
PAR  To the transparent common electrode 2a is applied the voltage shown at I in
      FIG. 3, while to the transparent pattern electrode 1b is applied to the
      voltage shown at II in FIG. 3. With the two voltages in phase opposition
      as shown at the right side of FIG. 3, the segment b to be displayed is
      exerted by the resulting voltage difference.
PAR  If the detecting electrodes 16 and 17 are disposed on those portions of the
      glass cover 12 which overlie the windows 1c', 1c" registering with
      monitoring conductors 2a' and 1b, respectively, electric fields are set up
      between these conductors and the confronting detecting electrodes. Thus,
      the voltages shown at I' and II' in FIG. 3 are detected by the electrodes
      16, 17 and delivered to the shielded wires 16a, 17a, respectively. If the
      segment b is not displayed, the detected signal is a series of steeply
      rising pulses representing the sum of the two voltages I' and II' as shown
      in graph III at the left side of FIG. 3. On the other hand, if the segment
      b is displayed, a near-zero signal representing the difference of these
      voltages I' and II' as shown in graph III at the right side of FIG. 3 is
      detected.
PAR  The described combinations of signals are delivered from the shielded wires
      16a, 17a to an evaluating circuit, such as a device 59c shown in FIG. 5,
      which discriminated between these two combinations to distinguish the
      condition in which the segment b is displayed from the condition in which
      it is not displayed.
PAR  By this means it is possible to determine whether or not the segment b is
      displayed and to measure the gain and loss in timekeeping with respect to
      a standard timepiece by a highly precise manner.
PAR  The casing 14 is grounded and the metallic reflecting plate 3 is
      electrically connected to it through the base plate 6. The transparent
      shield electrode 1c on the top surface of the upper glass 1 of the
      liquid-crystal cell is electrically connected through the supporting
      member 11 to the casing 14, as are the shields of leads 16a, 17a of
      electrodes 16, 17. Thus, the electric signals emitted by the electronic
      circuit 17 are shielded by means of the reflecting plate 3 and, except for
      those delivered to the segment b, by means of the transparent electrode
      1c. All these electric signals are shunted to ground through the casing 14
      without significantly affecting the detecting electrodes 16, 17. As a
      result, electrodes 16 and 17 can precisely detect the electric signals
      applied to the transparent common electrode 2a and the transparent pattern
      electrode 1b without a risk of being affected by the other signals.
PAR  In addition, the use of the shielding described enables utilization of
      small detecting electrodes which can easily pick up the electric signals
      applied to the transparent common and pattern electrodes.
PAR  As will be readily apparent, segments a - g can be energized in the proper
      combinations to display the digits from 0 through 9. Each of these
      combinations, except that for digits "5" and "6", includes the segment b
      which is therefore de-energized once per 10-second cycle for two
      consecutive seconds. Segment c is used for every digit except "2" and is
      therefore also de-energized (for one second) once every 10 seconds.
      Segment g does not intervene in the display of digits "0", "1" and "7" so
      that a monitoring signal is shown in the let-hand half of graph III (FIG.
      3) occurs twice per cycle. In the 10-second position of the time display,
      such a signal is generated by segment b or c once every 60 seconds. There
      is thus available a choice of display positions as well as electrode
      segments for measuring the operating rate of the timepiece.
PAR  In FIG. 4A, which shows a second embodiment of a liquid-crystal display
      timepiece according to the invention, reference numeral 61 designates a
      ase plate provided on its bottom surface with an electronic circuit or
      clockwork 7 and printed wires 81 for transmitting the clock signal from
      this circuit 17 to the electrodes 1a, 1b of the liquid-crystal cell via
      terminals 21 soldered thereto. A member 22 holds the terminals 21 in
      position. Another terminal 32 is electrically connected to a reflecting
      plate 31 for delivering a clock signal thereto for measuring the operation
      ratio of the timepiece, e.g. at a frequency of one clock pulse every 30
      seconds.
PAR  Parts already described are denoted in FIG. 4A by the same reference
      numerals as in the embodiment shown in FIG. 1.
PAR  In the present embodiment, the transparent pattern electrodes 1a, 1b,
      transparent common electrode 2a and transparent shield electrode 1c are
      arranged as shown in FIG. 4B. The transparent shield electrode 1c is
      provided, at a location offset from the transparent pattern electrodes 1a,
       1b and the transparent common electrode 2a with a window 33 through which
      is detected the clock signal applied to the reflecting plate 31 acting as
      a monitoring conductor.
PAR  The embodiment shown in FIGS. 4A and 4B operates as follows. A clock-signal
      voltage having a frequency of 1/30 Hz as shown in graph IV of FIG. 4C is
      applied from the electronic circuit 7 through a printed wire 81 and
      terminal 32 to the reflecting plate 31. If the detecting electrode 16 is
      disposed on that part of the glass cover 12 which overlies the window 33
      of the transparent shield electrode 1e, an electric field exists between
      the reflecting plate 31 and the detecting electrode 16 whereby a
      monitoring signal as shown in graph V of FIG. 4C can be obtained from the
      shielded wire 16a. This monitoring signal is compared with a standard
      signal so as to measure the gain or loss in timekeeping. From the result
      thus measured the time deviation per day is calculated.
PAR  Other clock signals not used for monitoring purposes are shielded from
      electrode 16 by the transparent electrode 1c and passed to ground through
      the metal casing 14; the shielding envelope of wire 16a is likewise
      grounded. The present embodiment also permits the clock signal applied to
      the reflecting plate 31 to be suitably selected.
PAR  Instead of being carried on the transparent cell wall 1, the grounded
      shield electrode 1c may be disposed on the glass cover 12. To the
      monitoring conductors such as electrodes 1b, 2a', 31 may be applied not
      only the voltage which energizes the segmented and common electrodes 1a,
      2a but also a special signal.
PAR  In FIGS. 5 and 6, where we have shown a third embodiment of a
      liquid-crystal display timepiece according to the invention, reference
      numeral 51 designates a protective glass cover for the casing 56 of the
      timepiece on whose inner surfact two transparent electrode films 52, 53
      are deposited from the vapor phase. Films 52 and 53 are respectively
      connected to a high-frequency and a low-frequency pulse source (not shown)
      within the casing, each generating a standard clock signal frequency for
      digital indication such, for example, as 128 Hz in the case of film 52 and
      in the case of film 53. A display plate 54 of a photodiode is carried by
      an electronic circuit 55 from which lead wires 57, 58 made of, for
      example, electrically conductive rubber extend to the electrode films 52,
      53. An electrode plate 59 for detecting the clock signal from the
      liquid-crystal display timepiece, constructed as above described, is
      provided with a terminal 59a connected, together with a grounded terminal
      59b of the metal casing 56, to an external evaluating device 59c for
      measuring the operation ratio of the timepiece.
PAR  In FIG. 7 graph, VI shows a voltage wave appearing at the electrode film 52
      graph, VII shows a differentiated voltage wave picked up by the detecting
      electrode plate 59 with the aid of the pulse train of graph VI, graph VIII
      shoes a voltage pulse appearing at the electrode film 53, grapn IX shows a
      differentiated voltage wave picked up by the detecting electrode plate 59
      with the aid of the voltage pulse of graph VIII, and graph X shows a
      differntiated voltage wave picked up by the detecting electrode plate 59
      and supplied to the evaluation device 59c.
PAR  The embodiment of FIGS. 5-7 operates as follows. If the clock-signal
      voltage shown in graph VI of a FIG. 7 is applied to the electrode film 52
      shown in FIGS. 5 and 6 and the clock-signal voltage shown in graph VIII is
      applied to the electrode film 53 with their leading and trailing edges
      coinciding, as shown electrode plate 59 disposed on the glass cover 51 and
      shielded from casing 56, detects a series of voltage pulses as shown in X
      graph FIG. 7 of synthesized from the pulse train of graphs VII and IX. If
      it is desired to measure the instantaneous pitch by means of the
      evaluating device 59c, a signal S.sub.1 corresponding to the spikes of
      graph VII can be detected and measured. If it is desired to measure the
      time difference per day, a signal S.sub.2 coinciding with the positive
      spike of graph IX can be detected and measured, the signal pulse of graph
      VIII in FIG. 7 recurring once every minute. In this case, it is not
      necessary to operate the photodiode 54 so that one extra current is
      required for the measurement of the time difference per day. Even if the
      time is normally displayed by the liquid-crystal, the electrode film 52
      may be omitted provided the consumed current can be disregarded. The
      electrode film 53, provided for measuring the diurnal time difference can
      then be used exclusively so as to deliver the signal for the display
      surface.
PAR  In display-type electronic wristwatch comprising an electro-mechanical
      transducer, either one or both of the electrode films 52 and 53 may be
      disposed adjacent the display surface as, for example, on the inner
      surface of the glass cover 51, whereby the operating rate of the timepiece
      can be measured in a highly precise and simple manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic timepiece provided with a metallic casing, display
      means including electrode segments arrayed in digital patterns to be
      displayed in a recurrent cycle, and an electronic clockwork for
      selectively exciting said segments to establish said patterns, the
      combination therewith of a transparent cover on said casing overlying said
      display means and enabling said patterns to be observed, a transparent
      shield electrode within said casing electrically connected thereto and
      extending over the major part of said display means while leaving free at
      least one window offset from said segments, at least one monitoring
      conductor in said casing electronically disconnected therefrom and aligned
      with said window, circuit means linking said monitoring conductor with
      said electronic clockwork for periodic pulsing thereby, at least one
      detecting electrode on said cover aligned with said window for picking up
      pulses from said monitoring conductor, and evaluation means connected to
      said detecting electrode for measuring the recurrence rate of said pulses.
NUM  2.
PAR  2. The combination defined in claim 1 wherein said detecting electrode is
      provided with a lead for delivering said pulses to said evaluation means,
      said lead having a shielding envelope electrically connected to said
      casing.
NUM  3.
PAR  3. The combination defined in claim 1 wherein said display means comprises
      a liquid-crystal cell having a pair of transparent walls with closely
      spaced inner surfaces, first transparent electrode means on one of said
      inner surfaces forming said segments, and second transparent electrode
      means on the other of said inner surfaces common to and confronting all
      said segments, said shield electrode being disposed between said cell and
      said cover.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said monitoring conductor
      comprises part of one of said transparent electrode means.
NUM  5.
PAR  5. The combination defined in claim 4 wherein said monitoring conductor
      forms an extension of one of said segments on said one of said inner
      surfaces, said one of said segments being intermittently excitable by said
      electronic clockwork in the course of said recurrent cycle.
NUM  6.
PAR  6. The combination defined in claim 5 wherein said shield electrode leaves
      free another window overlying a portion of said second transparent
      electrode means remote from said segments, further comprising another
      detecting electrode on said cover aligned with said other window and
      connected to said evaluation means, said one of said segments being pulsed
      cophasally with said second transparent electrode means during one part of
      said recurrent cycle and antiphasally therewith during another part of the
      cycle.
NUM  7.
PAR  7. The combination defined in claim 6 wherein each of said detecting
      electrodes is connected to said evaluation means via a respective lead
      having a shielding envelope electrically connected to said casing.
NUM  8.
PAR  8. The combination defined in claim 3, further comprising a reflecting
      plate in said casing disposed on an outer surface of one of said
      transparent walls remote from said cover, said monitoring conductor being
      part of said reflecting plate.
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ABST
PAL  An apparatus for constricting or closing a conduit comprises a pair of
      generally parallel clamp frames opening in the same direction and disposed
      at a separation such as to accommodate the conduit between them, the clamp
      frames being formed in one side of their opening with a recess in which
      fits a stationary clamp member and being secured on their other side to a
      fluid operated ram that actuates a movable clamp member towards the
      stationary clamp member. After operation of the ram the two clamp members
      are fastened together, eg by bolts, and then the ram is retracted. The
      clamp members can then be removed from the clamp frames.
BSUM
PAR  This invention relates to an apparatus for constricting or closing
      conduits, especially those containing hot gases or liquids.
PAR  Thermal treatment of hydrocarbons, for example in the production of gases
      containing carbon oxides and hydrogen or from which olefines such as
      ethylene or styrene are to be recovered, is commonly effected by passing
      them with steam through heated tubes that may contain catalyst. Such tubes
      may be 6-90 meters long and 2 to 25 cm in internal diameter and are
      suspended in a furnace, which may contain several hundred of them. They
      may or may not be straight. They are connected usually to inlet and outlet
      headers either directly or by way of small-diameter relatively flexible
      tubes (often known as "pigtails"). If for any reason, such as mechanical
      failure or catalyst blockage, a tube has to be isolated, this can be
      effected by squeezing the tube itself or its pigtails to a state of
      complete or substantial closure. The remainder of the tubes in the furnace
      continue in operation.
PAR  The same method can be applied, for example, to a plant having a
      multiplicity of tubes carrying steam or boiler feed water or coolant and
      enables the plant to continue to operate should a small number of tubes
      become defective.
PAR  We describe this method and apparatus therefor in our UK Specification No.
      1089204. We have now devised an improved apparatus capable of use in
      furnaces in which the tubes are too close together to permit the use of
      the apparatus of UK Pat. No. 1089204; in preferred forms the new apparatus
      is capable of applying a greater squeezing force than was previously in
      general use.
PAR  The invention provides a framework for an apparatus for constricting or
      closing a conduit which comprises a pair of generally parallel clamp
      frames opening in the same direction, a fixed bridging means on one side
      of the clamp openings locating the clamp frames at a mutual separation
      such as to accommodate the conduit between them, the bridging means being
      formed so as to be securable to a fluid-operated ram assembly having a
      traverse from one side towards the further side of the clamp openings, the
      clamp frames being formed with locating means for a stationary clamp
      member on the further side and with means for supporting a guide or guides
      for a movable clamp member actuated by the ram towards the stationary
      clamp.
PAR  The apparatus comprises the said framework along with
PAR  A. THE FLUID-OPERATED (E.G. HYDRAULIC) RAM ASSEMBLY: CONVENIENTLY THE FIXED
      BRIDGING MEANS IS SECURED TO THE BARREL OF THE RAM ASSEMBLY;
PAR  B. THE STATIONARY CLAMP MEMBER;
PAR  C. THE MOVABLE CLAMP MEMBER;
PAR  D. THE GUIDE OR GUIDES FOR THE MOVABLE CLAMP MEMBER; AND
PAR  E. MEANS SUCH AS BOLTS, FOR HOLDING THE CLAMP MEMBERS TOGETHER AFTER THE
      CONSTRICTING OR CLOSING OPERATION.
PAR  The clamp members can be profiled so as to apply a closer squeeze to the
      centre of the conduit, for example by means of a convex curve of large
      radius parallel to the axis of the member.
PAR  If the conduits to be constricted or closed are at temperatures in the
      range 500.degree.-1000.degree.C, the apparatus should be made from a metal
      or alloy suitably resistant to heat.
DRWD
PAR  One preferred form of the invention is shown in the accompanying drawings
      in which
PAR  FIG. 1 is a sectional side elevation on a plane 1:1 of FIG. 2 at the axis
      of the ram;
PAR  FIG. 2 is a front elevation of the device; and
PAR  FIG. 3 is a plan section at the level of the movable clamp member.
DETD
PAR  The figures show the apparatus as assembled about the conduit preparatory
      to closing it. Clamp frames 10 are formed integrally with fixed bridging
      piece 12--thus together they constitute a bifurcated clamp frame. The
      frames can accommodate conduits of large diameter 14 or of small diameter
      16 with the aid if locating pieces 18, which are interchangeable, are
      sized to suit the diameter of the conduit and are held in place by means
      of screws 21 on the outside of the frames. Downward extension 22 of
      bridging piece 12 is formed externally with male threads which engage with
      female threads in barrel 24 of the hydraulic ram assembly, and internally
      has smooth walls 26 to act as a guide for ram 28 and ram extension 30.
      Within the barrel, spring 31 is provided in order to return the ram to its
      pre-operative position when hydraulic pressure is released. Each clamp
      frame 10 is formed with recess 21 (the two recesses differ as described
      below) to locate stationary clamp member 34 and carries a guide 36 for
      movable clamp member 38. Each guide 36 is bolted at 40 to its clamp frame.
      Bolts 42A and 42B connect the two clamp members and carry stops 44 to
      limit the mutual approach of the members. Stops 44 are of a thickness
      appropriate to the thickness of the conduit walls. Stationary clamp member
      34 is tapped to secure the ends of the bolts, and these can be screwed in
      by applying a spanner to square shank ends 46. Each bolt is threaded
      externally to receive nuts 47. Bolt 42A is tapped to receive screw 48,
      which projects into recess 50 to locate clamp member 34 against lateral
      movement. Recess 32 on this side has its lip in the form of screwed-on
      piece 52.
PAR  In operating the apparatus, the two clamp members are assembled on one
      bolt, 42A, with screw 48 in position. Movable clamp member 38 is laid in
      guides 36. Stationary clamp member 34 is disposed short of recesses 32,
      but with screw 48 in recess 50. Bolt 42A is tightened into clamp member 34
      and a nut 47 applied. Clamp member 34 is then turned to the "gate-open38
      position and, after placing the assembly over the conduit, returned to the
      "gate-shut" position. Bolt 42B, with nut 47 previously applied, is
      tightened into stationary clamp member 34. Hydraulic pressure is then
      applied to the ram, which drives clamp member 38 towards clamp member 34,
      until the conduit is adequately squeezed. Nuts 47 are tightened, the
      hydraulic pressure released and the clamp frame assembly lifted away,
      leaving the clamp members in position.
PAR  The apparatus as shown suitably has a ram pressure rating of 10000 psi and
      can deal with conduits of overall diameter up to 2.375 inches.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for constricting or closing a conduit which comprises a
      framework comprising a pair of generally parallel clamp frames opening in
      the same direction, a fixed bridging means on one side of the clamp
      openings locating the clamp frames at a mutual separation such as to
      accommodate the conduit between them, a fluid-operated ram mounted so as
      to be movable from one side towards the further side of the clamp
      openings, the barrel of the ram being secured to the fixed bridging means,
      means formed in the further side of the clamp frames for detachably
      locating a stationary clamp member, a stationary clamp member detachably
      located by such locating means and bridging the clamp members at the
      further side, a movable clamp member detachably connected to the ram and
      actuable by the ram towards the stationary clamp member, means effective
      to guide the movable clamp member towards the stationary clamp member, and
      bolt means effective as additional guide means for the movable clamp
      member during the constricting or closing operation and tightenable after
      the said operation to hold the clamp members together after release of the
      pressure on the ram.
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ABST
PAL  In bellows forming with internal and external forming rolls, the external
      forming roll is rigidly supported, as each convolution is formed in a
      blank, to permit accurate control of each convolution. The blank is
      indexed independently of the convolutions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to bellows forming generally as disclosed in U.S.
      Pat. No. 3,429,160, whereby a series of circumferential convolutions are
      formed in the elongated tubular wall of a flexible metal blank. Such
      bellows have many uses, typically in expansion joints for power plants,
      nuclear reactors, and other systems.
PAR  In known methods to form such bellows, interior and exterior forming rolls
      are brought together against opposite sides of the wall of the blank, as
      the blank is rotated about its axis, to form each convolution in the wall
      of the blank. As in U.S. Pat. No. 3,429,160, the exterior forming rolls
      are carried by two bell crank arms actuated by hydraulic means, which may
      not provide sufficient rigidity, as the interior forming roll is forced
      against the wall of the blank, to provide accurate dimensional control of
      each convolution.
PAR  In such methods, the blank must be indexed manually, by approximate
      reference to each previously formed convolution, for each convolution to
      be successively formed. Hence, any dimensional errors from one convolution
      to the next tend to be cumulated.
PAC  SUMMARY OF THE INVENTION
PAR  Generally, the object of this invention is to provide certain improvements
      in bellows forming whereby each convolution in the elongated tubular wall
      of a flexible metal blank may be formed with greater dimensional accuracy
      than has been possible with known methods of bellows forming.
PAR  A more particular object of this invention is to provide an improvement in
      bellows forming, generally as described above, whereby an exterior forming
      roll assembly is supported rigidly as an interior forming roll is forced
      against the elongated tubular wall of a flexible metal blank being rotated
      about its axis.
PAR  Another more particular object of this invention is to provide an
      improvement in bellows forming, generally as described above, whereby the
      blank is indexed independently of each previously formed convolution to
      provide uniform spacing between successive convolutions.
PAR  These objects and other objects of this invention will be evident from the
      following detailed description, with particular reference to the several
      accompanying drawings, of a preferred embodiment of this invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a partly fragmentary side elevational view of a bellows forming
      machine;
PAR  FIGS. 2 and 3 are respective changed-position views of the exterior forming
      roll assembly and associated components shown fragmentarily in FIG. 1;
PAR  FIG. 4 is a top plan view of the components shown in FIGS. 2 and 3;
PAR  FIG. 5 is a side elevational detail of indexing mechanism bellows forming
      machine of FIG. 1;
PAR  FIG. 6 is a diagram of the cam-actuated switches, hydraulic components, and
      associated circuitry of the bellows forming machine of FIG. 1; and
PAR  FIG. 7 is a diagram of the approximate phase relationships among various
      components during a cycle of the bellows forming machine of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The drawings illustrate a bellows forming machine 10 designed to form a
      bellows having circumferential (cf. helical) convolutions from a flexible
      metal blank B having an elongated tubular wall. The utility of such
      bellows in expansion joints for power plants, nuclear reactors, and other
      systems is well known.
PAR  The bellows forming machine 10 generally comprises a rigid fabricated frame
      12, which is supported on several adjustable leveling legs 14, a headstock
      assembly 16, which is supported by the frame 12, and a tailstock assembly
      18, which is movable along parallel rails 20 and 22 fixed to the frame 12.
      Various parts of the frame are commonly designated by reference number 12.
PAR  The headstock assembly 16 comprises a mechanism 24, which converts rotary
      motion imparted to a crank 26 by hydraulic means 28 to vertical motion of
      an interior forming roll 30 and a pair of supporting rings 32 and 34, over
      which the blank B is indexed and which rotate conjointly with the blank
      B*. The rings 32 and 34** for various blanks of different diameters.
FNT  *on suitable rollers (not shown) supported by the mechanism 24
FNT  **, which support and centrally locate the blank B as each convolution is
      formed, can be interchanged with similar rings of differing dimensions
PAR  The mechanism 24 is described in copending application Ser. No. 474,727,
      concurrently filed and commonly assigned herewith. Such application should
      be consulted for further details of the mechanism 24.
PAR  The tailstock assembly 18 comprises a truck 50, which has two pairs of
      flanged wheels 52-58 riding on the rails 20 and 22, and vertical columns
      60 and 62, which are supported by the truck 50. A platform 64 is guided
      for vertical movement along the columns 60 and 62 by a pair of vertical
      collars 66 (one shown) mounted in suitable openings in the platform 64 and
      slidable along the respective vertical columns 60 and 62.
PAR  The platform 64 supports a motor 68 arranged to rotate a chuck 70 adapted
      to hold one end of the blank B in known manner for conjoint rotation of
      the chuck 70 and the blank. The chuck 70 may be of any suitable known type
      and may have expanding jaws (as suggested by FIG. 1) adjustable and
      replaceable for various blanks of different diameters. The platform 64 is
      adjustably positioned along the columns 60 and 62, as is required for
      various blanks of different diameters, by a suitably threaded worm 72
      engaging a compatibly threaded follower (not shown) mounted to the
      platform 64 and being driven by a motor 74 supported by a cross-beam 76
      mounted across the columns 60 and 62. Once positioned along the columns 60
      and 62 to accomodate a blank of given diameter, the platform 64 remains
      where positioned while successive convolutions are formed in the elongated
      tubular wall of the blank B.
PAR  The tailstock assembly 18 is coupled by a link 78 to an endless driving
      chain 80 entrained over spaced sprockets 82 and 84 suitably journalled on
      the frame 12. The sprocket 82 closer to the headstock assembly 16 has a
      handwheel 86 mounted externally of the frame 12 and rotatable conjointly
      with the sprocket 82 and therefore with the sprocket 84. The sprocket 84
      is coupled to indexing mechanism 88 (FIG. 5) described below. The
      handwheel 86 is used for initial positioning of the blank B relative to
      the interior forming roll 30 and the exterior forming rolls 102 and 104
      with the aid of suitable gauges (not shown). The chain 80 also is coupled
      by a link 90 to pneumatic mechanism 92 for moving the tailstock assembly
      18 toward the headstock assembly 16. The aforementioned indexing mechanism
      88 moves the tailstock mechanism 18 to each successive indexed position as
      each successive circumferential convolution is formed.
PAR  As indicated fragmentarily in FIG. 1 and particularly in FIGS. 2-4, an
      exterior forming roll assembly 100, which comprises forming rolls 102 and
      104 and other components described below, is positioned generally beneath
      the upper forming roll 30. The interior forming roll 30 cooperates with
      the exterior forming rolls 102 and 104 to form each convolution in the
      elongated tubular wall of the blank B.
PAR  The assembly 100 further comprises a platform 106 supporting a pair of
      parallel rods 108 and 110 on vertical stanchions 112-118. A slider 120,
      which comprises a plurality of connected element 120a-120d is supported by
      bearing means 122 for sliding movement along the rod 108. The roll 102 is
      journalled to one element (120b as shown) of the slider 120. A slider 124,
      which comprises a plurality of connected elements 124a-124d, is supported
      by bearing means 126 for sliding movement along the rod 110. The roll 104
      is journalled to one element (124b as shown) of the slider 124. The
      sliders 120 and 124* are interconnected by hydraulic mechanism 128
      comprising a cylinder 130 connected by intermediate links (not numbered)
      to one element (120d as shown) of the slider 120 and a rod 132 connected
      similarly to one element (124d as shown) of the slider 124. As the rod 132
      is drawn into the cylinder 130, the rolls 102 and 104 are drawn together
      (closed). As the rod 132 is drawn out of the cylinder 130, the rolls 102
      and 104 are drawn apart (opened). In either instance the rolls 102 and 104
      move coaxially.
FNT  *, which also are supported by bearing means (not shown) engaging a
      load-bearing way 300 (FIG. 4) mounted on the platform 106,
PAR  The platform 106 has two downwardly extending columns 134 and 136 (FIG. 2)
      passing through suitable collars 138 (one shown) mounted to the frame 12
      and thus being capable of being lifted and lowered. The platform 106 is
      lifted and lowered by an elongated articulated linkage 140 supporting the
      platform 106 (and therefore the rolls 102 and 104) rigidly against
      downward movement when aligned (as in FIG. 2) and permitting downward
      movement of the platform 106 (and therefore the rolls 102 and 104) when
      not aligned (as in FIG. 3).
PAR  The linkage 140 comprises a first elongated link 142 pivotally connected to
      the column 134, as indicated at 144, and a second elongated link 146
      pivotally connected to the link 142, as indicated at 148. The link 146
      constitutes a crank conjointly rotatable with a rotatable toothed pinion
      150 journalled within journal blocks 152 (one shown) mounted in the frame
      12. An elongated toothed rack 154 engages the pinion 150 and is slidable
      along a slideway 156 mounted to the frame 12. Double-acting hydraulic
      means 158, which comprises a cylinder 160 supported by the frame 12 and a
      rod 162 coupled to the rack 152, reciprocates the rack 152 to rotate the
      pinion 150 (and therefore the link 146) and lift and lower the platform
      106 (and therefore the rolls 102 and 104). A normally compressed spring
      164 biases the platform 106 upwardly.
PAR  The aforementioned indexing mechanism 88 (FIG. 5) comprises a drum 200
      (FIGS. 1 and 5) rotatable conjointly with the sprocket 84 closer to the
      tailstock assembly 18 and a pair of C-shaped brake shoes 202 and 204
      connected to each other for pivotal movement about a pin 206 to sieze the
      drum 200 when pivotally drawn together (closed) and to release the drum
      200 when pivotally separated (opened). Pneumatic mechanism 208 is used to
      open and close the shoes 202 and 204. The mechanism 208 comprises a
      cylinder 210, which is pivotally mounted (as indicated at 212) between
      parallel plates 214 and 216 mounted to opposite sides of the shoe 202, and
      a rod 218, which extends through suitable passages 220 and 222 in the
      respective shoes 202 and 204 and is connected (at one suitably threaded
      end 224) to a suitably threaded socket 226 in the shoe 204. A spring 228,
      which is piloted over the rod 218 biases the shoes 202 and 204 apart.
PAR  A rod 230, which is pivotally connected at one end 232 to the shoe 204
      between opposite walls of a groove 234 provided in the shoe 204, is
      slidably extended through a bearing 236 pivotally mounted between opposite
      walls of a U-shaped support 238 supported by the frame 12. Sliding
      movement of the rod 230 is limited to a precisely adjusted spacing x (FIG.
      5) by an adjustably positioned stop 240 threaded onto a suitable threaded
      portion 242 of the rod 230.
PAR  Rotatable movement of the shoes 202 and 204 conjointly with the drum 200
      (and therefore with the sprocket 84) in one direction is limited by the
      stop 240 engaging the support 238. Rotatable movement of these components
      in the opposite direction is limited by the cylinder 210 engaging a
      resiliently padded stop 244 supported by the frame 12. A spring* causes
      the shoes 202 and 204 to return, when released, to their "rest" positions
      of FIG. 1.
FNT  * 246, which connects the cylinder 210 to the frame 12,
PAR  To index the blank B for each convolution, hydraulic mechanism 208 is
      energized to close the shoes 202 and 204 tightly around the drum 200.
      Immediately, pneumatic mechanism 92 is energized to move the tailstock
      assembly 18 and the blank B toward the headstock assembly 16 until the
      rotation of the shoes 202 and 204 is limited by the stop 240 engaging the
      support 238. When the tailstock assembly 18 has stopped, the exterior roll
      assembly 128 is lifted and the interior forming roll 30 is forced into the
      wall of the blank B, which is being rotated by the motor 68, as the
      exterior forming rolls 102 and 104 are closed together. After the roll 30
      has begun to form the convolution, pneumatic mechanism 208 is deenergized
      to release the shoes 202 and 204, while pneumatic mechanism 92 continues
      to move the tailstock assembly 18 until deenergized as the convolution is
      nearly completed, whereupon the exterior roll assembly 128 and the
      interior forming roll 30 are retracted. These steps are repeated to form
      each successive circumferential convolution.
PAR  As indicated in FIG. 6, fluid power to hydraulic means 28, which is
      included in the mechanism 24 described in the aforementioned copending
      application, hydraulic cylinder 160, which operates to lift and lower the
      exterior roll assembly 128, hydraulic mechanism 130, which operates to
      open and close the exterior forming rolls 102 and 104, pneumatic mechanism
      92, which operates to move the tailstock assembly 18, and pneumatic
      mechanism 210, which operates to open and close the shoes 202 and 204 of
      indexing mechanism 88, is controlled by solenoid valves 28a, 160a, 130a,
      92a, and 210a, respectively. The respective solenoid valves are energized
      through micro-switches 28b, 160b, 130b, 92b, and 210b, respectively, which
      are actuated (with the respective phase relationships approximated by FIG.
      7 for each convolution forming cycle) by conjointly rotated profile cams
      28c, 160c, 130c, 92c, and 210c, respectively. The respective profile cams
      are rotated at a suitable selected speed by a constantspeed D.C. motor
      260.
PAR  The respective solenoid valves also may be controlled manually through
      parallel-connected single-pole multiple-throw switches 28d, 160d, 130d,
      92d, and 210d, respectively. A switch 262 is provided to start and stop a
      pump (not shown) to pump hydraulic fluid to the respective hydraulic
      cylinder. Another switch 264 is provided to start and stop the motor 260.
      Another switch 266 is provided to start and stop the motor 68 (FIG. 1).
PAR  The several aforementioned switches are connected in parallel circuits as
      indicated in FIG. 6. A switch 268 is suitable provided to* switches
      controlling the respective solenoid valves. Another switch 270 is suitably
      provided as an emergency "stop" switch. The switches 268 and 270 are
      connected as indicated in FIG. 6.
FNT  * energize selectively the cam-operated switches and the manually operated
      switches.
PAR  These features permit each convolution to be formed with great precision
      and dimensional control, with uniform spacing between successive
      convolutions, and without cumulative error. The bellows produced on the
      bellows forming machine 10 thus have significant advantages over a bellows
      produced by the techniques previously known to the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a bellows forming machine of the type including a frame, a rotatable
      chuck adapted to hold a blank having an elongated tubular wall and a
      longitudinal central axis to be formed into a bellows having
      circumferential convolutions, support means for movably mounting said
      chuck on said frame, rotating means for rotating said chuck and the blank
      about the axis of the blank, forming means including an interior forming
      roll and an exterior forming roll positionable on opposite sides of the
      wall and relatively movable toward and away from each other and thus
      toward and away from the wall for forming a circumferential convolution in
      the wall upon relative motion of the rolls toward the wall as said chuck
      and the blank are rotated conjointly about the axis of the blank, biasing
      means for biasing said support means toward said interior forming roll and
      indexing means for indexing said chuck and the blank along the axis to
      allow successive convolutions to be formed similarly in the wall, the
      improvement wherein said indexing means comprises means selectively
      engageable with said support means and movable by said biasing means, as
      said interior and exterior rolls clear the convolution, between a first
      engaged position to a second engaged position, for corresponding movement
      of said chuck and the blank for forming of a successive convolution.
NUM  2.
PAR  2. The bellows forming machine of claim 1 wherein said support means
      further comprises a rotatably mounted shaft and said selectively
      engageable means is a clutch arranged to seize and release said shaft
      alternately and to permit said shaft when seized to rotate via said
      biasing means only through a predetermined angular range and thus to
      permit said chuck to move only through a predetermined linear range.
NUM  3.
PAR  3. The bellows forming machine of claim 1 further comprising adjusting
      means for varying said second position and hence the movement of said
      chuck and the blank.
NUM  4.
PAR  4. The bellows forming machine of claim 3 further comprising another
      exterior forming roll and wherein said interior forming roll is
      positionable between said exterior and said another exterior forming roll.
NUM  5.
PAR  5. The bellows forming machine of claim 4 further comprising means for
      moving said exterior rolls toward each other when forming a convolution
      and apart after forming a convolution.
NUM  6.
PAR  6. A method of forming a bellows having circumferential convolutions from a
      blank having an elongated tubular wall and a longitudinal central axis
      comprising the steps of positioning an inner forming roll and an outer
      forming roll on opposite sides of said wall, forming a first
      circumferential convolution in said wall by rotating said blank about said
      axis while forcing said inner forming roll toward said outer forming roll,
      biasing said blank along said axis toward said inner forming roll while
      forming said convolution, retracting said inner and outer forming rolls
      from said convolution and indexing said blank a predetermined distance
      along said axis as said inner and outer rolls clear said convolution for a
      successive convolution.
NUM  7.
PAR  7. The method of claim 6 in which another outer forming roll is positioned
      adjacent said outer forming roll and said inner forming roll is positioned
      therebetween and further comprising biasing said outer forming rolls
      toward said inner forming roll while forming said convolution.
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ABST
PAL  A machine for rolling and curving a metal backed rubber printing plate to
      conform it to the circumference of a printing cylinder. The machine
      includes a deflection bar having a longitudinal groove therein which
      accommodates and partly recesses a forming roller of small diameter. The
      bar is supported between a pair of clamping blocks which are pivotally
      mounted, means being provided to simultaneously swing the blocks to a
      predetermined degree to bow the bar and the roller held thereby.
      Cooperating with the forming roller is a large diameter driven roller of
      elastomeric material whose position relative to the forming roller is
      adjustable to define a nip for receiving the plate to be curved and for
      pressing the plate against the forming roller as it is conveyed through
      the nip to impart a desired curvature thereto, the bow formation of the
      forming roller producing a radius of curvature in the plate which
      gradually increases as one goes from the center to the outer edge thereof.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates generally to machines for rolling and curving metal
      sheets, and more particularly to a machine adapted to impart a desired
      compound curvature to a printing plate whereby the shaped plate is
      conformable to the surface of a printing cylinder.
PAR  In the flexographic process, printing is effected by rubber printing plates
      mounted on printing cylinders, the paper to be printed being impressed on
      the inked printing plates. In lieu of mounting rubber plates directly onto
      the surface of the printing cylinder, in recent years it has become the
      common practice to make use of metal-backed rubber plates which are
      attachable to the printing cylinder.
PAR  Metal-backed rubber plates have several significant advantages over plain
      or unbacked rubber plates. Because of the restraining action of the metal
      backing during the rubber molding process, improved color-to-color
      registration is realized. And because the register is molded into the
      metal-backed plate, it can be positioned in only one way, making it easier
      for the pressman to attach the plate to the printing cylinder.
PAR  Moreover, by punching holes in the metal-backed rubber plate in the
      non-printing areas thereof, one is able to use dowel pin registering
      devices whereby accurately-placed pins installed on the printing cylinder
      cooperate with these holes. It also becomes feasible by using a metal
      backing of ferromagnetic material, to securely attach the plate to a
      cylinder having magnetic elements embedded therein, thereby obviating the
      need for mechanical holding devices such as straps, clamps and bands.
PAR  The use of metal-backed printing plates is not limited to the flexographic
      process, for some dry-offset and letter press plates are provided with
      metal backings of sheet aluminum, printing being effected by means of an
      etched zinc or magnesium face layer.
PAR  All of the above-described printing plates are fabricated in the flat or
      planar state, and it becomes necessary therefore that these plates have a
      curvature set therein so as to conform them to the circumference of the
      printing cylinder onto which they are to be mounted, provided that these
      plates are to be held or clamped to the cylinder only along their
      circumferential edges and not by their ends.
PAR  The most commonly used machines for imparting a desired curvature to a flat
      printing plate are of the two-roll type, such as those disclosed in U.S.
      Pat. Nos. 3,304,757 and 3,371,513. In these machines, a forming roller of
      hard metal cooperates with a driving roller of urethane to define a nip
      for receiving the plate to be curved The deflectable urethane driving
      roller presses against the printing plate and the working surface of the
      driving roller acts to wrap the plate against the metal forming roller
      under high pressure, thereby curving the plate to the desired radius in a
      single pass.
PAR  The main problem encountered with all printing plates that are etched,
      molded or otherwise relieved to generate a printing surface, whether the
      plates are formed of metal-backed rubber or are formed entirely of metal
      or of some other material, is that the neutral plane about which bending
      actually takes place, does not remain in the same theoretical plane
      throughout the curving process but shifts position. The reason for this
      shift is that the thickness of the plate varies in a random manner since
      some areas of the plate are relieved and others are not, depending on the
      print pattern. Typically, the height of the printing surface above the
      non-printing surface is about 0.030, "whereas the overall thickness might
      be 0.125".
PAR  The extent to which there is a shift in the neutral plane at any one
      section of the plate depends, of course, on the depth of relief--the
      greater the depth, the more pronounced the shift. Inasmuch as the radius
      of curvature of the plate is a direct function of the location of the
      neutral plane, with known types of two-roll curving machines, this
      presents a problem, for it becomes difficult if not impossible to impart a
      uniform or predictable curvature to the plate.
PAR  All curving machines of the type heretofore known, including the three-roll
      benders used in the metal working industry as well as the two-roll type
      disclosed in the above-identified patents, because of the above-noted
      shift in the neutral plane, tend to develop flat segments on
      relief-printing plates during the curving process. These flat segments
      only approximate an arcuate shape and give rise to poor quality printing.
PAR  Another serious problem experienced with a two-roll curving machine,
      whether used with a metal plate or a metal-backed rubber printing plate,
      is that an enormous amount of pressure is required to curve metal which is
      tempered and extremely tough. When the necessary high pressure is
      developed at the bite between abutting rollers, one of the rollers tends
      to deflect and belly out and this belly is imparted to the sheet metal
      being rolled. Though U.S. Pat. No. 3,371,513 seeks to avoid bellying by
      the use of a forming roller having antideflection characteristics, the use
      of an anti-deflection forming roller, because of its construction, imposes
      certain minimum diameter requirements and this, in turn, limits the
      minimum radius of curvature that can be imparted to the plate being worked
      on.
PAR  A particular requirement which existing curving machines cannot fulfill is
      with regard to metal-backed flexographic printing plates. With such
      plates, it is desirable that the radius of curvature be slightly larger at
      the edges of the plate than at the middle, the transition or increment of
      radius increasing gradually from the center of the plate outwardly toward
      either edge, thereby generating a hyperbole of revolution. Hence a
      properly curved, metal-backed flexographic printing plate should have a
      compound curvature.
PAC  SUMMARY OF INVENTION
PAR  In view of the foregoing, it is the main object of this invention to
      provide an improved rolling and curving machine for imparting predictable
      curvatures to a metal or metal-backed printing plate.
PAR  A significant feature of the machine in accordance with the invention is
      that it is capable of imparting uniform curves to printing plates in a
      broad range extending from a relatively small to a large radius of
      curvature.
PAR  More particularly, it is an object of this invention to provide a machine
      of the above-type which is capable of imparting a compound curvature to
      the sheet being worked on, whereby the sheet not only has an arcuate
      formation from end to end to define a generally cylindrical plate which is
      receivable on the circumference of a printing cylinder, but also has a
      radius of curvature which increases gradually from the center toward
      either edge thereof.
PAR  Yet another object of this invention is to provide a machine which operates
      efficiently and reliably and is easy to adjust to attain desired values of
      curvature.
PAR  Briefly stated, these objects are attained in a machine for rolling arcuate
      sheet metal shapes, which machine includes a metal deflection bar of
      relatively large diameter having a longitudinal groove cut therein for
      receiving and partially recessing a forming roller, preferably fabricated
      of nylon.
PAR  The deflection bar is supported between a pair of clamp blocks which are
      pivotally mounted on the sides of the machine frame. Attached to each
      block and extending upwardly therefrom is a crank arm. The arms are
      pivotally connected to axially-aligned rods whose adjacent ends are joined
      by a turnbuckle whereby rotating of the turnbuckle causes the rods to be
      drawn closer together, thereby tilting the clamp blocks and causing the
      deflection bar and the forming roller associated therewith to assume a bow
      formation.
PAR  Cooperating with the forming roller is a rubber covered driving roller
      mounted in bearings which are slidable along the sides of the machine
      frame, means being provided to concurrently raise or lower the bearings to
      adjust the pressure applied by the driving roller against a metal sheet
      inserted between the forming roller and the driving roller.
PAR  In operation, the driving roller is motor driven, whereas the forming
      roller is caused to rotate by movement of the metal plate forced against
      it by the driving roller. As the metal printing plate being worked on
      passes between the cooperating rollers, the elastic rubber surface of the
      driving roller presses the metal sheet against the relatively unyielding
      nylon roller which functions as a former and serves to roll the sheet into
      an arcuate form free of flats.
PAR  But because the forming roller is deflected and has a slight bow therein,
      the pressure exerted on either side of the center of the forming roller is
      gradually reduced as one goes toward either end of this roller, thereby
      bringing about a corresponding increase in the radius of curvature of the
      metal sheet subjected to this pressure.
PAR  In this way, the printing plate is caused to assume a cylindrical formation
      appropriate to the printing cylinder onto which it is to be mounted, the
      radius of curvature of the plate being slightly larger at the edges than
      at the middle.
DRWD
PAC  OUTLINE OF DRAWING
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      description to be read in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a perspective view of a conventional metal-backed flexographic
      rubber printing plate;
PAR  FIG. 2 shows this plate after it has been rolled and curved in a machine in
      accordance with the invention so that it conforms to the circumference of
      a printing cylinder;
PAR  FIG. 3 shows another example of a metal-backed rubber printing plate curved
      by a machine in accordance with the invention to conform to a printing
      cylinder having a larger diameter;
PAR  FIG. 4 schematically shows the essential components of a machine in
      accordance with the invention for rolling arcuate shapes;
PAR  FIG. 5 illustrates in perspective a flat metal sheet passing between the
      cooperating rollers of the machine and having a curve imparted thereto;
PAR  FIG. 6 is a transverse section taken through the rollers of the machine,
      with a metal-backed flexographic printing plate being conveyed toward the
      nip of the rollers;
PAR  FIG. 7 shows the metal-backed plate being curved in the course of rolling;
PAR  FIG. 8 is a front elevational view of the machine; and
PAR  FIG. 9 is an end view of the machine.
DETD
PAC  DESCRIPTION OF INVENTION
PAR  Referring now to FIG. 1, there is shown a typical metal-backed flexographic
      printing plate which is fabricated in flat or planar form and therefore
      must be curved in order to conform to a printing cylinder. While a
      flexographic plate is shown, it will be appreciated that a machine in
      accordance with this invention is capable of operating with any type of
      deformable sheet metal to roll it into an arcuate form.
PAR  The flexographic printing plate is constituted by a molded rubber layer 10
      bonded to a sheet metal backing 11. In order to shape this plate so that
      it will conform to the circumference of a printing plate cylinder 12, it
      must be set into a similar cylindrical shape, as shown in somewhat
      exaggerated form in FIG. 2, where it will be seen that the curved plate is
      flared on either side of the center so that the radius at the edges is
      larger than the center radius. In practice, this difference is only slight
      and is not as apparent as in FIG. 2.
PAR  In FIG. 3, the printing cylinder 13 has a larger diameter than cylinder 12
      illustrated in FIG. 2; hence the printing plate 10'--11' in this instance
      is appropriately larger, in which event the curving machine must be
      capable of rolling with a larger radius.
PAR  Referring now to FIGS. 4 to 7, there is illustrated the essential
      components of a two-roller metal curving machine in accordance with the
      invention capable of imparting curvature to printing plates. The machine
      includes a deflection bar 14 of a suitable metal, such as magnesium or
      stainless steel, having a fairly large diameter which in practice is at
      least two inches but may be substantially larger. Received within a
      longitudinal groove cut into the surface of deflection bar 14 is a roller
      15, the roller being partly recessed in the deflection bar so that it
      projects therebelow. Roller 15, which is preferably formed of nylon or
      other rigid plastic material of high compressive strength, is backed by
      the deflection bar and functions as a rotating former.
PAR  Because of the relatively small diameter of forming roller 15 (i.e., about
      3/8 of an inch to 1 inch, but preferably 5/8 of an inch), it becomes
      possible to curve printing plates to a smaller diameter than that of the
      deflection bar, while taking advantage of the reinforcement afforded by
      the deflection bar. This is important under conditions of high pressure.
      In practice, when making printing plates with a small radius of curvature
      (see FIG. 7), one must guide the plate away from the circumference of
      deflection bar 14 to prevent the re-entry of the plate into the nip of the
      rollers.
PAR  Cooperating with forming roller 15 is a driving roller 16 of relatively
      large diameter, this roller being heavily covered with an elastomeric
      material such as rubber. The rubber is of a relatively soft constituency
      such as that provided by Shore "A" Durometer 40.
PAR  Deflection bar 14, as shown in FIG. 4, is supported between a pair of
      square clamp blocks 17 and 18 which are pivotally mounted in the side
      frame of the machine (to be later described). Attached to clamp block 17
      and extending upwardly therefrom is a crank arm 17A, and similarly
      attached to clamp block 18 is a crank arm 18A.
PAR  Pivotally coupled to the upper end of crank arm 17A is a
      horizontally-extending rod 19 whose threaded end is received within one
      side of a turnbuckle 20, the other side of which receives the threaded end
      of a rod 21 which is axially aligned with rod 19 and is pivotally coupled
      to the upper end of crank arm 18A. Thus depending on the direction in
      which turnbuckle 20 is turned, rods 19 and 21 are either brought closer
      together or are separated from each other, thereby causing clamp blocks 17
      and 18 to swing concurrently to more or less bend deflection bar 14. In
      practice, tightening of the turnbuckle causes deflection bar 14 to assume
      a concave formation and to impart a curved bow to forming roller 15, as
      indicated in exaggerated fashion by dashed line bow B.
PAR  Inasmuch as the operation of the turnbuckle results in deflection of bar A,
      and this action may require considerable force, shaft 37 is supported on
      bearings formed at the end of a mounting plate 38 which is firmly held in
      place by struts 39 and 40 whose ends are bolted to the side frame.
      Depending from cross brace 32 at spaced positions therebelow are a pair of
      vertical abutments 41 and 42 which engage the surface of deflection bar 14
      so that when clamp blocks 17 and 18 are caused to tilt toward each other,
      the deflection bar and the forming roller 15 held thereon are forced to
      assume a bow formation.
PAR  Driving roller 16 is operated by means of a motor 43 whose gear train is
      linked to a sprocket chain 44 engaging a sprocket wheel 45 on the shaft of
      this roller. Sprocket chain 44 is held taut regardless of the adjusted
      position of the driving roller by means of a spring-biased idler sprocket
      wheel 46. Adjustment of the position of driving roller 16 is effected by a
      wheel 47 mounted on elevator post 29 whose lower end is socketed within
      cross brace 38, so that by turning wheel 47 one may raise or lower the
      driving roller.
PAR  Thus by adjusting the position of driving roller 16 relative to forming
      roller 15, one may set the machine pressure to impart a desired curvature,
      in the end to end direction, to the printing plate passing between the
      cooperating rollers, and thereby conform the plate to the circumference of
      the printing cylinder for which it is intended. By adjusting the bow
      curvature of the deflection bar and forming roller assembly, one may
      further set the machine to impart a desired gradual increase in the radius
      of the curved plate from the center to the edges thereof. The amount of
      pressure applied by the driving roller 16 to the forming roller is
      indicated by a calibrated pressure meter 48.
PAR  Driving roller 16 is supported between bearings 22 and 23 which are
      vertically shiftable within guides in the side frame of the machine, the
      bearings being affixed to the upper ends of vertical posts 22A and 23A,
      respectively. The lower ends of these posts are hinged to levers 24 and 25
      which are pivotally supported on fulcrums 26 and 27. Thus by concurrently
      swinging levers 24 and 25 about these fulcrums, one may adjust the
      position of driving roller 16 relative to forming roller 15 and thereby
      vary the pressure applied to the printing plate sandwiched therebetween.
PAR  The movement of levers 24 and 25 is controlled by a coupling head 28 hinged
      to the adjacent ends of the levers, the head being shiftable in the up and
      down direction by a rotatable elevator post 29.
PAR  Referring now to FIGS. 8 and 9, the main components of the machine are
      shown in greater detail. The side frame of the machine includes uprights
      30 and 31 which are bridged by upper and lower cross braces 32 and 33.
      Turnbuckle 20, to which rods 19 and 21 are joined, is rotated by means of
      a manually-operated wheel 34 mounted at the end of a shaft 37 having a
      worm 35 thereon engaging a gear 36 keyed to turnbuckle 20, whereby
      rotation of the wheel causes the turnbuckle to turn to effect bending of
      the deflection bar assembly.
PAR  In operation, the printing plate may be made to go through the curving
      machine in several passes. The pressure applied to the plate in each
      successive pass is increased incrementally so as to cause the plate to
      assume its nominal radius of curvature in a stepwise manner rather than in
      a single pass. In this stepwise operation, the successive increases in
      pressure may be effected by programmed automatic means rather than
      manually.
PAR  While there has been shown and described a preferred embodiment of a
      machine for rolling and curving printing plates, it will be appreciated
      that many changes and modifications may be made therein without, however,
      departing from the essential spirit thereof.
PAR  Thus instead of using nylon as the material for the forming roller, other
      materials may be used for this purpose, such as Teflon or Teflon-coated
      steel. The advantage of nylon over a metal forming roller is that its low
      frictional resistance makes it possible for the roller to turn even when
      the deflection bar within whose groove or slot it is held, is subjected to
      a large bowing force. When the deflection bar is so bent, the nylon
      roller, which is engaged by this printing plate being curved, is caused to
      assume a similar bow, but the roller remains free to turn. Moreover, a
      nylon roller will not gall the slot or groove of the deflection bar, nor
      will it mar the surface of the metal backing of the printing plate.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for rolling and curving a metallized printing plate to conform
      it to the circumference of a printing cylinder, said machine comprising:
PA1  A. a deflection bar having a longitudinal groove therein which accommodates
      and partly recesses a forming roller of small diameter fabricated of a
      relatively unyieldable material, said deflection bar reinforcing said
      forming roller,
PA1  B. a driving roller of relatively large diameter cooperatively disposed
      with respect to said forming roller and covered by a yieldable elastomeric
      material,
PA1  C. means to adjust the position of said driving roller relative to said
      forming roller to vary the pressure applied to a printing plate admitted
      into the nip between said rollers, and
PA1  D. power means to rotate said driving roller whereby the plate advancing
      through said nip is forced by the working surface of the driving roller to
      wrap against the unyieldable forming roller under high pressure, thereby
      curving the plate.
NUM  2.
PAR  2. A machine as set forth in claim 1, wherein said forming roller is formed
      of nylon.
NUM  3.
PAR  3. A machine as set forth in claim 1, wherein said driving roller is
      covered with rubber.
NUM  4.
PAR  4. A machine as set forth in claim 3, wherein said rubber has a relatively
      soft consistency.
NUM  5.
PAR  5. A machine as set forth in claim 3, wherein said plate is a metal-backed
      rubber flexographic printing plate, the metal engaging the forming roller
      and the rubber the driving roller.
NUM  6.
PAR  6. A machine as set forth in claim 1, further including adjustable means to
      bend said deflection bar to cause said forming roller to assume a
      bow-shaped configuration.
NUM  7.
PAR  7. A machine as set forth in claim 6, wherein said means is constituted by
      a pair of pivoted clamp blocks secured to the ends of said deflection bar,
      and means to tilt said blocks to deflect said bar.
NUM  8.
PAR  8. A machine as set forth in claim 7, wherein said clamp blocks are
      provided with upwardly-extending crank arms, and said means to tilt said
      blocks is constituted by a pair of rods hingedly-connected to the ends of
      said crank arms and extending horizontally therefrom, and a turnbuckle
      interconnecting the adjacent ends of said rods.
NUM  9.
PAR  9. A machine as set forth in claim 8, wherein said turnbuckle has a gear
      keyed thereto and further including manually operated means engaging said
      gear to turn said turnbuckle.
NUM  10.
PAR  10. A machine as set forth in claim 9, wherein said manually-operated means
      includes a wheel on whose shaft is a worm engaging said gear.
NUM  11.
PAR  11. A machine as set forth in claim 1, wherein said means to adjust the
      position of the driving roller is constituted by a pair of vertical posts
      supporting the end bearings of the driving roller, and a pair of levers
      hinged to the lower ends of said posts and pivoted on respective fulcrums,
      whereby by swinging the levers the vertical position of the driving roller
      and the pressure produced thereby may be varied.
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ABST
PAL  A die assembly for forming nuts or the like in which a die cavity is formed
      to extend into two abutting members of super hard alloy, the cavity
      extending through one member and having a bottom surface in the other. The
      hard alloy members rest on a hardened steel stock die and the three
      elements are shrink fitted in a reinforcement ring. A passageway
      communicates with the interface between the hard alloy members and extends
      to a position adjacent but spaced from the interface between those
      members. When forming pressure is applied to a workpiece in the cavity,
      the stock die yields resiliently to permit a slight separation between the
      hard alloy members and thus provide a vent passage for trapped air to the
      exterior of the assembly. The interface between the die members and the
      reinforcement ring permits such downward movement of the lower alloy die
      member but prevents upward ejection of the die members from the
      reinforcement ring upon operation of a work ejecting mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to forming dies for forming bolts, nuts and similar
      machine parts.
PAR  Hitherto, in the forming of bolts, nuts and the like, a forming cavity has
      been formed in two adjacent parts, which parts were shrink-fitted within a
      reinforcement ring. In such prior devices, the two die parts were formed
      of super hard alloy and provided with a permanently open air flow hole
      extending into the die cavity at the interface of the parts. In such dies,
      however, it was found that the air vent passage was subject to being
      clogged with scale or oils from the workpiece. If the diameter of the vent
      hold was made large enough to avoid such clogging, the finished workpiece
      was found to have "flashes" resulting in an undesirable surface.
PAR  Also, such prior devices were customarily supported on a table meant to
      absorb the impact of the punch at the time of forming a workpiece. Those
      impacts were transmitted to the supporting table and a violent reaction
      force occurred in the dies which was found to often cause damage thereto.
PAR  It has also been proposed to support such dies on a compressive steel bed
      plate thereby absorbing impact by the elasticity of the bed plate. (Refer
      to "Punching Technique Handbook", pp 372; published on June 30, 1962;
      Publishers: Nikkan Kogyo Shimbun-sha. (Daily Industrial Newspaper Company,
      Ltd.), 1-1, Iida-cho, Chiyoda-ku, Tokyo, Japan).
PAR  In the above case, however, when the bed plate was compressed by the
      punching force of the punch, the following reaction often caused the upper
      die member to slip upwardly out of the reinforcing ring.
PAC  SUMMARY OF THE INVENTION
PAR  By the present invention upper and lower die members, jointly defining a
      die cavity, are supported by a stock die, all of which are shrunk fit into
      a reinforcing ring and the stock die thus absorbs the impact of the punch
      by its elastic cushioning action, resulting in a lower reaction force.
      Preferably, the die members in which the cavity is formed are made from
      sintered hard alloy material and the stock die is formed of a quenched
      steel, which is harder than ordinary steel but softer than the sintered
      alloy of the upper and lower dies. The resiliency of the stock die permits
      slight downward movement of the lower die member to thus provide a vent
      passage for trapped air, which could result in an imperfect surface on the
      finished workpiece and/or damage to the dies themselves. The separation of
      the upper and lower dies is so minute, however, that metal cannot enter
      the space therebetween and no "flashes" are formed and scale or other
      material cannot enter the small space thus produced to result in any
      clogging.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a die assembly embodying the present invention;
PAR  FIG. 2 is a vertical sectional view taken substantially along the line
      II-II of FIG. 1 with punch and eject members and a holding base shown in
      dot-dash line; and
PAR  FIG. 3 is an enlarged fragmentary sectional view of the upper portion of
      FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The drawings illustrate an embodiment of this invention particularly
      directed to a die assembly for the cold forming of nuts. The die assembly
      1 consists of a reinforcement ring 3 mounted in a table member 2 of a more
      or less conventional punching machine. Upper and lower die members 4 and 5
      are shrink-fitted in the reinforcement ring 3 in a well known manner,
      fitting within a bore 31 of the ring 3. As shown, the upper portion of the
      bore 31 tapers upwardly in the form of a cone surface and the upper
      portion of that tapered bore receives the upper die member 4 and the lower
      die member 5 which are formed having outer surfaces complementary to the
      cone surface described. The lower portion of the bore 31 is of cylindrical
      form and embraces and holds a stock die 6.
PAR  The upper and lower die members 5 are preferably formed of a super hard
      material such as the well-known sintered hard alloys, for example,
      tungsten carbide. The upper die member 4 is provided with a portion 41 of
      a die cavity formed to define a hexagon of the size of the desired nut.
      The upper surface of the lower die member 5 is provided with the head
      forming portion 51 of the die cavity which is defined by a depression in
      die member 5 of the desired shape and it is to be noted that the cavity
      portion 51 merges with the cavity portion 41 of the upper die member and
      the die members are in intimate abutment at the interface 54 surrounding
      the die cavity. As will be apparent, the radial dimensions of the dies are
      maintained stable during punching by virtue of the shrink fit of
      reinforcing ring 3 thereabout and downward forces will be resisted by
      stock die 6, thus straightening the upper and lower dies and reducing the
      possibility of cracks being developed therein as a result of repeated
      punching operations.
PAR  The stock die 6 is of resiliently compressive material and harder than
      ordinary steel but softer than the alloy of the upper and lower die
      members. It thus provides a cushioning action for the upper and lower dies
      by its elastic deformation under punching impacts.
PAR  Extending centrally through the lower die member from the bottom of the
      forming cavity is a passageway 52 aligned with a central opening 61
      through stock die 6. Thus, a passageway is provided for the operation of a
      work ejecting tool 8 for ejecting the finished nut blank from the forming
      cavity after a punching operation. As clearly shown in FIGS. 2 and 3, the
      upper surface of lower die member 5 is formed to an obtuse taper to
      provide a space 53 between the upper portion of die member 5 and the lower
      surface of die member 4 extending nearly to the die forming cavity but
      short thereof so that those portions of the die members 4 and 5
      immediately surrounding the die cavity are normally in intimate surface
      contact at 54 to define a continuous smooth inner surface for the die
      cavity at their interface. The outer circumferential surface of the
      reinforcing ring 3 may be provided with a groove or the like defining a
      channel 32a communicating with the space 53. In addition to the passage
      32a or in lieu thereof, the reinforcing ring 3 may be provided with a
      further passage 32, also communicating with the sapce 53. Thus,
      communication is provided between space 53 and the exterior of the die
      assembly. As shown in FIG. 2, a set screw or holding bolt 34 is provided
      which holds the die assembly in the table member 2.
PAR  Also shown by broken line in FIG. 2 is a conventional pressure punch 7,
      which is forced downwardly onto a blank in the forming cavity to cause the
      blank to assume the shape of the cavity. As the punch 7 descends, the
      downward pressure applied to the upwardly facing surface of the cavity
      portion 51 is transmitted through die member 5 to stock die 6, which
      latter being supported by table member 2 will undergo a small amount of
      resilient compression and thus absorb punching shock and thus improve the
      operation of the dies. At the same time the intimately contacting
      interface surfaces of the die members 4 and 5 become slightly separated to
      provide a vent for any air trapped between the die cavity and the
      workpiece and permits that air to be vented through space 53 and the
      described passages.
PAR  By virtue of the conical shape of the upper portion of bore 31 and the
      corresponding peripheral shapes of die members 4 and 5, the upward
      reaction thereon after cessation of the punching impact by elastic
      expansion of stock die 6 results in retention of the die members 4 and 5
      in the bore 31. In the absence of the conical formation described, the
      elastic expansion of stock die 6 could eject at least die member 4 from
      the reinforcing ring 3 and such ejection could also result from the upward
      pressure of the ejecting tool 8 acting on the formed workpiece in the die
      cavity.
PAR  While a single specific embodiment of the invention has been shown and
      described herein, the same is merely illustrative of the principles of the
      invention and other forms may be resorted to within the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A forming die having an upwardly open die cavity therein, comprising:
PA1  an upper die member of hard material having the upper portion of said die
      cavity extending therethrough;
PA1  a lower die member of hard material abutting a lower surface of said upper
      die member and having the lower portion of said die cavity formed therein,
      including an upwardly facing bottom surface of said cavity;
PA1  a stock die member underlying and abutting said lower die member and being
      of softer and more resilient material than said upper and lower die
      members;
PA1  an air vent passage extending from the exterior of said die to the
      interface between said upper and lower die members adjacent but spaced
      outwardly from said die cavity, said passage opening slightly upon the
      downward movement of said lower die as said stock die compresses, and said
      passage immediately closing thereafter whereby metal cannot enter said
      passage; and
PA1  a reinforcing ring member tightly surrounding said upper, lower and stock
      die members and holding the same in said described relationship.
NUM  2.
PAR  2. A forming die as defined in claim 1 wherein said upper and lower die
      members are formed of a hard sintered metal alloy.
NUM  3.
PAR  3. A forming die as defined in claim 1 wherein said stock die is formed of
      quenched steel.
NUM  4.
PAR  4. A forming die as defined in claim 1 wherein said upper portion of said
      die cavity is an opening of hexagonal shape for forming the body portion
      of a nut and wherein said lower portion of said cavity is a depression in
      the upper surface of said lower die member, complementary to said upper
      portion of said cavity and shaped to form the head portion of a nut.
NUM  5.
PAR  5. A forming die as defined in claim 1 wherein said air vent passage is
      defined by an annular space between said upper and lower die members,
      surrounding said cavity but spaced outwardly a short distance therefrom,
      and a passageway communicating with said annular space and leading
      therefrom to the exterior of said reinforcing ring member.
NUM  6.
PAR  6. A forming die as defined in claim 1 including a central opening
      extending from the bottom of said cavity downwardly through said lower die
      member and said stock die member, for movement therethrough of a work
      ejecting tool; the outer peripheries of said upper and lower die members
      defining a cone surface abutting a complementary cone surface in said
      reinforcing ring whereby to resist upward displacement of said die members
      upon operation of said work ejecting tool while permitting downward
      movement of said lower die member, relative to said upper die member, in
      response to pressure applied to a workpiece in said cavity whereby to
      establish limited communication between said die cavity and said air vent
      passage.
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ABST
PAL  A heavy duty pipe spreader to open formed steel-line pipe, approximately 40
      feet long, of approximately 0.250 to 0.750 wall thickness, so as to obtain
      an approximate 2 inch permanent edge separation prior to O.D. sub-arc
      welding. The pipe spreader is comprised of an approximately 45 feet long
      boom, pivotally supported at one end by a vertically adjustable base
      support and intermediate its length by four hydraulically actuated devices
      under the boom and mounted to the floor; these devices retract as the pipe
      telescopes onto the boom. A device at the extreme front of the unit
      centers and assists in stabilizing the pipe and unit during spreading. The
      pipe is received on five support rollers, the first of which drives the
      other four, and all of which are fixed in place and rotate only to move
      pipe over the vertically adjustable boom. Attached to the boom structure
      are five sets of pivoted arms which are operated by wedge devices attached
      to a center pull rod. A large hydraulic cylinder assembled at the base
      support end of the machine applies the load requirements to the pull rod
      for actuation of the pivoted spreader arms. A roller is pivotally mounted
      on each end of each spreader arm so as to eliminate excessive friction and
      marking during spreading of the pipe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention has to do with the forming of relatively long lengths of
      relatively heavy gauge steel pipe. In forming such pipe, plate stock is
      fed into a plate bending machine which "U"'s the plate preparing it for
      the crimping operation. Following the U-ing operation, crimping takes
      place on a separate machine. Following the crimping operation, the pipe is
      sent onto a machine which substantially closes the crimped product,
      forming it into its final round shape. After being thus closed the pipe
      emerges from the closing press with its two edges formed rather tightly
      together. In such condition, however, the pipe cannot be fed into O.D.
      welders which require that the edges of the pipe be passed by a vertical
      hanger plate that supports an internal arbor approximately 1 inch thick.
      It is necessary, therefore, to spread apart these closed edges so as to
      form a permanent opening therebetween of about one and a half inches to
      two inches along the full length of the pipe.
PAR  2. Description of the Prior Art
PAR  A search of the United States patent art was conducted in an effort to
      locate that art most pertinent to the wedge pipe spreader disclosed
      herein. No assertion is made, however, that the most pertinent art was
      indeed located, although, as indicated, that was the intent of the search.
      This search developed the following references:
TBL  1,994,111      Rocci                                                      
     2,007,996      Baker                                                      
     2,219,049      McArthur                                                   
     2,613,303      Babbitt                                                    
     2,845,989      Ewaldson, et al.                                           
     2,857,871      Reynolds                                                   
     3,075,484      Benteler                                                   
     3,191,843      Tomkins                                                    
     3,198,931      Klempay                                                    
     3,236,083      Minderoth, Jr. et al.                                      
     3,285,490      Roper                                                      
     3,329,329      Karmann                                                    
     3,362,603      Bauer                                                      
     3,365,144      Daub                                                       
     3,397,564      Schroeder                                                  
     3,431,383      Ullery, Jr., et al.                                        
     3,452,424      Morris                                                     
     3,462,059      Bauer, et al.                                              
     3,633,813      Looney                                                     
     3,647,131      Hayne                                                      
     3,662,940      Stettler                                                   
     3,684,149      Ambler                                                     
     3,765,665      Work                                                       
     3,770,927      Christopher                                                
PAR  In the only known machine of the type to spread or open 40 feet long steel
      pipe of 0.250 to 0.750 wall thickness, spreader units employing
      complicated linkage arrangements are utilized. A plurality of cylinders is
      needed to actuate such linkage arrangement. Although none of the art
      appears to disclose a heavy duty pipe spreader as described herein,
      perhaps the following patents from those listed above are the more
      relevant: 3,662,940; 3,285,490; 2,857,871; 2,845,989; 2,007,996 and
      3,647,131.
PAC  SUMMARY OF THE INVENTION
PAR  The heavy duty pipe spreader of this invention comprises an elongated,
      substantially horizontally disposed boom pivotally connected to a base
      support. The boom is disposed above a series of five roller units, the
      first of which units comprises a drive roller unit by which the other four
      roller units are also driven. When disposed over these roller units, the
      boom is supported by four jack support assemblies which are arranged to
      retract as the pipe is moved on to the roller units. The support rollers
      of the roller units are arranged in a fixed position so as to move pipe on
      and off the boom.
PAR  Five spreader assemblies are employed. Each spreader assembly is comprised
      of two arms pivotally connected to the boom at one end and each having a
      pipe engaging roller pivotally connected to the other end. A wedge having
      identical tapers on both sides is provided for each spreader assembly.
      Such wedge units are fastened to a common pull rod. The single pull rod is
      actuated by a power cylinder assembled in line. Means are also provided to
      contract the spreader arms when the wedge units are removed therefrom.
      Means are provided at the forward end of the boom to aid in getting the
      pipe onto the boom arrangement.
PAR  All five spreader assemblies are actuated by the single pull rod via the
      power cylinder. All spreader arms will expand and contract simultaneously
      with equal travel at both sides of the machine center line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the entire wedge pipe spreader machine.
PAR  FIG. 2 is a plan view of the entire wedge pipe spreader machine.
PAR  FIG. 3 is an enlarged fragmentary view of one of the five spreader
      assemblies in its closed condition.
PAR  FIG. 4 is a plan view of one of the five spreader assemblies in its open
      condition.
PAR  FIG. 5 is a fragmentary side elevation of one of the spreader assemblies
      corresponding generally to that shown in FIG. 3.
PAR  FIG. 6 is an enlarged plan view, partly in section, of one of the spreader
      arms utilized in the machine.
PAR  FIG. 7 is a side elevation, partly in section, of the arm shown in FIGS. 5
      and 6.
PAR  FIG. 8 is a fragmentary plan view of a portion of the drive mechanism
      provided for the jack support assemblies or boom elevators.
PAR  FIG. 9 is an enlarged side elevation of one of the four jack support
      assemblies or boom elevators generally indicated in FIG. 1.
PAR  FIG. 10 is an enlarged fragmentary plan view, partly in section, showing a
      closure mechanism for the spreader arms.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, the boom housing is generally indicated at
      20 and has a vertically adjustable, universal pivotal connection 21, 21a
      to a base support 22. The boom housing is supported throughout its length
      by a plurality of jack support assemblies, four of such assemblies
      generally indicated at 23 being shown. Each of these jack support
      assemblies, or boom elevators, includes a topmost roller 24 on which the
      housing 20 rests. Actuation of the assemblies 23 may be controlled by a
      motor 25 operating through conventional shafts 26 (see also FIGS. 8 and 9)
      and a three-way power take-off 27 connected to the individual jack
      supports assemblies 28 and air cylinders 51 supported on the arms 50.
      (This arrangement will be discussed further in an elaboration of the
      depictions of FIGS. 8 and 9.) A pivoted centering device 29 is located at
      the extreme front of the machine housing 20 and this device may aid in
      centering the pipe with respect to the machine and it may assist in
      stabilization during spreading.
PAR  The boom housing 20 supported on the rollers 24 is disposed above a series
      of roller units 30, 5 such roller units being depicted, the first of these
      being driven as indicated at 31, there being means, not shown, by which
      the other four roller units are chain driven via this unit 31.
      Conventional mechanism not shown in detail but generally indicated at 32
      is provided for electrical operation and control of each of the roller
      units 30 so as to make it possible to move the actual support rollers 33
      simultaneously laterally with respect to the boom housing 20. Pipe to be
      worked on by the pipe spreader depicted herein is moved onto the rollers
      33 of the units 30. As the pipe moves towards the base support 22 the
      rollers 24 of the jack support assemblies 23 will retract as will be
      discussed in greater detail in connection with the description of FIG. 9.
PAR  Attached to the boom structure 20 are a plurality of arm support sections
      or spreader assemblies generally indicated at 34, five such sections being
      illustrated. Each of these five sections is comprised of a pair of pivoted
      arms 35, see FIGS. 3 and 4 wherein the sections are depicted in greater
      detail. The arms 35 are pivotally connected to the boom housing 20 as
      indicated at 36. Each of these arms is provided with a wedge roller 37
      rotatably mounted near the center thereof. A bracket member 38 is
      pivotally connected to the end of each arm as indicated at 39, the bracket
      rotatably supporting a pipe engaging roller 40. A cushion 38a is provided
      between the pivoted bracket 38 and the arm 35, see also FIG. 6.
PAR  Still referring to FIGS. 3 and 4, each set of pivoted arms 35 is operated
      by a wedge device 41 attached to a pull rod 42. The pull rod 42 extends
      throughout the boom housing 20 about which the pipe to be acted upon will
      be telescoped. This pull rod 42 is actuated by a cylinder assembly
      generally indicated at 43 by conventional hydraulic means as is well known
      in the art, see also FIG. 1. Further details of the spreader arm
      arrangement are shown in FIGS. 5, 6 and 7.
PAR  From these FIGS. 1 through 7, it will be apparent that all five spreader
      assemblies generally indicated at 34 and including the pairs of arms 35
      pivoted to the boom housing 20 are actuated by the single pull rod 42
      operatively connected with the power cylinder 43 assembled in line, the
      pull rod being axially movable with respect to the boom housing 20. Each
      spreader assembly 34 comprises the two arms 35 and one of the wedge units
      41 fastened to the pull rod 42. Each wedge 41 has identical tapers 41a on
      both sides, each taper being adapted to engage the wedge rollers 37
      carried by the arms 35. All the spreader arms 35 will be expanded
      simultaneously by actuation of the pull rod 42 with equal travel at both
      sides of the machine center line.
PAR  An arrangement is illustrated in FIG. 10 by means of which all of the arms
      35 are contracted simultaneously when it is desired to remove the pipe
      after the spreading action has been achieved. This arrangement comprises a
      suitable piston-air-cylinder generally indicated at 44 and illustrated as
      connected to the respective arms 35 as at 45. Suitable air lines 46 and 47
      insure that all five of the piston-cylinder arrangements 44 are indeed
      actuated simultaneously.
PAR  As best seen in FIG. 5, a cam operated, boom support means is also
      utilized. This comprises arms 60 pivotally connected to the boom 20 as
      generally indicated at 61. Two rollers 62 and 63 are mounted on each arm
      60. Rollers 62 will engage the inner wall of the pipe 70 which is
      telescoped about the boom 20 and supported on the pipe support rollers 33,
      the boom support rollers 24 having been retracted. Rollers 63 normally
      engages cams 64 fixed on the pull rod 42. During the first spreading
      movement of the pull rod 42 the cams 64 thereon will clear the rollers 63.
      The effect of this will be to let the total boom assembly drop so that
      rest pads 65 fixed to the exterior of the boom housing will engage the
      inner wall of pipe 70 to stabilize the boom-pull rod structure during the
      spreading function, the bulk of the weight of the boom assembly being thus
      taken off the rollers 62. On the return stroke of the pull rod 42
      (retraction of the spreader arms 35), the last arm retract movement will
      disengage the rest pads 65 from the pipe so that the boom assembly is
      again supported on the rollers 62 whereby the spread pipe may be readily
      unloaded.
PAR  The various jack support assemblies 23, 24 for maintaining the boom 20 in
      position above the support roller units 30 prior to the time that the pipe
      to be acted upon is telescoped onto the boom are illustrated in some
      detail in FIG. 9. A jack support assembly 23 is provided with a roller
      support arm 48 on which the roller 24 is mounted. The jack mechanism 28,
      as actuated by the motor 25 via the elements 26 and 27, is operatively
      connected to the pivoted arm 50 which supports an hydraulic cylinder 51. A
      rod 52 extending from the hydraulic cylinder 51 is connected to the arm
      48. The roller support arm 48 and the cylinder support arm 50 are
      pivotally connected to the jack support frame 53. By this general
      arrangement, which will be understood by those skilled in the art, the
      roller 24 at each jack support station or boom elevator 23 may retract as
      the pipe is telescoped onto the boom. The arrangement also permits the
      boom to be adjusted up and down, via the motor 25 and associated
      mechanism, as desired, for basic pipe size boom setting.
PAR  By way of summary, it will be observed that the heavy duty pipe spreader
      utilizes five sets of pivoted, wedge actuated spreader arms 35. A single
      hydraulic cylinder 43 acting in line with the pull rod 42 insures
      simultaneous actuation of the spreader arms. The pivoted roller 40 mounted
      on the end of each of the spreader arms 35 eliminates excessive friction
      and marking during the spreading action. The wedges 41 fixed in the pull
      rod 42 act on the rollers 37 carried by the arms 35 to insure that the
      rollers 40 are indeed simultaneously spread even amounts. The arrangement
      44-47 insures that these arms 35 are also retracted simultaneously when
      that time comes.
PAR  It will be apparent to those skilled in the art that modifications may be
      made in this heavy duty pipe spreader without departing from the scope and
      spirit of the invention. And while the invention has been depicted in
      terms of particular structures and arrangements, the invention is not be
      limited to those structures and arrangements, except insofar as they are
      specifically set forth in the subjoined claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A heavy duty pipe spreader comprising: a base support; a boom pivotally
      connected to said base support; a plurality of like sets of spreader means
      connected to said boom and spaced there along, each of said sets comprised
      of a pair of pivoted spreader arms having pipe engaging means thereon; a
      pull rod disposed on said boom; means to reciprocate said pull rod along
      its axis relative to said boom; and like wedge means spaced along said
      pull rod for each set of spreader means, each said wedge means engaging a
      pair of said spreader arms, said wedge means being fastened to said pull
      rod; whereby when said pull rod is actuated to draw said wedge means
      towards said spreader arms said pipe engaging means are simultaneously
      brought into contact with the interior wall of a pipe telescoped onto said
      boom so as to effect the desired spreading of said pipe along its full
      length.
NUM  2.
PAR  2. The spreader of claim 1 in which each said pipe engaging means comprises
      a roller pivoted on each said pivoted arm whereby to eliminate excessive
      friction and marking when spreading.
NUM  3.
PAR  3. The spreader arm of claim 1 including a wedge roller fastened to each of
      said pivoted arms so as to be engaged by a said wedge when the pull rod
      pulls said wedges towards said pivoted arms.
NUM  4.
PAR  4. The spreader of claim 1 including actuating means for simultaneously
      retracting said pivoted arms out of engagement with the pipe when
      spreading thereof is completed.
NUM  5.
PAR  5. The spreader of claim 1 including support rollers for said boom, and
      means to retract said support rollers when pipe is telescoped onto said
      boom.
NUM  6.
PAR  6. The spreader of claim 1 including pipe rollers positioned beneath said
      boom and by which pipe telescoped on to said boom for spreading is
      supported during the spreading operation achieved by pulling said wedge
      means into engagement with said spreader arms.
NUM  7.
PAR  7. The spreader of claim 1 including a support arm pivotally connected to
      said boom, a feed roller mounted on said support arm so as to engage the
      interior wall of said pipe, cam means on said pull rod, a second roller
      mounted on said support arm and normally engaging said cam means, and rest
      pads fixed to said boom and normally spaced from the interior wall of said
      pipe by virtue of the engagement of said cam means by said second roller,
      whereby when said pull rod is actuated said cam means will clear said
      second roller and said rest pads will engage the interior wall of said
      pipe so as to stabilize said pipe and boom while spreading of said pipe
      continues and while said feed roller is clear thereof.
NUM  8.
PAR  8. A wedge pipe spreader comprising: a base support; a boom pivotally
      connected to said base support; a single pull rod on said boom; power
      means in line with and connected to said pull rod to effect reciprocation
      of said pull rod along its axis and relative to said boom; a plurality of
      like spreader assemblies spaced along said boom and pull rod, each
      spreader assembly comprising a pair of spreader arms pivotally connected
      to said boom and a wedge unit fastened to said pull rod; whereby when pipe
      is telescoped onto said boom, actuation of said pull rod by said power
      means will cause each said wedge unit simultaneously to spread a pair of
      said spreader arms into contact with said pipe so as to spread same.
NUM  9.
PAR  9. The spreader of claim 8 including a pipe engaging roller pivotally
      connected to each of said spreader arms.
NUM  10.
PAR  10. The spreader of claim 9 in which there are five of said spreader
      assemblies, and five of said wedge units, each said wedge unit having a
      pair of identical tapers at the sides thereof, and a wedge roller on each
      said spreader arm, a said taper simultaneously engaging a said wedge
      roller so that all of said spreader arms may be expanded with equal travel
      to both sides of the spreader center line.
NUM  11.
PAR  11. The spreader of claim 8 including a plurality of first adjustable
      supports disposed along said boom for supporting said boom in desired
      position; a plurality of second supports on which pipe telescoped onto
      said boom rests; and means to retract said first supports when pipe is
      telescoped onto said boom.
NUM  12.
PAR  12. The spreader of claim 11 including alignment means on said boom to aid
      in centering pipe about said boom.
NUM  13.
PAR  13. The spreader of claim 11 including means for driving all of said second
      supports to aid in telescoping pipe onto said boom.
NUM  14.
PAR  14. The spreader of claim 8 including a support arm pivotally connected to
      said boom, a feed roller mounted on said support arm so as to engage the
      interior wall of said pipe, cam means on said pull rod, a second roller
      mounted on said support arm and normally engaging said cam means, and rest
      pads fixed to said boom and normally spaced from the interior wall of said
      pipe by virtue of the engagement of said cam means by said second roller,
      whereby when said pull rod is actuated said cam means will clear said
      second roller and said rest pads will engage the interior of said pipe so
      as to stabilize said pipe and boom while spreading of said pipe continues
      and said feed roller is clear thereof.
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ABST
PAL  An improved portable peening gun characterized by a pneumatic motor, an
      axially reciprocable hammer supported to be driven by the motor from an
      initial position along a linear path, and an improved peening head
      including an axially reciprocable rod bundle coaxially aligned with the
      hammer and disposed within the path thereof. The improved head includes a
      plurality of peening rods, each being characterized by an anvil defined at
      one end thereof for receiving the hammer in impacting engagement, and a
      peening surface defined at the other end of a configuration substantially
      conforming to a segment of a sphere having a radius substantially equal to
      one-half the thickness of the rod, a barrel for supporting the rod bundle
      for axial reciprocation, and a helical spring disposed within the barrel
      for urging the bundle in displacement toward its initial position.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention generally relates to peening hammers and more particularly to
      a portable peening hammer having an improved peening head through the use
      of which is achieved effects similar to the effects achieved when
      employing shot-peening systems.
PAR  As is well understood by those familiar with metal working arts, peening is
      a process through which residual compressive stresses are imparted to the
      surface of ductile materials by striking the surface with an object having
      a hemispherical configuration. For example, the process often is performed
      simply by striking the surface of a selected ductile metal with a
      hemispherical head of a ball peen hammer.
PAR  Of course, other techniques are employed where so desired. Such techniques
      include the use of systems wherein steel shot is propelled at a high
      velocity against the surface of the metal being peened. In practice, the
      velocity is imparted to the shot through the use of streams of pressurized
      air, centrifugal force, streams of water at high pressures, and, of
      course, the forces of gravity.
PAR  Unfortunately, the equipment and tooling required in order to utilize
      pneumatic, centrifugal, hydraulic and gravity-propelled shot is dangerous,
      bulky, expensive, and frequently too difficult to control, particularly
      when peening small surface areas such as those found on thin forging pads
      provided for space vehicles. For example, shot peening processes often
      require the use of stationary systems located in workshops and the like.
      Hence components to be peened must be transported from a given location to
      a shop, often remotely located. Moreover, as can readily be appreciated,
      the high velocity of the shot and the high pressures of the streams of air
      and water employed in propelling the shot creates a safety hazard, and, of
      course, the spent shot tends to contaminate the immediate vicinity.
      Another disadvantage encountered when employing shot-peening systems is
      attributable to the fact that spent shot tends to establish a protective
      shield for a surface being peened so that a loss of energy and change of
      direction is experienced by live shot striking spent shot. Thus the
      effectiveness of such systems is substantially reduced.
PAR  As should, therefore, readily be apparent, there currently exists a need
      for an improved portable peening gun which can be transported and readily
      employed in manually performing peening operations for thereby avoiding
      the difficulties heretofore encountered in employing shot-peening
      equipment.
PAR  It is, therefore, the general purpose of the instant invention to provide
      an improved portable peening gun capable of being employed for effectively
      and rigidly peening the surface areas of components mounted in fixed
      relation with supporting structure, for example, thin forgings mounted on
      Saturn S-1B vehicles.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the instant invention to provide an improved portable
      peening gun which overcomes the aforementioned difficulties and
      disadvantages.
PAR  It is another object to provide a portable peening gun which can readily be
      employed in performing manual peening operations.
PAR  It is another object to provide an improved method of performing manual
      peening operations.
PAR  It is another object to provide a lightweight, hand-held inexpensive
      peening gun having an improved peening head for use in manually peening
      relatively small surfaces.
PAR  It is another object to provide a practical, economic, and manually
      operable, hand-held peening gun having an improved peening head which
      safely and effectively can be employed in peening small surfaces of
      ductile material for imparting residual compressive stress thereto,
      similar in effect to the effects achieved through a use of shot-peening
      systems.
PAR  These and other objects and advantages are achieved through a portable
      peening gun of a type having an improved peening head which includes an
      axially reciprocable rod bundle, coaxially aligned with a pneumatically
      driven hammer, including a plurality of peening rods, each being
      characterized by an anvil defined at one end thereof for receiving the
      hammer in impacting engagement and a peening surface defined at the
      opposite end having a configuration substantially conforming to a segment
      of a sphere having a radius of curvature substantially equal to one-half
      the thickness of the peening rod, as will hereinafter become more readily
      apparent by reference to the following description and claims in light of
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial view of a pneumatic system within which there is
      connected a portable peening gun embodying the principles of the instant
      invention.
PAR  FIG. 2 is a side elevation, on an enlarged scale, of the peening gun shown
      in FIG. 1.
PAR  FIG. 3 is a fragmented, cross-sectional view of a peening gun shown in FIG.
      2, depicting a pneumatic motor, an axially reciprocable hammer, and a rod
      bundle supported by a concentrically related barrel and return spring.
PAR  FIG. 4 is a partially sectioned, elevational view, on an enlarged scale, of
      the rod bundle shown in FIG. 3.
PAR  FIG. 5 is an end view of the rod bundle shown in FIGS. 3 and 4.
PAR  FIG. 6 is a fragmented view of a peening rod included within the rod bundle
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like reference characters designate
      like or corresponding parts throughout the several views, there is shown
      in FIG. 1 a peening gun, generally designated 10, which embodies the
      principles of the instant invention.
PAR  As shown in FIG. 1, the peening gun 10 is connected through a pressure hose
      12 with a pneumatic system, generally designated 14. The system 14, as a
      practical matter, includes a line within which there is connected an air
      gauge 16 and a pressure regulator 18 through which the pressure of air
      delivered by the system to the peening gun 10, via the pressure hose 12,
      can readily be adjusted to a preselected value. Since the system 14 forms
      no specific part of the instant invention, a more detailed discussion
      thereof is omitted in the interest of brevity.
PAR  Referring now to FIG. 2, the peening gun 10 includes a tubular housing 20
      within which there is disposed a pneumatic motor 22, FIG. 3. The motor is,
      of course, connected with the pressure hose 12 through a suitable fitting
      24 while the on-off operation is selectively controlled by a trigger arm
      25. From the motor 22 there is extended a hammer, generally designated 26,
      supported for axial reciprocation along a rectilinear path. It is to be
      understood that the motor 22 is of any suitable design and serves to
      impart reciprocatory motion to the hammer 26 in response to air under
      pressure delivered thereto via the pressure hose 12. Since pneumatic
      motors capable of imparting rectilinear reciprocation to an axially
      reciprocable hammer are well known, and the motor 22 is, in practice,
      varied as desired, a more detailed description thereof is omitted, also in
      the interest of brevity.
PAR  The hammer 26 includes an elongated shaft 28 connected with the motor 22
      and terminating in a disk-shaped head 30 disposed immediately adjacent to
      a rod bundle, generally designated 32. Preferably, the hammer 26 is
      supported for axial reciprocation by an annular bearing 34 seated within
      the housing 20, adjacent to the distal end thereof, through which is
      extended the shaft 28. Thus rectilinear motion of the hammer is
      facilitated.
PAR  The rod bundle 32 includes a clustered plurality of peening rods 36
      disposed in substantial parallelism. As best shown in FIG. 6, each of the
      peening rods 36 is of a cylindrical configuration and is provided at one
      end with an anvil 38 while a peening surface 40 is provided at the
      opposite end of the rod for engaging a surface to be peened.
PAR  It is important to note that the peening surface 40, for each of the
      peening rods 36, is of a hemispheric configuration having a radius equal
      to one-half the thickness of the peening rod in order to assure that as
      peening occurs substantially uniformly configured indentations are formed
      in the surface. Consequently, the effect achieved through the use of the
      peening rods 36 is substantially the same as the effects achieved when
      performing shot-peening operations.
PAR  The anvil 38 for each of the peening rods 36 includes a tapered portion
      terminating in spaced relation with a face 42, of a substantially planar
      configuration, against which the head 30 of the hammer 26 is caused to
      impact as reciprocatory motion is imparted thereto. It is here noted that
      the peening rods 36 are supported within a plurality of uniformly spaced
      openings 44 formed in a disk-shaped retainer 46. It will be appreciated,
      therefore, that each of the openings 44 of the retainer 46 is suitably
      tapered to a frusto-conical configuration for receiving the tapered
      portion of an anvil 38 with the face 42 thereof being projected from the
      face, not designated, of the retainer 46.
PAR  The rod bundle 32 is received in a confined relationship within a
      concentrically related barrel 48, which is, in turn, received in
      telescopic relation, by the housing 20. As a practical matter, the barrel
      48 includes a base segment 49 having an internal diameter substantially
      equal to the outside diameter of the housing 20, and a distal segment 50
      having an internal diameter substantially equal to the outside diameter of
      the rod bundle 32. Thus, the peening rods 36 are, in effect, confined
      within the distal segment 50, of the barrel 48, and guided thereby as
      axial motion is imparted to the rod bundle, for thus displacing it from an
      initial position, in response to a simultaneous impacting engagement of
      the head 30, of the hammer 26, with the faces 42 of the peening rods 36.
PAR  In order to assure that the rod bundle 32 is returned to its initial
      position, a helical spring 52 is provided in concentric relation with the
      rod bundle 32 and is seated on the retainer 46. Where so desired, a collar
      54 is machined or otherwise provided within the barrel 48 for engaging the
      opposite end of a helical spring 52. Thus the spring 52 acts against the
      retainer 46 as it is driven toward the distal segment 50 of the barrel 48
      in response to an impacting engagement therewith of the head 30 of the
      hammer 26.
PAR  As a practical matter, the reactive forces developed by the helical spring
      52, as motion is imparted to the rod bundle 32, are controlled through a
      selective repositioning of the barrel 48, relative to the housing 20. In
      practice, an adjusting slot 56, having axially spaced shoulders, not
      designated, is formed in the barrel 48 and received by a stop 58 mounted
      on and projected from the housing 20. Consequently, the kinetic energy
      stored in the spring 52, during a given cycle of operation, can be varied
      simply by axially repositioning the barrel 48 and locking it in place,
      relative to the housing 20, by permitting a selected shoulder of the slot
      56 to seat against the stop 58.
PAC  OPERATION
PAR  It is believed that in view of the foregoing description the operation of
      the device will readily be understood and it will be briefly reviewed at
      this point.
PAR  With the peening gun 10 assembled in the manner hereinbefore described, the
      rod bundle 32 is readied for operation simply by positioning the peening
      surfaces 40 of the peening rods 36 into engagement with a selected surface
      to be peened. Pneumatic pressure is then selectively delivered to the
      motor 22 simply by depressing the trigger arm 25 for thereby delivering
      air under pressure to the motor 22. As air under pressure is delivered to
      the motor 22 a power stroke is imparted to the hammer for causing it to
      impact against the faces 42 of the peening rods 36 whereupon the rod
      bundle 32 is driven from its initial position. As the rod bundle 32 is
      advanced in response to the impacting engagement of the hammer 26 the
      peening surfaces 40 of the peening rods 36 impact against the surface to
      be peened. The spring 52 now becomes effective for driving the rod bundle
      in a return stroke toward the initial position from which it was driven by
      the motor 22.
PAR  As the hammer 26 is caused to reciprocate, in the manner aforedescribed,
      the head 30 impacts repetitiously against the faces 42 of the peening rods
      36 for repeatedly driving the rod bundle 32 in an axial direction toward
      the surface to be peened. Of course, the pressure of the air delivered to
      the motor 22, via the pressure hose 12, is varied as desired for
      controlling the depth of the indentations thus created in the surface.
      Thus tearing of the surface is avoided. The rate at which the strokes are
      imparted to the rod bundle 32 is varied simply by repositioning the barrel
      48, relative to the housing 20.
PAR  In view of the foregoing, it should readily be apparent that the peening
      gun of the instant invention provides a practical solution to the
      perplexing problem of economically and safely performing peening
      operations for peening small surfaces without necessitating a use of
      large, complex, and bulky shot-peening equipment.
PAR  Although the invention has been herein shown and described in what is
      conceived to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of the
      invention, which is not to be limited to the illustrative details
      disclosed.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a portable peening gun of the type having a hammer supported for
      axial reciprocation along a rectilinear path and a pneumatic motor for
      driving the hammer in a first direction along the rectilinear path, the
      improvement comprising:
PA1  A. an axially reciprocable rod bundle including a plurality of peening
      rods, each being characterized by an anvil defined at one end thereof for
      receiving the hammer in impacting engagement as the hammer is driven in
      said first direction;
PA1  B. means supporting said rod bundle within the path of said hammer
      including a barrel of a substantially tubular configuration supported in
      coaxial alignment with the hammer and concentrically related to the rod
      bundle;
PA1  C. a retainer for confining the plurality of peening rods in closely spaced
      relation within the bundle, including a retainer of a disk-shaped
      configuration and characterized by a plurality of uniformly spaced bores
      extended therethrough for receiving the peening rods;
PA1  D. means for driving said hammer in a second direction, opposite to said
      first direction, including a helical spring disposed within the barrel in
      concentric relation with the rod bundle seated against the retainer for
      continuously urging said bundle in displacement toward said hammer; and
PA1  E. means defining a peening surface of a substantially hemispheric
      configuration at the end of each of said peening rods, opposite said one
      end, characterized by a radius substantially equal to one-half the
      thickness of the rod at the end of which the surface is defined.
NUM  2.
PAR  2. In a method of peening the surface of a metallic body for inducing
      therein residual compressive stresses, the step of:
PA1  simultaneously impacting against a selected surface of a metallic body to
      be peened, a closely spaced plurality of peening surfaces of hemispheric
      configurations defined at the ends of a plurality of axially
      reciprocating, closely spaced peening rods for thus forming in said
      selected surface a plurality of closely spaced indentations of
      substantially hemispheric configurations, whereby residual compressive
      stresses are imparted to the surface of said body.
PATN
WKU  039370569
SRC  5
APN  5618649
APT  1
ART  321
APD  19750325
TTL  Workpiece translation mechanism for transfer die press
ISD  19760210
NCL  2
ECL  1
EXA  Crosby; Gene P.
EXP  Lanham; C. W.
NDR  2
NFG  3
INVT
NAM  Henzler; William G.
CTY  Sylvania
STA  OH
INVT
NAM  Parker; Robert A.
CTY  Toledo
STA  OH
ASSG
NAM  Henzler Mfg. Corporation
CTY  Toledo
STA  OH
COD  02
CLAS
OCL   72405
XCL   72419
EDF  2
ICL  B21D 4305
FSC   72
FSS  405;419;421
FSC  214
FSS  1 BC;1 B
UREF
PNO  3011464
ISD  19611200
NAM  Danly
OCL   72405
UREF
PNO  3079817
ISD  19630300
NAM  Sanford
OCL   72405
UREF
PNO  3105399
ISD  19631000
NAM  Strugala
OCL   72405
UREF
PNO  3385094
ISD  19680500
NAM  Brutting
OCL   72419
UREF
PNO  3422657
ISD  19690100
NAM  Grombka
OCL   72405
UREF
PNO  3434328
ISD  19690300
NAM  Taniguchi
OCL   72405
UREF
PNO  3541834
ISD  19701100
NAM  Wallis
OCL   72405
UREF
PNO  3834213
ISD  19740900
NAM  Henzler
OCL   72405
ABST
PAL  This invention relates to a workpiece translation mechanism for moving
      successive workpieces through successive stations of a transfer stamping
      die. Workpiece engaging mechanisms are provided on a top subframe which is
      mounted on an intermediate subframe for horizontal motion parallel to the
      path of the workpieces through the transfer die. The intermediate subframe
      is mounted on a bottom subframe for horizontal reciprocating movement
      transverse to the path of the workpieces. The bottom subframe is mounted
      for relative vertical reciprocating motions with respect to the bed of the
      transfer press. Appropriate mechanical driving arrangements are provided
      for both the top and intermediate subframes so that both horizontal
      movements are respectively accomplished with an harmonic acceleration and
      deceleration of the respective subframes so that they are at essentially
      zero velocity when they reach each extreme of their reciprocatory
      positions. In this manner, the possibility of the workpiece being
      inaccurately aligned with the station of the transfer stamping die is
      substantially minimized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Transfer stamping dies have long been utilized in the metal stamping
      industry. There have been a number of mechanisms heretofore proposed for
      automatically effecting the movement of a workpiece through the successive
      stations of a transfer die. See for example, the disclosure of U.S. Pat.
      No. 3,834,213, issued to Henzler et al. It is essential that the workpiece
      engaging mechanism be moved laterally relative to the flow of the
      workpieces through the press to engage the workpieces when the movable die
      of the press is in its raised or inactive position. This engagement motion
      should not be rough or forcible so as to either damage the workpiece or
      dislodge it by impact from proper engagement by the workpiece engaging
      mechanism. Thereafter, it is necessary that the workpiece be lifted from
      the die stations in which they have last been worked upon by vertical
      motion. It then becomes essential that the workpieces be horizontally
      translated to exactly overlie the next workpiece station. Again, the
      motion by which this step is accomplished should preferably involve a
      harmonic deceleration of the workpieces so they are at essentially zero
      velocity when they reach the new transfer position. From this position,
      the workpieces must be moved vertically downwardly into the next
      respective stations of the transfer die so that they are ready to receive
      the forming blow from the next reciprocation of the movable die part of
      the stamping press, and, of course, the workpiece engaging mechanism has
      to be moved out of the path of the moving die or plunger of the press.
PAC  OBJECTS OF THE INVENTION
PAR  In accordance with this invention, the workpiece translating mechanism
      comprises a first subframe which carries the workpiece engaging mechanism
      and is mounted for horizontal reciprocal motion in a direction parallel to
      the flow of the workpieces through the transfer die by a sliding
      connection to a second subframe. The second subframe is mounted for
      horizontal reciprocating motion perpendicular to the flow of the
      workpieces through the transfer die on a third subframe. The driving
      mechanism for accomplishing the horizontal reciprocating motions of both
      the first and second subframes are constructed to impart harmonic
      accelerations and decelerations of such workpieces so that when they reach
      the extreme limits of their reciprocatory motions, they are at
      substantially zero velocity and also accurately positioned at the proper
      point relative to the forming stations of the transfer die.
PAR  Accordingly, it is an object of this invention to provide an improved
      workpiece translating mechanism for a transfer die.
PAR  A particular object of this invention is to provide a workpiece translation
      mechanism for a transfer stamping operation, wherein all of the horizontal
      motions of the workpiece required in shifting same from one work station
      in the transfer die to the next, are carried out by harmonic motions
      having substantially zero velocity at each extreme end of the
      reciprocatory movements.
DRWD
PAR  Other objects and advantages of this invention will become apparent from
      the following description, taken in conjunction with the annexed sheets of
      drawings, on which:
PAR  FIG. 1 is a schematic perspective view of a workpiece translation mechanism
      embodying this invention.
PAR  FIG. 2 is a partial sectional view taken on the plane 2--2 of FIG. 1.
PAR  FIG. 3 is a partial sectional view taken on the plane 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, a base plate 10 is provided which can be either
      mounted on the platen of a multistation forming press or mounted on a
      suitable base adjacent such forming press (not shown). The forming press
      is assumed to have three successive work stations so that a plurality of
      four aligned workpiece engaging mechanisms 30 are provided to move the
      workpieces (not shown) successively into and out of each work station.
      Each mechanism 30 may be magnetically or vacuum operated and is suitably
      mounted on a projecting arm 31 of a movable support frame 32.
PAR  Those skilled in the art will recognize that it is necessary to impart a
      repeated rectilinear motion in a vertical plane to the workpiece support
      frame 32 in order to sequentially and successively advance workpieces
      carried by the workpiece engaging mechanism 30 through the successive
      stations of the multistation forming die (not shown). Additionally, the
      frame 32 must reciprocate on a path transverse to the workpiece flow so as
      to remove the workpiece engaging mechanisms from interference with the
      moving die part or plunger of the forming press. A series of relatively
      movable subframes are provided to permit such rectilinear and transverse
      motions to be imparted to the workpiece support frame 32. The first of
      such subframes 15 is of U-shaped articulated construction, comprising an
      end plate 15a and two spaced parallel side rods 15b respectively secured
      to the ends of the end plate 15a. A pair of blocks 16 are respectively
      mounted on the other ends of side rods 15b. Blocks 16 in turn are mounted
      on the top of posts 11b which are slidably mounted in upstanding guide
      blocks 11a provided on the two corners of the base plate 10.
PAR  At each end of the endplate 15a, a depending rack 17 is integrally mounted
      which is engaged by a gear 18a, which is in turn driven by a gear 18b
      engaged by a rack 19b controlled by rod 19a of a double rod hydraulic
      cylinder 19. The opposite rod 19c of the hydraulic cylinder 19 moves a
      rack 19d which drives a similar pair of gears 18'b and 18'a. Gear 18'a
      operates on a depending rack 17' secured to the blocks 16 at the corner of
      the subframe 15. The same mechanism is provided for the other side of
      frame 15, thus first subframe 15 is mounted for vertical reciprocating
      movements relative to the multistation die (not shown).
PAR  The parallel side rods 15b of the first subframe 15 provides means for
      slidably mounting a rectangular intermediate subframe 20. Subframe 20 has
      slide bearing brackets 20a secured to its side walls and respectively
      slidably engaging the rods 15b so as to permit the intermediate subframe
      20 to move in a direction perpendicular to the flow of the workpieces
      through the transfer die. The mechanism for imparting the transverse
      horizontal reciprocating motion to the intermediate subframe 20 will be
      described shortly.
PAR  The workpiece support frame 32 is slidably mounted on a pair of vertically
      spaced, longitudinally extending rods 20b provided on the interior of the
      rectangular intermediate subframe 20. Mounting brackets 33 are integrally
      secured to the workpiece support subframe 32 and each has a J-shaped
      depending portion 33a, which extends downwardly and around the front wall
      20c of the intermediate subframe 20 and slidably engages the bottom rod
      20b, and another portion 33b which projects over and behind front wall 20c
      and is slidably journalled on the top slide rod 20b. Thus the workpiece
      support frame 32 is mounted for horizontal reciprocal movements parallel
      to the flow of workpieces through the transfer die.
PAR  In accordance with this invention, the driving mechanisms for both the
      intermediate subframe 20 and the workpiece support frame 32 are designed
      to provide harmonic acceleration of such frames with the primary
      characteristic that the horizontal velocity of the workpiece support frame
      is substantially zero when it approaches any extreme of its horizontal
      positions.
PAR  Accordingly, the drive mechanism for the workpiece support frame 32
      comprises an angular type hydraulic cylinder 34 mounted on a plate 20d
      secured to the intermediate frame 20. Cylinder 34 is of the type producing
      a 180.degree. rotational movement of an output shaft 34a. A crank arm 34b
      is keyed to output shaft 34a and connected by a link 34 to an appropriate
      bracket 33d provided on the workpiece support frame mounting bracket 33d.
      Thus, as the crank arm 34b is reciprocated through a 180.degree. stroke,
      the resulting motion imparted to the workpiece support frame 32 is a
      horizontal reciprocal linear motion, but the workpiece support frame 32 is
      at essentially zero velocity as it approaches each of its extreme
      positions.
PAR  In similar fashion, an angular hydraulic actuator 26 is provided for the
      intermediate support frame 20. Actuator 26 is mounted on a support plate
      15e which is secured to the primary subframe 15. It comprises a hydraulic
      cylinder having an output shaft 26a and an arm 27 secured thereto and
      reciprocating through a 180.degree. angular movement. The other end of arm
      27 mounts a roller 28 which slidably engages a slot 29a formed in a plate
      29 attached to the end wall of the intermediate frame 20. Thus, as the
      cylinder 26 is actuated, the intermediate frame 20 is reciprocated in a
      direction perpendicular to the flow of workpieces through the transfer
      die, but more importantly, the velocity of the intermediate frame 20 as it
      approaches either of its two extreme horizontal positions is essentially
      zero due to the harmonic motion imparted by the angular hydraulic actuator
      26.
PAR  Appropriate conventional hydraulic controls (not shown) are provided for
      each of cylinders 19, 26, and 34 to operate such in proper sequence to
      accomplish the desired translation movement of the workpieces.
PAR  While the specific embodiment of the invention illustrated in the drawings
      and herein described calls for the workpiece support frame to be moved
      parallel to the flow of the workpieces through the transfer die and the
      intermediate support frame to be moved perpendicular to such flow, it will
      be apparent to those skilled in the art that these two motions could be
      readily reversed, i.e., the workpiece support frame 32 could be mounted on
      the intermediate frame 20 to provide a harmonic reciprocating motion in a
      direction transverse to the flow of the workpieces and the intermediate
      subframe 20 be mounted relative to the primary subframe so as to move in a
      direction parallel to the flow of the workpieces through the transfer die,
      and the appended claims are intended to cover either of these alternative
      arrangements.
PAR  The important fact is that all horizontal motions of the workpiece engaging
      mechanisms 30 approach substantially zero velocity each time that the
      workpiece engaging mechanism approaches the next work station, or when the
      workpiece engaging mechanism approaches the workpiece (not shown) to
      engage same. It is thus insured that the workpiece will not be damaged or
      jarred out of proper position by an impact engagement of the workpiece
      holding mechanism therewith or moved to an improper position with respect
      to the forming stations in the forming die due to sudden deceleration of
      the motion of the workpiece support as it approaches such station. Thus
      the accuracy of the workpiece translation movement through the forming die
      has been substantially improved.
CLMS
STM  We claim:
NUM  1.
PAR  1. A workpiece transfer mechanism for a multistation die of a transfer
      press comprising, in combination:
PA1  1. A main frame structure disposed adjacent said transfer press and fixedly
      secured relative thereto;
PA1  2. A first subframe disposed in overlying relationship to said main frane,
      first power means for vertically reciprocating said first frame relative
      to said main frame, the extent of said vertical movement corresponding to
      the vertical movement required to lift a workpiece out of a die station;
PA1  3. A second subframe slidably mounted on said first subframe for horizontal
      reciprocating movement in a direction transferse to the progressive
      movement of the workpieces through the successive stations of said die,
      second power means for reciprocating said second subframe, said second
      power means including linkage means for accelerating and decelerating said
      second subframe so that said second subframe approaches each end of its
      stroke with essentially zero velocity; and
PA1  4. A third subframe slidably mounted on said second subframe for horizontal
      reciprocating movement in a direction parallel to the progressive movement
      of the workpieces through the successive stations of said die, a plurality
      of workpiece holders mounted on said third subframe and projecting toward
      said die, the stroke of said movement of said third subframe being equal
      to the spacing of the stations of said die, third power means for
      reciprocating said third subframe through said stroke, said third power
      means including linkage means for accelerating and decelerating said third
      subframe so that said third subframe approaches each end of its stroke
      with essentially zero velocity.
NUM  2.
PAR  2. The combination defined in claim 1, wherein said linkage means comprises
      a power actuated pivoted arm reciprocal through a 180.degree. horizontal
      arc and means pivotally interconnecting the free end of said arm to the
      respective subframe.
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ABST
PAL  A manipulator system for automatically feeding blanks into a gap press and
      for collecting finished articles therefrom has two major parts. The first
      part is a revolver table and the second part is an automatic handling
      device, or robot. The revolver table should be located between the press
      and the robot. It is stepwise rotatable around a vertical axis and has a
      number of arms each carrying a set of tools. The robot has at least two
      arms swingable around a vertical axis between positions for collecting
      blanks, for temporary holding of semiprocessed articles, as well as for
      placement of blanks and semifinished articles between selected tool sets
      on the arms of the revolver table and for sequential working in the press
      and for delivery of finished articles.
BSUM
PAR  The present invention relates to a manipulator system adapted to cooperate
      with a gap press for the purpose of feeding into and out from the press
      workpieces which in the press should be subjected to a number of
      consecutive working operations.
PAR  In the machine shop industry there are carried out many types of working
      operations in which a given workpiece is worked upon in a press two or
      more times. It is here important to observe that the press need by no
      means always carry out a pressing operation in the strict sense of that
      word. Rather, as is well known, a press can also be equipped with tools
      carrying out cutting or folding operations. Various parts of automobile
      car bodies, especially side-doors and doors for the engine and luggage
      compartments, exemplify workpieces which are typically subjected to
      several consecutive working operations in a press. The usual procedure is
      to start from a flat blank which has initially been cut to its approximate
      final dimensions. By means of the press, the blank is then subjected to
      several consecutive treatments such as by way of example preforming, deep
      drawing, bending, cutting and final or finish adjustment. The prior art
      presently relies on either of two different basic principles for carrying
      through such a complete working operation.
PAR  The first principle involves using one and the same press for a plurality
      of different working cycles. This naturally means that the tools of the
      press have to be exchanged when a switch is made from one working step to
      a different one. Even if car body components consist of thin sheet metal
      the various parts are typically of large dimensions which calls for the
      use of heavy equipment in the form of large presses and tools. The
      corresponding great weights of the tools -- often of the order of
      magnitude of tons -- makes tool exchange a complicated procedure
      necessitating reliance on special auxiliary equipment such as travelling
      cranes and tool transport carts. For those reasons and since exchange of a
      tool is also a rather time-consuming procedure it is desirable to reduce
      the number of tool replacements. In other words this means that a given
      workpiece, which in one single press shall be subjected to a plurality of
      working steps requires a very long time for the complete treatment as all
      of the workpieces must be temporarily stored in the vicinity of the press
      until all of them have passed through all of the treatment steps. One
      obvious drawback is that large storing spaces are required. Further, as
      has already been indicated, the long run-through time ties up capital in
      large amounts of semiprocessed articles.
PAR  According to the second main principle, the one which presently dominates
      within the car industry, the disadvantages above discussed, namely
      frequent tool exchanges, long run-through times, etc., are avoided. This
      has been achieved in the way that a different press is used for each
      individual working step. Accordingly, as long as a press line comprising
      the required number of presses is busy manufacturing a given article and
      no tool is damaged there is no need to replace any tool until, after a
      very long time, this becomes necessary due to wear. However, there do on
      the other hand appear several other disadvantages the major one being
      naturally the multiplied requirement for capital investment and the
      increased required floor space. A further drawback is that, as a rule,
      such a press line gets such an excess capacity that the use thereof cannot
      be limited to one specific article only. Accordingly, even if each
      individual workpiece can pass along all of the press line without any
      interruption for the exchange of tools such an exchange has to be
      performed when the press line is to be adapted to working on a different
      article. It is not unusual in that way to manufacture five to six
      different articles in one and the same press line. As is easily realized,
      in order for satisfaction of the condition that each of those articles
      shall be available through the complete time span during which the presses
      are occupied by manufacturing the other articles, each manufacturing
      series must be relatively long. This calls for the establishment of
      corresponding intermediary stores. The disadvantages of that principle can
      accordingly be summarized as high investments for the machinery, a
      necessity to use the machinery for a plurality of different articles,
      access to storing spaces and corresponding interest costs.
PAR  The main object of the invention is to provide a manipulator system making
      it possible in a highly rational way to use one single press for
      performing a plurality of working steps without any passive time interval
      for tool exchange.
PAR  A further object of the invention is to provide a manipulator system
      capable of serving the press in a fully automatic way by supplying to the
      press blanks which are worked upon through the different steps, by
      permitting rapid and automatic tool exchange and by finally delivering the
      finished articles.
PAC  SUBJECT WRITTEN OF THE INVENTION
PAR  The press used is a gap press and it cooperates with a manipulator system
      comprising on the one hand a turret, or revolver table and, on the other,
      an automatic loader or handling apparatus, referred to as a robot. The
      revolver table is rotatable in a stepwise manner around a vertical axis
      and it has a number of arms corresponding to the number of working steps.
      Each of those arms support a tool set which can be swung into the press
      gap. The robot has at least two arms which are mounted for a swinging
      movement around a vertical shaft between positions corresponding to four
      various functions, namely collection of blanks, temporary holding of a
      semiprocessed blank, interchange of workpieces in an adjacent arm of the
      revolver table, and delivery of a finished article.
PAR  According to a preferred embodiment of the invention the turret, or
      revolving table is designed so that press dies or opposed press tools of
      each tool or die set can assume two different relative positions outside
      the press gap. In one of those positions the two tools are at a large
      mutual distance which is necessary for the robot to shift workpiece or,
      alternatively, significantly facilitates that operation of the robot. In
      the second position the two tools are closely adjacent and loaded with a
      workpiece. Thanks to the fact that the tools, after having received a
      workpiece not yet worked upon, are moved towards each other into a
      stand-by position in which they can both contact the workpiece and,
      reversely, thanks to the fact that the tools upon a completed working step
      are moved out from the press gap and not until there are separated as
      called for by the robot, the stroke of the press could be significantly
      reduced, by way of example to about 40% of the value necessary when the
      present invention is not applied. That preferred embodiment of the
      invention results in an optimized operation of the complete plant
      comprising the manipulator and the press served thereby.
PAR  Further objects, advantages and characteristics of the invention will
      appear from the following description when read in conjunction with the
      accompanying drawings. It should be pointed out here that the drawing has
      been made rather diagrammatic because the purpose of it is to illustrate a
      new working principle of a system the various components of which can be
      of conventional design.
DRWD
PAR  FIGS. 1-7 are top views illustrating the operation of the system by showing
      the different steps making up the working cycles of the revolver table and
      of the robot.
PAR  FIG. 8 is a perspective view showing the complete system and also a gap
      press served thereby.
DETD
PAR  The manipulator system shown in the general drawing of FIG. 8 comprises two
      main portions, namely on the one hand a tool holder 5 operating according
      to the revolver principle and, on the other, a robot 8. Those two devices
      do together automatically serve a gap press 7 by successively feeding into
      the gap of the press the necessary tools and the workpieces.
PAR  Revolver 5 does according to the embodiment here illustrated comprise four
      arms 1, 2, 3 and 4 which are arranged crosswise. Each of the arms carries
      a tool set at its free end, generally an upper tool and a lower tool. The
      tools have not been shown in greater detail, since their exact shape is
      completely immaterial in the present context. As is understood, when the
      individual ones of the tool sets are actuated upon by press 7 they perform
      a working operation on the workpiece. It should be observed that it is,
      however, not any characteristic of the invention to use a revolver
      comprising four arms. On the contrary, the skilled artisan will understand
      that the number of arms can be varied depending on the actual conditions
      and be greater as well as less than four. At any rate, revolver 5 performs
      consecutive introduction of each of the tool sets into the gap of press 7
      or, stated in other words, it carries out exchange of the tools in the
      press.
PAR  The task which robot 8 has to perform is to exchange workpieces in the arms
      of the revolver upon passage of a revolver arm past the robot. The
      principle according to which that shifting takes place will be described
      in greater detail below. From the above description it should, however, be
      apparent that the complete manipulator system is capable of shifting tools
      in the press and shifting workpieces in the tools in a fully automatic
      manner. Revolver 5 is adapted for stepwise rotation around a vertical
      shaft 6 and that rotational movement is unidirectional as has been marked
      with an arrow. Robot 8 has two arms 10 and 11 which can oscillate around a
      second vertical shaft 9. However, robot 8 performs two further functions
      in addition to the one already dealt with, to exchange workpieces in the
      revolver thereby assuring that a given workpiece which has been subjected
      to a certain working step in a certain tool set is transferred to the tool
      set which is to perform the next working step. The first one of those two
      additional functions is that robot 8 loads the revolver with blanks by
      collecting blanks from a blank store 12 and moving each collected blank to
      the revolver where it is received by the tool set designed to carry out
      the first operational step. The second additional function is that robot 8
      receives a workpiece which has been subjected to all of the working steps
      and transfers that finished workpiece to a conveyor 13.
PAR  The basic operation of the manipulator system has been stated above in
      broad terms. For the purpose of further to illustrate the invention and to
      facilitate the understanding thereof the operation will now be described
      in greater detail with reference to the specific embodiment here selected
      for the purpose of exemplifying the practical working of the invention.
PAR  FIG. 1 shows an initial position in which arm 1 of revolver 5 is located in
      the gap of press 7 and there holds a workpiece A. That workpiece has at
      the stage shown in FIG. 1 not yet been actuated by the tools gripping it.
      The same applies to workpiece B which is in revolver arm 2 and which has
      in a precedent cycle been treated by the tools of arm 1. For the purpose
      of still further to facilitate the following description of the operation
      the actual state of treatment of each individual workpiece has also been
      shown in a pictorial manner, more specifically in the way that each
      workpiece has been symbolized by a rectangle having two diagonals and the
      area of each such rectangle has been shadowed corresponding to the number
      of operation steps performed. Accordingly, a rectangle which is not
      shadowed at all refers to a complete unwrought blank. A workpiece which
      has been subjected to the first step has been shadowed within one quarter
      of its area --  such as shown at B in arm 2 according to FIG. 1.
      Correspondingly, workpieces shadowed to 50%, 75% and 100% are such which
      have been subjected to 2, 3 and 4, respectively, of the totally four
      working steps. It appears from FIG. 1 that workpieces D and E -- which,
      counted in the rotational direction of the revolver, are located
      downstream of the press gap -- have already been actuated upon by the
      tools carrying them at that stage.
PAR  The two robot arms 10 and 11 are rigidly interconnected for reciprocating
      swinging movements around vertical shaft 9 and at their free ends provided
      with means for gripping the workpieces. Those means do not constitute any
      part of the present invention and can be of any known or suitable type,
      such as pneumatic suction cups or electromagnets. They have in FIG. 1 been
      shown each holding one workpiece. According to the illustrated embodiment
      the vertical shaft of the working cylinder of the press and shafts 6 and 9
      are located along a straight line. Robot arm 10 does in FIG. 1 cooperate
      with revolver arm 3 opposite to arm 1 which is received in the gap of the
      press. Arm 10 holds workpiece D which, as has already been mentioned above
      and as is apparent from the symbols used, has been subjected to three of
      the totally four working steps. Robot arm 11 is temporarily holding a
      workpiece C which it has collected from arm 2 when the latter was in the
      position now assumed by arm 3. Arm 11 temporarily holds workpiece C in a
      position above conveyor 13 and blank store 12.
PAR  There are two differences between FIG. 2 and FIG. 1. Firstly, workpiece A
      has been treated in the press by the tools of arm 1 which has accordingly
      been indicated in the way that 25% of the corresponding rectangle is
      shadowed. Secondly, robot arms 10 and 11 have been rotated through
      90.degree. counter-clockwise so that arm 11 holding workpiece C is now
      between the tools of revolver arm 3 whereas arm 10 is temporarily holding
      workpiece D which is due for receipt by the tools of revolver arm 4.
      Workpiece C, which already has been subjected to two operation steps, is
      accordingly now introduced into the proper tool set for being subjected to
      the third step.
PAR  FIG. 3 illustrates an intermediate position corresponding to a rotation
      through 45.degree. of the revolver table. Robot arm 11 has now released
      workpiece C which is transferred by revolver arm 3. Apart therefrom the
      conditions are the same at robot 8.
PAR  According to FIG. 4 revolver table 5 has completed rotation through
      90.degree. as compared to FIGS. 1 and 2. The workpiece B which has so far
      been subjected to one working step is now located in the press gap between
      the tools carried by arm 2. Robot arms 10 and 11 assume the same
      rotational positions as in FIG. 3 which means that workpiece D subjected
      to three operational steps is still in a stand-by position swung away from
      revolver 5. Arm 11 grips workpiece E upon which all the four operational
      steps have been completed.
PAR  It appears from FIG. 5 that workpiece B has then been treated in the press.
      The rotational position of revolver 5 is unchanged whereas robot arms 10
      and 11 have been swung back to their initial position according to FIG. 1.
      Arm 11 is prepared to deliver to conveyor 13 the finished workpiece E,
      whereas arm 10 is delivering workpiece D to the fourth tool set of the
      revolver.
PAR  FIG. 6 shows the press, the revolver and the robot in the same conditions
      as in FIG. 5 but illustrates how the finished article E is transferred
      away from the system by means of conveyor 13 and also how arm 11 has now
      instead seized a further blank F.
PAR  When robot arm 10 has transferred workpiece D to the tool set carried by
      arm 4, revolver 5 is turned through another 90.degree. to the position
      shown in FIG. 7. There workpiece C is treated upon by the third tool set
      (compare FIG. 2, where workpiece C was loaded). The robot arms have been
      rotated through 90.degree. counter-clockwise so that arm 11 transfers
      blank F to the first tool set carried by rovolver arm 1 whereas robot arm
      10 holds workpiece A in a stand-by position.
PAR  The process above described is then repeated cyclically and, as is
      understood, the invention provides an optimized use of the press thanks to
      the fact that exchange of press tools takes place outside the press by
      means of a revolver table meaning that no tool mounting or demounting
      works are necessary. The optimized operation is also due to the fact that
      the robot transfers the workpieces between the different tool sets. Thanks
      to those two circumstances the limitations of prior art press lines have
      been completely eliminated.
PAR  It has already been mentioned that the productivity of the gap press served
      by the system can be increased and that the size of the press -- and
      thence also the corresponding investment -- can be decreased if the
      revolver table is designed so that its tool sets open outside the press
      thereby giving the robot the necessary access space between the tools and
      to a distance in excess of the press gap. Before a given tool set is again
      introduced into the press gap the two tool halves are, however, again
      brought into positions close to each other. The net result is that the
      total stroke of the press can be considerably decreased. This does not
      only mean that the manufacturing cost of the press is reduced and the
      press productivity increased but, in addition thereto, one eliminates the
      disadvantages which occur in big hydraulic presses due to the large volume
      of the hydraulic liquid in combination with its inherent compressibility.
      At such large volumes the compressibility shows up in the form of reduced
      possibilities to control the pressing process in an exact manner. The
      drawback of large hydraulic liquid volumes per se stem from the
      difficulties rapidly to transport considerable liquid amounts through
      valves and tubes. It should, however, be apparent that it is not at all
      necessary that the tool sets of the revolver are opened outside the press.
      Also in other respects it is possible within the scope of the invention to
      deviate from the embodiment here illustrated. The only essential condition
      is that the press tools are not carried by the press proper but by a
      revolver table consecutively feeding the tool sets into and out from the
      press gap, the revolver table being in turn served by a robot device
      performing three different functions, namely introduction of blanks into
      the revolver, transfer of semiprocessed workpieces between the different
      tool sets of the revolver, and removal of finished articles from the
      revolver. It should be observed that the term "blank" has been used here
      to designate a workpiece which has not been treated by any of the tools
      carried by the revolver. Correspondingly, the term "finished article" has
      been used to designate an article which has completed its run through the
      revolver and the press. This means on the one hand that a blank supplied
      to the system may already have been processed by some other machinery and,
      correspondingly, that a finished article leaving the system can be
      subjected to further treatment in some other equipment.
PAR  It is to be observed that also according to the embodiment of the invention
      when the revolver is provided with special means for opening a tool set
      outside the press, the tools may be partially or completely separated by
      means of the press. In certain applications, when a pressing operation has
      been completed, very high forces are necessary for the initial separation
      of the two tool halves which means that it is practical for that purpose
      to rely on the hydraulic system of the press. A practical solution of that
      problem is to provide the upper tool half of each tool set with guide
      rails or the like having a radius of curvature corresponding to their
      distance from the rotational axis of the revolver. When the tool set is
      swung into the press gap, those guide rails are brought into engagement
      with complementary means carried by the press. In this way it becomes
      feasible to rely on the press piston to generate forces for separating the
      two tool halves in spite of the fact that the piston is not permanently
      secured to the tools. When such separation has taken place and the press
      piston has been released so that no axial forces act between the
      just-mentioned means, it is possible by rotation of the revolver to move
      the work tool out from the press gap in the normal way during which
      movement the engagement between the press piston and the upper tool half
      is automatically interrupted. The final opening up of the tool set that is
      necessary to permit withdrawal of the workpiece may then be affected by
      means carried by the revolver. Finally, it should be underlined that the
      term "tool set" has been used here in a descriptive rather than in a
      limiting sense. Thus, it is according to the invention not necessary that
      each revolver arm has a complete tool set comprising an upper and a lower
      tool because, in such cases when two or more consecutive operational steps
      can be carried through without calling for replacement of one of the two
      tool halves such a tool can remain in the press. The word "tool" has been
      used here to signify not only conventional press tools but also any other
      corresponding means cooperating with a tool, such as a die.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a press (7) a manipulator system adapted
      automatically to supply to the press workpieces to be treated by the press
      in several consecutive steps, and automatically to remove treated articles
      from the press, comprising a revolver table (5) rotatable around a
      vertical axis (6) and having a number of arms (1-4) corresponding to the
      number of workings steps to be performed by the press, each revolver arm
      (1-4) having a tool set movable through the gap of the press;
PA1  and, a robot (8) having at least two arms (10, 11) movable in a horizontal
      plane between a first position for picking up an untreated workpiece, a
      second position for placement of a workpiece between the tool set of a
      revolver table arm, located adjacent the second position of the respective
      robot arm, and a third position for delivery of a finished workpiece.
NUM  2.
PAR  2. A manipulator system as claimed in claim 1, in which each tool set
      comprises an upper tool and a lower tool, means being provided outside the
      press automatically to move the tools of the tool set between an open
      position in which the height of the set exceeds the maximum height of the
      press gap permitting the robot arms to replace the workpiece treated by
      the tools, and a closed position in which the height of the set is reduced
      permitting introduction of the set into the press gap.
NUM  3.
PAR  3. A manipulator system as claimed in claim 1, in which the robot arms are
      rigidly interconnected for rotation in unison.
NUM  4.
PAR  4. A manipulator system as claimed in claim 1, in which the robot arms are
      arranged to rotate between said first, second and third positions.
NUM  5.
PAR  5. A manipulator system as claimed in claim 1, in which the robot has two
      arms extending in directions the angular difference of which is
      approximately 90.degree..
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PAL  A method and jig for determining the behavior of a shock absorber arranged
      in a wheel suspension unit of a vehicle in which the vertical contact
      force applied by the wheel is measured while the wheel is being subjected
      to shocks applied to the wheel in a cycle according to a predetermined
      relationship of amplitude to frequency.
PARN
PAR  This is a continuation of application Ser. No. 268,452 filed July 3, 1972,
      now abandoned.
BSUM
PAR  The invention concerns a method of determining the behavior of a shock
      absorber arranged in the wheel suspension in the sprung mass system of a
      vehicle and a jig for performing the method.
PAR  The shock absorbers form an essential element of a vehicle devised to
      achieve a stable ride. Since on the other hand shock absorbers are wearing
      parts, it is important to have facilities which would allow, by simple
      means, to establish the condition of the shock absorber at any time.
      Various methods and jigs devised for this purpose are known.
PAR  In a known method, the sprung mass system of the automotive wheel
      suspension is made to vibrate at a frequency greater than the natural
      frequency. The wheel is then allowed to vibrate and subsequently, a
      diagram of the amplitudes occuring during vibrations is plotted over time.
      For evaluating the shock absorber, the maximum amplitude which is applied
      is the amplitude of the whole sprung system. This sprung mass system
      includes also the sprung mass system of the vibration generator. The
      methods known so far allow only the evaluation of shock absorbing effect
      of the shock absorber but not its behavior and its effect within the
      sprung mass system of the vehicles and thus the behaviour of the vehicle.
PAR  It is also known how to bring about sudden relief of the sprung mass system
      of the wheel suspension for example by allowing the wheel of the
      suspension unit, including the shock absorber to be tested, to fall
      suddenly. In this method, the wheel oscillations are also used as the
      criterion for evaluating the shock absorber. This method is again devised
      with a view to establishing the damping effect of the shock absorber.
PAR  Furthermore, mechanical test jigs for shock absorbers removed from their
      location are known with the aid of which mainly the shock absorber
      hysteresis can be measured. This testing is again not devised to give
      information on the behaviour of the shock absorber in situ and, in
      addition, involves a great deal of time-consuming dismantling and
      re-fitting.
PAR  Noise testing jigs are also known in which the whole vehicle is caused to
      vibrate through the wheels. In such tests, shock absorbers are frequently
      tested by ear. Reproducible values cannot be established by this method.
PAR  None of the abovementioned known methods allow direct conclusions to be
      made of the effect of the shock absorber on vehicle behavior, in
      particular on its side guidance. However, it is important to establish
      this effect because a shock absorber which is absolutely intact but not
      suited to the sprung mass system of the wheel suspension can produce a
      serious negative effect on the behavior of the vehicle.
PAR  The purpose of the invention is to create a method by which the
      effectiveness of a shock absorber in the sprung mass system of a vehicle
      is established in a simple way and also by which the effect of the shock
      absorber on the side guidance forces in the vehicle can be determined.
PAR  This task is achieved according to the invention by measuring the vertical
      contact force applied by the wheel while the wheel is being subjected to
      shocks in a cycle according to a predetermined relationship of amplitude
      to frequency.
PAR  Since the side guidance forces of the wheel of a vehicle directly depend on
      the contact force of the wheels, the effect of the shock absorber on the
      side guidance forces of the wheels and thus the effectiveness of the shock
      absorber in the sprung mass system in a vehicle can be established
      directly through the contact force measured in accordance with the method
      covered by this invention. At the same time, the measured values can be
      evaluated by comparison with the values obtained from a sprung mass system
      producing an optimum effect. A contact force which is lower in comparison
      with existing datum values is an indication of wear in the shock absorber.
      A border line between usuable and unusable shock absorbers can be
      established by laying down tolerance limits.
PAR  However, the method covered by this invention does not only establish wear
      in shock absorbers but it also determines whether they are unsuitable, as
      for example in possible instances where non-standard but generally better
      quality shock absorbers are fitted. Unsuitability of any particular choice
      cannot be established by the known methods.
PAR  The method according to the invention finally offers a special advantage by
      the fact that measurements can be made continuously. Thus, it is possible
      to perform tests at vibrations with a variable amplitude/frequency curve
      in which all loads occurring in normal road operation can be included.
      Thus, it is possible to judge the effectiveness of the shock absorber also
      under all normally encountered load conditions and in particular under
      extreme load conditions.
PAR  The wheel contact force is suitably measured by deformation of a body
      deformed under the force. It is then possible at the same time to measure
      the deformation of the body and to indicate it as a multiple of the
      deforming force. The wheel contact force multiplied by the deformation
      gives the lost work of the sprung mass system. Since the lost work due to
      friction is relatively small in this system, the lost work which has been
      established is mainly the lost work occurring in the shock absorber fitted
      to the system. The lost work can thus be used as an additional criterion
      for judging the condition of a shock absorber.
PAR  Electrical signals sent out by the jig, which are a function of the wheel
      contact force, can easily be processed further. For example, they can be
      plotted in the form of a curve. In many cases, particularly in routine
      research work, a simple "YES-NO" indication is sufficient. For example, a
      drop below a minimum value can be indicated by a "NO". In practice, a very
      brief drop below a minimum recovery force has no effect on the effective
      side guidance force. Therefore, it may be worthwhile to introduce to a
      "YES-NO" indication a signal integration which eliminates pulselike signal
      peaks.
PAR  Since the variation band of the wheel contact force increases wear, the
      difference between the maximum and the minimum wheel contact force can be
      added as an evaluation criterion.
PAR  The body which is deformable under load is preferably designed in the form
      of a diaphragm which is integral with an outer supporting ring, the latter
      being connected to a bearing plate. At the same time, the centre of the
      diaphragm is suitably designed and provided with attachments for fixing a
      separate wheel-supporting plate. It is preferably designed as an annular
      diaphragm between the outer supporting ring and a central circular plate
      which carries the attachments.
PAR  In order to prevent overloading the diaphragm, the bearing plate is
      preferably provided with a stop face for the diaphragm. The stop face can
      be designed as a centrally located circular face the diameter of which
      substantially corresponds to the diameter of the fixing plate in the
      centre of the diaphragm ring, this fixing plate also being designed as a
      stop element.
PAR  A preferred version of the design has at least four strain strips
      equi-spaced circumferentially around the diaphragm and connected as a
      resistance in a branch of an electric bridge circuit. In a particularly
      well designed version, eight strain strips are equi-spaced
      circumferentially around the diaphragm, two of the strips being located at
      generally diametrically opposed points, each such pair being wired in
      parallel with each other in the bridge branch. Such an arangement
      compensates shifts of the effective wheel contact in relation to the
      diaphragm axis. In this manner, it is possible to provide tolerance ranges
      for the effective wheel contact which can be easily maintained under rough
      workshop conditions without the accuracy of the measurement suffering.
PAR  The vibration drive can either be mechanical or hydraulic.
PAR  Two wheel-supporting plates each with vibration drive are suitably provided
      side-by-side in a jig at a distance corresponding to the distance between
      a pair of wheels of a vehicle. The vibration drives are preferably
      designed in such a way that the wheelsupporting plates can be impacted
      either synchronously or asynchronously. In this way, the wheel contact
      force can be calculated under conditions which are very close to practice.
PAR  In order to be able to test vehicles with different track width at least
      one of the devices is adjustable laterally.
DRWD
PAR  A test jig in accordance with the invention is now illustrated by means of
      the following drawings, in which:
PAR  FIG. 1 is an elevation of the test jig in a position adjacent a wheel of
      which the associated shock absorber is to be tested, looking in the end-on
      direction of the wheel;
PAR  FIG. 2 is a lateral view of the same jig, looking at the side of the wheel;
PAR  FIG. 3 is an enlarged view of part of FIG. 1 showing in section a force
      absorber of the jig;
PAR  FIG. 4 is a section along line IV--IV in FIG. 3;
PAR  FIG. 5 shows an electrical circuit for processing signals from strain gauge
      strips shown in FIG. 4;
PAR  FIG. 6 is a diagram showing a system incorporating two test jigs, each
      similar to that shown in FIG. 1;
PAR  FIG. 7 is a block diagram illustrating the operation of the test jig shown
      in FIG. 6;
PAR  FIG. 8 is a block diagram of a test jig in accordance with the invention
      and provided with a hydraulic vibration drive;
PAR  FIG. 9 shows details of a pulsing circuit for operating the control
      assembly of the power circuit of a hydraulic drive as shown in FIG. 8, and
PAR  FIG. 10 shows the circuit of a hydraulic power pack of the control assembly
      and of the oscillating drive of the test rig shown in FIG. 8.
DETD
PAR  The test jig illustrated by FIGS. 1 and 2 shows a carrying frame 4 arranged
      and fixed in a pit 2, in which two bars 6 are located parallel to each
      other. A slide 8 with two bearing lugs 10 is adjustable longitudinally on
      the bars 6. Adjustment can be effected by means of an adjustment spindle
      12 which is axially immovable but can be swivelled in a bearing lug 14 on
      the frame 4 and engages in a threaded bore of a bearing lug 16 attached to
      the slide 8. The spindle 12 is operated by means of a handle which is
      connected with the spindle by means of a ratchet.
PAR  The slide 8 carries a ram 20 arranged vertically in the pit 2 and connected
      with the slide 8 by a flange 22. The ram 20 is the driven member of a
      hydraulic vibration drive which is described in detail hereinafter. A
      gauge head 26 is mounted on the outer end of the piston rod 24 of the ram
      20. A dishshaped wheel-engaging plate 28 is carried on top of the gauge
      head 28 and supports the wheel 30 of the vehicle with which the shock
      absorber to be tested is associated.
PAR  Details of the gauge head 26 are shown in FIGS. 3 and 4. The end of the
      piston rod 24 is threaded at 32 and carries a bearing plate 34 in the form
      of a flange. Its top is provided with a central circular raised area. A
      force absorber 38 is attached to the bearing plate 34 and has an annular
      diaphragm 40 which is integral with a cylindrical, outer supporting ring
      42 and a circular plate 44 located in the centre of the diaphragm 40. The
      supporting ring 42 is located in a co-axial annular rebate on the outer
      periphery of the bearing plate 34 and is bolted to the bearing plate 34.
      The circular plate 44 preferably has the same diameter as the raised area
      36 of the bearing plate 34. It is designed in such a way that there is a
      small clearance a between its flat bottom and the top of the raised area
      36 which is also flat. The opposite faces thus form stop faces which limit
      the deflection of the annular diaphragm 40. The dish-shaped,
      wheel-supporting plate 28 is attached to the top of the circular plate 44
      by means of screws 48.
PAR  As shown in FIG. 4, strain gauge strips, represented by squares, are
      positioned on the bottom of the annular diaphragm 40, or other elements
      capable of transmitting electric signals when the diaphragm 40 changes
      shape, are bonded to the diaphragm. These signal transmitters, referred to
      in the following description as strain gauge strips, are staggered at
      45.degree. to each other and are arranged in diametrically-opposite pairs
      50, 50', 52, 52', 54, 54' and 56, 56'. The pairs of strain gauge strips
      may be arranged on different radii, as shown. Connecting wires leading
      from the strain gauge strips are carried in a cable 58 passing through a
      grommet 42 in a hole 60 in the outer supporting ring 42. (See FIG. 3).
PAR  As shown in FIG. 5, the strain gauge strips are connected in an electric
      bridge circuit 62, each pair of strain gauge strips arranged at
      diametrically opposed locations being connected in each branch of the
      bridge. The paired arrangement of the diametrically-opposed strain gauge
      strips and their parallel connection in the bridge achieves considerable
      compensation for the measuring errors which can occur as a result of the
      centre of gravity of the wheel not being located on the vertical axis of
      the test jig passing centrally through the wheel-supporting plate 28. The
      datum signal from the bridge circuit is indicated by an indicator 64 which
      contains the bridge circuit shown externally of the indicator by way of
      illustration in FIG. 5. Indication can for example take the form of a
      YES-NO Sign, for example, in such a way that an audible or a visual sign
      is given when a specific signal value has not been reached. The specific
      value can, for example, be adjusted by means of the knob 66 combined with
      a setting indicator 68. The indicator circuit is preferably equipped with
      integration members by which a NO indication is given only when a signal
      from the bridge falls short of a specified lower datum signal during a
      specific part of the total cycle, in order to ensure that, for example,
      pulse-like signal failures, which in many instances do not represent any
      criterion for the overall behaviour of the shock absorber, are eliminated
      from the indication.
PAR  It would also be possible to produce a continuous recording of the signals
      in the form of a diagram and to use the diagram for evaluation of the
      behavior of the shock absorber. A YES-NO indication would be sufficient
      for most instances of workshop operation.
PAR  When evaluating signals from the strain gauge strips it should be noted
      that the measurements indicated are partly due to forces which originate
      from the mass of the circular plate 44 and the wheel-supporting plate 28.
      This influence on the measurement values can be kept small by keeping the
      mass of the plate 44 and of the wheel-supporting plate 28 small. This can
      be achieved, by making the wheel-supporting plate 28 from a material which
      has a high strength/weight factor, such as for example light alloy or a
      fiber-reinforced plastic. A continous bowl could be replaced by one having
      apertures therein.
PAR  A transmitter 31 responsive to the stroke, i.e. amplitude of the vibration
      imparted by the piston rod 24 can be arranged between the wheel-supporting
      plate 28 and the bearing plate 34 or a part firmly attached to the bearing
      plate. The stroke transmitter comprises a part 33 firmly attached to the
      wheel-supporting plate 28 and a part 35 firmly attached to the ring 42,
      these two parts being movable in relation to each other. The stroke
      transmitter 31 can, for example, be an inductive stroke transmitter of a
      known type. The stroke transmitter transmits any electric signal through a
      cable 37 depending upon the relative positions of the two parts 33 and 35.
      Thus, this signal is also dependent on the deflection of the diaphragm 40
      and thus the movement which the wheel-supporting plate 28 performs in
      relation to the bearing plate 34 under any given wheel contact force. If
      the stroke, i.e., amplitude, dependent signal issued by the stroke
      transmitter 31 is multiplied by the force-dependent signal which is
      produced by the strain gauge strips, a measurement is obtained of the work
      which appears as the lost work in the sprung mass system. This lost work
      is mainly the lost work of the shock absorber. Therefore, by measuring the
      stroke, it is, in addition, possible to establish the lost work of the
      fitted shock absorber and to compare it with the known lost work of a new
      shock absorber of the same type.
PAR  Referring now to FIG. 6 two test jig gauge heads 26, each similar to that
      described with reference to FIGS. 1 to 4, are connected with a signal
      processing and indicator unit 86 through cables 82, 84. Control is
      effected from a switch box 88 to which remote controls 90 can be connected
      for example over a loose cable. It is also possible to fit to the remote
      control panel 90 an indicator device, particularly when a YES-NO test is
      performed. Oscillation drives of the two test jigs used in the
      installation shown in FIG. 6 can be driven either synchronously or
      asynchronously. Oscillations can be changed from synchronous to
      asynchronous operation or vice versa within the test programme.
PAR  It is also possible to run on these jigs specific stroke-frequency patterns
      which can easily simulate conditions encountered in practice and can also
      be formed in such a way that, for example, mainly critical road conditions
      are simulated.
PAR  The schematic diagram of the system illustrated in FIG. 6 is shown in FIG.
      7. Operation can be either over the remote control system 90 or by means
      of suitable controls mounted in or adjacent the switchgear cabinet SS. The
      hydraulic power pack 74 is controlled from the switchgear cabinet. Oil
      feed to the valves controlling each of the piston drives 20 is also
      pilot-controlled from the switchgear cabinet. The piston drives 20
      operating as pulsators or vibrators receive intermittently pressure oil
      through the valves. Each drive 20 impacts the appropriate gauge head which
      in turn impacts the wheel resting over the bowl 28 past it. The gauge head
      26 transforms the force, transmitted vertically from the wheel to the
      wheel bowl, into analogue electrical signals which are then processed and
      indicated in the gauge and indicator unit 86.
PAR  The resonance frequency of the wheel suspension in known vehicles is
      approximately within the range of 10 to 20 cycles per second. For testing
      the shock absorber, a frequency variation range should be provided to
      allow a run through this range during testing.
PAR  When a pneumatic vibration circuit is used as the frequency determining
      element, frequencies can be obtained on the jigs which are far beyond the
      resonance range indicated above. For example, it is possible to operate
      such a vibration circuit at a frequency range up to 40/50 cycles per
      second. It is also possible to increase the amplitude. Noise tests can
      also be run with the shock absorber test stand, which is the subject of
      this invention, without requiring much modification at higher frequencies
      and higher amplitudes.
PAR  The hydraulic power pack 74 can be provided with a fixed delivery pump. The
      advantage of this arrangement is that the speed at which the test is
      carried out remains constant over the whole frequency range.
PAR  Frequency control of the test rigs is shown in a block diagram in FIG. 8.
      Hydraulic fluid is fed in pulses from the hydraulic power pack 74 and the
      valve or control block 76 to the piston drive 20 the gauge head 26 of
      which is connected with the gauge unit 86. The valves of the control block
      are controlled by the vibration circuit 92 which is preferably controlled
      hydraulically while the vibration circuit can be provided with means of
      amplification to obtain sufficiently strong control signals.
PAR  FIG. 9 shows the vibration circuit with valves, of the control block in a
      particularly useful arrangement, that is the part of the block diagram
      from FIG. 8 which is represented by blocks 76 and 92.
PAR  FIG. 10 shows the layout of a particularly useful design of the hydraulic
      power pack, the control block and the vibrator or pulsator, that is the
      part of the block diagram which is represented by blocks 74, 76, 20.
PAR  The vibration circuit 102 shown in FIG. 9 contains three fluidic elements
      104, 10', 104", with "no function", arranged one behind the other. The
      outlet of the last fluidic element 104" is connected with the inlet of the
      first fluidic element 104 over an R-C member with a power adjustable
      throttle 106 and a volume 108. The volume can for example be the volume of
      the connection line itself.
PAR  The fluidic elements are preferably designed in the form of
      double-diaphragm valves, as shown in detail at the fluidic element 104'.
PAR  The fluidic elements are connected in parallel to the air supply line 110
      which receives air at a constant pressure. In the case of double-diaphragm
      valves of the type supplied by Sunvick Regler G.m.b.H of Solingen, Germany
      the system operates at a pressure of approximately 1.4 bar. Pressure is
      taken from the standard compressed air system 112 through a service unit
      114 in which air is cleaned. Clean compressed air is then set at the
      reduction valve 116 to the predetermined vibration circuit operating
      pressure. The pressure accumulator 118 ensures that pressure is kept
      constant within narrow tolerances.
PAR  Two branch lines 120, 122 are connected to the vibration circuit 102,
      staggered by one fluidic element in each instance. Since the fluidic
      elements with "non-function" are active elements, the branch lines 120 and
      122 carry a pressure signal with each phase shift of approximately
      180.degree..
PAR  The pressure valves tapped to the vibration circuit through the two branch
      lines are amplified in a preamplifier. This amplifier is a piston valve,
      pneumatically pilot-controlled on both sides, acting as a bi-stable
      switching element. Pressure signals in lines 120 and 122 connected to the
      control chambers of the pre-amplifier serve the purpose of
      pilot-controlling the pre-amplifier 124.
PAR  The pressure port 126 of the pre-amplifier 124 is connected over a pressure
      accumulator 128 and a reduction valve 130 to the line leading from the
      service unit 114. The pressure accumulator ensures that constant pressure
      is always available at the entry to the pre-amplifier. Two pneumatically
      pilot control valves 136, 136', or 138, 138' are connected to the two
      operating ports 132 and 134 respectively. The pressure ports of the pilot
      control valves are connected over line 140 direct to the air supply
      service unit 114.
PAR  The outlets of the pilot control valves are in each case connected to a
      pilot control chamber of two reversing valves 142, 142' pneumatically
      pilot controlled on both sides. The control chambers of both reversing
      valves are alternatively actuated by compressed air through the pilot
      control valves.
PAR  The operating ports on the reversing valves, each of which is connected to
      the two cylinder spaces of the piston drives, are alternately connected to
      the oil pressure port P and the oil return port O.
PAR  Since the operating pressure of the oscillating circuit 2 and the
      atmospheric pressure are present alternately in the tapping lines 120 and
      122, the full signal pressure of the oscillating circuit is always
      available for pilot control of the pre-amplifier valve 124.
PAR  Thus it is possible to obtain with the pre-amplifier valve 124 high
      switching speeds and a high degree of pressure amplification.
PAR  The oscillating frequency of the oscillating circuit 102 is infinitely
      variable by means of the adjustment motor of throttle 106. The working
      frequency range lies between 0.1 and 100 Hz. A frequency error of less
      than .+-. 1% has been established over this variation range.
PAR  The adjustment motor of the throttle 106 can be pilot controlled in
      accordance with a specific programme. Accurate reproduction of specific
      amplitude/frequency profiles can be achieved when fixed ajdustment control
      programmes are used for the throttle.
PAR  A deliberately operated valve 46 is provided for switching the oscillating
      circuit on and off. The pressure port on this valve communicates with the
      pressure accumulator 28 while the operating port communicates with the
      control chamber of the double diaphragm valve 4' which lies opposite to
      the control chamber actuated by the input signal of this double diaphragm
      valve and is not required when made nonoperational. Pressure fed to this
      control chamber through valve 46 should be the same or greater than the
      operating pressure of the oscillating circuit. The oscillating circuit
      rests when pressure is applied.
PAR  A second reversing valve 44 is post-mounted in series with the reversing
      valve 42'. As can be seen in FIG. 10 the piston drive 150' and thus one of
      the test devices can be set synchronously or asynchronously to the piston
      drive 150.
PAR  The circuit shown in FIG. 10 has a separate oil pressure pump 152, 152' for
      each piston drive, the delivery side of which is fitted with a pressure
      lifting valve 154, 154' for safety. A pressure accumulator 156, 156', is
      connected to the pump delivery lines 152, 152'; a solenoid operated
      4/2-way valve 158, 158' is fitted between the pumps 152, 152' and the
      reversing valves 142, 142' by means of which pump delivery can be directed
      either to the pressure line leading to the reversing valves or to the
      no-pressure re-circulating line. Starting of the pump under load can be
      prevented by valves 158, 158'.
PAR  A pre-loading valve 162, 162', by means of which a specific pressure can be
      maintained in the chamber of the piston drive which is switched to return,
      is fitted to the oil return line leading from the return oil connection of
      the reversing valves 142, 142' to the tank 160. Lines leading from the two
      pre-loading valves 162, 162' are connected to a common line leading to the
      tank in which the oil filter 164 and, if necessary, the oil cooler 166 are
      fitted one behind the other.
PAR  Since both reversing valves 142 and 142' are switched synchronously, both
      the piston drives 150 and 150' perform synchronous motions in the same
      direction. When oil flow to the piston drive 150' is reversed by means of
      the reversing valve 144, constant phase rotation is achieved also in
      synchronous running and independent of the accuracy of phase rotation of
      the pressure signals set out by the oscillating circuit.
PAR  As can be seen from FIG. 10, the bottom cylinder spaces of piston drives
      150 and 150', that is those cylinder spaces which are actuated by oil
      pressure against the load acting on the load carrying plate, are connected
      with the tank over lines 168, 168'. These lines are fitted with throttles
      170, 170' which can for example be adjustable; oil can be discharged
      through them to the tank at a slow rate always in a ratio to the rate of
      flow of the operating oil. This takes care of changing the oil in the
      cylinder chamber and preventing excessive build-up of oil temperature in
      this chamber which would otherwise result in damage to piston rod seals.
      Such heating of the oil is caused by the fact that the relatively small
      amount of oil is practically moving during operation to and fro in the
      line between the piston drive 150, 150' and the reversing valve 142, 144
      only so that the oil changes in that line over a long period only, if at
      all. A relatively quick oil change is ensured thanks to the oil discharge
      from the piston drive determined by the throttle section, without
      affecting the operation. Communication between the upper cylinder space
      and the tank may of course be arranged if necessary.
PAR  The test jig can be located in a pit below floor level, as shown in FIG. 6.
      However, it is of course, possible to locate it above floor level and to
      provide approach and descent ramps for the vehicle. Jigs can be mounted
      permanently in such an arrangement above floor level. However, it is also
      possible to make the whole test jig portable.
PAR  A version with mechanical drive can for example be provided with a four-arm
      control mechanism. In this arrangement, the fixed arm can have two
      superimposed joints and the measuring head can then be attached to the arm
      located opposite to the fixed arm, which is arranged in the joint
      rectangle with a vertical axis. One of the two other arms can then be
      arranged as the vibrator arm at which the drive is engaging. The drive may
      consist of a motor with variable speed which may be either an electric
      motor with variable speed or, preferably, a variable hydraulic motor. The
      motor may be connected with the vibrator drive arm by means of a crank.
PAR  The mechanical arrangement of the guides for the measuring heads and of the
      means for the transmission of force to the measuring heads can of course
      be solved in a different manner.
PAR  Means for side adjustment at least at one of the two jigs allowing
      adaptation for the track width of the tested vehicle should also be
      provided on a jig installation with a mechanical system. The means of
      adjustment may vary from those shown in FIG. 1 and may include hydraulic
      or air cylinders. Such an adjustment system can be more easily operated by
      remote means and provides higher adjustment speeds.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A jig for determining the behavior of a shock absorber arranged in a
      wheel suspension unit within the sprung mass system of a vehicle,
      comprising a wheel supporting plate, a body deformable under load on which
      the supporting plate is mounted, a bearing plate engaging the deformable
      body, means for applying vertical vibrations to the bearing plate, and
      means responsive to the deformation of the body, said deformation
      responsive means providing at least one electrical signal representing the
      magnitude value of the vertical contact force of the wheel on the
      wheel-supporting plate during the applied vertical vibrations, and
      determining means responsive to said deformation responsive means for
      indicating whether the magnitude value of the vertical contact force
      exceeds a predetermined magnitude value as an indication of the useability
      of the shock absorber.
NUM  2.
PAR  2. A jig according to claim 1 in which the deformable body is a diaphragm
      having an integral outer supporting ring mounted on the bearing plate.
NUM  3.
PAR  3. A jig according to claim 2 in which the diaphragm is provided adjacent
      its centre with attachments for fixing a separate wheel-supporting plate.
NUM  4.
PAR  4. A jig according to claim 3 in which the diaphragm is designed as an
      annular diaphragm between the outer supporting ring and a central circular
      plate.
NUM  5.
PAR  5. A jig according to claim 3 in which the wheel-supporting plate is in the
      shape of a dish.
NUM  6.
PAR  6. A jig according to claim 3 in which the bearing plate is provided with a
      stop face for the diaphragm.
NUM  7.
PAR  7. A jig according to claim 6 in which the stop face is a centrally located
      circular face, the diameter of which corresponds substantially to the
      diameter of the fixing plate also forming a stop element in the centre of
      the diaphragm.
NUM  8.
PAR  8. A jig according to claim 1 in which the deformable body is a diaphragm
      and at least four strain gauge strips are attached on the diaphragm at
      equally spaced points, each of them being connected as a resistance in a
      branch of an electric bridge circuit.
NUM  9.
PAR  9. A jig according to claim 8 in which eight strain gauge strips are
      equi-spaced circumferentially around the diaphragm, two of them being in
      each case arranged at generally diametrically opposed points, the
      diametrically opposed strain gauge strips being connected in parallel with
      each other in a branch of the bridge circuit.
NUM  10.
PAR  10. A jig according to claim 1 in which a signal transmitter is arranged
      between the wheel-supporting plate and the bearing plate, said signal
      transmitter being capable of producing a signal dependent on the
      displacement of the wheel supporting plate in relation to the bearing
      plate.
NUM  11.
PAR  11. A jig according to claim 1 in which two wheel-supporting plates each
      with associated means for applying vertical vibration are provided in
      adjacent locations spaced apart at a distance corresponding to the
      distance between a pair of wheels of a vehicle.
NUM  12.
PAR  12. A jig according to claim 11 in which the means for applying vertical
      vibrations are designed in such a way that the wheel-supporting plates are
      impacted synchronously.
NUM  13.
PAR  13. A jig according to claim 11 in which at least one of the jigs can be
      shifted laterally to provide adjustment to any required track width.
NUM  14.
PAR  14. A jig according to claim 1 in which the means for applying vertical
      vibrations is a hydraulic vibration drive.
NUM  15.
PAR  15. A jig according to claim 1 in which the means for applying vertical
      vibrations is a mechanical drive.
NUM  16.
PAR  16. A jig according to claim 15 in which the mechanical drive includes a
      variable motor.
NUM  17.
PAR  17. A jig according to claim 1, wherein said determining means includes
      means for providing a Yes-No indication as an indication of the useability
      of the shock absorber.
NUM  18.
PAR  18. A method for determining the behavior of a shock absorber arranged in a
      wheel suspension unit within the sprung mass system of a vehicle,
      comprising the steps of causing the wheel to vibrate by applying forces to
      the wheel in a cycle according to a predetermined relationship of
      amplitude to frequency, measuring the magnitude value of the vertical
      contact force applied by the wheel to a support surface while subjecting
      the wheel to such applied forces, and determining whether the measured
      vertical contact force exceeds a predetermined minimum contact force when
      the wheel is subjected to such applied forces as an indication of the
      useability of the shock absorber.
NUM  19.
PAR  19. The method according to claim 18, including applying forces to the
      wheel in accordance with an amplitude/frequency curve and an
      amplitude/time curve provided by utilizing predetermined numerical values
      over a selected frequency band.
NUM  20.
PAR  20. The method according to claim 18, wherein the magnitude value of the
      wheel contact forces occurring as a result of applied forces to the wheel
      and in accordance with a force/time diagram are utilized as the criterion
      with respect to useability of the shock absorber or of side guidance for
      the vehicle.
NUM  21.
PAR  21. The method according to claim 18, wherein the step of measuring
      includes measuring the strain of a body deformed under the force, and
      further including the steps of measuring the deformation amplitude of the
      body deformed under the force, and multiplying the measured deformation
      amplitude by the measured strain and providing an output indicative of the
      product of the multiplication.
NUM  22.
PAR  22. The method according to claim 21, further comprising the step of
      displaying the product of the multiplication which is indicative of the
      lost work of the sprung mass system.
NUM  23.
PAR  23. The method according to claim 18, wherein the step of determining
      includes providing a Yes-No indication of the useability of the shock
      absorber.
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PAL  A system for measuring the condensation temperature of a vapor or a gas
      composed of a capacitor whose plates are separated to define a space for
      receiving such vapor or gas, means for cooling, and measuring the
      temperature of the surface of one of the plates which bounds the space,
      and means for measuring the capacitance of the capacitor and for
      determining the temperature of the plate surface when such capacitance
      experiences a predetermined variation corresponding to the temperature at
      which condensate forms on such surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for measuring the condensation
      temperature of an organic or inorganic gas or vapor by means of an
      electric capacitor.
PAR  The known devices for measuring condensation points, which are disclosed,
      for example, in the text, A. Wexler, Humidity and Moisture -- Rheinhold
      Publ. Corp. N.Y. -- Chapman and Hall Ltd. -- London (1965), generally
      include a mirror equipped with a thermocouple. The mirror can be cooled
      and the formation of the condensate is observed with the naked eye or with
      the help of any apparatus which makes this detection possible, for example
      a photoelectric cell. The temperature measured during the formation of the
      condensate can be maintained by alternate heating and cooling processes
      which have an instantaneous action and are adjusted as finely as possible
      so as to attain a temperature which differs from the actual condensation
      temperature by only a few hundredths of a degree. However, these devices
      possess the disadvantages characteristic of all optical measurements, that
      is to say they are easily soiled, they lack robustness, their optical path
      is difficult to align, and the like. The devices of this type require
      frequent maintenance and it is difficult to adapt them to industrial
      processes which are carried out continuously. In these cases, it is thus
      necessary to use measuring and regulating apparatuses based on different
      principles, which are more robust but also slower and more expensive and
      which function discontinuously, amongst which are gas chromatography
      apparatuses.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome the disadvantages of
      the conventional regulating apparatuses, for example, the chromatograph
      and the like, as well as those of the apparatuses for measuring the
      condensation temperature by means of a cooled mirror.
PAR  These and othe objects of the invention are achieved by a device capable of
      obtaining a measure of the condensation temperature of an organic or
      inorganic gas or vapor and composed of two plates which are insulated
      electrically from one another and which are in contact with the gas or the
      vapor, one of these plates being preferably a grid and the other, which
      possesses a surface on which the condensate is deposited under appropriate
      conditions, being equipped with cooling and optionally, heating means and
      with a temperature recording device positioned as close as possible to
      this surface, these insulated plates forming an electric capacitor having
      a given capacitance when the space which separates them is occupied by a
      gas and having a markedly different capacitance when a condensate is
      deposited on one of the plates. The device further includes a member for
      measuring the capacitance of this capacitor and for detecting a
      predetermined variation in this capacitance, the temperature to be
      measured being that given by the temperature measuring device at the
      instant when this capacitance variation is detected.
PAR  In order to measure a condensation temperature of a gas or a vapor by means
      of the device which is the subject of the invention, the cooling means is
      employed; the temperature of the receiving plate falls, as does that of
      the vapor in contact with this surface, so that, at the instant when the
      condensation temperature is reached, a liquid film forms on this surface.
      This phenomenon is accompanied by a sudden change in the capacitance of
      the capacitor formed by the two plates, and this change is detected by
      means of a capacitance measuring bridge, which can be of any type provided
      that it is sufficiently accurate, for example, the Wayne-Kerr B 642 type
      measuring bridge.
PAR  The temperature of the plate in question, measured at the instant when the
      capacitance changes, is the condensation temperature of the vapor.
PAR  This measurement, which can be used directly, nevertheless presents a
      slight error due to the evolution of heat which accompanies the
      condensation of a vapor, i.e., the latent heat of condensation. In order
      to eliminate this error, it is possible to incorporate into the cooling
      circuit a temperature regulator which is controlled by the capacitance
      measuring bridge and whose function is to establish and maintain a
      temperature which ensures that the capacitor has a given capacitance which
      lies within the range within which the capacitance of the capacitor varies
      during the formation of a condensate. A value for the temperature is thus
      obtained which differs from the actual condensation temperature by only a
      few tenths of a degree.
PAR  Widely diverse materials can be employed for the grid and the receiving
      surface, and, in fact, it is sufficient if the materials are good
      conductors of electricity. The meshes of the grid can have diverse
      dimensions and, in fact, only serve to allow the gases or vapors to
      circulate freely between the plates of the capacitor.
PAR  The means for cooling the receiving plate is chosen on the basis of the
      range of temperatures to be measured. It can be a cold gas or liquid or an
      electric, magnetic or electromagnetic cooling system for example based on
      the Peltier effect.
PAR  The receiving plate can also be equipped with a heating means which makes
      it possible to make the measurement more accurate by repetition; the plate
      is heated until the condensate disappears and the capacitance returns to
      its original value, and then the plate is cooled again.
PAR  The temperature detector can be chosen from the entire range of existing
      apparatuses, but in more or less complex installations, the measuring
      device is obviously selected so that it can be connected to an instrument
      which records this temperature continuously and/or to influence parameters
      of the industrial process which it is desired to control, so as to effect
      optimum automatic control; for example, a polymerization chain regulation
      can be controlled from the measurement of the condensation temperature of
      a monomer.
PAR  The device which forms the subject of the invention makes it possible to
      measure very diverse condensation temperatures, no matter what the
      existing pressure may be, and in particular at pressures above atmospheric
      pressure and even relatively high pressures.
PAR  Moreover, because of its reliability and its robustness, the device makes
      it possible to control various industrial processes.
PAR  This control is effected by means of various accessories which can convert
      the electrical current, which is a function of the value of the
      condensation temperature, into a control signal which acts either on a
      pressure, a temperature, a flow rate or a concentration of the process.
PAR  More particularly, the device can be used for controlling the
      above-mentioned parameters of gas phase polymerization processes, for
      example for controlling the concentration or partial pressure of monomers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view of one preferred embodiment of a
      capacitive unit according to the present invention.
PAR  FIG. 2 is a schematic view of one embodiment of condensation temperature
      measuring system according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The device shown in FIG. 1 consists of various parts including a cell body
      1 made of a material which is a very good conductor of heat and
      electricity at least at the level of the cooled surface 6, which body can
      be connected to the gas circuit of the installation in question by any
      means whatsoever, for example screw threads, and in which a network has
      been provided through which a cooling agent 2 can flow. This cell body is
      equipped with an opening 3 which passes right through it so as to allow
      the gases and vapors to be examined to flow freely, and possesses, in the
      immediate vicinity of the network through which the cooling agent flows,
      the cooled smooth surface 6 where the condensate will form. The device
      further includes a heating resistance 4 in intimate contact with the cell
      body 1 so as to provide rapid and effective heating, a temperature
      measuring apparatus 5 mounted in the cell body 1 and placed as close as
      possible to the cold surface 6 on which the condensate is deposited, and a
      grid 7 which is a good conductor of electricity mounted in such a way as
      to be perfectly insulated from body 1 and positioned opposite the wall 6
      of the cell body 1 and at a distance of a few tenths of a millimeter from
      the latter, the grid, together with this wall, forming a capacitor having
      a well-defined capacitance in vacuo. The grid 7 is designed in such a way
      as to allow the gases and vapors to flow freely between the plates of the
      capacitor.
PAR  The grid 7 and the cell body 1 are connected by means of leads 8 and 9, to
      a capacitance measuring bridge 11 illustrated diagramatically in FIG. 2.
      The lead 9 connecting the grid 7 is insulated from the cell body 1 by
      means of an assembly using a stuffing-box 10 packed with insulating
      material.
PAR  The capacitance of the capacitor formed by the cold wall 6 and the grid 7
      is a function of the surface areas thereof, the distance between them, and
      the dielectric present therebetween.
PAR  This capacitance C.sub.0 has a reference value of 20pF in vacuo for the
      assembly in question. In the majority of cases, this capacitance is
      practically constant and identical to the value C.sub.o for as long as
      gases or vapors are present.
PAR  In any case, if this did not apply, the capacitance of the capacitor in the
      presence of the gas or the vapor would be well defined and measurable.
      However, if the dielectric between the plates of the capacitor consists of
      a liquid, the capacitance changes and becomes: C.sub.0 .times.
      .epsilon..sub.liq. wherein .epsilon..sub.liq. is the relative dielectric
      constant of the liquid considered and is generally between 2 and 120. o
PAR  When the plate 6 is being cooled in the presence of a vapor or a gas, the
      appearance of liquid thus manifests itself by an instantaneous change in
      the capacitance of the capacitor. It was, however, shown during tests that
      the capacitor itself was, due to physical imperfections, subject to
      variations and that its actual capacitance varied within certain limits as
      a function of the temperature and the pressure. In order to overcome this
      disadvantage, the limits of this variation in capacitance were
      investigated in preliminary tests, and a critical value for the
      capacitance, higher than the limit of the variations recorded, that is to
      say 25 pF in our example, was fixed, this being a critical capacitance for
      which it is certain that a liquid film of minimum thickness will have been
      formed.
PAR  The condensation point can consequently be measured by cooling the cell
      body gradually and by measuring the temperature corresponding to a value
      of 25 pF for the capacitance of the capacitor. This measurement can
      however be made much more precisely by incorporating into the circuit, as
      shown in FIG. 2, a temperature regulator 12 which acts on the supply of
      heat to the cell body 1, controls the temperature of the wall 6 as finely
      as possible, and has the function of regulating the heating so as to
      maintain a constant capacitance of 25 pF for the capacitor.
PAR  The temperature measuring device 5 makes it possible to record, during the
      entire experiment, and preferably automatically, the temperature of the
      wall 6 corresponding to the chosen capacitance (25 pF). In order to avoid
      errors due to temperature gradients, it is obvious that it is of value to
      assemble the apparatus so that the temperature recording device 5 is as
      close as possible to the wall 6. The temperature recording is now in the
      form of a succession of damped oscillations, the average value of which
      represents, to within a few tenths of a degree, the value of the
      condensation temperature of the gas or vapor considered.
PAR  The condensation temperatures which can be measured are not limited in any
      way, either with respect to low temperatures or with respect to high
      temperatures. It suffices to use suitable heating and cooling systems and
      agents such as cold gases and liquids and electric, magnetic or
      electromagnetic systems which make it possible to achieve the desired
      temperatures. Furthermore, there is not any limitation, either, as to the
      nature of the organic or inorganic gas or vapor, whose condensation
      temperature it is desired to measure. In fact, the value of
      .epsilon..sub.liq. is always sufficiently great relative to
      .epsilon..sub.gas to allow measurements to be taken. It is however
      obvious, that the larger the ratio .epsilon..sub.liq. /.epsilon..sub.gas
      and the larger .epsilon..sub.liq., the easier and more precise the
      measurements.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Device for measuring the condensation temperature of an organic or
      inorganic vapor or gas, comprising two electrically conductive plates
      insulated electrically from one another and spatially separated from one
      another by a space free of any solid material and arranged to contain such
      gas or vapor, one of said plates presenting a surface on which a
      condensate of such gas or vapor is deposited under appropriate conditions;
      cooling means operatively associated for cooling said surface through a
      temperature range containing the temperature at which such gas or vapor
      will begin to condense; a temperature measuring device positioned as close
      as possible to said surface for providing an indication of the temperature
      of said surface; said insulated plates forming an electric capacitor of a
      given capacitance when the space which separates them is occupied by a
      vapor or gas and of a markedly different capacitance when a condensate is
      deposited on said one of said plates; and a device for measuring the
      capacitance of said capacitor and detecting a predetermined variation in
      this capacitance, the temperature to be measured being that given by said
      temperature measuring device at the instant when this variation is
      detected.
NUM  2.
PAR  2. Device as defined in claim 1 wherein the other of said plates is porous
      to the gas or vapor.
NUM  3.
PAR  3. Device as defined in claim 2 wherein the other of said plates is in the
      form of a grid.
NUM  4.
PAR  4. A device as defined in claim 1 further comprising heating means
      operatively associated with said surface.
NUM  5.
PAR  5. Device as defined in claim 1 further comprising a temperature regulator,
      controlled by said capacitance measuring device for establishing and
      maintaining a temperature which ensures that said capacitor has a given
      capacitance which lies within the range within which the capacitance of
      said capacitor varies during the formation of a condensate.
NUM  6.
PAR  6. Device as defined in claim 5 wherein said capacitance measuring device
      is a capacitance measuring bridge.
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ABST
PAL  The gas content of well drilling mud under pressure is determined by
      extracting or isolating a sample of the pressurized mud, as for example at
      a down-hole location, reducing the pressure of the sample, and sensing the
      fluid pressure of the sample prior to and following such pressure
      reduction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the determination of gas in well
      drilling mud, before the circulating mud reaches the surface drilling
      site; more particularly the invention concerns the provision of method and
      apparatus to determine the gas content of a mud sample through pressure
      sensing before and after the volume of the sample is increased.
PAR  For some time, when drilling subsea, there has been a need for an early
      warning system to determine the presence of gas in the mud before it
      reaches the surface, the purpose being to warn the drilling crew of the
      presence of gas in the mud while it is in the vicinity of the wellhead,
      rather than wait until that mud has reached the surface. Such a warning
      would give the crew considerable extra time to secure the well, start to
      heavy up the mud, and to circulate out any gas cut mud. Unless appropriate
      steps are taken, the well can blow out, endangering the lives of the crew
      members, to say nothing of great loss of oil or gas, and damage to the
      drilling rig.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide a solution to the above
      described substantial problems. Basically, the invention is embodied in
      apparatus to extract a sample of the drilling mud from well piping, as for
      example at an undersea location, to reduce the pressure of the sample, and
      to sense the pressure of the sample fluid before and after pressure
      reduction. The two pressures thus sensed may be employed to calculate the
      gas content of the mud in accordance with a formula to be described.
PAR  More specifically, the invention is embodied in a combination that may
      typically include:
PA0  A. a housing defining a mud sample chamber, and having a first bore and a
      port communicable with well piping containing pressurized mud,
PA0  B. a first plunger movable in the first bore in one direction to return a
      mud sample in the chamber out said port to said piping, and movable in the
      opposite direction in the first bore to ingest a pressurized mud sample
      into such chamber via said port, and
PA0  C. valve means controlling said port and responsive to plunger movement in
      said opposite direction to block flow of mud to the sample chamber prior
      to subsequent completion of said plunger movement in said opposite
      direction which effects a predetermined volume increase producing a
      reduction of pressure exerted by the sample in the chamber, the pressure
      reduction being indicative of the mud gas content, and
PA0  D. whereby the fluid pressure of the sample in the chamber may be sensed by
      a sensor in communication with said chamber both prior to and subsequent
      to said pressure reduction.
PAR  Typically, the valve means may include a second plunger movable in a second
      bore defined by said housing in response to first plunger movement, said
      first plunger disengaging the second plunger upon closing of said port and
      prior to said completion of opposite direction movement of the first
      plunger.
PAR  Further, the invention enables a single source of working fluid to service
      both plungers and associated pistons, in such a manner as to minimize
      working fluid use.
PAR  These and other objects and advantages of the invention, as well as the
      details of an illustrative embodiment, will be more fully understood from
      the following description and drawings, in which:
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is an elevation taken in section showing one preferred form of the
      mud gas control detector; and
PAR  FIG. 2 is a working diagram.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with the invention, the detector comprises a housing, as for
      example at 10, having a first bore 11 and a side port 12 communicable with
      well piping 13 such as casing containing drilling mud 14 in annulus 15.
      Typically, a drill string 16 extends in the casing 13, and in one
      application the latter comprises a riser pipe extending upwardly in the
      ocean from a ball joint 17 at the upper end of a sub-sea stack of well
      head equipment. A cross-over pipe 19 intercommunicates the port 12 with
      upwardly circulating mud 14 in the annulus 15. Also, the housing 10 may be
      suitably attached to pipe 13, as indicated at 18, 18a and 18 b.
PAR  A first plunger indicated at 20 is provided to be movable in the first bore
      11 in one direction, as for example downwardly, to drive a mud sample in
      sample chamber D out the port 12 and back to the annulus 15 via cross over
      pipe 19; similarly, the plunger 20 is movable in the opposite direction,
      as for example upwardly, to ingest a fresh mud sample into chamber D via
      pipe 19 and port 12. In this regard, sampling valve means is also provided
      to be responsive to plunger movement for closing a first control port 12a
      prior to completion of plunger movement in the opposite or upward
      direction, so that subsequent completion of such movement will effect a
      reduction of pressure in the sample of mud ingested into chamber D,
      thereby expanding gas in the sample. As a result, both the initial "high"
      pressure P.sub.2 of the ingested mud sample, and the later "reduced"
      pressure P.sub.4 of the mud and gas sample may be sensed by a sensor 21 in
      communication with chamber D, as via another side port 22 having
      extensions 22a and 22b.
PAR  Such valve means may, with unusual advantage, include a second plunger, as
      for example at 24, movable in a second bore or chamber 25 defined by the
      housing, and in response to first plunger movement. In this regard, the
      second plunger may include a reduced diameter valve stopper section such
      as rod 26 the forward end of which is annularly tapered at 26a to engage
      annular seat 27a on ring 27, and a piston section 28 integral with the
      stopper section. Ring 27 is retained between pin 29 on housing section
      10a, and box 30 on housing section 10b, the pin and box having threaded
      interfit at 131.
PAR  Piston section 28, slidable in bore 25, receives fluid pressure application
      in chamber A tending to urge the second plunger in the opposite direction
      (as for example upwardly) for valve stopper closing engagement with the
      seat 27a. During ingestion of a mud sample into chamber D, both plungers
      20 and 24 move from lowermost positions in their respective bores, the
      valve means being open, and the upper end of the stopper 26 engaging the
      lower end face 30a of the elongated rod section 30 of plunger 20. The
      latter is integral with a piston section 31 of plunger 20, which is
      slidable in bore 11 and defines the upper end of sample chamber D. As the
      stopper end of 26a engages seat 27a during upward movement of both
      plungers, effectively closing port 12a to chamber D, the first plunger
      disengages the second plunger and continues in its upward movement to
      reduce the pressure in the sample chamber D, as referred to.
PAR  Such upward movement of the first plunger 20 may with unusual advantage be
      facilitated by working fluid pressure application to a primary piston
      surface 32a on another piston 32 defined by the first plunger. Piston 32
      is shown as slidable in a third bore 33 defined by the housing, and which
      has a larger diameter than bore 11. As a result, working fluid admitted to
      chamber B between the pistons 31 and 32 and exerted on such pistons
      produces net upward force exertion on the first plunger 20. Such pressure
      may be communicated to chamber B via side or primary porting 34 and 34a.
      Bore 33 is defined by housing section 10c forming internally threaded box
      35 receiving externally threaded pin 36 on housing section 10a.
PAR  The first plunger 20 may also have a secondary piston surface, as at 32b
      defined by piston 32, to receive working fluid pressure application
      tending to urge the first plunger in said one or downward direction. Such
      pressure may be communicated to chamber C above surface 32b via end or
      secondary port 38 in the housing end cap 39 threadably attached to housing
      section 10c at 40. Note that the common working pressure received in both
      chambers B and C results in net force exertion to move plunger 20
      downwardly, as described above, to drive the mud sample from chamber D,
      whereas if working pressure is applied to chamber B only, that plunger is
      driven upwardly. To accomplish this, a three-way control valve 41 is
      provided to connect chamber C with pressure source 42 in one position of
      the valve, and to connect chamber C with exhaust pressure P.sub.s in the
      alternate position of the valve. Accordingly, a single pressure source 42
      may be employed to supply all chambers A, B and C with common operating
      pressure, as via pipes 44-48, chamber B having a larger cross sectional
      area than chamber A, and chamber C a larger area than chamber B.
PAR  To review the operation, pressure in chamber A provides a constant force on
      the sampling valve piston 28 urging stopper end 26a toward the valve seat
      27a. Pressure in chamber B provides an upward force on the piston 32
      causing it to move upward. When pressure is applied to chamber C, the
      operating piston 32 will move down, since its area is greater than the sum
      of the areas of chambers A and B. When operating, control valve 41 will
      alternately apply and remove the pressure from chamber C causing the
      piston to oscillate. During the downward stroke, rod 20 will contact the
      top of the sampling valve stopper 26, and by continued downward movement
      opens the sampling valve port 12a allowing the sampling piston 31 to force
      the charge of mud out of chamber D. Downward travel will stop when the
      chamber B is reduced to zero volume and shoulder 50 contacts the bottom
      32a of piston 32. Upward travel will be initiated when control valve 41 is
      turned to connect chamber C to the exhaust pressure and pressure in
      chamber A and B provides the required upward force. Such upward travel
      will ingest a new charge of mud into chamber D. The valve seat 27a being
      smaller than the sampling valve stopper surface 26a, it is impossible to
      ingest 100% new mud; but, with careful dimensional control of these parts,
      and the size of chamber D, close to 90% new mud can be sampled on each
      stroke. Since each sample will have the same dilution of old mud, and only
      small changes of mud content will be evident, between successive samples,
      the reading of gas content can be adjusted as though 100% new mud were
      sampled.
PAR  Before the end of upward travel of the operating piston 32, the sampling
      valve plunger 24 will close against seat 27a and will be held tightly
      closed by the force of working pressure in chamber A. The operating
      plunger 20 will continue to move upward and consequently pull a vacuum in
      sample chamber D, the amount of such vacuum depending upon the amount of
      gas in the mud. In case of large amounts of gas, the pressure could remain
      of a significant positive value.
PAR  In this regard, it can be shown that the gas content R may be determined in
      accordance with the following equation:
      ##EQU1##
      where: K = a calibration constant
PA0  P.sub.2 = initial "high" pressure of mud ingested into chamber D P.sub.4 =
      final "reduced" pressure of fluid (mud and gas) in chamber D after piston
      32 has completed its upward stroke
PAL  The pressure P.sub.2 and P.sub.4 are of course sensed by transducer 21, and
      converted into appropriate and corresponding electrical signals which may
      be read at the surface. One such transducer is described in co-pending
      application of George E. Lewis entitled, "Fluid Pressure Transducer".
PAR  The mud connection 19 to pipe 13 may be equipped with a screen (indicated
      at 60) to restrain the entrance of large well cuttings into the sampling
      chamber. To ensure that the screen is clean at all times, the effective
      area of chamber B is made greater than half the effective area of chamber
      C, causing the up stroke of plunger 20 to be slower than the down stroke.
      This will clean the screen of lodged, large particles, during each stroke
      cycle.
PAR  The hydraulic operating system is interconnected in such manner as to use a
      minimum of hydraulic fluid. The pressure supply as at bottle 42 is
      connected to chambers A and B and to the 3-way control valve 41, so that
      during the upward stroking, fluid flows into chambers A and B while
      chamber C is exhausted. When chamber C is connected to pressure supply 42,
      plunger 20 will be caused to travel downwardly. The fluid in A and B will
      then rejoin the pressure supply fluid, and will be used in filling a large
      portion of the requirement to fill chamber C. Only the difference between
      the volumes of C and the sum of A and B will be furnished from the supply
      line. Thus, we see that only the fluid volume of C (displaced in one
      direction) is required for each complete up-down cycle.
PAR  The 3-waye solenoid valve 41 may be electrically energized to the up travel
      position and spring returned to the down travel position of the plunger
      20. In the up travel condition, chamber C is typically vented to the ocean
      (in off-shore application) and the pressure is blocked. In the down travel
      condition, chamber C is connected to pressure and the vent is blocked.
PAR  An automatic adjustable timing circuit, such as shown in FIG. 2, is used to
      control the cycling of the mud sampling unit. It will also connect the
      pressure transducer to a signal conditioning unit 65 once each cycle to
      measure the initial mud pressure P.sub.2 and the expanded gas pressure
      P.sub.4. These pressures will indicate the presence of gas in the mud. The
      higher the pressure P.sub.4, the greater the amount of gas in the mud. If
      this gas pressure is compared with the initial mud pressure P.sub.2, as by
      a suitable signal conditioner 65, a direct reading indication of the
      amount of gas in the mud can be determined. Further correction can be made
      to improve the accuracy of the reading if needed by introducing a
      temperature factor. The temperature variation of the mud in the sampler
      will vary only a small amount due to the consistency of the sea water
      temperature at the ocean bottom location of the sampler.
PAR  The signal from the transducer is put through the signal conditioner 65,
      the output from which is used to operate an alarm indicating a gas content
      of a set level in the mud and to drive a recorder 66 showing the value of
      the gas content of the mud.
PAR  Referring now to FIG. 2, the transducer is shown as incorporating bonded
      strain gages 51 and 52 which are strained in proportion to the fluid
      pressure sensed by the transducer. Other gage resistors 151 and 152 are
      connected with resistors 51 and 52 in a bridge circuit 53, as shown, and
      wires 57 and 58 in a sub-sea cable 56 connect the bridge with surface
      signal conditioner 65. Wire 60 in cable 56 supplies current from positive
      bus 62 to the bridge, as shown, return current passing via wire 61 to
      negative bus 63. Signal conditioner 65 receives the bridge output and
      performs the analog calculation indicated by equation (1), and the
      resultant R value (gas content of the mud) is displayed by a recorder 66.
      An alarm 67 may be employed to indicate a danagerous gas content in the
      mud, which could lead to a well blowout.
PAR  The solenoid driver 70 for valve 41 may also be supplied with current via
      wire 60, when relay coil 71a is energized in response to closing of push
      button 72 at the surface.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a drilling mud gas content detector, the combination comprising
PA1  a. a housing defining a mud sample chamber, and having a first bore and a
      port communicable with well piping containing pressurized mud,
PA1  b. a first plunger movable in the first bore in one direction to return a
      mud sample in the chamber out said port to said piping, and movable in the
      opposite direction in the first bore to ingest a pressurized mud sample
      into said chamber via said port, and
PA1  c. valve means controlling said port and responsive to plunger movement in
      said opposite direction to block flow of mud to the sample chamber prior
      to subsequent completion of said plunger movement in said opposite
      direction which effects a predetermined volume increase producing a
      reduction of pressure exerted by the sample in the chamber, said pressure
      reduction being indicative of the mud gas content.
PA1  d. whereby the fluid pressure of the sample in the chamber may be sensed by
      a sensor in communication with said chamber both prior to and subsequent
      to said pressure reduction,
PA1  e. said valve means including a second plunger movable in a second bore
      defined by said housing in response to first plunger movement, said first
      plunger disengaging the second plunger upon closing of said port and prior
      to said completion of opposite direction movement of the first plunger,
PA1  f. the first plunger having a primary piston surface to receive fluid
      pressure application in a third bore defined by the housing and tending to
      urge the first plunger in said opposite direction.
NUM  2.
PAR  2. The combination of claim 1 wherein the valve means includes an annular
      seat engageable by the second plunger, the second plunger having a piston
      section to receive fluid pressure application tending to urge the second
      plunger in said opposite direction for valve closing engagement with the
      seat.
NUM  3.
PAR  3. In a drilling mud gas content detector, the combination comprising
PA1  a. a housing defining a mud sample chamber, and having a first bore and a
      port communicable with well piping containing pressurized mud,
PA1  b. a first plunger movable in the first bore in one direction to return a
      mud sample in the chamber out said port to said piping, and movable in the
      opposite direction in the first bore to ingest a pressurized mud sample
      into said chamber via said port,
PA1  c. valve means controlling said port and responsive to plunger movement in
      said opposite direction to block flow of mud to the sample chamber prior
      to subsequent completion of said plunger movement in said opposite
      direction which effects a predetermined volume increase producing a
      reduction of pressure exerted by the sample in the chamber, said pressure
      reduction being indicative of the mud gas content,
PA1  d. whereby the fluid pressure of the sample in the chamber may be sensed by
      a sensor in communication with said chamber both prior to and subsequent
      to said pressure reduction,
PA1  e. said valve means including a second plunger movable in a second bore
      defined by said housing in response to first plunger movement, said first
      plunger disengaging the second plunger upon closing of said port and prior
      to said completion of opposite direction movement of the first plunger,
      the valve means including an annular seat engageable by the second
      plunger, the second plunger having a piston section to receive fluid
      pressure application tending to urge the second plunger in said opposite
      direction for valve closing engagement with the seat, and
PA1  f. a source of working fluid pressure communicating with the housing for
      application to said piston section.
NUM  4.
PAR  4. The combination of claim 3 wherein the first plunger has a primary
      piston surface to receive fluid pressure aplication in a third bore
      defined by the housing and tending to urge the first plunger in said
      opposite direction.
NUM  5.
PAR  5. The combination of claim 1 wherein the first plunger has a secondary
      piston surface to receive fluid pressure application tending to urge the
      first plunger in said one direction.
NUM  6.
PAR  6. The combination of claim 5 wherein the housing contains a primary port
      to communicate said fluid pressure to said primary piston surface, and a
      secondary port to communicate said fluid pressure to said secondary piston
      surface.
NUM  7.
PAR  7. The combination of claim 6 including a source of fluid pressure in
      communication with said primary port and a control valve movable between a
      first position in which said source is in communication with said
      secondary piston surface via said valve and secondary port, and a second
      position in which pressure fluid in communication with the secondary
      piston surface is exhausted via the secondary port and valve.
NUM  8.
PAR  8. The combination of claim 1 including said well piping extending
      vertically, said housing being vertically elongated and extending
      proximate said piping, with said first plunger located above said second
      plunger.
NUM  9.
PAR  9. The combination of claim 1 including said sensor in communication with
      said sample chamber.
NUM  10.
PAR  10. In a drilling mud gas content detector, the combination comprising
PA1  a. a housing defining a mud sample chamber, and having a first bore and a
      port communicable with well piping containing pressurized mud,
PA1  b. a first plunger movable in the first bore in one direction to return a
      mud sample in the chamber out said port to said piping, and movable in the
      opposite direction in the first bore to ingest a pressurized mud sample
      into said chamber via said port, and
PA1  c. valve means controlling said port and responsive to plunger movement in
      said opposite direction to block flow of mud to the sample chamber prior
      to subsequent completion of said plunger movement in said opposite
      direction which effects a predetermined volume increase producing a
      reduction of pressure exerted by the sample in the chamber, said pressure
      reduction being indicative of the mud gas content,
PA1  d. whereby the fluid pressure of the sample in the chamber may be sensed by
      a sensor in communication with said chamber both prior to and subsequent
      to said pressure reduction,
PA1  e. said valve means including a second plunger movable in a second bore
      defined by said housing in response to first plunger movement, said first
      plunger disengaging the second plunger upon closing of said port and prior
      to said completion of opposite direction movement of the first plunger,
      the valve means including an annular seat engageable by the second
      plunger, the second plunger having a piston section to receive fluid
      pressure application tending to urge the second plunger in said opposite
      direction for valve closing engagement with the seat, the area of the
      first bore exceeding the area of the second bore.
NUM  11.
PAR  11. The combination of claim 10 wherein the area of the third bore exceeds
      the area of the first bore.
NUM  12.
PAR  12. The combination of claim 11 including a sampling piston on the first
      plunger and movable in the first bore.
NUM  13.
PAR  13. In apparatus of the character described coupled to an undersea riser
      pipe in which drilling mud under pressure is circulating upwardly,
PA1  a. means to extract a sample of the drilling mud from the riser at an
      undersea location,
PA1  b. means to reduce the pressure of the sample at a location outside the
      riser pipe by subjecting said sample to a predetermined volume increase
      and
PA1  c. means to sense the pressure of the sample before and after said pressure
      reduction,
PA1  d. said first mentioned means including ducting outside and communicating
      with the interior of the riser pipe for returning the bulk of the same to
      the riser pipe interior following said pressure reduction.
NUM  14.
PAR  14. In the method of determining the gas content of well drilling mud under
      pressure within a well pipe, the steps that include
PA1  a. extracting pressurized mud from the well pipe, to thereby provide a
      first sample,
PA1  b. reducing the pressure of the first sample, by subjecting said sample to
      a predetermined volume increase
PA1  c. sensing the fluid pressure of the first sample prior to and following
      said pressure reduction,
PA1  d. returning most of the first sample to the well pipe while retaining a
      portion of the first sample outside the well pipe,
PA1  e. again extracting pressurize mud from the well pipe and combining same
      with said retained portion of the first sample to thereby provide a second
      sample,
PA1  f. reducing the pressure of the second sample by subjecting said sample to
      a predetermined volume increase and
PA1  g. sensing the fluid pressure of the second sample prior to and following
      said pressure reduction thereof.
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ABST
PAL  A detector having particular utility in a gas chromotograph uses a sensor
      to produce signals indicative of parameters of components of a gas. A
      signal whose level is related to a gas parameter is generated and sent to
      an amplifier. The output of the amplifier is stored and a signal related
      to the amplifier output signal is sent by means of a feedback loop to the
      input of the amplifier to compensate for losses in the amplification and
      storage processes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application is related to a co-pending application entitled ZEROING
      CIRCUIT Ser. No. 492,424 filed Aug. 2, 1974.
PAR  The invention relates to detecting a parameter of a component of a gas in a
      chromotograph, and more particularly to detecting a signal level that is
      indicative of the parameter.
PAR  Electrical signals are often used to carry parameters relating to many
      processes. Several aspects of a signal are used to represent the values of
      the parameters; an important one of these is the highest level which a
      signal attains during a particular interval of time. In gas chromotography
      for example, in which a gas containing molecules of different types is
      separated into its component parts, a signal is generated whose level is
      proportional to the number of molecules that pass a sensor.
PAR  The chromotograph uses a resistive medium, such as small pieces of
      firebrick coated with a heavy oil, to separate the gas components. A
      standard-sized sample of gas is carried through the medium at a constant
      rate by a gas such as helium. The resistive medium resists the passage of
      the sample gas molecules in proportion to their size. As a result the
      molecules of a particular size tend to bunch together and exit from the
      resistive medium about the same time. The smaller molecules exit first,
      followed by groups of molecules of progressively larger sizes. Each group
      of a particular size requires a known amount of time, called the elution
      time, to pass through the resistive medium. Each group is distributed over
      a small interval of time, usually in a normal or Gaussian distribution.
      Since the shape of the distribution is known and if the Gaussian peaks are
      symmetrical, the number of molecules in a group can be determined from the
      peak value of the distribution.
PAR  The passage of the molecules from the resistive medium is commonly sensed
      by a thermistor. The passage of the gas molecules over the thermistor
      alters the temperature of the thermistor, which in turn alters its
      resistance. The varying resistance is used to modulate an electrical
      signal. The shape of the signal will thus be related to the distribution
      of the molecules in a particular group separated by the resistive medium.
      The peak value of the signal can then be determined by means of the
      invention and will be a measure of the amount of the component represented
      by the group in the gas sample.
PAR  A peak detector commonly used in chromotography is electro-mechanical. In
      this device the signal from the detector is fed into the recorder and a
      potentiometer which varies a voltage level is connected by a shaft to the
      recorder mechanism. A friction switch is activated when the signal level
      from the detector begins to rise and remains open due to the friction as
      long as the signal continues to rise. However, when the signal reaches its
      peak and begins to fall, the frictional force subsides and the switch
      closes. The closing of the friction switch causes the voltage level at the
      output of the potentiometer to be inserted into a storage device. It is
      apparent that such a detector is inaccurate and difficult to maintain in
      proper calibration. In addition, its mechanical parts are subject to wear
      and tear.
PAR  It is therefore an object of the invention to provide a new and improved
      detector for a chromotograph that overcomes the above and other
      disadvantages of the prior art. Other objects become apparent as the
      invention is described in detail.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is embodied in an apparatus that detects parameters of a
      component of a gas by determining the level of a signal that is indicative
      thereof. A detector disposed in the gas produces signals indicative of a
      parameter of interest. A generator produces a signal whose level bears a
      relationship to the signals produced by the detector and directs the
      signal to an amplifier. The amplifier amplifies the signal and directs it
      to a storage device. A signal related to that produced by the amplifier is
      fed back into the amplifier to correct for signal losses in the amplifier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be more fully understood in relation to the accompanying
      detailed description of the invention when read in conjunction with the
      following drawing:
PAR  FIG. 1 is a schematic diagram of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The chromotograph control circuit shown in FIG. 1 causes the peak value of
      electrical signals generated by sensor 10 to be recorded on a chart by
      recorder 12. A sequencer 14 times the operation of various portions of the
      circuit to correspond to the elution time of various components of the gas
      sample being analyzed. For purposes of simplification of FIG. 1, a gas
      having only two components is assumed, although the principles of the
      circuit are applicable to any number of components.
PAR  Sequencer 14 begins its operation by sending signal A to zero timing
      circuit 16 whose output signals E and F operate zeroing circuit 18.
      Zeroing circuit 18 maintains the output of differential amplifier 20 at a
      zero level when there is no sample gas in the chromotograph. Gas currents
      and ambient temperatures in sensor 10 can cause signals to be sent to
      amplifier 20 without sample gas in the detector and for the most accurate
      results should be corrected for before the sample gas enters the detector.
      Amplifier 20 is zeroed during every cycle of the sequencer 14 in the
      particular control circuit shown, although it could be zeroed after every
      several cycles or in the midst of a cycle between the elution of
      individual gas components.
PAR  Zero timing circuit 16 simultaneously produces two signals of different
      durations, a decreasing signal E and an increasing signal F. Signals E and
      F can be produced by such devices as single-shot multivibrators having
      different time constants and opposite polarities. In the instant circuit
      they preferably range in level between +12 and -12 volts.
PAR  Before signals E and F reach zeroing circuit 18 and before the sample gas
      is injected into the chromotograph, amplifier 20 may be producing the
      undesired non-zero output signal. The signal enters differential amplifier
      22 through a limiting resistor 24. A second signal also enters amplifier
      22 through another limiting resistor 26. This signal is a constant DC
      signal level which compensates for offset voltage in amplifier 22. It is
      derived by dividing a DC signal with a potentiometer 28. The output of
      amplifier 22 is initially routed through a standby feedback loop which
      includes field-effect-transistor (FET) 30 and a resistor 32. FET 30
      normally has a signal at E sufficient to maintain it in its conducting
      state. The feedback circuit through FET 30 serves to prevent amplifier 22
      from saturating while the zeroing circuit is inactive. If saturation were
      allowed to occur, the time required for the amplifier to change from a
      saturated condition to the operating condition would delay the operation
      of the zeroing circuit when it is activated and thereby cause temporary
      undesirable oscillations. Capacitor 34 serves a similar anti-saturation
      function that will be discussed below.
PAR  When zero timing circuit 16 is activated by instruction A, signal E causes
      FET 30 to enter its non-conducting state and signal F causes another FET
      36 to enter its conducting state. This opens a signal path through
      resistor 38 to allow capacitor 40 to be charged in relation to the level
      of the undesired offset signal emanating from sensor 10 through amplifier
      20. The signal level stored by capacitor 40 causes FET 42 to conduct a
      signal through itself and a resistor 44 in proportion to the level of the
      signal in the capacitor 40. Due to the high input resistance of such
      devices, FET 42 acts as an isolator to prevent drainage of the signal from
      capacitor 40. An amplifier 46 amplifies the signal emanating from FET 42
      and feeds the resulting signal into a resistive biasing network for
      amplifier 20. The biasing network includes resistors 48 and 50, and the
      signal from amplifier 46 enters the network between the two. Resistor 50
      isolates the zeroing feedback loop from amplifier 20 to prevent its
      impedance characteristic from upsetting the gain of the amplifier. The
      feedback signal balances the input signals at the two terminals of
      differential amplifier 20 to produce a zero signal output with no sample
      gas in the chromotograph and thereby cancels the effects of an offset
      voltage in the detector.
PAR  Since signal E is longer in duration than signal F, FET 36 will return to
      its nonconducting state before FET 30 again becomes conducting and
      restores the standby feedback loop to operation. Thus for a period of time
      equal to the difference in duration of signals E and F, there will be no
      feedback loop connected to the output of amplifier 22. This is to prevent
      there being at any time a discharge path for capacitor 40 through both
      FET's 36 and 30 and resistor 32. To prevent the undesired saturation
      previously discussed, a capacitor 34 is placed across FET 30. While FET's
      30 and 36 are not conducting, the signal from amplifier 22 charges
      capacitor 34, thereby preventing the amplifier from saturating. The
      capacitor with its slow charge rate satisfies the needs of the amplifier
      until signal E switches FET 30 to its conducting state and restores the
      standby feedback loop. When this occurs, the capacitor discharges through
      FET 30.
PAR  After amplifier 20 has been zeroed, sequencer 14 generates instruction B
      and sends it to valve 52, which in response, allows a gas sample of fixed
      quantity into sensor 10. Sensor 10 may be a resistive bridge network that
      includes resistors 54 and 56 and temperature variable resistors, or
      thermistors 58 and 60. One of the thermistors, say 60, acts as a
      reference. A portion of the pure carrier gas is blown across standard
      thermistor 60 at a constant rate. The sample gas, which is mixed with the
      carrier gas, moves through the resistive medium of the chromotograph, and
      each component thereof, after its elution time, exits from the resistive
      medium and moves across thermistor 58. The sample gas in mixture with the
      carrier gas has a different thermal conductivity from the carrier gas
      alone and thus removes a different amount of heat from the thermistor. The
      resulting difference in resistance between thermistors 58 and 60 causes a
      different current to flow through the resistor 54-thermistor 58 branch of
      the bridge than the resistor 56-thermistor 60 branch. This unbalances the
      bridge in an amount proportional to the quantity of sample gas passing
      over thermistor 60, and amplifier 20 receives a different signal from the
      node between resistor 54 and thermistor 58 than from the node between
      resistor 56 and thermistor 60. The signal differential is amplified into a
      proportional output signal which is sent to a signal level detector
      circuit 65.
PAR  During the interval between the time that the gas sample enters the
      chromotograph and the time that it reaches the detector, sequencer 14
      generates instruction C and sends it to a memory hold and timing control
      circuit 62 for component No. 1 of the gas sample. Circuit 62 first sends a
      signal to a peak detector discharge and chart advance circuit 64 in a
      signal level detector circuit 65. Circuit 64 sends a signal H to recorder
      12 which advances the recorder in preparation for recording the level of
      component No. 1. The same signal also causes FET 66 to enter its
      conducting state, which opens a discharge path for capacitor 68 through
      resistors 70 and 72 to ground potential. Capacitor 68 stores a signal
      whose level is porportional to the peak level of the signal generated by
      sensor 10 in response to the passage of a component of the gas sample and
      must be discharged in preparation for the next component.
PAR  After capacitor 68 has been discharged, the signal from amplifier 20
      reaches one input of a differential amplifier 74 in circuit 65 through
      resistor 76. A second input of amplifier 74 is biased above ground
      potential by a resistor 78. The difference between the signal from
      amplifier 20 and the bias level provided by resistor 78 is amplified and
      sent through resistor 70 into capacitor 68. The signal level in capacitor
      68 causes FET 80 to conduct a signal in proportion to that level through a
      resistor 82. FET 80 acts as an isolator and prevents discharge of
      capacitor 68. The signal appearing between FET 80 and resistor 82 is
      amplified by an amplifier 84. A feedback loop carries the signal back to
      amplifier 74 through a resistor 86. The feedback loop insures that the
      signal level at the input of amplifier 74 will be zero, thereby
      eliminating signal losses due to resistive drops in amplifier 74 and other
      components of circuit 65. The signal level in capacitor 68 is therefore an
      accurate indication of the peak level of the signal generated in detector
      10.
PAR  The signal from amplifier 84 is also sent to circuit 62 where it is
      temporarily stored. Circuit 62 then generates a signal T1 and sends it to
      a recorder switch control 88 which in response causes FET 90 to conduct.
      At the same time the circuit 62 sends the peak level signal for component
      No. 1 in the form of signal G1 to an attenuator 92, which adjusts the
      level of the signal within the range of recorder 12. The attenuated signal
      is then recorded by recorder 12.
PAR  After component No. 1 has been processed, sequencer 14 generates an
      instruction D and sends it to memory hold and timing control circuit 92,
      which begins the same process for component No. 2 as for component No. 1.
      The recorder chart is advanced, and signal level detector circuit is
      cleared. The signal level is detected by circuit 65 and sent to circuit
      92, which causes it to be recorded by recorder 12 using recorder switch
      control circuit 92, FET 96 and attenuator 98. The same process also occurs
      for all other components of interest.
PAR  While particular embodiments of the invention have been shown and
      described, it is apparent that changes and modifications could be made
      without departing from the true scope and spirit of the invention. It is
      therefore the intention in the appended claims to cover all such changes
      and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas chromotography circuit for detecting a parameter of a component of
      a gas, comprising: sensor means that produces signals indicative of
      parameters of the gas component; means connected to the sensor means for
      providing a signal whose level bears a relationship to the signals
      produced by the sensor means; means for amplifying the signal produced by
      the providing means; means for storing the amplified signal; and means for
      feeding back a portion of the stored signal into the amplifying means.
NUM  2.
PAR  2. The circuit of claim 1 further including means for zeroing the signal
      providing means prior to the introduction of the gas to the sensor means.
NUM  3.
PAR  3. The circuit of claim 1 wherein the signal feedback means includes means
      for preventing discharge of the storing means through the feedback means.
NUM  4.
PAR  4. Circuit of claim 1 wherein the sensor means comprises a bridge network
      that includes temperature variable resistors.
NUM  5.
PAR  5. Circuit of claim 4 wherein the signal providing means is a differential
      amplifier.
NUM  6.
PAR  6. Circuit of claim 4 wherein the storing means is a capacitor.
NUM  7.
PAR  7. In a gas chromotograph: gas sensor means that produces a signal in
      response to the presence of the gas; means for amplifying the signal;
      capacitor storage means communicating with the amplifying means; and
      electronic switch means having its gate connected to the capacitor storage
      means and its output connected to the input of the amplifier means.
NUM  8.
PAR  8. A chromotograph detector circuit, comprising: bridge sensor means; means
      connected to the sensor means for generating a signal indicative of a
      parameter detected by the sensor means; an amplifier connected to the
      signal generating means; a capacitor connected to the output of the
      amplifier; a transistor connected to the output of the amplifier and the
      capacitor; and feedback means connected between the transistor and the
      input of the amplifier.
NUM  9.
PAR  9. The circuit of claim 8 further including: a transistor connected across
      the capacitor and means for periodically switching the transistor to a
      conducting state.
NUM  10.
PAR  10. In a gas chromotography which generates a signal that are indicative of
      parameters of components of a gas: an amplifier electrically communicating
      with the signals; a capacitor connected to the output of the amplifier; a
      transistor connected to the output of the amplifier and the capacitor; and
      a feedback loop connected between the transistor and the input of the
      amplifier.
NUM  11.
PAR  11. The circuit of claim 9 further including: a transistor connected across
      the capacitor; and means for periodically switching the transistor to a
      conducting state.
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ABST
PAL  A zeroing circuit for use in conjunction with devices that produce output
      signals in response to input data signals feeds a compensating signal into
      such a device to produce a zero output signal when there is a zero input
      signal. The device being compensated is intermittently tested for the zero
      condition, and an aspect of the compensating signal is altered to produce
      the zero condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application is related to a co-pending application entitled "Detector
      for a Chromotograph" Ser. No. 494,248 filed Aug. 12, 1975.
PAR  The invention relates to detecting a parameter of a component of a gas in a
      chromotograph, and more particularly to detecting a signal level that is
      indicative of the parameter.
PAR  Electrical signals are often used to carry parameters relating to many
      processes. Several aspects of a signal are used to represent the values of
      the parameters; an important one of these is the highest level which a
      signal attains during a particular interval of time. In gas chromotography
      for example, in which a gas containing molecules of different types is
      separated into its component parts, a signal is generated whose level is
      proportional to the number of molecules that pass a sensor.
PAR  The chromotograph uses a resistive medium, such as small pieces of
      firebrick coated with a heavy oil to separate the gas components. A
      standard-sized sample of gas is carried through the medium at a constant
      rate by a gas such as helium. The resistive medium resists the passage of
      the sample gas molecules in proportion to their size. As a result the
      molecules of a particular size tend to bunch together and exit from the
      resistive medium about the same time. The smaller molecules exit first,
      followed by groups of molecules of progressively larger sizes. Each group
      of a particular size requires a known amount of time, called the elution
      time, to pass through the resistive medium. Each group is distributed over
      a small interval of time usually in a normal or Gaussian distribution.
      Since the shape of the distribution is known, and if the Gaussian peaks
      are symmetrical, the number of molecules in a group can be determined from
      the peak value of the distribution.
PAR  The passage of the molecules from the resistive-medium is often sensed by a
      thermistor. The passage of the gas molecules over the thermistor alters
      the temperature of the thermistor, which in turn alters its resistance.
      The varying resistance is used to modulate an electrical signal. The shape
      of the signal will thus be related to the distribution of the molecules in
      a particular group separated by the resistive medium. The peak value of
      the signal can then be determined by means of circuitry disclosed in the
      co-pending application cited above.
PAR  Due to gas currents and ambient temperatures in the chromotograph, the
      sensor often produces an offset signal when there is no sample gas in the
      chromotograph. If it is not corrected, the offset signal will introduce
      error into subsequent measurement of the gas components. The zeroing
      procedure has often been performed by means of a signal divider circuit
      using a potentiometer. The potentiometer was manually adjusted until the
      necessary compensating signal was introduced into the circuit to eliminate
      the offset signal. A manual zeroing process is obviously inconvenient. It
      is also inadequate in situations where the offset signal can vary quite
      rapidly as in a chromotograph. An automatic zeroing circuit would thus be
      a valuable addition to a gas chromotograph.
PAR  It is therefore an object of the invention to provide a new and improved
      zeroing circuit that overcomes these and other disadvantages of the prior
      art. Other objects will become apparent as the invention is described in
      detail.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is embodied in an apparatus that automatically adjusts the
      input signal level of an electronic circuit to produce an output signal of
      a predetermined level. An amplifier generates a signal indicative of a
      variance of the electronic circuit's output signal from the predetermined
      level. Switched feedback loops carry signals related to the variance
      signal to the electronic circuit and to the amplifier in a timed sequence.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be more fully understood in relation to the accompanying
      detailed description of the invention when read in conjunction with the
      following drawing:
PAR  FIG. 1 is a schematic diagram of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The chromotograph control circuit shown in FIG. 1 causes the peak value of
      electrical signals generated by sensor 10 to be recorded on a chart by
      recorder 12. A sequencer 14 times the operation of various portions of the
      circuit to correspond to the elution time of various components of the gas
      sample being analyzed. For purposes of simplification of FIG. 1, a gas
      having only two components is assumed, although the principles of the
      circuit are applicable to any number of components.
PAR  Sequencer 14 begins its operation by sending signal A to zero timing
      circuit 16 whose output signals E and F operate zeroing circuit 18.
      Zeroing circuit 18 maintains the output of differential amplifier 20 at a
      zero level when there is no sample gas in the chromotograph. Gas currents
      and ambient temperatures in sensor 10 can cause signals to be sent to
      amplifier 20 without sample gas in the detector and for the most accurate
      results should be corrected for before the sample gas enters the detector.
      Amplifier 20 is zeroed during every cycle of the sequencer 14 in the
      particular control circuit shown, although it could be zeroed after every
      several cycles or in the midst of a cycle between the elution of
      individual gas components.
PAR  Zero timing circuit 16 simultaneously produces two signals of different
      durations, a decreasing signal E and an increasing signal F. Signals E and
      F can be procduced by such devices as single-shot multivibrators having
      different time constants and opposite polarities. In the instant circuit
      they preferably range in level between +12 and -12 volts, which can be
      termed respectively the on level and the off level.
PAR  Before signals E and F reach zeroing circuit 18 and before the sample gas
      is injected into the chromotograph, amplifier 20 may be producing the
      undesired non-zero output signal. This signal is indicative of a variance
      of the signal from the non-zero level. The signal enters differential
      amplifier 22 through a limiting resistor 24. A second signal also enters
      amplifier 22 through another limiting resistor 26. This signal is a
      constant DC signal level which compensates for offset voltage in amplifier
      22. It is derived by dividing a DC signal with a potentiometer 28. The
      output of amplifier 22 is initially routed through a standy feedback loop
      which includes field-effect-transistor (FET) 30 and a resistor 32. FET 30
      normally has a signal at E sufficient to maintain it in its conducting
      state. The feedback circuit through FET 30 serves to prevent amplifier 22
      from saturating while zeroing circuit is inactive. If saturation were
      allowed to occur, the time required for the amplifier to change from a
      saturated condition to the operating condition would delay the operation
      of the zeroing circuit when it is activated and thereby cause temporary
      undesirable oscillations. Capacitor 34 serves a similar anti-saturation
      function that will be discussed below.
PAR  When zero timing circuit 16 is activated by instruction A, signal E causes
      FET 30 to enter its non-conducting state and signal F causes another FET
      36 to enter its conducting state. This opens a signal path through
      resistor 38 to allow capacitor 40 to be charged in relation to the level
      of the undesired offset signal emanating from sensor 10 through amplifier
      20. The signal level stored by capacitor 40 causes FET 42 to conduct a
      signal through itself and a resistor 44 in proportion to the level of the
      signal in the capacitor FET 42. Due to the high input resistance of such
      devices, FET 42 acts as an isolator to prevent drainage of the signal from
      capacitor 40. An amplifier 46 amplifies the signal emanating from FET 42
      and feeds the resulting signal into a resistive biasing network for
      amplifier 20. The biasing network includes resistors 48 and 50, and the
      signal from amplifier 46 enters the network between the two. Resistor 50
      isolates the zeroing feedback loop from amplifier 20 to prevent its
      impedance characteristic from upsetting the gain of the amplifier. The
      feedback signal balances the input signals at the two terminals of
      differential amplifier 20 to produce a zero signal output with no sample
      gas in the chromotograph and thereby cancels the effects of an offset
      voltage in the detector.
PAR  Since signal E is longer in duration than signal F, FET 36 will return to
      its non-conducting state before FET 30 again becomes conducting and
      restores the standby feedback loop to operation. Thus for a period of time
      equal to the difference in duration of signals E and F, there will be no
      feedback loop connected to the output of amplifier 22. This is to prevent
      there being at any time a discharge path for capacitor 40 through both
      FET's 36 and 30 and resistor 32. To prevent the undesired saturation
      previously discussed, a capacitor 34 is placed across FET 30. While FET's
      30 and 36 are not conducting, the signal from amplifier 22 charges
      capacitor 34, thereby preventing the amplifier from saturating. The
      capacitor with its slow charge rate satisfies the needs of the amplifier
      until signal E switches FET 30 to its conducting state and restores the
      standby feedback loop. When this occurs, the capacitor discharges through
      FET 30. The zeroing circuit 18 and sensor 10 together comprise a means for
      sensing a non-zero signal in the chromotograph circuit.
PAR  After amplifier 20 has been zeroed, sequencer 14 generates instruction B
      and sends it to valve 52, which in response allows a gas sample of fixed
      quantity into sensor 10. Sensor 10 may be a resistive bridge network that
      includes resistors 54 and 56 and temperature variable resistors, or
      thermistors 58 and 60. one of the thermistors, say 60, acts as a
      reference. A portion of the pure carrier gas is blown across standard
      thermistor 60 at a constant rate. The sample gas, which is mixed with the
      carrier gas, moves through the resistive medium of the chromotograph, and
      each component thereof after its elution time exits from the resistive
      medium and moves across thermistor 58. The sample gas in mixture with the
      carrier gas has a different thermal conductivity from the carrier gas
      alone and thus removes a different amount of heat from the thermistor. The
      resulting difference in resistance between thermistors 58 and 60 causes a
      different current to flow through the resistor 54, thermistor 58 branch of
      the bridge than the resistor 56, thermistor 60 branch. This unbalances the
      bridge in an amount proportional to the quantity of sample gas passing
      over thermistor 60, and amplifier 20 receives a different signal from the
      node between resistor 54 and thermistor 58 than from the node between
      resistor 56 and thermistor 60. The signal differential is amplified into a
      proportional output signal which is sent to a signal level detector
      circuit 62.
PAR  During the interval between the time that the gas sample enters the
      chromotograph and the time that it reaches the detector, sequencer 14
      generates instruction C and sends it to a memory hold and timing control
      circuit 62 for component -1 of the gas sample. Circuit 62 first sends a
      signal to a peak detector discharge and chart advance circuit 64 in a
      signal level detector circuit 65. Circuit 54 sends a signal H to recorder
      12 which advances the recorder in preparation for recording the level of
      component -1. The same signal also causes FET 66 to enter its conducting
      state, which opens a discharge path for capacitor 68 through resistors 70
      and 72 to ground potential. Capacitor 68 stores a signal whose level is
      proportional to the peak level of the signal generated by sensor 10 in
      response to the passage of a component of the gas sample and must be
      discharged in preparation for the next component.
PAR  After capacitor 68 had been discharged, the signal from amplifier 20
      reaches one input of a differential amplifier 74 in circuit 65 through
      resistor 76. A second input of amplifier 74 is biased above ground
      potential by a resistor 78. The difference between the signal from
      amplifier 20 and the bias level provided by resistor 78 is amplified and
      sent through resistor 70 into capacitor 68. The signal level in capacitor
      68 causes FET 80 to conduct a signal in proportion to that level through a
      resistor 82. FET 80 acts as an isolator and prevents discharge of
      capacitor 68. The signal appearing between FET 80 and resistor 82 is
      amplified by an amplifier 84. A feedback loop carries the signal back to
      amplifier 74 through a resistor 86. The feedback loop insures that the
      signal level at the input of amplifier 74 will be zero, thereby
      eliminating signal looses due to resistive drops in amplifier 74 and other
      components of circuit 65. The signal level in capacitor 68 is therefore an
      accurate indication of the peak level of the signal generated in detector
      10.
PAR  The signal from amplifier 84 is also sent to circuit 62 where it is
      temporarily stored. Circuit 62 then generates a signal T1 and sends it to
      a recorder switch control 88 which in response causes FET 90 to conduct.
      At the same time circuit 62 sends the peak level signal for component -1
      in the form of signal G1 to an attenuator 92, which adjusts the level of
      the signal within the range of recorder 12. The attenuated signal is then
      recorded by recorder 12.
PAR  After component -1 has been processed, sequencer 14 generates an
      instruction D and sends it to memory hold and timing control circuit 92,
      which begins the same process for component -2 as for component -1. The
      recorder chart is advanced, and signal level detector circuit is cleared.
      The signal level is detected by circuit 65 and sent to circuit 92, which
      causes it to be recorded by recorder 12 using recorder switch control
      circuit 92, FET 96 and attenuator 98. The same process also occurs for all
      other components of interest.
PAR  While particular embodiments of the invention have been shown and
      described, it is apparent that changes and modifications could be made
      without departing from the true spirit and scope of the inveention. It is
      therefore the intention in the appended claims to cover all such changes
      and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a circuit for detecting a parameter of a component of a gas in a gas
      chromotography, sensing means comprising: means for producing a signal
      having a predetermined level when a component of the gas is not present;
      means for generating a signal indicative of a variance of the signal from
      the predetermined level; first feedback means between the variance signal
      generating means and the signal producing means, said first feedback means
      having first electronic switch means and means for storing the variance
      signal; second feedback means around the variance signal generating means,
      said second feedback means having second electronic switch means; and
      means for operating the first and second electronic switch means in a
      timed relationship with the introduction of gas into the chromotograph.
NUM  2.
PAR  2. The sensing means of claim 1 wherein the switch operating means
      maintains the first switch means in a non-conducting state and the second
      switch means in a conducting state when the gas is in the chromotograph,
      simultaneously switches the first switch means to a nonconducting state
      when the gas is not in the chromotograph, and switches the first switch
      means back to a non-conducting state before switching the second switch
      means back to a conducting state while the gas is not in the
      chromotograph.
NUM  3.
PAR  3. The sensing means of claim 2 further including signal storage means
      connected across the second switch means.
NUM  4.
PAR  4. The sensing means of claim 3 wherein the signal producing means
      comprises first and second signal producing means.
NUM  5.
PAR  5. The sensing means of claim 4 wherein the first and second signal
      producing means includes a resistive bridge network that includes
      temperature variable resistors.
NUM  6.
PAR  6. The sensing means of claim 5 wherein the first and second signal
      producing means further includes a differential amplifier connected
      between the resistive bridge network and the variance signal generating
      means.
NUM  7.
PAR  7. The sensing means of claim 6 wherein the resistive bridge network
      includes two temperature variable resistors one of which is disposed in a
      region of constant temperature and the other of which is disposed in the
      region of the gas.
NUM  8.
PAR  8. The sensing means of claim 7 wherein the variance signal generating
      means is an amplifier.
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ABST
PAL  An apparatus and method for continuously metering the vapor pressure of a
      gaseous component of a material within a gaseous mixture utilizing a
      saturation vapor pressure sensor having a linear dimension changeable with
      respect to changes in the saturation vapor pressure of the material, a
      relative humidity sensor having a linear dimension changeable with respect
      to changes in the relative humidity of said gaseous mixture, and a means
      to contrast the linear dimension of one of said sensors to the linear
      dimension of the other, the resultant value representing the vapor
      pressure of said material.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of applicant's
      application, Ser. No. 369,838, filed June 14, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel apparatus and method for measuring the
      vapor pressure (sometimes called partial pressure) of a material in a
      gaseous mixture. The apparatus is particularly useful, although not
      limited to, detecting the vapor pressure of water in air, the value of
      which may be used to ascertain the absolute humidity, specific humidity,
      dew point temperature, and the like.
PAR  With reference to meteorological observation and data gathering, there has
      been a need for an instrument allowing measurement of the vapor pressure
      of water in the atmosphere to aid in meteorological studies. For instance,
      evaluation of evaporation intensity of a body of water, prediction of
      cloud level, frost occurrence, and the like is predicted upon an accurate
      measurement of the vapor pressure of water in its gaseous phase.
PAR  As is known in the art, relative humidity, being a ratio, does not allow
      reckoning of the vapor pressure without knowledge of other factors.
      Previous methods of gaging the vapor pressure of a material have been
      difficult to use and expensive to manufacture. For example, the
      psychrometric apparatus presents difficulty in that it requires a
      continuous supply of the liquid phase of the metered material and
      diagrams, tables, or the like to evaluate the vapor pressure. The
      fogging-mirror type of instrument necessitates an electrical source of
      energy, as well as expensive electronic components.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a method and apparatus for the accurate
      measurement of the vapor pressure of a gaseous material within a gaseous
      mixture. The apparatus includes a saturation vapor pressure sensor formed
      by a closed container, such as a bourdon tube, capsule, cell, or the like.
      A predetermined amount of the material being metered is disposed within
      the closed container such that the material exists in the vapor state over
      the liquid or solid state at all times. In addition, the container must
      flex so that increasing saturation vapor pressure increases the linear
      dimension of the container. A linearly changeable relative humidity
      sensor, such as a hygroscopic thread, combines with the saturation vapor
      pressure sensor through a means to contrast the change in length of one
      sensor from the change in length of the other sensor.
PAR  For example, in the preferred embodiment, the end of the closed container
      imparts its linear expansions or contractions to one arm of a lever. The
      other arm of the lever affixes to the relative humidity sensor. The
      linking of the saturation vapor pressure sensor and the relative humidity
      sensor permits the gaging of the vapor pressure of the material simply by
      measuring the change in position of the end of the relative humidity
      sensor; i.e., the end connected to the indicator.
PAR  A recording chart, indicator, read out, or the like may be employed to
      convey the vapor pressure. Since related information, such as dew point
      temperature, specific humidity, and the like are readily ascertainable via
      mathematical or graphical methods, the chart can be scaled accordingly.
PAR  Therefore, it is an object of the present invention to provide a simple and
      accurate apparatus and method for the measurement of the vapor pessure or
      partial pressure of a material in a gaseous mixture.
PAR  Likewise, it is a further object of the present invention to provide a
      useful tool for the measuring and gathering of useful meteorological data.
PAR  A further aspect of the present invention is to determine the vapor
      pressure of a material employing the known parameters of saturation vapor
      pressure and relative humidity.
PAR  Yet another objective is to provide information inferred from the vapor
      pressure of a component of a gaseous mixture accurately and quickly.
PAR  The invention possesses other objects and advantages, especially as
      concerns particular features and characteristics thereof, which will
      become apparent as the specification continues.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of the apparatus.
PAR  FIG. 2 is a broken sectional view depicting the saturation vapor pressure
      sensor.
PAR  FIG. 3 is a broken sectional view of the saturation vapor pressure sensor
      in a relatively expanded state.
PAR  FIG. 4 is an elevational view of alternate tension means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus is depicted in its entirety by the numeral 10 and, in FIG. 1,
      includes a saturation vapor pressure sensor 11, including a flexible
      corrugated container 15 set on a surface 13. The upper end of the
      container 15 is provided with a plate 14, which serves to enclose the
      container 15 and to impart linear expansion or contraction of the
      container to leg 16. The closed container may take the form of a bourdon
      tube or capsule, but, in any case, the container changes its linear
      dimension with respect to the change of the saturation vapor pressure of
      the material being metered.
PAR  Vapor pressure of the metered material is defined as the partial pressure
      of the gaseous phase of the metered material in a gaseous mixture.
      Saturation vapor pressure is defined as the vapor pressure of the vapor
      phase of the metered material in contact with its liquid form.
PAR  As shown by FIG. 2, the container 15 is constructed with flexible
      corrugations 12, which gives it the characteristic of linear variation of
      the long axis of the container with changing saturation vapor pressure.
      The liquid component 40 of the material being metered partially fills the
      container 15. A vapor space 42 necessarily contains the saturation vapor
      phase of the material in a mixture with other gases of a predetermined
      environment. In the case of the earth's atmosphere, the vapor space 42
      incorporates oxygen, nitrogen, argon, carbon dioxide, and any other gases
      found in the atmosphere in the proper proportions. If the material being
      metered is water vapor, then the vapor space 42 will always be saturated
      with water vapor.
PAR  The saturation vapor pressure sensor 11 changes its length in proportion to
      the saturation vapor pressure of the material being metered according to
      the following mathematical relationship:
EQU  .DELTA.l.sub.p = c.DELTA.P.sub.s
PAL  where .DELTA.l.sub.p is the change in length of the container 15, c is a
      dilatational constant determined by the composition of the container, and
      .DELTA.P.sub.s is the change in saturation vapor pressure of the material
      being metered.
PAR  The saturation vapor pressure increases pursuant to the following:
EQU  P.sub.s = 10.sup.B.sup.-A/T
PAL  where P.sub.s is the saturation vapor pressure of the metered material, A
      and B are constants of the gaseous phase of the metered material, values
      of which can be calculated, for example, from the Smithsonian Vapor
      Pressure Tables, and T represents the absolute temperature of the gaseous
      mixture.
PAR  When the temperature of the system 10 rises, a portion of the liquid phase
      40 evaporates into the vapor space 42 to maintain the condition of
      saturation by the vapor phase of the metered material. Therefore,
      container 15, by dint of its flexible corrugations 12, will expand
      linearly, within reasonable limits, and push lever arm 20 upwardly
      according to the value of the saturation vapor pressure of the metered
      material.
PAR  The relatively rigid plate 14 on the upper portion of closed container 15,
      as aforesaid, moves linearly with the expansion and contraction of the
      container. Leg 16 affixes to plate 14 on one end and pivotally attaches to
      lever arm 20 on the other end through pivot pin 18. Leg 16 is preferably
      mounted substantially perpendicular to lever arm 20, horizontally disposed
      and aligned with the long axis of container 15, as depicted in FIG. 1.
      However, leg 16 may be mounted in angular relationship with lever arm 20
      as long as there exists a vertical component of the force of leg 16 upon
      the lever arm.
PAR  Fulcrum 22 supports the lever 21, which includes lever arms 20 and 24.
      Lever arm 24 is constructed of a different material than lever arm 20 for
      reasons as will be discussed below. Attached to opening 26 is the relative
      humidity sensor 28 which comprises a hygroscopic thread or the like. As is
      well known in the art, a hygroscopic thread changes linear dimension as a
      consequence of relative humidity. The lower end of the humidity sensor
      attaches to a counterweight or spring 32 FIG. 4 and an end of lever 35
      having a fulcrum 34.
PAR  The relative humidity sensor 28 changes its length in relation to the
      relative humidity of the metered material within the gaseous mixture in
      intimate contact with the sensor 28. Consequently, the following is true
      of the relative humidity sensor:
EQU  .DELTA.l.sub.h = k.DELTA.R
PAL  where .DELTA.l.sub.h is the change in length of the relative humidity
      sensor, k is a proportionality constant pertaining to the characteristic
      of the material composing the hygroscopic thread, and R is the relative
      humidity of the gaseous mixture in intimate contact with the sensor 28.
      Accordingly:
EQU  R = (P.sub.e /P.sub.s) 100
PAL  where P.sub.e is the vapor pressure of the metered material and P.sub.s is
      the saturation vapor pressure of the metered material.
PAR  A pen 36 on the end of lever 35 opposite the end attached to the relative
      humidity sensor 28 records the movement of the lower end 30 of the
      relative humidity sensor 28. This takes place on a strip or drum chart
      recorder 38 or the like, as is well known in the art.
PAR  In operation with the instrument properly calibrated, an increase in the
      saturation vapor pressure of the metered material will expand container 15
      which, in turn, pushes lever arm 20 upwardly through plate 14 and leg 16
      and vice versa. Simultaneously, a decrease in the relative humidity will
      shorten the length of the relative humidity sensor 28 and vice versa. The
      combined effect of the relative humidity sensor and the saturation vapor
      pressure sensor is recorded on the drum chart 38.
PAR  For example, when the temperature of the environment increases with a
      constant vapor pressure of the metered material, the saturation vapor
      pressure of the metered material increases, which causes lever arm 20 to
      move upwardly and arm 24 to move downwardly. At the same time, the
      relative humidity sensor 28 contracts. The combined effect to both sensors
      will keep the pen 36 steady, indicating no change in the vapor pressure,
      P.sub.e, of the material metered. In other words:
EQU  .DELTA.l.sub.p + .DELTA.l.sub.h = O
PAL  with a change in temperature of the system 10.
PAR  Counterweight or spring 32 serves to provide sufficient tension on sensor
      28 to maintain it in a straight configuration.
PAR  As heretofore discussed, the material whose vapor pressure is most commonly
      measured is water in the earth's atmosphere. But sensors may be used to
      measure the vapor pressure of other materials such as ether, ammonia, and
      the like in other gaseous mixtures.
PAR  The vapor pressure P.sub.e may be continuously recorded in any pressure
      units, such as millibars, millimeters of mercury, pounds per square inch,
      and the like. Dew point temperature, specific humidity, and absolute
      humidity may be graphically or mathematically found from the value of the
      vapor pressure. Likewise, the drum chart recorder 38 may directly indicate
      any of these values, as desired.
PAR  To aid in calibration of the system 10, arm 24 may be constructed of
      material with a desired coefficient of thermal expansion and length to
      compensate for the exponential variation of saturation in the vapor
      pressure sensor and the linear variation of the relative humidity sensor,
      as discussed above.
PAR  The foregoing description may be seen to include a method of measuring the
      vapor pressure of a gas. The method incorporates the steps of measuring
      the linear displacement of saturation vapor pressure sensor 15, measuring
      the length of the relative humidity sensor 28. The lengths of both are
      contrasted by the use of levers 21 and 35 to determine the value of the
      vapor pressure.
PAR  It should be noted that one skilled in the art may further compensate the
      apparatus 10 for changes in barometric pressure by raising or lowering
      surface 13. For instance, an increase in barometric pressure will cause
      plate 14 to move downwardly; therefore, surface 13 must move upwardly a
      corresponding distance.
PAR  While in the foregoing specification embodiments of the invention has been
      set forth in considerable detail for the purpose of making a complete
      disclosure thereof, it will be apparent to those skilled in the art that
      numerous changes may be made in such details without departing from the
      spirit and principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for continuously measuring the vapor pressure of the vapor
      phase of a material within a gaseous mixture comprising:
PA1  a. saturation vapor pressure sensor including a closed container of at
      least two phases of the material, one of which is the vapor phase in the
      predetermined gaseous mixture, a linear dimension of said container being
      changeable with respect to changes in the saturation vapor pressure of the
      material;
PA1  b. relative humidity sensor within the predetermined gaseous mixture, a
      linear dimension of said sensor changeable with respect to changes in the
      relative humidity of said gaseous mixture; and
PA1  c. means to contrast the linear dimension of one of said sensors to the
      linear dimension of said other sensor, the resultant value representing
      the vapor pressure of the material.
NUM  2.
PAR  2. The device of claim 1 in which said means to contrast the linear
      dimensions includes a first lever having a first and second arm, the first
      arm of which affixes to said saturation vapor pressure sensor such that a
      force component of said change in linear dimension of said saturation
      vapor pressure sensor acts substantially perpendicularly to said first
      arm, said relative humidity sensor having a first end portion and a second
      end portion along said changeable linear dimension, said second arm
      affixing to said first end portion of said relative humidity sensor, and
      means to measure the position of said second end portion of said relative
      humidity sensor.
NUM  3.
PAR  3. The device of claim 2 in which said means to measure the position of
      said second end portion of said relative humidity sensor includes a second
      lever having a first arm and a second arm, said first arm attached to said
      second end portion of said relative humidity sensor and said second arm
      including a marker to indicate the position of said second arm.
NUM  4.
PAR  4. The device of claim 3 in which said relative humidity sensor includes a
      hygroscopic thread and means to furnish tension to said thread.
NUM  5.
PAR  5. The device of claim 4 in which said means to furnish tension to said
      thread comprises a counterweight affixed to the connection of said first
      arm of said second lever and said second end portion of said relative
      humidity sensor.
NUM  6.
PAR  6. The device of claim 4 in which said means to furnish tension to said
      thread comprises a spring affixed to the connection of said first arm of
      said second lever and said second end portion of said relative humidity
      sensor.
NUM  7.
PAR  7. The device of claim 3 which additionally comprises a means to indicate
      the position of said second arm of said second lever.
NUM  8.
PAR  8. The device of claim 7 in which said second arm of said first lever
      changes the linear dimension of said relative humidity sensor with respect
      to changes in temperature of said gaseous mixture so as to properly
      calibrate said device.
NUM  9.
PAR  9. A method of continuously measuring the vapor pressure of the vapor phase
      of a material within a gaseous mixture comprising the steps of:
PA1  a. translating the saturation vapor pressure of the material into a linear
      dimension;
PA1  b. translating the relative humidity of the material into a linear
      dimension; and
PA1  c. contrasting said linear dimensions, the resultant value representing the
      vapor pressure of the material.
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ABST
PAL  Method and apparatus for testing a membrane strip for leaks due to pin
      holes are disclosed. A detector fluid is applied to one face of the strip
      while bringing a detection medium into proximity with the other face
      thereof, and producing a pressure difference between the opposite faces of
      the strip in a sense to cause flow of the detector fluid through any open
      pin holes in the strip, and accordingly into contact with the detection
      medium. In accordance with this invention, a membrane-compatible liquid is
      applied to the membrane strip prior to testing for pin holes, so that the
      liquid is retained in the pin holes by capillary attraction. Accordingly,
      the flow of detector fluid through pin holes which are less than a
      predetermined size is prevented. The predetermined size may be controlled
      by the magnitude of pressure difference between opposite faces and the
      nature of the membrane-compatible liquid. As a result, the presence only
      of holes larger than the predetermined size is detected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In U.S. Pat. No. 3,811,317, an apparatus is disclosed for testing membrane
      for holes by progressively passing a roll of membrane through a chamber in
      which one side of the membrane is exposed to gaseous ammonia, and the
      other side of the membrane is exposed to a reduced pressure, to draw the
      ammonia through any holes present in the membrane. When ammonia does so
      pass through a hole in the membrane, it encounters a sensing medium such
      as diazo indicator paper, where the presence of the ammonia is recorded by
      the formation of a blue mark on the diazo paper. Accordingly, the holes in
      the membrane may be located, and patched if desired.
PAR  In U.S. Pat. No. 3,757,955, membrane diffusion devices such as blood
      oxygenators are taught in which the diffusion membrane is made of a
      hydrophobic material such as polypropylene or polytetrafluoroethylene. The
      membrane defines myriads of tiny pores, for example of approximately 1/2
      micron width. This type of porous membrane has been shown to exhibit
      highly superior diffusion properties for carbon dioxide and oxygen, while
      still preventing the passage of blood across the membrane, when the
      diffusion device is properly constructed. Blood oxygenator devices
      utilizing such porous, hydrophobic membrane have recently become
      commercially available.
PAR  Although the diffusion membrane in such blood oxygenator devices is porous,
      it is still necessary that it be free of holes which are 50 to 100 microns
      in diameter and greater. When such holes are present, significant amounts
      of blood can leak from the blood side of the membrane to the oxygen side,
      which is of course highly undesirable. When this takes place, the entire
      diffusion device usually must be discarded, and a new one selected.
      Accordingly, prior to its assembly into an oxygenator, it is important to
      determine whether or not the porous, hydrophobic membrane used in an
      oxygenator possesses such larger holes. There is a substantial cost saving
      in either patching or discarding the unused, defective membrane rather
      than assembling the membrane into an oxygenator device, and then
      discovering that holes of excessive size are present.
PAR  There exists, therefore, a need for a method of detecting enlarged holes in
      porous membrane material which contains pores which are smaller than the
      holes to be detected. In the apparatus of Patent No. 3,811,317 cited
      above, it has been found that ammonia tends to diffuse through all holes
      of any size in the micronic range, which makes the detection of enlarged
      holes in normally porous membrane virtually impossible.
PAR  In accordance with this invention, a method and apparatus are disclosed in
      which porous membrane material may be scanned by a non-electrical
      technique for holes of larger size, even though the enlarged holes are
      still so small that they may not be reliably spotted by means of visual
      inspection.
PAR  The method and apparatus of this invention can be also used for detecting
      holes above a predetermined size in non-porous membrane or the like, but
      is the first available apparatus for detecting enlarged pin holes in
      normally porous membrane medium by a non-electrical technique, precisely
      "mapping" the exact location of each hole on a detection medium, which may
      be diazo indicator paper when ammonia is the detector fluid. By inspection
      of the detection medium, the pin hole is precisely located without further
      effort, and may be patched.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, a method and apparatus for testing a
      membrane strip for leaks are disclosed. The apparatus of this invention
      typically includes transport means for advancing the strip along a process
      path, and a test station, including distributor means bridging the process
      path, for applying detector fluid to successive regions of one face of the
      strip traversing the distributor means. Means are also provided for
      producing a pressure difference between opposite faces of the strip at the
      distributor means in a sense to cause flow of the detector fluid through
      any open pin holes in said strip.
PAR  The transport means also includes further means for moving a detection
      medium in registry with the other face of the strip during travel through
      the test station. Accordingly, an indication of pin holes in the strip of
      sufficient size to allow the indicator fluid to contact the detection
      medium is produced on the detection medium. Such holes are then precisely
      located by reference to the detection medium before the membrane strip and
      detection medium are removed from registry with the membrane strip.
PAR  In accordance with this invention, means are also provided for applying to
      the advancing membrane strip, prior to its passing through the test
      station, a membrane-compatible liquid for filling the pin holes by
      capillary attraction. Accordingly, the passage of the indicator fluid
      through pin holes which are smaller than a predetermined size is prevented
      by the presence of the membrane-compatible liquid. However, with respect
      to pin holes over the predetermined size, the pressure difference between
      the opposite faces of the strip is sufficient to overcome the capillary
      attraction and to cause detector fluid to break through the liquid in such
      pin holes, thus permitting the detector fluid to reach the detection
      medium by way of the enlarged pin holes. When this takes place, the event
      is recorded by the detection medium.
PAR  Accordingly, by appropriate adjustment of the pressure difference between
      the opposite faces of the strip and/or the capillary properties of the
      membrane-compatible liquid, the minimum size of the pin holes desired to
      be detected can be adjusted, so that the apparatus itself is adjustable in
      accordance with the needs of the situation.
PAR  For example, when a pressure differential of 300 mm. of mercury is provided
      across the membrane by evacuating the detection medium side of the
      membrane, the apparatus of this invention can generally detect at least
      100 micron pin holes and frequently smaller.
PAR  The term "membrane-compatible liquid" means that the liquid has such a
      surface tension as to permit it to exhibit sufficient cohesive attraction
      toward the membrane material that it tends to fill the membrane pores and
      be retained there by capillary attraction.
PAR  Conventional, volatile halofluorocarbon liquids can be used in accordance
      with this invention to test porous, hydrophobic membranes made of such
      materials as polytetrafluoroethylene or polypropylene. These liquids may
      be optionally in admixture with water or other solvents, to alter the
      surface tension characteristics as desired. Such halofluorocarbon liquids
      are sold under the name "Freon" and are readily commercially available.
      For example, such materials as 1,1,2-trichloro-1,2,2-trifluoroethane;
      1,2-dichloro-1,1,2,2-tetrafluoroethane; trichlorofluoromethane; and
      mixtures thereof can be used in accordance with this invention.
PAR  In other circumstances, other organic solvents, which are preferably
      non-inflammable and relatively non-toxic, can be used, such as
      trichloroethylene.
DRWD
PAR  Referring to the drawings,
PAR  FIG. 1 is a schematic illustration of the method and apparatus of this
      invention.
PAR  FIG. 2 is an enlarged view, taken in vertical section, of the pin hole
      testing station shown schematically in FIG. 1.
DETD
PAR  Referring to the drawings, membrane 10 intended for testing is drawn off of
      a storage roller 12 and passed about alignment rollers 14, 16 for passage
      through a membrane-compatible liquid application station. Station 18 may
      comprise chiefly a container of liquid, e.g., a halofluorocarbon type
      liquid such as Freon TF, sold by the DuPont Chemical Co., when the
      membrane is made of porous hydrophobic material, e.g., a thin film of
      polytetrafluoroethylene or polypropylene having many pores of 0.1 to 0.5
      micron width, and normally free of pin holes which are 50 or more microns
      in width.
PAR  Sponge roller 20 assures that membrane 10 is immersed in the
      halofluorocarbon liquid at station 18 to fill the pores of the membrane
      with halofluorocarbon by capillary attraction.
PAR  Detector medium strip 22 such as diazo (Ozalid) paper is drawn off of
      roller 24 and brought into adjacent relation with membrane 10 by roller
      26, so that the two strips 10, 22 pass into pin hole detection station 28,
      moving in unison together.
PAR  There, the detector fluid (such as ammonia) is applied to the upper surface
      of membrane 10 while a pressure difference is produced in a sense to urge
      the detector fluid to pass through any pin holes in the membrane. The
      pressure is adjusted to cause the membrane-compatible liquid to be pushed
      out of pin holes which are larger than a desired, predetermined size by
      the pressure. When this takes place, the detector fluid passes through
      membrane 10, as at pin hole 30, to cause an indicating mark to form on
      indicator strip 32.
PAR  Membrane 10 then passes through optional drying station 31, in which
      evacuation is provided to boil off the liquid detector fluid and thus dry
      the membrane. Evacuation port 31a is shown for connection to a
      conventional vacuum pump. If desired, heating coils can also be provided
      to hasten the removal of all membrane-compatible liquid prior to
      completion of the process. Frequently, however, halofluorocarbon liquids
      of about two carbon atoms per molecule are sufficiently volatile so that
      no drying station 31 is necessary.
PAR  Following this, membrane 10 passes across repair station 32 which comprises
      a table or other horizontal surface, where the membrane is visually
      inspected. In the preferred embodiment, thin, porous
      polytetrafluoroethylene or polypropylene membranes are sufficiently
      translucent so that the purple mark produced by diazo paper in the
      presence of ammonia is visible through the membrane 10. Accordingly, the
      operator applies a sealing compound such as silicone rubber room
      temperature vulcanizing sealant, whenever a purple mark is visually seen
      as membrane 10 passes across table 32. Accordingly, the pin holes are
      sealed.
PAR  Membrane 10 and strip 22 are then passed through nip roller 34, and the two
      strips are separated, strip 22 passing to storage roller 36, and membrane
      10 passing through tensioning roller assembly 38, and ultimately about
      alignment roller 40 to storage roller 42.
PAR  Pin hole testing station 28, and other features of the apparatus of this
      invention, may be constructed in a manner similar to that disclosed in
      U.S. Pat. No. 3,811,317. The testing station shown in detail in FIG. 2 is
      essentially similar to the testing station disclosed in that patent.
PAR  Referring in greater detail to FIG. 2, testing station 28 comprises a
      compartmented test head 44 having a horizontal slit 46, defined between an
      upper supply chamber 48 and a lower vacuum chamber 50. An exhaust stub 52
      is shown associated with the supply chamber 48 to produce an air sweeping
      flow on the downstream extremity of the vacuum slit so that ambient air
      flows continuously over the membrane surface to sweep it free of any
      excess ammonia.
PAR  As described in U.S. Pat. No. 3,811,317, distribution tube 52 has a
      uniformly-spaced set of holes 54 opening toward the membrane, located
      adjacent the upstream extremity of vacuum slit 46 that divides the test
      head. Distribution tube 52 is embedded within a foam rubber block 56,
      which is soft enough to accommodate contact without damage to the
      membrane. The foam block ensures uniform application of the ammonia to the
      membrane, and is provided with covering walls 58 on its side, top and
      ends, positioned to substantially impede entry of air at the upstream
      region of the vacuum slit.
PAR  Vacuum draw off stub 60 is provided for application of the vacuum to
      chamber 50. Grill work 62 spans substantially the entire width of chamber
      50 to serve as a support for drive belt 64, which may be constructed in
      the manner described in the aforesaid patent.
PAR  Accordingly, control of the amount of air drawn off through stub 60 causes
      a variation in the pressure differential between chambers 48 and 50. This
      in turn affects the size of the pin holes 30 detected in membrane 10.
      Accordingly, the minimum size of pin holes detected by the apparatus of
      this invention can be adjusted as desired by the user.
PAR  The above has been offered for illustrative purposes only, and is not for
      the purpose of limiting the invention of this application, which is as
      defined in the claims below.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In a method for testing a membrane strip for leaks due to pin holes in
      said strip by applying a detector fluid to one face of said strip while
      bringing a detection medium into proximity with the other face of said
      strip, and producing a pressure difference between opposite faces of the
      strip in a sense to cause flow of the detector fluid through any open
      holes in said strip and into contact with the detection medium, the
      improvement comprising: applying to said membrane strip a
      membrane-compatible, volatile liquid medium to fill said pin holes and to
      be retained therein by capillary attraction, to prevent the flow of
      detector fluid through pin holes which are less than a predetermined size.
NUM  2.
PAR  2. The method of claim 1 in which said membrane strip is a thin film of
      hydrophobic material selected from the group consisting of polypropylene
      and polytetrafluoroethylene, said membrane defining a large plurality of
      pores of about 0.1 to 0.5 micron width, said membrane being normally free
      of pin holes which are about 50 microns in width and greater.
NUM  3.
PAR  3. The method of claim 2 in which the compatible liquid is a readily
      volatilizable halofluorocarbon liquid.
NUM  4.
PAR  4. The method of claim 3 in which said detector fluid is ammonia vapor.
NUM  5.
PAR  5. The method of claim 4 in which said detection medium is
      ammonia-sensitive indicator paper.
NUM  6.
PAR  6. In apparatus for testing a membrane strip for leaks, including transport
      means for advancing the strip along a process path, and a test station
      including distributor means bridging said path for applying detector fluid
      to successive regions of one face of said strip traversing said
      distributor means, means for producing a pressure difference between
      opposite faces of said strip in a sense to cause flow of said detector
      fluid through any open pin holes in said strip, said transport means
      including means for moving a detection medium in registry with the other
      face of the strip during travel through said test station, to produce an
      indication of any pin holes in said strip which allow the indicator fluid
      to contact the detection medium, the improvement comprising: means for
      applying to the advancing membrane strip, prior to passing through said
      test station, a membrane-compatible, volatile liquid for filling said pin
      holes through capillary attraction, to prevent the passage of the
      indicator fluid through pin holes which are smaller than a predetermined
      size.
NUM  7.
PAR  7. The apparatus of claim 6 in which said membrane strip is a thin film of
      hydrophobic material selected from the group consisting of polypropylene
      and polytetrafluoroethylene, said membrane defining a large plurality of
      pores of about 0.1 to 0.5 micron width, said membrane being normally free
      of pin holes which are about 50 or more microns in width.
NUM  8.
PAR  8. The apparatus of claim 7 in which the membrane-compatible liquid is a
      readily volatilizable halofluorocarbon liquid.
NUM  9.
PAR  9. The apparatus of claim 8 in which said detector fluid is ammonia vapor.
NUM  10.
PAR  10. The apparatus of claim 9 in which said detection medium is
      ammonia-sensitive indicator paper.
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ABST
PAL  To detect the presence of certain types of hidden flaws within a material
      having an exposed surface, the surface is tapped at one location to
      produce sonic vibrations within the material. At another location, an
      acoustic receiving transducer is coupled to the surface of the material
      being tested. A characteristic of the electrical signals produced by the
      transducer which is indicative of the type of flaw to be detected is
      utilized to denote the presence of a flaw. A mobile foorm of apparatus
      which detects flaws while traversing the surface of the material and which
      indicates the location as well as the existence of the flaws is described.
PARN
PAR  This is a division of application Ser. No. 176,906 now U.S. Pat. No.
      3,762,496.
BSUM
PAR  The present invention relates to a method and apparatus for detecting the
      presence of hidden flaws within a concrete bridge deck or other mass of
      material. The type of flaw which it is desired to detect consists of a
      separation of the material beneath the surface into two or more layers, or
      the presence of a lack of bond between two or more layers of a laminated
      material. Such separations are commonly called delaminations and the zones
      on the surface beneath which they occur are called delaminated areas.
      Delamination is one of the more commonly occurring defects in concrete
      bridge decks. It is encountered most frequently in localities where
      freeze-thaw conditions prevail during some portion of the year. As a
      consequence of becoming delaminated the concrete bridge deck deteriorates
      rapidly to the point of requiring extensive repair or replacement. Early
      detection of the delaminated areas permits remedial action to be applied
      at these areas in time to prevent the further progress of the
      deterioration and thus contributes to more economical bridge maintenance.
PAR  A similar form of separation occurs in rocks which form the ceiling of mine
      passages and tunnels. The safety of persons within these spaces is
      endangered by the presence of such flaws since the flaws tend to grow
      larger and eventually result in a fall of rock from overhead. Accordingly,
      it is desirable both on bridge decks and tunnel ceilings to detect and to
      map out the delaminated areas and to repeat this process from time to time
      in order to evaluate the growth, if any, of these areas.
PAR  Another similar form of delamination occurs in laminated structural forms
      like the honeycomb panels often used in aircraft construction and in
      plywood. A fabrication problem in such laminates is that of securely
      bonding the layers. Lack of bonding produces weak points in the laminates
      and can result in serious structural failure.
PAR  In the past, detection of delamination has been accomplished by tapping the
      exposed surface of the suspected material with a rod, hammer, or similar
      striking object while listening with the ear for a distinctive type of
      sound which has been found to occur when the material is delaminated
      beneath the tapped area. This characteristic sound is generally described
      as a "hollow" sound. The reliability of this subjective method of
      detection leaves much to be desired since it depends greatly upon the
      experience and judgement of the observer and is also highly dependent upon
      the characteristics of the object used to perform the tapping. Sticks and
      rods, for example produce a sound related to their own mass and length
      regardless of what material they are tapped against and this sound often
      overshadows the sound produced by the delaminated material. A steel
      ball-like mass tied at the end of a soft rope has been found to produce
      very little sound when struck against a solid deck but to produce a loud
      distinctive sound when struck against a delaminated area. A mobile device,
      developed by the Research Department of the Kansas State Highway
      Commission, strikes the deck at regular intervals with small wooden
      blocks. This device permits surveying large areas quickly; however, the
      wooden blocks are somewhat resonant which impairs interpretation. Nichols,
      U.S. Pat. No. 3361225 describes a metal pegged wheel, an acoustic pickup
      on the handle eliminates subjective judgement; however, this type of
      mechanism generates a large amount of signal on bonded panels and hence
      has poor contrast between bonded and unbonded areas.
PAR  Accordingly, with these difficulties and shortcomings in mind the present
      invention was conceived. Basically, the invention operates by repetitively
      tapping the surface of the material in a controlled uniform manner and by
      coupling an acoustic receiving transducer to the surface of the material a
      small fixed distance away from the point at which it is being tapped. This
      distance is chosen in relation to the minimum size of the delaminated area
      which it is desired to detect, since, for most reliable detection, both
      the tapping point and the receiving point should be within the surface
      area beneath which the delamination extends. A certain finite spacing is
      important to eliminate from the receiving transducer output a large
      component of signal which would be present if the receiving transducer
      were to be directly coupled to the tapping mechanism. This large component
      of signal would exist whether or not the material were delaminated and
      would impair, if not overshadow, the response of the receiving transducer
      to the presence of the delamination. Accordingly, spacings from as close
      together as two separate mechanisms can be put into contact with the
      surface without touching one another, which spacings are of the order of
      one or two inches, up to spacings of several feet may be used. With a
      spacing of two inches the device can detect delaminated areas as small as
      two inches in width. If a spacing of two feet is used the detected areas
      will in general extend across a width of two feet or more. Provisions are
      also made in the design of the apparatus to minimize the response of the
      receiving transducer to sound waves arriving through the air or through
      the framework of the apparatus which supports and maintains the tapping
      mechanism and the receiving transducer in contact with the surface being
      tested. The apparatus is designed to maintain contact with the surface and
      to operate continuously while progressing along the surface of the
      material being tested.
PAR  It is an object of the invention to provide an improved method and
      apparatus for detecting and automatically indicating the presence of
      delamination beneath the surface of a material.
PAR  It is another object to automatically record the relative magnitude and the
      position of delaminated areas along a path of travel along a surface.
PAR  It is a further object to provide a method and apparatus which responds to
      delamination without having appreciable response to external noise, or to
      other surface effects such as the roughness of the surface of the
      material.
PAR  It is a still further object to provide an improved method and apparatus
      for the detection of delamination in a mobile manner while traversing the
      surface of the material.
DRWD
PAR  How these various objects are achieved by the method and apparatus of the
      present invention will become apparent when the following description is
      read in conjunction with the drawings in which--
PAR  FIG. 1 is a pictorial view of one embodiment of the present invention.
PAR  FIG. 2 is a diagrammatic view illustrating the details of the tapping
      assembly.
PAR  FIG. 3 is a sectional view showing the construction of the acoustic
      receiver wheel.
PAR  FIG. 4 is a block schematic diagram of the electronic signal processing
      portions of the apparatus.
PAR  FIG. 5 is a typical set of successive recordings, made along parallel
      paths, placed side by side to form a visual map of the delaminated areas
      detected by the apparatus.
DETD
PAR  The device, as shown in FIG. 1, comprises a small three-wheeled cart 1,
      which forms a support and carriage for the other portions of the
      apparatus. Beneath the cart 1, in line with its rear support wheels 2, a
      tapping assembly 3 having two steel wheels 5 is supported in rolling
      contact with the surface of the material to be tested. An electrically
      operated vibrator mechanism 4 causes the two steel wheels 5 of the tapping
      assembly 3 to chatter against the surface of the material being tested.
      The vibrator mechanism 4, as shown in FIG. 2, comprises a pair of solenoid
      coils 6 which alternately raise and lower a magnetic core 7 which strikes
      violently against a stop at each end of its travel. The solenoid coils 6
      are biased with direct current from battery 27 and are energized with 60
      cycles per second alternating current from inverter 28 through transformer
      29 to maintain the oscillatory hammer-like action of the magnetic core 7.
      As a result of this repetitive vibration the entire tapping assembly 3 is
      lifted out of contact with the surface sixty times each second. It returns
      each time to strike the surface at the points of contact of its steel
      wheels 5 with the surface of the material being tested. Although other
      types of tapping mechanisms were found to be satisfactory, for example, a
      motor driven tapper, or even a rolling spur gear, the above described
      mechanism was found to best excite the characteristic hollow sound.
PAR  Two acoustic receiver wheels 8 are also supported from the cart, in line
      with rear support wheels 2, each wheel spaced a few inches away from one
      of the tapping wheels 5. Referring now to FIG. 3, the acoustic receiving
      wheels 8 each contain an acoustic receiving transducer 9 which is mounted
      to a fixed axle 10 and thereby held at a substantially fixed height above
      the surface. The receiving wheels 8 are liquid-filled to provide good
      acoustic coupling between the transducer 9 and the surface being tested
      and are equipped with thin inner-tube like rubber tires 11 which conform
      to any surface irregularities and maintain good acoustic coupling. The
      wheel 8 is free to rotate while the axle 10, which passes through sealed
      bearings 12, is maintained in fixed orientation so that the transducer 9
      is always in close proximity to the surface. A transducer mounted directly
      on the axle of a solid aluminum wheel having a thin rubber tread was also
      found to make a satisfactory receiving wheel; however, it did not minimize
      the surface texture noise effects as well as the liquid filled receiving
      wheel described.
PAR  It will be apparent that acoustic vibrations introduced into the material
      by the tapping action of wheels 5 will be received from the material by
      the transducers 9. However, it is also apparent that vibrations might
      travel through the frame and supporting members of the cart 1 from the
      tapping assembly 3 to the transducers 9 within the receiving wheels 8.
      Coupling of this nature is avoided by isolating the tapping assembly 3
      from the cart 1 and separately isolating the receiving wheels 8 from the
      cart 1 by means of vibration isolators 13. Acoustic coupling through the
      air between the tapping assembly 3 and the receiving transducers 9 is
      minimized by having transducers 9 immersed in liquid which, through the
      thin rubber tire 11, is well coupled to the surface of the material being
      tested.
PAR  Response of the transducers 9 to surface roughness and to motion of the
      apparatus along the surface is minimized with respect to their response to
      the presence of delamination by accepting only those portions of the
      electrical signals produced by the receiving transducers 9 which meet
      specific criteria. These criteria are adjustable, but it has been found
      optimum, when using the apparatus on concrete bridge decks, to accept only
      signals which occur during the first 3 milliseconds after the surface has
      been tapped, and of these signals only those frequency components which
      fall between 300 and 1200 Hertz.
PAR  Thus, there is only a brief period after each tap during which the
      transducers 9 are allowed to influence the indications derived from their
      response. This fact tends to greatly suppress all unwanted types of
      response which are of a sustained nature. As shown in FIG. 4, the signals
      from the receiving transducers 9 are processed in conformance with the
      foregoing requirements by passing them separately through individual
      electronic amplifiers 21. Each amplifier 21 is associated with a filter 22
      which passes only frequencies between 300 and 1200 Hz. The output of each
      filter 22 is blocked by a gate 23 which is opened by a pulse from pulse
      generator 30 for a brief interval synchronized with the action of the
      tapper 3 by a voltage from transformer 31. Transformer 31 is energized
      along with transformer 29 by inverter 28. The signals passing through
      gates 23 are rectified by rectifiers 24 to produce two uni-polar output
      voltages proportional to the respective magnitudes of the processed
      transducer signals. These two output voltages can be displayed on
      indicating meters to signify the presence and magnitude of any detected
      delamination, but in the more customary apparatus a pen-recorder 25 having
      right and left recording channels is used to produce a permanent record of
      these voltages. The chart paper of the recorder 25 is driven in proportion
      to distance traversed by the cart through an odometer mechanism 26 driven
      by one of the supporting wheels 2. Thus, upon traversing a bridge-deck
      with the cart 1, a strip-map showing any delaminated areas encountered
      along this particular traverse is produced on the chart of recorder 25. As
      shown in FIG. 5, a succession of such records, with each traverse offset
      laterally a given distance, may be placed side by side to provide a visual
      map of the deck indicative of the size and position of the detected areas.
PAR  Power for operating the apparatus is obtained from a storage battery 27 and
      an inverter 28 which converts the 12 volt direct current of the battery to
      alternating current of 115 volts at 60 Hz. Thus, the entire apparatus is
      self-contained and is operable in remote locations while moving as well as
      while standing still.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. The method of detecting sub-surface flaws in a material comprising:
PA1  Applying a repetitive tapping force to the surface of the material at
      selected locations,
PA1  detecting on said surface at a point removed from the point of application
      of said force, an acoustic response related to said force and related to
      the acoustic characteristics of the flaw to be detected,
PA1  producing, by time gating and frequency filtering of said detected
      response, an indication which is related to the distinguishing
      characteristics of the flaws to be detected, and whereby extraneous
      effects are diminshed, said time gating admitting only the initial portion
      of the acoustic response produced by each individual application of the
      repetitive tapping force.
NUM  2.
PAR  2. The method set forth in claim 1 wherein the tapping force is applied
      approximately sixty times per second.
NUM  3.
PAR  3. The method set forth in claim 1 wherein only the frequency components of
      the acoustic response which fall between 300 and 1200 Hz are utilized.
NUM  4.
PAR  4. The method set forth in claim 3 wherein only that portion of the
      acoustic response which occurs during the first 3 milliseconds after a
      tapping force is utilized.
NUM  5.
PAR  5. The method set forth in claim 4 wherein the acoustic response is
      rectified and integrated over a period of approximately 1/2 second.
NUM  6.
PAR  6. The method of detecting sub-surface flaws in a material set forth in
      claim 1, wherein the applying of the tapping force and the detecting of an
      acoustic response is accomplished while in motion.
NUM  7.
PAR  7. The method set forth in claim 6 wherein the indication produced is
      related to the distance traveled from a reference location.
NUM  8.
PAR  8. The method for detecting subsurface delaminations and flaws in a
      material comprising:
PA1  applying to the surface of the material sharp, short duration, repetitive,
      force impulses having sufficient energy to excite therein vibrations which
      are characteristic of the separation of the material into two or more
      unbonded layers,
PA1  acoustically coupling a receiving transducer to the surface of the material
      to receive said characteristic vibrations at a location spaced from the
      application point of the force impulses, said spacing being comparable
      with the dimension of the minimum area of a delamination or flaw which it
      is desired to detect,
PA1  producing an indication related to the magnitude of the response of said
      transducer to those frequency components of said characteristic
      vibrations, which fall between 300 and 1200 Hz.
NUM  9.
PAR  9. The method set forth in claim 8 in which time gating and frequency
      filtering are used to obtain an indication which is related to the
      distinguishing characteristics of the flaws to be detected, and whereby
      extraneous effects are diminished.
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ABST
PAL  A lens converter ultrasonic camera method and system are shown for
      producing a visible representation in real time and true perspective of
      inhomogeneities in an opaque subject or specimen and especially suitable
      for imaging organs of living organisms. An ultrasonic wave generating
      transducer means is coupled to the specimen for insonification thereof,
      and focused perspective images using either transmitted or reflected
      ultrasonic waves are produced and directed upon an array of acoustic to
      electrical transducer elements. Scanning means are employed to expose the
      transducer elements to the entire acoustic image to generate electrical
      signals representative of the acoustic image. Amplified electrical signals
      representative of at least a portion of the acoustic image (such as a line
      thereof) are stored in individual electrical storage elements, which
      storage elements subsequently are connected, as by commutation means, to a
      utilization circuit, such as the control grid of a cathode ray tube, for
      intensity control of the indicating spot on the screen of the tube. The
      storage elements then are discharged, signals representative of another
      portion of the acoustic image are stored therein, and the cycle is
      repeated. The acoustic image scanning and recurrent wave generating and
      wave receiving operations may be performed at a periodically increasing
      and decreasing rate.
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PAC  ORIGIN OF INVENTION
PAR  The invention described herein was made in the course of work under a grant
      or award from the Department of Health, Education and Welfare.
BSUM
PAC  RELATED APPLICATIONS
PAR  This application is related to copending applications Ser. No. 270,274,
      filed July 10, 1972, Ser. No. 291,002, filed Sept. 21, 1972, Ser. No.
      354,236, filed Apr. 25, 1973, now U.S. Pat. No. 3,913,061 Ser. No.
      354,237,  filed Apr. 25, 1973, now U.S. Pat. No. 3,849,698, and Ser. No.
      363,876, filed May 25, 1973, now U.S. Pat. No. 3,886,490, all of which
      applications are assigned to the assignee of the present invention. The
      subject matter of these related applications is specifically incorporated
      herein by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to viewing objects in optically opaque media and
      particularly to a method and apparatus for insonifying the subject and
      transforming reflected or transmitted ultrasonic waves directly into an
      optical image--an optical image capable of being viewed and reproduced by
      photographic means.
PAR  While ultrasonic viewing or exploratory systems have a wide range of
      applications and the methods and system described here may be employed in
      the full range of applications, the most exacting application, and the use
      for which the system is particularly suited, is that of imaging living
      organisms, e.g., organs such as the heart in a living human body. In view
      of the special applicability to medical uses, the description is cast in
      terms of this most exacting of applications but use of the methods and
      apparatus is not so limited.
PAR  The contemplated major application leads to a consideration of its
      competitors in terms of imaging internal organs in living organisms.
      Techniques which do not provide an image are not considered true
      competitors. Radiography does provide an image in some cases and has
      demonstrated that the presentation of diagnostic information in the form
      of an image bearing a one-to-one correspondence to the anatomy involved is
      a most powerful perceptual aid.
PAR  Although radiographic techniques are basically noninvasive, in many cases
      catheterization or injection of contrast media is required for effective
      visualization. Always present are the risks of exposure to ionizing
      radiation, both to the patient and to the radiologist. Additionally, there
      are many situations in which x-rays fail to provide adequate visualization
      of tissues and organs. In such cases, the diagnostician must depend more
      heavily on other established means-- physical examination, chemical tests,
      measurement of electrical potentials, etc. For example, the normal thyroid
      gland is not demonstrable on x-ray studies; the abnormal gland is
      demonstrated only when it contains calcified areas or by its effect on
      neighboring structures. Present methods of diagnosis cannot adequately
      distinguish malignant from nonmalignant thyroid growths.
PAR  Radiographic techniques have proven deficient in visualization of the
      brain, some bone structure and detecting tumors in regions such as the
      breast. Specifically, radiographic visualization of the brain is carried
      out by visualizing its ventricles and basal cisterns with the injection of
      opaque media or gas, with the risks that attend the procedure. Arterial
      dye injections are required to visualize the heart and circulatory system,
      which is otherwise demonstrable only when calcification is present. Many
      details of the internal structures of abdominal organs are not apparent in
      simple radiographic examination; the pancreas, for example, cannot be
      distinguished from the surrounding soft tissues. Again, contrast media,
      either for absorption by the organ's tissue or passage through its
      circulatory system, are required in order to delineate the organ.
PAR  Radiographic visualization of the bones in the extremities is satisfactory
      for most purposes. However, visualization of the soft tissue, cartilage
      and joint cavities of the extremities cannot be adequately performed with
      any x-ray technique.
PAR  Mammography--a radiographic technique for detecting tumors of the
      breast--has found increased acceptance. However, in order to detect the
      minute calcifications that occur in malignant tumors, very high resolution
      film is used without intensifying screens. This film is relatively
      insensitive and requires long exposure. Thus a considerable dose of the
      readily absorbed soft x-rays is delivered to the patient. The inadequate
      interaction of x-rays with soft tissue and the complications associated
      with the use of contrast media significantly restrict the application of
      radiography. A further disadvantage of x-rays is that they interact only
      with tissue volume and are insensitive to interfaces between tissues.
      There is a clear need for new procedures by which internal organs can be
      visualized without using ionizing radiation and without introducing
      foreign material into the body.
PAR  The ability of ultrasonics to differentiate tissues on the basis of their
      elastic properties, the lack of toxic effects at energy levels required
      for diagnostic use and the fact that there is no requirement for invasive
      techniques with their attendant disadvantages and dangers make ultrasonic
      visualization a particularly attractive and effective diagnostic tool. A
      variety of ultrasonic techniques have been demonstrated. A discussion of
      the various methods and their capabilities is found in INTERNATIONAL
      JOURNAL OF NONDESTRUCTIVE TESTING, vol. 1 (1969), pp. 1-27, "Methods of
      Acoustic Visualization," by Philip S. Green, one of the present inventors.
      Although the referenced article gives a rather complete discussion, and
      its subject matter is specifically incorporated herein by reference, a
      discussion of the techniques is given here to establish the background of
      the present invention.
PAR  The ultrasonic technique first introduced and now most widely used in
      diagnostic medicine is the sonar-like method wherein an ultrasonic
      transducer in contact with the patient's skin launches ultrasonic pulses
      into the tissue and subsequently detects their reflections from tissue
      interfaces. The method is labeled the "A-scan" technique. Since the round
      trip travel time of a reflected pulse is proportional to the distance from
      the transmitter to the reflecting layer, the presentation of these wave
      trains on an oscilloscope permits the operator to directly measure these
      distances. This method has found wide acceptance as an indicator of
      midline displacement caused by tumors of the brain.
PAR  Aside from doppler methods, in which tissue or fluid motion is detected by
      means of the frequency shift it imparts to reflected ultrasonic waves, the
      only other method of diagnostic ultrasound to achieve a significant level
      of use is the so called "B-scan." As with the A-scan, the B-scan method of
      ultrasonic diagnosis employs a narrow beam transducer to project a short
      ultrasonic pulse into the tissue and to detect the reflected pulses. In
      B-scan, however, a two dimensional image is produced by moving the
      transducer slowly past the area of interest and recording the reflected
      pulse trains at closely spaced intervals. A cathode ray tube display is
      used in which one of the orthogonal deflection voltages is proportional to
      the transducer position and the other to the time elapsed since the last
      pulse was transmitted. The reflected ultrasonic pulses intensity-modulate
      the display. The resulting image is of a section of the body or organ that
      lies in the plane of the propagating rays.
PAR  The success of B-scan imaging has been most striking in obstetrics. Cross
      sections of the fetal head, thorax and limbs can be displayed with enough
      clarity to determine fetal size and position. B-scan is also useful in the
      differentiation of abnormal and normal pregnancy and for localization of
      the placenta.
PAR  Application of B-scan to the abdominal organs has met with more modest
      success. It is frequently possible to detect the presence of an abnormal
      state in the liver. However, except for the differentiation of cystic and
      solid masses, it is rarely possible to identify the abnormality. It is
      generally recognized that practical application of ultrasound for
      diagnosis of liver diseases is hampered by both inadequaces in equipment
      and examining techniques. The B-scan technique has been used successfully
      to measure the volumes of both liver and spleen.
PAR  B-scan has been employed for the measurement of cross sectional area in
      many organs, including the kidney and bladder. Again, although echoes are
      frequently observed from the interior of diseased kidneys, it is seldom
      possible to correlate these echo patterns with any specific pathological
      change.
PAR  In a B-scan study of the thyroid, four basic types of echo patterns have
      been distinguished and, in some cases, correlated with specific
      pathologies. It is found that cystic nodules rarely produce ultrasonic
      echoes. The results with solid adenomas are much less consistent; in the
      case of colloid adenoma, the ultrasonic "tomograms" are often echo free in
      the thyroid area. Almost all of the carcinomas investigated have been
      papillary, and their tomograms typically contained many echoes, although
      they were divided between two of the designated patterns. Nonneoplastic
      lesions--for the most part diffuse thyroiditis and Graves' disease--are
      not well characterized by the tomograms.
PAR  Detection of neoplasms with the B-scan technique has been reported. As with
      most other organs, differentiation can be made between cystic and solid
      masses. Although this early work gave rise to hope that distinctive echo
      patterns were associated with malignant and benign solid masses, it is the
      opinion of many investigators that this differentiation cannot be made on
      the basis of B-scan images. Visualization of the breast in this manner is
      further complicated by the extent and variability of sonic scattering by
      the internal structure of the normal breast.
PAR  Application of B-scan to visualization of the brain is hampered by the
      considerable reflection and refraction of sound that occurs at the skull.
      Relatively little work had been done in this area until recently, when in
      several investigations it was shown that some structures within the brain
      can be delineated if care is taken to discriminate against secondary
      reflections from the skull.
PAR  Image-like visualization of the heart is achieved by holding the transducer
      still while recording the output on a moving strip chart recorder. In this
      manner, motion of the heart wall and mitral valve results in wavy lines in
      the recording. The amplitude of these oscillations is a direct measure of
      valve and wall displacement, while valve and wall thickness can be deduced
      from the thickness of the lines. The heart structures are not actually
      resolved with this technique.
PAR  Although many other organs have been visulaized visualized B-scan, the only
      one of these to have received intensive investigation is the eye. Tumors
      of the eye and retinal detachments are readily displayed, as is some of
      the normal structure of the eye.
PAR  B-scan has established the potential effectiveness of ultrasonic
      visualization in medical diagnosis and is particularly effective for
      determining cross sectional shapes and areas of internal organs. However,
      B-scan has several significant inherent deficiencies of which the
      following are noteworthy:
PA0  Poor lateral resolution: In order to ensure that the ultrasonic beam is
      well collimated, it is necessary to use a transducer that is many
      wavelengths in diameter. The lateral resolution is limited to the
      transducer diameter--typically 0.5 to 2 cm. If a highly focused transducer
      is used, a sharp focus will prevail at the focal depth, while at other
      depths the image will be grossly out of focus.
PA0  Difficulty with specular reflection: Often tissue interfaces have
      relatively little irregularity on the scale of the ultrasonic wavelength
      (usually 0.3 to 1.0 mm) and thus reflect waves in a specular or
      mirror-like manner. It has become general practice to sector scan the
      transducer rapidly as it transverses the area of interest so that
      reflections from specular surfaces are less likely to be undetected.
      However, this provision effects only a partial solution to the specularity
      problem while introducing a great deal more complexity.
PA0  Insensitivity to local variations in acoustic absorption: The differences
      in acoustic absorption between normal and abnormal tissues may in some
      cases be a more sensitive indicator than differences in acoustic
      impedance. The pulse echo methods are essentially insensitive to local
      variations in absorptivity.
PA0  Long "build-up" time of image: Because of the finite time required for a
      transmitted pulse to return from the most distant portion of the organ and
      because of mechanical complexity, the time required to build up a single
      cross sectional image may be several minutes. Not only must the patient be
      kept immobile during this time to prevent image smear, but the
      diagnostician must forego the considerable advantage of seeing an image in
      "real time." Furthermore, five to ten scans are usually required to
      completely characterize an organ.
PA0  Low dynamic range: Although tissue reverberations span a wide range of
      amplitudes, the storage tube display typically used in B-scan imaging
      presents only a two level (black-white) approximation of the image.
PAR  In an effort to overcome the problems of the A-scan and B-scan techniques
      for diagnostic visualization, two other techniques of ultrasonic
      visualization have been investigated, viz., the lens/converter method and
      acoustic holography. An important distinction between the results obtained
      with the B-scan method and those obtained with both lens/converter and
      acoustic holography methods is found in the type of image produced.
PAR  Whereas the B-scan image is of a section of the object lying in the plane
      of the propagating rays, the image produced with lens/converter and
      acoustic holography systems is of a plane (or planes) normal to the
      propagation direction. The latter's similarity to our everyday experience
      of visualization leads to greater ease of interpretation. Furthermore,
      while B-scan images are formed with reflected energy only, images may be
      produced with either transmitted or reflected energy by using the
      lens/converter method or acoustic holography method, in analogy to the two
      most common modes of optical microscopy. A theoretical foundation for the
      lens/converter mode of acoustic image formation is found in P. S. Green,
      J. L. S. Bellin and G. C. Knollman, "Acoustic Imaging in a Turbid
      Underwater Environment", J. ACOUST. SOC. AM., vol. 44 (1968), pp.
      1719-1730.
PAR  Considering the lens/converter method, the use of lenses or focusing
      reflectors to concentrate ultrasonic energy is well known. A close analogy
      exists between the reflection and refraction of acoustic and optical
      wavefronts at boundaries separating regions of different refractive index,
      and sonic lenses and reflectors are designed in accordance with the same
      procedures used in optics. Indeed, the analogy between acoustics and
      optics extends to all scalar propagation phenomena. Then, as we might
      expect, there exists for an acoustic lens or focusing reflector an image
      plane/object plane relationship identical to that found in optics.
      Specifically, a spatial pattern of acoustic pressure in a plane in front
      of an acoustic lens (and propagating toward it) will induce in the
      conjugate plane of the lens a diffraction and aberration limited replica
      of itself. As in optics, this replica may be a virtual image for certain
      parameter values. A real image of an insonified object is formed if the
      object is placed beyond the focal plane of a convergent lens. An acoustic
      image converter placed in the corresponding image plane (as determined by
      the lens law) will detect a focused acoustic image of the object. The
      method and apparatus for ultrasonic imaging which constitute the present
      invention are a lens/converter system.
PAR  As pointed out above, the acoustic holography method of imaging can produce
      images of the same form as those resulting with the lens/converter system.
      In the case of holography, the acoustic lens may be omitted, and the
      wavefield scattered by the object is sampled directly by the converter. An
      optical transparency representing this wavefield is then formed by one of
      several conversion methods. Illumination of this transparency by a laser
      produces both a real and virtual image of the insonified object.
PAR  In recent years the holographic method of acoustic visualization has
      received considerable attention. Various methods of implementation have
      been demonstrated. The holographic approach, however, has been found to
      have several serious drawbacks. The formation of a holographic
      reconstruction requires first that the ultrasonic wavefield be recorded on
      film and that the film be developed; this is a time consuming operation
      producing a single image and is incompatible with the desired real time
      viewing capability. Although real time holography is possible with a
      liquid surface relief conversion method, this method is considered too
      insensitive for diagnostic use, a judgment based on laboratory experience
      with the liquid surface relief conversion process as used to make
      nonholographic, real time, in vitro images of various organs. Although
      work is now in progress to develop real time, electronically addressable
      transparencies for acoustic holography, results to date have been
      discouraging. A further disadvantage of ultrasonic holography is that
      coherent ultrasonic waves must be used for object insonification. It has
      been our experience, substantiated by theoretical studies, that broadband
      sound produces images of greater fidelity. Although in optical holography
      the reconstructed image is seen in three dimensions, this advantage is not
      realized in the acoustic case, owing to the inherent distortion caused by
      the large disparity between the wavelengths of ultrasound and light.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  The present invention relates to a method and apparatus for producing a
      visible representation in real time and true perspective of
      inhomogeneities in an opaque subject or specimen which are particularly
      suited for imaging organs in living organisms. The camera system includes
      a lens/converter system and means for insonifying the subject. The
      lens/converter system includes a lens which receives sound waves either
      transmitted to or reflected from the subject and focuses them on a
      converter located in the image plane. The converter, in turn, transforms
      the sound waves to electrical signals that are electronically processed
      and converted to a real time optical image of the area of interest.
PAR  It is an object of the invention to produce two dimensional perspective
      images of soft tissue structures that cannot adequately be visualized by
      any radiographic technique.
PAR  Another object of the invention is to produce such images in real time with
      high resolution.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIGS. 1A, 1B and 1C taken together, as shown in FIG. 1D, show a combination
      block and schematic diagram embodying the ultrasonic camera system and
      method of this invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1A and showing the
      linear array of receiver transducer elements;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 1A and showing
      means for generating recurrent timing signals; and
PAR  FIGS. 4 and 5 are waveform diagrams of electrical signals developed at
      various locations within the system and showing relative timing thereof,
      the time scale employed in the FIG. 5 waveforms being much shorter than
      that in FIG. 4.
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PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Reference first is made to FIG. 1A wherein there are shown an acoustic
      transmitting unit 6 used to insonify a subject 8 and an acoustic camera or
      receiving unit 10 which receives and focuses the compressional wavefield
      from the insonified subject and translates said wavefield into electrical
      signals which are converted into a real time visual display of the
      insonified subject at the face of a cathode ray tube 78 (FIG. 1B).
PAR  Both the transmitting and receiving units 6 and 10 are filled with a
      suitable acoustic transmission medium 11 and 12 (e.g., water) for the
      support of acoustic waves produced by an ultrasonic wave generating
      transducer 14 located at one end of the transmitting unit 6. A liquid
      tight acoustically transparent window 15 closes the other end of the
      transmitting unit. Ultrasonic compressional waves generated by the
      transducer 14 are transmitted through the medium 11 and coupled through
      the sonically transparent window 15 to insonify the subject 8.
PAR  The ultrasonic compressional wavefield from the subject 8 is coupled
      through a liquid tight acoustically transparent window 18 at one end of
      the receiving unit 10 to the liquid medium 12 within the camera body. A
      composite acoustic lens assembly 20 is located in the liquid medium 12
      between the window 18 and an acoustic receiving transducer 16. The
      transducer 16, as seen in FIG. 2, may comprise a linear array of
      piezoelectric elements 17 individually responsive to the instantaneous
      field pressure thereat. In an exemplary arrangement which has been built
      and tested, 192 such piezoelectric elements have been included in the
      array, but it will be apparent that the invention is not limited to such
      an array. Although not seen in the drawings, the array may be arranged in
      an arc, as viewed from above, to better fit a single line across the
      compressional acoustic image field. It will here be noted that operation
      in the reflective mode also is possible by use of an ultrasonic wave
      generating transducer means 14' located, for example, in the fluid 12 of
      the receiving unit for insonifying the subject 8. Reflected rather than
      transmitted ultrasonic waves from the insonified object are processed when
      the transducer means 14' is employed.
PAR  The composite acoustic lens assembly 20 serves the dual function of
      focusing the acoustic waves from the insonified subject and of
      periodically deflecting the waves up and down to move the compressional
      acoustic image field past the receiving array 16. To these ends, the lens
      assembly includes a pair of axially spaced lens elements 23 and 24 with a
      fluid filler medium 26 contained therebetween. A pair of rotatable
      acoustic prisms, or wedges, 28 is located in the filler medium in axial
      alignment with the lens elements. The prisms are rotated in opposite
      rotational directions at the same angular speed by means of a motor 29
      coupled thereto through suitable mechanical linkage 30. When the prisms
      are rotated in the above described manner by the motor, the compressional
      image field is sinusoidally swept past the line of acoustic receiver
      elements 17 in the array 16. With the illustrated arrangement the field is
      swept once in each vertical direction for each full rotation of the
      acoustic prisms 28 without lateral displacement of the field. A composite
      acoustic lens for focusing purposes shown in patent application Ser. No.
      270,274, filed July 10, 1972, an acoustic imaging and image deflecting
      system shown in patent application Ser. No. 354,236, filed Apr. 25, 1973,
      and a linear array transducer shown in patent application Ser. No.
      291,002, filed Sept. 21, 1972, may be employed in the acoustic camera
      system and method of this invention. The teachings found in these
      applications are employed herein for the same purposes and the subject
      matter of these applications is specifically incorporated herein by
      reference.
PAR  The transducer 16 and lens assembly 20 are attached a fixed distance apart
      to a base 22, which base is longitudinally movable within the camera body.
      Focusing at any desired level within the specimen or body 8 is
      accomplished by movement of the lens assembly and transducer along the
      acoustic axis 13 to place the body part to be observed at the object plane
      of the lens assembly. In the exemplary embodiment the transmitting unit 6
      also is movable along the axis 13 to accommodate body parts of different
      thickness. In an alternative arrangement, not shown, the receiving
      transducer means 16 may be mounted independently of the lens assembly 20,
      such that the lens assembly without the transducer means 16 is
      longitudinally movable within the camera body for focusing at any level
      within the body 8. With such an arrangement the size of the acoustic image
      field swept past the transducer elements 17 will vary depending upon the
      distance between the transducer elements 17 and lens assembly 20.
PAR  The electrical signals generated by the piezoelectric elements 17 of the
      linear array 16 are supplied to preamplifiers 30 which preferably are
      physically located adjacent the array to minimize the length of necessary
      connecting leads. With an array of 192 piezoelectric elements, there are
      required 192 preamplifiers 30, one for each transducer element signal. The
      block 30 thereby represents 192 preamplifiers and the solid line
      connections to and from the block illustrate the connections for all 192
      preamplifiers.
PAR  The 192 preamplifier outputs are supplied individually to 192 high gain
      receivers 32 of identical design. Each receiver comprises a variable gain
      amplifier stage 34 having an output which is fed to filter 36 tuned to the
      frequency of the ultrasonic wave generated by the transmitting transducer
      14. Single frequency signals as well as broadband signals may be employed.
      Alternatively, different frequency pulses may be used. Regardless of the
      frequency or frequencies employed, ultrasonic waves within the range of,
      say, 1 to 10 MHz are typical. The amplified and filtered signal is
      detected by a detector 38, such as a full wave detector, and the high
      frequency component of the detected signal then is removed from the
      demodulated signal by a low pass filter 40. The high gain receivers 32 may
      operate in either a linear or a nonlinear mode. For example, the
      illustrated receiver which operates in a linear mode may be operated
      substantially logarithmically by simply including a feedback loop between
      the filter 40 output and the variable gain amplifier 34 input. Switching
      between such modes of operation may be under control of a switching
      element in the feedback loop. Operation in the logarithmic mode results in
      a greater dynamic range of input signals to be displayed for improved
      visual representation of the wavefield. A log/linear control, not shown,
      for control of the amplifier mode of operation and a master gain control
      44 for setting the gain of all of the amplifiers 34 may be included at the
      operating console, or panel, of the camera system. In the pulse mode
      operation of the camera system exemplified in the drawings, the receivers
      32 are supplied with power during only a portion of each operating cycle
      from a gated receiver power supply 48 connected to the receivers over line
      49. Timing of the gated receiver power supply operation is described
      hereinbelow in the description of the novel method of this invention.
PAR  The outputs from the high gain receivers 32 are fed through receiver gates
      50 and thence over lines 50A to signal storage units 52 (FIG. 1B). In the
      192 channel system such as illustrated, 192 receiver gates and storage
      units are represented by each of the blocks 50 and 52. Each of the
      receiver gates 50 may comprise a DC analog gating circuit, the opening and
      closing of which is under control of a receiver gating signal supplied
      thereto over line 51. The receiver gates serve to switch the receiver
      output to the storage units when the gates are opened during receipt of a
      gate control pulse on line 51 and to bypass the receiver outputs to the
      common ground 53 when the gate is closed. The signal storage units 52 each
      may comprise a capacitor connected between the receiver gate and common
      ground, which capacitor is charged to a level determined by the receiver
      output when the receiver gates are opened. The capacitors maintain the
      charge without appreciable leakage until after sampling of the stored
      signals by a commutator 60 is completed.
PAR  After the signal storage units 52 have been simultaneously charged by gated
      signals from the receivers 32, the receivers are turned off by removal of
      power thereto from the power supply 48 and the storage units are
      sequentially sampled by the commutator 60 for application of a composite
      video signal to the input of video amplifier 58. A commutator 60 of novel
      design is employed to reduce the adverse capacitance effects which
      normally would be present in the connection of 192 information channels to
      a single line at the input to the video amplifier. The illustrated
      commutator includes cascade connection DC analog gate circuits (A) and (B)
      identified by the blocks 62 and 64. The block 62 represents 192 analog
      gate circuits, the opening and closing of which are sequentially
      controlled by commutator gate control signals supplied thereto over lines
      65 from the "A" section of a decoder 66 through AND and OR gates 59 and
      61, respectively. Each block 59 and 61 represents 192 AND and OR gates,
      respectively, and the lead 65 represents 192 lines from the individual OR
      gates to the 192 individual gate circuits 62. The gate circuits 62 have
      four output buses 67, shown as Bus-1 through Bus-4, which handle signal
      channels 1-48, 49-96, 97-144 and 145-192, respectively.
PAR  The four signal channels from the gate circuits 62 are fed through analog
      discharge gates 68 and amplifiers 69 to the input of the second commutator
      gate circuits 64. The blocks 68, 69 and 64 represent four discharge gate
      circuits, amplifiers and analog gate circuits, respectively. The discharge
      gates 68 normally are open for passage of the signals from the first
      analog gate circuits 62 to the amplifiers 69 and thence to the second
      analog gate circuits 64. Opening and closing of the analog gate circuits
      64 are sequentially controlled by commutator gate control signals supplied
      thereto over lead wires 70 from the "B" section of the decoder 66. The
      four gate circuits 64 are switched at the same rate that the buses 67 are
      sequentially supplied with signals from the first analog gate circuits 62.
      The four signal channels are combined at the output from the analog gate
      circuits 64 and supplied to a filter 72 to filter therefrom noise produced
      by the commutation process. The resultant composite signal output from the
      filter 72 is supplied to the input of the video amplifier 58 and thence to
      the cathode ray tube 78.
PAR  When the information contained on all 192 signal storage elements 52 has
      been sequentially applied to the video amplifier 58 through the
      commutator, the storage elements 52 are discharged to ground in
      preparation for the next signal storage operation. Discharge of the
      storage elements may be effected substantially simultaneously by the
      opening of all 192 analog gate circuits 62 and closure of the four
      discharge gate circuits 68. A discharge gate control signal at the line 73
      from a discharge gate generator 74 is applied both to the analog gate
      circuits 62 (through the 192 OR gates 61) to open the same and to the four
      discharge gates to close the same. The charges contained in the signal
      storage units 52 are thereby passed through the commutator gate circuits
      62 and thence bypassed to ground 53 through the discharge gate circuits
      68.
PAR  The output from the video amplifier 58 is supplied to a utilization circuit
      such as a cathode ray tube 78. In the illustrated arrangement the
      amplifier output is supplied to the control grid 80 of the tube for
      density control of the electron beam directed onto the face, or screen,
      thereof. An inverter circuit, not shown, may be switched into and out of
      operation in the connection of the video signal to the cathode ray tube
      for selection of either a "positive" or "negative" type of image of the
      acoustic field at the face of the tube.
PAR  A master timing signal for synchronization of the various camera system
      functions is obtained by means of a timing disk 82 attached to the motor
      29 shaft for synchronous drive operation of the disk with the
      counterrotating prisms, or wedges, 28. In the illustrated arrangement, as
      seen in FIG. 3, one half of the disk is of one color and the other half is
      of another color. A photocell 83 located adjacent the disk produces an
      output signal in response to one of the colors for generation of a series
      of pulses of equal on and off time periods. As noted above, for each
      revolution of the counterrotating prisms 28 the acoustic image field is
      swept past the line of transducer elements 17 once in each direction,
      during which time a squarewave signal is produced at the output from the
      photocell 83. For purposes of description only, the disk 82 and
      counterrotating prisms 28 may be driven at, say, 450 revolutions per
      minute by the motor 29, whereby the acoustic image field is swept at a
      rate of 7.5 complete (i.e., up and down) sweeps per second and timing
      signals are produced at a rate of 7.5 pulses per second.
PAR  In the waveforms of FIG. 4 the sinusoidal sweep of the acoustic image field
      by the counterrotating prisms is identified by the waveform 200, the ends
      of the sweep occurring at the peaks and valleys of the sinewave 200. The
      photocell 83 output, identified by the waveform 202, comprises a
      symmetrical squarewave signal having leading and trailing edges at the
      center of the acoustic image sweep where the deflection thereof is zero.
      Generation of the squarewave signal 202 at the appropriate time is
      achieved by the proper physical positioning of the photocell with respect
      to the rotating disk 82 and connection of the disk to the motor 29 shaft.
PAR  The squarewave photocell output is amplified by amplifier 84 (FIG. 1A) and
      used, inter alia, in the production of a deflection voltage for the
      cathode ray tube 78. To this end the squarewave signal is converted to a
      sinewave by passing the same through a low pass filter 85 (FIG. 1B) over
      line 86. The sinusoidal signal from the low pass filter is fed through an
      adjustable phase control circuit 87 and supplied to one of the deflection
      circuits of the cathode ray tube 78 for scanning in one orthogonal
      direction across the face, or screen, thereof. In the illustrated
      arrangement this sinusoidally varying voltage is supplied to the vertical
      deflection plates of the tube. The phase control circuit 87 is adjusted
      for proper synchronization of the vertical sweep with the composite video
      signal applied to the intensity control electrode of the tube during the
      commutation process. The sinewave vertical deflection voltage is
      identified by reference numeral 204 in the FIG. 4 waveform diagram.
PAR  The transmitting and receiving system described above thus far may be
      operated periodically at a constant repetition rate wherein the horizontal
      deflection ramp voltages are periodically applied to the horizontal
      deflection plates of the cathode ray tube 78. The combined use of a
      sinusoidal vertical deflection voltage with a periodic ramp horizontal
      deflection voltage would result in a raster of unevenly spaced horizontal
      sweeps across the face of the tube, with a resultant uneven intensity on
      the face of the screen. Compensation for such changes in intensity could
      be made by periodically varying the intensity of the electron beam to
      reduce the intensity at the extreme excursions of the vertical deflection
      204.
PAR  In the exemplary arrangement the transmitting and receiving units are
      oppeated at a sinusoidally varying rate in synchronism with the sinusoidal
      sweep of the acoustic image field by the counterrotating prisms for
      production of evenly spaced horizontal sweep lines at the face of the
      cathode ray tube. In addition to being used to produce the sinewave
      vertical deflection signal in the manner described above, the amplified
      squarewave master timing signal from the photocell 83 also is employed in
      the production of master timing pulses for control of transmitter andd
      receiver operations at a rate which varies sinusoidally at the same
      sinusoidal rate at which the acoustic image field is swept by means of the
      counterrotating prisms 28. To this end, the amplified squarewave signal
      from the amplifier 84 (FIG. 1A) is applied over line 88 to a voltage
      controlled delay unit 94 (FIG. 1C) comprising, for example, a one-shot
      having a pulse duration dependent upon the magnitude of a control voltage
      supplied thereto from a pulse detector 90 over line 92. The phase detector
      and voltage controlled delay unit are included in a phase lock loop which
      includes also a shift register 93 supplied with clock pulses from a
      variable frequency oscillator 142 (FIG. 1A) over line 95.
PAR  The shift register 93, which is triggered by the trailing edge of the
      output pulses from the voltage controlled delay unit 94, functions as a
      variable delay unit and provides output pulses which are delayed in an
      amount inversely related to the clocking frequency. The shift register
      output and amplified squarewave at the input to the voltage controlled
      delay unit 94 are supplied to the phase detector 90. Consequently, the
      pulse delay provided by voltage controlled delay unit 94 is equal, but
      opposite, to that provided by the shift register 93 in the balanced loop
      condition. In practice, as will become apparent below, the squarewave
      signal from the photocell 83 is delayed by delay unit 94 an amount such
      that the leading and trailing edges of the squarewave signal lead the
      acoustic field sweep at the instant that the sweep reaches its upper and
      lowermost ends by an amount substantially equal to the transmit time of
      the ultrasonic pulses in traveling between the transmitting transducer 14
      (or 14') and the counterrotating prisms 28 via the subject 8. As noted
      above with reference to FIG. 1A, this distance is variable to permit
      focusing at different levels within the body 8 and to accommodate
      different thickness specimens. The delay provided by the delay unit 94 is
      varied accordingly by control of the frequency at which the shift register
      93 is clocked. In the waveform diagram of FIG. 4 the squarewave output
      from the voltage controlled delay unit 94 is identified by reference
      numeral 206, which waveform leads the photocell output 202 and acoustic
      field sweep by a time designated  x, equal to the transit time of the
      acoustic wave from the transmitter transducer 14 (or 14') to the acoustic
      field deflecting prisms 28. In the waveforms of FIG. 4 is greatly
      exaggerated time x is shown for purposes of clarity of illustration. In
      practice, a transit time x on the order of, say, 0.50 to 1.5 milliseconds
      is typical.
PAR  The squarewave signal from the delay unit 94 is converted to a sinewave by
      passing the same through a low pass filter 96. This sinewave output,
      identified by reference numeral 208 in FIG. 4, is supplied as an input to
      a tracking analog to digital (tracking A/D) converter 98. Tracking A/D
      converters include an up-down counter having an output which is made to
      track the analog input, which counter output is taken as the output of the
      converter. In the present arrangement, as will become apparent from the
      following description, the pulses which drive the up-down counter are
      employed as master timing pulses. Therefore, with a sinewave input the
      converter output is employed in the present invention comprises pulses
      which occur at a rate which varies sinusoidally at the rate of the
      sinusoidal input signal. The number of pulses produced per sinewave cycle
      depends upon the amplitude of the sinewave signal input. In the
      illustrated arrangement, for purposes of description only, the sinewave
      amplitude and operating characteristics of the tracking A/D converter are
      such that 400 pulses are produced at the output from the converter during
      one complete cycle of the sinewave input.
PAR  Tracking A/D converters are well known and require no detailed description.
      A satisfactory converter 98 may comprise a differential operational
      amplifier 99 having as one input the sinewave signal from the low pass
      filter 96 and as a second input the output from a digital to analog (D/A)
      converter 100 which is actuated by an up-down binary counter 102. In
      operation the counter alternately counts up and down under control of an
      up-down signal supplied thereto over line 104 and counting pulses supplied
      thereto over line 106. The analog input signal is compared in the
      differential amplifier to the output from the D/A converter 100, and the
      differential amplifier output is supplied to a pair of differential
      comparators 108 and 110, which are supplied also with equal magnitude and
      opposite polarity threshold potentials +V and -V, respectively. No output
      from the comparators is produced until the input signal thereto (of one
      polarity) exceeds the opposite polarity threshold potential. If, for
      example, the sinewave signal input to the converter is increasing, the up
      comparator 108 is triggered when the output from the differential
      amplifier exceeds the magnitude of the threshold voltage. The comparator
      outputs are supplied to type D flip-flops 112 and 114 which have an output
      at the l terminal whenever signals are simultaneously present at the input
      terminals. A clock 116 provides clock pulses to the C terminals of the
      flip-flops.
PAR  The l outputs from the flip-flops 112 and 114 are connected through AND
      gates 118 and 120 to an OR gate 122. Output pulses from the tracking A/D
      converter 98 are obtained from the OR gate 122. The OR gate 122 output
      also is fed back to the counter 102 over line 106 to drive the same.
      Up-down control of the counter is provided by the output from flip-flop
      124 over the line 104. The flip-flop 124 is set and reset by signals from
      the l terminals of the flip-flops 112 and 114, respectively.
PAR  For purposes of description of the operation of the tracking A/D converter,
      assume that the sinewave signal input thereto is increasing. The up
      comparator 108 thereby produces an output when the output from the
      differential amplifier exceeds the threshold voltage. The flip-flop 112 is
      thereby triggered upon the occurrence of the subsequent clock pulse to
      produce an output at the l terminal which is supplied to the AND gate 118.
      The simultaneous application of a clock pulse and the output from the
      flip-flop 112 to the input of the AND gate cause the output therefrom to
      go to a high condition. Normally, both inputs to the OR gate 122 are low
      such that the output therefrom is low. Therefore, when the one input goes
      high, the output goes high to provide a pulse output therefrom. This
      output pulse also causes the counter 102 to step, thereby increasing the
      output from the D/A converter 100. The input to the differential
      comparator 108 from difference amplifier 99 thereby is reduced to an
      equilibrium level.
PAR  Up counting by the counter 102 continues until the sinewave input from the
      low pass filter 96 reverses direction. When the differential amplifier 99
      output exceeds the threshold voltage -V, the down comparator 110 is
      triggered to operate the flip-flop 114 which, in turn, resets the
      flip-flop 124 and actuates the AND gtes 120 and the OR gate 122. The
      tracking A/D converter circuit thereby counts down and continues to do so
      until the sinewave input again changes direction. Since the input to the
      tracking A/D converter varies sinusoidally, the master timing output
      pulses therefrom are produced at the same sinusoidally varying rate, which
      pulses are used, inter alia, to trigger operation of the transmitting
      transducer, to actuate the receiver gates and receiver commutator after a
      suitable delay and to initiate generation of horizontal deflection
      voltages for the cathode ray tube 78.
PAR  It will here be noted that the up-down signal on line 104 to the counter
      102 also is supplied as the least significant bit to the D/A converter
      100. As will become apparent hereinbelow, this results in interlacing of
      the horizontal deflection voltages to cathode ray tube 78; that is,
      horizontal deflection voltages which are produced while the counter 102 is
      counting up are interlaced with the horizontal deflection voltages which
      occur when the counter is counting down.
PAR  The master timing pulses from the A/D converter 98 (FIG. 1C) are supplied
      over line 125 as one input to an AND gate (FIG. 1A). The AND gate 126 is
      provided with two other inputs, one from a flip-flop 133 and another from
      an inverter amplifier 152 over line 128. For present purposes it will be
      assumed that the one input thereto from the flip-flop 133 is high to allow
      the output to go high when the other two inputs are high. The AND gate is
      supplied over line 128 with transmitter delay pulses of much shorter
      duration than the master timing pulses supplied thereto over line 125. In
      the absence of a transmitter delay pulse on line 128, the master timing
      pulses from the A/D converter 98 pass directly through the AND gate 126.
      If, on the other hand, a transmitter delay pulse is present on the line
      128 at one input to the AND gate when a master timing pulse on line 125
      arrives at another input thereto, the leading edge of the output signal
      from the AND gate is delayed until the end of the transmitter delay pulse.
      The AND gate 126 thereby serves as a switchable delay circuit which
      functions, when necessary, to delay the leading edge of the master timing
      pulses to prevent operation of the transmitting transducer 14 while the
      receivers 32 are operating. During most of the operating cycle the
      receivers 32 are gated off when a master timing pulse arrives at the AND
      gate 126 and no delay of the leading edge thereof is required or provided.
PAR  The short delay of the leading edge of selected master timing pulses is
      necessitated because of the varying rate at which ultrasonic pulses are
      produced by the transmitting transducer. With the illustrated arrangement
      wherein, say, 400 ultrasonic pulses are produced at a sinusoidally varying
      rate during each complete acoustic sweep cycle, the time between pulses
      may vary from a minimum of, say, 220 microseconds to a maximum of 3000
      microseconds. If the distance between the transmitting and receiving
      transducers is such that approximately 1000 microseconds are required for
      the pulses to travel therebetween, it will be seen that between 0 to 4
      ultrasonic pulses may be in transit between the transducers at any given
      time. At certain times during a complete cycle of operation a master
      timing pulse from the tracking A/D converter 98 may be produced during
      receiver gating operation. The desired signals arriving at the receiving
      transducer are extremely weak compared to the signals produced by the
      transmitting transducer, and if the transmitting transducer is allowed to
      function during the receiving operation, the weak acoustic image field at
      the receiving transducer is completely masked by the transmitted signal.
      To prevent transmitter operation at such times the line 128 to the AND
      gate 126 is pulsed while the receiver gates are open to delay passage of
      the leading edge of master timing pulses therethrough until after the
      receiver gates 50 are reclosed.
PAR  The master timing pulse output from the AND gate 126 is supplied over line
      130 to a transmitter gate generator 132. The generator 132, which may
      comprise a one-shot triggered by master timing pulses, has an output which
      is supplied to a power oscillator 134 for on-off control thereof. When the
      oscillator is turned on by the output from the one-shot 132, a high
      frequency energy pulse is generated which is supplied to either one of the
      transmitting transducers 14 or 14', depending upon the setting of a switch
      134A, for pulse generation of ultrasonic waves within the medium 11 or
      medium 12, respectively. Since the master timing pulses occur at a
      sinusoidally varying rate, it will be apparent that the ultrasonic waves
      are generated recurrently at the same sinusoidal rate. Transmitter pulses
      of, say, 6 to 15 microseconds duration typically are employed. In the
      waveform diagram of FIG. 4 the master timing pulse output from the A/D
      converter 98 is identified by reference numeral 210, and the AND gate 126
      output which controls the transmitter operation is shown as waveform 212.
      In practice, as described above, some 400 master timing pulses may be
      produced by the A/D converter 98 for each cycle of sinewave input thereto,
      but for clarity of illustration only about 1/20th of the total master
      timing pulses is shown.
PAR  Except for those AND gate 126 output pulses which are delayed to avoid
      simultaneous transmitter and receiver operation, the pulses 212 occur at
      the same time as the pulses 210, and at the same sinusoidally varying
      rate. In addition, it will here be noted that although the various pulses
      210, 212, 214 and 216 shown in FIG. 4 may be of different width, they are
      shown of the same size since the time scale employed in FIG. 4 does not
      allow for differentiating therebetween on that basis. For similar reasons,
      the shift of the pulses 210 from the tracking A/D converter during
      alternate half cycles of the sinewave input 208 provided by application of
      the up-down signal at line 104 as the least significant bit to the D/A
      converter is not apparent in the waveforms 210, 212, 214 and 216 of FIG.
      4. It will be understood that in the present specification and claims the
      term "sinusoidally varying rate" used in the description and
      identification of these pulses is intended to, and does, include the
      present situation wherein certain pulses are delayed to avoid simultaneous
      transmitting and receiving operations, and alternate half cycle pulses are
      advanced (or delayed) for scan interlace.
PAR  The transmitter gate output from transmitter gate generator 132 also is
      supplied as a reset signal to a set-reset type of flip-flop 133. The set
      terminal of the flip-flop is supplied with master timing pulses from the
      A/D converter 98 through an inverter amplifier 135, and the flip-flop
      output is applied as the third input to the AND gate 126. When the
      flip-flop is set by the cessation of a master timing pulse thereto through
      the inverter amplifier 135, the output therefrom is high to enable passage
      of the next master timing pulse through the AND gate 126. The transmitter
      gate generator 132 is triggered by the output from the AND gate 126, and
      the output therefrom resets the flip-flop 133 to disable the gate 126.
      With this arrangement a transmitter delay pulse over line 128 to the gate
      126, which occurs during the presence of a master timing pulse from the
      A/D converter 98 but after the leading edge thereof arrives at the AND
      gate 126, is prevented from changing the AND gate output since the one
      input to the AND gate from the flip-flop 133 is low and remains low until
      the next master timing pulse again sets the flip-flop 133.
PAR  The master timing pulses from the AND gate 126 which trigger operation of
      the transmitter gate generator 132 also are supplied to a pulse delay unit
      136 over line 138 for delaying the same a controlled amount. For purposes
      of illustration the delay unit is shown comprising a shift register 140
      which is clocked by a variable frequency oscillator 142. The frequency of
      the oscillator may be varied between, say, 96 to 320 kHz by means of a
      range control 144. As will become apparent hereinbelow, the setting of the
      range control 144 positions the receiver "window," during which time the
      receiving transducer elements are sampled by opening of the receiver gates
      50. In the illustrated arrangement wherein the distance between the
      transmitting transducer 14 (or 14') and receiving transducer array 16 is
      variable, adjustment of the delay unit 136 to accommodate the different
      transit times of pulses traveling therebetween is required. The time
      required for an input pulse to traverse the shift register and appear at
      its output depends upon the number of stages in the register and the
      clocking frequency. For example, with 128 stages the frequency variation
      from 96 to 329 kHz will allow total delay variations from a maximum of
      1333 microseconds to a minimum of 400 microseconds, respectively.
PAR  As noted above, the variable frequency oscillator 142 output also clocks
      the shift register 93 included in the phase lock loop with the voltage
      controlled delay unit 94 for setting the time x by which the squarewave
      206 leads to acoustic field sweep 200 (see FIG. 4). The sinewave 208
      derived from the squarewave 206 also leads the acoustic field sweep by the
      same time x, as do the sinusoidally varying master timing pulses 210 from
      the A/D converter 98. It will here be noted that the shift register 93 in
      the phase lock loop and the shift register 140 in the delay unit 136 are
      of the same design and produce the same delay when clocked by the same
      output from the variable frequency oscillator 142. Consequently, the
      delayed master timing signal pusles from the shift register 136,
      identified by reference numeral 214 in FIG. 4, are delayed the same amount
      of time x by which the tracking A/D input 208 leads the acoustic sweep
      swee 200, which time x, as noted above, equals the transit time of the
      acoustic field wave from the transmitting transducer 14 to the acoustic
      field deflecting prisms 28.
PAR  The delayed master timing pulses 214 from the delay unit 136 are supplied
      to various units including a transmitter delay generator 146 over line
      148. The generator 146 simply may comprise a one-shot which is triggered
      on by a delayed master timing pulse and which is turned off by the
      trailing edge of the receiver power supply gate generator pulse supplied
      thereto over line 150. The generator 146 output is inverted by inverter
      amplifier 152 and supplied to the input of the AND gate 126 over line 128
      to delay those master timing pulses which occur during the presence of a
      transmitter delay generator pulse in the manner described above.
PAR  The delayed master timing pulses from the delay unit 136 also are supplied
      to a receiver power supply gate generator 154 for the production of a
      gating pulse which is supplied to the gated receiver power supply 48 for
      on-off control thereof. The generator 154, which simply may comprise a
      one-shot, is provided with adjustable control 155 for control of the pulse
      width therefrom. In operation, the gated receivers are turned on prior to
      opening of the receiver gates and turned off after the receiver gates are
      closed. By shutting off power to the 192 high gain receivers 32 while the
      receivers are not processing signals from the transducer elements 17, the
      generation of excess heat therein is avoided without necessitating the use
      of extensive external cooling means.
PAR  Finally, the delayed master timing pulses from the delay unit 136 also are
      supplied to another delay circuit 158 for additional delay thereof. The
      delay unit 158, which is included in the receiver gate control circuit,
      may comprise a one-shot having a gate delay control 160 for control of the
      delay period. The delayed signal from the unit 158 triggers a receiver
      gate generator 162 which may comprise a one-shot with width control 164
      for control of the width of the receiver gate at the output therefrom. The
      receiver gate is amplified by amplifier 166 and supplied to various
      circuits including the receiver gates 50 over lines 51. As noted above, in
      the absence of a receiver gate signal, the receiver 32 outputs (when the
      receivers are turned on) are bypassed to ground through the gates 50. Upon
      receipt of a receiver gate signal, all 192 receiver gates 50
      simultaneously are opened for connection of the receiver outputs to the
      storage units 52. Tht portion of the acoustic image intercepted by the
      receiver transducer elements during the time the receiver gates 50 are
      opened is thereby stored. The delay provided by delay unit 158 is equal to
      the transit time of the acoustic field wave in traveling from the acoustic
      field deflecting prisms 28 to the receiving array 16. In the illustrated
      arrangement this time is fixed, whereby the control 160 is set for the
      required fixed delay. In the waveform diagram of FIG. 4 the delayed
      receiver gate control pulses from delay unit 158 are identified by
      reference numeral 216, which pulses are delayed the time y from the pulses
      214. It will be apparent that the sum of times x and y substantially
      equals the transit time of pulses in traveling from the transmitting
      transducer 14 to the receiving array 16. In the waveform diagram the delay
      time y is greatly exaggerated for purposes of illustration. A delay time y
      of approximately 200 microseconds might be experienced in a practical
      acoustical system.
PAR  Timing of the horizontal deflection voltage supplied to the cathode ray
      tube 78 is under control of the output from the power supply gate
      generator 154. Horizontal deflection circuitry for the cathode ray tube
      includes a ramp generator 168 (FIG. 1B) which is triggered in response to
      the trailing edge of the generator 154 pulses connected thereto over line
      167 (from FIG. 1A to FIG. 1B). The ramp voltage generated is applied over
      line 170 to the horizontal deflection circuitry of the cathode ray tube to
      horizontally sweep the beam across the face 79 of the tube. It will be
      seen, then, that horizontal deflection ramp signals are produced in the
      same number and at the same sinusoidally varying rate at which the delayed
      receiver power supply gate signals are produced. The variable rate ramp
      signals for horizontal deflection together with the generally sinusoidal
      vertical deflection signals combine to produce a raster of substantially
      uniformly spaced scanning lines. A detailed description of an
      electromechanical sweep generating system which may be employed in the
      present system in lieu of the illustrated arrangement may be found in
      patent application Ser. No. 354,237 filed Apr. 25, 1973, the disclosure of
      which application specifically is incorporated herein by reference.
PAR  The receiver power supply gate generator pulses from generator 154 which
      gate the receiver power supply on and off (FIG. 1A) also are supplied over
      line 167 to a commutator delay generator 172 (FIG. 1B) included in the
      commuation circuit. The trailing edge of the power supply gate pulse
      functions to trigger the generator 172. The generator 172, which may
      comprise a one-shot, provides a delay between the end of receiver power
      supply gating and the start of the commutation process.
PAR  The trailing edge of the generator 172 output is supplied as a start signal
      to a commutator enable flip-flop 171 so set the same for start of the
      commutation period. The output from the flip-flop 171 is applied to all
      192 AND gates 59 to enable the same and to a commutator clock 174 to
      enable operation thereof. The clock 174 drives a counter 176 having a
      capacity of 192 for the 192 receiver channels. The output from the counter
      is supplied to the decoder 66 which, for purposes of description, includes
      two decoder sections A and B. The A section may comprise, for example, a
      12.times.16 array of gate elements energized by the binary counter output
      in such a manner as to provide sequential commutator gate pulses at the
      192 output lines 177. As mentioned above, the block 59 represents 192 AND
      gates to which the 192 lines 177 are individually connected. The 192 AND
      gate outputs are fed through the 192 OR gates 61 to the 192 analog gates
      62. When the gates 62 are sequentially opened by signals from the decoder
      66, the video information stored in the signal storage units 52 is
      sequentially passed over four information channels 67 to the four DC
      analog gates 64 through discharge gates 68 and amplifiers 69. The four
      gates 64 in the B section of the commutator gates are sequentially
      switched by commutator gate signals supplied thereto over lines 70 from
      the B section of the decoder 66.
PAR  At the completion of the commutation process, when the commutator has
      passed the information contained in the 192 signal storage units 52 to the
      video amplifier 58, a signal is derived from the counter 176 over line 178
      which triggers the discharge gate generator 74. The generator 74 simply
      may comprise a one-shot having a pulse width control 180 for setting the
      width of the discharge pulse. The discharge gate signal from the generator
      74 is applied substantially simultaneously through OR gate 61 to the 192
      DC analog gates 62 to open the same and to the four discharge gates 68 to
      close the same. Under such conditions, the 192 signal storage units 52 are
      connected through the analog gates 62 and thence bypassed to the common
      ground 53 through the discharge gates 68. The storage elements (e.g.,
      capacitors) which comprise the storage units are thereby connected to
      ground for the discharge thereof. As will become apparent from a
      consideration of the waveform diagram of FIG. 5 described below, the
      receiver gates 50 are closed during the discharge period to prevent
      application of receiver signals to the storage units 52 during this time.
PAR  The leading edge of the discharge gate signal from the generator 74 also is
      supplied through an OR gate 182 to the stop terminal of the commutator
      enable flip-flop 171 to reset the same. The flip-flop output to the
      commutator clock 174 stops clock operation at the end of the commutation
      cycle. In addition, the flip-flop output to the gate 59 inhibits passage
      of commutator switching signals from the decoder 66 to the analog gate
      circuits 62 while the clock is stopped. The clock remains stopped until
      started again upon receipt of the next start signal to the commutator
      enable flip-flop 171 from the delay unit 172. With the clock stopped, the
      counter 176 is stopped at its rest state of 192. When the clock is
      restarted, the counter is driven through states 1-192 before the clock
      again is stopped. With this operation of the clock and counter there is no
      requirement to reset the counter during normal operation. However, when
      the equipment is first turned on, or in case of power line transients,
      counter reset may be required to place the counter in the proper counting
      state for start of the counting cycle. Counter reset is accomplished by
      means of a reset generator 184 which is energized by the receiver gate
      signal supplied thereto over line 186. The reset generator output is
      applied both to the counter to reset the same and to the stop terminal of
      the commutator enable flip-flop 171 through the OR gate 182 to reset the
      same if it has not already been reset by application of a discharge gate
      pulse thereto. It will be seen, then, that the reset generator serves to
      stop the clock and reset the counter to the reset state of 192 if the
      clock and counter are not already in such condition and state before
      commencement of a commutation cycle.
PAR  Although the operation of the ultrasonic camera system and method of this
      invention is believed to be apparent from the above description, a brief
      description thereof with reference to the waveforms of FIGS. 4 and 5 now
      will be made. As the motor 29 drives the prisms 28, the acoustic image
      field produced by ultrasonic waves traveling through the specimen 8 (such
      as a patient) is focused by lenses 23 and 24 and vertically deflected by
      the counterrotating prisms 28, whereby the field scans the line of
      receiver transducer elements 17 (FIG. 4, waveform 200). During such
      scanning operation, a symmetrical squarewave master timing signal (FIG. 4,
      waveform 202) is produced at the photocell 83 output, which output is
      delayed, filtered and then converted by the tracking A/D converter 98 to
      master timing pulses (FIGS. 4 and 5, waveform 210) which occur at the
      sinusoidally varying rate of waveform 208 from filter 96. The master
      timing pulses from the AND gate 126 (FIGS. 4 and 5, waveforms 212)
      initiate transmitter gate pulses 218 (FIG. 5) which enable the oscillator
      134 for energization of the transmitter transducer 14 (or 14') for periods
      of, say, 6 to  15 microseconds.
PAR  It will here be noted that if a master timing pulse, such as pulse 210A
      shown in FIG. 5, from the A/D converter 98 is initiated during the
      presence of a transmitter delay pulse, such as pulse 220 of FIG. 5, the
      leading edge of the master timing pulse designated 212A from the AND gate
      126 is delayed until termination of the transmitter delay pulse 220. The
      transmitter pulse designated 218A is similarly delayed, as are all of the
      corresponding subsequent receiver functions for receiving and processing
      the delayed ultrasonic pulse. The transmitter delay pulses 220 are
      generated by the transmitter delay generator 146 which is triggered by
      delayed master timing pulses 214 from the delay unit 136. As seen in the
      waveform diagram of FIG. 5, the amplified and inverted transmitter delay
      pulse 220 functions to prevent transmitter operation from time T2 to T7,
      during which the receivers 32 are energized.
PAR  The ultrasonic wavefield generated by the transmitting transducer 14 during
      the period of pulse 218 (FIG. 5), which is initiated at time T1, travels
      through the object 8 and composite lens system to be focused on the face
      of the receiving transducer array 16, whereupon electrical signals in
      response to the amplitude of the impinging acoustic wave image are
      produced by the line of transducer elements 17. The delayed master timing
      pulse 214 from the delay unit 136 not only triggers the transmitter delay
      generator 146, as described above, for generation of transmitter delay
      pulse 220 but also initiates operation of the gated receiver power supply
      which provides power to the receivers 32, as indicated by waveform 222,
      for energization thereof.
PAR  The delayed master timing pulse 214 is further delayed by the receiver gate
      delay circuit 158 and subsequently triggers the receiver gate generator
      162 to produce a receiver gate control signal 224 at time T4. The delay
      from time T2, when the receivers 32 are turned on, to time T4, when the
      receiver gates 50 are opened, is sufficient to permit stabilization of the
      receiver operation. (In the present arrangement, this also constitutes the
      transit time of the ultrasonic wavefield in traveling between the
      counterrotating prisms 28 and receiving transducer array 16.) When the
      receiver gates 50 are opened, the storage units 52 are charged to thereby
      capture, in effect, the acoustic image field amplitude existing at the
      line of transducer elements 17 at that time, which line of information
      subsequently is transferred to the cathode ray tube during the commutation
      period. The control 155 at the receiver power supply gate generator is set
      for termination of the receiver power supply 222 at time T7, a short time
      after the end of the receiver gate signal 224 at time T6.
PAR  Before the commutation begins, begins, the commutator clock 174 is stopped
      and the counter 176 is reset (if necessary) by the signal 226 from the
      reset generator 184, which is triggered by the leading edge of the
      receiver gate pulse 224 at time T4. The trailing edge of the receiver
      power supply gate pulse 222 triggers the ramp generator 168 to initiate a
      ramp signal 228 at time T7 for horizontal deflection of the cathode ray
      tube beam. The relatively low frequency sinewave 204 of, say, 7.5 cycles
      per second, shown in FIG. 4, for vertical deflection changes only a
      minimal amount during this horizontal sweep.
PAR  The trailing edge of the receiver power supply gate generator pulse 222
      also triggers the commutator delay generator 172 for generation of the
      commutator delay pulse 230. The trailing edge of the pulse 230 is supplied
      as a start signal to the commutator enable flip-flop 171, thererby
      initiating commutation at time T8. During the commutation period the clock
      174 drives the counter 176, the output of which is decoded by decoder 66.
      The decoder output, in turn, drives the commutator 60, whereupon the
      information stored in the signal storage units 52 is read out to the video
      amplifier 58. The commutation signal designated 232 in FIG. 5 simply is
      intended to illustrate the time period from time T8 to T9 over which
      commutation takes place and does not illustrate the individual commutator
      clock, counter or gate signals generated during this period.
PAR  At the end of the commutation period, when the counter 176 reaches a count
      of 192, the discharge gate generator 74 is triggered to produce a
      discharge pulse 234. The leading edge of this pulse is applied to the stop
      terminal of the commutator enable flip-flop 171 through the OR gate 182 to
      reset the same, thereby stopping the clock while the counter 176 is at the
      rest state at count of 192 and disabling the AND gates 59. The discharge
      pulse 234 also is applied to all 192 gate circuits 62 (through OR gates
      61) and to all four gate circuits 68 for discharge of the storage units 52
      therethrough. The ramp pulse 214 termintes at some time, say T10, after
      the commutation period, the gate discharge pulse 234 terminates at time
      T11, and the system is in condition for producing the next horizontal line
      of information at the face of the cathode ray tube.
PAR  The invention having been described in detail in accordance with the
      requirements of the Patent Statutes, various changes and modifications may
      suggest themselves to those skilled in this art. For example, the patient
      or specimen may be placed within a liquid medium to which the transmitting
      and receiving transducers are coupled, rather than coupling through
      accoustically transparent membranes as shown. Also, although a
      transmission type of system and method of acoustical imaging have been
      described, it will be apparent that the invention may be employed in a
      reflective type of system, wherein the receiving transducer responds to
      forward or backscattered acoustical waves produced by generator 14',
      rather than transmitted waves from generator 14. With such an arrangement
      the range control would be set to provide a receiver window dependent upon
      the overall distance which the reflected acoustic wave travels from the
      transmitting to the receiving transducers. In addition, as suggested
      above, it would be a simple matter to generate master timing pulses at a
      constant rate, rather than at a sinusoidal rate as shown. A pulse
      generator which operates at a constant pulse repetition rate, for example,
      could be used to provide master timing pulses, rather than the illustrated
      tracking A/D converter 98 and associated circuitry. With master timing
      pulses a constant repetition rate, more scan horizontal lines would be
      generated adjacent the top and bottom of the screen where the vertical
      scan is changing at the slowest rate.
PAR  It will be apparent that the display at the face 70 of the cathode ray tube
      78 may be converted by a scan converter 249, as seen in FIG. 1B, to
      signals which may be employed by a conventional television type of monitor
      or display. In another modification, the gated receiver outputs could be
      supplied to a visual display such as a 192.times.400 light source array
      with suitable commutator switching to step the 192 inputs to the array to
      sequentially energize alternate lines thereof. In such an arrangement all
      102 inputs would be applied simultaneously to the display rather than
      sequentially. Also, although simultaneous actuation of all of the receiver
      gates 50 is shown, it will be apparent that sequential operation thereof
      to accommodate for slightly different arrival times of the acoustic field
      at the transducer elements 17 of the array may be provided if, in fact,
      the waves arrive at slightly different times. In any event, the receiver
      gates are operated substantially simultaneously, if not precisely
      simultaneously. In addition, various features of this invention are
      applicable to continuous wave systems in which the specimen is
      continuously insonified rather than being recurrently insonfied as shown,
      as well as to continuous and pulse doppler systems. For example, the
      substantially simultaneus storage of amplified signals representative of
      at least a portion of an acoustic image field and the sequential sampling
      of such stored signals may be employed with other such ultrasonic image
      camera systems. It is intended that these and other such modifications
      which fall within the spirit and scope of the invention will be covered by
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for providing a real time signal representative of an
      acoustic image field traveling in a fluid medium;
PA1  ultrasonic wave generating transducer means for providing ultrasonic waves
      to insonify an object under observation coupling to the fluid medium;
PA1  ultrasonic receiving transducer means including a plurality of transducer
      elements for converting at least a portion of an acoustic image field
      received from the object to electrical signals;
PA1  means for focusing said acoustic image field from said object at the
      receiving transducer elements;
PA1  means for relatively sweeping said acoustic image field and receiving
      transducer elements to expose the transducer elements to a full focused
      acoustic image field;
PA1  a plurality of electrical signal storage means each capable of storing only
      an instantaneous signal value;
PA1  controlled first connecting means operable between signal conducting and
      nonconducting conditions for connecting individual receiver transducer
      elements to individual storage means;
PA1  means for recurrently controlling said first connecting means for recurrent
      simultaneous operation in the signal conducting condition for a short time
      interval for simultaneously storing in said individual storage means in
      instantaneous signal value related to the amplitude of electrical signals
      produced by said associated receiving transducer elements;
PA1  controlled second connecting means operable between signal conducting and
      nonconducting condition for connecting to the individual storage means;
      and
PA1  means operable following signal conducting operation of the first
      connecting means for sequential signal conducting operation of saiad
      second connecting means to provide a composite signal representative of
      the portion of the acoustic image field impinging upon the receiving
      transducer at the time the signals from the receiving transducer elements
      are simultaneously stored.
NUM  2.
PAR  2. In a system for providing a signal representative of an acoustic image
      field travelling in a fluid medium;
PA1  ultrasonic wave generating transducer means for producing ultransonic waves
      to insonify an object under observation coupled to the fluid medium;
PA1  ultrasonic receiving transducer means including a plurality of transducer
      elements for converting at least a portion of an acoustic image field
      received from the object to electrical signals;
PA1  a plurality of electrical signal storage means each capable of storing an
      instantaneous signal value;
PA1  first connecting means for connecting individual receiver transducer
      elements to individual storage mens for simultaneously storing in said
      individual storage means an instantaneous signal value related to the
      amplitude of electrical signals produced by said associated receiving
      transducer elements; and
PA1  second connecting means operable following operation of said first
      connecting means for sequentially connecting to the individual storage
      means to provide a composite signal representative of the portion of the
      acoustic image field impinging upon the receiving transducer at the time
      the signals from the receiving transducer elements are simultaneously
      stored.
PA1  said second connecting means comprising a first group of analog gates equal
      in number to said electrical signal storage means and a second group of a
      fewer number of analog gates connected to the outputs from said first
      group of analog gates to reduce adverse capacitance effects in connecting
      to the signal storage to provide said composite signal.
NUM  3.
PAR  3. In a system for providing a signal representative of an acoustic image
      field traveling in a fluid medium;
PA1  ultrasonic wave generating transducer means for producing ultrasonic waves
      to insonify an object under observation coupled to the fluid medium;
PA1  ultrasonic receiving transducer means including a plurality of transducer
      elements arranged in a linear array for converting at least a portion of
      an acoustic image field received from the object to electrical signals;
PA1  a plurality of electrical signal storage means each capable of storing an
      instantaneous signal value;
PA1  first connecting means for connecting individual receiver transducer
      elements to individual storage means for simultaneously storing in said
      individual storage means an instantaneous signal value related to the
      amplitude of electrical signals produced by said associated receiving
      transducer elements;
PAR  second connecting means operable following operation of said first
      connecting means for sequentially connecting to the individual storage
      means to provide a composite signal representative of the portion of the
      acoustic image field impinging upon the receiving transducer at the time
      the signals from the receiving transducer elements are simultaneously
      stored;
PA1  means for relatively sweeping at a varying rate the transducer elements and
      acoustic image field in a direction substantially orthogonal to the
      longitudinal dimension of the transducer array;
PA1  means for generating timing pulses at a varying rate dependent upon the
      varying rate of sweep motion of the transducer elements with respect to
      the acoustic image field; and
PA1  means including said timing pulses for controlling said ultrasonic wave
      generating transducer means for producing pulses of ultrasonic waves at a
      rate dependent upon the rate of said timing pulses.
NUM  4.
PAR  4. In a system as defined in claim 3 including:
PA1  a cathode ray tube which includes a screen upon which a stream of electrons
      impinges to produce a spot;
PA1  first deflection means for effecting scanning motion of the spot in one
      direction across the screen in synchronization with said means for
      relatively sweeping the transducer elements and acoustic image field;
PA1  second deflection means for effecting scanning motion of the spot in an
      orthogonal direction in synchronization with said timing pulses; and
PA1  means for applying said composite electrical signal from said second
      connecting means to said cathode ray tube for control of the current
      density of the electron stream.
NUM  5.
PAR  5. In a system as defined in claim 4 including means for focusing the
      acoustic image field present at an object plane within said object at an
      image plane at the receiving transducer means such that a visual display
      is provided at the screen of the cathode ray tube of a section of the
      object at the object plane of the focusing means.
NUM  6.
PAR  6. In a system or providing a signal representative of an acoustic image
      field traveling in a fluid medium;
PA1  ultrasonic wave generating transducer means for producing ultrasonic waves
      to insonify an object under observation coupled to the fluid medium;
PA1  ultrasonic receiving transducer means including a plurality of transducer
      elements for converting at least a portion of an acoustic image field
      received from the object to electrical signals;
PA1  means for relatively sweeping at a varying rate the receiving transducer
      elements and acoustic image field;
PA1  a plurality of electrical signal storage means each capable of storing an
      instantaneous signal value;
PA1  first connecting means for connecting individual receiver transducer
      elements to individual storage means for simultaneously storing in said
      individual storage means an instantaneous signal value related to the
      amplitude of electrical signals produced by said associated receiving
      transducer elements; and
PA1  second connecting means operable following operation of said first
      connecting means for sequentially connecting to the individual storage
      means to provide a composite signal representative of the portion of the
      acoustic image field impinging upon the receiving transducer at the time
      the signals from the receiving transducer elements are simultaneously
      stored,
PA1  said first and second connecting means being sequentially operated at a
      varying rate dependent upon the varying rate of relative sweep of the
      receiving transducer elements and acoustic image field.
NUM  7.
PAR  7. In a system as defined in claim 6 wherein said first and second
      sequentially operated connecting means are cyclically operated at a
      generally sinusoidally varying rate.
NUM  8.
PAR  8. In a system as defined in claim 7 wherein said ultrasonic wave
      generating transducer means are cyclically operated at a generally
      sinusoidally varying rate, and means for preventing operation of said wave
      generating transducer means during operation of said first connecting
      means.
NUM  9.
PAR  9. In a system as defined in claim 8 wherein said preventing means includes
      means for delaying operation of said wave generating transducer means
      during operation of said first connecting means.
NUM  10.
PAR  10. In a system as defined in claim 7 including means for discharging all
      of said signal storage means following sequential operation of said first
      and second connecting means in preparation for another operation of said
      first and second connecting means.
NUM  11.
PAR  11. In a system as defined in claim 10 wherein said second connecting means
      includes a plurality of analog gate circuits which are sequentially
      operated when providing said composite signal and which also are operable
      substantially simultaneously, said signal storage means being discharged
      through said substantially simultaneously operated analog gate circuits.
NUM  12.
PAR  12. In a system as defined in claim 10 wherein said second connecting means
      comprise a plurality of analog gate circuits which are sequentially
      operated following operation of said first connecting means;
PA1  means for operating said analog gate circuits substantially simultaneously
      following said sequential operation thereof; and
PA1  means for bypassing the output from said substantially simultaneously
      operated analog gate circuits to ground for discharge of said signal
      storage through said substantially simultaneously operated analog gate
      circuits.
NUM  13.
PAR  13. In a system as defined in claim 1 wherein:
PA1  said first connecting means includes;
PA1  a plurality of gate circuits operated between open and closed conditions;
PA1  a plurality of amplifiers in series with said gate circuits, and
PA1  means for energizing said amplifiers while said gate circuits are open and
      for intervals preceding and following the gate circuit open condition.
NUM  14.
PAR  14. In a system for providing an electrical signal representative of an
      acoustic image field traveling in a fluid medium;
PA1  ultrasonic wave generating transducer means for producing recurrent pulses
      of ultrasonic waves at a continuously varying pulse rate to insonify an
      object under observation coupled to the fluid medium;
PA1  an ultrasonic receiving transducer including a plurality of transducer
      elements operated at the same continuously varying rate as said wave
      generating transducer means for converting at least a portion of an
      acoustic image field received from the object to electrical signals; and
PA1  means for relatively sweeping said receiving transducer means and acoustic
      image field at a continuously varying rate to expose the receiving
      transducer elements to a full acoustic image field at a synchronous rate
      with the operation of the recurrent pulse producing ultrasonic wave
      generating transducer means.
NUM  15.
PAR  15. In a system as defined in claim 14 wherein said means for relatively
      sweeping said receiving transducer and acoustic image field includes a
      pair of counterrotating acoustic wedges in the path of the acoustic image
      field operating at a constant rate of rotation to produce a sinusoidal
      sweep of the acoustic image field at the receiving transducer.
NUM  16.
PAR  16. In a system as defined in claim 14 including:
PA1  a cathode ray tube having a screen upon which a stream of electrons
      impinges to produce a spot deflectable in orthogonal directions across the
      screen;
PA1  means for generating timing pulses at a continuously varying rate dependent
      upon the rate of relative sweep motion of said receiving transducer and
      acoustic image field;
PA1  means under control of said timing pulses for timing the production of
      recurrent pulses of ultrasonic waves by said ultrasonic wave generating
      transducer means;
PA1  first deflection means for effecting scanning movement of said spot in one
      direction across the screen in synchronism with said means for relatively
      sweeping said receiving transducer means and acoustic image field; and
PA1  second deflection means including a ramp generator for effecting scanning
      movement of said spot in an orthogonal direction across the screen in
      synchronism with said timing pulses,
PA1  said first and second deflection means operating to produce substantially
      evenly spaced lines across said screen.
NUM  17.
PAR  17. In a system as defined in claim 16 wherein said timing pulses are
      generated at a sinusoidally varying rate and wherein said means for
      generating timing pulses includes means for advancing said timing pulses
      during alternate half cycles of said sinusoidally operated first
      deflection means for interlacing of said spot.
NUM  18.
PAR  18. Apparatus for real time visual imaging of physical characteristics of
      the interior of a body comprising:
PA1  means including transmitter transducer means for recurrently insonifying
      said body with recurrent ultrasonic pulses at a continuously varying pulse
      rate to produce an acoustic image field;
PA1  receiver transducer means;
PA1  means for acoustically coupling said receiver transducer means to said body
      to develop receiver transducer signals in response to the acoustic image
      field thereat;
PA1  means including said acoustic coupling means for recurrently sweeping the
      acoustic image field past said receiver transducer means at a continuously
      varying rate while said transmitter and receiver transducers and said body
      remain relatively stationary;
PA1  visual indicating means including a screen and means for producing an
      indicating spot on said screen;
PA1  first deflection means for effecting scanning movement of said spot in one
      direction across the screen in synchronism with said acoustic image field
      sweeping means;
PA1  second deflecting means for effecting scanning movement of said spot in an
      orthogonal direction across the screen in synchronism with said
      transmitted pulses; and
PA1  means for applying said receiver transducer means signals to said
      indicating means to control the intensity of said indicating spot,
PA1  there being substantially evenly spaced lines produced across said screen.
NUM  19.
PAR  19. The apparatus for real time visual imaging of physical characteristics
      of the interior of a body as defined in claim 8, wherein said recurrent
      ultrasonic pulses are produced at a sinusoidally varying rate by said
      insonifying means.
NUM  20.
PAR  20. The apparatus for real time visual imaging of physical characteristics
      of the interior of a body as defined in claim 19, wherein:
PA1  said acoustic image field is swept past said receiver transducer means at a
      sinusoidally varying rate by said acoustic coupling means; and including
PA1  means for synchronizing operation of said insonifying means with said
      acoustic image field sweeping means and deflection of said spot in one
      direction across the screen.
NUM  21.
PAR  21. In a method of producing a signal representative of an acoustic image
      field traveling in a fluid medium comprising:
PA1  generating recurrent ultrasonic wave pulses at a continuously varying rate
      to insonify an object under observation;
PA1  receiving at receiving transducer means at least a portion of an acoustic
      image field from the object;
PA1  relatively sweeping said receiving transducer means and acoustic image
      field at a continuously varying rate to expose the receiving transducer to
      a full acoustic image field; and
PA1  synchronizing the rate of pulse generation of the recurrent ultrasonic
      waves with the sweep rate of pulse generation of the recurrent ultrasonic
      waves with the sweep rate of said receiving transducer means and acoustic
      image field.
NUM  22.
PAR  22. In a method as defined in claim 21 including generating said ultrasonic
      wave pulses at a generally sinusoidally varying rate and sweeping said
      receiving transducer and acoustic image field at a synchronous rate
      therewith.
NUM  23.
PAR  23. In a method as defined in claim 21 wherein said receiving transducer
      means comprises an array of transducer elements, said method including;
PA1  connecting the transducer elements to individual storage elements to store
      substantially simultaneous instantaneous values of signals obtained
      therefrom at a synchronous rate with the generation of ultrasonic pulses;
      and subsequently
PA1  sequentially sampling the stored instantaneous value of signals to obtain a
      composite video signal therefrom.
NUM  24.
PAR  24. In a method as defined in claim 23 including synchronizing said
      generation of ultrasonic wave pulses and sweeping of said receiving
      transducer means and acoustic image field at a generally sinusoidally
      varying rate.
NUM  25.
PAR  25. In a method as defined in claim 23 including discharging said storage
      elements after sequentially sampling the stored signals.
NUM  26.
PAR  26. In a method of producing an electrical signal representative of an
      acoustic image field traveling in a fluid medium comprising:
PA1  generating ultrasonic waves to insonify an object under observation;
PA1  receiving at a plurality of acoustic transducer elements at least a portion
      of an acoustic image field from the object and focused at the transducer
      elements;
PA1  relatively sweeping said acoustic image field and acoustic transducer
      elements to expose the transducer elements to a full focused acoustic
      image field;
PA1  substantially simultaneously recurrently gating for short time intervals
      signals produced by the transducer elements to associated individual
      storage elements for recurrently simultaneously storing in the storage
      elements the instantaneous value of signals related to the signals
      produced by the associated transducer elements;
PA1  sequentially sampling the stored instantaneous value of signals to obtain a
      composite signal representative of at least a portion of the acoustic
      image field in a plane normal to the line of propagation of the acoustic
      image field from the object to the acoustic transducer elements, and
PA1  repeating the generating, receiving, gating, and sampling steps without
      affecting focusing of the acoustic image field at the transducer elements.
NUM  27.
PAR  27. In a method as defined in claim 26 including:
PA1  substantially simultaneously amplifying the signals from the transducer
      elements before storing the same.
NUM  28.
PAR  28. In a method as defined in claim 26 wherein said sweeping, generating,
      receiving, gating and sampling steps are repeated at a varying rate.
NUM  29.
PAR  29. In a method of producing an electrical signal representative of an
      acoustic image field traveling in a fluid medium, comprising;
PA1  generating ultrasonic waves to insonify an object under observation;
PA1  receiving at a plurality of acoustic transducer elements at least a portion
      of an acoustic image field from the object;
PA1  substantially simultaneously gating signals produced by the transducer
      elements to associated individual storage elements for simultaneously
      storing the instantaneous value of signals related to the signals produced
      by the transducer elements;
PA1  sequentially sampling the stored instantaneous value of signals to obtain a
      composite signal representative of at least a portion of the acoustic
      image field in a plane normal to the line of propagation of the acoustic
      image field from the object to the acoustic transducer elements, and
PA1  recurrently repeating the generating, receiving, gating and sampling steps
      at a generally sinusoidally varying rate.
NUM  30.
PAR  30. A method of real time visual imaging of physical characteristics of the
      interior of a body comprising:
PA1  insonifying said body with recurrent ultrasonic pulses at a varying pulse
      rate from a source thereof to produce recurrent acoustic image fields
      therewithin;
PA1  developing at a receiver transducer means acoustically coupled to said body
      signals responsive to the acoustic image fields;
PA1  recurrently relatively sweeping the acoustic image field and receiver
      transducer means at a varying rate;
PA1  deflecting a spot on the face of a visual display in one direction
      thereacross in synchronism with the recurrent sweeping of the acoustic
      image field, and in an orthogonal direction thereacross in synchronism
      with operation of said source of ultrasonic pulses to produce evenly
      spaced lines on the face of the visual display; and
PA1  controlling the intensity of said spot in accordance with the intensity of
      the acoustic image field at the receiver transducer.
NUM  31.
PAR  31. The method of real time visual imaging of physical characteristics of
      the interior of a body as defined in claim 30 including producing said
      ultrasonic pulses at a sinusoidally varying pulse rate.
NUM  32.
PAR  32. The method for real time visual imaging of physical characteristics of
      the interior of a body as defined in claim 30 wherein;
PA1  said acoustic image field is swept across said receiver transducer means at
      a varying rate; and including
PA1  synchronizing ultrasonic pulse production with acoustic image sweeping and
      deflection of said spot in one direction across the face of the visual
      display.
NUM  33.
PAR  33. The method of real time visual imaging of physical characteristics of
      the interior of body as defined in claim 31 including focusing said
      acoustic image field from said body at said receiver transducer means.
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ABST
PAL  Angles and angular displacements of ultrasonic beams are measured by using
      a probe to transmit the beam to a point on a surface, particularly the
      surface of material being subjected to non-destructive examination, from
      which the beam is reflected to a receiving probe which may or may not be
      the same device as the transmitting probe. The length of the path
      traversed by the beam is varied in accordance with a relationship
      determined as a function of the angular displacement of the beam from an
      axis normal to the surface, and the time taken to traverse the path is
      detected. The variation in the length of the path may be effected by
      adjusting the separation of the transmitting probe from the surface while
      the probe is being angularly adjusted to vary the angular displacement of
      the beam, a fixed mirror being provided to return the beam by way of the
      point to the probe. Alternatively an angularly adjustable transmitting
      probe may direct the beam to the point and a separate probe which is both
      axially and angularly adjustable arranged to receive the relfected beam.
      In a third alternative, the transmitting probe directs the beam to the
      point by way of an adjustable mirror, a fixed mirror being arranged to
      return the beam by way of the point and the adjustable mirror to the
      probe.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention has for its subject a method and instrument enabling
      angular positions to be detected and angles or angular displacements to be
      measured, more particularly for the non-destructive examination of
      materials with the aid of ultrasonic waves.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In the non-destructive examination of materials by ultrasonic waves, use is
      made of mechanical oscillations at high frequencies in the ultrasonic
      range with the object of obtaining information concerning the properties
      and faults of materials being studied. This information is derived from
      the analysis of the phenomena of transmission, reflection, diffraction,
      diffusion or radiation of the ultrasonic waves, and in order to carry out
      observation of these phenomena it is very often necessary to be able to
      impart suitable orientation to the probes which transmit and/or receive
      the ultrasonic beam and to detect or measure the angles between the
      direction of propagation of the ultrasonic waves and the surface of the
      materials being examined.
PAR  In conventional techniques, these angles are determined by the orientation
      of the probes and measured independently of observation of the ultrasonic
      beam properly speaking. Such measurements require highly accurate
      equipment which is delicate to put into use.
PAC  SUMMARY OF THE INVENTION
PAR  As compared to these known techniques, the invention has in particular the
      advantage of enabling angles to be very accurately measured, of making the
      results of measurements easier to use, and of simplifying the
      corresponding apparatus, especially in the case in which it is required to
      determine the angles corresponding to the maxima and minima of ultrasonic
      energy. For these purposes, the invention resides essentially in linking
      the length of the path followed by the ultrasonic beam, which can be
      measured by the time whichit takes to traverse this path, to the angular
      position of the ultrasonic beam.
PAR  The present invention thus has for its subject a method for detecting
      angular positions of an ultrasonic beam, characterized in that the length
      of the path followed by the ultrasonic beam is varied in accordance with a
      relationship determined as a function of the angular displacements of the
      beam, and in that the time taken by the ultrasonic beam to traverse said
      path is detected. The beam is preferably deflected at a substantially
      fixed point corresponding to the center of the angular displacements, more
      particularly by reflection on a definite surface.
PAR  The process according to the invention is applicable in a most especially
      advantageous fashion to the non-destructive examination of materials by
      analyzing the phenomena already indicated above. The angular positions
      detected are then in general those of an ultrasonic beam transmitted to a
      substantially fixed point on the material or received from a substantially
      fixed point thereon.
PAR  However, the process is likewise beneficially applicable to the detection
      or measurement of angles in any other field. One particular method of
      using the process then resides in imparting to an ultrasonic beam an
      angular displacement corresponding to an angle to be measured, in
      measuring the variation in the time taken by the ultrasonic beam to
      traverse the path for said angular displacement, and in deducing therefrom
      the value of the angle by the definite relationship imparted to the
      variations in the length of the path as a function of the angular
      displacements of the beam.
PAR  In all cases, it is advantageous to use the process within a relatively
      small range of angular displacements, for which it is then easier to work
      out a simple relationship, close to a linear relationship; for example,
      between the variations in the length of the path and the angular
      displacements of the beam.
PAR  For non-destructive examination of materials, the process is especially
      applicable to the use of experiments in which an incident ultrasonic beam
      is caused to be reflected at a substantially fixed point on the surface of
      the material to be examined, and the variations in energy of the reflected
      beam are observed as a function of the angle of incidence. In particular,
      it thus makes it possible to determine the critical angular positions of
      the incident beam beyond which the longitudinal or transverse waves
      undergo total reflection, and the angular positions for which the Rayleigh
      waves are produced by picking out the angles corresponding to the maxima
      and minima characteristic of the variations in reflected energy.
PAR  The present invention likewise covers instruments which enable the process
      defined above to be used for its various functions.
PAR  Such an instrument may advantageously comprise at least one moving element
      in the path of the ultrasonic wave enabling the beam to be angularly
      displaced and/or the length of the path to be varied, which element may be
      a beam-transmitting and/or receiving probe or an intermediate
      beam-deflector element for example, a mirror, a prism, or the surface
      itself of a material to be examined.
PAR  Angular displacement may be imparted to the beam, and variation to the
      length of the path of the ultrasonic beam, by way of two different moving
      elements whereof the movements are suitably linked. However, it is
      generally more advantageous to associate with the same moving element
      means which enable combined rotational and translational movements to be
      communicated to it, such movements being themselves capable of setting up
      the definite relationship between angular displacement of the beam and
      variation of the length traversed by the ultrasonic beam.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be clearly understood from the following description and
      examining the appended drawings, which illustrate solely by way of example
      a few ways of carrying out the process and constructing the device which
      constitute the subject of the invention. In the drawings:
PAR  FIG. 1 diagrammatically illustrates a first form of the invention involving
      the use of a single probe for transmitting and receiving ultrasonic waves;
PAR  FIG. 2 diagrammatically illustrates a second form of the invention
      involving the use of two different probes for transmitting and receiving
      the ultrasonic waves;
PAR  FIG. 3 diagrammatically illustrates a moving-mirror device;
PAR  FIG. 4 depicts a means for displacing a moving-mirror;
PAR  FIG. 5 depicts a curve showing the variation in energy of a reflected beam
      as a function of the angle of incidence, and illustrates the use of the
      invention in the non-destructive examination of materials;
PAR  FIG. 6 depicts in part-section one particular form of an instrument
      according to the invention;
PAR  FIG. 7 shows a section on the line VII--VII in FIG. 6;
PAR  FIG. 8 shows a section on the line VIII--VIII in FIG. 6;
PAR  FIG. 9 depicts another instrument seen in longitudinal part-section, the
      sections being on the line IX--IX in FIG. 10, and
PAR  FIG. 10 is a transverse section on the line X--X in FIG. 9.
DETD
PAR  The various instruments hereinafter described make it possible to observe
      an ultrasonic beam while it is being angularly displaced by imparting a
      concomitant variation to the length of the path traversed by the
      ultrasonic waves from transmission to reception in accordance with a
      relationship determined as a function of the angular displacements of the
      beam by measuring the time taken by an ultrasonic pulse to traverse this
      path. In general, reference is made to the preferred case in which the
      ultrasonic beam used is transmitted in the direction of a fixed point on
      the surface of a material and in which the beam is received after having
      been reflected at least once on this surface.
PAR  The ultrasonic waves are produced in the form of pulses by a probe
      generally consisting of a piezo-electric ceramic subjected to periodical
      electric charges. Reception may be carried out by a different probe, or by
      the same probe in the time-intervals separating successive transmissions
      of pulses.
PAR  Thus the device diagrammatically illustrated in FIG. 1 comprises a single
      probe 1, both transmitting and receiving. The axis of the probe is
      represented by two points a and b which, by the construction of the
      device, are caused to move on two curves A and B respectively, which are
      such that:
PAR  the direction a-b always passes through a fixed point O on a surface 2 of a
      test piece generally formed by the surface of a piece to be studied;
PAR  the distance O-a is a simple and known function of the angle .theta. of
      incidence on the surface 2, more particularly a linear function.
PAR  A spherical or cylindrical mirror 3 centered on the point O enables the
      ultrasonic waves reflected by the surface 2 to be turned back in the
      opposite direction to the probe 1.
PAR  Measurement of the time taken by a pulse to proceed from the probe to the
      mirror and back enables the distance traversed by the waves to be defined,
      and the angle .theta. to be accurately deduced therefrom. The speed of
      propagation of the waves in the medium traversed between the probe 1, the
      surface 2 and the mirror 3, generally a liquid coupling medium, is assumed
      to be known, and said coupling medium may be chosen so that the speed at
      which the ultrasonic waves are propagated is practically insenstive to
      variations in temperature. The relationship set up between angular
      displacements of the probe 1 by rotation about the point O, and the
      variation in its distance from the point O, that is to say the variation
      in the length of the path followed by the ultrasonic waves being perfectly
      defined by the construction of the instrument, the angles may be
      determined by the measured transit time with very great accuracy. Thus if
      the axis of the probe rotates through 10.degree., which would be
      accompanied by a variation of 30 mm in the distance from the probe to the
      surface 2, in the case of acoustic coupling provided by water, measurement
      of the transit time makes it possible to perceive variations in distance
      of 0.05 mm, corresponding to an angular displacement of 1' of arc.
PAR  The instrument diagrammatically illustrated in FIG. 2 comprises two probes.
      A transmitting probe 4 is mounted so that its axis can pivot about the
      fixed point O on the surface of a test piece 5. A receiving probe 6,
      whereof the axis is likewise centred on the point O, is mounted in movable
      fashion so that two points a and b which represent its axis, are
      constrained to move in accordance with curves A and B defined like those
      of FIG. 1.
PAR  In the case being considered, the transmitting probe is displaced
      independently of the receiving probe, and when the transmitting probe is
      in a definite position the receiving probe is then displaced in order to
      search for the position in which it receives ultrasonic pulses of maximum
      energy corresponding to the beam reflected from the transmitting probe by
      the surface of the test piece. Measurement of the time taken by an
      ultrasonic pulse to proceed from the transmitting probe to the receiving
      probe after reflection on this surface makes it possible, as in the
      preceding case, to deduce the length of the path traversed by the
      ultrasonic waves, and therefore the angular positions of the probes.
PAR  As a variant of this instrument, the transmitting and receiving probes may
      be caused to move symmetrically to one another with respect to the normal
      to the surface of the test piece.
PAR  When the angular displacement of the probe of FIG. 1 or of the two probes
      of FIG. 2 is small, the curves A and B may be replaced by rectilinear
      trajectories. The apparatus may then be considerably simplified with
      respect to that which is necessary in order to provide curved
      trajectories.
PAR  In other ways of using the invention, the probe or probes used for
      transmitting and receiving the ultrasonic beam may be fixed, the
      concomitant variations in the angle of incidence of the beam and in the
      length of the path of the ultrasonic waves then being produced by one or
      more moving elements in the path of the beam, such as elements for
      reversing or deflecting the beam.
PAR  Thus the instrument of FIG. 3 comprises a fixed probe 7, both transmitting
      and receiving, a moving-mirror 8 suitable for reflecting the ultrasonic
      waves transmitted by the probe 7 in the direction of the fixed point O on
      the surface 9, and a spherical or cylindrical fixed mirror 10, centred on
      the point O, which enables the beam reflected at O by the surface 9 to be
      turned back on itself.
PAR  In the case illustrated in FIG. 3, the moving-mirror 8 is a simple plane
      mirror capable of being driven in a rotational movement, which is
      illustrated in the Figure by different positions of the same mirror. In
      such a device, rotation of the mirror 8 may impart a slight displacement
      to the point aimed at on the surface 9 of the test piece. However, for
      relatively small useful angular displacements (of the order of a few
      degress) of the axis of the incident beam, the displacement of the beam on
      the surface of the piece about the point O remains in practice much less
      than the wavelength of the waves used (for example of the order of 0.05
      mm), and therefore negligible.
PAR  In the case in which the incident beam must be able to undergo large
      angular displacements, for example of the order of one or more tens of
      degrees, a more complicated system for displacing the moving element may
      be used so that the point O where the beam is reflected on the surface of
      the test piece will remain substantially fixed.
PAR  Such a more complicated system is illustrated by FIG. 4. In the latter, a
      mirror 11, which functions in relation to the ultrasonic beam in the same
      manner as the mirror 8 of FIG. 3, pivots about a spindle 12 at the end of
      an acutating rod 13. This rod makes it possible to displace the spindle 12
      linearly on the axis of the probe which transmits and receives the
      ultrasonic beam. The mirror 11 carries a roller 14, which is caused to
      move on a cam 15 while the rod 13 is moving, so as to make the mirror
      rotate about its spindle 12. The profile of the cam 15 is determined so as
      to impart a suitable combined translational and rotational movement to the
      mirror.
PAR  Whatever the means of transmitting and detecting the ultrasonic beam, and
      the means used in order to impart the angular displacement to the incident
      beam, the device is particularly useful for the non-destructive
      examination of materials by observing variations in the energy of the
      reflected beam as a function of the angle of incidence on the surface of
      the material. These variations make it possible to determine the critical
      angles of incidence of the various modes of oscillation set up in the
      material for the incident wave, these angles being those for which the
      longitudinal and transverse refracted waves are at an angle equal to
      90.degree. with the normal to the surface, and those for which the
      Rayleigh waves are produced.
PAR  The variations in energy of the reflected wave are measured by the detector
      probe. They may be made visible on an oscilloscope whereof the time scale
      may be so determined as to express directly the value of the angle of
      incidence .theta., since the path length of the ultrasonic waves, and
      therefore the transit time, is a known function of this angle of
      incidence.
PAR  FIG. 5 illustrates the variations in energy E of the received ultrasonic
      pulses as a function of the angle of incidence .theta.. It shows the
      maxima and minima corresponding to the various critical angles of
      incidence, that is to say .theta..sub.L for the longitudinal waves,
      .theta..sub.T for the transverse waves and .theta..sub.R for the Rayleigh
      waves.
PAR  From the values of these three angles, and knowing the speed at which the
      waves are propagated in the coupling medium traversed by the beam that is
      to say, V.sub.I, it is possible to deduce the speeds of propagation
      corresponding to each of the three different modes of propagation of the
      waves by the relationships:
      ##EQU1##
PAR  In general, however, it will be sufficient to measure the angles
      .theta..sub.L and .theta..sub.R since the maximum corresponding to the
      transverse waves is not clear, while the corresponding speed of
      propagation may be calculated from the other two.
PAR  Knowledge of the speeds of propagation corresponding to the different modes
      of propagation of the waves enables known methods of calculation to be
      used in order to deduce the mechanical characteristics of the material
      being examined, in particular Young's modulus and Poisson's ratio.
PAR  Moreover, measurement of the speed of propagation of the Rayleigh waves
      makes it possible to determine, by methods which are likewise known, the
      thickness of a covering or the depth of a treatment which imparts
      modifications to the surface layers of a material, for example thermal and
      thermochemical hardening treatments.
PAR  A description will now be given, with more details, of two particular forms
      of instrument according to the invention, enabling these critical angles
      of incidence on the surface of a material to be measured.
PAR  In the instrument illustrated in FIGS. 6, 7 and 8, an ultrasonic probe 21
      (FIG. 8) is held in a sleeve 22 fast with one of the faces of a shell 41
      containing the device. In the opposite face of the shell there is a
      cylindrical piece whereof the axis coincides with that of the probe 21,
      and wherein there is a mirror 23 cut at 45.degree. to the axis. This
      mirror enables the device to be adjusted by self-collimation. Rotation of
      the cylindrical piece through 90.degree. about the axis enables the
      ultrasonic beam transmitted by the probe 21 to be reflected in a direction
      either perpendicular to the surface of a piece of material being examined,
      i.e., to the point 31 of FIG. 6, or in the direction of a mirror 19 formed
      on a moving member 24.
PAR  In operation, the mirror 23 is so disposed as to direct the ultrasonic beam
      towards the mirror 19, and the latter directs the beam to the peice to be
      examined, to the fixed point 31, at an incidence which may be varied by
      displacement of the moving member 24.
PAR  The variation is imparted to the angle of incidence of the beam by rotation
      of the member 24 about an imaginary axis 25 in a guide device. This device
      comprises two rollers 26 on fixed axes. The rollers bear against two
      symmetrical cylindrical bosses machined on the moving member 24. An
      opposing roller 27 holds the member 24 against the rollers 26; it is
      mounted on an eccentric spindle 28 (FIG. 7), which enables the member 24
      to be set while the device is being assembled.
PAR  A cylindrical mirror 29 is so disposed as to receive the ultrasonic beam
      reflected by the surface of the piece being examined at 31. It is fixed,
      and its axis is parallel to the plane of the surface of the piece being
      examined, and passes through the point 31 on this surface. The mirror 29
      thus enables the ultrasonic beam to be returned on a reverse path to the
      probe 21, which is a transmitting and receiving probe.
PAR  The movable mirror 19 is set in motion by a motor 30. The latter imparts
      rotation to a worm 36 by way of a group of pinions 35. The worm is held in
      the shell 41 by two units 37 comprising a bearing race 52 and a
      fluid-tight packing 53 mounted in a ring 54.
PAR  The work 36 carries a co-operating nut 38 which is driven in a
      translational movement by rotation of the worm. The moving member 24
      carrying the mirror 19 is caused to follow faithfully the translational
      movement of the nut 38 by way of roller 32 mounted on an arm 33 fast with
      the member 24 and a return spring 34 which holds the roller 32 against the
      nut. Two abutments 39 carried by the shell 41 limit the stroke of the nut
      38, and therefore that of the moving member 24.
PAR  The shell of the instrument is designed to be filled with a liquid, which
      enables acoustic coupling to be made between the probe and the piece to be
      examined. Fluid-tightness is provided:
PAR  at the level of the probe 21, by a toroid packing 42 clamped to the latter
      by a ring 43;
PAR  at the location of the aperture of the shell, brought to bear against the
      test piece to be examined, by a fine elastic diaphragm 44 transparent to
      the ultrasonic waves, held by a ring 45 on to a ring 46 surrounding the
      aperture.
PAR  Plugs 47 on the top of the shell of the instrument, enable it to be filled
      with liquid and relieved of air. Pressure is applied to the liquid, which
      causes the elastic diaphragm 44 to be deformed by bulging outwards as far
      as the test piece, when in position, permits, by driving the probe 21 into
      its sleeve 22. The elements 44, 45 and 46 as a whole may be easily removed
      and replaced, which allows for the use of interchangeable units adapted to
      the configuration of the pieces to be examined.
PAR  Thus in order to examine a plane surface the rings 45 and 46 as illustrated
      in FIG. 6 are so formed as to contain three balls 55, which bear against
      the precision-machined reference surfaces on the ring 46. These balls go
      beyond the ring 45, and serve to locate the piece to be examined to bear
      against the instrument.
PAR  In the case of a cylindrical surface, it is possible to use the
      interchangeable unit which is also illustrated in FIG. 6, and which
      comprises two knife edges 48 whereof the tips are in a plane containing a
      generatrix of the cylindrical surface of the piece to be examined. The
      cylinder is accurately positioned with respect to the instrument by two
      V-shaped feet 49 on stems that slide in two bores in the shell 41, and are
      loaded by compression springs 50. The stems are secured in adjusted
      positions in the bores by screws 51. In the case in which the piece being
      examined exhibits a warped surface, the rings 45 and 46 may be so moulded
      so as to adapt them to the pieces to be examined. Other specific forms of
      positioning device may also be used.
PAR  The operation of the instrument illustrated in FIGS. 6, 7 and 8 is clear
      from the foregoing description. It may be added that the system for
      clamping the probe 21 enables a probe of suitable characteristics to be
      chosen in each case, more particularly in regard to frequency-response or
      beam-size characteristics.
PAR  As has already been indicated, the setting of the instrument with respect
      to the surface of the test piece may be checked with the aid of the return
      mirror 23 tilted to reflect the beam directly on to the surface of the
      piece being examined; the reflected energy received by the probe is at a
      maximum when the piece is properly set.
PAR  In order to carry out measurements, the electric motor 30 is driven by
      direct current whereof the polarity may be reversed. The amplitude of the
      echoes reflected by the surface of the piece is measured for example on
      the screen of a cathode-ray tube.
PAR  These measurements may be put to use, for example, in determining the depth
      of thermal treatment in the pieces being examined. The measurement is
      first of all made on an untreated piece, for which the extreme position
      corresponding to the critical angle at which the surface waves (Rayleigh
      waves) start is determined. An abac trace starting from this point of
      origin makes it possible to determine the critical angles corresponding to
      measurements subsequently made on treated pieces, and to deduce therefrom
      by direct reading the value of the depth of treatment.
PAR  The instrument illustrated in FIGS. 9 and 10 comprises a single return
      mirror, which is fixed, and the variations in angle of incidence and in
      the length of the path of the ultrasonic waves are produced by manual
      displacement of the ultrasonic probe. A transmitting and receiving probe
      56 is held in a movable sleeve 57 inside the shell 58 of the instrument.
      It transmits the waves to the surface of the piece to be examined, at the
      point O. A cylindrical mirror 59 enables the beam reflected by the surface
      of the piece to be returned to the probe 56.
PAR  The sleeve 57 carries guide members 60 and 61, which are mounted on the
      sleeve by way of bearing races, and which slide on two columns 63 fixed
      vertically in the device. One of the guide members 61 contains a nut
      co-operating with a worm 64, which may be rotated by a manual control knob
      65 accessible from outside the shell 58. A spring 66, bearing against the
      bottom of the shell and against the member 61, results in any play which
      there may be being taken up.
PAR  The sleeve 57 moreover carries a roller 67, which is held against a fixed
      cam 68 by the force developed by a spring 69 bearing against the guide
      member 60.
PAR  The device thus described makes it possible, as does the preceding one, to
      vary the length of the path of the ultrasonic waves as a function of the
      angular displacements of the probe whereof the axis if kept orientated
      towards the point O, the measurements being made and the results being put
      to use in the same manner as hereinbefore.
PAR  The invention must naturally not be limited to the particular forms which
      have been described above by way of example. It must be more particularly
      understood that the length of the path of the ultrasonic waves may be
      varied, and the beam may be angularly displaced, by action on different
      moving elements, which in each case may take the form either of a probe
      for transmitting and/or receiving the ultrasonic waves or of an
      intermediate moving beam-deflector element. In the same way, the invention
      has been described more particularly in relation to its use in the
      non-destructive examination of materials, but the devices described may,
      without departing from the scope of the invention, be adapted to the
      measurement of angles in any other field; it is then sufficient to impart
      to the beam an angular displacement corresponding to the angle to be
      measured.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of measuring the angular position of an ultrasonic beam
      comprising the steps of: projecting the ultrasonic beam by a transmitting
      probe onto a fixed point of a surface, receiving the beam from said point
      by a receiving probe, varying the length of the path traversed by the
      ultrasonic beam from said transmitting probe to said receiving probe in
      accordance with a relationship determined as a function of the angular
      displacement of the transmitted beam with respect to said surface, and
      detecting the time taken by the ultrasonic beam for traversing said path.
NUM  2.
PAR  2. A method of measuring the angular position of an ultrasonic beam
      relatively to a surface to which the beam is transmitted and from which it
      is reflected, comprising projecting the ultrasonic beam onto said surface
      by a probe, receiving the reflected beam by a probe, varying the length of
      the path traversed by the ultrasonic beam from said transmitting probe to
      said receiving probe in accordance with a relationship determined as a
      function of the angular displacement of the beam from an axis normal to
      said surface, and detecting the time taken for the ultrasonic beam to
      traverse said path.
NUM  3.
PAR  3. A method according to claim 2, in which said transmitting probe and said
      receiving probe are constituted by one and the same instrument.
NUM  4.
PAR  4. A method according to claim 2, in which for all angular positions of the
      ultrasonic beam, the beam is reflected from a substantially fixed point on
      said surface.
NUM  5.
PAR  5. A method according to claim 2, in which the ultrasonic beam is caused to
      undergo an angular displacement related to said angular position so that
      the length of said path traversed by the ultrasonic beam varies, while the
      time taken for the ultrasonic beam to traverse said path is measured, and
      the value of said required angular position from said relationship
      deduced.
NUM  6.
PAR  6. A method according to claim 2, wherein material to be non-destructively
      examined is arranged to present said surface, and wherein said
      transmitting probe is directed to a point which is fixed for all angular
      positions of the ultrasonic beam and from which the beam is reflected to a
      mirror that returns the beam by way of said point, to said transmitting
      probe, said transmitting probe serving also as said receiving probe.
NUM  7.
PAR  7. A method according to claim 2, wherein material to be non-destructively
      examined is arranged to present said surface, and wherein said
      transmitting probe is adjusted to set the angle of the beam relatively to
      a fixed axis normal to said surface, to be reflected to said receiving
      probe, and wherein said receiving probe is angularly adjusted with respect
      to said normal axis while its distance from said surface is varied in
      accordance with said relationship.
NUM  8.
PAR  8. A method according to claim 2, in which said time taken to traverse said
      path is determined as a function of the variation of the energy of the
      beam detected after transmission along said path.
NUM  9.
PAR  9. An ultrasonic equipment comprising means for transmitting an ultrasonic
      beam towards a fixed point, means for receiving the beam from said fixed
      point, means for angularly displacing the beam with respect to a fixed
      axis about said fixed point, means for imparting a variation in length to
      the path traversed by said beam from said transmitting means through said
      fixed point to said receiving means in accordance with a relationship
      determined as a function of angular displacements of the beam and means
      for detecting the time taken by the beam to traverse said path.
NUM  10.
PAR  10. An instrument according to claim 9, in which said transmitting means is
      arranged to transmit the beam to a point on a surface beyond the
      instrument and said receiving means is arranged to receive the beam after
      reflection at said point.
NUM  11.
PAR  11. An instrument according to claim 9, in which said means for imparting
      variation in length to said path comprises means for displacing a probe in
      an axial and in an angular direction, said probe constituting one of said
      means for transmitting and receiving the beam.
NUM  12.
PAR  12. An instrument according to claim 9, in which said means for imparting
      variation in length to said path comprises an intermediate element,
      between said transmitting and receiving means, for deflecting the beam.
NUM  13.
PAR  13. An instrument according to claim 9, in which said transmitting means is
      arranged to transmit the beam to a point on a surface beyond the
      instrument and in which said angularly displacing means are arranged to
      adjust the angle of incidence of the beam on said surface, said receiving
      means being arranged to receive the beam after reflection and the
      instrument further comprising means for making variations in energy of the
      reflected beam directly visible as a function of said angle of incidence.
NUM  14.
PAR  14. An instrument according to claim 9, comprising a movable member
      carrying a mirror interposed in said path of the ultrasonic beam, said
      means for angularly displacing the beam and imparting a variation in
      length comprising further means for guiding said movable member along a
      curved track for varying the length of said path in relation to the
      angular displacement of the beam, and nut and worm means for moving said
      member along said track.
NUM  15.
PAR  15. An instrument according to claim 9, comprising a movable member, said
      means for angularly displacing the beam and imparting a variation in
      length comprising further means for guiding said movable member along a
      straight track, screw mechanism for feeding said movable member along said
      track, a probe comprising said transmitting and receiving means pivotally
      mounted on said movable member, and cam means for varying the angular
      position of said probe on said movable member while being fed along said
      track.
PATN
WKU  039370682
SRC  5
APN  4450809
APT  1
ART  244
APD  19740225
TTL  Transducer arrangement for ultrasonic rail tester coupling carriages
ISD  19760210
NCL  2
ECL  1
EXA  Kreitman; Stephen A.
EXP  Woodiel; Donald O.
NDR  2
NFG  5
INVT
NAM  Joy; Ivan L.
STR  415 Delaware Drive
CTY  Ozawkie
STA  KS
ZIP  66070
CLAS
OCL   73 677
EDF  2
ICL  G01N 2904
FSC   73
FSS  67.7;67.8 R;67.8 S;67.9;67.5 R;71.5 US
UREF
PNO  2672753
ISD  19540300
NAM  Drake
OCL   73 67.8S
UREF
PNO  3028751
ISD  19620400
NAM  Joy
XCL   73 67.7
UREF
PNO  3251220
ISD  19660500
NAM  Joy
OCL   73 67.7
UREF
PNO  3279242
ISD  19661000
NAM  Megoloff
OCL   73 67.8S
UREF
PNO  3415110
ISD  19681200
NAM  Cowan
OCL   73 67.8S
LREP
FRM  Mann, Brown & McWilliams
ABST
PAL  A transducer arrangement for ultrasonic rail tester coupling carriages
      comprising a first pair of flat angle signal transducers that are both
      connected to be senders and receivers and are directed in opposite
      directions lengthwise forwardly and rearwardly of the rail along the
      center of the rail head, a second pair of flat angle signal transducers
      that are both connected to be senders and receivers and are directly
      forwardly and rearwardly of the rail but are canted toward the rail gauge
      edge at an angle of 19.degree., and a third pair of flat angle signal
      transducers, one of which is a sender and the other of which is a
      receiver, that are canted in opposite directions toward the rail gauge
      edge at an angle of 80 degrees to provide a zig-zag signal path of
      multiple bounces across the rail head. The transducers act through
      transmitting wedges made of a material to be inefficient as a medium
      through which ultrasonic sound may be sent such that a significantly
      improved signal to noise ratio results.
BSUM
PAR  This invention relates to a transducer arrangement for ultrasonic rail flaw
      tester coupling carriages, and more particularly is directed to rail flaw
      tester equipment of the general type shown in my U.S. Pat. No. 3,251,220,
      granted May 17, 1966, the disclosure of which is hereby incorporated in
      its entirity by this reference.
PAR  My said U.S. Pat. No. 3,251,220 discloses apparatus for progressive flaw
      testing of railroad track rails utilizing ultrasonics, wherein separate
      coupler carriages are provided for coupling to each rail, which carriages
      are located in trailing relation to the rail car that is equipped with the
      ultrasonic machines and related equipment employed. The coupling carriages
      each provide a coupling trough for a series of array of ultrasonic signal
      sending and receiving transducers that are oriented at an angle of
      incidence in the range 25.degree. - 30.degree. to inducing within the rail
      a shear wave travelling at a so-called "flat angle" in the range of
      75.degree. - 89.degree., relative to the plane of the rail head top
      surface, whereby the shear waves involved are oriented to be substantially
      normal of the flaws to be detected. Surface waves on the rail head top
      surface that tend to be generated by the use of such flat angles are
      damped by transmitting the ultrasonic signals involved through a diaphragm
      or a body of water on top of the rail, or through a diaphragm riding on a
      previously wetted rail head top surface. The ultrasonic machines involved
      are triggered in a predetermined cyclical sequence and the basic equipment
      involved is arranged to provide an integrated pictorial display of the
      intelligence received by the operation of the transducers.
PAR  These improvements permit practical rail flaw testing at flat angles of
      80.degree. to 85.degree.; the nearly perpendicular path that the shear
      wave beams make toward the defect in the rail to be located provide a
      significant increase in the amount of energy reflected from the defect,
      and the signal has a fanning effect of approximately 15.degree. for
      efficient scanning purposes.
PAR  In utilizing equipment of this type, it has been the practice to employ two
      transducers located at the center of the rail head and two transducers
      located half way between the gauge edge of the rail and the center of the
      rail, with the signals of the respective sending transducers being
      directed straight down the length of the track rail. While the flat angle
      pulse application of said patent sufficiently enhances ultrasonic testing
      efficiency to make it comparable to AAR on-rail type magnetic detector
      cars, difficulty has been experienced in locating small gauge edge defects
      lying in the lower corner of the rail head. This has been true in shelled
      and head checked areas and on worn curved rails.
PAR  Furthermore, ultrasonic testing has long been plagued by reflections due to
      conditions other than the presence of defects; these reflections, which
      are known as noise, are generated due to motion, grain size of the metal
      forming the rail, the wetting agent employed, and various relationships of
      moving variables in contact between the rail and the respective
      transducers. This problem has only been increased by attempts to build
      increased sensitivity into the components involved.
PAR  Another difficulty encountered utilizing electronics for rail flaw
      detection has been in locating a vertical split head that is located on
      one side of the rail head. Vertically acting transducers located at the
      center of the rail head can be relied on to find most vertical split
      heads. However, vertical splits in the head located at either side of the
      head may be missed, and while they are rather rare in occurrence, it is
      essential that they be located.
PAR  A principal object of the invention is to provide an improved transducer
      array arrangement for ultrasonic rail flaw tester carriages, which insures
      location of all small gauge edge defects lying in the lower corner of the
      rail head and vertical split heads which are present only on one side of
      the head or the other side of same, as well as the other types and kinds
      of defects that need to be located.
PAR  Another principal object of the invention is to operate the transducers
      through wedges formed from a material that is relatively inefficient as a
      medium through which to send sound to operate the transducer with a
      somewhat more narrow band width with the limiting of the band width also
      providing a more favorable signal to noise ratio.
PAR  Other objects of the invention are to generally improve ultrasonic coupler
      carriages of the type disclosed in my said patent, and to provide an
      ultrasonic coupling carriage arrangement that is economical of
      manufacture, efficient in use, and long lived in operation.
PAR  In accordance with this invention, a crystal array is provided in which the
      transducers employed are all of the type to provide the flat angle signal
      within the rail contemplated by my said patent, with the crystal array
      involved providing a first pair of transducers that are both connected to
      be senders and receivers and direct their beams in opposite directions
      lengthwise of the rail along the center line of the rail head forwardly
      and rearwardly of the rail head, a second pair of flat angle transducers
      that are both connected to be senders and receivers and are directed
      forwardly and rearwardly of the rail, but are oppositely canted toward the
      rail gauge edge at an angle that is preferably about 19.degree., and a
      third pair of flat angle signal transducers, one of which is a sender and
      the other of which is a receiver, that are canted in opposite directions
      toward the rail gauge edge, in signal emitting and receiving relation, at
      angles of 80.degree. to provide a zig-zag signal path of three bounces
      across the rail head leading from the emitting transducer to the receiving
      transducer. All the transducers involved in the array each act through a
      transmitting wedge that is made of a material that is relatively
      inefficient as the medium for transmittal of ultrasonic sound to operate
      the respective transducers with a somewhat narrower band width than
      customary to provide a better signal to noise ratio.
DRWD
PAR  Other objects, uses and advantages will be obvious or become apparent from
      a consideration of the following detailed description and the application
      drawings.
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic perspective view illustrating an ultrasonic
      detector car and carriage assembly for use in practicing the present
      invention;
PAR  FIG. 2 is a side elevational view of one of the carriages, on an enlarged
      scale;
PAR  FIG. 3 is a diagrammatic transverse cross-sectional view of the carriage of
      FIG. 2 taken substantially along line 3--3 of FIG. 2;
PAR  FIG. 4 is a diagrammatic horizontal cross-sectional view taken through the
      carriage of FIG. 2 in which the transducers and their associated parts are
      shown largely in block diagram form; and
PAR  FIG. 5 is a vertical sectional view through the carriage and its crystal
      carrying blocks employed.
DETD
PAR  However, it is to be distinctly understood that the specific drawing
      illustrations provided are supplied primarily to comply with the
      requirements of the Patent Laws, and that the invention is susceptible of
      embodiments that will be obvious to those skilled in the art, and which
      are intended to be covered by the appended claims.
PAC  GENERAL DESCRIPTION
PAR  Reference numeral 10 of FIG. 1 generally indicates an ultrasonic
      progressive testing apparatus of the general type shown in my said U.S.
      Pat. No. 3,251,220, comprising a car 12 having operably connected thereto
      in trailing relation therewith carriages 14 and 16 for ultrasonically
      coupling to each track rail 18 and 20. The carriages 14 and 16 are secured
      to the car 12 through a common suspension 22 that may be constructed in
      accordance with my U.S. Pat. No. 3,028,751, the disclosure of which is
      hereby incorporated herein by this reference, In general, the suspension
      22 includes support arms 24 for connection to the rear axle of the car 12
      through rubber joints 26 that accommodate both vertical and lateral
      swinging movement of the arms 24.
PAR  Each carriage comprises fore and aft spaced rail contacting guide shoes 30
      and 32 interconnected by a trough frame or box 34.
PAR  Front and rear telescoping bar units 36 and 38 are suspended in crosswise
      relation from the support arms 24 and are connected to the fore and aft
      rail contacting shoes 30 and 32 of the respective carriages to establish a
      reference plane relative to the heads 40 of the respective track rails 18
      and 20.
PAR  Each telescoping bar unit 36 and 38 is spring biased towards an elongated
      relation and is fitted with a motor driven cable 42 to cause each bar unit
      to contract progressively during elevation of the carriages by the cables
      42 and to expand progressively during lowering of the carriages to their
      rail engaging positions.
PAR  With the exception of carriages 14 and 16, the structure shown in FIG. 1 is
      illustrative of the prior art and is thus shown only diagrammetically.
PAR  The carriages are of similar construction and a description of one of the
      carriage 14 and 16 is applicable to the second carriage, it being
      understood that the carriage 14 is adapted for cooperation with the track
      rail 18 with reference to the gauge edge 46 of its head 40, while the
      other carriage 16 is adapted for cooperation with the other track rail 20
      with reference to the gauge edge 46 of the latter track rail.
PAR  The showing of FIGS. 2 - 5 is concerned with the carriage 16 shown at the
      upper side of FIG. 1, and it will be seen that its box 34 mounts a
      diaphragm 50 (see FIGS. 3 and 5) on which is disposed the novel crystal
      array 52 of this invention shown incorporated in a fiberglass block 54
      that extends lengthwise of the carriage and rests on the diaphragm 50
      between a pair of runners 56 and 58 which maintain the diaphragm in
      conforming relation to the rail head for good ultrasonic contact, and
      which carry suitable guide posts 60 and 62 that operatively engage the
      sides of the block 54 to keep it located in a central position as the
      carriage slides along. As indicated in FIG. 3, the underside 64 of the
      block 54 is shaped to complement the shape that the underportion 66 of the
      diaphragm takes in conforming to the top surface 68 of the rail head 40.
      Block 54 is biased against the diaphragm 50, and thus against the rail
      head, by suitable means represented by compression springs 70 shown in the
      drawings.
PAR  In accordance with the present invention, the crystal array 52 generally
      comprises a first pair 79 of transducers in the form of crystals 80 and
      82, that are respectively operatively associated with their respective
      wedges 84 and 86 which are located at the center of block 54 (which is
      intended to be approximately centered on the rail head 40) and are
      connected to act both as senders and receivers such that when the crystals
      are triggered the resulting signals are sent longitudinally of the rail in
      substantial parallelism with its longitudinal axis.
PAR  Block 54 also includes a second pair of transducers 87 in the form of the
      respective crystals 88 and 90 that are operably associated with the
      respective wedges 92 and 94, and are each connected both as senders and
      receivers and disposed to direct their signals in a canted direction
      relative to the longitudinal axis of the rail that is at an angle in the
      range of from 12 to 22.degree., and preferably about 19 degrees, with
      respect to the longitudinal axis of the rail. The transducers 87 are thus
      oppositively canted, relative to the longitudinal axis of the rail, and
      preferably at angle of about 19 degrees, and in the direction of the head
      gauge edge 46 for this purpose. As indicated in FIG. 4, the signals of the
      respective transducers 87 act forwardly and rearwardly, but with the
      canted angulation indicated, in the direction of the rail gauge edge.
PAR  Further in accordance with this invention, the transducers 79 and 87 are
      located within the block 54 so that the respective crystals 80, 82, 88 and
      90 will be at the center of the block 54 and thus are located at the
      center of the rail head 40.
PAR  Block 54, further in accordance with this invention, includes a pair of
      transducers 91 comprising crystals 93 and 95 operably associated with the
      respective wedges 96 and 98, with the crystal 93 being connected to be a
      sender and the crystal 95 connected to be a receiver. The respective
      transducers 91 are oppositely angled, at 80.degree. angles relative to the
      longitudinal axis of the rail, such that the signal emitted by the crystal
      93 makes the zig-zag path indicated at 97, wherein the signal is initially
      directed to the gauge edge 46 of the rail head and bounces back and forth
      across the rail head for pick up by the crystal 95. Positioning the
      transducers to provide for four bounces off rail gauge edge 40, as
      indicated in FIG. 4, is preferred for best results. Transducers 91 are
      positioned so that the sender crystal 93 applies its signal at the center
      of the block and said signal enters the center of the block for pick up by
      crystal 95. Thus transducers 91 act at the center of the rail head as well
      as transducers 79 and 87.
PAR  All the transducers 79, 87 and 91 are arranged for the flat angle
      ultrasonic signal generation that is disclosed in my said U.S. Pat. No.
      3,251,220, and for this purpose, the respective crystals involved are
      oriented at an angle of incidence of 30.degree. so as to provide shear
      waves acting at angles in the range of 80.degree. to 85.degree. relative
      to the level of the rail head surface 68, as indicated at 99 in FIG. 5 for
      the right hand transducer 79. The sound energy on striking the rail fans
      into a beam 15 degrees wide, thereby "lighting up" the rail in an
      efficient manner.
PAR  Operably associated with the carriage 16 is a second block 101 that is
      mounted within the runners 56 and 58 in the same manner as block 54 and
      carries vertical transducers 100 and 102, in the form of suitable crystals
      104 and 106 that are both connected to be senders and receivers for
      directing their signals vertically of the track rail. The block 101 is
      centered within the runners 56 and 58 by suitable guides 108 and 110, and
      has its undersurface 112 contoured in the same manner as the undersurface
      64 of block 54. Block 101 is biased against the rail head by suitable
      compression spring 70A.
PAR  The wedges of transducers 79, 87, and 91 preferably have their
      undersurfaces contoured in the same manner as the undersurface 112 of
      block 54 for improved efficiency.
PAR  The transducers 79, 87, 91, 100 and 102 are incorporated in a suitable
      ultrasonic circuiting arrangement of the general type disclosed in my said
      Patent 3,251,220 whereby as the apparatus 10 moves along the track, the
      rails are progressively inspected for flaws that are detected by the
      ultrasonic system involved.
PAR  As the apparatus 10 moves along the track, the signals provided by the
      transducers detect flaws within the rail. The beams provided by the
      transducers of crystal array 52 act at a flat angle of 80.degree. -
      85.degree. relative to the level of the rail head surface 68, with the
      surface waves that would tend to be generated by such a flat angle being
      dampened by the diaphragm 50 and a film of water that is applied to the
      rail head surface 68 in advance of the respective carriages 14 and 16 by
      suitable equipment carried by the car 12, in accordance with said U.S.
      Pat. No. 3,251,220 (indicated at 113 in FIGS. 3 and 5).
PAR  It is to be noted that in the crystal array 52, all transducers are located
      to operate substantially at the center of the rail head, where best
      ultrasonic contact can be maintained. The transducers 79 effect
      transmission of their signals straight down the rail in the center of the
      rail head and down into the web as depicted by the signal path indicated
      for the right hand transducer 79 of FIG. 5. These two transducers are
      particularly efficient in locating small irregularities in the center of
      the rail head and more especially in all types of butt welded rail.
PAR  The transducers 87 locate all gauge edge defects, and are particularly
      useful in locating small defects lying in the lower corner of the rail
      head gauge edge, and those located in shelled and head checked territory
      and on worn curved rail. With the arrangement indicated for transducers 87
      it is now possible to locate a gauge edge defect such as a hack saw mark
      1/16th of an inch deep in the bottom corner of the rail head on the gauge
      side. Despite the sensitivity of operation provided by the transducers 87,
      these transducers do not provide objectionable pick up of the upset in all
      types of butt welds.
PAR  The signal provided by the right hand transducer 91 of FIG. 4 follows the
      zig-zag path 99 that is indicated in FIG. 4 for pick up by the left hand
      transducer 91 provides contact with the rail that can be constantly
      monitored to show the relative efficiency of the ultrasonic contact that
      is being made by the carriage with the rail head. These transducers 91
      also locate vertical split head and large transverse defects, as will be
      shown by attenuation in the signal. For vertical split heads the
      attenuation will be by a factor of 50 percent in the normal signal.
PAR  While the vertical transducers 100 and 102 will find most split head
      defects which lie above the web of the rail, the transducers 91 are
      particularly useful in locating vertical split heads that appear on either
      side of the rail head which are relatively rare in occurrence.
PAR  Further, in accordance with this invention, the wedges that the crystals of
      transducers 79, 87 and 91 act through are formed from a material which is
      relatively inefficient as a medium through which to send ultrasonic sound,
      whereby an improvement in the sound to noise ratio is obtained on the
      order of 15 percent, as compared with using a material which is an
      efficient medium through which to send ultrasonic sound. For this purpose,
      the wedges 84, 86, 92 and 94 and 96 and 98 are formed from a solid
      ultrasonic signal transmitting medium in the form of a suitable epoxy
      resin, such as the products sold under the trademark Epoxylite (Nos. 205
      or 4102) by Epoxylite Corporation of El Monte, California, charged with
      powdered glass or powdered silicon carbide (sand). The velocity of the
      sound signal in passing through the epoxy material is approximately
      one-half the velocity that the signal would have in passing through, for
      instance powdered glass. By charging the epoxy material with a material
      such as powdered silicon carbide, or powdered glass, the signal will be
      transmitted through the wedges in a variety of velocities, which breaks up
      the phase of the signal transmission, thus attenuating the transmission,
      and providing a desirable narrow band width. While other powdered
      materials will also break noise sound velocities, the powdered materials
      specified are preferred as they seem to result in less noise and signal
      attenuation.
PAR  The resulting lossy nature of the wedges employed also helps eliminate the
      generation of surface waves at the respective transducers. The narrow band
      width from the electronic standpoint provided by utilizing the lossy
      wedges of this invention also contributes to the improvement in the signal
      to noise ratio.
PAC  SPECIFIC DESCRIPTION
PAR  The shoes 30 and 32 may be of any suitable wear resisting construction,
      each shoe having a wear strip 120 suitably secured thereto which slides
      along the rail gauge edge 46 under the biasing action provided by the
      telescoping bar units 36 and 38, holding the respective carriages properly
      against the rail during movement of the same along the track. The
      respective wear strips 120 are connected together in tandem relation by
      bar 122.
PAR  The carriage box or trough 34 is suitably connected to the respective shoes
      at either end of same, where indicated at 123 and 125, to support same and
      permit lateral adjustment of the box relative to the shoes, for adjusting
      the box 34 as desired laterally of the rail being tested. While the weight
      of box 34 is supported by the shoes, the box is disposed as indicated in
      FIG. 3 so that the diaphragm 50 has firm engagement with the rail head.
      The connection of the box 34 to the shoes is diagrammatically illustrated
      in FIG. 2 wherein it will be seen that each shoe includes an upright
      member 270 (to which the respective telescoping bar units 36 and 38 are
      respectively connected), each having an angle member 272 adjustly
      (vertically) secured thereto by suitable bolts 274. The respective angle
      members have secured thereto a top plate 276 resting against spacer 278,
      which are both secured in place on the respective members 272 by bolts
      280. The respective flanges 282 and 284 of the box 34 rest on the
      respective angle members 272 and are clamped in place by set screws 286
      applied to the respective top plates 276 at the desired positioning of the
      box 34 laterally of the rail.
PAR  The box 34 comprises side walls 124 and 126 (see FIG. 2) suitably joined to
      end walls 128 and 130, with the side walls 124 and 126 being suitably
      flanged as at 132 and 134, respectively for application thereto of a cover
      plate 136 that may be secured in place in any suitable manner as by
      employing bolts or the like.
PAR  The diaphragm 50 is formed from any suitable plastic rubber or the like
      flexible material and has a trough-like form defining side walls 140 and
      142 and end walls 144 and 146, which are integral with the central portion
      166 of the diaphragm on which the blocks 54 and 99 rest. The diaphragm
      side walls 140 and 142 are closely received between the respective runners
      56 and 58 so that the central portion 166 is in overlying relation with
      the major portion of the transverse dimension of the rail head surface 68.
      At the forward end of the box or frame 34, the diaphragm wall 144 is held
      in place by a suitable clamp plate 150 while at the rear end of the box
      the diaphragm wall is held in place by suitable clamp plate 152, with the
      clamp plates 150 and 152 being suitably secured to the respective end
      walls 128 and 130 of the box or frame 34.
PAR  The runners 56 and 58 are vertically disposed in the spaced apart relation
      indicated in FIGS. 3 and 4 and are maintained in spaced apart relation by
      suitable cross rods 162 that interconnect the same as well as the action
      of the guide arms 60 and 62 and 108 and 110, which are carried by the
      respective runners 56 and 58, and engage the side walls of the respective
      blocks 54 and 101. The runners 56 and 58 hold this central portion 166 of
      the diaphragm against the rail head surface 68 while permitting it to flex
      and distort as necessary to conform to changes in the rail surface
      contour. The guide posts or arms 60, 62, 108 and 110 maintain the position
      of the respective blocks 54 and 101 against displacement laterally of the
      runners 56 and 58, but the fit is loose enough to permit these blocks to
      move vertically in following the contour of the rail head.
PAR  In the form shown, the compression springs 70 act between suitable spring
      seats 164 and suitably fixed to the respective cross rods 162, and
      recesses 166 formed in the block 54. Similarly, the compression spring 70A
      acts between suitable spring seat 164A and recess 166A formed in the block
      101.
PAR  The crystals employed as part of the transducers described may be of the
      general type described in my said U.S. Pat. No. 3,251,220.
PAR  The crystals and wedges of the respective transducers are suitably embedded
      in the block 54 to mount them in operating position in accordance with the
      principles herein stated. Similar remarks apply to the transducers of
      block 101, these being conventional vertical crystals.
PAR  Water is preferably applied to each rail adjacent the front of the vehicle
      12 to allow sufficient time for the rail head to become wetted, and also
      just in advance of each box 34, between the box and the forward shoe 30,
      for best results.
PAR  The foregoing description and the drawings are given merely to explain and
      illustrate the invention and the invention is not to be limited thereto,
      except insofar as the appended claims are so limited, since those skilled
      in the art who have the disclosure before them will be able to make
      mofidications and variations therein without departing from the scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an ultrasonic apparatus for progressive railroad track rail flaw
      testing for detecting flaws in railroad track rails including a
      multi-element ultrasonic signal pulse emitting and echo receiving assembly
      riding on the rail head in its operative position and comprising a
      plurality of separate ultrasonic transducer devices mounted in a carriage
      adapted to be coupled to the rail head in the operative position of the
      assembly by means for damping out surface waves on the rail head, through
      which means the ultrasonic signals are to act, the improvement wherein:
PA1  said transducer devices comprise:
PA2  a pair of transducer devices,
PA2  one of said pair of transducer devices being positioned to emit ultrasonic
      test signal pulses canted at an angle of approximately 80.degree. with
      respect to the centerline of the rail and in the direction of the rail
      gauge edge, in the operative position of the assembly,
PA1  said devices of said pair of devices being spaced longitudinally of the
      rail in the operative position of the assembly for permitting the signal
      pulses of said one device of said pair of devices to make a zig-zag path
      across the rail head
PA1  said pair of transducer devices being located in the assembly to be
      disposed, in the operative position of the assembly, at the center of, and
      on top of, the top surface of the rail head and to act at an angle of
      incidence relative to the rail head top surface to produce in the rail as
      a result of their signal impulses ultrasonic waves travelling at flat
      angles on the order of 80.degree. to 85.degree. relative to the level of
      the rail head top surface.
NUM  2.
PAR  2. The improvement set forth in claim 1 wherein:
PA1  said spacing of said devices of said pair of devices permits four bounces
      of the signal thereof off the rail gauge edge in the operative position of
      the assembly.
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PAL  The tester comprises basically a four wheeled carriage, a scale arm
      containing graduations attached to the carriage in a counterpoised
      condition about a pivot axis, and a rolling, round fluted cutting tool
      coupled to the carriage and to the scale arm. The cutting tool, as the
      carriage is drawn across a test surface, leaves an indented track of the
      cutting flutes. The width of the track marks is a function of the coating
      hardness and applied load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hardness testers and particularly to an
      instrument for measuring coating hardness.
PAR  One such device is the Hoffman Scratch-Hardness Tester sold by Gardner
      Laboratory Incorporated (Catalog No. SG-1610-M). The original tester is
      described in U.S Pat. No. 2,279,264 and the current model is a slight
      modification of this device. It consists basically of a four-wheeled
      carriage; a scale arm graduated from 0-20  that is attached permanently to
      the carriage in a counter-poised condition about the pivot axis; and a
      scratching tool with a sharp circular mounted mouned at 45.degree. to the
      test surface. In operation small and/or large riders are attached to the
      scale arm at the numbered positions. The carriage is held down firmly by
      hand and moved in the opposite direction to cause a trailing scratch. The
      larger rider generates a load of 100 grams per division, while the small
      rider generates a load of 25 grams per division. The tester is placed on a
      reasonably flat, level, test surface that measures at least 2 in. .times.
      4 in.
PAR  The thumb and first two fingers of the right hand are placed on the
      carriage platform, directly over the pair of wheels nearest the scratching
      tool, using sufficient downward pressure to lift the counterpoised beam
      with the selected rider at the 0 position. The tester is pulled to the
      right in a straight line across the test surface, making sure that the
      scratching tool follows the rolling carriage.
PAR  The scratch resistance is measured by increasing the load by moving the
      rider to the left and observing the load necessary to make just a
      preceptible mark or scratch on the coating. As an alternate procedure, the
      width and character of the scratch made on a series of test surfaces with
      the same load are compared. A measuring microscope facilitates the
      measurement.
PAR  However, in use, polymer scratched from the coating often accumulates on
      the scratching tool causing erratic results and poor scratch definition.
PAC  OBJECTS OF THE INVENTION
PAR  A principal object of this invention is to provide an improved hardness
      tester for coatings. Another object of this invention is to provide an
      improved, substantially non-scratching hardness tester for use with
      polymeric coatings.
PAC  STATEMENT OF INVENTION
PAR  In accordance with this invention the scratching tool of a hardness tester
      of the Hoffman Scratch-Hardness Tester type is replaced by a rolling round
      fluted cutting tool which when rolled over the coating under load as
      described above leaves an indented track of the cutting flutes. The width
      of the track marks is a function of the coating hardness and applied load.
      The nature of the cutting tool will also influence the track width, its
      sharpness and radius of cutting flutes. A convenient marking tool is a
      round 1/4 inch diameter cutting tool with 12 cutting flutes connected to a
      1/8 inch shaft. In making a test measurement, one revolution of the tool
      leaves 12 marks which are measured with a measuring microscope and
      averaged to give a number representing the penetration of the tool, and
      related to hardness.
PAR  This improved tester has eliminated the polymer build-up and can be used to
      measure relative hardness of coatings and polymer surfaces. Comparison
      between various coatings of similar thickness can be made by making
      measurements under a fixed load. The load is chosen to produce a
      perceptible mark on the coating but not sufficient to completely cut the
      coating to the base substrate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above objects, as well as additional objects and advantages of this
      invention will be understood when the following detailed description is
      read in connection with the accompanying drawing, in which:
PAR  FIG. 1 is a simplified side elevational view of a hardnss tester in
      accordance with this invention;
PAR  FIG. 2 is a side elevational view of the fluting tool assembly of the
      apparatus of FIG. 1;
PAR  FIG. 3 is in end elevational view of the tool assembly of FIG. 2, and
PAR  FIG. 4 is a plan view of the tool assembly of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to the drawing, there is shown a hardness tester 10 comprising a
      block like carriage 12 having wheels 14 at each side, front and rear, of
      the carriage 12, a scale arm 22 which is pivotally coupled to the rear of
      the carriage 12 by the pin 26. The pin 26 extends through a coupler
      element 20 which contains a bore into which the shaft 18 of the tool
      carrier body 16 fits. The wall of the bore into which the shaft 18 fits is
      split and may be compressed by means of the screw 24 which extends into
      the coupler element 20.
PAR  Slidable weights 28 are carried on the calibrated scale arm 22.
PAR  Referring now to FIGS. 2, 3 and 4 as well as to FIG. 1, the tool carrier
      body 16 is a block-like element which has a shaft 18 extending from one
      end and a bore 36 extending through the body perpendicularly with respect
      to the shaft 18.
PAR  A ball-like fluting element 32 containing a continuous array of cutting
      flutes has its shaft 34 extending through the bore 36 in a slidable
      relationship with the walls of that bore.
PAC  Operation
PAR  In operation small and/or large riders 28 and counter weights 30, for
      example, are attached to the scale arm 22. The carriage 12 is held down
      firmly by hand and moved in the opposite direction to cause trailing
      indentations on the test surface 38. The riders 28 generate a load of 100
      grams per division, or a load of 25 grams per division. The tester 10 is
      placed on a reasonably flat, level, test surface that measures at least 2
      inches .times. 4 inches. The thumb and first two fingers of the right hand
      are placed on the carriage 12, directly over the pair of wheels nearest
      the fluting tool 32, using sufficient downward pressure to lift the
      couterpoised beam arm 22 with the selected rider 28 at the 0 position. The
      tester is pulled to the right in a straight line across the test surface,
      making sure that the fluting tool follows the rolling carriage.
PAR  As the rolling round fluted cutting tool 32 passes over the coating being
      tested, it leaves on the surface an indented track of the flutes of the
      tool 32. The width of the track marks is a function of the coating
      hardness and applied load.
PAR  The nature of the cutting tool 32 will also influence the track width, its
      sharpness and radius of cutting flutes. A convenient tool 32 is a round
      1/4 inch diameter cutting tool with 12 cutting flutes connected to a 1/8
      inch shaft 34. In making a test measurement, one revolution of the tool
      leaves 12 marks which are measured with a measuring microscope and
      averaged to give a number representing the penetration of the tool, and
      related to hardness.
PAR  The tester of this invention has eliminated the polymer build-up which
      occurred when a scratching tool was used and can be used to measure
      relative hardness of coatings and polymer surfaces. Comparison between
      various coatings of similar thickness can be made by making masurements
      under a fixed load. The load is chosen to produce a perceptible mark on
      the coating but not sufficient to completely cut the coating to the base
      substrate.
PAR  As an example of how this device 10 can be used, the following measurements
      were made on a thermosetting acrylic finish applied to a steel test panel.
      The testing device was rolled over the surface of the coating increasing
      the load on the cutting tool as described above. The width of the
      indentations was measured with a 40X measuring microscope, the average of
      the 12 marks for each load recorded and listed in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Load, Grams    Average Width of Track, Div.                               
     ______________________________________                                    
     400             7.3 .+-. 0.9                                              
     600            11.3 .+-. 0.9                                              
     800            13.3 .+-. 0.8                                              
     1000           14.3 .+-. 1.0                                              
     1200           15.3 .+-. 0.8                                              
     1500           16.8 .+-. 1.1                                              
     2000           17.9 .+-. 0.8                                              
     1 Div. = .022"                                                            
     ______________________________________                                    
PAR  Similar measurements were made on a 1/8 inch thick polymethyl methacrylate
      sheet, Acrylite, American Cyanamid Company.
TBL  ______________________________________                                    
     Load, Grams    Average Width of Track, Div.                               
     ______________________________________                                    
     1000           10.8 .+-. 0.6                                              
     1500           13.7 .+-. 0.5                                              
     2000           16.2 .+-. 0.7                                              
     ______________________________________                                    
PAR  The indentions in the coating may be filled with a black wax pencil or
      wiped with an ink to improve the resolution of the marks.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a hardness tester comprising a four wheeled carriage having a scale
      arm pivotally mounted from one end thereof and supporting a pressure
      application member in a fixed position with respect to said scale arm
      whereby said pressure application member contacts a surface to be tested
      when said wheeled carriage is rolled along said surface, the improvement
      wherein:
PA1  said pressure application member comprises a ball-like fluted member
      mounted to rotate along a line which is parallel to any forward movement
      of said wheeled carriage.
NUM  2.
PAR  2. Apparatus in accordance with claim 1, wherein said fluted member has a
      shaft connected to one side thereof, said shaft being rotatably coupled to
      said scale arm.
NUM  3.
PAR  3. Apparatus in accordance with claim 1, wherein said scale arm and said
      pressure application member are each fixed positionally coupled to a
      coupling member which is pivotally coupled to said carriage.
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PAL  The method and sensors are capable of measuring dynamic moduli of
      nongaseous fluid and semi-fluid materials. When cast in a castable-type
      material, such as solid rocket propellant, changes due to chemical aging
      of the propellant or other substances being tested may be detected. The
      sensors include a spacer separating a pair of piezoelectric crystals with
      substantially no air gaps between the crystals. One of the crystals is
      driven while the other is connected to a recording device. The measured
      response of the sensor in-situ or immersed in a work sample is compared
      with the response in air. The elastic modulus and loss tangent of the
      tested material may be computed based upon the amplitude and phase of the
      sensor's response.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the determination of dynamic response properties
      of fluid and semi-fluid materials. More particularly, it relates to a
      method and sensors which will determine these properties in situ of
      castable-type materials, such as rubbers and plastics, as well as pourable
      compositions.
PAR  2. Description of the Prior Art
PAR  In certain applications, it is desirable to determine hardening or the
      growth of voids or softening of a cast mass of a castable-type material.
      For example, any of the above changes in a cast mass of a propellant grain
      might lead to problems of the proper firing of motors containing such
      grains. Although many techniques are known for determining mechanical
      properties of a cast mass of particles or grains, such prior art
      techniques are relatively complex and must be carried out under laboratory
      conditions or the like.
PAR  During the storage period changes may occur in the propellant. Some
      propellants harden, some soften and others may harden for a while, then
      soften. In some instances, hardening of the propellant grain will cause
      failure at low temperature. In other instances, softening of the grain
      will cause excessive "slumping" of a standing propellant grain at higher
      temperatures and in still a third instance softening of the grain will
      reduce the resistance of the rocket to the pressures generated during
      firing. In other instances, the rocket motors are required to withstand
      dynamic loads during transportation and during firing. Changes in the
      properties of the propellant could affect the motor capability to
      withstand these required loads. Propellant movement due to imposed loads
      causes the grain to separate or debond at various locations which
      debonding can be detected by one or more properly located sensors. Thus,
      when it is necessary to fire the rocket motor, the presence of an
      undesirable amount of such separations may result in improper combustion
      of the propellant grain, as would the undetected presence of voids.
PAR  It is therefore desirable to test such rockets for any changes in the cast
      propellant prior to the time of firing such rockets.
PAR  Other compositions where properties are subject to change include urethane
      foams which degrade upon extended storage. It is therefore also desirable
      to determine the change in properties of such foams.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a method for the determination
      of the dynamic mechanical properties of a nongaseous fluid or semifluid,
      pourable or castable material, such as a solid rocket propellant grain.
PAR  It is a further object of this invention to carry out the foregoing object
      in situ so that such property changes may be determined immediately up to
      the time of use of the material, as for example, propellant grains
      disposed in the chamber of rocket motors or the like and in structural
      plastic parts especially those which are subjected to potential
      detrimental aging effects, e.g., structural honeycomb.
PAR  It is still another object to provide sensors for carrying out the
      foregoing objects.
PAR  These and other objects are preferably accomplished by disposing a
      plurality of sensors at pre-spaced locations in the cast mass. The bending
      characteristics of the sensors are matched to the normal elastic
      properties of the material. Each of the sensors includes a spacer
      separating a pair of piezoelectric crystals with substantially no air gaps
      between the crystals. One of the crystals is driven while the other is
      connected to a suitable recording device. The dynamic properties of the
      mass are determined by the degree of bending of the sensors.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional elevation view of a cast mass of a propellant
      grain cast in situ in a rocket motor as an exemplary embodiment of the
      sensors and method of the invention;
PAR  FIG. 2 is a side view of a sensor to be used to carry out the exemplary
      embodiment of the invention;
PAR  FIG. 3 is a vertical view of the sensor of FIG. 2;
PAR  FIG. 4 is a diagrammatic view of one example of a circuit for carrying out
      the techniques of the invention;
PAR  FIG. 5 is a side view of the sensor of FIG. 2 illustrating the bending
      effect thereon in accordance with the teachings of the invention.
PAR  FIG. 6 is a side view of an alternative embodiment of a sensor within the
      scope of this invention;
PAR  FIGS. 7a, 7b and 7c are schematic illustrations showing the flow patterns
      observed when a sensor of the instant invention is embedded in a matrix
      with variations in the peripheral area of influence upon the sensor; and
PAR  FIG. 8 is a graph showing normalized output voltage versus matrix stiffness
      for a sensor embedded in a material in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawing, in an exemplary embodiment of the
      invention, a rocket motor casing 10 is shown which may be generally
      tubular in configuration having an exit nozzle 11 at one end and closed at
      the forward end. A cast mass of a propellant grain 12 is disposed within
      casing 10, such mass preferably having a central cavity throughout its
      length as is well known in the rocket art. Grain 12 may be ignited in any
      suitable manner, such as by providing an igniter 13 in the form of a mass
      of an incendiary mixture 14 surrounding a length of an explosive
      connecting cord 15. In igniting arrangement with one end of cord 15 is an
      electric blasting cap 16, and leading from cap 16 are wires 17, 18 for
      igniting the same.
PAR  It is to be understood that the foregoing is merely one example of the
      confinement of a cast mass of a propellant grain in a rocket motor casing
      or the like. Further, the invention is not limited to the determination of
      the dynamic mechanical properties in a cast mass of a propellant grain but
      is applicable, where appropriate, to the determination of dynamic
      mechanical properties in a mass of any material which is capable of being
      cast and which material has a modulus capable of being matched to the
      bending stiffness of the sensor being utilized, as will be discussed
      further hereinbelow.
PAR  Thus, referring now to FIGS. 2 and 3, as particularly contemplated within
      the present invention, sensing means are provided for sensing or
      determining dynamic properties in the propellant grain 12. In the
      exemplary embodiment, such sensing means includes one or more sensors 19,
      one of which is shown in FIGS. 2 and 3. Each sensor 19 includes a
      relatively thin spacer member which may be in the form of a spacer disc 20
      sandwiched between a pair of relatively thin piezoelectric crystals discs
      21, 22. Such discs 20 may be either nonconductive or conductive. Typical
      conductive materials employable include stainless steel, brass and silver.
      If nonconductive, disc 20 must have a conductive coating, now shown in the
      figures, superposed directly upon the nonconductive material on both the
      top and bottom surfaces. Typically the disc 20, whether having
      superimposed conductive layers thereupon or being conductive per se, is in
      the neighborhood of 2 to 10 one thousandths inch thick.
PAR  The planar faces of disc 20 are secured to mating planar faces of each disc
      21, 22 in an air-tight manner, thus eliminating any air gaps between
      crystal discs 21 and 22. Although any suitable dimensions may be used for
      discs 20 - 22, preferably metallic disc 20 is greater in diameter than
      discs 21, 22 so as to electrostatically shield crystals discs 21 and 22
      from each other. Discs 21, 22 are generally of the same diameter. For
      example, discs 20 - 22 may be about 1/2 to 1 inch in diameter with disc 20
      slightly greater in diameter than discs 21, 22. Further, discs 21, 22 are
      preferably generally centrally located on disc 20. Of course, any suitable
      configuration may be used and members 20-22 need not be discs or even
      disc-like.
PAR  Superposed on the exterior surface of discs 21 and 22 are thin conductive
      layers, on an order of magnitude of 100 microns to about 1000 microns
      thick. Such superposed layers 30 and 31 may cover all or a portion of the
      exterior surface of crystals 21 and 22. The centerpoint of layers 30 and
      31 preferably should coincide with, and correspond to, the centerpoint of
      crystals 21 and 22. Accordingly, the shape of the superposed layers may
      each be of a different shape from the other, and such shapes may differ
      from the shape of the crystals. Any conductive material which can be
      adhered to the crystal may be utilized. These include gold, silver,
      copper. Techniques for carrying out the adhesion of such conducting layer
      are known to the art.
PAR  Points 32, 33 and 34 are points of attachment for wires or other connectors
      to be utilized in the hookup of the sensors 19. As such, they are chosen
      at random on the exterior surface of the superposed layers and at some
      exposed location on the spacer member 20. As such, they do not appear in
      the sensor 19 as manufactured.
PAR  Preferably, discs 20 - 22 are relatively thin, the ratio of the thinness of
      disc 20 to discs 21, 22 depending upon the modulus of elasticity of the
      particular material being tested. For example, discs 20 - 22 may be on the
      order of about 0.002 to 0.01 inches thick. The thinness of spacer disc 20
      to crystal discs 21, 22 may range from a ratio of 1:4:1 to 1:1:1; i.e.,
      disc 22 to spacer 20 to disc 21. Conversely, this ratio may range from
      4:1:4 to 1:1:1; i.e., disc 22 to spacer 20 to disc 21. Thus, spacer disc
      20 may range from being generally equal in thickness to discs 21, 22 to
      being 1/100 the thickness of discs 21, 22 to four times the thickness
      thereof.
PAR  Finally, electrodes 23 through 25 are fixedly secured to each disc 20
      through 22 and are adapted to be connected to ground and/or suitable
      control means as will be discussed further hereinbelow.
PAR  The sensing means further includes the use of a metallic disc 20 having a
      modulus of elasticity approximately two to three times that of the
      material comprising the crystal discs 21, 22. In an exemplary embodiment
      of the invention, the stiffness of disc 20 is substantially the same as
      the modulus of the propellant grain. Also, the composition of the material
      used in disc 20 must be such that it is insoluble in the matrix of the
      materials being tested, for example, the propellant grain. Disc 20 may be
      conductive or non-conductive. If non-conductive, disc 20 may be coated
      with a suitable conductive material so as to provide a conductive ground
      shield between discs 21 and 22.
PAR  The preferred modulus ratio of disc 20 to discs 21, 22 may be obtained by
      varying either the thickness of the discs 20 - 22 or the lateral
      dimensions thereof. Also, the flex capability of sensor 19 is matched to
      the flex capability of the matrix (e.g., the propellant grain) being
      tested. That is, the overall stiffness of sensor 19 is matched to the
      dynamic modulus of elasticity of the grain. For example, the crystal discs
      21, 22 may have a modulus of elasticity of about 10 million psi whereas a
      stainless steel disc 20 may have a modulus of elasticity of about 30
      million psi. The geometric mean modulus of the sensor 19 thus may be about
      25 million psi. The modulus of elasticity of the propellant grain may be
      about one-half million psi. Any voids or differences from the consistency
      of the original material in the propellant grain or other pourable medium
      would be readily determined by flexing of sensor 19 as will be discussed
      further hereinbelow. The bending characteristics of sensor 19 is matched
      to the normal elastic properties of the propellant grain. The stiffness
      and the disc should also match that of the test material.
PAR  It is to be understood that the rocket motor casing 10 of FIG. 1 is
      generally stored in an upright manner, that is, with nozzle 11 at the
      bottom thereof preparatory to firing. However, such firing may not be
      carried out for a relatively long period of time, for example, over a
      number of years. During this storage period, the gravitational pull on the
      propellant grain 12 in the rocket motor casing 10 may result in the
      formation of a plurality of void spaces (hereinafter referred to as
      "voids") in the grain 12. These voids will soften the grain 12 and cause
      improper burning of the propellant grain 12 upon ignition thereof and is
      undesirable.
PAR  The overall stiffness of a given sensor 19 of this invention may be
      calculated according to the following formula I:
      ##EQU1##
      where D is the overall stiffness of sensor 19, t.sub.s = the thickness of
      the material of the center spacer disc 20, t is the total overall
      thickness of sensor 19, E.sub.s is the modulus of elasticity of the
      material of disc 20, E.sub.z = the modulus of elasticity of the
      piezoelectric material of crystal discs 21, 22, and v is Poissons' ratio
      of the piezoelectric material of discs 21, 22. The materials being tested
      may include plastic, rubber and any fluid of a viscous nature. In
      addition, the sensors of this invention may be utilized in a cast
      aggregate such as concrete as in a dam structure, or roadbed, as well as
      in cast metallic objects. As to such special applications as in cast
      metals such as steel and aluminum objects, the limitation of utility of
      the measurement concept of this application is the slope of the curve
      relating measured output of voltage plotted against the subject material's
      property such as elastic modulus.
PAR  Consider E the modulus of elasticity of a tested material which may change
      over a wide range as the dynamic drive frequency is changed. As is known,
      this E actually consists of an elastic component and an inelastic
      component, namely E' and E" respectively. Normalized gauge output is
      defined as the value of the measured voltage output from the material
      being tested divided by the value of the measured output for the sensor 19
      in air under standard conditions. The phase angle theta may be defined as
      the angle whose tangent is E" divided by E'. This angle theta is the phase
      shift between input and output voltages and is measured in degrees and
      minutes.
PAR  If a sensor stiffness "D" and a sensor diameter "a" are chosen such that
      the value of the formula E' D/a.sup.3 is between 1 and 5, then the sensor
      19 designed to give these values will be quite sensitive to changes in a
      limited region as illustrated in FIG. 8. Small changes in E' will cause
      large changes in gauge output because the slope is quite steep. On the
      other hand, if E' D/a.sup.3 is large, the sensor 19 can measure modulus
      over a wide range but as E' becomes very large, the slope relating gauge
      output and modulus approaches zero. The continuing capability to measure
      properties (such as modulus) at various points along the curve is shown in
      FIG. 8. Here, a plot of normalized gauge output (i.e., the Y axis) is
      shown versus the elastic component of the embedding modulus of elasticity
      normalized for the stiffness of the sensor (i.e., the X axis). As the
      slope approaches zero, this capability is limited by the capability of
      state of the art sensing materials to make measurements. In addition,
      other limiting factors include the capability of amplifiers and recorders
      to amplify and record small changes in the sensor's output. For example,
      today, for a cast lead article, voltage ratio measurements expressed in
      parts per thousand would be required, while for a cast steel article,
      voltage ratio measurements in parts per 15,000 parts would be required for
      the same degree of accuracy. This is a 15:1 increase in measurement
      accuracy capability. Such increased accuracy is only available at
      substantially higher cost. Future technical advances in the peripheral
      equipment indicate the unlimited capability of the sensors and the method
      of the present inventions. Of course, in making internal measurements, the
      physical properties of the sensor material such as the Curie temperature,
      and melting point of the piezoelectric material, at the time of
      implanation of it into the material being cast should be taken into
      consideration.
PAR  Typical E' D/a.sup.3 values near 1 allow the practioner to sense changes of
      about 1% with state of the art measuring equipment. If E' D/a.sup.3 has a
      value between 10 and 20, modulus values between about 100 and about 5000
      can be sensed to about .+-. 10% accuracy with such measuring equipment.
PAR  The greatest sensitivity over limited range can be attained by making E'
      D/a.sup.3 between 1/2 and 5 while the widest measuring range at reduced
      accuracy can be obtained by making E' D/a.sup.3 between 10 and 20.
PAR  Referring once again to FIG. 1, the invention contemplates the placing of a
      plurality of the sensors 19 of FIGS. 2, 3, and 6 at one or more spaced
      locations in the propellant grain 12. Although the particular number of
      sensors 19 and the placement thereof is arbitrary, a plurality of such
      sensors 19 should be placed within the propellant grain 12 at a sufficient
      number of locations therein to allow measurement of the desired dynamic
      properties throughout the entire volume of the item being measured. That
      is, these sensors 19 should be placed at a number of strategic locations
      so as to determine whether the dynamic response properties have reached
      some predetermined critical point at some predetermined time such as in
      the case of a rocket motor.
PAR  Referring once again to FIGS. 2 and 3, any suitable bonding means may be
      used for forming sensors 19. For example, epoxy resin may be used to
      secure discs 20 - 22 together, the resin then being cured in a vacuum bag
      at about 150.degree.F while maintaining pressure on the discs 20 - 22
      during the curing process to thereby force excess epoxy resin out between
      the discs and thereby eliminate air gaps between discs 21 and 22. For
      metals, diffusion, bonding and sputtering may be employed.
PAR  Referring now to FIG. 4, one example of a circuit for carrying out the
      invention is disclosed. One side of sensor 19 may therefore be driven by a
      source 26 of A.C. voltage by connection to electrode 24 leading to sending
      crystal disc 21. The opposite side of sensor 19, i.e., receiving crystal
      disc 22, is connected via electrode 25 to a receiver 27, which may include
      an amplifier therein, operatively connected to a suitable recording device
      such as an oscilloscope 28. When voltage is applied to disc 21 via source
      26, it bends, the degree of bending being dependent upon the mass of
      material (e.g., propellant grain 12) surrounding sensor 19. Disc 22 senses
      the degree of bending and records this information on oscilloscope 28. The
      electrode 23 leading from spacer disc 20 is connected to a ground 29. Any
      differences from the standard obtained from the material surrounding
      sensor 19 will be recorded on oscilloscope 28.
PAR  It can be seen from the foregoing that the techniques of my invention may
      be used to determine the dynamic properties in a pourable or castable-type
      material, such as a propellant grain, road bed, concrete dam or other
      structure. Thus, long term aging and surveillance processes may be carried
      out dynamically to police any degradation process that might take place in
      such materials.
PAR  Although sensors 19 may be placed in grain 12 in any suitable manner,
      generally the grain is a rubbery-like matrix that, when first cast, is
      fluid, then cured to obtain its final cast solid constituent. The sensors
      19 would thus be inserted in the grain 12 during the casting process, or
      imbedded prior to final cure.
PAR  Alternatively, the sensors may be mechanically imbedded in the test
      material, and the disturbed test material is permitted to come to rest
      around the sensor as in the case of the river bottom mud as will be
      discussed below.
PAR  In propellant, one would attempt to determine the existence of voids or air
      spaces which arise either from improper casting, improper cure, during any
      aging period, or which arises from changes of the grain from its intended
      configurations.
PAR  Soft spots or hard spots that may arise at such prementioned time intervals
      are also determinable. Changes in the softness or hardness and voids are
      all measured as deviations from the measurements of standard test
      material.
PAR  FIG. 5 illustrates the bending of sensor 19 upon application of a voltage
      at the time of test. The degree of bending is exaggerated for convenience
      of illustration. Presence of a change of flex from the flex in standard
      material, i.e., the delta, is the indication of the presence of softness,
      hardness or voids. This is true for any test medium. This delta is
      recorded on oscilloscope 28.
PAR  FIG. 6 illustrates a sensor 19a of an alternative configuration wherein the
      spacer disc or member 20a is bent or otherwise formed around one of the
      sensing piezoelectric crystals, e.g. disc 21a. It is to be understood that
      there is to exist a gap between the edges of spacer member 20a and the
      superposed conducting layer 30a. This gap on each side is to be of a
      diameter magnitude with the range of about 1/20 to 1/4 of the total layer
      surface diameter. This embodiment is more flexible than linear spacer
      member version of the same thickness. This bent around portion maintains
      the shielding required between the input and output. Disc 22a is bonded to
      member 20a and also includes a superposed conducting layer 31a. Layers
      30a, 31a may be silver or the like and spacer member 20a may be any
      suitable metal as discussed above.
PAR  FIG. 7a is a sketch of the flow patterns observed with a sensor 19 embedded
      in a clear rubbery photoelastic material 12a, such as Hysol 4485 (a
      urethane rubber with suitable stressoptic and mechanical properties) and
      observed between a polarizer and analyzer while voltages are applied with
      X--X being the zero flex point or neutral axis. It is observable that
      deformation in the material 12a occurs which are caused by the flex of the
      bending sensor 19a. The patterns show that deformation intensity falls off
      rapidly with distance from the sensor 19 and visually appears
      insignificant at about two sensor diameters from the sensor in either
      axial direction. The arrows 35 indicate the displacement with solid line
      36 indicating a constant amount of strain at all points along line 36 and
      dashed line 37 indicating a degree of strain less than line 36.
PAR  FIG. 7b is a sketch of sensor 19 embedded in material 12a near a rigid wall
      38 such as near the case wall of rocket motor 10 wherein like numerals
      refer to like parts of FIG. 7a. The deformation patterns are modified by
      the rigid boundary of wall 38 and the total bending would be lessened from
      that shown in FIG. 7a.
PAR  FIG. 7c shows the same situation depicted in FIG. 7b wherein like numerals
      refer to like parts but now an air separation 39 has developed between the
      rubbery material 12a and the rigid boundary of wall 38. Depending on the
      degree of separation 39, the deformation in this instance can exceed that
      shown in FIG. 7a since the sensor 19 has less material to deform on one
      side.
PAR  Thus, hardness or stiffness of material 12a is representative of the amount
      of cure. If a charge is first put on sensor 19, then again the same charge
      is put on later, comparison will tell if material 12a got harder or
      softer. If voids have developed, more deflection will be shown.
PAR  In summary, sensor 19 bends a differing amount from that amount of flex in
      the standard reference material due to variations in the hardness,
      softness or the presence of voids in the surrounding volume being tested.
      Although relatively thin discs 20 - 22 have been disclosed forming sensor
      19, the thickness of these discs 20-22 may be varied. However, as the
      discs become thicker, the stiffness of sensor 19 would move away from the
      modulus of elasticity of the propellant grain or other substance under
      test. Preferably, therefore, sensor 19 is relatively thin.
PAR  While the flexibility of the sensor is directly related to the length of
      the spacer member for any given thickness thereof, if one were to reduce
      the diameter of the linear version spacer until it was equal to that of
      the crystals in an attempt to increase flexibility, one sacrifices the
      shielding required between the input and output portions of the apparatus.
PAR  The sensors 19 and 19a of this invention may be designed to optimize either
      sensitivity or measurement range. The optimization is related to
      dimensional relationships of the discs 20 and the two piezoelectric
      crystal discs 21, 22 as to the values of thickness diameter and modulus.
      These characteristics may be chosen and modified to suit the desired
      measurement capability. Thus, the parameter D/a.sup.3 is used wherein D is
      a calculated number based on the Formula I hereinabove. As the value of
      D/a.sup.3 increases, the potential measuring range increases, and
      sensitivity decreases, whereas if D/a.sup.3 decreases, the measuring range
      is decreased and sensitivity is increased. Sensitivity means the
      capability to detect small incremental changes in the property being
      measured.
PAR  AC voltage measurements are made in situ and in air. This information and
      the phase angle between the input and the output voltage is fed to a
      computer whereby known relationships and dynamic properties may be
      determined.
PAR  It can be seen from the foregoing that a method and apparatus has been
      disclosed for the dynamic testing of a fluid or semi-fluid mass of
      material, such as a propellant grain, prior to utilization thereof.
PAR  The sensors of the instant invention and the method of detection associated
      therewith may be utilized not only to determine dynamic properties in cast
      materials within a predetermined configuration, but also for the
      determination of dynamic properties of unconfined masses wherein the
      periphery of such masses with respect to the radial volume of sensitivity
      of the sensor is additional unconfined mass. Thus it is possible to
      determine modulus and viscosity of viscous liquids as dependent upon and
      related to the amount of flex of the sensor.
PAR  An important new use for the method and apparatus of this invention is the
      in-situ testing of the dynamic properties of underwater gravel and earth
      to determine their capacity to support load bearing structures such as
      bridge piers, oil drilling platforms and the like, without the necessity
      of removing samples of material to be tested.
PAR  In addition, the sensors 19 and 19a of this invention may be utilized to
      detect changes in the properties of fluid materials. Thus, sensors 19 and
      19a may be placed in a liquid medium, and determination made as to the gel
      capability of the liquid which would be indicated as a function of the
      flex of the sensor 19 or 19a. Change of state by freezing of a liquid to a
      solid may also be measured.
PAR  Of course, other modifications of the apparatus and method may occur to one
      skilled in the art and the invention is limited only to that described in
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for determining dynamic properties and changes in these dynamic
      properties with time in situ in a casted mass of a propellant grain
      comprising the steps of:
PA1  securely fastening a first planar face of a conductive member insoluble in
      said grain to a planar face of a first piezoelectric crystal having a
      modulus of elasticity between approximately one-half and one-third that of
      said conductive member in a manner eliminating substantially any air gaps
      between said abutting planar faces;
PA1  securely fastening a second planar face of said conductive member opposite
      said first planar face to a planar face of a second piezoelectric crystal
      having a modulus of elasticity between approximately one-half and
      one-third that of said conductive member in a manner eliminating
      substantially any air gaps between the abutting second planar face of said
      second crystal thereby forming a sensor;
PA1  securing a conductive layer on the exterior surfaces of each of said
      crystals;
PA1  depositing at least one of said sensors in said casted mass of propellant
      grain;
PA1  connecting said conductive member to ground;
PA1  applying a driving alternating voltage to the conductive layer of one of
      said crystals; and
PA1  recording the voltage amplitude and phase at the conductive layer of the
      other of said crystals to thereby sense dynamic properties of said mass by
      the bending and phase relationships between input and output voltages of
      said sensor.
NUM  2.
PAR  2. A method for determining changes and dynamic properties in situ in a
      pourable material including a plurality of sensors, each of said sensors
      having a conductive member insoluble in said material spaced between a
      pair of piezoelectric crystals with substantially no air gaps between said
      crystals, each of said crystals having a modulus of elasticity between
      approximately one-half and one-third that of said conductive member, each
      of said crystals having a conductive layer on their respective outer
      surfaces, the method comprising the steps of:
PA1  placing a plurality of said sensors at spaced locations in said material;
PA1  connecting said conductive member of each sensor to ground;
PA1  applying voltage to one of said conductive layers of one of said crystals
      of each sensor, and
PA1  subsequently measuring any bending of said sensors by recording the voltage
      applied to the first of said crystals and voltage and phase with respect
      to input received at the other of said crystals.
NUM  3.
PAR  3. A sensor for determining the dynamic properties of a castable material
      within which it is embedded comprising:
PA1  an electrically conductive spacing member of a material insoluble in said
      castable material and having a pair of opposed planar faces;
PA1  a first piezoelectric crystal having a modulus of elasticity between
      approximately one-half and one-third that of said spacing member secured
      to one of said planar faces of said spacing member in an air-tight manner
      and having a conductive layer on the other of its planar faces; and
PA1  a second piezoelectric crystal having a modulus of elasticity between
      approximately one-half and one-third that of said spacing member secured
      to the other planar face of said spacing member in an air-tight manner and
      having a conductive layer on the other of its planar faces, the mean
      modulus of elasticity of said combined crystals and spacing member being
      substantially greater than the modulus of elasticity of said castable-type
      material.
NUM  4.
PAR  4. The sensor of claim 3 wherein said spacing member and said crystals are
      relatively thin discs.
NUM  5.
PAR  5. The sensor of claim 4 wherein said spacing member is slightly greater in
      overall diameter than said crystals, the diameter of said crystals being
      between about one-half and one inch, said crystals being generally
      centrally located on the planar faces of said spacing member.
NUM  6.
PAR  6. The sensor of claim 5 wherein said discs are between about 0.005 to 0.01
      inches in thicknesses.
NUM  7.
PAR  7. The sensor of claim 6 wherein the ratio of the thickness of each said
      crystal to said spacing member ranges between about 1:1:1 to 1:4:1.
NUM  8.
PAR  8. The sensor of claim 6 wherein the ratio of the thickness of each said
      crystal to said spacing member ranges between about 1:1:1 to 4:1:4.
NUM  9.
PAR  9. The sensor of claim 5 wherein the stiffness of said sensor is determined
      from the following equation:
      ##EQU2##
      where: D = stiffness of sensor
PA1  t.sub.s = thickness of said spacing member
PA1  t = overall thickness of said sensor
PA1  E.sub.s = Modulus of Elasticity of the material of said spacing member
PA1  E.sub.z = Modulus of Elasticity of the material of said crystals
PA1  V = poissons' ratio for said sensor.
NUM  10.
PAR  10. The sensor of claim 5 wherein the greatest sensitivity of said sensor
      over a limited range may be obtained by making E' D/a.sup.3 between about
      1/2 and 5 whereas the widest measuring range at reduced accuracy may be
      obtained by making E' D/a.sup.3 between 10 and 20 where:
PA1  D = overall stiffness of said sensor;
PA1  a = overall diameter of said sensor; and
PA1  E' = the elastic component of E where E equals the nominal modulus of
      elasticity of the tested material.
NUM  11.
PAR  11. The sensor of claim 3 wherein said spacing member is stainless steel.
NUM  12.
PAR  12. The sensor of claim 3 wherein said spacing member is connected to
      ground, one of said crystals is connected to a source of A.C. voltage and
      the other of said crystals is connected to recording means capable of
      recording the degree of bending of the combination of said crystals and
      spacing member.
NUM  13.
PAR  13. A method for predetermining dynamic moduli of castable-type material
      in-situ, comprising the steps of:
PA1  securely adhering a first planar face of a conductive member insoluble in
      said material to a planar face of a first piezoelectric crystal having a
      modulus of elasticity between approximately one-half and one-third that of
      said conductive member;
PA1  securely adhering a second planar face of said conductive member opposite
      said first planar face to a planar face of a second piezoelectric crystal
      having a modulus of elasticity between approximately one-half and
      one-third that of said conductive member;
PA1  securing a conductive layer with means for connection to an external
      electrical source or load to the opposite planar faces of each of said
      crystals;
PA1  securing a means for connection to an external ground to said conductive
      member;
PA1  curing said adhered conductive member with external connection means and
      said crystals with said conductive layers having external connection
      means, under vacuum at a temperature of about 150.degree. F, while
      maintaining pressure on said crystals and said conductive member until
      substantially all air gaps are eliminated between said crystals;
PA1  arranging a castable-type material in the fluid state about said cured
      conductive member and crystals;
PA1  curing said castable-type material until its finally casted solid state;
PA1  connecting said conductive member external connection means to ground;
PA1  subsequently applying voltage to one of said conductive layers of one of
      said crystals through said electrical source connection means; and
PA1  measuring any bending of said cured conductive member and crystals by
      recording the voltage applied to the first of said crystals, and recording
      through said load connection means the voltage and phase with respect to
      the input voltage as received at the other of said crystals.
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ABST
PAL  Four tensional test stations are mounted on a rectangular support frame
       m up of four channels. Each test station comprises an air cylinder
      attached to the frame and having a tensioning piston connected to a first
      specimen holder, a second specimen holder attached to the frame, a
      solenoid valve connected to each air cylinder, and a test terminate switch
      closed by the piston and first specimen holder. Current pulses are applied
      intermittently to each of the four stations by a motor-driven timer switch
      comprising a fixed contact plate, four spring contacts and a drive shaft
      having four shaped insulated cams engageable with the four spring contacts
      to move them into contact with the contact plate in a desired sequence. An
      electrical elapsed-time indicator is connected in parallel with the
      solenoid valve and timer switch contacts and in series with the test
      terminate switch, in each station. Compressed air is supplied from a
      source through a pressure regulator and a manifold to the inlets of the
      four solenoid valves. The support frame is partly enclosed by a box cover.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a simple low-cost apparatus for low-rate
      tensional fatigue testing of multiple specimens. Most fatigue testing
      equipment available to date has been limited to heavy expensive indoor
      laboratory equipment that can test, at best, two specimens simultaneously.
PAR  In accordance with the invention, a single apparatus can be built to test a
      large number of specimens simultaneously at a low unit cost per test
      station, and in an outdoor environment. The new apparatus comprises: a
      rigid support frame; a plurality of test stations mounted on the frame; a
      source of air pressure and a manifold for conducting air from the source
      to the test stations; a voltage source; and a program timer switch
      comprising a plurality of switch contacts, one for each test station, and
      means for connecting one side of the voltage source to each of the
      contacts in a predetermined sequence. Each test station includes: a first
      specimen holder attached to the support frame; an air cylinder attached to
      the frame and having a piston to which a second specimen holder is
      attached; a solenoid valve having an air inlet connected to the manifold,
      an air outlet connected to the air cylinder and two electrical terminals;
      a single-pole-single-throw test terminate switch having two terminals and
      an actuating lever adapted to open the switch when the specimen fails, one
      of the switch terminals being connected to the other side of the voltage
      source, and the other switch terminal being connected to one terminal of
      the solenoid valve; and means connecting the other solenoid valve terminal
      to one of the contacts of the timer switch, to complete the circuit from
      the voltage source to the solenoid valve, whereby the failure of one
      specimen during testing interrupts the circuit of its station only.
      Preferably, an electrical elapsed-time indicator is connected in parallel
      with the solenoid valve and timer switch contacts and in series with the
      test terminate switch, in each station.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation, partly in section, of a fatigue test apparatus
      incorporating the present invention.
PAR  FIG. 2 is a vertical sectional view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a partly schematic view of the timer switch.
PAR  FIG. 4 is a transverse sectional view taken on line 4--4 of FIG. 3.
PAR  FIG. 5 is a circuit diagram of the apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the embodiment of the invention illustrated in FIGS. 1 and 2 of the
      drawing, the numeral 1 designates a rectangular frame made up of
      horizontal top and bottom channels 3 and 5 and vertical end channels 7 and
      9, bolted together by two vertical bolts or studs 11 (one shown) with nuts
      13. An intermediate bolted vertical channel 12 may also be provided. Four
      air cylinders 15 (two shown), mounted on the underside of the top channel
      3, have pistons 17 with threaded ends 19 (one shown) extending downwardly
      therefrom. An upper specimen holder 21, threaded onto each piston end 19
      has a switch actuating disc 23 attached to its upper end and a clevis or
      other means 25 for attaching the upper end of a specimen 27, such as a lap
      joint as shown, to the lower end of the holder. The lower end of the
      specimen 27 is attached to a clevis 29, for example, carried by a threaded
      lower holder 31 that is adjustably attached to the lower channel 5 of the
      frame 1, as by nuts 33 and 35. Each air cylinder 15 is connected, by
      piping 37 and 39 and a solenoid valve 41, to an air manifold 43. The
      manifold 43 is connected, through a pressure regulator 45, to an air
      source (not shown). A pressure gauge 47 may be connected to the manifold
      43, to monitor the air pressure.
PAR  Most of the electrical equipment of the test apparatus is mounted on a
      rectangular support plate 49, attached at its lower edge to the front side
      of the upper channel 3, as shown best in FIG. 2. This electrical equipment
      comprises four electrical elapsed-time indicators 55, one for each test
      station, mounted on the front side of plate 49, and a program timer switch
      57, mounted on the back side of plate 49. As shown in FIGS. 3 and 4, the
      switch 57 comprises a drive motor 59 having a rotary shaft 61 carrying
      four shaped insulating cams 63 and 64 that engage four leaf spring
      contacts 65, which are mounted by insulating posts 67 (one shown) on a
      conductive plate 69, and move the contacts 65 into contact with four fixed
      contacts 71 on the plate 69. Each contact 65 has a terminal 66. The cams
      63 and 64 may be designed to actuate the contacts 65 in any desired
      sequence, such as in succession. The arrangement shown is designed to
      actuate the alternate test stations in pairs, to equalize the load on the
      test apparatus.
PAR  As shown in FIGS. 1, 3 and 5, one side (the upper one shown) of a voltage
      source plug 73 is connected to one terminal 75 of each time indicator 55
      and also to one motor terminal 77 of timer switch 57. Terminal 77 is
      internally connected to switch plate 69. The other side of the plug 73 is
      connected to the other motor terminal 79 and also to one terminal 81 of
      each of four S.P.S.T. test terminate switches 83, one for each station,
      mounted on two plates 85 (one shown) suspended by rods or studs 87 from
      upper channel 3. Each test terminate switch 83 comprises a switch
      actuating lever 89 which engages disc 23 during assembly, to close the
      switch 83. A second terminal 91 of each switch 83 is connected to the
      other terminal 93 of the time indicator 55 of the same station and also to
      one terminal 95 of the solenoid valve 41 of the same station. The other
      terminal 97 of each solenoid valve 41 is connected to one of four
      terminals 99 of timer switch 57, which are connected respectively to the
      terminals 66 of the four switch contacts 65.
PAR  In operation, the four test specimens 27 are attached to the holders 21 and
      31, and the nuts 33 and 35 are adjusted to take up the slack. In this
      assembly, the discs 23 actuate the levers 89 to close the switches 83. The
      manifold is pressurized by adjustment of valve 45, and the plug 73 is
      connected to a voltage source e.g. 120 volts AC. The switch motor 59
      rotates the shaft 61 at uniform speed, and the cams 63 and 65
      intermittently close and open the switches 65-71. As each switch 65-71 is
      closed, the electric current through that switch actuates the solenoid
      valve 41 connected therewith, which opens to apply air pressure from the
      manifold 43 to the associated air cylinder 15, resulting in upward
      movement of its piston 17 and tensioning of the test specimen connected
      thereto. As testing continues, each station is activated intermittently,
      thus subjecting each test specimen to repetitive fatigue. When any
      specimen fails in tension, the upper holder 21 moves upward disengaging
      disc 23 from lever 89, which interrupts the circuit in that station and
      stops the test without affecting the other stations. Each indicator 55
      records the total time of testing at each station prior to opening of the
      test terminate switch thereof.
PAR  Preferably, the upper portion of the frame 1 is provided with a protective
      cover in the form of a rectangular box 101 made up of a front wall 103, a
      rear wall 105, end walls 107 (one shown), and top wall 109, attached
      together at their edges, as by welding. The box 101 is attached to the
      frame 1 by means of a bottom plate 111, which is attached to the end
      channels 7 and 9 by two angle pieces 113 (one shown). Plate 111 is formed
      with openings 115 and 117 to receive the holders 21 and end channels 7 and
      9, respectively. The lower edges 119 of the walls 103 and 105 of box 101
      are attached to plate 111 by means of angle pieces 121. In FIG. 1, the
      front plate 103 is cut away at broken line A--A, and the channels 3 and 5
      and plates 49, 85 and 111 are partially cutaway at broken line B--B. The
      front plate 103 is provided with four circular openings 123 for viewing
      the time indicators 55, and a circular opening 124 for viewing the
      pressure gauge 47. Preferably, a transparent viewing plate 125 is mounted
      behind each opening 123 as shown in dotted lines in FIG. 1.
PAR  The foregoing disclosure and drawings are merely illustrative of the
      principles of this invention and are not to be interpreted in a limiting
      sense. We wish it to be understood that we do not desire to be limited to
      exact details of construction shown and described, because obvious
      modification will occur to a person skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Fatigue testing apparatus comprising: a rigid support frame, a plurality
      of test stations mounted on said support frame; a source of air pressure
      and a manifold for conducting air from said source to said stations; a
      voltage source; and a program timer switch comprising a plurality of
      switch contacts, one for each of said test stations, and means for
      connecting one side of said voltage source to each of said contacts in a
      predetermined sequence; each of said test stations including:
PA1  first and second spaced specimen holders adapted to be attached to opposite
      ends of a specimen to be tested, said first specimen holder being attached
      to said support frame;
PA1  an air cylinder attached to said support frame and having a piston to which
      said second specimen holder is attached;
PA1  a solenoid valve having an air inlet connected to said manifold, an air
      outlet connected to said air cylinder, and two electrical terminals;
PA1  a test terminate switch having two electrical terminals and an actuating
      lever engageable with an actuating member carried by said piston and
      second specimen holder and adapted to open the switch when the specimen
      fails, one of said terminal being connected to the other side of said
      voltage source, and the other terminal being connected to one terminal of
      said solenoid valve; and
PA1  means connecting the other terminal of said solenoid valve to one of said
      plurality of switch contacts of said timer switch, to complete the circuit
      from said voltage source to said solenoid valve;
PA1  whereby the failure of one specimen during the testing of a plurality of
      specimens interrupts the voltage circuit of its station only.
NUM  2.
PAR  2. An apparatus as in claim 1, wherein said timer switch means comprises a
      single switch contact connected to said one side of said voltage source
      and positioned adjacent to said plurality of switch contacts, and
      motor-driven cam means for moving each of said switch contacts into
      contact with said single switch contact in said sequence.
NUM  3.
PAR  3. An apparatus as in claim 1, wherein each of said test stations further
      includes a voltage-responsive elapsed-time indicator connected between
      said one side of said voltage source and said other terminal of said test
      terminate switch for indicating the total time of test cycles for its test
      station only.
NUM  4.
PAR  4. An apparatus as in claim 1, further comprising an air pressure regulator
      interposed between said air pressure source and said manifold.
NUM  5.
PAR  5. An apparatus as in claim 4, further comprising an air pressure gauge
      connected to said manifold.
NUM  6.
PAR  6. An apparatus as in claim 1, wherein there are an even number of test
      stations, and said timer switch is adapted to connect the voltage source
      to the odd and even stations alternately, to equalize the load on the
      support frame.
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ABST
PAL  A sheet-metal workpiece is clamped in a bending press with its one side
      lying on a pair of bending beams spaced apart in a transport direction and
      with a bending roller pressing in a bending direction transverse to the
      transport direction against the other side of the workpiece between the
      beams. A first feeler roller is pressed against the one side of the
      workpiece at the first location opposite the bending roller with a force
      sufficient to relieve substantially all of the elastic deformation in the
      workpiece. The workpiece is contacted to each side of the first feeler
      roller with second and third feeler rollers spaced apart in the transport
      direction and the spacing between the first feeler roller and the second
      and third feeler rollers in the bending direction is then measured to
      ascertain the permanent bend (plastic deformation) of the workpiece.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method of an apparatus for measuring the
      permanent deformation of a workpiece in a bending press. More particularly
      this invention concerns an apparatus which determines the curvature of a
      permanent bend imparted to a workpiece in a bending press.
PAC  BACKGROUND OF THE INVENTION
PAR  A bending press has a pair of bending beams and a bending roller engageable
      between these beams. The workpiece is laid with its one side on the
      bending beams and the bending roller is pressed in a bending direction
      against the other side of the workpiece between the beams. The pressure is
      such as to exceed the elastic limit of the workpiece so that the workpiece
      is plastically and permanently deformed.
PAR  It is necessary during such a bending process to determine the extent of
      this permanent deformation. Normally this is done simply by measuring the
      position of the bending roller relative to the position of the bending
      beam. Such a system has the considerable disadvantage that no compensation
      is made for the residual elastic deformation of the workpiece. This
      elastic deformation must be allowed for by multiplying the measurement
      obtained with a factor depending on workpiece material, workpiece
      dimensions, workpiece temperature, and other similar factors. Even with
      such compensation it is very difficult to obtain an exact measurement of
      the radius of curvature of the bend imparted to the workpiece. A more
      accurate arrangement requires the removal of the workpiece from the
      bending press so that the residual elastic deformation imparted thereto
      can be relieved and the permanent or plastic deformation directly
      measured, usually using a template.
PAR  In a bending operation wherein, for instance, steel plates are bent into
      cylindrically arcuate shapes it is necessary to monitor the radius of
      curvature imparted to the workpieces with each step of the bending
      operation. This is necessary because the bending characteristics change
      from workpiece to workpiece and it is essential that the finished
      cylindrically arcuate sections all be of identical overall diameter so as
      to fit together to form a storage tank or the like. In such an arrangement
      the necessity of frequently removing the workpiece from the bending press
      and measuring the radius of curvature of the workpiece is disadvantageous,
      as it slows production considerably.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      method of and apparatus for measuring the permanent deformation of a
      workpiece as produced by a bending press.
PAR  Another object of this invention is to provide such a system which measures
      this permanent plastic deformation without removal of the workpiece from
      the press.
PAR  A further object is to provide an apparatus which allows the press operator
      to monitor continuously the bending operation.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a method
      wherein the workpiece is clamped in a bending press with its one side
      lying on a pair of bending beams spaced apart in a transport direction and
      with a bending roller pressing in a bending direction transverse to the
      transport direction against the other side of the workpiece between the
      beams. In accordance with the present invention a first feeler is pressed
      against the one side of the workpiece at a first location opposite the
      bending roller with a force sufficient to relieve substantially all of the
      elastic deformation in the workpiece. The workpiece is then contacted on
      the one side engaged by the first feeler with second and third feelers at
      second and third locations spaced from the first location in the transport
      direction and the spacing between the first feeler and the second and
      third feelers is measured, this spacing being proportional to the
      permanent bend in the workpiece.
PAR  The method according to the present invention has the considerable
      advantage that the operator need merely actuate the measuring system in
      order to relieve any residual elastic stress in the workpiece and
      determine whether the workpiece has been bent sufficiently. If it has not,
      he need merely press the bending roller against the workpiece again to
      bend it further. The workpiece need not be removed from the bending press.
PAR  In accordance with a further feature of this invention the locations at
      which the second and third feelers engage the workpiece flank the location
      at which the first feeler engages the workpiece. These feelers in
      accordance with this invention are all constituted as rollers rotatable
      above axes parallel to each other and all perpendicular both to the
      bending direction and the transport direction, so that the workpiece may
      be rolled on the feeler rollers.
PAR  According to yet another feature of this invention the second third feeler
      rollers flanking the first feeler roller are carried on the ends of the
      arms of a yoke which is pivotal about an axis parallel to the roller axis
      so that the three rollers may be brought into engagement with a workpiece
      that is tipped or not perfectly aligned with the three feeler rollers.
PAR  In accordance with still another feature of this invention the central
      feeler roller may be driven so that after the bending operation the press
      operator actuates the measurer to determine if the bend is correct, if it
      is he then operates the drive for the central feeler roller which advances
      the workpiece a predetermined distance in the transport direction through
      the press. Then the bending roller is brought down on the workpiece to
      form another bend therein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages will become more
      readily apparent from the following description, reference being made to
      the accompanying drawing in which:
PAR  FIG. 1 is a largely diagrammatic side view illustrating the system
      according to the present invention; and
PAR  FIGS. 2 and 3 are views similar to FIG. 1 illustrating the measuring
      apparatus in various operative positions.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIG. 1 a workpiece B is displaced in a transport direction 17
      between a pair of like bending beams 1 one of which is displaceable toward
      and away from the other as shown by arrow 26 of FIG. 1, and under a
      bending roller 2 displaceable by a hydraulic cylinder 24 in a direction 32
      toward the workpiece B. When the roller 2 is pressed against the upper
      side of the workpiece B whose lower side rests on the two beams 1, a bend
      is formed in the workpiece as shown.
PAR  Located below the workpiece B is a bend-measuring arrangement 4 comprising
      a first central feeler roller 3 flanked by a pair of smaller feeler
      rollers 5 and 6. The central roller 3 is carried on a pair of arms 7 and
      is rotatable by a motor 25 as will be described below. The feeler rollers
      5 are rotatable about respective axes parallel to the axis of rotation of
      the roller 3 and perpendicular to the pressing direction 32 and transverse
      to the transport direction 17. These rollers 5 and 6 are carried between a
      pair of like in-line yokes 9 pivoted at 15 on a pair of T-shaped levers 10
      lying between a pair of levers 11 formed with the arms 7. The levers 10
      and 11 are all pivoted about a common axis 12 parallel to the pivot axes
      of the rollers 3, 5, and 6.
PAR  The lever 11 is pivotal by a hydraulic cylinder 14 having a piston 19
      connected to the outer end of this lever 11 so as to operate it as a
      third-class lever. The piston 19 defines a pair of chambers 14', and 14"
      within the cylinder 14, the chamber 14' being connected to a pump 22
      associated with a reservoir 23 so that this pump may withdraw fluid from
      the chamber 14' and raise the lever 11, thereby pressing the roller 3
      against the under surface of the workpiece B.
PAR  In addition another piston 18 of another cylinder arrangement 13 is
      connected to the outer end of the third-class lever 10 carrying the
      rollers 5 and 6. The chamber 13" below the piston 18 is provided with a
      coil spring 16 which urges the piston 18 up and therfore urges the rollers
      5 and 6 up. The chamber 13' above the piston 18 and the chamber 14" below
      the piston 19 are both connected to a pressure vessel 20. A
      barometric-type pressure meter 21 is connected to the upper region of the
      vessel 20 and therefore indicates the pressure of the air chamber above
      the fluid in the vessel 20.
PAR  Since both of the pistons 18 and 19 are of like diameter d the pressure
      indicated by the meter 21 will be proportional to the distance 8 between
      the pivot axis of the roller 3 and the pivot axis 15 of the yoke 9
      carrying the rollers 5 and 6.
PAR  A pump 27 associated with the reservoir 28 operates the cylinder 24 which
      actuates the bending roller 2. Pressure sensors 29 and 30 are respectively
      connected to the cylinders 14 and 24 and are both connected to a
      controller 31 which operates the pump 22 so that the pressure exerted by
      the roller 3 in a direction opposite to that exerted by the roller 2 can
      be balanced.
PAR  The device operates as follows:
PAR  Once a workpiece is bent as shown in FIG. 1, the pump 22 is actuated until
      the roller 3 presses with enough force against the bottom side of the
      workpiece B to relieve substantially all of the elastic deformation
      therein.
PAR  FIGS. 2 and 3 show how this feeler 3 can be pressed with sufficient force
      against the underside of the workpiece to lift it free of the two bending
      beams 1. The feelers 5 and 6 will engage against the workpiece to either
      side of the feeler 3 and the position of the meter 21 will indicate the
      curvature of the workpiece between the two beams 1. Pivoting of the yoke 9
      about the axis 15, which is parallel to the pivot axis of the feeler 3 and
      the bending roller 2', allows this yoke 9 to tip as shown in FIG. 2 in
      order to compensate for unevenly bent workpieces.
PAR  The motor 25 is operable in the positions of FIGs. 2 and 3 so as to advance
      the workpiece in a transport direction 17 once the proper bend is imparted
      to this workpiece.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of measuring the permanent bend in a workpiece clamped in a
      bending press with its one side lying on a pair of beams spaced apart in a
      transport direction and with a bending roller pressing in a bending
      direction transverse to said transport direction against the other side of
      the workpiece and between said beams, said method comprising the steps of:
PA1  pressing a first feeler against said one side of said workpiece at a first
      location opposite said bending roller with a force sufficient to move said
      workpiece and relieve substantially all of the elastic deformation in said
      workpiece;
PA1  contacting said workpiece on said one side with second and third feelers at
      respective second and third locations spaced from said first location in
      said transport direction; and
PA1  measuring the distance between said first feeler and said second and third
      feelers in said bending direction, said distance being proportional to the
      permanent bend in said workpiece.
NUM  2.
PAR  2. The method defined in claim 1 wherein said second and third locations
      flank said first location.
NUM  3.
PAR  3. An apparatus for measuring the permanent bend in a workpiece comprising
      a bending press for clamping a workpiece with its one side lying on a pair
      of beams spaced apart in a transport direction; a bending roller pressing
      in a bending direction transverse to said transport direction against the
      other side of the workpiece and between said beams;
PA1  a first feeler engageable with said one side of said workpiece at a first
      location opposite said bending roller;
PA1  means for pressing said first feeler against said one side at said first
      location with a force sufficient to relieve substantially all of the
      elastic deformation in said workpiece;
PA1  second and third feelers engageable with said one side of said workpiece
      between said beams at a respective second and third locations spaced from
      said first location in said transport direction;
PA1  means for urging said second and third feelers against said one side at
      said second and third locations;
PA1  indicating means for measuring the distance between said first feeler and
      said second and third feelers in said pressing direction, whereby said
      distance is proportional to the permanent bend in said workpiece, said
      second and third locations flanking said first location, said feelers
      being rollers rotatable about generally parallel axes tranverse to said
      bending and transport direction;
PA1  at least one rigid yoke, said second and third feelers being carried on
      said yoke; and
PA1  means constituting for said yoke a pivot axis, said pivot axis of said
      first feeler being parallel to said pivot axis of said yoke and between
      said pivot axis of said yoke and said bending roller.
NUM  4.
PAR  4. The apparatus defined in claim 3, further comprising a first lever
      pivotal about a lever axis parallel to said pivot axes and carrying said
      first feeler, and a second lever pivotal about said lever axis and
      carrying said yoke.
NUM  5.
PAR  5. The apparatus defined in claim 4, further comprising a pair of hydraulic
      cylinders each engageable with a respective one of said levers, the
      cylinder engaging said first lever constituting said means for pressing
      said first feeler and the cylinder engaging said second lever constituting
      said means for urging.
NUM  6.
PAR  6. The apparatus defined in claim 5 wherein said feelers are carried on
      said levers between said cylinders and said lever axis.
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ABST
PAL  Discloses a method of non-destructively testing an aluminum-to-copper butt
      weld in a bar comprising an aluminum section and a copper section joined
      together by said weld. Forces are applied to the bar in such a manner that
      the weld is subjected to total stresses that are at least 80 percent, and
      preferably at least 90 percent, shear stresses. An acoustic emission
      signal is produced by the stresses at the weld, and this signal is sensed
      by a suitable transducer to provide an indication of weld quality.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a method of non-destructively testing
      aluminum-to-copper welds and, more particularly, to a method of performing
      such testing by acoustic emission techniques.
PAR  When aluminum and copper parts are flash butt welded together, small
      quantities of relatively brittle copper-aluminum intermetallic compounds
      are usually formed at the joint interface. The quality of the weld depends
      to a large extent upon the thickness and dispersion of this deposit of
      intermetallic compounds. If this deposit is in the form of a continuous
      and relatively thick layer, the joint will be embrittled to such an extent
      that it may not be reliable under actual working conditions.
PAR  Heretofore, such joints have typically been tested by subjecting
      representative samples to a destructive bend test, referred to hereinafter
      as a 90.degree.-180.degree. bend test. In this bend test, a sample, in the
      form of a bar comprising copper and aluminum sections joined together by
      such a weld, is first bent at the weld joint until one section is
      angularly displaced by 90.degree. from the other and is then reversely
      bent until said one section is at 180.degree. to its previously-displaced
      position. If the sample can withstand such bending without significant
      debonding at the weld joint (e.g., less than 30% debonding), the weld is
      considered to have passed the test. But if significant debonding (i.e., 30
      percent or more) does occur, a failure is indicated.
PAR  This bend test reveals much information on the thickness and distribution
      of the intermetallic compounds at the interface. Also, extensive testing
      has given a good correlation between bond test sampling and the
      reliability of similar welds throughout the anticipated lifetime of
      identical bars made in the same way as the tested bar.
PAR  But the destructive nature of the 90.degree.-180.degree. bend test is a
      definite disadvantage. The test specimen is rendered unusable by such
      test, and any bar that is to be actually used in a working environment
      cannot be subjected to an actual bend test.
PAC  SUMMARY
PAR  An object of my invention is to provide a highly reliable non-destructive
      test that can be used for evaluating the quality of aluminum-to-copper
      butt weld joints.
PAR  Another object is to provide a test of this character which utilizes
      acoustic emission techniques, performed in such a way as to limit
      interfering background noises to a low level.
PAR  In carrying out my invention in one form, I provide a bar comprising an
      aluminum section and a copper section joined together by a butt weld
      extending transversely of the bar. I non-destructively test this weld by
      applying to the bar at spaced-apart locations three separate forces that
      load the weld primarily in shear to a stress level of at least several
      thousand pounds per square inch. The forces are applied in such a manner
      that at least 80 percent, and preferably at least 90 percent, of the total
      stresses at the weld are shear stresses. The stresses thus developed at
      the weld create an acoustic emission signal which is propogated along the
      length of the bar. This acoustic emission signal is sensed by a
      transducer, and the output of the transducer provides an indication of the
      quality of the weld.
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PAC  BRIEF DESCRIPTION OF DRAWING
PAR  For a better understanding of the invention, reference may be had to the
      following description taken in conjunction with the accompanying drawing,
      wherein:
PAR  FIG. 1 is perspective view of a bar haivng a weld that is to be tested in
      accordance with the present invention.
PAR  FIG. 2 is a partially schematic side elevational view illustrating an
      acoustic emission testing technique embodying one form of my invention.
PAR  FIG. 3 is a plan view of certain of the parts of FIG. 2 taken along the
      line 3--3 of FIG. 2.
PAR  FIG. 4 schematically illustrates modified apparatus for practicing one form
      of the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a conductor 10 of bar form
      comprising a first section 12 of copper and a second section 14 of
      aluminum. The two sections are joined together by means of an
      aluminum-to-copper butt weld 16 made by a conventional flash welding
      technique. The exterior surfaces of the bar in the immediate region of
      weld 16 have been suitably machined to remove the flash, or projecting
      metal, that typically is formed at the weld periphery by flash welding.
PAR  By way of background, this flash welding technique is practiced by first
      locating the ends of the copper and aluminum parts in spaced relationship
      and then slowly moving the ends toward each other. While this is being
      done, the ends are heated by a succession of electric arcs between the
      ends which increase in frequency and current magnitude as the surfaces
      approach each other. At about the time the ends touch each other, the
      force moving the parts together is abruptly increased, producing a forging
      pressure that unites the parts. The forging pressure ejects slags, oxides,
      and molten metal from the joint interface, thus cleansing the interface;
      but a small amount of copper-aluminum intermetallic compounds usually
      remains in the joint at the interface.
PAR  As stated hereinabove, the quality of the joint depends to a large extent
      upon the thickness and dispersion of this deposit of intermetallic
      compounds. These intermetallic compounds are brittle, and if the deposit
      is continuous and relatively thick, the joint will be unduly embrittled.
PAR  As pointed out hereinabove, an object of my invention is to provide a
      non-destructive test method for evaluating such a joint to determine the
      extent to which it has been affected by any copper-aluminum intermetallic
      compounds that are present therein.
PAR  This objective can be achieved by utilizing the technique depicted in FIGS.
      2 and 3. More specifically, the bar 10 is first supported on two
      spaced-apart stationary supports 20 and 22 which are located on opposite
      sides of the weld 16 and respectively engage the copper section 12 and the
      aluminum section 14. Each of the supports has a rounded upper surface that
      engages the lower surface of the bar generally along a narrow band
      extending transversely of the bar across its full width. In FIG. 3, the
      double line 24 represents the band or area of engagement at support 20,
      and the double line 25 represents the band or area of engagement at
      support 22. It will be noted that the bar 10 is positioned so that the
      weld 16 is located closely adjacent the support 22 that engages the
      aluminum section.
PAR  After the bar 10 is thus supported and positioned, a downward force F is
      applied to the bar at a point adjacent the weld 16, thereby loading the
      weld 16 primarily in shear. This downward force is applied through a
      loading nose 28, which has a rounded lower surface that makes contact with
      the upper surface of copper section 12 along a narrow band 30 extending
      transversely of the bar across its full width, as most clearly indicated
      in FIG. 3.
PAR  In one embodiment of the invention, used with a test sample having a cross
      section of 3 inches by 5/8 inch at the weld, the force F is 8,000 pounds,
      which produces a maximum shearing stress of about 6,400 p.s.i. and an
      average shearing stress of about 4,000 p.s.i. at the weld. Such loading
      normally will not significantly affect the mechanical properties of the
      weld and may therefore be considered as a non-destructive loading.
PAR  This shear loading of the weld 16 results in stress waves being generated
      at the weld and propogating along the length of the bar 10. For sensing
      these stress waves, I provide a transducer 25 which is suitably attached
      to the upper surface of the copper section 12 of the bar in a location
      spaced a few inches from the weld. Preferably, I attach the transducer
      with a viscous epoxy resin containing no curing agent. Other suitable
      attaching materials are glycerine and petroleum jelly. The surface to
      which the transducer is attached should be smooth, and, for this reason,
      among others, the transducer is not attached at the weld, where the
      surface is normally much rougher. The transducer is attached to the copper
      section instead of the aluminum one because copper is the denser material
      and can transmit the stress waves with less dispersion.
PAR  The transducer is preferably of a type that includes a piezo-electric
      element capable of converting these stress waves into an electrical signal
      having a frequency proportional to that of the stress waves, which signal
      is suitably amplified and fed to a conventional counting device for
      counting the resulting electrical pulses. A suitable transducer for this
      application is one sold by Dunegan/Endevco of San Juan Capistrano, Calif.,
      as its Model S-140B transducer. This transducer responds to frequencies in
      the range of about 100 to 300 kilohertz.
PAR  The generation and propogation of the stress waves is referred to herein as
      acoustic emission. It is believed that this acoustic emission results from
      microcracking at the tips of the small islands of intermetallic compounds
      in the joint. It is further believed that such microcracks are arrested in
      the more ductile zones of the joint and will not propagate further through
      the interface when so arrested, thus limiting the number of acoustic
      emission events. But if the islands are larger and more frequently
      distributed throughout the interface area, such microcracks will link up
      and possibly further propogate, thus causing a greater number of acoustic
      emission events. In order to develop sufficient microcracking to produce
      significant acoustic emission for weld evaluation, the forces applied to
      the specimen should be high enough to produce at least several thousand
      pounds per square inch of shear stress at the weld 16. It should be
      understood that the microcracking produced by such shear stresses normally
      will not significantly affect the mechanical properties of the weld.
PAR  I have found that if more than a predetermined number of acoustic emission
      events are recorded by the transducer during the loading period required
      for the force F to build up to a predetermined level, then the evaluated
      weld 16 will almost always be unable to pass the destructive
      90.degree.-180.degree.  bending test described in the introductory portion
      of this specification. On the other hand, if the number of acoustic
      emission events is substantially below this predetermined value, then the
      evaluated weld will almost always be able to pass the bending test. In the
      above-described embodiment of the invention, the acoustic emission count
      figure distinguishing acceptable from non-acceptable welds was 75,000 over
      the loading period required for the force F to reach 8,000 pounds. This
      period is typically several seconds. In one specific embodiment, it was 10
      to 15 seconds.
PAR  A surprisingly high degree of correlation has been observed between the
      results of the acoustic emission test under primarily-shear loads and the
      destructive bending test. In one series of tests involving 40 sample weld
      joints, 100% correlation between these two types of tests was achieved.
      More specifically, 22 of these 40 sample weld joints were predicted as
      good by the acoustic emission test, and all 22 of these predicted good
      joints passed the destructive bending test; whereas all 18 of the 40 welds
      that were predicted bad by the acoustic emission test failed to pass the
      destructive bending test.
PAR  It is highly desirable that no substantial deformation of the test sample
      occur at the loading locations (24, 25, and 30) since such deformation can
      be a source of extraneous acoustic emissions that detract from the
      accuracy of the above-described test. If the bar 10 does not make a good
      contact with the loading member along a substantial portion of the
      associated band 24, 30, or 25, as the case may be, then there is an
      increased chance for such deformation. To reduce the likelihood of such
      deformation, I cover the metal body of each of the loading members 20, 22,
      and 28 with a thin layer 40 of plastic material capable of deforming
      slightly when the load F is applied so as to produce closer conformity and
      better contact between the loading member and the adjacent surface of the
      bar. In one form of the invention, this layer 40 is applied in the form of
      self-adhesive Teflon tape 15 mils in thickness. Two thicknesses of such
      tape forming a layer 40 about 30 mils in total thickness are present on
      each loading member.
PAR  In the above-described test series, some of the bars 10 had a cross-section
      of 3 inches by 5/8 inch at the weld 16, and others had a cross-section of
      4 inches by 1/2 inch at the weld. The distance a between band 25 and weld
      16 was 7/16 inch; the distance b between weld 16 and band 30 was 7/16
      inch; and the distance c between bands 30 and 24 was 21/8 to 41/8 inches.
      The transducer 26 was located 13/4 to 33/4 inches from band 30. The curved
      upper surface of each of the supports 20 and 22 had a radius of 4 inches,
      and the curved surface of nose 28 had a radius of 11/2 inches. These
      figures are presented by way of example and not limitation. It is highly
      desirable, however, that the distance a + b between bands 25 and 30 be no
      more than 1.4 times the thickness t of the bar; the distance a between the
      weld 16 and band 30 be no more than 0.7 times the thickness t; and the
      distance c be at least about 2 inches.
PAR  The specific distances employed in the preceding paragraph result in
      approximately 94% of the total stresses at the weld being shear stresses
      and the remainder being bending stresses. It is important that the total
      stresses at the weld be at least 80% shear stresses and, preferably, at
      least 90% shear stresses. It is important to avoid a percentage of bending
      stresses higher than about 20% because bending stresses result in acoustic
      emission signals which may be rather inaccurate indications of the weld
      quality. In this regard, when a specimen such as 10 is loaded primarily in
      bending, flaws in the weld located near the surface of the specimen
      produce relatively high acoustic emission signals, whereas flaws in the
      weld near the center of the specimen produce relatively low acoustic
      emission signals. This is misleading because flaws near the surface may be
      less critical to weld strength than flaws at the center. Accordingly, I
      avoid more than the above-described small percentage of bending stresses.
PAR  I have also found that the type of loading that subjects the weld to
      primarily-tensile stresses is usually not satisfactory for this type of
      acoustic emission testing. Such tensile loading usually requires that the
      specimen be gripped so that tensile forces can be applied. When the
      required high tensile loads are applied, considerable plastic deformation
      typically occurs in the grip regions of the tensile specimens. Such
      deformation causes considerable acoustic emission activity and, hence, a
      very noisy background, masking the signal from the weld 16. The
      above-described and illustrated shear test obviates the need for any
      gripping of the test specimen and, thus, is largely free from the
      background noises resulting from gripping and associated deformation.
PAR  It is to be understood that the terms copper and aluminum, as used herein,
      are not intended to be limited to pure copper and pure aluminum, but are
      intended to have sufficient breadth to comprehend copper-base and
      aluminum-base alloys, respectively. The invention, in its broader aspects,
      is also applicable to other combinations of metals which react to form
      intermetallic compounds at their interface when welded together.
PAR  Referring to FIG. 2, the force F is opposed by reaction forces F.sub.1 and
      F.sub.2 at the loading members 20 and 22, respectively. The bar 10 may
      therefore be thought of as being acted upon by three separate forces F,
      F.sub.1 and F.sub.2 applied at the loading member locations.
PAR  Although I prefer to use a loading arrangement in which loading members 20
      and 22 are stationary parts and loading member 28 is a movable part, it is
      to be understood that any two of these loading members could be stationary
      and the remaining one movable. The forces F, F.sub.1 and F.sub.2 applied
      to the bar 10 at the loading member locations will be distributed in the
      same manner between these locations irrespective of which loading member
      is the movable one.
PAR  Although the loading apparatus depicted in FIGS. 2 and 3 is a preferred
      form of apparatus for practicing the invention, other similar apparatus
      can be used. An example of such other apparatus is depicted in FIG. 4.
      Here the copper section 12 is clamped in a vise 60 that has its left hand
      edge near the weld 16. Closely adjacent the weld 16, a force F.sub.1 is
      applied to the aluminum section 14 through a loading member 22, thus
      loading the weld primarily in shear. The force F.sub.1 is opposed by two
      reaction forces which are depicted at F and F.sub.2. It will be noted that
      these three forces correspond to correspondingly designated forces in FIG.
      2. A transducer 26 is attached to the copper section of the bar 10 to
      sense the acoustic emission that results when the weld 16 is loaded in
      shear by the forces F, F.sub.1, and F.sub.2. The force F.sub.1 is made
      high enough to develop a meaningful acoustic emission signal at the
      shear-loaded weld 16 without significantly deforming the specimen 10.
PAR  While I have shown and described particular embodiments of my invention, it
      will be obvious to those skilled in the art that various changes and
      modifications may be made without departing from my invention in its
      broader aspects; and I, therefore, intend in the appended claims to cover
      all such changes and modifications as fall within the true spirit and
      scope of my invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method of non-destructively testing an aluminum-to-copper butt weld in
      a bar comprising an aluminum section and a copper section joined together
      by said weld, said weld extending transversely of said bar, said method
      comprising:
PA1  a. applying first and second forces to the bar at spaced locations disposed
      relative to the bar on opposite sides of said transversely extending weld,
      with the weld being located closely adjacent the location at which one of
      said forces is applied to the aluminum section of the bar,
PA1  b. applying to said copper section in a location adjacent said weld a third
      force that cooperates with said first and second forces to
      non-destructively load said weld primarily in shear, and said forces being
      sufficiently high to produce shear stresses at said weld of at least
      several thousand pounds per square inch, and
PA1  c. sensing the acoustic emission signal resulting from the loading of said
      weld by said forces.
NUM  2.
PAR  2. The method of claim 1 in which said sensing is performed by a transducer
      sensitive to stress waves resulting from application of said forces, said
      transducer being applied to said copper section at a point spaced from
      said weld.
NUM  3.
PAR  3. The method of claim 1 in which said forces are applied to said bar
      through loading structures that comprise plastic surfaces contacting said
      bar that are capable of deforming slightly when loaded by application of
      said forces to said bar.
NUM  4.
PAR  4. The method of claim 1 in which said third force is applied to said bar
      at a location spaced from said transversely-extending weld.
NUM  5.
PAR  5. The method of claim 1 in which said bar has a thickness t extending in
      the same general direction as said forces are applied, the distance
      between said weld and the location at which said one force is applied to
      said aluminum section being no more than 0.7 t, and the distance between
      said weld and the location at which said third force is applied to said
      copper section being no more than 0.7 t.
NUM  6.
PAR  6. The method of claim 5 in which the distance between the locations at
      which said second and third forces are applied is at least about 2 inches.
NUM  7.
PAR  7. The method of claim 1 in which said forces are applied in such locations
      that at least 80% of the stresses developed in said weld by said forces
      are shear stresses.
NUM  8.
PAR  8. The method of claim 1 in which said forces are applied in such locations
      that at least 90% of the stresses developed in said weld by said forces
      are shear stresses.
NUM  9.
PAR  9. A method of non-destructively testing a butt weld in a bar comprising
      two sections of dissimilar metals joined together by said weld, said weld
      extending transversely of said bar, said metals being of such a nature as
      to react and form one or more brittle intermetallic compounds when welded
      together, said method comprising:
PA1  a. applying forces to said bar that subject said weld to total stresses
      that are at least 80 percent shear stresses, said forces being
      sufficiently high to produce shear stresses at said weld of at least
      several thousand pounds per square inch, said forces being applied in a
      manner that is essentially non-destructive of said bar and said weld, and
PA1  b. sensing the acoustic emission signal resulting from the loading of said
      weld by said forces.
NUM  10.
PAR  10. The method of claim 9 in which the forces applied to said bar subject
      said weld to total stresses that are at least 90 percent shear stresses.
NUM  11.
PAR  11. The method of claim 10 in which said dissimilar metals are copper and
      aluminum.
NUM  12.
PAR  12. The method of claim 9 in which said dissimilar metals are copper and
      aluminum.
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ABST
PAL  Integrity checking apparatus including an indicator lamp on each car of a
      transit train equipped with electropneumatically controlled brakes, said
      lamp being illuminated when the application magnet valve operates to
      effect a brake application and remaining illuminated until a stick
      circuit, which is closed by the brake application operation to keep said
      lamp illuminated, is interrupted by operation of the release magnet valve
      in releasing the brakes, thus providing a positive means of monitoring the
      integrity of both the application and release magnet valves during a
      terminal test of the brake system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Rapid transit type trains are commonly equipped with conventional
      electro-pneumatic brake equipment, the electrical portion of the brake
      system being employed as the primary control of the brakes because of the
      near instantaneous response obtainable at each car simultaneously, whereas
      the pneumatic portion is provided for back-up control and operates
      automatically in the event a malfunction of the electrical portion occurs.
      With such an arrangement, therefore, when a terminal test is made, the
      fact that the brakes on the train apply and release is no positive
      indication that the electrical portion of the system is functioning,
      because the pneumatic portion assures such application and release
      notwithstanding failure of the electrical portion.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention, therefore, is to provide a simplified,
      low-cost means for obtaining a positive indication of the integrity of
      both the application and release magnet valves of the electrical portion
      of an electro-pneumatic brake system.
PAR  Briefly, the invention comprises a first, normally open pressure switch
      operated to a closed position by a pressure differential established
      across an application choke via which brake pipe pressure is vented when
      an application magnet valve device is energized by the operator. Closing
      of the first pressure switch causes energization of a relay which closes a
      circuit in which an indicator lamp is interposed, thereby illuminating the
      lamp. At the same time the relay also picks up a stick circuit connected
      to a second, normally closed pressure switch for keeping the lamp
      illuminated, notwithstanding equalization of pressure across the
      application choke, until said second pressure switch is operated to an
      open position, in which the stick is interrupted and the lamp
      extinguished, by establishment of a pressure differential across a release
      choke when a release magnet valve device is energized to connect main
      reservoir pressure to the brake pipe via said release choke. The integrity
      of both the application and release magnet valves is thus determined.
PAR  A modified version of the invention provides for checking the integrity of
      the application magnet valve and the continuity of the trainline
      application and release wires only. An application coil of a dual winding
      relay is mechanically latched in an energized position for illuminating
      the lamp when the application magnet valve is energized. The lamp remains
      illuminated until a brake release is effected, whereby the release wire
      energizes a release coil of the dual relay to cause the mechanical latch
      of the relay to be released and thereby interrupt the lamp circuit.
DRWD
     In the drawing,
PAR  FIG. 1 is a schematic view of a system for checking the integrity of both
      application and release magnet valves in an electro-pneumatic brake
      system; and
PAR  FIG. 2 is a schematic view of a modified system for checking the integrity
      of the application magnet valve and the trainwire release circuit.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  As shown in FIG. 1, the integrity checking system comprises an application
      magnet valve device 1 connected to a brake pipe 2 and including a solenoid
      portion 3 which, when energized under the train engineer's control,
      effects operation of said valve device from a normally closed position
      represented by a solid line 4, to an open position represented by a broken
      line 5. In the open position 5 of valve device 1, brake pipe 2 is vented
      to atmosphere via a pipe 6 and a choke 7 interposed therein.
PAR  The integrity checking system further comprises a pressure switch 8
      connected via a pipe 9 to pipe 6 on the upstream side of choke 7. Pressure
      switch 8 includes a switch element 10 connected serially in a relay
      circuit comprising a conductor 11 in which a relay device 12 is also
      serially connected. Switch 8 normally occupies an open position, in which
      switch element is open, as shown in FIG. 1, and operates in conventional
      manner in response to fluid pressure acting therein to a closed position
      in which switch element 10 is moved to a closed position shown in broken
      outline in the drawing.
PAR  Relay device 12 controls three switch members 13, 14, and 15, all of which
      occupy respective open positions when relay 12 is deenergized.
PAR  Switch member 13 is serially interposed in an indicator lamp circuit
      comprising a conductor 16 in which an indicator lamp 17 is also serially
      connected. Switch member 14 is serially connected in a holding or stick
      circuit comprising a conductor 18 connected to conductor 11 and having
      also serially connected therein a switch element 19 of a pressure switch
      device 20. Switch member 15 is serially connected in a trainwire circuit
      comprising a conductor 22 having an indicator lamp 23 serially connected
      therein and extending throughout the train, said lamp being located in the
      engineer's cab for a purpose to be hereinafter disclosed.
PAR  Operation of pressure switch 20 is controlled by a release magnet valve
      device 24 connected on the inlet side to the main reservoir (not shown) of
      the brake system via a pipe 25. The outlet side of release magnet valve
      device 24 is connected via a pipe 26 and a choke 27, in series, to brake
      pipe 2. Pipe 21 has one end connected to pressure switch device 20 and its
      other end connected to pipe 26 on the upstream side of choke 27. Release
      magnet valve device 24 includes a solenoid portion 28 which, when
      energized under the engineer's control, effects operation of the valve
      device from a normally closed position represented by a solid line 29, to
      an open position represented by a broken line 30. In the open position of
      valve device 24, pipe 25 from the main reservoir is communicated with
      brake pipe 2 via pipe 26 and choke 27, whereas in the closed position of
      the valve device, said communication is cut off.
PAR  When it is desired to conduct an integrity checking test while the train is
      standing still, or a terminal test, the engineer operates his brake valve
      (not shown) to initiate a brake application which effects energization of
      solenoid 3 of application magnet valve 1, said valve thus being operated
      from its closed position 4 to its open position 5. As is well known to
      those skilled in the art, in order to effect a brake application with the
      automatic type brake system, pressure in the brake pipe must be reduced
      according to the nature of the application desired. Thus, when application
      magnet valve device 1 is operated to its open position 5, brake pipe 2 is
      communicated to atmosphere via pipe 6.
PAR  Due to the restrictive action of choke 7, however, a sufficient pressure
      differential is established thereacross so that such fluid pressure is
      transmitted via pipe 9 to pressure switch 8 which, in response thereto,
      causes switch element 10 to be operated to its closed position, thereby
      closing the energizing circuit for relay 12. With relay 12 energized, all
      switch members 13, 14, and 15 are operated to respective closed positions.
      The circuit for indicator lamp 17 is thus completed, and said lamp is
      illuminated which indicates that application magnet valve device 1 is
      operating properly.
PAR  Closing of switch member 14 completes the stick circuit comprising
      conductor 18 and normally closed switch element 19 for maintaining, for
      the time being, relay 12 energized and, therefore, lamp 17 illuminated,
      notwithstanding that the pressure across choke 7 eventually equalizes with
      the reduced pressure in brake pipe 2, which would be insufficient for
      holding pressure switch 8 and switch element 10 in a closed position.
      Hence, with the stick circuit closed, relay 12 is maintained in an
      energized state until switch element 19 is operated to an open position in
      which the stick circuit is opened, as will presently be described.
PAR  As is also well known to those skilled in the art, in order to effect a
      release of the brake application in an automatic brake system, the brake
      pipe must be recharged with fluid pressure. Thus, when the engineer
      effects energization of solenoid 28 of release magnet valve device 24, the
      valve is operated to its open position 30 to connect pressure from the
      main reservoir (not shown) to brake pipe 2 via pipes 25 and 26, and choke
      27. The pressure differential thus established across choke 27 is
      transmitted via pipe 21 to pressure switch 20 which, in response thereto,
      causes switch element 19 to be operated to its open position, thereby
      interrupting the stick circuit for relay 12. Relay 12 is deenergized so
      that all switch members 13, 14, and 15 are restored to their respective
      open positions. With switch member 13 in its open position, the lamp
      circuit is opened and indicator lamp 17 is extinguished, which thereby
      indicates that release magnet valve device 24 is also operating properly.
PAR  The trainwire circuit comprising conductor 22 with switch member 15 and
      indicator lamp 23 serially connected therein, provides means for checking
      the integrity of all the application magnet valve devices of the train at
      one location, that is, in the engineer's cab, rather than checking each
      indicator lamp 17 on each car. When a brake application is initiated, if
      the respective application magnet valves 1 on all the cars are operating
      properly, all the respective switch members 15 will close to complete the
      trainwire circuit and thereby illuminate lamp 23 in the engineer's cab,
      thus indicating the integrity of all said application magnet valve
      devices. If lamp 23 in the engineer's cab is not illuminated, then a
      further check by a crewman of the indicator lamps 17 on each car must be
      carried to locate the trouble spot. In the application function of the
      brake system, it is important that the application magnet valve devices 1
      on all the cars are functioning properly, otherwise, as is well known to
      those skilled in the art, a malfunction of brake application on one or
      more cars can result in a serious deterioration of train retardation.
      Thus, indicator lamp 23 in the engineer's cab is of great importance to
      him when the train is moving because failure of said indicator lamp to
      illuminate when he initiates a brake application, indicates a malfunction
      of one or more of the application valve devices 1. Of course, when a
      release of the application is initiated by effecting energization of the
      release magnet valve devices 24, switch elements 19 are opened, as above
      explained, and the stick circuits are thus interrupted to cause
      deenergization of relays 12 and consequent opening of switch members 15
      and interruption of the lamp circuit for indicator lamp 23 which is,
      therefore, extinguished. Obviously, extinguishment of indicator lamp 23
      does not necessarily indicate that all the release magnet valve devices 24
      are functioning properly, because even if at the worst only one of the
      release magnet valves functions properly and only one switch element 19
      and one switch member 15 are opened, the circuit for indicator lamp 23
      will be interrupted anyway to cause said lamp to be extinguished. In all
      probability only one or two of the release magnet valve devices 24 may
      malfunction, in which case the situation would not be critical. As was
      noted above, the function of the release magnet valve device is to effect
      recharging of brake pipe 2 by communicating said brake pipe with the main
      reservoir. But since brake pipe 2 is a continuous pipe line extending
      throughout the train, any lack of recharging on one or two cars can be
      made up by the other release valve devices in charging the brake pipe on
      the other cars. In the event that there is a critical number of release
      magnet valve devices 24 malfunctioning, this will be indicated to the
      engineer who observes the rate of charging of brake pipe 2 on a guage (not
      shown) in his cab. If the rate of recharging of brake pipe 2 is below an
      acceptable level, the matter will be further investigated by a check of
      the indicator lamps 17 on the individual cars.
PAR  The purpose of the modified integrity checking system shown in FIG. 2 is to
      provide means for checking the integrity of the application magnet valve
      devices 1 and the continuity of the trainline application and release
      wires.
PAR  The system shown in FIG. 2 is provided with a dual relay device instead of
      the single relay 12, said dual relay device comprising an application coil
      31 and a release coil 32. Also, instead of the stick circuit 11, 18, 14,
      and 19, as shown in FIG. 1, the application coil 31 is provided with
      well-known latching means (not shown) which is operative for latching said
      coil in a switch-closing or actuated position, in which switch members 13
      and 15 are operated to respective closed positions upon energization of
      said application coil in a manner similar to that discussed above in
      connection with relay 12 of FIG. 1. The circuit for indicator lamp 17 thus
      remains closed until the latching means in application coil 31 is
      released.
PAR  Release coil 32 is interposed in a trainline release wire 33 to which
      release magnet valve device 24 is also connected in parallel relation to
      said release coil, said release coil being effective, when energized via
      said release wire at the time the engineer effects a brake release, for
      unlatching the latching means of application coil 31 and causing switch
      members 13 and 15 to be restored to their respective open positions,
      whereupon both indicator lamps 17 and 23 are extinguished. The respective
      purposes of the indicator lamps 17 and 23 in the system shown in FIG. 2
      are similar to those eiscussed above in connection with checking the
      integrity of the application magnet valve devices 1. However, in the event
      that any one of the indicator lamps 17 fails to be extinguished when a
      brake release is initiated, such failure indicates that the respective
      release coil 32 has not been energized to cause release of the latching
      means of the respective application coil 31, and thereby indicates a
      defect in the continuity of release wire 33.
CLMS
STM  Having now described the invention what I claim as new and desire to secure
      by Letters Patent, is:
NUM  1.
PAR  1. Testing apparatus for checking the integrity of the electrical portion
      of an electro-pneumatic brake system for a railway train vehicle, the
      pneumatic portion of which comprises a brake pipe from which fluid
      pressure is released for effecting a brake application and to which fluid
      pressure is supplied for releasing the application, and the electrical
      portion of which comprises an application magnet valve device effective,
      when energized, for venting the brake pipe to atmosphere and, when
      deenergized for cutting off such venting, and a release magnet valve
      device effective, when energized, for causing recharging of said brake
      pipe with fluid pressure and, when deenergized, for cutting off such
      recharging, and a trainline release wire, said testing apparatus
      comprising:
PA1  a. means responsive to energization of the application magnet valve device
      for providing a continuous signal indicating energization of the
      application magnet valve device; and
PA1  b. means responsive to energization of the release magnet valve device for
      terminating said signal.
NUM  2.
PAR  2. Testing appparatus, as set forth in claim 1, wherein said indicator
      means comprises:
PA1  a. a first indicator circuit including a first indicator lamp connected
      serially therein for providing said signal when said first indicator
      circuit is energized; and
PA1  b. an energizing circuit having a relay and a first pressure switch
      connected serially therein, said relay controlling energization and
      deenergization of said first indicator circuit, and said first pressure
      switch being connectable pneumatically to the application magnet valve
      device and operable from a normally open position, in response to fluid
      pressure vented from the brake pipe, to a closed position for effecting
      energization of said relay and consequent energization of said first
      indicator circuit.
NUM  3.
PAR  3. Testing apparatus, as set forth in claim 2, wherein said indicator means
      comprises:
PA1  a. a second indicator circuit extending serially from car to car throughout
      the train;
PA1  b. a second indicator lamp interposed in said second indicator circuit at a
      convenient observation location; and
PA1  c. respective normally open switch members interposed serially in said
      second indicator circuit on each car of the train, said switch members
      being operable to respective closed positions responsively to energization
      of the respective relays on each car for causing illumination of said
      second indicator lamp when all said switch members are closed.
NUM  4.
PAR  4. Testing apparatus, as set forth in claim 2, wherein said first indicator
      circuit further comprises a normally open switch member connected serially
      in said first indicator circuit and operable to a closed position
      responsively to energization and operation of the relay to an actuated
      position.
NUM  5.
PAR  5. Testing apparatus, as set forth in claim 2, wherein said terminating
      means comprises:
PA1  a. a holding circuit connected serially to said relay and including:
PA2  i. a normally closed second pressure switch connectable pneumatically to
      said release magnet valve device and connected serially in said holding
      circuit,
PA2  ii. a normally open switch member connected serially in said holding
      circuit and operable responsively to energization of said relay to a
      closed position for closing said holding circuit and maintaining said
      relay energized notwithstanding restoration of said first pressure switch
      to its said open position,
PA2  iii. said second pressure switch being operable responsively to fluid
      pressure supplied to the brake pipe during charging thereof to an open
      position in which said holding circuit is interrupted and said relay is
      consequently deenergized to cause said first indicator circuit to be
      interrupted.
NUM  6.
PAR  6. Testing apparatus, as set forth in claim 5, further characterized by:
PA1  a. a first choke interposed in a first pipe connectable to the application
      magnet valve device and via which fluid pressure is vented from the brake
      pipe, said first pressure switch being pneumatically connected to said
      first pipe on the upstream side of said first choke and being operable to
      its said closed position responsively to pressure differential established
      across said first choke for a predetermined time interval;
PA1  b. a second choke interposed in a second pipe connectable to the release
      magnet valve device and via which fluid pressure is supplied to the brake
      pipe during charging thereof, said second pressure switch being
      pneumatically connected to said second pipe on the upstream side of said
      second choke and being operable to its said open position responsively to
      pressure differential established across said second choke.
NUM  7.
PAR  7. Testing apparatus, as set forth in claim 4, wherein said relay is
      characterized by self-latching means for holding the relay in its said
      actuated position, and said terminating means comprises:
PA1  a. a trainline release circuit extending serially from car to car
      throughout the train; and
PA1  b. respective release relays interposed serially in said release circuit on
      each car of the train and in parallel relation to the respective release
      magnet valve devices, said release relays being energizable upon
      energization of the release magnet valve devices for effecting release of
      said self-latching means.
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ABST
PAL  A strain gauge or a bridge comprising four strain gauges is arranged on a
      support such that the strain gauge(s) is (are) situated in a neutral zone.
      The support is secured to the object to be measured on both ends,
      preferably by means of screws. Between the end portions which are screwed
      down and the central portion accommodating the strain gauges, the support
      has a zone of low bending rigidity.
PAL  The support can be very readily manufactured from a strip of material whose
      longitudinal sides are flanged so that a U-shaped profile is obtained.
      Flanges can also be formed only at the centre near the strain gauges, so
      that the zones of low bending rigidity are automatically formed.
PAL  The transducer is intended first of all to be fitted on shafts of existing
      lorries in order to measure the shaft load.
BSUM
PAR  The invention relates to a transducer comprising at least one strain gauge
      which is provided on a support, the support being connected to the object
      to be measured preferably by means of screws located on both ends of the
      support outside the portion supporting the strain gauges.
PAR  Transducers of this kind are used when the direct fixation of strain gauges
      with glue is not possible or efficient.
PAR  In various applications, for example, when the object to be measured is
      subjected to a bending load, the transducer is not only compressed or
      strained, but it is also bent. As a result, the strain gauges of the
      transducer not only indicate the compression or strain, but the bending
      produces an additional measured value which is superimposed on the actual
      measured value which is thus in error. It is common practice to provide at
      least one strain gauge on each side of the support, the said strain gauges
      being electrically connected such that the errors in the measured values
      produced during a bending load cancel each other. However, this involves
      additional costs and, moreover, proper compensation cannot always be
      readily achieved.
PAR  Transducers are already known in which a portion of comparatively weak
      bending rigidity is present between the fixing location of the support and
      the strain gauge. For example, U.S. Pat. No. 2,796,503 describes a
      transducer in which, thanks to the provision of borings and notches in the
      support between the fixing location and the strain gauge, each time only
      narrow junctions remain which can no longer transfer substantial bending
      torques. However, this is achieved only by a very significant reduction of
      the cross-section, so that when an axial force is applied, a substantial
      part of the dilatation of the support appears in this area of smaller
      cross-section. As a result the sensitivity of the complete device is
      substantially reduced. Moreover, the maximum loadability of the transducer
      is determined by the surface load at this smaller cross-section.
PAR  In order to measure the shaft load of lorries, one or two transducers can
      be provided on the upper side or lower side of the shaft housing by
      drilling two holes in the shaft housing and by screwing the transducer
      down at this location. However, it should be taken into account that the
      outer surface of the shaft housing of a lorry is merely that of a rough
      cast which has not been further finished. Therefore, the fixing location
      is liable to be very irregular so that the transducer is already subjected
      to a substantial bending load when it is mounted on the shaft housing.
      Furthermore, it is not sure, notably when the transducer is fitted at a
      later stage, that the borings for fixing the transducer are made exactly
      perpendicular to the surface, which could cause additional bending loads.
PAR  An object of the invention is to provide a transducer comprising strain
      gauges which has a simple construction and which notably comprises strain
      gauges on only one side, the measured value, however, being affected as
      little as possible by a superimposed bending load.
PAR  This object is achieved according to the invention in that the strain
      gauges are provided in a neutral zone of the support, i.e. a zone in which
      substantially no tensile forces or compression forces occur when the
      support is bent, and in that between each end of the support to be fixed
      and the central portion of the support supporting the strain gauges a zone
      of lower bending rigidity is provided without a substantial reduction of
      the support cross-section. The support for transducers thus constructed
      can be made of a flat strip of material which is flanged upwards along the
      longitudinal sides so that it can be very advantageously manufactured.
DRWD
PAR  Embodiments of the device according to the invention will be described in
      detail hereinafter with reference to the accompanying drawing in which:
PAR  FIG. 1a, b and c show a side elevation, a plan view and a front view
      respectively of a transducer according to the invention;
PAR  FIG. 2a, b and c show a further embodiment, again in a side elevation, plan
      view and front view, respectively, which can be very readily manufactured.
DETD
PAR  FIG. 1 shows a transducer in which a set of four strain gauges DMS,
      assembled in known manner to form a complete bridge, is connected on a
      support T. The support T is provided with two borings B.sub.1 and B.sub.2
      via which the support can be fixed on the object to be measured, for
      example, by means of screws. This transducer serves to measure a tensile
      force or compression force which acts in the direction of the axis passing
      through the two borings.
PAR  If, as already stated, the transducer is to be fitted on the shaft of a
      lorry at a later stage, the fact is to be taken into account that the
      surfaces at the area of the borings B.sub.1 and B.sub.2 are not situated
      in the same plane due to irregularities on the shaft housing of the
      vehicle, the surface of which is usually not treated after coating. This
      cannot be compensated for by the insertion of washers between the support
      T and the shaft housing. It is also to be taken into account that the
      borings in the housing for the fixing screws of the transducer might not
      be exactly perpendicular to the surface of the housing. It may also be
      that the spacing of the borings in the housing is not identical to that of
      the borings in the support T, so that the screws are necessarily screwed
      in slightly inclined. In all cases the support T would be bent so that the
      strain gauge measuring bridge would already supply a signal without the
      shaft of the vehicle being loaded.
PAR  In the embodiment shown, the fact that the strain gauge measuring bridge
      DMS already supplies a signal when the support is bent is eliminated in
      that the support has a U-shaped profile comprising two flanges W.sub.1 and
      W.sub.2 between which the strain gauges DMS are situated. The profile has
      been chosen such that the neutral zone Z.sub.B in which no tensile forces
      or compression forces occur in the case of bending extends exactly through
      the strain gauges. A profile of this kind can be readily realized by
      suitable proportioning of the flanges with respect to the base surface.
      The flanges W.sub.1 and W.sub.2 need not be flanged perpendicular to the
      base surface since a smaller angle is already sufficient if the height of
      the flanges is chosen to be slightly larger to make the neutral zone
      Z.sub.B extend exactly through the strain gauges DMS again.
PAR  The flanges W.sub.1 and W.sub.2 are interrupted between the ends of the
      support T containing the borings B.sub.1 and B.sub.2 and the central
      portion of the support on which the strain gauge measuring bridge DMS is
      secured, with the result that zones Z.sub.1 and Z.sub.2 are formed in
      which the bending rigidity of the support is substantially reduced.
PAR  If the support T is bent under unfavorable mounting conditions, the
      greatest part of the bending by far is thus taken up by the support in the
      zones Z.sub.1 and Z.sub.2 of lower bending rigidity, while the
      intermediate portion accommodating the strain gauges DMS is hardly bent at
      all. Moreover, this residual bending cannot influence the strain gauge
      either because the profile has been chosen such that the strain gauges are
      situated in the neutral zone.
PAR  An embodiment of the device according to the invention which can be readily
      manufactured is shown in FIG. 2. The support again consists of a rigid
      piece of flat material. However, in this case the long sides of the strip
      are flanged only at the area of the strain gauges DMS to form the flanges
      W.sub.1 and W.sub.2. This can be very readily realized in a single
      operation, while this embodiment can still offer the same advantages as
      that shown in FIG. 1. The flanging at the area of the strain gauges DMS
      produces a particularly rigid support section. At the zones Z.sub.1 and
      Z.sub.2 where the flanged parts terminate, however, the support can be
      readily bent. This low bending rigidity extends as far as the area of the
      borings B.sub.1 and B.sub.2 in this case, but a high bending rigidity is
      actually not required at the area of these borings. If the width of the
      support is chosen to be substantially equal to the diameter of the fixing
      means, notably of the screwhead, the bending rigidity of the support at
      the fixing areas is already enhanced. Such a relationship between the
      width of the support T and the dimensions of the fixing means is also
      advantageous for the embodiment described with reference to FIG. 1.
PAR  The embodiment described with reference to FIG. 2 offers a further
      advantage in that variations of the cross-section are completely avoided
      therein. When the support is subjected to a tensile force, the areas of
      smaller cross-section are stretched comparatively further than the areas
      of larger cross-section, so when the strain gauges DMS are provided at an
      area of larger cross-section, the effect on the indication sensitivity is
      reduced. Furthermore, the maximum loadability of the transducer is
      determined by the area of smaller cross-section so that the loadings of
      the support T of the embodiment shown in FIG. 2 can be maximum.
PAR  The support is preferably provided with an envelope at least at the area of
      the strain gauges, for example, by filling the support with a mass of
      synthetic material in order to protect the strain gauges against
      mechanical damage. It was found that such a protection does not affect the
      described properties of the transducer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A force-measuring transducer comprising, an elongate support member
      having a neutral zone in an area intermediate the ends of the support
      member at which substantially no tensile or compression forces occur when
      the support member is subjected to a bending force, at least one strain
      gage engaging a surface portion of the support member at said intermediate
      area of the support member, means located at both ends of the support
      member and outside said intermediate area for securing the support member
      to an object to be measured, said support member including first and
      second zones of lower bending rigidity than exists at said intermediate
      area and provided without a substantial reduction of the support member
      cross-section, said first and second zones being located respectively
      between the securing ends of the support member and said intermediate area
      at which the strain gage is positioned.
NUM  2.
PAR  2. A transducer as claimed in claim 1 wherein the intermediate area is
      located at the central portion of the support member and the width of said
      central portion is at least substantially equal to the width of the
      support member securing means.
NUM  3.
PAR  3. A transducer as claimed in claim 1 wherein the support member comprises
      a strip of flat material having flanges along the longitudinal sides.
NUM  4.
PAR  4. A transducer as claimed in claim 3, wherein the flanged portions have
      been substantially removed in the zones of lower bending rigidity.
NUM  5.
PAR  5. A transducer as claimed in claim 3, wherein the flanges are located
      along the longitudinal sides of the support member only at the central
      portion thereof.
NUM  6.
PAR  6. A transducer as claimed in claim 1 wherein the support member includes
      longitudinally extending flanges along the sides of the support member,
      said flanges having recesses therein to form said first and second zones
      of lower bending rigidity.
NUM  7.
PAR  7. A transducer as claimed in claim 1 wherein the support member includes
      flanges along the longitudinal sides thereof located only at said
      intermediate area of the support member.
NUM  8.
PAR  8. A transducer as claimed in claim 1 wherein said support member comprises
      a flat member with flanges along the long sides and said securing means
      comprises holes in the support member extending perpendicular to the
      surface engaging the strain gage.
NUM  9.
PAR  9. A transducer as claimed in claim 1 wherein the support member is
      preformed from a flat strip of material with longitudinal flanges and
      recesses formed in the flanges to produce said first and second zones of
      lower bending rigidity and in a manner such that the cross-section of the
      support member is not substantially reduced because of said recesses.
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PAL  A tyre testing device comprises a track and a hub mounted on a carriage
      which can be moved towards and away from the track. The hub can be pivoted
      about mutually perpendicular axes to simulate changing values of camber
      angle .beta. and angle of lock .alpha., and the carriage can be pressed
      towards the track to vary the tyre loading against the track.
BSUM
PAR  The present invention relates to a static and dynamic device for testing
      tyres for vehicles.
PAR  The automobile tyre is a deformable element providing the connection
      between the vehicle and the road and constitutes an element of prime
      importance which affects the dynamic behaviour of the vehicle. In this
      context, it plays an important part in the way in which the vehicle holds
      the road, and thus affects the safety of the vehicle and the pleasure to
      be derived from driving the vehicle.
PAR  Now, because of this, it is very important to have a detailed knowledge of
      the various characteristics of the particular tyres used to optimise the
      dynamic behaviour of the vehicle.
PAR  The object of the present invention is to provide a testing device which
      makes it possible to determine the components of the contact forces
      developed by a tyre rolling on a track.
PAR  Such a device is intented to be used to provide the theoretical and
      practical information about the tyre necessary for optimising the dynamic
      behaviour of the vehicle, and to provide as quickly as possible standard
      information on the various tyres for use on vehicles.
PAR  A device of this type enables the wheel to be positioned relative to the
      plane of the ground in accordance with parameters which are (a) the angle
      of lock or deflection .alpha., (b) the camber angle .beta. and (c) the
      loading of the tyre (that is to say the force applied between the tyre and
      the ground).
PAR  It will also make it possible to measure the numerical values of these
      parameters and the forces and moments developed in the tread-road contact
      area as a function of the values of the position parameters.
PAR  The characteristics of the tyre can also be demonstrated during a dynamic
      change (of sinusoidal character) in the various position parameters. In
      actual use, the tyre is in fact subjected to forces which vary with time,
      such as steering deflection imposed by the driver, unevenness of the road
      surface, and the occurence of crosswind on the vehicle.
PAR  According to the invention there is provided a device for testing tyres for
      vehicles comprising means for freely rotatably supporting a wheel equipped
      with a tyre, a track driveable to pass said tyre in continuous contact
      therewith, said supporting means comprising a frame slidably supporting a
      carriage, a hub carried by the carriage for supporting a wheel, means
      carried by the carriage for pivoting said hub to bring the camber angle of
      lock .alpha. and the angle .beta., for controlling the angular orientation
      of the hub, and means for urging said carriage towards and away from the
      track to impose a given load urging the tyre against the track.
DRWD
PAR  In order that the present invention may more readily be understood the
      following description is given merely by way of example, reference being
      made to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of an entire tyre testing device constructed
      according to the invention;
PAR  FIG. 2 is a view in perspective of the means for aligning the wheel and
      tyre combination according to a desired orientation;
PAR  FIG. 3 is an elevational view of the load-varying device connected to the
      carriage which supports the wheel;
PAR  FIG. 4 is a view in cross-section of the load-varying device;
PAR  FIG. 5 is an elevational view of the connecting-rod bearings for
      controlling the carriage;
PAR  FIG. 6 is a perspective view of an alternative embodiment of the means for
      controlling the aligning device;
PAR  FIG. 7 is a diagrammatic view of the means for controlling the aligning
      device via a rotating motor;
PAR  FIG. 8 is a view of the components forming one of the means for controlling
      the above-mentioned angles .alpha. or .beta.; and
PAR  FIG. 9 is an elevational view, partly in cross-section, of a means for
      rapidly reversing the wheel-supporting carriage.
DETD
PAR  One embodiment of the tyre testing device is shown in FIG. 1. The device
      comprises a track, represented by the plane 1, which travels past
      continuously in a vertical direction and in contact with a tyre of an
      experimental wheel 2 represented in the drawing by its tread median
      circumference. The axis of the wheel 2 is horizontal for an angle of lock
      .alpha. = zero.
PAR  The track 1 may for example be formed by the peripheral surface of a
      rotating drum with a horizontal axis, not represented in the drawing.
PAR  The entire device comprises a pier 3 to which is fastened a frame 4
      comprising perfectly parallel slide-bars 5 and 6 fixed to the frame by
      support members 7 and 7a, and 8 and 8a, respectively.
PAR  A carriage 9, consisting of a horizontal portion 9a forming a guide on the
      slide-bars 5,6 and a vertical portion 9b acting as a support for the
      components of the device for supporting a wheel and tyre combination, is
      mounted so as to slide on the slide-bars 5 and 6, in a direction parallel
      to the axis IZ.
PAR  A shaft 11, has its axis horizontal parallel to the axis IY and is fixed by
      means of straps and tabs 10 to the vertical portion 9b of the carriage 9.
PAR  When the angle of lock .alpha. and the camber angle .beta. are zero, the
      experimental wheel 2 is in a vertical plane perpendicular to the plane of
      the track 1 at the zone of track-tread contact. The tread of the tyre on
      the wheel 2 is thus tangential to the track at the point of contact I, and
      the horizontal axes IZ parallel to the slide-bars 5 and 6, IY parallel to
      the shaft 11, and IX parallel to the tread movement at the median plane of
      the tyre form a reference system.
PAR  A column 12 is fixed to the vertical portion 9b of the carriage and has its
      axis parallel to that of the shaft 11 the column ending in a tip 13 onto
      which there is articulated via a ball and socket joint, a fluid pressure
      operated jack 14 which rests on a support 15 fastened to the pier 3. This
      jack 14, the axis of which coincides with the axis IZ, makes it possible
      to load the tyre at position I with a force FZ which is always
      perpendicular to the track 1. The combination consisting of the column 12,
      the carriage 9 and the shaft 11 is rigid and the force provided by the
      jack 14 does not impose any transverse force component on the translation
      slide-bars 5 and 6, which, at least during static operation, serve only to
      support the weight of the mobile equipment.
PAR  The shaft 11 carries on the outside a non-rotating hub gimballing orienting
      wheel hub 16 by means of which the wheel and tyre combination 2 is mounted
      on the shaft 11. For orienting the wheel at an angle of lock .alpha. and a
      toe-in angle .beta. this wheel hub 16 is connected by rods or tie-bars
      17a, 17b, 17c and 17d to an aligning hub 18. (FIGS. 1 and 2).
PAR  The wheel hub 16 comprises a ball bearing sleeve 19 slidable along the
      shaft 11 pivotally carrying a first pair of journals 20 and 20a supporting
      a cage 21 carrying a second pair of journals 22 and 22a, the common axis
      of which is perpendicular to the axis common to the journals 20 and 20a of
      the first pair. On the journals 22 and 22a, there is pivotally mounted a
      ring 23 to which the rods or tie-bars 17a, 17b, 17c and 17d are
      articulated by means of ball-and-socket joints, and which receives the
      wheel 2 which can rotate freely by virtue of a ring of balls 24.
PAR  The aligning hub 18 comprises a ball bearing sleeve 25 which is slidable
      along the shaft 11 like the sleeve 19, and which carries a journal 26 on
      which is pivotally mounted a bifurcated carrier 27 which has a pair of
      journals 28 and 28a, extending outwardly therefrom on an axis
      perpendicular to the axis of the journal 26. The journals 28 and 28a
      receive a further bifurcated carrier 29 onto which the other ends of the
      rods or tie-bars 17a, 17b, 17c and 17d are articulated by means of
      ball-and-socket joints.
PAR  The carrier 29 carries a rod 30 extending along an axis perpendicular to
      the axis of the journals 28 and 28a and able to slide in a ball-and-socket
      joint 31, which is itself shiftable vertically on a lever 32 hinged to the
      frame 4 about an axle 33, parallel to the axis IZ.
PAR  In the embodiment of aligning device shown in FIG. 2, the ball-and-socket
      joint 31 is pivotally mounted in a support 34 which has a ball bearing 35
      in which a rod 36, connected to a mechanism for adjusting the alignment of
      the ball-and-socket joint 31, can slide.
PAR  This mechanism comprises a scale 37 firmly fixed to the rod 36 but movable
      parallel to the axis IZ, guided in slots machined in a structure 38 fixed
      to the frame 4. Precise adjustment without any play is achieved by means
      of a system which comprises a rack-bar 39, firmly fixed to the scale 37
      and meshing with a pinion 40 whose axle 41 carries a pinion 42 which
      meshes with a worm screw 43 rotatably mounted on the structure 38 and
      connected to an operating handwheel.
PAR  Also in FIG. 2, the sleeve 25 which slides on the shaft 11 is extended by a
      rod 44 carrying a piston 45 reciprocable along a jack cylinder 46 screwed
      to the frame of the carriage 9 by means of a bracket 47.
PAR  Fluid under pressure can be conveyed at will to each of the chambers of
      this jack via ports 48 and 49.
PAR  The limits of movement of the sleeve 25, under the effect of the fluid
      under pressure, are defined and restricted to suitable values by a stop
      cylinder 50, connected to the piston rod 44, and enclosing abutment stops
      51 and 52.
PAR  These stops 51 and 52 consisting of nuts, locked against turning by
      elements 53 and 53a travelling in a slot 53b, are restricted to linear
      movements which are symmetrical relative to the point C by means of a
      supporting screw 54 having separate thread portions of opposite hand. The
      screw 54 is prevented from moving longitudinally by a double stop
      comprising shoulders 55 abutting the frame of the carriage 9. A
      controlling handwheel (not shown) can be placed on the square head 56.
PAR  Control during dynamic operation is achieved by introducing the pressure
      fluid alternately through the ports 48 and 49 at the desired frequency.
PAR  Furthermore, the carrier 27 (FIG 2) of the aligning device can be given
      limited rotational movements about its means position, no matter what the
      position of the sleeve 25 may be, by means of a transmission comprising a
      rod 57 having at its ends torque transmitting universal drive joints 58
      and 58a which connect shaft 57 to the carrier 27 and a shaft 59 rotatably
      mounted in a bearing 60 firmly fixed to the frame of the carriage 9. A
      lever 61 is keyed to the shaft 59, and this lever oscillates between two
      extreme positions U' and U'1 under the effect of a connecting link 62
      articulated at 63 to a piston rod 64 of a piston 65 reciprocable within a
      jack cylinder 66 which is fixed to the frame of the carriage 9 by means of
      a support bracket 67.
PAR  Fluid under pressure can be conveyed at will to each of the chambers of
      this jack via ports 68 and 69.
PAR  The movements of the piston 65 effect pivoting of the lever 61 and
      consequently of the carrier 27 under the effect of the fluid under
      pressure in jack cylinder 66, and these movements are limited to suitable
      values by a stop cylinder 70 connected to the piston rod 64 and enclosing
      stop nuts 71 and 72, which are locked against rotation by elements 73 and
      73a travelling in a slot 74. The nuts 71, 72 are restricted to symmetrical
      linear movements by a screw 75 having thread portions of opposite hand,
      the screw 75 being held against longitudinal movement by a double stop
      shoulder 76 abutting the frame of the carriage 9. A controlling handwheel
      can be placed on the square head 77.
PAR  The device illustrated in FIGS. 1 and 2 functions in the following way.
PAR  A camber angle .beta. is imparted by means of the jack 45 and 46, whose
      extreme positions are adjusted by the stops 51 and 52. The sleeve 25 is
      forced, by the jack 45, 46, to slide along the shaft 11 so that the centre
      C takes up the position C'. The dimension CV of axis 30 and carrier 29 is
      for the purpose equal to the dimension OI, O being the centre of the
      aligning or orienting hub 16 and OI thus the radius of the tyre under
      load.
PAR  The rods or tie-bars 17a, 17b, 17c and 17d, which are parallel and of equal
      length, hold the ring 23 of the wheel hub 16 and the carrier 29 of the
      aligning hub in parallel planes. They are equipped with tensometers (not
      shown) acting in tension and compression.
PAR  This connection between the carrier 29 and ring 23 forces the center O of
      the wheel hub 16 to take up the position O', so that the wheel assumes an
      inclination O'I, giving a positive camber angle +.beta..
PAR  Negative camber angle -.beta. is induced in the same way by operating the
      jack 45, 46 to shift the sleeve 25 in the opposite direction so that the
      centre C of the sleeve 25 takes up the position C'1. Simultaneously, the
      sleeve 19 moves so that the centre O of the hub 16 takes up the position
      O'1 and the wheel assumes an inclination O'1, giving a negative camber
      angle -.beta..
PAR  In order to change the angle of lock or steering deflection .alpha., the
      carrier 27 of the aligning hub 18 is rotated by means of the lever 61
      which is actuated between its two extreme positions U' and U'1 by the jack
      65, 66.
PAR  The rotation of the carrier 27 causes the aligning hub to rotate about axis
      CV and, as a result of the transmission of the rods or tie-bars 17a, 17b,
      17c and 17d, causes the wheel hub 16 to pivot about axis OI, if the camber
      angle is zero, or about respective axes O'I and O1'I if the camber angle
      is positive or negative. The angles of lock +.alpha. and -.alpha. have
      been illustrated in FIG. 2 for a value of the camber angle .alpha. = 0.
PAR  The articulation of the shaft 11 about axis MM' and a further hub 82 for
      suspending the shaft part 11a carrying the wheel hub 16 have been
      represented in FIG. 2.
PAR  The shaft 11 comprises two parts 11a and 11b. The part 11a on which the
      sleeve 19 travels has one end machined in the form of a parallelepiped
      whose two opposite vertical faces receive two spring leaves 78 and 79
      attached by screws (not shown). The free ends of the leaves 78 and 79 are
      hinged about axles 80 and 81, via bearings, to a turret 82 which carries
      two journals 83 pivotally mounted in lugs 84 and 84a of a housing 85 fixed
      to the vertical face 9b of the carriage 9 as well as the part 11b of the
      shaft 11 fixed to the carriage 9 by means of a flange 86.
PAR  FIG. 2 also shows a rod 87, fixed to the turret 82, and which is hinged at
      88 at its free end to one end of a rod 89 which is fixed at its other end
      to a bracket 90 firmly fixed to the carriage 9. A tensometer Dx is
      interposed on the rod 89 and measures the force necessary to immobilise
      the rotating turret 82 and to hold the part 11a of the shaft 11 on the
      intended geometric axis coaxial with shaft part 11b.
PAR  The part 11a of the shaft 11, due to its resilient suspension is
      constrained for constant orientation by a parallelogram linkage comprising
      the leaf springs. It can thus only move parallel to itself as it moves
      under the effect of the tyre loading, and stress gauges 91 placed on the
      two opposite faces of the leaf spring 79 makes it possible to measure the
      bending moment independently of the tensile forces in rod 89. These
      gauges, suitably positioned, thus make it possible to measure the tyre
      loading force FZ independently of the position of the point of application
      of the wheel hub.
PAR  Although jacks have been exemplified for producing the shift of the
      carriage 9 and the pivoting of the wheel hub according to a camber angle
      .beta. and an angle of lock .alpha., it is obvious that it would be
      possible to use any other drive component especially a rotating motor
      equipped with pinion gearing or jacks which are controlled by either a
      movement, a force or the value of an angle in accordance with a
      preselected form of signal.
PAR  Another means of controlling the carriage 9 has been represented in FIG. 3
      where the carriage 9 is connected via a connecting rod 92 and a sliding
      rod 93 to a connecting rod 113 of a load-varying device 94 which is
      mounted on a mobile platform 95 and travels on rails 96. The rails 96
      rest, via elastic components 98, on a support frame 97 fixed to the pier
      3. The mobile platform 95 is thus guided by the rails 96 which correspond
      to channels machined in the mass of the platform 95.
PAR  The elastic components 98 make it possible to raise the platform 95 and the
      components fixed thereto so as to free the resting surfaces and to reduce
      them substantially.
PAR  A force of not unduly high value is required to shift the entire platform
      95 along the rails, and this force can be provided manually by a
      crankhandle 99 fixed to the end of a shaft 100 which is rotatably mounted
      in the platform and which is connected at its other end via a pair of
      bevel gears 101 to a screw 102 over which there is threaded a square nut
      103 coupled by connecting rods 104 to a fixed point 105 of the frame 97.
      However, jacks 106, the cylinders of which are fixed at 107 to the frame
      97, act, via their rods 108 on a boss 109 of the platform 96. A biasing
      pressure in the load-applying jacks 106 makes it possible to help the
      operator to bring the wheel hub 16 closer to the track 1 and to apply a
      greater loading to the tyre 2.
PAR  In FIG. 3 there is shown in broken lines, in perspective, a detail of a
      solid projection of the same overall length as the platform 95 to which it
      is firmly fixed. The lower part 111 is thus in the form of a flat
      slide-bar which slides opposite piston rods of jacks 112 with vertical
      axes firmly fixed to the frame 97.
PAR  When the position of the platform 95 has been selected and it is desired to
      lock this platform solidly to the pier 3 in such a way that it cannot be
      moved, especially in the case where the operator wishes to carry out
      dynamic tests on the angles .alpha. and .beta. or on the load, the
      following operations are carried out.
PAR  To achieve vertical immobilisation, the immobilising jacks 112 supplied
      with fluid under pressure exert a force on the platform 95, compressing
      the elastic components 98 carrying the rails 96 onto the fixed frame 97.
PAR  To achieve horizontal immobilisation, the load-applying jacks 106 are
      supplied with fluid under a high pressure which puts the entire screw
      control device 102 under stress and takes up all mechanical play which
      exists.
PAR  The load-varying device 94 which converts a circular movement into a
      rectilinear movement of variable amplitude has been represented in detail
      in FIGS. 4 and 5.
PAR  The load-varying device comprises a casing 114 in which there is rotatably
      mounted a crank shaft 117, for rotation about an axis xx.sub.1, by means
      of ball bearings 115 and 116. The crank-shaft 117 has a single crank-pin
      118 which has an axis yy.sub.1 parallel to the above-mentioned axis
      xx.sub.1 and spaced by a fixed lateral distance b from the axis xx.sub.1.
PAR  On the crank-pin 118, there is freely rotatably mounted an eccentric part
      119 which is concentric about axis yy.sub.1 and has a hub 120 centred on
      axis xx.sub.1. One of the ends of the connecting rod 113 which is
      connected to the rod 93 is rotatably mounted on the hub 120 by means of a
      bearing.
PAR  On the other hand, the eccentric part 119 has an internal ring gear 121
      centred on axis yy.sub.1 and also a circular socket 122 of the crank-shaft
      117.
PAR  The eccentric part 119 can be displaced angularly relative to the
      crank-shaft 117 when a satellite 123 freely rotatably mounted on a disc
      portion of the crank-shaft 117, is rotated.
PAR  The angular displacement of the eccentric part 119 relative to the
      crank-shaft 117 causes the hub 120 to take up a differently eccentric
      position relative to the axis xx.sub.1.
PAR  The eccentricity can thus vary from O as represented in FIG. 4 to the value
      2b for rotation of 180.degree. of the eccentric part 119 relative to the
      crank-shaft 117. The relative movement of the eccentric part 119 relative
      to the crank-shaft 117 is controlled by a differential device to be
      described below.
PAR  At one of its ends, the crank-shaft 117 carries a bevel gear 124 which
      meshes with a satellite pinion 125, the spindle 126 of which is rotatably
      mounted by means of a ball bearing 127 in a projecting part 128 of the
      casing 114. This pinion 125 drives in the reverse direction the group of
      gearwheels 129 and 130 freely rotatably mounted on a shaft 131 of a sun
      gear 132 which meshes with the satellite 123.
PAR  The shaft 131 is mounted at one end so as to rotate freely in a hollow pin
      133 of the crank-shaft 117 and at the other end in an end bearing 134 of
      the casing part 128 of the device.
PAR  On the shaft 131, there is keyed a bevel gear 135 which meshes with a
      satellite pinion 136 freely rotatably mounted on a cage 137 and also
      meshing with the gearwheel 130 so as to form therewith a differential. The
      angle of rotation of the cage 137 relative to the projecting part 128 of
      the fixed casing is equal to the angular displacement of the crank-shaft
      117 relative to the eccentric part 119. The eccentricity can thus be
      controlled even during the rotation of the differential cage 137. This
      movement is controlled by a shaped cog-wheel 138 on the cage 137, the
      cogwheel meshing with an endless screw 139 which is rotated manually.
PAR  The position of the eccentric part 119 relative to the crank-shaft 117 must
      be held constant after choosing the eccentricity, notwithstanding the
      large forces transmitted by the connecting rod 113. This constant
      relationship is achieved firstly because of the irreversibility control
      using the wheel 138 and endless screw 139 and also by a hydraulically
      operated braking device.
PAR  This braking device comprises a small flange 140 provided at the periphery
      of the eccentric part 119 which is rotatable in the circular socket 122 of
      the crank-shaft 117, it being possible for the said small flange 140 to be
      clamped between side-plates 141 and 142 equipped with friction linings and
      firmly fixed to the crank-shaft 117.
PAR  The movable side-plate 141 is controlled by a row of axial pistons 143
      distributed in cylinders 144 positioned in the crank-shaft 117, the said
      cylinders being supplied via channels 145 pierced in the crank-shaft 117
      and connected at the end of the crank-shaft journal to a manifold 146.
PAR  The crank-shaft 117 is rotated by means of a hydraulic motor 147 which is
      fixed to the casing 114 and the drive-shaft of which is connected via a
      pair of gearwheels 148 and 149 to an external gear 150 of the crank-shaft
      117. An inertia flywheel 151 is mounted on the axle of the gearwheel 148.
PAR  The connecting rod 113 hinged to the hub 120 of the eccentric part 119 is
      connected to the rod 93 which slides in a ball-and-socket joint 152
      mounted in the casing 114, thesaid rod 93 being carried by a bifurcated
      connecting rod 153 and hinged about an axle 154 (FIGS. 4 and 5). The
      connecting rod 153 is mounted so as to pivot about a spindle 155 firmly
      fixed to the frame 114 and it controls the opposite reciprocating
      movements of an equilibrating mass 156 which is hinged at 157 and which is
      supported at its other end at 158 by a further connecting rod 159
      pivotally mounted about an axle 160 firmly fixed to the casing 114.
PAR  One embodiment of the means for controlling the aligning device by means of
      jacks 45 and 46, and 65 and 66 has been represented in FIG. 2, whilst
      another embodiment of the means of control in which a rotating drive
      component is used has been represented in FIGS. 6, 7 and 8.
PAR  As represented in FIG. 6, the sleeve 25 which makes it possible to control
      the camber angle .beta. by means of the aligning hub 18, is connected via
      hinge 161 to a connecting rod 162, capable of a reciprocating movement of
      variable amplitude and actuated by a means of control which will be
      described below.
PAR  The carrier 27 which makes it possible to control the angle of lock .alpha.
      is firmly fixed to a splined shaft 163 on which is slidably mounted a ring
      164, which ring has corresponding splines and is firmly fixed to a lever
      165. The lever 165 has an axle 166 on which is pivotally mounted a
      sliding-block 167 inserted in a groove 168 of a part 169 mounted on a
      U-shaped component 170 by means of bearings 171 and 171a, for oscillatory
      rotation about an axis parallel to that of the splined shaft 163.
PAR  The U-shaped component 170 is itself slidably mounted on a rod 172 firmly
      fixed to the wheel-supporting carriage 9 along an axis perpendicular to
      both the axes of the splined shaft 163 and the groove 168.
PAR  The U-shaped component 170 has an arm 173 to which a connecting rod 175 is
      hinged by means of an axle 174, the connecting rod 175 being identical to
      the connecting rod 162 and controlled in the same way.
PAR  The entire device for controlling the connecting rods 162 and 175, which
      control respectively the camber angle .beta. and the angle of lock .alpha.
      has been represented schematically in FIG. 7. This combination comprises a
      rotary motor 176 which drives, by means of gearwheels 177, 178 and 178a,
      two identical means of control, each comprising an inertia flywheel 179
      and 179a, respectively, a first differential 180 or 180a for producing a
      phase difference, and a second differential 181, 181a, respectively, for
      varying the amplitude. The second differentials 181, 181a are driven by
      the outlet shaft 182 and 182a of the first differential by means of pairs
      of gearwheels 183 and 184, and 183a and 184a, respectively. The outlet
      shafts 182 and 182a of the first differentials are connected via pairs of
      gearwheels 185 and 186, and 185a and 186a, respectively, to crank carrier
      wheels 187 and 187a, respectively, on which there are radically slidably
      mounted respective nuts 188, 188a having journals 189 and 189a to which
      the connecting rods 162 and 175 are articulated.
PAR  The nuts 188 and 188a are threaded over respective screws 190 and 190a
      rotated by means of a pair of conical gearwheels 191 and 191a by the
      respective outlet shafts 192 and 192a of the second differentials 181 and
      181a.
PAR  One of the lines for transmitting the lock or camber movement, comprising
      the differentials 180 and 181 which are placed in a casing 193 fixed to
      the pier 3, has been shown in FIG. 8.
PAR  The first differential 180 comprises a planet gearwheel 194 keyed to an
      inlet shaft 195 connected to the shaft of the motor 176 by the pair of
      gearwheels 177 and 178, the said planet gearwheel meshing with satellite
      gearwheels 196 which mesh in their turn with a cogwheel 197 firmly fixed
      to the outlet shaft 182. The satellite gearwheels 196 are mounted on a
      cage 198 which has at its periphery concave gear teeth 199 threaded by
      engaging a worm screw 200 keyed to a shaft 201 having at one of its ends a
      control handle 202. A sleeve 203 is provided on the shaft 201, and this
      sleeve has a groove 204 in which elements 205 and 206 can be inserted
      selectively, these elements travelling perpendicularly to the shaft 201
      under the action of the control component 207.
PAR  When the element 205 is inserted in the groove 204, the screw 200 meshes
      with the pinion teeth 199 and it is possible to rotate the cage 198
      carrying the satellites 196. One of the elements 205 possesses a socket
      208 of semi-circular shape which makes it possible for the shaft 201 and
      the screw 200 to shift in the direction of the arrow F in order to allow
      the said screw 200 to free itself from the pinion teeth 199. In the
      disengaged position the groove 204 is opposite the element 206 and the
      latter shifts in its turn and becomes inserted in the groove 204 to hold
      the screw 200 in the disengaged position.
PAR  The second differential 181 comprises an inlet shaft 209 which is firmly
      fixed to the wheel 184 and carries a sun gear 210 which meshes with
      satellite gearwheels 211 mounted in a cage 212 which cage also carries
      satellite gearwheels 213 meshing with a planet gearwheel 214 keyed to the
      outlet shaft 192. The cage 212 is firmly fixed to a pinion 224 which
      meshes with a worm screw 225 mounted on a shaft 215 which has a
      controlling control handle 216 at one of its ends.
PAR  The casing 193 being fixed and the carriage 9 being mobile allows the
      outlet shafts 182 and 192 to be connected by two universal joints 217 and
      218 and a sliding joint 219.
PAR  The wheel hub which carries the experimental wheel 2 is oriented in two
      directions by means of the aligning hub 18 which makes it possible to
      incline the wheel at the angle of lock .alpha. and the camber angle
      .beta..
PAR  These two angles can be fixed at a given value or can be made to vary
      sinusoidally with a given amplitude by means of the second differential
      181 and 181a. The crank carrier wheels, 187 in the case of the angle
      .beta. and 187a in the case of the angle .alpha., make it possible to give
      constant or changing values to the angles. Static values are fixed by
      immobilising the crank carrier wheels 187 and 187a in positions (+) or (-)
      by means of elements p (+) and p (-) which can penetrate into
      diametrically opposite recesses 220 and 221 of a bowl 222 keyed to each of
      the crank carrier wheels 187 and 187a.
PAR  The elements p (+) and p (-) are controlled by sliding pistons 223 and 223a
      which are mounted in a component firmly fixed to the casing of the
      carriage 9 and are actuated by a fluid under pressure.
PAR  For static measurements, the shaft 182 and the crank carrier wheel 187 are
      rotated by actuating the screw 200 and the differential 180, by means of
      the controlling control handle 202, in order to bring the crank carrier
      wheel 187 or 187a into one of the positions for which one of the elements
      p (+) or p (-) can be inserted into one of the recesses 220 or 221 of the
      bowl 222 and which are displaced relative to one another by 180.degree..
      This makes it possible, by rotation of the control handle 216, to act via
      the screw 225, the differential 181, the shaft 192 and the screw 190, on
      the nut 188 to alter the eccentric position a of the journal 189 and
      consequently fixes the position of the connecting rod 162 or 175, for a
      positive or negative angle of lock or camber angle.
PAR  In order to make one or both of the camber angle and the angle of lock
      change sinusoidally, the operator frees the crank carrier wheel or wheels
      187 and 187a, allowing the elements p (+) or p (+) to be retracted and
      disengaged from the recesses 220 or 221 of the bowl 222.
PAR  The crank carrier wheel or wheels 187 and 187a are made to move by means of
      the motor 176 which, via the differential 180, drives the shaft 182 and
      the crank carrier wheel 187. By means of the differential 181, the
      eccentricity a of the journal 189 is adjusted by the control handle 216.
PAR  When the two means for controlling the camber angle and the angle of lock
      are used dynamically, it is possible to set up a phase difference in
      movement between the two crank carrier wheels 187 and 187a by acting on
      the differentials 180 and 180a by means of the control handle 202 which
      drives the endless screw 200, the pinion 199 and the carrier 197 for the
      planet gearwheels 196.
PAR  Since only a single motor 176 has been provided for driving the two shafts
      182 and 182a and since it is sometimes necessary to subject the device to
      some modes of operation involving simultaneously holding one angle static
      and changing the other dynamically, there are provided on each of the
      transmissions of movement to the crank carrier wheels 187 and 187a, means
      for disengaging and interrupting the drive train. It is for this purpose
      that the screw 200 can move axially in the direction of the arrow F so as
      to bring the groove 204 into register with one of the elements 205 or 206
      in order to hold the screw 200 in a position which is coupled with or
      disengaged from the pinion 199.
PAR  Micro-switch contacts 226 and 226a are positioned opposite the elements 205
      and 206 and these contacts make it possible to sense when disengagement
      from the screw 200 has taken place and consequently when to start up the
      motor 176.
PAR  The operation of the contacts 226 and 226a is connected with the position
      of engagement or disengagement of the elements p (+) and p (-).
PAR  A device for rapidly reversing the carriage 9, to enable rapid withdrawal
      of the wheel 2 out of contact with the track 1, has been represented in
      FIG. 9. The screw 102 firmly fixed to the platform 95 has at one of its
      ends, articulated about a spindle 228, a tie-bar 229 which is articulated
      at its other end to a differential piston 232 about a spindle 230 on the
      piston crosshead 231. The differential piston 232 is slidably mounted in a
      jack cylinder 233 which has a journal 234 by which it is fixed to the
      support frame 97 by means of screws 235. The chambers 236 and 237 of the
      jack cylinder 233 are supplied normally with fluid at the same pressure
      via conduits 238 and 239 so that the piston 232 is pushed back into the
      position represented in FIG. 9 by virtue of the surface area SD of the
      piston in the chamber 236 which is greater than the surface area SD-Sd in
      the chamber 237.
PAR  In order to push the piston 232 back in the direction of the arrow A and
      thereby rapidly to reverse the carriage 9 which is connected to the
      load-varying device 94 and to the platform 95, hydraulic fluid under very
      high pressure is introduced into the chamber 237 via the conduit 239 which
      can be connected to a pressure accumulator, preferably an oil and air
      accumulator, the chamber 236 being vented simultaneously to the
      atmosphere.
PAR  In order to bring about the rapid backward movement, it would also be
      possible to use any other suitable means, for example an electric motor.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for testing vehicle tyres comprising frame means, means
      supported by said frame means and defining a track, means for driving said
      track for movement along a given direction relative to said frame means,
      carriage means supported by said frame means, means slidably
      interconnecting said carriage means and said frame means for movement of
      said carriage means along a direction transverse to said given direction
      and extending towards and away from said track, means for driving said
      carriage for sliding movement along said transverse direction towards and
      away from said track, means for freely rotatably supporting a wheel and
      tyre combination on said carriage with said tyre in rolling contact with
      said track, said wheel supporting means including a wheel hub, and means
      for pivoting said wheel hub about two directions extending perpendicular
      to the axis of symmetry of said hub for orienting the wheel at an angle of
      lock .alpha. and a camber angle .beta. relative to said track, said means
      for pivoting said wheel hub including an alignment hub spaced from said
      wheel hub, means for tilting the alignment hub about two further
      perpendicular axes each perpendicular to the axis of said alignment hub,
      push rods extending parallel to one another between said alignment hub and
      said wheel hub, and means articulating said push rods to said alignment
      hub on the one hand and to the wheel hub on the other hand.
NUM  2.
PAR  2. A device as set forth in claim 1, wherein said wheel hub includes a
      shaft, a sleeve slidable along said shaft, first carrier means supported
      by said sleeve, first journal means interconnecting said sleeve and said
      first carrier means allowing said first carrier means to pivot about a
      first one of the first mentioned axes which is perpendicular to that of
      said shaft, second journal means carried by said carrier means, second
      carrier means connected to said second journal means for pivotal movement
      about an axis perpendicular to both said shaft axis and the said first
      axis of pivoting, said push rods being articulated to said further carrier
      means, and means carried by said second carrier means for supporting a
      wheel and tyre combination for free rotation relative to said second
      carrier means.
NUM  3.
PAR  3. A device as set forth in claim 2, wherein said alignment hub comprises a
      further sleeve mounted for sliding movement along said shaft, third
      journal means carried by said further sleeve, third carrier means carried
      by said third journal means for pivotal movement about a first one of said
      further axes of pivoting which is parallel to said first axis of pivoting,
      fourth journal means carried by said third carrier means and extending
      along a second one of said further axes parallel to the said second axis
      of pivoting, and fourth carrier means carried by said fourth journal
      means, said push rods being articulated to said fourth carrier means.
NUM  4.
PAR  4. A device as set forth in claim 3, and including means for driving said
      further sleeve for sliding movement along said shaft.
NUM  5.
PAR  5. A device as set forth in claim 4, wherein said drive means comprises a
      double action jack having a piston rod connected to said further sleeve.
NUM  6.
PAR  6. A device as set forth in claim 4, and including a connecting rod
      connected to said further sliding sleeve of the aligning hub, and variable
      amplitude reciprocatory drive means linked to said connecting rod.
NUM  7.
PAR  7. A device as set forth in claim 3, and including means for pivoting said
      third carrier means about said second further axes of pivoting.
NUM  8.
PAR  8. A device as set forth in claim 7, wherein said means for pivoting said
      third carrier means comprises a jack, a lever connected to said jack for
      rotation in response to operation of said jack, a drive shaft extending
      between said lever and said third carrier means, and torque transmitting
      movement joint means connecting said drive shaft to said lever and said
      third carrier means.
NUM  9.
PAR  9. A device as set forth in claim 7, and including a splined shaft slidably
      engaging said third carrier means of the aligning hub, a lever slidably
      mounted on said splined shaft, a sliding-block carried by said lever,
      trunion means, a U-shaped component pivotably supporting said trunion
      means for oscillation about an axis parallel to that of the splined shaft,
      means defining a groove in said trunion means for slidably receiving said
      sliding block, a rod firmly fixed to said carriage and slidably supporting
      said U-shaped component, an arm extending radially outwardly from said
      rod, a connecting rod having one end connected to said arm, and variable
      amplitude oscillatory drive means connected to the other end of said
      connecting rod.
NUM  10.
PAR  10. A device as set forth in claim 9, wherein said variable amplitude
      oscillatory drive means comprises a motor, an inertia flywheel drivingly
      engaged by said motor, a first differential for producing a phase
      difference in the angle .alpha. or .beta., a second differential for
      varying the amplitude of the angle .alpha. or .beta., crank carrier means
      driven by said first differential, a nut threadedly slidable radially of
      said crank carrier, a crank-pin secured to said nut and to which said
      connecting rod is articulated, and screw means extending radially of said
      crank carrier and rotatable by the second differential for varying the
      eccentricity of the crank-pin and thus varying the amplitude.
NUM  11.
PAR  11. A device as set forth in claim 10, wherein said first differential
      comprises an input shaft, sun gear means carried by said input shaft,
      planetary pinion means meshing with said sun gear means, ring gear means
      engaging said planetary pinion means, an output shaft firmly fixed to the
      ring gear means, planetary carrier means supporting said planetary pinion
      means, gear teeth formed on said planetary carrier means, and control
      screw means meshing with said gear teeth.
NUM  12.
PAR  12. A device as set forth in claim 11, and including a shaft carrying said
      control screw means, means for locking the screw in two positions one of
      which corresponds to operative engagement of the screw and the gear teeth
      and the other of which corresponds to disengagement.
NUM  13.
PAR  13. A device as set forth in claim 11, and including rotor means fixed to
      said crank carrier means, means defining two orienting recesses in said
      rotor means, and immobilising elements positioned to be inserted
      selectively in said recesses depending on the orientation of said rotor
      means.
NUM  14.
PAR  14. A device as set forth in claim 10, wherein said second differential
      comprises a cage, first and second planetary pinion sets in said cage,
      first and second sun wheels meshing with the respective first and second
      planetary pinion sets, input shaft means fixedly supporting said second
      sun wheel, output shaft means fixedly supporting the first sun wheel, a
      pinion fixed to said cage, and a control screw meshing with said pinion.
NUM  15.
PAR  15. A device as set forth in claim 3, and including a rod fixed to said
      fourth carrier means, a ball-and-socket joint connected to one end of said
      rod, and lever means carrying said ball-and-socket joint, and means for
      pivotally oscillating said lever relative to said frame means.
NUM  16.
PAR  16. A device as set forth in claim 15, wherein said means for pivotally
      oscillating said lever comprises a second rod, means mounting said lever
      slidably on said rod for movement longitudinally of said second rod, a
      sliding block carrying said second rod, and means slidably supporting said
      sliding block on the frame means.
NUM  17.
PAR  17. A device as set forth in claim 1, wherein said shaft consists of two
      parts, and further including two spring leaves, means fixing the spring
      leaves at one of their ends to a first of said shaft parts, a block hinged
      to the other ends of the spring leaves for pivoting motion about hinge
      axes, and a housing secured to the carriage and hingedly supporting said
      block for pivoting motion about an axis perpendicular to said hinge axes,
      said wheel hub being carried by said first shaft part.
NUM  18.
PAR  18. A device as set forth in claim 17, including stress gauge means mounted
      on both faces of at least one of the spring leaves for measuring the
      bending moment in said at least one spring leaf.
NUM  19.
PAR  19. A device as set forth in claim 17, and including first rod means fixed
      to the turret, second rod means hinged at one end to the block and fixed
      at its other end to the carriage and a tensometer carried by said second
      rod means, said second rod means being parallel to the shaft.
NUM  20.
PAR  20. A device for testing vehicle tyres comprising frame means, means
      supported by said frame means and defining a track, means for driving said
      track for movement along a given direction relative to said frame means,
      carriage means supported by said frame means, means slidably
      interconnecting said carriage means and said frame means for movement of
      said carriage means along a direction transverse to said given direction
      and extending towards and away from said track, means for freely rotatably
      supporting a wheel and tyre combination on said carriage with said tyre in
      rolling contact with said track, said wheel supporting means including a
      wheel hub pivotable about two directions extending perpendicular to the
      axis of symmetry of said hub for orienting the wheel at an angle of lock
      .alpha. and a camber angle .beta. relative to said track, and means for
      driving said carriage for sliding movement along said transverse direction
      towards and away from said track, said carriage driving means comprising
      connecting rod means connected at one end to the carriage, a load-varying
      device connected at the other end of said connecting rod means, a mobile
      platform supporting said load-varying device, rails movably supporting
      said mobile platform, support frame means carrying said rails, elastic
      mounting means connecting said rails to said support frame means, control
      screw transmission means connecting said mobile platform to the support
      frame means, jack means having a jack piston rod in contact with said
      mobile platform and a jack cylinder engaging said support frame means,
      flat slide-bar means formed on said mobile platform and mounted for
      sliding movement adjacent said support frame means, and immobilising jack
      means firmly attached to the fixed support frame means and acting in
      opposition to the elastic mounting means, said immobilising jack means
      having pistons arranged to move slidably towards and away from said mobile
      platform.
NUM  21.
PAR  21. A device as set forth in claim 20, wherein said load-varying device
      comprises a casing, crank-shaft means mounted within said casing for
      rotation about a first rotation axis, a single crank-pin carried by said
      crank-shaft means and concentric about an eccentric axis extending
      parallel to but laterally spaced from said first rotation axis, rotor
      means freely rotatably carried by said crank-pin for rotation about said
      eccentric axis an eccentric journal portion formed on said rotor and
      concentric about an axis spaced laterally from said eccentric axis by a
      distance equal to the lateral spacing between said first axis of rotation
      and said eccentric axis, said connecting rod means being articulated to
      said eccentric journal portion, ring gear means formed on said rotor
      means, planetary pinion means freely rotatably carried by said crank-shaft
      means and meshing with said ring gear, sun gear means meshing with said
      planetary pinion means, differential control means connected to said sun
      gear means, motor means operably connected to said crank-shaft means,
      inertia flywheel means carried by and driven by said motor means, radially
      outwardly extending flange means formed on said rotor means, and clamping
      means carried by the crank-shaft for dampingly engaging said flange means.
NUM  22.
PAR  22. A device as set forth in claim 21, and further including push rod means
      connected between said connecting rod means and the carriage, and
      reciprocating equilibrating mass means coupled to said connecting rod.
NUM  23.
PAR  23. A device as set forth in claim 20, wherein said control screw
      transmission includes a controlling screw firmly fixed to the carriage,
      and further including a differential piston, a cylinder in which said
      differential piston is slidably mounted to be subjected on both its faces
      to the action of a hydraulic fluid, and a tie bar connecting said
      differential piston to said controlling screw for rapidly withdrawing the
      tyre from the track.
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ABST
PAL  The present invention relates to a tire pressure indicator device for
      measuring the interior pressure of automobile and truck tires and the
      like, comprising housing means provided with a chamber therein with an
      aneroid type air pressure measuring element and indicator mounted within
      said chamber and securing means operably mounted on said housing and
      adapted to secure the device to a conventional automobile or truck tire.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation in part of application Ser. No. 182,365,
      filed Sept. 21, 1971.
BSUM
PAR  Conventional techniques and devices for air pressure indication have been
      generally complicated in construction and use and normally are constructed
      in such a fashion that they are not suitable for use in the ordinary tire
      environment. Further, a prime problem remains that these devices are not
      only unreliable in the normal environment but they also fail to give
      accurate indications.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a tire
      pressure indicator device which has controllable means for accurately
      measuring and indicating the internal absolute air pressure within a
      conventional automobile or truck tire.
PAR  A further object of the present invention is to provide such a device which
      will perform such a function when installed on such a tire and is
      unaffected in operation by the weather or the tire environment.
PAR  A further object of the present invention is to provide such a device which
      is simply and economically manufactured and used.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent, reside in the details and construction and
      operation as more fully hereinafter described and claimed, reference being
      had to the accompanying drawings forming a part hereof, wherein like
      numerals refer to like parts throughout, and in which;
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a sectional view of a tire pressure indicator device constructed
      in accordance with and embodying the present invention.
PAR  FIG. 2 is a sectional view of another tire pressure indicator device
      constructed in accordance with and embodying the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now in more detail and by reference characters to the drawings
      which illustrate practical embodiments of the present invention, FIG. 1,
      is a sectional view of a tire pressure indicator device, 1, constructed in
      accordance with, used in and embodying the present invention.
PAR  As shown in FIG. 1, tire pressure indicator device, 1, comprises housing
      means, 2, provided with air inlet port, 3, and outlet port, 4. Also,
      provided within housing, 2, is chamber, 5.
PAR  Mounted within chamber, 5, is support member, 6. Attached to support
      member, 6, is aneroid, 8, which is biased to a particular position by
      calibration spring, 9. When used herein, aneroid contemplates a chamber
      which is evacuated and air sealed.
PAR  In operation, device, 1, is secured to the valve stem, 12, of a tire on a
      conventional automobile or truck by means of securing means, 10, operably
      mounted in air outlet port, 4. In the preferred embodiment of this
      invention, housing, 2, would be constructed of a plastic such as Lexan and
      securing means, 10, preferably made of metal is mounted in port, 4, and
      held secure in position by lock pin, 11, which also helps secure device,
      1, to stem, 12. Seal, 13, is provided to minimize air leakage from the
      tire while device, 1, is installed.
PAR  Secured to the free end of aneroid, 8, is indicator ring, 14, which, in
      normal operation is visible through window, 15, provided in housing, 2. By
      appropriate color coding, or other types of coding, of indicator ring, 14,
      the position of which is an indication of tire pressure, an operator may
      readily determine whether, tire pressure is near normal, below normal or
      above normal.
PAR  Various "normal" tire pressures may be metered by device, 1, by simply
      changing calibration spring, 9.
PAR  Schrader valve, 16, is provided in inlet port, 3, to allow filling of the
      tire through device, 1, while the device is installed on a tire stem, 12.
      Feed through passages, 17, are provided in fastener, 6, to allow air to
      pass through chamber, 5, and into stem, 12. Cap, 18, is a conventional
      automobile valve cap. Another embodiment of the present invention is shown
      in FIG. 2. The device, 19, shown in FIG. 2 is designed primarily for
      installation in the rim, 20, of a conventional motor vehicle wheel
      provided with tubeless tires. In FIG. 2, toward the bottom of the drawing
      is the air filled tire chamber, while to the top is the atmosphere.
PAR  As shown in FIG. 2, tire pressure indicator device, 19, includes housing
      means, 21, which is provided with flange, 22, which together with threaded
      member, 23, secures housing means, 21, to rim, 20. Seal, 24, may be
      provided to prevent air leakage from within the tire to the atmosphere.
      Housing means, 21, is provided with chamber, 25, and air inlet ports 26,
      which provide air passages from within the tire to chamber, 25. End cap,
      27, is shown mounted to housing means, 21, such that the viewing window,
      28, provided in end cap, 27, remains visible. Sealing means, 29, may be
      provided to present air leakage.
PAR  Mounted within chamber, 25, is conventional bellows, 30, which has
      indicator cap, 31, secured to one end thereof by fastener, 32. Spring, 33,
      is also provided within chamber, 25, to bias indicator cap, 31, and
      thereby bellows, 30, to a particular air pressure. Indicator cap is marked
      as indicated by bars, 34, by color coding, numerical marking or other
      means to indicate a particular pressure within the tire. It is thus
      readily seen that to provide such a device which indicates a particular
      pressure by having the bar, 34, in the center show through window, 28, the
      appropriate spring must be chosen. When the tire pressure exceeds the
      particular pressure the bar, 34, at the left of center will appear in
      window, 28, and when it is less, the bar at the right of center will
      appear. Calibration screw, 35, is provided for calibration of the
      spring-bellows combination.
PAR  It should be understood that changes and modifications in the form,
      construction, arrangement, and combination of the tire pressure indicator
      device and methods of making and using the same may be made and
      substituted for those herein shown and described without departing from
      the nature and principle of my invention.
CLMS
STM  Having thus described my invention, what I claim is new and desire to
      secure by United States Letters Patent is:
NUM  1.
PAR  1. An air pressure indication device for use on conventional automobile
      tires, said tires provided with a valve stem containing a Schrader valve
      or similar valve, comprising,
PA1  housing means, said housing means provided with an elongated chamber
      therein and said housing means provided with an inlet port and an outlet
      port, said inlet and outlet ports operably coupled to said chamber, and
      said outlet port communicating with the air in said tire,
PA1  a support member operably mounted in said chamber,
PA1  said inlet port threaded to mount on a conventional valve stem,
PA1  air pressure measuring means operably mounted in said chamber, said air
      pressure measuring means comprising an aneroid bellows pressure measuring
      means and indicating means operably mounted thereon, wherein said aneroid
      bellows pressure measuring means comprises,
PA1  a bellows operably mounted within said chamber, said bellows provided with
      a bellows chamber therein, said bellows being evacuated and air sealed, a
      first end of said bellows being attached to said support members,
PA1  indicating means operably mounted on the second end of said bellows,
PA1  a calibration spring operably mounted between said support member and said
      indicating means and disposed about said bellows,
PA1  window means operably mounted in said chamber wall, said window means
      disposed such that when the air pressure in said tire varies, a particular
      portion of said indicating means is visible through said window,
PA1  valve means (conventional Schrader valve or similar valve) operably mounted
      in said outlet port,
PA1  said air pressure indication means provided with through ports, said
      through ports adapted to allow the tire to be filled while the device is
      installed on a tire.
NUM  2.
PAR  2. A tire pressure indicator device comprising,
PA1  housing means, said housing means provided with a chamber therein and with
      an inlet port and an outlet port,
PA1  a support member operably mounted in said chamber,
PA1  valve stem securing means operably mounted in said outlet port,
PA1  valve means operably mounted in said inlet port,
PA1  air pressure measuring means operably mounted within said chamber, said air
      pressure measuring means comprising an aneroid bellows pressure measuring
      means wherein said aneroid bellows pressure measuring means comprises,
PA1  a bellows operably mounted within said chamber, said bellows provided with
      a bellows chamber therein, said bellows being evacuated and air sealed, a
      first end of said bellows being attached to said support member,
PA1  indicating means operably mounted on the second end of said bellows,
PA1  a calibration spring operably mounted between said support member and said
      indicating means and disposed about said bellows.
NUM  3.
PAR  3. A tire pressure indicator device for use on vehicles provided with
      tubeless tires, comprising,
PA1  housing means, said housing means provided with a chamber therein,
PA1  a support member operably mounted in said chamber,
PA1  securing means adapted to secure said housing means to said tire,
PA1  pressure measuring means operably mounted in said chamber, wherein said
      pressure measuring means comprises,
PA1  an aneroid bellow means, wherein said aneroid bellows means comprises,
PA1  a bellows operably mounted within said chamber, said bellows provided with
      a bellows chamber therein, said bellows being evacuated and air sealed,
PA1  indicator means operably mounted on the second end of said bellow means,
PA1  bias spring means operably mounted between said support member and said
      indicator means and disposed about said bellows,
PA1  end cap means operably mounted on said housing means, said end cap means
      provided with viewing window means.
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ABST
PAL  An apparatus for sensing the orientation of an inclinometer in both
      direction and magnitude for determining the velocity and direction of
      currents in a body of water having a magnetic north seeking sphere
      buoyantly supported in a housing. Implanted on the sphere is a plurality
      of tuned circuits of different resonant frequencies set at right angles to
      each other and a sense-drive winding or coil mounted about the housing.
      Upon applying a series of pulses of voltage to the sense-drive coil, the
      tuned circuits will oscillate with decaying amplitude at their resonant
      frequencies in the intervals between the pulses of voltage. The mean
      voltage across each of the tuned circuits is a measure of the amount and
      direction of tilt of the housing caused by the currents. The sense-drive
      coil senses these voltages across the tuned circuits and between the
      induced pulses of voltages, will transmit them to conventional recording
      equipment whereby a continuous determination of the currents velocity and
      direction are obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates to devices for measuring current velocity and
      direction in a body of water and is more particularly directed to such an
      apparatus that utilizes the direction and magnitude of tilt effected by
      the current thereon for determining current velocity and direction of
      flow.
PAR  2. Description Of The Prior Art
PAR  In recent years, the inclinometer or tilt meter has replaced the rotor
      mounted logs for determing subsurface current velocities and directions in
      a body of water. The inclinometers are more accurate in obtaining the
      information desired and not subject to fouling by debris, and other matter
      in the water as are the rotor mounted logs. From the inclinometers the
      extent of tilt effected by the current is obtained in both the North-South
      direction and the East-West direction, which information is sufficient to
      determine, by the application of the mathematics of vectors, the actual
      direction of the flow of the current and its velocity. The problem with
      the use of inclinometers or tilt meters has been in the procuring of this
      information from these devices at the same time as the instruments are
      affected by the currents. At present, the inclinometers have to be lifted
      from their position in the body of water in order to read the recordings
      thereof. As shown by my U.S. Pat. No. 3,372,585, the inclinometer is
      provided with a soluble member which upon its dissolution by the water
      after a predetermined period of time, the mechanism of the inclinometer is
      locked in position and the reading then recorded becomes fixed so that
      upon withdrawing the tilt meter from the water, the device remains
      inoperative and the reading unchanged. However, the device must be removed
      from the body of water to be read so that the information may be recored
      as incurred thereon by the action of the current. In those inclinometers
      wherein a number of such readings of current action is desired over a
      period of time, the devices are provided with photographic equipment for
      taking pictures of the readings on the inclinometer along with a clock for
      indicating time. These devices, likewise, must be removed from the body of
      water in order to obtain the current information. The present invention
      avoids the disadvantage of having to remove the inclinometer from the body
      of water by transmitting the readings of the device simultaneously as they
      are effected by the currents as to their forces and directions. The
      recipient of this information can be ashore or in a boat and if desired
      the information can be recorded and stored on a magnetic tape for use in a
      computer.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, a principal object of the present invention is to provide an
      apparatus for sensing and simultaneously transmitting the effect of the
      orientation of an inclinometer or tilt meter by the forces of a current in
      determining the velocity and direction of flow of currents in a body of
      water without removal of the device from the water.
PAR  Another object of the present invention is to provide a sensing apparatus
      for inclinometers or tilt meters on which electrical circuits are mounted
      so that upon the orientation of the inclinometer by the action of a
      current acting thereon, the electrical circuits are appropriately affected
      and transmit information obtained thereby determining the current velocity
      and direction without the necessity of removing the inclinometer from the
      body of water.
PAR  A further object of the present invention is to provide a sensing and
      tranmitting apparatus for inclinometers or tilt meters in which a
      plurality of circuits of different resonant frequencies are mounted on a
      magnetically oriented sphere that is constantly aligned in a vertical
      position and with the magnetic north pole in a body of water and a
      sense-drive coil that is mounted on the housing tilted by the forces of
      the current in both magnitude and direction, which information is received
      and recorded without the necessity of removing the inclinometer from the
      body of water.
PAR  A still further object of the present invention is to provide an apparatus
      for inclinometers or tilt meters for sensing and recording on magnetic
      tape, the magnitude and direction of tilt simultaneously with the
      happening, which information is a measure of the current forces and
      direction without the necessity of removing the inclinometer or tilt meter
      from the body of water.
PAR  With these and other objects in view, the invention will be best understood
      from a consideration of the following detailed description taken in
      connection with the accompanying drawings forming a part of this
      specification, with the understanding, however, that the invention is not
      confined to any strict conformity with the showing of the drawings but may
      be changed or modified so long as such changes or modifications mark no
      material departure from the salient features of the invention as expressed
      in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a perspective view of a ship in a body of water using my
      inclinometer for determining the current force and direction.
PAR  FIG. 2 is an enlarged perspective view of the combined housing and
      inclinometer with the housing partially broken away.
PAR  FIG. 3 is an exploded view of the inclinometer.
PAR  FIG. 4 is a perspective view showing the inner sphere in dotted lines and
      the tuned circuits in solid lines.
PAR  FIG. 5 is a cross sectional view of the inclinometer.
PAR  FIG. 6 is a diagram of the tuned circuit.
PAR  FIGS. 7-14 inclusive are plan views of the various signal wave forms.
PAR  FIG. 15 is a view similar to FIG. 5 showing an alternate construction of my
      inclinometer.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings wherein like numerals are used to designate
      similar parts throughout the several views, the numeral 10 refers to a
      conventional hollow cylindrical housing for containing a tilt member 11 in
      the chamber 12 of the housing 10 whose ends are sealed by covers 13 and
      14. The cover 13 is removable being secured to the end of the housing 10
      by means of fasteners (not shown).
PAR  Mounted on the removable cover 13 and extending upwardly in the chamber 12
      of the housing 10 is the tilt meter or inclinometer 11 consisting of a
      sphere 16 neutrally buoyant in a fluid 17 contained in a larger hollow
      spherical housing 18. The fluid 17 compeletely enshrouds the sphere 16 so
      that there is a layer of fluid interposed between the two spheres thereby
      reducing friction therebetween to an absolute minimum. The spherical
      housing 18 is secured to the cover plate 13 by a base member 20 cemented
      to the cylindrical housing at one end and to the cover plate 13 at the
      other end. The base member 20 is hollow to receive a conventional photo
      sensing device 23 in vertical alignment with a second photosensing device
      24 mounted in a bracket 25 and positioned above the spherical housing 18.
PAR  Wound about the outer sphere 18 in a horizontal plane passing through the
      center of the sphere 18 are coils of wire 26 forming a drive-sense circuit
      -A-. The coils 26 are connected by a wire 27 that extends through a
      watertight opening 28 along with wires 29 and 30 connected to the photo
      electric sensing devices 23 and 24. The wires 27, 29 and 30 extend to
      voltmeters, oscilloscope for visual reading or other suitable electronic
      processing circuitry capable of producing signals for recording as on
      magnetic tape.
PAR  The sphere 16 is provided with a pair of tuned circuits -B- and -C- of
      different frequencies, with each of these circuits consisting of coils of
      wire 31 and 32 respectively extending about the surface of the sphere 16.
      The coils 31 and 32 lie in great circles about the sphere 16 at right
      angles to each other. A bar magnet 19 is mounted horizontally below the
      center of the sphere 16 with its ends secured to the inner surface of the
      sphere 16. The bar magnet 19 lies in coplanar relation with the coil 31
      and is at right angles to a line passing through the position of the
      crossing of the coils 31 and 32 at the zenith -M- and nadir -N-. As a
      result of this arrangement of parts, the sphere 16 is compelled to always
      be vertically disposed and oriented to the magnetic north pole of the
      earth, notwithstanding the effects of current velocity and force subjected
      on the housing 10. The drive sense-coil 26 of the circuit -A- lies in a
      great circle about the spherical housing 18 in a plane parallel with the
      plane of the magnet 19 when the instrument is in the upright position.
      Each of the inductance coils 31 and 32 are connected in series with a
      capacitor 40, so that each of the tuned circuits 31 and 32 will respond to
      a current flowing in the drive-sense coil 26.
PAR  The surface of the sphere 16 is divided into four quadrants 33, 34, 35 and
      36; quadrants 33 and 35 being painted black while quadrants 34 and 36 are
      painted white. These quadrants may be black, white, or otherwise optically
      contrasting. The black quadrant 33 extends about the sphere 16, bounded by
      the coil 31 on two sides and at its third side by the great circle 37 that
      is perpendicular to the axis of the sphere 16 passing through the zenith
      -M- and nadir -N-. The white quadrant 34 is opposite the black quadrant 33
      bordered by the coil 31 on two sides and the great circle 37 on its third
      side. The black quadrant 35 and white quadrant 36 are below the great
      circle 37 and positioned opposite each other with the coil 32 bordering on
      the two sides of the quadrants 35 and 36 and the great circle 37 on their
      third side.
PAR  Upon applying a series of impulses of electric current at regular intervals
      of time through the drive-sense coil 26 there will be induced in each of
      the tuned circuits -B- and -C- decaying oscillation of voltage which, in
      the intervals between the applied impulses of current, will induce back
      into the sensing circuit a signal whose voltage is a measure of the amount
      of tilt of the spherical housing 18. Since the tuned circuits are of
      different frequencies, two signals will be induced in the sensing circuit
      to indicate tilt in two directions, namely North-South and East-West and
      as explained in detail hereinafter, this information will be sufficient to
      indicate direction and magnitude of tilt which is a measure of direction
      of flow and the velocity of the current effecting that particular tilt of
      the inclinometer.
PAR  When the combined cylindrical housing 10 and inclinometer 11 are placed in
      a body of water in which there is no current present, the housing 10 and
      the sphere 16 and spherical housing 18 will become vertically disposed
      with the inner sphere 16 oriented toward the magnetic north pole. Now when
      pulses of electric current is applied to the coil 26 the drive-sense
      circuit -A- by way of the wire 27 a magnetic field is created about the
      coil 26. There will be no current induced in the tuned circuit -B- because
      the coil 31 of the tuned circuit -B- is at exactly right angle to the
      drive-sensor coil 26 and thereby inducing no voltage therein. Therefore,
      no signal will be returned to the conventional signal receiving equipment
      such as the oscilloscope. However if there is a current flow in the body
      of water as shown in FIG. 1, the housing 10 and inclinometer 11 will tilt
      in the direction of the flow of current so that now the spherical housing
      18 will tilt with relation to the sphere 16 which will always be found
      exactly vertically disposed and oriented to the magnetic north pole. Now
      the periodic electric current pulses applied to the sensing circuit -A-
      through the wire 27 will induce a voltage in the tuned circuits -B- and
      -C- since the coils 31 and 32 of the tuned circuit -B- and -C- are no
      longer at right angle to the coil 26 of the drivesense circuit -A- but at
      an angle thereto. The momentary magnetic field caused by the impressed
      current in the coil 26 induces a voltage pulse in the coils 31 and 32
      proportional to the sine of the angle of tilt between the coils 26 and 31
      and the coils 26 and 32, so that the greater the tilt the higher the
      voltage and, of course, the angle and direction of flow of the water
      current. Between the periodic pulses of electric current impressed on the
      drive-sense circuit -A-, the induced voltages in the circuits -B- and -C-
      will effect a decaying signal return of amplitude commensurate with amount
      of tilt. The circuits -B- and -C- are of different resonant frequencies
      and so can be distinguished, whereby the amount of tilt in each of the
      North-South and East-West directions can be distinguished and ascertained.
      FIGS. 7 and 8 reveal the wave form seen on an oscilloscope of the
      individual decaying voltages effected by the circuits -B- and -C- which
      are resonating at different frequencies, the amplitude of these wave-forms
      being determined by the angle or component of tilt in the North or South
      direction and East or West direction respectively. These two components as
      vectors when combined will result in the actual direction in the
      North-South area or East-West area and magnitude or force of the current
      that effected the tilt of the inclinometer. The photo-sensing devices 23
      and 24 are used to discriminate as to which of the two directions the tilt
      has occured. If the housing 10 and 18 tilt to the north-east, photo
      sensing device 23 will be viewing the black quadrant 35 and the device 24
      will view the white quadrant 34 to send the appropriate signals to
      indicate same. If the water flow is to the north west, the device 10 will
      tilt to the north west so that the photo sensing device 24 will view the
      black quadrant 33 and the device 23 will view the black quadrant 35. If
      the water flow is to the south east the device 23 will view the black
      quadrant 35 and the device 24 will view the white quadrant 34, and if the
      water flow is to the sourth west, the device 23 will view the white
      quadrant 36 and the device 24 will view the white quadrant 34.
PAR  Now, the direction and the force of the current causing the tilt can be
      ascertained by the apparatus 10, since the drive sensor circuit 26
      delivers two signals of different frequencies that are a measure of the
      amplitude of tilt in the north-south and the east-west directions and the
      photo sensors 23 and 24 discriminate between north and south and between
      east and west to permit the determination of the current as to direction
      and force. FIGS. 7 to 14 inclusive show the wave forms produced by the
      coils 26 for the particular orientations as indicated on each of the
      Figures.
PAR  As an alternate construction of my inclinometer 11, the use of the
      photosensing devices 23 and 24 can be omitted as well as the need for
      dividing the inner sphere 16 into black and white quadrants. In lieu
      thereof, as shown by FIG. 15, the spherical housing 18 is provided with
      two sets of coils or windings 41 and 42 lying in a great circle about the
      sphere 18 at right angle to each other and to the coil 26 of the drive
      circuit -A-. The coils 41 and 42 are connected by wires 43 and 44
      respectively, which wires extend with the wire 27 through the opening 28
      in the cover 13 to the aforementioned electronic equipment (not shown) on
      a boat or on shore. The coil 31 and 41 are in coplanar relation as are the
      coils 32 and 42 when the spherical housing 18 is in a vertical and neutral
      position as shown by FIG. 15.
PAR  With the spheres 16 and 18 in the positions shown by FIG. 11, upon applying
      a periodic pulses of electric current to the drive circuit -A-, there will
      be no voltages induced in the circuits -B- and -C- since their respective
      coils 31 and 32 are exactly at right angle to the coil 26 of the drive
      circuit -A-.
PAR  Upon the inclinometer 10 being tilted by the force of a current so that the
      spherical housing 18 rotates in a north or westerly direction voltages
      will be induced in the tuned circuits -C- and -B- since the coils 32 and
      31 will be positioned at an obtuse angle with relation to the drive coil
      26. These decaying oscillations of voltages induced by the pulses of
      current applied to the drive circuit -A- cause a signal to be induced in
      the sense circuits -X- and -Y- whose wave forms commence with a positive
      peak as shown by FIGS. 7 and 8. The combined wave form of tilt in the
      north-west direction as seen on the oscilloscope is shown by FIG. 9.
PAR  If the tilt of the inclinometer 10 effected by the current is in the south
      or easterly direction the wave forms will be as shown by FIGS. 7 and 8
      respectively except that the wave forms commence with a negative peak as
      shown by FIGS. 10 and 11 with FIG. 12 showing the combined wave forms of
      the tilt of the inclinometer in the south-easterly direction as shown on
      an oscilloscope. FIG. 13 shows the wave form for the tilt of the
      inclinometer in the north-east direction, while FIG. 14 shows the wave
      form for the tilt of the inclinometer in the south-west direction. It can
      readily be noted that the inclinometer shown by FIG. 15 is capable of
      indicating the two directions of tilt that, when combined, indicate the
      precise direction and magnitude of the current being measured by the
      inclinometer.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. Apparatus for sensing the direction and amplitude of tilt of an
      inclinometer for measuring the force velocity and direction of a current
      of a body of water movement comprising a cylindrical housing having end
      caps thereon, a spherical housing contained within said cylindrical
      housing, said spherical housing attached to an end cap a movable sphere
      within said spherical housing, a fluid contained within said spherical
      housing maintaining said sphere in spaced relation to said spherical
      housing, means for tethering said cylindrical housing in a body of water,
      a bar magnet mounted within said sphere below the center of gravity of
      said sphere, the center of gravity of the sphere and the center of gravity
      of the magnet defining a line which is perpendicular to the magnet for
      maintaining said sphere in a vertical position and oriented toward the
      magnetic north pole, the combination comprising a plurality of tuned
      circuits of different resonant frequencies mounted in great circles about
      said sphere and at substantially right angles to each other, each of said
      tuned circuits consisting of a plurality of coil windings connected in
      series with a capacitor, one of said tuned circuits lying in a common
      plane with said magnet, a drive coil mounted on said spherical housing at
      right angles to each of said tuned circuits and lying in a plane
      substantially parallel to that of said magnet when said cylindrical
      housing is positioned in an upright position, means for applying an
      impulse of electric current to said drive coil whereby a voltage impulse
      is induced in said tuned circuits causing said tuned circuits to oscillate
      inducing signals in said drive coil that indicate the amount of tilt of
      said cylindrical housing with relation to said sphere and further means
      for distinguishing the directions of tilt of said cylindrical housing.
NUM  2.
PAR  2. The structure as recited by claim 1 wherein said further means comprises
      a plurality of photosensing devices on said spherical housing and directed
      toward each other, said photosensing devices being positioned
      substantially at the intersections of said tuned circuits when said
      cylindrical housing is in upright position, the surface of said sphere
      being divided into optically contrasting quadrants, whereby in conjunction
      with the photosensing devices the direction of the inclination can be
      ascertained when said cylindrical housing is tilted.
NUM  3.
PAR  3. The structure as recited in claim 2 wherein said further means comprises
      a plurality of sense coils mounted on said spherical housing in
      substantial coplanar relation with said coils of said tuned circuits.
NUM  4.
PAR  4. The structure as recited in claim 3 wherein said tethering means
      comprises said cylindrical housing, said spherical housing mounted in said
      cylindrical housing with the axis of said cylindrical housing passing
      through the center of said spherical housing, and securing means extending
      from said cylindrical housing permitting said apparatus to incline in the
      direction of the water flow and to the degree of inclination caused by the
      force of the water flow.
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ABST
PAL  An internal cavity calorimeter for measuring the output power from an edge
      coupled unstable laser resonator with a variable rectangular mode geometry
      while containing the radiation inside the resonator. The 45.degree.
      output coupling mirror of a conventional edge coupled unstable cavity is
      replaced by a calorimeter assembly including an absorbing copper plate
      having a rectangular hole of variable width w and height h to define a
      rectangular mode of variable width Mw and height Mh within the geometric
      optics approximation where M is the magnification.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalty
      thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for measuring the output power of an
      edge coupled unstable resonator and, more particularly, the invention is
      concerned with providing a calorimeter which includes a flat absorbing
      metal plate positioned perpendicular to the optical axis of the resonator
      and includes a variable aperture thereby permitting the collection of
      information as to the lasing intensity distribution as a function of the
      mode geometry.
PAR  The conventional method for extracting laser power from an unstable
      resonator is by diffraction past the boundaries of the smallest cavity
      mirror. This so-called "edge coupling" technique is generally accomplished
      in one of two ways, either a small "finite edge" coupling mirror is
      suspended in the optical axis or a 45.degree. mirror with a hole parallel
      to the optical axis is positioned in the optical axis. An optical window
      is required when the laser cavity region is below atmospheric pressure.
PAR  The mode geometry of an edge coupled unstable resonator is determined by
      the magnification of the mirrors and the cross sectional shape of the
      coupling mirror. There will be an optimum mode geometry for extracting
      maximum power from a specified gain region. The gain distribution in an
      arc driven continuous wave (CW) HF laser, for instance, cannot currently
      be modeled theoretically in terms of the various experimental parameters
      such as gas flow rates, plenum pressure, arc current and voltage etc. The
      measurement of the output power for different mode geometries presently
      requires several expensive mirrors and, typically, a vacuum output window
      of good optical quality. Thus, it would be most desirable and beneficial
      to be able to determine the optimum mode geometry for an unstable
      resonator by measuring experimentally the variation of output power for
      different mode geometries without the use of a coupling mirror or optical
      output window.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with providing an apparatus for
      measuring the output power from an edge coupled unstable resonator as a
      function of mode geometry without fabrication of a variety of coupling
      mirrors and without the need for a window. The apparatus includes a flat
      absorbing metal plate positioned perpendicular to the optical axis of the
      resonator and replacing the output coupling mirror therein. A rectangular
      hole in the plate is centered with and orthogonal to the cavity axis. The
      radiation intercepted by the plate which is preferably water cooled,
      provides the unstable cavity output power while containing the radiation
      within the cavity.
PAR  Accordingly, it is an object of the invention to provide an absorbing plate
      calorimeter for use with an edge coupled unstable laser resonator.
PAR  Another object of the invention is to provide apparatus for measuring the
      output power from an edge coupled unstable resonator as a function of mode
      geometry without fabrication of a variety of coupling mirrors and without
      the need for a window.
PAR  Still another object of the invention is to provide a variable aperture
      calorimeter having an absorbing "plate" constructed from four separate
      leaves which can be independently varied. By measuring the power in each
      leaf, the lasing intensity distribution pattern can be obtained.
PAR  A further object of the invention is to provide a variable aperture
      calorimeter which is useful for experimentally determining the optimum
      mode geometry for extracting maximum power from a specified gain region of
      an edge coupled unstable resonator.
PAR  A still further object of the invention is to provide a variable area
      calorimeter absorbing scraper which is suitable for determining the power
      tradeoff between mode width and the number of folds in a folded unstable
      resonator configuration.
PAR  Another still further object of the invention is to provide an apparatus
      for measuring the power output from a laser having high output power
      levels and which is inexpensive and simple to construct as compared to a
      typical output coupling mirror. Also, with minor modifications, the
      inventive concept applies to high energy pulsed lasers as well as
      continuous wave chemical lasers.
PAR  These and other objects, features, and advantages will become more apparent
      after considering the following detailed description taken in conjunction
      with the illustrative embodiments in the accompanying drawings wherein
      like reference numerals are used throughout to identify like elements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings
PAR  FIG. 1 is a schematic view of a prior art edge coupling technique for power
      extraction from an unstable cavity using a "hole" output coupling mirror;
PAR  FIG. 2 is a schematic view of a prior art edge coupling technique for power
      extraction from an unstable cavity using "finite edge" mirror coupling
      with a finite size cavity mirror;
PAR  FIG. 3 is a side view of a variable aperture calorimeter-absorbing scraper
      according to the invention for unstable resonator power measurement;
PAR  FIG. 4 is an end view of the water cooled calorimeter absorbing plates
      showing the variable aperture feature; and
PAR  FIG. 5 is a side view of the variable aperture calorimeter technique
      according to the invention for determining optimum folded unstable
      resonator mirror geometry.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, the conventional devices for extracting
      laser power from an unstable resonator is by diffraction past the
      boundaries of the smallest cavity mirror. This so-called "edge coupling"
      technique is accomplished either by the use of a 45.degree. mirror with a
      hole parallel to the optical axis as shown in FIG. 1 or by the use of a
      suspended small mirror as shown in FIG. 2. The mode of geometry for a
      fixed magnification is determined by the size and shape of the hole in the
      output coupling mirror or, equivalently, by the size and shape of the
      small mirror.
PAR  In the prior art devices shown in FIGS. 1 and 2, an optical window 13 is
      required when the laser cavity region 15 is below atmospheric pressure. In
      FIG. 1 which depicts the case of a rectangular hole of width w and height
      h in the output coupling mirror 17, the rectangular field pattern of the
      output beam within the geometric approximation is shown for a
      magnification M. In FIG. 2, the suspended small mirror 19 operates as a
      "finite edge" coupling mirror so that the laser power from the unstable
      resonator can be extracted by diffraction past the boundaries thereof.
      Thus, it can be seen that the measurement of the output power from an edge
      coupled unstable resonator for different mode geometries has required
      expensive mirrors and, typically, a vacuum output window of good optical
      quality. In order to determine the optimum mode geometry for extracting
      maximum power from a specified gain region of an arc driven continuous
      wave HF laser for instance, it is necessary that the various experimental
      parameters including gas flow rates, plenum pressure, arc current and
      voltage, etc., be varied and the output power be determined with each of
      the changes in the mode geometry. The hereinafter described calorimeter
      measures the output power from a continuous wave edge coupled unstable
      resonator without the use of a coupling mirror or window and with a
      variable mode geometry.
PAR  A schematic diagram of the apparatus according to the invention is shown in
      FIG. 3 and includes an internal calorimeter for measuring the output of a
      continuous wave edge coupled unstable resonator. The calorimeter includes
      an absorbing copper plate assembly 21 which replaces the output coupling
      mirror of the unstable resonator. A rectangular hole 23 in the plate 21 is
      centered with and orthogonal to the cavity axis 25. The radiation
      intercepted by the plate 21 which is preferably water cooled, provides the
      unstable cavity output power while containing the radiation within the
      cavity. In a preferred embodiment, the absorbing plate 21 is constructed
      from four separate movable rectangular leaves labeled T, B, U, and D (FIG.
      4). By varying the location of these leaves, the height Mh and the width
      Mw (where M is the magnification) of the unstable cavity geometric mode
      can be varied independently for a fixed cavity magnification. Furthermore,
      by measuring the power in each leaf of the calorimeter independently, one
      can obtain information in the lasing intensity distribution transverse to
      the optical axis.
PAR  The heat absorbed in the leaves T, B, U, D of the plate 21 is measured by
      calorimetry and corresponds closely to that measured when the beam is
      output coupled through a window. The only error is the known reflection
      loss of the window and a small amount of spillover in the backside of the
      plate 21 which can be minimized by making the back surface a diffuse
      reflector. The front surface can be made black (greater than 98%
      absorption) with an oxide coating such as Ebanol"C" on copper and a thirty
      degree included angle groove cut. Thus the abosrbing plate calorimeter is
      similar to the known closed cavity power measurement technique applied to
      a stable resonator in that the radiation is completely contained within
      the resonator. It is different in the sense that it measures output power
      from an unstable resonator rather than the maximum potential multimode
      power from the active medium.
PAR  The variable aperture calorimeter (absorbing scraper) shown in FIG. 3 can
      be applied to a CW HF (DF) confocal unstable resonator. The output power
      versus mode geometry and distance of the optical axis from the nozzle exit
      plane can be measured for different nozzle designs, resonator
      magnifications and cavity pressures in both HF and DF. The top (T) and
      bottom (B) calorimeter leaves (see FIG. 4) are slightly displaced
      (approximately 0.5 in.) with respect to the upstream (U) and downstream
      (D) leaves to achieve the variable mode geometry. The pairs of leaves are
      mounted such that the hole width w and height h can be varied for a fixed
      optical axis position 25.
PAR  One further application for the variable area calorimeter absorbing scraper
      device is indicated in FIG. 5. For many devices such as CW gas dynamic
      CO.sub.2 laser or a CW DF-CO.sub.2 transfer diffusion chemical laser the
      positive gain region extends tens of centimeters downstream of the nozzle
      exit plane. In order to saturate the gain sufficiently such that all of
      the available single transverse mode output power is extracted, a folded
      unstable resonator is sometimes useful as shown in FIG. 5. By placing the
      absorbing calorimeter 21 outside the folding mirrors and varying the
      angles and positions of the cavity mirrors, the optimum mode width and
      number of folds required for maximum power extraction efficiency can be
      determined experimentally.
PAR  Thus, for a given laser and a given geometric magnification of the unstable
      resonator, the optimum mode geometry for maximum power extraction
      efficiency can be determined experimentally. In a typical experiment using
      a CW DF confocal unstable resonator, the internal abosrbing plate
      calorimeter hereinbefore described correctly measured the output power.
      The values of w and h were varied for the fixed optimum mirror alignment.
      It was found that nearly 90 percent of the power obtained with the maximum
      2.5 cm wide mode is obtained with a 1.5cm wide mode. The power
      distribution on the variable area calorimeter leaves for several positions
      of the center of the rectangular hole in the plate 21 would give an
      indication of the optimum unstable resonator mode geometry for a given
      nozzle design and flow condition.
PAR  Although the invention has been illustrated in terms of preferred
      embodiments thereof, the invention is not limited to these embodiments or
      to the preferred configurations mentioned. For example, it will be
      apparent to those skilled in the art that the variable area calorimeter
      absorbing plate 21 can be fabricated of two L shaped sliding plates which
      allow variation in the size and shape of a rectangular mode volume. Also,
      it should be understood that various changes, alterations, modifications
      and substitutions particularly with respect to the construction details
      can be made in the arrangement of the several elements without departing
      from the true spirit and scope of the appended claims.
CLMS
STM  Having thus described my invention, what I claim and desire to secure by
      Letters Patent of the United States is:
NUM  1.
PAR  1. An internal cavity calorimeter for measuring the output power from an
      edge coupled unstable laser resonator comprising, an absorbing metal plate
      positioned orthogonal to the cavity axis between the active medium and an
      output coupling mirror, said plate having an aperture in the central
      portion thereof, means for varying the size and shape of the aperture in
      said absorbing metal plate including four separate leaves in perpendicular
      relationship to one another, each of said leaves being independently
      movable to produce a corresponding variation of the unstable cavity
      geometric mode independently for a fixed cavity magnification, and means
      for independently measuring the power absorbed by each leaf, thereby
      indicating the lasing intensity distribution pattern for the unstable
      laser resonator while containing the radiation within the cavity.
NUM  2.
PAR  2. The internal cavity calorimeter defined in claim 1 wherein said
      absorbing metal plate is fabricated of copper.
NUM  3.
PAR  3. The internal cavity calorimeter defined in claim 1 wherein the absorbing
      surface of each of said leaves is coated with a black oxide coating and
      the inner edge of each of said leaves is provided with a thirty degree
      included angle, thereby making said leaves over 98 percent absorbing.
NUM  4.
PAR  4. The internal cavity calorimeter defined in claim 3 wherein the back
      surface of each of said leaves is made of a diffuse reflector thereby
      minimizing the spillover of radiation from the absorbing surface.
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ABST
PAL  An electromagnetic apparatus for measuring the flow velocity of an
      electrically conductive fluid is placed in the fluid flow and has a pair
      of pipe portions, one pipe portion being placed within the other. Means is
      provided for producing a magnetic field in the fluid flow, this means
      being mounted between pipe portions. The pipe portions carry a number of
      electrodes positioned at right angles to both the direction of the fluid
      flow and the direction of the produced magnetic field and serving to sense
      the electric potential.
PAL  Calibration of the apparatus is performed by passing the fluid flow through
      the internal pipe portion, the potential difference proportional to the
      fluid flow velocity being sensed by electrodes mounted on the internal
      pipe portion.
PAL  The internal pipe portion makes it possible to calibrate the apparatus with
      small amount of fluid flow.
PAL  In case the apparatus is employed to measure flow velocity in pipelines,
      the internal pipe portion of said apparatus can be made to extend through
      the wall of the pipeline, and this allows to check the apparatus in
      operation.
PAL  To increase the intensity of the magnetic field, a magnetic core is
      inserted into the internal pipe portion. In this case, for the time of
      calibration this magnetic core is replaced by an equivalent magnetic core
      mounted outside the outer pipe portion.
BSUM
PAR  The invention relates to means for measuring flow velocities and flow rates
      of electrically conductive fluids and in particular to an electromagnetic
      apparatus for measuring the flow velocities of an electrically conductive
      fluid in large diameter pipelines and in open channels and to a method of
      calibration thereof.
PAR  Some types of electromagnetic apparatuses for measuring the flow velocity
      of an electrically conductive fluid in large diameter pipelines and in
      open channels are widely known. Such measuring apparatuses are positioned
      either outside the pipeline or inside the fluid flow.
PAR  The known electromagnetic velocity meters which are externally placed on
      the pipelines usually include a measuring length of the pipeline made of a
      nonmagnetic material, means for producing a magnetic field, this means
      being mounted on the outside of the measuring length of the pipeline and
      generating a magnetic flux at right angles to the direction of the fluid
      flow and means for sensing the electric potential in the flowing fluid,
      this means being arranged in the form of a pair of electrodes mounted
      along a diameter of the pipeline at right angles to the direction of the
      fluid flow and to the direction of the magnetic field.
PAR  It is characteristic for such velocity meters that the size of the means
      for producing a magnetic field, as well as power consumption and costs,
      rapidly increase with the increase of the pipeline diameter. Moreover, for
      each diameter of the pipeline a proper size of the meter is required. This
      presents an obstacle to the unification of electromagnetic velocity meters
      and makes them more expensive.
PAR  The main difficulty with the above mentioned velocity meters arises when
      the calibration and checking thereof are made by a direct method, which
      consists in actually passing fluid through the velocity meter and requires
      large amounts of fluid corresponding to the large diameter pipelines for
      which the velocity meter is designed. Owing to this, the calibration
      stands should be extremely large in size and expensive, and it is usually
      preferably to use indirect methods of calibration which, though somewhat
      satisfactory, are not accurate enough.
PAR  There are also electromagnetic velocity meters which are immersed in the
      fluid flow. They include means for producing a magnetic field, said means
      being positioned in a housing of streamlined shape. When a fluid flows in
      the magnetic field, an electric field is generated in this fluid. The
      electric potential generated in the fluid is sensed by a pair of
      electrodes mounted at the ends of the housing diameter.
PAR  These velocity meters are relatively small in size but their direct
      calibration and checking for large diameter pipelines are also performed
      on complicated calibration stands and require large amounts of fluid.
PAR  In the known electromagnetic velocity meters positioned on the outside of
      the pipeline, to reduce the required amount of fluid flow, for the time of
      checking a flat duct having a rectangular cross section is placed within
      the measuring length of the pipeline, the flat duct having a pair of
      electrodes extending transversely through the opposed walls of the duct.
      The flat duct is located within the measuring length of the pipeline in
      such a way that the pair of electrodes are positioned along a diameter of
      the pipeline at right angles to the direction of the magnetic field. With
      this arrangement, only a small amount of fluid flow is necessary for the
      checking of electromagnetic velocity meters. But this method does not
      solve the problem of the checking of the velocity meters in operating
      conditions without interruption of the production process, as for the time
      of checking it is necessary to disconnect the velocity meter from the
      production circuit, to check it and to reinstall it in the production
      circuit.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved electromagnetic apparatus for measuring the flow velocity and
      flow rate of an electrically conductive fluid in the large diameter
      pipelines and channels, the apparatus to be so arranged that only a small
      amount of fluid is necessary for its calibration.
PAR  Another object of the invention is to provide a possibility of checking
      electromagnetic velocity meters in the operation, without dismantling.
PAR  Still another object of the invention is to provide a possibility of using
      for a range of pipelines of different sizes one relatively small size of
      the velocity meter with negligible power consumption and active losses.
PAR  Still another object of the invention is to provide a method of calibration
      of the electromagnetic velocity meters requiring only small amounts of the
      fluid flow passing through the inner tubular duct.
PAR  Yet another object of the invention is to provide a method of calibration
      of the electromagnetic velocity meter with a magnetic core in the inner
      tubular duct.
PAR  With these and other objects in view, the present invention provides
      apparatus for measuring the flow velocity of an electrically conductive
      fluid, the apparatus being positioned within the fluid flow and comprising
      means for producing a magnetic field in the fluid flow and means for
      sensing the electric potential developed in the fluid flow as a
      consequence of the produced magnetic field, this means being mounted at
      right angles both to the direction of the flow and to the direction of the
      produced magnetic field. According to the invention the means for
      producing a magnetic field is mounted between two pipe portions one of
      which is placed within the other, and the means for sensing the electric
      potential is arranged in the form of two groups of electrodes of which the
      first one is mounted on the external surface of the outer pipe portion and
      serves for sensing the electric potential corresponding to the velocity of
      the fluid flow, and the second one is mounted on the inner surface of the
      internal pipe portion and serves for sensing the electric potential
      corresponding to the velocity of fluid passing through this pipe portion.
PAR  The pipe portions are preferably of a non-magnetic material electrically
      insulated from the fluid.
PAR  The pipe portions can be of an electrically insulating material.
PAR  One pipe portion is preferably coaxially positioned within the other.
PAR  When the velocity meter is placed within a pipeline the internal pipe
      portion preferably extends through the wall of the pipeline.
PAR  The electrodes of the first group can be electrically connected in pairs
      with the electrodes of the second group.
PAR  The space between the pipe portions, with the means for producing the
      magnetic field positioned in it, is preferably filled with an electrically
      insulating compound.
PAR  The cross-cut ends of the pipe portions are preferably covered by
      detachable cowls.
PAR  A magnetic core can be placed in the internal pipe portion.
PAR  The magnetic core is preferably insulated from the electrodes mounted on
      the internal pipe portion in case when those electrodes are electrically
      connected in pairs to the electrodes mounted on the outer pipe portion.
PAR  With these and other objects in view, the essence of the present invention
      resides in that the method of calibration of the electromagnetic apparatus
      for measuring the flow velocity of an electrically conducting fluid is
      realized, according to the invention, by that a duct of the internal pipe
      portion is connected to a calibration device and a flow of fluid is forced
      through, a group of electrodes mounted on the inner surface of internal
      pipe portion is connected for the duration of calibration to the indicator
      of an electromagnetic velocity meter, a magnetic field is produced by the
      means for producing a magnetic field located on the internal pipe portion,
      which magnetic field is normal to the flow of fluid and the
      electromagnetic velocity meter is calibrated in the velocity of the fluid
      flow forced through the duct of the internal pipe portion, determined by
      the readings of the calibration device.
PAR  If the apparatus for measuring the flow velocity has a magnetic core in the
      internal pipe portion, during the calibration of the apparatus this
      magnetic core may be replaced by an equivalent magnetic core positioned
      outside the outer pipe portion and having the radius of the inner surface.
      ##EQU1##
      where: r.sub.1 is the radius of the inner surface of the equivalent
      magnetic core,
PA1  r.sub.2 is the radius of the inner surface of the means for producing the
      magnetic field,
PA1  r.sub.3 is the radius of the external surface of the means for producing
      the magnetic field,
PA1  r.sub.4 is the radius of the external surface of the magnetic core,
PAL  the equality of currents passing through the means for producing the
      magnetic field before and after the replacement of the magnetic core by an
      equivalent magnetic core being achieved by inserting adjusting rings.
DRWD
PAR  The above-mentioned and other objects and advantages of the invention will
      become more apparent from the following discription of the preferred
      embodiments of the invention which are represented in the accompanying
      drawings, wherein:
PAR  FIG. 1 is a general view of an electromagnetic apparatus for measuring the
      flow velocity of an electrically conductive fluid in accordance with the
      present invention;
PAR  FIG. 2 shows a longitudinal section of the apparatus of FIG. 1 positioned
      in a pipeline along its axis in accordance with the present invention;
PAR  FIG. 3 shows a cross-sectional view of the apparatus of FIG. 1 positioned
      in a pipeline along its axis in accordance with the present invention;
PAR  FIG. 4 shows a cross-sectional view of an electromagnetic apparatus for
      measuring the flow velocity of an electrically conductive fluid, wherein
      the electrodes mounted on the internal pipe portion are electrically
      connected in pairs with the electrodes mounted on the outer pipe portion
      in accordance with the invention;
PAR  FIG. 5 shows a longitudinal section of an electromagnetic apparatus for
      measuring the flow velocity of an electrically conductive fluid, wherein
      the internal pipe portion extends through the wall of the pipeline in
      accordance with the invention;
PAR  FIG. 6 is a longitudinal section of an electromagnetic apparatus for
      measuring the flow velocity of an electrically conductive fluid, wherein a
      magnetic core is placed in the internal pipe portion in accordance with
      the invention;
PAR  FIG. 7 is a cross-sectional view of an electromagnetic apparatus for
      measuring the flow velocity of an electrically conductive fluid, wherein
      an equivalent magnetic core is placed outside the outer pipe portion in
      accordance with the invention.
DETD
PAR  The electromagnetic apparatus for measuring the flow velocity of an
      electrically conductive fluid shown on the FIG. 1 has two pipe portions 1
      and 2 of different diameters.
PAR  The pipe portion 2 is coaxially positioned within the pipe portion 1, both
      pipe portions being circular in cross-section. The pipe portions 1 and 2
      can be of an electrically insulating material or of a non-magnetic
      material insulated from the fluid. Means for producing a magnetic field is
      placed in the space between the pipe portions 1 and 2, and is made in the
      form of exciting coils 3.
PAR  Means for sensing the electrical potential developed in the fluid flow as a
      consequence of the produced magnetic field is arranged in the form of two
      groups of electrodes. The electrodes of the first group 4 are positioned
      on the external surface of the outer pipe portion 1 and the electrodes of
      the second group 5 are positioned on the inner surface of the internal
      pipe portion 2. The electrodes of the two groups 4 and 5 are mounted along
      a diameter of the pipe portions at right angles to the direction of the
      fluid flow and to the direction of the magnetic field.
PAR  The shape and the cross-section of the outer pipe portion 1 are governed by
      the shape of the exciting coils 3 and should also comply with the
      requirements of hydrodynamics, in particular, there should be no
      turbulence in the fluid flow at places where the electrodes 4 are mounted.
PAR  Opposite ends of the pipe portions 1 and 2 are closed by removable cowls 6
      preferably of streamlined shape.
PAR  To eliminate fluid penetration into the means for producing a magnetic
      field and to increase reliability and rigidity of thee apparatus, the
      space between the pipe portions, with the exciting coils positioned in it,
      is filled with an electrically insulating compound.
PAR  An alternative embodiment of the invention is possible, wherein said
      electrically insulating compound, with the exciting coils positioned in
      it, acts as the internal and outer pipe portions 1 and 2. In this case a
      duct is formed in the compound, and electrodes 4 and 5 are placed in the
      compound so that they come into contact with the fluid flow to be
      measured.
PAR  To install the electromagnetic apparatus for measuring the flow velocity,
      hole is cut in the wall of a pipeline 7 through which hole the apparatus
      is inserted into the pipeline. The apparatus is fixed to the hole cover 9
      by means of two structs 8 which are streamlined in section so as not to
      cause turbulence. The struts 8 contain the leads (not shown) to the coils
      and to the electrodes of the two groups. The ends of the leads are closed
      by a cover 10.
PAR  FIG. 3 shows by the way of example a cross-sectional view of an apparatus
      installed in the pipeline 7 and having the means for producing a magnetic
      field in the form of two exciting coils 3 positioned symmetrically with
      respect to the straight line on which the two groups of electrodes 4 and 5
      are placed.
PAR  FIG. 4 shows a possible embodiment of the invention, wherein the electrodes
      4 are electrically connected in pairs with the electrodes 5. In this case
      the struts 8 contain only one pair of leads for the two groups of
      electrodes 4 and 5.
PAR  To check the apparatus in operating conditions, without dismantling it, the
      internal pipe portion 2 (FIG. 5) is provided with a pair of tubes II
      extending through the wall of the pipeline 7. The ends of the tubes II are
      covered by end caps 12. Said tubes are attached to the cover 9 and thus
      the fixed position of the apparatus inside the pipeline is ensured. The
      form and the length of the tubes II are selected in compliance with the
      requirements of hydrodynamics. The leads to the electrodes and to the
      exciting coils can be attached to the tubes II. Such an arrangement allows
      to measure simultaneously the velocity and the flow rate of two fluid
      flows, for example in heat-exchangers. In this case the groups of
      electrodes 4 and 5 should be connected to two independent indicators, or
      they can be connected to one indicator provided switching-over is ensured.
PAR  To increase the magnetic flux and the sensivity of the apparatus, a
      magnetic core 13 can be placed inside the inner pipe portion. The length
      of the magnetic core 13 can be equal to or less than that of the inner
      pipe portion 2. The magnetic core can be of electric sheet steel.
PAR  Calibration of the apparatus having a magnetic core is performed by
      replacing, for the time of calibration, the magnetic core 13 mounted
      inside the internal pipe portion by an equivalent magnetic core 14 mounted
      outside the outer pipe portion (FIG. 7).
PAR  The apparatus of the present invention is based on the law of
      electromagnetic induction according to which in the fluid flowing at right
      angles to the magnetic field an electric field is generated which is
      proportional to the velocity of the flow. When a current is passed through
      the exciting coils 3 the produced magnetic field would extend transversely
      across the internal pipe portion 2 and the outside area limited by the
      pipeline 7, wherein the apparatus is installed. As an unambiguous
      functional dependence exists between the magnetic fluxes inside the
      internal pipe portion 2 and outside the apparatus, the potential
      differences sensed by the electrode groups 4 and 5 in the fluid flowing
      with the same speed through the internal pipe portion 2 or through the
      pipeline 7 would be proportional to each other and would differ by a
      constant factor which depends on the dimensions of the apparatus and may
      equal unity.
PAR  Thus for flow velocity measurements both the internal pipe portion 2 and
      the area outside the apparatus can be used.
PAR  In the proposed apparatus the duct formed by the internal pipe portion 2 is
      utilized, in the main, for calibration and checking of the apparatus by
      passing small amounts of fluid, and the area outside the apparatus serves
      for flow velocity measurements.
PAR  After the apparatus is manufactured, it should be calibrated.
PAR  Calibration of the apparatus is performed on a calibration stand
      corresponding to the inner diameter of the internal pipe portion 2 (FIG.
      1). The cowls 6 are removed, the apparatus is installed on the stand, and
      the duct formed by the internal pipe portion 2 is connected by means of
      tubes with a measuring tank of the calibration stand.
PAR  The electrodes 5, which are in contact with the fluid flowing through the
      duct formed by the internal pipe portion, are connected by leads 15 to an
      amplifier 16 which, in turn, is connected to an indicator 17. When
      electric current is passed through the exciting coils 3, a magnetic field
      is generated across the fluid flow passing through the duct formed by the
      internal pipe portion 2, this magnetic field inducing an electric field in
      the fluid. The potential difference developed in the fluid is sensed by
      the electrodes 5 and serves a measure of the flow velocity. For the
      purpose of calibration the fluid is passed with different velocities
      through the duct formed by the inner pipe portion 2, and the relation is
      established between the readings of the apparatus and the values of the
      flow velocity determined with the aid of the measuring tank. Flow rates
      are selected for the calibration in accordance with the relation existing
      between the cross-sectional area of the duct formed by the internal pipe
      portion and of the pipeline in which the apparatus is to be installed.
PAR  For example, if the diameters of the internal pipe portion duct and of the
      pipeline are in the ratio of 1:10, then the maximum flow rate required for
      calibration of the apparatus is almost 100 times less than the maximum
      flow rate to be measured in the pipeline. For the calibration of the
      apparatus a coefficient is introduced to account for unequality of the
      potential differences sensed by the electrodes 4 and 5 when the fluid
      having the same velocity flows through the duct formed by the internal
      pipe portion 2 and through the area outside the apparatus. The value of
      this coefficient depends on the dimensions of the apparatus, and in
      optimal case it can equal unity.
PAR  The calibration being over, the electrodes 5 are disconnected from the
      amplifier 16 and from the indicator 17. The cross-cut ends of the
      apparatus are covered by the cowls 6, after which the apparatus can be
      installed in a pipeline of a large diameter and used for the actual
      measurements.
PAR  For the actual use the apparatus is installed in a fluid flow, for example,
      in the pipeline 7 (FIG. 2).
PAR  The fixed position of the apparatus in the pipeline 7 is achieved by means
      of two struts 8 attached to the cover 9. The leads 15 (FIG. 1) connect the
      electrodes 4 through the amplifier 16 to the indicator 17, and the
      exciting coils 3 are connected to a source of supply (not shown on the
      FIG. 1).
PAR  When the electric current is passed through the exciting coils 3, a
      magnetic field is generated which extends transversely across the fluid
      flow in the pipeline and induces an electrical field in the flow. The
      potential difference developed in the fluid flow is sensed by the
      electrodes being in contact with the fluid flow. The potential difference
      is a measure of velocity of the fluid flow in which the apparatus is
      installed.
PAR  If the pipeline cross-sectional area and the law of velocity distribution
      across the fluid flow are known, the potential difference sensed by the
      electrodes can serve a measure of the fluid flow rate in the pipeline 7.
PAR  To check the apparatus in the operating conditions, the leads 15 (FIG. 1)
      of the electrodes 4 are disconnected from the indicator 17 and, instead of
      them, leads of the electrodes 5 (FIG. 5) are connected to this indicator.
      The end caps 12 are removed, and the tubes II are connected to the
      checking device. Through the internal pipe portion a fluid is passed
      having the properties similar to those of the fluid flowing through the
      pipeline 7 in the operating conditions, and then a magnetic field is
      produced across the fluid flow.
PAR  The checking of the apparatus is performed by comparing the readings of the
      indicator 17 (FIG. 1) to the readings of the checking device.
PAR  After checking, the leads of the electrodes 4 are again connected (instead
      of the leads of the electrodes 5) to the indicator 17 through the
      amplifier 16, the end caps 12 (FIG. 5) are reinstalled, and the apparatus
      is ready for the actual use.
PAR  As is clear from the description of the calibration, checking and actual
      use of the apparatus, the electrodes 4 and 5 (FIG. 1) are used
      alternatively -- the electrodes 5 are used for calibration and checking,
      that is for measurements of the flow velocity in the duct formed by the
      internal pipe portion 2, and the other group of electrodes 4 is used in
      the operating conditions, that is for measurements of the flow velocity
      outside the apparatus. To simplify the apparatus, the electrodes 4 (FIG.
      4) can be electrically connected in pairs with the electrodes 5. With this
      arrangement, it is also possible to measure the velocity difference of two
      flows passing simultaneously through the inner pipe portion 2 and outside
      the apparatus.
PAR  To increase the sensitivity of the apparatus, a magnetic core 13 is placed
      in the internal pipe portion 2 (FIG. 6).
PAR  It should be noted that when such a magnetic core 13 is mounted inside the
      internal pipe portion 2 (FIG. 4), the group of electrodes 5 should be
      electrically insulated from the magnetic core.
PAR  To allow for the influence of the magnetic core 13 on the calibration
      characteristic, a coefficient is introduced which represents the ratio of
      magnetic induction values in several characteristic points outside the
      apparatus, in proximity to the electrodes 4, before and and after the
      insertion of the magnetic core 13. The limited accuracy of the magnetic
      field induction measurements in the operating conditions causes additional
      errors. To achieve higher accuracy of the apparatus, for the time of
      calibration the equivalent magnetic core 14 is mounted on the outside of
      the apparatus (FIG. 7), the parameters of this magnetic core 14 being so
      selected as to ensure the same sensitivity of the apparatus during its
      calibration and in the actual use, i.e. when the magnetic core 13 is
      inserted in the internal pipe portion. This is achieved when the two
      magnetic cores cause an identical increase in the magnetic flux and an
      identical change of the inductance of the exciting coils producing this
      field.
PAR  With symmetrically positioned exciting coils, the identical influence on
      the sensitivity of the apparatus is produced by magnetic cores having the
      parameters determined by the following relation
      ##EQU2##
      where r.sub.1 is the radius of the inner surface of the equivalent
      magnetic core,
PA1  r.sub.2 is the radius of the inner surface of the exciting coils,
PA1  r.sub.3 is the radius of the external surface of the exciting coils,
PA1  r.sub.4 is the radius of the external surface of the magnetic core.
PAR  The process of calibration consists in the following. Before calibration,
      the inductance of the magnetic system consisting of the exciting coils 3
      (FIG. 6) and the magnetic core 13 is measured. Then the magnetic core 13
      is removed and replaced by the magnetic core 14 (FIG. 7) mounted around
      the external surface of the apparatus and having the radius of the inner
      surface as determined by the relation (I).
PAR  After this the inductance of the magnetic system consisting of the exciting
      coils 3 and the equivalent magnetic core 14 is measured. The inductances
      of this system and the system including the magnetic core 13 should be the
      same. If they are not identical, due to inaccuracy of the manufacturing of
      the magnetic core 14, it is necessary to regulate its parameters by
      inserting adjusting rings until the identity of the inductance values is
      achieved with required accuracy. In both cases current intensity in the
      magnetic system may serve a measure of inductance under stable a.c.
      voltage and frequency.
PAR  Then the apparatus with the equivalent magnetic core 14 is installed in the
      stand, where it is calibrated in accordance with the described method, and
      its calibration is performed using the duct formed by the internal pipe
      portion. When the calibration is over, the equivalent magnetic core 14 is
      removed, and the magnetic core 13 is reinstalled in the apparatus. The
      position of the magnetic core 13 is checked by measuring the intensity of
      current passing through the means for producing a magnetic field.
PAR  With the proposed method, the calibration accuracy may be considerably
      improved.
PAR  It should now be apparent that in accordance with the concept of the
      invention -- an apparatus placed in the fluid so that the latter flows
      past it; with a duct of an insulating material positioned inside said
      apparatus -- only a small amount of liquid is required to calibrate and
      check an electromagnetic apparatus for measuring flow velocities in large
      diameter pipes and open channels. This allows to eliminate complicated
      calibration stands. Moreover, if said duct extends through the wall of the
      pipeline in which the flow velocity is measured, the velocity meter can be
      checked in the operating conditions without mantling and dismantling it.
      It is evident that the velocity meter of described construction may be
      also employed to measure the flow velocities in two pipelines
      simultaneously.
PAR  In addition, with this invention, it is possible to use one size of the
      velocity meter for a range of pipes having different diameters, without
      additional calibration.
PAR  It should be noted that the described apparatus is small in size and
      weight.
PAR  Obviously, numerous modifications and variations are possible within the
      scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Electromagnetic apparatus for measuring the flow velocity of an
      electrically conductive fluid, the apparatus being positioned within the
      fluid flow and comprising a pair of pipe portions of different diameters,
      one pipe portion being placed within the other; means for producing a
      magnetic field in the fluid, said means being mounted between said pipe
      portions; means for sensing the electric potential developed in the fluid
      flow as a consequence of the produced magnetic field, said means being
      mounted at right angles both to the direction of the flow and to the
      direction of the produced magnetic field and consisting of two groups of
      electrodes of which the first one is mounted on the external surface of
      said outer pipe portion and serves for sensing the electric potential
      corresponding to the velocity of the fluid flow, and the second one is
      mounted on the inner surface of said internal pipe portion and serves for
      sensing the electric potential corresponding to the velocity of the fluid
      passing through this pipe portion, an indicator whereto one of said groups
      of electrodes is connected and which reads the measured fluid flow
      velocity.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said electrodes of the first
      group mounted on said outer pipe portion are electrically connected in
      pairs to said electrodes of the second group mounted on said internal pipe
      portion.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said pipe portions are of an
      electrically insulating material.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein said pipe portions are of a
      non-magnetic material electrically insulated from the fluid.
NUM  5.
PAR  5. Apparatus according to claim 2, wherein a magnetic core is placed in
      said internal pipe portion, said magnetic core being electrically
      insulated from said group of electrodes mounted on the inner surface of
      said internal pipe portion.
NUM  6.
PAR  6. Apparatus according to claim 2, further including detachable cowls
      positioned at the two opposite ends thereof.
NUM  7.
PAR  7. Apparatus according to claim 2, inserted in a pipeline and further
      including two tubes connected to the ends of said inner pipe portion and
      extending through the wall of said pipeline.
NUM  8.
PAR  8. Apparatus according to claim 2, further including an electrically
      insulating compound filling the space between said internal and outer pipe
      portions to seal in the components disposed therein.
NUM  9.
PAR  9. Apparatus according to claim 2, wherein said internal pipe portion is
      coaxially positioned within said outer pipe portion.
NUM  10.
PAR  10. Apparatus according to claim 1, wherein said pipe portions are of an
      electrically insulating material.
NUM  11.
PAR  11. Apparatus according to claim 1, wherein said pipe portions are of a
      non-magnetic material electrically insulated from the fluid.
NUM  12.
PAR  12. Apparatus according to claim 1, wherein a magnetic core is placed in
      said internal pipe portion.
NUM  13.
PAR  13. Apparatus according to claim 1, further including detachable cowls
      positioned at the two opposite ends thereof.
NUM  14.
PAR  14. Apparatus according to claim 1, inserted in a pipeline and further
      including two tubes connected to the ends of said inner pipe portion and
      extending through the wall of said pipeline.
NUM  15.
PAR  15. Apparatus according to claim 1, further including an electrically
      insulating compound filling the space between said internal and outer pipe
      portions to seal in the components disposed therein.
NUM  16.
PAR  16. Apparatus according to claim 1, wherein said internal pipe portion is
      coaxially positioned within said outer pipe portion.
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ABST
PAL  A vortex type flowmeter having a body member, a cover member and an
      interior varying diameter cavity formed in the body member in which fluid
      is introduced to flow in a generally helical pattern within the cavity,
      the fluid being introduced at the periphery of the cavity having the
      largest diameter and the fluid exiting from an aperture at the center of
      the vortex formed by the helical flow. The flowmeter includes a toothed
      rotor mounted for rotation within the cavity and the flow of fluid causes
      the rotor to rotate within the cavity at a rotational rate which is
      generally directly related to the velocity of flow. The flowmeter is
      provided with a light-emitting diode and photosensitive transistor
      combination which senses the passage of each of the teeth as the rotor is
      rotating within the cavity. The assembly further includes a spoiler
      assembly which takes the same general configuration as the rotor, the
      spoiler assembly being mounted closely adjacent and parallel to the rotor
      to cause shear drag on the rotor at high flow rates to improve the down
      side response time of the rotor after the flow of fluid has been
      decreased. In this way the linearity of the assembly is enhanced.
BSUM
PAR  The purpose of the foregoing abstract is to enable the Patent Office and
      the public generally, and especially the scientists, engineers or
      practitioners in the art who are not familiar with patent or legal terms
      or phraseology, to determine quickly from a cursory inspection the nature
      and essence of the technical disclosure of the application. The abstract
      is neither intended to define the invention of the application, which is
      measured by the claims, nor is it intended to be limiting as to the scope
      of the invention in any way.
PAC  BACKGROUND AND SUMMARY OF THE DEVELOPMENT
PAR  This invention relates generally to a vortex type flowmeter and more
      particularly to a vortex flowmeter having a photoelectric, rotor-velocity
      sensing system and a spoiler system to improve the down side response time
      of the meter assembly.
PAR  A vortex flowmeter generally consists of a confined, generally inverted
      frustro-conical vortex chamber with a tangential inlet to the vortex
      chamber and a central outlet. The vortex causes fluid flowing into the
      chamber to swirl in a generally helical fashion toward the outlet conduit
      to cause the fluid to increase in velocity as the diameter of the flow
      path is decreased. Thus, a vortex flowmeter has the tendency to increase
      the velocity of the fluid through the meter as it is being measured.
      Typically, a movable unit is provided in the chamber, which unit is acted
      on by the fluid in the chamber. A measuring system is provided to sense
      the movement of the movable unit.
PAR  In certain prior art flowmeters, it has been proposed to introduce a ball
      in a raceway within the vortex cavity, which ball is moved along an
      interior diameter of the vortex cavity by the swirling fluid to be
      measured. In this system, a magnetic pickup is provided which generally
      consists of a permanent magnetic and a pickup coil arrangement, which
      arrangement senses the passage of the ball through the magnetic circuit.
      As the ball approaches the magnetic circuit, the reluctance of the circuit
      is decreased, which reduction in reluctance is sensed by the pickup coil.
      Also, other systems have contemplated the provision of a reed switch
      pickup arrangement to sense the passage of the ball.
PAR  In systems of the type described above, it is seen that the ball provides a
      single pulse per revolution of the ball within the vortex cavity, which
      results in a low resolution as only a single revolution of the ball per
      revolution of fluid is created. Also, magnetic pickups and reed switch
      pickups create a drag on the ball due to the interaction between the ball
      and the magnetic circuit in the case of the pickup coil arrangement and
      the magnetic interaction between the ball and the reed switch in the case
      of the reed switch arrangement. Thus, serious problems are introduced to
      the measuring of relatively low flow rates.
PAR  Also, in systems such as described above, a problem is introduced in the
      response time of the meter when the fluid flow is suddenly reduced or
      cut-off due to the fact that the fluid tends to continue swirling and the
      ball continues its travel even after the reduction in flow rate has been
      achieved. Thus, it has been desired to improve the response time on the
      down side of the flowmeter cycle at high flow rates.
PAR  With the system of the present invention, it is contemplated that the
      interior vortex cavity is provided with a toothed rotor and a
      light-emitting diode-phototransistor sensing arrangement whereby the
      passage of each tooth is sensed by the diode-phototransistor sensing
      system. In the system of the present invention, the rotor is fabricated of
      a generally unitary structure with a plurality of teeth formed therein,
      the number of teeth being selected to achieve the desired resolution at
      low flow rates. Further, the light-emitting diode and phototransistor
      arrangement is positioned to bridge the gap through which each tooth is
      passing to sense the passage of each of the rotor teeth. In this way, a
      large number of pulses per revolution may be generated to achieve
      resolutions of, for example, twenty-two to twenty-four hertz at a low flow
      rate of approximately five pounds per hour and nine hundred hertz at a
      high flow rate of approximately a hundred and fifty pounds per hour. It
      has been found that an accuracy of approximately a quarter of a percent of
      the value read may be achieved.
PAR  With regard to the problem of improving the response time on the down side
      of the measuring cycle, the assembly of the present invention includes a
      spoiler arrangement which generally takes the shape of a spider similar to
      the rotor utilized in the vortex cavity. This spider is mounted proximate
      the rotor and parallel thereto, the spider being formed with teeth facing
      the rotor teeth. With this arrangement, fluid is trapped between the
      spider teeth to create a static fluid condition. With this static fluid
      condition, the passage of swirling fluid past the static fluid creates a
      fluid shear drag condition which tends to cause the rotor to slow down at
      a faster rate when the fluid has been cut off. Thus, the response time on
      the down side of the cycle is greatly improved.
PAR  Accordingly, it is one object of the present invention to provide an
      improved vortex flowmeter.
PAR  It is another object of the present invention to provide an improved vortex
      flowmeter having a high resolution relative to prior systems.
PAR  It is a further object of the present invention to provide an improved
      vortex flowmeter having a relatively low drag due to the rotational pickup
      system.
PAR  It is a further object of the present invention to provide an improved
      vortex flowmeter having a resolution which is as high as is desired
      consistent with providing the proper interaction between the swirling
      fluid and the rotational member to be sensed.
PAR  It is a further object of the present invention to provide a spoiler
      arrangement for use in a fluid flowmeter to enhance the down side response
      time of the flowmeter.
PAR  It is still another object of the present invention to provide an improved
      vortex flowmeter down side response time by providing an assembly for
      creating a fluid shear drag on the rotating fluid after the source of
      fluid has been reduced or cut off.
DRWD
PAR  Further objects, features and advantages of this invention will become
      apparent from a consideration of the following description, the appended
      claims and the accompanying drawings in which:
PAR  FIG. 1 is an end view, partially broken away, of a flowmeter incorporating
      certain features of the present invention;
PAR  FIG. 2 is a cross-sectional view of FIG. 1 taken along line 2--2 thereof;
PAR  FIG. 3 is a perspective schematic view illustrating the principle of a
      vortex flowmeter;
PAR  FIG. 4 is a side view of the flowmeter of FIG. 1 in full line;
PAR  FIG. 5 is an end view of the flowmeter of FIG. 1 in full line;
PAR  FIG. 6 is a view of the spoiler unit illustrating a portion of the teeth in
      full line, the spoiler corresponding to the spoiler illustrated in section
      in FIG. 2; and
PAR  FIG. 7 is a schematic diagram illustrating one preferred pickup system and
      amplifier circuit which is adapted to be utilized in conjunction with the
      flowmeters of FIGS. 1 to 6.
DETD
PAR  Referring now to FIGS. 1 and 2, there is illustrated a flowmeter assembly
      10 which incorporates the features of the present invention. The flowmeter
      10 basically includes a body member 12 which may be cast or otherwise
      formed to provide a vortex flow chamber 14, the vortex flow chamber being
      provided with a tangential flow of fluid at the greatest diameter thereof
      by means of an inlet port 16. The outlet for the chamber 14 is provided at
      the least diameter portion of the vortex chamber 14, the outlet 20 being
      concentrically located within the chamber 14 and being in fluid connection
      with an output port 22. As is seen from FIGS. 1 and 3, the outlet port 22
      is tangential to the small diameter portion of the chamber 14.
PAR  Referring to FIG. 2, it is seen that the assembly 10 is illustrated in
      cross section wherein the body portion 12 is illustrated as forming the
      cavity 14, the cavity being closed by a cover member 28. The body portion
      12 is formed with a countersunk aperture 30 into which a projection 32 of
      the cover member 28 fits to close the chamber 14. The body member 12 has
      also been formed with an interior groove 36, the groove being adapted to
      receive an O-ring 38 to provide a further seal for the interior cavity of
      the body 12.
PAR  FIGS. 2 and 3 best illustrate the flow of fluid from the entry port 16 to
      the exit port 22, the entry port 16 including a small diameter jet 40, one
      portion of the interior wall of which enters the cavity 14 along a tangent
      to the largest diameter of the cavity 14. In this way a tangential flow of
      fluid is introduced into the vortex cavity at the largest diameter
      thereof. Fluid introduced at inlet 16 flows along the wall 46 of the
      largest diameter portion to form a swirling action, the vortex of the
      swirl being concentric with a small diameter portion 48. The exit port 20
      is positioned as illustrated in dotted lines in FIG. 1 so that the fluid
      is drawn from the cavity 14 at the center of the vortex.
PAR  FIG. 3 illustrates the flow of fluid in schematic form wherein fluid is
      introduced at the inlet port 16, flows in the vortex chamber 14 and is
      exited at the exit port 22. From the schematic drawings it is seen that a
      vortex is formed, the diameter of the swirling fluid decreasing as the
      fluid flows from the inlet to the outlet ports. In accordance with common
      fluid dynamic principles, the fluid velocity as it enters the port 16
      multiplied by the diameter from the center of the vortex is equal to the
      fluid velocity as it is exited from the vortex chamber multiplied by the
      diameter of the fluid from the center of the vortex. Thus, the fluid
      increases in velocity as the diameter of the fluid flow from the center of
      the vortex decreases.
PAR  The swirling fluid reacts with a rotor assembly 50, the rotor assembly
      including a shaft 52 which is journalled in an aperture 54 in the body
      portion and an aperture 56 in the cover portion. The rotor assembly
      includes a bearing assembly 58, the inner race of which is journalled on
      the shaft 52 and the outer race of which is journalled on an interior
      aperture of a rotor member 60. Thus, the rotor 60 is adapted to rotate
      relative to the shaft 52 in response to the interaction between the rotor
      60 and the swirling fluid introduced into input port 16.
PAR  The rotor 60 is formed generally of a flat disc with a plurality of teeth
      62 formed therein, the teeth being formed with a central root 64 for each
      adjacent pair of teeth. The rotor also includes a plate portion 68 which
      does not extend to the outer periphery of the teeth 62. Thus, a groove is
      formed between adjacent teeth which extends from the tip of the tooth to a
      distance approximately one-quarter to one-third of the radius of the
      rotor. Also, a portion of the tooth is formed on one face of the integral
      plate 68. Thus, the teeth on one face of the rotor element 60 extend from
      approximately one-fourth of the distance from the shaft 52 toward the
      outer diameter of the rotor 60 to the extreme outer diameter of the rotor
      60. At the extreme outer edge of the rotor 60, the teeth extend completely
      through the rotor body.
PAR  As described above, the movement of the rotor is sensed by means of a
      light-emitting diode and phototransistor arrangement, the phototransistor
      and light-emitting diode arrangement being separated, one from the other,
      across the space defined by the large diameter portion 46 and the vortex
      cavity 14. The rotor 60 is adapted to rotate in this space, the through
      portion of the rotor teeth forming a light path between the light-emitting
      diode and phototransistor through the fluid swirling within the cavity 14.
PAR  Specifically, a light-emitting diode 68 is mounted within a sleeve 70, the
      sleeve 70 being positioned and cemented within a hole 72 formed in the
      body 12. A suitable sealing element 74 is provided to further seal the
      aperture 72 and a potting compound 76 closes the exterior portion of the
      aperture 72. It is to be understood that the sealing element 74 may also
      be a potting compound. The light-emitting diode 68 is adapted to shine
      light through a hole 76 formed in the body and concentric with the hole 72
      but of lesser diameter than the hole 72. This directs light across the gap
      formed by the large diameter portion 46 to be sensed by a phototransistor
      element 80. The phototransistor 80 is similarly mounted within a sleeve 82
      cemented within an aperture 84 formed in cover member 28. Again, a potting
      compound 86 is utilized to seal the aperture 84.
PAR  It will be seen from an inspection of FIG. 2, the light emitted by diode 68
      shines across the large diameter portion 46 into a small aperture 90
      formed in the cover 28 to be received by the phototransistor 80. The rotor
      element 62, positioned between the light-emitting diode 68 and
      phototransistor 80, will chop the light being transmitted through the
      fluid swirling within the cavity 14. In this way, the phototransistor 80
      is periodically energized to cause conduction of the phototransistor 80 in
      response to the chopped light generated across the gap 46. It is to be
      noted that the frequency of the energization of phototransistor 80 will be
      directly related to the number of times that a tooth of the rotor 60
      passes within the gap formed by large diameter portion 46. As will be seen
      from a description of FIG. 7, this energization of the phototransistor 80
      will be translated into a series of pulses for use by a frequency
      responsive meter.
PAR  Referring particularly to FIGS. 2, 4, and 5, it is seen that the leads from
      the phototransistor 80 are directed to a connector assembly 94 through a
      first groove 96 formed in the cover member, a second groove 98 also formed
      in the cover member and a third groove 100 formed in the body of the
      assembly. Thus, the leads for the phototransistor 80 are led to the
      opposite side of the flowmeter assembly. The groove 96 may be suitably
      closed by any potting material available for this purpose. The leads for
      the light-emitting diode 68 are also led into the connector assembly 94 by
      directly passing the leads through the potting compound 76.
PAR  FIGS. 4 and 5 illustrate the connector assembly 94 which includes a
      mechanical connector 101 which is adapted to connect to a suitable male
      connector (not shown). As is typical, the connector 100 includes a
      plurality of pins 102 which are adapted to be connected to the leads
      associated with the light-emitting diode and the phototransistors 68, 80,
      respectively. The entire assembly is held together by suitable fastener
      means 106 and the connector assembly is attached to the body member by
      means of suitable connectors 108.
PAR  As was stated above, the rotor 60 is mounted on bearing elements 58 and has
      a tendency to coast after the supply of fluid is cut off from the
      flowmeter assembly. Thus, the down side linearity of the flowmeter is
      greatly affected by the viscosity of the fluid, the flow rate at which the
      fluid is being admitted to the flowmeter before being cut off, and the
      degree of reduction of flow to the flowmeter. In order to enhance the
      linearity of the flowmeter on the down side, a spoiler assembly 110 has
      been provided to decrease the coasting effect of the rotor after the flow
      of fluid to the flowmeter has been reduced. This spoiler 110 has been
      selected, in the case of the instant invention, to be a structure which is
      identical in configuration to the rotor 60 but slightly thinner in cross
      section. This spoiler 110 is mounted on a face of the cover element 28 and
      parallel to and concentric with the rotor element 60. The teeth of the
      spoiler 110 are again identical to the teeth formed in the rotor element
      60; however, the plate member 68 is slightly thinner.
PAR  As was stated above, the spoiler 110 creates a shear drag force on the
      rotor with the swirling fluid within the cavity 14. When the flow of fluid
      is reduced to the cavity, the fluid trapped within the teeth of the
      spoiler 110 creates the drag force which reacts with the rotor 60 to cause
      the rotor 60 to follow a coasting curve which is greatly reduced in
      duration as the rotor approaches a speed very nearly that of the swirling
      fluid.
PAR  The portion of the rotor 60 facing the shear drag element 110 is
      illustrated as being a relatively flat plate to reduce the amount of drag
      created and thereby enhance the ability of the fluid to accelerate the
      rotor when the flow of fluid is being increased either from zero or to a
      flow to be measured or from a lower flow to a higher flow. The spacing
      between the shear element 110 and the rotor 60 is selected to be a
      compromise between the ability of the fluid to accelerate the rotor upon
      an increase in fluid flow and the ability of the rotor to follow the flow
      of fluid on the down side as the flow is being reduced. Obviously, the
      configuration of the shear drag element 110, or the rotor 60, may be
      changed to produce different configurations for the spoiler element 110 or
      the rotor 60. However, with the preferred configuration illustrated, a
      reduction in cost of the unit is provided due to the fact that similar
      elements may be produced from the same die.
PAR  In producing the rotor element 60, a silicon rubber mold is made from a
      gear having a 14-1/2.degree. press angle, with a twenty pitch and sixteen
      teeth. This silicon rubber mold is utilized to produce the rotor element,
      the rotor element being molded from an epoxy. The two surfaces of the
      rotor are concentric with and parallel to each other. The spoiler element
      110, in the preferred embodiment, has been selected to be slightly thinner
      than the rotor element. However, it is to be understood that the rotor may
      be utilized for the spoiler element 110.
PAR  Referring now to FIG. 7, there is illustrated a preferred circuit for
      translating the movement of the rotor between the light-emitting diode and
      the phototransistor to a series of pulses which may be fed to a frequency
      meter or like pulse measuring device. Specifically, the circuit 114
      includes the light-emitting diode which is fed from a positive source of
      potential at input terminal 116, the terminal being fed 8 and 10 volts
      positive DC. The current through the light-emitting diode is controlled by
      means of a constant current circuit 118 which includes a bias circuit for
      a transistor 120, the bias circuit including a current limiting resistor
      122 and a zener diode 124. The zener diode 124 is connected between the
      base electrode of the transistor 120 and a common electrode 126. The
      collector-emitter circuit of the transistor 120 also includes a resistor
      130. Thus, the voltage at input terminal 116 causes the zener diode 124 to
      avalanche thereby feeding a precise base-emitter bias voltage to the
      transistor 120. This will cause the transistor 120 to conduct at a
      constant current level.
PAR  This constant current is fed through the light-emitting diode 68, the
      light-emitting diode 68 being positioned in proximity to the
      phototransistor 80 as particularly illustrated in FIG. 2. As described in
      connection with the desciption of FIG. 2, the rotor blades 62 pass between
      the light-emitting diode 68 and the phototransistor 80 to chop the flow of
      light between light-emitting diode 68 and transistor 80. This causes the
      transistor 80 to intermittently conduct in synchronism with the passage of
      the space between two teeth.
PAR  The conduction of transistor 80 causes a transistor 132 to conduct due to
      the connection of the transistor 80 between the positive source of
      potential at terminal 116 and a base-emitter biasing circuit including
      resistors 134, 136. When the transistor 80 conducts, a voltage will be
      developed across resistor 136 to cause transistor 132 to conduct. The
      conduction of transistor 132 will cause the voltage at an output terminal
      140 to drop to very nearly the potential at the common terminal 126. Thus,
      the output terminal will provide negative going pulses each time that the
      transistor 132 conducts.
PAR  While specific configuration of elements and materials and dimensions have
      been illustrated, it is to be understood that many modifications and
      variations to the device and circuitry disclosed may be made. For example,
      the body member 12 may be molded from a non-metallic material and the
      reduced diameter portion may be formed in a generally frusto-conical shape
      to provide a linear transition of diameters from the largest to the
      smallest diameter of the cavity 14. These modifications may be made within
      the keeping of the spirit of the invention.
PAR  While it will be apparent that the preferred embodiments of the invention
      disclosed are well calculated to fulfill the objects above stated, it will
      be appreciated that the invention is susceptible to modification,
      variation and change without departing from the proper scope or fair
      meaning of the subjoined claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A vortex flowmeter comprising a body structure having a cavity formed
      therein, said cavity having a varying diameter from a large diameter
      section to a small diameter section, an inlet port positioned generally
      tangential to said large diameter portion and an outlet port positioned
      adjacent said small diameter portion for permitting the flow of fluid
      through said cavity in a generally swirling manner, a rotor positioned in
      said cavity having a plurality of teeth formed thereon, spoiler means
      positioned adjacent said rotor and in fluid coupling therewith, said
      coupling creating a shear drag on said rotor to improve the down side
      response time of said rotor, and a pickup system positioned to sense the
      passage of said teeth in response to the flow of fluid in said cavity.
NUM  2.
PAR  2. The flowmeter of claim 1 wherein said spoiler means includes teeth
      formed therein to receive fluid from said inlet port, said teeth trapping
      fluid therebetween.
NUM  3.
PAR  3. The flowmeter of claim 2 wherein said trapped fluid creates a static
      condition for said fluid, said static fluid reacting with other fluid
      between said rotor and spoiler means to slow the rotor down in a lesser
      period of time when the flow of fluid is reduced at said inlet port.
NUM  4.
PAR  4. The flowmeter of claim 3 wherein said spoiler means takes the same
      general configuration as said rotor.
NUM  5.
PAR  5. The flowmeter of claim 4 wherein said spoiler means is positioned
      parallel to said rotor and in the path of fluid flow from said inlet port.
NUM  6.
PAR  6. The flowmeter of claim 5 further including a cover member, said cover
      member mating with said body structure to close said cavity.
NUM  7.
PAR  7. The flowmeter of claim 6 wherein said spoiler means is mounted on said
      cover member within said cavity.
NUM  8.
PAR  8. The flowmeter of claim 7 wherein said body structure and said cover
      member include holes formed therein, one of said source and said pickup
      being positioned in said cover member and the other of said source and
      pickup being positioned in said body structure.
NUM  9.
PAR  9. The flowmeter of claim 8 wherein said source shines through the teeth of
      said spoiler means.
NUM  10.
PAR  10. A flowmeter comprising a body structure having a cavity formed therein,
      an inlet port positioned generally tangential to said cavity and an outlet
      port positioned remote from said inlet port for permitting the flow of
      fluid through said cavity in a generally swirling manner, a rotor
      positioned in said cavity having a plurality of teeth formed thereon, a
      pickup system positioned to sense the passage of said teeth in response to
      the flow of fluid in said cavity, and spoiler means positioned adjacent to
      and in fluid coupling with said rotor to reduce the slowdown time of said
      rotor when the flow of fluid to said cavity is reduced.
NUM  11.
PAR  11. The flowmeter of claim 10 wherein said spoiler means includes teeth
      formed therein to receive fluid from said inlet port, said teeth trapping
      fluid therebetween.
NUM  12.
PAR  12. The flowmeter of claim 11 wherein said trapped fluid creates a static
      condition for said fluid, said static fluid reacting with other fluid
      between said rotor and spoiler means to slow the rotor down in a lesser
      period of time when the flow of fluid is reduced at said inlet port.
NUM  13.
PAR  13. The flowmeter of claim 12 wherein said spoiler means takes the same
      general configuration as said rotor and said spoiler means is positioned
      parallel to said rotor and in the path of fluid flow from said inlet port.
NUM  14.
PAR  14. The flowmeter of claim 13 further including a cover member, said cover
      member mating with said body structure to close said cavity.
NUM  15.
PAR  15. The flowmeter of claim 14 wherein said spoiler means is mounted on said
      cover member within said cavity.
NUM  16.
PAR  16. The flowmeter of claim 15 wherein said body structure and said cover
      member include holes formed therein, one of said source and said pickup
      being positioned in said cover member and the other of said source and
      pickup being positioned in said body structure and wherein said source
      shines through the teeth of said spoiler means.
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ABST
PAL  For use in measuring air velocity and pressure changes in a duct, a gauging
      system comprising a gauge including a vertically extending transparent
      tube within which a ball moves to a position corresponding to the pressure
      in the tube above and below the ball, a velocity scale and a pressure
      scale extending alongside the tube and increasing from their lower end to
      their upper end, a vertically extending transparent shell enclosing the
      tube, and one or more rigid tubes for connecting the lower end of the
      gauge tube to the interior of the duct to read total pressure or static
      pressure and a flexible tube for connecting the upper end of the shell to
      the interior of the duct to read static pressure. The rigid tube or tubes
      provide a distal end portion with an open end arranged to be pointed
      upstream or opposite to the direction of flow of air through the duct to
      read total pressure including velocity pressure and static pressure while
      the flexible tube provides a distal end portion with an open end and
      arranged to read the static pressure. The static pressure, therefore,
      pushes downwardly upon the ball while the total pressure pushes upwardly
      on the ball such that the static pressure is subtracted from the total
      pressure leaving velocity pressure which corresponds to velocity. The
      gauging system can simply be carried into a walk-in duct to read the air
      velocity therein without drilling or cutting access holes in the duct
      wall. The gauging system can be used to read pressure drop or increase
      across an item such as a coil or fan in a duct.
BSUM
PAR  It is a primary object of the present invention to provide a low cost,
      durable, and easy-to-use gauge for measuring air velocity or pressure drop
      or pressure increase inside a duct. Importantly, the present invention
      provides a break-through in that an air-conditioning technician can be
      provided with a very easy to use and easy to understand gauging system
      which will read air velocity directly in feet per minute (fpm). The
      technician is not required to work with tables or charts to calculate air
      velocity inside a duct. In fact, the present invention makes the Pitot
      tube obsolete to the air-conditioning technician. While the average
      technician has never been able to use sucessfully a Pitot tube and all the
      calculations involved therewith, any technician can use the system of the
      present invention easily to read air flow velocity directly without
      calculation, in feet per minute.
PAR  I refer to my copending application Ser. No. 441,042, filed Feb. 11, 1974,
      while discloses a slide rule-type computer for calculating total air flow
      in cubic feet per minute (cfm) when the air velocity is known and the
      duct, diffuser or grill size and characteristics are known. With the
      gauging system of the present invention and such a computer, a technician
      can very quickly and easily determine air flow in (cfm).
PAR  The accuracy of the system of the present invention is phenomenal. The
      gauge portion of the system has been checked by a testing organization and
      found to be 98% accurate as compared to a laboratory-type inclined
      manometer which is considered to be very accurate.
PAR  With the equipment of the present invention, all a technician has to do is
      to drill or otherwise to form a couple of small openings in the wall of a
      duct. Using the system of the present invention, the technician reads
      total pressure including static pressure and velocity pressure through one
      of the openings and simultaneously reads static pressure through the other
      opening. The system of the present invention is designed to subtract
      automatically the static pressure from the total pressure to provide
      velocity pressure which, in turn, corresponds to velocity. The system of
      the present invention includes an air velocity scale expressed in feet per
      minute (fpm).
PAR  The prior art includes several patents showing various devices for
      measuring air velocity. Such patents are, U.S. Pat. Nos. 2,003,474;
      1,947,923; 979,516; 1,454,301;  2,413,352; 2,087,279; 1,889,705;
      2,645,124; 2,655,041; 2,827,008; and 2,993,374. Reference is made to these
      prior art patents and to the prior art references cited therein.
PAR  The Dwyer et al. U.S. Pat. No. 2,993,374 shows a commercially available air
      meter offered by the F. W. Dwyer Mfg. Company, Michigan City, Indiana, as
      its Series VT air volume gauges. The Dwyer et al. gauge shown in U.S. Pat.
      No. 2,993,374 and in the advertisements by the F. W. Dwyer Mfg. Company
      establish that the gauge is to be used twice, once to measure total
      pressure and another time to measure static pressure. In other words, only
      one tube at a time can be hooked to the Dwyer gauge. The system of the
      present invention differs from the Dwyer system in that one tube or tube
      means can be hooked to one end of the gauge to read total pressure while
      another tube or tube means is hooked to the other end of the gauge to read
      static pressure and automatically to subtract the static pressure from the
      total pressure, leaving velocity pressure which corresponds to velocity
      expressed in feet per minute on a scale adjacent the velocity pressure
      scale.
PAR  The F. W. Dwyer Mfg. Company does offer for sale gauging systems which read
      velocity pressure directly and which include an input of total pressure
      and an input of static pressure, but these gauges include inclined
      manometers which would be difficult if not impossible for most
      air-conditioning mechanics to use.
PAR  The two Schweitzer U.S. Pat. Nos. 1,947,923 and 2,003,474 identified above
      show gauging devices including vertically extending tubes within which
      light-weight balls travel to indicate velocity pressure or velocity. The
      devices of those Schweitzer patents, however, differ from the device of
      the present invention in that they are not designed for reading, within a
      duct, velocity pressure directly by taking simultaneously total pressure
      and static pressure readings and automatically subtracting the static
      pressure readings.
PAR  The use of an impact tube velocity pressure measuring system is taught, in
      principle, in laboratory books. Reference is made, for instance, to
      chapter 38, Testing, Adjusting and Balancing by A.S.H.R.A.E. Guide and
      Data Book -- Systems -- 1970 and to FIG. 15 which shows, diagrammatically,
      an impact meter reading simultaneously velocity pressure and total
      pressure. However, on page 609 which includes FIG. 15, there is the
      statement "Velocity impact meters (FIG. 15) generally have a very high
      cost because of a need for precise construction and calibration. The
      meters are generally of specially contoured glass or plastics permitting
      observation of a flow float. As flow increases, the flow float rises in
      the see-through calibrated tube permitting observation of flow rate.
      Velocity impact meters generally have high accuracy, but are so expensive
      that their major use is in the laboratory."
PAR  Of course, the system of the present invention constitutes an improvement
      because, for the first time and in contrast to the above-quoted statement,
      a technician can be provided a low cost gauging system which is quite
      rugged and which can be used in the field accurately to measure air
      velocity in all sorts of ducts. It is the technician who must care for the
      heating and cooling systems after they are installed, but the complexities
      of present air measuring systems make such care extremely difficult.
PAR  The system of the present invention comprises a gauge including a
      vertically upwardly extending transparent gauge tube having an open lower
      end and an open upper end, the tube having a plurality of vertically
      spaced apart venting apertures in the side wall thereof, a vertically
      extending transparent shell enclosing the tube and having an upper end
      extending above the upper end of the tube and a lower end closed to the
      lower end of the tube, a light-weight ball movable in the tube to a
      vertical position corresponding to the pressure therein above and below
      the ball, and means providing an air velocity scale extending alongside
      the tube and increasing from the lower end to the upper end. Such a tube
      has been offered commercially for several years by the assignee of the
      present application. Its use, up until the present invention, has been in
      reading the velocity of air emanating from a diffuser or grill or in
      reading the velocity of air moving into a return air duct or up a flue. In
      the past, before the present invention, a flexible tube was placed on the
      lower end of the gauge tube and the distal end of the flexible tube was
      held to receive air emanating from a diffuser or grill into a room. The
      height to which the ball would move would read directly the velocity of
      the air. The velocity of air entering a return air duct or going up a flue
      was read by placing a flexible tube on the upper end of the shell or in
      connection with the upper end of the shell and then sticking the distal
      end of the flexible tube adjacent to or into the grill or upwardly into
      the flue. Of course, in reading air velocity in an open space as
      contrasted to the space within a duct, the static pressure can be, for all
      practical purposes, ignored. Inside a duct, however, the static pressure
      must be taken into consideration.
PAR  The system of the present invention further includes first tube means for
      connecting the lower end of the gauge tube to the interior of the duct,
      the first tube means having a distal end portion with an open end arranged
      to be pointed upstream opposite to the direction of flow of air through
      the duct to read total pressure including velocity pressure and static
      pressure, and second tube means for connecting the upper end of the gauge
      shell to the interior of the duct, the second tube means having a distal
      end portion with an open end arranged to extend into the duct to be
      pointed away from upstream to read the static pressure. The second tube
      means may also have a distal end portion with an open end pressed against
      the duct wall to surround an opening therein to read static pressure. In
      the system of the present invention, the total pressure pushes upwardly
      upon the light-weight ball while the static pressure introduced at the
      upper end of the shell pushes downwardly upon the ball to subtract the
      static pressure from the total pressure. Now, with such a system, the
      technician automatically reads velocity pressure, or to him, the velocity
      pressure expressed in velocity of feet per minute.
PAR  Importantly, the system of the present invention can simply be carried into
      a walk-in duct to read the air velocity therein without drilling or
      cutting holes in the wall of the duct.
PAR  Still further, the gauging system of the present invention is designed to
      be used in measuring pressure changes, i.e., increases or decreases,
      across apparatus in ducts. For instance, the system may be used to measure
      the pressure change across a fan or blower in a duct or duct system as
      well as across a filter, evaporator coil or other such item. The
      simultaneous reading of static pressure on the suction side and exhaust
      side of a fan is readily connected into air flow capacity in cfm of the
      fan. In reading pressure change across a fan, the upper end of the gauge
      shell is connected to the suction side of the fan and the lower end of the
      gauge tube is simultaneously connected to the exhaust side of the fan. In
      reading pressure change across an item such as a filter or evaporator, the
      upper end of the gauge shell is connected to the duct downstream from the
      item while the lower end of the gauge tube is simultaneously connected to
      the duct upstream from the item.
PAR  Other objects and features of the present invention will become apparent as
      this description progresses.
PAR  To the accomplishment of the above and related objects, this invention may
      be embodied in the forms illustrated in the accompanying drawings,
      attention being called to the fact, however, that the drawings are
      illustrative only, and that changes may be made in the specific
      constructions illustrated and described, so long as the scope of the
      appended claims is not violated.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary perspective view showing the gauging system of the
      present invention;
PAR  FIG. 2 is a fragmentary view, partially cut away and partially sectioned,
      showing the gauging system applied in a different manner to a duct;
PAR  FIG. 3 is an elevational view of the gauge portion of the system of the
      present invention;
PAR  FIGS. 4 and 5 are sectional views taken generally along the lines 4, 5-4, 5
      in FIG. 3;
PAR  FIG. 6 is a fragmentary view showing the gauging system applied in a
      different manner to a duct;
PAR  FIG. 7 is a fragmentary view showing the gauging system applied in still a
      different manner to a duct;
PAR  FIG. 8 is a fragmentary view of a walk-in duct showing the system used
      therein by a technician;
PAR  FIG. 9 is a fragmentary elevation view of a duct showing a fan therein
      somewhat diagrammatically showing how pressure change across a fan can be
      measured with the system of the present invention; and
PAR  FIG. 10 is another such diagrammatic view showing the system used to read
      pressure change across an item such as an evaporator or filter.
DETD
PAR  Referring now more particularly to the drawings, it will be seen that the
      gauge system is identified generally by the reference numeral 10 and that
      it includes a gauge 12 shown in some detail in FIGS. 3, 4, and 5. The
      gauge 12 comprises a transparent plastic tube 14 which has, throughout
      most of its length, longitudinally spaced apart apertures 16. These
      apertures, near the lower end of the tube 14, may be quite small in
      diameter. The apertures become increasingly larger in diameter toward the
      upper end of the tube 14. For instance, the tube 14 may have a 1/4 inch
      internal diameter and the apertures near the lower end of the tube may be
      as small as 1/32 inch or smaller while the apertures adjacent the upper
      end of the tube may be as large as 1/8 inch in diameter. While the tube
      may be, for instance, approximately one foot long, the apertures may be
      spaced apart longitudinally somewhat irregularly.
PAR  The lower end portion 18 of the gauge tube 14 extends downwardly through a
      lower block 20. A similar, upper block 22 is provided. Between these
      blocks, a transparent plastic outer shell 24 extends. This shell 24 is
      closed to the lower end of the tube 14 in that the shell is sealed to the
      block 20 as indicated at 26 and the lower end portion 18 of the tube 14 is
      sealed to the block. The upper end portion of the shell 24 extends above
      the upper, open end of the tube 14, the shell being sealed to the upper
      block 22 as indicated at 28. The upper end of the tube 14 is positioned
      within the larger diameter shell 24 by means of a small plastic
      stabilizing block 30 which fits over the end of the tube 14 and which
      engages diametrically opposite portions of the internal wall of the shell.
      This block 30 has flat sides such that the shell is vented upwardly past
      the block. The shell 24 is also vented by a valve in the upper block 22.
      Specifically, the upper block 22 is provided with a bore 36 extending
      therethrough and having an axis perpendicular to and intersecting the
      coinciding axes of the tube 14 and shell 24. A cylindrically-shaped valve
      member 38 is disposed in that bore 36 and held against axial movement
      therefrom by a handle 40 on one of its ends and a protrusion 42 on the
      other of its ends. The handle 40, of course, is usable to rotate the valve
      member 38 about its axis. Stops 44, 46 are provided on the block 22 to
      limit the movement of the handle 40 in each of two positions of the valve
      member 38. When the handle 40 is against the stop 44, a small diameter
      opening 48 in the valve member 38 is axially aligned with the shell 24.
      When the handle 40 is against the stop 46, a larger diameter opening 50 is
      in axial alignment with the shell 24. Thus, the upper end of the shell 24
      is vented through eiher a small opening 48 or larger opening 50 through
      the block 22. A small piece of rigid plastic tubing 52 is attached to the
      block to be in communication with the shell 24 through the valve member
      38.
PAR  The small diameter opening 48 corresponds to high scale readings and the
      large diameter opening 50 corresponds to low scale readings. For instance,
      the preferred gauge 12 has a low scale reading running from 300 fpm to
      1800 fpm and a high scale reading running from 1400 fpm to 4000 fpm. A
      pair of scales 58, 60 are on opposite sides of the shell 24 to extend
      longitudinally along the gauge tube 14, the scale 58 being calibrated in
      feet per minute (fpm) and the scale 60 being calibrated in inches water
      pressure. The scales 58, 60 are preferably double sided in that one side
      of each scale is used for low scale and the other side is used for high
      scale. The pressure and velocity scales are side-by-side for instant
      comparison.
PAR  The gauge 12 is used by holding it substantially vertically and reading the
      position of a small, light-weight ball 64 which assumes a vertical
      position in the tube 14 corresponding to the pressure above and below the
      ball. The ball may be, for instance, a 5/32 inch diameter plastic ball.
PAR  In the past, the tube described thus far has been used for reading the
      velocity of air emanating from a diffuser or grill or for reading the
      velocity of air entering an intake duct or moving up a flue. The velocity
      of air emanating from a diffuser or grill has been read by connecting a
      flexible rubber tube to the lower end portion 18 of the gauge tube 14 and
      holding the distal end of the flexible tube adjacent the diffuser or
      grill. The air emanating from the diffuser or grill would force the ball
      64 to move upwardly to a position corresponding to the velocity of the
      air. In reading return air velocity or flue air velocity, the same
      flexible tube was placed upon the upper tube segment 52 and the distal end
      of that flexible tube was held in or adjacent to a return air grill or in
      a flue. The movement of the air would create a vacuum in the flexible tube
      and lift the ball 64 to a height corresponding to the velocity of the air
      movement. In other words, the connection was made at the upper end of the
      shell 24 to create a negative pressure in the upper end of the shell and
      in the upper end of the gauge tube, permitting atmospheric pressure to
      push the ball 64 upwardly.
PAR  In accordance with the present invention, the gauge 12 is used in a
      combination not heretofore contemplated. Particularly, referring to FIGS.
      1, 2, 6 and 7, it can be seen that the gauge 12 is part of a gauging
      system 10 adapted for reading velocity pressure and, therefore, air
      velocity within the confines of an air duct 68. In FIG. 8, the system is
      carried into a walk-in duct. The illustrative air duct 68 has an upper
      wall 72, side walls 74, 76 and a bottom wall 78. It will be appreciated,
      however, that that duct 68 is merely illustrative in that the gauging
      system 10 of the present invention can be used to read velocity of the air
      flow in a wide variety of duct configurations. In the FIG. 1 embodiment, a
      hole 80 is drilled or punched in the bottom wall 78 while another hole 82
      is drilled or punched in the side wall 74. In the embodiment of FIG. 2,
      holes 84, 86 are punched in the side wall 74 to accommodate the gauge
      system. The purpose of the holes 80, 82, 84, 86, of course, is to give the
      technician probing access to the interior of the duct 68. The gauging
      system 10 of the present invention may be used with two holes in the duct
      wall because the total pressure reading and the static pressure reading
      are taken simultaneously.
PAR  The gauging system 10 comprises first tube means 90 for connecting the
      lower end of the gauge tube 14 to the interior of the duct and second tube
      means 92 for connecting the upper end of the shell 24 to the interior of
      the duct. In the embodiment of FIG. 1, the illustrative first tube means
      90 includes an L-shaped rigid probe tube 96 having one leg portion 98 and
      another leg portion 100. That L-shaped probe tube 96 is connected to the
      gauge tube 14 by a U-shaped rigid tube 102 including upstanding leg
      portions 104, 106 connected respectively to the leg 100 of the L-shaped
      tube 96 and the lower end portion 18. The illustrative second tube means
      92 includes a flexible rubber or plastic tube 108 which may have a short
      rigid tube segment 110 in the distal end thereof. In the embodiment of
      FIG. 1, the velocity reading is taken by first inserting the L-shaped tube
      96 through the opening 80 and positioning the tube so that its leg 98 is
      pointed upstream and opposite to the direction of air flow through the
      duct as indicated by the arrows 70. It will be appreciated that the open
      end of the short leg 98 should receive the air flow at the point of its
      highest velocity within the duct 68 as well as at the points of lowest
      velocity. It is recommended that the technician take readings all over the
      cross section of the duct and average the readings by moving a finger or
      thumb up and down along the appropriate velocity scale. Just by moving a
      finger or thumb above the scale between the high and low readings, a
      technician can quite accurately see the range and determine the average
      velocity reading without having to record readings. Care should be taken
      to point the leg section generally in the direction of the axis of the
      duct. Then, the U-shaped tube 102 can be connected to the leg 100 and then
      the gauge 12 can be connected to the upstanding leg 106 of the tube 102.
      The two tubes 96 and 102 provide a rigid tube means which will support the
      gauge 12 such that the technician can hold the gauge and the tube means 90
      with one hand. Then, with his other hand, the technician can extend the
      distal end portion of the flexible tube 108 through the opening 82 to read
      the static pressure. it will be appreciated that the stiff tube segment
      110 must be directed into the duct such that the air moving longitudinally
      through the duct will not be directed longitudinally into the open end of
      the tube segment. In other words, the tube segment 110 must be pointed
      either transverse to the direction of flow or in the direction of flow of
      the air such that it will not pick up a velocity component of the air
      movement. In other words, as will be discussed in conjunction with FIG. 7,
      it is only necessary "to feel" the static pressure within the duct.
PAR  The total pressure read by the tube means 90 will, of course, lift the ball
      64 upwardly in the gauge tube 14. The static pressure read by the tube
      means 92 will push the ball downwardly. Thus, the resultant position of
      the ball in the gauge tube 14 corresponds to the velocity pressure and the
      velocity of the air can be read directly on the scale 58. If velocity
      pressure is needed, it can be read directly on the scale 60 in inches of
      water pressure.
PAR  By knowing the cross sectional area of the duct 68, the technician can
      easily determine the total volume air flow in cubic feet per minute (cfm)
      by multiplying the area by the velocity as read directly from the gauging
      system 10.
PAR  While the illustration of FIG. 1 shows the probing taking place through the
      bottom wall 78 and side wall 74, it will be appreciated that the probing
      may also take place through two openings 84, 86 in the side wall 74 as
      shown in FIG. 2. In the embodiment of FIG. 2, the tube means 90 is
      reversed in that the L-shaped tube 96 supports the gauge 12 while the
      U-shaped tube 102 is extended into the duct through the opening 84 to read
      total pressure. That is, the short leg 104 of the U-shaped tube 102 is
      pointed upstream and opposite to the direction of air flow through the
      duct to read total pressure.
PAR  In this description and in the claims appended hereto, the direction in
      which the distal end of the probe tube is pointed within the duct is said
      to be upstream and opposite to the direction of air flow through the duct.
      In other words, the distal end of the probe tube has to be pointed
      upstream such that the full velocity component of the air moving
      downstream will enter the probe tube. The words "opposite to the direction
      of air flow" is intended to means generally 180.degree. opposite to the
      downstream flow of air.
PAR  Referring to FIG. 6, it will be seen that the gauge 12 is connected to the
      duct 68 in still a different manner using, as the tube means 90, two
      L-shaped probe tubes 96 connected together as shown and extending through
      an opening 122 in the side wall 74 of the duct. In the embodiment of FIG.
      6, the flexible tube 108 is connected to the tube portion 52 at its
      proximal end while its distal end is surrounding a 3/8 inch hole 120
      formed in the upper wall 72 of the duct. The tube 108 may be a 1/2 inch
      tube such that it can be placed over a 3/8 inch hole 120 drilled in the
      wall of the duct and pressed against the wall to sense static pressure
      directly through that hole.
PAR  It will be appreciated that the tube portion 18 of the gauge extends
      downwardly into the leg portion 98 of the L-shaped probe tube 96 such that
      the gauge 12 can swivel about the vertical axis of the leg portion 98.
      This greatly facilitates the taking of readings since a technician can
      simply swivel the gauge so that he can face it squarely and read the
      scales.
PAR  In the embodiment of FIG. 7, readings are taken via two holes 124, 126
      drilled or otherwise formed in the bottom wall 78 of the duct 68. In that
      embodiment, the tube means 92 includes a short segment 128 of flexible
      rubber tube pressed upwardly against the bottom wall 78 to surround the
      opening 124 to sense the static pressure within the duct 68. Then, the
      tube means 90, in the embodiment of FIG. 7, includes the L-shaped probe
      tube 96 extending upwardly through the opening 126 and being connected to
      the tube portion 18 at the lower end of the gauge tube 14 by the flexible
      tube 108. Depending upon the size of the duct 68, it may be necessary to
      provide an extension on the leg portion 100 of the probe tube 96 to reach
      all cross sectional areas of the duct 68. Such an extension may be a
      simple straight tube adapted to be connected between the leg section 100
      and the flexible tube 108.
PAR  The measuring approach shown in FIG. 7 has turned out to be very
      satisfactory and, in many cases, it will be the preferred measuring
      approach. The technician can hold the gauge 12 in one hand and move his
      finger or thumb along the scales of the gauge to record the high and low
      positions of the ball while holding the probe tube 96 with his other hand
      and moving the probe tube to various positions in the duct.
PAR  Turning now to FIG. 8, it will be seen that the gauging system of the
      present invention can simply be carried into a walk-in duct 130 having a
      floor 131, ceiling 132, and side walls 134, 136. There are many such
      walk-in ducts in air-conditioning and heating systems of large buildings.
      A technician can walk into the duct and carry the gauge system 10 with the
      tube means 90 attached to its lower end as shown, the tube means 90
      preferably including the L-shaped probe tube 96. The static pressure, of
      course, is read directly through the upper open end of the tube portion 52
      without any tube means connected thereto. The technician takes care to
      point the leg section 100 of the probe tube 96 upstream and opposite to
      the direction of flow of the air through the duct 130. It will be
      remembered that the technician may simply swivel the gauge 12 about its
      vertical axis relative to the probe tube 96 so that the technician is
      always facing the scales of the gauge. The technician will move the probe
      tube 96 to several different positions in the duct to take readings. By
      taking readings at these positions, the technician can obtain an average
      rather easily and quite accurately by moving his finger or thumb along the
      scale as discussed previously. In the embodiment of FIG. 8, of course, the
      tube means 92 is not necessary because the entire gauge system is within
      the duct 130 such that the static pressure is read directly through the
      short, upwardly extending tube segment 52.
PAR  While in FIG. 8, the technician is shown holding the gauging system 10 with
      his right hand, it will be appreciated that he can and probably will use
      his left hand to grip and support the probe tube and to point its leg
      section 100 upstream.
PAR  Referring now to FIG. 9, it will be seen that a fan 138 is illustrated in
      the duct 68 and that the reference numerals 140, 142 indicate,
      respectively, the suction side and exhaust side of the fan, i.e., the
      portions of the duct 68 corresponding to the suction side and exhaust side
      of the fan. The particular fan 138 is merely illustrative, and it will be
      appreciated that any number of types of fans or blowers may be installed
      in a duct or duct system. For instance, the duct 68 may be split into two
      separate sections and a self-contained blower having its own housing
      through which the air moves may be inserted in between the two sections.
PAR  In any event, the lower end of the gauge tube 14 is connected by the said
      first tube means 90 to the exhaust side of the fan while the upper end of
      the shell 24 is connected by the second tube means 92 to the suction side
      of the fan. In the illustrative embodiment, small holes 144, 146 may be
      drilled, respectively, in the duct sections 140, 142 and preferably in the
      bottom walls of such duct sections. These holes may be quite small on the
      order of 3/8 inch in diameter. It is quite convenient for the first tube
      means 90 to include the flexible rubber tube 108 having its proximal end
      connected to the gauge tube 14 and its distal end pressed about the
      opening 146 to read the static pressure on the exhaust side of the fan.
      Then, simultaneously, a small rubber tube section such as indicated at 128
      in FIG. 7 may be placed over the upstanding rigid tube segment 52 and
      pressed upwardly to enclose the opening 144 to connect the upper end of
      the gauge shell 24 to the suction side of the fan to read the static
      pressure therein. Of course, the static pressure on the suction side of
      the fan will be a negative pressure while the static pressure on the
      exhaust side of the fan will be a positive pressure. The positive pressure
      will, by itself, drive the ball 64 upwardly in the gauge tube 14 to a
      level corresponding to the static pressure. By connecting the upper end of
      the gauge shell 24 to the suction side of the fan, the negative pressure
      on the suction side of the fan will result in the static pressure on the
      exhaust side of the fan moving the ball even higher in the gauge tube 14.
      The height to which the ball 64 is moved by the positive static pressure
      and the negative suction pressure automatically provides an indication of
      total static pressure change across the fan. This total pressure chain
      readily converts into the air volume capacity of the fan in the duct
      environment in which it is used.
PAR  Just as important to the technician is the amount of pressure drop across,
      for instance, an obstruction in a duct such as a filter or evaporator. In
      FIG. 10, such an obstruction is indicated at 150 in the duct 68 to define
      portions 152, 154 of the duct, respectively, on the upstream side and
      downstream side of the obstruction. Small openings 156, 158 are placed in
      the duct portions 152, 154. Then, as compared to the arrangement shown in
      FIG. 9, the situation is reversed in that the first tube means 90 connects
      the lower end of the gauge tube 14 to the duct portion 152 upstream from
      the obstruction while the second tube means 92 connects the upper end of
      the gauge shell 24 to the downstream portion 154 of the duct. Depending
      upon the nature of the obstruction 150 such as number of coils, fans,
      etc., the pressure drop across the obstruction may be quite significant.
      This pressure drop is automatically determined by the upstream static
      pressure pushing upwardly on the gauge ball while the downstream static
      pressure pushes downwardly on the ball automatically to subtract the
      downstream static pressure from the upstream static pressure.
PAR  A kit including the gauge 12, U-shaped tube 102, one or more L-shaped probe
      tubes 96, an extension tube and flexible tube 108 can be provided for use
      by technicians in measuring air velocity within ducts of all types. The
      kit may preferably include magnets strategically placed therein to prevent
      static electricity from preventing free movement of the gauge ball 64 in
      the tube 14. The tubes 102 and 96 may be simple 5/16 I.D. or 3/8 inch O.D.
      metal tubing either aluminum, stainless steel or plated steel. The
      flexible rubber tube 108 may be of the same size only made out of some
      sort of flexible rubber or plastic tubing. Such a kit, which is durable
      and virtually maintenance free, can be provided at an extremely low cost
      and yet provide very accurate air velocity readings.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in measuring air velocity pressure in a duct, the velocity
      pressure corresponding to air velocity, a gauging system comprising a
      gauge including a vertically upwardly extending transparent gauge tube
      having an open lower end and an open upper end, said tube having a
      plurality of vertically spaced apart venting apertures in the side wall
      thereof, a vertically extending transparent shell enclosing said tube,
      said shell having an upper end extending above the upper end of said tube,
      said shell being closed at its lower end to the lower end of said tube, a
      light-weight ball movable in said tube to a vertical position
      corresponding to the pressure therein above and below said ball, and means
      providing an air velocity scale extending alongside said tube and
      increasing from said lower end to said upper end, and in which the
      improvement comprises first tube means for connecting the lower end of
      said gauge tube to the interior of the duct, said first tube means having
      a distal end portion with an open end pointed upstream opposite to the
      direction of flow of air through the duct to read total pressure including
      velocity pressure and static pressure, and second tube means for
      connecting the upper end of said shell to the interior of said duct, said
      second tube means having a distal end portion with an open end pointed to
      read the static pressure within said duct through an opening in the duct
      wall, whereby, the total pressure pushes upwardly on said ball while the
      static pressure pushes downwardly on said ball automatically to subtract
      the static pressure from the total pressure to provide velocity pressure.
NUM  2.
PAR  2. The invention of claim 1 in which the distal end portion of said second
      tube means is a piece of flexible tubing proportioned to have its distal
      open end pressed upwardly against a bottom wall of the duct to surround a
      small opening in the wall.
NUM  3.
PAR  3. The invention of claim 2 in which said first tube means includes a rigid
      L-shaped connecting tube providing said first mentioned distal portion and
      a downwardly extending leg portion, and a flexible tube connected between
      the downwardly extending leg portion and the lower end of said gauge tube.
NUM  4.
PAR  4. The invention of claim 1 in which the distal end portion of said second
      tube means is proportioned to penetrate through an opening in the duct to
      be pointed away from upstream.
NUM  5.
PAR  5. The invention of claim 1 in which said first tube means includes a pair
      of rigid connecting tubes releasably fastened together, both of said
      connecting tubes being generally L-shaped, one of said connecting tubes
      providing said first mentioned distal portion and an outwardly extending
      leg portion, and the other of said connecting tubes providing a vertically
      upwardly extending leg portion to which said gauge tube is swivelly
      connected and an inwardly extending leg portion connected to said
      outwardly extending leg portion.
NUM  6.
PAR  6. A gauging apparatus for measuring air velocity in a duct directly on an
      air velocity scale, said apparatus comprising a vertically upwardly
      extending transparent gauge tube having an open lower end and an open
      upper end, said tube having a plurality of vertically spaced apart venting
      apertures in the side wall thereof, a vertically extending transparent
      shell enclosing said tube, said shell having an upper end extending above
      the upper end of said tube, said shell being closed at its lower end to
      the lower end of said tube, a lightweight ball movable in said tube to a
      vertical position corresponding to the pressure therein above and below
      said ball, and means providing an air velocity scale extending alongside
      said tube and increasing from said lower end to said upper end, first tube
      means for connecting the lower end of said gauge tube to the interior of
      the duct, said first tube means including at least one rigid connecting
      tube having a distal end portion with an open end, said connecting tube
      being proportioned to extend through an opening in the duct wall to have
      its distal end portion pointed upstream opposite to the direction of flow
      of air through the duct such that the pressure in the connecting tube is
      the total pressure in the duct, and second tube means for connecting the
      upper end of said shell to the interior of the duct, said second tube
      means including a flexible connecting tube having a distal end portion
      with an open end proportioned to sense the static pressure in the duct
      through an opening in the duct wall, whereby, the total pressure pushes
      upwardly upon the ball while the static pressure pushes downwardly on the
      ball automatically to subtract the static pressure from the total pressure
      to provide velocity pressure.
NUM  7.
PAR  7. The invention of claim 6 in which said first tube means includes a pair
      of rigid connecting tubes releasably fastened together, one of said rigid
      tubes being generally L-shaped having one end portion providing said first
      mentioned distal end portion and a downwardly extending end portion, and
      the other of said rigid tubes being generally U-shaped to provide one
      upstanding leg connected to and supporting said transparent gauge tube and
      shell and scale means and one upstanding leg connected to said downwardly
      extending end portion.
NUM  8.
PAR  8. The invention of claim 6 in which said first tube means includes a pair
      of rigid connecting tubes releasably fastened together, one of said rigid
      tubes being generally L-shaped having one upstanding end portion connected
      to and supporting said transparent tube and shell and scale means and one
      horizontally extending end portion, and the other of said rigid tubes
      being generally U-shaped to provide one leg connected to said horizontally
      extending end portion, another leg portion serving as said distal end
      portion pointing upstream and a base portion extending the opening in the
      duct.
NUM  9.
PAR  9. The invention of claim 6 in which said flexible connecting tube has a
      relatively short length such that its distal end can be pressed against a
      duct wall to surround the opening therein.
NUM  10.
PAR  10. The invention of claim 9 in which said first tube means includes a
      rigid L-shaped connecting tube providing said first mentioned distal
      portion and an outwardly extending leg portion, and a flexible tube
      connected between the outwardly extending leg portion and the lower end of
      said gauge tube.
NUM  11.
PAR  11. The invention of claim 6 in which the distal portion of the flexible
      connecting tube is proportioned to extend through an opening in the duct
      wall to point away from upstream.
NUM  12.
PAR  12. The invention of claim 6 in which said first tube means includes a pair
      of rigid connecting tubes releasably fastened together, both of said
      connecting tubes being generally L-shaped, one of said connecting tubes
      providing said first mentioned distal portion and an outwardly extending
      leg portion, and the other of said connecting tubes providing a vertically
      upwardly extending leg portion to which said gauge tube is swivelly
      connected and an inwardly extending leg portion connected to said
      outwardly extending leg portion.
NUM  13.
PAR  13. For use in measuring velocity pressure in a walk-in duct, the velocity
      pressure corresponding to air velocity, a gauging system comprising a
      gauge including a vertically upwardly extending transparent gauge tube
      having an open lower end and an open upper end, said tube having a
      plurality of vertically spaced apart venting apertures in the side wall
      thereof, a vertically extending transparent shell enclosing said tube,
      said shell having an upper end extending above the upper end of said tube,
      said shell being closed at its lower end to the lower end of said tube, a
      light-weight ball movable in said tube to a vertical position
      corresponding to the pressure therein above and below said ball, and means
      providing an air velocity scale extending alongside said tube and
      increasing from said lower end to said upper end, and in which the
      improvement comprises a rigid, L-shaped probe tube providing a
      horizontally outwardly extending leg portion having an open distal end and
      a vertically upwardly extending leg portion, said gauge tube being
      swivelly connected to said upwardly extending leg portion such that said
      velocity scale is selectively positionable relative to said outwardly
      extending leg portion, said upper end of said shell being open to the
      interior of said duct, whereby, when a technician carries said gauge into
      said duct and points the said outwardly extending leg portion upstream to
      the air flow, the ball will move to a height corresponding to the velocity
      pressure.
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ABST
PAL  An automatic, temperature-compensated liquid or fuel metering device
      comprises a measuring chamber having a pair of magnetically responsive
      vertically spaced reed switches therein which are selectively actuated by
      a magnetcarrying float to control valves associated with the chamber to
      supply a predetermined increment of liquid to the chamber and thereafter
      to drain that increment from the chamber into a reservoir. The volume of
      each increment is dependent upon the spacing between the reed switches,
      and that spacing is controlled by a bellows having a sample of the liquid
      being measured sealed therein, the bellows being disposed in the path of
      flow of liquid to the chamber and being operative to vary the volume of
      said increments with variations in the temperature of the liquid being
      measured.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a liquid meter of the general type
      contemplated by our prior U.S. Pat. No. 3,714,823, issued Feb. 6, 1973,
      for "Fuel Consumption Meter" wherein a measuring chamber is associated
      with a reservoir and with appropriate controls operative to provide a
      predetermined accurate increment of liquid to the measuring chamber and
      thereafter to empty that increment into a reservoir, a counter being
      provided to count the number of times the measuring chamber is thus
      emptied. Such a meter, when employed to measure liquid fuel being consumed
      by a vehicle, supplies highly accurate information regarding fuel
      consumption which information can be used to determine miles per gallon
      when the vehicle is moving and/or to recover state road-use taxes on fuel
      used for purposes other than vehicle movement. The present invention is
      primarily directed to an improved form of meter of the general type
      disclosed in said prior patent, or in other types of meter which rely upon
      the measurement of volumetric increments of liquid, wherein the volume of
      such increments is made dependent upon and adjusted to compensate for
      variations in the temperature of the liquid being measured thereby to
      provide an automatic correction of the fuel measurement back to a
      preselected standard.
PAR  Various forms of liquid meters have been suggested heretofore which include
      provision for recording and/or somehow utilizing information related to
      the temperature of the liquid being measured. Such arrangements are
      disclosed, for example, in the U.S. Pat. to Scott et al Nos. 3,071,022,
      Goffe 3,000,207, Hebard et al 2,920,483, Banks et al 2,831,350, and
      Raymond 2,158,381. In these arrangements, and in other arrangements which
      have been suggested heretofore, no attempt has ever been made to change,
      automatically, the actual increments which are measured thereby to
      compensate for changes in temperature and, instead, a customary approach
      has involved a control of the meter indicator, i.e. where an increase in
      fuel or liquid flow has resulted from fuel expansion, the meter indication
      or read-out is simply decreased to compensate for the fuel expansion, and
      vice-versa.
PAR  The present invention relies upon an entirely different concept and
      approach to temperature compensation, wherein the physical size of a
      measuring chamber, or its effective size as governed by liquid level
      sensors therein, is changed in response to changes in temperature of the
      liquid being measured. Complicated linkages which have been customarily
      employed heretofore to control the output indicator of the meter are
      accordingly no longer necessary, and a highly accurate,
      temperature-compensated fuel or liquid meter is achieved in a structure
      which is far simpler, less expensive, more rugged, and in many cases more
      reliable, than has been possible heretofore.
PAC  SUMMARY OF THE INVENTION
PAR  The meter of the present invention constitutes a digital fuel measuring
      device which measures an exact increment of fuel (typically 1/100th
      gallon), supplies that increment to a reservoir, and thereafter remains
      completely at rest until the increment is consumed, in contrast to other
      meters suggested heretofore which are essentially analog devices intended
      to indicate rate of flow. As will be apparent to those skilled in the art,
      when used as a fuel meter, the device of the present invention makes it
      possible to supply fuel to the carburetor of a vehicle under constant
      pressure, and without any significant loss of fuel pressure at the
      carburetor inlet if there should be an instantaneous demand for fuel, in
      contrast to positive displacement meters which operate off the pressure of
      the engine fuel pump and which have an inertia factor to overcome in the
      event of instant, high fuel demand. By reason of this consideration, the
      meter of the present invention is adapted for installation in conventional
      automobiles to provide a measure of gasoline consumption, a result which
      has not been considered practical in the past in view of the different
      operating characteristics of the typical positive displacement meter which
      has been employed heretofore to measure fuel comsumption.
PAR  The meter of the present invention comprises a measuring chamber which is
      located between a liquid supply and a reservoir, and which is associated
      with selectively operable valve means adapted to feed liquid to be
      measured along a first flow path from the supply to the chamber and for
      thereafter selectively draining or withdrawing the liquid from said
      chamber into the reservoir via a second flow path different from the first
      flow path. The valve means are controlled by a first sensor (e.g. a reed
      switch cooperating with a magnet-carrying float) located near the bottom
      of the measuring chamber and responsive to an absence of liquid in the
      measuring chamber to open the first flow path and to close the second flow
      path. The chamber also includes a second sensor (e.g. another reed switch)
      which is vertically spaced from and located above the first sensor and
      which is responsive to the filling of liquid or fuel into the chamber to a
      second level defined by the position of the second sensor for actuating
      the valve means to close the first flow path and to open the second flow
      path. This operating sequence of the meter of the present invention causes
      a predetermined increment of liquid to fill into the measuring chamber and
      thereafter to drain from that chamber into the reservoir with the volume
      of the increment being determined by the vertical spacing between the
      first and second sensors. The filling and subsequent emptying operation
      occur repetitively as the liquid level in the chamber changes from one to
      the other of the vertically spaced sensors, and counter means are provided
      for indicating how many such increments have been drained into the
      reservoir.
PAR  In accordance with the improvement of the present invention, the two
      sensors are so mounted that their relative spacing may be varied as a
      function of the temperature of the liquid or fuel being measured, whereby
      changes in liquid temperature result in a change of the effective volume
      of the measuring chamber, thereby to vary the volume of said increments.
      When used to measure gasoline or diesel fuel, the volume of each increment
      is so varied as a function of its temperature as to correct the increment
      back to the petroleum standard of a 60.degree.F gallon, i.e. when the fuel
      temperature is in excess of 60.degree.F the incremental volumes are
      correspondingly increased, and when the fuel temperature is below
      60.degree.F the incremental volumes are correspondingly decreased. The
      counter accordingly provides a direct reading of the number of increments
      (or 1/100th's gallons) of 60.degree.F petroleum which have effectively
      passed through the meter to the reservoir for consumption by the vehicle
      engine.
PAR  The relative spacing between the sensors in the measuring chamber is
      adjusted, in accordance with a preferred embodiment of the present
      invention, by mounting the upper liquid level sensor for vertical
      displacement, and by connecting that upper sensor to an expansible bellows
      which is filled with a sample of the liquid being measured. The bellows is
      located in one of the aforementioned flow paths, e.g. in the path of flow
      of liquid from the supply to the measuring chamber, so that at least a
      portion of the liquid being supplied to the chamber passes over the
      exterior of the bellows. Moreover, the height of the column of liquid in
      the bellows is identical to the effective distance between the upper and
      lower reed switches to assure that the temperature correction of the
      sensor spacing is completely linear. The liquid column provided by the
      bellows so arranged accordingly assures the simple, infallible, and exact
      compensation for variations in liquid volume due to changes in liquid
      temperature.
PAR  The meter may be employed to measure gasoline, diesel fuel, home heating
      oil, alcohol, and various industrial solvents through the simple expedient
      of changing a liquid-filled bellows adapted for one application with a
      bellows filled with a different liquid corresponding to a different
      desired application. For example, it is only necessary to exchange a
      hi-test gasoline filled bellows with one filled with regular gasoline to
      change the capability of the meter.
PAR  The valve means employed to control the flow of liquid into and out of the
      measuring chamber preferably comprises a pair of ferrous metal balls (e.g.
      steel balls) located adjacent orifices in the aforementioned first and
      second flow paths respectively, and each such ball is selectively
      displaceable between open and closed flow path conditions under the
      control of an electromagnet which is selectively energized and
      de-energized by means of an electric circuit which includes the
      aforementioned reed switches. The circuit further includes time delay
      means responsive to prolonged closure of the upper sensor for
      de-energizing the meter circuit and a submersible electric pump associated
      with the meter if there should be any malfunction.
PAR  The measuring chamber and reservoir of the meter are each vented to the
      atmosphere to permit the escape of air and vapors from the reservoir and
      measuring chamber as the aforementioned liquid increments are supplied
      thereto. This assures that measurement errors which might otherwise result
      from an accumulation of vapor pressure, are eliminated.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects, advantages, construction, and operation of the
      present invention will become more readily apparent from the following
      description and accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a liquid metering device constructed in
      accordance with the present invention;
PAR  FIG. 2 is a cross section of the device shown in FIG. 1, as viewed from the
      opposite side thereof;
PAR  FIG. 3 is an enlarged detail of the temperature compensating arrangement
      employed in the structure of FIG. 2;
PAR  FIG. 4 is a schematic of the control circuit employed in the meter of the
      present invention; and
PAR  FIG. 5 is a view taken on line 5--5 of FIG. 1, illustrating a portion of
      the venting arrangement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring initially to FIGS. 1 and 2, it will be seen that the meter of the
      present invention comprises a casing generally designated 10 which
      includes a vertically upright portion defining a measuring chamber 11
      which includes a magnetically responsive reed switch 12 disposed adjacent
      the lower end thereof and a magnetically responsive reed switch 13
      adjacent its upper end. As will be discussed hereinafter, the two reed
      switches 12 and 13 define liquid levels at which certain valving functions
      take place to supply a liquid being measured to the measuring chamber 11,
      and to thereafter withdraw a measured increment of liquid therefrom under
      the control of a float 14 which has a permanent magnet 15 embedded
      therein. The vertical spacing between the two reed switches is in turn
      controlled by a temperature compensating bellows 16 which has a sample of
      the liquid being measured sealed therein, the bellows 16 being inserted
      into the casing 10 via an aperture 17 which is closed by a threaded plug
      18 functioning to support the bellows 16 at a proper position therein, and
      adapted to permit a given bellows 16 to be removed and replaced by a like
      bellows filled with a different liquid to adapt the meter for measurement
      of said different liquid.
PAR  The liquid being measured, which is assumed to be either gasoline or diesel
      fuel for purposes of the present discussion, is fed to the meter by the
      engine fuel pump (not shown) via a fuel inlet 19 (see FIG. 1) which
      supplies fuel to an interior chamber 20 for flow through an orifice 21
      under the control of a steel valve ball 22. Ball 22 is normally retained
      against a rubber seat 23 by the holding force of a permanent magnet 24 to
      close said orifice 21. The ball 22 is arranged to be displaced from its
      seat 23, however, against the force of magnet 24, by selective
      energization of an electromagnet comprising a coil 25 surrounding a core
      26 within casing 10 to permit fuel to flow along the flow path indicated
      by broken line arrows through a passageway 27. Passageway 27 is bifurcated
      at one end thereof to permit a portion of the incoming fuel to flow
      directly into the measuring chamber 11 while another portion of the
      incoming fuel flows past the exterior of bellows 16 and then into said
      measuring chamber. More particularly, a first portion of the incoming fuel
      flows through a branch having an orifice 28 associated with a second steel
      ball 29 which is displaced from said orifice when electromagnet 25, 26 is
      energized to permit the flow of incoming fuel past ball 29 and through an
      orifice 30 into measuring chamber 11; and a second portion of the incoming
      fuel is diverted through a branch 31 to flow past the exterior of bellows
      16 and thence upwardly through a second orifice 32 (e.g. see FIG. 5) into
      the measuring chamber.
PAR  As will be more clearly understood from the subsequen description of FIG.
      4, the incoming flow conditions described above are initiated when
      measuring chamber 11 is empty so that float 14 and its associated magnet
      15 are positioned adjacent the bottom of the chamber to close lower reed
      switch 12, and the incoming fuel will continue to flow into chamber 11
      until float 14 rises to a position wherein its magnet 15 actuates upper
      reed switch 13 to de-energize electromagnet 25, 26. When the electromagnet
      is de-energized, ball 23 is attracted by permanent magnet 24 to close
      orifice 21 thereby to prevent any further flow of incoming fuel, and ball
      29 is moved away from a rubber seat 32a by a spring 33 to open a second
      flow path (shown in full line arrows) so that fuel may drain from
      measuring chamber 11 via the aforementioned orifice 30 and thence via a
      conduit 34 into a reservoir 35 located at the bottom of the casing whence
      it may be pumped by an electrically energized submersible pump 36 through
      a fuel output line 37 to the carburetor of the engine with which the meter
      is associated. In practice the reserve chamber or reservoir 35 normally
      contains 3/100th's of a gallon of fuel to feed the carburetor, and the
      chamber is never completely emptied since it is supplied repetitively with
      measured increments of fuel (e.g. increments of 1/100 gallon) from
      measuring chamber 11. Fuel is supplied to inlet 19 when the main engine
      fuel pump is actuated by the engine, and the submersible pump 36
      thereafter supplies fuel to the carburetor inlet at a constant pressure.
PAR  The operating sequence discussed above is controlled by a solid state,
      power switching circuit employing silicon controlled rectifiers (see FIG.
      4) which circuit is potted and installed in a cavity (not shown) within
      the meter casing adjacent the back face of the casing. When the vehicle
      ignition switch is closed, the circuit is energized from the 12 volt D.C.
      vehicle battery supply 40 via a fuse 41 to control the energization and
      de-energization of electromagnet coil 25 in dependence upon the operating
      states of reed switches 12 and 13.
PAR  When float 14 and its magnet 15 are disposed adjacent the bottom of the
      chamber 11, the lower reed switch 12 is closed to initiate conduction of a
      silicon controlled rectifier 42 disposed in series with coil 25 across the
      battery supply, thereby energizing coil 25. Energization of coil 25 draws
      balls 22, 29 toward the opposing ends of electromagnet core 26 to open
      orifices 21 and 28 and simultaneously to close flow path 34 into the
      reserve tank. The extent to which ball 22 can be drawn from its seat 23 is
      determined by an adjustable stop 38 (see FIG. 2) comprising a threaded rod
      of non-ferrous material which trims the travel of the ball off its seat to
      set an adjustment of the rate of fuel flow into the meter. This represents
      a highly desirable, and in many cases necessary, feature since some fuel
      delivery systems are quite forceful.
PAR  Energization of coil 25, and the described displacement of balls 22, 29,
      causes incoming fuel to flow in part past ball 29 and in further part past
      the exterior of bellows 16, into measuring chamber 11. Float 14 will
      therefore rise. When its magnet 15 reaches the level of upper reed switch
      13, switch 13 is closed to energize silicon controlled rectifier 43; and,
      at the same time, a capacitor 44 is discharged across SCR 42 to cut it off
      by well known commutation action. Closure of upper reed switch 13 also
      operates to supply a signal via diode D.sub.1 to a counter 39 (see FIG. 1)
      mounted within a housing cavity 39a (see FIG. 2); and the same signal is
      also available for operation of a remote counter 45 via a diode D.sub.2.
      Each diode may be associated with an amplifier (not shown) comprising a
      portion of the circuit, if the signal produced is otherwise inadequate to
      operate the associated counter.
PAR  When SCR 42 stops conducting, coil 25 is de-energized, its core 26 is
      de-magnetized, and ball 22 is drawn back to its seat 23 by the attraction
      of permanent magnet 24 and is held in a position closing orifice 21 by the
      pressure of the incoming fuel supplied to fuel inlet 19 by the vehicle
      fuel pump. Simultaneously, ball 29 is repelled from its seat in the "O"
      ring at 32 by spring 33 to permit the fuel increment to be drained out of
      measuring chamber 11 and into lower reservoir 35. As the fuel drains from
      the measuring chamber, float 14 lowers until its magnet reaches the level
      of lower reed switch 12, whereafter the entire operating sequence is
      repeated.
PAR  In the normal operating sequence, upper reed switch 13 is held closed for
      only a brief period of time, a fraction of a second. If it is closed for
      any significantly longer period of time, e.g. more than one second, this
      is indicative of a malfunction of the meter. In order to prevent fuel from
      flooding the measuring chamber and spilling from the vent 51 (to be
      described) if such malfunction should occur, the reed switch 13 is
      connected to a unijunction transistor 46 which cooperates with a capacitor
      47 and a resistor 48 to provide a time delay circuit which energizes a
      further, normally non-conductive, silicon controlled rectifier 49 if the
      upper reed switch 13 is held closed for more than one second. Silicon
      controlled rectifier 49 is connected in series with fuse 41 across battery
      supply 40, and its conduction draws sufficient current through fuse 41 to
      blow the fuse and thereby deactivate both the submersible pump 36 and the
      meter circuit of FIG. 4.
PAR  When a volatile liquid such as gasoline is being measured, the fluid in the
      line entering the meter normally constitutes a mixture of liquid and
      vapor. Prior art meters that have measuring elements consisting of
      pistons, turbines, nutating plates, and spring-loaded wedges are normally
      intended to respond to liquid pressure during the measurement process, but
      vapor mixed with the liquid to be measured can also exert pressure on such
      measuring elements. Since these prior meters cannot differentiate between
      vapor and liquid passing through them, their response to vapor pressure
      represents a source of possible error, and if there is a comparatively
      high percentage of vapor in the liquid being measured, e.g. as may occur
      in a motor vehicle on a hot day, a comparatively large error can develop
      in the measurement indication afforded by such meters.
PAR  The meter arrangement of the present invention has no component which is
      motivated by pressure. The magnet 15 employed to actuate the lower and
      upper reed switches 12, 13 is carried in a float 14 that is supported on
      the surface of the liquid being measured in the measuring chamber. The
      reserve chamber 35 is connected through a passageway 50 (see FIG. 5) to a
      vent outlet 51 (FIGS. 1 and 2) located adjacent the top of casing 10, to
      vent reservoir 35 to the atmosphere as increments of fuel are supplied
      thereto and withdrawn therefrom. Vent passage 50 is also connected via a
      restrictive passageway 52 (see FIGS. 2, 3 and 5), having a diameter of
      approximately 0.040 inches. The restrictive passageway 52 allows a
      positive pressure to build in measuring chamber 11 during the fill cycle.
      As a result, the velocity of the fuel flowing into the measuring chamber
      11 is restricted somewhat by the action of restrictive vent 52 to allow
      time for vapor to rise through the incoming liquid fuel and "bubble out"
      as the measuring chamber is being filled; and the pressure build up in the
      chamber 11 further tends to keep the fuel under control and inhibits some
      vapor formation. All of these factors tend to increase the accuracy of
      measurement of each fuel increment, and assure that the increment measured
      represents a completely liquid increment rather than a mixture of liquid
      and vapor.
PAR  The temperature of the fuel to be metered may range anywhere from
      -65.degree.F in a cold environment to something in excess of 200.degree.F
      when the ambient temperature under the engine hood is very high and the
      engine does not have adequate flow of cooling air due to lack of forward
      motion of the vehicle. This makes it very important, therefore, to
      compensate for expansion/contraction of fuel entering the meter due to
      differences in temperature thereof under different operating conditions,
      and it is highly desirable that such compensation be completely automatic,
      extremely accurate, and that it be achieved by a simple but reliable
      mechanism. All of these features are accomplished by the temperature
      compensating bellows 16, and its cooperation with the aforementioned reed
      switches. In essence, as previously described, the vertical spacing
      between the reed switches 12, 13 determines the volume of each fuel
      increment which is actually permitted to flow into and thereafter emptied
      from measuring chamber 11, and the volume of each such increment is varied
      with variations in temperature of the fuel being measured by an
      arrangement wherein the temperature compensating bellows varies the
      relative spacing between the reed switches to correct the increments being
      measured back to the petroleum standard of a 60.degree.F gallon. The
      details of this portion of the invention are best shown in FIG. 3.
PAR  Lower reed switch 12 is attached to a support plate 60 at a fixed position
      adjacent the bottom of measuring chamber 11, at a level wherein said reed
      switch 12 is actuated when float 14 is in its lowermost position within
      said chamber. The upper reed switch 13, in contrast, is adapted to be
      vertically displaced within chamber 11, is mounted in a displaceable
      support 61 adjacent the top of the chamber through a threaded hole
      therein, and is associated with an elongated tubular member 62 which
      passes through a central hole in float 14 to act as a guide for said
      float, and which extends in surrounding coaxial relation to lower reed
      switch 12 for slidable displacement relative to said lower switch. At its
      lowermost end, tubular member 62 is welded to a rod 63 which extends below
      measuring chamber 11 and which seats under the force of gravity in a
      complementary recess 64 at the upper end of bellows 16. Support plate 61,
      tubular member 62, and rod 63 are held in engagement with the upper end of
      bellows 16 by gravity so that expansions or contractions of said bellows
      cause similar upward and downward movements of upper reed switch 62 while
      permitting the bellows to be readily removed through aperture 17 for
      replacement by a different bellows to adapt the meter to measurement of
      different liquids as described previously. If desired, the engagement
      between rod 63 and recess 64, and the resultant stability of the
      displaceable reed switch structure within chamber 11, can be enhanced by
      provision of a compression spring located in the region above support
      plate 61 and below casing cover plate 65.
PAR  Bellows 16 is filled and sealed with precisely the same type of liquid
      which is to be metered (e.g. regular or hi-test gasoline or diesel fuel),
      and its mean effective length, i.e. the length of the liquid column within
      the bellows exclusive of its end seals, is exactly the same at any given
      temperature as the distance between the closure points of reed switches 12
      and 13 in measuring chamber 11. Duct 31 provides the exterior of the
      bellows with a wash of incoming fuel which thereafter enters the measuring
      chamber 11 as each fuel increment is supplied to said chamber, and this
      wash of fuel, taken together with the temperature of the environment in
      which the meter is located and the heat which radiates from fuel in the
      various meter cavities, determines the temperature of the liquid column
      within the bellows and accordingly the mean effective length of the
      bellows at any given time. Since the position of the upper reed switch is
      controlled directly by the bellows, reed switch 13 will be raised or
      lowered directly and linearly in response to variations in incoming fuel
      temperature, thus increasing or decreasing the distance between the two
      reed switches to determine the effective volume of measuring chamber 11
      between the liquid level sensors therein.
PAR  The threaded assembly which mounts upper reed switch 13 in support 61
      permits the volume of the measuring chamber to be accurately calibrated
      when the meter is initially assembled and, upon removal of cover plate 65,
      is accessible to weights and measures officals for field test/calibration.
PAR  The lower support plate 60, and measuring chamber liner 66, are fabricated
      of ferrous metal to shield reed switches 12, 13 from the magnetic flux of
      coil 25.
PAR  While we have thus described preferred embodiments of the present
      invention, many variations will be apparent to those skilled in the art.
      It must therefore be understood that the foregoing description is intended
      to be illustrative only and not limitative of the present invention, and
      all such variations and modifications as are in accord with the principles
      described are meant to fall within the scope of the appended claims.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A temperature-compensating liquid metering device comprising a supply of
      liquid to be measured, a liquid reservoir, a measuring chamber between
      said supply and said reservoir, selectively operable valve means for
      selectively feeding liquid to be measured along a first flow path from
      said supply to said chamber and for selectively draining liquid from said
      chamber into said reservoir via a second flow path different from said
      first flow path, means for controlling the operation of said valve means
      comprising first sensor means in said chamber responsive to an absence of
      liquid in said chamber at a first level determined by the position of said
      first sensor means for actuating said valve means to open said first flow
      path and to close said second flow path, second sensor means vertically
      spaced from and above said first sensor means in said chamber and
      responsive to the filling of liquid into said chamber to a second level
      defined by the position of said second sensor means for actuating said
      valve means to close said first flow path and to open said second flow
      path, whereby the quantity of liquid filled into said chamber and
      thereafter drained from said chamber into said reservoir is determined by
      the vertical spacing between said first and second sensor means, at least
      one of said sensor means being mounted for selective movement, and means
      responsive to the temperature of the liquid being measured for selectively
      displacing said movable sensor means to vary the vertical spacing between
      said sensors in said chamber thereby to vary the magnitude of said
      quantity of liquid with changes in its temperature.
NUM  2.
PAR  2. The metering device of claim 1 wherein said temperature responsive means
      comprises an expansible bellows connected to said movable sensor means,
      said bellows being located in one of said flow paths.
NUM  3.
PAR  3. The metering device of claim 2 wherein said bellows is located in said
      first flow path, said first flow path being bifurcated to provide a first
      branch through which liquid from said supply flows directly to said
      chamber and a second branch through which liquid from said supply flows
      past the exterior of said bellows and thence to said chamber.
NUM  4.
PAR  4. The device of claim 2 wherein said bellows is of elongated configuration
      and is filled with a sample of the liquid being measured, the length of
      said bellows being the same as the vertical distance between said first
      and second sensor means.
NUM  5.
PAR  5. The device of claim 1 including counter means, and means responsive to
      each operation of one of said sensor means for stepping said counter.
NUM  6.
PAR  6. The metering device of claim 1 wherein said valve means comprises a
      ferrous metal ball located adjacent an orifice in said first flow path, a
      holding magnet adjacent said orifice for normally retaining said ball in
      position to close said orifice, a selectively energizable electromagnet
      disposed adjacent said ball, and means responsive to operation of said
      first sensor means for energizing said electromagnet to attract said ball
      away from said orifice against the force of said holding magnet thereby to
      open said first flow path to the flow of fluid from said supply through
      said orifice.
NUM  7.
PAR  7. The metering device of claim 6 comprising an adjustable stop disposed
      adjacent to but spaced from said ball for controlling the extent to which
      said ball may be moved away from said orifice by said electromagnet
      thereby to control the rate of flow through said orifice.
NUM  8.
PAR  8. The metering device of claim 6 wherein said valve means comprises a
      second ferrous metal ball located adjacent a further orifice in said
      second flow path, said electromagent being positioned to attract said
      second ball toward said further orifice when said electromagnet is
      energized to close said second flow path substantially simultaneous with
      the opening of said first flow path.
NUM  9.
PAR  9. The metering device of claim 8 including spring means for urging said
      second ball away from said further orifice when said electromagnet is
      de-energized.
NUM  10.
PAR  10. The metering device of claim 1 wherein each of said sensor means
      comprises a magnetically responsive reed switch, a float in said chamber,
      said float carrying a permanent magnet for operating each of said reed
      switches in turn as the liquid level in said chamber changes, said valve
      means including an electromagnetic operator, and electrical circuit means
      responsive to operation of said reed switches for controlling the
      energization of said electromagnetic operator.
NUM  11.
PAR  11. The metering device of claim 10 including electrically energizable pump
      means adjacent said reservoir for pumping liquid out of said reservoir,
      said electrical circuit means including time delay means responsive to
      sustained operation of the upper one of said reed switches for
      de-energizing said circuit means and said pump means.
NUM  12.
PAR  12. The metering device of claim 1 wherein said first sensor means is
      located closely adjacent the bottom of said chamber whereby said first
      level corresponds to a substantially empty chamber condition.
NUM  13.
PAR  13. The metering device of claim 12 wherein said measuring chamber and
      reservoir are each vented to permit the escape of air and vapors therefrom
      as liquid is supplied thereto.
NUM  14.
PAR  14. An automatically operable, temperature-compensated, liquid metering
      device comprising a measuring chamber having a pair of liquid-level
      sensors therein disposed in vertically spaced relation to one another,
      means responsive to the absence of liquid in said chamber at a first level
      determined by the lower one of said sensors for supplying a liquid to be
      measured to said chamber, means subsequently responsive to the presence of
      liquid in said chamber at a second level determined by the upper one of
      said sensors for terminating the supply of liquid to said second chamber,
      means for initiating a withdrawal of liquid from said chamber
      substantially simultaneous with the termination of the supply of liquid to
      said chamber to drain liquid from said chamber until the liquid level in
      said chamber falls below said first level so as to cause termination of
      said withdrawal operation and to reinitiate the supply of liquid to said
      chamber, whereby fixed increments of liquid each of which is
      volumetrically dependent upon the vertical spacing between said sensors
      are repetitively and automatically supplied to and thereafter withdrawn
      from said chamber, counter means controlled by at least one of said
      sensors for counting the number of said increments, and means responsive
      to the temperature of the liquid being measured for selectively varying
      the relative spacing between said sensors thereby to vary the volumes of
      said increments with variations in the temperature of said liquid.
NUM  15.
PAR  15. The metering device of claim 14 including electrically operable valve
      means for controlling the supply of liquid to and withdrawal of liquid
      from said chamber, said sensors including electrical switch means for
      controlling the operation of said valve means.
NUM  16.
PAR  16. The metering device of claim 15 wherein said temperature responsive
      means comprises an elongated column of the liquid being measured, the
      length of said column being the same as the distance between said first
      and second levels.
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PAL  A liquid level indicator for a liquid container, such as the crankcase oil
      reservoir of an internal combustion engine, comprises a source of fluid at
      a predetermined pressure and a fluid conduit system connected to the fluid
      source. A gage responsive to fluid pressure and a valve mechanism are
      coupled to the conduit system downstream of a restriction orifice in the
      system. The valve mechanism includes an outlet orifice for fluid in the
      system and a valve body that is movable axially of the orifice so as to
      vary its cross-sectional flow area. The valve body is coupled to a float
      that is mounted for limited vertical movement in the container so that
      when the liquid in the container is at any particular level within a
      predetermined range, the liquid exerts a buoyancy force on the float which
      is balanced by opposing forces, including the float weight and a force
      exerted by the pressurized fluid on the float through the valve body. The
      force exerted by the fluid is reflected in a corresponding fluid pressure
      in the conduit system between the restriction orifice and the outlet
      orifice. This pressure is a measure of the liquid level in the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Adequate lubrication of the operating components of a reciprocating piston
      internal combustion engine is essential since relative motion between
      unlubricated contacting surfaces will cause excessive wear, overheating,
      and seizure of the components. The energy loss associated with engine wear
      and overheating will also result in reduced engine power and efficiency.
PAR  A typical reciprocating piston internal combustion engine is equipped with
      a crankcase oil pan or reservoir for storing the lubricant necessary for
      normal engine lubrication. An oil pump transports the lubricant to the
      operating components of the engine. In order to provide sufficient oil
      pressure at the operating components for adequate lubrication, the oil
      pump inlet is generally submerged in the reservoir below the surface of
      the oil, which must be maintained above some minimum level in order to
      provide sufficient head over the pump inlet and to enable any necessary
      splash lubrication.
PAR  At present, a dipstick is commonly used to determine the level of oil in
      the crankcase reservoir. The oil level is read by removing the dipstick
      from the reservoir and comparing the location of the residual oil on the
      dipstick to lines scribed thereon. The use of a dipstick is inconvenient
      in a motor vehicle, since the operator must stop the vehicle, and
      preferably the engine, and dismount to read the dipstick. Nonetheless,
      dashboard indicators for the level of oil in a motor vehicle oil reservoir
      are not used. Instead, motor vehicles are equipped with indicators that
      measure the oil pressure delivered by the oil pump, which is only
      indicative of inadequate oil in the oil reservoir when there is no longer
      sufficient oil in the reservoir to keep the pump adequately supplied.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a liquid level indicator for a liquid
      container, such as the crankcase oil reservoir for a reciprocating piston
      internal combustion engine. The indicator comprises a source of fluid at a
      predetermined pressure and a conduit system for the fluid which is coupled
      to and communicates with the fluid source. A gage responsive to fluid
      pressure and a valve mechanism are coupled to the conduit system
      downstream of a restriction orifice in the system. The valve mechanism
      includes an orifice that communicates with the conduit system and is the
      outlet for fluid in the system. The effective cross-sectional flow area of
      the outlet orifice can be varied by a valve body that is movable axially
      of the orifice. The valve body is coupled to a float that is mounted for
      limited vertical movement in the container so that when the liquid in the
      container is at any particular level within a predetermined range, the
      liquid exerts a buoyancy force on the float which is balanced by opposing
      forces that include the weight of the float and a force exerted by the
      pressurized fluid on the float through the valve body. The force exerted
      by the fluid is reflected in a corresponding fluid pressure in the conduit
      system between the restriction orifice and the outlet orifice. This fluid
      pressure is registered on the pressure gage and is a measure of the liquid
      level in the container.
PAR  In a preferred embodiment, the entire valve mechanism is located within the
      liquid container and a control is provided for selectively interrupting
      the flow of pressurized fluid from the fluid source to the valve mechanism
      and the gage. The gage is located remote from the float and the liquid
      container, and indicates the fluid pressure in the conduit system in terms
      of the liquid level in the container.
PAR  As can be seen from the above description, the present invention is
      particularly suited for use with the reciprocating piston engine of a
      motor vehicle, whereby the oil level in the crankcase oil reservoir can be
      displayed on a gage mounted on the vehicle dashboard. More particularly,
      the invention is suited for use in a heavy duty vehicle that is equipped
      with pneumatic brakes, for example, and associated apparatus for
      compressing air and delivering a supply of pressurized air to various
      systems of the vehicle. Such an existing source of pressurized air can be
      readily tapped for operating the indicator of the present invention
      without requiring additional air compressing equipment. Alternatively,
      pressurized oil could be used in the fluid conduit system, the oil being
      obtained from the engine oil lubrication system, for example.
PAR  The present invention provides an effective, accurate liquid level
      indicator with a minimum number of components. The compact and
      uncomplicated construction is achieved by the direct application of
      pressurized fluid, such as air, on a valve body coupled to a float to
      balance the buoyancy force exerted on the float by the liquid in a
      container. The invention is to be distinguished from apparatus, such as
      shown in the Slough U.S. Pat. No. 1,861,886, which operates on the vacuum
      produced by an engine manifold and which includes numerous chambers at
      sub-atmospheric pressures and at least one expandable bellows element.
      Similarly, the invention is to be distinguished from complicated
      nullfinding and force measuring systems, such as shown in the Breedlove
      U.S. Pat. No. 2,599,159 and the Coleman U.S. Pat. No. 2,416,570, which
      utilize compressed air to balance the force applied on a float by a liquid
      in which the float is immersed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be made to the
      following description of an exemplary embodiment, taken in conjunction
      with the figures of the accompanying drawings, in which:
PAR  FIG. 1 is a partial sectional view of a crankcase oil reservoir for a
      reciprocating piston engine equipped with a liquid level indicator
      according to the present ivention;
PAR  FIG. 2 is a partial sectional view of an automatic oil refill system for
      the crankcase oil reservoir of a reciprocating piston engine, which system
      incorporates the liquid level indicator of the present invention; and
PAR  FIG. 3 is a partial sectional view of a second automatic oil refill system
      for the crankcase oil reservoir of a reciprocating piston engine, which
      system also incorporates the liquid level indicator of the present
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 of the drawings illustrates the lower portion of the crankcase 10 of
      a reciprocating piston engine in a motor vehicle and an associated oil pan
      or reservoir 12 attached to the bottom of the crankcase. The oil pan 12
      contains a lubricant 14, such as lubricating oil, which fills the pan to a
      desired predetermined level 16. A conventional oil pump (not shown) pumps
      oil from the reservoir 12 and circulates the oil under pressure to the
      operating components of the engine.
PAR  Within the oil pan 12 is a float 18 which is coupled by a metal clip 20 to
      a downwardly projecting tubular fitting 22. As illustrated, the float has
      a tubular projection 24 extending from the top surface thereof which
      slides over the end of the fitting 22. The clip 20 extends through the
      tubular projection 24 at two diametrically opposed locations and has lugs
      that extend radially inwardly of the projection 24 into an annular groove
      26 in the outer surface of the fitting 22. The axial width of the annular
      groove 26 is greater than the thickness of the clip lugs so that the clip
      20 and thus the float 18 to which the clip is secured can move vertically
      for a limited distance along the length of the fitting 22. Engagement
      between the lugs of the clip 20 and the lower edge of the groove 26
      retains the float 18 on the fitting 22 when the oil 14 is drained from the
      reservoir 12, for example.
PAR  The fitting 22 has a central passageway 27 that is outwardly flared at its
      lower end. The interior surface of the fitting 22 defining the flared end
      of the passageway 27 is threaded and threadedly receives a tubular valve
      seat 28. An outlet orifice 30 in the valve seat 28 communicates with the
      passageway 27 in the fitting 22 through a passageway 31 in the valve seat.
      A valve body 32, in the form of a ball, is received in the orifice 30 and
      is supported by the upper surface of the float 18 forming the closed end
      of the tubular projection 24. Thus, the axial position of the float 18
      relative to the valve seat 28 determines the relative spacing between the
      sealing surfaces of the valve body 32 and the valve seat 28, and therefore
      determines the effective crosssectional flow area of the orifice 30.
PAR  Pressurized air is delivered to the fitting 22 from an air manifold 34
      which is supplied by an air compressor (not shown) associated with and
      powered by the engine. In heavy duty motor vehicles, the compressor may
      also supply compressed air for operating other pneumatic systems, such as
      air brakes. In order to achieve a predetermined constant pressure, a
      conventional air pressure regulator 35 is included in the supply line or
      conduit 36 from the air manifold 34. Downstream of the regulator 35 is a
      conventional restriction orifice 37 having a fixed cross-sectional flow
      area and, following the orifice, a control valve 38 of conventional
      design, which is preferably mounted on the dashboard in the vehicle cab.
      The control valve 38 is used to interrupt the flow of pressurized air to
      the remainder of the air conduit system, described hereinafter, so that
      the indicator of the invention is actuated only when the vehicle operator
      so desires. The control valve 38 is manipulated by a toggle switch 40.
PAR  When the control valve 38 is open, air under pressure is delivered through
      a T fitting 42 to pneumatic lines 44 and 46. The line 44 extends to a gage
      48 that is preferably mounted in the vehicle cab and is responsive to
      pressure in the connected system of air conduits, including the lines 44
      and 46. The face of the gage 48 is calibrated to indicate the number of
      quarts of oil in the reservoir 12, however, rather than the air pressure
      in the conduit 44, inasmuch as the volume of oil in the reservoir is
      related to the air pressure in the line 44, as will be described.
PAR  The air line 46 is connected to a fitting 50 that is mounted on and extends
      through the side of the crankcase 10 and is connected on the inside of the
      crankcase 10 to one end of an air line 52. The other end of the air line
      52 is connected by a sleeve 54 and a nut 56 to a connector fitting 57 that
      in turn is connected to the upper end of the tubular fitting 22, the
      fitting 57 communicating the line 52 with a radial passage 58 in the
      fitting 22, the radial passage communicating with the axial passageway 27.
      The upper end of the fitting 22 is threaded and screws into a main bearing
      cap 59. A spacer 60 locates the connector 57 (and therefore the nut 56) in
      spaced relation to the adjacent surface of the bearing cap 59. The system
      of air lines 46 and 52 and fittings 42, 50, 54, 57 and 22 thus provides a
      continuous conduit for pressurized air from the control valve 38 to the
      outlet orifice 30 in the valve seat 28. A plurality of lateral bores 61
      through the wall of the tubular projection 24 permits the pressurized air
      escaping through the outlet orifice 30 to be vented to the space above the
      oil 14.
PAR  In operation, when the oil 14 in the oil reservoir 12 is at any particular
      level within the operating range of the indicator and the control valve 38
      is opened, the float 18 is at least partly immersed in the oil, which
      exerts a buoyancy force on the float 18. Opposing the buoyancy force are
      the weight of the float 18, the weight of the valve body 32, and the force
      exerted by the pressurized air on the valve body and, thus, on the
      supporting float. The force exerted by the pressurized air is related to
      the pressure in the air conduit system, which, in turn, is related to the
      constant pressure at which air is being delivered from the pressure
      regulator 35, the cross-sectional flow area of the restriction orifice 37
      and the effective cross-sectional flow area of the orifice 30 through
      which air can escape from the conduit system. The effective
      cross-sectional flow area of the orifice 30 is determined by the axial
      position of the valve body 32 relative to the valve seat 28.
PAR  The pressurized air in the valve seat passageway 31 exerts a force on the
      valve body 32 equal to the product of the pressure in the passageway 31
      and the effective area of the valve body on which that pressure acts. The
      force acting on the valve body 32 is transmitted to the float 18, so that
      relative movement takes place between the float 18 and the valve body 32,
      on the one hand, and the valve seat 28, on the other hand, until the flow
      area of the orifice 30 is adjusted to provide an air pressure on the valve
      body 32 just sufficient, with the weight of the valve body and the float,
      to balance the buoyancy force exerted by the oil on the float. The
      resulting air pressure is monitored by the gage 48, which is calibrated to
      indicate the volume of the oil in the reservoir 12.
PAR  The force acting on the valve body 32 as a result of the pressure in the
      passageway 31 adjusts to the necessary balancing value because of the
      variable relationship between the flow areas of the restriction orifice 37
      and the outlet orifice 30. The air pressure in the air conduit system
      upstream of the restriction orifice 37 remains constant due to the
      pressure regulator 35. As the flow area of the outlet orifice 30 varies,
      however, the pressure downstream of the restriction orifice varies
      correspondingly. Thus, as the flow area of the outlet orifice 30 decreases
      and the air flow through the conduit system likewise decreases, the air
      pressure downstream of the restriction orifice 37 approaches the air
      pressure upstream of the orifice. As the outlet orifice flow area
      increases and the air flow through the conduit system increases, the
      pressure drop across the restriction orifice 37 increases and the pressure
      downstream thereof decreases.
PAR  In the indicator system of FIG. 1, when the oil 14 in the reservoir 12
      reaches the predetermined maximum or "full" level 16 illustrated, the
      buoyancy force on the float 18 will just be sufficient to seat the valve
      body 32 in the orifice 30. Thus, when the oil in the oil pan 12 is at the
      full level and the control valve 38 is actuated to activate the indicator,
      no air will escape from the air conduit system, so that the pressure
      downstream of the restriction orifice 37 and at the gage 48 will equal the
      pressure established by the pressure regulator 35, and the gage 48 will
      indicate the volume of oil (in quarts, for example) in the reservoir 12
      corresponding to the full level. (Alternatively, the gage 48 could be
      calibrated to indicate full, and the number of quarts below full.)
PAR  When the oil 14 in the oil reservoir 12 is at a level lower than the full
      level illustrated and the control valve 38 is opened to admit air under
      pressure, the buoyant force exerted on the float 18 by the oil 14 will be
      insufficient to maintain the valve body 32 seated in the orifice 30
      against the force developed by the air pressure in the passageway 31
      together with the weight of the valve body and the float. The float 18 and
      the valve body 32 will both move slightly downward away from the valve
      seat 28, thereby permitting pressurized air to escape through the orifice
      30 and the lateral bores 61 in the projection 24 and into the oil
      reservoir 12. The resulting reduced pressure in the air conduit system
      downstream of the restriction orifice will be indicated by the gage 48 as
      a less than full amount of oil in the oil reservoir.
PAR  FIG. 2 illustrates an oil level indicator similar to the indicator of FIG.
      1, which is coupled with an automatic refill system for the crankcase oil
      reservoir 12. The automatic refill system includes an auxiliary oil
      reservoir 62, which has a spout 64 for adding oil and a cap 66 for
      hermetically sealing the reservoir. An oil line 68 is connected at one end
      to the bottom of the auxiliary reservoir 62, and at the other end to a
      pneumatically operated control valve 70, which controllably couples the
      oil line 68 with an oil line 72 leading into the lower portion of the
      crankcase oil reservoir 12.
PAR  Pressurized air is delivered to a solenoid valve 76, which controls the air
      flow to an air conduit 78 connected to the top of the auxiliary oil
      reservoir 62 and to a conduit 80 connected to a conventional pressure
      regulator 82. Air from the regulator 82 flows through a restriction
      orifice 83 and into an air line 84 which branches into a line 86 leading
      to a liquid level valving mechanism 87, generally similar to the mechanism
      including the elements 18-32 of FIG. 1, and into a line 88 leading to the
      pneumatically operated control valve 70. The gage 48 is coupled to the
      line 84 to monitor the air pressure therein and indicate the volume of oil
      14 in the reservoir 12.
PAR  The control valve 70 comprises a tubular outer casing 92 closed at its ends
      by circular plates 94 and 96. The end plate 94 has a central threaded bore
      97 which provides an inlet for pressurized air. Opposed threaded bores 98
      and 100 are formed in the casing 92 approximately midway along its length
      for connection with the oil lines 68 and 72, respectively, through which
      flows the oil to be controlled by the valve 70. Slidably received in an
      axial bore 101 in the casing 92 is a cylindrical slide member 102, which
      has a central annular groove 104 and annular grooves 106 and 108 adjacent
      the ends of the slide. The end grooves 106 and 108 receive O-ring sealing
      members 110 and 112, respectively, while the central groove 104 affords a
      passage through the valve 70 when the groove 104 is at least partly in
      registry with the threaded bores 98 and 100. The slide 102 is positioned
      against the end plate 94 by a pair of biasing springs 114 and 115 when the
      solenoid valve 76 is closed. When pressurized air is delivered to the
      pneumatic control valve 70 through the threaded bore 97, the slide member
      102 is pushed away from the end plate 94 against the biasing action of a
      relatively flexible spring 114 and a relatively stiff spring 115. The
      spring 114 acts between the slide 102 and a spacer 116, and the spring 115
      acts between the spacer 116 and the end plate 96. As the central annular
      groove 104 moves into registry with the threaded bores 98 and 100, oil is
      allowed to pass through the valve 70 to the oil reservoir 12.
PAR  In the system illustrated in FIG. 2, the pressure in the conduit system
      downstream of the pressure regulator 82 when the oil 14 in the reservoir
      12 is at the full level may be 26 psig., for example. The pneumatic
      control valve 70 is constructed so that the biasing spring 114 is
      compressed to the extent that the slide 102 engages the spacer 116 and the
      valve is fully open, when the pressure in the conduit system is
      approximately 5 psig. As the air pressure in the system increases, the
      slide 102 moves beyond its fully open position against the biasing action
      of the spring 115 so as to reduce the effective flow area through the
      valve 70. At 26 psig. of air pressure, the valve 70 is again fully closed.
PAR  When the solenoid valve 76 is closed, the conduit system downstream thereof
      is vented to atmosphere through a vent (not shown) in the valve 76, and
      the springs 114 and 115 drive the slide 102 against the end plate, thereby
      closing the control valve 70 and preventing any oil seepage from the
      auxiliary reservoir 62.
PAR  The automatic refill system of FIG. 2 is activated by opening the solenoid
      valve 76 by actuating a switch (not shown) in the vehicle cab. High
      pressure air flows through the open valve 76 and the pressure regulator 82
      to the oil level indicator valve mechanism 87. The level of the oil in the
      reservoir 12 is represented by the pressure in the conduit system 84, 86
      and 88 downstream of the restriction orifice 83, which pressure is
      displayed as a liquid level or volume on the gage 48. The pressure in the
      conduit system also operates the pneumatic control valve 70 to regulate
      the flow of oil into the reservoir 12 and bring the oil level in the
      reservoir up to the full level, if necessary. Positive flow of oil from
      the auxiliary reservoir 62 to the primary reservoir 12 is assured by the
      pressurized air delivered through the line 78 to the top of the auxiliary
      reservoir 62. In order to refill the auxiliary reservoir 62, the pressure
      built up in the auxiliary reservoir is relieved through the vent (not
      shown) in the back of the valve 76 by closing that valve.
PAR  FIG. 3 of the drawings illustrates a second embodiment of an automatic
      refill system generally similar to the system of FIG. 2. In the system of
      FIG. 3, pressurized air is delivered through a pressure regulator 120 to a
      threeway switching mechanism 122. When the switching mechanism 122 is at
      the central "off" position, air does not flow beyond the mechanism. When
      the mechanism 122 is in the left-hand "check" position, pressurized air
      flows through a restriction orifice 123 in an air line 124 to a one-way
      check valve 126. From the check valve 126, the air flows through a line
      128 to the oil level indicator valve mechanism 87 similar to the mechanism
      of FIGS. 1 and 2. The gage 48 coupled to the line 124 indicates the level
      or volume of the oil 14 in the reservoir 12 in the manner previously
      described.
PAR  When the valve mechanism 122 is in the right-hand "fill" position,
      pressurized air flows through a line 130 to the top of the auxiliary oil
      reservoir 62. The air also flows through a branch line 132 to a
      conventional pneumatically operated control valve 134. The valve 134 is
      normally closed, but is opened when air under pressure is supplied to the
      line 132. The pressurized air in the line 132 opens the control valve 134,
      and the pressurized air in the line 130 forces oil from the auxiliary
      reservoir 62 through an outlet line 68 leading from the bottom of the
      reservoir, the opened control valve 134, and the line 128 to the valve
      mechanism 87. The one-way check valve 126 prevents oil from flowing back
      into the line 124. As oil flows through the valve mechanism 87 by way of
      the outlet orifice 30 (see FIG. 1) and the lateral bores 61 into the
      reservoir 12, the buoyancy force exerted on the float 18 by the oil 14
      increases as the oil level moves up the float until the valve body (not
      shown) is seated in the outlet orifice (not shown) and shuts off the flow
      of oil.
PAR  It will be understood that the above-described embodiments are merely
      exemplary and that persons skilled in the art may make many variations and
      modifications without departing from the spirit and scope of the
      invention. For example, while the illustrated embodiments of the invention
      utilize pressurized air, any other convenient pressurized fluid may be
      used in the indicator, such as oil. Thus, pressurized oil could be
      supplied to the pressure regulator 35 directly from the engine oil gallery
      or the main bearing oil feed passage. This would permit continuous reading
      of the oil level in the reservoir 12 by eliminating the control valve 38,
      because of the continuous application of pressurized oil to the conduit
      system. In addition, other shapes of valve seats and valve bodies, such as
      needle valves, may be employed. Also, the tubular fitting 22 could extend
      well below the full oil level in the reservoir 12 and entirely through the
      float, the float having an annular shape so as to slide over the fitting
      22. In such an embodiment, the valve body would be supported below the
      float and would preferably include an oil resistant elastomer sealing
      member. Furthermore, the shape of the float may be made trapezoidal in
      vertical cross section, for example, to provide a nonlinear response at
      the gage 48 to oil level changes, if desired. Also, an electrical switch
      could be coupled to the gage 48 in order to sound an alarm when the oil in
      the reservoir reached a predetermined low level. Finally, the conduit 78
      or 130 could be disconnected from the top of the auxiliary reservoir 62
      and the cap 66 vented to the atmosphere, thereby providing a gravity feed
      from the auxiliary reservoir, if desired. All such modifications and
      variations are intended to be within the scope of the invention as defined
      in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid level indicator for a container adapted to contain a liquid
      comprising:
PA1  a. a source of fluid under pressure;
PA1  b. a fluid conduit system coupled to and communicating with the fluid
      source;
PA1  c. means defining a restriction orifice in the conduit system;
PA1  d. fluid pressure responsive gage means coupled to the conduit system
      downstream of the restriction orifice; and
PA1  e. valve means coupled to the conduit system downstream of the restriction
      orifice, the valve means including
PA2  i. a valve seat defining an orifice that communicates with the conduit
      system and is an outlet for fluid in the system;
PA2  ii. a valve body movable toward and away from the valve seat so as to vary
      the cross-sectional flow area of the orifice, the pressure of the fluid in
      the conduit system between the restriction orifice and the outlet orifice
      exerting a force on the valve body in a first direction; and
PA2  iii. a float member operatively coupled to the valve body and being mounted
      within the container for limited vertical movement, so that a buoyancy
      force acting upwardly on the float member causes the float member to exert
      a force on the valve body in a second direction, the second direction
      being opposite to the first direction;
PA1  so that when liquid in the container is at any level within a predetermined
      range of levels, the liquid exerts a corresponding buoyancy force on the
      float member, which in turn exerts the force on the valve body in the
      second direction, which force is opposed and balanced by the force exerted
      by the pressurized fluid on the valve body in the first direction, the
      pressure of the fluid in the conduit system between the restriction
      orifice and the outlet orifice being indicative of the level of liquid in
      the container.
NUM  2.
PAR  2. A liquid level indicator according to claim 1, wherein the entire valve
      means is adapted to be located within the liquid container.
NUM  3.
PAR  3. A liquid level indicator according to claim 1, further comprising
      control means for selectively interrupting a flow of fluid under pressure
      from the fluid source to the valve means and the gage means.
NUM  4.
PAR  4. A liquid level indicator according to claim 1, wherein the gage means is
      remote from the float member.
NUM  5.
PAR  5. A liquid level indicator according to claim 1, wherein the gage means is
      calibrated to indicate the liquid level in the container in response to
      the fluid pressure in the conduit system downstream of the restriction
      orifice.
NUM  6.
PAR  6. A liquid level indicator according to claim 1, wherein the liquid
      container is a crankcase oil reservoir for an internal combustion engine,
      the liquid is lubricating oil, and the fluid is air.
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ABST
PAL  A thermometer and a generally elongate mount therefor in which the mount is
      of channel-shaped cross-section defined by sidewalls which converge along
      an apex. The thermometer is retained within the channel along the apex by
      bands which pass through the mount and are looped about the thermometer so
      that the sidewalls flank and embrace the thermometer. The inner surface of
      each of the sidewalls is calibrated with centigrade and fahrenheit
      temperature scales. Various openings are formed in the mount to enable it
      to be hung, as from a string, and also to enable it to be employed as a
      sling psychrometer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved thermometer and mounting device which
      renders the thermometer highly versatile. The thermometer is suited
      particularly for use in a demonstrative or educational environment such as
      in a classroom or laboratory.
PAC  SUMMARY OF THE INVENTION
PAR  The invention includes an elongate mount or backing element which defines
      an elongate channel or trough. The thermometer tube is retained along and
      within the bottom of the trough by bands which are looped about the upper
      and lower ends of the thermometer tube and which extend rearwardly through
      holes formed in the backing member. The portions of the bands which extend
      rearwardly through the channel are secured to the channel to retain the
      ends of the thermometer tube firmly in place. The sidewalls of the backing
      which define the channel and which embrace the thermometer tube are
      calibrated with temperature scales extending along their length on each
      side of the thermometer tube. Appropriate holes are formed in the backing
      member to enable the bands to pass therethrough. Additionally, an
      appropriate hole is formed at the upper end of the backing member to
      enable the device to be suspended from the string or to be employed as a
      sling psychrometer.
PAR  The thermometer tube is recessed well within the channel and thus is
      protected from inadvertent breakage. Additionally, because the thermometer
      is recessed well within the channel, the bulb of the thermometer tube may
      be covered with moist tissue which is retained within the channel by an
      elastic band. This enables the device to be employed as a sling
      psychrometer.
PAR  In one embodiment of the invention, the thermometer tube is retained in the
      channel by elastic bands which may be removed easily to release the
      thermometer tube from the channel. This is desirable in those instances
      where the thermometer is to be inserted through a relatively small opening
      which cannot receive the cross-sectional dimensions of the mounting member
      itself.
PAR  Among the primary objects of the invention is to provide an improved
      thermometer and calibrated support bracket therefor which is suited for
      use particularly in an educational environment such as in classroom or
      laboratory.
PAR  A further object of the invention is to provide an improved thermometer and
      backing which is of simplified, inexpensive construction.
PAR  A further object of the invention is to provide an improved thermometer and
      backing therefor in which the thermometer is protected by the backing.
PAR  Another object of the invention is to provide a thermometer and backing
      therefor which permit use either as a thermometer or as a sling
      psychrometer.
PAR  Still another object of the invention is to provide a thermometer and
      backing support therefor in which the thermometer and support may be
      separated simply when desired.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of the invention will be understood
      more fully from the following detailed description thereof with reference
      to the accompanying drawings wherein:
PAR  FIG. 1 is a front elevation of the thermometer backing member without the
      thermometer;
PAR  FIG. 2 is a side elevation, in section, of the backing as seen along the
      lines 2--2 of FIG. 1 and illustrating an alternative technique for
      securing the thermometer tube to the backing;
PAR  FIG. 3 is a front elevation of the device with the thermometer attached to
      the backing by elastic bands;
PAR  FIG. 4 is a side elevation, in section, of the arrangement shown in FIG. 3
      as seen along the line 4--4 of FIG. 3; and
PAR  FIG. 5 is a section taken through the assembled thermometer and backing as
      seen along the line 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawings, the invention includes a conventional thermometer
      tube 10 having a bulb reservoir 12 at its lower end. The tube 10 is
      retained within a channel-shaped backing, indicated generally by the
      reference character 14 as shown in FIG. 1. The backing 14 is longer than
      the thermometer tube 10 and includes a pair of forwardly divergent
      sidewalls 16 which meet along the elongate apex 18. The entire backing 14
      may be formed from a single piece of material such as polypropylene
      according to well-known plastic molding techniques. The backing should be
      able to withstand temperatures of between -10.degree. C and 135.degree.C
      as might be found in usual laboratory experiments.
PAR  The inner surface of each of the sidewalls 16 is provided with calibrated
      temperature scales 20, 22 which are disposed on either side of and embrace
      the thermometer tube 10. The scales 20, 22 preferably are molded directly
      into the sidewalls 16 when the backing 14 is formed but may also be
      provided by labels or other marking techniques. The backing 16 preferably
      includes end walls 24 which are formed integrally with the ends of the
      sidewalls 16 and apex 18 to rigidify further the backing.
PAR  In the preferred embodiment of the invention, the thermometer is retained
      in place within the channel by a pair of elastic rubber bands 26, 28 which
      are looped about the upper and lower ends respectively of the thermometer
      tube 10 as shown in FIGS. 3, 4, and 5. The rubber bands 26, 28 extend
      rearwardly through upper and lower holes 30, 32 formed respectively near
      the upper and lower ends of the thermometer tube 10 in the apex 18 of the
      backing 14. The rear, free end of the upper rubber band 28 is stretched
      downwardly along the rear surface of the apex 18 and is looped about a
      rearwardly extending post 34 which is formed integrally with the backing
      14. The free end of the lower elastic band 28 extends through the hole 32
      and then upwardly along the rear surface of the apex 18 where it is looped
      about an upper rearwardly extending post 36 formed integrally with the
      backing 14 above the hole 30. This arrangement is effective to retain the
      thermometer tube 10 firmly within and along the apex 18 of the backing and
      also permits the thermometer tube 10 to be separated from the backing
      simply and quickly when desired. The elastics 26, 28 serve further to
      retain the thermometer tube 10 in place and prevent axial shifting of the
      tube 10 along the backing 14. This advantage is obtained when employing
      elastic bands fabricated from natural rubber or other high-friction
      material which will grip the glass tube 10 firmly. Furthermore, the
      resilient, flexible characteristics of the elastic band serve to reduce
      any shock or vibration which might be transmitted to the thermometer tube
      10, for example, if the device is dropped inadvertently.
PAR  When assembling the thermometer tube 10 and backing 14, the tube is
      oriented properly along the apex 18 in relation to the temperature scales
      20, 22 by a scratch mark 38 formed on the thermometer tube 10. The
      location of the scratch mark 38 along the thermometer tube is calibrated
      during its manufacture so that the scratch mark 38 will correspond to a
      particular temperature on the scales 20, 22. For example, in the
      illustrative embodiment of the invention, the thermometer tube 10 has been
      calibrated so that when assembling the tube and backing 14, the tube 10 is
      properly disposed along the apex 18 when the scratch mark 38 is in
      registry with the 70.degree.C reading on the scale 22.
PAR  The feature of the invention which permits the tube 10 to be separated from
      the backing 14 simply is advantageous when the thermometer tube 10 is to
      be inserted through a relatively small opening, as in a stopper, which
      cannot receive the full cross-sectional area of the backing 14 itself.
      While the tube 10 is being used in its removed condition, the desired
      temperature reading may be taken by marking the thermometer tube with a
      grease pencil and then aligning the tube 10 so that the scratch mark 38 is
      properly disposed along the temperature scales 20, 22. The temperature
      reading of the alcohol or mercury column in the tube 10 may be read
      directly from the scales 20, 22.
PAR  In some instances, it may be desirable to fasten the thermometer tube 10
      more permanently to the backing 14. For this purpose, a pair of smaller,
      supplementary holes 40, 42 may be formed through the apex 18 near both of
      the upper and lower ends of the thermometer tube 10, preferably between
      the holes 30, 32 as shown in FIGS. 1 and 2. A thin wire 44 may be passed
      about the upper and lower end of the thermometer tube 10 and then through
      the holes 40, 42. The free ends of the wire may be twisted at the rear
      side of the backing 14 to secure the tube 10 firmly within the apex 13.
PAR  In the preferred embodiment of the invention, the upper end of the backing
      14 includes a support hole 45 which may be formed in the apex 18 and
      preferably has a bar 46 extending across the hole to separate the hole
      into a pair of D-shaped portions. A string or wire may be looped about the
      bar 46 to hang the backing 14 or, as described below, to employ the device
      as a sling psychrometer.
PAR  The construction of the backing 14 and the recessed location of the
      thermometer tube well within the apex 18 permits the device to be employed
      as sling psychrometer. As shown in phantom in FIGS. 3 and 4, when employed
      in this mode, the bulb 12 is wrapped in a wet or wettable tissue 48 which
      is packed into the trough defined by the sidewalls. Additionally, the hole
      32 is enlarged to permit a portion of the tissue 48 to be drawn rearwardly
      through the apex 18 near the bulb so that the bulb 12 may be wrapped fully
      about its outer surfaces by the tissue. The tissue 48 may be retained in
      place about the bulb and within the trough by an elastic band 50 which is
      wrapped about the backing 14 and the tissue 48. Slots 52 preferably are
      formed at the divergent edges of the sidewalls 16 near the region of the
      bulb to receive the elastic band 50 and help to retain it in place. This
      arrangement insures that as the entire device is swung about, all of the
      elements will remain in place.
PAR  A further aspect of the invention is that when taking a number of
      temperature readings, a particular reading or temperature may be employed
      as a reference by wrapping an elastic band about the backing as suggested
      at 54 in FIGS. 3 and 5. The elastic band 54 may be moved to any desired
      temperature setting along the length of the backing and the thermometer
      tube.
PAR  A further, not unimportant aspect, of the invention is that because of the
      configuration of the trough, the thermometer tube 10 is extremely well
      protected and is not likely to be damaged by inadvertent rough handling.
      The thermometer tube is retained well within the concave apex 18 of the
      backing and the sidewalls 16 and end walls 24 effectively isolate the
      fragile thermometer tube 10.
PAR  It should be understood that the foregoing description is intended merely
      to be illustrative of the invention and that other embodiments and
      modifications will be apparent to those skilled in the art without
      departing from its spirit.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A temperature responsive measuring device preferably for use by students
      and having an elongated thermometer tube that is readily replaceable, said
      device comprising:
PA1  an elongated backing having a front surface of concave configuration along
      its length, said front surface being defined by a pair of sidewalls
      diverging from an apex;
PA1  a temperature scale disposed on said forward surface of at least one of
      said sidewalls;
PA1  and means for mounting the thermometer tube within and along the concave
      apex of said backing, said sidewalls extending forwardly of and
      substantially beyond said thermometer tube to protect said tube;
PA1  said means for mounting said thermometer tube comprising;
PA2  a first hole formed in the upper portion of said backing,
PA2  a second hole formed in the lower portion of said backing,
PA2  first and second posts extending rearwardly from and spaced along the rear
      surface of said backing and each disposed adjacent but spaced from
      respective first and second holes,
PA2  and at least one continuous and endless elastic band having a first segment
      extending through the first hole and being looped about the upper end of
      said thermometer tube, and a second segment that is stretched downwardly
      to extend and wrap about said rearwardly extending second post,
PA2  whereby said thermometer tube may be readily replaced by removing the
      second segment from the post so as to loosen the first segment and permit
      easy withdrawal of the tube from the backing.
NUM  2.
PAR  2. A temperature responsive measuring device as defined in claim 1 further
      comprising:
PA1  said lower hole being formed so that when said thermometer tube which has a
      reservoir bulb is disposed in proper alignment with respect to said
      temperature scale, the reservoir bulb of said thermometer tube is disposed
      in alignment to said lower hole;
PA1  said lower hole being dismensioned so as to permit a moist tissue to be
      placed about said bulb; and
PA1  means formed at the upper end of said backing for securing said upper end
      to a line thereby to enable said device to be employed as a psychrometer.
NUM  3.
PAR  3. A temperature responsive measuring device as defined in claim 2 further
      comprising:
PA1  means for retaining said tissue about said bulb comprising a second elastic
      band wrapped about said backing and extending over said concave region to
      retain said tissue in said concave region.
NUM  4.
PAR  4. A temperature responsive measuring device as defined in claim 3 further
      comprising:
PA1  means forming slots in the forward edge of each of said sidewalls near said
      lower hole to retain said second elastic band for holding said tissue in
      place.
NUM  5.
PAR  5. A temperature responsive measuring device as defined in claim 4 wherein
      said second elastic band serves a dual function and is moveable along the
      length of said thermometer tube to enable said band to be registered at
      selected locations along the temperature scale.
NUM  6.
PAR  6. A temperature responsive measuring device as defined in claim 1 wherein
      said backing is formed from polypropalene adapted to withstand a
      temperature range of between -10.degree. and 135.degree.C.
NUM  7.
PAR  7. A temperature responsive measuring device as defined in claim 1 further
      comprising a second continuous and endless elastic band having a first
      segment extending through the lower hole and being looped about the lower
      end of the thermometer tube and a second segment extending about the first
      post.
NUM  8.
PAR  8. For a temperature measuring device preferably for use by students and
      having an elongated thermometer tube that may on occasion have to be
      replaced and an elongated backing having a temperature scale disposed on
      the forward surface thereof, the improvement comprising means for mounting
      the thermometer along the backing and against the forward surface in a
      manner to permit easy replacement of the thermometer tube, said means for
      mounting comprising, means defining a top hole in an upper portion of said
      backing, said backing having a rear surface, a post spaced from the top
      hole and extending rearwardly from the rear surface of the backing, and a
      continuous and endless elastic band means that may be stretched and has
      opposite securing ends, one end extending through the top hole to form a
      loop which extends about the upper end of said thermometer tube, the other
      end being stretched downwardly away from the one end to form a loop that
      wraps about the rearwardly extending post, whereby said thermometer tube
      may be readily replaced by removing the looped other end of the elastic
      band means from the post so as to loosen the said one end of the elastic
      band means and permit easy withdrawal of the tube from the backing.
NUM  9.
PAR  9. The improvement of claim 8 further comprising, means defining a lower
      hole in a lower portion of said backing and a top post spaced from both
      the first post and lower hole and extending rearwardly from the rear
      surface of the backing, said elastic band means also comprising, third and
      fourth loop end for extending and wrapping about the bottom end of the
      thermometer tube and the top post.
NUM  10.
PAR  10. The improvement of claim 8 further comprising, means defining a lower
      hole in a lower portion of the backing, a top post spaced from both the
      first post and lower hole and extending rearwardly from the rear surface
      of the backing, and a second continuous and endless elastic band that may
      be stretched and has opposite securing ends, one end extending through the
      lower hole to form a loop which extends about the lower end of said
      thermometer tube, the other end being stretched upwardly away from the one
      end to form a loop that wraps about the rearwardly extending top post.
NUM  11.
PAR  11. The improvement of claim 10 wherein said top post and top hole are
      spaced from each other and interconnected by a solid section of the
      backing, and the lower post and lower hole are spaced from each other and
      interconnected by a solid section of the backing.
NUM  12.
PAR  12. The improvement of claim 11 wherein both elastic bands have two
      sections that extend through the holes to form loops.
PATN
WKU  039370860
SRC  5
APN  5221218
APT  1
ART  244
APD  19741108
TTL  Noise thermometer
ISD  19760210
NCL  7
ECL  1
EXA  Shoon; Frederick
EXP  Queisser; Richard C.
NDR  1
NFG  3
INVT
NAM  von Thuna; Peter C.
CTY  Lexington
STA  MA
ASSG
NAM  Arthur D. Little, Inc.
CTY  Cambridge
STA  MA
COD  02
CLAS
OCL   73359
XCL   73362AR
EDF  2
ICL  G01K  730
FSC   73
FSS  351;359;362 AR
UREF
PNO  2753522
ISD  19560700
NAM  Marsden
XCL   73354
UREF
PNO  2884786
ISD  19590500
NAM  Burk et al.
OCL   73359
UREF
PNO  3818761
ISD  19740600
NAM  Brixy et al.
OCL   73359
UREF
PNO  3878721
ISD  19750400
NAM  Nath
OCL   73351
UREF
PNO  3890841
ISD  19750600
NAM  Brixy
OCL   73359
LREP
FRM  Schiller & Pandiscio
ABST
PAL  A thermometer based upon the measurement of spontaneous thermal noise in
      the form of electrical fluctuations in a sensor resistance, in which the
      sensor is included within an input circuit. The input circuit is
      inductively coupled to a matched circuit tuned to a selected band width of
      the noise and which includes the measuring electronics which preferably
      discriminates between random amplifier noise and the sensor signal by
      correlation techniques.
BSUM
PAR  This invention relates to thermometry and more particularly to improved
      absolute thermometers.
PAR  Conventional, practical thermometry has been based upon the temperature
      coefficient of some properties of a material such as its electrical
      resistance or mechanical expansion. However, the temperature coefficients
      of materials change in time, for example after prolonged exposure to high
      temperatures, high radiation flux levels and the like, necessitating
      frequent calibration. For a number of applications, degradation of
      thermometer function with time is unacceptable, while in other situations
      frequent thermometer calibration is either impossible or impractical. This
      problem is inherent on all thermometers that depend on the temporal
      stability of some material properties for calibration and accuracy.
PAR  A thermometer that measures thermal energy directly is the only type of
      device that would not be subject to sensor degradtion or require thermal
      calibration by periodic comparisions with a master thermometer. Such a
      device, called a fundamental or absolute thermometer, is exemplified by
      the classic ideal gas thermometer and its close relative, the Johnson
      noise thermometer. The latter type of device is based upon the measurement
      of spontaneous thermal noise in the form of electrical fluctuations
      arising in a sensor resistance. These fluctuations are known as Johnson
      noise and their origin and magnitude were first measured and calculated by
      Johnson and Nyquist in 1928 (Phys. Rev. 32, 97, (119)). Johnson noise
      affords a direct measurement of temperature on a thermodynamic scale. Thus
      Boltzmann's constant defines the temperature scale. Johnson noise
      thermometers do no demand stable or accurate sensors, so can be designed
      for ruggedness and the other desirable features, they do not dissipate
      heat, and they are linear in absolute temperature.
PAR  A number of such Johnson noise thermometers have been built, but exhibit
      some basic limitations. Typically, long averaging times of several seconds
      are needed to measure the very low level random thermal noise signal as
      the sensor. The Johnson noise thermometer is sensitive to electromagnetic
      interference and excessive noise contributions from the measuring circuit
      itself.
PAR  Nyquist and Johnson showed that the available noise power P (i.e. the power
      that would be delivered into a matched load) with a bandwidth of .DELTA.f
      at the terminals of a sensor or resistor R at an absolute temperature T is
      given by the equation
EQU  P = kT.DELTA.f                                             (1)
PAL  Which is valid at frequencies and temperatures where
EQU  f/T is &lt;&lt;2 .times. 10.sup.10 Hz deg. .sup.-.sup.1
PAL  This condition is fulfilled even at cyrogenic temperatures and at
      frequencies in the microwave range. The open circuit voltage, e, across
      the sensor, corresponding to equation (1) is then given by:
EQU  e.sup.2 = 4KT.DELTA.fR                                     (2)
PAL  It will be apparent that if equation (2) is solved for T, the temperature
      is obtained simply from knowledge of the resistance, the bandwidth and the
      measured voltage, the link between electrical and thermal units being
      provided by Boltzman's constant K.
PAR  The accuracy of the Johnson thermometer is strongly affected by the noise
      of its own amplifier even when correlation techniques are employed to
      suppress the amplifier noise. Typical amplifiers for Johnson thermometers
      require high source impedances to yield a low noise figure and this poses
      several problems. First, the bandwidth is limited by the unavoidable input
      capacitance that is in parallel with the sensing resistor. Secondly, the
      shielding of the input against interference becomes difficult. Lastly, it
      is difficult to constuct small and rugged temperature sensors with very
      high resistance. These problems which plagued Johnson thermometers can be
      alleviated by complicated methods (such as comparison of the noise of two
      resistor-capacitor networks) with poor accuracy due to varying cable
      capacitance, sensor resistances and the like.
PAR  A principal object of the present invention is to provide a practical
      electrical noise thermometer which overcomes many of the problems of the
      prior art Johnson noise thermometer. The present invention generally is
      based upon the realization that in an electrical noise measuring system,
      the sensing resistor is only one part of a general RLC circuit and that
      the mean squared noise voltage in the circuit is given, in accordance with
      the equipartition law of thermodynamics as
EQU  e.sup.2 C/2 = KT/2                                         (3)
PAL  where C is the circuit capacitance. This noise relationship was first
      pointed out by Schottky, Annalen der Physik, 57, 541 (1918), hence the
      thermometer of the present invention is termed herein a Schottky
      thermometer. Basically the present invention is embodied in a system for
      measuring the thermal noise in a resistor, which resistor is incorporated
      in an input circuit coupled to a tuned circuit which includes the
      measuring amplifier.
PAR  Other objects of the present invention will in part be obvious and will in
      part appear hereinafter. The invention accordingly comprises the apparatus
      possessing the construction, combination of elements, and arrangement of
      parts which are exemplified in the following detailed disclosure, and the
      scope of the application of which will be indicated in the claims.
DRWD
PAR  For a fuller understanding of the nature and objects of the present
      invention, reference should be had to the following detailed description
      taken in connection with the accompanying drawing wherein;
PAR  FIG. 1 is a typical simplified prior art circuit of a Johnson noise
      thermometer;
PAR  FIG. 2 is a schematic of a tuned circuit showing the principles of the
      present invention; and
PAR  FIG. 3 is an equivalent circuit of the input portion of the circuit of FIG.
      2.
DETD
PAR  Referring now to FIG. 1, there will be seen a typical example of a Johnson
      noise thermometer of the prior art (somewhat simplified). Such a
      thermometer is substantially the same as that shown, for example in U.S.
      Pat. No. 2,728,836 issued Dec. 27, 1955 to D. R. De Boisblanc et al. The
      thermometer of FIG. 1 includes a temperature sensing resistor 20,
      typically that described in the aforementioned U.S. Pat. No. 2,728,836
      coupled between switch electrode 22 and ground terminal 24. A reference
      variable resistance element 26 is similarly coupled between ground
      terminal 24 and switch terminal 28. Switch armature 30 which is movably
      mounted to contact either switch electrode 22 or electrode 28 in turn is
      coupled to one input of amplifier 32, the other input to amplifier 32
      being connected to ground terminal 24. The output of amplifier 32 is
      coupled to square law detector 34. The output of square law detector 34 is
      connected in turn to meter 36.
PAR  In operating the thermometer, the impedances of resistors 20 and 26 are
      first equalized over a preselected frequency range for example by applying
      an AC voltage source of variable frequency successively across the two
      elements. The corresponding voltage drops are measured on meter 36 and the
      resistance of resistor 26 is adjusted to match that of resistor 20 over
      the preselected frequency range. Switch 30 is then locked to terminal 22
      and the thermal noise voltage fluctuations generated within resistor 20
      are read on meter 36. The thermal noise voltage read on meter 36 is the
      mean square value defined in equation (2) above.
PAR  Referring now to FIG. 2 there is shown an embodiment of the present
      invention incorporating a temperature sensing resistor or sensor 40
      coupled in the primary coil circuit of transformer 42 by a cable
      comprising leads 44 and 46 connected across primary coil 48 of the
      transformer. Leads 44 and 46 are preferably shielded by shield means 50
      which is connected, in common with a center tap on primary coil 48, to
      ground for sensor 40. Secondary coil 54 of transformer 42 has coupled
      thereto in parallel, precision capacitor 56. The values for capacitor 56
      and coil 54 are selected to tune the secondary circuit of the transformer
      to a selected frequency band f.sub.b of the thermal noise generated by
      sensor 40.
PAR  One side of precision capacitor 56 is coupled to amplifying means shown
      generally at 57, and preferably in common to the inputs of respective
      matched amplifiers 58 and 60. The other side of capacitor 56 is connected,
      in common with transformer shield 62, to ground for the electronic
      measuring system. The outputs of amplifiers 58 and 60 are connected to
      means, such as multiplier 64, for multiplying together the instantaneous
      amplitudes of the output signals from amplifiers 58 and 60. A filter,
      shown schematically simply as series resistor 66 and parallel capacitor
      68, is coupled to the output of multiplier 64. The output of the filter,
      e.g. the junction of capacitor 68 and resistor 66 is coupled to an output
      measuring display or computation device exemplified by meter 70.
PAR  This inductive coupling of the input tuned circuit to amplifying means 57
      allows independent grounding of sensor 40 and the amplifying electronics,
      thus permitting optimum design to eliminate interference pickup.
PAR  Essentially, then the device of FIG. 2 comprises a tuned circuit
      inductively coupled to sensor resistor 40 through transformer 52, the
      primary winding 48 of the latter being connected to temperature sensing
      resistor 40, and secondary winding 54 together with precision capacitor 56
      constituting a tuned input circuit to amplifying means 57. Most simply
      regarded, the circuit is intended to measure the thermal noise of its own
      losses, the circuit parameters being selected so that the circuit losses
      are substantially those occuring in the sensor resistance.
PAR  For purposes of exposition, one can assume exemplary values for those
      selected circuit parameters of the embodiment of FIG. 2, which parameters
      would be typical for application of the device, for example, to a nuclear
      reactor, although the parameters for use in a cryogenic environment ( &lt;
      100.degree.K) would be rather similar.
PAR  Such exemplary parameters of the system are best described with reference
      to the equivalent input circuit shown in FIG. 3 (in which like numerals
      denote like parts) Resistor 40 preferably has a value which must be small
      enough to assure that most of the circuit losses are caused by it, but
      large enough to provide an acceptable Q, i.e. to concentrate the total
      noise power in a reasonably small band. Preferably the value of resistor
      40 is less than about 1 k .OMEGA. and typically is about 100 .OMEGA. .
      Such low resistance makes the circuit relatively insensitive to cable
      capacitance and insulation quality. The impedance of sensor resistor 40 is
      assumed to be entirely ohmic and typically for a nuclear reactor the
      ambient temperature will be around 1800.degree.K. The signal generated by
      resistor 40 is shown as generator 71. Leads 46 and 44 are typically a
      single 0.5 cm O.D. No. 26 symmetrical cable of 15 m in length. Such a
      cable is estimated to have a distributed or parasitic capacitance of about
      1300 pf shown as capacitor 72 in parallel with resistor 40, to have a
      series distributed resistive impedance shown as a pair of 2 .OMEGA.
      resistors 74 and 76, and an inductive impedance shown as a pair of
      inductances 78 and 80 of about 4 .mu.H each. At frequencies under 100 K
      Hz, the cable length is only a small fraction of a wavelength and
      therefore can be represented as shown in FIG. 3 by the lumped equivalent T
      -- figures with the values specified.
PAR  The estimated leakage inductance (shown as 82) of transformer primary 48 is
      about 10 .mu. H. FIG. 3 also includes generator 84 which represents noise
      current from the transformer losses as converted to an equivalent voltage.
      Lastly, the transformer primary is represented by inductor 48 which is in
      parallel with capacitor 56' (representing the capacitance of capacitor 56
      transformed by the square of the turns ratio of the transformer). Inductor
      48 represents an estimated mutual inductance of transformer 42 of about
      300 .mu.H as seen from the primary. In parallel with inductor 48 is
      resistor 86 which represents all the ohmic transformer losses estimated to
      be about 2,8K.OMEGA. (assuming high quality ferrite pot core design).
PAR  The turns ratio, primary to secondary, for transformer 42 is typically
      about 1:57 in this example, thereby to transform the impedances to the
      input of amplifying means 57 to provide a good noise match.
PAR  Preferably, cables or leads 44 and 46 should be a twisted shielded pair of
      leads or a floating coaxial line which should match sensor 40 in
      characteristic impedance to reduce the reactive component seen by the
      readout electronics. The use of two twisted conductors cancels electronic
      interference and shielding minimizes electrostatic interference. By
      grounding shield 50, galvanic interferences are prevented.
PAR  If one sums the stray thermal noise signals contributed by sensor 40
      (e.sub.s), from leads 44 and 46 (e.sub.c), and current from transformer 52
      (i.sub.T.sup.2), one obtains the total voltage e.sub.o.sup.2 as follows:
EQU  e.sub.o.sup.2 = e.sub.s.sup.2 + e.sub.c.sup.2 + (i.sub.T.sup.2 R).sup.2 (4)
PAL  R being the ohmic resistance of sensor 40. The last term in equation (4),
      the noise current from the transformer losses, is shown as generator 84
      and is converted into an equivalent voltage in computing the value of the
      total signal.
PAR  The first term in the above equation is the desired signal and is several
      orders of magnitude greater than the sum of the thermal noises from
      transformer 42 and leads 44 and 46.
PAR  The line capacitance 72 of about 1300 pF is negligible compared to the
      comparatively large capacitance of transformed tank capacitor 56'.
PAR  While the foregoing discussion assumes the resistance of sensor 40 is
      independent of frequency, this is not always the case because of such
      effects as inductive coupling to adjacent conductors, frequency dependent
      losses in insulators, and skin effects. The first two phenomena can be
      reduced by winding the resistor non-inductively, maintaining sufficient
      distance from shield 62 and by choosing one's insulating material
      carefully. The skin effect, for appropriate materials, and frequencies up
      to a few hundred KHz and wire size less than 0.1 mm diameter can be
      neglected in a first design iteration. For example, the sensor element for
      use in a nuclear reactor can be tungsten rhenium alloy 74W26Re, or pure
      rhenium wound on a beryllium oxide former and enclosed in a tantalum
      sheath.
PAR  It will be apparent to those skilled in the art that the tuned input
      circuit of FIG. 2 will have a very different frequency response to thermal
      noise than the prior art circuit of FIG. 1 or other conventional Jonnson
      noise thermometer circuits. This can be shown by consideration of the
      operation of the circuit of FIG. 2. The input voltage seen by amplifier 57
      can be deduced directly from the equipartition law which requires that
      half of the total thermal energy should always be stored in capacitor 56
      where C in equation (3) is the capacitance of capacitor 56.
PAR  The foregoing result can also be obtained by consideration of the open
      circuit terminal voltage and the frequency response of the circuit. In any
      event, equation (3) differs remarkably from equation (2) [which is typical
      of the prior art]; equation 3 contains neither the sensor resistance nor
      the bandwidth as a factor. Instead, integration of all noise from DC to
      infinite frequencies is implied. However, in fact infinite bandwidth is
      neither possible nor required, because almost all of the noise power will
      be in the vicinity of the resonant frequency w.sub.o of the system. How
      the power is distributed among the frequencies will depend on the loaded Q
      of the circuit. Because in practice the system in FIG. 2 is limited to
      operation within some finite frequency interval about the resonant
      frequency w.sub.o there will be some sensitivity to the resistance value
      of sensor 40. Computed on the basis of selected upper and lower cut-off
      frequencies around the resonant frequency, (e.g. the interval from about 3
      to 100 kHz) the total temperature error caused by a resistance change can
      be shown to be only a very small fraction of the signal itself, and in
      practice to be negligible.
PAR  Preferably as shown in FIG. 2 the amplifying means 57 is a correlation
      amplifier typified by two entirely different independent amplifiers 58 and
      66 of identical gain and bandwidth connected to sensor 40 and having the
      output signals thereof multiplied by one another by multiplier 64. This
      results in uncorrelated amplifier noises being averaged out while the
      common voltage representing sensor noise is squared, filtered and measured
      in meter 70. However, such correlation technique is most beneficial at low
      temperatures and a high temperature noise thermometer can readily be built
      without recourse to any correlation methods. Such a multiplier requires a
      large dynamic range because it must handle the noise peaks from both
      amplifiers while its offset errors must be small compared to the typical
      mean squared output. The multiplier may be either digital or analog,
      although the latter is less expensive but much less accurate.
PAR  There are several important practical advantages that the Schottky
      thermometer of the present invention has over the prior art Johnson noise
      thermometer. Calibration of the Schottky thermometer is virtually
      independent of sensor resistance. In the present invention, very large
      capacitances in parallel with the sensor, and hence very long input
      cables, can be tolerated. The sensor of the present invention is insulated
      from the electronics, and the system can thus be designed to eliminate
      interference pickup or to operate at high DC potentials. The resonant
      frequency of the present circuit can be selected so as to minimize
      interference problems. Lastly, all of the foregoing benefits are attained
      with a circuit simpler than those of the prior art of comparable
      ambitions.
PAR  Since certain changes may be made in the above apparatus without departing
      from the scope of the invention herein involved, it is intended that all
      matter contained in the above description or shown in the accompanying
      drawing shall be interpreted in an illustrative and not in a limiting
      sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermometer which measures spontaneous thermal noise in the form of
      voltage fluctuations across a sensor resistor, said thermometer comprising
      in combination:
PA1  an electrical circuit inductively coupled to said resistor and being tuned
      so that the losses in said circuit are substantially caused by said sensor
      resistor, the parameters of said circuit being so matched to the sensor
      resistor and the inductive coupling that the thermal noise power generated
      by said resistor is concentrated in a selected frequency band, said
      inductive coupling being a transformer, the primary of which is connected
      across said resistor, said electrical circuit including the secondary
      winding of said transformer and a precision capacitor connected across
      said secondary winding; and
PA1  means connected in said electrical circuit for measuring the absolute mean
      square value of said voltage fluctuations.
NUM  2.
PAR  2. A thermometer as defined in claim 1 wherein said resistor is connected
      to said primary winding through shielded leads connected to a first
      independent ground.
NUM  3.
PAR  3. A thermometer as defined in claim 2 wherein said means for measuring is
      grounded to a second independent ground.
NUM  4.
PAR  4. A thermometer as defined in claim 2 wherein the ohmic value of said
      resistor is less than about 1 K.OMEGA..
NUM  5.
PAR  5. A thermometer as defined in claim 2 wherein said precision capacitor has
      a value of capacitance much greater than the distributed capacitance of
      said shielded leads.
NUM  6.
PAR  6. A thermometer as defined in claim 1 wherein said measuring means
      comprises correlation amplification means.
NUM  7.
PAR  7. A thermometer as defined in claim 6 wherein said correlation
      amplification means comprises a pair of amplifiers of identical gain and
      bandwidth connected to a common input, and said means for measuring
      includes
PA1  means connected to the outputs of said amplifiers for multiplying together
      the output signals from said amplifiers,
PA1  means for filtering the output signal from said means for multiplying, and
PA1  means for determining the magnitude of the output signal from said means
      for filtering.
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ABST
PAL  A transducer for diesel fuel injection for monitoring which has a strain
      detector mounted on the circumference of the fuel line tube such that
      expansion and contraction of the tube cause variations of the output of
      the detector, a plastic sleeve covering the resistance element at least in
      some part, a torpedo-shaped housing made of strong metal encompassing the
      tube and the resistance element mounted thereon and rigidly attached to
      the tube circumferentially at outer positions away from the resistance
      element, the housing defining an annular space between the housing and the
      tube and containing the resistance element and the sleeve, a strong
      adhesive material filling the said space, and electrical leads from the
      resistance element passing to the exterior through openings in the
      housing.
BSUM
PAR  This invention relates to a transducer for diesel fuel injection monitoring
      and more particularly to means for mounting a resistance type strain gauge
      transducer on a thick walled fuel injection line such that high resolution
      pressure time histories of the fuel injection cycle may be obtained.
PAR  Diesel fuel injection system malfunctions are responsible directly and
      indirectly for possibly more engine problems than any other single system
      or device, ranging from poor efficiency to major engine damage. A
      considerable amount of work has been done by others on the analysis of
      diesel injection phenomenon via the pressure signature. This has been
      limited to laboratory conditions and clinical type transportable equipment
      which undesirably requires breaking into and modifying the system to
      accomodate transducers which require direct communion with the fluid. The
      following paper deals with the current state of the art of diagnosis using
      the fuel injection pressure time history: An Electronic Analyser for
      Diesel Engines, by R. German et al., SAE, Paper No. 690,474, May 1969.
PAR  Systems that require breaking into the fuel line and direct contact with
      the fuel are not attractive for the following reasons. (a) The extremely
      precise nature of a diesel fuel injection system and its sensitivity to
      system inertia, volume, and length of the fluid sonic path make it
      undesirable to use sensing devices directly with the fluid. (b) A good
      dynamic crystal transducer installation which is at present commerically
      available is very expensive with the cost being too prohibitive to apply
      to an engine on a full time, all cylinder basis. (e) The life of present
      types of transducers is less than acceptable.
PAR  It is an object of the present invention to provide a transducer for
      obtaining a pressure time history of the diesel fuel injection cycle that
      does not require the opening of a fuel line or close contact of the
      transducer element with the fluid flow in the line.
PAR  This and other objects of the invention are achieved by a transducer
      comprising at least one resistance element strain gauge fixedly mounted
      longitudinally around the circumference of a fuel line tube such that
      expansion and contraction of the tube cause variations of the resistance
      of the resistance element, a plastic sleeve covering the resistance
      element at least in some part, a torpedo-shaped housing made of strong
      metal encompassing the tube and the resistance element mounted thereon and
      fixedly attached to the tube circumferentially at outer positions away
      from the resistance element, the housing defining an annular space between
      the housing and the tube, a strong setting adhesive filling the space, and
      electrical leads from the resistance element to the exterior through
      openings in the housing.
DRWD
PAR  In drawings which illustrate embodiments of the invention,
PAR  FIG. 1 is a longitudinal cross-section of a transducer mounted on a fuel
      line,
PAR  FIG. 2 is a transverse cross-section on A--A of FIG. 1,
PAR  FIG. 3 shows the resistance element,
PAR  FIG. 4 shows the transducer and measuring circuitry,
PAR  FIG. 5A and 5B show traces in graph form pressure signatures taken by the
      transducer of the invention and by a standard crystal type transducer.
DETD
PAR  Referring to FIGS. 1 and 2, a standard thick tube fuel line 10 having a
      fine central bore 11, has mounted on it a resistance element 12. This
      element is rigidly fixed to the tube ny epoxy resin glue with the
      longitudinal sensing portions of the element (see 12a of FIG. 3) being
      wrapped around the tube circumferentially. A sheet of vinyl plastic 13 is
      wrapped over the resistance element to provide protection, damping and a
      yielding layer to expand into. A torpedo-shaped housing 14 made preferably
      of steel encompasses the tube and is rigidly fixed to the tube at areas A
      and B by epoxy resin glue. The housing is split as shown in FIG. 2 (14a
      and 14b) to allow application to the tube. The two halves are also rigidly
      joined by epoxy resin glue. The housing defines an annular inner space 15
      which is completely filled with epoxy. Electrical leads 16a and 16b from
      the resistance element 12 pass to the exterior through passages 17
      provided in the housing 14 and are connected to suitable resistance
      measuring circuitry 18 e.g. a bridge (see FIG. 4).
PAR  FIGS. 5A and 5B are graphs of oscilloscope traces of a pressure signature
      of a diesel engine cycle with 5A being the trace using the transducer of
      the present invention and 5B the trace obtained using a commercially
      available crystal type transducer. It will be seen that the device of the
      present invention gives a reading as good and possible preferable to htat
      of the crystal type.
PAR  In operation the steel housing firmly holds the tube at the outer positions
      and only local hoop stress is measured in the inner region. All other
      stresses that might affect the pressure reading are eliminated or greatly
      minimized.
PAR  The present device is inexpensive and easy to apply. It lends itself
      admirably to installation on a permanent basis on all or many of the fuel
      injection lines of diesel engines of all types, in power plants,
      locomotives, etc.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fuel injection pressure monitoring transducer for mounting on the fuel
      injection lines of diesel engines comprising at least one strain detector
      mounted on the circumference of the fuel line tube such that expansion and
      contraction of the tube cause variations of the output of the detector, a
      plastic sleeve covering the resistance element at least in some part, a
      torpedo-shaped housing made of strong metal encompassing the tube and the
      resistance element mounted thereon and rigidly attached to the tube
      circumferentially at outer positions away from the resistance element, the
      housing defining an annular space between the housing and the tube and
      containing the resistance element and the sleeve, a strong adhesive
      material filing the said space, and electrical leads from the resistance
      element passing to the exterior through openings in the housing.
NUM  2.
PAR  2. A transducer as in claim 1 wherein the strain detector is a resistance
      element strain gauge mounted longitudinally around the circumference of
      the fuel line.
NUM  3.
PAR  3. A transducer as in claim 1 wherein the housing is made of steel and is
      formed as split halves that are mounted around the tube and then fixed
      together with a strong adhesive material.
NUM  4.
PAR  4. A transducer as in claim 1 wherein the strong adhesive material is an
      epoxy resin glue.
NUM  5.
PAR  5. A transducer as in claim 3 wherein the strong adhesive material used to
      fix the two halves is an epoxy resin glue.
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ABST
PAL  A drive mechanism for pressure-gages in general, comprising a main body
      which can support all the members, and which is made by molding a plastic
      material with simultaneous embedding therein of an end of a Bourdon
      tubular spring, said end having fixedly inserted therein a small tube,
      which is also embedded in the plastics body in the same molding operation
      and which ensures the communication with the pressure source. The movable
      end of said Bourdon tube has integrally-formed thereon an eye member for
      connection with an S-shaped link which can actuate the indicating means of
      the pressure-gauge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a drive mechanism for pressure-gages, comprising
      a molded plastics main support body having embedded therein a Bourdon
      tube.
PAR  Said mechanism is particularly designed for industrial mass-production,
      therefore at very low cost, so that it can be advantageously applied on
      the widely-spread fire-extinguishers, or generally in the industrial field
      (including the submarine field) e.g. for skin-divers' equipment, such as
      depth-gages, and for measurement of ambient pressure, and the like.
PAR  According to the invention, the problem is solved by substantial
      improvements with respect to the conventional constructions of
      pressure-gages, so as to afford a considerably simpler construction and a
      considerably lower cost.
PAC  SUMMARY
PAR  Substantially, the drive mechanism according to the invention is
      characterized by the fact that its main body, which can support all the
      members and therefore can be housed in the gage casing, is formed by
      molding a plastic material and simultaneously embedding therein the
      Bourdon tubular spring, said body being adapted to operatively mount the
      other members by the aid only of an upper closure plate, with no need of
      screws or similar auxiliary means. Said mechanism comprises also a
      particular link between the Bourdon tube and the toothed sector that
      controls the indicating pointer, said link being made of S-shaped steel
      wire and mounted so as not to become disconnected even in case of shock or
      overturning though it has no fixing means. The invention proposes also a
      special, extremely simple means to calibrate a gage, and two modifications
      affording, still on the basis of said fundamental principle, the
      construction of an extremely simplified pressure-gage wherein the
      indicating pointer is replaced by a movable dial which is directly
      actuated by the Bourdon tube through the S-shaped link, and a depth-gage
      of the type used in skin-diving or the like, and a similar gage for
      measuring ambient pressure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawings show, as non-limitating example, a preferred
      embodiment according to the basic principle of the invention, and some
      modifications thereof. In the drawings:
PAR  FIG. 1 is a sectional axial view on line A--A of FIG. 2 of the plastics
      molded support body having embedded therein a Bourdon tubular spring
      according to the invention;
PAR  FIG. 2 is a plan view of FIG. 1;
PAR  FIG. 3 is a plan view similar to FIG. 2, wherein all members of the
      mechanism are in an active position, and with an upper closure plate in
      place;
PAR  FIG. 4 in a side view of the Bourdon tube with its connection tube suitably
      inserted, before the molding operation;
PAR  FIG. 5 is an axial sectional view on line B--B of FIG. 6;
PAR  FIG. 6 is a plan view of a complete pressure-gage, with indicating pointer,
      dial and casing;
PAR  FIG. 7 is a side view of the upper closure plate;
PAR  FIG. 8 is an axial sectional view of a pressure-gage according to the
      invention, i.e. a molded plastic support body with an embedded Bourdon
      tubular spring and a simplified pressure-indication system by means of a
      movable sector directly controlled by the tubular spring through a single
      link;
PAR  FIG. 9 is a plan view of the same gage, the outer casing and the
      transparent closure member being omitted;
PAR  FIG. l0 is a plan view similar to FIG. 9, having the disc-shaped dial
      mounted thereon;
PAR  FIG. 11 is a side view of the rocker arm carrying the indicating sector;
PAR  FIG. 12 is a side view and partly sectional view, with the lower portion in
      exploded view, of a wrist depth-gage having a Bourdon-type movement,
      according to the invention, in combination with a system according to a
      modified embodiment;
PAR  FIG. 12A is an axial sectional view showing, at an enlarged scale, the
      detail of a possible fluid-tight folded-seam connection between the
      support body and the transparent body housing the mechanism, the O-ring
      ensuring the fluid-tight connection being shown.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown with detail on FIGS. 1, 2 and 3, the drive mechanism for
      pressure-gages according to the invention is mounted on a support body 1
      which is molded of a suitable plastic material.
PAR  Depending from the undersurface of said body is an axial threaded stem 2
      for connection with the source of pressure, said stem having a central
      bore. The end of said stem 2 merges coaxially with a circular platform 3
      designed to support the proper drive mechanism of the pressure-gage. On
      the upper surface of said platform 3, and offset with respect thereto, is
      formed a support member 4 which, according to one of the main
      characteristics of the invention, is able to receive the fixed end of the
      Bourdon tubular spring 5, which end is embedded in said support member 4
      during the molding operation of said main support body 1. Said end of the
      Bourdon tube communicates with the source of pressure through an embedded
      tube 6, previously soldered or otherwise fixed to the Bourdon tube and
      emerging preferably centrally of the connection stem 2. As particularly
      shown in FIG. 2, said platform 3 also comprises hub-like projections 7 and
      8, which are integrally molded in the same molding operation of body 1 and
      which are each formed with a blind axial hole. Also said support member 4
      is formed with a similar axial hole 9. The platform 3, finally, comprises
      a central hub 10 with a hole for guiding the pointer spindle 11, and an
      offset hub 12 with a hole for guiding a spindle 13 carrying the toothed
      sector 14 that, as usual, meshes with a pinion which is mounted on the
      pointer spindle 11. In order to hold all members in their correct
      operative positions, the invention proposes an upper closure plate 15, as
      shown in FIGS. 3 and 7. This plate, also of molded plastics, is of
      trapezoidal shape and is provided with three pins depending from its
      undersurface and adapted for pressure-engagement in the holes of hubs 7, 8
      and 9 of platform 3, which engagement is obviously effected after all
      internal members of the mechanism have been placed in their correct
      operative positions. The invention is further characterized by the fact
      that the connection between the free end of the Bourdon spring 5 and the
      toothed sector 13 is effected by a link 16, preferably in the form of an
      S-shaped steel wire, having an end inserted in an offset hole of the
      toothed sector 13 and the other end inserted in an eye member 5a which is
      integrally formed on the mobile end of said Bourdon tube, all with no need
      of auxiliary fixing means for preventing the disconnection of link 16 even
      in case of operation in an overturned position.
PAR  In order to enclose and protect said drive mechanism, the invention
      provides a tubular casing 17 whose upper end is folded over so as to form
      an inturned shoulder edge which fits in a cylindrical cup-shaped member
      18. Said member 18 is molded of transparent plastics and on the inside
      thereof is peripherally engaged a graduated dial 19 above which the
      indicating pointer 20 is rotatably mounted due to its pressure-fit on
      spindle 11 (see FIGS. 5 and 6). On completion of the assembling operation,
      after mounting the casing 17 on the support body 1, the pressure-gage is
      calibrated by temporarily establishing the communication with a given
      pressure source and rotating the casing 17, together with the cup-shaped
      member 18 and dial 19 (while the body 1 is held stationary) until the
      pointer 20 collimates with the graduation on the dial corresponding to the
      value of said given pressure. On completion of this operation, the
      projecting edge of the casing 17 can be folded over against the back side
      of platform 3. In this operation, due to suitable cutouts in the lower
      periphery of platform 3, a firm tangential locking is ensured between
      platform 3 and casing 17, so that said casing 17 can be acted upon for
      screwing the gage in place, with no risk of altering inadvertently the
      established calibrated position.
PAR  Obviously, still within the basic principle of the invention, several
      modifications are possible, some of which will be illustrated hereinafter.
      The first embodiment, as mentioned in the introduction of this
      specification, proposes a pressure-gage with the molded plastics support
      body with embedded Bourdon tube, which has an extremely simplified drive
      mechanism enabling a useful and advantageous application on fire
      extinguishers or similar bottles containing compressed air or gas. More
      particularly, this embodiment concerns the gages designed simply to
      indicate whether the pressure is sufficient or insufficient, for example
      by means of a two-color dial or the like. Substantially, in this
      modification, as in the previous case, the Bourdon tubular spring -- again
      through an S-shaped link -- directly actuates a horizontal rocker arm
      rotatable on a vertical offset spindle and fixedly supporting thereon a
      sector-shaped member which is preferably composed of two
      differently-colored areas that, when the dial is in place, will be
      alternately exposed through a suitable slot in said dial, the arrangement
      being such to dispense with the conventional indicating pointer and
      graduated dial. This modified embodiment, practically, can dispense with
      the entire conventional gear-mechanism, which results in considerably
      lower costs so as to facilitate the manufacturing of "single-use"
      pressure-gages for fire-extinguishers and the like, which are used only
      once and are then thrown away.
PAR  As more clearly shown in FIGS. 8, 9, 10 and 11, this modified embodiment,
      while maintaining unchanged the support body 1 with an embedded Bourdon
      tubular spring 5 and attendant fittings, substantially contemplates that
      between the upper closure plate 22 and the support body 1 comprising to
      this purpose an offset hub 23 a rocker arm 25 is rotatably mounted on a
      vertical spindle 24 (FIG. 11). This rocker arm comprises a molded plastics
      L-shaped main body having fixed thereon an indicating sector 26 which is
      preferably composed of two differently-colored areas. Near its pivot axis,
      the rocker arm 25 has a hole 27 for connection with an end of an S-shaped
      steel-wire link 28 that directly connects the rocker-arm 25 to the movable
      end of said Bourdon tube 5. The upper closure plate 22 has at least two
      upright hubs 29 for supporting thereon a disc-shaped dial or screen 30
      that upon mounting thereon the transparent closure member 31 will be
      pressure-locked between the latter and the ends of hubs 29 of plate 22,
      which hubs also act as limit stops for said indicating sector 26. Said
      member 31 is cup-shaped with upwardly-facing bottom and is held in place
      by an outer circular sleeve or casing 32. Where the edge of member 31
      would contact the body 1 a sealing ring 33 of a suitable material is
      interposed. As shown in FIG. 10, said disc-shaped dial 30 is provided of
      an offset slot 34 through which the underlying indicating sector 26 can be
      observed, i.e. one of the differently-colored areas thereof can be
      exposed. According to a preferred embodiment of the invention, two
      indicating radially-diverging lines 35 extend from said slot 34 to a pair
      of small discs which are differently colored similarly to sector 26.
      Beside these discs, suitable inscriptions can explain which is the color
      representing the sufficient and insufficient pressure for the apparatus
      whereon the gage is mounted.
PAR  In the second modified embodiment, which will be described hereinafter, the
      application of the principle of the invention can be extended, as
      mentioned above, to the measurement of ambient pressure, as in the case of
      depth-gages in skin-diving activities or the like and in the industrial
      field. More particularly, this modification uses exactly the same Bourdon
      tube mechanism as above described, but the molded plastics support body is
      provided -- instead of the depending threaded stem for communicating with
      the source of pressure to be controlled -- with a sealed chamber filled
      with oil or other fluid which communicates with the inside of the Bourdon
      tube and which is closed by a diaphragm which renders the assembly
      responsive to the ambient pressure so that the latter can be read on the
      dial from the position of the pointer which is controlled by the drive
      mechanism, the latter being preferably sealingly enclosed in a suitable
      case that can be worn, for example, as a wrist-watch.
PAR  As clearly shown on FIGS. 12 and 12A, in this modification, the wrist
      depth-gage comprises a conventional strap 38 and a suitable casing 39 made
      of plastics or any other suitable material. Said casing is open at both
      sides and is formed with an internal cylindrical seat having an upper
      shoulder to enable the insertion from the lower side thereof of the whole
      sealingly closed assembly comprising said mehcanism with embedded Bourdon
      tube, cup-shaped transparent member 40, sealing O-ring 40a and support
      body 41 having, instead of the usual connecting threaded stem, a small
      circular chamber 42 communicating, through a diagonal hole 43, with the
      interior of the Bourdon tube (not further shown) which has been embedded
      during the molding operation of the support body 41 as in the preceding
      embodiments. The bottom of chamber 42 has a peripheral seat for a very
      flexible diaphragm 44 which is made of rubber or any other material and
      has a mating rim that is pressed against said seat by a ring 45 and an
      outwardly threaded nut 46 which is screwed into the
      correspondingly-threaded inner wall of chamber 42. As more clearly shown
      in FIG. 12, said diaphragm 44 preferably comprises a cup-shaped central
      portion with an outwardly-turned upper edge that is firmly engaged between
      said seat of chamber 42 and said ring 45 which is pressed by said nut 46,
      the latter having a concentrical hole to accomodate the cup-shaped portion
      of diaphragm 44 so that this diaphragm communicates with the outside
      pressure, the latter being of hydraulic, atmospheric or similar nature.
      The bottom of chamber 42 is formed with a small, threaded through-hole
      that can be closed by a suitable screw 47. Through this hole, the chamber
      42 and the inside of the Bourdon tube can be filled with oil or other
      suitable fluid through which said diaphragm 44, in accordance with the
      outside pressure forces acting thereon, can transmit a certain movement to
      said Bourdon tube which in turn, as usual, will actuate the indicating
      pointer (not shown) which, after a proper calibration, will indicate on
      the dial, which is mounted on the upper portion of the casing, the
      pressure acting on the gage; obviously this pressure, in the case of the
      exemplified depth-gage, can be expressed directly in meters and fractions
      thereof.
PAR  Finally, to protect said diaphragm 44 against shocks and suitably lock the
      assembly forming the gage proper in the cylindrical seat of said casing,
      so as to prevent said assembly to slip out downwardly, the invention
      provides a bottom closure member in the form of a pressure-fitted circular
      cover 48 which is of grid-like configuration to afford communication
      between said diaphragm and the fluid whose pressure is to be measured.
PAR  The embodiments herein shown and described can be improved and modified
      still within the basic principles of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A drive mechanism for pressure-gages, which comprises a support main
      body; a Bourdon tubular spring having a movable end and a fixed end
      embedded in said main body, and a small tube embedded in said main body
      connected at one end to said Bourdon tubular spring; said main body being
      formed, in a single molding operation, with an integral circular platform,
      at least one upright support projecting from said platform, and a
      depending axial stem for connection to a source of pressure, said stem
      having an axial conduit therein providing communication between the other
      end of said small tube and said source of pressure, said fixed end of said
      Bourdon tubular spring being embedded in a first said upright support and
      said small tube being embedded in said main body during said molding
      operation.
NUM  2.
PAR  2. A drive mechanism according to claim 1, wherein at the fixed end of the
      Bourdon tube, said small tube is soldered or otherwise fixed to the
      Bourdon tubular spring and then embedded in said plastics support body
      during the molding operation.
NUM  3.
PAR  3. A drive mechanism according to claim 1, wherein the movable end of said
      Bourdon tube has an integral lug which is curled in the form of an
      eye-member for engagement with a connecting link.
NUM  4.
PAR  4. A drive mechanism according to claim 3, including a second upright
      support, a toothed sector supported on said second upright support, a
      spindle arranged to be actuated by said toothed sector, and an S-shaped
      connecting link connected at one end to said eye-member and at the other
      end to said toothed sector.
NUM  5.
PAR  5. A drive mechanism according to claim 4, including further upright
      supports, the connecting link, the toothed sector and the spindle being
      held in their operating position only by means of a plastic closure plate,
      said closure plate having pins that can be pressure-inserted in
      corresponding axial bores in said further upright supports.
NUM  6.
PAR  6. A drive mechanism according to claim 1, including a cup-shaped,
      transparent dial member and a tubular casing fitting over said cup-shaped
      member and locking the cup-shaped member to said main body, said tubular
      casing having a flange extending inwardly around the lower periphery
      thereof, said circular platform having cut-out portions on the underside
      thereof for engaging said flange and preventing movement of said tubular
      casing and cup-shaped member relative to said main body after calibration
      of the pressure gage.
NUM  7.
PAR  7. A drive mechanism according to claim 1, including a second upright
      support, a small rocker-arm mounted on said second upright support, an
      indicating sector mounted on said rocker-arm and including at least two
      differently colored areas, an S-shaped connecting link connected at one
      end to said rocker-arm and at the other end to said fixed end of said
      Bourdon tube spring, and a screen disc over said indicating sector and
      having an offset slot through which the color of either area of the
      underlying indicating sector is exposed.
NUM  8.
PAR  8. A drive mechanism according to claim 7, wherein said rocker-arm
      comprises a molded plastics L-shaped member provided with a pivot spindle,
      a hole for direct connection with said S-shaped connecting link and a seat
      for pressure-locking of said indicating sector.
NUM  9.
PAR  9. A drive mechanism according to claim 7, wherein said screen disc has two
      small discs whose colors correspond to the colors of said indicating
      areas, and a pair of radially diverging lines connect said offset slot to
      said discs.
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ABST
PAL  A screw drive with a threaded spindle and frame means embracing the same,
      in which as transmitting member between the frame and the spindle there is
      pivotally arranged at least one anti-friction bearing surrounding the
      spindle and having an inner ring meshing with the thread of the spindle
      while the central axis of the anti-friction bearing is inclined and
      eccentrically arranged with regard to the spindle, the anti-friction
      bearing also having an outer ring which is pivotal about a rigid axis, in
      the frame means, which axis is located in the direction of the
      eccentricity of the outer ring toward the spindle axis.
BSUM
PAR  The present invention relates to a screw drive with a spindle and a frame
      surrounding the same in which as transmission member between the frame and
      the spindle there is provided at least one pivotable anti-friction bearing
      which surrounds said spindle while the inner ring of said anti-friction
      bearing engages the threads of the spindle, and the central axis of said
      bearing is inclined relative to the spindle and is arranged eccentrically.
PAR  A screw drive has become known in which a self-aligning ball bearing
      eccentrically extends around a spindle and the inner ring of which
      comprises an inner thread corresponding to the thread of the spindle. Said
      self-aligning ball bearing is adjustable in a frame in the direction of
      the eccentricity of the bearing axis relative to the spindle axis. In this
      direction, also spring elements act upon the self-aligning ball bearing by
      means of which spring elements the engagement of the inner thread of the
      self-aligning ball bearing with the spindle thread can be made resilient.
PAR  By selecting self-aligning ball bearings with this heretofore known design,
      an adaptation of the thread of the self-aligning ball bearing with regard
      to the location of the thread of the spindle is intended to be obtained
      while it will not be necessary to employ high manufacturing and mounting
      precision of the thread of the self-aligning ball bearing and of the
      spindle thread supporting said bearing. For purposes of transferring low
      forces from the spindle to the frame supporting said self-aligning ball
      bearing, this heretofore known design suffices when disregarding the
      occurring wear and the necessity of a continuous good lubrication of the
      spindle thread. When transferring large forces from the spindle onto the
      frame carrying the bearing or vice versa, it will be appreciated that in
      view of the eccentricity of the spindle axis and of the axis of the
      self-aligning ball bearing and of the only unilateral engagement of the
      spindle thread with the inner thread of the self-aligning ball bearing, a
      torque will act upon said self-aligning ball bearings which brings about a
      canting or tilting of the inner thread of the bearing in the thread of the
      spindle. The greater the force to be transmitted, the greater the canting
      of the thread of the bearing press upon the thread sections of the
      spindle.
PAR  There has furthermore become known a screw drive with a spindle and a frame
      surrounding same, in which as transfer member there is arranged an
      anti-friction bearing which extends around the spindle, and the inner ring
      of which engages the thread of the spindle while the central axis of said
      anti-friction bearing is inclined relative to said spindle. For adapting
      the location or position of the inner ring of the anti-friction bearing to
      the spindle thread, adjustable or elastic elements are provided between
      the outer ring of the anti-friction bearing and the frame.
PAR  It is, therefore, an object of the present invention to provide a screw
      drive in which a spindle manufactured without high precision and also one
      or more simple inner rings which engage the said spindle thread and
      pertain to one or more anti-friction bearings may be used. There inner
      rings adapt themselves on one hand with regard to location and design too
      those sections of the spindle thread which engage said inner rings and on
      the other hand will not permit a canting which might lead to a jamming of
      the inner ring in the threads of the spindle.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly in the following specification in connection with the accompanying
      drawings, in which:
PAR  FIG. 1 is a top view and partial section of an embodiment of a screw drive
      according to the present invention.
PAR  FIG. 2 is an end view partial in section of the screw drive according to
      the invention.
PAR  FIG. 3 shows a detail of the engagement of the anti-friction ring with the
      thread of the spindle of this embodiment.
PAR  FIGS. 4-7 respectively indicate different types of connecting the frame to
      a supporting or machine part.
PAR  FIGS. 8 and 9 illustrate an embodiment of the invention in which the pivot
      axis of the frame is offset relative to the anti-friction bearing means.
DETD
PAR  The screw drive according to the present invention is characterized
      primarily in that the outer ring of the anti-friction bearing is pivotable
      about a rigid axis in the frame which is pivotable in a direction of the
      eccentricity of the axis of the ring with regard to the spindle axis.
PAR  According to an advantageous embodiment of the screw drive according to the
      invention, the outer ring of the anti-friction bearing comprises two
      threaded journals which in the direction of the eccentricity extend
      outwardly and which are supported by two bores of the frame.
PAR  The invention is based on the finding that the canting and the clamping of
      the inner ring relative to the threaded spindle can be avoided by
      designing the anti-friction bearing so that it will be pivotable about a
      rigid axis extending in the direction of the eccentricity.
PAR  Preferably the outer ring of the anti-friction bearing is resiliently
      arranged in a manner known per se with regard to the frame. Those parts of
      the frame which support the threaded journal may be resilient in the
      direction of the eccentricity.  In this connection it is advantageous to
      design the spring force which acts upon the outer ring so that it can be
      adjusted.
PAR  The frame supporting the anti-friction bearing may furthermore be designed
      as a U-shaped frame having two webs through which extend the journals
      connected to the anti-friction bearing. According to a different
      embodiment of the invention, the frame may be designed as a plate-shaped
      part with parallel legs which are perpendicular to the plate-shaped part.
      The anti-friction bearing is pivotable between said legs while the spindle
      extends through the plate-shaped part.
PAR  A particularly advantageous screw drive is obtained when the frame is
      pivotable about an axis which in the direction of the eccentricity is
      offset with regard to the center of the anti-friction bearing, said axis
      extending at a right angle to the direction of the eccentricity and to the
      direction of the spindle axis. An optimum embodiment is obtained in this
      way in which the pivot axis of the frame extends through the point of
      contact of maximum pressure (Hertz pressure maximum) between the inner
      ring flank and the threaded frame section which is in contact with said
      inner flank. The frame may preferably be held in a support which surrounds
      said frame entirely or partially. The journals forming the pivot axle of
      the frame are rotatably journaled in the side parts or legs of said
      support.
PAR  Referring now to the drawings in detail, a frame 100 is guided in the
      direction of the double arrow K by two parallel bars 101 and 102. To this
      end, the frame has a bottom plate 103, two parallel side walls 104, and
      two likewise parallel end walls 105 through which the two guiding bars
      101, 102 extend. The frame may have corresponding bushing parts 106 which
      slide directly or through the intervention of a lining provided in an
      intermediate chamber 107, on the bars 101 and 102.
PAR  The bottom plate 103 supports two angle irons 108, the legs 109 of which
      point away from the bottom plate 103 and extend beyond the height of the
      bars 101, 102. The second legs 110 of the two angle irons 108 leave free
      an intermediate chamber 111 which is coaxial with a recess 112 provided in
      the bottom plate 103.
PAR  The two angle irons 108 may also be replaced by a U-shaped bracket with a
      perforation corresponding to the intermediate chamber 111. Also the
      longitudinal axis 113 of the two angle irons 101 or of the one-piece
      bracket may extend at a right angle with regard to the longitudinal axis
      101a, 102a of the two bars 101, 102 instead as shown in FIG. 1 at an acute
      angle to said longitudinal axis.
PAR  The spring frame 114 with its axis 115 which frame is supported by the two
      angle irons or the bracket, is located in conformity with a position of
      the angle irons 108 relative to the longitudinal axes 101a, 102a of the
      bars 101, 102. This spring frame is made preferably of a spring steel
      strap and either has a round cross section or, as indicated in FIG. 2 has
      a square shaped cross section. The spring frame has its two sections 116
      connected by screws to the legs 109 of the two angle irons 108.
      Preferably, a circular intermediate chamber or space is provided between
      the legs 109 and the sections 116 so that the two sections 116 of the
      spring frame 114 can move somewhat resiliently if necessary in the
      direction of the double arrow L while the two sections 116 can bend with
      their ends toward one or the other side.
PAR  The two sections 117 of the frame 114 are provided with two coaxial bores
      through each of which extends a threaded journal. These journals are
      connected to a ring 120 and each journal carries outside the frame 114 a
      nut 121 and a non-illustrated counter-nut. Thus, ring 120 can, with the
      parts described further below, be adjusted in the spring frame 114 in the
      longitudinal direction of the journal 118 so that the ring 120 will be
      able to occupy any position between the two sections 117 of the frame 114.
      In view of the journals 118, the ring 120 can also be pivoted about an
      axis 122 (FIG. 1) extending through the journals 118, and more
      specifically can be pivoted in the direction of the double arrows S.
PAR  Connected to the ring 120, for instance by cementing, is an outer ring 123
      of an anti-friction bearing the ring 124 of which is connected to an inner
      ring 125 likewise for instance by cementing. The annular bead 126 of ring
      125 engages a thread winding of the threaded spindle 1, in which a manner
      described further below. The threaded spindle extends through two openings
      127 of the end walls 105 of frame 100 at a corresponding distance from the
      bottom plate 103 of the frame. The rings 120, 123 on one hand and rings
      124, 125 on the other hand may form an integral single part. The inner
      ring 125 with its bead 126 has a greater diameter than the outer diameter
      of the spindle. As will be evident from FIG. 2, ring 125 is offset
      relative to the spindle axis 131 by the eccentricity e. The eccentricity e
      of the spindle axis 131 with regard to the axis 137 of ring 125 (the
      direction of which coincides with the axis 122) is so selected that the
      bead 126 engages in a sickle shaped form the flank 128 and/or 129 of the
      thread winding 130 of spindle 1. This sickle or crescent shaped engaging
      surface 140 is indicated in FIG. 2 by dash lines.
PAR  The extent to which the bead 126 engages the thread winding 130 of spindle
      1 is determined by the eccentricity e and the preload at which the ring
      120 with its additional rings located at its inner space is by the spring
      tension of frame 114 pressed in the direction of the two journals 118. As
      indicated in FIG. 3, either a position of the bead 26 can be selected in
      which the bead section 126a engages the flank 128 of the thread winding 13
      whereas the second bead section 126b does not engage the second flank 129,
      or for a play-free interengagement of the bead 126 in position 126c the
      second bead section engages the second thread winding flank. In order to
      compensate for lack of precision in the guiding of the frame 100 and also
      in the design of the spindle 1, the bead 126 is through the intervention
      of ring 120 pressed by the spring effect of frame 14, in the direction of
      the arrow R (FIG. 3) into the thread winding 130 of spindle 1 with a
      preset force. The ring 120 will in view of its possibility of pivoting
      about journal 118 place itself into an optimum position.
PAR  The illustrated embodiment permits the use of additional transmitting
      elements in the form of rings 120, 123, 124, 125 which, however, need not
      necessarility be parallel to each other. These additional transmitting
      elements are rather preferably so arranged that the sickle shaped surface
      140 between the bead 126 and the thread flanks 128, 129 of the spindle is
      offset by 150.degree.. In this way, a uniform distribution of the forces
      over the cross section of spindle 1 is obtained which means a sickle
      shaped region 140 each being offset by 120.degree. engages successive or
      spaced thread winding flanks of the spindle.
PAR  According to the embodiment illustrated in FIG. 4, an anti-friction bearing
      151 with a bearing ring 152 is journaled in frame 150 while the inner ring
      153 of said bearing 151 engages the thread 154 of spindle 155. Frame 150
      is designed rigid or resilient and has web 156' by means of two screws 157
      connected to a machine part 158. Similar to the embodiment of FIGS. 1-3,
      the anti-friction bearing 151 is pivotable about the axis 159 which is
      located in the direction of the eccentricity e and extends through the two
      journals or pivots 160.
PAR  According to the embodiment of FIG. 5, the frame 161 is U-shaped and has
      its web 152 connected to a machine part 163 for instance by welding. The
      threaded pinions 166 which form the rigid pivot axis of the anti-friction
      bearing 167 extend through the two legs 165 of the U-shaped frame 161.
      Also in this instance, the anti-friction bearing 167 is offset relative to
      the spindle 168 by the eccentricity e in the direction of which there is
      also located the axis 169 about which the anti-friction bearing 167 is
      pivotable.
PAR  According to the embodiment of FIGS. 6 and 7, a plate-shaped part 171 is
      mounted on a machine part 170 which part 171 is provided with a bore 172
      through which extends the threaded spindle 173. The bore 172 may be so
      designed that the outer thread rim 174 is guided in said bore 172.
PAR  The plate-shaped part 171 is provided with two parallel legs 175 which
      extend at a right angle with regard to the plate-shaped part 171 and which
      are provided with bores through which extend the threaded pivots 177 by
      means of which the anti-friction bearing 176 is held in its position. The
      bores for the pivots 177 are so arranged that the anti-friction bearing
      176 has an inclination corresponding to the thread pitch of the spindle
      173. On the other hand, as will be seen from FIG. 7, the anti-friction
      bearing axis 180 is offset with regard to the central axis 179 of spindle
      173 by the eccentricity e. The anti-friction bearing 176 is adapted to
      pivot about the axis 178 of the pivot 176.
PAR  According to the embodiment of FIGS. 8 and 9, the spindle 201 is surrounded
      by an anti-friction bearing 202 which comprises an outer ring 203 and an
      anti-friction ring 205 spaced from the outer ring 203 by balls 204. Within
      the ring 205 there is held an inner ring 206 for instance the cementing or
      welding. The two rings 205 and 206 may if desired also form an integral
      part.
PAR  The outer ring 203 of the anti-friction bearing 202 is provided with two
      diametrically oppositely located threaded journals 207 which extend
      outwardly and form a rigid pivot axis which extends to the central axis
      202a (FIG. 9) of the anti-friction bearing. The two pivots 207 extend
      through a rectangular or square frame 207 and by nuts 207a or other
      suitable means are held in such a position that the anti-friction bearing
      can freely pivot about the axis 208.
PAR  The frame 209 on one hand is provided with two outwardly extending threaded
      pivots or journals 210 which likewise form a pivot axis 211 about which
      the frame 209 is pivotable. This frame is at the parts supporting same
      arranged relative to the spindle 201 in such a way that the central axis
      202a of the anti-friction bearing 202 is offset relative to the
      longitudinal axis 201a of spindle 201 by the eccentricity e. While the
      pivot axis 208 which extends through the two pivots 207 extends in the
      direction of this eccentricity e, the pivot axis 211 of frame 209 is
      located perpendicularly with regard to the axis 208 and perpendicularly
      with regard to the axis 201a of spindle 201. As will be seen from FIG. 9,
      the pivot axis 211 of the frame is offset relative to the central axis
      202a of the anti-friction bearing 202 in the direction of the eccentricity
      e from said central axis 202a.
PAR  The two pivots 210 extend through legs 212 of a U-shaped support 213 the
      web of which is connected for instance by welding to a machine or
      supporting part 214.
PAR  FIGS. 8 and 9 show a most advantageous embodiment of the invention
      according to which the pivot axis 211 of frame 209 extends through the
      point 215 which represents the Hertz pressure maximum of the contact
      surface between the inner ring 206 and the respective thread section of
      thread 216 of spindle 201. The contact surface preferably does not form a
      sickle shaped surface 217 but rather a surface 218 which has been
      specially shaded in FIG. 9 while the pressure center point 215 (Hertz
      pressure maximum) is located approximately in the center of gravity of the
      surface 218.
PAR  Even when transmitting large forces through spindle 201 onto the frame 209
      or vice versa, due to the cardanic suspension of the anti-friction bearing
      202, a highly wear resistant and lubricant-free moment of the spindle 201
      relative to the anti-friction bearing 202 is obtained while the inner ring
      206 of this bearing adapts itself in an optimum manner to the location of
      the thread section of the spindle which is engaged by the inner ring of
      the anti-friction bearing.
PAR  It is, of course, to be understood that the present invention is by no
      means limited to the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A screw drive which includes in combination: a threaded spindle having
      threads and a spindle axis, frame means extending around said threaded
      spindle, anti-friction bearing means extending around said threaded
      spindle and interposed between said frame means and said threaded spindle,
      said anti-friction bearing means comprising an inner ring having an axis
      and meshing with said threaded spindle and having a central axis inclined
      and eccentrically arranged relative to the longitudinal axis of said
      threaded spindle, said anti-friction bearing means also having an outer
      ring pivotally supported by said frame means for avoiding binding by
      pivoting about a rigid pivot axis extending in the direction of the
      eccentricity of the axis of said inner ring with regard to said spindle
      axis thereby to utilize said threaded spindle for pivoting said outer ring
      about said rigid axis and avoiding binding as a consequence thereof and
      making possible lifting of greater loads.
NUM  2.
PAR  2. A screw drive which includes: a threaded spindle, frame means extending
      around said spindle, anti-friction bearing means extending around said
      spindle and interposed between said frame means and said spindle, said
      anti-friction bearing means comprising an inner ring meshing with said
      threaded spindle and having a central axis inclined and eccentrically
      arranged relative to the longitudinal axis of said spindle, said
      anti-friction bearing means also having an outer ring supported by said
      frame means for movement freely about a rigid axis extending in the
      direction of the eccentricity of the axis of said inner ring with regard
      to said spindle axis, said frame means having an axis offset in the
      direction of the eccentricity with regard to the center of said
      anti-friction bearing means and extending perpendicularly with regard to
      the direction of said eccentricity and in the direction toward said
      spindle axis, said outer ring being resiliently arranged with regard to
      said frame.
NUM  3.
PAR  3. A screw drive according to claim 2, in which said frame means is
      provided with two axially aligned bores, and in which said outer ring has
      two threaded pivots extending in the direction of said eccentricity and
      received by said bores.
NUM  4.
PAR  4. A screw drive according to claim 3, in which those parts of said frame
      means which receive said threaded pivots are resilient in the direction of
      said eccentricity.
NUM  5.
PAR  5. A screw drive according to claim 4, which includes means for varying the
      resilient force acting upon said outer ring.
NUM  6.
PAR  6. A screw drive according to claim 3, in which said threaded pins are
      axially adjustable in the direction of said eccentricity in said frame
      means.
NUM  7.
PAR  7. A screw drive according to claim 2, in which said frame means is
      U-shaped and has two webs located opposite to each other and provided with
      said bores for receiving pivots means.
NUM  8.
PAR  8. A screw drive according to claim 2, in which said frame means includes a
      plate shaped part with parallel legs substantially perpendicular to said
      plate shaped part, said bearing means being pivotable between said legs
      and said spindle extending through said plate shaped part.
NUM  9.
PAR  9. A screw drive according to claim 2, in which the axis of said frame
      means extends through the contact point of the maximum pressure between
      the inner ring flank and the respective section of the spindle thread
      flank engaging same.
NUM  10.
PAR  10. A screw drive according to claim 2 which includes supporting means at
      least partially surrounding said frame means and provided with lateral
      parts having journaled therein means determining the axis of said frame
      means.
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ABST
PAL  This invention relates to a measuring instrument in which the rectilinear
      displacement of a feeler rod is transmitted to a geared multiplier
      mechanism by means of a rotating element such as an arm carrying a toothed
      sector meshing with a first toothed wheel of the multiplier mechanism, the
      transmission of movement between the feeler rod and the rotating element
      being effected by an abutment carried by the feeler rod and in contact
      with the profile of a cam carried by the rotating element.
BSUM
PAR  The present invention concerns measuring instruments in which the
      rectilinear movement of a feeler rod is transmitted to a geared multiplier
      mechanism.
PAR  Such instruments (the so-called "clock" gauges) in which the movement of
      the feeler rod is transmitted to the multiplier mechanism by means of a
      rotating element actuating a lever carrying a toothed sector meshing with
      a first toothed wheel of the multiplier mechanism. In these instruments,
      the transmission of movement between the feeler rod and the lever carrying
      the toothed sector is effected by an abutment integral with the feeler rod
      and presenting a stop or actuating surface approximately perpendicular to
      the axis of the feeler rod, this stop resting against a cam permanently
      fixed to the lever carrying the toothed sector, disposed parallel to the
      axis of rotation of the latter and presenting a transverse profile which
      is an involute of the circle.
PAR  This arrangement provides a drive between the feeler rod and the lever
      carrying the toothed sector which has a meshing or hold angle which is
      approximately zero over the whole range of movement of the feeler rod
      which tends to suppress errors which are produced in instruments in which
      the transmission between the feeler rod and the rotating element is
      effected by a direct drive such as a toothed rack or gear on the feeler
      rod. When the feeler rod develops radial play such as takes place after
      extensive use, then the transmission ratio between the feeler rod and the
      associated rotating element is no longer an exact function of the
      inter-penetration of the teeth of the feeler rod and the rotating element.
      This error does not occur when a cam is driven by a stop on the feeler
      rod. On the other hand, it is not possible to modify the conditions of
      this transmission and consequently the sensitivity of the system without
      modifying the angle or hold between the feeler rod and the arm carrying
      the toothed sector, and this may introduce a systematic error. In
      practice, due to the position of the fixed cam and of the contact between
      the stop of the abutment integral with the feeler rod, it is necessary to
      modify the inclination of the stop to modify the transmission ratio
      between the feeler rod and the arm carrying the toothed sector; as a
      consequence of this modification in the inclination, the hold angle
      varies.
PAR  According to the present invention there is therefore provided a measuring
      instrument in which the rectilinear displacement of a feeler rod is
      transmited to a geared multiplier mechanism by means of a rotating element
      such as an arm carrying a toothed sector meshing with a first toothed
      wheel of the multiplier mechanism, the transmission of movement between
      the feeler rod and the rotating element being effected by an abutment
      carried by the feeler rod and in contact with the profile of a cam carried
      by the element, the cam profile being an involute of the circle, wherein
      the abutment comprises a bearing surface always perpendicular to the axis
      of the feeler rod this abutment being held against a cam of revolution the
      longitudinal profile of which is an involute of the circle and the
      longitudinal axis of which is perpendicular to the axis of rotation of the
      rotating element, the cam of revolution being axially movable, so that the
      angle of engagement between the cam and the abutment surface is always
      equal to zero for all axial positions of the cam.
DRWD
PAR  The accompanying drawings show one embodiment of the invention. In the
      drawings,
PAR  FIG. 1 is a part plan view of a gauge in partial section of a comparator in
      accordance with the invention;
PAR  FIG. 2 is a part-sectioned side view;
PAR  FIG. 3 is a plan of a detail on a large scale; and
PAR  FIG. 4 is an enlarged section of a further detail.
DETD
PAR  The gauge shown comprises a casing 1 in which slides a feeler rod 2. The
      rod passes through the case, and carries a feeler or measuring tip 3 at
      one end and a boss 4 at the other, these two limiting the axial movement
      of the rod. There is a first transverse finger 5 fixed on the rod 2 on
      which one end of a tension spring 6 is hooked; the other end is hooked on
      a pin 7 integral with the casing 1; this spring continuously urging the
      rod 2 downwardly. A second finger 8 screwed transversely in the rod 2
      extends into the casing 1 and its free end 9 slides in a guide 10 provided
      in the casing 1 so that the rod 2 cannot turn on its own axis. Thus, the
      rod 2 is movable axially but is angularly fixed. The base 11 of the casing
      comprises an access opening 12 and the hole is covered by a closure plate
      (not shown).
PAR  The casing 1 is connected by means of a screw 13 to two superposed plates
      14 and 15 betweenn which there is mounted a multiplier mechanism
      comprising a first pinion 16 though coupled to and co-axial with a toothed
      wheel 17 meshing with a second pinion 18. This meshes with a toothed wheel
      19 co-axial with and coupled to a pinion 20 meshing with a toothed wheel
      21 subject to the action of a spiral return spring 22 fixed by one of its
      ends to a pin 23 fixed in the plate 15. The spindles of the pinion 18 and
      of the toothed wheel 21 of the multiplier mechanism entrain respectively
      two pointers 24 and 25 (FIG. 2), the pointers over dials 26 and 27
      provided on the plate 15, the dials being covered by a glass 28 maintained
      in position by a rim 29 mounted on the casing 1. These structures are
      known and will not be described in any more detail.
PAR  On the rod 2 is fastened a block 30 with a projection 34 in which there is
      an elongated opening 33 parallel to the axis of the rod and surrounding
      the threaded end of the finger 8.
PAR  The block 30 can thus be displaced axially on the rod 2 and its maintenance
      in place is ensured by a lock screw 31 abuting against the rod 2, and by a
      nut 32 on the threaded end of the finger 8 and squeezing the projection 34
      against the rod 2. The block 30 carries an abutment 35 having a bearing
      surface 36 exactly perpendicular to the axis of the rod 2. Since the
      abutment 35 is integral with the block 30 and this is fixed to the rod 2,
      all axial displacement of the rod produces an equal displacement of the
      abutment 35 and its bearing surface 36, which is always perpendicular to
      the axis of the rod 2.
PAR  A casing 37 (FIGS. 1 and 4) is fixed on the plate 14, traversing it, in the
      interior of which there is rotatably mounted a support 38 with two coaxial
      trunnions 45 (FIG. 4) respectively engaging in two ball bearings 46, one
      in the plate 15 and the other in the case 37. The shell of the bearing 46
      is fixed in the plate 15 whilst the shell carried by the case 37 is
      mounted in a race 47 adjustably screwed into the wall of the case 37 and
      having a lock nut 48. The axes of the trunnions 45 are perpendicular to
      the axis of the feeler rod 2. Rotation of the support rotates an arm 39,
      fixed to the support and coaxial thereto. The arm extends between the
      plates 14 and 15 and on end 40 carries a toothed sector 41 centered on the
      axis of rotation of the support 38 and meshing with the first pinion 16 of
      the multiplier mechanism.
PAR  The lever 39 carries a spur 42 to which is fixed a return spring 43 hooked
      to a pin 44 fixed on the plate 14.
PAR  The support 38 carries a feeler 49 comprising a threaded base 50 screwed
      into the support 38 and maintained in place by a lock nut 51; the feeler
      has a cam 52 formed as a surface of revolution the generatrix or
      longitudinal profile of which is an involute of the circle. The base 50
      and the cam 52 are coaxial and their longitudinal axis is perpendicular to
      the axis of rotation of the support 38. The cam profile 52 comes into
      contact with the bearing surface 36 of the abutment 35 and due to the
      action of the return spring 43 operating on the spur 42 of the arm 39
      which is carried by the support 38, this contact is maintained when the
      feeler rod 2 is axially displaced.
PAR  When the feeler rod 2 is axially displaced against the action of the spring
      6, the abutment 35 is simultaneously displaced and the cam 52 which is
      urged against it by the spring 43 follows the movement. This causes the
      arm 39 to pivot, the toothed sector 41 meanwhile driving the gear train
      16-17-18-19-20-21 to rotate the pointers 24 and 25. When the rod of the
      feeler 2 is released, it is moved downwards by the spring 6, the abutment
      35 follows and pushes the cam 52 back, which transmits the movement to the
      rest of the system, this movement being in the reverse direction to the
      preceding one.
PAR  Due to the fact that transmission of movement between the feeler rod 2
      (rectilinear movement) and the arm 39 carrying the toothed sector 41
      (circular movement) is effected by a surface which is always perpendicular
      to the axis of the feeler rod and in contact with a cam profile which is
      an involute of the circle, this transmission has a zero meshing angle. If
      it is necessary to modify the transmission conditions and in consequence
      the sensitivity of the system, the lock nut 51 is loosened so that the
      base 50 can be screwed in or out. For this purpose an opening 53 is
      provided in the wall of the case 37. This permits the introduction of a
      screwdriver in the slot 54 of the threaded base 50. In screwing or
      unscrewing the base 50 in the support 38 the cam 52 is axially displaced
      in the support 38 without modifying the angle of mesh or hold, which
      remains equal to zero because of the fact that the cam is a surface of
      revolution and there is thus always an involute of the circle profile of
      such a surface in contact with the bearing face which is perpendicular to
      the axis of the feeler rod.
PAR  It is possible to replace the threaded base 50 by a base sliding in the
      support 38 in which it is locked, for example, by a transverse screw.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A measuring instrument in which the rectilinear displacement of a feeler
      rod is transmitted to a geared multiplier mechanism by means of a rotating
      element such as an arm carrying a toothed sector meshing with a first
      toothed wheel of the multiplier mechanism, the transmission of movement
      between the feeler rod and the rotating element being effected by an
      abutment carried by the feeler rod and in contact with the profile of a
      cam carried by the element the cam profile being an involute of the
      circle, said cam having a base which can slide in a support coaxial with
      said rotating element and fixed to it, and wherein the abutment comprises
      a bearing surface always perpendicular to the axis of the feeler rod this
      abutment being held against a cam of revolution the longitudinal profile
      of which is an involute of the circle and the longitudinaal axis of which
      is perpendicular to the axis of rotation of the rotating element, the cam
      of revolution being axially movable, so that the angle of engagement
      between the cam and the abutment surface is always equal to zero for all
      axial positions of the cam.
NUM  2.
PAR  2. A measuring instrument in which the rectiliner movement of a feeler rod
      is transmitted to a geared multiplier mechanism by means of a rotating
      element such as an arm carrying a toothed sector meshing with a first
      toothed wheel of the multiplier mechanism, comprising:
PA1  a. an abutment mounted on said feeler rod, said abutment having a bearing
      surface permanently perpendicular to the axis of the feeler rod;
PA1  b. a support coaxial to said rotating element, said support rigidly fixed
      to said rotating element; and
PA1  c. a cam of revolution mounted on said support and bearing against said
      bearing surface of said abutment, said cam of revolution having a
      longitudinal profile formed by an involute of circle, said cam of
      revolution having its longitudinal axis perpendicular to the axis of
      rotation of said rotating element, and furthermore said cam of revolution
      being axially movable on said support, whereby the angle of engagement
      between said cam of revolution and said bearing surface of said abutment
      is equal to zero and remains equal to zero whatever the axial position of
      said cam of revolution.
NUM  3.
PAR  3. A measuring instrument according to claim 2, wherein said cam of
      revolution has a coaxial threaded base, which base engages said support
      perpendicularly to the axis thereof.
NUM  4.
PAR  4. A measuring instrument according to claim 2, wherein said cam of
      revolution has a coaxial base, which base slides in said support
      perpendicularly to the axis thereof.
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PAL  An apparatus for sampling a liquid includes a container for immersible in
      the liquid with a capillary tube liquid inlet. Gas outlet means
      communicating with the container, the gas outlet means defining an orifice
      restricting outflow of gas from the container, and the gas outlet means
      also defining a gas release port for location, in use, below the surface
      of the liquid, and adjusting means for adjusting the vertical position of
      the gas release port with respect to the liquid inlet so as to regulate
      the rate of flow of gas from the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for sampling a liquid over an extended
      period.
PAR  Many known sampling devices incorporate pumps and motors, the speed or the
      frequency of operation of the pump being controlled by auxiliary devices.
      Other known sampling devices incorporate a number of evacuated bottles
      into which, when a valve in the neck of each bottle is opened, a small
      quantity of the liquid is sucked. The valves are usually controlled by a
      timing device. Some sampling devices are operated by compressed air. The
      sampling device is located beneath the surface of the liquid and liquid
      enters a chamber within the device through a non-return valve. At
      intervals determined by an auxillary device, a pulse of compressed air
      purges the chamber and forces the liquid through a tube to a collecting
      bottle above the surface of the liquid. All these devices are of elaborate
      construction and require careful maintenance. They are usually bulky and
      cannot be left unattended at remote locations; for example on a river
      bank. The pump and compressed air types also require a power supply.
PAR  A need exists for a liquid sampling apparatus which is of particularly
      simple construction.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a method of sampling a
      liquid comprising immersing a container in the liquid, permitting liquid
      to enter the container through an inlet therein, and controlling the rate
      of flow of liquid into the container by regulating flow of gas from an
      outlet of the container.
PAR  The invention also resides in apparatus for sampling a liquid, comprising a
      container for immersion in the liquid, a liquid inlet to the container,
      gas outlet means communicating with the container, the gas outlet means
      defining an orifice restricting outflow of gas from the container, and the
      gas outlet means also defining a gas release port for location, in use,
      below the surface of the liquid, and adjusting means for adjusting the
      vertical position of the gas release port with respect to the liquid inlet
      so as to regulate the rate of flow of gas from the container.
PAR  The invention further resides in apparatus for sampling a liquid comprising
      a container for immersion in the liquid, a liquid inlet to the container,
      gas outlet means communicating with the container, the gas outlet means
      defining an orifice restricting the outflow of gas from the container and
      the gas outlet means also defining a gas release port for location, in
      use, above the surface of the liquid.
PAR  It is an object of this invention to provide a liquid sampling apparatus
      which is effective, reliable, and of simple construction.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a first embodiment of the invention;
PAR  FIG. 2 is a diagrammatic sectional view of a second embodiment of the
      invention; and
PAR  FIG. 3 is a graph showing a relationship between flow rate through the
      apparatus of FIG. 5 and depth of liquid.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows an apparatus constructed in accordance with this invention and
      incorporating a single capillary tube and a single venting tube, the
      venting tube being held in a fixed position relative to the inlet port.
      The apparatus includes a container 31, with a threaded neck 40 with which
      there is a screw-engaged cap 41. A sealing ring 42, forms an airtight seal
      between the container 31 and the cap 41. The cap 41 incorporates an inlet
      port 32 and a gas exit passage 34 leading to a capillary tube 37 located
      in the exit passage by a neoprene sealing cone 36. A venting tube 38 is
      held in position over the capillary tube 37 by a collar 35. The collar 35,
      which is located by a recess 44 in the cap 41, frictionally holds the
      venting tube 38 so that the venting tube can be adjustably moved in the
      vertical direction. The venting tube 38 opens only at the lower end in a
      mouth 45. The collar 35, is provided with an exit hole 46 and the cap 41
      is provided with an intake hold 47. The cap 41 is also provided with a gas
      intake 48 that communicates with a flexible tube 49 connected to a
      fine-bore capillary tube 50. The fine-bore capillary tube 50 is connected
      to a length of flexible tube 52 which communicates with gas under pressure
      62 through an on-off valve 51. To hold the device in a fixed position, the
      cap 41 is firmly attached to a rigid supporting piece 53.
PAR  In operation, gas 62 under pressure is allowed in to the container 31
      through the capillary tube 50 by controlling the valve 51. The device is
      then immersed in a liquid and held in a fixed position by support 53 so
      that the liquid surface 54 is higher than the opening 45. Liquid flows
      into the container 31 through the inlet hold 32 forming a meniscus 33 at
      the internal end of the hole. The diameter of the inlet hole 32 is such
      that the surface tension of the liquid at the meniscus is sufficient to
      prevent gas from leaving the container 31 through the inlet hole 32. As
      liquid flows through the inlet hole 32, the meniscus 33 forms drops of
      liquid, which fall to the bottom of the container 31 to form a free
      surface of liquid 54b. Inlet hole 32 provides negligible resistance to the
      inflowing liquid and therefore the gas pressure within the container 31 is
      equal to the head represented by the distance H1. Liquid flows through the
      intake hole 47 into the space 55 between the collar 35 and the cap 41 to
      form a liquid surface 54c at the opening 45. The gas pressure within the
      venting tube 38 is equal to the hydraulic head represented by the distance
      H2. The pressure difference across capillary tube 37 is therefore equal to
      the head of liquid represented by the distance H. The distance H is a
      constant value and therefore gas must leave the enclosed chamber at
      constant rate determined only by the distance H and the frictional flow
      coefficient K of the capillary tube. This indirectly controls the rate at
      which liquid can enter the container 31. Thus by adjusting the position of
      the venting tube 38, the distance H can be varied and hence the pressure
      difference across the capillary tube 37 can be pre-set. By selecting a
      capillary tube 37, with an appropriate frictional flow coefficient K, this
      device can be used to obtain a sample of liquid representing the
      time-averaged state of that liquid while the device was immersed in the
      liquid.
PAR  Referring to FIG. 2, the apparatus shown is similar to that described with
      respect to FIG. 1, and similar parts carry identical reference numerals.
PAR  In this embodiment the venting tube 78 is open at both ends, so that air
      passing through the capillary tube 37 leaves by a mouth 85 at the top of
      the venting tube 78. In this embodiment, therefore, the liquid intake 47
      and the air exit hole 46 are both omitted. Further, the venting tube may
      be fixed relative to the cap 81.
PAR  The pressure difference across the capillary tube is equal to the head of
      liquid represented by the distance H1. Thus the flow of gas through the
      capillary tube 37 is related to the vertical position of the inlet hole 32
      below the surface of the liquid 84 and to the frictional flow coefficient
      K of the capillary tube 37. This indirectly controls the rate at which
      liquid can enter the container 31.
PAR  One application for this device is in taking samples from a liquid passing
      through a channel where there is a known relationship Z between the depth
      H of liquid in the channel and the volume rate at which liquid is passing
      along that channel. According to FIG. 3 such a relationship is represented
      approximately by two straight lines J to K and K to L that define a
      relationship between the volume rate Q1 at which gas leaves the container
      31 and the depth H1 of immersion of the inlet hole 32. In this situation,
      the sampling rate is approximately proportional to the rate of flow of
      liquid through a channel only when the flow rate is between prescribed
      limits; that is between Q = Qa and Q = Qb. Outside this range, the
      sampling rate will not be representative of the flow rate through the
      channel. To obtain the straight line relationship J to K and K to L shown
      on FIG. 3.
PAR  a. the inlet hole 32 must be located a distance h vertically above the zero
      flow level in the channel and
PAR  b. the flow coefficient for capillary tube 37 must be chosen such that
      ##EQU1##
PAR  The flow coefficient K should also be chosen so that the volume rate of
      flow of gas from the container 31 should nearly empty the container of gas
      in the period of time during which the device is required to take samples.
PAR  The above description of the preferred embodiments of the invention is
      exemplary, and modifications to and variations of the specific embodiments
      could be made within the true scope of the invention, which is to be
      defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for sampling a liquid comprising:
PA1  a container for immersion in the liquid to a selected depth, the container
      including a closure means having a liquid intake means comprised of an
      elongated horizontal bore opening into the upper portion of the container
      through said closure means, said bore having a diameter at the point where
      it opens into said container of a size whereby a meniscus is formed by the
      surface tension of the liquid thereby preventing gas from exiting the
      container through said liquid inlet means when said meniscus is formed;
PA1  a gas exit passage means for selectively providing restricted flow of gas
      from the top of said container; and
PA1  an elongated adjustable venting tube surrounding a vertical capillary tube
      in the closure means in communication with said bore opening for
      controlling the liquid flow rate into the container.
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ABST
PAL  A reciprocating spray device is provided with means for reducing vibration
      associated with reversal of motion at the end of each path of
      reciprocation. The vibration reducing means includes accelerative force
      transfer means which are contacted by the reciprocating spray apparatus at
      the points of reversal of its motion for transfer of substantially all of
      the reciprocating spray device accelerative forces to a spray bridge which
      is rigidly mounted to a carriage having shock absorbing means connected
      thereto and movably mounted on support means so that transferred
      accelerative forces from the reciprocating spray apparatus cause the
      carriage to move substantially parallel to and in an opposite direction
      from the motion of the reciprocating spray apparatus, and providing for
      the shock absorber to contact a fixed stop mounted in fixed relation to
      the supporting beam.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a division of application Ser. No. 229,385, filed Feb. 25, 1972,
      now U.S. Pat. No. 3,796,184.
BSUM
PAR  This invention relates to reciprocating devices and, more particularly,
      relates to reciprocating spray devices provided with means for reducing
      the shock incident to the reversal of the direction of travel of the
      reciprocating apparatus.
PAR  In the continuous coating of substrates, it has been found convenient to
      use reciprocating spray guns or other coating apparatus in combination
      with conveyors to move the articles to be coated past the reciprocating
      coating devices during their reciprocation and spraying. Since the
      reciprocating devices may have considerable mass and may be designed to
      travel at high rates of speed, considerable inertia is associated with
      such reciprocating devices. This inertia causes considerable shock to the
      spray device and to the support for the spray device when the spray device
      direction is reversed. In the past, workers have provided shock absorbers
      to reduce the shock incident to reversal of the direction of travel at the
      end of its strokes, and to aid starting the devices on their return
      strokes. Shock absorbers have been mounted on fixed supports for
      reciprocating devices and positioned to engage the reciprocating device at
      the end of its stroke. Depending upon the spring constant of the shock
      absorbers employed, some reduction of vibration associated with reversal
      of direction may be provided. See U.S. Pat. No. 2,728,238, which shows a
      heavy spring shock absorber acting directly on a reciprocating spray
      device.
PAR  The devices known in the past experience vibration of both the supporting
      structure on which the shock absorber is mounted and also experience
      vibration of the reciprocating spray device associated with them. while
      this vibration is tolerable in some processes, it has been found to be
      intolerable in others. In particular, spray devices associated with the
      coating of hot glass as it leaves a refractory-lined forming enclosure
      must be substantially vibration-free. If such devices are not
      substantially vibration-free, impurities clinging to the refractory
      enclosure are dislodged and come to rest on the hot glass, causing
      imperfections in the glass surface. Devices of the design known in the art
      and disclosed in the patent above cited have excessive vibration, which
      prevents their utilization in such an environment.
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus is provided for reducing vibration normally associated with
      the reversal of direction of a reciprocating mass. The reciprocating mass
      may comprise a dispensing device, such as those for spraying liquids or
      discharging powders or vapor; or it may comprise a cutting, scoring or
      severing device, such as for cutting a continuous sheet (e.g., glass,
      paper, fabric or the like); or it may comprise an inspecting device, such
      as a camera or an electro-optical device for detecting flaws in glass or
      other sheet material; or it may comprise a marking device, such as a
      printing roll; or it may comprise a cleaning device, such as brushes or
      the like. In all these specific embodiments of this invention and in
      others which may be contemplated using the principles of this invention it
      is of great importance to substantially reduce the vibration normally
      associated with reversal of direction of the reciprocating operating
      device. In particular, the reduction of vibration associated with a
      coating applicator serves to reduce non-uniform coating at the ends of the
      reciprocation strokes and substantially reduces the dropping of
      accumulated material from the applicator to the substrate being coated,
      which drops of material normally causes spot defects in coatings produced.
PAR  The apparatus of this invention incorporates a reciprocating means, such as
      a spray or other type of dispensing device, movably mounted on oscillating
      means. (The distinction herein of "reciprocating" and "oscillating" is one
      of form only to ease in the understanding of the present invention and to
      clearly characterize the device as including two movable elements.)
PAR  In the preferred device, the oscillating means comprises a spray bridge
      rigidly mounted to a carriage. The oscillating means is provided with
      means for transferring substantially all of the acceleration force
      associated with the reversal of the reciprocating device to the
      oscillating means. In the preferred embodiments of this invention, this
      transfer means comprises a combination of a drive chain having a pin in
      contact with the reciprocating device and a pair of sprocket wheels
      engaging the chain, each sprocket wheel having a shaft mounted on the
      oscillating means in a manner to transfer all components of force
      associated with the motion of the shaft except rotation to the oscillating
      means.
PAR  The oscillating means generally comprises structural members having guide
      rails and supports for the reciprocating device and is movably mounted on
      supporting means, such as a crossbeam or rail. The supporting crossbeam or
      rail is substantially parallel to the translational axis of the
      reciprocating device, and the oscillating means is mounted thereon to move
      in a path substantially parallel to the motion of the reciprocating
      device. The oscillating means is provided with shock absorbers, which act
      to absorb shock along an axis substantially parallel to the motion of the
      reciprocating device. The shock absorbing means may be mounted on opposite
      ends of the oscillating means, or may be mounted in fixed relation to the
      supporting crossbeam or rail positioned to engage the oscillating means.
      The preferred embodiment of this apparatus has the shock absorbers mounted
      on the ends of the oscillating means, with one absorber provided to have
      an adjustable travel distance for the shock absorbing medium or spring in
      the shock absorber.
PAR  Adjustable stops are provided to engage the shock absorbers mounted on the
      ends of the oscillating means. These stops are mounted in fixed relation
      to the supporting crossbeam or rail, and are preferably mounted on the
      supporting means itself. The stops may comprise fixed structural members,
      but are preferably adjustable. Adjustable stops may be provided for
      adjustment in increments by providing differing points of attachment for
      the stop to the support means. It is preferred that the stops be mounted
      in a fixed position and be provided with some means for adjustment which
      is more precise. The stops of the preferred embodiment are air cylinder
      operated pistons which may be positioned in fixed relation to the
      supporting means. The position may be varied with ease.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial sectional view showing the reciprocating spray device
      of this invention when viewed in a plane perpendicular to the direction of
      motion of a workpiece or substrate along a conveyor beneath the
      reciprocating device.
PAR  FIG. 2 is a sectional view taken along section line 11--11 of FIG. 1
      showing the accelerative force transfer means which transfers
      substantially all of the forces associated with reversal of the
      reciprocating device to the oscillating means.
PAR  FIG. 3 is a detailed enlarged view of a removable stop showing the stop in
      withdrawn position to provide for the removal of the entire apparatus by
      conveying it along the support means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is best understood with reference to the drawings. A
      spraying apparatus is provided with conveying rolls 4 mounted on axles 5,
      which are rotatably mounted and provided with drive means (not shown) to
      convey a substrate 6 to be coated, preferably a continuous ribbon of
      glass, along a path beneath the spray gun of this invention so that the
      glass may be coated.
PAR  A reciprocating spray device is positioned above the conveyor to traverse
      the width of the moving substrate as it moves along the conveyor. The
      apparatus may be arranged to traverse the substrate along a path
      substantially perpendicular to the travel of the substrate, or may be
      arranged to traverse the substrate at some other angle with respect to its
      motion. The preferred arrangement is to provide for a traversing path
      substantially perpendicular to the direction of travel of the substrate.
PAR  If the vibration-reducing apparatus of this invention were employed to
      carry a cutting device, such as for cutting a continuous ribbon of paper
      or scoring a continuous ribbon of glass, it would be preferable to have
      the device arranged at some angle other than 90.degree. with respect to
      the movement of the continuous ribbon, with the angle coordinated with the
      speed of the continuous ribbon and the speed of the reciprocating cutter
      to provide a desired angle of cut with respect to the edge of the
      substrate.
PAR  A spray apparatus 10 is provided in the preferred embodiment. It comprises
      a spray gun 11 connected to a first conduit 13 for supplying spray
      composition and connected to a second conduit 15, preferably flexible, for
      supplying gas or air to the spray gun. When providing a flexible conduit
      for air connected to the spray gun, it is connected to a rigid conduit 16
      for supplying the gas or air. Both the spray composition conduit 13 and
      the air supply conduit 16 are mounted on a reciprocating apparatus or
      device for supporting the spray apparatus by means of mounting clamps 17.
      The spray composition conduit and the air conduit are respectively
      connected to first and second flexible supply conduits 18 and 19. These
      flexible conduits are connected to remotely located sources of coating
      composition and pressurized air (not shown). Flexible conduits are
      employed so that the spray apparatus 10 may be reciprocated while
      connected to sources of coating composition and air.
PAR  The spray apparatus 10, is mounted on a movable device or means 20 for
      supporting the spray apparatus for its reciprocating movement. The movable
      device comprises a reciprocating device body 21, such body having a slot
      substantially perpendicular to the intended given axis of reciprocation. A
      bearing 23 is movably mounted in the slot of the body of the movable
      device 20. This bearing is mounted in the slot so that it can move along
      the major dimension of the slot while riding against the side of the slot.
PAR  The movable device 20 is provided with two pairs of upper supporting
      rollers 25a and 25b, one pair being shown in FIG. 2, and another
      corresponding pair of upper supporting rollers at the opposite upper
      corner of the reciprocating device. The upper supporting rollers are
      rotatably mounted on respective axles 26a and 26b carried by the
      reciprocating device body 21. Two additional pairs of lower supporting
      rollers 27a and 27b, one pair being shown in FIG. 2, and the other pair at
      the opposite lower corner of the reciprocating device body are also
      provided. These lower supporting rollers are rotatably mounted on the
      reciprocating device body by respective axles 28a and 28b.
PAR  The movable device 20 is movably mounted on a spray bridge 30 extending
      substantially parallel to the given axis of reciprocation. The spray
      bridge comprises a spray bridge crossbeam 31 with upper and lower
      supporting guide rails 32 and 34, respectively, mounted on the crossbeam
      by mountings 33 for upper guide rail 32 and 35 for lower guide rail 34.
      The upper guide rail 32 is preferably a metal bar of rectangular,
      preferably square, cross section, and the mountings consist of a plurality
      of small metal plates welded to the crossbeam and the bottom edge of the
      upper supporting guide rail, with the guide rail mounted so that one
      diagonal of its cross section is substantially parallel to the conveyed
      substrate 6 and the other diagonal of its cross section is substantially
      perpendicular to the plane of the conveyed substrate. The lower supporting
      guide rail 34 is mounted on the spray bridge crossbeam 31 in similar
      fashion to the mounting of the upper supporting guide rail, except with a
      downward orientation. Guide rails 32 and 34 extend parallel to the given
      axis of reciprocation.
PAR  The movable device 20 is mounted on the spray bridge 30 with the two pairs
      of upper supporting rollers 25a and 25b engaging the upper supporting
      guide rail 32 and with the two pairs of lower supporting rollers 27a and
      27b engaging the lower supporting guide rail 34. With the movable device
      20 so mounted, it is apparent that it can move along the upper and lower
      supporting guide rails 32 and 34.
PAR  A drive motor 36 is mounted on the spray bridge crossbeam 31 to serve as
      means to impart reciprocating motion to the movable device 20. An electric
      drive motor is preferably employed, and the drive motor is provided with a
      flexible power cable 37 connected to an electric power supply (not shown).
      The drive motor 36 is coupled with the movable device in order to impart
      reciprocating motion to the movable device. The drive motor is provided
      with drive coupling means 38, such as a drive belt, a gear drive, or a
      universal linkage. A drive transfer pulley 39 is mounted on a wheel shaft
      42, which in turn is mounted on spray bridge 30 through a bearing 43 (FIG.
      2). The drive coupling means 38, comprising a drive belt, connects the
      drive motor 36 and the drive transfer pulley 39. Mounted on the wheel
      shaft 42 is a drive sprocket wheel 41. Mounted on the opposite end of the
      spray bridge 30 from the drive sprocket wheel 41 is a driven sprocket
      wheel 46, provided with a wheel shaft and bearing similar to that provided
      for the drive sprocket wheel. A drive chain 44 is provided about the drive
      sprocket wheel 41 and driven sprocket wheel 46. The drive chain 44 is
      provided with a drive chain pin 45 (FIG. 2) for engaging the bearing 23,
      which is movably mounted in the slot of the reciprocating device body 21.
PAR  During operation, the drive spocket wheel 41 is rotated, causing the drive
      chain 44 to move about the two sprocket wheels 41 and 46. As the drive
      chain pin 45 is drawn from the point on one sprocket wheel most remote
      from the other sprocket wheel to a point on the second sprocket wheel most
      remote from the first, it causes the movable device 20 to move by applying
      a force against one side of the slot in the reciprocating device body 21.
      The speed of the movable device is, for constant sprocket wheel rotation
      speed, substantially constant, while the drive chain pin is moving between
      the wheels along a path substantially tangent to both. As the drive chain
      pin goes about each wheel, the movable device first decelerates to zero
      horizontal speed and then accelerates to its maximum and substantially
      constant horizontal speed. During this acceleration, the inertia of the
      movable device results in a transfer of force, characterized as
      accelerative force, to the chain and sprocket wheels, and hence through
      the wheel shafts to the spray bridge. In the absence of a shock absorber
      directly engaging the movable device, substantially all of the
      accelerative forces are transferred from the movable device to the spray
      bridge. Such direct-acting shock absorbers are generally undesirable in
      the present apparatus, it being preferred to transfer substantially all of
      the accelerative force associated with reversal of the movable device to
      the spray bridge from the movable device as it reciprocates.
PAR  The spray bridge 30 is mounted on a carriage 50 by vertical connecting
      beams 52 and 53. The structure comprising the spray bridge 30 and carriage
      50 connected together constitutes what is characterized herein as
      oscillating means. This oscillating means (30,50) is supported by vertical
      beam trolley brackets 56a and 56b, which have trolley wheels 57a and 57b
      mounted on them by means of axles 58a and 58b. These trolley wheels 57a
      and 57b ride on a supporting crossbeam member 60 mounted, preferably
      horizontally, on supports (not shown). A second pair of brackets and
      trolley wheels are provided to engage the opposite side of the supporting
      crossbeam 60; see upper left of FIG. 2. The oscillating (30,50) means is
      free to move in an oscillatory or reciprocating path substantially
      parallel to the given axis of movement of the movable device 20, with its
      trolley wheels 57a and 57b and their corresponding opposing pair rolling
      back and forth along the supporting crossbeam member 60. When the movable
      device 20 is moving in one direction, a transfer of accelerative forces
      from it to the oscillating means (30,50) causes a reaction motion in the
      opposite direction for the oscillating means (30,50).
PAR  Mounted on the ends of the carriage 50 are end plates 54 and 55. Mounted on
      these end plates are shock absorbers 70 and 90 for absorbing the shock due
      to reversal of the oscillating means, (30,50), which moves in reaction to
      the movement of the movable device 20. In the preferred embodiment, the
      shock absorbers 70 and 90 are mounted on the oscillating means, (30,50),
      and one shock absorber 90 is provided with an adjustment bolt 98 to adjust
      the length of travel of the absorbing spring 92, while the other shock
      absorber 70 is, for reasons of economy, a non-adjustable shock absorber.
      Looking first at the shock absorber arrangement shown on the right side of
      the carriage in FIG. 1, it may be seen that shock absorber 70 comprises a
      base plate 71 which is mounted on the end plate 55 of the carriage, and a
      cylinder 74 in which is positioned a spring 72 held between spring
      alignment plate 73 and spring alignment holding plate 76, on which is
      mounted an operating shaft 75 which is confined within the cylinder 74 by
      a seal 77.
PAR  A stop or stopping means 80 is provided to engage the shaft 75 of the shock
      absorber 70 mounted on the oscillating carriage 50. In the preferred
      embodiment, the stopping means 80 is mounted directly onto the supporting
      crossbeam member 60 by mounting bracket 88. The stopping means comprises a
      cylinder 81 mounted in the mounting bracket, having therein a piston 82
      for engaging the shaft of the shock absorber. The piston of the stop is
      mounted within the cylinder surrounded by a seal 83, and is mounted on a
      pin 84 passing through a base plate 85 to an air cylinder 86 having an
      adjustment means 87. In the preferred embodiment, the air cylinder 86 is
      used to fix the piston position in a chosen position to permit travel of
      the oscillating means (30,50) over a prescribed path length, which is
      maintained during operation. As will be understood to those skilled in the
      art, the stop means could be a fixed structural member, and it will be
      understood that the device described for the preferred embodiment is
      selected in order to provide for ease of adjustment.
PAR  Looking now to the left side of FIG. 1, or to FIG. 3 a second shock
      absorber 90 and stop 100 are illustrated. This shock absorber 90 is
      mounted to end plate 54 by base plate 91. This shock absorber comprises
      cylinder 94, in which is positioned a spring 92 on a spring alignment
      plate 93, and with its opposite end engaged by a spring alignment and
      holding plate 96, on which is mounted a shaft 95 maintained within the
      cylinder 94 by a seal 97. This shock absorber 90 is provided with an
      adjustment bolt 98, which is employed to adjust the possible length of
      travel of the shaft 95 and spring 92.
PAR  A stopping means 100 on the left side of the apparatus as shown in FIG. 1
      is characterized by being adjustable into two positions illustrated in
      FIG. 3, one position being its locked-down position for use as a stop
      during operation, and the other position being its up position to permit
      the removal of the entire oscillating means (30,50) with its mounted
      movable device from its operating position over a conveyor. With the stop
      in an up position, the oscillating means (30,50) may be moved along the
      supporting crossbeam member 60 to the left in FIG. 1, withdrawing it from
      its operating position. This is of great utility particularly when the
      environment surrounding the device in operation is hostile, such as the
      exit region of a glass forming structure. Ease of removal of the entire
      apparatus is important to provide for maintenance and adjustment of the
      spray equipment outside the spray area. Stopping means 100 comprises a
      piston 102 mounted in an air cylinder 101. The air cylinder 101, is
      mounted on a supporting bracket 107 which is adjustable in relationship to
      a support beam 110 mounted on the crossbeam supporting member 60. Mounted
      on a connecting link 108 extending from piston 102 by connector 106 is a
      doubly-pivoted stop member 109. The pivot point of stop 109 most remote
      from cylinder 101 is connected to the connecting link 108, while the other
      pivot point is connected to supporting bracket 107. An articulating arm
      111 is connected to connector 106 and connecting link 108 at a common
      pivot point while having its opposite end pivotably mounted to mounting
      bracket 107. The adjustment of the extension of the piston 102 connected
      to the air cylinder causes the adjustable doubly-pivoted stopping member
      109 to be positioned in either its locked-down position or its up position
      as illustrated in FIG. 3.
PAR  During operation, a substrate 6 to be coated, such as glass, is conveyed
      along the conveyor and the movable device 20 is caused to reciprocate at
      high speed back and forth transverse to the direction of substrate
      movement, while a coating composition is sprayed against the substrate to
      be coated. As the movable device 20 accelerates in either direction,
      substantially all of the associated accelerative forces are transferred to
      the oscillating means (30,50) comprising the spray bridge 30 and carriage
      structure 50. These transferred accelerative and decelerative forces are
      then dissipated by the shock absorbing means, 70 and 90, which engage the
      stops 80 and 100. The motion of the oscillating means (30,50) and the
      compression of the shock absorbers 70 and 90 when engaging the stops 80
      and 100 cooperate to dissipate the forces while moving in a small
      amplitude relative to the reciprocation motion of the movable device 120.
      It has been found that with the present device, the vibration of the
      movable device 20 and vibration of the supporting means structure
      (crossbeam 60 and associated supports) is reduced such as to have
      negligible effect upon either the movable device or the supports. Even
      when a spraying device having substantial mass is operated at extremely
      high speeds it is possible to operate without noticeable vibration.
PAR  The present invention is particularly useful to provide an apparatus for
      applying coatings to a continuous ribbon of glass as it leaves a float
      forming bath. Spraying apparatus constructed in accordance with this
      invention may be operated in close proximity to a float bath without
      causing excessive vibration resulting in the dislodgment of particles from
      the refractory structure causing impurities to fall into the soft glass
      during forming.
PAR  In addition to improved compatibility between the present apparatus and the
      processes and equipment with which it is used a particularly advantageous
      additional benefit is enjoyed. Substantial vibration and shock associated
      with high speed reciprocating devices causes a high rate of wear for both
      the reciprocating movable devices and the attendant supporting structure.
      The rate of wear and the potential for structural failure is enhanced by
      the jerk as well as the acceleration associated with reversal. The present
      invention provides for reduced effects upon structure due to reversal jerk
      and acceleration, and longer structural life than previously experienced
      is expected for devices constructed in accordance with this invention.
PAR  It will be understood by those skilled in the art that the concepts of the
      present invention may be employed in apparatus having structural
      difference from those here described in detail. For example, it will be
      apparent that the shock absorbing means and stopping means may be
      positioned to engage at locations interior as well as exterior of the
      range of reciprocating motion of the movable device. The oscillating means
      may be constructed so that a stop and shock absorber are engaged on the
      left of the oscillating means when it is moving to the right and vice
      versa in contrast to the described preferred embodiment. The combination
      of oscillating means, stops and shock absorbers may also be constructed
      either to provide free movement of the oscillating means between stops, as
      described above, or may be constructed so that some shock absorber
      engagement is always maintained. Also, it will be apparent that either
      compression or tension stressed shock absorbers could be employed.
      Variations may be made in the structure of this invention without
      departing from the spirit thereof, and the present invention is not to be
      considered as limited in scope by the present disclosure, but is rather
      defined by the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for reciprocating a movable device along a given axis of
      reciprocation, comprising:
PA1  a movable device;
PA1  means connected to said movable device for imparting accelerating and
      decelerating forces to said device and a reciprocating motion to said
      device along the given axis of reciprocation;
PA1  carriage means;
PA1  means for mounting said carriage means for movement along a path
      substantially parallel to the given axis of reciprocation;
PA1  means operatively connected to said carriage means and to said
      reciprocating motion imparting means for transferring substantially all of
      the accelerating and decelerating forces associated with the reciprocation
      of said movable device to said carriage means to oscillate said carriage
      means along the path substantially parallel to the given axis of
      reciprocation of said movable device and substantially opposite to the
      motion of said device; and
PA1  shock absorbing means for countering the motion of said carriage means
      produced by the accelerating and decelerating forces associated with the
      reciprocation of said movable device.
NUM  2.
PAR  2. The apparatus as set forth in claim 1, wherein said mounting means
      includes:
PA1  support means;
PA1  wheel means for translatably mounting said carriage means on said support
      means;
PA1  stop means mounted on said support means for confining movement of said
      carriage means along the path substantially parallel to the given axis of
      reciprocation; and
PA1  said shock absorbing means disposed along the path of said carriage means
      between each of said stop means and said carriage means.
NUM  3.
PAR  3. The apparatus as set forth in claim 2, wherein at least one of said stop
      means is adjustable to at least two positions, said adjustable stop means
      comprising a stop member connected to means for moving said stop member to
      a position such as to engage said carriage means and to a position such as
      to permit said carriage means to be moved past said stop means along said
      support means.
NUM  4.
PAR  4. The apparatus as set forth in claim 3, wherein said adjustable stop
      means comprises a doubly-pivoted stop member connected to a connecting
      link having two connecting points at its first pivot and connected to a
      fixed mounting at its second pivot, said connecting link connected at its
      connecting point opposite to that point connecting said stop member to a
      first connecting point of an articulating arm having two connecting
      points, the second being connected to said fixed mounting, and an
      extendable member connected to said connecting link and said articulating
      arm at their common connecting point, said extendable member connected to
      means for extending and retracting said member whereby said stop member is
      caused to rotate about its point of connection to said fixed mounting.
NUM  5.
PAR  5. The apparatus as set forth in claim 1, wherein said carriage means
      includes:
PA1  supporting guide rails extending parallel to the given axis of
      reciprocation wherein said movable device is movably mounted on said guide
      rails;
PA1  continuous drive means operatively connected to said transferring means for
      moving said movable device along said guide rails; and said movable device
      includes:
PA1  reciprocating body means operatively connecting said continuous drive means
      and said device for transferring substantially all of the accelerating
      forces and decelerating forces from said movable device to said drive
      means.
NUM  6.
PAR  6. The apparatus as set forth in claim 1, where said shock absorbing means
      includes a shock absorber mounted on each end of said carriage means and
      the apparatus further includes:
PA1  stop means connected to said mounting means for engaging said shock
      absorbers at the extent of each stroke of the oscillating motion of said
      carriage means.
NUM  7.
PAR  7. The apparatus as set forth in claim 1, wherein said shock absorbing
      means includes shock absorbers mounted on said mounting means and
      positioned to engage said carriage means at the extent of each stroke of
      the oscillatory motion of said carriage means.
PATN
WKU  039370933
SRC  5
APN  5033446
APT  1
ART  345
APD  19740905
TTL  Marine propulsion device with anchoring means for propeller shaft
      bearing carrier
ISD  19760210
NCL  12
ECL  1
EXP  Gerin; Leonard H.
NDR  1
NFG  4
INVT
NAM  Johnson; Ronald G.
CTY  Kenosha
STA  WI
INVT
NAM  Kashmerick; Gerald E.
CTY  Waukegan
STA  IL
ASSG
NAM  Outboard Marine Corporation
CTY  Waukegan
STA  IL
COD  02
CLAS
OCL   74417
XCL  115 17
EDF  2
ICL  F16H  114
ICL  B63H  513
FSC   74
FSS  417;423 X
FSC  115
FSS  17 X;35
UREF
PNO  3382838
ISD  19680500
NAM  Bergstedt
XCL   74417
UREF
PNO  3447504
ISD  19690600
NAM  Shimanckas
XCL  115 17
LREP
FRM  Michael, Best & Friedrich
ABST
PAL  Disclosed herein is a lower unit for a marine propulsion device including a
      drive shaft housing, a gearcase housing connected to the end lower of the
      drive shaft housing and having an interior wall defining an elongated,
      axially extending cavity, a propeller shaft extending axially in the
      gearcase housing cavity and carrying a propeller, and a hollow bearing
      carrier member generally encircling the propeller shaft and carrying a
      bearing for rotatably supporting the propeller shaft in the gearcase
      housing cavity. The bearing carrier member is removably fastened by bolts
      or the like to a resilient, annular anchoring element which fits into and
      frictionally engages an internal annular groove in the gearcase housing to
      retain the bearing carrier against the axial displacement relative to the
      gearcase housing and to minimize rotation of the bearing carrier relative
      to the gearcase housing. The bearing carrier member includes a radially
      extending rib which registers with a gap provided in the anchoring element
      to automatically index the bearing carrier member with the anchoring
      element during assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to marine propulsion devices, such as outboard
      motors and stern drive units, and, more particularly, to lower units
      therefor.
PAR  Lower units for marine propulsion devices typically include an upright or
      angle drive shaft which is rotatably supported in a drive shaft housing
      and drives a propeller through a gearing arrangement mounted in a gearcase
      housing connected to the lower end of the drive shaft housing. A propeller
      shaft is rotatably supported in one or more bearings carried by a bearing
      carrier member which is supported from and anchored to the interior of the
      gearcase housing. Prior art arrangements used for anchoring the bearing
      carrier member to the gearcase housing usually employed several components
      and did not satisfactorily prevent the bearing carrier from rotating
      relative to the gearcase housing during operation.
PAR  Filed herewith with the Patent Office is a copy of a drawing illustrating a
      prior art arrangement for rotatably supporting a propeller shaft in the
      lower unit of the marine propulsion device.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a lower unit for a marine propulsion device
      including a gearcase housing connected to the lower end of a drive shaft
      housing and having an interior wall defining an elongated, axially
      extending cavity, a propeller shaft extending axially in the gearcase
      cavity and carrying a propeller, a bearing carrier member located in the
      gearcase cavity and carrying a bearing rotatably supporting the propeller
      shaft, and a resilient annular anchoring element which fits into an
      internal groove provided in the interior wall of the gearcase housing and
      to which the housing carrier member is fastened for retaining the bearing
      carrier member against axial displacement relative to the gearcase
      housing. The anchoring element is compressible in the plane of the element
      for insertion into the groove and expands into tight frictional engagement
      with the groove.
PAR  Also in accordance with the invention, the bearing carrier member includes
      a nose portion which fits inside the annular anchoring element and wedges
      the anchoring element radially outwardly into tight frictional engagement
      with the groove so as to minimize rotation of the bearing carrier member
      relative to the gearcase housing. Serrations for biting into the groove to
      produce a further anti-rotation effect can be provided on the outer
      peripheral portions of the anchoring element.
PAR  In further accordance with the invention, the anchoring element includes a
      pair of generally semicircular, opposed legs which are integrally
      connected at one end and are spaced apart at the other end to form a gap
      or opening between the legs. The nose portion of the bearing carrier
      member can include a radially extending rib which registers with the gap
      or opening between the anchoring element legs to afford automatic indexing
      of the bearing carrier member with the anchoring element during assembly.
PAR  One of the principal features of the invention is the provision of a lower
      unit for a propulsion device including a simplified means for anchoring a
      bearing carrier member which rotatably supports the propeller shaft from
      the gearcase housing.
PAR  Another of the features of the invention is the provision of such an
      anchoring means which is arranged to cooperate with the bearing carrier
      member so as to minimize rotation of the bearing carrier member relative
      to the gearcase housing.
PAR  A further feature of the invention is the provision of such an anchoring
      means and bearing carrier member which are fastened together by bolts or
      the like and which are arranged so that the bearing carrier is
      automatically indexed with the anchoring element during assembly to
      facilitate installation of the bolts.
PAR  Other features and advantages of the invention will become apparent upon
      reviewing the following detailed description, the drawing and the appended
      claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, partially sectioned view of a lower unit of a
      marine propulsion device embodying various of the features of the
      invention.
PAR  FIG. 2 is a sectional view taken along line 2--2 in FIG. 1.
PAR  FIG. 3 is a fragmentary view of an alternate arrangement for the anchoring
      element.
PAR  FIG. 4 is a further alternate arrangement for the anchoring element.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before explaining the invention in detail, it is to be understood that the
      invention is not limited in its application to the details of construction
      and the arrangements of the components set forth in the following
      description or illustrated in the drawing. The invention is capable of
      other embodiments and of being practiced and carried out in various ways.
      Also, it is to be understood that the phraseology and terminology employed
      herein is for the purposes of description and should not be regarded as
      limiting.
PAR  Fragmentarily illustrated in FIG. 1 is a lower unit 10 of a marine
      propulsion device, such as an outboard motor or a stern drive unit. The
      lower unit 10 is supported from a boat (not shown) in the usual manner for
      vertical tilting and for steering. The lower unit 10 has a drive shaft
      housing 12 and a gearcase housing 14 which is connected to the lower end
      of the drive shaft housing 12 and includes an interior wall 16 defining an
      elongated, generally cylindrical cavity 18.
PAR  Rotatably supported within the drive shaft housing 12 and operably
      connected to a suitable source of power, such as an engine (not shown), is
      a drive shaft 20 carrying a beveled pinion gear 22. The pinion gear 22
      meshes with a drive gear 24 mounted on a propeller shaft 26 to drive a
      propeller 28 (shown fragmentarily) carried on the rear or aft end of the
      propeller shaft 26. The propeller 28 can have a hub 30 with an axial
      passage 32 to afford underwater discharge of exhaust gases. It should be
      understood that the invention is not limited to a through-the-hub exhaust
      arrangement.
PAR  The propeller shaft 26 extends axially in the gearcase cavity 18 and is
      rotatably supported therein by a thrust bearing 34 suitably mounted in the
      forward portion of the gearcase housing 14, a thrust bearing 36 located
      adjacent the drive gear 24 and carried by a bearing carrier member 38, and
      a needle bearing 40 supported by the bearing carrier member 38. The
      bearing carrier member 38 is of a hollow or spool-like construction and
      generally encircles the propeller shaft 26. The bearing carrier member 38
      includes a generally cylindrical sleeve portion 42, an annular forward
      portion 44 connected to the forward end of the sleeve portion 42 and
      having a generally cylindrical nose portion 45 adapted to carry the thrust
      bearing 36, and a spider section 46 connected to the rear or aft end of
      the sleeve portion 42. The forward section 44 has a generally circular,
      outer peripheral surface 48 which fits snugly against the interior wall 16
      of the gearcase housing 14. The spider section 46 has a plurality of
      circumferentially spaced, radially extending legs 50 which at the outer
      ends rest against the interior wall 16 of the gearcase housing 14.
PAR  Provided in the drive shaft housing 12 for exhausting the exhaust gases
      from the engine or motor into the water is an exhaust passage 52 which
      communicates with the gearcase cavity 18 through an opening 54. Exhaust
      gases exit rearwardly from the gearcase cavity 18 through the openings
      between the spider section legs 50 and are discharged into the water
      through the propeller hub passage 32. Water and exhaust gases are
      prevented from reaching the bearings 34, 36 and 40 and the gears 22 and 24
      by an O-ring 56 disposed in sealing engagement between the forward section
      44 of the bearing carrier member 38 and the interior wall 16 of the
      gearcase housing 14 and an annular sealing member 58 disposed in sealing
      engagement between the propeller shaft 26 and the spider section 46 of the
      bearing carrier member 38.
PAR  To prevent axial displacement of the propeller shaft 26 relative to the
      gearcase housing 14, means are provided for removably anchoring the
      bearing carrier member 38 to the interior wall 16 of the gearcase housing
      14. In accordance with the invention, such an anchoring means includes an
      annular anchoring element 60 which fits into an internal groove 62
      provided in the interior wall 16 of the gearcase housing 14 and axially
      spaced rearwardly from the drive gear 24. To afford insertion into the
      groove 62 during assembly and subsequent expansion into frictional
      engagement with the groove 62, the anchoring element 60 is constructed
      from a relative resilient material and is arranged in the manner to afford
      compression and expansion thereof in the plane of the element.
PAR  Means are provided for removably fastening the bearing carrier member 38 to
      the anchoring element 60. In the specific construction illustrated, such
      fastening means includes a plurality of bolts 64 which extend through
      axial apertures 66 provided in the forward section 44 of the bearing
      carrier member 38 and which are threaded into the anchoring element 60.
PAR  More specifically, as best shown in FIG. 2, the anchoring element 60
      preferably has a construction generally resembling that of a split or snap
      ring retainer and includes a pair of generally semicircular, opposed legs
      68 and 70 which are integrally connected at one end and are spaced apart
      at the other end to form a gap or opening 72 therebetween. The unconnected
      ends of the legs 68 and 70 can be provided with radially inwardly
      extending fingers 74 which are pulled toward each other to facilitate
      compression of the anchoring element 60 for insertion into the groove 62.
      The legs 68 and 70 include respective outer rim portions 76 and 78 which
      fit into the groove 62.
PAR  Projecting radially inwardly from the legs 68 and 70 are a plurality of
      circumferentially spaced lugs 80 each of which includes a tapped or
      threaded aperture 82 for receiving one of the bolts 64 and an arcuate
      inner surface 84. As best shown in FIG. 2, the inner surfaces 84 of the
      lugs 80 define a generally circular, central opening 86 for receiving the
      nose portion 45 of the bearing carrier member 38.
PAR  In order to minimize rotation of the bearing carrier member 38 relative to
      the gearcase housing 14, the nose portion 45 preferably is tapered and has
      an outer diameter slightly greater than the inside diameter of the central
      opening 86. With this arrangement, the nose portion 45 applies a wedging
      action on the anchoring element legs 68 and 70 during tightening of the
      bolts 64 and forces the outer edges of the legs 68 and 70 radially
      outwardly into tight frictional engagement with the portion of the
      gearcase housing 16 forming the bottom of the groove 62.
PAR  An abutment means can be provided for limiting the axial movement of the
      bearing carrier member 38 toward the anchoring element 60 so that an axial
      clamping action is applied on the anchoring element 60 during tightening
      of the bolts 64. While various arrangements can be used, in the specific
      construction illustrated, such abutment means includes a snap ring
      retainer 87 which fits into an internal groove 88 provided in the gearcase
      housing wall 16 and axially spaced rearwardly from the groove 62. The snap
      ring 87 abuts a flat shoulder 90 provided on the forward section 44 of the
      bearing carrier member 88.
PAR  In accordance with a preferred embodiment of the invention, means are
      provided for automatically indexing the bearing carrier member 38 relative
      to the anchoring element 60 during assembly so that the apertures 66 in
      the bearing carrier member 38 are axially aligned with respective
      apertures 82 in the anchoring element 60. In the specific construction
      illustrated, such means includes a radially extending rib 92 projecting
      from the nose portion of the bearing carrier member 38. As best shown in
      FIG. 2, the rib 92 is arranged so that the nose portion 45 cannot be moved
      into place inside the central opening 86 of the anchoring element 60
      unless the rib 92 is in registry with the opening 72 between the anchoring
      element legs 68 and 70 and the apertures 66 and 82 are generally axially
      aligned.
PAR  The rib 92 also enhances the anti-rotation effect provided by the anchoring
      element 60. In the event the bearing carrier member 38 attempts to rotate
      to the gearcase housing 14, the rib 92 pushes against the outer edge of a
      finger 74 on the anchoring element 60. This tends to cause expansion of
      the corresponding anchoring element leg into tighter engagement with the
      groove 62, thereby providing further resistance to rotation of the bearing
      carrier member 38 relative to the gearcase housing 14.
PAR  If desired, the anti-rotation effect provided by the anchoring element 60
      can be enhanced by providing a plurality of circumferentially spaced,
      axially extending serrations 94 on the outer periphery of the anchoring
      legs 68 and 70, as illustrated in FIG. 3, and/or by providing a plurality
      of circumferentially spaced, radially extending serrations 96 on the rear
      faces of the outer rim portions 76 and 78 of the anchoring legs 68 and 70,
      as illustrated in FIG. 4. The radially outward expansion of the legs 68
      and 70 during assembly causes the serrations 94 to bite into the portion
      of the gearcase housing wall 16 forming the bottom of the groove 62.
      Tightening of the bolts 64 draws the serrations 96 into biting engagement
      with the portion of the gearcase housing wall 16 forming the rear sidewall
      of the groove 62.
PAR  Various of the features of the invention are set forth in the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A lower unit for a marine propulsion device comprising a drive shaft
      housing having a lower end, a gearcase housing connected to said lower end
      of said drive shaft housing and having an interior wall defining an
      elongated cavity, a propeller shaft located in and extending axially
      through said gearcase housing cavity, means for rotatably supporting said
      propeller shaft inside said gearcase housing including a hollow bearing
      carrier member which is in encircling relation with said propeller shaft,
      is supported from said interior wall of said gearcase housing, and carries
      a bearing rotatably engaging said propeller shaft, and means for anchoring
      said bearing carrier member to said interior wall of said gearcase housing
      including an annular, internal groove in said gearcase housing, a
      resilient, annular anchoring element which is located in said groove and
      which is capable of being compressed in the plane of said anchoring
      element for insertion into said groove and thereafter expanded to thereby
      retain said anchoring element in said groove and against axial
      displacement relative to said gearcase housing, and means for fastening
      said bearing carrier member to said anchoring element when the anchoring
      element is in said groove.
NUM  2.
PAR  2. A lower unit according to claim 1 wherein said bearing carrier member
      includes a forward end portion having a shoulder facing said anchoring
      element, and said gearcase housing includes an abutment means axially
      spaced from said anchoring element for abuttingly engaging said shoulder
      to limit axial movement of said bearing carrier member towards said
      anchoring element.
NUM  3.
PAR  3. A lower unit according to claim 2 wherein said abutment means includes a
      second annular, internal groove in said internal wall of said gearcase
      housing axially spaced from said anchoring element and a snap ring
      retainer located in said second groove.
NUM  4.
PAR  4. A lower unit according to claim 1 wherein said anchoring element
      includes a central opening and an outer rim portion fitting into said
      groove and having an outer peripheral edge, and said bearing carrier
      member includes a forward end portion having a nose portion which extends
      axially into the central opening of said anchoring element and has outer
      dimensions slightly larger than the inside dimensions of the central
      opening of said anchoring element so that, upon fastening together of said
      bearing carrier assembly and said anchoring element, said outer peripheral
      edge of said anchoring element is wedged radially outwardly by said nose
      portion into tight frictional engagement with said groove.
NUM  5.
PAR  5. A lower unit according to claim 2 wherein said fastening means comprises
      a plurality of bolts, said forward end portion of said bearing carrier
      member includes a plurality of circumferentially spaced, axially extending
      apertures for receiving said bolts, and said anchoring element includes a
      pair of generally semicircular, opposed legs integrally connected at one
      end and circumferentially spaced apart at the other end to form an opening
      therebetween, said legs having a plurality of circumferentially spaced
      apertures for threadably receiving said bolts.
NUM  6.
PAR  6. A lower unit according to claim 5 wherein said bearing carrier member
      nose portion includes a radially projecting rib for registering with the
      opening between said anchoring element legs to axially align the apertures
      of said bearing carrier member with the apertures of said anchoring
      element.
NUM  7.
PAR  7. A lower unit according to claim 4 wherein said outer peripheral edge of
      said anchoring element rim portion includes a plurality of
      circumferentially spaced, axially extending serrations for biting into the
      bottom of said groove when said bearing carrier member and said anchoring
      element are fastened together.
NUM  8.
PAR  8. A lower unit according to claim 4 wherein the outer rim portion of said
      anchoring element includes a plurality of circumferentially spaced,
      radially extending serrations for biting into a sidewall of said groove
      when said bearing carrier member and said anchoring element are fastened
      together.
NUM  9.
PAR  9. A lower unit for a marine propulsion device comprising a drive shaft
      housing having a lower end, a gearcase housing connected to said lower end
      of said drive shaft housing and having an interior wall defining an
      elongated cavity, a propeller shaft located in and extending axially
      through said gearcase housing cavity, means for rotatably supporting said
      propeller shaft inside said gearcase housing including a hollow bearing
      carrier member which is in encircling relation with said propeller shaft,
      is supported from said interior wall of said gearcase housing, and carries
      a bearing rotatably engaging said propeller shaft, said bearing carrier
      member including a forward end portion having an axially extending nose
      portion, an annular, internal groove in said interior wall of said
      gearcase housing, an annular resilient anchoring element including a pair
      of generally semicircular opposed legs each having an outer rim portion
      adapted to fit into said groove and an outer peripheral edge, said legs
      defining a central opening for receiving said nose portion of said bearing
      carrier member and being integrally connected at one end and
      circumferentially spaced apart at the other end to form an opening
      therebetween such that said legs are compressible toward each other in the
      plane of said anchoring element to afford insertion of said anchoring
      element into said groove and subsequently are expandable to afford
      engagement of said outer rim portions with said groove, the outer
      dimensions of said nose portion being slightly larger than the inside
      dimensions of the central opening of said anchoring element so that, upon
      fastening together of said bearing carrier member and said anchoring
      element, said outer peripheral edges of said legs are wedged radially
      outwardly by said nose portion into tight frictional engagement with said
      groove, and means for fastening said bearing carrier member to said
      anchoring element.
NUM  10.
PAR  10. A lower unit according to claim 9 wherein said fastening means
      comprises a plurality of bolts, said forward end portion of said bearing
      carrier member includes a plurality of circumferentially spaced, axially
      extending apertures for receiving said bolts, and said anchoring element
      legs include a plurality of circumferentially spaced apertures for
      threadably receiving said bolts.
NUM  11.
PAR  11. A lower unit according to claim 10 wherein said nose portion of said
      bearing carrier member includes a radially projecting rib for registering
      with the opening between said anchoring element legs to axially align the
      apertures of said bearing carrier member with the apertures of said
      anchoring element.
NUM  12.
PAR  12. A lower unit according to claim 11 including a shoulder on said forward
      end portion of said bearing carrier member facing said anchoring element,
      a second annular internal groove in said interior wall of said gearcase
      housing axially spaced from said anchoring element, and a snap ring
      retainer located in said second groove for abuttingly engaging said
      shoulder to limit axial movement of said bearing carrier member toward
      said anchoring element.
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ABST
PAL  A reinforced plastic or elastomeric drive belt having tooth-like
      protuberances for meshing with the teeth of a pulley is provided with a
      fabric covering over the toothed surface which is more rigid and more
      resistant to flection stresses than the body of the belt.
BSUM
PAR  The present invention concerns a toothed belt, namely a belt provided with
      teeth on at least one of its faces, by means of which it engages with at
      least two toothed pulleys in order to constitute a kinematic system for
      the transmission of motion.
PAR  In said kinematic system the transmission of motion is carried out by
      meshing of the teeth of the belt with the teeth of the pulleys.
PAR  During said meshing, stresses take place on the belt's teeth and on the
      pulleys' teeth.
PAR  Whilst the pulleys' teeth are made of metallic material and are therefore
      able to withstand satisfactorily the effects of abrasion and of the
      mechanical stresses to which they are subjected, the belt's teeth, being
      made of elastomeric or plastic material, have a resistance by far lesser
      in respect of said effects. It follows that the kinematic system for the
      transmission of motion between the toothed belt and the toothed pulleys
      becomes inoperative both for the abrasion which wears the belt's teeth and
      for the rupture of the same, which usually takes place at the base of the
      tooth.
PAR  Another typical phenomenon of the transmission of motion between a toothed
      belt and toothed pulleys, which does not occur in the transmission between
      metallic gears and in the couplings between metallic racks and metallic
      toothed wheels, is that of the so-called "skipping" of the tooth.
PAR  This phenomenon consists in the fact that sometimes, especially under high
      loads, the teeth of the toothed belt, owing to their deformability, pass
      over the teeth of the toothed pulleys.
PAR  In order to improve the resistance of the teeth of a toothed belt to the
      two effects which originate their unserviceability, and in order to
      increase at the most the resistance of the belt's teeth to the skipping
      phenomenon, various solutions have been studied and experimented according
      to different courses. A course followed to improve the resistance of the
      teeth of a belt to mechanical stresses and wear and to prevent the
      skipping phenomenon is that of providing a resistant structure inside the
      teeth.
PAR  Said resistant structure for the teeth is constituted by fibers dispersed
      in the elastomeric or plastic material forming the tooth, or by like
      structures.
PAR  Another course, followed for the same purpose, is that of providing a
      particular profile of the teeth by trying, through a compromise, to obtain
      a profile which, exploiting the deformability of the tooth, may give rise
      to the smallest possible sliding (resistance to wear) and at the same time
      may confer to the tooth the greatest possible sturdiness (resistance to
      mechanical stresses and reduction of the skipping phenomenon), all this,
      of course, in such a way as to maintain a correct meshing between the
      toothed belt and the toothed pulleys.
PAR  This solution has originated a wide range of teeth' profiles.
PAR  All the solutions already known have permitted to increase the useful life
      of a toothed belt; said improvements, however, are not relevant, being
      they depending on the need of resorting to compromises.
PAR  The present invention aims at prolonging the useful life of a belt and to
      improve the belt behaviour in a substantial way in respect of the skipping
      phenomenon.
PAR  Accordingly, the object of the present invention is a toothed belt
      comprising a body constituted by a ring of elastomeric or plastic material
      containing a resistant insertion, at least a toothing of elastomeric or
      plastic material at one face of the belt body, and a covering for the
      teeth and the grooves between them, characterized in that said covering is
      constituted by an extremely rigid layer, practically indeformable by
      flexion stresses, in comparison with the elastomeric or plastic material
      forming the teeth.
DRWD
PAR  FIG. 1 illustrates a portion of a toothed belt. Said belt comprises a body
      1 of elastomeric or plastic material of a type known per se to those
      skilled in this field, in which is embedded a resistant structure formed
      by a plurality of cords 2, parallel and coplanar to one another, made of
      an inextensible material of a type already known to the technician of this
      field.
PAR  A toothing formed by teeth 3 is present on one of the two faces of the belt
      body; said toothing is made of elastomeric or plastic material of a type
      known per se to the technicians of this field, and the teeth are separated
      from one another by means of grooves 4.
PAR  A covering layer 5 is present on the surface of the teeth 3 and of the
      grooves 4, as shown in FIG. 2.
PAR  For the purposes of the present invention, the feature of the layer 5,
      covering the teeth and the grooves of the toothed belt, is that of being
      rigid and consequently practically indeformable under flexion stresses in
      comparison with the elastomeric material forming the belt teeth.
PAR  This rigidity and indeformability of layer 5 covering the teeth and the
      grooves of the belt can be obtained in various ways.
PAR  One way to obtain the rigidity and the indeformability to flexion of layer
      5 is a structure, embedded in elastomeric or plastic material, which is
      extremely rigid under flexion stresses.
PAR  Structures of this kind could be devised in large number and any technician
      would be able to carry out them.
PAR  Among said structures (see FIG. 3), those constituted by at least two
      square-woven fabrics 6 and 7, doubled together with the interposition of a
      layer 8 of elastomeric material, appear particularly advantageous to the
      effect of their construction and application to the surface of the
      toothing of a belt.
PAR  A structure of the above described type is also that formed by directly
      joining two rubberized square-woven fabrics, since the small layers of
      elastomeric material existing on the faces of the rubberized fabrics in
      contact with each other constitute in their whole a layer of elastomeric
      material.
PAR  A structure of this kind is extremely rigid and substantially indeformable
      under flexion stresses.
PAR  In fact, if such a structure is subjected to flexion stresses and the
      diagram of the stresses is considered in ay of its sections, it can be
      seen that the fabrics are stressed for a value by far higher than that to
      which they would be stressed if the diagram of the stresses were linear,
      whilst the elastomeric or plastic material is not practically stressed.
PAR  In conclusion, the fabrics withstand by themselves the whole load, whilst
      the elastomeric or plastic material interposed between them acts only as a
      connection and separation element between them.
PAR  Since the fabrics are highly stressed, they are very stiff and therefore of
      scarce deformability, as it can be understood by observing any
      stress/deformation diagram of a fabric; consequently the whole structure
      of which the fabrics make part is very stiff and scarcely deformable in
      comparison with the elastomeric or plastic material forming the teeth.
PAR  The above considerations are valid in general, whichever is the type of
      fabric used for layers 6 and 7.
PAR  However, if use is made of particular types of fabrics for layers 6 and 7,
      the rigidity of the structure can be further increased.
PAR  For instance, with equal materials forming the fabric layers 6 and 7, if
      the warp threads of the latter are arranged along the layout of the belt,
      the structure is much more rigid than in the case in which the warp
      threads have other arrangements.
PAR  Moreover the fabrics constituting layers 6 and 7 can be different and can
      have different characteristics.
PAR  For instance, fabric 7 applied on the outer face of the belt can
      conveniently be a fabric having high features of resistance to abrasion,
      whilst fabric 6 can conveniently be a fabric having a high resistance to
      compression, tear and shearing stresses.
PAR  In particular, fabric 7 can be a self-lubricating fabric according to the
      U.S. Pat. No. 3,621,727, and fabric 6 can be the following square-woven
      fabric:
     Material                  high tenacity staple                            
                               rayon                                           
     count                     12/3                                            
     warp:  threads per dm     180                                             
            tensile strength (Kg/5 cm)                                         
                               240                                             
            ultimate elongation %                                              
                                40                                             
     weft:  threads per dm     140                                             
            tensile strength (Kg/5 cm)                                         
                               220                                             
            ultimate elongation %                                              
                                20                                             
PAR  This fabric can moreover be treated with latex adhesives of a type known
      per se to the technicians of this field, for instance with an adhesive of
      the vinylpyridine type having a high resin content, in order to obtain a
      perfect bonding to the elastomeric material forming the teeth of the belt
      and to stiffen the fabric so as to further increase the rigidity of the
      covering of the teeth.
PAR  In particular, from experimental tests, it has been found that the most
      appropriate compound to confer the best rigidity and indeformability to
      fabric 6 is a neoprene compound containing isocyanate.
PAR  More particularly, a solution in which the components have the following
      percentages by weight on the solution has proved particularly convenient
      for rubberizing fabric 5:
TBL  Solvent          75%                                                      
     Isocyanate       15%                                                      
     Neoprene compound                                                         
                      10%                                                      
PAL  in which the solvent is a toluene-base one and the neoprene compound has
      the following composition, expressed as a weight percentage:
TBL  Neoprene               45%                                                
     Zinc oxide              4.5%                                              
     Magnesium oxide         4.3%                                              
     Mineral oil             6.2%                                              
     Carbon black           40%                                                
PAR  If desired, instead of the above indicated compound, a compound can be used
      which is still based on neoprene but is not black, in order to indicate
      when fabric 7 is partially worn out and to be therefore informed of the
      need of replacing the belt.
PAR  The stiffening of the covering layer for the teeth, and therefore the
      indeformability of said covering under flexion stresses, prevent the
      deformation of the whole tooth.
PAR  In other words, as represented in FIG. 4, exaggerating the phenomenon for a
      better understanding, tooth 3 under load maintains the form it had in
      unloaded condition and which is represented with a continuous line whilst,
      if the outer covering were not stiffened, said tooth would deform, taking
      the shape indicated with dotted line.
PAR  By virtue of the indeformability of the covering of the teeth in a toothed
      belt it is possible to obtain a considerable increase in the useful life
      of said toothed belt and to improve its resistance to the skipping
      phenomenon.
PAR  Experimental tests carried out on toothed belts according to the invention
      have demonstrated that an increase of useful life of over 100% with
      respect to the known toothed belts, in particular in severe service
      conditions, has been reached.
PAR  As regards the skipping phenomenon, from experimental tests carried out on
      the two types of belt, the characteristics of the belts, the transmission
      system and the assembling conditions being the same, an improvement of
      15%-20% and over can be noted if the neoprene compound containing
      isocyanate is used for rubberizing the inner fabric.
PAR  Such an exceptional increase in the belt life, obtained by using a rigid
      and indeformable covering for the teeth, is probably due to the
      combination of several factors which do not interfere with one another and
      which therefore do not involve the need of resorting to compromises.
PAR  The outer surface of the teeth may have the only task of withstanding
      abrasion, so that, for this purpose, the most appropriate materials can be
      employed without taking into account other requirements.
PAR  The reinforcing structure of the covering layer for the teeth has the only
      task of withstanding mechanical stresses, so that for said task the most
      appropriate materials and arrangements can be adapted without taking into
      account other requirements.
PAR  The rigidity of the covering layer cooperates in reducing the dynamic
      stresses in the teeth themselves.
PAR  Moreover, owing to the rigidity of the covering for the teeth, the
      deformations of the latter are reduced and consequently the elastomeric
      material of which they are formed is less stressed in the meaning that, as
      the elastic hysteresis of the material forming the teeth is small, the
      heat generation is irrelevant, so that the degradation of the elastomeric
      material is eliminated and the duration of the latter is increased.
PAR  As regards the advantages regarding the increase of resistance to the
      skipping phenomenon, the explanation could be that, being the tooth less
      deformable, owing to the rigidity of its outer covering, it is more
      unlikely for the indicated phenomenon to happen.
PAR  In fact, as regards the improved resistance to the skipping phenomenon,
      which is a consequence and a demonstration (since a more rigid and
      indeformable covering of the tooth means also a more rigid and
      indeformable tooth) of the high rigidity and indeformability of the
      covering of a belt according to the present invention, the experimental
      tests carried out on toothed belts according to the invention in
      comparison with conventional belts where the elastomeric material forming
      the tooth is the same and has a hardness of 80 Shore A, have given the
      results reported in the following table:
TBL  T           A             B                                               
     ______________________________________                                    
     10          7.1           8.2                                             
     20          8             9.2                                             
     30          8.4           9.9                                             
     40          8.6           10.5                                            
     50          8.8           10.9                                            
     ______________________________________                                    
PAL  where T is the tension applied to the belt,
PA1  A is the value, given in kgm, of the torque originating the skipping of the
      tooth in a conventional belt, and
PA1  B is the value, given in kgm, of the torque originating the skipping of the
      tooth in a belt according to the present invention.
PAR  Although particular embodiments of the invention have been illustrated and
      described, it is understood that the invention includes in its scope any
      other alternative embodiment accessible to a technician of this field.
CLMS
STM  I claim:
NUM  1.
PAR  1. A toothed belt comprising an elastomeric or plastic continuous band, a
      reinforcing structure embedded in said band, a toothing on at least one
      face of the band and a covering for the toothing, characterized in that
      said covering is constituted by at least two layers of fabric doubled
      together with a layer of elastomeric or plastic material interposed
      therebetween, whereby said covering is an extremely rigid layer which is
      substantially non-deformable by flexion stresses in comparison with the
      elastomeric or plastic material forming the toothing.
NUM  2.
PAR  2. A toothed belt as in claim 1, characterized in that the outer fabric is
      a fabric resistant to abrasion and the inner fabric is a fabric resistant
      to compression, tear and shearing stresses.
NUM  3.
PAR  3. A toothed belt as in claim 2, characterized in that the outer fabric is
      a self-lubricating fabric.
NUM  4.
PAR  4. A toothed belt as in claim 2, characterized in that the inner fabric is
      a square-woven fabric of high tenacity staple rayon having a count of
      12/3, in which the warp has 180 threads per dm, a tensile strength of 240
      kg/5 cm and an ultimate elongation of 40% and the weft has 140 threads per
      dm, a tensile strength of 220 kg/5 cm and an ultimate elongation of 20%.
NUM  5.
PAR  5. A toothed blet as in claim 1, characterized in that the inner fabric is
      rubberized with a polychloroprene rubber containing an isocyanate.
NUM  6.
PAR  6. A toothed belt as in claim 5, characterized in that the rubberizing of
      the layer of inner fabric is carried out with a solution comprising, in
      weight percentage of the solution, 75% of solvent, 15% of isocyanate and
      10% of polychloroprene rubber.
NUM  7.
PAR  7. A toothed belt as in claim 6, characterized in that the solvent is a
      toluene-base one.
NUM  8.
PAR  8. A toothed belt as in claim 6, characterized in that the polychloroprene
      rubber has the following composition, expressed as a percentage by weight
      of the compound:
TBL  Polychloroprene        45%                                                
     Zinc oxide              4.5%                                              
     Magnesium oxide         4.3%                                              
     Mineral oil             6.2%                                              
     Carbon black           40%.                                               
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ABST
PAL  A self adjusting elevator, especially for use in a storage cabinet, or the
      like, which has a recess in which the elevator is horizontally disposed
      and within which the elevator is vertically moveable in conformity with
      the weight carried thereby. The elevator according to the present
      invention has a spring device incorporated therein which maintains tension
      on cables which support the elevator. As the elevator is unloaded, by
      removing articles therefrom, the elevator rises in the recess of the
      storage compartment thereby maintaining the articles thereon within easy
      reach. The elevator according to the present invention is particularly
      characterized in an improved arrangement for adjusting the spring device
      carried by the elevator thereby to modify the tension exerted on the
      aforementioned cables by the spring device.
BSUM
PAR  The present invention relates to improvements in spring biased elevators,
      especially for storage cabinets and the like.
PAR  Elevators of the type which are spring biased in the upward direction so as
      to assume a level corresponding to the load carried thereby are known.
      Such elevators are employed, in general, for supporting layers of articles
      which are removed, layer by layer, from the elevator. With a spring biased
      elevator, the uppermost layer of such articles is always maintained at
      about the proper level for easy handling.
PAR  A particular use for a spring loaded elevator of the nature referred to is
      in respect of storage cabinets in which food trays are placed for
      dispensing in institutions, such as schools, or the like. In such a case,
      the elevator is employed for supporting packets of food and these packets
      are maintained at the proper temperature within the storage compartment
      until it is time for the packets to be dispensed. Food packets of this
      nature will vary substantially in weight due to variation in the weight of
      the contents thereof or of the container, from time to time, and is thus
      the case that it is often necessary to adjust the tension of the spring
      means associated with the elevator so that the uppermost layer of articles
      carried by the elevator will always be at the proper height for ready
      accessibility.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a storage compartment is provided
      having at least one recess extending vertically therein, and,
      advantageously, rectangular when viewed in plan. Horizontally disposed in
      the recess is an elevator having a frame. Cables connected to the storage
      compartment near the upper end of the recess extend downwardly near the
      corners of the elevator frame and are there entrained about pulleys
      rotatably carried by the frame, and from these pulleys extend generally
      horizontally of the frames and are entrained about further pulleys
      rotatably carried by the frame. The frame also carries a shaft and
      rotatably mounted on the shaft is a cylinder and all of the cables extend
      to the cylinder and around the cylinder in one and the same
      circumferential direction to points of connection of the various cables to
      the cylinder. The shaft is held against rotation in the frame and the
      cylinder is spring biased on the shaft in a direction to wind up the
      cables and in this manner a predetermined lifting force is exerted on the
      elevator frame.
PAR  The shaft, according to the present invention is angularly adjustable in
      the frame and a detent mechanism in the form of a rachet wheel on the
      shaft and a spring biased pawl on the frame is provided to hold the shaft
      in adjusted position in the elevator frame. The spring loaded pawl can be
      disengaged from the shaft and the shaft turned in a direction to decrease
      tension on the spring when it is necessary in order to accommodate the
      elevator frame to decreased load conditions.
PAR  A particular feature of the present invention is to be found in the fact
      that the shaft is rotatable by a tool and disengagement of the pawl can be
      effected either manually or by a tool and for this reason there is little
      chance that the shaft will spin under the influence of the spring and
      which could harm the individual effecting adjustment of the spring tension
      of the cylinder device. The adjustment of the spring tension according to
      the present invention can readily be carried out in perfect safety, and
      fine adjustments can be made therein without the danger of losing the
      position which the shaft occupies in the elevator frame.
PAR  A primary object of the present invention is the provision of an automatic
      spring loaded elevated frame which will maintain a stack of layers of
      articles in such position that the uppermost layer of the stack is always
      at about the same height, thereby making it convenient for unloading the
      articles from the elevator frame.
PAR  A still further object is the provision of a spring loaded elevator frame
      of the nature referred to in which the bias of the spring which urges the
      frame upwardly is readily adjustable.
PAR  A still further object of the present invention is the provision of an
      arrangement for effecting adjustment of the loading spring of an automatic
      elevator frame which it is safe and easy to use.
DRWD
PAR  These and other objects and advantages of the present invention will become
      more apparent upon reference to the following detailed specification taken
      in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a somewhat schematic perspective view showing an elevator frame
      constructed according to the present invention.
PAR  FIG. 2 is a transverse section through the spring biased actuating cylinder
      for the elevator frame and is indicated by line II--II of FIG. 1.
PAR  FIG. 3 is a plan sectional view substantially indicated by line III--III on
      FIG. 1, and partly broken away to permit the view to be drawn at increased
      scale.
PAR  FIG. 4 is a fragmentary perspective view showing more in detail the ratchet
      wheel and pawl associated with the central shaft of the loading cylinder
      and the locking device therefor.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings somewhat more in detail, FIG. 1 illustrates a
      frame 10 for supporting stacks of articles, such as food packets, plastic
      or glass, or metal foil, or the like. The frame 10 is adapted for being
      mounted in a horizontal position in a vertically extending recess in a
      storage compartment or the like and is, of course, closed on the upper
      side by a panel.
PAR  The storage compartment includes in top of the recess therein, anchor
      elements 12, one of which is shown schematically in FIG. 1.
PAR  Each of the said anchor elements 12 has a respective cable 14, 16, 18 and
      20 connected thereto and extending vertically downwardly therefrom and
      disposed near a respective corner of the frame 10. Cable 14 is entrained
      about a pulley 22 rotatably carried by frame 10 in the respective corner
      thereof and the cable then passes about another pulley 24 spaced inwardly
      of the frame from the corner thereof and which pulley 24 deviates the
      cable so that it extends inwardly toward the center of frame 10 into
      tangential engagement with a spring loaded cylinder arrangement generally
      indicated at 26.
PAR  The other cables 16, 18 and 20 are similarly entrained about pairs of
      pulleys which direct the respective cables as is shown in FIG. 1 in
      tangential direction toward the spring loaded cylinder arrangement 26 so
      that the cables will wrap therearound in one and the same circumferential
      direction. Each cable is connected to the cylinder as by a truss headed
      machine screw 28, of which there may be two in the cylinder as shown in
      FIG. 1.
PAR  Conveniently, cables 14 and 16 are made up of a single length of cable with
      the free ends connected to respective anchor elements 12 and with a single
      truss headed machine screw 28 connecting the midpoint of the cable to
      cylinder arrangement 26, as shown in FIG. 1. Similarly, cables 18 and 20
      could be made up of a single length of cable in the same manner.
PAR  The general arrangement of the spring load cylinder and the cables leading
      therefrom about the guide pulleys, or deviating pulleys, and then upwardly
      to points of connection in the recess or well of the storage compartment
      is illustrated in the Cappel U.S. Pat. No. 3,339,795, and assigned to the
      same assignee as the present application.
PAR  As will be seen in FIGS. 2 and 3, the cylinder arrangement generally
      indicated at 26 in FIG. 1, comprises a central shaft 30 which is rotatably
      supported in frame 10 below the level of the top thereof; this positioning
      of the spring loaded cylinder arrangement permitting a cover panel to be
      placed on the frame to form a smooth elevator frame adapted for supporting
      articles.
PAR  Cylinder 32 is counterbored from each end, and at the right end in FIG. 3
      has fitted therein a ring 34 which is held in place by screws 36. Ring 34
      is provided with a recess for receiving an antifriction bearing 38 which
      is also in supporting engagement with the respective end of shaft 30.
PAR  At the other end of cylinder 32 in the corresponding counterbore there is
      the ring 40, which is held in place by screws 42 and which engages the
      outer race of a respective antifriction bearing, the inner race of which
      is seated on the adjacent end of shaft 30. Ring 40, furthermore, comprises
      an axially extending tenon portion 44 which fits inside the adjacent end
      of an elongated torsion spring 46. Torsion spring 46 has a bent off end 48
      which is received in a hole in ring 40 and on the opposite end of the
      shaft a corresponding bent off end 50 of the spring is received in a hole
      in a collar 52 which is fixed to shaft 30 as by a set screw or roll pin
      54.
PAR  At this point, it will be evident that the spring 46 biases shaft 30 and
      cylinder 32 for relative rotation. The spring is advantageously made of
      flat spring wire and the convolutions are quite close to one another so
      that several turns of cylinder 32 on shaft 30 are possible.
PAR  The left hand of shaft 30 is formed, as will be seen in FIGS. 2 and 3, with
      opposed flats 56 and nonrotatably mounted on the shaft 30 by means of a
      hole shaped to receive the flatted end of the shaft is a rachet wheel 58.
      This rachet wheel 58, as will be seen in FIG. 3, is disposed closely
      inside the adjacent end of frame 10. Pivotally mounted in frame 10 in
      spaced relation to shaft 30 is a further length of shaft 60 which, as will
      be seen in FIG. 4, maybe a hexongal shaft.
PAR  Shaft 60 is rotatable in frame 10 and on the end inside frame 10 has
      connected thereto a pawl means 62 which is biased by tension spring 64
      into operative engagement with rachet wheel 58. Also mounted on shaft 60,
      but externally of frame 10, is a lever element 66 adapted for being
      fixedly secured to frame 10 as by screw 68.
PAR  More specifically, when pawl means 62 is in engagement with a tooth of
      ratchet wheel 58 the lever element 66 can be secured to frame 10, thereby
      locking the pawl means and, therefore, rachet wheel 58 and shaft 30 in a
      predetermined rotated position in frame 10. Rotation of shaft 30 will
      adjust the bias which spring 46 exerts on cylinder 32 and this can be
      accomplished by removing screw 68 from frame 10 to unlock pawl means 62.
PAR  If spring 46 is to be tightened, a wrench applied to the flatted end of
      shaft 30 can be employed for rotating the shaft in a counterclockwise
      direction, as is viewed in FIG. 4, and when the desired spring tension has
      been reached and pawl means 62 is again in engagement with a tooth of
      rachet wheel 58, screw 68 can be returned to locking position.
PAR  If, on the other hand, the tension of the spring 46 is to be reduced, screw
      68 is retracted from frame 10; a wrench, or crank, or other tool is
      connected to the flatted end of shaft 30, and the pawl means 62 is then
      disengaged from rachet wheel 58 by movement of lever element 66. The tool
      connected to shaft 30 can then be availed of for permitting the shaft to
      rotate in the clockwise direction until the spring 46 is again at the
      desired tension and whereupon the pawl means 62 is caused to engage a
      tooth of the ratchet wheel 58 and screw 68 is again put in locking
      engagement with the frame 10.
PAR  It will be seen that the adjustment of the tensioning spring 46 according
      to the present invention is quite simple and is, in particular, quite
      safe, because the shaft 30 is never released to the bias of spring 46 in
      such a manner that it can spin freely and cause damage to any of the parts
      of the apparatus, or cause injury to the individual effecting the
      adjustment of the tension of spring 46. The shaft 30 when rotating in one
      direction, namely, in spring tightening direction, is under the control of
      the ratchet wheel and pawl means and, when rotating in the opposite,
      spring loosening direction, is under the control of a tool connected to
      the shaft 30. The shaft is under control at all times, and the adjusting
      of the spring tension for the spring loaded cylinder device is thus quite
      safe and simple at all times.
PAR  Modifications may be made within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A weight responsive elevator frame for a storage cabinet having a
      vertical recess in which the frame is horizontally disposed, the frame
      being moveable upwardly in the recess as the weight thereon is reduced and
      vice versa, the frame having a cable extending substantially vertically
      upwardly from near each corner thereof and each connected at the upper end
      to a stationary anchor point in the cabinet near the upper end of the
      recess, a wind up cylinder carried by the frame and about which cylinder
      the cables are entrained in one and the same circumferential direction and
      to which the other ends of the cables are connected, a shaft in the frame
      on which the cylinder is rotatably supported, a torsion spring in the
      cylinder having one end connected to the shaft and the other end connected
      to the cylinder, the shaft having means on at least one end engageable
      from outside the frame for adjusting the angular position of the shaft in
      the frame, a ratchet wheel on the shaft, pawl means on the frame engaging
      said ratchet wheel to hold the shaft against the bias of the biasing
      spring, means biasing said pawl means toward operative engagement with
      said ratchet wheel, a lever element fixed to said pawl means for
      selectively disengaging said pawl means from said ratchet wheel, and means
      for connecting said lever element to the frame when the pawl means is in
      shaft holding engagement with said ratchet wheel.
NUM  2.
PAR  2. An elevator frame according to claim 1 in which said ratchet wheel is
      adjacent the frame on the inside of the frame, said pawl means being
      pivotally mounted on the inside of the frame in the plane of said ratchet
      wheel, said lever element being on the outside of the frame, and shaft
      means extending through the frame and nonrotatably connecting the pawl
      means to the lever element.
NUM  3.
PAR  3. An elevator frame according to claim 2 in which said shaft means has
      flats thereon and protrudes through said lever element for engagement by a
      wrench member for movement of said pawl means into ratchet wheel
      disengaging position when said lever element is disconnected from the
      frame.
NUM  4.
PAR  4. An elevator frame according to claim 1 in which the frame is rectangular
      and has guide pulleys at the corners about which the respective cables are
      entrained, other pulleys in the frame spaced from the guide pulleys and
      distributed along opposite sides of the cylinder, the cables passing from
      the guide pulleys about respective ones of the other pulleys and leading
      therefrom tangentially to the cylinder.
NUM  5.
PAR  5. An elevator frame according to claim 1 in which the shaft has opposed
      flats on one end, said ratchet wheel having a slot through which said one
      end of the shaft nonrotatably extends, said one end of said shaft being
      engageable by a tool for adjusting the angular position of the shaft to
      change the torsional bias exerted on the cylinder by the biasing spring.
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ABST
PAL  A motor system having interchangeable modular components including a prime
      mover, a speed reduction unit, an output shaft and detachable electrical
      leads is disclosed. Various combinations of components easily may be
      mounted together to meet specific power input and output speed
      requirements as well as to provide various output shaft style
      configurations for driving connection with a driven member. The output
      shaft is releasably locked to the gear reduction unit and has means for
      coupling the output shaft to the output gearing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the prior art motor assemblies including a prime mover, a gear reduction
      unit capable through successive stepdown of supplying the desired power
      take-off through an output shaft, and a pair of electrical leads for
      applying power to the prime mover are known. Representative of such prior
      art teachings is U.S. Pat. No. 3,268,751 which issued in the names of
      Alfred M. Nebiolo and Robert S. Lundin, one of the co-inventors' herein.
      While the above-noted motor assembly adequately served the purposes for
      which it was designed and was accepted commercially it suffers in that it
      has a major disadvantage, namely that each of the various parts including
      the prime mover, the gear reduction unit, the output shaft and the
      electrical leads are permanently fastened together so that
      interchangeability of parts is difficult if not impossible. Therefore, the
      motor assembly is limited in application by the rating of the prime mover,
      the stepdown capability of the gear reduction unit, the style of the shank
      of the output shaft which couples to a member to be driven, and the type
      of electrical lead which limits placement of the motor assembly and/or the
      type of connector for attachment with the lead terminals.
PAR  As should be apparent with the above assembly there is a need to stock many
      different units to meet differing requirements for production, R & D or
      other uses. This need has a decided impact in inventory levels to be
      maintained and the costs attendant therewith. The impact is felt both by
      the supplier and the user of the motor assembly.
PAR  The prior art teaching of U.S. Pat. No. 3,676,725 to Wiser et al. is
      representative of those teachings which directed themselves to the
      question of interchangeability of parts of structures as outlined above.
      The Wiser et al. patent relates to the interchangeability of one reduction
      unit for another and the capability of mounting each of several gear
      reduction units to the prime mover.
PAR  While the Wiser et al. patent directs itself to the question of
      interchangeability of parts it falls short of the objective attained by
      the present invention. To this end, the Wiser et al. patent and other
      patents of like teaching provide no capability of selectively locking in
      an output shaft in cooperative driven relation with the gears of a gear
      reduction unit.
PAR  Thus, Wiser et al. is limited in use by the style configuration of the
      output shaft coupling means of the particular gear reduction unit to be
      used with the prime mover.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, a primary object of the invention to provide a motor
      assembly including a prime mover, a gear reduction unit, as output shaft,
      and electrical leads, each of which may be suitably mounted for operation
      and replaced if other desired operational characteristics or objectives
      are to be met by the motor assembly.
PAR  The invention more particularly provides an output shaft having an
      elongated shank which is received by the motor assembly and both removed
      from and replaced by a second or subsequent output shaft. A connector
      having a cylindrical shaft is rotatably supported adjacent the gear
      reduction unit so that a gear fixedly carried by the cylindrical shaft is
      driven thereby. The connector provides structure at the end of the
      cylindrical shaft and the shank of the output shaft provides a collar
      having structure complementary to the cylindrical shaft structure for
      cooperative engagement. The collar is disposed between the ends of the
      output shaft and cooperative engagement of the complementary structures is
      obtained when one end of the shank is received through the cylindrical
      shaft.
PAR  Various forms or styles of structure are carried by the other end of the
      shaft for providing differing mountings of members to be driven with the
      output shaft. Thus, the other end of the shank may be threaded,
      cross-drilled, flatted, knurled, round, of cam outline, to name a few.
PAR  The one end of the shank may include an annular cut-out for receipt of a
      locking clip to maintain the assembled relation of the output shaft and
      connector yet permit removal of the output shaft from the connector.
PAR  The above mentioned and other features and objects of this invention and
      the manner of attaining them will become more apparent, and the invention
      itself will be better understood by reference to the following description
      of the preferred embodiment of the invention taken in conjunction with the
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRRAWING FIGURES
PAR  FIG. 1 is a perspective view of a modular assembly including a speed
      reduction unit and a prime mover in the mounted disposition;
PAR  FIG. 2 is a perspective view of the speed reduction unit having a
      substantial portion of the base plate broken away and various parts in
      section for purposes of better illustration of the structure;
PAR  FIG. 3 is a partial vertical section as seen along the line 3--3 in FIG. 2;
PAR  FIG. 4 is a perspective view of one of many configurations of output shaft
      suitable for use with the invention and a coupling member for coupling the
      shaft to a gear train; and
PAR  FIGS. 5-8 are perspective views of further configurations of output shafts
      which may be employed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The motor assembly 10 is illustrated to advantage in FIG. 1 wherein the
      various interchangeable modular components including a prime mover 12, a
      speed reduction unit 14, an output (drive) shaft 16 (see also FIG. 2) and
      a pair of detachable electrical leads 18 are mounted together in operative
      relation.
PAR  By the present invention modular components having specific characteristics
      may be so mounted to provide required operating capability. Thus, the
      assembly may include in combination a motor to meet specific voltage and
      frequency requirements, a speed reduction unit to meet output speed
      requirements by successive steps of reduction through first, second, third
      gears and so on, and an output shaft having structure to permit coupling
      of the last gear of the speed reduction unit to a driven mechanism.
      Additionally, electrical leads of any length, type or color and with any
      form or terminal connector are interchangeably received by the prime mover
      through spade terminals (not shown).
PAR  The prime mover may be of any convenient form such as of hysteresis
      synchronous design providing, for example, fast, positive unidirectional
      starts and constant torque from start up to synchronous speed. The
      particular features and operation of the prime mover do not comprise a
      specific aspect of the invention other than as included in the overall
      combination and are according to well-known principles of synchronous
      motors. Thus, only very briefly, a source of electrical energy is coupled
      by the leads 18 to an energizing winding for generation within winding and
      associated stator poles of an alternating magnetic field, the flux pattern
      of which is directed toward a rotor across an air gap whereby the rotor is
      driven through attraction and repulsion of the rotor poles to and from the
      stator poles. The rotor (not shown) conventionally is mounted fixedly to a
      shaft 20. The shaft may carry a pinion 22 or other desired form of output
      member to be driven by the rotor shaft.
PAR  The speed reduction unit 14 includes a housing or gear cup 24 which may be
      of any outline as desired. The housing as illustrated is pear-shaped and
      provides a top plate 26 which may be integral with or otherwise secured to
      the walls along one peripheral edge. The top plate carries structure (not
      shown) for cooperative, releasable securement with structure (not shown)
      carried by the housing of the prime mover thereby to mount releasably the
      gear reduction unit and the prime mover together. Structure for this
      purpose and for mounting the components in one of several relative
      positions is well-known in the prior art. A bottom plate 28 is received by
      the housing at the other peripheral edge of the wall to enclose a gear
      train. The gear train denoted generally by the numeral 30 may be set up in
      any desired arrangement and with any desired number of reduction stages
      and may include components such as clutches, friction members, to name a
      few thereby to obtain any desired operation and ratio of speed reduction.
      To this end, for example, the gear train may provide a range of output
      speed of from one revolution per month to 900 revolutions per minute.
PAR  Mounting studs 32 in suitable number and arrangement are supported by one
      of the plates 26, 28 to extend toward the other plate,. Preferably, the
      mounting studs are supported by the bottom plate such as by permanently
      pressing the mounting studs into openings in the plate whereby the
      mounting studs all extend in parallel disposition. The mounting studs may
      be of steel to resist bending and flexing and highly polished to reduce
      friction, both in initial starting and subsequent movement of the gears or
      other components mounted thereon. The mounting studs extend to a
      disposition adjacent the top plate to confine the gears and components of
      the gear train in the housing.
PAR  A pair of openings 34 and 36 are formed in the top plate 26. The opening 34
      is disposed within the central portion of the plate; whereas the opening
      36 is disposed within the neck portion of the plate. A bushing 38 is
      received within the opening 36 and provides a bearing cup area 40 for
      reasons as will become clear. An opening 42 is formed in the bottom plate.
      The opening 42 is located in aligned disposition with the opening 36 and
      similarly supports a bushing 44. In mounted disposition of the gear
      reduction unit on the prime mover the shaft 20 will extend through opening
      34.
PAR  As may be seen from the figures the mounting studs are located in an
      arrangement within the housing whereby an input gear 46 of the gear train
      30 is in engagement with output pinion 22 of the prime mover on shaft 20
      and an output gear 48 of the gear train is in engagement with a gear 50.
PAR  A stub shaft 52 mounts the gear 50 which may be integral with the shaft
      unit or else the gear 50 may be press fit or otherwise received on the
      shaft. To this end, the shaft may provide an enlarged knurled end 53. The
      stub shaft provides a central opening and is disposed with one end
      received within the bearing cup 40 of bushing 38. The other or knurled end
      of the stub shaft extends slightly into the opening of bushing 44 thereby
      to stabilize the stub shaft and assure exact alignment with the output
      shaft 16 to facilitate assembly. This other end of the stub shaft includes
      structure in the form of one or more fingers 54. The fingers extend
      longitudinally of the annulus of the knurled end.
PAR  The invention envisions the use of an output shaft 16 which may be received
      by, locked in the gear reduction unit 14 and removed from the gear
      reduction unit to be replaced by a further output shaft. Various forms of
      output shaft may be seen to advantage in FIGS. 4-8 of the drawings and are
      identified by the numerals 16a, 16b . . . and 16e, respectively. Each
      output shaft is formed with an elongated shank and when received through
      the stub shaft 52 extends between a position longitudinally displaced from
      the bushing 44 to a position longitudinally displaced although closely
      adjacent the bushing 38. A connector 56 is mounted on the shank of each
      output shaft as, for example, by telescoping the connector over the shank
      into a press fit within a knurled area 58 along the shank between the
      ends. FIGS. 5-8 illustrate the connector 56 in the mounted position;
      whereas, in FIG. 4 the connector is illustrated in position prior to being
      mounted.
PAR  One or more slots 60 are provided in each connector. The number of slots
      will be equal to the number of fingers extending from the stub shaft so
      that the parts are drivingly coupled together by the receipt of a finger
      into a slot.
PAR  An annular cut-out 62 is formed in the shank within the region adjacent the
      bushing 38. A clip 64 is received within the cut-out to releasably prevent
      retraction of the output shaft 16 from the stub shaft 52 and maintain
      coupled relation with the stub shaft 52. The length of the shank of each
      output shaft of FIGS. 4-8 between the position of connector 56 and the
      annular cut-out 62 is uniform so that for any output shaft the cut-out
      resides immediately below the bushing. The external diameter of the shank
      throughout this length is chosen for receipt through the central opening
      of the stub shaft and may be less than the diameter of the shank of the
      output shaft above the connector. The length of the shank above the
      connector may vary for different applications and each output shaft within
      this length may be of different style form for different cooperative
      connections of the output shaft with a driven member. The structure of
      FIG. 4 is illustrated as a simple round; the structure of FIG. 5 is
      cross-drilled; the structure of FIG. 6 is threaded (either with a left
      hand or right hand thread); the structure of FIG. 7 is provided with a
      flatted face; and, the structure of FIG. 8 provides a knurled area. Other
      styles providing a cam face, as an example, are possible, also.
PAR  The output shaft 16 may be formed of any suitable material such as cold
      rolled steel heat treated to a minimum hardness (Rockwell C-scale) of 32.
      The gears and other structure comprising the gear train 30 may be of any
      suitable material for the purposes desired. For example, the individual
      gears utilized may be formed of TEFLON and fiberglass-filled nylon, a
      material which meets industry standards for load, wear, speed, accuracy,
      quietness, shock and backlash allowance. The busings are formed of a
      suitable bearing material such as brass and the housing components may be
      formed of steel.
PAR  From the above, one may readily appreciate that numerous operational
      objectives are attainable by the use of different ones of the modular
      components and through the unique output shaft of varying style which may
      be received by, locked-in and removed from the gear reduction unit for
      replacement in the motor assembly will offer both increased performance
      advantages and will be useful in various applications. To this end, the
      motor assembly may have applications in the area of computer peripherals,
      instrumentation, office machinery, and vending machines, each of which may
      have different requirements for connection to an output shaft.
PAR  Having described the invention with particular reference to the preferred
      form thereof, it will be obvious to those skilled in the art to which the
      invention pertains after understanding the invention, that various changes
      and modifications may be made therein without departing from the spirit
      and scope of the invention as defined by the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination:
PA1  a. a prime mover including
PA2  1. an output pinion,
PA1  b. means for connecting a source of power to said prime mover for driving
      said output pinion;
PA1  c. a drive train including at least
PA2  1. an output gear and
PA2  2. an input gear, said input drive train gear connected to said output
      pinion to be driven by said output pinion;
PA1  d. an output shaft including
PA2  1. an elongated shank and
PA2  2. means within one end region of said shank adapted to cooperate with
      complementary means on a member to drive said member by said output shaft;
      and
PA1  e. connector means for releasably supporting said output shaft and coupling
      said output shaft to said output drive train gear.
NUM  2.
PAR  2. The combination of claim 1 wherein
PA1  e. said connector means includes
PA2  1. a cylindrical shaft,
PA2  2. a gear, said gear being fixed on said cylindrical shaft between its
      ends,
PA2  3. a collar, said collar being fixed on said shank between its ends,
PA2  4. means on said cylindrical shaft at one end, and
PA2  5. complementary means on said collar, said cylindrical shaft and collar
      means adapted to cooperate in coupling relation when the other end region
      of said shank is received through said cylindrical shaft; and
PA1  f. means for supporting said output shaft and cylindrical shaft in
      disposition whereby said cylindrical shaft gear is drivingly engaged by
      said output drive train gear.
NUM  3.
PAR  3. The combination of claim 2 wherein
PA1  f. said supporting means includes
PA2  1. a housing,
PA2  2. a pair of openings in said housing, said openings being disposed in
      coaxial relation, and
PA2  3. bearing means supported in each opening, said cylindrical shaft being
      rotatably supported by at least one of said bearing means and said output
      shaft extending through both bearing means.
NUM  4.
PAR  4. The combination of claim 3 further including
PA1  g. locking means for releasably locking said output shaft in coupled
      relation with said cylindrical shaft, said locking means including
PA2  1. an annular cut-out formed within said other end region of said shank
      adjacent said at least one bearing means, and
PA2  2. a clip adapted for receipt in said cut-out to prevent removal of said
      other end region through said cylindrical shaft.
NUM  5.
PAR  5. The combination of claim 2 wherein said means on one of said cylindrical
      shaft end and collar is formed by at least one extending finger and said
      means on said other of said cylindrical shaft end and collar is formed by
      a like number of slots for receipt therein of each of said fingers.
NUM  6.
PAR  6. A rotatable member comprising
PA1  a. an elongated shank,
PA1  b. connector means, said connector means carried by said shank between its
      ends, said connector means adapted for releasably coupling said rotatable
      member to a source of rotary motion, and
PA1  c. means carried by said shank within one end region adapted for
      cooperating with complementary means carried by a member to be driven by
      said rotatable member.
NUM  7.
PAR  7. The rotatable member of claim 6 wherein
PA1  b. said connector means includes
PA2  1. a collar carried by said shank, and said source of rotary motion
      comprising a cylindrical shaft through which said opposite end region
      extends, one of said collar and cylindrical shaft including at least one
      extending finger and the other of said collar and cylindrical shaft
      including a like number of slots for receipt therein of each of said
      extending fingers.
NUM  8.
PAR  8. The rotatable member of claim 6 wherein
PA1  c. said shank means comprises a surface thread along at least a portion of
      said one end region.
NUM  9.
PAR  9. The rotatable member of claim 6 wherein
PA1  d. said shank means comprises a cross-drilled opening through said one end
      region.
NUM  10.
PAR  10. The rotatable member of claim 6 wherein
PA1  c. said shank means comprises a flatted surface along at least a portion of
      said one end region.
NUM  11.
PAR  11. The rotatable member of claim 6 wherein
PA1  c. said shank means comprises a plurality of knurls extending
      longitudinally along at least a portion of said one end region.
NUM  12.
PAR  12. The rotatable member of claim 6 further comprising
PA1  d. an annular cut-out, said annular cut-out formed within the other end
      region and adapted to receive a locking clip whereby said rotatable member
      may be secured in coupled relation to said source of rotary motion.
NUM  13.
PAR  13. The rotatable member of claim 12 further comprising
PA1  e. a clip, said clip adapted for receipt by said annular cut-out thereby to
      secure said opposite end region in disposition within said cylindrical
      shaft.
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ABST
PAL  A ball-equipped screw and nut mechanism including a train of balls in a
      helical ball-circulation channel defined between mating surfaces of screw
      and nut members. The screw member is tubular and has within its bore a
      core with a helical groove as a ball recirculation channel which
      communicates with the ball-circulation channel via radial holes extending
      through the wall of the screw member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a ball-equipped screw and nut mechanism for
      converting rotary motion into translative motion, and for performing the
      reverse conversion.
PAR  Mechanisms of this type are known wherein there is at least one channel for
      circulation of the balls, bounded by corresponding helical grooves in the
      screw and nut. Such mechanisms are widely used for all motion conversions
      of the type indicated, where high efficiency and silent and sure
      functioning are required.
PAR  The motion conversion mechanism, according to this invention, is adaptable
      to all of the applications mentioned, but is particularly advantageous for
      those in which the nut and the screw of the mechanism must be actuated by
      an alternating relatively helical motion of low axial amplitude. Several
      methods are known for these latter appliations, but have been found to be
      disadvantageous.
PAR  A first method was contemplated limiting the number of balls engaged in the
      circulation channel in such a way that, for an extreme position determined
      by the nut on the screw, an interval corresponding substantially to the
      axial travel of the nut would be present between the head of the train of
      balls and the opposite end of the ball circulation channel. This method
      was found to be unsuitable, however, because, toward the end of the course
      of the nut, the balls slide in the circulation channel, rather than
      rolling therein, thus causing the temporary disappearance of the
      previously mentioned advantages of the mechanism in question.
PAR  In order to lessen the disadvantages of this first method, use was made of
      a locked circulation of balls, of the type already known for such
      mechanisms, and which provide for substantial axial travel of the nut. The
      locked circulation of the balls can also be achieved by particular
      machining of the nut, and the addition to the latter of auxiliary elements
      for guiding the balls. The nuts thus adapted however do not have a
      structure for symmetrical rotation and thus create a lack of balance which
      is troublesome in case of rapid rotation. Moreover, some of these known
      nuts have an external shape which is not compatible with the requirements
      of the particular application for which the screw and nut mechanism is
      intended.
PAC  SUMMARY OF THE INVENTION
PAR  The motion conversion mechanism, according to this invention, likewise
      comprises at least one ball circulation channel, bounded by corresponding
      helical grooves in the screw and nut, and at least one channel adapted for
      recirculation of the balls. It is characterized by the fact that the screw
      comprises a coaxial drilled hole, in which is held a cylindrical core,
      provided, on its lateral surface, with at least one helical channel or
      groove for recirculation, with an axial length shorter than those of the
      nut and the core, and a width slightly greater than the diameter of the
      balls. Substantially radial holes through the screw provide communication
      for the ends of said helical channel or groove of the core, with the
      bottom of at least one of the helical grooves of the screw. Means is
      provided at the level of entry of said radial drilled holes for the
      purpose of guiding the balls between the circulation channel and the
      channel or groove for recirculation of the balls.
PAR  The ball-equipped screw and nut mechanism, according to this invention,
      thus has a means which, in the course of the relative displacement of the
      screw and the nut, assures continuous rolling of the balls, with minimum
      friction and consequently with an always maximum efficiency in the
      conversion of motion, and completely silent operation. Moreover, since the
      means which makes possible the recirculation of the balls is located in
      the screw of the mechanism, its use is possible regardless of the external
      shape of the nut, and without the need to perform any complicated
      machining of the latter which would be likely to increase production cost
      considerably. In addition, the machining of the screw member of the
      mechanism, according to this invention, is simple, rapid and economical,
      as it consists exclusively of drilling two radial holes, in the case of a
      tubular screw, and an additional coaxial hole, possibly recessed, in the
      case of a solid screw. So far as the core and the helical channel or
      groove on its lateral surface are concerned, they are particularly easy to
      create, either by a casting of metal or synthetic material, or by
      machining a helical groove in the outer surface of a cylindrical core.
PAR  The means provided for guiding the balls can consist, for example, of
      tubes, particularly of synthetic material, each one comprising an element
      engaged by the corresponding radial drilled hole of the screw, and an
      element engaged, with a degree of play, by the ball circulation channel,
      the latter element being shaped to guide the passage of the balls between
      the circulation channel and the recirculation channel or groove. As a
      variation, the means for guiding the balls can consist of helical
      elements, made of metal or synthetic material, which are engaged with a
      degree of play, by the ball circulation channel, and which are attached to
      the screw by any appropriate means, at the level of entry of the radial
      drilled holes.
PAR  By way of example, several embodiments of the ball-equipped screw and nut
      mechanism, according to this invention, are explained below, and
      illustrated schematically in the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view on an axial plane of a first embodiment of the
      invention.
PAR  FIG. 2 is a sectional view taken along line II -- II of FIG. 1.
PAR  FIG. 3 is a view, corresponding to FIG. 1, showing a second embodiment of
      the invention.
PAR  FIG. 4 is a sectional view corresponding to FIG. 2, showing a variation in
      the means for guiding the balls.
PAR  FIG. 5 is a sectional view, corresponding to FIG. 2, showing another
      embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, 1 designates a tubular metal component; part 1a of the lateral
      surface of this component is provided with a helical groove 2, of specific
      pitch and width, while its part 1b on the outside forms a seat for the
      corresponding end of the screw, making it possible, for example, to couple
      it to a machine component such as a lathe bed, by means of an appropriate
      bearing.
PAR  Over part 1a of screw 1 is adapted a nut 4 in the form of a tubular
      coupling. The inside cylindrical surface of nut 4 is cut by a helical
      groove 5 of the same pitch and width as helical groove 2 of screw 1. Thus,
      the two helical grooves 2 and 5 bound between them a helical channel, in
      which balls 6, of a diameter slightly less than that of the section of
      said helical channel, can circulate so as to cause the transmission of
      forces between screw 1 and nut 4, by known means for mechanisms of this
      kind.
PAR  In the coaxial hole of the tubular element 1 is engaged a cylindrical core
      7 consisting, for example, of solid metal; on the lateral surface of core
      7 there has been machined a helical groove 8, whose axial length is less
      than that of nut 4 and less than that of core 7 itself, as is seen in FIG.
      1, while its width is a little greater than the diameter of balls 6. In
      the embodiment illustrated in FIG. 1, the axial length of helical groove 8
      is exactly equal to its pitch, although its two ends, 8a and 8b, are on
      the same generatrix of the lateral surface of core 7. This particular
      feature, however, is not at all indispensable for the application of this
      invention, as the two ends, 8a and 8b, can be on different generatrices,
      for example, diametrically opposed to each other, and the axial length of
      said helical groove 8 can then be less than, greater than, or even a
      multiple of its pitch.
PAR  Two radial drilled holes 9a and 9b traverse the wall of the tubular element
      1, so as to cause ends 8a and 8b of helical groove 8 to communicate with
      the bottom of helical groove 2 of screw 1. In the radial drilled holes 9a
      and 9b are engaged, practically without play, the lower or inner elements,
      10a and 10b, respectively, of tubes of synthetic material; the upper or
      outer elements, 11a and 11b, respectively, of these tubes, are engaged,
      with a degree of play, in the helical channel bounded by grooves 2 and 5.
PAR  As is particularly evident in FIG. 2, elements 11a and 11b of the two
      tubes, which are engaged in the ball circulation channel 6, are shaped
      such that one of these elements guides the passage of balls 6 of
      circulation channel 2-5 into the corresponding drilled radial hole of the
      screw, and the other of these elements guides the passage of balls 6 of
      the other radial drilled hole of screw 1 into said circulation channel
      2-5. In fact, elements 11a and 11b of the two tubes of synthetic material
      are curved inward so as to confer the least possible curvature to the
      balls circuit at the level of the entries of radial drilled holes 9a and
      9b.
PAR  It is equally remarkable that, by virtue of the helical shape of the ball
      recirculation channel formed by groove 8, the curve of the closed circuit
      travelled by the balls remains slight at all points on said circuit,
      including entries 8a and 8b of said helical groove 8. The slight curvature
      and the regularity of the curvature of the closed ball circuit are
      extremely favorable to the efficiency and to the silent functioning of the
      mechanism covered by this invention, and to the mechanism's durability, as
      it is possible in this way to avoid subjecting the balls to repeated
      impacts, which could lead to their wear or even to their rupture.
PAR  In FIG. 1, nut 4 is represented in its relative median position with
      respect to the threaded portion, 1a of screw 1. From this median portion,
      nut 4 can have a relative helical displacement toward the right or toward
      the left, the axial displacement being at the most equal to the pitch of
      helical grooves 2 and 5, in order to prevent opening of the closed ball
      circuit and possible escape of the balls. In general, the escape of the
      balls is prevented by giving the axial distance between ends 8a and 8b of
      helical groove 8 a value less than or equal to the difference between the
      axial length of the nut and its axial travel.
PAR  In the embodiment illustrated in FIGS. 1 and 2, the end of the core 7
      opposite part 1b of tubular screw 1 emerges from the latter, and forms a
      cylindrical journal 12. In addition, between journal 12 and the part of
      core 7 inside tubular screw, there is fitted a collar 13, of outside
      diameter greater than that of the coaxial hole of tubular screw 1, for the
      purpose of immobilizing core 7 axially inside tubular screw 1. The
      immobilization in rotation of core 7, inside tubular screw 1, which is
      indispensable in order to assure the coincidence of ends 8a and 8b of
      helical groove 8 with radial drilled holes 9a and 9b, and be accomplished
      by different methods, such as a key 14 (FIG. 1), engaged between collar 13
      and the corresponding end of tubular screw 1. Flat lugs can likewise be
      fitted on screw 1 and on core 7 or its collar 13, to cooperate in
      immobilizing the core in rotation. It is also possible to make tubes 10a -
      11a and 10b - 11b of a rigid material, and to elongate them, with an
      appropriate shape, for a slight distance inside helical groove 8, beyond
      its ends 8a and 8b, in order to assure by these tubes the immobilization,
      both in axial translation and in rotation, of core 7 inside the tubular
      screw.
PAR  The embodiment of the mechanism according to this invention as illustrated
      schematically in FIG. 3 is similar to the one illustrated in FIGS. 1 and
      2, and previously described, except for the fact that screw 21 is solid,
      and has a recessed coaxial drilled hole, 21c, in which core 27 is housed.
PAR  In the embodiment of the mechanism according to this invention, illustrated
      in FIG. 4, the means provided at the level of the entries to radial
      drilled holes of tubular screw 31, such as 9a, consist of helical elements
      made of metal or synthetic material, such as 40, which are engaged with a
      degree of play in coinciding helical grooves 32 and 35 of screw 31, and of
      nut 34, near the entries of the corresponding radial drilled holes 39.
      Each one of the helical guiding elements such as 40 is fastened to the
      bottom of helical groove 32 of screw 31 by any appropriate means, for
      example, by bonding or by dowel pin 40a engaged in a recessed hole
      machined into the bottom of groove 32 of screw 31. In addition, the end of
      each one of the helical guiding elements 40, which is turned toward the
      entry of the respective radial drilled hole 39, is shaped, as may be seen
      in FIG. 4, so as to guide the passage of balls 36 between said radial
      drilled hole 39 and the ball circulation channel 32-35, following a
      trajectory which has a relatively small curvature at all points, and
      particularly at the level of the entry of said radial drilled hole 39.
PAR  The embodiment of the mechanism according to this invention illustrated in
      FIG. 5, is similar to the one illustrated in FIGS. 1 and 2, except by the
      fact that core 47 is immobilized, in axial translation and in rotation,
      inside its housing in tubular screw 41, by means of a pin 46, which
      traverses a hole drilled in the lateral wall of tubular screw 41, and
      becomes engaged in a recessed hole of core 47.
PAR  Other variations within the scope of the invention will be apparent to
      those skilled in the art.
CLMS
STM  WHAT IS CLAIMED IS:
NUM  1.
PAR  1. In a screw and nut mechanism equipped with balls and including mating
      screw and nut members with at least one ball circulation channel defined
      by corresponding helical grooves in the adjacent surfaces of said screw
      and nut members, where rotation or translation of one of said members
      causes translation or rotation respectively of the other, the improvement
      in combination therewith wherein said screw member comprises a tubular
      cylinder with an axial bore defined through the cylinder wall and two
      axially spaced-apart holes extending radially through said wall, the
      mechanism further comprising within said bore a cylindrical core having an
      outer surface corresponding to said bore and having defined in said
      surface at least one helical recirculation channel with an axial length
      less than that of the nut and the core and a width slightly greater than
      the diameter of said balls, the recirculation channel having its ends in
      communication via said radial holes with the bottom of at least one of
      said helical grooves of the screw, said mechanism further comprising guide
      means adjacent said radial holes for guiding said balls between said
      circulation and recirculation channels.
NUM  2.
PAR  2. A mechanism according to claim 1 wherein said guide means comprise a
      tube having an inner part in each of said radial holes and an outer part
      extending from said inner part into said circulation channel and being
      shaped for guiding said balls between said channels.
NUM  3.
PAR  3. A mechanism according to claim 1 wherein said guide means comprise
      adjacent each of said radial holes a helical element attached to said
      screw member and extending into and with a degree of play in said
      circulation channel.
NUM  4.
PAR  4. A mechanism according to claim 1 further comprising stop means engaged
      between said screw and said core for immobilizing in translation and
      rotation the core inside the bore of the screw.
NUM  5.
PAR  5. A mechanism according to claim 4 wherein said stop means comprise a pin.
NUM  6.
PAR  6. In a screw and nut mechanism including mating screw and nut members with
      at least one ball circulation channel defined by corresponding helical
      grooves in adjacent surfaces of said screw and nut members and a train of
      balls in said channel, where rotation or translation of one of said
      members causes translation or rotation respectively of the other member
      the improvement in combination therewith wherein said screw member
      comprises a tubular cylinder with an axial bore defined through the
      cylinder wall and two axially spaced-apart holes extending radially
      through said wall and communicating with said helical groove on the outer
      surface of said screw member, the mechanism further comprising a
      cylindrical core having an outer surface corresponding to that of said
      bore and fitting closely therein, and having defined in said core's outer
      surface a helical recirculation channel whose ends correspond to and
      communicate with said radial holes of the screw member, said mechanism
      further comprising guide means carried by said screw member adjacent said
      radial holes and extending into said helical groove of the nut member for
      guiding said balls between said circulation and recirculation channels.
NUM  7.
PAR  7. A mechanism according to claim 6 wherein said guide means comprise a
      tube having an inner part in each of said radial holes and an outer part
      extending from said inner part into said circulation channel and being
      shaped for guiding said balls between said channels.
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ABST
PAL  Gear tooth profiles that afford greater torque capacity than is obtainable
      from involute gears of corresponding size and materials. Maximum contact
      stress is reduced by using profile curves that give exceptionally long
      radii of relative curvature at the pitch point, and interference problems
      with such profiles are avoided by utilizing a two-segment line of action.
      When the gears are not carrying a torque load each tooth profile in the
      transverse plane passes successively through two points of contact but are
      out of contact at points in between. As the torque load increases, the two
      contact zones widen until they coalesce.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 524,419
      filed Nov. 18, 1974, now abandoned.
BSUM
PAR  This invention relates to the profile and shape of gear teeth.
      Specifically, it relates to tooth profiles that increase the torque
      capacity of gear sets. The invention is applicable to all types of
      gearing.
PAR  The prior art includes many patents covering gear tooth profiles designed
      to afford torque capacities superior to those of involute profiles.
      Examples are U.S. Pat. Nos. 3,220,279 to Dareing; 2,128,815 to Guest;
      2,808,732 to Champion; 1,973,185 to Trbojevich; 3,180,172 to Leggatt;
      3,371,552 to Soper; 1,538,328 to Holdener; 3,631,736 to Saari; British
      Pat. Nos. 186,436 to Bostock and Bramley-Moore and 206,163 to Wildhaber;
      U.S. Pat. No. 1,501,750 to Wildhaber; and U.S.S.R. Pat. No. 109,750 to
      Novikov.
PAR  Of the various gear types disclosed in these patents, most never reached
      the production stage, and only the gearing covered by the last three,
      known variously as Wildhaber-Novikov, "W-N", or Novikov gearing, has been
      employed in a significant number of applications. This is because this
      latter type of gearing has a torque capacity two or three times that of
      involute gearing, providing it is mounted with sufficient care.
PAR  The disadvantage of Novikov gearing, however, is that the mounting
      conditions are very severe: center-distance tolerances are extremely
      tight, by virtue of the fact that the high torque capacity is obtained by
      very intimate conformity between circular arc profiles having centers only
      a few thousandths of an inch apart. Since the pressure line must pass
      through these centers, even a small amount of positive center-distance
      error, or shaft or bearing deflection in response to separating forces,
      produces major reductions in the pressure angle. In extreme cases these
      effects can reduce the pressure angle from the design value of 30.degree.
      to a value close to zero, and as a result the entire tooth load may be
      thrown onto the tips of the concave teeth. If this occurs, the operation
      becomes rough and noisy, and tooth breakage becomes a serious problem.
PAR  The object of the present invention is therefore to remedy the deficiencies
      of the Novikov gear tooth profile by providing one that has a comparable
      torque capacity but is less sensitive to center-distance errors.
DRWD
PAR  The means to achieve this and other objects and advantages of the invention
      will be evident from the drawings as explained in the specification that
      follows:
PAR  FIG. 1 is a schematic view of a gear tooth profile in the transverse plane
      at positions near a "culmination point."
PAR  FIG. 2 is a graph of the separation between a pair of mating tooth profiles
      passing through the meshing zone, plotted as a function of time.
PAR  FIG. 3 is a graph of the first derivative with respect to time of the curve
      of FIG. 2, and hence is a plot of the velocity of approach or separation
      of the mating profiles.
PAR  FIG. 4 is a sectional view of a pair of inflected mating tooth profiles in
      three successive positions.
PAR  FIG. 5 is a helical tooth viewed normal to the helix direction showing the
      discrete contact areas surrounding the culmination points at low torque
      loads.
PAR  FIG. 6 is the same view but with an increased torque load sufficient to
      cause the two discrete contact areas of FIG. 5 to coalesce into a single
      continuous contact area.
DETD
PAR  In detail and referring to FIG. 1, a gear tooth 11 on a gear generally
      designated 12 has an active profile 13 shown in three successive positions
      13, 13' and 13", and a path of contact 14 with its mating tooth (not
      shown). The addendum and pitch circles are 15 and 16 respectively. As the
      gear 12 turns about its center 0.sub.1 in the direction indicated by the
      arrow, the profile 13 intersects the path of action 14 at points B, C and
      D successively. The normal to the profile in these three positions are BE,
      CP and DF respectively.
PAR  It will be noted that only one of these normals, CP, passes through the
      pitch point P. The other two are tangent at points E and F to concentric
      circles 17, 18 centered at P and having radii EP and FP respectively.
      Because these normals do not pass through the pitch point P, the profile
      13 is non-conjugate at points B and D. This means that a pair of mating
      profiles in contact at these points will not be transmitting angular
      motion in proportion to the velocity ratio (PO.sub.2 /PO.sub.1, where
      O.sub.2 is the center of the driven gear), or, if the velocity ratio for
      the mating pair is maintained by virtue of the fact that the teeth are
      helical and at least one pair of mating profiles are in contact at a point
      such as C in another transverse plane, then the profiles at B or D must be
      either overtaking each other or separating (or if the gears are under
      load, compressing or decompressing each other).
PAR  It may be shown that if a pair of mating gear tooth profiles have a common
      normal at the contact point that passes the pitch point P at a distance d,
      then the relative velocity v.sub.c with which these profiles are
      approaching each other or receding from each other (assuming the velocity
      ratio is held constant by one or more profiles at the pitch point) is
      expressed by the equation
EQU  v.sub.c = w.sub.1 (1 + 1/G) d                              (1)
PAL  where w.sub.1 is the angular velocity of the driving gear and G is the
      velocity ratio. If the common normal intersects the line of centers
      0.sub.1 0.sub.2 between the pitch point P and the center of the driven
      gear 0.sub.2 (such as BE), then the profiles are approaching each other;
      similarly, if it intersects the line of centers between the pitch point P
      and the center of the driving gear 0.sub.1 (such as DF) then the profiles
      are separating. Consequently if the profiles shown in FIG. 1 are
      transmitting torque, the peak stress in the center of the contact area,
      and also the size of the contact area, will be increasing as the contact
      point moves from B to C, then decreasing as the contact point moves from C
      to D. For this reason the point C is called a "culmination" (c.f., Prof.
      M. J. French, "Conformity of Circular-Arc Gears," Journal of Mechanical
      Engineering Science, Vol. 7, No. 2, 1965, pg. 220-233), or in this
      specification, a "culmination point."
PAR  In summary, the term "culmination point", as used in this specification and
      the claims, means a point on a path of contact at which the common normal
      to the contacting surfaces intersects the pitch line, while points on the
      path of contact before and beyond have common normals that pass on the
      driven gear and driving gear side of the pitch line respectively.
PAR  A distinguishing feature of the present gearing invention is that during
      the tooth engagement-disengagement process, mating profiles pass through
      two culmination points, between which the profiles will be out of contact
      when the gears are lightly loaded. The essential condition to achieve this
      characteristic is that the relative radius of curvature of the mating
      profiles at some position between the culmination points must be greater
      than that of an involute gear of the same pressure angle (i.e., greater
      than
      ##EQU1##
      where R.sub.1 and R.sub.2 are the pitch line radii and .phi. is the
      pressure angle).
PAR  It should be noted that between the two culmination points there will be a
      point where the separation between the mating profiles will reach a
      maximum. At this point, which in the present specification and claims is
      called the "intermediate point", the common normal to the mating tooth
      surfaces also intersects the pitch line. If the gears are heavily loaded,
      the mating tooth surfaces may be in contact at this intermediate point as
      well as at the culmination points. In fact optimum profile design will be
      realized only when the contact stress at the intermediate point is
      substantially as great as that at the culmination points.
PAR  The type of approach-separation schedule characteristic of gear tooth
      profiles embodying the invention is shown in FIG. 2. This is a graph of
      the separation between a pair of mating tooth profiles passing through the
      meshing zone, plotted as a function of time t. For gears turning at
      constant speed, angular displacement will be a linear function of time, so
      a plot of against angular displacement would to an appropriate scale be a
      curve of the same shape.
PAR  In the graph of FIG. 2, time zero is when the addendum of the driven gear
      tooth first intersects the path of action; t.sub.1, t.sub.2 and t.sub.3
      denote the times at which the profile passes the first culmination point,
      the intermediate point, and the second culmination point, respectively,
      and t.sub.4 is the time when the addendum of the driving gear intersects
      the path of action. It will be evident from FIG. 2 that when the gears are
      lightly loaded, there will be contact between the mating profiles only at
      times t.sub.1 and t.sub.3, and only when the torque load is heavy enough
      to produce local surface deformation in excess of the value of .DELTA. at
      t.sub.2 will there be a single continuous path of action.
PAR  FIG. 3 is a graph of the first derivative with respect to time of the curve
      of FIG. 2 and hence is a plot of the velocity of approach or separation of
      the mating profiles. This curve will of course have a zero ordinate at
      those points where the curve of FIG. 2 has a horizontal tangent,
      indicating the points of maximum (t.sub.1 and t.sub.3) and minimum
      (t.sub.2) separation. Positive (above the t-axis) values of v.sub.c in
      FIG. 3 indicate the common normals pass the pitch point on the driving
      gear side (as line DF in FIG. 1), and conversely, negative (below the
      t-axis) values indicate they pass on the driven gear side (as line BE).
PAR  It has been stated (U.S. Pat. No. 3,631,736) that there are three curves
      involved in gear tooth profile synthesis, namely the profiles of the
      mating teeth and the path of contact, and that the specifying of any one
      of these curves fully determines the other two. This is true for conjugate
      gears but not for nonconjugate gears. For the latter, a separation or
      separation velocity curve such as plotted in FIGS. 2 or 3 constitutes a
      fourth determinative curve, and full specification of the gears then
      requires the stipulation of two of the four curves.
PAR  Consequently curves of the type shown in FIGS. 2 or 3 may be used in the
      development of gear tooth profiles embodying the invention, or if gear
      tooth profiles embodying the invention are given, these curves enable the
      surface loading schedule to be determined so that the gears can be rated
      with respect to torque capacity. In the former case, profile synthesis
      involves several steps: (a) the use of the ordinates of FIG. 3 to
      determine v.sub.c, then the use of Equation 1 to calculate a series of
      values for d (the radii of the family of circles centered at P as in FIG.
      1); (b) the construction of tangents to these circles to points on the
      path of contact that correspond to the appropriate angular displacements
      of the profile being synthesized; (c) the measurement of the length of
      lines from these points to the center of the gear and the angle the
      abovementioned tangents make to these lines; and (d), the construction of
      the profile curve from this data. The last step involves a graphical
      integration of the general equation relating profile tangent angle and
      radius vector:
      ##EQU2##
      where .phi. is the profile tangent angle (or pressure angle at the point
      under consideration), u is the length of the radius vector, and .theta. is
      the central angle for polar coordinate plot of the profile curve.
PAR  The above method of profile synthesis is predominantly graphical, but since
      the basic rack profile for hobs or shapers used to generate the gearing
      herein disclosed is designed by the conventional graphical "roll-out"
      procedures, this graphical approach to the synthesis of the profile curve
      is not especially disadvantageous.
PAR  An alternate approach to designing gears embodying the present invention is
      to start with a specified profile curve having one or more desirable
      properties and expressable by a mathematical equation having sufficient
      coefficients or constant factors to allow the desired tooth loading
      schedule to be realized. Many curves of both the inflected or uninflected
      (FIG. 1) variety are feasible, depending on the shape of the path of
      contact and the prescribed surface loading schedule (FIG. 3). The
      culmination points may both be on one side of the plane containing the
      gear axes, or may straddle it at equal or unequal distances. The
      intermediate point may be at the pitch point, or it may be to one side of
      it, in which case the path of contact may not even intersect the plane of
      the gear axes at the pitch point. Addendum and dedendum heights may be
      equal or unequal, the latter for generally the same reasons involute gear
      addenda are made unequal on gear and pinion, such as to reduce
      undercutting or to obtain smoother engagement or greater bending strength
      in the pinion teeth.
PAR  For uninflected tooth profiles, such as those shown in FIG. 1, almost any
      curve can be made to work if the path of contact and the mating profile
      are appropriate. Even a straight profile or plain circular arc will work
      if mated with a suitable nonuniform radius curve, such as an elliptic arc
      of the proper eccentricity.
PAR  Inflected profile curves, such as that shown in FIG. 4, afford certain
      advantages relative to uninflected profiles, including improved tooth
      bending strength and possibilities for shorter path lengths that reduce
      friction, heating and wear and afford more favorable slide-roll ratios and
      lubricant-trapping properties. Many continuous mathematical functions
      having at least one point of inflection can be used as profile curves,
      such as trigonometric and hyperbolic functions, or exponential functions
      of the form
EQU  y = Cx.sup.n,                                              (3)
PAL  where n is any number greater than 2.00 so that the second derivative of y
      with respect to x goes to zero at the origin and hence produces an
      infinite radius of curvature at that point.
PAR  Most of these functions, however, have some attendant disadvantage, such as
      limitations in the way the curvature varies or having a knee at some
      inconvenient point. For example, if the exponent n in Equation 3 is three,
      the resulting function is called a cubic curve and has a radius of
      curvature that declines to the knee at a curve tangent angle of 24.degree.
      5', then begins to increase. The knee consequently produces a local stress
      increase, and the increasing radius of curvature may produce separation
      problems unless the difference in total curvature of the mating profiles
      is increased.
PAR  The curve that has the greatest number of advantages and the fewest
      disadvantages for use in gear teeth embodying the invention is one called
      a railway transition spiral. It has the general form
EQU  r.sub.1 = C/s.sup.m                                        (4)
PAL  where r.sub.1 is the radius of curvature, C is a constant that controls the
      curvature rate, s is the distance from the origin measured along the
      curve, and m is an exponent greater than zero. The particular form of
      curve used to connect a straight section of railway track or highway to a
      constant radius curved portion uses an exponent m equal to unity, and has
      the essential property of giving an infinite radius of curvature at the
      origin (i.e., where s is zero). Since the radius of curvature is also
      equal to ds/d.alpha., where .alpha. is the direction angle of the curve,
      it will be evident that the equation for the railway spiral can be
      integrated to give
EQU  .alpha. = s.sup.2 /2C                                      (5)
PAL  Expressed in this form, the railway spiral may be seen to be the third of a
      series of simple and fundamental curves that include .alpha. = 1/2C, which
      is a straight line, and .alpha. = s/2C, which is a circle of radius 2C.
PAR  By taking the sine or cosine of both sides of Equation 5 and noting that
      sin .alpha. = dy/ds and cos .alpha. = dx/ds, one may expand the resulting
      expressions by Maclaurin's formula and integrate term by term to obtain
      parametric equations for the railway spiral in rectilinear coordinates.
PAR  In FIG. 4 a driving gear 41 centered at 0.sub.1 drives a gear 42 centered
      at 0.sub.2. The tooth profile of gears 41, 42 are of the railway spiral
      form and are shown in three successive positions 43, 43', 43" and 44, 44',
      44" respectively. The path of contact 45 starts at the addendum circle 46
      of gear 42, passes through culmination point C.sub.1, pitch point P,
      culmination point C.sub.2, and ends at the addendum circle 47 of gear 41.
      Because the radius of curvature r.sub.1 is infinite at the pitch point,
      the path 45 has the same slope as the profiles 43, 44 at that point. It
      will be noted that the common normals at C.sub.1 and C.sub.2 both pass
      through the pitch point P, but the profiles are not in contact at that
      point. Since the profiles make contact at the pitch point P only when
      heavily loaded, the path of contact 45 is shown as a broken line in that
      region. The path 45 is seen to be quite steep and short in this particular
      configuration. The entire meshing action takes place quite close to the
      pitch point P, so relative sliding on the tooth surfaces will be minimal
      and consequently the friction, heating and wear correspondingly low. If a
      longer, flatter path of contact were to be used, the gears would be less
      sensitive to center-distance errors, but the torque capacity would be
      reduced and the friction, heating and wear increased.
PAR  A wide variety of pressure angles may be used in gear teeth embodying the
      present invention. The large separating forces associated with high
      pressure angles cause elastic deformations in the gear mountings that
      effect increases in center-distance error. Consequently heavy torque loads
      may be best accommodated by pressure angles in the range from zero to
      10.degree.. On the other hand minimum friction and wear will be attained
      by the use of pressure angles as high as 45.degree. or more.
PAR  It may be noted in connection with the gear teeth shown in FIG. 4 that if
      the addendum of one of the gears and the dedendum of the other are
      eliminated, a gearing system similar to conventional Novikov gearing will
      be obtained, except that the profile curves would be railway spirals
      instead of circular arcs. This leads to a slight reduction in load
      capacity, but because the profiles are not in contact at P except when
      very heavily loaded, the teeth are much less prone to tooth breakage as a
      result of center-distance errors. However they are not as resistant to
      breakage as inflected tooth profiles generally, for the reason that while
      the doubled working depth of inflected teeth doubles the bending moment
      the doubled pitch increases the tooth beam strength fourfold.
PAR  In applications where particularly high torque must be carried and
      center-distances can be closely controlled, it may be desirable to combine
      some of the characteristics of the gearing herein disclosed with those of
      the Novikov system. Just as the usual railway curve has a central portion
      that is an ordinary circular arc, in order to prevent the rapidly
      increasing curvature of the transition spiral from leading to an amount of
      superelevation that would cause slow-moving trains to tip over, so the
      outer portions of a railway spiral tooth curve may be changed to a plain
      circular or elliptic arc form.
PAR  This produces what is called a "composite" tooth profile, and while such
      profiles can be hobbed if there are no discontinuities in curvature, they
      present a problem to the designer seeking to calculate allowable load. A
      better alternative is to vary the parameters of the profile curve
      equations to meet the needs of the particular gear-set being designed.
      Whereas the traditional railway spiral uses a value of unity for the
      exponent m in Equation 4 in order to maximize passenger comfort and
      minimize "jerk" (the third derivative of arc distance s with respect to
      time), no such limitation applies to railway spiral curves used in gear
      teeth. A wide range of integral and nonintegral values for the constants
      and exponents in Equations 3 and 4 may be used to obtain desired
      positions, shapes and sizes of the contact areas, and these values will
      frequently be unequal for engaging portions of the mating profiles.
PAR  The discontinuous contact areas 51, 52 that characterize this type of
      gearing are shown in FIG. 5. In this figure the tooth is viewed in a
      direction normal to the helix direction. The culmination points are
      indicated at 53, 54 and the intermediate point at 55, in this case located
      on the line 56 representing the intersection of the pitch surface and the
      tooth surface 57.
PAR  FIG. 6 shows how the two discrete contact areas 51, 52 of FIG. 5 have been
      enlarged by the application of additional torque, so that they coalesce to
      form a single continuous contact area 61. The shape of this area 61 will
      vary greatly depending on the profile curves used, but in correctly
      designed gears will have its innermost and outermost extremities
      substantially tangent to the addendum circles of the mating gears. The
      contact areas 51, 52 in FIGS. 5 and 61 in FIG. 6 will translate lengthwise
      on the tooth surface as the gears are rotated, at a rate depending on the
      helix angle.
PAR  The gearing herein disclosed can be manufactured by all standard gear
      fabrication techniques. As noted above, hob and shaper profiles must be
      formed to the basic rack profile as determined by the customary "roll-out"
      method. This leads to a basic rack profile that is conjugate to the gear
      being cut, even though two gears cut with such cutters will not be
      conjugate to each other, and the rack profile for a rack-and-pinion set
      will not be the same as the basic rack profile.
PAR  While the optimum gearing of the type herein disclosed will be helical (or
      spiral in the case of bevel gears), the deviations from conjugacy are
      extremely minute, on the order of ten thousandths of an inch. Consequently
      spur or straight bevel gears may operate quite smoothly, even as compared
      to standard involute gears, especially if the profiles can be designed so
      that the angle of turn between successive culmination points is
      substantially an integral number of pitch angles, preferably two. This
      will usually involve use of a rather flat path of contact and a low
      pressure angle.
PAR  This specification and the following claims have been directed toward
      certain characteristics of gear tooth profiles defined for the transverse
      plane. It will be appreciated that in the case of helical or spiral bevel
      gears it may be desirable to form cutting tools to curves specified in the
      normal plane. For all the curves specified herein there exist analogous
      curves in the normal plane, and standardized procedures are available for
      converting profile points from the normal to the transverse plane and vice
      versa. Consequently the conceptions and mathematical relations contained
      herein should be construed as applying equally to tooth profiles in the
      transverse and normal planes.
PAR  The effect of minor center-distance errors on the preferred form of the
      invention shown in FIG. 4 will be evident from a consideration of the
      relationship of the mating profiles. Mounting the gears with two small a
      center-distance simply increases the profile conformity and shifts the
      culmination points to positions slightly further from the pitch point
      which slightly increases the separating forces. Conversely, mounting the
      gears too far apart produces opposite shifts, but there will be no major
      change in torque capacity and no tendency to load the tips of the driven
      teeth and promote breakage of them such as occurs in Novikov gearing.
PAR  The effect of wear on the embodiment of FIG. 4 is generally less
      detrimental than it is in the case of involute teeth. The maximum contact
      stress will be at the culmination points, but wear at these points will
      shift these points and the main tooth surface loads closer to the pitch
      point. As the relative radius of curvature at that point is infinite,
      increased load there is not detrimental. The more rapid sliding and wear
      of the tooth tips and roots also causes a gradual shift of load toward the
      pitch line in the case of involute gears, but involute gears do not have
      the advantages of a low design stress and infinite relative radius of
      curvature at that point. Consequently the pitch line area is usually the
      region where involute gears first show surface fatigue damage from
      overstressing.
PAR  In this specification and the following claims, the following terms have
      the following meanings: "pitch surface" means the surface of revolution
      that would be generated by the pitch line moving about a gear axis at a
      uniform distance; pressure angle means the angle between a tangent to the
      tooth surface and a radial line, measured in the transverse plane at the
      pitch surface; pitch angle means the central angle subtended by one
      circular pitch arc in the transverse plane; path of contact means the
      locus of points of the centers of the intersection line between the
      contact area and the transverse plane containing the path of contact, and
      because the gears herein disclosed are non-conjugate will grow longer or
      shorter depending on how much torque is being transmitted; total curvature
      means the angle subtended by tangents to the extreme ends of a working
      profile; and total relative curvature means the difference in total
      curvature of a pair of mating profiles.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a pair of toothed gears,
PA1  mating teeth formed to have active profiles perpendicular to the pitch line
      of said pair which have at least one culmination point substantially
      removed from said pitch line,
PA1  said profiles of at least one of said pair having a portion with curvature
      that increases with distance from the pitch surface of said one of said
      pair.
NUM  2.
PAR  2. A pair of toothed gears according to claim 1 wherein said teeth extend
      across the rims of said gears in a direction slantingly disposed with
      respect to the pitch line of said pair.
NUM  3.
PAR  3. A pair of toothed gears according to claim 2 wherein said direction has
      sufficient slant to produce at least one tooth overlap in the face width
      of said pair.
NUM  4.
PAR  4. A pair of toothed gears according to claim 1 wherein said portion
      comprises a curve of the form r.sub.1 = C/s.sup.m, where r.sub.1 is the
      radius of curvature, s is the distance along the curve from the origin, m
      is an exponent greater than zero, and C is a constant.
NUM  5.
PAR  5. A pair of toothed gears according to claim 4 wherein said exponent has
      the value of unity.
NUM  6.
PAR  6. A pair of toothed gears according to claim 1 wherein said portion
      comprises an exponential curve of the form y = Cx.sup.n, where C is a
      constant, n is a number greater than 2.00, x is the profile coordinate
      measured perpendicular to the pressure angle, and y is the coordinate of
      the profile curve measured at right angles to the x-direction.
NUM  7.
PAR  7. A pair of toothed gears according to claim 1 wherein said profiles have
      a total relative curvature that produces areas of contact between mating
      teeth that are substantially tangent to the addendum surfaces of said
      teeth when said gears are transmitting the maximum allowable torque.
NUM  8.
PAR  8. A pair of toothed gears according to claim 1 wherein said profiles
      extend on both sides of the pitch surface of said one of said pair.
NUM  9.
PAR  9. A pair of toothed gears according to claim 8 wherein said profiles are
      oppositely curved on opposite sides of said pitch surface.
NUM  10.
PAR  10. A pair of toothed gears according to claim 9 wherein said profiles have
      a point with an infinite radius of curvature.
NUM  11.
PAR  11. A pair of toothed gears according to claim 9 wherein said profiles have
      two culmination points.
NUM  12.
PAR  12. A pair of toothed gears according to claim 11 wherein said two
      culmination points are on opposite sides of said pitch surface.
NUM  13.
PAR  13. A pair of toothed gears according to claim 1 wherein said portion
      comprises the entire active profile of said one of said pair.
NUM  14.
PAR  14. A pair of toothed gears according to claim 1 wherein said portion
      comprises the entire active profile of each of said pair.
NUM  15.
PAR  15. A pair of toothed gears according to claim 1 wherein each of said pair
      includes a portion comprising a curve of the form r.sub.1 = C/s.sup.m,
      where r.sub.1 is the radius of curvature, s is the distance along the
      curve from the origin, m is an exponent greater than zero, and C is a
      constant.
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ABST
PAL  A device for the fine adjustment of an instrument table supporting an
      optical instrument which is operated by a control lever which is pivotally
      mounted to swivel in any direction to effect adjustment of the table in
      the horizontal plane and which is rotatable to effect vertical adjustment
      of the table.
BSUM
PAR  This invention relates to a device for the fine adjustment of an instrument
      table supporting an optical instrument, as for example, an opthalmological
      instrument, which said device is operated by a control lever which is
      pivotally mounted to swivel in any direction to effect adjustment of the
      table in the horizontal plane and which is rotatable to effect vertical
      adjustment of the table.
PAR  Tables for opthalmological instruments are known in the prior art which,
      for the purposes of making coarse adjustments, can be moved in the
      horizontal plane in two directions at right angles to each other by means
      of appropriately arranged guides. Fine adjustments in the horizontal plane
      are effected by means of a control lever which is arranged at right angles
      to the plane of the instrument table and is mounted on a ball joint to
      swivel in any direction. By means of this lever, the instrument can, for
      example, be adjusted first to one of the patient's eyes and then to the
      other.
PAR  It is desirable to be able to effect also a vertical adjustment of the
      instrument without having to move the hand from one control member to
      another.
PAR  To achieve this, it is known in the prior art to encircle the control lever
      which serves for fine adjustment in the horizontal plane with a rotating
      ring which, via a gear belt is connected to a gearwheel which in turn
      raises or lowers the instrument table by means of a vertical adjustment
      spindle. With such a design, it is difficult to effect fine adjustment in
      the horizontal plane at the same time effect delicate vertical movement
      since the operator cannot actuate the rotatable ring and the control lever
      at the same time with one hand.
PAR  It is also known in the prior art to provide the fine adjustment control
      lever with a rotary knob which, via a spindle inside the lever, acts upon
      a universal joint, which via a shaft and gear moves a verticle spindle.
      The fine adjustment control lever is connected at its lower end with a
      ball in the center of which the universal joint is arranged, the ball
      itself riding on the base plate of the instrument table. Apart from the
      fact that horizontal movement is very restricted, delicate vertical
      adjustment is difficult since the rotary knob cannot be actuated by the
      entire hand but by the fingers only.
PAR  Finally, a device is also known in the prior art in which the fine
      adjustment control lever is rotatable as a whole about its own axis and
      thus effects a vertical adjustment. The control lever is mounted in a
      sleeve and can swivel freely in any direction. As far as rotation is
      concerned, however, the lever is operatively connected with said sleeve
      and rotates therewith. This connection is effected either by means of
      friction or by a known universal joint. Thus, the sleeve is driven by
      rotation of the lever and actuates a vertical spindle via a gear wheel.
PAR  Since with this design the sleeve serves simultaneously as a pivot bearing
      and as a bearing for the swivelling movement of the control lever, radial
      forces are produced in the pivot bearing. These have an adverse effect on
      the bearing and result in the operator having to apply differing degrees
      of force when rotating the lever in its neutral position and during a
      swivelling movement thereof.
PAR  It is the object of the present invention to provide a device for the fine
      adjustment of an instrument table supporting an optical instrument, as for
      example, an opthalmological instrument, which enables the operator to make
      a uniformly smooth adjustment in both the horizontal and vertical planes
      by means of a single control lever which can be actuated to make either or
      both adjustments without changing the position of the operator's hand.
PAR  According to the present invention, the device is operated by a control
      lever which is pivotally mounted to swivel in any direction to effect
      adjustment in the horizontal plane, and which is also rotatable to effect
      vertical adjustment. The lever comprises a hollow sleeve which serves as a
      handle, and the bottom end of the sleeve is connected via a universal
      joint to a rotatable gear-wheel which, in turn, via further gear systems,
      serves to raise and lower the instrument table. A rod extends into said
      hollow sleeve and during the swiveling action of the lever around the
      pivot defined by the universal joint, said rod swivels with said sleeve
      without any lost motion, but it does not rotate with said sleeve. The
      lower end of said rod engages a part of the instrument table which rests
      upon a horizontal base. The rod is provided with a spherical bulge which
      is located below the plane of said universal joint and which is so
      supported as to produce horizontal displacement of the entire instrument
      table whenever said control lever is swivelled.
PAR  Thus, the device comprises a single operating control lever for the control
      of both horizontal and vertical displacements which can be grasped by the
      operator with his entire hand. This operating control lever functionally
      operates two sets of parts, each serving a different purpose and each
      having its own bearings. This ensures that no radial forces are exerted
      upon the pivot bearing, and that consequently exactly the same amount of
      force is required to rotate the handle irrespective of its swivelled
      position.
PAR  It is particularly important to arrange the spherical bulge of the inner
      rod between its lower end and the pivot point defined by the universal
      joint. Thereby, the bearing that governs the horizontal displacement of
      the instrument table is positioned below the pivot about which the control
      lever is swivelled so that the swivel motion transmitted to the instrument
      table is reduced. Thus, any unintentional swivel occurring when the hollow
      sleeve is rotated in order to effect a vertical displacement, is prevented
      from acting direct upon the horizontal setting. The designer has the
      opportunity to choose freely the degree of reduction by choosing the
      distance between the pivot point of the stick and the spherical bulge.
DRWD
PAR  A preferred embodiment of the invention is shown in the accompanying
      drawings, in which:
PAR  FIG. 1 is a front view of the device in which the housing is cut away.
PAR  FIG. 2 is a section on the line II--II of FIG. 1.
PAR  FIG. 3 is a section on line III--III of FIG. 2.
DETD
PAR  Reference numeral 1 designates a horizontal base plate supporting an
      instrument table 2 which can be manually moved for coarse adjustment in
      both longitudinal and transverse directions in a conventional manner and
      by means of appropriately arranged guides not shown here.
PAR  The instrument table 2 carries the instrument support proper, which
      comprises an instrument support plate 3 and a tube 4 and is vertically
      adjustable with respect to the table 2. An optical instrument, such as an
      opthalmological instrument may be mounted on the tube 4.
PAR  The fine adjustment of instrument table 2 in the horizontal plane and the
      vertical adjustment of the instrument support plate 3 with respect thereto
      are both effected by a control lever 5 consisting of a hollow sleeve 6 and
      an inner rod 7.
PAR  The sleeve 6 is pivotally connected with a ring 10 by means of two bolts 8
      and 9, and said ring is pivotally connected with a gearwheel 13 by means
      of bolts 11 and 12 to form a universal joint which defines the pivot point
      about which the control lever 5 can be swivelled.
PAR  As can readily be seen, in each position of the control lever 5, the sleeve
      6 can be rotated about its vertical axis, thereby rotating gearwheel 13
      via the universal joint 8-12. Said gearwheel carries a gear belt 16 which
      is held between rings 14 and 15. Rotation of the sleeve 6 produces
      rotation of the gearwheel 13 which is transmitted via the gear belt 16 to
      gearwheel 17, which is combined with a tubular sleeve 30. This sleeve is
      equipped with an inside thread within which a vertical threaded spindle 18
      is mounted, so that rotation of gearwheel 17 causes vertical movement of
      said spindle. The spindle 18 presses against the instrument support plate
      3 so that vertical movement of the spindle displaces this support plate
      together with tube 4 in vertical direction.
PAR  Between the vertical spindle 18 and the tube 4 there is arranged a
      cylindrical shell 19 which is surrounded by a helical spring 20 which is
      under compression. This spring presses against the bottom of the
      instrument table 2 and against the support plate 3 and provides a
      counter-force for the vertical adjustment of instrument support 3 and tube
      4.
PAR  In the embodiment illustrated, the inner rod 7 has three spherical bulges
      21, 22 and 23. The rod 7 is so mounted within sleeve 6 by means of the
      upper sphere 21 that when the control lever 5 is swivelled around the
      pivot defined by the universal joint, rod 7 swivels with sleeve 6 without
      any lost motion, but it does not rotate with said sleeve because the
      frictional forces between the bulges 22 and 23 and the members 26 and 24,
      respectively, are greater than the frictional force between the bulge 21
      and the sleeve 6.
PAR  The lower spherical end 23 of rod 7 engages a cup located in an
      intermediate plate 24 which rests upon a pad 25 of synthetic material
      connected to plate 1.
PAR  The spherical bulge 22 is mounted in an aperture in a ring 26, relative to
      which the gearwheel 13 can be rotated by means of a ball bearing 27.
PAR  When the control lever 5 is swivelled, the inner rod 7 swivels about the
      pivot defined by the universal joint, thereby shifting the instrument
      table 2 in horizontal direction by way of the linkage 22, 26. The table
      then slides over intermediate plate 24 which is fitted with a
      self-lubricating ring 28. The plate 24 is held stationary by friction
      between pad 25 and the bottom surface of plate 24.
PAR  As is evident from FIGS. 1-3, the control lever 5 of the device is carried
      in two separate bearings, one of which defined by the universal joint
      8-12, transmits only the rotation of the sleeve 6 necessary for vertical
      adjustment of the instrument support 3, 4. The other bearing 22, 26
      supports the inner rod 7, causing the instrument table 2 to be displaced
      horizontally whenever the control lever 5 is swivelled. This horizontal
      displacement is accomplished with a certain reduction. The extent of this
      reduction is defined by the relationship of the distance between the pivot
      of the universal joint and the lever end 23 to the distance between points
      22 and 23.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for the fine adjustment of an optical instrument, comprising a
      base plate, an instrument table including an instrument support plate for
      supporting said optical instrument, an intermediate plate resting upon
      said base plate, a control lever, said control lever comprising a hollow
      sleeve and a rod extending into said sleeve and engaging said sleeve
      without lost motion, said sleeve being rotatable about its longitudinal
      axis, a universal joint mounted on the lower end of said sleeve on which
      said control lever swivels in all directions about a pivot point defined
      by said universal joint, a gearwheel mounted on said universal joint and
      rotatable with said sleeve and universal joint, and means connected with
      said gearwheel and operable on rotation of said sleeve to raise and lower
      said instrument support plate, said rod being pivotally connected to said
      intermediate plate at its lower end and being pivotally connected to said
      instrument table at a point below said pivot point of said universal joint
      to produce horizontal displacement of said instrument table when said
      control lever is swivelled.
NUM  2.
PAR  2. A device as claimed in claim 1 in which said pivotal connection between
      said rod and said instrument table comprises a spherical bulge on said rod
      located between the lower end of the rod and the pivot point defined by
      said universal joint.
NUM  3.
PAR  3. A device as claimed in claim 1 in which said means connected with said
      gearwheel includes a vertical threaded spindle, a gearwheel mounted
      thereon, and a gear belt connecting said gearwheels.
NUM  4.
PAR  4. A device as claimed in claim 3 including a cylindrical shell mounted on
      said instrument table between said spindle and said optical instrument,
      and a compression spring surrounding said shell which presses against the
      instrument table and against said instrument support plate.
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ABST
PAL  A transmission shift control mechanism for preventing inadvertent movement
      toward the reverse gear engaging position during forward upshifting or
      downshifting, thereby reducing the forward shift time and thus reducing
      harmful engine emissions. The shift lever is guided in its movement
      between shift rails, and blocked from moving to the reverse shift rail
      engaging position until an additional movement is made. Shift rail collars
      define shift lever guides, the reverse one of which is offset from the
      forward guides to thereby require the additional movement of the shift
      lever.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to automotive transmissions or the like
      and more particularly to the controlled shifting of such a transmission in
      a manner tending to prevent inadvertent shifting into reverse gear and
      reducing the time required to shift through the forward gears.
PAR  2. Description of the Prior Art
PAR  In recent years there have been many improvements in automotive
      transmissions, including improvements related to the shifting of sliding
      gear manual transmissions. These improvements have involved rather complex
      structural controls, and in some instances have involved additional shift
      lever control elements. There remains a need to provide a simplified shift
      control system for establishing a desirable shifting pattern and
      preventing inadvertent shifting toward reverse gear during shift control
      movement through forward gears.
PAR  Accordingly, it is an object of this invention to meet the continuing need
      and desire in the art for improvements in transmissions and transmission
      controls by providing, for example, a multiple speed sliding gear manual
      transmission shift control which successfully prevents inadvertent
      shifting into reverse gear while at the same time incorporates economical
      shift elements which exhibit reliability in service.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to an improved shift control system for a sliding
      gear manual transmission wherein a shift lever is moved to engage a shift
      rail, and thereafter is moved to carry the engaged shift rail and its
      associated synchronizing clutch mechanism to a position engaging a
      selected gear. Generally, the first movement to engage a shift rail is
      such that a portion of the shift lever moves into a gate provided in a
      collar on the shift lever. In a multiple speed sliding gear transmission
      there is generally provided a plurality of shift rails and associated
      collars, each collar having a gate.
PAR  The invention is directed to the orientation of these gates. In particular,
      the gate associated with the reverse shift rail is offset from the gates
      associated with the shift rails controlling forward drive gears, such that
      movement of the shift lever into the reverse gate is blocked until the
      shift lever is moved to compensate for the offset relationship.
PAR  By blocking movement of the shift lever into engagement with the reverse
      shift rail, inadvertent shifting into reverse gear is prevented. This
      prevents damage or excessive wear to the transmission and shift control
      system thereof, and in addition and perhaps more importantly, reduces
      harmful engine emissions caused by the delay in completing the forward
      shifting sequence when the carburator is providing a rich mixture to the
      engine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The objects and advantages of this invention will become apparent to those
      skilled in the art upon careful consideration of the specification herein
      including the drawing wherein,
PAR  FIG. 1 is a sectional view showing a typical multiple speed sliding gear
      manual transmission incorporating the improved shift control;
PAR  FIG. 2 is a partial sectional view taken along the line 2--2 of FIG. 1
      showing details of the shift rails and collars and the associated reverse
      shift fork;
PAR  FIG. 3 is a partial view taken along the line 3--3 of FIG. 2 showing in
      detail the shift collars and associated shift rails and including the
      offset gates;
PAR  FIG. 4 is a shift diagram illustrating the offset relationship of the shift
      pattern; and
PAR  FIG. 5 is a shift diagram, similar to FIG. 4, showing another offset
      relationship.
DETD
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawing, and will herein be described in detail a
      preferred embodiment with the understanding that the present disclosure is
      to be considered as an exemplification of the principles of the invention
      and is not intended to limit the invention to this embodiment.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing in greater detail, FIG. 1 shows a 4-speed
      sliding gear manual transmission 10, one of the many types of
      transmissions with which the invention may be associated. Transmission 10
      includes a housing 12 and an input shaft 14 extending through housing 12
      to define an input gear 16 within housing 12. An output shaft 18 extends
      through housing 12 and defines therein a support carrier on which are
      mounted third ratio output gear 20, second ratio output gear 22 and
      first-reverse ratio output gear 24.
PAR  A suitable synchronizing clutch mechanism 26 may be of the type disclosed
      in White et al U.S. Pat. No. 2,221,900 issued Nov. 19, 1940. A similar
      synchronizing clutch mechanism 28 is also carried on output shaft 18.
      Synchronizing clutch mechanism 28 acts as a carrier for first-reverse
      ratio output gear 24.
PAR  A countershaft 30 is supported for rotation within housing 12. A
      countershaft drive gear 32 meshes with input gear 16 for providing
      continuous drive to countershaft 30. Countershaft 30 also defines third
      ratio input gear 34 meshing with third ratio output gear 20, second ratio
      input gear 36 meshing with second ratio output gear 22 and first-reverse
      drive gear 38.
PAR  Reverse countershaft 40 is carried within housing 12. Reverse drive gears
      42 and 44 are suitably carried for sliding movement along reverse
      countershaft 40.
PAR  Movement of synchronizing clutch mechanism 26 in the forward direction (to
      the left as shown in FIG. 1) will engage input gear 16 with output shaft
      18 to provide direct drive. It should be understood, however, that direct
      drive in fourth gear is but one example of the drive relationships which
      may be established.
PAR  Movement of synchronizing clutch mechanism 26 in the rearward direction (to
      the right as shown in FIG. 1) will engage third ratio output gear 20 with
      output shaft 18. In this position drive is from input shaft 14 through
      gear 16, gear 32, gear 34, and gear 20 to output shaft 18.
PAR  Synchronizing clutch mechanism 28 is moved in the forward direction to
      engage second ratio output gear 22 with output shaft 18. In this position
      drive is from input shaft 14 through gear 16, gear 32, gear 36, and gear
      22 to output shaft 18.
PAR  Synchronizing clutch mechanism 28 may be moved in the rearward direction to
      carry first-reverse ratio gear 24 into mesh with first-reverse drive gear
      38 to establish the first drive ratio. In this position drive is from
      input shaft 14 through gear 16, gear 32, gear 38, and gear 24 to output
      shaft 18.
PAR  To establish the reverse drive ratio, reverse drive gears 42 and 44 are
      moved in the forward direction along reverse countershaft 40 to a position
      wherein gear 42 meshes with first-reverse drive gear 38. In this position
      gear 44 is in alignment with gear 24. A suitable meshing relationship
      between these two gears is then established. Reverse drive is from input
      shaft 14 through gear 16, gear 32, gear 38, gear 42, gear 44, and gear 24
      to output shaft 18.
PAR  It should be understood that the gear drive relationships disclosed herein
      is by way of example, and that the shift control assembly may be
      incorporated in a transmission of this type or in transmissions of other
      types and designs.
PAR  Shift rails 46, 48 and 50 are carried within housing 12 for axial movement.
      Each shift rail carries a suitable shift fork for effecting gear
      engagement to establish the desired gear drive ratio. For example, shift
      fork 52 is carried by shift rail 48 and engages synchronizing clutch
      mechanism 26. Axial movement of shift rail 48 results in axial movement of
      synchronizing clutch mechanism 26 in the forward or reverse direction, as
      desired, to establish fourth or third gear drive ratios, respectively, as
      hereinabove described. A suitable shift fork 53 is carried by shift rail
      46 and is in engagement with synchronizing clutch mechanism 28 for
      effecting axial movement thereof, along with gear 24 carried thereby.
      Similarly, shift fork 54 is carried by shift rail 50 for axial movement
      therewith. Shift fork 54 engages gear assembly 42 and 44 to slide them
      axially along reverse countershaft 40 upon axial movement of shift rail
      50.
PAR  Shift collars 56, 58 and 60 are carried respectively by shift rails 46, 48
      and 50. Collar 56 defines a gate 62 including a forward wall 64. Collar 58
      defines a gate 66 including a forward wall 68. Gates 62 and 66 are in
      alignment, as can best be seen in FIG. 3. Collar 60 defines a gate 70
      having a forward wall 72. Gate 70 is out of alignment with gates 62 and
      66; that is, the axis of gate 70 is offset from the axes of gates 62 and
      66. Forward wall 68 of gate 66 defines a chamfer 74 extending from forward
      wall 68 to a point in alignment with forward wall 72 of gate 70.
PAR  Within gate 70 of collar 60 there is a rod 76 defining a plunger 78 at one
      end thereof adjacent gate 66 of collar 58. A spring 80 biases plunger 78
      toward gate 66. A suitable limit stop 82, at the opposite end of rod 76,
      prevents movement of plunger 78 beyond collar 60 and into gate 66.
PAR  A shift tower 84 is carried by housing 12 of transmission 10 and defines
      therein a socket 86. A shift lever 88 extends into shift tower 84 and
      defines a ball 90 cooperable with socket 86 to form a universal ball and
      socket joint. Shift lever 88 defines a lower end 92 oriented so as to be
      movable within and between gates 62, 66 and 70 of collars 56, 58 and 60,
      respectively.
PAR  Movement of shift lever 88 (horizontally as shown in FIGS. 2 and 3) will
      place head 92 in alignment with one of the collars 56, 58 or 60 within its
      respective gate 62, 66 or 70. However, while movement between gates 62 and
      66 is in one plane, as these gates are in alignment, movement into gate 70
      is in another, offset plane spaced from but parallel to the first plane.
      This results because gate 70 is offset from gates 62 and 66. This requires
      a slight transverse movement of shift lever 88 (vertically as shown in
      FIG. 3) before head 92 can be moved from gate 66 of collar 58 into gate 70
      of collar 60, that is before reverse shift rail 50 can be engaged. This
      requirement for offset movement serves as a warning to the operator that
      he is preparing to engage reverse gear. In addition, resistance to entry
      into gate 70 is provided by spring biased plunger 78.
PAR  The advantage of this arrangement can be seen in FIGS. 4 and 5, which show
      diagrammatically two of the shift patterns which may be developed by this
      invention. When shifting, for example, from second gear to third gear,
      shift lever 88 would be moved upwardly, rightwardly and upwardly as shown
      in FIGS. 4 and 5. This would correspond to the operator moving shift lever
      88 forwardly to disengage second gear, rightwardly in the neutral range to
      move head 92 out of gate 62 of collar 56 and into gate 66 of collar 58,
      and then forwardly to carry collar 58, shift rod 48 and shift fork 52 in
      the rearward direction (as best shown in FIG. 1) to establish the third
      gear ratio. By providing the offset disclosed herein, it is impossible for
      the operator to shift inadvertently into reverse gear, as it would be
      necessary for him to move shift lever 88 in the opposite direction, that
      is away from the third gear ratio position and toward the fourth gear
      ratio position, before he could move shift lever 88 to slide head 92 into
      gate 70 of collar 60. According to this invention, this condition would
      prevail regardless of the direction required for shifting of shift rail 50
      to engage reverse gear.
PAR  The chamfered or beveled surface 74 of front surface 68 of gate 66 is
      provided to prevent blocking movement of head 92 out of groove 70 and into
      groove 66 when it is desired to shift out of reverse gear.
PAR  An advantage of the invention disclosed herein is that inadvertent shifting
      into reverse gear is prevented. An important advantage obtained thereby is
      a reduction in harmful engine emissions which would otherwise be caused by
      shift delay at a time when an operator lifts his foot to close, or
      partially close, the throttle and the carburetor is in a rich position.
PAR  It should be apparent that although the invention provides a novel
      arrangement for control of the shifting of a multiple speed, sliding gear
      manual transmission, it is readily convertible for use in other types of
      transmission assemblies with or without overdrive. Further, it should be
      understood that while the preferred embodiment of the invention has been
      shown and described, this should be considered as illustrative and may be
      modified by those skilled in the art without departing from the scope
      thereof, which is to be limited only by the claims herein.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a multiple speed ratio power transmission mechanism having gear
      elements selectively engagable for defining torque delivery paths between
      a driving member and a driven member, shift elements movable for
      selectively engaging said gear elements, and a shift member movable for
      selectively engaging and moving said shift elements, the improvement
      wherein said shift member is movable in a first plane into at least one
      engaging position and in a second plane into another engaging position,
      said shift elements defining gates, one of said shift elements defining a
      gate offset from the remainder thereof, said one shift element blocking
      movement of said shift member in said first plane into its gate and
      allowing movement of said shift member in said second plane into its gate
      to establish said other engaging position, another of said shift elements
      defining a gate having a portion thereof enlarged adjacent said offset
      gate, thereby facilitating movement of said shift member between said
      planes.
NUM  2.
PAR  2. In a control for a multi-speed tranmission, first, second and third
      elements selectively movable for changing transmission output, said first
      and second elements respectively defining first and second gates in
      alignment, said third element defining a third gate out of alignment with
      said first and second gates, a shift member selectively movable in one
      path into said aligned gates for engaging one of said first and second
      elements and in another path into said third gate for engaging said third
      element, said third element blocking movement of said shift member into
      said third gate in said one path, said second gate having a chamfered
      portion adjacent said third gate for facilitating movement of said shift
      member between said second and third gates.
NUM  3.
PAR  3. The invention according to claim 2, said paths being parallel and said
      shaft member being movable transversely between said paths.
NUM  4.
PAR  4. The invention according to claim 3, said transverse movement being along
      said third element.
NUM  5.
PAR  5. The invention according to claim 2, resilient means in said third gate
      tending to resist entry of said shift member thereinto.
NUM  6.
PAR  6. The invention according to claim 2, said first element comprising a
      first-second ratio shift rail, said second element comprising a
      third-fourth ratio shift rail and said third element comprising a reverse
      ratio shift rail, said third gate being offset toward fourth ratio.
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ABST
PAL  A steering wheel for a vehicle including as part of its center portion a
      recessed container for holding a writing pad which is constructed to form
      an attractive integral structure that is also utilitarian. A pen or pencil
      may also be carried in said container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When traveling in a vehicle, it is often desirable to be able for the
      driver to stop and jot down notes. However, until this invention, the
      standard steering wheel had no handy and convenient writing pad. The pads
      conventionally available were awkward and inconvenient to use. If attached
      to a steering wheel, they were generally unattractive and a possible
      safety hazard. Moreover, the attaching mechanism was subject to slippage
      and damage to the steering wheel. Hence, though a need has existed for
      such a device, the attachable pads on the market had too many defects.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, this invention was developed which, briefly, is a steering
      wheel with an integral pad and container as the center part of the
      steering wheel. The container is adapted to clip into a matingly shaped
      portion of the steering wheel and the pad is mounted on the container. The
      steering wheel can be mounted on any standard steering post and secured
      thereto by attaching means opening through the steering wheel center
      beneath the portion where the container is clipped into place. A pen or
      pencil is also carried in said container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of an embodiment of this invention, showing the
      container centered as a vertically positioned, rectangularly shaped
      portion of the steering wheel.
PAR  FIG. 2 is a fragmented, sectional view of the steering wheel as disclosed
      in FIG. 1 showing the relative depth of the container and the attachment
      of the steering wheel to a steering post.
PAR  FIG. 3 is a fragmented sectional view of clip attachment means taken
      through 3--3 in FIG. 2.
PAR  FIG. 4 is a top plan view of another form of this invention, shown with the
      container as a normally horizontally positioned rectangle.
PAR  FIG. 5 is a isometric, partly fragmented view showing the container as in
      FIG. 4 with a lid hinged thereon in open position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to the form of this invention shown in FIGS. 1 and 2 in the
      drawings, a circular steering wheel 10 with three spokes 12, 14 and 16
      connected to a generally vertically positioned rectangular container
      receptacle 18 recessed and molded as an integral part of the steering
      wheel 10.
PAR  The container receptacle 18 is adapted to receive a mating pad container 20
      best shown in FIG. 2. It securely snaps into place within the receptacle
      18 through its resiliently releasable end tabs 22 and 24 engaging in
      mating recessed 26 and 28, respectively, which are formed in the opposite
      ends of receptacle 18.
PAR  The container 20 is formed with inwardly overhanging lips 30 and 32 on each
      of its opposing ends. These lips are adapted to retain a paper pad 34 in
      place within the recessed area of container 20. A clip 36 is attached
      within the container 20 next to the pad 34 to hold a pencil 38.
PAR  The steering wheel 10 is attached to a steering wheel post 40 through means
      of a hold 42 cut through the hub 44 of the wheel 10 which is beneath the
      receptacle 18. It is secured firmly in place by a nut 46 screwed onto a
      matingly threaded end 48 of the post 40 and bearing against the floor of a
      surrounding recess 50 in receptacle 18 as best shown in FIG. 2.
PAR  The form shown in FIGS. 4 and 5 is basically the same as shown in FIGS. 1,
      2 and 3 with like parts given the same numbers primed except that the
      receptacle 18' is normally positioned horizontally and the spoke 14' is
      enlarged, so as to have more room for an optional name plate 15 attached
      thereon. Also, the container 20' is provided with a lid 21 hingedly
      mounted thereto, in order to cover the pad 34' carried therein.
PAR  For use this steering wheel can be easily mounted on any standard steering
      wheel post as shown in FIG. 2. To do so, the container 20 is snapped out
      of the receptacle 18 and the nut 46 is screwed tight on the threaded end
      46 of the post 40 after the hub 44 is slid thereon. The container 20 is
      then snapped back in place in the receptacle 18 with a pad 34 positioned
      in front of the driver ready for use.
PAR  Though several particular forms of this invention have been shown and
      described, other variations are intended to be comprehended within the
      spirit of this invention as defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steering wheel adapted to be mounted on a steering post including an
      outer ring, an inner hub, elements interconnecting said outer ring and
      said hub substantially centrally within said outer ring wherein the upper
      portion of said hub is formed as a recessed receptacle adapted to receive
      a mating writing pad container, said container engaged with and releasably
      mounted in said receptacle by means of resiliently movable tabs locking in
      mating grooves and a writing pad carried in said container.
NUM  2.
PAR  2. A steering wheel as defined in claim 1 wherein said pad is securely held
      in said container by means of overhanging lips extending from the upper
      edges of said container.
NUM  3.
PAR  3. A steering wheel as defined in claim 2 wherein said hub is provided with
      a central opening extending therethrough which is adapted to receive a
      steering post, so as to protrude slightly beyond said opening when
      positioned therein, wherein said steering wheel is mounted and released
      from said steering post by means of an attaching means engaging the
      protruding portion of said steering post and bearing against the adjacent
      portion of said steering wheel.
NUM  4.
PAR  4. A steering wheel as defined in claim 3 wherein said attaching means is a
      nut screwed onto a matingly threaded end portion of said steering post and
      the part of said steering wheel which it bears against, is a surrounding
      recess cut deeply enough into the receptacle of said steering wheel that
      the end of said steering post is below the container when clipped into the
      receptacle portion.
NUM  5.
PAR  5. A steering wheel as defined in claim 2 wherein the receptacle and
      container are rectangular in shape.
NUM  6.
PAR  6. A steering wheel as defined in claim 5 which is provided with a hingedly
      mounted lid on said container.
NUM  7.
PAR  7. A steering wheel as defined in claim 1 wherein a writing instrument is
      carried in said container.
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ABST
PAL  Noise generation by machines having cam driven reciprocating elements is
      reduced in a machine wherein the cam-follower linkage comprises a double
      walled cam slot, a follower roller within the slot and spring means for
      moving the follower from the trailing wall to the leading wall of the cam
      slot.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to machine noise suppression and
      more particularly to improved machines of the type having cam driven
      traverse mechanisms, such as coning machines. The invention is
      characterized by low noise and vibration generation, and it may be
      embodied in new machines or in modifications to prior art machines.
PAR  Coning machines, widely used in the textile industry, are typical of a
      larger class of machine employing a traverse rod or other traversing
      element carrying a small roller or other follower that is confined in a
      groove of a rotating cam or otherwise subjected to a back-and-forth
      camming action. The rotating cam groove, or the like, enforces a
      substantially linear back-and-forth motion upon the traverse rod or other
      traversing element. Impacts made by such mechanisms under typical
      production operating conditions of high speed and close spacing between
      machines, characteristically produce airborne noise levels that are
      hazardous to the hearing of operating personnel and others employed in the
      area. Such impacts also cause wear in the working parts and excessive
      impulsive loading upon the driving gear train which causes wear and
      fatigue in the gears, particularly when plastic gears are used as a means
      for aiding noise reduction. Vibrations from such impacts can also travel
      through the machine structure and generate noise at other machine parts.
PAR  To illustrate the scope of the problem, the textile coner, a machine which
      rotates a cardboard cone while feeding a textile filament or the like onto
      the cone via a traversing guide, is normally used in large numbers closely
      spaced in a production area, and under these conditions the resulting
      combined noise exceeds the noise limits of the United States Occupational
      Safety and Health Act standards. There are several hundred thousand of
      such machines extant.
PAR  Accordingly, it is an important object of the invention to provide
      traversing machines with means for reducing the above-described impact
      noise and vibration generation.
PAR  It is a further and more specific object of the invention to achieve the
      preceding object with coning machines meeting the noise limits of the
      Occupational Health and Safety Act standards under normal production
      operating speeds and configuration.
PAR  It is a further object of the invention to avoid interference with basic
      machine designs and coning performance consistent with one or both of the
      preceding objects.
PAR  It is a further object of the invention to provide low cost and simple low
      noise, traversing means consistent with one or more of the preceding
      objects.
PAR  It is a further object of the invention to achieve one or more of the
      preceding objects with noise traversing construction which is reliable,
      reduces wear and permits faster machine operation.
PAR  It is a further object of the invention to provide a low noise traversing
      method which is simple and effective consistent with one or more of the
      preceding objects.
PAR  It is a further object of the invention to provide a retrofit capability
      for existing machines, as well as improved low noise designs for new
      machines, consistent with one or more of the preceding objects.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, the cam surface-cam follower linkage for
      effecting traverse motion comprises a cam slot with opposed walls. At any
      given point in the cam cycle, one of the opposed walls is a leading wall
      and the other is a following wall with respect to the direction of
      traverse at the moment. The cam follower has at least some play between
      the walls to avoid binding. In the absence of specific steps or means
      adapted to achieve a contrary result, the follower tends to lean against
      the trailing wall of the cam which forces the follower along its course of
      traverse, and then near the end of the substantially linear traverse
      stroke, the trailing wall turns sharply backward while the follower,
      propelled by its momentum (including the momentum of the entire traverse
      mechanism), slams against the leading wall, which is also turning
      backward, thereby generating impact noise and vibration. According to the
      present invention a shifting means shifts the follower from its contact
      with the trailing wall into firm contact with the leading wall during the
      relatively long interval of substantially linear traverse so that the
      follower will be already in contact with the leading wall at the start of
      the high acceleration interval of reversal in traverse direction, thereby
      eliminating the aforementioned impact and enforcing the smooth controlled
      reversal motion designed into the leading wall of the cam.
PAR  The force required to accomplish the shift of the follower from the
      trailing wall to the leading wall is small compared with the force
      required to cause reversal of the direction of traverse since there is
      small or substantially zero acceleration of the traverse during the
      shifting interval. Also the force required to cause a smooth controlled
      reversal of the traverse direction when the follower is in contact with
      the leading wall of the cam is very small compared with the force
      encountered at the end of the uncontrolled, ballistic course of the
      traverse motion as the follower leaves the trailing wall and impacts the
      leading wall of the cam.
PAR  Numerous other objects, features and advantages of the invention will be
      apparent from the following detailed description of preferred embodiments,
      taken in connection with the accompanying drawing in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view of a portion of a coner, with noise reduction means
      for its traversing element, in accordance with a preferred embodiment of
      the invention;
PAR  FIG. 2 is a top view of a portion of the FIG. 1 embodiment with the cam
      surface unrolled into a horizontal plane for clarity of illustration of
      the function of the invention;
PAR  FIG. 3 is a sectional view of a modified spring part for use in the
      apparatus of FIGS. 1-2 according to a second preferred embodiment, and
PAR  FIG. 4 is an exploded side view of the first preferred embodiment of the
      invention, FIGS. 4A and 4B showing alternates to the rollers and spring,
      respectively.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawing and more particularly FIG. 1, there is shown a
      side view of a portion of a coning machine unit 10 comprising a spindle 12
      with a motor and belt powered sheave drive 14 therefor incorporating the
      invention. The unit may be one of several driven from a common motor
      connected via belts to their respective sheaves 14 for driving their
      respective spindles 12, or it may be part of a one-unit machine. A
      cardboard cone C is mounted on the spindle, and a source of fiber S feeds
      out fiber to the cone via a reciprocating guide element 16 mounted on a
      traverse rod 18. The traverse rod has a head 20 mounted thereon supporting
      a cam follower roller 21 at the leading portion of the cam follower on a
      rigid axle 23 and a secondary roller 22 via a carrier linkage 36 and pin
      42 (FIG. 4).
PAR  A cam element 24 is driven off sheave 14 and spindle 12 via a gear train 26
      and shaft 27 to convert the rotary motion of the shaft drive to a
      reciprocating traverse motion of the follower. Fixed guide structure (not
      shown) prevents rotation or other lateral movement of the traverse rod.
      The cam element 24 has a cam groove 28 for guiding rollers 21, 22.
PAR  Referring now to FIG. 2 there is shown a top view of a portion of the
      machine to better illustrate the invention. The cam groove 28 has a
      leading wall 31 and an opposed trailing wall 32 The cam rotary motion is
      in the direction indicated by arrow M and produces a traversing movement
      of rod 18 as indicated by arrow T until the end of a stroke is reached and
      there is a reversal of the traverse motion during an interval of high
      acceleration so that the traverse rod then moves in the direction T' while
      the cam continues in the same rotary direction M. In the absence of
      specific means for effecting a contrary result, the roller 21 would be
      back against the trailing wall 32. In this embodiment, the cam follower
      roller 21 is shifted to the leading wall 31 prior to reversal of the
      traverse direction during an interval of nearly zero acceleration by
      provision of the second roller 22, a spring element 34, connecting link 36
      and a pin 38 of the traverse rod head 20. The pin extension 38 is held in
      fixed relation to the traverse head 20 by a bent washer 40 as described
      below in connection with FIG. 4. Cam follower roller 21 and second roller
      22 are interconnected by link 36 carrying a fixed pin 42 with extension
      47. Pin 38 and extension 47 are forced apart by a spring 34.
PAR  Spring 34 shown as a hairpin type for simplicity and clarity in FIG. 2, may
      alternatively comprise a spiral compression spring 34' held between pin 38
      and extension 47 by telescoping tube sections 34A and 34B, as shown in
      FIG. 3. In both embodiments, the spring urges extension 47 and pin 38
      apart subject to the further constraints that pin 38 is fixed in relation
      to traverse head 20, that the distance between axle 23 and pin 42 is fixed
      by link 36 and that rollers 21 and 22 are limited in their movements by
      contact with the walls 31 and 32 of groove 28.
PAR  If cam follower roller 21 were used as the sole follower element (as in
      prior art machines) it would tend to bear against trailing wall 32. The
      construction according to the invention, causes second roller 22 to press
      back against trailing wall 32 and cam follower roller 21 to move against
      leading wall 31 in the course of (usually at the beginning of) traverse in
      the direction indicated by arrow T.
PAR  Referring also to FIG. 2 there is shown the cam groove and follower
      orientation (illustrated in dashed line) at a later point in time, on the
      order of milliseconds, when cam 24 continuing its tangential movement in
      the direction M, has passed the limit of its reach to the right side of
      FIG. 1 and wherein continued rotation over the next 180.degree. will
      establish the cam position shown in chain lines in FIG. 1. Traverse rod 18
      has begun traversing movement in the direction T'. Wall 32 of groove 28
      has become the leading wall and wall 31 has become the trailing wall. The
      cam follower roller 21 has been pressed forward to contact the new leading
      wall 32 by the reaction of the second roller 22 against the new trailing
      wall 31. In the course of effecting such a shift from the position at the
      first time to that at the second time, the spring 34 rotates nearly
      180.degree..
PAR  Referring to FIG. 4, there is shown an exploded perspective view of the
      exemplary embodiment of the invention illustrating all the parts of the
      cam follower assembly including said rollers 21 and 22, axle 23, pin 42,
      and its extension 47, spring 34 and its bushings 43 and 49, link 36,
      washer 40, pin 38, snap rings 39, 45 and 51, traverse rod 18, and traverse
      head 20. Washer 40 is bent to engage a portion 44 thereof over the back
      side face 46 of head 20 and has a hole 48 which passes axle 23 that is
      rigidly mounted in head 20; this construction prevents washer 40 from
      rotating. Pin 38 extends up from the washer 40 when the parts are
      assembled.
PAR  The axle 23 passes down through the hole in washer 40 through the sleeve 37
      in one end of link 36 and through the steel cam follower roller 21 which
      is held in position by snap ring 39. Pin 42 in link 36 passes down through
      secondary roller 22 which is held in position by snap ring 41. Pin 38 in
      washer 40 passes up through bushing 43 of spring 34 which is held in place
      by snap ring 45. Extension 47 of pin 42 extends upward through bushing 49
      of spring 34, which is held in place by snap ring 51 which completes the
      assembly of this exemplary embodiment.
PAR  The above-described embodiments may be incorporated in design of new coning
      machines or applied to existing coning machines as a retrofit. The primary
      roller 21 is preferably made of steel and the secondary roller 22 is
      preferably made of a resilient low density material having high damping
      constant, such as polyurethane.
PAR  The coner of the present invention achieves a low noise and low vibration
      operation, compared to prior art coners without sacrificing usual coner
      operating speeds or other capabilities and without substantial increase in
      number of parts or cost. The above described spring assembly allows
      stopping in the middle of a traverse and restart and performs in all
      respects as the unmodified assembly except quieter and with reduced
      impulsive forces in gear train and in connected parts of the machine.
PAR  A slight but substantially imperceptible impact is produced in shifting
      rollers 21 and 22 as described above in connection with FIGS. 2 and 3.
      Such impact involves small forces, low velocities and therefore little
      impact. The force of spring 34 (FIG. 2) or 34A (FIG. 3), or of other
      spring or shifting means such as an elastomer which may be employed, only
      has to overcome the friction of the traverse motion and fiber drag and
      provide sufficient force to accelerate the cam follower roller from one
      groove wall to the other within the time period of a traverse stroke. This
      spring force is much less than the force required to produce the
      acceleration of the traverse assembly at each reversal, is entirely
      between the cam and traverse assembly and the mechanism producing this
      force adds negligible mass to the oscillating system.
PAR  For some purposes the cam following roller 21 may preferably be replaced by
      a cam following slider and/or the second roller 22 may be replaced by a
      slider and/or a slider may be used in conjunction with second roller 22
      without altering the intent and scope of the foregoing disclosure.
PAR  FIG. 4A is a perspective view of an elastomer element 34" made of rubber or
      other suitable resilient material which may be substituted for spring 34.
      FIG. 4B is a perspective view of a pair of sliders 21' and 22' which may
      be substituted for rollers 21 and 22.
PAR  As still another alternative, the principles of the invention may be
      applied to a camming system in which grooved cam follower slides ride upon
      a guiding rail, or alternatively, a pair of rollers is substituted for
      each grooved slider. The leading and trailing walls would then be raised
      instead of recessed.
PAR  It is evident that those skilled in the art may now make numerous other
      uses and modifications of and departures from the specific embodiments
      described herein without departing from the inventive concepts.
      Consequently, the invention is to be construed as embracing each and every
      novel feature and novel combination of features present in or possessed by
      the apparatus and techniques herein disclosed and limited solely by the
      spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a cam and cam follower assembly employing a cam surface having
      opposing first and second walls that guide a reciprocating cam follower
      means having a leading portion, the improvement comprising,
PA1  means for establishing one of said walls as a leading wall in contact with
      said leading portion for most of the path followed by said cam follower
      means during a traversal of said path and the other as a trailing wall
      normally free from contact with said leading portion for shifting the cam
      follower means leading portion from the then leading and next trailing
      wall to the then trailing and next leading wall prior to the reciprocating
      motion reversal.
NUM  2.
PAR  2. The improvement in accordance with claim 1 wherein the cam follower
      means comprises a first follower at said leading portion and a second
      follower and said means for shifting comprises,
PA1  means for urging the first follower against the leading wall and the second
      follower against the trailing wall during traverse by said cam follower
      means.
NUM  3.
PAR  3. The improvement in accordance with claim 2 and further comprising a
      traversing element coupled to said cam follower means having a fixed
      lateral extension,
PA1  and said means for urging comprises means for holding said first and second
      followers at a fixed distance with respect to each other,
PA1  and spring means connected between said lateral extension and said second
      follower.
NUM  4.
PAR  4. The improvement in accordance with claim 3 wherein said spring means
      comprises a hairpin spring.
NUM  5.
PAR  5. The improvement in accordance with claim 3 wherein said spring means
      comprises a coil spring within means for confining relative displacement
      between the turns of said coil spring to a direction substantially along
      the coil spring axis.
NUM  6.
PAR  6. The improvement in accordance with claim 3 wherein said spring means is
      an element made of resilient material.
NUM  7.
PAR  7. The improvement in accordance with claim 2 wherein said first and second
      followers comprise rollers and further comprising a traversing element
      having an axle carrying said first roller comprising and having a fixed
      lateral extension,
PA1  said fixed lateral extension having a pin at a distance from the first
      roller axle,
PA1  linking means having a second roller axle for carrying said second roller,
PA1  and spring means connected between the pin and the second roller axle
      comprising said means for urging.
NUM  8.
PAR  8. The improvement in accordance with claim 2 wherein said first and second
      followers comprise slides and further comprising a traversing element
      coupled to said cam follower means having a fixed lateral extension,
PA1  said fixed lateral extension having an axle carrying said first slide and a
      pin at a distance from the first slide axle,
PA1  linking means having a second slide axle for carrying said second slide,
PA1  and spring means connected between the pin and the second slide axle
      comprising said means for urging.
NUM  9.
PAR  9. A method of operating the improvement of claim 1 which method includes
      the steps of positioning said cam follower means leading portion during
      intervals of nearly zero acceleration in contact with that one of said
      walls that next becomes the leading wall and forcing surface to produce
      high acceleration of said cam follower means.
NUM  10.
PAR  10. The improvement in accordance with claim 1 in which a cam and cam
      follower system cause a traverse assembly to execute substantially linear
      back and forth motions with high accelerations at each reversal but nearly
      zero acceleration along linear portions of the traverse between reversals
      during intervals between reversals in acceleration with the means for
      shifting including means for shifting the leading portion from one wall to
      the other during the intervals of nearly zero acceleration.
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ABST
PAL  A flywheel arrangement for an electrical machine having a shaft includes a
      flywheel and a flange-like structure on the shaft for defining a seating
      surface to accommodate the flywheel. Passages are formed in the structure
      for directing oil under pressure to the seating surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electric machines such as three-phase motors are commonly used to drive the
      coolant pumps in the primary loop of nuclear power plants. So that the
      coolant circulation can be maintained for a certain time in the event of a
      power failure, a flywheel is provided on the shaft on the electric
      machines driving the coolant pumps. These flywheels have heretofore been
      welded and were attached on the shaft by utilizing oil under pressure. For
      this purpose the wheels are provided with oil feed bores which first
      extend in the axial direction and are then brought in the radial direction
      to the seating surface of the flywheel.
PAR  Because a very high operational safety is demanded, especially for nuclear
      power plants, these flywheels, too, are subject to regulations which have
      recently been tightened substantially with respect to their manufacture
      and testing. The principal requirements ar now: first, the flywheels must
      not be welded but instead must be forged as one piece; second, the maximum
      stress of the flywheels must not exceed 1/3 of the yield point; and third,
      the wheels must permit 100 percent ultrasonic testing also for later
      checking.
PAR  The construction of the flywheels known heretofore and their attachment on
      the shaft do not meet these new requirements.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide a flywheel
      arrangement which will comply with the abovementioned requirements. It is
      another object of the invention, to provide such a flywheel arrangement
      which fulfills these requirements and yet retains the forced-fit
      connection to the shaft established with assistance of oil under pressure.
PAR  The above objects are achieved with the flywheel arrangement of the
      invention which is suitable for an electrical machine having a shaft. The
      flywheel arrangement include a flywheel and a flange-like structure on the
      shaft for defining a seating surface to accommodate the flywheel. Passage
      means are formed in the structure for directing oil uner pressure to the
      seating surface. The flywheel can be attached to the shaft by utilizing
      oil under pressure.
PAR  The seating surface of the shaft for the flywheel is thus configured in
      flange-fashion. The passage means can be in the form of oil feed bores
      which extend first in the axial direction and are then brought in radial
      direction to the seating surface for the flywheel. The oil feed bores
      leading to the seating surface start out from an end-face of the
      flange-like structure.
PAR  The flywheel can therefore be constructed as a solid ring which contains no
      bores of any kind and which can therefore be tested any time 100 percent
      with ultrasound. Although all oil feed bores are located in the shaft,
      independence of the length of the shaft from a manufacturing point of view
      is achieved and the axially extending length of the oil feed bores
      corresponds only to the length of the seating surface of the flywheel.
      Because the oil feed bores and annular grooves thus lie on a diameter
      larger than the shaft diameter proper, they cause no undue stress
      increases.
PAR  To achieve independence of the dimensions of the flange containing the oil
      feed bores with respect to the dimensions of the other parts arranged on
      the shaft, it is advantageous to make the flange separate from the shaft.
      This separate part nevertheless stays with the shaft. It is advisable to
      mount the flange on the shaft also by using oil under pressure. Therefore,
      the flange body also contains oil feed bores which start from the same
      end-face and lead to the seating surface of the flange body on the shaft.
PAR  Although the invention is illustrated and described herein as a flywheel
      arrangement for an electrical machine, it is nevertheless not intended to
      be limited to the details shown, since various modifications may be made
      therein within the scope and the range of the claims. The invention,
      however, together with additional objects and advantages will be best
      understood from the following description and in connection with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic diagram, partially is section, of the flywheel
      arrangement according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The solid, forged flywheel 3 is arranged on the shaft 1 of the rotor 2 of
      an electric machine such as a four-pole three-phase motor for example. The
      flywheel 3 is constructed as a geometrically simple, solid ring body.
      Because the flywheel is subject to stringent inspection requirements, it
      can be tested in this form 100 percent with ultrasound and the results are
      unambiguously comparable. The seating surface 4 of the shaft 1 for the
      flywheel 3 is configured as a flange 5 which is separate from the shaft 1.
      The flange 5 contains passage means in the form of oil feed bores which
      lead to the seating surface 4 for the solid flywheel 3. The flange 5 also
      contains ancillary passage means comprising oil feed bores 7 which lead to
      the seating surface 8 of the flange 5 on the shaft 1. All the oil feed
      bores 6 and 7 are arranged in distributed fashion along the circumference
      of the flange 5 and start from an end-face 9 of the flange 5. The bores 6
      and 7 initially extend in the axial direction and then in the radial
      direction to the respective seating surfaces 4 and 8 whereat they open
      into small annular grooves 10 and 11 for the distributing the oil over the
      respective seating surfaces.
PAR  Because all the oil feed bores 6 and 7 lie only within the flange 5, which
      has the form of a sleeve, stress increases caused by the notch effect of
      the bores and circular grooves are avoided in the flywheel 3 as well as in
      the shaft 1.
PAR  For the assembly, the flange 5 is first placed on the shaft 1, for which
      purpose the oil under pressure is used. Then the solid flywheel 3 is
      warmed up and pulled over the flange 5 and the desired press fit is
      established in the normal manner by shrinkage. The stress peaks which may
      occur here in an uncontrolled manner, particularly through axial
      shrinkage, are equalized by a one-time expansion with oil under pressure
      introduced through the oil feed bores 6. If the solid flywheel 3 must be
      removed, the oil under pressure alone is used for this purpose.
CLMS
STM  What we claimed is:
NUM  1.
PAR  1. A flywheel arrangement for an electrical machine having a shaft
      comprising: an annular solid flywheel devoid of any cavities therein; a
      flange-like structure on the shaft for defining a seating surface to
      accommodate said flywheel; said flywheel tightly engaging said seating
      surface thereby causing undesired stress peaks to develop in said
      flywheel; and, passage means formed in said structure for directing oil
      under pressure directly to said seating surface for expanding said
      flywheel to remove said stress peaks and, if required, for facilitating
      the subsequent removal of said flywheel from said seating surface.
NUM  2.
PAR  2. The flywheel arrangement of claim 1, said flange-like structure being a
      separate body mounted on the shaft.
NUM  3.
PAR  3. The flywheel arrangement of claim 2 comprising ancillary passage means
      formed in said structure for directing oil under pressure to the interface
      between said structure and the shaft, said ancillary passage means being
      separate and independent of said first-mentioned passage means.
NUM  4.
PAR  4. The flywheel arrangement of claim 3, said flywheel being a solid member.
NUM  5.
PAR  5. The flywheel arrangement of claim 1, said flange-like structure
      extending in a flange-like manner from the surface of the shaft and having
      an end-face disposed in a plane transverse to the longitudinal axis of the
      shaft; said passage means comprising a plurality of bores first extending
      from said end-face in a direction parallel to the shaft and then
      continuing in a radial direction to said seating surface.
NUM  6.
PAR  6. The flywheel arrangement of claim 5, said flywheel being a solid member.
NUM  7.
PAR  7. The flywheel arrangement of claim 5, said passage means including a
      plurality of annular grooves formed in said seating surface and
      communicating with said bores.
NUM  8.
PAR  8. The flywheel arrangement of claim 7, said flange-like structure being a
      separate body mounted on the shaft.
NUM  9.
PAR  9. The flywheel arrangement on claim 8 comprising ancillary passage means
      formed in said structure for directing oil under pressure to the interface
      between said structure and the shaft.
NUM  10.
PAR  10. The flywheel arrangement of claim 9, said ancillary passage means
      including a plurality of bores extending from said end-face and extending
      through said structure to said interface.
NUM  11.
PAR  11. The flywheel arrangement of claim 10, said ancillary passage means
      comprising a plurality of annular grooves communicating with said
      last-mentioned bores and formed in the surface of said structure at said
      interface.
NUM  12.
PAR  12. The flywheel arrangement of claim 11, said flywheel being a solid
      member.
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ABST
PAL  An automatic transmission power train including an improved torque-pressure
      transducer incorporating dual concentric outer turbine and inner
      transducer shafts, secured together at their input ends, and having a
      regulating valve mounted in the center of their output ends, with the
      axial movement of the regulating valve being controlled by a plurality of
      spring-loaded, axially aligned cam members, each having oppositely
      disposed tabs formed thereon for alternately extending through one set or
      both sets of oppositely disposed relatively movable longitudinal slots
      formed in the two shafts, with the spread of the cam members being changed
      by camming action in response to the relative twists of the concentric
      shafts, and the regulated transducer pressure thus produced being directed
      to a modulator valve assembly for transmittal to the conventional
      transmission shift valves.
BSUM
PAR  This invention relates generally to automatic transmissions for motor
      vehicles and, more particularly, to a novel means for measuring the torque
      involved therein.
PAR  Heretofore it has been a common practice to communicate manifold pressure
      or engine vacuum from the engine through a line to a vacuum modulator
      valve in order to influence the fluid pressure being delivered to the 1-2
      and 2-3 shift valves of an automatic transmission in accordance with
      torque demand. While this is proper for most power trains, it is sometimes
      deemed desirable to utilize a signal which is more accurately
      representative of the actual torque being transmitted, particularly with
      the advent of engine exhaust emission control devices, and their influence
      on various motor vehicle engines. In lieu of using engine manifold vacuum
      to generate the torque signal, mechanical throttle angle indicators have
      been used on still other transmissions.
PAR  A prior patent, namely, U.S. Pat. No. 3,537,553, issued in the name of
      Howard E. Olsen on Nov. 3, 1970, illustrates a dual concentric shaft
      arrangement wherein one of the shafts--the outer or turbine shaft, is
      secured at its input end to the converter-driven member or turbine and is
      restrained at its output end by a connection with the forward clutch
      assembly, and the other or inner shaft thereof is secured at one end to
      the input end of the turbine shaft and has its other end free to rotate
      relative to the restrained end of the turbine shaft, the relative movement
      therebetween being substantially directly proportional to torque. A valve
      arrangement operates in conjunction with the dual shaft arrangement to
      convert the relative physical movements of the two shafts into a fluid
      pressure signal representative of shaft twist, or torque.
PAR  A general object of the invention is to provide an improved dual shaft and
      associated valving torque transducer means for producing a fluid presusre
      signal which accurately represents a converter's output torque to an
      automatic transmission.
PAR  Another object of the invention is to provide such an improved concentric
      dual shaft and valving means which includes a closed loop regulating or
      pressure-reducing valve slidably mounted in the inner transducer shaft and
      having a multiple-cam arrangement operatively connected between a fixed
      end of the outer turbine shaft and the free end of the inner transducer
      shaft for actuating the regulating valve linearly in response to the
      relative rotational movements of the two shafts, and a closed loop
      modulating valve adapted to respond to the transducer pressure changes
      resulting from the linear movement of the regulating valve, to provide a
      modulator pressure for signaling conventional 1-2 and/or 2-3 shift valves.
DRWD
PAR  These and other objects and advantages of the invention will be apparent
      when reference is made to the following description and accompanying
      drawings, wherein:
PAR  FIG. 1 is a fragmentary cross-sectional view of an automatic transmission
      power train embodying the inventive torque-pressure transducer;
PAR  FIG. 2 is an enlarged fragmentary cross-sectional view of a portion of the
      FIG. 1 structure;
PAR  FIGS. 3 and 4 are enlarged fragmentary cross-sectional views of a portion
      of the FIG. 1 structure in different operating positions;
PAR  FIG. 5 is a cross-sectional view taken along the plane of line 5--5 of FIG.
      3, and looking in the direction of the arrows;
PAR  FIGS. 6a and 6b are fragmentary corss-sectional views taken along the plane
      of lines 6a-bb of FIG. 4, and looking in the direction of the arrows,
      illustrating two different operational positions of the components
      involved; and
PAR  FIG. 7 is an exploded perspective view of portions of the FIG. 3 structure.
DETD
PAR  Referring to the drawings in greater detail, FIG. 1 illustrates a power
      train 10 including a transmission 12 having a fixed housing 14, a torque
      converter assembly 16, a planetary gear system 18, a one-way clutch 20, a
      torque transducer 22, a closed-loop modulator or pressure-reducing valve
      assembly 24, a shift valve assembly 25, and a governor 26. The converter
      assembly 16 includes a cover or drum 28 adjacent a converter pump 30, a
      turbine 32 and a variable pitch stator or reactor 34 mounted therein. The
      drum 28 is welded to the pump 30 to form the sealed torque converter
      housing 36 which is driven by a conventional flexplate 38 fixedly secured
      to the transmission housing 14 and the engine crankshaft [not shown]. A
      cylindrical plate member 40 is welded to the drum 28 to form a pilot
      bearing which fits into the conventional end-bore of the crankshaft. A
      hollow turbine shaft 42 is splined to a hub 44 of the turbine 32. An inner
      transducer shaft 46 is secured at the input end 48 thereof to the input
      end 50 of the turbine shaft 42 by any suitable means, such as a cap 52 and
      bolts 54 (FIG. 2), and is otherwise slip-fitted within the hollow turbine
      shaft 42, the output end 56 of the transducer shaft 46 being a sleeve
      secured to the shaft 46 proper and being free to turn therein with respect
      to the turbine shaft 42. The variable pitch stator 34 is connected by a
      one-way brake 57 and a ground sleeve 58 to the fixed transmission housing
      14. A sleeve 59 is secured intermediate the inner surface of the ground
      sleeve 58 and the adjacent outer surface of the turbine shaft 42.
PAR  The converter pump 30 is connected by a sleeve 60 to drive a transmission
      pump 61 which thereupon supplies oil to the converter pump 30 via a
      passageway [not shown]. The transmission pump 61 also supplies oil from a
      sump in the transmission housing 14 via a passage 62 formed in the housing
      14, ports 63, 64, and 65 formed through the ground sleeve 58, the sleeve
      59, and the turbine shaft 42, respectively, and an angled passage 66
      formed in the inner shaft 46, to a chamber or bore 67 formed in the center
      of the inner transducer shaft 46. A forward clutch assembly 70 is splined
      to the output end 72 of the turbine shaft 42, and a mainshaft 74 is
      splined to the forward clutch hub 76.
PAR  The transmission pump 61 additionally supplies oil at line-pressure from
      the sump in the transmission housing 14 to the modulator valve assembly 24
      via a pump discharge line, represented at 78, a conventional pressure
      regulator 80, and a modulator line 82 extending from the pressure
      regulator 80 to a port 84 of the modulator valve assembly 24 and, thence,
      past a metering edge 86 of a land 88 formed on a modulator or
      pressure-reducing valve 90 slidably mounted in a housing 92 of the
      modulator assembly 24, to a central chamber 94 therein, the latter serving
      as a bore for, and being defined axially by the adjacent faces of the land
      88 and a second land 96 of the modulator valve 90. A third land 98 is
      formed on the valve 90 and slidably mounted in an end-chamber 100 formed
      in the valve housing 92, the end-face of the land 98 serving as a
      predetermined area for any transducer pressure supplied to the chamber
      100, as will be explained.
PAR  An outlet port 102 in the valve housing 92 communicates fluid at modulated
      or torque-reflective pressure from the central chamber 94 to a modulator
      line consisting of lines 104 and 106 (FIG. 1) leading to a chamber 108
      formed in the housing 110 of the shift valve assembly 25. A branchline 112
      communicates between the modulator line 104/106 and a chamber 113 of the
      pressure regulator 80. Still another branchline 114, having a dampening
      orifice 116 formed therein, communicates between the branchline 112 (or
      the line 104) and the second end-chamber 118 in the valve housing 92
      adjacent the end face of the land 88 of the modulator valve 90. An exhaust
      port 120, formed adjacent the end-chamber 100, serves to exhaust any
      leakage of transducer fluid past the land 98 of the modulator valve 90, as
      well as to exhaust any back-flow of fluid from the shift valve assembly 25
      via the passages 106 and 104 and the modulator valve chamber 94.
PAR  The bore of the shift valve assembly 25 has slidably mounted therein a
      valve spool 122 comprising spaced lands 123 and 124, defining a central
      chamber 125 in the housing 110 and having an exhaust port 126. The valve
      spool 122 is urged leftwardly in FIG. 1 by a spring 127 mounted in the
      chamber 108. A line 128 communicates from an end-chamber 130 adjacent the
      land 124 of the valve spool 122 to the governor 26, the line 106 serving
      to transfer torque-indicative fluid to the chamber 108 of the housing 110
      of the shift valve assembly 25 to control the point at which the shift
      valve spool 122 operates. Another line 132 communicates between the
      governor 26 and the forward clutch assembly 70, while a line 134
      communicates between the shift valve assembly 25 and the line 132. Still
      another line 136 communicates between the shift valve assembly 25 and the
      usual band 138 of the planetary gear system 18.
PAR  The torque transducer 22 includes a regulating or pressure-reducing valve
      140 (FIGS. 3 and 4), having spaced lands 142 and 144 formed thereon and
      being slidably mounted in the bore or chamber 67 intermediate respective
      end-chambers 146 and 148, the latter chamber 148 being larger in diameter
      than the former chamber 146. A ground spring 150 is mounted between a
      shoulder 152 formed in the larger chamber 148 and an end-face 154 of a
      first cam member 156a having oppositely disposed tabs 158 formed thereon.
      A valve spring 160 is mounted between a pocket 162 formed in the end-face
      154 of the cam member 156a and the end 163 of the regulating valve 140. A
      first pair of oppositely disposed longitudinal slots 164 (FIG. 3) are
      formed through the wall of the output end 56 of the inner transducer shaft
      46. A sleeve 166 is formed on an end-cap 168 so as to fit around the inner
      transducer shaft 46 at the output end 56 thereof in a counterbore 170
      formed in the turbine shaft 42. The open end of the sleeve 166 abuts
      against a shoulder 171 formed in the bore of the turbine shaft 42 and is
      retained thereagainst by a bar 172 abutted against the end-cap 168 and
      press-fitted into a counterbore 173 formed in the end 72 of the turbine
      shaft 42. A second pair of oppositely disposed longitudinal slots 174 are
      formed through the wall of the sleeve 166, substantially radially aligned
      with the slots 164, but with the width of each slot 164 being a
      predetermined amount less than the width of each slot 174.
PAR  Second, third, and fourth axially aligned cam members 156b, 156c, and 156d,
      respectively, (FIGS. 3, 4, and 7) are mounted in series in the larger
      end-chamber 148, between the end-cap 168 and the first cam member 156a. As
      illustrated in FIGS. 3 and 4, oppositely disposed tabs 175, formed on each
      of the cam members 156b and 156d, extend through the first pair of
      oppositely disposed longitudinal slots 164 into the second pair of
      oppositely disposed longitudinal slots 174. Oppositely disposed tabs 176,
      formed on the cam member 156c, like the tabs 158 of the cam member 156a,
      extend into the slots 164 but do not reach the slots 174. Cooperating cam
      surfaces 177 are formed on both sides of each of the two inner cam members
      156b and 156c and on one side of each of the two end cam members 156a and
      157d.
PAR  The edge 178 (FIG. 3) of the land 142 of the regulating valve 140 serves as
      the metering edge between the linepressure chamber 67, intermediate the
      lands 142 and 144 and an annular space 180. The transducer pressure thus
      metered is communicated, in turn, from the annular space 180 to a port 181
      formed in the output end 56 of the inner shaft 46, to an annular groove
      182 formed around the output end 56, to a port 184 and an annular groove
      186 formed in the turbine shaft 42, to aligned openings 188 and 190 formed
      in the sleeve 59 and the transmission housing 14, to a pocket 192 (FIG. 1)
      in the housing 14 and, thence, to a transducer-line 194 which leads to an
      inlet 196 formed in the modulator valve housing 92 where the transducer
      pressure enters the end-chamber 100. A port 198 (FIG. 3) and a dampening
      orifice 200 formed in the outlet end 56 of the inner shaft 46 communicate
      transducer pressure from the annular groove 182 to the smaller end-chamber
      146 of the torque transducer 22 to close the loop and thus balance the
      spring force on the other end 163 of the regulating valve 140.
PAC  OPERATION
PAR  As is well known, the converter-driven member or turbine 32 is driven by
      the force of oil imparted thereto by the converter pump 30, the pump 30
      being connected for rotation with the engine crankshaft [not shown]by the
      flexplate 38 and being supplied with oil by the transmission pump 61 which
      it drives via the sleeve 60 connected thereto. The turbine 32, through its
      hub 44, the latter being splined to the turbine shaft 42, drives the shaft
      42. The shaft 42, in turn, drives the forward clutch assembly 70 which,
      when engaged, drives the mainshaft 74 in the usual manner.
PAR  The input end 48 of the inner transducer shaft 46, being secured to the
      input end 50 of the turbine shaft 42, through any convenient means, such
      as the end-cap 52 and bolts 54 (FIG. 2), is caused to rotate with the
      shaft 42. The output end 56 of the inner transducer shaft 46, being free
      of the output end 72 of the turbine shaft 42, will rotate independently of
      the latter. Hence, when the end 72 of the latter shaft 42 is restrained by
      virtue of the connection with the forward clutch assembly 70, the torque
      being transmtted therethrough will be reflected by the relative rotation
      or torsional twist of the free output end 56 of the unloaded inner
      transducer shaft 46.
PAR  A pressure signal which theoretically, is directly proportional to torque,
      is produced by measuring the relative motion of the output ends 72 and 56
      of the shafts 42 and 46, respectively, and converting such measurement
      into a fluid-pressure signal. Accordingly, it is necessary to first
      convert the relative rotation of the ends 56 and 72 of the respective
      twisted inner shaft 46 and the surrounding turbine shaft 42 to a linear
      displacement.
PAR  Referring now to FIGS. 3 and 4, it may be noted that the tabs 175 of the
      cam members 156b and 156d are trapped between diagonally-opposed edges of
      the two longitudinal slots 164 in the inner shaft 46 and the facing edges
      of the adjacent outer slots 174 in the surrounding tubular sleeve 166,
      whereas the tabs 158 and 176 of the respective cam members 156a and 156c
      extend into the slots 164 only. As torque is applied, the relative
      rotation of the output ends 56 and 72 causes the inner shaft 46-slot 164
      faces to approach the opposing sleeve 166-slot 174 faces, reducing the
      width of the opening therebetween. As the width is reduced by virtue of
      the twist of the inner shaft 46 with respect to the stationary outer or
      turbine shaft 42, the overall length or spread of the axially aligned cam
      members between the end cam members 156a and 156d increases due to the
      camming action of the adjacent respective cam surface 177.
PAR  The aligned cam members are abutted at the rear against the end-cap 168,
      causing the increase or spread in overall length to result in forward
      (i.e., leftward in FIGS. 3 and 4) translation of all but the rearmost cam
      member 156d. The movement or translation of each translating cam member
      156b and 156c is progressively superimposed on the next succeeding forward
      or adjacent cam member, with the movement of the forwardmost cam member
      156a being, in turn, superimposed direction on the valve spring 160. While
      both springs 150 and 160 are abutted against the cam member 156a, the
      grounded spring 150 acts only to maintain sufficient load on the cam
      members 156 to ensure smooth, consistent action, and the valve spring 160
      exerts a force on the regulating valve 140 in proportion to the first cam
      member 156a translation. The valve 140 is a common pressure-reducing
      valve, regulating transmission line-pressure from the chamber 67, past the
      metering edge 178 thereof into the annular space 180, in accordance with
      the force-balance on the valve 140.
PAR  The transducer-pressure thus communicated to the annular space 180 is
      directed, in turn, via the port 181, the groove 182, the port 184, the
      annular groove 186, the aligned openings 188 and 190, the pocket 192, and
      the transducer-pressure passage 194, to the inlet port 196 and, thence,
      into the modulator valve 90 end-chamber 100, where it acts upon the
      end-face of the modulator valve 90, causing the valve 90 to regulate the
      line-pressure from the passage 82 and its inlet port 84, past the metering
      edge 86, into the chamber 94. The modulated or torque-influenced pressure
      thus produced is thereupon directed out through the port 102 to the
      modulator-line 104. From the latter line there is a closed-loop action via
      the lines 106 and 114, the dampening orifice 116, into the end-chamber
      118, plus a communication of the modulated pressure via the line 106 into
      the chamber 108 of the shift valve assembly 25, thus applying a force
      reflective of torque on the usual 1-2 and/or 2-3 shift valves represented
      by 25, in lieu of the usual engine vacuum-responsive signal heretofore
      applied to such valve.
PAR  It should be apparent that the invention provides an improved means for
      accurately measuring a converter's output torque to the transmission in a
      manner which eliminates the prior need to direct an engine vacuum signal,
      which may be adversely affected by engine-related difficulties, such as
      the influence thereon by various exhaust emission control devices, to a
      vacuum modulator valve, and thence to the shift valves to approximate the
      output torque.
PAR  While but one embodiment of the invention has been shown and described,
      other modifications thereof are possible.
CLMS
STM  I claim:
NUM  1.
PAR  1. A torque-pressure transducer for use with a power train including a
      torque converter, a clutch, a shift valve, a source of fluid under
      pressure, a mainshaft, and a hollow turbine shaft operatively connected
      between said torque converter and said clutch for driving said mainshaft
      when said clutch is engaged, said torque-pressure transducer comprising a
      transducer shaft mounted in said hollow turbine shaft and fixedly secured
      to one end thereof, a chamber formed in the free end of said transducer
      shaft, an inlet into said chamber for said fluid under pressure, a
      plurality of axially aligned cam members having alternate cooperating,
      oppositely contoured cam surfaces formed thereon, each cam member being
      operatively connected to said transducer shaft and alternate cam members
      being operatively connected to said turbine shaft so as to be axially
      spreadable to a variable overall length in said chamber in response to
      sliding action between adjacent cam surfaces in proportion to the relative
      torque-responsive twist between said shafts, spring-biased regulating
      valve means mounted in said chamber and responsive movement of said
      axially spreadable cam members for regulating said fluid under pressure,
      and conduitry means communicating said regulated fluid from said
      regulating valve means to said shift valve.
NUM  2.
PAR  2. A torque-pressure transducer for use with a power train including a
      torque converter, a clutch, a shift valve, a source of fluid under
      pressure, a mainshaft, and a hollow turbine shaft operatively connected
      between said torque converter and said clutch for driving said mainshaft
      when said clutch is engaged, said torque-pressure transducer comprising a
      transducer shaft mounted in said hollow turbine shaft and fixedly secured
      to one end thereof, a chamber formed in the free end of said transducer
      shaft, a passage for communicating said fluid under pressure from said
      source to said chamber, a plurality of cam members mounted in an aligned
      abutting relationship in said chamber, each adjacent pair of cam members
      having cooperating cam surfaces and oppositely disposed tabs formed
      thereon, said tabs being adapted to extend through oppositely disposed
      openings formed in said transducer shaft and alternately through
      oppositely disposed, differently sized openings formed in said turbine
      shaft so as to be relatively rotatable and axially spreadable in said
      chamber in proportion to the relative torque-responsive twist between said
      shafts, closed-loop regulating valve means mounted in said chamber,
      resilient means mounted between the end cam member and said closed-loop
      regulating valve means, said regulating valve means being responsive
      through said resilient means to movement of said axially spreadable cam
      members for regulating said fluid under pressure, conduitry means
      communicating regulated fluid from said regulating valve means to said
      shift valve.
NUM  3.
PAR  3. A torque-pressure transducer for use with a power train including a
      torque converter, a clutch, a shift valve, a source of fluid under
      pressure, a mainshaft, and a hollow turbine shaft operatively connected
      between said torque converter and said clutch for driving said mainshaft
      when said clutch is engaged, said torque-pressure transducer comprising a
      transducer shaft mounted is said hollow turbine shaft and fixedly secured
      to one end thereof, a chamber formed in the free end of said transducer
      shaft, a passage for communicating said fluid under pressure from said
      source to said chamber, a plurality of cam members mounted in an aligned
      abutting relationship in said chamber, each adjacent pair of cam members
      having cooperating cam surfaces and oppositely disposed tabs formed
      thereon, said tabs being adapted to extend through oppositely disposed
      openings formed in said transducer shaft and alternately through
      oppositely disposed, wider openings formed in said turbine shaft so as to
      be relatively rotatable and axially spreadable in said chamber in
      proportion to the relative torque-responsive twist between said shafts,
      closed-loop regulating valve means mounted in said chamber, first
      resilient means mounted between the end cam member and a shoulder formed
      on said transducer shaft for maintaining a predetermined load on said cam
      members, second resilient means mounted between said end cam member and
      said closed-loop regulating valve means, said regulating valve means being
      responsive through said second resilient means to any change in overall
      lengths of said axially spreadable cam members for regulating said fluid
      under pressure, closed-loop modulator valve means, first conduitry means
      communicating regulated fuid from said regulating valve means to said
      modulator valve means, and second conduitry means communicating modulated
      fluid from said modulator valve means to said shift valve.
NUM  4.
PAR  4. A torque-pressure transducer for use with a power train including a
      torque converter, a clutch, a shift valve, a source of fluid under
      pressure, a mainshaft, and a hollow turbine shaft operatively connected
      between said torque converter and said clutch for driving said mainshaft
      when said clutch is engaged, said torque-pressure transducer comprising a
      transducer shaft mounted in said hollow turbine shaft and fixedly secured
      to one end thereof, a chamber formed in the free end of said transducer
      shaft, a passage for communicating said fluid under pressure from said
      source to said chamber, a pair of oppositely disposed openings formed in
      the wall of said transducer shaft, a pair of wider oppositely disposed
      openings formed in the wall of said turbine shaft, a plurality of axially
      aligned cam members with adjacent cam member mounted in an abutting,
      camming relationship in said chamber, each having oppositely disposed tabs
      formed thereon and extending into said openings formed in said transducer
      shaft, with said tabs on alternate cam members extending additionally into
      said openings formed in said turbine shaft so as to be axially spreadable
      in said chamber as a result of camming action of adjacent cam members in
      proportion to the relative torque-responsive twist between said shafts as
      transmitted to said cam members by the edges of said relatively moving
      turbine and transducer shaft openings, a closed-loop regulating valve
      mounted in said chamber, a ground spring mounted between the end cam
      member and a shoulder formed in said transducer shaft for maintaining a
      predetermined load on said cam members, a valve spring mounted between
      said end cam member and an end of said closed-loop regulating valve, said
      regulating valve being responsive through said valve spring to movement of
      said axially spreadable cam members for regulating said fluid under
      pressure, an external closed-loop modulator valve, first conduitry means
      communicating regulated fluid from said regulating valve to said modulator
      valve, and second conduitry means communicating modulated fluid from said
      modulator valve to said shift valve.
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ABST
PAL  An automatic transmission system for use with automobiles comprising a gear
      wheel transmission mechanism, a hydraulic control circuit and an electric
      computing circuit, said gear wheel transmission mechanism being changed
      over by said hydraulic circuit under the control of said computing
      circuit, wherein said computing circuit selects the changing-over
      conditions of the transmission system in response to the driver's will, as
      well as the automobile running conditions and automatically establishes a
      parking condition when the automobile is to be parked, and ensures
      protection when a malfunction has occured in said hydraulic circuit or
      said computing circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an automatic transmission system for use with
      automobiles, and more particularly, an automatic transmission system to
      control automatically the operation of a transmission gear in relation to
      the operational conditions of an automobile, including its running as well
      as parking condition. Transmission include a gear wheel system and an
      engaging means to make the gear wheels engage selectively with one
      another.
PAR  2. Description of the Prior Art
PAR  In the conventional automatic automobile transmission systems, the engaging
      means is generally operated by hydraulic pressure to effect the
      changing-over operations of the transmission system. However, such
      hydraulic systems make the whole control system complicated and are unable
      to give a transmission system an advantageous optimum operating condition.
      To solve the aforementioned problem, it has been proposed to employ a
      combination of electric and hydraulic systems, as disclosed in Japanese
      Patent Publication Nos. 36284/72, 210/73 and 211/73. In such a system, the
      hydraulic system is made simpler but still requires mechanical linkage to
      set the forward, reverse, parking and nutral transmission positions. The
      linkage operates manual valves provided in the control system of the
      transmission and requires relatively high accuracy for its positioning.
      However, since the transmission inevitably changes its relative position
      in the body during the running of the automobile, a linkage which allows
      for a relative movement between the body and the transmission is
      necessary. Said linkage must also provide precise movement and is
      complicated and difficult to design. Furthermore, when this type of
      transmission is mounted in a different type of body, the design of the
      linkage must be altered to suit the body. Moreover, since the parking
      brake provided in the conventional automatic transmission system is of a
      manual type operable with a mechanical linkage, it is also bound with the
      aforementioned drawbacks and, in addition, it is difficult to release the
      parking brake when the automobile is parked on a steep slope because a
      large force is required to manipulate the handle and release the brake.
      Furthermore, since it can be said that some drivers fail to shift the gear
      lever into the parking position when parking the automobile, there is
      always the danger that the automobile might inadvertently start to move by
      itself.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is a primary object of this invention to solve the
      aforementioned problems in the conventional automatic automobile
      transmission systems and to provide an automatic automobile transmission
      system which permits the mechanical connection between a transmission and
      a shift lever to be abolished and replaced with an electrical connection.
PAR  Another object of this invention is to incorporate an electrical computing
      circuit in said electric connection to replace the mechanical connection
      between the transmission and the gear shift lever, and to control the
      transmission in consideration of the running conditions of the automobile
      as well as the driver's will through a computing process by use of a
      computing circuit.
PAR  Another object is to control the operation of the transmission according to
      the output of said computing circuit by way of solenoid valve mechanisms
      and hydraulic circuits.
PAR  A further object is to set the transmission automatically to the parking
      conditions by utilizing said computing circuit to detect and engine
      stopping operation by way of the OFF or ON position of the ignition
      switch.
PAR  A still further object is to detect malfunctions of said solenoid valve
      mechanisms and to ensure protection by means of said computing circuit.
PAR  Other objects and advantages of this invention will become apparent from
      the descriptions of preferred embodiments set forth hereinunder with
      reference to the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing,
PAR  FIG. 1 is a diagrammatical view showing the general construction of the
      automatic transmission system according to this invention.
PAR  FIGS. 2a and 2b are diagrammatic sectional views showing an embodiment of
      the transmission gear incorporated in the automatic transmission system
      according to this invention, wherein FIG. 2b is a section on an enlarged
      scale of a part of the structure shown in FIG. 2a;
PAR  FIGS. 3a, 3b and 3c are diagrams showing an embodiment of the hydraulic
      control circuits incorporated in the automatic transmission system
      according to this invention;
PAR  FIGS. 4-10 are diagrams showing an embodiment of the computing circuit
      incorporated in the automatic transmission device according to this
      invention; and,
PAR  FIG. 11 is a view showing an arrangement of electric switches for operating
      the automatic transmission system according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, the automatic transmission system according to this
      invention is composed of three structural elements. In more detail, the
      first structural element is a transmission control system to compute
      changing-over points according to the automobile running speed, throttle
      opening, shift position, etc., and to despatch instructions regarding
      energization (ON) or de-energization (OFF) of the solenoids. The second
      structural element is a hydraulic circuit system including change-over
      valves to bring about a change-over of oil passages by means of the
      solenoids according to the instructions received from said transmission
      control system, a hydraulic pressure source for actuating friction
      engaging means, a parking circuit,. etc. The third structural element is a
      transmission including a fluid type converter coupling, a transmission
      gear wheel meshing mechanism, a friction engaging mechanism etc.
PAR  In the following, each system will be described in detail.
PAR  I. Transmission
PAR  For the transmission, an exemplarly description is shown in FIGS. 2a and 2b
      which provide a typical example of an automatic transmission equipped with
      a torque converter and adapted for the changing-over, including three
      stage forward and one stage reverse. A pump impeller is directly connected
      to the engine crank shaft 1, and the engine output power is transmitted
      from the pump impeller 2 to a turbine runner 3 by way of oil, said oil
      being returned to the pump rotor 2 by being guided by stator 4. By the
      continuous circulation of oil in the abovementioned manner, a rotational
      power is continuously obtained for a turbine shaft 5. Such a rotational
      output power of the turbine shaft 5 is transmitted to a gear wheel type
      transmission device incorporated with a torque converter so that a
      transmission action including three stage forward and one stage reverse is
      effected by the controlling multi-disc clutch means 6, 7 and brake band
      means 21, 22, said transmission action being automatically effected by a
      hydraulic servo system as it is conventionally known.
PAR  The constitution of the gear wheel transmission device mounted to follow
      the torque converter will be described hereinunder.
PAR  The turbine 3 is directly connected to the turbine shaft 5 which
      constitutes an input shaft of a planetary gear mechanism. The turbine
      shaft 5 is connected to a drum 24 by means of a spline engagement to form
      a co-rotational member. Within the drum 24, the multi-disc clutch 6
      (hereinunder called front clutch) is mounted and adapted to operate in the
      on (actuation) and off (release) manner by being actuated by pistons 25 by
      means of back springs, said pistons being actuated by the hydraulic
      pressure in the system. The clutch plates of the front clutch 5 are
      integrally connected to the drum 24 at their outer peripheral portions by
      means of splines, while clutch discs are mounted to a hub 26 by splines.
      The hub 26 is integrally connected to an intermediate shaft 8 by means of
      splines. The front clutch drum 24 carries clutch discs for a second
      multi-disc clutch 7 (hereinunder called rear clutch) to form a
      co-rotational member therewith by means of splines. The clutch plates of
      the rear clutch 7 are integrally connected to a clutch drum 27 at their
      outer peripheral portions by means of splines. The rear clutch 7 is put on
      and off by means of pistons 28.
PAR  The intermediate shaft 8 connected integrally with the hub 26 of the front
      clutch 6 carries an integral input sun gear 9 at its rear end. The rear
      clutch drum 27 forms a unitary member together with a reverse sun gear 10
      by being connected therewith by proper relative rotation checking means.
      The input sun gear 9 meshes with a gear 12 of a pinion 11 thereby forming
      a planetary gear train which, although only one is shown in FIG. 2a, may
      preferably be provided in plurality, i.e. two or three around the input
      sun gear 9. The reverse sun gear 10 meshes with an idler gear 15 rotatably
      carried by a pin 14 mounted to a carrier 13, said idler 15 in turn meshes
      with a gear 16 of the pinion 11.
PAR  A gear 17 located at the rear end of the pinion 11 meshes with a gear 19
      carried by an output shaft 18 of the transmission. The pinion 11 having
      the gears 16 12 and 17 is carried by a pinion pin 12 which in turn is
      carried by the carrier 13. The carrier 13 is provided with a band 21
      (hereinunder called rear brake band) and is held stationary or released to
      rotate freely by the rear brake band 21 being actuated or released. In the
      same manner, a band 22 (hereinunder called front brake band) is provided
      around the rear clutch drum 27, whereby the drum 27 or the sun gear 10 can
      be held stationary or released by actuating or releasing the front brake
      band 22.
PAR  A one way clutch 23 mounted within the carrier 13 effects the same function
      as the rear brake band 21 in the forward low gear running condition.
PAR  II. Hydraulic Circuit
PAR  Details of the hydraulic circuit will now be described with reference to
      FIGS. 3a, 3b, and 3c.
PAR  Roughly divided, the hydraulic circuit is composed of a hydraulic pressure
      source 60, an operating circuit 70 and a parking circuit 80.
PAR  The hydraulic pressure source 60 is composed of oil pump 101, oil strainer
      102, pressure regulating valve mechanism 103, oil cooler 104 and check
      valve 105. The hydraulic pressure source 60 operates to supply operating
      oil to the torque converter and lubricating oil to the gears and bearing
      means, as well as supplying pressurized oil to the hydraulic operating
      circuit 70. The oil controlled of its pressure (called line pressure) by
      the pressure adjusting valve mechanism 103 is supplied to the operating
      circuit 70 by a passage 103a.
PAR  The operating circuit 70 is composed of forward/reverse change-over valve
      mechanism 110, solenoid 111 for the forward/reverse change-over valve, 1-2
      speed shift valve mechanism 120, solenoid 121 for the 1-2 speed shift
      valve, 2-3 speed shift valve mechanism 130, solenoid 131 for the 2-3 speed
      shift valve and low coast pressure modulating valve mechanism 150. The
      valve body of each said valve mechanism moves rightward when each said
      solenoid is energized, and is moved leftward when the solenoid is not
      energized.
PAR  The line pressure from the passage 103a is passed through a constricting
      means 112 and is supplied into an oil chamber 113 of the forward/reverse
      shift valve mechanism. In the same manner, the line pressure from 103a is
      passed through oil passages 116a, 116b, 116c and 116d wherein it is
      supplied to an oil chamber 123 of the 1-2 speed shift valve mechanism by
      way of a constructing means 122, and to an oil chamber 132 of the 2-3
      speed shift valve mechanism by way of constricting means 138.
PAR  The oil controlled of its pressure by the pressure adjusting valve
      mechanism 103 is passed through the passages 103a and 116 and introduced
      into the forward/reverse shift valve mechanism 110 and switched over
      according to energization or de-energization of the solenoid 111 either to
      an oil passage 117 (when the solenoid is not energized) or to an oil
      passage 115 (when the solenoid is energized). In the oil passage 115 an
      oil switch 960 is provided and is opened or closed depending on whether or
      not the system is in the forward condition.
PAR  The oil passage 117 is connected with the front clutch 200 by way of an oil
      passage 181 and is also connected to either an oil passage 127 or 128
      according to energization or de-energization of the solenoid 121. The
      passage 128 is connected with the passage 103b, whereby, the oil pressure
      is communicated to the pressure adjusting valve mechanism 103 to lower the
      line pressure.
PAR  The passage 128 is also connected with the passage 182 and serves to supply
      pressure to an oil chamber 211 to actuate the front brake. The passage 115
      communicates to either passages 126, 125 or passages 126, 127 according to
      energization or de-energization of the solenoid 121 respectively.
PAR  The oil passages 127 and 126 are connected to the 2-3 speed shift valve
      while the passage 125 is connected to oil passages 166 and 161 of the
      parking shift valve 160. According to the energization or de-energization
      of the solenoid 131, the passage 128 is closed or communicates to a
      passage 136, while the passage 126 communicates to both passages 136 and
      135 or only to passage 135. The oil passage 127 is also controlled to
      communicate with a passage 133 or to be closed according to the
      energization or de-energization of the same solenoid.
PAR  The oil passage 136 communicates to an oil chamber 212 of the front brake
      210 by way of oil passages 183 and 184. The passage 183 is, on the other
      hand, communicated to the rear clutch 220 by way of an oil passage 185.
PAR  The oil passage 133 communicates with an oil groove 156 of the low coast
      pressure modifying valve mechanism 150, and the adjusted pressure is
      supplied to the rear brake 230 by way of oil passages 153 and 186.
PAR  The oil passage 135 is connected to an oil chamber 151 of the low coast
      pressure modifying valve mechanism 150.
PAR  The parking circuit is composed of a parking shift valve mechanism 160 and
      a parking piston mechanism 170. A parking piston 173 is slidable in a bore
      180 formed in the valve body under the sealing effect provided by an
      O-ring 173a. A piston rod 176 is mounted to the parking piston 173 by a
      snap ring 178 to form an integrally movable member with the piston 173. An
      axial end of the bore 180 is closed by a piston stopper 174 which keeps a
      sealing contact with the wall of the bore by an O-ring 174a and is held by
      a snap ring 179. The parking piston rod 176 is slidably passed through a
      central opening 175 of the stopper 174. A tip portion 177 of the parking
      rod 176 is formed in a groove to engage with the parking mechanism.
PAR  Oil is supplied to the parking shift valve mechanism 160 through the oil
      passage 125 or 116e. Depending on the rightward or leftward shift of the
      valve 160, an oil passage 166 is closed or communicates to an oil passage
      165 while an oil passage 162 communicates to an oil passage 163 or closed
      resepectively.
PAR  The oil passage 165 communicates with an oil chamber 171 of the parking
      piston mechanism 170 while the oil passage 163 communicates with an oil
      chamber 172 of the same mechanism.
PAR  The operation of the automatic transmission system according to this
      invention will be described hereinunder with respect to each part thereof.
PAR  I. Transmission
PAR  The transmission having the constitution as described above operates as
      follows;
PAR  1st Speed:
PAR  The front clutch 6 and the rear brake band 21 are actuated. However, when
      the driving is made from the engine side, the one way clutch 23 operates
      even if the rear brake band is not actuated, effecting the same result.
      Therefore, when the one way clutch 23 is provided, the rear brake band 21
      need not be actuated in this operation. However, in this case, it is not
      effected to transmit a power reversely from the output shaft. In such a
      first speed operation, the rotation of the turbine shaft 5 is directly
      transmitted to the input sun gear 9 by way of the front clutch 6. Since
      the carrier 13 is held stationary by the rear brake band 21, the pinion
      pin 20 is also held stationary and, therefore, the input rotation of the
      gear 9 is transmitted through the gears 12 and 17 to the gear 19 of the
      output shaft in the normal gear train driving manner.
PAR  2nd Speed:
PAR  Leaving the front clutch 6 in its actuating condition the rear brake band
      21 is now released and the front brake band 22 is actuated. The turbine
      shaft 5 and the input sun gear 9 are then co-rotated as a unitary body
      while the clutch drum 27 and, accordingly, the reverse sun gear 10 are
      held stationary by the front brake band 22. In this condition, the
      rotation of the turbine shaft 5 is transmitted to the input sun gear 9
      which drives the pinion 11 in the rotational direction (anti-clockwise) as
      opposed to the rotational direction (clockwise) of the turbine shaft 5.
      Such an action intends to rotate the gear 15 clockwise by way of the gear
      16. However, since the gear 10 meshing with the gear 15 is held
      stationary, the pinion pin 14 revolves clockwise around the gear 10. This
      revolution of the pinion pin around the gear 10 is added to the revolution
      of the input sun gear 9 and the output gear 19. Since the number of teeth
      on gear 12 is larger than that on gear 17, the revolution adding ratio to
      the input sun gear 9 is larger than that added to the output gear 19 and,
      therefore, the rotational speed of the intermediate shaft 8 becomes higher
      than that of the output shaft 18. In other words, a reduction of the
      rotational speed is effected by the transmission.
PAR  3rd Speed:
PAR  The front and rear clutches are both actuated. In this case, the input sun
      gear 9 and the reverse sun gear 10 rotate as a unitary body and,
      therefore, the planetary gear system does not operate and rotate as a
      whole together with both sun gears. Therefore, the output shaft 18 has the
      same rotation as the turbine shaft 5.
PAR  Reversing:
PAR  The rear clutch 7 and the rear brake band 21 are actuated. The carrier 13
      and, accordingly, the pinion pins 14 and 20 are then held stationary and,
      therefore, the rotation of the turbine shaft 5 is transmitted to the
      reverse sun gear 10 by way of the rear clutch 7, and furthermore, by way
      of the gears 15, 16 and 17, to the gear 19 of the output shaft 18, the
      last one being driven in the opposite direction.
PAR  II. Hydraulic Circuit
PAR  The operation of the hydraulic circuit will be explained hereunder.
PAR  The oil delivered from the oil pump 101 is controlled of its pressure so
      that it is held constant by the pressure adjusting mechanism 103 having a
      conventional structure, and is fed through the oil passage 103a to the
      operating circuit 70. The passage 103a communicates with the oil chamber
      113 located at a right end portion of the forward/reverse change-over
      valve mechanism 110 by way of the oil passage 116a and the constricting
      means 112 and, therefore, the pressure in the passage 103a (line pressure)
      is applied to the oil chamber 113. On the other hand, when the coil 111a
      of the solenoid 111 is supplied with current, the plunger 111c is moved
      rightward by the electro-magnetic force generated by the coil 111a by
      conquering the spring 111c, whereby an oil exhausting port 113a of the oil
      chamber 113 is opened. The oil exhausting port 113a communicates with an
      oil exhausting port 111d of the solenoid 111, and the oil is exhausted
      through the oil exhausting port 111d. Therefore, the valve body of the
      forward/reverse shift valve 110 is moved to the position shown by 110b
      under the application of the force of spring 110c.
PAR  When the solenoid 111 is not energized, the plunger 111c is moved leftward
      by being urged by the spring 111b to close the oil exhausting port 113a of
      the oil chamber 113. In this condition an oil pressure can be established
      in the oil chamber 113, and when the oil pressure has become high enough
      to overcome the force of the spring 110c, the valve body is moved leftward
      to take the position as shown by 110a. The oil passage 103a communicates
      with the oil chamber 123 of the 1-2 speed shift valve mechanism as well as
      the oil chamber 132 of the 2-3 speed shift valve mechanism by way of the
      oil passages 116a, 116b, and 116c, 116d and the oil pressure applied to
      these oil chambers operates in the same manner as in the case of the
      forward/reverse shift valve mechanism according to energization or
      de-energization of the solenoids 121 and 131 so as to cause rightward or
      leftward movement of the valve body to change-over the oil passages.
PAR  The energization or de-energization of the solenoids according to the
      operation conditions of the transmission are shown in the following table.
      The table also shows the operational conditions of the respective friction
      engaging means.
TBL  __________________________________________________________________________
     Solenoid  Solenoid                                                        
                    Solenoid                                                   
     111       121  131  F/C200                                                
                              R/C220                                           
                                   F/B210                                      
                                        R/B230                                 
     __________________________________________________________________________
     P    0    0    X    X    X    X    X                                      
     R    O    X    O    X    O    X    O                                      
     N    O    X    X    X    X    X    X                                      
     D 1st                                                                     
          X    O    X    O    X    X    X                                      
     2nd  X    X    O    O    X    O    X                                      
     3rd  X    X    X    O    O    X    X                                      
     L 1st                                                                     
          X    O    O    O    X    X    O                                      
     2nd  X    X    O    O    X    O    X                                      
     __________________________________________________________________________
      O...Solenoid is ON or brake/clutch is actuated                           
      X...Solenoid is OFF or brake/clutch is released                          
PAR  D Range 1st Speed Condition:
PAR  The solenoid 111 is not energized and the forward/reverse shift valve is in
      its position as designated by 110a. In this condition, the oil passage
      113a communicates with the oil passages 116, 117 and 181. Therefore, the
      oil pressure in the passage 103a operates the forwarding clutch 200.
PAR  The solenoid 121 is energized and therefore, the 1-2 speed shift valve is
      in the position of 120b, while the solenoid 131 is not energized and
      therefore, the 2-3 speed shift valve is in the position 130a. In this
      condition, although the oil passage 117 communicates with the oil passage
      127, the oil pressure is applied only to the forwarding clutch since the
      passage is blocked by the 2-3 speed shift valve.
PAR  D Range 2nd Operation Condition:
PAR  Only the solenoid 131 is energized. The oil pressure from the oil passage
      103a passes through the oil passages 116, 117 and 181 to actuate the front
      clutch 200. On the other hand, the oil passage 117 communicates with the
      oil passages 128 and 182, and is thus also communicated to the oil chamber
      211 of the front brake means 210 to actuate same. Since the front clutch
      200 and front brake 210 are actuated, the second speed condition is
      obtained.
PAR  D Range 3rd Operation Condition:
PAR  The solenoids are all de-energized. The oil pressure from the oil passage
      103a is transmitted through the oil passages 117, 128, and 182 to the oil
      chamber 211 of the front brake 210. On the other hand, the oil passage 128
      communicates with the oil passages 136, 183 and 184 and ultimately to the
      coil chamber 212 of the front brake 210. Therefore, the same oil pressure
      is applied to the oil chambers 211 and 212 of the front brake 210.
      However, due to the difference in the effective cross sectional area of
      the piston facing the oil chambers 207 and 212 (the area facing the oil
      chamber 211 is smaller than that facing the oil chamber 212), the piston
      is moved leftward, thus releasing the front brake 210. The oil passage 183
      also communicates with the oil passage 185 and, therefore, the rear clutch
      220 is also actuated. Thus, by actuating the front clutch 200 and the rear
      clutch 220, the third speed operation condition is obtained.
PAR  N Range:
PAR  Only the solenoid 111 is energized. The oil pressure in the oil passage
      103a is transmitted through the oil passages 116 and 115 and applied to
      the oil passages 127 and 126. However, the oil passage 127 is blocked by
      the 2-3 speed shift valve. The oil passage 126 communicates with the oil
      passage 135 which in turn communicates with the oil chamber 151 of the low
      coast pressure modifying valve mechanism 150. In this condition, no clutch
      or brake is actuated and the neutral condition is therefore established.
PAR  L Range 2nd Operating Condition:
PAR  Since this condition is identical to D Range 2nd operating condition,
      explanations will be omitted.
PAR  L Range 1st Operating Condition:
PAR  The solenoids 121 and 131 are energized. In this condition, the solenoid
      131 is additionally energized when it is in the D range 1st speed
      condition. Furthermore, the oil pressure 127 which has been blocked by the
      2-3 speed shift valve in the D range condition communicates with the oil
      passage 133. In the beginning period of the operation, since the valve
      150a is urged leftward by the spring 150b, the oil passages 133 and 153
      communicate with each other. When pressure is being established in the oil
      passage 153, said pressure is applied to the oil chamber 154 through an
      orifice passage 150c provided in the valve 150a. Thus the valve 150a is
      urged rightward by the oil pressure in the oil chamber 154, thus
      intercepting communication between the oil passages 133 and 153, thereby
      preventing a rise in pressure in the oil passage 153 or the actuation
      pressure of the rear brake 230. If the pressure in the oil passage 153 and
      the oil chamber 154 still remains high, the valve 150a moves further
      rightward until finally the oil passage 153 is communicated to an oil
      exhaust passage 152, thereby lowering the pressure in the oil passage 153.
      If the pressure in the oil passage 153 has lowered too much, the force
      applied by the pressure in the oil chamber to urge the valve 150a
      rightward becomes weaker than the force applied by the spring 150b to urge
      the valve 150a leftward and, therefore, the oil passage 133 is again
      communicated to the oil passage 153 thereby raising the pressure in the
      oil passage 153. According to the above processes, in the L range 1st
      speed condition, the front clutch 200 is actuated and, at the same time,
      the rear brake 230 is actuated at a constant oil pressure.
PAR  The solenoids 111 and 131 are energized. The oil pressure from the oil
      passage 103a is transmitted through the oil passage 155 to the oil
      passages 126 and 127. The oil passage 126 communicates with the oil
      passages 136 and 183 so that the oil pressure is applied to the oil
      chamber 212 of the front brake 210 by way of the oil passage 184 to
      release the front brake 210. Furthermore, since the oil passage 183
      communicates with the oil passage 185 which leads to the rear clutch 220,
      the rear clutch is actuated. The oil passage 126 communicates with the oil
      passage 135 and supplies its hydraulic pressure to the oil chamber 151 of
      the low coast pressure modifying mechanism 150. Thus, the low coast
      pressure modifying valve 150a is moved leftward to open the oil passages
      133 and 153, whereby the pressure modifying function of the valve is lost.
      On the other hand, the oil passage 127 communicates with the oil passage
      133 and, since the pressure modifying function of the low coast pressure
      modifying valve mechanism 150 is lost, the oil pressure from the oil
      passage 133 is transmitted to the oil passage 153 with no reduction in
      pressure, and the oil pressure is then supplied to the rear brake 230 by
      way of the oil passage 186 to operate the rear brake. Thus, in R range,
      the rear clutch 220 and the rear brake 230 are actuated.
PAR  Parking Operation:
PAR  The oil passage 116e is constantly supplied with the oil pressure from the
      hydraulic pressure source by way of the oil passages 103a, 116a, 116b and
      116c. The parking shift valve mechanism 160 is urged rightward by the
      spring 160c to take the position shown by 160b in all operating conditions
      except "P" range. Therefore, in any operating condition other than P
      range, the oil pressure supplied from the oil passage 116e is transmitted
      through the oil passages 162 and 163 and supplied to the oil chamber 172
      of the parking piston mechanism 170. Thus, the parking piston 173 and the
      rod 176 are kept in the rightward urged condition. Now, if an instruction
      of P is despatched from the computing circuit, the solenoids 111 and 121
      are energized. Then, the oil pressure from the oil passage 103a is
      transmitted through the oil passages 116, 115 and further through the oil
      passages 126 and 125. The oil passage 126 is blocked by the 2-3 speed
      shift valve, while the oil passage 125 communicates with the oil passages
      166 and 161. The oil pressure supplied from the oil passage 161 urges the
      parking shift valve 160 leftward against the force of the spring 160c and
      thus makes the oil passages 166 communicate with the oil passage 165 to
      lead the oil pressure to the oil chamber 171. Since the oil chamber 172 is
      connected with the oil exhaust port 164 by way of the oil passage 163, the
      parking piston 173 and the piston rod 176 can move leftward. From the
      foregoing, it will be understood that the piston rod 176 is moved leftward
      in the parking condition while the rod is moved rightward in other
      operating conditions. Therefore, this reciprocating movement of the piston
      rod may be utilized to operate a proper bell crank rod thereby to actuate
      or release any required parking mechanism. By employing a parking detent
      mechanism 240 made of a spring and ball, the parking mechanism can be held
      in its operating condition even when the oil pressure has failed.
PAR  The operation of the transmission and the hydraulic circuit as explained
      above is controlled by an electric controlling system as explained
      hereinunder.
PAR  FIG. 4 is a block diagram showing the overall constitution of the electric
      controlling circuit. In FIG. 4, 300 is a battery for the automobile and
      310 is an engine key switch. 320 is a circuit breaker which controls the
      electric current not laid under the control of the key switch 310 to
      supply such an electric current to an ignition coil 330, a computing
      circuit 340 and a solenoid driving circuit 390. 350, 360 and 370 are input
      signal sources required for the computing circuit, wherein 350 is a shift
      position switch with which the driver can select an operating mode, and
      360 and 370 are wheel speed sensor and an engine throttle valve opening
      sensor, respectively, the latter two input sources being principally used
      to determine the shift position of the transmission in the forward
      running.
PAR  In FIG. 4, the thick lines are power lines for transmitting electric power
      while the thin lines are signal lines to trnasmit signals.
PAR  A detailed description of the embodiments of each constitution will be
      explained hereinunder.
PAR  FIG. 5 shows the shift position switch 350 and a circuit for treating
      signals obtained from the shift position switch. The shift position 350
      corresponds to a shift lever for the shifting of a manual valve in the
      conventional automatic transmission system but, in this case, it is an
      electric switch including a plurality of electric contact circuits. Since
      such an electric switch is not connected to the transmission by a
      mechanical linkage, it can be designed with a wide option for its mounting
      position, structure, design, etc. For example, the shift position switch
      may have shifting position arrangements as shown in FIG. 11. In this
      arrangement, the reverse position R is located up and rightward of the
      neutral position N, while the parking position P is located up and
      leftward of the position N, D-2-L-R being located straight below the
      position N. By such an arrangement, an incorrect shifting from a forward
      running condition to a P or R can be avoided and, in addition, there can
      be avoided such an inconvenience that in the conventional straight
      arrangement of P-R-N-D-2-L, the shifting to P has necessarily to pass R or
      the release shifting from P has also necessarily to pass R regardless of
      the driver's will. The switch 350 in FIG. 5 is composed of 6 electric
      contact circuits 351-356, the 6 contacts being adapted not to be
      simultaneously closed beyond one contact. The six contacts operate as
      follows. The contact 351 is for P positioning to be operated by the driver
      when he stops the automobile and leaves it so as to actuate the parking
      gear to prevent the automobile moving by itself. The contact 352 is for
      "R" positioning for reversing the automobile. The contact 353 is for "N"
      positioning or neutral positioning. The contacts 354, 355 and 356 are for
      the forward positioning wherein the contact 354 is for "D" positioning
      which allows automatic shifting of the transmission among its first,
      second and third speeds according to the running speed of the automobile,
      the contact 355 being for "2" positioning which allows shifting among
      first, second and third speed in the same manner as above, and the contact
      356 being for "L" positioning to obtain a strong engine braking effect.
      The driver can select any of said six positions by selectively actuating
      one of the contacts of the switch 350.
PAR  FIG. 5 shows a condition where the shift position switch is set at the P
      position and the following is an explanation of such an operating
      condition. However, it will be noted that the system operates in the same
      manner when it is set at any other position. One terminal of each of the
      contacts 351-356 is grounded, while the other terminals are introduced
      into the input side of inverters 401-406 by way of diodes 441 and
      resistances 451. The symbols employed in the accompanying drawing to show
      the logic computing elements are those conventionally know, wherein an
      inverter is an element which gives an output of "Lo" level when its input
      is on "Hi" level and gives an output of Hi level when its input is on Lo
      level. In the present case, Lo level is the ground level and Hi level is a
      positive potential. In the case of the logic computing symbols however, it
      is common to omit the showing of an electric power source and the ground.
      Elements 421-426 are NOR which is a logic element which gives an output of
      Hi level only when all of its plural inputs are on Lo level, and gives an
      output of Lo level if even one of its plural inputs is on Hi level.
      Elements 431', 432" are NAND which is a logic element which gives an
      output of Lo level only when all of its plural inputs are on Hi level, and
      gives an output of Hi level if even one of its plural inputs is on Lo
      level. The aforementioned diode 441 and resistance 451 are provided for
      the purpose of protecting said inverter which is made of semi-conductor
      integral circuits from external noises and, therefore, they are not
      directly related to the gist of this invention.
PAR  Now, since the contact 351 is enclosed, the output of the inverter 401 is
      on Hi level and the output of the inverter 411 connected to the inverter
      401 is on Lo level. The output of the inverter 411 is connected to the
      input side of NAND 431' of a flip-flop composed of NAND 431', 431". Since
      the contacts 352-356 are all opened and connected to the inverters
      402-406, the outputs of these inverters are all on Lo level. Since the
      outputs of the inverters 402-406 are supplied as inputs to NOR 421, the
      output of NOR 421 is on Hi level, this output being supplied to an input
      side of NAND 431" constituting the flip-flop 431. Therefore, the flip-flop
      gives an output of Lo level at an output terminal P of NAND 431" and holds
      this condition until NOR 421 gives an output of Lo level.
PAR  In the same manner it will be understood from FIG. 5 that when the contact
      352 has been closed, output terminal R of a flip-flop 432 is held on Lo
      level. In such a manner, the contact 353 corresponds to output terminal N,
      contact 354 to D, contact 355 to 2, and contact 356 to L.
PAR  FIG. 6 shows a transmission computing circuit to determine the gear
      shifting ranges for the operation of the transmission. In order to select
      the gear shifting position of the transmission, the engine loading
      condition and the automobile running condition need to be known. As a
      substitute characteristic of the former condition, the throttle valve
      opening of the carbureter can be used, while as a substitute
      characteristic of the latter condition, the rotational speed of the
      driving wheel (vehicle speed) can be used. 501 is a speed sensor to detect
      the vehicle speed and may be such a device to detect the rotational speed
      of the output shaft of the transmission by an electro-magnetic pickup. 511
      is a throttle opening sensor which may be a position sensing switch linked
      with a throttle link connecting the carbureter and the accelerator pedal.
      502 is a DC voltage generating circuit to generate DC voltage in linear
      relation to the vehicle speed according to the amount detected by the
      speed sensor 501, such a DC voltage being conveniently processed in the
      computing circuit as described hereinunder. 512 and 512' are also DC
      voltage generating circuits to convert the amount detected by the throttle
      opening sensor 511 into DC voltage for the convenience of the electric
      computing process as described hereinunder. Some examples of said sensors
      are described as shown in the aforementioned Japanese patent publication
      211/73.
PAR  521, 522 and 523 are voltage comparators, for example, .mu.PC71 made by
      Nippon Denki Company, SN2710N by TI Company, etc., which give positive
      voltage output when the input voltage supplied to (+) input terminal is
      higher than the input voltage supplied to (-) input terminal, and gives a
      negative voltage output when the relation between the two input voltages
      is reversed. In this condition, although positive and negative electric
      power sources are required to operate such a voltage comparator, such
      sources are omitted in the drawing.
PAR  So, assuming that the DC voltages generated by the DC generating circuit
      512 and 512' are higher than the DC voltages generated by the DC voltage
      generating circuit 502, or in other words, the vehicle running speed is
      very low, the output of the voltage comparators 521 and 522 are both
      negative or on Lo level. The output 521 becomes an input of NAND 530 by
      way of the inverters 524 and 525, and the output of the inverter 524 also
      becomes an input of NAND 529. The output of 522 becomes the input for NAND
      529 and 530 by way of the inverter 526 and, therefore, only the output of
      NAND 529 becomes Lo level. Thus only terminal D1 becomes Lo level, while
      terminals D2 and D3 are on Hi level. By setting the DC voltage generating
      circuit 502 so that its output voltage becomes higher according to vehicle
      running speed as well as setting the DC voltage generating circuits 512
      and 512' so that the output voltage of the former is higher than the
      latter, there is obtained an operation which switches terminals D1, D2 and
      D3 successively to Lo level by means of NAND 529 and 530 computing
      logically the output of the two voltage comparators 521 and 522, so that
      at any time either one of said terminals shows Lo level. By properly
      setting the DC voltage generating circuits 502, 512 and 512' so that
      optimum shifting ranges are obtained in relation to the engine loading and
      automobile running conditions, proper selections among 1st speed, 2nd
      speed and 3rd speed are effected for the transmission in response to the
      Lo level output of the terminals D1, D2 and D3. A voltage comperator 523
      operates in the same way as the voltage comparators 521 and 522 except
      that in the former, the voltage to be compared with the vehicle running
      speed voltage is a constant voltage regardless of the throttle opening.
      Therefore, below a predetermined vehicle running speed, the terminal L1
      becomes Lo level by means of the inverters 527 and 528, while above said
      vehicle speed, the terminal L2 becomes Lo level, thus determining
      particular transmission regions separately from those due to the terminals
      D1, D2 and D3.
PAR  For those switching over the voltage comparators 521 522 and 523, it is
      necessary to provide a hysteresis. However, such a constitution will be
      omitted here since it is not the gist of this invention and, it is
      suggested to refer to the aforementioned Japanese patent publication
      211/73 for details thereof.
PAR  FIG. 7 shows a logic circuit to determine the actuating combination of the
      three solenoids 111, 121 and 131 to attain a required gear positioning. In
      FIG. 7, terminals P, R, N, D, 2 and L as well as D1, D2, D3, L1 and L2 are
      the same as shown in FIGS. 5 and 6 and generate Hi or Lo level as
      explained above. 601 is a three input NAND having three terminals a, b and
      c, the output terminal thereof being connected to the solenoid 111. The
      solenoid 111 in FIG. 7 is the same solenoid as shown in FIG. 3b and, in
      fact, an amplifier between NAND 601 and the solenoid 111 is provided to
      amplify the signal from NAND 601. However, such an amplifier is omitted
      from the explanations of the electric circuit shown in FIG. 7 and the
      subsequent figures. In the following, the solenoid 111 is conditioned to
      actuate when Hi level is supplied to its input terminal, and solenoids 121
      and 131 are also conditioned to operate in the same manner. Input terminal
      a of the NAND 601 is connected with terminal P, input terminal b with
      terminal R and input terminal c with terminal N, so that any of said three
      terminals becomes Lo level and the NAND output becomes Hi level to actuate
      the solenoid 111. The terminals D and 2 are connected to the input side of
      a two-input NAND 611, the output from which is supplied to each of the
      input terminals of the two-input NOR 613 and 614 after they have been
      reversed by an inverter 612. Another input terminal of NOR 613 is
      connected to terminal D1, while the output of said NOR is reversed by an
      inverter 615. Similarly, another input terminal of NOR 614 is connected to
      terminal D2, and the output of said NOR is reversed by an inverter 616.
      617 is a two-input NOR supplied with input signals from terminals 2 and
      D3, its output being connected to an inverter 618. 619 and 620 are also
      two-input NOR which input terminals are connected with terminals L, L1 and
      L2 respectively. 602 is a three-input NAND having three input terminals d,
      e and f each being connected to terminal P, inverter 615 and inverter 621,
      respectively, while its output is supplied to the solenoid 121. 603 is a
      five-input NAND having input terminals g, h, i, j, and k, each being
      connected to terminal R inverter 616, inverter 618, inverter 621 and
      inverter 622 respectively, while its output terminal is connected to the
      solenoid 131. According to the aforementioned connections, NAND 601, 602
      and 603 deliver Hi level when the input terminals a-k are on Lo level. The
      following table gives such input conditions.
TBL  __________________________________________________________________________
     Shift Position                                                            
              Gear Position                                                    
                       Solenoid 111                                            
                               Solenoid 121                                    
                                       Solenoid 131                            
     __________________________________________________________________________
     P        --       ON      ON      OFF                                     
     R        --       ON      OFF     ON                                      
     N        --       ON      OFF     OFF                                     
     D        1st      OFF     ON      OFF                                     
     D        2nd      OFF     OFF     ON                                      
     D        3rd      OFF     OFF     OFF                                     
     2        1st      OFF     ON      OFF                                     
     2        2nd      OFF     OFF     ON                                      
     L        1st      OFF     ON      ON                                      
     L        2nd      OFF     OFF     ON                                      
     __________________________________________________________________________
PAR  FIG. 8 shows an embodiment of an electric control circuit to operate the
      parking gear mechanism. To obtain the parking condition, it is
      electrically required that the solenoids 111 and 121 are turned ON and the
      solenoid 131 is turned OFF. Furthermore, it is necessary that the line
      pressure is established in the hydraulic circuit of the transmission.
      Therefore, the source of the line pressure or the oil pump must be kept in
      operation until the parking operation is finished which in turn means that
      the engine must be kept running until such time. However, the parking
      brake is generally actuated to prevent the automobile moving by itself in
      the driver's absence and, on such an occasion, the driver does not always
      select the parking shift position before stopping the engine but sometimes
      stops the engine and then selects the parking shift position. In the
      latter case, since the engine has stopped and the oil pump is not being
      driven when the driver selects the parking position, the parking operation
      is not in fact performed. Since it is unreasonable to expect a driver to
      keep to the correct order in his shifting operation, it is necessary that
      the parking operation, when actuated, be completed before the engine
      stops.
PAR  For this purpose, the constitution shown in FIG. 8 is adapted so that if
      the engine key switch is turned OFF while the automobile is running at a
      speed below, say 5Km/h, the parking solenoid mode (solenoids 111 and 121
      are ON, while solenoid 131 is OFF) is automatically selected regardless of
      the shifting position and, in addition, the engine is kept running during
      a predetermined time necessary to complete the parking operation.
PAR  In FIG. 8, the ignition coil 330 is connected to the battery 300 by way of
      a contact 702 operated by a coil 701. The contact 702 is closed when the
      coil 701 is energized. A terminal of the engine key switch 310 opposite to
      that connected to the battery is connected to bias resistances 714, 715
      for a transistor 713 as well as to bias resistances 707, 708 for a
      transistor 703 by way of a diode 706. The collector of the transistor 703
      is connected to the relay coil. A diode 712 is a protecting diode to
      absorb surge. The collector of the transistor 713 is connected to a
      terminal of the relay contact 702 opposite to the electric source side by
      way of a collector resistance 716 to deliver output of Hi level when the
      key switch is OFF while it delivers output of Lo level when the key switch
      is ON. The output terminal of the transistor 713 is connected to an input
      terminal of a two-input NAND 725 and to the input terminal of an
      expandable NAND 724 by way of two inverters 720 and 721. The expandable
      NAND 724 means a NAND having an input terminal not including a diode for a
      gate therein, such as model TD1071P available from Tokyo Shibaura Company.
      The output terminal of NAND 724 and another intput terminal of the
      expander are connected to a condenser 726, and further, the output
      terminal of NAND 724 is supplied to NAND 725 and an inverter 722. The
      output terminal of the inverter 722 is connected to bias resistances 709,
      710 for a transistor 704. The collector of the transistor 704 is connected
      to the cathode of the diode 705.
PAR  The aforementioned circuit operates as follows. Firstly, if the keyswitch
      310 is turned ON, a current flows through the diode 706 to the base of the
      transistor 703 to turn on the transistor, whereby the relay coil 701 is
      energized, the contact 702 is closed, and the ignition coil 330 is
      energized. Simultaneously, the base of the transistor 713 is supplied with
      current through the resistance 714, whereby the transistor is turned on
      and the collector of the transistor becomes Lo level. Such a potential is
      applied to NAND 724 by way of the two inverters 720, 721 and, therefore,
      the output of said NAND becomes Hi level after a while and, in accordance
      therewith, the inverter 722 delivers Lo level output to absorb the base
      current of the transistor 704 by way of the resistance 710. In this
      condition, the condenser 726 is charged in the shown polarity. The output
      of NAND 725 is on Hi level.
PAR  Next, when the key switch 310 is turned OFF, the base current for the
      transistor 703 is cut off. Since the transistor 713 is turned off, the
      input terminal of NAND 724 becomes Hi level. However, since the output
      terminal of said NAND is kept on Hi level until the charge of the
      condenser 726 has been discharged, the inverter 722 still continues to
      absorb the base current of the transistor 704, and thus continues to
      supply the base current of the transistor 703 by way of the transistor 704
      and the diode 705 thereby maintaining energization of the relay coil 701.
      Summarizing, when the driver has turned the key switch ON, the ignition
      circuit is supplied with current and operates, however, even when the key
      switch has been turned OFF, the ignition circuit is still supplied with
      current for a predetermined period, for example such as 1 second, to keep
      the engine operating for a predetermined period before it finally stops.
PAR  703 is a voltage comparator which operates in the same manner as the
      comparators 521-523 in FIG. 6 and compares the automobile speed voltage
      delivered by the DC voltage generating circuit 502 with a reference
      voltage. If the reference voltage is set at, for example, a value
      corresponding to vehicle speed 5 Km/h, the voltage comparator 703 delivers
      a negative voltage output when the automobile speed is higher than 5 Km/h
      and delivers a positive voltage output when the automobile speed is lower
      than said level. Such an output is reversed by an inverter 731 and,
      therefore, Hi level signal appears at terminal 5 KM/H when the automobile
      speed is higher than 5 Km/h, while Lo level signal appears at the terminal
      when the vehicle speed is below said level. A 2-input NOR 732 is supplied
      with input signals from NAND 725 and the inverter 731, and delivers its
      output to an input terminal of a two-input NOR 743 and to an inverter 733.
      The output of the inverter 733 is supplied to each one input terminal of
      two-input NANDS 741, 742. The output of NAND 741, 742 and NOR 743 are
      connected to the solenoid 111, 121 and 131, respectively, whereby each
      solenoid is driven when the corresponding gate output becomes Hi level.
      The elements 601-603 are the same ones shown in FIG. 7 which outputs are
      reversed by inverters 751, 752 and 753 and supplied to said gate means
      741, 742 and 743 respectively.
PAR  In operation, if the automobile speed is higher than 5 Km/h, the output of
      NOR 732 is on Lo level and the output of the inverter 733 is on Hi level.
      Therefore, the output condition of the gate means 741, 742 and 743 is
      determined by the output of NAND 601, 602 and 603 which in turn are
      determined by their inputs a-k. Thus, the three solenoids operate
      according to the same condition as explained with reference to FIG. 7. If
      the vehicle speed is lower than 5 Km/h, the output of NAND 725 influences.
      In other words, if the key switch 310 is turned ON when the vehicle speed
      is below 5 Km/h, since the output of NAND 725 is on Hi level, the output
      of NOR 732 is on Lo level, and the output of inverter 733 becomes Hi
      level. This is the same as the aforementioned case where the vehicle speed
      is higher than 5 Km/h. However, if the key switch 310 is turned OFF,
      during a period such as one second, starting from that moment, NAND 725
      delivers Lo level output and, thereafter, is switched over to deliver Hi
      level output. Therefore, during the aforementioned one second, NOR 732
      delivers Hi level output and the inverter 733 delivers Lo level output,
      and accordingly, the gate means 741 and 742 deliver Hi level output while
      the gate means 743 delivers Lo level output regardless of the input
      conditions of a-k of NAND 601-603. Thus, the solenoid 111 and 121 are
      turned ON while the solenoid 131 is turned OFF to forcibly establish the
      parking condition and, since the engine is still driven to supply the line
      pressure by the oil pump, the parking operation is actually completed.
PAR  FIG. 9 shows a safety circuit to ensure protection when the shift position
      P or R has been selected by mistake while the vehicle is moving. It is
      very dangerous that the shift position P or R is selected by mistake when
      the vehicle is moving with, for example, shifting position D. To ensure
      protection against such a miss-shifting, it is possible to devise the
      structure of the shifting position selecting switch, thus mechanically
      preventing such a miss-shift operation. However, it is much safer to
      provide an electrical protection against such a miss-operation. Such a
      protection can be obtained by modifying the input b and g to NAND 601 and
      603 as well as by replacing the inverters 752 and 753 by two-input NAND
      852 and 853, respectively, and NAND 741 by a three-input NAND 741'. In
      FIG. 9, the circuit composed of NAND 801-804 is a latch circuit. An input
      terminal of NAND 801 is directly connected to terminal R while an input
      terminal of NAND 802 is connected to terminal R by way of an inverter 805
      so that the input is reversed. The other input terminals of NAND 801 and
      802 are connected to terminal 5 KM/H by way of an inverter 806. The output
      of NAND 801 and 802 are supplied to a flip-flop composed of NAND 803 and
      804 and, therefore, the output of flip-flop Q becomes Lo level only when
      shift position R is selected when the vehicle speed is below 5 Km/h and,
      thereafter, keeps such an output level regardless of the vehicle speed
      until the selection to shift position R is ceased. If the shift position R
      is selected when the vehicle speed is about 5 Km/h, the output of
      flip-flop Q is held at Hi level. Since the output of flip-flop Q is
      connected to input b of NAND 601 and input g of NAND 603, it is limited to
      the case where R has been selected when the vehicle speed is below 5 Km/h
      that the solenoids are changed over to shift mode R, as it will be readily
      understood with reference to the explanations of FIG. 8. 807, 808 and 809
      are two-input NAND. The input for NAND 807 is the output of the flip-flop
      Q and the input of the inverter 805. The output of Q is reversed to that
      of Q and, therefore, the output of NAND 808 becomes Lo level only when R
      is selected at vehicle speed below 5 Km/h. NAND 808 delivers Hi level
      either in the aforementioned condition or when shift position P is
      selected. Since such an output of NAND 808 is logically added when the
      signal of the vehicle speed 5 Km/h by NAND 809, the output of NAND 809
      becomes Lo level only when P or R is selected at the vehicle speed below 5
      Km/h. Since said Lo level signal is supplied to NAND 741', this signal has
      priority and thus, the output of NAND 741' becomes Hi level.
      Simultaneously, NAND 852 and 853 deliver Hi level signals and, therefore,
      the output of NOR 743 is on Lo level. Since the input x for NAND 742 is on
      Hi level when the vehicle speed if above 5 Km/h, its output is on Lo
      level. Thus the solenoid 111 is put ON while the solenoids 121 and 131 are
      put OFF, whereby the automatic transmission gear is forcibly shifted to
      the neutral condition.
PAR  FIG. 10 shows another safety circuit. Even when the computing circuit such
      as shown in FIGS. 5-8 operates correctly, the expected operation of the
      transmission can not be obtained or a very hazardous condition will be
      brought about if the solenoids do not operate correctly according to the
      result of the computation. For example, it might happen that, despite the
      driver shifting to the forward position, the vehicle actually reverses.
      The safety circuit shown in FIG. 10 is adapted to generate a signal to
      actuate a warning mechanism if the solenoid does not operate correctly
      according to the result of the computation, and further to stop the engine
      automatically if the situation becomes hazardous.
PAR  The solenoid employed in the system according to this invention is
      generally designed to consume a current of the order of 2 amperes and a
      power transistor 913 to change over the solenoid is generally designed to
      have a capacity of about 5 amperes. To operate the power transistor 913,
      PNP transistor 912 and NPN transistor 911 are connected in its forestage
      as shown in FIG. 10 and the output of NAND 741' is supplied to the base of
      the transistor 911. The output of NAND 741' shows, as explained above, Hi
      level when the condition to drive the solenoid 111 has been established.
      In this instance, the transistors 911 and 912 are closed and, due to the
      biasing effect by the transistor 912, the power transistor 913 is closed,
      whereby the solenoid 111 connected to the collector of the power
      transistor 913 is energized the collector of the transistor 913 is
      connected with resistances 915 and 916 in series and the joint between
      said two resistances is connected to the base of a transistor 914. The
      collector of the transistor 914 is connected to a battery through a
      resistance 917 and also to inverters 918 and 919. Therefore, when the
      power transistor 913 is turned on, the transistor 914 is turned off and,
      in this instance, Hi level signal is delivered to the terminal p through
      the inverters 918 and 919. Since the same kind of driving circuit is
      incorporated for the solenoids 121 and 131, a detailed showing is omitted
      in FIG. 10 except terminals q and r corresponding to terminal p. 941, 942
      and 943 are a two-input Exclusive OR gate which is an element which
      delivers Lo level output when its two inputs are both on Hi or Lo level
      and delivers Hi level output when its two inputs are different from each
      other. Such an element is known as MC1812F of the Motorola Company. Said
      OR gate 941 is supplied with input from NAND 741' and terminal p, the gate
      942 from NAND 742 the terminal q and the gate 943 from NOR 743 and
      terminal r. The outputs of these gates are introduced into a three-input
      NOR 944. Therefore, if the computing circuit is despatching a signal to
      drive the solenoid and yet the solenoid is not energized or, reversely, if
      there is no signal to drive the solenoid and, nevertheless, the solenoid
      is energized, NAND 944 delivers Lo level signal.
PAR  It is easy to warn the driver by a warning light, a warning buzzer, etc.,
      due to such a signal indicating a malfunction. However, it is very
      hazardous when the Exclusive OR gate 941 delivers Hi level signal. This
      means that even though the driver has shifted to the forward position, the
      transmission is in the reverse or parking position, or reversely, even
      though the driver has not shifted to the forward position, the
      transmission is in the the forward condition. In the event of such a
      malfunction, stopping the engine might be the best way of ensuring
      protection, rather than devising an electric control system for control on
      such an occasion.
PAR  As shown in FIG. 8, the supply of the electric power to the ignition
      circuit is controlled by the relay coil 701. In FIG. 10, the bias
      resistance for the transistor 703 to control the relay coil 701 is
      composed of resistances 707, 707' and 708 wherein the connecting point of
      the resistances 706 and 707' is connected to the collector of a transistor
      954. The base of the transistor 954 is connected to the output terminal of
      an inverter 953 through a resistance 955. The input terminal of the
      inverter 953 is connected to the output terminal of a two-input NOR 952.
      One of the input terminals of said NOR is connected to the output terminal
      of the aforementioned Exclusive OR 941. In such a structure, when said OR
      941 delivers Hi level output, the transistor 954 is turned on thereby
      turning off the transistor 703, thus intercepting supply of the electric
      power to the ignition circuit to stop the engine. Furthermore, a hazardous
      condition will be brought about if a malfunction occurs in the hydraulic
      circuit of the automobile transmission system even when its electric
      controlling circuit is operating normally. In such a case, some sticking
      of the shift valve, etc., might be caused so that, despite the signal from
      the electric controlling system being in the forward condition, the
      hydraulic circuit might build-up a circuit condition for reversing, or
      vice-versa. Such a malfunction can be detected by variations of the
      hydraulic pressure in the oil passage 115 in the hydraulic circuit shown
      in FIG. 3b. The oil passage 115 is put in the same pressure condition as
      the line pressure passage 103a when the solenoid 111 is energized and the
      shift valve 110 is shifted to the position shown by 110b. However, if the
      solenoid 111 is not energized, the shift valve 110 is in the position of
      110a and the line pressure does not appear in the oil passage 115. The oil
      pressure switch 960 connected to the oil passage 115 is adapted to be
      opened when the line pressure exists in the oil passage 115 and closed
      when such a line pressure is not applied. As shown in FIG. 10, the
      operation signal of the oil pressure switch is supplied to one terminal of
      Exclusive OR 951 through inverters 961 and 962. The other input terminal
      of said OR 951 is supplied with the output of NAND 950 which produces
      logic addition of the signals of terminals P, R and N. If the oil pressure
      switch 960 is opened when either of the terminals P, R and N is on Lo
      level, the Exclusive OR 951 delivers Lo level output to indicate that the
      operation is performed normally, but if the two input signal levels are
      different from each other, said OR 951 delivers Hi level output whereby
      the transistor to cut off the ignition circuit is actuated to stop the
      engine.
PAR  From the foregoing explanations, it will be appreciated that this invention
      provides the following advantages:
PAR  1. Since the pilot pressure of all shifting valves is controlled by one or
      more solenoids, the structure of the shifting valves is simple, thereby
      excluding malfunctions.
PAR  2. Since all the shifting valves are changed over by means of the
      solenoids, the selection among the transmission regions such as forward,
      reverse, neutral and parking is effected by electric connections without
      requiring any mechanical linkage.
PAR  3. Since the shifting among the transmission regions is effected
      electrically so that a computing circuit despatches instructions, various
      kinds of safety devices and circuits can be easily incorporated into the
      computing circuit, whereby for example, the following safeguard operations
      can be performed:
PA1  a. even when a shifting is made by mistake to L range when the automobile
      is running at high speed, the shifting to first speed is not actually
      effected until the automobile speed is reduced to a predetermined level.
PA1  b. even if a shifting is made by mistake to P range when the automobile is
      running, the parking function is not actuated until the automobile speed
      is reduced to a predetermined level.
PA1  c. if the shift gear is shifted to reverse by mistake when the automobile
      is running forward, or to forward when the automobile is reversing, the
      engine is automatically stopped.
PA1  d. in the case of parking the automobile, if the engine is stopped in any
      range condition other than the parking, the solenoid energizing for P is
      automatically attained and, simultaneously, the engine operation is held
      for a predetermined period such as one second to drive the oil pump to
      complete the parking condition.
PAR  4. Since the vehicle speed is detected electrically, its precision is high.
PAR  5. Since the throttle opening is detected electrically, its precision is
      high.
PAR  6. Since the shifting points are determined electrically, the precision in
      the shifting is high.
PAR  7. Since the shifting points are determined electrically, their settings
      are easily done at any shifting point available.
PAR  8. By providing a pressure adjusting valve in the rear brake circuit, a
      shock free shifting from second speed to first speed can be done when the
      transmission region is set in L.
CLMS
STM  We claim:
NUM  1.
PAR  1. An automatic transmission system for use with automobiles comprising a
      gear wheel transmission mechanism, a plurality of hydraulically operable
      engaging means to accomplish transmission meshings in said gear wheel
      transmission mechanism, a parking mechanism, a hydraulically operable
      parking actuating means to actuate said parking mechanism, hydraulic
      pressure shift valve means operated by a plurality of solenoids to control
      the supply of hydraulic pressure to said engaging means and said parking
      actuating means, electric switches to be manually operated, means to
      generate signals regarding the vehicle running condition, and a computing
      circuit to control energization of said solenoids of said hydraulic
      pressure shift valve means in response to electric signals despatched from
      said electric switches and said signal generating means.
NUM  2.
PAR  2. An automatic transmission system according to claim 1, wherein said
      parking actuating means includes a piston to actuate said parking
      mechanism, a hydraulic piston mechanism having first and second oil
      chambers, said first oil chamber being adapted to drive said piston to the
      position where said parking mechanism is actuated and said second chamber
      being adapted to drive said piston to the position where said parking
      mechnism is released, and a shift valve to supply hydraulic pressure to
      said first oil chamber in a first oil pressure supply condition of said
      oil pressure shift valve means determined by the energization condition of
      said solenoid and to supply oil pressure to said second oil chamber in the
      other hydraulic pressure supply condition.
NUM  3.
PAR  3. An automatic transmission system according to claim 1, further
      comprising a switch to stop a prime mover to drive said transmission
      system, a timing means to operate in response to the actuation of said
      switch to stop said prime mover, and a parking condition establishing
      circuit to hold the operating condition of said prime mover during the
      operating period of said timing means and to set up such an energizing
      condition of said solenoids that establishes a shift condition of said
      hydraulic pressure shift valve means determined for the parking condition.
NUM  4.
PAR  4. An automatic transmission system according to claim 1, further
      comprising a circuit to detect the energizing condition of said solenoids,
      and a safety circuit to compare the signals from said detecting circuit
      and said computing circuit to despatch a signal when there is an
      inconsistancy between said two signals and to ensure protection.
NUM  5.
PAR  5. An automatic transmission system according to claim 2, further
      comprising a detent mechanism to keep said parking mechanism at its
      actuating position even when the hydraulic pressure supplied to said
      parking actuating means has failed.
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ABST
PAL  A speed-responsive governor arrangement has a lever which is movable by a
      governor device. A spring-loaded transmission device is engaged between an
      arm of the lever and an opposed face of a cam element, so that a torque
      applied to the lever, opposing that applied by the governor device, is
      dependent on the positions of the transmission device and the cam element.
      The cam element has a further face which rests on rollers, so that the
      position of the cam element may be varied. The positions of the rollers
      are themselves adjustable.
BSUM
PAR  This invention relates to speed-responsive governor arrangements of the
      kind in which the response, for a given output speed, of an output member
      of the arrangement may be varied.
PAR  It is known to provide, in a governor arrangement having an output member,
      a lever which is movable by the output member in response to changes in
      the speed of an input shaft for the arrangement, a cam element and a
      spring-loaded transmission device engaged between the cam element and an
      arm of the lever, the transmission device being movable so as
      simultaneously to vary its point of engagement with the cam element and
      the lever arm, and means for varying the position of the cam element with
      respect to the lever so that, for a given position of the transmission
      device, the bias applied by the lever to the output member can be varied.
PAR  In known arrangements of the foregoing kind the position, relative to the
      lever, of the cam element has been varied by pivotally moving the latter,
      about one or more pivot points. It is a disadvantage of such arrangements
      that there is effectively no relative movement of the cam element adjacent
      its pivot points, and the cam element is thus not adjustable over the
      whole of the range of movement of the transmission device. It is an object
      of the present invention to provide a governor arrangement of the
      aforesaid kind in which the cam element is adjustable over substantially
      the whole range of movement of the transmission device.
PAR  According to the invention a speed-responsive governor arrangement
      comprises a body, a governor device rotatable within the body and
      including an output member, a lever pivotally mounted on the body and
      movable by the output member in response to changes in the speed of an
      input shaft for the governor device, a cam element having a pair of
      oppositely-directed cam faces, support means for one of said cam faces, a
      transmission device including a pair of bearing elements biased into
      respective engagement with an arm of said lever and with the other of said
      cam faces, said transmission device being movable so as simultaneously to
      vary the points of engagement of said bearing elements with said lever arm
      and said other cam surface, and means for moving said cam element relative
      to said support means.
PAR  An example of the invention will now be described with reference to the
      accompanying drawings, in which FIGS. 1 to 3 show diagrammatically the
      several parts of a fuel control system. These figures should be read in
      conjunction with one another.
PAR  The drawings show a fuel control arrangement for a three-spool gas turbine
      engine 10, that is, an engine having three compressors and three
      associated turbines being carried on concentric shafts.
PAR  A centrifugal pump 11 supplies fuel to a positivedisplacement pump 12
      driven by the engine 10. A spring-loaded pressure relief valve 13 is
      connected across the pump 12.
PAR  Downstream of pump 12 is a variable metering arrangement 14 which comprises
      a sleeve 15a slidable in a body 16 relative to a fixed sleeve 15b.
      Slidable within sleeves 15a, 15b is a further sleeve 17. Sleeve 17 has
      triangular ports 18 which can move relative to a gap 19 defined between
      sleeves 15a, 15b to provide a variable metering orifice.
PAR  Sleeve 15a is movable in a direction relative to sleeve 17, to reduce fuel
      flow by a flyweight arrangement 20 driven by the high speed shaft of
      engine 10. Engaged with sleeve 15a is a lever 21, which, as shown in FIG.
      1, is mounted for movement about a fixed axis 22 on the body 16 and has an
      arm 23 formed on one edge with a cam surface 24. A cam element 25 has a
      pair of cam faces 26, 27 which are formed along opposite sides of element
      25. A pair of support rollers 28, 29 are mounted on the body 16 and engage
      the cam face 27, the positions of rollers 28, 29 being adjustable by
      threaded stems.
PAR  A transmission device 30 comprises a carrier 31 upon which a pair of arms
      32, 33 are pivotally mounted. Bearing rollers 34, 35 on the ends of
      respective arms 32, 33 engage cam surfaces 24 and 26. Rollers 34, 35 are
      biased outwardly against the respective cam surfaces by a spring 36, the
      arrangement being such that spring 36 acts, through lever 21 to bias
      sleeve 15 against movement by flyweight arrangement 20.
PAR  Carrier 31 is mounted for pivotal movement about a fixed axis between the
      cam surfaces 24, 26 so that movement of the force of spring 36 about pivot
      22, and thus the bias applied to sleeve 15a, is variable. Carrier 31 is
      movable by a cam 37 which is in turn responsive to a lever 38 movable from
      a central, idle, position shown in FIG. 1, in either direction to demand
      forward or reverse thrust from the engine 10. Cam 37 is formed so that the
      power demand, for similar engine movement from the idle position, is the
      same for both forward and reverse thrust. It will be understood that
      reverse thrust is obtained from engine 10 by deflectors (not shown)
      operated in response to movement of lever 38.
PAR  Cam element 25 is freely pivoted on a link 39 which is in turn freely
      pivoted on a lever 40 movable about a fixed axis 41. Lever 40 is biased by
      a spring 42 towards an edge cam 43 rotated by a stepper motor 44. Motor 44
      is controlled by output pulses from a control circuit 45. Circuit 45 is a
      digital circuit responsive to the speed N.sub.H of the high speed shaft of
      engine 10, to the temperature T.sub.1 at the engine compressor inlet, to
      the Mach No. MN and altitude of an aircraft in which the engine 10 is
      mounted, to the exhaust temperature T.sub.7 of the engine combustion
      chamber, to the position .theta. of lever 38, and also to the setting of a
      selector switch 46 to drive motor 44 to rotate cam 43 so as to move cam
      element 25 upwardly, as seen in FIG. 1. Upward movement of cam element 25
      rotates the latter anticlockwise about its pivotal connection with link 39
      and thus increases the bias of spring 36 on sleeve 15a, for a given
      position of carrier 31. Selector switch 46 is manually operable to
      correspond to required operating modes of an aircraft in which the engine
      10 is mounted, as for example take-off, maximum climb, and maximum cruise.
PAR  In the event of failure of circuit 45 the cam 43 can be rendered
      ineffective by means of a further cam 47. Cam 47 is rotatable to lift
      lever 40 away from cam 43 by a selector lever 48 when the latter is moved
      to the position indicated at A in FIG. 3.
PAR  Referring to FIG. 2 the sleeve 17 of variable metering arrangement 14 is
      movable by a lever 50 which is coupled to a bellows arrangement having a
      pair of bellows units 51, 52 arranged in tandem. Unit 51 is evacuated and
      unit 52 is subjected internally to an intermediate pressure P.sub.3 from
      the engine compressor. Both units 51, 52 are subjected externally to a
      pressure P.sub.4P which is derived by means of a fluid potentiometer
      comprising a restrictor 53 and a venturi 54 connected in series between
      pressure P.sub.3 and a pressure P.sub.4 derived from the output of the
      final compressor stage of the engine.
PAR  In use, therefore, variable metering arrangement 14 is responsive to an
      increase in pressure P.sub.4P, or to a decrease in pressure P.sub.3, to
      increase fuel flow. Arrangement 14 is also responsive to an increase in
      the speed N.sub.H of the high speed shaft of the engine to decrease fuel
      flow, and the sleeve 15 is biased against movement by flyweight
      arrangement 20, by spring 36, acting through lever 21. The bias applied by
      spring 36 is increased by movement of lever 38 in either direction away
      from its central, idling, position. Movement of sleeve 15 is limited by
      adjustable stops 55, 56 which effectively act to limit acceleration and
      deceleration respectively.
PAR  Movement of sleeve 17 in a direction to decrease fuel flow is limited by a
      stop 57. Stop 57 is movable by a cam 58 rotatable by selector lever 48.
      Stop 57 is movable between a first position, shown in FIG. 2 and selected
      by a position B of lever 48, and a second position selected by positions C
      or D of lever 48. Position B of lever 48 corresponds to normal running of
      the engine 10, and positions C and D to "fuel rich" and "fuel lean" engine
      starting conditions respectively. Stop 57 provides, for a given engine
      speed as manifested by the position of sleeve 15, a minimum fuel flow
      through the metering arrangement 14.
PAR  Extending axially through sleeve 17 is a stem 60 which terminates in a
      piston element 61 slidable in a ported sleeve 62. The ends of sleeve 62
      communicate respectively with the upstream and downstream sides of
      variable metering arrangement 14. Sleeve 62 has ports 63 which communicate
      via a passage 64 with the upstream side of pump 12. Element 61 thus
      provides a spill valve for metering arrangement 14.
PAR  Slidable on stem 60 adjacent piston element 61 is a further piston element
      65. Sliding movement of element 65 is restricted in both directions by a
      projection 66 on stem 60. Element 65 co-operates with further ports 67 in
      sleeve 62 to define a throttle valve in series with metering arrangement
      14. Ports 67 communicate via a passage 68 with a further valve arrangement
      69, later to be described. Element 65 is urged in a direction to uncover
      ports 67 by the pressure downstream of metering arrangement 14, and in the
      opposite direction by a spring 70 which also engages piston element 61.
      Piston element 65 is formed so that the space between elements 61, 65 is
      always subjected to the pressure in passage 68.
PAR  Stem 60 is engaged by a further set of governor flyweights 71 which are
      also driven at the speed N.sub.H of the engine high speed shaft.
      Flyweights 71 are biased by a spring 72 against movement in response to an
      increase in speed N.sub.H. Spring 72 thus sets a minimum force on stem 60
      and, by urging the latter towards a position in which spill valve element
      61 is closed, also sets a minimum pressure drop across the variable
      metering arrangement 14. An adequate flow level at light-up is thus
      provided. This light-up flow level is responsive to altitude by virtue of
      movement of sleeve 17 by bellows 51, 52.
PAR  The downstream side of metering arrangement 14 communicates via a passage
      73 and a shut-off cock 74 with pilot burners of the engine 10. Cock 74 is
      operated by selector 48 so as to be open in all positions of lever 48
      except E, which position corresponds to engine shut-down.
PAR  Piston element 61 is biased against the delivery pressure of pump 12, and
      in a direction to reduce spill flow and permit element 65 to open the
      throttle valve, by a spring 75. The force exerted by spring 75 is variable
      by a cam 76 which is rotatable by selector lever 48 so that in position C
      of lever 48 (corresponding to fuel-rich starting) the spring force is
      increased and the spill flow reduced.
PAR  During starting, the pressure downstream of metering arrangement is low,
      and spring 70 overcomes this pressure to urge piston element 65 to shut
      the throttle valve. Substantially the whole of the fuel delivered by pump
      12 is thus supplied via passage 73 to the engine pilot burners. At low
      levels of fuel flow through metering arrangement 14, the throttle valve
      thus acts as a pressurising valve to maintain the pressure in passage 73
      above that in passage 68 by an amount which does not fall below a minimum
      value set by spring 70.
PAR  When engine speed rises to the level at which flyweights 71 overcome spring
      72, the fuel flow through arrangement 14 increases and the fuel delivery
      of pump 12 also increases. The pressures upstream and downstream of
      metering arrangement 14 increase. The downstream pressure overcomes the
      force exerted by spring 70 and element 61 engages element 65. These
      elements substantially move as a unit and are responsive to the difference
      in pressure across metering arrangement 14. Elements 61, 65 are also
      responsive, via flyweights 71, to the speed N.sub.H of the engine. In
      these conditions, therefore, elements 61, 65 act to maintain the pressure
      difference across metering arrangement 14 substantially constant for any
      given speed N.sub.H.
PAR  The valve 69 (FIG. 3) between passages 68 and the engine main burners has a
      pair of outlets 77, 78 which communicate respectively with passage 64 and
      with the main burners. A spool control element 79 is movable so as to
      divide the flow from passage 68 between outlets 77, 78. Element 79 is
      responsive to the pressure in passage 68 and is formed with lands of
      different diameters so as to be biased, by the pressure in passage 68, in
      a direction to increase flow through outlet 77 and decrease flow through
      outlet 78. Element 79 is also biased in the same direction by a spring 80
      and by a high pressure signal applied via a line 81 from the outlet of
      pump 12. Element 79 is urged in the opposite direction by a servo pressure
      signal in a chamber 82, derived from the pressure in line 81 via a
      restrictor 83. Chamber 82 communicates via a port 84, a passage 85 and a
      pilot valve arrangement 86 with passage 68. Port 84 is placed so as to
      form a valve, in co-operation with the larger end of spool element 79. A
      condition thus can exist in which with port 84 partly shut, the forces on
      element 79 are in equilibrium. In this equilibrium condition port 78
      remains at least partly open, so that the main burners are not
      extinguished.
PAR  Pilot valve 86 is operated by a torque motor 87 responsive to an electronic
      control circuit 88. Circuit 88 receives signals dependent on the speeds
      N.sub.L, N.sub.I of the lowspeed and intermediate-speed engine shafts and
      also on temperature T.sub.7, so that an increase beyond predetermined
      levels of these values opens pilot valve 86 to reduce the servo pressure
      in chamber 82 and thereby reduce fuel flow to the engine main burners.
PAR  A lever 86 has an adjustably-positioned pivot 90 and is engageable both
      with the control element of pilot valve 86 and also with the lever 50 of
      the variable metering arrangement 14 when the lever 50 has been moved by
      more than a predetermined amount in response to pressures P.sub.3 and
      P.sub.4P. Lever 89 thus acts to reduce fuel flow to the engine in order to
      limit the difference between pressures P.sub.3 and P.sub.4P, and hence to
      determine a maximum compressor delivery pressure.
PAR  Chamber 82 of valve 69 also communicates via a passage 91 and a shut-off
      cock 91 with passage 68. Shut-off cock 92 is operated by selector lever 48
      so as to be opened only when the latter is in position E, i.e., when the
      engine is shut down. With cock 92 open, servo pressure in chamber 82 falls
      to cause outlet 78 to be shut off completely and all fuel flow to valve 69
      to be returned to the upstream side of pump 12.
CLMS
STM  I claim:
NUM  1.
PAR  1. A speed responsive governor arrangement, comprising a body, a governor
      device rotatable within the body and including an output member, said
      output member being movable in response to the speed of rotation of said
      governor device, a lever pivotally mounted on the body and movable by said
      output member in response to changes in the speed of said governor device,
      a cam element having a pair of oppositely-directed cam faces, a plurality
      of rollers mounted on said body and supportingly engaging one of said cam
      faces, a transmission device including a pair of bearing elements biased
      into respective engagement with an arm of said lever and with the other of
      said cam faces, means for moving said transmission device so as
      simultaneously to vary the points of engagement of said bearing elements
      with said lever arm and said other cam surface, and means for moving said
      cam element so that said one cam face moves over all of said rollers
      simultaneously.
NUM  2.
PAR  2. An arrangement as claimed in claim 1 which includes means for varying
      the positions of said rollers relative to the body.
NUM  3.
PAR  3. An arrangement as claimed in claim 1 in which the means for moving said
      cam element comprises a linkage engaging said cam element and said body,
      and a further cam engaging one of the members of said linkage.
NUM  4.
PAR  4. An arrangement as claimed in claim 3 which includes means for rotating
      said further cam in accordance with operating parameters of an engine by
      which said governer device is, in use, rotated.
NUM  5.
PAR  5. An arrangement as claimed in claim 4 in which said means for rotating
      the further cam comprises a control circuit responsive to said parameters
      to provide an electrical control signal, and a motor responsive to said
      control signal.
NUM  6.
PAR  6. An arrangement as claimed in claim 5 in which said motor is a stepper
      motor.
NUM  7.
PAR  7. An arrangement as claimed in claim 3 which includes means for
      disengaging said linkage from said further cam.
NUM  8.
PAR  8. An arrangement as claimed in claim 7 in which said disengaging means
      comprises a third cam engageable with said one linkage member.
NUM  9.
PAR  9. An arrangement as claimed in claim 1 which includes means for moving
      said transmission device in accordance with the position of a throttle
      control lever for an engine by which said governer device is, in use,
      driven.
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ABST
PAL  A transmission having a fluid operated forward and reverse drive gear unit
      and a three speed gear unit to provide three forward and three reverse
      speed drives. A one-two relay valve in downshift position provides first
      speed drive and on upshift functions with a downshifted two-three relay
      valve to provide second speed drive. The two-three relay valve on upshifts
      provides third speed drive. The one-two relay valve is upshifted in
      response to either forward or reverse second pressure and the two-three
      relay valve will upshift in reponse to either forward or reverse third
      pressure. Each relay valve will downshift in the absence of such pressure
      except when output speed is above a predetermined value. A manual selector
      valve is operative in first, second or third forward drive positions to
      provide first forward pressure to engage forward drive in all forward
      positions, second forward pressure in second and third forward positions
      and third forward pressure in third forward position and similarly
      operative in first, second or third reverse drive positions to provide
      first reverse pressure to engage reverse drive in all reverse positions,
      second reverse pressure in second and third reverse position and third
      reverse pressure in third reverse position. The second forward or reverse
      pressure is connected to upshift the one-two relay valve. The third
      forward or reverse pressure is connected to upshift the two-three relay
      valve. This system provides manual selection of first, second or third
      speed in either forward or reverse drive and inhibits downshifts above a
      predetermined speed.
BSUM
PAR  This invention relates to a transmission and controls and particularly to a
      transmission having a manual selection control system providing a
      plurality speed drive in both forward and reverse.
PAR  The transmission drive train has a gear train providing a plurality of
      speed ratio drives in both forward and reverse drive operation.
      Transmissions having a forward and reverse gear unit having a forward and
      a reverse fluid operated device to selectively establish a forward or
      reverse drive connected in series with a multi-speed ratio gear unit
      having a plurality of speed ratio fluid operated devices to selectively
      establish a plurality of speed ratios so the transmission provides between
      the input and output a plurality of speed ratios in either forward or
      reverse drive.
PAR  The simple control system has a source of fluid pressure and an output
      governor providing a governor pressure, a relay shift valve and a manual
      valve operative in a plurality of forward or reverse positions to control
      the supply of fluid from said source to said forward and reverse drive
      devices to respectively engage forward or reverse drive and operative in
      both the plurality of forward and reverse positions to similarly control
      the relay shift valve to selectively engage a plurality of speed ratio
      drives in both forward and reverse drive and to disengage the speed ratio
      drives only below proper predetermined speeds in the same direction.
PAR  In a preferred control system, first, second and third speed ratio drives
      are provided in both forward and reverse. A one-two shift relay valve
      normally spring biased into the downshift position connects the source to
      a first speed device to establish first speed in a three speed ratio gear
      unit and is upshifted by a manual second speed signal to exhaust the first
      speed device and connect the source through a second third feed line and a
      two-three shift relay valve, when it is normally biased into the downshift
      position, to the second speed device to engage second speed ratio in the
      three speed unit. The two-three shift relay valve on upshift by a third
      speed signal connects the second ratio device to exhaust and the two-three
      feed line to the third speed device to establish the third speed ratio in
      the three speed unit. A manual selector valve has first, second and third
      ratio positions in both a forward drive range and a reverse drive range.
      The manual valve in the forward range connects the source in all forward
      speed positions to provide a first speed forward line pressure, which is
      connected to the forward device to establish forward drive in the forward
      and reverse gear unit, in second and third speed forward positions to
      provide a second speed forward line pressure and in third speed forward
      position to provide a third speed forward line pressure. The manual valve
      in reverse range connects the source in all reverse speed positions to
      provide a first speed reverse line pressure, which is connected to the
      reverse device to establish reverse drive in the forward and reverse gear
      unit, in second and third speed reverse positions to provide a second
      speed reverse line pressure and in third speed reverse position to provide
      a third speed reverse line pressure. In these range positions the lines
      not provided with pressure are exhausted. In neutral all these lines are
      exhausted and the source supply line blocked. When either the forward or
      reverse second speed pressure is provided in forward or reverse second
      position, a second speed signal is provided to upshift the one-two shift
      relay valve for a first to second speed shift. When either the forward or
      reverse second and third speed pressures are provided in forward or
      reverse third position, a second and third speed signal is provided to
      hold the one-two shift relay valve upshifted and to upshift the two-three
      shift relay valve to establish third speed in the three speed unit. The
      governor pressure is connected to each relay valve where it is blocked by
      a land when the relay valve is in the downshift position and admitted to
      an unbalanced area between two lands when the relay valve is in the
      upshift position to prevent a manual downshift of the relay valve in
      response to a manual downshift of the manual valve, which will exhaust the
      signal pressure until the governor pressure and speed are reduced to a
      proper value for a downshift. A range inhibitor prevents a shift between
      forward and reverse above a proper speed. In neutral position of the
      manual valve all of the first, second and third speed lines are exhausted
      so both the forward and reverse devices are disengaged to provide a
      positive neutral and the first speed device is engaged so on a manual
      valve shift to forward or reverse range first speed position, the drive is
      initiated respectively by the forward or reverse device and maintained
      during continued operation in the same range. The relay valves function in
      the same way to provide manually controlled shifting in the three speed
      unit in response to signals from the manual valve when shifted in either
      the forward or reverse range.
DRWD
PAR  These and other features and advantages of the invention will be more
      apparent from the following description and drawing of a preferred
      embodiment.
PAR  FIG. 1 diagrammatically shows the transmission.
PAR  FIG. 2 diagrammatically shows the transmission control system.
DETD
PAR  The transmission 10 has an input member 11 connected by a forward and
      reverse gear unit 12 and a three speed gear unit 13 to provide a three
      speed drive in both forward and reverse to the output member 14. The
      forward and reverse gear unit 12 has a forward drive fluid operated
      friction device 16 and a reverse drive fluid operated friction device 17
      which are selectively operated by the supply of apply fluid to provide
      respectively forward and reverse drive to the three speed gear unit 13.
      The three speed gear unit has a first 18, second 19 and third 20 fluid
      operated friction drive device for selectively establishing first, second
      and third ratio drives in the three speed gear unit 13 and thus three
      speeds in either forward or reverse as selected in the forward and reverse
      gear unit 12. Such gearing may have a torque converter input drive (not
      shown) as shown in Christenson et al U.S. Pat. No. 3,016,769 patented Jan.
      16, 1962 which shows examples of such gearing and is incorporated by
      reference.
PAR  The controls have a source of regulated fluid pressure 26, typically a pump
      and regulator valve, supplying fluid at regulated fluid pressure to the
      main line 27.
PAR  The main line 27 is connected to a conventional governor 28 of the
      flyweight or pitot type driven by output member 14 at a speed proportional
      to output speed and providing a governor pressure in governor line 29
      proportional to output speed.
PAR  The manual selector valve 31 has a valve element 32 having equal diameter
      lands a and b slidable in a bore 33 from the netural position N shown in
      one direction to first, second and third forward positions F1, F2 and F3
      and in the opposite direction to first, second and third reverse positions
      R1, R2 and R3. The valve element is detent retained in each of these
      positions by the detent mechanism 34 having seven grooves 36 between the
      lands and a spring loaded ball detent 37 in a blind cross bore and
      manually moved by operator portion 38. The main line 27 is connected to
      central supply port 39 which feeds main line pressure to the bore 33
      between lands a and b in all valve element positions. In the neutral
      position port 39 is centered between the lands and the lands block the
      supply fluid in the bore. Beyond land a, the bore 33 has consecutively a
      forward port 41 connected by a restricted line 42 to the forward drive
      device 16, a second forward speed port 43 connected to second forward
      speed line 44, a third forward speed port 46 connected to third forward
      speed line 47 and an exhaust port 48. Beyond the land b, the bore 33 has
      consecutively a reverse port 51 connected by restricted passage 52 to the
      reverse drive device 17, a second speed port 53 connected to second
      reverse speed line 54, a third speed reverse port 56 connected to third
      speed reverse line 57 and exhaust port 58.
PAR  In the neutral position shown the main line 27 supply is blocked between
      the lands a and b and the forward port 41, second forward port 43 and
      third forward port 46 are connected to exhaust port 48 and the reverse
      port 51, second reverse port 53 and third reverse port 56 are connected to
      exhaust 58. In first forward F1 main line port 39 is connected to forward
      port 41 and other ports as in neutral remain connected to their exhaust.
      In second forward F2 main line port 39 is connected to forward port 41 and
      second forward port 43 and the other ports remain connected to their
      exhaust. In third forward F3 main line port 39 is connected to forward
      port 41, second forward port 43 and third forward port 46 and the reverse
      ports remain connected to exhaust port 58. In first reverse R1 main line
      port 39 is connected to reverse port 51, the other ports remaining
      connected to their exhaust as in neutral. In second reverse R2 main line
      port 39 is connected to reverse port 51 and second reverse port 53 while
      the other ports remain connected to exhaust. In third reverse R3 the main
      line port 39 is connected to reverse, second reverse and third reverse
      ports 51, 53, 56 while the forward ports remain connected to exhaust port
      48.
PAR  The forward and reverse second speed lines 44 and 54 are connected to the
      inlets on the same side of the second speed ball shuttle valve 61 having a
      restricted outlet 62 at one end to the second speed signal line 63. The
      forward and reverse third speed lines 47 and 57 are connected to the
      inlets on the same side of the ball shuttle valve 66 having a restricted
      outlet 67 at one end to third speed signal line 68. Both shuttle valves
      have a ball responsive to fluid pressure supply in either inlet to seal
      the other inlet and thus to connect the supply in either inlet under
      pressure to the outlet.
PAR  The first second shift relay valve 71 has a valve element 72 having small
      equal diameter lands a, b and c and larger land d slidable in a stepped
      bore 73 between the downshift position shown and an upshift position. The
      spring 74 located in the spring chamber portion 76 of the bore 73 beyond
      land d and vented by exhaust 77 is seated on spring seat 78 fixed to the
      valve body and enGages the end of land d to bias the valve element 72 to
      the downshift position.
PAR  Signal pressure supplied to signal port 79 and signal chamber 81 at the
      opposite closed end of the bore acts on the end of land a to bias the
      valve element against the spring to the upshift position where movement is
      limited by the stop and spring guide member 82 also seated on spring seat
      78. The valve bore has consecutively from the signal chamber end of the
      bore high restricted exhaust port 83, high feed port 84, high supply port
      86, low supply port 87, low feed port 88, low restricted exhaust port 89
      and governor port 91. With the valve element in the downshift position
      shown, the high feed port 84 is connected between land a and b to exhaust
      port 83. The high supply port 86 is blocked by land b. The low supply port
      87 is connected between lands b and c to low feed port 88. The low exhaust
      port 89 is blocked between lands c and d. The governor port is blocked by
      land d. In the upshift position land a blocks exhaust port 83, high supply
      port 86 is connected to high feed port 84, low supply port 87 is blocked
      by land b, low feed port 88 is connected between lands b and c to low
      exhaust 89 and governor port 91 is connected between lands c and d to act
      on the unbalanced area to bias the valve element to upshift position to
      hold the shift valve upshifted at higher speeds.
PAR  The two-three shift relay valve 92 is essentially similar to the one-two
      shift relay valve 71 so like reference numerals primed have been applied
      and the above description of the 1-2 relay valve 71 applies to the 2-3
      relay valve 92.
PAR  These valves are combined in a shift control system with the source 26
      connected by main supply line 27 to supply port 39 of the manual selector
      valve 31, to the governor 28 and through restriction 93 to the supply
      ports 86 and 87 of the one-two relay valve 71. The manual selector valve
      31 has its first speed forward port 41 and restricted line 42 connected to
      forward drive device 16 and its first speed reverse port 51 and restricted
      line 52 connected to reverse drive device 17. The high feed port 84 of the
      one-two relay valve 71 is connected by the two-three feed line 94 to both
      the supply ports 86' and 87' of the two-three relay valve 92. The low feed
      port 88 of the one-two relay valve 71 is connected by the first feed line
      95 to the first drive device 18. The low feed port 88' and the high feed
      port 84' of the two-three relay valve 92 are respectively connected by the
      low and high feed lines 96 and 97 to the second speed device 19 and the
      third speed device 20.
PAR  A range inhibitor 101 prevents a shift between the forward and reverse
      ranges above a proper speed, normally lower than the two-one shift
      inhibiting speed. The inhibitor has a stop ring 102, i.e., a snap ring,
      secured to manual valve element 32 centrally in a smooth portion with a
      smooth portion on each side a little longer than the valve element is
      moved. A piston member 103 has a piston portion 104 slidable in bore 106
      closed by end walls at both ends, a stop shoulder 107, a stem 108 and a
      narrow stop portion 109. The governor line 29 is connected to one closed
      end of the bore 106 to act on piston portion 104 and at a perdetermined
      speed overcome the bias of the return spring 111 which is seated between
      the piston portion 104 and the wall closing the other end of bore 106.
      There is sufficient clearance for venting the bore between stem 108 and
      the aperture through which it extends in the other end wall. The governor
      pressure will move the piston member to th inhibiting position in which
      stop shoulder 107 engages the wall at the other end of the bore.
PAR  The piston member has a stem 108 extending in guided non sealing relation
      through an aperture in the other end wall and has at its end a stop
      portion 109, which in the inhibiting position has a small clearance with
      valve element 32 and engages the side of stop ring 102 so the range
      inhibitor prevents movement past neutral above a predetermined speed. The
      range inhibitor in inhibiting position permits free movement of manual
      valve element 32 through all the speeds of either forward range or reverse
      range and from either range to neutral but not from one range to the other
      range. At lower speeds the bias of return spring 111 returns the piston
      member 103 against lower governor pressure so there is clearance between
      stop portion 109 and stop ring 102 so the valve element 32 can be freely
      moved.
PAC  OPERATION
PAR  When the vehicle engine is running and driving transmission input 11, the
      source 26 supplies fluid at a regulated pressure to the main line 27. When
      the manual selector valve 31 is in neutral position N, the main line
      supply through port 39 to the bore 33 is blocked between the lands a and b
      of the manual valve element 32 and the first, second and third speed
      forward lines 42, 44 and 47 and their ports 41, 43 and 46 are connected to
      exhaust 48 and the first, second and third speed reverse lines 52, 54 and
      57 and their ports 51, 53 and 56 are connected to exhaust 58. Thus the
      forward drive device 16 is exhausted by port 51 to exhaust 58 to provide
      positive neutral in the forward and reverse gear unit 12 and transmission
      10. Since the second and third speed forward lines 44 and 47 are connected
      to exhaust 48 and the second and third speed reverse lines 54 and 57 are
      connected to exhaust 58 the shuttle valves 61 and 67 are not supplied with
      any pressure and signal lines 63 and 68 are connected to one of exhausts
      48 and 58 so each of the one-two and the two-three relay valves 71 and 92
      are biased by their respective biasing spring 74 and 74' to the downshift
      position shown. The source is connected through the portion of main line
      27 having restriction 93 to both supply ports 86 and 87 of the one-two
      relay valve 71. The supply port 86 is blocked by land b and supply port 87
      connected between equal area lands b and c to port 88 and first speed
      device 18 of the three speed gear unit 13 to engage first speed drive in
      this unit but since the forward and reverse unit 12 is in neutral the
      transmission 10 remains in position neutral.
PAR  When the manual selector valve 31 is moved to first forward position F1,
      main line 27 is connected by ports 39 and 41 and first speed passage 42 to
      engage forward device 16 to provide, with the first speed device still
      engaged as in neutral, first speed forward drive. When the manual valve 31
      is moved to second forward position F2, the above supply to the forward
      device 16 continues and in addition there is a main line supply by ports
      39 and 43 to second speed line 44 through shuttle valve 61, which blocks
      exhaust to second speed reverse line 54, to second signal line 63 which
      actuates the actuator device, chamber 81 and land 72a to upshift the
      one-two relay valve element 72. Then there is a supply from main line 27
      by port 86 between lands 72a and b through port 84 to feed line 94 to the
      two-three relay valve 92. The downshifted two-three relay valve continues
      this supply by ports 87', 88' and second feed line 96 supplies second
      drive device 19 to engage second forward drive. The first forward drive is
      released as first device 18 is connected by line 95 and port 88 to exhaust
      89 at the one-two relay valve 71. When the one-two relay valve 71
      upshifts, governor pressure is supplied by port 91 to the space between
      lands c and d and acts on the unbalanced area of larger land d to oppose
      the biasing spring 74 to prevent, when second signal pressure in line 63
      is exhausted by manual valve shift to first forward, a downshift of the
      one-two relay valve and thus the transmission to first forward drive above
      a predetermined speed. When vehicle speed decreases below the second to
      first shift inhibiting speed to the predetermined speed for a second first
      downshift, the governor pressure inhibiting force in an upshift direction
      is overcome by the spring force in a downshift direction to effect a
      downshift of the one-two relay valve 71. On such downshift the land d of
      valve element 22 blocks governor port 91 and the space between lands c and
      d is connected to exhaust port 89, so there is no governor pressure acting
      on the valve element 72. Since governor pressure does not act on the valve
      element 72 in the downshift position but only acts on the valve element in
      the upshift position, there is full governor pressure hysteresis to
      prevent hunting on the governor controlled downshift. It will be noted
      that this governor inhibitor force does not act to upshift the shift valve
      element but only acts after a manual upshift to inhibit a manual second
      first downshift above a predetermined speed and then provide such shift at
      the predetermined speed.
PAR  When the manual valve is moved to third forward position F3, the main line
      remains connected in the same way to the forward device 16 and to the
      second speed line 44 and chamber 81 to continue engagement of the forward
      drive device 16 and to continue to hold the one-two relay valve 71 in the
      upshift position and in addition connects main line 27 by ports 39 and 46
      to third forward feed line 47. The third shuttle valve connects third
      forward feed line 47 to third signal line 68 and prevents exhaust to third
      reverse feed line 57. The third signal line 68 acts in actuator device
      chamber 81' on land 72'a' to upshift the second third relay valve 92,
      which in the upshift position connects second speed device 19 by port 88'
      to exhaust 89' to disengage the second speed drive and connects main line
      pressure from two-three feed line 94 by ports 86' and 84' to third speed
      device 20 to engage the third forward speed drive. On upshift of the
      second third relay valve 92 the governor pressure from line 29 is admitted
      by port 91' between the lands 72'c' and d' to act on the unbalanced area
      of land d' to prevent a downshift of this relay valve by spring 74' in the
      absence of third signal pressure in line 68 at third second downshift
      inhibiting vehicle speeds above a predetermined vehicle speed. When the
      vehicle speed decreases to the predetermined three two shift speed, the
      spring 74' downshifts the three two relay valve 92. As in the one two
      relay valve 71, governor pressure does not act on the two three relay
      valve 92 in the downshift position providing hysteresis.
PAR  The governor pressure increases with vehicle speed. The governor controlled
      downshift of the two three relay valve 92 is made at a higher vehicle
      speed than the governor controlled downshift of the one two relay valve
      71, so the resulting engine speed after both downshifts is about the same
      normal maximum operating speed. Since the relay valves are preferably
      structurally the same providing the same differential area between lands c
      and d and land c' and d' the spring 74' of the two three relay valve 92
      provides a higher force than spring 74 of the one two relay valve 71.
PAR  The operation for reverse drive is similar. On a shift of manual valve 31
      from neutral to first reverse position, main line 27 is connected by ports
      39 and 51 to first speed reverse line 52 to engage reverse drive device
      17. The first drive device 18 remains engaged as in neutral and first
      speed reverse drive is engaged. On a shift of the manual valve to second
      reverse position R2, the reverse drive device 17 remains engaged and main
      line 27 is connected by ports 39 and 53, second speed line 54, second
      shuttle valve 61 to signal line 63 to upshift the one two shift valve. The
      shift relay valves 71 and 72 then function as in forward drive to
      disengage first drive device 18 and engage second drive device 19 and to
      inhibit a downshift above a predetermined speed. When the manual valve 31
      is moved to third reverse position R3 the above manual valve connections
      in second reverse are retained and in addition main line 27 is connected
      by ports 39 and 56, third speed reverse line 57, third shuttle valve 66 to
      signal line 68 to upshift the second third relay valve 92. Both relay
      valves when upshifted function as in forward drive to establish third
      speed reverse drive. The shift inhibiting system functions in reverse to
      prevent reverse range downshifts above the same predetermined speeds as in
      forward range.
PAR  The range inhibitor 101 will be in the released position on a shift from
      neutral to either forward or reverse first speed. As the output speed in
      either first forward or first reverse drive increases the range inhibitor
      will move to inhibiting position but will have no inhibiting effect on
      further shifts in either range, but is only effective if a manual shift is
      attempted from one of the forward or reverse ranges past neutral to the
      other range above a predetermined speed. The range inhibitor will permit a
      shift from either range to neutral and back to the same range above the
      predetermined speed.
PAR  The predetermined range inhibiting speed is less than the second to first
      shift inhibiting speed, so the transmission is in first speed in either
      range before it is shifted to first speed in the other range and normally
      a sufficiently low vehicle speed so the shift shock on shifts between
      ranges is acceptable. This transmission is particularly suitable for
      material handling vehicles such as fork lift trucks where the range
      inhibiting speed is about one half the second to first inhibiting speed.
PAR  It will be appreciated that modifications of the disclosed preferred
      embodiment may be made.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. In a transmission; an input; an output; a forward and reverse gear unit
      driven by said input and having a forward and a reverse drive fluid
      operated device for selectively establishing forward and reverse drive and
      a three speed gear unit having first, second and third speed drive fluid
      operated devices for selectively establishing first, second and third
      speed drive connected in series to provide first, second and third speed
      drive to said output in either forward or reverse; a source of fluid
      pressure; governor means driven by said output providing a governor
      pressure proportional to speed of said output; a one-two and a two-three
      shift relay valve means each having biasing means, a valve element
      normally biased by said biasing means to a downshift position and signal
      responsive actuator means operative to upshift said valve element to
      upshift position and downshift inhibitor means connected to said governor
      means and responsive to governor pressure only in said upshift position to
      prevent a downshift by said biasing means above a predetermined speed and
      a high exhaust port, a high feed port, supply port means, a low feed port
      and a low exhaust port operative in downshift position to connect said
      supply port means to said low feed port and said high feed port to said
      high exhaust and in upshift position to connect said supply port means to
      said high feed port and said low feed port to said low exhaust port; said
      supply port means of said one-two relay valve means connected to said
      source; a two-three feed line connecting said high feed port of said
      one-two relay valve means to said supply port means of said two-three
      relay valve means; said low feed port of said one-two relay valve means
      connected to said first device, said low and high feed port of said
      two-three relay valve means respectively connected to said second and
      third device; manual selector valve means connected to said source and
      having first forward and first reverse speed lines respectively connected
      to said forward and reverse devices, a forward and reverse second speed
      line and a forward and reverse third speed line operative in neutral
      position to block said source and connect all said speed lines to exhaust
      and operative in first, second and third speed forward positions to
      respectively connect said source to said first forward speed line, to said
      first and second forward speed lines and said first, second and third
      forward speed lines and in first, second and third speed reverse positions
      to connect said source respectively to said first reverse speed line, to
      said first and second reverse speed lines and to said first and second and
      third speed reverse lines; a second speed shuttle valve connecting the one
      of said second forward speed line or second reverse speed line under
      pressure to said actuator means of said one-two relay valve means and
      blocking the other and a third speed shuttle valve connecting the one of
      said third forward speed line and third reverse speed line under pressure
      to said actuator means of said two-three relay valve means and blocking
      the other.
NUM  2.
PAR  2. In a transmission; an input; an output; a forward and reverse gear unit
      driven by said input and having a forward and a reverse drive fluid
      operated device for selectively establishing forward and reverse drive and
      a three speed gear unit having first, second and third speed drive fluid
      operated devices for selectively establishing first, second and third
      speed drive connected in series to provide first, second and third speed
      drive to said output in either forward or reverse; a source of fluid
      pressure; governor means driven by said output providing a governor
      pressure proportional to speed of said output; a two-three feed line;
      one-two and two-three relay valve means each having biasing means
      providing a downshift bias, signal responsive means operative to provide
      an upshift force for upshift to upshift position against said biasing
      means bias and inhibiting means connected to said governor and responsive
      to governor pressure only in upshift position when said signal responsive
      means is inoperative to prevent a downshift above a predetermined speed,
      said one-two shift valve means operative in downshift position to connect
      said source to said first device and said two-three feed line to exhaust
      and in upshift position to connect said source to said two-three feed line
      and to connect said first device to exhaust; a two-three shift valve means
      operative in downshift position to connect said two-three feed line to
      said second device and said third device to exhaust and in upshift
      position to connect said two-three feed line to said third device and said
      second device to exhaust and manual selector valve means connected to and
      operative to control the supply of fluid from said source to and the
      exhaust from said signal responsive means of said one-two and said
      two-three relay valve means, said forward device and said reverse device
      operative in neutral position to disengage said forward device and said
      reverse device and cause both said signal responsive means to be
      inoperative to provide positive neutral in the forward and reverse gear
      unit and to engage said first device, in first forward or first reverse
      positions to respectively engage said forward or reverse device and with
      continued engagement of said first device provide first speed forward or
      first reverse drive, in second forward or second reverse positions to
      respectively continue engagement of said forward or reverse device and
      provide a second speed signal to said signal responsive means of said
      one-two relay valve means to upshift said one-two relay valve means to
      engage said second device to provide second speed forward or second
      reverse drive and in third forward or third reverse positions to
      respectively continue engagement of said forward or reverse device and
      provide a third speed signal to said signal responsive means of said
      two-three relay valve means to upshift said two-three relay valve means to
      engage said third device to provide third speed forward or third speed
      reverse drive.
NUM  3.
PAR  3. The invention defined in claim 1 and range inhibitor means operatively
      connected to said manual selector valve means and said governor means
      operative above a predetermined speed to permit movement between neutral
      positions and either forward or reverse first, second and third position
      but to prevent movement from first position in either forward or reverse
      past neutral position to first position in the other of forward or
      reverse.
NUM  4.
PAR  4. The invention defined in claim 2 and range inhibitor means operatively
      connected to said manual selector valve means and said governor means
      operative above a predetermined speed to permit movement between neutral
      positions and either forward or reverse first, second and third position
      but to prevent movement from first position in either forward or reverse
      past neutral position to first position in the other of forward or
      reverse.
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ABST
PAL  To permit continued operation of an electronically controlled gear change
      transmission in case of failure of electronic control signals, at least
      one three-way check valve is included in the system to connect, in one
      mode of operation, the normal output control signals from a hydraulic
      control valve system to engage an operating element (such as a control
      clutch, control band, or the like in the automatic transmission) and, when
      in another position, connect hydraulic pressure to effect connection of
      drive power to the first gear, or reverse (as selected by a control
      selector) and in the absence of electrical command signals from the
      electronic control unit. By use of a second three-way check valve, simple
      interlocks to prevent shifting into reverse when the vehicle is moving
      forward in excess of a given speed, and to permit holding of an engaged
      gear in case of malfunction, can be provided.
PARN
PAR  Cross reference to related applications:
PA1  U.s. ser. No. 299,516, filed Oct. 20, 1972 now U.S. Pat. No. 3,835,733
PA1  U.s. ser. No. 405,101, filed Oct. 10, 1973 now U.S. Pat. No. 3,851,285
PA1  U.s. ser. No. 464,809, filed Apr. 29, 1974
PA1  U.s. ser. No. 288,654, now U.S. Pat. No. 3,785,224
PA1  U.s. ser. No. 446,140, filed Feb. 27, 1974,
PAL  Assigned to the assignee of the present invention.
BSUM
PAR  The present invention relates to a control system for automotive, automatic
      gear change transmissions, and more particularly to such a system having
      three forward gears and a reverse gear, that is, having the normal gear
      selector positions: park (P), reverse (R), neutral (N) and third, second
      and first gears (3, 2, 1), and especially to such a system which is
      controlled by an electronic control system which, by means of electrically
      controlled valves, controls a hydraulic operating system.
PAR  Various types of automatic transmissions for automotive use include a
      planetary gearing in which the respective units of the planet gear are
      hydraulically engaged, or braked in order to connect selected gear
      transmission ranges between the engine and the drive wheels. For example,
      either the sun gear or the planet gears, or the circumferential gears are
      selectively driven from the engine, or braked. Gear change is effected by
      selection and braking of a selected portion of the planetary gear drive.
      Gear change, that is, from one transmission ratio to another, should be as
      smooth as possible, and without shocks, or noticeable jerks in drive in
      order to achieve a smooth and comfortable ride. The clutches and brakes
      used in the automatic gear are subject to wear, and wear on the clutches
      and brakes should be limited.
PAR  Increasingly, automatic gear change transmissions are controlled by
      electronic control units. These electronic control units must operate
      reliably; it is still, however, possible that a cable may break, or that
      the entire electronic control unit fails; such failure, if it occurs while
      the vehicle is operating, may be dangerous and the arrangement should be
      such that the vehicle, and the passengers therein, are not endangered by
      malfunction of the electronic control system. Further, the system should
      be so arranged that even it the control unit should fail, at least one of
      the gear transmission ranges should be connectable to the engine in order
      to permit driving the vehicle to a service or repair station.
PAR  It is highly desirable that an interlock is provided so that the operator
      cannot engage a low gear or, even worse, reverse gear if the vehicle is
      moving at relatively high speed. Many automatic transmissions do not
      provide for such safety interlocks, or do so only to a limited extent.
PAR  It is an object of the present invention to provide a hydraulic control
      system for automatic gear change transmissions which has the additional
      safety features above referred to, which is reliable, and simple, and in
      which the change required to introduce the additional safety feature does
      not require an entirely new design or construction of the hydraulic
      control system or of known gear change transmissions.
PAR  Subject matter of the present invention: Briefly, the hydraulic control
      system for automatic gear change transmissions for automotive use utilizes
      a hydraulic pressure supply and electrically controlled valves,
      selectively energized by an electrical control unit to which operating
      parameters of the engine and of the vehicle are introduced to command the
      proper gear ratio. The gear ratio itself is selected by hydraulic gear
      control valves to which hydraulic pressure fluid is applied. In accordance
      with the present invention, a three-way check valve is provided which has
      one input connected to an output of a selector valve which provides fluid
      pressure when a specific gear selection, as manually determined, is
      selected. A second input of the check valve is connected to an output of
      the gear control valve which normally commands the vehicle to operate in
      second or third gear. The output of the check valve (which selectively
      connects either one of the inputs to the output) is connected to a control
      input of a gear control valve which commands the vehicle to operate either
      in first, or reverse gear (depending upon the setting of the manual gear
      selector). The check valve thereby provides passage through its output
      from a selected input to the gear control valve either under control of
      the automatic system, that is, from the normal gear control valve, when
      the system is operating normally, or, additionally, however, it provides
      output to that gear control valve which commands either first gear, or
      reverse gear (depending selector position) even if the electrical or
      electronic control unit is disabled, and thus does not provide fluid
      pressure at the second input, that is, the input connected to this
      specific control unit.
PAR  The system commands the gear transmission to cause the vehicle to operate
      in a predetermined gear ratio - as set by the gear selector (preferably,
      and in accordance with a feature of the invention, first gear or reverse)
      even if the electronic control units fails partially, or totally. If the
      gear engaged by the hydraulic system was the first gear when the
      electronic control unit failed, then this gear will remain connected. If
      the transmission was in second or third gear, then the third gear will be
      enabled. This prevents excessive speed of the engine even if, at the time
      of failure of the electronic system, the vehicle operates at high speed.
PAR  In accordance with a feature of the invention, an additional three-way
      check valve is provided which is so connected, hydraulically, that
      engagement of the reverse gear is prevented if high vehicle speed is
      sensed (as provided by an electrical sensor connected to the control unit,
      for example) thereby avoiding damage to the transmission if the driver
      should change the manual gear selector to reverse while the vehicle is
      operating forwardly at a speed in excess of a predetermined limit.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a highly schematic hydraulic and electrical diagram of the gear
      change system in accordance with the present invention, in which the
      gearing and the engine itself have been omitted; only so much of the
      control system is shown as is necessary to an understanding of the present
      invention; and
PAR  FIG. 2 is a diagram similar to FIG. 1, and showing another embodiment, in
      which the same elements have been given the same reference numerals.
DETD
PAR  The elements used in the system of the present invention (see FIG. 1)
      generally all are known. The arrangement of the system need be described
      only in general terms, therefore. All unessential material has been
      omitted in order to clarify and highlight the inventive concept.
PAR  A pump 11 (FIG. 1) supplies hydraulic fluid under pressure from a sump 12.
      The suction line is connected to the pump 11 through a filter screen 13. A
      main pressure regulator 14 is connected to the output line of the pump 11,
      in known manner. The main pressure regulator provides hydraulic fluid
      under pressure to a selector valve 15. The selector valve 15 is a spool
      valve and is operated manually by a gear selector 15'. The position of the
      gear selector 15' is additionally sensed electrically and provides an
      electrical control signal at a terminal, or terminal board 15". The
      terminal, or terminal board 15" is connected to the electrical control
      unit C, and has a signal, or a group of signals appear thereat which are
      representative of the position of the manual gear selector 15'. The manual
      selection permits placing the vehicle gear in any one of the positions P,
      R, N, 3, 2, 1.
PAR  The selector valve 15 has a first output port 16a which is connected to a
      first input 17 of a first three-way check valve 18. A second port 16b, and
      having the same hydraulic connection as the first output 16a, connects the
      first output of the selector valve 15 to the first input 19 of a second
      three-way check valve 21. The lines which are connected to the first
      output 16 (having ports 16a, 16b) receive pressure only if the manual gear
      selector 15' is in the "reverse" (R) position. A preselection control
      valve 24 has its input 23 connected to a second output 22 of the selector
      valve 15. As can be seen, the input 23 is so connected to the selector
      valve that the preselection control valve 24 receives pressurized fluid
      from the selector valve in all positions of the gear selector 15'. The
      output 25 of the preselection control valve is connected to a first line
      26, in which a hydraulic choke 27 is located. A first electrically
      operated control valve 28, which is normally open, is connected downstream
      from the choke 27 to drain pressurized fluid therefrom, unless energized.
      The line 26 continues to the first input 29 of a first gear control valve
      31. The first gear control valve 31 controls the respective brake and
      clutch bands of the gear transmission to set the transmission either in
      second or third gear. A spring S keeps valve 31, unless pressurized from
      line 26, in a rest position. The output 25 of the preselection control
      valve 24 is additionally connected over a second hydraulic choke 32 to a
      second control valve 33 and to the first input 34 of a second gear control
      valve 35. The second gear control valve commands second, or first gear of
      the transmission.
PAR  Both the first control valve 28 as well as the second control valve 33 are
      ON-OFF valves. The first output 36 of the second gear control valve 35 is
      connected to the second input 37 of the first three-way check valve 18.
      The first output 36 of the second gear control valve 35 is further
      connected to a third input 38 of the first gear control valve 31 and,
      additionally, to the input of a B1 first brake 39. The output of the first
      three-way check valve 18 is connected to a second input 41 of the first
      gear control valve 31. The first output 42 of the first gear control valve
      31 is connected over a third hydraulic choke 43 to the input of a B2
      second brake 44. The input of a second clutch 46 is connected to a second
      output 45 of the first gear control valve 31. The second input 48 of the
      second three-way check valve 21 is connected to a second output 47 of the
      second gear control valve 35. A third B3 brake 49 is connected to the
      output of the second three-way check valve 21.
PAR  The selector valve 15 has a second output 51, which is connected to a first
      input 52 of the second gear control valve 35, and to the input of a first
      K1 clutch 53, by a common junction. The first and second control valves,
      each, are connected from the preselection control valve through a
      hydraulic choke. These valves only require a single control edge and the
      control path thereof is either opened, or closed. It is equally possible
      to use valves having two control edges which operate without the
      respective chokes 27, 32 and which can open and close a control chamber
      when operating in either direction.
PAR  Operation of the system with reference to FIG. 1 and to Table 1: In Table
      1, the first column lists the gear ratio commanded by the control unit C;
      the second column shows the energization state of the first control valve
      28, the third column shows the energization state of the second control
      valve 33, the fourth column shows which clutch is supplied with
      pressurized hydraulic fluid and the fifth column which brake is supplied
      with pressurized hydraulic fluid. The notation 1 and 0 is that used in
      digital controls technology, that is, the "1" signal indicates that the
      respective valve is energized and the "0" signal that the respective valve
      is de-energized.
PAR  Control current to the valves 24, 28, 33 is supplied from a control unit C
      through suitable lines 24', 28', 33', respectively. The control unit is
      connected to various sensors associated with the engine, or the automotive
      vehicle, and the transmission of the vehicle, respectively. Only some of
      those sensors, which sense varoious operating parameters, are shown. An
      operator pedal 115 provides a deflection, the extent of which is sensed as
      a deflection input signal d; a mass air flow meter 116, for example a
      spring-loaded flap in the induction pipe to the engine, provides a
      pressure, or flow signal p to the control unit C. Two speed signals are
      provided, one being the output speed n.sub.1 of the engine, and the other
      being the output of the transmission n.sub.2. An additional signal is
      being applied to the control unit from terminal (or terminal strip) 15",
      representing the position of the gear selection lever 15', as set by the
      operator of the vehicle. Not all of these signals are necessary; for
      example, either one of the operator pedal displacement signals d or of the
      flow signals p may be omitted; either one of the engine speed or
      transmission output speed signals may be omitted -- preferably the engine
      speed output signal. Additional sensing signals may be supplied to the
      control unit C, and reflecting other operating parameters of the engine,
      for example to prevent overloading or excessive speed of the engine when
      it is cold.
PAR  The first four rows of Table 1 indicate the gear change positions for the
      respective gear connected by the transmission. The fifth line, indicated
      as "R blocked" shows the position of the control valves and the respective
      brakes and clutches if the operator should place the gear selection lever
      15' in "reverse" (R) although the vehicle has a forward speed in excess of
      a predetermined value, for example about 15 km/h (about 9 mph).
PAR  The first three-way check valve 18 is controlled as follows: The first
      input 17 thereof has pressure when the selector valve 15 is in the R
      position; when the transmission has commanded second or third gear (first
      gear control valve 31 moved to operated position), the second input 37 has
      pressure applied. The first gear control valve is so controlled by the
      first electrically operated control valve 28 that it is in operated
      position for third gear when the coil of the valve 28 is de-energized,
      that is, does not have current flow therethrough.
PAR  The second three-way check valve 21 is pressurized as follows: The first
      input 19 is pressurized when the selector valve 15 is in the position R.
      The second input 48 is pressurized when the transmission has connected the
      first gear transmission range and when the selector 15 is in position
      commanding gear 1 or gear 2.
PAR  If the entire electronic control unit C (or its power supply, or cable
      connections) should fail, then the second gear control valve 35,
      associated with first and second gear range, will switch into the position
      commanding the first gear. This would connect the vehicle engine to the
      first gear range. Torque is transmitted in the first gear only in one
      direction, however, that is, from engine to wheels, and not in the
      reverse. Thus, the engine is not overstressed and rotated at excessive
      speed even if the vehicle should move at high speed, for example at 150
      km/h (about 90 mph). The second K2 clutch 46, commanding reverse R, can be
      energized with hydraulic pressure fluid only if the first control valve 28
      is not energized. Thus, even if the operator should change the gear
      selector 15' to reverse (R), the respective K2 clutch is not energized
      because the control unit C, sensing engine parameters (forward speed and
      throttle position) would command valve 28 to close, thus energizing the
      first gear control valve 31, which is held in the position by flow through
      the three-way check valve from the first input 17 through the output
      thereof and into the second input 41. The first three-way check valve 18
      has an additional function. If the control unit C is completely disabled,
      for example upon disruption of energization, breakage of all cables, or
      the like, it is still possible to operate the vehicle in first gear, or in
      reverse. The two gears 1 and R can be commanded directly by suitable
      positioning of the selector valve 15, upon operation of the gear selector
      15'.
PAR  The clutches (generally denoted K) and brakes (generally denoted B) are
      enabled, or energized, as shown in columns 4 and 5 of Table 1: in third
      gear, first K1 clutch 53 and second K2 clutch 46. Torque is directly
      transmitted from the engine through the transmission. The first K1 clutch
      53 is energized in all forward gear ranges. It is controlled be the
      selector valve 15. The second K2 clutch 46 is selectively connected,
      either if (a) the selector valve 15 is in the R position; or (b) the
      transmission is in third gear range. The first brake 39 is energized when
      the transmission is in second gear range, and also energized when the
      transmission is in third gear range. The second B2 brake 44 is energized
      only when the transmission is in second gear range. Energization of the
      third brake 49 is enabled, as above referred to, when the gear selector
      valve is in R position; when the gear selector valve is in 1 position,
      then the third B3 brake may be energized only when the second control
      valve 33 is energized, that is, has a 1-signal applied. This permits use
      of the engine for engine braking for example when moving downhill.
PAR  Referring now to FIG. 2, in which like parts, and operating similarly, have
      been given the same reference numerals and will not be explained again;
      only the differences between the embodiments of FIGS. 1 and 2 will be
      explained in detail. A torque converter pressure valve 55 is connected to
      the pump 11 and to the main pressure controller 14. A torque converter 56
      is connected to the torque converter pressure control valve 55; the output
      of the torque converter is connected to lubricating points, not shown. The
      output of the torque converter valve is connected to a portion 26a of line
      26, which is the portion in advance of the first hydraulic choke 27. The
      first portion 26a is further connected over a fourth choke 57 to the input
      of the preselection control valve 24". The output 25 of the preselection
      control valve 24" is terminated in a filter screen 58. This screen is
      preferably so located that it terminates in the sump 12 beneath the screen
      13 of the pump 11 and the main pressure controller 14. A single control
      edge-type valve is used for the preselection control valve 24".
PAR  Operation, with reference to Table 2: The second gear control valve 35 is
      so controlled by the second electrical control valve 33 that the first
      gear is commanded whenever current flows from the electronic control unit
      C to energize the second control valve 33. Thus, even if the operator
      misuses the gear selector slider 15' to command the selector valve to
      first gear range at high speed, and simultaneous failure of the electronic
      control unit, the engine still cannot be brought to an excessive speed.
      Use of the torque converter valve 55 with constant pressure has additional
      advantages: supply is simplified, and the electromagnetically controlled
      valve, as well as the preselection control valve can be more easily
      standardized. Use of a single-edged preselection valve decreases the
      losses in hydraulic fluid since the supply pressure is constant, and the
      requirements placed on the valve for linearity of operation likewise is
      decreased.
PAR  The use of single-edged valves, and particularly of a single-edged valve
      24" for the preselection control valve has the advantage with respect to
      the double-edged valve that the diameter of the spool can be made smaller,
      and that the manufacture is simplified. A preselection valve which is of
      the spool type has the advantage with respect to a single-edged valve
      seat-type valve that the valve does not impinge on the seat upon closure,
      and when pressure oscillations result; changes in average pressure are
      thereby avoided.
PAR  The screen 58 in the drain line from the preselection control valve, or the
      location of the drain outlet beneath the screen 13 of the pump has the
      advantage that contamination of the magnet which operates the valve, by
      dirt, or the like, is essentially avoided.
PAR  The first and second control valves, in accordance with a feature of the
      invention, are operated from a pressure line, line 26 and line 26a,
      respectively, which is at the same pressure as that of the preselection
      control valve 24, 24", respectively. This pressure is less than the main
      operating pressure, and is not increased additionally when the vehicle is
      in reverse. This permits construction of the valves 28, 33, in smaller
      size, and hence with lesser manufacturing costs.
PAR  Various changes and modifications may be made, and features described in
      connection with one embodiment will be used with the other, within the
      scope of the inventive concept.
TBL                TABLE 1                                                     
     ______________________________________                                    
     (1)     (2)         (3)         (4)   (5)                                 
     Gear ratio                                                                
             Second Control                                                    
                         First Control                                         
                                     Clutch                                    
                                           Brake                               
             Valve 33    Valve 28    K     B                                   
     ______________________________________                                    
     1       0           0           K1 (53)                                   
     2       1           1           K1(53)                                    
                                           B1(39)                              
                                           B2(44)                              
     3       1           0           K1(53)                                    
                                           B1(39)                              
                                     K2(46)                                    
     ______________________________________                                    
     R       0           0           K2(46)                                    
                                           B3(49)                              
     R blocked                                                                 
             0           1           --    --                                  
     ______________________________________                                    
TBL                TABLE 2                                                     
     ______________________________________                                    
     (1)     (2)         (3)         (4)   (5)                                 
     Gear ratio                                                                
             First Control                                                     
                         Second Control                                        
                                     Clutch                                    
                                           Brake                               
             Valve 28    Valve 33                                              
     ______________________________________                                    
     1       1           1           K1(53)                                    
                                           --                                  
     2       0           1           K1(53)                                    
                                           B1(39)                              
                                           and                                 
                                           B2(44)                              
     3       0           0           K1(53)                                    
                                           B1(39)                              
     R       0           0           K2(46)                                    
                                           B3(49)                              
     R blocked                                                                 
             0           1           --    B3(49)                              
     1, and                                                                    
     selector                                                                  
     15 in               1           K1(53)                                    
                                           B3(49)                              
     "1" range                                                                 
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. Hydraulic control system for an automotive automatic gear change
      transmission having three forward gear ranges (1, 2, 3) and a reverse (R)
      range, and a system of clutch (46, 53) and brake (39, 44, 49) means to
      control selective engagement of the gears of the transmission comprising
PA1  a pressure pump (11) and a pressure regulator means (14) to supply
      pressurized hydraulic fluid under predetermined pressure to operate the
      clutch and brake means;
PA1  a manual selector means (15') and a selector valve (15) controlled thereby
      to command a predetermined gear range position;
PA1  a control unit (C) having input signals applied thereto representative of
      engine and vehicle operating parameters and providing output signals to
      select the proper gears for operation of the vehicle as determined by said
      engine vehicle operation parameters;
PA1  a first gear control valve (31) having first and second inputs (29, 41)
      controlling engagement of the respective clutch and brake means of the
      second and third gear ranges and normally in a position to connect
      hydraulic pressure fluid to the respective clutch and brake means
      commanding the transmission to be in third gear;
PA1  a second gear control valve (35) controlling engagement of the respective
      clutch and brake means of the first and second gear range;
PA1  a pressure line (26, 26a) in fluid communication with said pump (11) and
      pressure regulator (14) and including a hydraulic choke (27);
PA1  a first control valve (28) connected to and controlled by said control unit
      (C) and hydraulically connected in said pressure line (26) between the
      choke (27) and the first input (29) of the first gear control valve (31);
PA1  the first control valve (28) being normally open to bleed pressure fluid
      from said line whereby the first gear control valve (31) will command
      engagement of the third gear and, upon energization from the control unit
      (C) upon sensing that the operation parameters require the second gear,
      said first control valve (28) being energized to thereby prevent bleeding
      of pressurized fluid and cause change-over of said first gear control
      valve (31);
PA1  said system being characterized by
PA1  a three-way check valve (18) having a first input (17) connected to an
      output (16) of the selector valve (15) and a second input (37) connected
      to an output (36) of the second gear control valve (35) and having its
      output connected to the second control input (41) of the first gear
      control valve (31), said check valve thereby providing pressure through
      its output to the first gear control valve (31) under control of the
      second gear control valve (37) for operation under normal operating
      conditions and additionally providing output to the first gear control
      valve (31) and manual selection of the selector means (15') operating said
      selector valve (15) even if said control unit (C) is disabled and does not
      provide operating signals to said control valve (28).
NUM  2.
PAR  2. System according to claim 1, wherein (FIG. 1) a preselection control
      valve (24) is provided, said pressure line (26) being connected to the
      output (25) of the preselection control valve (24).
NUM  3.
PAR  3. System according to claim 1, wherein the control unit (C) includes an
      input representative of transmission output speed (n2);
PA1  and said control unit (C) provides an output signal connected to said first
      control valve (28) to energize said first control valve and close said
      control valve if said sensed output speed (n2) exceeds a predetermined
      limit, and said first control valve (28) is retained in said energized
      state even if said gear selector (15') is moved to move the selector valve
      (15) into reverse gear range.
NUM  4.
PAR  4. System according to claim 1, further comprising a second control valve
      (33) connected to said pressure line (26) at a position upstream from said
      hydraulic choke (27).
NUM  5.
PAR  5. System according to claim 4, wherein the first and second control valves
      (28, 33) are energized, with respect to the gears engaged by the
      transmission, as set forth in Table 1.
NUM  6.
PAR  6. System according to claim 4, wherein the second control valve (33) is
      hydraulically so connected to the second gear control valve (35) that the
      transmission will connect the first gear range upon energization of the
      winding of the second control valve (33).
NUM  7.
PAR  7. System according to claim 1, wherein (FIG. 2) a torque converter valve
      (55) is provided, and the pressure line (26a) is connected to said torque
      converter valve (55).
NUM  8.
PAR  8. System according to claim 1, wherein (FIG. 2) a preselection control
      valve (24) is provided, said preselection control valve being a single
      control edge spool valve.
NUM  9.
PAR  9. System according to claim 1, wherein (FIG. 2) a preselection control
      valve (24") is provided, said valve having a drain connection (25'), and a
      filter screen (58) closing off the drain terminal.
NUM  10.
PAR  10. System according to claim 1, wherein (FIG. 1) a preselection control
      valve (24") is provided, said valve having a drain connection (25");
PA1  the pump (11) having a filter screen (13) submerged in a sump (12) and
      connected to the pump inlet;
PA1  the drain connection (25) from the control valve (24") terminating beneath
      the filter screen (13) of the pump (11). .
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ABST
PAL  A cutting and/or creasing die includes a sheet which is to be bent around
      and attached to a roller of a rotary machine for producing blanks from a
      strip of material, particularly for producing creased blanks for boxes
      from cardboard or similar material. The method of the invention includes
      forming the sheet with a plurality of tongues bent out of the general
      plane of the sheet to the side thereof which will face away from the
      roller when in operation, and laterally of the lines which indicate the
      desired positions of a plurality of cutting and/or creasing blades. The
      blades have lateral projections and, after they have been positioned along
      the lines, the tongues are bent into forced contact with the lateral
      projections of the blades, thus attaching the latter to the sheet. The
      blades may be bonded to the sheet prior to the bending of the tongues.
      Finally, the sheet with the blades attached thereto is mounted on the
      roller.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of producing a creasing and/or
      cutting die, and to a die manufactured by this method.
PAR  The invention is particularly concerned with a creasing and/or cutting die
      which may be slipped over and attached to an outer circumferential surface
      of a roller of a creasing and cutting machine which produces blanks from
      cardboard or similar material, which may later be folded along the creases
      to form a wrapping box or a similar container.
PAR  There are already known various dies for accomplishing this task, that is
      dies which are preferably planar when they are manufactured but which are
      subsequently bent to conform to the outer circumferential surface of the
      roller, and then slipped over such surface and attached to such roller so
      as to share its rotating movement. Generally speaking, such a die includes
      a relatively thin metal or similar sheet or foil, and is provided on its
      major surface which will face away from the outer circumferential surface
      of the roller when the die is mounted thereon, with a plurality of cutting
      or creasing edges or blades which are adapted to contact an advancing
      strip of cardboard or similar material and either cut a blank out of the
      strip, or crease the blank, or both. Either a counter-die is mounted on a
      counter-roller and cooperates with the die during the cutting and/or
      creasing operation or the die cooperates directly with the counter-roller.
      There are also already known various methods for producing such dies and
      counter-dies.
PAR  Before discussing the various methods of producing the dies, and the dies
      produced by these methods and their advantages and drawbacks, it should be
      mentioned that the various cutting and/or creasing blades are positioned
      on their base in accordance with a special system of coordinates,
      according to markings provided on the base or directly in conformity with
      the drawing of the blank to be produced during the cutting and creasing
      operation which is transferred or projected on the major surface of the
      base. A reducing coefficient must be taken into consideration for the
      lines which extend in the direction of rotation for the die when mounted
      on the respective roller to compensate for the deformation of the base and
      of the blades when bent around the roller.
PAR  In one conventional method of producing dies, the die and the counter-die
      are formed as relatively thin steel plates which are provided with flat
      webs in a photomechanical etching process. The webs have flat engaging
      surfaces which, when the dies are mounted on their respective rollers and
      rotate therewith, contact the exposed major surfaces or the strip material
      to be severed or creased. These flat surfaces extend parallel to the
      exposed surfaces of the material in the region of contact therewith, and
      the associated flat surfaces of the die and counter-die are offset with
      respect to one another with partial overlapping, so that they exert forces
      on the material to be cut or creased, which forces result in a squeezing
      deformation of the material in the vicinity of the respective associated
      flat surfaces of the webs which, in an extreme situation, results in
      ripping off of the useless material and production of the useful blank.
PAR  However, experience with this kind of dies and counter-dies has shown that
      they are disadvantageous in various respects. First of all, it will be
      appreciated that, as a result of the provision of the flat webs having the
      flat engaging surfaces which are offset with respect to one another on the
      die and the counter-die, respectively, and particularly as a result of the
      fact that the flat surfaces are so arranged that they never come into
      contact with one another, the material cannot be severed along an accurate
      cutting line as would be the case if the material were cut with a
      different cutting tool which would be provided with a sharp cutting edge
      cooperating with a hard counter-surface. Rather, the material is only
      squeezed between the flat surfaces of the die and the counter-die which
      results in many materials in uneven peripheral edges of the so-produced
      blank. Furthermore, the production of such dies and counter-dies requires
      the availability of a special equipment capable of producing such dies and
      counter-dies in a very precise manner and with only minute tolerance
      deviations from the desired shape of the webs and the flat surfaces
      thereof, such a special equipment not always being available to the user
      of the cutting and creasing machine. This, of course, is very
      disadvantageous since, whenever a new production line is to be initiated,
      the new die and counter-die must be ordered from a supplier, which results
      in unnecessary delays. Such problems are also encountered when worn-out
      dies and counter-dies are to be replaced. Also, the photomechanical
      process of producing such dies is relatively expensive, which contributes
      to a relatively high cost of the dies and the counter-dies. Another
      drawback of such a method of producing dies resides in the fact that the
      webs with their flat surfaces are integral with the die substrata so that,
      when only some of the webs are worn out or damaged, it is impossible, or
      possible only with an excessive effort and a high cost, to replace the
      worn-out or damaged webs with new ones. Thus, in many instances, it is
      less expensive to replace the entire die or counter-die, rather than to
      attempt to repair the same which, of course, reduces the useful life of
      the die.
PAR  There are also already known different creasing and/or cutting dies in
      which the die again includes a relatively thin metal sheet, and wherein
      pins are connected to such a sheet, for instance, by spot welding. Cutting
      and creasing blades, which are curved to conform to the shape of the metal
      sheet when connected to the respective roller, are then connected to
      and/or clamped by the pins and thus attached to the metal sheet. Such dies
      are not only known from the packaging industry, but find their most
      advantageous use particularly in the machines for punching and cutting
      metal, particularly steel, strips.
PAR  In such dies, where the cutting or creasing blades are clamped by the pins
      and where the dies rotate together with the respective rollers, other
      disadvantages are present. So, for example, since the pins have to be
      connected to the metal sheet, for instance, by spot welding, the
      dimensions thereof cannot be miniaturized below a certain level,
      particularly since the pins must be sufficiently rigid and be securely
      connected both to the metal sheet and the cutting or creasing blade
      mounted thereon. This, in turn, results in the need to make the cutting or
      creasing blades relatively high in order to extend to a sufficient extent
      radially outwardly beyond the pins. However, because of the relatively
      large dimensions of the blades, and particularly because of the relatively
      large height thereof, the blades are often prefabricated so as to have a
      curved configuration in their longitudinal direction before they are
      mounted on the metal sheet. This is necessary because of the fact that the
      relatively large dimensions of the blades result in their high resistance
      to bending, so that it is all but impossible to mount the blades on the
      sheet as long as it is still planar, and then bend the sheet with the
      blades mounted thereon. Thus, the usual method of assembling such a die is
      to mount the metal sheet with the pins thereon on the respective roller,
      and only then to connect the respective blades to the proper pins. Since
      the assembling of the die is accomplished directly on the roller, it
      requires that the creasing and cutting machine be put out of operation for
      an extended period of time which, of course, is very disadvantageous.
PAR  However, the production of the spatially curved blades is a difficult and
      time-consuming task. This is caused by the fact that the blades are
      relatively high, so that they not only have a high resistance to bending,
      but also there exists the danger that undesirable deformations of the
      blades, particularly out of their general planes, will occur during the
      bending operation; thus, the blades will more often than not extend only
      approximately radially outwardly of the die and thus of the roller, which
      adversely affects the accurate operation of the creasing or cutting
      machine. As a result of this inaccuracy, the roller with the die thereon
      may not be dynamically balanced, and the products obtained during the
      cutting or creasing operation may be of less than desired configurations
      and appearances.
PAR  On the other hand, it is possible in this arrangement to simply replace
      blades which are worn-out or damaged beyond repair, even though only while
      the machine is in standstill. When some of the blades are only partially
      worn out or damaged, it is desirable to lift the metal sheet in the region
      of such wearing-out or damage in order to be able to continue the
      operation of the machine with the same die so long as it is still usable.
      This is usually done by putting inserts between the roller and the metal
      sheet in such a region. However, in this particular arrangement, such
      extension of the useful life of the partially damaged or worn out die is
      all but impossible because of the high resistance of the blades to
      bending. Thus, the utilization of this arrangement is very limited. Other
      disadvantages of this arrangement are that, when the pins are to be
      distributed on the metal sheet and welded thereto in an automatic welding
      machine using a control program for controlling the operation of the
      automatic welding machine, the program as well as the welding machine must
      be very precise which increases the expenditure in connection with the
      production of such a die, and that it is impossible to visually supervise
      the exact position of the blades during the assembling operation and
      afterwards. The advantage of this die, which cooperates with a
      counter-roller so that the material to be cut and/or creased passes
      between the die and the counter-roller, is that the severing lines of the
      blank are rather accurate and the appearance of the blank better than when
      the previously discussed dies are used.
PAR  Other dies may also be used, the blades of which basically resemble those
      used in reciprocating presses for cutting blanks out of steel or other
      metallic strips. Such blades are in this case embedded in or otherwise
      connected to initially curved shells made of wood, metal or a synthetic
      plastic material, which shells are then assembled on and connected to the
      respective roller so as to share the rotation thereof. In such an
      arrangement, the blades operate similarly as discussed in connection with
      the previous prior art, that is they cooperate either with a
      counter-roller or with a flat surface, the material to be severed or
      creased passing between the shells and the counter-roller or the flat
      surface.
PAR  Similar problems as those discussed in connection with the previously
      mentioned arrangement are also encountered in the die according to this
      embodiment where the blades are accommodated in and connected to the
      curved shells of metal, wood or synthetic plastic material. Even in this
      arrangement, the assembling of the dies must be performed in two phases,
      the first phase involving the connection of the base plate -- that is of
      the shells -- to the roller, and the other phase involving pressing the
      blades into the base plate. This base plate is usually formed with
      prefabricated grooves into which the blades are pressed, and the accuracy
      of the positions of the blades will to a large extent depend on the
      accuracy with which the receiving grooves have been prefabricated in the
      base plate. However, very often it is impossible to prefabricate exact
      grooves in the curved base plate, so that it cannot be assured that the
      actual positions of the blades will conform to the desired positions
      thereof. Furthermore, since the engagement of the blades with the grooves
      is not secure enough, it is necessary to provide additional attachment
      elements extending, for instance, through perforations in the sides of the
      blades, which then secure the blades to the base plate and prevent their
      displacement out of the respective grooves. As discussed above in
      connection with the previous arrangement, the adjustment of the positions
      of the worn-out or damaged blades is also very difficult if not
      impossible.
PAR  There are also already known different dies for use in creasing and cutting
      machines of the type employing rotating rollers between which the
      material, such as cardboard, passes to be treated, which dies utilize
      blades which are generally triangular in cross-section and which are
      connected to the metal sheet or other base by brazing, soldering, glueing
      or attaching by screws or similar connectors. The roller which is equipped
      with such a die can cooperate with a counter-roller in a conventional
      manner. The material to be treated enters the gap between the die and the
      counter-roller and thus is pressed against the counter-roller and severed,
      embossed, creased or the like by the exposed working edges of the
      triangular blades. In the event that the blades which may be of various
      shapes are directly connected to a base by spot-welding, brazing or
      soldering, the heat transmitted to the base during such operations results
      in deformation of the base owing to the non-uniform thermal treatment of
      the base and thus the generation of local stresses. During the operation
      of the machine, relatively high forces alternatingly act on the blades,
      which may result in the destruction of the connection between the blades
      and the base, particularly when such a connection is obtained by spot
      welding. In order to obtain rotational symmetry of the die and
      particularly of the cutting edges of the blades, it is necessary to adjust
      the positions of the blades with respect to the base or to perform other
      finishing operations. However, since the base itself has been deformed
      during the soldering, brazing or spot-welding operation, the time and
      labor expenditure for such a finishing operation is excessive. A
      particular disadvantage of the dies which are manufactured according to
      this method is that the damaged or worn-out blades can be replaced only
      with difficulty and at high cost.
PAR  In the event that the creasing or cutting blades are connected to the base
      by glueing, the main disadvantage of this method of producing the die is
      that the glued connection has relatively low resistance to the forces
      which act on the blades during the operation of the machine, so that the
      glued connection will disintegrate within a relatively short period of
      time. More particularly, the layer of the glue, adhesive, or other bonding
      agent dissociates itself either from the base or the blade and peels off.
      This, of course, reduces the useful life of the die.
PAR  A further modification of the just-described die which suffers of the same
      drawbacks as discussed above is that the base is a transparent foil.
      Blades, which are substantially triangular in cross-section, are bonded to
      the foil. It is possible to attach the foil to the roller first, and in
      this case the blades are curved so as to substantially correspond to the
      outer curvature of the foil mounted on the roller, and then positioned
      thereon and bonded thereto. Alternatively, the blades may be straight and
      be bonded to the foil in its planar state, and then the foil may be bent
      together with the blades bonded thereto so as to conform to the
      circumferential surface of the roller and be attached thereto. The
      operation of this die is the same as previously discussed, and the danger
      of disintegration or peeling-off of the bonded connection is still
      present.
PAR  Finally, there is also already known a method of producing the die in which
      the creasing or cutting blades, each of which is formed with an angularly
      bent foot, are directly connected to a metal sheet jacket which is
      subsequently driven into rotation during the cutting or creasing
      operation. In this method, the blades must be positioned on the jacket in
      accordance with a marking on the jacket or in accordance with a drawing,
      which is very time-consuming and, moreover, which is very inaccurate so
      that the blades are connected to the jacket in positions which to a
      greater or lesser degree deviate from the desired positions. This, in
      turn, means that the shapes of the thus-produced blanks will deviate from
      the desired shapes, which is particularly disadvantageous if the blanks
      are to be used for producing boxes or packages in an automatic packaging
      machine.
PAR  It may be seen from the above discussion of the prior art dies and methods
      of producing dies that no method of producing dies is known at present
      which renders possible the formation of the die in a plane, that is in its
      developed form, and its subsequent bending around the roller and
      attachment of the same thereto, which die would also achieve satisfactory
      results in terms of the preciseness of the severing and/or folding lines
      on the blanks.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to avoid the
      disadvantages of the prior art.
PAR  More particularly, it is an object of the present invention to provide a
      die for use in a rotary creasing and/or cutting machine which is not
      possessed of the drawbacks of the prior-art dies.
PAR  It is a further object of the present invention to provide a die which
      consists of a sheet which is bent around a roller of such a machine, and
      of a plurality of blades attached to the sheet, in which the danger of
      unintentioned dissociation of the blades from the sheet is eliminated.
PAR  It is still a further object of the present invention to provide a die
      which has a high degree of rotational symmetry and which is capable of
      producing blanks of precise dimensions.
PAR  It is yet another object of the present invention to provide a die which is
      inexpensive to manufacture but reliable nevertheless.
PAR  Another object of the present invention is to provide a die which may be
      positioned on and removed from the roller as often as desired.
PAR  A concomitant object of the present invention is to provide a method for
      producing such a die which enables the positioning of the blades on, and
      their connection to, the sheet when the latter is developed into a plane,
      and an easy bending thereof to conform to the shape of the roller to which
      it is to be attached without destroying the connection between the blades
      and the sheet.
PAR  An additional object of the present invention is to provide a method for
      producing cutting and/or creasing dies in which the positioning of the
      blades on the sheet may be visually supervised.
PAR  In pursuance with these objects and others which will become apparent
      hereafter, one embodiment of the present invention resides in a method for
      producing dies for use in rotary creasing and/or cutting machines which
      includes the steps of bending tongues out of the general plane of the
      sheet laterally of the desired positions of the creasing and/or cutting
      blades while the sheet is developed into a plane, positioning the blades
      between the respective tongues, bending the tongues into forced contact
      with the blades with attendant attachment of the blades to the sheet, and
      subsequent bending of the sheet with the blades attached thereto around
      the roller and the attachment of the former to the latter.
PAR  The die according to the invention is composed of the sheet from which the
      tongues are bent out, and of the blades which have in their regions
      adjacent to the sheet lateral portions extending parallel to the sheet,
      around which the tongues are bent so as to attach the blades to the sheet.
      An adhesive layer or strip may be interposed between the respective blade
      and the sheet, which preliminarily connects such blade to the sheet prior
      to the bending of the tongues into forced contact with the lateral
      portions of the blade.
PAR  The positioning of the blades on the sheet, and the provision of the
      tongues, are greatly facilitated when a plurality of lines indicative of
      the desired positions of the respective blades and tongues is copies on
      the sheet in a photochemical manner while the sheet has a planar
      configuration.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top-plan view of an example of an image to be transferred onto
      a sheet and having dimensions substantially corresponding to those of the
      blank to be produced;
PAR  FIG. 2 is a top-plan view of the sheet with a different image transferred
      thereon;
PAR  FIG. 3 is a front-elevational view of the sheet with some of the tongues
      bent out of the general plane of the sheet;
PAR  FIG. 4 is a top-plan view of the sheet of FIG. 3 and having a still
      different image transferred thereon;
PAR  FIG. 5 is a top-plan view of a portion of the sheet with a cutting blade
      connected thereto;
PAR  FIG. 6 is an enlarged cross-sectional view taken on line VI--VI of FIG. 5;
PAR  FIG. 7 is a top-plan view of a portion of the sheet with a cutting blade
      connected thereto in a different manner;
PAR  FIG. 8 is an enlarged cross-sectional view taken on line VIII--VIII of FIG.
      7; and
PAR  FIG. 9 is a top-plan view of a portion of the sheet, in a region of a
      corner of the image, with cutting blades connected thereto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will now be discussed in some detail with reference
      to the accompanying drawings. However, first of all, some of the
      expedients not readily ascertainable from the drawings will be discussed.
PAR  The manufacture of the die is based on the drawing which depicts the blank
      to be produced, that is the outer contour thereof along which it is to be
      severed from the rest of the material passing through the rotary creasing
      and cutting machine, and the folding lines along which the blank is
      subsequently folded to form a wrapping box or a similar container. Of
      course, the blank will be substantially planar after leaving the machine,
      while the die when mounted in the rotary machine is curved to conform to
      the curvature of the rotating roller on which it is mounted for rotation
      therewith. Therefore, it is necessary to take into consideration the fact
      that the die will be assembled in its planar position but that it will be
      subsequently bent, when preparing the image of the blank which is to be
      transferred onto a major surface of a sheet which constitutes the support
      portion of the die so that, when cutting and/or creasing blades are
      connected to the sheet and also bent therewith, the dimensions of the
      blank as actually severed and/or embossed during the rotation of the
      roller correspond to the desired dimensions. In other words, when
      preparing the image of the blank to be produced, the dimensions of the
      image which will extend in the direction of rotation of the roller when
      the die is mounted thereon, must be multiplied by a reducing factor when
      preparing the image of the blank. Of course, it is also possible to obtain
      such an image automatically when an automatic drafting mechanism is used
      which is connected to a computer which recalculates the respective
      dimensions and controls the drafting mechanism accordingly. Another
      possibility is to prepare the image of the blank using conventional
      optical methods resulting in appropriately reducing the distortion of the
      image of the blank in the desired direction. The image may be then
      photographed and one or more slides may be prepared.
PAR  FIG. 1 illustrates an image of an example of a blank to be produced in a
      rotary creasing and cutting machine utilizing a die according to the
      present invention. It may be seen that this image includes a plurality of
      cutting blade positioning lines 1, and of creasing blade positioning lines
      2. In addition thereto, a plurality of cutting blade auxiliary lines 3 and
      of creasing blade auxiliary lines 4 extends adjacent to the lines 1 and 2
      and parallel thereto. The purpose of the lines 1 to 4 will be discussed
      later on.
PAR  A plate 5, which may be of a metallic material, has a major surface 9 which
      may be provided with a lightsensitive layer. If such is the case, one or
      more of the slides which depict the modified images of the blanks to be
      produced may be distributed on the major surface 9, and the latter may be
      exposed to light penetrating the slides so that a latent image is formed
      in the lightsensitive layer. Subsequently thereto, the metallic sheet 5 is
      further treated in accordance with methods well known, for instance, in
      the printing industry for producing copied offset plates.
PAR  Coming now to FIG. 2 which depicts the sheet 5 after the latent images have
      been developed on the major surface 9 thereof or produced in any other
      conventional manner, the major surface 9 in this embodiment being provided
      with four adjacent images arranged in their correct positions with respect
      to the plate 5. The cutting blade positioning lines 1 define on the major
      surface 9 of the sheet 5 a blank image 6 which substantially -- except for
      the reducing factor -- corresponds to the configuration of the blank.
PAR  FIGS. 3 and 4 illustrate two views of a sheet 5 which is provided on its
      major surface 9 with different images 6. A plurality of rectangular
      tongues 7 and substantially semi-circular tongues 8 is bent out of the
      general plane of the sheet 5 and to the side thereof on which it is
      provided with the images 6. The tongues 7 and 8 are bent by means of a
      conventional punching machine, and in the illustrated positions they
      extend substantially normal to the surface 9 of the sheet 5. The tongues 7
      and 8 are distributed along the cutting blade positioning lines 1 and
      similarly also along the creasing blade positioning lines 2 which have not
      been illustrated in FIG. 3 for the sake of clarity. In the currently
      preferred embodiment of the invention, the distance of the tongues 7 and 8
      from the cutting blade positioning lines 1 and from the creasing blade
      positioning lines 2 substantially corresponds to the distance of the
      cutting blade auxiliary lines 3 and creasing line auxiliary lines from the
      lines 1 and 2, respectively. Thus, the auxiliary lines 3 and 4 serve as
      visual guides during the punching-out of the tongues 7 and 8.
PAR  After the tongues 7 and 8 are punched out or similarly produced, elongated
      cutting blades 11 and/or creasing blades 11' are positioned on the sheet 5
      so that their respective longitudinal axes extend parallel to the
      positioning lines 1 and 2, respectively and that the tongues 7 and 8 are
      located laterally of the respective blades 11 and 11'. One of the cutting
      blades 11 is illustrated in FIGS. 5 and 6 as formed with a central cutting
      portion 12 and two laterally projecting portions 13 having upper surfaces
      14. FIGS. 7 and 8, on the other hand, illustrate one of the creasing
      blades 11' which is provided with a central creasing portion 12' and two
      portions 13' which project laterally of the creasing portion 12' and have
      upper surfaces 14'. Thus, the blades 11 and 11' are similar in
      construction except for the fact that the cutting portion 12 has a sharp
      edge, while the edge of the creasing portion 12' is rounded. FIGS. 5 to 8
      further illustrate two possibilities of providing the tongues 7. Thus, in
      the embodiment of FIGS. 5 and 6 the tongues 7 are provided on the other
      side of the auxiliary line 3 or 4 than the blade 11 or 11', while the
      tongues 7 of the embodiment of FIGS. 7 and 8 are located to the same side.
PAR  As seen in FIGS. 5 to 8, once the blades 11 and 11' are positioned on the
      sheet 5 between the tongues 7, the latter are bent in a conventional
      manner around the lateral portions 13 or 13' until they contact and press
      against the surfaces 14 and 14' respectively. In this manner, the
      respective blades 11 and 11' are securely connected to the sheet 5, their
      portions 12, 12' extending substantially normal to the major surface 9
      thereof. In order to facilitate the assembly of the die, and to improve
      the attachment of the blades 11 and 11' to the sheet 5, a bilaterally
      adhesive foil 15 may be interposed between the blades 11 and 11' and the
      surface 9 of the sheet 5 in the region bounded by the auxiliary lines 3
      and 4, respectively, which foil 15 adheres to the blades 11 and 11' and to
      the surface 9 and thus preliminarily connects the blades 11 and 11', being
      reinforced by the bending of the tongues 7 around the lateral portions 13,
      13' of the blades 11 and 11', respectively.
PAR  FIG. 9 illustrates a region of the sheet 5 which includes a corner region
      of the image 6 provided on the surface 9 of the sheet 5. It will be
      appreciated that special measures must be taken for connecting the blades
      11, 11' to the sheet 5 in the region of the corner of the image 6 of the
      blank or in any other region where the blades 11, 11' meet, particularly
      if the corner is rounded. Thus, for example, the reference numeral 10
      designates an additional tongue which has been produced without resorting
      to the auxiliary lines 3 and 4. It may also be seen in this Figure that
      the lateral portions 13 may be cut off in order to be able to assemble the
      die. It is also possible to provide various other recesses, which have not
      been illustrated, and which may receive the respective tongues 7. This
      Figure also illustrates that the tongues 7 may either be located opposite
      one another across the respective blade 11, or may alternate therealong,
      or any combination of the opposite and alternating locations.
PAR  After the die has been assembled in the above-discussed manner in a plane,
      it can be bent around, and attached to, the roller of the creasing and
      cutting machine. This is rendered possible by the facts that the sheet 5
      is relatively thin and the blades relatively low, so that the moment of
      resistance of the die in the direction of bending is also relatively low.
      Of course, it is possible that, as a result of deviations of the actual
      dimensions of the sheet 5 and the blades 11 from the ideal ones, the die
      when attached to the roller will not be completely rotationally
      symmetrical. In this event, any deviations from the ideal rotationally
      symmetrical mounting of the die on the roller may be easily compensated
      for by interposing suitable adhesive foils between the inner major surface
      of the sheet 5 and the outer circumferential surface of the roller. An
      advantage of the die according to the invention is that it is easy to
      locate the region in which the shape of the die deviates from its ideal
      shape, the tongues 7 serving as reference points.
PAR  The worn-out or damaged blades 11 and 11', unless the damage is of such a
      character that it can be compensated for by interposing additional foils
      between the sheet 5 and the roller on which it is mounted, can be easily
      replaced by simply bending the tongues 7 or 8 out of contact with the
      surfaces 14 and 14', respectively, and into their normal positions with
      respect to the sheet 5, upon which the damaged blades 11 or 11' may be
      removed and new blades 11 or 11' put into their places, after which the
      tongues 7 or 8 are again bent into contact with the surfaces 14 or 14' of
      the replacement blades 11 or 11'.
PAR  When the method according to the present invention is utilized, it is
      possible to arrange the creasing and cutting blades 11 and 11' on a shared
      sheet 5 in the same region thereof, or in two separate regions thereof,
      one for the cutting blades 11 and the other for the creasing blades 11',
      or to attach the creasing blades 11' to a different sheet 5 than the
      cutting blades 11. In the latter two instances, the creasing and cutting
      operations are performed in succession, while in the first instance both
      operations are performed simultaneously.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of dies
      differing from the types described above. So, for instance, a similar
      method could be used for attaching blades to a sheet of a die which is to
      be used in planar condition.
PAR  While the invention has been illustrated and described as embodied in a
      method of manufacturing a cutting and/or creasing die, it is not intended
      to be limited to the details shown, since various modifications and
      structural changes may be made without departing in any way from the
      spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of manufacturing a die, comprising the steps of providing a
      planar sheet with a plurality of tongues extending substantially normal to
      a major surface of said sheet; positioning a plurality of blades between
      respective ones of said tongues so that central projections thereof extend
      normal to said major surface; and bending said tongues around other
      portions of said blades so as to attach said blades to said sheet.
NUM  2.
PAR  2. A method as defined in claim 1, and further comprising a preliminary
      step of providing blade positioning lines on said major surface; and
      wherein said step of providing said tongues includes forming the same
      along said blade positioning lines in spaced relation with respect to one
      another.
NUM  3.
PAR  3. A method as defined in claim 2, wherein said preliminary step includes
      photochemically transferring said blade positioning lines onto said major
      surface.
NUM  4.
PAR  4. A method as defined in claim 1, and further comprising the step of
      adhering bilaterally adherent foils to said major surface in regions
      bounded by said tongues; and wherein said positioning step includes
      adhering the respective blades to the respective foils prior to said step
      of bending.
NUM  5.
PAR  5. A method as defined in claim 1, and further comprising the step of
      mounting the completed die on a circumferential surface of a roller of a
      creasing and cutting machine subsequently to said bending step.
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ABST
PAL  A lathe for machining interior surfaces of revolution in hollow parts
      supported on a rotational axis by a head-stock and including a pair of
      transversely and longitudinally movable carriages arranged symmetrically
      on the work piece rotatable axis, the carriages each supporting at least
      one tool holder bar projecting along the work piece rotational axis and
      having a cooperating cross-sectional configuration by which the tool
      holder bars are supported along their length by engagement with each
      other. Alternatively the carriages may support turrets each carrying a
      plurality of cooperable tool holding bars in a manner such that the
      operative pair of tool holding bars derives similar support one from the
      other. In both embodiments, the cutting tools supported by the bars are
      disposed on a diametric plane inclined with respect to the holder bar in
      engagement plane to resolve all cutting forces into exclusively torsion on
      the tool holder bars.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a lathe for the interior machining of hollow
      revolving parts, such as threaded pipe coupling sleeves, for example,
      which generally are formed with two opposite conical threads.
PAR  In the formation of hollow parts with interior machined surfaces of
      revolution such as conical surfaces, interior machining is advantageously
      performed on machines of the lathe type. The removal of the metal
      necessary to produce the interior surfaces, especially threads, is thus
      performed by cutting tools attached to the end of a tool holding bar or
      bars having an outside diameter necessarily smaller than the inside
      diameter of the sleeve to be formed and a length necessarily in excess of
      the depth of the interior conical surface to be machined. This results in
      a limitation of the power that can be applied to the tool due to the
      limited rigidity of the tool holding bar and consequently in a limitation
      on the rate of metal removal per unit of time. Because of these
      limitations, the present production costs of machining the interior
      threads of pipe coupling sleeves in quantity are substantially increased
      over projected costs where the output of a machine is increased in terms
      of rate of metal removal.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the rate of metal removal from
      interior conical surfaces is increased by a lathe having two carriages
      arranged symmetrically with respect to the rotational axis of the part to
      be machined and capable of moving longitudinally and transversely in
      parallel with a common plane passing through such axis, each of the
      carriages supporting at least one tool holding bar which is so designed
      that it is supported on a corresponding tool holding bar of the other
      carriage by at least one surface parallel to the common plane.
PAR  As a result of the tool holding bars being supported upon each other, they
      no longer need to sustain individually the cutting effort developed by
      their respective tools, as is the case with a conventional machine. The
      tool holding bars instead must simply resist the torque resulting from the
      composite of two equal and opposite parallel forces, a condition which
      completely changes the nature and the value of the stresses engendered.
      Moreover, the reaction of the tools upon the machined part and the members
      of the machine supporting it is also completely changed. Instead of a
      radial force tending to cause the spindle of the machine to bend, the
      spindle is subjected only to torque loading in the lathe of this
      invention. The combination of these two effects makes it possible to
      increase considerably the cross-section of the chip removed with each
      cutting passage and to increase the output or production speed
      proportionately.
PAR  The tools are preferably arranged on their respective tool holder bars in
      such a manner that, when in the working position, the cutting edges of
      these tools will be situated in a diametric plane which will be inclined
      slightly with respect to the translation plane of the carriages. The
      inclination of the cutting plane can be selected so that the direction of
      the cutting efforts will be approximately perpendicular to the direction
      of transverse movement of the tools. Thus the relative displacements of
      one bar with respect to the associated bar will require only a very small
      effort as compared to the cutting efforts, a factor which facilitates
      compliance with precision requirements in the desired machined diameter.
PAR  Each of the transverse carriages of the lathe may be equipped with a
      revolving turret supporting several tool holder bars, for example, four.
      This arrangement is useful in forming many parts which require machine
      operations more complex than simple conical boring and threading, such as
      machining operations which require tools of various shapes working in
      succession.
PAR  The adaptation of turrets for tool holder bars according to the invention,
      capable of being supported upon each other in their working position,
      poses a difficult problem of aligning the rotational axes of the two
      turrets with very great precision. In accordance with the present
      invention, this problem is solved by providing a deliberate misalignment
      of the turrent rotation axes so that the associated tool holder bars will
      be supported upon each other only in their working position. For this
      purpose, the rotational axes of the two turrets, situated in planes
      parallel to the translation plane of the carriages, are inclined at one
      and the same acute angle, varying slightly from 90.degree., for example,
      with respect to the rotational axis of the part to be machined. They are
      furthermore slightly staggered on either side of said axis. Thus, when
      outside the working position, the tool holder bars are separated from each
      other to facilitate cleaning of the corresponding support surfaces.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Several embodiments implementing the invention are described below by way
      of example with reference to the attached drawings as follows:
PAR  FIG. 1 is a schematic front elevation of a lathe according to the
      invention;
PAR  FIG. 2 is a partially cut-away side elevation of the lathe illustrated in
      FIG. 1;
PAR  FIGS. 3 and 4 are detail views on a larger scale showing the tool holder
      bars;
PAR  FIG. 5 is a transverse cross-sectional view showing the tool holder bars in
      working position inside a sleeve;
PAR  FIG. 6 is a view similar to FIG. 5 showing the tool holder bars in another
      working position;
PAR  FIGS. 7-9 illustrate alternate embodiments of the tool holder bars; and
PAR  FIGS. 10-13 are schematic views illustrating another mode of implementing
      the lathe according to the invention where each of the transverse
      carriages is equipped with a turret provided with several tool holder bars
     .
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The lathe illustrated schematically in FIGS. 1 and 2 comprises a frame or
      bed 1 supporting a head-stock 2 for moving the part 3 to be machined, in
      this instance a hollow revolving part such as a pipe coupling sleeve,
      which must generally include two opposite conical threads. The latter is
      retained by means of screwing upon a part-carrier chuck 4 which is in one
      piece with a rotating spindle 5 which turns in bearings 6 of the
      head-stock 2. The spindle 5 is rotated by means of a motor 7 through
      intermediate transmission members of the known type, comprising, for
      example, pulleys, belts, and gears.
PAR  On the bed plate 1, there is placed a longitudinal carriage 8 which can
      move parallel to the axis of spindle 5 along slides 9. The movement of
      this carriage is accomplished by known means, such as a screw 10 rotated
      by a motor 11 and cooperating with a nut 12 which is in one piece with the
      carriage 8.
PAR  On the longitudinal carriage 8, there are arranged two transverse carriages
      13 and 14 which can move perpendicularly to the axis of spindle 5 along
      slides 15 provided on carriage 8. The movement of these transverse
      carriages is accomplished by the motor 16 which rotates a screw 17 axially
      connected to the longitudinal carriage 8 by a thrust-bearing 29. The screw
      17 is provided with two threads 18 and 29, with the same pitch but running
      in opposite directions, and cooperating respectively with two nuts 20 and
      21 having a corresponding pitch, attached to each of the carriages 13 and
      14.
PAR  It can easily be seen that by combining the movement produced by the motor
      16 with the movement produced by the motor 11, any desired symmetrical
      movements for the two transverse carriages 13 and 14 can be achieved.
PAR  Each of the transverse carriages 13 and 14 is equipped with a tool holder
      bar 22 and 23, respectively. The bars are capable of penetrating into the
      interior of the sleeve 3 to be machined and they are more clearly shown in
      FIGS. 3 and 4. Thus, each of the tool holder bars comprises at one of its
      ends, a housing capable of receiving a cutting tool 24 and 25,
      respectively, whereas the other end is attached by means of two bolts 26
      on a support such as 27 which in turn is attached by appropriate means,
      not shown, to the corresponding transverse carriage.
PAR  In accordance with the invention, the two tool holder bars are so designed
      that they will be supported upon each other in their working position,
      under the action of cutting efforts by the tools 24 and 25. As shown very
      clearly in FIGS. 5 and 6, the cross-section of the bars 22 and 23 is of a
      shape such that each one of them rests upon the other through two plane
      surfaces 28 parallel to the translation plane of longitudinal carriage 8;
      that is to say, the horizontal plane in this case. The two bars can thus
      move symmetrically in the transverse direction between their two extreme
      radial position, represented respectively in FIGS. 5 and 6, without
      ceasing to be in contact through the plane surfaces 28. The position in
      FIG. 5 corresponds to the maximum diameter produced whereas the position
      in FIG. 6 corresponds to the minimum diameter produced.
PAR  Of course, the outside contour of the two tool holder bars is adapted to
      the shape of the parts to be machined. In particular, this contour is such
      that, in the position shown in FIG. 6, the overall cross-section of the
      two bars is perfectly cylindrical. Also it is to be noted that the
      arrangement of the respective supporting surfaces 28 depends on the
      direction of rotation of the part to be machined, designated by arrow f.
      Specifically, if the direction of rotation of the part 3 were to be
      reversed, one would not get the desired result, that is to say, the
      support of the two bars upon each other under the action of the cutting
      forces.
PAR  Furthermore it is noted that the cutting tools 24 and 25 are arranged on
      their respective tool holder bar so that the cutting edges of these tools
      will be situated in a diametric plane inclined with respect to plane X --
      X, the horizontal plane of tool holder bar movement in this instance. The
      inclination angle A of the tool plane may be so selected that the cutting
      forces F.sub.1 and F.sub.2 will be essentially perpendicular to the plane
      X -- X and, more specifically, so that these cutting forces will, with the
      line perpendicular to that plane, form an angle B close to the friction
      angle (an angle whose tangent is equal to the friction coefficient) of the
      two tool holder bars upon each other. Since conical machining is generally
      accomplished in the direction of decreasing diameters, the cutting efforts
      therefore tends to help the approach movement of the tool holder bars
      whereas their movement away from each other takes place when the tools are
      not working.
PAR  It will be seen that the resulting forces on each of the tool holder bars,
      due to the cutting forces, is reduced to a torque when the forces F.sub.1
      and F.sub.2 are equal and when they have parallel and opposite directions.
      In practice, these forces are not always strictly equal but their
      resultant is equal only to their difference. By way of comparison, removal
      of the same metal cross-section with a single tool, as is the practice on
      an ordinary lathe, the cutting force would have to be essentially equal to
      F.sub.1 + F.sub.2 and the single bar carrying this single tool would
      necessarily be subject to more bending stress than the two associated bars
      according to the invention.
PAR  Thus it will be appreciated that the lathe according to the invention makes
      it possible considerably to increase the chip cross-section removed by
      each tool pass and thus to improve the output rate of such hollow parts
      considerably.
PAR  In FIGS. 7-9, several possible variants of tool holder bars according to
      the invention are illustrated. In FIG. 9 especially is shown one mode of
      implementation in which each of the tool holder bars is supported from the
      other one only through a single plane surface 28.
PAR  An alternative embodiment of a lathe according to the invention is shown in
      FIGS. 10-13. Here, each of the transverse carriages 13 and 14 is equipped
      with a rotating turret 30 and 40, respectively, each provided with four
      tool holding bars 31-34 and 41-44. Thus it will be seen that such a
      machine makes it possible to accomplish machining operations requiring
      tools with different shapes working in succession and which are much more
      complex than simple conical boring and threading.
PAR  Further, it is contemplated that certain of the tools on the bars 31-34 and
      41-44 might not be coupled in pairs in some machining operations where the
      forces involved will not justify this type of operation. To make that
      possible, the two transverse carriages 13 and 14 can move individually on
      the common longitudinal carriage 8 due to separate control means here
      constituted by two motors 35 and 45, respectively rotating two screws 36
      and 46.
PAR  A strict alignment of rotational axes 37 and 47 of the two turrets 30 and
      40 respectively poses a delicate problem in the attainment of full
      supporting engagement of one of the bars 31-34 with the other 41-44. This
      problem is solved according to the invention by a deliberate misalignment
      of these two axes so that the coupled two-carrier bars will support each
      other only in the working position.
PAR  Thus, as illustrated in FIG. 12, the rotational axes of the two turrets 30
      and 40 are slightly inclined at one and the same angle C with respect to a
      line perpendicular to the axis of the part 5 to be machined. Moreover,
      these rotational axes 37 and 47, while being situated in planes parallel
      to the plane of horizontal translation of the tools, are also slightly
      staggered on either side of the axis of the part to be machined, as
      illustrated in FIG. 13.
PAR  The desired tool holder supporting effect is thus obtained while
      facilitating the cleaning of the support surfaces provided on the tool
      holder bars since, when outside the working position, the latter are moved
      apart from each other.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a lathe having a head-stock for supporting a work piece on a
      rotational axis concentric with an interior surface of revolution in the
      work piece to be machined, cutting tool supporting means comprising:
PA1  a pair of carriages arranged symmetrically with respect to the rotational
      axis and movable longitudinally and transversely in parallel with a common
      plane passing through said axis, at least one tool holder bar supported by
      each of said carriages and projecting generally parallel to said
      rotational axis, the cross-sectional configuration of at least one of said
      tool holder bars defining a surface parallel to said common plane for
      supporting the other of said tool holder bars.
NUM  2.
PAR  2. The apparatus recited in claim 1 including a pair of cutting tools
      supported respectively on said tool holder bars so that the cutting edges
      of said tools will be positioned in a diametric plane inclined slightly
      with respect to said common plane.
NUM  3.
PAR  3. The apparatus recited in claim 1 including a rotating turret supporting
      a plurality of tool holding bars, one such turret being supported on each
      of said carriages, the rotational axes of said turrets lying in planes
      parallel to said common plane and inclined with respect to the rotational
      axis of said work piece at the same acute angle of slightly less than
      90.degree., said turret axes being also slightly offset on opposite sides
      of said work piece axis.
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ABST
PAL  An adapter for rendering a live center for machines adjustable for
      adjustable centering of work pieces may comprise a generally conical body
      having a conical recess formed therein and adapted to receive the conical
      extremity of a rotatable live center element of a live center mechanism. A
      conical surface may be formed at one extremity of the conical body and may
      be disposed for receiving contact within the center hole of a work piece.
      The generally conical body may include pivot means internally thereof
      which may be disposed for contact with the conical extremity of a
      rotatable live center element. An adjustment mechanism may be provided for
      the conical body and may also engage the rotatable live center element,
      the adjustment mechanism being manipulated to impart controllable pivotal
      movement of the body relative to the rotatable live center element to
      achieve controlled shifting of the axis of the adapter relative to the
      axis of the rotatable live center element.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to support center devices for lathes,
      grinders, milling machines, etc. and more particularly relates to an
      adjustment mechanism that has the capability of accomplishing controlled
      axial orientation of the work supporting portion thereof relative to the
      axis of a rotatable live center element in order that the axis of a work
      piece being supported may be adjusted as is necessary to align the
      peripheral portion of the work piece with the axis of the rotatable live
      center element.
PAC  BACKGROUND OF THE INVENTION
PAR  When involved in the process of turning the armatures of electric motors or
      in accomplishing many other work operations where work pieces are to be
      rotated about an axis thereof for the purpose of conducting a machining
      grinding or other work operation thereon, it is not unusual to determine
      that the axis of the work piece is not disposed precisely co-axial with
      the outer periphery of the rotatable work piece. One reason for this is
      that the axial shaft of a motor may have become bent during use or the
      manufacturing operation that produced the work piece may not have been
      accomplished in such manner that the periphery of the work piece is
      co-axial with the center of a shaft that supports the work piece. This is
      typically the case where a press fitting operation occurs during an
      assembly operation. Axial misalignment of the axis of a work supporting
      shaft with the outer periphery of a work piece supported by that shaft may
      render the work piece difficult or impossible to machine unless the axis
      of the work supporting shaft is shifted or adjusted relative to the axis
      of the machine conducting the machining operation.
PAR  One method of achieving axial shifting of a shaft may be accomplished by
      means of shimming wherein shims are utilized between the rotatable conical
      portion of a live center element and the center that has been formed in
      the axial shaft supporting the work piece. Shimming is a trial and error
      method and requires the work piece supporting elements to be disassembled
      from the work perhaps a number of times before proper sized shims are
      properly placed to achieve the degree of axial shifting that is desired.
      Shimming operations are very time consuming and therefore very expensive
      and typically have an adverse effect on the commercial feasibility of
      machining operations where axial shifting is necessary.
PAR  It is therefore a primary object of the present invention to provide a
      novel adapter mechanism that may be easily assembled to a conventional
      live center mechanism and which provides efficient and effective means for
      accurately and controllably shifting the axis of a work piece relative to
      the axis of the live center mechanism.
PAR  It is also an important object of the present invention to provide a novel
      adjustable adapter for live center mechanisms which may be assembled to
      such live center mechanisms in simple, efficient and quick manner to
      promote the commercial feasibility of axial shifting for machining
      operations.
PAR  Among the several objects of the present invention is noted the
      complication of a novel adapter for live center mechanisms wherein
      adjustment of the axis of a shaft supporting a work piece may be shifted
      angularly with respect to the axis of a live center mechanism supporting
      the work piece whereby the outer periphery of the work piece may be
      supported about an imaginary axis that is angularly related to the axis of
      a support shaft therefor.
PAR  Another object of the present invention concerns the provision of a novel
      adapter for live center mechanisms which may be assembled to most live
      center mechanisms without regard to the degree of taper or size of the
      adapter shank that is received by the machine conducting the machining
      operation.
PAR  It is an even further object of the present invention to provide a novel
      adjustable adapter for live center mechanisms that is extremely durable
      and will withstand the effects of commercial machining operations for long
      periods of time without adverse deterioration.
PAR  It is also a feature of the present invention to provide a novel adjustable
      adapter for live center mechanisms which is of simple nature, is reliable
      in use and low in cost.
PAR  Other and further objects, advantages and features of the present invention
      will become apparent to one skilled in the art upon consideration of this
      disclosure. The form of the invention which will now be described in
      detail illustrates the general principles of the invention but it is to be
      understood that this detailed description is not to be taken as limiting
      the scope of the present invention.
PAC  THE PRIOR ART
PAR  It has long been desirable to provide adjustable live center devices to
      achieve shifting of the axis of work pieces with respect to the axis about
      which the peripheral portion of the work piece may be rotated. In U.S.
      Pat. No. 3,057,238 to Benes an arbor is rotated through an arc to cause
      lateral shifting of an axis. Center adjustment devices have also been
      provided for dead centers as is taught by U.S. Pat. No. 2,944,455 to
      Hultenius et al, which provides cooperative inner and outer conical
      devices having bearing means interposed therebetween which transform the
      dead center into a live center mechanism. The mechanism of Hultenius et
      al, however, does not achieve axial adjustment of any nature. Axial
      shifting of tool centers is also taught in U.S. Pat. Nos. 2,247,721
      Wright, 3,315,551 LaMarca and 3,756,102 Casey.
PAC  SUMMARY OF THE INVENTION
PAR  A generally conical body may be provided having a generally conical recess
      formed therein within which recess may be disposed the conical portion of
      a rotatable live center element that may form the rotatable portion of a
      conventional live center mechanism. The generally conical body may define
      a conical work support portion having an included angle of approximately
      sixty degrees which is adapted for engagement into the center hole formed
      at one extremity of a work piece for which machining is desired.
PAR  Within the generally conical body may be defined pivot means which may take
      the form of an annular support element that is disposed for engagement
      with the conical extremity of the rotatable live center element and either
      has limited surface contact or annular line contact with the conical
      surface of the live center element as the case may be. The contacting
      portion may be formed integrally with the generally conical body portion
      or may be simply received within the conical body as desired. A plurality
      of adjustment elements may be supported adjacent one extremity of the
      conical body portion and may engage the rotatable live center element of
      the live center mechanism to provide stabilized and adjustable support
      therebetween. The adjustment devices may conveniently take the form of a
      plurality of internally threaded apertures equally spaced about the
      periphery of the body portion and which receive externally threaded
      adjustment elements that may be manipulated individually to achieve the
      degree of axial shifting that is desired and which may be tightened for
      positive stabilized locking engagement between the body portion and the
      rotatable live center element.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  So that the manner in which the above-recited features, advantages and
      objects of the present invention as well as others which will become
      apparent are attained and can be understood in detail, more particular
      description of the invention briefly summarized above may be had by
      reference to the embodiments thereof which are illustrated in the appended
      drawings, which drawings form a part of this specification.
PAR  It is to be noted, however, that the appended drawings illustrate only
      certain typical embodiments of the numerous adjustable live center
      adapters that are made possible by employment of the invention set forth
      herein and it is therefore not to be considered limiting of its scope, for
      the invention may admit to other equally effective embodiments without
      departing from the spirit and scope of the present invention.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is an isometric view of an adjustable live center adapter that is
      constructed in accordance with the scope of the present invention.
PAR  FIG. 2 is a sectional view of the live center adapter structure set forth
      in FIG. 1.
PAR  FIG. 3 is a sectional view of the nature set forth in FIG. 2, illustrating
      adjustment of the axis of the adapter relative to the axis of the
      rotatable live center element.
PAR  FIG. 4 is an end view of the adjustable live center adapter set forth in
      FIGS. 1-3.
PAR  FIG. 5 is a sectional view representing a modified embodiment of the
      present invention wherein line pivotal contact is established between the
      adapter element and the conical surface of a rotatable live center
      element.
PAR  FIG. 6 is a fragmentary sectional view illustrating a modified embodiment
      of the present invention wherein a separate pivot element is disposed
      within the adapter body for establishment of pivotal relation between the
      body and the conical extremity of a rotatable live center element.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Now referring to the drawings and first to FIGS. 1 and 2, there is depicted
      an adjustable live center adapter generally at 10 incorporating a body 12
      of generally conical configuration having a generally conical recess shown
      generally at 14 that receives the conical extremity 16 of a rotatable live
      center element 18 of a live center mechanism 20, the live center mechanism
      with its live center element 18 being illustrated in broken line and not
      forming a part of the present invention.
PAR  The center or axis of the generally conical body 12 may be defined by a
      drilled blind bore 22 and the internal generally conical configuration of
      the body 12 may be largely defined by conical surfaces. Since the conical
      work engaging surface of a typical live center mechanism has an included
      angle of approximately sixty degrees, a frustoconical surface 24 having an
      included angle of approximately sixty degrees may be formed within the
      body 12, which surface may be disposed in engagement with the conical work
      engaging surface 16 of the rotatable portion of a live center mechanism.
      The frustoconical surface 24 may cooperate with the conical surface 16 to
      define a pivotal surface about which the body portion 12 may be moved to
      achieve proper positioning of the axis of the body 12 for proper support
      of the work piece. Manipulation of the body 12 to achieve movement thereof
      about the conical surface 16 of the rotatable live center element will be
      discussed in detail hereinbelow.
PAR  A second frustoconical surface 26 may be defined within the body portion 12
      which frustoconical surface will have an included angle greater than
      60.degree. thereby providing relief between the frustoconical surface 26
      and the conical surface 16 of the rotatable live center element. The
      relief that is provided by the relationship between the frustoconical
      surface 26 and the conical surface 16 of the live center element
      effectively achieves a pivotal relationship essentially at the point of
      the live center element between the live center element and the body 12.
      This pivotal relationship, due to axial spacing between the point of
      engagement between the body 12 and the conical surface 16 and the work
      engaging point area 28 of the adapter, allows controlled axial
      misalignment to occur between the axis of the adapter 10 and the axis of
      the rotatable portion of the live center adapter mechanism.
PAR  It will be desirable to provide for controlled adjustable rotation or
      pivoting of the body portion 12 about the conical surface 16 of the live
      center adapter to achieve optimum positioning of the point area of the
      live center adapter relative to the work piece and to achieve axial
      shifting between the adapter and the rotatable live center element. One
      means for accomplishing controlled adjustment may conveniently take the
      form illustrated in FIGS. 2, 3 and 4 where a plurality of internally
      threaded apertures 30 may be formed in a generally cylindrical portion 32
      of the body structure 12, which apertures may be evenly spaced about said
      cylindrical portion. It will be convenient to provide for optimum shifting
      of the body portion 12 relative to the axis of the rotatable live center
      element to provide four apertures in the cylindrical portion of the
      adapter in order that positioning of the axis of the adapter relative to
      the axis of the live center element may be accomplished to an optimum
      degree. Utilization of four adjustment elements is not to be considered
      limiting of the spirit and scope of the present invention, it being
      obvious that differing numbers of adjustment elements may be effectively
      utilized without departing from the spirit or scope of the present
      invention. Within the internally threaded apertures 30 may be disposed a
      plurality of adjustment elements 34 which, according to the present
      invention may conveniently take the form of set screws having apertures
      formed therein for receiving conventional Allen wrenches for accomplishing
      adjustment. To accomplish angular adjustment of the axis of the body 12
      relative to the axis of the live center element one of the set screws or
      adjustment devices 34 may be loosened while the other may be tightened
      thereby shifting the large extremity of the adapter element 10 relative to
      the work engaging point 28 and thereby causing the body 12 to pivot about
      the frustoconical work engaging surface 24 to achieved controlled
      misalignment between the axes of the adapter 10 and the live center
      element 18. When optimum positioning has been accomplished, the set screws
      34 may be tightened, serving to positively secure or clamp the adapter 10
      relative to the rotatable live center element 18.
PAR  The set screws 34 define a chuck mechanism, each of the set screws defining
      an adjustable jaw of the chuck mechanism and each being individually
      adjustable to insure accurately controlled positioning of the adapter
      structure 10 relative to the rotatable live center element 18.
PAR  Referring now to FIG. 3, the broken lines 36 and 38 represent the adjusted
      position of the axes between the rotatable live center element and the
      adapter 10. Broken line 36 represents the axis of the rotatable live
      center element 18 while broken line 38 represents the axis of the body 12.
      It is readily observed that the upper set screw is moved inwardly while
      the lower set screw is moved outwardly to achieve the degree of pivoting
      that is desired between the conical surface 16 and the frustoconical
      surface 24.
PAR  In the event the surface to be machined is misaligned or angularly disposed
      relative to the axis of the work piece, it is not necessary to employ
      shims or any other adjustment devices to achieve positioning of the work
      piece such that it rotates about an imaginary axis that places the working
      tool of the machine in substantial parallel relationship with the surface
      to be machined. For example, if the rotatable surface of an armature is
      slightly tapered with respect to the axis thereof, precision alignment
      between the tool that is employed to turn the armature may be accomplished
      by shifting of the axis of the armature relative to the axis defined by
      the rotatable live center element. A dial type micrometer gauge will be
      disposed in engagement with the outer peripheral surface of the armature
      or other such rotatable work piece and the work piece will be rotated by
      hand or very slowly thereby allowing the operator of the machine to
      visualize the degree and position of misalignment that exists.
      Simultaneously, the operator of the machine will be able to visualize the
      direction of the misalignment. By knowing from experience how many turns,
      quarter turns, half turns, etc. is required to achieve the desire of
      movement that is required to properly orient the axis of the body 12, the
      operator will simply loosen one or more of the set screws on one side of
      the body 12 and then will tighten or move inwardly one or more set screws
      on the opposite side of the body. After having done this the work may be
      again slowly rotated and minor misadjustment may be compensated for simply
      by again appropriately adjusting the set screws inwardly and outwardly as
      is desired for proper positioning of the body relative to the rotatable
      portion of the live center mechanism. Having accomplished proper
      alignment, the set screws may be tightened or tightening of the set screws
      may be accomplished as the final step of adjustment so as to insure
      positive locking between the rotatable portion 18 of the live center
      mechanism and the live center adapter 10. The live center adapter may be
      simply and efficiently attached to or removed from the live center
      mechanism simply through manipulation of the set screws 34.
PAR  With reference now to FIG. 5, there is depicted a modified embodiment of
      the live center adapter mechanism of the present invention illustrated
      generally at 40 may take the form of a body 42 having defined thereon a
      generally conical surface 44 that is adapted to be received within the
      center hole of a work piece. The body 42, like the body structure 12, also
      includes a generally cylindrical portion 46 having a plurality of
      internally threaded apertures 48 formed therein and adapted to receive set
      screws 50 or other adjustment elements that allow adjustable manipulation
      of the body 42 relative to a rotatable live center element 18 of a live
      center mechanism such as that shown in broken line in FIG. 2.
PAR  To achieve a pivotal relationship between the conical surface 16 of the
      rotatable live center element 18 the body portion 42 may be provided with
      an annular internal structure 52 defining a circular surface 54 of curved
      configuration which will be disposed for generally circular line contact
      with the conical surface 16 of the rotatable live center element 18. Line
      contact between the body structure 42 and the conical surface 16 will
      enable optimum controlling movement of the body structure 42 relative to
      the live center element 18 to be simply and efficiently accomplished.
      Moreover, the raised relationship between the internal annular portion 52
      of the body structure 42 establishes a spaced relationship between the
      internal conical surface 56 and the conical surface 16 of the live center
      element, thereby allowing the adapter 40 to be easily pivoted to achieve
      the degree of axial misalignment that is desired for proper orientation of
      the work piece relative to the tool that accomplishes work on the work
      piece.
PAR  Although the pivot within the generally conical body is preferably
      established by means of a pivot surface that is machined within the body
      and may be of any suitable cross sectional configuration, it is not
      intended to limit the present invention to internally machined pivot
      surfaces. As is shown in FIG. 6, the pivot means may conveniently take the
      form of an annular ring 60 that may be received within an annular recess
      62 that is formed by machining within the body 64. The annular pivot ring
      may be composed of any suitable metal or plastic material having
      sufficient structural integrity for withstanding the forces that are
      applied thereto during machining operations. It will be preferable to form
      the pivot ring 60 from a material that will not have a tendancy of yield
      during use because such yielding could cause the center that has been
      established to become changed as work is being accomplished.
PAR  In view of the foregoing it is quite clear that I have provided a novel
      adjustable live center adapter mechanism that may be simply and quickly
      received by conventional live center adapter mechanisms and which will
      effectively achieve controlled angular misalignment between the work piece
      engaging surface of the live center adapter and the work piece engaging
      surface of a typical live center mechanism. There is thereby provided an
      efficient and simple mechanism for optimum positioning of a work piece
      relative to a live center mechanism thereby enabling a machine operator to
      effectively eliminate the otherwise time consuming task of providing
      desired positioning between a live center and a work piece by the use of
      shims or other suitable conventional adjustment means. Through utilization
      of the present invention work pieces may be simply and efficiently
      adjusted relative to a tool that accomplishes machining thereof, and the
      time for machining set up operations will be reduced materially, thereby
      promoting the commercial feasibility of the machining operation.
PAR  It is therefore apparent that the present invention is one well adapted to
      attain all of the objects and advantages hereinabove set forth together
      with other advantages which will become obvious and inherent from a
      description of the apparatus itself. It will be understood that certain
      combinations and subcombinations are of utility and may be employed
      without reference to other features and subcombinations. This is
      contemplated by and is within the scope of the present invention.
PAR  As many possible embodiments may be made of this invention without
      departing from the spirit or scope thereof, it is to be understood that
      all matters hereinabove set forth or shown in the accompanying drawings
      are to be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A center adjustment adapter for rendering a live center for machines
      adjustable for controlled positioning of work pieces relative to the work
      rotating axis of such machines, said adapter comprising:
PA1  a body having a generally conical recess formed therein, said recess being
      adapted to receive the conical extremity of a rotatable live center
      element in non-rotatable relation therein;
PA1  conical surface means being formed on the exterior of said body and being
      located for receiving contact within the center hole of a work piece to be
      rotatably supported by such machines;
PA1  fixed pivot means being fixedly located within said body and being
      positioned for pivotal contact with the conical surface of said rotatable
      live center element near the pointed extremity thereof; and
PA1  a plurality of adjustment screws being carried by said body and being
      located for engagement with said rotatable live center element at a
      position remote from said conical surface thereof, said adjustment screws,
      upon being controllably moved, imparting pivotal movement to said body
      relative to said rotatable live center element, said pivotal movement
      being about said fixed pivot means.
NUM  2.
PAR  2. An adapter as recited in claim 1, wherein:
PA1  said pivot means is of annular configuration and is of curved
      cross-sectional configuration and establishes line contact with said
      conical surface of said rotatable live center element.
NUM  3.
PAR  3. An adapter as recited in claim 1, wherein said fixed pivot means
      comprises:
PA1  an annular pivot portion being defined integrally within said body and
      having an annular portion of curved cross-sectional configuration defining
      generally annular pivot surface means, said pivot surface means being
      disposed for supporting contact relation with the conical extremity of
      said rotatable live center element.
NUM  4.
PAR  4. An adapter as recited in claim 1, wherein:
PA1  annular pivot receiver means is defined within said body; and
PA1  said fixed pivot element is fixedly received within said pivot receiver
      means of said body with an outer portion thereof in engagement with said
      generally conical body and with an inner portion thereof disposed for
      non-rotatable positioning engagement with said conical surface of said
      rotatable live center element.
NUM  5.
PAR  5. An adapter as recited in claim 1, wherein:
PA1  said fixed pivot means is of generally circular configuration and defines a
      frustoconical contact surface, said frustoconical contact surface being
      disposed for non-rotatable contact with said conical surface of said
      rotatable live center element.
NUM  6.
PAR  6. A center adjustment adapter for rendering a live center for machines
      adjustable for controlled positioning of work pieces relative to the work
      rotating axis of such machines, said adapter comprising:
PA1  a body having a generally conical recess formed therein, said recess being
      adapted for receiving the conical extremity of a rotatable live center
      element in non-rotatable relation therein, said body having a generally
      cylindrical annular portion defining one extremity of said body;
PA1  generally conical surface means being formed on the exterior of said body
      and being located for receiving contact within the center hole of a work
      piece to be rotatably supported by such machines;
PA1  fixed pivot means being fixedly located within said body and being
      positioned for pivotal contact with the conical surface portion of a
      rotatable live center element near the pointed extremity thereof; and
PA1  a chuck mechanism being located at one extremity of said body and having a
      plurality of individually adjustable jaws, said jaws being disposed for
      adjustable contacting relation with said rotatable live center element
      remote from said conical surface portion thereof and being individually
      manipulatable for controlling the fixed orientation of the axis of said
      body relative to the axis of said rotatable live center element.
NUM  7.
PAR  7. An adapter as recited in claim 6, wherein said chuck mechanism
      comprises:
PA1  a plurality of internally threaded adjustment apertures being formed within
      said body and being disposed in generally equally spaced relation one with
      the other; and
PA1  a plurality of externally threaded adjustment elements being received by
      said adjustment apertures and having the inner extremities thereof
      disposed for engaging relation with said rotatable live center element at
      a position remote from said conical surface portion thereof.
NUM  8.
PAR  8. An adapter as recited in claim 6, wherein said pivot means comprises:
PA1  internal annular pivot means being formed integrally with said body and
      defining a curved cross-sectional configuration, said internal annular
      pivot means being disposed for pivotal contacting relation with said
      conical surface of said rotatable live center element at a position near
      the pointed extremity thereof.
NUM  9.
PAR  9. An adapter as recited in claim 7, wherein said pivot means comprises:
PA1  an annular internal portion of said body defining a generally annular pivot
      surface of curved cross sectional configuration, said pivot surface being
      disposed for establishment of annular line contact with said conical
      surface of said rotatable live center element.
NUM  10.
PAR  10. An adapter as recited in claim 7, wherein said pivot means comprises:
PA1  a pivot receiving portion being formed within said body; and
PA1  an annular pivot element being fixedly located within said pivot receiving
      portion of said body and presenting fixed pivot surface means for
      establishment of pivotal contact relation with said conical surface of
      said rotatable live center element.
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PAL  In an apparatus for feeding a web, the web is continuously pulled from a
      reel by driven pairs of pinch rolls to create a loose storage loop from
      which the web is fed along a guide channel to a further pair of feed
      rolls, which when signalled passes material to a work station, under the
      influence of tensioning rolls acting on the web beyond the work station.
      Means are also provided for detecting and fullfilling the need for
      delivery of the web.
BSUM
PAR  This invention relates to web feeding apparatus and it is an object of the
      invention to provide an apparatus capable of feeding a web intermittently
      from a continuously moving supply with accuracy and at a relatively high
      speed.
PAR  According to the invention a web feeding apparatus comprises a first feed
      roll, a second feed roll downstream of the first feed roll, said feed
      rolls each being rotatable at a predetermined constant peripheral
      velocity, a third feed roll downstream of the second feed roll, a fourth
      feed roll downstream of the third feed roll, said third and fourth feed
      rolls being synchronously intermittently rotated with accurate angular
      displacements of predetermined extent followed by simultaneous periods of
      dwell of predetermined duration, first, second, third, and fourth pressure
      rolls co-operable respectively with the first, second, third and fourth
      feed rolls, and pressure roll positioning means selectively operable to
      move the pressure rolls into and out of co-operative relation with the
      feed rolls, the arrangement being such that during normal web feeding
      operation of the apparatus one or other of the first and second pressure
      rolls co-operates with its respective feed roll to feed into a loop
      between the second and third feed rolls a portion of web the length of
      which approximates to that of the length of web fed by the third and
      fourth feed rolls in co-operation with their respective pressure rolls
      during one period of angular displacement of the third and fourth feed
      rolls.
DRWD
PAR  The invention will now be described, by way of example, with reference to
      the accompanying diagrammatic drawing which illustrates a web feeding
      apparatus according to the invention as applied to a machine for blanking
      out diaphragms for application to the mouths of cans.
DETD
PAR  Referring to the drawing, a web 1, for example a web of paper, or of
      aluminium foil, is drawn from a reel 2 which is mounted on a freely
      rotatable spindle 3 on which it is gripped by expandable rubber rings 4.
      The web passes around a bridle roller 5 carried by an arm 6 pivoted at 7.
      A spring 8 causes the bridle roller 5 to apply tension to the web, the
      tension being maintained by resistance to rotation of the reel 2 exerted
      by a brake band 43 and by the web being gripped between a first feed roll
      9 and a co-operating first pressure roll 10, or alternatively between a
      fixed guide 11 and a clamping device 12, or a second feed roll 13 and a
      co-operating second pressure roll 14, which are downstream of the feed
      roll 9.
PAR  After passing the second feed roll 13 the web is formed into a loop 15 and
      then passes between a guide channel 16 and pressure plate 17 which
      maintain a light tension in the web as it is drawn around a guide roll 18
      by a third feed roll 19 and co-operating third pressure roll 20.
PAR  The feed rolls 9 and 13 are each rotatable at predetermined constant
      peripheral velocities such that when the web is being fed by the feed roll
      9 and pressure roll 10 the length of web fed into the loop 15 is slightly
      less than that drawn from the loop by the third feel roll 19 and pressure
      roll 20, the third feed roll 19, which is downstream of the second feed
      roll 13, being rotated intermittently. When alternatively the second feed
      roll 13 and pressure roll 14 are feeding the web the length of web fed
      into the loop 15 is slightly greater than that drawn from the loop by the
      intermittent third feed roll 19 and pressure roll 20.
PAR  The pressure rolls 10 and 14, have pressure roll positioning means 21, 22
      associated therewith and arranged to be selectively operable to move the
      pressure rolls into and out of co-operation with the feed rolls 9, 13. The
      arrangement is such that during normal web feeding operations the first
      pressure roll 10, the third pressure roll 20, and a fourth pressure roll
      23, which co-operates with a fourth feed roll 24 also downstream of the
      first feed roll 9, are in co-operative engagement with their respective
      feed rolls 9, 19, and 24 and the length of the loop 15 is being gradually
      reduced until it contacts a trigger roll 25 which is located in the loop
      15 and is carried by a lever 26 for co-operation with a microswitch 27 to
      give a signal to cause the second pressure roll 14 to move into
      co-operative engagement with the second feel roll 13, the first pressure
      roll 10 being simultaneously withdrawn from co-operative relation with the
      first feed roll 9 thus causing the length of the loop 20 to increase
      gradually for the whole of the time the signal is maintained, for a
      predetermined time interval controlled by a delay switch. The loop
      detector means may, alternatively, be photo-electric means arranged
      continuously to maintain the length of the loop between a high and a low
      limit. In the embodiment being described, it is assumed that the pressure
      roll positioning means 21, 22, together with pressure roll positioning
      means 29, 30 for rolls 20 and 23, are pneumatically operated devices but
      they may be otherwise operated devices, for example they may be
      hydraulically or electrically operated devices.
PAR  As stated above, the web feeding apparatus is assumed to be associated with
      a machine for applying diaphragms to the open ends of cans. This machine
      is of known construction and is indicated only by the broken lines 31. The
      web 1 on leaving the third feed roll 19 and pressure roll 20 passes round
      an idler roll 32, or alternatively over a fixed skid not shown, using
      pressurised air to form an air bearing for the web, and is moved
      vertically to the fourth feed roll 24 and co-operating pressure roll 23
      because in the embodiment illustrated the blanking operation must be
      performed horizontally. During normal operation of the apparatus the
      synchronised intermittent motion of the third feed roll 20 and the fourth
      feed roll 24, which is also intermittently rotated, maintains a
      predetermined tension in the web as it passes through web treating means
      which are located between the third and fourth feed rolls 20 and 24 and
      which are operable to treat a portion 33 of the web extending between the
      feed rolls 20, 24 while the portion 33 is stationary. The third and fourth
      feed rolls 20 and 24 are synchronously intermittently rotated, as by a
      geneva or similar mechanism not shown, with accurate angular displacements
      of predetermined extents followed by simultaneous periods of dwell of
      predetermined duration.
PAR  The web treating means in the embodiment being described comprises a punch
      34 and a die 35 arranged to punch out of the web a blank to form a
      diaphragm for application to a can, not shown. The machine 31 includes a
      can detector device 36, of any suitable kind, which is operable to
      determine when a can is in position to receive a diaphragm. In the absence
      of a can at the diaphragm applying position the detector device 36 effects
      operation of the pressure roll positioning means 21, 29 and 30 to cause
      the first pressure roll 10, the third pressure roll 20 and the fourth
      pressure roll 23 to be held out of co-operation with the feed rolls 9, 20
      and 24 when the apparatus is running normally with the length of the loop
      15 gradually reducing. Alternatively, if the second feed roll 13 and the
      second pressure roll 14 are operative so that the apparatus is running
      with the loop 15 gradually increasing, then in the absence of a can at the
      diaphragm applying position the detector device 36 effects operation of
      the pressure roll positioning means 22, 29, and 30 to hold the pressure
      rolls 14, 23, and 26 out of co-operative relation with the feed rolls 13,
      20 and 24. The detector device 36 is also arranged to operate the clamping
      device 12 and clamping devices 37, 38 when the pressure rolls are moved
      out of co-operative relation with their respective feed rolls thereby to
      clamp the web at a position between the first and second feed rolls 9, 13
      to maintain the tension against the bridle roll 5, between the loop 15 and
      the third feed roll 20, and between the web-treating means 33, 34 and the
      fourth feed roll 24. While the web is so clamped a light tension is
      maintained in the punched out portion 33 of the web by means of the clamp
      38, or, if this is not used, by pressurised air indicated by arrow 39,
      thereby holding the web portion 33 accurately across the die 35 so that
      the punch 34 continues to pass through the last hole punched in the web
      until the next can arrives at the diaphragm applying position. During
      normal running of the apparatus the punched out portion of the web
      downstream from the feed roll 24 is removed by the pressurised air
      indicated by the arrow 40 for delivery into a container not shown.
PAR  It will be understood that the detector device 36 must be timed to operate
      the roll positioning means 29, 30 during the dwell period of the
      intermittently rotated feed rolls 20, 24, prior to the arrival of a can at
      the diaphragm applying position in order that the web is not fed forward
      if no can is present, and that when the roll positioning means 21 or 22 is
      thus operated simultaneously with the roll positioning means 29, 30 the
      length of the loop 15 will be reduced as a proportion of the cycle time of
      the constant velocity feed imparted by the feed roll 9 or feed roll 13 is
      lost, causing possible reduction of the length of the loop 15 below the
      low limit. To compensate for this condition the detector means 36
      maintains a signal to the roll positioning means 22 to keep pressure roll
      14 in co-operative relation with the feed roll 13, although pressure rolls
      20 and 23 may be withdrawn from co-operative relation with the feed rolls
      20, 24 until the loop length is restored to a position above the low
      limit.
PAR  To prevent the over-run of the reel 2 when the web feed is stopped from
      high speed movement thereof a pneumatic cylinder 41, or other suitable
      means, is arranged to over-ride the normal pressure applied by a spring 42
      to a brake 43 on the reel spindle 3. When the force required to draw the
      web from the reel is of a light order, for example when the reel is of
      large diameter, the bridle roller 5 and its arm 6 will be relaxed away
      from the reel so that only a light force is applied to the spring 8, thus
      causing a link 44, pivoted at 45 to the arm 6, to apply tension to the
      spring 42, thereby exerting a braking force on the spindle 3. As the reel
      2 reduces in diameter the web tension increases and draws the bridle
      roller 5 towards the reel so that the link 44 relaxes the tension on
      spring 42 and reduces the braking force on the reel spindle 3 so that
      tension in the web is maintained between acceptable limits.
PAR  To facilitate threading of the web 1 through the apparatus all pressure
      rolls 10, 14, 20, 23, and the clamps 12 and 37, and when applicable clamp
      38, are arranged to be movable away from their associated feed rolls and
      guides, as appropriate, by manually operable pneumatic switches not shown.
PAR  The pressure rolls 10, 14, 20 and 23 are preferably rubber coated rolls.
PAR  During normal running of the apparatus the web 1 is moved intermittently
      between the feed rolls 20 and 24 which rotate one-half of a revolution in
      180.degree. of the cycle of the machine 31 to move the web portion 33 one
      pitch. The feed roll 9 also rotates at one-half a revolution per cycle of
      machine 33 but has a diameter which, for example, is 0.25 mm. less than
      that of the feed roll 20 so that the length of the loop 15 is gradually
      reduced, as described above, until the loop snatches at the trigger roll
      25 and operates the microswitch 27, or alternatively exposes a
      photo-electric cell, not shown, to its light source. The feed roll 13 has
      a diameter which, for example, is 0.25 mm. greater than that of the feed
      roll 20 so that when the pressure roll 14 co-operates with the feed roll
      13 the loop 15 gradually lengthens until the delay switch 28, or
      alternatively another photo-electric device not shown, causes the pressure
      roll 14 to be disengaged from co-operation with the feed roll 13 and the
      pressure roll 10 to be again moved into co-operation with the feed roll 9.
CLMS
STM  I claim:
NUM  1.
PAR  1. Web feeding apparatus comprising a first feed roll, a second feed roll
      downstream of the first feed roll, said first and second feed rolls each
      being rotatable at a predetermined constant peripheral velocity, said
      first and second feed roll velocities being different, a third feed roll
      downstream of the second feed roll, a fourth feed roll downstream of the
      third feed roll, said third and fourth feed rolls being synchronously
      intermittently rotated with accurate angular displacements of
      predetermined extent followed by simultaneous periods of dwell of
      predetermined duration, first, second, third and fourth pressure rolls
      cooperative with said first, second, third and fourth feed rolls, and
      pressure roll positioning cooperable with each pressure roll and
      selectively operable to individually move the pressure rolls into and out
      of cooperative relation with the respective feed rolls, the arrangement
      being such that during normal web feeding operation of the apparatus one
      or other of the first and second pressure rolls co-operates with its
      respective feed roll to feed into a loop between the second and third feed
      rolls a portion of web the length of which approximates to that of the
      length of web fed by the third and fourth feed rolls in co-operation with
      their respective pressure rolls during one period of angular displacement
      of the third and fourth feed rolls.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the peripheral velocity of said
      first feed roll is such that the first feed and pressure rolls when in
      feeding relation with the web feed into the loop a portion of web the
      length of which is slightly less than that drawn from the loop by the
      third feed roll, the peripheral velocity of said second feed roll is such
      that the second feed and pressure rolls when in feeding relation with the
      web feed into the loop a portion of web the length of which is slightly
      greater than that drawn from the loop by the third feed roll, and wherein
      detector means operable to gauge the length of the loop is operable on
      reduction of the length of the loop to a predetermined low level to render
      active the positioning means to render inoperative the first pressure roll
      and to render active the second pressure roll for a period of time
      determined by a time delay device.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein the diameter of the first feel
      roll is slightly less than that of the third feed roll and the diameter of
      the second feed roll is slightly greater than that of the third feed roll.
NUM  4.
PAR  4. Apparatus according to claim 2, wherein the detector means comprises a
      microswitch operatively connected with pressure roll positioning means
      associated respectively with the first and second pressure rolls, trigger
      means located in the path of the loop for movement thereby on said
      reduction of the length of the loop, and a lever connecting the trigger
      means to the microswitch to effect operation thereof.
NUM  5.
PAR  5. Apparatus according to claim 1, including guide channel and pressure
      plate means for applying a light tension to the web passing from the loop
      to the third feed and pressure rolls.
NUM  6.
PAR  6. Apparatus according to claim 1, including a freely rotatable spindle
      arranged to be gripped by a reel of web material through expandable rubber
      rings, a friction brake co-operating with said spindle, a pivotally
      mounted arm carrying a bridle roller around which the web is drawn from
      the reel by the first and second feed and pressure rolls as appropriate, a
      spring acting on said arm to maintain tension in the web being drawn from
      the reel, and a lever arranged to control the brake and connected
      therewith through a spring lighter than that acting on said arm whereby
      movement of the arm under increasing tension relieves tension in the
      lighter spring to reduce frictional effort of the brake to achieve
      modulation of web tension between acceptable limits.
NUM  7.
PAR  7. Apparatus according to claim 1, including web-treating means located
      between the third and fourth feed rolls, said web-treating means being
      operable to treat a portion of the web extending between the third and
      fourth feed rolls while the web portion is stationary.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein the web-treating means comprises
      a punch and a die arranged to punch a blank out of the web.
NUM  9.
PAR  9. Apparatus according to claim 7, including normally inoperative clamping
      devices arranged respectively on receipt thereby of an operating signal to
      clamp the web between the second and third feed rolls and between the
      third and fourth feed rolls, and a signal initiating device operatively
      connected with the clamping devices to effect operation thereof and with
      pressure roll positioning means for each of the first, second, third, and
      fourth pressure rolls to move the third and fourth pressure rolls out of
      co-operation with the third and fourth feed rolls and also to move out of
      co-operation that one of the first and second pressure rolls which is
      co-operating with its feed roll on initiation of a signal by the signal
      initiating device.
NUM  10.
PAR  10. Apparatus according to claim 8, wherein the blank is to form a
      diaphragm for application to the mouth of a can located adjacent to the
      die, and wherein the signal initiating device is a can detector device
      operable to determine when a can is in position to receive a diaphragm and
      is operable to initiate a clamping device and pressure roll positioning
      means operating signal in the absence of a can.
NUM  11.
PAR  11. Apparatus according to claim 8, wherein the fourth feed and pressure
      rolls feed the punchedout web into a chute in which the web is held under
      a light lengthwise tension by pressurised air.
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ABST
PAL  A press frame includes upper and lower arm portions forming a recess
      therebetween for receiving a workpiece that is supported by a worktable
      mounted on the lower arm portion. A ram housing is supported at the front
      of the upper arm portion and is provided with a ram punch connected to a
      power source for reciprocating the ram toward and away from the worktable.
      A swing arm is connected to the upper arm portion in the recess of the
      press frame by a vertical shaft and is arranged to pivot in a horizontal
      plane with respect to the upper arm portion with the shaft. A tool holder
      is releasably engaged to the end of the swing arm by a locking device and
      is provided with a vertical bore for receiving a punch tool. A cooperating
      die is supported in the worktable, and when the tool holder and the swing
      arm are positioned in punching position, the punching tool is vertically
      aligned between the ram and the die so that the tool holder vertically
      guides the punch tool toward and away from the die as the ram delivers an
      impact blow to the punch tool. A fluid actuated device rigidly retains the
      swing arm and the attached tool holder in punching position with respect
      to the die. When the swing arm is locked in punching position, the punch
      circuit is completed and thereafter is selectively energized either
      manually or automatically to initiate a punching stroke of the ram. To
      facilitate a tool and die change, the fluid actuated device operably
      releases the swing arm from engagement with the upper arm portion
      permitting the swing arm to pivot laterally in a horizontal plane out of
      punching position. The punching apparatus is rendered inoperable until the
      swing arm is returned to punching position with the die.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for perforating a workpiece having a
      horizontally positioned arm member that is pivotally connected to a press
      frame and is arranged to individually receive a series of tool holders
      that are interchangeably attached to the swing arm, and more particularly
      to a punching apparatus operable to provide vertical reciprocal movement
      of a punch tool only when the horizontal arm member and attached tool
      holder are located in punching position with respect to the press frame.
PAR  2. Description of the Prior Art
PAR  Conventional machines for perforating sheet metal include a worktable
      supported by the lower portion of a press frame with a ram punch
      positioned vertically above the worktable in the upper portion of the
      press frame. A suitable punching tool is positioned below the ram punch
      above the workpiece and is arranged to move vertically toward and away
      from a die which is rigidly supported in the table. Examples of
      conventional punching machines and tool supporting structures are
      illustrated in U.S. Pat. Nos. 3,225,636, 3,246,554, 3,269,241, 3,270,605,
      3,405,581, 3,456,542 and 3,779,113.
PAR  U.S. Pat. No. 3,270,605 discloses a clamping mechanism by which the tool
      support is releasably engaged to the upper arm of the frame. By manually
      releasing a hand lever, a hook acting through a cam means is movable into
      and out of engagement with a support pin of the tool support. The clamping
      mechanism is integral with the upper arm of the machine frame and thus
      remains fixed relative thereto for detachably receiving the tool support.
PAR  A carriage assembly for supporting a tool support holder of a punching
      machine is illustrated and described in U.S. Pat. No. 3,405,581. The
      carriage is rotatably mounted by antifriction rollers on a pair of
      parallel spaced rails which are positioned parallel to the longitudinal
      axis of the frame upper arm portion. The tool support holder is releasably
      locked to the carriage assembly and movable therewith between an extended
      and retracted position in which the carriage travels horizontally on the
      rails in a front-to-rear direction relative to the upper arm portion.
PAR  In U.S. Pat. No. 3,456,542 horizontally and vertically acting clamps secure
      a detachable tool support to the press frame upper arm. The clamps are
      rigidly carried by the press frame upper arm and are manually operable to
      engage and release vertical pins disposed in slots of the tool support.
      The clamps pivotally support the tool support which is moved into and out
      of operating position on the upper arm. However, the clamps remain fixed
      on the upper arm as the tool support is pivoted relative to the clamps.
PAR  There is need for a punching apparatus that has a tool support releasably
      engaged to the upper arm of the press frame and also pivotally connected
      to the frame upper arm for moving the punch tool into and out of punching
      relation with respect to the ram and die to facilitate efficient and rapid
      exchange of the punch tool in the tool support and die in the worktable.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided punching
      apparatus including a press frame and an elongated table horizontally
      mounted on the frame for supporting a workpiece to be perforated. The
      press frame has an arm member positioned above the upper surface of the
      table and extends thereacross. The arm member is spaced from the table
      forming an elongated recess therebetween for receiving the workpiece
      supported on the table. A ram is supported for relative vertical movement
      by the front end portion of the press frame arm member. A power source is
      connected to the ram and provides for vertical reciprocation of the ram
      toward and away from the table. A die support mounted in the table is
      positioned in vertical underlying relationship with the ram. A tool
      support arm having a tool support portion is pivotally connected to the
      press frame arm member between the press frame arm member and the table.
      The tool support arm and the tool support portion are laterally movable in
      a horizontal plane relative to the press frame from a first position
      vertically aligned with the ram and the die support to a second position
      displaced laterally from vertical alignment with the ram and the die
      support. A fluid actuated piston cylinder assembly is provided in the
      press frame arm member and is operable to extend and retract a connecting
      pin by which the tool support arm is rigidly engaged to the arm member and
      thereby located in punching position so that downward reciprocation of the
      ram urges the punch tool in the tool support portion into engagement with
      the die support to thus perforate the workpiece.
PAR  The tool support arm is pivotally connected by a vertical shaft to the arm
      member of the press frame. A locking device secures the tool support
      portion to the opposite end of the tool support arm. When a tool and die
      change is to be made, the tool support arm is released from engagement
      with the press frame arm member, and the tool support arm is then pivoted
      laterally from punching position below the press frame arm member. The
      tool support portion is interchangeably attached to the tool support arm
      by operation of the locking device to thereby permit an exchange of the
      tool support portion in order to accommodate a different size punch tool.
PAR  The actuated actauted piston cylinder assembly is provided with an
      extensible piston rod having a pin member secured to the end portion
      thereof. The cylinder includes a first inlet port for receiving fluid
      under pressure which extends the rod outwardly from the cylinder to move
      the pin vertically downwardly through a bore in the press frame arm member
      into an aligned bore of the tool support arm. In this manner, the tool
      support arm is rigidly connected to the press frame arm member when the
      tool support portion is positioned in vertical alignment with the ram. The
      extended pin closes a normally open electrical switch in the tool support
      arm to complete the punch circuit. The punch circuit is then energized
      manually by actuating a foot switch or automatically by actuating a switch
      associated with a duplicating mechanism to effect reciprocation of the ram
      and movement of the punch tool toward and away from the dies supported in
      the table. In this fashion, perforations are made in the workpiece. Unless
      the pin is extended into the tool support arm when the tool support
      portion is vertically aligned with the die and ram, the punching circuit
      is broken, and, consequently, the punching apparatus is rendered
      inoperable.
PAR  Accordingly, the principal object of the present invention is to provide
      punching apparatus for perforating a workpiece having a tool support arm
      that is pivotally connected to the frame of the apparatus and includes a
      tool support portion which is interchangeably attached to the end of the
      tool support arm by which individual tool support portions, varying in
      size, may be efficiently and selectively exchanged on the tool support arm
      to provide a versatile punching operation.
PAR  Another object of the present invention is to provide punching apparatus
      capable of perforating a workpiece by vertical reciprocating movement of a
      punch tool that is pivotally connected to the frame of the apparatus and
      easily moved into and out of punching relationship with a ram to
      facilitate exchange of the punch tool and die.
PAR  Another object of the present invention is to provide apparatus for
      perforating a workpiece which includes a tool holder for guiding the punch
      tool in its vertical reciprocating movement toward and away from the die
      and is quickly and efficiently releasable from engagement with the
      punching apparatus to facilitate a tool change.
PAR  Another object of the present invention is to provide punching apparatus
      operable to provide vertical reciprocation of a punch tool into and out of
      punching engagement with a workpiece only when the punch tool is arranged
      in vertical alignment with the die.
PAR  Still another object of the present invention is to provide punching
      apparatus having a tool holder connected to the end portion of a swing arm
      that maintains the tool holder in punching relationship with the die by
      the operation of a fluid actuating locking device.
PAR  A further object of the present invention is to provide punching apparatus
      having a swing arm that includes an interchangeably attached tool holder
      and is pivotally connected to the frame of the punching apparatus in such
      a manner to permit removal of the swing arm with attached tool holder as a
      single unit from connection to the frame.
PAR  These and other objects and advantages of this invention will be more
      completely described and disclosed in the following specification, the
      accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the punching apparatus, illustrating a swing
      arm with attached tool holder displaced from a punching position on the
      worktable.
PAR  FIG. 2 is a view in side elevation taken along the line II--II of FIG. 1,
      illustrating the swing arm with attached tool holder positioned in
      punching relation with the ram punch and the die holder that is supported
      on the table.
PAR  FIG. 3 is a view in front elevation taken along the line III--III of FIG.
      2.
PAR  FIG. 4 is an enlarged fragmentary view partially in section, illustrating
      the pitman for connecting the crankshaft and eccentric cam to the ram
      punch for reciprocating the ram punch toward and away from the tool holder
      and the cam operated valve for deenergizing the punch circuit.
PAR  FIG. 5 is an enlarged fragmentary view in side elevation taken along the
      line V--V of FIG. 4, illustrating a suitable punching tool retained in the
      tool holder and the cooperating die supported on the worktable.
PAR  FIG. 6 is a view similar to FIG. 5, illustrating the indexing apparatus for
      orienting the tool holder with the die support mounted in the worktable.
PAR  FIG. 7 is a fragmentary view in side elevation and partially in section,
      illustrating the pivotal connection of the swing arm to the upper arm
      portion of the press frame and a fluid actuated piston cylinder assembly
      for rigidly engaging the swing arm to the upper arm portion of the press
      frame.
PAR  FIG. 8 is a fragmentary plan view of the swing arm, illustrating a locking
      device for releasably engaging the tool holder to the swing arm.
PAR  FIG. 9 is a schematic diagram of the pneumatic circuit employed for
      pivoting the swing arm and attached tool holder into and out of punching
      position beneath the ram punch.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings and more particularly FIGS. 1-3, there is
      illustrated a punching apparatus generally designated by the numeral 10
      for perforating a suitable workpiece. The punching apparatus 10 includes a
      press frame 12 of a C-shaped construction having an upper arm portion 14
      and a lower arm portion 16 which together form an elongated recess or
      throat 18 for receiving the workpiece.
PAR  The press frame 12 includes a pair of parallel opposed vertical stiffener
      plates 20 and 22 that are rigidly supported at their lower end portions to
      the legs 24 and 26. The legs 24 have feet 28 which support the press frame
      12 on the floor. A pair of upwardly extending side table supports 30 and
      32 are rigidly secured to the bottom portion of the stiffener plate 22 and
      form a horizontal top surface 34 upon which is positioned a table 36 for
      supporting a template used when the workpiece is to be perforated in
      accordance with the hole pattern of the template. A second table 37 is
      horizontally supported by table supports 38 which are bolted to the press
      frame 12 and extends into the throat 18. Thus, the table 37 is arranged
      for supporting in the throat 18 a workpiece to be perforated in a manner
      hereinafter described.
PAR  An electric motor 40 is mounted on the rear of the press frame 12 and is
      provided with a drive shaft 42 upon which a pulley 44 is secured. Rotation
      of the pulley 44 with shaft 42 is transmitted to the fly wheel assembly
      generally designated by the numeral 46 by the belts 48. The fly wheel
      assembly 46 is non-rotatably secured to the end of a crankshaft 50 which
      is, in turn, rotatably mounted in bearing blocks 52 in the upper end
      portion of the press frame upper arm 14. The shaft 50 extends the length
      of the press frame 12 and has a spindle end portion 54 that projects
      beyond the bearing block 52 at the front end of the upper arm portion 14.
PAR  As illustrated in FIGS. 2, 3 and 4, an eccentric cam 56 is mounted on the
      spindle portion 54 and is provided with a recess for receiving a locking
      ring 58 which surrounds the spindle 54. The locking ring projects
      outwardly beyond the end portion of the spindle 54 and a face plate 60
      positioned on the locking ring 58 is bolted to the spindle 54. With this
      arrangement, tightening of the bolts in the face plate 60 urges the
      locking ring 58 on the spindle 54 into rigid engagement with the eccentric
      cam 56. Thus, rotation of the crankshaft 50 and spindle 54 is transmitted
      to the eccentric cam 56. Loosening the bolts of the face plate 60 permits
      relative rotation between the crankshaft 50 and the eccentric cam 56.
PAR  A pitman 62 is supported on the eccentric cam 56 by pitman bearing 64. The
      pitman 62 includes a lower arm 66 that is suitably connected to a ram
      punch 68. The ram punch 68 includes a striker plate 72 on the bottom
      surface thereof. With the above described arrangement rotation of the
      crankshaft 50 is converted into rectilinear reciprocal motion by the
      eccentric cam 56 to thereby vertically reciprocate the ram punch 68 and
      thus produce a punching action. As illustrated in FIGS. 2 and 7, the ram
      punch 68 has a cylindrical configuration and is slidably mounted in a ram
      housing generally designated by the numeral 70. The ram housing 70 has a
      front portion 71, an intermediate portion 73 and a rear portion 75. A pair
      of flanges 77 and 79 extend outwardly from the ram housing intermediate
      portion 73 and are bolted to the front edges of stiffener plates 20 and
      22. The ram housing rear portion 75 has a vertical bore 74 therethrough
      with washer bearings for rotatably supporting a shaft 76 having an end
      portion 78 of reduced diameter. The shaft 76 is rotatably supported in the
      bore 74 by bolts 80 that extend through a cap 82 and a thrust washer 83.
      The bolts are threadedly engaged to the shaft 76. With this arrangement
      the shaft 76 together with the cap 82 and thrust washer 83 are permitted
      to rotate in the bore 74 of the ram housing 70.
PAR  Referring to FIGS. 2 and 7, there is illustrated a swing arm generally
      designated by the numeral 84 positioned below the ram housing 70 with a
      vertical bore 86 in the rear portion thereof for nonrotatably receiving
      the reduced lower end portion 78 of the shaft 76 rotatably mounted in the
      ram housing 70. A lock nut 88 is threadedly engaged to the end portion 78
      of shaft 76 and nonrotatably secures the swing arm 84 on the lower end
      portion 78 of shaft 76 to thus permit pivotal movement of the swing arm 84
      in a horitonztal plane relative to the ram housing 70.
PAR  In FIGS. 5, 6 and 8 the swing arm 84 is connected to a tool holder 92 by a
      locking device generally designated by the numeral 90. As illustrated in
      detail in FIG. 8, the locking device 90 includes a body portion 94 which
      is rigidly bolted to the front face 96 of swing arm 84. The body portion
      94 is provided with a dovetail 98 which is received within a dovetail
      recess 100 of a bar 102 that is bolted to the rear portion of the tool
      holder 92.
PAR  The body portion 94 has a shoe 103 and a rotatable cam 104 connected to a
      locking handle 106. Rotation of the locking handle 106 rotates the cam 104
      and urges the shoe 103 away from the locking bar 102 to frictionally
      engage the body portion 94 front surface and portions of the dovetail 98
      to the locking bar rear surface and portions of the dovetail recess 100.
      In addition, the body portion 94 is provided with a dowel pin 108 which
      projects outwardly from the dovetail 98 and is arranged to engage a recess
      110 in the locking bar 102 and serve as a stop when the dovetail 98 is
      properly located in the recess 106. With this arrangement, the tool holder
      92 is securely attached to the swing arm 84 by the engagement of the body
      portion 94 to the bar 102. The locking device 90 provides for quick and
      efficient changing of tool holders on the swing arm 84 for accommodating
      tools of various shapes and sizes. The details of the locking device 90
      are described in U.S. Pat. No. 3,107,562.
PAR  The above described arrangement of the swing arm 84 with the attached
      locking device 90 and tool holder 92 constitutes a single unitary assembly
      which may be easily removed from connection to the upper arm portion 14 by
      removing the lock nut 88 from engagement with the end portion 78 of shaft
      76 to permit release of the swing arm 84 from the end portion 78. In this
      manner, the entire assembly may be easily and efficiently removed from the
      punching apparatus for servicing, replacement of parts and the like.
PAR  Punching tool 112 is shown supported in the tool holder 92 in FIG. 5. To
      receive the punching tool 112 the tool holder 92 is provided with a
      circular bore 114 having an upper annular recess 116. The annular recess
      116 has a horizontal keyway 118 positioned at the front end portion of the
      tool holder 92 for receiving a key 120. A guide bushing 122 is positioned
      in the bore 114 and is provided with a slot 124 at its peripheral edge, as
      illustrated in FIG. 8. The slot 124 is aligned with the keyway 118 for
      receiving the key 120 which is secured to the tool holder by the key
      retaining screw 125. In this manner the guide bushing 122 is non-rotatably
      positioned within the tool holder 92.
PAR  The punching tool 112 is slidably positioned within the guide bushing 122
      and includes at its upper end portion a stripping assembly generally
      designated by the numeral 126. The stripping assembly 126 includes a
      spacer 128 mounted on a shoulder 130 of the punching tool 112. A shank 132
      extends upwardly from the shoulder 130 and is provided at its upper end
      portion with a punch head 134. A stripping spring 136 surrounds the shank
      132 and acts against spacer 128 and the punch head 134. Downward movement
      of the ram punch 68 imparts an impact blow through the striker plate 72
      upon the punch head 134 to move the punching tool 112 vertically
      downwardly in the guide bushing 122 to engage the workpiece positioned on
      the table 37. When the punching stroke has been completed the ram punch 68
      returns to the position illustrated in FIG. 5. In a well known manner the
      stripping spring 136, compressed between the punch head 134 and the spacer
      128 on the shank 132, retracts the punching tool 112 from the workpiece
      into the guide bushing 122.
PAR  A lifter assembly generally designated by the numeral 138 is mounted on a
      lifter shaft 140 that is positioned in a bore 142 of the tool holder 92.
      The lifter shaft 140 supports a lifter 146 and a lifter arm clip 148. The
      lifter arm 146 includes a lip portion 150 positioned in abutting contact
      with the lower edge of the shoulder 130 on the punching tool 112. With
      this arrangement the lifter assembly 138 acts between the tool holder 92
      and the punch tool 112 to lift the tool 112 and the stripping spring 136
      from the workpiece. Thus, the tool holder 92 and the guide bushing 122
      together with the lifter assembly 138 and the stripping assembly 126 serve
      to maintain vertical alignment of the punching tool 112 in the guide
      bushing 122 with none of the punching force transmitted to the tool holder
      92.
PAR  Referring to FIGS. 3 and 5, the structure for supporting the workpiece on
      the table 37 is illustrated in which the table 37 includes an upper
      supporting surface 152 and a lower surface 153. The table 36 has a surface
      154 which supports the template and is maintained in co-planar
      relationship with the surface 153 of table 37. The elevation of surface
      152 is greater than that of surfaces 153 and 154 by an amount which
      provides clearance between the bottom of the workpiece and the top of the
      template when the workpiece is positioned on surface 152 and the template
      on surface 154.
PAR  The table 37 is maintained in horizontal position relative to the swing arm
      84 on the table supports 38 which are secured to the press frame 12. The
      table 37 is provided with an opening 155 vertically aligned below the ram
      punch 68. A die block 156 is positioned beneath the opening 155 and is
      rigidly retained therein by the press frame 12 and the table support 38.
      The die block 156 has a horizontal surface 158 upon which is positioned an
      annular die support 160 having a bore 161 extending therethrough.
      Surrounding the die support 160 and also supported on the die block
      horizontal surface 158 is a die pedestal 162 which extends through the
      opening 155.
PAR  The die pedestal 163 is positioned within the opening 155 and is
      non-rotatably mounted by bolts (not shown) to the die block 156. The die
      support 160 is concentrically positioned within bore 164 of the die
      pedestal 162. A die index ring 166 having a bore 168 is coaxially
      positioned on the top surface of the die support 160 within the die
      pedestal 162. The die index ring bore 168 is vertically aligned with the
      die support bore 161 to provide a central opening 169 in the table 37.
PAR  A horizontally positioned keyway 170 is cut in the periphery of the die
      pedestal 162 and is aligned with a horizontal keyway 172 in the die index
      ring 166. A key 174 is received in the aligned keyways 170 and 172 and
      together with the key retaining screw 176, extending through the key 174
      into the die pedestal 162, serve to non-rotatably secure the die pedestal
      162 to the die index ring 166. To facilitate the positioning of small
      sized dies in the die index ring 166, such as shown in FIG. 5, a die
      adapter 178 is positioned within the opening 169 provided by the aligned
      bores 161 and 168. The die adapter 178 includes an annular ring portion
      180 which is received in the die index annular recess portion 181. A
      longitudinal body portion 182 extends through the aligned bores 161 and
      168 of the die index ring 166 and the die support 160 respectively as
      shown in FIG. 5.
PAR  The die adapter 178 in non-rotatably retained on the die index ring 166 by
      a key 188 which is aligned with horizontally positioned keyways 190 and
      192 of the index ring 166 and the die adapter 178 respectively. A key
      retaining screw 194 secures the key 188 within the aligned keyways 190 and
      192 to thereby prevent angular movement of the die adapter 178 relative to
      the die index ring 166.
PAR  The die adapter 178 is provided with axial bore 196 in which is received a
      die 198 corresponding to the punch tool 112. Angular movement of the die
      198 within the die adapter 178 is limited by the key 200 positioned in the
      keyway 202 of the die adapter 178. With the above described arrangement,
      the die 198 is rigidly supported in the worktable 36 and aligned with the
      ram punch 68 to receive the punching tool 112 during the punching
      operation. The punching tool and die support arrangement illustrated in
      FIG. 5 accommodates tool and coordinating dies of various shapes and sizes
      which are easily and efficiently exchanged to provide a versatile punching
      apparatus capable of performing numerous perforating operations such as
      punching, blanking, notching nibbling and the like.
PAR  To effect an exchange of the tool and die combination illustrated in FIG. 5
      for a larger tool and die combination, the die adapter 178 is released
      from engagement with the die index ring 166 in the annular recess 181 and
      together with die 198 is removed from the central opening 169. A larger
      die is then positioned within the annular recess 181 and is locked in
      position on the die index ring 166 by the key 188 positioned in the keyway
      190 aligned with a corresponding keyway of the larger die. To correspond
      with the die change, the tool holder 92 is disengaged from the swing arm
      84 by operation of the locking device 90 and is replaced with a tool
      holder arranged to support a coordinating punching tool. Thus, the
      punching apparatus 10 provides a versatile tool punching and die support
      structure for performing a variety of punching operations.
PAR  FIGS. 4, 5 and 7 illustrate the punching apparatus 10 in punching position
      in which the swing arm 84 and attached tool holder 92 are vertically
      aligned with the ram housing 70 and the die 198 such that the axis of the
      punch ram 68 passes through the aligned axis or center lines of the
      punching tool 112 and the die 198.
PAR  To maintain the swing arm 84 rigidly secured to the upper arm portion 14
      and in punching relationship with the ram housing 70, an annular opening
      204 is provided in the ram housing intermediate portion 73 and is
      coaxially aligned with a bore 206 provided in the swing arm 84. A flanged
      sleeve member 208 having a bore 210 is positioned within the annular
      opening 204 and includes a flanged end portion 212. Bolts extending
      through the flanged end portion 212 threadedly engage the sleeve member
      208 to the ram housing 70 within the opening 204. A bushing 214 is axially
      positioned within the bore 210 of the sleeve member 208 and has a lower
      end portion which is positioned in co-planar relation with the bottom
      surface of the ram housing 70.
PAR  A cylindrical sleeve 216 is positioned within the bore 206 of the swing arm
      84. When the swing arm 84 is positioned in punching relationship relative
      to the ram housing 70, the sleeve member 216 is axially aligned with the
      bushing 214 to thereby provide a bore 218 for slidably receiving a pin
      220. When the pin 220 is positioned within the bore 218, the swing arm 84
      is engaged to the upper arm portion 14 and the tool holder 92 is securely
      retained in punching relationship with the ram punch 68 and the die 198.
PAR  The slidable movement of the pin member 220 into and out of engagement with
      the aligned bushing 214 and sleeve member 216 is accomplished by operation
      of a piston cylinder assembly generally designated by the numeral 222
      positioned in the ram housing 70. The piston cylinder assembly 222, shown
      in detail in FIG. 7, includes a cylinder 224 having a piston and an
      extensible piston rod 226 attached thereto. The cylinder 224 is supported
      in the upper arm portion 14 by a bracket 228 which is fastened to the
      sleeve member 208. The extensible rod 226 is secured to the end portion of
      the pin 220 so that the piston cylinder assembly 222 is operable upon
      actuation to extend and retract the pin 220 in and out of the sleeve
      member 216 of the swing arm 84.
PAR  The piston cylinder assembly 222 is fluid actuated and is provided with a
      first fluid inlet 230 communicating with conduit 232. Air or hydraulic
      fluid is supplied under pressure to the head end of the piston through the
      inlet 230 to extend the pin 220 downwardly through the bushing 214 and
      into the sleeve member 216 aligned with the bushing 214. A second inlet
      234 is provided at the lower end portion of the cylinder 224 and is
      connected to a conduit 236 which supplies fluid under pressure to the rod
      end of the piston. Fluid supplied to the rod end of the piston retracts
      the pin 220 from the sleeve member 216 and thereby releases the swing arm
      84 from locking engagement with the frame upper arm portion 14 to permit
      the swing arm 84 to pivot with the shaft 76 into and out of punching
      position.
PAR  When the pin member 220 is in its fully extended position within the sleeve
      member 216, as illustrated in FIGS. 5-7, the lower end portion of the pin
      220 engages a normally open electrical switch generally designated by the
      numeral 238 provided in the swing arm 84. The electrical switch 238
      includes a roller 240 that is connected to the end of a plunger 242
      slidably positioned within the swing arm 84. Thus, when the swing arm 84
      is positioned in punching relationship with the ram housing 70, the pin
      220 engages the roller 240 and completes an electric circuit which is
      energized by manually actuating a foot switch positioned on the floor at
      the front of the punching apparatus or by actuating the duplicating
      mechanism provided on the table 36, as explained hereinafter.
PAR  With the electrical switch 238 in closed position, as illustrated in FIGS.
      5-7, the electric punch circuit is energized and a solenoid of a clutch
      valve (not shown) is actuated to transmit rotation from the motor 40 to
      the shaft 50 and thereby vertically reciprocate the ram punch 68 in the
      ram housing 70. Conversely, when the pin 220 is retracted from the sleeve
      member 216 to permit relative movement between the swing arm 84 and the
      upper arm portion 14, the pin member 220 is removed from contact with the
      roller 240 to thereby open the electrical switch 238, break the electric
      punch circuit and deenergize the solenoid of the clutch valve to render
      the punching apparatus inoperable.
PAR  During the punching operation, the pin 220 is continuously retained within
      the sleeve member 216 as shown in detail in FIG. 7, and thus the swing arm
      84 is maintained in punching position relative to the ram housing 70. The
      pin 220 is retained in the sleeve member 216 by the constant supply of
      pressurized fluid from a reservoir (not shown) mounted on the press frame
      12 to the first inlet 230 of the piston cylinder assembly 222 through the
      conduit 232. The fluid flows through the first inlet 230 and enters the
      cylinder 224 at the head end of the piston contained within the cylinder
      224. In this manner, the rod 226 is extended outwardly from the cylinder
      224 to retain the pin 220 within the sleeve member 216.
PAR  When it is desired to release the swing arm 84 from engagement with the
      upper arm portion 14 and pivot the swing arm 84 to a position removed from
      punching relationship, as shown in FIG. 1, for facilitating an exchange of
      the tool holder 92 or punching tool 112 and the die 198, fluid is diverted
      in the cylinder 224 from the inlet 230 to the inlet 234. By supplying
      fluid to the rod end of the piston, the rod 226 is returned to its
      retracted position within the cylinder 224 which, in turn, moves the pin
      220 out of the bore 218 and into the upper arm member 14.
PAR  Redirection of the fluid from the head end to the rod end of the piston
      within the cyinder 224 to retract the pin 220 from the bore 218 is
      accomplished by manually actuating a normally open retract valve 244
      mounted below the worktable 37. The retract valve 224, as schematically
      illustrated in FIG. 9, is connected by a conduit 246 to a control valve
      248 which is provided with a plurality of ports 250-256 for selectively
      directing the flow of pressurized fluid from a compressed air source 258.
      In operation, air is continuously supplied through the port 252 and
      conduit 232 in the head end of the piston within the cylinder 224 to
      maintain the pin 220 energized in the bore 218 of the swing arm 84. Supply
      of fluid to the rod end of the piston through port 254 and conduit 234, as
      stated above, retracts the pin 220 from engagement with the swing arm 84
      to permit pivotal movement of the swing arm 84 and the attached tool
      holder 92 from a punching position to the position illustrated in FIG. 1,
      clear of the press frame 12.
PAR  When the swing arm 84 is engaged to the upper arm portion 14 in punching
      position, the control valve 248 continuously supplies compressed air from
      the source 258 to the port 256 and through the conduit 246, and through
      the open valve 244. Further, compressed air is directed from the retract
      valve 244 through conduit 260 to the held open valve 262, and through
      conduit 270 to control valve 248 to actuate control valve 248 so that
      compressed air is supplied to conduit 232 to extend the pin 220. The cam
      operated valve 262, is schematically illustrated in FIG. 9. The valve 262
      is mounted to the upper arm portion 14 as illustrated in FIG. 4 and
      includes a vertically movable cam 264 carried on an actuator 266 secured
      to the upper arm portion 14.
PAR  The swing arm 84 is illustrated in punching position with the ram housing
      70 in FIG. 4. In punching position cam 264 abuts the top surface of a
      bracket 268 mounted to the side of the swing arm 84 and the valve 262 is
      maintained in open position. Manually depressing the valve 244 closes the
      valve 244, and compressed air is temporarily directed from conduit 232 to
      conduit 234 to retract the pin 220 from the bore 218. The swing arm 84 is
      then released from engagement with the upper arm member 14 and is free to
      pivot with the shaft 76 from punching relation beneath the ram housing 70.
      The cam 264 moves out of abutting contact with the bracket 268 to permit
      the cam 264 to move vertically downwardly within the actuator 266 and thus
      close the valve 262. Closing the valve 262 maintains the supply of fluid
      from the control valve 248 through the port 254 and the conduit 234 to the
      rod end of the piston in the cylinder 224. In this manner, fluid is
      directed continuously to the rod end of the piston to retract the rod 226
      in the cylinder 224, and thus retain the pin 220 within the bushing 214 of
      the ram housing 70.
PAR  As described hereinabove, when the pin 220 is displaced from contact with
      the electrical switch 238 in the swing arm 84, the punch circuit is
      broken. However, when the manual retract valve 244 is released, the valve
      262 will remain closed as long as cam 264 is displaced from contact with
      the bracket 268. Thus, the pin 220 is maintained in retracted position and
      displaced from electrical contact with the switch 238. As long as the
      valve 262 remains closed, the reciprocal movement of the ram punch 68
      cannot take place. This feature of breaking the punch circuit when the
      swing arm 84 is displaced from punching position provides a safe condition
      for exchanging the tool holder 92 or punch tool 112 in the tool holder 92
      and corresponding die 198. Furthermore, unless the swing arm 84 and the
      upper arm portion 14 are properly aligned in the punching position, as
      illustrated in FIGS. 5-7, by the engagement of the pin 220 within the
      aligned bushing 214 and sleeve 216, the punching action will not take
      place.
PAR  When the tool change has been completed and the punching operation is to be
      commenced, the swing arm 84 is pivoted with the shaft 76 into underlying
      relationship with the ram housing 70, as shown in FIG. 4, so that the
      bracket 268 is returned to abutting contact with the cam 264. Contact of
      the cam 264 with the bracket 268 urges the cam upwardly relative to the
      actuator 266 to thereby open the valve 262. Opening the valve 262 diverts
      fluid from the conduit 234 to the conduit 232 and the head end of the
      piston within the cylinder 224. The rod 226 is extended outwardly from the
      cylinder 224 to, in turn, extend the pin 220 into the sleeve member 216
      axially aligned with the bushing 214. The pin 220 engaged within the
      sleeve member 216 locks the swing arm 84 to the upper arm portion 14 and
      closes the switch 238 when it contacts the roller 240 as illustrated in
      FIGS. 5-7. The punching circuit is once again completed upon the closing
      of the electric switch 238 to permit energizing of the circuit and thus
      provide reciprocal movement of the ram punch 68.
PAR  The procedure for selectively orienting the punching tool 112 in the tool
      holder 92 with the die 198 supported in the table 37 at a predetermined
      desired angular position is illustrated in FIG. 6. Orientation of the
      punching tool 112 with the die 198 for punching tool and die combinations
      of circular as well as non-circular configurations is accomplished first
      by manually actuating the retract valve 244 to withdraw the pin 220 from
      the swing arm 84 so that the swing arm 84 is free to pivot with the shaft
      76 relative to the upper arm portion 14. The swing arm 84 is then moved
      laterally to a displaced position clear of the press frame 12, as
      illustrated in FIG. 1. In this position, the punching tool 112, together
      with the stripping assembly 126, can be easily removed from the tool
      holder 92. The die 198, and the die adapter 178 can also be removed from
      the die index ring 166. Then, the guide bushing 122 is removed from its
      non-rotatable connection within the tool holder 92 by removing the key 120
      from the annular recess 116 and the keyway 118. This frees guide bushing
      122 for angular movement relative to the tool holder 92.
PAR  A guide indexing tool generally designated by the numeral 272 having a
      handle 273 and a longitudinal body portion 274 with a blade 276 provided
      at the end portion thereof is inserted within the guide bushing 122. A pin
      278 projects outwardly from the body portion 274 and the handle 273 is
      rotated to position the pin 278 on the top portion of the guide bushing
      122 as illustrated in phantom in FIG. 6.
PAR  With the guide index tool 272 positioned in the guide bushing of the tool
      holder 92, as described above, the die index ring 166 is released from
      engagement with the die support 160 by removing the key retaining screw
      176 from the die pedestal 162. The key 174 may then be moved forwardly out
      of the keyway 172 of the die index ring 166. The key 174 is provided with
      a directional arrow which serves as reference point when angularly moving
      the die  index ring 166 relative to the die pedestal 162. Finally, by
      removing the screws which connect the die index ring 166 to the die
      support 160 the die index ring 166 is freely rotatable upon the die
      support 160 relative to the die pedestal 162.
PAR  A die indexing tool generally designated by the numeral 280 and illustrated
      in FIG. 6 having a dial portion 282 and a body portion 284, is inserted
      within the annular recess 181 of the die index ring 166. The body portion
      274 is provided with a vertically extending keyway 286 which is aligned
      with the keyway 190 of the die index ring 166 for receiving the key 188 so
      that the die indexing tool 280 is non-rotatably positioned relative to the
      die pedestal 162 and the die index ring 166.
PAR  With the die indexing tool 280 and the guide indexing tool 272 securely
      retained within the die pedestal 162 and the guide bushing 122
      respectively, the swing arm 84 is returned to punching position as shown
      in FIGS. 4-7 beneath the upper arm portion 14 so that the bushing 214 and
      the sleeve 216 are aligned to permit engagement of the pin 220 within the
      bore 218. Thus, the punching tool 112 and the die 198 will be maintained
      in vertical alignment with the ram punch 68 by the pin 220 connecting the
      swing arm 84 to the upper arm portion 14. The guide indexing tool 272 is
      rotated until the pin 278 is positioned in overlying relationship with
      vertically extending keyway 286 of the guide bushing 122. The indexing
      tool body portion 274 is then lowered within the guide bushing 122 to the
      position illustrated by the solid lines in FIG. 6 until the bottom portion
      of the blade 276 engages horizontal slot 288 of the die index tool dial
      282. With this arrangement, the die indexing tool 280, together with the
      guide bushing 122 and the die index ring 166 are locked as a unitary
      structure to permit the guide bushing 122 and the die index ring 166 to be
      rotatably moved as a unit to a selected angular setting within the die
      pedestal 162.
PAR  The periphery of the die indexing tool dial 282 is calibrated in degree
      increments (from 0.degree. to 360.degree.) to permit rotation of the
      unitary structure to a desired angular relationship relative to the
      reference mark provided on the key 174 retained in the keyway 170 of the
      die pedestal 162. Once the unitary structure has been moved to the desired
      angular position relative to the reference mark on the key 174, the guide
      bushing 122 and the die index ring 166 are secured to the tool holder 92
      and the die support 160 respectively. The guide indexing tool 272 is then
      removed from the keyway 286 by the lifting tool 272 vertically upwardly
      until the pin 278 has cleared the keyway 286. The tool 272 is rotated to
      rest the pin 278 on the upper portion of the guide bushing 122, as
      indicated by the phantom lines in FIG. 6.
PAR  In the manner explained above, the pin 220 is withdrawn from the sleeve
      member 216 of the swing arm 84 into the ram housing 80 to permit the swing
      arm 84 and the attached tool holder 92 to be swung laterally from the
      punching position to a displaced position relative to the press frame 12.
      With the swing arm 84 in this position as shown in FIG. 1, the indexing
      tools 272 and 280 may be easily removed from the tool holder 92 and the
      die pedestal 162 respectively. The desired punching tool 112 with the
      stripping assembly 126 are inserted within the guide bushing 122 of the
      tool holder 92, and the key 120 is in locked position in the annular
      recess 116 and keyway 118. Correspondingly, the die 198 and die adapter
      178, if appropriate, are positioned on the die support 160 and secured as
      explained above and illustrated in FIG. 6 to the die index ring 166 and
      the die pedestal 162. Once the desired punch tool and die have been
      inserted, the punching operation may be commenced.
PAR  The punching apparatus 10 also includes duplicating and gaging mechanisms,
      shown in FIGS. 1-3, positioned on the worktable 36 for perforating a
      workpiece in a pattern which is identical to the master pattern of a
      template 290. As illustrated in FIG. 1, the template 290 is positioned on
      the table surface 154 of the table 36. The template 290 is securely
      retained on the table surface 154 by suitable clamping devices.
PAR  The table surface 154 has a transverse opening 292 positioned in overlying
      relationship with horizontally extending arm portions 294 of the table
      supports 38, as illustrated in FIGS. 1 and 3. A flanged support member 296
      is positioned on the arm 294 and is securely bolted to the table supports
      38. The support member 296 includes a vertically extending pedestal
      portion upon which is rigidly mounted a transverse rail 298. A carriage
      300 has a transverse bore 302 in which is positioned a bearing for
      slidably receiving the transverse rail 298. Thus, the carriage is arranged
      for transverse slidable movement on the rail 298.
PAR  The top portion of the carriage 300 is maintained in co-planar relationship
      with the table surface 154 as shown in FIG. 3. A spacer plate 304 is
      rigidly secured to the top surface of the carriage 300 and is thus
      arranged to move with the carriage 300 transversely above the plane of the
      table surface 154. A longitudinal gage bar 306 is bolted to the spacer
      plate 304 in such a manner that it is displaced from contact with the
      table surface 154. The thickness of the spacer plate 304 is equal to the
      difference in height between the table surface 152 and the table surface
      154. Accordingly, the transverse movement of the carriage 300 on the rail
      298 moves the gage bar 306 transversely relative to the table surfaces 152
      and 154.
PAR  Referring to FIGS. 2 and 3, the end of the gage bar 306 adjacent the table
      surface 154 is provided with a roller bracket 308 which extends downwardly
      from the bottom surface of the gage bar 306 opposite the end of the table
      surface 154. A pair of rollers 310 are secured to the bracket 308 and are
      arranged to travel on the horizontal surfaces of a plate 312 that is
      secured to the bottom surface of the worktable 36. The opposite end
      portion of the gage bar 306 is slidably positioned on the table surface
      152 by roller assemblies (not shown) which are secured to the bottom
      surface of the gage bar 306 and ride on table surface 152. With this
      arrangement, the gage bar 306 is arranged for transverse movement on the
      table surfaces 152 and 154 as the carriage 300 moves transversely on the
      rail 298.
PAR  A stiffener member 314 is mounted along the rear edge portion of the gage
      bar 306 as illustrated in FIG. 2 and rigidly supports a longitudinal guide
      bar 316. A duplicator arm 318 has a longitudinal bore in which is
      positioned a bearing 320 for slidably receiving the guide bar 316 to
      support the duplicator arm 318 above the table surface 154 and to permit
      longitudinal movement of the duplicator arm 318 on the gage bar 306. The
      duplicator arm 318 is additionally supported for longitudinal movement on
      the gage bar 306 by a roller assembly 322 secured to the duplicator arm
      318 and arranged to ride along the upper surface of a rollerway 324 that
      is bolted to the gage bar 306.
PAR  A stylus support 326 projects forwardly from the duplicator arm 318 and is
      arranged to receive a stylus assembly generally designated by the numeral
      328 in FIGS. 2 and 3. The duplicator arm 318 includes a horizontal flanged
      edge portion 332 adapted to receive suitable clamping devices (not shown)
      for locking the workpiece to the duplicator arm 318 so that the workpiece
      may be selectively moved with the duplicator arm 318 above the template
      290. The duplicator arm 318 is arranged for longitudinal movement on the
      gage bar 306 which, in turn, is arranged for transverse movement with the
      carriage 300 on the transverse rail 298. Thus, the workpiece secured to
      the duplicator arm 318 and the stylus assembly 328 may be selectively
      moved longitudinally and transversely to any desired position above the
      table surface 154. Furthermore, the horizontal recess 18 in the press
      frame 12 between the upper and lower arm portions 14 and 16 accommodates
      movement of extremely large workpieces across the table surfaces 152 and
      154.
PAR  The stylus assembly 328 is provided with a probe 330 which is retracted
      within the stylus support 326 when the duplicator arm 318 moves over the
      surface of the template 290. The probe 330 is manually extended to engage
      a desired hole in the template 290. The workpiece secured to the flanged
      edge portion 332 of the duplicator arm 318 is oriented with the punching
      tool 112 when the swing arm 84 is engaged to the upper arm portion 14 in
      punching position so that the perforation made in the workpiece will be
      positioned at a location therein which corresponds directly with the
      position of the pattern hole in the template 290.
PAR  A microswitch 334 provided on the duplicator arm 318, as illustrated in
      FIG. 3, is operably associated with the probe 330. When the probe 330 of
      the stylus assembly 328 is manually pushed downwardly into a selected
      pattern hole of the template 290, the microswitch 334 is actuated and
      transmits a signal which energizes the punch circuit to ultimately
      reciprocate the ram punch 68 and perforate the workpiece by the punch tool
      112. In this fashion, the hole pattern of the template 290 will be
      duplicated in the workpiece by the combined punching action of the ram
      punch 68, the tool punch 112 and the die 198. Thus, in accordance with the
      practice of the present invention, it will be apparent that the advantages
      afforded by the manner in which the tool holder 92 is supported by the
      swing arm 84, the swing arm 84 engaged to the press frame 12 and the die
      198 positioned in the table 37 enable the operator to quickly and
      efficiently make perforations in the workpiece of various shapes and
      sizes.
PAR  To facilitate gaging of the workpiece on the table surface 152 with respect
      to the punch tool 112 and the die 198, conventional micrometer bars 336
      and 338, illustrated in FIG. 1, are mounted on the back edge of the gage
      bar 306 and on the side of the table surface 152 respectively by which X
      and Y axis measurements may be determined. The measuring bars 336 and 338
      provide a numerical indication of the distance from the measuring bars to
      the center line of the punch tool 112 and die 198. In addition, direct
      reading gages such as tubular micrometers (not shown), well known in the
      art, may be provided on the measuring bars 336 and 338 to give precise
      settings within a thousandth of an inch for positioning the workpiece on
      the table surface 152 with respect to the punching tool and die. Roller
      drop stops and clamps (not shown) are associated with the micrometers to
      preserve the selective setting of the workpiece on the table surface 152
      and rigidly secure the gage bar 306 to the table 37.
PAR  According to the provisions of the patent statutes, we have explained the
      principle, preferred construction and mode of operation of our invention
      and have illustrated and described what we now consider to represent its
      best embodiment. However, it should be understood that, within the scope
      of the appended claims, the invention may be practiced otherwise than as
      specifically illustrated and described.
CLMS
STM  We claim:
NUM  1.
PAR  1. Punching apparatus comprising,
PA1  a press frame,
PA1  an elongated table horizontally mounted on said frame for supporting a
      workpiece,
PA1  said press frame having an arm member positioned above the upper surface of
      said table and extending thereacross, said arm member spaced from said
      table forming an elongated recess therebetween for receiving the workpiece
      supported on said table, said arm member having a front end portion,
PA1  a ram supported for relative vertical movement by said arm front end
      portion,
PA1  power means for vertically reciprocating said ram toward and away from said
      table,
PA1  means for supporting a die in vertical alignment with said ram,
PA1  a tool support arm having a rear end portion and a front end portion,
PA1  a tool holder secured to said tool support arm front end portion,
PA1  connecting means for pivotally connecting said tool support arm rear end
      portion to said press frame arm member rearwardly of said press frame arm
      member front end portion between said press frame arm member and said
      table,
PA1  said tool support arm and said tool holder laterally movable in a
      horizontal plane relative to said press frame arm member from a first
      position vertically aligned with said ram and said die supporting means to
      a second position displaced laterally from said ram and said frame arm
      member front end portion to permit replacement of said tool holder and
      tools in said tool holder,
PA1  means for interchangeably locking said tool holder to said tool support
      arm,
PA1  fluid actuated means for rigidly engaging said tool support arm and said
      tool holder to said press frame arm member and disengaging said tool
      support arm and said tool holder from said press frame arm member.
NUM  2.
PAR  2. Punching apparatus as set forth in claim 1 in which said connecting
      means includes,
PA1  a shaft rotatably secured to said press frame arm member and projecting
      vertically downwardly therefrom, and
PA1  a first bore extending through the end portion of said tool support arm for
      non-rotatably receiving said shaft to permit angular movement of said tool
      support arm and said shaft relative to said press frame arm member from
      said first position to said second position.
NUM  3.
PAR  3. Punching apparatus as set forth in claim 1 in which said fluid actuated
      means includes,
PA1  a piston cylinder assembly supported on said press frame arm member,
PA1  an extensible rod slidably positioned within said piston cylinder assembly,
PA1  a pin member connected to the end portion of said rod for vertical movement
      therewith,
PA1  said tool support arm provided with a second bore arranged to receive said
      pin member upon extension of said rod from said piston cylinder assembly
      when said tool support arm is positioned in said first position to rigidly
      engage said support arm to said press frame arm member, and
PA1  means for actuating said piston cylinder assembly to extend said pin into
      said second bore.
NUM  4.
PAR  4. Punching apparatus as set forth in claim 3 in which said means for
      actuating said piston cylinder assembly includes,
PA1  a first inlet port in said piston cylinder assembly for receiving fluid
      under pressure to extend said rod from said piston cylinder assembly, and
PA1  a second inlet port in said piston cylinder assembly for receiving fluid
      under pressure to retract said rod into said piston cylinder assembly.
NUM  5.
PAR  5. Punching apparatus as set forth in claim 4 which includes,
PA1  a fluid reservoir provided on said press frame, and
PA1  means for selectively directing fluid under pressure from said reservoir to
      said first inlet port and said second inlet port to permit pivotal
      movement of said tool support arm between said first and second positions
      relative to said press frame arm member.
NUM  6.
PAR  6. Punching apparatus as set forth in claim 4 which includes
PA1  electrical switch means provided in said tool support arm for permitting
      selective actuation of said reciprocating means when contacted by said
      fluid actuated means.
NUM  7.
PAR  7. Punching apparatus as set forth in claim 6 which includes,
PA1  first valve means operatively associated with said fluid actuated means for
      releasing said tool support arm from engagement with said press frame arm
      member permitting pivotal movement of said tool support arm from said
      first position to said second position, and
PA1  second valve means provided on said press frame arm member for maintaining
      said tool support arm disengaged from said press frame arm member to
      prevent actuation of said reciprocating means.
NUM  8.
PAR  8. Punching apparatus as set forth in claim 7 in which said second valve
      means includes,
PA1  a normally open valve communicating with said fluid actuated means and said
      first valve means, and
PA1  an actuator for closing said normally open valve to disengage said tool
      support arm from said press frame arm member,
PA1  said valve maintained in an open position by said actuator when said tool
      support arm is located in said first position.
NUM  9.
PAR  9. Punching apparatus as set forth in claim 1 in which said reciprocating
      means includes,
PA1  a crankshaft rotatably mounted in said press frame arm member and linked to
      said ram, and
PA1  motor means drivingly connected to said crankshaft for producing rotation
      of said crankshaft and reciprocation of said ram only when said fluid
      actuated means rigidly engages said tool support arm to said press frame
      arm member.
NUM  10.
PAR  10. Punching apparatus as set forth in claim 1 in which said ram includes,
PA1  an eccentric cam,
PA1  means for transmitting torque from said reciprocating means to said
      eccentric cam,
PA1  a ram housing mounted to the front portion of said upper arm portion and
      having a bore vertically aligned with said die supporting means,
PA1  a solid cylindrical member slidably positioned in said ram housing bore,
      said cylindrical member having a striker plate secured to the bottom
      portion thereof, and
PA1  means for linking said cylindrical member to said eccentric cam such that
      rotation of said eccentric cam reciprocates said cylindrical member to
      deliver an impact blow to the punch tool by said striker plate when said
      fluid actuated means rigidly engages said tool support arm to said press
      frame arm member.
NUM  11.
PAR  11. Punching apparatus as set forth in claim 1 in which said die supporting
      means includes,
PA1  said table having an opening coaxially aligned with said ram,
PA1  a die block positioned beneath said opening and rigidly secured to said
      press frame,
PA1  an annular pedestal positioned in said opening and non-rotatably mounted on
      said die block, said pedestal having an axial bore extending therethrough
      and coaxially aligned with said opening,
PA1  an annular support member positioned on said die block within saaid
      pedestal bore, said support member having a bore coaxially aligned with
      said pedestal bore,
PA1  an annular ring member positioned within said pedestal bore and mounted on
      said support member for relative angular movement with respect to said
      pedestal,
PA1  said annular ring member having an axial bore aligned with said pedestal
      bore and an upper annular recess for receiving a die,
PA1  releasably detachable means for rigidly securing said ring member to said
      pedestal within said pedestal bore at a predetermined angular relationship
      with respect to said pedestal, and
PA1  means for non-rotatably receiving the die within said annular recess of
      said ring member to maintain the die in vertical alignment with said tool
      support arm located in said first position when engaged to said press
      frame arm member by said fluid actuated means.
NUM  12.
PAR  12. Punching apparatus as set forth in claim 11 which includes,
PA1  adapter means non-rotatably positioned within said ring member annular
      recess for supporting a die in said table when said tool support arm is
      located in said first position.
NUM  13.
PAR  13. Punching apparatus as set forth in claim 1 which includes,
PA1  means for selectively orienting the angular position of said tool holder
      with said die supporting means.
NUM  14.
PAR  14. Punching apparatus as set forth in claim 13 in which said orienting
      means includes,
PA1  said tool holder having a rotatable guide bushing,
PA1  said die supporting means having a rotatable die index ring,
PA1  a guide indexing tool positioned in said guide bushing at a predetermined
      angular relationship therewith,
PA1  a die indexing tool rotatably positioned on said die index ring and
      arranged to receive said guide indexing tool at a predetermined angular
      relationship therewith, and
PA1  means for non-rotatably retaining said guide bushing in said tool holder at
      a predetermined angular position and said die index ring in said die
      supporting means at a predetermined angular position directly relating to
      the angular position of said guide bushing in said tool holder.
NUM  15.
PAR  15. Punching apparatus comprising,
PA1  a press frame,
PA1  an elongated table horizontally mounted on said frame for supporting a
      workpiece,
PA1  said press frame having an arm member positioned above the upper surface of
      said table and extending thereacross, said arm member spaced from said
      table forming an elongated recess therebetween for receiving the workpiece
      supported on said table, said arm member having a front end portion,
PA1  a ram supported for relative vertical movement by said arm front end
      portion,
PA1  power means for vertically reciprocating said ram toward and away from said
      table,
PA1  means for supporting a die in vertical alignment with said ram,
PA1  a tool support arm having a rear end portion and a front end portion,
PA1  a tool holder secured to said tool support arm front end portion,
PA1  connecting means for pivotally connecting said tool support arm rear end
      portion to said press frame arm member rearwardly of said press frame arm
      member front end portion between said press frame arm member and said
      table,
PA1  said tool support arm and said tool holder laterally movable in a
      horizontal plane relative to said press frame arm member from a first
      position vertically aligned with said ram and said die supporting means to
      a second position displaced laterally from said ram and said frame arm
      member front end portion to permit replacement of said tool holder and
      tools in said tool holder,
PA1  electrical switch means provided in said tool support arm for permitting
      selective actuation of said reciprocating means when contacted by said
      fluid actuated means,
PA1  first valve means operatively associated with said fluid actuated means for
      releasing said tool support arm from engagement with said press frame arm
      member permitting pivotal movement of said tool support arm from said
      first position to said second position,
PA1  second valve means provided on said press member for maintaining said tool
      support arm disengaged from said press frame arm member to prevent
      actuation of said reciprocating means,
PA1  said second valve including a normally open valve communicating with said
      fluid actuator means and said first valve means,
PA1  an actuator for closing said normally open valve to disengage said tool
      support arm from said press frame arm member, and
PA1  said valve arranged to be maintained in an open position by said actuator
      when said tool support arm is located in said first position.
NUM  16.
PAR  16. Punching apparatus as set forth in claim 15 in which said connecting
      means includes,
PA1  a shaft rotatably secured to said press frame arm member and projecting
      vertically downwardly therefrom, and
PA1  a first bore extending through the end portion of said tool support arm for
      non-rotatably receiving said shaft to permit angular movement of said tool
      support arm and said shaft relative to said press frame arm member from
      said first position to said second position.
NUM  17.
PAR  17. Punching apparatus as set forth in claim 15 which includes,
PA1  means for interchangeably locking said tool holder to said tool support
      arm.
NUM  18.
PAR  18. Punching apparatus as set forth in claim 15 which includes,
PA1  fluid actuated means for rigidly engaging said tool support arm and said
      tool holder to said press frame arm member and disengaging said tool
      support arm and said tool holder from said press frame arm member.
NUM  19.
PAR  19. Punching apparatus as set forth in claim 15 in which said fluid
      actuated means includes,
PA1  a piston cylinder assembly supported on said press frame arm member,
PA1  an extensible rod slidably positioned within said piston cylinder assembly,
PA1  a pin member connected to the end portion of said rod for vertical movement
      therewith,
PA1  said tool support arm provided with a second bore arranged to receive said
      pin member upon extension of said rod from said piston cylinder assembly
      when said tool support arm is positioned in said first position to rigidly
      engage said support arm to said press frame arm member, and
PA1  means for actuating said piston cylinder assembly to extend said pin into
      said second bore.
NUM  20.
PAR  20.  Punching apparatus as set forth in claim 19 in which said means for
      actuating said piston cylinder assembly includes,
PA1  a first inlet port in said piston cylinder assembly for receiving fluid
      under pressure to extend said rod from said piston cylinder assembly, and
PA1  a second inlet port in said piston cylinder assembly for receiving fluid
      under pressure to retract said rod into said piston cylinder assembly.
NUM  21.
PAR  21. Punching apparatus as set forth in claim 20 which includes,
PA1  a fluid reservoir provided on said press frame, and
PA1  means for selectively directing fluid under pressure from said reservoir to
      said first inlet port and said second inlet port to permit pivotal
      movement of said tool support arm between said first and second positions
      relative to said press frame arm member.
NUM  22.
PAR  22. Punching apparatus as set forth in claim 15 in which said reciprocating
      means includes,
PA1  a crankshaft rotatably mounted in said press frame arm member and linked to
      said ram, and
PA1  motor means drivingly connected to said crankshaft for producing rotation
      of said crankshaft and reciprocation of said ram only when said fluid
      actuated means rigidly engages said tool support arm to said press frame
      arm member.
NUM  23.
PAR  23. Punching apparatus as set forth in claim 15 in which said ram includes,
PA1  an eccentric cam,
PA1  means for transmitting torque from said reciprocating means to said
      eccentric cam,
PA1  a ram housing mounted to the front portion of said upper arm portion and
      having a bore vertically aligned with said die supporting means,
PA1  a solid cylindrical member slidably positioned in said ram housing bore,
      said cylindrical member having a striker plate secured to the bottom
      portion thereof, and
PA1  means for linking said cylindrical member to said eccentric cam such that
      rotation of said eccentric cam reciprocates said cylindrical member to
      deliver an impact blow to the punch tool by said striker plate when said
      fluid actuated means rigidly engages said tool support arm to said press
      frame arm member.
NUM  24.
PAR  24. Punching apparatus as set forth in claim 15 in which said die
      supporting means includes,
PA1  said table having an opening coaxially aligned with said ram,
PA1  a die block positioned beneath said opening and rigidly secured to said
      press frame,
PA1  an annular pedestal positioned in said opening and non-rotatably mounted on
      said die block, said pedestal having an axial bore extending therethrough
      and coaxially aligned with said opening,
PA1  an annular support member positioned on said die block within said pedestal
      bore, said support member having a bore coaxially aligned with said
      pedestal bore,
PA1  an annular ring member positioned within said pedestal bore and mounted on
      said support member for relative angular movement with respect to said
      pedestal,
PA1  said annular ring member having an axial bore aligned with said pedestal
      bore and an upper annular recess for receiving a die,
PA1  releasably detachable means for rigidly securing said ring member to said
      pedestal within said pedestal bore at a predetermined angular relationship
      with respect to said pedestal, and
PA1  means for non-rotatably receiving the die within said annular recess of
      said ring member to maintain the die in vertical alignment with said tool
      support arm located in said first position when engaged to said press
      frame arm member by said fluid actuated means.
NUM  25.
PAR  25. Punching apparatus as set forth in claim 24 which includes,
PA1  adapter means non-rotatably positioned within said ring member annular
      recess for supporting a die in said table when said tool support arm is
      located in said first position.
NUM  26.
PAR  26. Punching apparatus as set forth in claim 16 which includes,
PA1  means for selectively orienting the angular position of said tool support
      portion with said die supporting means.
NUM  27.
PAR  27. Punching apparatus as set forth in claim 26 in which said orienting
      means includes,
PA1  said tool support portion having a rotatable guide bushing,
PA1  said die supporting means having a rotatable die index ring,
PA1  a guide indexing tool positioned in said guide bushing at a predetermined
      angular relationship therewith,
PA1  a die indexing tool rotatably positioned on said die index ring and
      arranged to receive said guide indexing tool at a predetermined angular
      relationship therewith, and
PA1  means for non-rotatably retaining said guide bushing in said tool support
      portion at a predetermined angular position and said die index ring in
      said die supporting means at a predetermined angular position directly
      relating to the angular position of said guide bushing in said tool
      support portion.
NUM  28.
PAR  28. Punching apparatus comprising,
PA1  a press frame,
PA1  an elongated table horizontally mounted on said frame for supporting a
      workpiece,
PA1  said press frame having an arm member positioned above the upper surface of
      said table and extending thereacross, said arm member spaced from said
      table forming an elongated recess therebetween for receiving the workpiece
      supported on said table, said arm member having a front end portion,
PA1  a ram supported for relative vertical movement by said arm front end
      portion,
PA1  power means for vertically reciprocating said ram toward and away from said
      table,
PA1  means for supporting a die in vertical alignment with said ram,
PA1  a tool support arm having a rear end portion and a front end portion,
PA1  a tool holder secured to said tool support arm front end portion,
PA1  connecting means for pivotally connecting said tool support arm rear end
      portion to said press frame arm member rearwardly of said press frame arm
      member front end portion between said press frame arm member and said
      table,
PA1  said tool support arm and said tool holder laterally movable in a
      horizontal plane relative to said press frame arm member from a first
      position vertically aligned with said ram and said die supporting means to
      a second position displaced laterally from said ram and said frame arm
      member front end portion to permit replacement of said tool holder and
      tools in said tool holder,
PA1  means for selectively orienting the angular position of said tool support
      portion with said die supporting means,
PA1  said orienting means having a rotatable guide bushing in said tool portion,
PA1  said die supporting means having a rotatable die index ring,
PA1  a guide indexing tool positioned in said guide bushing at a predetermined
      angular relationship therewith,
PA1  a die indexing tool rotatably positioned on said die index ring and
      arranged to receive said guide indexing tool at a predetermined angular
      relationship therewith, and
PA1  means for non-rotatably retaining said guide bushing in said tool support
      portion at a predetermined angular position and said die index ring in
      said die supporting means at a predetermined angular position directly
      relating to the angular position of said guide bushing in said tool
      support portion.
NUM  29.
PAR  29. Punching apparatus as set forth in claim 28 in which said connecting
      means includes,
PA1  a shaft rotatably secured to said press frame arm member and projecting
      vertically downwardly therefrom, and
PA1  a first bore extending through the end portion of said tool support arm for
      non-rotatably receiving said shaft to permit angular movement of said tool
      support arm and said shaft relative to said press frame arm member from
      said first position to said second position.
NUM  30.
PAR  30. Punching apparatus as set forth in claim 28 which includes,
PA1  means for interchangeably locking said tool holder to said tool support
      arm.
NUM  31.
PAR  31. Punching apparatus as set forth in claim 28 which includes,
PA1  fluid actuated means for rigidly engaging said tool support arm and said
      tool holder to said press frame arm member and disengaging said tool
      support arm and said tool holder from said press frame arm member.
NUM  32.
PAR  32. Punching apparatus as set forth in claim 31 in which said fluid
      actuated means includes,
PA1  a piston cylinder assembly supported on said press frame arm member,
PA1  an extensible rod slidably positioned within said piston cylinder assembly,
PA1  a pin member connected to the end portion of said rod for vertical movement
      therewith,
PA1  said tool support arm provided with a second bore arranged to receive said
      pin member upon extension of said rod from said piston cylinder assembly
      when said tool support arm is positioned in said first position to rigidly
      engage said support arm to said press frame arm member, and
PA1  means for actuating said piston cylinder assembly to extend said pin into
      said second bore.
NUM  33.
PAR  33. Punching apparatus as set forth in claim 32 in which said means for
      actuating said piston cylinder assembly includes,
PA1  a first inlet port in said piston cylinder assembly for receiving fluid
      under pressure to extend said rod from said piston cylinder assembly, and
PA1  a second inlet port in said piston cylinder assembly for receiving fluid
      under pressure to retract said rod into said piston cylinder assembly.
NUM  34.
PAR  34. Punching apparatus as set forth in claim 33 which includes,
PA1  a fluid reservoir provided on said press frame, and
PA1  means for selectively directing fluid under pressure from said reservoir to
      said first inlet port and said second inlet port to permit pivotal
      movement of said tool support arm between said first and second positions
      relative to said press frame arm member.
NUM  35.
PAR  35. Punching apparatus as set forth in claim 28 which includes,
PA1  electrical switch means provided in said tool support arm for permitting
      selective actuation of said reciprocating means when contacted by said
      fluid actuated means.
NUM  36.
PAR  36. Punching apparatus as set forth in claim 35 which includes,
PA1  first valve means operatively associated with said fluid actuated means for
      releasing said tool support arm from engagement with said press frame arm
      member permitting pivotal movement of said tool support arm from said
      first position to said second position, and
PA1  second valve means provided on said press frame arm member for maintaining
      said tool support arm disengaged from said press frame arm member to
      prevent actuation of said reciprocating means.
NUM  37.
PAR  37. Punching apparatus as set forth in claim 36 in which said second valve
      means includes,
PA1  a normally open valve communicating with said fluid actuated means and said
      first valve means, and
PA1  an actuator for closing said normally open valve to disengage said tool
      support arm from said press frame arm member,
PA1  said valve maintained in an open position by said actuator when said tool
      support arm is located in said first position.
NUM  38.
PAR  38. Punching apparatus as set forth in claim 28 in which said reciprocating
      means includes,
PA1  a crankshaft rotatably mounted in said press frame arm member and linked to
      said ram, and
PA1  motor means drivingly connected to said crankshaft for producing rotation
      of said crankshaft and reciprocation of said ram only when said fluid
      actuated means rigidly engages said tool support arm to said press frame
      arm member.
NUM  39.
PAR  39. Punching apparatus as set forth in claim 28 in which said ram includes,
PA1  an eccentric cam,
PA1  means for transmitting torque from said reciprocating means to said
      eccentric cam,
PA1  a ram housing mounted to the front portion of said upper arm portion and
      having a bore vertically aligned with said die supporting means,
PA1  a solid cylindrical member slidably positioned in said ram housing bore,
      said cylindrical member having a striker plate secured to the bottom
      portion thereof, and
PA1  means for linking said cylindrical member to said eccentric cam such that
      rotation of said eccentric cam reciprocates said cylindrical member to
      deliver an impact blow to the punch tool by said striker plate when said
      fluid actuated means rigidly engages said tool support arm to said press
      frame arm member.
NUM  40.
PAR  40. Punching apparatus as set forth in claim 28 in which said die
      supporting means includes,
PA1  said table having an opening coaxially aligned with said ram,
PA1  a die block positioned beneath said opening and rigidly secured to said
      press frame,
PA1  an annular pedestal positioned in said opening and non-rotatably mounted on
      said die block, said pedestal having an axial bore extending therethrough
      and coaxially aligned with said opening,
PA1  an annular support member positioned on said die block within said pedestal
      bore, said support member having a bore coaxially aligned with said
      pedestal bore,
PA1  an annular ring member positioned within said pedestal bore and mounted on
      said support member for relative angular movement with respect to said
      pedestal,
PA1  said annular ring member having an axial bore aligned with said pedestal
      bore and an upper annular recess for receiving a die,
PA1  releasably detachable means for rigidly securing said ring member to said
      pedestal within said pedestal bore at a predetermined angular relationship
      with respect to said pedestal, and
PA1  means for non-rotatably receiving the die within said annular recess of
      said ring member to maintain the die in vertical alignment with said tool
      support arm located in said first position when engaged to said press
      frame arm member by said fluid actuated means.
NUM  41.
PAR  41. Punching apparatus as set forth in claim 40 which includes,
PA1  adapted means non-rotatably positioned within said ring member annular
      recess for supporting a die in said table when said tool support arm is
      located in said first position.
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PAL  An apparatus is provided for cutting lengths of debranched trees or logs
      into shorter pieces, comprising a conveyor for carrying the logs sideways
      to and past a plurality of cutters arranged in groups, the cutters in each
      group being individually movable between active cutting and inactive
      noncutting positions, and into cutting positions over a determined span,
      and spaced apart along the path of travel of the logs so that only one
      cutter at a time in a given group cuts a log. Beyond the cutters, a means
      is provided for classifying the logs according to quality and dimensions,
      and then separating the classified logs for further cutting into lumber,
      pulping, or other processing, according to the use to which the log can be
      put.
BSUM
PAR  The mechanization of the timber industry has now proceeded to the point
      where it is no longer customary to cut up trees in the field, but instead
      to strip the trees of their branches and then convey the remainder, either
      in its entirety or in several smaller pieces, to cutting apparatus which
      is capable of cross-cutting the lengths into shorter logs, suitable for
      further processing in a saw mill, or for pulping, or for chipping, or for
      other purposes. Such apparatus is capable of handling sideways rather long
      lengths of tree trunk, and even entire trees.
PAR  It is of course apparent that the diameter of a tree trunk and also the
      quality of the wood in a given tree varies along its length, and it is
      therefore necessary to cut the tree into selected lengths, so as to
      separate those log portions which are best suited for sawing into planks,
      or lumber, from pieces not so suitable but processable into pulp, or chips
      for the manufacture of chipboard, or in other ways. This means that in the
      course of a cutting process it is necessary to evaluate the tree not once,
      but several times, so that the tree can first be cut appropriately into
      logs, and then appropriately sorted according to end use.
PAR  Cutting apparatus of this type normally includes a rather wide conveyor,
      which is capable of conveying long trees or lengths of tree sideways, and
      a long straight row of cutters arranged across the conveyor transversely
      to the sideways movement of the logs. The cutters can be moved across the
      width of the conveyor to a limited extent, according to the position of
      the adjacent cutters on either side, and the cutters can also be moved
      between active cutting and inactive noncutting positions. Before a given
      length of tree can be cut into logs, it is necessary first to position the
      cutters according to the lengths of log desired, move the cutters from an
      inactive to an active cutting position, and then carry out the cutting.
      The three separate operations have to be carried out in sequence, which
      makes it virtually impossible to carry out the cutting operation
      continuously. In fact, these operations slow it down considerably, with a
      resulting low production capacity for the cutting apparatus.
PAR  When the cutters are arranged side by side in a long straight row, several
      cutters are usually in cutting engagement with a given length of tree at
      the same time. This poses difficulties, because since a tree trunk varies
      in diameter, the cutters along the length of tree encounter different
      stresses during cutting. As a result, the rate of cutting may vary, and
      such variations may throw the tree askew, decreasing the cutting speed of
      the cutters, and also increasing the possibility of a cutter wedging or
      jamming in the cut.
PAR  It is also difficult, when the cutters are arranged in a straight row, to
      move adjacent cutters sufficiently close to each other to cut out selected
      sections of trunk, because the motor and the supporting bracket take up
      space, and are in the way. This imposes limits on the selection of the
      best locations for the cuts.
PAR  In accordance with the present invention, a cutting apparatus is provided
      in which these difficulties are overcome by arranging the cutters in
      groups, with the cutters of each group acting over a determined span and
      offset with respect to each other, so that they are either in different
      rows in that span or at least sufficiently spaced along the length of the
      conveyor that only one cutter at a time in a given group is in engagement
      with the log. Thus, the cutting apparatus of the present invention
      provides not one but two or more cutting stages. By thus offsetting the
      cutters in a group, the cutters can be placed at any close or distant
      spacing with respect to each other, so that there are no limits on the
      selection of cutting positions along the log or tree length. Moreover, by
      judiciously engaging selected cutters with the tree or log in stages,
      cutters can be arranged to cut together that encounter similar cutting
      stresses, so that the risk of throwing the tree or log askew during
      cutting is reduced. The rate of production is also increased, because
      while one set of cutters is doing the cutting, the following set of
      cutters can be being positioned, thus reducing the time required for
      positioning the cutters, and spacing the cutters in the second stage while
      the cutting in the first stage is actually taking place. The result,
      although the cutting is now in several stages rather than in one, is an
      actual saving in time, and an increase in rate of production.
PAR  The apparatus in accordance with the invention accordingly comprises, in
      combination, a conveyor for carrying lengths of trees or logs sideways to
      and through a cutter; a cutter extending across the conveyor and
      comprising a plurality of cutting means movable between inactive
      noncutting and active cutting positions and between limiting positions
      along the length of a tree or log for cross-cutting the length at a
      selected position, the cutting means being arranged in groups and spread
      lengthwise in such groups along the length of the conveyor a distance such
      that only one cutting means in a group is in cutting engagement with a
      given length of tree or log one at a time; means for arranging selected
      cutting means across the conveyor according to the selected cuts to be
      made in a length of tree or log, and means for collecting and delivering
      cut log pieces according to the desired end use.
PAR  The apparatus of the invention may further include means for either
      automatically or visually determining the quality and dimensions of
      lengths of tree or log, to determine what log pieces are to be cut out and
      where, for optimum utilization of the tree or log, and means for
      classifying the log pieces according to quality and dimensions, selecting
      the end use to which the log pieces are to be put, and for directing the
      cut log pieces as appropriate for sawing, pulping, chipping or other
      purposes.
PAR  The apparatus may also include additional conveyors for carrying the cut
      log pieces from the cutters to the classifying means and the sorter. One
      or more inclined feed conveyors may be included before the cutters, for
      separating bundles or piles of the tree lengths into single lengths, and
      conveying the lengths one at a time to the cutters.
DRWD
PAR  The drawings represent preferred embodiments of the invention, in which:
PAR  FIG. 1 is a side view of the cutter feed conveyor and cutter sections of
      apparatus in accordance with the invention, having a pair of inclined
      conveyors which break up and distribute lengths of tree one at a time to
      the cutters, and a plurality of cutters arranged in groups and spaced
      lengthwise as well as transversely of the conveyor, and conveyors for
      carrying the cut log pieces to the log classifying and sorting stage;
PAR  FIG. 2 is a plan view of the cutter feed and cutter portion of the
      apparatus shown in FIG. 1;
PAR  FIG. 3 is a detailed view of one of the cutters of FIG. 1, and its
      operating mechanism;
PAR  FIG. 4 is a detailed view of the dimension-determining device of the
      apparatus of FIG. 1.
PAR  FIG. 5 is a plan view of the sorter of the apparatus of the invention,
      following in sequence that portion of the apparatus shown in FIGS. 1 and
      2;
PAR  FIG. 6 is a vertical transverse section of the sorter taken along the lines
      V--V of FIG. 5; and
PAR  FIG. 7 shows a modification of the device of FIGS. 1 and 2, for conveying
      the cut log pieces from the cutters to the sorting area.
DETD
PAR  The apparatus of FIGS. 1 to 6 is arranged to process tree lengths or trunks
      into logs by moving them from left to right, in FIG. 1, and from bottom to
      top in FIG. 2.
PAR  The apparatus shown in FIGS. 1 to 6 is composed of a first feed conveyor 1
      which is laid out horizontally and receives at the starting end A bundles
      or piles 50 of tree lengths to be graded, cut and sorted. The lengths or
      trunks are placed transversely on the conveyor 1 using, for example a fork
      lift truck. Directly following the first feed conveyor 1 are second and
      third feed conveyors 2, 3, which are inclined with respect to the
      horizontal conveyor 1.
PAR  The conveyors 1, 2, 3 each comprise a plurality of endless chains A, B, C,
      D, E, F, G. H, I (see FIG. 2); each chain is carried on two or more
      sprockets M, N, O, and rotated endlessly so as to move the tree lengths
      forward towards the cutters. The chains of conveyors 2, 3 also comprise a
      plurality of carriers P, to ensure that the tree lengths are carried
      forward with the chains towards the cutters.
PAR  The conveyors 2, 3 are set at an angle to the horizontal, in contrast to
      the horizontally arranged conveyor 1, so as to break up the log bundles or
      groups 50 carried forward on the conveyor 1 and deliver the lengths 51 one
      at a time to the cutters 4. The conveyor 2 is at an angle of 40.degree. to
      the horizontal. The first portion of conveyor 3 is at an angle of
      45.degree. to the horizontal, but the major portion of the conveyor
      following this inclined portion extends horizontally.
PAR  The angles at which the conveyors 2, 3 are placed to the horizontal can
      however be widely varied, and a suitable range is from about 35.degree. to
      about 55.degree.. Greater angles than 55.degree. and lesser angles than
      35.degree. can of course be used. Angles within the ranges stated are the
      most efficient for breaking up jams and groups of tree lengths, and
      delivering them one at a time to the cutters 4.
PAR  A plurality of bridging members 52, 53 are provided between chains 1, 2 and
      2, 3 so as to carry the lengths or logs easily from one conveyor to the
      next. Each of the conveyors 1, 2, 3 is operated by motors (not shown) in a
      manner such that the conveying speed of conveyor 3 is faster than conveyor
      2, and conveyor 2 is faster than conveyor 1, so that the rate of travel of
      the lengths or logs increases from conveyor 1 to conveyor 2, and from
      conveyor 2 to conveyor 3. The result of the speed differentials and the
      inclination of the conveyors 2, 3 to the horizontal is a separation of the
      lengths or logs, so that only one length or log at a time is carried to
      the cutter 4.
PAR  Along the horizontal portion of the conveyor 3, between the endless chains
      A-I, are a plurality of roller conveyors 42, which are adapted to align
      the butt ends of the logs according to the fixedly attached drive plate
      43. This alignment takes place while the logs are being carried forward by
      the conveyor 3.
PAR  At the end of the conveyor 3 is a one-piece feeder 5 (see FIG. 4), which
      feeds the logs one at a time to the cutters. The feeder 5 comprises a
      plurality of pivotable arcuate carriers 55, carried on a shaft 56, and
      arranged for pivoting by hydraulic cylinder 57. Only one tree length at a
      time fits on the carriers 55, and the cylinder 57 tips the carriers so as
      to dump a tree length thereon on the conveyor 6. The feeder 5 slows the
      travel speed of the logs, and while they are held thereon, the dimensions
      and quality of the lengths are determined, either visually, by an operator
      in control cab 39, moving on track 58 alongside and/or above the conveyors
      1, 2, 3, 6, or automatically, by conventional means. The resulting
      information can be fed to a computer, to determine the correct locations
      for the cuts.
PAR  The cutters 7 to 14 are located above the long chain conveyor 6, inclined
      upwardly, at an angle of several degrees to the horizontal, in this
      instance 2.degree., but optionally extending up to approximately
      10.degree., to position the lengths of tree or logs 51 against the pushers
      P on the endless chains A-L of the conveyor 6. The chains A-L run about
      the sprockets M, N and are operated by a motor (not shown) in a manner to
      convey the lengths forward. The pusher members P ensure that the lengths
      of tree or logs 51 are held securely and carried forward during the
      cutting, up the slight incline.
PAR  Arranged above the conveyor 6 are a plurality of cutters or cutter
      assemblies 7 to 14, distributed in pairs or groups in two rows 21, 22, so
      that there are two cutters per group for each transverse section a, b, c,
      d, of the conveyor 6, one in each row. Arranged in four pairs, 7, 11; 8,
      12; 9, 13; and 10, 14; which pairs are offset with respect to each other
      in each group, th four cutters 7, 8, 9, 10 constitute the rear row 21, and
      the cutters 11, 12, 13, 14 constitute the front row 22. These cutters are
      adapted to cut the lengths of tree or logs into log sections, according to
      the established dimensions and quality of the logs. Each pair of cutters
      7, 11; 8, 12; 9, 13; and 10, 14; can be moved transversely across the
      conveyor along the lengths or logs over a span indicated as a, b, c and d,
      respectively, on FIG. 2. The members of each cutter pair, 7, 11; 8, 12; 9,
      13; and 10, 14; are also spaced longitudinally along the conveyor 6, so
      that only one cutter of each group at one time is in engagement with the
      length or log being cut. Each cutter can also be moved between an inactive
      noncutting position, raised above the conveyor 6, and an active cutting
      position, arranged to cut the lengths or logs being carried along the
      conveyor.
PAR  This arrangement has several advantages. First of all, the cutters of each
      group can be moved transversely in such a manner that cuts across the
      length or log can be made as close as desired. Moreover, two cutters are
      provided for each group over the spans a, b, c, d, which makes it possible
      to position one cutter in each group while the other one is cutting. In
      this way, time is saved, and a higher production rate can be achieved.
PAR  Moreover, by offsetting the pairs of cutters in each row and separating the
      cutters in each group so that only one cutter at a time in each group is
      brought into contact with the log, the cutters do not tend to get caught
      in the cuts of the logs or to throw the log askew, which makes it possible
      to maintain the rate of forward travel of the log during cutting, and
      prevent the cutters from jamming in the cuts during cutting.
PAR  From the conveyor 6 the cut pieces of log are fed to one of two belt
      conveyors 15, 16, which move transversely with respect to the conveyor 6,
      as best seen in FIGS. 2 and 5. The conveyor 15 is shorter than the
      conveyor 16, and extends only part way across the end of conveyor 6. The
      cut log pieces are fed directly to the conveyor 15 but move to the
      conveyor 16 by jumping over the span of the conveyor 15 on a plurality of
      one-piece feeders 18, mounted between the conveyor 6 and the conveyor 16.
PAR  As seen in FIG. 5, each of the conveyors 15 and 16 carry the cut log pieces
      conveyed thereon past a sensing device 17, which is adapted to
      automatically sense the length and a predetermined number of diameters of
      the respective log pieces, and to compute further properties of the log
      pieces, such as, for instance, the volume and the taper. The sensed and
      computed values are used for determining how the logs are sorted, which
      follows next.
PAR  While carrying out this function, the sensing device 17 sends out a signal
      in response to particular sensed and computed values. The signal is
      received by the deflector 40, which determines which of a number of
      sorting bays 19 is to receive the particular cut piece, or whether the
      piece is to be conveyed by the conveyor 20 to a plant (not shown in the
      Figures) for pulping wood, indicated by the arrow in FIG. 5.
PAR  As best seen in FIG. 3, each cutter assembly (in this case exemplified by
      cutter 10) comprises a power-driven circular saw 10 mounted on axle 10a
      for rotation at the ends of arms 24a, 24b of the U-shaped bracket 24, and
      operatively connected to the motors 23. The U-shaped bracket 24 in turn is
      pivotably mounted on the shaft 25, and fixed axially in position on the
      shaft by the stop sleeves 26, one on each side of the bracket 24 (the
      second stop sleeve is not shown). Thus, the saw 10 can be pivoted between
      a raised and inactive noncutting position above the conveyor 6 (the
      position shown in FIG. 3) or lowered to an active cutting position, as
      shown by the arrow in FIG. 3, for cutting a length or log as it is moved
      forward by the conveyor 6.
PAR  The movement of the cutter 10 between raised and lowered positions on the
      shaft 25 is effected by a hydraulic cylinder 27, which acts against a
      connecting bar 28 fixedly mounted on the shaft 25. Actuation of the
      hydraulic cylinder moves out the piston 27a, pivotably mounted on shaft
      24c of bracket 24, and thus moves the cutter 10 downwardly, from the
      raised position shown in FIG. 3 into a lowered position, for cutting
      action against a length of tree or log.
PAR  The shaft 25 is mounted on the two fixed brackets 29, 30, attached for
      example to a cross beam or the ceiling of the building in which the
      apparatus is housed, and is axially movable on bearings 31, 32.
PAR  The shaft 32 has an axial keyway 33, engaging key pins (not shown) fixed in
      the bearings 31, 32, to prevent rotation of the shaft 25 in the bearings.
PAR  At one end of the shaft 25 is a lever arm 35, pivotably attached thereto.
      The lever arm is pivotably anchored by way of pivot pin 35a to brackets
      35b, 35c, also attached for instance to a cross beam or the ceiling. The
      other end of the lever arm 35 is pivotably attached to the piston 34a of
      the hydraulic cylinder 34. Reciprocation of the piston 34a pivots the
      lever 35 on its pivot mounting 35a, and thus moves the shaft 25 axially,
      to the right or left. In this way the cutter 10 is moved transversely
      within its span of movement d. It is thus possible to locate the cutter in
      different transverse positions, according to the location of the cut to be
      made in the length of tree or log being transported along the conveyor 6.
PAR  The hydraulic cylinders 27, 34 are each actuated by way of switches or
      valves on a control panel 36, which can be operated manually, on the basis
      of visual observation, or automatically, according to computerized reports
      on the dimensions and quality of the logs. The dimensions of the logs can
      be determined automatically from signals from a number of photocells 37,
      which are arranged on a bracket support 37a above the one-piece feeder 5
      (see FIG. 4). The photocells are adapted to sense the dimensions of the
      lengths of tree or logs passing below them, and to send signals to a
      computer 38, on the sides of the support 37a.
PAR  The computer 38 is adapted to receive the signals sent from the photocells
      37, compare these with a predetermined wood yield program fed to the
      computer, and then, guided by this, to determine where the lengths of tree
      or logs have to be cut, to achieve the best yield. The computer can also
      be adapted alternatively to indicate its computations in the form of
      visually readable values, or, if the operator wants, automatically to
      forward the determination of the actuator control panel 36 in the form of
      signals. The actuator control panel 36 can receive the signals sent from
      the computer 38, and, in response thereto, adjust the transverse and
      vertical positioning of the cutters 7, 8, 9, 10, 11, 12, 13, 14 according
      to these reports. The adjustment of the cutters puts them in their proper
      cutting positions at the right time and is timed such that the cut is
      begun while the cutter is being lowered, and is complete by the time the
      cutter has reached its lowermost actuating position. The cutting is thus
      carried out during a downward movement of the cutter and a forward
      slightly upward (due to the incline of the conveyor) movement of the
      length of tree or log, which facilitates the cutting.
PAR  The spans a, b, c, d are arranged in the device shown in the drawings such
      that they extend over a distance of approximately 8 feet. Over this span,
      a number of positions are provided (not shown in the Figures), arranged at
      a spacing of 2 to 4 inches, providing a corresponding number of distinct
      cutting positions, to facilitate locating the cutters in certain positions
      when they are being moved transversely, along the shaft 25. The devices
      defining these positions are so placed that they do not interefere with
      movement of the conveyor 6.
PAR  The photocells 37 may sense and report any of the dimensions of the lengths
      or logs, including, for instance, the length, the maximum and minimum
      diameters, and the diameters along the central portions. Instead of
      photocells, it is also possible to use other sensing devices, such as
      pneumatic feeling devices.
PAR  The determination of the type of wood, the quality of the wood, and the
      presence of branches on the lengths or logs, is preferably carried out by
      an operator from the control cabin 39, while the speed of the logs is
      temporarily slowed as they are carried on the one-piece feeder 5. These
      records of course can also be carried out automatically, for example, by
      using X-ray equipment sensing the quality of the wood; a bark tester
      indicating the type of wood; and a supersonic instrument indicating the
      presence of branches on the lengths or logs, etc., according to known
      means. The record of the quality of the log can also be used to provide
      marks on the logs, indicating, for example, the quality, to facilitate the
      ensuing sorting operations.
PAR  After the length of tree or log has been cut into pieces on the conveyor 6,
      the pieces are sorted. Some sections are designated for pulping or other
      purposes, such as chips, while other sections are designated as saw
      timber, for lumber or planks. The cut pieces are fed from the conveyor 6
      to the conveyors 15 and 16, in a manner to distribute the logs relatively
      evenly in number to each conveyor, for maximum capacity of the apparatus.
      The pieces of log are then transported in their longitudinal direction by
      the conveyors 15, 16 to the sensing devices 17.
PAR  As noted previously, these devices are adapted to sense the length and
      predetermined number of diameters of each log piece, and to compute
      additional properties, such as for example, the volume and taper of the
      pieces. A counter can be included, to make it possible to determine the
      volume and the taper of the wood pieces. The sensing device can also
      include a computer, connected to a number of deflector means 40, mounted
      in front of each sorting bay 19, and at the discharge end of the conveyor
      20. The deflectors 40 are adapted to be activated by electrical signals
      sent from the computer, in response to the determination of the dimensions
      and quality of the wood pieces. The deflectors are activated in such a
      manner that each wood piece is automatically deflected into its particular
      sorting bay 19 or onto the conveyor 20, according to the signal given.
PAR  As best seen in FIG. 6, each deflector 40 comprises an arcuate bar 40,
      pivotable about a shaft 41 extending between and parallel to the conveyors
      15, 16 in front of the corresponding bays 19 or the conveyor 20. The
      deflectors are rotatable or pivotable between an inactive nondirecting
      position, and an active directing position, the lefthand deflector 40a of
      FIG. 6 being in an active nondirecting position, and the righthand
      deflector 40b in FIG. 6 being in an active directing position.
PAR  During its pivoting motion from the inactive position to the active
      position, each deflector 40 deflects the wood piece from the conveyor 15
      or 16 by pushing it sideways, either into the sorting bay 19 reserved for
      this particular wood piece, according to the determination of the sensing
      device 17, or alternatively, to the conveyor 20.
PAR  The operation of the deflectors 40 is automatically synchronized with the
      length and conveying speed of the cut pieces of log, so that the ends of
      the deflectors 40 will strike the central portion of the piece of log to
      be deflected, thus thrusting it smartly into the selected bay 19, or onto
      the conveyor 20.
PAR  A number of modifications of the apparatus can be made.
PAR  The sensing device 17 can be replaced by manually-operated control means,
      controlled from the control cabin 39, and adapted to operate the
      deflectors 40. This makes it possible for the operator to decide according
      to his opinion and judgment the dimensions and qualities of the logs, and
      deflect them into a sorting bay 19 of his own selection, or to the
      conveyor 20. However, an automatic arrangement is preferable, to provide
      very exact choices, and also to make it possible to determine properties
      of the logs which cannot be evaluated visually.
PAR  The conveyor 20 can of course be arranged so as to transport the cut wood
      pieces to one or several plants for further processing, and similarly, the
      bays 19 can be replaced by conveyors, for the same purpose.
PAR  In the embodiment of the invention shown in the drawings, the conveyors 15,
      16 are arranged in parallel, and in two sections, one extending from the
      conveyor 6 to the sensing device 17, and the other extending from the
      sensing device 17 to the last of the sorting bays 19. In order to sort the
      pieces of log on the conveyors 15, 16 one by one, it is necessary to keep
      them separated. This is carried out by operating the second conveyor
      portion, beyond the sensing devices 17, at a higher conveying speed than
      the first portion, before the sensing devices 17. Various speeds can be
      adopted, but in the device shown, preferred speeds are for the first
      portion 90 meters per minute, and for the second portion 94 meters per
      minute, but these speeds can of course be varied, as well as the
      difference between them.
PAR  It is also possible to have more than two cutters per paired group for each
      cutting zone, a, b, c, d, as shown. Thus, three, four or more cutters can
      be placed in each group along the conveyor 6, for operation in each zone
      a, b, c, d, spaced apart in two, three or more rows per group. It is
      important that the cutters in each group be spaced from each other, so
      that only one cutter engages a length of tree or log at one time in each
      group. Moreover, while the groups shown each have a span for action of
      approximately 8 feet, this can of course be either reduced or increased,
      and can for example range from 1 foot to approximately 20 feet. It will
      however, be appreciated that for greatest cutting efficiency of logs into
      small pieces, the spacing must of course be correspondingly small, while
      for cutting into large pieces, the spacing can be increased. Thus the
      spacing will depend upon the dimensions of the log pieces to be cut.
      Similarly, the positioning devices can be spaced as desired, according to
      the span of activity for each group of cutters.
PAR  In a similar modification of the invention, three or more successively
      arranged sloping conveyors can be used in place of the two conveyors 2, 3
      shown in the drawings. This will ensure that jams of very crooked logs,
      such as for example birch, are completely separated before they reach the
      cutter conveyor 6.
PAR  The initial conveyor 1 can be an actuated roller conveyor, rather than a
      chain conveyor, and other types of conveyors can be substituted for 1, 2,
      3 and 6, as desired.
PAR  The conveyor 1 may also comprise a pivotably mounted plate disposed at a
      height across the conveyor, to automatically regulate the height of the
      layers of tree lengths or logs transferred to the conveyor 2, thus
      precluding the transfer of tree lengths or logs which are too heavy, for
      example, or layers which are more than one tree length or log deep.
PAR  In still another modification of the invention, the cutters can be arranged
      so as to be moved downwards to an inactive position below the conveyor 6,
      and upwards to an active position along the conveying path.
PAR  In the preferred embodiment shown in the Figures, the cut pieces of log are
      transferred from one part of the conveyor 6 to the conveyor 16 by means of
      a one-piece feeder 18. This may be replaced by elongating that portion of
      the conveyor 6, so as to extend all the way to the conveyor 16.
PAR  As a further modification, the belt conveyors 15, 16 may be of the same
      length, and arranged along the entire discharge end of the conveyor 6, as
      shown in FIG. 7. In this event, the frames 15a, 16a of the conveyors 15,
      16 comprise a number of pivotably mounted guiding bars 44, adapted to be
      manually or automatically moved between lowered (shown in dashed lines)
      and raised (shown in solid lines) positions. When raised, the cut log
      pieces are fed by conveyor 6 into conveyor 15. When lowered, the cut log
      pieces move across conveyor 15 and are fed into conveyor 16. A number of
      bars 44 are raised, and a number lowered, so as to distribute the cut wood
      pieces onto the conveyors 15, 16 so that approximately equal numbers of
      pieces are carried on each conveyor, to facilitate maintaining a high
      production rate.
PAR  To facilitate feeding the cut log pieces on to the conveyor 16, the guiding
      arms 44 may be balanced so as to be pivoted upwardly under the weight of a
      log resting thereon, and dump the log on the conveyor 16.
CLMS
STM  Having regard to the foregoing disclosure, the following is claimed as
      inventive and patentable embodiments thereof:
NUM  1.
PAR  1. An apparatus for cutting lengths of trees or logs into shorter pieces,
      comprising in combination, a conveyor for carrying lengths of trees or
      logs sideways to and through a cutter; a cutter extending across the
      conveyor and comprising a plurality of cutting means movable between
      inactive noncutting and active cutting positions and between limiting
      positions along the length of a tree or log for cross-cutting the length
      at a selected position, the cutting means being arranged in groups, and
      spaced lengthwise in such groups along the length of the conveyor a
      distance such that only one cutting means in a group is in cutting
      engagement with a given length of tree or log at one time; means for
      arranging selected cutting means across the conveyor according to the
      selected cuts to be made in a length of tree or log; and means for
      collecting and delivering cut log pieces according to the desired end use.
NUM  2.
PAR  2. An apparatus according to claim 1, including means for either
      automatically or visually determining the quality and/or dimensions of
      lengths of tree or logs, to determine what pieces are to be cut out, and
      where, for optimum utilization of the tree or log.
NUM  3.
PAR  3. An apparatus according to claim 2 in which the means for arranging
      selected cutting means across the conveyor is responsive automatically to
      the means for determining what pieces are to be cut out, and where.
NUM  4.
PAR  4. An apparatus according to claim 3 in which the means for determining
      what pieces are to be cut out, and where, comprises a plurality of
      photoelectric cells and a computer.
NUM  5.
PAR  5. An apparatus according to claim 1, including means for classifying the
      log pieces according to quality and dimensions, for selecting the end use
      to which the log pieces are to be put, and for directing the cut log
      pieces as appropriate for sawing, pulping, chipping or other purposes.
NUM  6.
PAR  6. An apparatus according to claim 1, including additional conveyors for
      carrying the cut log pieces from the cutters to the collecting and
      delivering means.
NUM  7.
PAR  7. An apparatus according to claim 1, including at least one inclined feed
      conveyor before the cutters, for separating bundles or piles of the tree
      lengths or logs into single lengths, and conveying the lengths one at a
      time to the cutters.
NUM  8.
PAR  8. An apparatus according to claim 1, in which the cutting means are
      arranged in at least two rows transversely across the conveyor, with at
      most one cutting means of each group in one such row.
NUM  9.
PAR  9. An apparatus according to claim 1, in which the cutting means are
      pivotably mounted across the conveyor for movement between raised and
      lowered positions into and out of cutting engagement with the lengths.
NUM  10.
PAR  10. An apparatus according to claim 1, in which the cutting means are
      rotatable circular saws.
NUM  11.
PAR  11. An apparatus according to claim 1, in which the conveyors comprise
      endless means movable in a forward direction along the conveying path and
      carrying means for engaging and moving such lengths forward with the
      endless means.
NUM  12.
PAR  12. An apparatus according to claim 1, comprising a plurality of feed
      conveyors arranged in series for carrying the lengths to and through the
      cutter, each conveyor in the series towards the cutters being movable at a
      higher forward speed than the preceding conveyor in the direction of the
      cutters to space the lengths for cutting.
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PAL  Disclosed is an electronic piano circuit arrangement which combines a
      multitude of different frequencies within a resistordiode matrix array.
      The resistor-diode coupling elements provide a different value impedance
      for various signals to be combined and the amplitude of the signals are
      predetermined to electronically produce a piano sound which substantially
      corresponds to the sound of an actual piano tone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electronic musical instruments, and
      more particularly to an electronic piano circuit arrangement which
      combines a plurality of different signals to obtain the desired tone
      quality to a piano note. More specifically, the invention is directed to a
      circuit arrangement which enables combining a multitude of different
      frequencies in a simple and efficient manner to obtain the desired piano
      note quality characteristics.
PAR  Heretofore, the reproduction of piano sounds by electronic means has been,
      at best, a first order approximation of the frequency and its associated
      harmonics. Through extensive research over the years it has been
      discovered that the actual quality of a piano note, as perceived by
      listeners, is a combination of factors such as the fundamental frequency,
      the attack characteristic, the decay characteristic, the harmonics and the
      combination of other unrelated frequencies. By experimentation it has been
      determined that by adding the proper amplitudes of harmonics and other
      frequencies to the fundamental frequency, a more accurate electronic
      reproduction of an actual piano note can be made. By varying the amplitude
      of the various signals to be combined, one can produce a piano note
      quality which is virtually undetectable from that of a real piano tone.
      This information was set forth in The Journal of the Acoustical Society of
      America, Volume 34, Number 6, in June of 1962.
PAR  In the past, the production of such high quality electronic piano tones has
      been a very expensive and difficult procedure in that it required large
      numbers of oscillators and variable amplitude control circuits to insure
      the proper combination of amplitude signals. This prior art approach was
      very impractical and required enormous expense and time to produce a piano
      of the electronic type having the desired tone quality characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved circuit arrangement whereby an electronic piano tone
      characteristic can be obtained by combining various amplitudes of
      harmonics and other signals with the fundamental frequency in an efficient
      circuit arrangement which is relatively simple and inexpensive to
      manufacture.
PAR  Briefly, the electronic musical circuit arrangement disclosed herein
      incorporates an X-Y matrix array which utilizes a diode-resistance,
      series-connected circuit at selected ones of a plurality of crossover
      points of the matrix. The value of the resistance at each of the crossover
      points is preselected to introduce into the output line a specific
      predetermined amplitude of either harmonics or other unrelated frequencies
      with that of the fundamental frequency so that the tone quality
      characteristic thereof is more accurately that of an actual piano tone.
      The resistance value at each of the crossover points may be formed
      internally with a diode element or may be a discrete resistance element
      connected in series therewith. The entire matrix array may be formed by
      large scale integration.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating the overall general concepts of an
      electronic piano constructed in accordance with the principles of this
      invention;
PAR  FIG. 2 is a fragmentary circuit arrangement of an X-Y matrix array showing
      the diode connection at selected crossover points for mixing together
      desired frequencies at predetermined amplitudes to obtain the desired tone
      quality; and
PAR  FIG. 3 is a fragmentary circuit arrangement illustrating a diode-resistor
      series connection at selected ones of the crossover points.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIG. 1, a block diagram of an electronic piano constructed
      in accordance with the principles of this invention is shown and
      designated generally by reference numeral 10. The electronic circuit
      arrangement 10 includes a multifrequency generator 11, which may be
      operated from a clock frequency oscillator in the order of about 500 KHz.
      The output of the multifrequency generator 11 is a plurality of different
      frequencies which may correspond to the third octave above middle C. These
      fundamental frequencies are then delivered to a divider bank circuit
      arrangement 12 to be divided and thereby produce the corresponding lower
      frequency octaves as well as the desired harmonics.
PAR  Most advantageously, the divider bank 12 is delivered through a diode adder
      circuit arrangement 13 to a pulse and sustain keyer circuit 14. The diode
      adder circuit 13 includes impedance elements which allow adding together
      the desired amplitude of predetermined frequencies so that the tone
      quality of the electronic piano is substantially that of an actual piano.
      The pulse and sustain keyer circuit 14 produces the attack, decay and
      sustain characteristics of an actual piano note, as indicated by the
      waveform curve 16. This output signal is delivered through appropriate
      filter circuits indicated generally by reference numeral 17 and therefrom
      to an amplifier and output circuit arrangement 18. The entire circuit
      arrangement 10 is operated from a power supply 19 which applies suitable
      operating voltage to all of the stages of the circuit arrangement.
PAR  FIG. 2 illustrates a fragmentary portion of the diode adder circuit 13 and
      only a fragmentary portion of the keyer actuating lines associated
      therewith. By way of example, the lowest octave of the piano keyboard,
      that being the third octave below middle C, is illustrated herein. A
      plurality of lines 20 are connected to suitable keyer circuits 14a which
      activate the transfer of frequency signals at a plurality of lines 21. The
      signal on selected ones of the lines 21 is then transferred through the
      diode resistance arrangement as indicated generally by reference numeral
      22 so that a gating action occurs. This will transfer the appropriate
      frequencies to the output side 23 of the lines 21 so that they can be
      delivered to the pulse and sustain keyer circuit, filter circuit and
      amplifier and output circuits. For example, the F'" note will transfer
      frequencies 43.65, 87.3, 130.8, 174.6, 220.0, 261.6, 311.1, 349.2, 392.0,
      440.0, 523.0 and 830.0 to the output line 23a whenever the low F key is
      actuated. The specific amplitude of each of the notes combined herein is
      determined by the amount of resistance connected in series with the diode
      at the crossover point of the matrix array.
PAR  This is best illustrated in FIG. 3 which illustrates a diode-resistance
      network 22a having circuit points 26 and 27 connected to the keyer lines
      20 and frequency input line 21, respectively. Here a discrete diode
      element 28 is connected in series with a discrete resistance element 29 of
      a predetermined selected value so that the amplitude of the signal being
      combined is selected to produce the note quality.
PAR  What has been described is a simple and efficient diode resistor matrix
      array which enables combining frequencies of various amplitudes, both
      harmonic and non-related frequencies, to obtain electronically the piano
      tone qualities of an actual piano. Variations and modifications of this
      invention may be effected without departing from the spirit and scope of
      the novel concepts disclosed and claimed herein.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. In an electronic piano circuit the combination comprising:
      multifrequency generator means for providing the fundamental and harmonic
      frequencies for each of the notes of a piano keyboard, a matrix array
      having a first group of lines to receive each of the fundamental and
      harmonic frequencies of the notes and said piano keyboard, said matrix
      array having a second group of lines, key switch means associated with a
      piano keyboard and coupled to said second group of lines, said second
      group of lines including means to transfer said fundamental frequency and
      a predetermined number of harmonic frequencies by the actuation of a
      single key switch of said key switch means, and resistor-diode coupling
      means between selected ones of said first and second groups of lines, the
      resistance value of each of said resistor-diode coupling means being
      selected to transfer different amplitude values of said fundamental and
      harmonic frequencies, whereby combining of the different values of the
      fundamental and harmonic frequencies will produce an apparent authentic
      piano sound.
NUM  2.
PAR  2. The electronic piano circuit as set forth in claim 1 wherein said
      selected ones of said plurality of first group of lines combine harmonics
      with the fundamental frequency.
NUM  3.
PAR  3. The electronic piano circuit arrangement as set forth in claim 1 wherein
      said resistor-diode coupling means combines frequencies which differ from
      the fundamental frequency and the harmonic frequencies thereof.
NUM  4.
PAR  4. The electronic piano circuit arrangement as set forth in claim 1 wherein
      said matrix array is an X-Y matrix array having the crossover points tied
      together by said resistor-diode coupling means.
NUM  5.
PAR  5. The electronic piano circuit arrangement as set forth in claim 1 wherein
      said resistor -- diode coupling means is formed by a series connected
      resistor and diode.
NUM  6.
PAR  6. The electronic piano circuit arrangement as set forth in claim 1 further
      including a pulse and sustain keyer circuit coupled to said matrix array
      and activated by said key switch means for developing a piano envelope
      characteristic curve having attack, decay and damping characteristics.
NUM  7.
PAR  7. The electronic piano circuit as set forth in claim 6 further including
      filter circuit means for receiving the combined fundamental and harmonic
      frequencies, and an amplifier circuit connected to said filter circuit for
      amplifying said frequencies and producing audio output signals therefrom.
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ABST
PAL  The embodiment of the invention disclosed herein is directed to a novel
      tenor trombone construction. The tenor trombone is capable of performing
      as a standard slide trombone and/or as a piston valve trombone. The
      trombone can be operated in these two modes simultaneously or
      individually. The piston valves can be manipulated by the left hand of the
      user while the slide member can be manipulated by the right hand, without
      requiring the player to remove either hand from its normal playing
      position, or from interrupting his hold on the instrument while playing.
      The piston valves are so positioned as to enable the user to operate the
      piston valves with the right hand. Holder means is provided for the slide
      member assembly to hold it in place when the piston valves are being
      manipulated by the right hand.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to musical instruments, and more
      particularly to a novel trombone construction.
PAR  Heretofore, trombones have been provided with slide members for producing a
      plurality of different sounds. The slide member is so designed as to
      provide the trombone with seven full positions or half-steps. Some prior
      art trombones provide an extended musical range by the use of rotary valve
      devices which change the effective length of the musical chamber. These
      trombones being commonly referred to as bass trombones. The disadvantage
      of such bass trombones is that while the musical range is extended it is
      nevertheless limited.
PAR  The trombonist in this modern day is living in a time of new and
      adventurous sounds. This trend brings a sense of handicap to the person
      playing a standard slide trombone, a standard valve trombone, or a bass
      trombone because of the limited range that prior art trombones provide.
      One problem that has risen with the coming of modern music is that of
      expressing one's spontaneous feelings while performing. This is very
      difficult to accomplish with prior art trombones.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a new and novel trombone construction is hereby provided which
      includes a slide for providing seven full positions or half-steps and
      further includes three uniformly spaced apart parallel piston valves. The
      piston valves are such that the first piston provides a whole tone, the
      second piston provides a half tone, and the third piston provides a whole
      tone and a half. Thus, a complete chromatic scale can be played on either
      the slide section of the trombone or on the valve section. This instrument
      can be readily operated by a player without requiring that he remove
      either hand from the normal playing position on the instrument.
PAR  With the trombone of this invention, many different kinds of musical
      ornaments can be obtained with each of the piston valves, while still
      other kinds of effects can be obtained and expressed by the slide member.
PAR  The bottom register of the musical instrument of this invention can be
      substantially extended by utilizing the piston valves and the slide member
      simultaneously. This feature not only fills in the gap that is found in
      all conventional valve and slide tenor trombones from between low E
      natural and pedal tone B flat concert, but also provides musical effects
      that heretofore have not been obtainable with either the slide or the
      piston valve types of trombones. The novel construction of the trombone
      disclosed herein enables the user to manipulate the piston valves with
      either the right hand or the left hand in a trumpet-like fashion to obtain
      many new musical effects.
DRWD
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements and components.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a trombone constructed in accordance with the
      principles of this invention;
PAR  FIG. 2 is a fragmentary top view of the trombone of FIG. 1 illustrating the
      manipulation of both the piston valves and the slide member by hands shown
      in phantom line;
PAR  FIG. 3 is a fragmentary view of the trombone shown in FIG. 1 illustrating
      the opposite side thereof;
PAR  FIG. 4 is an enlarged fragmentary view illustrating retainer means for
      holding the slide member from pivoting while the piston valves are being
      manipulated with the right hand; and
PAR  FIG. 5 is a fragmentary end view of the mouthpiece receiving portion being
      held in place by the holding member.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to the drawings, there is seen a trombone constructed in
      accordance with the principles of this invention and designated generally
      by reference numeral 10. The trombone 10 is formed of a plurality of
      tubular metal members secured together in a manner well-known in the art.
      The tubular metal members are provided with a mouthpiece receiving end
      portion 12 at one end and a soundemanating bell portion 14 at the other
      end. A pair of parallel spaced apart tube members 16 and 18 is secured to
      the trombone in a conventional and well-known manner. For example, the
      tubular member 18 is removably threadedly secured to the trombone body by
      a lock nut or threaded collar 19. This enables the tubular member 16 to
      pivot about the axis of the tubular member 18 to position the mouthpiece
      at a desired location.
PAR  A slide member 20 is provided with a U-shaped end portion 21 leading into a
      pair of straight spaced apart, parallel portions 22 and 23. The spaced
      apart portions 22 and 23 are maintained in a substantially fixed parallel
      position relative to one another by means of a brace 24, which also serves
      as a holder for manipulating the slide element. The slide 20 is
      manipulated back and forth as indicated by the double arrowed line 26 for
      producing a multitude of different musical notes.
PAR  The sound-emanating bell portion 14 leads into a tapered tubular metal
      member 28 which, in turn, passes through a U-shaped end portion 28a and
      therefrom into a tubular portion 29 of substantially uniform diameter
      throughout its length.
PAR  In accordance with one aspect of this invention, the tubular section 29 is
      secured to a first piston valve assembly 30. Second and third piston valve
      assemblies 31 and 32, respectively, are provided in parallel spaced
      relation with the valve 30. Most advantageously, the piston valve
      assemblies 30, 31 and 32 are positioned adjacent the mouthpiece receiving
      end portion 12 of the trombone to enable the user thereof to manipulate
      the piston valves in a trumpetlike fashion with either the left hand or
      the right hand.
PAR  Interconnecting tubings 36 and 37 are provided between the various ports of
      the piston valve assemblies to enable the user to obtain the various
      notes. For example, the first piston valve, when depressed, will produce a
      whole tone, the second piston valve will produce a half tone, and the
      third piston valve will produce a whole tone and a half. Therefore, a
      complete chromatic scale can be played on either the slide member 20 or by
      the piston valves 30, 31 and 32.
PAR  A tubular support member 38 is made sufficiently large and positioned next
      to the piston valves to facilitate holding of the trombone. Therefore, the
      user of the trombone can support it entirely by the left hand while
      manipulating the piston valves with the fingers of the left hand. The
      tubular member 38 is in communication with the third piston valve 32 by
      means of an elbow passage member 39.
PAR  A brace 40 is secured between the end of the tubular section 29 and the
      gradually tapering portion 28 to provide sufficient strength for the
      trombone and to insure proper spacing for the user's hand, as indicated in
      phantom line and designated by reference numeral 41. A finger grip 43 is
      provided adjacent the piston valves. The finger grip 43 is secured to the
      end of a rod 44 which passes through a boss member 46 and locks in place
      by a hand thread screw 47. Therefore, the finger grip 43 can be adjusted
      to suit the player.
PAR  In accordance with another aspect of this invention, a slide assembly
      holder 50 is pivotally secured to the trombone and selectively engageable
      with the top portion of the slide assembly comprising tubular members 16
      and 22. The slide holder 50 engages the slide assembly near the mouthpiece
      receiving end portion 12. The slide holder 50 comprises a U-shaped member
      51 having a boss member 52 pivotally secured to a stem 53. The stem 53 is
      secured to and extends from the middle piston valve assembly 31. When the
      trombone is to be played only by means of the piston valves 30, 31 and 32
      the user may desire to lock the slide assembly in a fixed position
      relative to the piston valves so that the trombone can be played in the
      same manner as a trumpet with either the left or the right hands. The
      holder 50 therefore can be locked in place by a threaded collar 54. If it
      is desirable to pivot the mouthpiece receiving end portion 12 of the
      trombone about the tubular member 18 to displace the mouthpiece from the
      piston valves, the holder 50 is then pivoted in a downward position, as
      shown in phantom line of FIG. 4. When the holder 50 is in the position
      shown in phantom line, the slide member can be pivoted about the tube 18
      so as to displace the mouthpiece 12a away from the piston valves to
      provide the user with substantial freedom of movement.
PAR  what has been described is a unique trombone construction which is capable
      of performing both as a standard slide trombone and as a standard piston
      valve trombone simultaneously but which obtains musical characteristics
      greater than either. The trombone can be readily manipulated by operating
      the piston mechanism with the left hand and the slide mechanism with the
      right hand, without requiring that either hand be removed from the playing
      position. Also, the trombone can have the piston valves manipulated with
      the right hand while the slide assembly is held in position by a holder.
      By providing a trombone of this construction, the bottom register of the
      musical scale is substantially extended when utilizing both the piston and
      the slide mechanisms simultaneously. Accordingly, variations and
      modifications of this invention may be incorporated without departing from
      the spirit and scope as set forth in the following claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A trombone comprising; tubular members having an initial straight
      portion beginning at a mouthpiece receiving end and terminating in a
      sound-emanating bell portion, said tubular member including first and
      second spaced apart tubes, said first tube being held in a pivotal
      relation to the trombone and said second tube readily pivoted about an
      axis of said first tube, said second tube having a terminating end
      extending in a direction opposite that of said mouthpiece receiving end
      portion and in axial alignment therewith, a slide member having a U-shaped
      end portion leading into a pair of straight parallel spaced apart portions
      having open ends telescoping with the terminating ends of said pair of
      spaced apart tube members to slide therealong for the playing of different
      musical notes, a plurality of uniformly spaced apart, parallel piston
      valves positioned in direct communication with said tubular members
      adjacent said mouthpiece receiving end portion to be manipulated for the
      playing of different musical notes which can be the same as or different
      than the musical notes produced by said slide member, and including post
      means secured to one of said plurality of uniformly spaced apart parallel
      piston valves and extending in a direction of said mouthpiece receiving
      end portion, holding means secured to said post and adapted to engage said
      mouthpiece receiving end portion for holding the same to prevent pivotal
      movement of said second tube member about the longitudinal axis of said
      first tube member.
NUM  2.
PAR  2. In the trombone as set forth in claim 1 wherein said housing means is
      U-shaped in configuration and pivotal about an axis passing through the
      plane of the U-shaped member, thereby enabling the U-shaped member to be
      moved upwardly and downwardly to capture and hold the mouthpiece receiving
      end portion when in the up position.
NUM  3.
PAR  3. A trombone comprising; tubular members having an initial straight
      portion beginning at a mouthpiece receiving end and terminating in a
      sound-emanating bell portion, said tubular members including first and
      second spaced apart tubes, said first tube being held in a pivotal
      relation to the trombone and said second tube readily pivoted about an
      axis of said first tube, said second tube having a terminating end
      extending in a direction opposite that of said mouthpiece receiving end
      portion and in axial alignment therewith, a slide member having a U-shaped
      end portion leading into a pair of straight parallel spaced apart portions
      having open ends telescoping with the terminating ends of said pair of
      spaced apart tube members to slide therealong for the playing of different
      musical notes, a plurality of uniformly spaced apart, parallel piston
      valves positioned in direct communication with said tubular members
      adjacent said mouthpiece receiving end portion to be manipulated for the
      playing of different musical notes which can be the same as or different
      than the musical notes produced by said slide member, and means movably
      supported from at least one of said piston valves and selectively
      engageable with said mouthpiece receiving end portion to prevent pivotal
      movement of said second tube member about the longitudinal axis of said
      first tube member.
NUM  4.
PAR  4. A trombone as set forth in claim 3 wherein the movable mounted means
      comprises a pivotally mounted fork adapted to embrace said mouthpiece
      receiving end portion.
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ABST
PAL  There is disclosed a light modulating structure including an open-ended
      housing within which an electromagnetically driven tuning fork structure
      is supported. The tuning fork is of composite construction including two
      L-shaped cross section elements and is manufactured by a method which
      involves shaping the tines portions of the elements to a desired thickness
      in a single machining operation before the elements are separated and
      joined together symmetrically at the toe of the L to form a composite
      tuning fork.
PARN
PAR  This application is a division of co-pending application Ser. No. 839,928,
      filed July 8, 1969, in the name of Boris F. Grib, for Tuning Fork Light
      Modulator (now U.S. Pat. No. 3,632,192).
BSUM
PAR  The present invention relates generally to electrically driven tuning fork
      structures and more specifically to a composite tuning fork structure
      employed in a light modulator or the like and a method of making same.
PAR  Tuning fork structures are known to the art wherein electromagnetic flux
      induced in predetermined paths causes the tines to have sustained
      vibration with controllable amplitudes. Tuning forks are presently formed
      in various ways such as by milling or otherwise machining a central slot
      through a solid bar of magnetic material, thereby defining a pair of tines
      of nearly identical shape and size. In many cases the volume of material
      actually removed from the solid bar to form the tines to nearly identical
      dimensions exceeds the volume of material of the finished piece.
PAR  The use of this procedure, coupled with the fact that close tolerance
      machining is required, presents substantial difficulties particularly in
      view of the fact that it is of great importance that the two tines of a
      tuning fork be balanced and in particular be of precisely similar
      stiffness. Tuning fork tine stiffness varies as the third power of the
      thickness so that the tolerance acceptable in forming (particularly low
      frequency thin-tined) tuning forks is exceedingly small as it relates to
      any difference in thickness between the respective tines of a tuning fork.
PAR  Accordingly, it is an object of the present invention to provide a method
      of forming the tines of a composite tuning fork which substantially
      reduces the cost of such fork structures and permits practical production
      of lower-frequency higher-accuracy forks.
PAR  According to one embodiment of this invention, a light modulator includes a
      cylindrical housing extending from a closed end to an open output end. A
      support member which is supported by the walls of the housing, in turn
      supports an electromagnetically driven tuning fork structure located
      within the housing. The tuning fork structure includes a channel-shaped
      base platform which is bolted to the support member. A tuning fork having
      a pair of tines, a tine junction portion and a heel portion is secured to
      the base platform.
PAR  The tuning fork tines employed in the aforedescribed modulator structure
      are formed in halves according to the present invention. Rather than mill
      a central slot through a solid bar as has commonly been done, a member of
      substantially uniform generally L-shaped cross section is formed, such as
      by machining, with a relatively thick portion of material adjacent a
      relatively thin portion. Both the thick and thin portions are bounded by a
      common base plane. A series of slices or cuts are thereafter made through
      the member along parallel equally spaced planes perpendicular to the base
      plane and which extend parallel to the ultimate longitudinal axis of the
      thin portion. In this way, a plurality of precisely similar tine halves
      are separated from the elongated member, each of which is interchangeably
      suited for assembly with another to form a tuning fork.
DRWD
PAR  Other advantages of the invention will be understood from the following
      description of specific embodiments of the invention together with the
      accompanying drawing, wherein similar reference characters denote similar
      elements throughout the several views, and in which:
PAR  FIG. 1 is a fragmentary perspective view illustrating the formation of
      tuning fork tines according to the present invention;
PAR  FIG. 2 is a plan view of a light modulator according to the invention
      employing the tines shown in FIG. 1; and
PAR  FIG. 3 is a sectional elevational view taken along the line 3--3 of FIG. 2.
DETD
PAR  Referring now in more detail to the drawing, FIGS. 2-3 illustrate a light
      modulator 10 as including a tubular housing 11 which extends between an
      end closed by end plate 12 and open end 13. A support member 14, made, for
      example, from aluminum, is supported within housing 11.
PAR  A tuning fork assembly 15 is supported upon member 14, and includes a base
      platform 16 having upturned flanges 17 and 18 which extend parallel with
      respect to the axis of housing 11.
PAR  A tuning fork itself 19 includes a heel portion 20 formed by a tee-shaped
      member 21 which is independently machined from one or more pieces of
      magnetic alloy stock. Member 21 is formed with a web 22 extending between
      heel portion 20 and a tine junction portion 23 of fork 19. A pair of tines
      24 and 25, in turn, extend from the tine junction portion to their free
      ends.
PAR  Adjacent the end of tine 24 is a drive coil 26 supported by flange 18. A
      substantially identical pickup coil 27 is supported by flange 17 adjacent
      the end of tine 25. Permanent magnets 28 and 29 are secured to tines 24
      and 25, respectively, immediately adjacent coils 26 and 27.
PAR  The function of coil 26 is to drive the tuning fork 19 through the medium
      of its tine 24. One function of pickup coil 27 is to produce an output
      signal corresponding to the vibration of tuning fork tine 25 (and hence of
      the tuning fork) which may be amplified and supplied as an alternating
      current to coil 26 in proper phase to sustain the vibration of the tuning
      fork. Numerous forms of drive circuits for electrically driven tuning
      forks are available for use with the light modulator and, since the
      particular form of such circuit does not represent any part of the present
      invention, these circuits will not be discussed in detail here.
PAR  The mechanical coupling of tuning fork 19 to base platform 16 is effected
      by socket headed bolts 30 which secure heel portion 20 of member 21 to a
      heel pad 31. Heel pad 31 is preferably silver brazed to base platform 16.
      The coupling of base platform 16 to support member 14 is accomplished with
      bolts 32, the heads of which bear against the underside of member 14.
      Bolts 32 extend through member 14 and base 16 to sleeves 33 which are
      formed with internal threads adapted to matingly engage these bolts.
PAR  Mounting pads 34 formed from stainless steel separate the base from member
      14. Pads 34 are preferably silver brazed to the underside of base 16 prior
      to assembly. A light source 36, such as an incandescent lamp of
      conventional type, is shown in FIG. 2 located between tines 24 and 25.
      Shutter members 37 and 38 formed with apertures therethrough are secured
      to the free ends of tines 24 and 25.
PAR  In operation, upon energization of the tuning fork drive circuit, tines 24
      and 25 will vibrate with the result that the effective opening formed by
      the apertures through which light from light source 36 may pass will vary.
PAR  Looking now at FIG. 1, a plurality of tuning fork halves 40 are shown. In
      accordance with this invention, a method is provided to efficiently and
      accurately fabricate a composite tuning fork for use in the modulator
      already described, as well as for use in other apparatus incorporating
      tuning forks, particularly low frequency tuning forks. An elongated member
      41 is machined as one piece with a cross section corresponding to the
      desired cross section of approximately one-half of a tuning fork tine. A
      relatively thick junction portion 42 is formed adjacent a relatively thin
      sheet-like portion 43. A series of slices or cuts are thereafter made
      along parallel planes (designated reference character 44) with the result
      that halves 40 of precisely similar shape and size are formed.
      Alternatively, the members 41 may be sliced before they are simultaneously
      machined to the same thickness.
PAR  Halves 40 are used to form the tines of a tuning fork, such as tuning fork
      19, for example, by rigidly securing the bases of these halves together
      and to the extremity of web 22 by means of a socket headed bolt 45.
PAR  The advantages of the method of fabrication described and the resulting
      composite tuning fork are remarkable and by no means superficially
      apparent.
PAR  It first must be kept in mind that the characteristics of the tuning fork
      in applications of the sort concerned here are of critical importance. It
      is not only the physical characteristics such as mass, dimension
      stiffness, etc. which are important, but also magnetic characteristics and
      temperature characteristics and the interrelations between various ones of
      these sets of characteristics.
PAR  The optical modulator illustrated in FIGS. 2 and 3 is an example of a
      tuning fork device requiring a tuning fork with a low frequency and a
      substantial excursion of the tuning fork tines. While it is possible to
      lower the frequency of tuning forks by either increasing the tine mass or
      decreasing the tine stiffness, the former approach has basic disadvantages
      which cannot be overcome. Increasing the tine mass also fails to
      contribute adequately to the objective of wide excursion for the tuning
      fork tines.
PAR  It will, therefore, be understood that certain tuning fork applications
      such as the one illustrated herein inherently demand that the tuning fork
      tines have a low stiffness characteristic. To provide low stiffness, the
      tuning fork tines should be made quite thin.
PAR  Consider a situation such as the one at hand wherein the dimensions of the
      tuning fork are substantially as follows: total length of tine and tine
      junction 2.51 inches, length of tine along 2.33 inches, width of tine 0.22
      inches, thickness of tines 0.012 inches, width of web 0.22 inches,
      thickness of web 0.012 inches, length of web 0.18 inches, separation
      between tines 0.46 inches.
PAR  Considering the above dimensions and referring to the drawing, it will be
      noted that prior approaches to tuning fork fabrication involving milling a
      slot in a solid member to form two separated tines of nearly identical
      stiffness present substantial difficulty. The slot-milling procedure has
      been successfully employed in cases where the tuning fork tines were of
      substantial thickness amounting to perhaps several hundredths of an inch.
      The practical accuracy of machining operations of this type is not related
      to the thickness of the tine but is some absolute value on the order of
      0.0001 inch. Clearly, then, the thinner the tuning fork tine, the greater
      is the percentage error in its thickness which may be expected from
      unavoidable limitations on machining accuracy. In the slot-milling
      operation, the problem is aggravated by the fact that an error in the
      placement of the milled slot causes one tine to be thicker and the other
      tine to be thinner, substantially increasing the discrepancy between the
      two tuning fork tines.
PAR  It should be mentioned that the resonant frequency relation between the two
      tuning fork tines which is primarily governed by the tine thickness
      represents a critical factor in the manufacturing operation. Differences
      in the mass of either or both tines from the desired value can be rather
      easily corrected by adding or removing material from the end portion of
      the tines. However, any substantial difference between the natural
      frequency of one of the tines and the natural frequency of the other of
      the tines due to different stiffnesses renders the tuning fork unusable
      for most purposes.
PAR  One might assume that a very simple solution to this problem would be to
      form a composite tuning fork in which reeds of uniform cross section
      (which might be cut from the same piece of sheet stock of highly uniform
      thickness) were attached by brazing, welding, riveting or the like to a
      common tine junction structure in the form of a block. Unfortunately, a
      structure of this type has never been found to have performance
      characteristics suitable for any but the crudest low accuracy
      applications. The problem with such an approach resides in the attachment
      of the long thin reed to the common tine junction portion of the fork.
PAR  Of the methods available to secure a long thin reed to a common tine
      junction, perhaps the strongest and most reliable involve brazing or
      silver soldering. Other procedures such as soft soldering techniques
      produce a joint which is quite weak in comparison with the ferrous alloys
      of which tuning forks are normally made. It should be noted that the
      stresses resulting from the flexing of the tines are concentrated at the
      place where the tines join the tine junction portion of the tuning fork.
      This places the maximum stresses at the exact location of the joint in the
      arrangement where a reed is secured to a common tine junction block.
PAR  Combined with the stress concentration in the joint, there is the added
      problem of fatigue in this area of stress concentration. Thus, where the
      tine is thin as in low frequency tuning forks, particularly those of small
      dimensions, a perfectly reliable joint between a tuning fork formed of a
      pair of reeds and a tine junction block is impossible to achieve in
      practice.
PAR  Only a minor failure in the joint of such an arrangement is required to
      destroy the high accuracy of frequency for which tuning fork resonators
      are normally employed. By way of example, if such a joint fractured or
      weakened to the extent that the tine became one thousandth of an inch
      longer in effective length and assuming that the tine was originally one
      inch in length, this would represent a change in tine length of one part
      in a thousand. However, since the frequency of the tuning fork is
      proportional to the square of the length of the tine, the error in
      frequency due to a one-thousandth of an inch fracture or the like would be
      one part in 500, an intolerable error in all usual tuning fork
      applications.
PAR  Another difficulty in securing a thin tine to a common tine junction
      resides in the fact that the stronger joining techniques such as silver
      soldering generally require a thickness of the joining material on the
      order of one one-thousandth of an inch which compares to the tine
      thickness of approximately five or ten thousandths of an inch. There will
      further be more or less of a fillet in the corner where the tine joins the
      tine junction block. The dimension of the fillet and of the bonding layer
      for the two tines of a tuning fork will inevitably be different, and since
      the contribution to fork characteristics of this bonding material is
      significant, the two tines will not be properly matched in stiffness.
PAR  As previously mentioned, stiffness unbalance is highly deleterious as it
      causes the fork to take on characteristics of a single reed in that the Q
      of a reed (or unbalanced fork) varies with the equipment mounting mass and
      mounting rigidity. The most basic desirable attributes of a tuning fork as
      compared with a vibrating reed or the like flow from the balance of the
      fork structure.
PAR  By forming an L-shaped structure in which the critical portions of the tine
      and the common tine junction are formed of a unitary body of material, the
      previously described problems with composite tuning forks are overcome by
      the present invention. The junction between the two halves of the tuning
      fork is provided at a longitudinal plane through the common tine junction
      portion of the tuning fork. It will be noted that in the example
      illustrated herein, it is convenient to place a web portion of the tuning
      fork structure between the tuning fork halves, thereby simultaneously
      resiliently supporting the tines relative to the tuning fork heel portion,
      but this is not essential to the basic principle involved. The web
      utilized here is an application of the invention described in Boris F.
      Grib U.S. Pat. No. 2,806,400.
PAR  It will be found that certain minimum dimensions for the tine junction
      portions 42 relative to the thickness of the tine portion 43 are
      desirable. Clearly, the width of the half tine junction should be
      substantially greater than the thickness of the tine itself. Otherwise,
      there is little difference between employing the integral tine-tine
      junction members as compared with simply fastening a reed as a tine onto a
      common tine junction block, which was previously explained to be a
      generally unsatisfactory procedure.
PAR  As a rule of thumb, one would wish to improve the characteristics of a
      tuning fork in regard to reliability, frequency stability and the like by
      a factor of 10, at least, relative to the characteristics for a fork
      assembled from separate reed-like tine portions and a tine junction
      portion. By this rule of thumb, it can be shown that the width of the
      junction portion 42 representing approximately half the width of the
      tuning fork (ignoring any width contributed by web 22) should be equal to
      or greater than approximately the cube root of ten times the tine
      thickness.
PAR  It also can be shown as a rule of thumb that the longitudinal length of the
      tine junction portion 42 should be equal to or greater than approximately
      the square root of ten times the tine thickness.
PAR  The above rules assume that the third dimension of the tine junction
      portion will be equal to the corresponding dimension of the tuning fork
      tine portion, and if this were not the case suitable adjustments in the
      rule would be necessary.
PAR  Assuming that the rules heretofore stated are followed, little difficulty
      will be encountered in joining the two members 41 to each other or to a
      web member to form a tuning fork with frequency stability beginning to
      approach that which would prevail if the entire tuning fork were formed
      from one homogeneous piece of material. Of course, increasing the size of
      the tine junction portion relative to the tine thickness even further will
      reduce the effect of joining together the halves of the tuning fork
      structure and more closely approach the characteristics of a completely
      homogeneous tuning fork.
PAR  While it is contemplated that tuning forks will in most cases be formed of
      metal alloys, this is not to be implied to be essential to the invention,
      and they may be formed of other natural or synthetic materials including
      but not limited to plastics or synthetic resins.
PAR  It should also be noted that while machining techniques for machining the
      tine portions of the members 41 to precisely similar thicknesses have been
      described, other forming methods providing members having precisely
      similar tine thicknesses may also be employed to provide members
      appropriately shaped to form substantially identical mirror image halves
      of a tuning fork structure.
PAR  It may further be noted that while the drawing illustrates the tuning fork
      halves with a moderately sharp corner where the tine joins the common tine
      junction, any desired radius can be provided here by appropriate selection
      of a machine tool cutter.
PAR  From the foregoing discussion, therefore, it will be seen that the
      composite tuning fork and the method of its construction effectively
      solves the problem of providing thin tuning fork tines of precisely
      similary thickness, at the same time avoiding critical deficiencies
      present in prior art composite tuning forks.
PAR  The embodiments of the invention particularly disclosed are presented
      merely as examples of the invention. Other embodiments, forms and
      modifications of the invention coming within the proper scope of the
      appended claims will, of course, readily suggest themselves to those
      skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming the tines and tine junction portion of a tuning fork
      structure, comprising the steps of forming a unitary member of generally
      L-shaped cross section in one plane with a relatively thick part and a
      relatively thin sheet-like part, separating similar portions of said
      elongated member bounded by equally spaced planes parallel to said one
      plane, each said portion comprising one of said tines and a tine-junction
      portion, and securing a pair of said similar portions in relatively
      immovable symmetrical relationship at the relatively thick parts thereof
      to form a rigid tine junction portion of said thick parts with said thin
      parts forming precisely similar tuning fork tines.
NUM  2.
PAR  2. The method of forming a composite tuning fork comprising the steps of
      forming a pair of unitary, substantially homogeneous elements having a
      generally L-shaped longitudinal cross section, and rigidly joining said
      elements symmetrically at the toes of said L-shaped cross sections to form
      a U-shaped tuning fork structure.
NUM  3.
PAR  3. A tuning fork having a pair of substantially parallel spaced tines
      joined at one end in a tine junction, comprising a pair of elements
      substantially unitary and homogeneous, each said element comprising a
      flexible tine part and a relatively rigid tine junction part, the flexible
      tine parts of said elements having precisely similar transverse cross
      sections, the relatively rigid tine junction parts of said pair of
      elements being substantially rigidly joined together.
NUM  4.
PAR  4. A tuning fork having a pair of substantially parallel spaced tines
      joined at one end in a tine junction, comprising a pair of elements
      substantially unitary and homogeneous, each said element comprising a thin
      flexible tine part and a relatively thick rigid tine junction part, the
      relatively thick rigid tine junction parts of said pair of elements being
      substantially rigidly joined together, the dimension of said tine junction
      part perpendicular to the plane of said tine part being at least two times
      the thickness of said tine part, and the dimension of said tine junction
      part in a direction parallel to the longitudinal axis of the tine part
      being at least three times the thickness of said tine part.
NUM  5.
PAR  5. A method of forming the tines and tine junction portion of a tuning fork
      structure, comprising the steps of forming a unitary member of generally
      L-shaped cross section in one plane with a relatively thick part and a
      relatively thin sheet-like part, separating similar portions of said
      elongated member bounded by equally spaced planes parallel to said one
      plane, each said portion comprising one of said tines and a tine junction
      portion, and securing to opposite sides of a web extending from a base
      member a pair of said similar portions in relatively immovable symmetrical
      relationship at the relatively thick parts thereof to form a rigid tine
      junction of said thick parts with said thin parts forming precisely
      similar tuning fork tines.
NUM  6.
PAR  6. A method of forming a tuning fork structure, comprising the steps of
      forming a unitary member of generally L-shaped cross section in one plane
      with a relatively thick part and a relatively thin sheet-like part,
      separating similar portions of said elongated member bounded by equally
      spaced planes parallel to said one plane, each said portion comprising one
      of said tines and a tine junction portion, securing to opposite sides of a
      web extending from a base member a pair of said similar portions in a
      relatively immovable symmetrical relationship at the relatively thick
      parts with said thin parts forming precisely similar tuning fork tines,
      and securing said base member to a tuning for platform.
NUM  7.
PAR  7. A tuning fork having a pair of substantially parallel spaced tines
      joined at one end in a tine junction, comprising a pair of elements
      substantially unitary and homogeneous, each said element comprising a
      flexible tine part and a relatively rigid tine junction part, the
      dimension of said tine junction part perpendicular to the plane of said
      tine part being at least two times the thickness of said tine part, and
      the dimension of said tine junction part in a direction parallel to the
      longitudinal axis of the tine part being at least three times the
      thickness of said tine part, the flexible tine parts of said elements
      having precisely similar transverse cross sections, the relatively rigid
      tine junction parts of said pair of elements being substantially rigidly
      joined together.
NUM  8.
PAR  8. The method of forming a composite tuning fork comprising the steps of
      forming a pair of unitary, substantially homogeneous elements each having
      a precisely similar transverse cross section and L-shaped longitudinal
      cross section, and rigidly joining said elements symmetrically at the toes
      of said L-shaped cross sections to form a U-shaped tuning fork structure.
NUM  9.
PAR  9. The method of forming a composite tuning fork comprising the steps of
      forming a pair of unitary, substantially homogeneous elements having a
      generally L-shaped longitudinal cross section with a plane surface at the
      toe of its L-shaped cross section, and rigidly joining said elements
      symmetrically at the toes of said L-shaped cross sections with said plane
      surfaces juxtaposed to form a U-shaped tuning fork structure.
NUM  10.
PAR  10. A tuning fork having a pair of substantially parallel spaced tines
      joined at one end in a tine junction, comprising a pair of elements
      substantially unitary and homogeneous, each said element comprising a thin
      flexible tine part and a relatively thick rigid tine junction part, the
      relatively thick rigid tine junction parts of said pair of elements being
      substantially rigidly joined together with an intermediate flexible web
      member, which web member serves as part of a compliant mount for the tine
      junction portion of said tuning fork, the dimension of said tine junction
      part perpendicular to the plane of said tine part being at least two times
      the thickness of said tine part, and the dimension of said tine junction
      part in a direction parallel to the longitudinal axis of the tine part
      being at least three times the thickness of said tine part.
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ABST
PAL  The invention is a musical aid used to simplify the comprehension of chord
      inversion structure and enable the composer to more readily visualize the
      keyboard location and fingering of chords and their inversions used in a
      composition, the device having a frontal panel display of the scale tones
      of a particular key signature and a sliding member behind the panel which
      is provided with numbered, pivotal indicators to select a triad orderd in
      the root or an inverted position from the Scale tones on the panel, the
      invention including a rotatable disc on the sliding member having
      selectively exposeable chords displayed on the periphery thereof naming
      the triads and their inversions occuring in the key signature of the
      panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In playing of compositions on a keyboard instrument, the chording, which is
      accomplished by the left hand, is normally confined to a keyboard range of
      about 11 notes extending from middle C downward. Chording must therefore
      be arranged carefully to fall within the appropriate bounds, the chording
      being further complicated by the need to select inversions of the desired
      chords which are fingered such that a smooth transition between chords is
      achieved. When composing the base chording, it is difficult to mentally
      arrange the chords such that they meet these objectives. There is a need,
      therefore, for a composing aid capable of graphically indicating the
      finger positioning of a keyboard-like representation to simplify this
      procedure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is in accord with the above mentioned objectives and
      comprises a lower panel having a display of the named scale tones of a
      particular key signature, and a backing sheet joined to the lower margin
      of the front panel to define an upwardly open pocket, the backing sheet
      optionally displaying a musical staff having notes thereon represented by
      the scale tones named on the panel. A slide member seated in the pocket
      may be provided with a row of indicators spaced to select the scale tones
      of a particular chord type from the panel as this member is adjusted
      laterally in the pocket, and an upwardly extending portion of the sliding
      member is provided with commonly pivoted scale tone indicator strips,
      which in one embodiment are three pointers used to individually select the
      individual scale tones from the panel which comprise either the root,
      first inverted, or second inverted position of a triad, and in the other
      embodiment these strips being two in number each pointing out the scale
      tones of the first and second inversions, respectively, from the panel. A
      dial with selectively exposable peripheral chord designations may be
      pivotally mounted on the slide member so that the chord which is selected
      on the dial may be then indicated on the panel by the appropriate
      indicator strips.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view of the invention set up for the C-3 chord;
PAR  FIG. 2 is a section taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a front elevational detail of the chord inversion disc;
PAR  FIG. 4 is a front elevation view of a modification of the invention set up
      for the first inversion of the G major triad;
PAR  FIG. 5 is a section taken along lines 2--2 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention comprises a front panel 10 and a backing sheet 12 joined to
      and preferably integral with the lower margin of the panel to define a
      fold or pocket 14. The front panel is provided with an arrangement of
      indicia 16 naming the scale tones in a particular key signature, the
      illustrated embodiment representing the key of "C" but of course, any key
      signature could be used. The scale tones 17 should be spaced according to
      the spacing of the represented keys of a piano, although the scale may be
      reduced.
PAR  Resting in the pocket 14 is a sliding member 16 which may have spaced
      markings 18 as illustrated in FIG. 1, these markings so positioned and
      numbered to register with the scale tones of a major triad when the slide
      is properly adjusted. FIG. 1 illustrates the slide set up to register with
      the component scale tones of the C major chords, these tones being C', E,
      and G. The slide can be moved to register with the F and G major triads as
      well, these three being the principal triads in the key of C.
PAR  A portion 20 of the sliding member extends upwardly and defines a mounting
      position for indicator strips, generally indicated at 22, which are
      pivotally mounted by a brad 24 or the like. There are two types of
      indicators, represented in FIGS. 1-3 and 4-5 respectively, the basic
      purpose of both types being the same, which is to indicate alternatively
      the root and inverted positions of different triads as the slide member is
      laterally adjusted.
PAR  In the first embodiment, shown in FIGS. 1-3, the indicator strips comprise
      three pointers 26, each of which is labeled with a number from 1 to 3. The
      numbers signify that the pointer is to be used to indicate the scale tone
      which occurs in the order of the number in the root chord. For example, in
      the position illustrated the second inversion of the C chord is selected,
      so that the pointer labeled 3 points to the left of the C, indicating that
      in the root or base C chord G occurs as the third note, and so forth. E is
      indicated as the second note in the root or base chord, although occuring
      as the third tone in the second inversion.
PAR  The brad 24 may also serve as a mounting for a rotational dial 28, which is
      provided with a peripheral array 30 of the symbols of the three principal
      traids in the key of C and their inversions. The dial is covered by a
      blind 32 having a window 34 therein to expose any selected one of the
      chords or inversions on the dial.
PAR  In the operation of the first embodiment of the invention, the user selects
      a particular chord on the dial, for example C3 as shown in FIG. 1, C3
      being an alternative designation of the second inversion of C. With the
      chord selected, the slide positioned in the pocket as shown so that the
      indicia 1 thereon aligns with the C scale tones, the pointers 26 are
      pivoted to select the scale tones of the C3 chords. Inasmuch as only the
      11 notes are shown which correspond to the base chording range of piano
      keyboard, any chord thus selected will fall within the proper bounds, and
      the fingering will be graphically illustrated by the pointers to
      facilitate the choice of the next chord used so that smooth fingering
      transitions can be established for consecutive chords.
PAR  The backing sheet 12 of the first embodiment of the invention may be
      provided with a musical staff 36 above the scale tones 17, together with
      the notes 20 corresponding to the underlying named scale tones, the
      purpose of these notes being to enable the user to immediately interpret
      chords he selects on the panel into written music.
PAR  A modification of the invention, illustrated in FIGS. 4-5 utilizes
      indicator strips which are panel-like as at 40, in the place of the
      pointers 26. These strips each have indicia such as the arrows 42 which
      point out the notes in the order named at 44 of a particular inversion,
      identified on the strip at 46. Two of these strips are used to represent
      the first and second inversion, and of course a third strip could be added
      to show the root position. A dial 48 is provided, along with a blind 50,
      similar to the first embodiment, the indicia 52 on the dial being grouped
      chord inversion symbols.
CLMS
STM  I claim:
NUM  1.
PAR  1. An aid for selecting chord inversions comprising:
PA1  a. a panel having displayed thereon the names of the scale tones of a given
      key signature, the relative spacing between said scale tone names being
      proportional to the spacing of the counterpart keys of a piano keyboard;
PA1  b. a generally planar slide member;
PA1  c. means to slideably engage said slide member with said panel;
PA1  d. a plurality of indicator strips pivoted to said slide member and pivotal
      into a position in which said strips register with a plurality of said
      named scale tones, whereby upon sliding said sliding member relative to
      said panel and the selective pivoting of said strips into said registering
      position, a root triad or an inversion thereof may be alternatively
      selected on said panel sequentially for a plurality of different root
      tones.
NUM  2.
PAR  2. Structure according to claim 1 wherein said panel has an upwardly
      extended portion displaying a musical staff and notes on the staff
      corresponding to the respective named scale tones on said panel
      immediately below said notes.
NUM  3.
PAR  3. Structure according to claim 2 wherein said extended portion comprises a
      backing sheet joined to said panel along the lower margin thereof to
      define an upwardly open fold, said planar slide member being slideably
      seated in said fold and having spaced indicia thereon immediately above
      said named scale tones and registerable therewith, said indicia being
      spaced to select the scale tones of a particular chord type.
NUM  4.
PAR  4. Structure according to claim 2 wherein said slide member has an upward
      extension and said indicator strips comprise three pointer mounted to said
      upward extension, whereby said pointers can be pivoted to indicate the
      scale tones of the root or an inverted position of a plurality of triads
      from said panel.
NUM  5.
PAR  5. Structure according to claim 4 and including a disc rotationally mounted
      on said slide member, said disc having a peripheral array of indicia
      naming the three principal triads and the inversions thereof of the key
      signature represented on said panel, and including a cover mounted over
      said dial and having an opening therein to expose an individual and
      selected one of said named triads, whereby a triad may be selected and the
      scale tones constituting said selected triad indicated with said pointers.
NUM  6.
PAR  6. Structure according to claim 1 wherein said indicator strips each have
      spaced indicia thereon to register with the scale tones of an inversion of
      a triad selected from the scale tones of said panel.
NUM  7.
PAR  7. Structure according to claim 6 wherein said indicator strips are two in
      number to represent the second and third inversions of a triad, and
      including a rotatable disc naming in a peripheral annular array the second
      and third inversions of a plurality of different triads.
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ABST
PAL  A screw type anchor device for securement into masonry structures. A sharp
      crested helical thread, preferably with tapering crest diameter, is formed
      along the shank and helical protuberances forming guide means are spaced
      along the shank between adjacent convolutions of the helical thread.
      Notches are formed on the crests of the helical thread along the length of
      the shank to facilitate embedment of the crests in the walls of a
      performed bore in the masonry structure.
BSUM
PAR  The present invention relates generally to an anchor device and more
      particularly to such a device which is designed to be secured within a
      bore formed in a masonry structure.
PAR  In the attachment of panels, supports, channels or other devices to a
      masonry-like structure, it is commonplace to utilize a stud anchor which
      incorporates a wedging mechanism. Such devices frequenty require a
      manipulation of the wedge to properly set the device within the bore and
      will also require a secondary fastener member, such as a nut, to be placed
      over the workpiece and tightened on the stud. Removability, when desired,
      is a major problem when using the prior art devices.
PAR  The anchor device of the present invention eliminates many of the
      deficiencies of prior art devices and provides a simple, one-piece, easily
      installed fastener which will not require a secondary operation to secure
      a workpiece to a support structure of masonry.
PAR  It is a primary object of the invention to provide an anchor device which
      can be readily inserted in a bore formed in a masonry structure by a
      rotary motion thus allowing conventional threaded fastener driving tools
      to be used.
PAR  Still another object of the invention is to provide a rotary fastener type
      anchor device which can be inserted and embedded in a masonry-like
      structure with a minimal amount of torque.
PAR  Yet another object of the invention is to provide a one-piece masonry
      anchor which can be inserted through a workpiece into and anchored in the
      masonry structure in a single operational step.
PAR  An advantage of the anchor device of the present invention is that the
      structure provides for firm embedment of a helical thread portion without
      appreciably disturbing the wall structure of the bore adjacent the
      embedment.
PAR  Still a further advantage of the present invention is the ability to
      utilize dust and aggregate particles removed during embedment to further
      enhance the pull-out strength of the anchor device.
PAR  The objects and advantages are attained according to the invention by the
      provision of a threaded fastener device including a first convolution of
      sharp crested threads spaced along the shank and a second convolution of
      helical protuberances spaced between the convolutions of the sharp crested
      threads. Notches are provided in the crests of the sharp crested thread
      along at least the entering portion of the shank. The crest diameter of
      the thread is preferably tapered toward the entering portion of the shank
      so that the thread portion of the fastener will progressively chip into
      and embed in the wall of the bore in the masonry structure. The helical
      protuberances will be preferably of a uniform height throughout the length
      of the shank and corresponding to the diameter of the bore thus serving to
      accurately center the device during the embedment.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from the following description and the accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of an anchor device embodying the
      invention.
PAR  FIG. 2 is an enlarged partial side elevational view of a preferred
      embodiment of the invention.
PAR  FIG. 3 is a partial sectional view showing an anchor device incorporating
      features of the present invention embedded in a masonry-like structure.
PAR  FIG. 4 is a cross-sectional view taken along the lines A--A of FIG. 2.
PAR  FIG. 5 is a partial side elevational view showing a modified form of the
      invention.
DETD
PAR  Referring now more specifically to the drawings wherein like elements are
      designated by the same numerals throughout the various figures, an anchor
      device 10 incorporating the features of this invention is shown. Turning
      first to FIG. 1, the anchor device 10 is shown as including an enlarged
      head 12 with appropriate rotation inducing surfaces 14, an elongated shank
      16 with a substantially pointed entering extremity 18. A sharp crested
      helical thread 20 is formed along the length of the shank providing a
      first plurality of convolutions and a helical protuberance 22 is formed
      along the length of the shank, spaced between adjacent convolutions of the
      thread 20 and providing a second plurality of convolutions. The thread 20
      and helical protuberance 22 will have substantially the same pitch. The
      crest diameter of the thread 20 will be greater than the maximum radial
      dimension provided by the helical protuberances 22 for a purpose to be
      explained later herein.
PAR  A series of notches 26 are formed in the crest of the helical thread 20.
      These notches will extend along a line from the entering extremity of the
      shank toward the trailing extremity and preferably will extend the entire
      length of the shank. For most efficient results, the line of notches will
      extend approximately 90.degree. to the crest lines of the associated
      thread convolutions 20.
PAR  The configuration and arrangement of the notches 26 is best shown in the
      enlarged FIGS. 2 and 4. From FIG. 4, it will be apparent that three
      longitudinally extending lines of notches may be formed on the shank thus
      providing three masonry removing elements on each convolution of the
      thread 20. It is important to note also from FIG. 4 that the depth of
      penetration of the notches 26 onto the crest of the threads does not
      generally exceed a depth which is defined by the height of the helical
      protuberance 22.
PAR  While the crest diameter of the threads 20 may be uniform throughout the
      length of the shank, it is preferable that the crest diameter uniformly
      decrease from the trailing extremity of the shank to the entering
      extremity providing a gradually tapered crest configuration. This
      preferred embodiment is clearly shown in FIG. 2. It should be noted that
      while the crests of the thread 20 may taper, the helical protuberances 22
      should remain of a uniform height throughout the length of the shank in
      order to properly center the device in the bore.
PAR  With reference to FIG. 3, the operation of the anchor device 10 will now be
      described. The masonry-like structure 28 is provided with a bore 30
      through the use of a conventional masonry-type drilling device. One of the
      advantages of the present invention is that the work panel or device to be
      attached 32 may be positioned on the support structure and provided with
      an aperture 33 during the drilling operation. When the structure and panel
      have been so prepared, the anchor device 20 is inserted in the bore 30
      utilizing a generally conventional rotary fastener driving apparatus.
PAR  As the device 10 is rotatably and axially inserted into the bore, the
      relatively sharp crests of the thread 20 are embedded in the side walls of
      the bore. The flank angle of the thread 20 is preferably 30.degree.  to
      facilitate this embedment. The notches 26 formed in the crests of the
      thread 20 gradually chip and remove masonry material from the side walls
      permitting the thread to be firmly embedded therein. With the preferred
      tapered embodiment, the notches will serve to gradually remove segments of
      the wall of the bore to accomplish embedment. The notches 26 formed on the
      tapered crest configuration may be of progressively decreasing radial
      penetration into the crests from the trailing extremity to the entering
      extremity to facilitate the gradual removal procedure. These notches 26,
      in conjunction with the tapering of the crest diameter shown in the
      preferred embodiment of FIG. 2, enable the insertion of the device to be
      accomplished with a minimum of disturbance of the wall structure in the
      bore. This is important because of the nature of the masonry-type material
      which generally tends to crumble and loses its capability to be anchored
      thereto. The gradual chipping performed by the notches during the
      continued rotation of the device serves to insure the firm embedment of at
      least the larger, upper, thread portion of the convolutions 20.
PAR  Attention is now directed to the helical protuberance 22 which serves a
      vital function in the use of the anchor device 10 in a masonry-like
      environment. Since this protuberance 22 is of a substantially uniform
      height along the length of the shank, it provides a substantially constant
      radial dimension preferably equal to or slightly larger than the bore
      dimension. This feature serves to guide and accurately center the device
      in the bore. Without such guide means, the device could be tilted in the
      bore as it is driven due to the presence of aggregate on one side of the
      bore and not on the other. It should be apparent that a device which is
      positioned in an inclined manner will not provide the maximum amount of
      pull-out resistance since the crests will not be uniformly embedded about
      the periphery of the shank.
PAR  The thread 20 and helical protuberance or guide means 22 are spaced from
      one another by slight axial root portions 24 on the shank. As best shown
      in FIG. 3, these spaces and cooperating opposing surfaces of the guide
      means 22 and thread 20 afford enhancement of the operability of the
      device. As the dust or aggregate particles are gradually removed from the
      wall of the bore through the agency of notches 26, the material removed is
      trapped in a reservoir 34 formed between adjacent convolutions and
      utilizing the space 24. The ability of the dust and aggregate particles to
      be received in a reservoir rather than acting on the device in the form of
      torsional friction enables the device to be inserted at relatively low
      torque levels. The retention of the dust particles in the reservoirs could
      also enhance the pull-out strength of the anchor.
PAR  While the entering point 18 may be of any desired configuration, a
      substantially pointed tip is preferred to accurately locate the device in
      a bore. The point may be configured with features enabling the device to
      form the bore, such as self-drilling features. In conjunction with this
      tip, a reaming or sizing section 40 may be provided between the point and
      the first convolutions of the thread and guide means as shown in the
      modification of FIG. 5. Such a section 40 will serve to accurately prepare
      the diameter of the bore to conform generally with the transverse
      dimension of the guide means 22. It should be understood that other forms
      of reaming sections could be used in the invention other than the
      longitudinal splines shown herein. It is intended that this invention
      cover such other configurations that accomplish sizing the bore.
PAR  Thus it is apparent that there has been provided, in accordance with the
      invention, a masonry anchor device that fully satisfies the objects, aims
      and advantages set forth above. While the invention has been described in
      conjunction with specific embodiments thereof, it is evident that many
      alternatives, modifications and variations will be apparent to those
      skilled in the art in light of the foregoing description. Accordingly, it
      is intended to embrace all such alternatives, modifications, and
      variations as fall within the spirit and broad scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An anchor device for insertion and retention in a bore of a
      predetermined diameter formed in a masonry type support surface, the
      device comprising an axially extending shank with an enlarged head portion
      at a trailing extremity, the head portion including rotation inducing
      surfaces, a helical thread with a sharp crest formed on the shank and
      extending substantially the entire length of the shank providing a first
      plurality of convolutions extending along the shank, helical guide means
      formed on the shank extending substantially the entire length of the shank
      and providing a second plurality of convolutions extending along the
      shank, the guide means being of substantially uniform predetermined crest
      diameter along the length of the shank, the second plurality of
      convolutions being positioned between adjacent first plurality of
      convolutions along the shank, the helical thread having a predetermined
      crest diameter which is greater than the predetermined crest diameter of
      the helical guide means, and which uniformly decreases from the trailing
      extremity of the shank to the entering extremity, notch means formed in
      the crests of the helical thread on at least a plurality of the first
      convolutions adjacent the entering extremity of the shank, the notch means
      thereby enabling the sharp crests of the helical thread to become firmly
      embedded in the side walls of the bore as the device is rotated about its
      longitudinal axis by chipping the side wall of the bore to an increasing
      depth as the helical thread progresses into the bore, the diameter of the
      helical guide means being substantially equal to the predetermined
      diameter of the bore so that the device is centered in the bore and the
      embedment of the crest portions of the helical thread is substantially
      uniform about the periphery of the shank, the adjacent first and second
      convolutions being spaced from each other along the shank thereby
      providing a reservoir to receive and retain the masonry material removed
      from the side walls of the bore due to the embedment of the crest portions
      of the helical thread therein.
NUM  2.
PAR  2. The anchor device of claim 1, wherein the notch means progressively
      decrease in radial penetration on the crests of the helical thread from
      the trailing extremity to the entering extremity of the shank.
NUM  3.
PAR  3. The anchor device of claim 1, which includes hole sizing means on the
      shank between the entering extremity of the shank and the extremities of
      the helical thread and helical guide means adjacent the entering extremity
      of the shank, the hole sizing means having a maximum transverse dimension
      substantially equal to the diameter of the helical guide means.
NUM  4.
PAR  4. The anchor device of claim 1, wherein the notch means are formed on
      substantially all of the first convolutions.
NUM  5.
PAR  5. The anchor device of claim 1, wherein the notch means includes a
      plurality of notches on each of the plurality of first convolutions.
NUM  6.
PAR  6. The anchor device of claim 1, wherein the helical thread has an included
      angle of about 30.degree..
NUM  7.
PAR  7. The anchor device of claim 1, wherein the notch means are formed in a
      line along the length of the shank which is substantially perpendicular to
      the crests of the helical thread.
NUM  8.
PAR  8. The anchor device of claim 1, wherein the notch means penetrate the
      crests of the helical thread to a depth not greater than a depth defined
      by the height of the helical guide means.
NUM  9.
PAR  9. An anchor device for insertion and retention in a bore of a
      predetermined diameter formed in a masonry type support surface, the
      device comprising an axially extending shank with an enlarged head portion
      at a trailing extremity and a workpiece entering portion at the opposite
      extremity, the head portion including rotation inducing surfaces, a
      helical thread with a sharp crest formed on the shank and extending
      substantially the entire length of the shank providing a first plurality
      of convolutions extending along the shank, helical guide means formed on
      the shank extending substantially the entire length of the shank and
      providing a second plurality of convolutions extending along the shank,
      the crest diameter of the guide means being substantially uniform along
      the length of the shank, the second plurality of convolutions being
      positioned between adjacent first plurality of convolutions along the
      shank, the crest diameter of the helical thread uniformly tapering from a
      maximum diameter adjacent the head to a minimum diameter adjacent the
      entering portion and having a predetermined height from crest to root
      which is greater than the predetermined height of the helical guide means
      throughout the length of the shank, the root diameter of the shank being
      substantially uniform along the length of the shank, notch means formed in
      the crests of the helical thread on at least a plurality of the first
      convolutions adjacent the entering extremity of the shank, the notch means
      thereby enabling the sharp crests of the helical thread to become firmly
      embedded in the side walls of the bore as the device is rotated about its
      longitudinal axis by gradually increasing the depth of embedment in the
      side wall as the tapered, notched crests chip the side wall, the diameter
      of the helical guide means being substantially equal to the predetermined
      diameter of the bore so that the device is centered in the bore and the
      embedment of the crest portions of the helical thread is substantially
      uniform about the periphery of the shank, the adjacent first and second
      convolutions being spaced from each other along the shank thereby
      providing a reservoir to receive and retain the masonry material removed
      from the side walls of the bore due to the embedment of the crest portions
      of the helical thread therein.
NUM  10.
PAR  10. An anchor device for insertion and retention in a bore of a
      predetermined diameter formed in a masonry type support surface, the
      device comprising an axially extending shank with an enlarged head portion
      at a trailing extremity, the head portion including rotation inducing
      surfaces, a helical thread with a sharp crest formed on the shank and
      extending substantially the entire length of the shank providing a first
      plurality of convolutions extending along the shank, helical guide means
      formed on the shank extending substantially the entire length of the shank
      and providing a second plurality of convolutions extending along the
      shank, the guide means being of substantially uniform predetermined crest
      diameter along the length of the shank, the second plurality of
      convolutions being positioned between adjacent first plurality of
      convolutions along the shank, the helical thread having a predetermined
      crest diameter which is greater than the predetermined crest diameter of
      the helical guide means, and which uniformly decreases from the trailing
      extremity of the shank to the entering extremity, notch means formed in
      the crests of the helical thread on at least a plurality of the first
      convolutions adjacent the entering extremity of the shank, the innermost
      portion of the notch means in each crest being at a diameter at least as
      great as the diameter of the guide means but not less than said guide
      means diameter, the notch means progressively decreasing in radial
      penetration on the crests of the helical thread from the trailing
      extremity of the shank to the entering extremity of the shank, the notch
      means thereby enabling the sharp crests of the helical thread to become
      firmly embedded in the side walls of the bore as the device is rotated
      about its longitudinal axis, the diameter of the helical guide means being
      substantially equal to the predetermined diameter of the bore so that the
      device is centered in the bore and the embedment of the crest portions of
      the helical thread is substantially uniform about the periphery of the
      shank, the adjacent first and second convolutions being spaced from each
      other along the shank thereby providing a reservoir to receive and retain
      the masonry material removed from the side walls of the bore due to the
      embedment of the crest portions of the helical thread therein.
PATN
WKU  039371204
SRC  5
APN  5447445
APT  1
ART  355
APD  19750128
TTL  Drill screw
ISD  19760210
NCL  5
ECL  1
EXP  Britts; Ramon S.
NDR  1
NFG  4
INVT
NAM  Munse; Robert A.
CTY  Troy
STA  MI
ASSG
NAM  Microdot Inc.
CTY  Greenwich
STA  CT
COD  02
CLAS
OCL   85 47
EDF  2
ICL  F16B 2500
FSC   85
FSS  41;47
FSC   10
FSS  10 R
FSC  408
FSS  230;229;228;227
UREF
PNO  3079831
ISD  19630300
NAM  Gutshall
OCL   85 47
UREF
PNO  3125923
ISD  19640300
NAM  Hanneman
OCL   85 47
UREF
PNO  3395603
ISD  19680800
NAM  Skierski
OCL   85 47
UREF
PNO  3789725
ISD  19740200
NAM  Lindstrom
OCL   85 47
LREP
FRM  Harness, Dickey & Pierce
ABST
PAL  A thread forming screw is disclosed having a pilot-drilling tip in which
      two longitudinal flutes are provided with generally flat and substantially
      coplanar radial walls defining side cutting edges. Forwardly inclined end
      portions of said walls terminate in end cutting edges displaced on
      opposite sides of said plane. The end cutting edges are backed by
      substantially flat receding walls. The side cutting edges are backed by
      convexly curved walls.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Threaded screw fasteners for high-production assembly are in some instances
      provided with integral pilot drilling tip or entering portions so designed
      that the screw will drill its own pilot hole in the work and then form
      and/or cut threads in the work as it is driven home to the final holding
      position by a suitable rotary driving tool. Such screws may be formed by
      pinching and rolling dies, for example in the manner disclosed in U.S.
      Pat. to Skierski, No. 3,550,255, granted Dec. 29, 1970. Said patent, and
      related Skierski U.S. Pat. No. 3,395,603, granted Aug. 6, 1968 also
      disclose a drill screw formed in the indicated manner.
PAR  The overall objective of the present invention is to provide an improved
      drill screw adapted to be formed by pinching and rolling processes, which
      provides high strength, and which is installable with relatively low
      driving torque.
PAR  Other objects and advantages will become apparent upon consideration of the
      present disclosure in its entirety.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES OF DRAWING
PAR  FIG. 1 is a side elevational view of a drill screw constructed in
      accordance with the present invention;
PAR  FIG. 2 is an enlarged side elevational view of the portion contained within
      the circle II in FIG. 1;
PAR  FIG. 3 is an end elevational view taken as indicated by the arrow III in
      FIG. 2; and
PAR  FIG. 4 is a side elevational view at 90.degree. to FIG. 2, looking in the
      direction indicated by the arrow IV in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED FORM OF THE INVENTION
PAR  As shown in FIG. 1, the screw fastener includes a conventional head 10
      having a driving slot 12 and a cylindrical shank 14. The shank carries
      projecting threads 15 adapted to form threads in the work. Such parts may,
      as is well known, be formed by conventional cold heading and rolling
      techniques which form no part of the present invention and the details of
      which are of course subject to variation.
PAR  At the entering end the shank includes a straight drilling tip portion
      generally designated 16 which is of somewhat less diameter than the root
      diameter of the threads, having a pointed free end 17, and at its other
      end is joined to the shank by a tapered intermediate portion 18.
PAR  A pair of diametrically opposed flute areas generally designated 20, 21 are
      formed in the portions 16, 17, 18 and extend a short distance into the
      shank area, intersecting the starting threads 15'. The entering end
      portion 17 has suitably inclined cutting edges 22, 23. The inclination of
      cutting edges 22, 23 may be governed by the material to be drilled, as is
      well known in the drilling art. Rearward continuations of the end cutting
      edges 22, 23 constitute side cutting edges and extend longitudinally of
      the portions 16 and 18, such side cutting portions being designated 25,
      26.
PAR  A generally flat and substantially radially positioned longitudinal front
      wall 30, 31 extends inwardly from each of the side cutting edges 25, 26 to
      define a chip-receiving space. The walls 30, 31 are of gradually
      increasing width toward the tip, and in an area near the end cutting edge
      are joined to extension wall portions 32, 33 which are inclined forwardly
      in the direction of rotation. The extension wall portions 32, 33 terminate
      at the end cutting edges 22, 23 respectively. The wall portions 30, 31 are
      in an axial plane, but by reason of the forward inclination of the walls
      32, 33, it will be seen that each of the end cutting edges 22, 23 is
      displaced forwardly, in a peripheral or angular sense, in the direction of
      rotation, from a diametric axial plane parallel to such edges. Such a
      plane, corresponding to the plane of wall portions 30, 31, is indicated in
      broken lines at 35 in FIG. 3. The effectiveness of the cutting action is
      enhanced both by the slope of the walls 32, 33 and by the forward
      displacement of the end cutting edges 22, 23.
PAR  Extending angularly rearwardly from each end cutting edge 22, 23 is a
      substantially flat relief land 36, 37 which is sloped so as to be out of
      contact with the work during normal drilling operations, but the slope is
      relatively gradual in order to provide the maximum strength and backing
      for the cutting edges. It will be recognized that the actual inclination
      of the surfaces 32, 36 and 33, 37 may be varied in accordance with the
      nature of the material to be drilled. In the regions between the flat
      lands 36, 37 and the wall portions 30, 32 and 31, 33 convexly curved
      joining wall portions 40, 41 are provided which are of decreasing radius
      in the rearward angular direction. Wall portions 40, 41 provide additional
      backing to the end cutting edges 22, 23. In the straight entering portion
      16 and tapered intermediate portion 18 the side cutting edges 25 are
      joined to the opposed flute wall portions 30, 31 by convexly curved backup
      wall portions 42, 43 of decreasing radius in the rearward angular
      direction, so that such wall portions do not contact the work during
      normal drilling operations.
PAR  By reason of the forward displacement of the end cutting edges 22, 23, such
      edges tend during formation of the screw to separate at their tips in the
      region of the axis, so as to provide pointed tips, designated 45 in FIG.
      4. If the metal from which the screw blank is formed does not separate
      between such tip regions during forming of the screw, however, it
      stretches so as to define a thin web extending therebetween. In either
      event the tip region forms a highly effective initial drilling point.
PAR  It will be appreciated that references herein to angularly forward and
      rearward directions refer to the direction of rotation of the screw during
      insertion, which is indicated by the arrow in FIG. 3, while axial
      directions are considered forward as toward the pointed end, and vice
      versa.
PAR  This Detailed Description of Preferred Form of the Invention, and the
      accompanying drawings, have been furnished in compliance with the
      statutory requirement to set forth the best mode contemplated by the
      inventor of carrying out the invention. The prior portions consisting of
      the "Abstract of the Disclosure" and the "Background of the Invention" are
      furnished without prejudice to comply with administrative requirements of
      the Patent Office.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drill screw having a driving head and a threaded, threading shank,
      characterized by a drilling tip having flutes bounded on one side by
      generally flat longitudinal front wall portions axially spaced from the
      free end of said drilling tip and located substantially on a common
      diametric plane, the radially outer margins of said wall portions defining
      longitudinal side cutting edges extending parallel to the axis of the
      screw, and flat extension wall portions joined to said front wall portions
      and extending axially therefrom to the free end of said tip and inclined
      forwardly in the direction of rotation and having end margins defining end
      cutting edges which throughout their entire length are displaced angularly
      forwardly from said diametric plane in the direction of rotation and lie
      on a plane parallel to such axis.
NUM  2.
PAR  2. A drill screw as defined in claim 1 further characterized in that said
      drilling tip includes a pointed end having said extension wall portions
      and end cutting edges thereon, and substantially flat relief wall portions
      on said pointed end extending rearwardly from said end cutting edges at an
      angle to the longitudinal axis of the screw and also inclined rearwardly
      in the direction of rotation with respect to a plane perpendicular to the
      longitudinal axis of the screw, each of said flat relief wall portions
      having a rear margin spaced angularly rearwardly from the end cutting edge
      and joined to the flat wall portion which lies angularly rearwardly
      thereof by a convex wall which is of graduatedly decreasing radius in the
      direction of rotation.
NUM  3.
PAR  3. A drill screw having a driving head and a threaded, threading shank,
      characterized by a drilling tip having flutes bounded on one side by
      longitudinal front walls spaced from the free end of said drilling tip and
      extending substantially radially, and extension wall portions extending
      axially and angularly forwardly from the forward ends of said walls to
      said tip and inclined angularly forwardly from said forward ends in the
      direction of rotation, the forward margin of each of said extension
      portions comprising an end cutting edge and lying angularly forwardly in
      the direction of rotation throughout its entire length with respect to a
      single common diametric plane.
NUM  4.
PAR  4. A drill screw as defined in claim 3 further characterized in that said
      drilling tip includes a pointed end having said extension wall portions
      and end cutting edges thereon, and substantially flat relief wall portions
      on said pointed end extending rearwardly from said end cutting edges at an
      angle to the longitudinal axis of the screw and also inclined rearwardly
      in the direction of rotation with respect to a plane perpendicular to the
      longitudinal axis of the screw.
NUM  5.
PAR  5. A drill screw as defined in claim 4 wherein said flat relief wall
      portions have an angularly rear margin joined to the flat wall portion
      which lies angularly rearwardly thereof by a convex wall which is of
      graduatedly decreasing radius in the direction of rotation.
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ABST
PAL  A double break-off screw fastener is described, which conceals its mode of
      fastening by means of a "dummy" free-floating middle shaft. The inventive
      screw contains three sections, a threaded section which does the actual
      fastening; a middle shaft section which helps to internally fasten the
      threaded section before breaking-off; and an outer head section which
      breaks from the middle shaft, thus leaving the middle shaft in a
      free-floating state. To the outer observer, the middle shaft is free
      turning giving the impression of a fastening screw. In reality, however,
      it is nothing more than a dummy member, which carefully conceals the well
      hidden internal screw thread.
BSUM
PAR  The invention pertains to a break-off type screw, and more particularly to
      a double break-off screw which has means of concealing its mode of
      attachment.
PAC  BACKGROUND OF THE INVENTION
PAR  In security sensitive devices, such as safes, code machines, money
      exchanging machines, and postage meters, there often is need for fasteners
      which offer resistance to tampering and unauthorized attack. Such type
      fasteners feature hardened materials and smooth surfaces to prevent the
      destruction and gripping by sharp tools.
PAR  Sometimes dummy rivets or other type fasteners are used to slow the attempt
      at tampering by a would-be thief.
PAR  The present invention combines the above objectives into a combination
      break-off and dummy screw. The purpose of this combination provides
      several unexpected results:
PAR  A. The dummy portion of the screw hides a valid fastener beneath it, thus
      not only providing a fastening function, but also providing a deceiving
      function as well. If this type of fastener is now mixed with pure dummies,
      or with pure dummies and other break-off fasteners, the job of the
      would-be thief is greatly compounded, and becomes full of uncertainty.
PAR  B. The dummy portion of the screw, actually shields the internal fastener
      from attack. A would-be attacker would have to remove two screw parts just
      to unfasten one fastener. Thus, a thief would have to expend twice the
      ordinary work to remove just one of the inventive screws.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is for a double break-off screw for use in security devices.
      The screw comprises an inner shaft having screw threads for screwing into
      an internal member of the machine. An intermediate shaft member is secured
      to the fastening portion through a narrowed break-off shaft. When the
      intermediate shaft is rotated, it fastens the threaded shaft until it
      seats in the screw hole. Then, additional rotation of the intermediate
      portion will cause it to break from the thread portion about the narrowed
      "necked" section. A third section of the inventive screw features a nut or
      screw head which is disposed externally of the security device. A wrench
      or screw driver is caused to rotate the head, which in turn causes the
      intermediate and fastener sections to rotate. The head section is secured
      to the intermediate section via a second narrow necked section. After the
      fastener has seated and the intermediate section has separated from the
      fastener section, the head section is bent and removed from the
      intermediate section, thus leaving a flat rivet-like head in the cover
      plate, which is freely rotatable. The flat rivet head is anchored to the
      intermediate section, which prevents its removal. The fastener section is
      protectively concealed below the intermediate section, which itself is
      partially concealed. No measure of turning or prying upon the flat head of
      the intermediate section will in any way loosen the fastener section. The
      fastener section internally joins an interior flange of the cover to an
      inner frame member of the security device.
PAR  It is an object of the invention to provide an improved fastener device;
PAR  It is another object of the invention to provide a break-off screw having a
      double break-off feature: and
PAR  It is still another object of this invention to provide a new kind of
      fastener for security devices and machines.
DRWD
PAR  These and other objects of the invention will be better understood and will
      become more apparent with reference to the following detailed description
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of the inventive break-off screw shown in situ in the
      unassembled state; and
PAR  FIG. 2 is a plan view of the inventive break-off screw shown in situ in the
      assembled state.
DETD
PAC  DETAILED DESCRIPTION
PAR  Generally speaking, the invention is for a double break-off screw
      comprising a head section, an intermediate shaft section, and a threaded
      fastening shaft section. A first narrow break-off shaft is disposed
      between the threaded fastening section and the intermediate section. The
      first break-off section is caused to torsionally shear when said
      intermediate section is rotated after the fastening section has seated. A
      second narrow break-off shaft is disposed between the head section and the
      intermediate section. The second break-off section is caused to flexurally
      shear when the head section is bent about the intermediate section.
PAR  Now referring to FIG. 1, the inventive break-off screw is shown in an
      unassembled state. Cover 10 (shown in section view) is typically the outer
      shell of a postage meter. Cover 10 has an internal flange plate 11, which
      is to be fastened to internal frame member 12. Frame member 12 contains a
      threaded hole 14 which receives a threaded shaft 15 of the inventive
      screw. Threaded shaft 15 has a screw head portion 16 for anchoring the
      cover flange plate 11 to the meter frame member 12. When the flange 11 is
      attached to the frame 12, the cover 10 which is secured to the flange 11,
      is likewise anchored to the frame.
PAR  The inventive break-off screw consists of three major parts:
PA1  a. an installation head 17 which can be in the form of a hex-nut, or a
      screw head;
PA1  b. an intermediate shaft 18; and
PA1  c. the aforementioned threaded fastener shaft 15.
PAR  The intermediate shaft 18 is connected to the fastener section 15 via a
      narrow necked shaft 19. The intermediate section is rotatively affixed to
      the cover plate 10 by means of a retaining ring 20 and a flat head member
      21. A washer 22 disposed between the retaining ring 20 and the cover 10
      acts to protect the retaining ring 20 from attack from outside tools.
      Washer 22 makes it much more difficult to remove or displace the retainer.
PAR  The head section 17 is attached to the intermediate section 18 by means of
      a second narrow necked shaft 23.
PAC  OPERATION OF THE INVENTION
PAR  The operation of the break-off screw of this invention will be explained
      with reference to FIG. 2.
PAR  In order to fasten the cover plate 10 to the frame 12 of the postage meter,
      the flange 11 is secured to frame 12 via threaded shaft 15 as
      aforementioned. This attachment provides a hidden securement for the cover
      10, which is useful to foil and confuse would-be meddlers.
PAR  In order to fasten the screw 15 into the frame 12, the hex-nut 17 is
      rotated so as to rotate intermediate shaft 18, which in turn, rotates
      shaft 15.
PAR  When shaft 15 seats within the threaded hole 14, further rotation of the
      hex-nut 17 and the intermediate shaft 18, will cause the break-off shaft
      19 (FIG. 1) to torsionally shear, as illustrated.
PAR  The hex-nut 17 is now bent (arrow 24) about the intermediate shaft 18,
      causing the break-off shaft 23 (FIG. 1) to flexurally shear as shown.
PAR  The flat head portion 21 of the intermediate shaft 18 now rests flush with
      cover 10 and is freely rotatable. A would-be meddler who may now attempt
      to tamper with the head 21, will find that turning this rivet-like head
      will provide no apparent unloosening of the cover or any internal parts.
PAR  If the head 21 is attempted to be pried loose, it will be very difficult to
      do so, due to the aforementioned washer 22 and retaining ring 20.
PAR  If tampering continues, a large hole will be made in the cover plate 10,
      before the meddler will actually be able to tear the head 21 and the
      intermediate shaft 18 loose from the cover. At this juncture in time, it
      would be extremely difficult for the thief to conceal his attempted
      tampering, or to repair the hole left in the cover. At this point the
      thief is left with a gaping hole in the cover, and the cover is still
      absolutely secured, as before, to the frame 12 of the meter. If the thief
      is not yet discouraged, he must now drill out the threaded screw 15 from
      the hole 14. The screw 15 being in an inaccessible or difficult to reach
      spot within the meter, removing the screw becomes extremely difficult.
PAR  The retaining ring 20 and the washer 22 may be either flat or bowed.
PAR  Many modifications and changes will naturally occur to the experienced
      practitioner in this art. All modifications of an obvious nature to those
      skilled in the art are deemed to lie within the spirit and scope of the
      invention. The invention should be interpreted with reference to the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A double break-off screw for use with a security cover plate and an
      inner retaining member disposed within said cover plate, said double
      break-off screw having three sections and comprising:
PA1  a fastening section having screw threads and fastening to said inner
      retaining member by torsional means;
PA1  an intermediate section disposed between said security cover and said inner
      retaining member, said intermediate section connected to said fastening
      section on one end thereof by means of a narrowed torsional break-off
      section, and connected to said security cover plate on an opposite end
      thereof; and
PA1  a rotatable installation section connected to said intermediate section by
      means of a narrowed break-off section, said installation section being
      disposed externally of said security cover plate, and being rotatable to
      drive said fastening section into said inner retaining member until
      seated, whereby said intermediate section will shear from said fastening
      section about said torsional break-off section as said installation
      section is further rotated, said installation section then being removable
      from said intermediate section about the narrowed break-off section
      disposed therebetween.
NUM  2.
PAR  2. The double break-off screw of claim 1, wherein said installation section
      is caused to be bent about said intermediate section and the narrowed
      break-off section disposed between said installation section and said
      intermediate section fails in shear as said installation section is caused
      to be bent.
NUM  3.
PAR  3. The double break-off screw of claim 1, wherein the intermediate section
      is rotatively affixed to said security cover plate by means of a retaining
      ring and a head portion, said retaining ring being disposed within said
      security cover plate, and said head portion being disposed externally of
      said security cover plate.
NUM  4.
PAR  4. The double break-off screw of claim 1, wherein said installation section
      comprises a torsional nut.
NUM  5.
PAR  5. A double break-off screw having a plurality of sections, comprising:
PA1  a fastening section having a threaded shaft for torsional fastening
      purposes;
PA1  a first break-off section connected to said fastening section and having a
      cross-section of narrower width than said fastening section;
PA1  an intermediate section comprising a shaft connected to said first
      break-off section at one end thereof;
PA1  a second break-off section connected to said intermediate section about an
      end opposite to the first break-off section end, and having a crosssection
      of narrower width than said intermediate section; and
PA1  an installation section having a torsional head member connected to said
      second break-off section.
NUM  6.
PAR  6. The double break-off screw of claim 5, wherein said intermediate section
      is disconnectable from said fastening section by torsionally shearing said
      first break-off section.
NUM  7.
PAR  7. The double break-off screw of claim 5, wherein said installation section
      is disconnectable from said intermediate section by means of flexurally
      shearing said second break-off section.
NUM  8.
PAR  8. A double break-off screw comprising a head section, an intermediate
      shaft section, and a threaded shaft fastening section, a first narrow
      break-off shaft disposed between said threaded fastening section and said
      intermediate section, said first break-off section being caused to
      torsionally shear when said intermediate section is rotated after said
      fastening section is caused to seat, a second narrow break-off shaft
      disposed between said head section and said intermediate section, said
      second break-off section being caused to flexurally shear when said head
      section is bent about said intermediate section.
NUM  9.
PAR  9. The double break-off screw of claim 8, wherein said head section has the
      shape of a torsionally grippable nut, and each of said intermediate and
      said fastening shaft sections comprise a flat head member.
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PAL  The specification describes an expanding masonry attachment plug, whose
      plug head has a wide insertion hole and whose shank, provided with a
      through hole, is divided by longitudinal slits into expanding segments.
      The latter join at the far end to form a plug foot. To enable use of the
      plug both in dense masonry material and also in light weight building
      materials the plug has the following features. Internally the expanding
      segments delimit a guide hole adapted to bring about expansion, with a
      diameter which is less than the diameter of the appropriate screw. The
      plug foot consists of a closed sleeve adapted to bring about a bending
      outwards of the expanding segments by axial compression or clamping of the
      shank, with a through hole for the cutting of a tension thread on complete
      driving of the screw into position.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field to which invention relates
PAR  The invention relates to an expanding masonry attachment plug, preferably
      of plastics material, whose plug head has a wide insertion hole and whose
      shank, provided with a through hole, is divided by longitudinal slits or
      slots into expanding segments, which join at the far end to form a plug
      foot.
PAR  2. The prior art
PAR  Expanding masonry attachment plugs of a conventional type are so
      constructed that on insertion of the screw by twisting into the central
      guide hole of the shank the expanding segments, starting at the plug foot,
      expand or spread out and under the expanding pressure of the conically
      shaped wood screw come to lie against the wall of the hole made for the
      plug. In this classical form of expanding plug the expanding elements are
      only held together by means of narrow connecting pieces of the plug foot,
      the connecting pieces being intended to prevent a premature divergence of
      the segments on hammering the plug into a plug hole and consequent
      prodding against the wall of the hole. This prior art is represented for
      example by the British patent specification No. 589,648 and the Swiss
      patent specification No. 212.
PAR  In addition to these expanding masonry attachment plugs expanding plugs
      have recently been proposed in the case of which the expansion or
      spreading out of the segments is not brought about internally by driving
      home the screw with a screw driver and instead such an expansion is
      brought about by an axial stressing of the shank by screwing the screw
      into a nut arranged at the foot of the plug, the screw which is being
      driven home cutting its own female thread in a closed sleeve at the foot
      of the plug.
PAR  Masonry attachment plugs of the last-mentioned type have been proposed
      owing to the use on an increasing scale of constructional materials which
      have a low resistance or strength. Such materials include more
      particularly gas concrete, pumice-like materials or hollow building
      blocks. In the case of the use of conventional expanding masonry
      attachment plugs in such light-weight building blocks the high radial
      expanding forces cause a collapse of the cells adjacent to the wall of the
      hole so that there is no sufficiently high resistance opposing the
      expanding forces and secure attachment becomes impossible. The bending
      effect of the latter-mentioned type of expanding plug however leads to a
      very substantial expansion outwards and even in the case of spreading out
      within a cavity it is possible to ensure that the attachment cannot be
      pulled out again, because the bent expanding connecting pieces form an
      abutment, which catches behind the hole and acts as a source of blind
      rivet.
PAR  Masonry attachment plugs of the latter-mentioned type are described for
      example by the German Gebrauchsmuster Specification Nos. 1,860,318 and
      1,935,793, the Swiss patent specification No. 486,644, the French patent
      specification No. 1,278,641 and the German patent specification
      (Offenlegungsschrift) No. 2,060,241.
PAR  However, such masonry attachment plugs operating with an axial clamping or
      stressing effect are not suitable for work in concrete and other solid or
      dense constructional materials because the radial spreading force can only
      be relatively small as a consequence of the axial stressing taking place
      in a hole properly dimensioned to suit the plug, for this force must be
      transmitted by the expanding elements themselves, which surround the screw
      which has been placed in position, in the manner of a bridge. Furthermore,
      in the case of an excessively pronounced axial stressing a destruction of
      the screw thread in the plug foot is to be feared.
PAC  SUMMARY OF INVENTION
PAR  One aim of the invention is therefore that of providing an expanding
      masonry attachment plug, which is suitable both for use in dense concrete
      and other dense building materials, and also in gas concrete, hollow
      building blocks and other light weight building materials including the
      connection of boards or plates, so as to have a univeral application.
PAR  The present invention consists in an expanding masonry attachment plug,
      preferably of plastics material, whose plug head has a wide insertion hole
      and whose shank, provided with a through hole, is divided by longitudinal
      slits or slots into expanding segments, which join at the far end to form
      a plug foot, characterised in that to enable use of the plug both in dense
      masonry material (concrete) and also in light weight building materials
      (gas concrete) the plug has the combination of the following features:
PA1  a. internally the expanding segments delimit a guide hole adapted to bring
      about expansion, with a diameter which is less than the diameter of the
      appropriate screw, and
PA1  b. the plug foot consists of a closed sleeve adapted to bring about a
      bending outwards of the expanding segments by axial compression or
      clamping of the shank, with a through hole for the cutting of a tension
      thread on complete driving of the screw into position.
PAR  The plug constructed in such a manner adapts itself automatically to the
      circumstances obtaining so that the user does not have to undertake
      preliminary investigations as regards the material of which the wall is
      made and into which he has bored the plug hole. If it is a question of a
      wall consisting of dense concrete, there is a transmission over a large
      area of the expanding forces to the wall of the hole as soon as the screw
      has come into position in the guide hole of the shank, that is to say
      before it has been screwed into the plug foot so that even in the case of
      the use by mistake of a shorter screw sufficient purchase is obtained on
      the dense concrete. A screw with the correct dimensions, which is screwed
      into the plug foot, provides for a still higher pulling or tension force
      owing to the additional compression or upsetting of the plug shank which
      occurs as a result.
PAR  In the case of a plug hole brought in gas concrete or similar masonry the
      expansion brought about by twisting the screw into the guide hole alone
      cannot in itself ensure the necessary purchase being obtained, something
      which is made noticeable by the fact that it is relatively easy to go on
      turning the screw. On this further twisting or driving of the screw the
      latter then cuts a female thread in the plug foot and when the resistance
      is so large that the screw cannot be turned any further by hand one can at
      the same time be sure that the expanding segments have been bent outwards
      and that the plug has been reliably fixed in position. In extreme cases
      the axial stress can lead to the plug foot being drawn up as far as the
      closed sleeve head part. This is for example also the case when the plug
      is used in a hollow building block or when bored is fixed or attachment is
      carried out in a hollow ceiling.
PAR  Further features will be found in the subordinate claims.
PAR  In order to provide a further security against being twisted out of
      position or to provide a locking action it is possible to provide annular
      ribs or axially extending ribs respectively on the plug casing in
      accordance with a further embodiment of the invention.
DRWD
PAC  LIST OF SEVERAL VIEWS OF DRAWINGS
PAR  In what follows embodiments of the invention will be described with
      reference to the accompanying drawings.
PAR  FIG. 1 shows a side view of a univeral masonry attachment plug constructed
      in accordance with the invention.
PAR  FIG. 2 shows a view looking in the direction of the axis of the plug in
      accordance with FIG. 1.
PAR  FIG. 3 shows a section on the line III--III of FIG. 2.
PAR  FIG. 4 shows in perspective a somewhat modified embodiment of a universal
      attachment plug constructed in accordance with the invention.
PAR  FIG. 5 is a sectional view of a plug of the embodiment in accordance with
      FIG. 4 after being placed in a plug hole in dense concrete and caused to
      expand.
PAR  FIG. 6 shows the plug in accordance with FIG. 4 inserted into a foam or gas
      concrete wall.
PAR  FIG. 7 shows a plug in accordance with FIG. 4 after expansion serving for
      attachment in a ceiling.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The plug in accordance with FIG. 1 comprises an external sleeve head 10, a
      central shank 20, and an inner foot 30. The wide cylindrical inner hole 11
      of the sleeve head 10 is so dimensioned that on insertion of a matching
      screw into this head section no spreading or expanding effect is obtained.
      The shank 20 has a cylindrical guide hole 21, which in the upper part
      widens out in a conical section 20 towards the inner hole 11 of the head.
      On the slightly conically constructed external casing of the sleeve head
      10 three axially extending ribs 13 with an even anguler spacing are
      arranged, whose height increases towards the outside. The shank is
      provided with three slits or slots 20 which run axially and have the same
      angular spacing between them. These slits form three expanding segments.
      Continuing these slits on the inner casing of the sleeve head 10 internal
      axial grooves 14 are constructed. The expanding segments of the shank 20
      are provided with four annular ribs 22 having a saw-tooth section and
      arranged with an even axial spacing. The foot 30 consists of a closed
      sleeve and has, as compared with the hole 21 of the shank, a somewhat
      enlarged cylindrical hole 31 and is arranged to have a somewhat greater
      external diameter than the shank. This plug foot serves for the cutting of
      a screw thread by the screw which is to be screwed into the plug.
PAR  The hole 11 of the sleeve head is so constructed that on the insertion of a
      matching screw no expanding action occurs in order to prevent, for
      example, chipping off of wall plaster.
PAR  The driving home of the screw by twisting through the conical section 12
      into the guide hole 21 involves the expansion of the three expanding
      segments of the shank 20 in an outward direction. In hard masonry, for
      example in dense concrete, this radial spreading or expanding force
      produces a satisfactory retaining action with a high resistance to tension
      load. The expansion is only carried out via the shank part 20, while on
      driving home the screw by twisting into the plug 30 no expansion can occur
      at the latter position, because the foot is made so thick that breaking is
      not to be feared. Therefore, the screw cuts its screw thread into the hole
      31 so that the plug foot 30 acts as a screw nut, which is prevented from
      turning by axially running ribs 32. If the screw head is axially fixed at
      the outer plug end or the article to be fixed, further rotation of the
      screw in the female thread cut by it in the foot 30 will bring about an
      axial stressing in the shank part of the plug so that in porous masonry or
      in cavities the individual expanding segments will expand further or can
      even be bent outwards.
PAR  The plug in accordance with FIG. 4 again has an external sleeve head 10, a
      central shank part 20, and an inner foot 30. In addition to the axially
      extending ribs 13 of the sleeve head 10 the plug in accordance with FIG. 4
      has in the shank section axially running ribs 24 which taper in an inward
      direction and merge with the shank. These ribs 24 are set in the direction
      of rotation of the screw when the latter is driven home in order to ensure
      a positive supporting action in the drilled hole. The ribs 13 are alined
      with the slots or slits 22 of the shank 20 while the ribs 24 are arranged
      respectively between two slits 22 so as to be offset in the peripheral
      direction with respect to the ribs 13.
PAR  The plug foot 30 consists in the case of the embodiment in accordance with
      FIG. 4 of a conically extending sleeve so that the end of the plug is
      pointed, something which facilitates hammering the plug into a hole in the
      wall.
PAR  The cutting of the screw into the solid conical sleeve of the plug foot is
      facilitated because the hole 31 in the plug foot has three axial grooves
      33 which are arranged with an constant angular spacing and have such a
      depth that while facilitating cutting of the thread there is no
      possibility of splitting open of the sleeve.
PAR  The slits 22 between the expanding segments of the shank are bridged over
      by two central annular ribs 25 so that a premature expansion is prevented
      when the plug is hammered into its receiving hole. The remaining ribs 26
      extend respectively only over the expanding segments and leave the
      respective slit free.
PAR  FIG. 5 indicates that an expansion in the plug hole in the dense concrete
      wall will already have taken place before the tip of the screw is driven
      by twisting into the plug foot.
PAR  FIG. 6 shows how by pulling on the nut formed by the plug foot the
      expanding segements are pressed into the porous light concrete and are
      held against being drawn out.
PAR  FIG. 7 finally shows the attachment of a board such as plaster board, in
      the case of which the plug foot sleeve 30 is drawn down practically as far
      as the sleeve head 10 and the expanding segments are spread out over a
      wide area. In this respect it is a question of attaching plaster board to
      form a ceiling.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination a one-piece expanding masonry attachment plug and a
      threaded tightening screw:
PA1  said masonry plug extending longitudinally and comprising, along its
      longitudinal length, a circumferentially continuous head at one end, a
      circumferentially continuous foot at the other end and a shank joining
      said head and said foot;
PA1  said head having a wide insertion hole extending through it to said shank;
      said shank having a substantially cylindrical exterior having a through
      guide hole therein extending continuously from said insertion hole to said
      plug foot;
PA1  said shank having a plurality of longitudinally extending slits arrayed
      about it and extending through said shank from its exterior into said
      through guide hole, thereby dividing said shank into flexibly expandable
      segments; all said segments being rejoined at and by said head and said
      foot, the exterior surfaces of said segments being provided with
      protuberance means for engaging the walls of a hole;
PA1  said foot having a through passage hole therethrough aligned with and of
      greater diameter than said shank through guide hole and smaller in
      diameter than the screw to be tightened into said through passage hole; an
      inside wall in said foot defining said through passage hole; said plug
      foot being sufficiently thick and strong so as not to expand upon a screw
      being tightened into said through passage hole;
PA1  said screw having a tapered lead-in portion and a cylindrical engaging
      portion with the major diameter of the cylindrical portion being less than
      the diameter of the insertion hole; said major diameter of said screw
      being greater than the diameter of said shank through guide hole at the
      part of said screw which seats inside said shank through guide hole; the
      shank of said screw having a length excluding said tapered lead-in portion
      which is greater than the distance from said one end of said plug to and
      including at least a portion of said foot through passage hole while said
      shank is not axially compressed; said major diameter of said screw also
      being greater than said foot through passage hole such that said screw is
      adapted to cut a thread into said foot inside wall;
PA1  said shank through guide hole along the portion of its length extending
      past said slits being defined by said shank segments to be narrower than
      said insertion hole and narrower than said major diameter of said screw;
PA1  said shank segments being outwardly bendable with respect to said through
      guide hole upon axial compression of said shank;
PA1  whereby a tension thread is cut in said foot as said screw is tightened
      through said foot, and further tightening of said screw draws said foot
      toward said head and axially compresses said shank.
NUM  2.
PAR  2. The combination of claim 1, wherein said foot has an external diameter
      that is wider than the external diameter of said shank.
NUM  3.
PAR  3. The plug of claim 1, wherein said shank through guide hole is
      cylindrical in shape and said plug includes a conically shaped section
      joining said insertion hole and said through guide hole.
NUM  4.
PAR  4. The plug of claim 1, wherein said protuberance means comprise a
      plurality of annular ribs in spaced array along the exterior of said shank
      and having a saw-tooth cross-section.
NUM  5.
PAR  5. The plug of claim 1 wherein said plug foot has an annular exterior on
      which are affixed longitudinally extending ribs which taper shorter in
      height toward the free end of said foot.
NUM  6.
PAR  6. The plug of claim 1, wherein said plug foot is generally frusto-conical
      in shape, narrowing in cross-section toward its free end.
NUM  7.
PAR  7. The plug of claim 1, wherein said screw receiving means in said plug
      foot comprises a through passage hole defined by walls formed in said foot
      and said through passage hole being aligned with said shank through guide
      hole;
PA1  a plurality of spaced apart, axially extending grooves formed in said foot
      through passage hole walls.
NUM  8.
PAR  8. The plug of claim 1 further comprising a plurality of longitudinally
      extending support ribs arrayed around the exterior of said shank and
      aligned with and offset from said slits, and tapering shorter in height
      toward said plug foot.
NUM  9.
PAR  9. The plug of claim 8 further comprising a plurality of separate,
      longitudinally extending second support ribs annularly arrayed around the
      exterior of said plug head and each being aligned with a respective said
      slit.
NUM  10.
PAR  10. The plug of claim 4 wherein a first group of said annular ribs extend
      over said segments and extend across and bridge said slits and the
      remainder of said annular ribs extend over said segments, but not across
      said slits.
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PAL  A blind fastener wherein a push-pull type setting tool is employed for
      pulling a stem into a predetermined position relative to a sleeve, and a
      two element shear washer is provided to fail at a predetermined shear load
      as created by the compressive load on the sleeve and the reaction tensile
      pull on the stem. Failure of the shear washer drives a locking collar
      between the stem and sleeve.
PAL  The shear washer comprises a pair of concentric but axially offset elements
      joined together by an annular shear web which, upon shear failure allows
      one of the elements to drive an annular locking collar between the stem
      and sleeve. Such shear washer together with the rivet sleeve are serially
      placed under compression to counteract the tensile force applied to the
      stem.
PAL  A further control feature consists of mating surfaces on the stem and
      sleeve which are caused to be engaged when the relative positions of the
      stem and the sleeve are proper for locking the rivet, such mating surfaces
      engaging at that time to cause the force on said washer to exceed the
      maximum shear strength of the web.
BSUM
PAR  The present invention relates generally to blind fasteners but more
      particularly to such fasteners as are installed by applying a pulling
      force to one portion of the fastener.
PAR  Blind fasteners have been very useful in the manufacture of various
      different articles and machines, such that today millions of such devices
      are manufactured and used. Blind fasteners, of course, are fasteners which
      are applied from only one side of a pair of construction members.
      Typically, the fastener is inserted from the one access side, and by means
      of a manual or power operated setting tool is caused to be firmly secured
      in place.
PAR  It has long been the desire to provide a blind fastener which can be
      properly inserted in place to provide the desired mechanical
      characteristics as well as pleasing appearance, and which can be installed
      without the need for special skills by the installer.
PAR  Prior devices of this nature have been so constructed as to be dependent on
      the operator's skill or abilities or, in the alternative, have been
      dependent on a combination of characteristics of fastener components and
      special complicated installation tools to make a proper installation.
PAR  With these and other shortcomings in mind, it is an object of the present
      invention to provide a blind fastener which is dependent upon a single
      variable which is easy to control.
PAR  A further object of the present invention is to provide a blind fastener as
      characterized above which can be easily and effectively installed without
      the need for unusual or sophisticated setting tools.
PAR  Another object of the present invention is to provide a blind fastener as
      characterized above which can be installed without the need for special
      skills on the part of the installer and wherein the resulting installation
      has a pleasing appearance.
PAR  An even further object of the present invention is to provide a blind
      fastener as characterized above wherein a shear washer is employed to
      define the load at which the locking collar is set on the setting of an
      installation tool.
PAR  An additional object of the present invention is to provide a blind
      fastener as characterized above which is simple and inexpensive to
      manufacture and which is rugged and dependable in operation.
DRWD
PAR  The novel features which we consider characteristic of our invention are
      set forth with particularity in the appended claims. The invention itself,
      however, both as to its organization and mode of operation, together with
      additional objects and advantages thereof, will best be understood from
      the following description of specific embodiments when read in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is a fragmentary sectional view of a fastener according to the
      present invention and positioned relative to members to be fastened
      together;
PAR  FIG. 2 is a fragmentary sectional view showing the fastener in a second
      setting position;
PAR  FIG. 3 is a fragmentary sectional view of such fastener in a further
      position during setting operation; and
PAR  FIG. 4 is a fragmentary sectional view showing the subject fastener
      installed.
PAR  Like reference characters indicate corresponding parts throughout the
      several views of the drawings.
DETD
PAR  Referring to FIG. 1 of the drawings, there is shown therein a pair of
      construction members 10 and 12 which represent substantially any two
      members to be fastened together. A fastening device 14 according to the
      present invention is provided for firmly securing the members 10 and 12 in
      adjacent relation as shown, such fastener 14 to be installed from only one
      side, namely the side adjacent member 10, as will hereinafter become more
      apparent.
PAR  Fastener 14 comprises a sleeve 16 which is generally tubular in
      construction having a through opening 16a, and comprises an enlarged end
      portion 16b and a generally cylindrical exterior surface 16E. The enlarged
      end portion 16b, within the context of the present invention, may have
      substantially any shape or configuration as will prevent the sleeve 16
      from passing through the aligned openings 10a and 12a formed in the
      construction members 10 and 12. That is, as shown in the drawings, such
      enlarged end portion 16b may be frusto-conical in design, or it could be
      cylindrical in shape if desired.
PAR  For slidable movement within the opening 16a of sleeve 16, there is
      provided a stem 18 which is generally cylindrical although having various
      different cross sectional dimensions there along.
PAR  The lower end 18a of stem 18 is preferably cylindrical, and is so related
      to the cross section of through opening 16a of sleeve 16 as to have an
      interference fit therewith, to the degree hereinafter explained.
PAR  The upper end of cylindrical portion 18a provides an annular shoulder 18c.
      A tapered portion 18d, with cylindrical portions 18e and 18f on either
      side thereof is immediately beneath a reduced section or breaknotch 18g.
      Another cylindrical portion 18h is provided above the breaknotch 18g and a
      splined cylindrical section 18j and serrated section 18k are found in the
      remaining portion of the stem 18.
PAR  Stem 18 may be formed of substantially any desired material such as steel,
      aluminum, and the like, and, as will hereinafter become more apparent, the
      lower end portion 18a should be sufficiently hard with respect to the
      material used in making sleeve 16 to affect expansion or cold forming of
      such sleeve, and sufficiently ductile to wiredraw and adapt to the space
      available after expanding the sleeve to fill the hole in the construction
      members.
PAR  For setting or locking of the fastener, the process of which will be
      hereinafter described, there is provided an annular cylindrically-shaped
      locking collar 20 which is formed of cold deformable material.
PAR  A combination control and setting washer 22 is provided, having a pair of
      washer elements 22a and 22b which are concentrically arranged but axially
      offset from each other as shown in the drawings. A shear section 22c is
      employed in joining together the upper washer element 22b with the lower
      element 22a as shown in the drawings. As will hereinafter become more
      apparent, the washer element 22b is of such size as to freely slidably fit
      within the internal dimension or configuration of washer element 22a upon
      shear or failure of the shear section 22c.
PAR  The subject fastener 14 is inserted into the aligned holes 10a and 12a in
      the members 10 and 12 to be fastened together, substantially as shown in
      FIG. 1 of the drawings. That is, all of the parts are inserted within the
      aligned holes from the access side adjacent construction member 10.
PAR  Thereafter, an ordinary push-pull setting tool is employed to pull on the
      stem 18 while simultaneously pushing on the sleeve 16 through washer 22.
      Such tool may take substantially any desired form, but, as related to the
      instant invention, need not be sophisticated such as to be provided with
      many different complicated controls, but rather need only be capable of
      providing sufficient push-pull, action-reaction forces to reach the
      maximum forces hereinafter described. The members 24 and 26 are merely
      illustrative of components of such a setting tool, suffice, for purposes
      of the instant invention, to realize that member 24 is intended to firmly
      grip stem 18, at the threaded or serrated portion 18k thereof, and member
      26 is intended to freely slide relative to stem 18 and to apply a
      compressive force to the washer 22 and thus to the sleeve 16 as will
      hereinafter be explained.
PAR  With the subject fastener 14 thus positioned, and with the setting tool
      operable thereon, member 24 is caused to pull on stem 18 while
      simultaneously anvil member 26 is caused to be pushed with an equal but
      opposite force.
PAR  Ultimately, cylindrical portion 18a is drawn within opening 16a of sleeve
      16, to expand or cold form the lower end of sleeve 16 as shown in the
      drawings, to cause it to firmly engage the hole 12a in member 12. The
      cylindrical portion 18a of stem 18 is then wiredrawn or reduced in
      diameter as shown at 18b in FIG. 2 as it is drawn further into opening 16a
      until the shoulder 18c abutts sleeve shoulder 16c.
PAR  As seen in FIG. 2 of the drawings, the anvil member 26 transmits its force
      through the control and setting washer 22 to the head 16b of sleeve 16.
      Thus, since the engagement between stem 18 and sleeve 16 is at the lower
      end thereof, as depicted in the drawings, the stem 18 is placed under
      tension while the sleeve 16 and washer 22 are placed under compression.
      These forces are equal and opposite and do not involve the members 10 and
      12 to be fastened, so that the installer must urge the fastener into the
      aligned holes 10a and 12a so that the enlarged head or end portion 16b of
      sleeve 16 is properly seated. Then, the above explained expansion of the
      end of sleeve 16 causes the members 10 and 12 to be firmly drawn together.
PAR  The two-element control and setting washer 22 is so constructed that the
      maximum shear load for section or web 22c exceeds the forces necessary to
      expand the sleeve 16 and pull the stem into the sleeve as above explained.
      Ultimately, however, the tensile force on stem 18 and the compressive
      force on washer 22 and sleeve 16 are caused to increase so as to exceed
      such shear strength. This may be accomplished by engagement of shoulder
      18c of stem 18 with an inwardly disposed annular shoulder 16c formed in
      sleeve 16. When such engagement occurs, the forces applied by the setting
      tool increase sharply causing the shear strength of web 22c of washer 22
      to be exceeded.
PAR  At the same time, as shown most clearly in FIG. 2 of the drawing, when
      shoulder 18c engages shoulder 16c, the stem and sleeve are in proper
      relation for locking the stem 18 in place. The tapered annular surface 18d
      of stem 18 is then adjacent to but spaced from a tapered surface 16d
      formed in sleeve 16. The surfaces 18d are so spaced from each other as to
      provide an annular tapered cavity 28 therebetween.
PAR  Of equal significance in the engagement of shoulder 18c and 16c, is the
      fact that the breaknotch or reduced section 18g of stem 18 is then in
      proper relation to the upper end surface of sleeve 16 so that breakage at
      that reduced section will ultimately provide an installed fastener of
      pleasing appearance.
PAR  When such shoulders 18c and 16c engage, any further incremental increase in
      push-pull force applied by the tool (not shown) causes the shear section
      22c of washer 22 to fail, enabling the tool, through member 26, to drive
      washer element 22b into engagement with locking ring or collar 20, within
      the washer element 22a, as shown most clearly in FIG. 3 of the drawings.
      When this occurs, the malleable locking collar 20 is driven into the
      cavity 28 defined by the surfaces 16d and 18d, such collar being cold
      formed thereby to prevent disengagement of the stem and sleeve.
PAR  Thereafter, the stem 18 is broken at reduced portion 18g to provide the
      finished, installed fastener as shown in FIG. 4. The various elements 22a
      and 22b of washer 22 are then disposed of since they easily fall away from
      the setting tool with the disposable upper portion of the stem 18.
PAR  It is seen that the instant invention provides a single part, namely washer
      22 which is both a control member for instigating the locking operation,
      and is also the setting or driving member for driving the lockring or
      collar into locking position. As such, it can be engineered and
      manufactured within close tolerances so that the control function is
      extremely precise and predetermined, and in no way dependent upon the
      skill of the operator or installer or upon the idiosyncrasies or special
      characteristics of the installing tool. Thus, readily available tools
      which are in use today can be emloyed, and such washer 22 may be employed
      with various different styles and brands of fasteners, wherein a locking
      collar is employed.
PAR  Although I have shown and described certain specific embodiments of my
      invention, I am well aware that many modifications thereof are possible.
CLMS
STM  I claim:
NUM  1.
PAR  1. A blind fastener for fastening together at least two members comprising
      in combination,
PA1  a sleeve adapted for insertion in aligned holes in said members and having
      a through opening and an enlarged head incapable of passing through said
      holes,
PA1  a stem slidable within said through opening of said sleeve and having an
      enlarged end portion at the end of said sleeve opposite said head,
PA1  a one-piece washer slidably received upon the stem and including a radially
      outer element of such size as to be engagable with the head of said sleeve
      and a radially inner element axially offset from said radially outer
      element in a direction away from said head and being joined thereto by a
      breakaway portion, said washer adapted to exert force on said head as a
      unitary structure with said breakaway portion adapted to fracture in
      response to a predetermined maximum force to separate the two elements,
PA1  and a locking member initially separate from both elements of said washer
      and from said sleeve underlying the radially inner element and being
      engagable by said radially inner element as a result of and upon said
      breakaway portion responding to said maximum force to be forced by said
      radially inner element into cooperating means on said stem and sleeve to
      lock said stem and sleeve in their relative positions.
NUM  2.
PAR  2. A blind fastener according to claim 1 wherein said stem is adapted to be
      gripped by a push-pull blind fastener setting tool to receive a tensile
      force as a reaction to a compressive force applied to said washer.
NUM  3.
PAR  3. A blind fastener according to claim 2 wherein said breakaway portion
      defines the maximum force to be applied to said stem and sleeve.
NUM  4.
PAR  4. A blind fastener according to claim 3 wherein said washer elements are
      concentric and are adapted to be forced to substantially coplanar
      concentric relation upon said tool overcoming said breakaway portion.
NUM  5.
PAR  5. A blind fastener according to claim 4 wherein said breakaway portion is
      a shear portion whereby said maximum force is determined by the shear
      strength of said portion.
NUM  6.
PAR  6. A blind fastener according to claim 5 wherein said cooperating means on
      said sleeve and stem comprise cooperating surfaces defining a cavity, and
      said locking member is a collar to be driven into said cavity by one of
      said elements when but only when said shear portion of said washer has
      been overcome.
NUM  7.
PAR  7. A blind fastener according to claim 6 which further includes engagable
      surfaces on said stem and sleeve for defining the relative position
      thereof when said maximum force is applied to said washer and said collar
      is driven into said cavity.
NUM  8.
PAR  8. A blind fastener according to claim 7 wherein said collar is annular in
      shape and is positioned about said stem to be driven by said radially
      inner washer element upon overcoming the shear portion thereof.
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ABST
PAL  A settable warhead burst range selector permits the user of a weapon to
       rdly change a chambered flechette ejecting projectile from a muzzle-burst
      mode to an extended-range mode. A slide containing a pyrotechnic delay is
      held in a neutral, muzzle burst mode, by a slide positioning locking
      plate. The pyrotechnic slide has flash ports along its length which are
      designed to cause flechette expulsion in either the muzzle-burst or the
      extended-range mode. The range mode is selected by twisting a knurled
      sleeve into a specific camming position. The sleeve is connected to a
      striker pin which projects into the weapon chamber area. The striker pin
      is capable of striking and dimpling the round in the chamber. A dimpled
      round will cause the slide positioning locking plate to detent the
      pyrotechnic slide so that the round will be in its extendedrange mode. An
      undimpled round will permit the pyrotechnic slide to move so that the
      round is in its muzzle-burst mode.
GOVT
PAC  GOVERNMENTAL INTEREST
PAR  The invention described herein may be manufactured, used and licensed by or
      for the Government for governmental purposes without the payment to me of
      any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Weapons utilizing flechettes as a kill mechanism often have considerable
      advantages over weapons using fragmenting warheads. The more streamlined
      flechettes are less susceptible to slowdown than the rather chunky
      fragments and thus sweep over a much larger lethal area. Furthermore, all
      flechettes can be directed toward a target whereas with a fragmenting
      warhead, a high percentage of the fragments are projected harmlessly into
      the air. It can be shown that for values of range to target of several
      hundred meters, flechette-type weapons are considerably more effective
      than fragment-type weapons. For extended target ranges, however, flechette
      effectiveness deteriorates primarily resulting from too sparse of a
      flechette pattern. FIG. 1 shows a plot of kill probability (P.sub.K) as a
      function of range to target in meters. The deterioration in P.sub.K beyond
      200 meters is analogous to a shotgun shell which is quite effective close
      in, but becomes ineffective at higher ranges due to sparsity of the
      expanding buckshot pattern and slowdown. Fragment round effectiveness is
      relatively insensitive to increases in range to target since the warhead
      is first projected into a target area and then chemical energy from the
      explosive propels the fragments the remaining short distance to the
      target. Flechettes, on the other hand, have all of their energy imparted
      to them at the gun and depend on their low drag profile to retain the
      maximum kinetic energy until target intercept. Although flechette slowdown
      enroute to the target is tolerable, the expansion of the flechette cloud
      becomes excessive at the extended ranges resulting in reduced
      effectiveness.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a settable warhead burst range selector
      which solves the problem of reduced effectiveness at extended ranges.
PAR  The present device delays the expulsion of the flechettes from the carrier
      vehicle until it is in closer proximity to the target. Thus, the
      flechettes travel enroute to the target in a relatively aerodynamically
      clean projectile and at a propitious moment are expelled to continue to
      the target. In the present invention the range between flechette expulsion
      and target intercept is considerably reduced, thus the flechette cloud
      diameter is reduced and the flechette density is increased.
PAR  The net effect of the delayed flechette ejection is to shift the optimum
      ejection point R.sub.1 in FIG. 1 downrange, as shown in FIG. 2. For the
      downrange conditions, optimum performance of the weapon at points R.sub.2
      or R.sub.3 is degraded only by the additional slowdown of the flechette
      carrier enroute to the ejection point.
PAR  As an additional consideration, the burst range selector mechanism of the
      present invention permits the defeat of the close-in surprise target (few
      meters or less from muzzle). A round not having range selection and fuzed
      to function several hundred meters downrange would be almost totally
      ineffective against such a target. Similarly, fragmentation rounds are
      ineffective against close-in targets in that they must be fuzed to
      detonate at distances sufficiently far removed from the gunner so that he
      will be safe from the fragments of his own weapon.
PAR  The prime advantage of the range selector concept of the present invention
      is that it permits selection of round functioning distance for rounds
      already chambered. Thus, for example, if a soldier is surprised by an
      enemy coming from behind a bush only a few yards away, he can instantly
      select the muzzle-burst mode even if he was previously firing in the
      extended range mode. Prior art warheads using time fuzing generally
      require unchambering of rounds fuzed for extended range use and reloading
      with muzzle burst fuzed rounds.
PAR  An object of the present invention is to provide a settable warhead burst
      range selector for a chambered round.
PAR  Another object of the present invention is to provide a settable warhead
      burst range selector for a flechette carrying round which is effective
      against a target at an extended range.
PAR  A further object of the present invention is to provide a settable warhead
      burst range selector for a flechette carrying chambered round which can be
      rapidly changed from an extended-range mode to a muzzle-burst mode without
      removal of the round from the weapon chamber.
DRWD
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is made to the following
      descriptions taken in connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plot of kill probability (P.sub.K) as a function of range to
      target in meters for a flechette carrying round which is not range
      settable.
PAR  FIG. 2 is a plot of kill probability (P.sub.K) as a function of range to
      target showing how the effectiveness can be extended with a multi-position
      range selector device.
PAR  FIG. 3 is a partial cutaway diametral longitudinal cross-sectional view of
      the bulkhead section of a chambered rocket boost type round, in a weapon
      gun barrel in the area of the dimpling striker mechanism.
PAR  FIG. 4 is a partial, cutaway, cross-sectional view of the chambered round
      after it has been dimpled.
PAR  FIG. 5 is a partial cross-sectional view taken along line 5-5 of FIG. 3.
PAR  FIG. 6 is a partial cross-sectional view of an alternate embodiment of the
      pyrotechnic slide shown in FIG. 3.
PAR  Throughout the following description like reference numerals are used to
      denote like parts of the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 3-5 the bulkhead section 10 of a rocket boosted type
      round is located intermediate and separates the rocket motor chamber or
      propellant chamber 12 from the payload area 14. The bulkhead section 10 is
      positioned in the weapon chamber wall 16 so that the bulkhead section 10
      is slightly to the left of and above the dimpling assembly 18. The range
      selector mechanism has two main components, a tubularly shaped slide 20
      having a central bore 22 which contains a pyrotechnic delay mixture 23
      therein and a slide positioning locking plate 24. The slide open end 25
      faces the rocket motor chamber 12. Locking plate 24 keeps the slide 20 in
      either a quick fire, close in, muzzle-burst mode or locks the slide 20 in
      an extended-range mode. Locking plate 24 is maintained in a "neutral"
      position,  as shown in FIG. 3, by an annularly shaped compliant member 26,
      which may be made of soft rubber, which is attached peripherally to a
      first side 28 of locking plate 24. Locking plate 24 has an axial bore 29
      therein which allows slide 20 to pass therethrough when slide 20 is in its
      neutral position and when it is desired to place the round in a
      muzzle-burst mode. The pyrotechnic slide 20 has a pair of rear flash ports
      30 and 32 and a pair of forward flash ports 34 and 36. The closed front
      end 38 of slide 20 has an annularly shaped locking groove 39 adjacent
      thereto. When the slide 20 is in its "neutral" position, locking plate 24
      is aligned with groove 29. The rear side 40 of bulkhead section 10 has an
      axially positioned tubularly shaped slide boss 42 integral therewith and
      an axial bore 43 for holding slide 20 therein. The front side 44 of
      bulkhead section 10 has an axial annularly shaped expulsion charge cavity
      46 therein which contains a flechette expulsion charge 48. A pair of bores
      50 and 52 communicate with axial bore 43 and expulsion charge cavity 46.
      Bores 50 and 52 permit the hot ignition gases of the pyrotechnic delay
      mixture 22 to ignite the expulsion charge 48 through either the rear flash
      ports 3, 32 or the forward flash ports 34, 36 depending upon whether the
      dimpling assembly 18 has been set for a muzzleburst or extended-range
      mode.
PAR  The aforedescribed device is equally applicable to rounds that are rocket
      motor boosted projectiles as well as projectiles that depend entirely on
      the propellant gases of a gun chamber for their launch velocity. The
      rocket boosted configuration is shown as an illustrative example of the
      preferred embodiment. In the case of a non-rocket boosted projectile, the
      pyrotechnic slide 20 is mounted in the base of the projectile, instead of
      in the bulkhead 10. In the non-rocket boosted projectile, the hot gases
      from the cartridge propellant ignite the delay mixture 23 in the slide 20.
PAR  In operation, a plurality of flechettes 54 have their expulsion range
      selected by twisting of a knurled camming sleeve 56 surrounding the gun
      barrel 58. Sleeve 56 is in sliding contact with special biased striker pin
      60, the latter passes through the chamber wall 16 through striker pin bore
      62. A first gas seal 64 surrounding the pin 60 prevents the escape of
      round launching gases. A second gas seal 66 located in slide boss 42
      prevents the escape of the rocket boost gases from the propellant chamber
      12 into the expulsion charge 48 and thus the possible premature ignition
      of the expulsion charge 48. Linkage mechanism between the gun's firing
      pin, not shown, and the striker pin 60 assures that the round will be
      dimpled, if the extended-range mode is desired, prior to round firing. As
      can be seen from FIG. 5, maximum counter clockwise rotation of the knurled
      sleeve 56 prevents dimpling of the round wall 68, whereas maximum
      clockwise rotation of sleeve 56 permits full dimpling of round wall 68 as
      illustrated in FIG. 4. The dimpling action is accomplished by the striker
      pin 60. The tapered cam section 70 of the knurled sleeve 56 acts as a
      variable control shim between the chamber wall 16 and the striking pin
      shoulder 72. Dimpling of the side of the round wall 68 is easily
      accomplished since it occurs in the rear portion of the relatively soft
      casing surrounding the flechette payload 54. Because setback forces are
      low, this wall 68 can be quite thin.
PAR  The extended-range mode is selected by twisting the knurled sleeve 56 on
      the gun barrel 58 clockwise. In the clockwise position, the striker pin 60
      is permitted to strike and dimple the side of the round wall while the
      round is in the gun chamber. The deformation or dimpling of the side of
      the round wall 68, in the area of the locking plate 24, forces the latter
      to move toward and into slide locking groove 39. The aforementioned
      movement of locking plate 24 locks pyrotechnic slide 20 so that it cannot
      move axially within the slide boss 42 when, an instant later, the
      propellant chamber 12 is ignited. The gas pressure generated within
      propellant chamber 12 will not dislodge slide 20. Thus the slide 20
      remains in its maximum effective delay length position and the rocket
      motor burn can proceed to completion prior to flechette 54 ejection by
      pusher plate 74. In the case of unboosted rounds the projectile can coast
      to the desired range prior to flechette ejection.
PAR  To select the muzzle-burst mode or close-in range, the knurled sleeve 56 is
      twisted counter-clockwise. In this positon, the striker pin 60 is locked
      and cannot dimple the round as shown in FIG. 4, and the pyrotechnic slide
      20 remains unlocked. Upon motor ignition and gas pressure build up, the
      pyrotechnic delay column 22, located in the pyrotechnic slide 20, is
      ignited by the hot gases and forced forward by the motor chamber pressure.
      This pressure easily overcomes the setback force acting on the slide
      during round acceleration. The slide 20 moves forward until stopped by
      pusher plate 74, whereby the rear flash ports 30 and 32 line up with the
      bulkhead bores 50 and 52 and flechette expulsion charge 48. In the forward
      position, the effective length of the delay column 22 is shortened, thus
      the expulsion charge 48 is ignited prior to completion of motor burnout.
      The actual expulsion point can be controlled during round fabrication by
      proper selection of the length of the pyrotechnic delay column 22, burn
      rate, and the positioning of the rear flash ports 30, 32. FIG. 3
      illustrates the R.sub.1, R.sub.2 expulsion configuration shown in FIG. 2.
      In order to achieve the muzzle-burst mode, the delay column length is
      shortened so that there is no delay mixture 23 aft of the rear flash ports
      30, 32.
PAR  An alternate design, which would permit selection of several different
      flechette ejection ranges, is shown in FIG. 6. This concept would have the
      capability of ejecting the payload close in (at or shortly after the
      muzzle), at motor burnout or after motor burnout and coast of an
      additional 100 or more meters. In this embodiment, the knurled sleeve 56
      shown in FIGS. 3 and 5 has several defined positions corresponding to the
      aforementioned ejection ranges. The position of the knurled sleeve 56
      would dictate the depth to which the striker pin 60 is permitted to
      penetrate (dimple) the side of the round wall 68.
PAR  In this embodiment the degree of dimpling determines the amount of lateral
      displacement of a stepped delay slide 76. The pyrotechnic stepped slide 76
      has various steps 78 machined into its diameter. These steps correspond to
      different positions that the slide may assume, based on the degree of
      lateral displacement of the locking plate 24. These positions align
      different flash ports 80 with the flechette expulsion charge 48 and thus
      achieve ejection of the flechettes at ranges commensurate with those
      yielding optimum weapon effectiveness.
PAR  While there has been described and illustrated specific embodiments of the
      invention, it will be obvious that various changes, modifications and
      additions can be made herein without departing from the field of the
      invention which should be limited only by the scope of the appended
      claims.
CLMS
STM  Having thus fully described the invention, what is claimed as new and
      desired to be secured by Letters Patent of the United States is:
NUM  1.
PAR  1. A settable warhead burst range selector for a flechette dispersing round
      which comprises:
PA1  a gun barrel having a chamber wall with a transversely positioned pin bore
      therein, said pin bore having a first gas seal therein;
PA1  a bulkhead section transversely positioned in the wall of said round
      intermediate a propellant chamber and a payload chamber, an axially
      positioned slide boss which protrudes from the rear side of said bulkhead
      into said propellant chamber, said boss having an axial bore and a second
      gas seal therein, an annularly shaped charge cavity positioned in the
      front side of said bulkhead, and at least one bore intermediate said
      charge cavity and said axial bore and communicating therewith;
PA1  an expulsion charge positioned in said charge cavity;
PA1  delay means for igniting said expulsion charge; and
PA1  detent means for setting said delay so that said round is set in an
      extended-range mode or in a muzzle-burst mode.
NUM  2.
PAR  2. A settable warhead burst range selector as recited in claim 1 wherein
      the delay means comprises:
PA1  a tubularly shaped slide having closed and open ends, a central bore, and
      at least one rear flash port and at least one forward flash port, each of
      said rear and front ports communicating with said central bore, and an
      annular locking groove peripherally positioned adjacent the closed end of
      said slide; and
PA1  a pyrotechnic delay mixture contained within said central bore.
NUM  3.
PAR  3. A settable warhead burst range selector as recited in claim 2 wherein
      the detent means comprises:
PA1  a knurled cam sleeve positioned around said gun barrel adjacent said pin
      bore, said cam sleeve having a tapered section thereon;
PA1  a striker pin having a shoulder thereon positioned in said pin bore, said
      tapered section rotatably positioned intermediate said chamber wall and
      said shoulder so that said striker pin may be actuated to dimple the wall
      of said round when it is desired to place said round in said
      extended-range mode; and
PA1  a locking plate having an axial bore therein transversely positioned over
      said slide in-line with said annular locking groove and adjacent said
      expulsion charge, an annular compliant member peripherally attached
      thereto and in contact with the inside wall surface of said round, said
      plate being laterally displaced so that the inside surface of said axial
      bore of said plate engages said annular locking groove thereby preventing
      the lateral movement of said slide when said round is placed in said
      extended-range mode.
NUM  4.
PAR  4. A settable warhead burst range selector as recited in claim 1 wherein
      the delay means comprises:
PA1  a tubularly shaped slide having a closed end which has a plurality of
      locking steps peripherally positioned thereon and an open end, a central
      bore, a plurality of flash ports which communicate with said central bore
      positioned along said slide relative to the length of said steps; and
PA1  a pyrotechnic delay mixture contained within said central bore.
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ABST
PAL  An apparatus for loading an artillery piece, particularly a heavy artillery
      piece, includes a loading tray connected to the elevating mass of the
      artillery piece and mounted for selective displacement between a loading
      position and a ramming position. A loading table is provided for
      supporting a plurality of shells in side-by-side relation to one another,
      and an elongated loading trough separate from the table and tray is
      disposed therebetween. Operator means are provided to cause a shell to
      roll from the table into the trough so that the weight of the shell causes
      the trough to pivot into an inclination which corresponds to that of the
      loading tray, and the trough is then laterally tilted to roll the shell
      out of said trough and onto the loading tray when the tray is in its
      loading position, whereafter the loading tray is displaced to its ramming
      position.
BSUM
PAR  The present invention relates to a device for loading an artillery piece,
      particularly a heavy field artillery piece, utilizing a loading tray that
      can be swung between a loading position and a ramming position, which is
      connected with the elevating mass of the piece, a shell and a cartridge
      case then being conveyed separately for ramming simultaneously.
PAR  When loading field artillery pieces, the various operations involved in the
      loading are carried out manually, to a great extent. Particularly in the
      case of heavy artillery, the manual loading work is heavy and
      time-consuming, which imposes a certain limitation on both the rate of
      fire and the capability of maintaining fire. Further, the crew must be
      behind and in the immediate vicinity of the piece when ramming takes
      place, which is very unsatisfactory from the point of view of safety.
PAR  The purpose of the invention is, through mechanization of the loading
      procedure, to increase the rate of fire and the capability of maintaining
      fire of artillery pieces, and to reduce the risks of injuries in
      connection with the loading.
PAR  The loading procedure according to the invention is mainly characterized in
      that the shell is rolled laterally from a loading table connected to the
      traversing parts of the piece down into a loading trough arranged at the
      loading table and separate from the loading tray, which is supported
      coaxially on the elevating trunnions of the piece via a balancing device
      which, when the loading trough is empty, holds the side of the trough
      facing the loading table on a level with the table, that the loading
      trough by the weight of the shell and counteracting the balancing device
      is pressed downwards at its rear end against a stop arranged on the
      elevating mass which determines an inclined position of the loading trough
      in which the loading trough will be set parallel to the loading tray, and
      that thereafter the loading trough by means of an associated control
      member is given a tilting movement which causes the shell to roll over
      sidewise into the loading tray.
PAR  A device for carrying out said procedure is mainly characterized in that a
      loading trough separate from the loading tray is supported coaxially on
      the elevating trunnions of the piece via a balancing device which, when
      the loading trough is empty, holds the side of the loading trough facing
      the loading table adjacent to and at the level of the table, that the
      loading trough is arranged to receive the shell when this is rolled down
      laterally from the table, and is made so that it can be tilted in its
      transverse direction in order to enable the shell to roll over laterally
      from the loading trough to the loading table.
DRWD
PAR  The loading device according to the invention is described in more detail
      with reference to the attached drawings, in which
PAR  FIG. 1 shows a plan view, from above, of the loading device mounted on a
      field artillery piece,
PAR  FIG. 2 is a view in perspective of the loading device with certain parts
      shown in an X-ray view,
PAR  FIGS. 3 and 4 are cross sections of the device shown in FIG. 2, and
PAR  FIGS. 5 and 6 are a perspective view and a side view, respectively, of the
      loading trough comprised in the loading device.
DETD
PAR  FIG. 1 shows the right, rear part of a field artillery piece on a wheeled
      carriage, comprising a wheel 1 and a carriage trail 2. The corresponding
      left wheel and carriage trail have been omitted for want of space. Other
      parts of the piece which are shown are the breech ring 3 with a
      hydraulically operated rammer 4. The center line of the elevating
      trunnions is designated 5. The loading device is placed at the right side
      of the breech ring 3, and comprises a loading table 6 on which, as
      illustrated, three shells 7 have been placed, a loading trough 8 having a
      semicircular cross section with a shell thereon, and a loading tray 9
      carrying both one shell at the forward end of the tray and one cartridge
      case 10 at the rearward end of the tray, i.e. a complete round. The
      loading tray 9 is provided with parallelogram suspension consisting of two
      swinging arms 11 supported at the right beam of the cradle. The loading
      tray 9 thereby participates in the elevating movement of the cradle around
      the axis 5, and thus always has an inclination corresponding to the angle
      of elevation. With the aid of the swinging arms 11, the loading tray 9 can
      be displaced from the loading position shown in solid lines to the ramming
      position shown in dash lines, and the displacement of the loading tray
      between these positions is achieved by means of well-known hydraulic
      operating members, not shown.
PAR  The loading table 6, the design of which is shown more clearly in FIGS.
      2-4, constitutes a supporting surface for three shells. It consists of a
      plate which is generally horizontal, seen viewed in the longitudinal
      direction of the gun, and which is provided with a device for feeding the
      shells one step at a time, as will be described in more detail in the
      following. In order to facilitate the feeding of the shells, the loading
      table is inclined approx. 10.degree. towards the loading trough 8.
PAR  The feeding device comprises two shafts 12 (see FIGS. 2 and 3), which are
      rotatably supported under the loading table 6. Each shaft 12 is provided
      with a first series of cams 13 and a second series of cams 14. The second
      cams 14 are displaced at a 90.degree. angle in relation to the first cams
      13. The loading table is provided with slots 15, corresponding to the cams
      13, 14. The shafts 12 can be rotated by means of a control rod 16, which
      is provided with pins 17, which coact with levers 18, provided with slots
      and arranged on the shafts 12. The control rod 16 is provided with a
      handle 19, which by means of the feeding device can be operated by a
      loader, who has his position on a seat 20 (FIG. 1), as will be described
      in the following.
PAR  The loading trough 8, which is shown in FIGS. 5 and 6, is rotatably
      supported via fastening arms 8a, 8b, on a shaft 21, which is extended to
      form a handle 22. The turning movement of the loading trough is locked by
      means of a locking device 23, which via an actuating mechanism 24 can be
      controlled by means of a push button 25 placed at the end of the handle
      22. The loading trough is supported on a pendulum arm 26, which is
      rotatable around a support 27, which is coaxial with the trunnion center 5
      of the piece (FIG. 1). The pendulum arm 26 is spring-actuated by a spring
      28, which is is arranged that the loading trough 8, when empty, assumes
      the position shown in FIGS. 2-4 at the level of the loading table 6, and
      when loaded with a shell swings down to the position shown in FIG. 5,
      where the movement of the arm 26 is halted by a stop in the form of a
      rubber pad 29. The pad 29 is arranged on the elevating mass of the piece,
      and thus the loading trough is always stopped in the correct position in
      relation to the loading tray 9, regardless of the angle of elevation of
      the piece. The loading trough is then arranged in such a way in relation
      to the loading tray that when the tilting movement is carried out by means
      of said handle 22 it will assume a position adjacent to the loading tray 9
      so that the shell placed in the loading trough 8 will be rolled over
      laterally into the loading tray 9.
PAR  The loading device described above functions in the following way.
PAR  When the handle 19 is pulled out to the position shown in FIG. 2, the cams
      13 are turned down, at the same time as the cams 14 are turned up. The
      shell located nearest the loading trough 8 then falls down into the
      trough, while the other two shells are stopped in an intermediate position
      by the cams 14 (FIG. 4). The handle 19 is thereafter pushed back, and the
      cam 13, 14, return to the positions shown in FIG. 3, and the shells on the
      loading table 6 roll down until they are stopped by the cams 13.
      Thereafter, a further shell can be placed on the loading table 6.
PAR  When a shell 7 rolls down into the loading trough 8, as shown in FIG. 4,
      trough 8 swings down, under the influence of the weight of the shell,
      until it is stopped by the pad 29 at the level of the loading tray, on
      which a cartridge case 10 has been placed. The cartridge cases are loaded
      onto the loading tray 9 manually by a second loader.
PAR  The loader on the seat 20 thereafter releases the catch 23 by pushing the
      button 25, and with the aid of the handle 22 turns the loading trough 8
      around the shaft 21, so that the shell is tipped over into the loading
      tray 9. The loading trough is turned up again through the action of the
      spring 28, and is turned back by the loader to the starting position and
      is blocked by means of the catch 23. The loading tray is thereafter ready
      to receive a new shell from the loading table 6.
PAR  As soon as the shell has been tipped over from the loading trough 8 to the
      loading tray 9, and a shell together with a cartridge case 10 has been
      placed therein, the loading tray with the complete round is swung to the
      ramming position, as shown by the dash lines in FIG. 1. The rammer 4 is
      activated and rams the round, after which the empty loading tray 9 returns
      to the starting position. The procedure described above can thereafter be
      repeated.
PAR  The use of the loading device described above facilitates the manual
      loading work considerably. The endurance of the crew is thereby increased
      to such a high degree that there will be factors other than the endurance
      of the personnel that will determine the capability of the artillery piece
      of maintaining firing.
PAR  The invention is not limited to the embodiment shown above as an example,
      but can also be subject to modifications within the scope of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for loading an artillery piece, particularly a heavy artillery
      piece, comprising a loading tray connected to the elevating mass of the
      artillery piece and mounted at the rear end of said artillery piece
      directly adjacent one side of said elevating mass for selective
      displacement between a loading position and a ramming position, an
      elongated loading trough separate from said loading tray mounted along the
      side of said loading tray which is positioned outwards of said elevating
      mass, a separate generally horizontal loading table mounted along the side
      of said loading trough which is positioned outwards of said loading tray,
      the forward ends of said trough, tray, and table being generally in
      alignment with one another, the rearward ends of said trough and table
      also being generally in alignment with one another, said loading tray
      being significantly longer than said trough and table whereby said tray
      defines a forward portion for receiving a shell and an integral rearward
      portion extending rearwardly of the aligned rearward loads of said trough
      and table for receiving a cartridge case, said loading table having
      selectively releasable latching means for maintaining and supporting a
      plurality of shells in side-by-side relation to one another in a generally
      horizontal plane, said generally horizontal table being slightly inclined
      toward said trough, means for supporting said trough coaxially on the
      elevating trunnions of the artillery piece for selectively pivotal motion
      about an axis extending in a direction transverse to the direction of
      elongation of said trough and located forward of the generally aligned
      forward ends of said trough, tray, and table, said trough supporting means
      including a balancing device which is operative, when the trough is empty,
      to hold the trough at a starting position wherein the side of the trough
      outwards of said loading tray and adjacent to the loading table is
      substantially level with the lowermost edge of said inclined table, said
      trough support means being arranged, when a shell is placed in said tray,
      to cause the weight of the shell to counteract the balancing device and to
      effect a pivotal motion of said trough about said axis in the lateral
      region between said table and the forward portion of said tray thereby to
      cause the trough to assume an inclination in its direction of elongation
      which corresponds to the inclination of said loading tray, means for
      selectively releasing said latching means to cause a shell to roll along
      said generally horizontal plane downwardly from said table into said
      trough when said trough is empty thereby to effect said pivotal motion of
      said trough, means for laterally tilting said trough about its axis of
      elongation when a shell is in said trough thereby to roll said shell
      laterally out of the side of said trough which is adjacent to said tray
      and onto said forward portion of said loading tray when said tray is in
      its loading position, and means for thereafter moving said loading tray
      from its loading position to its ramming position.
NUM  2.
PAR  2. A device according to claim 1 wherein the loading trough has a cross
      section in the form of a semicircle, the loading trough being fastened to
      a rotatably supported shaft via fastening arms which extend between said
      shaft and the envelope surface of the loading trough.
NUM  3.
PAR  3. A device according to claim 2, wherein said shaft has one end bent to
      serve as a handle which extends substantially at right angles to the other
      parts of the shaft, the loading trough being so arranged on said fastening
      arms that the lateral tilting movement of said trough is achieved by
      turning the shaft by means of the handle.
NUM  4.
PAR  4. The device of claim 1 including spring means for pivotally returning
      said trough to its starting position after a shell has been rolled out of
      said trough.
NUM  5.
PAR  5. The device of claim 1 including stop means on the elevating mass of the
      artillery position for limiting the pivotal motion of said trough.
NUM  6.
PAR  6. The device of claim 1 wherein said means for selectively releasing said
      latching means is manually operative.
NUM  7.
PAR  7. The device of claim 1 wherein said means for laterally tilting said
      trough comprises a manually operative handle.
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ABST
PAL  A hold-off resilient member for resisting movement of a plunger caused by
      an input force. The plunger initially moves a first control valve to
      permit air to enter a servomotor and develop an operational pressure
      differential in response to the input force. Further movement of the
      plunger will axially compress the resilient member as a function of input
      force to output force causing its peripheral surface to radially expand
      and actuate a second control valve. The actuation of the second control
      valve will permit air above atmospheric pressure to develop the
      operational pressure differential in response to the input force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Car manufacturers in the United States are currently trying to reduce the
      overall weight of vehicles in an effort to increase the overall efficiency
      of fuel consumption at the same time safety bumpers, emission controls,
      roll bars and other safety features tend to nullify the other weight
      savings.
PAR  The emission controls have greatly reduced the production of vacuum at the
      intake manifold to an extent that the creation of an operational pressure
      differential with air at atmospheric pressure in a brake actuation
      servomotor can be insufficient to stop the vehicle.
PAR  In U.S. Pat. Re. No. 28,191, incorporated herein by reference, it is
      disclosed how air above atmospheric pressure and vacuum can be presented
      to a servomotor for the creation of an operational braking force. However,
      under test conditions it has been determined that air at atmospheric
      pressure and vacuum are present in a sufficient intensity to stop most
      vehicles during normal braking.
PAR  In U.S. Pat. No. 3,780,620, incorporated by reference, it is disclosed how
      a servomotor may be sequentially presented with air at atmospheric
      pressure and air above atmospheric pressure by a selected position
      actuated valve operated by engagement with a plunger. In this servomotor,
      the air above atmospheric pressure is directly communicated to the rear
      chamber. In the event that the valve is repeatedly oscillated by an
      operator within a short period of time, it is possible to deplete the
      source of vacuum and thereby eliminate the effectiveness of the sevomotor
      in a braking situation.
PAR  In U.S. application Ser. No. 428,495, now U.S. Pat. No. 3,880,049
      incorporated herein by reference, it is disclosed how a control plunger
      may sequentially be positioned to operate a first valve and a second valve
      in response to an input force. With such a device, it is possible upon an
      initial application of an input force to bypass the first valve resulting
      in air above atmospheric pressure rapidly creating the operational
      pressure differential. However, during such a rapid pressure differential
      it is difficult to maintain a uniform braking force which provides a
      comfortable deceleration for most vehicle occupants.
PAC  SUMMARY OF THE INVENTION
PAR  We have devised a pressure differential servomotor having a plunger
      responsive to an input force for initially actuating a first control valve
      and later a second control valve to meet a greater braking demand. The
      servomotor has a first hub means wherein the first control valve means is
      located and a second hub means wherein the second control valve means is
      located. The plunger means has a guide surface located in the second hub
      means on which deformable resilient means is located. The deformable
      resilient means will provide a resistive force to the movement of the
      plunger by the input force by axially contracting while radially
      expanding. When the radial expansion reaches a predetermined dimension,
      the second valve means will be actuated to permit air above atmospheric
      pressure to create the operation pressure differential for the servomotor.
PAR  It is therefore an object of this invention to provide a servomotor with
      actuation control means whereby the development of pressure differential
      is initially regulated between air and vacuum by a first valve until the
      input force is equal to a predetermined function of the output force. This
      input force will be sufficient to radially expand a deformable resilient
      means which will actuate a second valve. With the second valve actuated,
      air above atmospheric pressure and vacuum can develop the pressure
      differential.
PAR  It is another object of this invention to provide a servomotor having a
      plunger means which actuates a plurality of control valves with hold-off
      means to sequentially control the actuation as a function of input force
      to output force.
PAR  It is a further object of this invention to provide a servomotor with a
      deformable resilient means whose axial and radial dimensional changes are
      proportional to input force with respect to output force, to actuate a
      control valve for supplying air above atmospheric pressure to create an
      operational pressure differential for a servomotor.
DRWD
PAR  These and other objects will become apparent from reading this
      specification and viewing the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic illustration of a brake system having a servomotor
      with a hold-off means for regulating the operation of a control means
      which sequentially presents air at atmospheric pressure and air above
      atmospheric pressure for the creation of a pressure differential with
      vacuum to operate a brake actuator in response to an input force.
PAR  FIG. 2 is an enlarged segmental view of FIG. 1 showing the hold-off means
      for actuation of the valve which controls the air above atmospheric
      pressure.
PAR  FIG. 3 is an enlarged segmental view of FIG. 1 showing the air valve
      actuated by the deformation of the hold-off means.
PAR  FIG. 4 is an enlarged segmental view of another embodiment of a deformable
      hold-off means for actuating the air above atmospheric pressure control
      valve.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The vehicle braking system 12 shown in FIG. 1 consists of a servomotor 14
      attached to a master cylinder 16 for supplying pressurized hydraulic fluid
      to wheel cylinders 18 of the front brakes 20 and to wheel cylinders 22 of
      the rear wheel brakes 24 in response to an operator input to brake pedal
      26.
PAR  The servomotor 14 has a front shell 28 joined to a rear shell 30 by a twist
      lock connection 32. The twist lock connection 32 holds external bead 34 of
      diaphragm 36 in a sealed condition. The diaphragm 36 and backing plate 38
      form a wall means 37 which separates the interior of the servomotor into a
      front chamber 40 and a rear chamber 42. The backing plate 38 has a tubular
      section 44 which is located on a guide surface 47 of a first hub means 48.
      The backing plate 38 has an annular ring 50 attached thereto for radially
      holding the internal bead 52 of the diaphragm 36 on ledge 54 of the first
      hub means 48. Threaded section 55 fastens a second hub means 46 to the
      first hub means 48 and in doing so acts on end 58 of the tubular section
      44 to axially seal bead 52 against shoulder 60 on the first hub means 48.
PAR  The first hub means 48 has a housing 62 with a rearward projection which
      extends through the rear shell 30. The housing 62 has a first passage 64
      which connects the front chamber 40 with axial bore 66. A second passage
      68 located inwardly from a vacuum seat 70, which connects the axial bore
      66 with the rear chamber 42. A third passage 72 connects the axial bore 66
      with the atmosphere. The housing 62 has a rib 74 adjacent the end thereof
      for establishing an air above atmospheric pressure seat.
PAR  The second hub means 56 has an axial bore 76 with a concentric chamber 78.
      The chamber 78 is connected to a source 82 of air above atmospheric
      pressure through the entrance port 80 and conduit 84. The conduit 84 is
      coiled around return spring 87 to prevent interference upon movement of
      the wall means 37.
PAR  A first valve means 86 which is located in the axial bore 62 of the first
      hub means 48 consists of an annular poppet member 88 which is attached to
      a flexible tubular portion 90. The tubular portion 90 has a thickened end
      92 which is fixed in the bore 66 by retainer 94. Thus, the poppet member
      88 is free to move axially within the bore 66. A first spring 96 which is
      located between the poppet member 88 and stop 98 on push rod 100 urges the
      poppet member toward rib or vacuum seat 70 on the housing 62. A second
      spring 104 located between the retainer 94 and the stop 98 urges
      atmospheric seat 106 on the plunger means 108 toward the poppet member 88
      to prevent air at atmospheric pressure from entering the second passage 68
      in the first hub means 48.
PAR  The plunger means 108 has a cylindrical body 110 with a guide surface
      section 112 separated from the atmospheric seat section 106 by a shoulder
      114. The cylindrical body has an axial bore 116 into which the spherical
      head 118 of the push rod 100 is retained. The guide surface section 112
      extends into the axial bore 76 of the second hub means 56. A reaction
      hold-off means 120 is located on the guide surface 112 to prevent the
      shoulder 114 of the plunger means 108 from actuating the second valve
      means 128.
PAR  The reaction hold-off means 120 consists of a tubular block 122 of a
      deformable rubber. The tubular block 122 has a rib 124 adjacent the
      shoulder 114 with a slant face 126 for engaging the second valve means
      128.
PAR  The second valve means 128 (see FIG. 2) is located in chamber 78 of the
      second hub means 56 to prevent air above atmospheric pressure from being
      communicated through the axial bore 66 to the second passage 68. The
      second valve means 128 includes a sleeve means 130 which has an inwardly
      projecting flange end 132 and an outwardly projecting flange end 134. The
      sleeve means 130 is carried on a bearing seal 136 which permits axial
      movement thereof. A spring 138 located in chamber 78 acts on the sleeve
      means 130 to urge the outward projecting flange 134 into a sealing
      relationship with rib 74.
PAR  A filter 132 is located on the push rod 100 between stop 98 and retainer
      means 135. The retainer means 135 has a series of varying length fingers
      137 and 139 to positively retain the filter 144 within the bore 66 without
      effecting the communication of air at atmospheric pressure from the third
      passage 72 to the second passage 68.
PAR  A boot means 140 has an external bead 142 which snaps into a groove 133 in
      the housing 62. A cap 146 is crimped onto the bead to positively retain
      the same in groove 133. An internal bead 148 is correspondingly positioned
      on the push rod 100. A skirt 150 extends from the external bead along the
      bore 66 past the third passage. The skirt 150 has a series of slits
      adjacent the third passage 72 to produce a check valve or flapper control
      valve. The flapper will allow air at atmospheric pressure to pass through
      the third passage 72 but will prevent air above atmospheric pressure from
      passing from bore 66 into the atmosphere.
PAC  MODE OF OPERATION OF THE PREFERRED EMBODIMENT
PAR  With the motor of the vehicle running, vacuum will be produced at the
      intake manifold 152. This vacuum will be communicated through conduit 154
      into the front chamber 40 of the servomotor 14. This vacuum will evacuate
      any air present in the rear chamber by way of the second passage 68, bore
      66, and first passage 64 to permit return spring 87 to hold the wall means
      37 against the rear shell 30.
PAR  Upon the operator desiring to stop the vehicle, an input force is applied
      to brake pedal 26. This input force is transmitted into linear movement as
      the pedal 26 pivots on pin 156. Initial movement of the push rod 100 will
      position the poppet member 88 on the vacuum seat 70 to interrupt
      communication of vacuum from the front chamber 40 to the rear chamber by
      the first passage 64. Further movement of the push rod 100 will move the
      atmospheric seat 106 on plunger means 108 away from the poppet member 88
      to allow air at atmospheric pressure to flow past flapper in the skirt 150
      of the boot means 140 into bore 66 and into the rear chamber 42 by way of
      the second passage 68.
PAR  With air at atmospheric pressure in the rear chamber 42 and vacuum in the
      front chamber 40, a pressure differential will be created across the wall
      means 37. This pressure differential will develop an operational force
      which will be transmitted through the tubular section 44 axially into the
      second hub means 56. As the operational force increases, the wall means 37
      will be correspondingly moved to relay an operational force through push
      rod 160 to actuate the master cylinder 16.
PAR  If the operational pressure differential between vacuum and air at
      atmospheric pressure is insufficient to produce an adequate braking force,
      further input will be applied to the brake pedal 26. This further input
      will move reaction hold-off means 120 into engagement with shoulder 162 of
      the second hub means 56. A portion of the input force applied to the brake
      pedal 26 will be absorbed in the tubular block 122. As the tubular block
      122 is compacted it is also radially expanded and will engage the inwardly
      projecting flange 132. As the tubular section decreases in axial dimension
      the radial dimension is proportionately increased, see FIG. 3. The flange
      132 will be picked up and moved as the tubular section 122 is compressed.
      The movement of flange 134 away from seat 74 to allow air above
      atmospheric pressure to enter the first bore 66 and pass into the rear
      chamber 42 through the second passage 68. The air above atmospheric
      pressure will act on flapper in skirt 150 to seal passage 72 and prevent
      the air above atmospheric pressure from escaping into the atmosphere.
PAR  With air above atmospheric pressure in the rear chamber 42 and vacuum in
      the front chamber 40, an operational pressure differential will be created
      to move the wall means 37 and operate the brake actuator.
PAR  Upon termination of the input force on the brake pedal, spring 138 will
      seat flange 134 on seat 74; spring 96 will hold the poppet 88 on
      atmospheric seat 106, and spring 104 will move the push rod 100 and
      attached plunger means 108 rearwardly until shoulder 114 engages ledge 115
      on the housing 62. In this position vacuum available in the front chamber
      40, will evacuate air from the rear chamber 42 to permit return spring 86
      to move wall means 37 into contact with the rear shell 30.
PAR  In case of a panic stop, when the operator applies a rapid input to the
      brake pedal 26, the reaction hold-off means 120 will absorb a portion of
      the input force to permit air at atmospheric pressure to enter into the
      rear chamber 42. In this manner, the second valve means 128 will not be
      activated until such time that the pressure differential between vacuum
      and air at atmospheric pressure is established.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a servomotor having a pressure responsive wall means for separating a
      front chamber from a rear chamber with a control means for sequentially
      presenting air at atmospheric pressure and air above atmospheric pressure
      from a source to the pressure responsive wall means to establish a
      pressure differential between the front chamber and the rear chamber for
      moving the pressure responsive wall means to produce an output force, and
      for delaying the communication of said air above atmospheric pressure to
      the pressure responsive wall means until a predetermined output force is
      developed from said air at atmospheric pressure, said control means
      comprising:
PA1  first hub means connected to said wall means having a rearward axial
      projection which extends through the rear chamber into the atmosphere,
      said rearward axial projection having a first axial bore with a first
      passage, a second passage and a third passage, said first passage being in
      communication with said front chamber, said second passage being in
      communication with the rear chamber and a third passage in communication
      with air at atmospheric pressure, said first axial bore having a first
      shoulder which separates the first passage from the second passage, said
      first shoulder having a first face adjacent the first passage and a second
      face adjacent the end of the first hub means, said first hub means having
      an annular horizontal projection extending from adjacent the first
      shoulder;
PA1  second hub means attached to said first hub means for holding the wall
      means in a fixed relationship with said first hub means, said second hub
      means having a second axial bore concentric to said first axial bore, said
      second hub means having a third axial bore concentric to and separated
      from said second axial bore by a second shoulder, said third axial bore
      having a fourth passage in communication with air above atmospheric
      pressure;
PA1  plunger means having a cylindrical body with first surface located in said
      second axial bore, a second surface having a peripheral surface
      substantially equal to the first axial bore and a third surface having a
      peripheral surface smaller than said first shoulder in the first axial
      bore, said cylindrical body having a spherical recess for retaining an
      input rod from an actuator, said plunger means having a third shoulder
      between the first and second surfaces on the cylindrical body;
PA1  first valve means located in said axial bore for regulating the
      communication between the first passage and the first axial bore;
PA1  first resilient means for urging said first valve means into contact with
      said third surface of the plunger means to permit vacuum present in the
      front chamber to be communicated to the rear chamber through the first and
      second passages;
PA1  second valve means located in said third axial bore for regulating the
      communication between the fourth passage and the first axial bore;
PA1  second resilient means for urging said second valve means into contact with
      said annular horizontal projection to prevent communication of air above
      atmospheric pressure into the first bore;
PA1  third resilient means for urging said push rod and attached plunger means
      toward said first valve means and for positioning said second surface of
      the plunger means on the second face of the first shoulder of the first
      hub means;
PA1  check valve means associated with the first axial bore to prevent
      communication of air above atmospheric pressure to the atmosphere through
      the third passage; and
PA1  deformable means connected to said plunger means and normally disengaged
      from said second valve means for radially expanding and axially
      compressing as a function of input force to output force to proportionally
      engage and actuate said second valve means to allow air above atmospheric
      pressure to be presented to said pressure responsive wall means.
NUM  2.
PAR  2. In the servomotor, as recited in claim 1, wherein said deformable means
      includes:
PA1  a tubular body located on said first surface of the plunger means, said
      tubular body being axially compressed between said second shoulder on the
      second hub means and said third shoulder on the plunger means to produce
      the radial expansion for actuation of the second valve means.
NUM  3.
PAR  3. In the servomotor, as recited in claim 2, wherein said deformable means
      includes:
PA1  a rib located on said tublar body adjacent said third shoulder having a
      sloping face thereon extending the second shoulder for establishing an
      axial component from said radial expansion to accelerate the actuation of
      said second valve means.
NUM  4.
PAR  4. In the servomotor, as recited in claim 3, wherein said push rod means
      sequentially moves from a rest position to a first position, to permit the
      first resilient means to seat the first valve means on the first face and
      prevent vacuum communication through the first passage to the first axial
      bore, from the first position to a second position to permit air at
      atmospheric pressure to be communicated through said check valve means
      into the rear chamber to establish an operational pressure differential,
      from the second position to a third position to bring the tubular body of
      the deformable means into contact with the second shoulder of the second
      hub means and from a third position to a fourth position to develop said
      radial expansion for actuating the second valve means for response to an
      input force.
NUM  5.
PAR  5. In a servomotor having control means for sequentially presenting air at
      atmospheric pressure and air above atmospheric pressure to a pressure
      responsive wall means to establish a pressure differential between a front
      chamber and a rear chamber which will move the wall means and create an
      output force, said control means comprising:
PA1  first hub means having a first axial bore with a first passage connected to
      the front chamber, a second passage connected to the rear chamber, and a
      third passage connected to the atmosphere;
PA1  second hub means attached to the first hub means having a second axial bore
      extending from the first axial bore, and a fourth passage connecting the
      first axial bore with a source of air above atmospheric pressure;
PA1  plunger means having a cylindrical body with a guide surface located in
      said second axial bore, said guide surface being separated from an
      atmospheric seat surface by a shoulder;
PA1  first valve means located in said first axial bore for regulating the
      communication of vacuum between the front chamber and the axial bore
      through the first passage;
PA1  second valve means located in said fourth passage for regulating the
      communication of air above atmospheric pressure into the first axial bore;
PA1  resilient means normally disengaged from said second valve means and
      located on said guide surface of the plunger means adjacent said shoulder
      for delaying the actuation of said second valve means until a
      predetermined reactive force is developed between an input force and said
      output force;
PA1  check valve means connected to said third passage for preventing air above
      atmospheric pressure from being communicated to the atmosphere from the
      first axial bore; and
PA1  push rod means responsive to said input force for moving said plunger means
      which actuates said first valve means to interrupt the vacuum
      communication through the first passage and permit air at atmospheric
      pressure to enter the rear chamber through the second passage and
      establish said pressure differential, said push rod means further moving
      said plunger means causing said resilient means to engage the second hub
      means, saiad resilient means upon the engagement with the second hub means
      resisting the movement of the plunger means as a function of the output
      force created by the pressure differential across the pressure responsive
      wall means by radially expanding and axially compressing to engage and
      actuate the second valve means and permit air above atmospheric pressure
      to proportionally enter the rear chamber through the second passage and
      establish the pressure differential.
NUM  6.
PAR  6. In the servomotor, as recited in claim 5, wherein said resilient means
      includes:
PA1  a tubular body located on said guide surface whose peripheral dimension is
      proportionally increased with an axial dimension decrease in response to
      being compressed by opposing the movement of the plunger means.
NUM  7.
PAR  7. In the servomotor, as recited in claim 6, wherein said resilient means
      further includes:
PA1  a rib located on the tubular body adjacent the shoulder of the plunger
      having a sloped face thereon to provide an axial and radial force for
      actuating the second valve means.
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ABST
PAL  A motor vehicle fluid power circuit is disclosed in which a pump driven by
      the engine of the vehicle assists the operator in braking the vehicle and
      in steering the vehicle. The circuit includes a pump, a brake booster, and
      a steering valve. A valve spool throttles fluid flow from the pump to the
      steering valve to maintain the outlet pressure of the pump at least a
      predetermined pressure differential above the working pressure of the
      brake booster. The brake booster includes a shut-off means which
      hydraulically isolates the pressure side of the pump from the brake
      booster when the brake booster reaches a predetermined shut-off pressure
      which is less than the relief pressure of the pump relief valve so that
      operation of the brake booster cannot actuate the relief valve of the
      pump.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to the copending U.S. Pat. No. application of James P.
      Baker, Ser. No. 379,319, filed July 16, 1973 and assigned to the assignee
      of this application, and to the copending U.S. Pat. application, now U.S.
      Pat. No. 3,898,809 of James P. Baker, Ser. No. 419,999, filed Nov. 29,
      1973, both of which are assigned to the assignee of this application and
      both of which are incorporated in this application by reference as though
      fully reprinted herein.
PAR  Reference is also made to the copending U.S. Pat. application, now U.S.
      Pat. No. 3,834,162 of Frederick D. Keady, Ser. No. 353,248, filed Apr. 23,
      1973 assigned to the assignee of this application.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a hydraulic fluid power circuit, and
      more particularly to a motor vehicle hydraulic fluid power circuit having
      a hydraulic pump for supplying fluid to assist the operator in steering
      and breaking the vehicle.
PAR  Motor vehicles are frequently provided with a hydraulic pump which is
      driven by the engine of the vehicle to provide a source of fluid power. In
      passenger cars, this fluid power is frequently used to assist the operator
      in steering the vehicle. Because of increasing automobile braking
      performance requirements and because of a decreasing ability of intake
      manifold vacuum braking systems to provide that performance, it has been
      suggested to use the fluid power of the engine driven hydraulic pump to
      assist the operator in braking the vehicle, as well as to assist the
      operator in steering the vehicle.
PAR  The hydraulic pumps which are used in such systems include a relief valve
      which is generally internal and which connects the outlet of the pump to
      the inlet of the pump at a relief pressure to prevent excessive pressures
      in the system. If the working pressure of the brake booster reaches or
      exceeds the relief pressure of the pump relief valve, the pump relief
      valve will be actuated and the output flow from the pump will thereby be
      decreased to substantially zero. This terminates flow of fluid to the
      steering valve with the undesirable result of terminating the power
      steering assist for the operator until the brake booster working pressure
      decreases to a pressure below the relief pressure of the pump relief
      valve.
PAR  To limit the working pressure of the brake booster to a pressure less than
      the relief pressure of the pump relief valve in order to prevent this from
      happening, it is disclosed in the above referenced U.S. Pat. applications,
      Ser. Nos. 379,319 and 419,999 of James P. Baker that the brake booster
      power chamber can be connected to drain to prevent the working pressure of
      the brake booster from reaching or exceeding the pump relief pressure.
      Although the structure disclosed in these two United States patent
      applications overcomes the problem of the brake booster working pressure
      exceeding the pump relief pressure and thereby terminating flow to the
      steering valve, this structure has the disadvantage that some of the
      output of the pump is wasted because it is connected back to the drain
      line through the brake booster.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a fluid power circuit for a motor vehicle
      for assisting the operator in steering and braking the vehicle. The brake
      booster power chamber is hydraulically isolated from the pump when the
      pressure in the power chamber reaches a predetermined shut-off pressure
      which is less than the pump relief pressure, so that operation of the
      brake booster cannot actuate the pump relief valve to terminate flow of
      fluid to the steering valve.
PAR  More specifically, the present invention provides a motor vehicle fluid
      power circuit which includes a pump driven by the engine of the vehicle, a
      steering valve, and a brake booster. The pump has an inlet, an outlet, and
      a relief valve for hydraulically connecting the pump inlet to the pump
      outlet at a relief pressure. The brake booster has a power chamber, and
      the pump outlet is hydraulically connected to both the steering valve and
      the power chamber. Shut-off means hydraulically isolates the pump outlet
      from the power chamber when the fluid pressure in the power chamber
      reaches the predetermined shut-off pressure, which is less than the pump
      relief pressure. This prevents further flow of fluid from the pump to the
      brake booster so that the entire output of the pump is available to the
      steering valve when the power chamber pressure reaches the shut-off
      pressure.
PAR  Still more specifically, the brake booster includes first valve means for
      opening and closing fluid pressure communication between the fluid power
      chamber and the pump inlet and second valve means for opening and closing
      fluid pressure communication between the fluid power chamber and the pump
      outlet. The shut-off means includes a rod mechanically connecting the
      first and second valve means, and the rod has one end exposed to pressure
      in the power chamber so that the rod closes the second valve means when
      the fluid pressure in the power chamber reaches the predetermined shut-off
      pressure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other aspects and advantages of the present invention are
      incorporated in the preferred embodiment of the invention shown in the
      drawings wherein:
PAR  FIG. 1 is a schematic circuit diagram of a motor vehicle fluid power
      circuit according to the principles of the invention, with the brake
      booster shown in cross-section; and
PAR  FIG. 2 is an enlarged cross-sectional view of a portion of the brake
      booster shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  A. Structure
PAR  Referring now to the drawings in greater detail, the circuit shown in FIG.
      1 includes a hydraulic pump 11 providing a source of fluid power for the
      circuit. The pump 11 is driven by the engine of the motor vehicle (not
      shown), and in the preferred embodiment the pump 11 is a constant
      displacement pump having an output of 2.5 gallons per minute and is of the
      type commonly used in motor vehicle power steering systems at the present
      time. The pump 11, in a well known manner, includes an internal relief
      valve which connects the outlet of the pump to the inlet of the pump when
      a predetermined maximum pressure is reached to prevent damage to the pump
      or to the remainder of the circuit. In the embodiment shown in FIG. 1, the
      internal relief pressure of the pump 11 is set at 1200 p.s.i.
PAR  A suitable line 12 carries the entire output of the pump 11 to a brake
      booster 13. The brake booster 13, as discussed in detail below uses no
      fluid whatsoever from the pump 11 except during brake actuation movement.
      Fluid from the pump 11 which is not used by the brake booster 13 flows to
      a steering valve 14 through a line 15. Drain lines 16 and 17 provide a
      return flow path to the pump 11 from the steering valve 14 and brake
      booster 13, respectively.
PAR  The steering valve 14 is of the type conventionally used in automobiles at
      the present time. The steering valve 14 directs the fluid which it
      receives back to the pump 11 through drain line 16 when the steering valve
      is in its neutral or center position. When fluid from the pump 11 is
      required to assist in the steering of the vehicle and the steering valve
      14 is displaced from its center position, the steering valve 14 directs at
      least some of the fluid received through the line 15 to a fluid motor (not
      shown) of the motor vehicle power steering system in a well known manner.
PAR  The brake booster 13 includes a generally cylindrical axially extending
      housing 20. An annular mounting flange 21 is provided on the right end of
      the housing 20 for securing the brake booster 13 to a firewall (not shown)
      of the motor vehicle. The brake booster 13 is interposed between a
      foot-operated brake pedal (not shown) of the motor vehicle and a master
      cylinder 22 of the motor vehicle to assist the operator in the application
      of the brakes in a manner discussed in detail below.
PAR  The housing 20 includes an inlet port or pump port 26 which is
      hydraulically connected to the line 12 to receive the entire output of the
      pump 11 under all conditions. A first outlet port or steering valve port
      27 is hydraulically connected to the line 15 to supply the fluid from the
      pump 11 which is not used by the brake booster 13 to the steering valve
      14. As described in greater detail below, the brake booster 13 allows the
      entire output of the pump 11 to be supplied to the steering valve 14
      except during brake actuation movement of the brake booster 13. A second
      outlet port or drain port 28 is hydraulically connected to the line 17 to
      return the fluid which is used by the brake booster 13 during brake
      actuation movement to the inlet of the pump 11 upon brake release. A power
      chamber port 25 leads to the power chamber of the brake booster 13 as
      described below. As shown in FIG. 1, the pump port 26 is disposed between
      the steering valve port 27 and the power chamber port 25.
PAR  As further shown in FIG. 1, a bore 30 extends axially through the housing
      20. An input rod 31 is slidably disposed in the right end of the bore 30,
      and a connecting rod 32 is secured to the input rod 31 by a suitable
      retaining ring to connect the brake pedal (not shown) to the input rod 31.
      A seal 33 prevents fluid leakage between the input rod 31 and the right
      end of the bore 30, and a snap ring 34 prevents the input rod 31 from
      being pulled out of the right end of the bore 30. A suitable dust cap 35
      is also provided to prevent dust or other contaminants from entering the
      right end of the bore 30.
PAR  An axially extending outlet passage 39 extends from one end of the input
      rod 31, and a radial passage 40 establishes open fluid pressure
      communication between the outlet passage 39 and the outlet port 28. An
      annular end portion 41 of the input rod 31 surrounds the passage 39 and
      provides an annular valve seat as described in greater detail below. A
      suitable seal 42 prevents fluid leakage between the bore 30 and the left
      end of the input rod 31.
PAR  A power piston 47 is also slidably disposed in the bore 30. A first seal 48
      and a second seal 49 prevent fluid leakage between the power piston 47 and
      the bore 30. An output rod 50 is secured to the left end of the power
      piston 47 for exerting a force on the master cylinder 22 to which the
      brake booster 13 is connected. In the embodiment shown in FIG. 1, the
      output rod 50 is shown schematically as a separate piece from the power
      piston 47, but the output rod 50 could alternatively be made as a single
      piece with the power piston 47. The right end of the power piston 47
      cooperates with the bore 30 to define a power chamber 51. A return spring
      52 urges the power piston 51 to the right to the position shown in FIG. 1.
PAR  A blind axial passage 56 extends from the right end of the power piston 47,
      and a valve seat 57 is disposed in the axial passage 56 for movement with
      the control spool 47. A poppet 58 is slidably disposed in the axial
      passage 56, and a light biasing spring 59 urges the poppet 58 to the right
      as viewed in FIG. 1 so that the engages the valve seat 57 when the brake
      booster 13 is deactuated to hydraulically isolate the power chamber port
      25 and power chamber inlet passage 63 from the power chamber 51.
PAR  A connecting rod 64 is slidably disposed in an axial center bore in the
      poppet 58. Because there is no seal in the axial center bore in the poppet
      58, the left end face of the connecting rod 64 is exposed to the fluid
      pressure of the power chamber 51 under all conditions. The right end of
      the connecting rod 64 slidably carries a poppet 65 which cooperates with
      the valve seat 41 for opening and closing fluid pressure communication
      between the power chamber 51 and the inlet of the pump 11 through the
      drain port 28. A spring 66 extends between the poppets 58 and 65.
PAR  The structural details of the poppet 65 are shown in FIG. 2. A seal 67 on a
      reduced diameter end of the connecting rod 64 prevents fluid leakage
      between the connecting rod 64 and the poppet 65. A retaining ring 68 is
      mechanically secured to the poppet 65 for movement therewith to retain the
      poppet 65 on the right end of the connecting rod 64 while permitting
      relative movement between the connecting rod 64 and poppet 65.
PAR  As described below, the valve seat 41 and poppet 65 provide a first valve
      means for opening and closing fluid pressure communication between the
      power chamber 51 and the inlet or drain side of the pump 11, and the valve
      seat 57 and poppet 58 provide a second valve means for opening and closing
      fluid pressure communication between the power chamber 51 and the outlet
      or pressure side of the pump 11. The spring 66 prevents relative movement
      between the poppet 65 and the poppet 58 under normal operating pressures
      in the power chamber 51, and the spring 66 permits relative movement
      between the poppets 65 and 58 in the event the pressure level in the power
      chamber 51 exceeds the predetermined shut-off pressure.
PAR  A control spool 69 is slidably disposed in a bore 70 in the housing 20 and
      is spring-biased to the left from the position shown in FIG. 1 by a coil
      spring 71. Annular grooves 72 and 73 define a throttling land 74 on the
      control spool 69, and the land 74 throttles fluid flow from the pump 11 to
      the steering valve 14 and maintains the outlet pressure of the pump 11 at
      at least a predetermined pressure differential above the working pressure
      of the brake booster fluid power chamber 51 in a manner described below. A
      stop member 75 is also disposed in the bore 70 to limit movement of the
      control spool 69 to the right as viewed in FIG. 1.
PAR  A passage 76 extends through the control spool 69 and communicates the
      pressure in the inlet port 26 (which is the same as the outlet pressure of
      the pump 11) to the left end face of the control spool 69. A passage 77 in
      the housing 20 establishes fluid pressure communication between the power
      chamber 51 and the right end face of the control spool 69 (which in the
      preferred embodiment is of equal lateral cross-sectional area to the left
      end face of the control spool 69). In this manner, the control spool 69 is
      urged to the left by the spring 71 and by the pressure in the fluid power
      chamber 51 to close communication between the ports 26 and 27, and the
      control spool 69 is urged to the right by the outlet pressure of the pump
      11 to open communication between the ports 26 and 27. When these opposed
      forces are equal, the control spool 69 is in a balanced condition and
      remains stationary. When these opposed forces are unequal, the control
      spool 69 is in an unbalanced condition and moves to the right or left in
      the bore 70.
PAR  B. Operation
PAR  1. steering valve and brake booster deactuated
PAR  Turning now to the operation of the circuit shown in FIG. 1, the various
      components of the circuit are shown with the steering valve 14 in its
      neutral or center position and with the brake booster 13 deactuated. With
      the components in this position, the entire output of the pump 11 flows
      through the line 12 and into the inlet port 26. When the pump 11 is
      initially started-up, the control spool 69 is held in the far left
      position by the spring 71 until the pump pressure acting through the
      passage 76 on the left end of the control spool 69 moves the control spool
      69 to the right to the position shown in FIG. 1. The fluid from the pump
      11 then flows from the inlet port 26, past the left edge of the throttling
      land 74, and out the first outlet port 27 to the steering valve 14. The
      fluid then flows through the open center steering valve 14 and through the
      drain line 16 back to the inlet of the pump 11.
PAR  Under these conditions, the control spool 69 maintains the outlet pressure
      of the pump 11 at a predetermined pressure differential above the drain
      line pressure in the power chamber 51. The force urging the control spool
      69 to the right is the force created by the pump pressure acting on the
      left end of the control spool 69, and the force urging the control spool
      69 to the left is the sum of the force of the spring 71 and the force of
      the drain line pressure in the power chamber 51 acting on the right end of
      the control spool 69. Because the left and right ends of the control spool
      69 are of equal areas, the pump pressure must exceed the power chamber
      pressure for the spool 69 to remain in the position shown in FIG. 1 due to
      the force of the spring 71. If the pump pressure does not exceed the
      pressure in the power chamber 51, the control spool 69 is moved to the
      left by the spring 71 so that the left edge of the throttling land 74
      further restricts the flow of fluid from the inlet port 26 to the steering
      valve 14 to increase the pump pressure. If the pump pressure exceeds the
      pressure in the fluid power chamber 51 by more than the effective pressure
      of the spring 71, the control spool 69 is moved to the right so that the
      left edge of the throttling land 74 decreases the restriction of fluid
      flow to the steering valve 14 to decrease the pump pressure. When the
      power chamber 51 is connected to the drain line 17 (which is at zero gauge
      pressure in the preferred embodiment), the left edge of the throttling
      land 74 restricts the flow of fluid from the pump 11 to the steering valve
      14 enough that the outlet pressure of the pump 11 equals the effective
      pressure of the spring 71. In the preferred embodiment, the spring 71 is
      selected to maintain the outlet pressure of the pump 11 at 50 p.s.i. when
      the steering valve 14 is in its neutral position and the brake booster 13
      is deactuated.
PAR  2. steering valve actuation and subsequent brake booster actuation
PAR  When the brake booster is in its deactuated position shown in FIG. 1 and
      the steering valve 14 is moved from its center position to restrict the
      flow of fluid from the line 15 to the drain line 16, the output pressure
      of the constant displacement pump 11 increases to overcome this
      restriction. This increased pump pressure is transmitted through the
      passage 76 and acts on the left end of the control spool 69 to move the
      control spool 69 further to the right from the position shown in FIG. 1.
      This moves the left edge of the throttling land 74 further to the right to
      further open the passage from the inlet port 26 to the first outlet port
      27 to minimize pressure loss from the pump 11 to the steering valve 14.
      Under these conditions, the control spool 69 may move all the way to the
      right in the bore 70 until it engages the stop member 75. When this
      occurs, the right end of the throttling land 74 will move to the right to
      a position between the inlet port 26 and the power chamber port 25.
      However, because of the small clearance between the outer periphery of the
      control spool 69 and the inner surface of the bore 70, a leakage path is
      maintained between the inlet port 26 and the power chamber port 25 and the
      inlet passage 63 so that fluid is still supplied to the brake booster.
PAR  When the steering valve 14 is actuated in this manner so that the outlet
      pressure of the pump 11 is increased, the brake booster 13 can be
      actuated. When the vehicle operator moves the input rod 31 to the left as
      viewed in FIG. 1 by applying a force to the brake pedal (not shown), the
      valve seat 41 engages the poppet 65. This hydraulically isolates the power
      chamber 51 from the outlet passage 39 and from the inlet or drain side of
      the pump 11. Further movement of the input rod 31 to the left moves the
      poppet 65 and the connecting rod 64 and the poppet 58 against the force of
      the light spring 59 to the left until the poppet 58 moves away from the
      valve seat 57. This is because the spring 66 has a relatively high preload
      to prevent relative movement between the poppets 65 and 58 under normal
      operating conditions so that the poppets 65 and 58 move together under
      normal operating conditions.
PAR  This establishes throttled fluid pressure communication between the high
      pump pressure in the inlet passage 63 and the fluid power chamber 51. This
      pressure which is admitted to the fluid power chamber 51 acts against the
      power piston 47 and begins to move the power piston 47 to the left as
      viewed in FIG. 1. This increased pressure in the power chamber 51 also
      acts on the input rod 31 to provide a reaction force which the vehicle
      operator can feel through the connecting rod 32 and the brake pedal.
PAR  If the input force on the input rod 31 applied by the operator of the
      vehicle remains constant, the increased pressure in power chamber 51
      pushes the power piston 47 to the left while the input rod 31 remains
      stationary. The spring 59 retains the poppet 65 against the valve seat 41,
      so that the poppet 65 and the poppet 58 which is mechanically connected to
      the poppet 65 by the connecting rod 64 remain stationary while the power
      piston 47 moves to the left until the valve seat 57 engages the poppet 58.
      When this occurs, the fluid pressure in the power chamber 51 remains
      constant so that the braking effort applied through the output rod 50 on
      the master cylinder 22 remains constant.
PAR  If the vehicle operator applies an input force of increasing magnitude on
      the input rod 31, the input rod 31 will continue to move to the left with
      the power piston 47 to retain the poppet 58 away from the valve seat 57
      until the desired amount of braking has been achieved. When the input
      force on the input rod 31 is released, the force of the fluid pressure in
      the chamber 51 moves the input rod 31 back to the right to separate the
      valve seat 41 from the poppet 65. This throttles the fluid in the power
      chamber 51 through the passages 39 and 40 to the outlet port 28 to release
      the force applied to the master cylinder 22 by the output rod 50.
PAR  If, under these conditions of steering valve actuation and subsequent brake
      booster actuation, the brake booster requires a pressure greater than the
      pressure required by the steering valve 14, the control spool 69 increases
      the pump pressure to a pressure level above the working pressure of the
      brake booster in the power chamber 51 so that adequate pump pressure is
      always available for the brake booster 13. To accomplish this, the working
      pressure of the brake booster in the power chamber 51 acts on the right
      end of the control spool 69. When this pressure plus the effective
      pressure of the spring 71 exceed the force of the pump pressure acting to
      the right on the control spool 69, the control spool 69 moves to the left
      until the left side of the valving land 74 restricts the flow of fluid
      from the inlet port 26 to the steering valve 14 sufficiently to increase
      the outlet pressure of the pump 12. The output pressure of the pump 11
      increases until the pump pressure acting to the right on the control spool
      69 equals the working pressure of the brake booster 13 plus the effective
      pressure of the spring 71 acting to the left on the control spool 69. In
      this manner, the control spool 69 maintains the outlet pressure of the
      pump 11 at least a predetermined pressure differential (the amount of such
      predetermined pressure differential is equal to the effective pressure of
      the spring 71) above the working pressure in the brake booster 51.
PAR  After the brake booster 13 has been deactuated and the steering valve 14 is
      deactuated, the outlet pressure of the pump 11 decreases to the 50 p.s.i.
      minimum pressure level maintained by the control spool 69 in the manner
      described above.
PAR  3. brake booster actuation and subsequent steering valve actuation
PAR  If the steering valve 14 is in the neutral position and the brake booster
      13 is actuated, the control spool 69 maintains the outlet pressure of the
      pump 11 the aforementioned predetermined pressure differential above the
      working pressure of the brake booster in the power chamber 51. As soon as
      the brake booster is actuated in the manner described above so that the
      fluid pressure from the power chamber inlet passage 63 is throttled past
      the poppet 58 and valve seat 57 into the power chamber 51, such increased
      pressure in the power chamber 51 acts on the control spool 69 and moves
      the control spool 69 further to the left as viewed in FIG. 1. This causes
      the left side of the throttling land 74 to impose a further restriction on
      the flow of fluid from the pump 11 to the steering valve 14 so that the
      pressure in the pump 11 increases to get past this restriction. This
      action of the control spool 69 continues for all pressures in the power
      chamber 51.
PAR  If at any time during such actuation of the brake booster 13 the steering
      valve 14 is actuated, sufficient flow capacity from the pump 11 is always
      available to the steering valve 14. This is because the poppet 58 is
      dimensioned so that it can only move away from the valve seat 57 a small
      amount even when it is pushed to the left by the input rod 31 until the
      input rod 31 engages the power piston 47 under emergency stopping
      conditions. This provides a restrictive orifice under all conditions to
      limit the flow rate of fluid to the fluid power chamber 51 to insure
      adequate flow capacity for the steering valve 14.
PAR  4. brake booster at shut-off pressure
PAR  As described in detail above with particular reference to the structure of
      the pump 11, the pump 11 includes an internal relief valve which connects
      the outlet of the pump to the inlet of the pump when the outlet of the
      pump reaches 1200 p.s.i. The brake booster 13 shown in FIG. 1 provides a
      shut-off means which hydraulically isolates the pump outlet from the brake
      booster power chamber at a pressure of 1150 p.s.i. in the power chamber
      51. This assures that the brake booster 13 can never, even under emergency
      stopping conditions, cause the pump 11 to reach its internal relief
      pressure of 1200 p.s.i. which would cause the output flow rate of the pump
      11 to decrease to zero so that there would be no flow for operation of the
      steering valve 14. Because the shut-off means prevents further flow of
      fluid from the pump outlet to the brake booster power chamber at the
      shut-off pressure, the entire output flow of the pump is directed to the
      steering valve 14. The shut-off means also modulates to make up any
      leakage from the power chamber 51 at the shut-off pressure.
PAR  In the embodiment shown in FIG. 1, this is accomplished by the connecting
      rod 64, spring 66, and poppet 58. Under emergency stopping conditions of
      maximum braking effort, the left end face of the input rod 31 engages the
      right end face of the power piston 47. As described above, the poppet 58
      is dimensioned so that it is moved away from the valve seat 57 a small
      amount when this occurs to allow fluid flow from the inlet passage 63 to
      the power chamber 51.
PAR  When the pressure in the power chamber 51 reaches 1150 p.s.i., the
      connecting rod 64 moves the poppet 58 to the right relative to the poppet
      65 against the bias of the spring 66 to close the poppet 58 against the
      valve seat 57. This is because the left end face of the connecting rod 64
      is exposed to the pressure in the power chamber 51 while the right end
      face of the connecting rod 64 is exposed to the drain line or pump inlet
      pressure which is zero gauge pressure in the preferred embodiment. The
      preload of the spring 66 is arranged so that the 1150 p.s.i. shut-off
      pressure in the power chamber 51 acting against the left end of the
      connecting rod 64 overcomes the preload of the spring 66 to move the
      connecting rod 64 to the right. Because the right end of the connecting
      rod 64 is slidably disposed in the poppet 65, this rightward movement of
      the connecting rod 64 does not move the poppet 65. However, due to the
      washer on the left end of the connecting rod 64, this rightward movement
      of the connecting rod 64 pulls the poppet 58 to the right to close the
      poppet 58 against the valve seat 57.
PAR  In the event of any leakage of fluid from the power chamber 51, the
      pressure in the power chamber 51 will begin to fall below 1150 p.s.i. When
      this occurs, the force of the pressure in the power chamber 51 acting
      against the left end face of the connecting rod 64 is less than the force
      of the spring 66 so that the spring 66 pushes the poppet 58 and connecting
      rod 64 to the left to slightly separate the poppet 58 from the valve seat
      57 and modulate fluid flow from the power chamber inlet passage 63 to the
      power chamber 51. This provides make up flow to the power chamber 51 in
      the event of leakage so that the fluid pressure in the power chamber 51 is
      maintained at its 1150 p.s.i. maximum shut-off pressure under these
      conditions.
PAR  Although a preferred embodiment of the invention has been disclosed and
      described in detail, various modifications and rearrangements may be made.
      For example, the arrangement of the pump 11, control spool 69 and steering
      valve 14 shown in FIG. 1 are similar to that disclosed in the first
      embodiment shown in the above referenced U.S. Pat. application Ser. No.
      379,319 filed July 16, 1973. The shut-off means according to the present
      invention could also be used with the accumulator circuit shown in the
      second embodiment of the referenced U.S. Pat. application Ser. No. 379,319
      filed July 16, 1973 or could be used in a circuit having an accumulator as
      disclosed in the above referenced U.S. Pat. application Ser. No. 419,999,
      filed Nov. 29, 1973.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A motor vehicle fluid power circuit comprising a pump, a steering valve,
      and a brake booster, said pump having an inlet and an outlet and a relief
      valve hydraulically connecting said inlet to said outlet at a
      predetermined relief pressure, said brake booster having a power chamber,
      means hydraulically connecting said pump outlet and inlet to said steering
      valve and further means hydraulically connecting said pump outlet and
      inlet to said power chamber, said further means including an inlet passage
      in said brake booster hydraulically connecting said pump outlet to said
      power chamber and an outlet passage in said brake booster hydraulically
      connecting said pump inlet to said power chamber, a first valve surface in
      said brake booster movable in said outlet passage relative to said power
      piston between an open position and a closed position for opening and
      closing said outlet passage, a second valve surface in said brake booster
      movable in said inlet passage relative to said power piston between an
      open position and a closed position for opening and closing said inlet
      passage, shut-off means for moving said second valve surface relative to
      said power piston from said open position to said closed position to close
      said inlet passage and completely block said inlet passage to
      hydraulically isolate said pump outlet from said power chamber in response
      to the fluid pressure in said power chamber reaching a predetermined
      shut-off pressure, said shut-off means including a member movable relative
      to said first valve surface and having a fluid pressure surface exposed to
      fluid pressure in said power chamber and means communicating said fluid
      pressure in said power chamber with said fluid pressure surface, said
      member being operatively connected to said second valve surface to move
      said second valve surface relative to said power piston to said closed
      position when said fluid pressure in said power chamber reaches said
      shut-off pressure, said first valve surface being in said closed position
      to close said outlet passage and completely block said outlet passage to
      hydraulically isolate said fluid power chamber from said pump inlet when
      said member fluid pressure surface operates to close said second valve
      surface in response to said shut-off pressure, whereby said first and
      second valve surfaces prevent fluid flow through said power chamber from
      said inlet passage to said outlet passage when said shut-off pressure is
      reached, and said shut-off pressure being less than said relief pressure
      of said pump relief valve.
NUM  2.
PAR  2. A motor vehicle fluid power circuit as defined in claim 1 wherein said
      brake booster includes input rod means, said input rod means being movable
      between a deactuated position and an actuated position, said first valve
      surface being movable by said input rod means between said open position
      and said closed position for opening and closing fluid pressure
      communication through said outlet passage between said fluid power chamber
      and said pump inlet, said second valve surface being movable by said input
      rod between said open position and said closed position and being axially
      spaced from said first valve surface for opening and closing fluid
      pressure communication through said inlet passage between said fluid power
      chamber and said pump outlet.
NUM  3.
PAR  3. A motor vehicle fluid power circuit as defined in claim 2 wherein said
      member is part of a connecting means mechanically connecting said first
      and second valve surfaces.
NUM  4.
PAR  4. A motor vehicle fluid power circuit as defined in claim 3 wherein said
      connecting means further includes spring means biasing said first valve
      surface and said second valve surface apart, and said second valve surface
      moves against the force of said spring means relative to said first valve
      surface to close said second valve surface in response to said power
      chamber pressure acting against said member fluid pressure surface
      reaching said shut-off pressure.
NUM  5.
PAR  5. A motor vehicle fluid power circuit as defined in claim 4 wherein said
      member includes a connecting rod mechanically connecting said first and
      second valve surfaces, said member fluid pressure surface is a first
      lateral cross-sectional area of said connecting rod exposed to the
      pressure in said fluid power chamber, said shut-off means further
      including another fluid pressure surface exposed to the fluid pressure in
      said pump inlet, and said other pressure surface is a second lateral
      cross-sectional area of said connecting rod exposed to the pressure in
      said pump inlet.
NUM  6.
PAR  6. A motor vehicle fluid power circuit as defined in claim 5 wherein said
      first valve surface is slidably connected to said connecting rod whereby
      said second valve surface and said connecting rod move relative to said
      first valve surface to close said second valve surface in response to said
      power chamber pressure reaching said shut-off pressure.
NUM  7.
PAR  7. A motor vehicle fluid power circuit comprising a pump, a steering valve,
      and a brake booster, said pump having an inlet and an outlet and a relief
      valve hydraulically connecting said inlet to said outlet at a
      predetermined relief pressure, said brake booster having a power chamber,
      means hydraulically connecting said pump outlet to said steering valve and
      further means hydraulically connecting said pump outlet to said power
      chamber, valve means in said further means movable between an open
      position establishing fluid pressure communication between said pump
      outlet and said power chamber and a closed position hydraulically
      isolating said pump outlet from said power chamber, and rod means slidably
      disposed in said power chamber, said rod means having a first lateral
      cross-sectional area exposed to the pressure in said power chamber and a
      second lateral cross-sectional area exposed to the pressure in said pump
      inlet, said rod means being mechanically connected to said valve means in
      said further means, said rod means being responsive to a predetermined
      shut-off pressure in said power chamber acting against said first lateral
      cross-sectional area to move said valve means from said open position to
      said closed position to prevent the pressure in said power chamber from
      exceeding said predetermined shut-off pressure, and said shut-off pressure
      being less than said relief pressure of said pump relief valve.
NUM  8.
PAR  8. A motor vehicle fluid power circuit as defined in claim 7 wherein said
      first mentioned valve means is an inlet valve means and said brake booster
      further includes outlet valve means and an actuating rod, said actuating
      rod being movable between a deactuated position and an actuated position,
      said outlet valve means being movable in response to said movement of said
      actuating rod to open and close fluid pressure communication between said
      fluid power chamber and said pump inlet, said inlet valve means being
      axially spaced from said outlet valve means and being movable in response
      to said movement of said actuating rod to open and close fluid pressure
      communication between said fluid power chamber and said pump outlet, said
      inlet valve means and said outlet valve means each including a poppet and
      a valve seat, and said rod means mechanically connecting said poppet of
      said inlet valve means with said poppet of said outlet valve means.
NUM  9.
PAR  9. A motor vehicle fluid power circuit as defined in claim 8 including a
      spring preventing relative movement of said poppets when the fluid
      pressure in said power chamber is less than said predetermined shut-off
      pressure, and said rod means moves said poppet of said inlet valve means
      relative to said poppet of said outlet valve means from said open position
      to said closed position in response to said predetermined shut-off
      pressure acting against said first lateral cross-sectional area.
NUM  10.
PAR  10. In a motor vehicle fluid power circuit, a brake booster comprising an
      inlet passage, an outlet passage, a power piston slidably disposed in a
      bore, a power chamber on one side of said power piston in said bore,
      outlet valve means for opening and closing fluid pressure communication
      between said outlet passage and said power chamber, inlet valve means for
      opening and closing fluid pressure communication between said power
      chamber and said inlet passage, and rod means slidably disposed in said
      power chamber, said rod means having a first lateral cross-sectional area
      exposed to the pressure in said power chamber and a second lateral
      cross-sectional area exposed to the pressure in said outlet, said rod
      means being mechanically connected to said inlet valve, said rod means
      being responsive to a predetermined shut-off pressure in said power
      chamber acting against said first lateral cross-sectional area to close
      said inlet valve to prevent the pressure in said power chamber from
      exceeding said predetermined shut-off pressure.
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ABST
PAL  Multiple embodiments of a hydraulic control circuit for a double-acting
      hydraulic motor to provide fluid at a relatively high pressure for
      operating the motor in a selected direction and otherwise providing
      operating fluid to the motor at a relatively low pressure, the control
      circuit including a dual pressure relief valve which is operatively
      responsive to the motor or an implement positioned by the motor to provide
      the two operating pressures. An additional dual pressure relief valve
      regulates the flow of exhaust fluid from one side of the motor to allow
      controlled response of the motor to external forces. The hydraulic control
      circuit of the present invention is preferably contemplated for operating
      a push-pull coupling to permit selective tandem operation of two vehicles.
PARN
PAR  This is a division, of Ser. No. 412,452, filed Nov. 2, 1973, now Pat. No.
      3,847,416.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a hydraulic control circuit including a
      dual pressure relief valve which is operatively responsive to operating
      conditions of a hydraulic motor for providing actuating fluid to the motor
      at two pressure levels. More particularly, the circuit is employed to
      operate a pushpull coupling adapted for tandem operation of two vehicles.
PAR  A push-pull coupling of the type contemplated by the present invention is
      described in substantial detail within U.S. Pat. No. 3,434,738, issued
      Mar. 25, 1969, and assigned to the assignee of the present invention. Such
      push-pull couplings include a hook member on one vehicle and a latch
      member on another vehicle to permit rapid coupling and uncoupling for
      example of separate tractor-scraper units. Accordingly, two such scrapers
      may operate in tandem to employ the power of both vehicles during loading.
      After the scrapers are loaded, they may be rapidly uncoupled and operate
      independently during transport and unloading.
PAR  The latch member is preferably positioned by a double-acting hydraulic jack
      which operates in a first direction to urge the latch member into
      engagement with a hook on the other vehicle or in the opposite direction
      to retract the latch member. In common control circuit for such a jack, a
      pump or source of fluid continues to direct fluid under pressure toward
      the jack even when the latch means is in its retracted position. However,
      since substantially reduced fluid pressure is required to maintain the
      latch member in its raised position, it is desirable to provide means for
      lowering the operating pressure in order to avoid unnecessary operation of
      the pump against a relatively higher operating pressure.
PAR  Within the prior art, this problem has been partially solved by means of
      by-pass devices providing a relatively low operating pressure, for example
      200 psi, when the vehicle engine is running at low idle and approximately
      500 psi, for example, when the engine is operating at high idle. Such an
      arrangement, however, does not necessarily conform the relative operating
      pressure with operating requirements of the jack.
PAR  Another problem encountered within such couplings is that the jack may also
      be employed as a stop for positioning the latch member in a retracted
      position. Accordingly, any inadvertent movement of the latch member by
      external forces can result in severe damage to the jack or its mounting.
      One prior art solution to this particular problem has been the use of a
      mechanical stop secured to the vehicle frame in a position to abut the
      latch member when it is fully retracted. This solution creates another
      problem however, in that the retracted position of the latch member may
      vary from vehicle to vehicle or within a single vehicle during continued
      operation. Thus, operation of the jack for opening the by-pass device may
      not always correspond with the fully retracted position of the latch
      member. Accordingly, there remains a possibility that the pump will
      continue to work against the relatively higher pressure in the control
      circuit.
PAR  Additional control circuits or components employable within prior art
      circuits of the type discussed above include U.S. Pat. Nos. 3,469,861;
      3,160,076; 3,416,561 and 2,905,190.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a dual pressure
      hydraulic control circuit for overcoming one or more problems of the type
      discussed above.
PAR  It is a more particular object of the present invention to provide a
      hydraulic control circuit for operating a double acting hydraulic motor,
      the circuit being operatively coupled with the motor to provide a
      relatively higher level of actuating fluid pressure during a selected
      operating condition of the motor.
PAR  A still further object of the invention is to adapt the hydraulic control
      circuit for operation of a push-pull coupling of a type suitable for
      permitting selective tandem operation of two vehicles.
PAR  Additional objects and advantages of the invention are made apparent in the
      following description having reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side view in elevation of two vehicles, each
      including portions of a push-pull coupling for permitting selective tandem
      operation of the vehicles.
PAR  FIG. 2 is a view including fragmentary portions of the push-pull coupling
      of FIG. 1 together with a control circuit constructed according to the
      present invention for operating the coupling.
PAR  FIGS. 3, 4, 5 and 6 represent views of control circuits similar to that of
      FIG. 2 while each illustrating variations of selected portions within the
      control circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A push-pull coupling of the type described in greater detail in U.S. Pat.
      No. 3,434,738 and contemplated for operation by the present hydraulic
      control circuit is illustrated within FIG. 1 in combination with two
      vehicles, preferably tractor scrapers, which are thus adapted for
      selective tandem operation. The push-pull coupling indicated generally at
      11 provides for rapid engagement and disengagement between the forward
      vehicle 12 and the rearward vehicle 13.
PAR  To briefly summarize construction of the push-pull coupling, the forward
      vehicle has a rearwardly disposed hook 14 and a push-pad 16. The rear
      vehicle 13 has a push block 17 arranged for engagement with the push pad
      16 to permit pushing of the forward vehicle 12 by the rearward vehicle 13.
      This mode of operation would of course be employed for example when the
      forward vehicle or scraper 12 is being loaded under assistance of the
      rearward vehicle 13.
PAR  The rearward vehicle also has a latch or bail 18 which is pivotally
      connected to a frame portion 19 as indicated at 21. A double-acting
      hydraulic jack 22 regulates movement of the bail 18 between a position of
      engagement with the hook 14 as illustrated in FIG. 1 and a fully retracted
      position wherein the bail is arranged in a generally vertical position
      upon the vehicle 13. A stop block 23 is secured to the frame 19 of the
      vehicle 13 in a position to engage the bail 18 when it is in its fully
      raised or retracted position.
PAR  The present invention particularly contemplates a hydraulic control circuit
      for operating a double-acting hydraulic jack such as that indicated at 22
      in FIG. 1. However, it will be apparent from the following description
      that the hydraulic control circuit of the present invention may also be
      employed to operate double-acting hydraulic jacks or motors in other
      applications.
PAR  Referring now to FIG. 2, a fragmentary portion of the push-pull coupling 11
      is included to particularly represent the combination of the bail 18 and
      the hydraulic jack 22. A hydraulic control circuit constructed according
      to the present invention for operating the jack 22 is generally indicated
      at 24 and includes a pump or source of fluid under pressure 26. The pump
      draws fluid from a common sump 27 and delivers it under pressure into a
      main conduit 28. The conduit 28 is in communication with an inlet conduit
      29 of a control valve 31 by means of a pressure regulating valve 32.
PAR  The control valve 31 is selectively operable by a manually operated
      selector valve 33 to direct fluid under pressure to either the head or rod
      end of the hydraulic jack 22 while communicating the other end of the jack
      to a fluid drain indicated at 34 within the control valve 31. The fluid
      drain 34 is in communication with the common fluid sump 27.
PAR  A dual pressure relief valve 35 regulates the exhaust flow of fluid from
      the inlet passage 29 and normally establishes a relatively low operating
      pressure therein for actuating the jack 22. However, as is described in
      greater detail below, the dual pressure relief valve 35 is responsive to a
      pilot control valve 36 to selectively increase operaing fluid pressure
      within the inlet passage 29. The pilot control valve 36 is in turn
      responsive to a selective operating condition of the jack 22 or bail 18 as
      is also described in greater detail below.
PAR  To describe the components of the control circuit in greater detail, the
      control valve 31 includes the pressure regulating valve 32 as noted above
      which diverts part of the fluid flow from the main conduit 28 to the
      manually controlled selector valve 33. The selector valve 33 is of a
      generally conventional type as described in greater detail for example
      within U.S. Pat. No. 3,618,984. The function of the selector valve 33
      within the present control circuit 24 is described below.
PAR  The control valve 31 includes a first service port 37 which is connected to
      the rod end of the hydraulic jack 22 through a conduit 38. A second
      service port 39 is in communication with the head end of the jack 22
      through another conduit 41.
PAR  The control valve 31 also has a spool 42 which is reciprocately arranged
      within a bore 43 to regulate fluid communication of the service ports 37
      and 39 with the inlet passage 29 and the fluid drain 34. The spool 42 is
      normally positioned as shown in FIG. 2 by a spring 44 so that the inlet
      passage 29 is maintained in communication with the service port 37 and
      accordingly with the conduit 38. However, the spool 42 may be shifted
      leftwardly within the bore 43 by means of the manually actuated selector
      valve 33.
PAR  The selector valve 33 receives diverted fluid pressure from the main
      conduit 28 through a conduit 46 while another drain conduit 47 connects
      the selector valve to the sump 27. In the neutral position, the selector
      valve blocks communication through the conduit 46 with the drain conduit
      47 being communicated with another conduit 49. Upon operation of the
      selector valve 33 for example by a manual control lever 48, fluid pressure
      from the conduit 46 is directed through the conduit 49 into a chamber 51
      formed at the right end of the bore 43. Fluid pressure within the chamber
      51 shifts the spool 42 against the spring 44 and thus communicates the
      inlet passage 29 with the second service port 39 and accordingly with the
      head end of the jack 22.
PAR  As noted above, pressurization within the inlet passage 29 is regulated by
      the dual pressure relief valve 34 which comprises a dump spool 52 slidably
      arranged within a bore 53 which is in open communication with the inlet
      passage 29. The dump spool 52 is normally urged upwardly by a spring 54 to
      close the inlet passage 29 from communication with a chamber 56 which
      opens to the fluid drain 34. A tubular portion 57 of the spool 52 has
      metering slots 58 formed therein to regulate fluid flow from the inlet
      passage 29 to the drain chamber 56. An orifice 59 is axially formed by a
      central portion of the spool 52 with fluid from the inlet passage 29
      flowing therethrough to a balance chamber 61 which houses the spring 54.
      Pressure within the balance chamber 61 is established by a poppet valve 62
      which is urged rightwardly, as viewed in FIG. 2, by a spring 63 and thus
      tends to close the balance chamber 61 from the drain chamber 56. Fluid
      pressure within the balance chamber 61 establishes a differential pressure
      across the orifice 59 which in turn determines the position of the spool
      52 and establishes the rate of fluid flow from the inlet chamber 29 to the
      drain chamber 56.
PAR  A dual pressure function is provided within the relief valve 35 by a
      movable reaction piston 64 which provides a seat for the spring 63. With
      the reaction piston shifted to the left as viewed in FIG. 2, the spring 63
      offers relatively limited resistance to opening movement of the poppet
      valve 62 with a relatively lower pressure thus being established in the
      balanced chamber 61 and the inlet passage 29.
PAR  Within the arrangement of the relief valve 35 as described above, the
      reaction piston 64 responds to pilot fluid within a chamber 66 by shifting
      rightwardly against a stop or shoulder 67 and thus increases reaction
      force of the spring 63 against the poppet vavle 62. This in turn develops
      a relatively higher pressure within the balance chamber 61 and accordingly
      within the inlet passage 29. Actuating pilot fluid is selectively
      communicated to the chamber 66 through a conduit 68 by the pilot control
      valve 36. The valve 36 is in communication with a branch 69 of the conduit
      38 and is normally positioned by a spring 71 to communicate the conduits
      68 and 69.
PAR  The valve 36 also has a stem 72 which is arranged for engagement by a tab
      73 secured to the bail 18. The valve 36 is arranged so that the tab 73
      contacts the stem 72 and shifts the valve 36 against the spring 71 as the
      bail 18 approaches its fully retracted position which is illustrated in
      FIG. 2.
PAR  In operation, the control valve 31 tends to remain in the condition
      illustrated in FIG. 2 to direct fluid under pressure from the inlet
      passage 29 to the rod end of the jack 22 through the conduit 38. With the
      bail 18 in its fully retracted position, the valve 36 prevents fluid
      communication between the conduits 69 and 68 so that a relatively lower
      pressure is established within the inlet passage 29 by the relief valve
      35. The bail 18 is shifted toward the engagement position illustrated in
      FIG. 1 by actuation of the selector valve 33 which causes the spool 42 to
      be shifted leftwardly and places the inlet passage 29 in communication
      with the service port 39 and the head end of the jack 22. Since the
      conduit 38 is in communication with drain through the control valve 31,
      there is insufficient pressure in the conduits 69 and 68 to shift the
      reaction piston from the position illustrated in FIG. 2. Thus, the relief
      valve 35 continues to establish a relatively low operating pressure within
      the inlet passage 29.
PAR  The push-pull coupling is unlatched by shifting the bail 18 from the
      position illustrated in FIG. 1 toward its retracted position illustrated
      in FIG. 2. This is accomplished by again shifting the selector valve 33 to
      evacuate the chamber 51 at the right end of the bore 43. The spool 42 is
      then returned to the position shown in FIG. 2 by the spring 44 so that
      actuating fluid from the inlet passage 29 is again communicated to the
      service port 37 and the conduit 38. With the bail 18 in the position
      illustrated in FIG. 1, the valve 36 is allowed to maintain communication
      between the conduits 69 and 68 so that the reaction piston 64 is shifted
      rightwardly to establish a relatively higher pressure within the balance
      chamber 61 and the inlet passage 29. The relatively higher pressure thus
      established is required for proper retraction of the bail 18 toward the
      elevated position illustrated in FIG. 2. As the bail approaches its
      retracted position, the tab 73 again contacts the stem 72 to shift the
      valve 36 and close communication between the conduits 69 and 68. Thus,
      fluid pressure within the chamber 66 is allowed to return to the sump 27
      and the reaction piston 64 shifts leftwardly to the position of FIG. 2.
      Accordingly, the relatively lower operating pressure is again established
      within the balanced chamber 61 and the inlet passage 29.
PAR  The present invention also contemplates an additional feature to permit a
      controlled response of the jack 22 to external forces acting upon the bail
      18 in order to protect various components of the coupling from damage.
      When the spool 42 is shifted leftwardly to communicate the inlet passage
      29 with the head end of the jack 22 in order to engage the bail 18 with
      the hook 14 (See FIG. 1), the service port 37 is communicated with a drain
      passage 74, fluid communication from the fluid drain 34 to the passage 74
      being regulated by a dual rate relief valve 76. The valve 76 includes a
      tubular shuttle valve 77 which is normally positioned against a spring 78
      as viewed in FIG. 2. The shuttle valve 77 forms a pair of small orifices
      79 which are normally positioned as shown to communicate the drain passage
      74 with the fluid drain 34. When actuating fluid from the inlet passage 29
      is communicated to the head end of the jack 22, fluid pressure in the rod
      end of the jack and in the conduit 38 enters the drain passage 74 and its
      fluid communication with the fluid drain 34 is normally regulated by the
      orifices 79 to limit the rate at which the bail 18 may be lowered.
PAR  Under certain conditions such as when the vehicles are coupled together as
      illustrated in FIG. 1, the bail 18 may be subjected to external forces
      tending to urge the bail 18 downwardly and to urge the jack 22 in
      extension. The increased pressure thus generated in the rod end of the
      jack is communicated through the conduit 38 and service port 37 into the
      drain passage 74. The increased pressure urges the shuttle valve 77
      further to the left and opens a number of relatively large slots 81 into
      communication with the fluid drain 34. Thus, the bail 18 is allowed to be
      lowered at an increased rate in response to the external force in order to
      prevent damage to the jack 22.
PAC  EMBODIMENT OF FIG. 3
PAR  Another embodiment of a hydraulic control circuit according to the present
      invention is illustrated in FIG. 3 wherein components similar to those
      already described in FIG. 2 are indicated by similar primed numerals. The
      embodiment of FIG. 3 differs from that of FIG. 2 primarily by replacement
      of the pilot control valve as indicated at 101. The control valve 101
      includes a valve body 102 which forms a bore 103 in communication with a
      plurality of axially spaced apart ports 104, 106, 107, 108, and 109. A
      spool 111 is reciprocally arranged within the bore 103 and is urged
      leftwardly therein by a spring 112. The port 104 is in communication with
      the conduit 41' and the head end of the jack 22 through a conduit 113. The
      port 106 is directly in communication with the inlet passage 29' by means
      of a separate conduit 114. The port 107 is in communication with the
      conduit 68' and the reaction chamber 66' of the dual pressure relief valve
      35'. The two ports 108, and 109 are both in communication with the sump
      27'.
PAR  A plunger 116 generally corresponds to the stem 72 of FIG. 2. The plunger
      acts upon the left end of the spool 111 and slidably penetrates the left
      end of the valve body 102 for abutting engagement with tab 73'.
PAR  In operation, fluid pressure from the inlet conduit 29' is in continual
      communication with the pilot control valve 101 through the conduit 114.
      However, when the bail 18' is in its retracted position as illustrated in
      FIG. 3, the spool 111 blocks the inlet port 106 and thus the conduit 114
      from communication with the outlet port 107. When the bail 18 is lowered
      toward its engagement position from the retracted position illustrated in
      FIG. 3, fluid pressure necessarily present within the conduit 41' is
      communicated into the left end of the bore 103 and thus tends to maintain
      the spool 111 in the rightwardly shifted position illustrated in FIG. 3.
      Thus, fluid communication between the inlet port 106 and outlet port 107
      is blocked and the relief valve 35' continues to establish a relatively
      low operating pressure within the inlet passage 29'.
PAR  When the bail 18' is again retracted or raised from the position
      illustrated in FIG. 1 in a manner similar to that described above with
      reference to FIG. 2, the conduit 41' acts as a fluid drain and the pilot
      valve spool 111 is shifted leftwardly by its spring 112. Fluid pressure
      from the inlet passage 29' is then communicated to the reaction chamber
      66' through the conduit 114, the port 106, the valve bore 103, the port
      107 and the conduit 68'. Accordingly, the dual rate relief valve 35'
      responds to pressurization of the reaction chamber 66' in the same manner
      as described with reference to FIG. 2. It establishes a relatively higher
      pressure within the inlet passage 29' until the bail 18' approaches its
      fully retracted position and the tab 73' again causes the plunger 116 to
      shift the spool 111 to the right. The inlet port 106 is then again blocked
      by the spool 111 while the reaction chamber 66' is communicated to drain
      across the pilot control valve 101 and the relief valve 35' again reduces
      the operating pressure within the inlet passage 29'.
PAC  THE EMBODIMENT OF FIG. 4
PAR  Another embodiment is illustrated in FIG. 4 wherein components similar to
      those described above with reference to FIG. 2 are again indicated by
      similar primed numerals. The embodiment of FIG. 4 differs from that of
      FIG. 2 as to the manner in which the reaction chamber 66' is pressurized
      in response to operation of the pilot control valve 36'. Within this
      embodiment, a separate shuttle spool 151 responds to fluid pressure from
      the pilot control valve 36' through the conduit 68' to communicate fluid
      from the inlet passage 29' to the reaction chamber 66'.
PAR  The shuttle spool 151 is reciprocally arranged within a bore 152 while
      being urged leftwardly therein by a spring 153. Fluid from the inlet
      passage 29' is in open communication with the bore 152 by means of a
      conduit 154 and an inlet port 156. The bore 152 is also in communication
      with the sump 27' by means of an outlet port 157 and a conduit 158. An
      additional port 159 communicates the bore 152 with the reaction chamber
      66'.
PAR  In operation, the shuttle spool 151 tends to remain in a leftwardly shifted
      position within the bore 152 under the influence of the spring 153 until
      pilot fluid from the valve 36' is communicated through the conduit 68' to
      the left end of the bore 152. The shuttle spool 151 is then shifted
      rightwardly to communicate fluid pressure from the inlet passage to the
      reaction chamber 66'. While the shuttle spool 151 is in the leftward
      position illustrated in FIG. 4, the reaction chamber 66' is in
      communication with the sump 27'.
PAR  Another embodiment illustrated in FIG. 5 again employs components
      identified by primed numerals corresponding to numerical labels for
      similar components in the embodiment of FIG. 2. The FIG. 5 embodiment
      varies from that of FIG. 2 primarily in that a fluid signal is
      communicated to the pilot operating valve 36' from the main conduit 28'
      which receives output fluid directly from the pump 26'. Accordingly, a
      conduit 201 communicating the main conduit 28' with the pilot operating
      valve 36' replaces the conduit 69 of FIG. 2. Since relatively high
      pressure fluid is always present in the main conduit 28', the dual
      pressure relief valve 35' is modified from the valve 35 of FIG. 2 in order
      to limit response of the reaction piston 64' to fluid pressure
      communicated from the pilot control valve 36' through the conduit 68'.
PAR  A spring-loaded poppet 202 is disposed within a chamber 203 to normally
      close a passage 204 which communicates with the reaction chamber 66'.
      Fluid pressure from the first service port 37' is also communicated to the
      chamber 203 by means of an internal passage 206 and a conduit 207.
PAR  With this arrangement, fluid pressure from the conduit 68' entering the
      reaction chamber 66' is ineffective to shift the reaction piston 64'
      rightwardly unless the poppet 202 is urged into closing engagement with
      the passage 204 by fluid pressure in the chamber 203. Otherwise, any fluid
      pressure entering the reaction chamber 66' tends to escape through the
      passage 204 and across the poppet 202 before sufficient pressure is
      developed to move the reaction piston 64'. A restrictive orifice 208 is
      arranged between the reaction chamber 66' and the conduit 68' in order to
      restrict fluid flow thereacross when the bail 18' is being lowered. This
      feature allows continued functioning of the rest of the control circuit
      during that period.
PAR  Accordingly, the embodiment of FIG. 5 operates to establish pressurization
      of the inlet passage 29' in substantially the same manner in which the
      FIG. 2 embodiment establishes pressurization of its inlet passage 29.
PAC  THE EMBODIMENT OF FIG. 6
PAR  Another embodiment of the present invention is illustrated in FIG. 6 with
      primed numerals again being employed to label those components
      corresponding to similar components in the embodiment of FIG. 2. The FIG.
      6 embodiment corresponds generally to the FIG. 5 embodiment described
      above except that fluid under pressure is communicated to the pilot
      control valve 36' from the main conduit 28' through a conduit 251. The
      dual pressure relief valve 35' is unchanged from that of FIG. 2 while
      pressurization of the conduit 251 is intermittently interrupted by a pilot
      operated check valve 252 arranged between the main inlet conduit 28' and
      the conduit 251. A pilot signal for biasing the check valve 252 is
      provided by a branched conduit 253 in communication with the conduit 49'.
      Accordingly, fluid pressure from the main inlet conduit 28' is freely
      communicated to the pilot control valve 36' by means of the conduit 251
      until the selector valve 33 is shifted to lower the bail 18'. At that
      time, fluid under pressure is communicated into the conduit 49' and a
      biasing signal is then communicated to the check valve 252. The check
      valve is thus conditioned to interrupt fluid communication from the main
      inlet conduit 28' into the conduit 251. The dual pressure relief valve 35'
      functions in response to the control valve 36' in order to provide
      increased operating pressure for retracting the bail 18' while otherwise
      providing relatively low operating pressure to the jack 22'.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hydraulic control circuit for operating a double-acting hydraulic jack
      and for providing fluid to the jack at a relatively high pressure when the
      jack is being operated in a selected direction, the circuit providing
      fluid to the jack at a relatively low pressure when the jack is being
      operated in the opposite direction, comprising
PA1  a source of fluid,
PA1  a control valve having an inlet passage in communication with the source
      and a movable spool means for selectively communicating opposite ends of
      the jack with the inlet passage and a fluid drain respectively, the jack
      being operated in the selected direction by fluid pressure directed to a
      first end of the jack from the inlet passage,
PA1  a pilot operated dual pressure relief valve communicating the inlet passage
      to drain, the relief valve normally establishing the relatively low fluid
      pressure in the inlet passage, and
PA1  pilot control means operatively responsive to the jack and in communication
      with the dual pressure relief valve to condition the relief valve for
      establishing the relatively high fluid pressure in the inlet passage when
      the spool means of the control valve is positioned to operate the jack in
      the selected direction,
PA1  the dual pressure relief valve including means responsive to a hydraulic
      pilot signal for establishing the relatively high pressure, the pilot
      control means comprising a pilot valve for establishing the pilot signal
      communicated to the hydraulically responsive means, the pilot valve being
      operatively coupled with the jack to interrupt the pilot signal as the
      jack approaches a predetermined limit of travel in the selected direction.
NUM  2.
PAR  2. The control circuit of claim 1 further comprising mechanical means
      operatively coupling the pilot valve with the jack.
NUM  3.
PAR  3. The control circuit of claim 1 comprising another dual rate relief valve
      for regulating exhaust fluid flow from one end of the jack.
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ABST
PAL  A load-responsive hydraulic system is provided in which the effective
      output of a fixed displacement pump is controlled by a bypass valve having
      three fluid-responsive areas.
PAL  The first fluid-responsive area is pressurized by pump pressure; and the
      directional control valve of the system includes a first fluid flow path
      which pressurizes the second fluid-responsive area with the load-actuating
      pressure of a fluid motor when the fluid motor is receiving pressurized
      fluid from the pump. Thus, the bypass valve is load responsive.
PAL  The directional control valve also includes a second fluid flow path which
      controls a fluid pressure which is applied to the third area; so that, the
      force balance of the bypass valve is changed by the force developed by the
      third area; and the difference between pump pressure and load-actuating
      pressure, while operating the system, is greater than the difference
      between pump pressure and sump pressure at standby.
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PAC  BACKGROUND OF THE INVENTION:
PAR  The present invention pertains to load-responsive hydraulic systems in
      which the effective output of the system is controlled by a difference
      between the load-actuating pressure and the pressure of the pump. This
      pressure differential is sensed across the directional control valve as
      fluid is directed from an inlet port to a work port. Thus the system
      pressure is maintained at a predetermined value above the load-actuating
      pressure of the fluid motor; and fluid flow to the motor is proportional
      to the flow opening through the throttling orifice of the control valve.
PAR  In load-responsive systems, it has been common to take pressurized fluid
      from either the control valve or the fluid motor, at the load-actuating
      pressure of the fluid motor, and to use this fluid to control the
      effective output of the pump. If the pump is of the fixed displacement
      type, the control of the effective output has traditionally been
      accomplished by the use of a bypass valve controlling the flow of excess
      fluid from the pump output to a sump; and, if the pump has been of the
      variable displacement or variable discharge type, a displacement or
      discharge control has been used to control the output of the pump.
PAR  There has been one particular problem with load-responsive systems when
      used with a fixed displacement pump. It is desirable to maintain a low
      pump pressure at standby to minimize horsepower loss and heat rise; and
      yet the low standby pressure has meant a low differential pressure; and a
      low differential pressure has severely limited the maximum flow that the
      control valve can supply to a fluid motor.
PAR  McMillen, in U.S. Pat. No. 3,631,890 proposed the use of a spring and
      piston to increase the differential pressure at which the system operates
      and thereby to increase the ability of a given size of control valve to
      deliver flow to a fluid motor. This particular device has the inherent
      limitation of poor response because of the time required to compress the
      spring. A similar device has been disclosed by Tolbert in U.S. Pat. No.
      3,777,773.
PAR  The present invention provides a solution for this problem through the use
      of a bypass valve having three fluid-responsive areas and a directional
      control valve having special circuitry.
PAC  SUMMARY OF THE INVENTION:
PAR  The present invention provides an improved bypass valve for use with
      load-responsive hydraulic systems and an improved directional control
      valve for use with the bypass valve. The bypass valve cooperates with the
      directional control valve to bypass the entire output of a fixed
      displacement pump to a sump at a low standby pressure when the directional
      control valve is in its standby position; and the bypass valve and the
      directional control valve cooperate to bypass excess fluid from the fixed
      displacement pump to a sump when the directional control valve is in an
      operating position and pressurized fluid is being supplied from the pump
      to a fluid motor through the control valve.
PAR  The bypass valve includes first, second, and third fluid-responsive areas.
      The first fluid-responsive area is permanently connected to the pump to
      receive pressurized fluid therefrom and to develop a force urging the
      bypass valve toward a bypassing mode. The second fluid-responsive area is
      communicated with the fluid motor and the load-actuating pressure therein
      when the fluid motor receives pressurized fluid from the pump; and this
      load-actuating pressure on the second fluid-responsive area develops a
      force which opposes the force which is developed by the pump pressure on
      the first fluid-responsive area.
PAR  The third fluid-responsive area is adapted to receive the pump pressure and
      either the load-actuating pressure or the sump pressure, to assist or to
      oppose the force which is developed by the fluid pressure that is applied
      to the first fluid-responsive area, and to be pressurized by the pump
      pressure when the directional control valve is in an operating position or
      in the standby position, depending upon the particular embodiment.
PAR  The directional control valve includes a second area signal means which
      includes a first fluid flow path that applies the load-actuating pressure
      of the fluid motor to the second fluid-responsive area when the control
      valve is moved to an operating position and which includes means of
      reducing, or attenuating, the fluid pressure applied to this second
      fluid-responsive area when the control valve is in a standby position.
PAR  The directional control valve also includes third area signal means which
      establishes a second fluid flow path in the control valve and which is
      effective to apply pump output pressure to the third fluid-responsive area
      when the directional control valve is in one of its positions, operating
      or standby, and to apply a different pressure to this third
      fluid-responsive area when the directional control valve is in the other
      of its positions. This different pressure may be either the load-actuating
      pressure or the sump pressure, depending upon the particular embodiment of
      the invention.
PAR  The result is that the bypass valve and the directional control valve of
      the present invention cooperate to provide a differential operating
      pressure between the pump pressure and the load-actuating pressure which
      is greater than the difference in the pressure between the pump and the
      sump when the directional control valve is in a standby position.
PAR  For example, the present invention might be used to raise a standby
      pressure of 50 psi to a differential operating pressure of 150 psi,
      thereby increasing and almost doubling the flow capacity of the control
      valve.
PAR  A first objective is to provide a load-responsive hydraulic system having a
      fixed displacement pump in which the differential pressure across the
      throttling orifice of the control valve is greater than the standby
      pressure of the system.
PAR  A second objective is to provide a differential pressure actuated bypass
      valve for a load-responsive hydraulic system in which the bypass valve
      includes a third fluid-responsive area which is effective to change the
      effective area of either the first or the second fluid-responsive area.
PAR  A third objective is to provide a load-responsive hydraulic system
      utilizing a fixed displacement pump, a differential pressure actuated
      bypass valve having three fluid-responsive areas, and a directional
      control valve which controls two fluid flow paths and which controls the
      fluid pressure applied to the second and third fluid-responsive areas.
PAR  The above-mentioned and other features and objects of this invention and
      the manner of obtaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  In the drawings:
PAR  FIG. 1 is a schematic drawing of a first embodiment of the invention,
      showing both the differential pressure actuated bypass valve thereof and
      the directional control valve thereof in cross-section;
PAR  FIG. 2 is a schematic drawing of a second embodiment of the invention,
      showing both the differential pressure actuated bypass valve thereof and
      the directional control valve thereof in cross-section;
PAR  FIG. 3 is a schematic drawing of a third embodiment of the invention,
      showing both the differential pressure actuated bypass valve thereof and
      the directional control valve thereof in cross-section, and showing a
      portion of a second directional control valve in cross-section;
PAR  FIG. 4 is a schematic drawing of a fourth embodiment of the invention,
      showing both the differential pressure actuated bypass valve thereof and
      the directional control valve thereof in cross-section, and showing a
      portion of a second directional control valve in cross-section; and
PAR  FIG. 5 is a schematic drawing of a fifth embodiment of the invention,
      showing both the differential pressure actuated bypass valve thereof and
      the directional control valve thereof in cross-section, and showing a
      portion of a second directional control valve in cross-section.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAC  Description of the FIG. 1 Embodiment:
PAR  Referring now to the drawings, and particularly to FIG. 1, the first
      embodiment of the invention comprises a load-responsive hydraulic system,
      generally depicted at 10a. The system 10a includes a source of fluid 12a
      that comprises a pump 14a and a sump 16a, a differential pressure actuated
      bypass valve 18a, a directional control valve 20a, a fluid-actuated device
      or fluid motor 22a, and a third area signal valve 24a.
PAR  The differential pressure actuated bypass valve 18a includes a housing 28a,
      a spool bore 30a in the housing 28a, a valve spool 32a being slidably
      fitted into the spool bore 30a, an input port 34a, a bypass port 36a, a
      first area port 38a which comprises a hole in the valve spool 32a, a
      second area port 40a, a third area port 42a, a plunger 46a being slidably
      fitted into a plunger bore 48a of the valve spool 32a, and a spring 50a.
PAR  The directional control valve 20a includes a body 60a having an element
      bore 62a therein, a pair of return ports 64a and 66a intercepting the
      element bore 62a, a pair of work ports 68a and 70a intercepting the
      element bore 62a, and a pair of inlet ports 72a and 74a intercepting the
      element bore 62a.
PAR  The directional control valve 20a also includes a pair of load signal
      passages 76a and 78a intercepting the element bore 62a and being connected
      to a first signal port 80a by a longitudinal passage 82a, an attenuation
      signal passage 84a intercepting the element bore 62a and having a portion
      thereof which comprises a second signal port 86a, and an attenuation
      return passage 88a.
PAR  The directional control valve 20a further includes a movable valving
      element 90a being slidably fitted into the element bore 62a. Movable
      valving elements, such as element 90a, are customarily spring-loaded to a
      neutral or standby position as shown in FIG. 1 wherein the work ports 68a
      and 70a are isolated from both the inlet ports 72a and 74a and the return
      ports 64a and 66a.
PAR  The movable valving element 90a is movable to the right, as viewed in FIG.
      1, to a first operating position wherein the work port 68a is communicated
      to the return port 64a by way of a reduced diameter portion 92a of the
      valving element 90a and the work port 70a is communicated to the inlet
      port 74a by way of a reduced diameter portion 94a and a flat 96a of the
      valving element 90a.
PAR  In like manner, the valving element 90a is moved to the left to a second
      operating position wherein the work port 68a is communicated to the inlet
      port 72a by the reduced diameter portion 92a and a flat 98a and the work
      port 70a is communicated to the return port 66a by the reduced diameter
      portion 94a.
PAR  The valving element 90a is movable farther to the left, as viewed in FIG.
      1, to a float position wherein the work port 68a is communicated to the
      return port 64a by a reduced diameter portion 100a of the valving element
      90a that is then positioned to provide a flow path around a spool land
      102a of the element bore 62a; and the work port 70a is communicated to the
      return port 66a by the reduced diameter portion 94a.
PAR  Since this operation of the directional control valve 20a is typical to the
      art, this standarized operation of the directional control valves 20b -
      20e of FIGS. 2 - 5 will not be described in conjunction with the
      description of these other embodiments.
PAR  Referring again to FIG. 1, the third area signal valve 24a includes a first
      valved port 110a, a second valved port 112a, and a signal valve operator
      114a. The functioning of the third area signal valve 24a will be described
      in the following paragraphs.
PAR  Referring again to FIG. 1, the functioning of system 10a, with the valving
      element 90a in the standby position as shown, is as follows: Fluid is
      received into the pump 14a from the sump 16a and is pressurized and
      delivered to a pump pressure conduit 120a. The pump pressure conduit 120a
      is connected to the inlet ports 72a and 74a which are isolated from the
      work ports 68a and 70a respectively, as previously noted. The pump
      pressure conduit 120a is also connected to the input port 34a of the
      bypass valve 18a and the input port 34a  is isolated from a return conduit
      122a and the sump 16a by a spool land 124a of the valve spool 32a. Fluid
      from the pump 14a and from the pump pressure conduit 120a is delivered to
      a point 126a by an operator supply restrictor-valve 128a; but the
      pressurization of the fluid at point 126a is prevented by a fluid flow
      path 130a to a sump 16b. The fluid flow path 130a, which will hereafter be
      referred to as the second fluid flow path, includes the second signal port
      86a, the attenuation signal passage 84a, and the attenuation return
      passage 88a. The point 126a is connected to the signal valve operator 114a
      by a conduit 132a. Thus, no fluid pressure is applied to the operator 114a
      when the valving element 90a is in the standby position, as shown.
PAR  The third area signal valve 24a includes a spring 140a which is effective
      to move the signal valve 24a into a first position 142a, as shown, wherein
      a flow path 144a is effective to connect the pump pressure conduit 120a
      with a third area conduit 146a, the third area conduit 146a being
      connected to the third area port 42a and to a pressure change
      restrictor-valve 148a. The pressure change restrictor-valve 148a is
      connected to a second area conduit 150a.
PAR  The second area conduit 150a is connected to the point 126a by a one-way
      flow valve 152a and is connected to the second area port 40a. The one-way
      valve 152a is connected to the sump 16b through the second fluid flow path
      130a that includes the attenuation signal passage 84a.
PAR  Thus the flow path 144a in the third area signal valve 24a provides pump
      pressure into the third area conduit 146a; and the pressure change
      restrictor-valve 148a and the one-way flow valve 152a cooperate with the
      second fluid flow path 130a to prevent a buildup of fluid pressure in the
      second area conduit 150a.
PAR  So it can be seen that, in the standby positon, the pressure of the pump
      pressure conduit 120a exists in the third area conduit 146a; and the
      pressure of the sump 16b exists in the second area conduit 150a, the
      conduit 132a, and the signal valve operator 114a.
PAR  With respect to the bypass valve 18a, the operation is as follows: When the
      valving element 90a of the directional control valve 20a is in the standby
      position, pump pressure from the pump pressure conduit 120a and the input
      port 34a is applied to a first fluid-responsive area 160a by means of the
      first area port 38a, the first fluid-responsive area 160a being provided
      by the bottom of the plunger bore 48a. The pressure of the sump 16b is
      applied to a second fluid-responsive area 162a by way of the second area
      conduit 150a and the second area port 40a, the second fluid-responsive
      area 162a comprising the sum total of the projected-end area 164a of the
      stop portion 166a and the annular projected-end area 168a of that portion
      of the valve spool 32a which lies radially outward from the outside
      diameter of the stop portion 166a to the outside diameter of the spool
      land 124a. The pump pressure is also applied to a third fluid-responsive
      area 180a which is provided by that portion of the valve spool 32a which
      lies radially outward from the plunger 46a.
PAR  Thus it can be seen that the pressure of the pump 14a is applied to the
      first fluid-responsive area 160a and to the third fluid-responsive area
      180a of the valve spool 32a, and that the sum of these two areas is equal
      to the full projected-end diameter of the valve spool 32a. This pump
      pressure, being applied to areas 160a and 180a, is opposed only by the
      spring 50a since the second fluid-responsive area 162a is communicated to
      the sump 16b by way of the one-way flow valve 152a and the second fluid
      flow path 130a. The result is that, at a very low pump pressure, the pump
      14a is able to move the valve spool 32a, from an operating mode as shown,
      to a standby mode in which the spool land 124a of the valve spool 32a is
      moved to the right, as viewed in FIG. 1 and the input port 34a is
      communicated to the bypass port 36a, by a reduced diameter portion 182a of
      the valve spool 32a, to bypass the entire pump output to the sump 16a.
PAR  Referring again to FIG. 1, the operation of the FIG. 1 configuration, with
      the valving element 90a moved to the left to the second operating
      position, is as follows: Movement of the valving element 90a to the left
      as viewed in FIG. 1 to the second operating position, is effective to move
      a reduced diameter portion 186a of the valving element 90a to a position
      wherein the second fluid flow path 130a, from the second signal port 86a
      to the attenuation return passage 88a, is occluded. Thus fluid flow from
      the second area conduit 150a to the sump 16b by way of the one-way flow
      valve 152a and the second fluid flow path 130a is prevented.
PAR  At this same time, movement of the valving element 90a to the left is
      effective to communicate the work port 68a with the inlet port 72a by way
      of the reduced diameter portion 92a and the flat 98a so that the
      pressurized fluid from the inlet port 72a is supplied to a port 190a of
      the fluid-actuated device 22a; and the load signal passage 76a is
      communicated to the work port 68a by way of the reduced diameter portion
      92a. Communication of the load signal passage 76a with the work port 68a
      is effective to pressurize the second area conduit 150a with the
      load-actuating pressure of the fluid-actuated device 22a and this
      load-actuating pressure is applied to the second fluid-responsive area
      162a by way of the second area port 40a.
PAR  If a second area supply restrictor-valve 192a is connected between the pump
      pressure conduit 120a and the second area conduit 150a, then pressurized
      fluid from the pump 14a will be supplied to the second area conduit 150a
      by way of the second area supply restrictor-valve 192a and there will be a
      flow of this fluid through the load signal passage 76a and into the work
      port 68a and a port 190a of the fluid-actuated device 22a. This fluid
      being supplied by the pump to the second area conduit 150a will be
      pressurized by the load-actuating pressure as it flows toward the work
      port 68a and the device 22a.
PAR  However, if this second area supply restrictor-valve 192a is not provided
      to connect the pump pressure conduit 120a with the second area conduit
      150a, then a small volume of fluid will be supplied from the work port 68a
      and the load signal passage 76a, at the load-actuating pressure of the
      device 22a, to pressurize the second area conduit 150a and to provide
      fluid to the second area port 40a for actuation of the valve spool 32a
      toward the operating mode, as shown. Blocking of the second fluid flow
      path 130a from the second signal port 86a to the sump 16b, as caused by
      moving the valving element 90a to the left to a second operating position,
      is also effective to provide pump pressure at the point 126a since fluid
      flow to the sump 16b has been occluded and the operator supply
      restrictor-valve 128a is supplying the pump pressure to the point 126a.
      Thus the pump pressure, at point 126a and in the conduit 132a, is applied
      to the signal valve operator 114a, moving the third area signal valve 24a
      to a position 194a wherein the flow path 144a is blocked. The result of
      the blocking of the flow path 144a is that the flow of pump pressure from
      the conduit 120a to the third area port 42a is precluded; and, instead the
      third area conduit 146a and the third area port 42a are pressurized with
      the load-actuating pressure by way of the second area conduit 150a and the
      pressure change restrictor-valve 148 a.
PAR  The resultant forces on the valve spool 32a, when the valving element 90a
      is moved to one of the operating positions, are as follows: Pump pressure
      is applied to the first fluid-responsive area 160a by way of the first
      area port 38a, the load-actuating pressure is applied to the second
      fluid-responsive area 162a by way of the second area port 40a and the
      second area conduit 150a, and the load-actuating pressure is applied to
      the third fluid responsive area 180a by way of the second area conduit
      150a and the pressure change restrictor-valve 148a. Thus the
      load-actuating pressure is applied to both the second and the third
      fluid-responsive areas; and since these areas are on opposite ends of the
      valve spool 32a and since these areas differ in area by an area equal to
      the first fluid-responsive area 160a, a net equivalent area, which is
      equal to the first fluid-responsive area 160a, is provided which forces
      the valve spool 32a to the left as pressurized by the load-actuating
      pressure. At this same time, the total pump pressure, as applied to the
      first fluid-responsive area 160a, is forcing the valve spool 32a to the
      right.
PAR  Therefore, the first fluid-responsive area, being pressurized with the pump
      pressure, is forcing the valve spool 32a to the right, an area equivalent
      to the first fluid-responsive area 160a is being pressurized by the
      load-actuating pressure and is forcing the valve spool 32a to the left,
      and the spring 50a is forcing the valve spool 32a to the left; so that the
      valve spool 32a is actuated to communicate the input port 34a to the
      bypass port 36a and to bypass excess pump fluid from the pump 14a to the
      sump 16a whenever the pressure in the pump pressure conduit 120a exceeds
      that of the load-actuating pressure in the second area conduit 150a by a
      value which develops a force greater than that which is applied to the
      valve spool 32a by the spring 50a.
PAR  Referring again to FIG. 1, the operation of the FIG. 1 configuration, with
      the valving element 90a moved farther to the left, to a float position, is
      as follows: Movement of the valving element 90a to the left is effective
      to move a circular depression 196a of the valving element 90a to a
      position wherein the attenuation signal passage 84a is communicated with
      the attenuation return passage 88a; so that the second fluid flow path
      130a is reestablished and fluid pressure in both the second area conduit
      150a and the conduit 132a is reduced to that of the sump 16b. Relieving of
      the fluid pressure in the second area conduit 150a and the conduit 132a is
      effective to return the system to the standby position, as previously
      described; except that, now the work ports 68a and 70a are communicated to
      the return ports 64a and 66a respectively.
PAR  Summarizing the functioning of the system 10a of FIG. 1: The bypass valve
      18a is actuated to the bypassing mode by pump pressure as applied to a
      large fluid-responsive area, when the valving element 90a is in its
      standby position. This large area is the sum total of the first
      fluid-responsive area 160a and the third fluid-responsive area 180a.
PAR  In contrast, the bypass valve is actuated to the bypassing mode by pump
      pressure as applied to a smaller area when the valving element 90a is in
      an operating position. This smaller area, which is the first
      fluid-responsive area 160a, requires a greater fluid pressure to overcome
      the force of the spring 50a than that required by the large area.
PAR  An equivalent area is provided which has an area that is equal in area and
      which is oppositely disposed to the first fluid-responsive area 160a. This
      area includes the second fluid-responsive area 162a and the third
      fluid-responsive area 180a. This equivalent area is pressurized by the
      load-actuating pressure when the valving element 90a is in an operating
      position.
PAR  Thus equal and opposing areas, which are smaller than the large area, are
      pressurized by the pump pressure and the load-actuating pressure when the
      valving element is in an operating position. The result is that a larger
      pressure differential between the pump and the load-actuating pressure is
      required to move the valve spool 32a to a bypassing mode when the control
      valve 20a is in an operating position than the difference between the pump
      pressure and the sump pressure when the control valve 20a is in the
      standby position; and so the standby pressure is low in comparison to the
      differential operating pressure.
PAR  Now, summarizing some salient features of the system 10a of FIG. 1: When
      the movable valving element 90a is in the standby position as shown, the
      pump pressure is applied to the third fluid-responsive area 180a and the
      third fluid-responsive area 180a is adapted to urge the valve spool 32a
      toward the bypassing mode. Also, when the valving element 90a is moved to
      an operating position and the second area conduit 150a is pressurized with
      the load-actuating pressure of the fluid-actuated device 22a, the third
      fluid-responsive area 180a is pressurized with the load-actuating
      pressure.
PAR  The directional control valve 20a provides a first fluid flow path 200a
      which includes the load signal passage 78a and the first signal port 80a.
PAR  The directional control valve 20a includes the second fluid flow path 130a
      that includes the second signal port 86a, the attenuation signal passage
      84a and the attenuation return passage 88a.
PAR  The system 10a includes a second area signal means 204a, for the
      application of fluid pressures to the second fluid-responsive area 162a;
      and the second area signal means 204a includes the second area conduit
      150a, the first fluid flow path 200a, the one-way flow valve 152a, and the
      second fluid flow path 130a.
PAR  Finally, the system 10a includes a third area signal means 206a, for
      application of fluid pressures to the third fluid-responsive area 180a.
      The third area signal means 206a includes the third area signal valve 24a
      for the application of pump pressure to the third fluid-responsive area
      180a, the pressure change restrictor-valve 148a, the second area conduit
      150a, the second fluid flow path 130a, and the operator supply
      restrictor-valve 128a.
PAC  SIMILARITIES OF THE EMBODIMENTS
PAR  There is considerable similarity among all five of the configurations; so
      that the configurations of FIGS. 2 - 5 will be discussed in considerably
      less detail. In particular, the directional control valves 20, of each of
      the configurations, are similar except with respect to those portions
      which provide a first fluid flow path 200 and/or a second fluid flow path
      130. Therefore only those portions which relate to the first and second
      flow paths 200 and 130, will be discussed in conjunction with the
      descriptions of FIGS. 2 - 5.
PAR  There is also considerable similarity in all five of the configurations as
      to the bypass valves 18. Thus the bypass valves 18, of FIGS. 2 - 5 will be
      discussed in considerably less detail, it being understood that each of
      the bypass valves 18 is urged toward an operating mode by a spring 50 and
      is urged toward a bypassing mode by a first fluid-responsive area 160.
PAR  In addition, there is considerable similarity in the connections between
      these bypass valves 18 and the directional control valves 20, there being
      three points of connection which are graphically illustrated by showing
      discontinuities in these three conduits intermediate of the bypass valves
      18 and the directional control valves 20.
PAR  The numbers which are used to identify the various parts of the
      configurations in FIGS. 1 - 5 each include a numeral and a suffix letter.
      The use of the same numeral in different figures is indicative that the
      name of the part is identical, the functioning of the part is either
      similar or identical, and the part is either similar or identical.
PAR  The suffix letter for each of the part numbers, except for those applied to
      the sumps 16, are assigned in alphabetical sequence in relation to the
      figure numbers. Since many sumps are represented on each figure, for the
      purpose of clarity in reducing the number of return and drain lines, the
      suffix letters are assigned as needed on each figure; but generally the
      same suffix letter is used for the same function in each of the figures.
PAR  Where the description does not include the naming of all of the parts which
      are numbered on the drawings, the names thereof can be taken from part
      numbers which have the same numerals and which are named along with the
      description of another figure.
PAC  DESCRIPTION OF THE FIG. 2 EMBODIMENT
PAR  Referring now to FIG. 2, a load-responsive hydraulic system, generally
      indicated at 10b, includes a differential pressure actuated bypass valve
      18b, a directional control valve 20b, and a third area signal valve 24b.
PAR  The bypass valve 18b includes a housing 28b having a spool bore 30b therein
      and a valve spool 32b slidably fitted into the spool bore 30b. The housing
      28b further includes a plunger bore 48b having a plunger 46b being
      slidably inserted therein. The plunger 46b includes a first
      fluid-responsive area 160b which comprises a projected-end area thereof, a
      longitudinal hole 218b, and a third area supply restrictor-valve 222b
      which comprises an orifice communicating the first fluid-responsive area
      160b with the longitudinal hole 218b. The bypass valve 18b further
      includes a second area port 40b and a second fluid-responsive area 162b.
      The second fluid-responsive area 162b includes a projected-end area 164b
      of the stop portion 166b and an annular projected-end area 168b which lies
      radially outward from the stop portion 166b to the outside diameter of a
      spool land 124b. The housing 28b also includes a third area port 42 b. The
      bypass valve 18b includes a third fluid-responsive area 180b which
      comprises the projected-end of that portion of a spool land 224b that lies
      radially outward from the outside diameter of the plunger 46b to the
      outside diameter of the spool land 224b.
PAR  Referring again to FIG. 2, the functioning of the FIG. 2 configuration,
      when a valving element 90b is in the standby position, as shown, is as
      follows: Pump pressure is applied to the signal valve operator 114b by way
      of the pump pressure conduit 120b; but the third area signal valve 24b is
      maintained in the first position 142b as shown by the spring 140b; since
      the force of the spring 140b is predetermined to a magnitude that will
      hold the third area signal valve 24b in the first position 142b while the
      valve spool 32b is being actuated to the bypassing mode against the
      opposition of the spring 50b.
PAR  With a flow path 144b in the third area signal valve 24b blocked by action
      of the spring 140b, pump pressure is applied to a first area port 38b and
      the first fluid-responsive area 160b by the pump pressure conduit 120b.
      This pump pressure in the first area port 38b is also applied to the third
      area supply restrictor-valve 222b so that restricted fluid communication
      is made from the pump 14b to the third fluid-responsive area 180b by way
      of the longitudinal hole 218b and a cross-slot 220b. Since communication
      between the third area port 42b and the second area conduit 150b is
      occluded by the third area signal valve 24b, the pump pressure that is
      delivered to the third fluid-responsive area 180b by the third area supply
      restrictor-valve 222b assists the pump pressure, as applied to the first
      fluid-responsive area 160b, to move the valve spool 32b to the right
      against the opposition of the spring 50b. It should be noted that, at this
      time, the second fluid-responsive area 162b is communicated to a sump 16f
      by the second area conduit 150b and a second area attenuation
      restrictor-valve 226b. Thus the valve spool 32b is moved to the right, to
      a bypassing mode, by an area which is the sum of the first
      fluid-responsive area 160b and the third fluid-responsive area 180b.
PAR  When the valving element 90b is moved to the left, or to the right, to an
      operating position, one of the work ports 68b or 70b is communicated to
      the second area conduit 150b by one of the load signal passages 76b or
      78b. The application of the load-actuating pressure of the device 22b from
      one of the ports 68b or 70b to the second area conduit 150b and to the
      second fluid-responsive area 162b is effective to assist the spring 50b in
      moving the valve spool 32b to the left, as viewed in FIG. 1, toward the
      operating mode. Movement of the valve spool 32b toward the operating mode
      is effective to restrict the bypassing of fluid from the pump 14b to the
      sump 16b through an input port 34b and a bypass port 36b so that the
      pressure of the pump 14b is increased.
PAR  This increase in the pressure of the pump 14b increases the pressure which
      is applied to the signal valve operator 114b to the pump pressure conduit
      120b, thereby overcoming the load of the spring 140b and moving the third
      area signal valve 24b from the first position 142b, as shown, to a second
      position 194b wherein the flow path 144b is established between a first
      valved port 110b and a second valved port 112b. This establishing of the
      flow path 144b is effective to reduce the magnitude of the fluid pressure,
      as applied to the third fluid-responsive area 180b, to the pressure level
      of the load-actuating pressure in the second area conduit 150b.
PAR  The result is that, when pressurized fluid is being supplied from the pump
      14b to the device 22b, the valve spool 32b is urged to the right by the
      pump pressure applied to the first fluid-responsive area 160b, the valve
      spool 32b is urged to the left by an area which is equal to the second
      fluid-responsive area 162b minus the third fluid-responsive area 180b, and
      the valve spool 32b is urged to the left by the spring 50b.
PAR  It should be understood that movement of the valving element 90b to the
      left establishes a fluid flow path 200b, between the load signal passages
      76b and the work port 68b, that has a fluid conductance appreciably
      greater than that of the second area attenuation restrictor-valve 226b. So
      the full load-actuating pressure of one of the work ports, 68b or 70b, is
      applied to the second area conduit 150b and to the third fluid-responsive
      area 180b when the valving element 90b is moved to one of the operating
      positions and when the fluid pressure in the pump pressure conduit 120b is
      sufficient to actuate the third area signal valve 24b to the second
      position 194b wherein the flow path 144b is established.
PAR  Thus, in both the FIG. 1 and the FIG. 2 embodiments, pump pressure is
      applied to the third fluid-responsive area, 180a or 180b, under standby
      conditions and the load-actuating pressure is applied to the third
      fluid-responsive area, 180a or 180b, under operating conditions. The FIGS.
      1 and 2 configurations are also similar in that the third fluid-responsive
      areas 180a and 180b are both disposed to provide a force for actuating of
      the respective valve spools, 32a or 32b, to the right toward the bypassing
      mode.
PAR  Referring again to FIG. 2, the directional control valve 20b provides a
      first fluid flow path 200b which includes the first signal port 80b and
      the load signal passage 76b. It should be noted that the directional
      control valve 20b of the FIG. 2 configuration does not include an
      attenuation signal passage nor an attenuation return passage; so the
      directional control valve 20b does not provide a second fluid flow path
      such as the second fluid flow path 130a of the FIG. 1 configuration.
PAR  The FIG. 2 configuration includes a second area signal means 204b which
      comprises the first fluid flow path 200b, the second area conduit 150b,
      and the second area attenuation restrictor-valve 226b. The second area
      signal means 204b is effective to apply sump pressure to the second
      fluid-responsive area 162b when the valving element is in the standby
      position, as shown, and is effective to apply the load-actuating pressure
      of the fluid-actuated device 22b to the second fluid-responsive area 162b
      when the valving element 90b is moved to an operating position.
PAR  The system 10b of the FIG. 2 configuration also includes a third area
      signal means 206b. The third area signal means 206b includes the third
      area signal valve 24b, the third area conduit 146b, and the third area
      supply restrictor-valve 222b. The third area signal means 206b is
      effective to apply the pump pressure to the third fluid-responsive area
      180b when the valving element 90b is in the standby position, as shown;
      and the third area signal means 206b is effective to apply the
      load-actuating pressure of the fluid-actuated device 22b to the third
      fluid-responsive area 180b when the pump 14b supplies pressurized fluid to
      the fluid-actuated device 22b.
PAC  DESCRIPTION OF THE FIG. 3 EMBODIMENT:
PAR  Referring now to FIG. 3, a load-responsive hydraulic system, generally
      depicted at 10c, includes a differential pressure actuated bypass valve
      18c, a directional control valve 20c, and a third area signal valve 24c.
PAR  The bypass valve 18c includes a first area port 38c, a first
      fluid-responsive area 160c which comprises the projected-end area of that
      portion of a spool land 224c which lies radially outward from a plunger
      46c, a second area port 40c, a second fluid-responsive area 162c which
      comprises that portion of a spool land 124c which lies radially outward
      from a plunger 240c, a third area port 42c, and a third fluid-responsive
      area 180c which comprises the projectedend area of the plunger 46c. The
      bypass valve 18c also includes a plunger bore 48c slidably receiving the
      plunger 46c, a plunger bore 242c slidably receiving the plunger 240c, and
      a drain port 244c.
PAR  The directional control valve 20c is identical to the directional control
      valve 20a of FIG. 1; and the third area signal valve 24c is identical to
      the third area signal valve 24a of FIG. 1.
PAR  The FIG. 3 illustration also includes the cross-section of a portion of
      another directional control valve 20c'. The directional control valve 20c'
      includes another second signal port 86c', another attenuation signal
      passage 84c', another attenuation return passage 88c', and another movable
      valving element 90c' having another reduced diameter portion 186c', all
      cooperating to provide another second fluid flow path 130c'.
PAR  The functioning of the FIG. 3 configuration with both of the directional
      control valves 20c and 20c' in their neutral positions, is as follows: The
      second fluid flow paths 130c and 130c' are both established when the
      directional control valves 20c and 20c' are in their standby positions.
      Thus, with the second fluid flow paths 130c and 130c' being connected in
      series, a fluid flow path is established from the second signal port 86c
      to the sump 16b.
PAR  With the directional control valves 20c and 20c' in the standby position,
      pump pressure from the pump 14c is supplied to the pump pressure conduit
      120c, pressure is drained from a conduit 132c and a point 126c through the
      series-connected second fluid flow paths 130c and 130c' and to the sump
      16b, pressure is drained from the second fluid-responsive area 162c and
      the second area port 40c to a sump 16f via a second area conduit 150c and
      a second area attenuation restrictor-valve 226c.
PAR  At this time, pump pressure is applied to the first fluid-responsive area
      160c via the first area port 38c, pump pressure is applied to the third
      fluid-responsive area 180c via the third area signal valve 24c and a flow
      path 144c therein, only the pressure of the sump 16f is applied to the
      second fluid-responsive area 162c, and only the pressure of a sump 16h is
      applied to a fourth area 246c which is provided by the projected-end area
      of the plunger 240c. Thus pump pressure is applied to the first
      fluid-responsive area 160c and to the third fluid-responsive area 180c,
      the total area being equivalent to a projected-end area of the valve spool
      32c. A very low pump pressure is able to actuate the valve spool 32c to
      the right, to a bypassing mode since only sump pressures are applied to
      the second fluid-responsive area 162c and the fourth area 246c.
PAR  When either of the directional control valves 20c or 20c' is moved to an
      operating position, the respective one of the second fluid flow paths 130c
      or 130c', is blocked. At this time fluid pressure builds up in the conduit
      132c because of fluid being supplied from the pump pressure conduit 120c
      to the conduit 132c through the operator supply restrictor-valve 128c.
      This buildup of pressure in the conduit 132c is effective to pressurize
      the signal valve operator 114c and to move the third area signal valve 24c
      to a position 194c in which the flow path 144c is blocked. The blocking of
      the flow path 144c shuts off the supply of pump pressure to a third area
      conduit 146c; and so a third area attenuation restrictor-valve 248c is
      effective to relieve the pressure on the third fluid-responsive area 180c
      by a connection to a sump 16g.
PAR  At the same time, with one of the directional control valves 20c or 20c'
      still actuated to an operating position, a load signal passage 76c or 78c
      in the directional control valve 20c, or a load signal passage (not shown,
      same as 76c or 78c) in the directional control valve 20c' is connected to
      a work port 68c or 70c in the directional control valve 20c or to a work
      port (not shown, same as 68c or 70c) in the directional control valve
      20c'; so that the load-actuating pressure of a fluid-actuated device 22c
      or of a second fluid-actuated device (not shown, same as 22c) is applied
      to a first signal port 80c in the directional control valve 20c or to
      another first signal port 80c', same as 80c, which is symbolically
      represented in the FIG. 3 illustration. The load-actuating pressure from
      one of the fluid-actuated devices is transmitted to the second area signal
      conduit 150c and to the second fluid-responsive area 162c by the one of a
      pair of logic check valves, 250c or 250c', which are connected
      respectively to the first signal ports, 80c and 80c'.
PAR  If both of the movable valving elements 90c and 90c' are moved to their
      operating positions, then load-actuating pressures of the fluid-actuated
      device 22c is supplied to the logic check valve 250c and the
      load-actuating pressure of the second fluid-actuated device (not shown) is
      supplied to the logic check valve 250c. The load-actuating pressure which
      is the highest is effective to open the respective ones of the check
      valves 250c or 250c' and to transmit this high load-actuating pressure to
      the second area conduit 150c.
PAR  Whenever this highest load-actuating pressure is reduced, either by a
      reduction of a load (not shown) on one of the fluid-actuated devices or by
      a return of one of the valving elements 90c or 90c' to its standby
      position, the fluid pressure in the second area conduit 150c is reduced to
      the new highest load-actuating pressure, if any, by fluid flow from the
      second area conduit 150c to the sump 16f by way of the second area
      attenuation restrictor-valve 226c.
PAR  Referring again to FIG. 3, with one or both of the movable valving elements
      90c and 90c' in the operating position, pump pressure is applied to the
      first fluid-responsive area 160c by way of the first area port 38c, the
      highest load-actuating pressure is applied to the second fluid-responsive
      area 162c which is equal in area to the first fluid-responsive area 160c,
      no fluid pressure is applied to the third fluid-responsive area 180c
      because of the connection of the third area port 42c with the sump 16g via
      the third area attenuation restrictor-valve 248c, and no fluid pressure is
      applied to the fourth area 246c because of the connection of the drain
      port 244c with the sump 16h.
PAR  Thus the bypass valve 18c is actuated from the operating mode as shown to a
      bypassing mode wherein the input port 34c is connected to the bypass port
      36c by the difference between the pump pressure and the load-actuating
      pressure as applied to the first fluid-responsive area 160c and the second
      fluid-responsive area 162c respectively; and since these fluid pressures
      are acting upon areas which are smaller than the area which was used to
      actuate the valve spool 32c to its bypassing mode during standby
      conditions, the bypass valve 18c controls the pressure of the pump 14b to
      a higher differential pressure above the load-actuating pressure than the
      difference between pump and sump pressures when the system is operating at
      standby conditions.
PAR  Referring again to FIG. 3, the bypass valve 18c is similar to the bypass
      valve 18a and 18b of the FIG. 1 and FIG. 2 embodiments respectively in
      that the third fluid-responsive area 180c is disposed to actuate the valve
      spool 32c to the bypass mode; however the bypass valve 18c is different
      from the bypass valves 18a and 18b in that sump pressure is applied to the
      third fluid-responsive area 180c during operating conditions of the system
      whereas in the FIGS. 1 and 2 configurations, the load-actuating pressure
      was applied to the third fluid-responsive areas 180a and 180b during
      operating conditions.
PAR  Considering again the embodiment of FIG. 3 and summarizing, the directional
      control valve 20c includes a first fluid flow path 200c which comprises
      the first signal port 80c and the load signal passage 76c. The directional
      control valve 20c includes a second fluid flow path 130c which comprises
      the second signal port 86c, the attenuation signal passage 84c and the
      attenuation return passage 88c. In like manner, the directional control
      valve 20c' includes a first fluid flow path (not shown, same as 200c)
      which comprises another first signal port 80c' and another load signal
      passage (not shown, same as 76c); and the second directional control valve
      20c' includes another second fluid flow path 130c' which comprises another
      second signal port 86c', another attenuation signal passage 84c', and
      other attenuation return passage 88c'.
PAR  The FIG. 3 embodiment also includes a logic system or means, generally
      depicted at 252c, which includes the logic check valves 250c and 250c' and
      the second area attenuation restrictor-valve 226c. The logic system 252c
      is effective to select the highest load-actuating pressure being supplied
      to one of the logic check valves, 250c or 250c', and to deliver this
      highest pressure to the second area conduit 150c. The logic system 252c is
      also effective to reduce the fluid pressure in the second area conduit
      150c whenever this highest load-actuating pressure is reduced.
PAR  The FIG. 3 embodiment also includes a second area signal means 204c. The
      second area signal means 204c comprises the first fluid flow path 200c,
      the logic system 252c, and the second area conduit 150c.
PAR  The FIG. 3 embodiment further includes a third area signal means 206c. The
      third area signal means 206c comprises the seriesconnected second fluid
      flow paths 130c and 130c', the third area signal valve 24c, the operator
      supply restrictor-valve 128c, and the third area attenuation
      restrictor-valve 248c.
PAC  DESCRIPTION OF THE FIG. 4 EMBODIMENT
PAR  Referring now to FIG. 4, a load-responsive hydraulic system, depicted
      generally at 10d, includes a differential pressure actuated bypass valve
      18d, a directional control valve 20d that is identical to the directional
      control valves 20a and 20c of FIGS. 1 and 3 respectively, and a second
      directional control valve 20d' that is identical to both the directional
      control valve 20d in the FIG. 4 embodiment and the directional control
      valves 20a and 20c of the FIG. 1 and FIG. 3 embodiments respectively.
PAR  The bypass valve 18d includes a first area port 38d, a first
      fluid-responsive area 160d which includes the projected-end area of a stop
      portion 256d and the projected-end area of that portion of a spool land
      224d which lies radially outward from the stop portion 256d, a second area
      port 40d, a second fluid-responsive area 162d which comprises the
      projected-end area of a plunger 240d, a third area port 42d, and a third
      fluid-responsive area 180d which comprises the projected-end area of that
      portion of a spool land 124d which lies radially outward from the plunger
      240d.
PAR  Referring again to FIG. 4, the functioning of the system 10d, when both of
      the movable valving elements 90d and 90d' are in their respective standby
      positions is as follows: Pump pressure is applied to the first
      fluid-responsive area 160d by way of the first area port 38d. Only sump
      pressure is applied to the second fluid-responsive area 162d because of
      communication of the second area port 40d with a sump 16b via the second
      area conduit 150d, a one-way flow valve 152d, a second signal port 86d,
      and the series-connected second fluid flow paths 130d and 130d' of the
      directional control valves 20d and 20d' respectively. Only sump pressure
      is applied to the third fluid-responsive area 180d because of the
      connection of the third area port 42d to the sump 16b via the second
      signal port 86d and the series-connected second fluid flow paths 130d and
      130d'. Thus the pump pressure, as applied to the first fluid-responsive
      area 160d, is able to actuate the valve spool 32d to the bypassing mode by
      a pressure which is only large enough to overcome the load of a spring
      50d.
PAR  Referring again to FIG. 4, the functioning of the system 10d, with both of
      the movable valving elements 90d and 90d' moved to one of their operating
      positions, is as follows: Pump pressure is applied to the first
      fluid-responsive area 160d by way of the first area port 38d. Pump
      pressure is also applied to the third fluid-responsive area 180d by way of
      a pump pressure conduit 120d, a third area supply restrictor-valve 222d,
      and a third area conduit 146d.
PAR  At this time, both of the second fluid flow paths 130d and 130d' are
      occluded by the movement of the valving elements 90d and 90d' to their
      operating positions; and fluid flow from the third area conduit 146d to
      the second area conduit 150d is always prevented by the one-way flow valve
      152d. In addition to the application of pump pressure to the first
      fluid-responsive area 160d and the third fluid-responsive area 180d, the
      higher of the load-actuating pressures, as selected by a pair of logic
      check valves 250d and 250d', is applied to the second fluid-responsive
      area 162d'.
PAR  Thus the pump pressure, as applied to the third fluid-responsive area 180d,
      is in opposition to the pump pressure as applied to the first
      fluid-responsive area 160d so that the valve spool 32d is urged to the
      right, toward the bypassing mode, by an area equal to and opposite to the
      second fluid-responsive area 162d.
PAR  Again it can be seen that when one or both of the movable valving elements
      90d and 90d' are moved to one of their operating positions, the bypass
      valve 18d functions to control the pressure of the pump 14d to a higher
      differential above the load-actuating pressure that is in the second area
      conduit 150d than the differential pressure at which the bypass valve 18d
      controls the pressure of the pump 14d above sump pressure when both of the
      valving elements 90d and 90d' are in their standby positions.
PAR  A pair of logic restrictor-valves 258d and 258d' are connected in parallel
      to the logic check valves 250d and 250d' respectively. When only one of
      the directional control valves, 20d or 20d', is moved to an operating
      position and then the load-actuating pressure decreases while the pump is
      supplying fluid to the fluid-actuated device, the pressure in the second
      area conduit 150d is reduced by fluid flow to the fluid-actuated device
      receiving pump fluid, through the respective one of the logic
      restrictor-valves.
PAR  When both of the directional control valves, 20d and 20d', are supplying
      fluid from the pump 14d to their respective fluid-actuated devices at two
      different load-actuating pressures, the higher load-actuating pressure is
      supplied to the second area conduit 150d by the respective one of the
      logic check valves 250d or 250d'. Some fluid from the second area conduit
      150d is delivered to one of the first signal ports, 80d or 80d', and the
      fluid-actuated device having the lower load-actuating pressure. The higher
      load-actuating pressure is maintained in the second area conduit 150d, in
      spite of this fluid flow to one of the first signal ports, 80d or 80d',
      having the lower load-actuating pressure; because the fluid conductance of
      the logic check valves 250d and 250d' is much greater than the fluid
      conductance of the logic restrictor-valves 258d and 258d'.
PAR  Referring again to FIG. 4 and summarizing, the third fluid-responsive area
      180d is adapted to urge the valve spool 32d toward the operating mode; and
      the third fluid-responsive area 180d is in opposition to the first
      fluid-responsive area 160d. Also, the third fluid-responsive area 180d
      comprises that portion of the spool land 124d which lies radially outward
      from the plunger 240d.
PAR  The directional control valve 20d includes a first fluid flow path 200d
      which comprises a first signal port 80d and a load signal passage 76d; and
      the directional control valve 20d' includes another first fluid flow path
      (not shown, same as 200d) which comprises another first signal port 80d
      (symbolically represented) and another load signal passage (not shown,
      same as 76d).
PAR  The directional control valve 20d includes a second fluid flow path 130d
      which comprises a second signal port 86d, an attenuation signal passage
      84d, and an attenuation return passage 88d. In like manner, the
      directional control valve 20d' includes another second fluid flow path
      130d' which comprises another second signal port 86d', another attenuation
      signal passage 84d', and another attenuation return passage 88d'.
PAR  The load-responsive hydraulic system 10d includes a logic means 252d which
      comprises the logic valves 250d and 250d' and the logic restrictor-valves
      258d and 258d'. The logic restrictor-valves 258d and 258d' are connected
      in parallel to the logic check valves 250d and 250d'. The logic
      restrictor-valves 258d and 258d' provide a reducing means or returning
      means for returning excess fluid pressure from the second area conduit
      150d to one of the work ports 68 or 70 and for reducing the highest
      fluid-actuating pressure, as applied to the second area conduit 150d,
      whenever the pump 14d is no longer supplying a load-actuating pressure of
      this great a magnitude to one of the fluid-actuated devices.
PAR  The system 10d also includes a second area signal means 204d. The second
      area signal means 204d includes the first fluid flow path 200d, the logic
      means 252d, the one-way flow valve 152d, and the series-connected second
      fluid flow paths 130d and 130d'.
PAR  Finally, the system 10d includes a third area signal means 206d which
      comprises the series-connected second fluid flow paths 130d and 130d' and
      also the third area supply restrictor-valve 222d.
PAC  DESCRIPTION OF THE FIG. 5 EMBODIMENT:
PAR  Referring now to FIG. 5, the load-responsive hydraulic system of FIG. 5,
      generally depicted at 10e,includes a differential pressure actuated bypass
      valve 18e and a directional control valve 20e.
PAR  The bypass valve 18e is identical to the bypass valve 18d of the FIG. 4
      configuration, except for the location of the second area port 40e. The
      bypass valve 18e includes a first area port 38e, a first fluid-responsive
      area 160e, the second area port 40e, a second fluid-responsive area 162e,
      a third area port 42e, and a third fluid-responsive area 180e.
PAR  The direction control valve 20e is the same as the directional control
      valves of the FIGS. 1, 3, and 4 embodiments except that the directional
      control valve 20e does not include an attenuation signal passage nor an
      attenuation return passage. Instead, the directional control valve 20e
      includes a pressure signal passage 270e. The pressure signal passage 270e
      includes a portion which serves as a second signal port 86e and the
      pressure signal passage 270e intercepts the element bore 62e intermediate
      of a pair of inlet ports 72e and 74e. An elongated recess 272e in a spool
      land 274e of the valving element 90e is effective to communicate the
      pressure signal passage 270e with the inlet port 72e when the valving
      element 90e is moved to the right as viewed in FIG. 5 and is effective to
      communicate the pressure signal passage 270e to the inlet port 74e when
      the movable valving element 90e is moved to the left as viewed in FIG. 5.
      Thus the movement of the valving element 90e to the right is effective to
      establish a second fluid flow path 130e from the inlet port 72e to the
      second signal port 86e wherein fluid pressure from the pump pressure
      conduit 120e is applied to a third area conduit 146e.
PAR  The functioning of the system 20e, with the movable valving element 90e in
      the standby position as shown, is as follows: Pump pressure is applied to
      the first fluid-responsive area 160e by way of the first area port 38e. No
      pressure is applied to the second fluid-responsive area 162e because of
      the communication of the second area port 40e with a sump 16f through a
      second area attenuation restrictor-valve 226e; and no fluid is applied to
      the third fluid-responsive area 180e because of the communication of the
      third area port 42e with a sump 16g by way of a third area attenuation
      restrictor-valve 248e.
PAR  When the movable valving element 90e is moved to the right, to a first
      operating position, a first fluid flow path 200e is established between a
      first signal port 80e and a work port 70e via a load signal passage 78e;
      and the second fluid flow path 130e is established between the second
      signal port 86e and the inlet port 72e via the elongated recess 272e
      thereby supplying pump pressure to the third area conduit 146e. Thus pump
      pressure is applied to the first fluid-responsive area 160e and the third
      fluid-responsive area 180e so that the pump pressure is applied to an area
      which is equivalent to the area of second fluid-responsive area 162e but
      which urges the valve spool 32e to the right. At the same time, the first
      fluid flow path 200e is effective to apply the load-actuating pressure of
      a fluid-actuated device 22e to the second fluid-responsive area 162e.
PAR  The result is that the bypass valve 18e is actuated to standby and
      bypassing modes by fluid-responsive areas which are smaller in effective
      area than the area which actuated the valve spool 32e to the bypassing
      mode when the valving element 90e was in its standby position. So the
      pressure of a pump 14e is maintained at a higher differential pressure
      above the load-actuating pressure when the valving element 90e is in an
      operating position than the differential pressure at which the pump 14e is
      controlled above the sump pressure when the valving element 90e is in its
      standby position.
PAR  The FIG. 5 illustration also includes a cross-section of a portion of a
      second directional control valve 20e'. The directional control valve 20e'
      includes another pressure signal passage 270e', another pair of inlet
      ports (not shown, same as 72e and 74e), and a second valving element 90e'
      which all cooperate to provide means for establishing another second fluid
      flow path (not shown, same as 130e). The second fluid flow paths are
      connected in parallel; so that either one is able to establish a second
      fluid flow path from the second signal port 86e to the pump 14e.
PAR  Summarizing, the bypass valve 18e of the system 10e of FIG. 5 includes a
      third fluid-responsive area 180e which is disposed to actuate the valve
      spool 32e toward its operating mode and which is disposed to oppose the
      first fluid-responsive area 160e. The third fluid-responsive area 180e
      comprises the projected end of the plunger 240e whereas, in the FIG. 4
      configuration, the third fluid-responsive area 180d comprised the annular
      projected-end portion between the plunger 240d and the outside diameter of
      the spool land 124d.
PAR  The directional control valve 20e provides a first fluid flow path 200e
      which comprises the first signal port 80e and a load signal passage 76e.
      The directional control valve 20e also provides a second fluid flow path
      130e which comprises the second signal port 86e, the pressure signal
      passage 270e, and the elongated recess 272e. In like manner, an identical
      valve, 20e', is effective to establish another fluid flow path which
      comprises another pressure signal passage 270e' and other elongated recess
      272e'.
PAR  The system 10e of FIG. 5 also includes a second area signal means 204e
      which comprises the first fluid flow path 200e, a second area conduit
      150e, and the second attenuation restrictor-valve 226e.
PAR  Finally, the system 10e of FIG. 5 includes a third area signal means 206e
      which comprises the parallel connection of the second fluid flow path 130e
      and the corresponding path in directional control valve 20e', the third
      area conduit 146e, and the third area attenuation restrictor-valve 248e.
PAC  PRESSURE LIMITING IN FIGS. 2 - 5:
PAR  Referring now to FIGS. 2 - 5, each of the systems 10b - 10e includes a
      pilot relief valve 280b - 280e, respectively, which is connected between
      the respective ones of the second area conduits 150b - 150e and the sump
      16e. Each of the pilot relief valves 280b - 280e is effective to limit the
      fluid pressure which is applied to the respective ones of the second
      fluid-responsive areas 162b - 162e and is therefore effective to limit
      both the force which urges the respective ones of the valve spools 32b -
      32e toward their operating modes and the maximum pump pressure of the
      respective ones of the pumps 14b - 14e.
PAR  Referring now to the FIG. 5 configuration, the system 10e includes a pilot
      relief valve 282e which may optionally replace the pilot relief valve
      280e. The pilot relief valve 282e is connected between the third area
      conduit 146e and a sump 16j and is effective to limit the fluid pressure
      which is applied to the third fluid-responsive area 180e and thereby to
      limit the maximum pump pressure in the same manner as the pilot relief
      valve 280e.
PAC  FLOW LIMITATION IN FIGS. 3 - 5:
PAR  Referring now to FIGS. 3 - 5, the systems 10c - 10e each include a flow
      valve 290c - 290e respectively. Each of the flow valves 290c - 290e are
      identical to each other; and each of the flow valves 290c - 290e is
      connected into the respective ones of the systems 10c - 10e in the same
      manner; so only the flow valve 290d of the FIG. 4 configuration will be
      described.
PAR  Referring now to FIG. 4, the flow valve 290d is interposed into the pump
      pressure conduit 120d and provides a flow path 292d which
      intercommunicates the pump 14d with the inlet ports 72d and 74d when the
      flow valve 290d is in a position 294d as shown. The flow valve 290d is
      actuated to the position 294d by a spring 296d and an operator 298d. The
      flow valve 290d is operated to a position 304d by an operator 302d.
PAR  The directional control valve 20d' includes a pair of inlet ports (not
      shown, same as 72d and 74d) that are connected to the pump pressure
      conduit 120d, intermediate of the pump 14d and the flow valve 290d, by a
      pump pressure conduit 120d'; so the flow valve 290d is effective to
      control fluid flow to the control valve 20d but is not effective to
      control fluid flow to the control valve 20d'.
PAR  In the operation of the system 10d of FIG. 4, whenever both of the valving
      elements 90d and 90d' are moved to their operating positions and whenever
      the directional control valve 20d' is applying fluid pressure to a second
      fluid-actuated device (not shown, same as 22d) at a higher load-actuating
      pressure than that which the directional control valve 20d is supplying to
      the fluid-actuted device 22d, then the bypass valve 18d is controlled by
      the higher load-actuating pressure of the second fluid-actuated device and
      the pump pressure in pump pressure conduit 120d is higher than that which
      is required by the directional control valve 20d and the fluid-actuated
      device 22d.
PAR  When this happens, the fluid-actuated device 22d would be operated with a
      higher fluid flow rate than that which had been selected by the position
      of the valving element 90d; because the pressure of the pump 14d is now
      greater than that which is required for the fluid-actuated device 22d and
      the load-actuating pressure thereof.
PAR  At this time, the flow valve 290dis actuated by the pump pressure at a
      point 300d, as applied to an operator 302d, to actuate the flow valve 290d
      toward a position 304d and to restrict fluid flow from the pump 14d to the
      inlet ports 72d and 74d. Also, at the same time, the load-actuating
      pressure of the fluid-actuated device 22d is supplied to the operator 298d
      by way of a conduit 306d which communicates with the first signal port
      80d. The load-actuating pressure, as applied to the operator 298d, and the
      spring 296d cooperate with the pressure of the point 300d and the operator
      302d to restrict fluid flow from the pump 14d to the inlet ports 72d and
      74d and thereby to limit the fluid pressure which is applied to the inlet
      ports 72d and 74d to approximately the same value as if the second
      directional control valve 20d' were not supplying fluid pressure to the
      second fluid-actuated device (not shown) at a higher load-actuating
      pressure than that which the directional control valve 20d is supplying to
      the fluid-actuated device 22d.
PAC  SUMMARIZING REMARKS AND TRANSITION TO CLAIMS:
PAR  Referring finally to FIGS. 1 - 5, it has been shown that there is provided
      a bypass valve, 18a - 18e, in which a third fluid-responsive area, 180a -
      180e, is provided which either assists or opposes a first fluid-responsive
      area, 160a - 160e. The third fluid-responsive area, 180a - 180e, is
      effective to cooperate with a third area signal means, 206a - 206e, to
      provide a system in which a fluid-responsive area, equal to the full
      projected-end area of a valve spool, 32a - 32e, is used to actuate the
      valve spool, 32a - 32e, to a bypassing position at a low pump pressure
      when a movable valving element, 90a - 90e, of a directional control valve,
      20a - 20e, is in its standby position. Then, when the movable valving
      element, 90a - 90e, of the respective ones of the directional control
      valves, 20a - 20 e, is moved to an operating position, the third
      fluid-responsive area, 180a - 180e, and the third area signal means, 206a
      - 206e, cooperate to actuate the valve spool, 32a - 32e, to a bypassing
      mode and to bypass excess fluid from a pump, 14a - 14e, at a higher
      differential pressure between the pump pressure and the load-actuating
      pressure than the difference between the pump pressure and the sump
      pressure when the valving element, 90a - 90e, is in the standby position.
PAR  Each of the systems, 10a - 10e, includes three conduits in which
      discontinuities are shown. These discontinuities graphically illustrate
      the similarities in the interconnections of the systems, 10a - 10e; and
      those skilled in the art will readily see that other systems can be made
      by intermixing the portions of some of the systems that lie above the
      discontinuities with the portions of some of the systems that lie below
      the discontinuities.
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention. Any reference numerals or other materials
      within brackets in the claims as originally filed do not form part of the
      claims proper. Any such materials are provided only for purposes of
      exposition and not by way of limitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A load-responsive hydraulic system of the type which includes a source
      of fluid having a pump that delivers pressurized fluid at the fluid
      pressure thereof and a sump that receives fluid at the fluid pressure
      thereof, a fluid-actuated device, a directional control valve having a
      body that is connected to said source to receive fluid therefrom at said
      pump pressure and to deliver fluid thereto at said sump pressure and
      having a movable valving element that is movable to a standby position
      wherein said fluid-actuated device is isolated from said pump and to an
      operating position wherein pressurized fluid is supplied from said pump to
      said device at the load-actuating pressure thereof, and a differential
      pressure actuated bypass valve having a housing that is connected to said
      source for bypassing of fluid from said pump to said sump and having a
      valve spool that includes both a first fluid-responsive area connected to
      said pump for actuating said valve spool to a bypassing mode by said pump
      pressure wherein said pump fluid is bypassed to said sump and a second
      fluid-responsive area for actuating said valve spool to an operating mode
      wherein said bypassing is occluded, the improvement which comprises:
PA1  a third fluid-responsive area in said bypass valve, being operably
      connected to said valve spool, and being effective to actuate said valve
      spool to one of said modes by a force that is proportional to the fluid
      pressure applied thereto and by a distance proportional to the movement
      thereof;
PA1  second area signal means, including a signal port in said control valve
      that is connected to said second fluid-responsive area and including said
      valving element, for establishing a fluid flow path in said control valve
      between said signal port and said fluid-actuated device to sense said
      load-actuating pressure thereby, for applying said load-actuating pressure
      and the changes thereof to said second area when said control valve is in
      said operating position, and for attenuating said load-actuating pressure
      that is applied to said second area when said control valve is in said
      standby position; and
PAR  third area signal means, being connected to said third fluid-responsive
      area and to said source, and being responsive to said pump pressure, for
      applying said pump pressure to said third area, and for applying another
      of said pressures to said third area.
NUM  2.
PAR  2. A system as claimed in claim 1 in which said other pressure comprises
      said load-actuating pressure.
NUM  3.
PAR  3. A system as claimed in claim 1 in which said other pressure comprises
      said sump pressure.
NUM  4.
PAR  4. A system as claimed in claim 1 in which said third area signal means,
      said connections thereof to said third fluid-responsive area and to said
      source, and said responsiveness to said pump pressure comprise: a third
      area signal valve being connected to said third area and to said pump.
NUM  5.
PAR  5. A system as claimed in claim 1 in which said housing of said bypass
      valve includes a second area port communicating with said second
      fluid-responsive area and a third area port communicating with said third
      fluid-responsive area, and
PA1  said third area signal means, said connections thereof to said third area
      and to said source, and said responsiveness thereof to said pump pressure
      comprises:
PA1  a third area supply restrictor-valve being connected to said third area and
      to said pump, and a third area signal valve having a first valved port
      connected to said third area, having a second valved port connected to
      said second area port, and having an operator connected to said pump.
NUM  6.
PAR  6. A system as claimed in claim 1 in which said second area signal means
      includes a second area attenuation restrictor-valve interconnecting said
      second fluid-responsive area and said sump, and said attenuating of said
      load-actuating pressure that is applied to said second fluid-responsive
      area comprises said second area attenuation restrictor-valve.
NUM  7.
PAR  7. A system as claimed in claim 1 in which said third area signal means
      includes a third area supply restrictor-valve being connected between said
      pump and said third area and supplying pressurized fluid from said pump to
      said third area.
NUM  8.
PAR  8. A system as claimed in claim 1 in which said second area signal means
      includes a second area supply restrictor-valve being connected between
      said pump and said second area and supplying pressurized fluid from said
      pump to said second area.
NUM  9.
PAR  9. A system as claimed in claim 1 in which said system includes a pilot
      relief valve being connected between said second area and said sump and
      providing pressure limitation for said second area.
NUM  10.
PAR  10. A system as claimed in claim 1 in which said system includes a pilot
      relief valve being connected between said third area and said sump and
      providing pressure limitation for said third area.
NUM  11.
PAR  11. A system as claimed in claim 1 in which said one mode comprises said
      bypassing mode.
NUM  12.
PAR  12. A system as claimed in claim 1 in which said one mode comprises said
      operating mode.
NUM  13.
PAR  13. A system as claimed in claim 1 in which said housing of said bypass
      valve includes a spool bore therein, and said valve spool is slidably
      fitted into said spool bore;
PA1  said housing includes a plunger bore of a smaller diameter than said spool
      bore, being positioned at one end of and opening into said spool bore, and
      being disposed with the longitudinal axis thereof parallel to the
      longitudinal axis of said spool bore;
PA1  said bypass valve includes a plunger being slidably fitted into said
      plunger bore and being adapted to cooperate with said valve spool in the
      actuation of said valve spool to said modes;
PA1  one of said areas comprises the projectedend area of said plunger that is
      distal from said valve spool; and
PA1  another of said fluid-responsive areas comprises the net area between the
      outside diameter of said plunger and the outside diameter of said valve
      spool.
NUM  14.
PAR  14. A system as claimed in claim 1 in which said valve spool includes a
      plunger bore extending into said valve spool from one end thereof, being
      in axial alignment to the longitudinal axis thereof, and being closed at
      the bottom end by a portion of said valve spool;
PA1  said bypass valve includes a plunger being slidably fitted into said
      plunger bore; and
PA1  one of said fluid-responsive areas comprises said bottom end of said
      plunger bore.
NUM  15.
PAR  15. A system as claimed in claim 1 in which said system is of the type
      which includes a second fluid-actuated device, a second directional
      control valve being connected to said source and to said second device and
      having both an operating position wherein pressurized fluid is supplied
      from said pump to said second device at the load-actuating pressure
      thereof and a standby position wherein said second device is isolated from
      said pump, the improvement which comprises:
PA1  said connections of said control valves to said source comprise a pump
      pressure conduit connecting both of said control valves to said pump; and
PA1  a flow valve being interposed into said pump pressure conduit between said
      pump and the first said directional control valve, having a first operator
      connected to said first signal port of said first directional control
      valve, and having a second operator connected to said pump pressure
      conduit intermediate of said flow valve and said first directional control
      valve.
NUM  16.
PAR  16. A system as claimed in claim 1 in which said body of said directional
      control valve includes an element bore slidably receiving said movable
      valving element, a work port intercepting said element bore and being
      connected to said device to provide said connection of said control valve
      to said device, and a load signal passage being connected to said signal
      port and intercepting said element bore;
PA1  said connection of said first signal port to said second area comprises a
      second area conduit;
PA1  said second area signal means comprises a second area attenuation
      restrictor-valve interconnecting said signal port and said sump, and said
      load signal passage;
PA1  said third area signal means comprises a third area supply
      restrictor-valve, a third area signal valve, and said second area
      attenuation restrictor-valve; and
PA1  said third area signal valve includes a first valved port being connected
      to said third area to provide said connection of said third area signal
      means to said third area and being connected to said pump by said third
      area supply restrictor-valve to provide said connection of said third area
      signal means to said source, a second valved port being connected to said
      second area conduit, and a signal valve operator being connected to said
      pump to provide said responsiveness to pump pressure.
NUM  17.
PAR  17. A load-responsive hydraulic system of the type which includes a source
      of fluid having a pump that delivers pressurized fluid at the fluid
      pressure thereof and a sump that receives fluid at the fluid pressure
      thereof, a fluid-actuated device, a directional control valve having a
      body that is connected to said source to receive fluid therefrom at said
      pump pressure and to deliver fluid thereto at said sump pressure and
      having a movable valving element that is movable to a standby position
      wherein said fluid-actuated device is isolated from said pump and to an
      operating position wherein pressurized fluid is supplied from said pump to
      said device at the load-actuating pressure thereof, and a differential
      pressure actuated bypass valve having a housing that is connected to said
      source for bypassing of fluid from said pump to said sump and having a
      valve spool that includes both a first fluid-responsive area connected to
      said pump for actuating said valve spool to a bypassing mode by said pump
      pressure wherein said pump fluid is bypassed to said sump and a second
      fluid-responsive area for actuating said valve spool to an operating mode
      wherein said bypassing is occluded, the improvement which comprises:
PA1  a third fluid-responsive area in said bypass valve, being operably
      connected to said valve spool, and being effective to actuate said valve
      spool to one of said modes by a force that is proportional to the fluid
      pressure applied thereto and by a distance proportional to the movement
      thereof;
PA1  second area signal means, including a first signal port in said control
      valve that is connected to said second fluid-responsive area and including
      said valving element, for establishing a first fluid flow path in said
      control valve between said first signal port and said fluid-actuated
      device to sense said load-actuating pressure thereby, for applying said
      load-actuating pressure and the changes thereof to said second area when
      said control valve is in said operating position, and for attenuating said
      load-actuating pressure that is applied to said second area when said
      control valve is in said standby position; and
PA1  third area signal means, including a second signal port in said control
      valve and including said valving element, being connected to said third
      fluid-responsive area and to said sources, and being responsive to said
      pump pressure, for establishing a second fluid flow path from said second
      signal port to said source, for applying said pump pressure to said third
      area when said control valve is in one of said positions, and for applying
      another of said pressures to said third area when said control valve is in
      the other of said positions.
NUM  18.
PAR  18. A system as claimed in claim 17 in which said establishing of said
      second fluid flow path to said source comprises establishing said second
      fluid flow path to said sump.
NUM  19.
PAR  19. A system as claimed in claim 17 in which said establishing of said
      second fluid flow path to said source comprises establishing said second
      fluid flow path to said pump,
NUM  20.
PAR  20. A system as claimed in claim 17 in which said operating position is the
      one of said positions wherein said pump pressure is applied to said third
      area.
NUM  21.
PAR  21. A system as claimed in claim 17 in which said standby position is the
      one of said positions wherein said pump pressure is applied to said third
      area.
NUM  22.
PAR  22. A system as claimed in claim 17 in which said system is of the type
      which includes a second fluid-actuated device, a second directional
      control valve being connected to said source and to said second device and
      having a second movable valving element that includes both an operating
      position wherein pressurized fluid is supplied from said pump to said
      second device at the load-actuating pressure thereof and a standby
      position wherein said device is isolated from said pump, the improvement
      which comprises:
PA1  said second control valve includes another second signal port and another
      second fluid flow path being established in said second control valve from
      said other second signal port to said source when said second control
      valve is in one of said positions; and
PA1  said third area signal means includes second fluid flow path
      connection-means for connecting both of said seconnd signal ports to said
      third area, for establishing fluid communication from said third area to
      said source via one of said second fluid flow paths when either one of
      said control valves is in said standby position and the other of said
      control valves is in a first one of said positions, and for occluding said
      fluid communication from said third area to said source when either one of
      said control valves is in said standby position and the other of said
      control valves is in a second one of said positions.
NUM  23.
PAR  23. A system as claimed in claim 22 in which said second fluid flow path
      connection-means comprises series connection of first said second fluid
      flow path and said other second fluid flow path.
NUM  24.
PAR  24. A system as claimed in claim 22 in which said second fluid flow path
      connection-means comprises parallel connection of first said second fluid
      flow path and said other second fluid flow path.
NUM  25.
PAR  25. A system as claimed in claim 17 in which said system is of the type
      which includes a second fluid-actuated device, a second directional
      control valve being connected to said source and to said second device and
      having both an operating position wherein pressurized fluid is supplied
      from said pump to said second device at the load-actuating pressure
      thereof and a standby position wherein said device is isolated from said
      pump, the improvement which comprises:
PA1  said second area signal means includes another first signal port in said
      second control valve and another first fluid flow path being established
      between said other first signal port and said second device when said
      second control valve is in said operating position; and
PA1  said second area signal means further includes logic means, being
      interposed between first said first signal port and said second area and
      connecting said other first signal port to said second area, for
      pressurizing said second area by the load-actuating pressure of the one of
      said devices receiving the highest load-actuating pressure when both of
      said control valves are actuated to said operating positions.
NUM  26.
PAR  26. A system as claimed in claim 25 in which said logic means establishes a
      flow path from said one fluid-actuated device to said second area.
NUM  27.
PAR  27. A system as claimed in claim 25 in which said logic means establishes a
      fluid flow path from said second area to said one fluid-actuated device.
NUM  28.
PAR  28. A system as claimed in claim 25 in which said logic means for
      pressurizing said second area by said highest load-actuating pressure
      comprises:
PA1  means for reducing said pressurization of said second area to the pressure
      level of a new highest load-actuating pressure when first said highest
      load-actuating pressure is reduced.
NUM  29.
PAR  29. A system as claimed in claim 28 in which said reducing means comprises
      a second area attenuation restrictor-valve interconnecting said second
      area and said sump.
NUM  30.
PAR  30. A system as claimed in claim 28 in which said logic means comprises
      means for returning excess load-actuating pressure from said second area
      to said device; and
PA1  said reducing means comprises said returning means.
NUM  31.
PAR  31. A system as claimed in claim 17 in which said housing of said bypass
      valve includes a third area port communicating with said third
      fluid-responsive area;
PA1  said third area signal means comprises a third area signal valve having a
      first valved port connected to said third area port, having a second
      valved port connected to said pump, and having a signal valve operator
      connected to said second signal port;
PA1  said connection of said third area signal means to said third
      fluid-responsive area comprises said connection of said first valved port
      to said third area port, said connection of said third area signal means
      to said source comprises said connection of said second valved port to
      said pump, and said responsiveness to said pump pressure comprises said
      signal valve operator and said connection of said signal valve operator to
      said pump; and
PA1  said establishing of said second fluid path from said second signal port to
      said source comprises establishing said second fluid path from said second
      signal port to said sump when said control valve is in said standby
      position.
NUM  32.
PAR  32. A system as claimed in claim 17 in which said second area signal means
      includes said second fluid flow path and a one-way flow valve
      interconnecting said second fluid-responsive area and said second signal
      port and permitting fluid flow from said second fluid-responsive area to
      said second signal port, whereby said attenuating of said load-actuating
      pressure applied to said second area includes said second fluid flow path.
NUM  33.
PAR  33. A load-responsive hydraulic system of the type which includes a source
      of fluid having a pump that delivers pressurized fluid at the fluid
      pressure thereof and a sump that receives fluid at the fluid pressure
      thereof, a fluid-actuated device, a directional control valve having a
      body that is connected to said source to receive fluid therefrom at said
      pump pressure and to deliver fluid thereto at said sump pressure and
      having a movable valving element that is movable to a standby position
      wherein said fluid-actuated device is isolated from said pump and to an
      operating position wherein pressurized fluid is supplied from said pump to
      said device at the load-actuating pressure thereof, and a differential
      pressure actuated bypass valve having a housing that is connected to said
      source for bypassing of fluid from said pump to said sump and having a
      valve spool that includes both a first fluid-responsive area connected to
      said pump for actuating said valve spool to a bypassing mode by said pump
      pressure wherein said pump fluid is bypassed to said sump and a second
      fluid-responsive area for actuating said valve spool to an operating mode
      wherein said bypassing is occluded, the improvement which comprises:
PA1  a third fluid-responsive area in said bypass valve, being operably
      connected to said valve spool, and being effective to actuate said valve
      spool to one of said modes by a force that is proportional to the fluid
      pressure applied thereto and by a distance proportional to the movement
      thereof;
PA1  second area signal means, including a first signal port in said control
      valve that is connected to said second fluid-responsive area and including
      said valving element, for establishing a first fluid flow path in said
      control valve between said first signal port and said fluid-actuated
      device to sense said load-actuating pressure thereby, for applying said
      load-actuating pressure and the changes thereof to said second area when
      said control valve is in said operating position, and for attenuating said
      load-actuating pressure that is applied to said second area when said
      control valve is in said standby position; and
PA1  third area signal means, including a second signal port in said control
      valve and including said valving element, being connected to said third
      fluid-responsive area and to said source, and being responsive to said
      pump pressure, for establishing a second fluid flow path from said second
      signal port to said source, for applying said pump pressure to said third
      area when said control valve is in one of said positions, and for applying
      said load-actuating pressure to said third area when said control valve is
      in the other of said positions.
NUM  34.
PAR  34. A system as claimed in claim 33 in which said body of said directional
      control valve includes an element bore slidably receiving said movable
      valving element, a work port intercepting said element bore and being
      connected to said device to provide said connection of said control valve
      to said device, a load signal passage being connected to said first signal
      port and intercepting said element bore, an attenuation signal passage
      being connected to said second signal port and intercepting said element
      bore, and an attenuation return passage being connected to said sump and
      intercepting said element bore;
PA1  said valving element includes means for communicating said load signal
      passage with said work port when said valving element is in said operating
      position and for communicating said attenuation signal passage with said
      sump when said valving element is in said standby position;
PA1  said connection of said first signal port to said second area comprises a
      second area conduit;
PA1  said first fluid flow path of said second area signal means comprises said
      load signal passage;
PA1  said second area signal means further comprises said attenuation signal
      passage, said attenuation return passage, and a one-way flow valve
      interconnecting said second area conduit and said second signal port and
      providing one-way fluid communication from said second area conduit to
      said second signal port;
PA1  said second fluid flow path of said third area signal means comprises said
      attenuation signal passage and said attenuation return passage;
PA1  said third area signal means further comprises a third area signal valve, a
      pressure change restrictor-valve, and an operator supply restrictor-valve;
PA1  said third area signal valve includes a first valved port being connected
      to said third area to provide said connection of said third area signal
      means to said third area, a second valved port being connected to said
      pump to provide said connection of said third area signal means to said
      source, and a signal valve operator being connected to said pump by said
      operator supply restrictor-valve to provide said responsiveness to said
      pump pressure and being connected to said second signal port; and
PA1  said pressure change restrictor-valve is connected between said third area
      and said second area.
NUM  35.
PAR  35. A load-responsive hydraulic system of the type which includes a source
      of fluid having a pump that delivers pressurized fluid at the fluid
      pressure thereof and a sump that receives fluid at the fluid pressure
      thereof, a fluid-actuated device, a directional control valve having a
      body that is connected to said source to receive fluid therefrom at said
      pump pressure and to deliver fluid thereto at said sump pressure and
      having a movable valving element that is movable to a standby position
      wherein said fluid-actuated device is isolated from said pump and to an
      operating position wherein pressurized fluid is supplied from said pump to
      said device at the load-actuating pressure thereof, and a differential
      pressure actuated bypass valve having a housing that is connected to said
      source for bypassing of fluid from said pump to said sump and having a
      valve spool that includes both a first fluid-responsive area connected to
      said pump for actuating said valve spool to a bypassing mode by said pump
      pressure wherein said pump fluid is bypassed to said sump and a second
      fluid-responsive area for actuating said valve spool to an operating mode
      wherein said bypassing is occluded, the improvement which comprises:
PA1  a third fluid-responsive area in said bypass valve, being operably
      connected to said valve spool, and being effective to actuate said valve
      spool to one of said modes by a force that is proportional to the fluid
      pressure applied thereto and by a distance proportional to the movement
      thereof;
PA1  second area signal means, including a first signal port in said control
      valve that is connected to said second fluidresponsive area and including
      said valving element, for establishing a first fluid flow path in said
      control valve between said first signal port and said fluid-actuated
      device to sense said load-actuating pressure thereby, for applying said
      load-actuating pressure and the changes thereof to said second area when
      said control valve is in said operating position, and for attenuating said
      load-actuating pressure that is applied to said second area when said
      control valve is in said standby position; and third area signal means,
      including a second signal port in said control valve and including said
      valving element, being connected to said third fluid-responsive area and
      to said source, and being responsive to said pump pressure, for
      establishing a second fluid flow path from said second signal port to said
      source, for applying said pump pressure to said third area when said
      control valve is in one of said positions, and for applying said sump
      pressure to said third area when said control valve is in the other of
      said positions.
NUM  36.
PAR  36. A system as claimed in claim 35 in which said one position comprises
      said standby position.
NUM  37.
PAR  37. A system as claimed in claim 36 in which said body of said directional
      control valve includes an element bore slidably receiving said movable
      valving element, a work port intercepting said element bore and being
      connected to said device to provide said connection of said control valve
      to said device, a load signal passage being connected to said first signal
      port and intercepting said element bore, an attenuation signal passage
      being connected to said second signal port and intercepting said element
      bore, and an attenuation return passage being connected to said sump and
      intercepting said element bore;
PA1  said valving element includes means for communicating said load signal
      passage with said work port when said valving element is in said operating
      position and for communicating said attenuation signal passage with said
      sump when said valving element is in said standby position;
PA1  said connection of said first signal port to said second area comprises a
      second area conduit;
PA1  said first fluid flow path of said second area signal means comprises said
      load signal passage;
PA1  said second area signal means further comprises a second area attenuation
      restrictor-valve interconnecting said second area conduit and said sump;
PA1  said second fluid flow path of said third area signal means comprises said
      attenuation signal passage and said attenuation return passage;
PA1  said third area signal means further comprises a third area signal valve, a
      third area attenaution restrictor-valve, and an operator supply
      restrictor-valve;
PA1  said third area signal valve includes a first valved port being connected
      to said third area to provide said connection of said third area signal
      means to said third area, a second valved port being connected to said
      pump to provide said connection of said third area signal means to said
      source, and a signal valve operator being connected to said pump by said
      operator supply restrictor-valve to provide said responsiveness to said
      pump pressure and being connected to said second signal port; and
PA1  said third area attenuation restrictor-valve is connected between said
      third area and said sump.
NUM  38.
PAR  38. A system as claimed in claim 35 in which said one position comprises
      said operating position.
NUM  39.
PAR  39. A system as claimed in claim 38 in which said body of said directional
      control valve includes an element bore slidably receiving said movable
      valving element, a work port intercepting said element bore and being
      connected to said device to provide said connection of said control valve
      to said device, a load signal passage being connected to said first signal
      port and intercepting said element bore, an attenuation signal passage
      being connected to said second signal port and intercepting said element
      bore, and an attenuation return passage being connected to said sump and
      intercepting said element bore;
PA1  said valving element includes means for communicating said load signal
      passage with said work port when said valving element is in said operating
      position and for communicating said attenuation signal passage with said
      sump when said valving element is in said standby position;
PA1  said connection of said first signal port to said second area comprises a
      second area conduit;
PA1  said first fluid flow path of said second area signal means comprises said
      load signal passage;
PA1  said second area signal means further comprises a one-way flow valve
      interconnecting said second area conduit and said second signal port and
      allowing fluid flow from said second area conduit to said second signal
      port, said attenuation signal passage, and said attenuation return
      passage;
PA1  said second fluid flow path of said third area signal means comprises said
      attenuation signal passage and said attenuation return passage; and
PA1  said third area signal means further comprises a third area supply
      restrictor-valve being connected to said third area to provide said
      connection of said third area signal means to said third area, being
      connected to said pump to provide said connection of said third area
      signal means to said source and to provide said responsiveness of said
      pump pressure, and being connected to said second signal port.
NUM  40.
PAR  40. A system as claimed in claim 39 in which said system is of the type
      which includes a second fluid-actuated device, a second directional
      control valve being connected to said source and to said second device and
      having a second movable valving element that includes both an operating
      position wherein pressurized fluid is supplied from said pump to said
      second device at the load-actuating pressure thereof and a standby
      position wherein said device is isolated from said pump, the improvement
      which comprises:
PA1  said second control valve includes another second signal port and another
      second fluid flow path being established in said second control valve from
      said other second signal port to said source when said second control
      valve is in one of said positions; and
PA1  both of said second fluid flow paths are established when said movable
      valving element are in said standby positions, and said second fluid flow
      paths are connected in series between first said second signal port and
      said sump.
NUM  41.
PAR  41. A system as claimed in claim 39 in which said system is of the type
      which includes a second fluid-actuated device, a second directional
      control valve being connected to said source and to said second device and
      having a second movable valving element that includes both an operating
      position wherein pressurized fluid is supplied from said pump to said
      second device at the load-actuating pressure thereof and a standby
      position wherein said device is isolated from said pump, the improvement
      which comprises:
PA1  said second control valve includes another first signal port;
PA1  said second area signal means comprises another first fluid flow path being
      established between said other first signal port and said second device
      when said second valving element is in said operating position; and
PA1  said second area signal means comprises logic means, interconnecting first
      said first signal port and said second area to provide said connection of
      said second area signal means and said second area and being connected to
      said other first signal port, for selecting the highest load-actuating
      pressure that is supplied to either of said devices when both of said
      valving elements are moved to said operating positions, for pressurizing
      said second area by the pressure magnitude of said highest load-actuating
      pressure, and for reducing said pressurizing of said second area when said
      highest load-actuating pressure is reduced.
NUM  42.
PAR  42. A system as claimed in claim 35 in which said establishing of said
      second fluid flow path to said sourc comprises establishing said second
      fluid flow path to said pump.
NUM  43.
PAR  43. A system as claimed in claim 42 in which said body, of said directional
      control valve includes an element bore slidably receiving said movable
      valving element, a work port intercepting said element bore and being
      connected to said device to provide said connection of said control valve
      to said device, a load signal passage being connected to said first signal
      port and intercepting said element bore, an inlet port intercepting said
      element bore and being connected to said pump to provide said connection
      of said control valve to said source, a pressure signal passage
      intercepting said element bore and being connected to said second signal
      port;
PA1  said valving element includes means for communicating said load signal
      passage with said work port and for communicating said pressure signal
      passage with said inlet passage when said valving element is in said
      operating position;
PA1  said connection of said first signal port to said second area comprises a
      second area conduit;
PA1  said first fluid flow path of said second area signal means comprises said
      load signal passage;
PA1  said second area signal means further comprises a second area attenuation
      restrictor-valve being connected to said second area conduit and to said
      sump;
PA1  said connection of said third area signal means to said third area
      comprises a third area conduit interconnecting said second signal port and
      said third area;
PA1  said second fluid flow path of said third area signal means comprises said
      pressure signal passage; and
PA1  said third area signal means further comprises a third area attenuation
      restrictor-valve interconnecting said third area conduit and said sump.
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ABST
PAL  A low friction seal assembly for a fluid energy translating device seals a
      pair of pressure fluid chambers from one another. The assembly is mounted
      in a movable member of the device and has an elastic member which
      mechanically and hydraulically biases a seal member into engagement with
      the walls of the device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The instant invention relates to a low friction seal assembly which
      isolates one fluid chamber from another in a fluid energy translating
      device. The seal is biased outwardly into engagement with the walls of the
      device by hydraulic and mechanical means.
PAR  In a fluid energy translating device such as a hydraulic motor, a vane or
      piston seal must accommodate irregularities in the wall surfaces of the
      fluid chambers as the vane or piston is moved and must accommodate rapid
      changes of fluid pressure in the chambers with a minimum of wear.
PAC  SUMMARY OF THE INVENTION
PAR  The low friction seal assembly of the instant invention is supported in a
      vane and biased into engagement with the walls of a fluid motor to seal
      one fluid chamber from another. The seal assembly includes an O-ring which
      mechanically biases a seal member into contact with the fluid motor walls.
      Hydraulic fluid is supplied to the O-ring which is hydraulically balanced
      radially over a portion of its surface to reduce the force applied to the
      seal member and is hydraulically balanced laterally over a portion of its
      surface to reduce the force applied to the support and thereby permit the
      assembly to move easily in the support.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of an axial piston pump having a fluid motor
      which incorporates the seal assembly of the instant invention.
PAR  FIG. 2 is an exploded view of the low friction vane seal assembly.
PAR  FIG. 3 is an assembled view of the vane seal assembly with half of a
      back-up plate removed.
PAR  FIG. 4 is a sectional view of the vane seal assembly supported in a fluid
      motor vane.
PAR  FIG. 5 is an enlarged sectional view of a portion of the vane seal assembly
      shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A portion of an axial piston pump is disclosed in FIG. 1 having a plurality
      of pistons 10 which slide over an angled thrust plate 11 and reciprocate
      when a drive shaft 12 is rotated. Plate 11 is mounted on a pivotable
      rocker cam 13 in a well known manner. Rocker cam 13 has a convex surface
      14 which engages a mating surface 15 on a cam support 16. Cam support 16
      is mounted in a housing 17 of the pump.
PAR  Rocker cam 13 is pivoted in support 16 by a fluid motor 18 to change the
      displacement of the pump. Motor 18 has a housing 19 rigidly mounted in
      pump housing 17 and a movable vane 20 which is rigidly affixed to rocker
      cam 13. Housing 19 is divided into a pair of fluid chambers 21, 22 by vane
      20. Chambers 21, 22 are enclosed by walls 25 of housing 19, a surface 26
      on rocker cam 13, a surface 26' on cam support 16 and by an end cover, not
      shown. A seal assembly 23 mounted in a slot 24 in vane 20 seals fluid
      chambers 21, 22 from one another.
PAR  Motor 18 is operated to pivot rocker cam 13 when high pressure fluid is
      supplied to one of the fluid chambers 21, 22 to move vane 20 and expand
      the chamber; simultaneously fluid is exhausted from the other fluid
      chamber 21, 22 as it is contracted. As vane 20 moves, vane seal assembly
      23 engages the surfaces or walls 25, 26, 26' which define fluid chambers
      21, 22 and prevents leakage of pressure fluid from one chamber 21, 22 to
      the other.
PAR  Seal assembly 23 will now be described in detail with reference to FIGS.
      2-5. Seal assembly 23 includes a pair of back-up plates 27, 28, a spacer
      29, a disc 30 which fits loosely in a bore 31 in spacer 29, an O-ring 32
      and a flexible seal member 33. Seal assembly 23 is assembled by placing
      disc 30 in bore 31, mounting O-ring 32 on the perimeter 34 of spacer 29,
      squeezing mounted O-ring 32 into an opening in seal member 33 defined by a
      wall 35 and sandwiching the assembled spacer 29, disc 30, O-ring 32 and
      seal member 33 between flat surfaces 27', 28' on respective back-up plates
      27, 28. Completed assembly 23 is mounted in slot 24 of vane 20 as shown in
      FIG. 4 to bias seal member 33 into contact with the fluid motor walls
      defining chambers 21, 22 to thereby seal the chambers from one another.
PAR  Flexible seal member 33 is mechanically biased into contact with the
      surfaces 25, 26, 26' defining chambers 21, 22 by O-ring 32 which is
      squeezed or compressed radially inward when assembly 23 is mounted in vane
      20. To compress O-ring 32 radially, the distance between perimeter 34 of
      spacer 29 and wall 35 of seal member 33 is made approximately 0.006 inch
      less than the diameter of the thinnest allowable O-ring 32. In the instant
      invention, the dimension A between opposing interior surfaces 25 in
      housing 19 is 1.501-1.503 inches. The radial height B of spacer 29 is
      1.095-1.099 inches. The distance C between wall 35 and the outside
      perimeter 36 of seal member 33 is 0.110-0.116 inch. The diameter d of
      O-ring 32 is 0.100-0.106 inch. The maximum radial height h of the space
      for O-ring 32 is
      ##EQU1##
      The minimum radial height h of the space for O-ring 32 is
      ##EQU2##
      Since the radial height of space for O-ring 32 ranges between 0.094-0.085
      inch and O-ring 32 has a minimum diameter of 0.100 it is compressed or
      squeezed radially from 0.006-0.015 inch.
PAR  O-ring 32 is also compressed or squeezed laterally between back-up plates
      27, 28 when assembly 23 is mounted in vane 20 as seen in FIG. 5 to prevent
      pressure fluid in the seal assembly from leaking to the low pressure
      chamber. To compress O-ring 32 laterally the distance between the inside
      surfaces 27', 28' of back-up plates 27, 28 is made, at least 0.006 inch
      less than the diameter of the thinnest allowable O-ring 32. In the instant
      invention, the slot width D is 0.250-0.254 inch. Back-up plates 27, 28
      have a thickness E of 0.080-0.081 inch. The maximum lateral space 1 for
      O-ring 32 is 1 .sub.max = D - 2E = 0.254 - 2(0.080) = 0.094 inch. The
      minimum lateral space 1 for O-ring 32 is 1 .sub.min = 0.250 - 2(.081) =
      0.088 inch. Since the lateral space for O-ring 32 ranges between
      0.094-0.088 inch and O-ring 32 has a minimum diameter of 0.100 inch, it is
      compressed or squeezed laterally from 0.006-0.012 inch. In FIGS. 4 and 5,
      it is apparent that O-ring 32 is thicker than seal member 33 which has a
      thickness F of 0.082-0.088 inch and spacer 29 which has a thickness G of
      0.078-0.083 inch.
PAR  The cross-sectional area and volume of an O-ring 32 may be greater than the
      space provided as seen from the following calculations. The
      cross-sectional area of the maximum space for O-ring 32 is h .sub.max x 1
      .sub.max = 0.00836 in.sup.2. The cross-sectional area of the minimum space
      for O-ring 32 is h .sub.min x 1 .sub.min = 0.007744 in.sup.2. The area of
      O-ring 32 with a diameter of 0.100-0.106 inch ranges between 0.0078539
      in.sup.2.-0.0088247 in.sup.2. Since the volume of O-ring 32 may exceed the
      volume defined by the distance between perimeter 34 on spacer 29 and wall
      35 on seal member 33 and the distance between back-up plate surfaces 27',
      28', shallow notches 37 or dimples are formed at intervals in the
      perimeter 34 of spacer 29 to provide extra space into which any excess
      volume of O-ring 32 may flow. Notches 37 have more volume than the excess
      of O-ring 32. Without notches 37, commercial tolerances in the members
      comprising vane seal assembly 23 prevent squeezing O-ring 32
      simultaneously in two directions.
PAR  The operation of low friction vane seal assembly 23 in slot 24 of vane 20
      can best be described by referring to FIGS. 4 and 5. When high pressure
      fluid is in fluid chamber 21, fluid flows between vane 20 and back-up
      plate 27 through a groove 38 in one face of back-up plate 27 into a bore
      39 in plate 27. The fluid causes disc 30 to act as a check valve and move
      against surface 28' to cover a similar bore 40 in back-up plate 28 to
      prevent fluid flow up groove 41 to fluid chamber 22. The pressure fluid
      flows through notches 37 and spacer bore 31 to either side of spacer 29,
      which is thinner than seal member 33, into spaces 51 and 52 under one-half
      of O-ring 32 and biases it radially outwardly. Grooves 37 help transfer
      fluid to either side of spacer 29 to equalize pressure thereon so that
      spacer 29 is hydraulically balanced.
PAR  Additional high pressure fluid seeps between surface 27' and the lateral
      face 42 of seal member 33 into a space 53 to bias O-ring 32 laterally
      towards surface 28' of the other end plate 28. Consequently, high pressure
      fluid in spaces 51, 52 and 53 biases O-ring 32 radially and laterally
      towards a low pressure space 54 over a top one-fourth of O-ring 32. As
      viewed in FIG. 5, the left half of O-ring 32 is hydraulically balanced
      radially and the bottom half of O-ring 32 is balanced laterally. The
      radial and lateral hydraulic force on O-ring 32 is half the force which
      acts on conventional O-ring installations where an unbalanced hydraulic
      force acts on half of the O-ring. Consequently, O-ring 32 exerts a low
      lateral force on back-up plates 27, 28 so that it can slide over the
      plates when seal member 33 encounters an irregularity in the walls 25, 26,
      26' and moves O-ring 32 and exerts a low radial force on seal member 33
      which prevents excessive wear of member 33.
PAR  As mentioned above, spacer 29 is hydraulically balanced since pressure
      fluid acts on both sides of it. This reduces the frictional force on seal
      assembly 23 when seal member 33 must move relative to vane 20 to
      accommodate an irregularity in surfaces defining chambers 21, 22. In FIG.
      4, it can be seen that back-up plates 27, 28 are shorter than the distance
      between parallel surfaces 25, 25 in housing 19. Thus, if an irregularity
      is encountered in surface 25, seal member 33, O-ring 32 and spacer 29 can
      move inward or outward while back-up plates 27, 28 remain stationary. This
      is desirable since fluid acting on back-up plate surfaces 27', 28' heavily
      loads the plates against the walls of slot 24 to prevent the plates 27, 28
      from moving.
PAR  Back-up plates 27, 28 are used in the instant seal assembly 23 to support
      seal member 33 and O-ring 32 and to provide surfaces against which O-ring
      32 can seal. Plates 27, 28 would not be necessary if vane 20 was enlarged
      and the walls of slot 24 extended to cover a portion of the vertical
      lateral face 42 of seal member 33.
PAR  It can be seen that the vane seal assembly of the instant invention
      provides a seal which compresses an O-ring radially and laterally to
      provide a seal which accommodates variatons in the surfaces defining the
      fluid motor chambers and changes of high pressure fluid from one fluid
      chamber to another.
PAR  Obviously, those skilled in the art may make various changes in the details
      and arrangements of parts without departing from the spirit and scope of
      the invention as it is defined by the claims hereto appended. Applicants,
      therefore, wish not to be restricted to the precise construction herein
      disclosed.
CLMS
STM  Having thus described and shown one embodiment of the invention, what is
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. A fluid energy translating device comprising a housing, a member movably
      mounted in the housing and dividing the housing into first and second
      fluid-receiving chambers, fluid supply means for selectively supplying
      high pressure fluid to the first and second chambers, a seal assembly
      carried by the member to seal the first and second chambers from one
      another, the seal assembly having a pair of back-up plates positioned
      within the member and slidable with respect thereto, a spacer positioned
      between the back-up plates, an elastic member mounted on the perimeter of
      the spacer, and a seal member which engages the walls of the housing and
      has an opening in which the elastic member is positioned, the elastic
      member being mechanically squeezed radially between the spacer and seal
      member to bias the seal member against the housing walls and squeezed
      laterally between the back-up plates.
NUM  2.
PAR  2. The fluid energy translating device recited in claim 1, wherein the
      spacer thickness is less than the thickness of either the seal member or
      the elastic member, the seal member extends beyond the back-up plates, and
      including second means for supplying high pressure fluid between the
      back-up plates to hydraulically balance the spacer and to hydraulically
      balance half of the elastic member in the radial direction and half of the
      elastic member in the lateral direction to enable the seal member, elastic
      member and spacer to slide as a unit relative to the back-up plates when
      the seal member encounters an irregularity in the housing walls.
NUM  3.
PAR  3. The fluid energy translating device recited in claim 2, wherein the
      second fluid supply means includes an opening in each of the back-up
      plates, and a check valve for simultaneously permitting high pressure
      fluid to flow through an opening in one of the back-up plates and
      preventing high pressure fluid flow through the opening in the other
      back-up plate.
NUM  4.
PAR  4. The fluid energy translating device recited in claim 3, wherein the
      check valve includes a disc mounted in an opening in the spacer and the
      disc is larger than the back-up plate bores.
NUM  5.
PAR  5. The fluid energy translating device recited in claim 1, including
      notches formed in the perimeter of the spacer to provide additional space
      for the elastic member.
NUM  6.
PAR  6. A fluid energy translating device comprising a housing, a member movably
      mounted in the housing and dividing the housing into first and second
      fluid-receiving chambers, fluid supply means for selectively supplying
      high pressure fluid to one of the first and second chambers, parallel
      support surfaces defining a slot in the member for receiving the seal
      assembly, a seal assembly mounted in the slot to seal the first and second
      chambers from one another, the seal assembly having a spacer, an elastic
      member mounted on the perimeter of the spacer and a seal member which
      engages the walls of the housing, the elastic member positioned in an
      opening in the seal member, the elastic member is mechanically squeezed
      radially between the spacer and seal member and laterally between the
      parallel support surfaces, and a notch in the perimeter of the spacer to
      provide additional space for the elastic member.
NUM  7.
PAR  7. The fluid energy translating device recited in claim 6, including second
      means for supplying high pressure fluid between the parallel support
      surfaces to hydraulically balance the spacer and to hydraulically balance
      half of the elastic member in the radial direction and half of the elastic
      member in the lateral direction.
NUM  8.
PAR  8. A fluid energy translating device comprising a housing, a member movably
      mounted in the housing and dividing the housing into first and second
      fluid-receiving chambers, fluid supply means for selectively supplying
      high pressure fluid to the first and second chambers, a seal assembly
      carried by the member to seal the first and second chambers from one
      another, the seal assembly having a pair of back-up plates, a spacer
      positioned between the back-up plates, an O-ring fitted onto the perimeter
      of the spacer, and a seal member positioned between the back-up plates
      which engages the walls of the housing, the spacer being thinner than
      either the seal member or the O-ring, the O-ring positioned in an opening
      in the seal member, the O-ring mechanically squeezed radially between the
      spacer and seal member to bias the seal member against the housing walls
      and squeezed laterally between the back-up plates, a plurality of shallow
      notches formed in the perimeter of the spacer to provide additional spaces
      for the O-ring, fluid passages in the back-up plates for conducting high
      pressure fluid between the back-up plates to hydraulically balance the
      spacer and to hydraulically balance half of the O-ring in the radial
      direction and half of the O-ring in the lateral direction, and valve means
      responsive to simultaneously open the fluid passage in one back-up plate
      to admit high pressure fluid between the back-up plates and close the
      fluid passage in the other back-up plate to prevent high pressure fluid
      from communicating with the chamber at low pressure.
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ABST
PAL  Carton feeding and erecting apparatus for transferring flattened cartons
      from one location to another while simultaneously unfolding the cartons to
      an erect, or partially erect, condition. The apparatus is particularly
      useful in high speed packaging operations such as operations wherein
      thermoplastic coated paperboard cartons are to be sequentially unfolded or
      erected from a flattened condition, closed and sealed at their bottom
      ends, filled with milk or other contents, and closed and sealed at their
      top ends. The apparatus includes a carton receiving station at one
      location, a carton delivery station at another location, carton carrying
      means operable to engage a flattened carton at the receiving station and
      carry the carton to the delivery station, and carton unfolding means
      operatively associated with the carrying means and operable to unfold a
      carton to its erect condition as the carton is carried by the carrying
      means from the receiving station to the delivery station.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of The Invention
PAR  This invention relates generally to packaging apparatus, and is
      particularly concerned with carton feeding and erecting apparatus for
      transferring flattened cartons from one location to another while
      simultaneously unfolding the cartons to an erect condition. The feeding
      and erecting operation of the apparatus of this invention may precede the
      transfer of the erect carton to a packaging machine wherein the erect
      carton is sequentially closed and sealed at one end, filled with milk or
      other contents, and closed and sealed at the other end by apparatus of the
      type disclosed, for example, in U.S. Pat. Nos. 3,002,328 and 3,303,761.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  One prior art apparatus of this general type is disclosed in U.S. Pat. No.
      3,307,325 wherein flattened, tubular carton blanks are removed from a
      carton holder by reciprocating suction cups which move toward and away
      from the carton blank holder and successively grip the surface of the
      folded carton blanks. When the suction cup is retracted, it cooperates
      with a deflecting plate to unfold the carton to a rectangular
      configuration, the carton then being placed onto other apparatus for end
      closing, filling and sealing operations.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in apparatus including carton carrying
      means operable to engage a flattened carton at a receiving station at one
      location and carry the carton to a delivery station at another location
      with carton unfolding means operatively associated with the carrying means
      in such a manner that the carton is unfolded to its erect condition as it
      is carried by the carrying means from the receiving station to the
      delivery station. In the disclosed embodiment, the carrying means is in
      the form of suction cups mounted on a rotating drum so that the suction
      cups cyclically move past the receiving and delivery station.
PAR  The carton unfolding means includes stationary and movable elements
      engageable with portions of the carton carried by the carrying means to
      cause unfolding movement of the carton as it travels from the receiving
      station to the delivery station. The suction cup carrying means is mounted
      on the drum in such a manner that it reciprocates in a direction
      transverse to the axis of rotation of the drum during rotation of the drum
      to carry out the unfolding or carton erecting operation.
PAR  Another aspect of the invention includes clamping means carried by the drum
      for engaging a carton at the receiving station and holding it in a
      position to be engaged by the suction cup carrying means, the clamping
      means being operable during rotation of the drum to move out of engagement
      with the carton engaged by the carrying means to a retracted position as
      the carton moves from the receiving station to the delivery station.
PAR  A further aspect of the invention includes a supply container or magazine
      for containing a plurality of flattened cartons, with unloading means for
      transferring cartons one at a time from the storage container to the
      receiving station to be sequentially engaged by the clamping means and
      carton carrying means. Carton orienting means is also provided at the
      receiving station for momentarily positioning cartons fed to the receiving
      station to be engaged by the clamping means. The various components may be
      interconnected by a drive train to assure operation of the components in
      timed sequence with each other.
PAR  The invention is thus not only embodied in the overall combination of
      components for carrying out their respective functions, but in the
      individual components per se.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a flattened, tubular carton blank of the general
      type with which the present invention is used;
PAR  FIG. 2 is an end view of the carton of FIG. 1 as viewed along lines 2--2 of
      FIG. 1;
PAR  FIG. 3 is a schematic illustration of apparatus embodying the invention
      illustrating in part the sequence of operations performed on the cartons
      as they are fed from one location to another by the apparatus;
PAR  FIG. 4 is a top plan view of apparatus embodying the present invention;
PAR  FIG. 5 is an enlarged, fragmentary top plan view, similar to FIG. 2, with
      portions of the apparatus removed to disclose some of the internal parts
      of the apparatus;
PAR  FIG. 6 is an enlarged view similar to FIG. 5 illustrating still additional
      internal parts of the apparatus and illustrating the parts in different
      positions as a carton is fed from one location to another while being
      simultaneously unfolded from the flattened condition illustrated in FIGS.
      1 and 2;
PAR  FIGS. 7a and 7b are sectional views of the upper and lower portions,
      respectively, of the apparatus taken on lines 7ab-7ab of FIG. 5;
PAR  FIG. 8 is an elevational view of a stationary unfolding member of the
      apparatus of FIG. 4 as viewed approximately along lines 8--8 of FIG. 4;
PAR  FIG. 9 is a sectional view of the carton unloading means taken on lines
      9--9 of FIG. 5;
PAR  FIG. 10 is a partial elevational view of the apparatus as viewed along
      lines 10--10 of FIG. 5 with a portion of the outer wall broken away; and
PAR  FIG. 11 is an elevational view of a portion of the apparatus as viewed
      approximately along lines 11--11 of FIG. 6.
DETD
PAR  With reference first to FIGS. 1 and 2, reference character C collectively
      designates a carton which is in flattened, tubular form. The carton C of
      FIG. 1 is preferably made up of paperboard provided with a thermoplastic
      coating, such as polyethylene, on both sides. However, the present
      invention is, of course, not limited to any specific configuration or
      material of the carton.
PAR  The carton C of FIG. 1 includes side panels 2, 4, 6 and 8. The side panels
      2, 4, 6 and 8 are separated from end closure panels by transverse score
      lines 10 and 12, and are separated from each other by longitudinal scored
      lines 14. Additional scored lines (not shown) may be provided on the end
      closure panels depending on the particular configuration desired for the
      end closures. The end closure panels may be scored, for example, in the
      same manner as the cartons shown in U.S. Pat. No. 3,002,328.
PAR  A side seam flap 16 projects from the scored line 14 of the side panel 8
      and is adhesively secured to the inner surface of the side panel 6 as
      shown in FIG. 2 to form the carton into tubular configuration. The end
      closure portion of the side panel 4 to the right of the score line 12, as
      viewed in FIG. 1, has an end edge 18, and a portion 20 of the side panel 8
      projects beyond the end edge 18 of the side panel 4. Similarly, the end
      closure portion of the side panel 2 to the left of the scored line 10 as
      viewed in FIG. 1 has an end edge 22, and a portion 24 of the side panel 6
      projects beyond the end edge 22.
PAR  In accordance with the present invention, the cartons C are unfolded from
      the flattened condition illustrated in FIGS. 1 and 2 to an erect, tubular
      configuration of rectangular cross-section illustrated in phantom lines at
      position X in FIG. 3 as they are transferred by the apparatus of this
      invention from one location to another.
PAR  FIG. 3 schematically illustrates the operation of the apparatus. In FIG. 3,
      reference numeral 26 designates a supply container or magazine for
      containing a quantity of the flattened cartons C with the cartons
      positioned such that the end portion 20 is upright and located to the
      right, as viewed in FIG. 3, of the carton side panels 2 and 4. The
      flattened cartons are transferred one at a time by unloading means 28 to
      carton driving means defined by friction wheels 30 and the side wall 32 of
      a rotating drum 34. The drum or turret rotates in a clockwise direction as
      indicated by arrow 36a in FIG. 3.
PAR  The carton is propelled by the engagement between the drum and friction
      wheel 30 onto a carton receiving station indicated generally by reference
      numeral 36 where its leading edge engages a stop plate or orienting member
      38 momentarily. The trailing end of the carton is then engaged by clamping
      hooks 40 which move to a clamping position to hold the carton C to be
      engaged by carton carrying means in the form of suction cups 42. The
      suction cups 42 carry the carton C from the carton receiving station 36 to
      a carton delivery station illustrated generally by reference numeral 44.
      During the travel of the carton from the receiving station 36 to the
      delivery station 44, the carton engages stationary carton unfolding
      members 46 and 48 which, in cooperation with the movement of the clamping
      members 40 and suction cup carrying members 42, cause the carton to unfold
      to the configuration illustrated at position X at the delivery station 44.
PAR  During the rotation of the drum, the clamping hooks 40 move from clamping
      to retracted positions to assist in the unfolding operation of the
      cartons, which movement of the hooks 40 is controlled by the engagement of
      the hooks with a cam track 49. Similarly, the carton carrying suction cup
      members 42 reciprocate in a direction transverse to the axis of rotation
      52 of the drum, the reciprocation and path of movement of the suction cups
      42 being controlled by a suction cup cam track 50.
PAR  As is pointed out in greater detail below, the portion 20 of the side panel
      8 of the carton engages the outer surface of the carton unfolding member
      46 which, in cooperation with the movement of the suction cups carrying
      means 42 causes unfolding movement of the flattened carton. When the
      carton passes the stationary member 46, the leading corner at the junction
      of panels 4 and 8 of the carton engage a stationary abutment member 48
      which causes the carton to unfold, and move to an "overcenter" position
      creating a back break condition as illustrated in position Y in FIG. 3
      until the suction cups 42 carry the carton past the stationary unfolding
      member 48. When the carton is stripped past the stationary abutment 48, it
      springs back to the substantially rectangular configuration shown at
      position X at the delivery station 44. At the delivery station 44, the
      carton engages a transfer guide member 54 and is picked up by a carton
      pickup means which may be in the form of a suction cup 56 to carry the
      erected carton to machinery for performing end closing, filling and
      sealing operations. During its travel from the carton receiving station 36
      to the stationary unfolding member 46, the carton engages stationary guide
      bars 58. As illustrated in FIGS. 1, 2 and 3, the carton side panels 6 and
      8 engage the stationary guide bars 58, while the suction cups 42 engage
      the side panel 2 as indicated in phantom lines in FIG. 1.
PAR  As is described in greater detail below, the suction cups 42 are connected
      with a source of vacuum pressure when located between the receiving
      station 36 and delivery station 44, and are disconnected from the source
      of vacuum pressure when located at the carton delivery station to release
      the carton.
PAR  With reference to FIG. 7a, the drum or turret 34 is rotatably mounted on a
      hollow post 60 supported on a base indicated collectively by reference
      numeral 62. The base 62 has a top plate 64 defining an upper horizontal
      surface with a depending skirt member 66. A lower support plate 68 is
      welded to the skirt 66, and a cylindrical support sleeve 70 is mounted in
      an opening in the plate 68 and is secured to plate 68 by welding or other
      conventional means.
PAR  The hollow post 60 is formed intermediate its ends with a support flange 72
      which is seated on the upper edge of the support sleeve 70. A key member
      74 is secured to the support sleeve 70 by a screw 76 and projects into a
      slot formed in the post 60 near its lower end to secure the post against
      rotation with respect to sleeve 70, and hence the base 62. A nut 78 is
      threaded onto the lower end of the post 60 and engages the lower end of
      the support sleeve 70 to further secure the post in fixed relationship
      with the base 62.
PAR  The cam track 42 is in the form of a groove formed in a cam plate 80 seated
      on the upper surface of the top plate 64. The cam plate 80 is formed with
      a slot 82, and the head of a stud 84 mounted in the top plate of the base
      is received in the slot 82 to prevent rotation between the cam plate 80
      and the base.
PAR  The cam track 50 is in the form of a groove formed in a cam plate 86
      nonrotatably secured to the post 60 by a key 88. The cam plate 86 is
      seated on an annular support member 90, and the inner race of a bearing
      assembly 92 is received between the annular support member 90 and the
      flange 72 of the post.
PAR  Projecting upwardly from the cam plate 86 is a sleeve 94, and a bearing
      support member 96 is supported on the upper end of the sleeve 94. The
      inner race of the bearing assembly 98 is supported on member 96 and is
      secured against axial movement by a nut 100 threaded onto the post so that
      the bearing assembly is clamped between the nut 100 and support member 96.
PAR  Mounted on the upper end of post 60 is a valve member 102 which is secured
      to the post against rotation by a key 104. Valve member 102 controls
      communication between the suction cups 42 and the source of vacuum in a
      manner set forth in greater detail below.
PAR  The drum 34 has a top wall 106 from which the outer side wall 32 depends,
      and an inner cylindrical wall 108 depending from a central hub member 110.
      The hub member 110 is engaged with the outer race of the bearing assembly
      98.
PAR  The drum 34 has a bottom wall 112, and a cylindrical drive sleeve 114
      depends from the bottom wall 112 in coaxial realtionship wiith the post
      60. The drive sleeve 114 has an inner annular shoulder 115 supported on
      the outer race of the bearing assembly 92. Secured to the lower end of the
      drive sleeve 114 by bolts 118 is a drive gear 116 for the drum. A
      cylindrical spacer 120 extends between the upper surface of the gear 116
      and the outer race of the bearing assembly 92 to provide support for the
      outer race of the bearing assembly.
PAR  Gear 116 is engaged with an output gear 122 mounted on the upper end of a
      drive shaft 124. As shown in FIG. 7b, shaft 124 is rotatably supported in
      a sleeve 126 welded to a plate 128 secured to a support assembly 130.
      Mounted on the lower end of the drive shaft 124 is an input gear 132. The
      input gear 132 is not directly secured to the drive shaft 124, but is
      instead nonrotatably secured to a coupling member 134 which in turn is
      secured to a coupling member 136 by a shear pin 140. The coupling member
      136 is nonrotatably secured to the drive shaft 124 by a key 138.
      Consequently, rotation of the input gear 132 is transmitted to the drive
      shaft 124 through the shear pin 140. Shear pin 140 has a weakened section
      142 located at the interface between members 134 and 136 so that the shear
      pin will break in the event of overload caused, for example, by jamming of
      the drum mechanism, to interrupt the drive to the drum. The input gear 132
      is a beveled gear, and is engaged with an output beveled gear 144
      nonrotatably secured to a power shaft 146. Thus, power is transmitted to
      the drum from the power shaft 146 through the shear pin 140 to prevent
      damage to the machinery upon overload by interrupting the power to the
      drum upon breakage of the shear pin 140.
PAR  Formed on the inner cylindrical wall 108 of the drum 34 is a plurality of
      upper rod supporting members 148, and an equal number of lower rod
      supporting members 152. Each rod supporting member 152 is located axially
      beneath a rod supporting member 148. Upper and lower rods 150 and 154,
      respectively, are supported in the rod supporting members 148 and 152.
      Each pair of axially spaced rods 150 and 154 extend in parallel
      relationship with each other in a direction transverse to the axis of
      rotation 52 of the drum.
PAR  The suction cups 42 are mounted on a manifold member 156, and upper and
      lower slide members 158 and 160, respectively, project laterally from the
      manifold member 156 (FIGS. 5, 7a and 10). The slide members 158 and 160
      are formed with openings which receive the respective rods 150 and 154 to
      slidably support the manifold member 156 on the rods 150 and 154. In the
      illustrated embodiment, each manifold member supports four suction cups
      42. Mounted on each of the lower slide members 160 is a cam follower
      roller 162 (FIGS. 5 and 7a) which is received in the cam groove 50.
      Consequently, rotation of the drum about the axis 52 of the post 60 causes
      the manifold member 156, and hence the suction cups 42, to reciprocate in
      a direction transverse to the axis of rotation because of the engagement
      of the cam follower 162 with the cam track 50. Slots 164 are formed in the
      side wall 52 of the drum to permit movement of the suction cups 42 beyond
      the side wall 32 to the position indicated at 42' in FIG. 7a in phantom
      lines.
PAR  A fluid passage 166 is formed in the manifold member 156 which communicates
      with each of the suction cups 42. The inlet end of the fluid passage 166
      is connected with a flexible conduit 168 extending between the manifold
      156 and a port 170 in the hub member 110. Port 170 communicates with a
      control port 172 in a control plate 173 secured by conventional screws to
      the hub member 110.
PAR  Formed in the valve member 102 and communicating with the control port 172
      in the position shown in FIG. 7a is a curved groove 174 which extends
      partway about the axis of rotation of the drum 34. The groove 174 in turn
      communicates through a port 175 with a conduit 176 extending through the
      hollow post 60. The lower end 178 of the conduit 176 is connected with a
      source of vacuum pressure (not shown). A pressure gauge 180 is mounted on
      the top of valve 102 and is in pressure communication with conduit 176.
      The groove 174 is arcuate and extends through an angle of slightly more
      than 180.degree. about the axis of port 60. Consequently, when ports 170
      and 172 communicate with the groove 174, the suction cups 42 are subjected
      to the vacuum pressure from conduit 176. When the ports 170 and 172 rotate
      to a position in which they are out of communication with groove 174, the
      associated suction cups 42 are subjected to a pressure other than a
      negative or vacuum pressure. The arcuate length of the groove 174 is such
      that the suction cups 142 are subjected to vacuum pressure as they engage
      a carton at the carton receiving station and move in a clockwise direction
      to position X in FIG. 3, and are subjected either to atmospheric or a
      positive pressure from the time the carton is released at the carton
      delivery station until the suction cups return to again engage a carton at
      the carton receiving station.
PAR  In the illustrated embodiment, there are four sets of suction cups 42 and
      associated manifold members 156 and support rods 150, 154, the sets each
      being angularly disposed 90.degree. from each other. Consequently, there
      are four axially extending slots 164 in the side wall 32 of the drum
      located 90.degree. apart to permit extension of the suction cups 42
      located at the slots. Each manifold 156 in the illustrated embodiment
      supports four suction cups 42.
PAR  A set of clamping hooks 40 is associated with each set of suction cups 42,
      a "set" of suction cups being the suction cups mounted on each manifold
      member 156. Each set of clamping hooks, in the illustrated embodiment,
      includes three hooks 40 nonrotatably secured to a shaft 182 rotatably
      suspended from a lug 184 projecting from the upper, inner surface of the
      side wall of the drum (FIG. 7a).
PAR  Each shaft 182 is rotatably mounted on a lug 184 and rotatably projects
      through the bushing 186 mounted in the bottom wall 112 of the drum.
      Nonrotatably secured to the lower end of the shaft 182 is a cam lever 188.
      Formed on each cam lever 188 is a movable carton unfolding arm 190 which,
      in the illustrated embodiment, engages the projecting portion 24 of panel
      6 of the carton to cause the panel 6 to unfold in a counterclockwise
      direction, as viewed in FIG. 2, with respect to the panel 2 as the carton
      is carried from the carton receiving station to the carton delivery
      station. Rotatably mounted on lever 188 at a position spaced from the axis
      of shaft 182 is a cam follower roller 192 which is engaged in the cam
      track 42 of plate 80. The configuration of the cam track 42 with respect
      to the axis of rotation of the drum is such that the shaft 182, and hence
      the hooks 40 and cam lever 88, is caused to oscillate about the axis of
      shaft 182 as the drum rotates about the axis 52. The hooks 40 each project
      through slots 194 formed in the side wall 32 of the drum (FIG. 10). A
      plurality (three in the illustrated embodiment) of projections 196 (FIGS.
      5 and 10) are formed on the side wall 32 adjacent each of the slots 164 to
      assist the clamping hooks 40 in holding the flattened cartons in position
      to be engaged by the suction cups 42 in the manner set forth in greater
      detail below.
PAR  The carton unloading means for transferring cartons one at a time from the
      supply container or magazine 26 to the carton receiving station is
      illustrated in detail primarily in FIGS. 4, 5 and 9. Meshed with the gear
      116 is a pinion gear 198. The pinion gear 198 has a shaft 200 which is
      rotatably supported in a bearing assembly shown in FIG. 9. Projecting
      upwardly from the pinion gear 198 and eccentrically located with respect
      to the rotary axis of pinion gear 198 is a crank pin 202. A bearing
      assembly 204 is mounted on the crank pin 202, and one end of a crank arm
      206 is mounted on the bearing assembly 204 so as to be rotatably supported
      on the crank pin 202. The other end of the crank arm 206 is rotatably
      mounted on a crank pin 208 projecting from a lever 210.
PAR  The lever 210 includes a hollow hub member 212 which rotatably receives a
      shaft 213. Teeth 216 depend from the lower end of hub 212, which teeth are
      shown in FIG. 9 as being engaged with slots in the upper end of a clutch
      sleeve 214. The clutch sleeve 214 is internally splined; the internal
      spline teeth of sleeve 214 being engaged with external spline teeth formed
      on the lower end of shaft 213. The clutch sleeve 214 is thus slidably and
      nonrotatably engaged with shaft 213.
PAR  Secured to the lower end of sleeve 214 by screws 220 is a plate 218 having
      depending teeth 222 which are adapted to be received in slots 224 formed
      in the upper end of a clutch actuating member 226. In the position of the
      parts as shown in FIG. 9, the slots 224 are angularly displaced from teeth
      222 about the axis of shaft 213.
PAR  The clutch actuating member 226 is supported on a hydraulic cylinder 227,
      and is rotatable about the axis thereof. Formed in the sidewall of member
      226 is slot 228, and a pin 230 projects through the slot. Pin 230 is
      threadedly mounted at one end in an adapted 234. The adapter 234 depends
      from plate 218 and is mounted on the threaded shank of a shouldered screw
      235 mounted on plate 218. Thrust bearings 232 are positioned between the
      upper end of the adapter 234 and plate 218.
PAR  In FIG. 9, the clutch sleeve 214 is shown engaged with the lever 210. In
      this position, rotation of pinion gear 198 causes oscillation of lever
      210, which oscillation is transmitted to shaft 213 by sleeve 214. When the
      actuator 226 is retracted downwardly from the position shown in FIG. 9 by
      the hydraulic cylinder 227, the upper end of slot 228 engages pin 230 to
      pull sleeve 214 out of engagement with lever 210 to interrupt the drive
      between lever 210 and shaft 213. The oscillatory drive to shaft 213 from
      lever 210 is interrupted when teeth 216 are separated axially from sleeve
      214 because the rotation of pinion gear 198 and operation of crank arm 206
      are not transmitted to shaft 213. The clutch assembly may also be
      deactivated to disengage sleeve 214 from lever 210 by rotating member 226
      to a position in which slots 224 are aligned with teeth 222 whereupon the
      teeth 222 will be received in slots 224 to cause sleeve 214 to be
      displaced axially out of engagement with lever 210.
PAR  The clutch assembly 214-226 may be controlled by a safety and demand
      circuit from the carton closing, filling and sealing machinery to which
      the cartons are fed by the apparatus of this invention so that feeding of
      the cartons will be automatically interrupted if for any reason there is a
      necessity to stop carton flow into the machinery to which the cartons are
      transferred from the apparatus of this invention.
PAR  The assembly of the guide bars 58, carton orienting stop plate, and carton
      drive wheels 30 at the receiving station 36 is illustrated in detail
      primarily in FIG. 11. A platform 252 extends from the supply container 26
      at the inlet end of the receiving station at the drive wheels 30 and
      beyond the outlet end of the receiving station past the point where the
      cartons are engaged by the suction cups 42 near the stop plate 38. As the
      cartons are transferred from the supply container 26 to the inlet end of
      the receiving station at the drive wheels 30, the lower end of the carton,
      which, in the illustrated embodiment, may be the end of the carton on
      which the projecting portion 24 of panel 6 is located (FIG. 1) is received
      on the platform 252.
PAR  An upstanding support frame member 254 is mounted on a bottom plate 258,
      and a top support plate 256 is mounted on the upper end thereof. A rod 260
      has its upper end rotatably supported in the top plate 256 and its lower
      end rotatably supported in the bottom plate 258. Nonrotatably mounted on
      the upper end of the rod 260 is an actuating link 262 (see also FIGS. 4
      and 6). A slot 263 is formed in the actuating link 262, and a pin 264
      mounted on a lever 266 is received in the slot 263. Lever 266 is fulcrumed
      on a stub shaft 268 projecting upwardly from the top plate 256. As is
      apparent from FIGS. 4 and 6, clockwise rotation of lever 266 about the
      axis of the stub shaft 268 causes counterclockwise rotation of the
      actuating link 262, and hence the rod 260, about the axis of rod 260.
PAR  The stop plate 38 is secured to the rod 260 by conventional fasteners 269
      (FIG. 11) and has slots formed therein for receiving the guide bars 58,
      the slots not being visible in the drawing, the slots permitting the stop
      plate to move transversely across the space occupied by the guide bars 58.
      Clockwise rotation of the actuating link 262, and hence the rod 260,
      causes the stop plate 38 to move to an extended position in which its end
      projects beyond the inner surfaces of the guide bars 58 adjacent the drum
      34. Conversely, counterclockwise rotation of the link 262 and rod 260
      causes the stop plate 38 to retract toward the right phantomline position
      of FIG. 6 away from the drum 34.
PAR  Clockwise rotation of the lever 266 about the axis of the stub shaft 268
      causes the pin 264 to rotate the actuating link 262 and rod 260 in a
      counterclockwise direction. Conversely, counterclockwise rotation of the
      lever 266 about the axis of the stub shaft 268 in turn causes clockwise
      rotation of the link 262 and shaft 260.
PAR  The stop plate 38 is biased to an extended position projecting to the left
      of the guide bars 58 as viewed in FIGS. 4 and 6 by a spring 272 mounted on
      a bolt 276 which in turn is mounted on a plate 274 mounted on and
      projecting upwardly from the top plate 256. The spring 272 engages the
      lever 266 on the side of the stub shaft 268 opposite link 262. The bolt
      276 is slidably received in the lever 266, the spring 272 having one end
      seated against the lever 266 and its other end seated against a spring
      seat washer 273, the position of which can be adjusted by nuts 275
      threaded onto the bolt 276.
PAR  The cam follower roller 270 mounted on the end of lever 266 opposite link
      262 is engageable with cam plates 278 mounted on the top wall of the drum.
      A plurality (four in the illustrated embodiment, one for each set of
      suction cups and clamping hooks) of cam plates 278 are secured to the top
      wall of the drum by conventional fasteners 281. The cam plates 278 have
      salient portions 280 which, when engaged by the cam follower roller 270,
      causes the stop plate 38 to move to its retracted position. Thus, the stop
      plate 38 is normally in its extended position and is retracted each time
      the cam follower roller 270 on the lever 266 engages the salient 280 of a
      cam plate 278. The cam plates 278 are located such that the stop plate 38
      is retracted each time the clamping hooks 40 engage the trailing end of a
      carton to clamp it against the drum to be engaged by the suction cups 42.
PAR  The drive rollers 30 are mounted on shafts supported on brackets 284
      secured to the support member 254 (FIG. 11). In the illustrated
      embodiment, four drive wheels are provided. The drive wheels 30 are each
      aligned with a drive strip 286 (FIG. 10) mounted in the side wall 32 of
      the drum 34 so that as the drive strips pass the drive wheels, the wheels
      are driven by the engagement of their peripheries with the drive strips
      286. Preferably, the drive wheels 30 are provided with tires of rubber or
      other elastomeric material, and the drive strips 286 are of rubber or
      similar elastomeric material to provide suitable frictional engagement on
      the opposite surfaces of the flattened cartons as the cartons are
      successively unloaded from the supply container 26 and transferred to the
      inlet end of the receiving station 36 to be engaged between the drive
      wheels 30 and the drum 34 as illustrated in FIG. 4. The rotation of the
      drum, coupled with the frictional engagement between the drive strips 286
      on the drum and the drive wheels 30 causes the cartons to be successively
      propelled along the guide bars 58 and the platform 252 until the leading
      edge strikes the stop plate 38 which is in its extended position.
PAR  The guide bars 58 have straight portions 288 which are secured by fasteners
      289 to the support member 254. Extending from the straight portions 288 of
      each guide bar is a curved portion 290, the end of which is adjustably
      mounted on an upright frame member 294 by a threaded fitting 292. The
      fitting 292 has a threaded shank 293 which is received in an opening in
      the frame member 294, and conventional nuts are threaded on the shank 293
      to secure the fitting and associated guide bar to the frame member. It is
      apparent that by adjustment of the nuts along the length of the threaded
      shank portion 293, the curved portion 290 of the guide bar can be adjusted
      toward and away from the support frame 294. The guide bars 58 are formed
      with bent portions 296 at the juncture between the straight portions 288
      and the curved portions 290.
PAR  The stationary carton unfolding means 46 is in the form of a curved bar or
      plate (FIGS. 6 and 11) having an attachment portion secured by bolts 304
      to a U-shaped bracket member 300. The bracket member 300 is supported on
      an upright post 298 projecting from the base surface 64. The post 298 is
      of rectangular or other noncircular configuration, and the legs of the
      bracket 300 are secured by bolts 308 to a clamping member 302 so that the
      post 298 is enclosed completely by the bracket member 300 and clamping
      member 302. A thumbscrew 306 is mounted in the clamping member 302 to
      engage the post and securely clamp the assembly of the bracket and
      clamping member to the post. Holes 312 are provided along the length of
      the post 298 for receiving a detent pin 310 that extends through the post
      and the legs of the bracket member 300 to make it possible to position the
      bracket 300 at selected positions along the length of the post to
      accommodate different size cartons. As the cartons move past the carton
      unfolding member 46, portion 20 of panel 8 of the carton is engaged by the
      curved bar 46 on the surface thereof opposite the drum so that movement of
      portion 20 of the carton along the rear surface of the curved bar causes
      unfolding movement of the carton.
PAR  As the carton moves out of engagement with the stationary carton unfolding
      means 46, its leading edge at the junction between panels 4 and 8 of the
      carton strikes the stationary member 48 which operates to complete the
      unfolding operation by first causing the carton to assume its rectangular
      configuration and then causing the panels 4, 6 and 8 to move "over-center"
      or toward a collapsed or flattened condition, with panels 2 and 4 opposite
      each other, and panels 6 and 8 opposite each other, or in the opposite
      direction from the original flattened condition so that when the carton is
      disengaged from the member 48, it will spring back into a substantially
      rectangular configuration.
PAR  The stationary member 48 (FIGS. 4, 6 and 8) includes a base plate 314
      secured to the top plate 64 of the base 62 and an upright frame member 316
      of T-shaped cross-section with the bar 317 of the T-section being tapered
      upwardly as shown in FIG. 8.
PAR  Mounted on frame member 316 is an angle plate 322, one leg 321 of which is
      secured to the frame member 316. Secured to the other leg of the angle
      frame 322 is a support plate 318 for a bearing assembly (not shown) for a
      roller 320, the periperhy of which projects beyond the periphery of the
      angle frame 322 toward the axis of the drum 34.
PAR  The operation of the apparatus will be described primarily in connection
      with FIGS. 4 and 6 with occasional reference to other FIGURES for specific
      features. In FIG. 6, one set of suction cups 42 and its associated set of
      clamping hooks 40 are shown in phantom lines in a plurality of sequential
      positions as they move through the carton receiving station past the
      stationary carton unfolding member 48, each successive position being
      indicated by the subscript letters a-j respectively, following the
      reference numerals of the parts, and being referred to below as positions
      a through j, respectively.
PAR  With reference to FIG. 4, as the shuttle member 244 moves from its
      retracted position shown in phantom lines in FIG. 4 to its extended
      position shown in full lines in FIG. 4 on a feed stroke, the trailing edge
      of the carton C at the end of the container or magazine 26 is engaged by
      the shuttle member and transferred out of the container until the leading
      end of the carton is received between the wheels 30 and the strips 286
      (FIG. 10) mounted in the side wall of the drum 34. The rotation of the
      drum clockwise in FIG. 4 causes the carton to be driven between the drum
      and the periphery of the friction wheel 30 along the straight portions of
      the guide bars 58 toward the stop plate 38. At this point, the stop plate
      38 is in its extended position, and the leading edge of the carton engages
      the stop plate to momentarily stop the motion of the carton along the
      platform 252. Thus, the shuttle member 244 transfers the cartons from the
      container C to the inlet end of the carton receiving station, the inlet
      end of the carton receiving station being defined at the right end of
      platform 252 in FIG. 11, or at the position where the drum and friction
      wheels 30 engage the carton. The platform 252, for purposes of
      description, may be considered to extend from the inlet end of the
      receiving station 36 to the outlet end thereof.
PAR  As the leading edge of the carton strikes the stop plate 38, the clamping
      hooks are located at approximately position 40a (FIG. 6) and trail the
      trailing edge of the carton. The configuration of the cam track 48 is such
      that the hooks at position 40a are in a retracted position but are moving
      toward a carton clamping position. In position a, the suction cups 42a of
      FIG. 6 are moving outwardly toward the guide bars 58 because of the
      configuration of cam track 50, and in position 42a, are disconnected from
      the source of vacuum pressure.
PAR  As the suction cups and hooks move from position a indicated by reference
      numerals 42a and 40a, respectively, to position b, indicated by reference
      numerals 42b and 40b, respectively, the cam plate 278 has moved past the
      roller 270 on the lever 266 to cause momentary retraction of the stop
      plate 38. As the stop plate is retracted, the hooks 40 engage the trailing
      edge of the carton, and as indicated at position 40b, the hooks have begun
      a clockwise motion with respect to the side wall of the drum to move the
      carton toward the side wall of the drum. As the suction cups and hooks
      move from position a to position b, the following sequence of actions take
      place: (1) the leading edge of the carton engages the stop plate to orient
      the trailing edge of the carton to be engaged by the hooks 40, (2) the
      roller 270 on lever 266 is engaged by the cam plate 278 and retracts the
      stop plate 38 as it passes over the salient 280 of the cam plate 278 to
      release the carton, (3) the hooks 40 engage the trailing edge of the
      carton and begin clockwise movement from their retracted position toward a
      clamping position to move the carton toward the side wall of the drum, and
      (4) the suction cups 42 continue their outward movement with respect to
      the rotary axis of the drum.
PAR  In position c, the hooks 40c are substantially in the fully clamped
      position and have moved the carton C tightly against the side wall of the
      drum and the projections 196 adjacent the slot 164, with the panel 2 of
      the carton (FIG. 1) overlying slot 164 and aligned with the suction cups
      42. Suction cups 42c have moved outwardly of the slot 164 into engagement
      with panel 2, and have come into communication with the source of vacuum
      pressure to engage panel 2 and hold the carton by means of the suction.
PAR  As the suction cups and hooks move from the position c to position d, the
      leading edge of the carton slides along the curved portion 290 of the
      guide bars 58, and the hooks 40 begin a counterclockwise movement about
      the axis of the hook shaft 182 to retract away from the carton now held by
      the suction cups 42d. The counterclockwise movement of the hooks 40d is
      also accompanied by counterclockwise rotation of the carton unfolding arm
      190 on the lever 88, and the arm 190 moves outwardly toward engagement
      with the portion 24 of panel 6 of the carton that projects beyond the edge
      22 of panel 2.
PAR  As the arm 190 moves from position d to position e, it engages the
      projecting portion 24 and causes unfolding movement of the carton by
      pivoting panel 6 counterclockwise with respect to panel 2. Simultaneously,
      the upper projecting portion 20 of panel 8 engages the surface of the
      unfolding bar 46 (see also FIG. 11), and the suction cups begin a
      retracting movement inwardly toward the axis of rotation of the drum.
PAR  In the position of the suction cups, hooks and unfolding arm indicated at
      42f, 40f and 190f, respectively, the arm 190 is almost fully extended, the
      suction cups 42f have further retracted toward the axis of the drum, and
      the projecting portion 20 of panel 8 of the carton is still slidably
      engaged with the surface of the stationary unfolding arm 46 that is
      opposite the suction cups to cooperate with the arm 190 to continue the
      unfolding movement of the carton.
PAR  In position g of the parts indicated by reference numerals 40g, 42g and
      190g, the leading edge of the carton at the junction between the panels 4
      and 8 has engaged the stationary unfolding member 38 as shown in FIG. 6
      with the suction cups 42 continuing to move in a clockwise direction. This
      movement results in the carton assuming the rectangular configuration at
      position h with the parts at 42h and 40h. The engagement of the carton
      with the stationary member 48 momentarily stops the movement of the
      leading edge of the carton and the continued movement of panel 2 because
      of its engagement with the suction cups 42 causes the carton to unfold to
      the rectangular position indicated at position h. In this position, the
      hooks 40h have retracted completely out of engagement with the carton and
      portions 20 and 24 of the carton have separated from the bar 46 and arm
      190, respectively.
PAR  As the suction cup continues its clockwise movement to position 42i, the
      carton is stripped past the stationary member 48, and the panels 4, 6 and
      8 move overcenter toward a flattened condition in the opposite direction
      from the original flattened condition in which the panels 4 and 8 are
      disposed opposite to each other.
PAR  As the carton moves past the stationary member 48, the panels 4 and 8 are
      guided past the stationary member 48 by the roller 320, and when the
      carton is completely disengaged from roller 320, it springs back to a
      substantially rectangular configuration because of the natural resiliency
      of the material at the scored lines 14.
PAR  When the carton reaches position X (FIGS. 3 and 4), the panel 2 engages the
      surface of the transfer guide bar 54 opposite the drum, the suction cups
      become disconnected with the vacuum pressure to release the unfolded
      carton, and panel 8 is engaged by the transfer suction cups 56 at the
      delivery station.
PAR  In the illustrated embodiment, as shown in FIG. 4, groove 174 of valve 102
      extends approximately 210.degree. about the rotary axis of the drum. The
      specific angle of 210.degree. is given by way of example only, and is not
      to be considered a limitation of the invention. As pointed out above, the
      passages 166 of the suction cup manifolds 156 are connected with vacuum
      pressure when they are in communication with groove 174. As the suction
      cups move past the left hand end of groove 174, as viewed in FIG. 4, the
      carton C carried thereby moves into engagement with guide bar 54, and the
      suction cups are disconnected from vacuum pressure. As the carton moves
      into engagement with the guide bar 54, the suction cups are connected
      either with atmospheric pressure, or a pressure above atmospheric pressure
      by valve 102 to cause the cups 42 to release the carton. The valve 102
      thus conditions the suction cups, or carton carrying means, to retain a
      carton engaged by the suction cups at the receiving station, and
      conditions the suction cups to release the carton at the delivery station.
PAR  While a specific form of the invention is illustrated in the accompanying
      drawings and described in the foregoing specification, it should be
      understood that the invention is not limited to the exact construction
      shown. To the contrary, various alterations in the construction and
      arrangement of parts, all falling within the scope and spirit of the
      invention, will be apparent to those skilled in the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Carton feeding and erecting apparatus for transferring flattened cartons
      from one location to another while simultaneously unfolding the cartons to
      an erect condition, said apparatus comprising: means defining a carton
      receiving station at one location; means defining a carton delivery
      station at another location; carton carrying means operable to engage a
      flattened carton at the receiving station and carry the carton to the
      delivery station; carton unfolding means operatively associated with said
      carrying means operable to unfold a carton to its erect condition as the
      carton is carried by the carrying means from the receiving station to the
      delivery station; clamping means having a clamping position in which it is
      operable to engage a flattened carton at said receiving station and hold
      it in a position to be engaged by said carrying means to be carried from
      the receiving station to the delivery station, said clamping means being
      operable to move out of engagement with a carton engaged by said carrying
      means to a retracted position as the carton moves from the receiving
      station to the delivery station; said receiving station extending from an
      inlet end thereof to an outlet end thereof, said outlet end being locating
      nearest the delivery station in the direction of travel of a carton to
      said delivery station, said clamping means and carrying means being
      operable to sequentially engage a carton when the carton is located
      between the inlet and outlet ends of said receiving station; a supply
      container for containing a plurality of flattened cartons; unloading means
      operable to transfer cartons one at a time from said supply container to
      the inlet end of said receiving station; carton driving means for moving a
      carton from the inlet end of said receiving station to a position to be
      engaged by said clamping means; and, carton orienting means operable to
      engage and orient a carton being moved by said driving means in a position
      to be engaged by said clamping means.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 including a rotatable drum having a top
      wall and a peripheral side wall depending therefrom.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 further including clamping means having
      a clamping position in which it is operable to engage a flattened carton
      at said receiving station and hold it in a position to be engaged by said
      carrying means to be carried from the receiving station to the delivery
      station.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 wherein said clamping means is operable
      to move out of engagement with a carton engaged by said carrying means to
      a retracted position as the carton moves from the receiving station to the
      delivery station.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 wherein said clamping means is mounted
      on said drum such that rotation of said drum causes said clamping means to
      move between its clamping and retracted positions.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 wherein said clamping means includes a
      rod carried by said drum and extending parallel to the axis of rotation of
      said drum, and at least one hook mounted on said rod and projecting
      transversely therefrom.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 including cam means interconnected
      between said drum and rod to cause said rod to oscillate about its
      longitudinal axis during rotation of said drum to cause said hook to move
      between the clamping and retracted positions.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 wherein said cam means comprises an
      endless clamping means cam track enclosing the axis of rotation of said
      drum, a cam lever fixed to said rod, and a cam follower carried by said
      cam lever and engaged with said carrying means cam track, said follower
      being spaced from the longitudinal axis of said rod.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 wherein said cam lever is formed with a
      carton unfolding arm movable during rotation of said drum between a
      retracted position out of engagement with a carton carried by said
      carrying means and an extended position in which it is operable to engage
      a portion of a carton carried by said carrying means and cause unfolding
      movement of such carton.
NUM  10.
PAR  10. Apparatus as claimed in claim 1 wherein said orienting means is
      operable to move into and out of the path of cartons being moved by said
      drive means in timed sequence with said unloading means, clamping means
      and carrying means.
NUM  11.
PAR  11. Apparatus as claimed in claim 1 wherein said carton unfolding means
      includes stationary unfolding means engageable by a carton traveling
      between said receiving station and delivery station and located with
      respect to the path of movement of said carrying means such that
      engagement of said stationary unfolding means by a carton on said carrying
      means causes unfolding movement of such carton.
NUM  12.
PAR  12. Apparatus as claimed in claim 11 wherein said carton unfolding means
      further includes movable unfolding means movable with said carrying means
      from said receiving station to said delivery station, said movable
      unfolding means being movable between a retracted position out of
      engagement with a carton carried by said carrying means and an extended
      position in which it engages a portion of a carton carried by said
      carrying means and causes unfolding movement of such carton.
NUM  13.
PAR  13. Apparatus as claimed in claim 10 wherein said carton unfolding means
      further includes movable unfolding means movable with said carrying means
      from said receiving station to said delivery station, said movable
      unfolding means being movable between a retracted position out of
      engagement with a carton carried by said carrying means and an extended
      position in which it engages a portion of a carton carried by said
      carrying means and causes unfolding movement of such carton.
NUM  14.
PAR  14. Apparatus as claimed in claim 13 further including a drive train
      connected with a power source for causing operation of said unloading
      means, carton driving means, orienting means, clamping means, carrying
      means and movable carton unfolding means in timed sequence with each
      other.
NUM  15.
PAR  15. Apparatus as claimed in claim 1 including a powered rotatable drum
      having a top wall and a peripheral side wall depending therefrom, and at
      least one rotatable friction wheel engaged with said side wall at the
      inlet end of said receiving station, said drum and friction wheel
      constituting said carton driving means.
NUM  16.
PAR  16. Apparatus as claimed in claim 1 further including conditioning means
      connected with said carrying means operable to condition said carrying
      means to retain a carton engaged at said receiving station and to
      condition the carrying means to release the carton at the delivery
      station.
NUM  17.
PAR  17. Apparatus as claimed in claim 2 wherein said carrying means is mounted
      on said drum such that rotation of said drum causes said carrying means to
      cyclically move past said receiving and delivery stations.
NUM  18.
PAR  18. Apparatus as claimed in claim 17 further including means for causing
      reciprocation of said carrying means in a direction normal to the axis of
      rotation of said drum during rotation of said drum.
NUM  19.
PAR  19. Apparatus as claimed in claim 18 wherein said last named means
      comprises cam means interconnected between said drum and carrying means.
NUM  20.
PAR  20. Apparatus as claimed in claim 19 including at least one rod mounted on
      said drum and extending in a direction normal to the axis of rotation of
      said drum, said carrying means being slidably mounted on said rod, and
      said cam means causing said carrying means to reciprocate on said rod
      during rotation of said drum.
NUM  21.
PAR  21. Apparatus as claimed in claim 18 wherein said cam means comprises an
      endless carrying means cam track enclosing the axis of rotation of said
      drum, and a cam follower carried by said carrying means and engaged with
      said cam track.
NUM  22.
PAR  22. Apparatus as claimed in claim 21 wherein said carrying means includes
      at least one suction cup engageable with the surface of a carton.
NUM  23.
PAR  23. Apparatus as claimed in claim 22 further including a valve for
      controlling communication between said suction cup and a source of vacuum
      pressure, said valve being operable to connect said suction cup with
      vacuum pressure when the suction cup engages a carton at the receiving
      station and being operable to disconnect said suction cup from the vacuum
      pressure when the suction cup is at the delivery station.
NUM  24.
PAR  24. Apparatus as claimed in claim 16 wherein said carrying means includes
      at least one suction cup, and further including a source of vacuum
      pressure, said conditioning means comprising a valve operable to connect
      said suction cup with said source of vacuum pressure when said suction cup
      engages a carton at said receiving station, and to disconnect said suction
      cup from said source of vacuum pressure when said cup is at said delivery
      station.
NUM  25.
PAR  25. Carton feeding and erecting apparatus for transferring flattened
      cartons from one location to another while simultaneously unfolding the
      cartons to an erect condition; said apparatus comprising; means defining a
      carton receiving station at one location; means defining a carton delivery
      station at another location; a supply container for containing a plurality
      of flattened cartons; a support; a drum rotatably mounted on said support;
      carton unloading means operable to successively transfer cartons from said
      supply container to said receiving station; carton carrying means on said
      drum operable during rotation of said drum to engage a carton at the
      receiving station and transfer the carton to the delivery station; carton
      unfolding means operatively associated with said carrying means operable
      to unfold the carton to its erect condition as it is transferred to the
      delivery station from the receiving station; clamping means having a
      clamping position in which it is operable to engage a flattened carton at
      said receiving station and hold it in a position to be engaged by said
      carrying means to be carried from the receiving station to the delivery
      station; carton driving means for moving a flattened carton to said
      receiving station, and carton orienting means operable to engage and
      orient a carton being moved by said driving means in a position to be
      engaged by said clamping means.
NUM  26.
PAR  26. Apparatus as claimed in claim 25 wherein said carton receiving station
      has an inlet end and an outlet end and further including stationary guide
      bars extending along the length of said receiving station and spaced from
      the periphery of said drum; said orienting means comprising a stop plate
      between the inlet and outlet ends of said receiving station and having an
      extended position projecting into the space between said guide bars and
      drum and a retracted position in which it is withdrawn from said space.
NUM  27.
PAR  27. Apparatus as claimed in claim 26 further including actuating means for
      said plate operable to move said stop plate between its extended and
      retracted positions; and biasing means biasing said actuating means to
      hold the stop plate in its extended position.
NUM  28.
PAR  28. Apparatus as claimed in claim 27 further including cam means in said
      drum engageable with said actuating means during rotation of said drum for
      causing said actuating means to intermittently actuate said stop plate to
      its retracted position.
NUM  29.
PAR  29. Apparatus as claimed in claim 28 further including stationary unfolding
      means mounted on said support means.
NUM  30.
PAR  30. Apparatus as claimed in claim 29 wherein said stationary carton
      unfolding means comprises a curved plate engageable by a portion of a
      carton carried by the carrying means during rotation of the drum and
      operable to cause unfolding movement of the carton.
NUM  31.
PAR  31. Apparatus as claimed in claim 30 wherein said stationary carton
      unfolding means further comprises an abutment member engageable by the
      leading edge of a carton carried by the carrying means as the carton is
      carried past said curved plate during rotation of the drum, the engagement
      of the carton with said abutment causing the carton to unfold as the drum
      continues to rotate.
NUM  32.
PAR  32. Carton feeding and erecting apparatus for transferring flattened
      cartons from one location to another while simultaneously unfolding the
      cartons to an erect condition; said apparatus comprising: a support means;
      a drum rotatably mounted on said support means; suction cup carton
      carrying means mounted on said drum for reciprocating movement in a
      direction transverse to the rotary axis of said drum; a first cam surface
      fixed to said support means and enclosing the rotary axis of said drum; a
      cam follower carried by said carton carrying means and engaged with said
      first cam surface for causing reciprocation of said carton carrying means
      during rotation of said drum; a shaft rotatably mounted on said drum in
      radially spaced, parallel relationship with the rotary axis of said drum;
      a lever nonrotatably mounted on said shaft; a carton unfolding arm on said
      lever movable between extend and retracted positions in response to
      oscillation of said lever about the axis of said shaft; clamping means
      mounted on said shaft and movable in response to oscillation of said shaft
      between a clamping position to clamp a carton against said drum to be
      engaged by the suction cup carrying means and a retracted position spaced
      from the carton; a second cam surface fixed to said support means and
      enclosing the rotary axis of said drum; and a cam follower on said lever
      engaged with said second cam surface, said last named cam follower being
      spaced from the axis of said shaft to cause oscillation of said lever
      about the axis of said shaft in response to rotation of said drum to cause
      said carton unfolding arm to unfold a carton carried by said carton
      carrying means from a flattened condition during rotation of said drum and
      reciprocation of said carton carrying means.
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ABST
PAL  An air outlet apparatus comprising a housing connected through the agency
      of at least one opening and at least one infeed conduit with an air
      preparation installation. According to the invention the housing comprises
      an elongate tubular-like body and a multiplicity of outlet openings, the
      outlet openings are distributively arranged in the axial direction of the
      tubular-like body in at least one outer wall of the housing and the
      tubular-like body is connected with said at least one infeed conduit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of an air
      outlet apparatus incorporating a housing which is connected through the
      agency of at least one opening and at least one delivery or infeed conduit
      with an air preparation installation.
PAR  There are already known to the art different types and constructions of air
      outlet apparatuses. Most such equipment is associated with a specific
      field of use, for instance an air conducting channel or a climatizing
      device.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide an improved
      construction of air outlet apparatus capable of being employed for a
      number of different uses and in particular capable of being optimumly
      employed for its various possible uses without the need to carry out any
      change in its construction.
PAR  Another object of the present invention aims at the provision of an
      improved construction of air outlet apparatus enabling the adjustment of
      the quantity of air flowing out of such apparatus and furthermore enabling
      the series connection of a number of such apparatuses.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      air outlet apparatus of this development is manifested by the features
      that the housing is equipped with an elongate tubular-like body and a
      multiplicity of outlet openings, the outlet openings are distributively
      arranged in the axial direction of the tubular-like body in at least one
      outer wall of the housing and the tubular-like body is connected with at
      least one infeed conduit or line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein:
PAR  FIG. 1 is a schematic side view of a preferred constructional embodiment of
      air outlet apparatus; and
PAR  FIG. 2 is a cross-sectional view of the air outlet apparatus depicted in
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawing, reference numeral 10 designates the housing of
      an air outlet appratus designed according to the teachings of the present
      invention as depicted herein by way of example and embodying a
      substantially tubular-like or pipe-like body 16 and a mounting or
      attachment 20. The tubular-like body 16 can possess any desired
      cross-sectional configuration although it preferably possesses a
      substantially cylindrical cross-section. The tubular-like body, in this
      case in the form of a tube or pipe 16 is connected at both of its ends
      with infeed conduits or lines 12 and 14 for air serving for climatizing or
      ventilation. According to a preferred construction of the invention the
      cross-section of the tube 16 is circular in shape and possesses the same
      diameter as the diameter of the infeed conduits 12 and 14. However, it
      also can only be equipped with a single infeed conduit 12 or 14 which, in
      the showing of FIG. 1, can be connected at the left-hand or the right-hand
      side of the tube or pipe 16. The infeed conduit or conduits also however
      can open into the tube or pipe 16 radially or at an inclination.
PAR  Continuing, the tubular-like body or tube 16 is equipped at a portion of
      its periphery .sup.1/8 for instance extending through about 60.degree.--
      with openings or throughpassages 18, for instance in the form of circular
      holes or equivalent structure. Preferably these openings or throughpassage
      openings 18 extend over the entire length of the tubular-like body or tube
      16 and are not uniformly distributed over the periphery or jacket of the
      tube 16. The number of such throughpassage openings 18, for instance, can
      decrease in the peripheral direction towards the location A.
PAR  The mounting or attachment 20 is arranged at the region of the
      throughpassage openings 18 and encloses by means of its outer wall 20a a
      compartment 22. According to a preferred embodiment of the invention the
      mounting 20 extends as far as the openings 18, i.e., approximately over
      the length of the tube or pipe 16, and the width of the mounting 20
      approximately corresponds to the diameter of the tube 16. The width of the
      mounting or attachment 20 however also can be less than the diameter of
      the tube 16. According to a preferred further construction of the
      preferred embodiment the height H of the compartment or chamber 22 or the
      mounting 20 respectively, measured at the highest location of the tube
      amounts to about 10 to 40% of the diameter of the tube 16. It has been
      found to be particularly advantageous if there is provided a height of 18
      to 30% of the tube diameter. At the surface 24 forming the top surface of
      the mounting or attachment 20, this surface limiting the height of the
      compartment 22, there are arranged a multiplicity of outlet openings here
      shown in the form of nozzles 26. These nozzles 26 are advantageously
      distributively mounted at a uniform spacing and over the entire length of
      the compartment 22. The nozzles 26 can be arranged in one or a number of
      rows and fixedly mounted or exchangeably mounted.
PAR  Within the tube or pipe 16 there is rotatably mounted a throttle slide
      member or throttle slide 28. In a preferred embodiment the throttle slide
      28 is rotatable about the lengthwise axis of the tube or pipe 16.
      According to a further construction of the preferred embodiment the
      throttle slide 28 consists of a thin foil, formed of metal or plastic by
      way of example, and which bears against the inner periphery or wall of the
      tube 16 as shown. The throttle slide 28 extends in the peripheral
      direction for such an extent that all of the throughpassage openings 18
      can be closed.
PAR  Additionally, it is to be appreciated that the throttle slide 28 can be
      adjusted into desired position by means of a suitable adjustment
      mechanism. In particular, the throttle slide 28, in the embodiment under
      discussion, is constructed to be somewhat longer in axial direction than
      the mounting or attachment 20 and is connected at each end of the tube 16
      with a ring member or ring 30 partially equipped at its periphery with
      teeth, and wherein each such ring 30 surrounds the tube or pipe 16. A
      respective pinion or small gear 32 meshingly engages with the teeth of the
      associated ring 30. Both of the pinions 32 are operatively interconnected
      with one another by a shaft 34 and thus provide a rotation-free i.e.,
      contrained adjustment possibility for the throttle slide 28. To further
      facilitate the adjustment possibility of the throttle slide 28 one of the
      pinions 32 is meshingly engaged in not particularly illustrated manner, if
      desired via the agency of a further gear, with an adjustment ring which
      engages with such pinion. The adjustment of the throttle slide occurs as a
      general rule only during the initial regulation of the system when the
      apparatus is employed in conjunction with an air climatizing installation.
      It is however possible to carry out such adjustment by coupling the
      throttle slide with an automatic adjustment mechanism.
PAR  The throughpassage openings 18 of the tube 16 fulfill a double function. On
      the one hand, they insure for a uniform distribution of the air
      distributed through the conduits or lines 12 and 14 at the outlet nozzles
      26, and, on the other hand, they serve in conjunction with the throttle
      slide 28 for adjusting the quantity of air which passes through the outlet
      apparatus. In this regard it is of significance that the location A, at
      which there is present a lesser density of the openings (e.g.,
      accomplished by changing the number or diameter of such openings) is the
      last place which is shutoff by the throttle slide 28, so that there is
      realized a more compensated or balanced-out throttle characteristic.
PAR  However, it is also possible to non-uniformly distribute the openings 18
      also in the direction of the axis of the tube or pipe 16 and to alternate
      such with solid portions of the shell or jacket of such tube. The
      associated throttle slide 28 would then likewise possess openings which,
      on the one hand, can be brought into coincidence with the openings 18 and,
      on the other hand, with the solid jacket portions of the tube, as desired.
      Furthermore, such throttle slide could be mounted to be adjustable in the
      axial as well as possibly additionally also in the peripheral direction of
      the tube 16.
PAR  The air outlet apparatus 10 can either form part of a tubular conduit and
      serve for the ventilation or climatizing of larger industrial areas or
      rooms where the aesthetic appearance constitutes a subordinate role. The
      air outlet apparatus furthermore can be mounted in a housing, if desired
      together with a heat exchanger and/or other installed components and can
      serve as a so-called high-pressure outlet. Finally, the air outlet
      apparatus can form part of an induction climatizing device and be mounted
      in a housing or a carrier frame or the like, wherein there is provided at
      least one inlet opening for secondary air and at least one heat exchanger
      for influencing the temperature of the secondary air as well as a common
      outlet for the admixed air. In this regard the air outlet apparatus is
      advantageously arranged in such a way that the secondary air can flow
      around all sides of the air outlet apparatus.
PAR  The advantages of the air outlet appratus of this development resides in
      the fact that the air infeed conduits of FIG. 1 can be connected either at
      the left, right or at both sides of the tube or pipe 16 as well as also
      radially or at an inclination at such tube. The air outlet apparatus
      portrayed by way of example in FIGS. 1 and 2 can be employed for a number
      of different purposes since it already constitutes a fully operational
      unit. It can be used as a conduit or pipe outlet, a component of a
      high-pressure outlet or a component of an induction climatizing device.
      Consequently, there is available a much larger range of use of the
      equipment and there is correspondingly afforded a much higher production
      rate, resulting in a more rational manufacture thereof. The continuous
      pipe or tube 16 of the air outlet apparatus -- owing to the particular
      construction of the throttle device -- enables connecting in series a
      number of high-pressure outlets or induction climatizing devices, wherein
      the departing quantity of air for each unit can be individually regulated.
PAR  When the equipment is used as a component of an induction climatizing
      device then with the flow of the secondary air to both sides of the air
      outlet apparatus there is realized a considerable improvement in the
      degree of the induction effect in contrast to an arrangement where the
      secondary air only flows around one side of the air outlet apparatus.
      Furthermore, there is attained a very small constructional height and thus
      an attendant saving in material. The throttle device possesses favorable
      adjustment characteristics, can be easily adjusted, is mechanically robust
      and simple in construction and nonetheless provides for a relatively
      noise-free operation. Due to the provision of the adjustment mechanism
      previously discussed which engages at both sides or ends of the throttle
      slide 28 there is realized an exact guiding and adjustability of the
      throttle slide 28 even in the case of greater structural length of the
      equipment. Furthermore, the air outlet apparatus of the invention permits
      of the construction of very compact induction climatizing devices with
      relatively small external dimensions, which nonetheless possess high
      output and low noise characteristics.
PAR  Instead of connecting the air outlet apparatus with a straight conduit such
      can also be connected through the agency of curved connection studs or
      pipes having an hydraulically smooth inner wall or surface.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims. Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An air outlet apparatus comprising a housing, at least one infeed
      conduit for operatively communicating the housing with an air preparation
      installation, said housing possessing an elongate substantially
      tubular-like body bounded by an outer surface, said tubular-like body
      being provided with throughpassage openings extending in the lengthwise
      direction thereof and at least over a portion of the outer surface, a
      mounting carried by said tubular-like body, said mounting having an outer
      wall, said outer wall enclosing a compartment between the mounting and the
      outer surface provided with said throughpassage openings of said
      tubular-like body, said throughpassage openings flow communicating the
      interior of said tubular-like body with said compartment, said mounting
      possessing a multiplicity of outlet openings distributively arranged in
      the axial direction of the tubular-like body, a portion of the
      tubular-like body being located internally of the mounting and said
      internally located portion of the tubular-like body being equipped with
      said throughpassage openings, a thin-foil throttle slide member positioned
      at said tubular-like body for coaction with said throughpassage openings
      thereof in order to regulate the flow of air between the interior of the
      tubular-like body into said compartment of the mounting and then through
      the outlet openings thereof, said thin-foil throttle slide member
      extending axially of the tubular-like body, and rotatable ring means
      cooperating with opposed ends of said thin-foil throttle slide member,
      means for operatively interconnecting said ring means at said opposed ends
      of said thin-foil throttle slide member with one another, rotation of any
      one of said ring means bringing about substantially equal circumferential
      movement of said thin-foil throttle slide member relative to the outer
      surface of said tubular-shaped body for selectively opening and closing
      said throughpassage openings.
NUM  2.
PAR  2. The air outlet apparatus as defined in claim 1, wherein the outlet
      openings are provided at a surface of the mounting, and wherein the width
      of the surface containing the outlet openings approximately corresponds to
      the diameter of the tubular-like body.
NUM  3.
PAR  3. The air outlet apparatus as defined in claim 2, wherein the diameter of
      the tubular-like body is substantially uniform over its length.
NUM  4.
PAR  4. The air outlet apparatus as defined in claim 3, wherein the diameter of
      the tubular-like body is substantially equal to the diameter of said
      infeed conduit.
NUM  5.
PAR  5. The air outlet apparatus as defined in claim 1, wherein the height of
      said mounting measured from the highest point of the tubular-like body
      amounts to about 10 to 40% of the diameter of the tubular-like body.
NUM  6.
PAR  6. The air outlet apparatus as defined in claim 1, wherein said
      throughpassage opening extend essentially over the entire length of the
      mounting.
NUM  7.
PAR  7. The air outlet appratus as defined in claim 1, wherein the density of
      the throughpassages varies in the peripheral direction of the tubular-like
      body.
NUM  8.
PAR  8. The air outlet apparatus as defined in claim 1, wherein the throttle
      slide member is mounted to be displaceable in the axial direction of the
      tubular-like body.
NUM  9.
PAR  9. The air outlet apparatus as defined in claim 8, wherein said throttle
      slide member is provided with throughpassages which can be selectively
      brought into coincidence with the throughpassage openings and solid wall
      portions of the tubular-like body.
NUM  10.
PAR  10. The air outlet apparatus as defined in claim 1, wherein the throttle
      slide member is arranged internally of the tubular-like body.
NUM  11.
PAR  11. The air outlet apparatus as defined in claim 1, wherein the throttle
      slide member bears against a portion of the inner circumference of the
      tubular-like body.
NUM  12.
PAR  12. The air outlet apparatus as defined in claim 14, wherein the density of
      the throughpassage openings varies in the peripheral direction of the
      tubular-like body, and wherein said rotatable ring means for the throttle
      slide member permits adjusting the throttle slide member into a position
      constituting a pronounced throttling and in which position the region of
      the tubular-like body provided with the reduced density of the
      throughpassage openings is not yet closed by the throttle slide member.
NUM  13.
PAR  13. The air outlet apparatus as defined in claim 11, further including
      pinion means cooperating with said ring member.
NUM  14.
PAR  14. The air outlet apparatus as defined in claim 13, wherein a respective
      one of said ring means and pinion means are arranged at each end of the
      tubular-like body and both pinion means are interconnected with one
      another by a shaft.
NUM  15.
PAR  15. The air outlet apparatus as defined in claim 1, wherein the infeed
      conduit includes a terminal portion arranged in front of the tubular-like
      body and which terminal portion is curved and internally possesses a
      hydraulically smooth wall.
NUM  16.
PAR  16. The air outlet apparatus as defined in claim 1, wherein said
      tubular-like body provides supporting means for said thin-foil throttle
      slide member.
NUM  17.
PAR  17. An air outlet apparatus comprising an elongate substantially
      tubular-like body bounded by an outer surface, said tubular-like body
      being provided with throughpassage openings extending in the lengthwise
      direction thereof and at least over a portion of the outer surface, said
      throughpassage openings flow communicating the interior of said
      tubular-like body with a region located externally thereof, a
      substantially thin-foil throttle slide member positioned at said
      tubular-like body for coaction with said throughpassage openings thereof
      in order to regulate the flow of air between the interior of the
      tubular-like body and said externally located region, said thin-foil
      throttle slide member extending axially of the tubular-like body, and
      rotatable ring means co-operating with opposed ends of said thin-foil
      throttle slide member, means for operatively interconnecting said ring
      means at said opposed ends of said thin-foil throttle slide member with
      one another, rotation of any one of said ring means bringing about
      constrained circumferential movement of said thin-foil throttle slide
      member relative to the outer surface of said tubular-shaped body for
      selectively opening and closing said throughpassage openings.
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ABST
PAL  An outlet for conditioned air has a plurality of interconnected modules
      establishing its side walls which support a closed bottom and by which the
      outlet is connected to a mounting frame. Each module has a supporting
      frame consisting of upper and lower side members and end members, each a
      length of an extrusion providing an outer wall and an inwardly disposed
      wall. Means are provided to interconnect the frames to each other
      vertically or laterally in the same plane or at right angles in a manner
      providing air tight seals.
PAL  Each module also includes a series of air deflection and dampering units,
      each unit having a pair of dampers and a pivot connecting them to the
      inwardly disposed walls of the upper and lower side members of the frame
      close to the outer edges thereof and which also have friction strips in
      engagement with the dampers to pervent the accidental displacement of the
      units or their dampers from set positions and the pivots also interconnect
      the inwardly disposed walls of the upper and lower members to hold the
      friction strips in substantially uniform contact with the top and bottom
      edges of the dampers.
PAL  Each module or planar assemblies thereof may be used with frames formed
      from the same extrusions as wall registers and the modules may include
      filters or grille work in lieu of air deflection and dampering units.
BSUM
PAC  BACKGROUND REFERENCES
PAR  U.S. Pat. No. 3,654,851, and U.S. Ser. No. 384,041, filed July 30, 1973.
PAC  BACKGROUND OF THE INVENTION
PAR  The delivery of conditioned air into a space from a duct opening through an
      outlet in the ceiling requires the use of an air outlet that must enable
      the volume and direction of the air to be adjusted to ensure its proper
      distribution throughout the served space.
PAR  The use of large capacity air conditioners has introduced new problems in
      diffusing conditioned air as they necessitate larger diffusers with the
      diffuser size depending on the capacity of the air conditioner and the
      size of the ceiling-mounted outlet but with the troublesome requirement
      that they be quiet in operation in spite of the increase in the volume of
      the conditioned air. By way of example, air conditioners rated at 75 tons
      or more capacity are commonly used at the present time and static
      pressures are often in the range of 5 inches in order to accommodate the
      massive air distribution duct system.
PAC  THE PRESENT INVENTION
PAR  The general objectives of the present invention are first, the provision of
      air outlets, particularly those that are air diffusers, that are quiet in
      operation regardless of the capacity of the air conditioners or the static
      pressure in the system and, secondly, the provision of modular
      constructions thereof that make any size requirement easily attainable
      independently of the size of the outlet of the air duct or the capacity of
      the air conditioner with which the duct is in communication.
PAR  In accordance with the invention, these general objectives are attained
      with an air outlet consisting of interconnected modules and a mounting
      frame therefor, each module including a frame consisting of upper and
      lower side members and end members and structure supported thereby, which
      may be grille work, filters or horizontal deflection blades but is herein
      discussed primarily as air deflection or dampering units. While the
      invention, as thus broadly defined, is generally similar to the structures
      disclosed in the above referred-to patent and patent application,
      important differences exist in the mounting frame, the frames of the
      modules, in the means by which the modules are interconnected and
      connected to the mounting frame, and in the air deflection and dampering
      units and their incorporation in the modules.
PAR  In accordance with the present invention, the general objectives, in the
      case of the modules, are attained by providing, for whatever structure the
      modules are to include, frames having upper and lower side members and end
      members, with each member an appropriate length of an extrusion including
      an outer or side wall and a supporting wall for the structure extending
      inwardly adjacent one edge thereof. The extrusion also has a splineway
      extending from end-to-end thereof adjacent the other edge of the outer
      wall and disposed towards the supporting wall an entrance extending
      lengthwise of the side wall close to its opposite edge.
PAR  Another objective of the invention is to provide for the connection of one
      module to another, an objective attained, when two modules are to be
      connected one above the other or in an end-to-end relationship, with a
      flat connector having a spline portion extending along each edge with each
      spline portion shaped and dimensioned to enter one or the other of the
      splineways or splineway entrances of the abutting frame members of the two
      modules and locking them together when the modules are held co-planar and
      providing an air tight seal.
PAR  Another objective of the invention is to enable the ends of two modules to
      be connected at a predetermined angle, typically a right angle, an
      objective attained with a connector having two plane surfaces disposed
      relative to each other at said predetermined angle and with each surface
      having a spline portion extending lengthwise thereof, each spline portion
      shaped and dimensioned for entry into the splineway of an appropriate one
      of the proximate end frame members of the two modules that are to be
      connected and locking them together when they are disposed and held in
      said angular relationship and also providing an air tight seal.
PAR  Another objective of the invention is to enable the modules to be quickly
      and easily attached to a ceiling-located mounting frame, and objective
      attained by providing mounting frames consisting of interconnected
      members, each an appropriate length of an extrusion provided with a
      depending spline portion shaped and dimensioned to enter the splineway
      entrance of the upper frame side member of the module which it is to
      support and locking the module thereto and providing an air tight seal
      when the module is disposed and held at right angles to the ceiling.
PAR  Another objective of the invention is to provide that the modules, when
      completed by the attachment of the structures to their frames, will be
      rigid even with light weight extrusions, an objective attained by
      connecting the structure to the upper and lower side members of each
      module frame in a manner also interconnecting their inwardly disposed
      supporting walls closely adjacent the side walls.
PAR  Another important objective of the invention is to ensure that when the
      structure supported by the module frame is a series of air deflection and
      dampering units, the air deflection and dampering units effect desired air
      distribution patterns without being the cause of noise regardless of the
      volume of air flowing through the modules per unit of time, an objective
      attained with air deflection and dampering units each of which includes a
      pair of dampers connected by a pivot at one end to the supporting walls of
      the upper and lower frame members adjacent their outer edges and so shaped
      that when their other ends are closed together, they do not protrude
      beyond the inner edges of the supporting wall and the unit has the form of
      a tear with its small end, the outer end and rounded and so constructed
      that in any position of the deflection and dampering units or their
      dampers, surfaces are exposed at their outer ends that curve away from the
      air streams. When the dampers are swung apart they define substantially
      leak-proof pockets and, when all the dampers of a module are thus
      positioned, they function to back up the air flow and thus increase the
      air flow through the other modules.
PAR  Another objective of the invention is to ensure that, when, as is usually
      the case, the air deflection units and their dampers are to be
      independently adjustable, the air deflection units and their dampers will
      stay in any position in which they are set, an objective attained by
      providing the supporting walls of the upper and lower side members of the
      module frames with friction strips that are in engagement with the dampers
      and by connecting the pivots of the air deflection units to those
      supporting walls in a manner also interconnecting the supporting walls
      thus to maintain the friction strips in substantially uniform contact with
      all the dampers and avoid the necessity of using such thick-walled
      extrusions that would be uneconomical and otherwise objectionable.
PAR  Yet another objective of the invention is to provide air deflection and
      dampering units that not only ensure quiet operation but also provide for
      ease of assembly, an objective with an air deflection unit having first
      and second dampers interconnected by a pivot with the rear ends of the
      dampers curved inwardly towards each other. The front end of the first
      damper has an arcuate channel that is more than 180.degree. in extent. The
      front end of the second damper has a bearing and a connecting web with the
      bearing dimensioned for slidable entry into the channel of the first
      damper and having an axial passage extending therethrough for the pivot.
      The web is disposed to enable the dampers to be rotatable relative to the
      pivot with the extremities of their curved ends abutting or swung apart to
      a predetermined extent.
PAR  A further objective of the invention is to provide a mounting frame that is
      adapted for attachment to the walls of the duct for the conditioned air
      either at an end thereof or marginally of a port in its side wall, an
      objective attained with an extrusion for the mounting frame members that
      has first and second walls disposed at right angles to each other. The
      first wall has a depending spline portion extending lengthwise thereof
      adjacent its outer edge and the second wall has a series of score lines
      parallel with the front wall and spaced therefrom and from each other to
      enable a selected portion of the second wall to be bent to overlie the
      first wall as required by the wall thickness of a duct having a side wall
      port to which the mounting frame is to be attached. The second wall when
      not so bent is also attachable to the wall of a duct at its open end.
PAR  Another objective of the invention is to ensure that the frame members of
      each module and of the mounting frame are tightly joined together, an
      objective attained by providing the extrusion from which the frames are
      formed with undercut slots extending lengthwise of their inner surfaces
      and connectors having angularly disposed arms, each for entry into that
      slot of the appropriate one of the frame members that are to be joined
      together. After the angular connector is in place, the mitered ends of the
      frame members are substantially in abutment and each arm of the connectors
      is then anchored in a manner drawing and holding the abutting ends tightly
      together.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate preferred embodiments of the invention
      and
PAR  FIG. 1 is a perspective view of an air outlet as seen from below, the
      outlet, a ceiling mounted air diffuser;
PAR  FIG. 2 is a front view of one of the modules employed in the assembly of
      the ends of the diffuser;
PAR  FIG. 3 is a like view of one of the modules employed in the assembly of the
      sides of the diffuser;
PAR  FIG. 4 is a fragmentary rear view, on an increase in scale showing a corner
      of a module showing a connector joining two frame members and locked
      thereto;
PAR  FIG. 5 is a section, on a further increase in scale, taken approximately
      along the indicated line 5--5 of FIG. 1;
PAR  FIG. 6 is a fragmentary section, on a further increase in scale, taken
      lengthwise of the interlock between an angular connector and a frame
      member;
PAR  FIG. 7 is a section, on the scale of FIG. 5, taken approximately along the
      indicated line 7--7 of FIG. 1, and broken away to foreshorten the drawing;
PAR  FIG. 8 is a fragmentary section, similar to the upper part of FIG. 7,
      illustrating the connection of the upper end module to a ceilingsupported
      mounting frame;
PAR  FIG. 9 is a like view illustrating the attachment of the lower side module
      of FIG. 7 to the upper module;
PAR  FIG. 10 is a section taken through a side of a mounting frame member in
      accordance with another embodiment of the invention;
PAR  FIG. 11 is a front perspective view of an outlet in accordance with another
      embodiment of the invention with the air outlet in the form of a
      wall-supported register;
PAR  FIG. 12 is a section, on an increase in scale, taken approximately along
      the indicated line 12--12 of FIG. 11;
PAR  FIG. 13 is a fragmentary view showing a corner of the wall-supported
      mounting frame;
PAR  FIG. 14 is a section, taken approximately along the indicated line 14--14
      of FIG. 11;
PAR  FIG. 15 is a section taken approximately lengthwise of a module showing a
      series of air deflection and dampering units and illustrating various
      positions thereof;
PAR  FIG. 16 is a fragmentary and similarly sectioned view, on a further
      increase in scale, of one of the air deflection and dampering units;
PAR  FIG. 17 is a section taken approximately along the indicated line 17--17 of
      FIG. 16; and
PAR  FIG. 18 is a schematic view illustrating various air flow patterns.
DETD
PAC  THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The air outlet illustrated by FIGS. 1 - 9 is an air diffuser having its
      mounting frame, generally indicated at 20, marginally supported by the
      framework 21, see FIGS. 7 and 8, of a suspended ceiling and surrounding
      and sealed to the outlet end 22 of a duct for conditioned air, in the
      instant case, air from an air conditioner not shown.
PAR  The mounting frame 20 supports an upper series of modules generally
      indicated at 23 and 24 and providing the ends and sides, respectively, of
      the upper portion of the air diffuser and a lower series of like modules
      that provide the ends and sides of a similarly shaped lower portion
      thereof. The modules of both series are interconnected by corner
      connectors 26. The modules 23 and 24 of the lower series are shown as
      closed by bottom panels 27 which are usually, but not necessarily
      identical in size and shape to those supported by the framework 21. The
      two panels 27 shown in FIG. 1 have their proximate edges supported by a
      T-shaped spacer 28. It will be noted that the modules 24 are twice as long
      as the modules 23 and consist of two modules 23 whose proximate ends are
      joined together.
PAR  The end members of the mounting frame 20 are formed from mitered lengths of
      an extrusion, generally indicated at 29 in FIG. 8, and its side members
      are formed from mitered lengths of an extrusion, generally indicated at 30
      in FIG. 7. The extrusions 29 and 30 are preferably aluminum as are the
      other extrusions subsequently to be referred to.
PAR  The extrusion 29, see FIG. 8, has a first wall 31 and a second or side wall
      32 disposed at right angles thereto with the first wall 31 having an
      inner, downwardly opening lengthwise slot 33 that is T-shaped in cross
      section and a channel 34 opening outwardly at the junction of the two
      walls with the upper channel wall extending beyond the side wall 32 to
      provide a flange 35. The channel 34 receives the framework 21 on which the
      flange 35 rests. The extrusion 30 is identical except that its flange 35A
      is substantially shorter than the flange 35 and, accordingly, the same
      reference numerals are employed to designate its identical portions. The
      difference in flange length is attributable to the slight difference
      between the dimensions of the framework that is to support the diffuser
      and those of the diffuser as far as lengths are concerned.
PAR  The inner surface of the side wall 38 has in its upper portion, an inwardly
      opening, lengthwise, undercut slot 36, shown as T-shaped in cross section
      and its lower edge is in the form of a spline portion 37 extending
      downwardly and inwardly and desirably arcuate with its arcuate extent
      slightly more than 90.degree.. The mitered ends of the end and side
      members are interconnected by an L-shaped connector 38, such as that shown
      in FIG. 4, for example, with each of its arms entered into an appropriate
      one of the slots 33 of the abutting mounting frame members. With an
      appropriately shaped connector, the slots 36 may be used to interconnect
      the frame members. The connectors 38 are locked to the frame members in a
      manner subsequently to be detailed.
PAR  In practice, mounting frames are usually shipped assembled and the space
      between the mounting frame 20 and the duct outlet 22, see FIGS. 7 and 8,
      is closed by a frame member 39 secured and sealed to the upper surface of
      the wall 31 of each mounting frame member above the slot 33 and secured
      and sealed to the outlet flange 40.
PAR  The modules 23 and 24 have their ends and upper and lower side members
      formed from mitered lengths of an extrusion. The end members 41 of both
      the modules 23 and 24 are of the same length but the top and bottom side
      members 42A of the module 24 are twice as long as the side members 42 of
      the module 23. The extrusion from which the module frames are formed has,
      see FIGS. 7 - 9, a side wall 43 and parallel walls 44 and 45 disposed at
      right angles thereto and extending in the same direction from its margins.
      The wall 44 is shorter than the wall 45 and has the function of supporting
      a portion of a panel 27 and the spacer 28 when its side member 42, 42A of
      which it is a part is the lower side member of a lower module and of
      supporting an accessory 46 when the side members 42, 42A of which it is a
      part is the upper side member of a module, usually and as shown, the upper
      module. The accessory 46 may be a filter, fire damper, or electric heater,
      for examples and such accessories may also be used in place of the panels
      27 and it should be noted that for the support of panels 27 or an
      accessory, it is necessary to blank out the bevelled ends of the walls 44
      of the end members of the frames. The outer edges of the walls 44 and 45
      are bevelled to lie in the same plane.
PAR  The side wall 43 has an undercut slot 47, shown as T-shaped in cross
      section extending lengthwise of its inner surface and the outer surface of
      the wall 45 has lengthwise parallel undercut slots 48 and 49, both shown
      as T-shaped in cross section with the slot 48 located as close to the
      outer face of the side wall 43 as is practicable and having a bottom
      channel 48A.  The walls 45 of two opposite frame members of the modules
      are the supporting walls for the air affecting means and the slots 48 are
      used to effect their connection therewith by means later to be described.
      A splineway 50 extends lengthwise of the junction of the walls 43 and 44.
PAR  The mitered ends of the members forming the frames of the modules 23 and 24
      are locked together by connectors 38. As shown in FIGS. 4 and 6, each arm
      of the connectors 38 has a marginal notch 51 so dimensioned that it is
      partly exposed when that arm is fully entered into a slot 47. When both
      arms of a connector 38 are thus entered in the slots 47 of the two frame
      forming members that are to be locked together thereby, their mitered ends
      abut. By means of a punch 52, the material 47A overlying the notched side
      of the connector arms is cut to provide a locking tab 53 driven into the
      subjacent notch 51 in a direction such that when both connector arms are
      so locked, the abutting mitered ends are forced tightly together.
PAR  The splineway 50 is curved inwardly towards the wall 45 with an entrance
      opening through the side wall 43 close to the wall 44 with its inner end
      substantially at right angles to the entrance. The outer splineway wall
      establishes a bearing 50A at the entrance and the inner splineway wall
      establishes a shoulder 50B at the entrance terminating short of the plane
      of the outer surface of the wall 43 but it and the bearing 50A are at
      least partly in a plane parallel thereto. The splineway 50 is of a size
      and shape freely to receive a spline portion 37 of a member of the
      mounting frame 20 in the manner illustrated in FIG. 8 and to be secured
      therein when the module of which it is a part is swung from its full line
      position into its dotted line position and then held as it is when
      connected to adjacent modules similarly supported by the mounting frame
      20.
PAR  When, as in the case of the air diffuser being described, there are upper
      and lower series of modules, the side members of the lower modules are
      connected to the lower side member of the lower modules of the upper
      series that are already secured to the mounting frame 20. For that
      purpose, connectors 54, see FIGS. 7 and 9, are provided that are flat
      faced and have marginal, arcuate spline portions 55 each of the size and
      shape of the spline portions 37 of the mounting frame and curved inwardly
      and away from each other, each spline portion 55 for entry into the
      appropriate one of the splineways 50 of the proximate side members of the
      two modules to be connected. When the lower module is swung from its full
      to its dotted line position shown in FIG. 9, the two modules are
      interconnected and held in that position when the lower module is also
      connected at least at one end to another module of the lower series.  The
      interconnected frame members are held substantially in abutment with the
      shoulders 50B in contact with the connector 54 adjacent its spline
      portions.
PAR  Where, as in the case of the modules 24 or the modules 23A of the wall
      mounted diffuser shown in FIGS. 11 - 14, two modules are to be joined
      end-to-end in the same plane, the connectors 54 may also be used with its
      spline portions 55 now entered in the splineway 50 of the proximate end
      members of the module fames as may best be seen in FIG. 14 where the
      modules 23A are shown as so connected.
PAR  The ends of the modules 23 and 24 are joined by the corner connectors 26,
      see FIG. 5. Each corner connector has side sections 56 disposed at right
      angles to each other and each has a marginal spline portion 57 similar in
      size and shape to the spline portions 37 and 55 and disposed so that each
      may be slidably entered into the end of the splineways 50 of the end
      members 40 of two modules 23, 24 when disposed at right angles and with
      the bevelled ends of corresponding walls 44 and 45 abutting.
PAR  Reference is now made to FIG. 10 wherein a member generally indicated at 58
      is shown for use in forming a mounting frame that may be attached directly
      to the walls of an outlet end of a duct or marginally of a port in its
      side wall. The member 58 is a length of an extrusion having walls 59 and
      60 disposed at right angles to each other with the wall 59 having its
      outer edge a lengthwise and depending spline portion 61 similar to the
      spline portions 37 and, adjacent its other edge, a downwardly opening slot
      62 that is T-shaped in cross section and for use in receiving an arm of a
      connector 38. The wall 60 is adapted to be connected to the wall of the
      duct at its outlet end by a bolt 63 regardless of the thickness of the
      duct wall which may be of sheet metal or fibreglass as typical examples
      and the wall 60 has a lengthwise slot 60A opening through the upper end to
      enable the mounting frame formed from the member 58 to be vertically
      adjusted relative to the duct. The inner surface of the wall 60 of the
      extrusion 58 has three parallel score lines 64 spaced from the wall 59 and
      from each other. When a mounting frame consisting of lengths of the
      extrusion 58 is to be connected to a port in the side wall of a duct, the
      score lines enable that portion of the wall 60 to be bent to overlie the
      wall of the duct that leaves the remainder of the wall 60 approximately
      the thickness of the duct wall.
PAR  Where the outlet is to be a wall mounted register, see FIGS. 11 -14, an
      appropriate number of the modules 24A are connected in a planar
      relationship in the above described manner but the mounting frame
      therefor, generally indicated at 65, is formed from opposite lengths of
      the extrusion used in constructing the frames of the modules.
PAR  The members of the frame 65 are shown as secured to a wall 66 marginally of
      a flanged port 67 by screws 68 extending through the wall 45 and its slot
      49 and into the wall 66 and as shown in FIG. 13 also anchoring a connector
      38. A sealing strip 69 is held in the slot 48.
PAR  The assembly of the modules 24A is then secured to the wall-attached
      mounting frame by means of appropriate lengths of the corner connector
      extrusions 26 which enable the sides and end members of the modules that
      fit against the mounting frame to be connected thereto by means of the
      entry of the spline portion 57 into the splineways 50. In practice the
      ends of the connectors at the bottom of the register are mitered but are
      cut square at the upper edges thereof to permit the corner connectors 26
      at the ends of the register to be slid in place last.
PAR  Each module includes structure supported by its frame and the structure,
      typically means for deflecting air streams and while these may be
      deflection blades, such means are shown as a series of air deflection and
      dampering units each generally indicated at 70.
PAR  Each air deflection and dampering unit consists of a pair of dampers 71 and
      72 and connected to the upper and lower frame members of the modules by a
      pivot 73 in a manner to be described. The dampers are straight sided with
      their inner ends 71A and 72A curved towards and engageable with each other
      and when in such engagement, the unit is substantially tear-shaped but its
      narrower outer end is rounded.
PAR  The damper 71 of each unit 70 has its outer end in the form of an arcuate
      channel 74 that is more than 180.degree. in extent and defined in part, by
      a rib 75 on its inner surface enabling the channel 74 to be about
      260.degree. in extent. The corresponding end of the damper 72 has a
      bearing 76 having a lengthwise slot 77 opening into an axial passage 78
      dimensioned to receive the pivot 73. The bearing 76 is dimensioned for
      slidable entry into the channel 74 thus to be rotatably connected thereto.
      The damper 72 has a web portion 72A adjacent the bearing 76 defining a
      channel 79 to accommodate the free end of the wall of the channel 74 to
      enable the dampers 71 and 72 to be swung apart to a desired extent.
PAR  The air deflection and dampering units 70 are attached to the top and
      bottom side members of a module by means of their pivots 73 which extend
      into the slots 48 wherein they are held in a predetermined spaced
      relationship. An anchoring strip 81 is inserted in each slot 48 and before
      such insertion it is provided with a series of appropriately spaced holes
      82, one for each pivot 73 and formed by a punch that results in their
      being tabs 83 that are disposed towards the channels 48A. When a pivot 73
      is inserted into a hole 82 the tabs 83 yield to permit an end of the pivot
      to pass therethrough and they become caught in the notches 80 they form
      adjacent that end. When both ends of the pivots 73 of the series of units
      70 are thus secured, the walls 43 of the upper and lower side members of
      the module are securely interconnected.
PAR  It has been noted that the slots 48 are close to the outer edge of the
      walls 43 and it will be seen that when the dampers 48 are closed together,
      their inner ends do not protrude beyond the inner edges of the walls 43.
      It will also be noted that the curved wall of the damper 71 is always
      presented to the air stream flowing between the units 70 or between them
      and the end member of the frame of the module.
PAR  Reference is made to the fact that in the disclosed embodiments of the
      invention the air deflection and dampering units 70 and their dampers 71
      and 72 are individually adjustable and in order to prevent the air from
      moving the units or their dampers from their adjusted positions, friction
      strips 84 of T-shaped section are inserted in each slot 49 to engage with
      the top and bottom edge of the dampers 68 and 69 and hold them from being
      moved by the pressure of the conditioned air delivered to the air diffuser
      or the register. In practice the friction strips 81 are nylon.
PAR  Reference is now made to FIG. 18 where an air diffuser is generally
      indicated at 85 with the series of units 70 at three of its sides having
      their dampers 71 and 72 spaced apart to block air from escaping
      therethrough. Various flow patterns are shown with the narrowest one
      resulting when the units are positioned as shown by the two uppermost
      units 70 in FIG. 15 and with the widest pattern resulting when the dampers
      71 and 72 are positioned in the manner of the proximate dampers of the two
      lowermost units 70.
PAR  From the foregoing, it will be apparent that outlets and mounting frames in
      accordance with the invention are well adapted to meet its many objectives
      both in construction, in installation, and in use and that the spline
      connections between the mounting frames and the modules and between the
      modules provide seals that are air tight.
CLMS
STM  We claim:
NUM  1.
PAR  1. A module for use as a part of an outlet for conditioned air and to
      support, be supported by, or connected to another part of said outlet,
      said other part having a spline, said module comprising a frame including
      upper and lower side members and end members, said members having their
      ends mitered and abutting, means interconnecting said ends, air affecting
      means supported by the frame side members, each member an appropriate
      length of an extrusion including a side wall and a supporting wall
      extending at right angles thereto adjacent the edge thereof that is the
      inner edge of the frame, said extrusion also having a splineway the
      entrance of which extends lengthwise of the outer surface of the side wall
      adjacent its other edge, the splineway extending inwardly towards the
      supporting wall with its inner end substantially at a right angle relative
      to the entrance, the outer surface of the splineway having at the entrance
      a bearing and the inner surface thereof a shoulder, the entrance and the
      shoulder at least partly in a plane parallel to said side wall whereby
      with the spline of said other part of a cross sectional shape generally
      similar to that of the splineway and dimensioned to be freely slidable
      lengthwise therein, said other part and said frame are connectable with
      one angularly displaced relative to the other, with the spline entered in
      a splineway entrance and the one turned relative to the other with the
      bearing as the pivot to bring said part and said frame into their desired
      relationship and to seat the spline fully in said splineway.
NUM  2.
PAR  2. The module of claim 1 in which at least the inner part of the splineway
      of the extrusion is substantially arcuate with respect to said bearing.
NUM  3.
PAR  3. The module of claim 1 in which the splineway from the entrance thereof
      to the inner end thereof is substantially arcuate with respect to said
      bearing.
NUM  4.
PAR  4. The module of claim 1 in which the extrusion has a lengthwise undercut
      slot extending along the inner surface of its side wall and the means
      interconnecting the members are corner connectors each including angularly
      disposed arms, one entered in the slot of a side member and the other
      entered in the slot of an abutting end member, each arm has a notch under
      the margin of the slot in which it is located and dimensioned to be partly
      exposed and said margin includes a tab deformed into said notch in a
      direction urging said arm to advance in said slot and locking each arm to
      an appropriate one of the members with the arms holding the proximate,
      mitered ends in abutment.
NUM  5.
PAR  5. The module of claim 1 in which the air affecting means is a plurality of
      air deflecting units each including a supporting pivot, the extrusion has
      a lengthwise undercut slot extending along the inner surface of its
      supporting wall, the ends of the pivots are in the last named slots of
      opposite frame members, and means confined within said last named slots
      are connected to said pivot ends and connect said pivot ends to said
      opposite frame members against movement lengthwise relative thereto and
      hold the supporting walls of said opposite frame members parallel.
NUM  6.
PAR  6. The module of claim 5 in which the last named slots are T-shaped in
      cross section and include a bottom channel into which the pivot ends
      extend, the pivot ends have notches in the bottom channels, and the means
      connecting the pivots to the opposite frame members are anchoring strips,
      each anchoring strip having holes arranged to effect the desired spacing
      of the pivots and tabs bordering the holes and inclined into the bottom
      channels of an opposite frame member and spaced and dimensioned to catch
      in said notches when the pivots are forced through the holes.
NUM  7.
PAR  7. The module of claim 6 in which each air deflection unit also includes
      two dampers, each damper pivotable relative to said pivot and the opposite
      frame members are the upper and lower side members, the supporting wall
      has a second undercut channel between the inner edge thereof and the first
      named channel, a friction strip in the second channel of said opposite
      members engages the opposite side edges of the dampers.
NUM  8.
PAR  8. An outlet for a port in a duct for conditioned air, said outlet
      including a mounting frame and an air diffuser, means connecting said
      diffuser to said frame, said diffuser including walls and means
      interconnecting said walls in a predetermined angular relationship and
      establishing the corners of the diffuser, each of said walls including at
      least one module, each module comprising a frame including upper and lower
      side members and end members, said members having their ends mitered and
      interconnected in an abutting relationship, each member an appropriate
      length of an extrusion including a side wall and a supporting wall
      extending at right angles thereto adjacent an edge thereof and
      constituting the inner margin of the frame, means interconnecting the
      abutting ends of said members, air affecting means supported by at least
      one frame, said extrusion also having a splineway with an entrance
      extending lengthwise of its outer surface adjacent its other edge and
      extending inwardly towards the supporting wall with its inner end
      substantially at right angles to the entrance, the outer surface of the
      splineway defining a bearing at the entrance and the inner surface thereof
      defining a shoulder, the bearing and the shoulder at least partly in a
      plane parallel to said side wall, each corner establishing means including
      a predetermined length of an extrusion having sides disposed to establish
      said predetermined angular relationship, each side including a marginal
      spline portion extending from end-to-end thereof and approximately of the
      shape of said splineways and a fit therein and dimensioned for entry
      therein through the ends thereof, said spline portions entered in the
      splineways of the proximate end frame members and extending from
      end-to-end thereof, means holding the module connectors from escaping from
      the splineways in which their spline portions have been entered, and said
      frame including depending spline portions that are substantially identical
      to the first named spline portions, said last named spline portions
      entered within the splineways of the appropriate ones of the frame
      establishing members of the modules and thereby connect the diffuser to
      the mounting frame.
NUM  9.
PAR  9. The outlet of claim 8 in which each wall includes at least two abutting
      modules, and means interconnect said modules in the same plane, said
      module connecting means a predetermined length of an extrusion including a
      center portion and marginal spline portions of approximately the size and
      shape of the first named spline portions, each of the spline portions of
      the module connecting means entered into the appropriate one of the
      splineways of the abutting frame members of said modules.
NUM  10.
PAR  10. The outlet of claim 9 in which the modules abut in an end-to-end
      relationship.
NUM  11.
PAR  11. The outlet of claim 9 in which the abutting modules are arranged one
      above the other.
NUM  12.
PAR  12. The outlet of claim 9 in which the center portion of the extrusion is
      so dimensioned that the interconnected frame members of the module are
      held substantially in abutment with the outer edge of their shoulders in
      contact with said center portion.
NUM  13.
PAR  13. An outlet for a port in a duct for conditioned air, said outlet
      including a mounting frame and an air diffuser in the form of a register,
      said diffuser including at least one module comprising a frame including
      upper and lower side members and end members, said members having their
      ends mitered and interconnected in an abutting relationship, each member
      an appropriate length of an extrusion including a side wall and a
      supporting wall extending at right angles thereto adjacent an edge thereof
      and constituting the inner margin of the frame, means interconnecting the
      abutting ends of said members, air affecting means supported by each
      frame, said extrusion also having a splineway with an entrance extending
      lengthwise of its outer surface adjacent its other edge and extending
      inwardly towards the supporting wall with its inner end substantially at
      right angles to the entrance, the outer surface of the splineway defining
      a bearing at the entrance and the inner surface thereof defining a
      shoulder, the bearing and the shoulder at least partly in a plane parallel
      to to said wall, and means connecting the margins of the diffuser to the
      mounting frame and including spline portions of substantially the size and
      shape of the splineways of the frame members that define the margins of
      the diffuser and entered therein.
NUM  14.
PAR  14. The outlet of claim 13 in which the mounting frame includes side and
      end members, each an appropriate length of said extrusion from which the
      frame members are formed, the mounting frame members and appropriate ones
      of the module frame members abutting with their corresponding walls at
      right angles and their splineways exposed at their proximate edges, and
      the means connecting the diffuser to the mounting frame include corner
      connectors, each including sides disposed at right angles, each side
      having a spline portion substantially identical in size and shape to said
      first named spline portions and entered in said exposed splineways of the
      mounting frame members and of the proximate module frame members.
NUM  15.
PAR  15. The outlet of claim 13 in which the means interconnecting the modules
      in a common plane is an appropriate length of an extrusion including a
      center portion and marginal spline portions of approximately the size and
      shape of the first named spline portions, each entered in the appropriate
      one of the splineways of the abutting frame members.
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ABST
PAL  A coffee filter for a single percolation having an extraction chamber
       incing a support for supporting a pressed coffee tablet, and locating an
      underlying filter, a predetermined distance range from the bottom of the
      coffee tablet.
PARN
PAR  This application is a continuation-in-part of U.S. Ser. No. 208,098, filed
      Dec. 15, 1971 now U.S. Pat. No. 3,800,690 issued Apr. 2, 1974 in the names
      of Albert Meijlom Molenaar and Melle Veenstra and entitled "Coffee
      Filtering".
BSUM
PAR  This invention relates to an apparatus for making coffee by once-through
      percolation of preheated water, comprising a reservoir adapted to receive
      water, an extraction chamber adapted to receive a ground coffee tablet
      which will expand or swell when percolated, a perforated wall which
      separates the reservoir from the extraction chamber in such a way that,
      when the apparatus is in the position for use, the water flows or trickles
      from the first-mentioned to the last-mentioned compartment through
      gravity, and the extraction chamber furthermore comprises a support for a
      filter, which leaves the greater part of the filter surface clear.
PAR  It is an object of the present invention to improve on the apparatus as
      disclosed in Belgian patent 646,822 (MIKO) so that a higher extraction
      yield is obtained, and an even thickness of the bed of coffee, in which
      the coffee, prior to the use thereof, has better flavor-keeping
      characteristics.
PAR  To that end the apparatus according to the invention is characterized in
      that the extraction chamber comprises a continuous annular collar for
      supporting a pressed tablet of roasted and ground coffee so that the
      bottom of the coffee tablet is located at some distance from and
      approximately parallel to the filter. Thus it is attained that when the
      water is poured onto the tablet, it cannot simply flow along the tablet,
      but it can moisten the bottom thereof due to capillary action. As the
      result of this action the tablet disintegrates evenly and a homogenous bed
      is formed before the water percolates.
PAR  In connection with the distance between the bottom of the coffee tablet and
      the filter it is noted that this depends on the diameter and the thickness
      of the coffee tablet used and furthermore on the ground coffee used for
      the tablets, i.e. grain size and pressing conditions. Generally it can be
      said that said distance ranges from 0.5 to 4 mm.
DRWD
PAR  Some embodiments of the invention will now be described by way of example
      with reference to the accompanying drawings. In the drawings:
PAR  FIG. 1 is a vertical cross-section of a coffee filter with a water
      reservoir according to the invention;
PAR  FIG. 2 is a top elevation of the holder shown in FIG. 1;
PAR  FIG. 3 schematically shows a filter and a plurality of basic dimensions
      therein for a one-cup filter;
PAR  FIG. 4 shows a cross-section as in FIG. 1 of a second embodiment;
PAR  FIG. 5 shows a cross-section as in FIG. 1 of a third embodiment; and
PAR  FIG. 6 shows a cross-section as in FIG. 1 of a fourth embodiment.
DETD
PAR  FIG. 1 shows a coffee tablet 1 received in a holder 2 (FIG. 2) for ground
      coffee, said holder being provided with a filter bottom 3 at its lower
      end.
PAR  Coffee tablet 1 is retained in holder 2 by lugs 4. Above the holder there
      is a grid 5 at the bottom of a water reservoir 6. Lugs 4 are also attached
      thereto.
PAR  Coffee tablet 1 has the shape of an, at least at the bottom, substantially
      flat disc and is supported along the lower edge on a continuous edge 7 in
      tablet holder 2. The lower face of the coffee tablet is spaced some
      distance from filter bottom 3, which bears on a bearing cross 8. Thus it
      is attained that the water can moisten the bottom of the tablet through
      capillary action so that the tablet disintegrates evenly before the water
      percolates.
PAR  The upper face of the tablet may be profiled for a better control of the
      moistening phase.
PAR  The tablet holder extends conically upwardly from the support edge 7, so
      that the tablet has at least 1-2 mm space on the top to expand radially.
      Contiguous to the wall of this extraction chamber there is on the top a
      slightly upwardly inclined wall 9 having five radially extending recesses
      10. The wall 9 has on the lower side five wings 11 having a trapped
      configuration on the lower side for centering the coffee filter on a cup.
      The wall 9 extends into an upwardly diverging wall 12 with snapping lugs
      13. The wall of the water reservoir 6 bears against the wall 12 and is
      retained by the lugs 13. In the wall of the water reservoir there are a
      number of vertical slots 14 extending to a trapped portion 15. The bottom
      of the water reservoir 6 with grid 5 is slightly conical in downward
      direction. Gases and vapors which cannot easily escape through the small
      holes in the grid 5 deflect laterally via the recesses 10, the space
      around the trapped portion 15 and the slots 14. A number of stacking lugs
      16 are arranged on the inner wall of the water reservoir. As has been
      noted above, the coffee tablet obtained by pressing ground and roasted
      coffee has to be located at some distance from the filter bottom. It has
      been found that this distance depends on the diameter and thickness of the
      coffee tablet and on the composition, for instance, the grain size of the
      ground coffee used for pressing, and the conditions under which the coffee
      is pressed. In principle this distance may range from 0.5 - 4 mm.
PAR  In order to give some indications of the dimensions of the extraction
      chamber in a one-cup filter, a filter has been schematically shown in FIG.
      3 and a number of indications as to size has been given.
PAR  A is situated between approximately 0.5 and 4 mm.
PAR  B is situated between approximately 12 and 15 mm.
PAR  C is situated between approximately 1 and 2 mm.
PAR  D is situated between approximately 40 and 46 mm.
PAR  E is situated between approximately 46 and 52 mm.
PAR  Contrary to the embodiment shown in FIGS. 1 and 2, for which polystyrene is
      used, the embodiments shown in FIGS. 4, 5 and 6 are not completely
      disposable.
PAR  In the embodiment shown in FIG. 4 a holder made of chromium-plated brass is
      used, comprising a handgrip made of bakelite. In this holder a disposable
      extraction chamber of polystyrene with a (pressed) tablet is accommodated.
      Grid 5, adapted to distribute the water has small lugs 17 at its bottom so
      that between the grid and the remaining portion of the extraction chamber,
      which portions are snapped together, a slot is formed through which gases
      and vapors can escape.
PAR  In the embodiment shown in FIG. 5, compared to the embodiment shown in FIG.
      4, use has been made of a somewhat simplified disposable extraction
      chamber, also made of polystyrene. The outer edge thereof is clamped
      between portions of the holder which are interconnected by thread. In this
      embodiment grid 5 is connected with the remaining portion of the
      extraction chamber through lugs 17 by spot welding.
PAR  Finally FIG. 6 shows an embodiment without the disposal parts. The holder
      comprises a detachable grid 5. Therefore the extraction chamber can be
      cleaned after use and then a new tablet can be put therein.
PAR  As the grid, as well as the holder, is made of chromium-plated brass, no
      separate means are necessary for securing the grid to the remaining
      portion of the extraction chamber, as the grid is kept in its place by its
      weight. Furthermore, instead of a bearing cross and the disposable filter
      bottom bearing thereon, a non-rigid ring of plastic in which Monel-gas has
      been sealed, is used in this filter.
PAR  It is noted that the essence of the invention can also be applied in an
      embodiment, which may be manufactured at low costs, but which is less
      attractive for esthetic reasons. It is, for instance, possible to provide
      a pressed tablet between two filter papers in a plastic container made of
      one piece. The top filter serves to distribute the water. To provide the
      necessary space between the bottom filter and the tablet, a spacer is
      provided on the bottom filter, preferably a ring along the periphery or,
      if desired, a cross, which supports the tablet. Furthermore one has to see
      to it that there is some clearance between the tablet and the vertical
      wall so as to enable the tablet to expand radially.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for making coffee by oncethrough percolation of preheated
      water, comprising a reservoir for receiving the water, an extraction
      chamber for ground coffee separated from said reservoir by a wall which is
      perforated in such a way that when the apparatus is used the water flows
      or trickles from said reservoir to said chamber through gravity, a coffee
      tablet disposed in said chamber, and furthermore the extraction chamber
      comprises a support for a filter, said support leaving the greater part of
      the filter surface clear, and wherein the extraction chamber comprises a
      continuous annular collar means for supporting said tablet of roasted and
      ground coffee thereon above said filter and so constructed and arranged
      that the bottom of the coffee tablet is approximately parallel to said
      filter and located at a distance within the range of approximately 0.5 to
      4mm. from said filter, and including means for retaining the tablet
      against the said collar.
NUM  2.
PAR  2. An apparatus in accordance with claim 1 wherein said retaining means
      comprises lugs depending from said perforated wall adapted for engagement
      with said tablet, said extraction chamber comprising interior side wall
      surfaces diverging in an upward direction commencing at the outer
      periphery of said collar, water from said reservoir being adapted to
      moisten the bottom of said tablet through capillary action, so that the
      tablet will disintegrate evenly before said percolation.
NUM  3.
PAR  3. An apparatus in accordance with claim 2 including other lug means
      positioned between said perforated wall and said annular collar to space
      said perforated wall from said collar to provide a clearance for escape of
      gases and vapors from said chamber past said perforated wall.
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ABST
PAL  Fast cooking apparatus for dosed quantities of foodstuffs comprises a
      dosing device for the introduction, into a pressurized cooking chamber a
      desired quantity of food which is cooked under pressure at temperatures of
      over 100.degree. C. The cooked food is conveyed, by the pressure within
      the cooker, into a separator, wherein the excess of cooking water and its
      vapour are removed from the cooked food.
PARN
PAR  This is a Division, of application Ser. No. 289,941, filed Sept. 18, 1972.
BSUM
PAR  This invention relates to apparatus for the quick and controlled cooking in
      hot water of metered quantities of foodstuffs, such as rice, noodles,
      spaghetti and the like.
PAR  An object of the invention is to achieve metering and quick cooking of
      foodstuffs, as well as distribution of the cooked food to consumers, for
      example in vending machines.
PAR  It is particularly important to cook foods for self-distribution within a
      very short period. Therefore it is necessary to reduce the so-called
      "technical times", such as required to introduce the raw product into a
      cooking vessel and to unload the cooked product from said vessel, to close
      and to open said vessel, to allow water to drain off the cooked food and
      to separate it from the cooking liquid, as opposed to the real cooking
      time of the foodstuff.
PAR  Another object of the invention is to provide for dressing of the cooked
      food immediately following the cooking operation, to maintain a quantity
      of water in the food.
PAR  Still another ojbect of the invention is to provide additives or dressings
      to the cooked food, in such a way as to admix said dressings thoroughly
      and evenly with the food.
PAR  The invention provides apparatus for cooking, in hot water, metered
      quantities of foodstuffs such as rice, noodles and the like, comprising a
      pressurized cooking chamber provided with means to maintain, in said
      chamber, pre-selected water pressures and temperatures, said chamber
      having openings for the introduction of raw foodstuff and for the
      extraction of cooked food respectively, the apparatus further comprising
      metering means for introducing raw foodstuffs to the cooking chamber; a
      hot water generator for boiling water to temperatures over 100.degree. C
      the generator being connected to said cooking chamber, to maintain food in
      the chamber submerged in hot water during a cooking operation, and
      centrifugal separating means connected to the extraction opening of the
      cooking chamber to receive cooked food from the chamber, separate cooking
      water therefrom and absorb kinetic energy developed by the food.
PAR  Related subject matter is disclosed and claimed in application Ser. No.
      468,561 filed May 9, 1974 and this application is a division of
      application Ser. No. 289,941, now U.S. Pat. No. 3,827,344 granted Aug. 6,
      1974.
PAR  In particular, to cook filamentary material such as spaghetti and the like,
      the cooking chamber comprises a main chamber and an elongate pre-cooking
      chamber having a cross-section smaller than that of the main chamber.
DRWD
PAR  The invention will now be described by way of an example with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is an isometric projection, with sectioned parts, of a cooking
      vessel and separating unit;
PAR  FIG. 2 is a vertical part-section of the cooking vessel;
PAR  FIG. 3 is a cross-section through another form of cooking vessel;
PAR  FIGS. 4 and 5 are sections, along lines IV -- IV of FIG. 3 and the lines V
      -- V of FIG. 4 respectively;
PAR  FIG. 6 is a vertical cross-section of a metering device for long noodles or
      spaghetti;
PAR  FIGS. 7 and 8 are cross-sections along lines VII -- VII and VIII -- VIII of
      FIG. 6 respectively.
DETD
PAR  Considering now FIGS. 1 and 2 of the drawings, the units shown comprise:
PAR  A boiler A to feed a cooking chamber B with pressurized hot water, the
      outlet of the container leading to a centrifugal separator C.
PAR  A heat generator 10 of boiler A, preferably of the electric type has at an
      upper part thereof, a plurality of probes, 12, 14, 16 and 18, the first
      and last of said probes providing for the control of the minimum and
      maximum water levels in the boiler. The intermediate probes 14 and 16 are
      designed to control the operation of a feed pump (not shown) attached to
      connection 20. The probes are connected to appropriate control apparatus
      to adjust the performance of the boiler, in such a way that the water
      supply to the boiler is independent from the extraction of hot water from
      the boiler.
PAR  Boiler A connects to boiler B by means of a tube 22 provided with
      controlled obturating member 24, to perform a food cooking operation as
      will be described.
PAR  The cooking vessel B as shown in FIGS. 1 and 2 serves to cook or boil
      noodles and the like, such as, for instance, "spaghetti" said noodles
      being introduced into the vessel in the form of a metered bundle D.
PAR  The vessel B comprises a cylindrical chamber 26 having the desired
      capacity, connected, at the upper end thereof, to a cylindrically shaped
      pre-cooking chamber 28, having a smaller diameter than that of chamber 26,
      the axis of said pre-cooking chamber being perpendicular to the axis of
      chamber 26. The diameter, and length of pre-cooking chamber 28 are
      substantially the same as those of the food bundle D. The top of
      pre-cooking chamber 28 is closed by means of an obturating member 30
      provided with feed hopper or feed box 32 for the raw material D. Further,
      pre-cooking chamber 28 has towards its upper end and next to obturating
      member 30, a duct 34 provided with a pin valve 36 to control communication
      between pre-cooking chamber and the atmosphere. The loading hopper or feed
      box 32 is situated below and in alignment with a container 38, the bottom
      of which has a swinging plate 40 integral with a shaft 42 of a motor 44
      and the upper part of said container is connected to the outlet of a
      volumetric metering device E, for example of the type as shown in FIGS. 6
      - 8.
PAR  Cooking or boiling chamber 26 has, at the centre thereof, a connection 45
      for a duct 46 with an obturating member 48 to connect said chamber to a
      centrifugal separator C. Duct 46 can extend in any desired direction and
      it can have a length of up to 2 to 3 metres or more. Chamber 26 is closed
      by means of a cover 50 with support 52 for a shaft 54, the axis of said
      shaft being displaced downwardly with respect to the axis of said chamber,
      said shaft firmly retaining a fork 56 with a roller 58 forming a mixer.
      Fork 56 is advantageously rotated in the direction of arrow X of FIG. 2
      and the fork is so dimensioned that the cylindrical roller thereof 58
      co-operates with the lower part of chamber 26.
PAR  The outlet tube 46 of cooking chamber B enters the upper part of the
      centrifugal separator C, the bottom of which is provided with a mouthpiece
      66 equipped with a closing disc 68 and one or more drainage openings 74
      are provided above said closing disc, said opening or openings each having
      an outlet tube 76.
PAR  Considering now the alternate embodiment of the apparatus shown in FIGS. 4
      and 5, the parts which are the same as or equivalent to those hereinbefore
      described are marked with the same reference numerals and said embodiment
      is provided with a fluid pressurized control or driving member to automate
      the above described apparatus.
PAR  In said alternate embodiment, the boiling or cooking vessel B has a
      pre-cooking chamber 28.sub.a the lower part of which connects to cooking
      chamber 26.sub.a having the shape of a truncated cone. The larger base of
      said cooking chamber 26.sub.a faces downwardly and said chamber is closed
      by a cover 50.sub.a which supports a shaft 54.sub.a of a motor F, to drive
      a blade 56.sub.a. As shown in FIG. 5, blade 56.sub.a is combined with a
      shifting cone 80, the walls of which are substantially parallel with the
      inner walls of chamber 26.
PAR  An obturating member 24.sub.a is actuated by a cam 82, said cam being
      driven by a corresponding motor, for the gradual introduction of hot water
      into the pressurized vessel or chamber B.
PAR  Chambers 26.sub.a and 28.sub.a are provided with heating means for the
      controlled heating thereof, such means consisting, in the illustrated
      case, of spaces 84 and 86 surrounding the walls of said chamber.
PAR  During the cooking or boiling operation, the pressure in container B is
      controlled by a pin valve 36 which connects pre-cooking chamber 28 to the
      outlet through curved slits 88 provided in the upper wall of pre-cooking
      chamber 28, immediately below an obturating member 30.sub.a, in such a way
      that, due to the relatively wide passage provided by slit 88 and to the
      limited height of said slits, it is possible to release the excess of
      pressure of container B with limited speed, to prevent the cooked food
      from being entrained by the vapour.
PAR  The movable parts of obturating members 30.sub.a and 48.sub.a
      advantageously consist of pierced balls, to allow for the free passage of
      the cooked food, it being possible to actuate such balls by means of
      alternate motors F and G through controlled electric valves, automatically
      to actuate the operating cycle of the apparatus by means of a programmer.
PAR  Metering device E, shown in FIGS. 6, 7, 8, is particularly suitable for
      metering spaghetti or like filamentary foodstuffs and comprises a
      container 100 for the filamentary material D, which is deposited into said
      container with the axes thereof inclined by a angle X (for example of
      30.degree.) with respect to axis VIII -- VIII of the container, in such a
      way that the filamentary elements D rest, with their ends, against wall
      102 of said container, the elements being influenced by gravity, to move
      towards an outlet 103 of the container. The opening is provided at the
      bottom of container 100, the section of which is rectangular and the
      container connects, by means of said section, with two inclined downwardly
      converging outlet walls.
PAR  A stop 105 is provided in outlet 103, said stop being attached, through a
      pivot 109, to an arm 106, pivotally connected at 107, to the body of the
      container 100.
PAR  By means of a driving member 101, arm 106 is moved in the direction of
      arrow Y, in opposition to a return spring 108 in such a way that stop 105
      moves down until reaching position 105, to allow the discharge of a bundle
      of the filamentary material D held between the stop on a metering blade
      110 into a collecting container 38 so that the individual elements of the
      filamentary material are disposed with their axes in a substantially
      vertical direction.
PAR  The transverse cross-section of the collecting container 38 is selected in
      accordance with the requirement to displace or to pack the cooked
      material.
PAR  As already mentioned with reference to the embodiment shown in FIGS. 1 and
      2, plate 40 is inserted between the outlet opening of collecting container
      38 and the feed hopper 32 and said plate is moved in the direction of
      arrow D, in order to discharge the metered material D into the cooking
      chamber situated below the container. The metered quantity of spaghetti D'
      which is delivered at each of the operations performed by the plate, is
      determined by the position of blade 110 which is integral with a swinging
      arm 112 fulcrumed, at 113 to the body of the device. Blade 110 is
      constrained to slide in a slit 114 in the container 100 which is provided
      at a height .DELTA..sub.1 from stop 105.
PAR  If blade 110 is rotated in the direction of arrow K (toward position 116
      shown in FIG. 8), said blade penetrates into material D, to meter a
      constant portion established by width .DELTA..sub.2 of mouth-piece 103, as
      well as by distance .DELTA..sub.1 between stop 105 and blade 110. The
      blade is designed to retain material D which is situated above it, during
      the opening of stop 105, i.e. during the discharge operation of the
      metered quantity D.sub.1 which is then conveyed to collector 38. The width
      of slit 114 and of blade 110 should be less than one/half of the outer
      diameter of the individual spaghetti filaments, to prevent said filaments
      from wedging with each other.
PAR  The front edge 115 of blade 110 is preferably inclined with respect to the
      radial direction in such a way as to provide a permanent fit of the
      outermost part of the blade into slit 114 and the progressive outspreading
      of the spaghetti which is performed by said blade, in an inclined
      direction with respect to the axis of the spaghetti.
PAR  The metering operation is thus performed by alternate movements of the
      blade 110 and the stop 105.
PAR  The quantity of material which is extracted with each metering operation,
      can be varied, by changing, the height .DELTA..sub.1 by means of set screw
      116 which moves the end-stroke position of stop 105.
PAR  Stop 105 is, orientated through pivot 109, so as to be perpendicular with
      the axis of material D when it drops into the outlet 103. Return-spring
      108 can also operate as a damping means for the dropping material and/or
      to compensate possible irregularities during the performance of blade 110.
PAR  A stiff diaphragm 118 in the form of a wedge integral with container 100,
      co-operates in maintaining the spaghetti parallel to each other and
      parallel with the slide-walls, thus reducing the weight of the material
      situated above the metering areas.
PAR  In the operation of the apparatus, initially, the obturating members of the
      apparatus are in the following positions: obturating member 30 is open;
      pin-valve 36 is closed; obturating members 24 and 48 are closed;
      locking-disc 68 for the centrifugal separator C is closed; swinging blade
      40 of container 38 is closed.
PAR  When spaghetti is to be cooked, it is metered and delivered by the metering
      device E, into container 38, where the spaghetti is retained by means of
      plate 40. Thereafter, the plate 40 is caused to move away from container
      38, to allow the spaghetti-bundle drop into the cooking vessel B situated
      below the container. The drop of the raw material is damped by a water
      cushion, previously introduced; or by the amount of water which is left in
      chamber 26 after the performance of the preceding unloading operation. The
      obturating member 30 closes and cock 24 opens, to introduce a quantity of
      boiling water from boiler A, into chamber 26. To facilitate collection of
      the material in chamber 26 during the cooking step, a fork 56 is operated
      and then rotated during the entire cooking or boiling time. The stirring
      operation of the material which is performed during the cooking or boiling
      step also provides for expension of the external layer and a quick soaking
      of said material, thus ensuring quick and uniform cooking thereof.
      Furthermore, the stirring operation of the material during the cooking
      stage is performed in counter-current with respect to the direction along
      which the material is loaded into and unloaded from container B, to ensure
      uniform cooking. During the softening and cooking stage of the food, valve
      36 is actuated at intervals to release, from the pressurized vessel B, the
      excess of vapour, for the purpose of ensuring good cooking conditions in
      accordance with the quality of material to be cooked. The material is
      cooked in hot water, without coming into contact with the vapour, by
      maintaining, in vessel or container B, the necessary liquid level and by
      releasing, at regular intervals, the vapour which forms in said chamber,
      due to the stirring operation. When the spaghetti reaches the desired
      cooking degree, intercepting member 43 is quickly actuated, to connect the
      boiling or cooking vessel B with the centrifugal separator C. As said
      separator is charged by atmospheric pressure, whereas cooking or boiling
      vessel B is charged by a higher pressure (for instance of over 2 atm.),
      the cooked spaghetti and the cooking liquid are conveyed substantially
      instantaneously into duct 46 and then unloaded into the centrifugal
      separator C. To convey the cooked food from the pressurized vessel B into
      the centrifugal separator C, it is possible to use conveying ducts 46 of a
      certain length; or otherwise a limited cross-section, as the conveyance of
      said cooked material is, at any time, ensured by the pressure difference
      existing between the cooking chamber B and the centrifugal separator C.
PAR  The material delivered by duct 46 and which is unloaded in a tangential
      direction into the centrifugal separator, is centrifuged and, as it loses
      kinetic energy, it collects at the bottom of the centrifugal separator,
      whilst the vapour is released to the atmosphere through duct 64.
PAR  Since the pressure which prevails in the centrifugal separator C is
      reduced, parts of the hot water content of the cooked material is
      released, in such a way that the water content of the ready cooked
      material is low. Therefore, it would be also possible to pre-boil the
      food-stuffs which in this case would be collected by the centrifugal
      separator C in the absence or almost in the absence of water, as the
      cooking water is removed from the cooked or boiled material.
PAR  Chamber 60 of the centrifugal separator C allows the collection not only of
      the centrifuged and cooked material, but also a certain amount of the
      cooking liquid which is carried by the cooked food. If the cooked food is
      served immediately to the consumer, part of said liquid is preserved in
      the cooked food and the quantity of said liquid varies according to the
      position of drainage opening 74 in the wall of chamber 65 of the
      centrifugal separator, whereas the remaining liquid is drained off through
      duct 76. Finally, the cooked food is unloaded through discharge opening
      68.
PAR  It is possible to modify the above-described cooking vessel, as well as the
      apparatus which incorporates said vessel according to the quality of food
      to be cooked. The cooking vessel can be maintained at required
      temperatures by circulating an appropriately heated fluid through the free
      spaces 84 and 86.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Apparatus for cooking, in hot water, metered quantities of foodstuffs
      such as rice, noodles and the like, including a pressurized cooking
      chamber provided with means to maintain, in said chamber, pre-selected
      water pressures and temperatures, said chamber having a first opening for
      the introduction of raw foodstuff and a second opening for the extraction
      of cooked food characterized by metering means for introducing raw
      foodstuffs to the cooking chamber, a hot water generator for boiling water
      to temperatures over 100.degree. C. the generator being connected to said
      cooking chamber, to maintain food metered into the chamber submerged in
      hot water during a cooking operation, and further characterized by
      separating means connected to the extraction opening of the cooking
      chamber to receive cooked food from the chamber, and separate cooking
      water therefrom.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein the cooking chamber comprises a
      main chamber and an elongated pre-cooking chamber having a cross-section
      which is smaller than that of the main chamber.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein the cooking chamber has a
      vapour escape outlet controlled by obturating means, the outlet being
      dimensioned and configured to prevent the escape of foodstuff from the
      chamber when vapour is released.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, wherein the cooking chamber is provided
      with mixing means to mix the foodstuff during the cooking operation.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, wherein the mixing means is carried by
      a cover of the chamber and is arranged to co-operate with at least a part
      of the peripheral wall of said chamber.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein the bottom wall of the main
      chamber carries a shifting member to move material delivered from the
      pre-cooking chamber in a radial direction.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, wherein the main chamber, has the shape
      of a truncated cone, with its base forming the bottom wall which carries
      the mixing means as well as the shifting member which is in the shape of a
      cone.
NUM  8.
PAR  8. Apparatus as claimed in claim 1 further characterized in that the
      metering means for introducing raw foodstuff into the cooking chamber
      comprises a container having an inlet and an outlet opening, means in said
      container for conveying filamentary foodstuffs through the metering device
      outlet opening, and metered quantity limiting means in said metering
      chamber comprising a blade movable across said chamber, said blade being
      in the shape of a sector to facilitate penetration in to a pile of
      filamentary foodstuff maintained in the chamber.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 including a movable stop in the delivery
      duct below the blade and control means for the blade and stop to operate
      same in synchronism to meter predetermined quantities of the filamentary
      material by alternate operations of the blade and stop.
NUM  10.
PAR  10. Apparatus as claimed in claim 9, wherein the stop is carried by a
      swinging arm influenced by spring means adapted to maintain the stop in a
      raised position in engagement with the filamentary material.
NUM  11.
PAR  11. Apparatus as claimed in claim 10, wherein the container includes a
      wedge-shaped block for controlling the supply of filamentary material to
      the discharge duct situated below, said container being inclined to the
      vertical in such a way that one end of the pile of filamentary material
      contained therein will rest against a front wall of said container.
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ABST
PAL  A filter device intended to be fitted into a deep fat fryer to filter
      foreign particles from the hot liquid fat used in the cooking process. The
      device includes a pan that contains the liquid fat in which the food to be
      cooked is placed. The bottom of the pan is provided with an opening
      through which the fat passes outwardly as the pan is lifted from the deep
      fat fryer. Nestled within one embodiment of the pan and extending over at
      least a portion of the bottom thereof is a unit which establishes in part
      at least one channel through which also passes the fat as the pan is
      lifted. Another embodiment has the unit depending from the bottom of the
      pan. In either embodiment, a filter, having progressively smaller sized
      holes, is disposed within the channel for capturing and separating ever
      decreasing smaller size foreign particles from the fat.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 431,934, filed Jan. 9, 1974, now abandoned, entitled "Filter
      Device For Deep Fat Fryer".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of filter devices for deep fat fryers.
PAR  2. Description of the Prior Art
PAR  Applicant is aware of the following U.S. patents: the Tidow, U.S. Pat. No.
      902,181; the Vaglio, U.S. Pat. No. 1,880,603; the Weinberger, U.S. Pat.
      No. 1,998,797; the Overbeck et al., U.S. Pat. No. 2,635,527; and the Smith
      U.S. Pat. Nos. 2,716,938 and 2,716,939. None of the above patents suggest
      or disclose applicant's device.
PAR  As evidenced by the above patents, the usual practice for filtering devices
      for deep fat fryers is to completely screen the bottom of the cooking oil
      container. Certain of these prior devices required considerable time in
      replacing the filter or screen element. This precludes frequent removal of
      the foreign particles.
PAR  Applicant also has knowledge of deep fat fryers which have pumps for
      filtering the cooking oil. This latter type deep fat fryer requires a new
      filter each time the cooking oil is changed. The main objection to the
      pump type deep fat fryers is the cost, since the least expensive of this
      type fryer costs several hundred dollars.
PAR  When cooking chicken or other heavily breaded food substances in deep fat
      fryers, the heavy pieces of chicken usually drop to the bottom of the
      cooking oil. This stirs up the crumbs of the bread substance and adversely
      affects the taste of the food. Also, when these crumbs are allowed to
      remain in the cooking oil too long they burn or carbonate which breaks
      down the cooking oil. Only by frequent removal of these foreign particles
      can the cooking oil remain wholesome. Frequent removal of the foreign
      particles from typical deep fat fryers is not feasible for various well
      known reasons, e.g., the time required to empty the deep fat fryer to
      remove the foreign particles is excessive. Additionally, the filtering
      elements or screen baskets normally associated with prior devices are
      inadequate for removing the smaller foreign particles even when the time
      is taken to attempt to remove them. Accordingly, one recourse involves
      discarding the costly cooking oil rather frequently in order to avoid
      adversely affecting the flavor of the food substance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed towards overcoming the disadvantages and
      problems relative to previous filtering devices for deep fat fryers,
      particularly the above mentioned problem which allows the crumbs from
      breaded food to remain in the cooking oil too long thus breaking down the
      cooking oil and requiring it to be discarded prematurely. The concept of
      the present invention is to provide a filter device which is simple in
      construction, inexpensive to manufacture, and extremely effective in
      filtering out foreign particles from used deep fat cooking oil or liquid
      fat to give the fat longer life and render it cleaner and more wholesome
      for cooking food therein.
PAR  The filter device herein described includes a pan that is nestled within a
      typical deep fat container. Filtering is achieved by lifting the filter
      device or the pan slowly out of the deep fat container, thus forcing the
      fat through a series of progressively smaller screens which filters out at
      least 90 percent of the foreign particles. The economy and safety of the
      filter device herein described is that the hot cooking oil can be cleaned
      and reused in approximately two minutes without having to remove the hot
      grease container or the cooking oil. Accordingly, the filtering device
      herein described will extend the normal life of the cooking oil
      approximately 50 percent or more if the oil is filtered at least every 8
      hours of cooking time or more frequently with heavy cooking or with items
      having heavy breading, e.g., chicken or the like.
PAR  The filter device of the present invention includes the above mentioned pan
      that contains the liquid fat in which the food to be cooked is placed. The
      bottom of the pan is provided with an opening through which the fat passes
      outwardly as the pan is lifted from the deep fat container. Nestled within
      one emboidment of the pan and extending over at least a portion of the
      bottom thereof is a tray or unit which is provided with an aperture or
      passageway through which also passes the fat as the pan is lifted.
      Portions of the pan and unit define at least one channel communicated at
      the one end by the opening and at the remote end thereof by the aperture.
      Accordingly, the fat or cooking oil passes through the channel as the pan
      is lifted from the deep fat container.
PAR  Another embodiment has the unit depending from the bottom of the pan. In
      either embodiment, an angularly disposed filter, having progressively
      smaller size holes, is disposed within the channel for capturing and
      separating ever decreasing smaller size foreign particles from the fat.
      The larger size particles, being heavy, simply sink to the bottom. Either
      embodiment may include a sump for capturing and collecting these
      particles, although, the sump may be omitted if desired. The intermediate
      size particles are preferably separated from the fat by grid structure
      which may be placed across the passageway and/or the opening. The filter
      device herein described allows for rapid flow of the cooking oil through
      the channel or the filter elements to quickly facilitate displacement of
      the cooking oil therethrough.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of the assembled filter device of the principal
      embodiment of the present invention shown fitted into a deep fat fryer
      with the view being taken as on a vertical plane through the center line
      of the deep fat fryer.
PAR  FIG. 2 is a perspective view of the pan of the present invention.
PAR  FIG. 3 is a perspective view of the tray or unit of the present invention.
PAR  FIG. 4 is a perspective view of the filter element of the present
      invention.
PAR  FIG. 5 is a perspective view showing the bottom of the unit and two of the
      filter elements being depicted in their preferred association therewith.
PAR  FIG. 6 is a perspective view of the filter device of the present invention
      in its entirety.
PAR  FIG. 7 is a sectional view taken as on the line VII--VII of FIG. 6.
PAR  FIG. 8 is a sectional view taken as on the line VIII--VIII of FIG. 7.
PAR  FIG. 9 is a fragmentary perspective view of a second embodiment showing the
      unit thereof relative to the pan.
PAR  FIG. 10 is a bottom view of the unit per se of the second embodiment of
      FIG. 9.
PAR  FIG. 11 is a perspective view of a third embodiment of the assembled filter
      device of the present invention.
PAR  FIG. 12 is a sectional view taken as on the line XII--XII of FIG. 11.
PAR  FIG. 13 is a sectional view taken as on the line XIII--XIII of FIG. 12.
PAR  FIG. 14 is a sectional view taken as on the line XIV--XIV of FIG. 13.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The principal embodiment of the submergible filtering device of the present
      invention is depicted in FIG. 6 of the drawings in its entirety and is
      character referenced therein by the numeral 11. The filter device 11 is
      intended to be fitted into a deep fat fryer, as at 13, diagrammatically
      depicted in section lines in FIG. 1 of the drawings. An object of the
      filtering device 11 is to filter out foreign particles from used deep fat
      cooking oil or hot liquid fat, as at 12, to give the fat longer life and
      render it cleaner and more wholesome for cooking food therein. The deep
      fat fryer 13 preferably includes a typical deep fat container, as at 15,
      for holding a quantity of the liquid fat 12 used in the frying or cooking
      process. The deep fat container 15 usually is removably nestled in a well,
      as at 17, and the rim thereof usually includes a continuous outwardly
      directed flange, as at 19, which restingly engages suitable structure,
      i.e., a ledge 21, of the deep fat fryer 13.
PAR  The fryer 13 also includes a heating element, as at 23, which normally is
      submerged in the liquid fat 12 or in such manner well known to those
      skilled in the art. In this regard, it should be sufficient to simply
      state that the heating element 23 is usually conveniently fitted to the
      fryer 13 to enable it to be pivoted upwardly out of the deep fat container
      15 to facilitate removing the container 15 for cleaning purposes and the
      like. Accordingly, pivoting the heating element 23 upwardly in the above
      described manner enables the filter device 11 of the present invention to
      be fitted into the deep fat container 15 in a manner about to be
      described.
PAR  The filter device 11 includes a pan 25 as shown in FIG. 2 for accomplishing
      the cooking process therein, i.e., the pan 25 is removably nestled within
      the deep fat fryer 13 or more specifically within the deep fat container
      15 thereof as clearly shown in FIG. 1 of the drawings. The pan 25 is
      provided with an opening, as at 27, disposed adjacent the lowermost
      portion thereof with the opening 27 preferably extending over a portion of
      the bottom as at 28 of the pan 25 as clearly shown in FIG. 2 of the
      drawings. It should be understood that the opening 27 may, if desired,
      have the entire perimeter thereof defined by the bottom 28. On the other
      hand, the entire perimeter of the opening 27 may, if desired, be defined
      by portions of the pan 25 other than the bottom 28. Regardless of the
      exact location, the opening 27 allows passage therethrough of the liquid
      fat contained in the pan 25 as it is caused to be lifted upwardly from the
      deep fat fryer 13. In this regard, the filter device 11 preferably
      includes means, such as handle means 29, for facilitating submergence and
      emergence of the pan 25 into and out of the container 15 or more
      specifically the liquid fat 12 contained therein.
PAR  The device 11 also includes a unit 31, as shown in FIG. 3, which is
      removably nestled within the pan 25 as best viewed in FIG. 6, for
      directing the outwardly flowing liquid fat 12 along a predetermined course
      prior to passing through the opening 27 in a manner to be fully described.
      The unit 31 preferably includes at least one substantially horizontally
      disposed longitudinal flange member 33. However, the unit 31 may
      additionally include a second longitudinal flange member as at 35. The
      flange members 33, 35 are positioned a spaced distance above the bottom 28
      of the pan 25 establishing at least one but preferably two channels 37, 39
      defined in part by the pan 25 and the unit 31, as shown in FIG. 7 of the
      drawings.
PAR  From FIG. 3 of the drawings it may be seen that in addition to the
      longitudinal flange members 33, 35, the unit 31 preferably includes a
      lower lateral flange member 43 interconnecting one of the respective ends
      of the flange members 33, 35 one to the other. Additionally, the unit 31
      preferably, but not necessarily, includes a sump means; as at 45, which
      will be fully described later in the specification; a vertical wall, as at
      47; and an upper lateral flange member 49.
PAR  From FIG. 2 of the drawings it may be seen that in addition to the
      previously mentioned bottom 28, the pan 25 includes four vertical walls
      51, 53, 55 and 57. Accordingly, it may readily be seen that the opening 27
      preferably, but not necessarily, is disposed adjacent the lowermost
      portion of the wall 57 and it may, if desired, extend into a portion of
      the bottom 28. It should also be understood that in the event the two
      channels 37, 39 are provided, they are in parallel one with the other and
      are communicated one with the other at the remote ends thereof. In other
      words, the channels 37, 39 meet in the area adjacent the opening 27 and in
      the area behind the vertical wall 47 of the unit 31. However, as
      previously mentioned, the unit 31 may optionally be constructed whereby
      only one channel is provided, i.e., with a top member yet to be described.
PAR  The unit 31 or more specifically the vertical wall 47 thereof, is provided
      with an aperture or passageway 59 leading into the channels 37, 39 with
      the passageway 59 being disposed remote from the opening 27, i.e., the
      channels 37, 39 communicating the passageway 59 with the opening 27
      whereby the liquid fat contained within the pan 25 is directed to first
      pass through the passageway 59 thence along the channels 37, 39 and
      ultimately passing through the opening 27 as the pan 25 is emerged from
      the liquid fat 12 which is retained in the deep fat container 15.
PAR  The device 11 also includes filter means, as at 61 shown in FIG. 4 of the
      drawings, disposed within the channel or channels 37, 39 for capturing and
      separating foreign particles from the liquid fat as the pan 25 is caused
      to be emerged therefrom.
PAR  The sump means 45 alluded to above is for the intended purpose of
      collecting the largest and the heaviest ones of the foreign particles and
      from FIGS. 3 and 5 of the drawings it may be seen that the sump means 45
      preferably includes a bottom 63 and four walls 65, 67, 69 and 71. The sump
      means 45 per se may be omitted and the unit disposed centrally of the pan
      25, as shown in FIG. 9. In this event, the large crumbs simply gravitate
      to the bottom 28 of the pan 25.
PAR  A second embodiment of the unit is herein disclosed and is character
      referenced in FIGS. 9, 10 by the numeral 31 having a prime suffix. This
      unit 31' of FIGS. 9 and 10 is constructed in such a manner that it does
      not cover the entire area of the bottom 28. Therefore, portions of the
      bottom surrounding the unit 31 effectively serve the same function as does
      the sump means 45. Also, it will be noted the unit 31' is box-like in
      construction with a top or plate-like member 72, and four sides, i.e.,
      72a, 72b, 72c and 72d, depending from top 72. Also, opening 27 is disposed
      in bottom 28 adjacent one end 72a of unit 31' and the opposite end 72c is
      perforated to provide a passage in the form of grid means to allow flow of
      liquid through unit 31' from one end thereof to the other along a single
      channel as opposed to the two channels of the principal embodiment.
PAR  Additionally, in unit 31' the filter means preferably includes numerous
      perforated members each of which having at least two elements 73, but
      individually comprise two elements 73 joined along one of the sides
      thereof to establish a V-shaped member 74. These V-shaped members 74 are
      arranged in relationship one with the other so as to resemble congruent
      spaced apart chevrons. The V-shaped members are conveniently arranged
      within the channel so that the outward flow of the liquid fat passing
      through the channel causes the foreign particles to first encounter the
      apex of each V-shaped member 74 whereby any accumulation of foreign
      particles is most likely to be concentrated adjacent the outer ends of the
      joined elements 73, i.e., the accumulation is not adjacent the apices
      thereof.
PAR  On the other hand, the filter means 61 may include only one perforated
      member, as clearly shown in FIG. 4 of the drawings. In either event, it
      should be understood that the holes 75 in the downstream elements 73 are
      smaller than are the holes 75 in the upstream elements 73, e.g., the
      downstream holes are small like the holes in the element 73f and the
      upstream holes are large like the holes in the element 73a, etc., shown in
      FIG. 4 of the drawings. Further, the elements 73 are disposed at an
      oblique angle with respect to the flow of the liquid fat passing through
      the channel. This causes the foreign particles to accumulate away from the
      center of the channel or adjacent the outer margins of the elements 73
      thus the flow of the liquid fat is not appreciably obstructed.
PAR  It should be understood that other arrangements of the concept of the unit
      31' are anticipated which are intended to be within the spirit and scope
      of the above disclosure. For example, the opening 27' (FIG. 9) may be
      suitably disposed to facilitate a duplication of the unit 31', although
      this arrangement is not shown. In other words, a second unit 31' could be
      disposed in an abutting relationship with the unit 31' shown, i.e., the
      two walls 72a abutting one another, so that both walls 72a overlie the
      opening 27'. This arrangement provides twice the filter area and speeds up
      the outward and inward flow of the liquid fat. Additionally, the two walls
      72a may be deleted, if desired, in which event the duplicated units 31'
      preferably are integrally formed.
PAR  Further, the unit 31' preferably is removably attached to the pan 25 in any
      convenient manner known to those skilled in the art, e.g., by
      incorporating slide fasteners (not shown) or the like.
PAR  From FIGS. 3 and 7 of the drawings it may be seen that the corresponding
      sides of the flange members 33, 35 are joined to the upper edges of the
      opposite walls 65, 69 thus establishing at least in part the channels 37,
      39. More specifically, the channel 37 is defined by portions of the wall
      51, the bottom 28, the flange 33 and the wall 65. Further, the channel 39
      is defined in part by the wall 55, the bottom 28, the flange 35 and the
      wall 69.
PAR  From FIG. 4 of the drawings it may be seen that the filter means 61
      includes at least one perforated member having at least two elements 73
      angularly displaced one from the other and are individually designated as
      73a, 73b, 73c, etc. The elements 73 are provided with numerous holes, as
      at 75, of predetermined size to allow free passage therethrough of the
      liquid fat 12 and to preclude the passage therethrough of foreign
      particles that may be too large to pass therethrough.
PAR  Each of the channels 37, 39 have at least one of the filter means 61
      disposed therein as clearly shown in FIGS. 5 and 7 of the drawings. The
      filter means 61 preferably is positioned in the channels 37, 39 in such a
      manner as to allow the outwardly flowing liquid fat to first pass through
      the element having the largest holes, e.g., 73a, as it flows along the
      channels 37, 39 thereby capturing ever decreasing sized foreign particles
      along the length of the element 61.
PAR  The filter device 11 also includes grid means, as at 77, for capturing
      certain sized foreign particles, i.e., for capturing the intermediate
      sized ones of the foreign particles. The grid means 77 covers the aperture
      or passageway 59 to provide for free passage of the liquid fat and only
      those foreign particles small enough to pass therethrough. It should be
      understood that the grid means 77 may optionally constitute one complete
      end of the unit 31, as shown in FIG. 9, and/or complete opposite ends when
      duplication of the unit 31' is desired, as previously mentioned. From
      FIGS. 1, 3 and 8 of the drawings it may be seen that the vertical walls
      47, 67 and the grid means 77 are positioned substantially in the same
      plane, however, it will be appreciated that the grid means 77 and the
      passageway 59 are disposed above the wall 67.
PAR  From the above disclosure and a study of the drawings it may readily be
      seen that the assembled filter device 11 as depicted in FIG. 6 is easily
      fitted into the deep fat container 15, i.e., the heating element 23 simply
      being pivoted upwardly out of the container 15 in the usual manner. The
      pan 25, the unit 31, and the filter means or member 61 preferably are
      formed from a durable non-rusting metal, such as stainless steel or the
      like which facilitates long life, enabling them to be rapidly cleaned in
      any well known manner. Accordingly, the filter means 61 preferably does
      not define sharp angles adjacent the joined elements 73 but rather has the
      adjacent elements 73 joined by a smooth continuous radius to facilitate
      cleaning the foreign particles from the apices defined by adjacent
      elements 73.
PAR  Obviously, in order to expedite the filtering process it is recommended
      that spare filter devices 11 be provided. Also, the holding pan 25
      preferably has a size and shape closely conforming to that of the deep fat
      container 15. Accordingly, since the size and shape of the deep fat
      containers usually are peculiar to the particular manufacturer, the filter
      device 11 as above disclosed may have numerous variations in size and
      shape, however, the above disclosed concepts and the relationships of the
      various structural elements remains unchanged irrespective of which name
      brand the filter device 11 is intended to be compatible with.
PAR  A third embodiment of the device 11 is herein disclosed and is character
      referenced in FIG. 11 of the drawings by the numeral 11 having a double
      prime suffix. FIGS. 12-14 of the drawings depict structure associated with
      the device 11" which will be fully disclosed as the specification
      proceeds.
PAR  The filtering device 11" includes a pan 25" which serves the same function
      as the previously disclosed pan 25. From FIG. 11 of the drawings it may be
      seen that the pan 25" includes a bottom 28" and four vertical walls 51",
      53", 55" and 57". It should be mentioned that the wall 53" terminates
      upwardly thereof at a shelflike foam area 54 which has no function with
      respect to the device 11". However, it should be understood that any one,
      or two, or all of the walls 51", 53", 55" and 57" may terminate upwardly
      thereof at respective shelflike foam areas, or the shelflike foam area 54
      may be deleted completely if desirable. The bottom 28" is provided with a
      first opening 27" which corresponds to the opening 27 fully described for
      the principal embodiment. The device 11" includes a unit 31" positioned
      beneath the pan 25" and, being removably attached thereto, cooperates with
      the first opening 27" for directing the outwardly flowing liquid fat 12
      along a predetermined course, i.e., the liquid fat fills the pan 25"  in
      like manner as shown in FIG. 1 for the pan 25. Also, it will be noted that
      the unit 31" is box-like in construction having a main body member 79
      which is provided with an upwardly directed opening defined in part by a
      plurality of side panel members, as at 81, 82 and 83. The unit 31"
      includes a substantially horizontally disposed plate-like member 84
      positioned a spaced distance below the bottom 28" of the pan 25" to
      establish at least one channel 85 which is defined in part by the bottom
      28" of the pan 25" and the unit 31". The unit 31" is provided with a
      passageway, as at 87, leading into the channel 85. The passageway 87
      preferably is established by having the end of the main body member 79
      opposite end 81 open. Therefore, the passageway 87 is disposed remote from
      the first opening 27". The channel 85 communicates the passageway 87 and
      the first opening 27" one with the other for directing the outwardly
      flowing liquid fat 12 to ultimately pass through the passageway 87 after
      first passing through the first opening 27" thence along the channel 85 as
      the pan 25" is caused to be lifted upwardly as previously described for
      the principal embodiment.
PAR  From FIGS. 12-14 of the drawings it may be seen that the device 11" also
      includes filter means 61" disposed within the channel 85 for accomplishing
      the same purpose as the previously described filter means 61.
PAR  The filter means 61" includes a series of elements, as at 89, 91, 93, 95
      and 97, which individually are provided with numerous holes, as at 99, of
      predetermined size to allow free passage therethrough of the liquid fat 12
      and to preclude the passage therethrough of foreign particles that may be
      too large to pass therethrough.
PAR  From FIG. 14 of the drawings it may be seen that the filter element 89
      includes a filter face portion 101 with opposite side margin portions
      thereof turned down to establish a pair of flange portions 103, 105.
      Accordingly, the flange portion 105 shown in FIG. 13 of the drawings
      depicts the holes 99 provided in the filter element 89. It should be
      understood that each of the remaining filter elements 91, 93, 95, 97
      include corresponding flange portions, as shown in FIG. 13, which
      conveniently depict the holes 99 provided therein. Further, the
      corresponding filter face portions (not shown) of the elements 91, 93, 95
      and 97 have numerous holes 99 of proportionate sizes as those shown on the
      flange portions thereof.
PAR  The holes 99 provided in the series of elements 89, 91, 93, 95 and 97 are
      progressively smaller in size commencing with any one of the elements,
      e.g., the element 89, to the succeeding ones thereof, as at 91. From FIG.
      13 of the drawings it may readily be seen that the series of elements 89,
      91, 93, 95 and 97 are positioned in the channel 85 to allow the outwardly
      flowing liquid fat 12 to first pass through the largest of the holes 99 as
      it flows along the channel 85 thereby capturing ever decreasing size
      foreign particles along the length thereof. It should be noted that the
      spaced distance between the side wall 81 and the element 89 is at least as
      great as the size of the opening 27".
PAR  From FIG. 11 of the drawings it may readily be seen that the first opening
      27" is in the form of first grid means 77" for capturing certain size
      foreign particles and for allowing free passage therethrough of the liquid
      fat 12 and those foreign particles small enough to pass therethrough.
      Additionally, it should be understood that the passageway 87 preferably is
      in the form of the previously mentioned filter element 97. Additionally,
      the respective flange portions alluded to above for each of the filter
      elements 89, 91, 93, 95 corresponding to the flanges 103, 105 preferably
      are fixedly attached to the confrontingly arranged side panel members 82,
      83 in any well known manner as by welding or the like. The main body
      member 79 is removably attached to the pan 25" by a pair of fixedly
      attached track like members 109, 111, i.e., the main body member 79 having
      outwardly directed flange portions 113, 115 for respectively engaging the
      track like members 109, 111 as clearly shown in FIG. 12 of the drawings.
PAR  The unit 31" preferably includes means, as at 117, for removably attaching
      the horizontally disposed plate like member 84 to the main body member 79
      to facilitate frequent cleaning of the unit 31". However, the unit 31" may
      optionally be integrally constructed in which case the member 84 is fixed.
      When the member 84 is removable, the attachment means 117 includes
      doubling back side margin portions, as at 119, 121, 123 of the plate like
      member 84 for slidably engaging outwardly directed flange portions 125,
      127, 129 respectively of the main body member 79.
PAR  From FIG. 13 of the drawings it may readily be seen that the elements 89,
      91, 93, and 95 are obliquely disposed with respect to the flow of the
      liquid fat 12 therethrough. Additionally, it may be seen that the plate
      like member 84 has a margin portion thereof, as at 131, turned down to
      provide a tab like handle for sliding the plate like member 84 to and fro,
      i.e., when removing the plate like member 84 from the main body member 79
      and replacement thereof. It should be understood that the physical size of
      the pan 25" determines whether or not the member 84 is removable or not,
      i.e., if proper cleaning can be achieved without necessitating removal of
      the member 84, it would then be fixed.
PAR  From FIG. 11 of the drawings it may be seen that the pan 25" or more
      specifically the bottom 28" thereof is provided with a second opening, as
      at 133, for also allowing the passage therethrough of the liquid fat 12 as
      the pan 25" is caused to be lifted in the manner previously described.
      However, it will be appreciated that the second opening 133 is in the form
      of second grid means 135 for allowing the heat to be more evenly
      distributed throughout the content of the pan 25" and for allowing free
      passage therethrough of the liquid fat 12, i.e., allowing for transfer of
      heated liquid fat into the pan 25". Also, the second opening 133 and the
      grid means 135 facilitates locating typical thermostats or heating
      elements below the bottom 28" and allows for more rapid flow of the
      cooking oil or liquid fat 12 into and out of the pan 25" when raising
      and/or lowering the pan 25" out of or into the fryer 13. In this regard,
      it should be emphasized that the interstitial pattern of the second grid
      means 135 is smaller mesh than that of the first grid means 77". In other
      words, the interstitial pattern of the second grid means 135 is
      substantially identical in size to the holes 99 provided in the filter
      element 97, i.e., to assure that the filtering process of the filter means
      61" is not adversely affected.
PAR  FIG. 11 of the drawings also depicts the second grid means 135 suitably
      arranged so as to protrude upwardly a predetermined distance from the
      lowermost portion of bottom 28" of the pan 25" to allow free passage
      through at least the upper portion of the second grid means 135 even
      though its lower portion may be totally blocked with foreign particles
      which are too large to pass therethrough. The second grid means 135 is
      conveniently shown as triangular shaped, however, it should be understood
      that the shape of the second grid means 135 may depart from that depicted,
      e.g., it may be flat, without departing from the spirit and scope of the
      invention. Additionally, the second grid means 135 and the opening 133 may
      be deleted, if desirable.
PAR  The device 11" preferably includes spacer means, as at 137, for preventing
      the bottom 28" of the pan 25" from engaging certain structure, e.g.,
      external heating element or the like, of the deep fat fryer 13. The spacer
      means 137 preferably consists of elongated rod like members fixedly
      attached to the underneath surface of the bottom 38" in any well known
      manner as by welding or the like.
PAR  Although the invention has been described and illustrated with respect to
      preferred embodiments thereof, it is to be understood that it is not to be
      so limited since changes and modifications may be made therein which are
      within the full intended scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a deep fat fryer having a deep fat container for
      holding a quantity of liquid fat used in the frying process, of a
      submergible filtering device, for filtering foreign particles from the
      liquid fat, said submergible filter device comprising a pan for
      accomplishing the cooking process therein, said pan being provided with at
      least one opening disposed adjacent the lowermost portion thereof, means
      for facilitating submergence and emergence of said pan into and out of the
      liquid fat, the liquid fat being caused to pass through said opening to
      fill said pan with the fat as said pan is being submerged therein and to
      empty said pan as it is being emerged therefrom, a unit removably engaging
      said pan and cooperating with said opening thereof for directing the
      outwardly flowing liquid fat along a predetermined course, said unit
      having at least one substantially horizontally disposed plate-like member
      positioned a spaced distance from the bottom of said pan and establishing
      at least one channel defined in part by said pan and said unit, said unit
      being provided with a passageway leading into said channel with said
      passageway being disposed remote from said opening; said channel
      communicating said passageway with said opening whereby the liquid fat
      contained within said pan is directed to pass through said opening, said
      passageway, and along said channel in a predetermined sequence as said pan
      is emerged from the liquid fat; and filter means disposed within said
      channel for capturing and separating foreign particles from the liquid fat
      as said pan is caused to be emerged therefrom.
NUM  2.
PAR  2. The combination of claim 1 in which said filter means includes at least
      one perforated member having at least two elements which are provided with
      numerous holes of predetermined size to allow free passage therethrough of
      the liquid fat and to preclude the passage therethrough of foreign
      particles that may be too large to pass therethrough.
NUM  3.
PAR  3. The combination of claim 2 in which the holes provided in said
      perforated member are progressively smaller in size from one of said
      elements to the next, said perforated member being positioned in said
      channel to allow the outwardly flowing liquid fat to first pass through
      the largest of these holes as it flows along said channel thereby
      capturing ever decreasing sized foreign particles along the length
      thereof.
NUM  4.
PAR  4. The combination of claim 1 in which said passageway is in the form of
      grid means for capturing certain size foreign particles and for allowing
      free passage therethrough of the liquid fat and only those foreign
      particles small enough to pass therethrough.
NUM  5.
PAR  5. The combination of claim 1 in which is included sump means for
      collecting the largest and heaviest ones of the foreign particles, said
      sump means being disposed subjacent said passageway provided in said unit
      whereby the largest and heaviest ones of the foreign particles are
      captured within said sump means ahead of said passageway as said pan is
      lifted upwardly from the deep fat fryer.
NUM  6.
PAR  6. The combination of claim 2 in which said elements are obliquely disposed
      with respect to the flow of the liquid fat therethrough.
NUM  7.
PAR  7. A submergible filtering device for fitting into a deep fat fryer to
      filter foreign particles from the liquid fat used in the cooking process,
      said filtering device comprising a pan for accomplishing the cooking
      process therein, said pan being provided with at least one opening
      disposed adjacent the lowermost portion thereof for allowing passage
      therethrough of the liquid fat contained therein as said pan is caused to
      be lifted upwardly from the deep fat fryer, a unit removably engaging said
      pan and cooperating with said opening thereof for directing the outwardly
      flowing liquid fat along a predetermined course, said unit having at least
      one substantially horizontally disposed plate-like member positioned a
      spaced distance from the bottom of said pan and establishing at least one
      channel defined in part by said pan and said unit, said unit being
      provided with a passageway leading into said channel with said passageway
      being disposed remote from said opening in said pan; said channel
      communicating said passageway and said opening one with the other for
      directing the outwardly flowing liquid fat to pass through said opening,
      said passageway, and along said channel in a predetermined sequence as
      said pan is caused to be lifted upwardly from the deep fat fryer; and
      filter means disposed within said channel for capturing and separating
      foreign particles from the liquid fat as the liquid fat flows outwardly
      through said channel.
NUM  8.
PAR  8. The device of claim 7 in which said filter means includes at least one
      perforated member having at least two elements which are provided with
      numerous holes of predetermined size to allow free passage therethrough of
      the liquid fat and to preclude the passage therethrough of foreign
      particles that may be too large to pass therethrough.
NUM  9.
PAR  9. The device of claim 8 in which the holes provided in said perforated
      member are progressively smaller in size from one of said elements to the
      next, said perforated member being positioned in said channel to allow the
      outwardly flowing liquid fat to first pass through the largest of these
      holes as it flows along said channel thereby capturing ever decreasing
      sized foreign particles along the length thereof.
NUM  10.
PAR  10. The device of claim 7 in which said passageway is in the form of grid
      means for capturing certain size foreign particles and for allowing free
      passage therethrough of the liquid fat and those foreign particles small
      enough to pass therethrough.
NUM  11.
PAR  11. The device of claim 7 in which is included sump means for collecting
      the largest and heaviest ones of the foreign particles, said sump means
      being disposed subjacent said passageway provided in said unit whereby the
      largest and heaviest ones of the foreign particles are captured within
      said sump means ahead of said passageway as said pan is lifted upwardly
      from the deep fat fryer.
NUM  12.
PAR  12. The device of claim 8 in which said elements are obliquely disposed
      with respect to the flow of the liquid fat therethrough.
NUM  13.
PAR  13. A submergible filtering device for fitting into a deep fat fryer to
      filter foreign particles from the liquid fat used in the cooking process,
      said filtering device comprising a pan for accomplishing the cooking
      process therein, said pan being provided with a first opening disposed
      adjacent the lowermost portion thereof for allowing passage therethrough
      of the liquid fat contained therein as said pan is caused to be lifted
      upwardly from the deep fat fryer, a unit positioned beneath said pan and
      being removably attached thereto and cooperating with said first opening
      thereof for directing the outwardly flowing liquid fat along a
      predetermined course, said unit having at least one substantially
      horizontally disposed plate-like member positioned a spaced distance below
      the bottom of said pan and establishing at least one channel defined in
      part by said pan and said unit, said unit being provided with a passageway
      leading into said channel with said passageway being disposed remote from
      said first opening in said pan, said channel communicating said passageway
      and said first opening one with the other for directing the outwardly
      flowing liquid fat to ultimately pass through said passageway of said unit
      after first psssing through said first opening thence along said channel
      as said pan is caused to be lifted upwardly from the deep fat fryer, and
      filter means disposed within said channel for capturing and separating
      foreign particles from the liquid fat as the liquid fat flows outwardly
      through said channel.
NUM  14.
PAR  14. The device of claim 13 in which said filter means includes a series of
      elements which individually are provided with numerous holes of
      predetermined size to allow free passage therethrough of the liquid fat
      and to preclude the passage therethrough of foreign particles that may be
      too large to pass therethrough.
NUM  15.
PAR  15. The device of claim 14 in which said holes provided in said series of
      elements are progressively smaller is size from any one of said elements
      to the succeeding ones thereof whereby said series of elements are
      positioned in said channel to allow the outwardly flowing liquid fat to
      first pass through the largest of these holes as it flows along said
      channel thereby capturing ever decreasing size foreign particles along the
      length thereof.
NUM  16.
PAR  16. The device of claim 13 in which said first opening is in the form of
      first grid means for capturing certain size foreign particles and for
      allowing free passage therethrough of the liquid fat and those foreign
      particles small enough to pass therethrough.
NUM  17.
PAR  17. The device of claim 16 in which said pan is provided with a second
      opening disposed adjacent the lowermost portion thereof for allowing
      passage therethrough of the liquid fat contained therein as said pan is
      caused to be lifted upwardly from the deep fat fryer, said second opening
      being in the form of second grid means for capturing certain size foreign
      particles and for allowing free passage therethrough of the liquid fat,
      the interstitial pattern of said second grid means being smaller mesh than
      that of said first grid means.
NUM  18.
PAR  18. The device of claim 17 in which said second grid means is arranged so
      as to protrude upwardly a predetermined distance from the lowermost
      portion of said pan to allow free passage through at least the upper
      portion thereof even though its lower portion may be totally blocked with
      foreign particles which are too large to pass therethrough.
NUM  19.
PAR  19. The device of claim 13 in which is included spacer means fixedly
      attached to the underneath surface of the bottom of said pan for
      preventing the bottom of said pan from engaging certain structure of the
      deep fat fryer.
NUM  20.
PAR  20. The device of claim 13 in which said unit includes a main body member
      removably attached to said pan, and means for removably attaching said
      horizontally disposed plate-like member to said main body member to
      facilitate frequent cleaning of said unit.
NUM  21.
PAR  21. The device of claim 14 in which said elements are obliquely disposed
      with respect to the flow of the liquid fat therethrough.
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ABST
PAL  A pancake-making machine (for baking French-type pancakes or "crepes") has
      a drum rotatable by a drive motor via heat-resistant synthetic-resin gears
      on its ends. A transfer roller carried on a batter trough is displaceable
      toward and away from the drum by a handle which controls the drive motor
      to arrest both the drum and the transfer roller when the two are pulled
      apart. The transfer roller forms a layer of batter on the drum which is
      heated by an internal electric heating element supplied with current
      through axially extending copper sleeves at its ends. The handle is a bent
      wire pivoted at each end in a slot in the machine housing and latchingly
      engageable against the displaceable trough. A thermistor imbedded in the
      drum adjacent the surface thereof is connected via an electronic circuit
      to a triac in series with the heating element to control the drum heating.
      A wire stretched tight between two support arms serves to strip the baked
      pancake from the drum.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of Ser. No. 241,309 filed Apr. 5, 1972, now
      U.S. Pat. No. 3,853,045.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a pancake-making machine. More
      particularly this invention concerns an apparatus for the serial
      productions of pancakes of the "crepe" type or of French style.
PAC  BACKGROUND OF THE INVENTION
PAR  In my U.S. Pat. No. 3,630,140 issued Dec. 28, 1971 there is described a
      pancake-making machine having a heatable drum mounted for rotation about a
      horizontal axis and, closely juxtaposed therewith, a similarly mounted
      transfer roller having access to a supply of batter for spreading same
      over the periphery surface of the rotating drum; this peripheral surface
      is uniformly cylindrical except for an axially extending recess, or
      possibly several equispaced recesses, generally subtending only a minor
      fraction (e.g. about a quadrant) of the drum circumference. With the drum
      and the roller codirectionally driven, and with the peripheral roller
      speed at least equal to but preferably somewhat higher than the peripheral
      drum speed, the batter picked up by the roller is transferred to the drum
      as a continuous layer until the leading edge of the recess confronts the
      rollers. At this point, the normally narrow gap between the drum and the
      roller suddenly widens so that the batter adhering to the roller surface
      no longer reaches the drum but is returned to the trough from which is was
      taken, the transfer roller advantageously dipping directly into this
      trough in which the level of the batter is held substantially constant.
PAR  For the most effective transfer in the case of a roller partly submerged in
      the batter supply, this roller should be positioned next to the lower
      quadrant of the drum on the ascending side thereof. The hot layer of
      cooked dough adhering to the drum surface is then stripped off, preferably
      at or near the nadir of the drum, by a scraper which may comprise a blade
      resiliently biased thereagainst. The layer so removed may drop onto
      downwardly sloping transport means such as a chute or a conveyor carrying
      it, if desired, onto another heated surface for the baking of the hitherto
      exposed side of the pancake.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to improve upon the machine of my
      prior patent.
PAR  Another object is to provide an apparatus of the above-described type which
      has increased isolation of the batter pan from the cooking drum and an
      improved heating system for this drum.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention by an
      apparatus of the above-described type wherein the pancake or crepe is
      removed from the cooking drum by a thin stainless-steel wire which is
      stretched between two supports and is urged against the surface of the
      drum. Such a wire conducts only a fraction of the heat carried away by the
      paddle or scraper previously employed.
PAR  According to another feature of the invention the entire batter pan with
      its batter supply and transfer roller can be displaced toward and away
      from the cooking drum in order to withdraw these elements from the source
      of heat during, for example, a period when there is no immediate need for
      pancakes but when an imminent need would require the heat to be left on.
      In accordance with yet another feature of the invention the drive motor
      for the cooking drum and transfer roller is operated by the mechanism
      serving to displace the supply tray to stop rotation of the drum and
      roller when these two elements are drawn apart. Thus a batter layer may be
      formed on the drum, whereupon the transfer roller is withdrawn while the
      batter cooks to form the pancake.
PAR  Yet another feature of the present invention requires that the cooking drum
      be provided at at least one end with a drive gear made of a thermosetting,
      heat-resistant synthetic resin formed on a sheet-metal base. In this
      manner there is surprisingly little heat conduction out through the
      cooking-drum drive.
PAR  The apparatus, according to another feature of the invention, is provided
      with a warming rack in the form of an open screen held on a frame above
      the cooking drum. Completed pancakes can be stacked on this screen to hold
      them warm until they are called for.
PAR  Finally, a heating arrangement is provided including a resistance element
      imbedded in the surface of the cooking drum. A thermostatic body,
      preferably a thermistor, is also imbedded in the drum just below its
      surface. The drum is provided with copper supports extending axially out
      of both of its ends for connection to the source of heating current, and
      with rings connected to the thermistor. An adjustably biased electronic
      switch controls a thyristor-type electronic switch (e.g. a triac) having a
      control electrode, the triac being connected in series with the heating
      element to control the amount of heat generated by this element.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become apparent
      from the following description, reference being made to the accompanying
      drawing in which:
PAR  FIG. 1 is an elevational view of the scraper of the present invention;
PAR  FIGS. 2 and 3 are side sectional views taken in opposite directions and
      showing the scraper according to the present invention in contact with the
      cooking drum;
PAR  FIG. 4 is a side view of the mechanism for displacing the batter tray and
      the transfer roller toward and away from the cooking drum with the roller
      against the drum;
PAR  FIG. 5 is a section taken along line V--V of FIG. 4;
PAR  FIG. 6 is a view similar to FIG. 4 showing the tray and roller withdrawn;
PAR  FIG. 7 is a section taken along line VII--VII of FIG. 6;
PAR  FIGS. 8 and 9 are respectively longitudinally sectional and end views of
      the cooking drum of the present invention;
PAR  FIG. 10 is a schematic diagram of the heating arrangement according to the
      present invention;
PAR  FIGS. 11-14 are views corresponding to FIGS. 4-7, with the sections of
      FIGS. 12 and 14 being taken along respective lines XII--XII and XIV--XIV
      of FIGS. 11 and 13;
PAR  FIGS. 15 is a perspective view of the apparatus according to the present
      invention;
PAR  FIG. 16 is an axial section through the cooking drum of the machine, with
      the electrical control and power circuit shown diagrammatically; and
PAR  FIG. 17 is a detailed schematic view of the supply and control circuit of
      FIG. 16.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As seen in FIGS. 1-3 the pancake-cooking machine, which in all respects not
      specifically described is of the types shown in U.S. Pat. No. 3,630,140,
      has a cooking drum 10 rotatable about a horizontal axis A in the direction
      shown by arrow 10a. This drum is, as described above, cut out at 10b so
      that it forms a single large pancake or crepe of a length equal to its
      surface area minus the surface of the cutout 10b.
PAR  The finished pancake is stripped from the drum 10 by a stripper 29a which
      is pivotal relative to the machine on a shaft 29 about a horizontal axis
      A' parallel to the axis A of rotation of the drum 10. This arrangmenet 29a
      comprises a pair of arms 94 mounted parallel to each other adjacent the
      ends of the pivoted shaft 29. One of the arms is provided with two small
      wheels or pulleys 91, and the other with a single wheel 91. A
      stainlesssteel wire 90 is spanned around the three pulleys 91 and is
      provided at its ends with eyes 90a. A tension spring 92 has one end hooked
      through one of the eyes 90a and another end hooked through the other eye
      90a and a hole 93 formed in one of the arms 94. The wire 90 therefore has
      a straight stretch 90b that extends exactly parallel to the axes of
      rotation of the drum and of the pivotal stripping arrangement 29a. Two
      further tension springs 96 each have one end hooked through a hole 95 in
      one of the arms 94 and another end hooked at 96a into the fixed housing of
      the pancake baking machine. In this manner the straight stretch 90b of the
      wire 90 is always urged against the drum 10.
PAR  As a pancake P on the drum 10 passes the nadir of this drum the wire 90 is
      urged between drum surface and the baked batter and frees it from the
      drum. Since the only possible heat conduction through the scraper
      arrangement 29a to the rest of the machine is through the fine wire 90,
      very little loss of heat will result, and only a minimal heating of the
      scraper arrangement will occur. Since the arms 94, as best seen in FIGS. 2
      and 3, lie essentially tangent to the surface of the drum 10 the force of
      friction between the wire 90 and the drum 10 will be exerted as a pull
      since the scraper pivot 29 is arranged on the upstream side of the wire
      90b, relative to the rotation direction of the drum 10. As a consequence,
      the pancake stripper operates as a draw knife.
PAR  FIGS. 4-7 show the arrangement for displacing the feed tray 13 and its
      transfer roller 12. This batter tray or pan 13 is slidable on a traverse
      115 extending between the sides 98a of the machine. Riveted to each end of
      this traverse 115 is a leaf spring 115a having a split defining a normally
      upwardly inclined edge 115b directed back toward the drum 10. During use
      of the machine this edge 115b bears against the back edge of the tray 13
      to hold the roller 12 in contact with the drum 10.
PAR  The pan 13 is formed to each side of its triangular reservoir with a socket
      123b in which fits a support frame 123 made of heavy-gauge chromed steel
      wire of approximately 5mm in diameter, which forms a cradle for an
      overturned bottle 123 of pancake batter. This bottle 123a is open at its
      lower end and functions like an animal feeder to maintain a constant level
      of batter in the reservoir since every time the level drops air may enter
      the bottle 123 allowing more batter to flow out.
PAR  The synthetic-resin drive roller 12 is rotated in a rotation sense 12a
      identical to the rotation sense of the drum 10 about an axis A" parallel
      to the drum axis A. This roller 12 is provided at one end with a gear 12b
      connected to a drive motor.
PAR  A heavy-gauge bent-wire control mechanism 97 is provided which is pivoted
      in the machine housing 98a about a displaceable axis A'" parallel to the
      drum axis A and which is normally supported on the springs 115a in the
      upper end of slots 120. To this end the mechanism 97 is formed with two
      downwardly depending ends 98 having bent-out portions 119 received in
      respective vertical slots 120 formed in the housing 98a. The wire 97 is
      also formed with two bights 97b which are open outwardly in opposite
      directions and through which the uprights 123c for the bottle support 123
      pass. Between these supports the wire 97 is formed as a handle 97a. A
      stiffening wire 121 is soldered between the legs 98 to stiffen the
      bent-wire handle 97.
PAR  The handle control 97 operates as follows:
PAR  Assuming the machine is in the position shown in FIGS. 4 and 5 and the
      operator desires to stop it, he need merely depress and pull back on the
      handle 97a, that is pull it away from the drum 10. Depressing this handle
      bends the spring 115a down, freeing the edge 115b from the tray edge.
      Displacement of the handle away from the drum will entrain the entire tray
      assembly since the bights 97b engage around the uprights 123c of the
      bottle support 123 which is fixed on this tray 13. The retracted roller 12
      and tray 13 are shown in FIGS. 6 and 7.
PAR  The roller 12 is brought back into engagement with the drum 10 by a
      displacement of the handle 97a back toward the drum 10. The bights 97b
      again serve to push the tray 13 back, and, so long as the handle 97a is
      lifted as it is pushed in, the edges 115b of the leaf springs 115a will
      again catch on the back edge of the tray 13.
PAR  FIGS. 5 and 7 also show a microswitch (sensitive switch) 99 mounted on the
      machine housing 98b adjacent the lower end 98a of the arms 98. This switch
      99 is connected to the machine's drive motor as will be described below.
      In the up position of the control assembly 97 the microswitch 99 is held
      in the closed position, and in the down position it is open. Thus when the
      roller 12 is retracted out of contact with the drum 10 the switch is
      opened and these two elements terminate their rotation.
PAR  FIGs. 8 and 9 show one end of the drum 10 with its drive gear 40 which is
      connected to the machine's drive motor described below. This gear 40 is
      made of a heat-resistant thermosetting synthetic resin formed on a
      stainless-steel base 100 formed with bumps 101 through which it is secured
      by means of screws 102 to the end of the drum 10. In addition the entire
      gear 40 is formed with through-going holes 103 to reduce heat
      transmission. The base 100 is formed as a spider to further reduce heat
      transmission. Thus an extremely small amount of heat can be transmitted
      from the hot drum 10 to the drive motor through the gears. The drum 10 is
      supported on copper sleeves 130 coaxial about the axis A of the drum 10
      and seated in the synthetic-resin gear 40 not contacting the base 100.
      Thus there will be also very little heat conduction to the bearings
      supporting the axles 130 in the machine housing.
PAR  FIG. 10 shows one version of the electrical control system for the
      arrangement. A switch 105, which can be controlled directly by the arm 98,
      can either operate the machine's drive motor 106 for the drum 10 and the
      roller 12 directly or connect the power source to a timer 104 which will
      operate this motor 106 for a predetermined period. Since the device makes
      pancakes at a uniform rate the timer can be adjustable and calibrated in
      pancake output rather than time intervals. Thus the device can be set to
      make, say, five panckaes, and will then stop.
PAR  Also connected in parallel across the line is a counter 109 and its control
      switches 107 and 108 which are actuated as the drum turns to count how
      many pancakes have been made. Thus the operator may set the machine on
      manual via the switch 105 and stop it with the handle 97a when the desired
      number of pancakes have been turned out.
PAR  Finally a switch controls the resistive heating element 113 imbedded in the
      drum 10. A thermostat 112 and a fuse 111 are connected in series with this
      heater, and a pilot lamp 114 is connected across it to indicate when the
      drum is heated up. Thus the heat is independent of the motor so that even
      when the device is temporarily not in use it remains ready.
PAR  FIGS. 11-14 correspond substantially to FIGS. 4-7, with identical structure
      carrying identical reference numerals. Here however the handle 97 is
      provided on each side with a cylindrical abutment finger 118 extending
      toward the drum and engageable with the back 122 of the traverse 115 in
      the retracted position of the roller (FIGS. 13 and 14). A pair of springs
      117 are each connected at one end to the front edge 116 of the inverted
      channellike traverse 115 and at the other end to the depending arm 98 of
      the handle, below the stiffening member 121 which is welded to both arms
      98. In this arrangement as in FIGS. 4-7 the cage 123 can be pulled out of
      the sockets 123b in order to remove and clean the pan 13. Another wire 97c
      may be connected to the handle 97a in order to engage the back of the pan
      13 on pushing in of the handle 97a to bring the roller 12 into engagement
      with the drum 10.
PAR  FIG. 15 shows how the apparatus can be formed with upwardly open sockets
      126 in which upright support rods 125 of a horizontal screen 124 are
      seated. This screen 124 is positioned directly above the hot cooking drum
      10 so that finished pancakes may be stacked on it to keep them hot after
      production. The driven conveyor unit 127 that carries off the finished
      pancakes is also visible in this view.
PAR  In FIG. 11 the drum 10 is shown, with the brushes 131 which conduct
      electricity to the heating element 113 imbedded in it. One copper axle
      piece 130 is connected to one sole of the power source and the other is
      connected through a triac 137 to the other side.
PAR  The drum 10 is hollow and is formed with a recess 132 in its interior whose
      base lies very close to the drum surface. A thermistor 133 is housed in
      this recess 132, potted in a sleeve of heat-conducting
      polytetrafluorethylene. This thermistor 133, which changes resistance as
      its temperature changes, is connected via wires to rings 135 on the axles
      130, these rings being insulated from the axles 130. Thence the rings are
      connected by wipers to a control circuit 140 having a power source 136 and
      an adjustable element 138 and connected to the gate of triac 137 to
      regulate the amount of heating in the element 113.
PAR  More specifically FIG. 17 shows how the thermistor is connected into a
      flip-flop 141 and is balanced by the potentiometer 138.
PAR  This circuit operates as follows: The flip-flop 141 will have an output at
      the collector of transistor Q.sub.1 when the temperature of the drum 10 is
      above a predetermined level, that is when the resistance of thermistor 133
      is less than the resistance of potentiometer 138. When the temperature of
      the drum drops and the resistance of the thermistor 133 thereby increases
      the other transistor Q.sub.2 will have an output at its collector which
      will be fed via the amplifying transistor Q.sub.3 to a unifunction
      transistor Q.sub.4 arranged with a capacitor C and resistor R to operate
      as an oscillator 142. The output of this oscillator is fed through a final
      isolating transistor Q.sub.5 whose emitter is connected to the gate 139.
      The oscillator 142 can only function when the transistor Q.sub.3 is
      switched on, and this transistor is only switched on when the flip-flop
      141 has an output at the transistor Q.sub.2, so that the necessary
      oscillation to control the triac 137 is only obtained when the temperature
      of the drum 10 drops below a predetermined level, in turn determined by
      the setting of potentiometer 138. The cycling time of the oscillator 142
      establishes the inertia of the heater control which is extremely sensitive
      to even the slightest change in resistance of thermistor 133 so that a
      very fine and rapid control is achieved.
PAR  Such a pancake-baking machine can make pancakes serially, with virtually no
      effort on the part of the operator, while producing pancakes as good as
      those made painstakingly by hand. The hot drum 10 serves to keep already
      made pancakes hot, while its heat is not transmitted through the scraper
      or through its support to the machine's housing. Furthermore the roller 12
      remains out of contact with the drum when the device is standing by so
      that an accidental cooking of the batter in the reservoir is ruled out.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a pancake making machine comprising a trough adapted to receive a
      supply of batter, a drum rotatable adjacent said trough and formed with a
      continuous cylindrical peripheral surface except for an axially extending
      recess, a rotatable transfer roller with access to the batter in said
      trough closely juxtaposed with said drum, means for rotating said roller
      and said drum for transferring batter from said trough to said drum, means
      for heating said drum and baking the batter thereon, and scraper means
      downstream from said roller in the direction of drum rotation for removing
      the baked batter from said drum, the improvement comprising means
      including a vertically and pivotally displaceable handle for displacing
      said trough and said roller toward and away from said drum and latching
      means for holding said roller in a position immediately adjacent said
      drum, said latching means being vertically displaceable by vertical
      displacement of said handle from an upper position retaining said roller
      immediately adjacent said drum and a lower position wherein said roller
      may be retracted from said drum, said means for rotating including a drive
      motor and a switch controlling said drive motor, said switch being engaged
      by said means including said handle during vertical movement of said
      handle such that in the up position of said handle said switch is held
      closed to operate said drive motor and in the down position of said handle
      said switch is open to stop operation of said drive motor.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein said means including said
      handle is a bent wire pivoted on the machine.
NUM  3.
PAR  3. The improvement defined in claim 2 wherein said wire is provided with at
      least one abutment arm engageable against said trough in the upper
      position of said handle.
NUM  4.
PAR  4. The improvement defined in claim 1 wherein said machine is formed with
      at least one vertical slot, said wire having an end pivoted in said slot.
NUM  5.
PAR  5. The improvement defined in claim 1 wherein said latching means includes
      a spring having a tongue engageable with said trough.
NUM  6.
PAR  6. The improvement defined in claim 1 wherein said apparatus further
      comprises a screen adapted to receive a pancake and means for supporting
      said screen above said drum, said scraper means including a pivotal
      support, a wire spanned across said support, spring means for tensioning
      said wire and for urging said wire against said surface, said drive gear
      comprising a metallic base plate fixed to said drum and a heat-resistant
      synthetic-resin gear wheel formed thereon and having teeth, said heating
      means including a thermistor imbedded in said drum immediately adjacent
      said surface, a heating element imbedded in said drum, and circuit means
      connected to said thermistor for feeding electricity to said heating means
      on the resistance of said thermistor dropping below a predetermined level.
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PAL  A barbecue grill having a grate comprised of a plurality of parallel,
      spaced apart slats defining minute slots therebetween the distance between
      edges of adjacent slats being substantially less than the width of each
      slat. The grate is supported above a charcoal fire and supports food
      thereon, whereby the food undergoes the processes of frying, broiling,
      grilling and smoking.
BSUM
PAR  The present invention relates to barbecue grills, and more particularly, it
      relates to a grate for a barbecue grill allowing food placed thereon to be
      simultaneously fried, broiled, grilled and smoked.
PAR  As used herein, "smoking" is defined as a process resulting from the
      contact of food substances with smoke which provides the food with the
      flavor of the smoke. "Frying" is the process of cooking food substances
      with the use of either the heated fat or other juices released from the
      food substance itself or fat and sauces added thereto, such fats, sauces
      or combination thereof being referred to as the "frying substance".
      "Broiling" is the process of cooking food substances by means of direct
      exposure to radiant heat. And "grilling" means the process of cooking food
      substances by the direct contact of the food with a heated metal
      substance.
PAR  In conventional barbecue devices a metal grate is supported above a
      charcoal type of fire and various foods, such as meat, fish and poultry,
      are placed on top of the grate and exposed to the heat of the charcoal
      fire so they are both broiled and grilled. Commonly, the metal rods
      forming the grate are spaced widely apart so that the foods resting on the
      grill are smoked by the rising smoke formed when fat or juices fall on the
      coals and obtain what is commonly referred to as a "charcoal or barbecue
      flavor".
PAR  These grates usually consist of fairly narrow rods often having a circular
      cross section, which rods are spaced apart from adjacent rods a distance
      which is substantially greater than the width of each rod. Consequently,
      the food resting on the grill is unevenly heated because a large portion
      of the food is broiled by radiant heat from the charcoal fire and a small
      portion is grilled from the heat transferred thereto from the narrow metal
      rods. Quite typically, the solid fat contained in the food is heated to a
      point where it becomes liquid, at which time it is released from the food
      and falls through the spaces between the rods into the charcoal fire
      itself. The consequence of a substantial amount of fat falling on the
      coals is a flareup of the charcoal flame resulting in a scorched layer on
      the bottom of the food and a rather severe fire and smoke hazard.
PAR  In addition to the fat released from the food itself, a substantial part of
      any fat or sauce added to the food also tends to fall through the spaces
      between the rods. Thus, the food tends to dry out during cooking and any
      frying action of the fat and sauce is prevented. Consequently, a desirable
      fried flavor or taste is not rendered to the food.
PAR  Accordingly, in these prior art devices although the food is smoked,
      broiled and grilled, there is no frying of the food and the broiling and
      grilling are usually uneven.
PAR  To the contrary, a grate in accordance with the present invention allows
      the smoking, broiling, grilling and frying of food supported thereon in a
      manner which provides a highly palatable taste through the combination of
      these four processes.
PAR  Therefore, it is an object of the present invention to provide a grate for
      a barbecue grill upon which food may be smoked, broiled, grilled and fried
      simultaneously.
PAR  A further object of the present invention is to provide a grate for a
      barbecue grill capable of evenly broiling and grilling food placed thereon
      and preventing loss of fats contained in the food or fats or sauces added
      thereto.
PAR  Another object of the present invention is to provide a grate for a
      barbecue grill which reduces the fat loss from food cooked thereon,
      concomitantly reducing fire hazards caused by fat dripping on an open
      charcoal fire.
PAR  The foregoing objects are attained by providing a grate for a barbecue
      grill, the grate to be positioned above a heat source such as a charcoal
      fire and to support food to be cooked by the heat therefrom, comprising a
      metal support assembly means for supporting the food and for supporting a
      substantial portion of a frying substance in a position contiguous to the
      food, said support assembly means also defining areas for permitting smoke
      from the fire to pass through said support assembly means and contact the
      food supported thereon, said support assembly means including a plurality
      of parallel, spaced apart slats defining a plurality of minute slots
      therebetween.
PAR  Other objects, advantages and salient features of the present invention
      will become apparent from the following detailed description, which, taken
      in conjuction with the annexed drawings, discloses a preferred embodiment
      of the present invention.
DRWD
PAR  Referring now to the drawings which form a part of this original
      disclosure:
PAR  FIG. 1 is a top plan view of a grate for a barbecue grill formed in
      accordance with the present invention;
PAR  FIG. 2 is a bottom plan view of the grate;
PAR  FIG. 3 is a side elevational view of the grate;
PAR  FIG. 4 is a sectional view of the grate taken along line 4--4 of FIG. 1;
PAR  FIG. 5 is a top plan view of a portion of four parallel slats of the grate
      of FIGS. 1-4 showing the slots therebetween and showing a food substance
      supported on the top of the slats;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 5 showing a food
      substance supported on the top of the slats;
PAR  FIG. 7 is a side elevational view of a barbecue assembly, with parts broken
      away, having a charcoal fire therein and the grate in accordance with the
      present invention supported thereon;
PAR  FIG. 8 is a sectional view similar to FIG. 4 but showing a modified
      embodiment of the grate; and
PAR  FIG. 9 is a sectional view of the modified grate taken along line 9--9 of
      FIG. 8.
DETD
PAR  Referring now to the drawings in more detail, as shown in FIGS. 1-4, the
      grate, generally designated 10, is comprised of a plurality of slats 12, a
      ring 14, two support rods 16 and 18, and two handles 20 and 22. These
      elements are formed from metal, preferably rolled or stainless steel.
PAR  Each slat 12 is an elongated steel bar having a rectangular cross section.
      As seen in FIG. 6, each slat 12 has a width X and a height Z.
PAR  As shown in FIG. 1, the slats 12 are arranged in a spaced, side-by-side,
      parallel relationship, defining minute slots 24 therebetween, each slot
      having a rectangular cross-section as shown in FIGS. 5 and 6. The width of
      each of the slots 24 is the same and is designated Y. The slats 12 vary in
      length, the largest having a length substantially equal to the diameter of
      the ring 14 and the smallest having a length substantially equal to
      two-thirds of the radius of the ring 14. The surface provided by the slats
      is circular, having a diameter substantially equal to the outside diameter
      of the ring 14, and is flat, the tops of the slats lying in the same
      plane.
PAR  As best seen in FIG. 2, the ring 14 is coupled to the ends of the bottom of
      each of the slats 12, such as by welding. The support rods 16 and 18
      extends in a direction perpendicular to the larger sides of the slats 12
      in a chordwise fashion relative to the ring 14, having the ends thereof
      coupled to the inside periphery of the ring 14. Preferably, the rods 16
      and 18 are elongated steel bars having rectangular cross-sections, the
      rods being parallel and spaced from each other a distance substantially
      equal to one-third the radius of the ring 14. In addition to being coupled
      to the ring 14, the rods 16 and 18 are coupled, such as by welding, to the
      bottom surfaces of the slats 12, such relationship shown best in FIG. 4.
PAR  The U-shaped handles 20 and 22 are preferably secured to the outside
      periphery of the ring 14 by welding and are positioned between the support
      rods 16 and 18.
PAR  In a preferred embodiment, the width X of each slat is three-fourths inch
      and the height Z is one-fourth inch. The distance Y is approximately
      one-sixtyfourth of an inch and approximately 34 slats are utilized to form
      the supporting surface for the food. Although the dimensions of this
      preferred embodiment provide a ratio of the width of each slot to the
      width of each slat of 1 to 48, it is apparent that the width of each slot
      must merely be large enough to allow smoke eminating from the charcoal
      fire to pass upwardly therethrough to contact and smoke the food supported
      on the slats, and yet small enough to prevent a substantial portion of the
      frying substances located on the tops of the slats from falling through
      the slots into the fire itself, thereby allowing frying of the food. Only
      a substantial portion of the frying substance remains on the grate, with
      the rest falling through the grill, contacting the coals and generating
      the smoke desired to smoke the food.
PAR  Turning now to FIG. 7, the grate 10 is shown supported on a conventional
      charcoal burning barbecue 26 which includes a cylindrical housing 28
      formed of refractory material, such as bricks, having a supply of
      charcoals 30 contained therein. Once the charcoal fire is started and has
      become hot enough, the grate 10 is placed on the top of the housing 28 so
      that the slats 12 are directly above the glowing charcoals 30. If desired,
      sauce, grease or fatty substances may be spread over the top of the slats
      at this time.
PAR  Once the metal grate 10 has been heated to the desired temperature by the
      charcoal fire, a food substance 32 is placed on the grate 10 in a position
      spanning a plurality of the slats 12. Previously or at this time more
      sauce or fat may be added to the food substance and the process of cooking
      the food substance 32 begins.
PAR  This cooking process includes four simultaneous processes, that is,
      smoking, broiling, grilling and frying.
PAR  The broiling process occurs by means of radiant heat directly contacting
      the food substance 32, such heat eminating from the burining charcoals and
      passing between the slots 24.
PAR  The grilling process occurs by means of the contact of the food substance
      32 with the now heated metal slats 12. Since the width of each slat is
      substantially greater than the width of each slot, the food substance is
      subjected to a relatively uniform grilling by the heated slats.
PAR  The smoking process, in which the food substance 32 obtains a charcoal
      flavor, results from the contact of the food substance with the smoke,
      generally indicated at 34, generated by the contact of the frying
      substance with the burning charcoals 30. As shown in FIG. 6, the smoke 34
      eminating from this contact moves upwardly from the charcoals 30, through
      the slots 24 and into direct contact with the bottom of the food substance
      32.
PAR  The frying process results from the contact of the frying substance,
      generally designated 36, with the food substance 32, this contact being
      provided because a portion of the frying substance 36 is kept in a
      contiguous relationship with the food substance due to the relatively
      small width of the slots in relation to the width of the slats. Although
      some of the liquid fat or sauce comprising the frying substance might fall
      through the slots, this is minimized due to the minute width of each slot.
PAR  Although only one food substance 32 has been shown and the cooking thereof
      described, it is apparent that a plurality of food substances may be
      simultaneously cooked by the four processes outlined above. Additionally,
      as described herein the use of the grate 10 has been described in relation
      to cooking only one side of the food substance. Obviously, the food
      substance can be turned repeatedly to provide cooking to all sides of the
      food substance and the exposure of the food to the cooking process can be
      timed to provide rare, medium or well done food as desired.
PAR  The foregoing description has been couched in terms of a charcoal fire or a
      charcoal type of fire, but a wood or gas flame type of fire is considered
      usable. Also, it will be understood that the present invention is intended
      to be used with a heat source which is not primarily or exclusively an
      open flame source. Recent innovations in such cooking devices, such as
      those in which pieces of mineral material, of a relatively permanent
      nature, are heated by electricity or gas flame to a radiant cooking
      temperature, are similar in nature to charcoal cookers and are intended to
      be included within the term "radiant heat source" as used herein.
PAR  As shown in FIGS. 8 and 9, a modified embodiment of the grate is
      illustrated in which the tops of the slats form a non-planar, curved,
      convex surface rather than a flat, planar surface as shown in FIGS. 3 and
      4.
PAR  It has been found that after the grate has been repeatedly exposed to high
      heat, the slats and support rods expand to a substantially permanent
      convex configuration. Therefore, it is considered advantageous to
      initially provide a slightly convex surface to the slats to assure that
      the expansion takes place in the desired direction, thereby preventing the
      expansion from causing buckling or destruction of the overall grate
      structure.
PAR  Specifically, as shown in FIG. 8, slats 12' have a convex configuration
      extending upwardly from their ends fastened to the top of the ring 14'.
      Preferably, the mid-portions of the tops of the slats in the middle of the
      grate are approximately one-fourth inch to one-half inch above the tops of
      ends of the slats. The slats spaced on either side of the middle of the
      grate have less of a convex bend, thus providing a substantially
      continuous convex or dome-like surface to the grate in every direction as
      shown in FIGS. 8 and 9. The support rods 16' and 18' also are formed in a
      convex configuration, and as best seen in FIG. 9, each rod is connected to
      each slat as in the embodiment of FIGS. 3 and 4.
PAR  The embodiment of FIGS. 8 and 9 is used in a similar fashion as that of
      FIGS. 3 and 4 and as described in detail above.
PAR  While one advantageous embodiment has been chosen to illustrate the
      invention, it will be understood by those skilled in the art that various
      changes and modifications can be made therein without departing from the
      scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A grate for a barbecue grill, this grate to be positioned above a
      radiant heat source and to support food to be cooked by the heat
      therefrom, the food having a frying substance associated therewith,
      comprising:
PA1  metal support assembly means for supporting the food and for supporting a
      substantial portion of the frying substance in a position contiguous to
      the food,
PA1  said support assembly means including
PA2  a plurality of parallel, spaced apart slats defining a plurality of minute
      slots between adjacent edges thereof,
PA2  a continuous ring rigidly coupled to the bottom surface of each of said
      slats adjacent the ends of each of said slats, and
PA2  a plurality of spaced apart parallel support rods rigidly coupled to the
      bottom surface of each of said slats extending perpendicular to said slats
      and rigidly coupled at their ends to the inside periphery of said ring;
PA1  said slats each having a substantially flat top surface; and
PA1  said minute slots each having a width much less than one-half the width of
      each of said slats, thereby allowing smoke from the radiant heat source to
      pass upwards into contact with the food on said support assembly means and
      allowing only a small portion of the frying substance to pass downwards
      through said support assembly means where it contacts the radiant heat
      source and forms the smoke,
PA1  said width of said minute slots being fixed in dimension by the rigid
      coupling of said slats to said ring and said rods.
NUM  2.
PAR  2. A grate according to claim 1, wherein said slats are rectangular in
      cross-section.
NUM  3.
PAR  3. A grate according to claim 1, wherein the distance between adjacent
      slats and the width of one of said slats are in a ratio of 1 to 48.
NUM  4.
PAR  4. A grate according to claim 1, wherein each of said slots has a
      rectangular cross-sectional configuration.
NUM  5.
PAR  5. A grate according to claim 1, wherein the top surfaces of said slats are
      co-planar.
NUM  6.
PAR  6. A grate according to claim 1, wherein the grate support surface formed
      by the tops of all said slats is substantially a convex surface.
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ABST
PAL  A device, for compressing refuse and carrying away the compressed refuse in
      containers, of the kind including (i) a bulk container having on its upper
      side a charging opening, (ii) a pressure plate for compressing refuse in
      that part of the bulk container forming a compressing space, (iii) a
      lifting system for raising compressed refuse in front of an ejection
      opening, and (iv) a discharging device located above the compressing
      space, characterised in that said lifting device is a cage open on the
      charging and discharging sides.
BSUM
PAR  The invention concerns a device for compressing refuse and carrying away
      the compressed refuse in containers, with a bulk container having, on its
      upper side, and if necessary at a height suitable for manual feeding, a
      charging opening, and with a lifting system for raising the refuse, which
      is compressed by a pressure plate in the section of the bulk container
      forming the compressing space, in front of an ejection opening and a
      discharge device located above the compressing space.
PAR  In one known apparatus of the type mentioned above the refuse is fed by
      hand into a lower charging opening, is then compressed in the bulk
      container above a lifting plate by means of which, after being compressed,
      it is raised in front of an ejection opening and thrown out by means of a
      discharge device.
PAR  In the known equipment, compression is effected by swivelling a pressure
      plate adjoining the ejection opening which, for the purpose of compressing
      the refuse, can be swivelled from an oblique to a vertical position. It is
      not possible to feed in refuse during the swivelling movement or when the
      pressure plate is in a vertical position. During the swivelling movement
      of the pressure plate, there is a danger that refuse which has already
      been fed in will be forced out again.
PAR  A particular disadvantage of the known equipment is that the degree of
      compression which can be achieved is very small, as it is not possible to
      tilt the pressure plate in the interior of the compressing space of the
      bulk container containing the compressed pile of refuse. The degree of
      compression is further reduced because the compressing space of the bulk
      container is open at the top. As a result, the refuse can escape upwards
      during the compressing movement of the pressure plate.
PAR  A further disadvantage of the known equipment is that a large frictional
      force has to be overcome during the lifting movement of the compressed
      pile of refuse.
PAR  In contrast, the invention sets out to make it possible, with a device for
      hand feeding and an ejection opening located on top, to use a high ramming
      pressure to achieve a large compression and unhindered ejection of the
      compressed refuse. According to the invention, this problem has a device
      of the type initially described is solved by fitting, as a lifting device,
      a cage which is open at the charging and ejection side.
PAR  The arrangement of the cage prevents the refuse from escaping to the side
      while being compressed by the pressure plate. As a result, and with a
      sensible layout of the design, any desired degree of compression of the
      pile of refuse can be achieved inside the cage, the ejection side of
      which, when in the lowered position, is bounded by a wall of the bulk
      container. This is especially so if, in accordance with the preferred form
      of construction of the invention, the pressure plate is translatorily
      fitted so that it can be moved to any desired depth into the interior of
      the cage. With suitably strong walls of the bulk container and with
      appropriate use of hydraulic cylinders to drive the pressure plate, the
      refuse can be compressed to about 5 to 20% of its loose bulk.
PAR  The solution proposed in the invention makes it possible to achieve
      spatially compact equipment of the type initially described, in which the
      compressed pile of refuse is raised into an upper position suitable for
      loading into containers and can be discharged there. Together with one
      wall of the bulk container, the cage forms a closed receptacle into the
      interior of which the refuse can be compressed. In a completely enclosed
      form, the cage permits odour-proof closure of the compression space
      containing the refuse. As the lateral ramming pressure is absorbed by the
      cage, the dimensions of the side walls of the bulk container can be
      correspondingly smaller.
PAR  Within the concept of the invention, the cross-section of the bulk
      containers and of the cage can also deviate from the rectangular.
PAR  A preferred form of construction of the invention provides for the
      direction of movement of the pressure plate to be horizontal or, in
      another variation, obliquely downwards, and the direction of movement of
      the cage upwards at right angles thereto. The raisable cage is a very
      important and novel feature of equipment of the type initially described.
      It permits the space-saving transport of the compressed refuse at a height
      suitable for discharge in the container.
PAR  A further proposal of the invention consists in having the floor of the
      bulk container above the level of the floor of the device. As a result of
      this feature, the lifting cylinders for raising the cage, which are braced
      on the ground, can be of shorter dimensions which, all in all, leads to a
      reduced height of the equipment.
PAR  Within the concept of the invention, any cross-section can be selected for
      the bulk container. Where the pressure plate is rectangular, it is
      desirable that the bulk container and the cage should each be of square
      shape, that is to say, of rectangular cross-section.
PAR  It is advantageous to design the floor supports of the cage at such a
      height that the inner surface of its wall nearest the ground is in the
      same plane as the rest of the floor of the bulk container.
PAR  Hydraulic cylinders are to be preferred as the driving mechanism for the
      pressure plate, the cage and the ejector plate. To reduce the designed
      height of the equipment, it can be of advantage to use a cable, passing
      once or several times over rollers, e.g., in the form of block and tackle,
      to drive the cage, the pull on the cable being in turn produced by means
      of hydraulic cylinders or an electromotor winding the cable on to a drum.
PAR  Various forms of construction are feasible for the drive of the ejection
      plate which, to discharge the compressed refuse from the raised cage, must
      be moved along the entire length of the interior of the cage. This can be
      simply achieved by means of a hinged rocking lever on the rear of the
      plate, to drive which a hydraulic cylinder can be fitted. Alternatively,
      however, the ejection plate can be operated by scissor linkage or a toggle
      lever, which can also with advantage be extended and retracted by
      hydraulic cylinders. The types of linkage mentioned have the advantage of
      taking up very little room at the rear of the ejection plate, are not
      restricted in terms of the forces to be applied and, because of the
      favourable nature of the stresses, are characterised by a long working
      life. The main consideration affecting the choice of these types of
      linkage, however, is the small amount of space required, seeing that the
      compact design of the equipment requires the charging opening to be
      located directly alongside the cage. A refuse chute connected to the
      charging opening therefore takes up part of the space at the rear of the
      ejection plate.
PAR  A particularly space-saving version of the device in accordance with the
      invention is characterised by having the charging opening directly
      alongside an attachment to the bulk container, in the interior of which
      the ejection plate and the operating mechanism are accommodated, and by
      locating the discharge opening in the side wall of the attachment opposite
      to the charging opening. The height of the attachment, the lift of the
      cage and the location of the discharge opening in the attachment are
      determined by the height of the container into which the compressed refuse
      is to be loaded. It is therefore desirable that the lower edge of the
      discharge opening be located level with or higher than the position of the
      upper edge of a standard container placed at the same height as the
      equipment.
DRWD
PAR  Further details and features of the invention will be found in the
      following specification and in the patent claims. The drawing shows in
PAR  FIG. 1 a vertical section through a first form of construction;
PAR  FIG. 2 a vertical section through a second form of construction;
PAR  FIG. 3 a section through III--III of FIG. 2;
PAR  FIG. 4 a toggle lever link as the operating mechanism for the ejection
      plate;
PAR  FIG. 5 a scissor linkage as the operating mechanism for the ejection plate;
PAR  FIG. 6 a vertical section through a third form of construction;
PAR  FIG. 7 a vertical section through a fourth form of construction.
DETD
PAR  The device according to FIG. 1 comprises a bulk container 1 with an upper
      charging opening 2. An attachment 3 is fitted to the bulk container 1
      adjoining the charging opening 2, of which the side wall 4 opposite the
      charging opening 2 contains the discharge opening 5. Inside the bulk
      container 1, the cage 6, which can be raised in front of the discharge
      opening 5, forms, together with the fixed wall 8 of the bulk container,
      the compressing space 7. The loose refuse thrown into the bulk container 1
      through the charging opening 2 is compressed by the pressure plate 9 into
      the inside of the cage 6. Angle irons 10 welded on to the front of the
      pressure plate 9 help to pulverise the refuse. The pressure plate 9 is
      operated by the hydraulic cylinder 11, the ramming head 12 of which can be
      extended with the pressure plate 9 into the interior of the cage 6 nearly
      up to the inner side of the fixed wall 8. The back of the pressure plate 9
      is strengthened by a frame of hollow profile bars 13. At the side
      adjoining the charging opening 2, a slide bar 14 is fixed to the back of
      the pressure plate 9, which closes the charging opening 2 when the
      pressure plate 9 is extended. The hydraulic cylinder 11 is accommodated
      inside a housing 15 and, at its end opposite the pressure plate 9,
      supported on the housing wall 17 is strengthened by the hollow section
      bars 16. An electromotor 18 and a hydraulic system 19, for the storage and
      distribution of the hydraulic fluid supplying the hydraulic cylinder
      fitted to the device, are located inside the housing 15. To keep the
      drawing simple, the pipelines carrying the hydraulic fluid to the
      individual hydraulic cylinders are omitted. The bottom 20 of the bulk
      container 1 is situated at a distance A above the floor 21 carrying the
      device. As a result of having the bulk container 1 at a higher level than
      that of the floor 21, the lift height of cage 6 is reduced and, with it,
      the overall height of the device, if the two hydraulic cylinders 22
      lifting the cage 6 and situated respectively at opposite external sides of
      the cage are supported on the floor 23 of the device. The cage 6 is
      supported on a frame 24 of hollow sections in such a way that the inner
      surface of its floor 25 lies in the same plane as the inner surface of the
      floor 20 of the bulk container 1. In its maximum raised position, the cage
      6, which can be raised by means of the hydraulic cylinders 22, is shown at
      6' in the interior of the attachment 3 by means of a broken line. The
      ejection plate 26 and the mechanism operating it are located inside the
      attachment 3. In accordance with FIG. 1, the ejection plate 26 is
      connected to the free end of a rocking lever 27, the other end of which,
      situated beyond the fixed fulcrum 28, can be operated by means of a
      hydraulic cylinder pivoted thereon. If the ramming head 30 of the
      hydraulic cylinder 29 is extended, the ejection plate 26 moves along the
      rocking lever 27 into the cage, and forces the pile of compressed refuse
      contained in the cage through the ejection opening 5, the outside of which
      is fitted with a sheet metal collar 31, outwards, where it drops into the
      container 32.
PAR  The pressure plate 9 can be operated automatically or manually, for
      example, when a given height of loose refuse is reached in the bulk
      container 1. The pressure plate 9 then makes one or more strokes to
      compress the refuse in the pressing space 7, that is to say, inside the
      cage 6. Termination of the strokes can, for example, be controlled by the
      attainment of a given counter-pressure.
PAR  The device according to FIG. 2 is to a large extent similar in its design
      to that shown in FIG. 1. It differs from FIG. 1 in that it has
      additionally a refuse chute 33 which fits tightly on to the top of the
      charging opening 2. The right hand side wall of the refuse chute, in the
      area above the charging opening 2, is formed by the housing wall 34 of the
      attachment 3. The operating mechanism for the ejection plate 26 comprises
      a toggle lever linkage 35, which is shown in more detail in FIGS. 3 and 4.
PAR  As can be seen from FIGS. 3 and 4, the ends of the elbow lever parts 36a,
      36b are guided by the slide rings 37a, 37b on the transverse shaft 38. At
      their ends, the elbow lever parts 36a, 36b are flexibly pivoted by means
      of pins, the outer ends being pivoted on the slide rings while the inner
      ends are flexibly connected to one another around the pin 39. The drive is
      by the hydraulic cylinder 40 which, when retracted, brings the slide rings
      closer to one another and, when extended, moves the slide rings apart.
      FIG. 4 shows the elbow lever mechanism in the retracted position of the
      ejection plate 26. In this position, the hydraulic cylinder 40 is at
      maximum extension; the slide rings 37a37b are near the ends of the
      transverse shaft 38. The guide link 41 is responsible for symmetrical
      movement of the slide rings when the hydraulic cylinder is retracted. The
      discharge position of the ejection plate and of the elbow lever linkage is
      indicated in FIG. 4 by chain lines.
PAR  The lower part of FIG. 3 shows the cage in section. The hydraulic cylinders
      22 located at the sides of the cage, the lower ends of which are supported
      on the floor 23, press with their plungers 42 against brackets 43
      projecting sideways from the cage 6. When the plungers 42 are extended,
      the cage 6 is raised on the brackets 43 until the cage 6 has reached the
      level of the ejection plate 26 or of the discharge opening 5.
PAR  In FIG. 5, a scissor linkage is shown as an alternative to the elbow lever
      linkage in FIG. 4. The scissor parts 44, 45, to which the ejection plate
      26 is pivoted at their ends facing the cage 6, are operated by the
      hydraulic cylinder 46, which is flexibly supported on the scissor
      component 45. The end of the scissor component 45 which is not connected
      to the ejection plate 26 is secured to the frame section 48 at 47. The end
      of the other scissor component 44 which is not connected to the ejection
      plate 26 is pivoted to the sliding piece 49. The sliding piece 49 moves
      along the guide bar 50. To extend the ejection plate 26, the hydraulic
      cylinder 46 is projected; the force exerted on the scissor component 45 is
      transmitted via the fulcrum 51 common to both scissor components to the
      other scissor component 44, causing its end to move with the sliding piece
      49 along the guide bar 50 in the direction of the arrow G. The end
      position of the sliding piece 49 is shown at 49'. In this end position,
      the scissor components 44', 45' are extended so far that the ejection
      plate 26' reaches the opposing opening of the cage 6. The arrangement of a
      hydraulic cylinder in conjunction with the elbow joint linkage described
      in FIG. 4 can, of course, also be employed in place of the hydraulic
      cylinder 46.
PAR  The device already shown in detail in FIG. 1 is depicted in FIG. 6 tilted
      in a clockwise direction on the frame 24. In this case, the direction of
      movement of the hydraulic piston operating the pressure plate 9 is not
      horizontal but obliquely downwards; as in FIG. 1, the direction of
      movement of the hydraulic cylinders which raise the cage 6 is at right
      angles to the direction of movement of the pressure plate 9. The
      arrangement shown in FIG. 6 has the advantage that the left-hand wall 52
      of the attachment 3 is vertical, and in consequence a vertical refuse
      chute (not shown) can be fitted without difficulty to the charging opening
      2. The motor 18 and the hydraulic system 19 can be housed inside the
      housing section 15 underneath the hydraulic piston 11. As already shown in
      FIG. 1, the ejection plate 26 is retained in its swung-up position by a
      spring 53 secured to the rocking lever 27.
PAR  FIG. 7 shows a simplified form of construction of the refuse compressing
      device. In this form of construction, both the bulk container 1 and the
      housing section 15 are supported directly on the floor 21. The motor and
      pump unit 18, 19 is accommodated in a separate compartment 54 adjacent to
      the housing section 15. In order to reduce the overall height of the
      equipment, because of the increased length of movement of the cage 6 in
      this form of construction, the lifting system for the cage is a cable 57
      passing over an upper fixed pulley 55 and a lower moveable pulley 56, the
      lower pulley 56 being connected to the plunger 58 of the hydraulic
      cylinder 59 and is thus adjustable for height according to the stroke of
      the hydraulic cylinder 58. Use of the block and tackle 55, 56, 57
      described results in a reduction in the overall height of the attachment 3
      to the device, as compared with the use of hydraulic cylinders for raising
      the cage 6. The ejection plate 26 is, in turn, capable of being operated
      by a rocking lever 27 via a hydraulic cylinder 29.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for compressing refuse and discharging the compressed refuse
      downwardly into a separate container comprising the combination of: a
      refuse receiving chamber, a pressure plate adapted to reciprocate within
      said chamber between two closed ends thereof, a movable four walled cage
      which rests in one position adjacent one of said closed ends and being
      adapted to hold refuse compressed therein between said plate and said one
      closed end, a refuse feeding opening in one sidewall of said chamber and
      being positioned so that refuse moves therethrough into said chamber at
      one side of said cage, a discharge housing mounted above and in
      communication with said chamber and being adapted to receive said cage in
      a second position thereof, one sidewall of said housing being directly
      above said one end of said chamber and having a discharge opening therein,
      means adjacent an opposite sidewall of said housing to eject compacted
      refuse from said cage through said opening so it may pass into said
      separate container and means to raise and lower said cage, said cage
      forming with said pressure plate and said one end wall a compression space
      closed on all sides.
NUM  2.
PAR  2. Apparatus according to claim 1 including means moving said pressure
      plate in said cage horizontally in a compression stage and said ejecting
      means including an ejection plate moving obliquely downwards in said cage
      in a discharge stage at a higher cage elevation.
NUM  3.
PAR  3. Apparatus according to claim 1 where in said means for raising and
      lowering said cage comprises a cable and pulleys.
NUM  4.
PAR  4. Apparatus according to claim 1 including means closing the refuse
      feeding opening during compression movement of said pressure plate said
      closing means comprising a slide bar connected operably to said pressure
      plate.
NUM  5.
PAR  5. Apparatus according to claim 1 in which said cage comprises a top wall,
      a bottom wall, two side walls and is open on two sides.
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ABST
PAL  A baler for baling refuse and having a pressing platen and a platen guide.
      The platen guide includes spaced sets of rollers bearing inwardly against
      opposed sides of the baler, and brackets rigidly attached to the platen
      and extending externally of the baler for mounting the rollers in
      engagement with the pressing box sides.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The compaction of refuse such as cardboard boxes, paper, cans, and the like
      into compact bales for disposal has met with increasing acceptance by many
      businesses as an alternative to burning or collecting refuse in loose,
      messy piles for later disposal. Baling compacts refuse into easily
      manageable, dense bales for appropriate disposal by recycling or the like.
PAR  Commonly owned U.S. Pat. No. 3,728,959 describes a baler which may
      conveniently be used in small businesses such as supermarkets to dispose
      of cardboard boxes and like refuse. The baler of this patent includes a
      pressing box and platen, and a hydraulically actuated toggle mechanism to
      move the platen axially within the box to compress refuse into a bale. The
      walls of the pressing box necessarily are exceedingly stiff and strong to
      resist bowing out under the pressures generated within the box during a
      baling operation.
PAR  When refuse is charged to the pressing box of a baler such as that
      described in the above-identified U.S. patent, the refuse is seldom
      distributed evenly within the pressing box. Rather, refuse will build up
      at one or more walls of the pressing box, generally the rear wall,
      opposite the refuse charging door of the baler. The resulting uneven load
      against which the platen moves may in some cases tend to cock the platen
      with respect to the axis of the baler, the platen in some instances coming
      into contact with and scoring or gouging the side walls of the pressing
      box. For convenience in removing a bale, the side walls of the pressing
      box may diverge outwardly slightly toward the bale removal door, and this
      feature, coupled with the accumulation of refuse preferentially along the
      wall near the rear of the pressing box, appears to shift the bale refuse
      forwardly in the pressing box during a pressing cycle, this movement
      tending to displace the platen toward the front of the baler.
PAR  For practical purposes, a baler should be rugged and capable of developing
      high baling pressures to yield a bale of high density and low bulk. The
      platen should move freely within the pressing box and should be restrained
      from cocking or contacting the walls of the box. On the other hand, a
      baler should not be of such extraordinary weight or bulk as to render it
      non-portable from a practical standpoint or to render it so expensive as
      to preclude its practical use in small businesses.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a baler for bailing refuse and the like.
      The baler includes a platen guide which not only restrains non-axial
      movement of the platen with respect to the baler but also rigidifies and
      strengthens opposed pressing box walls. The baler of the invention
      includes a pressing box and a platen movable axially in the pressing box
      to compress refuse into a bale. Hydraulic means are provided to move the
      platen between a withdrawn position which permits refuse to be charged to
      the pressing box, as through a separate charging door in the front wall of
      the box, and a refuse compressing position in which the platen moves to
      compress charged refuse into a bale. The platen guide comprises sets of
      rollers bearing inwardly against opposed sides of the baler. Brackets are
      rigidly attached to the platen and extend externally of the pressing box
      for mounting the rollers in engagement with the opposed pressing box
      sides. Each roller set includes at least two, and desirably more, rollers,
      with at least one roller of each set spaced axially of the pressing box
      from another roller of that set. The sets of rollers thus continuously
      maintain the orientation of the platen with respect to the side walls, and
      hence the axis, of the pressing box, and the inward pressure of the
      rollers against the sides of the box reinforce the latter against
      compression forces within the box tending to bow the box sides outwardly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a baler of the invention;
PAR  FIG. 2 is a broken away, cross-sectional side view of the baler of FIG. 1;
PAR  FIG. 3 is a broken away view, in partial cross section, taken along line
      3--3 of FIG. 2;
PAR  FIG. 4 is a cross sectional view, partially broken away, taken along line
      4--4 of FIG. 3;
PAR  FIG. 5 is a plan view of a roller mounting pin shown also in FIG. 4;
PAR  FIG. 6 is a cross sectional view taken along line 6--6 of FIG. 5; and
PAR  FIG. 7 is a plan view of the roller mounting pin of FIGS. 5 and 6 shown
      partially assembled with a roller and supporting structure.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1-3, the baler of the present invention is shown
      in its upright position and is designated generally as 10. The baler
      includes upright side walls 12, 14, a rear wall 16, and a front wall
      comprising a lower, bale-removal door 18 which may occupy the lower half
      of the heighth of the baler, and an upper, refuse-charging door 20. At its
      four corners, the pressing box is supported by upright beams which may be
      of tubular steel having a rectangular cross section, as shown in FIG. 4,
      the front beams being designated 22.1, 22.2 and the rear beams being
      designated 22.3, 22.4. The side walls 12, 14 of the pressing box may in
      addition include transverse beam supports shown generally in the drawing
      as 24. The side walls 12 may be of sheet steel, welded or otherwise
      attached to the upright corner beams and the transverse beam supports.
PAR  The bale-removal door 18 is hinged at one side to the upright beam 22.2 as
      shown in FIG. 1, and includes a heavy duty latch (not shown) at its other
      side. The refuse charging door 20 is movable vertically, sliding on
      vertical tracks 20.1, 20.2 carried by the corner beams 22.1, 22.2. A
      hydraulic cylinder 20.3 is provided to move the door between an upper
      position in which the lower interior of the pressing box is exposed for
      charging refuse and a lower, closed position, the latter being shown in
      FIG. 1. An upright safety housing 20.4 is mounted at the front of the
      refuse charging door 20 to receive the body of the hydraulic cylinder 20.3
      as the door is raised to its refuse charging position.
PAR  In addition to the corner beams 22.1-22.4 and the transverse beams 24, the
      pressing box is provided with further transverse supporting beams 25 at
      its upper and lower edges. The rear wall 16 of the pressing box may
      comprise a series of upright, spaced, U-shaped parallel spines 16.1 as
      shown best in FIG. 4, the slots between adjacent spines permitting lengths
      of baling wire or twine to be passed around, and secured about formed
      bales.
PAR  A pressing platen 26 is carried within the pressing box and is moved
      upwardly and downwardly along the upright axis of the pressing box by
      means of a hydraulically actuated toggle mechanism designated generally as
      28 in the drawing. The bottom surface 26.1 of the platen is slotted from
      front to rear, as shown in FIG. 3, the slots in the platen matching slots
      between the spines 16.1 of the rear wall 16 for passing baling wire about
      a formed bale. The toggle mechanism 28 comprises four pairs of articulated
      arms positioned generally adjacent the four upright edges of the pressing
      box. Each set of arms includes an upper arm 28.1, 28.2, 28.3, 28.4 which
      is swingably mounted by means of brackets and pins shown generally as 28.5
      to upper support bars 29, the latter extending between the transverse
      support beams 25 at the upper edges of the side wall of the box. The upper
      arms 28.1, 28.2 are positioned near the front of the pressing box, and the
      arms 28.3, 28.4 are nearer the rear of the box, as shown best in FIG. 2.
      The lower arms 28.6, 28.7, 28.8, 28.9 of each set are hinged at their
      upper ends to the lower ends of the arms 28.1-28.4 respectively, and are
      hinged at their lower ends to the upper surface of the platen by brackets
      and pins designated generally as 30 in FIG. 3.
PAR  As shown best in FIG. 2, the ends of the lower arms 28.6-28.9 are
      bifurcated, and the lower ends of these arms are attached to brackets
      arising from the platen by means of pins, a common pin 30.1 extending
      through the lower ends of the arms 28.6 and 28.9 and another pin 30.2
      extending through the lower ends of the arms 28.7 and 28.8. The upper
      bifurcated ends of the lower arms 28.6-28.9 enclose and are hinged to the
      lower ends of the upper arms 28.1-28.4, respectively, as shown best in
      FIG. 2. The upper arms 28.1-28.4 are mounted to brackets depending from
      the transverse bars 29 by means of pins 30.3, 30.4, the former pin
      extending through the upper ends of the arms 28.1 and 28.4 and the later
      pin extending through the upper ends of arms 28.2 and 28.3. The pins
      30.1-30.4, which define the axes of rotation of the arms, are parallel to
      one another and are normal to the rear wall 16. All of the upper arms are
      of the same length and all of the lower arms are of the same length, and
      desirably the upper and lower arms are of equal length. The sets of arms
      adjacent one side of the pressing box (28.2, 28.7 and 28.3, 28.8) are
      spaced apart a lesser distance than are the arms arising from the other
      side of the pressing box such that when the platen is raised to its
      withdrawn position, the sets of arms adjacent the one side of the box
      cross and are received between the arms adjacent the other side of the
      box. The thus-described interfolding relationship of the arm sets provides
      the baler with a longer pressing stroke. When the platen is in its
      withdrawn position adjacent the top of the baler, the collapsed,
      interfolded arms take up little space, thereby affording a large charging
      volume for the baler.
PAR  The upper arms 28.1-28.4 have an inward bend adjacent their upper ends, as
      shown in FIG. 3 the bend in each arm defining an upper and lower arm
      length which meet at the bend at an obtuse angle. A hydraulic cylinder and
      piston 32, 32.1 are oriented transversely of the pressing box with the
      outwardly extending end of the piston mounted to a mounting plate 32.2
      carrying a support rod 32.2 which is pivotally mounted to the upper arms
      28.1, 28.4 at the bends in these arms, the rod 32.3 being parallel to the
      pins 30.1-30.4. The cylinder carries a mounting bracket 32.4 (FIG. 2)
      along its length, the latter having transversely extending support rods
      32.5 (FIG. 3) which are pivotally connected to the bends in the upper arms
      28.2, 28.3. The cylinder may extend outwardly of the pressing box through
      an opening in the side wall, as shown in FIG. 3. It will be understood
      that as the piston is caused to extend from the cylinder, the upper arms
      are forced to pivot outwardly about the pins 30.3, 30.4, causing the arm
      sets to unfold and straighten and force the platen 26 in a downward
      direction to compress refuse within the lower portion of the pressing box.
      As the arms approach a completely unfolded position; that is, as the arms
      approach position parallel to the axis of the pressing box, the ratio of
      the rate of extension of the piston to the rate of descent of the platen
      increases greatly, resulting in the exertion by the platen of great force
      against refuse in the pressing box. As the piston 32.1 is retracted within
      the cylinder, the upper arms are pivoted inwardly of the pressing box,
      resulting in interfolding of the arms as described above and the platen is
      thus returned to its withdrawn position.
PAR  From the above description, it will be understood that the piston and
      cylinder are carried by, and move with, the upper arms. In some instances
      it has been found that the arms set near one side of the box unfold at a
      slightly slower rate than do the arms at the other side of the box during
      a pressing cycle, this problem usually resulting from an uneven
      distribution of refuse in the box such that the platen contacts refuse
      nearer the one side of the box earlier in its downward stroke. As a
      result, the platen may be tilted or cocked within the pressing box with
      the result that the pressing box sides may become scored and gouged. To
      elliminate this problem, I provide exterior guide rolls which are rigidly
      mounted to the platen and which maintain the platen in its desired
      orientation with respect to the axis of the pressing box.
PAR  To the upper surface of the platen, desirably near its rear edge, are
      attached a pair of brackets designated generally as 34. Each bracket
      includes a transverse, upright plate 34.1 which passes between mounting
      lugs 34.2 arising from the upper surface of the platen and which is
      rigidly connected to the mounting lugs by means of pins 34.3. Each plate
      passes outwardly of the pressing box through upright slots 12.1, 14.1
      formed in the side walls 12, 14 of the pressing box, respectively. As
      shown best in FIG. 4, I desire that the upright slots 12.1, 14.1 be formed
      slightly forwardly of the rear corner beams 22.4, 22.3, respectively.
      Another pair of upright support beams 12.2, 14.2 (FIGS. 1 and 4) are
      provided just forward of the slots, and are welded to the side walls 12,
      14, to the transverse support beams 25 at the upper edges of the box
      sides, and to transverse beam members 24.1 which extend between the corner
      beams 22.2, 22.4 and 22.1, 22.3, adjacent the bottom of the baler. The
      upright support beams 12.1, 14.2 thus form part of the rigid exterior
      framework of the baler, and may be of tubular steel of generally
      rectangular cross section, as depicted in FIG. 4. The closely adjacent,
      upright beam pairs 14.2, 22.3 and 12.2, 22.4 stiffen the edges of the
      slots 12.1, 14.1 in the side walls. If desired, the slots may extend to
      the confronting edges of the beam pairs.
PAR  Each of the roller brackets 34 include an elongated, upright roller arm
      34.4 rigidly mounted by welding or the like to the outwardly extending end
      of the mounting plate 34.1, with each roller arm desirably extending both
      above and below the platen as shown best in FIG. 3 such that at least one
      roller precedes or leads the platen as the latter moves in a pressing
      stroke. Upper and lower gussets 34.5, 34.6 are provided between the
      upright mounting plates 34.1 and their respective roller arms 34.4, as
      shown best in FIGS. 3 and 4, to further rigidify the bracket 34.
PAR  As shown best in FIG. 4, the side walls 12, 14 of the pressing box diverge
      frontwardly to enable a bale to be easily removed from the box. Each side
      wall diverges from normalcy to the rear wall 16 of the box by an angle of
      about 3 degrees. The side edges of the platen 26 are similarly divergent
      frontwardly so as to maintain constant spacing between the platen side
      edges and the side walls 12, 14 of the pressing box. The upright,
      supporting beams on either side of the side wall slots also deviate from
      normalcy to the rear wall 16 of the pressing box by an angle of about 3
      degrees, and the roller arms 34.4 are welded or otherwise attached to the
      upright mounting plates 34.1 and to the gussets 34.5, 34.6, also at a
      slight angle of about 3 degrees.
PAR  The upper and lower ends of each roller arm 34.4 is provided with a bore to
      receive the central portion 36.1 of a roller axle 36, the latter being
      depicted in FIGS. 5-7 and having axes generally parallel to the side. Each
      axle 36 has end sections 36.2 upon which steel rollers 36.3 are rotatably
      mounted. A low friction bearing material may be employed, if desired, to
      increase the ease with which the rollers 36.3 turn on the axle, and a
      washer 36.4 may be inserted between the roller and the adjacent surface of
      the roller arm. The ends of the axle are bored and threaded to a given
      distance, as shown in FIG. 7, and a hold-down disk 36.5 is placed at the
      end of each axle with its outer periphery overlying the sides of the
      roller. A machine screw 36.6 is turned tightly into the threaded bore at
      the end of the axle, clamping the disk 36.5 to the end of the axle and
      permitting the roller 36.3 a very slight amount of freedom axially of the
      axle so as to freely turn on the axle. The central portion 36.1 of the
      axle which is received within the bore in each end of the roller arm is
      eccentric with respect to the axle end portions 36.2. Thus, by rotating
      the center portion of the axle within the roller arm bore, the rollers
      36.3 may be moved toward or away from the sides of the pressing box. An
      externally accessible set screw 36.7, threaded into a threaded
      through-hole 36.8 in the end of the roller arm, locks the eccentric in
      place.
PAR  The rollers 36.3 at each end of a roller arm are spaced transversely apart
      by the roller arm and washers 36.4 so as to come into face-to-face contact
      with the external surfaces of the upright support beam on either side of
      the slots in the side wall. If desired, the beam surfaces which are
      contacted by the rollers may be appropriately tracked or grooved so as to
      restrain the rollers from any movement forwardly or rearwardly of the
      pressing box. Because of the slight divergence of the accompanying slight
      angle formed between the outer surfaces of the upright beams along which
      roll the rollers 36.3, the rollers are prevented from moving in a
      frontward direction with respect to the pressing box. Since, as noted
      above, the debris which is charged to the pressing box often accumulates
      preferentially nearer the rear wall 16 thereof, the platen 26 tends to be
      urged forwardly slightly as it moves downwardly to compress the refuse
      into a bale. It will be understood that this forward urging of the platen
      is substantially completely counteracted by the slight angle between the
      outer surfaces of the upright beams upon which ride the rollers 36.3.
PAR  The rollers carried by the upper ends of the roller arms are spaced a
      substantial distance above the rollers carried by the lower ends of the
      roller arms. As the rollers are in continuous contact with the upright
      beams adjacent the slots in the side walls of the pressing box, the
      rollers, the brackets which connect the rollers, to the platen, and the
      platen itself are all maintained in precise and continuous orientation
      with respect to the axis of the pressing box as the platen moves
      downwardly and upwardly within the box.
PAR  Speaking broadly, it will be understood that to precisely and continuously
      maintain the orientation of the platen with respect to the axis of the
      box, each of the brackets 34 must carry at least two rollers spaced
      axially from one another a substantial distance. Moreover, it is desired
      that the rollers carried by the lower ends of the roller arms 34.4 be
      oriented below the bottom surface 26.1 of the platen so that as the platen
      descends in a pressing stroke, the pressure which is generated in the
      pressing box and which acts outwardly against the side walls of the box is
      at least partially countered by the inward pressure exerted by the rollers
      at the bottom of the roller arm against the beams on either side of the
      side wall slots.
PAR  In use, the platen is initially in its upper, withdrawn position with the
      toggle arms compactly interfolded near the top of the pressing box. The
      refuse charging door 20 is opened by actuation of the hydraulic cylinder
      20.3, and refuse such as cardboard boxes, tin cans, and the like are
      charged into the pressing box below the platen. The charging door 20 is
      then closed, again by actuation of the of the hydraulic cylinder 20.3, and
      the hydraulic cylinder 32 is then actuated to cause the piston to extend
      therefrom and thus move the platen in a downward direction. The aligned,
      front and rear toggle arms on each side of the pressing box are required
      to move in unison because of their common attachment to the support bars,
      platen, and hydraulic cylinder and piston. As a result, the front-to-rear
      orientation of the platen with respect to the axis of the pressing box is
      maintained closely. Moveover, because of the rollers which roll along the
      outer edges of the upright support beams on either side of the wall slots,
      the platen is maintained in very close and continuous orientation with
      respect to the box axis.
PAR  All of the rollers are maintained in pressing, rolling engagement with the
      upright beams by occasional adjustment of the angular orientation of the
      axle eccentric cam 36.1 within the bore in the upper and lower ends of the
      roller arms 34.4, as described above. The eccentric center 66.1 of each
      axle may be easily turned within the bore by first loosening the set screw
      36.7 and then turning, with a wrench, the screw 36.6 (which is very
      tightly threaded into its threaded bore in the end of the axle) until the
      rollers carried by the axle are in snug engagement with the outer surfaces
      of the upright beams.
PAR  Because of the inward pressure which is exerted on the side walls of the
      pressing box by the rollers, as described above, it is possible to reduce
      the heaviness of the side wall structure to reduce both the weight and
      expense of the baler. The rollers at the lower ends of the roller arms,
      which desirably extend below the lower surface 26.1 of the platen,
      continuously maintain inward pressure on the side walls of the baler at
      the points at which reinforcement, if any, is needed; that is, these
      rollers provide inward pressure on the side walls at points generally
      spaced above the transverse side wall supports 24.1 and 25 (FIG. 1) but at
      points spaced below the platen itself. Moreover, the inward pressure
      developed by the rolls at the lower ends of the roller arms is not
      directed at a set point along the height of the side walls, but rather is
      dependent upon the position of the platen, the platen in effect carrying
      with it its own means for stabilizing the side walls against pressure
      developed by it in a downward, pressing stroke.
PAR  In a baler of the invention having a size approximately the same as that
      described in commonly owned U.S. Pat. No. 3,728,959, the upright beams on
      either side of the slots of the side walls may be of four inch square
      tubular steel and have walls 3/16ths of an inch thick. The slot itself may
      be two inches wide, and it has been found that little if any refuse tends
      to enter the slots during a pressing cycle. Although the platen guide of
      the invention desirably is used in connection with the toggle arm
      mechanism described above, it may also be employed with substantially any
      mechanism for raising and lowering the platen. Further, although the
      platen roller guides have been described above and depicted in the drawing
      as being oriented near the rear of the side walls, it will be understood
      that such rollers may be located at substantially any point across the
      width of the side walls, and are desirably, but not necessarily,
      maintained in opposed relationship to each other on opposed side walls of
      the pressing box. Moreover, if desired, several brackets and several
      roller guides may be employed across the width of the side walls of the
      pressing box. The rollers themselves may, of course, be of different sizes
      on the same axle providing that the upright beams engaged by the rollers
      are appropriately dimensioned. Also, the rollers at upper ends of the
      roller arms may be of different sizes than the rollers at the lower ends
      of such arms.
PAR  While I have described a preferred embodiment of the present invention, it
      should be understood that various changes, adaptations, and modifications
      may be made therein without departing from the spirit of the invention and
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a baler for baling refuse and the like and including a pressing box,
      a platen movable axially in the pressing box to compress refuse into a
      bale, and hydraulic means to move the platen between a withdrawn position
      and a refuse compressing position,
PA1  the improvement comprising platen guide means including sets of rollers
      bearing inwardly against respective opposed sides of the baler with the
      roller axes substantially parallel to the respective side walls, and
      brackets attached to the platen and extending externally of the pressing
      box for mounting the rollers in rolling engagement inwardly against
      opposed sides of the pressing box to roll in a direction parallel to the
      axis of the box, each roller set including at least two rollers spaced
      axially of the box a significant distance to continuously maintain the
      orientation of the platen with respect to the axis of the pressing box.
NUM  2.
PAR  2. In a baler for baling refuse and the like and including a pressing box,
      a platen movable axially in the pressing box to compress refuse into a
      bale, and hydraulic means to move the platen between a withdrawn position
      and a refuse compressing position,
PA1  the improvement comprising platen guide means including sets of rollers
      bearing inwardly against respective opposed sides of the baler and bracket
      attached to the platen and extending externally of the pressing box for
      mounting the rollers in rolling engagement inwardly against opposed,
      respective sides of the pressing box to roll in a direction parallel to
      the axis of the box, each roller set including at least two rollers spaced
      axially of the box a significant distance to continuously maintain the
      orientation of the platen with respect to the axis of the pressing box, at
      least one roller of each roller set being oriented to lead the pressing
      platen as the latter moves in a refuse compressing stroke, the at least
      one roller of each set pressing inwardly against the sides of the baler to
      reinforce the latter against compression forces within the box.
NUM  3.
PAR  3. The baler of claim 1 including supporting beams extending along side
      walls of the baler to stiffen and support the latter, the beams defining
      tracks engaged continuously by the rollers a the platen moves between its
      withdrawn and refuse compressing positions.
NUM  4.
PAR  4. The baler of claim 1 including axles mounting the rollers to the
      brackets, each axle having an eccentric portion bearing against its
      bracket and rotatable with respect to the bracket to move the rollers away
      from or toward the pressing box sides.
NUM  5.
PAR  5. A baler for baling refuse and the like and comprising a pressing box, a
      platen movable axially in the pressing box to compress refuse into a bale,
      and hydraulic means to move the platen between a withdrawn position and a
      refuse compressing position, each side of the pressing box comprising an
      inner wall with a longitudinal slot therein parallel to the axis of the
      pressing box and an exterior longitudinal beam at either side of the
      longitudinal slot and having a tracked outer surface, the baler including
      brackets rigidly attached to the platen extending through said slots
      externally of the pressing box, each bracket including a roller arm
      carried externally of the pressing box and maintained by the bracket in
      rigid orientation with respect to the platen, each roller arm having upper
      and lower ends each bearnig a pair of rollers in inwardly pressing,
      rolling engagement with the tracked outer surfaces of the supporting beams
      on either side of the side wall slot.
NUM  6.
PAR  6. The baler according to claim 5 wherein the longitudinal beams which are
      contacted by the rollers on either side of the pressing box have
      frontwardly divergent, roller-contacting surfaces, thereby preventing
      frontward movement of the rollers with respect to said beams.
NUM  7.
PAR  7. The baler of claim 5 including roller axles, each having end portions
      upon which are rotatably received the rollers and each having an eccentric
      center portion received in a bore formed in the upper and lower ends of
      the roller arms, angular displacement of the eccentric portion of each
      axle serving to move the rollers toward or away from the sides of the
      pressing box.
NUM  8.
PAR  8. A baler for baling refuse and the like and including a pressing box, a
      platen movable axially in the pressing box to compress refuse into a bale,
      a hydraulically actuated toggle mechanism for moving the platen between a
      withdrawn position permitting refuse to be charged to the pressing box,
      and a refuse compressing position, the toggle mechanism comprising four
      sets of toggle arms positioned generally adjacent four corners of the
      pressing box, respectively, and each set comprising upper and lower arms
      foldingly connected at their ends and having upper and lower ends
      connected, respectively, to the pressing box and the platen, the sets of
      toggle arms being so constructed and arranged as to fold inwardly of the
      sides of the pressing box as the platen is raised to its withdrawn
      position, first and second arms of each set adjacent one side wall
      crossing and interfolding with first and second arms, respectively, of the
      toggle arm set adjacent the opposite side of the pressing box, the toggle
      mechanism including a hydraulic cylinder and piston oriented generally
      transversely of the axis of the pressing box and carried respectively
      between arms at one side of the pressing box and arms at the other side of
      the pressing box to unfold the sets of toggle arms as the piston extends
      from the cylinder, the baler including platen guide means comprising sets
      of rollers bearing inwardly against respective opposed sides of the baler,
      and brackets attached to the platen and extending externally on either
      side of the pressing box for mounting the rollers in inwardly bearing
      engagement with opposed sides of the box, each roller set including at
      least two rollers with at least one roller of each set spaced axially a
      substantial distance from another roller of that set to continuously
      maintain the orientation of the platen with respect to the axis of the
      pressing box.
NUM  9.
PAR  9. In a baler for baling refuse and the like and including a pressing box,
      a platen movable axially in the pressing box to compress refuse into a
      bale, and hydraulic means to move the platen between a withdrawn position
      and a refuse compressing postion,
PA1  the improvement comprising platen guide means including supporting beams
      having outwardly tracked surfaces and extending longitudinally of the
      baler along opposed side walls thereof, the side walls having longitudinal
      slots adjacent the supporting beams, and sets of rollers bearing inwardly
      against the respective tracked outer surfaces of the beams with the roller
      axes substantially parallel to the respective side walls, and brackets
      attached to the platen and extending externally through said slots for
      mounting the rollers in rolling engagement inwardly against the beams to
      roll in a direction parallel to the axis of the box, each roller set
      including at least two rollers spaced axially of the box a significant
      distance to continuously maintain orientation of the platen with respect
      to the axis of the pressing box, and the tracks restraining the rollers
      from movement forwardly of the pressing box.
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ABST
PAL  A method and apparatus for delivering a controlled quantity of dampening
      fluid to a lithographic printing system comprising a smoothly finished
      transfer roller having a hydrophilic surface mounted in pressure indented
      relation with a metering roller having a smooth resilient surface.
      Pressure between the metering roller and transfer roller is adjustable to
      control the thickness of a film of dampening fluid metered therebetween
      onto the surface of the transfer roller. The film of dampening fluid is
      urged at controlled pressure into engagement with a film of ink on a
      roller in the printing system forming an interface between the films.
      Force is transmitted through the interface to rotate the transfer roller
      at a surface speed to maintain predetermined proportions of ink and
      dampening fluid on the roller surface.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Dampening systems of the type disclosed in U.S. Pat. No. 3,168,037 and U.S.
      Pat. No. 3,343,484 to Harold P. Dahlgren have offered significant
      improvements over dampening systems previously employed.
PAR  Such systems have included two rollers disposed in pressure indented
      relation, one of the rollers having a relatively hard hydrophilic surface
      and the other roller having a smooth resilient surface. In the preferred
      embodiment illustrated in the drawings of the aforementioned patents the
      transfer and metering rollers were geared together to travel at
      substantially equal surface speeds and were driven by a variable speed
      drive means for metering a film of dampening fluid through a nip between
      the rollers and for transferring the film of dampening fluid to the
      lithographic printing system.
PAR  The thickness of the film of dampening fluid delivered to the surface of
      the transfer roller moving out of the nip between the metering roller and
      transfer roller was controlled primarily by adjustment of pressure between
      adjacent surfaces of the metering and transfer rollers.
PAR  The rate of the metered film of dampening fluid, carried on the surface of
      the transfer roller and delivered to the lithographic printing system, was
      controlled by the variable speed drive means. Briefly stated, the theory
      of operation was that given a film of predetermined thickness the quantity
      of dampening fluid delivered was directly related to the speed of the
      film. In other words, to reduce the rate at which dampening fluid was
      delivered to the lithographic system, the transfer roller speed could be
      reduced; and, to increase the quantity of dampening fluid, the speed of
      the transfer roller could be increased. However, such results follow only
      so long as the speed differential between the transfer roller and the ink
      coated form roller was not excessive.
PAR  Excessive slippage resulted in application of hydraulic forces in the nip
      between the transfer roller and the applicator roller which caused
      excessive emulsification of the distinct films of ink and dampening fluid.
      Excessive emulsification of ink and dampening fluid at the nip between the
      transfer roller and form roller resulted in transfer of the emulsion by
      the surface of the transfer roller to the surface of the resilient
      metering roller which was not hydrophilic. Build-up of ink on the surface
      of the metering roller resulted in streaking of printed sheets because of
      non-uniform surface characteristics of the metering roller which caused a
      non-uniform film of dampening fluid to be metered onto the surface of the
      transfer roller.
PAR  To accommodate existing press design, metering and transfer rollers have
      been constructed of diameters generally in a range of approximately 3 to 6
      inches. At surface speeds of about 300 feet per minute, films of dampening
      fluid tended to separate from the surface of the metering roller as a
      result of centrifugal force. When the metering roller, geared to the
      transfer roller, was slowed to prevent splashing and slinging of dampening
      fluid, excessive slippage resulted at the nip between the transfer roller
      and the form roller which carried the dampening fluid to the lithographic
      printing system.
PAR  In applications where the metering roll was geared to the hydrophilic
      transfer roller and where a relatively fast hydrophilic transfer roller
      surface speed was required for printing, such as in a web press, the
      metering roller slung water to such an extent that experiments were
      conducted on apparatus wherein the transfer roller and metering roller
      were geared together to run at a speed ratio of 2:1 thereby substantially
      reducing the surface speed of the metering roller which carried a thick
      film of dampening fluid. Slinging of dampening fluid was then stopped but
      the film of dampening fluid delivered by the transfer roller was of a
      thickness which required excessive slippage, resulting in excessive
      emulsification, between the hydrophilic transfer roller and the form
      roller.
PAC  SUMMARY OF INVENTION
PAR  I have developed an improved dampening system for lithographic printing
      plates comprising a transfer roller having a hard smooth hydrophilic
      surface disposed in pressure indented relation with an applicator roller
      having a smooth resilient ink coated surface wherein the transfer roller
      is driven by force transmitted through an interface between ink and
      dampening fluid.
PAR  A metering roller having a smooth resilient surface urged into pressure
      indented relation with the transfer roller, is preferably rotated such
      that the surface speed thereof will carry an abundant supply of dampening
      fluid to the nip between the transfer roller and the metering roller. The
      transfer roller, driven by force hydraulically transmitted thereto through
      the interface between ink and dampening fluid, is rotated such that the
      surface speed thereof is substantially greater than the surface speed of
      the metering roller for transferring a relatively thin film of dampening
      fluid to the surface of a form roller of a lithographic system.
PAR  The transfer roller preferably rotates such that the surface speed thereof
      is different from that of the form roller and adjusted such that a portion
      of the film of dampening fluid on the transfer roller will be applied to
      the surface of the form roller while sufficient dampening fluid remains
      upon the surface of the transfer roller moving away from contact with the
      form roller to maintain a continuous film of dampening fluid thereon for
      maintaining ink rejecting properties of the hydrophilic surface.
PAR  Pressure between the metering roller and the transfer roller is adjustable
      and pressure along the length thereof is controlled by skewing apparatus
      adapted to move an end of one of the rollers circumferentially about the
      axis of the other roller to spirally twist the resilient surface of the
      resilient roller about the harder surface of the other roller.
PAR  A primary object of the invention is to provide a dampening system for
      lithographic printing plates particularly adapted for continuously and
      automatically supplying precisely proportioned quantities of dampening
      fluid and ink to a lithographic system.
PAR  Another object of the invention is to provide a dampening system for
      lithographic printing plates adapted to precisely control hydraulic force
      at a nip between adjacent rollers for splitting a metered film carried by
      one of the rollers to cause a film to be transferred to the other roller.
PAR  Another object is to provide a dampening system for lithographic printing
      plates which is particularly adapted to prevent transfer of ink to a nip
      between transfer and metering rollers positioned in pressure indented
      relation for metering a film of dampening fluid.
PAR  These and other objects are effected by the invention as will be apparent
      in the following description taken in conjunction with the accompanying
      drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  Drawings of two embodiments of the invention are annexed hereto so that the
      invention may be better and more fully understood, in which:
PAR  FIG. I is a diagrammatic perspective view of the dampener for lithographic
      printing plates;
PAR  FIG. II is an enlarged diagrammatic view illustrating the relative
      positions of the source of dampening fluid, a metering roller, a transfer
      roller, and a form roller in a lithographic printing system; and
PAR  FIG. III is a diagrammatic view, similar to FIG. II, of a modified form of
      the dampener.
DETD
PAR  Numeral references are employed to designate parts of the apparatus
      illustrated in the drawing.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In FIG. I of the drawing the numeral 1 generally designates a liquid
      applicator system adapted for use in conjunction with inker apparatus for
      applying dampening fluid and ink to a lithographic printing plate of a
      printing press.
PAR  Liquid applicator 1 comprises spaced side frames 2 and 4 joined by tie bars
      6, 7 and 8 forming a strong rigid structure for supporting transfer roller
      10, metering roller 12 and dampening fluid pan 14.
PAR  Throw-off links 16 and 18 are pivotally secured by stub shafts 20 and 22 to
      the respective side frames 2 and 4. Throw-off cylinders 24 and 26 are
      pivotally connected between side frames 2 and 4 and throw-off links 16 and
      18, respectively, for pivoting throw-off links 16 and 18 about stub shafts
      20 and 22 for moving transfer cylinder 10 into position, as will be
      hereinafter more fully explained, for delivering dampening fluid to a
      lithographic printing system.
PAR  A skew arm 28 is mounted for pivotal movement about the axis of transfer
      roller 10. As diagrammatically illustrated in FIG. I skew arm 28 is
      rotatable secured to stub shaft 30 extending outwardly from the end of
      transfer roller 10.
PAR  Skew arm 28 and throw-off link 18 have passages 28a and 18a respectively,
      formed in lower ends thereof in which blocks 36 carrying self-aligning
      bearings 38 are slidably disposed. Suitable means such as resilient
      springs 40 urge blocks 36 longitudinally of skew arm 28 and throw-off link
      18 in a direction away from the longitudinal axis of transfer roller 10. A
      pressure adjustment screw 42 urges block 36 longitudinally of skew arm 28
      and throw-off link 18 against the bias of springs 40. Stub shafts 44 and
      46, extending outwardly from opposite ends of metering roller 12, are
      received in self-aligning bearings 38 to rotatably secure metering roller
      12 in pressuure indented relation with transfer roller 10.
PAR  It should be readily apparent that rotation of pressure adjustment screws
      42 will move opposite ends of metering roller 12 relative to the axis of
      transfer roller 10 for controlling pressure between transfer roller 10 and
      metering roller 12.
PAR  Suitable means is provided for establishing and maintaining a desired
      angular relationship between throw-off link 16 and skew arm 28. In the
      form of the invention illustrated in the drawing a lock bolt 50 extends
      through an aperture in lug 52 on skew arm 28 and is received in an arcuate
      slot 54, having a center of curvature coincident with the axis of transfer
      roller 10, formed in a lug 56 on throw-off link 16.
PAR  It should be readily apparent that bolt 50 can be loosened permitting
      rotation of skew arm 28 about the axis of transfer roller 10 and tightened
      to maintain a desired angular relationship between throw-off link 16 and
      skew arm 28.
PAR  Side frames 2 and 4 have suitable adjustable stop means such as angle
      members 5 having set screws 5a extending therethrough for engaging
      throw-off links 16 and 18 when rods of throw-off cylinders 24 and 26 are
      extended for establishing a desired pressure relationship between the
      transfer cylinder 10 and an ink coated form roller arranged to transfer
      dampening fluid to a lithographic printing plate as will be hereinafter
      more fully explained.
PAR  A friction brake assembly 60 is disposed about the shaft 46 of metering
      roller 12. The friction brake assembly 60 includes a brake drum 62 about
      which is disposed a brake lining 64 enclosed within a brake band 66,
      attached to throw-off link 18 by an attachment lug 68. The brake band 66
      is secured about brake lining 64 by a bolt 69.
PAR  In the particular embodiment of the invention illustrated in FIG. I a
      portion of the surface of metering roller 12 is submerged in dampening
      fluid 14a in dampening fluid pan 14.
PAR  The dampening fluid may be moistening fluid such as water with other
      ingredients added thereto, such as material to lower the surface tension
      of the water for reducing the tendency of the water to form globules on
      the surface of ink which would prevent uniform distribution of a film of
      dampening fluid over a film of ink.
PAR  Dampening fluid 14a preferably comprises a mixture of water and water
      soluble, volatile organic liquid such as alcohol, esters, ketones, and
      similar compounds which are compatible with, and receptive to, oil-based
      ink. Commercial grade alcohol is preferably employed because of its
      economy and ready availability. Such material is molecularly compatible
      with ink because the vehicle of the ink is organic material and the
      dampening fluid containing alcohol is organic material.
PAR  Preferably a watery, highly volatile alcohol such as ethyl alcohol, methyl
      alcohol or isopropyl is used.
PAR  It has been found that mixing 5 to 1 water with alcohol works
      satisfactorily for most printing operations. Dampening fluid containing
      alcohol is quickly absorbed in the inking system because it is ink
      compatible and rides on the surface of ink coated form rollers in a
      uniformly thin layer and evaporates quickly. Upon evaporation alcohol does
      not cause oxidization as does water and provides a cooling agent for the
      rollers running in contact.
PAR  The transfer roller 10 is preferably metal and has an exterior surface
      which is highly machined and polished and treated so as to render same
      moisture receptive or hydrophilic. Preferably the surface of roller 10 is
      chrome plated, and is polished and treated after chrome plating, so as to
      render it hydrophilic, and at the same time make the surface perfectly
      smooth insofar as possible so that no irregularities or coarse areas
      thereof present a surface for the depositing of ink thereon by reason of
      the puncturing or breaking of the film or membrane of dampening fluid
      deposited thereon, as it rotates under pressure with a form roller, as
      will be hereinafter more fully explained. Peaks of irregularities, or
      coarse surface areas, puncturing and extending through a dampening fluid
      membrane, would contact ink on the surface of the form roller, causing
      transfer of ink back to the dampening system. The surface of roller 10
      should be ground and polished to provide a surface smooth finish within a
      range of 0.5 to 50 RMS micro-inch. Best results have been obtained with a
      finish of 5 micro-inch.
PAR  It has been found that a chrome surface is readily susceptible to the
      formation of chrome oxide thereon when exposed to air during normal
      manufacturing processes, which prevents the surface from being water
      receptive or hydrophilic. Such chrome oxide also provides a hydrophobic or
      chemically greasy surface, which wouuld provide an attraction for ink. The
      treatment hereinafter described is for the purpose of removing chrome
      oxide from the surface of the transfer roller 14 and preventing same from
      reforming thereon after such treatment.
PAR  One method of treatment comprises bathing the chromium surface with a
      solution of one part hydrochloric or sulfuric acid, one part gum arabic
      water solution, 14.degree. Baume, and one part water. The acid dissolves
      and removes the chromium oxide, and the gum arabic coats the surface of
      the chrome to prevent further oxidation. The period of time which the
      chromium surface must be exposed to this mixture depends upon the time
      between the chromium plating and machine processing of the surface, and
      the treatment. The longer the surface is exposed to the air the greater
      will be the accumulation of chromium oxide. It has been found that the
      surface of the roller 10 so treated will pick up a uniform film of
      moisture from the nip N between transfer roller 10 and metering roller 12
      and such film of dampening fluid on roller 10 is rotated to contact the
      surface of the ink coating on the surface of form roller 90.
PAR  Transfer cylinder 10 preferably comprises a hollow tubular sleeve having
      plugs 10a in the ends thereof on which stub shafts 30 and 32 are formed.
      As hereinbefore explained, stub shaft 30 extends through bearings in skew
      arm 28 and throw-off link 16 and stub shaft 32 is rotatably journaled in a
      bearing in the upper end of throw-off link 18.
PAR  Metering roller 12 preferably comprises a hollow tubular sleeve 12s having
      plugs 12p extending into opposite ends thereof. Plugs 12p have stub shafts
      44 and 46 formed thereon.
PAR  A resilient cover 12c is secured about the outer surface of sleeve 12s. The
      preferred process for forming resilient cover 12c is described in U.S.
      Pat. No. 3,514,312 to provide a roller comprising the metal substrate 12s
      having an adhesive bonded to it, a layer of relatively hard plastic bonded
      to the adhesive, and a layer of softer plastic fused to and co-mingled
      with the intermediate layer of harder plastic.
PAR  To reduce the tendency of dampening fluid to accumulate adjacent the ends
      of transfer roller 10, metering roller 12 is longer than transfer roller
      10 such that ends of the metering roller 12 extend beyond the ends of
      transfer roller 10. The transfer roller 10 is preferably longer than form
      roller 90 to minimize accumulation of excess dampening fluid adjacent ends
      of form roller 90.
PAR  Referring to FIG. II of the drawing it should be noted that the transfer
      roller 10 could be positioned so that a portion of the surface thereof
      would be partially submerged and rotate in dampening fluid 14a, in which
      case the metering roller 12 would be positioned to rotate in contact with
      transfer roller 10 out of the dampening fluid, or in some applications the
      metering roller could be eliminated. If metering roller 12 were
      eliminated, a wick-like sponge would preferably be positioned in pan 14
      such that dampening fluid 14a would be absorbed by the sponge and wiped
      onto the surface of transfer roller 10.
PAR  In the form of the invention illustrated in FIGS. I and II of the drawing,
      transfer roller 10 is rotated by frictional force transmitted through the
      interface adjacent surface 108 of ink film 100 and dampening fluid film
      104.
PAR  Metering roller 12 is driven by force transmitted through dampening fluid
      film 103 separating surfaces of transfer roller 10 and metering roller 12.
PAR  From the foregoing it should be readily apparent that transfer roller 10
      and the metering roller 12, in the embodiment illustrated in FIGS. I and
      II of the drawing, comprise idler rollers, or otherwise stated float
      relative to each other with regard to the mechanical structure; except
      that, friction brake 60 may be adjusted to assure that metering roller 12
      runs at a surface speed which is substantially less than that of transfer
      roller 10.
PAR  At high press speeds (for example, wherein surface speeds of rollers exceed
      approximately 1000 ft. per minute) centrifugal force tends to separate
      thick films of fluid from roller surfaces. The surface speed of transfer
      roller 10 is preferably at least 50 percent of the surface speed of roller
      90 to assure that an unbroken film 116 of dampening fluid remains on the
      surface of transfer roller 10 as it moves out of engagement with
      applicator roller 90. The unbroken film 116 of dampening fluid on the
      surface of transfer roller 10 assures that the hydrophilic surface will
      maintain its ink rejecting capability.
PAR  A modified form of the apparatus is illustrated in FIG. III of the drawing.
PAR  The apparatus illustrated in FIG. III is identical to that hereinbefore
      described and like numerals designate like parts, except as hereinafter
      noted.
PAR  Roller 12' is driven by a starter motor 79 connected through conductors 80
      and 82 to a source of electricity. In the illustrated embodiment starter
      motor 79 is a reversible variable speed electric motor.
PAR  A primary function of starter motor 79 is to rotate metering roller 12 and
      transfer roller 10 through one or more complete revolutions prior to
      moving the surface of transfer roller 10 into engagement with ink film 100
      on the surface of applicator roller 90. Such rotation of rollers 10 and 12
      assures that a continuous unbroken film of dampening fluid extends about
      the surface of transfer roller 10 prior to throwing the dampener on
      impression. It will be appreciated that when starting the press after a
      prolonged cessation of operation, films 104 and 116 of dampening fluid on
      the surface of transfer roller 10 may evaporate permitting physical
      contact between film 100 of ink and the surface of transfer roller 10
      unless the dampening fluid film is replenished.
PAR  Starter motor 79 is preferably de-energized after a continuous film of
      dampening fluid has been formed about the surface of transfer roller 10.
      However, under certain operating conditions, depending upon film
      thicknesses to be applied, molecular attractive forces between the
      dampening fluid and the surface of the metering roller 12, temperature and
      other factors encountered under specific operating conditions, it may be
      deemed expedient to employ motor 79 for controlling the speed of rotation
      of metering roller 12 in lieu of, or in addition to, control provided
      through brake 60.
PAR  It should be appreciated that while motor 79, in the illustrated
      embodiment, is independent of the press drive, power transmission
      apparatus driven by the press may be employed for rotating roller 12'.
PAR  Referring to FIG. II of the drawing, transfer roller 10 is preferably
      positioned in pressure indented relation with a form roller 90 having a
      metal tubular core 91, to the ends of which are secured stub shafts
      extending outwardly therefrom and rotatably journaled in bearings carried
      by links 92 pivotable about a shaft 94 rotatably secured to the side
      frames of a printing press and carrying an inker vibrator roller 98.
PAR  A connector 95 is pivotally secured to the links 92 and throw-off links 16
      and 18 and is positioned such that the surface of roller 90 is separated
      from the surface of the printing plate 112 and from the surface of
      transfer roller 10 when the dampener is thrown off. Pressure at nip 106 is
      controlled by screw S.
PAR  Roller 90 has a smooth resilient outer cover 96 which is preferably
      non-absorbent.
PAR  Roller 98 is preferably a vibrator roller of conventional design and is
      adapted to apply a film of ink 100 to surfaces of form rollers 90 and 90a.
PAR  The operation and function of the apparatus hereinbefore described is as
      follows:
PAR  Pressure between ends of transfer roller 10 and metering roller 12 is
      adjusted by rotating pressure adjustment screws 42.
PAR  Since long rollers urged together in pressure relation tend to deflect or
      bend, pressure adjacent centers of such rollers is less than pressure
      adjacent ends thereof. Pressure longitudinally of rollers 10 and 12 is
      adjusted by loosening bolt 50 and rotating skew arm 28 about the axis of
      transfer roller 10 to a position wherein a desired pressure distribution
      longitudinally of rollers 10 and 12 is obtained.
PAR  Adjustment screw 5 is positioned to engage throw-off links 16 and 18 for
      establishing a desired pressure between transfer roller 10 and form roller
      90.
PAR  For the purpose of graphically illustrating the novel function and results
      of the process of the mechanism hereinbefore illustrated and described, an
      enlarged, exaggerated, diagrammatic view of the metering roller 12, the
      transfer roller 10 and the form roller 90 is shown in FIG. II.
PAR  As shown in such exaggerated illustration, metering roller 12, which is
      preferably a resilient surfaced roller having a smooth surface 12c
      thereon, has the lower side thereof immersed in dampening fluid 14a in pan
      14. The roller 12 is in rotative contact with transfer roller 10, and the
      pressure therebetween is adjusted as hereinbefore described, so that the
      surface of transfer roller 10 is actually impressed into the surface of
      roller 12 as indicated at nip N.
PAR  As roller 12 rotates toward the nip N between rollers 10 and 12, a
      relatively heavy layer of dampening fluid, indicated at 101, is picked up
      and lifted on the surface of roller 12, and at the point of tangency, or
      cusp area at the nip N, between the rollers 10 and 12, a bead 102 of
      dampening fluid is piled up, the greatness of which is regulated by virtue
      of the fact that excess dampening fluid will fall back into the pan 14 by
      gravity, thus virtually creating a waterfall. The bead 102 becomes a
      reservoir from which dampening fluid is drawn by transfer roller 10. As
      rollers 10 and 12 rotate in pressure indented relation, a relatively thin
      layer of dampening fluid is metered between adjacent surfaces of the two
      rollers, as indicated at 103. Since the transfer roller 10 is treated to
      provide a smooth, hydrophilic surface thereon, a portion of the film 103
      adheres to the surface of roller 10 as indicated at 104, the remaining
      portion 105 thereof being rotated back to fluid 14a in the pan 14. The
      film of dampening fluid 104 is evenly distributed on the surface of roller
      10 by reason of the rotating, squeezing action between rollers 10 and 12
      at their tangent point at nip N.
PAR  The film of dampening fluid 104 rides on the surface of roller 10 and comes
      in contact with the film 100 of viscous ink on form roller 90 at the
      tangent point between said rollers, as indicated at 106.
PAR  At tangent point 106 it will be observed that transfer roller 10 is
      impressed into the resilient surface of form roller 90 and that the film
      of dampening fluid 104 has an outer face 108, contacting ink film 100
      forming an interface therebetween, and an inner face 110 adhering to the
      surface of roller 10 and actually separates the surface of transfer roller
      10 from the film of ink 100 on form roller 90, so that there is in fact a
      hydraulic connection between rollers 10 and 90 as they rotate in close
      relationship, but there is no physical contact therebetween. The film of
      ink 100 is actually separated from the smooth surface of roller 10 by the
      film of dampening fluid 104.
PAR  It is an important fact to note that the film of dampening fluid 104 serves
      as a lubricant and permits rollers 10 and 90 to be rotated at different
      surface speeds as will be hereinafter explained. Preferably, the form
      roller 90, which is normally rotated at the same surface speed as the
      lithographic printing plate 112, is rotated at a greater surface speed
      than the surface speed of roller 10. By adjusting pressure between rollers
      10 and 90 and the thickness of film 104 thereby regulating the
      differential surface speed between transfer roller 10 and applicator
      roller 90, the amount of dampening fluid applied to the plate 112 may be
      regulated.
PAR  Within limits, as will be hereinafter more fully explained, if the surface
      speed of transfer roller 10 is increased the dampening fluid film 104 is
      presented at the tangent point 106 at a faster rate and more dampening
      fluid is transferred on the surface of ink film 100 to lithographic
      printing plate 112, and the opposite is true, if the surface speed of
      roller 10 is decreased.
PAR  The film of dampening fluid 104, existent between adjacent surfaces of
      rollers 10 and 90, permits rollers 10 and 90 to be rotated at different
      surface speeds in sliding relationship, because the film of dampening
      fluid 104 actually constitues a lubricant which permits slippage between
      adjacent surfaces of rollers 10 and 90 without frictional deterioration.
      By reason of the slippage between rollers 10 and 90, the dampening fluid
      film 104 is calendared, smoothed out, metered and distributed between
      adjacent surfaces of roller 10 and the ink film 100 on form roller 90, and
      the thickness and amount thereof is actually regulated by such means.
PAR  While some slippage between adjacent surfaces of transfer roller 10 and
      form roller 90 is desirable and contributes to effective operation of the
      apparatus, excessive slippage is detrimental. Transfer roller 10
      preferably is driven at a surface speed which is within a range of for
      example, 500 feet per minute slower than the surface speed of form roller
      90. For example, if a printing press has paper travelling therethrough at
      a surface speed of 1200 feet per minute the surface of the printing plate
      112 and surfaces of form roller 90 will ordinarily have surface speeds of
      1200 feet per minute. The surface speed of transfer roller 10 would
      preferably rotate at a surface speed in a range between 700 feet per
      minute and 1000 feet per minute.
PAR  Excessive slippage between adjacent surfaces of transfer roller 10 and form
      roller 90 increases hydraulic forces acting upon ink film 100 and
      dampening fluid 104 which is believed to result in emulsification of the
      ink and dampening fluid in the nip 106 resulting in transfer of ink to the
      nip N between transfer roller 10 and metering roller 12, which has a
      surface which is receptive to ink even in the presence of dampening fluid.
      Slippage between transfer roller 10 and metering roller 12 in the presence
      of ink causes the ink to be calendared into microscopic pores forming
      streaks on the metering roller surface. This causes irregularities in film
      104 carried by transfer roller 10.
PAR  The allowable differential in surface speeds of transfer roller 10 and form
      roller 90 is dependent upon a number of conditions including the degree of
      attraction of the specific ink for dampening fluid, the thickness of the
      film of dampening fluid 104 carried by transfer roller 10 and atmospheric
      conditions including relativie humidity and temperature.
PAR  Provided the differential speed between surfaces of transfer rollers 10 and
      form roller 90 does not exceed permissible limits under given operating
      conditions, the film 104 of dampening fluid will split as rollers 10 and
      90 rotate away from a tangent point therebetween in nip 106. A film of
      dampening fluid 114 adheres to the surface of the film 100 of more viscous
      ink carried by form roller 90 and a film 116 of dampening fluid adheres to
      the surface of the transfer roller 10 from whence it is conveyed back to
      the bead 102 of dampening fluid adjacent nip N.
PAR  It has already been explained that the dampening fluid film 104 is smoothed
      out, distributed, metered, and regulated between the tangent points of
      rollers 10 and 90. The interface tension between the outer surface 108 of
      the less viscous dampening fluid film 104, by reason of molecular
      attraction between the face of the more viscous ink film 100, causes the
      smoothened and regulated film 104 to cling to the surface of ink 100,
      which in turn is transferred to the plate at the tangent point between the
      plate 112 and form roller 90, as indicated at 120. Controlled molecular
      amalgamation of ink and dampening fluid at the interface between films 100
      and 114 is accomplished by adjustment of pressure at nip N and nip 106.
PAR  The lithographic printing plate 112 has hydrophilic, or water liking,
      non-image areas 121 and oleophilic, or ink receptive, images areas 122
      formed on the surface thereof.
PAR  At the nip 120 between applicator roller 90 and printing plate 112, the ink
      film 100 is split, forming films 125 of ink over oleophilic surfaces 122
      on the printing plate. The layer 114 of dampening fluid carried on film
      100 of ink is distributed to form a thin film 126 of dampening fluid over
      hydrophilic areas 121 of the printing plate and over ink 125 thereon.
PAR  A thin film of excess dampening fluid remains on the surface of form roller
      90 which is moving away from the nip 120, but such dampening fluid as
      remains thereon is transferred on the ink film 128 to the ink film 130 on
      the ink vibrator roller 94 where the dampening fluid is dissipated and
      absorbed, to such an extent as to be of no consequence in the inking
      system. A thin film 100' of dampening fluid is returned to and through nip
      N.
PAR  From the foregoing it should be readily apparent that the improved
      apparatus for dampening lithographic printing plates offers control of
      metering at nip N to provide a film 104 of dampening fluid of precisely
      controlled thickness by adjusting pressure between transfer roller 10 and
      metering roller 12 and further by controlling surface speeds of the
      rollers relative to each other. The rate at which the metered film 104 of
      dampening fluid is offered to film 100 of ink, and also the hydraulic
      force for obtaining the desired film split while eliminating conditions
      which cause feedback of excessive quantities of ink with dampening fluid
      film 116 on transfer roller 10 moving away from the nip 106 is
      accomplished automatically by the improved structure.
PAR  Since the thickness of film 104 of dampening fluid controls lubrication and
      consequently force transmitted to rotate transfer roller 10, it should be
      appreciated that dampening fluid delivered to applicator roller 90 is
      self-regulated by demand.
PAR  While a preferred embodiment of the invention has been hereinbefore
      described and illustrated in the attached drawings it should be
      appreciated that other and further forms of the apparatus can be devised
      without departing from the basic concept thereof.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. Apparatus for applying dampening fluid over a roller having an
      ink-coated liquid receptive surface to a printing plate in a lithographic
      printing system, said ink-coated liquid receptive surface moving at a
      surface speed substantially equal to the surface speed of the printing
      plate, comprising: a dampening fluid transfer roller having a hydrophilic
      surface thereon; a metering roller having a smooth, resilient surface
      thereon; means to support the metering and transfer rollers in pressure
      indented surface relation to form a metering nip; support means arranged
      to urge a film of dampening fluid on the transfer roller into pressure
      relation with the ink-coated liquid receptive surface to form an interface
      between the ink and the dampening fluid; means to apply an abundant supply
      of dampening fluid to the surface of said metering roller; means to rotate
      said metering roller at a surface speed to maintain an abundant supply of
      dampening fluid adjacent said metering nip, said means to rotate said
      metering roller being adapted to rotate said metering roller at a surface
      speed substantially less than the surface speed of the ink-coated liquid
      receptive surface, said means to apply an abundant supply of dampening
      fluid to the surface of said metering roller being adapted to prevent
      application of an abundant supply of dampening fluid to the surface of the
      transfer roller except adjacent said metering nip, said transfer roller
      being driven by said ink-coated liquid receptive surface by frictional
      force transferred through said interface.
NUM  2.
PAR  2. The combination called for in claim 1 with the addition of means to vary
      pressure between adjacent surfaces of the metering roller and the transfer
      roller.
NUM  3.
PAR  3. The combination called for in claim 1 wherein the means to rotate the
      metering roller comprises: variable speed drive means; and means driveably
      connecting said variable speed drive means to said metering roller.
NUM  4.
PAR  4. The combination called for in claim 1 wherein the means to rotate the
      metering roller comprises: independent drive means.
NUM  5.
PAR  5. The combination called for in claim 1 with the addition of means to vary
      pressure between adjacent surfaces of the transfer roller and the
      ink-coated liquid receptive surface.
NUM  6.
PAR  6. The combination called for in claim 1 with the addition of a skew arm
      having an end of the metering roller and an end of the transfer roller
      rotatably mounted therein; means to move an end of at least one of the
      rollers longitudinally of the skew arm to establish and maintain a
      predetermined pressure adjacent ends of the transfer and metering rollers,
      said skew arm being rotatable about an axis of one of said rollers to
      adjust and control pressure intermediate the ends of said metering and
      transfer rollers.
NUM  7.
PAR  7. In a device for dampening the plate in a lithographic printing press: a
      dampening fluid transfer roller having a smoothly finished hard surface
      thereon; a dampening fluid metering roller having a smooth resilient
      surface thereon; means supporting said metering roller and said transfer
      roller in pressure indented relation to form a first metering nip; a pan;
      means supporting said pan such that the surface of said metering roller is
      partially submerged in dampening fluid in said pan; an applicator roller
      having a smooth resilient surface; means supporting said applicator roller
      and transfer roller in pressure indented relation to form a second
      metering nip, said applicator roller being in rotative contact with the
      plate and driven at a surface speed substantially equal to the surface
      speed of the plate; means to vary pressure between said metering roller
      and said transfer roller at said first metering nip; means to vary
      pressure between said transfer roller and said applicator roller at said
      second metering nip; drive means to rotate said metering roller at a
      surface speed substantially less than the surface speed of said applicator
      roller, said drive means being adapted to rotate said metering roller at a
      surface speed to maintain an abundant supply of dampening fluid adjacent
      said first metering nip such that driving force exerted upon said transfer
      roller through a film of dampening fluid at said second metering nip is
      controllable by varying pressure at said first metering nip to control the
      thickness of the film of dampening fluid delivered to the second metering
      nip.
NUM  8.
PAR  8. The combination called for in claim 7 wherein said drive means comprise
      a variable speed motor.
NUM  9.
PAR  9. In a device for dampening the plate in a lithographic printing press: a
      dampening fluid transfer roller having a smoothly finished hard surface
      thereon; a dampening fluid metering roller having a smooth resilient
      surface thereon; means supporting said metering roller and said transfer
      roller in pressure indented relation to form a first metering nip; an
      applicator roller having a smooth resilient surface; means supporting said
      applicator roller and transfer roller in pressure indented relation to
      form a second metering nip, said applicator roller being in rotative
      contact with the plate and driven at a surface speed substantially equal
      to the surface speed of the plate; means to apply dampening fluid to the
      surfaces of said metering roller and said transfer roller adjacent said
      first metering nip, means to vary pressure between said metering roller
      and said transfer roller at said first metering nip; and means to vary
      pressure between said transfer roller and said applicator roller at said
      second metering nip, said transfer roller being driven by force
      transmitted through a film of dampening fluid at said second metering nip,
      said metering roller being driven by force transmitted through a film of
      dampening fluid at said first fluid metering nip wherein the surface speed
      of the metering and transfer rollers are controllable by varying pressure
      at said first and second metering nips.
NUM  10.
PAR  10. The combination called for in claim 9 with the addition of: a brake
      operably connected to said metering roller.
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ABST
PAL  Apparatus for seizing and holding the trailing edge of a paper sheet for
      transfer and turn-over in a printing press. The sheet transfer cylinder is
      provided with a rotatable central shaft and a plurality of segment members
      arranged in spaced planes radial to the shaft in at least one set to
      provide a cylindrical circumferential surface for the paper. The apparatus
      comprises a first elongated rod extending through the segments of the set
      and journalled for rotation about its longitudinal axis, brackets fixed to
      the rod and extending toward the circumferential surface, and a second
      elongated rod journalled in the brackets for rotation about its
      longitudinal axis exterior of the segments. Gripper elements are carried
      by the second rod, and a counter-ledge or bar is carried by the brackets.
      The gripper elements are adapted to cooperate by mechanical action with
      the bar to seize the paper sheet on movement of the second rod.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to sheet transfer apparatus for multipress
      printing machines and in particular to apparatus for seizing the edge of
      the paper sheet on a rotatating transfer cylinder in order to turn the
      sheet over.
PAR  Multiprint printing machines such as multicolor presses require that the
      sheet be transferred between successive printing units to be impressed
      sequentially with different color and overlays and the like.
PAR  A transfer cylinder is employed to transfer the paper sheet from the first
      printing unit to the following printing unit. In practice it is often
      necessary to also print with several colors on both sides of the sheet
      during a single pass through the machine. In order to print a paper sheet
      on two sides it is necessary to turn the sheet while it is being
      transferred by the transfer cylinder to the adjacent print or intermediate
      transfer cylinders of the following printing unit. There are known sheet
      transfer cylinder whose diameters are made double the diameter of the
      adjacent cylinders. These transfer cylinders are provided with mechanical
      grippers which seize the leading edge of the paper sheet and hold the
      trailing edge of the sheet by a suction mechanism while turning the sheet.
      These suction devices effect the holding of the trailing edge of the sheet
      on the outer circumference of the transfer cylinder and are adjustably
      arranged at a given distance from the mechanical grippers which seize the
      leading edge of the paper sheet. This distance is adjustable according to
      the size of the paper sheet to be transferred.
PAR  A disadvantage of the above described device is in that the air
      distribution for the suction means is complicated, and as a result does
      not achieve a good printing register.
PAR  It has been attempted to provide sheet transfer cylinders which have
      suction devices for holding the trailing edge of the paper sheet with an
      air distributing system comprising special vacuum pressure tubing, a
      nozzle, a shaft and a carrying arm. The displacement and the adjustment of
      the suction devices on the circumference of the sheet transfer cylinder is
      made possible by means of a cam segment and a lever, on which electrically
      controlled means are arranged for turning of the carrying arm in the
      opposite directions. A disadvantage of this mechanism is in that the
      combined means is rather complicated and expensive in production, since
      there are two power sources; a vacuum air supplying the suction device and
      an electric source, connected to the carrying mechanism.
PAR  All hitherto known devices for holding the trailing edge of a paper sheet
      on the circumference of the sheet transfer cylinder employ the principle
      of vacuum suction devices. They must therefore be equipped with special
      vacuum supply sources and with driving units which increase the expense of
      the producer as well as of the printer.
PAR  It is an object of the present invention to provide apparatus for seizing
      and holding the trailing edge of the paper sheet on a transfer cylinder
      which overcomes the above noted disadvantages.
PAR  It is a further object of the present invention to provide apparatus for
      seizing and holding the trailing edges of the paper sheet on a transfer
      cylinder which is mechanical in nature and eliminates both suction devices
      and electrical controls.
PAR  It is a further object of the present invention to provide an improved
      simplified and inexpensive means for securing and holding paper sheets on
      a turning transfer cylinder.
PAR  These and other objects as well as numerous advantages are set forth in the
      following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, apparatus for seizing and holding the
      trailing edge of a paper sheet for transfer and turn-over in a printing
      press is provided for a sheet transfer cylinder having a rotatable central
      shaft and a plurality of segment members arranged in spaced planes radial
      to the shaft in at least one set to provide a cylindrical circumferential
      surface for the paper. The apparatus comprises a first elongated rod
      extending through the segments of the set and journalled for rotation
      about its longitudinal axis, brackets fixed to the rod and extending
      toward the circumferential surface, and a second elongated rod journalled
      in the brackets for rotation about its longitudinal axis exterior of the
      segments. Gripper elements are carried by the second rod, and a
      counter-ledge or bar is carried by the brackets. The gripper elements are
      adapted to cooperate with the bar to seize the paper sheet on movement of
      the second rod.
PAR  Preferably the segments are arranged in two sets, arranged diametrically
      opposite to each other. At least some of the segments of each set are
      arranged on a first tube and the other of the segments of each set on
      another tube. The tubes are axially secured over the shaft for conjoint
      rotation, so that the cylinder and mechanism may be easily assembled.
PAR  The segments and brackets arranged at one end of the thus formed cylinder,
      act as a control member. At one end of the control bracket there is
      mounted a pivotal cam follower which cooperates with an inner eccentric
      guide way of cam which is fixed to a side wall of the printing machine,
      and an abutment surface, which abuts against an abutment which is formed
      by an adjustable screw fixed on the adjacent control segment. On one end
      of the carrier rod is fixed a two armed lever, on one arm of which is
      mounted a cam follower roller which follows a second inner guide way of
      the cam, and on the other arm of which there is first arranged a rotably
      adjustable eccentric regulating pin and second a pivot pin on which is
      mounted a pull rod the side portion of which seats on the eccentric
      regulating pivot. The pull rod is attached at its free end to one end of a
      spring, the other end of which is hinged on the pivot shaft of the cam
      follower roller.
PAR  As will be seen, the advantages of the mechanism according to the invention
      are in its simple arrangement, whereby maximum accuracy is obtained while
      transfer of the paper sheets from one printing unit to the cylinders of
      the following printing unit. In comparison to hitherto known devices of
      this kind the air distributing piping and underpressure supplying
      compressor with drive are not necessary.
PAR  The mechanism in practice also enables considerable saving of electric
      energy.
PAR  Full details of the present invention follow in the subsequent description
      and are set forth in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a view of a sheet transfer cylinder, partially sectioned along
      the plane 2 -- 2 of FIG. 2; and
PAR  FIG. 2 is a section along the plane 1 -- 1 of FIG. 1, illustrating the cam
      in dot-dash lines and omitting the carrier arm.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The apparatus for seizing and holding the trailing edge of a paper sheet 57
      according to the invention comprises a sheet transfer drum or cylinder
      formed of a shaft 1 rotatably mounted between vertical side walls 2 in
      bearings 3 which are located in bushes 4, 5. The right bushing 3 comprises
      a flanged sleeve adapted to fit through a hole in the side wall having a
      spring clip or c-ring retainer holding the bearing 3. The left bushing 4
      is similar but is provided with a spacer tube 7 and an internal nut 6 by
      which the bearing 3 is secured against axial play. At the left end of the
      shaft 1, there are fixed radially extending carrier arms 8, and in the
      axially middle of the shaft carrier arms 8'. On the other end of the shaft
      1 is fixed a carrier arm 9. The carrier arms 8, 8' and 9 serve for the
      mounting of not illustrated gripper means for the seizing of the leading
      edge of the sheet 57. The gripper means for the leading edge of the sheet
      is conventional in this art, and requires no further explanation here.
PAR  Mounted on the shaft 1 are two tubes 10 which are connected by means of
      bolts 11, spacers 12, and nuts 13 to be axially spaced from each other. On
      each of the tubes 10, there are fixedly mounted by screws 14 two sets of
      segment bodies 15 and alternating therewith supporting segments 55.
      Alternating with the segments 15 and 55 are segment bodies 16 rotatable
      about the tubes 10. At the left end of tube 10 a control segment body 18
      of slightly smaller diameter is provided which is fixed by screw 14. The
      segments 15 and 16 are divided into two symmetrical sets, as seen in FIG.
      2, to form cooperating segments axially across the shaft having arcuate
      circumferential surfaces lying coextensive with each other to thus form
      the cylinder or cylindrical surface on which the sheet 57 lies. Each such
      surface is diametrically opposite the other. The side edges of the
      segments provide open segmented portions, the space of which may be varied
      by adjustment of the rotatable segments 16. The gripper mechanism for the
      leading edge of the paper (not shown) is adapted to extend outwardly and
      along the axially extending edge of the segments in the portion broken
      away in FIG. 2, and constitutes the leading edge of the cylinder segments
      taken in the direction of rotation illustrated by the arrow A, (FIG. 2).
PAR  Mounted in bearings 17 in each of the sets of segment bodies 15 and the
      control segment 18 are axially aligned rods 19, which pass through
      openings provided in the supporting segments 55. On each of the rods 19,
      there are fixed by means of screws 20, a bracket 21 and several brackets
      22 the left one of which, bracket 21, constituting the control bracket.
      The brackets 21 and 22 extend parallel to each other chordally to the
      longitudinal axis, outside of the trailing edge S of the cylinder to have
      their ends lie in the space between segment sets. On the outer end of each
      set of control brackets 21 and 22 is fixed a bar 23 forming a rear ledge
      which extends outwardly of the cylinder along its entire length and
      substantially radially coextensive with the peripheral surface edges of
      the segments. In the control brackets 21 and in the brackets 22, bearings
      24 journal a supporting rotatable rod 26 which fixedly carries a plurality
      of gripper means 27 adapted to cooperate with the bar 23 to seize the
      trailing edge of the paper sheet 57. The gripper means 27 have shaped end
      portions similar to fingers which seat on the rear bar 23.
PAR  The carrier rod 26, is provided with a two armed lever 28 fixed at the left
      end. A pivot pin 29, on which is mounted a roller 30 is provided at the
      end of one of the arms of lever 28. A cam plate 31 is fixed on the side
      wall 2 of the printing machine by means of screws 41. The cam 31 is formed
      with a contoured circular inner guide way 32 having a portion 32a of
      larger diameter over about half of its circumference. A second inner guide
      way 39 eccentric with the axis of the shaft 1 is set within the guide way
      32. The follower 30 bears against the inner guide way 32. On the inner end
      of the bracket 21 there is provided an axle pin 37, on which is mounted a
      follower roller 38 which is received in and bears on the inner eccentric
      guide way 39 of the cam 31. The two armed lever 28 has on its opposite end
      an enlarged lug, in which an eccentrically rotatable regulating pivot pin
      25 is fixed. The pivot pin 25 may be rotatable about a fixed axis and have
      a circumference eccentric to it, or it may be fixed on an eccentrically
      shaped axis and having a circular circumference. In any event rotation of
      pin 25 causes its surface edge to be laterally displaced. A pivot axle 34
      is also mounted on the lug end and pivotally carries a pull rod 33, which
      extends outwardly so that its side passes the eccentric pin 25 and is at
      its other end provided with a pin 35, on which is attached one end of a
      spring 36. The second end of the spring 36 is hinged on the axle pin 37 of
      the cam follower roller 38. The pull rod 33 is urged by means of the
      spring 36 against the eccentric regulating pivot 25. An eccentric
      regulating pivot 42 (similar to pivot 25) is mounted on the said face of
      control segment 18. A pull rod 44 which is swingably attached with one end
      on a pivot 43 is urged to bear against the eccentric pin 42 by a spring 46
      fixed at one end by a pin 45 and its other end also attached on the pivot
      37 of the cam follower roller 38. In each of the oppositely arranged
      control segments 18 there is fixed an abutment 47 which is provided with
      an adjustable stop screw 48. When the gripper means 27 is opened, the
      bracket 21 abuts the stop screw 48 and is therefore provided with an
      abutment surface 49 provided on the end portion of the bracket 21 behind
      the cam follower roller 38.
PAR  The carrier arm 9 which has an axial sleeve is provided with a gear 40
      attached to it by a transverse pin 41 which is rigidly connected by means
      of a bolt 56 which passes through an enlarged hole 57 and a nut 51 to the
      rightmost one of the segment bodies 15. In this manner the carrier arms 8,
      8' and 9 on which the gripping means of the leading edge are mounted can
      be angularly adjusted with the segments 15, 18 and 55 on which the
      gripping means for the trailing edge is mounted. Since as will be obvious
      the segments 15, 55 etc., mounted on tubes 10 are rotatable relative to
      the carrier arms 8, 8' and 9 at least within the dimensions of hole 57. On
      the same end of the shaft 1 there is fixed by means of a key 52 and a
      screw 50 an insert hub which is provided with a gear 54, by which the
      shaft 1 may be rotated by a drive transmission linked to the machine
      drive. The cylinder is thus driven via the gear 54 and gear 40 which move
      the two portions in relative fixed relationship, depending on the initial
      arrangement of the gear 40 relative to gear 54.
PAR  From the foregoing it will be seen that a sheet transfer and turning
      cylinder is provided having segmented flat circular sections, arranged
      parallel to each other radiating outwardly from the central shaft to form
      a peripheral surface on which a sheet may lie. The cylinder is such that
      conventional gripping mechanisms can be used at the leading edge of the
      segment sets, which operate in conventional manner, and is such that the
      cylinder may as a whole be employed in conventional presses, to turn over
      and transfer the sheet from one printing unit to another. Consequently, a
      detailed discussion and/or a showing of the conventional mode of gripping
      the leading edge, turning the sheet or transferring the sheet from unit to
      unit is omitted here for the sake of brevity. These items will be obvious
      to those skilled in the art.
PAR  The gripping means comprises basically the ledge or bar 23 and the
      cooperating grippers 27. The bar 23 is joined to the brackets 21 and 22
      and is movable with them under actuation of the rotatable rod 19 so that
      the ledge 23 is carried toward and away from the trailing edge of the set
      of segments 15, 16 and 18. The grippers 27, on the other hand are mounted
      on a second rod which is pivotally journalled on the brackets 21 and 22 so
      as to be conjointly carried along with the bar 23 as well as being pivoted
      with respect to it as like a scissors. The cams 32 and 39 are respectively
      adapted to sequentially close the grippers 27 on the bar 23 and then carry
      the closed bar 23 and the grippers together away from and then back to the
      edge S. The spring 46 is adapted to urge the roller 38 into engagement
      with cam 39 while the spring 36 urges roller 30 into engagement with cam
      32. The assembly of eccentric pins 25 and pull rod 33 and eccentric pin 42
      and pull rod 44 permits adjustment of the spring tension and traverse of
      the respective grippers 27 and bar 23. The abutment means 48 limits the
      span over which the paper is stretched by movement of bracket 21.
PAR  It will be also noted that the segmented sets are symmentrically arranged
      with each other and similarly constructed so that the "cylinder" is
      capable of seizing and holding two sheets of paper simultaneously. The cam
      plate 31 may be a single member having a pair of internal cam surfaces or
      it may be formed of two members arranged one inside the other.
PAR  The described mechanism operates as follows:
PAR  The rotation of the shaft 1 in the forward direction shown by arrow A is
      obtained via driving gears 54 from a not illustrated but conventional
      drive mechanism. When the shaft 1 of the sheet transfer cylinder rotates,
      the cam follower roller 30 of the two armed lever 28 is urged by the
      effect of the spring 36 onto the inner guide way 32 of the cam 31. As a
      result of the movement of the follower roller 30 on the inner guide way 32
      of the cam 31 into the larger diameter portion 32a, as seen in FIG. 2,
      left segment set, the two armed lever 28 is pivoted and the carrier rod 26
      is caused to turn clockwise under action of the spring 36 so that the
      gripper means 27 abuts the bar 23 to seize the trailing edge of the paper
      sheet 57. As soon as the trailing edge of the sheet 57 is seized by the
      gripper means 27, the follower roller 30 stops its radial movement but is
      held in the gripping position by the pull of the spring 36. The follower
      38 of the holder 21 continues, however, to follow the inner eccentric
      guide way 39 of the cam 31, so that the rear ledge 23 and the gripper
      means 27 begin to be removed from the rear edge S of the control segment
      18 from the segments 15 and the supporting segment bodies 55. This causes
      the paper sheet 57 to span tightly across the surface of the segments 15,
      16 and 55 by pulling the trailing end. Of course the leading end has
      already been grasped and held tightly by its gripper means. In this
      condition the sheet 57 can be carried around by the cylinder until it is
      turned and transferred to the next printing unit in the usual manner.
      Thereafter, the paper may be grasped at the next print unit or
      intermediate cylinder at which time the roller 29 hits the smaller
      diameter portion of the cam 32 thus opening the grippers 27 as in the
      right segment set (FIG. 2). It is noted that the eccentricity of the cam
      39 is such that the pivoting of bracket 21 is greater at the left quadrant
      of FIG. 2 than at the lower right quadrant.
PAR  Adjustment of the mechanism to accommodate varying lengths of paper, is
      easily made by regulation of screw 48 which limits the backward movement
      of the bar 23 from the trailing edge S. As a result the present apparatus
      has universal application.
PAR  It will be seen from the foregoing that simple mechanism has been obtained
      to provide for sheet transfer and turn-over, eliminating the need for
      pneumatic or electrical sources to operate the suction devices. Constant
      replacement of parts is eliminated and the need to change parts to
      accommodate different size papers is also eliminated. The mechanism is
      simple and inexpensive.
PAR  Various modifications, changes, etc., will be obvious to thos skilled in
      this art. It is intended therefore, that the present disclosure be
      illustrative only and notlimiting of the invention.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a sheet transfer device for a printing press having a pair of frame
      sides, and a cylinder comprising a rotatable shaft journalled within said
      frame sides, and, a plurality of segment members fixed to said shaft, said
      segment members being spaced axially of each other and arranged in a pair
      of sets to have a common peripheral surface and leading and trailing
      edges, each of said segment sets having mechanical gripper means mounted
      for seizing the leading edge of said sheet, and apparatus for seizing the
      trailing edge of said sheet comprising, a first rod axially extending
      through the segments of said cylinder and journalled for rotation about
      its longitudinal axis, brackets fixed to said rod and extending outwardly
      adjacent the trailing edge of said peripheral surface, a second axially
      extending rod journalled within said brackets exterior of the segments of
      said cylinder to rotate about its longitudinal axis, gripper elements
      carried by said second rod, a bar mounted at the end of said brackets
      forming a ledge adapted to cooperate with said gripper elements, means for
      rotating said second rod to cause said gripper elements to seize the
      trailing edge of a paper sheet and means for rotating said first rod
      comprising an eccentric circular cam mounted on one of said sides, a first
      cam follower mounted on the one bracket adjacent said one side and
      engaging said cam to thereby cause said one bracket to pivot said first
      rod, an eccentric pin mounted on said cylinder adjacent said one bracket,
      a pull rod pivotally mounted on said cylinder adjacent said pin, and
      spring means connecting said pull rod and said first cam follower to
      adjustably urge said first cam follower against the first cam, said means
      being operable during the seizing of the leading edge of the sheet to move
      said brackets away from the adjacent trailing edge of said peripheral
      surface to thereby stretch said sheet over the peripheral surface of said
      segment set.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein the segments of one set of
      segments arranged diametrically opposite to the segments of the other set,
      the segments of each set alternating axially with the segments of the
      other set, said segments said segments being divided and fixed in part on
      a first tube and in part on a second tube, said first and second tubes
      being secured in spaced relation over said shaft for conjoint rotation
      therewith.
NUM  3.
PAR  3. The apparatus according to claim 1 including adjustable stop means
      mounted on the segment adjacent said one bracket to engage said one
      bracket and limit the rearward movement thereof.
NUM  4.
PAR  4. The apparatus according to claim 1 including a second circular cam
      mounted on said one side frame adjacent said one bracket, a two armed
      lever mounted at the end of said second rod adjacent said one side frame,
      a second cam follower mounted at the end of one arm of said lever and
      engaging said second circular cam, the other arm having on the one hand a
      rotatable pivot pin eccentrically mounted thereto and on the other hand a
      fixed pivot pin, a pull rod attached on one end to said fixed pivot pin
      and the other end to a spring urging the pull rod against the
      eccentrically mounted rotatable pin, said spring being secured to said end
      of said one bracket adjacent said second cam follower.
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ABST
PAL  A structural member is interposed between the primary pellet and a charge,
      the structural member having upper and lower open-ended chambers formed by
      walls of the structural member which converge towards an opening generally
      centrally located within the structural member providing communication
      between the chambers. The upper chamber serves to convey the sparks
      emitted by the priming pellet to the charge disposed in the lower chamber.
PARN
     This is a continuation, of Ser. No. 847,565 filed Aug. 5, 1969, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the explosives art as it is known today, particularly in its application
      to military uses, a stringent requirement is placed on the igniter of an
      ignition charge. The ignition of a charge of an explosive device by means
      of blasting caps, electrical igniters, and detonators in general, is
      expected to be achieved with a maximum precision in a manner to effect the
      ignition of the charge at its geometric center. As is known, when a charge
      is ignited at a point other than its geometric center, the ignition front
      progresses from the ignition point in an oblique direction with respect to
      the geometrical center of the charge and ignition penetration of the
      charge is thereby considerably lessened.
PAR  In order to achieve an optimum performance, it has been attempted to
      position the igniter over the geometric center of the charge. This did not
      alleviate the problem since a conventional igniter is not guaranteed to
      effect ignition at a specific point. The primary pellets of the blasting
      caps are not always symmetric but hang a distance from the axis of the
      blasting caps or on the wall of the blasting cap shell. The shower of
      sparks emanating from the primary pellet moves in the inner cap at an
      oblique direction and impinges on the initiating charge not at the
      geometric center but at an edge thereof. As a result of this asymmetrical
      ignition, ignition front is generated which progresses obliquely to the
      axis of the charges and propagates itself in asymmetric fashion.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide for point ignition of a
      charge.
PAR  Another object of this invention is the provision of a structural member
      within an explosive device forming upper and lower communicating chambers
      which facilitate point ignition of a charge disposed in the lower chamber.
PAR  Another object of this invention is an explosive device wherein ignition of
      a charge is made at a point located on the axis of the charge irregardless
      of whether the primary pellet is positioned along the axis or off-axis.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to an explosive device where ignition of an
      initiating charge can be precisely controlled. The ignition of the
      initiating charge is effected at its geometric center and ignition front
      progresses uniformly through the charge. The control of ignition of the
      charge is achieved by providing a structural member within the shell of
      the explosive device disposed above a secondary explosive charge. The
      structural member forms a pair of communicating chambers--the upper
      chamber serving to guide the shower of sparks originating with a priming
      pellet disposed in the upper chamber to a central point of the initiating
      charge, while the lower chamber serves as a container for the initiating
      charge.
PAR  The chambers may assume various shapes and sizes. It is not necessary that
      a set of communicating chambers be of the same size or shape--they may be
      of different size and shape. The shape of the chambers must be such that
      the sparks originating with the primary pellet are conveyed to the apex of
      the charge residing in the lower chamber. Although the shape and size of
      chambers may be different, the shape of the lower chamber should be one
      which is symmetrical with respect to its vertical axis. The communicating
      opening between the chambers may be elongated and assume cylindrical,
      frusto-conical, oblong and other forms.
DRWD
     For a more detailed description of the invention, reference is hereby made
      to the drawings wherein
PAR  FIG. 1 is a view of an explosive device partially in section;
PAR  FIG. 2,3,4 and 5 is a cross-sectional view of an explosive device
      illustrating the various shapes and sizes that the upper and lower
      chambers may assume.
PAR  FIG. 6 is a cross-sectional view of an explosive device illustrating a
      cylindrical opening which provides communication between the upper and
      lower chambers.
PAR  FIG. 7a-7d illustrate other channel forms of communicating openings between
      the upper and the lower chambers.
DETD
     Referring to FIG. 1, shell 3 serves as a container for the explosive device
      which includes a secondary explosive charge 6 packed within the lower
      portion of the shell 3. Structural member 4, which can be made of metal or
      a non-metal, is disposed above the secondary explosive charge 6 and forms
      cone-shaped upper chamber 11 and a lower chamber 12. The height of the
      upper and lower chambers, with respect to the combined height h, is h/2,
      greater than h/2, or less than h/2. Access is provided from one chamber to
      the other by means of the opening 7. Within the upper chamber 11 is
      positioned a priming pellet 2 which can be set-off by electrical or
      thermal energy. The initiating charge 5 is packed and compacted into the
      lower chamber 12 with the aid of the structural member 4. Compaction of
      the charge 5 may be accomplished by inserting a die into the upper chamber
      of a complementary shape and tamping charge 5 until it is compacted to the
      desired degree. Enough of charge 5 should be introduced so that it
      completely fills the lower chamber 12. A plastic body 1 is packed above
      the structural member 4 and the explosive device is then sealed in a
      conventioanl manner, such as crimping.
PAR  FIGS. 2-6 illustrate other embodiments of the explosive device wherein the
      shape and size of the upper and lower chambers has been varied. However
      the upper and lower chambers have sloping walls sloping outwardly
      substantially to the inner wall of the shell. In FIG. 5, the structural
      member 4 is shown with a collar 8 which facilitates positioning of the
      plastic body 1 thereover. FIG. 6 additionally shows an opening 7 as a
      channel 9 in the cylindrical or channel form in apex-to-apex relationsip.
      FIG. 7a-ddepict other forms which the channel 9 can assume.
PAR  Actuation of the explosive device is accomplished by setting-off the
      primary pellet 2 which produces a shower of sparks. These sparks are
      conveyed by the sloping walls of the upper chamber 11 to the opening 7. It
      is immaterial whether the priming pellet is positioned within the upper
      chamber centrally along the axis of the opening 7 or off-center, since the
      sloping walls of the structural member 4 converge towards the opening 7.
PAR  When the sparks reach opening 7, they make contact with the initiating
      charge 5 at the apex thereof and ignite same. Since ignition of the
      initiating charge has been made centrally, the penetration of the ignition
      front through the charge 5 progresses uniformly across the charge. When
      the ignition front reaches the secondary explosive charge 6, ignition
      thereof will be effected substantially along its horizontal plane.
CLMS
STM  I claim:
NUM  1.
PAR  1. Device for point-ignition of a charge comprising a shell; a priming
      pellet at the top of said shell; a secondary explosive charge at the
      bottom of said shell; an initiating charge above and completely abutting
      said secondary explosive charge and a structural member within said shell
      interposed between said priming pellet and said initiating charge; said
      structural member including upper and lower chambers having sloping walls
      sloping outwardly substantially to the inner wall of said shell and an
      opening lying on the vertical axis of said structural member providing
      communication between said chambers, said upper chamber serving to convey
      the sparks produced by said priming pellet to said opening and said lower
      chamber being completely packed with said initiating charge and being
      symmetrical with respect to the vertical axis; the inner walls of said
      structural member forming said chambers converging towards said opening.
NUM  2.
PAR  2. Device of claim 1 wherein said chambers are conical in shape and
      situated in apex-to-apex relationship.
NUM  3.
PAR  3. Device of claim 2 wherein the size and shape of the upper and lower
      conically-shaped chambers are different.
NUM  4.
PAR  4. Device of claim 1 wherein the opening is in the form of a cylinder.
NUM  5.
PAR  5. Device of claim 1 wherein the opening is in the form of a channel.
NUM  6.
PAR  6. Device of claim 1 wherein said upper chamber and said lower chamber have
      the same height.
NUM  7.
PAR  7. Device of claim 1 wherein said upper chamber and said lower chamber have
      different heights.
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ABST
PAL  An apparatus and method for reducing the launch disturbance of a weapon
       se on a supersonic aircraft is disclosed. The apparatus comprises a
      flywheel rotatably mounted within the store. The flywheel is pre-spun
      before launch using internal rockets or ram air. The spining flywheel
      produces a gyroscopic effect which appreciably reduces launch disturbance
      and therefore increases accuracy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Aircraft store separation is a serious consideration for both weapon and
      aircraft designers. The weapon designer wants to avoid the large release
      disturbance, since it affects the weapon's accuracy; the aircraft designer
      wants to avoid the large release disturbance, since it is dangerous to the
      pilot and can result in damage to the aircraft. Various methods of
      improving weapon separation characteristics have been employed but none
      have been entirely satisfactory. The present systems are rather erratic in
      their separation characteristics due to variation in store configurations.
PAR  In retrospect, it is quite unlikely that a store separation problem existed
      when aircraft flew at 250 knots and dropped 2000 lb. bombs. Due to the
      inertia loads being much greater than the aerodynamic loads, the bombs
      were aerodynamically inert at release. However, as aircraft speed
      increased, the resultant aerodynamic loads increased with velocity squared
      and store separation became a problem. Weapon accuracy was reduced and
      aircraft damage sustained.
PAR  Aircraft can now carry high density, externally stored weapons
      supersonically. This invention would allow such weapons to be launched at
      supersonic speeds by minimizing the release disturbances that are
      encountered and thereby increasing weapon accuracy and eliminating the
      danger of damage to the aircraft.
PAR  Spinning masses have been employed in the prior art to give stability to
      rockets. Such devices, however, have not been employed to reduce the
      launch disturbance which acts on a bomb upon release at high speeds from
      an aircraft. The bomb itself has no inherent motor power. It moves only
      when something, a plane or gravity for example, moves it. In this sense it
      is a nonself-propelling unit. Because it is not a rocket, the need for
      stability has not been a primary concern of those working with bombs.
PAC  SUMMARY OF THE INVENTION
PAR  Equations (1), (2) and (3) give the criteria for stabilizing a rocket with
      an internal spinning mass.
      ##EQU1##
      The necessary and sufficient conditions for stability are:
      ##EQU2##
      The definitions of the above symbols are contained in the attached
      appendix. The equations themselves may be derived by employing linear
      aerodynamics and Frick's equations for motion for two rigid bodies coupled
      by a bearing as described in his report "Equations of Motion for Two Rigid
      Bodies Coupled by a Bearing" Naval Proving Ground Report 1630, Nov. 25,
      1958.
      ##EQU3##
PAR  Employing these equations, one can derive equation (4) for the maximum
      angle of attack due to an angular rate.
      ##EQU4##
      Equation 4 shows how much the launch disturbance of a store is damped by
      the pre-spun mass. This concept is entirely different from the stability
      concept. For example, suppose a store experiences a large and undesirable
      angle of attack due to an angular rate. It may be stable or unstable. Its
      angle of attack is still reduced by increasing the angular momentum of the
      mass. As seen in equation (4), this result may be achieved by increasing
      the angular momentum of either the inner or outer bodies of the bomb as
      represented by I.sub.x1 and I.sub.x2. The amount of decrease is governed
      by equation (4). Stability is another problem entirely.
PAR  As equation (4) indicates, the maximum angle of attack due to an angular
      rate can be reduced by increasing the angular momentum of either an inner
      or outer body of the weapon store itself. The present invention increases
      the angular momentum of the weapon store by spinning an internally stored
      mass rotatably mounted within the bomb itself. Spin-up rockets or ram air
      devices may be employed to spin the mass before it is released from the
      aircraft.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the provision of a finless unguided
      bomb having a means therein to reduce the launch disturbance of such bomb
      from an aircraft flying at supersonic speeds.
PAR  Another object is to provide a bomb whose angular momentum may be increased
      without spinning the entire outside casing.
PAR  A further object of the invention is the provision of a weapon that may be
      released from an aircraft at supersonic speed without fear of damage to
      the aircraft.
DRWD
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic of a preferred embodiment of the invention, depicting
      generally the construction of a weapon store; and
PAR  FIG. 2 is a schematic of another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1, which illustrates a preferred embodiment of the invention, shows a
      weapon store 1 having an explosive charge 3 mounted in its forward end. A
      rotatable shaft 5 is mounted on bearings 6 and passes through the charge 3
      which circumscribes the shaft. Flywheel 8 is mounted on the rear of the
      shaft. When the flywheel is spun, it increases the angular momentum of the
      weapon store and thus reduces launch disturbance. Block 10 represents the
      motive power employed to spin flywheel 8 before release. The motive power
      may consist of an electric motor or starter motor; however, in the
      invention's preferred embodiment solid rockets are employed.
PAR  The outer casing of the weapon store 1 has suspension lugs 12 which are
      used to mount the store on an aircraft and are released when the weapon
      store is dropped. Suitable squib type devices may be employed to start the
      solid propellant rockets 10. Such devices may be ignited by electrical
      systems (not shown). Moreover, although only one rocket is illustrated, a
      plurality may be employed and attached to shaft 5.
PAR  FIG. 2, in which like numerals are employed to indicate like structure,
      depicts another embodiment of the invention. In FIG. 2 the motive power
      employed to pre-spin flywheel 8 is a ram air device 14, such as a ram air
      turbine. Any suitable device which will convert the energy of the ram air
      into rotational motion of the shaft 5 can of course be employed. The
      flywheel itself may be made of steel which will fracture upon explosion of
      the device.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nonself-propelling finless bomb adapted to be carried on and launched
      from aircraft at supersonic speeds comprising:
PA1  a casing having suspension means thereon for mounting the bomb on the
      aircraft;
PA1  an explosive warhead disposed within said casing;
PA1  a flywheel fixed to a shaft mounted for rotation within said casing on the
      longitudinal axis thereof; and
PA1  means for imparting rotation to said flywheel prior to launch whereby the
      angular momentum of the bomb is substantially increased, and its maximum
      angle of attack due to an angular rate correspondingly reduced, to
      minimize launch disturbances when the bomb separates from the aircraft.
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ABST
PAL  In the present invention a helical baffle is provided in a fuze head to
       pent a direct impact on the detonator by providing an effective cover to
      all elements of the detonator. This is done by providing a helical
      structure for protection against, solid objects, the build-up of a large
      volume of rain and inhibit direct impact of such material upon the
      detonator.
GOVT
PAC  GOVERNMENTAL INTEREST
PAR  The invention described herein may be manufactured, used and licensed by or
      for the Government for governmental purposes without the payment to me of
      any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fuzes and more particularly to a fuze for an
      explosive apparatus that is protected against premature detonation until
      it reaches the intended target. A prior structure related to subject
      invention is described in U.S. Pat. No. 3,726,228 filed Nov. 23, 1970 and
      issued on Apr. 10, 1973. More specifically the Density Integrating Fuze
      Head described in the reference patent provided cross-bars as a protective
      shield to prevent premature detonation. The cross-bars were used in the
      fuze head as a mechanical barrier which allowed retaining the sensitivity
      of the detonator yet exposing the shell to various interferences before
      its impact with the ground. This barrier device including the relief vents
      has been particularly well adapted in actual use associated with military
      fuzes in a tropical environment.
PAR  The prior structure, however, as disclosed in the referenced patent has
      several drawbacks in that under certain situations various objects are
      able to by-pass the cross-bars and impact directly on the detonator
      causing the shell to prematurely explode. For example, the cross-bars
      cover less than 20 percent of the surface of the detonator permitting the
      detonator to be exposed to direct impact. Furthermore, the cross-bars are
      capable of accumulating water from raindrops and when the volume could not
      be retained, the water would move directly upon the detonator with a
      greater mass causing the shell to explode. In addition under the action of
      an impact force produced by leaves, limbs and thin branches a cross-bar is
      subject to bending and probably dislocation. In fact the resistance or
      stiffness of a cross-bar to bending is substantially less than the
      resistance of a solid protective piece resting at the base since it is
      susceptible only to compression. When under the action of an impact force
      a cross-bar is bent towards the closing disc to a deflection equal to its
      diameter, then the cross-bar slips out from the cross-bar holder wall and
      offers no more resistance against subsequent impact. These problems have
      prompted a re-evaluation for additional protection of the detonator
      requiring a closer and more critical analysis of the geometrical and
      kinematical parameters.
PAR  The muzzle velocity of a round is 2700 feet per second and the spin rate is
      285 revolutions per second; therefore a raindrop needs only 23
      microseconds to travel the length of the cylindrical frame. During the
      time it takes the raindrop to travel the length of the cavity, the shell
      rotates an angle of 2.3.degree.. This ratio of travel distance to rotation
      angle means that there is a definite possibility for a raindrop, snowflake
      or other matter, to travel the cavity length straight and undisturbed and
      eventually impact directly on the detonator without striking the
      cross-bars.
PAR  As can readily be seen, it is highly desirable that the detonator be
      effectively covered by a barrier. This would prevent small objects from
      moving directly and in an axial path gaining acceleration and impinging on
      the detonator triggering the fuze. An effective barrier would prevent
      axially moving light objects such as raindrops or leaf fragments from
      directly impacting the detonator while retaining the sensitivity of the
      detonator. A barrier would reduce considerably the probability of
      premature detonation since incoming material would be decelerated from the
      recess entrance to the bottom end of the cavity.
PAR  In the prior structure, the barrier means consisted of three cross-bars
      placed in a cavity in front of the detonator at equal parallel intervals
      perpendicular to the axis of the shell. This resulted in a partial
      covering of the detonator particularly at its inner perimeter, leaving the
      outer perimeter exposed.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention utilizes a similar theory to accomplish the
      protection of the detonator by placing a barrier in front of the detonator
      effectively completely covering the detonator.
PAR  The particular embodiment of the barrier disclosed in this application
      provides a complete protection for the detonator decelerating the incoming
      material thereby preventing a direct impact upon the detonator.
PAR  It is therefore an object of the present invention to provide a baffle that
      effectively covers the surface of the detonator while the detonator
      retains its sensitivity.
PAR  It is a further object to provide a method to prevent direct impact upon
      the detonator until the shell has reached its target.
PAR  Another object is to provide greater strength to the protective shield
      since the cross-bars are subjected to bending forces and subsequent
      failure.
PAR  There are other objects of the present invention which will become apparent
      from the following description, taken in conjunction with the accompanying
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the helical baffle.
PAR  FIG. 2 is a top view of the fuze head.
PAR  FIG. 3 is a longitudinal section view of the fuze head with the helical
      baffle in place taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is an isometric view partly in section showing further details of
      construction.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 2, 3 and 4, fuze head 10 is formed of a hollow
      cylindrical base portion 12 capped by a frusto-conically shaped nose end
      16. The base portion 12 is drilled and tapped at one end 14 so that it may
      be secured in a fuze. The cylindrical base portion 12 and the mechanism
      contained therein, which are conventional although not an object of this
      invention, will be discussed and numerically referenced for purposes of
      clarity.
PAR  The fuze head 10 has an irregularly shaped passageway formed therein by a
      series of bores which extend from the threaded end of the fuze head 10
      through the truncated conical nose end portion 16. The passageway is
      composed of a series of axially communicating bores to provide a
      continuous central passageway of varying diameter through the fuze head
      10; a threaded bore 14, reduced central threaded bore 18, cylindrical bore
      20, a reduced cylindrical bore 22, an enlarged cylindrical bore 24 and a
      further enlarged cylindrical bore 26 in the conical nose end portion 16 of
      the fuze head 10. The interior of the enlarged cylindrical bore 26 is open
      to the atmosphere at the nose end of the fuze. Within the enlarged
      cylindrical bore 26 is mounted the helical baffle 28 shown in FIG. 1 in
      isometric form. Essentially the helical baffle 28 viewed from the front is
      in the form of a Greek Cross and its length twisted until its far edge has
      moved through an arc of 90.degree.. The length of the helical baffle
      should be no greater than the length of the enlarged cylindrical bore 26
      in the fuze head. The baffle 28 is mounted as a press fit into cylindrical
      bore 26 of the fuze head having end support at 30. The baffle 28 cannot
      rotate but is stationary in this position. Viewed from the front end, the
      90.degree. twisting of the baffle provides a continuous protective wall
      from the front to the rear of the baffle aganst material entering the
      cylindrical frame. With this geometry no raindrop can achieve a direct
      impact on the closing disc but will strike the helical baffle breaking it
      up to the point that its speed and mass reduced sufficiently to prevent
      detonation. In addition, the device is provided with suitable radial
      apertures 32 communicating with the enlarged cylindrical bore 26 to permit
      the escape of water and prevent the build-up of air pockets within the
      cylindrical bore 26. The closing disc 34 and washer 36 are secured at the
      bottom portion of the cylindrical bore 26 and positioned below the
      aperture 32. A crush cup 38 is positioned in the bore 24 contiguous with
      the closing disc 34 and the washer 36. The detonator pin 40 which is
      appropriately housed in the casing, positioned in the cylindrical bore 24
      is mounted on, and partially penetrates the crush cup 38. The detonator
      pin 40 is a weighted cylindrical body having a double flange formed at one
      end which is axially positioned on the crush cup 38.
PAR  In operation, a conventional fuze of the impact variety would detonate when
      hitting or striking an obstacle during its trajectory. Obstacles such as
      leaves, foliage or rain would generate sufficient force to rupture the
      closing disc 34, collapse the crush cup 38 and force the bottom portion of
      the detonator pin 40 through bore 22 into bore 20 thereby initiating the
      round. This type of conventional round cannot penetrate a canopy of
      foliage, pass through a rainstorm or overcome the resistance of high winds
      and reach its intended target without premature detonation. In addition,
      greater efficiency and capability are required, since fuzes are made more
      sensitive, and projectiles and missiles are urged to high velocities. To
      accomplish this goal, it was required that a higher order was needed to
      solve this problem.
PAR  It has now been discovered that in order to secure the most effective
      results from such projectiles and missiles, especially when they are used
      in tropics and directed toward densely wooded areas or during a rainstorm,
      is to effectively completely cover the detonator. Accordingly, the
      embodiment of the helical baffle was conceived as previously described
      herein which improves the penetrability of the shell and at the same time
      retains its sensitivity to impact with large objects. This is accomplished
      with a geometry characterized by the twisted cross walls where incoming
      material cannot achieve a direct impact on the closing disc but will hit
      the rotating twisted cross walls. Axially moving objects are prevented
      from striking the detonator while small objects such as droplets of water
      are permitted to pass through the barrier in directions inclined to the
      longitudinal axis. In addition, the material entering the cylindrical bore
      decelerates when it strikes against the walls of the helical baffle. In
      many cases this material breaks up into small fragments which reduces
      their mass and their subsequent impact force on the detonator. The helical
      baffle and the radial vent holes considered together act essentially as a
      projectile-borne one-way valve with a selective or differentiating
      response to water, air and other solid materials. Using this method it is
      possible to provide a greater number of shells to reach the target without
      exploding during flight.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      method and detail of construction described for obvious modifications will
      occur to persons skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved impact sensitive fuze for explosive missiles comprising:
PA1  a truncated conically shaped body having a longitudinal axis and an axial
      bore;
PA1  said body having a plurality of apertures in its base extending
      transversely of said axial bore and communicating with said bore;
PA1  means for detonating said missile mounted in said bore; and
PA1  barrier means, mounted in said bore intermediate the front end of said bore
      and said detonating means, adapted to provide an effective cover for said
      detonating means, thereby preventing axially moving objects from striking
      said detonating means, while permitting small objects, such as droplets of
      water, to pass through said barrier means in directions inclined to the
      longitudinal axis, wherein said barier means is in the form of a twisted
      cruciform having a twist angle of at least 90.degree..
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ABST
PAL  A dual signature arming mechanism responsive to acceleration to cock a
       fig pin and responsive to propellant combustion gas pressure to
      pyrotechnically release a pivotally mounted detonator which rotates into
      position relative to said firing pin. A plunger restrained by the
      pyrotechnic release is provided to disable the arming mechanism if the
      pyrotechnic release is activated before a specific velocity is reached.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured, used and licensed by or
      for the United States Government for governmental purposes without the
      payment to us of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to safety and arming mechanisms for
      explosive fuzes and more particularly to a dual signature safety and
      arming device.
PAR  2. Description of the prior art
PAR  In ordnance missiles, which commonly carry explosive charges, it is
      desirable that missiles remain safe or unarmed until after they have been
      fired. This insures maximum safety of the personnel concerned, yet enables
      the explosives to cause damage to the target. Various means are used to
      secure this result. For example, rotating missiles have been equipped with
      arming mechanisms which are responsive to the centrifugal force developed
      when the missile is fired. Non-rotating missiles, such as mortar shells,
      certain classes of rockets, and the like are ordinarily equipped with
      arming mechanisms which are responsive to the forces of setback, which
      occur when the missile is launched.
PAR  Until recently, many such arming devices were not shockproof. Thus, the
      missiles could accidentally be placed in the armed condition if they were
      dropped or otherwise subject to a strong mechanical shock. U.S. Pat. No.
      2,625,881 provides a double element release to solve this problem in which
      the double element setback lock is a linear two degree of freedom
      mechanism.
PAR  In smaller projectiles, for example, shoulder-launched grenades, the safety
      and arming mechanisms of the prior art have been generally too large to be
      incorporated therein. Thus, there exists a need for a small, dual
      signature safety and arming mechanism having a delay therein.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a dual environment arming signature to
      provide an arming delay for crew safety and does not involve stored energy
      to drive its arming structure. The first environment is a setback
      mechanism using a system of springs and masses responsive initially to the
      acceleration of the projectile to cock and arm the arming mechanism. Two
      spring mass systems provide the two degrees of freedom which act
      sequentially and which bias a pivotally mounted detonator to move it to an
      arming position and to cock a firing pin for the detonator.
PAR  The second arming signature uses the propellant gas pressure as the second
      environment. The gas pressure is used to initiate a thermal battery power
      supply; and, upon obtaining a pre-specified voltage, electrical energy
      drawn from the battery is used to ignite a pyrotechnic. Upon completion of
      the pyrotechnic element's burning, a detent or lock, which has previously
      prevented the biased detonator housing from moving, is released by the
      pyrotechnic element to allow the detonator to rotate into the armed
      position. Arming delay is provided by the time needed for the battery to
      come up to the specific voltage and the time needed for the pyrotechnic
      element to complete its burning.
PAR  A spring biased plunger, also retained by the pryotechnic element, is
      provided to disable the arming mechanism if the pyrotechnic element is
      actuated before a specific velocity is reached to actuate the setback
      mechanisms which are responsive to the first arming environment. The
      external dimensions of the present safety and arming mechanism has an
      overall diameter of approximately one inch and a height under 1/2 inch,
      therefore making it suitable for the space allocation required in smaller
      missiles.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide a non-linear dual arming
      signature safety and arming device.
PAR  Another object is to provide an safety and arming device using a thermal
      battery and pyrotechnic delay.
PAR  Further object of the invention is to provide a dual signature arming
      device which is extremely small and capable of mass production.
PAR  Still another object of the present invention is to provide a safety and
      arming device which is responsive to acceleration as a first arming
      signature and propellant gas pressure as a second arming signature.
PAR  A still further object of the present invention is the provision of a
      safety mechanism to disable the safety and arming device if the dual
      arming signatures occur in reverse order.
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the dual signature safety and arming mechanism of
      the present invention with the top plate removed;
PAR  FIG. 2 is a side cut-away view taken along lines 2--2 of FIG. 3, with the
      top plate in place;
PAR  FIG. 3 is a top view of the subject invention with the rotary detonator
      carriage removed;
PAR  FIG. 4 is a detailed view of the setback mechanism in its initial position;
PAR  FIG. 5 is a detailed view of the setback mechanism after rotation of an
      eccentrically mounted weight responsive to velocity;
PAR  FIG. 6 is a detailed view of the setback mechanism cocked;
PAR  FIG. 7 is a detailed view of the setback mechanism after the pyrotechnic
      release of the rotary detent;
PAR  FIG. 8 is a top view of the present invention with the top removed after
      rotation of the detonator carriage to the armed position; and
PAR  FIG. 9 is a detailed view of the setback system after the firing pin
      collides with the detonator.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As shown in FIGS. 1 and 2, the safety and arming mechanism has a base
      member 12 upon which are mounted the setback mechanisms and the rotary
      carriage for the detonator. A detonator 14, for example, a stab detonator,
      is carried in carriage 16 which is rotatably mounted by pin 18 between
      plates 20 and 22. The total detonator carriage assembly is secured to the
      base 12 by fasteners 24 in apertures 26.
PAR  The recess in the bottom of housing 12 is adapted to receive the power
      supply and associated electronics of the fuze therein. The general
      configuration of the safety and arming mechanism may be considered a dual
      cylinder two-tiered configuration. The overall diameter of base member 12
      is approximately 1 inch and the height from the top of the recess to the
      top of the second tier above fastener 24 is approximately one-half inch.
      These overall dimensions allow the safety and arming device to
      conveniently fit in the space allotted in smaller missiles and
      projectiles, for example, shoulder-launched grenades.
PAR  The two signature safety and arming device is shown in FIGS. 1-4 in the
      safe condition. The stab detonator 14 in rotary carriage 16 is kept from a
      centerline of housing 12 by the firing pin 28 and by the rotary lock or
      detent 30. A pyrotechnic wire or cable 32 has one end secured to bottom
      plate 22 of the detonator carriage and is received in and traverses the
      rotary lock 30 through an aperture 34. The other end of pyrotechnic cable
      32 traverses a hole 36 in the bottom plate 22 wherein it acts as a detent
      to a safety mechanism to be described later on. The pyrotechnic cable 32
      keeps the rotary lock 30 adjacent to and in the plane of rotation of the
      detonator carriage assembly 16 and prevents it from rotating. A drive
      spring 38, which drives the detonator carriage 16 into line so as to place
      the stab detonator 14 along the centerline over firing pin 28, is not
      cocked and therefore stores no energy. The spring 40, on which is mounted
      rotary lock 30, is likewise uncocked. The motion of the rotary carriage 16
      is controlled by first and second setback elements 42 and 44,
      respectively, as well as by the rotary lock 30. Details of the setback
      element, as well as the sequential operation are shown in FIGS. 3-6.
PAR  The first setback element 42 consists of a shaft 46 which extends across
      and is mounted to the base 12. Two eccentric weights 48 are mounted to
      shaft 46 as are two half-shafts 50. Two springs 52 are coiled around shaft
      46 having one end received in the eccentric weights 48 and the other end
      resting against base 12. The springs 52 keep the weights biased in the
      forward or up position. The mass of the weights and the resiliency of the
      springs defined the predetermined acceleration which the safety and arming
      mechanism must experience before the eccentrically mounted weights 48 will
      rotate. Once this acceleration has been obtained, the weights will rotate
      which in turn will cause shaft 46 to rotate carrying half-shafts 50
      therewith. As will be explained more fully below, the half-shafts 50 are
      cam elements which support the second setback element 44 until rotated to
      the down position at the preselected velocity. The predetermined
      acceleration or setback forces acting through the center of mass to the
      first setback element causes the shaft 46, weight 48 and half-shafts 50 to
      rotate against the retarding force caused by the moment of inertia of the
      elements, friction and biasing of spring 52. The resulting configuration
      is shown in FIG. 5.
PAR  The second setback element 44 consists of the drive spring 38, a
      clapper-type firing pin arm 54, firing pin 28, rotary lock 30, rotary lock
      drive spring 40 and setback spring 56. The drive spring 38 and the rotary
      lock drive spring 40 are shown as one continuous spring, though they may
      be two separate springs. The drive springs 38 and 40 and the firing pin 28
      are secured to the firing pin arm 54 by fasteners 58, which may be for
      example, rivets. The firing pin arm 54 can be considered a generally
      Y-shaped element with the base of the Y supporting drive spring 40 and the
      top two ends of the Y rotatably mounted on a shaft 60 which is secured to
      the base 12. The firing pin arm 54, drive spring 40, and the rotary
      carriage base plate 22 have an aperture 62 therein to receive the firing
      pin 28.
PAR  The setback spring 56 is generally U-shaped having its two ends received
      within apertures 64 in the firing pin arm 54. The base or bight of the
      U-shaped setback spring is received in a slot 66 in the base 12. A plate
      68 is secured to the base 12 by fasteners 70 to prevent the bight of
      setback spring 56 from moving out of slot 66. It should be noted that
      shaft 60 and the slot 66 lie generally in a line which defines a fixed
      fulcrum line whereas the aperture 64 into which the two ends of the
      setback spring 56 fit defines a movable fulcrum point. When the device is
      in the safe condition as indicated in FIGS. 1-4, the moving fulcrum point
      of aperture 64 lies above the fixed fulcrum line defined by points 60 and
      66.
PAR  When the half-shafts 50, which are generally adjacent to and in contact
      with the bottom of firing pin arm 54 approximately below apertures 64,
      rotate with shaft 46 in response to the rotation of eccentric weight 48 so
      as to clear and release the firing pin arm 54. The setback forces or
      acceleration moves the firing pin arm 54 down against the retarding forces
      caused by the moment's inertia of the total system, by the drive springs
      38 and 40 as they are cocked, and by the bias of the setback spring 56.
      The configuration of the elements at the end of the travel is shown in
      FIG. 6. It should be noted that the setback spring 56 has moved over its
      centers as defined by the fixed fulcrum and now acts as an anti-creep bias
      spring on the firing pin arm 54.
PAR  As can be seen in FIG. 6, the rotary drive spring 38 is cocked and is
      applying pressure on the rear of the detonator carriage 16 which in shown
      in phantom. The firing pin 28 has been lowered out of aperture 62 so as to
      allow the carriage to rotate forward. Rotary lock 30 now slants forward
      and engages the forward edge of the detonator carriage 16 and prevents it
      from rotating. Thus, the dual signature safety and arming device of the
      present invention has responded to the first signature environment;
      namely, the achievement of a specific velocity which is measured by the
      first setback means.
PAR  The second signature environment, which in the present invention has been
      defined as the propellant gas pressure, is required to complete the arming
      of the device. The propellant gas pressure is used to initiate a primer
      actuated thermal battery powered supply. A battery supply suitable to
      perform the desired function is described in U.S. Pat. No. 3,450,046,
      which is incorporated herein by reference. Once the thermally battery
      powered supply has been activated and upon obtaining a pre-specified
      voltage, electrical energy drawn from the battery is used to ignite the
      pyrotechnic cable 32. Once the pyrotechnic cable has burned through,
      rotary lock 30 is released and rotates downward out of the plane of the
      detonator carriage 16 in response to drive spring 40 and allows the
      detonator carriage 16 to rotate under the biasing of drive spring 38. The
      resulting configuration is shown in FIGS. 7 and 8.
PAR  In the configuration shown in FIGS. 7 and 8, the detonator 14 is rotated so
      as to be in line with and directly over, the firing pin 28. Thus, the dual
      signature safety and arming mechanism of the present invention has
      responded in sequence to a acceleration signature and a propellant gas
      pressure signature to arm the present detonator.
PAR  The fuze's electrical detonator is so located below the firing pin that its
      ignition will drive the firing pin forward into the stab detonator 14,
      setting off the round. On the other hand, the firing pin 28 can move
      forward into the stab detonator 14 due to the inertial force generated
      during impact. The fired configuration is depicted in FIG. 9.
PAR  The delay in arming the safety and arming mechanism of the present
      invention is provided by the use of a pyrotechnic cable. The arming delay
      is the sum of the time needed for the battery to come up to the voltage
      sufficient to ignite the pyrotechnic cable as well as the time needed for
      the pyrotechnic cable to complete its burn.
PAR  Although the propellant gas pressure has been used to activate the
      pyrotechnic device, the pyrotechnic device may be ignited using other
      means. For example, the pyrotechnic device may be ignited by extending it
      into the base of the projectile and directly exposing it to propellant
      gas; or, the wire may be exposed directly to the gas or a striker used to
      initiate the power supply.
PAR  As shown in detail in FIGS. 2 and 3, a failsafe detent system is provided
      to disarm the setback mechanisms if the pyrotechnic cable 32 should be
      destroyed before the activation of the setback mechanism. This is to guard
      against the premature igniting of the pyrotechnic device as, for example,
      in a warehouse fire. The failsafe mechanism includes a plunger 72 having a
      collar 74. The collar 74 is engaged and retained in the inoperative
      position by the pyrotechnic cable 32. A biasing element or spring 76 is
      U-shaped and received within recess 78 in the base of plate 68. Spring 76
      engages the back of collar 74 and urges the plunger 72 against the
      pyrotechnic cable 32. In the normal operation of the present invention,
      concentric weight 48 rotates down and out of the line of sight of plunger
      72 before the pyrotechnic cable 32 releases the plunger. If the
      pyrotechnic cable 32 should prematurely ignite, plunger 72 would be
      released under the urging of biasing spring 76 and would move forward to
      engage and lock concentrically mounted weight 48 and thereby prevent it
      rotating downward. The disabling of the first setback element by
      preventing weight 48 from rotating, keeps the firing pin arm 54 in place
      and firing pin 28 in aperture 62 of the detonator carriage 16 and prevents
      the detonator from rotating into the armed position. Thus, the system is
      failsafe and prevents arming if the signature environments occur in
      reversed order.
PAR  We wish it to be understood that we do not desired to be limited to the
      exact details of the construction shown and described, for obvious
      modifications can be made by a person skilled in the art.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a combination of an arming mechanism, a firing pin and a detonator,
      said detonator being pivotally mounted to said mechanism to rotate in a
      first plane, said mechanism comprising:
PA1  first means responsive to the acceleration forces on said arming mechanism
      for biasing said detonator to rotate from a first position to an armed
      position;
PA1  second means adjacent said detonator for initially detaining said detonator
      from moving to said armed position; and
PA1  third means connected to said second means and pyrotechnic means for moving
      said second means out of said first plane to allow said first means to
      rotate said detonator to said armed position.
NUM  2.
PAR  2. The arming mechanism of claim 1 wherein said third means includes a
      fourth means for biasing said second means to move out of said plane and
      fifth means connected to said second means for maintaining said second
      means in said plane until said fifth means is pyrotechnically altered.
NUM  3.
PAR  3. The arming mechanism of claim 2 wherein said fourth means includes a
      first spring having said second means mounted on one end, said first means
      includes a sixth means adjacent said spring and responsive to said
      acceleration forces for allowing said first spring to flex, said first
      means includes the other end of said first spring for biasing said
      detonator.
NUM  4.
PAR  4. The arming mechanism of claim 3 wherein said firing pin includes a
      firing pin arm pivotally mounted to said mechanism at one end, a biasing
      means connected to the other end of said firing pin arm to maintain said
      arm in a cocked position, and said first spring is mounted to said firing
      pin arm.
NUM  5.
PAR  5. The arming mechanism of claim 3 wherein said sixth means includes a
      weight eccentrically mounted to a shaft, a cam means mounted to said shaft
      for initially preventing said first spring from flexing and a biasing
      means for retarding rotation of said weight, said weight rotating said
      shaft in response to a predetermined acceleration to uncam said first
      spring and allow it to flex.
NUM  6.
PAR  6. In a combination of an arming mechanism, a firing pin and a detonator,
      said arming mechanism comprises:
PA1  first means responsive to the acceleration force of said arming mechanism
      for biasing said detonator to move from a first position to an armed
      position;
PA1  second means adjacent said detonator for initially detaining said detonator
      from moving to said armed position;
PA1  third means including a pyrotechnic wire connected to said second means for
      maintaining said second means adjacent said detonator; and
PA1  fourth means for actuating said pyrotechnic wire to release said second
      means and allow said first means to move said detonator to said armed
      position.
NUM  7.
PAR  7. The arming mechanism of claim 6 wherein said fourth means is responsive
      to propellant combustion gas pressure for pyrotechnically activating said
      third means.
NUM  8.
PAR  8. The arming mechanism of claim 7 wherein said fourth means includes a
      thermal battery activated by a fifth means responsive to said propellant
      combustion gas pressure.
NUM  9.
PAR  9. The arming mechanism of claim 6 including a fifth means biased to move
      to engage said first means and restrained by said pyrotechnic wire for
      preventing activation of said first means if said pyrotechnic wire is
      activated before said first means.
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ABST
PAL  A personalized rapid transit system incorporating an interconnected network
      of rails which are supported in a predetermined three dimensional pattern.
      A plurality of vehicles which are each adapted to carry at least one
      person and have a configuration which facilitates the removable nesting of
      vehicles when not in use are provided. Connection and drive apparatus is
      on each vehicle and is connected to the network of rails so that the
      vehicle is suspended from the rail network and is guided and supported
      thereby during travel and storage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Public transportation is in a rapidly changing state. The existing systems
      have shortcomings that have been readily apparent for some time. The trend
      in development is to the personalized service vehicle on a public scale in
      order to replace the private automobile with a more efficient and
      effective means of public transportation.
PAR  With this thought in mind, trains are outmoded in that to be profitable
      they have to be too big and would run less often and serve fewer people.
      Buses present a pollution problem, are uncomfortable, and, as with the
      train, every time one person gets on or off all the passengers must wait.
      The automobile is not acceptable because of pollution, size and occupancy
      rate. Therefore, a completely new system must be found, one with units
      smaller than a car, that gives individualized service, that is
      non-polluting, inexpensive to run, and frees the driver from being tied to
      his vehicle.
PAR  One problem that exists with all transportation systems presently
      envisioned relates to storage. The storage of all vehicles not in use
      takes up an enormous amount of real estate. Railyards, parking lots, and
      bus depots all exist for the sole purpose of storing empty containers
      side-by-side or one after the other. If, on the other hand, vehicles were
      designed so that one end remains open and the units could fit into one
      another, storage would be cut down many times over.
PAC  SUMMARY OF THE INVENTION
PAR  With the above background in mind, it is a primary objective of the present
      invention to provide a personal rapid transit system with individual
      vehicles which are adapted to nest within one another for storage
      purposes. The system is to be designed for three dimensional travel to
      maximize personal service distribution.
PAR  It is envisioned that each individual unit would be a small vehicle made
      out of a strong material and desirably of single piece construction. For
      example, transportation tested plastic with reinforcement by metal rods is
      one expedient. The resultant unit would be light, and therefore the future
      guideways would also be lighter, for they would be built in proportion to
      the units using them. With weight considerations in mind, it is also of
      note that one of the heaviest parts of any rolling stock is the axle.
      Therefore, to cut down weight of the vehicle, elimination of this part
      would be advantageous. Consequently, the present design utilizes a
      monorail overhead system which eliminates the heaviest and bulkiest
      components of present transportation systems provides a container that is
      light, colorful, and vandal-proof and fits easily into one another of the
      same design. The unit can be stored in such a manner that in the space
      required by a present day car with a capacity of six people, 20 of the
      present units can be stored with a carrying capacity of 50 people.
PAR  Each vehicle or capsule is designed to maximize utilization of available
      seating space without having excess space. With this in mind, taking into
      account both technical and social considerations, the ultimate
      configuration would appear to be a unit with a two-seat capacity with the
      possibility of seating a child between the two. This would give the
      capsule a capacity of 2.5 persons, which is believed to be satisfactory
      under present conditions. Naturally, this can be varied depending upon
      changing conditions. It is also envisioned that occasionally a larger
      capacity will be required in which case the capsules can be designed so
      that two of them could interconnect for the duration of the journey. This
      would result in a temporary capacity of five per unit. The system is
      designed so that capacity is minimized to avoid problems present in
      conventional systems. A consistently larger capacity makes a more
      expensive system and a heavier system with empty seats that would
      constantly have to be transported unnecessarily. Today's automobiles have
      to carry the back seat even though the space is rarely used. The present
      design is structured to avoid that problem.
PAR  The present system is designed to be basically automatic with some control
      given to the passenger but always doublechecked by the overall controls.
      With present technology, there is no reason why the entire system cannot
      be computerized with passenger pushbuttons available to permit deviations
      in travel with the acceptance of the computerized control system.
PAR  It should also be noted that in the present system, when a unit reaches its
      destination, it is diverted to an off-line station so as not to interfere
      with any of the other vehicles using the system. Once in the system, each
      unit travels at a preselected speed from its point of origin to
      destination without slowing down or in any way interfering with any of the
      other units in operation. The system fulfills the needs of urban
      environment in that it is a four dimensional one that will serve the
      highrise resident as well as the basement living resident at any hour of
      the day.
PAR  The present system has substantially no station requirements, which further
      cuts costs. The system is designed with a no-wait capacity, there is no
      need for heavy construction and expense of hard to patrol stations. In
      essence, there will be a station wherever the people are, mainly at
      sidewalk level. Each sidewalk is already a platform above a collection of
      pipes and machinery. Once a mechanized system is presented to transport
      people, it makes no sense to have them climb up or down to where the
      machine travels. The system is designed so that it comes to the people and
      picks them up where they are, at sidewalk level, at roof level, or even
      within a building since the unit is small enough to pass right through
      window spaces.
PAR  Taxi stops can be provided which would be designed with a capacity to fill
      the requirements of a neighborhood and several cars would be assigned to
      each stop on a permanent basis. This means that when a person comes to a
      stop, he would see several units standing there. Once the passenger gets
      into the first capsule, he presses the start button and if the controls
      permit the unit would accelerate and slip into the main system.
      Appropriate buttons could be provided within the overall control to permit
      the passenger to direct the destination of the capsule.
PAR  In regard to empty units, each stop would be designed with certain unit
      capacity so that when one capsule enters the station that already contains
      the full complement of vehicles or capsules, the automatic controls would
      direct the first unit in line to leave the station and travel until it
      reaches a station that does not have a sufficient number of empty units
      whereupon it would exit and wait for a passenger at that point.
PAR  The basic configuration of the system would be of a loop to maximize travel
      in one direction only and eliminate the dead end situation. More complex
      designs could provide interconnection of several loops. Another advantage
      of the present system is in regard to shipment of freight. The capsules
      could be loaded with goods, sealed and directed under automatic controls
      to their exact destination thereby minimizing danger of pilferage. The
      system for freight shipment in this manner would be quick, efficient and
      economical.
PAR  In summary, the method and apparatus for a personalized rapid transit
      system is present. The system includes an interrconnected network of rails
      and support means to locate the rails in a predetermined three-dimensional
      pattern. A plurality of vehicles are provided with each vehicle adapted to
      carry at least one person therein and have a configuration which
      facilitates the removable nesting of vehicles when not in use. Finally,
      conductor and drive means are provided on each vehicle and connected to
      the network of rails so that the vehicle is suspended from the rail
      network and is guided and supported thereby during travel and storage.
PAR  With the above objectives, among others, in mind, reference is had to the
      attached drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1a is a schematic top plan view of the system of the invention;
PAR  FIG. 1b is a schematic front elevation view thereof;
PAR  FIG. 2 is a fragmentary perspective view of a portion of the system
      including a vehicle mounted thereon;
PAR  FIG. 3 is a fragmentary side elevation view thereof showing a plurality of
      vehicles in stacked stored condition;
PAR  FIG. 4 is a top plan view of a fragmentary portion of the system showing a
      plurality of vehicles in stacked stored condition; and
PAR  FIG. 5 is a front elevation view thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1a and 1b show system 20 in schematic form. A main route or loop 21
      is shown for main travel and a side loop or secondary rail system 22 is
      shown in connection at two separate points with loop 21. The loops are
      constructed of a supported monorail system as shown in detail in FIG. 2.
      Naturally, two rail systems or other known rail systems can be utilized in
      place of the depicted monorail system and is a matter of choice.
PAR  Side loop 22 shows the versatility of the system. Not only does it deviate
      from the main path of loop 21 but it is inclined to demonstrate the three
      dimensional feature of the system and it passes through a building 23 by
      entering one window 24 and exiting through an opposing window 25. As
      shown, the building forms a station area where a plurality of vehicles 26
      are stacked for use. A passenger in capsule 26 on line 21, by executing
      the proper control operation, can cause vehicle 26 to deviate onto path 22
      and enter building 23 through window 24. He can then press the appropriate
      button to stop the vehicle and exit therefrom at which time the vehicle
      can be stacked as shown. When someone in the building thereafter decides
      to use a vehicle or capsule 26 he enters the front vehicle of the stacked
      group and shuts the door and operates the appropriate control so that the
      vehicle passes through window 25 and from side loop 22 into the main loop
      21 and on to its desired location.
PAR  FIG. 2 shows the specific details of system 20. Rail 21 is depicted as a
      typical monorail overhead structure which is adapted to be inclined at any
      desired angle and directed in any horizontal direction. Appropriate
      supports such as upright member 27 and U-shaped grasping prong 28 are
      dimensioned and utilized so as to support the monorail in a fixed
      position. Naturally the interengagement between supports 27 and 28 and
      rail 21 can be accomplished in a conventional fashion such as welding or
      bolting the elements together.
PAR  Vehicle or capsule 26 is somewhat hemispherical in configuration with the
      forward portion 29 being more spherical than the rear portion 30. Rear
      portion 30 tapers gradually toward the rear end of capsule 26 so as to
      provide a smaller outer dimension on the rear half 30 of vehicle 26 than
      the forward half 29 of the vehicle. Extending from the top of vehicle 26
      is the drive and connector assembly 31 which includes appropriate drive
      mechanisms and also has a pair of vertically spaced engaging wheels which
      are dimensioned so as to track on rail 21. The shafts which are connected
      with wheels 32 are conventionally rotatably mounted within the drive
      housing 31 so that when wheels 32 are tracked on monorail 21, the drive
      housing 31 and capsule 26 are both suspended on monorail 21 and supported
      thereby.
PAR  Each capsule or vehicle 26 is designed for specific structural purposes.
      These details are depicted specifically in FIGS. 3-5. The enlarged
      hemispherical forward portion 29 is partially constructed of a pair of
      opposing pivotal front doors 33 and 34 respectively. The doors are
      shiftable so that their adjacent edges meet when the doors are closed
      along a central seam 35 at which point appropriate latch mechanisms can be
      utilized to keep the capsule still. Adjacent to seam 35 which is formed
      when doors 33 and 34 are in the closed position are a pair of lights 36
      mounted on the doors to facilitate operation of the vehicle at night. Each
      of the doors is hinged at the top and bottom to the remainder of the
      capsule by sliding bars 37 which are connected to the doors and are
      slidably mounted in the remainder of the capsule. Therefore when the doors
      are opened, they can be shifted rearwardly into overlapping position with
      respect to rear portion 30 of capsule 26 for a predetermined amount of
      area as depicted in FIG. 4. Sliding mechanisms 37 are of a conventional
      type which will permit the rotation of the doors as shown between the
      position indicated in FIGS. 4 and 5 and the closed position as indicated
      in FIG. 2.
PAR  The interior of vehicle 26 is basically in the form of a hollow chamber 38
      for holding the passengers. It will be noted that all the elements of
      vehicle 26 are concave in configuration to maximize the size of chamber
      38. As shown, and appropriate seat or bench 39 is placed within chamber 38
      and is mounted to the inner walls of the capsule. As discussed above, this
      seating area should be sufficient to carry at least two passengers and
      probably have a capacity of 2.5. For nesting purposes, the seat should be
      located in rear portion 30 adjacent to the tapered rear side of the
      vehicle 26.
PAR  The structure is designed so that certain expedients are present for
      storing or nesting of the capsule to minimize the space required. As
      described above, the doors 33 and 34 are shiftable back along the outer
      surface of rear portion 30 in a concentric type of arrangement to provide
      a large open front for the vehicle. Then, as shown in FIG. 3, the lower
      portion 40 of seats 39 are rotatable between the substantial horizontal
      position and a somewhat vertical position in engagement with the back
      inner wall of the capsule. This is accomplished by means of pivot point 41
      and serves to enlarge the chamber portion 38 within rear portion 30 during
      storage so that a greater portion of another vehicle can be received
      within the first vehicle. The storage position of seat 39 is depicted in
      FIG. 3 in solid lines and the operational position is depicted in dotted
      lines.
PAR  Therefore, when the doors have been opened as indicated and the seats have
      been retracted, the vehicles can be nested within one another as depicted
      in FIGS. 3-5. The only limitation on the degree of nesting resides in the
      positioning and size of the drive and connector housings 31. As shown,
      these housings are brought into abutment during storage. It can be readily
      seen how storage space is minimized by the stacking feature since a
      plurality of vehicles 26 can be stored within the same space occupied by a
      single vehicle in the operable closed position as shown in FIG. 2. For
      use, all that need be done is the seat shifted to the operable position,
      the user climb into chamber 38, takes his position in the seat, close the
      doors and push an appropriate button to advance the most forward of the
      stacked and stored vehicles.
PAR  Another feature which should be particularly pointed out is the off-set
      mounting of housing 31 with respect to capsule 26. The integral mounting
      structure 42, as shown in FIG. 5, is oriented away from the central
      forward portion of capsule 26 so as to minimize the danger of passenger
      contact with the overhead power and drive structure associated with
      housing 31.
PAR  Appropriate windows 43 are provided in the vehicle, both in the door and
      fixed portions of the capsule so as to give the maximum amount of
      visibility to the rider about a 360.degree. circumference. The windows do
      not interfere with the operation of the vehicle nor the storage
      capabilities of the vehicle.
PAR  Thus, the above objectives of the invention, among others, are effectively
      attained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A personalized rapid transit system comprising; an interconnected
      network of rails, support means to locate the rails in a predetermined
      three-dimensional pattern, a plurality of vehicles with each vehicle
      adapted to carry at least one person therein and having a configuration
      which facilitates the removable nesting of vehicles when not in use, each
      vehicle having a substantially hemispherical portion tapering from an
      enlarged open end to a rear end of lesser diameter than the opening in the
      open end, door means on the vehicle shiftable between a position closing
      the open end to a position exposing the open end and permitting at least
      the tapered rear end of another vehicle to be placed within the vehicle
      thereby permitting the vehicles to be stored partially within one another
      when not in use, and connector and drive means on each vehicle and
      connected to the network of rails so that the vehicle is suspended from
      the rail network and is guided and supported thereby during travel and
      storage.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein the rail network
      includes street level portions, inclined portions and elevated horizontal
      portions including station areas and the network being adapted for passage
      through openings in a building thereby facilitating the arrangement of the
      network of rails for a maximum variety of transportation and paths.
NUM  3.
PAR  3. The invention in accordance with claim 1 wherein the network of rails is
      a monorail system.
NUM  4.
PAR  4. The invention in accordance with claim 1 wherein the drive means and
      connector means extend from the top of each vehicle and spaced from the
      center thereof to alleviate danger of passengers coming in contact with
      the drive and connector means.
NUM  5.
PAR  5. A personalized rapid transit system comprising; an interconnected
      network of rails, support means to locate the rails in a predetermined
      three-dimensional pattern, a plurality of vehicles with each vehicle
      adapted to carry at least one person therein and having a configuration
      which facilitates the removable nesting of vehicles when not in use, the
      vehicles being stored partially within one another when not in use,
      connector and drive means on each vehicle and connected to the network of
      rails so that the vehicle is suspended from the rail network and is guided
      and supported thereby during travel and storage, a pair of adjacent doors
      being provided with each door having an outer configuration substantially
      in the shape of a spherical segment with the adjacent edges of the doors
      in abutment when the doors are closed and the distal edge of each door
      adjacent to the hemispherical portion when the doors are closed, the doors
      being pivotal to an open position wherein the doors are pivoted away from
      one another into overlapping relationship to the hemispherical portion of
      the vehicle to thereby provide an opening between the adjacent edges of
      the doors to permit entry or exit of a passenger from the vehicle and to
      facilitate nesting of one vehicle within the other.
NUM  6.
PAR  6. The invention in accordance with claim 5 wherein each vehicle has a seat
      mounted therein for use by a passenger, the seat being shiftable from a
      horizontal operating position to a substantially vertical non-operating
      position which is desirable when nesting and storage of vehicles is to be
      accomplished.
NUM  7.
PAR  7. The invention in accordance with claim 5 wherein windows are provided in
      the spherical portion of each vehicle and in the doors thereof to
      facilitate visibility for a passenger.
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ABST
PAL  A linear magnetic bearing provides magnetic support by means of permanent
      magnets and control by means of electromagnets and an electronic control
      system such that virtually zero power is required to maintain the bearing
      in suspension. Persisting net force producing electric energization of the
      electromagnets resulting from displacement of the bearing causes the
      energization to be augmented to reposition the bearing to an oppositely
      displaced position of substantial equilibrium with minimized net force
      producing electric energization of the electromagnets. The linear magnetic
      bearing is effectively utilized in one application to significantly reduce
      the power requirements for magnetic levitation vehicles.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 320,430,
      filed Jan. 2, 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a linear magnetic bearing and, more
      particularly, to linear magnetic bearings capable of virtually zero power
      magnetic suspension.
PAC  BACKGROUND OF THE INVENTION
PAR  A new breed of mass transit facilities has been created to help alleviate
      the growing world-wide transportation problem which manifests itself in
      choked highways, saturated air lanes and financially floundering
      railroads. Particular attention has been directed to tracked air cushion
      vehicles (TACVs), which are similar to the Hovercraft air cushion vehicles
      in commercial service across the English Channel, and magnetic levitation
      vehicles (MAGLEVs), which are train-like vehicles suspended over a track
      by magnetism and propelled by a linear induction motor.
PAR  The TACV is essentially a combined passenger and power unit that is lifted
      off its guideways by powerful, downward thrusting fans which create an air
      cushion to virtually eliminate friction. Such units can be propelled
      forward by one of several means over a suitable track or guideway. A
      preferred means of propelling TACVs is the virtually noiseless and
      nonpolluting linear induction motor (LIM) such as that recently
      successfully tested by the British at Erith. Other propelling methods have
      involved the use of noisy propellers. A TACV operated in France near
      Orleans straddles a center rail as its guideway and uses a turbine-driven
      propeller to supply forward thrust.
PAR  Demonstrations in Germany established the feasibility and many of the
      advantages of MAGLEVs. At the German demonstrations a five-ton car was
      suspended by electromagnets and propelled by a LIM at speeds up to 40
      miles per hour over an L-shaped experimental track. The apparatus used to
      magnetically suspend and propel the car is illustrated in FIG. 1.
      Basically, car 10 is suspended by powerful electromagnets 12 and 13 which
      face upward and pull against the underside of L-shaped rails 14 and 15.
      The rails are mounted on U-shaped brackets 16 and 17, respectively, to
      form the track or guideway. When electromagnets 12 and 13 are de-energized
      car 10 sets down against the top of the rails on skid blocks 19 and 20. A
      separate set of magnets 22 and 23 face the vertical surface of rails 14
      and 15 to provide necessary lateral guidance. Car 10 is propelled by LIM
      25 which reacts against a stationary aluminum plate (rotor) 28 to drive
      the car forward. LIM 25 is also used to apply necessary braking force to
      car 10.
PAR  Electromagnets 12 and 13 for the MAGLEV illustrated by FIG. 1 must be
      continuously activated in order to maintain suspended car 10 in the
      desired position. Very large steady state currents are required by the
      electromagnets in order to effect the necessary control. Because of the
      steady state current requirements, various inherent problems such as
      thermal problems, size and weight problems and power supply problems must
      be considered when attempting to obtain a practical self-contained
      suspension system which can be used in connection with a MAGLEV.
PAR  Alternate means, which has been proposed for magnetically suspending a
      vehicle but perhaps not constructed, is illustrated in FIG. 2 in which
      superconducting magnets 30 and 31 are suggested for suspending MAGLEV 33
      over aluminum roadway 35 and 36 by eddy current repulsion. According to
      this proposed system the magnetic field is provided by magnets 30 and 31
      which are cooled by cryogenic material, such as liquid helium 37 and 38,
      stored on board. In addition to the stored helium, gaseous helium would
      have to be refrigerated to a liquid by an onboard refrigeration system. It
      is intended that as long as the refrigeration is maintained the magnets
      should support the MAGLEV. Wheels, not shown, are proposed to be provided
      for travel at speeds 35-40 miles per hour and/or in case the refrigeration
      system should fail. A LIM with stator 39 is proposed for propelling MAGLEV
      33.
PAR  Since there is no physical contact between a MAGLEV and the roadway, other
      than collector shoes which wipe against one or more rails, the power
      rail(s) and collector shoes are the only parts which are subject to wear
      and which can cause noise. The absence of mechanical loading means that a
      minimum of track maintenance is required. Another distinct advantage of
      the MAGLEV is its safety. The magnetic suspension system can be designed,
      as in FIG. 1, to lie beneath the track to help prevent derailment in the
      event of a crash.
PAR  MAGLEVs require less power and are generally quieter than TACVs. Although
      electromagnetic suspension systems require only about one-seventh the
      power needed by Hovercraft type vehicles, electromagnetic suspension
      systems still require a great amount of electric power for magnetic
      support. Accordingly, one of the principal problems with electromagnetic
      suspension systems designed for MAGLEVs has been the need for devising a
      way of continually supplying the correct amount of electromagnetic force
      to keep the system properly positioned. The required electromagnetic force
      varies with changes in vehicle load, speed, centrifugal force built up on
      curves, and the like. Cryogenic magnet systems proposed for suspending
      MAGLEVs offer theoretical direct electrical power advantages but entail
      disadvantages in other respects. The cryogenic systems for such vehicles
      require large amounts of power to operate the cooling system which must
      maintain the liquid helium at a temperature of about 4.degree.K.
PAR  The revolutionary development of a magnetic suspension system requiring
      virtually zero power, as set forth in copending Lyman application Ser. No.
      317,047, filed Dec. 20, 1972 now U.S. Pat. No. 3,860,300, has made it
      possible to develop a virtually zero power linear magnetic bearing which
      can be used to support MAGLEVs.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide improved and more
      efficient magnetic levitation vehicles.
PAR  Another object of the present invention is to provide a linear magnetic
      bearing capable of magnetic support using permanent magnets and an
      electronic control system in such a manner that virtually zero power is
      required for the system under its steady-state conditions.
PAR  A further object of the present invention is to eliminate linear magnetic
      damping with respect to magnetic levitation vehicles by the use of rails
      which prevent the formation of eddy currents.
PAR  Still a further object of the present invention is to provide an economical
      and practical magnetic levitation vehicle.
PAR  Yet another object of the present invention is to provide a system of
      virtually zero power linear magnetic suspension.
PAR  In accordance with the present invention, a virtually zero power linear
      magnetic bearing is provided using permanent magnets and an electronic
      control system for regulating electromagnets. The electronic control
      system functions to move the linear magnetic bearing to a neutral force
      position where power supplied to the electromagnets of the bearing is then
      substantially reduced or discontinued. Such linear magnetic bearings can
      advantageously be used to suspend magnetic levitation vehicles. An
      economical and practical MAGLEV can be operated by utilizing linear
      magnetic bearings for suspension, particularly when a LIM and laminated
      rails are used.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other and further objects, advantages and features of the invention will be
      apparent to those skilled in the art from the following detailed
      description thereof, taken in conjunction with the accompanying drawings,
      in which:
PAR  FIG. 1 is a highly schematic drawing of a prior art MAGLEV which utilizes
      electromagnets for suspension and a LIM for propelling the MAGLEV forward,
      part of the track being shown in cross-section;
PAR  FIG. 2 is a highly schematic drawing illustrating a proposed MAGLEV which
      would use superconducting magnets to magnetically suspend the MAGLEV above
      an aluminum guideway and a LIM for propulsion, the aluminum guideway and
      an aluminum thrust rail for the linear induction motor being shown in
      cross section;
PAR  FIGS. 3A and 3B are highly schematic drawings of the side and end views,
      respectively, of a virtually zero power linear magnetic bearing in
      accordance with the present invention;
PAR  FIG. 4 is a graphical representation of the forces involved in a virtually
      zero power linear magnetic bearing;
PAR  FIGS. 5A and 5B are highly schematic drawings of the end and side views,
      respectively, of a MAGLEV which utilizes virtually zero power linear
      magnetic bearings in accordance with the present invention;
PAR  FIG. 6 is a highly schematic partial drawing illustrating an alternative
      embodiment of a rail for virtually zero power linear magnetic bearings;
PAR  FIG. 7 is a diagram of an electronic control system for virtually zero
      power linear magnetic bearings of the present invention; and
PAR  FIG. 8 is a diagram illustrating an alternative integrating circuit which
      can be used in the electronic control system of FIG. 7.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The virtually zero power linear magnetic bearing (VZPLMB) in accordance
      with the present invention is unique with respect to other magnetic
      systems in that it requires virtually zero power for controlled magnetic
      suspension under steady-state conditions. A typical configuration of a
      VZPLMB is illustrated in FIGS. 3A and 3B. As seen in these figures, the
      VZPLMB comprises a laminated steel rail 40 in a fixed, substantially
      horizontal position. Under the rail are permanent magnets 42 and 43. Force
      coils 44-44, which can comprise a winding around two magnet poles, are
      positioned directly over magnets 42 and 43 on the opposite side (top) of
      rail 40. In addition, at least one auxiliary force coil 45 is positioned
      below rail 40 adjacent to permanent magnets 42 and 43. A rate sensor 47,
      consisting of permanent magnet 48 and rate sensor coil 49 surrounding
      magnet 48, is shown above rail 40 and serves to sense the rate of upward
      and downward movement of the bearing. If desired, this rate sensor could
      be positioned below rail 40. Care should, however, be exercised in the
      separation of the rate sensing coil from the force coils in order to
      minimize inductive coupling. As magnet 48 moves nearer the ferrous
      material of rail 40 a voltage is developed in coil 49. This voltage is
      proportional to the relative velocity of the approach to the ferrous
      material and will have a polarity dependent upon the direction of the
      relative velocity or rate of change of distance between rail 40 and magnet
      48. The bearing can be maintained such that the gap between rate sensor 47
      and rail 40 is approximately one-quarter to one-half inch.
PAR  Permanent magnets 42 and 43 are attracted to rail 40. Upward acceleration
      caused by all of the forces acting on the bearing, including the
      attraction of these magnets to steel rail 40, is sensed by rate sensor 47
      which through an electronic control system, described hereinbelow,
      energizes force coils 44--44 sufficiently to cause an opposite downward
      force. The upward acceleration is thereby canceled and the downward force
      is applied until a new neutral force position is achieved where magnetic
      support is provided solely by permanent magnets 42 and 43. Similarly,
      force coil 45 is energized to cancel any downward acceleration of the
      bearing and achieve a new neutral force position in the opposite
      direction.
PAR  Without the presence of the electronic control system the magnetic
      attraction of permanent magnets 42 and 43 could cause these magnets to
      come into contact with rail 40. Accordingly, displacement sensor 50,
      comprising lamp 51 and photocell 52, is employed to sense the position of
      rigid frame 54 to which force coils and magnets are attached. Displacement
      of permanent magnets 42 and 43 toward the rail, as sensed by sensor 50,
      causes a high current to be applied to force coils 44--44 and/or less
      current to be applied to coil 45. Once suspended, rate sensor 47 will
      sense acceleration up or down and feed this information back to an
      electronic control system in order to activate or deactivate force coils
      44--44 differentially relative to force coil 45 (as required) to nullify
      the acceleration and achieve a new neutral position. If desired, the
      displacement input component to the force coils can be discontinued once
      the bearing has attained a new neutral force or zero acceleration
      position. The force coils are then regulated by supplying the rate
      component to the biased electronic control system of the bearing.
PAR  Under steady state conditions, two equal forces exist in theory. The force
      of gravity exists in a downward direction and this must be canceled by the
      upward force of the permanent magnets. Force coils are used to maintain
      the suspended body in a position with respect to rail 40 of neutral force
      or zero acceleration. One manner of accomplishing this is by
      super-imposing an integrated control signal bias on each amplifier used in
      the electronic control system. Thus, the differential force of the force
      coils can be adjusted to increase much more steeply than that necessary to
      restore stability of the overall bearing. These force coils can be so
      regulated to control the velocity of the bearing, reduce the velocity to
      zero and even reverse the direction of the bearing until it is once again
      coincident with a neutral force or zero acceleration position. At the new
      neutral force or zero acceleration position the force coils are not needed
      since the permanent magnets exactly counter the gravitational forces and
      other forces involved. Once the bearing has been properly positioned in a
      neutral or zero force position virtually zero power is required to
      maintain it in that position. The only power then being dissipated is the
      quiescent power in the electronic control system. This means that
      relatively large amounts of power are used in the force coils only when
      the bearing moves away from a neutral or zero net electro-magnetic force
      position or the steady-state conditions are otherwise interrupted.
PAR  The concept involved can be visualized by referring to FIG. 4 in which
      displacement (on the X-axis) is plotted against force (on the Y-axis). In
      FIG. 4 curve PM represents the net force of the permanent magnets and line
      EM1 represents the net force of the electromagnets. The initial slope of
      line EM1 is much greater than the initial slope of curve PM in order that
      a linear magnetic bearing can be maintained within practical limits
      (represented by dashed lines LL and RL). If the linear magnetic bearing is
      not kept within the limit represented by dashed line RL it might reach
      line R where the displacement is such that the gap between the rail and
      the linear magnetic bearing becomes zero and contact between rail and
      bearing is made. At that point the linear magnetic bearing is no longer
      magnetically suspended. The right limit represented by dashed line RL can
      be selected to be the point where the distance between the rail and the
      linear magnetic bearing is a gap of about one-sixteenth of an inch. The
      left limit represented by dashed line LL can be selected by practical
      considerations to be the location where the gap between the rail and the
      linear magnetic bearing is five-eighths of an inch. For the purpose of the
      graphical representation set forth in FIG. 4 the normal position of the
      linear magnetic bearing is selected to be point A at which a gap between
      the linear magnetic bearing and the rail is approximately three-eighths of
      an inch.
PAR  If it is assumed that the only downward forces exerted on the linear
      magnetic bearing are forces of gravity represented by vector F.sub.1, then
      the upward and opposing force of the permanent magnets as indicated by
      force vector F.sub.1 would exactly counteract force vector F.sub.2 at
      position A. Other forces, however, may act upon the linear magnetic
      bearing. Such forces include additional weight applied to the linear
      magnetic bearing, centrifugal force, and the like. For example, if
      additional force represented by dotted force vector F.sub.3 is added to
      the downward force represented by force vector F.sub.1 the linear magnetic
      bearing would tend to move toward point B. Movement in this direction,
      however, would immediately bring an electromagnetic restoring force into
      play in order to counteract the displacement. If the linear magnetic
      bearing ever reached point B a restoring force of the electromagnets
      represented by vector F.sub.4 (many times greater than the force
      represented by vector F.sub.3) would be acting upon the linear magnetic
      bearing. Due to the slope of line EM1 the restoring force opposing
      displacement along the x axis is such that the rate of displacement can be
      slowed and reduced to zero. As the force causing displacement (represented
      by vector F.sub.3) continues, the biased electromagnet system causes the
      linear magnetic bearing to move to a new (oppositely displaced) zero or
      neutral force position C where the force represented by vector F.sub.5 is
      equal and opposite to the combined downward force represented by vectors
      F.sub.1 and F.sub.3. Upon reaching the new zero or neutral force position
      C, line EM2 (passing through point D) would represent the new net force
      contribution of the electromagnets as a function of displacement relative
      to that new zero force position. Accordingly, at position C the opposing
      forces are once again balanced and the electromagnets are not required to
      make any major net force contribution until some new force causes
      displacement from the new zero or neutral force position. Under such
      conditions, virtually zero power linear magnetic suspension is achieved.
      This description is applicable to a single one of the plural bearing
      units.
PAR  A steel backing plate, such as plates 56 and 57 (see FIGS. 3A and 3B), can
      be used as illustrated in connection with magnets 42 and 43 to increase
      the force of those magnets. Rail 40 is laminated or made of ferrite
      material to prevent eddy current damping. The laminations are made
      parallel to the magnetic field much like a transformer. This means that
      magnetic friction is substantially eliminated, a fact that is of a
      particular importance when the VZPLMB is used in connection with a MAGLEV.
      Due to the fringing effect of the permanent magnets sideway control is
      passive. Nevertheless, if desired, separate magnets can be used to effect
      lateral guidance.
PAR  Referring to FIGS. 5A and 5B, which are schematic illustrations, not to
      scale, a MAGLEV for transporting people is illustrated employing the
      VZPLMB of the present invention. FIG. 5B is a side view of the front and
      rear portions of the right side of vehicle 60 illustrated in FIG. 5A.
      Vehicle 60 can be propelled by LIM 62, energized via shoes contacting
      power rails (not shown). LIM 62 comprises a linear inductive polyphase
      motor field unit which induces current in a conductive ribbon (like a
      rotor) to create the desired interaction with current loops tending to be
      induced and moved rearward in the ribbon whereby forward thrust is
      imparted to the vehicle. In order to support a vehicle large enough for
      transporting people very powerful permanent magnets 64 and 65 are
      required. For example, samarium cobalt or other rare earth permanent
      magnets can be used together with relatively small gaps between the rails,
      permanent magnets and force coils. The supporting force for 1 cubic foot
      of samarium cobalt magnetic material is 20,000 pounds at a gap of
      one-quarter inch. For a vehicle which weighs 5 tons designed to carry a
      load weighing  5 tons, one preferred configuration is to have each
      samarium cobalt magnet approximately 1 inch thick by 1 foot wide by 11/2
      feet long with a 1/8 inch steel backing plate (e.g., plates 67 and 68). It
      is also desirable that the steel backing overhang the magnetic material by
      at least one-half inch. It has been found that use of such a backing plate
      can double the force of the magnet.
PAR  FIG. 5A also illustrates the location of force coils 70 and 71 and their
      relationship to laminated rails 72 and 73, which are mounted on
      non-magnetic support posts 75 and 76. The VZPLMB control electronics are
      present in locations 78 and 79.
PAR  While the schematic illustration of FIG. 5A shows the use of skid plates
      80--80 for use when vehicle 60 is at rest, it will be understood that any
      suitable system, such as a system using wheels, can be used to maintain
      the vehicle at a prescribed height when at rest. Extremely high starting
      power would be required by the electronic control system if the permanent
      magnets were allowed to come in contact with the rails. The force of the
      electromagnets with an open gap would have to exceed the force of the
      permanent magnets with a closed gap. Although not impossible, this force
      level would be difficult to achieve. Accordingly, skid plates 80--80 can
      be set to prevent the gap from becoming zero. Such skid plates or fixed
      wheels reduce the starting power which would otherwise be required.
PAR  Referring to FIG. 5A, in particular, it will be seen that not only are
      rails 72 and 73 laminated but also permanent magnets 64 and 65 are
      laminated. Lamination with respect to permanent magnets 64 and 65 can be
      made up of alternate layers of magnetic and non-magnetic material. If
      desired, the alternate layers of non-magnetic material in the permanent
      magnets can be made to correspond to alternate layers of non-magnetic
      material in the rails. Advantageously, the laminated rails are made
      slightly wider than the permanent magnets to help prevent sideward
      movement.
PAR  Separate control systems can be utilized in conjunction with the rail
      system to maintain vehicle 60 in a center position as it moves lineally.
      As seen in FIGS. 5A and 5B, separate virtually zero power control systems
      comprising permanent magnets 82, 83, 84, 85 and 86, electromagnets 88 and
      89, displacement sensor 90, sensing coils 92 and 93, rail extension 94,
      and laminated rail extensions 95 and 96 can be used to counteract forces
      in a sideward direction. For the sideway control, two servo-operated
      control units suffice, one at or near each end of the vehicle 60. The
      sideway control at the front of vehicle 60 as seen in FIG. 5A includes
      unit 82 arranged to exert pull to the left and units 83 and 84 arranged to
      exert pull to the right, together with the displacement sensor 90 and rate
      sensor 92. The rate sensor coil 92 and displacement sensor 90 function in
      a manner similar to that described previously in connection with sensor
      coil 49 and displacement sensor 50, respectively, of FIGS. 3A and 3B. In
      other words, rate sensor coil 92 develops a voltage proportional to the
      relative velocity at which the front end of vehicle 60 approaches or moves
      away from laminated rail extension 96, with a polarity dependent upon
      direction of movement. Displacement sensor 90 utilizes a lamp and
      photocell arrangement 91 affixed to vehicle 60 to sense the position of
      rail extension 94. A similar displacement sensor (not shown) is at the
      rear of vehicle 90. The control circuitry for maintaining the front end of
      vehicle 60 at a neutral or zero force position between laminated rail
      extensions 95 and 96 can be substantially identical with that shown in
      FIGS. 7 and 8, one power amplifier 133 regulating the force coil winding
      adjacent unit 82 on the left side of vehicle 60 as seen in FIG. 5A, and
      the other power amplifier 135 regulating the force coil winding of
      electromagnet 88. One set of servo electronics is thus used to regulate
      the force coils at the front of the vehicle, i.e., for electromagnet 88
      and its opposite counterpart (not shown), and an independent circuit is
      used to regulate electromagnet 89 and its opposite counterpart (not shown)
      at the rear of vehicle 60. When a neutral force position is achieved at
      the front of the vehicle, for example, the attraction of the permanent
      magnets, including permanent magnet 83, toward laminated rail member 95
      counteracts the attraction of the opposite permanent magnets 83 and 84
      toward laminated rail member 96. It will be understood that each side of
      the vehicle will be substantially the same and have a similar number and
      placement of permanent and electromagnets near each corner. The
      electromagnets and their control amplifiers responsive to the respective
      sensors so superimpose their action on the sideway permanent magnets as to
      overcome the inherent instability of permanent magnets used alone.
      Furthermore, when a sideway force is encountered, such as rounding an
      unbanked or insufficiently banked curve, the electromagnets of the control
      systems are called on extensively to maintain the position of the vehicle,
      in accordance with the above-described VZP principle. Moreover, the
      inherent damping of the system (vertically and horizontally) reduces sway
      and bounce due to any unevenness in the guideway or change in load. The
      vertical rails are laminated similarly to the horizontal rails to reduce
      eddy current losses.
PAR  Advantageously, the weight-supporting linear magnetic bearings are mounted
      on vehicle 60 by means which will allow the gaps between rails and
      permanent magnets to be as narrow as practicable, thereby producing the
      greatest lifting power in relation to size and strength of magnet units.
      One embodiment for accomplishing this and taking into account possible
      unevenness in the rails is illustrated in FIGS. 5A and 5B involving coil
      springs 98, 99, 100, 101 and 102 and hinged members 104, 105, 106 and 107.
      By employing such a spring system, preferably with viscous dampers, such
      as hydraulic shock absorbers, to overcome problems caused by unevenness in
      the track, for example, the permanent support magnets in each support unit
      can be maintained quite close to the track in an optimum position.
PAR  To obtain maximum lifting power the rail system could be designed as
      illustrated in FIG. 6 where multiple permanent magnets 110, 111 and 112
      are positioned relative to laminated rail members 115, 116 and 117,
      respectively, supported by member 119 which is constructed of a
      nonmagnetic material. One advantage of the arrangement set forth in FIG. 6
      is the fact that the size of the permanent magnets can be reduced.
PAR  FIG. 7 illustrates, in block diagram form, one embodiment of a VZPLMB
      electronic control system. The outputs of the displacement and rate
      sensors 121 and 123 are added in series. These outputs are respectively
      dependent in magnitude and polarity on the displacement up or down (or
      from one side to the other) from the predetermined median magnetic gap and
      on the rate of change of the displacement. Assuming that switches SW1 and
      SW2 were open, the control of non-inverting amplifiers 125 and 127 would
      be solely in accordance with their respective halves of the algebraic sum
      voltage from the sensors, established across resistors 129 and 131,
      respectively. The outputs of noninverting amplifiers 125 and 127 control
      the input of the power amplifiers 133 and 135, respectively, which
      regulate the energization of the coils of the upward and downward (or left
      and right) force-exerting electromagnets, respectively.
PAR  Amplifiers 125 and 133 are so arranged as to provide energization of each
      of the force coil windings 149 which increases as the output from the
      displacement sensor 121 responds to increase of the gap of the suspension
      magnets from the predetermined gap thereof. In accordance with well-known
      practice, this output from the displacement sensor 121 is augmented by
      series-aiding output of the rate sensor 123 when the displacement from the
      predetermined median gap is increasing, and is diminished or overcome by
      the rate sensor output when the opposite rate of change prevails.
      Amplifiers 127 and 135 are primarily responsive to the opposite
      displacement from the median condition (displacement to a smaller than
      desired gap of the permanent magnets).
PAR  The virtually zero power contribution is provided by the integrator
      circuits shown as consisting in each instance of a series resistor and a
      shunt capacitor, the integrator associated with amplifier 125 including
      elements 137 and 139 and the other integrator including elements 141 and
      143. Output potentiometers 145 and 147 participate along with the
      capacitors 139 and 143 in establishing the substantial time constants of
      the integrators, and also allow for setting the integrator outputs in
      proportion to the input signal potentials.
PAR  If the integrator contributions were switched off by leaving switches SW1
      and SW2 open, the system would impose heavy demands on the electromagnets
      and their sources of control currents. Any persisting departure of the
      forces from ideal design conditions could require the substantial
      persisting energization of each up force coils and/or each down force coil
      (left force coil and/or right force coil) of the suspension control
      electromagnets.
PAR  In accordance with the virtually zero power principle, the circuits through
      SW1 and SW2 are completed, and the amplifiers 125 and 127 are so arranged
      and their outputs so sensed that a signal at the input of amplifier 125
      due to downward movement (for example) of the suspended vehicle bearing
      unit from the predetermined median position is augmented by an aiding
      output of integrator 137, 139 and potentiometer 145. This so enhances and
      extends the energization of each up force coil as to move the bearing unit
      up through the neutral gap position to the opposite displacement condition
      represented schematically at D accompanied by force vector F.sub.5 in FIG.
      4, so as to shift to the permanent magnet portion of the suspension unit
      the burden of offsetting the increased downward-acting force represented
      by vector F.sub.3 of FIG. 4.
PAR  A similar control circuit is to be provided for each bearing unit used for
      vertical control. The amplifiers for the system are constructed such that
      they provide a wide band of response.
PAR  Another version of an integrator for achieving the virtually zero power
      effect is shown in FIG. 8. In this instance, an amplifier 153 is provided
      with a feedback path from its output terminal to its input terminal
      consisting of a resistor 155 and a capacitor 156 connected in parallel
      with the resistor, one resistor terminal being connected to the amplifier
      output connection and the other resistor terminal being connected to the
      amplifier input connection. This amplifier 153 is a phase inverting
      amplifier and in a steady state condition the resistance path from the
      output to the input terminal provides a predetermined limited amount of
      inverse feedback.
PAR  When the input signal received at the right side of series resistor 158
      connected to the input to this amplifier changes appreciably (e.g., rises
      1 volt) and that condition persists a long time, the resistor and
      capacitor feedback path will limit the amount by which the output voltage
      has increased in the opposite polarity by an amount determined by the
      resistance component of said feedback path. But with respect to shorter
      term effects, the fact that the voltage across the capacitor cannot
      immediately change prevents the voltage at the direct input terminal of
      the amplifier (i.e., at the left hand end of the series input resistor
      158) from changing appreciably, restricting the change to a long term
      integrating action, and hence similarly restricting the change of the
      output of the amplifier 153 which is supplied as the integration component
      to inverting amplifier 1'.
PAR  This circuit of FIG. 8 can be used to replace the
      integrator-amplifier-force coil arrangement shown in FIG. 7 by making an
      appropriate attachment at point A, a pair of the FIG. 8 integrators being
      used per servo.
PAR  From the foregoing, it will be seen that this invention is well adapted to
      obtain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the system.
      In addition to its lower operating cost and better performance, the VZPLMB
      permits MAGLEVs to be constructed with all of the inherent advantages of
      such vehicles, including high-speed, safe, silent transportation. Although
      the magnets required for the VZPLMBs are initially expensive they are
      durable. Moreover, the magnets do not have air or noise pollution
      drawbacks in fact that makes such bearings ideal for MAGLEVs in urban
      areas.
PAR  As indicated above, a LIM having flat stator windings, instead of
      cylindrical windings as in a conventional motor, results in a magnetic
      field which moves in a straight line rather than in a circle. This induces
      the corresponding currents in a plate and imparts linear thrust to coils
      in a MAGLEV. Because of the particular construction of the rails for the
      VZPLMB, there is little magnetic friction to resist forward movement of a
      MAGLEV. Wind resistance and the operation of the LIM in reverse can be
      used to slow a MAGLEV down and effectively brake the vehicle. For
      emergencies, the vehicle can be operated on skids or wheels.
PAR  The permanent magnets utilized for the VZPLMB can constitute a single
      magnet or a number of magnets in any desired configuration. Provided the
      magnetic force is sufficiently great to oppose the gravitational force, it
      is obviously immaterial whether one or several magnets are employed. In
      addition to samarium cobalt other materials such as platinum cobalt can be
      used. Rare earth magnets can conveniently be designed as R Co magnets, it
      being understood that R includes not only 15 elements of atomic numbers 57
      (lanthanum) through 71 (lutetium), but also their close chemical kin such
      as yttrium (atomic number 39) and scandium (atomic number 21). In
      addition, Sm Co.sub.5.sub.-x Cu.sub.x (where x = 1 to 4) magnets as well
      as other ternary compositions can be employed, including: Co Sm Pr; Co Cu
      Ce; Co La Sm and the like. In some instances mischmetal, the cerium rich
      rare earth alloy having the nominal composition 50 wt. % Ce, 27 wt. % La,
      16 wt. % Nd, 5 wt. % Pr and 2 wt. % other rare earth metals, has been
      substituted for Sm in order to reduce costs. In some instances permanent
      magnets composed of Alnico 8 and other similar materials can be employed,
      especially when specially designed configurations are employed. Although
      emphasis has been placed on the use of permanent magnets in order to
      conserve power, electromagnets or supercooled magnets could be used in
      conjunction with the permanent magnets if desired. For example, additional
      electromagnets could be employed in conjunction with the permanent magnets
      when moving the bearing from an initial rest position to a zero or neutral
      force position where the force of the permanent magnets counteracts other
      forces applied to the bearing. However, as indicated above, in order to
      achieve suspension approaching zero power as a limit in accordance with
      the present invention, electromagnets have their steady-state
      contributions used primarily for control purposes.
PAR  Although two rails have been illustrated in the drawings it will be
      understood that the linear magnetic bearings of this invention could be
      used with only one rail, i.e., a monorail.
PAR  An alternative method which can be used for sensing the rate of
      displacement is an oscillator having a tank circuit coil placed near the
      steel rail. As the oscillator coil moves toward or away from the rail, the
      inductance of the coil changes giving corresponding change of the
      oscillator frequency
      ##EQU1##
      where L is total inductance in millihenrys and C is total capacity in
      micro-farads. The frequency to voltage converter will then provide a
      voltage proportional to the rate of displacement.
PAR  Still another method of sensing the rate of displacement is to use a small,
      low power laser which when reflected off the rail would provide a measure
      of the displacement by the Doppler Effect. This type of system is used in
      industry to measure distances very accurately and would be immune to
      magnetic interference.
PAR  Obviously, many other modifications and variations of the invention as
      hereinbefore set forth may be made without departing from the spirit and
      scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic levitation vehicle, which vehicle comprises:
PA1  linear magnetic bearing means for suspending said vehicle; and
PA1  means for propelling said vehicle along a guideway;
PA0  wherein said linear magnetic bearing means comprises a frame for the linear
      magnetic bearing which frame is connected to the magnetic levitation
      vehicle to permit limited movement of the frame indepdent of said vehicle,
      said bearing frame at least partially surrounding a stationary element of
      said guideway;
PA1  at least one permanent magnet attached to the bearing frame for suspending
      the bearing frame relative to said stationary element in a neutral force
      position in which the bearing frame is suspended entirely by the permanent
      magnet;
PA1  means for sensing displacement of the suspended bearing frame relative to
      the stationary element away from the neutral force position; and
PA1  electromagnet means attached to the bearing frame activated by said sensing
      means for counteracting forces causing displacement of the suspended
      bearing frame, for restoring the bearing frame to a new neutral force
      position and for deenergizing the electromagnet means when said bearing
      frame has been restored to said new neutral force position.
NUM  2.
PAR  2. The magnetic levitation vehicle of claim 1 wherein the bearing frame is
      connected by a spring to the magnetic levitation vehicle.
NUM  3.
PAR  3. The magnetic levitation vehicle of claim 1 wherein the bearing frame is
      hinged to the magnetic levitation vehicle.
NUM  4.
PAR  4. A linear magnetic bearing, which comprises:
PA1  a frame for the linear magnetic bearing, said bearing frame at least
      partially surrounding a stationary element;
PA1  at least one permanent magnet attached to the bearing frame in a position
      for suspending the bearing frame relative to the stationary element in a
      neutral force position in which the bearing frame is suspended entirely by
      the permanent magnet;
PA1  means for sensing displacement of the suspended bearing frame relative to
      the stationary element; and
PA1  electromagnet means energized by said sensing means for counteracting
      forces causing displacement of the suspended bearing frame, for restoring
      the bearing frame to a new neutral force position and for de-energizing
      said electromagnet means when said bearing frame has been restored to said
      new neutral force position.
NUM  5.
PAR  5. The linear magnetic bearing of claim 4 wherein the stationary element is
      a laminated rail.
NUM  6.
PAR  6. The linear magnetic bearing of claim 4 wherein the stationary element is
      a ferrite rail.
NUM  7.
PAR  7. The linear magnetic bearing of claim 4 wherein the means for sensing
      displacement of the suspended bearing frame relative to the stationary
      element includes means for sensing velocity of movement of the bearing
      frame.
NUM  8.
PAR  8. The linear magnetic bearing of claim 4 wherein the permanent magnet is
      laminated and composed of alternating magnetic and nonmagnetic layers.
NUM  9.
PAR  9. The linear magnetic bearing of claim 4 wherein the permanent magnet has
      a metal backing plate.
NUM  10.
PAR  10. A magnetic levitation vehicle, which vehicle comprises:
PA1  linear magnetic bearing means for suspending the magnetic levitation
      vehicle; and
PA1  means for propelling the magnetic levitation vehicle along a quideway;
PA0  wherein said linear magnetic bearing means comprises
PA1  a frame for the linear magnetic bearing, said bearing frame at least
      partially surrounding a stationary element of said guideway;
PA1  at least one permanent magnet attached to the bearing frame in a position
      for suspending the bearing frame vertically relative to the stationary
      element of said guideway in a neutral force position in which the bearing
      frame is suspended entirely by the permanent magnet;
PA1  means for sensing vertical displacement of the suspended bearing frame
      relative to the stationary element of said guideway; and
PA1  electromagnet means energized by said sensing means for counteracting
      forces causing vertical displacement of the suspended bearing frame, for
      restoring the bearing frame to a new neutral force position and for
      de-energizing said electromagnet means when said bearing frame has been
      restored to said new neutral force position.
NUM  11.
PAR  11. The magnetic levitation vehicle of claim 10 wherein the means for
      propelling said vehicle along a guideway is a linear induction motor.
NUM  12.
PAR  12. A magnetic levitation vehicle which comprises:
PA1  a linear induction motor for propelling said vehicle along at least one
      rail; and
PA1  linear magnetic bearing means for suspending said magnetic levitation
      vehicle, said bearing comprising a frame for the linear magnetic bearing,
      said bearing frame at least partially surrounding a rail;
PA1  at least one rare earth permanent magnet attached to the bearing frame in a
      position for suspending the bearing frame relative to the rail in a
      neutral force position in which the bearing frame is suspended entirely by
      the rare earth permanent magnet;
PA1  means for sensing displacement of the suspended bearing frame relative to
      the rail;
PA1  electromagnet means energized by said sensing means for counteracting
      forces causing displacement of the suspended bearing frame, for restoring
      the bearing frame to a new neutral force position and for de-energizing
      said electromagnet menas when said bearing frame has been restored to said
      new neutral force position.
NUM  13.
PAR  13. The magnetic levitation vehicle of claim 12 wherein both the permanent
      magnet and rail are laminated and composed of alternate magnetic and
      nonmagnetic layers.
NUM  14.
PAR  14. The magnetic levitation vehicle of claim 12 wherein a steel backing
      plate is attached to each permanent magnet.
NUM  15.
PAR  15. A magnetic levitation vehicle, which vehicle comprises:
PA1  linear magnetic bearing means for suspending said vehicle; and
PA1  means for propelling said vehicle along a guideway having stationary
      vertical and horizontal extensions;
PA0  wherein said linear magnetic bearing means comprises a frame for the linear
      magnetic bearing which frame is connected to the magnetic levitation
      vehicle to permit limited movement of the frame independent of said
      vehicle, said bearing frame at least partially surrounding the stationary
      horizontal extention of said guideway;
PA1  at least one permanent magnet attached to the bearing frame for suspending
      the bearing frame relative to said stationary horizontal guideway
      extension force position in which the bearing frame is suspended entirely
      by the permanent magnet;
PA1  means for sensing displacement of the suspended bearing frame relative to
      the stationary horizontal guideway extension away from the neutral force
      position;
PA1  electromagnet means attached to the bearing frame activated by said sensing
      means for counteracting forces causing displacement of the suspended
      bearing frame, for restoring the bearing frame to a new neutral force
      position and for de-energizing the electromagnet means when said bearing
      frame has been restored to said new neutral force position relative to the
      horizontal guideway extension;
PA1  at least one permanent magnet attached to the vehicle for suspending the
      vehicle relative to said stationary vertical guideway extension in a
      neutral force position;
PA1  means for sensing displacement of the vehicle relative to the stationary
      vertical guideway extension away from the neutral force position; and
PA1  electromagnet means attached to the vehicle activated by said means sensing
      vehicle displacement relative to the stationary vertical guideway
      extension for counteracting forces causing such displacement of the
      vehicle, for restoring the vehicle to a new neutral force position
      relative to the stationary vertical guideway extension and for
      de-energizing the electromagnet means attached to the vehicle when said
      vehicle has been restored to said new neutral force position relative to
      the stationary vertical guideway extension.
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ABST
PAL  A magnetic-suspension or levitation vehicle comprises a track having a
      plurality of substantially continuous rails cooperating with respective
      systems upon the vehicle, e.g. a reaction rail cooperating with a linear
      induction motor, a contact rail cooperating with shoes for delivering
      current to or electrically connecting the vehicle to a central station, an
      armature rail for a magnetic suspension and/or guide arrangement etc.; at
      least two and preferably all of the rails are mounted upon common supports
      which, in turn, are anchored to the track structure at spaced locations
      along the vehicle path. Thus the relative positions of the rails can be
      established in a factory and the prefabricated rail assembly erected at
      the track site as a unit.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a division of Ser. No. 378,966 filed July 13,
      1973, now U.S. Pat. No. 3,882,790, and is related to the following
      commonly assigned copending applications filed by one or more of the
      present applicants alone or with others and disclosing various details of
      a magnetic-levitation system for vehicles. These applications include
      applications Ser. No. 268,133 filed June 3, 1972 (now U.S. Pat. No.
      3,797,403), Ser. No. 280,073 filed Aug. 11, 1972 (now U.S. Pat. No.
      3,780,668), and Ser. No. 280,074 filed Aug. 11, 1972, all of which deal
      with electromagnetic suspension and lateral guide systems for such
      vehicles; applications Ser. No. 292,173 filed Sept. 25, 1972 (now
      abandoned) and Ser. No. 292,638 filed Sept. 27, 1972 (now U.S. Pat. No.
      3,804,997), both of which deal with contact-rail assemblies for providing
      electrical communication between such a vehicle and the track; application
      Ser. No. 297,035 filed Oct. 4, 1972 which describes sensing arrangements
      for maintaining a predetermined gap between the armature rails and the
      magnetic suspension and guide systems; application Ser. No. 324,150 filed
      Jan. 16, 1973 (now U.S. Pat. No. 3,820,472) and dealing with linear
      induction motors for propelling such vehicles; and applications Ser. No.
      324,131, Ser. No. 324,135 and Ser. No. 324,151, all filed Jan. 16, 1973
      and dealing with magnetic-suspension track systems in general.
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PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a rail system for a magnetic-suspension or
      levitation vehicle and, more particularly, to improvements in the
      arrangements of the continuous rails of such systems and the track
      structure.
PAC  BACKGROUND OF THE INVENTION
PAR  As described in the aforementioned copending applications in general terms
      or specifically, recent requirements for urban, intraurban or interurban
      transport in a manner which does not significantly affect the environment,
      have directed considerable attention to high-speed vehicle systems in
      which a vehicle is displaced along a track. It has long been a problem in
      vehicle-and-track systems that the speed of a wheeled vehicle is limited
      by friction, both at the location at which the wheel engages the track and
      at the location at which the wheel is journaled on the vehicle.
PAR  In addition to frictional losses and limitations, the direct mechanical
      support systems using wheels and the like are highly susceptible to wear
      and breakdown. Hence attention has focussed upon levitation-type vehicles
      in which frictional engagement between the track and the vehicle is
      minimized or eliminated altogether. A magnetic-suspension vehicle of the
      type with which the present invention is concerned, may comprise a vehicle
      body provided with two or more longitudinally extending rows of
      electromagnets which cooperate with respective armature rails extending
      continuously along the track so that a magnetic attraction force is
      generated between the electromagnet core and the armature rails by means
      of which the vehicle is suspended from the track while a gap is maintained
      between the armature rail and the suspension electromagnets.
PAR  To prevent or limit lateral dislocation of the vehicle, the suspension
      electromagnets may, as described in some of the aforementioned copending
      applications, be so energized and shaped that a lateral stabilization
      force component is provided, or the vehicle may be provided with
      lateral-guide electromagnets which cooperate with lateral armature rails
      on the track structure to maintain a substantially constant gap in the
      lateral direction. The latter electromagnets must counteract wind forces
      and centrifugal forces which arise as the vehicle negotiates curves or
      turns.
PAR  Since the vehicle is generally electrically powered, it must be provided
      with electricity to energize the electromagnetic suspension or guide
      arrangements, it may require electrical interior or exterior illumination,
      and it may be connected by a communication system to a central station. It
      is desirable to provide along the track a plurality of contact rails which
      are engaged by roller or sliding shoes on the vehicle to effect electrical
      communication between the vehicle and the track.
PAR  In addition, the vehicle may be powered by a linear induction motor which
      cooperates with a reaction rail mounted along the track and straddled by
      the windings of the linear induction motor.
PAR  Finally, it has been found to be advantageous to provide continuous
      rail-like surfaces on the track engageable by, but normally spaced from
      juxtaposed surfaces of the vehicle so that the latter may be supported
      against failure of the electromagnetic suspension and guide systems in an
      emergency.
PAR  Thus it is not uncommon for the track to be provided at both sides or at
      each side of the vehicle with an armature rail for suspension or guide
      purposes, a reaction rail cooperating with the linear induction motor, one
      or more contact rails for electrical communication between the track and
      the vehicle, etc. In general, the track structure has been a
      channel-shaped member into which the lower part of the vehicle extended,
      or a central beam member straddled by the underside of the vehicle, the
      beam or channel being provided on its flanks with lateral guide and
      contact rails, on downwardly facing surfaces with magnetic-suspension
      armature rails and, either on edge or in a prone position, a reaction rail
      for the linear induction motor.
PAR  All of these rails were generally mounted upon the support individually and
      required individual adjustment and positioning. This made assembly of the
      track structure difficult, expensive and time-consuming, and frequently
      required readjustment at closely spaced intervals because of the
      criticality of the positions of the rail vis-a-vis the vehicle and the
      positions of the rails relative to one another.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide an improved
      track assembly for a magnetic-suspension or levitation-type vehicle which
      eliminates the aforedescribed disadvantages and greatly simplifies the
      mounting of the various rail sections.
PAR  It is another object of the invention to provide an arrangement of the
      track components of a suspension vehicle to permit an exact and simple
      mounting and adjustment thereof.
PAR  Still another object of the invention is to provide a rail-mounting
      arrangement for suspension vehicle systems as described in the
      above-mentioned copending applications and, therefore, to further extend
      the principles set forth in these applications.
PAC  SUMMARY OF THE INVENTION
PAR  These objects and others which will become apparent hereinafter are
      attained, by providing the system components on both sides of the track
      upon common supports and preferably rail-mounting members extending in
      convenient lengths along the track, for connection thereby to the track
      structure at spaced-apart locations along the path of the vehicle. The
      significant advantage of this arrangement is that the connecting rail or
      mounting members allow the system (active) rails to be positioned
      accurately with reference to one another in a factory and to be
      preassembled in readily manipulated lengths which only require attachment
      to the track structure and electrical connection in end to end
      relationship at the track site. The prefabrication of the rail assemblies,
      by mounting the individual rails upon a common support, has been found to
      greatly simplify and economize the work of erecting the rails upon the
      track structure since the efforts at the track site are limited to the
      mounting of the entire assembly upon the support member and is free from
      concern for exact positioning of the individual rails. Furthermore, the
      mounting means is capable of adjustable positioning on the track support
      so that, in the event of settling of the foundations of the latter, a
      repositioning of the individual rails requires little effort since all
      that is required is adjustment of the rail-mounting members as will be
      apparent hereinafter.
PAR  The system of the present invention thus comprises a track and a vehicle
      displaceable along a path on this track, the vehicle including at least
      two of the following elements (a - e):
PA1  a. electric-motor means for propelling the vehicle along the track,
PA1  b. electromagnetic-suspension means for magnetically supporting the vehicle
      on this track,
PA1  c. electromagnetic guide means for lateral positioning the vehicle relative
      to the track,
PA1  d. contact-shoe means for effecting an electrical connection between the
      track and the vehicle, and
PA1  e. emergency support means engageable with the track upon failure of the
      electromagnetic-suspension means.
PAR  Each of these elements (a - e) will generally be provided with a rail
      member mounted on the track and, since some of the elements may cooperate
      and use a single rail member, at least two rail members must be used in
      accordance with the principles of the present invention. The two rail
      members, respectively cooperating with the vehicle elements, are secured
      upon common mounting elements which, in turn, are anchored to the track
      support at least at spaced-apart locations therealong. The mounting
      elements may be brackets lying in vertical planes and having a number of
      rails secured to them and extending in the horizontal direction, the
      mounting brackets and rail members collectively forming the rail assembly
      which is anchored to the support. The rail assembly may also comprise a
      continuous support (passive) rail lying in a vertical or horizontal plane
      and carrying the rail members which cooperate with the vehicle elements so
      that the support rail and active rail members collectively form the rail
      assembly which is prefabricated in a factory or workshop in convenient
      lengths (of the order of meters), carried to the track site and mounted
      upon the concrete track bed.
PAR  It has been found to be advantageous to have the rail assembly include all
      of the rails cooperating with the aforementioned vehicle elements (a - e)
      and to impart an angle or channel configuration to the rail assembly so as
      to increase its stiffness and at least partially enclose the active rail
      members against the effect of the weather.
PAR  It will be apparent that the aforedescribed system, using mounting elements
      to hold the individual active rails together in an assembly, requires
      fewer points of connection of the rails to the track structure and hence
      reduces the cost thereof. In addition, when one of the rails is the
      reaction rail of the linear induction motor, separate brackets for this
      rail can be eliminated. The assembly of the individual track system
      component to a compact rail assembly allows the complementary components
      of the vehicle to be located in a compact manner and thereby decreases
      both vehicle size and vehicle weight.
PAR  The electric motor means (element a) is preferably a linear induction motor
      of the type described in application Ser. No. 324,150 filed Jan. 16, 1973,
      in which the coils straddle the reaction rail which lies horizontally or
      is disposed on edge.
PAR  The electromagnetic-suspension means (element b) may be provided
      independently of the electromagnetic guide means (element c) or in a
      single unit therewith and a construction of the type set forth in
      applications Ser. No. 268,133, Ser. No. 280,073 or Ser. No. 280,074 ,
      identified earlier, is preferred.
PAR  The contact rails and shoe arrangements (element d) may be those described
      in applications Ser. No. 292,173 and Ser. No. 292,638 mentioned earlier.
PAR  Advantageously, the rail assembly of the present invention comprises at
      least one armature rail cooperating with the electromagnetic suspension
      and guide systems, at least one reaction rail cooperating with the linear
      induction motor, at least one current-carrying rail for electrical
      communication between the track and the vehicle, and at least one rail
      portion adapted to serve as an emergency support for the vehicle.
      Additional rails, of course, may also be provided as required and mention
      may be made of electrical control and communication rails, additional
      current-supply rails and further reaction or armature rails. All of the
      latter rails are referred to generically herein as "active rail members."
PAR  According to another aspect of the invention, the mounting elements, e.g.
      brackets, are provided with formations for precise positioning of the
      active rail members to be applied thereto and are adjustably mounted upon
      the support of the track. In this case the active rail members may be
      applied to the brackets after they have been placed upon the support
      (before or after adjustment) without requiring further positioning or
      careful readjustment.
PAR  According to another feature of the invention, the rail assemblies comprise
      brackets which are disposed at spaced-apart locations along each assembly
      and are adjustably anchored to the track support structure. Preferably,
      the brackets comprise T-shaped members having shanks lying along vertical
      flanks of the beam and a T-bar overhanging a recess or step therein, the
      faces of the T being formed with seats upon which the rails may be
      mounted, preferably without adjustment. For example, each of these seats
      can be provided with one or more formations engaging the respective active
      rail member so as to positively position it whereby all of the active rail
      members are automatically positioned with respect to one another when they
      engage the respective seats.
PAR  The bracket may be formed with lugs having slots extending perpendicular to
      the longitudinal direction of the track and including a pair of lugs
      straddling the crossbar of the T and two pairs of lugs spaced one above
      the other on either side of the shank. The means for adjustably anchoring
      the lugs to the support can include a nut embedded in the concrete of the
      support, a variable-length spacer arrangement between the lug and the
      support and preferably consisting of two threadedly engaged sleeves
      coaxial with the nut and a bolt traversing the slot of the lug and
      threaded into the nut for clamping the lug against the sleeve.
PAR  Advantageously, between the sleeve and the nut or support and/or between
      the lug and the sleeve and/or between the head of the bolt and the lug,
      there are provided a pair of slidably engaging spheroidal seats which
      permit pivotal positioning of the lug with two degrees of freedom relative
      to the support and the nut. Lateral positioning in a direction
      perpendicular to the major dimension of the slot may also be permitted by
      appropriate dimensioning of the latter, e.g. to make the width of the slot
      greater than the diameter of the bolt traversing same. At least one of the
      threadedly interconnected sleeve members is provided with a formation
      engageable with the member (support or lug) against which it is seated for
      preventing rotation of the sleeve while the other is rotated to extend or
      contract the spacer.
PAR  According to another aspect of the invention, two or more active rail
      members are mounted upon longitudinally spaced transversely extending
      brackets which are individually anchored to upwardly facing surfaces of
      the track support structure. Thus the brackets may be profile members
      which extend perpendicular to the longitudinal direction of the track but
      parallel to the track plane and hence cantilever the rail or rails which
      they support. The brackets are bolted to the support and the gap between
      the bracket and the support, serving for adjustment, may be filled with a
      force-transmitting incompressible mortar or by an adjusting device of the
      type described. When it is necessary to readjust the position of the
      bracket, of course, the mortar is simply broken away, the adjustment is
      effected, and the gap refilled with mortar.
PAR  According to another feature of the invention, the profile brackets are
      composed of iron or steel and have a double-T cross-section, the rail
      members being welded to the free ends of the brackets. Any rail member
      directly mounted on the bracket, of course, can also provide a mounting
      surface to which another rail member is attached.
PAR  The profile brackets may extend through a central hollow beam support so as
      to project from opposite sides thereof and can carry respective rail
      members on these opposite sides. It is advantageous in this embodiment to
      provide a body of mortar between the upper limb of the bracket and the
      upper wall of the beam in addition to the mortar at the adjustment gaps
      between the support surface and the bracket portion bolted thereto. In
      this case, the bracket is substantially completely enclosed and
      aerodynamic effects of the brackets are eliminated, vibration of the
      bracket is reduced and the system in general is particularly suited for
      high-speed vehicle operation.
PAR  It has been found to be desirable to provide an anchor plate rigidly
      embedded in the support structure and to provide the mortar between the
      anchor plate and the underside of the bracket which is traversed by an
      adjusting bolt. On the underside of the anchor plate, a cap nut is
      provided.
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PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is a diagrammatic vertical cross-section through a suspension
      vehicle system embodying the present invention;
PAR  FIG. 1A is a plan view of the rail assembly of the system of FIG. 1;
PAR  FIG. 1B is a side-elevational view of this assembly;
PAR  FIG. 1C is a detail view of the armature rail of the latter system as seen
      from below;
PAR  FIG. 1D is a side-elevational view of the junction region of a contact rail
      of the assembly of FIGS. 1A and 1B, partly broken away:
PAR  FIG. 1E is a detail cross-section of a portion of the concrete beam upon
      which the rail assembly is mounted;
PAR  FIG. 1F is a cross-sectional detail view showing an anchor for mounting the
      rail assembly to this beam;
PAR  FIG. 2 is a diagrammatic cross-sectional view of a rail assembly for
      another magnetic suspension vehicle and representing an embodiment of the
      invention in which the reaction rail is positioned on edge, i.e. in a
      vertical plane;
PAR  FIG. 3 is a view similar to FIG. 2 showing the rail assembly on one side of
      the system in which the reaction rail, armature rail and emergency support
      rail portions are formed in a single rail body;
PAR  FIG. 4 is a perspective view of a bracket arrangement adapted to be mounted
      upon a track beam and to carry the several rails, the rail seats being
      shown diagrammatically;
PAR  FIG. 5 is a combination bracket seen in side elevational view with the
      various rails attached thereto;
PAR  FIG. 5A is a detail view showing a positioning formation which can be used
      with the bracket of FIG. 5;
PAR  FIG. 5B is a cross-sectional view taken along the line VB -- VB of FIG. 5A;
PAR  FIG. 6 is a vertical elevational view, partly broken away, showing the
      adjusting device for the bracket of FIGS. 4 and 5;
PAR  FIG. 7 is a view similar to FIG. 6 showing another embodiment of the
      adjusting device;
PAR  FIG. 8 is a vertical cross-sectional view through a track structure (the
      vehicle being omitted) illustrating another aspect of the invention;
PAR  FIG. 8A is an end view of the bracket of this system;
PAR  FIG. 9 is a detail of the bracket as seen in the same direction as FIG. 8;
PAR  FIG. 10 is a cross-section through a track of the central-beam type adapted
      to be straddled by the vehicle; and
PAR  FIG. 11 is a view similar to FIG. 10 of another embodiment of the invention
     .
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PAC  SPECIFIC DESCRIPTION
PAR  In the description below, reference will be made to armature rails and
      electromagnetic suspension and guide arrangements to reaction rails and
      linear induction motors, to contact rails and shoe assemblies, etc., which
      are only described herein insofar as the description suffices for an
      understanding of the present improvement. These systems have been
      described individually in considerable detail in the above mentioned
      copending applications which, as to these individual components, are
      hereby included by reference.
PAR  In general, magnetic suspension vehicles are of tow types, i.e., those
      which use a channel-shaped track (FIGS. 1 through 9) in which the
      undercarriage of the vehicle is received in the channel, and those which
      use a central beam (FIGS. 10 and 11) straddled by the undercarriage of the
      vehicle. In the former case, the rail assembly to be described will
      generally have its active rail members extending inwardly from the outer
      walls of the channel and the beams provided on the upper edges thereof. To
      cooperate with the active rail members, the vehicle will have on each
      flank a laterally open assembly cooperating with the inwardly oriented
      rail arrangements. In the central beam configuration, however, the rail
      assemblies will be mounted on the outer flanks of the beam and the vehicle
      will have inwardly directed systems to cooperate with the rails. In any
      event, all of the structures described for use with the channel-shaped
      track is equally applicable when applied to the outer flank of a central
      beam and all of the structures described as applicable to a central beam
      herein, equally adapted to be mounted along the inner flank of the channel
      track.
PAR  The vehicle system shown in FIG. 1 comprises a magnetic-suspension vehicle
      1 and a track defined by a pair of hollow parallel rail-support beams 2 of
      reinforced concrete which spans the upright or nylon structure 3. The
      latter may also be composed or reinforced concrete. As FIG. 1E
      demonstrates, the beam 2 may be provided with longitudinal reinforcing
      rods 2a and frame-like transverse reinforcing rods 2b embedded in a body
      of concrete 2c. The longitudinal reinforcing rods in FIG. 1F are likewise
      represented at 2a and a lead anchor or other expansion device 2d is shown
      to be embedded in the concrete 2c thereof.
PAR  To the lateral flank 4 of the support beams 2 are secured the rail assembly
      generally designated at 5. To this end bolts 5a (FIG. 1B) receivable in
      anchors 2d may be employed. For positioning the rail assembly, slits 5b
      may be provided in the support rail 6 to which all of the active remaining
      members are secured.
PAR  In the embodiment illustrated in FIG. 1, all of the active rail members are
      system rails mounted upon the continuous plate which constitutes the
      support rail 6 and the latter has a length equal to the length of the rail
      assembly.
PAR  With vehicle 1 is provided on its undercarriage 9 with a linear induction
      motor 7 of the double-sided type, the stator stacks 11 here being disposed
      above and below a reaction rail 10 of electrical conductive metal (e.g.
      copper or aluminum). For the details of such a linear induction motor
      reference may be had to application Ser. No. 324,150. Along the outer
      edges of the reaction rail 10, they are welded to the upper portion of the
      vertical support rails 6 and are stiffened relative thereto by triangular
      webs 8 which lie in vertical planes spaced apart along the rails (see
      FIGS. 1, 1A and 1B) the reaction rail here extends horizontally between
      the stator stacks 11 of the linear induction motor.
PAR  Between the active free ends of the reaction rails 10 and their anchored
      portions, there is provided on the underside of each reaction rail a
      downwardly open channel-shaped armature rail of U-profile 12 of
      magnetically attractable material and forming part of the magnetic
      suspension and guide systems. The operation of the latter will be apparent
      from applications Ser. No. 268,133, Ser. No. 280,073, or Ser. No. 280,074.
      In accordance with the principles described in these applications, the
      undercarriage 9 of the vehicle is provided with outwardly extending ledges
      having upwardly facing surfaces upon which are mounted rows of
      electromagnets 13 whose cores have profiles corresponding to that of the
      juxtaposed armature 12 so that the poles of the armature rails 12 are
      aligned with the poles of the electromagnetic cores.
PAR  Along the bottom of the support rail 6, there are provided three
      current-carrying rails 14 which cooperate with diagrammatically
      illustrated contact shoes 15 on the vehicle. The rails may be of the type
      described in application Ser. No. 292,173.
PAR  To support the vehicle against failure of the electromagnetic suspension or
      guide forces, e.g. if the electric current supply fails, the rail assembly
      6, 8, 10, 12, 14 is provided with longitudinally extending zones or rails
      17 which are engageable by the emergency rails 16 of the vehicle. The
      emergency rails of the vehicle may be formed as blocking surfaces which,
      upon contact with the rail surfaces 17, frictionally slow the vehicle. Of
      course, some of the contact rails 14 on one or both sides can be used for
      communication and control signals or additional contact rails may be
      provided for this purpose. The rail assemblies are prefabricated in a
      factory or workshop in unit lengths of several meters which are readily
      transportable and easy to handle. The rail assemblies are then mounted
      upon support 2 at the track site. For alignment and effective electrical
      connection of the length of rail assembly, a dovetail or tongue-and-groove
      arrangement may be provided. In each assembly, the reaction rail 10 (FIG.
      1A) is formed at one end with a notch 10a and at its other end with a
      tongue 10b receivable in the notch 10a of the preceding section. This
      ensures proper alignment of the reaction rail components. In form FIG. 1B
      it can be seen that the support rail 6 likewise may have a tongue 6a at
      one end engaging in a notch 6b at its other end. So too the armature rail
      12 may be formed with a tongue 12 a adapted to fit into an open-end recess
      12b of the next armature rail section. Even the contact rails 14 may have
      a tongue and recess arrangement at 14a to insure proper alignment.
PAR  Of course, the support rail 6 may be provided in sections of smaller
      lengths at spaced locations along the support 2 and may be adjustably
      mounted thereon, e.g. via the screw and slit arrangement 5a, 5b, while
      being formed with seats for the active rail members and provided with
      formations for positively positioning them relative to one another. Such
      positioning means has been described in connection with FIGS. 5A and 5B.
      In this case, the support rail members 6 are mounted and positioned upon
      the support 2 and the active rail members 10, 12, 14 are then applied at
      their predetermined positions without mutual adjustment.
PAR  The right-angle junction of the reaction rail 10 with the support plate 6
      provides an angle profile for the rail assembly which thus has relatively
      high stiffness and shields the pole faces of the armature rail 12 and the
      contact faces of the contact rails 14 against the effect of the weather.
      Furthermore, since the rail assembly is laterally open, the lateral
      withdrawal from the rail assembly is possible, e.g. when the vehicle is to
      be directed along a branch rail as described in connection with
      applications Ser. No. 324,131, Ser. No. 324,135 and Ser. No. 324,151. Such
      lateral withdrawal is also advantageous when narrow or tight curves are to
      be negotiated by the vehicle.
PAR  FIG. 2 shows another embodiment of the present invention and in this FIGURE
      and in the FIGURES which follow, the same reference numerals will be used
      to indicate functionally identical parts. In this embodiment, the rail
      assembly 5 is mounted upon a lateral face of the support beam 2 of the
      track which also comprises a plurality of spaced-aprt uprights supporting
      the beam 2.
PAR  The support rail 6 of the assembly has brackets 18 lying in vertical planes
      and transversely spaced apart along the support rail 6 but welded to the
      magnetic-suspension and lateralguide armature rail 12. The latter is
      formed at its free edge with spacers 16 and a reaction rail 10 disposed on
      edge in a vertical plane parallel to the plane of plate 6. The requisite
      electromagnets 13 and stator assemblies 11 of the linear induction motor 7
      are here provided on the undercarriage 9 of the vehicle in juxtaposition
      with the respective rail. Along the bottom of the support rail 6, there is
      provided an electrically insulating bed in which the contact rails 14 are
      mounted.
PAR  The embodiment of FIG. 2 imparts a U-configuration to the rail assembly 6,
      12, 10 and further increases the rigidity thereof while providing the
      active rail members with protection from the environment. In this
      embodiment, the emergency rail 16 is juxtaposed with a rail surface 17
      formed by the armature rail 12.
PAR  A more compact structure has been illustrated in FIG. 3 in which the
      armature rail 12 is mounted on the brackets 18 of the support rail 6 and
      has a base or web 20 along which lies an electrically conductive reaction
      rail 10 cooperating with a one-sided linear induction motor 7 whose stator
      stack 11 is disposed between the arms of the core of the electromagnet 13
      providing the suspension forces. The emergency rail 16 is here juxtaposed
      with the base or web of the armature rail 12. A lateral emergency rail 16
      is, in the embodiment of FIG. 2, engageable with the anchored end of the
      depending reaction rail 10 while, in FIG. 3, it is engageable with the
      free side of the armature rail 12.
PAR  In FIGS. 4 and 5, there is shown a combination bracket 25 adapted to be
      used in place of support rail 6 extending the full length of the rail
      assembly. The combination brackets 25 carry the active rail members and
      form therewith the rail assembly which is mounted upon the support of the
      track as represented at 2 in FIGS. 4 and 5.
PAR  The combination brackets 25 comprise T-shaped hollow structures 26 which
      are welded from plates or cast and which are provided with mounting seats
      27, accurately positioned with respect to one another, to accommodate the
      individual active rail members for adjustment-free mounting thereof. To
      this end, each of the seats 27 may be flanked by a pair of ridges 27a, 27b
       whose spacing W is exactly equal to the width W of a rail portion R to be
      received between the ridges. The rail may be welded to the ridges as
      represented by seams 27c. The formations 27a, 27b are merely illustrative
      of any exact-positioning means which may be used with the bracket of FIGS.
      4 and 5.
PAR  The bracket 26 is further provided with fasteneing lugs 28, 29 and 30 which
      enable mounting of the bracket to the support beam 2. Of course, the rail
      assembly can be prefabricated in the workshop or factory and carried in
      convenient lengths to the track site, or the individual brackets may be
      mounted upon the support 2 at spaced-apart locations, whereupon the active
      track members are applied. The adjustable positioning of the brackets upon
      the supports 2 is effected by means of adjusting devices 31 which will be
      described in greater detail hereinafter.
PAR  The anchoring lugs 28 through 30 are provided with slots 32 extending
      perpendicularly to the longitudinal direction of the track. The lugs are
      provided on the T-forming surfaces of the combination bracket and only the
      lugs on one side thereof have been shown. Two such lugs are provided on
      either side of the horizontal bar 35 of the T and four lugs (two on each
      side) are provided for the vertical shank 34 thereof.
PAR  Of course, a positive support may be provided to resist vertical movement
      of the bracket in addition to the frictional forces developed by the bolts
      passing through the lugs and, advantageously, the adjusting devices
      described below at 31 will fulfill the support requirements. The bending
      stresses applied to the bracket will, of course, be resisted by the
      configuration thereof and the orientation of the anchoring bolts.
PAR  The arrangement of the individual active rails in the rail assembly may
      differ in this embodiment from that of FIGS. 1 through 3. In this case, it
      is preferred to provide a reaction rail 37 upon the upper surface 36 of
      the cross-bar 35 of the T, and to provide the magnetic suspension and
      guide rail 39 at the faces of the T cross-bar, the upper surface of this
      armature rail forming a rail surface 17 engageable by the emergency rail
      16 of the vehicle. A further reaction rail 41 for a double-sided linear
      induction motor can be mounted upon the face 40 of the shank 26 of the
      bracket while current-carrying rails 42 are mounted upon profile bars 43
      extending from the vertical shank of the bracket 26.
PAR  The adjusting device 31 by which the bracket 25 is secured to the beam 2 at
      the lugs 28, 29 and 30 is shown in detail in FIGS. 6 and 7. The adjusting
      device comprises a screw 45, a washer 46, a spacer disk 47 and a spacer
      48, the latter being composed of two threadedly interconnected sleeves 49
      and 50. A locking nut 51 is anchored with a molding cup 52 in the concrete
      to define a seat for the head of the sleeve 49. When the bottom of the
      spacer sleeve 48 is fitted into the cup so that is hexagonal head (of
      threaded member 49) is prevented from rotating, the upper sleeve member 50
      can be rotated to take up any slack between the lug 30 and the beam 2. The
      bolt 57 can then be tightened. The upper end of the sleeve member 50 is
      formed with a spherical recess 53 which is engageable by the spherical
      surface 54 of the washer or disk 47 and a similar spherical configuration
      is provided between washer 46 and the head 47 of the screw at 55, 56. Some
      pivotal motion of the lug 30 and its spacer disk 47 is possible so that
      the screw may lock the lug in practically any angular position with two
      degrees of freedom and against movement by simple tightening of the bolt.
      The slot in the lug 30 may provide lateral play as well so that some
      degree of freedom in a plane perpendicular to the plane of the drawing is
      also possible.
PAR  The adjusting device of FIG. 7 differs from that of FIG. 6 only in that the
      sleeves 49 and 50 define a spherical seat 58, 59 at a disk 47 against the
      beam 2 and the hexagonal portion of the sleeve 49 must be engaged by a
      wrench as the adjusting device is screwed to seat the desired length. An
      abutment may be provided on the lug for engagement with the sleeve portion
      50 to prevent rotation thereof.
PAR  The system illustrated in FIGS. 8 and 8A comprises a track 101 on a
      magnetic-system vehicle provided with two rows of suspension
      electromagnets but a double-sided linear induction motor only on the
      left-hand side thereof as viewed in FIG. 8. The track comprises a pair of
      support beams 102 of bodies profile and composed of reinforced concrete,
      the beams being maintained on H-shaped pylons 103 spaced apart in the
      longitudinal direction.
PAR  Along the upper surface of the beams 102, are maintained horizontally
      extending brackets 104 with a longitudinal spacing of about two meters
      between them. The brackets are anchored at one end to the beam 102 and
      project cantilever fashion toward the path of the vehicle from opposite
      sides of this path. The rail assembly 105 for each side of the vehicle
      comprises one or more rails mounted in common upon the brackets. Thus, the
      left-hand bracket may carry the downwardly open channel-shaped armature
      rail 107 and a reaction rail 111 for the linear induction motor while only
      a magnetic suspension armature rail 107 is provided on the bracket 104 of
      the right-hand support 202. The current-carrying rails 106, however, are
      mounted directly upon the inner wall of the left-hand support beam 102
      since adjustment of them is not critical.
PAR  As can be seen from FIGS. 1 and 2, the inner ends of the brackets 104 are
      welded to the vertical shanks of the soft magnet suspension and guide
      armature rails 107 which have horizontal web 108 and cooperate with rows
      of upwardly facing electromagnets on the undercarriage of the vehicle (see
      FIGS. 1, 2 and 3, for example).
PAR  The horizontal base or web 108 of the suspension and guide rail 107 also
      performs the function of an emergency support rail as described above
      while the shank 109 of the rail 107 of the left-hand support serves to
      support the reaction rail 111 of high electrical conductivity (e.g. of
      copper or aluminum).
PAR  While FIGS. 8, 10 and 11 deal with magnetic suspension vehicles having a
      linear induction motor on only one side, it will be immediately apparent
      that a similar reaction rail can be provided in mirror-symmetrical
      relationship on the other side when two linear induction motors are
      employed. In addition, other rail components may be mounted upon the
      suspension and guide rails 107 as illustrated for example in FIGS. 2 and
      3.
PAR  The brackets 104 are formed as double-T profile irons 112 (see FIG. 8A)
      whose outer limbs converge inwardly toward the shank 110 at which the
      armature rails 107 are welded to the brackets 104. The transverse legs 113
      and 114 in the converging portion of member 112 can thus both be welded to
      the rail 107. The butt welding brings small areas of the bracket into
      juxtaposition with the armature rail so that the brackets have little, if
      any, effect on the magnetic load-supporting and guidance characteristics
      of the armature rails.
PAR  To secure the brackets 104 to the supports 102, each bracket 104 is used in
      conjunction with two anchor plates 116 embedded in the concrete body 102
      and having an upper surface flush with the top of this support. Each
      anchor plate 116 provided with two bores 117 aligned in the direction of
      travel of the vehicle and only one of which can be seen in the drawing. On
      the underside of each anchor plate 116 in alignment with its bor 117,
      there is welded a cap nut 118 into which a bolt 121 may be threaded. The
      anchor plate 116 may be formed with dowels (not shown) extending into the
      concrete body and/or affixing the anchor plate to the reinforcing bars
      (FIGS. 1E and 1F) thereof. The two aligned bolts 121 can be seen in FIG.
      8A.
PAR  Each of the brackets is formed with a pair of slots 19 enlarged in a
      direction parallel to the major dimension of the bracket and adapted to
      register with the holes 117 so that the bolts can be inserted. The slots
      allow adjustment of the brackets perpendicular to the longitudinal
      direction of the track.
PAR  Between each anchor plate 116 and the bracket 104, there is provided a
      layer 120 of synthetic-resin hard mortar or some other mortar having high
      compressive strength and filling the adjustment gap 25 when the latter has
      been set. The adjustment may be effected by packing mortar into the gap
      after the screw has been loosely inserted until the desired position of
      the bracket is reached, permitting the mortar to harden and then
      tightening the bolt. For readjustment, the mortar is broken away and the
      process repeated. The mortar is maintained under the loading stress and
      the bolt is generally relieved.
PAR  In FIG. 10, the system is shown as it applies to a central beam track in
      which the bracket 104' projects at opposite end beyond the lateral walls
      of the central beam. The rail components 105 can be mounted at either end
      and along the two vertical walls of the central beam, 102' the bracket
      104' is supported as previously described.
PAR  Earlier diammetric FIGURES of the brackets may be eliminated when they are
      passed through openings 122 in the lateral walls 123 of the central
      support beam 102", the brackets being affixed to the lateral walls 123 as
      previously described. In addition, the layer of mortar 124 is provided
      between the roof of the hollow body constituting the central beam 102" to
      reduce bending upon loading of the outrigger portion of the bracket.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a levitation-type vehicle system comprising a track and a vehicle
      displaceable along a path on said track, said vehicle including at least
      two of the elements (a) to (e), said elements being (a) electromotor means
      for propelling said vehicle along said track, (b) electromagnetic
      suspension means for magnetically supporting said vehicle on said track,
      (c) electromagnetic guide means for laterally positioning said vehicle
      relative to said track, (d) contact-shoe means for effecting an electrical
      connection between said track and said vehicle and (e) emergency support
      means engageable with said track upon failure of said electromagnetic
      suspension means, said track comprising a support extending generally
      continuously along the vehicle path and at least two generally continuous
      rail members respectively cooperating with said two elements of said
      vehicle, the improvement which comprises mounting members common to said
      at least two rail members and anchored to said support at spaced-apart
      locations along said track, said mounting members comprising combination
      brackets formed with means for affixing said brackets to said support and
      means for mounting said rail members on said brackets.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein each of said brackets is a
      substantially T-shaped body having a substantial horizontal crossbar and a
      substantially vertical shank, said shank being provided on opposite
      lateral sides with lugs, said crossbar being provided on opposite lateral
      sides with lugs, and adjustable mounting means connecting said lugs with
      said support.
NUM  3.
PAR  3. The improvement defined in claim 2 wherein said adjustable mounting
      means includes a spacer interposed between at least one of said lugs and
      said support, a bolt traversing said one of said lugs and said spacer and
      anchored in said support, and generally spheroidal seat means adjacent
      said spacer for enabling angular positioning of said one of said lugs
      relative to said support with two degrees of freedom prior to tightening
      of said bolt.
NUM  4.
PAR  4. The improvement defined in claim 3 wherein said spacer comprises a pair
      of threadedly interconnected sleeves relatively rotatable to adjust the
      effective length of said spacer.
NUM  5.
PAR  5. In a levitation-type vehicle system comprising a track and a vehicle
      displaceable along a path on said track, said vehicle including at least
      two of the elements (a) to (e), said elements being (a) electromotor means
      for propelling said vehicle along said track, (b) electromagnetic
      suspension means for magnetically supporting said vehicle on said track,
      (c) electromagnetic guide means for laterally positioning said vehicle
      relative to said track, (d) contact-shoe means for effecting an electrical
      connection between said track and said vehicle and (e) emergency support
      means engageable with said track upon failure of said electromagnetic
      suspension means, said track comprising a support extending generally
      continuously along the vehicle path and at least two generally continuous
      rail members respectively cooperating with said two elements of said
      vehicle, the improvement which comprises mounting members common to said
      at least two rail members and anchored to said support at spaced-apart
      locations along said track, said mounting members being profile brackets
      projecting laterally toward the vehicle perpendicularly to the vehicle
      path, said rail members being mounted on free ends of said brackets, said
      brackets defining with said supports adjustment gaps filled with a
      compressionresistant mortar.
NUM  6.
PAR  6. The improvement defined in claim 5 wherein said brackets are of double-T
      cross-sections, said support is provided with a pair of anchor brackets
      having bores and a capnut on the underside of each plate in alignment with
      each bore, bolts being threaded through said brackets into said capnuts to
      retain said brackets against the mortar interposed between said brackets
      and said anchor plates.
NUM  7.
PAR  7. In a suspension vehicle system having a track provided with at least one
      support extending along the vehicle path and a rail cooperating with a
      vehicle system, the improvement which comprises a plurality of
      rail-support brackets spaced along said support and extending transversely
      to said path toward the vehicle, said brackets having free ends and said
      rail being affixed to said free ends, means for anchoring said brackets to
      said supports with adjustment gaps therebetween, and bodies of
      compression-resistant mortar in said gaps between said brackets and said
      support.
NUM  8.
PAR  8. The system defined in claim 7 wherein said brackets are double-T profile
      irons.
NUM  9.
PAR  9. The system defined in claim 8 wherein said rail is welded to said free
      ends of said brackets, said system further comprising at least one
      additional rail affixed to the firstmentioned rail.
NUM  10.
PAR  10. The system defined in claim 9 wherein each of said brackets is affixed
      at least at two locations spaced apart along its length to said support.
NUM  11.
PAR  11. The system defined in claim 9 wherein said support is a central beam of
      a track straddled by a vehicle, said bracket extending outwardly at each
      end beyond said beam and being provided with a rail at each end.
NUM  12.
PAR  12. The system defined in claim 11 wherein said beam is hollow and said
      bracket traverses windows formed in lateral walls of said beam and is
      anchored to said lateral walls, further comprising a body of mortar
      interposed between the top wall of said beam and a portion of said bracket
      intermediate said lateral wall.
NUM  13.
PAR  13. The system defined in claim 8 wherein said brackets are each formed
      with a web juxtaposed with said support and provided with respective
      slots, bots traversing said slots with play, and anchor plates embedded in
      said support and formed with respective capnuts threadedly receiving said
      bolts.
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ABST
PAL  An improved magnet system for use in electrodynamic vehicle suspension and
      guidance systems in which a vehicle moves along a track maintained in the
      suspended condition through the use of a plurality of magnets attached to
      the vehicle and arranged one behind the other in the direction of travel,
      the vehicle magnets cooperating with the means on the roadbed to generate
      the necessary forces to maintain suspension, in which means are provided
      to change the polarity of two respective adjacent magnets as a function of
      vehicle velocity and to control the spacing of said adjacent magnet in
      order to reduce braking losses particularly at high vehicle velocities.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to magnetically suspended vehicles in general and
      more particularly to an improved magnetic system for use in such vehicles,
      which magnetic system reduces braking losses.
PAR  Various systems have been developed for the contactless magnetic suspension
      and guidance of vehicles. Vehicles of this nature are being designed to
      reach speeds of over 300 km/hr. Basically two different types of guidance
      principles are known and use in such systems. In one of these, referred to
      as the "electromagnetic" guidance principle, magnetic attractive forces
      are used. In such a system forces between electromagnets attached to both
      sides of the vehicle and ferromagnetic rail members on the track line are
      used to generate the necessary forces. In such a system the excitation of
      the electromagnets must be controllable so that their distance from the
      rail members can be maintained approximately constant. Another system,
      which does not require such control, utilizes what is referred to as the
      "electrodynamic" guidance principle. In such a system magnetic repulsion
      forces produced by the interaction of magnets attached to the vehicle
      moving over highly conductive but nonferromagnetic rails or slabs and
      inducing eddy currents therein are utilized. However, the required field
      strength of the generally uncontrolled electromagnets used in such an
      electrodynamic system is quite a bit larger than that of electromagnets
      used in electromagnetic guidance systems. Because of this the use of
      super-conducting magnets becomes particularly advantageous particularly
      since their weight is small compared to that of corresponding normally
      conducting magnets.
PAR  A number of embodiments of electrodynamic suspension and guidance
      arrangements are known and are disclosed in U.S. Pat. No. 3,470,828.
      Typically these include a plurality of vehicle magnetic loops arranged on
      both sides of the vehicle one behind the other in the direction of travel.
      These vehicle magnet loops interact with corresponding track loops or
      rails. Individual magnet loops associated with vehicles are elongated and
      of an approximately rectangular shape so that their end faces situated
      next to each other can be brought close together. Super-conducting magnets
      with an elongated coil structure in the travel direction and which are
      rectangular or only slightly rounded at their end faces are preferably
      employed as disclosed in U.S. Pat. No. 3,717,103. This design follows from
      the theory of electrodynamic suspension above a conducting plate.
      According to this theory the ratio of the lifting force developed to the
      braking force of such a system is particularly favorable for elongated
      magnets particularly at high operating velocity, such as velocities in the
      vicinity of 500 km/hr. Small magnets on the other hand produce a strong
      skin effect, i.e., when small magnets are used the currents which are
      necessary in the conducting track loops or rails to develop the necessary
      lifting forces, at these speeds, are strongly directed from the interior
      of the track to the track surface and thereby produce larger braking
      losses.
PAR  Furthermore, as taught in the above noted U.S. Pat. No. 3,470,828 it is
      particularly advantageous if the polarity of each two magnets arranged one
      behind the other in the travel direction and adjacent to each other is
      different. Such an alternating polarity results in a large magnetic field
      gradient between each two magnets and leads to large lifting forces.
PAR  However, despite these various measures, as the vehicle velocity increases,
      braking forces increase. In view of this, the need for an improved system
      which has lower braking losses at high vehicle velocities becomes evident.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based on the discovery that the polarity, along
      with the distance, between each two adjacent magnets has a strong
      influence on the suspension behavior as a function of vehicle velocity.
      Such dependence on a velocity can be partially explained by the
      characteristic ratio of the time constants of the track current to the
      passing time of the magnets along with skin effect considerations. More
      specifically, the present invention, making use of this knowledge,
      provides a system in which the polarity of adjacent magnets can be changed
      from a condition where adjacent magnets have the opposite polarity to one
      where adjacent magnets have the same polarity. By so doing braking losses
      can be reduced, particularly at high velocities. In accordance with the
      present invention it is preferable that the polarity of magnets be changed
      as a function of velocity of the vehicle to achieve optimum operation at
      all velocities.
PAR  In accordance with a further feature of the present invention, the spacing
      between adjacent magnets is variable. This permits further reducing the
      braking losses of the electrodynamic guidance system. In general then, the
      magnet system of the present invention is preferably designed so that both
      the polarity and spacing is a function of vehicle velocity. As disclosed
      the system can be operated so that at velocities below a predetermined
      velocity adjacent individual magnets will have different polarities and
      will be at a predetermined spacing. At approximately the predetermined
      velocity, a change of polarity of the individual magnets is carried out so
      that all magnets have the same polarity and thereafter the spacing of the
      magnets is reduced as speed increases.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a curve illustrating the relationship between vehicle velocity
      and braking losses as a function of magnet polarity.
PAR  FIG. 2 is a curve illustrating the relationship between suspension height
      and vehicle velocity as a function of magnet polarity.
PAR  FIGS. 3 and 4 are schematic illustrations of operation at low and high
      velocities respectively.
PAR  FIGS. 5 and 6 are plan schematic views for operation above and below
      predetermined velocity respectively.
PAR  FIG. 7 is a curve illustrating the relationship between braking losses and
      magnet spacing for different velocities.
PAR  FIG. 8 illustrates, in block diagram form, the system of the present
      invention for changing polarity and magnet spacing.
DETD
PAC  A DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates the relationship between vehicle velocity and braking
      losses for different magnet polarities and FIG. 2 the relationship between
      suspension height and vehicle velocity for different magnet polarities.
      The calculations on which these figures are based assume two approximately
      rectangular individual magnets arranged one behind the other in the travel
      directions having cross-sections parallel to the plane of the track with
      their major axes in the travel direction. Each is assumed to be
      approximately 0.5m long and 0.3m wide. The spacing of their end faces
      facing each other is approximately 0.25m. The two individual magnets form
      a normal-flux system with an aluminum rail of approximately 2.0 cm
      thickness, over which they are guided at a velocity v. Assumed continuous
      current in the magnets is 3 .times. 10.sup.5 ampere-turns. One and a half
      tons is assumed as the vehicle weight G, which the magnetic field
      generated by the two individual magnets must support.
PAR  Based on this assumed arrangement, the losses P per vehicle weight G are
      given on FIG. 1 as a function of the vehicle velocity v. The losses P are
      the product of the braking force occurring in the normal-flux system and
      the velocity v and are generally measured in kilowatts. The curve
      designated as N--N is for the case where the two individual magnets have
      the same polarity, i.e., when the operating currents I have the same
      direction of circulation. The curve designated N-S is for the system with
      two magnets having opposite polarities. Thus, in these magnets current
      flow with opposite direction of circulation.
PAR  Because with a system such as this the braking losses resulting from the
      polarity of magnets one behind the other must be overcome by the
      propulsion drive of the vehicle with which they are associated, it is
      advantageous to keep the losses as low as possible. From the figure it is
      evident that at lower velocities up to a velocity of v.sub.o of about 30
      m/s, adjacent magnets with opposite polarity result in lower braking
      losses. At the point v.sub.o, the two curves cross and at greater
      velocities braking losses are lower with adjacent magnets of the same
      polarity. From the figure the difference in braking losses at low
      velocities is quite small and it might, from this information alone, be
      considered advantageous to use magnets of opposite polarities at all
      times. However, reference to FIG. 2 will show why such is not desirable.
      On that figure the suspension height as a function of vehicle velocity for
      both the magnets of the same polarity, indicated by the curve N--N and
      opposite polarity, indicated by the curve N-S are shown. Examination of
      this figure shows that with magnets of the same polarity, at low speeds,
      the suspension height maintained is inadequate. Only with the opposite
      polarity arrangement of the curve N-S will sufficient suspension height be
      maintained at low speed. Thus, at lower speeds the opposite polarity
      arrangement is necessary. However, past the velocity v.sub.o, the
      difference in suspension height becomes minimal and the governing factor
      is the braking losses. As a result the system of the present invention
      provides the capability of switching over from a system having adjacent
      magnets at opposite polarity to one where all magnets are at the same
      polarity. In accordance with FIG. 1 for the described system, such
      switch-over should take place at approximately the velocity v.sub.o.
PAR  The example given is for two magnets. Normally larger systems will have a
      multiplicity of individual magnets arranged one behind the other. Such a
      system will have a curve similar to that of FIG. 1 but differing in its
      exact form and the exact velocity v.sub.o. In a larger system such as
      this, the switch over from a situation of opposite polarity to one of the
      same polarity may be done gradually; for example, by initially reversing
      the polarity of every second or third magnet which must be switched and
      then in a further step reversing the polarity of the remaining magnets.
PAR  FIGS. 3 and 4 illustrate, in schematic form, magnets configured for low
      velocity operation and high velocity operation respectively. In FIG. 3 the
      current flow directions of six individual magnets, arranged one behind the
      other in the travel direction of the vehicle, are shown for low vehicle
      velocities i.e., for velocity v &gt; v.sub.o. The six magnets are
      schematically illustrated by loops 2 to 7 with currents flowing therein.
      Adjacent magnets carry currents of different direction so that alternating
      polarities of associated magnetic fields B.sub.2 through B.sub.7 are
      developed. These fields are shown by double arrows pointing upward and
      downward in a direction normal to the surface enclosed by the current
      loops.
PAR  For high velocities where the velocity v is greater than v.sub.o current
      flow directions such as that shown in FIG. 4 are used. The individual
      magnets which will correspond to those of FIG. 3 are represented by the
      loops 12 through 17 of the current flowing therein. The flow direction of
      all currents is the same so that the magnetic fields indicated by the
      double arrows B.sub.12 through B.sub.17 associated with these magnets all
      point in the same direction.
PAR  FIGS. 5 and 6 are schematic plan views of a vehicle having a magnet system
      such as that of the present invention installed. FIG. 5 illustrates the
      system configuration for travel where v is less than v.sub.o and FIG. 6
      for the condition where v is greater than v.sub.o. In each case, two
      magnet systems, designated 14 and 15, one provided on each side of the
      vehicle, are installed attached to the vehicle. The magnets 20 through 23
      are arranged along one side of the vehicle to form the system 14 and the
      magnets 25 through 28 along the other side to form the system 15. The
      magnet systems 14 and 15 cooperate respectively with the reaction rails 16
      and 17 arranged horizontally on the track 12. These reaction rails 16 and
      17 may comprise aluminum slabs. As illustrated the magnets are of
      rectangular cross-sections, preferably super-conducting magnets and will
      induce eddy currents in the reaction rails 16 and 17 to generate the
      necessary lifting forces. Associated with the vehicle will be a curve such
      as that of FIG. 1. At a velocity below v.sub.o on that curve the
      configuration will be as in FIG. 5, i.e., the adjacent magnets one behind
      the other will have opposite polarities. However, once the point v.sub.o
      is crossed, the configuration will be changed to that of FIG. 6 with all
      magnets in one system having the same polarity. This change in polarity
      can be carried out in a number of different ways. FIG. 5 schematically
      illustrates the possibility of switching the magnets 21 and 26 and 23 and
      28 by movement in the direction of the dotted arrows to go from the
      configuration of FIG. 5 to that of FIG. 6. In addition, the polarity can
      also be changed by means of a switch reversing the poles of the
      corresponding magnets, i.e., the magnets 21, 23, 26, and 28.
PAR  In addition to the effect which the polarity of the individual magnets has
      on braking losses there is also an effect resulting from the spacing of
      the magnets. The length of the magnets, the polarities, the vehicle
      velocity and the track parameters such as the thickness or conductivity of
      the rails are all interrelated with each other in a complicated manner.
      Thus in a vehicle it is advisable to make the magnet length and track
      parameters fixed but to permit the polarity and mutual spacing of the
      magnets be variable within a certain range. FIG. 7 is a diagram
      illustrating the dependence of the specific braking losses P per lifting
      force F.sub.L in a normal-flux system on the distance 1 between the end
      faces of two adjacent individual magnets arranged one behind the other. To
      prepare the curves of FIG. 7 the parameters associated with FIGS. 1 and 2
      were used. The two upper curves illustrate the braking losses at a vehicle
      velocity v = 150 m/sec and the two lower curves a vehicle velocity v = 30
      m/sec. Again the curves designated N--N represent a configuration such as
      that of FIG. 6 where all magnets have the same polarity and the curve N-S
      a configuration such as in FIG. 5 where adjacent magnets have opposite
      polarity. The intersections of the two lines lies on a curve shown in
      doted lines and whose parameter is the velocity v. From this curve it can
      be seen that in addition to changing the polarity of the individual
      magnets as a function of vehicle velocity in accordance with FIGS. 1 and
      2, braking losses can further be reduced by changing the spacing 1 between
      adjacent magnets. As is evident from the figure, at higher velocities,
      with the same polarity in all magnets, spacing should be as small as
      possible. At lower velocities and alternating polarity, a certain distance
      indicated on the figure as l.sub.o will result in minimum braking losses.
      At it can be seen from FIG. 1 once the velocity v.sub.o is passed, only a
      small gradual increase in braking losses will occur after switching
      polarities. This small increase can be almost completely made up as
      velocity increases through a decreasing of the spacing between magnets.
      Thus, by both adapting the magnet so that their polarity can be changed
      and so that their spacing can be controlled it is possible to materially
      reduce braking losses.
PAR  FIG. 8 illustrates a embodiment for implementing the present invention.
      Shown are two magnets 31 and 32. These correspond, for example, to the
      magnets 20 and 21 of FIGS. 5 and 6. Both magnets are energized from a
      power source 33, the magnet 31 directly and the magnet 32 through a
      polarity reversing switch 35. Provided is a comparator 37 having, as
      reference input from a potentiometer 34 or the like, a reference value
      representing the precomputed velocity v.sub.o. The actual value input to
      the comparator is the velocity v obtained from the vehicle speedometer or
      some similar source. When the velocity v exceeds the velocity v.sub.o an
      output from the comparator 37 will be provided to activate the switch 35
      to change the polarity of magnet 32.
PAR  As illustrated, magnet 31 is supported for lateral movement with respect to
      the magnet 32. Schematically illustrated is a rack 41 attached to the
      magnet which is driven by a pinion 43 on a motor 45. A second input from
      the comparator 37 is used to enable a servo system 37 having as a
      reference input the velocity v. Servo system 47 will operate in
      conventional fashion causing motor 45 to drive the magnet 31 toward the
      magnet 32 as a function of velocity.
PAR  In general terms a plurality of magnet systems in a vehicle can be
      advantageously operated during the starting or accelerating phase in
      manner such that in the velocity range below the predetermined velocity
      v.sub.o adjacent magnets of the magnet system have different polarities
      and are arranged at a spacing l.sub.o. As velocity increases to, for
      example, velocity v.sub.o the polarity of the individual magnets is
      changed so that all adjacent magnets have the same polarity and thereafter
      the spacing of the magnets is reduced. When slowing of the vehicle takes
      place the process can and will proceed in the reverse manner.
PAR  In the illustrated example an electrodynamic normal-flux system has been
      used. The behavior of other electrodynamic guidance systems is similar and
      the present invention can be used therewith. As is well known typically
      magnet systems are used both for suspension and/or lateral guidance. Thus,
      the present invention can also be applied to magnet systems used for the
      lateral guidance of suspended vehicles. Typical of such systems in which
      suspension and lateral guidance systems are combined are those disclosed
      for example in German Pat. Nos. 2,160,666 and 2,160,680.
PAR  Thus, an improved magnet system for use in an electrodynamic vehicle
      suspension and guidance system has been shown. Although specific
      embodiments have been illustrated and described, it will be obvious to
      those skilled in the art that various modifications may be made without
      departing from the spirit of the invention which is intended to be limited
      solely by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a magnet system for the contactless guidance of a vehicle moved along
      a track in which a plurality of magnets are attached to the vehicle and
      arranged one behind the other in the direction of travel, the magnet
      system cooperating with nonferromagnetic conductor loops on the track to
      generate forces according to the electrodynamic principle, the improvement
      comprising means to change the polarity of an adjacent magnet from a
      condition where two adjacent magnets have opposite polarities to one where
      they both have the same polarity.
NUM  2.
PAR  2. A magnet system according to claim 1 wherein said means for changing
      polarity are responsive to the vehicle velocity.
NUM  3.
PAR  3. A magnet system according to claim 2 wherein said means for changing
      polarity include means to compare actual vehicle velocity with a
      predetermined velocity and to change the polarity, when said predetermined
      velocity is exceeded, from a condition in which adjacent magnets have
      opposite polarity to one in which adjacent magnets have the same polarity.
NUM  4.
PAR  4. A magnet system according to claim 3 and further including means for
      controlling the spacing of adjacent magnets.
NUM  5.
PAR  5. A magnet system according to claim 4 wherein said means control said
      spacing so as to reduce said spacing as a function of velocity after said
      predetermined velocity is exceeded.
NUM  6.
PAR  6. A magnet system according to claim 1 and further including means for
      controlling the spacing of adjacent magnets.
NUM  7.
PAR  7. A magnet system according to claim 6 wherein said means include means
      responsive to velocity to change said spacing as a function thereof.
NUM  8.
PAR  8. In a magnetic system for the contactless guidance of a vehicle moved
      along a track in which a plurality of magnets are attached to the vehicle
      and arranged one behind the other in the direction of travel, the magnet
      system cooperating with nonferromagnetic conductor loops on the track to
      generate forces according to the electrodynamic principle, the improvement
      comprising means to control the spacing between adjacent magnets.
NUM  9.
PAR  9. The magnet system according to claim 8 wherein said means to control
      spacing are responsive to an input representing actual vehicle velocity.
NUM  10.
PAR  10. A method of operating a magnet system used for the contactless guidance
      of a vehicle moved along a track, the vehicle having a plurality of
      magnets connected thereto which cooperate with reaction rails on the
      roadbed to generate guidance forces, the magnets being arranged one behind
      the other in the direction of travel comprising the steps of:
PA1  a. energizing adjacent magnets arranged one behind the other such that
      adjacent magnets have opposite polarities for velocities below a
      predetermined velocity with adjacent magnets at a predetermined spacing;
PA1  b. at a velocity approximately equal to said predetermined velocity
      changing the polarity of individual magnets so that adjacent magnets all
      have the same polarity; and
PA1  c. decreasing the spacing between adjacent magnets as the vehicle velocity
      increases further above said predetermined velocity.
NUM  11.
PAR  11. The method according to claim 10 wherein two parallel rows of magnets
      arranged one behind the other are provided and wherein said polarity
      change is carried out by mechanically interchanging individual magnets in
      one row with corresponding magnets of the other row.
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PAL  A track member for a mineral mining machine which hauls itself along a
      working face by engaging a flexible round link chain has pockets for
      fixedly engaging those links of the chain lying in a first plane and a
      continuous groove interconnecting the pockets for accommodating those
      links of the chain lying in a plane perpendicular to the first plane.
BSUM
PAR  This invention relates to mineral mining equipment and in particular,
      although not exclusively, the invention relates to haulage equipment for
      use on a longwall working face where a mineral winning machine traverses
      to and fro on a path extending adjacent to an armoured face conveyor.
PAR  One known such haulage equipment comprises a flexible round link chain
      which is anchored at its ends adjacent to the ends of the working face,
      respectively, and which is drivably engaged by a drive sprocket on the
      machine so that the machine hauls itself along the stationary chain.
      Unfortunately such a haulage system suffers from the disadvantages
      associated with the tensioning of a long length of chain including the
      danger of the chain breaking and the non-constant length of the chain due
      to stretch.
PAR  In order to try and overcome the disadvantages associated with tensioning
      of a long length of chain it has been proposed to provide a track assembly
      which is secured to the armoured conveyor and which has recesses engaged
      by corresponding teeth provided on a driven flexible chain drivably
      engaged around a driven sprocket arrangement provided on the machine.
      Unfortunately, such haulage equipment has the disadvantage that the track
      must be constructed to a very high tolerance which tends to make the cost
      of such haulage equipment high when compared with the cost of round link
      chain.
PAR  An object of the present invention is to provide a track member for haulage
      equipment for use on a longwall working face which tends to be relatively
      inexpensive.
PAR  According to the present invention a track member adapted to form a part of
      a track assembly for a mineral mining machine which in use traverses to
      and fro along a path adjacent to an armoured face conveyor arranged along
      a mineral face and which has a driven sprocket assembly including a
      flexible round link chain having adjacent links arranged in two
      perpendicular planes, comprises an elongated component having pockets for
      fixedly engaging those links of the chain lying in one perpendicular
      plane, the pockets being interconnected with a continuous groove for
      accommodating those links of the chain lying in the other plane
      perpendicular to the said one plane.
PAR  Advantageously, the pockets are formed in one face of a slideway for the
      machine.
DRWD
PAR  By way of example only, one embodiment of the present invention will be
      described with reference to the accompanying drawings in which:
PAR  FIG. 1 is an incomplete part sectional side view of mineral mining
      equipment including a track assembly made up of a plurality of track
      members constructed in accordance with the present invention;
PAR  FIG. 2 is an incomplete end view of the equipment of FIG. 1; and
PAR  FIG. 3 is an incomplete plan of a track member of FIG. 1.
DETD
PAR  The drawings show part 1 of a longwall coal mining machine which in use
      traverses to and fro on a path extending along a longwall coal face and
      which has a rotary cutter head 2 (not shown in FIG. 1 of the drawings)
      arranged to win and load coal from the face during the traversing of the
      machine. The won coal is loaded by the action of the rotating cutter head
      onto an armoured face conveyor 3 extending along the longwall face. The
      conveyor 3 comprises a series of pans 4 which are connected articulately
      by a pin or slot arrangement 5 and each of which has two side walls 6 and
      7 and a deck plate 8 over which a scraper bar and chain assembly (not
      shown) move to convey the broken coal in well known manner. The side walls
      6 and 7 have upper and lower flanges 9 and 10 to retain the scraper bar
      and chain assembly in position. A ramp plate 11, secured to each of the
      side walls 6, helps guide broken coal onto the conveyor.
PAR  The machine has feet 13 and 14 arranged to slide along the upper flanges 9
      of the side walls 6 and along an elongated track assembly 15,
      respectively. The track assembly 15 comprises a series of track members 16
      each having an upright plate 17 secured towards its base 18 to the side
      wall 7 of the associated conveyor pan 4 and a slideway 19 extending along
      the upper edge of the upright plate 17.
PAR  The slideway 19 has pockets 20 (see in plan in FIG. 3) for fixedly engaging
      alternate links 21 of a flexible round link chain 22 (only a portion of
      which is shown) which extends the whole length of the machine's path and
      which has adjacent links arranged in perpendicular planes. The pockets 20
      are slightly larger than the links 21 and are interconnected by a
      continuous slot or groove 23 which accommodates the lower portions of the
      upright links 24 of the chain 22 as seen in FIG. 2. Holes 25 are provided
      in the bottom of the slideway 19 to help prevent broken coal building up
      in the groove 23.
PAR  The feet 14 on the machine slide along the upper face 26 of the slideway
      and extend part way around the slideway 19 to captivate the machine to the
      track assembly. The feet 14 captivate adjacent links 21 of the chain 22 in
      the pockets 20. A groove 27 is formed in the base of each of the feet 14
      to accommodate the upper portion of the upright links 24.
PAR  The length of the chain 22 between the two feet 14 is associated with a
      sprocket assembly 30 which is provided on the part 1 of the machine and
      which includes a driven sprocket 31 and two guide idler sprockets 32 and
      33. As the machine moves along its path the chain links associated with
      the sprocket assembly sequentially are fed from the adjacent track
      component 16 by the currently leading guide sprocket 32 or 33 (depending
      upon the direction of travel of the machine along its path) around the
      driven sprocket 31 where the links are drivably engaged sequentially by
      the teeth of the sprocket 31 and replaced in the pockets 22 of the track
      member 16 by the currently trailing guide sprocket 33 or 32. The feet 14
      ensure that links of the chain adjacent to those associated with the
      sprocket assembly are captivated to the track component.
PAR  A scraper blade 35 is mounted on the part 1 of the machine and arranged to
      run along the continuous groove 23. The blade 35 ensures that the groove
      and pockets are kept free from broken coal so that the links of the chain
      can be correctly replaced in the track component. The blade 35 also serves
      to plough the links of the chain out of the pockets 20 ensuring that the
      links disengage the track member at the desired position relatively to the
      sprocket assembly.
PAR  The driven sprocket 31 is driven by an electric motor within the part 1 of
      the machine which is supplied by a flexible electric cable (not shown)
      accommodated within a trough 36 secured to the base of the track member
      16. The trough 36 has bores (indicated at 38 in FIG. 2) for the attachment
      of conveyor advancing rams (not shown).
PAR  In use the machine hauls itself to and fro on its path extending along the
      longwall face with the rotary cutter head 2 winning coal from the face. As
      the machine hauls itself along the chain, the links sequentially are
      associated with the sprocket assembly and sequentially are drivably
      engaged by the driven sprocket 31. Only those links of the chain currently
      associated with the sprocket assembly are disengaged from the track
      assembly 15. Thus, only those links of the chain currently associated with
      the sprocket assembly are under tension, the next leading link relative to
      those associated with the sprocket assembly is fixedly engaged with its
      associated pocket 22 and takes the hauling force of the machine. All the
      remaining links of the machine which are accommodated within the track
      assembly pockets 22 along the whole length of the face are slack and not
      tensioned. Thus, with equipment constructed in accordance with the present
      invention there is no long length of tensioned chain. Consequently, the
      disadvantages associated with long length of tensioned chain are not
      encountered.
PAR  Also, since the sprocket assembly is engaged by a flexible round link chain
      it is not necessary to have the elongated track members manufactured to a
      high tolerance. Consequently the cost of the track assembly tends to be
      relatively inexpensive. I claim:
CLMS
NUM  1.
PAR  1.  A track member adapted to form part of a track assembly for a mineral
      mining machine which in use traverses to and fro along a path adjacent to
      an armoured face conveyor arranged along a mineral face and which has a
      driven sprocket assembly including a flexible round link chain having
      adjacent links arranged in two perpendicular planes, comprising an
      elongated component defining a number of pockets for fixedly engaging
      those links of the chain lying in one perpendicular plane, the elongated
      component further defining a continuous groove interconnecting the pockets
      for accommodating those links of the chain lying in the other plane
      perpendicular to the said one plane.
NUM  2.
PAR  2. A track member as claimed in claim 1, in which the pockets are formed in
      one face of a slideway for the machine.
NUM  3.
PAR  3. The track member as claimed in claim 1 in which the groove extends below
      the pockets and through areas of the pockets for receiving a scraper
      moving through the groove.
NUM  4.
PAR  4. The track member as claimed in claim 1 further comprising a plurality of
      holes extending downward through the track from the groove, whereby
      particles are removed by gravity from the groove.
NUM  5.
PAR  5. The track member as claimed in claim 4 wherein the holes extend downward
      from the groove in areas of the groove between the pockets.
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PAL  In a motor-driven rail vehicle, an arrangement is provided for sensing
      oscillations in the drive system occurring in a predetermined frequency
      range, and to reduce the torque of the motor if the oscillation amplitude
      sensed thereby exceeds a predetermined threshold value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a means in a motor-driven rail-vehicle,
      comprising a drive wheel driven by a drive motor.
PAR  2. The Prior Art
PAR  FIG. 1 shows how in a rail-vehicle, the tractive force F varies with the
      difference .DELTA.v between the peripheral speed of the drive wheel and
      the speed of the vehicle. To a relatively great extent the appearance of
      the curve depends on the surface of the rails and drive wheels, the
      existence of contamination, rust, ice, etc., and the speed of the vehicle.
      In principle, however, when the tractive force increases from zero up to a
      certain value F.sub.1 then .DELTA.v increases, due to elastic
      deformations, relatively slowly up to a certain value .DELTA.v.sub.1. In a
      typical case F.sub.1 is about 75 % of F.sub.max. If the tractive force
      increases further, pronounced slipping occurs between wheels and rail.
      Maximum tractive force F.sub.max is obtained when .DELTA.v =
      .DELTA.v.sub.2. .DELTA.v.sub.2 is normally one or a few km/hour. If
      .DELTA.v increases further, the tractive force decreases.
PAR  It is extremely desirable to be able to exploit the maximum available
      tractive force when necessary, i.e. to be able to work in a stable manner
      with .DELTA.v = .DELTA.v.sub.2, where of course F = F.sub.max. Since as
      mentioned above, the appearance of the curve, and thus both .DELTA.v.sub.2
      and F.sub.max, vary relatively strongly with uncontrollable external
      conditions, it has so far been impossible to fulfil this desire. The
      invention now shows a means with the help of which this problem is solved
      in a simple and advantageous manner.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is based on the fact that the operating range .DELTA.v
      .gtoreq. .DELTA.v.sub.2 is in principle unstable since the derivative of F
      with respect to .DELTA.v is zero or negative. Because of this, mechanical
      oscillations occur within this range in the system drive wheel - power
      transmission - drive motor - bogie. These oscillations have a natural
      frequency (possibly several) determined by the mechanical construction of
      the system. The existence of mechanical oscillations at such a natural
      frequency in the system thus constitutes an indication that the system is
      operating in the operating range .DELTA.v .gtoreq. .DELTA.v.sub.2.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described more fully with reference to the
      accompanying FIGS. 1 -5. As already mentioned,
PAR  FIG. 1 shows the dependence of the tractive force on the relative speed
      between wheel and rail.
PAR  FIG. 2 shows one embodiment of a means according to the invention,
PAR  FIG. 3 an example of how the force transducer included in the means
      according to this embodiment can be positioned, and
PAR  FIG. 4 the function of the limiting amplifier F 2 included in the system;
      while
PAR  FIG. 5 shows a modified arrangement according to the invention.
DETD
PAR  FIG. 2 shows drive and control equipment for a drive motor M 1 in a
      rail-vehicle. The armature of the motor is supplied with direct current in
      known manner from an alternating voltage network connected to the output
      AC, over the controlled rectifier C 1. This emits a direct voltage, the
      magnitude of which is determined by the signal delivered from the
      amplifier F 3 to the control pulse device SPD. The motor is provided with
      a tachometer-generator TG which delivers a signal proportional to the
      motor speed v. This is compared in the circuit S 1 with a speed reference
      v.sub.ref obtained from the potentiometer P 1. The speed error thus
      obtained is supplied to an amplifier F 1 having a suitable characteristic,
      the output signal of which constitutes the reference value I.sub.ref for
      the motor current. I.sub.ref is supplied to a limiting amplifier F 2. This
      has the characteristic shown in FIG. 4. Its output signal I.sub.ref. ' is
      proportional to the input signal I.sub.ref. if I.sub.ref. is less than or
      equal to a limit value I set with the help of the potentiometer P 2. For
      I.sub.ref. &gt; I, then I.sub.ref. ' = I. Thus, with the help of P 2, the
      maximum tractive force and thus acceleration can be set. A current
      measuring device IM generates a signal I proportional to the motor current
      and this signal is compared with I.sub.ref. ' in the circuit S 2. The
      difference I.sub.ref. ' minus I constitutes the current error and is
      supplied over the current regulator F 3 to the control pulse device SPD of
      the convertor C 1. In a manner known per se, the control system now
      described will tend to keep the speed constant and equal to the value
      v.sub.ref. set on the potentiometer P 1, while observing that the maximum
      motor current set with the help of P 2 (and therefore also the tractive
      force and acceleration) is not exceeded.
PAR  FIG. 3 shows a conventional bogie B in a motor-driven rail-vehicle. The
      bogie is seen from the side. It has two axles, each having two drive
      wheels mounted on the axle. The drive wheel 13 belongs to one of the
      axles, one bearing box 14 of which is shown. The bearing box is
      spring-suspended in the support 15 which is firmly joined to the bogie
      frame. The axle is driven by the motor M 1 which is suspended in the bogie
      frame, by means of the gear drive 12. The reaction force on the gear
      housing generated by the drive motor torque during acceleration is taken
      up by a reaction stay 16 applied between a bracket 17 on the bogie frame
      and a bracket 18 on the gear housing.
PAR  According to the invention a force transducer FT, preferably a
      magnetoelastic force transducer known per se, is arranged to be influenced
      by the force exerted on the reaction stay. The transducer may be applied
      in an aperture in the stay 16 or in one of the brackets 17 or 18.
      Alternatively, it may be applied between the bracket 17 and the bogie
      frame or between the bracket 18 and the gear housing 12. The transducer
      comprises in a known manner members which generate a direct voltage signal
      which is proportional to the force influencing the reaction stay 16 or its
      brackets. This signal is supplied to a band pass filter BP which is
      designed to let through signals having the frequency which has been found
      to appear in the case of mechanical oscillations of the type mentioned
      above. In a typical case this is a frequency of a few tens Hz. The output
      signal from the band pass filter is converted in a rectifier R to a direct
      voltage signal proportional to the oscillation amplitude, this signal then
      being supplied to a comparison device S 3. A threshold signal is obtained
      from the potentiometer P 3. The oscillation amplitude is compared with
      this threshold signal in S 3. If the oscillation amplitude exceeds the
      value corresponding to the threshold signal S 3 delivers a signal .DELTA.I
      over an amplifier F 4 to the limiting amplifier F 2 to decrease the
      voltage of the converter. The signal .DELTA.I decreases the limit value I
      set by P 2 to I - .DELTA.I. If the amplitude of the oscillations exceeds
      said threshold value, therefore, the current reference I.sub.ref. ' will
      be limited to the value I - .DELTA.I. The armature current of the motor
      thus decreases correspondingly, and with it the tractive force, thus
      causing the oscillation amplitude to decrease. A closed controlled circuit
      is thus produced which, when high acceleration is desired, automatically
      ensures that the drive system operates at the point F = F.sub.max ;
      .DELTA.v = .DELTA.v.sub.2 in FIG. 1. In this way the maximum adhesion
      available will be exploited to the full under all conditions.
PAR  The threshold value with which the oscillation amplitude is compared in S 3
      in FIG. 2 may be zero, and in this case P 3 and S 3 may be omitted.
      However, it is advisable with the help of P 3 to select a threshold value
      such that unwarranted reductions of the tractive force caused by minor
      oscillations are avoided. Similarly, it may be advisable in some cases to
      introduce a certain smoothing or delay in the signal path R - S3 - F4 -
      F2, so that brief oscillations are prevented from reducing the tractive
      force.
PAR  The force transducer used in the example may be placed at other points in
      the drive system or in the bogie frame. The most suitable location for
      each specific case depends on the design of the system motor - power
      transmission - drive wheel suspension which, as is known, may vary
      considerably. The important thing is that the transducer is placed at a
      point where it is subjected to the forces occurring during said mechanical
      oscillations.
PAR  In FIG. 3 the bogie B is provided with a further pair of drive wheels 23
      the bearing boxes 24 of which are suspended in the support 25. The axle is
      driven by the motor M2 through the gear 22 which is provided with a
      reaction stay 26 having brackets 27 and 28. The motor M 2 may be provided
      with its own control and supply system, identical to the motor M 1 shown
      in FIG. 2, in which case the force transducer is arranged in the same way
      in the reaction stay 26 or its brackets.
PAR  In certain cases the motors in the same bogie, or possibly all the motors
      in a vehicle, are driven from a common convertor. In this case each
      motor-drive axle is suitably provided with a force transducer, a band pass
      filter BP and a rectifier R. A selective circuit is then arranged to
      transmit the largest of the signals obtained from the rectifiers R to S 3.
      Usually the motor armatures are then supplied from the common convertor,
      whereas the field current of each motor can be controlled separately, for
      example by providing each motor with a separate controlled convertor to
      supply the field winding of the motor and a control circuit to control the
      field current of the motor. Thus each control circuit keeps the field
      current of the motor equal to a reference value supplied to the control
      circuit. Normally the control circuits are supplied with reference values
      of equal magnitude, corresponding to full motor flux at motor speeds from
      zero up to a certain value, the so-called basic speed, which might be, for
      example, half the full motor speed, and with increasing motor speed
      decreasing flux at speeds above said value.
PAR  When the motors exert a torque on the drive wheels, the distribution of
      pressure between the axles of the vehicle is altered so that the wheel
      pressure increases for certain driving axles and decreases for others. A
      certain axle or axles will therefore usually slip before the friction
      force available for the other axles is fully exploited. If, therefore, the
      slipping signal from the oscillation-sensing member of the spinning axle
      is made to decrease the armature current of all the motors by way of the
      selection circuit mentioned above and the common armature convertor, the
      drive torque on the axles which are not spinning will also decrease and
      the maximum drive torque will not be exploited.
PAR  In the system described, with common armature current control and
      individual field current control, however, this drawback can be avoided in
      the following manner.
PAR  The signal from each system motor - drive axle, which depends on the
      oscillation amplitude, is compared with a first threshold value. If the
      signal from a motor exceeds this value, it is supplied to the field
      current control circuits of the motors in the following manner: At speeds
      below the basic speed, the signal is supplied to the field current control
      circuits of the other motors (but not that of the slipping motor) in such
      a way that the field current in these motors is decreased by a value
      corresponding to the signal. The flux in these motors therefore decreases
      and their armature currents tend to increase. The common armature current
      regulator then counteracts this by reducing the armature voltage. This in
      turn results in the armature current, and thus the torque of the spinning
      motor, being decreased, the torque of the other motors remaining
      unaffected. At speeds above the basic speed the signal depending on the
      oscillation amplitude is supplied only to the field current control
      circuit of its own motor, and in such a way that the field current
      increases by a value corresponding to the signal. The flux in the motor
      then increases and the armature current, and thus the drive torque,
      decrease.
PAR  The result is that always and at all speeds the driving power of each motor
      will be the maximum possible with respect to the axle pressure of the
      drive axle coupled to the motor.
PAR  This system is suitably extended by supplying all the slipping signals to a
      selection circuit which transmits the largest of them on to a circuit
      where this signal is compared with a second threshold value which is
      greater than, for example twice as large as, the first threshold value
      mentioned above. If the signal exceeds this second threshold value, it is
      an indication that the armature current has been set far too high with
      respect to the adhesion prevailing and the signal is caused to influence
      the common armature current control circuit so that the armature current,
      and thus the tractive force of the whole vehicle, decreases to a value
      corresponding to the prevailing adhesion.
PAR  The magneto-elastic force transducer described in the example above may be
      replaced by force transducers of some other type, for example strain
      gauges. Instead of force transducers, other oscillation-sensing members
      may be used, for example accelerometers. In the bogie shown in FIG. 3 an
      accelerometer may suitably be applied at each end of the bogie.
PAR  The reduction in tractive force dependent on the oscillation amplitude can
      of course be obtained in many ways other than that described in connection
      with FIG. 2. For example, the signal .DELTA.I may instead be supplied to
      the comparison circuit S 2 and there subtracted from the current reference
      I.sub.ref. '.
PAR  In a simplified embodiment of the invention, the output signal from the
      oscillation-sensing member is supplied to an indicator in the driver's
      cabin of the vehicle. When oscillations occur, therefore, the driver must
      adjust the tractive force manually. Even with this simplified system
      considerable improvements in tractive force can be achieved.
PAR  Another advantage with the system according to the invention is that it to
      a great extent reduces mechanical stresses on drive axles with wheels and
      suspension, on the bogie frame, motors and power transmission means,
      caused by uncontrolled oscillations.
PAR  In the example described above, the motors are DC motors supplied by
      controlled convertors. Of course the invention can also be used for
      vehicles having other types of motors and supply devices. Similarly the
      invention can obviously also be used with other designs of bogies wheel
      suspension and power transmission than those described above, for example
      bogies having more than two axles.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a motor-driven vehicle having at least one drive system which
      comprises a drive motor and drive wheels;
PA1  in which system the tractive force varies with the difference .DELTA.v
      between the peripheral speed of the drive wheel and the speed of the
      vehicle, in which the tractive force reaches a maximum at a value
      .DELTA.v.sub.2 of said difference and decreases when said difference
      increases above said value, and in which, when said difference increases
      above said value, mechanical osciallations occur in the drive system
      within a certain natural frequency range;
PA1  an oscillation sensing member which includes a means to sense mechanical
      osciallations in the system within such range and to form a signal
      corresponding to the amplitude of such osciallations;
PA1  an arrangement for influencing the torque of the motor; and
PA1  means to transmit such signal to said arrangement;
PA1  said arrangement including means to reduce partially the torque of the
      motor in response to oscillations within such natural frequency range.
NUM  2.
PAR  2. Means according to claim 1, in which the oscillation-sensing member
      comprises a transducer which is responsive to a magnitude, dependent on
      the oscillations to generate a signal corresponding to this magnitude.
NUM  3.
PAR  3. Means according to claim 2, in which the oscillation-sensing member
      comprises a force transducer which is responsive to the reaction force
      caused by the drive force.
NUM  4.
PAR  4. Means according to claim 2, in which the oscillation-sensing member
      comprises a band pass filter adapted to said frequency range, means to
      supply to the input of said band pass filter the output signal of the
      transducer, the output signal of said band pass filter being a measure of
      the amplitude of said oscillations.
NUM  5.
PAR  5. In an arrangement according to claim 1, members for comparing the
      oscillation amplitude with a predetermined threshold value;
PA1  said torque reducing means being responsive to an increase of the
      oscillation amplitude above said threshold value.
NUM  6.
PAR  6. In a motor-driven vehicle having at least one drive system which
      comprises a drive motor and drive wheels;
PA1  in which system the tractive force varies with the difference .DELTA.v
      between the peripheral speed of the drive wheel and the speed of the
      vehicle, in which the tractive force reaches a maximum at a value
      .DELTA.v.sub.2 of said difference and decreases when said difference
      increases above said value, and in which, when said difference increases
      above said value, mechanical oscillations occur in the drive system within
      a certain natural frequency range;
PA1  an oscillation sensing member which includes means to sense mechanical
      oscillations in the system within such range and to form a signal
      corresponding to the amplitude of such oscillations;
PA1  an indicator; and
PA1  means to transmit such signal to said indicator.
NUM  7.
PAR  7. Means according to claim 6, comprising members for comparing the
      oscillation amplitude with a predetermined threshold value.
NUM  8.
PAR  8. A method for controlling the tractive force in a motor-driven vehicle
      having at least one drive system which comprises a drive motor and drive
      wheels;
PA1  in which system the tractive force varies with the difference .DELTA.v
      between the peripheral speed of the drive wheel and the speed of the
      vehicle, in which the tractive force reaches a maximum at a value
      .DELTA.v.sub.2 of said difference and decreases when said difference
      increases above said value, and in which, when said difference increases
      above said value, mechanical oscillations occur in the drive system within
      a certain natural frequency range;
PA1  said method comprising
PA2  sensing mechanical oscillations within such range;
PA2  forming a signal corresponding to the amplitude of such oscillations;
PAR  and
PA1  partially reducing the torque of the motor in response to oscillations
      within such natural frequency range.
NUM  9.
PAR  9. A method according to claim 8, including;
PA1  comparing the oscillation amplitude with a predetermined threshold value;
      and
PA1  partially reducing the torque of the motor in response to an increase of
      the oscillation amplitude above said threshold value.
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ABST
PAL  The bolster rocker-beam of a railroad vehicle bogie is coupled to the
      supporting cradle at each end by means of two elastic assemblies. Each
      assembly is applied at one end against a downwardly inclined transverse
      cradle face and at the other end against a transverse rocker-beam face
      which is substantially parallel to the cradle face when the assemblies are
      at rest.
BSUM
PAR  This invention relates to secondary suspension systems for bogies of
      railroad vehicles of the type comprising a bolster rocker-beam which
      serves to support the vehicle body and each end of which rests in a
      swinging lateral cradle suspended at each end respectively at two points
      of the corresponding longitudinal frame member of the bogie which are
      located symmetrically with respect to the transverse vertical mid-plane of
      the bogie in order to permit pivotal motion of this latter about a
      longitudinal geometrical axis.
PAR  The aim of the invention is to provide a secondary suspension system of the
      aforementioned type which is of simple and economical structural design.
PAR  With this objective and in accordance with the invention, the coupling
      between each end of the bolster rocker-beam and the cradle which supports
      this latter is constituted by two elastic assemblies which are capable of
      working in compressive stress, in shear stress and in torsional stress,
      each of the two aforementioned assemblies being applied on the one hand
      against a transverse cradle face which is inclined downwards and towards
      the transverse vertical mid-plane of the bogie and on the other hand
      against a transverse face of the bolster rocker-beam which is
      substantially parallel to the aforementioned cradle face when the complete
      assembly is at rest.
PAR  In a structure of this type, the elastic assemblies serve to carry out both
      the transmission of vertical reactions produced by the weight of the
      vehicle body and the transmission of the torque which tends to restore the
      cradles towards their normal rest positions.
PAR  In one advantageous embodiment, each elastic assembly is made up of
      elastomer plates which are separated by metallic plates.
PAR  The invention finds a particularly advantageous application in the case of
      bogies of city railroad vehicles, especially when such vehicles are
      intended to run through tunnels and when the tracks have short-radius
      curves. In point of fact, the invention makes it possible to construct a
      swinging-suspension bogie of low height which is advantageous for running
      in tunnels and has a small lateral range of motion which limits the
      relative displacement of the vehicle body.
DRWD
PAR  A better understanding of the invention will be gained from the following
      description and from the accompanying drawings in which one embodiment of
      a suspension system in accordance with the invention is shown by way of
      non-limitative example, and in which:
PAR  FIG. 1 is a schematic illustration in perspective showing the secondary
      bogie-suspension system in accordance with the invention;
PAR  FIG. 2 is a view in profile showing a particular form of construction;
PAR  FIG. 3 is a transverse sectional view taken along line III--III of FIG. 2;
PAR  FIG. 4 is a profile view, similar to FIG. 2, showing the use of a helical
      spring in suspending the rocker beam of the bogie with respect to a
      supporting cradle;
PAR  FIG. 5 is a profile view, similar to FIG. 4, in which the rocker beam is
      suspended with respect to a supporting cradle by a helical spring encased
      in an elastomer cover;
PAR  FIG. 6 is an enlarged sectional view of one of the spherical bearings as
      illustrated in FIG. 3 for suspension of the cradle with respect to the
      longitudinal frame of the bogie, and
PAR  FIG. 7 is an enlarged sectional view, similar to FIG. 6 in which an
      elastomer is interposed between the cradle and the bearing shell to
      increase the transverse restoring force imparted to the cradle.
DETD
PAR  The railroad vehicle bogie which is shown diagrammatically in perspective
      in FIG. 1 is essentially constituted by two longitudinal frame members 1,
      2 which are joined together by means of two intermediate cross-members 3,
      4 and two end cross-members 5, 6. The two axles 7, 8 which are indicated
      solely by their geometrical axes are rigidly fixed respectively to the
      wheels 11, 12 and 13, 14.
PAR  The vehicle body (not shown in the drawings) rests on a central circular
      bolster-plate 17 which is rigidly fixed to a rocker-beam 18. By means of
      an elastic system which will be described hereinafter, each end of said
      rocker-beam rests in a lateral cradle such as the cradle 21, the two ends
      of which are in turn suspended respectively by means of two pivot-pins 23,
      24 fixed beneath the longitudinal frame member 1 along the same
      geometrical axis. It has been assumed in the example that the two end
      portions of the cradle 21 have the shape of yokes 26, 27 which embrace
      respectively two lugs 28, 29 which are integral with the longitudinal
      frame member, the pivot-pins 23 and 24 being passed through both arms of
      the yokes and through the corresponding lugs.
PAR  A coupling between each end of the bolster rocker-beam 18 and the cradle 21
      which supports this latter is effected by means of two elastic assemblies
      designated respectively by the reference numerals 31 and 32 and each
      constituted in this example by an elastic block formed by a stack of
      elastomer plates separated by metallic plates. The lower end of each block
      aforementioned is applied against a transverse face such as the cradle
      face 34 which is inclined downwards and towards the transverse vertical
      mid-plane of the bogie whilst the upper end of said block is applied
      against a transverse face 35 of the bolster rocker-beam which is
      sustantially parallel to the face 34 when the entire assembly is at rest.
PAR  Each elastic assembly mentioned in the foregoing such as the assembly 31 or
      32 is capable of working in compressive stress and in shear stress in
      order to transmit vertical loads as well as in torsional stress in order
      to return the cradles to their mean positions of stable equilibrium.
PAR  In FIGS. 2 and 3, there is shown one form of construction in which the same
      reference numerals have been retained in order to designate the same
      elements. The two longitudinal axes of pivotal motion of the ends of each
      cradle 21 are materialized by two spherical bearings such as those
      designated by the reference numeral 41 and housed within spherical bearing
      shells 42 which are rigidly fixed to the corresponding longitudinal frame
      member 1 or 2, the spherical bearing being attached to the cradle by means
      of a cross-bolt 43.
PAR  Each cradle 21 is therefore capable of pivoting on the longitudinal
      geometrical axis which passes through the centers of the spherical
      bearings 41 carried by one and the same longitudinal frame member in the
      same manner as in the embodiment shown diagrammatically in FIG. 1.
PAR  By way of indication, the primary elastic suspension elements 45 have also
      been shown diagrammatically in FIG. 2.
PAR  Turning to FIG. 4, which is a partial profile view, similar to FIG. 2, the
      rocker beam 18 is illustrated as being supported with respect to the
      cradle 21 by a helical spring 46 which is interposed between the rocker
      beam face 35 and the face 34 of the cradle. As will be noted, by comparing
      FIG. 4 with FIG. 1, the elastic assemblies 31 and 32 shown in FIG. 1 are
      simply replaced with helical springs 46 in the embodiment of FIG. 4. In
      the embodiment shown in FIG. 5, which is a profile view similar to FIG. 4,
      the helical spring 46 is encased in an elastomer cover 47.
PAR  In FIG. 6, which is an enlarged sectional view of a spherical bearing 41,
      as generally shown in FIG. 3, the spherical bearing 41 is supported by a
      bearing shell 42 which is rigidly fixed to longitudinal frame member 2 by
      any convenient means such as plates 48 which may be positioned on either
      side of the spherical bearing with the plates disposed laterally with
      respect to the bearing and the cross bolt 43 that secures the bearing to
      the cradle 21. As illustrated, the spherical bearing 41 may, thus, undergo
      rotational movement with respect to the bearing shell 42 during transverse
      movement of the cradle 21 with respect to the longitudinal frame member 2.
PAR  FIG. 7, which is a sectional view, similar to FIG. 6, illustrates use of an
      elastomer member 49 which is interposed between the bearing shell 42 and
      cradle 21. Through use of elastomer member 49, during movement of cradle
      21 with respect to longitudinal frame member 2 and the bearing shell 42
      affixed thereto, the elastomer member is compressed to transmit a
      transverse restoring force to the cradle 21.
PAR  The invention is clearly not limited to the embodiment which has been
      described in the foregoing with reference to the accompanying drawings and
      which has been given by way of example; depending on the applications
      which are contemplated, modifications may accordingly be made without
      thereby departing either from the scope or the spirit of the invention.
PAR  From this it follows, for example, that the elastomer plates could be
      replaced by equivalent elastic systems such as, for example, helical
      compression springs either of bare metal or covered with elastomer.
PAR  Similarly and depending on requirements, the spherical bearings 41 can be:
PAR  -- either of the friction surface type for the purpose of damping
      transverse oscillations,
PAR  -- or of the type in which provision is made for the interposition of
      elastomer for the purpose of increasing the transverse restoring force.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A railroad bogie comprising:
PA1  a bogie frame having a longitudinal axis and a transverse vertical mid
      plane;
PA1  wheels connected to said frame;
PA1  cradles pivotally suspended from said frame with each cradle having a long
      dimension that is positioned in a longitudinal direction with respect to
      said frame and each cradle having its long dimension positioned
      symmetrically with respect to said mid plane;
PA1  a bolster rocker beam supported within said cradles with the rocker beam in
      its rest position in substantial alignment with said mid plane;
PA1  said rocker beam having diverging side surfaces with each side surface
      making a uniform angle with said mid plane when the beam is in its rest
      position;
PA1  each of said cradles having a pair of diverging support surfaces with the
      support surfaces being substantially parallel to said side surfaces with
      the beam in its rest position;
PA1  spring means positioned between each support surface and each of said side
      surfaces;
PA1  each of said spring means having an end in contact with a support surface
      and another end in contact with a side surface;
PA1  each of said spring means having an axis which is inclined inwardly toward
      said mid plane from the support surface in contact with the spring means;
PA1  each cradle supporting a pair of spring means, and
PA1  the axes of each pair of spring means supported by each cradle being in
      substantial longitudinal alignment,
PA1  whereby each spring means undergoes cooperative movement with the other
      spring means in each pair of spring means in absorbing compressive stress,
      shear stress of torsional stress resulting from movement of the bolster
      beam away from its rest position.
NUM  2.
PAR  2. The railroad bogie of claim 1 wherein said spring means is made up of
      elastomer plates separated by metallic plates.
NUM  3.
PAR  3. The railroad bogie of claim 1 wherein said spring means includes a
      helical spring.
NUM  4.
PAR  4. The railroad bogie of claim 3 wherein said helical spring is coated with
      an elastomer.
NUM  5.
PAR  5. The railroad bogie of claim 1 including spherical bearings
      interconnecting said cradles and said frame.
NUM  6.
PAR  6. The railroad bogie of claim 5 wherein said bearings include an elastomer
      to increase the transverse restoring force to said cradles.
NUM  7.
PAR  7. The railroad bogie of claim 1 wherein said cradles have a generally
      U-shaped configuration.
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ABST
PAL  An afterburner apparatus to eliminate combustible products in exhaust gases
      so as to produce a substantially pollution-free gas for discharge to
      atmosphere. The afterburner apparatus is especially suitable for use with
      incinerators wherein the exhaust gases from the main combustion chamber
      oftentimes contain burnable waste products due to incomplete combustion.
      However, it may also be used with other types of combustion equipment,
      such as furnaces, gas heaters, or the like, wherein they, too, discharge
      exhaust gases having some burnable waste products therein. The afterburner
      apparatus provides for a more complete comsumption of waste products in
      that it is capable of obtaining a higher temperature in its combustion
      zone because heated air is supplied thereto to support combustion, the use
      of the heated air resulting in a saving in the amount of fuel used to fire
      the combustion chamber. Ancillary to this, the heated air for the
      combustion chamber of the afterburner apparatus is heated by transfer of
      heat from already treated flue gases, and by not utilizing heat from the
      exhaust gases prior to their entry into the combustion chamber, these
      exhaust gases entering at a higher temperature, thus, making it easier to
      maintain the proper temperature in the combustion chamber.
BSUM
PAR  The present invention relates to a new and improved system or apparatus for
      substantially eliminating or reducing pollution of atmosphere from exhaust
      gases, the apparatus being an afterburner arranged to receive exhaust
      gases having burnable or combustible waste products and burning such waste
      products and discharging a flue gas which is substantially pollution free
      and properly cooled. While the afterburner apparatus is especially adapted
      for use with incinerators where there is incomplete combustion of rubbish
      or waste products, it may be used with other primary combustion apparatus,
      such as furnaces or gas heaters, where there is a similar problem of
      incomplete combustion.
PAC  BACKGROUND OF THE INVENTION
PAR  Air pollution has become an acute problem in recent years, especially in
      areas of high density population wherein large amounts of rubbish and
      waste material must be disposed of by incineration. Since much of the
      rubbish and waste material is not biodegradable and, thus, cannot be
      buried where it would create other environmental problems in landfills and
      pollution of rivers, lakes, and other bodies of water, technology of
      incinerators has been increased with results that many incinerators made
      today reduce heavy smoke and other obnoxious waste discharged into the
      atmosphere, but these prior arrangements, while proving satisfactory to a
      certain extent, do not necessarily eliminate all of the harmful residues
      in the exhaust gases within standards set up by municipalities and/or the
      federal government. In those prior art incinerators which do meet such
      standards, they have been found to be costly to manufacture and also
      costly to operate.
PAR  Basically, the prior art incinerators and other primary combustion
      apparatus, such as furnaces, gas heaters, or the like, have utilized the
      concept of secondary burning in efforts to reduce the residual waste in
      the exhaust gases and this has been done by providing secondary spaced
      burning zone or zones in the exhaust stack of the incinerator. These prior
      art arrangements do provide for the supply of air into the secondary
      burning zone or combustion chamber so as to supply additional oxygen to
      support combustion, but such air was drawn from atmosphere and discharged
      into the secondary combustion chamber as subsequently "cool" air. This
      necessitated burners utilizing more fuel to maintain the heat in the
      secondary combustion zone or chamber at a temperature necessary for the
      combustion of waste products. In many instances, this heat in the
      combustion chamber of the afterburner could not be maintained at a
      sufficient temperature to cause complete combustion throughout the
      complete operation cycle of the equipment and in other instances, it could
      not be raised sufficiently high to burn certain waste products in the
      exhaust gases. U.S. Pat. No. 3,403,645, issued Oct. 1, 1968 to George H.
      Flowers, Jr., and U.S. Pat. No. 3,489,109, issued Jan. 13, 1970 to George
      H. Flowers, Jr., and both assigned to the same Assignee as this
      application, disclose incinerators which utilize a two-stage combustion
      process for producing clean flue gases. In the first stage, burning of the
      bulk of the waste material is accomplished in a primary or main combustion
      chamber and the hot exhaust gases are discharged from this chamber into a
      second combustion chamber wherein additional air is supplied direct from
      atmosphere to further support the burning of any combustible products left
      in the exhaust gases. While the arrangements disclosed in these two
      patents do result in satisfactory elimination of air pollution for many
      waste materials, the temperatures within the secondary combustion chamber
      could not be raised high enough to support combustion of certain waste
      products without constantly utilizing the burner therein and this resulted
      in an expensive operation and the lack of conservation of fuel.
PAR  U.S. Pat. 3,408,167, issued Oct. 29, 1968 to Roy W. Burden, Jr., discloses
      an exhaust gas afterburner essentially for use with incinerators or other
      primary combustion devices, the afterburner being positioned in the stack
      or in a bypass portion of the stack. In the arrangement of the
      aforementioned patent, a burner is provided in an area where combustion is
      to take place and upstream of the burner and the burning zone or
      combustion chamber there is provided means for introducing air into the
      exhaust gases in a turbulent manner. While this arrangement is somewhat
      analogous to the aforementioned Flowers patents, it again utilizes
      atmospheric air for assisting in combustion and this air is substantially
      cool air which has not been purposely heated. Another difficulty in this
      particular arrangement is that air is introduced upstream of the burner
      area and, consequently, the air has a tendency to cool the exhaust gases,
      thus, necessitating a requirement for use of even more fuel in the burner
      to elevate the temperature in the combustion chamber to a temperature
      sufficient to burn the waste products from the exhaust gases. U.S. Pat.
      No. 3,511,224, issued May 12, 1970 to Samuel R. Powancher, discloses a
      smokehouse exhaust incinerator wherein exhaust gases from a smokehouse are
      mixed with fresh air and are discharged together into a combustion chamber
      having a burner. The incinerator of this latter-mentioned patent is
      somewhat similar to that of the Burden patent in that, again, there is a
      cooling of the exhaust gases prior to entry into the combustion chamber by
      mixture with air with this resulting in the disadvantages mentioned
      heretofore. Of course, in this arrangement, the purpose is to burn the
      exhaust gases to remove the smoke therefrom and, consequently, the
      temperatures necessary for this type of operation are not nearly as high
      as those temperatures required for burning waste products in exhaust gases
      where such waste products come from either solid or liquid waste or
      rubbish and wherein such waste material being burned is not biodegradable.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention provides an improved combustion apparatus for burning
      combustible waste products in exhaust gases received from a primary
      combustion zone. By the use of heated air injected into the combustion
      chamber wherein there is a burner, temperatures within said combustion
      chamber can be raised to a point where substantially all of the
      combustible waste products in the exhaust gases can be burned so that the
      flue gases discharged from the combustion chamber are substantially
      pollution free.
PAR  More specifically, the present invention provides an improved afterburner
      apparatus for producing substantially pollution-free flue gases, the
      apparatus comprising a combustion chamber having an inlet for exhaust
      gases with burnable waste products adjacent one end thereof and an outlet
      adjacent the other end thereof for discharging the substantially
      pollution-free flue gases. The combustion chamber is provided with burner
      means at the end adjacent the inlet for injecting fuel therein and with
      stack means extending from the outlet for discharging the flue gases to
      atmosphere. Means are provided for supplying heated air to the combustion
      chamber to assist the burner means in igniting the waste products in the
      exhaust gases and to assist in the support of combustion in the combustion
      chamber with or without the burner means operating, the means for
      supplying heated air utilizing means to transfer heat from the
      substantially pollution-free flue gases downstream of the combustion
      chamber and in the stack whereby the temperatures of the flue gases are
      also materially reduced.
PAR  Ancillary to the above, the afterburner apparatus is contemplated as being
      used with an incinerator for disposing of waste material, either solid or
      liquid, or a combination of both, the incinerator including a main
      combustion chamber and the afterburner as a secondary combustion chamber,
      the afterburner being between the stack means and the main combustion
      chamber.
PAR  The invention provides for additional cooling of the stack means downstream
      of the heat transfer unit for heating the air from the flue gases, thus,
      the flue gases are further cooled prior to being discharged to atmosphere,
      thus, resulting in shorter stack means or stack means with refractory
      material therein extending only part way up the same.
PAR  The invention also provides for increasing the rate of flow of air after
      the air has been heated and the discharge of this heated air at discrete
      openings in the combustion chamber whereby turbulence is created in the
      combustion chamber to provide for full burning of the combustible waste
      products in the exhaust gases.
PAR  Throughout this specification, the term "exhaust gases" refers to those
      gases leaving a primary combustion zone or chamber and prior to the gases
      being treated for removal of residue of combustible products. On the other
      hand the term "flue gases" refers to those gases leaving the secondary
      combustion zone or chamber and in which the combustible waste products
      have been burned.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an incinerator incorporating the
      afterburner apparatus of the present invention.
PAR  FIG. 2 is an enlarged fragmentary diagrammatical view, partly in elevation
      and partly in vertical section, the view illustrating the features of the
      present invention and being from the opposite side of FIG. 1.
PAR  FIG. 3 is a fragmentary view taken substantially in the direction of the
      arrows 3--3 shown in FIGS. 2 or 4, the view illustrating an arcuate
      segment of the connecting ring.
PAR  FIG. 4 is an enlarged fragmentary sectional view taken on the line 4--4 of
      FIG. 1.
PAR  FIG. 5 is an enlarged fragmentary sectional view taken on the line 5--5 of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings wherein like characters or reference numerals
      represent like or similar parts, a controlled air incinerator for the
      present invention is generally designated by the reference numeral 10. The
      incinerator 10 includes an annular casing 12 provided with a suitable
      refractory lining and insulation, the annular casing 12 having a
      substantially horizontal axis. The annular casing 12 defines a main
      primary combustion chamber with a main or primary combustion zone 14 (FIG.
      2). At least one or more pressure burners 16, which may be gas or fuel
      burners, have nozzles within the main combustion chamber 12 for starting
      the burning of waste products. These pressure burners 16 are supplied with
      air to their nozzles (not shown) by means of an air blower 18 through the
      manifold 20 and the conduits 22. The burners 16 are normally turned off by
      suitable temperature responsive control devices once the combustion has
      been started and controlled temperatures within the main combustion
      chamber are reached. In order to support combustion during starting and
      once the waste material has started to burn, a further manifold 24
      supplies air through a plurality of apertures (not shown) into the
      interior of the main combustion chamber 12, the manifold being supplied
      with air under pressure from an air blower 26. The arrangement of the main
      combustion chamber 12 is generally of the type disclosed in the
      aforementioned U.S. Pat. No. 3,489,109.
PAR  Incinerator 10, at one end thereof, is provided with a rectangular annular
      extension 28 and a fire door generally designated at 30. Outwardly of the
      fire door 30 there is provided an automatic waste loading device generally
      designated at 32 and this device may be of the type disclosed in the
      co-pending U.S. application of Carroll T. Hughes, Jr. and James K.
      Fishback, serially numbered 405,079. The loading device 32, through a
      suitable control system, loads the waste material through the open fire
      door into the main combustion chamber 12. This will move the burning waste
      material toward the left of FIG. 2 where the ash, after combustion of the
      waste material, can be removed.
PAR  The opposite end of the casing or main combustion chamber 12 is provided
      with an access door 34 which may be of the type disclosed in the
      aforementioned U.S. Pat. No. 3,489,109. When the incinerator is not being
      used, the door 34 provides access for cleaning out the interior and/or
      making repairs thereto. Additionally, the opposite end may be provided
      with an automatic ash removal device, generally designated at 36, of the
      type disclosed in the aforementioned U.S. application Ser. No. 405,079.
      This automatic ash removal device may discharge ashes into an endless
      takeoff conveyer 38 or it may discharge such ashes into ash receiving
      carts or the like provided in a pit for the same.
PAR  The incinerator 10 further includes a novel afterburner apparatus generally
      designated at 40, the afterburner apparatus comprising a secondary
      combustion chamber 42 and stack means 44 cooperating with the secondary
      combustion chamber 42. The purpose of the afterburner apparatus 40 is
      similar to the secondary combustion chambers of the aforementioned U.S.
      Pat. Nos. 3,403,645 and 3,489,109 in that it receives hot exhaust gases
      having combustible waste products therein from the main combustion chamber
      12 and provides a secondary stage of burning for burning the combustible
      waste products so that the resulting flue gases traveling up the stack
      means and discharged to the atmosphere are generally pollution free as
      substantially all of the pollution particles or products have been removed
      therefrom. However, the afterburner apparatus 40 and its secondary
      combustion chamber 42 operate a far more efficiently as the temperatures
      in the secondary combustion chamber 42 are elevated to a considerably
      higher range than those of the prior art. Ancillary to this, the
      afterburner apparatus 40 is also more efficient in that it requires less
      fuel for its pressure burner 52 to raise and maintain the temperatures
      therein to any desired range.
PAR  More particularly, and referring specifically to FIG. 2, it will be noted
      that the main combustion chamber 12 is provided with an outlet 46 for the
      flow of waste and pollution-containing exhaust gases therefrom, the outlet
      46 communicating with an inlet 48 of the secondary combustion chamber 42.
      The secondary combustion chamber 42 communicates with the lower end of the
      stack means at 50 and discharges upwardly therefrom the substantially
      pollution-free flue gases. At one end of the secondary combustion chamber
      there is provided a pressure burner 52 which may be supplied fuel such as
      gas and/or oil just as the burners 16, the burner 52 also being supplied
      with the necessary air for mixture with the fuel from the blower 18
      through the manifold 20 (FIG. 1). The pressure burner 52 has a nozzle 54
      which directs its flame in a direction parallel to the longitudinal axis
      of the secondary combustion chamber 42, which axis is transverse to and
      intersects the vertical axis of the stack means 44.
PAR  Referring now to the stack means 44, it will be noted that the stack means
      is provided with a lower portion 56 communicating with the secondary
      combustion chamber 42 at 50, the portion 56 being refractory lined at 57
      and provided with suitable insulation at 59. The entire lower portion 56
      is provided with an exterior steel shell 61 and it will be noted that this
      lower portion 56 may be made as a unit with the secondary combustion
      chamber 42. A heat exchanger portion 58 is connected to the upper end of
      the lower portion 56 and this heat exchanger portion will be described in
      more detail later in the specification. Above the heat exchanger portion
      58 there is an upper portion 63 comprising a frusto-conical portion 60
      which terminates in a generally cylindrical discharge portion 62. The
      frusto-conical portion 60 is refractory lined, as indicated at 65, and
      also insulated as indicated at 67, the portion 60 also having an exterior
      steel shell 69 (see FIG. 5). At least the lower section of the discharge
      portion 62 is refractory lined, as indicated at 71, and covered with a
      steel shell 73. Intermediate the frusto-conical portion 60 and the
      discharge portion 62, means 64 are provided for the draft of atmospheric
      air into the upwardly flowing flue gases, this means providing secondary
      cooling of the flue gases in addition to the primary cooling of the flue
      gases as a result of the heat exchanger portion 58.
PAR  Referring now specifically to FIGS. 2, 4, and 5, the heat exchanger portion
      58 of the stack means 44 includes three substantially concentric walls, an
      outer wall 66, a spaced intermediate wall 68, and a spaced inner wall 70.
      The intermediate wall 68 and inner wall 70 are made from stainless steel
      because they are subjected to high temperatures, whereas the outer wall
      may be made of rolled steel. The outer wall 66 is provided with annular
      L-shaped flanges 72 and 74 at its lower and upper ends, respectively, the
      flanges having radially extending legs and being utilized to couple the
      heat exchanger portion 58 to the lower portion 56 and upper portion 63,
      respectively, of the stack means 44. As shown in FIG. 4, the steel shell
      61 of the lower portion 56 of the stack means 44 is provided at its upper
      end with an annular L-shaped flange 76 and it is bolted to the flange 72
      by bolt means 78, there being two annular apertured plates 80
      therebetween. On the other hand, the shell 69 of the frusto-conical
      portion 60 of the upper portion 63 is provided with an annular L-shaped
      flange 82 and it is bolted to the flange 74 by bolts 84, there being a
      solid annular plate 86 therebetween. The annular plate 86 has attached to
      its inner periphery a tadpole-type of seal 88 for sealing against the
      upper end of the inner wall 70 of the heat exchanger portion 58. Further,
      it will be noted that the inner wall 70 extends upwardly further than the
      intermediate wall 68.
PAR  The annular plates 80, as shown in FIG. 3, are provided with a plurality of
      elongated circumferentially extending apertures 90 therein which
      communicate with a plurality of spaced passages 92 extending through the
      refractory lining 57 of the lower portion 56 of the stack means 44. Some
      of the circumferentially spaced passages 92 extending through the lower
      portion 56 on the portion thereof furthest from the nozzle 54 of the
      pressure burner 52 terminate in discrete openings 94 just inside the
      secondary combustion chamber 42, whereas other of the passages 92 extend
      downwardly through the lower portion 56 and then along the length of and
      through the refractory lining of the secondary combustion chamber 42 and
      terminate in an arcuate chamber 96 surrounding the nozzle 54 of the
      pressure burner 52. Those passages 92 which extend down through the
      refractory lined wall of the secondary combustion chamber 42 also have
      discrete openings 98 along the length of the secondary combustion chamber
      42, whereas the arcuate chamber 96 formed by the end wall refractory
      material 100 is provided with an arcuate opening 102 which directs air
      into the secondary combustion chamber 42 in a direction parallel to the
      axis of the same and parallel to the direction of the flame produced by
      the nozzle 54.
PAR  The outer wall 66, intermediate wall 68, and inner wall 70 define a
      continuous annular passage with the lower portion 104 of the passage 103
      being in communication with a blower 106 having a tangential inlet 108
      thereto. Referring to FIGS. 2, 4, and 5, it will now be appreciated that
      when the blower 106 is operating, it forces air into the passage 103
      circumferentially and this air travels upwardly and around in the annular
      space between the walls 66 and 68 and over the upper edge 110 of the wall
      68 and then downwardly between the spaced walls 68 and 70. The
      tadpole-type seal 88 prevents this air from escaping into the main
      passageway of the stack means. When the air reaches the lower portion of
      the passage 103 between the walls 68 and 70, as indicated at 112 in FIG.
      4, it passes through the individual apertures 90 in the annular plates 80
      and is divided into the individual passages 92 in the lower portion 56 of
      the stack means 44 to be ultimately discharged through the discrete
      openings 94, 98, and 102. The air passing through the openings 94 and 98
      into the secondary combustion chamber 42 creates turbulence within the
      chamber, whereas the air passing through the opening 102 gives impetus to
      the flow of exhaust gases from the main combustion chamber 12 in a
      direction of the longitudinal axis of the secondary combustion chamber.
PAR  The frusto-conical portion 60 of the upper stack portion 63 is an air
      inducement cone for drawing air through the air induction means 64. In
      more detail, the upper end of the shell 69 is provided with an annular
      L-shaped flange 114, whereas the lower end of the discharge portion 62 is
      provided with an annular L-shaped flange 116. Intermediate these two
      flanges there is provided a section which includes an annular plate member
      118 bolted to the flange 116 by bolt means 120, the plate member being
      provided with a plurality of radially extending sections or ribs 122. The
      outer ends of the sections or ribs 122 are secured to an annular ring 124,
      this ring being spaced from the edge of the plate member 118 and the
      outermost edge of the flange 114 so that air can travel between the
      spoke-like sections or ribs 122 into the stack when the stack is
      discharging flue gases upwardly.
PAR  Briefly, the operation of the incinerator of the present invention is as
      follows. First, the main combustion chamber 12 is loaded with material to
      be burned and the burners 16 are ignited to initiate combustion of the
      waste material with air being supplied to the interior of the main
      combustion chamber 12 from the blower 26 and manifold 24. Exhaust gases
      will begin to discharge through the opening 46 of the main combustion
      chamber into the inlet 48 of the secondary combustion chamber 42 and just
      prior to this time, the burner 52 is started, as well as the blower 106.
PAR  In a typical operation, temperature in the main combustion chamber will
      reach 1500.degree.F. to about 2000.degree.F., depending on the type of
      waste material being burned, and will be discharged at this temperature
      into the secondary combustion chamber. Once a stabilized temperature has
      been reached in the main combustion chamber 12, the burners 16, which may
      be controlled by temperature responsive control devices, are turned off
      and air is supplied by the manifold 24 on demand to the interior of the
      main combustion chamber 12 to support combustion therein. The pressure
      burner 52 for the secondary combustion chamber 42 initiates combustion
      therein of combustible waste products in the exhaust gases entering and
      the temperature in this chamber begins to rise due to this combustion and
      the supply of heated air thereto. Flue gases will be discharged upwardly
      above the openings 94 of the secondary combustion chamber 42 and along the
      inner wall 70 of the heat exchanger portion 58 of the stack means 44,
      heating up the wall 70. Temperatures of the flue gases leaving the
      secondary combustion chamber 42 will be in the order of 2200.degree.F. to
      2800.degree.F. and, as will now be appreciated, the air entering the
      passage 103 and flowing circumferentially upwardly in this passage between
      the walls 66 and 68 will begin to heat and will be further heated as it
      flows downwardly between the walls 68 and 70. Air, for example, enters
      from the blower at about 60.degree.F. and where the air passes over the
      top edge of the wall 68 and down through the passage 103 between the walls
      68 and 70, the temperature will have reached to approximately
      150.degree.F. By the time the air reaches the point at the lower end of
      the passage 103 where it is discharged into the individual passages 92, it
      will have reached approximately 400.degree.F. At the point of discharge
      from the openings 102, the air has reached 500.degree.F. and, thus, it
      easily supports combustion within the secondary combustion chamber 42. The
      temperatures vary from 400.degree.F. to 500.degree.F. when it is
      discharged through the other openings 94 and 98 and, yet, this is still
      high enough to materially assist in the combustion of the waste products
      in the exhaust gases in the secondary combustion zone.
PAR  As will be understood, the blower 106 may be a five horsepower blower
      delivering 1200 cubic feet per minute of air at eight inches water column.
      This air flows slowly upwardly between the walls 66 and 68 and passes
      through the restricted portion of the passage 103 between the walls 68 and
      70 where its velocity increases to between 3000 and 6000 feet per minute.
      It reduces somewhat when it is flowing in the individual passages 92 and
      this velocity is between 2000 and 4000 feet per minute, but since the air
      is discharged through the small discrete openings 94, 98, and 102, its
      velocity of discharge is between 4000 and 10000 feet per minute and, thus,
      it creates considerable turbulence within the secondary combustion chamber
      42 so that there can be substantially complete combustion of all waste
      products in the exhaust gases.
PAR  By providing such an arrangement as just described, the pressure burner 52
      requires less fuel to initiate combustion and once combustion has been
      initiated, the burner 52 may be turned off by suitable temperature
      responsive control devices. Since the air entering the secondary
      combustion chamber 42 is heated to extremely high temperatures prior to
      entering the combustion chamber, this air will be sufficient to maintain
      the proper temperatures once the system is in operation.
PAR  By providing the heat exchange portion 58 downstream of the secondary
      combustion chamber 42, the heat removed or transferred from the flue gases
      is utilized and, thus, there is no reduction in the temperature of the
      exhaust gases entering the secondary combustion chamber 42 and,
      consequently, there is a saving of fuel.
PAR  The provision of the air induction means 64 downstream of the heat exchange
      portion 58 of the stack means 44 provides auxiliary cooling of the flue
      gases so that a shorter upper portion 63 may be used and this upper
      portion does not necessarily have to be lined with the 71 refractory
      material extending all the way to the top screened discharge opening 128
      where the flue gases are discharged into the atmosphere.
PAR  The terms used throughout this specification are for the purpose of
      description and not limitation, the scope of the invention being defined
      by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An incinerator for disposing of waste material comprising:
PA1  a main combustion chamber for receiving and burning of waste material;
PA1  a secondary combustion chamber operatively connected to said main
      combustion chamber for receiving exhaust gases therefrom and burning waste
      products in the exhaust gases to produce substantially pollution-free flue
      gases, said secondary combustion chamber having a pressure burner therefor
      with a burner nozzle therein at least for assisting in the starting of the
      burning of waste products in the exhaust gases;
PA1  stack means operatively connected to said secondary combustion chamber for
      receiving flue gases therefrom and discharging the same to atmosphere;
PA1  and means for supplying air under pressure into said secondary combustion
      chamber to assist in the support of combustion therein, said
      last-mentioned means including means for at least heating the air by heat
      transferred from flue gases downstream of said secondary combustion
      chamber prior to entry of the air into said secondary combustion chamber,
      said air supply means including a blower and said means for heating said
      air including a passageway in said stack means operatively connected to
      said blower and discharging into said secondary combustion chamber at
      discrete openings;
PA1  at least a first portion of said stack means adjacent said secondary
      combustion chamber being refractory lined, said secondary combustion
      chamber being refractory lined, and at least another portion of said stack
      means downstream of said first portion including three annular walls
      comprising an outer wall member, an intermediate wall member, and an inner
      wall member, the intermediate wall member and the inner wall member being
      heat transfer members and the three wall members defining a portion of
      said passageway for air under pressure, the other portion of said
      passageway being defined by individual passages through said refractory
      lined first portion of said stack means terminating in said discrete
      openings in said secondary combustion chamber.
NUM  2.
PAR  2. An incinerator as claimed in claim 1 including air inlet means for said
      stack means positioned downstream of said means for heating the air from
      flue gases, said air inlet means providing ambient air to said flue gases
      for further cooling the same.
NUM  3.
PAR  3. An incinerator as claimed in claim 1 in which said blower supplies air
      tangentially between the outer wall member and intermediate wall member
      with the air being directed circumferentially upwardly between the two and
      downwardly between the inner wall member and the intermediate wall member
      to the individual passages.
NUM  4.
PAR  4. An incinerator as claimed in claim 3 in which at least the inner wall
      member and intermediate wall member are made of stainless steel.
NUM  5.
PAR  5. An incinerator for disposing of waste material comprising:
PA1  a main combustion chamber for receiving and burning of waste material;
PA1  a secondary combustion chamber operatively connected to said main
      combustion chamber for receiving exhaust gases therefrom and burning waste
      products in the exhaust gases to produce substantially pollution-free flue
      gases, said secondary combustion chamber having a pressure burner therefor
      with a burner nozzle therein at least for assisting in the starting of the
      burning of waste products in the exhaust gases;
PA1  stack means operatively connected to said secondary combustion chamber for
      receiving flue gases therefrom and discharging the same to atmosphere,
      said stack means having a substantially vertical axis and said secondary
      combustion chamber having a longitudinal axis extending transversely of
      said vertical axis, said secondary combustion chamber having an end wall
      remote from said stack means and in which said burner nozzle is
      positioned;
PA1  and means for supplying air under pressure into said secondary combustion
      chamber to assist in the support of combustion therein, said
      last-mentioned means including means for at least heating the air by heat
      transferred from flue gases downstream of said secondary combustion
      chamber prior to entry of the air into said secondary combustion chamber,
      said air supply means including a blower and said means for heating said
      air including passageway in said stack means operatively connected to said
      blower and discharging into said secondary combustion chamber at discrete
      openings;
PA1  at least some of said discrete openings of said passageway being in said
      end wall and opening into said combustion chamber for supplying heated air
      thereto in a direction substantially parallel to the longitudinal axis of
      said combustion chamber.
NUM  6.
PAR  6. An incinerator as claimed in claim 5 in which at least some other of
      said discrete openings open into said secondary combustion chamber along
      its length for discharging heated air into said secondary combustion
      chamber to cause turbulence in said secondary combustion chamber during
      burning of waste products in exhaust gases.
NUM  7.
PAR  7. An incinerator as claimed in claim 6 in which the lower end of said
      stack means opens into said secondary combustion chamber above the at
      least discrete openings which are furthest remote from said end wall of
      said secondary combustion chamber.
NUM  8.
PAR  8. An incinerator as claimed in claim 7 in which said stack means includes
      a first portion adjacent said secondary combustion chamber which is
      refractory lined, a second portion immediately above said first portion,
      said second portion including three annular walls comprising an outer wall
      member, an intermediate wall member, and an inner wall member, the
      intermediate wall member and the inner wall member being heat transfer
      members and the three wall members defining a portion of the passageway
      for air under pressure, the other portion of said passageway being defined
      by individual passages through the refractory lined first portion of said
      stack means and terminating in said discrete openings in said secondary
      combustion chamber.
NUM  9.
PAR  9. An incinerator as claimed in claim 8 in which said blower supplies air
      tangentially between the outer wall member and the intermediate wall
      member adjacent the lower portion of the same with the air being directed
      circumferentially upwardly between the two wall members and downwardly
      between the inner wall member and the intermediate wall member into the
      individual passages.
NUM  10.
PAR  10. An incinerator as claimed in claim 9 in which at least the inner wall
      member and the intermediate wall member are made of stainless steel.
NUM  11.
PAR  11. An incinerator as claimed in claim 10 in which the air entering the
      individual passages is heated in said second portion of said stack means
      to at least 400.degree.F. and is further heated to at least 500.degree.F.
      when in said individual passages and prior to discharge through said
      discrete openings.
NUM  12.
PAR  12. An incinerator as claimed in claim 11 in which exhaust gases with
      burnable waste products enter said secondary combustion chamber at a
      temperature of at least 1500.degree.F. and in which flue gases leave said
      secondary combustion chamber at least 2200.degree.F.
NUM  13.
PAR  13. An incinerator as claimed in claim 12 in which said stack means
      includes a third portion above said second portion, said third portion
      being refractory lined at least adjacent to said second portion.
NUM  14.
PAR  14. An incinerator as claimed in claim 13 including air inlet means for
      said stack means positioned in said third portion above said second
      portion, said air inlet means providing ambient air to said flue gases for
      further cooling the same prior to discharge from said third portion.
NUM  15.
PAR  15. An afterburner apparatus for burning burnable waste products in exhaust
      gases to produce substantially pollution-free flue gases comprising:
PA1  a combustion chamber having an inlet for exhaust gases with burnable waste
      products adjacent one end thereof and an outlet adjacent the other end
      thereof for discharge of the substantially pollution-free flue gases, said
      combustion chamber having burner means at the one end adjacent the inlet
      for injecting fuel therein generally in a direction of a longitudinal axis
      of the combustion chamber;
PA1  stack means extending from the outlet of said combustion chamber for
      discharging the substantially pollution-free flue gases to atmosphere,
      said stack means including a refractory lined lower portion extending from
      the outlet of said combustion chamber, a heat exchanger portion connected
      to said lower portion, and an upper portion for discharging flue gases to
      atmosphere;
PA1  means for supplying heated air to said combustion chamber to assist said
      burner means in igniting the waste products in the exhaust gases and to
      assist in the support of combustion in the combustion chamber with and
      without the burner means operating, said means for supplying heated air
      including means for utilizing the transfer of heat from flue gases
      downstream of said combustion chamber and in said stack means whereby
      temperature of flue gases is materially reduced, said means for supplying
      heated air to said combustion chamber including a blower, a passageway for
      air extending through said heat exchanger portion, and through said lower
      portion and terminating in discrete openings in said combustion chamber.
NUM  16.
PAR  16. An afterburner apparatus as claimed in claim 15 in which said heat
      exchanger portion of said stack means includes three substantially
      concentric annular walls defined by an outer wall, an intermediate wall,
      and an inner wall, said blower being arranged to supply air tangentially
      into an outer annular passage defined by the outer wall and the
      intermediate wall to cause air to flow upwardly and circumferentially
      therearound and downwardly through an inner annular passage defined by the
      intermediate wall and the inner wall, and a plurality of passages
      extending from said inner annular passage through the refractory lined
      lower portion of said stack means and terminating in said discrete
      openings, said passages receiving the downwardly flowing air and further
      heating the same.
NUM  17.
PAR  17. An afterburner apparatus as claimed in claim 16 including air inlet
      means in said upper portion of said stack means where air can be drawn
      into the said stack means to further cool the flue gases after the flue
      gases have passed from the said heat exchanger portion of said stack
      means.
NUM  18.
PAR  18. An afterburner apparatus as claimed in claim 17 in which at least some
      of said discrete openings for air direct air into said combustion chamber
      in a direction parallel to the axis of the same.
NUM  19.
PAR  19. An afterburner apparatus as claimed in claim 18 in which other of said
      discrete openings for heated air are arranged to direct air into said
      combustion chamber in a direction transverse to flow therethrough to
      thereby create turbulence in the burning zone of the combustion chamber.
NUM  20.
PAR  20. An afterburner apparatus as claimed in claim 16 in which said inner
      wall and said intermediate wall are made from a stainless steel material.
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ABST
PAL  A combustion furnace particularly for burning refuse comprises a furnace
      housing having an inlet adjacent one end and a discharge chute at the
      opposite end. A grate extends between the inlet for the material to be
      burned and the discharge and it slopes downwardly toward the discharge but
      it includes step portions each of which has a grate part which slopes in a
      direction opposite to the overall sloping of the grate. The overall slope
      of the grate is about 10.degree. to 20.degree. from the horizontal while
      the sloping of the individual stepped portions is from between 5.degree.
      and 10.degree..
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to the construction of furnaces for
      burning refuse and in particular to a new and useful furnace which
      includes a grate which slopes downwardly from the inlet to the discharge
      and which includes a plurality of stepped portions each having grate
      sections which slope in an opposite direction to the overall slope of the
      grate.
PAR  2. Description of the Prior Art
PAR  Combustion furnaces for burning refuse are known which include individual
      grate portions or zones which slope downwardly in the same general
      direction as the entire grate that is in the direction of advance of the
      material to be burned. In most cases the main inclination of the grate is
      approximately from between 20.degree. and 30.degree. and the sloping angle
      of the individual zones is about from 5.degree. to 10.degree.. Such a
      known design has the disadvantage that in the zones which are inclined in
      the same direction as the entire grate the material which is introduced to
      be burned has a tendence to roll from zone to zone due to the relatively
      great general inclination of the grate. In addition it is urged further
      toward the discharge area by the slope of the zone so that the period of
      dwell of the material in the fireplace which is necessary for completion
      of incineration is not attained. In addition the material which does not
      tend to move in a rolling motion toward the discharge end is not
      sufficiently turned over or rearranged in the individual zones and a
      completely satisfactory burning is prevented.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improvement over the prior art in respect to
      the construction of the grate wherein the grate includes individual step
      portions which slope downwardly in a direction opposite to the overall
      downward sloping of the grates in the inlet to the discharge. The
      construction affords a completely regular transportation of the material
      to be burned from the inlet to the discharge and prevents a rolling away
      in the zones of any portion of the material and at the same time insures a
      fully satisfactory turnover of the material in the individual zones.
      During the movement of the material to be incinerated it does not roll
      away in the general slope direction of the grate but moves backwardly
      slightly in each individual zone so that a turnover effect is obtained
      which is increased by the general pushing of the material by the grate
      bars. It has been found that a general inclination of the grate of from
      between 10.degree. and 20.degree. and an opposite inclination of the
      individual grate portions or steps of between 5.degree. and 10.degree. is
      particularly advantageous. This also makes it possible to obtain
      sufficiently high rises between the zones and thereby to design the rise
      walls for blowing secondary air therethrough which serves both a better
      cooling of the rise walls and a better combustion of the material.
PAR  The design makes it possible to achieve optimal combustion conditions in
      each of the individual zones or steps by supplying secondary air at the
      right locations and in sufficient quantities so that in each zone all
      combustible constituents are completely burnt down as much as possible.
      This is obtained by a conjoint action of a plurality of secondary air
      stream which issue from the furnace walls transversely to the advance
      direction above the grate. Secondary air streams sweep over the grate at
      certain spacings along its length in or against the advance direction of
      the material so that the secondary air streams not only supply enough
      combustion air but also blow the flames inwardly off the furnace walls and
      keep the flames concentrated immediately above the grate by limiting their
      height.
PAR  Accordingly it is an object of the invention to provide an improved furnace
      for burning particularly refuse material which includes a grate which
      slopes downwardly from an inlet to a discharge of the furnace housing and
      which includes individual portions or steps which slope in a direction
      opposite to the overall sloping of the grate.
PAR  A further object of the invention is to provide an improved furnace for
      burning refuse which includes a wall construction in the form of a divided
      hollow interior with baffling to permit a supply of air downwarldy from
      the roof portion and along the side walls and inwardly at a plurality of
      locations over the individual grate sections and for the return of excess
      air upwardly on the exterior of a partition baffle within the wall to a
      discharge at the upper end of the furnace and to a location for supplying
      some air below the grate sections.
PAR  A further object of the invention is to provide a furnace particularly for
      burning refuse which is simple in design, rugged in construction and
      economical to manufacture.
PAR  For an understanding of the principles of the invention reference is made
      to the following description of a typical embodiment thereof as
      illustrated in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a partial vertical sectional view partly schematic of an
      incinerator constructed in accordance with the invention;
PAR  FIG. 2 is an enlarged partial sectional view of a portion of the
      incinerator grate shown in FIG. 1;
PAR  FIG. 3 is a vertical sectional view taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged partial view of the section shown in FIG. 3; and
PAR  FIGS. 5 and 6 are further enlarged partial sectional views of the wall
      portion shown in FIG. 3.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular the invention embodied therein
      comprises a combustion furnace particularly for incinerating rubbish which
      includes a housing generally designated 50 having an inner wall formed on
      base plates 9 spaced inwardly from an outer wall 12 which leaves a hollow
      space which is separated by an intermediate partition wall 13. The housing
      includes an inelt 52 for the inflow of material to be burned in the
      direction of the arrow E shown in FIG. 1. A discharge A for the material
      is located at the other end of the housing.
PAR  In accordance with the invention a grate generally designated R extends
      between an inlet area O for the material to be burned and the discharge
      chute A and it has an overall slope downwardly in the direction of the
      discharge which forms an angle X relative to the horizontal of about
      15.degree. for example and which is advantageously within the range of
      10.degree. to 20.degree.. The grate R includes individual portions or
      steps 1, 2, 3, which are sloped in a direction opposite to the overall
      slope of the grate R by an angle Y in respect to the horizontal.
PAR  As best shown in FIG. 2 each grate section 1, 2, 3 includes a slide base 24
      having individual upstanding pivot brackets 54 arranged at spaced
      locations along its length and which pivotally support inner ends of
      individual grate bars 4a, 4b.  The grate bars 4a and 4b have outer ends
      which overlap the next adjacent bar and they are held by the slide 24 so
      that they will have an overall downward slope Y as indicated. The slide 24
      is mounted on supports 56 and 58 which permit the back and forward
      movement of the slide during the drive of a fluid drive motor generally
      designated 60 having a connecting piston rod 62 which reciprocates in the
      direction of the arrows Z. The movement of the slide 24 backwardly and
      forwardly during its reciprocation causes the transportation step by step
      of the material to be burned within the individual steps or sections 1, 2
      and 3. Because of the slight rise of the individual steps in the direction
      of advance of the material the transport of the material is carried out
      without an undesirable rolling forward of the material. In addition this
      construction insures a slight beaming up and falling back of the material
      at the advance by means of the shaking of the grate bars 4a, 4b which is
      analogous to the breaking of a wave. There is a coarse overturning
      obtained by the dropping of the material down each stepped portion to the
      next adjacent step and this results in a fine overturning of the material
      so that during the advance of the grate when moved by the motor 60 the
      material is continuously moved and overturned and thus subjected to
      combustion in all parts.
PAR  The fireplace walls and also the riser walls of the grate have to withdraw
      heat from the fireplace only to an extent necessary to hold down the
      surface temperature that is to hold this temperature at a level below the
      melting temperature of the ash. The withdrawn local heat turns almost
      completely into the fireplace again with the primary and secondary air.
      The cooling and preheating correspond to each other. The construction
      necessary for this purpose is simple and can be thermically computed in
      all respects.
PAR  For this purpose the furnace housing 50 includes a plate 17 which is
      suspended from the furnace walls limiting and facing the fireplace above
      the grate. The hollow space 10 between the inner wall plates 9 and the
      outer wall 12 provides a space for the circulation of the combustion air.
      Base plates 9 are provided with ribs at the inside and they also include
      openings 9" in which hooks of plate 17 are engaged and through which the
      secondary air may flow past the plate 17 into the fireplace so that the
      plates are slightly cooled and the air is preheated. Plates 17 are to be
      provided at any place where an accumulation of heat is expected thus at
      the rises of the grate and at the walls adjacent the grate.
PAR  As shown in FIG. 3 there is a partition 13 which divides the space 10
      between the base plates 9 and the outer wall 12 both at the sides and the
      top of the furnace. The furnace wall construction is formed of a plurality
      of channel bars 8 which are disposed in pairs and which are supported by a
      base frame 7. The inner walls or base plates 9 are provided in the upper
      portion of the furnace with a covering of a ceramic material or thermal
      insulation. The inner wall 9 also carries ribs 9' which extend inwardly
      between the inner wall and the partition 13 and the number and extent
      thereof are chosen in order to regulate the velocity of the air and the
      thermal flow in the interior passages of a furnace wall.
PAR  The base plates 9 in the area of the insulation are provided with slits but
      are not perforated so that the air is forced to flow downwardly to the
      plate 17 where part of it moves further downwardly to the lower cavity 18
      below the partition wall 13 and through openings 16 located below the
      grate R. The grate R advantageously includes openings c in the individual
      grate elements 4a and 4b. Thus air enters through the roof superstructure
      11 and is propelled for example by a blower (not shown) to move through an
      inlet passage 11' and flow to each side of the roof 62 and downwardly
      between the base plate wall 9 and the partition 13. The flow of air cools
      the nonperforated plate 9 which is covered by the ceramic coating a and it
      passes through the openings in the plate 17 or the openings 16 to provide
      air for combustion both above and below the grate. When the air supplied
      is in excess a part of this excess will escape upwardly through the space
      between the partition 13 and the outer wall 12 and in so doing it tends to
      cool the surface of the outer wall.
PAR  With the construction of the invention heat losses are very small even
      without special insulation and nevertheless the inner skin of the furnace
      is sufficiently cooled. This construction also permits a reliable thermal
      calculation of the amount of heat which is to be retained or circulated
      outwardly to atmosphere. The temperature of the plates in the inner
      portions of the channel bars may amount to more than 400.degree.C while
      the furnace exterior wall 12 remains below 100.degree.C.
PAR  The front and back walls of the furnace have the same structure as the
      lateral walls in the roof. The lowermost part of the wall cavities where
      the base plates 9 have no ribs serves as a secondary air collector 19 and
      20. At the side facing the fireplace collector 19 is screened by suspended
      plates 17 at this location of the inlet to the furnace. The collector 19
      has orifices 19' through which secondary air is blown over the material to
      be burned and directed in the transport direction of the grate R. The
      collector 20 at the back wall supplies a lower collector 5' of a fire
      bridge 5 through tubes 20'. The fire bridge is also designed as a
      panel-like hollow section having base plates 9 which are covered above and
      below with a ceramic layer and which have ribs in the interior. The upper
      collector 5" directs the preheated secondary air through orifices 5a of
      nozzles in a direction opposite to the transport direction of the grate
      and the air passes over the grate. Because of the large amount of heat
      accumulation the bridge 5 is also provided with plates 17 below the upper
      collector 5" and at the front side in the zone of orifices 5a. Plates 17
      keep the hot fire gases away from the bridge and the nozzles since they
      particularly strongly affect the nozzles due to the suction effect of the
      secondary air streaming from the orifices 5a.
PAR  In larger units in some instances the fireplace is provided with
      water-cooled boiler walls. Such a structure would be limited to parts
      having a ceramic insulating protection. The fire bridge would then be
      omitted and this would simplify the boiler construction. Below the front
      and rear boiler drum the collectors 19 and 20 would remain as secondary
      air conduits. The plates 17 however would be maintained in view of the
      important function of these plates to permit the air to flow over the
      grates. Finally the panel-like sections 1, 2 and 3 would have a lesser
      angle of negative inclination.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  The embodiments of the invention invention in which an exclusive property
      or privilege is claimed are defined as follows:
NUM  1.
PAR  1. A combustion furnace particularly for burning refuse, comprising a
      furnace housing having an inlet adjacent one end for the infeed of
      material to be burned and a discharge spaced from said inlet, and a grate
      extending between said inlet and said discharge and having an overall
      sloping angle sloping downwardly to said discharge, said grate including a
      plurality of separate individual grate step portions arranged one after
      the other between said inlet and said discharge and each sloping
      downwardly in a direction opposite to said overall slope of said grate.
NUM  2.
PAR  2. A combustion furnace according to claim 1, wherein said overall slope of
      said grate comprises an angle of from 10.degree. to 20.degree. with the
      horizontal and the individual slope of the grate step portions comprises
      from 5.degree. to 10.degree. relative to the horizontal.
NUM  3.
PAR  3. A combustion furnace according to claim 1, wherein said furnace housing
      is of double wall construction and defines an air flow passage between
      said double walls said passage having openings into said furnace above and
      below said grate.
NUM  4.
PAR  4. A combustion furnace particularly for burning refuse, comprising a
      furnace housing having an inlet adjacent one end for the infeed of
      material to be burned and a discharge spaced from said inlet, and a grate
      extending between said inlet and said discharge and having an overall
      sloping angle sloping downwardly to said discharge, said grate including a
      plurality of separate individual grate step portions arranged one after
      the other between said inlet and said discharge and each sloping
      downwardly in a direction opposite to said overall slope of said grate,
      said housing including spaced inner and outer walls and an intermediate
      partition arranged in substantially parallel relationship and defining an
      inflow passage for air between the intermediate wall and the inner wall
      from the top of said furnace along each side, said inflow passage having
      openings into said furnace in the vicinity of said grate and the space
      between said partition wall and the outer wall defining a return conduit
      communicating with the end of said inflow conduit for the outflow of the
      air which is in excess of that required for combustion.
NUM  5.
PAR  5. A combustion furnace construction according to claim 4, wherein said
      inner wall comprises a base plate having an upper portion with an interior
      heat insulation thereon and a lower portion forming a plurality of panels
      having a plurality of vertically spaced openings through which the air may
      pass, the interior of said fireplace including a plurality of plates
      having hooks which engage into some of the openings of said inner wall.
NUM  6.
PAR  6. A combustion furnace according to claim 5, including a plurality of
      channels extending from said air flow space into the interior of said
      furnace and providing separate flow orifices for the inflow of combustion
      air at spaced locations along the length of said grate between said inlet
      and said discharge.
NUM  7.
PAR  7. A combustion furnace according to claim 4, including a fire bridge
      conduit extending into said furnace from the end thereof adjacent said
      discharge chute toward said inlet and terminating in a nozzle directed
      downwardly against said grate said bridge having a fire flow conduit
      connection to said nozzle to said furnace wall, said furnace wall
      comprising a double wall having an interior space for the inflow of air
      thereto.
NUM  8.
PAR  8. A combustion furnace according to claim 4, including a tube boiler
      mounted above said grate, said furnace having a double wall formation
      having an inflow passage between said walls for the inflow of combustion
      air which leads into said furnace in the vicinity of said grate.
NUM  9.
PAR  9. A combustion furnace according to claim 1, wherein each of said grate
      step portions comprise a plurality of individual grate members arranged in
      overlapping relationship, means pivotally mounting each of said grate
      members at their inner ends so that their outer top ends extends
      downwardly from the edge of said step so that the overall slope of said
      step is downwardly in a direction opposite to the overall slope of said
      grate.
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ABST
PAL  A tufting machine having multi-color selection capability for each tufting
      cycle which utilizes pneumatic pressure either positive or negative, or a
      combination of the two, to transfer the yarn or other tufting material to
      tufting elements, the yarn being severed before, during, or after
      threading, for subsequent placement into tufting relationship with a
      backing layer. The system comprises yarn guide passageways having abutting
      sections which are relatively movable to create an opening through which a
      yarn-severing means severs the yarn into selectively-sized bits. The
      relative positions of the yarn-severing means and the abutting sections of
      the passageways are adjustable to provide yarn bits of selected varying
      lengths. Clamping means may be used to clamp the yarn at the tufting
      needles until tufting occurs. After tufting the tufted yarn is moved away
      from the needle position to avoid entanglement by the succeeding motions
      of the tufting.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of my earlier application Ser. No.
      239,931, filed Mar. 31, 1972 entitled "Method and Means of Tufting."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to tufting of rugs, carpets and the like and
      utilizes a pneumatic system which may be used in various types of tufting
      systems, however, it has particular utility in the Spanel et al
      multi-color selection system described below.
PAR  2. Prior Art
PAR  The present invention offers modifications to some embodiments disclosed in
      U.S. Pat. No. 3,554,147 which issued to Abram N. Spanel and George J.
      Brennan on Jan. 12, 1971 and U.S. Pat. No. Re 27,165 which issued Aug. 10,
      1971 to Abram N. Spanel and Loy E. Barton, Abram N. Spanel being the
      inventor of the subject matter of the present application.
PAR  U.S. Pat. No. Re 27,165 discloses a pneumatic system in which yarn strands
      and/or discrete bits of yarn are transported pneumatically to a loading
      station where they are applied by a bit-applying element to the backing
      layer. Here, multi-color selection of yarn bits is enabled by a magazine
      thus offering a varied color selection to each of the guide tubes through
      which yarn is transported to the bit-applying elements in their loading
      position.
PAR  The aforementioned U.S. Pat. No. 3,554,147 shows an alternative system to
      U.S. Pat. No. Re 27,165 which provides for the simultaneous selection of
      bit-lengths of yarn of different colors for each tufting cycle at each
      individual needle station. This is accomplished by having yarn from as
      many sources of color as desired fed through channels which lead into a
      common channel adjacent the loading station. The capability of cutting a
      bit-length of yarn before, during or after threading of the bit-applying
      means and before or during tufting is disclosed. Since the cutting
      function may take place in close proximity to the loading station and
      after a particular yarn strand has been fed into the common channel, U.S.
      Pat. No. 3,554,147 discloses a pull-back system to remove at will, the
      strand of yarn from the common channel leading to the loading station when
      a color change is desired.
PAR  The system disclosed in some embodiments of aforementioned U.S. Pat. No.
      3,554,147, wherein yarn was severed into yarn bits while in tubes or
      channels when under the influence of pneumatic pressure, was found lacking
      in some aspects when employed with multi-color selection systems.
      Accordingly, it is one of the objectives of this invention to provide for
      increased utility when so employed, as will be clear from the following.
      To admit a cutting element into pneumatic passageway, it is necessary to
      have an opening through which the cutting element may operate. This very
      opening will diminish the efficiency of the pneumatic system, if allowed
      to remain open during the transport of the yarn. Further, in the Spanel et
      al multi-color, cut-pile systems, it is desirable to have cutting means
      adjustable to produce variable pile heights in the manufactured rugs, such
      adjustment tending to also diminish pneumatic efficiency.
PAR  Pneumatic tufting systems such as contained in U.S. Pat. No. 3,216,387
      issued Nov. 9, 1965, U.S. Pat. No. 3,217,675 issued Nov. 16, 1965 and U.S.
      Pat. No. 3,386,403 issued June 4, 1968, all to Joe T. Short, are directed
      to continuous tufting methods without the multi-color capability of
      changing yarns prior to each tufting cycle. Such system do not provide a
      cutting-before-tufting operation comparable to that disclosed in the
      Spanel et al systems.
PAR  U.S. Pat. No. 3,389,667 which issued June 25, 1968 to Helmet C. Mueller
      discloses the transportation of yarn by positive pressure through hollow
      needles which are similar to those used in the Short patents and are to be
      distinguished from the Spanel et al needles which are not hollow and are
      transversely threaded through needle eyes. Mueller cuts the yarn while it
      is still in the hollow tube-like needle, and further he neither shows nor
      teaches a means to prevent pneumatic pressure loss at the cutting station.
PAR  The Stanley Shorrock U.S. Pat. No. 3,595,186 issued July 27, 1971 also
      discloses the use of hollow needles as do the aforementioned Short and
      Mueller patents whereas the Spanel tufting systems use needles that
      clearly are not hollow, and moreover are transversely threaded through
      needle eyes.
PAR  Furthermore, Shorrock's arrangement is dependent upon a combination of
      mechanical and pneumatic feeding means whereas the Spanel et al system
      utilizes solely pneumatic feeding means.
PAR  Also, Shorrock provides yarn bits of uniform length and does not show nor
      teach the capability to provide variable lengths of yarn bits as is
      clearly and fully disclosed in the teachings of Spanel in the present
      application.
PAR  A need is thus present for an integrated, highly efficient system for
      placing a discrete bit in a loading position relative to a tufting member
      which includes: cutting the yarn into a yarn bit with a cutting means and
      preserving the efficiency of the pneumatic system while performing such a
      cutting function, such means being additionally adjustable to provide yarn
      bits of varying lengths; improving the efficiency of the pneumatic system
      at the needle station and at the same time providing means to positively
      control the yarn before and after tufting.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a tufting
      machine with yarn guide passageways which are free of any substantial
      pneumatic leaks during the transportation of the yarn yet which will
      permit the yarn to be cut while in the passageways by yarn-severing means
      to provide discrete bits of yarn.
PAR  It is another object of the present invention to provide a tufting machine
      in which the efficiency of the pneumatic system may be maintained while
      introducing the ability to control the cutting means to provide yarn bits
      of different lengths thereby allowing for varying rug pile heights.
PAR  Another object of the present invention is to provide a tufting machine in
      which the flow of the backing is arranged to improve the efficiency of the
      pneumatic yarn transportation system.
PAR  Yet another object of the present invention is to provide a tufting machine
      with an improved means of positively controlling yarn bits both before and
      after tufting.
PAR  In accordance with the present invention, there is provided a pneumatic
      tufting machine in which yarn is transported through passageways via
      pneumatic gas flow and can be cut while in said passageways by an
      arrangement in which gaps in the passageways are closed during yarn
      transfer to prevent the loss of pneumatic efficiency and opened for access
      of the cutting means. In one embodiment, the gap is provided by an axially
      reciprocable section of the yarn passageway system to provide access
      openings for the rapid movement of the yarn-severing means across the yarn
      passageways to cut the yarn into discrete bits. After completion of the
      cutting operation, and withdrawal of the cutting member, the reciprocable
      passageway section closes the access opening and the pneumatic system is
      once again intact for the transportation of the next bit-length of yarn.
      Both the cutting member and the abutting sections are adjustable in
      position relative to each other to give the machine the capability of
      providing yarn bits of varying lengths. To achieve continuous operation
      with a minimum of shutdowns of the system, a durable long-lasting cutting
      member is called for and such is provided. Once the yarn has been cut into
      discrete bits, positive control is continued by a clamping arrangement at
      each needle station.
PAR  Pneumatic efficiency within the system is further increased by the manner
      in which the backing moves to and from the tufting position. The mechanism
      utilized is also designed to keep tufted yarn free from yarn entanglement
      during the next tufting stroke.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more detailed understanding of the invention, reference is made in
      the following description to the accompanying drawings in which:
PAR  FIG. 1 is a schematic view of a tufting machine;
PAR  FIG. 1A is a partial sectional view of an alternate embodiment of a portion
      of FIG. 1;
PAR  FIG. 2 is an isometric view of the tufting element loading station showing
      the cutting member gap in open position;
PAR  FIG. 3 is an isometric view similar to FIG. 2 except showing the cutting
      member gap in a closed position;
PAR  FIG. 4 is a cross-sectional side view of the tufting element loading
      station showing a bit-length of yarn which has been transported into
      loading position and clamped;
PAR  FIG. 5 is a cross-sectional side view of the tufting element loading
      station showing the cutting of a yarn bit;
PAR  FIG. 6 is a cross-sectional view of the tufting element loading station
      showing the tufting needles in their down position with the yarn bit
      deposited in the backing layer;
PAR  FIG. 7 is a cross-sectional side view of the tufting element loading
      station showing the comb support member starting its rearward motion
      (rearward in relation to the tufting station);
PAR  FIG. 8 is a cross-sectional side view of the tufting station and shows a
      tuft guided to the rear of the tuft retaining bar;
PAR  FIG. 9 is a cross-sectional side view similar to FIG. 8, but shows the tuft
      retained by the tuft retaining bar as the comb support goes forward (here
      is also shown the backing advanced to its next tufting position);
PAR  FIG. 9A is a cross-sectional side view similar to FIG. 9, but showing a
      modified tuft-retaining bar;
PAR  FIG. 10 is a cross-sectional side view of the tufting element loading
      station showing the cutting machine adjusted to increase at will the
      length of the yarn bit; and
PAR  FIG. 11 is an isometric view of the tufting element loading station showing
      a different means for adjusting the cutting and anvil means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In general, the subject tufting machine shown in FIG. 1 comprises a creel
      10 having three spools 10R, 10W, 10B, each of differently colored yarn, a
      yarn metering system 12, a collator 16, a cutting station generally
      denoted by the cutting blade 30 and anvil 36, an axially reciprocating
      passageway section 34, a loading or needle station 20, a vacuum source 24,
      and a tuft guiding means comb member 52. The operation of the tufting
      machine is controlled by cam shafts generally designated by dotted lines
      25 and 25' and various camming members located thereon. In the operation
      of a preferred embodiment of the tufting machine, yarn from a creel is
      passed through the metering system 12 which releases a specified length of
      one of the yarns to collator 16 so that it passes by the cutting station
      and blade 30 to the loading station. At this point, tufting elements shown
      as needles 22 have been inserted through the backing to be tufted, and up
      into the loading station. The eyes of needles 22 are aligned with the
      passage in the loading station 20 so that when the yarn is fed into the
      loading station 20, it threads needles 22. The metering system 12 operates
      so that the travel of the yarn into loading station 20 is limited insofar
      as the portion extending beyond the cutting means 30 is a specified
      bit-length. When the yarn is in place in loading station 20, it is clamped
      by the descent of clamping means 56 to prevent lengthwise movement of the
      yarn bit once cut. Passageway section 34 is reciprocated in a leftward
      direction by a rocker arm assembly 47 and cutting blade 30 descends
      against anvil 36 to cut the yarn. After the cutting, the yarn remaining to
      the left of blade 30 is withdrawn into collator 16 by part 12y of the yarn
      metering system 12. The withdrawal of the yarn into collator 16 allows a
      change of color in the yarn, if desired for the next tufting cycle. The
      yarn on the right which has been cut into a discrete bit is tufted by
      needles 22 and comb member 52 acts in concert with tuft retaining means 62
      to clear the path for the needles during the subsequent tufting operation.
PAR  In more detail and again with reference to FIG. 1, creel 10 is shown having
      three spools 10R, 10W, 10B, respectively providing for example, a supply
      source of red, white, and blue yarn. While yarn sources for three
      different colors are shown, it is to be understood that any number of
      additional yarn colors may be supplied as desired. Also, yarns differing
      in other than color may be employed.
PAR  The yarn strands R, W, and B are led into metering device 12 which
      comprises a plurality of brakes 12A, 12B, and 12C and yarn pulling devices
      12X and 12Y.
PAR  Briefly, puller 12Y is shown at the bottom of a stroke with brakes 12A and
      12C closed and brake 12B open. In its descent, puller 12Y draws yarn from
      the left without restraint by opened brake 12B, but is precluded from
      drawing yarn from creel 10 by closed brake 12A and is precluded from
      withdrawing yarn from the right by closed brake 12C. Thus, yarn loops
      formed at the second pulling station by puller 12Y are from yarn
      temporarily stored at the first pulling station 12X and are available for
      use when the closed brake 12C is released.
PAR  A yarn strand may thus be procured from any of the sources by the release
      of the brake 12C for the particular strand desired. The remainder of the
      yarn strand after a bit-length has been removed may be pulled back from
      the right by closing 12B and actuating yarn puller 12Y. Thus, the yarn
      metering and feed system has the capability to both supply yarn and to
      pull part of it back from the pneumatic passageway area 18, 34, 37. For a
      more detailed description of the yarn feed system and the manner in which
      colored, pattern-tufting is accomplished, reference should be made to
      aforementioned U.S. Pat. No. 3,554,147.
PAR  For each yarn supply there is a tube or passageway 16R, 16W, and 16B each
      forming an input passage of collator 16, the tubes of which lead into a
      common passageway 18 which extends by way of flexible portion 37 and
      passageway sections 34 and 35 into the needle loading station 20.
PAR  In one embodiment, negative pressure for transporting the yarn strands from
      yarn-metering device 12 through the collator 16 to loading station 20 may
      be provided by a pneumatic source 24 shown as a suction device connected
      to the passageways 18 on the far side of the loading station 20 from the
      yarn supply to apply a vacuum to the yarn passageways 16, 18, 37. The use
      of positive pressure or a combination of positive and cooperatively
      applied negative pressure may be employed to produce a flow of gas to
      transport the yarn. When double needles 22--22, 22'--22' and 22"--22"
      (FIG. 2 and FIG. 3) are in their threading positions, the eyes of each
      pair of needles are in alignment with their respective loading
      passageways, as shown in FIG. 2. Thus, the eyes 27, 27 of double needle
      22, 22 are in alignment with common passageway 18.
PAR  The row of needles 22 are secured to a needle bar 23, the reciprocation of
      which may be produced by cam device 28 which is shown operating from shaft
      25'. The needle bar 23 and its drive means may be of a conventional
      design.
PAR  The backing feed elements for the backing B include a supply roll 31 an
      idler roll 33 and a drive roll 34a. A ratchet and pawl mechanism 36a may
      be used to drive the drive roll 34a intermittently to advance the backing
      as the tufting is produced by the reciprocation of needles 22.
PAR  Motor 70 is shown as driving the entire device through a suitable
      transmission 72 which may be a train of gears, timing chain, or the like.
      The metering mechanism 12 is shown as operating from shaft 25. Thus, with
      clock pulses shown schematically by reference numeral 71 generating a
      pattern read-out, yarn can be supplied to loading station 20 in the manner
      more fully described in U.S. Pat. No. 3,554,147.
PAR  With reference to FIG. 2, yarn is shown feeding into three of the many
      loading stations which extend across the width of the tufting machine. The
      cutting member or knife 30 which operates from shaft 25, FIG. 1, is shown
      as slightly penetrating into a knife gap or access opening 32 which is
      between passageway section 34 and passageway loading section 35 (FIGS. 2
      and 3) which includes a continuation of passageway 18. Anvil 36 extends
      beneath part of passageway 18 of passageway section 34 protruding into gap
      32 and is aligned with knife member 30. Passageway section 34 which
      includes both top wall 38 and bottom wall 40 as well as side walls 42 is
      laterally reciprocable or shiftable as a unit by means of shaft 44 through
      rocker arm 46 connected to fixed stud 48. This mechanism 47 is shown in
      FIG. 1 as operating from shaft 25. The access opening 32 may accommodate
      other cutting means such as oscillating knives or laser cutters, the use
      of each being contemplated as within the scope of the present invention.
PAR  To permit the axial shifting or reciprocation of section 34, passageway 18
      is shown with a flexible portion 37 (FIG. 1). This is relatively straight
      when the access opening 32 is closed and slacks as section 34 shifts
      preparatory to the thrust of knife 30. An alternate embodiment to the
      flexible portion 37 is shown in FIG. 1A in which flexible portion 37 is
      replaced by telescoping members 37A and 37B. Section 34 is permitted to
      shift as member 37A slides into member 37B. Although not shown in FIG. 2,
      and succeeding Figures, the yarn is in guide tubes continually from the
      collator 16 to the common passageways 18 which are continuous through
      flexible portion 37, shifting section 34 and needle loading section 35.
      From its entry into the collator tubes 16R, 16W, and 16B to its placement
      in section 35, the yarn is under the influence of pneumatic gas flow. The
      embodiment using, telescoping tubes 37A and 37B (shown in FIG. 1A) permit
      the increase and decrease in total effective passageway length as section
      34 reciprocates.
PAR  Intermediate rollers 50 and 51 guide the backing in the proximity of
      needles 22, 22. A reciprocating comb 52 with apertures 53 for the needles
      22 is shown between rollers 50 and 51 to support the backing layer B and
      may be itself supported by columns (not shown). The comb 52 further serves
      to drag tufted yarn to the right by means of end bar 60 as the comb 52
      shifts to the right to cause the tufts to be retained behind a
      tuft-retaining bar 62 as will be described. Comb member 52 is shown in
      FIG. 1 as operating from shaft 25'. The rollers 50 and 51 may be replaced
      by a shelf or guiding means (not shown) which may project from frame 49
      (FIG. 1) and may also serve to raise the level of the backing in the
      vicinity of the needles. As is shown, bottom wall 54 forming a part of
      passageway 18 cannot extend between and below the double needles 22, since
      this space must be clear for a bit of yarn to be drawn into tufting
      relationship with the backing. Any opening to that space is kept very
      slight by the close proximity of the backing. The efficiency of the
      pneumatic flow thus is not significantly lessened by gas leaks which
      otherwise could interfere with the smooth feeding of the yarn. Yarn
      clamping devices 56 are designed to hold the bit-lengths of yarn in place
      once they have been cut by knife 30 despite continued application of
      pneumatic gas flow. Clamp member 56 is shown in FIG. 1 as operating from
      shaft 25. To further increase pneumatic efficiency, tolerances resulting
      in voids between needles 22 and walls of the loading station 35, are kept
      minimal to minimize gas turbulence. Yarn is only transported into the
      loading station 35 when the needles 22 are in these loading positions
      making a substantially streamlined channel, since the needle eyes 27
      substantially correspond in size to passageway 18.
PAR  With reference to FIG. 3, it will be seen that knife gap 32 (which is open
      in FIG. 2) is closed and axially shifting section 34 abuts against
      passageway portion 35 effectively closing the system throughout in
      preparation for the yarn feed.
PAR  In operation, a yarn strand of the desired color is chosen by a pattern
      read-out process which may follow the teaching of aforementioned U.S. Pat.
      No. 3,554,147 and aforementioned U.S. Pat. No. Re 27,165. The strand is
      advanced from the yarn-metering device 12 by pneumatic gas flow produced
      either by positive pressure or negative pressure or a combination of both.
      The pneumatic gas flow moves the strand through the needle eyes 27 as
      shown in FIG. 4 with the length being predetermined and set by the
      yarn-metering device 12 to provide a bit-length of yarn in the loading
      station area 35 which will provide a discrete bit of the desired length
      when cut. At a time prior to cutting, clamp member 56 descends to clamp
      the yarn as shown. Otherwise, when the yarn is cut it could be influenced
      by the continuing pneumatic gas flow. A yarn-bit stop described
      subsequently may be used in place of the yarn-clamp member 56. It will be
      noted that yarn metering device 12 allows the length of yarn to be
      released so that equal amounts of the yarn extend from the right yarn end
      to the right member of the double needle as from the left member of the
      double needle to the cutting means. This is necessary if the pile height
      is desired to be equal for each leg.
PAR  When the yarn is in position, reciprocating section 34 shifts to the left
      to open gap or access opening 32, and knife 30 descends through that gap
      to make contact with anvil 36 disposed there below as shown in FIG. 5. The
      yarn is thus effectively severed into a yarn bit in its threaded position.
PAR  As needles 22 descend, they pull the yarn bit down through the backing
      layer placing it in tufting relationship with the backing. At this time
      the knife 30 may return to removed position, and reciprocating section 34
      may shift to the right thereby closing gap 32 in preparation for the next
      cycle. Needles 22 release the yarn as shown in FIG. 6 and the tufting step
      is completed. In this position, the tuft legs or ends extend down through
      apertures 53 (FIGS. 2 and 3) between the teeth 52' of comb member 52 which
      aids in supporting the backing layer B.
PAR  With reference to FIG. 7, reciprocating member 52 shifts to the right
      causing end bar 60 of the comb device 52 to come into contact with the
      tuft legs.
PAR  As shown in FIG. 8, both of the tuft legs are pulled by end bar 60 to a
      point to the right of tuft-retaining bar 62 which is a stationary member
      positioned downwardly and to the right of the needle tufting station. Once
      comb device 52 has shifted to its far right position, clamp 56 is
      released.
PAR  As seen in FIG. 9, comb member 52 reciprocates back to the left as shown by
      dotted lines, leaving the tuft legs to the right of tuft-retaining bar 62.
      At this time, the backing layer B is shifted to the right the distance
      that is desired for the next tufting cycle. The needles 22 then ascend to
      their loading position as shown in FIG. 3, and the feeding of the next
      bit-length of yarn may commence. FIG. 9A shows the tuft-retaining bar 62
      of the earlier figures replaced by a preferred wedgeshaped retaining means
      62A.
PAR  After the yarn bit is severed and in preparation for the next tufting
      cycle, the yarn color selection process as described in aforementioned
      U.S. Pat. No. 3,554,147 will select the next yarn color and if change is
      to be made the yarn strand presently in common passageway 18 from which a
      yarn bit has just been severed, will be pulled back by the yarn pull-back
      mechanism 12Y at least far enough to clear the common passageway 18 and
      the yarn strand from the newly selected color will be fed into the needle
      loading position through passageway 18.
PAR  The machine as described produces cut-pile rugs with the pile heights being
      determined approximately by the distance that the yarn bit extends on each
      side of the needles 22, the distance on each side being kept equal if pile
      legs of the same height are desired. On the other hand, a rug may be
      obtained which for each needle stroke a short and long pile is produced by
      setting the yarn-metering device 12 to supply lengths of yarn which will
      extend a distance beyond needles 22 different than the distance between
      the cutting member 30 and the needles 22.
PAR  The tufting machine also may be controlled to produce pile heights that
      differ from one operation of the machine to the next. With reference to
      FIG. 10, cutter 30 may be shifted laterally to the left by means of an
      adjustment means shown generally as 75. An accompanying adjustment means
      76 is provided for anvil 36. These are shown as simple screw-set block
      devices or they may be more on the order of screw means 77 and 78 shown
      for the cutter 30 and anvil 36 respectively in FIG. 11. As is shown in
      FIGS. 10 and 11, the shifting block 34 must be set to shift further to the
      left to create a larger knife gap 32 thereby permitting the knife 30 and
      anvil 36 contact to be further to the left of loading portion 35 of the
      passageways 18. Thus, the distance between knife 30 and needle 22 will be
      increased and yarn-metering device 12 can be set to provide sufficient
      yarn to give an identical increased length on the far side of needle 22
      from the yarn supply. A rug having a greater pile height will thus be
      produced.
PAR  As shown in FIG. 11, screw means 77 is threaded into adjustment block 80
      which is inserted into a grooved portion 81 of cutter body 30 by means of
      base 82 to allow cutter 30 to reciprocate vertically. The reciprocating
      motion of the cutter may be transferred from shaft 25 (FIG. 1) through
      shaft 83 and adjustment block 84 locked in place by base 85, but designed
      to allow cutter 80 to slide lengthwise therealong, to cutter 30. Thus,
      cutter 30 reciprocates vertically through access opening 32 which
      separates passageway 18 and may be laterally adjusted by means of screw 77
      which is connected to appropriate control means (not shown) to control
      pile height. A similar lateral adjustment means is provided for anvil 36.
PAR  The present system may be modified to have the yarn bits applied adhesively
      as is disclosed in aforementioned Reissue Patent No. 27,165. A sealing
      flap valve as shown in FIGS. 23A and 23B of aforementioned U.S. Pat. No.
      27,165 may be used to minimize loss of air or other gas.
PAR  Advantages may be taken of some of the features of this invention in a
      further embodiment wherein the yarn is severed at cutting station 90
      positioned remotely from the needle loading station and operable from
      shaft 25 by cam means as shown schematically in FIG. 1. Since in this
      embodiment, the yarn is cut into bits before the yarn is threaded and is
      then transported pneumatically to the needle station, it is desirable to
      have a stop means (not shown) to stop the movement of the yarn bit within
      the eye of the needle on the order of that which is shown in
      aforementioned U.S. Pat. No. Re. 27,165. The cutting also can occur during
      threading which allows additional flexibility in providing yarn bits of
      varying lengths. In a wellsynchronized operation, the beginning of the
      yarn strand to be cut is beyond the cutting station when the gap 32 is
      created for use of the cutting means, thus the yarn transportation is not
      unduly affected by the gap creation.
PAR  While various embodiments of the invention have been shown and described,
      it will be understood that various modifications may be made. The appended
      claims are, therefore, intended to define the true scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tufting machine having at least one bit-applying element, pneumatic
      means including at least one passageway for flow of gas therethrough to
      deliver a strand of yarn to said bit-applying element, said passageway
      having a first part shiftable relative to a second part, the method of
      tufting, comprising the steps of:
PA1  applying a flow of gas to said yarn strand to move said strand through said
      passageway;
PA1  shifting said first part of said passageway relative to said second part of
      said passageway to provide an access opening;
PA1  applying a yarn-severing means through said access opening to cut said
      strand; and
PA1  closing said access opening by relative shifting of said first part of said
      passageway relative to said second part of said passageway to render
      effective said flow of gas.
NUM  2.
PAR  2. A method of feeding yarn through a passageway extending between a source
      of yarn and a use-location for the yarn comprising the steps of:
PA1  applying a flow of air to transport said yarn through said passageway;
PA1  moving a relatively movable structure of said passageway to open and close
      an access opening; and
PA1  operating a yarn severing element through said access opening to sever a
      length of yarn from said source of yarn.
NUM  3.
PAR  3. In a tufting machine having bit-applying needles; pneumatic means
      including passageways for flow of gas therethrough to deliver strands of
      yarn to said needles, said passageways extending to said needles having a
      first part shiftable relative to a second part; and having yarn-metering
      devices; the method of applying tufts to a backing layer, comprising the
      steps of:
PA1  metering unsevered bit-lengths of yarn by said yarn-metering devices;
PA1  transporting said metered unsevered yarn through said passageways by said
      pneumatic means into loading positions relative to said needles;
PA1  providing access to said passageways for operating therethrough
      yarn-severing means;
PA1  operating said yarn-severing means through said access to sever said yarn
      into bits;
PA1  tufting by moving said needles to apply said yarn bits to said backing
      layer; and
PA1  closing said access to render effective said pneumatic means.
NUM  4.
PAR  4. In a tufting machine for forming tufts on a backing:
PA1  reciprocable bit-applying elements movable through the backing toward and
      from a yarn engaging position;
PA1  pneumatic yarn-transporting means extending to said bit-applying elements,
      said pneumatic means including passageways through which yarn is
      transported to said bit-applying elements, said passageways being
      separable to create an opening;
PA1  means to open and close said opening;
PA1  strand-severing means operable through said opening;
PA1  means for operating said strand-severing means through said opening
      repeatedly to cut said yarn strands and
PAR  means for operating said bit-applying elements from said yarn engaging
      positions through said backing, to form tufts.
NUM  5.
PAR  5. In a tufting machine for applying bits of yarn to a backing:
PA1  reciprocable bit-applying means movable with respect to the backing toward
      and from a loading position;
PA1  pneumatic yarn-transporting means extending transversely of said
      bit-applying means for repeatedly loading said bit-applying means with
      tufting yarn upon successive movements of said bit-applying means to said
      loading position, said pneumatic means including passageways through which
      yarn strands are transported, said passageways including a reciprocable
      section;
PA1  means connected to said reciprocable section repeatedly to create an access
      to said passageways and to close same;
PA1  strand-severing means adjacent said loading position and operable through
      said access;
PA1  means for operating said strand-severing means through said access for
      repeatedly severing said yarn strands into bits; and
PA1  means for operating said bit-applying means for applying said bits to the
      backing.
NUM  6.
PAR  6. In a tufting machine for forming tufts on a backing:
PA1  reciprocable bit-applying means movable with respect to the backing toward
      and from a loading position;
PA1  pneumatic yarn-transporting means extending transversely of said
      bit-applying means for repeatedly loading said bit-applying means with
      tufting yarn upon successive movements of said bit-applying means to said
      loading position, said pneumatic means including passageways through which
      yarn strands are fed, said passageways including a shiftable section;
PA1  means for driving said shiftable section repeatedly to create and eliminate
      an access extending across at least part of said passageways;
PA1  strand-severing means adjacent said loading position and operable through
      said access repeatedly to sever said yarn strands into bits;
PA1  means for changing the location of said shiftable section relative to said
      bit-applying means to provide yarn bits of different lengths; and
PA1  means for operating said bit-applying means for applying said bits to the
      backing.
NUM  7.
PAR  7. A tufting machine for applying bits of yarn to a backing, comprising:
PA1  reciprocable bit-applying means movable with respect to the backing toward
      and from a loading position;
PA1  pneumatic yarn-transporting means extending transversely of said
      bit-applying means for repeatedly loading said bit-applying means with
      tufting yarn upon successive movements of said bit-applying means to said
      loading position, said pneumatic means including passageways through which
      yarn strands are fed, said passageways extending through a shiftable
      section;
PA1  means for operating said shiftable section repeatedly to open and close a
      gap extending across at least part of said passageways, said passageways
      including one or more flexible portions to facilitate said shifting;
PA1  strand-severing means operable repeatedly through said gap to sever said
      yarn strands into bits; and
PA1  means for operating said bit-applying means for applying said bits to the
      backing.
NUM  8.
PAR  8. A tufting machine for forming tufts on a backing comprising:
PA1  reciprocable bit-applying means movable with respect to the backing toward
      and from a loading position;
PA1  pneumatic yarn-transporting means extending transversely of said
      bit-applying means for repeatedly loading said bit-applying means with
      tufting yarn upon successive movements of said bit-applying means to said
      loading position, said pneumatic means including passageways through which
      yarn strands are transported, said passageways extending through a
      reciprocable section;
PA1  driving means connected to said reciprocable section repeatedly to open and
      close a gap extending across at least a part of said passageways, said
      passageways further including telescoping members to permit the
      reciprocation of said reciprocable section;
PA1  strand-severing means and operable through said gap repeatedly to cut said
      yarn strands into bits; and
PA1  means for operating said bit-applying means from said loading position to a
      tufting position for applying said bits to the backing.
NUM  9.
PAR  9. In a tufting machine for forming tufts on a backing having reciprocable
      bit-applying means movable with respect to the backing toward and from a
      loading position the combination of:
PA1  pneumatic yarn-transporting means extending transversely of said
      bit-applying means said pneumatic means including passageways through
      which yarn is transported, said passageways being axially separable to
      open and close a gap extending across each said passageway;
PA1  means for axially moving said passageways repeatedly to open and close said
      gaps;
PA1  strand-severing means aligned for operation through said gaps repeatedly to
      sever said yarn strands to form bits for said bit-applying means; and
PA1  means for operating said bit-applying means to apply said bit-lengths to
      the backing
NUM  10.
PAR  10. In a tufting machine for forming tufts on a backing having reciprocable
      bit-applying means movable with respect to the backing toward and from a
      loading position, the combination of:
PA1  pneumatic yarn-transporting means extending transversely of said
      bit-applying means for repeatedly loading said bit-applying means with
      tufting yarn strands upon successive movements of said bit-applying means
      to said loading position, said pneumatic means including passageways
      through which yarn is transported, said passageways being axially
      separable to open and close a gap extending across said passageways;
PA1  means for axially moving said passageways repeatedly to open and close said
      gaps;
PA1  strand-severing means adjacent said loading position operable through said
      gaps repeatedly to cut said yarn strands to form bits;
PA1  bit-clamping means to hold said bits in fixed position relative to said
      bit-applying means prior to their application to said backing; and
PA1  means for operating said bit-applying means to apply said bits to the
      backing.
NUM  11.
PAR  11. In a tufting machine for forming tufts on a backing having reciprocable
      bit-applying means movable with respect to the backing toward and from a
      loading position the combination of:
PA1  pneumatic yarn-transporting means extending transversely of said
      bit-applying means said pneumatic means including passageways through
      which yarn is transported, said passageways being axially separable
      repeatedly to open and close a gap extending across said passageways;
PA1  means for axially moving said passageways repeatedly to open and close said
      gaps;
PA1  strand-severing means disposed for operation through said gaps repeatedly
      to cut yarn bits; and
PA1  means for repeatedly operating said bit-applying means once loaded with a
      bit of yarn to apply said bits to the backing to form tufts.
NUM  12.
PAR  12. A tufting machine for forming tufts on a backing, comprising:
PA1  reciprocable bit-applying means movable with respect to the backing from a
      loading position to a tuft-applying position;
PA1  pneumatic yarn-transporting means for repeatedly loading said bit-applying
      means with tufting yarn upon successive movements of said bit-applying
      means to said loading position, said pneumatic means including passageways
      through which yarn strands are transported, said passageways extending
      through a shiftable section which is shiftable to open and close access to
      said passageways;
PA1  means driving said shiftable section repeatedly to open and close said
      access;
PA1  strand-severing means operable through said access repeatedly to cut said
      yarn into bits;
PA1  means for repeatedly operating said bit-applying means from said loading
      position to a bit-applying position for applying said bits to the backing;
PA1  clearing means movable from a tuft-receiving position to a tuft-removing
      position; and
PA1  driving means for driving said clearing means after each operation of said
      bit-applying means to its tuft-applying position to clear the tufts from
      the paths of the bit-applying means in their next operation to said
      tuft-applying position.
NUM  13.
PAR  13. A tufting machine for forming tufts on a backing comprising:
PA1  reciprocable bit-applying elements movable from a loading position through
      the backing to a tuft-applying position;
PA1  pneumatic yarn-transporting means;
PA1  means including said pneumatic means for repeatedly loading said
      bit-applying elements with yarn strands upon successive movement of said
      bit-applying elements to said loading position;
PA1  strand-severing means operable in conjunction with said pneumatic
      yarn-transporting means to cut said yarn strands to form yarn bits;
PA1  driving means for operating said bit-applying elements between their
      loading and tuft-applying positions so as to apply said bits to the
      backing to form tufts;
PA1  means for moving the backing after each tuft-applying operation to expose
      to said bit-applying elements an untufted portion of said backing;
PA1  a tuft-retaining bar positioned to retain said tufts away from the paths of
      said bit-applying elements during at least a part of their succeeding
      tuft-applying operation; and
PA1  means operable after each tuft-applying operation of said bit-applying
      elements for guiding the applied tufts to the far side of said
      tuft-retaining bar away from the paths of said bit-applying elements.
NUM  14.
PAR  14. A tufting machine for forming tufts on a backing comprising:
PA1  reciprocable bit-applying elements movable through the backing toward and
      from a tufting position;
PA1  means including pneumatic yarn-transporting passageways for repeatedly
      loading said bit-applying elements with yarn strands upon successive
      movement of said bit-applying elements from said tufting position;
PA1  strand-severing means operable in conjunction with said pneumatic
      yarn-transporting passageways to sever said yarn strands to form yarn
      bits;
PA1  means for operating said bit-applying elements for applying said bits by
      said bit-applying elements to the backing to form tufts;
PA1  a tuft-retaining bar positioned out of the path of said bit-applying
      elements to retain said tufts applied to the backing away from the paths
      of succeeding operations of said bit-applying elements; and
PA1  reciprocable backing support means which moves tufts from the path of
      succeeding operations of said bit-applying elements and deposits said
      tufts to the side of said tuft-retaining bar remote from the path of said
      bit-applying elements.
NUM  15.
PAR  15. A tufting machine for forming tufts on a backing comprising:
PA1  reciprocable bit-applying means movable with respect to the backing toward
      and from a loading position;
PA1  driving means for said bit-applying means;
PA1  means including pneumatic yarn-transporting passageways for repeatedly
      loading said bit-applying means with tufting yarn upon successive
      movements of said bit-applying means to said loading position, said
      passageways in part comprising an axially reciprocable section;
PA1  driving means connected to said reciprocable section repeatedly to open and
      close an access to said passageways;
PA1  means for moving said access a selectable distance from said loading
      position;
PA1  cutting means having a cutting element and an anvil positioned on opposite
      sides of said access, whereby movement of said cutting element through
      said access and against said anvil severs a bit from said tufting yarn;
PA1  means positioning said cutting means a selectable distance from said
      loading position to provide a yarn bit of selectable length; and
PA1  means for operating said bit-applying means so as to apply said bits of
      said selectable length to the backing to form tufts.
NUM  16.
PAR  16. In a tufting machine having bit-applying elements, pneumatic means
      including passageways for flow of gas therethrough to deliver strands of
      yarn to said bit-applying elements, said passageways extending to said
      bit-applying elements respectively, said passageways having a first part
      shiftable relative to a second part, the method of tufting comprising the
      steps of:
PA1  transporting yarn strands by pneumatic means through passageways to a
      loading position with respect to bit-applying elements;
PA1  shifting a first part of each of said passageways relative to a second part
      of that passageway to provide an access to the passageway;
PA1  operating a yarn-severing means through each said access to sever said
      strand to leave a bit in a loading position relative to a bit-applying
      element;
PA1  tufting by moving the bits of yarn into tufting relationship with a backing
      layer with said bit-applying elements; and
PA1  clearing tufts from the paths of said bit-applying elements in their next
      tufting operation.
NUM  17.
PAR  17. A tufting machine including bit-applying means for applying tufts to a
      backing layer and further including yarn feeding apparatus comprising:
PA1  tubular means forming a passageway extending between a source of yarn and a
      use-location for the yarn;
PA1  means flow-connected to said passageway for producing a flow of air or
      other gas in the direction of said use-location for transport of yarn
      along said passageway;
PA1  said tubular means having structure relatively movable to open and to close
      an access to said passageway; and
PA1  yarn severing means operable through said access to sever a length of yarn
      from said source of yarn.
NUM  18.
PAR  18. A tufting machine including bit-applying means for applying tufts to a
      backing layer and further including yarn feeding apparatus comprising:
PA1  tubular means forming a passageway extending between a source of yarn and
      said bit-applying means;
PA1  means flow-connected to said passageway for producing a flow of air or
      other gas in the direction of said bit-applying means for transport of
      yarn along said passageway;
PA1  said tubular means having structure relatively movable to open and to close
      an access to said passageway; and
PA1  yarn severing means operable through said access to sever a predetermined
      length of yarn from said source of yarn.
NUM  19.
PAR  19. A tufting machine including bit-applying means for applying tufts to a
      backing layer and further including yarn feeding apparatus comprising:
PA1  tubular means forming a passageway extending between a source of yarn and a
      use-location for the yarn;
PA1  means flow-connected to said passageway for producing a flow of air or
      other gas in the direction of said use-location for transport of yarn
      along said passageway;
PA1  said tubular means having structure relatively movable to open and to close
      an access to said passageway; and
PA1  yarn-severing means operable through said access to sever a length of yarn
      from said source of yarn before, during or after said yarn reaches said
      use-location.
NUM  20.
PAR  20. A tufting machine including bit-applying means for applying tufts to a
      backing layer and further including yarn feeding apparatus comprising:
PA1  tubular means forming a passageway extending between a source of yarn and a
      use-location for the yarn;
PA1  means flow-connected to said passageway for producing a flow of air or
      other gas in the direction of said use-location for transport of yarn
      along said passageway;
PA1  said tubular means having structure a part of which is flexible to
      facilitate relative motion of at least one part of said passageway to open
      and to close an access to said passageway; and
PA1  yarn-severing means operable through said access opening to sever a length
      of yarn from said source of yarn.
NUM  21.
PAR  21. A tufting machine including bit-applying means for applying tufts to a
      backing layer and further including yarn feeding apparatus comprising:
PA1  tubular means forming a passageway extending between a source of yarn and a
      use-location for the yarn;
PA1  means flow-connected to said passageway for producing a flow of air or
      other gas in the direction of said use-location for transport of yarn
      along said passageway;
PAR  said tubular means having telescopic structure to facilitate relative
      motion of at least one part of said passageway thereby opening an access
      to said passageway; and
PA1  yarn-severing means operable through said access to sever a length of yarn
      from said source of yarn.
NUM  22.
PAR  22. A tufting machine including bit-applying means for applying tufts to a
      backing layer and further including yarn feeding apparatus comprising:
PA1  tubular means forming a passageway extending between a source of yarn and a
      use-location for the yarn;
PA1  means flow-connected to said passageway for producing a flow of air or
      other gas in the direction of said use-location for transport of yarn
      along said passageway;
PA1  said tubular means having structure relatively movable in opening and
      closing an access to said passageway; and
PA1  yarn-severing means operable through said access to sever a length of yarn
      from said source of yarn, the position of said yarn-severing element being
      adjustable to sever yarn of selectable lengths.
NUM  23.
PAR  23. A tufting machine including bit-applying means for applying tufts to a
      backing layer, the improvement comprising yarn feeding apparatus having:
PA1  tubular means forming a passageway extending between a source of yarn and a
      use-location for the yarn;
PA1  means flow-connected to said passageway for producing a flow of air or
      other gas in the direction of said use-location for transport of yarn
      along said passageway;
PA1  said tubular means having structure relatively movable in opening and
      closing an access to said passageway;
PA1  yarn severing means operable through said access to sever a length of yarn
      from said source of yarn; and
PA1  means to prevent movement of said severed length of yarn in a direction
      parallel to said gas flow.
NUM  24.
PAR  24. The tufting machine of claim 23 wherein said means to prevent movement
      of said length of yarn comprises a clamp means.
NUM  25.
PAR  25. The tufting machine of claim 23 wherein said means to prevent movement
      of said length of yarn comprises a stop abutment means.
NUM  26.
PAR  26. Yarn feeding apparatus comprising:
PA1  tubular means forming a passageway extending between a source of yarn and
      reciprocating a bit-applying element for forming tufts on a backing layer;
PA1  means flow-connected to said passageway for producing a flow of air or
      other gas in the direction of said use-location for transport of yarn
      along said passageway;
PA1  said tubular means having structure relatively movable to open and to close
      an access opening of said passageway;
PA1  means including a yarn severing element operable through said access
      opening to sever a length of yarn from said source of yarn for use by said
      bit-applying element;
PA1  means for operating said bit-applying element to apply yarn lengths to the
      backing to form tufts; and
PA1  clearing means operable to clear at least some of said tufts from the paths
      of succeeding bit-applying element strokes.
NUM  27.
PAR  27. Yarn feeding apparatus comprising:
PA1  tubular means forming a passageway extending between a source of yarn and a
      bit-applying element for forming tufts on a backing layer,
PA1  means flow-connected to said passageway for producing a flow of air or
      other gas in the direction of said use-location for transport of yarn
      along said passageway;
PA1  said tubular means having structure relatively movable to open and to close
      an access opening of said passageway;
PA1  means including a yarn-severing element operable through said access
      opening to sever a length of yarn from said source of yarn to supply said
      bit-applying element;
PA1  means for operating said bit-applying element to apply yarn lengths to the
      backing to form tufts;
PA1  tuft guiding means to deflect at least some of said tufts from the paths of
      succeeding bit-applying element strokes; and
PA1  tuft-retaining means to retain said deflected tufts from the paths of
      succeeding bit-applying element strokes.
NUM  28.
PAR  28. A tufting machine including bit-applying means for applying tufts to a
      backing layer further including yarn feeding apparatus comprising:
PA1  a passageway extending between a source of yarn and a use-location for the
      yarn;
PA1  means flow-connected to said passageway for producing a flow of air or
      other gas in the direction of said use-location for transport of yarn
      along said passageway;
PA1  said passageway having a portion which is movable to expose the yarn; and
PA1  yarn-severing means operable to sever a length of yarn from said exposed
      yarn.
NUM  29.
PAR  29. In a tufting machine having at least one bit-applying element,
      pneumatic means including at least one passageway for flow of gas
      therethrough to deliver a strand of yarn to said bit-applying element,
      said passageway being shiftable, the method of tufting comprising the
      steps of:
PA1  applying a flow of gas to said yarn strand to move said strand through said
      passageway;
PA1  shifting said passageway to provide access to said strand;
PA1  applying a yarn-severing means when said access is provided to cut said
      strand; and
PA1  closing said access by further shifting said passageway to render effective
      said flow of gas.
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ABST
PAL  A tufting machine having: means for metering predetermined lengths of yarn,
      including a rotatable yarn feed with substantially accurate improved drive
      and braking means; pneumatic yarn transport means, including selective
      control of gas flow, for transporting selected metered lengths of yarn to
      a tufting station for severance into yarn bits and implantations into a
      backing; and retraction means for retracting, with minimum yarn
      deformation, yarn not selected for severance and implantation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject application discloses improved tufting apparatus which utilizes
      concepts from tufting procedures which have become known as the "Spanel
      Tufting System." Generally, the system utilizes pneumatic means to
      transport yarn to a tufting station (either in metered lengths of an
      unsevered yarn strand or in discrete bits), after which time the yarn is
      tufted, preferably by the use of multiple needles, into a backing layer to
      form a tufted product.
PAR  The present invention discloses improvements to the embodiments in the
      early Spanel patents, i.e., U.S. Pat. No. 3,554,147 which issued to Abram
      N. Spanel and George J. Brennan on Jan. 12, 1971 and U.S. Pat. No. Re
      27,165 which issued Aug. 10, 1971 to Aabram N. Spanel and Lloyd E. Barton.
PAR  The aforementioned U.S. Pat. No. Re 27,165 discloses a pneumatic yarn
      transport system in which yarn strands and/or discrete bits of yarn are
      transported pneumatically to a tufting station where they are applied by
      tufting elements to a backing layer. Multicolor selection of the yarn bits
      is enabled by a shifting magazine arrangement, which provides yarn of
      various colors to each of the guide tubes through which yarn is
      transported to the tufting elements.
PAR  The aforementioned U.S. Pat. No. 3,554,157 describes an alternative system
      of U.S. Pat. No. Re 27,165 and provides for the simultaneous selection of
      bit-lengths of yarn of various colors for each tufting cycle at each
      individual tufting station. In place of the shifting magazine structure of
      U.S. Pat. No. Re 27,165, there is utilized a collator structure in which
      individual channels transport yarn into a common passageway adjacent the
      tufting station. The capability of severing a bit-length of yarn before,
      during or after threading of the tufting element and before or during
      actual tufting is provided. Since the severing function in the preferred
      embodiment takes place in close proximity to the tufting station and after
      a selected yarn strand has been fed into the common passageway, U.S. Pat.
      No. 3,554,147 discloses a pullback system to remove the yarn strand from
      the common passageway once a yarn bit has been severed therefrom.
PAR  In addition to the above Spanel patents, copending Spanel application Ser.
      No. 419,417 discloses a tufting device similar in some respects to those
      disclosed in the Spanel/Barton and Spanel/Brennan cases, but which
      utilizes a cutting arrangement employing an axially reciprocable
      passageway section to provide access for yarn severing means to sever the
      yarn into selectively sized discrete yarn bits.
PAR  In addition, copending Spanel application Ser. No. 240,119 discloses
      modified tufting apparatus which provides multi-color selection and
      utilizes a reciprocable threader tube to place yarn in the eye of a needle
      and retract to leave the yarn deposited therein. Pneumatic means
      supplement the yarn transportation system.
PAR  Finally, Spanel application Ser. No. 474,265 and Ser. No. 474,266 have been
      filed concurrently herewith and disclose inventions which may be used in
      conjunction with the subject disclosure. For example, the clamping means
      of Ser. No. 474,266 may be utilized with either of the principal
      embodiments disclosed herein and the yarn metering system of this
      application may be used in conjunction with the threader tube assembly of
      Ser. No. 474,265.
PAR  While all of the above Spanel patents and pending applications have merit
      and involve principles which are presently utilized, nevertheless, the
      subject invention provides apparatus which, for production purposes and
      operational efficiency, is far superior to that of the preexisting
      disclosures.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the subject invention, the Spanel apparatus disclosed
      herein utilizes a yarn feeding and metering system which comprises a yarn
      feed wheel and a corresponding drive roll positioned to, upon actuation,
      transfer rotary motion from the drive roll to the feed wheel to meter a
      selected yarn length to be pneumatically transported to the tufting
      station. Energization of a control element, or selection actuator, which
      may be a solenoid, pneumatic drive, or the like, trips or actuates an
      intermediate mechanism which concurrently removes a brake from the feed
      wheel and initiates transfer of rotary motion from the drive roll to the
      feed wheel.
PAR  This intermediate mechanism also contains a component which actuates a yarn
      pullback and release device, functionally resembling that of the
      aforementioned Spanel U.S. Pat. No. 3,554,147. During pullback the yarn
      strand is retracted from the common passageway, and with release is
      released back into the common passageway, at which time the pneumatic yarn
      transport also is actuated to transport the selected yarn strand to the
      tufting station.
PAR  In one embodiment, valvable pneumatic flow means is disclosed which is
      actuated by the intermediate mechanism. Thus, portions of the pneumatic
      transport operate only when the yarn is actually being transported,
      representing substantial savings in operational costs.
PAR  Also disclosed is a large-radius type of yarn retraction (pullback)
      mechanism which produces less yarn deformation than the mechanisms
      disclosed in earlier patents.
PAR  When the yarn reaches the tufting station, a shuttle nose block
      reciprocates to permit yarn severing means access to the common passageway
      and to engage an anvil positioned below, thus severing the yarn strand
      into a discrete bit-length of yarn for tufting.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 discloses a schematic view of a first embodiment of the tufting
      apparatus;
PAR  FIG. 2 is a perspective view of the yarn metering, feeding and pullback
      mechanisms of the first embodiment of the tufting apparatus;
PAR  FIG. 3 discloses the pneumatic air transport system and the collector cone
      structure utilized in the axially reciprocable shuttle nose structure of
      the first embodiment;
PAR  FIGS. 4-8 show five sequential views illustrating the operational steps of
      the tufting apparatus disclosed in FIGS. 1-3;
PAR  FIG. 9 is a schematic view showing a second embodiment of the pneumatic
      tufting apparatus, including two of a series of five yarn feeding and
      transporting mechanisms; the schematic of the invention, however not being
      limited to five such mechanisms (or colors) for each tuft implanting
      means;
PAR  FIG. 10 is a perspective view of the yarn metering, feeding and pullback
      mechanisms of the second embodiment of the tufting apparatus of FIG. 9;
PAR  FIG. 11 is a perspective view of the shuttle nose structure in the tufting
      apparatus disclosed in FIG. 9; and
PAR  FIGS. 12-16 show five sequential views depicting the operation of the
      tufting apparatus of FIGS. 9-11.
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PAC  DETAILED DESCRIPTION
PAR  As shown in the succeeding FIGURES, five yarn strands, each representing a
      different color or some other variable, are available for each tufting
      station, although this number is not to be construed as limiting.
PAR  As seen in FIG. 1, the tufting machine includes selection actuation means
      11, yarn metering and feeding apparatus 12, pneumatic transport apparatus
      13, a tufting station 14, and yarn pullback apparatus 15. Control signals
      for operation of each selection actuation means 11 may be provided by any
      of various readout devices. To reproduce a desired pattern on the backing
      layer, pattern information recorded on tapes, drums or other medium is
      converted into electrical or other type of signals which, at the proper
      time with regard to the machine tufting cycle, as indicated by the dashed
      clock pulses of FIG. 1, are transmitted to the selection actuation means
      11. The selection actuator may be the solenoid 80 shown in various figures
      or it may be any suitable one of a variety of electrical, thermal,
      pneumatic, hydraulic, etc. type actuators.
PAR  A motor 16 is shown driving the machine by means of transmission 17 which
      may be a train of gears or comprise other mechanisms. A shaft 18 is
      schematically shown running throughout the device from which operate drive
      mechanisms which will be described subsequently.
PAR  Briefly, specific color selection signals are generated in response to the
      color requirements of a desired pattern, and for each of the color
      selection signals transmitted to a selection actuation means 11, a
      predetermined length of the selected yarn is metered by the metering and
      feeding apparatus 12 and advanced with the assistance of the pneumatic
      transport apparatus 13 so that the selected yarn strand extends into a
      common passageway to the tufting station 14 where it is cut and the
      resultant yarn bit is tufted into backing layer L. The pullback apparatus
      15 will remove the last-selected yarn stand from the common passageway
      adjacent the tufting station after the cutting, preparatory to the next
      yarn color selection by the control signals.
PAR  In detail, and with reference to FIG. 2, the creel tubes 20A-E extend from
      the position of the creels to where they are secured to header plate 22,
      below which the yarn strands A-E go through one of the five metering and
      feeding complexes 12, one of which will now be described in detail.
PAR  As the yarn strand approaches its respective metering station 12, it is
      engaged by a cross-over yarn guide 24 which aligns it with a yarn feed
      wheel 26.
PAR  The feed wheel 26 has a side mounted trough-like yarn groove 28 and a
      peripheral drive groove 30, the purpose of the latter to be described
      subsequently. The feed wheel 26 is rotatably mounted by means of a ball
      bearing 36, or other suitable bearing, on a stationary mounting shaft 34
      which runs widthwise (approximately parallel to needle bar) of the
      machine. The yarn strand is carried around the yarn feed wheel 26 through
      yarn groove 28 which has a friction surface to a point where it is
      received by yarn groove 38 of the yarn guide wheel 40, which is rotatably
      mounted on shaft 42. As the yarn strand leaves guide wheel 40, it travels
      through pullback apparatus 15, and is then directed toward pneumatic
      transport apparatus 13.
PAR  The yarn feed wheel 26 is driven by rotary motion which is transmitted
      through an engaging wheel 44 by means of a tapered outer surface 46 which
      meshes with drive groove 30 of the yarn feed wheel 26. The engaging wheel
      44 is rotatably mounted on axle 48, which is supported by the structure of
      a carrier 50.
PAR  A drive roll 52 is positioned on the opposite side of the engaging wheel 44
      from the feed wheel 26. The drive roll 52 is mounted on drive shaft 54 and
      has a drive groove 56 which is at all times in engagement with the tapered
      outer surface 46 of engaging wheel 44. This is in contrast to the
      relationship between the engaging wheel 44 and the feed wheel 26, the
      latter of which is only engaged by the former when the carrier 50 is
      shifted as will be described subsequently. The drive shaft 54 is
      intermittently rotated a desired angle by drive roll ratchet 21 (see FIG.
      1).
PAR  In FIG. 2, below the feed wheel 26, engaging wheel 44 and drive roll 52, is
      a selector bar 58 to which the engaging wheel carrier 50 is pivotally
      connected by pivot pin 59. Positioned to the left of carrier 50 is a first
      bearing guide 60 for the selector bar 58 and to the right of drive roll 52
      is a second bearing guide 62, both of which comprise bar-like members
      which run widthwise of the machine and have downward facing comb-like
      grooves to receive each succeeding selector bar 58 along that tier of the
      machine. A selector bar return spring 64 extends from the carrier 50 to
      the bearing guide 62 and biases carrier 50 and selector bar 58 to the
      right. At the base of feed wheel 26 is a brake tab 68 which upon
      engagement with groove 30 of feed wheel 26 will restrain the feed wheel
      until brake tab 68 is disengaged. A pivot pin 70 extends through the brake
      tab 68 and pivotally secures the tab within a comb-like recess of carrier
      bar 74, which extends widthwise of the machine. A relatively frictionless
      bearing wheel 76 is located at the base of selector bar 58 and serves to
      slidably support the left end of the selector bar. Tension spring 78 links
      the brake tab 68 to the carrier 50.
PAR  From the structure described thus far, it can be appreciated, as best shown
      in FIG. 6, that as the selector bar 58 slides to the left, two things will
      happen which affect the yarn feed wheel 26. First, as the inclined end 72
      of the selector bar engages brake tab 68, this tab, which previously was
      in engagement with the yarn feed wheel 26, will become disengaged
      therewith. Secondly, the changing location of pivot pin 59 will cause the
      carrier 50 to shift, placing the engaging wheel 44 into engagement with
      the yarn feed wheel 26 and thus, in position to receive and transfer
      rotary motion from drive roll 52 to yarn feed roll 26.
PAR  As seen in FIG. 2, the selection actuation means 11 of FIG. 1 comprises a
      solenoid 80, connected to a bell crank lever 82 by means of solenoid pull
      wire 84. A selector key 88 is controlled by the motion of bell crank lever
      82 as received through a second pull wire 86. The selector key 88 is
      pivotally attached to carrier bar 90 by means of pin 92. At the rear of
      selector key 88, a push rod 94 is supported by bearing block 96, which is,
      in turn, supported by mounting bar 98, extending widthwise across the
      machine. As shown in FIG. 1, the push rod 94 is driven by cam 19 mounted
      to shaft 18. Returning to FIG. 2, it is seen that selector key return
      spring 100 biases selector key 88 downwardly toward retainer rod 102 which
      extends below mounting bar 98.
PAR  As shown in FIG. 2, interlock bar 104 located below selector bar 58 is
      slidably supported in one of the grooves of bearing guide 106. A locking
      disc 108 between selector bar 58 and interlock bar 104 is bounded to the
      right and left by bearing guides 110. The selector bar 58 has a camming
      notch 112 on its underneath portion, while the interlock bar 104 has a
      camming notch 114 in its top surface; the purpose of each notch is to
      receive locking disc 108 at particular times in the operation as later
      will be described on pages 15 and 18. An arm 115 extends below interlock
      bar 104 for the purpose of receiving a return spring 116 which biases the
      bar 104 toward the mounting bar rod 102 where it is attached.
PAR  From yarn guide wheel 40, the yarn strand extends downwardly through
      pullback mechanism 15, which will now be described. The yarn from yarn
      guide wheel 40 passes through yarn guide 118, yarn pullback loop 132 and
      yarn guide 130. A pullback lever 120 is pivotally mounted by pin 122 to
      the forward end of the interlock bar 104. A pivot shaft 124 extends
      widthwise of the machine and passes through the pullback lever 120 to
      serve as a fulcrum. A pullback wire 126 extends from the lower end of the
      pullback lever 120 through the pullback guide structure 128 and between
      upper yarn guide 118 and a lower yarn guide 130 terminating in the yarn
      pullback loop 132.
PAR  In operation, it will be seen that when the solenoid 80 is energized and
      bell crank arm 82 is raised, the selector key 88 will engage selector bar
      58 causing it to move to the left. This causes the release of brake tab 68
      and the shifting of engaging wheel 44 as previously described. The
      selector key 88 also controls the operation of interlock bar 104 and the
      pullback function as will be described in detail with the aid of FIGS. 4
      through 8, which illustrate sequential positions of the various
      mechanisms.
PAR  Each of the yarn strands A-E (FIG. 1) which is advanced by a separate one
      of the tiered metering and feeding apparatus 12 and a separate one of the
      pullback apparatus 15, as above described, extends downwardly to tube bank
      header 134 (FIG. 4). While only one yarn is shown entering the header 134
      in FIG. 4, it is to be understood five yarn strands for each tufting
      position enter this header and are again in approximate parallel
      alignment. Below the tube bank header 134, tubing 136, (one tube for each
      yarn), extends into the lower plate 138 (FIG. 3) of the tube bank where
      they are realigned into a circular configuration. From this configuration,
      as shown in FIG. 3, the strands are fed into a carrier block 140 where
      they come under the influence of the primary pneumatic transport 146. As
      seen in FIGS. 3 and 4, the yarn strands each enter an individual entry
      cone 141 having a gas chamber 142 from which gas flows into common passage
      tube (collector cone) 143 by means of gas passages 144. The yarn strand
      extends from collector cone 143 into a yarn guide spring and exhaust gas
      dissipater 150, all of the foregoing being part of the primary pneumatic
      transport 146. Following the discharge end of the dissipater 150 is a
      secondary pneumatic transport having a gas chamber 152 from which gas
      flows through gas passageway 156 into passageway 158 which extends through
      shuttle nose 160. Both the primary and secondary pneumatic transport
      systems may be supplied gas by the compressor 152, shown schematically in
      FIG. 1, via valves operated by means of cam 153. These valves vary gas
      flow during the machine cycle in accordance with machine needs.
PAR  A severing member 162 operates from cam 163 (FIG. 1) and is aligned with
      anvil member 164 below the shuttle nose 160 which is axially reciprocable
      to expose the yarn for severing. As shown in FIG. 3, dual needles 166 with
      aligned eyes 168 receive the yarn strands as they exit from passageway
      158. The needles 166 are mounted on needle bar 170 which is supported on
      push rod foot 172 of push rod 174, which, via cam 176 (see FIG. 1)
      provides reciprocable motion to the needle bar 170 and needles 166.
PAR  A pin roll 177 is shown in FIG. 3 as a guide means for backing layer L.
      Alternatively the backing may be fed from supply roll 178 over support
      member 180 (see FIG. 1). U-shaped tufts T (see FIG. 3) are shown implanted
      into the backing layer in the manner of my aforementioned U.S. Pat. No.
      3,554,147 and U.S. Pat. No. 27,165. Idler roll 182 (FIG. 1) directs the
      tufted product to the take-up pin-roll 184 which operates from the ratch
      and pawl mechanism 186.
PAR  As shown in FIG. 7, when the yarn strand is advanced to a loading position,
      shuttle nose 160 shifts to the left and knife member 162 descends against
      anvil 164 severing the yarn into a predetermined discrete yarn bit. Then,
      as shown in FIG. 8, needles 166 descend to implant the yarn bit into the
      backing layer with its legs forming the U-tuft.
PAR  It will be appreciated that once the yarn strand is cut and the yarn bit
      tufted, that particular yarn strand may be withdrawn (see FIG. 8) by the
      pullback means 15 so that the common passageway 158 is clear, thus making
      possible the feeding of another strand of yarn, preparatory to the
      implantation of the next yarn bit.
PAR  Having described the overall operation and the mechanical elements of the
      tufting apparatus, a step-by-step sequential description follows, as
      depicted in FIGS. 4-8. With respect to FIG. 4, the signal calling for a
      particular color strand to be next tufted is transmitted to the particular
      selector actuator (solenoid 80) which is associated with the metering and
      feed apparatus 12 that controls that particular strand. The solenoid 80
      transmits its motion through pull wires 84 and 86 and the intermediate
      bell crank lever 82 to selector key 88. The selector key 88 is lifted into
      the select, or on, position, thus overcoming the resistance of return
      spring 100, and then moves to the left toward selector bar 58. At this
      time, the drive roll 52 is stationary and there is no contact between the
      engaging wheel 44 and the yarn feed wheel 26. It is to be noted that
      spring 64 maintains contact at all times between engaging wheel 44 and
      drive roll 52. It is also to be noted that at this time the brake lever
      tab 68 is in contact with the yarn feed wheel 26 to prevent any motion of
      the feed wheel. Also, at this time, the yarn in the threader channel 158,
      which was utilized in the previous implantation, is being withdrawn to a
      standby position by the pullback mechanism 15 for that particular yarn
      (not shown on FIG. 4). This pullback is described subsequently. The yarn
      from the presently selected yarn metering and feed apparatus 12 shown in
      FIG. 4 is at this time in a standby position in its primary pneumatic
      transport channel.
PAR  The selector key 88, after engaging the selector bar 58, urges it to the
      left as the bias of return spring 64 is overcome. The inclined end 72 of
      selector bar 58 contacts the brake lever tab 68 and starts moving it out
      of contact with drive groove 30 of feed wheel 26. During this motion,
      contact between engaging wheel 46 and yarn wheel 26 is established. The
      tufting needles 166 continue their descent as they complete the
      implantation of the previous tuft.
PAR  With reference to FIG. 5, the following changes then occur. Selector key 88
      has reached the end of its travel to the left, pushing selector bar 58 to
      its extreme left position such that locking disc 108 becomes aligned with
      notch 112 in the underside of the bar 58. The bias on the interlock bar
      104, imposed thereon by return spring 116 cams the locking disc 108 up
      into the selector bar notch 112 forcing the interlock bar 104 to move to
      the end of its travel to the right. As this occurs, pullback lever 120
      swivels to its release position and pullback wire 126 advances to the left
      thereby releasing the yarn previously held by pullback loop 132. As this
      yarn is released, the gas flow in the primary pneumatic yarn transport
      thrusts the yarn strand into the common passageway 143, from whence it is
      transported by the secondary pneumatic yarn transport into the threading
      channel 158 of shuttle nose 160. Meanwhile, the end of the selector bar 58
      has completely disengaged the brake tab 68 from feed wheel 26 and the
      engaging wheel 44 is forced into firm contact with drive groove 30 of yarn
      feed wheel 26.
PAR  At this time, the needles 166 have reached their full down position and
      backing layer L starts moving to receive the next tuft. It will be noted
      that the knife member 162 is still in the down position.
PAR  After the components reach the positions shown in FIG. 5, the selector key
      88 and carrier bar 90 begin moving toward the right. There yet is no
      motion of either the feed wheel 26 or the drive roll 52.
PAR  With reference to FIG. 6, solenoid 80 is deenergized and spring 100 causes
      selector key 88 to drop and rest on interlock bar 104, needles 166 are
      raised through the backing L to their full up position, knife 162 is moved
      upward and shuttle nose 160 is moved to seat against left needle 166 with
      passageway 158 aligned with needle eyes 168.
PAR  Also the drive roll 52 starts rotation and this motion is imparted to the
      feed wheel 26 through engaging wheel 44. Thus, yarn is pulled from the
      creel, advanced and metered by feed wheel 26 and transported through tube
      136 to passageway 158 by means of the primary and secondary pneumatic yarn
      transports.
PAR  As seen in FIG. 7, the yarn feed started in FIG. 6 is continued until drive
      roll 52 ceases rotation, at which time the yarn strand is fully extended
      through needle eyes 168. The needles 166 then begin their descent, pulling
      the yarn against the backing layer L. The shuttle nose 160 and the
      pneumatic transport system parts move to the left, clearing the downward
      path for the knife 162. The knife member 162 then descends, cutting the
      yarn into a discrete yarn bit by impacting against anvil member 164.
PAR  The selector key 88 during this time has moved downward and off the end of
      interlock bar 104 and is pulled by return spring 100 to its full down or
      "off" position. This occurs as selector key 88 and its carrier bar 90
      reach the end of travel to the right.
PAR  As seen in the final sequential drawing, FIG. 8, the needles 166 continue
      their descent, implanting the yarn tuft in the backing layer L. The
      selector key 88 moves to the extreme left position, pushing interlock bar
      104 to the left, thus moving pullback lever 120 to its full pullback
      position. This causes pullback wire 126 to move to the right, resulting in
      the withdrawal of yarn from the common yarn passageway 158, as shown in
      FIG. 4 by the yarn in tube 136, thus leaving the common passageway 158
      free to receive a new yarn stand.
PAR  When the interlock bar 104 reaches the end of its leftward travel, its
      locking notch 114 is aligned with the locking disc 108, thus allowing the
      biasing to the right imparted to selector bar 58 by return spring 64 to
      cam the locking disc 108 down into the locking notch 114 of the interlock
      bar 104. This movement of the locking disc 108 frees the selector bar 58
      to move to the right as urged by return spring 64. This rightward motion
      frees brake tab 68 to return to its position of engagement with feed wheel
      26 as urged by tension spring 78 and also disengages wheel 44 and the feed
      wheel 26. One complete cycle is thus completed, with return of components
      to approximately the positions shown in FIG. 4.
PAR  In addition to the embodiment described in FIGS. 1-8, an alternative but
      related type of tufting apparatus may be utilized as shown in FIGS. 9-16.
      In these figures, a new set of item identification numbers are used, some
      of which are the same as those used in the prrevious embodiment.
PAR  As seen in FIGS. 9 and 10, creel 200 (200A- 200E in FIG. 10) guide the yarn
      from creels or other sources (not shown). A header plate 202 spaces and
      locates the yarn infeed. The yarn strands are once again identified as A,
      B, C, D, and E and here represent five yarns, each differing from the
      others in regard to color or some other characteristic. The number of
      tubes of yarns having different characterisitcs is arbitrary and obviously
      not limited to five. In this embodiment, as was true in the previous
      embodiment described in FIGS. 1 to 8, for each needle station, any one of
      five color strands may be selected for each tuft to be implanted into a
      backing layer L. The metering system operates similar to the one
      previously described, however, a number of important differences exist.
      For clarity, two yarn selection, metering, feeding and pullback units are
      shown in FIG. 9; with the upper unit being in the "selected" or active
      position, and the lower unit being in the standby position.
PAR  Referring to FIGS. 9 and 10, each yarn is guided by yarn guide turn bar 211
      and is then guided to a respective yarn guide roller 204, rotatable on
      mounting shaft 206, to respective feed wheel 208. It will be seen in FIG.
      10 that the yarn feed wheel 208 includes a drive surface 212, bearing
      balls 214, a bearing washer 216, which is designed to laterally slide on
      mounting bar 218, and is spring loaded by loading spring 220.
PAR  Drive roll 224 is mounted adjacent the feed wheel 208 on drive shaft 226
      and has a friction coating 228 which is engageable with the drive surface
      212 of the feed wheel 208.
PAR  A modified selector bar 230 is positioned below the yarn feed wheel 208 and
      the drive roll 224 and has a drive slot 232 which engages the base of
      brake lever 234. The brake lever 234 is pivotally mounted by means of pin
      236 on a brake lever mounting bar 238.
PAR  The selector bar 230 has a return spring 240 one end of which is attached
      to the bearing guide 242 to effectively bias the selector bar 230 to the
      right. The selector bar 230 has rigidly mounted thereto, a tube drive
      bracket 244 for a purpose to be subsequently described, and a locking
      notch 246 on its top surface. The interlock bar 248 in this embodiment is
      positioned above the selector bar 230. It has a notch on its base surface
      250 which is designed to engage locking disc 252. At the top of interlock
      bar 248 an upper arm 254 receives the return spring 256 which extends to
      the bearing guide 258.
PAR  To the left of the interlock bar a selector key 260 similar to that
      described in the previous embodiment is shown engaging the interlock bar
      248 in the "select" or "on" position in the upper unit of FIG. 9 and in
      FIG. 10. The selector key 260 is pivotally mounted on pin 262 and has a
      return spring 264 which engages retainer plate 266. Adjacent the selector
      key 260 is the selector key carrier bar 268 operable in the same manner as
      the carrier bar of the previous embodiment.
PAR  As described in the previous embodiment, various types of devices may be
      used for the yarn selection actuator, and, as exemplified there, a
      solenoid 270 is shown here as the actuator. The solenoid 270 has a plunger
      274 which is pivotally mounted to solenoid lever arm 272, one end of which
      is supported by strut 271. The solenoid rocker arm 276 is connected to a
      stationary rocker arm block 278 by pivot pin 280. A solenoid pull wire 281
      extends from lever arm 272 to rocker arm 276 and a second pull wire 282,
      including a spring portion 284, extends from the rocker arm 280 to the
      selector key 260.
PAR  After the yarn strand leaves the yarn feed wheel 208, it is received by the
      spool-like yarn guide 286 and guided from there into the pneumatic
      transport tube 288. The yarn guide 286 is rigidly mounted to the selector
      bar 230 and serves as a pullback device which corresponds in function to
      that described in the previous embodiment.
PAR  As will subsequently be described in more detail, the selector key 260
      controls the lateral reciprocation of selector bar 230 which causes brake
      234 to engage and disengage feed wheel 208 and simultaneously causes the
      pullback guide 286 to move left and right; when moving left causing
      pullback of the yarn strand in contact with 286.
PAR  As will be seen in FIG. 10, the primary pneumatic transport includes a yarn
      transport block 290 with its gas passageway 292. The inlet tube 288 has a
      gas seal bearing surface 296 to allow for its reciprocation and it extends
      into a receiving tube gas jacket 298 having gas bypass grooves 300 along
      the outer surface. A gas valve orifice 301 is in each of the grooves 300
      which is engaged and closed from within by a gas valve member 302 which is
      at the extremity of the inlet tube 288. At the far right hand side of the
      air transport block 290, an air feed nose 303 of the air jacket 298 leads
      into carrier yarn tube 304 which joins with similar tubes from the other
      four units at plate 306 (see FIG. 11). The tubes 304 only one of which is
      shown in FIG. 10 then lead into one of the collector cones 308 as seen in
      FIG. 11 which are part of the carrier block structure 310.
PAR  As shown in FIGS. 11 and 12, the carrier block 310 contains the secondary
      pneumatic yarn transports, ending in common passageway 316. Secondary gas
      chambers 311 (FIG. 11) in carrier block 310 supply gas to the pneumatic
      transport nose 314 of the common passageway 316. Knife member 318 is
      positioned above the shuttle nose 320 of the block 310 and engages the
      anvil 312 to cut the yarn when the block 310 and its shuttle nose 320
      shift to the left as described in the previous embodiment. Needles 322
      with their eyes 323 are connected to the needle carrier 324 operable on
      push rod foot 326 (FIG. 11) and the push rod needle drive 328 (FIG. 11) as
      in the previous embodiment.
PAR  While the secondary pneumatic yarn transport (contained in block 310, FIG.
      12) in this latter embodiment may be controlled by valves operated by cam
      153, as shown in FIG. 1, the primary pneumatic yarn transport (contained
      in block 290 and tube 288, FIG. 12) is valvable by means of the
      reciprocating inlet tube 288 which reciprocates with selector bar 230, to
      which it is rigidly secured, and thus is controlled by cam 19 of FIG. 1
      whenever that particular unit is actuated by energization of solenoid 270,
      FIG. 12, which corresponds to solenoid 80, FIG. 1.
PAR  FIGS. 12 to 16, show the sequential operation of the second embodiment of
      the overall tufting system. As shown in FIG. 12, the first of the
      sequential drawings, the solenoid 270 is energized to activate the
      particular yarn strand controlled by the selector feed unit shown. The
      motion of solenoid plunger 274 is transmitted to selector key 260 via the
      intermediate mechanism 272-282 causing the selector key 260 to be raised,
      overcoming the downward bias of spring member 264.
PAR  At the start of the solenoid energization, the drive roll 224 has no
      motion, and is not in contact with yarn feed wheel 208. The brake lever
      234 is in contact with the yarn feed wheel 208 to prevent any motion of
      the wheel. The primary air transport system is in its gas off position,
      with the gas valve surface 302 of the inlet tube 288 covering the gas
      orifice 301 in the air jacket 298.
PAR  The yarn from the particular yarn metering and feeding unit shown is in its
      feed tube 304 in the standby position, while another strand of yarn, that
      earlier was supplied by another yarn metering and feed unit, is in the
      threader common channel 316, and is being retracted to a standby position.
PAR  At this time, the carrier bar 268 is cyclically driven to the left, as
      described in the previous embodiment, by cam 19, FIG. 1, thus moving
      carrier selector key 260 leftward to engage the interlock bar 248.
PAR  As shown in the second sequential drawing, FIG. 13, the continued leftward
      motion of selector key 260, after establishing contact with the interlock
      bar 248, pushes 248 to the position where the notch 250 in the bottom of
      bar 248 aligns with the locking disc 252.
PAR  Locking disc 252 is prevented from any axial motion by interlock disc
      bearing guide 255.
PAR  The interlock disc 252 cams up into the locking notch 250 thus allowing the
      selector bar 230 to move to the right, as urged by return spring 240.
PAR  This movement to the right of selector bar 230 causes the brake lever 234,
      which is engaged in the drive slot 232, to shift to the right, together
      with pneumatic transport tube 288.
PAR  As the pneumatic transport tube 288 moves to the right, valve surface 302
      moves from its gas-flow-off position in the tube jacket 298 to its
      gas-flow-on position to the right of gas orifice 301. Gas is now free to
      flow from the compressed gas chamber 292 into gas jacket 298, through each
      gas orifice 301 and along the outside of gas jacket 298 by means of gas
      bypass grooves 300 and over the nose 303 into tube 304, where the gas flow
      exerts a rightward thrust on the yarn strand within tube 304.
PAR  Concurrently, as the selector bar 230 moves to the right, it carries with
      it the yarn guide pullback 286. This left to right movement of 286
      releases the yarn from its original pullback position of FIG. 12, as shown
      by dotted lines in FIG. 13.
PAR  The gas flowing through 288 and 304 of the primary pneumatic yarn transport
      thrusts rightwardly the yarn which has been released by the rightward
      motion of 286 and thus advances the end of the selected yarn in tube 304
      from its standby position (see FIG. 12) into the collector cone 308 which,
      in turn, via the secondary pneumatic yarn transport operating from gas
      flow through nose 314, thrusts the yarn to its full length in the common
      threader passageway 316.
PAR  As the brake lever 234 moves to the right, it permits yarn feed wheel 208
      to move to the right with it until drive surface 212 is brought into
      contact with friction surface 228 of the drive roll 224, at which point
      brake 234 disengages from 208.
PAR  It should be noted that the mechanical sequence just described of brake
      lever 234, feed wheel 208 and drive roll 224 ensures that the feed wheel
      is continuously under positive control, i.e., that the drive surface 212
      is always either in contact with the brake lever 234 or the friction
      surface 228 of the drive roll 224.
PAR  At this time, the needles 322 are starting to move upwardly from their full
      down position and the backing L is starting to move incrementally to the
      right.
PAR  The knife 318 now moves upwardly and the carrier block 310 moves
      rightwardly toward its threading position.
PAR  As shown in the next sequential drawing, FIG. 14, the incremental motion of
      the backing has ceased and the needles 322 have penetrated upwardly
      through the backing layer L and are in their full upward position. The
      carrier block 310 has reached its threading position, with the threader
      nose 320 against the left needle and aligned with the needle eye 323.
PAR  The selector key carrier 268 has now moved back to the right and the
      solenoid 270 has been de-energized, allowing return spring 264 to push
      selector key 260 down against selector bar 230.
PAR  Metered angular rotation of drive roll 224 rotation now starts, thus
      turning feed wheel 208, which, via friction contact with yarn in groove
      210 draws yarn from the creel and delivers a metered length of the yarn
      around pullback guide 286 through pneumatic transport tube 288, yarn tube
      304, carrier block 310, and finally through eyes 323 of needles 322.
PAR  In the next sequential drawing, FIG. 15, the selector key carrier 268 has
      reached the end of its travel to the right, allowing selector key 260 to
      disengage contact with selector bar 230. The carrier block 310 has moved
      to the left, clearing the way for knife 318 to move down to sever the yarn
      by contacting anvil 312. Just prior to yarn severing, the needles 322 have
      started their descent pulling the yarn bit against the backing.
PAR  The needles 322 then continue their descent, the selector key carrier bar
      268 moves to the left, and the selector key 260 engages selector bar 230
      and moves it to the left, thus causing the yarn guide 286 to withdraw the
      yarn from threader channel 316.
PAR  With the leftward motion of selector bar 230, the primary air transport
      tube 288 is drawn to the left and brake lever 234 is also driven to the
      left by drive slot 232.
PAR  In the last sequential drawing, FIG. 16, the selector key carrier bar 268
      has reached the end of its leftward travel together with selector bar 230.
      The yarn is fully pulled back by pullback guide 286 to its standby
      position. The selector bar notch 246 is aligned with the locking disc 252
      and the rightward thrust to interlock bar 248 by return spring 256, cams
      the locking disc 252 down into the selector bar locking notch 246, thus
      freeing the interlock bar 248 to move to the right as urged by spring 256.
PAR  The brake lever 234 has been moved to its extreme left position by drive
      slot 232 of the selector bar 230. During this leftward movement, brake
      lever 234 first engaged the drive surface 212 of feed wheel 208, following
      which wheel 208 was pushed to the left thus disengaging drive surface 212
      from friction surface 228 of the drive roll 224.
PAR  The primary air transport tube 288 is moved fully to the left and the gas
      valve surface 302 covers the gas orifice 301, thus turning off the gas
      flow. At this time, the yarn tuft is implanted and the needles are in the
      full down position. Thus the sequence is complete, with return of the
      overall tufting mechanisms to essentially the positions described in FIG.
      12, ready to repeat the next cycle.
PAR  The pullback device disclosed in the embodiment of FIGS. 9 to 16 results in
      less yarn deformation during pullback and release, thus offering
      substantial improvements over earlier pullback mechanisms.
PAR  In each of the embodiments, the primary and secondary pneumatic yarn
      transports provide materially improved performance over the single
      pneumatic yarn transport means used previously.
PAR  With respect to the selector key structure, it is important to note that
      the key 260 serves as a true trigger, in that it only couples or decouples
      energy supplied by the machine drive motor to operate the yarn metering
      and feeding mechanisms and is not required, itself, to supply this energy.
      This minimizes the size and complexity of the selector actuator, and the
      associated power consumed by the actuation.
PAR  It will be noted that the anvil 312, by virtue of its configuration and
      positioning, effectively also serves as a presser foot against the backing
      layer which facilitates easier withdrawal of the needles and less chance
      of backing deformation.
PAR  With respect to the embodiment disclosed in FIGS. 9 to 16 it is to be noted
      that the surfaces used for braking and driving of the feed wheel have no
      relative motion (slippage) at any time of the engage-operate-disengage
      cycle; this resulting in greatly increased operational life and efficiency
      of the metering system as well as providing greater accuracy in yarn
      metering than heretofore possible.
PAR  The valvable pneumatic yarn transport, comprising air block 290 and related
      structures provides decided advantages over previous systems in that
      actuating air or other gas is only admitted to that particular pneumatic
      transport tube in which yarn is being transported as contrasted to earlier
      systems in which air or another gas, under positive and/or negative
      pressure, was admitted to all pneumatic transport tubes, including those
      in which yarn was not being transported.
PAR  While various embodiments of the invention have been shown and described,
      it will be understood that other modifications may be made. The appended
      claims, therefore, are intended to define the true scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Tufting apparatus including bit-applying means for applying tufts to a
      backing layer wherein the improvement comprises:
PA1  metering means utilizing rotatable yarn feed means to provide predetermined
      lengths of yarn;
PA1  driving means engageable with a surface of said rotatable yarn feed means;
PA1  braking means engageable with a surface of said rotatable yarn feed means
      wherein said rotatable yarn feed means is always in engagement with either
      said driving means or said braking means; and
PA1  pneumatic means to transport the yarn to a tufting station.
NUM  2.
PAR  2. The tufting apparatus of claim 1 wherein said means for driving said
      rotatable yarn feed means comprises a drive roll means and means for said
      drive roll means to engage said rotatable yarn feed means to drive said
      rotatable yarn feed means.
NUM  3.
PAR  3. The tufting apparatus of claim 2 wherein said rotatable yarn feed means
      is spring loaded and upon release of said braking means engages said drive
      roll means.
NUM  4.
PAR  4. The tufting apparatus of claim 2 wherein said drive roll means includes
      a friction surface and saiid rotatable yarn feed means includes a drive
      surface which is engaged by said drive roll friction surface.
NUM  5.
PAR  5. Tufting apparatus including bit-applying means for applying tufts to a
      backing layer wherein the improvement comprises a yarn supply system
      having:
PA1  metering means utilizing a rotatable yarn feed means;
PA1  means for controlling said rotatable yarn feed means including driving
      means and braking means, to feed a predetermined length of yarn wherein
      rotary motion of said driving means is transferred to said rotatable yarn
      feed means by means of a shiftable intermediate engaging wheel upon
      engagement of said intermediate engaging wheel jointly with said driving
      means and said rotatable yarn means; and
PA1  pneumatic yarn transport means to transport the yarn to a tufting station.
NUM  6.
PAR  6. The tufting apparatus of claim 5 wherein said shiftable intermediate
      engaging wheel is in continuous engagement with said driving means.
NUM  7.
PAR  7. The tufting apparatus of claim 5 wherein said shiftable intermediate
      engaging wheel is rotatable about an axis and there is further included a
      carrier bar secured to said axis and a slidable member to which said
      carrier bar is pivotally mounted whereby upon the sliding of said slidable
      member, said carrier bar shifts said intermediate engaging wheel into and
      out of joint engagement with said rotatable yarn feed means and said
      driving means.
NUM  8.
PAR  8. The tufting apparatus of claim 7 wherein said slidable member actuates
      and deactuates said braking means.
NUM  9.
PAR  9. The tufting apparatus of claim 7 wherein said slidable member actuates
      said pneumatic means.
NUM  10.
PAR  10. The tufting apparatus of claim 1 wherein said pneumatic means is opened
      in fixed time relation relative to the release of said braking means.
NUM  11.
PAR  11. Tufting apparatus including bit-applying means for applying tufts to a
      backing layer wherein the improvement comprises a yarn supply system
      having:
PA1  metering means utilizing a rotatable yarn feed means;
PA1  means for controlling said rotatable yarn feed means including driving
      means and braking means, to feed a predetermined length of yarn;
PA1  pneumatic yarn transport means, including pneumatic valvable means, to
      transport the yarn to a tufting station wherein said valvable means
      comprises:
PA1  an axially reciprocable yarn transport tube having a gas cut-off surface
      forming a first part of a gas valve; and
PA1  a structure containing one or more gas passageways and a gas orifice which
      forms a second part of a gas valve, which operates cooperatively with said
      first part of the gas valve to control gas flow through said gas
      passageways, said gas flow serving to transport yarn strand through said
      passageways, said gas flow being stopped when said transport tube slides
      to a position whereby said gas orifice is covered by said gas cut-off
      surface.
NUM  12.
PAR  12. Tufting apparatus including bit-applying means for applying tufts to a
      backing layer wherein the improvement comprises a yarn supply system
      having:
PA1  metering means utilizing a rotatable yarn feed means;
PA1  means for controlling said rotatable yarn feed means including driving
      means and braking means to feed a predetermined length of yarn;
PA1  pneumatic yarn transport means, including pneumatic valvable means, to
      transport the yarn to a tufting station wherein said valvable means
      comprises:
PA1  structure having a gas passageway through which gas flows when serving as a
      pneumatic yarn transport; and
PA1  a reciprocable member complementary to said structure and operating in
      conjunction therewith to alternately prevent and permit said gas flow
      through said gas passageway as said member reciprocates.
NUM  13.
PAR  13. Tufting apparatus including bit-applying means for applying tufts to a
      backing layer wherein the improvement comprises a yarn supply system
      having:
PA1  metering means utilizing a rotatable yarn feed means;
PA1  means for controlling said rotatable yarn feed means including driving
      means and braking means, to feed a predetermined length of yarn; and
PA1  pneumatic yarn transport means, including pneumatic valvable means, to
      transport the yarn to a tufting station wherein said pneumatic yarn
      transportation means comprises yarn transportation passageways and said
      valvable means comprises a gas inlet communicating between a gas supply
      and said passageways and a reciprocable member which by means of the
      reciprocation starts and stops gas flow to said passageways.
NUM  14.
PAR  14. The tufting apparatus of claim 13 wherein said braking means and said
      reciprocable member are actuated concurrently by means of a slidable bar
      member.
NUM  15.
PAR  15. The tufting apparatus of claim 13 wherein said slidable bar member is
      controlled by a solenoid.
NUM  16.
PAR  16. In a tufting machine:
PA1  reciprocable bit-applying means movable through a backing to and from a
      loading position on a selected side of the backing;
PA1  metering means, utilizing a rotatable feed, for advancing a predetermined
      length of tufting material;
PA1  severing means, adjacent said bit-applying means, for severing a bit-length
      of tufting material from said advanced predetermined length of tufting
      material;
PA1  pneumatic means for transporting said predetermined length of tufting
      material to said loading position;
PA1  means for actuating said severing means to sever said tufting material; and
PA1  means for moving a portion of said pneumatic means to provide access for
      said severing means.
NUM  17.
PAR  17. In a tufting machine:
PA1  reciprocable tufting-needle means movable through a backing to and from a
      threading position on a desired side of the backing;
PA1  strand-severing means adjacent said tufting-needle means for cutting yarn
      bits from a strand of tufting material;
PA1  a rotatable yarn feed and metering mechanism for advancing a predetermined
      length of yarn;
PA1  pneumatic transport means for transporting said strand to said threading
      position;
PA1  control means, including a shiftable member, which upon energization
      actuates said yarn feed and metering mechanism and said pneumatic
      transport; and
PA1  means for actuating said strand-severing means.
NUM  18.
PAR  18. Tufting apparatus including bit-applying means for applying tufts to a
      backing layer wherein the improvement comprises a means for delivering
      metered lengths of yarn from selected yarn sources to a tufting station,
      having:
PA1  a plurality of inlet passageways extending to a common outlet;
PA1  a plurality of metering devices, each metering yarn from a different yarn
      source and communicating with one of said inlet passageways;
PA1  means for pneumatically transporting a selected yarn through said common
      outlet and to the tufting station;
PA1  strand-severing means to sever said selected yarn preparatory to tufting
      the severed yarn bit;
PA1  pullback means to remove yarns from said common outlet; and
PA1  control means, including a selector member, which activates one of said
      metering devices, said pneumatic transport means, and said pullback means.
NUM  19.
PAR  19. A tufting machine utilizing multiple yarn sources to supply each
      tufting station comprising:
PA1  a plurality of inlet passages extending from said yarn sources to a common
      outlet;
PA1  a selector means disposed along each of said inlet passages including yarn
      metering and feeding means;
PA1  pneumatic transport means to transport through said common outlet a
      selected yarn metered and fed by said selector means;
PA1  bit-applying means positioned adjacent said common outlet to receive said
      selected yarn and apply a bit therefrom to a backing layer;
PA1  strand-severing means positioned adjacent said bit-applying means to sever
      said bit from said selected yarn;
PA1  strand pullback means to remove and hold all but selected strands of yarn
      from said common outlet passage; and
PA1  control means, including actuation of a mechanical member, movement of
      which actuates a particular one of said selector means, releases said
      pullback means to allow said yarn to return to said common outlet passage,
      and actuates said pneumatic transport means to transport said yarn to said
      tufting station.
NUM  20.
PAR  20. Tufting apparatus including bit-applying means for applying tufts to a
      backing layer wherein the improvement comprises a yarn metering and
      feeding system having:
PA1  a yarn feed wheel including means to bias axis of said yarn feed wheel in a
      given direction;
PA1  a brake member engageable with said yarn feed wheel;
PA1  a drive roll positioned adjacent said yarn feed wheel and in engagement
      therewith when said yarn feed wheel is in a biased position; and
PA1  means to operate said brake member whereby when said brake member engages
      said yarn feed wheel said bias is overcome and said yarn feed wheel is
      disengaged from said drive roll; and when said brake member is disengaged
      from said yarn feed wheel said bias causes said yarn feed wheel to engage
      said drive roll, whereupon actuation of said drive roll said yarn feed
      wheel is actuated to meter a selected length of yarn.
NUM  21.
PAR  21. Tufting apparatus including bit-applying means for applying tufts to a
      backiing layer wherein the improvement comprises a yarn metering and
      feeding system having:
PA1  a yarn feed wheel;
PA1  a drive roll positioned adjacent said yarn feed wheel;
PA1  an intermediate engaging wheel mounted adjacent said yarn feed wheel and
      said drive roll on a carrier; and
PA1  means to actuate said carrier to cause said intermediate engaging wheel to
      go from a position of disengagement with either said yarn feed wheel or
      said drive roll to a position of engagement with both said yarn feed wheel
      and said drive roll whereupon rotary motion of said drive roll is
      transmitted to said yarn feed wheel, said transmitted rotary motion
      permitting said yarn feed wheel to meter a length of yarn.
NUM  22.
PAR  22. Tufting apparatus including bit-applying means for applying tufts to a
      backing layer and further including an arrangement for delivering metered
      yarn bits from selected yarn sources in desired sequence to each of a
      plurality of tufting stations, said arrangement for each tufting station
      comprising:
PA1  a plurality of inlet passages extending to a common outlet passageway;
PA1  a group of selectors, each having a passage for receiving yarn from a
      particular yarn source and communicating with a particular inlet passage;
PA1  yarn severing means actuable periodically to sever a yarn strand into a
      yarn bit;
PA1  a yarn pullback device to withdraw all but a selected yarn strand from said
      common outlet passageway;
PA1  a braking mechaniism for each of said selectors; and
PA1  control means which concurrently releases said yarn pullback device and
      said braking mechanism on a desired one of said selectors, thereby causing
      a metered length of yarn to be fed into said common passageway.
NUM  23.
PAR  23. The tufting apparatus of claim 22 further including:
PA1  pneumatic means to aid in transporting said yarn strand into said common
      passageway wherein said pneumatic means is energized by said control means
      in fixed time relationship with the pullback and brake release functions.
NUM  24.
PAR  24. A tufting machine comprising:
PA1  a yarn source;
PA1  a yarn metering and feeding means including brake means;
PA1  a yarn pullback means which enables yarn previously fed to be returned to a
      standby position;
PA1  a pneumatic yarn transport means;
PA1  control means for actuating in substantially fixed time relationship said
      yarn metering and feeding means, said yarn pullback means, said pneumatic
      transport means,
PA1  yarn severing means; and
PA1  tufting elements to tuft said severed yarn.
NUM  25.
PAR  25. Tufting apparatus including bit-applying means for applying tufts to a
      backing layer wherein the improvement comprises:
PA1  metering means utilizing rotatable yarn feed means to provide predetermined
      lengths of yarn;
PA1  driving means engageable with a surface of said rotatable yarn feed means;
PA1  braking means engageable with a surface of said rotatable yarn feed means;
PA1  braking means engageable with a surface of said rotatable yarn feed means
      and further including braking control means, the deactuation of which
      associatedly actuates said driving means; and
PA1  pneumatic means to transport the yarn to a tufting station.
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ABST
PAL  Tufting apparatus utilizing pneumatic means for transporting yarn strands
      including a threader tube assembly capable of delivering a plurality of
      yarn strands through multiple passageways to, and loading same, in tufting
      elements which apply bit-lengths of the strands into a backing layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject application discloses a threader tube assembly which, while
      having utility in tufting systems generally, is particularly adaptable to
      tufting procedures of the "Spanel tufting system."
PAR  The fundamentals of the "Spanel tufting system" are disclosed in U.S. Pat.
      No. 3,554,147 which issued to Abram N. Spanel and George J. Brennan on
      Jan. 12, 1971 and U.S. Pat. No. Re. 27,165 which issued Aug. 10, 1971 to
      Abram N. Spanel and Lloyd E. Barton.
PAR  As disclosed in U.S. Pat. No. Re. 27,165, a pneumatic yarn transport system
      is disclosed wherein yarn strands and/or discrete bits of yarn are
      transported pneumatically to a tufting station where they are applied by
      tufting elements to a backing layer. Multicolor selection of the yarn bits
      is enabled by a shiftable magazine arrangement which provides yarn strands
      of various colors to each of the guide tubes through which yarn is
      transported to the tufting elements. For each tufting element, there is a
      single common guide tube passageway that extends from the magazine and
      through which the yarn strand or yarn bit is pneumatically fed.
PAR  The aforementioned U.S. Pat. No. 3,554,147 provides for the simultaneous
      selection of bit-lengths of yarn of various colors for each tufting cycle
      at each individual tufting station. In place of the magazine of U.S. Pat.
      No. Re. 27,165, U.S. Pat. No. 3,554,147 uses a collator structure in which
      individual channels transport yarn into a common passageway adjacent the
      tufting station. Each of the tufting elements has a corresponding single
      such common passageway leading to it through which the yarn strand is
      delivered prior to tufting. The capability of severing a bit-length of
      yarn before, during or after threading the tufting element and before or
      during actual tufting is provided. Since a common passageway is utilized,
      and since in one embodiment the severing function takes place adjacent the
      location of the tufting elements and after a selected yarn strand has been
      fed into the common passageway, a yarn pullback system is provided to
      remove the remaining yarn strand from the common passageway once the yarn
      bit has been severed therefrom.
PAR  Additionally, copending Spanel application Ser. No. 419,417 discloses
      improvements to the earlier Spanel disclosures in which a cutting
      arrangement is utilized whereby an axially reciprocable passageway section
      provides access for yarn severing means to sever the yarn into preselected
      discrete yarn bit-lengths.
PAR  Furthermore, Spanel U.S. Pat. No. 3,824,939 discloses tufting apparatus
      which utilizes a reciprocable threader tube having a single common
      passageway corresponding to each tufting needle, to place yarn in the eye
      of the needle and which retracts to leave the yarn deposited therein.
      Pneumatic means supplements the yarn transportation system.
PAR  Finally, Spanel application Ser. No. 474,264 and Ser. No. 474,266, filed
      concurrently with the subject application disclose additional improvements
      and modifications to the earlier Spanel disclosures. The first of the
      abovementioned applications discloses improved feeding, metering and
      pullback systems including improved valvable air supply means. A common
      passageway is, however, utilized to guide the selected yarn strand to the
      loading station where it is severed into a bit-length of yarn to be
      tufted.
PAR  With respect to Spanel application Ser. No. 474,266, various embodiments of
      yarn bit clamps are disclosed which may be utilized with any of the
      aforementioned Spanel disclosures.
PAR  In all of the above disclosures, a common passageway is used for delivering
      the yarn strand or bit-length of yarn to the tufting station. With such
      structure, it is necessary to either provide for yarn strand severing into
      a bit-length before the yarn enters into the common passageway or to
      provide for severing while in the common passageway together with
      withdrawal of the remaining yarn from the common passageway.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the subject invention, the tufting apparatus disclosed
      herein utilizes, in place of the common passageway of other Spanel
      patents, a threader tube assembly in which a plurality of tubes or
      passageways, are used to convey the yarn strands directly to the tufting
      needle stations. In one of the embodiments, the needle element utilized is
      the Spanel double shank needle with aligned eyes in each of the shanks.
      The threader tube assembly is vertically reciprocable to align a selected
      one of the plurality of tubes with the aligned needle eyes so that the
      selected yarn strand may be pneumatically transported to a loading
      position in the aligned needle eyes. The threader tube assembly is also
      axially reciprocable to provide access for knife and anvil means to sever
      the selected yarn strand into a discrete bit-length.
PAR  In a second embodiment, in place of the Spanel double shank needle with one
      eye in each shank, a double shank needle is utilized having a plurality of
      eyes in each shank to enable yarn from each of the tubes or passageways to
      be fed to a corresponding pair of the eyes. In this embodiment no
      reciprocation of the threader tube assembly is needed for alignment of a
      selected tube with the needle eyes; however, the threader tube assembly
      may be reciprocable to provide access for the yarn severing operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of tufting apparatus in which the subject
      invention may be utilized;
PAR  FIG. 2 is a partial sectional view showing a threader tube assembly in a
      selected yarn transporting position;
PAR  FIG. 2A is a partial end view of the threader tube assembly;
PAR  FIG. 3 is a sectional view similar to FIG. 2 which shows the severing step;
PAR  FIG. 4 is another sectional view similar to FIG. 2 which shows the
      bit-length of yarn being tufted;
PAR  FIG. 5 is a partial view of a modified threader tube assembly shown with a
      companion needle device;
PAR  FIG. 6 is a sectional view similar to FIG. 5 which shows a bit-length of
      yarn being tufted; and
PAR  FIG. 7 is a partial side view showing one of the needle shanks of the
      needles of FIGS. 5 and 6.
DETD
PAC  DETAILED DESCRIPTION
PAR  The subject threader tube assembly as employed in a tufting system is shown
      schematically in FIG. 1. Yarn is selected and advanced from creels C by
      means of metering and feeding stations 10. These stations 10 may be of the
      type described in aforementioned copending application Ser. No. 474,264. A
      series of five yarns (although any practical number may be used) are shown
      being fed to a single needle station 11, through a threader tube assembly
      12. At the needle station 11, needles or other bit-applying elements 14
      are used to tuft the yarn into a backing layer L. Prior to tufting, the
      selected yarn strand may be severed by a knife or other yarn severing
      means 16 which is aligned to impact against reciprocating anvil 18 when
      the threader tube assembly 12 reciprocates to the right. The backing layer
      L is fed from feed roll 22 over backing guide 24, around idler roll 26 to
      the take-up roll 28. A clamping means 30 is shown which holds the yarn in
      a loaded position in the needles 14 until tufted.
PAR  A selection actuation means which may be a solenoid 32 or a pneumatic
      device or the like receives control signals for selective actuation of the
      metering and feeding stations 10. Patterned information such as recorded
      on tapes, drums or other medium is converted into electrical or other type
      signals as shown by clock pulses which are then transmitted to the
      solenoid selection actuation means 32.
PAR  A motor 34 is shown driving the tufting apparatus through transmission 36
      which may be a train of gears or related mechanisms. A power transmission
      means 38 is schematically shown running throughout the device from which
      the various drive mechanisms operate.
PAR  A pneumatic supply source 40 is controlled by cam member 42 while the knife
      16 is driven by cam member 44 and the anvil 18 is driven by cam 45. The
      needles 14 are driven by cam member 46 while the yarn clamp means 30 is
      driven by cam member 52. The yarn metering and feeding means 10 is
      controlled by cam member 48 and the backing take-up roll 28 is controlled
      by rachet and pawl means 50. The threader tube assembly 12 reciprocates
      axially to the right and left by means of carrier bar 60 which is driven
      by cam 63 while the selector bar 54, which is controlled by cam 56, causes
      the threader tube assembly to reciprocate vertically to provide yarn
      selection.
PAR  As shown in detail in FIG. 2, each threader tube assembly 12 is pivoted on
      a carrier bar 60 by means of block member 61 having axial passageways 62
      to accomodate the desired number of different yarn strands available for
      selection. The yarn strands are fed through the passageways 62 and exit at
      outlets 51 (see also FIG. 2A), the selected one of which is aligned with
      needle eyes 80. At the left of the threader tube assembly, a gas manifold
      64 supplies gas to the passageways 62 to provide pneumatic transport of
      the yarn to the needles 14. The system may include additional pneumatic
      transports as disclosed in copending application Ser. No. 474,264. The
      yarn enters the threader tube assembly through jackets 66 and is propelled
      forward as the gas flows past noses 68 and through each of the threader
      tubes 62. As shown in FIGS. 2 and 2A, the selector bar 54 is pivotally
      attached by means of pivot pin 70 to the nub 72 of the carrier structure.
      The clamp member 30 (FIG. 2) comprises a bit clamp member 74 which is
      biased downwardly by compression spring 76. A lifter bar mechanism 78 may
      be used to unclamp bit clamp 74. The clamp member is described in more
      detail in copending application Ser. No. 474,266.
PAR  Also shown in FIG. 2 is tuft tucker member 82 which acts in concert with
      tuft retaining bar 84 to remove and hold implanted tufts free from the
      path of succeeding needle strokes. A stripper 86 supports the backing
      layer L between the needle shanks as shown. A portion of the tufting
      machine overall frame 88 is shown below tuft tucker member 82.
PAR  FIG. 2 also is the first of three sequential views showing the threader
      tube assembly 12 in its various stages of operation. As seen in FIG. 2,
      the knife 16 is in a raised position and the reciprocating anvil 18 is
      below threader tube assembly 12. The lifter bar mechanism 78 is lifting
      the bit clamp 74 to a raised position against the downward bias of
      compression spring 76. The needles 14 are at their load position and the
      stripper 86 and tuft retaining bar 84 also are at their load positions.
PAR  Further, as shown in FIG. 2, threader tube assembly 12 has been raised by
      selector bar 54 to align the yarn strand (shown extended) which is in the
      next to top passageway with the needle eye 80. At this time the selected
      yarn strand is released from its standby position by the yarn metering and
      feeding means 10 (see FIG. 1). The pneumatic transport advances the
      selected yarn strand towards its load position while the other yarn
      strands remain in their standby positions.
PAR  As shown in FIG. 3, the next sequential drawing, once the selected yarn
      strand reaches its fully extended load position, the lifter bar mechanism
      78 descends permitting the bit clamp 74 to be urged downwardly by spring
      76 until it clamps the yarn against the lower side of needle eyes 80. The
      carrier bar 60 with threader tube assembly 12 retracts to the left to
      clear the way for knife 16 to descend to sever the yarn on anvil 18 which
      has been moved to its severing position. If the particular bit-length of
      yarn which has been severed is not to be duplicated in the next tuft, the
      selector feed units start pullback to return the yarn strand to the
      standby position corresponding to that of the other yarn strands. A
      pullback system which eliminates deformation, such as described in
      copending application Ser. No. 474,264 may be used.
PAR  It will be recognized that in a slightly modified embodiment, the severing
      function in FIG. 3 can be performed close to the exit surface of outlet
      51, thus eliminating the need of the pullback function.
PAR  With further reference to FIG. 3, once the yarn has been severed, the
      needles start their downward descent to implant the yarn bit-length in the
      backing layer L.
PAR  With reference now to the last sequential drawing of this sequence, FIG. 4,
      the needles 14 are continuing their downward descent just prior to
      implantation of the bit-length of yarn while the bit clamp 74 is urged by
      the compression spring 76 as it follows the needle 14 to the point where
      the yarn bit-length is clamped against the backing layer L.
PAR  As further seen in FIG. 4, the knife 16 moves upwardly and the anvil 18
      descends downwardly away from threader tube assembly 12. The yarn strand
      from which the selected bit-length was severed has been pulled back to its
      standby position preparatory to the selection of the next yarn strand.
      Also, it will be visualized that as the needle 14 continues its downward
      descent, the yarn bit-length will be implanted in the backing layer L to
      form a U-shaped tuft T. The stripper 86 and tuft retainer 84 then descend,
      tuft tucker 82 moves to the right to push the legs of the last yarn
      bit-length to the right of the tuft retaining member 84, which then moves
      up to restrain the last bit-length, thus preventing its interference with
      the next tuft implantation.
PAR  The selector bar 54 then moves the threader tube assembly 12 to the next
      selected position, and carrier bar 60 moves threader tube assembly 12 back
      to the threading position, thus returning all components to their
      positions ready for the start of the next cycle as shown in FIG. 2.
PAR  Disclosed in FIGS. 5 and 6 is a modified embodiment utilizing a double
      shanked needle 100, each shank having five aligned eyes 102 (see FIG. 7
      for needle eye details). The threader tube assembly 104 of this embodiment
      includes five passageways 106 in substantial alignment with the five
      needle eyes 102. As before, it is to be understood that while five needle
      eyes 102 and passageways 106 are shown, any desired number may be used.
PAR  Pneumatic supply system 108, having a gas manifold 110, is similar to that
      described in the embodiment described in FIGS. 2-4. Jackets 112 are shown
      extending therethrough and having nozzle noses 114 extending into
      passageways 106 as in the embodiment of FIGS. 2-4.
PAR  As also shown in FIG. 5, a knife carrier 118 carries knife blade 120
      designed to coact against anvil member 122. The anvil member 122 may be
      described as a plate having openings 123 of a configuration similar to
      that of needle eyes 102 and the passageways 106. As in the earlier
      embodiment, a bit clamp member 124 is downwardly biased by compression
      spring 126 while lifter bar 128 lifts the clamp member 124 to a raised
      position during loading of the needles 100. Backing guide 130, tuft tucker
      132, stripper 134 and tuft retainer 136 are similar to those described in
      the embodiment of FIGS. 2-4.
PAR  As shown in FIG. 5, the threader tube assembly 104 is in its load position
      abutting anvil 122 which is positioned close to the left shank of needle
      100. Each of the threader tube passageways 106 is aligned with an opening
      123 in the anvil 122 and with an eye 102 of the left and right shanks of
      needle 100. The yarn strands are in a standby position. The tuft tucker
      132 is to the left of needle 100 while the stripper 134 and the tuft
      retainer 136 are in their raised positions. The bit clamp 124 is raised to
      its upper or load position by lifter bar 128 and the needles 100 are in
      their load positions.
PAR  A yarn strand is selected and advanced by the yarn metering and feeding
      means 10 (FIG. 1) and transported by gas from manifold 110 flowing past
      nozzle noses 114 and through passageway 106; in this case the second
      passageway from the top, as shown in phantom (FIG. 5) where it is loaded
      in needle 100.
PAR  As shown in FIG. 6, which illustrates the next events, the bit clamp 124 is
      released by lifter bar 128 and is urged by spring member 126 against the
      yarn, thereby clamping the yarn against needle eyes 102. The threader tube
      assembly 104 is retracted to the left together with the knife carrier 118
      and the anvil member 122. A gap is left between the threader tube assembly
      104 and the anvil member 122 which permits the knife blade 120 to descend
      to sever the selected yarn, thereby leaving a discrete yarn bit loaded in
      needle 100. As can be appreciated from the earlier embodiment shown in
      FIG. 4, the yarn needles 100 of FIG. 6 may now descend, with bit clamp 124
      being urged by the compression spring 126 to follow the needle descent,
      thus continuing to clamp the yarn bit until the bit is clamped against the
      backing layer L by the needles 100. As in the embodiment of FIGS. 2 to 4,
      once the tuft is implanted, bit clamp 124 moves upward, stripper 134 and
      tuft retainer 136 descend, tuft tucker 132 moves to the right to urge the
      bit legs to the right of tuft retainer 136, and finally tuft retainer 136
      moves upwardly to hold the legs of the yarn bit out of the path of
      succeeding tufts. During the motion of tuft tucker 132, backing layer L
      also moves to the right and threader tube assembly 104, knife blade 120
      and anvil member 122 and needles 100 all return to their original
      positions preparatory to the next tufting step.
PAR  While various embodiments of the invention have been shown and described,
      it will understood that various modifications may be made. The appended
      claims, therefore, are intended to define the true scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Tufting apparatus comprising:
PA1  bit-applying elements;
PA1  loading means for loading said bit-applying elements, said loading means
      including a plurality of yarn passageways through each of which may be
      transported a yarn strand, said loading means further including means to
      align each of said yarn passageways relative to said bit-applying
      elements;
PA1  pneumatic transporting means to transport yarn strands through said loading
      means to said bit-applying elements;
PA1  strand severing means to sever yarn bits from said yarn strands; and
PA1  means operable with said bit-applying elements to apply said yarn bits to a
      backing.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said bit-applying elements contain a
      plurality of eyes.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said loading means is reciprocable to
      align any of said passageways with said bit-applying elements.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said loading means further is
      reciprocable to provide access for a yarn severing means.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said loading means further comprises
      pneumatic yarn transport means operating with said passageways.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said pneumatic yarn transport means
      comprises:
PA1  a gas manifold;
PA1  yarn jackets through which said yarn travels from said manifold, into said
      passageways, said jackets having nozzle noses around which gas may flow
      from said gas manifold to said passageways.
NUM  7.
PAR  7. The apparatus of claim 4 wherein said loading means reciprocates to
      provide an access opening between said loading means and said bit-applying
      elements and said strand severing means comprises:
PA1  a cutting means operable through said access opening to sever said yarn
      bits from said yarn strands.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said cutting means comprises a knife
      and anvil which are individually or collectively reciprocable to sever
      said yarn bit.
NUM  9.
PAR  9. Tufting apparatus comprising:
PA1  bit-applying elements containing a plurality of eyes;
PA1  loading means for loading said bit-applying elements, said loading means
      including a plurality of yarn passageways through each of which may be
      transported a yarn strand to one of said plurality of eyes;
PA1  means to transport yarn strands through said loading means to said
      bit-applying elements;
PA1  strand severing means to sever yarn bits from said yarn strands; and
PA1  means operable with said bit-applying elements to apply said yarn bits to a
      backing.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said strand severing means comprises a
      knife and a mating surface.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said mating surface comprises a
      member having openings which are aligned with said passageways of said
      loading means and with said plurality of needle eyes.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said knife is positioned adjacent
      said mating surface and severs said yarn by relative movement of said
      knife and said mating surface.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said loading means shifts away from
      said mating surface to provide access for said knife to sever said yarn
      strands.
NUM  14.
PAR  14. The tufting apparatus of claim 1 further including clamping means to
      secure yarn in said bit-applying element.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said yarn clamping means clamps said
      yarn against said backing until said bit-applying elements secure yarn in
      the backing.
NUM  16.
PAR  16. The apparatus of claim 15 further including a stripper member which
      supports said backing.
NUM  17.
PAR  17. The apparatus of claim 1 further including a tuft tucker shiftable to
      move tuft legs away from position when deposited; and a reciprocable tuft
      retainer which moves in timed relationship with said tuft tucker to retain
      said tuft legs in a position of non-interference with the succeeding tuft.
NUM  18.
PAR  18. Tufting apparatus comprising:
PA1  tufting needles including a plurality of yarn receiving eyes;
PA1  threader tube assembly means including yarn passageways through each of
      which may be transported a yarn strand, said threader tube assembly means
      being operable to align each of said yarn strands with one of said needle
      eyes, said threader tube assembly means further comprising pneumatic
      transport means by which said yarn strands are transported through said
      threader tube assembly;
PA1  strand severing means to sever yarn bits from said yarn strands; and
PA1  means operable with said tufting needles to attach yarn bits to a backing.
NUM  19.
PAR  19. Tufting apparatus comprising:
PA1  bit-applying elements, including yarn receiving means;
PA1  loading means for loading said bit-applying elements, said loading means
      including multiple yarn passageways, said loading means being operable to
      align yarn strands extending therethrough with said yarn receiving means
      of said bit-applying elements, each of said passageways being alignable to
      communicate directly with said yarn receiving means;
PA1  pneumatic transport means to transport yarn strands through said loading
      means to said bit-applying elements;
PA1  strand-severing means to sever yarn bits from said yarn strands; and
PA1  means operable to move said bit-applying elements whereby yarn bits are
      placed in tufting relationship with a backing.
NUM  20.
PAR  20. A tufting machine for forming tufts with respect to a backing
      comprising:
PA1  tufting-needle means reciprocable between a threading position and a
      tufting position;
PA1  threader tube assembly means for each tufting needle means, each threader
      tube assembly means including a plurality of yarn passageways through each
      of which may be transported a yarn strand;
PA1  mechanism for reciprocating said threader tube assembly means relative to
      said needle means;
PA1  pneumatic means associated with said threader tube assembly means for
      transporting yarn strands via said threader tube assembly means into said
      tufting-needle means when in said threading position;
PA1  control means for said threader tube assembly means to select a desired
      passageway through which to transport a yarn strand into said tufting
      needle means;
PA1  strand severing means;
PA1  means operating said strand severing means to sever said yarn strands; and
PA1  means for reciprocating said tufting-needle means for applying said severed
      yarn strands to the backing to form tufts.
NUM  21.
PAR  21. The tufting machine of claim 20 further comprising means for metering
      and feeding a selected yarn strand through a selected passageway.
NUM  22.
PAR  22. In a tufting machine having needle means, pneumatic means to transport
      strands of yarn, a threader tube assembly means, including a plurality of
      yarn passageways for threading said needle means, and severing means for
      severing yarn into severed yarn lengths, the method of applying tufts to a
      backing comprising the steps of:
PA1  positioning said needle means in a loading position;
PA1  selecting a given passageway of said plurality of yarn passageways and
      aligning said passageway with yarn receiving means of said needle means;
PA1  pneumatically feeding yarn through said passageway;
PA1  shifting said threader tube to provide access to the yarn for severing;
PA1  severing said tufting yarn; and
PA1  depositing said severed length of yarn in said backing to form a tuft.
NUM  23.
PAR  23. In a tufting machine having needle means including yarn receiving
      means, pneumatic means to transport strands of yarn, a threader tube
      assembly having a plurality of passageways for delivering strands of yarn
      to said needle means and severing means for severing yarn into severed
      yarn lengths, the method of applying the tufts to a backing comprising the
      steps of:
PA1  positioning said needle means in a loading position;
PA1  aligning one or more passageways of said plurality of passageways with the
      means for receiving yarn;
PA1  pneumatically transporting a selected strand of yarn through said threader
      tube assembly and into said needle means;
PA1  severing said selected strand of yarn to leave a severed length of yarn in
      said needle means; and
PA1  depositing said severed length of yarn into said backing to form a tuft.
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ABST
PAL  Yarn clamping means for clamping yarn during a desired portion of the
      tufting cycle. Various biasing means and related structures are disclosed
      to effectively clamp the yarn while loaded in tufting needles, thus
      preventing dislodgement of the yarn by factors such as yarn severing or
      yarn thrust from pneumatic transport means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention may be utilized with various tufting systems,
      however, it has particular utility in the "Spanel tufting system" in which
      yarn strands or bit-lengths of yarn are pneumatically transported to a
      tufting station where they are implanted in a backing layer by
      bit-applying elements, such as double needles.
PAR  The Spanel tufting system is described in other Spanel patents, including
      U.S. Pat. No. 3,554,147, which issued to Abram N. Spanel and George J.
      Brennan on Jan. 12, 1971 and U.S. Pat. No. Re. 27,165 which issued Aug.
      10, 1971 to Abram N. Spanel and Lloyd E. Barton.
PAR  The aforementioned U.S. Pat. No. Re. 27,165 discloses a pneumatic yarn
      transport system in which yarn strands and/or discrete bits of yarn are
      transported pneumatically to a tufting station where they are applied by
      tufting elements to a backing. Multicolor selection of the yarn bits is
      enabled by a shifting magazine arrangement which provides yarn of various
      colors to each of the guide tubes through which yarn is transported to the
      tufting elements. When the yarn strand or bit reaches the tufting station
      and threads the dual needles as seen in FIGS. 22A-22D of U.S. Pat. No. Re.
      27,165, the yarn impacts against a stop member 23A which maintains it in a
      desired position relative to the needles preparatory to tufting.
PAR  It will be appreciated that in Spanel U.S. Pat. No. Re. 27,165, emphasis
      was placed on suction, or negative pressure as a means for providing
      pneumatic yarn transport. A bit-length of yarn was secured in the loading
      position within the confines of the suction manifold 21, tube passageway
      12 and the stop means 23. In later versions of the "Spanel tufting system"
      as disclosed in co-pending Spanel Application Ser. No. 419,417, a
      pneumatic yarn transport means employing positive pressure is described.
      In this application, the yarn bit stop is eliminated and in its place,
      clamping means are disclosed for holding a yarn bit-length in place in the
      loading position prior to the tufting operation.
PAR  In addition, Spanel Applications Ser. No. 474,264 and Ser. No. 474,265,
      filed concurrently with the subject application, disclose tufting systems
      in which the subject invention may be utilized.
PAR  In tufting developments which are related and take advantage of Spanel
      concepts, Ellison British Specification No. 1,339,594 discloses a clamp
      means which is utilized with Spanel double needles but which, however, is
      structurally and operationally sharply dissimilar. The Ellison clamp
      extends through the upper portion of each set of needles as contrasted to
      the subject clamping means which is described herein.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the subject invention, the yarn clamping means disclosed
      herein are designed to provide resilient clamping against each discrete
      yarn bit-length or each group of bit-lengths to secure them in tufting
      needle means for a desired portion of the tufting cycle. A lifter bar
      mechanism, when positively actuated, lifts or otherwise disengages the
      clamping means from the yarn bit-lengths.
PAR  In one of the embodiments, the bit clamps are configurated to enable
      compression springs to provide the resiliency. In other embodiments,
      resiliency is provided by finger springs, by wedge springs, by a
      substantially continuous resilient compression strip and by pneumatic
      pressure means.
PAR  It should be noted that, with yarn clamping means which do not provide the
      resilient clamping just described, variations in yarns and machine
      dimensions from one bit-length to another can cause serious clamping
      malfunctions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of one type of tufting apparatus in which the
      subject invention may be used;
PAR  FIG. 2 is a perspective view showing the clamping means utilized with a
      series of yarn tufting needles;
PAR  FIG. 3 is a perspective view showing a specific embodiment of clamping
      means wherein compression springs are used to bias the clamping means into
      their engagement positions;
PAR  FIG. 4 is a perspective view showing pneumatic clamping means utilizing
      piston type actuators;
PAR  FIG. 5 is a perspective view showing clamping means utilizing wedge type
      springs;
PAR  FIG. 6 is a perspective view showing the use of finger springs for biasing
      the clamping means;
PAR  FIG. 7 is a perspective view in which the clamping means utilizes a strip
      of resilient material, such as rubber, for biasing the clamping means; and
PAR  FIG. 8 is a perspective view in which the clamping means utilizes a facing
      strip of a resilient material, such as rubber.
DETD
PAC  DETAILED DESCRIPTION
PAR  The subject yarn clamping means may be utilized in a tufting system such as
      shown schematically in FIG. 1. Yarn is advanced from creels C by means of
      metering and feeding stations 10. A desired number of yarn strands, which
      is not limited to the five strands shown in FIG. 1, may be transported
      through passageways 11 where a selected one of the yarn strands is
      transported by means of a common passageway 13 in shuttle nose 20 to a
      needle station 12 for tufting into a backing L by means of bit-applying
      elements such as needles 14. The yarn strand may be severed by severing
      means such as knife 16 which is aligned to impact against anvil means 18
      when reciprocating shuttle nose 20 is drawn to the right. The
      reciprocating shuttle nose 20 abuts the needles 14 when they are in their
      uppermost position through the backing layer L, thus permitting the yarn
      strand to be deposited in the needles 14. When the strand is severed, a
      discrete bit-length of yarn is left in the needles 14 for tufting into
      backing L.
PAR  The backing L is fed from feed roll 22, past backing guide 24, and is
      directed by idler roll 26 to take up roll 28. A yarn clamping means, as
      will be described in detail, is shown schematically as 30.
PAR  A selection actuation means 32, which may be a solenoid or other suitable
      control device, such as mechanical, pneumatic or hydraulic actuated
      devices, receives control signals via which it programs operation of yarn
      metering and feeding stations 10 so as to reproduce a desired yarn pattern
      on the backing. These control signals are synchronized with other machine
      functions as represented by the clock pulses shown as dashed lines.
PAR  A motor 34 is shown driving the machine through transmission 36 which may
      include trains of gears or other mechanisms. A shaft 38 is schematically
      shown running throughout the device which transmits power to the various
      mechanisms.
PAR  A pneumatic supply source 40 is shown with a valve operated by cam member
      42. The knife 16 is driven by eccentric member 44 while the needle means
      14 is driven by cam member 46. The yarn metering and feeding means 10 may
      be controlled by cam member 48 while the backing drive roll 28 may be
      controlled by rachet and pawl means 50. The yarn clamping means 30, which
      will be described subsequently, operates by means of eccentric member 52.
      Thus, generally, the tufting operation comprises the selection of a yarn
      strand having a particular color or other desired characteristics, the
      feeding and metering of that particular strand, including the transport by
      pneumatic means to the needle station 12 where the yarn strand may be
      threaded into needles 14, clamped in place, and severed by knife 16 into a
      discrete bit-length of yarn for tufting into the backing L.
PAR  The operation may also include a yarn pullback function to remove the
      unsevered portion of a yarn strand from the common passageway 13 prior to
      feeding a succeeding yarn strand, as described in co-pending Spanel
      Application Ser. No. 474,264.
PAR  As seen in FIG. 2, needles 14 are laterally positioned widthwise across the
      tufting machine with yarn clamping means designated generally as 30 having
      individual bit clamps 55 in alignment with the needles 14.
PAR  The needles 14, having eyes 60, are mounted on needle bar 56 which is
      supported on push foot 58 of push rod 59 which via cam 46 (see FIG. 1)
      provides reciprocable motion to the needle bar 56 and needles 14. For each
      of the needles 14, a selected yarn strand is advanced through common
      passageway 13 into the aligned needle eyes 60 when the yarn clamping means
      30 is in a raised load position and the bit clamps 55 are above the needle
      eyes 60. The yarn clamping means 30 then descends, and bit clamp 55
      descends against the yarn strand, thus clamping it against needle eyes 60.
PAR  The reciprocating shuttle nose 20 retracts to the left and the knife 16
      descends to sever the yarn strand against anvil 18. The needles 14 descend
      and each severed length is implanted in the backing L to form a tuft T.
PAR  The first of a series of yarn clamping means is disclosed in detail in FIG.
      3 which, in addition to the needle structure of FIG. 2, shows the backing
      L being supported by stripper and bit clamp backup 64 which is a
      grating-like support device having spaces through which the needles 14 may
      project upwardly. The yarn clamping means 130 in FIG. 3 includes bit
      clamps 66 which extend downwardly from L-shaped bit-clamp body members 68,
      which are reciprocable within bit-clamp guide slots 70, cut from or molded
      into bit-clamp guide structure 72. The bit-clamp guide structure 72 has an
      upper cantilevered portion 74 which extends above the lower portion of
      L-shaped clamp body members 68. Compression springs 78, restrained by
      depressions 79, extend from the cantilevered portion 74 of the clamp guide
      structure 72 to the lower portion of clamp body members 68. The
      compression springs 78 bias the bit clamps 66 downwardly against yarn that
      is loaded in needle eyes 60.
PAR  A lifter bar 80 is positioned below the bit clamp bodies 68 and is secured
      to drive bar 82 which may be driven by cam 52 (see FIG. 1).
PAR  In operation, it will be appreciated that when the lifter bar 80 is
      lowered, the bit clamps 66 are biased into engagement with the
      corresponding yarn strands, thus preventing movement of the strands
      relative to the needles 14 until the needles descend and implant the
      bit-lengths of yarn, into backing L. After tufting, the lifter bar 80 is
      raised causing the bit clamps 66 to release their clamp of the yarn bits.
      The backing L then may be shifted to the right, and the needles 14 raised
      to their loading position preparatory to the next cycle.
PAR  With respect to FIG. 4, a modified yarn clamping means 230 is disclosed.
      Bit clamps 90 which, as with any of the bit clamps described herein, may
      be of any desired cross-sections, extend downwardly from pistons 92 which
      serve as bit clamp carriers. The pistons 92 are housed within cylinder
      block 94 above which is located pneumatic pressure chamber 96. Cover
      plates 97 and 98 complete the wall structure for this chamber. A lifter
      bar foot member 100 is secured to the cover plate 98 and a drive bar 102
      provides the drive for reciprocating vertically the entire yarn clamping
      means 230.
PAR  The yarn clamping structure 230 of FIG. 4 may be utilized by driving the
      unit into and out of a clamping position by means of one or more drive
      bars 102 operating from cam 52 (FIG. 1). Alternately, the structure 230
      may be mounted to the main frame of the machine and the desired motion of
      the bit clamps 90 and pistons 92 produced entirely by pneumatic means,
      i.e., programming of pneumatic pressure (including positive and negative)
      in chamber 96.
PAR  With reference to FIG. 5, another design of yarn clamping means 330 is
      shown. A wedge shaped member 110 constructed of spring steel or other
      suitable material is positioned between cover plate 112 and a bit clamp
      body member 114. A bit clamp carrier bar 116 and a retainer plate 118 are
      secured by means of bolt member 120. Bit clamp body 114 has a guide slot
      122 through which the bolt member 120 extends with tolerances such as to
      permit the biasing effect of the wedge shaped member 110 to be effective
      against bit clamp body member 114. The bit clamps 124 are shown integral
      with the bit clamp body 114. A lifter plate 126 is secured to the base of
      bit clamp carrier bar 116 and extends below bit clamp body 114. Vertical
      reciprocation or the unit occurs by means of drive bar 128, and bit clamp
      lifter foot 130, which is secured to bit clamp carrier bar 116.
PAR  In the clamp means 330 of FIG. 5, member 110 biases the bit clamp body 114
      to impart the desired resilient effect to bit clamps 124 while the
      reciprocation of drive bar 128 causes the bit clamps 124 and remainder of
      unit to be raised to permit needle loading and lowered to clamp the yarn.
      It should be noted that in this embodiment, independent resiliency is not
      provided for each bit clamp but for each group, where each group contains
      a desired plurality of bit clamps.
PAR  With respect to yarn clamping means 430 of FIG. 6, finger springs 132
      individually bear against bit clamps 134 to impart a biasing effect
      thereon. The bit clamp carrier bar 136 has the finger springs 132 mounted
      thereto and lifter plate 138 is secured to bit clamp carrier bar 136 and
      extends beneath the upper portion of bit clamp 134 as shown. Drive bar 140
      is secured to the drive foot 142 which is mounted on bit clamp carrier bar
      136. A retainer bar 144 is secured to portions 146 of the bit clamp
      carrier bar 136 which extend outwardly to define recesses wherein the bit
      clamps 134 are positioned.
PAR  With reference to FIG. 7, 530 is another clamp means which includes the use
      of a resilient strip 150 of rubber or other suitable material positioned
      adjacent to the upper portion of bit clamp carrier bar 152. A cover plate
      154 is secured to the top side of the bit clamp carrier bar 152 against
      which compression member 150 abuts. Bit clamps 158 are below the
      compression member 150 and a base portion 156 of the bit clamp carrier bar
      152 extends beneath the upper portions of the bit clamps 158. Spacers 160
      define recesses for the bit clamps 158 and are used to support retainer
      plate member 162. As in some of the previous embodiments, a drive bar 164
      is secured to the foot member 166 which is secured to bit clamp carrier
      bar 152.
PAR  With reference to FIG. 8, still another embodiment of yarn clamping means
      is shown as 630. A clamping member 170 may extend across the width of the
      tufting machine or a plurality of members like 170 may be used, each
      extending partly across the width of the machine. The clamping member 170
      is secured to clamping bar member 172 which may be vertically reciprocated
      by drive bar 174 driven by cam 52 of FIG. 1, or other suitable
      reciprocating means.
PAR  The clamp member 170 may have a nub 176 running along its base to aid in
      securing resilient facing strip 178. This strip may be of rubber or other
      suitable material and may be secured to clamping member 170 by adhesive,
      mechanical (e.g., dovetailing) or other fastening means.
PAR  As readily observed in FIG. 8, the clamp member 170 with its resilient
      facing 178 runs widthwise of the machine between each pair of successive
      needles 14. When any yarn Y is loaded in its needle-pair and the clamp
      member 170 is applied, the resilient facing 178 holds the yarn in its
      position with regard to its needle-pair. The resilient facing 178 may be a
      strip of a bulk-resilient material such as rubber, neophrene, or the like.
      These materials may likewise be used for the strip 150 of FIG. 7.
PAR  As stated earlier, providing a resilient means for each yarn bit clamp, or
      for each group of several bit clamps, permits effective clamping of each
      yarn strand despite variations in yarn characteristics and variations in
      machine dimensions.
PAR  While various embodiments of the invention have been shown and described,
      it will be understood that various modifications may be made. The appended
      claims, therefore, are intended to define the true scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Tufting apparatus for the production of tufted products comprising:
PA1  bit-applying elements for applying yarn to a backing layer to form tufts;
PA1  means for advancing yarn to said bit-applying elements;
PA1  clamping means, including a yarn engaging surface for preventing any
      substantial longitudinal movement prior to tufting of the yarn relative to
      said bit-applying elements whenever said clamping means engages said yarn,
      said clamping means further including resilient means disposed as a part
      of said clamp means; and
PA1  means for disengaging said clamping means at desired times during the
      tufting cycle.
NUM  2.
PAR  2. The tufting apparatus of claim 1 wherein said clamping means includes
      individual members and said resilient means comprises compression springs
      positioned to bias said members against said yarn and said means for
      disengaging said clamping means includes a lifter bar mechanism.
NUM  3.
PAR  3. The tufting apparatus of claim 1 wherein said clamping means includes
      structure, a portion of which is said yarn engaging surface and said
      resilient means comprises spring members which bias said structure against
      said yarn.
NUM  4.
PAR  4. The tufting apparatus of claim 1 wherein the clamping means comprises
      individual bit clamps and wherein the resilient means comprises a spring
      member to bias each bit clamp against said yarn.
NUM  5.
PAR  5. The tufting apparatus of claim 1 wherein the clamping means comprises
      groups of bit clamps and wherein the resilient means comprises at least
      one spring to bias each group of bit clamps against said yarn.
NUM  6.
PAR  6. The tufting apparatus of claim 1 wherein said clamping means comprises a
      structure and said resilient means comprises a strip of a bulk-resilient
      material positioned to bias said structure against said yarn.
NUM  7.
PAR  7. The tufting apparatus of claim 1 wherein said clamping means comprises a
      structure and said resilient means comprises a compressed gas mechanism
      positioned to bias said structure against said yarn.
NUM  8.
PAR  8. The tufting apparatus of claim 7 wherein the clamping means includes
      individual bit clamps and said compressed gas mechanism includes a
      compressed gas supply, and a piston for each bit clamp.
NUM  9.
PAR  9. The tufting apparatus of claim 1 wherein said resilient means comprises
      a compressed gas mechanism and said means for engaging and disengaging
      said clamping means comprises pneumatic means for cyclically controlling
      gas pressure within said compressed gas mechanism.
NUM  10.
PAR  10. Tufting apparatus having tufting stations at which pairs of needles are
      utilized to apply yarn to a backing layer, including yarn clamping means
      comprising:
PA1  a bit clamp for each individual tufting station, each said bit clamp being
      aligned between the two needles of each pair and operable to clamp yarn
      against said backing layer;
PA1  a clamping bar including a cantilever portion, said clamping bar being
      positioned adjacent said bit clamps with said upper cantilever portion
      extending over said bit clamps;
PA1  resilient means extending between said bit clamps and said cantilever
      structure of said carrier bar; and
PA1  lifter bar means to overcome the bias of said resilient means and disengage
      said bit clamps.
NUM  11.
PAR  11. Tufting apparatus including means for applying yarn tufts to a backing
      layer wherein the improvement comprises yarn clamping means having:
PA1  a clamping bar including a cantilever portion and recesses in a side wall;
PA1  bit clamps having a first portion slidably received in said recesses, a
      second portion having means for engagement with a resilient member and a
      lifter bar, and a third portion engageable with yarn, said bit clamps
      being positioned and operable in juxtaposition with said means for
      applying yarn tufts to a backing layer;
PA1  resilient means extending between said cantilever portion of said clamping
      bar and said second portion of said bit clamp, said resilient means
      designed to bias said bit clamps against the yarn;
PA1  a lifter bar designed to engage said second portion of said bit clamp; and
PA1  means to vertically reciprocate said lifter bar whereby said bit clamp may
      be engaged and disengaged at desired times in the reciprocating cycle.
NUM  12.
PAR  12. Tufting apparatus including means for applying yarn tufts to a backing
      layer wherein the improvement comprises yarn clamping means for clamping
      yarn prior to tufting having:
PA1  a pneumatic cylinder block including a compressed gas chamber and
      cylindrical bores within said block communicating with said compressed gas
      chamber;
PA1  pistons positioned in said cylindrical bores;
PA1  bit clamps depending from said pistons whereby gas pressure in said
      compressed gas chamber biases said bit clamps against the yarn; and
PA1  reciprocable driving means attached to said pneumatic cylinder block so
      that said yarn clamping means may be reciprocated, whereby said bit clamps
      are driven into and out of engagement with yarn.
NUM  13.
PAR  13. Tufting apparatus including means for applying yarn tufts to a backing
      layer wherein the improvement comprises yarn clamping means for clamping
      yarn prior to tufting having:
PA1  a pneumatic cylinder block including a compressed gas chamber and
      cylindrical bores within said block communicating with said gas chamber;
PA1  pistons positioned in said cylindrical bores;
PA1  bit clamps depending from said pistons whereby gas pressure in said
      compressed gas chamber biases said bit clamps against the yarn; and
PA1  reciprocable valving means which cyclically changes the gas pressure in
      said pneumatic cylinder block to cause reciprocation of said bit clamps
      whereby yarn is clamped during a desired portion of the apparatus tufting
      cycle.
NUM  14.
PAR  14. Tufting apparatus for the production of tufted products comprising:
PA1  reciprocable bit-applying elements movable through a backing to and from a
      threading position;
PA1  means for advancing yarn to thread said bit-applying elements;
PA1  backing support means to support said backing;
PA1  clamping means to hold the yarn securely against said backing as supported
      by said backing support means when loaded in the bit-applying elements
      during a desired period of the tufting operation, said clamping means
      including reciprocable driving means for engaging and disengaging said
      clamping means with the yarn;
PA1  biasing means for urging said clamping means into engagement with the yarn;
PA1  strand severing means for severing bit-lengths from the yarn;
PA1  means for actuating said strand-severing means; and
PA1  means for driving said reciprocable bit-applying elements through said
      backing to deposit said bit-lengths of yarn.
NUM  15.
PAR  15. The tufting apparatus of claim 14 wherein said biasing means comprises
      a wedge-shaped spring member.
NUM  16.
PAR  16. The tufting apparatus of claim 14 wherein said biasing means comprises
      a strip of bulk-resilient material.
NUM  17.
PAR  17. The tufting apparatus of claim 14 wherein said biasing means comprises
      pneumatic means.
NUM  18.
PAR  18. The tufting apparatus of claim 14 wherein said biasing means comprises
      a compression spring.
NUM  19.
PAR  19. The tufting apparatus of claim 14 wherein said biasing means comprises
      finger springs.
NUM  20.
PAR  20. Tufting apparatus for the production of tufted products including:
PA1  reciprocable bit-applying elements movable through a backing to and from a
      threading position on at least one side of a backing;
PA1  means for advancing yarn to thread said bit-applying elements;
PA1  backing support means to support said backing;
PA1  clamping means to hold the yarn securely in the bit-applying elements and
      against said backing during a desired period of the tufting operation,
      said clamping means having a clamping member with a resilient member
      secured thereto so as to provide contact between the resilient member and
      the yarn; and
PA1  strand-severing means for severing bit-lengths from the yarn.
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ABST
PAL  A yarn control and feeding apparatus for use with tufting machines and
      similar apparatus wherein yarn, normally precut, is tufted into a backing
      layer. A pulsing-type solenoid actuator is utilized to selectively control
      yarn metering and feeding functions carried out by a rotatable yarn feed
      wheel and to further control pneumatic yarn transport means including
      advancing and retracting yarn during various stages of the tufting cycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject application disclosed yarn control and feeding apparatus in
      which concepts from tufting procedures which have become known as the
      "Spanel tufting system" are utilized. Generally, the Spanel system
      utilizes pneumatic means to transport yarn to a tufting station, either in
      metered lengths of unsevered yarn or in discrete bits, after which time
      the yarn is tufted, by needles or other bit-applying elements to a backing
      layer to form a tufted product such as a rug.
PAR  The present invention discloses yarn control and feeding apparatus which,
      in some respects, operationally improves embodiments of early Spanel
      patents, including U.S. Pat. No. 3,554,147, which issued to Abram N.
      Spanel and George J. Brennan on Jan. 12, 1971, and U.S. Pat. No. Re.
      27,165, which issued Aug. 10, 1971 to Abram N. Spanel and Lloyd E. Barton.
PAR  The aforementioned U.S. Pat. No. Re. 27,165 discloses a pneumatic yarn
      transport system having multicolor selection capability in which yarn
      strands and/or discrete bits of yarn are transported pneumatically to a
      tufting station where they are applied by tufting elements to a backing
      layer. The aforementioned U.S. Pat. No. 3,554,147 describes an alternative
      system to U.S. Pat. No. Re. 27,165, and provides for the simultaneous
      selection of bit-lengths of yarn of various colors for each tufting cycle
      at each individual tufting station. A collator structure in which
      individual channels transport yarn into a common passageway adjacent the
      tufting station is utilized. The capability of severing a bit-length of
      yarn before, during or after threading of the tufting element and before
      or during actual tufting is disclosed.
PAR  In addition to the above Spanel patents, co-pending Spanel Application Ser.
      No. 419,417 discloses a tufting device which utilizes a cutting
      arrangement employing an axially reciprocable passageway section to
      provide access for yarn severing means to sever the yarn into selectively
      sized yarn bits. In addition, co-pending Spanel Application Ser. No.
      474,264 discloses a tufting machine which includes a rotatable yarn feed
      having modified driving and brake means engageable with said rotatable
      yarn feed means. A pneumatic yarn transport means is provided which
      includes selective control of gas flow for transporting metered lengths of
      yarn to a tufting station for severance into yarn bits and subsequent
      implantation into a backing. As in U.S. Pat. No. 3,554,147, a collator
      structure is utilized which leads into a common passageway adjacent the
      tufting station. A yarn pullback or retraction means for retracting yarn
      from the common passageway is disclosed which will cause only minimal yarn
      deformation during operation. The pullback function is necessary to remove
      a particular yarn strand from the common passageway after a yarn bit has
      been severed therefrom for tufting. This is to enable the advancing of
      another yarn strand of a different color to the tufting station to supply
      a yarn bit for the next cycle.
PAR  In addition to the above Spanel patents, U.S. Pat. No. 3,824,939 and
      co-pending Spanel Application Ser. Nos. 419,417, 474,465 and 474,266 all
      disclose various aspects of Spanel tufting techniques.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the subject invention, the apparatus disclosed herein
      utilizes a yarn control metering and feeding system which utilizes a
      unique type of actuator and selection means which is actuated by pulsed
      solenoid means. Basically, the invention sets forth a means by which yarn
      strands of different colors are selected for and transported to stations
      with a multiplicity of strands being selectable for each tufting station.
      The subject invention is directed to yarn control and feeding apparatus
      and, accordingly, other aspects of Spanel tufting techniques as disclosed
      in other Spanel patents and applications will not be shown and discussed
      in detail. It is to be understood that a collator structure such as
      disclosed in Spanel U.S. Pat. No. 3,554,147 may be utilized which includes
      a common throat into which a series of yarn tubes merge to provide yarn to
      tufting needles such as shown in Spanel U.S. Pat. No. 3,554,147.
PAR  The subject disclosure utilizes a selector means which engages a key
      element of a selector plunger for each unit, the key element being
      actuated by an actuator element responsive to pulsed solenoid means. The
      selector means provides the drive for each individual selector plunger and
      upon the actuation of a desired unit, a rotatable yarn feed wheel is
      released to provide a metered length of yarn. This is accomplished by
      securing engagement between feed wheel elements and a drive shaft which is
      separate from the selector means. Simultaneously, as the yarn feeding
      takes place, the pneumatic system comprising pneumatic yarn advancing and
      pullback means is actuated by the selector plunger to first feed a
      selective length of yarn into the common throat area and to the tufting
      station, and secondly, after severance of a bit-length of yarn from the
      selected yarn strand to withdraw the yarn clear of the common throat to
      permit passage of the next selected yarn strand.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 discloses a perspective view of the yarn control and feeding
      apparatus;
PAR  FIG. 2 discloses a modified yarn pullback device which may be utilized in
      the apparatus of FIG. 1;
PAR  FIGS. 3 through 11 show sequential cross-section views depicting the
      operation of the yarn control and feeding apparatus of FIG. 1;
PAR  FIG. 12 discloses a representative timing diagram of the elements of the
      yarn control and feeding apparatus.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to FIG. 1, the illustrated yarn selection and feeding unit
      10 has two primary shafts which are utilized to drive various major
      elements of the system. A selector shaft 12 is utilized in the yarn
      selection process and a drive shaft 14 is utilized to drive yarn feed
      wheel 15. Both of the shaft units 12 and 14 are in constant oscillating
      rocking motion, and when viewed with relation to each individual unit 10,
      these and air valve plate 62 are the only elements moving when a
      particular yarn has not been selected. For each tufting needle (See FIG.
      11), there may be a multiplicity of tufting selection and feeding units 10
      which may be conveniently positioned in tiers. The selector and drive
      shafts 12 and 14 may extend across the width of the tufting machine and,
      accordingly, provide drive for all units of a particular tier.
PAR  When a particular yarn strand is called for as, for example, the yarn
      strands shown in subject unit 10 of FIG. 1, selector plunger 16 is
      actuated as follows. A solenoid 18 is shown mounted on the left leg of
      magnetic core member 20 while the right leg is near but not toughing
      actuator 22 which is pivotally mounted on shaft 21. As shown, the left end
      of actuator 22 is closely positioned above solenoid 18 so that only a
      slight air gap 23 is found between the top of the magnetic core member 20
      and the actuator 22. The end of actuator 22, remote from the solenoid 18,
      terminates in an upturned tab 24. Above the upturned tab 24 is a selector
      key 26 pivotally secured to selector plunger 16 by means of connecting pin
      28. The selector plunger 16 extends to the right into selector body 30, in
      which the pneumatic apparatus of the system is contained, and, through
      intermediate elements, controls the operation of yarn feed wheel 15 to the
      right of selector body 30. Spring 34 engages the lefthand end of selector
      plunger 16 and biases the plunger to the right.
PAR  When solenoid 18 is energized, the actuator tab 24 impacts against selector
      key 26 causing its free end to pivot upwardly where it can be engaged by
      cam lobe 32 that extends along the length of selector shaft 12. As the
      shaft 12 rocks in a clockwise direction, the selector key 26 and selector
      plunger 16 are driven to the left causing actuation of the pneumatic
      system and feed system as will be described.
PAR  Yarn strand S can be seen extending downwardly from a yarn creel (not
      shown) over a prefeed bar 36 which oscillates in timed relation with the
      drive shaft 14 and the selector shaft 12 to the feed wheel 15 elements of
      which are positioned around drive shaft 14. Drive disc 38 has the drive
      shaft 14 extending through its center and has mounted on its outer surface
      an engaging substance 40, such as Fibertran produced by the 3M Company.
      Around the outside perimeter of the drive disc 38 is a feed rim 42 that
      has clutch teeth 44 around its inside surface. The combination clutch
      teeth 44 and Fibertran fibers provide a one-way clutch to prevent slippage
      between drive disc 38 and feed rim 42. It is to be understood that any
      type of one-way clutch may be used in place of the type shown. Mounted to
      the drive disc 38 is a rigidly secured cam and lock arm 46 under which is
      an engaging member 48 pivotally secured to drive disc 38 by means of pin
      50. The right hand end of engaging member 48, which terminates in key 49,
      is biased by key spring 52 to an upward position where the key 49 will
      engage key slot 54 of drive shaft 14 until the spring bias is overcome.
      Yarn strand S from the creel (not shown) travels over prefeed bar 36 into
      yarn guide groove 56 formed within bifurcated feed rim 42 and extends
      around yarn feed wheel 15 and upwardly into the aligned yarn guide channel
      58 positioned on the top and left side of selector body 30.
PAR  The selector body 30 contains an air manifold 60 below which air valve
      structure comprises upper air valve plate 62 which is slideably placed
      upon lower valve plate 64 which is stationary. Air chambers 66, 68 and 70
      are found below air valve plates 62 and 64, and it will be noted that air
      valve plate 62 has air ports 72, 74 and 76 which permit air to be supplied
      from manifold 60 to the lower chambers 66, 68 and 70 through air ports 71,
      73, 75, respectively, as permitted by the cycling of air valve plate 62.
      It will be noted that air can always flow into the middle chamber 68
      through ports 73 and 74 because of the configuration of port 74 which,
      unlike ports 72 and 76, extends a sufficient distance widthwise to always
      permit air flow through port 73. Below chambers 66, 68 and 70, a prefeed
      air channel 78, a pullback air channel 80 and a primary feed air channel
      82 extend downwardly from chambers 66, 68 and 70, respectively.
PAR  It can be seen that selector plunger 16 extends to the selector body 30
      where it is rigidly secured by pin 83 to a cylindrical valve stem 84 that
      bisects the prefeed, pullback and primary feed air channels 78, 80 and 82,
      respectively. The valve stem 84 includes vertical ports 86 and 88 which
      extend through valve stem 84 so that when the port 86 is aligned with
      either prefeed air channel 78 or pullback air channel 80, or when port 88
      is aligned with primary feed air channel 82, air may pass downwardly from
      the respective chambers 66, 68 and 70.
PAR  The prefeed channel 78 and the pullback channel 80 are shown extending by
      means of angular extension channels 90 and 92 to points of intersection
      with yarn guide channel 58 along the lower lefthand side of selector body
      30. In the proximity of the angular extensions 90 and 92, a prefeed and
      pullback storage pocket 94 is located to the outside of the yarn guide
      channel 58. Side air vents 96 and base air vents 98 are disclosed to
      permit the passage of air from the system. It will be seen that the yarn
      guide channel 58 leads into enclosed passageway 100 at the base of the
      selector body 30 and that to the right of this enclosed yarn passageways
      100 is a yarn tube 102. The yarn tube 102 from each unit extends into a
      common throat (See FIG. 11) adjacent tufting needles (See FIG. 11) as
      disclosed in Spanel U.S. Pat. No. 3,554,147 and co-pending Spanel
      Application Ser. No. 474,264. A Venturi-like nozzle 104 is disclosed in
      the cutaway area adjacent to which is an air chamber 106 into which air
      flow from the primary feed air channel 82 is received. Outer air
      passageways 108 within the yarn tube 102 permit air to pass from chamber
      106 over nozzle 104 and into unobstructed yarn tube 102 to propel the yarn
      to the right through the yarn tube 102 to the tufting station (See FIG.
      11).
PAR  The far right end of valve stem 84 is secured to cam plate 110 which is
      laterally shiftable along with selector plunger 16 and valve stem 84 and
      is engageable with cam and lock arm 46. A camming surface 112 is provided,
      below which is a recessed area 114 which extends downwardly and terminates
      in a release tab 116.
PAR  As can be seen in FIG. 1, when cam plate 110 shifts to the left, engaging
      member 48 will drop as it effectively is released by release tab 116, thus
      causing the engaging member 48 to be biased by key spring 52 into
      engagement with drive shaft 14. It will also be appreciated that cam and
      lock arm 46 can urge cam plate 110 to the left as the cam and lock arm 46
      swings through a downward arc with its left extremity engaging camming
      surface 112.
PAR  The operation of each of the above described yarn selection units 10 is as
      follows. As soon as a pulse is given for the selection of a particular
      yarn strand S, the selection elements are energized by means of solenoid
      18. The magnetic attraction from the solenoid magnetic core member 20
      attracts the actuator 22 and closes the air gap between the lefthand end
      of the actuator 22 and the top of the lefthand side of the member 20. As
      this happens, the righthand tab 24 of the actuator 22 impacts against the
      bottom of selector key 26 and urges it upwardly toward the selector shaft
      12. As seen in FIG. 1, movement of the selector key 26 is limited by the
      cam lobe 32. As the selector shaft 12 rocks in a counterclockwise
      direction to a load position, the cam lobe 32 will clear the end of the
      selector key 26 allowing the selector key to reach its upward position.
      Effectively, the selector shaft 12 now has the selector key 26 engaged by
      the cam lobe 32 and when the selector shaft 12 rotates in a clockwise
      direction, the selector key 26 together with the selector plunger 16 are
      moved leftwardly. As the selector key 26 reaches its furthest possible
      position to the left, the tab 24 of actuator 22, which is still being
      urged upwardly, will pop up to its uppermost position when the base of the
      selector key 26 slides sufficiently far to the left. As this happens, a
      mechanical clip is formed between the base of the selector key 26 and the
      actuator tab 24. This enables actuation to consist of pulsing the solenoid
      18 with, for example, a high voltage pulse which need be only for an
      extremely short interval of time, such as ten milliseconds. A much smaller
      voltage may be used for part of the cycle and the voltage turned off for
      the rest of the cycle since the mechanical engagement between selector key
      26 and actuator tab 24 secures the selector key 26 to the left in its
      desired position.
PAR  Using a high voltage pulse is further desirable since the pull of a
      solenoid varies nonlinearly with the gap distance, and the greatest pull
      is required when the gap is largest. Accordingly, the gap is closed
      instantly, and this condition can then be maintained by a very small
      voltage.
PAR  As the selector key 26 is driven to the left, the selector plunger 16 and
      the valve stem 84 are also driven to the left overcoming the bias of
      spring 34. This serves to bring valve ports 86 and 88 in line with prefeed
      air channel 78 and primary feed channel 82, respectively, so that as air
      is admitted to chambers 66 and 70, the air pressure will continue down
      through channels 78 and 82, respectively. Thus, as upper air valve plate
      62 oscillates, its air ports 72 and 76 will be in and out of alignment
      with air ports 71 and 75 in the lower valve plate 64 to provide quick
      bursts of air through to the prefeed air channel 78 and the primary feed
      air channel 82, respectively. As can be seen from the positioning of the
      ports 72 and 76 of the upper air valve plate 62, the air bursts to the two
      respective chambers below will be at slightly different times.
      Accordingly, when the selector mechanism 16 and valve stem 84 move to the
      left, the ports 86 and 88 permit the quick bursts of air which are
      necessary to the prefeed and primary feed yarn cycles as will be
      discussed. As will be described in more detail when the sequential views
      in FIGS. 3 through 11 are discussed, air is introduced into yarn guide
      channel 58 from prefeed air channel 78 to propel the yarn strand S into
      the prefeed and pullback storage pocket 94 as the yarn is released from
      the rotatable yarn feed system. Once the yarn strand S has been fed into
      the prefeed and pullback storage pocket 94, it may then be advanced to the
      needles (not shown) by air from the primary feed air channel 82 which
      feeds into the yarn tube 102 through Venturi-like nozzle structure 104.
PAR  As the selector plunger 16 and the valve stem 84 are moved to the left, as
      above discussed, cam plate 110, which is rigidly secured to the end of the
      valve stem 84, also moves leftwardly and as it does, the lefthand end of
      engaging member 48 drops and it is released from its position on top of
      the release tap 116. As this release occurs, the engaging member 48 pivots
      around pin 50, as the righthand end key 49 of the engaging member 48 is
      urged upwardly by means of key spring 52. It has been previously noted
      that drive shaft 14 constantly oscillates in a rocking motion. The
      distance of the motion may be adjustable to determine the length of yarn
      that will be fed. This adjustment may be made by an adjusting wheel on the
      machine (not shown) which controls the number of degrees that the drive
      shaft will move in its clockwise rotation. The drive shaft 14
      counterclockwise rotation always stops at the same position. As the
      righthand key 49 of engaging member 48 rises, it will pop into key way 54
      in the drive shaft 14. Since the engaging member 48 is pivotally pinned to
      the drive disc 38, the drive disc 38 will be driven by the drive shaft 14
      as the latter rotates in a clockwise rotation.
PAR  As previously described on the periphery of the drive disc 38, an engaging
      surface 40 of Fibertran fibers serves as a one-way clutch since the fibers
      are attached at an angle to the disc and will engage the slanted clutch
      teeth 44 of the feed rim 42. The teeth of the feed rim are slanted in such
      a direction as to effectively work against the Fibertran fibers. As the
      counterclockwise rotation of the drive disc 38, that is imparted by the
      drive shaft 14, is also imparted through the one-way clutch to the clutch
      teeth 44 of the feed rim 42, the outer feed rim 42, which is in engagement
      with the yarn, will be driven. Thus, during clockwise rotation, the drive
      disc 38 rotates and, as an example, for approximately 180.degree. of
      machine time, delivers yarn off of the feed rim 42 into the yarn channel
      58. For the first 120.degree. of this approximate 180.degree. rotation,
      the yarn comes off the feed rim 42 and into the yarn channel 58 until it
      reaches the prefeed and pullback storage pocket 94. The prefeed air
      channel 78 through this 120.degree. of the cycle may be on to admit air
      through port 72 and through vertical port 86 of valve stem 84 which, at
      this time, will be aligned with prefeed air channel 78. Thus, the air from
      the prefeed air channel 78 drives the yarn into the prefeed and pullback
      storage pocket 94 to await the time when needles (See FIG. 11) are in
      position to accept the yarn. After 120.degree. machine time rotation in
      the clockwise rotation of drive shaft 14, the air port 62 will be
      synchronized to close the prefeed system and at this time, the primary
      feed system will open as port 76 aligns itself with port 75 so that air
      will flow down through primary feed air channel 82 unimpeded by valve stem
      84 since port 88 is aligned with the primary feed air channel 82. Air will
      thus pass over the Venturi-like nozzle 104 and through the yarn tube 102
      to carry the yarn strand S which has been delivered into the prefeed and
      pullback storage pocket 94 causing the yarn strand S to feed through the
      yarn tube 102 to the tufting station (See FIG. 11). For the next
      60.degree. of the machine time, the yarn feed wheel continues its feeding
      and the yarn continues through the yarn channel 58 as pulled by the air
      through primary feed air channel 82 and into yarn feed tube 102.
PAR  Assume that this particular color yarn strand S is no longer required and
      it is necessary or desirable to change to another color from another unit.
      It is necessary to draw the yarn back from the common passageway (See FIG.
      11) to permit the next strand to reach the tufting station. At this point
      in time, the solenoid is de-energized and the tab 24 of the actuator 22
      becomes ready to drop to its normal rest position, however, since it is
      still mechanically latched to the selector key 26 and since spring 34 is
      pushing the selector key 26 to the right, the latch condition is
      maintained. However, as selector shaft 12 rotates in a clockwise direction
      during its next cycle, it will push the selector key 26 to the left
      approximately a few thousandths of an inch to release the mechanical
      interference and allow the actuator tab 24 to drop. The spring 34 is now
      free to bias selector plunger 16, valve stem 84 and the cam plate 110 to
      the right, and as this occurs, the valve stem 84 reaches its furthest
      position to the right. The port 86, which was originally aligned with the
      prefeed air channel 78, now moves to the right and aligns itself with the
      pullback air channel 80. Also, the port 88 moves out of alignment with the
      primary feed air channel 82. As notes previously, the pullback chamber 68
      is designed to receive air at all times and the oscillation of upper air
      valve plate 62 does not affect the flow of air because of the large size
      of air port 74. Thus, the pullback air flow is controlled totally by the
      movement of the valve stem 84 and when valve port 86 aligns with the
      pullback air channel 80, air flows there through causing the yarn strand S
      to be retracted through yarn tube 102 and withdrawn from the common throat
      area (See FIG. 11) as it is stored in the prefeed and pullback storage
      pocket 94.
PAR  Also, the movement to the right of cam plate 110 occurs after the solenoid
      18 has been de-energized, and as this happens, when feed rim 42 and drive
      disc 38 move in a counterclockwise direction, the cam and lock arm 46
      swings downwardly against the cam plate 110 along with the engaging member
      48, the key of which 49 is still engaged in keyway 54. As the cam and lock
      arm 46 impacts against camming surface 112 of the cam plate 110, the cam
      plate 110 is forced to the left as the cam and lock arm 46 rides over the
      camming surface 112 and into the recessed area 114 to secure the cam plate
      110 slightly to the left of this most rightward position. This effectively
      causes the port 86 of valve stem 84 to be slightly to the left of the
      pullback air channel 80, and the pullback air is accordingly turned off.
      As the lefthand end of the cam and lock arm 46 drops within the recessed
      area 114, the continued counterclockwise rotation of drive shaft 14 forces
      the engaging member 48 against release tab 116, thus, overcoming the bias
      of the key spring 52 and forcing the removal of the key 49 from the drive
      shaft keyway 54. Thus, the drive shaft 14 will continue to rotate, but
      without feeding yarn until the solenoid is once again energized.
PAR  With reference to FIG. 2, a modified pullback system is disclosed. In place
      of the pneumatic flow which impacts directly against the yarn strand S, a
      pneumatic piston-like plunger 118 is disclosed which physically drives the
      yarn into the prefeed and pullback storage pocket 94.
PAR  For a more detailed understanding of the subject invention, reference
      should be made to the sequential views shown in FIGS. 3 through 11. With
      reference to FIG. 3, the unit is in its standby or non-operating
      condition. The solenoid 18 is not being energized and the selector key 26
      is in its standby position with everything being static except for the
      continual rocking motion of the selector shaft 12 and the drive shaft 14
      and the airvalve plate 62. The yarn feed system is static. As can be seen
      at this time, yarn from the preceding cycle is stored in the prefeed and
      pullback storage pocket 94. A dog brake 120 not shown in previous Figs. is
      shown which is spring loaded and which will keep the feed rim 42 from
      rotating where there is counterclockwise motion of the drive disc 38.
PAR  With reference to FIG. 4, the particular yarn of this unit is selected and
      the solenoid 18 is energized with a high voltage pulse. At this point, the
      drive shaft 14 and the selector shaft 12 are shown going in
      counterclockwise directions as the solenoid 18 is energized with the tab
      24 of actuator 22 moving upwardly to urge selector key 26 to its upward
      position. The air gap 23 has closed as this is achieved and the selection
      key 26 is now in its operating position.
PAR  With reference to FIG. 5, the selector key 26 is shown in the up position
      and the selector shaft 12 is rotating clockwise and engages selector key
      26 to drive the selector plunger 16 to the left, which permits the
      selector key 26 to drop beside the actuator tab 24 causing mechanical
      hooking therebetween. The leftward movement of cam plate 110 has permitted
      the cam and lock arm 46 to be released from recessed area 114 and permits
      the engaging member 48 to be clear of release tab 116, thus dropping at
      its lefthand end as the key spring 52 biases the key 49 into engagement
      with keyway 54. The drive shaft 14 has started in the clockwise direction
      and is, at this time, ready to feed yarn. The air from the pressure
      chamber is shown going down through the port 76 of upper air valve plate
      62 through the chamber 70 and down through primary feed channel 82 as
      permitted by the alignment of port 88 with the primary feed channel 82. As
      this occurs, the yarn strand S is shown being advanced from its pullback
      position as temporarily stored in the prefeed and pullback storage pocket
      94 through yarn tube 102.
PAR  With reference to FIG. 6, the drive shaft 14 is shown continuing in its
      clockwise rotation as drive disc 38, engaging member 48, cam and lock arm
      46 and feed rim 42 all rotate. The upper air valve plate 62 shifts and air
      flows through port 72 into chamber 66 and through aperture 86 into the
      prefeed channel 78. Yarn being delivered by the yarn feed wheel 15 is
      progressing down through the yarn guide channel 58 and is starting to be
      delivered into the prefeed and pullback storage pocket 94 as propelled by
      the air from the prefeed channel 78. At this point, the portion of the
      yarn strand S in the yarn tube 102 has no motion. The prefeed bar 36
      starts shifting to the right. The selector shaft 12 has started rocking in
      the counterclockwise direction, again leaving the selector key 26 hooked
      on the actuator tab 24 in its leftward position.
PAR  With reference to FIG. 7, the rotation of the yarn feed wheel 15 in its
      clockwise direction is shown as yarn delivery continues. The prefeed air
      from channel 78 is continuing to deliver the yarn to the prefeed and
      pullback storage pocket 94 and the selector shaft 12 has again contacted
      the selector key 26, at which time the solenoid 18 goes off if that
      particular strand of yarn is no longer desired. If the solenoid 18 is
      programmed off, another solenoid in another unit for the same needle
      station will be programmed on before the yarn has been delivered to the
      needles on the previous selection. As shown in FIG. 7, as the selector
      shaft 12 returns in the clockwise direction, it taps the selector key 26
      relieving the pressure on it, thus allowing the actuator tab 24 to drop
      since the solenoid 18 is de-energized.
PAR  In FIG. 8, the selector key 26 is still engaged by the selector shaft 12
      and at this point, the upper air valve plate 62 shifts again turning the
      primary feed air flow back on as previously. Since the clockwise rotation
      of the drive shaft 14 and the feed wheel 15 is continuing, the primary
      feed air flow is delivering prefed yarn which had been stored in the
      prefeed and pullback storage pocket 94 while continuing to feed yarn that
      is still being delivered by the feed wheel 15. During the last 60.degree.
      of machine time, the yarn is delivered directly into the yarn tube 102
      without going into the prefeed and pullback storage pocket 94.
PAR  With reference to FIG. 9, the rotation of the selector shaft 12 in its
      counterclockwise direction begins and after the completed clockwise motion
      of the yarn feed wheel 15 is finished, the counterclockwise motion of the
      drive shaft 14 begins. As can be seen, the counterclockwise rotation of
      the selector shaft 12 allows the selector key 26 and the selector plunger
      16 to be biased to the right by spring 34. As this occurs, the valve stem
      84 moves to the right and port 86 moves from the prefeed channel 78 to the
      pullback channel 80. Insofar as the tufting cycle is concerned at this
      time, severance of the yarn has been completed and once the pullback air
      is on, the yarn is pulled back through yarn tube 102 to clear the common
      throat area (See FIG. 11) adjacent the tufting station. The cam and lock
      arm 46 and the engaging member 48 are headed to their rest positions as
      the drive shaft 14 moves in a counterclockwise direction. The yarn prefeed
      bar 36 moves to the left and the spring biased dog brake 120, which is in
      engagement with the feed rim 42, prevents the counterclockwise rotation of
      the feed rim 42 as drive disc 38 rotates in a counterclockwise direction
      free of the influence of clutch teeth 44.
PAR  With reference to FIG. 10, the cam plate 110 is shown right before being
      engaged by the cam and lock arm 46 which will subsequently force the cam
      plate 110 back to its neutral or standby position. As shown in FIG. 10, at
      this moment, pullback air continues.
PAR  With reference to FIG. 11, the cam and lock arm 46 has pushed the cam plate
      110 slightly to the left to its neutral position, thus sliding port 86 of
      valve stem 84 out of alignment with the pullback channel 80 to shut off
      the pullback air. The cam and lock arm 46 has caused the engaging member
      48 to be pushed against selector release tab 116, as key 49 disengages
      with the keyway 54 of drive shaft 14, thus completing cycle.
PAR  Also shown in FIG. 11 are other elements which are common to some other
      embodiments of Spanel techniques as disclosed in Spanel patents and other
      co-pending applications. Yarn tube 102 is shown leading into common throat
      122 along with a representative yarn tube 123, functionally the same as
      yarn tube 102, only extending from another selection unit. Severing means
      124 and bit-applying elements, such as tufting needles 126, are
      schematically shown at tufting station 127 and it is to be understood that
      yarn strands once transported into common throat 122 are severed by
      severing means 124 and tufted into a backing layer by tufting needles 126.
PAR  The timing diagram of FIG. 12 is essentially self-explanatory and shows
      representative periods of machine time cycles for the various elements
      that have been emphasized through the preceding discussion of the
      sequential views in FIG. 3-11.
PAR  It is to be noted that the rotational distance of the drive shaft 14 can be
      adjusted to readily provide bit-lengths of yarn of different sizes. Also,
      it will be appreciated that the dimensions of the feed wheel 15 could be
      changed to adjust the bit-length sizes although such a change could not be
      made as readily as changing the rotational distance of drive shaft 14.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Tufting apparatus including bit-applying means for applying tufts to a
      backing layer at a tufting station comprising:
PA1  a metering means utilizing a controlled yarn feed means for advancing a
      yarn strand;
PA1  means including pulsed control means for controlling the yarn feed means to
      feed a predetermined length of the yarn strand; and
PA1  pneumatic yarn transporting means to advance the yarn strand to the tufting
      station.
NUM  2.
PAR  2. The tufting apparatus of claim 1 wherein said pulsed control means also
      controls the pneumatic yarn transporting means.
NUM  3.
PAR  3. The tufting apparatus of claim 1 wherein the yarn feed means comprises a
      rotatable yarn feed wheel which includes:
PA1  a drive shaft;
PA1  a drive disc rotatable with said drive shaft when engaged therewith by an
      intermediate member;
PA1  a feed rim disposed circumferentially around said drive disc and engageable
      with said drive disc by means of clutch means disposed therebetween
      whereby, upon engagement of said intermediate member with said drive
      shaft, said drive disc and said feed rim are rotated to feed and meter a
      length of yarn.
NUM  4.
PAR  4. The tufting apparatus of claim 3 further including a plunger which, upon
      actuation from said pulsed control means, causes said intermediate member
      to engage said drive shaft to feed and meter a length of yarn.
NUM  5.
PAR  5. The tufting apparatus of claim 1 wherein said yarn feed means is
      adjustable to feed and meter different size lengths of yarn.
NUM  6.
PAR  6. The tufting apparatus of claim 1 wherein said pneumatic yarn
      transporting means includes means to advance and retract the yarn strand.
NUM  7.
PAR  7. The tufting apparatus of claim 6 wherein said pneumatic yarn
      transporting means includes yarn feed tubes and a yarn pocket for storage
      of retracted yarn.
NUM  8.
PAR  8. The tufting apparatus of claim 7 wherein the means to advance and
      retract the yarn strand comprises a first air feed channel for supplying
      air to advance yarn and a second air feed channel for supplying air to
      retract yarn with said second air channel being positioned to expel air
      into said pocket.
NUM  9.
PAR  9. The tufting apparatus of claim 8 further including a third air feed
      channel for supplying air to advance yarn to said pocket, said third air
      feed channel also being positioned to expel air into said pocket.
NUM  10.
PAR  10. The tufting apparatus of claim 6 wherein said means to advance the yarn
      strand comprises two pneumatic channels which provide air flow at two
      positions during the advancement of the yarn strand.
NUM  11.
PAR  11. The tufting apparatus of claim 1 wherein said means for controlling the
      yarn feed means includes a slideable member having ports therethrough and
      said pneumatic yarn transporting means includes air channels which are
      bisected by said slideable member with said ports providing air valve
      means to permit air flow through said air channels.
NUM  12.
PAR  12. The tufting apparatus of claim 1 wherein said pulsed control means
      includes a magnetic core, a solenoid carried by said core, an actuator
      positioned to be responsive to the energization of said solenoid, and a
      selector key positioned to be actuated by said actuator to control the
      yarn feed means upon actuation, said selector key also being positioned to
      link mechanically to said actuator after actuation whereby said solenoid
      can be provided with a high voltage pulse initially while having low
      voltage demands after said mechanical linking of said selector key and
      actuator.
NUM  13.
PAR  13. The tufting apparatus of claim 12 wherein said means for controlling
      the yarn feed means comprising a selector shaft having a cam lobe, said
      selector shaft being oscillatory and said cam lobe being positioned to
      engage said selector key upon actuation of selector key whereby drive
      forces of said selector shaft are imparted to said selector key.
NUM  14.
PAR  14. The tufting apparatus of claim 13 wherein said selector key is
      pivotally secured to a selector plunger and wherein said supply system
      further comprises a valve stem rigidly secured to said selector plunger,
      said valve stem being positioned to control said pneumatic yarn
      transporting means; and a cam plate rigidly secured to said valve stem and
      positioned to control said yarn feed means.
NUM  15.
PAR  15. Tufting apparatus including bit-applying means for applying tufts to a
      backing layer comprising:
PA1  a metering means utilizing a controlled rotatable yarn feed means for
      advancing a yarn strand;
PA1  means for controlling the rotatable yarn feed means to feed a predetermined
      length of the yarn strand; and
PA1  pneumatic yarn transport means including valvable feed means and valvable
      pullback means.
NUM  16.
PAR  16. The tufting apparatus of claim 15 wherein said valvable pullback means
      including a piston member which is pneumatically driven to impact against
      the yarn strand.
NUM  17.
PAR  17. A tufting machine comprising:
PA1  a yarn source;
PA1  a yarn metering and feeding means;
PA1  a yarn pullback means which enables yarn previously fed to be returned to a
      standby position, said pullback means being pneumatically actuated;
PA1  a pneumatic yarn transport means;
PA1  control means for actuating said yarn metering and feeding means, said yarn
      pullback means, and said pneumatic transport means;
PA1  yarn severing means; and
PA1  tufting elements to tuft said severed yarn.
NUM  18.
PAR  18. The tufting machine of claim 17 wherein said control means comprises a
      solenoid;
PA1  an actuator responsive to said solenoid; and
PA1  a selector key actuable upon impact by said actuator and positioned to form
      a mechanical link with said actuator upon actuation.
NUM  19.
PAR  19. The control means of claim 18 wherein said solenoid, said actuator, and
      said selector key are operable to control said yarn metering and feeding
      means, said yarn pullback means, and said pneumatic transport means by
      receiving a high voltage pulse initially followed by a lower voltage
      supply after the mechnical linking of said selector key and said actuator.
NUM  20.
PAR  20. A tufting machine comprising:
PA1  a yarn source;
PA1  a yarn metering and feeding means;
PA1  a yarn pullback means which enables yarn previously fed to be returned to a
      standby position;
PA1  a pneumatic yarn transport means;
PA1  pulsed control means for actuating said yarn metering and feeding means,
      said yarn pullback means, and said pneumatic transport means;
PA1  yarn severing means; and
PA1  tufting elements to tuft said severed yarn.
NUM  21.
PAR  21. The tufting machine of claim 20 wherein said penumatic transport means
      includes a yarn tube for transporting yarn to said tufting elements, a
      prefeed air source, and a primary feed air source, and wherein said yarn
      pullback means includes a pullback air source, said tufting machine
      further comprising a prefeed and pullback storage pocket wherein air from
      the prefeed source and air from the pullback source are directed to guide
      yarn into the prefeed and pullback storage pocket at designated times
      during the operation of said tufting machine.
NUM  22.
PAR  22. The tufting machine of claim 20 wherein said yarn metering and feeding
      means includes a rotatable yarn feed wheel, said rotatable yarn feed wheel
      including a drive shaft, a drive disc mounted on said drive shaft, a feed
      rim for conveying yarn circumferentially disposed around said drive disc,
      and engageable by said drive disc to advance yarn from said yarn source,
      and further including an intermediate engaging member whereby motion of
      said drive shaft is imparted to said drive disc to rotate said drive disc
      and said feed rim, thereby advancing said yarn.
NUM  23.
PAR  23. The tufting machine of claim 20 wherein said control means comprises a
      selection plunger which actuates said yarn metering and feeding means and
      said pneumatic transport means and said yarn pullback means.
NUM  24.
PAR  24. The tufting machine of claim 23 wherein said yarn metering and feeding
      means includes a rotatable yarn feed wheel which is actuable by an
      engaging member; and wherein said selection plunger is rigidly secured to
      a cam plate, said cam plate being positioned to actuate said engaging
      member.
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ABST
PAL  The invention concerns an embroidery machine, especially a surface
      embroidery machine, with embroidery heads, which accommodate, on the
      needle side, embroidery station elements, such as embroidery needles,
      piercers, fabric pressers, yarn catchers, front yard knives, etc., which
      are associated with an embroidery station and which can be adjusted
      vertically and horizontally in any required manner over the vertical
      extent of the embroidery field.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Known linear embroidery machines make it possible to produce a wide variety
      of patterns. By means of the repeat color pattern changing automatic
      systems they can couple and decouple embroidery stations in any required
      manner especially in order to embroider colored patterns. The
      disadvantages of the known linear embroidery machines, however, are that
      their technical equipment is extraordinarily elaborate so that the costs
      associated with the latter and the space requirements cannot be satisfied
      in many instances, and that the performance of these machines is
      relatively limited with respect to the output as well as with respect to
      production of new designs.
PAR  A mono embroidery machine of the abovementioned kind is already known U.S.
      Pat. No. 3,680,545, in which the embroidery tools associated with an
      embroidery station are arranged so that they can be adjusted, by means of
      a drive shaft which covers the whole vertical height of the embroidery
      field, in the vertical and horizontal directions and which are pushed in
      an enclosed housing or in an embroidery head above each other on a drive
      shaft which passes through the housing or through the embroidery head and
      which can be adjusted in any required manner steplessly in the height for
      the purpose of varying the repeat depending on the embroidered pattern.
      Individual or mono embroidery heads are pushed on the drive shaft for this
      purpose. The disadvantages of this arrangement are that a needle interval,
      which has once been set between vertically superposed needles, remains
      fixed, the embroidery work which is being produced can be observed only
      poorly or not at all, no means are available for reaching by hand to the
      embroidery fabric and long changeover times are necessary which are
      associated with a high production loss. Moreover, it is not possible to
      use these mono embroidery heads as means for creating patterns or to use
      these heads as means for forming of embroidery patterns in relation to
      each other within an overall embroidery field.
PAR  A double or duo embroidery head of a drive shaft group to eliminate these
      disadvantages and to simplify and make cheaper the drive of the embroidery
      heads has already been proposed: this arrangement considerably increases
      the pattern creating possibilities by staggering the embroidery heads of a
      double embroidery head in the vertical and horizontal direction and by
      decoupling of some embroidery heads. However, neither the mono nor the duo
      embroidery heads separately make it possible to obtain simultaneously a
      staggered as well as linear arrangement of embroidery heads and the
      technical total outlay for separate components is relatively high;
      moreover, the coefficient of friction on the deflecting positions is very
      high, the space requirement for application of embroidery heads of this
      kind is also relatively high so that, in order to restrict the claim on
      space, the fitting of the head must be very compactly carried out and this
      does not make possible observation and access to the embroidery fabric.
      Furthermore, the mounting possibilities of mono as well as duo heads are
      unfavorable because the head must be pushed over the shaft; for this
      reason an undesirable height increase also occurs. A further decisive
      disadvantage of the mono or duo embroidery heads is the very severely
      restricted scope in varying the patterns, either in a staggered or linear
      manner. Finally, the manufacturing and fitting costs for embroidery
      machines with such mono or duo heads are also very high.
PAR  Since needles and piercers in the embroidery process do not carry out their
      functions simultaneously and they are effective successively after each
      other in the embroidery process, it therefore appears feasible to drive
      needles and piercers by a common drive if it is possible to design this
      drive in such a manner that the needles and piercers can be actuated in a
      staggered order in time and hence the needle and piercer movements can be
      carried out separately in time. Furthermore, the yarn cutting arrangement
      does not function when embroidering or piercing is carried out and,
      alternatively, the needle and piercer are out of action when the yard
      cutting arrangement is effective, so that the three functions, i.e.
      embroidering, piercing, yarn cutting are never carried out simultaneously
      but always successively in time, one after the other.
PAR  In piercing drives, which were known previously or proposed, all piercers
      have carried out the same working process so that the piercing effects
      could be used only to a very limited extent for pattern making. A piercer
      hole is made when a conical mandrel cuts the fabric open for a certain
      penetration depth into the embroidery base fabric and this establishes the
      diameter of the pierced hole. Embroidering is then carried out around the
      pierced hole. Decoupling or actuation of each individual piercer
      independently from another, in the conventional embroidery machines as
      well as in the embroidery machines already proposed by the applicant, is
      not intended and it is not possible.
PAR  The basic object of the invention is to create an embroidery machine which
      avoids the disadvantages of surface embroidery machines with single or
      double heads as well as the disadvantages of known linear embroidery
      machines, but which, however, combines the advantages of both systems.
      Hence the object of the present invention is an embroidery machine,
      especially a surface embroidery machine with universal embroidery heads,
      by means of which the automatically controlled embroidery stations can be
      coupled and decoupled individually, in groups, or all together depending
      on the requirements of the pattern and in which the technological effort
      for this purpose is intended to be kept relatively low.
PAR  A further object of the present invention is to develop universal
      embroidery heads of this kind in such a manner that they can be
      supplemented in modular form for further special working processes and in
      which additional components can be mounted on the given universal
      embroidery head. This should make it possible for the surface embroidery
      machine, which has been known for some time and which at present is still
      a special machine, to be used as an all round machine whose pattern range
      can be significantly extended also in comparison with that of the linear
      embroidery machine. It is a further object of the invention to create an
      embroidery machine, especially a surface embroidery machine, in which the
      needle piercer drive means are combined so that only one common drive is
      needed for both features. Moreover, the design will also include an
      arrangement so that the piercers can be coupled and decoupled individually
      or in groups in one or several basic guides or at all embroidery stations
      of the machine in any required manner in order to achieve in this way a
      wider range of patterns by extending the piercing effects.
PAC  SUMMARY OF THE INVENTION
PAR  Each embroidery head consists of two independent separate heads, which are
      arranged on a basic guide together with the embroidery station element so
      that they can be arranged steplessly and optionally side by side and in a
      staggered manner relative to each other. The embroidery station elements
      in the enclosed embroidery station and the separate elements within each
      embroidery station can be decoupled optionally individually, in groups,
      and all together as required. At least some of the embroidery station
      elements are driven mechanically, while in some instances some other
      embroidery station elements are driven by means of a nonmechanical driving
      medium (hydraulic, pneumatic, magnetic).
PAR  This kind of embroidery head, owing to its universal applicability is
      designated as a universal embroidery head. Each individual head of such a
      universal embroidery head consists preferably of a head piece and of a
      housing, whereby the headpiece can be detached from the housing. The
      housing can be used as a body for accommodating additional components
      which are mounted as modular units for extending the embroidery program or
      for extending the design which can be achieved with the machine according
      to the invention. An embroidery head of this kind has a width adjustment
      for the embroidery station elements.
PAR  According to a further variant of the invention, the drive of elements in
      the individual heads which carry out continuous movement, i.e. the
      embroidery needles, is arranged to carry out nonlinear oscillating
      movement by mechanical means (e.g. in a conventional manner by means of a
      rocking drive shaft). The drive of the elements of the individual heads
      which carry out intermittent movements such as piercers, fabric presser,
      yarn catchers, yarn cutting arrangement, etc., is arranged to carry out a
      linear movement by non-mechanical means, the latter being in direct
      contrast to known proposals, in which also the movement of the latter
      mentioned embroidery station elements is carried out mechanically. It is
      especially useful to actuate the drive for the intermittent movement by
      means of miniature pneumatic cylinders, in which, depending on the
      selected control method, the intermittent movements for drive can be
      imparted to all similar embroidery station elements simultaneously or
      independently of other such components for each individual similar
      embroidery station element.
PAR  Furthermore, according to the present invention the needle bar drive can be
      independently coupled and decoupled in groups and if necessary
      independently from the adjacent working heads. The latter is achieved in a
      special model in such a manner that two mutually independent actuating
      shafts are provided which can be optionally coupled to each other on the
      drive side and two certain kinds of preprogrammed control shafts may be
      provided which act independently of each other on the given actuating
      shaft, the preprogrammed control shafts control the actuating shafts of
      the needle bars according to a given program.
PAR  Means are provided for extending the range of application of the embroidery
      machine according to the invention in order to extend steplessly the basic
      horizontal needle interval. It is useful to carry this out in conjunction
      with the previously mentioned modular mounted additional elements which
      can be fitted on the basic body of the given individual head.
PAR  The mounting of individual heads of the universal embroidery head according
      to the invnetion is selected in such a manner that the individual head can
      be removed in the radial direction from the drive shaft; for example this
      is carried out by supporting the drive shaft in a semicircular bearing
      sleeve which is arranged into the individual head housing so that a
      bearing gap is formed through which the individual head can be removed,
      the bearing sleeve is clamped down by means of a strap which is in contact
      with a chordal flat in the sleeve.
PAR  Instead of two actuating shafts, for independent operation of both
      individual heads of a universal embroidery head, only one actuating shaft
      can be used so that both separate heads can operate independently of each
      other.
PAR  In the universal embroidery head according to the invention the front yard
      knife is accommodated within the housing of the embroidery head itself and
      not, as previously, independently outside the embroidery head as a
      separate machine component, because this is an extraordinarily important
      feature for the surface embroidery process.
PAR  The left hand and right hand individual heads of each universal embroidery
      head can be formed as units of a basic guide, in which one unit can be
      moved or adjusted relative to the other unit. This makes it possible to
      carry out a stepless mutual displacement between the left hand and right
      hand individual head per basic guide, in which, for example, the group of
      the right hand individual embroidery heads is fastened on a common rail,
      which is arranged on the basic guide or which is arranged so that it can
      move relative to the basic guide.
PAR  Also, the drive for the needles and the drive for the piercers can be
      actuated by a common drive arrangement. This drive arrangement is
      preferably a toothed, continuous shaft, which is actuated for example, by
      means of a step motor with a hydraulic system.
PAR  With the arrangement according to the invention the piercer is driven
      purely mechanically simultaneously with the needle drive. When the needle
      carries out an embroidery process, then the piercer is automatically at
      rest, and vice versa. This common drive for needle and piercer
      considerably simplifies the whole design of the embroidery machine head or
      of the universal embroidery head, the head can be manufactured with
      smaller dimensions and the drive, as a mechanical drive, is safe and
      reliable in operation. However, it is necessary in this embodiment
      according to the invention that, in contrast to the previously used
      rocking drive with cam discs of 80.degree. to 90.degree., a greater drive
      angle be selected; a preferred range is 180.degree. to 200.degree.; this
      is carried out by using for example a step motor with a hydraulic system.
PAR  While in the case of the previously known embroidery machine heads or in
      the case of the universal embroidery heads previously proposed by the
      applicant, the piercers all carry out the same working process, it is
      possible, by means of the invention, to couple or decouple piercers in any
      required manner, so that the pierced material range can be appreciably
      extended by this method and the pierced effect can be used for creating
      patterns. For example, it is now possible to build in a pyramid as a
      piercing pattern into an embroidery product, while previously the
      embroidery work (all over) had to be provided with holes. Such a pierced
      pattern can be undertaken individually and considered as an embroidery
      station, or, however, in groups, e.g., one or more certain basic guides or
      all embroidery stations of the machine. The arrangement for coupling and
      decoupling of the piercer corresponds to the arrangement for coupling and
      decoupling of the needles with respect to the design features so that a
      simplified and economical production method for the universal embroidery
      head is ensured.
PAR  Each basic guide of the universal embroidery head is associated with an
      actuating shaft or with an actuating roll. The basic guide can be coupled
      or decoupled by means in an enclosed manner; however, individual
      embroidery stations can be correspondingly programmed on the actuating
      shaft within the basic guide, so that only individual embroidery heads
      have a piercer changeover system.
PAR  However, in another embodiment of the invention, each actuating shaft or an
      actuating roll can be associated with a second, third or even further
      actuating shafts, so that pattern making can be even more widely varied
      and programmed. This is of importance especially when the piercing pattern
      is required to be carried out with different diameters. In this manner
      pierced holes can be formed ranging from a diameter of 0.1 mm up to the
      buttonhole size without using additional arrangements. This method also
      simplifies and makes the production of the universal embroidery head
      cheaper, because a common programming can be used for the needle as well
      as for the piercer, however, at a different position on the actuating
      shaft or on the actuating roll.
PAR  Programming can be provided axially, radially or by other means, e.g., by
      means of cams; it can, however, also be carried out electrically or
      electronically by means of appropriate programming instruments, so that
      the mechanical system can be supplemented or replaced by an electrical
      circuit.
PAR  Programming can be carried out, e.g., by rotating the actuating shaft or
      actuating roll, and also additionally by axial displacement over a certain
      distance whereby further programs can be accommodated on the circumference
      of the actuating shaft or actuating roll. The needles or piercer units
      which are temporarily inactivated are fixed into their initial positions
      by blocking elements which can be brought into the locking position with
      matching components in the individual heads. These blocking elements can
      be formed for example as tooth shaped elements, which come into engagement
      with the corresponding tooth gaps in individual heads and which are
      mounted in the actuating blocks of the individual heads, so that their
      height can be adjusted.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an arrangement of universal embroidery heads according to the
      invention, in which the needle bars are brought into the gaps;
PAR  FIG. 2 shows an arrangement of universal embroidery heads according to the
      invention, in which the needle bars are brought in line;
PAR  FIG. 3 ahows in side view and in part section a universal embroidery head
      arrangement according to the invention with two individual heads, which
      are driven independently from each other;
PAR  FIG. 4 shows a plan view of the representation according to FIG. 3;
PAR  FIG. 5 shows a section view along the line A-B in FIG. 3;
PAR  FIG. 6 shows a sectional view along the line C-D in FIG. 4;
PAR  FIG. 7 shows a diagram of the pinion drive for an arrangement of two
      individual heads "on the gap";
PAR  FIG. 8 shows a representation of the arrangement according to FIG. 7 in the
      direction of the arrow E;
PAR  FIG. 8a shows a partial view illustrating the working position of needle
      bars;
PAR  FIG. 8b is a view corresponding to FIG. 8a, in which the needle bar is
      decoupled;
PAR  FIG. 8c is a plan view of FIG. 8b;
PAR  FIG. 9 is a representation of the arrangement according to FIG. 7 in the
      direction of the arrow F;
PAR  FIG. 10 is a side view of the representation according to FIG. 9;
PAR  FIG. 11 is a side view and part sectional view of a universal embroidery
      head arrangement according to the invention with two individual heads
      which are driven independently of each other;
PAR  FIG. 12 is a view according to FIG. 11 showing the actuation of the piercer
      bar system;
PAR  FIG. 13 is a plan view of the representation according to FIG. 11;
PAR  FIG. 14 is a detailed view of a follower pin in conjunction with a control
      shaft;
PAR  FIG. 15 shows a bearing system of actuating and control shafts which are
      not shown in FIG. 12 for clarity;
PAR  FIG. 16 shows a side view of the representation according to FIG. 15;
PAR  FIG. 17 shows a view of the representation according to FIG. 13 in the
      direction of the arrow A;
PAR  FIG. 18 shows a sectional view of the drive and of the control system for
      the needle bar for an individual head, in which both individual heads
      operate independently of each other; an example of the piercer penetration
      depth control method is also shown;
PAR  FIG. 19 is a view of the representation according to FIG. 18;
PAR  FIG. 20 is a sectional view of the drive and of the control system of the
      needle bar for the associated individual head, as well as the piercer
      control system according to FIG. 18;
PAR  FIG. 20a is a view of the representation according to FIG. 20;
PAR  FIG. 21 is a side sectional view of the representation according to FIG.
      19;
PAR  FIG. 22 is a universal embroidery head arrangement according to the
      invention with increased horizontal needle interval;
PAR  FIG. 23 is a section from the development of a control shaft;
PAR  FIg. 24 is a sectional view through a universal embroidery head with twin
      needle bar;
PAR  FIG. 25 is a view of the arrangement in FIG. 24 from the side and partial
      section view;
PAR  FIG. 26 is a cross sectional view through the representation according to
      FIG. 24;
PAR  FIG. 27 is a circuit diagram for an embroidery field racking;
PAR  FIG. 28 is a circuit diagram for an embroidery station for producing
      patterns;
PAR  FIG. 29 is a detail view of an embroidery head arrangement with two
      adjacent embroidery heads in section through the piercer drive according
      to a further variant of the invention;
PAR  FIG. 30 is a section along line A-B in FIG. 29;
PAR  FIG. 31 is a plan view of an embroidery head arrangement according to FIG.
      29; and
PAR  FIG. 32 is a section along the line C-B in the FIG. 31.
DETD
PAR  The universal embroidery head arrangement according to the invention
      consists of two individual heads, i.e., a left hand and a right hand
      individual head which are arranged in relation to the basic guides in such
      a manner that the needle bars of both individual heads are either arranged
      "on the gap" (FIG. 1) or they are arranged "in line" (FIG. 2). As is usual
      in conventional arrangements, the horizontal needle interval within a
      basic arrangement in this case can be 84 mm and the vertical interval can
      be 96 mm. In the representation in FIG. 1 the individual heads 1 and 2 are
      placed "on the gap". However, in principle they can also be arranged so
      that they overlap each other, i.e. they can assume any required
      intermediate positions in relation to the representations in FIGS. 1 and
      2.
PAR  The individual head 1 is mounted on the main drive shaft 3 and the
      individual head 2 is mounted on to adjacent individual heads 1 or on an
      intermediate component, e.g., on a common rail in such a manner that
      individual heads 2 can be displaced as a unit relative to the individual
      heads 1; hence it can be considered that an arrangement can be selected in
      which the individual heads 2 can vary their distance from each other. Each
      individual head 1 or 2 has bores for accommodating the needle bar 4 with
      needle, piercer 5, yarn catcher 6 and the front yarn knife 7. The design
      of the individual heads 1 and 2, in the case of the representation in FIG.
      2 in which the individual heads are arranged "in line", is identical to
      the case in FIG. 1; both associated individual heads 1 and 2 in this
      instance are fastened so that their end faces are connected.
PAR  The division of both heads is made along the dividing line 8 (FIG. 3). Both
      individual heads are clamped between the rear girder 9 and the front
      girder 10. The individual heads 1 and 2 are fastened on the rear girder 9
      by screws 15 and 16 and by means of the lugs 11 and 12 (FIGS. 13, 17) as
      well as 13 and 14 (FIG. 13). Fastening on the front girder 10 is carried
      out by means of screws 17 (FIG. 17). The left hand and right hand
      individual heads are connected with each other by screws 18, which are
      seated in the lugs 19 (FIG. 17) provided for this purpose. This applies to
      the neddle bars in the position "in line". When the needle bars are in the
      position "on the gap", then the mutual bolting of individual heads 1 and 2
      can also be carried out by means of lugs 19 (FIG. 7).
PAR  Needle bars 20 are driven by the main drive pinion 21 via the intermediate
      gear wheel 22 and the toothed wheel 23 and by the toothed rack 24 (FIG.
      3). The needle bar 20, which can be decoupled, is fitted into this toothed
      rack 24, the needle bar 20 is connected via the latch 25 and the coupling
      elements 26 with the toothed rack 24 in a detachable manner (FIG. 6).
PAR  The main drive rocking shaft 3 is mounted in a bearing sleeve 27 (FIG. 5)
      which in turn is mounted into the left hand individual head housing in
      semicircular form in such a manner that the left hand individual head
      housing can be removed through the bearing gap 28 (FIG. 3) in a radial
      direction from the shaft 3. The bearing sleeve 27 has on its outside
      diameter a chordal flat 29 which engages with a locking element 30 in such
      a manner that is secures the sleeve 27 against rotation and it holds the
      sleeve at the same time in the bearing opening of the left hand individual
      head so that it guarantees a reliable functioning of the shaft 3. The
      locking element 30 is fastened by screws 31 (FIG. 9). The bearing
      arrangement of the shaft 3 described here is not necessary for every one
      of the individual heads which are arranged in a superposed manner into a
      basic guide and the number of such bearing locations can be significantly
      lower than the number of the appropriate individual heads.
PAR  In this arrangement the driving pinion 21 (FIG. 30) drives both individual
      heads 1 and 2, when the needle bars are "in line". If the needle bars are
      adjusted into "on the gap", then for this instance a second pinion 32
      (FIG. 7) with the same dimensions is provided which is mounted outside the
      individual heads on the shaft 3.
PAR  The head pieces 33 and 34 (FIG. 3,4) on individual heads 1 and 2 are
      connected with the housings 35 and 36 (FIG. 4) of the corresponding
      individual head, e.g., by means of screws 37 and dowel pins 38 (FIG. 9).
PAR  Toothed wheels 23 and 39 (FIG. 3) together with their shafts 40 are made
      from a solid in the arrangement according to FIGS., 3, 4, and 5 and they
      are mounted in the bearing sleeve 41 (FIG. 5) so that they can be
      displaced axially. Shafts 40 have cutouts 42 which can accommodate pins 43
      (FIG. 11). In addition the shafts 40 have spherical seats 44 which engage
      with balls 45 which are loaded by the springs 46 (FIG. 5).
PAR  Pin followers 43 (FIG. 11) are mounted in bearing blocks 47 (FIG. 18) which
      in turn are, e.g., bolted on a common actuating shaft 48 so that they can
      be adjusted. The pin followers 43 can be displaced in their bearings
      axially by means of the handle 49 and the ball 50 holds the pin follower
      43 in the latching seats 52 in two predetermined positions under the force
      of the spring 51 (FIG. 18).
PAR  When an axial movement is imparted to the actuating shaft 48 (FIG. 18)
      while the pin follower 43 is latched into the lower position, then an
      axial movement will also be imparted at the same time to the shaft 40 and
      hence to the gear wheel 23 for the right hand individual head. The length
      of this axial travel is such that the gear wheel 23 for the right hand
      individual head 2, and the gear wheel 39 for the left hand individual head
      are disengaged from their driving gear wheels 22 or 21; however, they
      still remain in engagement with their needle bar toothed racks 24 (FIG.
      3). This method is used to determine which needle bars 20 are to made
      inactive at a certain point in time. In carrying out the above operations
      it must also be guaranteed that the needle bar is secured in its decoupled
      state so that it can reassume its previous position on reengagement. The
      inactivation of the toothed rack 24, in which the needle bar 20 is
      fastened so that it can be decoupled, is carried out exactly at the upper
      dead centre of the movement (FIGS. 8a, 8b and 8c). At this instant the
      gear wheel 23 is disengaged from the driving pinion 32 by axial
      displacement while it still remains in engagement with the toothed rack
      24. A toothed segment piece 24', which is fastened by the screw 24",
      engages with the corresponding available tooth gap of the gear wheel 23
      and it holds the toothed rack 24 together with the needle bar as well as
      with the gear wheel against rotation until the gear wheel 23 is
      re-engaged, by return displacement, with the driving pinion 32 (FIGS. 8a,
      8b, 8c). Since in this case only one actuating shaft 48 (FIG. 18) is
      provided for both individual heads 1 and 2, both individual heads 1 and 2
      are therefore independent of each other.
PAR  In the representation according to FIGS. 11, 12 and 13, an arrangement is
      shown by means of which both individual heads can operate independently of
      each other. For this purpose two actuating shafts 53 and 54 are provided,
      each of which has its own bearing block 55 or 56 respectively, together
      with the pin followers 57 or 58. In the representation according to FIGS.
      11 and 12, in the case of this kind of variant, each actuating shaft 53 or
      54 is associated with a control shaft 59 or 60, which accommodates a
      specified number of working programs which determine the functioning of
      the actuating shaft.
PAR  The follower pins 57 and 58 are loaded by springs and hence they are in
      continuous contact with their control shafts 59 and 60. If a follower pin
      57 or 58 rests against the circumference 61 of the associated control
      shafts 59 and 60, then it remains coupled and, when the actuating shaft 53
      or 54 is moved, it disengages the corresponding gear wheel and hence it
      makes the needle bar inactive. If the following pin 57 or 58 drops into an
      opening 62 (FIG. 14) of the control shaft 59 then, e.g., the gear wheel 23
      remains in engagement and the needle bar continues working. The control
      shafts 59 or 60 can obviously also be designed in such a manner that on
      the circumference of the shaft, instead of depressions 62, there are
      projections or actuating lugs. Control shafts 59 or 60 are controlled by
      commands, which are initiated by punched cards or punched tapes which are
      used in embroidery technology. Futhermore, each of the control shafts 53,
      54 can be controlled by punched cards or similar devices independently of
      the control shafts 59, 60.
PAR  FIG. 23 designates by the numeral 63 the development of a control shaft
      which, as an example for a needle height interval of 96 mm, contains
      preprogrammed depressions 64. Changeover to a different program is carried
      out by rotating the control shaft which accommodates, at the same spacing,
      programs of the corresponding number which are displaced on the
      circumference at equal intervals and which are depressed in the shaft
      circumference. The control shaft can be stepped by means of a mechanical
      drive, by means of step switching motors, etc.
PAR  While in FIG. 3 the needle bars with needles are mechanically driven by
      means of the main drive rocking shaft 3, then according to this invention
      the piercers, yarn catchers and front yarn knives are not driven
      mechanically and not by a common drive, but each of these elements is
      provided in a universal embroidery head with its own drive unit,
      preferably a miniature pneumatic compressed air cylinder. FIGS. 18, 19, 20
      and 21 show a corresponding diagram. For the piercers pneumatic cylinders
      65 and 66 are provided; for the yarn catchers, pneumatic cylinders 67 or
      68, and for the front yarn knives, pneumatic cylinders 69 or 70.
PAR  Pneumatic cylinders always carry out a full working stroke after charging
      with compressed air. However, the piercers require different penetration
      depths into the embroidery fabric because the conical shapes of the cutter
      is used to produce holes of different sizes. This is achieved by the
      arrangement in which the penumatic cylinders can be axially adjusted and
      controlled as seen in FIG. 18. The pneumatic cylinder is constantly pushed
      upwards by the compression spring 71, because it is freely seated in its
      housing bore. Hence the cylinder and the control levers 72 or 73 form a
      unit. These levers are mounted on shafts 74, 75 which, when they are
      rotated by a certain angular displacement, hold the pneumatic cylinders in
      a corresponding initial position. If now the shaft 74 or 75 is held in
      different predetermined angular positions, then it is possible to make
      holes of corresponding size in the embroidery material. Cylinders 67, 68,
      69 and 70 (FIGS. 19, 20a) are axially fixed, because their strokes
      determine their working range.
PAR  On adjusting the individual heads 1 and 2 "in line" or "on the gap" the
      driving or control elements 72 or 73 (FIGS. 18, 20) are shifted axially on
      their shaft in the same manner as the bearing blocks 47 and they are
      clamped in this new position. All connecting rods of pneumatic cylinders
      can be secured externally or internally against rotation.
PAR  According to FIG. 22, there is a possibility of modifying individual heads
      1 and 2, with reference to the horizontal needle interval beyond the usual
      needle interval of 84 mm, by replacing the head pieces 76 or 77, which
      have a greater interval of the common center line. The housings 35 and 36
      remain unchanged in this case.
PAR  Mounting of all the switching and control shafts is shown in FIGS. 15 and
      16. These shafts are mounted in bearing blocks 78, of which only a smaller
      number are provided over the whole length of a basic guide. Each bearing
      block 78 is fastened by screws 79 on the rear belt 9.
PAR  FIGS. 24, 25, and 26 show an individual head of the universal embroidery
      head according to the invention with a twin needle bar. The twin needle
      head 80 is fastened on the needle bar 20. The needle bar 20 is moved
      axially by the toothed rack 81, which is enclosed at all sides in the head
      82 but it can slide. The needle bar 20 is held by screws 83 and 84, which
      are accessible from outside through holes 85, so that it can slide axially
      and it can rotate. The oscillating drive of the toothed rack 81 is
      provided in the usual manner by toothed gear wheels; however, in order to
      preserve clarity it is not shown. The needle yarns 87 or 88 for needles 89
      and 90 are fed through the yarn tubes 91 and 92 and through the yarn guide
      holes 93 and 94 on the needle head, from whence they are guided further
      into the eye of the needle (not shown). Yarn tubes 91 and 92 are clamped
      by straps 95 and 96 and by screws 97 on the head 82.
PAR  FIG. 27 shows a circuit diagram for the control of embroidery field
      racking. This circuit diagram shows one of the possibilities for such a
      control arrangement. The starting command for the embroidery field racking
      comes from a manually actuated switch 100 via the conductor 101 in the
      case of manual operation or from a pattern punched card 102 via the
      conductor 103 in the case of automatic control. Conversion of this command
      into an electrical pulse is carried out in a conventional manner and the
      starting pulse is supplied via a conductor 104 into an arrangement 105 or
      106 or 107 (for yarn catcher, for front yarn knife, etc.) which has a
      signal store and a signal connection. These arrangements 105, 106, 107 are
      provided with triggering signals 108, 109 and 110 whcih are derived, for
      example, from other machine movements or which are obtained via time or
      sequence control stages (not shown). This fixes the point of time and
      duration of the energizing of individual solenoid valves 114, 115, or 116,
      which are connected via lines 111 or 112 or 113 with arrangements 105 or
      106 or 107. The solenoid valves shown by broken lines in FIG. 27 can be
      connected in parallel with the solenoid valves 114.
PAR  On selecting embroidery stations according to FIG. 28 for making patterns
      the command for actuation of a piercer is given by a pattern punched card
      117, or by a corresponding data carrier, via the conductor 118 to an
      arrangement 119 in which the selection of embroidery stations is carried
      out via a manual switch or by similar means. Corresponding starting pulses
      are fed by the arrangement 119 to the signal store and to the signal
      connection 121, from which the point of time and duration of the
      energizing of the corresponding solenoid valves 123, 124, 125 for the
      piercers are fixed via a triggering signal 122 in the same manner as
      described in FIG. 27.
PAR  The part of the section A-B shown with broken lines according to FIG. 30,
      which represents the needle repeat change for both heads of the universal
      head, corresponds to FIG. 5. The sliding gear wheel 126 for driving the
      piercer of the left hand head and the sliding gear wheel 127 for driving
      the piercer of the right head are in the same plane. All sliding gear
      wheels, and also those for driving needles, rest on fixed shafts 128 and
      129, which are held in the left hand head by a screw 130 and in the right
      hand head by a screw 131. Shafts 128 and 129 have semicircular grooves 132
      and 133 or 134 and 135 respectively, which are used for latching of the
      sliding gear wheels 126 or 127 by means of latching balls 136 or 137 and
      springs 138 or 139, when they are pushed axially along the shaft. Piercer
      bars 140, 141 are fastened into toothed segments 142 and 143 of the left
      hand and right hand head; they are moved upwards or downwards by means of
      the sliding gear wheels 126 or 127 which are in engagement with them.
PAR  The sliding wheel 27 is driven by the intermediate gear wheel 144, which in
      turn is in engagement with the driving rocking shaft 145, while the
      sliding wheel 126 is directly engaged with the driving shaft 145, which is
      toothed axially over its whole length, so that it represents an infinitely
      wide gear wheel.
PAR  In further variant of the invention, the driving rocking shaft 145 (FIG.
      29) can be formed also as a multi-spline shaft on which are pushed a
      number of gear wheel units which are arranged in series axially and which
      are provided with axial splines to match the multiple spline shaft.
PAR  The intermediate gear wheel 144 is free to rotate, but it is fixed axially
      on the fixed shaft 146 (FIG. 29) on whose other end (not shown) is fitted
      a second intermediate gear wheel which is used to drive the right hand
      needle bar.
PAR  Since the needle and the piercer operate alternately, i.e., never at the
      same point of time, it is possible to drive both only by a single driving
      rocking shaft 145 in an ideal manner.
PAR  The strokes of a different nature which the needles or piercers may need,
      and for which correspondingly different rocking angles are necessary, are
      controlled by the driving arrangement of the rocking shaft, which can be,
      for example, a step motor, which works preferably by hydraulics.
PAR  In FIG. 30 the sliding gear wheels 126 and 127 are in engagement with the
      toothed segments 142 and 143 and this is their working position. At the
      same time the sliding gear wheels 147 or 148 which are drawn with broken
      lines disengage from their toothed segments 149 or 150 (needle drive). In
      this case the needle bars are designated 151 and 152. The sliding gear
      wheels 126 or 127 have at their outward facing ends cutouts 153 and 154 in
      the same manner as in the sliding wheels 147 or 148.
PAR  Since the axial distances of the sliding gear wheels 126 and 147 or of 127
      and 148 are constant and, hence, also their cutouts are always constant,
      the coupling bearing block 155 or 156 can accommodate both follower pins
      157 and 158 for the left hand, or 159 and 160 for the right hand head.
PAR  The coupling process by means of the actuating bars 161 or 162 and the
      control process by means of the control shaft 163 or 164 (FIGS. 29, 31),
      by means of which the follower pins 157 and 158 or 159 and 160 are located
      in the cutouts 153 or 154 or which are moved out of them, are carried out
      in principle in the manner specified above; however, in the case of the
      present invention they are also simultaneously used for the piercer repeat
      change.
PAR  The programming is carried out not only by rotating the control shafts 163
      or 164 (FIGS. 29, 31), but additionally by axial displacement over a
      certain distance, by which it is possible to accommodate further programs
      on the circumference of the control shafts within the intervals from 157
      to 158 or from 159 to 160 (FIG. 31).
PAR  The needle piercer units which are made inactive from time to time must be
      held in their initial position in such a manner that the sliding gear
      wheels can be reengaged accurately. For this purpose blocking pieces 165,
      166 or 167, 168 (FIG. 31) are provided, whose one end face is formed into
      a single gear tooth 169 (FIG. 32) which can engage with a tooth gap of the
      particular toothed segment 142, 143, 149, or 150 which may face it.
      Blocking pieces which can be shifted vertically in the coupling bearing
      blocks 155 or 156 are arranged so that the tooth block 169 can enter
      correctly into the facing tooth gap and they are locked by screws 170,
      171, 172 or 173 (FIG. 31) after adjustment.
PAR  The actuating shafts 163 or 164 are connected in a further variant of the
      invention to a second, third or even further actuating shafts.
PAC  ADVANTAGES OF THE INVENTION
PAR  According to the invention the following advantages are achieved among
      other aspects:
PAR  1. In contrast to the mono or duo embroidery head it is now possible to
      achieve a simultaneous arrangement of embroidery heads on a common basic
      guide in a staggered and linear manner. This results in a saving of about
      50% of basic guides.
PAR  2. The technological total outlay for components can be appreciably reduced
      (about 4000-6000 separate components fewer per machine), referred to a
      machine with known mono and duo head, without having to consider any
      possible disadvantages.
PAR  3.The compact design of the universal embroidery head ensures an
      unobstructed view and an unimpeded access to the embroidery basic fabric.
PAR  4. The universal embroidery head solves the problem of individual, group or
      total coupling and decoupling of automatically controlled embroidery
      stations depending on the pattern requirements. For example, it is not
      possible to make burnt-out lace with previously known surface embroidery
      machines with mono or duo embroidery heads because for this kind of
      embroidery a basic fabric must be etched out after the embroidery process.
      For this etching processing it is necessary that in the first instance a
      basic guide stiches a suspension hem, in which case no other basic guide
      must produce embroidery; only after this hem for facilitating
      aftertreatment has been stitched, must all the embroidery stations of the
      machine embroider the pattern over the whole surface area. This method can
      be carried out on standard linear embroidery machines without any effort,
      because embroidering is carried out here line by line. However, this is
      not possible on previously known surface embroidery machines.
PAR  5. Furthermore, it is possible to couple and decouple embroidery heads as
      required which is especially necessary for color embroidery, so that the
      application range of a surface embroidery machine is appreciably extended
      by means of the embroidery head according to the invention.
PAR  6. The embroidery head according to the invention can be supplemented by
      further additional accessory components for a large variety of patterns.
      For example, an additional drive can push a simple lever to an adjustable
      amount sideways. In this case the lever grips at a suitable moment the
      needle yarn (at the uppermost position of the stroke of the needle) and
      pulls it sideways; after this the needle again penetrates the fabric. A
      loop is formed when the lever returns into its initial position. In this
      manner a pile loop or a velvet pile is formed. If the loop is not cut, the
      embroidery product produced in this manner is a carpet embroidery, tufting
      or a terry towelling; if the pile is cut then plush or velvet is obtained.
      Hence, it is possible with the embroidery head according to the invention
      to mount additional components directly on the basic design in order to
      obtain new embroidery pattern products.
PAR  7. Furthermore, the universal embroidery head can also couple and decouple
      the piercer in any required manner as in the case of the needle, which was
      previously not possible with the linear embroidery machine. The range of
      patterns which could be produced previously with the linear embroidery
      machine can be appreciably extended with the embroidery machine according
      to the invention with the universal head, and completely new patterns can
      be embroidered.
PAR  8. The needle and piercer drive are combined into a common drive, whereby
      the overall design of the embroidery head is considerably simplified.
PAR  9. The width adjustment of the embroidery station elements within an
      individual embroidery head makes it possible to reduce considerably the
      number of required basic guides and to create additional pattern
      possibilities, which could not be achieved with previous means.
PAR  In principle, according to the invention the movement arrangement selected
      is such that the needle is operated continuously and the yarn catcher,
      piercer, front yarn knife, etc., are arranged to operate intermittently or
      their movements are interrupted; this is in contrast to the mono or duo
      embroidery head arrangement in which the stitching functions were carried
      out exclusively purely mechanically by means of linkages and lever
      systems, adjusting levers, etc. While the needle must work continuously in
      continuous operation, the yarn catchers, front yard knife, etc., become
      active only if an embroidery field racking occurs (approximately every 6
      to 10 minutes) and then only for one to two strokes in which every time a
      straight line movement is carried out. The piercer is also moved in a
      straight line; however, the stroke frequency is higher, about 1/4 of the
      full pattern stitch number, i.e., about every 6 to 10 minutes one quarter
      of the strokes are piercer strokes. While the continuous actuation of the
      needle is carried out purely mechanically as previously, the intermittent
      actuation of the yarn catchers, front yarn knives, piercers, etc., is
      carried out according to the invention by means of a different operating
      medium which carries out the movement immediately and directly. This
      operating medium can be the force of a magnet or a hydraulic force;
      however, a miniature pneumatic system is used as the preferred arrangement
      in which the working medium is air.
PAR  A further significant advantage of the universal head according to the
      invention is that a widening is possible. As is well known, the needle
      lateral standard interval is fixed at 84 mm. This dimension results from
      4/4-12/4 repeat (84 mm) which is the most widely used in embroidery work;
      alternatively, it is also due to space requirements. For certain articles,
      e.g., in the domestic textile sector, especially in irregular patterns, a
      larger, i.e., wider needle lateral interval is required in the embroidery
      work. Previously it was necessary not only to move the basic guides apart
      -- embroidery heads have only one fixed, given dimension -- but it was
      also necessary to dismantle one part of the embroidery head of the basic
      guide. This causes loss of time and money which is avoided in the case of
      this invention by arranging the head piece in the universal embroidery
      head of each mounted embroidery head so that it can be dismantled and
      replaced by a different head piece, in which the needle interval is
      increased by means of spacer pieces beyond the 84 mm dimensions. The
      housing of the particular individual head remains unchanged in this case.
PAR  It is proposed in a further variant of the invention to arrange a certain
      twin needle head on the needle bar. In this manner it is possible to
      extend appreciably the range of patterns which can be achieved with the
      machine according to the invention, especially with respect to color
      embroidery, because each needle yarn in the twin needle head can be of
      different color or they can be of different structure. In this case, in a
      useful variant yarn, guiding tubes for both needle yarns are clamped on
      the needle head, for example, by straps.
PAR  On using a driving medium which differs from mechanical systems, e.g.,
      compressed air, for driving of the embroidery tools, with the exception of
      the stitching needle, a specially useful and space saving arrangement with
      respect to the design is obtained for the machine according to the
      invention because the driving medium involved is supplied to the universal
      embroidery head itself in all instances. As already described above, this
      working medium, which replaces mechanical systems can also be a
      pressurized liquid or magnetic force instead of compressed air or
      compressed gas; the application of a pneumatic system in association with
      miniature pneumatic cylinders, however, has been found to be especially
      useful and effective.
PAR  The control of individual drive elements is carried out either by hand or
      by means of a pattern punched card. When a full field has been removed and
      if this full field is replaced by a new one, then an embroidery field
      racking must be carried out for each kind of embroidery. The movements of
      the yarn catcher, front yarn knife, etc., which are required for such
      embroidery field racking are carried out preferably by electro-pneumatic
      methods. In this case a number of embroidery stations, e.g., a complete
      basic guide can be connected by air lines and they can be operated by a
      common solenoid valve. This always involves all embroidery stations. The
      starting command for the embroidery field racking comes from the pattern
      punched card or from another corresponding data carrier and it is
      converted into an electric pulse. This process can also be initiated by
      means of a manual switch. The starting pulse is fed into appropriate pulse
      stores and connecting circuits. The point of time and duration of
      energizing of individual solenoid valves and hence that of the
      corresponding embroidery tool is established in conjunction with the
      triggering signals which are derived from other machine movements or which
      are obtained by time and sequence control stages.
PAR  On selecting an embroidery station for creating a pattern, the necessary
      movements of the piercers are carried out especially by the
      electro-pneumatic method. A grouped connection and control is possible by
      means of a common solenoid valve only for embroidery stations which always
      work together. Depending on the development stage, a corresponding number
      of groups are available and in extreme case each embroidery station is
      provided with its own solenoid valve.
PAR  The command for actuating the piercer arrives once again from the pattern
      punched card or from an appropriate data carrier. Commands are further
      processed as described above, in conjunction with the embroidery field
      racking, and they trigger the given working process by energizing the
      solenoid valve. Selection of the embroidery stations which participate in
      making the pattern can also be contained in the abovementioned data
      carrier. However, it is also possible to carry out this selection by means
      of a separate punched card or an appropriate means. Similarly, it is
      possible to select individual embroidery stations or groups by means of a
      manual switch.
PAR  For example, in practice a machine in the basic form has no selection
      scope, i.e., the command "piercing" influences only one single solenoid
      valve from which all piercers are actuated together. For later
      re-equipping of a basic form machine a selector arrangement must hence be
      provided; moreover, a special solenoid valve with corresponding signal
      storage and with corresponding connecting circuits must then be provided
      for each group to be formed.
PAR  Owing to the wide variety of switching possibilities within the above
      described control systems in which one enclosed basic guide with two
      embroidery stations and/or with only one embroidery station of a basic
      guide and/or certain embroidery stations can be switched within the
      individual basic guide, there results an extremely wide range of patterns
      in which it is also possible to carry out clearings during a pattern
      embroidery process.
PAR  It is also possible to control, i.e., to couple and decouple, every
      universal embroidery head according to the invention individually. This
      controlling method can be achieved if the operating medium, for example
      air, is supplied instead of or in addition to the central supply per
      embroidery station and if this special supply is controlled, when
      compressed air is used, e.g., by means of multiway valves from the main
      supply. In the mechanical section, the follower pin is not then controlled
      by means of the actuating shaft, but e.g. by solenoid valves etc. For this
      purpose, however, electronic switching elements can also be used and hence
      every individual embroidery station can be controlled electronically.
PAR  On considering the application of such special models of the embroidery
      machine according to the invention, application possibilities are found,
      for example, where the form part concerned, e.g., a Japanese kimono,
      requires a large area in the overall embroidery field, so that for this
      embroidery purpose there remains sufficient room for the components which
      demand a great deal of space, such as hoses. For products of this kind,
      naturally the number of embroidery stations is small. By means of the
      above described techniques, it is now possible for example, to produce
      directly by machine genuine Japanese kimonos, which are at present made as
      handicrafts, with similar colored pictures, so that no difference can be
      detected in the quality of embroidery.
PAR  Other advantages and modifications will readily become apparent to those
      skilled in the art, and all such modifications are desired to be covered
      by the claims attached hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An embroidery machine including at least one embroidery station, each
      such station having at least one universal embroidery head, each universal
      head accommodates on the needle side thereof a plurality of embroidery
      station elements including needles, piercers, fabric pressures, yarn
      catchers and front yarn knives;
PA1  means coupled to said elements for adjusting said elements vertically and
      horizontally over an embroidery field;
PA1  a basic guide;
PA1  each universal head comprises two individual heads (1,2) associated with
      said elements;
PA1  means for selectively arranging said individual heads, together with their
      corresponding elements, on said guide side by side, staggered, or
      steplessly relative to each other, whereby said elements are adapted to
      become selectively coupled and decoupled individually, in groups, or all
      together; and
PA1  driving means including mechanical means for driving at least some of said
      elements in said embroidery station.
NUM  2.
PAR  2. The embroidery machine according to claim 1 and non-mechanical driving
      means for driving at least some other of said elements.
NUM  3.
PAR  3. The machine of claim 2 wherein said non-mechanical drive means (65-70)
      drive those of said elements including the piercers, yarn catchers and
      front yarn knives that carry out an intermittent movement in a straight
      line.
NUM  4.
PAR  4. The machine according to claim 3 wherein the drive for the intermittent
      movements is a miniature pneumatic cylinder.
NUM  5.
PAR  5. The embroidery machine according to claim 4, wherein the stroke of the
      miniature pneumatic cylinder can be adjusted axially in order to move the
      piercer to the required different penetration depth into the embroidery
      fabric.
NUM  6.
PAR  6. The embroidery machine according to claim 5, and a control lever (72) is
      provided in contact with a cylinder (65) for actuating the piercer and
      said lever (72) determines the required position of said cylinder by
      control means (74).
NUM  7.
PAR  7. The embroidery machine according to claim 2 wherein said elements are
      arranged so that their width can be selectively adjusted.
NUM  8.
PAR  8. The embroidery machine according to claim 1 wherein each individual head
      has an accommodating housing (35,36) on which additional elements (33, 34,
      76, 77) can be mounted in modular form to extend the embroidery programs
      and designs.
NUM  9.
PAR  9. The embroidery machine according to claim 1 wherein needle bars (20) are
      provided, and said mechanical driving means (3, 21, 22, 23, 24, 39) drive
      the needle bars (20) of said individual heads (1,2) with continuous
      movements that are oscillating and linear.
NUM  10.
PAR  10. The embroidery machine according to claim 9 wherein the needle bar
      drives can be coupled and decoupled in groups or independently from the
      opposite head.
NUM  11.
PAR  11. The embroidery machine according to claim 1 wherein said driving means
      include two actuating shafts (53,54) which are independent of each other
      and which can be optionally coupled to each other.
NUM  12.
PAR  12. The embroidery machine according to claim 1 and follower pins (57,58)
      and wherein said driving means include two preprogrammed control shafts
      (59,60) which are independent of each other on said follower pins, said
      control shafts being adapted to control needle bar actuating shafts
      (53,54) according to a selected program.
NUM  13.
PAR  13. The embroidery machine according to claim 1 including means
      (35,36,76,77) for extending the horizontal basic needle interval in steps.
NUM  14.
PAR  14. The embroidery machine according to claim 1 wherein a needle bar (20)
      is connected with a toothed rack (24) via a latch (25) and a coupling
      piece (26) whereby said needle bar can be detached.
NUM  15.
PAR  15. The embroidery machine according to claim 1 and a driving rocker shaft
      (3) mounted in bearings in such a manner that an individual head (1) can
      be removed therefrom in a radial direction.
NUM  16.
PAR  16. The embroidery machine according to claim 15 wherein the rocker shaft
      (3) is mounted in a semicircular bearing sleeve (27) which is arranged in
      the individual head housing in such a manner that a bearing gap (38) is
      formed through which the individual head can be removed in a radial
      direction from the rocker shaft, and a clamping piece (30) for securing
      said bearing sleeve.
NUM  17.
PAR  17. The embroidery machine according to claim 16, wherein said drive means
      (21,32) are pinions, and pinion (32) is fastened outside the individual
      head on shaft (3).
NUM  18.
PAR  18. The embroidery machine according to claim 1, and needle bars 20 having
      toothed racks 24, and a shaft (40) for carrying driving wheels (23,39)
      which engage with the toothed racks (24) of the needle bars, said shaft
      (40) is mounted for axial displacement, and
PA1  locking means (24') for effecting different locking positions by mutually
      engaging the driving wheels and the toothed racks.
NUM  19.
PAR  19. The embroidery machine according to claim 1 wherein the actuating
      elements (43) are arranged to act together with shaft (40) in such a
      manner that the gear wheels (23,39) of corresponding individual heads
      (1,2) can be brought out of engagement with the driving wheels but they
      remain in engagement with their needle bar toothed rack (24).
NUM  20.
PAR  20. The embroidery machine according to claim 19, wherein a single
      actuating shaft (48) is provided for both individual heads (1,2).
NUM  21.
PAR  21. The embroidery machine according to claim 19, wherein each individual
      head (1,2) is provided with its own actuating shaft (53,54) with follower
      pins (57,58).
NUM  22.
PAR  22. The embroidery machine according to claim 21, wherein each actuating
      shaft (53,54), has a control shaft (59,60).
NUM  23.
PAR  23. The embroidery machine according to claim 1, wherein a needle bar (20)
      is provided with a twin needle head (80) and two yarn tubes (91,92) for
      guiding the needle yarn (87,88) to yarn guiding holes (93,94), said tubes
      being fastened on said head (80).
NUM  24.
PAR  24. The embroidery machine according to claim 1, wherein the front yarn
      knife is accommodated within the housing of the embroidery head.
NUM  25.
PAR  25. The embroidery machine according to claim 1, wherein the drive
      (147,148) for needles (151,152) and the drive (126,127) for piercers
      (140,141) are actuated by a common drive arrangement (145).
NUM  26.
PAR  26. The embroidery machine according to claim 25, wherein the needles,
      piercers and yarn clamping-cutting arrangements are actuated by the common
      drive arrangement (145).
NUM  27.
PAR  27. The embroidery machine according to claim 26, wherein the drive
      arrangement (145) is powered by a step motor.
NUM  28.
PAR  28. The embroidery machine according to claim 27, wherein the coupling and
      decoupling of said elements is carried out by means of control shafts
      (163,164) which can be rotated and moved axially.
NUM  29.
PAR  29. The embroidery machine according to claim 28, wherein the actuating
      shafts (163,164) are associated with further actuating shafts.
NUM  30.
PAR  30. Embroidery machine according to claim 27, wherein the coupling and
      decoupling of said elements is carried out by means of an electronic
      program arrangement.
NUM  31.
PAR  31. The embroidery machine according to claim 25, wherein the drive
      arrangement (145) is a toothed continuous shaft.
NUM  32.
PAR  32. The embroidery machine according to claim 31, wherein the needle and
      piercer units are held in their initial positions by blocking elements
      (165 to 169), which can be brought into locking engagement with matching
      elements in the individual heads.
NUM  33.
PAR  33. The embroidery machine according to claim 32, wherein the blocking
      elements (165-169) are toothed elements which are mounted in such a manner
      in the actuating bearing blocks (155,156) of the individual heads that
      their height can be adjusted.
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ABST
PAL  A device is disclosed for use in demolishing a consolidated and hardened
      slurry body remaining in the form of a wall along the sidewalls of a hold
      in a ship or the like, being particularly useful in a wet-loading and
      dry-unloading method used in an iron-ore carrier which is loaded with
      iron-ore in a slurry state in its hold. For demolishing slurry walls, an
      arm having reciprocating edges at opposite ends thereof is extended
      downwardly from the deck of the carrier into the hold to thereby demolish
      the slurry walls. This device is removable and its essential parts are
      designed to be replaceable with other parts to accommodate different hold
      dimensions, so that use is practical in all carriers. The device
      alternatively may include a backdozer which also uses a reciprocating edge
      extending from its boom. The device disclosed here thereby provides for a
      safe and efficient demolishing operation without relying upon manual
      labor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a device for use in demolishing, by
      using the reciprocal movement of an edge, a consolidated and hardened
      slurry body remaining in the form of a wall along the sidewalls of the
      hold of an iron-ore carrier, and more particularly to a device used in a
      wet-loading and dry-unloading method for iron-ore loaded in a slurry state
      in the carrier hold.
PAR  2. Description of the Prior Art
PAR  Before proceeding with the description of the present invention, it may be
      of assistance for a better understanding of the features of the invention
      to give a detailed description of the background of the so-called
      "wet-loading and dry-unloading system" used in transporting iron-ore in a
      slurry state from a mine via ocean to a refinery, including the use of an
      iron-ore transport ship or carrier.
PAR  Heretofore, two types of iron-ore transportation systems have been
      proposed, one being called the "dry-loading and dry-unloading system", and
      the other being referred to as a "wet-loading and wet-unloading system".
PAR  The iron-ore as used herein refers to a magnetite of a lower iron content,
      which is supplied in a fine powder after being crushed and dressed by a
      known method.
PAR  The size of this fine powder is that of about 44 .mu. particles, which
      usually amounts to about 80% of the total amount of the iron-ore. Because
      of its very fine size and poor water permeability, this kind of iron-ore
      causes a number of troublesome and hence uneconomical problems in
      providing for surface transportation, that is, in the land and sea
      transportation thereof.
PAR  For simplifying the description, the disadvantages or problems associated
      with the above two transportation systems will be enumerated below
      according to the type of system.
PAL  A. Dry-loading and dry-unloading system
PAR  In this system which has long been practiced, iron-ore is transported by
      land carrier, such as trucks or railroad, from a mine to a shipping
      harbor, where a huge ore transport ship or carrier, such as one having a
      load displacement of about 160,000 tons is loaded with the dry ore by belt
      conveyors or the like. Then, when the ore carrier arrives at an unloading
      harbor, the dry ore is unloaded by a crane or the like after the carrier
      has approached the quay. The disadvantages of this system are as follows:
PAR  1. The transportation expense is extremely high because of the use of such
      land transportation as trucks or railroads;
PAR  2. Large scale harbor facilities are required, because the huge ore carrier
      must approach thereto for loading and unloading. Accordingly, the natural
      conditions of the harbor are predominant factors to the solution of the
      problems. Therefore, the land transportation expense comprises a major
      portion of the total transportation expense.
PAL  b. Wet-loading and wet-unloading system
PAR  This system is designed to solve the problems of high transportation
      expense required for transporting iron-ore from a mine to an ore carrier.
      In this system, iron-ore in fine powder form is mixed with water and a
      pipe line is laid from a mine to a shipping harbor, and if required, the
      pipe line may be extended to the offing for loading the carrier with
      iron-ore in a slurry state. This provides very simple and economical
      facilities for the intended purpose, thereby reducing the expense of
      transportation to a great extent. However, the disadvantages thereof
      offset the above benefit, despite the convenience of the transportation
      facilities. Those disadvantages are as follows:
PAR  1. A large reservoir or pond is needed near the shipping harbor for storing
      a great amount of iron-ore in a slurry state for subsequent loading, as
      opposed to the simple land-piling of iron-ore of the former system. Thus,
      a broad site is required for such reservoirs.
PAR  2. At the unloading harbor, a large dehydrating facility is required for
      handling the bulky iron-ore in its slurry state. This requires the same
      scale of harbor facilities and unloading equipment as those used in the
      former system, and thus leads to duplicate investment.
PAR  3. During the long period of sailing of the iron-ore carrier, the iron-ore
      in a slurry state loaded in the carrier sediments by its gravity and then
      consolidates.
PAR  This unfavorable phenomenon is an extremely troublesome problem which is
      experienced in the transportation of the slurry ore. More particularly,
      once the iron-ore is loaded in the hold of a carrier, the iron-ore
      particulates begin with sedimentation at a relatively higher rate, while
      being accelerated due to the pressure or gravity of the upper layer of the
      slurry, with the result that the water content of the slurry is reduced
      from 30 to 40% at the time of loading to about 14% before sailing. As time
      goes on, the slurry in the hold of the carrier is further consolidated
      with the aid of the vibration, pitching and rolling of the carrier. As a
      result, the water content in the slurry is reduced further to about 7% to
      8%. This value is naturally dependent on the time period of the
      navigation, but it has been found to range from 8% to 10% for normal
      sailing periods. The water content in the slurry exhibits gradual decrease
      from the top to the bottom of the slurry body due to the gravity of the
      slurry, thus leaving above the top layer of the slurry the water which has
      been wrung out from the slurry body due to its gravity sedimentation. The
      slurry body consolidated in this manner thus presents a considerably great
      resting angle or stability of shape, and therefore the sedimented slurry
      body may not crumble even if it remains in the form of a vertically
      extending wall along the sidewalls of the hold of the carrier, although it
      may be demolished by driving a tool having a sharp edge thereinto.
PAR  Meanwhile, such a consolidated slurry body may be again restored to a
      slurry state by spraying water thereinto under pressure to transport it to
      a refinery a long distance away from the unloading harbor. However, this
      attempt apparently results in extremely higher expense of the
      transportation facilities with considerable difficulties and thus is
      impracticable.
PAR  With those difficulties in mind, further description of the background of
      the invention will now be given.
PAR  When the gravity sedimented and consolidated slurry body contained in a
      hold is unloaded with a grab-bucket of the conventional type, there are
      many difficulties, because of the uniformity or levelled top surface of
      the slurry body and its compactness.
PAR  Therefore, in this invention, the slurry body may be unloaded by using
      grab-buckets of a heavy-duty type, while leaving a slurry body of a wall
      form along the sidewalls of the hold of the carrier. The wall of the
      slurry body which is left remaining is caused by the failure of the
      grab-buckets to be able to reach the sidewalls of the hold, which in turn
      results from the poor hatch design and the like, Generally, the amount of
      such remaining slurry body corresponds to about 30 to 40% by volume of the
      total slurry body.
PAR  It is dangerous for an operator, however, to demolish such a slurry body of
      a wall form which remains along the sidewalls of the hold of a carrier,
      when having recourse to conventional tools, such as a backdozer.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a principal object of the present invention to provide a
      device for safely and efficiently demolishing the consolidated and
      hardened slurry body remaining in the form of a wall along the sidewalls
      of the hold of an iron-ore carrier.
PAR  It is a further object of the invention to provide a device of the kind
      described for demolishing the consolidated and hardened slurry body
      remaining in the form of a wall along the sidewalls of the hold of an
      iron-ore carrier having removable parts to permit ready replacement to
      adjust the device for use on iron-ore carrier holds of different
      dimensions.
PAR  It is a still further object of the invention to provide a device which
      uses a backdozer, is safely and efficiently operable, and has a
      reciprocating edge suspended from its boom, which is capable of movement
      back and forth in its axial direction.
PAR  The foregoing and other related objects can be readily attained in a device
      according to this invention which uses a horizontally disposed extensible
      arm having reciprocating edges at its opposite ends and which can be moved
      downwardly into the hold of an iron-ore carrier for having the edges
      driven into the slurry body for demolishing the same. The arm is affixed
      to an elongated vertically oriented inner cylinder which is extensible and
      retractable in a telescopic relation from an outer cylinder which is
      mounted on a turning means, or turntable to allow the turning of the arms
      through a given angle. The turning means is further mounted on a laterally
      traveling platform which is then mounted on a longitudinally traveling
      platform mounted on the opposing edges of a hold opening, or a hatch, such
      that the arm can assume any desired position within the hold. One of the
      reciprocating or demolishing edges of the arm has a flat shape to match
      the flat sidewalls of the hold and another has an appropriate shape which
      is in register with the corners of the hold. The arm can be turned through
      a desired angle by rotating the turntable, such that the edge having a
      flat shape can be applied to each of the sidewalls of the hold and the
      other edge is applicable to each of the corners thereof.
PAR  According to another aspect of the invention, the device alternatively
      comprises a backdozer provided with a boom, from which is suspended a
      reciprocating means to which is affixed a demolishing edge that is thereby
      afforded reciprocating movement. By placing the backdozer described into
      the hold, the slurry body remaining in the form of a wall along the
      sidewalls of the hold may be readily demolished with safety, which is
      afforded by the provision of an iron plate protector provided in an
      operator station thereon.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and attendant advantages of the
      present invention will be more fully appreciated as the same becomes
      better understood from the following detailed description when considered
      in connection with the accompanying drawings wherein like reference
      numerals designate like or corresponding parts throughout the several
      views and in which:
PAR  FIG. 1 is a schematic view of one embodiment of the present invention
      operatively engaging the slurry body remaining in the corners of the hold
      while performing a demolishing operation thereon;
PAR  FIG. 2 is a plan view of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along an edge portion of the hold;
PAR  FIG. 4-1 is a side elevation of a demolishing edge of the arm of the
      present device adapted for use in demolishing the flat surfaces of the
      sidewalls;
PAR  FIG. 4-2 is a front view of the edge shown in FIG. 4-1;
PAR  FIG. 4-3 is a top view of the edge of FIG. 4-1;
PAR  FIG. 4-4 is a bottom view of the edge of FIG. 4-1;
PAR  FIG. 4-5 is a perspective view of the edge of FIG. 4-1;
PAR  FIG. 5-1 is a side elevation of a demolishing edge adapted for use in
      demolishing the slurry body remaining in the corners of the hold, as
      viewed from the arrow direction A of FIG. 5-3;
PAR  FIG. 5-2 is a front view of the edge of FIG. 5-1, as viewed from the arrow
      direction B of FIG. 5-3;
PAR  FIG. 5-3 is a top view of the edge of FIG. 5-1;
PAR  FIG. 5-4 is a bottom view of the edge of FIG. 5-1;
PAR  FIG. 5-5 is a perspective view of the edge of FIG. 5-1;
PAR  FIG. 6 is a cross-sectional view of a demolishing device according to this
      invention shown moving on the opposing edges of the hatch opening, and
      taken along the line A'--A' of FIG. 9;
PAR  FIG. 7 is a cross-sectional view of the demolishing device of FIG. 6 which
      has completed the demolishing operation on the slurry body remaining along
      the longitudinal sidewalls of a hold;
PAR  FIG. 8 is a longitudinal cross-sectional view of the demolishing device of
      this invention taken along the line B'--B' of FIG. 6;
PAR  FIG. 9 is a plan view of the upper deck of the carrier, shown in the
      condition of FIG. 6;
PAR  FIGS. 10 (a), 10(b) and 10(c) are cross-sectional views of the hold of the
      carrier, showing the changes occurring in the conventional dry ore during
      the unloading operation;
PAR  FIGS. 11(a), 11(b) and 11(c) are cross-sectional views of the carrier hold
      showing the changes occuring in the consolidated and hardened  slurry body
      during the unloading operation;
PAR  FIG. 12 is a side elevation of a backdozer, i.e., a second embodiment of
      this invention, provided with the demolishing means of the invention; and
PAR  FIG. 13 shows the progress of an unloading operation in seven sequential
      diagrammatic views when using the demolishing device of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The demolishing operation as used herein is to be carried out in the stage
      where most of the inner portion of the consolidated and hardened slurry
      body has been unloaded by means of grab-buckets, with some difficulties,
      but in which the consolidated slurry body in the form of a wall has been
      left remaining along the sidewalls of the hold. In this respect, the
      slurry wall is stable in shape and thus cannot be expected to crumble of
      its own accord from the sidewalls of the hold.
PAR  FIG. 1 through FIG. 5 specifically refer to an arm having reciprocating
      edges at the opposite ends thereof and the shapes thereof. The iron-ore
      carrier used as an example herein is of a load displacement 160,000 tons,
      the dimensions thereof being 280 m in length, 47.40 m in width, 24.80 m in
      depth, while the hold thereof is 51.6 m in length, 20.7 m in average
      width, and 21.6 m in depth.
PAR  Referring now to the drawings and in particular to FIGS. 1 through 3, the
      major components of the demolishing device according to the present
      invention may be seen to consist of a longitudinally traveling platform 1
      and a laterally traveling platform 2 carried thereon which are disposed on
      the carrier deck and having mounted thereon a turning means or turntable 3
      rotatably mounted on the platform 2 for rotation about a substantially
      vertical axis and carrying an outer or supporting cylinder 4 and an
      extensible inner cylinder 5 having diametrically opposed arms 6 fixed at
      the lower end thereof and lying in a plane perpendicular to the vertical
      axis of rotation of the cylinder on which an edge 8 adapted for use in
      demolishing the slurry body remaining on the flat surface of the sidewalls
      of the hold is mounted on the end of one of the arms 6 and a similar
      demolishing means having an edge 9 adapted for use in demolishing the
      slurry body remaining in the corners of the hold is mounted on the end of
      the other arm.
PAR  With this arrangement, the longitudinally traveling platform 1 is mounted
      on rails 11 along an edge 14 of the hatch opening for movement
      longitudinally of the hold, such that the laterally traveling platform 2
      carrying the turntable 3 and the arms 6 supported thereby may be moved in
      their entirety in a longitudinal direction of the carrier.
PAR  The laterally traveling platform carries thereon the turning means 3 and
      the arm 6, including the edges 8 and 9, and hence they move in entirety in
      a lateral direction of the carrier.
PAR  The turning means or turntable 3 is adapted to turn the supporting or outer
      cylinder 4, and hence the arm 6, around the center line of the laterally
      traveling platform 2. The supporting outer cylinder 4 is adapted to
      support the extensible inner cylinder 5 therein, such that the inner
      cylinder 5 can be housed in or withdrawn into the outer cylinder 4.
PAR  A plurality of extensible inner cylinders 5, being 5 in number in this
      embodiment, may be provided to form a telescopic construction for
      supporting the arm 6 which is attached to the lower end thereof and which
      extends in horizontal opposite directions therefrom, respectively, the
      inner cylinder being extendable from the outer cylinder in a downward
      direction into the hold.
PAR  The horizontally extensible arm 6 has a pair of demolishing or
      reciprocating means 7 at its opposite ends and also is of an extensible
      construction, thereby permitting adjustment of the length of the arm being
      extended.
PAR  The demolishing means may be of a conventional type, such as a breaker used
      in the civil engineering field, the breaker used in this embodiment being
      so designed as to produce reciprocal movement for the edge in its axial
      direction.
PAR  The edge 8 provided for the flat surface of the sidewalls of a hold is of a
      shape which well matches the flat portion 17 of a hold 12 and, as shown in
      FIG. 4, has a wedge-shaped configuration. In this embodiment, the width of
      the edge may be approximately 750 mm, for example, because the hardness of
      the consolidated and hardened slurry body is not too great, in contrast to
      the conical shape of the edge of a conventional crusher for crushing an
      extremely hard matter.
PAR  The edge 9 provided for the corners of the hold is adapted to demolish the
      slurry body remaining in the corners 16 of the hold 12 efficiently and
      without damaging the hold corners, and thus has a shape matching with that
      of the corners. In this embodiment, the corner 16 is shown being formed
      with the longitudinal and lateral sidewalls thereof both having an
      inclined angle of 78.degree., such that the edge is constructed in an
      L-shaped configuration in a horizontal cross-section and in a wedge shape
      in the vertical cross-section, as shown in FIGS. 5-1 and 5-2.
PAR  The consolidated and hardened slurry body is produced by crushing the
      iron-ore to a fine powder, followed by a mixing with water so as to give a
      slurry state, loading the same in a carrier and then subjecting the same
      to a dehydrating process in the carrier, such that it presents about 8%
      water content, an apparent specific gravity of about 4, and an "N" value
      for a standard penetrating test of about 20, the value "N" used in the
      standard penetrating test herein being defined according to JIS (Japanese
      Industrial Standard) A1219 as the dropping cycles of a weight or block of
      63.5 kg dropped from a height of 75 cm upon a pipe of 51 mm in diameter to
      drive the same into the ground to a depth of 30 cm.
PAR  Meanwhile, when the majority of the slurry body 13 in the hold 12 has been
      demolished by means of the edge 8 for the flat portion, thereby leaving
      the slurry body 13 only in the corners 16 of the hold 12, then the
      horizontally extensible arm 6 is turned through 180.degree. by means of
      the turning means 3 to cause the corner edge 9 on the other end of the arm
      to replace the positon of the flat edge 8, with the direction of the arm 6
      being aligned with the diagonal of the hold. In this embodiment, the arm 6
      is positioned at 45.degree. to the center line of the carrier.
PAR  Then the corner edge 9 is moved toward the corner 16, while the inner
      cylinder 5 is extended downwardly with the demolishing means being
      operated, thus carrying out the demolishing operation of the slurry body
      remaining in the corners 16. In this respect, the extensible arm is so
      designed as to be retracted with the descending corner edge 9 along the
      corner 16, thereby precluding the possibility of leaving a portion of
      slurry body undemolished and of causing damage to the corner 16 of the
      hold.
PAR  The advantages of the device of the present invention can be summarized as
      follows:
PAR  1. A proper weight balance of the entire demolishing device can easily be
      maintained because the arm 6 extending horizontally from the lower end of
      the extensible or inner cylinder 5 has demolishing means 7 at the opposite
      ends thereof, respectively. In addition, two kinds of edges can be
      provided, such as a flat edge 8 and corner edge 9.
PAR  2. Since the flat edge 8 affixed to the demolishing means 7 is of a shape
      to match with the flat portion of the sidewalls of the hold and the corner
      edge 9 affixed to the other demolishing means 7 has a shape to match the
      corners of the hold, there is no possibility of leaving a portion of
      slurry body undemolished nor causing damage to the corners of the hold,
      whereby the demolishing operation can be carried out safely and
      efficiently.
PAR  3. Since the horizontally extensible arm 6 can be turned through
      180.degree. about the center line of the extensible or inner cylinder 5,
      either of the edges 8 or 9 can readily be directed to the wall of the
      slurry body, depending on the configuration thereof.
PAR  Turning now to FIGS. 6 through 8, in which are shown the construction of
      the longitudinally and laterally traveling platforms, along edges 101 of
      the hold, there is disposed a longitudinally traveling platform 102 on
      which a laterally traveling platform 103 rides, and a supporting or outer
      cylinder 104 is carried thereon, from which an extensible inner cylinder
      105 depends. The horizontally extensible arm 106 is mounted at the bottom
      end of the extensible inner cylinder 105 and a demolishing or
      reciprocating means 107 is disposed at the opposite ends thereof.
PAR  In addition, the opposing edges 101 of the hatch opening not only serve to
      support the oil-tight covering 111 but also serve as rails for the
      longitudinally traveling platform.
PAR  According to another aspect of the invention, each set of opposing edges
      101 of different hatches are coupled with connecting rails so that the
      longitudinally traveling platform 102 can be moved throughout the entire
      length of the hatch compartments, longitudinally of the carrier. More
      particularly, the longitudinally traveling platform 102 can be moved on
      the edges 101, that is on the rails of the hatch openings and the
      connecting rails 112, with the laterally traveling platform being carried
      thereon. The longitudinally traveling platform 102 is provided with four
      wheels at the underside of the square frame thereof and can be driven by
      means of a Diesel engine, or the like.
PAR  The most important feature of the longitudinally traveling platform is that
      it can be removed as required.
PAR  The laterally traveling platform 103 can be moved laterally of the carrier
      on rails provided on the longitudinally traveling platform 102, with the
      supporting or outer cylinder 104 being mounted thereon, and also may be
      driven by a Diesel engine or the like, and it too is provided with four
      wheels on the underside thereof. Like the longitudinally traveling
      platform 102, the laterally traveling platform 103 can also be removed
      from the longitudinally traveling platform 102, as desired.
PAR  The supporting or outer cylinder 104 supports the extensible inner cylinder
      105 and maintains the inner cylinder 105 extended into the hold 114 during
      a demolishing operation, while keeping the same retracted into the outer
      cylinder 104 during the traveling over a plurality of holds 114 to thereby
      permit free traveling of the longitudinally traveling platform 102 via the
      connecting rails 112 from one hold or hatch therefor to the other.
PAR  The extensible inner cylinder 105 serves to support the horizontally
      extensible arm 106. The number of the inner cylinders 105 of the
      telescopic construction and the lengths thereof can be determined by the
      depth of the hold 114 and the clearance between the upper deck 115 and the
      unloader, not shown, on the quay side, when approaching to the quay.
PAR  In this embodiment, as shown, however, the extensible inner cylinders are
      two in number and are adapted to be actuated by means of hydraulic
      pressure.
PAR  The horizontally extensible arm 106 can maintain the demolishing means 107
      at a desired attitude, and presents preferable weight balance, as
      hereinbefore described, because of having the demolishing means 107
      disposed at each end thereof, thereby allowing the access of an arm end to
      the slurry body 117 remaining on the longitudinal partition wall 116.
      Furthermore, of course, the width of the arm 106 is so designed as to be
      short enough for permitting free passing through the hatch opening 113.
PAR  The arm 106 can be readily removed from the lower end of the extensible
      inner cylinder 105 and can be replaced with another arm whose dimensions
      are more well adapted to those of the hatch 113, where different size
      hatch openings are encountered.
PAR  The demolishing means 107 serves to demolish the slurry body 117 remaining
      on the longitudinal partition wall 116, and a breaker of conventional type
      as used in the civil engineering field can be used for this purpose, as
      hereinbefore described. In this embodiment, a hydraulic type breaker is
      preferably used rather than a pneumatic type. The hydraulic pressure can
      be applied to the demolishing means 107 through a hydraulic pipe 108 from
      a pressure generating means, not shown, which may be mounted on the
      laterally traveling platform 103.
PAR  In operation, when an iron-ore carrier approaches a quay, all oil-tight
      hatch coverings 111 are moved sidewise, and two rails are thus formed
      running over all hatch compartments longitudinally throughout the length
      thereof by using the opposing edges 101 of the hatch opening and
      connecting rails.
PAR  Subsequently by utilizing an unloader prepared at the quay side, the
      longitudinally traveling platform 102 at the same quay side is transferred
      onto the connecting rails 112 which will not interfere with the operation
      of grab-buckets, after which the laterally traveling platform 103 is
      placed on the rails on the longitudinally traveling platform 102.
PAR  In this embodiment, the unloader is capable of lifting a material weighing
      47 tons, while the longitudinally traveling platform weighs about 8 tons
      and the laterally traveling platform about 10 tons, thus presenting an
      ample capacity.
PAR  For demolishing the slurry body 117 remaining in the form of a wall along
      the longitudinal partition wall 116, as shown in FIG. 7, the extensible
      inner telescopic cylinders 105, 105', housed in the supporting or outer
      cylinder 104, ia moved on the opposing edges 101 of the hatch opening or
      connecting rails 112 to the desired hatch opening 113, with the
      demolishing means 107 retracted into the laterally traveling platform 103.
      The dimensions of the supporting or outer cylinder 104 are such as to
      permit its passing under the unloader at the quay side, thus resulting in
      no interference with the unloading operation using the unloader.
PAR  Then, as shown in FIG. 7, the extensible inner cylinder 105 is extended
      downwardly into the hold 114, with the demolishing means 107 being
      operated to thereby demolish the slurry body 117.
PAR  At this time, it is necessary to adjust the attitude of the horizontally
      extensible arm 106 attached to the demolishing means 107, such as, for
      instance, to place it in parallel relation to the longitudinal partition
      wall 116, and further to predetermine the extensible length of the inner
      cylinder 105 so as not to approach within 2 meters of the inner bottom
      plate 118 of the hold. This precludes damage to the carrier body, such as
      to the longitudinal partition wall or an inner bottom plate 118, due to
      interference with the demolishing means 107.
PAR  The features of the longitudinally and laterally traveling platforms may be
      summarized as follows:
PAR  1. Because the longitudinally traveling platform 102 adapted to travel on
      the edges 101 of the hatch opening is removable therefrom, a whole set of
      demolishing device components, such as the platforms 102 and 103, the
      supporting outer cylinder 104, the extensible inner cylinder 105, the
      horizontally extensible arms 106 and demolishing means 107 can be prepared
      on the quay side beforehand, whereby:
PA0  a. There is no need for the device to be equipped for each carrier, but
      instead, it can be commonly used for a plurality of carriers, as required,
      thus enhancing the utilization efficiency thereof.
PA0  b. The maintenance of the demolishing device is simple.
PA0  c. Because the demolishing device can be stored on land, space conservation
      of the carrier is preserved with resultant saving in weight.
PAR  2. The laterally traveling platform 103 is also removable from the
      longitudinally traveling platform 102, whereby:
PA0  a. To accommodate different sizes of hatch openings 113, it is only
      necessary to provide a longitudinally traveling platform 102 whose
      dimensions well match those of the subject hatch opening, such that all of
      the components of the complete demolishing device, except for the
      longitudinally traveling platform, can be used even though different sizes
      in hatch openings are present.
PA0  b. The demolishing device is of a split type as described, such that it is
      well adapted to easy handling.
PAR  3. The horizontally extensible arm 105 is of a telescopic construction and
      can be housed in the supporting outer cylinder 104 mounted on the
      laterally traveling platform 103, whereby:
PA0  a. A single set of components comprising a complete demolishing device can
      take care of all of the holds 114 by utilizing the two rails running
      throughout the entire length of hatch compartments longitudinally of the
      carrier, the rails consisting of the opposing edges of the hatch openings
      101 and the connecting rails 112.
PA0  b. Before operating the demolishing device, the height of the supporting or
      outer cylinder 104 on the upper deck 115 is predetermined so as not to
      interfere with the unloading operation using an unloader.
PAR  4. The horizontally extensible arm 106 attached at its center to the lower
      end of the extensible inner cylinder 105, is provided with demolishing
      means 107 at its opposite ends, whereby:
PA0  a. The portion 117 of the slurry body, which is located sidewise from the
      hatch opening 113 and thus is not usually accessible, can now be
      demolished.
PA0  b. If required, the supporting means for the supporting outer cylinder 104
      provided on the laterally traveling platform 103 can be modified from a
      fixed type to a turn table type, such that the portion 117 of slurry body,
      which is located sideways from the hatch opening or longitudinally of the
      carrier, may be readily demolished.
PAR  As is apparent from the foregoing, the demolishing device of the present
      invention can accommodate any size of hold of the carrier in a simplified
      and convenient fashion, while being capable of taking care of a plurality
      of carriers with a single device. Furthermore, the demolishing or
      reciprocating edges used are of a shape which well matches the
      configuration of the sidewalls or corners of the hold to thereby attain
      the intended demolishing purpose completely, without causing damage to the
      sidewalls and the bottom plates of the hold. This aids in saving manpower
      and cost required for unloading such a consolidated and hardened slurry
      body, and eventually thereby the cost of the steel production.
PAR  Referring now to the second embodiment of the demolishing device of the
      present invention, there is disclosed as an alternative solution to the
      aforesaid problems a backdozer which is provided with a boom at its tail
      or side, having similar reciprocating means and an edge as hereinafter
      described, being adapted to efficiently and safely demolish the slurry
      body remaining in the form of a wall along the sidewalls of a carrier
      hold.
PAR  Referring to FIGS. 10 and 11 in particular, there are shown changes in the
      slurry body, being unloaded by means of the grab-buckets, and more
      specifically FIG. 10 refers to a dry-loading and dry-unloading system,
      whereas FIG. 11 refers to a wet-loading and dry-unloading system. Shown at
      (a) herein is the condition preparatory to the commencement of the
      unloading operation, at (b) an unloading operation in progress, and at (c)
      the condition of the nearly completed unloading operation.
PAR  As in the first embodiment of the present invention, the backdozer is
      placed into the hold when most of the inner portion of the slurry body has
      been removed or unloaded by means of grab-buckets, leaving a slurry body
      in the form of a wall along the sidewalls of the hold. FIG. 12 shows a
      backdozer provided with a removable type of demolishing means. Suspended
      from the tip of a boom 204 by means of a wire 203 is a reciprocating means
      202, to which is affixed a wedge-shaped edge 201 which serves to
      accelerate the driving action of the edge into the slurry body for
      demolishing the same. The reciprocating means 202, and wedge-shaped edge
      201 can be moved vertically by means of a wire which runs from a hydraulic
      motor 205 through an extensible hydraulic boom 204. The hydraulic motor
      and boom supporting portion can be affixed to the rear of the backdozer
      207 by using fastening means 206, while being supported by hydraulically
      actuated legs 208 with respect to the ground. The boom 204, hydraulic
      motor 205 and legs 208 can be driven via hydraulic hose 209 by a hydraulic
      pump on the backdozer 207. The operator station 210 and motor are
      protected by an iron plate 211 from the slurry being demolished.
PAR  FIG. 13 refers to the progress in the unloading operation according to this
      embodiment of the present invention. The progressive illustrations therein
      are self-explanatory and thus detailed description is omitted. FIGS. 13-1
      to 13-4 show the wedge-shaped reciprocating edge 201 being pierced into
      the slurry body 212 which is then gathered to the center portion of the
      hold by virture of the primary function of the backdozer, as shown in
      FIGS. 13-5 to 13-7.
PAR  This type of backdozer obviously increases the efficiency of the unloading
      operation with improved safety.
PAR  It will be understood that the above description is merely illustrative of
      preferred embodiments of the invention. Additional modifications and
      improvements utilizing the discoveries of the present invention can
      obviously be readily anticipated by those skilled in the art in light of
      the present disclosure. Accordingly, it is to be understood that within
      the scope of the appended Claims the invention may be practiced otherwise
      than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. For use in the wet-loading and dry-unloading of an iron-ore carrier
      which is loaded with iron-ore in a slurry state in its hold, a device for
      demolishing, by using reciprocal movement, a consolidated and hardened
      slurry body remaining in the form of a wall along the side walls of said
      hold comprising:
PA1  a first platform mounted on the opposing edges of a hatch opening of said
      hold capable of moving longitudinally of said carrier;
PA1  a second platform mounted on said first platform being movable laterally of
      said carrier;
PA1  a turning means mounted on said second platform and being turnable about an
      axis perpendicular to said platforms through a given angle;
PA1  an outer cylinder mounted on said turning means in parallel relation with
      said axis of turning and turnable therewith and having an inner cylinder
      extensible therefrom vertically downward into said hold and retractable
      relative to said outer cylinder; and
PA1  arm members being extensible from and retractable toward said inner
      cylinder solely in a horizontal plane and attached to the lower end
      thereof extending in horizontally opposite directions therefrom, and
      provided with a pair of demolishing edges disposed substantially
      perpendicular thereto at opposite ends thereof, respectively, one of said
      edges having a configuration corresponding to the corners of said hold
      while the other one of said edges has a configuration corresponding to the
      flat sidewalls of said hold whereby said edges may be utilized
      alternatively in demolishing portions of said slurry body remaining within
      said corners of said hold and along said sidewalls of said hold as a
      result of selective rotation of said turning means.
NUM  2.
PAR  2. A device as set forth in claim 1, wherein said first and second
      platforms are removable.
NUM  3.
PAR  3. A device as set forth in claim 1, wherein said arm member may be
      extended and retracted while the vertical positioning of said arms is
      being changed by operation of said inner cylinder.
NUM  4.
PAR  4. A device as set forth in claim 1, wherein said pair of demolishing edges
      are removable and interchangeable for attachment.
NUM  5.
PAR  5. A device as set forth in claim 1, wherein said inner cylinder is formed
      of a plurality of cylinders in telescopic relation.
NUM  6.
PAR  6. A device as set forth in claim 1, wherein said demolishing edges are
      vibratable.
NUM  7.
PAR  7. A device as set forth in claim 1, wherein said second platform runs on
      said first platform with said arm member retracted and with said
      demolishing edges positioned above said first platform.
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ABST
PAL  An apparatus for and method of docking and recovering a submersible by a
      surface vessel reduces the possibility of damaging the submersible and
      injuring the crewmen. The submersible approaches its catamaran recovery
      vessel from between the sterns of the twin hulls. Both craft continue to
      proceed underway and a yoke connected to opposite sides of a well cover is
      coupled to the nose of the submersible. As the well cover is slid forward
      to expose a recovery well, the submersible is towed forward. One end of a
      hoisting cable is attached to the submersible and the other end is
      connected to a biased hydraulic-ratchet purchase. The submersible is
      buoyed to the water-air interface and, as it pitches and heaves in
      response to surface wave action, the hydraulic-ratchet keeps the cable
      taut. This gradually lifts the submersible through the water-air interface
      because the hydraulic-ratchet is designed to allow only upward motion. A
      source of pressurized hydraulic fluid coupled to the hydraulic-ratchet
      hoists the submersible on board and sets it on deck. Since both vessels
      are underway, the yoke prevents collision. Coupling the hoisting cable to
      the biased hydraulic-ratchet purchase guards against the hoisting cable's
      being snapped during recovery. With these two hazards overcome, safer
      undersea operations are assured.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A variety of support ships with hoisting apparatuses have been used and
      proposed. Some of these use no more than a conventional surface vessel
      provided with a crane. The arrangement is not totally satisfactory since
      the relative motions between the submersible and the support vessel create
      excessive acceleration forces during the lifting or lowering of the
      submersible. These forces batter the submersible and crewmen alike.
      Another hazard is that the possibility of collision is ever present
      because one vessel usually is stationary while the other attempts to
      manuever into a recovery position. Another approach calls for docking the
      submersible onto a submerged platform or submarine. The trouble here,
      however, is that the submerged recovery platform is uncontrollable. That
      is to say, when the submerged recovery platform does not extent through
      the water-air interface nor does it rest on the bottom, it is extremely
      unstable. Being neutrally buoyant and at rest, it offers no resistance and
      does not provide counteracting forces during a launching or recovery. In
      addition, the submerged platform is tied to this single specific use. The
      need therefore exists in the state of the art for an apparatus for and a
      method of safely recovering a submersible by a surface craft that does not
      endanger equipment and crewmen.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to providing an apparatus for and a
      method of docking and recovering a submersible by a surface vessel. The
      submersible is positioned within a downward projection of a well provided
      in the surface vessel and a hoisting cable is connected to the
      submersible. The other end of the cable is connected to a two-for-one
      hydraulic-ratchet purchase and the submersible is lifted through the
      water-air interface by the cable as the submersible responds to surface
      wave action. Coupling a source of pressurized hydraulic fluid to the
      hydraulic-ratchet allows its further extension and the hoisting of the
      submersible on board the surface vessel.
PAR  An object of the invention is to provide an improved apparatus for
      recovering a submersible through the water-air interface.
PAR  Another object of the invention is to provide a safer recovery system.
PAR  Another object is to provide a recovery method and apparatus which avoids
      jerking the submersible as it makes its transition through the water-air
      interface.
PAR  Another object of the invention is to provide a method and apparatus for
      recovery of a submersible which reduces the possibility of damaging the
      submersible or injuring its occupants.
PAR  Yet another object is to provide a submersible recovery apparatus which
      takes advantage of a submersible's heaving and pitching motions to
      facilitate its recovery.
PAR  Still another object is to provide a submersible recovery system which is
      capable of functioning in relatively high sea states.
PAR  These and other objects of the invention will become more readily apparent
      from the ensuing specification when taken with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the invention at an initial stage of
      submersible recovery.
PAR  FIG. 2 is a cross-sectional side view of the invention taken along lines
      2--2 in FIG. 1 showing the well cover at an aft position and the
      submersible approaching submerged.
PAR  FIG. 3 is a cross-sectional representation taken along the same
      longitudinal plane as FIG. 2 showing the well cover moved forward and the
      submersible disposed below the water-air interface.
PAR  FIG. 4 is a cross-sectional view of a hydraulic-ratchet purchase and a
      hydraulic pump taken generally along lines 4--4 in FIG. 1.
PAR  FIG. 5 is a cross-sectional view showing the submersible at the water-air
      interface and the hoisting cable attached to the hydraulic-ratchet
      purchase which is in the set position.
PAR  FIG. 6 is a cross-sectional representation depicting the submersible
      emerging through the water-air interface and the hydraulic-ratchet
      purchase partially extended.
PAR  FIG. 7 is a cross-sectional representation of the submersible resting on
      the well cover and the hydraulic-ratchet purchase further extended.
PAR  FIG. 8 is a diagram, in block form, of the method of safe recovery provided
      by the disclosed apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawings, there is shown a submersible 10
      returning from the depths to its surface support vessel 11. The
      submersible is any one of a growing family of undersea craft capable of
      carrying a crew to ocean depths for the performance of work or scientific
      observations. Preferably, to more thoroughly demonstrate the advantages of
      the present invention, the submersible has an elongate shape with its main
      propulser located at its stern. A submersible of the type such as the deep
      submergence rescue vehicle (DSRV) is a design which will adapt itself to
      functionally demonstrate the salient features of this invention.
PAR  The surface vessel depicted in the drawings is basically a conventional
      catamaran craft. Its two hulls 12 have a sufficient separation and length
      to span successive waves so that the vessel remains relatively stable in
      normal sea states. A cabin or bridge 13 is located forward and extends
      between the two hulls. At least one structural member 14 reaches between
      the aft portions of the hulls and a forward structural member 15 located
      just behind the bridge, lends structural integrity to the forward part of
      the vessel.
PAR  An essential element of the invention, a biased hydraulic-ratchet purchase
      16 is mounted securely on the forward structural member and partially
      functions as the anchoring point 16a of a hoisting cable 17.
PAR  Referring ahead to FIG. 4, the hydraulic-ratchet purchase includes an
      elongate cylindrically shaped housing 18 filled with hydraulic fluid 19. A
      shaft 20 is appropriately sealed where it extends from the housing and a
      sheave 21 is journaled in the far end of the shaft to serve as a guide for
      the hoisting cable.
PAR  At the opposite end of the shaft, a piston 22 is slidably retained in the
      cylindrically shaped housing. The piston is sized to substantially create
      a seal between its shaft side 23 and its piston face side 24. Traversely
      disposed in the piston, there are provided several one-way valves 25 which
      permit only the flow of hydraulic fluid from shaft side 23 to piston face
      side 24.
PAR  The one way flow of the hydraulic fluid occurs when there is an
      insufficient loading of sheave 21 and the force exerted by a compressed
      coiled biasing spring 26 moves piston 22 along with shaft 20 upward. A
      sufficient loading to prevent extension of the biasing spring exists when
      submersible 10 is supported by the opposite end of the hoisting cable.
      When so loaded, the one-way valves close and downward motion by the
      sheave-shaft-piston arrangement is arrested.
PAR  The biased hydraulic-ratchet purchase further includes a pair of bypass
      conduits 27 and 28 which contain check valves 29, 30, 31 and 32. Check
      valves 29, 30 and 31 have a flow-no-flow capability whereas check valve 32
      is selectably actuated to shut off the flow of hydraulic fluid to and from
      conduit 28 or to and from a feedback duct 35. The hydraulic fluid comes
      from an interconnected source of hydraulic pressure 33 which is no more
      than a motor-pump combination coupled to a hydraulic fluid sump.
PAR  The purpose and function of the check valves, conduits and duct are to
      permit a controlled extension and withdrawal of the purchase prior to,
      during and after a docking and recovery operation. This co-action will be
      elaborated on below.
PAR  A pair of winches 34 are mounted on the lateral aft extremes of a
      longitudinally displaceable well cover 36. A line yoke 37 is played out
      from the winches to trail between and behind the twin hulls. The line
      optionally is weighted or of a wire rope construction so that it arcs
      downwardly. When so disposed, vertex 37a of the yoke is positioned to be
      engaged by a suitable clamping mechanism carried on the nose of the
      submersible.
PAR  Once this engagement is made, the winches reel in a portion of the yoke and
      the submersible is hauled in-between the hulls, see FIG. 2. It should be
      noted that a sufficient length of the yoke remains played out to locate
      the submersible below the water-air interface. Since both vessels are
      under way, the yoke prevents any contact between them.
PAR  At this point in the docking and recovery operation longitudinally
      displaceable well cover 36 is at its aftermost position. A displacement
      assembly 38, which optionally is no more than a powdered rack and pinion
      mechanism carried on the inside of both hulls, is actuated to move the
      well cover forward, see FIG. 3. Movement of the hatch cover to its forward
      position simultaneously accomplishes two things. First, a recovery well 39
      is exposed. Secondly, the forwardly moving well cover tows the submersible
      into the recovery well via yoke 37. It will be noted that both the support
      vessel and the submersible are still forwardly moving and that the
      submersible is below the level of surface wave action. The forward motion
      by both craft and the arc of the yoke ensure that there will be no damage
      to either craft.
PAR  At this time in the docking and recovery sequence, hoisting cable 17 is
      securely connected to the submersible preferably at a vertical extension
      of the submersible's centroid. The exact technique employed in making this
      connection only requires using any of several well known interconnection
      devices; however, one in particular has proven to be most effective. This
      device is the "Mechanical Retriever," of U.S. Pat. No. 3,853,082 jointly
      invented by Edgar N. Rosenberg and Stephen F. Moran. The submersible plays
      out a marker buoy line and the Rosenberg-Moran retriever is pulled down
      onto the submersible to expeditiously attach a hoisting cable.
PAR  Next, hydraulic fluid source 33 feeds pressurized fluid through both check
      valves 30 and 32. These valves along with check valves 29 and 31 are
      switched appropriately and pressurized fluid flows to shaft side 23 in
      cylindrically shaped housing 18, while check valve 32 is rotated to return
      hydraulic fluid from piston face side 24 to the hydraulic fluid source.
      Because a sufficient hydraulic pressure is fed to shaft side 23 a downward
      motion by piston 22, shaft 20 and sheeve 21 is imparted. This downward
      motion compresses biasing spring 26 and sets the hydraulic ratchet
      purchase.
PAR  During the setting operation just described, a portion of the hydraulic
      fluid continues to flow through one-way valves 25. However, the valves are
      sized so that the volume of flow through them is much less than the volume
      flow capability of two conduits 27 and 28 and hydraulic pressure source
      33. Consequently, a pressure differential is created across the piston
      from a shaft side 23 to piston face side 24. It is this pressure
      differential that overcomes the biasing force of biasing spring 26 and the
      resultant setting of hydraulic-ratchet purchase 16. After the slack has
      been taken out of the hoisting cable, for example, at its anchoring point
      16a, check valves 29, 30, 31 and 32, switch conduits 27 and 28 and duct 35
      out of the circuit. Now, the biasing force of spring 26 urges sheave 21
      upward and tension is exerted by the hoisting cable.
PAR  Since the hoisting cable passes over sheave 21, each unit of measurement of
      the sheave rises imparts a two unit vertical displacement of the hoisting
      cable where it is connected to the submersible. A two-for-one purchase has
      been effected by the biased hydraulic-ratchet purchase to facilitate
      recovery of the submersible.
PAR  As the submersible approaches the water-air interface, see FIG. 5, surface
      wave action causes the submersible to pitch and heave. However, once the
      submersible is buoyed upward, one way valves 25 in the piston prevent the
      interconnected piston-shaft-sheave assembly from retreating downward. In
      other words, after the submersible has been buoyed to the crest of a
      swell, it is retained from subsequent downward motion into a following
      trough since the hydraulic-ratchet purchase takes up any slack in the
      hoisting cable. The taking up of slack along with tension exerted by yoke
      37 centers the submersible in the recovery well. Since both craft are
      moving forward the submersible is prevented from yawing and damaging
      either craft. In this manner, the pitching and heaving motions imparted to
      the submersible by surface wave action safely lift the submersible
      partially through the area of surface turbulence, see FIG. 6.
PAR  At this point of ascent, check valves 29, 30, 31 and 32 are rotated to
      channel the flow of pressurized hydraulic fluid in the opposite direction
      to the flow path when the hydraulic-ratchet purchase was set. Now, the
      pressure differential across piston 22 is from an area of higher pressure
      on piston face side 24 to an area of lower pressure on shaft side 23.
      One-way valves 25 close and the piston-shaft-sheeve assembly rises and is
      drawn in at a two-for-one rate and serves to complete the recovery.
PAR  After the submersible is raised by the hydraulic-ratchet purchase above the
      level of the twin hulls, rack and pinion mechanism 38 slides well cover 36
      back to its original position. Immediately beforehand, however, yoke 37 is
      decoupled from the submersible and the well cover is returned to its aft
      position. By a controlled reverse flow of hydraulic fluid through proper
      actuation of the check valves, the hydraulic-ratchet purchase lowers the
      submersible to rest gently on top of the well cover, see FIG. 7. All that
      remains is that the necessary steps be taken to secure the submersible in
      place as the surface support vessel continues to proceed underway.
PAR  While there has been disclosed the apparatus for ensuring the safe recovery
      of a submersible, it is evident that in practice this apparatus provides a
      method of such recovery, see FIG. 8. First, there is the proceeding
      underway 40 of both crafts during the recovery operation. A removing 41 of
      the well cover leads to a positioning 42 of the submersible in the
      recovery well. This positioning occurs by reason of there being a coupling
      43 of a yoke to the submersible and a towing 44 of the submersible forward
      into the recovery well as the well cover is moved forward.
PAR  Once in position in the well, there is a securing 45 of a hoisting cable to
      the submersible. Immediately thereafter, there is a buoying 46 of the
      submersible to the water-air interface at which time, if not earlier, a
      connecting 47 of the hoisting cable to a biased hydraulic-ratchet purchase
      is made.
PAR  Surface wave action creates a lifting 48 of the submersible through the
      water-air interface and suitably coupling a source of pressurized
      hydraulic fluid to the hydraulic-ratchet purchase results in a hoisting 49
      of the submersible on board the surface support vessel. The yoke is
      disconnected from the submersible and a replacing 50 the well cover
      creates a pad upon which the submersible is deposited following a lowering
      51 of the submersible to the exposed well cover.
PAR  It is apparent that the aforestated sequence of events and the actuation of
      the disclosed apparatus is reversable in sequence This reversal of
      sequence permits the deployment and launch of a submersible with all the
      advantages previously set forth.
PAR  The two-for-one purchase disclosed is not mandatory. Any of several
      equivalent purchases can be substituted, for example a system of sheaves
      and lines or mechanical ratchets.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings, and, it is therefore
      understood that within the scope of the disclosed inventive concept, the
      invention may be practiced otherwise than specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of docking and recovering a submersible by a surface vessel
      comprising:
PA1  positioning the submersible within a downward projection of a well provided
      in the surface vessel;
PA1  securing the distal end of a cable to the submersible;
PA1  connecting the bitter end of the cable to a two-for-one hydraulic-ratchet
      purchase;
PA1  lifting the submersible through the water-air interface by the cable as the
      submersible responds to surface wave action; and
PA1  hoisting the submersible on board the surface vessel.
NUM  2.
PAR  2. A method according to claim 1 further including:
PA1  buoying the submersible to the water-air interface prior to said lifting to
      allow the submersible to pitch and heave in response to the surface wave
      action.
NUM  3.
PAR  3. A method according to claim 2 further including:
PA1  proceeding underway by both the submersible and the surface vessel during
      docking and recovering to ensure a longitudinally parallel relationship
      between the submersible and the surface vessel during said positioning.
NUM  4.
PAR  4. A method according to claim 3 further including:
PA1  coupling the vertex of a yoke to the submersible and
PA1  towing the submersible forward during said proceeding underway to further
      ensure said positioning in said well.
NUM  5.
PAR  5. A method according to claim 4 further including:
PA1  removing a well cover from said well prior to said positioning and said
      securing and
PA1  replacing said well cover after said hoisting to provide a stowage area for
      the submersible.
NUM  6.
PAR  6. A method according to claim 5 in which said hoisting includes the
      actuation of a source of hydraulic pressure connected to said
      hydraulic-ratchet purchase to continue its extension for raising the
      submersible.
NUM  7.
PAR  7. A method according to claim 6 further including:
PA1  lowering the submersible to rest on said well cover after said replacing.
NUM  8.
PAR  8. A method according to claim 7 in which the surface vessel is a catamaran
      and the well is located amidships between the hulls, the well cover is
      rectangularly shaped and adapted to be moved forward to uncover the well,
      and the yoke is attached to opposite sides of the rear of the well cover
      to tow the submersible into the well as the well cover moves forward.
NUM  9.
PAR  9. A method according to claim 8 in which all the aforestated steps of the
      method are reversed in sequence to ensure the deploying and launching of a
      submersible by a surface vessel.
NUM  10.
PAR  10. An apparatus for docking and recovering a submersible by a catamaran
      surface vessel comprising:
PA1  means for positioning the submersible within a downward projection of a
      well provided in the surface vessel including a well cover slidably
      mounted between the hulls of the catamaran, said well cover is
      longitudinally displaceable forwardly to expose said well and
PA1  a yoke having its vertex connected to the submersible and its free ends
      connected to said well cover, said yoke tows the submersible forward
      between the hulls of the catamaran vessel as said well cover is
      longitudinally displaced forward;
PA1  a cable connected to the submersible at one end;
PA1  means connected to the other end of the cable for automatically
      taking-up-slack in the cable as the submersible responds to surface wave
      action and for lifting the submersible through the water-air interface as
      it responds thereto; and
PA1  means for hoisting the submersible on board the surface vessel.
NUM  11.
PAR  11. An apparatus according to claim 10 in which the taking-up-slack and
      lifting means is a two-for-one biased hydraulic-ratchet purchase which
      holds taut said cable as the submersible pitches and heaves in response to
      surface wave action and consequently raises the submersible through the
      water-air interface.
NUM  12.
PAR  12. An apparatus according to claim 11 further including:
PA1  a source of hydraulic pressure coupled to said biased hydraulic-ratchet
      purchase to further extend it to hoist the submersible from the water and
      onto a stowage pad.
NUM  13.
PAR  13. An apparatus according to claim 12 in which said biased
      hydraulic-ratchet purchase includes,
PA1  an elongate cylindrical housing,
PA1  a piston carried in said housing provided with a plurality of one-way
      valves,
PA1  a shaft extending from said piston to said cable,
PA1  a biasing spring carried in said housing urging said shaft toward said
      cable, and
PA1  a hydraulic tubing system operatively connected to said housing to reset
      said hydraulic-ratchet purchase.
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ABST
PAL  A high-speed water craft having twin streamlined hulls and a centrally
      located aerodynamic body structure. The aerodynamic body structure bottom
      surface has an S-shaped longitudinal profile which is positioned above the
      surface of the water and which provides a venturi chamber beneath the body
      structure. Aerodynamic forces created by air passing through the venturi
      chamber act to raise the craft out of the water and also produce
      stabilizing aerodynamic forces as the craft is propelled forward at high
      speeds. A streamlined hydrodynamic power pod is provided beneath the body
      structure to create an improved hydrodynamic environment which increases
      the efficiency of power means utilized to propel the craft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  High speed water craft apparatus including a twin hull design which
      supports an aerodynamically designed body structure for creating a venturi
      chamber beneath the craft. A hydrodynamic power pod is provided for
      improving the hydrodynamic environment in which the craft power means is
      operating.
PAR  2. Description of the Prior Art
PAR  The speed and stability of water craft are generally limited by the
      intrinsic nature of the environment in which they operate. Most small
      water craft are intended to be propelled through water by means of power
      supplied by an outboard motor, an inboard motor or a jet type propulsion
      system. Because of the weight of the craft, a large portion of the craft
      remains immersed in the water while the craft is being propelled forward.
      Because of the scientific laws of hydrodynamics, this immersion of the
      craft in the water produces hydrodynamic drag and limits the maximum
      operating speed of such craft.
PAR  Various attempts have been made to increase the speed of a small water
      craft by providing means for raising the front portion of the craft out of
      the water, thereby reducing the amount of the craft hull which remains
      wetted and which thus causes hydrodynamic drag. While various hull designs
      have been created which allow the water craft to plane in the water and
      thus to raise the front portion of the water craft above the water
      surface, e.g., V-hull boats and tunnel boats, such craft have proven to be
      generally unstable because of the aerodynamic forces which act on the
      craft at high speeds once the front portion of the craft is elevated.
      Thus, the same hull design which acts to raise the front portion of the
      craft above the water surface also adversely affects the stability of the
      craft which results from the aerodynamic forces acting upon it at high
      speeds. These forces take several forms including a tendency for the front
      end of the craft to pitch up adversely if the craft encounters rough water
      or if a gust of wind acts upon the craft, or the cyclic buffeting of the
      craft due to variations in the hydrodynamic and aerodynamic forces acting
      on the up-raised bow of the craft. Such forces can result in loss of
      control of the craft, a flip-over of the craft or continuous and possibly
      damaging stressing of the craft.
PAR  In addition to the existence of stability problems with presently available
      high-speed boats, the various hull designs which have been created to
      increase the speed of the craft have failed to completely remedy adverse
      effects which the craft hull have on the hydrodynamic operating
      environment of the craft power means. For instance, in the case of an
      outboard motor which is used on a recreational water craft, the submerged
      portion of the craft hull may cause adverse conditions to exist in the
      water environment which surrounds the prop of the motor and thus produce
      cavitation and other hydrodynamically retarding forces upon the motor
      prop. These deficiencies in craft hull design may tend to limit the
      ultimate operating speed of the craft.
PAC  SUMMARY
PAR  The present invention incorporates an improved water craft hull and power
      pod design for increasing the stability and maximum operating speed of
      water craft. The design includes a pair of streamlined hulls
      interconnected by an aerodynamic body structure. It is the purpose of the
      streamlined hulls to create a planing force which tends to raise the craft
      out of the water to reduce the hydrodynamic drag upon it. The aerodynamic
      body structure has an S-shaped bottom surface which creates a venturi
      chamber beneath a portion of the craft. The aerodynamic forces created by
      this venturi chamber tend to form an air cushion for partially raising the
      craft out of the water. The aerodynamic forces and the air cushion provide
      neutral or positive stability to the craft which makes it more
      controllable than present boat designs.
PAR  A hydrodynamic power pod is incorporated into the bottom structure of the
      recreational water craft to produce an advantageous hydrodynamic
      environment in the area in which the craft power means is operating. The
      power pod has a streamlined shape which is immersed in the water and tends
      to compress and streamline the flow of water beneath the craft before it
      impinges upon the submerged point of operation of the power means. This
      results in an improved operating environment for the power source, be it
      an outboard motor prop, an inboard motor water screw or a propelling jet.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1. is a perspective view showing the under side of the water craft
      hull and power pod;
PAR  FIG. 2 is a diagrammatic view in side elevation showing the pertinent
      dimensions of the S-shaped hull; and
PAR  FIG. 3 is a perspective view showing the aft portion of the water craft
      hull and power pod.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1-3, wherein like numerals refer to like structural
      elements, the present invention is a water craft 1 which comprises a pair
      of streamlined hulls 2 and 3 which are interconnected by an aerodynamic
      body structure 5. A hydrodynamic power pod 4 is positioned along the
      centerline of the craft 1 to produce an improved hydrodynamic operating
      environment for the craft power source, represented in FIG. 1 by motor
      prop 20. A superstructure 6 is provided on the top portion of the craft 1
      for purposes of enclosing a passenger or cargo compartment or of producing
      streamlined shelter means for the interior of the craft. The craft is
      laterally symmetrical about a longitudinal centerline B (see FIG. 1) which
      laterally divides the craft. It should be noted that in this description
      of the preferred embodiment, detailed description is made of only one side
      of the craft whereas the description actually applies to each of the
      symmetrically disposed sides of the craft.
PAR  Streamlined side hulls 2 and 3 are disposed on opposite sides of the craft
      1. Each of hulls 2 and 3 consists of a bottom running surface 7, an outer
      side surface 8, an inner side surface 9 and an aft surface 10. While the
      preferred embodiment shown in FIG. 2 shows the aft surface 10 to slope
      outwardly at the base of the craft, the particular shape and orientation
      of the hull aft surface 10 is not critical to the operation of this
      invention.
PAR  To provide a streamlined hull which produces hydrodynamic planing forces
      that tend to raise the front portion of the craft 1 above the water
      surface, side hulls 2 and 3 have a generally streamlined shape. In
      particular, the outer surface 8 of each hull has a generally planar aft
      portion 8a and a curved forward portion 8b which curves inwardly toward
      the centerline B of the craft at the craft bow end. This produces a
      streamlined frontal profile which reduces the aerodynamic drag on the
      craft 1. The top portion of hull side surface 8 adjoins the superstructure
      6 which is also streamlined to reduce aerodynamic drag. The running
      surface 7 of each hull has a generally planer aft portion 7a and a curved
      forward portion 7b which curves upwardly toward body structure 5 at the
      bow of craft 1. In addition, forward portion 7b is tapered to a very
      narrow width at the bow tip. This reduces the profile drag of the hulls 2
      and 3. In the preferred embodiment shown in FIG. 2 the length of the
      planar hull bottom portion 7a is slightly longer than the curved portion
      7b. However, other proportions of planar and curved segments of both of
      surfaces 7 and 8 may be utilized where appropriate. In the preferred
      embodiment shown in FIGS. 1-3, the planar portion 7b of the hull running
      surfaces slant inwardly and downwardly from the outside lateral edge where
      they abut outside side surfaces 8. This provides a "cutting" edge to the
      hull which tends to increase the lateral stability of the craft 1. The
      oblique orientation of surface 7 with respect to hull side surfaces 8 and
      9 is shown in detail in FIG. 3.
PAR  When craft 1 is running at high speed, it will hydroplane on the bottom
      surface of hulls 2 and 3. Depending on the speed of the craft 1, a forward
      portion of each of said hulls will ride above the water surface and the
      remaining aft portion will be submerged. The Applicant has found that
      approximately the aft two feet of each of hull bottom surfaces 7 remain
      submerged at high speed running (for a 17 foot length craft).
PAR  As is shown in detail in FIGS. 1 and 3, a pair of chines 11 and 12, is
      positioned on each of hull running surfaces 7. In the preferred
      embodiment, each of chines 11 and 12 has a triangular cross section with
      one edge generally perpendicular to hull bottom surface 7. This extended
      surface "cuts" the water and provides lateral stability to the craft 1. In
      addition, chines 11 and 12 act to streamline the water flow along the
      hull. In the preferred embodiment shown in FIGS. 1-3, chine 11 is located
      at the outer edge of running surface 7 and chine 12 is located generally
      along the center line of the running surface 7. Each of chines 11 and 12
      extend from the hull aft surface 10 to the forward edge of the running
      surface 7.
PAR  Positioned between hulls 2 and 3 is aerodynamic body structure 5.
      Aerodynamic body structure 5 has a bottom surface 19 which has an S-shaped
      longitudinal profile. The top portion of structure 5 may have various
      designs to facilitate the carrying of passengers and cargo. In the
      preferred embodiment, the longitudinal profile of bottom surface 19 is
      laterally constant across its width extending between hulls 2 and 3. It is
      the purpose of S-shaped bottom surface 19 to provide a venturi chamber
      beneath craft 1 which produces advantageous aerodynamic forces as will be
      described in detail later. The longitudinal profile of the bottom surface
      19 can best be described with reference to a plane line A--A which extends
      across the width of the craft 1 at the aft end and a longitudinal base
      plane C--C which passes through the intersection of planar hull bottom
      surfaces 7a and the planar outer side surfaces 8a. Plane C--C is shown in
      edge view in FIG. 2. Plane line A--A extends between the lowest aft point
      on each of hull outer side surfaces 8, exclusive of the depth of chine 11.
      The length of plane line A--A is referred to as the "beam" or width of the
      craft 1. When the craft 1 is operating at high speeds (e.g. 40-60 miles
      per hour) the plane line A--A is generally coincident with the mean water
      surface with only the inwardly slanting aft portions 7a of the hull
      running surfaces 7 remaining submerged.
PAR  As is shown in FIG. 2, the S-shape profile of bottom surface 19 results in
      a varying height between the base plane C--C and the surface 19. This
      distance is the largest (h3) at the forward tip of the craft 1 and the
      smallest at the aft edge of surface 19 (h0). In between these extreme
      points, the distance of surface 19 from plane C--C varies to form a
      restricted throat area (h2) located forward of an enlarged expansion
      opening (h1). The exact profile of surface 19 can be described as a
      tabulation of heights, each designated by the letter h, measured
      perpendicular to the plane C--C and each corresponding to a length L
      measured from base line A--A. Such a tabulation for a craft 1 having a
      maximum length of 17 feet would be:
     L                      h                                                  
     ______________________________________                                    
     0                      12"                                                
     8'                     15"                                                
     121/2 '                121/2 "                                            
     17'                    24"                                                
     ______________________________________                                    
      This profile forms a venturi-type chamber beneath body 5 as will be
      described in detail later. It should be noted that other detailed profile
      tabulations may also be utilized for the present invention if they provide
      a similar venturi-chamber with suitable lifting and stabilizing effects on
      craft 1. The Applicant has found that the distance h0 between plane C--C
      in surface 19 at the aft end of craft 1 would be 7-14 inches for a
      seventeen foot length craft to provide proper clearance between structure
      5 and the water surface for suitable operation of the craft.
PAR  It is the purpose of S-shaped bottom surface 19 to provide a venturi
      chamber between the body structure 5 and the surface of the water upon
      which the craft is riding which will raise the craft 1 partially onto the
      water surface and increase its stability. As is well known in the field of
      aerodynamics, a venturi chamber has a profile which extends from a large
      frontal opening to a restricted throat portion and then to a large exit
      area. In the configuration shown in FIG. 2, if the base plane C--C
      represented the mean surface of the water upon which the craft is riding,
      the large frontal area would be designated by h3, the restricted throat
      portion would be h2 and the large exit portion would be h1 or h0. The
      Applicant has found that when the craft 1 is propelled through the water,
      it rises onto the water surface with only the aft portion of the hull
      running surfaces 7 submerged. Bottom surface 19 remains entirely above the
      surface. As a result, the water surface corresponds roughly with the base
      plane C--C to form the above described venturi-type chamber beneath bottom
      surface 19. The venturi chamber is at least partially enclosed on the
      sides by the interior surfaces 9 of hulls 2 and 3.
PAR  Because of the varying cross-sectional area of the venturi chamber along
      its length, i.e., beneath bottom surface 19, the air flow through the
      chamber undergoes various aerodynamic changes which result in varying
      aerodynamic forces acting upon the bottom surface 19. In particular, the
      velocity of air flowing beneath bottom surface 19 increases from the front
      of the craft toward the constriction denoted by h2 and then decreases as
      the air expands into the larger area at h1 (see FIG. 2). With these
      changes in velocity, there are associated various changes in static and
      dynamic pressures acting beneath bottom surface 19. The Applicant has
      found that these changes in static and dynamic pressure have two general
      results. They act to form an air cushion that tends to raise the forward
      portion of the craft 1 out of the water and they provide more neutral
      aerodynamic stability to craft 1 to stabilize it and increase its
      maneuverability. This is because the center of aerodyanmic pressure acting
      on body structure 5 is closer to the center of gravity of the craft 1.
PAR  The operation of craft 1 and the forming of an air cushion beneath surface
      19 can be summarized as follows. Under normal operation, the bottom
      surface 19 of craft 1 is always positioned above the surface of the water
      upon which the craft is running. Thus, as craft 1 is propelled through the
      water, air flows through the venturi chamber formed between bottom surface
      19 and the surface of the water upon which the craft is supported. As this
      air passes beneath bottom surface 19, the various aerodynamic forces which
      are created by the venturi chamber form an air cushion which tends to lift
      a portion of the craft 1 above the water suface. This force, in
      combination with the hydroplaning force which is created on the running
      surface 7 of side hulls 2 and 3, tends to raise the front portion of the
      craft 1 out of the water reducing the hydrodynamic drag.
PAR  As noted above, the S-shaped surface 19 and the venturi chamber which it
      produces also results in stabilizing aerodynamic moments acting on the
      craft 1. Prototype tests of the present invention indicate that these
      moments tend to prevent the front of the craft from pitching up severely
      at high speeds, as is the case with many conventional high speed water
      craft, e.g., tunnel boats. It is believed that this stability results from
      movement of the center of pressure on bottom surface 19 rearwardly toward
      the center of gravity (not shown) of craft 1. Thus, it is believed that
      the pitching moment produced by the pressure on the elevated bottom
      surface 19 which tends to pitch the front portion of the craft 1 upwardly
      is reduced. This stabilizing effect allows the craft 1 to be operated
      safely and to be more accurately controlled and maneuvered at high speeds.
      Thus, in essence, the present invention provides a two-mode operating
      water craft. The twin hulls 2 and 3 provide hydrodynamic forces which tend
      to lift the craft out of the water and reduce hydrodynamic drag. In
      addition, the aerodynamic body structure 5 produces aerodynamic forces
      which also tend to lift the craft out of the water and reduce hydrodynamic
      drag while producing aerodynamic forces which tend to stabilize the craft
      at high speeds. Using the present invention, water craft can be propelled
      at speeds, in excess of 60 miles per hour, using a conventional outboard
      motor.
PAR  While the preferred embodiment of the present invention utilizes side hulls
      for hydroplaning purposes and for partially enclosing the sides of the
      venturi chamber beneath surface 19, aerodynamic S-shaped surface 19 can be
      utilized with other hulls and other enclosing means. Thus, flexible or
      removable side curtains or even air curtains could be used in combination
      with an aerodynamic body structure 5. Also, it is adaptable for use in
      boats having any one of numerous hull or superstructrue designs and in
      various size ranges. It could also be utilized on non-boat craft such as
      towed water craft or implements, or on aircraft water skis or floats.
PAR  The water craft 1 can be propelled by any one of several means, including
      an outboard motor, an inboard motor or a jet-type propulsion system. To
      increase the efficiency of the propulsion system which is utilized with
      the craft 1, or with other high speed water craft, the present invention
      includes a hydrodynamic power pod 4 which is positioned beneath bottom
      surface 19, between hulls 2 and 3 (see FIG. 1). The hydrodynamic power pod
      4 consists of side members 14 and 15, an aft member 16, and a bottom
      member 13. The power pod aft member 16 is located near the back of hulls 2
      and 3 and the bottom member 13 extends from this point forward to
      approximately the mid longitudinal point of the craft 1. Aft member 16 is
      generally planar. In the preferred embodiment it slants upwardly and
      outwardly but other orientations may also be utilized. As is shown is FIG.
      1, the side members 14 and 15 have a wedge-shaped profile and the bottom
      member 13 curves upwardly between the two side members. Side members 14
      and 15 angle inwardly toward one another at the front of the pod. Bottom
      member 13 has a corresponding pointed front portion. This forms a
      streamlined profile which is pointed at the front and broad at the aft
      end. While the surfaces 14, 15 and 13 are shown as planar surfaces in the
      Figures, they also may be curved in various forms where appropriate. In
      addition, the power pod 4 may be a solid structure or may be a hollow
      panel structure which is advantageous in providing a streamlined housing
      for the motor drive apparatus or water screw shaft.
PAR  Chines 17 and 18 are shown attached to the base surface 13 of power pod 4
      adjacent the side surfaces 14 and 15, respectively. Chines 17 and 18
      extend from the pod aft surface to the front edge of the base surface 13.
      Each of chines 17 and 18 has a triangular cross-section with one edge
      extending generally perpendicular to bottom member 13. This edge tends to
      "cut" the water. It is the purpose of chines 17 and 18 to provide lateral
      stability to the craft 1 by means of the vertically extending chine
      surface and to streamline the flow of water around the power pod 4.
PAR  It is the purpose of power pod 4 to produce an improved hydrodynamic
      environment beneath the water craft and forward of a point where the craft
      power source, e.g., motor prop 30, operates submerged. For reasons which
      are not clearly understood by the Applicant, this power pod has been found
      to produce a more efficiently running power source. In particular, in the
      case of an outboard motor pod which is immersed beneath the craft 1 and
      along the centerline of pod 4, the motor runs more efficiently to propel
      the craft 1 at a higher speed. It is believed that this advantageous
      condition may be the result of increased pressure and more desirable
      streamlining of the water which flows beneath the power pod and into the
      operating regime of the power source. The aft edge of the power pod base
      member 13 should coincide with the craft plane line A--A, .+-. .05 the
      beam length of the craft. While the embodiment shown in FIG. 2 shows a
      power pod 4 extending forward from the plane line A--A a distance of
      approximately one-half the length of the craft, other particular
      configurations and sizes of power pod 4 may also be utilized where
      appropriate. In addition, power pod 4 may be used on water craft having
      various hull or bottom designs to produce the advantageous flow pattern
      for the craft power source, and need not be restricted to use on
      aerodynamic body structure 5. It may be constructed as an add-on element
      which could be affixed to various water craft.
PAR  The various design elements of the present invention may be embodied on
      water craft of various sizes. The Applicant has found that in a craft
      having an overall length of 17 feet, power pod 4 would be 8.5 feet long,
      the craft beam would be 7.5 feet measured along plane line A--A and the
      S-shaped bottom surface 19 would have the profile specified by the
      dimension designation h and L noted above. The Applicant has found that in
      the preferred embodiment, the power pod length should be .5L.+-..1L, where
      L is the overall length of the craft 1. In addition, the length of the
      flat planar area 7a of hull running surface 7 should be .5L + .1L, - .2L.
PAR  The superstructure 6 shown in FIG. 3 can have any advantageous shape or
      form. The attachment means 20, including a cut-out extension on power pod
      aft member 16, are provided for attaching an outboard motor 30 to the
      craft 1 as the power source. Other types of attachment means (not shown)
      may also be utilized where a different type of power source is used for
      propelling the craft.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high-speed water craft, said craft being generally symmetrical about a
      longitudinal vertical plane extending along the craft centerline, said
      craft comprising:
PA1  a. two symmetrically disposed hulls for supporting the craft on the water
      without the need for submerged hydrofoils, each of said hulls including a
      streamlined front portion, exterior and interior side surfaces, and a
      bottom running surface, said running surfaces having a planar aft portion
      upon which the craft rides and an upwardly curving streamlined front
      portion, said aft portions bounded by an outside lateral edge defining a
      base plane which is generally parallel to and adjacent the water surface
      when the craft is moving forward;
PA1  b. a body structure having a bottom surface carried between said hulls for
      supporting a superstructure and passenger compartment; and
PA1  c. said body structure bottom surface having a curved longitudinal profile,
      each point on said bottom surface being spaced apart from said base plane
      to form a tunnel-like opening beneath said body structure; said curved
      surface defining a venturi chamber in the tunnel beneath the craft for
      creating aerodynamic forces on the craft when it is propelled forward in
      the water to elevate and stabilize the craft without the need for
      submerged hydrofoils, said venturi chamber partially enclosed by the
      interior surfaces of said hulls and the water surface upon which the craft
      rides; said bottom surface having a generally unbroken forward surface
      portion which essentially spans the entire distance between said hull
      interior side surfaces to form a frontal opening into said venturi tunnel,
      said forward portion being inclined rearwardly and downwardly toward said
      base plane to form a constricted throat-like opening in said venturi
      tunnel, said frontal portion adjoining a rearwardly disposed intermediate
      surface portion which slopes rearwardly and upwardly away from said base
      plane to form an enlarged expansiontype opening in said venturi tunnel;
      said intermediate portion adjoining a rearwardly disposed aft surface
      portion which slopes rearwardly and downwardly toward said base plane;
      said aft surface portion having an aft edge generally adjoining said hull
      interior surfaces to form at least one exit opening from said venturi
      tunnel; said aft edge being positioned above said base plane a distance at
      least equal to 60% of the distance between said base plane and said
      forward surface portion at the constricted opening; said venturi tunnel
      tending to form a cushion of moving air beneath the craft as it is
      propelled forward for partially elevating it above the water surface and
      for providing stability to the craft without the need for submerged
      hydrofoils.
NUM  2.
PAR  2. The water craft of claim 1 including power means for propelling the
      craft through the water at high speeds.
NUM  3.
PAR  3. The water craft of claim 1 wherein the aft planar portion of said hull
      running surfaces is oblique to said hull side surfaces and slopes
      downwardly toward the centerline of the craft from said exterior side
      surface.
NUM  4.
PAR  4. The water craft of claim 3 including at least one chine attached
      longitudinally to each of said hull running surfaces to improve the flow
      characteristics of the water thereabout.
NUM  5.
PAR  5. The water craft of claim 1 including a power pod positioned beneath said
      body structure to streamline and compress the water flowing benneath it to
      increase the hydrodynamic operating characteristics of a power means which
      may be attached to the craft, said power pod comprising:
PA1  a. two opposed side members attached to said body structure, each having a
      curved outer suface which has a wedge-like longitudinal profile with a
      pointed front portion and a bottom edge which slopes downwardly from said
      body structure bottom surface, said side member front portions each
      curving inwardly toward one another to form a streamlined profile;
PA1  b. a bottom surface attached between said side members and generally along
      said side member bottom edges to form an inclined bottom surface extending
      from said body structure bottom surface rearwardly to the back edge of
      said side members, said bottom surface having a streamlined tapered front
      portion; and
PA1  c. said power pod bottom surface positioned relative to said body structure
      bottom surface so as to be partially submerged when said craft is
      propelled forward.
NUM  6.
PAR  6. The water craft of claim 5 including at least two chines, each of said
      chines attached to opposed side portions of said power pod bottom surface
      to improve the flow characteristics of the water thereabout.
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PAL  The invention refers to an improvement in the construction of segmental
      spans such as bridges and similar structures by the method known as
      "step-by-step" consisting in mounting segments or modules in succession at
      the end of a cantilever span section already erected. In accordance with
      this improvement, each module is moved in the decking parallel with its
      width as far as a stand-by position, then lifted by an arm which is
      pivoted a quarter of a turn about a vertical post located beside the
      module and inboard of the span section and resting on it by two beams. The
      module is next lowered and is in the erection position.
BSUM
PAR  The invention refers to bridges and like structures such as elevated
      roadways and tracks having a floor comprising segmental of and supported
      by pillars or posts and deals more precisely with the construction of the
      segmental spans of such a bridge or structure by the method known as
      "step-by-step", consisting in mounting a plurality of prefabricated
      segments or modules in succession at the end of a cantilever span section
      already erected.
PAR  The segments of a prestressed concrete floor of the segmental span type are
      prefabricated modules the width or transverse dimension of which is equal
      to the width of the floor. Although their length is small in comparison
      with this width they have a considerable weight, of the order of 50 to 100
      tons or even more. Putting them in place at the end of a cantilever span
      section presents a particularly difficult problem.
PAR  The present invention provides a solution of this problem.
PAR  In accordance with the invention each module is moved parallel with its
      transverse dimension, preferably by means of a trolley running
      substantially along the centerline of the cantilever span section already
      erected, up to a stand-by position next to the end of this section, then
      the module is raised by means of a crane comprising an arm mounted
      pivotally about a vertical post resting on this section near its end edge
      and between one of its lateral side edges and the module in the stand-by
      position, and this arm is made to pivot by about a quarter of a revolution
      over the end edge so that the transverse dimension of the module is
      directed transversely to the floor, the position of the post of the crane
      being chosen so that it is sufficient then to lower the module for it to
      come and place itself in the erection position at the end of the
      cantilever span section.
PAR  The crane preferably rests on the cantilever span section, by two beams
      going out from the foot of the post and extending respectively in the
      longitudinal and in the transverse direction of the span section, the
      height of the transverse beam being sufficiently low to enable an end
      portion of the module located on the trolley and if necessary an end
      portion of the platform of the trolley itself to project over the said
      transverse beam.
DRWD
PAR  The description which follows in respect of the attached drawings, given by
      way of non-restrictive example, will enable the advantages of the
      invention and the art of achieving it to be clearly understood.
PAR  FIG. 1 is a diagrammatic elevation of a bridge in course of construction;
PAR  FIG. 2 is a diagrammatic plan on a larger scale, of the end of the
      cantilever span section in course of erection;
PAR  FIG. 3 is a plan view similar to FIG. 2 but on a still larger scale;
PAR  FIG. 4 is a side elevation in the direction of the arrow IV in FIG. 3,
      showing the arm of the crane in the picking up position;
PAR  FIG. 5 is an elevation in the direction of the arrow V in FIG. 3, showing
      the arm in an intermediate position.
DETD
PAR  In FIGS. 1 and 2 is seen a section of floor 1 of a bridge in course of
      construction, comprising a plurality of segmental spans 1a, 1b, 1c resting
      on pillars 2, 2a, 2b. The spans are made of segments 3 which are
      prefabricated modules having a transverse dimension L equal to the width
      of the decking and length 1 which is much less. The floor is being
      constructed "step-by-step", that is to say, a module 3a has been put in
      place and fixed provisionally next to the module 3b that was at the time
      at the end of a cantilever span section 1, and the drawings illustrate the
      putting in position of another module 4 against the module 3a. The module
      4 has a considerable weight as has already been indicated, and its putting
      in position at the end of the cantilever span section which is in an
      overhang between the pillar 2b and the next pillar 2c is manifestly a very
      delicate operation. The dotted lines 1d and 1c suggest the contour of the
      span section as it will appear when finished.
PAR  FIGS. 1 and 2 illustrate diagrammatically the putting into position of the
      module 4 by means of a trolley 5 and a crane 6. The trolley 5 moves along
      the centerline of the floor 1, carrying the module 4 which is laid on the
      trolley so as to move parallel with its transverse dimension as seen at 4a
      in FIG. 1. It is therefore sufficient to keep free for the passing of the
      trolley and the module a relatively narrow central strip of the cantilever
      span section 1c, which enables the post 7 of the crane 6 to be located
      inboard, that is to say, between the trolley and a side edge 1f of the
      cantilever span section 1c. At the top of the post 7 is mounted pivotally
      the arm 8 of the crane which carries a hoist crab 9, and the stability of
      the crane is ensured by a longitudinal beam 10 and a transverse beam 11
      projecting from the foot of the post 7 and resting on the cantilever span
      section. As may be seen particularly in FIG. 2 the transverse beam 11 is
      located near the end edge 3a of the last segment or module 3a put in
      position, and its height is sufficiently low to enable the module 4 to be
      brought by means of the trolley 5 up to the stand-by position indicated in
      dash-dot line at 4b  in which one end portion 4'b of this module is
      projecting over the beam 11 and extends a good way beyond the end edge 3c
      of the cantilever span section 1c.
PAR  It can be seen from FIG. 2 that the arm 8 must be made to turn through a
      right angle in order to bring the arm from the position indicated in
      dash-dot line at 8b in which the arm intersects the vertical through the
      centre of gravity G of the module 4 in its stand-by position 4b, into the
      position indicated in broken line at 8c in which the arm overhangs the
      centre of gravity G of the module 4 when the latter occupies the erection
      position (indicated in broken line at 4c) in which the module is mounted
      on the end of the cantilever span section 1c. An elementary geometrical
      construction (which is not drawn in FIG. 2) shows that the position of the
      post 7 which enables the achievement of this motion is determined by the
      relationships:
EQU  a = 1/2 (D+l/2) and 6 = 1/2 (D-l/2),
PAL  in which D designates the distance of the centre of gravity G of the module
      4 in the stand-by position 4b, from the end edge 3c of the cantilever span
      section 1c, a designates the distance of the centre of the post 7 from the
      axis XX' of this section 1, and b designates the distance of the centre of
      the post 7 from the end edge 3c. For the post 7 to rest on the cantilever
      span section 1c between the edge 1f of the latter and the module 4 in the
      stand-by position 4b, it is necessary that:
EQU  l/2 + d &lt; D &lt; L - l/2 - d,
PAL  d being the diameter of the post 7.
PAR  In order to put the module 4 in erection position, therefore, the trolley 5
      is brought up to the vicinity of the end of the cantilever span section 1c
      so that the module arrives in the stand-by position 4b. The arm 8 is then
      pivoted round to the position 8b  and the crab 9 is brought into the
      vertical through the centre of gravity G of the module in the position 4b.
      The module is then slung and hooked onto the crab 9 and raised above the
      trolley 5 by means of a cylinder (not shown) integral with the hoist crab
      9, then the arm is pivoted through a right angle in order to bring it into
      the position 8c. In this position, as may be seen in FIG. 1, the module 4
      has turned through a right angle with the arm, so that its transverse
      dimension is now pointing transversely across the cantilever span section
      1c; moreover it is lying exactly on the vertical through the erection
      position represented at 4c in FIG. 2, so that it is sufficient to lower
      the module by means of the cylinder for the module to come and lay itself
      against the end edge 3c where the module is fixed by known means not
      forming any part of the invention.
PAR  It should be observed that during the pivoting of the arm 8 the centre of
      gravity G of the module 4 describes an arc of a circle, indicated at 12 in
      FIG. 2, which displaces it only a very little from the axis XX' and to the
      side opposite to the crane post 7. The loads applied to the overhanging
      end portion of the cantilever span section during the placing in position
      of the module 4 are therefore only slightly off-centre and do not
      introduce a risk of causing excessive torsional stresses.
PAR  FIGS. 3 to 5 show details of execution on a larger scale. The trolley 5,
      crane 6 and module 4 are represented in FIG. 4 in the positions they
      occupy when the module has just been raised; they are represented in FIGS.
      3 and 5 in an intermediate position during pivoting of the arm 8. In FIGS.
      4 and 5 is seen the transverse profile of the modules comprising a bottom
      slab 13, two webs 14, 15 and a top slab 16 which extends on each side of
      the webs. During movement along the floor 1 the bottom slab 13 of the
      module 4 rests on the platform 17 of the trolley 5 which runs on the rails
      18.
PAR  In the embodiment illustrated the bridge is curved, so that the upper face
      16 of the cantilever span section 1c is banked as seen in FIG. 5. The
      crane 6/rests on three supports 19, 20, 21, of adjustable height, similar
      to screw-jacks, located respectively under the post 7 and under the beams
      10 and 11 and enabling the post 7 to be set vertically in spite of the
      slant of the floor. The heights of the beam 11 and the trolley 5 are such
      that the platform 17 of the trolley can project over this beam 11 which
      enables the module 4 to be brought up to the position illustrated in FIG.
      4. In other embodiments, however, for example, if the bottom slab 13 were
      narrower, it would be sufficient that the portion of the top slab 16
      outside the web 15 could project over the beam 11 and the latter might be
      higher.
PAR  As may be seen in FIGS. 3 and 5, the width of the trolley is bigger than
      the length l of the modules, which enables the rails 18 to be separated
      more and consequently the stresses to be reduced which are imposed on the
      floor during the movement of the module 4. Two auxiliary stays 22 and 23
      contribute to ensuring stabilization of the crane post 7 on the two
      rightangled beams 10 and 11, whilst reducing distortions and stresses in
      the structure.
PAR  The pivotal mounting of the arm 8 at the top of the post 7 may
      advantageously call upon an orientation-crown. At 24 is seen a hydraulic
      cylinder enabling the crab 9 to be moved along the arm 8 and at 25 the
      hydraulic hoist cylinder on this crab. This cylinder 25 (which is not
      shown in FIG. 4) lifts an equipment 26 from which extend two rods 27, 28
      connected respectively by two small hydraulic cylinders 29, 30 to a
      spreader 31 to which the module 4 is hooked by means of slings 32, 33. The
      cylinders 29, 30 enable the tilt of the module 4 to be adjusted during its
      placing in outboard position at 4c, to the tilt of the inboard module or
      segment 3a.
PAR  After fixing the module 4 in the erection position 4c rails extending the
      track 18 are laid on it and the crane 6 is shifted so that the crane rests
      on this module 4 in the position 4c the position that the crane previously
      occupied on the module 3a. This shift may be carried out by any suitable
      means. For example, the beams 10, 11 are moved along on slides laid on the
      floor or run on rollers or wheels. This shift can also be carried out by
      means of the trolley 5.
PAR  When the crane 6 has reached the chosed location its position is adjusted
      by means of the jacks 19, 20, 21 and the beam 10 is fixed to the
      cantilever span section by means of an articulated anchoring-device one
      element of which is illustrated diagrammatically at 35 in FIG. 4. One then
      proceeds with the placing in position of the next module.
PAR  The prefabricated modules are advantageously stored on the floor. They are
      loaded onto the trolley by a conventional hoist apparatus which is not
      shown.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a "step-by-step" method for the construction of a segmental span
      structure, in which a plurality of modules having a transverse dimension
      equal to the width of the span structure and a length substantially less
      than said transverse dimension, are mounted in succession at the end of a
      cantilever span section disposed between successive supporting pillars,
      the improvement comprising the steps of (a) displacing a module along the
      cantilever span section with said transverse dimension of the module
      parallel to said span section, up to a stand-by position adjacent an end
      edge of the cantilever span section; (b) lifting the module; (c) pivoting
      the module by a quarter of a turn over said end edge about a substantially
      vertical axis located between a side edge of the cantilever span section
      and the module in said stand-by position, to bring the module in outboard
      position with the transverse dimension of the module parallel to said end
      edge; and (d) lowering the module from said outboard position to an
      erection position engaging said end edge.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the module is displaced along
      the centerline of the cantilever span section.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein a portion of the module in said
      stand-by position projects beyond said end edge of the cantilever span
      section.
NUM  4.
PAR  4. In a system for erecting a segmental span structure, in which a
      plurality of modules having a transverse dimension equal to the width of
      the span structure and a length substantially less than said transverse
      dimension, are mounted in succession at the end of a cantilever span
      section disposed between successive supporting pillars, the improvement
      comprising (a) means for displacing a module along the cantilever span
      section with said transverse dimension substantially parallel to said span
      section, up to a stand-by position adjacent an end edge of the cantilever
      span section; and (b) crane means for bringing the module to an erection
      position in which the module engages said end edge with said transverse
      dimension parallel thereto, the crane means comprising (1) a crane post
      having a substantially vertical axis, (2) an arm mounted on said post for
      pivoting movement about said axis, (3) means for supporting the crane post
      on the cantilever span section beside the module in said stand-by position
      with said axis spaced equally from the centers of gravity of the module in
      the stand-by and erection positions and viewing the said centers of
      gravity at right angle, (4) means in said arm from lifting the module from
      said stand-by position, (5) means for pivoting the arm by a right angle
      over said end edge to bring the module to an outboard position above said
      erection position, and (6) means for lowering the module from said
      outboard position to said erection position.
NUM  5.
PAR  5. A system as claimed in claim 4, wherein the means for displacing the
      module comprise a trolley and means for running the trolley substantially
      along the centerline of the cantilever span section.
NUM  6.
PAR  6. A system as claimed in claim 4, wherein the means for supporting the
      crane post on the cantilever span section comprise a pair of beams
      extending from a foot portion of the post and respectively in the
      longitudinal direction and in the transverse direction of the cantilever
      span section, and the beam which extends in the transverse direction has a
      height sufficiently low to enable an end portion of the module in the
      stand-by position to project over the said transverse beam.
NUM  7.
PAR  7. A system as claimed in claim 6, further comprising members of adjustable
      height inserted between the beams and the cantilever span section to
      support the beams thereon.
NUM  8.
PAR  8. A system as claimed in claim 4, wherein the means for lifting and
      lowering the module comprise hoisting means supported by the arm, a
      spreader member, means for hooking the module to the spreader member, and
      means for supporting the spreader member from the hoisting means,
      including means for adjusting the spreader member in inclination.
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ABST
PAL  A multi-hulled boat includes a main float and a retractable float normally
      arranged, when in their operative positions, in spaced apart side-by-side
      relationship. A float connection assembly is provided, including a pivot
      structure interconnecting the main float and the retractable float and
      arranged so that the float connection assembly may be pivoted with respect
      to the main float to move the retractable float to lie alongside the main
      float. The arrangement is such that the pivotable float connection
      assembly includes a beam which can be connected rigidly to the main float
      and the retractable float.
BSUM
PAR  This invention relates to float connection assemblies for multi-hulled
      boats, and in particular it relates to collapsible float connection
      assemblies for such boats to enable their overall beam to be reduced.
PAC  BACKGROUND OF THE INVENTION
PAR  Multi-hulled craft such as trimarans and catamarans, because of their
      relatively wide overall beam, have a disadvantage in that they are often
      too wide for transportation by road and also for berthing in marina pens
      and for manoeuvring in crowded anchorages. To overcome this disadvantage,
      especially in trimarans, many proposals have been devised to enable the
      floats to be selectively movable from an operative position where they are
      spaced outwardly from the main hull for maximum stability, to an
      inoperative position wherein the floats are moved inwards to lie adjacent
      the main hull to reduce the overall beam of the craft.
PAR  While this invention applies to catamarans and other two-hulled craft, it
      is particularly applicable to trimarans in which the accommodation is
      arranged in the central hull while the outer floats serve the main purpose
      of providing stability. In modern trimarans, the trend is to increased
      overall beam, therefore the loads on the beams interconnecting the floats
      with the main hull are increased.
PAR  With this trend to increased beams, floats of smaller proportions are being
      used and the floats are being kept as light as possible so as not to
      detract from the manoeuvrability of the trimaran. Thus, the floats are
      lightly constructed and are susceptible to damage, especially in confined
      areas where other craft are manoeuvring and collisions may occur.
      Additionally, because of their wide beam, multi-hulled boats which are
      built remote from launching sites are difficult to transport to their
      launching site, and it is advantageous if the floats can be removed or
      moved inwards to reduce the overall beam of the craft to enable it to be
      transported by normal road trailer.
PAR  To date, many proposals have been made to enable the overall beam of
      multi-hulled boats to be reduced. In some instances, the floats are simply
      bolted onto connecting beams and the craft may be dismantled for
      transportation. However, the floats must be reassembled before the boat is
      launched.
PAR  In another configuration, known as the "swing wing" configuration which has
      been used extensively on trimarans, the beams connecting the outrigger
      floats to the main hull are connected pivotally at their inner and outer
      ends to the main hull and floats respectively for pivotal movement about
      substantially parallel vertical axes. Two such beams are used per side and
      arranged to form a parallelogram arrangement so that the distance between
      the float and the main hull may be varied by pivoting the beams and there
      being provided means to retain the floats in their selected position.
PAR  While this method is reasonably successful, it imposes extremely high loads
      on the pivotal connections, especially those at the main hull.
      Furthermore, as these pivotal connections are exposed in a very corrosive
      sea-air atmosphere, their life expectancy and predictable serviceability
      leave much to be desired. Accordingly, there exists a great deal of
      resistance to such configurations because of the unavoidable weakness of
      the system. It will be appreciated that the ultimate loads imposed on the
      pivotal joints when multi-hulled craft are caught out in unusually rough
      conditions can be extremely high and failure of the float connections
      would have serious consequences. Thus, at present, most multi-hulled craft
      are built as a rigid unit, with their owners accepting the above
      disadvantages, mainly because of the lack of a suitable alternative.
PAR  Other arrangements for retracting floats of a trimaran have been proposed,
      but these suffer from the main disadvantage of an inherent weakness of
      hinged joints which are subjected to a corrosive atmosphere. Also, the
      prior proposals which simply arrange a pivot assembly in the connecting
      beams require the trimaran to be raised above the supporting surface,
      whether it be the water on which the boat floats or the ground, by a
      trailer or the like to enable the floats to swing down to their folded
      positions, because the floats in their folded position are disposed below
      the water line of the boat. If such craft have a very wide beam the floats
      in their folded attitude may extend below the bottom of the main hull.
      Another disadvantage with both fixed pivot arrangements, that is fixed
      pivots about vertical or horizontal axes, is that with fixed horizontal
      pivot axes folding of the floats increases the overall depth of the berth
      and with fixed vertical pivot axes, the overall length of the boat is
      increased because when the floats are swung to their folded attitude, the
      floats extend past the end of the main hull. Both such increases are a
      distinct disadvantage when trailing such craft.
PAR  It is, therefore, an object of this invention to provide a float connection
      assembly which will overcome the above and other disadvantages and which
      will be reliable and efficient in operation. In particular, it is an
      object of this invention to provide such connection assemblies in which
      the beams connecting the floats when in their operative disposition do not
      transfer the load only through hinged joints. Another object of this
      invention is to provide a float connection assembly for an outrigger type
      craft which will enable an outrigger float to be moved from its operative
      spaced position to its inoperative retracted position while the craft is
      floating and remains on an even keel. Other objects and advantages of the
      invention will become apparent from the following description.
PAC  SUMMARY OF THE INVENTION
PAR  With the foregoing and other objects in view, this invention resides
      broadly in a multi-hulled boat including a main float and a retractable
      float arranged, when in their operative extended attitude, in spaced apart
      side-by-side relationship and an above-water float connection assembly for
      maintaining the floats in their operative spaced apart attitude, said
      float connection assembly including a transversely extending beam
      connected at its outer end to said retractable float and having releasable
      connector means at its inner end enabling it to be releasably secured to
      said main float and a pivot assembly interconnecting said main float and
      said beam at a position intermediate its ends and adapted when said inner
      end is not secured operatively to said main float to guide said beam for
      pivotal movement about said main float in such manner that said
      retractable float may be retracted towards said main float to lie
      alongside the latter.
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PAR  In order that the invention may be more readily understood and put into
      practical effect, reference will now be made to the accompanying drawings
      which illustrate a preferred embodiment of the invention and wherein:
PAR  FIG. 1 is a front view of a trimaran having float connection assemblies in
      accordance with the present invention and illustrated with the starboard
      float in the retracted position;
PAR  FIG. 2 is a rear view showing the trimaran with both floats in their
      operative position;
PAR  FIG. 3 is a plan view of the trimaran illustrated in FIG. 1; and
PAR  FIG. 4 is a perspective view showing the arrangement of a float connection
      assembly.
DETD
PAR  Referring now to the drawings, there is shown a trimaran 10 including a
      main hull 11 and floats 12 arranged at opposite sides of the main hull 11.
      The floats 12 at each side of the main hull are each connected to the main
      hull by a pair of float connection assemblies 13 which, in this
      embodiment, include a pair of spaced apart beams 14 and 15 respectively,
      fixed rigidly at their outer ends 16 to the floats 12 and bolted removably
      at their inner ends 17 to the main hull 11 by bolts 18 passing through the
      inner ends 17 into suitable load bearing members rigid with the main hull
      11.
PAR  While in this embodiment two float connection assemblies are provided per
      side, in some embodiments only one such float connection assembly need be
      provided, and to simplify description the construction of the float
      connection assembly will be hereinafter described with reference to one
      assembly only. As shown, the float connection assembly 13 includes a beam
      14 and a support frame 20 connected pivotally at one end to the main hull
      at 19 for pivotal movement about a substantially longitudinal axis and
      pivotally at their outer ends at 23 to the mid portion 21 of the beam 14
      for pivotal movement about an axis substantially parallel to the axis of
      the inner pivot. A further guide pivot frame 22 is connected pivotally to
      the main hull inwardly of the pivot 19 and pivotally to the beam 14 at 24
      inwardly from the pivot 23.
PAR  As shown in FIG. 1 and FIG. 3, after the bolts 18 connecting the inner end
      17 of the beam 14 to the main hull 11 have been removed, the beam 14 may
      pivot, restrained by the support frame 20 and the guide frame 22. With the
      geometry as illustrated, the float 12 will move inwards as the arm 14
      pivots upwards until the float 12 is positioned alongside of the main hull
      11. It will also be seen that when moving from its operative extended
      position as shown by the port float, the starboard float will travel
      inwards in such manner that at all positions during its inward travel its
      effective displacement is not greatly varied, the main hull 11 therefore
      remains on an even keel. Thus, either or both floats may be moved from
      their operative extended position to the retracted position while the
      craft is in motion and with a minimum of effort.
PAR  Preferably there is provided a winch assembly located in the cockpit for
      handy operation by the helmsman and operatively associated with the float
      connection assembly to cause pivoting of the latter in either selected
      direction. In one form a continuous winch cable is used one end being
      connected to the support frame 20 and arranged so that it can pull the
      frame 20 upwards to retract the float and the other end being connected to
      the guide pivot frame 22 and arranged so that it can pull the frame 22
      downwards to extend the float, and the cable between the ends passing
      about a suitable winch drum for retraction in either direction.
PAR  Also, in the preferred embodiment the winch operates simultaneously on all
      four connection assemblies so as to move the floats in unison with a
      single action of the winch assembly. The arrangement could also be such
      that the securing bolts 18 could be omitted, the beams 14 being retained
      in their selected position by the abovementioned winch assembly or by a
      hydraulic ram or the like. In this case, the support arms 20 would be
      utilized structurally as tension members.
PAR  However, normally the beams when in their operative extended position will
      be bolted rigidly to suitable load bearing members in the main hull so as
      to form a rigid structure with the main hull interconnecting the floats
      and the main hull. In this case, the support arms 20 would tend to
      rigidify the float connections and more effectively distribute the beam
      loads and rigging loads into the main hull. Also extensible hydraulic
      members may be incorporated to control the movement of the beams.
      Alternatively, a bracing beam could be provided, extending across the main
      hull and bolted rigidly at each end to the opposing beams to provide a
      continuous built-up beam extending across the boat from one retractable
      float to the other end connected rigidly to the main hull.
PAR  Furthermore, in the illustrated embodiment, in the event of a capsize, one
      float could be flooded and then winched towards its retracted position.
      This would tend to tilt the trimaran to a position where it may be
      possible to attach buoyancy to the mast head or take other actions to
      enable the boat to be reverted to its normal floating attitude.
PAR  While the above has been given by way of illustrative example it will, of
      course, be realised that many modifications of constructional detail and
      design may be made to the described embodiment and that the features of
      the invention may be utilized on other multi-hulled boats by persons
      skilled in the art without departing from the broad scope and ambit of the
      invention as is defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A variable beam multi-hulled boat including a main float, a retractable
      stabilising float in spaced apart side-by-side relationship and an
      above-water float connection assembly adapted to maintain said floats in
      parallel side-by-side relationship, said assembly including a support beam
      fixed to said stabilising float and a pivot assembly connecting said
      support beam to said main float for pivotal movement with respect to said
      main float about a longitudinal axis to enable said stabilising float to
      be retracted towards said main float, and said pivot assembly including a
      pair of spaced guide frame assemblies each connected pivotally at opposite
      ends to said main float and to said support beam respectively for pivotal
      movement about respective spaced longitudinal axes and said guide frame
      assemblies being adapted to restrain said support beam for pivotal
      movement guiding said stabilising float for movement in a substantially
      horizontal direction towards said main float, to maintain a stabilising
      relationship with said main float at all times, and there being provided
      releasable locking means associated with said float connection assembly
      and operable to maintain said stabilizing float in its extended position.
NUM  2.
PAR  2. A variable beam multi-hulled boat according to claim 1, wherein said
      support beam, when said stabilizing float is disposed in said extended
      position, extends transversely between said floats with its inner end
      remote from said stabilising float disposed in overlapping relationship
      with said main float and wherein said releasable locking means is
      associated with said inner end and operable to releasably secure said
      inner end to said main float.
NUM  3.
PAR  3. A variable beam multi-hulled boat according to claim 2, wherein said
      inner end is adapted to be bolted rigidly to said main float, said bolted
      connection forming said releasable locking means.
NUM  4.
PAR  4. A variable beam multi-hulled boat according to claim 2, wherein said
      pair of spaced guide frame assemblies comprises a lower guide frame
      assembly which extends upwards and outwards from a pivotal connection at
      the side of said main float to its pivotal connection with said support
      beam and an upper guide frame assembly positioned above said lower guide
      frame assembly and disposed with its pivotal connection to said support
      beam disposed inwardly of the pivotal connection between said support beam
      and said lower guide frame assembly.
NUM  5.
PAR  5. A variable beam multi-hulled boat according to claim 4, wherein said
      main float and said stabilising float are connected together by a pair of
      said float connection assemblies disposed in spaced apart relationship
      longitudinally of said floats.
NUM  6.
PAR  6. A variable beam multi-hulled boat according to claim 4 and in the form
      of a trimaran, wherein said main float constitutes a central float and
      said retractable stabilising float constitutes one of a pair of
      substantially identical retractable stabilising floats each disposed at a
      respective side of said central float and each stabilising float being
      connected to said central float by a said float connection assembly.
NUM  7.
PAR  7. A trimaran according to claim 6, wherein said float connection
      assemblies of said stabilising floats are disposed in transverse
      alignment, whereby a transversely extending bracing beam may be connected
      rigidly to the respective support beams to form with said support beams a
      continuous built-up beam extending across said main float from one
      retractable stabilising float to the other retractable stabilising float.
NUM  8.
PAR  8. A trimaran according to claim 6, wherein each said stabilising float is
      connected to said main float by a pair of said float connection assemblies
      disposed in spaced apart relationship longitudinally of said floats and
      wherein the front and rear float connection assemblies of one said pair
      are disposed in transverse alignment with the respective front and rear
      float connection assemblies of the other said pair.
NUM  9.
PAR  9. A variable beam multi-hulled boat including a main float and a
      retractable stabilising float arranged, when in their extended position,
      in spaced apart side-by-side relationship and connected together by an
      above-water float connection assembly which includes a support beam fixed
      to said stabilising float and a pivot assembly connecting said support
      beam to said main float for pivotal movement with respect to said main
      float about a longitudinal axis to enable said stabilising float to be
      retracted towards said main float, and said pivot assembly being adapted
      to restrain said support beam for pivotal movement guiding said
      stabilising float for movement in a substantially horizontal direction
      towards said main float to maintain a stabilising relationship with said
      main float at all times and there being provided releasable locking means
      associated with said float connection assembly and operable to maintain
      said stabilizing float in its extended position.
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ABST
PAL  Improved method and means are disclosed for transferring eggs from
      transportation trays to a row conveyor which feeds the eggs to washers or
      breakers or other devices. A single operator transfers loaded trays of
      eggs from stacks of trays to a transfer position. At the transfer
      position, the operator may inspect the trays and remove undergrade eggs
      and replace them with acceptable eggs. An egg transfer means then carries
      the eggs to an egg row conveyor. During the transfer, the egg spacing is
      adjusted if necessary from the tray spacing to the conveyor spacing. After
      the egg transfer, the transfer means returns to the pick-up point and
      proceeds through another cycle. Alternatively the transfer means may be
      set to await a signal from the operator before proceeding with another
      transfer cycle. During the transfer, the operator inspects the top trays
      at the pick-up position to clear them of untransferred eggs and to remove
      soiled trays, and then the operator places additional filled trays on the
      tops of the stacks of emptied trays for the next cycle. The emptied trays
      are stacked at the transfer position and the operator periodically removes
      the stacks and places them in a conveniently positioned carton or onto a
      removal conveyor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to method and means for transferring articles
      from trays or cartons to row conveyors and more particularly to a method
      and means for transferring eggs from transportation trays to a row
      conveyor. In a number of egg processing operations, the eggs are initially
      stored and shipped in cartons with the eggs being placed on individual
      trays as, for example, with thirty eggs being positioned in rows on a tray
      and with a number of these trays being held in a case. Subsequent egg
      processing operations such as washing or grading or egg breaking require
      the eggs to be removed from the trays and to be positioned in rows on
      moving conveyors. An improved method and means for such a transfer are
      provided by this invention.
PAR  There are a number of different methods and means presently used for the
      operation of transferring eggs from trays to conveyors. These present
      methods and means, while satisfactory under certain conditions, have been
      found to be inefficient for a number of transfer operations and
      unadaptable to other egg transfer situations. These present methods and
      means have also been found to be inefficient in their use of an operator's
      time and to require unnecessary movements or motions by the operators and
      they also cannot efficiently handle trays of eggs of the minimum standards
      which are normally processed.
PAR  The improved transfer method and means permits borderline trays to be used
      in its regular mode of operation which is not satisfactorily done with
      prior methods or systems.
PAR  The method and means of the present invention also provide a high speed
      efficient egg transfer operation where the eggs are simply and
      conveniently fed to the transfer position in trays in their original case.
      At this position, the operator feeds the eggs in trays to the transfer
      means by a method which permits the operator to clear the trays of cracked
      or leaking eggs prior to egg transfer and to clear the trays of any
      untransferred eggs or to remove soiled trays as part of the continuous
      high speed egg transfer operation.
PAR  As contrasted with prior egg transfer operations of this general type, the
      operator need not move from the operating position to perform these steps
      or any of the other operating sequences which are part of this improved
      efficient high speed egg transfer operation.
PAR  Accordingly, an object of the present invention is to provide an improved
      and relatively simple high speed method and means for transferring eggs to
      a row conveyor.
PAR  Another object of the present invention is to provide an improved egg
      transfer means which permits an operator to clear objectionable eggs from
      egg trays and to replace them with acceptable eggs during the transfer
      operation without leaving an operating position.
PAR  Another object of the present invention is to provide an improved method
      and means for transferring eggs from trays to a conveyor which will
      satisfactorily handle soiled eggs or trays which may not be handled
      satisfactorily by prior methods or means.
PAR  Another object of the present invention is to provide an improved method
      and means for transferring eggs from trays to row conveyors where the
      trays are supplied to the transfer station in stacks or cases and the
      filled trays are placed directly into the transfer position.
PAR  Another object of the present invention is to provide an improved method
      and means of transferring eggs from trays to roller conveyors where a
      single operator conveniently handles one or more trays per transfer cycle.
PAR  Another object of the present invention is to provide an improved method
      and means for transferring eggs from trays or cases to a row conveyor in a
      relatively small area using apparatus which occupies only a minimal floor
      space.
PAR  Another object of the present invention is to provide a method and means of
      transferring eggs wherein the method steps and the size of the means
      permits a single operator to control either one or two units from a single
      operating position.
PAR  Another object of the present invention is to provide an improved method
      and means for transferring eggs from trays or cartons wherein the rate of
      transfer is adaptable for variations in operator's skill or may be
      adjusted for continuous operation to take advantage of favorable transfer
      conditions.
PAR  Another object of the present invention is to provide an improved method
      and means which requires no initial transfer of eggs from cartons or trays
      to an initial conveyor for transporting the eggs or the trays to the
      transfer position.
PAR  Other and further objects of the invention will be obvious upon an
      understanding of the illustrative embodiment about to be described or will
      be indicated in the appended claims, and various advantages not referred
      to herein will occur to one skilled in the art upon employment of the
      invention in practice.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention has been chosen for purposes of
      illustration and description and is shown in the accompanying drawings,
      forming a part of the specification, wherein:
PAR  FIG. 1 is a diagram of a preferred embodiment of the method steps of the
      invention.
PAR  FIG. 2 is a perspective view of one embodiment of means for performing the
      method in accordance with the invention.
PAR  FIG. 3 is a side elevational view of a preferred embodiment of a transfer
      head.
PAR  FIG. 4 is a side elevational view of a preferred tray hold-down assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The method and means of this invention are used in an egg processing
      operation for transferring eggs from their transportation trays to a row
      conveyor which continuously or intermittently carries the eggs to washing
      or breaking or other egg processing apparatus. A convenient and
      standardized method of egg storage and distribution packages the eggs on
      contoured egg supporting trays where a typical tray will hold a number of
      eggs, such as thirty eggs in five rows of six eggs each. These trays are
      stacked one on top of another in a number of stacks within a case.
PAR  In the preferred method and means of this invention, the eggs are supplied
      directly to the egg transfer station in the cases where the case is
      supported at a convenient level adjacent to the operator of the transfer
      means. Cartons may be brought to this point by a suitable carton conveyor
      or otherwise.
PAR  FIG. 1 gives the preferred steps of the method. These steps will now be
      described in connection with a general description of a preferred means
      for performing the steps.
PAR  The transfer means of the present invention comprises an egg tray receiving
      table 10 (FIG. 2) positioned adjacent to a support surface to which cases
      of egg trays are furnished (Step 1). The table 10 supports a pivotally
      mounted egg transfer head 11 which is positioned to engage and to lift
      eggs 12 from one or more trays 13 (FIG. 3) positioned on the table 10
      (Step 2) by the operator and to carry these eggs 12 to a conveyor 14.
PAR  The preferred and most efficient method for transferring the trays of eggs,
      such as two standard egg trays, is for the operator to place each tray on
      the table 10 on the top of a stack of trays transferred from previous
      loading cycles. After the operator places the trays 13 on the tops of the
      stacks on the transfer table 10, a time period is available for the
      operator to inspect the eggs on the trays and to remove any objectionable
      eggs which may have checks or which may be soiled with egg liquid or other
      matter and to replace them with acceptable eggs (Step 3).
PAR  When the trays 13 are in position on table 10 and the objectionable eggs 12
      have been removed and replaced, the operator presses a transfer switch 17
      releasing the egg transfer head 11 so that it may thereafter move
      downwardly under the control of a timing system into engagement with the
      eggs 12 and carry the eggs 12 toward a position above the egg conveyor 14
      (Step 4).
PAR  As the transfer head carries the eggs 12 to the conveyor 14 it changes the
      egg spacing, if necessary, to conform to the necessary egg and egg row
      spacing for the conveyor. The William H. Warren U.S. Pat. No. 3,542,224
      dated Nov. 24, 1970 describes a suitable spacing adjustment means (Step
      5).
PAR  A timing device on the conveyor 14 operates an egg release mechanism to
      release the eggs onto the egg conveyor 14 at the correct conveyor position
      (Step 6). Suitable egg transfer heads are illustrated, for example, in the
      William H. Warren U.S. Pat. Nos. 3,437,096 dated Apr. 8, 1969 and
      3,587,888 dated June 28, 1971. Such transfer devices use resilient rubber
      egg chucks 15 and a vacuum source connected to the chucks 15 for engaging
      the eggs 12 and for carrying them between the trays 13 and the conveyor
      14. A synchronized vacuum system of the type illustrated in the above
      referred to U.S. Pat. No. 3,437,096 may control the application and the
      release of the egg lifting vacuum force. The preferred transfer head
      provides for a difference in level between the eggs 12 on a tray 13 at the
      transfer table 10 and the level of the conveyor 14. The transfer device
      may include a leveling arrangement of the type illustrated in the above
      referred to U.S. Pat. No. 3,587,888 for maintaining the supported egg
      array in a horizontal position at both the pick-up and egg release levels.
PAR  After the transfer head 11 starts its motion toward the conveyor 14, the
      operator inspects the top trays 13. If any eggs remain they are removed
      and placed in a convenient container or waste bin depending upon their
      condition. If a top tray is soiled, it is removed from the stack for being
      handled and cleaned separately from the clean trays remaining in the
      stacks (Step 7).
PAR  A preferred arrangement of the transfer table 10 provides for the stacking
      of two adjacent stacks of egg trays 13. This permits the operator to
      continue to place filled trays 13 on top of the two stacks to build up two
      piles of trays 13 as the trays 13 are successively emptied by the
      operation of the transfer head 11. A pivotally mounted hold-down member 16
      is provided for the top trays which is swung clear of the stacks after the
      transfer head 11 has lifted the eggs 12 at the commencement of the
      transfer cycle. This hold-down is spring loaded so that it may rise
      sufficiently to accommodate increases in the heights of the stacks of
      trays 13. The operator inspects the empty trays 13 to remove one if it is
      soiled (Step 7) and thereafter adds a filled tray to the top of each of
      the stacks (Step 8). The hold-down member 16 is pivoted downwardly to
      engage the top trays 13 on the stacks during the period of the transfer
      when the egg chucks 15 engage the eggs 12 and lift them clear of the trays
      13.
PAR  Periodically, the operator removes the stacks of empty trays 13 from the
      transfer table 10 and places them on a suitable removal conveyor or in a
      conveniently placed case for reuse (Step 9).
PAR  FIG. 4 illustrates a preferred embodiment of the hold-down assembly 16. A
      series of parallel tray guide bars 18 are fitted into a suitable mounting
      bracket 19 so that they are positioned just above the table 10 and so that
      the bars 18 fit between egg compartments on the egg trays 13. In the
      embodiment illustrated in FIG. 2, for example, four bars 18 are shown for
      receiving and for aligning two stacks of trays 13. The hold-down assembly
      16 is mounted on the table top 10 above the tray guide bars 18. It
      includes mounting brackets 20 to which the hold-down arms 21 and
      crosspieces 22 are pivotally attached. The hold-down arms 21 are swung
      upwardly to the raised tray loading position illustrated in FIG. 2 after
      the transfer head 11 has lifted the eggs 12 upwardly from the uppermost
      tray 13. This permits the operator to perform the clearing step 7 and then
      the tray loading steps 2 and 3 as the next filled trays are placed at the
      transfer position. The hold-down arms 21 are swung between their raised
      and lowered positions by a drive system including a cam drive wheel 23
      attached to the drive shaft 24 for the transfer head 11. The cam wheel 23
      is coupled to the hold-down arms 21 through the intermediation of a cam
      follower 25 mounted on a pivot arm 26. The pivot arm 26 is pivotally
      attached to the machine base at its upper end 27 and is pivotally attached
      by a pin 28 at its lower end 29 to a crank 30 by a spring loaded coupling
      lever 31. The coupling lever 31 includes an elongated slot 32 for
      receiving the coupling pin 28. A coil spring 33 urges the pin 28 towards
      the right hand end of the slot 32 and permits the hold-down arms 21 to
      swing upwardly to compensate for the rising stack of egg trays 13 as the
      pin 28 moves in the slot 32 against the force of the spring 33.
PAR  A preferred control system is utilized for the movement of the egg transfer
      head 11. The head is driven through its cycle by a suitable electric drive
      system of the type of above referred to U.S. Pat. No. 3,437,096. When the
      top trays have been inspected, the operator presses an activation switch
      17. The switch 17 places the transfer head movement under the control of a
      regular timing cam causing the head 11 to swing downwardly from its raised
      position above trays 13 on the transfer table 10 and to engage the eggs 12
      as vacuum is applied to the egg chucks 15 and to then move in the opposite
      direction to carry the eggs 12 to a release position above the conveyor
      14. When the conveyor 14 has advanced to the proper egg receiving
      position, a cam (not shown driven by the conveyor 14 operates to cause the
      eggs 12 to be released and the transfer head 11 to swing back to its
      initial rest position. It is thus seen that the transfer head 11 makes one
      cycle as the conveyor 14 advances a sufficient amount to receive the
      transferred eggs 12. The activation switch 17, which is operated by the
      machine operator, therefore provides an over riding control so that the
      transfer operation only occurs if the trays 13 have been positioned and
      inspected and are ready for the transfer operation. If the trays 13 are
      not ready, the operator does not press the switch and no transfer will be
      made until the switch 17 is pressed and the conveyor 14 advances an
      additional distance for receiving another group of eggs. In the event that
      the loading is proceeding smoothly, the activation switch may be by-passed
      by a by-pass switch 41 (FIG. 2) and the machine may be put on full
      automatic control so that the egg transfer head 11 goes through its cycle
      each time that the egg conveyor advances a sufficient distance to receive
      a set of eggs, i.e., each time that the conveyor advances ten rows in the
      case where sixty eggs are being transferred, and where a six egg row is
      being used on the egg conveyor.
PAR  FIG. 3 illustrates a preferred embodiment of the mounting of the transfer
      head 11. The L-shaped support arms 35 are mounted on the drive shaft 24 so
      that the arms 35 move from their pick-up position, as illustrated in solid
      lines, to their discharge position as shown in dash-dot lines under the
      control of the drive shaft 24. The lifter plates 36 for the vacuum cups 15
      are attached to the arms 35 by means or orbit links 37 each rotatably
      attached at one end to an arm 35 and at its opposite end to the lifter
      plate 36 support shaft 42.
PAR  A leveling means is employed to level the lifter plates 36 at the egg
      pick-up and discharge positions shown. This leveling means comprises a
      standard pantograph-type system including the endless chain 43.
PAR  In FIG. 3, the arc 44 represents the paths of the outer ends of the arms 35
      as they are moved to and from the egg pick-up and release positions. The
      curved line 45 represents a desired path of movement for support shaft 42
      for the egg support plates 36 near the pick-up and release points to
      insure that the eggs 12 are picked up and released with a sufficiently
      vertical movement. This movement is obtained for the eggs 12 and their
      support plates 36 by a control system for the orbit links 37. This system,
      as illustrated in FIGS. 2 and 3 includes sprockets 38 attached to the
      orbit links 37 and fixed sprockets 40 connected by endless chains 39. The
      sprockets 38 and 40 are chosen to give the illustrated path 45 for the
      plate support shaft 42 and similar paths for the eggs 12 supported on the
      plates 36.
PAR  In order that the transfer head 11 accomodates itself to the increasing
      heights of the stacks of trays 13 on the table 10, the transfer head drive
      system preferably includes a spring coupling. The spring coupling is
      adjusted so that it compresses on the downward movement of the transfer
      head 11 against the eggs 12 in the uppermost trays. Alternatively or in
      addition, the trays 12 may be supported on a resilient support which
      compresses downwardly to maintain a generally constant stack top height
      under the action of the hold-down member 16.
PAR  The transfer method and means as described above are sufficiently compact
      so that two systems may be placed side by side or facing one another. With
      an operator positioned between systems and with egg cases being supplied
      at a convenient point, a single operator may handle both machines. The
      operation of a single machine or of two machines is facilitated by the
      above described transfer head 11 action where the transfer head 11 is
      spaced from the egg trays 13 for a major portion of the time of each
      transfer cycle. The transfer head 11 is preferably moved at considerably
      greater speed than the conveyor 14 speed thereby maximizing the dwell time
      for the transfer head 11 and minimizing the time during which the head 11
      is in motion in front of the operator.
PAR  It will be seen that an improved method and means for transferring eggs
      from egg trays to conveyors has been described. The method and means
      provide particular efficiency in operation and in the utilization of space
      for a one-operator egg transfer position. In addition, the method and
      means will handle trays including eggs which present cleaning problems as
      these eggs are easily located and replaced by the operator with acceptable
      eggs. The operator may efficiently feed one or two transfer systems for
      high speed egg processing machines, such as washers or breakers and the
      like, without having to move away from the operating position and while at
      the same time monitoring the egg transfer so that objectionable eggs are
      removed from the transfer process. The stacks of emptied trays are easily
      removed from the egg pick-up position without the operator's leaving the
      operation position.
PAR  These improvements are obtained by the arrangement of the steps by which
      the transfer is accomplished as well as by the related means for the
      transfer. The physical movement of the eggs from the trays to the conveyor
      is performed at high speed with a gentle egg handling mode so that a
      relatively longer period between egg transfers becomes available to the
      operator for the related tray handling and egg and tray inspecting steps.
PAR  The improved method means are also effective, as more fully described
      below, to permit the transfer to be under the complete control of the
      operator whereby the transfer may be interrupted when necessary to prevent
      the entry of objectionable eggs or dirty trays into the egg or tray
      processing steps. These results are obtained with a system which is
      completely safe for the operator and which requires only relatively simple
      and physically undemanding motions by the operator as eggs arriving on
      trays in cases are transferred to the moving conveyor by the method and
      means of the invention.
PAR  As various changes may be made in the form, contruction and arrangement of
      the parts herein without departing from the spirit and scope of the
      invention and without sacrificing any of its advantages, it is to be
      understood that all matter herein is to be interpreted as illustrative and
      not in a limiting sens.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A method of unloading eggs from a series of successively oncoming trays
      and transferring said eggs to a conveyor comprising the steps of:
PA1  manually moving a tray to a horizontally fixed egg transfer pick-up
      position;
PA1  applying egg carrying means to the eggs in said tray;
PA1  operating said means to move said eggs from said tray onto a conveyor while
      said tray remains in said pick-up position;
PA1  then superposing a second tray of eggs on said empty first tray;
PA1  applying said egg carrying means to the eggs in said second tray; and
PA1  operating said means to move said last named eggs onto said conveyor while
      said second tray remains superposed on said first tray.
NUM  2.
PAR  2. The method as claimed in claim 1 which comprises the further step of
      changing the spacing of the eggs as they are carried to the conveyor.
NUM  3.
PAR  3. The method as claimed in claim 1 which further comprises the step of
      removing eggs remaining in the trays at the pick-up position not carried
      to the conveyor.
NUM  4.
PAR  4. The method as claimed in claim 1 which further comprises the step of
      periodically removing the stacked trays from the egg transfer pick-up
      position.
NUM  5.
PAR  5. The method as claimed in claim 1 in which the step of carrying said eggs
      to said egg placing position is performed at fixed intervals of
      predetermined length.
NUM  6.
PAR  6. The method as claimed in claim 1 which further comprises the step of
      holding down the trays at the pick-up position during the movement of the
      eggs therefrom and of releasing the trays thereafter.
NUM  7.
PAR  7. The method as claimed in claim 1 which further comprises the step of
      carrying said eggs by a resilient drive means.
NUM  8.
PAR  8. The method as claimed in claim 1 which further comprises the step of
      adjusting the egg carrying path adjacent to the pick-up and placing
      positions to facilitate releasing the eggs at a different level from the
      egg pick-up position level.
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ABST
PAL  A wave-actuated bilge pump for pumping foul bilge gases from a boat. The
      pump includes a generally inverted U-shaped section of hollow tubing with
      generally downwardly directed legs having open ends. One of the ends is
      positioned to receive bilge gases from within the boat, and the other end
      is immersed below the surface of the water outside the boat. A
      freely-opening check valve permits bilge gases to flow within the tubing
      only away from the fume-receiving end. A gas-escape port opened to the
      atmosphere is provided in the tubing above the lower, open tubing end
      immersed in the water, and a second, freely-opening check valve is
      provided to permit flow of bilge fumes through the port only outwardly of
      the tubing of the atmosphere. Wave-action causes the level of water in the
      exterior leg of the tubing to rise and to fall such that bilge gases are
      drawn into the tubing as the water level falls, and the gases are
      exhausted from the tubing as the water level rises.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The collection of foul-smelling and often flammable bilge gases in boats
      presents a health and safety hazard. Boats often are equipped with
      electrically powered bilge pumps for the purpose of clearing the boat of
      explosive gases before an in-board engine is started. If a pilot does not
      remember to run the bilge pump prior to starting the motor, an explosion
      and fire may result. One effort to avoid this problem is described in U.S.
      Pat. No. 3,771,920  in which inflatable plastic bags are provided within
      liquid-containing compartments in a boat, the rocking of the boat (often
      absent in heavy, stable craft) serving to alternately inflate and deflate
      the bags to cause bilge gases to eventually be exhausted from the boat.
      This device would appear to be expensive, rather heavy and awkward to
      manage, and difficult to install, and the volume of bilge gases which are
      exhausted would appear to depend upon the volume of the plastic bags. Much
      to be desired is a lightweight, simple, inexpensive, easily installed and
      continuously operating bilge pump which does not depend for its operation
      upon electric power nor upon rocking of a boat.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides a simple, lightweight, easily installed
      bilge pump for pumping foul and often explosive bilge gases from a boat.
      The pump comprises a generally inverted U-shaped section of hollow tubing
      providing a first leg to be mounted on the interior of a boat and having a
      lower open end for receiving bilge gases, and a second leg to be
      positioned exteriorly of the boat and having a lower open end immerseable
      in water outside the boat, the water level in the second leg rising and
      falling in response to waves or wavelets which temporarily change the
      water level with respect to the boat. The tubing is provided with an
      exhaust port open to the atmosphere and spaced above the lower open end of
      the second leg. Freely-opening check valve means are provided to permit
      bilge gases to pass only upwardly within the interior leg of the tubing as
      the water level within the second leg decreases, and to permit exhaust
      gases to pass outwardly of the port as the water level in the second leg
      increases. Desirably, at least that portion of the second leg which is
      immersed in the water is of much greater diameter than the first leg,
      whereby small changes in the water level in the second leg give rise to
      significantly large volumetric flow of bilge gases upwardly in the
      interior leg and through the exhaust port.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view, in partial cross section, of the pump of the
      invention as installed in a boat;
PAR  FIG. 2 is a view taken along line 2--2 of FIG. 1 and showing the interior
      of an easily opening check valve in the exhaust port of the bilge pump;
      and
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the bilge pump of the invention is designated
      generally 10 and is shown mounted to a boat 12, the boat having a botton
      12.1 and side walls depicted in the drawing as transom 12.2. The pump
      includes a generally inverted U-shaped length of hollow tubing 14 which is
      mounted to the boat, as will be subsequently described. The first, or
      interior leg 14.1 of the section of tubing is provided with a lower, open
      end 14.2 positioned in close proximity to the boat bottom 12.1 so as to
      receive bilge gases from the boat. The end 14.2 may be provided with a
      groove, or notch 14.3 so as to permit bilge gases to enter even though the
      end 14.2 may be in contact with the bottom of the boat.
PAR  The other leg 14.4 of the tubing is carried exteriorly of the boat and has
      a lower open end 14.5 which is ordinarily submerged a short distance below
      the surface of the water outside the boat. The diameter of the leg 14.4 is
      preferably considerably greater than that of the leg 14.1, as will be
      explained below. Spaced from its lower end 14.5, the exterior leg 14.4 of
      the tubing section is provided with an exhaust port 14.6 to which is
      mounted an exterior exhaust duct 14.7 leading to the atmosphere. Within
      the exhaust duct 14.7 is carried a check valve 14.8 which permits bilge
      gases to be exhausted through the port to the atmosphere but which
      prevents air from entering the tubing.
PAR  In the cross member 14.9 of the tubing there is positioned another check
      valve 15 which permits bilge gases to flow upwardly through the interior
      leg 14.1 and through the valve, but which prevents air or other gases from
      passing downwardly through the leg 14.1 into the boat.
PAR  The leg 14.1 may be made of a section of round, preferably high impact
      strength plastic tubing. The upper end of the leg 14.1 has a gradual
      90.degree. bend, and terminates in a bell-shaped end 16, as shown in FIG.
      1. The second, or exterior leg 14.4 of the tubing section 14 is similarly
      fashioned with a 90.degree. bend at its upper end 16.1, the latter end
      being of somewhat smaller diameter than the balance of the leg 14.4. The
      end 16.1 passes through the transom 12.2 or side wall of the boat 12, and
      a gasket or seal 12.3 may be employed to make the union between the
      transom and tubing watertight.
PAR  A length of connector tubing 16.3 is interfitted between the upper, bent
      over ends 16 and 16.1 of the interior and exterior legs. One end 16.4 of
      the connector tubing is flared so as to interfit tightly with the
      bell-shaped end of the interior leg, and the other end 16.5 of the
      connector tubing sealingly interfits with the bent over end 16.1 of the
      exterior tubing leg. In this manner, the pump of the invention may easily
      be installed through the transom or side wall of the boat by passing the
      bent over length 16.1 of the exterior tubing leg through the seal 12.3 of
      the transom, and then connecting the tubing sections 14.1 and 16.3 from
      within the boat to the exterior leg 14.4.
PAR  The check valve 14.6 which is installed in the exhaust duct 14.7 is
      designed to open when only a very small pressure differential is applied
      thereacross. The duct 14.7 is itself preferably of round cross section,
      and the valve 14.8 comprises a lightweight circular disc 18 having a
      diameter only very slightly less than that of the duct 14.7. On one face,
      slightly above its center of gravity, the disc 18 is provided with ears
      18.1 (which may be formed by slotting and forming the disc as shown in
      FIG. 2), and a pivot pin 18.2 passes freely through the ears 18.1 and has
      ends journaled into the side walls of the duct 14.7. Plastic bushings 18.3
      may be employed to hold the pivot pin ends in position, as shown best in
      FIG. 2. Substantially semicircular upper and lower valve seats 18.4, 18.5
      are provided around the upper and lower inner peripheries of the duct as
      shown best in FIG. 3 so that when the disc 18 shuts in the direction
      opposite to that shown by arrow A, the upper periphery of the disc comes
      into sealing contact with the seat 18.4, and the lower periphery of the
      disc comes into contact with the seat 18.5. The position of the pivot pin
      18.2 with respect to the disc is so chosen that the lower portion of the
      disc is slightly heavier than the upper portion so that the disc will
      close when no pressure differential is applied across the valve. The area
      of the disc below the pin 18.2 is slightly greater than that of the disc
      above the pin, and as a result, when the pressure within the leg 14.4 very
      slightly exceeds atmospheric pressure, the valve will open in the
      direction shown by arrow A in FIG. 3. On the other hand, when atmospheric
      pressure is very slightly greater than the pressure within the exterior
      leg 14.4 of the pump, the pressure of air acting against the lower area of
      the disc 18 will cause the disc to seal against the valve seats 18.4,
      18.5, thereby closing the duct. For proper operation of the pump of the
      invention, it is desired that the valve 14.8 open when only very slight
      pressure differentials are created across the valve. For this reason, the
      diameter of the duct 14.7 is relatively large in comparison to the
      diameter of, for example, the interior tubing leg 14.1, so as to increase
      the area over which any pressure differential across the valve may act.
PAR  The check valve 15 may be identical in size, structure and function to the
      valve 14.8, and for this reason the connector tubing section 16.3
      encompassing the valve 15 is of relatively large diameter in comparison,
      for example, to the diameter of the internal tubing leg 14.1. It will be
      understood that the valve 15 will open when the pressure of bilge gases
      within the tubing leg 14.1 very slightly exceeds the pressure within the
      exterior tubing leg 14.4, the disc of the valve 15 opening into the
      position shown in FIG. 1.
PAR  As noted above, the diameter of the tubing leg 14.4 is desirably much
      greater than that of the interior leg 14.1. The large diameter of the leg
      14.4 permits even a small change in the water level within that leg to
      give rise to a rather large change in the volume of that leg, which change
      must be compensated for by passage of bilge gases into the tubing leg
      14.1. For example, doubling the diameter of the tubing leg 14.4 results in
      a fourfold increase in volume change within that leg corresponding to a
      given change in the water level and this in turn causes a fourfold
      increase in the volume of bilge gases which are drawn into the interior
      tubing leg 14.1 for eventual exhaustion. It will be understood that the
      entire length of the exterior leg 14.4 need not be of great diameter; only
      that section of the leg 14.4 within which the water level varies under
      normal conditions need be of large diameter.
PAR  The pump of the invention is installed in the boat, as mentioned above, by
      inserting the bent over upper end 16.1 of the exterior tubing leg into the
      seal 12.3 surrounding an opening in the transom or side wall of the boat.
      The interior leg 14.1 may then be coupled through the connector section
      16.3 to the exterior tubing leg, as depicted in FIG. 1. If desired, a
      rigid brace (not shown) may be employed to rigidly support the exterior
      leg 14.4 with respect to the boat.
PAR  In operation, waves or wavelets in the body of water supporting the boat
      continually change, if even by a very small amount, the level of water
      within the exterior leg 14.4 of the pump. As the water level decreases,
      the water-free volume of the leg 14.4 becomes greater and the pressure
      within that leg decreases very slightly. A resulting very small
      differential applied across the check valve 15 causes this valve to open,
      and bilge gases accordingly pass through the lower open end 14.2 of the
      internal legs 14.1 so as to equalize the pressure between the leg 14.1 and
      14.4. As the water level within the external leg thereafter increases, the
      pressure within that leg also increases slightly. The resulting pressure
      differential across the valve 15 causes that valve to close. The resulting
      pressure differential which is also applied across the valve 14.8 causes
      the latter valve to open, allowing the bilge gases under slightly greater
      pressure to pass outwardly to the atmosphere through the duct 14.7.
PAR  Because of the sensitivity of the check valves 14.8 and 15 to even small
      pressure differentials, the bilge pump of the present invention is useful
      in exhausting bilge gases even when the body of water in which the boat is
      moored is quite calm.
PAR  The bilge pump of the invention preferably is made of high impact plastic,
      and it will be understood that the entire pump has but two moving parts
      (the check valves). The pump takes up little space on either the inside or
      outside of the boat, and is substantially foolproof and indestructible
      under normal oprating conditions. If desired, the lower open end 14.5 of
      the tubing leg 14.4 may be beveled as shown in FIG. 1 so that the trailing
      edge of that open end is raised above the leading edge thereof, resulting
      in a sunction or siphon effect when the boat moves forwardly through the
      water.
PAR  I desire to use the bilge pump of my invention in conjunction with a
      powered, conventional bilge pump, the bilge pump of my invention
      maintaining the boat reasonably free of bilge gases when the boat is at
      rest at a mooring.
PAR  While I have described a preferred embodiment of the present invention, it
      should be understood that various changes, adaptations, and modification
      may be made therein without departing from the spirit of the invention and
      the scope of the appended claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A bilge pump for pumping bilge gases from a boat and comprising a
      generally inverted U-shaped length of tubing providing a first leg having
      an open end for receiving bilge gases from a boat and a second leg having
      a lower, open end immersable in the water outside the boat, the tubing
      including an exhaust port spaced above the immersed tubing end, and
      freely-opening check valve means permitting the flow of bilge gases in the
      first leg only away from the gas-receiving end when water is receding from
      the second leg and also permitting the flow of bilge gases through the
      exhaust port outwardly of the tubing to the atmosphere when water is
      entering the second leg.
NUM  2.
PAR  2. The bilge pump of cllaim 1 in which the pump is configured for rigid
      mounting to a boat with the first leg interior of the boat and in
      communication with bilge gases and with the second leg exterior of the
      boat, and with a section of connector tubing joining the first and second
      legs.
NUM  3.
PAR  3. The bilge pump of claim 1 wherein the valve means comprises a pair of
      freely-openable check valves, one valve being postioned in the tubing to
      permit the flow of bilge gases in the first leg only away from the
      gas-receiving end thereof, and the other valve being positioned at the
      exhaust port to permit the flow of bilge gases through the exhaust port
      only outwardly to the atmosphere.
NUM  4.
PAR  4. The bilge pump of claim 1 in which the valve means comprises a pair of
      freely-opening check valves, each valve having a valve disc and a split
      annullar seat against which the periphery of the disc bears, each valve
      being openable under minute pressure differentials thereacross.
NUM  5.
PAR  5. The bilge pump of claim 4 in which each valve has a pivot pin pivotally
      mounting the disc slightly above the center of gravity of the disc so as
      to cause the latter to close on the valve seat under its own weight in the
      absence of a pressure differential across the valve.
NUM  6.
PAR  6. The bilge pump of claim 1 in which the cross-sectional area of at least
      the lower portion of the second leg is substantially greater than the
      cross-sectional area of the first leg, whereby a small decrease in water
      level in the second leg gives rise to a relatively large volumetric flow
      of bilge gases through the first leg.
NUM  7.
PAR  7. The bilge pump of claim 6 in which the cross-sectional area of at least
      the lower portion of the second leg is at least two times greater than the
      cross-sectional area of the first leg.
NUM  8.
PAR  8. A bilge pump for pumping bilge gases from a boat and comprising a first
      generally upright length of tubing having an open lower end to receive
      bilge gases within the boat, a second substantially upright length of
      tubing positioned exteriorly of the boat and having a lower open end
      positioned beneath the surface of water outside the boat, at least the
      lower portion of the last-mentioned tubing having a cross-sectional area
      at least two times that of the first length of tubing, a length of
      connector tubing joining the upper ends of the first and second lengths of
      tubing, the second length of tubing having adjacent its upper end an
      exhaust port, an exhaust duct connected to the exhaust port and leading to
      the atmosphere, and a pair of check valves positioned respectively in the
      exhaust duct and the length of connector tubing with the last-mentioned
      tubing and duct forming valve housings for the valves, each valve
      comprising a disc having a diameter slightly smaller than that of its
      housing and having a pivot pin pivotally mounting the disc slightly above
      its center of gravity to opposed housing walls so that the valve will open
      upon application of a minute pressure differential thereacross, the valve
      including a split annular valve seat carried by the inner walls of the
      housing and arranged to engage the periphery of the disc as the latter
      assumes a position perpendicular to the flow direction of bilge gases
      through the housing,
PA1  whereby the slight vacuum created in the tubing exterior of the boat as the
      water level therein decreases causes the valve in the connector tubing to
      open so that bilge gases flow into the exterior length of tubing from the
      interior length of tubing, and whereby a subsequent increase in the water
      level in the exterior length of tubing increases the pressure of bilge
      gases therein causing the check valve in the exhaust duct to open, whereby
      the bilge gases are exhausted from the pump.
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ABST
PAL  An arrangement permitting cargo hatches consisting of one or several
      sections and moveable in the transverse or longitudinal direction of the
      ship to be stowed alongside the frame surrounding the hatchway so as to be
      out of the way during loading and unloading operations. The arrangement
      includes a ramp on which the hatch sections are supported while being
      moved, the ramp being arranged for swinging movement so as to position the
      hatch sections vertically adjacent the external face of the frame and
      below the upper level of the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is customary to stow loads on top of the cargo hatches on the weather
      deck of ships and to cover the loads with a tarpaulin. In hard weather,
      waves will wash over the ship and the load on the hatches might be
      damaged.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the present invention is to remedy this drawback. This is
      achieved in accordance with the invention in that the frame surrounding
      the hatchway on weather decks is made sufficiently high to hold the loads
      within the cargo space, whereby at the same time space is created wherein
      the cargo hatch sections covering the hatchway may be stowed vertically on
      the outside of the frame when removed from the hatchway and displaced,
      e.g. transversally across the ship. In this position, they are completely
      out of the way during loading and unloading.
PAR  It is characteristic of the invention that the cargo hatch section or
      sections are displaceably mounted for movement laterally onto a ramp which
      is arranged to be moved together with the hatch section or sections,
      turned vertically upwards, down along the outside of the frame by means of
      a preferably hydraulically operated mechanism.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described more in detail in the following with
      reference to the accompanying, partly diagrammatical drawings illustrating
      three various embodiments of the invention. In the drawings,
PAR  FIG. 1 shows a vertical cross-section through one side of a cargo hatchway
      on a weather deck of a ship and two cargo hatch sections covering the
      hatchway, the covering sections being illustrated in their closed
      position,
PAR  FIG. 2 is a cross-sectional view along line II--II of FIG. 1, through one
      frame side,
PAR  FIG. 3 is a similar cross-sectional view along line III--III of FIG. 1,
PAR  FIG. 4 is a cross-sectional view similar to FIG. 1 but showing various
      stages of the hatch removal procedure,
PAR  FIGS. 5 and 6 are vertical cross-sectional views through one side of a
      hatchway having a mechanism for mounting and removal of hatch sections in
      accordance with another embodiment of the invention.
PAR  FIGS. 7 and 8 are similar cross-sectional views but illustrate a mechanism
      for hatch section mounting and removal in accordance with a further
      embodiment of the invention, and
PAR  FIG. 9 is a side view of this mechanism.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The cargo space 1 illustrated in the drawings has a frame 3 which projects
      from the weather deck 2 to a considerable height, e.g. in the range of
      between 7 and 9 meters. In any case, the height should exceed the width of
      the cargo hatch sections 4, 5 covering the cargo space (or, in case of
      sections of various widths, the widest one thereof). In the embodiment
      illustrated in FIG. 1 only two cargo hatch sections 4, 5 are shown as the
      cross-sectional view illustrated is taken only through one half of the
      cargo space to the righthand side of the ship center line CL. One has to
      imagine that the second half of the space is a mirror image of the half
      illustrated in FIG. 1.
PAR  The cargo hatch sections 4, 5 are each one provided with two pairs of
      support rollers 6 and 7, as appears from FIG. 3, rollers 6 running on the
      upper portion 8 of the frame 3 whereas rollers 7 run at a higher level on
      a longitudianlly extending rail 9 provided on the frame.
PAR  On the outer face of the portion of the frame 3 extending in the
      fore-and-aft direction is arranged a ramp 10 in the form of an elevator
      carriage and a hydraulically operated unit 11 is provided to swing the
      ramp to a horizontal position (FIG. 1), level with the plane of rolling 12
      of the rail 9. The upper end of the piston rod 13 of the hydraulic unit is
      articulated to the ramp 10 by means of pivot pin 14. The ramp is provided
      with guide rollers 15 running in one vertical guide slot 16 each, formed
      in the frame 3, one at the fore end and one at the aft end of the ramp 10
      (only one shown in the drawings).
PAR  The mechanism for mounting and removing the cargo hatch sections
      incorporates a hydraulic unit 17 comprising a cylinder 18 which is
      journalled at its inner end about a pivot pin 19 for pivotal movement
      relative to the frame 3 and the piston rod 20 of which is provided with a
      follower roller 21 or similar means the shaft of which may be brought into
      releasable engagement with a follower fitting 22 on the outer cargo hatch
      section 4. The latter is additionally provided with a continuous chain 23
      running over two pulleys 24 and 25 on the cargo hatch section. The lower
      run 26 of the chain 23 is secured to an arm 27 or similar means on the
      inner edge of the ramp 10 and the upper run 28 of the chain is secured to
      an arm 29 or similar means on the inner cargo hatch section 5.
PAR  The ramp 10 is formed with an upper runway 30 for the runner rolls 7 of the
      inner hatch section 5 and with a lower runway 31 for the support rollers
      32 on the outer hatch section 4.
PAR  Upon cargo hatch removal, when the ramp 10 is initially swung by means of
      the hydraulic unit 11 up to horizontal position (FIG. 1), a pressure is
      applied in the cylinder 18 whereby the outer hatch section 4 is displaced
      to the right by the follower roller 21 out onto the ramp 10. At the same
      time, the chain 23 is forced to run in the clockwise direction over the
      pulleys 24, 25 and as a result, the inner cargo hatch section 5 is forced
      onto the ramp 10 at a speed double that of cargo hatch section 4
      (indicated in dash-and-dot lines in FIG. 1). Upon reduction of the
      pressure of the hydraulic unit 11, the ramp 10 together with the hatch
      sections 4 and 5 is swung about the guide rollers 15. The latter remain at
      the upper end of the guide slot 16 during the ramp swinging movement as
      the pivot pin 14 is positioned at a point to the left of the plumb-line 33
      from the centre of gravity of the ramp 10 and the cargo hatch sections 4
      and 5. Only when the ramp 10 together with the hatch sections thereon are
      swung into vertical position, is the ramp moved to the position
      illustrated in FIG. 4 in dash-and-dot lines while guided by the guide
      rollers 15, in which lower position the ramp 10 and the hatch sections 4,
      5 are supported with their lower ends resting on a bracket 34 provided at
      the outer face of the frame 3. Hatch mounting of course takes place in the
      reverse order. The ramp 10 with cargo hatch cover sections 4, 5 thereon
      are displaced by the hydraulic unit 11, first in a direction straight
      vertically upwards and then, when the guide rollers 15 have reached the
      upper end of the slit 16, they are swung to their horizontal position
      (FIG. 1). In this position, the follower fitting 22 engages the shaft of
      the follower roll 21 and the hydraulic unit 17 then returns the cargo
      hatch sections 4, 5 to their original position (FIG. 1). The ramp 10 may
      then be swung by the hydraulic unit 11 down to vertical position alongside
      the outer face of the frame 3.
PAR  The tightening and battening-down mechanisms for the cargo hatch sections
      4, 5 are not shown or described here as any suitable prior-art
      construction may be used therefor.
PAR  In accordance with the embodiment illustrated in FIGS. 5 and 6 two cargo
      hatch sections of different sizes are used for each cargo space side, i.e.
      one outer larger section 4' and an inner, smaller section 5'. The outer
      cargo hatch section 4' is provided close to its inner edge with two
      support rollers 6 and, closer to its centre, with two support rollers 6'.
      The inner section 5' is provided with a pair of support rollers 7
      positioned close to the inner section edge. At its upper portion the
      hatchway frame 3 presents two pairs of continuous chains 35 each one of
      which runs over two pulleys 36, 37 the latter one of which is driven by a
      motor 38. The chains, one at each end of the hatch sections 4', 5'
      cooperate with follower fitting 39 provided on the outer hatch section 4'.
      At its upper portion the frame 3 further presents sloping ramps 40 along
      which the rollers 6 run in an upwards direction upon hatch removal. Also
      this mechanism includes a ramp 41 formed as an elevator carriage which is
      displaceable in the vertical direction by means of a hydraulic unit 42
      while being guided by a pair of rollers 43 in vertical guide slots 44
      formed on the external face of the frame 3. The ramp 41 is provided with
      stopper shoulders 45 at its outer edge.
PAR  Upon removal of the cargo hatches, the chains 35 are driven in the
      clock-wise direction and in their movement they bring with them the outer
      hatch section 4' and the inner section 5' which is united with the outer
      section by means of pivot pins 46. When the support rollers 6 run up the
      sloping ramps 40, the cover sections will be positioned at an angle
      relative to one another and, after abutment of the support rollers 6'
      against the shoulder 45, the two cargo hatch sections 4' and 5' will be
      completely folded together and assume a vertical position. The hydraulic
      unit 42 lowers the ramp 41 together with the hatch sections 4' and 5'
      thereon to the position illustrated in FIG. 6. In this position hatch
      sections 4' and 5' have their upper edges essentially level with the upper
      edge of the frame 3 and the hatches thus are completely out of the way
      during loading and unloading operations. Hatch section mounting naturally
      takes place in the opposite direction, the inner hatch section 5', after
      the ramp 41 has reached its upper position illustrated in FIG. 5, being
      removably connected to the upper run of the chains 35 which thereafter
      pull back the hatch sections to their original position indicated in
      dash-and-dot lines in FIG. 5.
PAR  In accordance with the embodiment shown in FIGS. 7 to 9 the outer cargo
      hatch section 4" has its outer edge pivotally mounted about a shaft 47 on
      the outer edge of a ramp 48 formed as an elevator carriage. Pivot pins 46
      articulate this hatch section to the inner hatch section 5", the inner end
      of which provided with support rollers 7. The ramp 48 is provided with two
      pairs of guide rollers 49 which run in vertical guide grooves 50 provided
      on the external face of the frame 3. The ramp 48 is displaceable in the
      vertical direction by means of traction wires 51 one end 52 of which is
      attached to the ramp and runs over pulleys 43 at the upper portion of the
      frame 3 and pulleys 54 at the lower portion of the frame whereas the
      opposite end is attached to the piston rod 55 of a hydraulic unit 56.
PAR  Hatch removal is effected with the aid of a wire 57 drawn off from a winch
      (not illustrated) and secured at 58 to the outer hatch section 4" (or
      inner section 5"). By means of this wire 57, the hatch sections 4", 5" are
      swung into the position illustrated in FIG. 7 by continuous lines.
      Together with the ramp 48 they are thereafter lowered by the hydraulic
      unit 56 to the position shown in FIG. 8 externally of the frame 3. Hatch
      mounting of course takes place in the opposite direction.
PAR  The embodiments as shown and illustrated are to be regarded as examples
      only and both the arrangement and configuration of the cargo hatch
      sections and the mechanism for hatch removal and mounting may be
      constructively altered in a variety of ways within the scope of the
      appended claims. The invention is applicable also to hatch sections of the
      kind which are interconnected by means of chains or articulated rods. In
      the latter case, the hatch sections are arranged to run onto the ramp
      serving as an elevator carriage where they are swung into vertical
      position, one at a time. The ramp is then preferably displaced in a
      direction obliquely downwards, inwards towards the frame, either guided by
      rollers positioned in oblique guide slits or displaced by parallel support
      arms the inner end of which is articulated to the frame and the outer end
      to the ramp.
PAR  A feature common to all the embodiments described in the aforegoing is that
      the ramp should be provided with means to lock the latter to the frame in
      the lower ramp position and with means to lock the cargo hatch sections to
      the ramp in their stowed-away, vertical position.
PAR  The invention has been described above when applied to cargo hatch sections
      which are moveable in a transverse ship direction. It may, however, be
      applied also to hatch sections which are moveable in the longitudinal
      direction of the ship, for instance in cases where on the weather decks
      high frames alternate with lower frames around the hatchways, or in all
      cases when stowing of the hatch sections in a vertical direction between
      high frames is at all possible.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An improvement in cargo hatches for ship weather decks including a frame
      surrounding the hatchway and extending above the deck, the improvement
      comprising a ramp juxtaposed to one side of said frame, means for
      laterally moving a cargo hatch section onto said ramp, and means for
      displacing said ramp together with said cargo hatch section for storing
      said cargo hatch section in a vertical position adjacent said one side of
      said frame and below the upper level of said frame.
NUM  2.
PAR  2. A cargo hatch as set forth in claim 1 further including means for
      pivotally supporting said ramp about a horizontal axis and means for
      swinging said ramp and the associated cargo hatch section into a vertical
      position adjacent said one frame side.
NUM  3.
PAR  3. An arrangement as claimed in claim 2, wherein the means for pivotally
      supporting said ramp comprises a slide guilding means provided on the
      external face of said frame, and rollers on said ramp arranged, to be
      displaced in said slide guiding means.
NUM  4.
PAR  4. An arrangement as claimed in claim 2, comprising two cargo hatch
      sections, at least one chain on the outer one of said cargo hatch
      sections, pulleys over which said chain is arranged to run, the inner one
      of said cargo hatch sections being connected to said chain, and a unit to
      displace said outer cargo hatch section together with the inner one onto
      said ramp to a position externally of said frame.
NUM  5.
PAR  5. An arrangement as claimed in claim 4, wherein said inner cargo hatch
      section is arranged to move at a speed double that of said outer section.
NUM  6.
PAR  6. An arrangement as claimed in claim 1, comprising at least one chain on
      said cargo hatch section, pulleys over which said chain is arranged to
      run, said cargo hatch section being connected to said chain, and a unit to
      displace said cargo hatch section onto said ramp to a position externally
      of said frame.
NUM  7.
PAR  7. An arrangement as set forth in claim 6 further including a second cargo
      hatch section operatively associated with the first mentioned cargo hatch
      section, said cargo hatch sections comprising an inner section and an
      outer section.
NUM  8.
PAR  8. An arrangement as claimed in claim 7, wherein said means to displace
      said outer cargo hatch section onto said ramp is a piston-and-cylinder
      unit, a coupling means provided on the piston rod of said unit to bring
      about disengagement between said rod and said outer cargo hatch section
      upon swinging motion of said section from its horizontal to its vertical
      position, and re-engagement between said rod and cargo hatch section upon
      swinging motion of said section in the opposite direction.
NUM  9.
PAR  9. An arrangement as claimed in claim 7, wherein said inner cargo hatch
      section is arranged to move at a speed double that of said outer section.
NUM  10.
PAR  10. An arrangement as claimed in claim 1, wherein said ramp is vertically
      moveable on the external face of said frame, a shaft on said ramp, said
      cargo hatch section having its outer longitudinal edge pivotally mounted
      about said shaft.
NUM  11.
PAR  11. An arrangement as claimed in claim 1, including two hatch sections
      pivoted together, rollers supporting the outer hatch section, the
      improvement comprising an innermost pair of said support rollers
      positioned close to the inner edge of said outer hatch section, a pair of
      sloping ramp means, said ramp means positioned in opposite relationship on
      said hatch frame, said innermost pair of support rollers arranged, upon
      hatch removal, to run up along said pair of sloping ramp means so as
      thereby to urge the point of articulation between said outer hatch section
      and the subsequent section in the inwards direction, upwards and thus
      position these two hatch sections at an angle relative to one another said
      ramp being vertically moveable alongside the external face of said frame,
      a second pair of rollers positioned closer to the outer edge of said outer
      cargo hatch section, and stopper means on said vertically moveable ramp to
      limit the displacement of said second pair of rollers.
NUM  12.
PAR  12. An arrangement as claimed in claim 1, wherein the height of said hatch
      frame above the weather deck is essentially equal to the width of the
      hatch section.
NUM  13.
PAR  13. An arrangement as claimed in claim 1, wherein the height of said hatch
      frame above the weather deck is in excess of the width of the hatch
      section.
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ABST
PAL  A support frame is positioned on a structure in a water covered area and
      receives and supports an elongated elastomer body to function as a bumper
      guard to protect the structure and vessel when contact is made. The
      support frame and the elongated elastomer body are constructed and
      arranged so that the elongated elastomer body may be positioned in the
      support from above water level, and may be withdrawn and replaced when
      necessary from above water level. The support frame includes inwardly
      extending plates to engage the elongated elastomer body to position it on
      the support frame and the elongated elastomer body is constructed and
      arranged to absorb shock, protect the support frame, and includes one or
      more rigid reinforcing members to inhibit unwanted or accidental removal
      of the elongated member from the support frames.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Various types of bumper guards have been proposed and are in use for
      structures in water covered areas, such as by way of example only,
      structures used in offshore drilling and production of oil and gas, as
      well as docks and other similar structures.
PAR  In the bumper guards presently in use so far as known to applicant, the
      construction of the bumper guards and their supports is such that they
      generally must be positioned on the structure in a manner which requires a
      diver to submerge below the water level for initial installation of the
      structure, or for replacement thereof as may become necessary.
PAR  An object of the present invention is to provide a support frame and an
      elongated elastomer body thereon which is positioned and supported on a
      structure for functioning as a bumper guard in watered covered areas
      without necessitating or requiring submerging by a diver or anyone during
      the installation or replacement of the elastomer body forming part of the
      invention.
PAR  Another object of the present invention is to provide an elongated
      elastomer body of a desired configuration so that it may be quickly and
      easily positioned on a support frame from above water level and retained
      therein, but which can be removed from above water level with a minimum of
      effort.
PAR  Another object of the present invention is to provide an elongated
      elastomer body of a desired configuration so that it may be quickly and
      easily positioned on a support frame from above water level and retained
      therein, but which can be removed from above water level with a minimum of
      effort, and reinforcing means in the elastomer body to inhibit unwanted or
      accidental removal of the elastomer body from the support frame.
PAR  Another object of the present invention is to provide an elongated
      elastomer body of a desired configuration so that it may be quickly and
      easily positioned on a support frame from above water level and retained
      therein, but which can be removed from above water level with a minimum of
      effort, and reinforcing means in the elastomer body to inhibit unwanted or
      accidental removal of the elastomer body from the support frame, and
      wherein the elastomer body includes an opening extending longitudinally
      thereof to function as an energy absorbing arrangement when contacted by a
      vessel.
PAR  Another object of the present invention is to provide an elongated
      elastomer body of a desired configuration so that it may be quickly and
      easily positioned on a support frame from above water level and retained
      therein, but which can be removed from above water level with a minimum of
      effort, and reinforcing means in the elastomer body to inhibit unwanted or
      accidental removal of the elastomer body from the support frame, and
      wherein the elastomer body includes an opening extending longitudinally
      thereof to function as an energy absorbing arrangement when contacted by a
      vessel, and including means on the support frame to position the elongated
      elastomer body against undesired lateral or longitudinal movement.
PAR  Another object of the present invention is to provide an elongated
      elastomer body of a desired configuration so that it may be quickly and
      easily positioned on a support frame from above water level and retained
      therein, but which can be removed from above water level with a minimum of
      effort, with the configuration of the elongated elastomer body being such
      that it absorbs shock, protects the support frame and includes reinforcing
      means to inhibit unwanted or accidental removal of the elongated body from
      the support frame.
PAR  Other objects and advantages of the invention will become apparent from a
      consideration of the following description and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view on the line 1--1 of FIG. 5 and illustrates a
      form of the elongated elastomer body of the present invention and the
      support frame on which it is positioned;
PAR  FIG. 2 is a fragmentary sectional view somewhat similar to FIG. 1, and
      illustrating a form of reinforcing means in the elongated elastomer body
      to inhibit unwanted or accidental removal of the elastomer body from the
      support frame;
PAR  FIG. 3 is a sectional view illustrating an alternate form of an elastomer
      body of the present invention;
PAR  FIG. 4 is a fragmentary sectional view similar to FIG. 2 and showing a form
      of reinforcing means employed with the elongated elastomer body of FIG. 3;
PAR  FIG. 5 illustrates an arrangement of an offshore structure in a water
      covered area with the present invention positioned thereon;
PAR  FIG. 6 is a partial isometric view of the upper end of the support frame
      showing means for removably retaining the elongated elastomer body in
      position thereon; and
PAR  FIG. 7 is a sectional view on the line 7--7 of FIG. 5 and shows one form of
      means for supporting an elongated elastomer body at the lower end of the
      support means;
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is first directed to FIG. 5 of the drawings wherein an offshore
      structure, dock or the like is represented by the letter A. It includes
      any suitably upwardly extending members 10 having lateral bracing 11
      extending between other upwardly extending members 10 (not shown), and the
      present invention referred to generally at 15 may be positioned to the
      laterally extending members 11 in an upwardly extending manner as
      illustrated.
PAR  It will be noted that the water level represented by the letter W, is such
      that it is between the upper and lower end of the invention 15 as shown.
PAR  Also as shown in FIG. 5, any suitable number of the support frames and
      elongated elastomer bodies comprising the invention 15 may be employed and
      are arranged at suitably spaced intervals on the laterally extending
      members 11 as shown in FIG. 5 of the drawings.
PAR  In FIG. 1, the invention again is generally illustrated by the numeral 15
      and is shown as including a support frame referred to by the letter F, and
      an elongated elastomer body referred to by the letter B. The elongated
      elastomer body B includes a base member referred to generally at 20 and
      includes a bottom surface 21, sides surfaces 22 and 23 extending from the
      body surface in the same direction with a pair of top surfaces 24 and 25
      which extend inwardly toward each other in the same general plane as
      illustrated in FIG. 1 of the drawings but terminate at their ends 26 and
      27 in spaced relation, so that the combined length of the top surfaces 24
      and 25 is less than the length of the bottom surface 21.
PAR  The upper member 30 of the elongated elastomer body B includes upwardly
      extending surfaces 31 and 32 which extend upwardly from the ends 26 and 27
      of the surfaces 24 and 25 of the base member 20 and terminate at their
      upper end 38, 39 respectively where they join with surfaces 34, 35 which
      extend in a plane above the plane in which said top surfaces 24 and 25 of
      the base member 20 extend.
PAR  The surfaces 34 and 35 extend outwardly from the upper ends 38 and 39 of
      each of the upwardly extending surfaces 31 and 32 as shown in FIG. 1 of
      the drawings. Since the surfaces 24 and 34 and 25 and 35 are spaced, the
      foregoing configuration provides longitudinally extending grooves formed
      in the elastomer body B on each side thereof for engagement with the
      support frame F in a manner as will be described in greater detail
      hereinafter.
PAR  The upper member 30 of the elongated body B also includes side surfaces
      referred to generally at 42 and 44 which terminate at the top surface 46
      on the upper member 30.
PAR  In the preferred form, an opening 50 is formed in the elongated elastomer
      body B which extends longitudinally thereof as illustrated in the
      drawings.
PAR  In the preferred form such as illustrated in the drawings, the surfaces 34
      and 35 will be of a greater extent than the surface 24 and the surface 25
      which they overlie as shown in the drawings. Thus the upper member 30
      overlies the frame F in a manner to inhibit contact of the frame F with a
      vessel and thus protects the frame F against damage.
PAR  In some instances it will be desirable to provide the elastomer body B with
      reinforcing which may assume the form as referred to generally at 60 in
      FIG. 2. As shown in FIG. 7, the reinforcing 60 may be provided at
      longitudinally spaced intervals, when such reinforcing assumes the
      specific configuration illustrated in the drawings; however, it can be
      appreciated that any other suitable reinforcing arrangement may be
      employed to accomplish the desired results of the invention.
PAR  Such reinforcing arrangement includes openings 61 which extend laterally in
      the base member 20 and extend between the sides 23 and 24 as shown.
      Thereafter a suitable pin or plate member 62 may be positioned in the
      opening 61, and if desired an elastomer plug as illustrated at 63 may be
      employed to fill and seal off the end of the recess 61 to inhibit
      corrosion of the member 62.
PAR  As will be apparent from the foregoing and from the drawing, the
      reinforcing means includes at least one member which is rigid along the
      entire extent thereof, which member is exemplified by pin or plate 62. As
      also apparent from the drawing, the rigid member is disposed between the
      bottom surface of the base member and the longitudinally extending
      grooves.
PAR  In some instances, the reinforcing may be molded in the body when it is
      formed, thus eliminating the closure plugs 63.
PAR  The upwardly and inwardly side surfaces 42, 44 are shown as being formed by
      the surfaces 40 and 42 which extend upwardly from the outer edge of the
      surfaces 34 and 35 respectively, and the surfaces 40, 41 are joined at
      their upper ends by the upwardly and inwardly sloping surfaces 43 and 43'
      as illustrated.
PAR  In FIGS. 3 and 4 an alternate embodiment of the elongated elastomer body B
      is illustrated wherein like numerals refer to like parts. The body B
      includes a base member 20 and an upper member 30. The base member 20
      includes the bottom surface 21, surfaces 22, 23, 24, 25 as previously
      described and the upper member 30 includes the surfaces 34 and 35 which
      extend outwardly from the upwardly extending surface 31 and 32 at each end
      of the surfaces 24 and 25.
PAR  Side surfaces 42 and 44 are again provided; however, it will be noted that
      in this configuration the extent of the upwardly and inwardly sloping
      surfaces 43 and 43' are of substantial extent in relation to the surfaces
      40 and 41 which extend upwardly from the surfaces 34 and 35 respectively.
PAR  Also, the opening 50a is of a somewhat different configuration and as
      illustrated generally conforms to the configuration of the upper member 30
      and includes a lower surface 51, generally parallel to surfaces 34, 35,
      joined with the upwardly and inwardly sloping surfaces 52 and 53 generally
      parallel to surfaces 43, 43' as shown and which merge into the generally
      arcuate upper surface 54 as shown.
PAR  In addition, the ratio of the volume between the base member 20 and upper
      member 30 of the FIG. 1 form of the elongated elastomer body B is
      different from that shown in FIG. 3. The ratio of the volume of the base
      member 20 to the upper member 30 of the FIG. 1 form is generally in the
      approximate range to 1 to 2 whereas the ratio of the volume of the base
      member 20 to the upper member 30 of the FIG. 3 form is in the range of 1
      to 3 as shown. Also, it will be noted that the surface arrangement 34, 24
      and 25, 35 forms a longitudinal groove extending along each edge of the
      elongated elastomer body B of the FIG. 3 form as in the FIG. 1 form.
PAR  The support frame F includes a pair of longitudinally extending generally
      parallel sides 71 and 72 as shown in the drawings which are positioned in
      spaced relation and maintained in spaced relation by the first plate 73.
      The first plate 73 extends longitudinally between plates 71 and 72 and is
      secured thereto.
PAR  At one end of the plates 71, 72, a pair of plates 74 and 75 extend inwardly
      towards each other in generally the same plane and from the sides 71 and
      72 to which they are respectively secured as shown in the drawings and are
      positioned in spaced relation to the first plate 73.
PAR  The inner ends 77 and 78 of the plates 74 and 75 terminate in spaced
      relation to form a space 80 therebetween.
PAR  Means referred to generally at 90 may be in any suitable form to removably
      retain the elastomer body B in position on the support frame F and is
      shown as being in the form of openings 91 and 92 at the upper end in the
      longitudinally extending sides 71 and 72 which receive the bolt 95 therein
      to which the nut 96 may be threadedly received.
PAR  A footing or bottom support is provided for the elongated elastomer body B,
      and is shown as extending from the plate 73 towards the pair of plates 74
      and 75 therebeyond if desired as illustrated at 99.
PAR  If desired, the support frame F and the body B may be engaged prior to
      positioning on the structure; however, it is preferable that the support
      frame 11 be positioned on the lateral support 11 prior to the time that
      the structure A is positioned in the water covered area. The support frame
      F may be secured to the structure A in any suitable manner such as by
      welding or the like.
PAR  In order to position the elongated body B in the support frame F, it is
      positioned vertically above the frame F so that the grooves formed along
      each edge of the body B are aligned with the plates 74 and 75 and the body
      then moved or lowered downwardly along the support frame F until it rests
      on the footing 99.
PAR  Thereafter the removable securing means 90 may be positioned to retain it
      in place.
PAR  When it is desired to replace the elongated body B, the removable means 90
      may be removed from the support frame F and the body B engaged and pulled
      upwardly out of the support frame F. All of the foregoing is accomplished
      above the water level W thereby avoiding the necessity of a diver going
      beneath the water to position the bumper guard, as may be required with
      prior art configurations.
PAR  The reinforcing 60 is of greater longitudinal extent than the gap or space
      80 between the ends of plates 74, 75 so that it overlaps the plates 74, 75
      as shown and thus prevents the elastomer body B from being pulled or
      removed from the support frame F should it receive a severe impact.
PAR  In addition, it will be noted that the support frame configuration and
      arrangement in cooperation with the configuration of the elongated
      elastomer body B inhibits undesired lateral or longitudinal movement of
      the elastomer body B, but the enlarged upper member 30 and the opening 50,
      along with base member 20 of the elastomer body B absorbs impact or shock
      by reason of vessel contact therewith.
PAR  While the elastomer body B has been shown as being of a single continuous
      length, it can be appreciated that a plurality of shorter lengths may be
      employed and positioned in the support frame F and could still be engaged
      from above water level by a grapple of any suitable configuration.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An elongated elastomer body for use as a bumper guard in water covered
      areas and for attachment to a partially submerged structure from above the
      surface of the water, the body comprising:
PA1  a. a base member including:
PA2  1. a bottom surface;
PA2  2. a pair of side surfaces;
PA2  3. a pair of top surfaces extending inwardly toward each other in the same
      general plane, but terminating at their ends in spaced relation with the
      combined length of said pair of top surfaces being less than the length of
      said bottom surface;
PA1  b. an upper member including:
PA2  1. an upwardly extending surface at the end of each pair of top surfaces of
      said base member, and terminating at their upper ends in a plane above the
      plane in which said top surfaces of said base member extend;
PA2  2. a surface extending outwardly from the upper ends of each of said
      upwardly extending surfaces and extending in the same general plane in
      spaced relation to and overlying said top surfaces of said base member to
      thereby form a pair of longitudinally extending grooves along each edge of
      said elongated elastomer body;
PA1  c. reinforcing means in said base member, said reinforcing means including
      a member which is rigid along the entire extent thereof, said rigid member
      being disposed between said bottom surface of said base member and said
      longitudinally extending grooves, the dimension of said rigid member in a
      direction transverse to said longitudinally extending grooves being
      greater than the space between said ends of said top surfaces of said base
      member so that said rigid member overlaps the space between the grooves
      and extends outwardly of both upwardly extending surfaces defining said
      grooves.
NUM  2.
PAR  2. The invention of claim 1 wherein the elastomer body includes an opening
      extending longitudinally thereof.
NUM  3.
PAR  3. The invention of claim 2 wherein the opening is in said upper member.
NUM  4.
PAR  4. The invention of claim 2 wherein the longitudinally extending opening in
      the elongated elastomer body is generally circular in cross section.
NUM  5.
PAR  5. The invention of claim 2 wherein the longitudinally extending opening in
      cross section assumes the general configuration of said upper member.
NUM  6.
PAR  6. The invention of claim 1 including a pair of side surfaces on said upper
      member extending upwardly from each of said grooves, said side surfaces on
      said upper member each including a pair of surfaces comprising:
PA1  a. first surfaces extending substantially at right angles and upwardly from
      each of the grooves in the elastomer body and terminating in spaced
      relation above the grooves;
PA1  b. second surfaces sloping upwardly and inwardly to a top surface on said
      upper member and from the termination of said first surfaces.
NUM  7.
PAR  7. The invention of claim 6 wherein the bottom surface on said base member
      and the top surface on said upper member extend generally parallel to each
      other.
NUM  8.
PAR  8. The invention of claim 6 wherein the bottom surface on said base member
      and the top surface on said upper member extend generally parallel to each
      other, and wherein the bottom surface is of greater length than the top
      surface.
NUM  9.
PAR  9. The invention of claim 1 wherein each of said outwardly extending
      surfaces on said upper member extend beyond said pair of side surfaces on
      said base member whereby the upper member of the elongated elastomer body
      overhangs said base member of the elongated elastomer body.
NUM  10.
PAR  10. The invention of claim 1 wherein said reinforcing means includes:
PA1  a. openings at spaced longitudinal intervals along said elongated elastomer
      body between said bottom surface and the grooves extending longitudinally
      along the edges of the elongated elastomer body; and
PA1  b. one said rigid member in each of said spaced openings.
NUM  11.
PAR  11. The invention of claim 10 wherein closure means are provided in said
      spaced openings at each end of said rigid members.
NUM  12.
PAR  12. The invention of claim 1 wherein the ratio of volume of the base member
      to the upper member is in the range of approximately one to three.
NUM  13.
PAR  13. The invention of claim 1 wherein the ratio of volume of the base member
      to the upper member is in the range of approximately one to two.
NUM  14.
PAR  14. A bumper guard arrangement for a structure in a water covered area
      comprising:
PA1  a. a support frame including:
PA2  1. a pair of longitudinally extending sides positioned in spaced relation;
PA2  2. a first plate extending longitudinally between and secured to said sides
      between their ends;
PA2  3. a pair of plates secured to and extending inwardly toward each other
      from one end of said sides and positioned in spaced relation to said first
      plate, said pair of plates terminating at innermost edges in spaced
      relation to form a space therebetween;
PA1  b. an elongated elastomer body positioned on said support frame including:
PA2  1. a base member positioned adjacent said first plate;
PA2  2. an upper member projecting beyond said pair of plates, and
PA2  3. there being a longitudinally extending groove on each side of said
      elongated elastomer body in which said pair of plates are engaged for
      positioning said elongated elastomer body on said support frame;
PA1  c. reinforcing means in said base member, said reinforcing means including
      a member which is rigid along the entire extent thereof, the dimension of
      said rigid member in a direction transverse to said longitudinally
      extending grooves being greater than said space between said inwardly
      extending plates of said support frame, said rigid member overlapping said
      space and extending outwardly of said innermost edges on said inwardly
      extending plates, whereby said reinforcing means facilitates insertion and
      removal of said elastomer body into and from said support frame by
      longitudinal sliding from above the surface of the water while also
      positively restraining relative movement thereof in any other direction to
      thereby firmly secure the elastomer body with respect to the support frame
      during use.
NUM  15.
PAR  15. The invention of claim 14 including surface means extending from said
      first plate toward said pair of plates to support said elongated elastomer
      body at a position below the water covered area.
NUM  16.
PAR  16. The invention of claim 15 including removable means extending between
      said first plate and said pair of plates to retain said elongated body in
      position on said support frame and removable to enable said elongated
      elastomer body to be replaced or positioned on said support frame from
      above water level.
NUM  17.
PAR  17. The invention of claim 14 wherein said elongated elastomer body
      includes an opening extending longitudinally of said body.
NUM  18.
PAR  18. The invention of claim 17 wherein the opening is in said upper member.
NUM  19.
PAR  19. The invention of claim 17 wherein said elongated elastomer body
      includes:
PA1  a. a base member formed by five longitudinally extending surfaces, said
      surfaces including:
PA2  1. a bottom surface;
PA2  2. a pair of side surfaces;
PA2  3. a pair of top surfaces extending inwardly toward each other in the same
      general plane, but terminating at their ends in spaced relation with the
      combined length of said pair of top surfaces being less than the length of
      said bottom surface;
PA1  b. an upper member including:
PA2  1. an upwardly extending surface at the end of each of the pair of top
      surfaces of said base member, and terminating at their upper ends in a
      plane above the plane in which said top surfaces of said base member
      extend;
PA2  2. a surface extending outwardly from the upper ends of each of said
      upwardly extending surfaces and extending in the same general plane in
      spaced relation to and overlying said top surfaces of said base member to
      thereby form a pair of longitudinally extending grooves along each edge of
      said elongated elastomer body;
PA1  c. side surfaces on said upper member extending upwardly from each of the
      grooves; and
PA1  d. a top surface on said upper member forming the termination of said side
      surfaces on said upper member.
NUM  20.
PAR  20. The invention of claim 19 wherein said side surfaces on said upper
      member each includes a pair of surfaces comprising:
PA1  a. first surfaces extending substantially at right angles and upwardly from
      each of the grooves along the edges of the elastomer body and terminating
      in spaced relation above the grooves;
PA1  b. second surfaces sloping upwardly and inwardly to the top surface and
      from the termination of said first surfaces.
NUM  21.
PAR  21. The invention of claim 19 wherein the bottom surface on said base
      member and the top surface on said upper member extend generally parallel
      to each other.
NUM  22.
PAR  22. The invention of claim 19 wherein the ratio of volume of the base
      member to the upper member is in the range of approximately one to two.
NUM  23.
PAR  23. The invention of claim 19 wherein each of said outwardly extending
      surfaces on said upper member extend beyond said pair of side surfaces on
      said base member whereby the upper member of the elongated elastomer body
      overhangs said base member of the elongated elastomer body and said pair
      of plates on said support frame.
NUM  24.
PAR  24. The invention of claim 19 wherein the ratio of volume of the base
      member to the upper member is in the range of approximately one to three.
NUM  25.
PAR  25. The invention of claim 19 wherein the bottom surface on said base
      member and the top surface on said upper member extend generally parallel
      to each other, and wherein the bottom surface is of greater length than
      the top surface.
NUM  26.
PAR  26. The invention of claim 19 wherein the longitudinally extending opening
      in the elongated elastomer body is generally circular in cross section.
NUM  27.
PAR  27. The invention of claim 19 wherein the longitudinally extending opening
      in cross section assumes the general configuration of said upper member.
NUM  28.
PAR  28. The invention of claim 19 including means adjacent each end of the
      support frame to enable an elongated elastomer body to be positioned on
      the frame and secured in position from above water level.
NUM  29.
PAR  29. The invention of claim 14 wherein said reinforcing means includes:
PA1  a. openings at spaced longitudinal intervals along said elongated elastomer
      body between said bottom surface and the grooves extending longitudinally
      of the elongated elastomer body; and
PA1  b. on said rigid member in each of said spaced openings.
NUM  30.
PAR  30. The invention of claim 29 wherein closure means are provided in said
      spaced openings at each end of said rigid members.
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ABST
PAL  A tugboat of the kind used for moving and steering barges has laterally
      spaced individual hulls which are connected together by cross members in a
      parallel linkage connection. This permits the hulls to move relative to
      one another longitudinally while the hulls are retained parallel and
      laterally spaced apart.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tugboat and particularly to a tugboat having
      two or more laterally spaced apart individual hulls.
PAR  Tugboats must be capable of producing large thrusts and must be highly
      maneuverable. Efficiency and a high degree of stability are desirable
      attributes. The ability to operate tugboats with the minimum of personnel
      is also an important economic consideration.
PAC  SUMMARY OF THE INVENTION
PAR  The tugboat of the present invention comprises two or more narrow width
      individual hulls which are laterally spaced apart by cross members. The
      cross members are connected to the individual hulls in a way that permits
      the individual hulls to be shifted relative to one another in a
      longitudinal direction but always maintained parallel.
PAR  The lateral spacing of the individual hulls permits quite narrow width
      hulls to be used while high stability is retained because of the catamaran
      effect of the lateral spacing and the type of structural connection
      between the hulls.
PAR  Because the individual hulls are quite narrow in width, the hulls are
      efficient. The pushing and pulling power of the motor associated with each
      hull is therefore greater than that of a conventional single hull tugboat.
PAR  The hulls are constructed to run substantially submerged, and this also
      increases the efficiency because surface winds and waves have a minimum
      effect on the submerged hulls.
PAR  The ability to offset the individual hulls relative to one another in a
      longitudinal direction while maintaining the hulls parallel to one another
      permits the forward end of the tugboat to be canted at substantially
      angles with respect to an associated end of a barge or other object to be
      towed or pushed. This provides a high degree of maneuverability.
PAR  Each hull has its own propeller and engine, and increased power can be
      obtained by adding more hulls.
PAR  Because the individual hulls are always maintained parallel to one another,
      the tugboat can also be operated effectively with a single engine. That
      is, since all engines act along the same line of movement because of the
      parallel disposition of the hulls, the loss of an engine in one hull does
      not make the tugboat inoperative.
PAR  The construction and layout of the tugboat is such that it can readily be
      operated by only one person.
PAR  The multihull tugboat of the present invention can also be readily
      disassembled, transported and reassembled so that the tugboat can be
      operated in waters which would otherwise be inaccessible.
PAR  A multihull tugboat apparatus and method having the structural features
      noted above and effective to function in the ways described above
      constitute further, specific objects of the present invention.
DRWD
PAR  Other objects, advantages and features of my invention will become apparent
      from the following detailed description of one preferred embodiment taken
      with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a multihull tugboat constructed in
      accordance with one embodiment of the present invention;
PAR  FIG. 2 is an enlarged side elevation view of a part of one hull of the
      tugboat shown in FIG. 1;
PAR  FIG. 3 is a top plan view, in schematic outline, showing the tugboat of
      FIG. 1 at the stern of a barge and with the individual hulls positioned
      for straight ahead pushing or pulling of the barge;
PAR  FIG. 4 is a top plan view like FIG. 3 but showing the hulls offset
      longitudinally for turning the barge; and
PAR  FIG. 5 is a front end elevation view of the tugboat shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A multihull tugboat constructed in accordance with one embodiment of the
      present invention is indicated generally by the reference numeral 10 in
      FIGS. 1, 3, 4 and 5.
PAR  The specific multihull tugboat 10 illustrated in the drawings has two
      individual hulls 12 and 13, but (as will be more apparent from the
      description to follow) the present invention is equally applicable to
      tugboats having more than two hulls. For example, a third hull and engine
      may be used to provide additional power.
PAR  The hulls 12 and 13 are maintained laterally spaced from one another by
      lower cross members 14, 16 and 18 and upper cross members 20 and 22
      extending between vertical posts 24, 26 and 28 on hull 12 and vertical
      posts 30, 32 and 34 on hull 13.
PAR  Each end of each cross member is connected to a related post in a pin joint
      of connection which permits the hulls to move relative to one another in a
      longitudinal direction but which maintains the hulls parallel to one
      another at all times. The cross members thus provides a pantograph type of
      parallel linkage as best illustrated in the schematic plan views of FIGS.
      3 and 4. As will be described in greater detail below, this parallel
      linkage connection not only permits narrow hulls to be laterally spaced
      for stability but also permits the hulls to be longitudinally offset to
      work with an end of a barge or other floating object for a high degree of
      maneuverability in steering.
PAR  The tugboat 10 has two double acting hydraulic rams 36 and 38 for changing
      the relative longitudinal positions of the hulls 12 and 13 such as between
      the aligned, straight ahead position illustrated in FIG. 3 and the offset,
      turning position illustrated in FIG. 4.
PAR  The forward end of the ram 36 is connected to a collar 40 which is
      rotatable about a lower part of the front post 24, and the other end of
      the hydraulic ram 36 is connected to a collar 42 which is rotatable about
      a lower end of a center post 44.
PAR  Similarly, the ram 38 is connected to a collar 46 on the forward post 30
      and a collar 48 on the center post 44.
PAR  The upper end of the center post 44 is connected to the cross member 22 and
      the lower end of the center post 26 is connected to the cross member 16.
      This center post 44 thus provides a strong support for the forces required
      to shift the hulls.
PAR  As best shown in FIGS. 1, 2 and 3, each hull has a propeller 50 driven by a
      motor 52 through a transmission 54 and a driveshaft 56.
PAR  A rudder is mounted behind each propeller 50 and is pivotal within a frame
      60 extending from the back end of the hull.
PAR  The enlarged fragmentary view of FIG. 2 shows how the engine 52 and
      transmission 54 are mounted on a lower deck 62 within the hull.
PAR  The air inlet 64 for the engine 52 extends upward through a top deck 66
      which encloses the top of the hull and is connected to the hollow interior
      of the forward post 26.
PAR  Similarly, the exhaust 68 for the engine 52 extends upward and into the
      hollow interior of the rear post 28.
PAR  The pump and drive mechanism for the hydraulic ram associated with each
      hull is also mounted within the hull. As best illustrated in FIG. 2, a
      hydraulic tank 70, a hydraulic pump 72 and the control valve arrangement
      74 for the rams are all mounted on the lower interior deck 62.
PAR  The hoses 76 and 78 for the hydraulic rams extend through sealed fittings
      in the top deck 66.
PAR  The front posts 24 and 30 serve as fenders, and tire casings 80 are stacked
      on these posts to provide a resilient padding between the posts and the
      barge.
PAR  A brace 82 is connected between an upper part of the post 24 and the lower
      end of the post 26 at about the 45 degree angle as illustrated, and a
      similar brace, not illustrated, is connected between the posts 30 and 32.
PAR  The front surface of each fender may preferably be covered with some
      resilient material. The tires illustrated in FIG. 1 have been found to be
      quite satisfactory.
PAR  Each fender or post 24 and 30 is connected to the barge or other object to
      be towed or pushed by lines 84. See FIGS. 3 and 4.
PAR  As illustrated in FIGS. 1 and 5, a control cabin 86 is mounted on the
      center post 44 above the cross member 22. A central member 88 connects the
      upper cross members 20 and 22 and the upper surfaces of members 88, 20 and
      22 provide catwalks for the upper part of the tugboat. The top decks of
      the two hulls and the upper surface of the rear cross member 18 provide
      three catwalks for the lower part of the tugboat.
PAR  Each hull is a streamlined member which is constructed to be operated
      substantially submerged (as best illustrated in FIGS. 1 and 5) and
      preferably has a neutral buoyancy. Each hull is of narrow width so as to
      give steadier push characteristics while being affected to a minimum
      extent by wind and waves. The narrow width of each hull increases the
      speed and efficiency of the hull. And, by operating submerged, each hull
      minimizes the surface waves which are produced. This also increases the
      pushing and pulling power. There is a free flow of water to the propeller
      all the way around the submerged hull.
PAR  While the lower parts of the hulls are shown as generally circular in cross
      section in FIG. 5, this part of each hull can equally well be formed to a
      general hexagonal cross section to facilitate fabrication. The hulls must
      be rigid, and a particular tugboat construction has been made of 1/2 inch
      steel plate. However, in some instances it is preferable to fabricate the
      hulls from aluminum because of the lighter weight and resulting greater
      buoyancy.
PAR  The way in which the individual hulls are laterally spaced apart in
      accordance with the present invention provides a number of advantages.
PAR  Narrow width hulls have the advantages of increased efficiency and pushing
      and pulling power as noted above. In the present invention these narrow
      hulls can be used in a tugboat having a very high degree of stability
      because of the catamaran effect produced by the lateral spacing and
      interconnecting structure between the individual hulls. The laterally
      spaced hull arrangement provides a tugboat which is safer in operation
      because there is better control of the tow. A particular embodiment of the
      tugboat constructed in accordance with the present invention has
      approximately a 30 foot spacing between the propellers at the ends of the
      individual hulls, and this provides good steering control leverage in
      steering barges forward and backward.
PAR  The tugboat has a high degree of maneuverability because of the
      articulating pantograph movement of the hulls. The hulls will always be
      applied in the desired direction of movement, as best illustrated in FIG.
      4.
PAR  The operating rams readily shift the twin hulls to positions in which the
      cross members are disposed at angles of 45.degree. or more with respect to
      the hulls (see FIG. 4). The fenders at the forward end of the tugboat are
      thus readily offsettable to angles in the order of 45.degree. or more.
      This produces a corresponding angle between the longitudinal axis of the
      tugboat 10 and the longitudinal axis of a towed or pushed barge.
PAR  The double acting hydraulic rams not only provide quick repositioning of
      the hulls but also permit the hulls to be rigidly locked in any desired
      relative longitudinal position.
PAR  The steerable rudders behind the propellers also add to the maneuverability
      obtained by longitudinal shifting of the individual hulls.
PAR  The spaced arrangement of the hulls provides increased speed. The tugboat
      of the present invention is at least twice as fast as a conventional tug
      because of the narrow semi-submarine hulls.
PAR  The multihull tugboat of the present invention has a further advantage in
      that the entire tugboat can be readily disassembled and shipped or
      transported and then reassembled at the location of use to permit the
      tugboat to get into what would otherwise be inaccessible waters.
PAR  Added power can be obtained by increasing the number of hulls. Thus, adding
      a third hull in the middle of two outer hulls increases the power by
      one-third because of the extra motor and propeller, and adding a fourth or
      fifth hull to provide a corresponding increase in power is equally
      feasible.
PAR  An entire hull can also be easily and quickly removed and replaced by a new
      hull, as may be desired when some major repair may be required for an
      engine or other hull component structure.
PAR  The multihull tugboat of the present invention has the further advantage of
      being easily operated by one person.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multihull tugboat of the kind used for moving and steering barges and
      other floating objects, said tugboat comprising:
PA1  two laterally spaced individual hulls;
PA1  connecting means connecting the hulls for relative longitudinal movement
      while retaining the hulls parallel;
PA1  shifting means associated with said connecting means for shifting the hulls
      longitudinally to selectively move the prow of one hull ahead of the other
      hull; propulsion means on each said hull;
PA1  an engine in each said hull for driving said propulsion means associated
      with that hull;
PA1  and fender means at the forward end of each hull for engagement with the
      barge or other object to be moved.
NUM  2.
PAR  2. The invention defined in claim 1 wherein the hulls are narrow width for
      increased tugboat speed.
NUM  3.
PAR  3. The invention defined in claim 1 wherein said shifting means include at
      least one hydraulic ram to position one hull with respect to the other and
      to lock the hulls in selected relative longitudinal positions.
NUM  4.
PAR  4. The invention defined in claim 3 including a power unit for said
      hydraulic ram disposed within one of the hulls.
NUM  5.
PAR  5. The invention defined in claim 1 wherein the connecting means comprise
      at least two equal length cross members connecting the individual hulls in
      a pantograph type connection.
NUM  6.
PAR  6. The invention defined in claim 1 including superstructure associated
      with said connecting means.
NUM  7.
PAR  7. The invention defined in claim 6 wherein the superstructure includes
      catwalks and a control cabin.
NUM  8.
PAR  8. The invention defined in claim 6 wherein the tugboat is constructed to
      be readily disassemblable so that the tugboat can be disassembled,
      transported and then reassembled for use in waters which would otherwise
      be inaccessible.
NUM  9.
PAR  9. The invention defined in claim 6 wherein said shifting means include a
      hydraulic ram for shifting the hulls longitudinally and wherein the power
      unit for said ram and all of the propulsion means are located within said
      hulls to provide a low center of gravity.
NUM  10.
PAR  10. The invention defined in claim 6 wherein said shifting means include
      two hydraulic rams each connected at one end to the superstructure in a
      pin joint type connection and at the other end to one of the hulls in a
      pin joint type connection.
NUM  11.
PAR  11. The invention defined in claim 1 wherein said fender means include a
      vertical post and stacked tire casings encircling the post.
NUM  12.
PAR  12. The invention defined in claim 1 including second connecting means for
      connecting the tugboat to the barge or other floating object to be moved
      whereby the prow of the tugboat can be connected to the stern end of the
      barge or other object to push or pull the barge or other object while
      steering in the direction desired by longitudinal shifting of the hulls.
NUM  13.
PAR  13. The invention defined in claim 1 wherein said propulsion means includes
      a propeller on each said hull and a rudder at one end of the hull behind
      the propeller.
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PAL  A water jet propelling apparatus for boats forces waters by a pump through
      a nozzle directed astern of the boat. A curved lowerable jet-deflecting
      surface downwardly and forwardly deflects the water and reverses the
      thrust; and a pair of steerable parallel rudder blades are pivotable in
      unison for laterally deviating the jet. The jet-deflecting surface has
      symmetrical channel-like side portions which directs water escaping
      laterally from the clearance between the trailing edges of the rudder
      blades and the jet-deflecting surface forwardly towards the bow to enhance
      the reverse thrust, and a central portion which is complementally shaped
      with the welder blades for maintaining the clearance with the latter
      constant for various pivotal deviations of the blades.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. The Field of the Invention
PAR  This invention relates to marine propulsion apparatus of the type
      comprising a rearwardly directed jet orifice connected to pumping means
      which is adapted to take water from outside a boat or the like vessel with
      which said marine propulsion apparatus is associated and to discharge a
      jet of water into the air astern of the vessel from said jet orifice in a
      manner such as to drive the boat or the like vessel.
PAR  B. The prior Art
PAR  At present these marine propulsion apparatus are associated with means
      comprising some form of deflecting device including a direction of travel
      control member so shaped and mountable that it can be interposed in the
      path of the jet of water for deflecting such jet forward and thus causing
      the boat to go astern, and the control member can be removed completely
      from the path of the discharged jet of water to allow said jet to propel
      said boat forwardly. Further, some laterally deflecting device, generally
      one or more swingable rudder blades or a laterally swingable tube means,
      is provided for selectively deflecting said jet of water leftwardly or
      rightwardly of the longitudinal plane of symmetry of the boat for
      directionally controlling and altering the course of the boat. Still
      further, the pumping means are actuated by some suitable source of power,
      generally an internal combustion engine provided with conventionally
      operated throttle means, whereby the power applied to said pumping means
      and consequently the speed of ejection and the rate of flow of the jet can
      be adjusted. Therefore, by operating suitable control means, the boat or
      like vessel to which a marine propulsion apparatus of the kind referred to
      above is associated, can be governed at will, either as to its speed,
      course and/or direction.
PAR  It is however well known to those skilled in the art that any marine
      propulsion apparatus of the kind referred to above, more generally and
      simply termed "water jet units", while very satisfyingly operating for
      regular forwardly directed thrust, that is when the water jet is neither
      intercepted nor deviated (the advantages of such water jet units for
      marine propulsion, particularly for relatively small boats, are so widely
      known that further comments are unnecessary), provide an undesirably poor
      control and efficiency when the boat is performing sharp radius turns and
      a still less efficient and poorer response during low speed maneuvers,
      principally when the boat is in reverse. The improved apparatus described
      and shown in my prior U.S. application Pat. No. 3,465,705 and in the
      British Patent Specification No. 1,204,794 has provided a more satisfying
      control in low speed maneuvers but the efficiency of propulsion when
      maneuvering in reverse is not as high as is desired.
PAR  The fact that principally leads to the above and other objectionable
      characteristics in the efficiency of the known water jet propulsion units
      for boats consists of the excessive turbulence and the partial and
      irregular re-direction of the water which is flowing from the jet opening
      at considerable velocity.
PAR  It is therefore an object of this invention to provide water flow control
      means for controlling the motion of a boat having a marine propulsion
      apparatus of the water jet type, which will obviate or at least
      drastically minimize the foregoing and other difficulties and limitations.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the invention, the new marine propulsion device has a nozzle
      structure which cooperates with pumping means which is adapted to issue a
      pressurized water jet that is capable of applying a forwardly directed
      thrust to the boat, said nozzle structure having a discharge orifice; a
      generally bucket-like deflector pivotally connected to said nozzle
      structure for adjustable movement about a horizontal axis transversal to
      and above the axis of said jet from a raised position wherein said
      deflector is fully above said jet to a lowered position wherein said
      deflector fully intercepts said jet at a distance from said discharge
      opening and from said horizontal axis; a pair of laterally spaced
      steerable rudder blades at opposite sides of said jet which are pivotally
      connected to said nozzle structure for concurrent swinging movement about
      parallel vertical axes near to said discharge opening and of such shape to
      essentially close laterally the space comprised between said discharge
      orifice and the deflector when fully lowered; the said deflector
      comprising a center portion the transverse width of which corresponds to
      the spacing of said rudder blades and being shaped so that its
      cross-sections in each vertical plane parallel to the axis of the jet form
      circular arcs having their centers in said horizontal axis, and its
      transverse sections in planes containing said latter axis form circular
      arcs symmetrical to the vertical plane of symmetry of said jet and having
      their centers in said axes of said rudder blades; the deflector also
      comprising side portions external to said center portion and shaped so
      that their cross-sections in said planes containing said horizontal axis
      form forwardly concave essentially semi-circular arcs.
PAR  These and other features of the new propulsion apparatus and the important
      advantages resulting therefrom will be best understood from the following
      detailed description of a preferred embodiment of the invention, when
      considered together with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE VIEWS OF THE INVENTION
PAR  FIG. 1 is partly a side view and partly a cross-sectional view, taken in
      the vertical plane of symmetry, indicated at I--I in FIG. 4, of the rear
      part of the apparatus embodying the concepts of the invention;
PAR  FIGS. 2A and 2B are fragmentary cross-sectional views, illustrating nearly
      symmetrical side portions of said apparatus, taken in the horizontal
      planes indicated at IIa--IIa and respectively at IIb--IIb FIG. 1;
PAR  FIG. 3 is partly a rear view and partly a cross-sectional view taken in the
      plane III--III in FIGS. 2A and 2B, and illustrating the apparatus having
      its deflector fully raised;
PAR  FIG. 4 is a longitudinal cross-sectional view of the apparatus of FIG. 1,
      taken in the plane indicated at IV--IV in FIG. 1 and illustrating certain
      essential components of the apparatus in larger scale and greater detail;
PAR  FIG. 5 is a diagrammatic view of the apparatus of FIG. 1 and illustrates
      the effects of the reverse of the water jet for causing the boat to travel
      straight rearwardly;
PAR  FIG. 6 is a similarly diagrammatical illustration of the apparatus as shown
      in FIG. 2A and adjusted for providing the above effects;
PAR  FIG. 7 is a view similar to that of FIG. 6, but illustrates the effects of
      a relatively small lateral deviation of the rudder blades, when the
      deflector is set to reverse the jet, for performing a curve while going
      rearward;
PAR  FIG. 8 is another view similar to that of FIG. 6, but illustrating the
      rudder blades at a greater lateral deviation and the effects resulting
      therefrom;
PAR  FIGS. 9 and 10 are views similar to those of FIGS. 5 and 6, and
      illustrating a still greater lateral deviation of the rudder blades and
      the resulting effects;
PAR  FIGS. 11 and 12 are views similar to those of FIGS. 9 and 10 and illustrate
      the effects of an exaggerated lateral deviation of the rudder blades; and
PAR  FIG. 13 is a graph including several curves indicating the variation of the
      transverse component (CT) and of the longitudinal component (CA) of the
      thrust resulting from the deviated water jet, as a function of the
      deviation of the rudder blades, the curves being plotted for zero
      deviation, and for deviations of one-third, of two-thirds and of
      three-thirds of the practical maximum positional deviation, said thrust
      being indicated in terms of Kilograms (Sp.sub.kg.sbsb.p) for various
      velocities (Ve) in terms of revolutions per minute (g/m) of the pump
      rotor, in a conventional pump-motor assembly, associated with a water jet
      unit according to the invention and as shown in FIGS. 1 to 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring firstly to FIGS. 1 to 4, there is shown a nozzle structure 10
      which forms the outlet portion of a duct 12 having a conventional inlet
      (not shown) in the bottom of the boat and wherein a pumping means
      including a screw impeller 14 is secured to the rear end of a drive shaft
      16 which is conventionally connected at its fore end to a suitable engine
      or motor (not shown). When operated, this assembly provides a water jet
      issuing rearwardly of the boat from the discharge opening of the nozzle
      10, the path of said jet, if not intercepted and not disturbed, being
      defined by the axis of the nozzle 10.
PAR  The apparatus is provided with a generally bucket-shaped deflector or
      reversing gate means having a jet-deflecting surface 20 and which will be
      discussed in detail below. Said deflector is supported by means of two
      symmetrical braces 22 for pivotal movement about horizontal pivotal axles
      24 with respect to the nozzle structure 10, said axles 24 defining a
      horizontal transversal axis above the axis of the nozzle. A suitable
      control mechanism including a shaft 26 and a link 28, or other
      conventional transmission means leading to steering means, is provided for
      control of the position of the deflector, at the command of the helmsman,
      from a lowermost position (that of FIG. 5) to an uppermost position (not
      shown) completely above the jet which issues at noticeable speed from the
      discharge opening of the nozzle. The arrangement and the action of such
      deflector, in its broadest terms, are known and further comments are
      unnecessary.
PAR  A substantial interval exists between the nozzle discharge orifice and the
      deflector 20, when lowered, and the fore surface of the deflector defines
      the rear wall for a space thus formed in said interval. In FIGS. 1, 5, 9
      and 11 there is shown that such surface is curved and that its
      cross-sectional configuration, in vertical planes parallel to the axis of
      the nozzle, includes circular arcs having their center in the horizontal
      axis defined by axles 24. The same space is laterally defined by
      symmetrical rudder blades 30, the trailing or rear edges of which,
      indicated at 32 in FIGS. 1 and 4, have a similar arc-shaped configuration
      and form a little clearance (such as few millimeters) with said fore
      surface of the deflector.
PAR  Preferably, the rudder blades 30 extend downwardly a little below the plane
      L--L defining the plane of the bottom of the and below the discharge
      opening of the nozzle and assist the rudder steering effect at high speed
      and large radius curves, but cutting through the water, while the water
      jet is advantageously unaffected by the small deviation of said rudder
      blades at said high speed. The lateral limits of the undisturbed jet are
      indicated by dot-and-dash lines G in FIG. 4. The lowest portion 30' of
      said rudder blades is preferably resilient and, most preferably, said
      rudder blades are formed by shaped rudder plates 34 secured about
      stiffening metal or plastic plates 36 secured to or integrally formed with
      braces 38 secured to vertical shafts 40 which define two parallel vertical
      axes located at opposite sides of the nozzle structure 10. Said rudder
      plates are made of rubber or of rubbery material for providing substantial
      resiliency and are integrally formed with forward extensions 42 which
      embrace the nozzle structure 10. The plates are supported and formed to
      provide a channel therebetween for the water jet.
PAR  The concurrent lateral deflection of the rudder blades 30 is controlled by
      a suitable mechanism. Such mechanism may include, for example, a gearing
      54 (FIGS. 1 and 2B) connecting said axles 40 to a shaft 52 which at its
      turn is suitably connected to the helm means (not shown) of the boat.
PAR  Additionally to its arc-shape configuration in its vertical cross-sections,
      the deflector 20 has a characteristic configuration in its cross-sectional
      sections taken in planes containing the said horizontal axis defined by
      axles 24 about which the deflector can be raised and lowered at helmsman's
      command. Such characteristic configuration is shown in FIGS. 2A, 6 to 8
      10, 11 and in greater detail in FIG. 4. This configuration is symmetrical
      relatively to the vertical plane containing the axis of the nozzle
      (corresponding to the plane indicated at I--I in FIG. 4) and has a shallow
      dihedral apex 44 (FIG. 4) in such plane.
PAR  Adjacent to and at both sides of said dihedral apex 44, the said deflector
      20 has a central portion comprised of two curved concave surfaces 46 which
      are curved according to arcs having their centers nearly in the axes of
      said axles 40 of the corresponding side, said curved surfaces extending
      from said apex 44 until they are facing the trailing edges 32 of the
      rudder blades, so that the clearance between said surfaces 46 and the
      blades, when inwardly deflected, is nearly constant, until the deflection
      does not pass beyond the apex 44 (that is from the position of FIGS. 2A, 4
      and 6 to that of FIG. 8 about).
PAR  Outwardly of said trailing edges 32 (when the rudder blades 30 are
      straight, that is set for straight course of the boat, FIGS. 2A, 4 and 6),
      the deflector 20 comprises channel-shaped side portions 48 having their
      concavities forwardly facing and having curved side edges 50 positioned to
      provide a substantial clearance with the trailing edge of the rudder blade
      when set in substantial longitudinal alignment, as shown in FIG. 8, where
      the so located channel portion, side edge, rudder blade and trailing edge
      are indicated at 48a, 50a, 32a and 30a, respectively, in order to
      facilitate the description of the resulting effects.
PAR  The description of the propulsion unit for regular forward motion of the
      boat (that is when the deflector 20 is fully raised above the water jet)
      is omitted, as being well known. The various effects resulting by
      variously lateral deflecting of the rudder blades will be now briefly
      described, with reference to FIGS. 5 to 12 inclusive. In said Figures part
      of the water issued from the nozzle and variously and selectively deviated
      by various control members (deflector and rudder blades) is indicated by a
      horizontal hatching. In same Figures some arrows are indicated to
      visualize the streams of water flowing from between said parts and
      components of the apparatus. The thickness of such arrows indicates, in a
      very approximate manner, the proportionality of the rate of flow of such
      stream.
PAR  Assuming that the deflector is fully lowered and the rudder blades are set
      for straight course (that is parallel to the axis of the jet), as shown in
      FIGS. 3 to 6, nearly the entire amount of the water jet is reversed, that
      is directed forward of the boat. The most of the water is downwardly and
      then forwardly deviated by the deflector (FIG. 5) and the non-negligible
      portion of the flow which escapes through the unavoidable clearance
      between the deflector and the rudder blades' trailing edges 32 is
      symmetrically laterally and then forwardly deviated by the channel-shaped
      side portions 48 of the deflector, as shown in FIG. 6.
PAR  Essentially the entire energy of the jet is efficiently used for reverse
      thrusting the boat, and essentially no lateral energy wasting thrusts are
      caused to occur. This high efficiency characteristic is illustrated by
      curve 0 of the graph of FIG. 13. Such efficiency is very important because
      a valuable reverse thrust can be had even if the engine is set nearly at
      idle for good and safe maneuvering at low speed. It is known that
      conventional water jet propulsion units require that the engine must be
      markedly accelerated in order to achieve a satisfactory reverse thrust.
      This acceleration means waste of power, perturbance of the water, poor
      maneuvering and even a safety hazard when the control of the throttle is
      not operated substantially simultaneously with the deflector; because the
      raising of the deflector when the engine is running at high output speeds
      leads to an unexpected forward acceleration of the boat.
PAR  By slightly deviating the rudder blades, for example towards the right
      (FIG. 7) the spacing between the outwardly deviated right blade 30a and
      the corresponding part 48a of the deflector increases, while that between
      the opposite left blade and its opposite part remains constant, owing to
      the curvature of the surface portion 46 of the deflector. The lateral flow
      of water increases at the right side while the downwardly deviated flow
      proportionally decreases. An asymmetry of lateral thrust occurs for proper
      steering of the boat in reverse, while all thrusts provided by the several
      flows contribute for moving the boat at reverse or astern, for gentle
      turning of the boat at reverse. The turn can be sharpened by a greater
      deviation of the rudder blades, as shown in the position of FIG. 8.
PAR  The curves 1/3 and 2/3 of the graph indicate that either good longitudinal
      (dot-and-dash line) or good lateral (full line) thrusts are obtained, for
      sharp radius turns in reverse, and also when the motor is throttled down
      for careful and slow maneuvers.
PAR  A further deviation of the rudder blades, up to the practical maximum
      position (FIGS. 9 and 10), provides the most important result of turning
      the boat "on the spot". The various forward and rearward flows provide a
      nearly perfect balance of the longitudinal thrusts (see the curve 3/3 in
      dot-and-dash line of the graph) while a substantial sidewardly directed
      thrust is obtained, even at idle (the rearwardly directed flow shown in
      FIG. 9 is to be imagined as passing laterally of the deflector, as shown
      in FIG. 10).
PAR  A generally excessive lateral deviation of the rudder blades, such as shown
      in FIGS. 11 and 12, can be used by experienced helmsmen for certain
      special maneuvers, such as in tide or river current, for applying high
      power for turning the boat and speeding the turn while keeping low the
      longitudinal speed of the boat, and so on, thus further improving the
      flexibility of the boat control provided by the new marine propulsion unit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a boat having a bow and a stern and provided with water propelling
      means including a nozzle adapted to direct a water jet astern of the boat
      and motor-driven pump means for delivering a stream of pressurized water
      through said nozzle, a combination comprising steering means including a
      pair of steerable rudder blades located astern of said nozzle and
      respectively at opposite lateral sides of the water jet issuing from said
      nozzle, said blades being pivotable supported in substantial parallel
      relationship with a given distance therebetween for pivoting movement
      about substantially vertical axes to either side from a rest position in
      which said blades extend substantially parallel to a longitudinal plane of
      symmetry of said nozzle, said blades having trailing and bottom edges
      defining openings through which the water jet may pass into the
      surrounding body of water; reversing gate means having a jet-deflecting
      surface positioned to face the bow and located astern of said nozzle and
      being movable about an axis transverse to the lengthwise elongation of the
      boat, said jet-deflecting surface extending over a wider transversal
      distance than said given distance and being curved downwardly and
      forwardly, said jet-deflecting surface comprising a central portion having
      two adjacent arcuate concave sections extending together substantially
      over said given distance, each of said arcuate sections having their
      respective centers of curvature in said vertical axes of said blades and
      defining clearances with said trailing edges of said blades when the
      latter are in said rest position, and channel-shaped side portions located
      symmetrically laterally outwardly of said control portion and forming
      respective channels of generally U-shaped configuration having curved side
      edges extending forwardly towards said bow; and means for moving said
      reversing gate means closely adjacent to said trailing edges of said
      blades between an upper position in which said jet-deflecting surface does
      not intercept said jet, a plurality of intermediate positions in which
      said jet-deflecting surface moves to an increasing extent over the opening
      defined between said trailing edges of said blades so as to force said jet
      of water to flow at least in part in downward direction through the
      opening defined between said bottom edges of said blades, and a lower end
      position in which said jet-deflecting surface forces substantially the
      entire amount of said jet of water to flow through the opening defined
      between said bottom edges of said blades, whereby in said lower end
      position, when said blades are in said rest position, any water escaping
      laterally through said clearances is directed forwardly in said channels
      to enhance the reverse thrust and, when said blades are pivoted, the
      steering action is not attenuated by any water escaping laterally from the
      clearance at the side of the boat opposite the desired steering direction.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said trailing edges of said
      blades are arcuate-shaped and have their respective centers of curvature
      in said vertical axes of said blade.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said jet-deflecting surface
      is shaped symmetrically relative to a vertical plane substantially
      parallel to said longitudinal plane of said nozzle and has a relatively
      shallow dihedral apex in said plane, said concave sections of said central
      portion being laterally symmetrically adjacent to said dihedral apex.
NUM  4.
PAR  4. A combination as defined in claim 3, wherein said trailing edges of said
      blades are arcuately-curved and sweep adjacently with respect to said
      concave sections of said central portion when pivoted from said rest
      position to a position where one of said blades is adjacent said dihedral
      apex, said clearance defined between said trailing edges and said central
      portion being constant.
NUM  5.
PAR  5. A combination as defined in claim 4, wherein said rudder blades consist
      of plates of resilient material; and further comprising means for
      stiffening said blades.
NUM  6.
PAR  6. A combination as defined in claim 5, wherein respective ends of said
      resilient material plates are integrally formed with resilient extensions
      which extend forwardly at either side of said nozzle, and said stiffening
      means is secured to said blades so as to pivot in unison with the latter.
NUM  7.
PAR  7. A combination as defined in claim 1, said nozzle having a discharge
      opening for said water jet, and said rudder blades extending downwardly
      below said discharge opening into said surrounding body of water.
NUM  8.
PAR  8. A combination as defined in claim 1, wherein said pump means includes a
      frusto-conically-shaped nozzle lying in said stream for accellerating and
      propelling said converging jet of water between said rudder blades,
      wherein said given distance between said blades is greater than the
      transverse dimension of said jet of water passing between said blades.
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ABST
PAL  A deep-V tunnel stern boat has the forward portion of the tunnel shaped for
      uniformly distributing the resurgent flow across the width of the tunnel
      and for smoothly forming the entrance curve to the tunnel to optimize a
      suction tending to lift the water into the tunnel. This is done by
      recessing port and starboard halves of the tunnel into the sides of the
      hull bottom so the tops of the tunnel halves are approximately parallel
      with the sides of the hull bottom at the deep-V angle and meet at an
      obtuse angle above the keel line. The tops of the tunnel halves are
      gradually shaped into a semi-cylinder around the upper half of the
      propeller, the tunnel sides are flared outward aft of the propeller, and
      exhaust ports are located in the flared tunnel sides. Such tunnels are
      also adapted for twin tunnel stern boats.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my co-pending parent
      application, Ser. No. 408,675, filed Oct. 23, 1973, entitled DEEP-V TUNNEL
      STERN BOAT, and abandoned upon the filing of this application.
BSUM
PAC  THE INVENTIVE IMPROVEMENT
PAR  The invention springs from several years' experience in deep-V tunnel stern
      planing boats including various tunnel shapes and flares, propeller
      positioning in tunnels, and tunnel exhaust systems, and this experience
      has shown that slight variation in some of the parameters can have
      surprising effects. The invention seeks to improve on the performance and
      reduce the noise of prior art deep-V tunnel stern boats, and the invention
      involves recognition of a better tunnel shape for uniformly distributing
      the resurgent flow and surface tension lift across the width of the
      tunnel, a better exhaust system, and optimum positioning of the propeller
      in a flared tunnel.
PAC  SUMMARY OF THE INVENTION
PAR  The invention applies to a boat having port and starboard sides of the hull
      bottom inclined upward from the keel line in a deep-V angle and having a
      propeller substantially housed in a stern tunnel. The port and starboard
      halves of the forward region of the tunnel are recessed respectively into
      the sides of the hull bottom to a depth progressively increasing with
      distance aft from the forward end of the tunnel. The tops of each of the
      halves of the forward region of the tunnel are generally flat and
      approximately parallel with the sides of the hull bottom at the deep-V
      angle and meet at an obtuse angle above the keel line. The halves of the
      tunnel have a constant width of slightly more than the radius of the
      propeller, and the tops of the tunnel halves are gradually shaped into a
      semi-cylinder around the upper half of the propeller. The invention also
      includes an aft-of-propeller region terminating in a plane perpendicular
      to the rotational axis of the propeller with the tunnel opening radially
      outward around substantially the entire perimeter of the tunnel at the
      after edge of the aft-of-propeller region.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a longitudinal cross-sectional view of a preferred embodiment of
      the inventive deep-V tunnel stern boat;
PAR  FIG. 2 is a fragmentary, bottom view of the stern end of the tunnel of the
      boat of FIG. 1;
PAR  FIG. 3 is a fragmentary, rear-elevational view of the tunnel of the boat of
      FIG. 1 with the rudder removed;
PAR  FIGS. 4 and 5 are fragmentary, bottom views of the stern end of alternative
      tunnels for the boat of FIG. 1;
PAR  FIG. 6 is a fragmentary, rear-elevational view of the tunnel of FIG. 5 with
      the rudder removed;
PAR  FIG. 7 is a fragmentary, bottom view of the tunnel of the boat of FIG. 1
      with equipment removed;
PAR  FIGS. 8-12 are respective cross-sectional views taken along the indicated
      lines for the tunnel of FIG. 4;
PAR  FIG. 13 is a fragmentary bottom view of a twin tunnel version of the
      invention;
PAR  FIG. 14 is a cross-sectional view of the boat of FIG. 13 taken along the
      line 14--14 thereof;
PAR  FIG. 15 is a fragmentary stern elevational view of the boat of FIG. 13;
PAR  FIG. 16 is a fragmentary bottom view of another twin tunnel version of the
      invention;
PAR  FIG. 17 is a fragmentay cross-sectional view of the boat of FIG. 16 taken
      along the line 17--17 thereof;
PAR  FIG. 18 is a fragmentary stern elevational view of the boat of FIG. 16;
PAR  FIG. 19 is a fragmentary rear elevational view of another preferred
      embodiment of the inventive tunnel stern boat with the rudder removed to
      better illustrate a preferred tunnel shape;
PAR  FIG. 20 is a fragmentary, longitudinal cross-sectional view of the boat of
      FIG. 19; and
PAR  FIG. 21 is a fragmentary bottom view of the boat of FIG. 19.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1, boat 10 has a deep-V hull 11 having a stern tunnel 12
      gradually enlarging above keel line 14 as it extends aft to transom 13. A
      propeller 15 is turned in tunnel 12, and a movable rudder 16 and a fixed
      vane 17 are arranged aft of propeller 15 for steering boat 10. In the
      region of propeller 15 the top of tunnel 12 is semi-cylindrical and fits
      fairly closely over the top of propeller 15. The invention involves a more
      efficient shape for tunnel 12, a better exhaust system for boat 10, and
      the correct positioning of propeller 15 in tunnel 12, as described below.
PAR  As best shown in FIGS. 2 and 3, tunnel 12 fits fairly closely around
      propeller 15 with a clearance of an inch or less and extends aft of
      propeller 15 a short distance and then flares horizontally outwardly. The
      aft-of-propeller region of tunnel 12 has a shape fitting around propeller
      15 and extending aft of the trailing edge of the blades of propeller 15 as
      indicated by broken line 18 for 25% to 40% of the radius of propeller 15
      to broken line 19. The aft-of-propeller region of tunnel 12 enlarges
      slightly in cross-sectional area as it extends aft from line 18 to line
      19, but any outward taper of tunnel 12 between lines 18 and 19 is
      preferably very slight and does not exceed 5.degree. to 7.degree.. A
      larger taper would permit rearward ventilation reducing efficiency and
      causing noise and vibration from cavitation. The space extending for 25%
      to 40% of the propeller radius in the aft-of-propeller region of tunnel 12
      between lines 18 and 19 holds the water in tunnel 12 sufficiently to
      prevent propeller 15 from cavitating, but does not extend so far as to
      increase the turbulence and drag. The stream of water thrust aft by
      propeller 15 tends to expand slightly as it proceeds aft, and the distance
      between lines 18 and 19 in the aft-of-propeller region of the tunnel is
      short enough so as not to interfere with the natural expansion of the
      water stream from propeller 15. Extending the aft-of-propeller region of
      the tunnel aft by more than 40% of the propeller radius causes turbulence,
      noise, and drag, and shortening the aft-of-propeller region to less than
      25% of the propeller radius causes cavitation, efficiency loss, and noise.
PAR  Tunnel 12 has a discharge region aft of line 19 and the aft-of-propeller
      region, and the discharge region extends to transom 13 at the after end of
      tunnel 12 where tunnel 12 opens out at the stern of boat 10. In the
      discharge region the side walls 20 of tunnel 12 flare sharply outward
      horizontally at preferably 30.degree. or more from the keel line 14 to
      allow plenty of room for the ballooning or expanding water stream from
      propeller 15 and clearance for operation of rudder 16. Also, exahust ports
      21 direct engine exhaust for boat 10 through walls 20 into the water
      stream from propeller 15, and exhaust ports 21 can either be plain
      openings as shown in FIG. 3 or covered with streamlined cowlings 22 as
      shown in FIG. 2. Directing the exhaust into the water stream emerging from
      tunnel 12 provides an underwater exhaust without causing back pressure on
      the engine of boat 10, because the exhaust is directed into a high-speed
      stream of water. This contributes to quiet operation and a simple and
      trouble-free exhaust system.
PAR  The side walls 20 of the discharge region of tunnel 12 can be formed in
      different ways as shown in the drawings. In FIG. 4, walls 20 are angled
      horizontally outward at 30.degree. or more from the keel line, and an
      annular wall 31 extends laterally outward at the beginning of the
      discharge region forward of walls 20. This allows a little extra clearance
      for the ballooning water stream from propeller 15 and can be combined with
      various shapes of tunnel tops in the discharge region. A laterally
      extending annular wall 32 in the discharge region of the tunnel 12
      illustrated in FIGS. 5 and 6 extends farther outward than annular wall 31
      of FIG. 4 so that the sidewalls 20 of the discharge region of FIGS. 5 and
      6 can extend straight aft to transom 13. Lateral walls 32 are wide enough
      to accommodate exhaust ports 33 for exhausting into the water stream
      thrust aft from propeller 15. The top wall 34 of the discharge region of
      FIGS. 5 and 6 is horizontal to give the discharge region a generally
      rectangular shape, and various horizontally extended sidewalls 20 can be
      combined with flat or rounded tunnel tops in the discharge region.
PAR  The improved shape of tunnel 12 is best shown in FIGS. 7-12 where the port
      side 23 and the starboard side 24 of the bottom of hull 11 are shown
      inclined upwardly from keel 25 and keel line 14 at a deep-V dead rise
      angle. For a deep-V planing hull 11, hull bottom sides 23 and 24 incline
      steeply upward from the keel line 14 as illustrated, and as well known in
      the art, and such inclination is called the dead rise angle. The forward
      region of tunnel 12 is divided in half, and the top 26 of the port half is
      recessed into port side 23 of the hull bottom, and the top 27 of the
      starboard half is recessed into starboard side 24 of the hull bottom. Tops
      26 and 27 are approximately parallel respectively with hull bottom sides
      23 and 24 at the dead rise angle and meet at an obtuse angle above keel
      line 14 as illustrated. As tunnel 12 proceeds aft, top halves 26 and 27
      are recessed progressively deeper into hull bottom sides 23 and 24 so that
      the cross-sectional area of tunnel 12 gradually enlarges. Tunnel tops 26
      and 27 curve into sidewalls 28 and 29 that are angled between the vertical
      and respective perpendiculars to hull bottom sides 23 and 24.
PAR  FIG. 12 is a cross section in the plane of the propeller and shows
      semi-cylindrical tunnel top 30 shaped to fit over the top of the
      propeller. As tunnel 12 approaches the propeller in the region of the
      cross section of FIG. 11, tunnel tops 26 and 27 are gradually diverted up
      in their central regions to meet at progressively larger angles and then
      to form gradually into semi-cylinder 30.
PAR  The shape of tunnel 12 as shown in FIGS. 7-12 provides a significant
      increase of over 10% in the performance of boat 10 over the best known
      prior art tunnel. To understand this requires an understanding of
      resurgent flow. Resurgent flow is the tendency of the water to flow upward
      into an available space behind the hull as the hull moves through the
      water. The resurgent flow is a function of gravity, the natural water
      level relative to the hull, the speed of the hull, and the space available
      to receive the flow. The best prior art tunnels did not properly consider
      or allow for full resurgent flow, and the invention involves a realization
      that the resurgent flow can be uniformly distributed throughout the full
      width of the tunnel and made gradual and smooth for flowing the optimum
      amount of water up into the tunnel to feed propeller 15 smoothly with
      unbroken and relatively non-turbulent water.
PAR  Prior art tunnels generally had rounded tops and gradually enlarged in
      cross section as they proceeded aft toward the propeller. Because of the
      deep-V hull shape, the forward end of any such tunnel tended to come to a
      point at the keel line, and the resurgent flow poured up into varying
      tunnel heights across any given tunnel width. Rounded top tunnels provided
      a large cavity for resurgent flow at the keel line, and relatively smaller
      and less elevated cavities toward the sides of the tunnel. At high speeds,
      the resurgent flow could not rise rapidly enough to fill the tunnel in the
      more elevated cavity above the keel, and there was not enough room for an
      ample amount of resurgent flow toward the side edges of the tunnel.
PAR  The inventive tunnel shape improves on this in providing a tunnel cavity of
      uniform elevation across its entire width to receive a full width of
      resurgent flow uniformly distributed and rising gradually and evenly into
      the tunnel to the same elevation along any given width. This lets the
      water fill the tunnel smoothly throughout its full length to achieve a
      surprising increase in efficiency of over 10%. The inventive tunnel shape
      retains maximum dynamic lift, minimally detracts from the performance of
      the hull, and provides for optimum resurgent flow. It also improves on the
      exhaust system and provides for optimum propeller location in a flared
      tunnel. Each half of tunnel 12 has a constant width of slightly more than
      the radius of propeller 15 throughout its full length from its forward end
      back to propeller 15, and each half of tunnel 12 gradually and uniformly
      enlarges in cross-sectional area and elevation as it proceeds aft. This
      gradually enlarges the cross-sectional area of the tunnel and also
      gradually enlarges the wetted surface area of the tunnel with distance aft
      from the forward end of the tunnel. The inventive tunnel shape also
      provides a smooth and uniform longitudinal curve to the tunnel entrance
      optimizing the suction effect of propeller 15 in lifting the water
      smoothly and evenly into the tunnel.
PAR  The invention can also be applied to twin tunnel boats as shown in FIGS.
      13-18. Boat 40 of FIG. 13 has a pair of tunnels 41 and 42 recessed
      respectively into port hull bottom side 43 and starboard hull bottom side
      44 on opposite sides of keel 45 and opening outward at transom 46. Tunnels
      41 and 42 are similar to tunnel 12 for a single-tunnel boat, and tunnels
      41 and 42 are divided into outboard halves 47 and inboard halves 48 as
      illustrated. To keep the resurgent flow even, inboard halves 48 extend
      further forward than outbaord halves 47 and as shown in the cross-section
      of FIG. 14, inboard halves 48 are deeper relative to the hull bottom sides
      than outboard halves 47. The greater forward extension of inboard halves
      48 compensates for this in giving the water a greater distance to flow
      upward into inboard halves 48.
PAR  The tops of tunnels 41 and 42 are gradually formed into semi-cylinders just
      forward of propellers 49. Tunnels 41 and 42 each have aft-of-propeller
      regions 50 extending aft of the trailing edge of the blades of propellers
      49 by 25% to 40% of the radius of propellers 49 as described above.
      Rudders 51 are positioned to extend from aft-of-propeller regions 50 aft
      through discharge regions 52 having side walls 53 extending horizontally
      outward in any of the ways previously described. The operation and effect
      of tunnels 41 and 42 is essentially the same as for tunnel 12 as
      previously described.
PAR  Boat 60 as shown in FIGS. 16-18 has a pair of tunnels 61 and 62 recessed
      respectively into hull bottom sides 63 and 64 on opposite sides of keel 65
      and opening outward at transom 66. The top 67 of tunnel 61 is parallel
      with hull bottom side 63, and the top 68 of tunnel 62 is parallel with
      hull bottom side 64 as best shown in the cross-section view of FIG. 17.
      Tops 67 and 68 are recessed gradually deeper into hull bottom sides 64 and
      65 as tunnels 61 and 62 proceed aft. Just forward of propellers 69, tunnel
      tops 67 and 68 are gradually formed into semi-cylinders, and tunnels 61
      and 62 include aft-of-propeller regions 70 and discharge regions 71 having
      horizontally extending side walls 72 of any of the above-described
      designs. Rudders 73 extend aft from aft-of-propeller regions 70 between
      the horizontally extending side walls 72 of discharge regions 71. Tunnels
      61 and 62 have uniform resurgent flow across their full widths for their
      full lengths and their operation and effect is essentially the same as
      that described above for tunnel 12.
PAR  Experience with the invention since the parent application was filed has
      resulted in even further improvement of the inventive tunnel. The portion
      of the tunnel forward of the propeller remains as previously described
      with the total tunnel width being constant and slightly more than the
      propeller diameter, and the tunnel enlarging in cross-sectional area and
      in wetted surface area with distance aft from the forward end of the
      tunnel. The improvement occurs in the region of the tunnel aft of the
      propeller and is best illustrated in FIGS. 19-21.
PAR  Boat hull 80 of FIGS. 19-21 has a tunnel 81, the forward region of which is
      similar to the tunnels described above. A propeller 82 turned by shaft 83
      is housed in tunnel 81 as illustrated, and the aft-of-propeller region 84
      extends aft as previously described by 25% to 40% of the radius of
      propeller 82. Aft-of-propeller region 84 terminates at a plane 85 best
      shown in FIG. 20 as perpendicular to the axis of rotation of propeller 82
      and perpendicular to shaft 83. This is important so that the after edge of
      the aft-of-propeller region 84 terminating at plane 85 is equi-distant
      from the trailing edges of the blades of propeller 82 throughout the
      rotational extent of propeller 82.
PAR  Tunnel 81 is enlarged radially outward at plane 85 around substantially the
      entire perimeter of tunnel 81 to provide a radially outward extending
      surface 86 as best shown in FIG. 19. Outward extending surface 86 gives an
      expansion and provides open space for the ballooning stream of water
      flowing aft from region 84, and tunnel 81 preferably extends radially
      outward by 1 to 2 centimeters at plane 85.
PAR  A tunnel discharge region 87 extends aft from the outward opening at plane
      85, and discharge region 87 preferably extends approximately horizontally
      at tunnel top 88 and flares laterally outward at sidewalls 89 as
      previously described. Discharge region 87 can also have other shapes as
      previously described, and discharge region 87 preferably provides a
      substantially increasing area for the expansion of the water stream thrust
      aft from propeller 82.
PAR  The improvement described above at the outward opening 86 at plane 85
      perpendicular to the axis of rotation of propeller 82 at the after edge of
      region 84 has resulted in increased efficiency of up to 10% at the
      cruising range, compared with the tunnel structures described in the
      parent application, and boats built according to FIGS. 19-21 also run
      substantially quieter than their predecessors. The improvement of FIGS.
      19-21 can also be applied to twin tunnel versions using the other features
      described in FIGS. 13-18.
PAR  Persons wishing to practice the invention should remember that other
      embodiments and variations can be adapted to particular circumstances.
      Even though one point of view is necessarily chosen in describing and
      defining the invention, this should not inhibit broader or related
      embodiments going beyond the semantic orientation of this application but
      falling within the spirit of the invention. For example, those skilled in
      the art will appreciate the variations that can be made in adapting the
      invention to specific boats.
CLMS
STM  I claim:
NUM  1.
PAR  1. A boat having a deep-V planing hull with port and starboard sides of the
      hull bottom inclined upward from the keel line and having a propeller
      substantially housed in a stern tunnel recessed into said hull bottom to a
      depth progressively increasing with distance aft from the forward end of
      said tunnel, said boat comprising:
PA1  a. the tops of port and starboard halves of a forward region of said tunnel
      being generally flat and obtusely angled relative to each other at
      approximately the angle of said deep-V to meet at said deep-V angle above
      said keel line;
PA1  b. said tops of each of said halves of said forward region of said tunnel
      each having a constant width of slightly more than the radius of said
      propeller from the forward end of said tunnel to the region of said
      propeller so that both the cross-sectional area of said tunnel and the
      wetted surface area of said tunnel substantially increase gradually with
      distance aft from said forward end of said tunnel;
PA1  c. said tops of said halves of said forward region of said tunnel being
      inclined upward relative to said sides of said hull bottom with increasing
      distance aft from said forward end of said tunnel; and
PA1  d. said tops of said tunnel halves in a region just forward of said
      propeller being gradually shaped into a semi-cylinder fitting around the
      upper half of said propeller.
NUM  2.
PAR  2. The boat of claim 1 wherein an aft-of-propeller region of said tunnel
      has substantially the shape of the portion of said tunnel fitting around
      said propeller, and said aft-of-propeller region extends aft of the
      trailing edge of the blades of said propeller by up to 40% of the radius
      of said propeller.
NUM  3.
PAR  3. The boat of claim 2 wherein the after edge of said aft-of-propeller
      region terminates in a plane perpendicular to the rotational axis of said
      propeller so said after edge is equi-distant from the trailing edges of
      blades of said propeller throughout the rotation of said propeller, and
      said tunnel opens radially outward around the entire perimeter of said
      tunnel at said after edge.
NUM  4.
PAR  4. In a deep-V tunnel stern boat having a tunnel substantially housing a
      propeller and forming a semi-cylinder around the upper half of said
      propeller, an improved shape for said tunnel comprising:
PA1  a. a first region of said tunnel having substantially the shape of the
      portion of said tunnel fitting around said propeller, said first region
      extending aft of the trailing edge of the blades of said propeller for up
      to 40% of the radius of said propeller;
PA1  b. the after edge of said first region terminating in a plane perpendicular
      to the rotational axis of said propeller so said after edge is
      equi-distant from the trailing edges of blades of said propeller
      throughout the rotation of said propeller;
PA1  c. said tunnel opening radially outward around the entire perimeter of said
      tunnel at said after edge of said first region forming a radially
      outwardly extending surface;
PA1  d. said tunnel having a discharge region extending aft from said radially
      outwardly extending surface to the transom of said boat at the after end
      of said tunnel;
PA1  e. the side walls of said discharge region extending horizontally
      substantially outward from said radially outwardly extending surface to
      said after end of said tunnel; and
PA1  f. the cross-sectional area of said first region of said tunnel slightly
      enlarges as said first region extends aft.
NUM  5.
PAR  5. The boat of claim 4 wherein a forward region of said tunnel forward of
      said propeller is shaped to provide a resurgent flow uniformly distributed
      across the width of said tunnel.
NUM  6.
PAR  6. A boat having a deep-V hull with port and starboard sides of the hull
      bottom inclined upward from the keel and having a pair of propellers
      substantially housed respectively in a pair of stern tunnels on opposite
      sides of said keel, said boat comprising:
PA1  a. the tops of forward regions of each of said tunnels being generally flat
      and divided into inboard and outboard halves respectively recessed into
      the sides of said hull bottom to a depth progressively increasing with
      distance aft from the forward ends of said tunnels;
PA1  b. said inboard halves of said tunnel tops extending farther forward than
      said outboard halves of said tunnel tops;
PA1  c. said tops of said outboard halves of said forward regions of said
      tunnels being approximately parallel with said sides of said hull bottom
      in which said tunnels are respectively recessed;
PA1  d. said tops of said inboard halves of said forward regions of said tunnels
      being approximately parallel with said sides of said hull bottom
      respectively opposite to said sides of said hull bottom in which said
      tunnels are respectively recessed;
PA1  e. said inboard and outboard halves of said forward regions of said tunnels
      each having a constant width of slightly more than the radius of said
      propellers from the forward end of each of said tunnel halves to the
      region of said propellers so that both the cross-sectional area of said
      tunnels and the wetted surface areas of said tunnels substantially
      increase gradually with distance aft from the forward ends of said
      tunnels; and
PA1  f. said tops of said tunnel halves in regions just forward of said
      propellers being gradually shaped into semi-cylinders around the upper
      halves of said propellers.
NUM  7.
PAR  7. The boat of claim 6 wherein aft-of-propeller regions of said tunnels
      have substantially the shape of the portions of said tunnels fitting
      around said propellers, and said aft-of-propeller regions extend aft of
      the trailing edges of the blades of said propellers by 25% to 40% of the
      radius of said propellers.
NUM  8.
PAR  8. The boat of claim 7 wherein the after edges of said aft-of-propeller
      regions terminate in a plane perpendicular to the rotational axes of said
      propellers, and said tunnels open radially outward around substantially
      the entire perimeter of said tunnels at said after edges.
NUM  9.
PAR  9. The boat of claim 8 including discharge regions extending aft from said
      outward openings and a rudder extending from said outward openings aft in
      each of said discharge regions of said tunnels.
NUM  10.
PAR  10. A boat having a deep-V hull with port and starboard sides of the hull
      bottom inclined upward from the keel and having a pair of propellers
      substantially housed respectively in a pair of stern tunnels on opposite
      sides of said keel, said boat comprising:
PA1  a. forward regions of said tunnels being recessed respectively into said
      port and starboard sides of said hull bottom to a depth progressively
      increasing with distance aft from the forward ends of said tunnels;
PA1  b. the tops of each of said forward regions of said tunnels being generally
      flat and approximately parallel with said respective sides of said hull
      bottom at the angle of said deep-V;
PA1  c. each of said forward regions of said tunnels having a constant width of
      slightly more than the diameter of said propeller from the forward ends of
      said tunnels to the regions of said propellers so that both the
      cross-sectional areas of said tunnels and the wetted surface areas of said
      tunnels substantially increase gradually with distance aft from the
      forward end of said tunnel;
PA1  d. said tops of said tunnels in regions just forward of said propellers
      being gradually shaped into semi-cylinders around the upper halves of said
      propellers;
PA1  e. aft-of-propeller regions of said tunnels having substantially the shape
      of the portions of said tunnels fitting around said propellers, and said
      aft-of-propeller regions extending aft of the trailing edges of the blades
      of said propellers by up to 40% of the radius of said propellers; and
PA1  f. the after edges of said aft-of-propeller regions terminate in planes
      respectively perpendicular to the rotational axes of said propellers so
      said after edges are equi-distant from the trailing edges of blades of
      said propellers throughout the rotation of said propellers, and said
      tunnels open radially ouward around substantially the entire perimeter of
      said tunnels at said after edges forming radially outwardly extending
      surfaces.
NUM  11.
PAR  11. The boat of claim 10 including discharge regions extending aft from
      said radially outwardly extending surfaces, and a rudder extending from
      said radially outwardly extending surfaces aft in said discharge regions
      of said tunnels.
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PAL  A sweeper having at least one laterally arranged side brush rotatably
      mounted about a rotational axis inclined with respect to the vertical axis
      of the sweeper and having bristles arranged in a pattern about the
      rotational axis, and a drive mechanism responsive to the lateral
      displacement of the sweeper over the surface being swept for rotating the
      side brush in a predetermined direction of rotation about the rotational
      axis independently of the direction of lateral displacement of the
      sweeper.
BSUM
PAR  This invention relates to a sweeper such as for carpets or the like having
      at least one laterally arranged side brush rotatably mounted about an axis
      inclined with respect to the vertical axis with the bristles of the brush
      being oriented obliquely downwardly and outwardly and arranged in a
      circular or wreath-like manner at the base member of the side brush. The
      drive unit of the side brush includes a drive roller pivotably mounted to
      the machine in the manner of a guide and idler roll, which is disposed
      within the bristle crown and is in operative connection with a toothed rim
      or gear concentric to the axis of the side brush.
PAR  A sweeper of the type mentioned above is conventional as disclosed in DOS
      [German Unexamined Published Application] 2,055,841. The axis of rotation
      in such a side brush is inclined with respect to the vertical, so that the
      side brush contacts the ground in only a certain zone with its bristles.
      As a consequence, a defined sweeping direction is obtained. The
      conventional type of structure has the advantage that the drive roll is
      arranged protected within the side brush, and that a very simple drive is
      obtained. Additionally, it is possible to sweep very closely in corners or
      the like by means of the side brush.
PAR  In order to maintain the drive derived from the drive roller constantly in
      engagement with the side brush, the conventional type of structure
      provides that the side brush pivots with the roller about the pivot axis
      of the latter, so that its axis of rotation is likewise pivoted
      eccentrically with respect to the pivot axis of the idler roll. By this
      pivoting of the axis of rotation of the side brush, this axis of rotation
      is inclined to the vertical toward one or the other direction, in
      dependence on the advancing direction of the sweeper, so that respectively
      a different zone of the bristles of the side brush contacts the ground.
      Consequently, the sweeping direction of the side brush changes with the
      advancing direction, although its direction of rotation is preserved. This
      is disadvantageous insofar as there is the danger that, during the reverse
      motion of the sweeper, dirt is swept by the side brush back into the
      already swept area.
PAR  The invention is based on the problem of constructing a sweeper of the type
      mentioned above so that the sweeping direction of the side brush or
      brushes remains the same, independently of the advancing direction of the
      sweeper, so that the objective is attained that during forward as well as
      backward movement and also in case of a turn, the side brushes always
      sweep toward the center of the power sweeper.
PAR  In accordance with a feature of the present invention, a trunnion or pin
      member is rotatably mounted to the sweeper and extends at least
      approximately coaxially to the axis of the side brush. The coaxially
      extending pin member extends into a crank or offset axle portion
      containing a section part extending at right angles and offset with
      respect to the pin member. A roll is mounted on the offset axle portion
      and is connected for rotation with a gear wheel which gear wheel meshes
      with a toothed rim of the side brush. This construction has the effect
      that the axis represented by the axle of the side brush is held in a fixed
      position at the sweeper, so that its inclination cannot vary. Since the
      direction of rotation does not change with the travel direction, either,
      the sweeping direction or direction of rotation of the side brush toward
      the center remains the same, independently of the travel direction. The
      drive connection is preserved, because the gear wheel coupled with the
      idler roll travels around the toothed rim of the side brush without being
      disengaged therefrom.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more obvious from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, a single embodiment in accordance with the present
      invention, and wherein
PAR  FIG. 1 shows a top view of a sweeper constructed in accordance with this
      invention,
PAR  FIG. 2 shows a lateral view of the sweeper of FIG. 1,
PAR  FIG. 3 shows a section through a side brush of the carpet sweeper according
      to FIGS. 1 and 2 on an enlarged scale, and
PAR  FIG. 4 shows a view from below onto the drive visible in FIG. 3.
DETD
PAR  Referring now to the drawings wherein like reference numerals are utilized
      to designate like parts throughout the several views, there is illustrated
      in FIGS. 1 and 2 a manual sweeper which can be called a type of
      self-sweeping dust pan. The sweeper includes an upper housing section 1
      and a shovel-type receiving section 2 and is provided with two side
      brushes 3 and 4 in the zone of its front corners. At the rear, the sweeper
      is equipped with a small guide roll 5. The side brushes 3 and 4 can be
      rotated about rotary axles or pin members 6 and 7 having axes which are
      inclined toward the front and toward the center of the sweeper. In this
      way, the side brushes 3 and 4, consisting of a conical base member 8 with
      a circular contour carrying on its rim natural or synthetic-resin bristles
      9, exert their sweeping effect essentially in the front zone before the
      sweeper and in the region between the two side brushes 3 and 4, since the
      bristles 9 contact the ground especially in this zone.
PAR  The receiver section 2 has the shape of a shovel with its front portion
      being oriented obliquely downwardly toward the ground. This portion has a
      tongue as shown in dashed line in FIG. 1 which extends into the zone
      between the two side brushes 3 and 4. The bristles 9 of the side brushes 3
      and 4 travel onto this inclined zone of the shovel-like receiver 2. The
      lateral edges of the receiver 2 are slightly bent upwardly at least in the
      region of the side brushes 3 and 4, so that they form strip-off edges for
      the side brushes rotating in opposite directions. In order to collect the
      dirt in the receiver, an edge follows the portion engaged by the bristles
      9 of the side brushes 3 and 4, separating a depressed section arranged
      behind this edge from the front zone covered by the sweep of the bristles.
      The receiver 2 is mounted in the rearward region of the upper housing
      section 1 to be pivotable about an axle 10. Approximately in the center,
      an easily releasable locking device 11 is provided so that the receiver 2
      can be flipped away from the upper housing section 1 and can be emptied.
      The upper housing section 1 has a holder 12 for a handle or the like.
PAR  The drive for the side brushes 3 and 4 is mounted in the space enclosed by
      the base members 8 and the bristles 9, so that a very compact construction
      is obtained which travels in most cases only over already swept surfaces.
      The drive of each side brush 3 and 4 contains a roller 13 connected for
      rotation with a gear wheel 14 having obliquely extending helical teeth.
      Pin-like projections 15 of the base member 8 engage the gear wheel 14
      which projections are arranged concentrically about the axis of rotation
      16 and in parallel to the axis of rotation 16 of the pin members 6 and 7
      as shown in FIGS. 3 and 4. The base member 8 is rotatably mounted with a
      sleeve 17 on the trunnion 6, the lower end of the sleeve 17 forming the
      pin-like teeth 15 as a gear member. It is also possible to hold the pin
      member 6 in a bearing sleeve carrying on the outside thereof the sleeve 17
      of the side brush. The pin member 6 proper is rotatably mounted in the
      upper housing section 1 in a manner not illustrated in detail and is
      extended downwardly with an offset axle 18 receiving the roller 13 and the
      gear wheel 14. The axle 18 projects, as shown in FIG. 3, downwardly past
      the pin-like teeth 15 and is then bent into a section extending at right
      angles to the axis of rotation 6. This section carries the roller 13 and
      the gear wheel 14.
PAR  The section of the bent axle 18 receiving the roller 13 and the gear wheel
      14 is oriented obliquely with respect to the horizontal, so that the
      contact point for the roller 13 on the ground, as seen in the travel
      direction, is exactly behind the axis of rotation 6 of the side brush 3 or
      4. This position is automatically assumed by the roller 13 due to the
      occurring motion resistances as soon as the sweeper is shifted. This
      ensures, on the one hand, that the predetermined direction of rotation is
      maintained for both side brushes 3 and 4 in all displacement directions.
      It is to be kept in mind that the axles 18 of the two side brushes 3 and 4
      are bent in mirror symmetry with respect to the center of the sweeper,
      wherein also the rollers 13 and the gear wheels 14 are disposed in
      corresponding mirror symmetry on the axles. This arrangement furthermore
      has the effect that, during the movement of the sweeper, no torque is
      exerted on the trunnion 6 which could lead to an inclined positioning of
      the rollers 13 with respect to the travel direction. Such an oblique
      positioning could strongly reduce the effect of the drive, especially if
      the friction values between the roller and the ground are not especially
      favorable.
PAR  Moreover, the side brushes 3 and 4 can be very easily mounted with their
      drive means, since the base members 8 of the side brushes 3 and 4 are
      disposed on the pin members 6 and/or on a bearing sleeve, and are also
      supported in the vertical direction by a collar 19.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It should therefore be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. Sweeper comprising at least one laterally arranged side brush rotatably
      mounted about a rotational axis inclined with respect to the vertical axis
      of the sweeper, said side brush including a base member having bristles
      arranged in a pattern about the rotational axis and extending downwardly
      and outwardly from said base member, and drive means responsive to the
      lateral displacement of the sweeper over the surface being swept for
      rotating said side brush in a predetermined direction of rotation about
      the rotational axis independently of the direction of lateral displacement
      of the sweeper, said bristles of said side brush being arranged in a
      circular pattern and said drive means including roll means for
      frictionally engaging the surface being swept, said roll means being
      disposed within the bristle crown and mounted for pivotal movement about
      the rotational axis, said roll means operatively engaging gear means
      concentrically disposed about the rotational axis of said side brush.
NUM  2.
PAR  2. Sweeper according to claim 1, wherein said drive means further includes
      pin means rotatably mounted at the sweeper and having a first portion
      extending at least approximately coaxially to the rotational axis of said
      side brush, said pin means including a second portion extending from said
      first portion and forming a crank axle having a section extending at right
      angles and offset with respect to said first portion, said section having
      said roll means mounted for rotation thereon.
NUM  3.
PAR  3. Sweeper according to claim 2, wherein said drive means further includes
      a gear member connected for rotation with said roll means and in meshing
      engagement with said gear means, said gear means being connected to said
      side brush for rotation in accordance with the movement of said gear
      member.
NUM  4.
PAR  4. Sweeper according to claim 3, wherein said section of said second
      portion which serves for mounting said roll means is inclined with respect
      to the horizontal.
NUM  5.
PAR  5. Sweeper according to claim 4, comprising two laterally arranged side
      brushes positioned at the front end of the sweeper, and a drive means for
      each side brush for rotating said side brushes in opposite directions
      about the respective rotational axis of each side brush.
NUM  6.
PAR  6. Sweeper according to claim 3, wherein said side brush includes a sleeve
      member connected to said base member and mounted for rotation about said
      first portion of said pin means, said gear means being pin-like
      projections extending from one end of said sleeve member for meshing
      engagement with said gear member.
NUM  7.
PAR  7. Sweeper according to claim 6, wherein said gear member is a gear wheel
      mounted for rotation on said section of said second portion.
NUM  8.
PAR  8. Sweeper according to claim 1, comprising two laterally arranged side
      brushes positioned at the front end of the sweeper, and a drive means for
      each side brush for rotating said side brushes in opposite directions
      about the respective rotational axis of each side brush.
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PAL  Method and apparatus for automatically spraying a liquid on the surface of
      a moving object, particularly developer, rinse and gumming liquids on an
      exposed, photosensitive printing plate, in which the liquid is
      continuously supplied to a distribution line at a predetermined pressure,
      and simultaneously with the supply of liquid, the object is transported
      past a spray means connected to the distribution line, an impinging spray
      of the liquid is alternately applied to the object for a first
      predetermined period and the application is interrupted for a second
      predetermined period and the cycle is repeated a plurality of times during
      the passage of the object past the spray means, as by a solenoid valve
      mounted in the distribution line and a timer connected to the solenoid
      valve to open and close the same.
BSUM
PAR  The present invention relates to means for improved procedures and
      apparatus in the art of machine spray-developing of lithographic and
      photopolymer letterpress printing plates or cleaning, etching and chemical
      processing flat sheets or webs. It also relates to improved procedures and
      apparatus for spray-coating protective and decorative finishes onto flat
      surfaces.
PAR  In the field of preparing lithographic and photopolymer letterpress
      printing plates, light sensitive coatings are placed upon a support,
      usually a flexible, thin metal sheet, thus creating a presensitized
      printing plate. The plate is subjected to imagewise exposure through a
      mask which renders the photosensitive substance insoluble in a suitably
      chosen developer, if it is negative working; and soluble in the developer,
      if the plate is positive working. The action of the developer, in the case
      of a lithographic plate, is to if the non-image portions of the plate
      coating completely so that no trace of it remains on the metal support.
      The metal support, so revealed, is now free of coating and will no longer
      accept ink. This sharp discrimination between image and non-image areas on
      the plate is vital to success in the preparation of a lithographic plate.
PAR  Exposed lithographic plates may be developed by hand or by machine. If
      developed by hand, developer is poured both upon the plate and upon a soft
      sponge or pad and rubbed therewith upon the surface of the plate until, by
      inspection, the non-image areas are completely removed. Care must be taken
      to avoid any damage to the image by excessive rubbing, or by the use of an
      overly active chemical developer. When many plates are to be developed,
      machinery is used which will develop the plate by applying developer
      mechanically. In some existing machines, developer is metered to the plate
      through tubes and spread about by sponges or brushes which also serve to
      separate loosened non-image particles from the plate support. In a next
      stage, within the machine, the spent developer and separated non-image
      coating are rinsed from the plate, usually with water, supplied through
      tubes. In a final stage, the rinsed, moist surface is covered with a gum
      solution and any excess thereof is removed, thereby delivering a plate
      ready for the press or for storage. The gum solution is also metered to
      the plate through tubes.
PAR  In some cases, these processing solutions are pumped through spray nozzles
      which are directed upon the plate surface. In further refinements, the
      developer and gum solution overflows are returned to reservoirs from which
      they are again pumped through the spray nozzles. For purposes of this
      application, such use of sprays is termed continuous even though the spray
      runs only while a plate is under it.
PAR  In the case of alkaline developers for certain positive working plates,
      recirculation is not feasible due to the aeration of the developer. This
      results in the absorption of carbon dioxide, always present in the air,
      with consequent lowering of the pH and early sharp reduction of developer
      efficiency. In this case, to avoid aeration, only fresh developer may be
      applied to the plate. A normal spray uses a large volume of developer and
      is very wasteful. Moreover, despite the need to clean out non-image areas
      completely, too aggressive a developer must be avoided for, alone or in
      combination with a brushing action, it may soften and damage the image
      areas, thus ruining the plate.
PAR  In the case of a photopolymer letterpress plate, which has a thickness of
      .010 to about .040 inch, it is not necessary to clean nonimage areas down
      to the support metal. It is sufficient to provide an elevational
      differential between the remainder of the plate and the plane of the
      printing surface, which printing surface alone is exposed to ink and
      transfers it to the surface to be printed upon.
PAR  Photopolymer letterpress plates are exposed under a negative to harden the
      photopolymer imagewise and then, in at least one instance, are mounted on
      a drum and subjected to the action of a continuous spray of a developing
      solution to remove the still soluble non-image coating. Metal etching in
      imagewise patterns is normally conducted by spraying thereon chemical
      etchants, such as, acids, alkalis, ammonium persulphate, ferric chloride.
      Prior to the etching operations, photosensitive coatings known as
      photoresists are applied to the surface of the metal. This coating is
      imaged through a mask, then developed to lay bare the portions of metal
      which are to be selectively removed. Chemical etching is used in the arts
      of photoengraving, photochemical machining, printed circuit manufacturing,
      and photogravure.
PAR  In the art of protective and decorative coating, spraying is widely used as
      an alternative to dipping or roller coating. Fine, continuously operating,
      misting sprayers are used which are designed to give great evenness of
      coverage and, when combined with careful formulation of the coating
      solution, a uniform film which will remain smooth during drying without
      formation of undesired sagging or wrinkling. As corrosion protection of
      the metal is often required, and excellent adhesion is always important,
      primer coats are usually first applied, with the same spraying equipment.
      The importance of preparation of the surface to be coated is well known,
      if maximum durability of the coating is to be obtained. To this end,
      surfaces are variously cleaned chemically or mechanically (as by abrasion)
      to foster good adhesion. A newer and more expensive technique to obtain
      optimum primer coating is electro-chemical deposition.
PAR  It is an object of this invention to increase the force of impingement on
      the surfaces and penetration of fluids into such surfaces.
PAR  With regard to developing machinery utilized in the graphic arts, other
      objects are:
PA1  1. To reduce the needed quantities of valuable developers and finishing
      agents.
PA1  2. To increase the speed of operation.
PA1  3.   To increase the completeness of development.
PA1  4. To increase the discrimination between image and non-image areas.
PA1  5. To permit the use of less aggressive developer, and thus decrease damage
      to the image.
PAR  With regard to protective and decorative coatings, it is also an object of
      this invention to increase the adhesion of such coatings. It is a further
      object hereto to increase the speed of chemical etching operations.
PAR  In machinery for the processing of exposed lithographic and photopolymer
      printing plates, utilizing this invention, the plate is transported under
      spray heads through which developing solutions, rinses, and finishing
      solutions, as determined by the needs of the individual plate, are
      sequentially dispensed. Appropriate time intervals are provided for the
      action of each solution, optionally assisted by soft non-scratching
      brushes, scrubbing pads, squeegees and the like. The various manifolds to
      which the spray nozzles are attached are equipped with pumps and solenoid
      valves electrically actuated by a timer mechanism. The timer is adjusted
      to cause the valve to open and close rapidly. During the closed phase of
      the cycle, the fluid pressure builds up to the ultimate capability of the
      pump. Upon opening of the valve, the fluid, under pressure, is suddenly
      ejected upon the target to accomplish the impingement on and penetration
      into the target beyond that which would have been obtained with continuous
      spraying. The effects of this improved impingement and penetration are to
      clean out unwanted image areas more quickly and thoroughly while at the
      same time reducing the volume of needed developer.
DRWD
PAR  For a better understanding of the present invention, reference is made to
      the accompanying drawings wherein:
PAR  FIG. 1 is a schematic representation of the major components of the pulsed
      spray system of the present invention; and
PAR  FIG. 2 is a schematic representation of a one-sided printing plate
      processor showing the location of the developer nozzles, rinse nozzles and
      gum dispensing tube which can incorporate the pulsed spray system of the
      present invention.
DETD
PAR  In FIG. 1, spray heads or jets 2, 4 and 6 impinge upon article 8, which may
      be an exposed lithographic printing plate, a photopolymer letterpress
      plate, an article to be chemically etched, or an article to be provided
      with a protective or decorative coating. The contents of reservoir 10 may
      be a developing solution, a rinse, a finishing solution, a chemical etch
      solution or a coating solution, which includes primers in the latter
      category. The contents of the reservoir 10 are propelled by pump 12
      through manifold 14, in which the aforementioned sprayheads or jets 2, 4
      and 6 are mounted. A solenoid valve 16, regulated by an electric timer 18,
      alternately opens and closes, thus pulsing fluid from the reservoir 10
      through the spray heads 2, 4 and 6. An optional conduit (not shown) may be
      employed to return the fluid to the reservoir. Fluid is used but once when
      aeration or pick up of material after contact with article 8 would change
      its composition excessively and render it unsuitable for reuse.
PAR  Spraying is dependent upon hydraulic pressure usually developed by a
      hydraulic pump. Hydraulic pumps are of the following types: gear, vane,
      piston, and screw. The selection of the type of pump depends upon
      application and usually the user has a choice of at least two types. Cost,
      efficiency, and maintenance are the governing factors in making a final
      selection. A multiple piston type pump, because of these factors, and
      because it is capable of delivering high pressure, is most commonly chosen
      for spraying. Piston pumps are available in a variety of sizes and flow
      rates. Most spraying system requirements generally are in the 10 to 150
      p.s.i. range, however, there are some that require up to 500 p.s.i. The
      flow rate varies from 0.02 to 20 G.P.M. for different spray applications.
      Spraying is usually employed where a thin coverage of liquid is desirable,
      and the flow rate range for these applications would be 0.02 to 0.5 G.P.M.
      This is particularly true when using pulse spraying as taught herein.
      "Pulse spraying," as used herein, may be defined as alternately and
      repetitively spraying a liquid for a first period of time and then not
      spraying a liquid for a second period of time. This sequence, constantly
      repeated, causes the spray to be pulsed. The member in a hydraulic system
      used to create this action is a solenoid valve. A solenoid valve is a
      combination of two basic functional units -- (1) a solenoid
      (electro-magnet) with a plunger (or core); and (2) a valve containing an
      orifice in which a disc or plug is positioned to stop or allow gas or
      liquid flow. The valve is opened or closed by movement of the magnetic
      plunger which is drawn into the solenoid coil when it is energized by an
      electrical current. Valves are usually of the direct acting type, where
      the disc opens and closes the orifice directly, or the internal type where
      the valve utilizes the line pressure for operation. Valves are made for
      various types of operation such as: two-way; three-way, and four-way and
      to normally open or normally close, the solenoid being de-energized in the
      specified positions. Valves can also be supplied to operate at pressures
      up to 1,500 p.s.i. and flow requirements up to 1,000 G.P.M. However, these
      ranges far exceed those of the hydraulic pump and for use in spraying
      systems for which, as previously noted, 0.02 to 0.5 G.P.M. is useful in
      this invention.
PAR  The small direct acting valve used for spray applications can react in as
      little as milliseconds, which is ideal for pulse spraying.
PAR  As noted above, the solenoid valve requires electric current to energize
      the solenoid. Since pulse spraying requires the valve to be alternately
      open for a period of time and closed for a period of time, the electric
      current has to be supplied accordingly. This is accomplished by an
      electric timer. Electric timers are usually of two types: the electric
      clock type that is driven by an electric motor wherein the cycles of the
      electric current regulate its accuracy, and the solid state type with no
      mechanical moving parts. The current requirements to operate a solenoid
      valve for spraying are not great. The timer is generally positioned in an
      electrical circuit so that it operates a relay, which also requires very
      little current to operate. Timers can be supplied in various ranges such
      as 0 to 15 seconds, 0 to 60 seconds, 0 to 15 minutes, etc. They can also
      be supplied with adjustable "on" and "off" time cycles as well as set
      periods of "on" and "off" cycles. Either one can be used with pulse
      spraying depending upon the requirements of the system.
PAR  Spray heads are usually classified as to the pattern they produce, such as
      the hollow cone, solid cone, flat spray and square spray. The nozzles can
      be supplied with orifices from .018 inch to .750 inch diameter, for
      pressures up to 500 p.s.i. and for delivery rates from .035 to 100 G.P.M.
      Hence, users have a wide selection to incorporate into their system. For
      continuous or intermittent use in cleaning, coating, etching, and chemical
      processing of flat sheets, the flat spray head is used because of its
      uniform application and controlled pattern. For this type of application,
      the smaller orifice diameter nozzles would be selected and usually they
      are only required to operate between 40 and 150 p.s.i. pressure.
PAR  The essence of the instant invention is the pulsation of the spray,
      obtained as described by opening and closing the valve.
PAR  When the closed phase of the cycle is too brief, fluid pressure cannot
      build up to its maximum, and no improvement in force is obtained. As the
      duration of the closed phase is progressively increased, and desired
      pressure increase is obtained up to a point, after which a further
      increase in closed time no longer provides any pressure increase and is
      not worthwhile.
PAR  The time during which the valve is open is equally important in this
      invention. If the closed valve is opened for too brief a time, too little
      fluid (albeit at the desired high pressure) is delivered through the jet
      upon the work surface. If the valve is open too long, a condition
      approaching continuous spraying results. Therefore, the desirable open
      time for the valve is one which just allows delivery of the fluid under
      high pressure.
PAR  The optimum cycle for open and closed times of the valve depends greatly
      upon the type of spray head, the pressure required for the system, the
      distance from the jet to the surface which is to receive the spray, and
      the travel rate of the work relative to the spray heads. Because of these
      interrelated parameters, it is not possible to generalize with regard to
      the optimum cycle for each application. However, with a knowledge of the
      various parameters and their importance as revealed herein, and a little
      experimentation, it is possible for one skilled in the art to select
      operable conditions for the desired application.
PAR  FIG. 2 shows a schematic representation of a printing plate processor in
      flow diagram form. The plate is fed into the feed rollers 20 and 22 and
      simultaneously contacts proximity switch 24 which starts the automatic
      operation of the processor. As the plate passes the exit side of feed
      rollers 20 and 22, it travels along support plate 26 and is sprayed with
      developer fluid by means of developer dispensing nozzles 28. Developer
      dispensing nozzles 28 are equipped for pulsed spraying as illustrated in
      FIG. 1. After traveling along support plate 26, the plate is fed to a
      counterrotating brush 30 which removes the loosened, unwanted coating from
      the plate. Desirably, the plate passes under guide plate 32 which pervents
      repulsion of the plate by counterrotating brush 30 and thereby prevents
      plate damage. The plate then passes through developer-transport-squeegee
      rollers 34 and 36. At the exit side of rollers 34 and 36, the plate is
      sprayed by rinse dispensing nozzles 38 where residual developer is washed
      off. Rinse dispensing nozzles 38 also incorporate the pulsed spray system
      of the present invention. Rinse-transport-squeegee rollers 40 and 42 then
      transport the plate to gum applicator-transport-squeegee rollers 44 and 46
      which apply a protective gum coating to the plate. Gum is applied to
      roller 44 by gum dispensing tube 48. Gum dispensing tube 48 is also
      provided with the pulsed spray system of the present invention. The plate
      then passes through air dryers 50 and 52 and thence through exit rollers
      54 and 56. The plate is now ready for printing or storage.
PAC  EXAMPLE
PAR  A prototype processor for positive working lithographic printing plates, as
      illustrated in FIG. 2, was provided with pulsed spray developer dispensing
      nozzles, rinse dispensing nozzles and gum dispensing tube. The plate used
      was an "Enco P-200," a positive working plate manufactured by Azoplate, a
      division of American Hoechst Corporation. The plate was exposed through
      ultraviolet light in a Nu Arc plate exposure device Model No. FT 40M for
      60 seconds. The exposed plate was inserted into the feed rollers of the
      processing machine at a linear speed of 42 inches per minute. The
      developer used was Enco PD-140, also a product of the Azoplate division of
      American Hoechst Corporation. The equipment (not shown in FIG. 2) used to
      spray the developer, rinse, and finisher upon the plate included the
      following components: A piston-type "Hypro" pump, series No. C-5320, made
      by Lear-Siegler Corporation, operating at a speed of 900 r.p.m. and
      delivering 0.2 gallons per minute at 60 p.s.i. was used for developer and
      rinse. For the gum solution, the pump used was a "Hypro" model No. B12, of
      the vane type, operating at 1,800 r.p.m. and delivering fluid at 20
      p.s.i. The solenoid valve was a normally closed valve made by American
      Switch Company, catalog No. 8262A220. An electric timer, made by
      Industrial Solid State Company, model No. 1061, operating 1 second open
      and 1 second closed was provided. The spray heads were made by Wm. Steinen
      Mfg. Co., Model No. F101 Flo-Jet. All three fluid dispensing units were
      controlled by one timer. The pulsed spray of developer penetrated the
      coating and loosened it from the surface of the carrier. The rotary brush
      removed the balance. The rinse fluid Enco PF-2 made by Azoplate, a
      division of American Hoechst Corporation, neutralized the residual
      developer fluid. After passage through the transport squeegee rolls, the
      plate received an application of Enco's Subtractive Finisher, also a
      product of Azoplate. The completely processed plate was delivered from the
      machine ready for press or storage.
PAR  The plate was examined for appearance. It was found that development was
      complete and the non-image areas were free of residual coating. The finest
      highlight dots, 2%, were all present, while the 97% shadow dots, were well
      defined. The consumption of expensive developer and rinse was 1 oz. per
      square foot of printing plate processed of each fluid. In a similar test
      using a continuous spray system, the consumption of developer and rinse
      was 2 oz. per square foot in order to achieve equivalent completeness of
      processing. This clearly shows the effectiveness and economy of the pulsed
      spray method of the present invention. Repeated tests at other test
      locations over a period of time confirmed the results set forth above.
PAR  The present pulsed spray technique can be used for gravure or chemical
      machine etching, photo-chemical machining, development of photosensitive
      lithographic and letterpress plates (such as Dycril, Nyloprint and
      Letterflex) for the application of protective and decorative coatings,
      especially on roughened surfaces, etc.
PAR  As indicated, the pulsed spray of this invention results in additional
      impingement and penetration forces as compared with conventional
      continuous spray techniques. In addition, less spray material is used
      and/or greater surface coverage with the same amount of spray is attained.
      In photosensitive material treating processes, less image attack and more
      non-image removal is possible than if one used a more potent solvent
      composition. The latter type of solution will have a tendency to damage
      wanted images even though non-image areas are more thoroughly removed. In
      coating applications, better penetration and adhesion result.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for automatically spraying a liquid on the surface of a moving
      object comprising, transport means for transporting said object, spray
      means mounted adjacent the path of travel of said object for spraying an
      impinging spray of said liquid onto a predetermined area of said surface
      of said object as said object passes said spray means, distribution line
      means operatively coupled to said spray means, supply means operatively
      coupled to said distribution line for continuously supplying said liquid
      to said distribution line and pulsing means operatively coupled to said
      distribution line for repetitively and alternately passing said liquid
      through said spray means for a sufficiently short, first, predetermined
      period of time to maintain an essentially constant, predetermined pressure
      on said liquid issuing through said spray means and interrupting the
      passage of said liquid through said means for a sufficiently long, second,
      predetermined period of time to build up said predetermined pressure and
      for repetitively passing said liquid through said spray means at a rate
      sufficient to deposit a continuous coating of said liquid on said
      predetermined area of said object.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein the apparatus is apparatus
      for processing an exposed, photosensitive printing plate.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein the printing plate is a
      lithographic plate.
NUM  4.
PAR  4. Apparatus in accordance with claim 2 wherein the printing plate is a
      photopolymer letterpress plate.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 wherein the object is a flat sheet
      material and the transport means is a pair of feed rollers.
NUM  6.
PAR  6. Apparatus in accordance with claim 2 wherein the liquid is a developer
      liquid.
NUM  7.
PAR  7. Apparatus in accordance with claim 2 wherein the liquid is a rinse
      liquid.
NUM  8.
PAR  8. Apparatus in accordance with claim 2 wherein the liquid is a gumming
      liquid.
NUM  9.
PAR  9. Apparatus in accordance with claim 1 wherein the spray means is a
      plurality of spray heads spaced from one another.
NUM  10.
PAR  10. Apparatus in accordance with claim 9 wherein the object is a flat sheet
      material and the spray heads are spaced in a single row across the width
      of said sheet transverse in the direction of travel of said sheet past
      said spray heads.
NUM  11.
PAR  11. Apparatus in accordance with claim 1 wherein the supply means is a pump
      means.
NUM  12.
PAR  12. Apparatus in accordance with claim 1 wherein the pulsing means is an
      automatically operated valve means mounted in the distribution line.
NUM  13.
PAR  13. Apparatus in accordance with claim 12 wherein the valve means is a
      solenoid operated valve means.
NUM  14.
PAR  14. Apparatus in accordance with claim 12 wherein the pulsing means
      includes automatic timing means operatively coupled to the valve means.
NUM  15.
PAR  15. Apparatus in accordance with claim 1 wherein the first and second
      predetermined periods are equal in time.
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ABST
PAL  Tablet coating and polishing apparatus comprising a conventional rotatable
      pan with a gravity discharge unloader chute connected for rotation
      therewith. The unloader chute has an inlet associated with the interior of
      the pan and an outlet exterior of the pan with a substantially truncated
      conical surface extending therebetween and having a progressively
      increasing width toward said outlet for gravity unloading of tablets from
      the pan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional tablet coating and polishing apparatus which have been in use
      for a number of years generally comprise a large drum or pan that is
      mounted on a rotatable axis. Tablets for pharmaceutical purposes as well
      as other uses are placed into the pan and upon rotation of the pan a
      coating material is applied. The pan rotates at a relatively slow speed
      such as 20- 25 RPM. After a sufficient number of coatings have been
      applied to the tablets they are ready for removal from the pan. In small
      coating apparatus, removal of the tablets can be made by hand. However,
      when production is on a large scale and pans of approximately 48 inch
      diameter are used it is apparent that the removal of about nine cubic feet
      of tablets becomes burdensome if done by hand. Thus, apparatus have been
      designed for inserting into conventional coating pans which will cause the
      tablets to be removed automatically by gravity feed.
PAR  U.S. Pat. No. 2,807,230, C. H. Brammar, issued in 1957, relates to an
      unloading device that may be removably coupled to a coating pan. The
      structure in that pan was designed for a coating pan having a horizontal
      axis. In particular, it utilizes a chute having an inlet which will scoop
      up a quantity of tablets from the bed of the tablets as the pan rotates.
      When the chute rotates from a lower position where it has scooped up
      tablets to a higher position the tablets begin to flow through the chute
      by gravity and will eventually flow to an outlet of the chute which is
      positioned on the exterior of the pan through its opening. It is apparent
      that in order for the tablets to flow through the unloader chute by
      gravity that the chute must be positioned at an angle to the horizontal
      axis of the pan. In the Brammar structure this angle can be approximately
      30.degree. - 40.degree..
PAR  In more recent years the popularity of tablet coating pans on an inclined
      axis has grown significantly. Attempts to apply unloading chutes of the
      type taught in the Brammar patent to coating pans having an inclined axis
      of rotation have not led to satisfactory results. As taught in the Brammar
      patent it is necessary for the unloading chute to be at an angle to the
      axis of rotation of the coating pan which is greater than the angle
      between the horizontal and the axis of rotation of the coating pan in
      order that gravitational flow can occur. Therefore, as the axis of the pan
      is raised on an incline the maximum of available discharge angle for the
      unloader chute decreases. Consequently, the travel speed of tablets
      exiting through the chute will decrease. This in turn will require the pan
      to rotate at a much slower speed in order for a Brammar unloader to
      completely discharge all of the tablets collected during each rotation.
      Depending on the angle of the pan axis and its rotational speed it is
      quite possible that there will be recirculation of tablets within the
      unloader chute. This inability to completely discharge all of the tablets
      collected during each rotation will cause damage to the tablets in many
      instances since they are colliding with each other at a fairly substantial
      force.
PAC  SUMMARY OF THE INVENTION
PAR  Our invention deals with the above mentioned problems by making
      improvements in the unloader chute. Contrary to the conventional unloader
      chutes our structure utilizes a truncated conical surface that extends
      between the chutes inlet and outlet which has a progressively increasing
      width toward its outlet. Thus, the unloader chute of our invention
      utilizes a small collection end at its inlet and a wide discharge end
      which permits the tablets to flow sooner and therefore to flow for a
      longer portion of each rotation of the pan. This ability to completely
      discharge all of the tablets and prevent recirculation of them without
      having to substantially lower the speed of the pan is possible because the
      tablets are free to slide sideways along the length of the chute as well
      as straight out the discharge end. Thus, rather than be limited to a slow
      speed such as five revolutions per minute which would require complicated
      and expensive mechanical gearing when a conventional 25 rpm pan is used,
      our invention permits a pan to be electrically slowed to approximately 12
      rpm and still achieve complete discharge of tablets each time the pan
      rotates. For a coating pan having an inclined axis of rotation, a conical
      conduit having its large end on the inside of the pan, as taught in the
      Brammar patent, would have the opposite effect.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the unloader of this invention;
PAR  FIGS. 2 through 4 are plan views of the right side, top and left side
      respectively;
PAR  FIG. 5 is a side view of a pan and unloader;
PAR  and FIGS. 6, 7 and 8 are front views of a pan and unloader taken along the
      pan's axis and illustrating the sequence of tablet flow.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 5 through 8, a conventional coating pan 11 is
      illustrated which rotates on an axis 12 of about 22 degrees with the
      horizontal. It is to be understood that the angle on which the pan rotates
      is not a part of our invention. However, in general, such pans which may
      have a diameter of approximately 4 feet, are usually on an angle of
      22.degree. to 24.degree.. Tablets 14, which tumble on the bottom of the
      interior of the pan are introduced therein through opening 13. Under
      normal coating procedures the pan may rotate at approximately 24 rpm. As
      the tablets slowly tumble over each other during the clockwise rotation of
      the pan appropriate liquid coating material (not illustrated) may be
      introduced through the opening 13.
PAR  Referring to FIGS. 1 through 4 unloader 15 is illustrated which may be
      formed from a light weight but strong material such as stainless steel.
      The unloader of this invention consists of a section of an elliptical cone
      with its small end or inlet 17 being adjacent to the pan's inside surface
      and its large discharge end or outlet 19 being adjacent to the pan's
      opening 13 and extending beyond its perimeter. Referring to FIG. 4 it is
      to be noted that the bottom wall 21 is approximately a truncated conical
      configuration and supports the tablets that flow through the unloader.
      This wall, which is outwardly curved and largest at its outlet 19, may be
      of a width of approximately 24 inches if designed for a conventional
      inclined coating pan having a 48 inch diameter. The inlet 17 of the
      unloader is positioned at the narrowest dimension or width of surface 21
      and may be approximately 6 inches. Unloader 15 is provided with a pair of
      side walls 23 and 24. Side wall 23 curves along the eliptical
      configuration of surface 21 and defines one edge of inlet 17. Side wall 24
      cooperates with top surface 26 to complete the definition of inlet 17.
      Surface 26 is provided primarily to prevent the initial escaping of
      tablets as they are scooped up through inlet 17 as well as avoiding
      overloading the chute. It is not essential that this top surface extend
      the full length of the unloader.
PAR  Since the unloader is to be used only to remove the tablets it is not
      permanently connected inside the pan during coating. When the tablets are
      to be removed the unloader is mounted therein by means of clips 28 which
      extend from the exterior side of surface 21 (FIG. 3) and clamp 29. As
      shown in FIG. 1, clamp 29 is fastened to the unloader on a reinforcing
      collar 31 and has a curved end 33 which snaps over circular edge 34 which
      defines pan opening 13. The pair of clips 28 cooperate with clamp 29 and
      edge 34 to keep the unloader in its illustrated position relative to the
      pan throughout rotation. Clamp 29 may have an adjustable length if desired
      to cause inlet 17 of the unloader to assume a position at a more shallow
      depth in the tablets nearer outlet 19. This will avoid unwanted unloading
      of tablet particles and dust that tends to settle at the bottom of the bed
      of tablets.
PAR  Referring to FIG. 5, chute 15 for maximum unloading may be positioned
      within the pan 11 at an angle of approximately 78.degree. to the
      horizontal at its lowest point of its rotation and 34.degree. to the
      horizontal at its highest point of rotation. In such a manner, the
      unloader rotates with the pan and, as illustrated in FIG. 6, will scoop up
      a quantity of tablets on each revolution since the bed of tablets always
      remain at the bottom of the pan. If the pan is normally wired for rotating
      at 24 rpm it can be readily reduced by electrical means to half the speed
      or at 12 rpm. In unloaders of the past such a speed would be considered
      high and would not be feasible since the tablets scooped up by the
      unloader would not all be discharged during a single rotation.
PAR  However, in our design the provision of surface 21 which increases rather
      than decreases in its width as it progresses toward its outlet 19 enables
      the pan to rotate at what heretofore were considered high speeds for
      purposes of unloading. As the unloader rotates with the pan, its inlet 17
      is forced into the bed of tablets and scoops up a large quantity of them.
      Looking at FIG. 6 the penetration of the unloader's inlet 17 into the bed
      of tablets occurs at about a position corresponding to the position on a
      clock of 4 o'clock. The inlet emerges from the bed of tablets at
      approximately a position of 8o'clock and flow of the tablets due to
      gravity will commence at about 10 o'clock and continue until 2 o'clock.
      The average quantity of tablets that can be discharged in this manner
      during each rotation is approximately 300 cubic inches. Thus, within the
      short period of 3 to 4 minutes the pan has been emptied. The condition of
      the tablets unloaded in this manner compare favorably with respect to
      tablets unloaded by hand. This can be primarily attributed to the fact
      that there is no recirculation of tablets within the unloader and thus
      they are not unnecessarily colliding with each other. In such a manner
      approximately 9 cubic feet of tablets can be removed and in a matter of
      seconds the unloader can be removed thereby enabling the pan to receive
      new tablets that are to be coated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a tablet coating pan having an opening and a removable gravity
      discharge unloader chute with an inlet associated with the interior of
      said pan the outlet of said chute being removably attached to the edge of
      said pan opening and an outlet exterior of said pan, for rotation
      therewith, the improvement comprising a substantially truncated conical
      bottom wall extending between said chute's inlet and outlet for gravity
      feeding tablets therebetween and having a progressively increasing width
      toward said outlet and a top surface cooperating with said bottom wall and
      a pair of side walls to define said chute's opening.
NUM  2.
PAR  2. The improvement in accordance with claim 1 in which the width of said
      substantially truncated, conical surface at the chute's outlet is at least
      twice its width at the chute's inlet.
NUM  3.
PAR  3. The improvement in accordance with claim 1 in which said attachment
      comprises a removable clip.
NUM  4.
PAR  4. The improvement in accordance with claim 1 in which said attachment
      comprises a clamp.
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ABST
PAL  An improved toner fountain and recovery system for an electrostatic
      printing machine includes a fountain and supply arrangement for applying
      fluid toner material to a surface of a web of print material passing
      across the fountain and a vacuum-operated recovery head disposed to extend
      transversely of the path of movement of the web and in a manner whereby
      the recovery head removes toner from the surface of the web. A column of
      toner fluid forms a fluid head in fluid communication with a flow passage
      coupled to the recovery head in a manner permitting the height of the
      hydraulic head to establish the degree of vacuum applied to the recovery
      head. A valve operable between open and closed positions retains the head
      of toner responsive to arrested movement of the web so as to close the
      valve and retain the head of toner while the web is at rest.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to electrostatic printing machines and more
      particularly to an improved toner fountain and recovery system for same.
PAR  In general, in electrostatic printing machines, an elongate web of material
      is moved in a predetermined path where, at one station, portions of the
      surface of the web will be electrostatically charged and thereafter
      developed in response to application of toner material thereto.
      Accordingly, the web typically is passed in close proximity across the top
      of a toner fountain in which liquid toner is overflowing the side edges
      thereof into a catch basin and returned to a reservoir.
PAR  One example of such a toner fountain is shown in U.S. Pat. No. 3,729,123,
      issued Apr. 24, 1973.
PAR  In apparatus of the kind described, the printing web is wetted as it is
      drawn across the toner fountain. Means are provided for physically
      removing first the bulk or main portion of the liquid toner and then the
      remainder.
PAR  As disclosed herein, however, vacuum means operating with a degree of
      suction determined by the hydraulic head required to pump liquid into the
      toner fountain has been utilized to recover the remainder portion of the
      liquid toner and to direct it to a toner reservoir.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  In general, in apparatus of the kind described above, an improved recovery
      system includes an elongate, hollow, open top channel member formed to
      include upwardly extending side walls. The upper end edges of the side
      walls are disposed to extend acorss the path of the web for engaging the
      undersurface of the web for physically removing liquid toner therefrom.
      The open top channel member includes a drain opening coupled to a fluid
      path serving to return the withdrawn toner material to the reservoir.
PAR  In a particularly preferred embodiment, a vacuum connection is formed to
      provide a suction coupled to the drain opening. The suction serves to draw
      the web into engagement with the upper end edges of the channel member
      whereby the surface of the web is subjected to a vacuum to aid in removal
      of toner material carried by the web and to return it to the reservoir.
PAR  In general, it is an object of the present invention to provide an improved
      toner fountain and recovery system for an electrostatic printer.
PAR  It is another object of the present invention to use a liquid pump employed
      to supply toner to the toner fountain to also form a vacuum in a recovery
      head member and to provide fluid paths for recovering the toner from both
      the fountain overflow and the recovery head leading into a common
      reservoir.
PAR  It is another object of the present invention to provide apparatus of the
      kind described wherein the suction at the recovery member is determined by
      the liquid column height established in an associated hydraulic pumping
      column used to supply toner to the fountain.
PAR  The foregoing and other objects will be more readily evident from the
      following detailed descriptions of preferred embodiments when considered
      in conjunction with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a diagrammatic side elevation view of a system, partially in
      section, according to the invention;
PAR  FIG. 2 shows a diagrammatic enlarged detail perspective view of a toner
      fountain tray and toner recovery head according to the invention;
PAR  FIG. 3 shows an enlarged end section view in detail of the toner fountain
      assembly;
PAR  FIG. 4 shows a plan view of the toner recovery head;
PAR  FIG. 5 shows an end elevation section view in diagrammatic form of another
      embodiment of the invention when used with portions of the construction
      shown in FIG. 1;
PAR  FIG. 6 shows another embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  An improved toner fountain assembly and recovery system 10 is shown
      diagrammatically in FIG. 1. Accordingly, a roll 11 of electrostatic
      recording material forming a web 12 is suitably trained by means of guides
      13, 14 to pass through a recording station 15 wherein discrete dots or
      pinpoint areas across the width of web 12 can be selectively
      electrostatically charged. These portions are then developed further
      downstream in the toner fountain and recovery assembly 16 as to be
      described further below. Subsequently, as web 12 passes out of assembly
      16, it is trained about a roller 17 and moved upwardly in the direction of
      arrow 18 while supported from beneath by a platen 19.
PAR  Toner fountain and recovery assembly 16 generally includes a first elongate
      tray 21 or trough mounted within a tray 22 serving as a catch basin for
      the overflowing toner from tray 21.
PAR  Means for supplying toner from a reservoir 25 thereof into tray 21 to
      overflow into tray 22 and permit the overflowed toner to drain back into
      reservoir 25 comprises the upwardly extending toner supply column 23 in
      which a pump 24 serves to suck toner upwardly from reservoir 25 for
      discharge into tray 21.
PAR  The crest of the overflowing toner is disposed at a level whereby it will
      contact the undersurface of web 12. Drainage from catch basin 22 is
      provided by suitable return lines fed from both sides of the channel 20
      formed around tray 21 and schematically shown simply as return lines 26,
      27 which lead directly back to the reservoir 25.
PAR  Means for holding web 12 closely adjacent to the overflowing top of tray 21
      as well as to the top of recovery head 28 includes a pressure member 29
      suitably carried by a portion of the frame assembly, such as the screws 31
      or rivets. Pressure member 29 may be extruded or molded as desired and
      extends transversely of the path of web 12. Pressure member 29 includes a
      number of downwardly depending ribs 32, 33, 34 serving, in conjunction
      with the top of the fountain and recovery head 28, to define the path for
      web 12. Accordingly, the lower edges of ribs 32, 33, 34 confine the travel
      of web 12 so that it passes in close proximity to the top of fountain tray
      21 to ride lightly across recovery head 28.
PAR  The upper end edges 40, 45 of head 28 are each formed to provide a
      relatively sharp scraping edge extending transversely of the path of web
      12. In this position, edge 40 serves to physically remove the bulk or main
      portion of the unadhered liquid toner previously applied to web 12 at
      fountain 21, then, as web 12 engages edge 45, the remainder of the
      unadhered toner can be physically removed aided by the influence of a
      vacuum in recovery head 28 as now to be described.
PAR  Means forming a second hydraulic column includes the hydraulic riser line
      or column 36 which takes suction in reservoir 25. Pump 37 lifts toner
      material from reservoir 25 upwardly into column 36. A drain opening 38
      formed to lead into a central cavity 39 of recovery head member 28 is
      coupled into the top of hydraulic riser line 36 by one leg 42 of a Y
      connection 43.
PAR  The upper end edges 40, 45 of the transverse walls of head 28 lie
      substantially in a common plane whereby when web 12 passes across them,
      the suction formed in cavity 39 will serve to draw web 12 tightly in
      substantially sealed relation thereto. After web 12 forms the seal across
      cavity 39, pump 37 can lift liquid toner from reservoir 25 upwardly in
      column 36. The degree of vacuum or suction generated in cavity 39 is
      determined by the height of the hydraulic column 36.
PAR  The foregoing arrangement makes it relatively easy to adjust and accurately
      provide the proper amount of vacuum to cavity 39 for optimum "drying" of
      web 12 as it passes head 28.
PAR  The embodiment shown in FIG. 1 is particularly desirable where paper is
      employed of a type having many perforations for reasons which will be
      described further below.
PAR  Another embodiment as shown in FIG. 5 of the toner recovery system wherein
      a single pump is common to both the toner supply column and the hydraulic
      vacuum column includes the same trays 21, 22 as shown in FIG. 1 as well as
      the same toner recovery head 28. However, a single pump 44 is common to
      both the toner supply column 46 and the hydraulic vacuum column 47.
PAR  Column 47 originates with the intake end thereof located within reservoir
      25. Pump 44 lifts liquid toner from reservoir 25 along column 47. Web 12
      lies in substantially sealed relation against the upper edges 40, 45 of
      head 29 so as to provide a vacuum in cavity 39 as before described.
PAR  Subsequently, toner will rise and spill over into inlet tube 48 after
      passing Y connection 49 whereby toner from cavity 39 is added to the
      supply column 46 for entry into tray 21. The overflow from tray 21 returns
      via downspout 26 to reservoir 25.
PAR  In comparing the embodiments shown in FIGS. 1 and 5, it should be
      relatively evident that, if web 12 is of a type having a number of
      perforations, the inlet side 48 of pump 44 will tend to suck a substantial
      amount of air and thereby generate a number of objectionable bubbles into
      the outlet side 46 for feeding into toner fountain tray 21. Accordingly,
      where this type of web is employed, the embodiment shown in FIG. 1 may be
      more desirable inasmuch as the two hydraulic columns are independent of
      each other thereby permitting toner to be supplied to tray 21
      substantially free of bubbles.
PAR  However, for most webs 12, there will be sufficient sealing of cavity 39 to
      preclude entry of objectionable bubbles in a system as in FIG. 5.
PAR  Yet another embodiment is shown in FIG. 6 in which a valve 51 is operable
      by means of a solenoid 52 or other electric control for purposes of
      operating valve 51 between open and closed conditions.
PAR  Pumps 37, 55 are self-priming pumps, such as oscillating pumps. These pumps
      are slow in pumping air and, accordingly, it is to be appreciated that in
      each of the foregoing arrangements, if the hydraulic head is lost in
      column 36 or 47 during intermittent periods of inactive operation, the
      hydraulic liquid in column 36 will have receded downwardly into reservoir
      25 whereby, upon start-up, it then becomes necessary for pump 37 (or 44)
      to pump out the air on its inlet side to re-establish a sufficient
      hydraulic head to provide adequate and operable suction within cavity 39.
PAR  Accordingly, it is to be understood that means are provided to retain the
      hydraulic head in column 36 in response to terminating advance of web 12
      whereby delay in establishing the head will be avoided. Thus, web 12 is
      driven by a suitable drive system 53 as indicated by the dashed line
      connection 54. A circuit 56, 57 from drive system 53 is deenergized at
      that point in time when drive system 53 has stopped and is energized when
      it has started.
PAR  Thus, upon de-energizing the circuit defined by leads 56, 57 and solenoid
      52, valve 51 will be spring urged to a closed position by the spring (not
      shown) typically associated with a conventional solenoid.
PAR  Energizing solenoid 52 can be delayed by suitable delay means forming a
      part of drive system 53 so as to permit pump 37 to fully establish the
      hydraulic head in column 36 before exposing cavity 39 to the head in
      column 36.
PAR  From the foregoing, it will be readily evident that apparatus of the kind
      described avoids the need for the usual separate air pumps or blowers to
      remove the remaining toner at the discharge side of the toner fountain,
      i.e., to "dry" the web as is presently the practice. Further, it has been
      found that high speed web-feeding machines not using suction can feed
      approximately the equivalent of 10,000 sheets of paper for each 2 gallon
      bottle of toner. However, by incorporating the suction arrangement for
      recovering the remainder of the applied toner, approximately the
      equivalent of 30,000 sheets of paper can be fed using the same two gallon
      bottle of toner, thereby effecting a significant recovery economy while
      also drying the web.
PAR  It is further readily evident that a liquid pump can be employed to remove
      both air and liquid from the recovery head so as to recover and return
      toner to the same common reservoir as supplies the web without deleterious
      effect upon the quality of the toner being fed from the toner fountain.
PAR  Finally, optimum vacuum or suction in cavity 39 of head 29 can be readily
      achieved since it is directly determined by the liquid column height or
      pressure head of that column coupled to the recovery head 28.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a printing machine of a type having an elongate web of material to be
      moved in a predetermined path for printing thereon by charging discrete
      portions thereof and then developing said portions in response to
      application of toner material, means for developing said portions
      comprising a supply reservoir of liquid toner material, a first elongate
      tray extending across the path of said web and lying adjacent same, a
      second elongate tray containing said first tray and acting as a catch
      basin for recovering toner overflowing from said first tray, a pump and
      connections for recirculating liquid toner material along a path defined
      from said reservoir to said first tray then overflowing said toner
      material from said first tray into said second tray and returning said
      toner to said reservoir, said first tray being disposed at a level serving
      to carry the overflowing toner material into wetting contact with said web
      portions to develop same, and recovery means downstream of said first tray
      for removing toner from said web comprising an elongate, hollow, open top
      channel member formed to include upwardly extending side walls defining
      the upstream and downstream side walls of said channel member, the upper
      end edges of said side walls providing a relatively sharp scraping edge
      disposed to extend across the path of said web for engaging the
      undersurface of said web, the edge of the upstream side wall serving to
      physically remove the main portion of the unadhered liquid toner from the
      web, the edge of the downstream side wall of said channel member serving
      to physically remove substantially all the remaining toner carried by said
      web, said channel member including a drain opening therein for withdrawing
      toner material removed from said web, and vacuum means coupled to said
      drain opening for recovery of toner from said channel member, said vacuum
      means including fluid connections between said pump and said drain for
      applying a suction to said channel member in response to operation of said
      pump.
NUM  2.
PAR  2. In a printing machine of a type having an elongate web of material to be
      moved in a predetermined path for printing thereon by charging discrete
      portions thereof and then developing said portions in response to
      application of toner material, means for developing said portions
      comprising a supply reservoir of liquid toner material, a first elongate
      tray extending across the path of said web and lying adjacent same, a
      second elongate tray containing said first tray and acting as a catch
      basin for recovering toner overflowing from said first tray, a pump and
      connections for recirculating toner material along a path defined from
      said reservoir to said first tray then overflowing said toner material
      from said first tray into said second tray and returning said toner to
      said reservoir, said first tray being disposed at a level serving to carry
      the overflowing toner material into wetting contact with said web portions
      to develop same, and recovery means downstream of said first tray for
      removing toner from said web comprising an elongate, hollow, open top
      channel member formed to include upwardly extending side walls, the upper
      end edges of said side walls being disposed to extend across the path of
      said web for engaging the undersurface of said web, said channel member
      including a drain opening therein for withdrawing toner material removed
      from said web, means forming a fluid path defined between said drain
      opening and said reservoir to return the withdrawn toner material to said
      reservoir, said recovery means including vacuum means forming a suction
      coupled to said drain via the fluid path of the last named said means to
      said channel member, said suction serving to draw said web into engagement
      with the upper end edges of said channel member to define a vacuum cavity
      whereby said vacuum serves to remove toner material from said cavity for
      return to said reservoir, said vacuum means including means forming a
      hydraulic head of toner in fluid communication with said drain opening,
      the height of said hydraulic head serving to establish the degree of
      suction in said channel member.
NUM  3.
PAR  3. In an electrostatic printing machine of a type having means for applying
      fluid toner material to a surface of a web of print material, a vacuum
      channel member extending transversely of the path of movement of said web
      for removing toner from said surface, said channel member being formed
      with an upwardly directed open cavity surrounded by walls which terminate
      at their upper end edges in substantially a common plane for supporting
      said web thereacross to substantially seal said cavity, a flow passage
      formed to lead fluid toner out of said cavity, vacuum means coupled in
      fluid communication to said flow passage for withdrawing toner material
      from said cavity via said flow passage, and means serving to form a
      hydraulic head of toner in fluid communication with said flow passage to
      permit the height of said hydraulic head to establish the degree of vacuum
      applied to said flow passage.
NUM  4.
PAR  4. In an electrostatic printing machine of a type having means for applying
      fluid toner material to a surface of a web of print material, a vacuum
      channel member extending transversely of the path of movement of said web
      for removing toner from said surface, said channel member being formed
      with an upwardly directed open cavity, means for carrying said web across
      said cavity to substantially seal said cavity, a flow passage formed to
      lead fluid toner out of said cavity, vacuum means coupled in fluid
      communication to said flow passage for withdrawing toner material from
      said cavity via said flow passage, means serving to form a hydraulic head
      of toner in fluid communication with said flow passage to permit the
      height of said hydraulic head to establish the degree of vacuum applied to
      said flow passage, and a valve coupled to the last named said means and
      operable between open and closed positions for respectively releasing or
      retaining said head of toner, and means responsive to arrested movement of
      said web serving to operate said valve to its closed position to retain
      said head of toner while said web is at rest.
NUM  5.
PAR  5. In an electrostatic printing machine hydraulic means for forming a fluid
      toner fountain for applying said toner to a surface of a web of print
      material disposed across said fountain, a reservoir of fluid toner and
      connections forming a fluid path for passing said toner to said fountain
      from said reservoir, a suction member extending transversely of the path
      of said web for removing toner from said surface, said suction member
      being formed with an upwardly directed open cavity surrounded by walls
      which terminate at their upper end edges in substantially a common plane
      for supporting said web across said cavity in substantially sealed
      relation thereto, a flow passage formed to lead fluid toner out of said
      cavity, liquid pumping means serving to pump toner from said reservoir to
      said fountain via the first named said fluid path and serving to form a
      hydraulic pressure column of toner and means serving to couple the low
      pressure portion of said hydraulic pressure column to said cavity for
      sucking said web into sealing relation with the upper end edges of said
      walls while withdrawing toner from the cavity.
NUM  6.
PAR  6. In an electrostatic printing machine according to claim 5 wherein said
      pumping means comprises a pair of pumps one being disposed in and serving
      to form said hydraulic column, the other of said pumps being disposed to
      pump toner from said reservoir to said fountain.
NUM  7.
PAR  7. In an electrostatic printing machine according to claim 6 wherein said
      pumping means comprises a single pump disposed to pump toner from said
      reservoir to form said hydraulic pressure column and then to discharge
      toner from said column into said fountain to supply toner thereto.
NUM  8.
PAR  8. In an electrostatic printing machine of a type having an elongate web of
      print material to move in a predetermined path to be printed upon by
      application of toner material thereto, a toner fountain system comprising
      an elongate open tray extending transversely of said path in confronting
      relation to said web, a reservoir of fluid toner material, means forming a
      first hydraulic column for passing toner from said reservoir to said
      fountain, a suction member disposed downstream of said fountain for
      applying suction to said web and for removing toner, means forming a
      second hydraulic column coupled in fluid communication to said suction
      member for determining the degree of suction therein, and pump means
      serving to pass toner from said reservoir to said fountain and for forming
      said second column.
NUM  9.
PAR  9. In an electrostatic printing machine according to claim 8 in which said
      pump means comprises a single pump common to both said columns.
NUM  10.
PAR  10. In an electrostatic printing machine according to claim 8 in which said
      pump means comprises individual pumps, one in each of said columns, said
      columns being independent of each other.
NUM  11.
PAR  11. In an electrostatic printing machine according to claim 8 further
      comprising a valve in said second column operable between open and closed
      positions, and means responsive to arrested movement of said web serving
      to operate said valve to its closed position to retain liquid in said
      second column while said web is at rest.
NUM  12.
PAR  12. In an electrostatic printing machine hydraulic means for forming a
      fluid toner fountain for applying said toner to a surface of a web of
      print material disposed across said fountain, a reservoir of fluid toner
      and connections forming a fluid path for passing said toner to said
      fountain from said reservoir, a suction member extending transversely of
      the path of said web for removing toner from said surface, said suction
      member being formed with an upwardly directed open cavity surrounded by
      walls which terminate at their upper end edges in substantially a common
      plane for supporting said web across said cavity in substantially sealed
      relation thereto, a flow passage formed to lead fluid toner out of said
      cavity to said fluid path, liquid pumping means serving to pump liquid
      toner from said reservoir to said fountain via the first named said fluid
      path while withdrawing toner from said cavity via said flow passage and
      applying a suction to said cavity for sucking said web into sealing
      relation with the upper end edges of said walls.
NUM  13.
PAR  13. In an electrostatic printing machine of a type having an elongate web
      of print material to move in a predetermined path to be printed upon by
      application of toner material thereto, a toner fountain system comprising
      an elongate open tray extending transversely of said path in confronting
      relation to said web, a reservoir of fluid toner material, means forming a
      first hydraulic column for passing toner from said reservoir to said
      fountain, pump means serving to pass toner from said reservoir to said
      fountain via said first column, a suction member disposed downstream of
      said fountain for applying suction to said web and for removing toner,
      means forming a fluid connection between said suction member and said
      column for providing a suction in said suction member in response to the
      flow of toner between said pump and said fountain.
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ABST
PAL  Ink-supply system for duplicating machines such as typewriters to alleviate
      the necessity for using conventional ribbons. System comprises a thin film
      strip or band which has an affinity for liquid ribbon ink, and an inking
      means for continuously supplying a thin continuous layer of liquid ink to
      the surface of said film.
BSUM
PAR  Duplicating machines such as typewriters, chain printers, and the like,
      employ a conventional duplicating ribbon to supply ink to a copy sheet
      under the effects of typing or printing pressure. Such ribbons, of the
      fabric or film-base type, are disadvantageous because their caliper or
      thickness causes a broadening or lateral spreading of the impact force
      which can result in typed images which are broader and less sharp than
      desired. Fabric ribbons are generally woven from filaments such as silk or
      nylon and impregnated with liquid ink. Fabric ribbons have certain
      additional disadvantages such as the fabric imprint they impart to the
      typed images, degradation of the imaging strength with age and limited ink
      capacity.
PAR  Film-base ribbons have a film foundation carrying a solid waxy or resinous
      ink layer. Such ribbons do not impart a fabric imprint to the typed or
      printed images. However they are mainly single-use ribbons having
      frangible ink layers which produce solid images which can smear on
      contact. The only ones suitable for reuse and which exude liquid ink are
      those having a resinous squeeze-out type ink layer, illustrated for
      instance by U.S. Pat. No. 3,037,879. Such reusable ribbons enjoy
      widespread commercial success but are relatively expensive and also have a
      limited period of reuse.
PAR  The present invention is concerned with avoiding the problems presented by
      conventional duplicating ribbons and with providing a novel ink-supply
      system for typewriters and printing machines which is not limited by the
      ink-carrying capacity of the ribbon.
PAR  It is another object of this invention to provide an ink-supply system for
      duplicating machines whereby a continuous, thin, uniform supply of liquid
      ink is presented for transfer by the impact element, such as type face, to
      the copy sheet.
PAR  It is yet another object, according to one embodiment of this invention, to
      provide a multi-color ink-supply system for duplicating machines whereby
      liquid inks of different colors can be presented for transfer by the
      impact element to a copy sheet.
DRWD
PAR  These and other objects and advantages of the present invention will be
      apparent to those skilled in the art in the light of the present
      disclosure, including the drawing, in which:
PAR  FIGS. 1, 2 and 5 are diagrammatic top views of ink-supply systems according
      to different embodiments of the present invention.
PAR  FIG. 3 is a top plan view of a section of ribbon used according to one
      embodiment of the present invention.
PAR  FIG. 4 is a diagrammatic cross-section taken along the line 4--4 of FIG. 3.
DETD
PAR  The present invention involves the discovery that thin ink-receptive films
      have many advantages over conventional duplicating ribbons and that such
      films can be used in association with a liquid ink supply to provide a
      transfer element having a uniform, continuous thin supply of liquid ink
      for transfer to a type element or to a copy sheet under the effects of
      impact pressure, minimizing the broadening effect caused by the interposed
      transfer element.
PAR  The ink-receptive films useful according to the present invention are those
      which are oleophilic, either chemically or physically. Chemically
      oleophilic films include polyolefins, such as polypropylene, and films
      which are not normally oleophilic, such as Mylar polyethylene
      terephthalate, but which are laminated, coated or otherwise treated to
      render them oleophilic. Physically oleophilic films are those which are
      etched or porous or coated to render them porous and ink-receptive.
PAR  The means for supplying liquid ink to the present films is preferably a
      soft sponge roller which is impregnated with a supply of liquid ink and
      which is either associated with a continuous supply of liquid ink or is
      replaceable after an extended period when its ink supply decreases.
      Alternatively the ink supply may comprise a roller which receives liquid
      ink from an ink well and applies it to the film surface.
PAR  FIG. 1 of the drawing illustrates the use of a soft, spongy,
      ink-impregnated inking roller 1 and an ink-receptive film ribbon 2. The
      ribbon 2, such as surface-treated 0.5 mil polypropylene, is expended from
      supply spool 3 into the nip of inking roller 1 and backing roller 4 to
      provide a uniform, continuous, thin, liquid ink coating 5 on the treated
      ink-receptive surface of the film ribbon 2. The ink-coated ribbon is then
      guided into typing position between a copy sheet 6 and a type bar 7 in
      conventional manner. The compression of the ink-coated film between the
      face of the type bar 7 and the copy sheet 6 under impact pressure causes
      the liquid ink to transfer to the copy sheet. The images formed on the
      copy sheet are free of fabric weave imprint and are sharper and clearer
      than images formed by a fabric ribbon and yet have the smudge-resistance
      and cleanliness of a fabric ribbon copy due to the absorption of the
      liquid ink by the copy sheet. The used film ribbon is then guided to
      take-up spool 8 where it is collected.
PAR  When the entire film ribbon is collected on take-up spool 8, spools 8 and 3
      can be interchanged and the film ribbon can be reused, or a reversing
      mechanism can be provided together with a second inking roller 9 (shown
      out of contact with the ribbon) and a second backing roller 10 positioned
      adjacent the take-up spool 8. When the ribbon is reversed, the first
      inking roller 1 moves out of contact with the ribbon and the second inking
      roller 9 moves into position to contact the ribbon between itself and
      backing roller 10.
PAR  FIG. 2 of the drawing illustrates a continuous film ribbon band which
      requires no reversing mechanism. The ribbon band 20 is conveyed by rollers
      21, 22, 23 and 24 and is contacted by inking roller 25 and by optional
      inking roller 26.
PAR  In operation the continuous ribbon band 20, such as 0.5 mil polyethylene
      terephthalate polyester (Mylar) carrying a thin, non-transferable
      oleophilic coating, is moved into pressure contact with inking roller 25
      which transfers a thin, continuous film of liquid ink to the oleophilic
      coating. The inked ribbon passes between the copy sheet 6 and the type
      element 7 which causes pressure-transfer of the liquid ink to the copy
      sheet in image form. The used portion of the ribbon is thereafter reinked,
      either by its next pressure contact with inking roller 25 or by pressure
      contact with both the optional similar inking roller 26 and inking roller
      25.
PAR  According to one embodiment, the roller 26 is a de-inking roller comprising
      a porous ink-absorbing sponge which removes at least a substantial portion
      of the thin ink film remaining on the used ribbon band 20 so that the band
      can be freshly reinked with a uniformly thin liquid ink film by means of
      inking roller 25. This prevents the build-up of stale ink on the band 20,
      particularly in those areas which are never contacted by the type element
      7.
PAR  FIGS. 3 and 4 illustrate an ink-receptive ribbon film for use according to
      one embodiment of the present invention. The ribbon comprises a film
      foundation 30 carrying a thin central ink-receptive strip 31 surrounded on
      both sides with non-ink-receptive margins 32 which may comprise oleophobic
      foundation 30 but preferably are strips of oleophobic coating having the
      same thickness as central strip 31 whereby the ribbon winds evenly on the
      spools 3 and 8 of FIG. 1.
PAR  The ribbon preferably has a strong foundation such as 1 mil polyethylene
      terephthalate polyester and carries a coating which is oleophobic except
      in the central area 31 where it is treated to render it porous and
      oleophilic or ink-receptive. For example, a thin coating can be applied to
      the film foundation 30 comprising a solution of a vinyl resin such as
      vinyl chloride-vinyl acetate copolymer containing a particulate, leachable
      salt or containing a heat-activatable blowing agent. After solidification
      of layer 32 by evaporation of the solvent, the central strip area 31 can
      be selectively treated with solvent such as water to remove the salt in
      that area, or can be selectively heated to activate the blowing agent in
      that area, whereby a porous, ink-receptive central strip 31 is provided.
      Alternatively a thin strip 31 of foamed synthetic thermoplastic polymer
      such as a polyurethane can be formed on the center of the film foundation
      30 or preformed and laminated thereto.
PAR  The essence of the present invention is the use of a thin plastic film
      ribbon which, either naturally or by means of surface treatment or
      coating, has an ink-receptive surface capable of accepting a uniform, thin
      film of conventional liquid ribbon ink, comprising non-drying oil and
      coloring matter, and capable of releasing such ink to a type element or to
      a copy sheet under the effects of imaging pressure. Naturally oleophilic
      plastic films are known in the art. Also it is known in the art to treat
      films with corona discharge to improve their oleophilic properties, and to
      coat films with hydrolyzable compositions such as titanium tetrachloride
      and to conduct hydrolysis to form a thin, ink-receptive coating on the
      film. Similarly it is known to include blowing agents in a thin plastic
      film or in a thin plastic coating thereon and to activate the blowing
      agent to form ink-receptive pores therein. Any of these and other well
      known means may be used to provide the ink-receptive film used according
      to the present invention.
PAR  According to one embodiment of the present invention, the plastic film
      ribbon comprises a laminate of thin plastic films bonded together by means
      of a thin bonding layer. For instance, two films of 0.5 mil tensilized
      Mylar bonded together by means of from 0.1 to 1 mil thickness of adhesive
      such as polyvinylidene chloride or isocyanate-cured polyurethane which
      functions to cushion the typing pressure, provide a ribbon having high
      strength and cut-resistance. Similarly a laminate of 0.5 mil Mylar and 0.5
      mil polyethylene or polypropylene provides a ribbon having the strength of
      Mylar and the oleophilic properties of the polyolefin film. Also thin
      porous films or sponges may be laminated to a support film such as
      tensilized Mylar to provide a ribbon having high strength and
      ink-absorbency.
PAR  The inking rollers preferably are of the conventional porous elastomer type
      commercially available under the trademark "Micro-well" from Elastolabs
      Corporation or available from S. C. Johnson & Son, Inc. under the
      trademark "Porelon." However the ink-applying means may be any means, such
      as an application roller associated with an ink vat, inked felt, or the
      like, capable of bringing a thin, continuous supply of conventional liquid
      ink into contact with the ink-receptive surface of the film ribbon or
      band. The essential requirement of the latter is that it is oleophilic,
      either chemically or physically. By this is meant that the surface of the
      ribbon which receives the ink supply must be capable of retaining the ink
      as a continuous thin layer rather than repelling the ink and causing it to
      contract on the film in the form of droplets, leaving portions of the film
      surface free of an ink supply.
PAR  Referring to the embodiment of FIG. 5 of the drawing, the ribbon 40 may be
      a continuous ribbon band adapted to supply ink directly to the type
      element 45 for retransfer to the copy sheet. According to this embodiment,
      the ribbon 40, supported and driven by rollers 41 and 42, receives a
      supply of liquid ink from inking roll 43 adjacent backing roller 44. The
      inked surface of ribbon 40 is contacted by the type faces 46 on the type
      element 45 to retransfer a supply of the liquid ink to the appropriate
      type faces prior to the movement of the type element 45 against the copy
      sheet.
PAR  This embodiment represents a substitution of the present reinkable ribbon
      elements for porous inking rollers in commercially available typewriters
      designed for use in this manner. The prior known inking rollers are not
      continuously reinked, as are the present transfer ribbons, nor do they
      have a supply of liquid ink at the surface in the absence of squeezing
      pressure.
PAR  In general, the present film ribbons have a thickness which may vary from a
      minimum of about 0.5 mil up to a maximum of about 5 mils. The thickness
      depends upon whether a coating or sponge layer is present on the film and
      whether the ribbon is used according to the embodiment of FIG. 1 or that
      of FIG. 5. Lesser thicknesses are preferred in cases where the ribbon
      transfers ink to the copy sheet, according to FIG. 1, whereas the
      thickness is not critical in cases where the ribbon transfers ink to the
      type face, according to FIG. 5.
PAR  Variations and modifications may be made within the scope of the claims and
      portions of the improvements may be used without others.
CLMS
STM  I claim:
NUM  1.
PAR  1. System for providing a continuous supply of liquid ink for transfer to a
      copy sheet under the effects of imaging pressure comprising a supply of a
      thin plastic film having an originally ink-free, oleophilic surface and
      adapted for movement to a transfer position relative to a copy sheet and
      an imaging element, said oleophilic surface comprising a porous, resinous
      coating which is present only on the central portion of said surface which
      transfers ink to said copy sheet, the marginal borders of said surface not
      being ink-receptive, inking means in advance of said position for applying
      a continuous thin film consisting essentially of liquid non-drying ink to
      the oleophilic surface coating of the plastic film for pressure-transfer
      from said oleophilic surface coating to the copy sheet, and means for
      continuously bringing the oleophilic surface coating of said plastic film
      into contact with said inking means to provide the oleophilic surface
      coating of said plastic film with a continuous thin film of said liquid
      non-drying ink in advance of the movement of the plastic film into said
      transfer position.
NUM  2.
PAR  2. System according to claim 1 which said supply of thin plastic film is a
      continuous belt of said film.
NUM  3.
PAR  3. System according to claim 1 in which said supply of thin plastic film is
      a length of plastic film adapted for alternate movement in either
      direction to said transfer position, and said inking means are provided at
      each side of said transfer position for applying said liquid ink to said
      plastic film in advance of said transfer position as the plastic film
      moves to said transfer position from either direction.
NUM  4.
PAR  4. System according to claim 1 in which said marginal borders carry a
      coating which has a thickness substantially the same as the thickness of
      the porous oleophilic coating present on the central portion of said
      surface.
NUM  5.
PAR  5. System according to claim 1 in which the thin plastic film comprises a
      laminate of two thin plastic films.
NUM  6.
PAR  6. System according to claim 1 in which said inking means comprises a
      porous sponge roller impregnated with said liquid ink which
      pressure-engages the oleophilic surface of the plastic film.
NUM  7.
PAR  7. System for providing a continuous supply of liquid ink for transfer to a
      copy sheet under the effects of imaging pressure comprising a supply of a
      thin plastic film having an originally ink-free, oleophilic surface and
      adapted for movement to a transfer position relative to a copy sheet and
      an imaging element, inking means in advance of said position for applying
      a continuous thin film consisting essentially of liquid non-drying ink to
      the oleophilic surface of the plastic film for pressure-transfer from said
      oleophilic surface to the copy sheet, means for continuously bringing the
      oleophilic surface of said plastic film into contact with said inking
      means to provide the oleophilic surface of said plastic film with a
      continuous thin film of said liquid non-drying ink in advance of the
      movement of the plastic film into said transfer position, and porous,
      ink-absorbent de-inking means for removing a substantial portion of the
      unused ink remaining on said plastic film after said film passes said
      transfer position and prior to the recontact of the plastic film with the
      inking means to receive a new continuous film of liquid non-drying ink.
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ABST
PAL  Objects are coated using apparatus which includes a mechanical barrier
      effectively interposed between a cloud of particles which is produced
      thereby, and the travel path for objects conveyed therethrough. The
      barrier means includes an upstanding baffle having an edge portion
      configured to progressively expose different vertical portions of the
      object as it is conveyed thereby. Generally, at the beginning of the
      travel path the lower portions of the objects will be masked by the baffle
      so as to promote deposition of the particles upon the upper surfaces
      initially. As it proceeds along the travel path, progressive exposure of
      the lower portions of the object will permit the complete and uniform
      coating thereof.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application for
      Letters Patent Ser. No. 254,472, filed May 18, 1972, now U.S. Pat. No.
      3,828,729 issued Aug. 13, 1974.
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PAC  BACKGROUND OF THE INVENTION
PAR  Apparatus and techniques have been disclosed in the prior art by which
      coatings can be produced upon a variety of objects, by exposing them to a
      cloud of solid particles. Such a cloud may be generated by charging air
      upwardly through a bed thereof, as in conventional fluidized bed
      equipment, or by the use of spray systems and the like. Depending upon the
      nature of the particulate material employed, adhesion to the object may be
      promoted by preheating, adhesive precoating, or by other means, and a
      variety of techniques can be used to convert the particles unto a unified,
      continuous coating, again depending upon the characteristics of the
      coating material employed.
PAR  Although many different types of objects (such as continuous lengths of
      wire, tubing, and the like, as well as individual objects which may be
      passed into or adjacent the cloud of particles) may be coated in such a
      manner, difficulties are encountered in attempting to produce uniform
      coatings upon objects having vertical dimensions in excess of a certain
      value. This is due largely to the rarefaction that occurs in the upper
      regions of the cloud, which produces a vertical gradient of particle
      concentration, thereby causing objects which have surfaces at
      substantially different heights to acquire heavy deposits upon their lower
      portions, while developing progressively thinner coatings on the upper
      surfaces. These effects may be most pronounced when the particle cloud is
      produced in fluidized bed equipment, and especially when fusion is relied
      upon for adherence of the particles; in the latter event, the
      pre-existence of coating material on the surface of the object does not
      effectively limit the thickness of the deposit ultimately produced, as is
      the case when, for example, adhesion is electrostatically induced.
PAR  Accordingly, it is the principal object of the present invention to provide
      a novel apparatus and system in which articles having a significant
      vertical dimension may be uniformly coated with particles from a cloud
      thereof.
PAR  It is also an object of the invention to provide such an apparatus and
      system which are highly efficient, safe, and convenient to operate, and
      which are at the same time relatively simple and inexpensive to produce.
PAR  Another object is to provide a novel method by which an object of
      significant vertical dimensions may be uniformly coated by exposure to a
      cloud of particles.
PAC  SUMMARY OF THE DISCLOSURE
PAR  It has now been found that certain of the foregoing and related objects of
      the invention are readily attained in apparatus for coating an object,
      which comprises, in combination, means for producing a cloud of particles,
      means for conveying at least the portion of the object to be coated along
      a travel path laterally adjacent the cloud-producing means, and mechanical
      barrier means including at least a first generally upstanding baffle
      effectively interposed laterally between the cloud-producing means and the
      travel path. The baffle has an elongated edge portion across which
      particles may readily pass from the cloud-producing means to the travel
      path, and the conveyor means and baffle are so disposed, relative to one
      another, that the travel path traverses the imaginary, laterally extending
      projection surface of the edge portion of the baffle at a
      non-perpendicular angle thereto. Particles of the cloud are thereby
      permitted to deposit upon the object, causing a coating to develop, along
      an axis that is angularly displaced from the axis of the travel path, as
      progressively lower vertical portions of the object horizontally register
      with the edge portion and thereby become exposed behind the baffle, during
      passage of the object thereby.
PAR  In the preferred embodiments of the invention, the cloud-producing means is
      provided by fluidized bed means and the edge portion of the baffle is
      generally rectiliner, with the defined projection surface constituting the
      laterally extending plane thereof. The edge portion may slope downwardly
      in the forward direction of the travel path, with the travel path being
      substantially horizontal, or the edge portion may be substantially
      horizontal, with the travel path being disposed at an angle thereto. In
      certain instances, the edge portion of the baffle will have a complex
      configuration consisting of a plurality of rectilinear elements that are
      angularly disposed with respect to one another. Although the baffle will
      generally have a free upper edge providing the defined edge portion, it
      may be provided by an elongated slot in the baffle extending generally in
      the direction of the travel path. Desirably, the barrier means includes a
      second upstanding baffle configured similarly to the first baffle, and
      which is spaced laterally therefrom to the opposite side of the travel
      path. In such a case, the first and second baffles should be generally
      transversely aligned, with the travel path disposed therebetween so as to
      permit simultaneous coating of two sides of the object conveyed
      therealong, and the travel path and baffles will generally be
      substantially rectilinear and parallel to one another. The conveying means
      will usually include means for mounting a multiplicity of elongated
      objects thereon, with their axes vertically disposed, for sequential
      passage along the travel path, and such mounting means will desirably be
      adapted to rotate each of the objects about a vertical axis.
PAR  The apparatus of the invention may comprise a system for coating a
      multiplicity of objects transported sequentially along a predetermined
      path, which system includes a fluidized bed unit comprising a
      substantially closed container having a passageway for transport
      therethrough of objects depending thereinto, and at least a first plenum
      chamber extending along one side of the passageway and having an inlet for
      pressurized air and an upwardly directed opening. The unit also includes a
      porous plate spanning the opening, and a baffle interposed between the
      plenum chamber and the passageway. The baffle has an elongated upper edge
      portion spaced above the porous plate and so disposed that the passageway
      traverses the imaginary, laterally extending projection surface of the
      edge portion, at a non-perpendicular angle thereto. Accordingly, a cloud
      of particles of a coating material may be generated above the porous plate
      of the plenum chamber; the particles may readily be deposited upon
      progressively lower vertical portions of objects as such portions
      horizontally register with the edge portion and are thereby exposed behind
      the baffle, during passage along the passageway.
PAR  Preferably, in such a system, the container of the fluidized bed unit has a
      second plenum chamber substantially identical to the first-mentioned
      plenum chamber and extending along the opposite side of the passageway.
      The unit will additionally include a second porous plate spanning the
      opening of the second chamber, as well as a second barrier, of
      substantially identical configuration to the first-mentioned barrier,
      interposed between the second plenum chamber and the passageway. The unit
      will thereby be adapted to simultaneously coat opposite sides of objects
      passed along the passageway, with particles from clouds generated over
      both of the first and second plenum chambers. The container may have a
      pair of upstanding parallel interior walls defining, in part, the first
      and second plenum chambers and the passageway therebetween, and the first
      and second baffles may be mounted for vertical adjustment upon such
      interior walls.
PAR  Certain objects of the invention are readily attained in a method for
      coating an object which comprises the steps of: generating a cloud of
      particles adjacent one side of a generally upstanding baffle having an
      elongated edge portion permitting ready passage thereacross of said
      particles from said cloud, and passing at least an axial portion of an
      object to be coated laterally adjacent the other side of the baffle along
      a predetermined travel path. The travel path traverses the imaginary,
      laterally-extending projection surface of the edge portion at a
      non-perpendicular angle thereto, so that the baffle initially blocks from
      contact, by the particles, at least the axial portion of the object, and
      causes exposure of progressively lower vertical portions thereof during
      passage along the travel path. As a result, a coating is developed on the
      axial portion of the object along an axis that is angularly displaced from
      the axis of the travel path.
PAR  In practicing the method, a multiplicity of objects will generally be
      sequentially passed along the travel path for coating, and the travel path
      may extend between two of such baffles, adjacent the outer side of each of
      which a cloud of particles may be generated to simultaneously effect
      particle contact upon opposite sides of the object during passage
      therealong. Preferably, the particles will be of a heat-fusible material,
      and the method will include the additional step of heating the object,
      prior to deposition of particles thereon, at least to the fusion
      temperature of the particles, so as to promote adhesion thereof. It may
      also include the additional step of heating the object at least to the
      fusion temperature of the particles subsequent to their deposition
      thereon, so as to produce a fused coating thereof upon the object.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevational view in partial section of
      apparatus embodying the present invention;
PAR  FIG. 2 is a diagrammatical side elevational view of the conveyor and the
      exposed one of the pair of baffles employed in the apparatus of FIG. 1,
      drawn to a reduced scale and showing a number of cans being transported
      for coating;
PAR  FIG. 3 is a right end view of the parts of the apparatus illustrated in
      FIG. 2 and drawn to a scale slightly enlarged therefrom;
PAR  FIG. 4 is a right end elevational view of the apparatus of FIG. 1 drawn to
      an enlarged scale;
PAR  FIG. 5 is a section view along line 5--5 in FIG. 1, drawn to the scale of
      FIG. 4;
PAR  FIG. 6 is a fragmentary plan view in partial section of the apparatus of
      FIG. 1;
PAR  FIG. 7 is a side elevational diagrammatical view of a different baffle and
      conveyor arrangement suitable for use in the apparatus of the invention;
      and
PAR  FIG. 8 is a view similar to FIG. 7 showing another type of baffle suitable
      for use herein.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Turning now in detail to FIGS. 1-6 of the appended drawings, therein
      illustrated is apparatus embodying the present invention and including a
      fluidized bed unit comprised of a bed base and a cover therefor, generally
      designated by the numerals 10, 12 respectively. The cover 12 has a
      peripheral flange 14 with a downwardly opening channel 16 in which is
      received the upper edge of the sidewall 18 of the base 10. A number of
      hook locks 20 are spaced about the opening of the base 10, and cooperate
      with corresponding studs 22 on the flange 14 to lock the cover 12 thereto.
      The tubular elements 24, which provide a frame bed for the base 10, rest
      upon substructure elements 25; the fluidized bed unit is connected to the
      chassis by anti-vibration members 26, and means (not shown) is provided to
      vibrate the unit with the members 26 serving to prevent transmission of
      motion therefrom to the substructure.
PAR  As may best be seen in FIG. 5, the base 10 includes a pair of parallel
      upstanding interior walls 28 which cooperate with a base plate 30 to
      define a central trough 32 running along most of the length of the unit.
      The walls 28 also cooperate with the bottom walls 34 to define two
      elongated lateral plenum chambers 36, which are coextensive with the
      trough 32 and lie on opposite sides thereof. Air inlet ports 38 extend
      through the bottom walls 34 and have diffusion plates 40 positioned
      thereover, the latter serving to promote distribution along the length of
      the chambers 36 of air injected through the ports 38.
PAR  A peripheral flange 42 extends about each of the chambers 36 to provide
      support for a chamber-spanning porous plate 48 which is spaced thereon
      above the bottom wall 34. Interposed between the flanges 42 and the plates
      48 are thin layers 46 of gasket material, and strut elements 44 extend
      across the flanges 42 to strengthen the base 10 and to provide additional
      support for the plates 48. The rectangular frames 50 secure the porous
      plates 48, such as by flat-headed screws engaged therethrough.
PAR  An elongated baffle 58 is secured to each of the interior walls 28 by
      cooperating clamps 62, which are tightened thereagainst by the nut and
      bolt fasteners 64 which pass through the walls 28 and through the
      elongated slots 66 in the baffles 58. As will be appreciated, the slots 66
      enable adjustment of the height as well as the angular attitude of the
      baffles 58 with respect to the interior walls 28. Each of the baffles 58
      has an upper edge 60 which slopes downwardly toward the outlet end of the
      unit, i.e., inn a downstream direction; the edges are in substantially
      horizontal alignment and the baffles 58 are parallel, to thereby define a
      passageway 68 of uniform width along the full length of the baffles 58.
PAR  The cover 12 has a number of spaced reinforcing webs 70, and upstanding
      flanges 72 which extend along its entire length on either side of the
      passageway 68. The flanges 72 cooperate with an enclosure or cowling (not
      illustrated) which substantially surrounds the unit and has marginal edges
      abutting against the flanges 72, to prevent the entry of powder or debris
      thereinto. A feed conduit 73 is attached to the cover 12 to provide means
      for furnishing powder to the unit from a reservoir or supply thereof (not
      shown), and means (also not shown) may be present within the unit for
      detecting the quantity of powder therein, to automatically control the
      feed operation on a continuous basis. The bottom of the unit is furnished
      with two hoppers 74, which communicate with the central trough 32 and have
      conduits 76 extending downwardly therefrom. The conduits 76 are hooked
      into a vacuum system (not shown) to enable the withdrawal of excess powder
      which would otherwise tend to accumulate in the trough 32, and the
      butterfly disk 78 and operating mechanism 80 therefor, which are provided
      on each conduit 76, control the vacuum effect. Each hopper 74 has a
      cleanout opening 82 that is normally closed by a cover assembly 84, the
      principal purpose of which is to permit the ready removal of the articles,
      which may fall into the trough 32 from time to time during the coating
      operation.
PAR  As is most readily seen in FIGS. 1 and 6, a narrow end wall 86 lies
      transversely between the interior walls 28 adjacent the outer ends thereof
      and defines, in cooperation with the outer end wall 88 of the unit, a
      plenum chamber 90 extending across the width thereof. As in the case of
      the elongated plenum chambers 36, the plenum chamber 90 is provided with
      inlet ports 92 and diffusion plates 94 for the injection and distribution
      of air, and the peripheral flange 96, which projects inwardly from about
      the chamber 90, supports a porous plate 98, a periphereal frame 100, and a
      frame 104.
PAR  Adjacent the outlet end of the unit and in communication with the
      passageway 86 is a channel extension 110, which serves to enable the
      controlled release of powder that may become trapped between adjacent
      articles, vacuum means being attached to the extension 110 for that
      purpose, if so desired. As suggested in FIGS. 2 and 3, a conveyor 112 is
      disposed above the unit and has a multiplicity of mounting hangers 114
      depending therefrom, each supporting a can 116 thereon for coating. The
      conveyor may be of any conventional design, and the hangers may have
      magnetic coupling elements on the ends thereof to support the cans; of
      course, when different articles are to be coated in the unit, other
      support means may be more suitable.
PAR  As the arrow in FIG. 2 indicates, the conveyor 112 transports the cans 116
      from left to right along a horizontal path through the passageway 68.
      Initially, the cans 116 are substantially entirely blocked or masked by
      the baffles 58. However, due to the slope of the upper edges 60, as the
      cans 116 proceed downstream progressively lower surface portions become
      horizontally aligned with the edges 60 and thereby exposed for powder
      contact behind the baffles 58.
PAR  Since, as previously has been pointed out, the lower portions of the cans
      116 of other depending objects are most readily coated, considerably lower
      particle concentrations and cloud heights are necessary to produce a
      satisfactory deposit thereon. The plenum chamber 90 and the porous plate
      98 associated therewith (which constitute a substantially independent
      cloud chamber) may therefore be used to effectively coat the can bottom
      walls, with the air flow rate thereinto being diminished appreciably, as
      compared to that maintained throughout the remainder of the unit. As will
      be apparent, the cans 116 proceed on the conveyor 112 downstream through
      the passageway 68 between the baffles 58, and outwardly from the unit
      through the extension 110. They may then pass through sequential excess
      powder removal, heating and cooling stages, and preheating effects,
      adhesive coating stations, etc., ahead of the fluidized bed unit may also
      be provided.
PAR  Although a preferred embodiment of the invention has been illustrated and
      described hereinbefore, it will be evident that many variations can be
      made in the apparatus without departure from the novel concept of the
      invention. One such alternative is depicted in FIG. 7 wherein a simple
      modification of the arrangement of the conveyor and baffles employed in
      the unit is shown. Thus, the baffle 58' is substantially the same as
      baffle 58 of the preceding figures, but has a free upper edge 60' which is
      substantially horizontally disposed. The conveyor 112+ is comparable to
      the previously described conveyor 112 but, rather than extending
      horizontally, it is slightly inclined. As a result, objects depending from
      the conveyor 112' are progressively exposed behind the baffle 58', with
      virtually the same coating effect as is produced by the apparatus of the
      previous embodiment. However, the embodiment of FIG. 7 affords the
      advantage of enabling the coating of objects of increased axial length in
      a direction generally perpendicular to the fluidized bed (extended
      dimensions parallel to the bed, of course, presenting little difficulty).
      Because the edge 60' is a uniform distance above the porous plate (not
      illustrated, but horizontally disposed therebelow), and the objects pass
      from a position lower than the plate location, the axial length that can
      be coated is not limited by the upper extent of the bed, i.e., by the
      height to which the particles are elevated. As will be noted, this is not
      true of the apparatus of FIGS. 1-6 due to the parallel disposition of the
      travel path of the cans 116 and the plate 48; in such apparatus, it will
      not be feasible to coat objects that extend above the upper limits of the
      cloud.
PAR  A second modification of the apparatus is shown in FIG. 8 wherein, rather
      than utilizing a free upper edge of the baffle to provide the edge portion
      across which the particles must pass, the baffle 58" has a complex slot
      60" consisting of three rectilinear elements a, b, c, extending therein in
      the general direction of the travel path. The baffle 58" cooperates with
      the conveyor 112" to progressively expose lower portions of objects
      depending therefrom, as they travel in the direction indicated by the
      arrow. It will be noted that the central element b of the slot 60" is
      substantially horizontal, as a result of which no fresh surfaces of the
      objects will be exposed during passage thereby. An exposure of extended
      duration will thereby be afforded, as may be desirable in coating an
      object having a central portion which is somewhat inaccessible or on which
      a heavier coating is desired. From this simple illustration, it will be
      appreciated that many variations in the configuration of the edge portion
      are possible, to achieve a wide variety of coating effects; it should also
      be clear that, although continuous rectilinear edge portions have been
      illustrated, in some instances it may be desirable to utilize
      discontinuous edges or curvilinear portions to achieve the deposits
      desired.
PAR  Other variations in the apparatus are of course possible, and include the
      provision of different arrangements and greater or lesser numbers of
      plenum chambers, etc., to generate different cloud chamber effects and to
      expose the objects to different conditions during passage along the travel
      path. Although not specifically discussed heretofore, it will be
      appreciated that a single-effect fluidized bed may be employed, with the
      objects passing behind only one baffle interposed therebetween.
PAR  The materials of construction will be equally obvious to those skilled in
      the art, and need not be discussed in detail. Moreover, virtually any
      powder or other dry particulate or finelydivided coating material may be
      employed to provide the particle cloud, in accordance with the present
      invention. For example, synthetic resins such as polyvinyl chloride,
      polypropylene, polyethylene, epoxies, acrylics, polyesters, etc. may all
      be used successfully in accordance herewith. Inorganic materials such as
      talc, phosphors, elemental metals, salts, and the like may also be used,
      as may materials in fibrous form, such as asbestos, glass, the typical
      flocs, etc. Among the myriad uses for the type of apparatus illustrated,
      the coating of aerosol and food and liquid packaging cans, glass
      containers, tanks for fire extinguishers and gas storage, transformer
      housings, and boxes of various types and configurations might be mentioned
      as exemplary.
PAR  Thus, it can be seen that the present invention provides a novel apparatus
      and system in which articles having a significant vertical dimension may
      be uniformly coated with particles from a cloud thereof. The apparatus and
      system are highly efficient, safe, and convenient to operate and are, at
      the same time, relatively simple and inexpensive to produce. The invention
      also provides a novel method by which an object of significant vertical
      dimensions may be uniformly coated by exposure to a cloud of particles.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. In apparatus for coating an object, the combination comprising:
PA1  a. fluidized bed means for producing a cloud of particles;
PA1  b. means for conveying at least the portion of an object to be coated along
      a travel path, which travel path is laterally adjacent said fluidized bed
      means; and
PA1  c. mechanical barrier means effectively interposed between said fluidized
      bed means and said travel path, and including at least a first upstanding
      baffle spaced laterally to one side of said travel path and extending
      along at least a portion thereof, said baffle having an elongated edge
      portion across which particles may readily pass from said cloud to said
      travel path, said conveyor means and baffle being so disposed relative to
      one another that said travel path traverses the imaginery,
      laterally-extending projection surface of said edge portion at a
      non-perpendicular angle thereto,
PAL  so that particles from said cloud may deposit on the object, so as to
      develop a coating thereon along an axis that is angularly displaced from
      the axis of said travel path as progressively lower verticle portions of
      the object horizontally register with said edge portion and thereby become
      exposed behind said baffle during passage of the object thereby.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said edge portion of said baffle is
      substantially rectilinear, and wherein said projection surface constitutes
      the laterally extending plane thereof.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said edge portion slopes downwardly in
      the forward direction of said travel path and wherein said travel path is
      substantially horizontal.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said edge portion is substantially
      horizontal and wherein said travel path is disposed at an angle thereto.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said edge portion of said baffle has a
      complex connfiguration consisting of a plurality of rectilinear elements
      that are angularly disposed with respect to one another.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said baffle has a free upper edge
      providing said edge portion.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said baffle has an elongated slot
      therein extending generally in the direction of said travel path and
      providing said edge portion thereof.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said barrier means includes a second
      upstanding baffle configured similarly to said first baffle and spaced
      laterally therefrom to the opposite side of said travel path, said first
      and second baffles being generally transversely aligned with said travel
      path therebetween to permit simultaneous coating of two sides of the
      object conveyed therealong.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said travel path and baffles are
      substantially rectilinear and extend generally parallel to one another.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said conveying means has means for
      mounting a multiplicity of elongated objects thereon for sequential
      passage along said travel path with the axes thereof vertically disposed.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said mounting means of said conveying
      means is adapted to rotate each of the objects about a vertical axis
      during passage along said travel path.
NUM  12.
PAR  12. In a system for coating a multiplicity of objects transported
      sequentially along a predetermined path, a fluidized bed unit comprising a
      substantially closed container having a passageway for transport
      therethrough of objects depending thereinto, and at least a first plenum
      chamber extending along one side of said passageway, said plenum chamber
      having an inlet for pressurized air and an upwardly directed opening, said
      unit also including a porous plate spanning said opening, and a baffle
      interposed between said plenum chamber and said passageway, said baffle
      having an elongated uppere edge portion spaced above said porous plate and
      being so disposed that said passageway traverses the imaginary, laterally
      extending projection surface of said edge portion at a non-perpendicular
      angle thereto, so that a cloud of particles of a coating material may be
      generated above said porous plate of said plenum chamber, and said
      particles may readily be deposited upon progressively lower vertical
      portions of objects as such portions horizontally register with said edge
      portion and are thereby exposed behind said baffle during passage along
      said passageway.
NUM  13.
PAR  13. The system of claim 12 wherein said container of said fluidized bed
      unit has a second plenum chamber substantially identical to said
      first-mentioned plenum chamber and extending along the opposite side of
      said passageway therefrom, said unit additionally including a second
      porous plate spanning the opening of said second chamber, and also having
      a second barrier of substantially identical configuration to said
      first-mentioned barrier interposed between said second plenum chamber and
      said passageway, said unit thereby being adapted to simultaneously coat
      opposite sides of the objects passed along said passageway with particles
      from clouds generated over both of said first and second plenum chambers.
NUM  14.
PAR  14. The system of claim 13 wherein said container has a pair of upstanding
      parallel interior walls defining in part said first and second plenum
      chambers and said passageway therebetween, said first and second baffles
      being mounted for vertical adjustment uponn said interior walls.
NUM  15.
PAR  15. In apparatus for coating an object, the combination comprising:
PA1  a. means for producing a cloud of particles;
PA1  b. means for conveying at least the portion of an object to be coated along
      a travel path, which travel path is laterally adjacent said
      cloud-producing means; and
PA1  c. mechanical barrier means including at least a first generally upstanding
      baffle effectively interposed laterally between said cloud-producing means
      and said travel path; said baffle having an elongated edge portion across
      which particles may readily pass from said cloud-producing means to said
      travel path, said conveyor means and baffle being so disposed relative to
      one another that said travel path traverses the imaginary, laterally
      extending projection surface of said edge portion at a non-perpendicular
      angle thereto, so as to permit particles of the cloud to deposit upon the
      object, to thereby develop a coating along an axis that is angularly
      displaced from the axis of said travel path as progressively lower
      vertical portions of the object horizonally register with said edge
      portion and thereby become exposed behind said baffle during passage of
      the object thereby.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said edge portion of said baffle is
      substantially rectilinear, and wherein said projection surface constitutes
      the laterally extending plane thereof.
NUM  17.
PAR  17. The apparatus of claim 15 wherein said conveying means has means for
      mounting a multiplicity of elongated objects thereon for sequential
      passage along said travel path with the axes thereof vertically disposed.
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PAL  Disclosed herein are a method and apparatus for progressively charging an
      electrically isolated conductive workpiece from ground potential to high
      potential while the workpiece is supported by a moving grounded conveyor.
      A portion of the conveyor is selectively included in circuit with a high
      voltage source and a voltage divider to charge the isolated conveyed
      workpieces to high electrostatic potential with respect to ground. The
      highly charged workpieces are conveyed past a grounded spray device
      dispersing atomized particles (i.e., liquid or powder) which are at
      electrical ground potential. In accordance with well known electrostatic
      coating principles, the particles will be attracted to the high potential
      workpiece parts and will adhere thereto. As a more specific aspect of the
      invention, the high potential is applied to the workpieces through a
      unique "brush and commutator" apparatus which sequentially and gradually
      increases the charging of the workpiece from ground potential to a
      predetermined desired level for electrostatic spray deposition in a spray
      zone and thereafter sequentially gradually decreases the charge on the
      workpiece to ground potential after exiting the spray zone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electrostatic coating processes are part of a highly sophisticated and well
      developed art, in typical embodiments of which atomized, highly charged
      coating materials are sprayed upon grounded workpieces. The difference in
      charge or in electrical potential between the spray particles and the
      grounded workpieces results in a highly efficient deposition of coating
      material on the workpieces and promotes the complete coating of intricate
      surfaces by "wrap around,"  the phenomenon by which a traveling particle
      may be propelled initially by the spray device beyond a surface of a
      workpiece and yet be attracted thereto and deposited thereon after a
      change in direction by virtue of the electrostatic forces. Conventionally,
      the workpiece is grounded to form one electrode in the electrostatic
      system and the paint particles are energized to high electrical potential
      by a separate charging electrode. However, in certain specialized
      applications, it is impracticable to use the spraying device as the
      charging electrode, or it is otherwise desirable and advantageous to
      employ uncharged conventional spray guns while achieving the benefits of
      electrostatic coating.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  To that end, in accordance with the principles of the present invention, a
      workpiece to be coated is provided with a high charge (negative or
      positive) as it is conveyed through a spray coating station in which
      atomized spray particles, at ground potential, are directed thereat by
      conventional, nonelectrostatic spray guns or devices. Such guns or devices
      disperse coating particles by well known techniques. By charging the
      workpiece and using non-charged spray devices, the handling of many
      important and advantageous coating materials (e.g., water based or other
      highly conductive coatings) is vastly simplified and made comparatively
      more safe to operating personnel than in the cases where charged spray
      devices are used in the electrostatic deposition of coatings on grounded
      workpieces. Thus, it will be appreciated that the use of the appartus of
      the invention for charging workpieces, while employing conventional spray
      guns at ground potential, enables electrostatic deposition techniques to
      be employed in environments that were heretofore hostile to or otherwise
      not well suited for electrostatic deposition by conventional charged gun
      techniques. Representative of such a new and beneficial application is the
      employment of the new apparatus in conjunction with a paint spray system
      of the type described in U.S. Pat. No. 2,848,353 and currently
      commercially available as the so-called "Liquid Seal" system from The
      Gyromat Corporation, Stratford, Connecticut. Heretofore, the advantageous
      use of "Liquid Seal" systems has been restricted to non-electrostatic
      deposition, and, of course, such systems have not benefited from the
      advantages obtained from electrostatic deposition of coatings.
PAR  More specifically, in accordance with the principles of the present
      invention, a conductive workpiece to be coated is supported and conveyed
      through a spray painting zone by specially constructed or otherwise
      specially modified conveying apparatus which is adapted to selectively and
      sequentially charge a conveyed workpiece to provide the workpiece with a
      progressively increasing charge as it approaches the spray zone. The new
      apparatus is further adapted to maintain a predetermined maximum charge on
      the workpiece throughout the spray zone, and thereafter to sequentially
      and successively, progressively reduce the charge of the workpiece to
      ground potential. The conveyor structure itself is maintained at ground
      potential with the limited exception of the selected article-supporting
      means, e.g. isolated hooks for top supported work or isolated rollers for
      bottom supported work, which enter, pass through, and exit from the spray
      zone. Therefore, it is to be understood that, while one preferred form of
      the invention, the form to be described hereinafter, is in the nature of
      an overhead type of conveyor, the inventive concepts may be applied with
      similar efficacy to other types of conveyors, such as bottom supporting
      roller or slat conveyors having discrete article supporting elements.
PAR  For a more complete understanding of the principles of the present
      invention and a better appreciation of all of its attendant advantages,
      reference should be made to the following detailed description of a
      preferred embodiment of the invention taken in conjunction with the
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a paint spraying installation
      including a "liquid seal" chamber through which a charged workpiece is
      conveyed by an overhead conveyor apparatus embodying the principles of the
      present invention;
PAR  FIG. 2 is a fragmentary, perspective view of an overhead conveyor including
      a horizontal track and suspended workpiece supporting hooks;
PAR  FIG. 3 is an enlarged, side elevational view of a "sanitary" conveyor hook
      embodying the principles of the present invention;
PAR  FIG. 4 is a further enlarged, fragmentary, elevational view of the
      commutator apparatus of the present invention; and
PAR  FIG. 5 is a schematic view illustrative of the high potential charging
      cycle of the apparatus of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENT INVENTION
PAR  Referring initially to FIG. 1, the apparatus and method of the present
      invention are most advantageously employed in conjunction with a paint
      spraying line in which a traveling conveyor 10 conveys workpieces 11
      through a paint spray chamber 12 in which the workpiece is coated with
      atomized spray 13 issued from grounded spray guns 14. In the illustrated
      embodiment, which is exemplary, the conveyor 10 is of the "overhead" type
      and the supporting elements are discrete hangers 28. Conductive extension
      hooks 16 extend through an insulated slot 15 in the chamber 12 for
      suspending workpieces. The principles of the invention may be used to
      equal advantage in bottom supporting conveyors having discrete rollers,
      slats, bars, or the like, as will be understood. The guns or spray devices
      14 may be of any conventional and well known configuration. The essential
      criterion for the practice of the present invention is that the guns be
      maintained at ground potential and that the sprays issuing from the guns,
      regardless of the means by which they are formed or atomized, be at ground
      potential relative to the highly charged or highly elevated potential
      (which is advantageously but not necessarily negative) of the workpiece 11
      upon which the atomized spray particles 13 are deposited.
PAR  Referring now to FIG. 2, the conveyor 10 of the illustrated embodiment of
      the present invention is in the form of an overhead type of conveyor
      including a horizontal track or rail 20 having an I-beam shaped cross
      section. The lower flanges 21 of the rail support an opposed pair of
      rollers or wheels 22 supported on axles 23 which are in yoke-like support
      members 24, the lower bracketed ends 24a of which support cap assemblies
      25. In accordance with the invention, a non-conductive, isolating member
      26 may be in the form of an epoxy glass filled rod (or any heat resistant
      dielectric material, e.g., glass, ceramic, etc.) of approximately 6 inches
      in length, which rod is highly heat resistant, is supported at its upper
      end by the cap assembly 25 and at its lower end supports a lower end cap
      27, which, in turn, mounts a conductive hanger member 28. The hanger
      element 28 may be of any suitable configuration for use with an overhead
      conveyor and is illustrated herein, by way of example, as being C-shaped,
      although other hook shapes or hook supporting shapes may be used. The
      illustrated C-shaped hanger member 28 is a so-called "sanitary" hanger and
      includes a vertical leg 30 joining an upper horizontal leg 29 (which
      passes through the lower cap 27 and is fastened thereto by a rivet or
      other appropriate means) to a lower horizontal leg 31, from the free end
      of which depends an auxiliary article support hook 32. The hook 32
      suspends from the C-shaped hanger member 28 through a swivel pin assembly
      33 in known fashion.
PAR  In accordance with the invention, a horizontal elongated electrical brush
      or shoe member 34, formed of resilient conductive material, of sufficient
      length to contact adjacent pairs of spring loaded commutator elements 35,
      is rigidly fixed to the hanger element. The commutator elements 35 are
      flexibly or resiliently supported in an elongated hollow tube 37 formed of
      a non-conductive or insulated material and are biased toward the brushes
      34 by coil springs 38. Alternatively, the commutator elements 35 may be
      rigidly mounted and the shoe member may be spring loaded or otherwise be
      resilient with respect to the elements 35. In either case, the elements 35
      represent terminals of a high voltage source power supply, indicated
      schematically at 36 in FIG. 5, and all of the commutators 35 are mounted
      at a predetermined center-to-center spacing (slightly less than the length
      of the brushes 34).
PAR  Thus, as the individual conveyor hanger elements 28 are driven at a
      predetermined rate along the conveyor path by appropriate drive means,
      such as the roller chain 19 shown in FIG. 2, the brush or shoe 34 will
      consecutively and successively be in continuous "make before break"
      contact with the first group of commutator elements 35a; the second group
      of commutator elements 35b during the actual painting of the workpiece 11;
      and finally the last group of commutator elements 35c, as the workpiece
      exits the painting zone. More specifically and as indicated in FIG. 5, as
      the hanger element and its associated brush traverse the initial
      commutator elements 35a, the workpiece 11 is successively exposed to
      greater and greater voltage from the high voltage source which is
      connected directly to the part through the contacts 34, 35, and the
      conductive C-shaped hanger element 28 and the conductive hook 32 through
      less and less resistance. That is to say, initially, as the conveyor
      contacts the first of the series of commutators 35a, the workpiece 11 will
      be at ground potential, since the first contact is at ground potential;
      the next contact 35 applies a potential in the form of the high potential
      which has been reduced by the inclusion of resistors R1, R2, R3, and R4
      (approximately 300 megohms each) in series therewith. Thereafter, as the
      conductor brush 34 continues to traverse the initial contacts 35a,
      resistance R3, R2, and R1 are consecutively removed from the energizing
      circuit until the workpiece is charged with the maximum high voltage as it
      traverses the painting zone, and the brush 34 passes over the commutator
      contacts 35b. Lastly, in accordance with the invention, the charged and
      now coated workpiece 11 is progressively uncharged as the conductor brush
      34 traverses the last group of commutator elements 35c. Through this
      region, the high voltage is initially discharged to ground through a
      maximum resistance comprising resistances R1, R2, R3, and R4 and then
      progressively through fewer resistances until at the final commutator
      contact 35c, the workpiece is grounded by connection directly to ground.
PAR  With the above-described "make before break" switching actions effected as
      the series of contacts 35 is traversed by each brush, the workpiece 11 is
      continuously energized with a gradually increasing voltage until a
      predetermined maximum voltage is achieved, which maximum voltage is
      continuously maintained throughout the application or deposition of spray
      particles on the workpiece and which is thereafter continuously and
      gradually decreasingly uncharged until the workpiece is again at ground
      potential. This arrangement tends to prevent arcing when workpieces of
      large mass are charged and coated and provides a reliable, efficient and
      safe means of charging workpiece in a large scale commercial installation.
PAR  As a further aspect of the present invention, a dirt or dust shield member
      40 suitably constructed of non-conductive material is supported beneath
      the suspension member 24 and within the outline of the C-shaped hanger 28,
      in order to trap and collect any lubricants, dust or other foreign matter
      from the conveyor superstructure which may tend to fall onto the supported
      workpiece and thereby tend to contaminate the applied coating. It is this
      shield which makes element 28 a "sanitary hanger." In accordance with the
      inventive principles, the leading edge of the shield 40 is provided with a
      guide element 41 of a hard wearing, durable strip of brass or comparable
      material to enhance its strength and to accommodate repeated engagement
      with the hanger elements 28 for the purpose of maintaining them in their
      proper alignment for reliable and continuous contact with the spring
      loaded commutator elements 35. In this regard, it will be appreciated from
      FIG. 3 that the lateral extent of displacement or pressure on the leg 30
      is limited on one side by the commutator 35 and on the other side by the
      leading edge of the safety shield 40.
PAR  It should be understood that the method and apparatus herein illustrated
      and described are intended to be representative only, as certain changes
      may be made therein without departing from the clear teachings of the
      disclosure. Accordingly, reference should be made to the following
      appended claims in determining the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for transporting workpieces along a predetermined path through
      a coating zone of uncharged coating particles, including a conveyor
      structure having
PA1  a. a plurality of conductive work supporting elements adapted to support a
      workpiece and to convey said workpiece along said path;
PA1  b. isolating means adapted to provide a nonconductive barrier between
      selected ones of said supporting means and the remainder of said conveyor
      structure;
PA1  c. charging means adapted to apply a high electrical potential to said
      selected ones of said supporting means in said coating zone;
PA1  d. said charging means including contact means engageable with said support
      means and forming a progressive charging zone, a high voltage zone, and a
      discharging zone,
PA1  e. said charging zone including a plurality of successively arranged
      charging contact elements engageable in sequence with work supporting
      elements being advanced by said conveyor structure,
PA1  f. a high voltage charging source,
PA1  g. a multiple step voltage divider system connected to said high voltage
      source and to said charging contact elements, whereby successive such
      elements are charged at progressively higher voltages for progressive
      charging of a workpiece being conveyed along said charging zone,
PA1  h. said high voltage zone comprising contact means connected to said high
      voltage charging source and adapted for charging a workpiece to a
      predetermined high voltage,
PA1  i. said high voltage zone being located downstream of the progressive
      charging zone in the direction of movement of a workpiece carried by the
      conveyor structure,
PA1  j. said discharge zone comprising discharge contact means for grounding
      workpieces upon exit thereof from said high voltage zone.
NUM  2.
PAR  2. Conveyor appartus for workpieces to be coated by electrostatic
      deposition systems, said apparatus comprising
PA1  a. a plurality of discrete electrically conductive support means uniformly
      separated at predetermined spacing;
PA1  b. transport means moving said support means along a predetermined conveyor
      path;
PA1  c. means electrically grounding said conveyor apparatus;
PA1  d. dielectric means electrically isolating said support means from said
      conveyor apparatus;
PA1  e. first electrical contact means carried by said support means,
PA1  f. a plurality of independent second electrical contact means mounted
      alongside said conveyor path for engagement by said first contact means,
PA1  g. said first and second contact means being so arranged and proportioned
      that said first contact means is at all times in contact with at least one
      of said second contact means,
PA1  h. high voltage charging means for applying a high electrical potential to
      said support means through the cooperation of said first and second
      electrical contact means; and
PA1  i. voltage divider means connected between said high voltage charging means
      and selected ones of said first contact means in a manner whereby
      progressively increasing electrical potential is applied to successive
      ones of said first contact means,
PA1  j. the arrangement being such that a workpiece on one of said support
      means, as it traverses said conveyor path is progressively increased from
      a ground potential to a predetermined maximum charge, is thereafter
      maintained at said maximum charge for a predetermined interval, and is
      finally reduced from said maximum level to ground potential.
NUM  3.
PAR  3. The apparatus of claim 1, further including
PA1  a. a spray means maintained at ground potential and adapted to issue
      uncharged spray particles therefrom.
NUM  4.
PAR  4. The appartus of claim 2, further including
PA1  a. voltage divider circuit means connected to selected others of said first
      contact means operative to effect final reduction of charge from maximum
      level to ground potential gradually in a series of steps.
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PAL  A magnetic brush type developing mechanism is electronic copying machine
      characterized in that each of the developing rolls having a cylindrical
      multipole fixed magnet is provided with a magnetized pole or poles in
      other part than the developing region.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a magnetic brush type developing mechanism in an
      electrophotographic copying machine.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Generally, in the developing mechanism using so-called magnetic brushes,
      development is performed by supplying the developer, composed of a carrier
      and toner mixture, to a sensitive plate on the surface of a sensitive drum
      by means of developing rolls rotating around the respective fixed magnets
      and visualizing the electrostatic latent images on said sensitive plate
      with said developer. The developing capacity of the mechanism declines as
      the process speed increases. As a means for elevating such developing
      capacity, it is commonly practiced to increase the number of the
      developing rolls, but this could result in poor result of development or
      troubles in supply of the developer.
PAR  For the magnet fixed in the inside of each rectangular prismatic magnet or
      a multipole eylindrical magnet. In the case of the former type magnet,
      high accuracy is required for the setting angle of the magnet, while the
      latter has greater allowance for such setting angle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is to provide a magnetic brush development mechanism
      including a plurality of developing rolls each of which has fixed therein
      a multipole cylindrical magnet, characterized in that each said developing
      roll is provided with a magnetized pole or poles in other part than the
      developing region to thereby obtain better result of development and
      improved developer feeding performance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a side view of the principal parts of a developing mechanism
      embodying the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now, the invention is described in detail by way of an embodiment thereof
      with reference to the accompanying drawing.
PAR  In the drawing, reference numeral 1 designates a sensitive drum having
      disposed on its surface a sensitive plate on which the latent images are
      formed in a known method.
PAR  Numeral 2 indicates the developer including the toner for forming the
      visible images. Said developer 2 is fed into the developing section with
      rotation of the developing rolls 3 and contacted with the sensitive plate
      on said sensitive drum 1.
PAR  Each of said developing rolls 3 has fixed in its inside a cylindrical
      magnet. That is, each said developing roll 3 rotates around the surface of
      the fixed magnet 4 and is applied with a potential V.sub.BIAS smaller than
      the static potential V.sub.1 of said latent images, whereby the negatively
      charged toner particles in said developer 2 are deposited on the image
      portions in said latent image surfaces to visualize the images, thus
      accomplishing the development.
PAR  In this embodiment, the arrangement pattern of said cylindrical magnet 4,
      which is a very important factor for obtaining good results of
      development, is such as follows. That is, as shown in the drawing, each
      said cylindrical magnet 4 is provided with a magnetized pole 5 on the side
      opposed to the sensitive drum 1 such that the opposite magnetic poles N
      and S will appear alternately on the adjoining magnets 4. This magnetized
      pole 5 conduces greatly to the developing operation. It is to be noted
      that the angle made by said pole 5 and the adjoining pole 6 of the
      opposite polarity is maximized so as to minimize attenuation of its
      magnetic force relative to the distance from the surface of the roll 3.
PAR  In order to better transportability of said developer 2, each magnet 4 may
      be provided with one or more said poles 6, in addition to said pole 5,
      within the developing region that extends from the imaginary line A--A to
      the side opposed to the sensitive drum 1. In this embodiment, as the angle
      made by said both adjoining poles 5 and 6 is maximized to better the
      developing performance, the pole 6 is positioned close to that of the
      adjacent magnet 4 to make the magnetic force too strong to obtain the best
      developer transportability, so that, in this embodiment, there is
      additionally provided another magnetized pole 7 on the side opposite from
      the developing region to thereby better transportability of the developer
      2.
PAR  Although there has been shown and described above a magnetic brush type
      development mechanism provided with four pieces of developing rolls, that
      is, four magnetic brush rolls for development, and one piece of magnetic
      brush roll for feeding of the developer, the principles of the present
      invention can as well be applied to the developing mechanisms where more
      than two developing rolls are used, and all of such applications are
      embraced within the scope of the present invention.
PAR  Thus, according to the present invention, as described above in detail,
      since one or more magnetized poles are provided in other part than the
      developing area in each developing roll having a cylindrical multipole
      fixed magnet, there can be obtained a magnetic brush development mechanism
      with high developing performance and excellent developer transportability.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic brush developing apparatus for developing a latent image on a
      light sensitive member with toner, said apparatus comprising
PA1  a plurality of rotatable developing rolls successively disposed adjacent
      said light sensitive member, all said rolls being rotated in the same
      direction;
PA1  a plurality of fixed cylindrical magnets respectively disposed within said
      rolls to effect movement of said toner between said light sensitive member
      and said developing rolls;
PA1  each said magnet having a first pole directly opposed to the surface of
      said light sensitive member where the polarity of each first pole is
      opposite to that of adjacent first poles so that the development of said
      latent image is emphasized;
PA1  each said magnet having two second poles of a polarity opposite to that of
      its first pole to improve the transportability of said toner, said second
      poles being disposed on opposite sides of said first pole and within a
      developing region defined between the surface of the light sensitive
      member and an imaginery line approximately extending through the centers
      of said cylindrical magnets, the angle between said first pole and said
      second poles being maximized to improve the development effected by each
      said first pole, at least some of said second poles of each magnet being
      substantially adjacent second poles of opposite polarity disposed on
      adjacent magnets, only said first and second poles being disposed with
      said developing region for each magnet;
PA1  each said magnet having a third pole of a polarity opposite to that of its
      second poles so disposed outside of said developing region with respect to
      one of its second poles that the tendency of adjacent second poles of
      adjacent cylindrical magnets to undesirably affect the transportability of
      the toner is minimized
PA1  whereby the combination of said first, second and third poles of said
      cylindrical magnets tends to maximize both development of the latent image
      and transportability of the toner.
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ABST
PAL  This invention is designed to greatly improve the existing pet toilets by
      arranging a filter in such a manner that a filter belt is mounted for
      relative movement, and the solid waste on the filter drops into a small
      receptacle at one side of the box, while the liquid flows down into
      another small receptacle, whereby both liquid and solid wastes are very
      easily and sanitarily removed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a pet toilet, more particularly a toilet box for
      cats or other pets.
PAR  2. Prior Art
PAR  Boxes containing a liquid absorbent such as sand or any other litter
      therein have most commonly been used by cats (or other indoor pets) when
      performing their natural functions. Using these boxes, the liquid is
      absorbed into the litter and cats instinctively cover their solid waste
      with the litter. The litter must be changed periodically for cleanliness
      and to prevent unpleasant odors. The primary shortcomings of such boxes
      are: (a) the animals may often scatter the litter (sand) out of the box,
      and long-haired animals may even shake themselves, strewing the soiled
      litter outside of the box; and (b) unpleasant odors may emanate therefrom,
      even though the liquid and solid wastes are mixed with the litter.
PAR  The prior art discloses a number of compositions to solve the above general
      problems of sanitation caused by pets in a house or apartment. One such
      prior art teaches a box which is provided with shields around the box to
      prevent the litter from being scattered. This simple approach cannot give
      the pet owner a completely satisfactory result in solving the scattering
      problem. As to odors, it has become known that a specially prepared
      deodorizing material may be mixed with the litter to solve that problem.
      However, even with deodorized litter, it is almost impossible to eliminate
      the unpleasant odor completely. Consequently, despite his conscientious
      care the pet owner must tolerate a degree of unsanitary conditions and
      unpleasant odor in the vicinity of the box.
PAR  Another prior art device discloses a complicated structure which comprises
      switching solenoids, plumbing means and a connection to a main water
      supply. However, its complexity and expense are obviously disadvantageous,
      and the pet must be so taught or otherwise attracted to use this toilet.
      Still another prior art teaches a box having upper and lower compartments,
      separated by a perforated partition, the upper compartment containing the
      litter and the lower compartment containing a deodorizing substance such
      as lime or naphthalene. This device imposes upon the pet owner the expense
      of adding fresh lime or additional naphthalene to the lower compartment.
PAR  In the absence of an effective yet simple device, owners of indoor pets are
      thus obliged to compromise with inadequate toilet facilities.
PAR  This invention is a simple and compact toilet box which enables the cat
      owner to be free of nuisances caused by litter scattering and unpleasant
      odors.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention provides quite a different type of pet toilet from any prior
      art devices. The invention comprises a belt-like member including a filter
      portion, a tray to collect the liquid waste, and two smaller receptacles
      contained within the parent box -- one for liquid and the other for solid
      waste. The filter, provided with a support, slides like a conveyor belt
      around two rollers which are located at opposite sides of the box. When
      the animal (e.g., cat) eliminates, the liquid waste flows down through the
      filter onto a sloping tray below and through a hole pours into the liquid
      receptacle. By moving a grip attached to the filter belt from one end to
      the other, the solid waste deposited on the filter falls into the other
      receptacle, positioned against one wall of the parent box. Therefore, both
      the liquid and solid wastes are very easily collected into their
      respective receptacles which are then pulled out of the side of the parent
      box for removal.
PAR  Thus, it is a principal object of this invention to provide a simple pet
      toilet which is free of the litter scattering and odor problems.
PAR  Another object of this invention is to provide a sanitary pet toilet in
      which liquid and solid wastes are collected in separate receptacles.
PAR  Still another object of this invention is to provide a compact pet toilet,
      the construction of which is relatively simple, requiring easy handling in
      the cleaning process.
PAR  Still further object of this invention is to provide a pet toilet which
      does not require the use of litter.
PAR  The novel features which are believed to be characteristic of this
      invention, together with further objects and advantages thereof, will be
      better understood from the following description considered in connection
      with the accompanying drawings in which presently preferred embodiments of
      this invention are illustrated by way of example. It should be noted,
      however, that the drawings are for the purpose of illustration and
      description only and are not intended as a definition of the limits of
      this invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a partially sectional front perspective view of an embodiment
      of this invention.
PAR  FIG. 2 shows a plane view of the filter of the embodiment shown in FIG. 1.
PAR  FIG. 3 shows a sectional side view of the filter shown in FIG. 2.
PAR  FIG. 4 shows a partial diagrammatic view of the embodiment shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An understanding of the cat toilet of the present invention can be best
      gained by reference to FIG. 1 which illustrates a preferred embodiment of
      this invention. Cat toilet box 10 has a filter 12 at the upper face on
      which a cat rides when performing its function. Below the filter 12 is
      mounted a liquid collecting tray 20 with a hole 22 from which the liquid
      flows down to a receptacle 24 through an opening 28 arranged in a lid 26
      of the receptacle 24. Another receptacle 38 is positioned at one side of
      the box 10 so that it receives the solid waste which falls from the filter
      12 through an opening 36 between the filter 12 and a top lid 30 of the box
      10 by sliding the filter 12. A movable lid 32 with a grip 34 shuts out the
      odor from escaping from inside 40 of the receptacle 38.
PAR  FIGS. 2 and 3 illustrate the form in which the filter 12 is constructed.
      The filter 12 shown in FIG. 2 consists substantially of a mesh filter belt
      12a which slides around two rollers 16a and 16b, a grip 18 for manual
      movement of said belt 12a, a support 14 with its frame 14a mounted below
      said mesh filter belt 12a. An auxiliary roller 16c may be used to give the
      belt 12a proper tension. Material for the belt may be selected from
      metals, natural fibers and plastics. The structure and material of the
      support 14 should be strong enough to support the weight of the cat. In
      this respect, a lattice structure is one of the preferred embodiments, and
      the size of the lattice openings may preferably be large enough to support
      the cat.
PAR  An understanding of the operation of the toilet can be gained by reference
      to FIG. 4. When the cat eliminates, the liquid flows down through the
      filter 12 into the tray 20 which is so sloped as to guide the liquid
      toward the hole 22. The liquid then pours into the receptacle 24 via hole
      22 and opening 28.
PAR  By manually moving the grip 18, thus sliding the mesh belt 12a with it,
      from one end to the other, the solid waste deposited on the filter 12
      drops through an opening 36 into another receptacle 38 below and
      positioned at one end of the box 10.
PAR  For practical purposes, one or more additional receptacles may be placed in
      the vacant space of the parent box 10, and the height of the peripheral
      walls of the box 10 may be adjusted in accord with the size of the animal
      so that it is likely to perform within the defined area. The entire system
      can be easily cleaned with water. The filter may be replaced at certain
      intervals for sanitary purposes. In order to be completely odor-free, any
      deodorizing substance may be used in both receptacles 24 and 38.
PAR  Accordingly, this invention overcomes both the scattering and odor problems
      with a simple and easy-handling structure. In addition, it requires no
      litter, nor replacement of litter, hence less expense to the cat owner and
      an inducement for more people to keep cats in the house. Some fastidious
      owners may wish to use litter or a deodorizer in the receptacles; however,
      even in such cases the cost of maintaining a pet will be much lower as
      compared with any of the prior art devices.
PAR  As many apparently widely different embodiments of this invention may be
      made without departing from the spirit and scope thereof, it is to be
      understood that this invention is not limited to the specific embodiments
      thereof except as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An indoor pet toilet for liquid and solid waste comprising:
PA1  a belt-like member including a filter belt portion which is mounted for
      relative movement, said filter belt having a grip to manually move said
      belt;
PA1  a tray which is positioned below said filter belt and which is so sloped as
      to guide said liquid from said filter belt toward at least one hole
      therein;
PA1  at least one removable receptacle for said liquid waste which is so
      arranged that said liquid from said tray pours into said receptacle;
PA1  at least one removable receptacle for said solid waste which is positioned
      adjacent one wall of said toilet, said receptacle for said solid waste
      having an opening disposed thereabove so that said solid waste falls into
      the inside thereof by manually moving said belt-like member, said
      receptacle for said solid waste and said receptacle for said liquid waste
      disposed in said toilet such that said receptacles can be selectively
      removed and replaced; and
PA1  a lid member arranged and configured on said toilet adjacent said opening
      above said receptacle for said solid waste whereby odors are retarded from
      escaping from said solid waste receptacle.
NUM  2.
PAR  2. An indoor pet toilet according to claim 1, wherein the belt-like member
      is made of a mesh filter belt, is provided with a support, and is slidable
      around two rollers; and the liquid pours into the receptacle through the
      hole of the tray and an opening of said receptacle.
NUM  3.
PAR  3. A cat toilet according to claim 1, wherein the filter is changeable.
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ABST
PAL  A steam generator having a casing enclosing a U-tube bundle-type heat
      exchanger, forming hot and cold legs, and above which a group of water
      separators are positioned to extend above both of these legs, is provided
      with a means for diverting a portion of the steam-water mixture rising
      from the hot leg, to the water separators above the cold leg.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A steam generator of the type used in a pressurized-water reactor power
      plant, commonly comprises a vertical casing having a feed-water inlet and
      an upper portion of enlarged diameter which on its top forms a steam dome
      having a steam outlet. In the lower portion of the casing a tube plate
      forms a closure of the casing, a U-tube bundle having upwardly extending
      hot and cold legs being mounted in this tube plate, the casing below the
      tube plate forming a primary header having primary fluid hot and cold
      nozzles and a partition for directing primary fluid from the hot nozzle
      through the hot leg and from the cold leg through the cold nozzle. With
      the reactor's pressurized-water coolant forming the primary fluid, the
      coolant is delivered from the reactor to the steam generator's hot nozzle,
      passes through the hot leg of the U-tube bundle and, with a substantial
      amount of heat removed, goes down through the cold leg and out through the
      cold nozzle for return to the reactor.
PAR  The tube bundle within the casing is circumferentially enclosed by a
      shroud, the shroud's outside and the inside of the casing being radially
      interspaced and forming a descent space, the bottom of the shroud being
      spaced above the tube plate so that the descent space is in flow
      communication with the inside of the shroud containing the tube bundle.
      The top of the shroud mounts a group of water separators which extend
      horizontally above the horizontal extent of the tube bundle, including
      both of its legs, these water separators being under the steam dome and
      functioning to separate steam-water mixtures rising from the tube bundle,
      so that steam is passed into the steam dome while the separated water is
      guided to the descent space.
PAR  The feed water is normally maintained at a level above the top of the tube
      bundle and, of course, below the tops of the water separators from which
      the steam discharges. Usually steam dryers are positioned above the water
      separators and within the steam dome, so that the generator output is
      dried steam.
PAR  The casing of the steam generator is normally cylindrical, the tube bundle
      shroud is correspondingly cylindrical and the tube bundle itself is
      generally cylindrical as to its outside contour, each of the two legs
      having flat interfacing contours forming a vertically extending space or
      corridor between them which extends up to the tube bends at the top of the
      tube bundle. The group of water separators are horizontally arranged to
      form what is, in effect, a cylindrical group with the water separators
      uniformly interspaced and positioned substantially or approximately
      concentrically on top of the shroud and with respect to the tube bundle.
      The various parts are generally symmetrical throughout with respect to
      each other.
PAR  It is desirable that all of the water separators be uniformly loaded during
      the operation of the steam generator. However, it has been found that
      because of its higher temperature the hot leg produces steam at a greater
      rate than the cold leg, the consequence being that the loads under which
      the water separators positioned above the hot leg must operate, are
      substantially higher than the load under which the other separators above
      the cold leg, must operate, even though each of the two legs of the tube
      bundle are necessarily the same in number and in pitch, because the tube
      bundle is made up of the individual U-tubes having the return bends.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide for a more uniform
      loading of the water separators of such a steam generator.
PAR  According to the invention, this increase in loading uniformity is obtained
      by providing the steam generator, inside of its casing, with a means for
      diverting part of the steam-water mixture rising from the hot leg, to at
      least a portion of the separators positioned above the cold leg. This
      means may comprise a baffle below the separators and above the hot leg and
      which is inclined towards the portion of the separators above the cold
      leg. This baffle can extend in a horizontal direction substantially
      parallel to the space or corridor formed by the two legs of the tube
      bundle, and this baffle can be hinged on a line substantially parallel to
      that space, with the angularity of the baffle made adjustable.
PAR  For example, the baffle can be hinged on hinge means extending transversely
      across the top of the shroud and positioned by the shroud, the water
      separators being mounted on top of the shroud above this hinged baffle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The presently preferred mode for carrying out the invention is illustrated
      by the accompanying drawings, in which:
PAR  FIG. 1 is a vertical section through a typical steam generator of the type
      described and to which the invention is applied; and
PAR  FIG. 2 is a cross section taken on the line II--II in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In these drawings, the steam generator is shown with its vertical,
      cylindrical casing 1 having the enlarged upper portion 1a and steam dome
      1b, and containing the U-tube bundle heat exchanger 2 forming the
      previously described hot leg 3 and cold leg 4, the bottom ends of the two
      legs having their tubes mounted in the horizontal tube plate 6 below which
      the casing forms the primary header 7 having the partition 8 which forms
      the hot manifold 9 of the hot leg 3, and the cold manifold 10 of the cold
      leg 4, this cold manifold having a primary fluid outlet nozzle 11 and the
      hot manifold 9 having the primary fluid inlet nozzle 12. When used with a
      pressurized-water reactor, the reactor coolant goes from the reactor
      directly into the inlet nozzle 12, discharging from the generator through
      the outlet nozzle 11 for return to the reactor. The reactor itself and the
      necessary piping is not shown and may be assumed to be conventional.
PAR  The cylindrical shroud 14 is shown as surrounding the tube bundle 2 and
      forming the descent space 15, the group of water separators mounted on top
      of this shroud being only generally indicated in outline at 16. However,
      it is to be understood that the numeral 16 represents a circular group or
      cluster of individual water separators, for example, as shown by the
      Webster U.S. Pat. No. 3,766,892, dated Oct. 23, 1973.
PAR  In the present instance, dryers 17 are shown above the water separators 16
      so that dried steam discharges through the steam output nozzle 18 in the
      steam dome 1b. In this case the feed water is introduced by an upper
      feed-water inlet nozzle 19 which, as indicated by the arrow, feeds an
      annular feed-water injection pipe 20 which is suitably perforated and
      surrounds the shroud 14 adjacent to the top level of the tube bundle.
PAR  In operation, the feed water is adjusted at an appropriate level within the
      casing, and, heated by the hot and cold legs 3 and 4, rises within the
      shroud while vaporizing to a steam-water mixture which is separated by the
      separators 16 to steam which goes to the dryers 17 and out through the
      output nozzle 18, the separated water being discharged radially outwardly
      to the space between the outside of the shroud 14 and the inside of the
      enlarged casing portion 1a, this discharged water descending through the
      descent space 15 and going back to the inside of the shroud above the tube
      plate 6, through the annular opening formed by the bottom end of the
      shroud being spaced above the tube plate 6. A thermo-siphon circulation of
      the feed-water is thus obtained.
PAR  The hot leg 3, which operates at the higher temperature because it receives
      the reactor coolant directly from the reactor, produces a higher
      proportion of steam to water than that of the mixture rising from the cold
      leg 4. With the prior art construction this loads the water separators
      above the hot leg 3 more than the loading on the water separators above
      the cold leg 4.
PAR  According to the present invention, a horizontal support 23 comprising one
      side of a hinge extends transversely across the top or upper portion of
      the shroud 14, substantially parallel to the space 25 between the two legs
      of the U-tube bundle. As previously explained, this space is essentially
      flat and represents a division between the two legs which because of the
      contour of their bundling, forms two flat interspaced surfaces extending
      vertically and substantially centrally within the tube bundle.
PAR  This transverse support 23 is like a hinge, the other side of which
      supports the flat baffle 26 which is, of course, also in the transverse
      direction substantially parallel to the space 25. This baffle 26 is
      adjusted as to its angularity, an adjustment means 27 being illustrated by
      the drawings. This baffle 26 which extends in a horizontal direction
      substantially parallel to the space 25, with the baffle ends very close to
      the inside of the shroud 14, has its pivot point or hinge pin provided by
      the part 23, positioned slightly offset from the space 25 between the two
      legs, and, therefore, a little above and outside of the inner extreme of
      the hot leg 3.
PAR  With this new construction, during operation of the generator, the heavier
      volume of steam arising upwardly inside of the shroud 14 from the hot leg
      3, is deflected to the portion of the group of separators 16 above the
      cold leg 4 and which normally would be more lightly loaded. By varying the
      angularity of the baffle 26, the load distribution may be adjusted so that
      to a substantial degree all of the water separators above the two legs,
      are loaded substantially equally, thus increasing the efficiency of the
      water separation and, therefore, the overall efficiency of the steam
      generator.
PAR  As shown by FIG. 1, the feed-water inlet 19 and its necessary connection
      (not shown) with the annular feed pipe 20, necessarily occupies some of
      the room within the casing 1a portion, provided by the generally
      cylindrical shroud 14. This need for pipe-clearance is unnecessary on the
      opposite side of the steam generator and, therefore, as can be seen from
      FIG. 1, the shroud 14 may be to some degree asymmetrical with respect to
      the balance of the generator parts, by being enlarged in a direction
      opposite from that of the feed-water inlet 19. This, in turn, permits the
      group of water separators 16 to be extended somewhat asymetrically with
      respect to the balance of the steam generator parts, also in a direction
      opposite to that of the feed-water inlet nozzle 19.
PAR  Normally the above arrangement would result in the increased number of
      water separators above the cold leg 4 operating under an exaggerated
      reduced loading as compared to the loading of those water separators more
      directly above the hot leg 3. However, with the present invention, the
      deflector, or vane, or baffle 26, which is angled towards the water
      separators above the cold leg 4, and the thus enlarged number of water
      separators above the cold leg, can be more heavily loaded because the
      steam rising from the hot leg is to a more or less degree, depending on
      the angularity of the baffle 26, deflected away from the separators above
      the hot leg, and towards and through the separators above the cold leg of
      the U-tube bundle.
PAR  It is to be understood that in a steam generator of the type disclosed, the
      steam is produced at a high rate. The steam-flow upwardly from the tube
      bundle has a high velocity, the water separators normally used being of
      the centrifugal or cyclone type. Because of the high velocity of the flow
      upwardly, particularly from the hot leg of the heat exchanger, the baffle
      or vane 66 need not present a surface area to the flow which is any
      greater than can be provided by a hinged baffle positioned between the hot
      tube or bends 22 of the U-tube bundle, and the bottom mounting plate 28 by
      which the water separators are usually mounted on top of the shroud 14.
      This mounting plate 28 is normally a flat plate that is perforated to
      provide entrance of the steam-water mixtures to the multiplicity of water
      separators which, by centrifugal action, in each instance discharge the
      separated water to the top of the mounting plate 28 and from which the
      separated water flows radially outwardly and downwardly to the descent
      space 15.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steam generator comprising a vertical casing having a feed-water inlet
      and an upper portion forming a steam dome having a steam outlet, said
      casing forming a portion below said dome, having a tube plate forming a
      closure and a U-tube bundle having upwardly extending hot and cold legs
      mounted in said tube plate and a primary header below said tube plate and
      having primary fluid hot and cold nozzles and a partition for directing
      primary fluid from said hot nozzle through said hot leg and from said cold
      leg through said cold nozzle, said tube bundle being circumferentially
      enclosed by a shroud on top of which a group of water separators extends
      horizontally above at least substantially the horizontal extent of said
      tube bundle including both of said legs, said separators being under said
      steam dome, receiving steam-water mixtures rising from both of said legs
      inside of said shroud, the shroud and the inside of said casing forming a
      feed-water descent space to which said separators discharge separated
      water, said casing containing means for diverting part of the steam-water
      mixture rising from said hot leg to at least a portion of said separators
      above said cold leg.
NUM  2.
PAR  2. The steam generator of claim 1 in which said means comprises a baffle
      below said separators and above said hot leg and inclined towards said
      portion of said separators above said cold leg.
NUM  3.
PAR  3. The steam generator of claim 2 in which said hot and cold legs define a
      vertically and transversely extending flat space between the legs, and
      said baffle extends in a horizontal direction substantially parallel to
      said space.
NUM  4.
PAR  4. The steam generator of claim 3 in which said baffle is hinged on a line
      substantially parallel to said space and the angularity of said baffle is
      adjustable by the baffle swinging on said line.
NUM  5.
PAR  5. The steam generator of claim 4 in which said baffle is hinged on hinge
      means extending transversely across said shroud and positioned by the
      shroud.
NUM  6.
PAR  6. The steam generator of claim 5 in which said baffle has means for
      adjusting its angularity.
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ABST
PAL  A high-pressure steam generator, particularly for use in a
      pressurized-water coolant nuclear reactor installation, has a feed water
      inlet connection provided with a flow choke, such as a flow restricting
      orifice, through which the normal flow of feed water can pass to the steam
      generator with little impedance. In the event the pipe line supplying the
      feed water to the input connection accidentally fails and opens to the
      atmosphere, the choke becomes effective to very substantially reduce the
      flow rate of the reversely flowing water through the connection, which
      then occurs under the high steam pressure of the steam generator. This
      reduces the forces on the generator's internal construction in the event
      of such an accident.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A nuclear reactor installation of the pressurized-water coolant type
      produces useful power via one or more steam generators each having a
      housing containing a heat exchanger through which the reactor coolant
      circulates. Such a heat exchanger commonly comprises an inverted U-shaped
      tube nest having inlet and outlet legs respectively connected to receive
      and discharge the circulating coolant.
PAR  The generator housing has, of course, a suitable steam output outlet and,
      normally in its lower portion, a feed water input connection supplied with
      feed water from a source which must provide a higher fluid pressure than
      the steam pressure in the generator's housing. The outlet leg of the heat
      exchanger may be provided with a preheater in the form of walls and
      baffles surrounding the heat exchanger's output leg and into which the
      feed water input connection opens, the feed water circulating around the
      output leg of the heat exchanger before entering the main body of water in
      the steam generator housing.
PAR  Such a preheater is normally designed with its various walls and baffles
      adequately capable of structurally resisting the forces caused by the
      normal flow of input feed water into the preheater. However, in the event
      a pipe line connecting the feed water source with the generator's feed
      water input connection, should fail and open the line pressure to the
      atmosphere, the steam pressure in the generator's housing produces a
      reverse flow of water backwardly through the input connection. This
      reverse flow is at a sufficient velocity to possibly cause damage to the
      walls and baffles of the preheater. The reverse flow rate created by the
      high-pressure steam behind the water, may provide forces sufficient to
      actually disintegrate the preheater, pieces of its construction then
      flying about within the steam generator's housing and possibly damaging
      the heat exchanger itself which is a construction that is very expensive.
      In addition, there is the danger that if the heat exchanger is damaged
      extensively enough, the reactor coolant may escape within the generator's
      housing and result in an extremely hazardous condition.
PAR  The object of the present invention is to provide a relatively inexpensive
      but thoroughly effective protective system for avoiding the above
      indicated possible consequences of a failure on the part of the feed water
      input supply line.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, the above object is achieved by inserting a
      flow choke in the steam generator's feed water input connection. This
      choke may consist of a construction defining an orifice in the input
      connection and of reduced size relative to the latter. The cross sectional
      area and possibly the design of the choke orifice should be such as to
      offer relatively small impedance to the flow of the input feed water under
      the flow rate and pressure differential under which the latter is normally
      required to be fed into the steam generator housing. In the reverse
      direction, however, the size and/or design should be such as to provide
      for an increased flow resistance in that direction. In any event, any
      orifice of fixed cross sectional area develops a greatly increased flow
      resistance with increasing flow pressure differentials. Therefore, in
      either the case of a specially designed orifice or a simple circular
      orifice, if the feed water supply line from the high-pressure feed water
      supply source, should fail and open to the atmosphere, what would
      otherwise be an extremely high rate and high velocity reverse flow of
      water under the steam pressure in the generator, is greatly impeded.
PAR  The result of choking, impeding or otherwise reducing the velocity and flow
      rate of the reversely flowing water from the generator, is to reduce the
      velocity and flow disturbance of the escaping flow through and around the
      feed water preheater, thus reducing the force hydraulically created, to
      values approximating, equalling or preferably less than those for which
      the preheater walls and baffles are designed to withstand under normal
      operation. In this way destruction of the preheater is prevented, this, of
      course, eliminating the possibility that pieces of the preheater might be
      driven about within the steam generator housing with great force such as
      might result from the forcible ejection of the water under the generator's
      steam pressure and out via the input connection, in the event the feed
      water supply pipe line should open.
PAR  To further reduce the flow forces applied to the preheater in the event of
      the type of accident described before, the invention provides for
      equipping the steam generator's housing with two or more feed water input
      connections, all opening into the preheater but spaced as far apart from
      each other as is reasonable and possible. The resulting subdivision of
      flows, during normal operation, brings the flow forces on the preheater
      walls and baffles to a very low value, and in the event of an accident
      when the reverse flow occurs under the high pressure steam force, the
      flows are broken up or divided with a consequent reduction in the forces
      which the preheater walls and baffles are required to withstand. The flow
      in both directions is made more uniform.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Referring to the accompanying drawing:
PA1  Fig. 1 in vertical section schematically illustrates a typical
      pressurized-water coolant nuclear reactor installation steam generator,
      embodying the principles of the present invention;
PAR  FIG. 2 is a vertical section giving an example of a suitable flow choke
      inserted in one of the feed water input connections; and
PAR  FIG. 3 is a vertical section showing a modification.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, here the steam generator as a whole is
      designated by the numeral 1. It is of the type associated with a
      pressurized-water coolant nuclear reactor. The pressurized-water coolant
      enters the heat exchanger of the generator via an inlet 2 and is moved out
      via the outlet 3 by the main reactor coolant pump (not shown). The
      horizontal tube sheet 5 mounts the inverted U-shaped tube bundle 6 shown
      only in outline by the broken lines, surrounded by the shell 7 in the
      lower portion 8a of the generator's housing, water ascending upwardly
      within this shell while evaporating to high pressure steam. The inlet 2
      connects with the inlet leg of the heat exchanger via a manifold 2a, the
      outlet manifold 3a of the outlet leg of the tube bundle discharging via
      the outlet 3.
PAR  The upper section 8 of the steam generator's housing is enlarged and
      contains a water separator 10 mounted on top of the shell 7, a moisture
      separator or fine water separator 11 being mounted above this water
      separator and connecting with the steam output outlet 12 in the steam dome
      of the steam generator's housing.
PAR  The outside of the shell 7 is spaced from the inside of the housing portion
      8a and forms the descent space, the water rising within the shell 7 while
      evaporating into steam and the water separated by the water separator 10
      descending through this descent space between the shell 7 and housing
      portion 8a. The bottom of the shell 7 provides an opening above the tube
      sheet 5 so that the descending water can flow radially into the space
      within the shell 7.
PAR  A feed water line 15 supplies feed water for the generator at a pressure
      sufficiently higher than the high pressure steam within the generator's
      housing, to inject the feed water into the housing. The supply source is
      indicated as being provided by a pump 15a. The heat exchanger, indicated
      only by the broken lines, has its output leg 17 formed by what is the
      right-hand leg in FIG. 1, and it is this output leg that is provided with
      the preheater indicated as a whole by the numeral 18, the preheater walls
      and baffles being generally indicated at 19. A detailed showing is
      unnecessary because such preheaters are well known. The drawing of FIG. 1
      does indicate that the preheater is formed with two sections, 20 and 21, a
      feed water input connection 13 feeding the section 21 and another such
      connection 14 feeding the section 20, to provide the plural connections as
      previously noted. It is in these connections that the chokes of this
      invention are inserted, these being indicated at 23. Both input
      connections are supplied via the pipe line 15, a valve 31 individually
      controlling the flow rate through the connection 14, and a corresponding
      valve 32 providing a control of the connection 13. A branch line
      controlled by a valve 33 leads to a feed water input connection 35, but
      this is a small capacity line of high reliability and is provided only to
      maintain the exact water level desired in the upper housing section 8.
      Correspondingly, there may be other small diameter lines, a connection 37
      being shown as provided with a line 38. Such lines of small flow capacity
      and therefore small diameter, are reliable and do not involve the same
      possibility of failure as does the main supply line 15 which must feed
      adequate water into the steam generator to continuously supply the water
      lost by being evaporated into the high-pressure steam.
PAR  As previously indicated, the chokes 23 should, in each instance, be
      designed to offer little resistance to the flow rate of the input water
      when everything is operating normally. Using the two connections 13 and
      14, an overall increase in the flow resistance may be kept as low as 1.5%.
      With flow orifices providing for such a reduction, in the event of a break
      in the supply line 15 orifices of such size can effect a reduction of 50%
      or less in the water being driven reversely under the high steam pressure
      in the generator housing. This is sufficient to greatly reduce, if not
      eliminate, the risk of damage to the walls, baffles or other partitions 19
      of the preheater 18.
PAR  FIG. 2 provides an example of a suitable flow choke. Here the orifice 25 is
      formed by a web 26 mounting a short tubular section 27 symmetrically
      positioned relative to the axis of the cylindrical connection 14, a
      cylindrical lining 30 extending inwardly from the web 26 with a larger
      diameter than that of the inside diameter of the tubular section 27 but in
      spaced relation to the inside of the connection 14, the latter having the
      cylindrical interior. This lining 30 is provided to reduce the thermal
      shock applied to the connection 14 in the event of the reverse flow that
      occurs should the line 15 open to the atmosphere.
PAR  This construction of FIG. 2 is substantially symmetrical in both flow
      directions with respect to the flow resistance it offers if the flow rates
      and pressures in opposite directions were substantially equal. However, if
      the differential pressures increase greatly, as the reverse flow does
      create in the event of a break in the line 15, the flow resistance
      increases greatly. In this way the input feed water can flow in with
      relatively little flow resistance because the pressure differential and
      its flow rate are only as required to meet the demands of the steam
      generator. With two connections 13 and 14, it being understood that the
      connection 13 may be provided with the flow choke of FIG. 2, the input
      flow rate per connection required to meet the demands of the steam
      generator is reduced. However, if there is any break in the pipe line
      connections with either of the connections 13 and 14, the reverse flow
      rate and pressure differential as the water is forced by the high steam
      pressure in the direction of the line break, would have a much high flow
      rate if unrestrained, this flow rate being very extensively reduced by the
      choke effect of the orifice.
PAR  In FIG. 3 a choke 40 is indicated, the normal input flow to the generator
      housing being in the direction of the arrow. This orifice is in the form
      of a nozzle having a streamline entrance and effecting a flow resistance
      that is relatively small in the indicated direction. In the reverse
      direction, opposite to that indicated by the arrow in FIG. 3, such as
      would occur in the event of a supply line break, the flow resistance is
      sharply increased over that which would be inherent to the cross sectional
      area of the orifice provided by the nozzle.
PAR  In all cases the restrictive size of the choke used can be determined from
      available technical information concerning the laws of fluid dynamics,
      once the principles of the invention have been understood from the
      foregoing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steam generator having a housing provided with a steam output outlet
      and at least one feed-water input connection, a heat exchanger in said
      housing converting water therein to high-pressure steam, a source of feed
      water under a higher pressure than said steam pressure, and a pipe line
      connecting said source to said feed water input connection; wherein the
      improvement comprises a flow restricting choke inserted in said feed water
      input connection, said choke comprising an orifice dimensioned to offer a
      small flow resistance to the normal input flow through said connection and
      a comparatively much larger flow resistance to reverse water flow
      occurring through said connection under said steam pressure in the event
      said pipe line accidentally opens to the atmosphere, said generator
      housing containing a feed water preheater formed by walls and to which
      said connection feeds, said walls being subject to damage by a water flow
      at a velocity substantially in excess of the normal feed water input flow.
NUM  2.
PAR  2. The generator of claim 1 in which said choke is an orifice of
      substantially smaller diameter than said connection's inside diameter and
      is formed by a streamlined nozzle pointing in the direction of the normal
      feed water input flow.
NUM  3.
PAR  3. The generator of claim 2 in which said housing has a plurality of
      feed-water input connections with which said pipe line connects, feeding
      into said preheater, each connection having a substantially corresponding
      flow choke inserted therein.
NUM  4.
PAR  4. The generator of claim 3 in which each of said connections has means for
      controlling the flow rate therethrough.
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ABST
PAL  A rotary internal combustion engine is disclosed having circumferential
      type cooling circuit for the rotor housing and a plurality of spark plugs
      extending through the trochoid wall of the rotor housing at a vertically
      rising zone of said circuit. The plugs are contained by bosses extending
      through the coolant flow passage; the bosses are arranged to stagger the
      up-stream sides of said bosses with respect to controlled flow of coolant
      thereabout, thereby increasing flow control, increasing heat transfer, and
      preventing a collection of vapor which may act as an insulation film
      hindering heat transfer between said bosses and coolant flow. The
      centerline of said bosses are preferably skewed with respect to both a
      plane bisecting the flow longitudinally and a plane bisecting the flow
      transversely, whereby the spark terminals of said plugs may be maintained
      within narrow offset limits on opposite sides of a centerline of the gas
      side of said trochoid wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Although rotary internal combustion engines have reached a degree of
      commercial acceptance, considerable interest is now being devoted to
      improving fuel economy and durability of such engines. The water cooling
      system for such an engine is particularly relevant to attaining these two
      goals. The housing water cooling system, in a rotary engine, functions to
      lower the temperature of the metal areas exposed to the highest heat input
      and to minimize temperature differences throughout the housing for
      preventing destruction. The most severe cooling problem resides in the
      area where combustion and expansion of the working gases takes place; this
      area immediately surrounds the spark plugs. The uneven heating can cause
      housing distortion which, in turn, can prevent proper functioning of the
      gas and oil sealing elements. The time during which the combustion chamber
      is cooled by fresh inducted air is fairly short allowing the wall
      temperature of the combustion chamber to be high and sensitive to changes
      in load. The maximum temperature of the combustion surface of the trochoid
      wall is much higher than that of the housing side walls; local overheating
      can destroy the oil film on the trochoid surface. Sudden acceleration with
      a cold engine, especially in winter or when auto ignition occurs during
      high speed driving, exposes the rotor housing and associated trochoid wall
      to repeated sudden and very large thermal loads. As a result, thermal
      fatigue or thermal shock cracks can appear about the spark plug holes. In
      general, cracks occur most frequently on the gas side of the trochoid wall
      and along the spark plug holes in the axial direction in conformity with
      high stress concentrations. In extreme cases, cracks can even reach the
      water jacket. There is a greater need for perfection in design to limit
      this tendency for thermal distortion which is so highly dependent on the
      relationship between the cooling system, housing and rotor seals.
PAR  One particular design aspect that has assumed commercial acceptance, is the
      use of in-line or dual spark plugs for a single rotor housing. The reason
      for the dual in-line spark plugs is as follows: In a rotary piston engine
      with a rotor rotating eccentrically along an inside surface having a
      trochoid curve, it is ideal for the spark plugs to be installed on the
      trochoid surface close to the minor axis of the curve, from the standpoint
      of engine output. However, since the compressed air-fuel mixture also
      undergoes a rotating motion along with the rotation of the rotor, the
      rotary engine has a characteristic flame front which advances to the
      leading side of the rotor and has very little propagation to the trailing
      side of the rotor. Therefore, the air-fuel mixture disposed in the
      trailing portion of the rotor combustion pocket is not completely burned.
      Consequently, the exhaust gas will contain a large amount of unburned
      gaseous components. To remedy this, another or auxiliary spark plug is
      installed downstream from the first spark plug and the latter is moved
      slightly upstream; the auxiliary spark plug is ignited after the first
      spark plug has been ignited, or in certain cases they may be ignited
      simultaneously. The necessity for the in-line arrangement is due to the
      physics of propagation and the desire to have the entire air-fuel mixture
      totally combusted. The optimum location to do this was thought to be in
      the center of the peripheral wall whereby the flame front would advance in
      the direction of movement of the air/fuel mass and proceed laterally
      across the shortest path toward each of the side walls to combust all of
      the mixture. Unfortunately, the in-line arrangement of such spark plugs
      creates a mechanism by which the flow of cooling fluid is considerably
      disrupted, vapor films collect, and the flow is prevented from carrying
      away the heat in such a critical area.
PAR  Spark plugs for an internal combustion engine, such as a rotary, are
      typically installed into the threaded ports of the spark plug bosses.
      Since a rotary engine has a relatively thin trochoid wall, cylindrically
      shaped bosses for the spark plugs must be cast and extend into the engines
      water jacket passageway which is adjacent to such wall. The interruption
      or interference of such bosses within the water jacket passageway has a
      benefit in that the bosses themselves are cooled to carry away heat but
      the total heat for the entire hot spot area is detrimentally affected; the
      cooling flow is extremely sensitive to hindrances preventing heat
      extraction. Each boss in a four-cylinder reciprocating engine will be
      affected by generally 1/4 of the total heat of combustion for the engine.
      This is not a severe problem in connection with reciprocating type
      internal combustion engines since the spark plug bosses are well separated
      in the cylinder heatt water jacket and, in fact, can be considered as one
      spark plug per cylinder. However, in contradistinction, the spark plug
      bosses in a rotary engine are cast in close proximity to the circumference
      of each rotor housing, do not have special coolant transfer ports for
      improved cooling, and are generally affected by 1/2 of the total heat of
      combustion for a two rotor engine (for a one rotor engine, the bosses
      would be effective by the total undivided heat of combustion).
PAR  As the rotary design has developed, spark plugs have been fitted into the
      threaded ports which open onto the most critically cooled zone of the
      trochoid combustion surface - a major hot spot where thermally induced
      structural failures are more likely to occur. If the cooling flow cannot
      carry away the heat in a uniform manner, the exact amount of excess heat
      in such hot spot will cause detrimental results. The in-line arrangement
      of spark plug bosses in such water passageway contributes, in a
      significant manner, to preventing adequate heat extraction. Particularly
      in the vertically upward flow of the cooling circuit, where in-line spark
      plugs are typically placed, the up-stream plug boss creates a flow shadow
      effect upon the down-stream plug boss preventing a controlled or well
      ordered flow regime (absence of swirling eddies which deteriorate heat
      transfer). Boiling at the plugs results in a vapor stream which widens the
      uncontrolled flow zone and aggravates the heat transfer problem.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of this invention is to provide an ignition and cooling
      system combination which is effective to maintain an efficient level of
      combustion while improving cooling characteristics to reduce the
      possibility of structural failure of the engine's housing.
PAR  Another object of this invention is to provide a housing structure which
      facilitates circumferential cooling flow in the rotor housing while
      permitting the intrusion of spark plug bosses therethrough, the housing
      being structured to minimize thermal distortion, particularly in the zone
      surrounding said spark plug bosses.
PAR  Still another object of this invention is to provide a housing for a rotary
      internal combustion engine having a peripheral cooling circuit defined so
      that there are separate flow paths for release of boiling vapor from a
      plurality of spark plug bosses interrupting such circuit.
PAR  Yet still another object of this invention is to provide a housing
      structure for a rotary internal combustion engine which employs
      circumferential cooling having a vertical flow moving past bosses therein
      which are an integral part of said structure, the structure being made to
      increase the heat transfer coefficient of said cooling circuit at the
      spark plug boss zone by at least 20 % over prior art capabilities.
PAR  Structural features pursuant to the above objects comprise the use of (a)
      plug bosses interposed in a circumferential cooling flow passageway of the
      rotor housing, and staggered with respect to the direction of flow, the
      arrangement of the plurality of spark plugs and accompanying bosses are
      offset but symmetrically oppositely oriented about a centerplane of said
      flow and skewed with respect thereto so that the staggered arrangement
      promotes relatively close in-line arrangement of the spark plug terminals,
      (b) the incorporation of a predetermined and limited offset from a line
      extending between the spark plug terminals so as not to detrimentally
      affect propagation of the combustion flame while yet allowing for said
      staggered boss configuration, and (c) the use of flow diverters or flow
      controllers between the spark plug bosses to insure a controlled flow
      regime between the bosses and for strengthening the housing structure.
PAC  SUMMARY OF THE DRAWINGS
PAR  FIGS. 1 and 2 represent schematic illustrations of spark plug boss
      arrangements for the inventive mode and the prior art mode respectively;
PAR  FIG. 3 is a sectional elevational view of one rotor housing and rotor for a
      multi-rotor rotary internal combustion engine embodying the principles of
      this invention;
PAR  FIG. 4 is a view taken substantially along line 4--4 of FIG. 3;
PAR  FIG. 5 is a side elevational view of the fragmentary structure of FIG. 4;
      and
PAR  FIG. 6 is an end elevational view taken along line 6--6 of the fragmentary
      structure of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Spark plugs for any type of internal combustion engine are typically
      installed into threaded openings within spark plug bosses. The
      cylindrically shaped bosses are cast into the engine water jacket
      passageway to prevent cracking of the support structure due to thermal
      distortion. Coolant flow velocities are directed over these critically
      cooled surfaces of the bosses to lower the metal temperatures and,
      ideally, to prevent excessive temperature variation across the walls
      defining said passageway (i.e., hot spots which induce thermal distortion
      and attendant failure of the housing structure).
PAR  Turning to FIG. 2, there is schematically illustrated in plan view, an
      arrangement characterized as "in-line" for bosses 8 and 9 with respect to
      a centerplane 54 extending through a water jacket passage of a typical
      prior art rotor housing. Cooling flow is aggravated during boiling heat
      transfer at high engine power settings; vapor released from the upstream
      boss surfaces induce further variations in the coolant velocity
      distribution across the downstream boss laying in the flow shadow of the
      upstream boss for the in-line arrangement. In FIG. 1 there is,
      schematically shown, bosses which are staggered with respect to the
      centerplane 54 of flow of the coolant in the water jacket passage for a
      rotary engine employing the principles of this invention. The construction
      of FIG. 2 provides superior coolant performance about the circumference of
       each spark plug boss when compared to closely spaced "in-line" bosses,
      the latter preventing high speed coolant flow between the bosses. The
      distribution of coolant velocities around the staggered spark plug boss
      surface is improved since flow around each boss is less dependent on the
      presence of the other boss in the water jacket passageway. The vapor
      released from the upstream boss is carried away from the coolant stream
      impinging on the downstream boss. This reduces locally high thermal
      conditions by improving the distribution of coolant velocities around the
      boss surface and hence the engine water jacket by providing separate paths
      for vapor release during boiling heat transfer.
PAR  In some particularity, a preferred embodiment is shown in FIGS. 3-6. The
      rotary engine of FIG. 3, comprises a housing A, a rotor B, an induction
      system or means C, an ignition system D, means E which is effective to
      define a cooling passageway, and boss means F useful in containing the
      ignition means within the water passageway.
PAR  The housing A has an internal wall 10 which is epitrochoidally shaped to
      delimit a chamber in cooperation with side housings disposed on opposite
      sides of housing A (rotor housing). The epitrochoid chamber has a minor
      axis 11 and a major axis 12. The rotor C is generally triangularly shaped
      with three outer arcuate faces 13; apex seals 14 are disposed at the
      apices where the faces 13 intersect. The seals cooperate in defining with
      the rotor and housing a plurality of variable volume combustion chambers
      15, 16 and 17. The rotor is mounted for planetary movement within the
      trochoidally limited chamber bounded by an internal epitrochoid wall 10
      and has an eccentric surface 18 which is in contact with an eccentric
      shaft 19.
PAR  A combustible mixture is inducted through system C; the system has a
      carburetor 22 effective to inject said mixture through intake passage 20
      leading to the trochoid chamber. An exhaust passage 21 withdraws the
      exhaust gases upon completion of the combustion cycle. The ignition means
      D utilizes a plurality of spark plugs, here shown two in number, 25 and
      26, which are arranged at stations on opposite sides of the minor axis 11.
      The spark plugs may be of the conventional flat-gap type and each has a
      threaded portion 28 received in a threaded portion of a bore in said boss
      means F. The spark plugs have terminal portions 27 and 29 respectively
      with appropriate lead-in electrical wires 30 for carrying a pulse of
      energy to excite sparks in a precise sequence. The terminals 27 and 29 are
      almost coincident with the trochoid surface 10 and therefore can be
      represented in our discussion by substantially a point station.
PAR  Means E, defining the cooling passage, extends from an entrance at 31 into
      the housing (at about a 7 o'clock position) to an exiting station 32 (at a
      1 o'clock position). The housing means E comprises a wall 34 separating
      the trochoid chamber 10 from the cooling passage E and has a predetermined
      thickness which is relatively thin. The passage may have one or more
      rather elongated ribs 33 for guiding or structurally reinforcing the
      housing passage. The flow proceeds along a path which has a centerline 46
      and has a substantial segment thereof which is rising vertically along the
      side of the rotor housing A.
PAR  The boss means F comprises two cylindrically shaped and cast bosses 41 and
      40 which extend across the passageway at a location adjacent the
      vertically rising section of said flow. The centerline, 44 and 45
      respectively, of each boss is skewed with respect to a centerplane 54
      dividing the passageway longitudinally. The bosses have an arrangement
      such that the terminal of each spark plug will project onto a point on the
      trochoid wall 10 preferably offset a distance 60 (from the centerline 61
      of said trochoid wall (see FIG. 1). The combined offset distances are less
      than the diameter of either of said bosses. The bosses are arranged so
      that, looking at them along the passageway, they show frontal or upstream
      portions 40a and 41a which are substantially non-overlapping whereby fluid
      flow of a high velocity may scavenge such surfaces and prevent the
      collection of vapor generated at such hot surfaces. Vapor generation tends
      to collect and develop a vapor binding film 50 along the upstream side of
      each boss in an "in-line" situation (see FIG. 2). Ideally, the positioning
      of the terminals 27 and 29 of each spark plug for this invention approach
      an in-line arrangement on the trochoid surface 10 (gas side of wall 34),
      while the bosses are arranged to effect a very definite and noticeable
      offset arrangement in the passage E. The bosses are packaged in the
      housing in such a manner that the boss centerlines 44 and 45 will each
      form an angle 70 with respect to the plane 54 dividing the coolant passage
      longitudinally and an angle 72 with respect to a plane 55 dividing the
      coolant passage transversely. The range for such angles is as follows:
      Angle 70 is preferably about 25.degree.-65.degree. and angle 72 is
      preferably about 15.degree.-55.degree., but operably can be reduced to
      0.degree. for each angle. The cylindrical trunk of each boss has the
      terminals 27 and 29 spaced apart a longitudinal distance 51 which is
      typically less than 12 diameters of each boss; the distance 51 is somewhat
      limited by the pocket 73 design for the rotor. However, irrespective of
      the pocket design, if the boss diameter is relatively small so that side
      wall effects on the flow about the bosses can be ignored, then this
      invention is important for spacings between bosses up to 50 boss
      diameters. In applications where the boss diameter is relatively large
      with respect to the width of the cooling passage, side wall effects will
      be present and the invention will be important for longitudinal spacings
      between bosses of up to 12 diameters.
PAR  As a result of the staggered configuration of the spark plug bosses, high
      velocity flow therethrough is controlled and devoid of uncontrolled
      swirling eddies so that a high heat transfer coefficient can be maintained
      at the sensitive spark plug boss surfaces. Geometrically, the flow is
      split into several paths as it swings to different sides of the upstream
      spark plug boss 40 and thence at portion divides about the downstream boss
      41. Accordingly, vapor released from either one of the boiling surfaces of
      the spark plug bosses enters the swinging controlled split paths.
PAR  Tests were undertaken to visually compare the flow regime of a water model
      passageway simulating the passage plug bosses. Two models are undertaken,
      one with staggered spark plug bosses and one with "in-line" spark plug
      bosses. Small neutral density plastic particles, entrained in the water
      flow stream, were used to trace the contours of the coolant flow path. In
      addition, electrolysis of the water was employed to produce hydrogen gas
      (bubbles smaller than the vapor bubbles typically encountered in the
      rotary engine). The hydrogen gas was found to collect in rather large
      crescent shaped zones 50 on the upstream side or frontal face 40a and and
      41a of the in-line bosses, such as shown in FIG. 2. However, with the
      staggered spark plug configuration, high speed controlled flow sweeps
      these vapor particles clean from such upstream sides or frontal faces and
      it has been determined that the heat transfer coefficient between the flow
      and bosses is increased by as much as 44% for the model study. To relate
      this to an actual engine housing, the change in heat transfer rate was
      calculated utilizing a maximum flow velocity of about 4.1 feet per second
      and volume flow rate of about .033 cubic feet per second. The temperature
      of the coolant flow at the wall was measured to be approximately
      320.degree.F and at the coolant flow centerline at about 225.degree.F,
      thereby rendering an average coolant flow temperature of about
      270.degree.F; the minimum projected area of the passageway about the zone
      adjacent the spark plug bosses was 1.17 square inches. Calculation of the
      Reynolds number for the flow determined it to be about 1.2 .times.
      10.sup.5 (a non-dimensional number) which indicated that the flow was in a
      controlled turbulent condition. The heat transfer coefficient, calculated
      for the "in-line" arrangement, was about 1800 Btu/Hr/Ft.sup.2 /.degree.F.
      This was in sharp contrast with the heat transfer coefficient calculated
      for the staggered arrangement which was about 2600 Btu/Hr/Ft.sup.2
      /.degree.F. [The diameter of the spark plug boss as assumed to be about
      .85 inches with the height of each boss being approximately .80 inches].
      The temperature gradiant across the width of the gas side (surface 10) of
      the wall 34, rather than being a variable distribution with the highest
      temperature at the centerline 61 of surface 10, as for an in-line
      arrangement, is now found to be more uniform and flat but less
      symmetrical. The amount of offset 60 of a spark plug terminal (viewed as
      the intersection of axes 47 and 48 for each boss in FIG. 1) is important.
      The offset 60 is a dimension that should be viewed with reference to the
      centerline 61 of the surface 10; it must preferably be less than a radius
      of a boss to achieve the benefits of this invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In a rotary internal combustion engine having housing walls defining a
      trochoidally shaped chamber, an eccentrically mounted rotor for planetary
      movement in said chamber and cooperating with said housing walls to define
      a plurality of variable volume chambers into which is introduced a
      combustible mixture, said engine having spark plugs interposed in said
      housings walls and having spark terminals for igniting said mixture at a
      predetermined sequence, the combination comprising:
PA1  a. housing means defining a cooling passage along at least one of said
      housing walls and containing a flowing coolant, that portion of said one
      housing wall separating said variable volume chambers from said passage
      having a predetermined section thickness to promote an improved heat
      transfer rate, said one wall having a gas side and a coolant side, said
      cooling passage and coolant therein being effective to extract heat from
      said one wall portion to prevent detrimental housing distortion, and
PA1  b. a plurality of bosses extending into said passage for containing said
      spark plugs and each boss having an axis transverse to the direction of
      coolant flow, each boss having an upstream side and a downstream side
      taken with respect to the direction of said coolant flow, the axes of said
      bosses being non-aligned with respect to a centerline of coolant flow
      through said passage and non-aligned with respect to any transverse
      section of said flow adjacent said bosses, said bosses positioning said
      terminals in a staggered pattern or approaching an aligned pattern with
      respect to a centerline of the gas side of said one wall.
NUM  2.
PAR  2. The combination as in claim 1, in which said bosses have axis angled
      with respect to a centerplane longitudinally bisecting the passage and the
      bosses are arranged to position said terminals offset from a centerline of
      the gas side of said one wall.
NUM  3.
PAR  3. The combination as in claim 1, in which the coolant flow is a liquid and
      the bosses are offset with respect to said centerline of flow so that
      laminar or controlled flow of said coolant is controlled to scavenge
      substantially the entire upstream side of each boss and improve conditions
      for removal of vapor collection on the downstream side of each of said
      bosses.
NUM  4.
PAR  4. The combination as in claim 1, in which the spacing between the
      centerlines of said bosses taken in a direction along the centerline of
      said fluid is at least one boss diameter and no greater than 60 boss
      diameters.
NUM  5.
PAR  5. The combination as in claim 1, in which a contoured flow foil is
      interposed between the spacing between said bosses for insuring controlled
      turbulent flow about the bosses.
NUM  6.
PAR  6. The combination as in claim 1, in which the bosses are contoured with a
      cylindrical taper and staggered with respect to the centerline of said
      flow in the manner to increase the heat transfer coefficient.
NUM  7.
PAR  7. The combination as in claim 1, in which at least two spark plug bosses
      are arranged in close proximity to each other for igniting the combustible
      mixture within the same variable volume chamber of said engine, the
      upstream side of said bosses being staggered with respect to each other on
      opposite sides of said centerline of coolant flow whereby the tendency for
      collection of boiling vapor at the surface of either of said bosses is
      substantially reduced thereby increasing the overall heat transfer
      coefficient between said bosses and the coolant.
NUM  8.
PAR  8. The combination as in claim 7, in which each boss has an axial
      centerline, said boss centerlines being skewed with respect to each other,
      at least one of said bosses making an acute angle both with respect to a
      plane dividing said fluid flow longitudinally and a plane dividing said
      flow transversely.
NUM  9.
PAR  9. The combination as in claim 8, in which said angle taken with respect to
      said longitudinal plane is preferably in the range of
      25.degree.-65.degree., and the angle taken with respect to said transverse
      plane is preferably in the range of 15.degree.-55.degree..
NUM  10.
PAR  10. The combination as in claim 1, in which said bosses are cylindrical,
      each having frontal faces substantially exposed to said coolant flow while
      said terminals are offset from the centerline of said trochoid surface a
      distance less than a radius of said boss and separated from each other
      along said flow centerline a distance at least one boss diameter.
NUM  11.
PAR  11. The combination as in claim 10, in which the combined offset of each
      boss from the flow centerline is no greater than the diameter of a boss.
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PAL  A trochoidal type rotary internal combustion engine wherein the intake port
      is controlled by the rotor, and variation in the fuel feed is provided by
      a slidable valve member in the intake pipe, which in closed position seats
      very close to the peripheral surface of the engine cavity to prevent entry
      of exhaust gas into the intake line at idling or low load conditions, the
      valve being controlled by a foot pedal or other conventional adjusting
      means.
BSUM
PAC  BACKGROUND
PAR  This invention relates to rotary internal combustion engines of the
      trochoidal type, and more particularly to a means of preventing entry of
      exhaust gases into the intake channel during idling or operating at low
      load.
PAR  In such engines the intake channel has an orifice controlled by the rotor,
      at the inner surface of the engine housing. There is in such engines a
      certain amount of overlap between intake and exhaust ports after the
      opening of the intake port to a given chamber and before the exhaust port
      closes to that chamber, and during idling or operation at low load the
      underpressure caused by the enlargement of the intaking chamber may cause
      the intake channel to become filled with exhaust gas. Even though the
      throttle flap may be positioned as closely as possible to the orifice of
      the intake channel, for constructional reasons the axle of the flap must
      be positioned at least far enough back from the opening that at the fully
      opened condition the edge of the flap will not protrude into the operating
      chamber. The filling of a portion of the intake channel with exhaust gas
      has the result, particularly when idling or operating at low load, that
      the fresh gas entering into the intaking operating chamber encounters a
      sizable body of exhaust which may impair the formation of an ignitible
      mixture.
PAR  It has also been found that with trochoidal rotary engines of the prior art
      it is more difficult to produce a good fuel-air mixture in the intake
      channel than with reciprocating piston engines. In reciprocating engines
      the hot intake valve makes a substantial contribution to preparing the
      mixture by vaporizing such droplets of fuel as may be still liquid. In the
      rotary engine the intake zone is never exposed to combustion, and hence
      has no such hot members to aid in vaporization.
PAR  There is known a carburetor in which, in the channel leading to the intake
      manifold, instead of a throttle flap there is disposed a slide member
      movable longitudinally of the mixture flow, having a portion with a
      conical surface cooperating with a mating conical countersurface and
      forming an annular throttling gap therewith. When the gap is small,
      depending on the load condition, the fresh gas flows through at high speed
      and tiny droplets of liquid fuel are thoroughly atomized. With such a
      design, however, because of its arrangement, there necessarily exists a
      relatively large volume in the intake pipe between this throttling device
      and the intake port, which causes the same difficulty as described above,
      at idling or partial load. Further, the device is limited to carburetors
      and cannot be used for supplying fuel by injection.
PAR  Other expedients have been tried to prevent entry of exhaust gas into the
      intake channel, such as rotary valves or flap valves therein. The rotary
      valve must be positioned even further back from the orifice than an
      ordinary throttle flap, since there must be enough metal to constitute the
      barrel for rotation of the valve therein. Flap valves of the reed type are
      not sufficiently reliable; they may be too stiff to close fully, or they
      may impede inflow of fresh gas.
PAR  The throttle valving arrangement of this invention overcomes these
      limitations of the prior art.
PAC  SUMMARY
PAR  This invention provides a rotary internal combustion engine of trochoidal
      type, in which the intake channel has disposed therein a valve member
      seating in its fully closed position substantailly at the inner trochoidal
      surface of the peripheral housing, the valve member being displaceable
      between open and closed positions along an axis normal to the inner
      surface of the housing, whereby when the valve is closed or nearly closed
      there is substantially no cavity in the region of the intake orifice for
      entry of exhaust gas.
PAR  When in the nearly closed position the valve member and its seat form an
      alterable throttling gap which is considerably narrower than that of the
      ordinary throttle flap, and considerably longer at its circumference, for
      the same flow through. This has the advantage that the fuel-air mixture
      passing through the gap can be greatly accelerated, at which high speed
      there is produced a very turbulent flow condition directly at the intake
      port, resulting in complete atomization of any liquid fuel droplets which
      may still be present.
PAR  There is thus obtained a thorough mixing and good preparation of the
      inducted mixture, leading to better burning and a reduction of the
      detrimental constituents of the exhaust gas. The slide valve can be opened
      far enough that under full load no obstruction to the mixture flow occurs,
      as would be caused by the shaft of an ordinary throttle valve, and thus
      noticeably better performance can be obtained. The valve opening is
      governed by the operator by means of an accelerator device of conventional
      type, directly or indirectly linked.
PAR  It is therefore an object of this invention to provide a rotary internal
      combustion engine having improved fuel supply means.
PAR  Another object is to provide such an engine having an intake system into
      which exhaust gas cannot enter.
PAR  A further object is to provide such an engine having an intake system
      conducive to good vaporization of incoming charge.
PAR  Other objects and advantages will become apparent on reading the following
      specification in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary cross-section through a portion of a trochoidal
      rotary internal combustion engine, showing one embodiment of the
      throttling device;
PAR  FIG. 2 is a similar cross-section showing another embodiment of the
      throttling device;
PAR  FIG. 3 is a similar cross-section showing a third embodiment of the
      throttling device; and
PAR  FIG. 4 is a fragmentary cross-section on an enlarged scale, showing a
      modification adaptable to any of the valve members of the invention.
DETD
PAR  As shown in FIG. 1, a rotary combustion engine 11 of the trochoidal type
      has a housing comprising a peripheral shell 12 having a multilobed
      substantially trochoidal inner peripheral surface 13, and side walls 14,
      the housing defining an inner engine cavity 16 in which is rotatably
      mounted a generally polygonal rotor 17 having a plurality of apex portions
      18 which continuously sweep the inner peripheral surface 13 in sealing
      relation as the rotor turns in the direction shown by the arrow, thereby
      defining operating chambers of varying volume.
PAR  In the region of a cusp portion 19 of the trochoidal surface 13 there is
      provided an exhaust port 21 through the peripheral shell 12 somewhat
      upstream from the cusp, and somewhat downstream therefrom there is
      provided an intake port 22, these ports being swept successively and
      controlled by the apexes 18 of the rotor. An intake channel 23 supplies
      fuel-air mixture to the intake port orifice 22, either from a carburetor
      24 or a fuel injector 26. A guideway 27 communicates with the induction
      channel 23 at an acute angle thereto, the guideway having disposed therein
      a generally cylindrical sliding member 28 which is axially displaceable
      along the guideway and extends into intake channel 23. The longitudinal
      axis of the guideway and consequently of the slide 28 is disposed
      substantially normal to the curvature of the inner trochoidal surface 13
      at the center of the intake port 22.
PAR  The slide 28 has an inner end 29 comprising a closure head provided with a
      frustoconical sealing surface 31 entering at least partially into the
      intake port and cooperating with a mating annular seat 32 surrounding the
      intake port 22 adjacent to the inner trochoidal surface 13 of the
      peripheral shell. The slide 28 has the same general function as the
      commonly used throttle flap in a combustion engine, that of varying and
      controlling the amount of fresh mixture admitted to the combustion
      chamber. The sealing surface 31 of the closure head and its mating seat 32
      form a variable gap for varying and controlling the flow of fuel-air
      mixture.
PAR  The end face 33 of the closure head 29 when in the fully closed position is
      disposed as closely as possible to the surface curvature of inner surface
      13, preferably such that the center of the plane end face 33 is
      approximately tangent to the curvature of the inner surface, but spaced
      therefrom a sufficient amount allowing for manufacturing tolerances so
      that no portion of the closure head may enter the operating chamber. This
      spacing may be as little as a few thousandths of an inch, and its showing
      has been exaggerated in the drawings for clarity of illustration. There
      thus remains only an extremely small volume of orifice 22 in which exhaust
      gas may collect when it is carried over while the exhaust port is still in
      communication with the intaking chamber. Such a minute amount of exhaust
      has no disturbing effect on the incoming fresh mixture when the engine is
      idling or operating at part load.
PAR  The slide member 28 is operated by an accelerator pedal or the like,
      retracting from its closed position as the pedal is depressed, and opening
      between its sealing surface 31 and the seat 32 an annular throttling gap
      through which fuel-air mixture passes from the intake channel 23. The
      mixture is accelerated through this gap and passes through the intake port
      22 in a highly turbulent flow into the combustion chamber, whereby any
      remaining liquid portions still present in the mixture are thoroughly
      atomized.
PAR  When the engine is idling the slide member is fully closed against its
      seat, and there may be provided a small by-pass channel 34 through which a
      sufficient supply of mixture can be drawn for idling operation.
PAR  In the showing of the embodiment of FIG. 2 the same reference numerals as
      in FIG. 1 are used for the same or closely similar features. The intake
      channel 23 communicates with a guideway 36 at a greater distance from the
      intake port 22 than in the previous embodiment. A generally cylindrical
      slide member 37 is disposed in the guideway, the slide being hollow and
      having its outermost end open to the intake channel 23. Its inwardly
      disposed end 29 is a closure head of similar form to the previous
      embodiment, having a frustoconical sealing surface 31 seating against a
      mating surface 32 surrounding the intake port 22. As in the embodiment of
      FIG. 1, fuel-air mixture is supplied from a carburetor 24, or fuel is
      injected by a nozzle 26 into the intake channel 23 where it mixes with
      air. In the present case, however, the mixture enters the hollow interior
      of slide member 37 through its outward end open to the intake channel. The
      barrel of slide member 37 has lateral apertures 38 therethrough just above
      its closure head 29, communicating with an annular cavity 39 formed in the
      peripheral housing 12, which cavity surrounds the inward end of slide 37.
      The incoming mixture thus passes through the barrel of the slide, and out
      the apertures 38 and into cavity 39, from which it passes through the
      annular gap between surfaces 31 and 32, as in the previous embodiment. For
      idling a sufficient quantity of fuel-air mixture can be supplied as before
      through a by-pass channel 34 extending between cavity 39 and the inner
      trochoidal surface 13, or through a by-pass channel 41 extending from the
      interior of the slide 37 through its closure head 29 and having its
      orifice at the end face 33 of the closure head.
PAR  In FIG. 3 there is shown another embodiment, wherein the same reference
      numerals are used for the same or similar features. A member 42 defining
      the intake channel 23 is provided with a boss 43 projecting inwardly into
      the intake channel and having a bore serving as the guideway for the slide
      member 44. The slide 44 has a closure head 29 as in previous embodiments,
      provided with a sealing surface 31 seating against a mating surface 32
      surrounding the intake port 22. In this embodiment the intake channel
      member 42 is demountable from the peripheral housing and is provided with
      a shoulder 46 which seats in a mating centering bore 47 in the housing.
      Shoulder 46 is coaxial with the guideway for the slide member 44, and bore
      47 is coaxial with the valve seat 32. Thus, when member 42 is mounted in
      position the closure head 29 of the slide automatically has its sealing
      surface 31 aligned in proper orientation for seating.
PAR  In all the embodiments described, depending on the requirements of the
      engine, the sealing surfaces 31 and 32 may be made relatively broad so
      that the fuel path through the throttling gap is long for suitable
      preparation of the fuel-air mixture, or either sealing surface may be
      formed so as to provide only a lineal abutment of the closure head against
      the seat.
PAR  FIG. 4 shows an enlarged view of a closure head 29 as it may be used on any
      of the slide members 28, 37, or 44. The end face 33 of head 29 may be
      formed to have a curvature congruent with that of the inner trochoidal
      surface 13 so that in the closed condition the end face is flush
      therewith, and no cavity at all remains at the intake port. This
      completely avoids the entry of any exhaust gas, and incoming fresh mixture
      undergoes no dilution even when the engine is operating at its lowest
      level of intake through the port. When the end face 33 is provided with a
      curved configuration in this manner, the slide is provided with a key and
      keyway or other suitable means to prevent it from turning.
PAR  Although in the drawings the intake port 22 is shown as a circular
      aperture, with the closure head 29 having a similar circular shape, in
      some cases it may be desirable to have the intake port of some other
      shape. The closure head is then formed with a congruent outline, and again
      the slide member is provided with means to prevent it from turning.
PAR  By-pass channel 34 has its orifice upstream from the orifice of intake port
      22. When the engine is idling by means of intake through the by-pass 34
      only, advantageous timing results, in that the sealing portion of the
      rotor apex sweeping the peripheral surface 13 cannot obstruct the orifice
      of the by-pass channel for any significant period of time. The use of the
      by-pass for idling also avoids the deposit of any particles of liquid fuel
      above the throttling gap between sealing surfaces 31 and 32, which would
      be carried along when that gap is opened and might occasionally result in
      an over-rich mixture.
PAR  In case the by-pass channel is dispensed with and no independent idling
      system is used, the idling mixture can be supplied to the operating
      chamber with great turbulence produced by the very narrow throttling gap
      between the two sealing surfaces 31 and 32.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary internal combustion engine having a housing comprising a
      peripheral shell with a multilobed inner surface of substantially
      trochoidal profile and a pair of side walls defining therein an engine
      cavity, a generally polygonal rotor having a plurality of apex portions
      rotatably mounted within the engine cavity and defining with the housing a
      plurality of operating chambers of variable volume, the rotor apex
      portions sweeping the inner trochoidal surface in sealing relation
      thereto, the housing having an exhaust port in the region of a cusp of the
      trochoid and disposed upstream therefrom in the direction of rotor
      rotation and an intake port in the peripheral shell in the region of the
      cusp and disposed downstream therefrom, intake passage means in
      communication with the intake port and serving to provide fuel-air mixture
      thereto, wherein the improvement comprises:
PA1  a. throttling means comprising an elongated valve member extending into
      said intake passage means and having its longitudinal axis disposed
      substantially perpendicular to the inner trochoidal surface at the intake
      port and being slidable along its axis, said intake passage means having a
      generally annular chamber close to the intake port and outward therefrom
      surrounding the inner end of the valve member, said annular chamber being
      in communication with the engine operating chamber through the intake port
      when the valve member is in its open position;
PA1  b. the valve member having a slide portion and at its inner end a closure
      head portion integral with said slide portion and having an annular
      sealing surface thereon;
PA1  c. the intake port having therein an annular sealing valve seat formed in
      the intake port for cooperation with the sealing surface of said valve
      member head portion and with said valve seat being disposed close to the
      inner trochoidal surface and being coaxial with said valve member; and
PA1  d. said valve member being axially slidable to move its integral head
      portion axially toward and away from said valve seat so that the intake
      port is closed when said head portion is in its innermost position against
      said valve seat and so that a symmetrical annular intake port opening is
      provided between said head portion and valve seat when the valve member
      head portion is positioned away from said valve seat.
NUM  2.
PAR  2. The combination recited in claim 1 wherein idling channel means
      by-passes the valve seat and communicates between the intake channel and
      the engine cavity, the discharge end of said idling channel means being
      disposed in the inner trochoidal surface upstream of the intake port
      relative to the direction of rotor rotation.
NUM  3.
PAR  3. The combination recited in claim 1, wherein the elongated valve member
      is generally cylindrical and hollow with its outermost end open to the
      intake channel and its inward end having lateral apertures through the
      cylinder wall to provide a communicating path from the interior of the
      cylindrical member to the annular chamber.
NUM  4.
PAR  4. The combination recited in claim 1, wherein the closure head portion of
      the valve member has a plane face on its inner end facing the operating
      chamber, and in the closed position the center of the plane inner face is
      approximately tangent to the curvature of the inner trochoidal surface.
NUM  5.
PAR  5. The combination recited in claim 1, wherein the closure head portion of
      the valve member has on its inner end a concavely curved face which is
      substantially flush with the inner trochoidal surface in the closed
      position.
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PAL  A toroidal cylinder is provided with a slot formed around the inner wall. A
      central shaft carries a sunwheel engaging a set of planet gears which in
      turn engage a fixed ring gear secured to the cylinder adjacent the slot. A
      pair of rings are provided carrying sets of pistons running within the
      cylinder, the edges of the rings sealably running within the slot. Pins on
      the planet gears engage slotted arms secured to the rings so that opposite
      pairs of pistons move toward and away from one another in sequence thus
      providing compression and expansion strokes in the cylinder together with
      intake and exhaust strokes. A fuel mixture ignited by spark plugs or the
      like may be used or, alternatively, fuel injection may be utilized and
      inlet and exhaust ports are formed within the walls of the toroidal
      cylinder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Reciprocating piston type internal combustion engines whether two or four
      stroke, suffer from two principal disadvantages. In the two-stroke engine,
      the intake air/fuel mixture is mixed with the exhaust gases remaining in
      the cylinder or is partially blown out with them and in the four-stroke
      engine, energy is wasted in separate exhaust and intake strokes as well as
      in the valve operating system. Furthermore, in both types of engine, the
      pistons have to be accelerated to a maximum speed and then slowed down and
      stopped both at the upper and lower ends of the piston which causes
      considerable wear to the components making up the engine.
PAR  Rotary engines solve these problems in general, but suffer also from
      disadvantages, the principal one of which is balance and difficulty in
      sealing and lubrication.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes these disadvantages by providing a toroidal
      cylinder divided into two intake/compression sections and
      two/expansion/exhaust sections and eliminating valves and crank shafts.
      Double-headed pistons are provided which carry out two functions in one
      section of the cylinder at the same time and the engine is readily adapted
      for use with gasoline or diesel fuel operation. Furthermore, by modifying
      the exhaust and intake ports, it is readily adaptable for use with steam.
PAR  The principal object and essence of the invention is therefore to provide a
      device of the character herewithin described which includes a toroidal
      cylinder having an annular slot formed on the inner wall within which a
      pair of rings are sealably engaged for rotation, sets of pistons being
      secured to the outer periphery of the rings and adapted to orbit within
      the toroidal cylinder.
PAR  Another object of the invention is to provide a device of the character
      herewithin described which is readily adapted for use with a standard
      carburetor or fuel injection or, alternatively, for use with diesel fuel
      or steam.
PAR  Still another object of the invention is to provide a device of the
      character herewithin described which is provided with a minimum of moving
      parts all of which rotate around a central axial shaft which acts as the
      drive shaft.
PAR  Still another object of the invention is to provide a device of the
      character herewithin described in which balance is provided by positioning
      the pistons equidistantly around the periphery of the rings.
PAR  Another object of the invention is to provide a device of the character
      herewithin described which is simple in construction, economical in
      manufacture and otherwise well suited to the purpose for which it is
      designed.
PAR  With the foregoing objects in view, and other such objects and advantages
      as will become apparent to those skilled in the art to which this
      invention relates as this specification proceeds, my invention consists
      essentially in the arrangement and construction of parts all as
      hereinafter more particularly described, reference being had to the
      accompanying drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an external front view of the invention.
PAR  FIG. 2 is a view similar to FIG. 1, but with one end plate removed and the
      cylinder partially cut away to show the interior thereof.
PAR  FIG. 3 is a view reversed from FIG. 2 with the end plate removed and the
      cylinder partially cut away to show the interior thereof.
PAR  FIG. 4 is a cross sectional view of FIG. 2.
PAR  FIG. 5 is a fragmentary cross sectional enlargement showing the sealing
      means between the rings and the cylinder, the piston mounting means and
      oiling means.
PAR  FIG. 6 is a schematic view showing the relative position of the pistons in
      one position.
PAR  In the drawings like characters of reference indicate corresponding parts
      in the different figures.
DETD
PAC  DETAILED DESCRIPTION
PAR  Proceeding therefore to describe the invention in detail, reference should
      be made to the accompanying drawings in which 10 illustrates in general, a
      toroidal cylinder.
PAR  In the present embodiment, this cylinder is made in two halves and
      outstanding flanges 11 are secured together as by nut and bolt assemblies
      12.
PAR  However, it will be appreciated that the division may be equatorial which
      may assist in manufacturing, but of course makes the sealing of the two
      halves a little more difficult.
PAR  Intake ports 13 and exhaust ports 14 are formed diametrically opposite one
      another within the outer wall of the toroidal cylinder as clearly
      illustrated in FIG. 2.
PAR  An annular slot 15 is formed around the inner wall or inner diameter of the
      toroidal cylinder and the edges of the slot are machined as is the
      internal surfaces of the toroidal cylinder.
PAR  Planar surfaces 16 are machined just above the slots 15 (FIG. 2) and near
      the centre of the back half of the toroidal cylinder (FIG. 3) and cover
      plates 17 and 18 are bolted to these planar surfaces by means of bolts 19
      so that the plates 17 and 18 are in spaced and parallel relationship one
      with the other and span the central area within the toroidal cylinder.
PAR  These plates carry bearings 20 centrally thereof within which a main drive
      shaft 21 is supported for rotation axially in relation to the toroidal
      cylinder as clearly illustrated.
PAR  A ring gear 22 is secured around the inner wall of the toroidal cylinder
      within the area enclosed by plates 17 and 18 by means of bolts 23 (see
      FIG. 5) and a sun gear 24 is keyed to the drive shaft 21 by means of key
      25 and this sun gear is in substantially the same plate as the ring gear
      22.
PAR  A spider 26 is freely supported upon shaft 21 by means of ball race 27 or
      the like and pins 28 extend upwardly from the ends of the spider and are
      supported for rotation within ball races 29 provided in the ends of the
      spider.
PAR  Planetary gears 30 are secured to pins 28 and mesh with the sun gear 24 and
      with the ring gear 23 as clearly illustrated in the drawings and although
      two such planetary gears are shown in the majority of the views, it will
      be noted that four such gears are shown in FIG. 6.
PAR  A pair of rings 31 and 31A are provided and act as piston carrying
      components and these rings engage within the aforementioned slot 15 and
      rotate in the slot being in sealing relationship with one another and with
      the walls of the cylinder bounding or defining the slot.
PAR  Reference to FIG. 5 will show that these walls 32 are recessed to receive a
      seal pad 33 and that triangular shaped annular rings 34 stressed
      contractually (so that they contract instead of expand as conventional
      piston rings do) are provided on the outer faces of the rings which bear
      against these pads and assist in the seal. The rings are provided with
      inner annular shoulders 35 to assist in stabilizing the piston and ring
      assembly, the pads 33 being bolted to the casing by recessed bolts as
      shown in phantom in FIG. 5. The cylinder is provided with annular flanges
      or lips 58 forming the recess within which the pads 33 are seated.
PAR  Triangular shaped annular rings 36, stressed contractually, are provided
      within annular slots formed on the interfacial areas of the rings 31 and
      31A and provide seals between the two rings as clearly shown in FIG. 5.
PAR  Arms 37 extend radially inwardly from the inner perimeter of rings 31 and
      31A and these arems are slotted as at 38 (see FIG. 6) and engage over a
      pin 39 extending upwardly from the planetary gears 30 offset from the
      centre axis thereof. This engagement between the rings and the shaft via
      arms 37 and the planetary gear system, controls the relative speed of
      rotation of the rings with reference to the drive shaft 21.
PAR  A set of pistons 40A, 40B, 40C and 40D are secured to the periphery of one
      of the rings 31 and a corresponding set of pistons 41A 41B, 41C and 41D
      are secured to the periphery of the other of the rings 31A. It will be
      appreciated from reference to FIG. 6, that the pistons of each set are
      equidistantly spaced around the rings and that the two sets are offset one
      from the other by the engagement of the pistons on the ring perimeter.
PAR  There are several ways in which the pistons can be secured to the rings and
      one method is shown in phantom in FIG. 5 in which two alsignment studs 54
      for each piston that fit corresponding holes in the sides of the piston.
      These are set in the carrying rings 31 or 31A and a bolt 56 secures the
      piston through a hole in the carrying ring with a shim 53 between the
      piston and the carrying ring to prevent the piston binding.
PAR  Each piston is formed as a segment of the toroidal cylinder and is in the
      form of a double-headed piston having piston rings 45 provided thereon to
      give an adequate seal between the pistons and the walls of the toroidal
      cylinder.
PAR  External fins 46 may be provided upon the outer wall of the toroidal
      cylinder and, if desired, a cooling fan 47 may be secured to the drive
      shaft as shown schematically in FIG. 1 or the cylinder may be set in a
      water cooled block (not shown).
PAR  If desired, an oil pan or sump 48 may be provided around the shaft 21 (see
      FIG. 4) and gear 49 may be secured to the drive shaft 21 to act as a gear
      for timing the ignition and oil pump driving (if required).
PAR  Oil is fed through radially extending oil grooves 55 formed by annular
      channels in the lip 58 and orifices 55C in the pads 33, where it is picked
      up by corresponding drillings in the rings and conveyed to radial
      drillings or passageways 55B extending inwardly through each bolt 56, to
      each piston 41, to the centre thereoef, and thence by radial drillings or
      passageways 55A through the reinforcing ribs, to the periphery of the
      pistons. Part of the oil is diverted to lubricate the sealing rings in the
      rings 31, 31A (see drillings 55D). An annular space 51 is formed around
      the bolt near the head thereof and a small cross drilling extends from the
      surface of the bolt in this space, to the drilling 55B. Various seals are
      shown in phantom at 52A, B and C and, are provided to prevent forward or
      backward leakage of the gases. Also an annular seal 57 is provided between
      the pads 33 and the rings 31, 31A, around the junction between the
      drilling 55C in the pad and the connection in the ring to the annular
      space around the bolt 56.
PAR  Counter-weights 50 may be provided upon rings 31 and 31A to counteract the
      weight of the arms 37 and these arms may be provided with curved slots 38A
      as shown in FIG. 2. The planet gears may also be provided with
      counter-weights (not illustrated) to offset the weights of the pins
      mounted thereon.
PAR  Although only one connection is required between the relevant planetary
      gear 30 and the relevant ring 31 or 31A, nevertheless if design parameters
      require, four such planetary gears may be provided under which
      circumstances two may be connected to ring 31 by means of the relevant
      arms and two, to ring 31A.
PAR  As mentioned previously, ignition may be by means of spark plugs or by fuel
      injection and in the present embodiment, spark plugs 51 are provided
      through the outer wall of the toroidal cylinder diametrically opposite one
      another and substantially at right angles to the inlet and exhaust ports
      13 and 14.
PAR  Although two sets of four pistons are illustrated, any even number above
      four of double-headed pistons per set may be used in internal combustion
      applications and sets of any number greater than one double-headed pistons
      per set may be used in steam applications.
PAR  Since the number of pistons is given as variable in the previous paragraph,
      the circumference must also be variable. It can be given in the formula cp
      = cr/p (in which cp = circumference of planet gear, cr = circumference of
      ring gear, p = number of pistons per set).
PAR  The circumference of the planet gears 30 should be exactly cr/p (where cr =
      the circumference of the ring gear and p = the number of pistons on one
      ring), 1/p, of the circumference of the ring gear 22 -- in the case
      illustrated, one quarter -- and the mechanism is assembled so that the
      planet gear pin 39 engaging one of the arms 37, is nearest to the cylinder
      ring when the pin on the other planet gear is one quarter of a revolution
      of the planet gear away from the ring gear and this arrangement as
      illustrated in the drawings, controls the speed of the two sets of pistons
      relative to one another, so that successive pistons move at their slowest
      at exactly the same point (the ignition point) and between the
      exhause/intake points in the toroidal cylinder.
PAR  In operation, and referring to the schematic view of FIG. 6, piston 40B is
      at near rest until piston 41B has closed the gap between them and
      exhausted the spent gasses then it (together with the other pistons
      secured to the relevant ring 31) starts to move away from piston 41B thus
      increasing the space therebetween and drawing in a new charge through the
      inlet port 16. The same operation is occurring diametrically opposite with
      piston 40D increasing its distance from piston 41D.
PAR  At the end of the intake stroke, piston 41B starts to catch up thus
      compressing the gases between pistons 40B and 41B until the two pistons
      are closest together at approximately 90.degree. from the position
      illustrated in FIG. 6 whereupon ignition occurs through the spark plug 51
      (or other equivalent means).
PAR  The timing is such that at the point of ignition, the expansion of gases
      assists in driving piston 40D away from piston 41D thus imparting power to
      drive shaft 21 whereupon piston 41B starts to catch up with piston 40B to
      exhaust the spent gases through the exhaust port 14 approximately
      180.degree. from the start of this particular cycle.
PAR  The same cycle has occurred in the lower portion of the toroidal cylinder
      and by the time the original pistons 40B and 41B reach the position shown
      in FIG. 6 by pistons 40D and 41D, another power stroke has commenced.
PAR  In conjunction with the above sequence, as the pins 39 on the planetary
      gear adjacent piston 40B in FIG. 6, (through which power is transmitted to
      sun gear 24) approach the gear race via ring 22, the pistons secured to
      that particular ring slow down and this causes the compression sequence of
      pistons 40B and 41B to occur as it approaches top dead centre with
      reference to FIG. 6.
PAR  At about the greatest compression point, the gases are ignited and the
      result of the explosion exerts mutual force on the pistons 40B and 41B,
      but the force is more effective on piston 40B since the relevant pin 39 is
      moving away from the outermost position adjacent the ring gear 22 causing
      the system to rotate. When maximum expansion is reached, the burned gases
      are expelled at exhaust ports 14 ana new charge of an air-fuel mixture is
      drawn in behind piston 40B as it advnaces, compressed by piston 41B and
      the cycle is repeated.
PAR  By varying the size of the pistons and the position of the pins 39 on the
      planetary gears 30 relative to the centers thereof, the compression ratios
      can be chosen as well as the amount of run-through (that is, how
      completely the pistons slow down at the points of maximum compression). By
      curving the arms recessively as illustrated in FIG. 2, the forward piston
      is allowed to progress faster at the start of the firing stroke than the
      succeeding piston follows, achieving smoother and more advantageous power
      transmission and also increasing the length of the combustion chamber
      utilizing more of the explosive energy of the fuel.
PAR  The engine is assembled in stages. First, the pistons are inserted in the
      cylinder in their proper sequence and then the cylinder rings with their
      seals and pads are placed in one-half of the toroidal cylinder and the
      other half is engaged over the cylinder rings. By previously aligning the
      piston and cylinder rings with marks on the casing the pistons can be
      bolted to the cylinder rings in the correct position and the shims 53 can
      be provided between the pistons and the rings to prevent binding.
PAR  Reference to FIG. 6 will show that if inlet and exhaust ports are provided
      at substantially 90.degree. from those illustrated, the engine can readily
      be adapted for use with steam.
PAR  Since various modifications can be made in my invention as hereinabove
      described, and many apparently widely different embodiments of same mode
      within the spirit and scope of the claims without departing from such
      spirit and scope, it is intended that all matter contained in the
      accompanying specification shall be int erpreted as illustrative only and
      not in a limiting sense.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. An internal combustion engine which includes inlet and exhaust means,
      fuel supply means and means to ignite said fuel within said engine;
      comprising in combination a toroidal cylinder having an annular slot
      formed in the inner circumference thereof, a drive shaft supported for
      rotation axially of said cylinder, a pair of piston carrying components
      surrounding said axle, a set of pistons set substantially equidistantly
      around the perimeters of each of said piston carrying components and
      mounted for annular movement within said cylinder, said piston carrying
      components having means sealably engaging within said annular slot, and
      means co-acting between said shaft and said piston carrying components to
      control relative movement of each of said piston carrying components with
      the other and hence the relative position of pistons on one of said piston
      carrying components and pistons on the other of said piston carrying
      components, said means coacting between said shaft and said piston
      carrying components including a sunwheel keyed to said shaft, a ring gear
      secured around said cylinder adjacent said slot and substantially in the
      same plane as said sun gear, a plurality of planetary gears meshed with
      said sun gear and said ring gear, and means to support said planetary
      gears for rotation, said piston carrying means comprising a pair of rings
      engaging in said slot, annular sealing means between said rings and
      further annular sealing means between said rings and the walls of said
      cylinder defining said slot, said pistons being secured to the outer
      perimeter of said rings, and means to center said rings concentrically
      around said shaft and to center said pistons within said torodial
      cylinder, said last mentioned means comprising an annular recess formed
      around the walls defining said slot, annular seal pads secured within said
      recess and an inner annular shoulder formed on each of said rings
      engageable with said seal pads to center said rings and hence said pistons
      secured to said rings, said annular sealing means between said rings
      including an inner annular triangular shaped recess formed on the
      interfacial faces of each of said rings, and an inner contractually
      stressed triangular cross sectioned sealing ring engaged within said inner
      recesses and spanning between said rings, said inner recesses and said
      inner triangular ring being positioned whereby gas passing under pressure
      from said cylinder acts upon said inner triangular ring, to force same
      into further sealing engagement with the walls of said inner recesses with
      a wedging action.
NUM  2.
PAR  2. The engine according to claim 1 in which said means to support said
      planetary gears for rotation includes a spider journalled for rotation
      upon said axle, said planetary gears being journalled for rotation upon
      the distal ends of said spider.
NUM  3.
PAR  3. The engine according to claim 1 in which said means co-acting between
      said shaft and said piston carrying components further includes a slotted
      arm secured to each of said piston carrying components and extending from
      adjacent said slot radially inwardly, means on said planetary wheels
      offset from the center thereof slidably engaging within said slotted arm
      thereby controlling the relative speeds of said pistons as said pistons
      and said piston carrying components rotate.
NUM  4.
PAR  4. The engine according to claim 2 in which said means co-acting between
      said shaft and said piston carrying components further includes a slotted
      arm secured to each of said piston carrying components and extending from
      adjacent said slot radially inwardly, means on said planetary wheels
      offset from the center thereof slidably engaging within said slotted arm
      thereby controlling the relative speeds of said pistons as said pistons
      and said piston carrying components rotate.
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ABST
PAL  A two-cycle spark ignition engine is provided with jet ignition means
      including a prechamber formed within the piston and connected by a
      restricted passage with the main combustion chamber. At piston bottom dead
      center, the prechamber connects with an auxiliary inlet from which it
      receives a rich air-fuel mixture. At piston top dead center, the
      prechamber communicates with a spark plug that initiates combustion in the
      rich mixture, causing a flame jet to shoot through the restricted passage
      to the main combustion chamber, igniting and burning the lean mixture
      therein. A lean air-fuel mixture may be provided in the main chamber by
      any of several means, including direct or manifold injection, carburetion
      or carry-over from the rich mixture in the prechamber. Both uniflow
      scavenged and loop scavenged arrangements are disclosed.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to internal combustion engines and more particularly
      to engines of the two-stroke, spark ignition type provided with prechamber
      jet ignition means.
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known in the art to provide a four-stroke cycle internal
      combustion engine with a main combustion chamber in which air or a lean
      air-fuel mixture is provided and an auxiliary combustion chamber or
      prechamber connected with the main chamber by a restricted passage or
      orifice and in which a preferably rich air-fuel mixture is provided for
      ignition by a spark plug. In such engines the combustion originating in
      the prechamber forces into the main chamber a jet of burning gases,
      including unburned and partially burned mixture and combustion products.
      The burning jet, because of its high energy, is able to ignite a lean
      mixture in the main chamber, thereby permitting the burning of overall
      leaner mixtures in an engine than would be possible without the jet
      ignition process. Two examples of engines utilizing some of the many
      variations of the above-described principle are shown in U.S. Pat. Nos.
      1,568,638 and 1,833,445 Summers.
PAR  In the main, the prechamber jet ignition principale has been applied to
      four-cycle spark ignition engines, and principle is thought there would be
      advantages in providing simple arrangements applicable to two-cycle
      engines in which inlet air or air-fuel mixture is admitted through piston
      controlled ports, rather than the poppet valves generally utilized in
      four-cycle engines.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides two-cycle engine arrangements which
      incorporate prechamber jet ignition means in which the prechamber means
      are formed within the engine piston or pistons. The arrangements provide
      for the admission of air or lean air-fuel mixture through piston
      controlled inlet ports, as is common in two-cycle engines, an auxiliary
      port feeds rich air-fuel mixture to the prechamber when the piston is at
      bottom dead center. Upon upward movement of the piston to top dead center,
      the prechamber communicates with a spark plug fixedly mounted in the
      engine cylinder which ignites the rich mixture in the prechamber,
      initiating combustion and causing a flame jet to shoot through a
      restricted passage into the main chamber so as to ignite the lean mixture
      therein.
PAR  The placement of the prechamber permits both the main chamber and the
      prechamber to be scavenged at the time fresh mixture is admitted without
      requiring the use of poppet inlet valves or other such devices as is
      conventional in jet ignition prechamber type engines. The invention is
      adaptable to various scavenging arrangements including both uniflow and
      loop scavenging.
PAR  The foregoing, as well as numerous other features and advantages, will be
      more fully understood from the following description of certain preferred
      embodiments taken together with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a fragmentary cross sectional view of an internal combustion
      engine of the two-cycle uniflow scavenged type formed according to the
      invention;
PAR  FIG. 2 is a fragmentary cross sectional view showing an alternative
      embodiment of engine of the two-cycle loop scavenged type formed according
      to the invention; and
PAR  FIG. 3 is a cross sectional view of one cylinder of the engine of FIG. 2
      taken generally in the plane indicated by the line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring first to FIG. 1 of the drawing, there is shown an internal
      combustion engine of the two-stroke cycle, uniflow scavenged type
      generally indicated by the numeral 10. Engine 10 includes a cylinder block
      12 retaining a plurality of cylinder liners 13, only one being shown.  The
      cylinder liners have their upper ends closed by a cylinder head 14. The
      head is mounted on the upper end of the block and cooperates therewith and
      with the liners 13 to form a plurality of closed end cylinders 15, each
      having a cylindrical side wall 16 and a planar end wall 18.
PAR  Within each cylinder there is reciprocably disposed a piston 20 which
      cooperates with the closed end cylinder to define a variable volume
      combustion chamber 21 adjacent the end wall 18 of the cylinder. Piston 20
      is movable from a top dead center position shown in full lines in the
      drawing, in which position the combustion chamber has its minimum volume,
      to a bottom dead center position shown in phantom lines in the drawing, in
      which position the combustion chamber has its maximum volume. The piston
      connects by means of a connecting rod 22 with a crankshaft, not shown, to
      which power is delivered in operation of the engine in conventional
      manner. The piston is provided with a plurality of compression rings 23
      and oil control rings, not shown, which are mounted on the piston and
      engage the cylinder walls in conventional manner.
PAR  The engine is provided with a suitable engine or exhaust driven air blower
      or the like, shown here schematically by block 24, and arranged to feed
      charging air in known fashion to an enclosed air box 25 formed within the
      engine cylinder block surrounding the cylinder liners. The air box
      connects with a plurality of peripheral inlet ports 26 in each cylinder
      liner which are controlled in known manner by movement of the piston,
      being open when the piston is in its bottom dead center position to permit
      charging air to pass from the air box into the combustion chamber 21,
      which is then at its largest volume.
PAR  The cylinder head 14 is provided with a plurality of exhaust ports 28 which
      open through the end wall 18 of each cylinder and are controlled by poppet
      exhaust valves 29 actuated through suitable valve gear driven by the
      engine camshaft 30 in known manner. The valve timing is arranged so that
      the valves are open when the respective piston is near its bottom dead
      center position, permitting exhaust gases to escape and the combustion
      chamber to be scavenged by fresh air admitted through the inlet ports 26.
PAR  The cylinder head also mounts a fuel injector 32 for each cylinder which is
      actuated by suitable valve gear 33 driven by the camshaft 30. The fuel
      injector may be timed to admit a charge of fuel to the combustion chamber
      during the compression stroke to mix with the inlet air and form a lean
      air-fuel mixture in the chamber.
PAR  Within each piston 20 there is provided a small recess containing a thin
      wall insert 34 that defines a prechamber 35, which may also be known as an
      ignition chamber or auxiliary combustion chamber. Prechamber 35 is located
      just below the top of the piston and is connected by a restricted passage
      or orifice 37 with the main combustion chamber 21. The prechamber is open
      through the side of the piston to the side wall of the cylinder liner in
      which the piston reciprocates.
PAR  As shown in the drawing, when the piston is in its top dead center position
      (shown in full lines), the prechamber communicates with a spark plug 38,
      which is mounted in a threaded opening 40 in the cylinder block that
      communicates with the prechamber through an opening 41 in the cylinder
      liner.
PAR  In the bottom dead center position of the piston (shown in phantom lines),
      the prechamber 35 connects with an auxiliary inlet port 42 extending
      through the cylinder block and liner. Port 42 is in turn connected, as
      shown schematically in the drawing, with a mixing chamber or passage 44
      that receives pressurized air from the blower 24 and is connected to
      receive fuel from a fuel injection system 45 or alternative form of fuel
      supply means adapted to provide fuel to mix with the air so as to supply a
      rich air-fuel mixture to the prechamber 35 when the piston is in its
      bottom center position.
PAR  In operation, as each piston moves downwardly to its bottom dead center
      position, the exhaust valves 29 are opened, permitting the escape of
      exhaust gases, while the piston opens the inlet ports 26, permitting fresh
      air to enter and scavenge the combustion chamber. At the same time,
      prechamber 35 is aligned with the auxiliary inlet port 42 and receives an
      air-fuel mixture therefrom which scavenges and fills the prechamber. If
      desired, an excess flow of rich mixture may be provided for, some of which
      will flow through the restricted orifice 37 and enter the combustion
      chamber 21.
PAR  As the piston moves upwardly, the exhaust valves and inlet ports are
      closed, trapping the air charge in the cylinder. At this point the open
      end of the prechamber is also closed by the cylinder side wall so that the
      rich mixture is trapped and compressed in the prechamber as the piston
      moves upwardly on the compression stroke. During this period an
      appropriate charge of fuel may be injected by the injector 32 into the
      main chamber to form an air-fuel mixture in the combustion chamber which
      will generally be leaner than stoichiometric but may be varied in order to
      control the load on the engine. If desired, the air charge may be
      throttled by means not shown and the air-fuel mixture may be made
      consistently lean for normal operation and enriched only for full power
      operation.
PAR  When the piston reaches its top dead center position, the mixtures in both
      the main chamber and the prechamber are fully compressed, and the open end
      of the prechamber is located opposite the spark plug 38. At or slightly in
      advance of this position, the spark plug is fired, igniting and burning
      the mixture in the prechamber. Combustion causes expansion of the
      prechamber gases and burning products, forcing a flaming jet of actively
      burning products through the restricted orifice 37 and into the combustion
      chamber 21 where the flaming jet ignites the lean air-fuel mixture in the
      main chamber. The burning and expansion of the gases in the main chamber
      then forces the piston down and the cycle is repeated.
PAR  It should be understood that while the engine arrangement shown utilizes
      fuel injection for providing air-fuel mixture in the main and auxiliary
      chambers, it would be equally possible to provide the desired air-fuel
      mixtures by other known means, such as carburetion or the like. It should
      also be noted that the portion of the cylinder liner that is
      longitudinally aligned with the piston prechamber has no inlet ports 26 so
      that the auxiliary chamber is not connected with the air box when it
      passes the ported zone of the cylinder liner.
PAR  FIGS. 2 and 3 show an alternative embodiment of engine of the loop
      scavenged type incorporating the features of the present invention and
      generally indicated by numeral 50. Engine 50 includes a cylinder block 52
      defining a closed end cylinder 54 having side and end walls 55, 56,
      respectively. Within the cylinder 54, a piston 58 is reciprocably disposed
      for movement between upper and lower dead center positions.
PAR  The piston and cylinder define a combustion chamber 60 which varies in
      volume between a minimum at the upper dead center position of the piston
      and a maximum at the lower dead center position of the piston. The
      cylinder block is provided with inlet and exhaust ports 62, 63,
      respectively, which are controlled by the piston and communicate with the
      combustion chamber when the piston is in its bottom dead center position.
      A blower 65 provides pressurized air to the inlet port for charging and
      scavenging the combustion chamber and forcing the exhaust gases out the
      exhaust port. A vane 66 on the top of the piston directs the flow of the
      fresh charge upwardly through the cylinder to scavenge out the previously
      burned gases and prevent loss of the fresh charge through the exhaust
      port.
PAR  Piston 58 is provided with an internal prechamber 68 which is connected by
      a restricted passage 69 through the top of the piston with the combustion
      chamber 60. Prechamber 68 is also open on one side to the side wall 55 of
      the cylinder in which the piston reciprocates. At the bottom dead center
      of the piston, prechamber 68 communicates with an auxiliary intake port 70
      provided in the cylinder wall, whereas at the piston top center position,
      the prechamber 68 communicates with a spark plug 72 provided in an opening
      73 in the wall of the cylinder.
PAR  The auxiliary intake port 70 is also connected to be fed by the blower 65.
      Separate fuel nozzles 74, 75 are provided for feeding fuel into the
      auxiliary and main intake ports 70, 62, respectively, so that the desired
      air-fuel mixtures may be supplied to the prechamber and main combustion
      chamber.
PAR  The operation of the engine of FIGS. 2 and 3 is essentially the same as
      that for the engine of FIG. 1, except that the engine operates as a loop
      scavenged engine without the presence of poppet valves or valve gear.
PAR  As in the first embodiment, it would be possible to vary the manner in
      which the fuel is admitted to the main combustion chamber and the
      prechamber in any fashion consistent with the present invention. In view
      of these and other changes which may be made in the form of this invention
      by those skilled in the art without departing from its teachings, it is
      intended that the invention be limited only by the language of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A two-cycle internal combustion engine including means defining a closed
      end cylinder, a piston reciprocably movable in said cylinder and defining
      therewith a combustion chamber adjacent said cylinder closed end and
      variable in volume from a minimum to a maximum upon movement of said
      piston from top dead center to bottom dead center positions, respectively,
      a prechamber formed within said piston and connected to said combustion
      chamber by a restricted passage through the end of said piston, said
      prechamber being open on one side through a cylinder engaging wall of said
      piston, exhaust means through said cylinder and open to said combustion
      chamber near its maximum volume to permit removal of exhaust products from
      said chamber, first inlet means through said cylinder and open to said
      combustion chamber near its maximum volume to admit a fresh gas charge
      directly to said combustion chamber, second inlet means through said
      cylinder and positioned such that upon movement of said piston to its
      bottom dead center position, said prechamber communicates through its open
      side with said second inlet means for supplying a rich charge of air-fuel
      mixture to said prechamber, and ignition means mounted in said cylinder
      and positioned such that upon movement of said piston to its top dead
      center position, said prechamber communicates with said ignition means,
      for ignition of said prechamber charge, combustion of which causes
      expulsion of burning gases through said restricted passage to said
      combustion chamber and consequent ignition and burning of the gas charge
      in said combustion chamber.
NUM  2.
PAR  2. A two-cycle internal combustion engine including means defining a
      cylinder having side and end walls, a piston reciprocably movable between
      top and bottom dead center positions in said cylinder and defining
      therewith a combustion chamber adjacent said end wall and variable in
      volume from a minimum to a maximum upon movement of said piston,
      respectively, from its top to its bottom dead center positions, an exhaust
      port through a wall of said cylinder and open to said combustion chamber
      near its maximum volume to permit the escape of exhaust products from said
      combustion chamber, a main inlet port through said cylinder and open to
      said combustion chamber near its maximum volume to admit a fresh gas
      charge directly to said combustion chamber, a prechamber in said piston
      and connected with said combustion chamber by a restricted passage through
      the end of said piston, said prechamber being open on one side to said
      cylinder side wall, an auxiliary inlet port through said cylinder side
      wall and positioned to communicate with the open side of said prechamber
      in the piston bottom dead center position for supplying a rich charge of
      air-fuel mixture to said prechamber, and ignition means in said cylinder
      side wall and positioned to be adjacent the open side of said prechamber
      in the piston top dead center position for ignition of said prechamber
      charge, combustion of which causes expulsion of burning gases through said
      restricted passage to said combustion chamber for ignition and burning of
      the gas charge therein.
NUM  3.
PAR  3. An engine in accordance with claim 2 wherein said inlet ports and said
      exhaust port are in said cylinder side wall and are controlled by movement
      of said piston.
NUM  4.
PAR  4. An engine in accordance with claim 2 wherein said exhaust port is valve
      controlled and disposed in said cylinder end wall and said inlet ports are
      piston controlled and disposed in said cylinder side wall.
NUM  5.
PAR  5. An engine according to claim 2 and further including means operable to
      supply air to said main inlet port and a rich air-fuel mixture to said
      auxiliary inlet port.
NUM  6.
PAR  6. An engine according to claim 5 and further including means operable to
      supply fuel to form a lean air-fuel mixture with the air supplied to said
      main inlet port.
NUM  7.
PAR  7. An engine according to claim 5 and further including means operable to
      supply fuel to said combustion chamber to form a lean air-fuel mixture
      therein with the air supplied through said main inlet port.
PATN
WKU  039371891
SRC  5
APN  4371275
APT  1
ART  342
APD  19740128
TTL  Fan shroud exit structure
ISD  19760210
NCL  5
ECL  1
EXA  Richter; Sheldon
EXP  Davis, Jr.; Albert W.
NDR  2
NFG  5
INVT
NAM  Beck; Harold D.
CTY  Downers Grove
STA  IL
ASSG
NAM  International Harvester Company
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  123 4149
XCL  165 51
XCL  165122
XCL  165134
XCL  180 54A
XCL  415210
XCL  415219R
XCL  415DIG1
EDF  2
ICL  F01P 1110
FSC  165
FSS  134;51;122
FSC  123
FSS  41.48;41.49
FSC  180
FSS  54 A;68 R
FSC  415
FSS  210;219 R;DIG. 1
UREF
PNO  2703075
ISD  19550300
NAM  Sanders
OCL  123 41.49
UREF
PNO  2896595
ISD  19590700
NAM  Guillo-Quevedo
OCL  123 41.49
UREF
PNO  3144859
ISD  19640800
NAM  Walton
OCL  123 41.49
UREF
PNO  3635285
ISD  19720100
NAM  Davis
OCL  165 51
UREF
PNO  3727593
ISD  19730400
NAM  Enke
XCL  123 41.49
LREP
FR2  Krubel; Frederick J.
FR2  Harman; Floyd B.
ABST
PAL  A heat exchanger apparatus for a liquid-cooled internal combustion engine
      including a radiator axially spaced from the engine, an engine driven,
      suction type fan axially spaced intermediate the engine and radiator for
      drawing cooling air axially through the radiator, and fan shroud means
      shaped and positioned with respect to the radiator and the blades of the
      fan whereby the major component of the air stream discharged by the fan is
      in a direction reversed to the direction to the major component of the air
      stream entering the radiator. The fan shroud structure is formed to
      provide a generally cylindrical exit throat section (CF), a radial flat
      discharge section (RF), and a radial expander or diverging section (R)
      serving as a transition between the throat section and the radial exit
      section and wherein the propeller-type blades of the fan have a projected
      axial width (AW). The various shroud structure sections are dimensioned
      with respect to such projected axial width (AW) of the fan blades and the
      fan blades are positioned with respect to such shroud structure sections
      in the following manner: CF = AW/3, RF = AW/3, R = 2AW/3, and the radial
      plane containing the trailing edges of the fan blades is axially spaced
      outwardly from the radial plane containing the radial exit section (RF) a
      distance X.sub.E and wherein the magnitude of X.sub.E is between 60 and 75
      percent of the projected axial width (AW) of the fan blades.
BSUM
PAR  This invention generally relates to a cooling assembly for a liquid-cooled
      internal combustion engine and more particularly to a cont fan shroud exit
      structure for directing the air stream in a particular manner therefrom.
PAR  Most vehicles in general use today are propelled by internal combustion
      engines and such engines, as is well known, generate heat during the
      operation of the same. For the most part, the motor vehicle internal
      combustion engines employed commercially are of the liquid-cooled type
      which entails the circulation, under pressure, of a coolant through the
      engine for absorbing heat. The correct operating temperature of the engine
      is maintained by subsequently passing, under pressure, the heated coolant
      received from the engine through a heat exchanger system for dissipating
      heat from the coolant to the atmosphere and returning the coolant to the
      engine for recirculation in the engine. Generally, the heat exchange
      system employed includes a heat exchanger or radiator through which the
      heated coolant received from the engine is caused to flow. Simultaneously,
      air is also caused to flow through the radiator which absorbs the heat
      from the heated coolant and carries it out into the atmosphere.
PAR  The cooling capacity of a heat exchanger system of the type to which the
      present invention relates is dependent upon many factors including the
      velocity and volume of the air caused to flow through the radiator. One
      type of air moving system employed for obtaining the necessary air flow
      through the radiator in order to maintain the desired operating
      temperature of the engine involves a fan of the axial flow, suction type.
      That is, the fan assembly is designed to suck or draw air from the
      atmosphere and cause the air stream to flow substantially axially through
      the radiator. Heretofore, in most vehicle installations, the air stream
      after passing through the radiator was discharged back over the entire
      engine which is usually spaced axially rearwardly of the fan and radiator.
      Thereafter, the heat-ladened air had to somehow exit exteriorly of the
      engine compartment to the atmosphere. Inasmuch as the conventional axial
      flow suction type fan discharges the heat-ladened air directly into the
      engine compartment and since, in many vehicles, the operator's station is
      located directly rearwardly of the engine compartment there is a
      possibility that such heat-ladened air stream will enter the operator's
      environment and result in an adverse effect on the operator. Moreover,
      when the vehicle is performing tasks that generate large amounts of dust
      or air borne particles such material will oftentimes settle in the engine
      compartment and in the operator's compartment. The aforementioned dust
      problem is found in many cases to have a detrimental effect upon the
      engine and its performance as well as upon the efficiency and comfort of
      the operator. It is, therefore, an object of this invention to provide a
      heat exchanger system for a motor vehicle engine wherein an axial flow
      suction type fan is employed, which draws air from the exterior of the
      vehicle forwardly of the radiator and expels the air from the engine
      compartment in the form of an air stream having a major velocity component
      opposite to the direction of the air stream passing through the radiator
      in order to mitigate the above-mentioned and other inherent shortcomings
      of conventional motor vehicle heat exchanger system utilizing a suction
      type fan axially spaced intermediate a forwardly mounted radiator and an
      engine disposed rearwardly therefrom.
PAR  Another object is to provide a fan shroud exit structure -- cooling air fan
      relationship whereby the exhaust air stream is capable of being directed
      in an axial direction 180.degree. reversed from the axial direction of the
      air stream passing through the radiator.
PAR  Still another object is to provide a heat exchanger system for a motor
      vehicle including a new and improved fan shroud exit structure and a novel
      positioning of such fan shroud exit structure with respect to the cooling
      fan blades whereby the direction of the discharge air stream is readily
      and accurately controllable.
PAR  In accordance with the preferred embodiment of the present invention, a
      motor vehicle of the type having a liquid-cooled internal combustion
      engine is provided with an engine cooling heat exchanger system, which, in
      turn, includes a conventional, generally upright radiator, mounted axially
      forwardly of the engine, through which the engine cooling is circulated in
      the usual manner. The heat exchanger system also includes a conventional
      multi-bladed, axial flow, suction-type fan, axially spaced intermediate
      the radiator and engine, for drawing air rearwardly and axially through
      the radiator core. A fan shroud means is operatively connected to the rear
      face of the radiator and includes a uniquely contoured exit structure. As
      will be pointed out hereinafter in detail, the fan is positioned with
      respect to the fan shroud exit structure in such a manner that the air
      stream after passing through the radiator core, may be "bent" and caused
      to flow in an axial direction reversed to the direction of the air flow
      passing through the radiator core.
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PAR  The foregoing and other important objects and desirable features inherent
      in and encompassed by the invention, together with many of the purposes
      and uses thereof, will become readily apparent from a reading of the
      ensuing description in conjunction with the annexed drawings, in which:
PAR  FIG. 1 is a side elevation of an internal combustion engine showing the
      device of the invention in conjunction with a vehicle;
PAR  FIG. 2 is a fragmentary vertical section showing the spatial relationship
      of the fan to the contoured exit section;
PAR  FIG. 3 is a top view of a tractor showing the direction of the exiting air
      stream when equipped with a conventional prior art heat exchanger system;
      and
PAR  FIG. 4 is a top view of a tractor showing the direction of the exiting air
      stream achieved when the tractor is equipped with a heat exchanger
      apparatus of the present invention and the fan blades are located in a
      first position with respect to the fan shroud exit section; and
PAR  FIG. 5 is a top view of a tractor, similar to FIG. 4, showing the direction
      of the exiting air stream achieved when the tractor is equipped with a
      heat exchanger apparatus of the present invention and the fan blades are
      located in a second position with respect to the fan shroud exit section.
DETD
PAR  While the invention will be described in connection with a preferred
      embodiment, it will be understood that it is not intended to limit the
      invention to that embodiment. On the contrary, it is intended to cover all
      alternatives, modifications, and equivalents as may be included within the
      spirit and scope of this invention as defined by the appended claims.
PAR  Turning first to FIG. 1 there is shown a conventional liquid-cooled heat
      producing internal combustion engine means 10 carried forwardly on a
      longitudinally extending parallel frame support means 12 of a vehicle 14.
      As shown herein the vehicle 14 is a tractor. However, as will hereafter
      become more apparent this invention can be applied to any type of vehicle
      employing a heat-generating engine, whether internal or external
      combustion, or any other portable or stationary heat exchange system,
      whether used in conjunction with an engine or not requiring an air moving
      fan, fan shroud means, and a heat exchanger. Forwardly mounted is a water
      cooling radiator 16 employed to dissipate the engine generated heat. Water
      or coolant flows between the water jacket on the engine (not shown) and
      the radiator core through a series of fluid communicating means 18 and 20.
      In this particular embodiment a sheet metal structure 22 substantially
      encloses engine 10 thereby forming or defining the engine compartment
      space 24.
PAR  Carried at the forward end of engine 10 is an engine-driven fan shaft 26 to
      which an axial flow, section-type fan 28 is operatively connected whereby
      power is delivered to drive the fan 28. As is apparent the particular
      means whereby power is transmitted to the fan 28 from the engine 10 is not
      critical and belts and pulleys or other form of known transmission could
      also be employed. As employed here, fan 28 is a rotatable suction fan
      positioned adjacent one side of the radiator 16 at the forward end of the
      engine, and, as normally employed in the prior art, creates a flow of air
      by drawing in a stream of cooling air axially and rearwardly through the
      core of the radiator 16 with subsequent discharge thereof in generally the
      same direction. This axial flow of air is directed by a shroud means 30.
      The particular shape of the forwardmost section 32 of the shroud means 30
      is dependent upon the shape or configuration and design of the radiator.
      The nature of the connection between the forwardmost edge of the shroud
      section 32 and the rear or air exiting face 34 of the radiator 16 will be
      dependent upon the particular characteristics of these components. That
      is, some connections being provided with air gaps while others are
      substantially sealed over the entire periphery of the mating structures.
      In the preferred form of this invention the entire rear face 34 of the
      radiator 16 is substantially sealed against the passage of air at the
      joint between the radiator 16 and the shroud section 32. From the forward
      edge or edges of the shroud means 30 (be it a taper transition as shown or
      a box type) the shroud section 32 is formed so that it converges
      rearwardly and axially whereby its rearwardmost edge 36 is substantially a
      circle.
PAR  Referring now to FIG. 2 wherein is more clearly shown an exit shroud means
      38 extending axially rearwardly and radially outwardly from shroud edge
      36. The connection or joint between the shroud section 32 and the exit
      shroud means 38 can be achieved by any suitable means. However, it is
      desirable that such connection or joint be relatively free of gaps or
      spaces which allow the passage of air. Exit shroud means 38 includes a
      generally cylindrical section 40, an arcuate or curved portion or section
      42, and a radially extending flat flange portion or section 44. For the
      most part cylindrical shroud section 40 defines the leading or entrance
      end of the exit shroud means 38. The arcuate or curved portion 42 extends
      radially outwardly and axially rearwardly from the opposite or
      rearwardmost edge of the cylindrical shroud section 40. The arcuate or
      curved portion 42 has a radius of curvature R which extends from an
      infinite number of reference points 46, all of which lie in a plane
      containing the rearwardmost edge of the cylindrical shroud section 40. The
      reference points 46 also lie in a circle having a diameter equal to the
      diameter of the cylindrical shroud section 40 plus two times the radius of
      curvature R. That is, arcuate section 42 has a generally bell-shaped
      appearance, being a section of a transition surface or some approximation
      thereof. In the preferred embodiment arcuate section 42 has a constant
      radius of curvature R. Flat flange portion 44 forms the trailing edge of
      exit shroud means 38 and lies in a radial plane perpendicular to that of
      cylindrical section 40. Overall, the entire fan exit shroud means 38 has a
      horn-like configuration.
PAR  As previously stated, fan 28 is rotatably carried adjacent one side of said
      radiator 16 and is operable to establish a flow of cooling air
      therethrough. Fan 28 includes a plurality of radially extending fan blades
      48 (only one of which is shown) as is well known in the art. As shown in
      FIG. 2, fan 28 is partially surrounded or encircled by said exit shroud
      means 38. The enclosure or encirclement of the fan 28 within shroud means
      30 is such that a rear radial plane struck out by trailing edges 52 of the
      fan blades 48 is axially spaced beyond or rearwardly of and is parallel to
      the plane containing the radial flat flange portion 44, and preferably, to
      achieve the objects of the invention, such axial spacing (X.sub.E) is
      between 60 to 75 percent of the projected axial width (AW) of the fan
      blades 48. The projected axial width (AW) of the fan blades 48 is defined
      as the spacing, measured in an axial direction, between the radial planes
      respectively containing the leading and trailing edges of the fan blades
      48. It should be noted, however, that there is a plus or minus error
      factor involved in both the upper and lower limits of about 5 percent of
      (AW). That is, (X.sub.E) can be as low as 55 percent of (AW) or as great
      at 80 percent of (AW) and still function reasonably satisfactory within
      the scope of this invention. Thus, within this range where (X.sub.E) is
      between 55 to 80 percent of (AW), the deflected air stream will still be
      generally reversed axial 180.degree., as shown in FIG. 5 and by arrows 27.
      The two phantom positions shown in FIG. 2, A and B are included for
      purposes of demonstration. When fan 28 is positioned substantially into
      the fan shroud assembly as in A the resultant air pattern is generally
      axially rearwardly. That is, as shown in FIG. 3 and by arrows 23. Movement
      outwardly to position B, as more fully discussed, and explained in my
      co-pending application Ser. No. 348,436, filed Apr. 5, 1973 and assigned
      to the assignee of the present invention, wherein the trailing edges 52 of
      the fan blades 48 and the radial flat shroud section 44 lie in a common
      radial plane the air discharge pattern beomes radial as shown in FIG. 4
      and by arrows 25.
PAR  The following relationship exists between these parameters: RF = AW/3, CF =
      AW/3, and R = 2AW/3 where RF is the radial length of the radial flat
      portion 44, CF is the axial length of the cylindrical throat section 40,
      and R is the radius of the arcuate or curved section 42 or distance from
      the reference point to the transition surface (the radius of curvature)
      and AW is the projected axial width of the fan blades 48 of the fan 28, as
      defined above.
PAR  The spatial relationship of the fan 28 to the exit shroud means 38 is most
      conveniently expressed in terms of the percentage (X.sub.E) of the
      projected fan blade axial width (AW) which is exposed past a plane which
      passes through the radial flat portion or section 44. It has been found
      where 60% .ltoreq. X.sub.E .ltoreq.75% optimum reversed axial air flow is
      achieved. However, reasonable results can still be achieved even though
      the range of (X.sub.E) is expanded by 5 percent of (AW) at its upper and
      lower limits of 75 and 60 percent of (AW), respectively.
PAR  While the invention has been described in conjunction with specific
      embodiments thereof, it is evident that many alternatives, modifications,
      and variations will be apparent to those skilled in the art in light of
      the foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications, and variations as fall within the spirit and
      broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heat exchange apparatus comprising:
PA1  a heat exchange means having front and rear faces;
PA1  shroud means operatively connected to said heat exchange means about its
      rear face, said shroud means including a rearwardly extending exit shroud
      means comprising a radially outwardly and axially rearwardly extending
      curved shroud section and a flat portion extending radially outwardly from
      one end of said curved section;
PA1  an axial flow, suction-type fan having a plurality of fan blades, each of
      said fan blades having a trailing edge and a leading edge, said leading
      edges lying generally in a first radial plane and said trailing edges
      lying generally in a second radial plane axially spaced rearwardly from
      said first radial plane a distance AW and wherein the following
      relationship within plus or minus 12 percent of AW exists: RR = AW/3 where
      RF is the radial length of said radially extending shroud flat portion and
      R = 2AW/3 where R is the radius of curvature of said curved shroud
      section; and said second radial plane being axially spaced rearwardly from
      the radial plane containing said radially extending shroud flat portion a
      predetermined distance (X.sub.E) having a value of more than 50 but less
      than 100 percent of said axial distance AW.
NUM  2.
PAR  2. A heat exchange apparatus as set forth in claim 2, wherein said
      predetermined distance (X.sub.E) has a value of 55 to 80 percent of said
      axial distance AW;
NUM  3.
PAR  3. A heat exchange apparatus comprising; a heat exchange means having front
      and rear faces;
PA1  shroud means including
PA1  an entrance shroud means having forwardmost edge means arranged to encircle
      said rear face of said heat exchange means, and a rearwardly extending
      exit shroud means having forwardmost edge means joined to rearwardmost
      edge means of said entrance shroud means, said exit shroud means including
      in successive sections a generally cylindrical throat section, a radial
      curved section and a radial flat portion;
PA1  an axial flow, suction-type fan having a plurality of fan blades, each of
      said fan blades having a trailing edge and a leading edge, said leading
      edges lying generally in first radial plane and said trailing edges lying
      generally in a second plane axially spaced rearwardly from said first
      radial plane a distance AW, and said second radial plane being axially
      spaced rearwardly from the radial plane containing said radial flat
      portion a distance (X.sub.E) wherein the following relationship within
      plus or minus 12 percent AW exists: RF = AW/3, CF = AW/3, and R = 2AW/3
      where RF is the radial length of the radial flat portion, CF is the axial
      length of the cylindrical throat section, R is the radius of the radial
      curved section and (X.sub.E) has a value of 60 to 75 percent of the axial
      distance AW.
NUM  4.
PAR  4. In a cooling system for an internal combustion engine, the combination,
      comprising:
PA1  a liquid-cooled internal combustion engine;
PA1  a generally upright radiator axially spaced forwardly of said engine having
      front and rear faces;
PA1  means for circulating a liquid coolant between said radiator and said
      engine;
PA1  shroud means extending generally rearwardly and axially from said radiator
      including an entrance shroud means having forwardmost edge means
      operatively connected to said radiator about its rear face and an exit
      shroud means extending rearwardly from said entrance shroud means, said
      exit shroud means comprising a generally cylindrical throat section having
      a forwardmost edge means joined to a rearwardmost edge means of said
      entrance shroud means, a radially outwardly and axially rearwardly
      extending curved shroud section operatively connected to the rearwardmost
      end of said throat section and a flat portion extending radially outwardly
      from the rearwardmost end of said curved shroud section;
PA1  an axial flow, suction-type fan axially spaced intermediate and said
      radiator and engine, and driven by said engine, said fan having a
      plurality of fan blades, each of said fan blades having a trailing edge
      and a leading edge, said leading edges lying substantially at a first
      radial plane and said trailing edges lying generally in a second radial
      plane axially spaced rearwardly from said first radial plane a distance
      AW, and said second radial plane being axially spaced rearwardly from the
      radial plane containing said radially extending shroud flat portion of
      predetermined distance (X.sub.E), said predetermined distance (X.sub.E)
      having a value of at least 55 percent of said axial distance AW, and
      wherein the following relationships within plus or minus 12 percent of AW
      exists: R = 2AW/3, CF = AW/3, and RF = AW/3 where R is the radius of
      curvature of the curved shroud section; CF is the axial length of the
      shroud throat section, and RF is the radial length of the radially
      extending shroud flat portion.
NUM  5.
PAR  5. In a cooling system for an internal combustion engine as set forth in
      claim 4, wherein the value of said predetermined distance (X.sub.E) is
      equal to or less than 80 percent of said axial distance AW.
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ABST
PAL  An ignition timing controller for a breakerless ignition system in use for
      an internal combustion engine, comprising a semiconductor switching means
      to control a primary current of an ignition coil and a signal source to
      supply a control signal to said semiconductor switching means, said signal
      source including a plurality of signal generators to generate signal
      voltages having phase difference between one and another in timing with
      rotation of said engine. Voltage composing means is provided which
      selectively composes the signal voltages from said respective signal
      generators at a selected ratio of one to another and which supplies said
      control signal to said semiconductor switching means.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an ignition timing controller for an ignition
      system in use for an internal combustion engine, and more particularly to
      an ignition timing controller for an ignition system comprising a
      semiconductor switching means to control a primary current flowing through
      an ignition coil and a signal generator to supply a control signal to a
      semiconductor switching means.
PAC  BACKGROUND OF THE INVENTION
PAR  Since an internal combustion engine has its torque characteristics and
      composition of exhaust gas variable with ignition timing, it is lately
      required to widely adjust the ignition timing in an optimum manner or in
      association with the opening and closure of a throttle valve to provide
      characteristics suited to the operating condition of the engine. In an
      internal combustion engine employed for a motor boat, for example, the
      ignition timing has been often varied by an angle of approximately
      30.degree. to 40.degree. where trolling is desired to be effected or where
      the deceleration is abruptly effected. One of the prior art ignition
      systems adapted to widely adjust the ignition timing of the engine is of
      type having a generator connected by a linkage or any other means to the
      crank shaft of the engine for rotation therewith. However, such prior art
      system requires not only substantial force to displace the generator on
      adjustment of the ignition timing, but also the high precision of a
      mechanical adjusting mechanism for the linkage. With the system having
      such mechanical adjusting mechanism, various situations tend to occur in
      which the ignition timing is shifted and in which the smooth operation is
      obstructed due to rust on the mechanically engaging portions of the
      linkage or to foreign matter deposited thereon.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      ignition timing controller for a breakerless ignition system for use in an
      internal combustion engine adapted to widely and electrically adjust the
      ignition timing of the engine.
PAR  In accordance with the present invention, there is provided an ignition
      timing adjusting apparatus for an ignition system for use in an internal
      combustion engine, comprising a semiconductor switching means to control a
      primary current flowing through an ignition coil and a signal source to
      supply a control signal to said semiconductor switching means,
      characterized by said signal source including a plurality of signal
      generators to generate signal voltages having phase difference between one
      and another in timing with the rotation of said engine and voltage
      composing means connected to the outputs of said plurality of signal
      generators to selectively compose the signal voltages from said signal
      generators at a selected ratio of one of the voltages to the other
      voltages, said voltage composing means having its output voltage applied
      across the controlled electrodes of said semiconductor switching means.
PAR  In a typical embodiment of the present invention, the signal generators
      comprise respective generating coils spacedly angularly disposed in a
      flywheel type magneto driven by the crank shaft of the engine. The two
      generating coils have first ends connected to a common point and grounded
      to earth and the other ends connected through respective diodes to a
      variable voltage divider or resistor, which has a dividing terminal
      connected to one of the controlled electrodes of the semiconductor
      switching means to control the primary current flowing through the
      ignition coil.
PAR  With the above-mentioned apparatus of the present invention, the control
      signal to be applied across the controlled electrodes of the semiconductor
      switching means can be varied in phase difference within the range of the
      maximum phase difference angle of .theta..degree. by varying the divided
      ratio of the variable divider. Since the maximum phase difference of
      .theta..degree. can be easily varied by properly selecting the angular
      spacing of two generating coils disposed in the flywheel type magneto, it
      is possible to widely adjust the ignition timing of the engine as desired.
PAR  According to the embodiment of the present invention, since the ignition
      timing is adjusted by varying the divided ratio of the variable divider,
      the fine adjustment of the ignition timing can be effected in a stabler
      and smoother manner compared to the prior art wherein the signal generator
      itself is mechanically moved and because of no presence of any
      mechanically movable parts the trouble caused by the foreign matter
      attached thereto, the occurence of the rust and the vibration on the parts
      can be effectively prevented.
PAR  According to the embodiment of the present invention, the dividing terminal
      of the variable divider can be easily associated with the degree of
      opening of a throttle valve in the engine or with an accelerating pedal or
      an accelerating grip of the engine for an autobicycle. This is important
      for adjusting the ignition timing of the engine through a simple
      manipulation by the operator.
PAR  Alternatively, the signal composing means may comprise a transformer having
      a movable core so that the output voltages from the signal generators are
      composed at a selected ratio of one of the voltages to the other voltage.
      The output voltages from the signal generators are applied across
      respective coils of the transformer associated with the respective signal
      generators and another coil of the transformer has an output voltage
      induced from the aforementioned coils in phase dependable upon the
      position of the movable core magnetically coupled with the three coils.
      The second embodiment of the present invention has the same effect as that
      of the first embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and features of the present invention will
      become apparent from the reading of the preferred embodiments of the
      present invention taken with reference to the accompanying drawings;
PAR  FIG. 1 shows a circuit of one embodiment of the present invention;
PAR  FIG. 2A shows a circuit of a signal source shown in FIG. 1;
PAR  FIG. 2B shows a vector of the signals of the signal source shown in FIG.
      2A;
PAR  FIGS. 3 through 5 partially show modifications of the embodiment shown in
      FIG. 1;
PAR  FIG. 6 illustrates in partial section an accelerating grip into which a
      voltage divider is incorporated;
PAR  FIG. 7 shows a circuit of another embodiment of the present invention;
PAR  FIGS. 8A and 8B illustrate a movable core transformer employed in the
      embodiment shown in FIG. 7 and operated in different conditions;
PAR  FIGS. 9A to 9C show vectorial graphs illustrating the relationship between
      the inputs and output of the transformer shown in FIGS. 7, 8A and 8B when
      the movable core is in various positions, respectively; and
PAR  FIG. 10 is a perspective view of an accelerating grip with the transformer
      incorporated thereinto, with a portion broken away for illustration.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a typical embodiment of the present
      invention wherein a variable dividing resistor is employed as voltage
      composing means to selectively compose output voltages from a plurality of
      signal generators incorporated in a signal source. In this figure,
      reference numeral 1 designates a conventional breakerless ignition system
      and reference numeral 2 a signal source, which constitutes a feature of
      the present invention, to supply a control signal to the above-mentioned
      breakerless ignition system.
PAR  The breakerless ignition system 1 comprises an ignition coil 10, an
      ignition plug 12 connected to the secondary side of the ignition coil 10,
      a capacitor 14 connected to the primary side of the ignition coil 10, a
      capacitor charging supply source 16 to charge the capacitor 14 through a
      diode 18 and the primary side of the ignition coil 10 and semiconductor
      switching means 20, such as a thyristor. At ignition period, the
      semiconductor switching means 20 is supplied at the controlled electrodes
      thereof with a control signal to make it conductive to thereby discharge
      the capacitor 14 through the primary coil of the ignition coil 10 for
      discharge through the ignition plug 12.
PAR  The signal source 2 comprises two signal generators 22 and 24 to generate
      signal voltages of different phases from each other in timing with
      rotation of the engine. In the illustrated embodiment, the signal
      generators at one ends thereof are commonly connected to earth. Such
      signal generators may comprise two generating coils, respectively,
      spacedly angularly disposed within a flywheel magneto which is driven by
      the crank shaft of the engine. The other ends of the signal generators are
      connected through respective diodes 26 and 28 to a variable dividing
      resistor 30, the dividing terminal 30a of which is connected to a
      controlled electrode of the semiconductor switching means 20. The variable
      dividing resistor may comprise a conventional sliding resistor having a
      brush or a variable resistor having a movable contact to be switched from
      one of the taps to another. In the signal source circuit shown in FIG. 1,
      the diodes 26 and 28 connected in series to the generating coils 22 and
      24, respectively serve to prevent recirculating current through the two
      generating coils and also to protect the semiconductor switching means
      from the reverse voltage across the gate and cathode of the semiconductor
      switching means. But, provided the above phenomena is negligible, the
      diodes 26 and 28 may be eliminated.
PAR  With the above-mentioned construction, the control signal can be varied in
      phase by varying the divided ratio of the variable dividing resistor. More
      particularly, assuming the signal generators generate voltages E.sub.1 and
      E.sub.2 (FIG. 2B) having a phase difference, voltage E.sub.s across the
      dividing terminal 30a and the commonly connected point of the signal
      generators 22 and 24 that vectorially composed of voltages E.sub.1 and
      E.sub.2 from the respective signal generators. By way of example, in case
      where the dividing terminal 30a is selectively engaged with the tap a
      (FIG. 2A) of the resistor 30, E.sub.s equals E.sub.1 and in case where the
      dividing terminal 30a is selectively engaged with the middle tap c of the
      resistor, E.sub.s equals to (E.sub.1 + E.sub.2)/2. Thus, as the dividing
      terminal 30a moves sequentially from the tap a to e to be engaged with one
      of them, voltage E.sub.s varies from oa to oe as shown in FIG. 2B so that
      the ignition timing can be shifted within the range of angle .theta..
PAR  While the above description has been made in connection with two signal
      generators, an additional signal generator 32 to generate signal voltage
      of phase different from those from the signal generators 22 and 24 may be
      provided, one end of which is commonly connected to earth together with
      the said one ends of the signal generators 22 and 24 and the other end of
      which is connected through a diode 34 and a resistor 36 to a connection
      point of the diode 28 and the variable dividing resistor 30, so that the
      ignition timing can be more widely adjusted. If the resistor 36 comprises
      an extension of the variable dividing resistor 26, further wider range of
      the adjustment will be provided.
PAR  While the diodes are disposed between the respective signal generators and
      the dividing resistor 30 in the embodiment of FIG. 1, a single diode 38
      may be disposed between the dividing terminal 30a and the associated
      controlled electrode of the semiconductor switching means 20 as shown in
      FIG. 3.
PAR  As shown in FIG. 4, a signal transformer 40 may be further disposed between
      the dividing terminal 26a and the diode 38 of FIG. 3 so that the phase of
      primary energization of the transformer 40 varies. The arrangement shown
      in FIG. 4 has the same effect as those of FIGS. 1 and 3.
PAR  Also, as shown in FIG. 5, the remote ends of the signal generators 22 and
      24 from the grounded ends thereof may be alternatively connected through
      the respective diodes 26 and 28 to the controlled electrode of the
      semiconductor switching means 20 and the dividing terminal of the dividing
      resistor 30 may be connected to the common point of the signal generators
      22 and 24.
PAR  It will be noted that the dividing terminal 30a of the variable dividing
      resistor 30 may be separately adjusted or if necessary, associated with
      movement of a throttle of the engine.
PAR  It should be understood that the invention will be capable of being applied
      to a breakerless ignition system of other type, such as one which
      comprises a semiconductor switching means, such as transistor adapted to
      break off a primary current flowing through a primary coil of an ignition
      coil whereby a secondary coil has high voltage established thereacross.
      Accordingly, the semiconductor switching means includes all of controlled
      semiconductor switching means, such as thyristor, transistor and gate
      turned off thyristor (GTO).
PAR  In FIG. 6 there is shown an accelerating grip 42 for an autobicycle into
      which the variable dividing resistor 30 is incorporated in association
      with the accelerating grip for variation in the dividing ratio of the
      resistor 30. The accelerating grip 42 comprises a grip cover 44 secured to
      a handle body 46 of the autobicycle adjacent to the distal end thereof by
      means of a screw 48 extending through the cover 44 and threaded into the
      handle body. Within the grip cover 44 is rotatably mounted around the
      handle body 46 a disk-like rotor 50, which is provided with a peripheral
      groove 50a receiving a throttle wire 52 associated with a throttle valve
      in a carburetor (not shown). The rotor 50 is also provided at the rear
      face thereof with a tubular grip operating member 54 axially extending
      from the rotor 50 through the hole 44a along the handle body 46 for
      manipulation of the rotor 50. Thus, rotation of the grip operating member
      54 causes the throttle wire 52 to be pushed or drawn to thereby close and
      open the throttle valve in the carburetor.
PAR  The variable dividing resistor 26, which is of ring-like winding type
      sliding rheostat, is disposed in a facing relation with the rotor 50
      within the grip cover 44. The rheostat comprises a resistance wire wound
      around a ring-like insulation and may be secured to the inner wall 44b of
      the grip cover 44 by any suitable means. The rotor 50 may be provided in a
      facing relation with the rheostat 26, with a recess 56 in which an
      electric brush 58, such as carbonic brush or metallic brush engaging the
      body of the rheostat, is received in an insulated relation with the rotor
      50 by a cylindrical insulation 60. The electric brush 58 is urged by a
      coil spring 62 received behind the brush in the recess 56 with the coil
      spring 62 at the rear end thereof bearing against an insulating plate 64
      secured to the rotor 50, so that the electric brush 58 is engaged against
      the rheostat body in a suitable pressure. The rheostat 30 at the both ends
      thereof is connected to the respective signal generators 22 and 24 as
      shown in FIG. 1 through respective leads 66 and 68 and the electric brush
      58 is connected to one of the controlled electrodes of the semiconductor
      switching means 20 through a lead 67. Thus, when the grip operating member
      54 is rotated for adjustment of the throttle valve to a desired degree of
      opening, the electric brush on the rotor 50 is caused to slide on the
      resistance wire of the rheostat 30 to thereby apply a control signal of
      the dividing ratio corresponding to variation in the degree of opening of
      the throttle valve, across the controlled electrodes of the semiconductor
      switching means for adjustment of the ignition timing.
PAR  Referring now to FIG. 7, there is shown a modification of the present
      invention wherein a movable core transformer 70 is employed as the voltage
      composing means to selectively compose the output voltages from the
      plurality of the signal generators at any ratio. The same components are
      designated by the same numerals as those of FIG. 1. The transformer 70
      comprises an E-shaped stationary core 72 including three leg portions 72a
      to 72c and coils 74a to 74c wound around the three leg portions 72a to
      72c, respectively. The coils 74a and 74b on the side leg portions 72a and
      72b are used as input coils with the one ends connected to the outputs of
      the signal generators 22 and 24 and with the other ends grounded to earth.
      The coil 74c on the middle leg portion 72c is used as on output coil with
      the one end connected to one of the controlled electrodes of the
      semiconductor switching means 20 through the diode 38 and with the other
      end grounded to earth. A movable core 76 is slidably disposed on the top
      of the E-shaped core 72 and has sufficient length to magnetically couple
      the adjacent leg portions of the core 72. The movable core 76 may be
      associated with an operating rod 78 to operate the throttle valve in the
      carburetor so that the movable core 76 slidably moves on the top ends of
      the leg portions 72a to 72c.
PAR  Vector diagrams of FIGS. 9A, 9B and 9C show variations in voltages
      E.sub.1c, E.sub.2c and E.sub.s induced in the coils 74a, 74b and 74c,
      respectively when the movable core 76 is positioned at the points shown in
      FIGS. 7, 8A and 8B, respectively in case where voltages E.sub.1c and
      E.sub.2c having phase difference of angle .theta..degree. are generated
      from two signal generators 74a and 74b. With the movable core 76
      positioned as shown in FIG. 7, a closed magnetic circuit is provided
      between the leg portions 72b and 72c by the movable core 76 positioned
      across the leg portions 72b and 72c, resulting in high voltage E.sub.2c
      induced in the coil 74b while an open magnetic circuit is provided between
      the leg portions 72a and 72c, resulting in low voltage E.sub.10 induced in
      the coil 74a. Accordingly, the voltage E.sub.s induced in the coil 74c is
      composed of the composite vector oa of the voltages E.sub.10 and E.sub.2c.
PAR  With the movable core 76 positioned as shown in FIG. 8A, the movable core
      76 engages only the middle leg portion 72c and is open relative to the
      side leg portions 72a and 72b, resulting in approximately equal voltages
      E.sub.1m and E.sub.2m induced in the coils 74a and 74c, respectively as
      shown in FIG. 9B. Accordingly, the voltage E.sub.s induced in the coil 74c
      is composed of the composite vector ob of the voltages E.sub.1m and
      E.sub.2m.
PAR  With the movable core 76 positioned as shown in FIG. 8B, the magnetic
      circuit between the leg portions 72a and 72c is closed while that between
      the leg portions 72b and 72c is open and as a result the voltage E.sub.s
      induced in the coil 74c is composed of the composite vector oc of the
      voltage E.sub.1c induced in the coil 74a and the voltage E.sub.20 induced
      in the coil 74b as shown in FIG. 9C.
PAR  Thus, the output voltage E.sub.s of the coil 74c can be varied in phase
      within the angle of .theta..degree. by shifting the movable core 76 along
      the top of the core 72, so that the ignition timing of the engine can be
      adjusted with the voltage E.sub.s supplied as a control signal to the
      semiconductor switching means 20.
PAR  Referring now to FIG. 10, there is illustrated an embodiment wherein the
      ignition timing controller of the movable core transformer type shown in
      FIG. 7 is applied to an autobicycle in the same manner as shown in FIG. 6.
      The same components as those of FIG. 6 are designated by the same
      reference numerals.
PAR  In this embodiment, the transformer 70' comprises the E-shaped stationary
      core 72' entirely in the form of an approximate arc including three leg
      portions 72'a, 72'b and 72'c having arcuate end faces securedly disposed
      in facing relation to the periphery of the rotor 50 integral with the grip
      operating member 54 within the grip cover 44. The side leg portions 72'a
      and 72'c have respective coils 74'a and 74'c would thereon with the one
      ends thereof commonly grounded and with the other ends thereof connected
      to the outputs of the signal generators 22 and 24 shown in FIG. 7,
      respectively through respective leads not shown.
PAR  The middle leg portion 72'c has the coil 74'c wound thereon with the one
      end thereof grounded and with the other end connected to one of the
      controlled electrodes of the semiconductor switching means 20 shown in
      FIG. 7, through a lead not shown. The transformer 70' also comprises
      arcuate movable core 76' secured to the rotor 50' by screws 80 so that the
      movable core 76' is faced with the leg portions of the stationary core 72'
      in a closely spaced manner.
PAR  Thus, when the grip operating member 54 is rotated for adjustment of the
      throttle valve the movable core 76' on the rotor 50 is caused to shift for
      variable magnetic coupling between the coils 74'a and 74'b relative to the
      output coil 74'c, resulting in the output voltage induced in the output
      coil corresponding to the degree of opening of the throttle valve. When
      the output voltage is supplied as a control signal to the semiconductor
      switching means at the controlled electrodes thereof, the ignition timing
      of the engine can be adjusted in response to the degree of opening of the
      throttle valve.
PAR  While some preferred embodiments of the invention have been described in
      connection with the accompanying drawings, it should be understood that
      various modifications and changes have been made without departing from
      the spirit of the invention, which has been defined only the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ignition timing controller for use in a breakerless ignition system
      for an internal combustion engine having a flywheel magneto, said
      controller comprising a semiconductor switching means to control a primary
      current through an ignition coil and a signal source to supply a control
      signal to said semiconductor switching means, characterized by that said
      signal source includes a plurality of signal generators to generate
      respective signal voltages having different phase angles, a voltage
      composing means comprising a variable dividing resistor having a dividing
      terminal, said signal generators at one end thereof being commonly
      grounded and at the other end thereof connected to the ends of said
      variable dividing resistor whereby the output voltages of said signal
      generators may be selectively combined at any ratio of one to another, a
      signal transformer having a primary side connected to said dividing
      terminal of said variable dividing resistor and a secondary side commonly
      grounded with said primary side and generating said control signal and a
      diode for applying said control signal to said semiconductor switching
      means.
NUM  2.
PAR  2. An ignition timing controller for use in a breakerless ignition system
      for an internal combustion engine having a flywheel magneto, said
      controller comprising a semiconductor switching means to control a primary
      current through an ignition coil and a signal source to supply a control
      signal to said semiconductor switching means, characterized by that said
      signal source includes a plurality of signal generators to generate
      respective signal voltages having different phase angles, a voltage
      composing means comprising a variable core type transformer including an
      E-shaped stationary core including three leg portions and a movable core
      slidable along the tops of said three leg portions, two of said leg
      portions having input coils wound therearound with first ends commonly
      grounded and the other ends connected to said signal generator and the
      middle leg portion having an output coil wound therearound with one end
      grounded and with the other end connected to said semiconductor switching
      means through a diode.
NUM  3.
PAR  3. An ignition timing controller as set forth in claim 2, wherein said
      movable core has sufficient length to magnetically couple two adjacent
      ones of said leg portions of said E-shaped core, said movable core
      associated with a throttle valve for slidable movement of said movable
      core on the tops of said leg portions.
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PAL  Toy rocket launcher adapted for refueling and for remotely triggering the
      launch of a rocket positioned thereon. The launcher comprises a body
      having a recessed platform for receiving the end of the nozzle of a toy
      rocket; a channel for refueling, communicating between the exterior of the
      body and the surface of the platform, and; a resilient, hemispherical,
      sealing member, positioned on the platform, which has an opening
      communicating with the channel and is adapted to sealingly engage the
      nozzle of the rocket when in position. A remotely releasable latch is
      controlled by a removable pin which, when manually extracted from a point
      remote from the launcher, releases the latch and triggers launching.
PARN
PAR  This is a division of application Ser. No. 223,452 Filed Feb. 4, 1972, now
      U.S. Pat. No. 3,820,275.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a toy rocket, a rocket motor therefor and
      a launch mechanism, and more particularly to a staged toy rocket, a rocket
      motor fueled by a self-pressurizing liquid, and a combined launcher and
      fueling apparatus for the rocket motor.
PAR  Toy rockets propelled by a variety of fuels are wellknown in the art. Many
      such toy rockets are capable of staging operations for example to release
      parachutes for descent braking. Most such toy rockets of the prior art,
      however, are relatively complex and expensive. In addition, many such
      rockets utilize fuels with which special precautions must be taken to
      ensure the safety of a person operating the rocket.
PAR  It is an object of the present invention to provide a rocket launcher and
      fueling mechanism for use with the rocket motor of the present invention.
      It is an object of the invention to provide a launcher which has a latch
      mechanism for retaining the rocket motor prior to launch. It is a further
      object of the invention to provide a gas and liquid seal between the
      launcher and the rocket motor. It is a related object to provide a seal
      between the rocket motor and the launcher which dispenses with accurate
      seating of the rocket motor in the launcher. It is a further object of the
      latch mechanism to ensure fluid tight seating of the rocket motor on the
      seal.
PAR  It is a further object of the rocket motor of the present invention to
      provide a release mechanism which engages at least a portion of the rocket
      body when the rocket motor is filled with propellant and to release the
      rocket body when the propellant is exhausted. It is a further object of
      the invention to provide a release mechanism which can be easily
      incorporated into a rocket motor and which can be fabricated
      inexpensively. It is a further object of the release mechanism to provide
      a time delay for release of the rocket body after the propellant in the
      rocket motor has been exhausted.
PAC  SUMMARY OF THE INVENTION:
PAR  The above objects, and others, will be apparent to those of ordinary skill
      in the art from the drawings and description of the preferred embodiment
      found below.
PAR  The invention provides a rocket launcher comprising a body having a
      platform on the top thereof for receiving the end of the rocket nozzle,
      the body having a channel communicating between the exterior of the body
      and the surface of the platform, a resilient seal member having an opening
      therethrough, the seal member positioned on the platform, the opening
      aligned with the channel in the body, the opening also adapted to
      communicate with a rocket nozzle positioned on the platform, releasable
      latch means movably mounted in the body for retentively engaging a rocket
      nozzle in sealing engagement with the seal member, the latch means movable
      between a retention position and a release position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  A better understanding of the present invention can be derived by reading
      the ensuing specification in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is an elevation view in partial cross section of the rocket, rocket
      motor and launcher of the present invention in position for launch;
PAR  FIG. 2 is a cross-sectional view of the rocket launcher with rocket nozzle
      in place;
PAR  FIG. 3 is a cross-sectional view of the rocket launcher in the release
      position;
PAR  FIG. 4 is a cross-sectional view of the rocket launcher taken along a line
      similar to 4--4 of FIG. 2;
PAR  FIG. 5 is an alternative embodiment of the release pin for the launcher;
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS:
PAR  Referring to FIG. 1, the rocket, rocket motor and launcher of the present
      invention are shown in partial cross section poised for launch. The
      rocket, generally designated 10, includes a forward first stage portion 12
      and a rearward second stage portion 14. A rocket motor 16 is positioned
      within the motor receptacle 18 of the first stage 12.
PAR  The rocket 10 rests on a launcher mechanism 36, described in detail later,
      by engaging the nozzle 38 of rocket motor 16. The rocket 10 is vertically
      supported by launch wire 40, which slidably engages tubes 42 attached by
      brackets 44 by the outer walls of first stage 12. The launch wire 40 is
      supported in a base 46. The launcher 36 also rests upon base 46. A
      launcher release handle 54 is connected via bowden cable 56 to the
      launcher 36 for remote launch of the rocket 10.
PAR  Propellant is supplied to the rocket motor 16 from a propellant source 48
      via tube 50. A fueling channel is provided in the launcher 36 which
      communicates with the nozzle 38 and thus with a propellant cavity in
      rocket motor 16. A preferred propellant for use with the rocket motor of
      the present invention is a volatile, self-pressurizing halogenated
      hydrocarbon which is a liquid at atmospheric temperatures and
      superatmospheric pressures. A suitable propellant is "Freon -12" sold by
      E. I. du Pont de Nemours and Company of Wilmington, Delaware. The
      propellant is supplied to the rocket motor 16 by depressing the valve
      lever 52 on the propellant source 48.
PAR  Referring now to FIGS. 2, 3 and 4, detailed cross-sectional views of the
      launch mechanism 36 are illustrated. FIGS. 2 and 4 illustrate the launch
      assembly in its retention position and FIG. 3 illustrates the assembly in
      its release position. The launcher 36 includes a body portion 136 which
      can be molded in a single piece from a suitable thermoplastic or
      thermosetting polymer. A latch member 138 is positioned within a space 144
      provided therefor in the body 136. the latch member 138 is mounted for
      pivotal movement within the body 136 by pivot pin 146. The upper portion
      of the body 136 contains a recess 148 opening to the outside of the body
      136. Recess 148 is sized to receive a rocket nozzle 38, of for example the
      rocket motor of the present invention. The bottom surface of the recess
      148 serves as a launch platform. When the nozzle 38 is in place, the upper
      portion 139 of the latch member 138 engages a shoulder 152 provided on the
      exterior of the nozzle 38.
PAR  The upper portion 139 of the latch member 138 is connected to outwardly
      extending portion 140. Portion 140 is in turn connected to downwardly
      extending portion 141. Pin 146 pivotally mounts the portion 141. Portion
      142 of the latch member 138, connected to portion 141, extends inwardly
      under recess 148 and terminates in serrated end 143. The coaction of the
      various portions 139 through 143 of the latch member 138 provides positive
      seating of nozzle 38 on the resilient hemispherical seal member 160. An
      inward force applied by an operator's finger to the serrated portion 143
      will be multiplied by latch 138 so that the nozzle 38 is forced downwardly
      onto seal 160.
PAR  A male member 154 extends upwardly from the bottom of recess 148. A channel
      156 runs through the center of the male member 154 and communicates with a
      recess 155 in the side of the body 136. A fuel supply tube 158 is inserted
      in an interference fit into the recess 155. The rubber seal member 160 of
      annular cross section is fitted over the male member 154 in the recess
      148. The top portion of the seal member 160 has a substantially spherical
      curvature which mates with the ring-like seat 162 in the opening of the
      nozzle 38. It will be noted that the nozzle has a wide port 164 of
      circular cross section which mates with an inwardly tapering section 166.
      Section 166 tapers inwardly to meet with the slightly inwardly tapering
      section of the nozzle port 168. The juncture of section 166 and 168 forms
      the ring-like seat 162. Since the top portion of the seal member 160 is
      spherically shaped and the ringedge seat 162 is circular, the nozzle
      member will readily seat on the seal member 160 without precise alignment.
PAR  A latch pin 170 is inserted through an opening in the body 136 of the
      launcher 36 and mates with an opening in the bottom portion 142 of latch
      member 138. Latch pin 170 serves to retain the latch member 138 in its
      locked position, holding the nozzle 38 against seal member 160 during
      fueling and prior to launch. When it is desired to launch the rocket, the
      latch pin 170 is retracted from the opening in latch member 138. The
      upward thrust from nozzle 38 forces the latch member 138 to its open
      position as shown in FIG. 3. It will be noted that a small shoulder 172
      forming a part of latch portion 141 protrudes into the recess 148 when the
      latch member 138 is in the open position. If the nozzle 38 becomes too
      firmly seated on the seal 160, the shoulder 172 will bear against the
      bottom edge of nozzle 38 forcing it upward and allowing additional thrust
      to develop from the nozzle 38.
PAR  Also shown in FIG. 4 is a remote latch pin release mechanism generally
      designated 174. Latch pin 170 has an annular shoulder 176 against which a
      coil spring 178 inside housing 180 bears. The rear portion 182 of latch
      pin 170 is connected to the wire 184 of a bowden cable 186. The wire 184
      at its other end is connected to trigger member 188, which is mounted for
      sliding movement in channels 190 in the thumbpiece 192. As the trigger
      member 188 is pulled in the direction of arrow 194, the bowden wire 184 is
      also pulled in the same direction. Thus latch pin 170 moves out of
      registry with the opening in latch member 138 to release the latch member
      138.
PAR  An alternate latch pin release mechanism is shown in FIG. 5. In this figure
      the latch pin 196 has an annular shoulder portion 198 which is in turn
      connected to an extended rear portion 200. Rear portion 200 contains an
      aperture 202 into which lanyard 206 is inserted. A knot 208 is tied in the
      lanyard to prevent separation from the aperture 202. As the lanyard is
      manually pulled backwardly in the direction of arrow 210, latch pin 196
      disengages from the opening in latch member 138 to release the rocket
      nozzle.
PAR  The present invention has been described in relation to a preferred
      embodiment and alternates thereto. Those of ordinary skill in the art will
      be able to effect various alterations, substitutions of equivalents and
      other changes without departing from the original concept of the
      invention. It is intended that the present invention be limited only by
      the definition contained in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toy rocket launcher adapted for refueling a rocket positioned thereon
      and for remotely triggering the launch of a rocket, said launcher
      comprising:
PA1  a body having a recessed platform on the top thereof and a male member in
      the recess of said recessed platform for receiving the end of the nozzle
      of a rocket in said recess and around said male member, said body having a
      channel communicating between the exterior of said body and the surface of
      said male member:
PA1  a resilient, hemispherical seal member positioned on said male member and
      having an opening communicating with said channel in said body, said seal
      member being adapted to sealingly engage the nozzle of a rocket;
PA1  means for retentively engaging a rocket nozzle when a nozzle is in sealing
      engagement with said seal member and for releasing a nozzle in response to
      movement thereof away from said seal member, said means including a
      remotely releasable latch pivotally mounted in said body;
PA1  said latch and said body having holes positioned to be in alignment when
      said latch is in retentive engagement with a nozzle;
PA1  a pin adapted for engaging the aligned holes in said latch and said body,
      and;
PA1  means for extracting said pin from a point remote from said launcher, to
      release said latch and enable a rocket seated on said launcher to be
      launched.
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ABST
PAL  An engine cooling arrangement embodying a single fan and various
      embodiments of dual concentric shrouds associated therewith for producing
      an ejector action for substantially diminishing recirculation of the air
      flow.
BSUM
PAR  This invention relates generally to automotive engine cooling fans and,
      more particularly, to ejector shroud arrangements therefor.
PAR  It is known generally that minimal clearance between the tips of the blades
      of an engine cooling fan and its associated shroud serves to provide more
      efficient fan operation to reduce fuel consumption and/or to minimize
      attendant fan noise. However, some difficulty is encountered in shrouding
      the fan to provide for such minimum clearance without causing inlet
      air-flow separation, particularly in view of the shroud having to change
      from a generally square or rectangular shape at the end thereof which is
      secured to the radiator, to a circular shape adjacent the tips of the fan
      blades in the inherent short distance between the usual radiator core and
      the adjacent fan.
PAR  Accordingly, a general object of the invention is to provide an improved
      engine cooling fan and associated dual shroud arrangement which provides
      for efficient fan operation with minimal resultant fan noise.
PAR  Another object of the invention is to provide an improved cooling fan and
      associated shroud arrangement wherein, in one embodiment, dual concentric
      shrouds are employed which eliminate the necessity of employing a
      close-fitting shroud, the fan serving as the core of an ejector system.
PAR  Still another object of the invention is to provide an alternate cooling
      fan and associated dual concentric shroud embodiment, wherein minimal
      blade-tip clearance is adhered to, but wherein an entrained air-flow is
      accomplished via the predetermined space between the inner and outer
      shrouds.
DRWD
PAR  These and other objects and advantages of the invention will be apparent
      when reference is made to the following description and accompanying
      drawings, wherein:
PAR  FIG. 1 is an exploded perspective view of an automotive radiator, engine
      and engine cooling fan and shroud arrangement embodying the invention;
PAR  FIG. 2 is a fragmentary cross-sectional view of the fan and shroud portion
      of FIG. 1; and
PAR  FIGS. 3, 4, and 5 are fragmentary cross-sectional views of three alternate
      embodiments of the invention.
DETD
PAR  Referring now to the drawings in greater detail, FIG. 1 illustrates an
      automotive engine 10 having the usual belt and pulley arrangement 12
      associated with the forward end thereof for driving the usual accessories,
      including an engine cooling fan 14. A radiator 16 is located adjacent the
      cooling fan 14, with an outer fan shroud 18 connected by mounting brackets
      19 at a generally rectangular-shaped face 20 thereof adjacent the
      perimeter of the radiator 16. An inner fan shroud 22 is secured to the
      outer tips of the blades 24 of the fan 14.
PAR  As may be noted by referring to FIG. 2, the outer shroud 18 includes an
      arcuate-shaped cross-sectional wall section 26 which extends from a large
      circular end-configuration 28, formed at the rectangular-shaped shroud
      face 20, to a smaller circular end-configuration 30 located radially
      adjacent the outer tips of the blades 24. A generally conically-shaped
      shroud extension 32 is secured by mounting flanges 34 and bolts 36 at the
      small end 38 thereof to the smaller end 30 of the outer shroud 18, with
      the large distal end 40 thereof terminating at a predetermined plane
      intermediate the fan 14 and the forward end of the engine 10.
PAR  The inner shroud 22 is generally circular in shape and is secured to the
      outer tips of the blades 24 in any suitable manner, such as by welding at
      an intermediate point 42 along the inner periphery thereof, such that a
      predetermined portion 44 of the length of the outer tips of each fan blade
      24 is abutted against the inner surface as substantially one-half of the
      length of the inner shroud 22. The rearward or exiting end of the attached
      portion of the shroud 22 is formed to include an annular chamfer or
      diffuser 46. The free or inlet end-portion of the shroud 22 is formed to
      include an arcuate-shaped end-portion 48, flaring slightly outwardly at
      the edge thereof.
PAR  It may be noted in FIG. 2 that the resultant annular clearance 50 between
      the inner and outer shrouds 22 and 18, respectively, is relatively wide,
      say, on the order of 3/4-inch, for a conventional larger type of
      automotive fan.
PAC  OPERATION
PAR  Air-flow through the radiator 16 moves rearwardly, in part being drawn
      through the fan blades 24, and in part being entrained along the inner
      surface of the wall section 26 of the outer shroud 18. The latter air
      movement proceeds through the annular clearance 50 between the inner and
      outer shrouds 22 and 18, respectively, such that an annular ejector-type
      mixing region, having diverging conical-shaped outer and inner
      peripheries, occurs intermediate the outlet ends of the inner shroud 22
      and the outer shroud extension 32. As illustrated by dash-dot lines in
      FIG. 2, the outer periphery of the mixing region is along the angle of the
      diffuser 46 and extending to the distal end 40 of the shroud extension 32,
      with the inner periphery of the mixing region extending from the chamfer
      46 to a circular position radially inwardly of the end 40.
PAR  Accordingly, as a result of the ejector action, any tendency of the
      air-flow to recirculate around the outer tips of the fan blades 24 is
      substantially diminished, i.e., the high-pressure flow produced by the fan
      14 is prevented from escaping around the fan blade-tips back to the
      low-pressure side intermediate the fan 14 and the radiator 16. Thus, the
      effective size of the fan 14 is increased, enabling the fan to be operated
      at a reduced speed, thereby correspondingly reducing the resultant fan
      noise.
PAC  FIG. 3 Embodiment
PAR  Referring now to FIG. 3, an alternate embodiment to the FIG. 2 structure,
      it may be noted that the inner shroud 22 is rigidly connected by means of
      a plurality of circumferentially spaced struts 51 to the inner surface of
      the outer shroud 18 adjacent the smaller end-portion 30 thereof, such that
      a minimal clearance 52 exists between the inner surface of the inner
      shroud 22 and the tips of the blades 24, while a substantially larger
      clearance 53 exists intermediate the shrouds 18 and 22. The resultant
      ejector action of the diffuser 46 is comparable to that discussed above
      relative to the FIG. 2 arrangement.
PAC  FIG. 4 Embodiment
PAR  Still another alternate arrangement is illustrated in FIG. 4. In this
      embodiment the inner shroud 54 is a substantially conventional shroud,
      i.e., it is formed to include a square or rectangular face 56 at one end
      thereof for mounting adjacent the outer periphery of the radiator 16. The
      shroud 54 is additionally formed to progressively vary from the square or
      rectangular end-face 56 to a smaller circular end-portion 58 closely
      fitted around the outer tips of the fan blades 24 in the conventional
      manner. A fixed outer shroud 60 is formed to include a toroidal-shaped
      end-portion 62 at the inlet end thereof located radially outwardly of the
      fan 14 and the inner shroud end-portion 58. The shroud 60 also includes a
      cylindrical portion 64 extending rearwardly from the end-portion 62,
      providing a clearance 65 intermediate the shrouds 54 and 60. Once again,
      the combination of the air-flow drawn through the fan 14, within the
      closely fitted inner shroud 54, and the entrained air-flow through the
      clearance 65 between the respective inner and outer shrouds 54 and 60
      provides an ejector action intermediate the rearward ends of the
      respective inner and outer shrouds 54 and 60, serving to effectively
      diminish air-flow recirculation back around the fan blade tips and/or
      around the end-portion 58 of the inner shroud 54. In this instance, the
      entrained air-flow is not being pulled through the radiator 16. A chamfer
      or diffuser [not shown] may be formed on the rearward edge of the circular
      shroud end-portion 58.
PAC  FIG. 5 Embodiment
PAR  The additional alternate arrangement illustrated in FIG. 5 embodies a
      tandem radiator concept, wherein a second radiator 66 is axially aligned
      with the forward radiator 16, and wherein a circular-to-rectangular
      transitional shroud section 68 interconnects between the cylindrical
      portion 64 of the outer ejector shroud 60 and the square or rectangular
      outer periphery of the second radiator 66. By virtue of such an ejector
      fan arrangement causing a part of the fan dynamic pressure, or velocity
      head, which is normally dumped and lost in a single radiator arrangement,
      to be converted to a static pressure, losses normally encountered at the
      second radiator 66 are thus offset and the conventional single fan 14 will
      suffice without having to add a second fan. The resultant ejector action
      between the fan 14 and the outer shroud section 68 is similar to that
      described above with respect to the FIG. 4 structure.
PAR  It should be apparent that the dual concentric fan shroud arrangements
      serve to effectively provide an ejector action extending between the
      respective rearwardmost shroud-ends thereof for substantially diminishing
      air-flow recirculation around the outer tips of the fan blades to the
      low-pressure area intermediate the fan and the adjacent radiator.
      Accordingly, with the fan air-flow augmented by the secondary entrained
      air-flow through the clearance between the shrouds, the effective size of
      the fan is increased, thus providing for a reduced fan speed and,
      correspondingly, reduced fan noise.
PAR  While several species of a general dual fan shroud arrangement have been
      shown and described, other modifications thereof are possible.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automotive engine cooling means for use intermediate a radiator and
      an engine, said cooling means comprising a fan having a plurality of fan
      blades and being operatively connected to and driven by said engine, and
      concentric inner and outer fan shrouds, each mounted so as to have a
      portion thereof positioned radially outwardly of said fan with said outer
      shroud extending a predetermined distance past said fan toward said
      engine, one of said shrouds having a rectangular-shaped face formed on an
      end thereof and secured to said radiator with the other end thereof being
      circular-shaped, and the other of said shrouds being cylindrically-shaped
      and secured to one of said fan at the outer tips of said fan blades
      thereof, said other shroud, and a separate fixed abutment, providing a
      clearance of a predetermined width intermediate said inner and outer
      shrouds, the air drawn through said fan and the air entrained through said
      clearance between said shrouds terminating in an ejector action extending
      from the engine end of said inner shroud to the engine end of said outer
      shroud, said ejector action serving to substantially diminish air-flow
      recirculation around the outer tips of said fan blades to the low-pressure
      area intermediate the fan and the radiator.
NUM  2.
PAR  2. An automotive engine cooling means for use intermediate a radiator and
      an engine, said cooling means comprising a fan having a plurality of fan
      blades and being operatively connected to and driven by said engine, and
      concentric inner and outer fan shrouds, each mounted so as to have a
      portion thereof positioned radially outwardly of said fan with said outer
      shroud extending a predetermined distance past said fan toward said
      engine, said outer shroud having a rectangular-shaped face formed on one
      end thereof and secured to said radiator with the other end thereof being
      circular-shaped, and said inner shroud having a diffuser formed at the
      engine end thereof and being secured to said fan blades at the outer tips
      thereof, the air drawn through said fan and the air entrained through the
      clearance between said shrouds terminating in an ejector action extending
      from the engine end of said inner shroud to the engine end of said outer
      shroud, said ejector action serving to substantially diminish air-flow
      recirculation around the outer tips of said fan blades to the low-pressure
      area intermediate the fan and the radiator.
NUM  3.
PAR  3. An automotive engine cooling means for use intermediate a radiator and
      an engine, said cooling means comprising a fan having a plurality of fan
      blades being operatively connected to and driven by said engine, and
      concentric inner and outer fan shrouds, each mounted so as to have a
      portion thereof positioned radially outwardly of said fan with said outer
      shroud extending a predetermined distance past said fan toward said
      engine, said outer shroud having a rectangular-shaped face formed on one
      end thereof and secured to said radiator with the other end thereof being
      circular-shaped, and said inner shroud being substantially
      cylindrically-shaped and having a diffuser formed at the engine end
      thereof and being secured to said outer shroud via equallyspaced struts
      connected therebetween, providing minimal clearance between said inner
      shroud and the outer tips of said fan blades, the air drawn through said
      fan and the air entrained through the clearance between said shrouds
      terminating in an ejector action extending from the engine end of said
      inner shroud to the engine end of said outer shroud, said ejector action
      serving to substantially diminish air-flow recirculation around the outer
      tips of said fan blades to the low-pressure area intermediate the fan and
      the radiator.
NUM  4.
PAR  4. An automotive engine cooling means for use intermediate a radiator and
      an engine, said cooling means comprising a fan having a plurality of fan
      blades and being operatively connected to and driven by said engine, and
      concentric inner and outer fan shrouds, each mounted so as to have a
      portion thereof positioned radially outwardly of said fan with said outer
      shroud extending a predetermined distance past said fan toward said
      engine, said inner shroud having a rectangular-shaped face formed on one
      end thereof and secured to said radiator and having the other end thereof
      circular-shaped and providing minimal clearance between the inner surface
      thereof and the outer tips of said fan blades, and said outer shroud being
      cylindrically-shaped, having a toroidal inlet formed at its radiator end
      and being secured at its engine end to a separate fixed abutment, the air
      drawn through said fan and the air entrained through the clearance between
      said shrouds terminating in an ejector action extending from the engine
      end of said inner shroud to the engine end of said outer shroud, said
      ejector action serving to substantially diminish air-flow recirculation
      around the outer tips of said fan blades to the low-pressure area
      intermediate the fan and the radiator.
NUM  5.
PAR  5. An automotive engine cooling means for use intermediate a pair of spaced
      radiators and located forward of and aligned with an engine, said cooling
      means comprising a fan having a plurality of fan blades and being
      operatively connected to and driven by said engine, and concentric inner
      and outer fan shrouds, each mounted so as to have a portion thereof
      positioned radially outwardly of said fan with said outer shroud extending
      a predetermined distance past said fan toward said engine, said inner
      shroud having a rectangular-shaped face formed on one end thereof and
      secured to said forwardmost radiator and having the other end thereof
      circular-shaped and providing minimal clearance between the inner surface
      thereof and the outer tips of said fan blades, and said outer shroud being
      cylindrical-shaped, having a toroidal-shaped inlet formed at its forward
      end and a progressively varying circular-to-rectangular transition section
      formed at its rearward end and being secured at its rectangular end to
      said rearwardmost radiator, the flow drawn through said fan and the flow
      entrained through the clearance between said shrouds terminating in an
      ejector action extending from the engine end of said inner shroud to said
      transition section of said outer shroud, said ejector action serving to
      convert some of the fan dynamic pressure to static pressure, thereby
      offsetting the losses encountered at said rearwardmost radiator.
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ABST
PAL  An electronic ignition system for a spark-ignition internal combustion
      engine. The ignition system is of the inductive type and includes an
      ignition coil having at least a primary winding and a switching device
      connected in series with it to control its current. An electrical signal
      is generated having a period equal to the period of the ignition cycle of
      the engine. This electrical signal is used to control at least one
      constant current source and a constant current drain coupled to at least
      one capacitor. The charging and discharging of this capacitor determines
      the initiation of current in the ignition coil primary winding and
      determines the length of time current is present in the ignition coil
      primary winding during each ignition cycle. The ignition system provides
      substantially constant dwell time, as distinguished from dwell angle,
      limits ignition coil primary current to a predetermined maximum level, and
      prevents ignition coil primary current when engine speed is less than a
      predetermined level or equal to zero.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electronic ignition system for a
      spark-ignition internal combustion engine and, more particularly, relates
      to a solid state ignition system capable of providing substantially
      constant dwell time, as distinguished from dwell angle, over a range of
      engine speeds. At speeds in excess of this range, the ignition system
      provides a dwell time which gradually decreases but which remains very
      satisfactory for most motor vehicle applications of spark-ignition
      internal combustion engines. The ignition system of the invention also
      provides circuitry for limiting the current in the ignition coil primary
      winding to a predetermined maximum level.
PAR  Recently, it has become desirable to provide an electronic ignition system
      for spark-ignition internal combustion engines wherein the energy supplied
      to the spark plugs on the secondary side of the ignition coil is at a
      higher level than in conventional ignition systems. Moreover, it has
      become desirable to provide a higher ignition coil secondary voltage
      level. In conventional ignition systems, which utilize breaker points to
      control current in the ignition coil primary winding, and in most
      presently available electronic ignition systems, this is either
      impractical or impossible.
PAR  To facilitate an understanding of the present invention, it is desirable to
      define certain terms used herein. Thus, for the purposes of the present
      invention, the term "ignition cycle" refers to the time period between
      consecutive firings or spark discharges of an internal combustion engine
      ignition system. The term 'dwell time" refers to the time, expressed in
      units of time, during which a current, other than leakage current if any,
      is present in the ignition coil primary winding. The term 'dwell angle" is
      expressed in angular units and represents the fraction or angular portion
      of the ignition cycle represented by the dwell time. Thus, an ignition
      system which provides a constant dwell time has a dwell angle which varies
      with engine speed, and conversely, an ignition system which provides a
      constant dwell angle over a range of engine speeds has a variable dwell
      time over such range of engine speeds.
PAR  Conventional ignition systems typically provide a constant dwell angle.
      This results from the fact that such systems utilize breaker points
      controlled by a cam driven by the engine distributor. The cam causes the
      breaker points, which are connected in series with the ignition coil
      primary winding, to remain open for a predetermined substantially constant
      angle of rotation of the distributor shaft. Such a conventional system has
      a variable dwell time because the breaker points are closed for a
      considerable length of time at low engine speeds and, as engine increases,
      the length of time the points remain closed decreases due to the greater
      angular velocity of the distributor shaft. Most of the previously proposed
      inductive electronic ignition systems for internal combustion engines have
      provided constant dwell angle.
PAR  In an inductive ignition system, it is necessary to establish a
      predetermined current in the ignition coil primary winding to insure
      adequate sparking potential on the secondary of the ignition coil. Since
      this current is established by turning on a switch that permits electrical
      charge to flow through the ignition coil primary winding, the length of
      time required to establish the predetermined necessary current is
      determined by the resistance-inductance circuit of the ignition coil
      primary winding. Once an electrical potential is applied to the ignition
      coil primary winding, the current exponentially builds up, in the manner
      for an inductive circuit, to a certain level and, with respect to the
      generation of a high potential on the secondary of the ignition coil,
      little is gained by permitting this current to continue for a greater
      length of time. Moreover, continuance of this current once it has reached
      a certain level results in a significant waste of power of the source of
      electrical energy. Also, it can cause overheating of the ignition coil or,
      were higher ignition coil secondary voltages and energy levels to be
      provided, require an unduly large ignition coil and other ignition system
      components. Thus, it is desirable to provide a constant dwell time in an
      ignition system, a dwell time sufficient only to permit the ignition
      system primary current to achieve a predetermined satisfactory level
      sufficient to produce an adequate sparking potential and to produce such
      sparking potential as soon as practicable after this predetermined current
      level has been achieved in the ignition coil primary winding. An ignition
      system capable of providing this type of operation is described in U.S.
      Pat. No. 3,605,713 issued Sept. 20, 1971, to P. D. Le Masters et al. The
      present invention provides a similar result, but achieves that result in a
      substantially different manner than that described in U.S. Pat. No.
      3,605,713.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an electronic ignition system for
      a spark-ignition internal combustion engine includes means for generating
      a periodic electrical signal in timed relation to engine operation, the
      period of the electrical signal being equal to the ignition cycle period,
      and means for generating a linearly varying electrical voltage signal
      which begins at a predetermined angular point in each cycle of the
      periodic electrical signal. This linearly varying electrical voltage
      continues until a fixed threshold level is reached at which instant the
      ignition system dwell time begins. At the end of the dwell time, a
      switching device connected in series with the ignition coil primary
      winding is rendered nonconductive, thereby, to generate a high voltage in
      the ignition coil secondary winding and to produce a spark in a spark gap.
      The dwell time is substantially constant over a range of engine speeds.
PAR  The linearly varying voltage begins at an angular point in the ignition
      cycle which is the same for each cycle, but the magnitude of the voltage
      at this point is inversely proportional to engine speed. The linearly
      varying voltage is achieved with the use of a capacitor coupled to a first
      current source and a current drain. During a fractional portion of the
      ignition cycle and of the periodic electrical signal, the capacitor is
      charged from the first constant current source. The fraction, or, angular
      amount, of the periodic electrical signal during which the first capacitor
      is charged is a constant regardless of engine speed. However, variations
      in engine speed necessarily affect the amount of charge accumulated in the
      capacitor, this being inversely proportional to engine speed, and the
      voltage on the capacitor therefore is inversely proportional to engine
      speed. At the end of the constant fractional period of the periodic
      electrical signal during which the capacitor is charged, the capacitor
      then is permitted to discharge through the constant current drain. When
      the capacitor voltage is at the aforementioned threshold level, the
      constant dwell time is initiated.
PAR  In order to generate an electrical signal which can be used to control the
      time of charging of the first capacitor from the first constant current
      source, it is desirable to generate a periodic electrical signal having a
      first portion corresponding to the fixed fractional or angular interval
      during which the first capacitor is to be charged from the first constant
      current source. This is accomplished with the use of a second capacitor
      which is charged in a first direction from a second constant current
      source and which, thereafter, is charged in the opposite direction from a
      third constant current source. The third constant current source may
      produce a current greater in magnitude than that produced by the second
      constant current source.
PAR  The invention further provides circuit means for limiting current in the
      ignition coil primary winding to a predetermined maximum level. Also,
      circuitry is provided for preventing the presence of current in the
      ignition coil primary winding when the engine is operating at less than a
      predetermined speed including zero.
PAR  The invention may be better understood by reference to the detailed
      description which follows and to the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the electronic ignition system of this
      invention in its presently preferred form;
PAR  FIG. 2 is a diagram of various voltage waveforms and a current waveform
      which occur at various points in the circuit schematically illustrated in
      FIG. 1 and represents such waveforms as they appear at an engine
      operational speed of about 600 rpm, a typical idle speed; the voltage
      waveforms are referenced to ground potential;
PAR  FIG. 3 is a graph of average ignition coil primary current versus engine
      speed; and
PAR  FIG. 4 is a graph of ignition coil secondary voltage versus engine speed.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference now to the drawings, there is shown a circuit for an
      electronic ignition system, generally designated by the numeral 10, for a
      spark-ignition internal combustion engine. The circuit includes a DC
      source of electrical potential 12, which preferably is a 12-volt storage
      battery, having its negative terminal 14 connected to ground and having
      its positive terminal 16 connected to an ignition switch 18. The ignition
      switch 18 has an "off" terminal 20, a "run" terminal 22 and a "start"
      terminal 24. When the ignition switch 18 is in the "run" position,
      electrical potential is supplied to a line 26. Electrical potential is
      also supplied to this line 26 when the ignition switch is in the start
      position. When the ignition switch 18 is in the start position, DC
      electrical potential is supplied to the engine starting system (not shown)
      to crank the engine.
PAR  The electronic ignition system 10 includes an input circuit 30 for
      generating a periodic electrical signal V.sub.in having a period equal to
      the ignition cycle of the engine. The ignition system 10 also includes
      circuitry 32 for generating an electrical signal which has a first portion
      and a second portion, the first portion being indicative of a
      predetermined fraction, or angular amount, of the periodic electrical
      signal produced by the input circuit 30. The constant-angle-generating
      circuit 32 produces voltage signals V.sub.1, V.sub.2, and V.sub.3
      corresponding to the waveforms similarly designated in FIG. 2.
PAR  The output V.sub.3 of the constant-angle-generating circuit 32 is supplied
      to a constant-dwell-time-generating circuit 34 which produces an
      electrical signal V.sub.4 that determines ignition system dwell time. By
      proper selection of circuit component values, the dwell time may be made
      constant over a range of engine speeds. The output V.sub.5 of the
      dwell-time-generating circuit 34 is applied to ouput circuitry 36 which
      includes a solid-state switching device that is connected in series with
      the primary winding 42 of an ignition coil 44. When used in an ignition
      system for a multi-combustion-chamber engine, the secondary winding 46 of
      the ignition coil may be connected in the usual manner to a high voltage
      distributor (not shown) for supplying sparking potential V.sub.6
      sequentially to the various engine spark plugs.
PAR  Circuitry 38 is provided to limit current in the ignition coil primary
      winding 42 to a predetermined maximum value. A current-interrupter circuit
      40 is provided for the purpose of preventing current flow in the ignition
      coil primary winding 42 when the speed of the engine crankshaft is below a
      predetermined level including zero. This circuit prevents the waste of
      electrical energy and heating of the ignition coil and other circuit
      components when the engine is, for example, not in operation at a time
      when the ignition switch is in the run position, as might occur when the
      engine stalls or when the ignition switch for other reasons is left in the
      run position for considerable time intervals.
PAR  The ignition system 10 includes a voltage-regulator circuit 28 which is
      supplied with DC electrical potential occurring on the lead 26. This DC
      electrical potential is applied via a lead 50 directly to the upper
      terminal 52 of the ignition coil primary winding 42, and it is applied via
      a lead 54 to the collector electrode of a transistor Q.sub.8 in the
      voltage-regulator circuit 28. A voltage divider comprising a resistor
      R.sub.17 and a zener diode D.sub.1 is connected between the lead 54 and
      ground. The common connection between the cathode of the zener diode
      D.sub.1 and the resistor R.sub.17 is connected to the base of the
      transistor Q.sub.8 to provide its base drive. The zener diode D.sub.1
      preferably has a nominal reverse-breakdown voltage of 5.6 volts. Thus, the
      lead 56 connected to the emitter of the transistor Q.sub.8 has a DC
      potential, regulated by the zener diode D.sub.1, of about 5.0 volts due to
      the base-emitter voltage drop of the transistor Q.sub.8. This DC voltage
      is smoothed by a filter-capacitor C.sub.2 connected between the lead 56
      and ground. The low and regulated DC voltage on the lead 56 is applied to
      a lead 58 supplying the circuits 32, 34 and 36. This regulated voltage
      appearing on the lead 58 also is supplied via a lead 60 to the circuit 38.
      The ground reference potential for the circuits 30, 32, 34, 36, 38 and 40
      is established by leads 62 and 64.
PAR  Although it is not essential, preferably the circuitry 30 for generating a
      periodic electrical signal having a period equal to the ignition cycle of
      the engine comprises a magnetic pulse generator having a rotating
      toothed-wheel 66 located in proximity to a pickup coil 68 having a
      magnetic circuit pole-piece 70. The toothed-wheel 66 has as many teeth as
      there are combustion chambers in the engine to be supplied with sparks. In
      an eight-cylinder, reciprocating, four-cycle internal combustion engine,
      the toothed-wheel 66 has eight teeth and is driven by the engine camshaft
      which operates at one-half the engine crankshaft speed. As each tooth is
      driven past the pole-piece 70, an alternating voltage signal V.sub.in is
      generated having a period equal to the ignition cycle of the engine. A
      magnetic pulse generator suitable for use as the circuitry 30 and
      preferred is described in U.S. Pat. application Ser. No. 316,945 filed
      Dec. 20, 1972, in the name of C. C. Kostan and entitled "Signal Generating
      Mechanism", now U.S. Pat. No. 3,783,314. This signal generating mechanism
      or magnetic pickup device produces the voltage waveform V.sub.in across
      the terminals of the pickup coil 68, one terminal of which is connected to
      the ground lead 64 and the other terminal of which forms the input to the
      circuitry 32. The voltage V.sub.in is shown in FIG. 2. It should be noted
      at this time that all of the voltage waveforms in FIG. 2, which occur at
      various points in the ignition system 10, are with respect to ground
      potential. Also, the waveforms are for a four-cycle, eight-cylinder engine
      operating at 600 rpm, an engine speed at which the ignition cycle period
      is 25 milliseconds.
PAR  The circuitry 32 for generating an electrical signal having a portion
      thereof indicative of a constant angle or fraction of the input signal
      V.sub.in includes a comparator A.sub.1 which has its negative or inverting
      input supplied with the electrical signal V.sub.in through an input
      resistor R.sub.2. The positive input to the comparator A.sub.1 is
      connected to ground through an input resistor R.sub.3. A Schottky diode
      D.sub.2 has its cathode connected to the negative input to the comparator
      A.sub.1 and has its anode connected to ground lead 64. A diode D.sub.3 has
      its anode connected to the negative input to the capacitor and has its
      cathode connected to ground. A filter capacitor C.sub.1 is connected in
      parallel with the pickup coil 68. A constant current source I.sub.1, which
      consists of two PNP transistors, has the emitters of these two transistors
      connected together and connected to the low-voltage supply lead 58 by a
      lead 72. The base electrodes of the two transistors are connected
      together, the collector lead of one of the transistors is connected to the
      commonly-connected transistor bases, and these common connections are
      connected through a resistor R.sub.4 to the ground lead 64. The collector
      of one of these current-source transistors is connected by a lead 74 to
      the output of the comparator A.sub.1 and to the collector electrode of a
      transistor Q.sub.1 the emitter of which is connected to the ground lead
      64.
PAR  The base of the transistor Q.sub.1 is connected through a current-limiting
      resistor R.sub.6 to a junction point, at which the voltage signal V.sub.3
      occurs, formed between a resistor R.sub.7 and the collector electrode of a
      transistor Q.sub.2 the emitter of which is connected to the ground lead
      64. The base of the transistor Q.sub.2 is connected by a lead 76 to the
      collector electrode of one of the two PNP transistors in another constant
      current source I.sub.2. The constant current source I.sub.2 is connected
      in a manner similar to that used for the constant current source I.sub.1
      and has the bases of its two transistors connected together and to the
      ground lead 64 through a resistor R.sub.5. The current sources I.sub.1 and
      I.sub.2 are coupled to opposite ends of a capacitor C.sub.3, one end of
      this capacitor C.sub.3, at which the voltage signal V.sub.1 occurs, being
      connected to the output of the comparator A.sub.1 and the other end of
      this capacitor C.sub.3, at which the voltage V.sub.2 occurs, being
      connected to the base of the transistor Q.sub.2.
PAR  The constant current generator I.sub.1 produces a fixed current through the
      resistor R.sub.4. It can be shown mathematically that the current
      generator I.sub.1 produces a current in the lead 74 very nearly equal to
      the current through the resistor R.sub.4. Similarly, the constant current
      generator I.sub.2 produces a current in its lead 76 that is equal to the
      current continuously present in the resistor R.sub.5. Preferably, the
      current through the lead 76 of the constant current generator I.sub.2 is
      twice as great as the current produced in the lead 74 by the constant
      current generator I.sub.1.
PAR  The function of the comparator A.sub.1 is to detect the zero-crossing
      points, both positive-going and negative-going, of the input waveform
      V.sub.in . The comparator A.sub.1 preferably is an integrated circuit
      which has at its output a switching transistor which produces an open
      circuit condition at the comparator output when the signal applied to its
      negative input is more negative than the signal applied to its positive
      input. On the other hand, when the signal applied to the comparator
      negative (inverting) input is more positive than the signal applied to the
      comparator positive input, then the comparator output is at substantially
      ground potential.
PAR  The magnetic pickup coil 68 has one of its terminals connected through the
      input resistor R.sub.3 to the positive input to the comparator A.sub.1.
      Thus, this pickup coil terminal and the positive input to the comparator
      are at a reference ground potential. When the upper terminal of the pickup
      coil 68 is positive with respect to its lower terminal, then this voltage
      produces a current through the input resistor R.sub.2 and the diode
      D.sub.3. Thus, as soon as the signal V.sub.in crosses zero or ground
      potential in the positive-going direction, a positive voltage appears at
      the negative input to the comparator A.sub.1, this input being positive
      with respect to the ground potential appearing at the reference or
      positive input to the comparator A.sub.1, and the comparator output goes
      to ground potential. The diode D.sub.3 limits the voltage appearing at the
      negative input of the comparator to the diode drop, approximately 0.6
      volts. When the signal V.sub.in crosses zero in the negative-going
      direction, current flows through the diode D.sub.2 and the resistor
      R.sub.2, in the opposite direction than previously described, and the
      negative input to the comparator A.sub.1 is negative with respect to the
      reference ground potential applied to its positive input. Therefore, the
      comparator output becomes an open circuit condition. The Schottky diode
      D.sub.2 limits the voltage at the negative input to the comparator A.sub.1
      to approximately -0.4 volts.
PAR  Immediately prior to the time at which the comparator output becomes an
      open circuit, the transistor Q.sub.2 is conductive and the voltage V.sub.2
      at its base is equal to the base-emitter drop of the transistor Q.sub.2, a
      voltage of about 0.6 volts. When the comparator A.sub.1 output voltage
      becomes an open circuit at the negative-going zero-crossing point of the
      voltage V.sub.in, the constant current source I.sub.1 supplies its
      constant current through the lead 74 to the capacitor C.sub.3 charging it
      to the polarity indicated in FIG. 1, this current flowing through the
      base-emitter junction of the transistor Q.sub.2. The capacitor C.sub.3
      charges linearly to produce the linearly increasing portion of the voltage
      V.sub.1 which portion continues as long as the output of the comparator
      A.sub.1 remains an open circuit. The voltage V.sub.2 at the opposite
      terminal of the capacitor C.sub.3 remains at 0.6 volts during this time.
      When the comparator A.sub.1 output voltage goes to ground potential at the
      positive-going zero-crossing point of the input voltage V.sub. in, the the
      voltage V.sub.1 suddenly goes to this ground potential which forces its
      opposite terminal, where the signal V.sub.2 occurs, to drop to about -3.4
      volts it being assumed in this case that the engine is operating at about
      600 rpm and that the linearly varying voltage at V.sub.1 has increased to
      about 4 volts. When the voltage V.sub.2 becomes negative with respect to
      ground potential, the transistor Q.sub.2 turns off and the voltage
      V.sub.3, which is the output of the circuitry 32, suddenly rises to a
      level near the low voltage supply of 5.0 volts. The transistor Q.sub.1
      becomes fully conductive and, simultaneously, the capacitor C.sub.3 begins
      to charge in the opposite direction from the constant current source
      I.sub.2, which produces in its lead 76 a constant current twice that
      produced by the constant current source I.sub.1. The I.sub.2 current flows
      through the lead 76, through the capacitor C.sub.3 and through the
      collector-emitter circuit of the transistor Q.sub.1 . This charging of the
      capacitor C.sub.3 in the reverse direction produces the saw-toothed first
      portion of the V.sub.2 waveform shown in FIG. 2. The voltage V.sub.2
      linearly increases with a slope twice as great as that in the linearly
      increasing portion of the voltage waveform V.sub.1 because the constant
      current produced by the constant current generator I.sub.2 is twice as
      great as that produced by the current generator I.sub.1. The voltage
      V.sub.2 rises to 0.6 volts, the base-emitter drop of the transistor
      Q.sub.2, in a time interval equal to one-half that which is required to
      charge the capacitor C.sub.3 from the constant current source I.sub.1.
PAR  Since the capacitor C.sub.3 when being charged from the constant current
      source I.sub.1 receives a constant current during an interval equal to the
      time between zero-crossing points of the input signal V.sub.in and since a
      zero-crossing point occurs at the end of each half-cycle of the input
      signal V.sub.in, then the time required to charge the capacitor C.sub.3 in
      the opposite direction from the current source I.sub.2 is always equal to
      one-quarter or twenty-five percent of the periodic electrical input signal
      V.sub.in produced in the pickup coil 68 of the magnetic pulse generator.
PAR  When the signal V.sub.2 reaches 0.6 volts, the transistor Q.sub.2 becomes
      conductive and the voltage V.sub.3 decreases to the saturation level of
      the transistor Q.sub.2. Thus, the voltage signal V.sub.3 is a periodic
      signal having a first portion comprising a pulse having a duration equal
      to one-quarter or twenty-five percent, a fixed fraction, of the period of
      the electrical input signal V.sub.in. Variations in engine speed will not
      change this fractional relationship of the first portion of the signal
      V.sub.3 to the period of the input signal V.sub.in. Thus, the circuitry 32
      produces an electrical signal having a constant angle, that is, 90.degree.
      of the periodic input signal.
PAR  When the transistor Q.sub.2 becomes conductive as described above, the
      transistor Q.sub.1 becomes nonconductive as initially assumed in this
      description. The transistor Q.sub.1 prevents input transient voltages from
      affecting the charging of the capacitor C.sub.3 from the current generator
      I.sub.2.
PAR  The circuit 34 for generating a constant dwell time electrical signal
      includes a constant current source I.sub.3 which comprises two PNP
      transistors connected as are the transistors in the current sources
      I.sub.1 and I.sub.2. The constant current source I.sub.3 produces a
      current in a resistor R.sub.9 when the collector-emitter output circuit of
      a transistor Q.sub.3 is conductive. The current in the collector lead 78
      of the current source I.sub.3 is constant and very nearly equal to the
      current in the resistor R.sub.9. The base of the transistor Q.sub.3 is
      connected through a resistor R.sub.10 to the collector of the transistor
      Q.sub.2 at which the voltage signal V.sub.3 appears. The signal V.sub.3 is
      also applied through a resistor R.sub.12 to the base electrode of a
      transistor Q.sub.4. The emitter of the transistor Q.sub.4 is connected to
      ground and its collector is connected to the output of a comparator
      A.sub.2. The comparator output is connected by a lead 80 to the junction
      formed between the anode of a diode D.sub.5 and one terminal of a resistor
      R.sub.18. The other terminal of the resistor R.sub.18 is connected to the
      low-voltage supply lead 58. The cathode of the diode D.sub.5 is connected
      through a resistor R.sub.14 to one terminal of a resistor R.sub.13 the
      other terminal of which is connected to the low-voltage supply lead 58.
      The junction formed between the resistors R.sub.13 and R.sub.14 is
      connected by a lead 82 to the commonly-connected bases of a pair of NPN
      transistors in a constant current drain I.sub.4. The two NPN transistors
      in the constant current drain I.sub.4 have their emitters connected
      together and connected by a lead 84 to the ground lead 64. The collector
      of one of the NPN transistors is connected to the commonly-connected bases
      of the transistors and the collector of the other transistor is connected
      by a lead 86 to the negative input of the comparator A.sub.2. The constant
      current drain I.sub.4 thus is connected such that the current in its lead
      86 is very nearly equal to the current in its lead 82. Preferably, the
      constant current I.sub.3 produced in the lead 78 is slightly less than or
      equal to four times the constant current I.sub.4 in the lead 86 of the
      current drain. The lead 86 is connected by a lead 88 to one terminal of a
      capacitor C.sub.4. The lead 78 from the constant current source I.sub.3 is
      also connected to this capacitor terminal. The other terminal of the
      capacitor C.sub.4 is connected to the ground lead 64.
PAR  In the operation of the constant dwell time circuitry 34, the transistor
      Q.sub.3 is rendered fully conductive when the periodic electrical signal
      V.sub.3 rises to its high-level voltage at the beginning of the first
      portion, or, constant angle portion, of this waveform. This causes the
      current source I.sub.3 to produce its constant current in the lead 78.
      Approximately three-fourths of this I.sub.3 current flows into the
      capacitor C.sub.4 charging it to the indicated polarity; the remainder of
      the current I.sub.3, an amount equal to the constant drain current
      I.sub.4, flows through the lead 88 and the lead 86 to ground. Thus, the
      capacitor C.sub.4 is charged linearly, at a constant rate, for the
      constant angle time, twenty-five percent of the V.sub.in periodic input
      signal, at the end of which time it will have achieved a voltage level
      which is inversely proportional to engine speed and which, at about 600
      rpm, may be about 4.0 volts. When the first portion of the constant angle
      V.sub.3 ends and the voltage V.sub.3 becomes a low level of about 0.1
      volts, then the transistor Q.sub.3 becomes nonconductive and the capacitor
      C.sub.4 begins to discharge through the lead 88 and the lead 86 of the
      constant current drain I.sub.4, this discharge being at the fixed current
      rate of I.sub.4. The voltage V.sub.4 which appears at the terminal of the
      capacitor C.sub.4 designated positive is shown in FIG. 2. It may be seen
      that the waveform V.sub.4 has a linearly varying first portion 90,
      representing the constantly increasing charge accumulation on the
      capacitor C.sub.4, which coincides with the constant angle first portion
      of the periodic signal V.sub.3. During the discharge of the capacitor
      C.sub.4 through the constant current drain I.sub.4, the waveform V.sub.4
      linearly decreases from its maximum value, which occurs at a fixed angular
      point 92 in the ignition cycle, to a point 94.
PAR  The ignition system dwell time is initiated at the point 94 in the V.sub.4
      waveform. For reasons to be explained hereinafter, the high ignition coil
      secondary voltages (V.sub.6) always occur at the end of the ignition
      cycle, which corresponds to the positive-going zero-crossing point of the
      input signal V.sub.in. Therefore, it is apparent that dwell time is
      initiated when the point 94 is reached and that such dwell time always
      terminates at a fixed point in the ignition cycle. Thus, the dwell time is
      the length of time T between the occurrence of the point 94 at the
      threshold level 100 indicated in the V.sub.4 waveform and the end of the
      ignition cycle. The slope 96 of this voltage waveform, representing the
      discharge of the capacitor C.sub.4 through the constant current drain
      I.sub.4, is constant for all engine speeds within a predetermined range.
      Preferably, the slope of the waveform portion 96 is chosen such that if it
      were permitted to continue until a zero voltage level were reached, the
      zero voltage level would occur at the end 104 of the ignition cycle. Thus,
      from the broken line portion 98 of the voltage waveform, it may be seen
      that this is the case. In reality, the diode D.sub.5 and resistor R.sub.14
      in conjunction with the comparator A.sub.2 cause the voltage to reach zero
      prior to the end of the ignition cycle, as shown by the solid line portion
      of the V.sub.4 waveform in the region below the threshold level 100. This
      is designed to insure that the capacitor C.sub.4 voltage and charge
      actually decrease to zero prior to the end of the ignition cycle. However,
      since the dwell time is initiated at the point 94, the earlier discharge
      of the capacitor is inconsequential with respect to the dwell time
      developed by the circuitry 34.
PAR  When the portion 96 of the voltage waveform V.sub.4 is chosen with a slope
      that would cause it to reach a zero potential at the end of the ignition
      cycle, the dwell time signal V.sub.5 at the output of the comparator
      A.sub.2 is constant over a range of engine speeds. This occurs because the
      slope of the second portion 96 of the waveform is developed by the
      constant current drain and necessarily is independent of engine speed. The
      point 94 is at a fixed voltage threshold 100, and the dwell time T is
      equal to the broken line voltage portion 98 multiplied by the cosine of
      the angle between it and the zero-voltage (ground) reference potential. In
      other words, the portion 98 is a constant because of the fixed threshold
      100 and the angle between this portion and the zero reference level must
      be constant and independent of engine speed because of the constant slope
      of the second voltage portion 96. As engine speed increases, the constant
      dwell time T occupies an ever increasing proportion of the total ignition
      cycle. Stated another way, the capacitor C.sub.4 charges to a voltage
      level 92 at higher engine speeds which is less than that to which it is
      charged at low engine speeds, and thus, with the constant discharge rate
      of the capacitor C.sub.4, the point 94 at the threshold level 100 is
      reached earlier in the ignition cycle than is the case at lower engine
      speeds. This maintains a constant dwell time.
PAR  If the absolute value of the slope of the second portion 96 of the V.sub.4
      waveform were to be increased such that the end of the broken line portion
      98 were to reach the zero reference potential prior to the end 104 of the
      ignition cycle at which time the high ignition coil secondary voltage
      occurs, then the dwell time becomes variable to a limited extent. The time
      between the occurrence of the point 94 at the voltage threshold level 100
      and the end of the portion 98 remains constant, but the end of the portion
      98 would occur prior to the end 104 of the ignition cycle. The time
      between the end of the portion 98 and the end of the ignition cycle would
      then be variable and be inversely proportional to engine speed. In order
      to avoid problems associated with voltage feedback, the voltage waveform
      V.sub.4 and the charge on the capacitor must reach the zero level prior to
      the end of the ignition cycle.
PAR  The comparator A.sub.2 has its positive input at a fixed reference voltage
      level established by the connection of this input to the common junction
      formed by the voltage divider consisting of resistors R.sub.15 and
      R.sub.16. This is the threshold voltage level 100 in the V.sub.4 voltage
      waveform. The negative input to the comparator A.sub.2 is the V.sub.4
      voltage signal occurring at the upper terminal of the capacitor C.sub.4.
      When the capacitor voltage is above the threshold level 100, the negative
      input to the comparator A.sub.2 is positive with respect to the threshold
      potential at the positive input thereto, and the comparator A.sub.2 output
      is very near ground potential. At this time, the transistor Q.sub.4 is
      nonconductive because the voltage signal V.sub.3 applied to its base
      through the resistor R.sub.12 is low due to the conductive state of the
      transistor Q.sub.2 as previously described. When the negative input to the
      comparator A.sub.2 reaches and then goes slightly below the threshold
      potential 100 established by the reference voltage applied to the positive
      input of the comparator A.sub.2, the output of the comparator A.sub.2 then
      becomes an open circuit and the voltage V.sub.5 at this output then rises
      to about 3.5 volts. This occurs at the point 102 in the V.sub.5 waveform.
PAR  When the V.sub.5 waveform is at its lower voltage level, the diode D.sub.5
      is reverse-biased and current cannot flow in the resistor R.sub.14 and in
      the diode D.sub.5. However, at the point 102 in the V.sub.5 waveform, the
      anode of the diode D.sub.5 becomes more positive than its cathode and it
      conducts to permit current flow therethrough and through the resistor
      R.sub.14 into the lead 82 to the constant current drain I.sub.4. This
      increases the current flowing through the lead 82 into the current drain
      I.sub.4 and hence increases the constant current flowing in the lead 86,
      which must always be very nearly equal to the current in the lead 82.
      Since the current in the lead 86 is obtained from the capacitor C.sub.4,
      the increased rate of discharge of this capacitor is indicated in the
      voltage waveform V.sub.4 by the sharp drop-off which occurs after the
      threshold point 94 is reached. This increased capacitor discharge rate
      insures that its charge and voltage level reach zero prior to the end of
      the ignition cycle.
PAR  The dwell signal V.sub.5 goes to its high level at the point 102 as
      previously described and returns to its low level at the end 104 of the
      ignition cycle because the transistor Q.sub.4 becomes fully conductive at
      this point due to the rise in the level of the voltage signal V.sub.3
      which occurs at the end of the ignition cycle and which corresponds to the
      positive-going zero-crossing point of the input signal V.sub.in.
PAR  The output circuit 36 comprises a pair of transistors Q.sub.7 connected in
      a Darlington configuration. The collection-emitter circuit of the output
      transistor of the Darlington circuit is connected in series with the
      ignition coil primary winding 42 and in series with a resistor R.sub.29.
      The resistor R.sub.29 has a very low resistance value. A capacitor C.sub.7
      is connected at one of its ends to the common collector connections of the
      Darlington transistors Q.sub.7 and has its other terminal connected to the
      ground lead 64. A pair of zener diodes D.sub.6 and D.sub.7 are connected
      in series and between the base and collector electrodes of the input
      transistor in the pair of Darlington transistors Q.sub.7. The base
      electrode of this input transistor is connected by a lead 106 to the
      collector of a transistor Q.sub.6. The emitter of the transistor Q.sub.6
      is connected to the ground lead 64 and its collector is connected through
      a resistor R.sub.23 to the low-voltage supply lead 58. The base of the
      transistor Q.sub.6 is connected through a current limiting resistor
      R.sub.22 to the collector of a transistor Q.sub.5 the emitter of which is
      connected to the junction formed between the Darlington transistors
      Q.sub.7  and the resistor R.sub.29. The collector of the transistor
      Q.sub.5 also is connected through a resistor R.sub.21 to the low voltage
      supply lead 58. The base of the transistor Q.sub.5 is connected through a
      current limiting resistor R.sub.19 to the output of the comparator A.sub.2
      at which point the dwell time signal V.sub.5 occurs.
PAR  When the dwell time signal V.sub.5 is at a low voltage level, the
      transistor Q.sub.5 has its base-emitter junction reverse-biased and it is
      nonconductive. The collector of the transistor Q.sub.5 at this time is at
      a potentional near that of the low-voltage supply lead 58, and the
      base-emitter junction of the transistor Q.sub.6 is forward-biased. This
      causes the transistor Q.sub.6 to be fully conductive and places the lead
      106 at very nearly ground potential. Thus, the Darlington transistors
      Q.sub.7 have no base drive and are nonconductive to prevent current flow
      through the series-connected ignition coil primary winding 42.
PAR  When the dwell time signal V.sub.5 goes to its high potential level at the
      point 102, thereby initiating the dwell time, the transistor Q.sub.5 has
      its base-emitter junction forward-biased and is conductive. The collector
      of the transistor Q.sub.5 then is at a low potential rendering the
      transistor Q.sub.6 non-conductive. When the transistor Q.sub.6 becomes
      nonconductive, the voltage at the lead 106 becomes near the low-voltage
      supply potential, and the Darlington transistors Q.sub.7 receive the base
      drive necessary to render them fully conductive. This causes the current
      I.sub.5 in the ignition coil primary winding 42 to gradually build up to a
      predetermined level near its maximum. The I.sub.5 current waveform is
      shown in FIG. 2.
PAR  The current limiting circuit 38 performs the function of limiting the
      ignition coil primary winding current I.sub.5 to a level at or near its
      maximum. This circuit comprises a comparator A.sub.3 which has its
      positive input connected to the junction formed between series-connected
      resistors R.sub.24 and R.sub.26. The resistors R.sub.24 and R.sub.26 form
      a voltage divider due to their connection between the low-voltage supply
      lead 60 and the ground lead 62. Preferably, the reference voltage applied
      to the positive input to the comparator A.sub.3 is about 0.6 volts above
      ground potential.
PAR  A filter capacitor C.sub.6 is connected across the positive and negative
      inputs of the comparator A.sub.3. The negative input to the comparator
      A.sub.3 is connected to the junction formed between a resistor R.sub.27
      and a resistor R.sub.28. The upper terminal of the resistor R.sub.27 is
      connected to the low-voltage supply lead 60 and the resistor R.sub.28 has
      one of its terminals connected by a lead 108 to the junction formed
      between the Darlington transistors Q.sub.7 and the resistor R.sub.29 in
      the output circuit 36. A feedback resistor R.sub.25 is connected between
      the output of the comparator A.sub.3 and its negative input. Also, the
      output of the comparator A.sub.3 is connected by a lead 110 to the base of
      the transistor Q.sub.5 in the output circuit 36.
PAR  The resistors R.sub.27, R.sub.28, and R.sub.29 form a voltage divider. The
      resistor R.sub.29 has its value chosen to limit the current in the
      ignition coil primary winding 42 to a maximum level and has a low ohmic
      value. The resistors R.sub.27 and R.sub.28 are chosen such that the
      voltage V.sub.7, shown in FIG. 2, is maintained at 0.3 volts above ground
      when there is no current flowing through the resistor R.sub.29 from the
      Darlington transistor Q.sub.7.
PAR  The current limiting circuit 38 may be designed to limit the ignition coil
      primary winding current I.sub.5 to, for example, six amperes. In such
      case, the resistor R.sub.29 has a value of 0.05 ohms so that it will have
      0.3 volts across it with six ampers flowing through it. As the current in
      the coil winding gradually builds up to six amperes, the voltage across
      the resistor R.sub.29 gradually increases to 0.3 volts. This R.sub.29
      voltage raises the voltage V.sub.7 at the negative input to the comparator
      A.sub.3 a similar amount. Thus, voltage V.sub.7 increases until it reaches
      0.6 volts at a time when the ignition coil primary winding current I.sub.5
      is 6 amps. Before it reaches 0.6 volts, the voltage V.sub.7 applied to the
      negative input to the comparator A.sub.3 is less than the 0.6 reference
      voltage applied to the positive input thereto. Thus, the output of the
      comparator is an open circuit at this time and the transistor Q.sub.5 is
      permitted to conduct during the dwell time established by the voltage
      signal V.sub.5, and the transistor Q.sub.7 is also conductive at this time
      permitting the coil current to flow. As the current through the resistor
      R.sub.29 builds up to produce the 0.6 volts at the negative input to the
      comparator A.sub.3, the point is reached at which the negative input is
      more positive than is the reference voltage applied to the positive input
      to the comparator A.sub.3. When this occurs, the comparator output voltage
      goes to very nearly ground potential. This ground potential is applied
      through the lead 110 to the base of the transistor Q.sub.5 rendering it
      nonconductive. When the transistor Q.sub.5 becomes nonconductive, the
      transistor Q.sub.7 also is rendered nonconductive in the manner previously
      described. This prevents the flow of ignition coil primary winding current
      I.sub.5 through the transistor Q.sub.7 and a further increase in the
      current I.sub.5 is not possible. However, when the transistor Q.sub.7
      becomes nonconductive, the current I.sub.5 can flow into the capacitor
      C.sub.7.
PAR  When the transistor Q.sub.7 becomes nonconductive, the voltages across the
      resistor R.sub.29 immediately decreases, thereby, placing the negative
      input to the comparator A.sub.3 at a voltage level less than the potential
      at the positive input thereto. This produces a potential on the lead 110
      which permits the transistor Q.sub.5 to conduct once again and, if the
      dwell time signal V.sub.5 has remained at its high potential level, then
      the transistor Q.sub.7 will be rendered conductive once again. Thus, it is
      apparent that the current limiting circuit 38 causes the Darlington
      transistors Q.sub.7 to become alternately conductive and nonconductive,
      thereby, to limit the ignition coil primary current I.sub.5 to a maximum
      level.
PAR  The low-engine-speed current-interrupt circuit 40 comprises a comparator
      A.sub.4 used in a voltage follower configuration. The comparator A.sub.4
      has its negative input connected by a feedback lead 112 to a lead 114
      which, in turn, is connected by the lead 110 to the base of the transistor
      Q.sub.5. A current limiting resistor R.sub.20 is connected between the
      comparator A.sub.4 output and the feedback lead 112. The positive input to
      the comparator A.sub.4 has a resistor R.sub.11 and a capacitor C.sub.5
      connected between it and the ground lead 62. A diode D.sub.4 has its
      cathode connected to the comparator A.sub.4 positive input and has its
      anode connected through a resistor R.sub.8 to the voltage signal V.sub.3
      occuring at the collector of the transistor Q.sub.2.
PAR  As was previously described, the constant-angle voltage V.sub.3 consists of
      a plurality of periodic pulses occupying a fixed fraction of the ignition
      cycle as represented by the voltage signal V.sub.in. When the voltage
      U.sub.3 is at its high potential level, the diode D.sub.4 is
      forward-biased and current flows into the capacitor C.sub.5. When the
      electronic ignition system 10 is first energized, the voltage V.sub.8
      occuring at the positive input to the comparator A.sub.4 increases
      exponentially to about 3.5 volts as indicated in FIG. 2 at the beginning
      of the first cycle of the V.sub.8 waveform, the exponential rise being
      characteristic of the charging of the capacitor C.sub.5 with a current
      flowing through the resistance R.sub.8. When the voltage signal V.sub.3
      goes to its low potential value, the diode D.sub.4 becomes reverse-biased
      and the capacitor C.sub.5 discharges through the resistor R.sub.11. The
      time constant formed by the capacitor C.sub.5 and the resistor R.sub.11 is
      greater than the time constant formed by the resistor R.sub.8 and the
      capacitor C.sub.5 and therefore the decay of the voltage V.sub.8 during
      the discharge of the capacitor C.sub.5 is less rapid than is its charging.
      Thus, during each cycle of the periodic voltage waveform V.sub.3, the
      voltage V.sub.8 rises by some amount and then decreases less rapidly. The
      average and minimum levels of voltage V.sub.8 achieved is a function of
      engine speed.
PAR  The voltage at the reference negative input to the comparator A.sub.4 is
      applied from the base of the transistor Q.sub.5 through the leads 110, 114
      and 112. When the Darlington transistors Q.sub.7 are conductive permitting
      current to flow in the ignition coil primary winding 42, the base of the
      transistor Q.sub.5 is at about 0.6 volts. Thus the negative input to the
      comparator A.sub.4 is at this voltage level when current is present in the
      ignition coil primary winding 42. If the voltage V.sub.8 falls below 0.6
      volts, then the negative input to the comparator A.sub.4 will be greater
      in voltage than the positive input thereto and the comparator A.sub.4
      output will go toward ground potential. This ground potential then is
      applied through the resistor R.sub.20 and the lead 110 to the base of the
      transistor Q.sub.5 causing it to become nonconductive and thereby
      rendering the transistor Q.sub.7 nonconductive to interrupt current flow
      in the ignition coil primary winding 42.
PAR  The point at which the current interruption occurs is determined by the
      characteristics of the voltage signal V.sub.3 and the values of the RC
      time constant elements R.sub.8, C.sub.5 and R.sub.11. Preferably, the
      values of these elements and the voltage V.sub.3 are such that the voltage
      V.sub.8 falls below 0.6 volts to interrupt the ignition coil primary
      current when the engine rpm is less than or equal to 30 rpm. This is less
      than normal engine cranking speed. The interruption of the ignition coil
      primary current at engine speeds below this level prevents the waste of
      electrical energy of the DC source of potential 12 in the event the
      ignition switch 18 is left in the run position when the engine is not in
      operation or when its speed falls below 30 rpm. The voltage waveform
      V.sub.8 shown in FIG. 2 illustrates the magnitude of this voltage at an
      engine speed of 600 rpm, well above the level at which primary current
      interruption occurs due to the action of the circuit 40.
PAR  With reference now to FIG. 3, there is shown a graph of the average value
      of the ignition coil primary current I.sub.5 versus engine crankshaft rpm.
      The graph illustrates 116 and 118. The curve 116 illustrates the average
      ignition coil primary current for an electronic ignition system which
      substantially duplicates the action of a conventional breaker point
      ignition system. The curve 118 illustrates the average ignition coil
      primary winding current I.sub.5 of the electronic ignition system 10 of
      the invention. It may be seen that the electronic ignition system 10 of
      the invention produces an average ignition coil primary winding current
      substantially less than the primary current of the ignition system
      represented by the curve 116 in the range of engine speeds below about
      2350 rpm. At engine speeds above this, the curve for the electronic
      ignition system 110 reaches a peak at the point 120 and then gradually
      decreases in a manner similar to the decrease in the average current for
      the curve 116. The peak 120 in the average ignition current occurs at
      about 2800 rpm. This value of engine speed corresponds to the engine speed
      at which the point 92 in the voltage waveform V.sub.4 coincides with the
      threshold level 100. Thus, at this engine speed of about 2800 rpm, the
      ignition system dwell time T occupies the entire time period between the
      fixed point 122 in the V.sub.5 voltage waveform and the end of the
      ignition cycle 104. The dwell time cannot exceed this period between the
      fixed point 122 and the end 104 of the ignition cycle because of the
      action of the transistor Q.sub.4 which prevents the start of the dwell
      time until the voltage signal V.sub.3 has dropped to its low potential
      portion.
PAR  From the FIG. 3 current waveform 118, it may be seen that at engine speeds
      above about 2800 rpm, the average primary winding current is greater than
      that of the conventional ignition system illustrated by the curve 116.
      This is desirable because, in this upper engine speed range of the curves,
      the ignition coil primary current cannot reach its maximum but should be
      as near that maximum as is possible.
PAR  With reference now to FIG. 4, there is shown a graph of ignition coil
      secondary voltage in kilovolts versus engine rpm. The graph contains a
      curve 124 illustrating the secondary voltage achieved in the ignition coil
      of the ignition system having the primary current illustrated by curve 116
      in FIG. 3. FIG. 4 also contains a curve 126 illustrating the secondary
      voltage achieved with the electronic ignition system 10 of the present
      invention. It is apparent that the secondary voltage of the conventional
      ignition system illustrated by the curve 124 drops off rapidly as engine
      speed increases and that its maximum value is about 31 kilovolts. The
      ignition system of the present invention, on the other hand, has a maximum
      value of about 39 kilovolts and this voltage continues over an engine
      speed range of up to about 2800 rpm. At engine speeds above this level,
      the electronic ignition system 10 produces a secondary voltage which
      decreases in a substantially linear manner, but the secondary voltage of
      this system is still at 30 kilovolts at an engine speed of 4000 rpm, a
      value close to the maximum secondary voltage achieved by the conventional
      system.
PAR  In summary, the electronic ignition system of the invention produces high
      secondary voltages while maintaining or increasing ignition coil primary
      winding current at higher engine speeds and advantageously limiting the
      average and maximum primary current at lower engine speeds. In the lower
      engine speed regions, the ignition coil primary winding in the electronic
      ignition system 10 reaches its desirable maximum current level to provide
      maximum energy in the sparks produced by the ignition coil, the spark
      energy being equal to one-half the inductance of the coil times the square
      of the primary current.
PAR  The various voltage levels and the waveforms of FIG. 2 used in the
      preceding description are obtained with the electronic ignition system 10
      having components of the following types or values, these types and values
      being given here by way of example and not limitation:
PA1  Resistor R.sub.1 - 100 kilohms
PA1  Resistor R.sub.2 - 10 kilohms
PA1  Resistor R.sub.3 - 10 kilohms
PA1  Resistor R.sub.4 - 68 kilohms
PA1  Resistor R.sub.5 - 36 kilohms
PA1  Resistor R.sub.6 - 33 kilohms
PA1  Resistor R.sub.7 - 4.7 kilohms
PA1  Resistor R.sub.8 - 100 kilohms
PA1  Resistor R.sub.9 - 30 kilohms
PA1  Resistor R.sub.10 - 82 kilohms
PA1  Resistor R.sub.11 - 3.3 megohms
PA1  Resistor R.sub.12 - 82 kilohms
PA1  Resistor R.sub.13 - 100 kilohms
PA1  Resistor R.sub.14 - 15 kilohms
PA1  Resistor R.sub.15 - 6.2 kilohms
PA1  Resistor R.sub.16 - 1.1 kilohms
PA1  Resistor R.sub.17 - 1 kilohm
PA1  Resistor R.sub.18 - 68 kilohms
PA1  Resistor R.sub.19 - 10 kilohms
PA1  Resistor R.sub.20 - 1 kilohm
PA1  Resistor R.sub.21 - 3.3 kilohms
PA1  Resistor R.sub.22 - 1 kilohm
PA1  Resistor R.sub.23 - 150 ohms
PA1  Resistor R.sub.24 - 22 kilohms
PA1  Resistor R.sub.25 - 20 kilohms
PA1  Resistor R.sub.26 - 3 kilohms
PA1  Resistor R.sub.27 - 22 kilohms
PA1  Resistor R.sub.28 - 1.5 kilohms
PA1  Resistor R.sub.29 - 0.05 ohms
PA1  Capacitor C.sub.1 - 0.01 microfarad
PA1  Capacitor C.sub.2 - 0.1 microfarad
PA1  Capacitor C.sub.3 - 0.22 microfarad
PA1  Capacitor C.sub.4 - 0.22 microfarad
PA1  Capacitor C.sub.5 - 0.1 microfarad
PA1  Capacitor C.sub.6 - 0.01 microfarad
PA1  Capacitor C.sub.7 - 0.33 microfarad
PA1  Zener Diode D.sub.1 - IN4734 (reverse breakdown voltage 5.6 volts)
PA1  Schottky Diode D.sub.2 - MBD101 (Motorola)
PA1  Schottky Diode D.sub.3 - IN4001
PA1  Schottky Diode D.sub.4 - IN914
PA1  Schottky Diode D.sub.5 - IN914
PA1  Zener Diodes D.sub.6 and D.sub.7 - IN5279A (180 volts)
PA1  Transistors in current - RCA type CA3096 sources I.sub.1, I.sub.2 and
      I.sub.3, AE(NPN/PNP transitor-in current drain I.sub.4, and array IC)
      transistors Q.sub.1, Q.sub.2, Q.sub.3, Q.sub.4 and Q.sub.5
PA1  Transistor Q.sub.6 - 2N4124
PA1  Darlington transistors Q.sub.7 - S39711 (Fairchild)
PA1  Ignition coil 44:
PA2  Primary
PA3  210 turns
PA3  5.5 millihenry
PA3  0.75 ohm
PA2  Secondary - 22,000 turns
PA1  Comparators A.sub.1, A.sub.2, A.sub.3 - each one-quarter of and A4 LM2901
      (National Semiconductor Corporation
PA1  Transistor Q.sub.8 - MPS-A42 (Motorola)
PAR  From the foregoing description of the invention, it is apparent that the
      electronic ignition system 10 provides a linearly varying voltage which,
      when it reaches a predetermined voltage threshold, initiates a dwell time
      that it substantially constant over a range of engine speeds. The circuit
      uses a voltage input signal V.sub.in which is periodic and has a period
      equal to that of the ignition cycle. Only the zero-crossing points of the
      input signal V.sub.in are utilized by the electronic ignition system.
PAR  The fact that only the zero-crossing points of the input signal are used by
      the ignition system of the invention is an important feature because,
      within limits, the signal magnitude is of no consequence and neither is
      the shape of the input waveform provided its zero-crossing points occur at
      the same points in the ignition cycle over the usable range of engine
      speeds. This is in sharp contrast to other electronic ignition systems
      proposed to provide constant dwell time. The use of only the zero-crossing
      points of the input waveform, rather than using both these points and the
      magnitude of the voltage input as well, permits much greater manufacturing
      tolerances in the magnetic pulse generator which supplies the input
      signal.
PAR  The input signal V.sub.in described in the foregoing detailed description
      is an alternating signal. This need not be the case. The electronic
      ignition system 10 of the invention can operate with a unidirectional
      voltage input signal. Moreover, an alternating signal having
      non-equally-spaced zero-crossing points may be utilized by an electronic
      ignition system constructed in accordance with the invention.
CLMS
STM  Based upon the foregoing description of the invention, what is claimed is:
NUM  1.
PAR  1. An ignition system for a spark-ignition internal combustion engine
      having a direct current potential source and an ignition coil having at
      least a primary winding, said ignition system comprising:
PA1  circuit means for generating a first periodic electrical signal having a
      period equal to the period of the ignition cycle of said engine, said
      first electrical signal having a first portion and a second portion;
PA1  circuit means for generating a second periodic electrical signal having a
      period equal to the period of said first electrical signal, said second
      electrical signal having a first portion, a second portion, and a third
      portion, said first portion of said second electrical signal coinciding in
      time with said first portion of said first electrical signal and
      comprising a linearly varying voltage, said second and third portions of
      said second electrical signal coinciding in time with said second portion
      of said first electrical signal, said second portion of said second
      electrical signal comprising a linearly varying voltage having a slope
      opposite to the slope of said first portion of said second electrical
      signal and said third portion of said second electrical signal beginning
      when said second portion of said second electrical signal has reached a
      predetermined threshold voltage, said third portion of said second
      electrical signal ending at the end of said ignition cycle; and
PA1  circuit means for initiating current flow through said ignition coil
      primary winding upon the occurrence of said threshold voltage and for
      interrupting said current flow thereafter;
PA1  whereby, voltage generated by the interruption of said ignition coil
      primary winding current may be used to generate sparks for said engine.
NUM  2.
PAR  2. An ignition system in accordance with claim 1, wherein said circuit
      means for generating said first electrical signal comprises circuit means
      for generating a linearly varying voltage for a fractional portion of said
      ignition cycle, said fractional portion coinciding in time duration with
      said first portion of said electrical signal.
NUM  3.
PAR  3. An ignition system in accordance with claim 1, wherein said circuit
      means for generating said first electrical signal comprises:
PA1  means for producing an alternating signal in timed relation to engine
      operation, said alternating signal having a period equal to the ignition
      cycle of said engine;
PA1  solid-state switching means for determining when said alternating signal
      goes above and below a predetermined reference level, said switching means
      having an input coupled to said alternating signal and having an output
      which changes from a first state to a second state when said alternating
      signal crosses said reference level;
PA1  a first constant current source;
PA1  a second constant current source;
PA1  a capacitor coupled between said first and second current sources and
      having one of its terminals connected to the output of said switching
      means;
PA1  circuit means for causing said first current source to charge said
      capacitor in one direction when said switching means is in said first
      state and for causing said capacitor to be charged in the opposite
      direction from said second current source when said switching device is in
      said second state.
NUM  4.
PAR  4. An ignition system in accordance with claim 3, wherein said second
      constant current source produces a constant current greater in magnitude
      than the constant current produced by said first constant current source.
NUM  5.
PAR  5. An ignition system in accordance with claim 1, wherein said circuit
      means for generating said second electrical signal comprises;
PA1  a capacitor;
PA1  a first constant current source coupled to said capacitor;
PA1  a constant current drain coupled to said capacitor; and
PA1  circuit means for causing said capacitor to be charged from said first
      constant current source during said first portion of said first electrical
      signal and for causing said capacitor to be discharged through said
      constant current drain during said second portion of said first electrical
      signal.
NUM  6.
PAR  6. An ignition system in accordance with claim 5, wherein said circuit
      means for initiating and interrupting said current flow comprises a
      switching device connected in series with said ignition coil primary
      winding and includes circuit means for rendering said switching device
      conductive when the charge on said capacitor has decreased to a
      predetermined level.
NUM  7.
PAR  7. An ignition system in accordance with claim 5, wherein said circuit
      means for generating said first electrical means comprises:
PA1  means for producing an alternating signal in timed relation to engine
      operation, said alternating signal having a period equal to the ignition
      cycle of said engine;
PA1  switching means for determining when said alternating signal goes above and
      below a predetermined reference level, said switching means having an
      input coupled to said alternating signal and having an output which
      changes from a first state to a second state when said alternating signal
      crosses said reference level;
PA1  a second constant current source;
PA1  a third constant current source;
PA1  a capacitor coupled between said second and third current sources and
      having one of its terminals connected to the output of said switching
      means;
PA1  circuit means for causing said second current source to charge said
      capacitor in one direction when said switching means is in said first
      state and for causing said capacitor to be charged in the opposite
      direction from said third current source when said switching device is in
      said second state.
NUM  8.
PAR  8. An ignition system in accordance with claim 1, which further comprises
      circuit means for limiting current in said ignition coil primary winding
      to a predetermined maximum level.
NUM  9.
PAR  9. An ignition system in accordance with claim 5, which further comprises
      circuit means for limiting the current in said ignition coil primary
      winding to a maximum level.
NUM  10.
PAR  10. An ignition system in accordance with claim 7, which further includes
      circuit means for limiting the current in said ignition coil primary
      winding to a maximum level.
NUM  11.
PAR  11. An ignition system for a spark-ignition internal combustion engine
      having a direct current potential source and an ignition coil having at
      least a primary winding coupled to said direct current potential source,
      said ignition system comprising:
PA1  a solid-state switching device connected in series with said ignition coil
      primary winding, said solid-state switching device having a conductive
      state permitting current flow through said ignition coil primary winding
      and having a nonconductive state preventing current flow through said
      ignition coil primary winding;
PA1  means for generating a periodic electrical signal in timed relation to
      operation of said engine, said electrical signal having a period equal to
      the ignition cycle of said engine;
PA1  a first capacitor for storing electrical charge;
PA1  a first constant current source coupled to said first capacitor;
PA1  a constant current drain coupled to said first capacitor;
PA1  circuit means for supplying electrical charge at a constant rate to said
      first capacitor from said constant current source for a predetermined
      fractional portion of said electrical signal, said circuit means for
      charging said first capacitor being coupled to said circuit means for
      generating said electrical signal;
PA1  circuit means for discharging said first capacitor through said constant
      current drain during each period of said electrical signal and after the
      end of said predetermined fractional portion of said electrical signal
      during which said first capacitor is charged, said first capacitor being
      discharged through said constant current drain until the charge on said
      first capacitor has decreased to a predetermined level;
PA1  circuit means for placing said solid-state switching device in its
      conductive state when said first capacitor has discharged to said
      predetermined level; and
PA1  circuit means for placing said solid-state switching device in its
      nonconductive state at a predetermined point in said electrical signal.
NUM  12.
PAR  12. An ignition system in accordance with claim 11, wherein said circuit
      means for supplying electrical charge to said first capacitor from said
      first constant current source for a predetermined fractional portion of
      said electrical signal comprises:
PA1  a second capacitor;
PA1  a second constant current source coupled to said second capacitor;
PA1  a third constant current source coupled to said second capacitor; and
PA1  circuit means, coupled to said circuit means for generating said electrical
      signal, for causing said second capacitor to be charged in one direction
      from said second constant current source, for causing said second
      capacitor to be charged in the opposite direction from said third constant
      current source after it has been charged in said first direction from said
      second constant current source, and for causing said first capacitor to be
      supplied with electrical charge from said first constant current source
      while said second capacitor is being charged from said third constant
      current source.
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ABST
PAL  Alarm apparatus is provided for a recirculating exhaust gas flow control
      device, which device is employed in an internal combustion engine
      responsive to the negative pressure induced in the carburetor of the
      engine for controlling the flow of exhaust gas that is recirculated into
      the fuel-air mixture to be sucked into the engine; the device has a high
      pressure chamber in communication with the atmosphere, a low pressure
      chamber in communication with the engine negative intake pressure, and a
      diaphragm between the chambers for driving a valve that controls the flow
      of recirculating exhaust gas. The alarm apparatus employs a diaphragm
      forming high and low pressure chambers and for driving an actuating rod of
      a control circuit having an alarm signal lamp. The high pressure chamber
      of the alarm apparatus communicates with the low pressure chamber of the
      flow control device, and the low pressure chamber of the alarm apparatus
      communicates with the low pressure chamber of the flow control device and
      the engine intake, particularly within the vicinity of the carburetor. In
      the event that there is damage to the flow control device, admission of
      atmosphere into the high pressure chamber of the alarm apparatus through
      the control device drives the rod to actuate the alarm circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an alarm apparatus for a recirculating
      exhaust gas flow control device, which device is employed in an internal
      combustion engine to control the quantity of exhaust gas recirculated
      through the engine, which gas is introduced to the fuel-air mixture to be
      sucked into the engine.
PAR  It is known to purify an exhaust gas from an internal combustion engine,
      particularly an automobile engine, by recirculating part of the exhaust
      gas to the fuel-air mixture to be sucked into the engine. The quantity of
      recirculation of the exhaust gas is controlled by a flow control device in
      accordance with the pressure in the fuel-air intake system, such as the
      carburetor provided for the engine.
PAR  If the flow control device for recirculating the exhaust gas fails or
      otherwise develops difficulties, the driver of the automobile may keep on
      running the engine for a long time without being aware of the trouble that
      has developed, because the device does not always have a large and direct
      influence upon the operation of the engine, and this continued operation
      after trouble has developed will result in failure to purify the exhaust
      gas. Accordingly, it is desirable to let the driver know that trouble has
      developed in the device.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an alarm apparatus for
      recirculating exhaust gas flow control device employed in an internal
      combustion engine, which alarm apparatus will provide the driver or
      operator of the engine with a signal that will indicate that the
      recirculating exhaust gas flow control device has gotten out of order.
PAR  Another object of the present invention is to provide an alarm apparatus
      for a recirculating exhaust gas flow control device which is simple in its
      construction, has high reliability, and is easy to be adjusted.
PAR  When the device for controlling the quantity of recirculation exhaust gas
      has gotten out of order, the present invention will produce an alarm by a
      predetermined movement of a member, which movement is in accordance with a
      change in the device due to the trouble to be indicated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further advantages, features and objects of the present invention will
      become more clear from the following detailed description of a preferred
      embodiment, as shown in the drawing, wherein the single FIGURE is a cross
      sectional view of the alarm apparatus, flow control device, and portions
      of a typical automotive engine.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the accompanying FIGURE, an embodiment of the alarm apparatus
      for a recirculating exhaust flow control device, according to the present
      invention, will be described hereinafter. The fuel-air induction system
      for the engine is specifically shown as a carburetor provided with a choke
      valve 2, a Venturi 3, a fuel inlet 4, and a throttle valve 5; fuel
      injection may also be employed. The carburetor 1 is fluid connected, in a
      conventional manner, with an intake pipe or manifold 7 so that the
      induction passage of the carburetor 1 communicates with the induction
      passage of the intake manifold 7. The manifold 7 is connected to the
      suction or inlet portion of an internal combustion engine, such as an
      automobile engine 8. Exhaust from the combustion chamber normally passes
      through the exhaust pipe 10. Passages 9 and 11 are recirculation passages
      for introducing part of the exhaust gas from the engine 8 back into the
      induction passage 7 downstream from the throttle valve 5. The quantity of
      this recirculated exhaust gas in the circulation passage 9, 11 is
      controlled by a flow control device 13.
PAR  The flow control device 13 comprises a housing 14, a diaphragm 15 fixed to
      the housing 14 about its periphery and dividing the housing 14 into two
      separate chambers, that is a high pressure chamber 17 communicating with
      atmosphere through holes 18 provided in the sides of the housing 14 and a
      low pressure chamber 16 having fluid connectors 22, 24 projecting
      outwardly, a spring 21 for exerting a downward force on the diaphragm 15,
      a needle valve 20 connected to the diaphragm 15 through an actuating rod
      20a that extends downwardly through a seal 19 provided in the lower
      portion of the housing 14. The needle valve 21 moves upwardly or
      downwardly in accordance with movement of the diaphragm 15. The movement
      of the needle valve 21 controls the quantity of exhaust gas flowing
      through the exhaust gas recirculation passages 11, 9 in cooperation with a
      ring 12 with a calibrated opening, which ring 12 is disposed in the
      exhaust gas recirculation passage. An orifice 23 is provided in the hollow
      connector 22 so that its internal diameter is substantially smaller than
      the internal diameter of the flow connector 24.
PAR  As a part of the alarm apparatus 26, a rod 35 undergoes a predetermined
      movement with failure of the flow control device. The alarm apparatus 26
      includes a housing 27, a diaphragm fixed to the housing 27 about its
      periphery and dividing the housing 27 into a high pressure chamber 29 and
      a low pressure chamber 30, springs 32 and 33 respectively disposed between
      the housing 27 and the diaphragm 28, and the rod 35 that has one end
      connected to the diaphragm 28 and the other end projecting out of the
      housing 27 through a hollow projection 34 which is sealed by means of the
      bellows 36, which bellows has one end sealingly connected to the
      projection 34 and the other end sealingly connected to the outer end of
      the rod 35. The high pressure chamber 29 is provided with a hollow
      connector 31 telescopically receiving one end of a tube 25 that has its
      other end telescopically received over the connector 24, so as to provide
      fluid communication between the low pressure chamber 16 of the flow
      control device 13 and the high pressure chamber 29 of the alarm apparatus.
      The low pressure chamber 30 of the alarm apparatus has a hollow connector
      37 telescopically receiving one end of a pipe 38, which communicates with
      a pipe 39 telescopically received on the connector 22 to provide fluid
      communication between the low pressure chamber 30 of the alarm apparatus
      and the low pressure chamber 16 of the flow control device. Further, the
      low pressure chamber 30 fluid communicates with the induction passage of
      the carburetor 1 in the vicinity of the control valve 5, by means of
      conduits 38, 40 and a hollow connector provided for the carburetor
      upstream of the throttle valve 5. Springs 32 and 33 are compression
      springs that will control movement and positioning of the diaphragm. A
      microswitch 41 is provided adjacent the actuating rod 35, and has a roller
      42 for engagement with the actuating rod 35 upon a predetermined movement
      of the actuating rod. The microswitch 41 is connected in series with a
      fuse 44, an electric power source 43, and a signal lamp 45, which
      constitutes an alarm circuit.
PAR  When the engine 8 is running, a negative pressure is induced in the intake
      passages of the carburetor 1 and in the intake manifold 7. A portion of
      the exhaust gas A is introduced by the negative pressure through passages
      11 and 9 to the point C in the lower portions of the induction passage
      downstream of the throttle valve 5. The negative pressure is applied to
      the low pressure chamber 16 of the flow control device 13 through the
      hollow projection 6, conduits 39, 40, and the orifice 23. As the pressure
      in the high pressure chamber 17 is that of the atmosphere, it is
      substantially constant. A vertical movement of the diaphragm 15 or the
      needle valve 20 will be in accordance with a change in the negative
      pressure induced in the carburetor 1.
PAR  In the event that atmospheric pressure is applied to the low pressure
      chamber 16, which may result when the diaphragm 15 becomes broken or badly
      attached to the housing 14, the flow control device 13 cannot
      satisfactorily control the quantity of exhaust gas recirculated in
      accordance with pressure in the intake passages of the carburetor 1. In
      such a case, the diaphragm alarm apparatus of the present invention will
      detect this damage occurring within the flow control device. The
      atmospheric pressure that is admitted into the low pressure chamber 16 of
      the flow control device is also applied to the high pressure side of the
      diaphragm 28, that is chamber 29, of the alarm apparatus 26 through the
      conduit 25; at the same time, this atmospheric pressure that has been
      admitted to the chamber 16 will pass through the orifice 23. However, the
      air that passes through orifice 23 as the result of atmospheric pressure
      being applied to chamber 16 is very small and has the effect of producing
      a very small pressure rise within the low pressure chamber 30 of the alarm
      apparatus 26, because of the restricting flow of the orifice 23 and the
      influence of the negative pressure within the intake passages
      communicating through connector 6 and conduit 40. Therefore, the balance
      between the forces applied to the opposite sides of the diaphragm 28 is
      broken, and as the result, the rod 35 is moved toward the right by a
      predetermined distance, which is enough to engage the actuator 42 of the
      microswitch 41 and close the alarm circuit.
PAR  The driver or operator of the engine 8 will know that there has been damage
      to the flow control device 13, because of the visual signal produced by
      the lamp 45. Accordingly, the driver is warned so that he will not further
      run the engine and disperse exhaust gas unpurified into the atmosphere.
PAR  While a preferred embodiment of the present invention has been shown in
      details, further embodiments, variations and modifications are
      contemplated within the broader aspects of the present invention, all as
      determined by the spirit and scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An alarm apparatus for a recirculating exhaust gas flow control device,
      which device is employed in a combustion engine and has an expansible
      chamber responsive to the intake combustion air pressure and drivingly
      connected to a recirculation exhaust gas flow control valve for changing
      the quantity of exhaust gas recirculated in accordance with the intake
      combustion air pressure of the engine, which alarm apparatus comprises: a
      housing; a movable member disposed in said housing for dividing said
      housing into separate opposed first and second alarm expansible chambers;
      means fluid communicating each of said first and second alarm expansible
      chambers with said device expansible chamber; means for producing an alarm
      signal in response to a predetermined movement of said movable member as
      produced by a predetermined pressure difference between said alarm
      expansible chambers.
NUM  2.
PAR  2. An alarm apparatus as defined in claim 1, wherein said movable member is
      a flexible diaphragm sealingly secured to said housing and provided with a
      rod drivingly connected at one end with said flexible diaphragm and
      drivingly connected at its opposite end with said means for producing an
      alarm signal.
NUM  3.
PAR  3. An alarm apparatus as defined in claim 2, further including orifice
      means for restricting fluid flow and providing fluid communication between
      said device expansible chamber and both said alarm second expansible
      chamber and the combustion air intake of the engine; and said orifice
      means having an effective flow cross section substantially smaller than
      the effective flow cross section of the fluid communication between said
      device expansible chamber and said alarm first expansible chamber.
NUM  4.
PAR  4. An alarm apparatus as defined in claim 3, wherein said means for
      producing an alarm signal comprises an electric circuit having an electric
      power source, switch means actuated by said predetermined movement of said
      movable member, and indicator means for indicating actuation of said
      switch means; and said opposite end of said rod being disposed immediately
      adjacent said switch means so as to engage said switch means with said
      predetermined movement of said rod.
NUM  5.
PAR  5. An alarm apparatus as defined in claim 4, wherein said indicator means
      is an electric lamp.
NUM  6.
PAR  6. An alarm apparatus as defined in claim 5, wherein said device expansible
      chamber is defined by a housing having a diaphragm therein dividing the
      housing into a high pressure chamber and said device expansible chamber;
      means freely communicating the atmospheric pressure to said device high
      pressure chamber.
NUM  7.
PAR  7. An alarm apparatus as defined in claim 1, further including orifice
      means for restricting fluid flow and providing fluid communication between
      said device expansible chamber and both said alarm second expansible
      chamber and the combustion air intake of the engine; and said orifice
      means having an effective flow cross section substantially smaller than
      the effective flow cross section of the fluid communication between said
      device expansible chamber and said alarm first expansible chamber.
NUM  8.
PAR  8. An alarm apparatus as defined in claim 7, wherein said means for
      producing an alarm signal comprises an electric circuit having an electric
      power source, switch means actuated by said predetermined movement of said
      movable member, and indicator means for indicating actuation of said
      switch means.
NUM  9.
PAR  9. An alarm apparatus as defined in claim 8, wherein said device expansible
      chamber is defined by a housing having a diaphragm therein dividing the
      housing into a high pressure chamber and said device expansible chamber;
      means freely communicating the atmospheric pressure to said device high
      pressure chamber.
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ABST
PAL  A fluidic implementation of a constant mass airfuel ratio fuel-injection
      system which may be utilized, for example, in an internal combustion
      engine. The system includes a fluidic mass air flow sensor that produces a
      pressure oscillation in direct proportion to the mass air flow to the
      engine. The frequency of this oscillation is utilized to control a fuel
      flow metering device which delivers a fixed amount of fuel per oscillation
      cycle. In one preferred embodiment, the metering device may comprise a
      fixed displacement piston pump. In an alternative embodiment, the metering
      device comprises a constant pulse-width fluidic amplifier.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the United States Government for governmental purposes without the
      payment to me of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is related to a fluidic fuel control system and, more
      particularly, to a constant mass air-fuel ratio fluidic fuel-injection
      system for use with internal combustion engines.
PAR  2. Description of the Prior Art
PAR  The art of fluidics has long been recognized as a natural technology for
      the sensing, computing, and controlling functions with respect to fuel and
      air flow to internal combustion engines. Prior art fluidic fuel control
      systems have ranged from carburetor enhancement type systems through
      complete pulse-width modulated all fluidic type systems. The carburetor
      enhancement devices utilize fluid amplifiers to improve the carburetor
      operation by linearizing or enhancing weak venturi signals, as exemplified
      by U.S. Pat. Nos. 3,656,736; 3,406,951; and 3,477,699. Continuous
      fuel-injection systems in which the number and location of injection
      points are not fixed as in carburetion systems are exemplified by prior
      U.S. Pat. Nos. 3,389,894; 3,679,185; and 3,690,625. The latter type
      continuous fuel-injection systems are, however, quite similar to the
      carburetor, in that venturi vacuum (and manifold vacuum) determines the
      amount of fuel to be delivered in a continuous manner. Such fuel-injection
      systems experience several problems among which are the vaporization of
      fuel having high velocity in the power jets of the fluid amplifiers,
      noise, and inadequate scheduling accuracy. To obtain the desired air-fuel
      schedule, the fluid amplifier must have a square root singlesided transfer
      characteristic that results in a slight leaning of the fuel-air mixture in
      the mid-range region, which function is quite difficult to obtain
      fluidically.
PAR  Pulsed fuel-injection systems have also been proposed and are exemplified
      by prior U.S. Pat. Nos. 3,672,339; 3,687,121; and 3,718,151. In such
      pulse-width modulation systems, the pulse frequency is directly
      proportional to the engine speed and the pulse width (at constant
      pressure) is modulated to vary the fuel consumption.
PAR  An air-modulation system has also been proposed, as exemplified by my prior
      U.S. Pat. No. 3,771,504, in which the operator controls the fuel
      consumption directly, while a control system adjusts the air consumption
      in a prescheduled closed-loop system.
PAR  In many of the fuel management systems described above, it is desirable to
      maintain a constant mass air-fuel ratio. This is inherently difficult to
      achieve since the basic measurement of airflow is generally on a
      volumetric basis, which must then be compensated for air-density
      variations due to barometric pressure and ambient temperature.
      Accordingly, prior art systems which have attempted to maintain a constant
      mass air-fuel ratio have required rather complex apparatus including
      pressure sensors, temperature sensors, and computation functions to arrive
      at a mass airflow measurement.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the present invention to provide a fuel
      management system which is able to maintain a constant mass air-fuel ratio
      in an extremely simple, straightforward, and unique manner.
PAR  Another object of the present invention is to provide a novel and unique
      constant mass air-fuel ratio fluidic fuel-injection system.
PAR  An additional object of the present invention is to provide a novel fluidic
      fuel-injection system which incorporates a simple device which is
      inherently compensated to measure mass air flow.
PAR  The foregoing and other objects are attained in accordance with one aspect
      of the present invention through the provision of a constant mass air-fuel
      ratio fuel-injection system for internal conbustion engines which
      comprises a fluidic mass airflow sensor in the form of a bluff body placed
      across an intake port of the engine. The dimension of the bluff body
      across the intake port is designed to be inversely proportional to the air
      density. This produces pressure oscillations in the form of von Karman
      vortices which have a frequency directly proportional to the mass airflow
      past the bluff body. Means are provided which are responsive to the
      pressure oscillations for delivering a constant amount of fuel from a fuel
      source to the engine per oscillation cycle. The metering device may
      comprise a fixed displacement piston pump arrangement or a constant
      pulse-width fluidic amplifier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various objects, features and attendant advantages of the present invention
      will be more fully appreciated as the same becomes better understood from
      the following detailed description of the present invention when
      considered in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of one preferred embodiment of the fluidic
      fuel injection system of the present invention; and
PAR  FIG. 2 is a schematic diagram of components which, along with those
      depicted in FIG. 1, illustrate a second and alternative embodiment of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is directed toward a fuel management system in which
      a constant mass air-fuel ratio may be obtained by the utilization of a
      recently developed flow sensor which may be inherently compensated to
      measure mass air flow. Such a flow sensor, or flow meter, operates on the
      well-known principle of the von Karmon vortex oscillations which result
      from fluid flow past a bluff body of a dimension d in a flow of velocity
      V. The frequency of such oscillations may be described by the following
      equation:
EQU  f = S(V/d)                                                 (1)
PAL  where
PA1  S = Strouhal number = 0.212 for 500 &lt; R &lt; 10,000
PA1  r = reynolds number = Vd/.nu.
PA2  .nu. = kinematic viscosity = 15 centistokes
PAL  (see, for example, Morkovin, M. W., "Flow Around a Circular Cylinder -- A
      Kaleidoscope of Challenging Fluid Phenomena."  ASME Symposium on Fully
      Separated Flows, May 1964)
PAR  Thus, it is seen from equation (1) above that the frequency of oscillation
      is directly proportional to the velocity of the flow field past the bluff
      body of dimension d. Since the volume flow rate Q is equal to the product
      of the velocity V times the area of the input duct, for a given
      configuration the oscillation frequency f is seen to be directly
      proportional to the volume flow rate, or:
EQU  f .varies. Q/d                                             (2)
PAR  Since the mass airflow rate m is the product of the air density .rho. and
      the volume flow rate Q, the oscillation frequency f can be made to measure
      mass flow if the body dimension d is made to vary inversely with .rho. ,
      or:
EQU  d .varies. 1/.rho.                                         (3)
PAR  The dimension d of the bluff body can be made to vary inversely with the
      air density by the utilization of an encapsulated volume v, such as may be
      provided by an enclosed bellows having an end area A. Application of the
      perfect gas law yields:
EQU  v = Ad = MRT/P                                             (4)
PAL  wherein T is the temperature; P is the pressure; R is a gas constant; and M
      is the encapsulated mass of air. Accordingly,
      ##EQU1##
      Utilizing this result, it is seen that the dimension of the bluff body
      changes as an inverse function of air density and, from equation (2)
      above, it can be seen that the frequency of oscillation f is directly
      proportional to the mass air flow m or:
EQU  f .varies. .rho. Q = m                                     (6)
PAR  Such a flow meter whose dimension varies as a function of air density
      enables the mass airflow rate to be measured directly, thereby obviating
      the prior art requirement in a fluidic fuel injection system of pressure
      sensors, temperature sensors, computing apparatus, and the like.
PAR  Referring now to FIG. 1, a preferred embodiment of the fluidic fuel
      injection system of the present invention is illustrated in which a
      bellows 12 having a dimension d is shown positioned across the intake port
      10 of a throttle body 14 of a conventional internal combustion engine. A
      pair of oscillation sensing ports 22 and 24 are placed on either side of
      the bluff body 12 to pick up the pressure oscillations created by the von
      Karmon vortices 16. Sensing ports 22 and 24 are respectively connected via
      conduits 18 and 20 to the input channels 30 and 32 of a bistable fluid
      amplifier 26. Fluid amplifier 26 includes a power input line 29 which may
      be conventionally connected to a power source 28 which may comprise, for
      example, compressed air. Amplifier 26 is further provided with a pair of
      output channels 34 and 36 which feed the bistable output thereof via
      conduits 38 and 40 to a first chamber 46 of a positive displacement piston
      type pump 42. Within chamber 46 is disposed a first piston head 50 which
      is rigidly connected via a rod 44 to a second piston head 52 positioned
      within the second chamber 48. Communicating as an inlet to chamber 48 is a
      conduit 60 adapted to receive fuel from fuel tank 58 and deliver same to
      chamber 48 via a one-way valve 62. The output fuel from chamber 48 is
      communicated via another one-way valve 66 through a conduit 64 to the
      output fuel injection nozzle 68 fixedly positioned within throttle body
      14. The admixture of air and injected fuel within throttle body 14 is
      conventionally controlled by means of a butterfly valve 70.
PAR  In operation, since the flowmeter 12 produces pressure oscillations having
      a frequency proportional to the mass airflow (see equation [6] above), it
      is seen to be desirable to deliver a constant mass or volume C of fuel
      each cycle of the air flowmeter, i.e.:
      ##EQU2##
      Thus, for each oscillatory pulse generated by flowmeter 12, a fixed mass
      of fuel is injected into the engine. Since the fuel mass flow rate F may
      be given by the product of the mass per cycle and the cycles per second,
      i.e.:
EQU  F = Cf                                                     (8)
PAL  and since the frequency f of flowmeter 12 is directly proportional to the
      mass airflow m, the fuel injected can been seen to be directly
      proportional to m to thereby maintain a constant mass air-fuel ratio to
      the engine. That is,
EQU  F .varies.  Cm, or                                         (9)
EQU  m/F = constant                                             (10)
PAR  Thus, according to the preferred embodiment seen in FIG. 1, the pressure
      oscillations generated by flowmeter 12 are amplified by fluid amplifier 26
      and fed to chamber 46 of pump 42 to drive head 50 at a frequency directly
      proportional to the mass airflow. Accordingly, fuel from reservoir 58 will
      be alternately sucked and expelled from chamber 48 and consequently
      injected via fuel injection nozzle 68 at a constant volume per cycle. For
      each pulse or oscillation generated by flow meter 12, a given amount of
      fuel will be delivered to fuel injection nozzle 68, and as the pulse or
      oscillation frequency increases, the total fuel flow will increase. Thus,
      a constant mass of fuel will be delivered for each cycle of the flowmeter
      thereby maintaining a constant mass air-fuel ratio to the engine, as
      verified by equations (9) and (10) above. Since the density of liquid fuel
      is relatively independent of temperature, mass compensation would not be
      required. Pump 42 may be provided with a variable adjusting means 56 to
      provide an adjustable or variable limit of travel for head 50 to permit
      adjustment of the overall air-fuel ratio. If a gaseous fuel was desired to
      be utilized, such limits, or the volume per cycle, may be varied in
      accordance with the gas density.
PAR  FIG. 2 illustrates an alternative embodiment of the fuel injection system
      according to the present invention, which, in contradistinction to the
      first embodiment, requires no moving parts. As in the embodiment of FIG.
      1, the pressure oscillations are sensed and fed via conduits 18 and 20 to
      a bistable amplifier 26 which has an output channel 36 shorted as by
      conduit 70 so as to be configured as a pulse shaper to provide a square
      wave output signal at its other output channel 34. The output from channel
      34 of amplifier 26 is fed via conduit 72 to the input channel 80 of a
      constant pulse width monostable amplifier 74. Monostable amplifier 74 is
      fuel powered via fuel reservoir 58, conduit 60, fuel pump 90, conduit 92,
      and input power nozzle 76. Monostable amplifier 74 includes an internal
      feedback loop 82 which normally biases the power fuel input along conduit
      78 to output conduit 84 which feeds back to reservoir 58 via conduit 88.
      As is well known in the art, when a pulse is received at control channel
      80, the power fuel input from channel 78 is switched to output channel 86
      which feeds to conduit 64 and subsequently to the fuel injection nozzle
      68. A predetermined time delay thereafter, the output switches back to
      output channel 84 to exhaust via conduit 88 to tank 58. The well-known
      characteristics of one-shot or monostable amplifier 74 are such that
      regardless of the frequency of the input pulses received at control
      channel 80, the output pulses delivered at output channel 86 will be of a
      constant duration. The pulse width of the output at channel 68 is
      determined by the particular design of the feedback loop 82, while the
      pulse height (fuel flow) is determined by the supply pressure at input 76.
      The pulse width and height together determine the fuel injected per cycle
      of oscillation from the flow meter. The constant pulse width output
      metered from amplifier 74 provides a constant volume of fuel per cycle to
      fuel injection nozzle 68.
PAR  It is seen by virtue of the foregoing that I have provided an extremely
      simple fluidic implementation of a constant mass air-fuel ratio
      fuel-injection system. The system utilizes, in both embodiments, a fluidic
      mass airflow sensor that produces a pressure oscillation in direct
      proportion to the mass airflow to the engine. While the main application
      of the present invention may be envisioned to be for automotive type
      engines, the present invention may also be utilized in the control of any
      combustion process in which air and fuel flows must be coordinated. If it
      were desirable to schedule the air-fuel ratio as a function of engine
      loading, it would be a straightforward matter to vary the fuel injected
      per cycle to modify the air-fuel ratio. The present invention may be
      classified as a fuel-modulation or fuel-metering system and is applicable
      to either liquid fuels (such as gasoline) or to gaseous fuels (such as
      natural gas, butane or propane, or hydrogen). The advantages of the
      present invention include positive fuel metering with utter simplicity and
      no moving parts.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In an internal combustion engine having an intake port, the improvement
      which comprises a constant mass air-fuel ratio fuel-injection system which
      comprises:
PA1  fluidic mass air flow sensor means for producing pressure oscillations in
      direct proportion to the mass air flow to said engine;
PA1  a source of fuel; and
PA1  means responsive to said pressure oscillations for delivering a constant
      amount of fuel from said source to said engine per oscillation cycle.
NUM  2.
PAR  2. The system according to claim 1, wherein said fluidic sensor means
      comprises a bluff body positioned across said intake port of said engine,
      the dimension of said bluff body across said intake port being inversely
      proportional to the air density.
NUM  3.
PAR  3. The system according to claim 2, wherein said means responsive to said
      pressure oscillations includes a pair of oscillation sensing ports placed
      adjacent the respective ends of said bluff body, whereby the pressure
      oscillations due to the von Karmon vortices shed from said bluff body may
      be sensed by said pair of oscillation sensing ports.
NUM  4.
PAR  4. The system according to claim 3, wherein said means responsive to said
      pressure oscillations further includes a bistable fluidic amplifier whose
      inputs are connected to receive the outputs from said pair of oscillation
      sensing ports.
NUM  5.
PAR  5. The system according to claim 4, wherein said means responsive to said
      pressure oscillations further includes positive displacement pump means
      responsive to the oscillatory output from said bistable fluidic amplifier
      for delivering constant volume of fuel from said source to said engine per
      cycle of said amplifier.
NUM  6.
PAR  6. The system according to claim 5, wherein said pump means comprises a
      piston which includes a rod having a pair of heads fixedly secured to the
      respective ends thereof; a first chamber connected to receive the output
      from said fluidic amplifier and in which one of said heads is reciprocally
      movable in response to said oscillatory output from said amplifier; a
      second chamber in which the other of said heads is positioned, said source
      of fuel connected to said second chamber; and output conduit means
      connected to said second chamber for receiving fuel drawn from said source
      by the reciprocation of said second head and for delivering said drawn
      fuel to said engine.
NUM  7.
PAR  7. The system according to claim 4, wherein said means responsive to said
      pressure oscillations further includes one-shot flueric amplifier means
      responsive to a square-wave output from said fluidic amplifier for
      producing a constant pulse width output.
NUM  8.
PAR  8. The system according to claim 7, wherein said flueric amplifier means
      includes a power fluid input connected to said source of fuel and an
      output connected to said engine, whereby said constant pulse width output
      thereof provides a constant volume of fuel to said engine per cycle of the
      square wave output from said fluidic amplifier.
NUM  9.
PAR  9. The system according to claim 6, wherein said first chamber include
      means for limiting the travel of the head disposed therein whereby the
      air-fuel ratio to said engine may be controlled.
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ABST
PAL  An intake manifold for an internal combustion engine having an integral
      exhaust gas recirculation system and an internally contained cooler for
      recirculated gases. The cooler comprises a heat exchanger which transfers
      heat from the recirculated exhaust gases to the engine coolant. The heat
      exchanger is frictionally and resiliently retained within a passage or
      chamber formed in the manifold casting.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The reintroduction of small amounts of exhaust gases into the combustion
      cycle of an internal combustion engine to reduce the generation of nitrous
      oxides is known. It is also known that if the recirculated exhaust gases
      are cooled, further reductions in generation of nitrous oxides is
      experienced and fuel of lower octane can be used. In addition, if the
      recirculated exhaust gases are cooled the valve controlling the flow of
      exhaust gases has greater durability. It is, therefore, an object of this
      invention to cool the recirculated exhaust gases to achieve the advantages
      recited above. It is also an object of this invention to moderate the
      temperature of the recirculated exhaust gases to permit more accurate
      metering of the recirculated gases because of their more nearly uniform
      densities. It is the further object of this invention to provide an intake
      manifold having a heat exchanger contained in normally wasted space of a
      V-type internal combustion engine. It is an additional object of this
      invention to greatly reduce the number of connections from known
      recirculated exhaust gas cooling systems, and consequently, to reduce the
      number of potential leaks in the system. Finally, it is an object of this
      invention to provide an integral intake manifold and exhaust gas
      recirculation system which is economical to manufacture and which is
      generally more durable and reliable than prior art apparatus.
PAR  The invention comprises an intake manifold for supplying fuel, air and
      exhaust gases to a V-type multicylinder internal combustion engine having
      combustion chambers disposed along opposite sides of the longitudinal
      centerline. The manifold comprises a casting having one or more generally
      vertical riser passages and one or more generally horizontal plenum
      chambers in communication with the riser bores. A plurality of runner
      passages extends generally transversely from the plenum chambers. An
      exhaust gas crossover passage extends transversely under the plenum
      chambers and beneath the riser passages. An exhaust gas recirculation
      passage extends longitudinally from the exhaust gas crossover passage to a
      means for receiving a gas recirculation control valve constructed to meter
      the flow of the exhaust gas through the exhaust gas recirculation passage.
      A metered exhaust gas passage extends from the valve receiving means back
      to the riser passages. A heat exchanger is positioned in the exhaust gas
      recirculation passage and includes a longitudinally extending liquid
      conduit having finned elements extending radially outwardly therefrom. An
      engine coolant passage is formed within the manifold. The heater exchanger
      conduit forms a portion of the coolant passage. Seal means separate the
      conduit from the exhaust gas recirculation passage to define an
      independent coolant passage and an independent exhaust gas recirculation
      passage in heat exchange relationship.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 of the drawings is a longitudinal cross-sectional view of an intake
      manifold constructed in accordance with this invention.
PAR  FIG. 2 of the drawings is a top view of the intake manifold showing, among
      other things, the runner passages and the exhaust crossover passage.
PAR  FIG. 3 of the drawings is a top view of the intake manifold showing, among
      other things, the engine coolant passage, the exhaust gas recirculation
      passage and the metered gas recirculation passage.
PAR  FIG. 4 is a cross-sectional view of the heat exchanger taken along line
      4--4 of FIG. 1.
PAR  FIG. 5 is an enlarged side elevational view of the heat exchanger assembly
      43, as shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference numeral 12 refers generally to an intake manifold for a V-8
      internal combustion engine. A carburetor 13 is positioned upon a mounting
      pad 14 of the manifold. The carburetor has two barrels 16 (only one being
      shown) which feed a fuel and air mixture into first and second riser bores
      17 and 18, respectively, formed in the manifold casting. Riser bore 17
      extends vertically and feeds into an upper plenum chamber 19. The plenum
      chamber extends longitudinally and discharges at each end into generally
      transversely extending runner passages 21 which deliver a fuel and air
      mixture to the combustion chamber ports 22.
PAR  The second riser bore 18 extends vertically downwardly to a lower plenum
      chamber 23. The lower plenum chamber extends longitudinally and discharges
      at each end into generally transversely extending runner passages 24 which
      deliver a fuel and air mixture of the ports 26. A exhaust crossover
      passage 28 connects a pair of ports 29 which receive exhaust gases from
      passages in the engine block. The exhaust crossover passage extends
      generally transversely and is situated beneath the upper and lower plenum
      chambers 19 and 23, respectively, and directly below risers 17 and 18 so
      that exhaust heat is transferred through the floors 25 of the plenum
      chambers to the fuel and air mixture descending the riser passages.
PAR  An exhaust recirculation passage 31 extends from the exhaust crossover
      passage 28 and terminates at an exhaust recirculation gas control valve
      receiving means 32. A metered exhaust gas passage 33 extends from the
      valve receiving means 32 over the plenum chambers toward the riser bores
      17 and 18. Metered exhaust gases are reintroduced into the combustion
      cycle through circumferential openings 34 to the riser bores 17 and 18. An
      exhaust gas recirculation control valve assembly 35 is received within the
      receiving means 32 and meters the flow of exhaust gas from the exhaust gas
      recirculation passage 31 to the metered exhaust gas passage 33.
PAR  A longitudinally extending chamber 36 is integrally formed in the manifold
      casting and is located approximately centrally beneath the plenum chambers
      and the runner passages. The chamber 36 forms a portion of the exhaust
      recirculation passage 31. At one end of the chamber 36 is a bore 37 which
      is a part of an engine coolant passage 38 extending through the manifold.
      At the other end of the chamber 36 is located a second bore 39 separated
      from the chamber by an abutment 41. A cap or plug 42 threadedly engages
      and closes the end of the bore. Removal of the threaded cap provides
      access to the passage for the introduction of a heat exchanger assembly
      43. Between bores 37 and 39 are located an opening 45 from exhaust gas
      crossover passage 28 and an outlet 44. The outlet 44 is longitudinally
      spaced a maximum distance from opening 45 to provide maximum exposure of
      the heat exchanger to the recirculated exhaust gases.
PAR  The heat exchanger assembly 43 includes a stainless steel tube or conduit
      46 generally cylindrical in shape which extends longitudinally the length
      of chamber 36 and protrudes axially into bores 37 and 39. An annular 47 is
      secured to the upstream end of the conduit and includes a circumferential
      groove in which a silicone O-ring 48 is positioned. The O-ring sealingly
      engages the bore 37 and permits axial displacement of the member 47
      relative to the bore if such displacement is required as the result of
      differing expansion rates. A second annular member 49 is secured to the
      other end of the conduit and includes a groove in which is mounted a
      second silicone rubber O-ring 51 which sealingly engages the bore 39. A
      compression spring 52 is positioned between the annular member 49 and the
      threaded cap 42 and urges the annular member 49 into engagement with
      abutment 41. Between the annular end members 47 and 49 extending upstream
      along the conduit to a point adjacent the exhaust crossover passage are
      finned elements 53 having longitudinally extending bends. The finned
      elements form a multi-pointed star when viewed in transverse
      cross-section, as shown in FIG. 4 of the drawings. The number of blades or
      pleats may be increased or decreased to provide the desired heat exchange
      capacity. The elements are secured at their radially inner vertices to the
      conduit 46. Each of the longitudinally extending finned elements have
      stamped louvers opening upstream to divert portions of the hot exhaust gas
      flow and to maximize heat transfer to the coolant within conduit 46. The
      heat exchanger is made preferably of stainless steel.
PAC  OPERATION
PAR  A portion of the engine exhaust gases are received from the engine block
      into the exhaust crossover passage 28. The exhaust gases traverse the
      exhaust gas recirculation passage 31 and metered gas passages 33 and are
      discharged into the reduced pressure area adjacent the carburetor through
      peripheral openings 34 about the riser bores 17 and 18. As the hot exhaust
      gases travel through and about the heat exchanger 43 they are cooled prior
      to passing through the control valve 36. Engine coolant enters the intake
      manifold from the cooling system of the engine, is conducted through
      conduit 46 of the heat exchanger and receives heat from the exhaust gases
      passing thereabout. The coolant exits the intake manifold through outlet
      54 and returns to the cooling system of the engine.
PAR  Modifications and alterations will occur to those skilled in the art which
      are included in the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An intake manifold for supplying fuel, air and exhaust gases to a V-type
      multicylinder internal combustion engine having combustion chambers
      disposed along opposite sides of a longitudinal centerline,
PA1  said manifold comprising a casting having an upwardly opening riser
      passage, a generally horizontal plenum chamber in communication with said
      riser passage, a set of runner passages extending generally transversely
      from said plenum chamber, a transversely extending exhaust gas crossover
      passage,
PA1  an exhaust gas recirculation passage extending longitudinally from said
      exhaust gas crossover passage to means for receiving an exhaust gas
      recirculation control valve constructed to meter the flow of exhaust gas
      through said exhaust gas recirculation passage, and a metered exhaust gas
      passage extending from said valve receiving means to said riser passages,
PA1  a coolant passage to conduct engine coolant through the manifold,
PA1  a heat exchanger positioned in said exhaust gas recirculation passage
      comprising a longitudinally extending liquid conduit and finned elements
      disposed about said conduit,
PA1  said liquid conduit forming a portion of said coolant passage,
PA1  seals means separating said conduit from saidi exhaust gas recirculation.
NUM  2.
PAR  2. An intake manifold for supplying fuel, air and exhaust gases to a V-type
      multicylinder internal combustion engine having combustion chambers
      disposed along opposite sides of a longitudinal centerline,
PA1  said manifold comprising a casting having an upwardly opening riser
      passage, a generally horizontal plenum chamber in communication with said
      riser passage, a set of runner passages extending generally transversely
      from said plenum chamber, a transversely extending exhaust gas crossover
      passage,
PA1  an exhaust gas recirculation passage extending longitudinally from said
      exhaust gas crossover passage to means for receiving an exhaust gas
      recirculation control valve constructed to meter the flow of exhaust gas
      through said exhaust gas recirculation passage,
PA1  a metered exhaust gas passage extending from said valve receiving means to
      said riser passages,
PA1  a heat exchanger positioned in said exhaust gas recirculation passage
      comprising a longitudinally extending liquid conduit and finned elements
      disposed about said conduit,
PA1  a first engine coolang passage opening into said exhaust gas recirculation
      passage, one end of said conduit extending into said engine coolant
      passage, a second engine coolant passage opening into said exhaust gas
      recirculation passage at a point spaced from the opening of said first
      coolant passage and leading to an outlet, the other end of said conduit
      extending into said second coolant passage, seal means separating said
      coolant passages and said coolant conduit from said exhaust gas
      recirculation passage.
NUM  3.
PAR  3. An intake manifold according to claim 2,
PA1  a portion of said exhaust gas recirculation passage being centrally
      disposed and extending beneath said plenum chamber.
NUM  4.
PAR  4. An intake manifold according to claim 3,
PA1  abutment means separating an end of said exhaust gas recirculation passage
      from an end of one of said coolant passages,
PA1  said seal means including a member extending radially outwardly from one
      end of said conduit and axially engaging said shoulder,
PA1  spring means engaging said member and resiliently urging said member
      against said shoulder.
NUM  5.
PAR  5. An intake manifold according to claim 2,
PA1  said finned elements having a plurality of longitudinally extending bends,
PA1  louvers formed in said finned elements between said bends.
NUM  6.
PAR  6. An intake manifold according to claim 2,
PA1  said first coolant passage including a first bore adjacent its junction
      with said exhaust gas recirculation passage,
PA1  said second coolant passage comprising a second bore adjacent its junction
      with said exhaust gas recirculation passage, said first bore and said
      second bore being coaxial,
PA1  said seal means comprising a first annular member secured to one end of
      said conduit, a groove formed in the outer circumference of said first
      annular member and a heat resistant O-ring positioned in said groove
      sealingly engaging said first bore, and
PA1  a second annular member secured to the other end of said conduit, a groove
      formed in the outer circumference of said second annular member, and a
      second heat resistant O-ring positioned in said just-mentioned groove
      sealingly engaging said second bore.
NUM  7.
PAR  7. An intake manifold according to claim 6,
PA1  abutment means formed between said exhaust gas recirculation passage and
      one of said bores,
PA1  spring means engaging one of said annular members urging said
      just-mentioned annular member into engagement with said abutment means to
      position said heat exchanger assembly within said exhaust gas
      recirculation passage.
NUM  8.
PAR  8. An intake manifold for supplying fuel, air and exhaust gases to a V-type
      multicylinder internal combustion engine having combustion chambers
      disposed along opposite sides of a longitudinal centerline,
PA1  said manifold comprising a casting having a pair of generally vertical
      riser passages transversely spaced on opposite sides of said centerline,
      an upper generally horizontal plenum chamber extending longitudinally from
      the bottom of one of said riser passages, a lower generally horizontal
      plenum chamber extending longitudinally from the bottom of the other of
      said riser passages, a first set of runner passages extending generally
      transversely from the ends of said lower plenum chamber, a second set of
      runner passages extending generally transversely from the ends of said
      upper plenum chamber, portions of said second set of runner passage being
      positioned over portions of said first set of runner passages, an exhaust
      gas crossover passage extending transversely under said upper and lower
      plenum chambers beneath said riser passages,
PA1  an exhaust gas recirculation passage extending longitudinally from said
      exhaust gas crossover passage to means for receiving an exhaust gas
      recirculation control valve constructed to meter the flow of exhaust gas
      through said exhaust gas recirculation passage, and a metered exhaust gas
      passage extending from said valve receiving means to said riser passages,
PA1  a coolant passage to conduct engine coolant through the manifold,
PA1  a heat exchanger positioned in said exhaust gas recirculation passage
      comprising a longitudinally extending liquid conduit and finned elements
      disposed about said conduit,
PA1  said liquid conduit forming a portion of said coolant passage,
PA1  seals means separating said conduit from said exhaust gas recirculation
      passage.
NUM  9.
PAR  9. An intake manifold for supplying fuel, air and exhaust gases to a V-type
      multicylinder internal combustion engine having combustion chambers
      disposed along opposite sides of a longitudinal centerline,
PA1  said manifold comprising a casting having a pair of generally vertical
      riser passages transversely spaced on opposite sides of said centerline,
      an upper generally horizontal plenum chamber extending longitudinally from
      the bottom of one of said riser passages, a lower generally horizontal
      plenum chamber extending longitudinally from the bottom of the other of
      said riser passages, a first set of runner passages extending generally
      transversely from the ends of said lower plenum chamber, a second set of
      runner passages extending generally transversely from the ends of said
      upper plenum chamber, portions of said second set of runner passages being
      positioned over portions of said first set of runner passages, an exhaust
      gas crossover passage extending transversely under said upper and lower
      plenum chambers beneath said riser passages,
PA1  an exhaust gas recirculation passage extending longitudinally from said
      exhaust gas crossover passage to means for receiving an exhaust gas
      recirculation control valve constructed to meter the flow of exhaust gas
      through said exhaust gas recirculation passage,
PA1  a metered exhaust gas passage extending from said valve receiving means to
      said riser passages,
PA1  a heat exchanger positioned in said exhaust gas recirculation passage
      comprising a longitudinally extending liquid conduit and finned elements
      disposed about said conduit,
PA1  a first engine coolant passage opening into said exhaust gas recirculation
      passage, one end of said conduit extending into said engine coolant
      passage, a second engine coolant passage opening into said exhaust gas
      recirculation passage at a point spaced from the opening of said first
      coolant passage and leading to an outlet, the other of said conduit
      extending into said second coolant passage, seal means separating said
      coolant passages and said coolant conduit from said exhaust gas
      recirculation passage.
NUM  10.
PAR  10. An intake manifold according to claim 9,
PA1  a portion of said exhaust gas recirculation passage being centrally
      disposed and extending beneath said upper and lower plenum chambers.
NUM  11.
PAR  11. An intake manifold according to claim 10,
PA1  abutment means separating an end of said exhaust gas recirculating passage
      from an end of one of said coolant passages,
PA1  said seal means including a member extending radially outwardly from one
      end of said conduit and axially engaging said shoulder,
PA1  spring means engaging said member and resiliently urging said member
      against said shoulder.
NUM  12.
PAR  12. An intake manifold according to claim 9,
PA1  said finned elements having a plurality of longitudinally extending bends,
PA1  louvers formed in said finned elements between said bends.
NUM  13.
PAR  13. An intake manifold according to claim 12,
PA1  said finned elements having a star-shaped transverse cross section.
NUM  14.
PAR  14. An intake manifold according to claim 9,
PA1  said first coolant passage including a first bore adjacent its junction
      with said exhaust gas recirculation passage,
PA1  said second coolant passage comprising a second bore adjacent its junction
      with said exhaust gas recirculation passage, said first bore and said
      second bore being coaxial,
PA1  said seal means comprising a first annular member secured to one end of
      said conduit, a groove formed in the outer circumference of said first
      annular member and a heat resistant O-ring positioned in said groove
      sealingly engaging said first bore, and
PA1  a second annular member secured to the other end of said conduit, a groove
      formed in the outer circumference of said second annular member, and a
      second heat resistant O-ring positioned in said just-mentioned groove
      sealingly engaging said second bore.
NUM  15.
PAR  15. An intake manifold according to claim 14,
PA1  abutment means formed between said exhaust gas recirculation passage and
      one of said bores,
PA1  spring means engaging one of said annular members urging said
      just-mentioned annular member into engagement with said abutment means to
      position said heat exchanger assembly within said exhaust gas
      recirculation passage.
NUM  16.
PAR  16. An intake manifold according to claim 15,
PA1  plug means threadedly engaging said bore adjacent said abutment means,
PA1  said spring means comprising a compression spring acting between said plug
      and one of said annular members.
PATN
WKU  039371972
SRC  5
APN  4517741
APT  1
ART  342
APD  19740318
TTL  Heating means for the intake system of a water-cooled combustion engine
ISD  19760210
NCL  3
ECL  1
EXA  Lazarus; R. H.
EXP  Myhre; Charles J.
NDR  1
NFG  1
INVT
NAM  Bihler; Wolfgang
CTY  Bad Friedrichshall
CNT  DT
ASSG
NAM  Audi NSU Auto Union Aktiengesellschaft
CTY  Neckarsulm
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730322
APN  2314250
CLAS
OCL  123122H
XCL  173122R
EDF  2
ICL  F02M 3100
FSC  123
FSS  122 H;122 R;122 AB
UREF
PNO  1232041
ISD  19170700
NAM  Johnson
OCL  123122H
UREF
PNO  1330700
ISD  19200200
NAM  Giesler
OCL  123122H
UREF
PNO  2372272
ISD  19450300
NAM  Helmore
OCL  123122H
FREF
PNO  1,168,638
ISD  19020400
CNT  FR
OCL  123122H
LREP
FRM  Kane, Dalsimer, Kane, Sullivan and Kurucz
ABST
PAL  A water-cooled combustion engine has a pump-operated cooling water circuit
      passing through the cooler when the engine is hot. The cooler is rendered
      inoperative by a thermostat-controlled by-pass line when the engine is
      cold. The heating means for the intake system for the engine has a cooling
      water chamber whose supply line is fed with heated cooling water. The
      circuit of the heating means is arranged parallel with the cooling circuit
      through the by-pass line. This heating means is automatically switched off
      without additional aids as the engine temperature rises, when the by-pass
      line is shut off by the thermostat valve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has been proposed that the thermostat valve control acting on the
      by-pass line because of its arrangement also be simultaneously employed to
      control the heating means. It has been found, however, that conventional
      thermostat valves do not function with sufficient precision, so that the
      by-pass line is not shut off completely when the selected cooling water
      temperature is reached. Consequently, the heating means may be traversed
      to a slight extent by heated cooling water. In that case, the intended
      shut-off will be at least in part ineffectual, since the fresh gases being
      supplied to the engine continue to be heated, though not to any high
      degree.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to prevent the heating means from continuing
      to be traversed by heated cooling water after a certain cooling-water
      temperature has been reached.
PAR  In order to accomplish this objective, the supply line of the heating means
      branches off from the engine cooling circuit line leading to the cooler
      and contains a check valve. In this arrangement, the cooling water leaving
      the engine in the warming-up phase is able to pass through the heating
      means by the control exercised by the thermostat valve. In this manner,
      when the selected cooling-water temperature is reached and assuming the
      thermostat valve is actuated and fails to shut off the by-pass line
      completely, the flow through the line leading to the cooler is
      considerably greater than the flow through the by-pass line thereby
      reversing the direction of flow through the heating means. But flow in
      this direction is prevented by the check valve.
PAR  Preferably, the supply line of the heating means is connected to the
      suction side of a venturi arranged in the engine cooling circuit line
      leading to the cooler, and the return line to the suction side of a
      venturi arranged in the by-pass line.
PAR  The pressure gradient required to operate the cooling water circuit of the
      heating means is produced during the warm-up phase with the aid of the
      venturi arranged in the by-pass. The suction side of the by-pass line is
      connected to the return line of the heating means so that the heating
      means is set in operation.
PAR  When the engine is hot, the thermostat valve switches over, so that the
      cooling water flows entirely or at least predominantly through the cooler,
      and generates a greater suction in the venturi arranged in the line
      leading to the cooler than in the venturi arranged in the by-pass line, so
      that the flow through the heating means is reversed. This reversed flow is
      stopped by the check valve arranged in the supply line, thus dependably
      putting the heating means out of operation.
PAR  The point in time at which the flow in the heating means is reversed can be
      determined by the ratio of proportion of the cross-sections of the
      venturis to each other. The larger the venturi arranged in the line
      leading to the cooler, for example, reversal and consequently shut-off of
      the heating means can occur later in time.
PAR  In a further refinement of the invention, with an engine having a header
      arranged at the cooling-water outlet of the engine, a connection is
      provided for the engine-cooling circuit line leading to the cooler as well
      as a connection to the by-pass line. The venturis are conveniently
      arranged in this pair of connections. The connections of the lines leading
      to the heating means may thus advantageously be located in the same place,
      since the pressure differential required to force the water through the
      heating means is generated by the venturis.
PAR  Within the scope of the invention, the venturis with their suction nozzles
      may alternatively be arranged elsewhere in the cooling water line;
      likewise, the check valve of the supply line may be arranged in the header
      or in the intake system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An exemplary embodiment of the invention is schematically represented in
      the drawing and will now be more fully described.
DETD
PAC  DETAILED DESCRIPTION
PAR  The drawing shows a combustion engine 1 whose intake system is equipped
      with a heating means 2 having a cooling-water flow chamber. Cooling water
      emerges at 3 and flows through a header 4 either by way of a by-pass line
      5 or by way of a line 8, cooler 10 and line 9 through a thermostat 6 and a
      cooling water pump 7 back to the engine 1. The heating means 2 is
      connected between venturis 11 and 12 in header 4 to a supply line 13 with
      interposed check valve 15 and a return line 14.
PAR  The heating means 2 is supplied with heated cooling water as long as the
      engine 1 is in the warm-up phase and the controlling thermostat valve 6
      routes the cooling water through the by-pass 5. This generates a greater
      suction in the venturi 11 in connection 4a than in the venturi 12 in
      connection 4b of the header 4, causing the cooling water to circulate into
      supply line 13 to heating means 2 and thence into the return line 14 in
      the direction of arrows 16, opening the check valve 15. When the
      thermostat valve 6, owing to the rising temperature of the cooling water,
      routes most of the flow of cooling water through lines 8 and 9 and cooler
      10, a greater suction is generated in venturi 12 than in venturi 11.
      Nevertheless, flow of cooling water through heating means 2 in the opposed
      direction 17 is prevented by the check valve 15, so that the heating means
      2 is rendered ineffectual.
PAR  Since the direction of flow depends on the ratio or relative proportions of
      the suctions in venturis 11 and 12, the time of reversal may be determined
      at will.
PAR  Thus the several aforenoted objects and advantages are most effectively
      attained. Although several somewhat preferred embodiments have been
      disclosed and described in detail herein, it should be understood that
      this invention is in no sense limited thereby and its scope is to be
      determined by that of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water-cooled combustion engine having a cooling water inlet and a
      cooling water outlet, a cooling water pump, a first cooling water circuit
      comprising a first line from said outlet to said inlet and a second
      cooling water circuit comprising a second line from said outlet to said
      inlet, a cooler in said first line, a thermostatic valve for closing said
      first circuit and opening said section circuit when the engine is cold,
      and vice versa when the engine is warm, the engine having an intake system
      with a heating means which comprises a cooling water flow chamber having a
      supply line connected to said first line upstream of the cooler and a
      return line connected to said second line and a non-return valve to
      prevent flow of cooling water from said return line through said flow
      chamber and supply line.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein a first venturi having
      a suction nozzle is provided in said first line and a second venturi
      having a suction nozzle is provided in said second line with the supply
      line of the flow chamber being connected to the suction nozzle of the
      first venturi and the return line being connected to the suction nozzle of
      the second venturi.
NUM  3.
PAR  3. The invention in accordance with claim 2 wherein a header is provided at
      the cooling water outlet of the engine with a connection for the first
      line leading to the cooler and a connection for the second line, both of
      the venturis being arranged in the two said connections.
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PAL  A vacuum controlled valve either in series or parallel with the customary
      bleed orifice in the vapor flow path from the fuel tank to the charcoal
      canister of an automobile evaporative control system opens when the engine
      is operating to direct fuel vapor flow from the tank to the fuel-air inlet
      induction conduit, thereby to prevent excessive fuel vapor pressure in the
      tank that would otherwise be released to the atmosphere via the customary
      pressure vented closure cap for the fuel tank filler spout.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In order to minimize fuel losses to the atmosphere by evaporation from the
      gasoline tank and other liquid fuel sources associated with an automobile
      engine, the fuel vapors are commonly vented to a charcoal canister for
      adsorption therein when the engine is not operating, and are vented from
      the canister to the engine fuel-air intake manifold when the engine is
      operating. In order to prevent entrainment of liquid fuel from the tank
      with the fuel vapors being vented to the canister, as for example when the
      automobile is driven along a steep incline or as a result of splashing
      when the automobile is driven over rough roads, the vent line customarily
      communicates with the fuel tank at an upper region thereof above the
      normal fuel level. In addition various types of vapor separators are
      employed to cooperate with the opening of the vent line or conduit into
      the fuel tank.
PAR  The vent line is customarily provided with an overflow limiting valve
      comprising a low pressure one-way check valve adapted to open when the
      pressure in the tank rises to about 8 or 10 inches of water above
      atomosphere. Accordingly after the tank is filled at the filling station
      pump to the level of the filler spout opening into the tank, the vapor
      pressure above the fuel level will increase rapidly as more fuel is added,
      causing the auomatic shut-off valve for the pump nozzle to be triggered
      before the overflow limiting valve opens, thereby preventing accidental
      overfilling of the tank. A small bleed orifice by-passes the overflow
      limiting valve to prevent collapse of the tank as fuel is consumed or in
      the event of a large drop in fuel tank vapor pressure.
PAR  When the automobile is driven on a hot day, the additional heat from the
      customary exhaust pipe that passes in proximity to the fuel tank causes
      such rapid fuel evaporation within the tank that the venting capacity of
      the vent line and overflow limiting valve is exceeded and an excessive
      fuel vapor pressure in the tank results, often amounting to more than 50
      inches of water. In such an event, the pressure vented closure cap for the
      tank serves as a safety valve and vents fuel to the atmosphere to prevent
      damage to the fuel tank. However, venting to the atmosphere is obviously
      wasteful and a source of air pollution.
PAR  It is undesirable to increase the venting capacity of the overflow limiting
      valve to accommodate such emergency situations when the engine is
      operating because then the overflow limiting valve would also vent fuel
      vapors faster than could be adsorbed by the charcoal canister during
      frequently occurring high temperature summer time conditions when the
      engine is not operating. Accordingly, the venting capacity for the
      overflow limiting valve must be limited to the extent that it will
      restrict the vent flow to the charcoal canister to a predetermined maximum
      rate that can be effectively adsorbed by the canister, so as to avoid
      overloading the latter and discharging the fuel vapor to the atmosphere
      when the engine is not operating. In consequence the overflow limiting
      valve will effect a moderately high but safe vapor pressure within the
      fuel tank, which in turn will retard the rate of fuel evaporation and
      enable the use of a charcoal canister of convenient capacity.
PAR  An object of the present invention is to provide an improved and highly
      efficient automobile fuel tank vent means to the charcoal canister for
      maintaining the desired vapor pressure in the tank during conditions of
      normally to be expected high ambient temperatures when the engine is not
      operating, and for increasing the venting capacity to the extent necessary
      to prevent damage to the tank when the engine is operating at unusually
      high ambient temperatures.
PAR  Another object is to provide such a vent means whereby when the engine is
      operating, the fuel tank vapors are vented either directly or via the
      charcoal canister to the fuel-air intake manifold for the engine and
      burned therein.
PAR  Other objects of this invention will appear in the following description
      and appended claims, reference being had to the accompanying drawings
      forming a part of this specification wherein like reference characters
      designate corresponding parts in the several views.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic sketch of an automobile fuel tank vent systemm
      embodying the present invention.
PAR  FIG. 2 is an enlarged schematic view of the pressure actuated valve
      employed in FIG. 1.
PAR  FIG. 3 is a view similar to FIG. 2, showing a modification.
PAR  FIG. 4 is an enlarged schematic view showing another modification of the
      invention.
DETD
PAR  It is to be understood that the invention is not limited in its application
      to the details of construction and arrangement of parts illustrated in the
      accompanying drawings, since the invention is capable of other embodiments
      and of being practiced or carried out in various ways. Also it is to be
      understood that the phraseology or terminology employed herein is for the
      purpose of description and not of limitation.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a typical automobile gasoline fuel tank 10 having a filler
      spout 11 closed by a removable outer cap 12. The spout 11 opens into an
      upper location 13 of the tank 10 and determines the normal maximum fuel
      level 14 in the tank as explained below. Also secured within the tank 10
      above the maximum fuel level 14 is a vapor separator 15 through which fuel
      vapor may be vented via vent line or conduit 16 to the upper end of a
      charcoal filled canister 17. The latter is open at its opposite lower end
      to the atmosphere. The upper end of the canister 17 is also connected by
      conduit 18 to the low pressure of the fuel-air intake mainfold 19 of the
      engine, as for example adjacent or downstream of the leading edge of the
      throttle valve 20.
PAR  A one-way check valve or overflow limiting valve 21 in vent conduit 16
      restricts the venting of vapors from the tank 10 until the pressure
      therein attains a predetermined low value of approximately 8 to 10 inches
      of water, for example when the engine is not operating. Conduit 16
      comprises an upstream portion 16a between the tank 10 and valve 21, and a
      downstream portion 16b between the valve 21 and canister 17. When a
      gasoline station nozzle equipped with an automatic pressure operated
      shut-off valve is inserted into spout 11, the tank 10 may be filled to the
      level 14. During the filling operation, air and fuel vapors are exhausted
      from the tank via spout 11. When the fuel level reaches opening 13, the
      escape of gas via spout 11 is blocked and the tank pressure rises by
      virtue of the check valve 21, causing the gasoline station nozzle to shut
      off at the fuel level 14 slightly above the level of opening 13.
PAR  The cap 12 is then secured in place to close the tank 10. Diurnal heating
      of the tank 10 may increase the vapor pressure therein sufficiently to
      open valve 21 and discharge fuel vapors into canister 17 where the vapors
      are stored by adsorption if the engine is not operating. When the engine
      is operating, engine manifold vacuum will purge the canister 17 of
      previously stored fuel vapor by fresh air flow therethrough via its open
      lower end and thence through conduit 18 to the intake manifold 19. During
      this operation, the lower canister opening to atmosphere prevents the low
      manifold pressure in line 18 from being conducted significantly to line
      16.
PAR  Check valve 21 may be provided with a vapor bleed slot 21a that permits a
      slow vapor bleed in either direction through valve 21 even when the latter
      is closed. Thus when the liquid fuel level 14 gradually lowers as fuel is
      conducted from the tank to the engine during operation, a sub-atmospheric
      pressure in tank 10 and possible collapse of the latter are avoided. The
      operation and function of the structure described thus far may be
      conventional and are accordingly not discussed in further detail.
PAR  The vent means of the present invention also comprises a bypass conduit 22
      controlled by a normally closed control valve 23, FIG. 2. The conduit 22
      has a portion 22a communicating between an inlet port 24 of the valve 23
      and the vapor in tank 10 via by way of example a portion of conduit 16a. A
      second portion 22b of conduit 22 communicates between an outlet port 25 of
      valve 23 and the induction manifold or conduit 19 at a location by way of
      example downstream of the throttle valve 20.
PAR  The valve 23 comprises several chambers including a chamber 26 in
      communication with the atmosphere via vent 27, pressure chamber 28 having
      inlet port 24 opening thereinto and being separated from chamber 26 by a
      movable wall or flexible disphragm 29, chamber 30 and chamber 31, the
      latter being in communication with outlet port 25. A restricted port 32
      normally closed by diaphragm 29 provides communication between chambers 28
      and 30 when the vapor pressure in conduit 22a and tank 10 exceeds a
      predetermined valve of for example 5 or 10 inches of water sufficient to
      move diaphragm 29 upward against the closing force of a spring 33 seated
      between diaphragm 29 and an adjustable retainer 34. Screw 35 accessible
      exteriorly of chamber 26 adjusts the position of retainer 34 and the
      closing force of spring 33 to determine the tank vapor pressure required
      to open port 32. The latter pressure may be the same or lower than the
      pressure required to open valve 21.
PAR  A comparatively unrestricted port 36 normally closed by valve 37 provides
      communication between chambers 30 and 31 when the automobile engine is
      operating to induce a low pressure in manifold or conduit 19. In this
      regard valve 37 is connected by plunger 38 to the lower movable wall of a
      resilient bellows 39. The plunger 38 extends slidably in fluid sealing
      relationship through a wall of chamber 31. The interior of the bellows 39
      is in communication via duct 40 and a portion of duct 22b by way of
      example with manifold 19. Although both conduit 40 and port 25 communicate
      with manifold 10 downstream of throttle 20, either could communicate with
      manifold 19 at any desirable location, as for example in the manner of
      conduit 18. Conversely conduit 18 could communicate with manifold 19 at
      any convenient location.
PAR  By virtue of the connections shown, conduit 18 will be in the nearly
      atmospheric pressure region of manifold 19 and conduit 22b will be in the
      latter's low sub-atmospheric pressure region when the engine is operating
      with the throttle at its closed or idle position shown. As the throttle 20
      opens, the pressure at conduit 22b will rise but will still be
      substantially sub-atmospheric until the throttle 20 is wide open.
PAR  It is also apparent that as the throttle 20 opens from the closed or idle
      position shown, its leading edge will move above the opening of conduit 19
      into the mainfold 19 and the pressure in conduit 18 will fall rapidly.
      Thus at moderately open throttle positions ranging from fast idle to
      cruise and moderate load conditions, the pressure in conduit 18 will be
      sub-atmospheric. Upon continued opening of the throttle 20 from the cruise
      position, the manifold pressure downstream of the throttle valve 20 will
      gradually increase but will always be sub-atmospheric.
PAR  Referring again to FIG. 2 when the engine is not operating, both conduits
      18 and 22b will communicate with atmospheric pressure in manifold 19,
      enabling the resilient bellows to hold valve 37 at the closed position
      shown in phantom. It will then be immaterial whether or not the tank vapor
      pressure is suffficient to raise diaphragm 29 and open port 32. A small
      fuel vapor flow from tank 10 will be accommodated by bleed port 21a into
      the charcoal canister 17. If the vapor pressure in tank 10 should increase
      beyond the capacity of bleed port 21a, valve 21 will open. The vapor flow
      from tank 10 will be adsorbed by the charcoal in canister 17 to prevent
      air pollution.
PAR  Subsequently, when the engine is operating and the throttle valve 20 is
      open beyond the idle position shown (except at the wide open position) the
      low pressure in manifold 19 will induce fresh air flow into canister 17
      through the latter's open bottom, such that previously stored fuel vapors
      in the canister 17 will be entrained with the fresh air via conduit 18
      into the manifold 19 and thence to the engine where the fuel vapors are
      burned. In consequence the canister 17 is purged of fuel vapors and made
      ready to receive evaporative fuel losses from tank 10 on the next occasion
      that the engine is not operating.
PAR  When the engine is operating with the throttle at any position including
      the idle position shown (except at wide open throttle) the low pressure of
      manifold 19 transmitted via conduits 22b and 40 will actuate bellows 39 to
      open port 36. If the fuel vapor pressure in tank 10 applied via conduit
      22a and port 24 to diaphragm 29 is adequate to open port 32, the primary
      vapor flow will then be directly through port 36 and conduit 22b into
      manifold 19, rather than into the canister 17, although some fuel vapor
      may flow via valve 21 to the canister 17 and thence to manifold 19 while
      the engine is operating. By virtue of the restricted orifice 32 and the
      connection via bleed 21a and canister 17 to the atmosphere, if diaphragm
      29 should stick in the raised or open position, the total vacuum of
      manifold 19 will not be applied to collapse tank 10. Also the vent 27 and
      bleed 21a provide parallel independent paths to the atmosphere to prevent
      an excessive high tank pressure during engine operation in the event
      diaphragm 29 should crack or rupture. In consequence a simple closure cap
      12 may be substituted for the usual combination pressure vented and
      pressure relief valve otherwise required for cap 12.
PAR  FIG. 3 shows a valve 23a which may replace valve 23 in the FIG. 1 circuit,
      wherein corresponding parts in FIGS. 2 and 3 are identified by the same
      numbers. The valve 37 is urged to its seated position by a spring 42 which
      may supplement the resiliency of bellows 39. Instead of diaphragm 29, a
      differential area poppet type plunger 43 is employed to space and connect
      a large area piston 43a with a smaller area piston 43b. Piston 43a
      reciprocates in fluid sealing relationship within a cylinder portion 26a
      of chamber 26. Piston 43b normally closes port 32 and reciprocates within
      an oversize cylinder portion 26b of chamber 26, thereby to provide an
      annular leakage path 44 for vapor between chambers 26 and 30 via bleed
      port 32 when piston 43b is unseated from port 32.
PAR  Spring 33a under compression between an upper wall of chamber 26 and piston
      43a normally urges the plunger 43 downward, thereby to cause piston 43b to
      close port 32. Vapor pressure in chamber 28 via duct 22a is applied
      against the larger undersurface of piston 43a and the smaller upper
      surface of piston 43b. By reason of the area differential, at a
      predetermined vapor pressure of for example 8 or 10 inches of water, the
      larger pressure force applied against area 43a will exceed the combined
      force of spring 33a and the pressure force against 43b, causing piston 43b
      to move upwardly and unseat from port 32 to open the latter. The pressure
      at both sides of piston 43b will then tend to equalize via annular passage
      44, causing the plunger 43 to pop to a wide open position. A positive
      opening of port 32 in FIG. 3 is achieved, as compared to the nearly linear
      opening of port 32 with increasing pressure in FIG. 2. In other respects,
      the valve 23a operates in the manner of valve 23.
PAR  FIG. 4 illustrates a modification wherein the bypass conduit 22 is
      eliminated and a control valve 45 replaces valve 21 in conduit 16. Valve
      45 comprises a pressure chamber 46 having an inlet port 47 in
      communication with tank 10 to receive fuel vapors therefrom via the
      upstream conduit 16a, an unrestricted port 48 normally closed by a vacuum
      actuated valve plunger 49, and an overflow limiting bleed port 21b which
      serves in the manner of bleed port 21a. Valve plunger 49 is normally urged
      to the illustrated closed position by spring 50 seated against a fixed
      wall portion of a second chamber 51 of valve 45 and is connected to a
      plunger rod 52 which extends slidably in fluid sealing relationship
      through the latter wall portion and is connected to the movable lower wall
      of a bellows 53 exteriorly of chamber 51. The interior of the bellows 53
      is connected by conduit 40a to the induction manifold 19, preferably
      downstream of the throttle valve 20 in the manner of conduit 40.
PAR  Chamber 51 is also connected via outlet port 54 with the downstream conduit
      16b and thence with canister 17. When the engine is operating, low
      pressure in manifold 19 actuates bellows 53 to move plunger 52 upward and
      unseat valve 49 from port 48 to establish a comparatively low resistance
      flow path from the upper portion of tank 10 to canister 17, whereby
      excessive fuel vapor pressure cannot develop in tank 10. As fast as fuel
      vapors flow into canister 17, they are entrained in the above described
      fresh air flow through the canister 17 and into induction conduit 19.
PAR  When the engine is not operating, the resulting atmospheric pressure in
      conduit 40a enables the bellows 53 to expand and return valve plunger 49
      to the closed position shown, as urged by spring 50. Thereafter fuel
      vapors will flow to canister 17 only via restricted port 21b.
PAR  In this latter regard, it is to be noted that when the engine is not
      operating, the fuel tank 10 will not be subject to the intense heat of the
      exhaust pipe that might otherwise add to fuel tank heating when the engine
      is operating. Accordingly fuel vapor pressure in tank 10 will not be as
      great as when the engine is operating and may be accommodated by bleed
      port 21b without creating an excessive fuel tank pressure. The FIG. 4
      construction thus provides an economical compromise that directs excess
      fuel tank vapors to the induction manifold via the charcoal canister 17
      when the engine is running.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an automobile engine having a fuel tank and an intake manifold for
      supplying fuel and air to said engine, the combination of vapor storage
      means, vent conduit means for venting fuel vapors to said storage means
      from said tank, said vent conduit means including bypass conduit means for
      providing a restricted vapor flow path bypassing said storage means,
      control means for controlling vapor flow through said vent conduit means
      from said tank comprising valve means in said bypass conduit means movable
      between open and closed positions, means for normally moving said valve
      means to said closed position to close said bypass conduit means, and
      pressure actuated means responsive only to a predetermined,
      sub-atmospheric pressure in said intake manifold and a simultaneous vapor
      pressure in said tank greater than a predetermined comparatively low
      pressure above atmospheric for moving said valve means to open said bypass
      conduit means to establish communication therethrough between said tank
      and intake manifold.
NUM  2.
PAR  2. In the combination according to claim 1, bleed means comprising a
      restricted orifice in said vent conduit means bypassing said valve means
      for providing a restricted flow path for said vapors when said bypass
      conduit means is closed by said valve means.
NUM  3.
PAR  3. In the combination according to claim 2, said vapor storage means having
      an air inlet in communication with the atmosphere and also having a purge
      outlet, and means for purging fuel vapors from said storage means
      comprising purge conduit means for connecting said purge outlet with
      sub-atmospheric pressure of said intake manifold for inducing gas flow
      through said vapor storage means from said inlet to said outlet and into
      said intake manifold when said engine is operating.
NUM  4.
PAR  4. In the combination according to claim 1, said valve means comprising
      first valve means cooperable with said pressure actuated means to be moved
      to its open position thereby in response to said predetermined
      sub-atmospheric pressure and also comprising second valve means cooperable
      with the first valve means for normally closing said bypass conduit means
      when at least one of said valve means is closed and being cooperable with
      said pressure actuated means to be moved to its open position thereby in
      response to said simultaneous vapor pressure, to establish communication
      between said tank and said intake manifold through said bypass conduit
      means when both valve means are open.
NUM  5.
PAR  5. In the combination according to claim 1, said vent conduit means
      comprising a first conduit means in communication with said storage means
      for venting fuel vapor thereto from said tank and a second conduit means
      comprising said bypass conduit means, said first conduit means having
      restricting means for restricting the same to limit the rate of vapor flow
      from said tank to said storage means.
NUM  6.
PAR  6. In the combination according to claim 5, means for purging said storage
      means of fuel vapor stored therein comprising an air inlet in
      communication with the atmosphere and a purge outlet in communication with
      said manifold for inducing air flow through said storage means from said
      air inlet to said purge outlet and thence into said intake manifold during
      operation of said engine.
NUM  7.
PAR  7. In the combination according to claim 4, said second valve means
      comprising a pressure chamber having an inlet port and an outlet port and,
      defining portions of said bypass conduit means, movable means defining a
      movable wall portion of said chamber and having a valve element normally
      closing one of said ports, said movable means being responsive to vapor
      pressure in said tank in excess of a predetermined small value above
      atmospheric for moving said valve element to open said one port to
      establish comunication in said bypass conduit through said chamber.
NUM  8.
PAR  8. In the combination according to claim 7, said chamber being in
      communication with said tank via said inlet port, and said one port
      normally closed by said valve element comprising said outlet port.
NUM  9.
PAR  9. In the combination according to claim 7, said movable wall portion
      exteriorly of said chamber being in restricted communication with the
      atmosphere.
NUM  10.
PAR  10. In the combination according to claim 9, said vent conduit means
      comprising a first conduit means in communication with said tank and
      storage means for venting fuel vapor to the latter from said tank and a
      second conduit means comprising said bypass conduit means, one-way check
      valve means normally closing said first conduit means and responsive to a
      predetermined small pressure in said tank above atmospheric for opening
      said first conduit means, and bleed means for providing a restricted rate
      of vapor flow through said first conduit means from said tank to said
      storage means.
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ABST
PAL  A fuel injection pump for an automotive fuel injection system, comprising a
      fuel metering unit which includes a plunger axially movable in synchronism
      with revolution of a pump shaft and rotatable about its axis for
      regulating timings and quantities of fuel injection, and a control device
      which consists largely of a centrifugal governor responsive to a
      centrifugal force developed by the revolution of the pump shaft for
      driving the plunger to turn about its axis through an angle proportional
      to the pump shaft revolution speed and a vacuum-operated actuator
      responsive to vacuum in an intake manifold of the engine for driving the
      plunger in accordance with the vacuum in the intake manifold.
BSUM
PAR  The present invention relates to fuel injection systems for automotive
      vehicles and, more particularly, to a fuel injection pump incorporated
      into the fuel injection system.
PAR  The fuel injection system for an automotive vehicle usually has
      incorporated therein a fuel injection pump of the Bosch type having a
      plunger which is not only axially movable in synchronism with the
      revolution of a pump shaft but rotatable about its axis for controlling
      the timings and durations of the fuel injection. The rotational position
      of the plunger is controlled in accordance with load requirements of the
      engine by means of a control device responsive to the engine load
      requirements. A variety of modifications of such a control device have
      thus far been proposed and placed on use. None of the control devices of
      the known constructions are, however, fully acceptable especially because
      of the problems encountered by means to drive a control rod or rack which
      is used to impart rotational forces to the plunger. It is, accordingly, an
      important object of the present invention to provide a fuel injection pump
      having an improved control device. Another important object of the
      invention is to provide a fuel injection pump having a control device
      which is capable of accurately and reliably controlling the timings and
      quantities of the discharge of fuel in accordance with the load
      requirements of the engine. Still another important object of the
      invention is to provide a fuel injection pump having a control device
      which is capable of smoothly driving a control rod for a plunger of a fuel
      metering unit of the pump.
PAR  In accordance with the present invention, these objects will be
      accomplished in a fuel injection pump which comprises a pump shaft
      rotatable about its axis, a fuel metering unit having a plunger which is
      driven to axially reciprocally move in cycles synchronized with the
      revolution of the pump shaft for discharging fuel in each of the cycles
      and which is rotatable about its axis for regulating timings, durations
      and quantities of the discharge of the fuel from the fuel metering unit in
      the cycles, an elongated control member which is in driving engagement
      with the plunger and which is axially movable in both directions for
      driving the plunger to rotate in either direction about its axis,
      resilient biasing means supported on the elongated control member for
      biasing the control member in one of the directions, a centrifugal
      governor responsive to a centrifugal force developed by the revolution of
      the pump shaft, linkage means engaging the elongated control member and
      the centrifugal governor for axially moving the control member in the
      other of the directions against a force of the resilient biasing means,
      and a vacuum-operated actuator responsive to vacuum in an air intake unit
      of the engine for bodily moving an assembly of the elongated control
      member, the resilient biasing means, the centrifugal governor and the
      linkage means in a direction parallel to the directions of axial movement
      of the elongated control member in accordance with the vacuum directed
      from the air intake unit into the vacuum-operated actuator. The
      centrifugal governor may comprise a flyweight carrier rotatable with and
      axially movable with a rotary shaft driven by the pump shaft, at least one
      flyweight pivotally mounted on the weight carrier for being turned away
      from the rotary shaft in response to a centrifugal force produced by the
      revolution of the rotary shaft, and at least one pressure arm integral
      with the flyweight and accordingly pivotally movable on the flyweight
      carrier for driving the linkage means to drive the elongated control
      member in said other of the directions of axial movement when the
      flyweight is turned away from the rotary shaft in response to the
      centrifugal force developed by the revolution of the rotary shaft. The
      linkage means may comprise a sliding block axially movable on the rotary
      shaft and engaging the pressure arm of the centrifugal governor for being
      axially moved in one direction on the rotary shaft when the pressure arm
      is moved by the turning of the flyweight of the centrifugal governor away
      from the rotary shaft and a link lever pivotally connected at one end to
      the sliding block and at the other to the elongated control member. The
      resilient biasing means may comprise at least one preload spring seated at
      one end on a first seat member which is fast on the elongated control
      member and at the other end on a second seat member which is movable
      relative to the control member in directions aligned with an axis of the
      control member and which is movable with the centrifugal governor in
      directions parallel to the axis of the elongated control member. The fuel
      injection pump may further comprise a stationary shaft which extends in
      parallel to the elongated control member and the rotary shaft connected to
      the pump shaft and a sleeve axially movable on the stationary shaft and to
      which the link lever is pivotally connected at its intermediate portion.
DRWD
PAR  The features and advantages of the fuel injection pump according to the
      present invention will become more apparent from the following description
      taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a vertical sectional view which shows an arrangement of fuel
      metering units of the fuel injection pump according to the present
      invention;
PAR  FIG. 1a is a perspective view which shows, on an enlarged scale, a portion
      1a of the arrangement illustrated in FIG. 1;
PAR  FIG. 2 is a side elevational view of the fuel injection pump according to
      the present invention, the view being partly cut away to show details of a
      control device incorporated into the fuel injection pump; and
PAR  FIG. 3 is a top end view, also partly cut away, of the fuel injection pump
      according to the present invention.
DETD
PAR  Referring to the drawings, particularly to FIGS. 1, 2 and 3, the fuel
      injection pump of the type which is developed from original Bosch designs
      comprises a pump housing 10 which is formed with axial bores respectively
      incorporating therein fuel metering units which correspond in number to
      the number of cylinders of the engine which the fuel injection pump is to
      suit. A pump shaft 12 extends into the housing 10 at right angles to axes
      of the bores incorporating the individual fuel metering units and is
      rotatably supported on the pump housing 10 through a bearing 13 (FIG. 2).
      The pump shaft 12 is connected to the crankshaft of the engine (not shown)
      through an endless belting (not shown) or other suitable transmission
      means and is driven to rotate about its axis when the engine is operative.
      The pump shaft 12 is operatively connected through a cam or swash-plate
      mechanism 14 to a guide piston 16 axially slidably received in an axial
      end portion of each of the bores in the pump housing, as best seen in FIG.
      1. The guide piston 16 is thus adapted to be axially moved back and forth
      in the bore in the housing 10 when the pump shaft 12 is driven by the
      engine crankshaft. In an axially intermediate portion of each of the bores
      in the pump housing 10 is closely received a barrel 18 which has an axial
      bore 20 extending throughout the length of the barrel. A reciprocating and
      rotary plunger 22 is received in the bore 20 in the barrel 18 and is
      connected at one end (shown as a lower end in FIG. 1) to a tappet 24 which
      is fixed at its leading end to the guide piston 16. Each of the bores in
      the pump housing 10 has further received in its axial end portion remote
      from the guide piston 16 a fuel delivery valve 26 which comprises a valve
      casing 28 fixed to the pump housing 10 and formed with an axial bore 30
      communicating at one end (which is shown as a lower end in FIG. 1) to the
      bore 20 in the barrel 18 through an aperture 32 formed in the casing 28
      and open at the other end. In the axial bore 30 of the valve casing 28 are
      positioned a ball member 34 which is located in the vicinity of the
      aperture 32 in the valve casing 28, a preload spring 36 for biasing the
      ball member 34 into a position closing the aperture 32, and spring seat
      members 38 and 40 on which the preload spring 36 is seated at its ends. A
      cap member 42 is received at the axial end of each of the bores in the
      pump housing 10, having an axial bore 44 which is in constant
      communication with the bore 30 in the valve casing 28 and which leads to a
      fuel injection nozzle (not shown) which projects into the associated
      engine cylinder combustion chamber or intake manifold. The construction of
      the fuel delivery valve 26 above described is merely by way of example and
      may therefore be modified in numerous manners.
PAR  The barrel 18 in each of the fuel metering units is formed with a fuel
      inlet port 46 which is open to the bore 20 in the barrel. The fuel inlet
      ports 46 thus formed in the barrels 18 of the individual fuel metering
      units are in communication with a common passageway 48 which is formed in
      the pump housing 10, the passageway extending at right angles to the axial
      bores in the housing 10 as will be understood from FIG. 3. A pair of
      nipples 50 and 52 are secured to the pump housing 10 by bolts 54 and 56,
      respectively. One nipple 50 has a fuel feed passageway 58 leading from a
      source (not shown) of a fuel for the engine and opens into the passageway
      48 in the pump housing 10, whereas the other nipple 52 has a fuel return
      passageway 60 which is in communication at one end with the passageway 48
      in the pump housing 10 and at the other end with a fuel reservoir (not
      shown).
PAR  As shown on an enlarged scale in FIG. 1a, the plunger 22 of each of the
      fuel metering units has a top portion formed with a circumferential groove
      62 and having a ramped top face 64 which has an elliptical edge. In the
      top portion of the plunger 22 is formed a channel 66 which is open at one
      end into an axial end portion of the bore 20 in the barrel 18 and at the
      other end into the circumferential groove 62 in the plunger 22, thereby
      providing constant communication between the aperture 32 in the valve
      casing 28 and the circumferential groove 62 in the plunger 22.
      Communication will thus be provided between the aperture 32 in the valve
      casing 28 and the fuel inlet port 46 in the barrel 18 through the channel
      66 in the top portion of the plunger 22 when the circumferential groove 62
      in the plunger 22 is brought into alignment with the fuel inlet port 46 in
      the barrel 18.
PAR  When, in operation, the engine is operated and accordingly the pump shaft
      12 is driven to rotate about its axis, the plunger 22 is driven to axially
      move back and forth in the axial bore 20 in the barrel 18. As the plunger
      22 thus ascends or is moved toward the valve casing 28, the top portion of
      the plunger 22 having the ramped top face 64 covers and closes the fuel
      inlet port 46 in the barrel 18 so that the fuel in the passageway 48 in
      the pump housing 10 is not passed over to the fuel delivery valve 26. The
      timing at which the fuel inlet port 46 is closed and the duration for
      which the fuel inlet port 46 is kept closed by the plunger 22 are dictated
      by the relative position of the ramped top face of the plunger 22 to the
      fuel inlet port 46 or, in other words, the relative rotational position of
      the plunger 22 to the barrel 18. When the fuel inlet port 46 in the barrel
      18 is thus closed by the top end portion of the plunger 22, the fuel which
      has entered the bore 20 between the ramped top face 64 of the plunger 22
      and the bottom end of the valve casing 28 is compressed by the plunger 22
      which is being axially moved toward the valve casing 28 by means of the
      guide piston 16, causing the ball member 34 of the fuel delivery valve 26
      to be unseated from the valve seat on the bottom wall of the valve casing
      28 against the opposing force of the preload spring 36 and thereby holding
      open the aperture 32 in the valve casing 28. The fuel staying a top the
      ramped top face 64 of the plunger 22 is therefore admitted into the bore
      30 in the valve casing 28 and from the bore 30 into the engine combustion
      chamber or intake manifold through the axial bore 44 in the cab member 42.
      When the plunger 22 is further moved toward the valve casing 28 and
      accordingly the circumferential groove 22 in the top portion of the
      plunger 22 is brought into alignment with the fuel inlet port 46 in the
      barrel 18, the fuel inlet port 46 is uncovered by the top portion of the
      plunger 22 and is accordingly allowed to communicate with the top end
      portion of the axial bore 20 in the barrel 18 adjacent the aperture 32 in
      the bottom wall of the valve casing 28 through the channel 66 in the top
      end portion of the plunger 22. The fuel remaining between the ramped top
      face 64 of the plunger 22 and the bottom wall of the valve casing 28 is
      therefore permitted to return to the fuel inlet port 46 in the barrel 18
      through the channel 66 in the top end portion of the plunger 22 and is
      directed from the fuel inlet port 46 to the fuel reservoir (not shown)
      through the passageway 48 in the pump housing 10 and the fuel return
      passageway 60 in the nipple 52. The fluid pressure acting on the ball
      member 34 of the fuel delivery valve 26 is consequently reduced so that
      the ball member 34 is allowed to move back to the initial position closing
      the aperture 32 in the valve casing 28 whereby the discharge, in one
      cycle, of the fuel from the fuel delivery valve 26 terminates. When the
      plunger 22 is caused to descend from the raised axial position, the fuel
      inlet port 46 in the barrel 18 is for a second time covered and closed by
      the top end portion of the plunger 22 until the edge of the ramped top
      face 64 of the plunger 22 reaches the fuel inlet port 46. When the ramped
      top face 64 of the plunger 22 overrides the fuel inlet port 46, then the
      fuel inlet port 46 is uncovered by the plunger 22 so that the fuel
      supplied from the fuel source (not shown) is admitted into the bore 20 in
      the barrel 18 through the fuel feed passageway 58 in the nipple 50 and the
      passageway 48 in the pump housing 10.
PAR  Each of the fuel metering units of the fuel injection pump is thus
      operative to discharge the fuel at timings and in quantities which are
      dictated by the relative position of the ramped top face 64 of the plunger
      22 to the fuel inlet port 46 in the barrel 18. The relative position of
      the ramped top face 64 of the plunger 22 is, in turn, determined by the
      rotational position of the plunger 22 about its axis. The timings and
      durations of the discharge of the fuel and accordingly the quantities of
      the fuel discharged from each of the fuel metering units in the successive
      cycles of fuel injection can therefore be controlled by turning plunger 22
      about its axis depending upon varying engine load. A rotary disc member 68
      having a generally U-shaped or recessed arm 70 is therefore rotatable with
      the plunger 22 about the axis of the plunger in each of the fuel metering
      units. The rotary disc members 68 thus mounted on the plungers 22 of the
      individual fuel metering units are driven by a common plunger control rod
      72 which fixedly carries thereon pins 74 which are respectively slidably
      received in the U-shaped or recessed arms 70. When the plunger control rod
      72 is axially or longitudinally moved in either direction relative to the
      fuel metering units, the rotary disc members 68 of the individual fuel
      metering units are rotated about the respective axes of the plungers 22 of
      the metering units so that the plungers 22 are rotated about their
      respective axes in a direction corresponding to the direction of movement
      of the control rod 72 and through angles which correspond to the distance
      over which the control rod 72 is moved. Where desired, the plunger driving
      arrangement thus including the rotary disc members 68 and the control rod
      72 may be replaced with a combination of pinions which are respectively
      rotatable with the plungers of the individual fuel metering units and a
      rack which is in constant mesh with the pinions, though not shown in the
      drawings.
PAR  In accordance with the present invention, the plunger control rod 72 or the
      rack above-mentioned is driven by a control device which is responsive to
      the revolution speed of the pump shaft 12 and the vacuum which is
      developed in the intake manifold of the engine during operation. The
      control device comprises a rotary shaft 76 which is rotatable about its
      axis in a bearing 78 supported on a wall portion of the pump housing 10
      and which is connected at one end to the pump shaft 12, as seen in FIG. 2.
      A mechanical or centrifugal governor generally designated by reference
      numeral 80 comprises a flyweight carrier 82 mounted on the rotary shaft 76
      and a pair of flyweights 84 and 86 which are pivotally supported on the
      flyweight carrier 82 through pivotal pins 88 and 90, respectively. The
      rotary shaft 76 has a generally fork-shaped end portion which is formed
      with an elongated axial recess 92 and the flyweight carrier 82 of the
      centrifugal governor 80 has a pin 94 which is received in this elongated
      axial recess 92 in the rotary shaft 76 so that the flyweight carrier 82
      and accordingly the flyweights 84 and 86 are rotatable with and axially
      movable on the rotary shaft 76. The flyweights 84 and 86 are shown as
      being in diametrically opposed relation to each other across an axis of
      the rotary shaft 76.
PAR  The centrifugal governor 80 further comprises pressure arms 96 and 98 which
      are integral with the flyweights 84 and 86, respectively and which have
      substantially rounded working portions at their leading ends. The pressure
      arms 96 and 98 are thus rotatable about the pivotal pins 88 and 90 when
      the flyweights 84 and 86 are rotated about the pins 88 and 90,
      respectively. The rotary shaft 76 further carriers thereon a sliding block
      100 which is axially slidable on the rotary shaft 76 and which is
      engageable at one of its end faces with the rounded working portions of
      the pressure arms 96 and 98 of the centrifugal governor 80. A link lever
      102 is pivotally connected at one end to the sliding block 100 by means of
      a pivotal pin 104 and is formed with a recess 106 in the other end portion
      thereof. The control rod 72 to drive the plungers 22 of the individual
      fuel metering units extends in parallel to the rotary shaft 76 and has a
      pin 108 which is received in the recess 106 in the link lever 102. A guide
      shaft 110 is fixedly supported on the pump housing 10 and extends in
      parallel to the control rod 72 and the rotary shaft 76. A sleeve 112 is
      axially slidably supported on this guide shaft 110 through bearings 114
      and 116. The link lever 102 is pivotally connected at its intermediate
      portion to this sleeve 112 through a pivotal pin 118. The sleeve 112 is
      fixedly connected to the flyweight carrier 82 of the centrifugal governor
      80 through a connecting member 120 and are thus movable together in
      directions parallel to the rotary shaft 76 and the guide shaft 110.
PAR  The control rod 72 has an axial extension 122 which has fixedly carries a
      first spring seat member 124 at its end adjacent to the leading end of the
      control rod 72 and is axially slidably received at its opposite end in a
      second spring seat member 126 which is fixed to the previously mentioned
      connecting member 120 interconnecting the sleeve 112 on the guide shaft
      110 and the flyweight carrier 82 of the centrifugal governor 80. Preload
      springs 128 and 130 are thus seated between the first and second spring
      seat members 124 and 126, urging the second spring seat member 126 away
      from the first spring member 124. To provide ease of adjusting the preload
      of the springs 128, the second spring seat member 126 may have an
      externally threaded portion 126a which is engaged by internally threaded
      ring members 132 and 132' so that the spring 128 is seated at one end on
      the ring member 132, as shown.
PAR  The control device for the control rod 72 further comprises a
      vacuum-operated actuator which is generally designated by reference
      numeral 134 in FIGS. 2 and 3. The vacuum-operated actuator 134 has a
      chamber defined between spaced portions 136 and 138 of the pump housing
      10. The chamber is divided into vacuum and atmospheric compartments 140
      and 142 by a diaphragm 144 which is anchored at its entire perimeter to
      the pump housing 10 as shown in FIG. 2. The diaphragm 144 is connected to
      the connecting member 120 by a connecting rod 146 which extends across the
      atmospheric compartment 142 and which is axially movably inserted through
      the wall portion 138 of the pump housing 10. In the vacuum compartment 140
      are positioned a spring seat member 148 which is supported on the wall
      portion 136 of the pump housing 10 and preload springs 150 and 152 one of
      which is seated between the diaphragm 144 and the wall portion 136 of the
      pump housing 10 and the other of which is seated between the diaphragm 144
      and the spring seat member 148. The preload springs 150 and 152 are thus
      adapted to urge the diaphragm 144 toward the wall portion 138 of the pump
      housing 10, viz., into the position in which the connecting rod 146 is
      withdrawn from the atmospheric compartment 142. The atmospheric
      compartment 142 is vented to the open air through, for example, an opening
      154 formed in the wall portion 138 of the pump housing 10 and is thus
      maintained at an atmospheric pressure, whereas the vacuum compartment 140
      is in constant communication with the intake manifold (not shown) of the
      engine through a port 156 formed in the wall portion 136 of the pump
      housing 10 so that the vacuum developed in the intake manifold of the
      engine is directed into the vacuum compartment 140 during operation of the
      engine.
PAR  When, in operation, the pump shaft 12 is driven from the crankshaft of the
      engine, the plungers 22 of the individual fuel metering units of the pump
      are axially moved in the associated barrels 18 so that the fuel is
      discharged from the fuel delivery valves 26 of the metering units into the
      associated combustion chambers of the engine at timings and in quantities
      which are dictated by the rotational positions of the plungers 22 about
      their axes, viz., the relative positions of the ramps at the upper ends of
      the plungers 22, as previously described. When the plungers 22 are thus
      driven to axially move in the individual fuel metering units, the
      centrifugal governor 80 is also driven to rotate about the axis of the
      rotary shaft 76 so that the flyweights 84 and 86 are caused to turn or
      raise away from the rotary shaft 76 about the pivotal pins 88 and 90,
      respectively, under the influence of the centrifugal force imparted
      thereto. The pressure arms 96 and 98 integral with the flyweights 84 and
      86, respectively, are thus caused to turn about the pivotal pins 88 and 90
      in directions to move the sliding block 100 away from the flyweight
      carrier 82 of the centrifugal governor 80. The link lever 102 is
      consequently turned counterclockwise of the drawing (FIG. 2) about the pin
      118 on the sleeve 112 on the guide shaft 110 so that the control rod 72 is
      axially moved leftwardly of the drawing against the opposing forces of the
      springs 128 and 130 seated between the spring seat members 124 and 126.
      The control rod 72 is thus moved smoothly and in a stable condition
      because the driving force imparted thereto from the centrifugal governor
      80 is at all times acted upon by the forces of the preload springs 128 and
      130. As the control rod 72 is thus moved leftwardly of the drawing (FIG.
      2), the extension 122 of the control rod 72 is axially moved deeper into
      the spring seat member 126 at its leading end. The axial movement of the
      extension 122 of the control rod 72 relative to the spring seat member 126
      and accordingly to the connecting member 120 is stopped by the spring seat
      member 126 when the revolution speed of the pump shaft 12 peaks up. The
      control rod 72 is, in this manner, axially moved over a distance which is
      substantially proportional to the revolution speed of the pump shaft 12 so
      that the plungers 22 of the individual fuel metering units are rotated
      about their respective axes through angles which are related to the
      revolution speed of the pump shaft 12. The timings and quantities of the
      fuel discharged from the fuel delivery valves 26 of the fuel metering
      units are controlled responsive to the revolution speed of the pump shaft
      12.
PAR  When the revolution speed of the pump shaft 12 then decreases, the
      flyweights 84 and 86 are radially moved toward the rotary shaft 76 about
      the pivotal pins 88 and 90, respectively, so that the sliding block 100 is
      allowed to move toward the flyweight carrier 82 of the centrifugal
      governor 80 and accordingly the link lever 102 allowed to rotate clockwise
      of the drawing (FIG. 2) about the pivotal pin 118 on the sleeve 112 on the
      guide shaft 110. The control rod 72 is therefore moved rightwardly of the
      drawing or away from the spring seat member 126 on the connecting member
      120 so that the plungers 22 of the fuel metering units are turned in
      reverse directions about their respective axes.
PAR  When, on the other hand, a vacuum is developed in the intake manifold of
      the engine as during part-throttle condition of the engine, the vacuum is
      directed into the vacuum compartment 140 of the vacuum-operated actuator
      134 through the port 156. The diaphragm 144 is consequently moved toward
      the wall portion 136 of the pump housing 10, viz., toward a position to
      contract the vacuum compartment 140 against the opposing forces of the
      preload springs 150 and 152. This causes the connecting rod 146 to project
      into the atmospheric compartment 142 so that the connecting member 120 is
      moved toward the intermediate wall portion 138 of the pump housing 10. The
      connecting member 120, the centrifugal governor 80 having the flyweight
      carrier 82 secured to the connecting member 110, the sliding block 100
      engaged by the pressure arms 96 and 98 of the centrifugal governor 80, the
      sleeve 112 on the guide shaft 110, and the spring seat member 126 secured
      to the connecting member 120 are thus bodily moved toward the intermediate
      wall portion 138 of the pump housing 10 so that the control rod 72 is
      axially moved leftwardly of the drawing (FIG. 2) with the position of the
      link lever 102 maintained relative to the sliding block 100, the sleeve
      112, and the control rod 72. The connecting member 120 and the parts
      secured thereto will be held stationary when the force of the vacuum
      directed into the vacuum compartment 140 is equalized with the opposing
      forces of the preload springs 150 and 152. When the vacuum in the intake
      manifold is then reduced, the diaphragm 144 is moved back away from the
      end wall portion 136 of the pump housing 10 by the forces of the preload
      springs 150 and 152 so that the connecting member 120 is moved away from
      the intermediate wall portion 138 of the pump housing 10. The centrifugal
      governor 80, the sliding block 100 and the spring seat member 126 are
      consequently moved in an integral unit away from the intermediate wall
      portion 138 of the pump housing 10 so that the control rod 72 is moved
      rightwardly of the drawing (FIG. 2) with the position of the link lever
      102 maintained relative to the sliding block 100, the sleeve 112 and the
      control rod 72. The control rod 72 and accordingly the plungers 22 of the
      fuel metering units are in this manner driven by the vacuum-operated
      actuator 34 so that the timings and quantities of the fuel discharged from
      the fuel delivery valves 26 of the metering units are controlled in
      accordance with not only the revolution speed of the pump shaft 12 but the
      vacuum in the intake manifold of the engine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel injection pump of a fuel injection system of an automotive
      vehicle, comprising a pump shaft rotatable about its axis, a fuel metering
      unit having a plunger which is axially reciprocally movable in cycles
      synchronized with the revolution of the pump shaft for discharging fuel in
      each of the cycles and which is rotatable about its axis for regulating
      timings, durations and quantities of the discharge of the fuel in said
      cycles, an elongated control member which is in driving engagement with
      the plunger and which is axially movable in both directions for driving
      the plunger to rotate in either direction about its axis, resilient
      biasing means supported on the elongated control member for biasing the
      control member in one of said directions, a centrifugal governor
      responsive to a centrifugal force developed by the revolution of the pump
      shaft, linkage means engaging the elongated control member and the
      centrifugal governor for axially moving the elongated control member in
      the other of said directions against a force of said resilient biasing
      means, and a vacuum-operated actuator responsive to vacuum in an air
      intake unit of the engine for bodily moving a one-piece assembly
      comprising the elongated control member, the resilient biasing means, the
      centrifugal governor and the linkage means in a direction parallel to the
      directions of axial movement of the elongated control member in accordance
      with the vacuum directed from the air intake unit to the vacuum-operated
      actuator.
NUM  2.
PAR  2. A fuel injection pump as set forth in claim 1, in which said centrifugal
      governor comprises a flyweight carrier rotatable with and axially movable
      on a rotary shaft driven by the pump shaft and extending in parallel with
      said elongated control member, at least one flyweight pivotally mounted on
      the flyweight carrier for being turned away from the rotary shaft in
      response to a centrifugal force produced by the revolution of the rotary
      shaft, and at least one pressure arm integral with the flyweight and
      accordingly pivotally movable on the flyweight carrier for driving said
      linkage means to drive the elongated control member in said other of the
      directions of axial movement of the control member when the flyweight is
      turned away from the rotary shaft in response to said centrifugal force.
NUM  3.
PAR  3. A fuel injection pump as set forth in claim 2, in which said linkage
      means comprise a sliding block axially movable on said rotatry shaft and
      engaging said pressure arm of the centrifugal governor for being axially
      moved in one direction on the rotary shaft when the pressure arm is moved
      by the turning of the flyweight away from the rotary shaft, and a link
      lever which is pivotally connected at one end to said sliding block and at
      the other end to the elongated control member.
NUM  4.
PAR  4. A fuel injection pump as set forth in claim 1, in which said resilient
      biasing means comprise at least one preload spring which is seated at one
      end on a first seat member fast on the elongated control member and at the
      other end on a second seat member which is movable relative to the control
      member in directions aligned with an axis of the control member and which
      is movable with the centrifugal governor in directions parallel to the
      axis of the elongated control member.
NUM  5.
PAR  5. A fuel injection pump as set forth in claim 3, further comprising a
      stationary shaft which extends in parallel to said elongated control
      member and said rotary shaft and a sleeve axially slidable on the
      stationary shaft, wherein said link lever is pivotally connected to the
      sleeve at its intermediate portion.
NUM  6.
PAR  6. A fuel injection pump as set forth in claim 5, in which said
      vacuum-operated actuator comprises a chamber structure formed with a
      chamber therein, a diaphragm dividing the chamber into an atmospheric
      compartment vented from the open air and a vacuum compartment which is in
      constant communication with the air intake unit of the engine so that the
      vacuum in the air intake unit is directed into the vacuum compartment and
      acts on said diaphragm, means to connect the diaphragm to said centrifugal
      governor, the second seat member and the sleeve, and resilient biasing
      means biasing the diaphragm to move against the vacuum acting on the
      diaphragm.
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ABST
PAL  A two cylinder, two cycle engine for an outboard motor includes an
      alternator driven, capacitor discharge ignition system. The alternator
      includes an annular permanent magnet secured within a flywheel skirt and
      includes a pair of circumferential opposite poles with diametrical spaced
      neutral areas. The magnet is a flexible ferrite strip with a butt joint at
      one of the neutral areas. A stator assembly is mounted within the annular
      rotor and includes a semicircular core with a charging coil at each end.
      Each movement of the magnetic gap means past the coils generates a pulse.
      A trigger coil within a housing is mounted in coplanar relation between
      the charging coils, with a pole aligned with and spaced from the stator
      core. The housing is rotatably mounted and includes an integral cam for
      positioning a throttle lever. A pair of capacitors are connected in
      parallel to the charging coils through steering diodes such that the one
      capacitor is charged from one of the polarity pulses while the other
      capacitor is charged from opposite polarity pulses. A common gated
      controlled rectifier is connected in a discharge path for both of the
      capacitors through individual pulse transformers and isolating diodes.
      Only the charged capacitor provides energy through its pulse transformer.
      A full wave rectifier rectifies each trigger pulse and is connected by a
      trigger circuit to the gate of the controlled rectifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a breakerless and distributorless multiple
      cylinder ignition system and particularly to an alternator driven ignition
      system adapted for multiple cylinder two cycle motors and the like.
PAR  The advances in the technology of solid state devices and alternator
      constructions has resulted in the development of alternator driven
      capacitor discharge ignition systems.
PAR  In capacitor discharge systems, a main firing capacitor is charged to a
      relatively high voltage level and then rapidly discharged, by actuation of
      a solid state switch such as a controlled rectifier, through suitable
      pulse transformer to generate and transmit the firing energy to a selected
      spark plug. The capacitor may be charged from a battery power supply
      through a DC to DC converter. Alternatively, and, in particular, for
      relatively small engines such as in low horsepower outboard motors, an
      alternator is advantageously employed to produce an alternating current
      output which is rectified and applied to charge the capacitor. A trigger
      generator signal means preferably forms a part of the alternator unit to
      produce a signal for proper timed activation of the solid state switch to
      discharge the capacitor. A distributor may be employed to distribute the
      energy to anyone of a plurality of cylinders in a multiple cylinder
      engine, or alternatively separate coupling circuits may be provided with
      steering means to selectively transfer the energy to the several discharge
      circuits. Thus, the conventional rotating distributor is, in essence,
      replaced with an electronic steering and power distributing circuit. For
      example, the U.S. Pat. No. 3,612,948 discloses an alternator driven
      capacitor discharge ignition system wherein a common capacitor is
      selectively coupled through individual solid state switches to individual
      pulse forming and firing circuits to the several spark plugs of a dual or
      two cylinder engine. A charging alternator is provided to charge the
      capacitor and a separate triggering alternator is provided to fire the
      switches in predetermined timed relation for accurate and proper discharge
      of the capacitor through the several circuits. An alternative system
      employing an alternator having a single magnetic rotor and, a plurality of
      windings wound on a common stator is shown in U.S. Pat. No. 3,358,665.
PAR  In ignition systems, means are advantageously provided to vary the ignition
      timing of the engine by varying the relative time of generating the firing
      pulse. Thus, the engine is normally started with a retard firing, that is,
      with the firing occurring slightly after a piston reaches top dead center
      position. As the speed increases, the time of firing is preferably
      advanced from said top dead center position. Various electronic circuits
      as well as mechanical leverage systems have been suggested to produce a
      controlled advance. For example, U.S. Pat. No. 2,906,251 discloses a cam
      arrangement interconnected through a throttle unit for providing an
      interrelationship between the firing of a breakerpoint system and the
      throttle setting.
PAR  When applied to relatively small engines such as a two cylinder engine for
      an outboard motor, the overall size of the mechanical construction also
      becomes somewhat more significant. From an aesthetic standpoint, the
      overall height of the engine and thereby the power head for low HP motors
      is preferably minimized. As the alternators are normally incorporated into
      the flywheel structure, the design preferably minimizes the vertical space
      requirements so as to permit lowering of the flywheel to a maximum thereby
      maintaining the desired lower profile. The construction, of course, must
      not however sacrifice the alternator output such that it falls below the
      level required for reliable and satisfactory ignition as well as providing
      means to maintain proper timing.
PAR  Further in all such ignition systems, the cost of both the initial
      construction and subsequent maintenance from a mechanical and electrical
      standpoint must be and is of substantial practical significance and
      consideration.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is particularly directed to an improved ignition
      system employing an alternator driver for providing stored energy and
      subsequent transfer of such stored energy through a breakerless and
      distributorless ignition system. Generally, in accordance with the present
      invention a plurality of individual capacitors are provided one for each
      of the cylinders. An alternator means selectively charges the capacitor
      and actuates a common switch means for selectively discharging of the
      capacitors. The alternator means preferably includes an integrated trigger
      signal stator means which is physically mounted for movement relative to
      the related alternator rotor means to permit adjustment of the timing by
      changing of the actuation point or time of the common switch means with
      respect to the engine crankshaft and piston position.
PAR  More particularly, in accordance with a very significant and important
      feature of the present invention, charging and triggering means such as
      circumferentially special coil means are activated from a common magnetic
      system coupled to the engine crankshaft. The charging and triggering means
      are sequentially and alternately coupled to a magnetic means to provide
      for sequential timed spaced activation of the charging means and the
      trigger means.
PAR  In a preferred alternator construction in accordance with the present
      invention, the charging coil means and the trigger coil means are formed
      as a relatively plate-like coplanar unit which is mounted in fixed
      relation about the engine crankshaft, or a shaft driven in synchronism
      therewith. The rotor is secured to such shaft and includes an annular
      coplanar magnetic means such that the rotation thereof provides sequential
      coupling of the magnetic means to the charging coil means and to the
      trigger coil means.
PAR  In a particularly satisfactory system for a two cylinder engine for an
      outboard motor, and the like, a pair of oppositely disposed charging coils
      are provided and interconnected to provide conjoint and simultaneous
      charging of the capacitors. A trigger coil is located between the two
      charging coils. The magnet means is secured to the flywheel and includes a
      pair of opposite polarity, circumferential poles with end gaps such that
      the output of the windings alternately varies in synchronism with the
      coupling to the gaps. The magnet is advantageously formed of a flexible
      ferrite strip mounted within the flywheel with a butt joint at one of the
      gaps. A pair of capacitors are connected in parallel to the charging
      windings through suitable steering diodes such that the one capacitor is
      charged from the one polarity pulse while the other capacitor is charged
      from the opposite polarity pulse. Thus, during each movement of the
      magnetic gap means past the coil means, a single one of the capacitors is
      charged. A common control switch such as a silicon controlled rectifier is
      connected in a discharge path for both of the capacitors through the
      individual pulse transformers. Although the switch completes both
      discharge circuits each time it is actuated, only one of the capacitors
      has been charged and consequently only one of the capacitors will provide
      energy through its firing circuit. A pulse transformer is preferably
      connected across each of the capacitors in series with a steering or
      blocking diode, with the common switch means connected between the
      windings and the diode connection. Thus, when the common switch is turned
      on the capacitors can discharge through the series connection of a pulse
      transformer, diode, and the switch means.
PAR  The common switch means is suitably activated from the trigger coil means.
      Since the trigger coil means generates alternate polarity voltage pulses,
      the trigger circuit perferably includes a full wave rectifier whose output
      is coupled to trigger the common switch means, preferably through a second
      control rectifier. The trigger circuit also preferably includes a resistor
      capacitor network which is charged to a voltage level that is essentially
      proportional to engine speed and connected into the circuit to maintain a
      stabilized triggering point which is not affected by the change in the
      rate of rise of the trigger voltage pulse.
PAR  In accordance with a further novel aspect and feature of the present
      invention, the trigger coil means of the capacitor discharge ignition
      system is mounted in a movable support means for angular orientation about
      the shaft and, in one embodiment, relative to the charging coil means. The
      support means is coupled to the engine throttle control for corresponding
      positioning. In one construction, a cam member is formed on the support
      means and coupled through the throttle control mechanism to provide
      corresponding timed positioning of the trigger coil means. A cam follower
      is connected to the engine throttle mechanism to thereby provide a
      predetermined interrelationship as a result of the preselected formation
      of the cam. The throttle control is thus coupled to directly position the
      cam and simultaneously provide the desired setting of the trigger coil
      means for discharging of the capacitor with the desired timing. The timing
      is, thus automatically and positively correspondingly selected to maintain
      very accurate and interrelated positioning of the triggering signal means.
PAR  The present invention thus provides a highly improved alternator driven
      capacitor discharge ignition system particularly adapted for two cycle
      engines such as employed in outboard motors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings furnished herewith illustrate preferred constructions of the
      present invention in which the above advantages and features are clearly
      disclosed as well as others which will be readily understood from the
      following description, of the illustrated embodiment.
PAR  In the drawings:
PAR  FIG. 1 is a side elevational fragmentary view of an outboard motor with
      parts broken away to illustrate the construction of an alternator;
PAR  FIG. 2 is a schematic circuit diagram of an ignition system employing the
      alternator shown in FIG. 1;
PAR  FIG. 3 is a graphical illustration of the open circuit voltage output of
      the alternator unit;
PAR  FIG. 4 is a top view of FIG. 1 with parts broken away and sectioned to more
      clearly show details of construction;
PAR  FIG. 5 is a horizontal sectional view taken generally on line 5--5 of FIG.
      4 to more clearly illustrate details of the system; and
PAR  FIG. 6 is a plan view of an integral housing and mounting ring, shown in
      FIGS. 4 and 5, for the trigger coil means; and
PAR  FIG. 7 illustrates an alternate circuit and;
PAR  FIGS. 8 and 9 illustrate an alternate coil termination.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawings and particularly to FIG. 1 a fragmentary portion
      of an outboard motor is shown having an internal combustion engine 1
      mounted on a lower drive shaft unit 2 and enclosed within a suitable
      protective and decorative cowling or housing 3. The engine 1 is of any
      suitable construction and is preferably the usual two cycle, internal
      combustion engine widely employed in the outboard motor industry. The
      engine 1 is connected through any suitable means to a propeller drive
      mechanism, not shown, at the lower end of the unit 2.
PAR  The engine is illustrated as a two cylinder engine 1 having a pair of
      in-line cylinders with individual spark plugs 4 and 5. The engine 1 is
      typically employed in the lower horsepower outboard motors. The two
      cylinder engine is shown to clearly illustrate a preferred embodiment of
      the present invention which is more particularly directed to the
      construction of an alternator-driven capacitor-discharge ignition system
      for firing of the engine. Consequently, no further detailed description of
      the engine or outboard motor is given other than that which is necessary
      to clearly describe the construction and operation of the new and novel
      alternator driven ignition system for providing of power to the engine
      spark plugs.
PAR  Generally, in FIG. 1, an improved alternator unit 6 constructed in
      accordance with the present invention is mounted directly within the
      flywheel assembly 7 of the engine 1 and connected to a capacitor discharge
      ignition box 8, the output of which is connected via a pair of coils or
      pulse transformers 9 and 10 to ignition wires 11 and 12. The ignition
      output thereby sequentially and alternately fires the spark plugs 4 and 5
      of the engine 1, and thereby provide continued and proper engine
      operation.
PAR  A preferred schematic circuit of the alternator unit 6 and the associated
      capacitor discharge ignition system is shown in FIG. 2 which will be
      described before the detailed description of the preferred physical
      construction and features of the alternator unit 6.
PAR  Thus, referring particularly to FIG. 2, the alternator unit 6 includes a
      pair of charging windings 13 and 14 which are connected in series additive
      with each other and connected through charging circuitry to selectively
      charge a first capacitor 15 associated with the spark plug 4 and a second
      capacitor 16 associated with the second spark plug 5. The alternator unit
      6 further includes a triggering winding 17, which is connected to control
      a common discharge switch 18 for sequentially discharging of the
      capacitors 15 and 16 in timed spaced relation to produce alternate firing
      of the spark plugs 4 and 5.
PAR  More particularly, in the illustrated embodiment of the invention, the
      charging windings 13 and 14 are connected in a series additive circuit to
      charge capacitors 15 and 16.
PAR  Capacitor 15 is connected in series with a diode 19 directly across the two
      windings 13 and 14 with the negative end of the capacitor 15 connected
      through a common ground 19a to the one end of the series connected
      windings. The second capacitor 16 is similarly connected directly across
      the windings 13 and 14 in series with an oppositely polarized diode 20.
PAR  Consequently, by producing of alternate polarity pulses or signals in the
      windings 13 and 14, the capacitor 15 is charged by the one-half cycle or
      signal having the one polarity, diagrammatically shown by the polarity
      dots in FIG. 2. The capacitor 16 is charged with the opposite polarity
      pulses.
PAR  The discharge of the capacitors 15 and 16 to fire the respective spark
      plugs 4 and 5 is provided through similar circuits as follows.
PAR  The capacitor 15 has its positive plate connected directly to the one side
      of the primary winding 21 of the pulse transformer 9. The opposite side of
      the primary winding 21 is connected in series with the control switch
      means 18 shown as a silicon controlled rectifier and a steering diode 22
      to the common ground return 19a and thus to the opposite or negative plate
      of the capacitor 15. The diode 22 is polarized to conduct in the same
      direction as the controlled rectifier 18 and is there-polarized to
      discharge the capacitor 15 through transformer 9 when the common switch
      means 18 is conductive or turned on. The secondary winding 23 of the
      transformer 9 is connected directly across the spark plug 4 and fires the
      corresponding cylinder whenever the capacitor 15 discharged through the
      transformer.
PAR  The capacitor 16 is similarly connected in an alternate circuit and in
      particular has its positive plate connected to the common ground 19a. A
      diode 24 connects the common ground to the anode side of the controlled
      rectifier 18 the cathode of which is connected to one side of the primary
      winding 25 of the second pulse transformer 10. The opposite side of the
      primary winding 25 of transformer 10 is connected to the negative plate of
      the capacitor 16. Thus when the controlled rectifier 18 is turned on, a
      discharge path is also created for the capacitor 16 through the
      corresponding polarized diode 24, the conducting control switch 18 and the
      transformer 10. The secondary winding 26 of transformer 10 is connected
      directly across the spark plug 5 and provides for firing of the
      corresponding cylinder.
PAR  The diode 22 is of course connected directly between the capacitor 16 and
      the one side of primary winding 25 of the transformer 10. However, the
      polarization of diode 22 is in a non-conductive or block state with
      respect to the capacitor 16, which now can only discharge through the
      diode 24. Similarly, the diode 24 is reversed connected with respect to
      the capacitor 15.
PAR  Thus by providing a magnet means 27 which is periodically coupled to the
      windings 13 and 14 to provide timed spaced pulses of opposite polarity,
      such as shown at 28 and 29 in FIG. 3, the capacitors 15 and 16 are
      alternately charged. As diagrammatically shown in FIG. 2, the coils or
      windings 13 and 14 are wound on a stator core 30 located within the engine
      flywheel 7. The windings 13 and 14 are located 180 degrees apart. The
      magnet means 27 includes a pair of circumferential, opposite polarity
      poles 31 and 32. Each pole spans essentially 180 degrees to define a pair
      of diametrical opposite zero flux or neutral polarity points, shown by
      gaps 33 and 34 between the circumferential ends of the poles. Thus as each
      gap 33 or 34 moves past a winding 13 or 14, the magnetic polarity applied
      to the winding reverses and the flux change generates an appropriate pulse
      28 or 29 in the corresponding windings. Thus the windings 13 and 14 are so
      wound that with the opposite gaps aligned with the windings as shown in
      FIG. 2 the same polarity pulse such as pulse 28 is generated. When the
      flywheel rotates 180 degrees, the gaps 33 and 34 are reversely aligned and
      generate the opposite polarity pulse 29 in both windings 13 and 14. The
      winding 17 is wound upon a movable pole 35 forming a part of the stator
      unit 30. The winding 17 is located intermediate the two coils 13 and 14
      for coupling to the same magnetic driving polarity reverse gaps 33 and 34.
      The polarity of the pulse reverses with each gap, and thus opposite
      polarity pulses 36 and 37 are generated as shown in FIG. 3, during each
      complete revolution of the flywheel 7.
PAR  Between each charging period, the trigger winding 17 is therefore also
      coupled to magnetic mean 27 and particular one of the gaps 33 or 34. The
      output of winding 17 activates or turns on the control switch 18, thereby
      providing discharge of the previously charged capacitor 15 or 16.
PAR  The controlled rectifier 18 provides a very rapid completion of the
      discharge circuit, and the diodes 22 and 24 in the discharge path provide
      a very low impedance such that the previously charged capacitor 15 or 16
      discharges very rapidly. There is, therefore, only a minimal tendency for
      the discharge current to also pass through the parallel path provided by
      the opposite transformer and capacitor.
PAR  As the opposite capacitor 15 or 16 has not yet been charged, the
      simultaneous completion of its discharge circuit is inoperative so far as
      the corresponding transformer is concerned. The common switch means 18 is
      controlled from the common trigger coil means 17, the output of which is
      also an alternating current output as follows. The pulse 36 or 37 are full
      wave rectified through a pair of back-to-back rectifying diodes 38 and 38a
      connected across a pair of series connected resistors 39 and 39a and
      winding 17. The direct current trigger signal is generated between the
      common junctions of the diodes 38 - 38a and resistors 39 - 39a, similar to
      a central tapped trigger winding connection. The trigger signal is formed
      in intermediate timed spaced relationship to the main firing capacitor
      charging pulses 28 and 29. The output of the resistor-rectifier network is
      connected to actuate rectifier 18 through a series coupling circuit
      including a stabilizing paralleled resistor capacitor network 40, a
      current limiting resistor 41 and a cascaded secondary control rectifier
      42. The rectifier 42 has its anode to cathode junction connected between
      the anode to gate junction of rectifier 18 in series with a pair of
      resistors 43 and 43a. The gate of rectifier 42 is connected to the
      resistor 41. A capacitor 44 also connects the gate to the cathode of
      rectifier 42. A paralleled resistor 45 and capacitor 46 is connected
      between the junction of the resistors 43 and 43a and the cathode of
      rectifier 18. The resistor 43 and resistor 45 form a voltage divider
      connected across switch 18 and thus in a series charging path with the
      charging windings 13 and 14. The capacitor 46 is, therefore, charged
      simultaneously with the charging of capacitor 15 and with the alternate
      charging of capacitor 16. The capacitor 46 is discharged through resistor
      43a and controlled rectifier 42 to rapidly drive rectifier 18 into
      conduction, as presently described.
PAR  Thus, the following sequence describes the circuit response as the flywheel
      assembly and particularly the magnet assembly 27 rotates through one
      revolution with the neutral zones 33 and 34 first traversing the coils 13
      and 14.
PAR  The magnetic flux in coils 13 and 14 is assumed to be such as to generate a
      relative positive voltage with respect to engine ground. The capacitor 15
      therefor charges through diode 19 to a positive voltage relative to engine
      ground. Rectifier 18 is in the off state so that capacitor 46 also charges
      through the primary winding of 21 and diode 22 to a voltage level and at a
      rate determined by the resistance divider of resistors 43 and 45.
PAR  As the flywheel 7 and assembly 27 continuously rotates, a flux transition
      occurs in the trigger assembly core 35 as a neutral area 33 or 34 passes
      and generates a voltage pulse in winding 17. The polarity of this voltage
      pulse is immaterial as one of the two diodes 38 or 38a will be forward
      biased and conduct the pulse. Current will flow through the forward biased
      diode 38, the parallel combination of resistor and capacitor 40, resistor
      41, the parallel combination of the gate to cathode junction of controlled
      rectifier 42 and capacitor 44, the gate to cathode junction of controlled
      rectifier 18 and resistor 39. This current is of sufficient magnitude to
      turn on controlled rectifier 42 but not controlled rectifier 18.
      Controlled rectifier 42 is forward biased by the voltage on capacitor 46,
      which will discharge through resistor 43a, the anode to cathode junction
      of controlled rectifier 42, and the gate to cathode junction of controlled
      rectifier 18. Capacitor 46 and resistor 43a are selected such that the
      current discharge pulse is ideal for the turn on of controlled rectifier
      18 under high di/dt conditions. Controlled rectifier 18, therefore, turns
      on hard and the main firing capacitor 15 will discharge through the
      primary winding 21 of ignition coil 9, through the anode to cathode
      junction of controlled rectifier 18, and diode 22. This discharge is a
      short duration, very high amplitude current pulse and causes a fast rising
      voltage to appear in the secondary winding of 23 of ignition coil 9 of
      sufficient amplitude to ionize the spark plug gap 4 and provide ignition
      in the corresponding cylinder. Controlled rectifier 18 will stay in
      conduction until the anode to cathode current falls below the device
      holding current.
PAR  As the flywheel 7 and assembly 27 continues in rotation, rectifier 18 turns
      off and a reverse flux transition again occurs in the stator poles for
      coils 13 and 14. This transition is in the opposite direction and 180
      crankshaft degrees later relative to the first transition. An opposite
      voltage is therefore generated by the series additive coils 13 and 14
      which is negative with respect to engine ground. The second main firing
      capacitor 16 will then charge through diode 20 to a negative voltage
      relative to ground. Main control rectifier 18 is in the off state so that
      capacitor 46 also charges through rectifier 24 and the primary winding 25
      of coil 10. As before, capacitor 46 charges to a voltage level and at a
      rate determined by the resistance divider of resistors 43 and 45.
PAR  As the flywheel 7 continues still further in rotation a second flux
      transition occurs in the trigger assembly core 35 and coil 17. This
      transition is in the opposite direction and 180 crankshaft degrees later
      relative to the first transition. Coil 17 will therefore generate a
      voltage pulse of opposite polarity relative to the first voltage
      generation. A trigger current again flows as previously described with the
      exception that the flow will be through opposite diodes 38a and resistor
      39a. This trigger signal functions in the same manner to turn on
      controlled rectifier 42 such that capacitor 46 will discharge as
      previously described turning on controlled rectifier 18. Capacitor 16 will
      then discharge through diode 24, the anode to cathode junction of
      controlled rectifier 18, and the primary winding 25 of ignition coil 10.
      As previously described, a fast rising voltage pulse appears in the
      secondary 26 and ignition then occurs in the second cylinder.
PAR  As the flywheel 7 and assembly 27 continues its rotation, controlled
      rectifier 18 again turns off, one revolution is completed, and the above
      sequence is repeated for each subsequent revolution.
PAR  The paralleled resistor-capacitor network 40 produces a voltage which is
      generally proportional to the engine speed. The source for this voltage is
      the trigger voltage pulses generated by coil 17. The capacitor voltage
      thus introduces a back bias in the trigger network such that the effective
      or operative trigger voltage level required from the trigger winding to
      fire the controlled rectifier increases with speed and becomes stabilized
      for all engine speeds. This also increases the actual trigger level to
      thereby reduce the danger of the control rectifier being fired from
      undesired spurious voltage signals which may arise as a result of other
      close proximity ignition systems as well as other high frequency devices
      in the surrounding environment, or alternator noise generation.
PAR  Further, manually operable kill switch 47 is shown connected directly
      across the windings 13 and 14. When the switch 47 is closed, the direct
      conductive path established across the windings prevents charging of
      either one of the capacitors and thereby prevents the application of the
      capacitor signals through the respective transformers or coils 9 and 10.
      The kill switch means can be otherwise located, for example, across switch
      18. In that instance the output of alternator windings 13 and 14 can flow
      through the transformers 9 and 10 directly, but the energy in the signals
      are not of a nature sufficient to fire the engine. Suitable stabilizing
      diodes 47a are also preferably connected across the primary windings in 21
      and 25 in accordance with conventional design practice.
PAR  With switch 47 open, the system operates continuously to properly fire the
      engine by the proper opposite and sequential activation of the charging
      coil means 13 - 14 with the intermediate activation of the trigger coil
      means 17. In particular, the alternator generates the opposite polarity
      charging pulses 28 and 29 and the intermediate and interspersed trigger
      pulses 36 and 37.
PAR  A preferred, novel alternator, as diagrammatically shown in FIG. 2 is more
      particularly shown in FIGS. 1, 3, 4 and 5. The alternator unit 6 is
      connected directly as an integrated part of the engine's flywheel 7 which,
      in turn, is secured to the upper end of the engine's crankshaft 48. The
      flywheel 7 is a generally inverted cup-shaped member having a control hub
      keyed to the crankshaft 48 and locked in place by a clamping nut 48a.
PAR  The alternator unit 6 includes a permanent magnetic rotor assembly 27
      connected as an integrated part into the depending skirt 49 of the
      flywheel 7. The rotor assembly 27 rotates with respect to the stator unit
      30 which is mounted concentrically of the crankshaft 48 within the
      flywheel 7. The stator unit 30 supports the three windings 13, 14 and 17
      in a circumferentially spaced relation in a common plane within the
      magnetic rotor assembly.
PAR  Referring particularly to FIGS. 4 and 5, the illustrated stator unit 30
      includes a stator mounting means in the form of a plate 50 which is shown
      attached to an annular plate or end cap 51 on the top of the engine block
      52 with the crankshaft 48 projecting upwardly there through. A generally
      semicircular magnetic core 30 is formed as a laminated member and is
      riveted to the plate 50 and the mounting means is bolted or otherwise
      secured to the end cap 51 as at 53. The opposite ends of the laminated
      iron core 30 includes two radially projecting pieces 54 and 55 located
      essentially 180.degree. apart. The pole pieces 54 and 55 terminate in
      relatively slightly curved or flat end faces similarly located outwardly
      of the supporting stator plate on a common radius with respect to the
      crankshaft 48. The first and second charging coils 13 and 14 are wound on
      suitable insulating bobbins 56 and secured one each on the respective
      poles. The coil leads 57 are connected in circuit via a terminal board 58
      to the ignition switch box 8. The terminal board 58 is suitably attached
      to the stator support plate 50 on the opposite side from the core 30. The
      ignition circuitry such as shown in FIG. 2 is housed within the ignition
      box 8 as a potted unit, with the output connected as the input to the
      respective pulse transformers 9 and 10 which are suitably mounted upon the
      engine 1 and particularly adjacent the backside thereof to minimize the
      length of the spark plug leads 11 and 12.
PAR  The rotor assembly 27 has the annular magnet unit including the oppositely
      polarized permanent magnets 31 and 32 secured within the inner periphery
      of the flywheel skirt 49 and in the plane of the laminated core 30 and
      particularly the pole pieces 54 and 55.
PAR  In a preferred construction as illustrated, the magnets 31 and 32 are
      formed from a flexible, rubber-like ferrite member 59 which is secured
      within an annular magnetic iron ring 60 which serves as a return path for
      the magnetic flux. The member 59 is an elongated strip having a single
      butt joint 61 at the adjacent opposite ends. The strip is securely
      attached to the ring as by a suitable adhesive 62 and is then polarized in
      diametrically opposite belts to form magnets 31 and 32. The polarization
      is at 90.degree. to the diameter through the butt joint 61, which is
      therefore located at one of the opposite effectively zero or neutral zones
      lying on a diameter which is normal to that through the polarized belts.
      If desired, separate elements with physical air or other non-magnetic gaps
      such as shown in FIG. 2 may of course be used. The rotation of the
      flywheel 7 and attached rotor results in the sequential movement of the
      neutral zones 33 and 34 of FIG. 2 past the similarly spaced coils 13 and
      14 to provide charging pulses as previously described.
PAR  The trigger coil 17 is specially mounted on a circumferentially movable
      pole 35 which is generally located intermediate the two charging coils 13
      and 14 and in a common plane therewith. The particular timing of the
      ignition is determined by the circumferential spacing and location of the
      trigger coil with respect to the charging coils. As a result, the trigger
      coil is coupled to a neutral zone after each coupling between the neutral
      zones and the charging windings to thus produce the discharge or trigger
      signal before the charging windings are again coupled to the neutral
      zones.
PAR  More particularly, the trigger coil 17 is wound within an insulating bobbin
      63 and encircles pole 35 which can be formed as a sintered iron member or
      in any other suitable manner. The coil 17 and pole 35 are mounted within a
      plastic trigger housing 64 which is rotatably mounted to the end cap 51.
      The coil, pole and bobbin assembly is locked within the housing 64 by a
      small U-shaped retaining clip 65 having a base opening 66 which fits over
      the outer projecting portion of the core or pole 35. The sidewalls of the
      clip 65 extend laterally over the coil 17 within the housing 64 provided
      in the back wall 68 of the housing 64. The outermost ends of the clip 65
      are bent over as at 69 to securely fasten or secure the coil assembly
      within the housing. Magnetic pole 35 extends radially through housing 64
      with the inner end aligned with and very slightly spaced from the
      laminated charging coil core 30. The outer end or face of pole 35 is
      similarly spaced from the magnet member 59.
PAR  The housing 64 includes an integrally formed mounting ring 70 having an
      inner diameter generally corresponding to a mounting diameter peripheral
      ledge 71 provided on the end cap 51 immediately beneath the stator core
      plate 50. The ring member 70 is releasably and rotatably clamped within
      the ledge 71. The illustrated member 70 is split, as at 72 diametrically
      opposite from the housing 64. The opposite split ends are formed as hook
      portions or members 73. A connecting spring 74 is looped over the hook
      portions 73 to resiliently and firmly attach the plastic ring 70 and
      attached housing 64 to the end cap. The spring member permits sliding
      angular positioning of the interconnected housing 64 for varying the
      position of the iron core 35 and coil 17 with respect to the relatively
      fixed position of the charging coils 13 and 14 and more particularly with
      respect to the position of the crankshaft 47 and interconnected neutral
      zones 33 and 34 of magnet ring 59. The crankshaft and zones 33 and 34, in
      turn, are directly related to the relative position of the piston units
      within the engine cylinders such that the mechanical positioning of the
      coil 17 establishes a relative retard or advance trigger signal to provide
      a desired ignition timing change. The split ring mounting may of course be
      replaced with a suitable solid ring or the like with a controlled fit and
      mounting to permit the desired angular positioning.
PAR  The circuit connecting cable 75 to the coil 17 extends downwardly from the
      lower wall of the housing 64 and is secured to a depending plate portion
      76. The cable 75 leads from the trigger box 8 are terminated at the
      terminal block to provide the appropriate signal to the control rectifier
      18 or other switch means.
PAR  The housing 64 and ring 70 accurately locate the trigger pole 35 with
      respect to the laminated U-shaped core 30 and the annular magnet member
      59. Thus, the air gaps can be held to a minimum with efficient coupling to
      coil 17.
PAR  In the illustrated embodiment of the invention, both the trigger and
      charging coils are maintained in substantially a coplanar relationship
      which permits minimizing of the height of the outer cowl 3 and thereby
      contributes to the low profile desired in outboard motors and the like.
PAR  In addition, a timing cam plate 77 is shown integrally formed on the outer
      periphery of the trigger retaining a horizontal plate member. The edge 78
      of the cam plate 77 curves rearwardly and inwardly to the ring portion 70.
      The throttle lever for the carburator 79 has a cam follower 80 riding on
      the cam edge 78 and connected to control the throttle position. This
      provides a continuously related throttle setting in direct relationship to
      the generation of the pulse signal by coil 17 and produces a related
      discharging of a capacitor 15 or 16 to maintain optimum operation thereof.
PAR  The timing cam plate 77 is connected through a suitable linkage 81 to a
      throttle control lever 82. For small two cylinder engines, a manually
      rotated handle 83 may be provided and coupled through suitable gearing
      mechanism to rotate the control lever 82 and thus provide a desired timing
      and throttle control. The trigger coil 17 is movable between a retard
      position and an advance position, as shown in phantom in FIG. 2. The peak
      of the signals in the trigger coil 17 is spaced from the peak of the
      signal generated in the charging coils 13 and 14 by the angle between the
      coils, as shown. This angle is, of course, adjustable between the
      illustrated retard angle and any predesigned maximum advance angle. In
      actual construction, a maximum advance of 36.degree. (before dead center)
      and a retard of approximate 13.degree. (after top dead center) was
      employed.
PAR  The operation of the preferred embodiment of the invention, as shown in
      FIGS. 1 - 6, is summarized as follows, with reference to FIGS. 2 and 3.
PAR  As the magnet member 59 rotates, the first flux change illustrated is
      assumed to provide the polarity illustrated in FIG. 2. The voltages
      generated in the coils 13 - 14, as a result of the winding direction,
      charges the capacitor 15 via diode 19. The neutral pole position 33 in
      FIG. 2 moves past the trigger coil 17. The polarity of this signal is full
      wave rectified so either pulse 36 or 37 provides a corresponding trigger
      signal to trigger the control rectifier 42 and discharge capacitor 46 to
      fire the main controlled rectifier 18, in accordance with the previous
      circuit description.
PAR  Capacitor 15 will discharge through the transformer 9, the conducting
      rectifier 18 and diode 22 and will rapidly, completely discharge the
      stored energy such that the rectifier 18 resets to the blocking state
      before the gap 33 is again aligned with charging coils 14. The discharging
      of the capacitor 15, of course, results in a rapidly rising voltage in the
      secondary 23 of the transformer 9, resulting in breakdown and ionization
      of the plug 4 with proper ignition.
PAR  As the speed increases the trigger pulse signal rises more rapidly such as
      shown by superimposed pulse signal 84 of FIG. 3. This would tend to fire
      the controlled rectifier 18 sooner than the time of the slower speed pulse
      36. However, the bias of capacitor 40 opposes the trigger pulse and at
      higher speeds increases such that an essentially constant pulse time is
      provided for any given angular orientation or setting of coil 17.
PAR  The next flux reversal presented by the gaps 33 and 34 to the charging
      coils 13 and 14 generates the opposite polarity signals 29 to charge the
      capacitor 16 through the diode 20. The second gap 34 is then presented to
      the trigger coil 17 and the opposite polarity signal 37 is generated. As a
      result of the full wave rectification, the signal 37 again provides for
      cascaded firing of the controlled rectifiers 42 and 18 to discharge the
      capacitor 16 through the diode 24, the controlled rectifier 18 and the
      primary 25 of the second ignition coil 10. The discharging of the
      capacitor 16 similarly generates a rapidly rising voltage in the secondary
      26 which is applied to fire spark plug 5 and thereby provide proper
      ignition in the corresponding cylinder. This returns the circuit to the
      condition illustrated which corresponds to the beginning of the next
      revolution. Thus two ignition pulses are obtained 180.degree. apart in
      each revolution of the crankshaft 47. The precise point of ignition is
      determined by the mechanical setting of the trigger coil 17. Thus, as the
      throttle control 83 is positioned, to accelerate the engine 1, the trigger
      coil 17 rotates to an advance position, simultaneously with the
      interconnected cam 77 operating the throttle 80. The charging pulses 28
      and 29 are not sharp distinct signals as illustrated because of the
      inductive and capacitive characteristics of the circuit. Rather, they
      extend substantially over the peak position and may provide charging
      energy during the complete period.
PAR  It will be noted, however, that as the advance position is established with
      increasing speed, there is a shorter time period between the coupling of
      the gaps 33 and 34 with the charging coils 13 and 14 and the coupling to
      the trigger coil 17. There is thus a reduced time period during which to
      charge the capacitors. However, even though the capacitors 15 and 16 may
      be charged to a lesser level, internal combustion engines generally
      require less voltage to properly fire the spark plugs at higher engine
      speeds. Thus, the net voltage developed across the capacitors 15 and 16 is
      related to the demands of the spark plugs over the normal operating speed
      range of the engine 1 such as used in the lower horsepower outboard
      motors.
PAR  Further, if desired a relatively flat capacitor voltage level can be
      obtained by mounting of the trigger coil in fixed relationship to the
      charging coils to maintain a corresponding maximum constant charging time.
      In order to provide proper advance, the total stator assembly is then
      rotated to produce the desired ignition timing. This is not as desirable
      from a physical construction standpoint, and, as noted above, Applicants
      have found that the illustrated construction provides a reliable and
      satisfactory system.
PAR  Another method which may be used is to have the windings 13 and 14
      especially wound with different turns to provide high and low speed
      windings, such as disclosed in U.S. Pat. No. 3,542,007. The output of the
      one winding would produce a high output at low speeds and a low output at
      high speeds while the second winding would produce a high output at high
      speeds and a low output at low speeds. The charging circuits for the
      capacitors 15 and 16 would also provide a parallel connection of the
      windings 13 and 14 to the respective capacitors 15 and 16, for example, as
      shown in FIG. 7. As the circuit connections remain basically similar, only
      the changed portion of the circuit is shown in FIG. 7 and corresponding
      elements are similarly numbered for purposes of simplicity and clarity of
      explanation.
PAR  In FIG. 7, windings 13 and 14 are connected parallel additive or aiding,
      with one end of each winding connected to common ground 19a. Winding 14 is
      connected to capacitor 15 through diode 19 and to capacitor 16 through
      diode 20. Diodes 86 and 87 are added to connect winding 13 to capacitors
      15 and 16 in a similar manner. Capacitor 15 will charge when windings 13
      and 14 generate a positive voltage relative to ground 19a as previously
      described. The advantage of this construction is that either winding 13 or
      14 can be selected for a relatively high or good output at high engine
      speeds and the other winding selected for good output at low engine
      speeds. This will provide a relatively flat capacitor voltage curve versus
      engine speed. Each winding is associated with its own charging rectifiers
      thereby reducing the impedence of the charging circuit particularly for
      the winding designed for good output at high engine speeds.
PAR  Applicants have found that the present invention provides the necessary
      energy for reliable low speed running and starting of an engine while
      maintaining sufficient energy for high speed operation. The use of a
      common switching means 18 and the diode steering networks to provide
      alternate control of the firing circuits minimizes the initial cost while
      maintaining reliable circuit operation. Further, the use of the common
      rotating magnet for providing energy to the charging coils as well as to
      the triggering coils not only results in a relatively inexpensive
      construction but further provides an apparatus which can be particularly
      adapted to small engines where it is desired to maintain a relatively low
      profile. The combined trigger coil and throttle elements maintain accurate
      trigger signal timing for direct retard and advance firing and thereby
      maintains a highly desired firing characteristic.
PAR  From the previously illustrated embodiment the several leads from the
      charging and trigger coils terminate on a common terminal board for
      interconnection to the switch box. An alternative contruction is
      illustrated in FIGS. 8 and 9. The charging and trigger coils are
      essentially constructed as previously described, and mounted in the same
      manner. Thus, the further embodiment illustrated includes a stator
      mounting plate 90 which is attached to the engine end cap with the
      generally U-shaped stator 92 by suitable lock screws or the like. The
      U-shaped core 91 supports the oppositely located charging windings 92 and
      93. A trigger winding unit 94 is similarly mounted adjacent the core 91
      for angular orientation with respect thereto. The further embodiment is
      particularly directed to the termination of the leads on the stator as
      follows. A terminal block 95 is secured to and carried by the mounting
      plate 90. The trigger coil leads 96 from the trigger unit 94 and the
      interconnected leads 97 from the switch box unit are terminated on the
      mounting block 95 to provide the circuit connection such as shown in FIG.
      2.
PAR  The charging coil units 92 and 93 are terminated and connected into the
      circuit through a separate terminal unit 98 which is secured to the end
      cap with the mounting plate 90 as by a mounting screw 99. The mounting
      unit 98 is generally formed of a suitable insulating material and is
      formed with a flange mounting portion through which the mounting screw 99
      passes and threads into the end cap. The ground lead from the winding or
      coil 92 is connected as by lead 100 to the mounting screw 99 and thus
      provides a ground connection for the coil 92. The opposite end of the coil
      92 is connected by lead 101 to an interconnecting contact post or screw
      102 on the upper wall of the connecting unit 98. A similar lead 103 of
      coil 93 also terminates on the binding post or screw 102 to provide the
      common connection between the coils 92 and 93 similar to the schematic
      illustration of coils 13 and 14 in FIG. 2. The opposite end of the coil 93
      is connected via the lead 104 to a post or screw 105 provided on the front
      wall of the connecting unit 98 as most clearly illustrated in FIG. 9. The
      output power connecting lead 106 which is connected via the steering
      diodes, for example, 19 and 20 of FIG. 2, to charge the capacitors is
      connected to the lead 104 via the terminal 105. A lead 107 connects this
      same common terminal to a kill button switch unit 108 for switch 47
      mounted as a part of the lower cowl unit and provided with an exterior
      kill button actuator 109. The kill switch unit 8 provides for grounding of
      the power lead 106 in the same manner as that schematically illustrated in
      FIG. 2. The illustrated mounting provides a convenient compact termination
      of the coil assembly and thus contributes to the overall practical
      application of the present invention to outboard motors and the like.
PAR  In summary, the present invention provides a breakerless capacitor
      discharge ignition system for a two cylinder two cycle alternate firing
      engine which is of a relatively low cost and highly reliable design and
      which minimizes the required vertical space requirements.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims, particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A capacitor discharge ignition system for a multiple cylinder internal
      combustion engine comprising a charging circuit connection means providing
      time spaced opposite polarity signals between a pair of terminal means, a
      first capacitor means selectively connected to the charging circuit
      connection means across said terminal means and charged in response to a
      first polarity signal, a second capacitor means connected to the charging
      circuit connection means across said terminal means and charged in
      response to an opposite polarity signal, first and second individual
      discharge circuit means connected across each of said capacitor means, and
      a common discharge control switch means connected as a common conducting
      part of both of said discharge circuit means for discharge of the
      corresponding capacitors and including diode network means connected
      between opposite sides of the control switch means and capacitor means and
      establishing individually operable discharge circuits for each of said
      capacitor means in series with said switch means, and maintaining
      isolation of the charging circuit means and of the discharging circuit
      means.
NUM  2.
PAR  2. The capacitor discharge ignition system of claim 1 for a two cylinder,
      two cycle internal combustion engine having an alternator having a
      charging winding means establishing first and second polarity signals by
      180 electrical degrees, a trigger winding means mounted in circumferential
      spaced, coplanar relation to said charging winding means, and said common
      discharge control switch means including a gated switch means having a
      gate means connected to said trigger winding means.
NUM  3.
PAR  3. The capacitor discharge ignition system of claim 2 wherein each
      capacitor is connected across the charging winding means in series with
      blocking diode means, said discharge circuit means for each of said
      capacitors including the gated switch means and an isolating diode means,
      said diodes being polarized to prevent by-pass of the charging circuits.
NUM  4.
PAR  4. The capacitor discharge ignition of claim 2 wherein the connection of
      the gate means to said trigger winding includes a rectifying means
      connected in series with a stabilizing network, said stabilizing network
      including a capacitor and a resistor in parallel to provide a stabilizing
      voltage related to the engine speed.
NUM  5.
PAR  5. The capacitor discharge ignition system of claim 1 for a two cylinder
      engine, and including a charging alternator having a fixed stator with a
      pair of coplanar charging windings spaced by 180.degree. and a trigger
      winding located intermediate said windings and having a rotor with a pair
      of circumferential pole members defining a pair of neutral zones spaced by
      180.degree. , said charging windings being wound to produce
      correspondingly polarized pulse signals in response to passage of each
      neutral zone, said charging circuit means including a first diode
      connected in series with the windings across the first capacitor and a
      second diode connected in series with the windings across the second
      capacitor, said diodes being polarized to conduct opposite polarity pulses
      of the windings, said common control switch means including a gated switch
      means having a gate to turn-on said switch means and continuing to conduct
      until the current decreases below a holding current level, a first
      transformer, a third diode means connected in series with said first
      capacitor and first transformer and said gated switch means, a second
      transformer, a fourth diode means connected in series with said second
      capacitor and second transformer and said gated switch means, with said
      third and fourth diode means being connected to the opposite sides of the
      gated switch means and to said capacitors.
NUM  6.
PAR  6. The capacitor discharge ignition system of claim 1 for a two cylinder
      engine, and including a charging alternator having a fixed stator with a
      pair of coplanar charging windings spaced by 180.degree. and a trigger
      winding located intermediate said windings and having a rotor with a pair
      of circumferential pole members defining a pair of neutral zones spaced by
      180.degree., said charging windings being wound to produce correspondingly
      polarized pulse signals in response to passage of each neutral zone, said
      charging circuit means including a first pair of oppositely polarized
      diodes means connected between the first charging winding and each of said
      capacitors to alternately charge the capacitors, a second pair of
      oppositely polarized diode means connected between the second charging
      winding and the capacitors to alternately charge the capacitors, each
      capacitor being simultaneously charged from both windings, said windings
      being constructed such that one winding produces a good output at
      relatively high speed and the other winding produces a good output at
      relatively low speed to produce a relative constant charging of the
      capacitor with varying speed, said common control switch means including a
      gated switch means having a gate to turn-on said switch means and
      continuing to conduct until the current decreases below a holding current
      level, a a first transformer, a third diode means connected in series with
      said first capacitor and first transformer and said gated switch means, a
      second transformer, a fourth diode means connected in series with said
      second capacitor and second transformer and said gated switch means, and
      said third and fourth diode means being connected to the opposite sides of
      the gated switch means and to said capacitors.
NUM  7.
PAR  7. The capacitor discharge system of claim 1 including an on-off switch
      means connected to prevent charging of the capacitors.
NUM  8.
PAR  8. The capacitor discharge ignition system of claim 1 wherein the
      connection of the trigger winding to the gate means includes a full wave
      rectifying means, a second gated switch having a gate means connected by a
      speed stabilizing network to the output of said full wave rectifying
      means, said stabilizing network including a capacitor and a resistor in
      parallel, a trigger capacitor connected to said charging means, and said
      second gated means being connected to activate said first gated switch
      means by discharging of the trigger capacitor.
NUM  9.
PAR  9. The capacitor discharge ignition system of claim 1 wherein said control
      switch means includes a gated switch means and having an alternator with
      an annular rotor and an adjustable stator, said rotor having a pair of
      circumferentially extended and radially polarized magnetic poles each
      spanning essentially 180.degree. of the rotor and defining oppositely
      located essentially neutral pole positions, means coaxially connecting of
      said rotor to a drive shaft of the engine, said stator being mounted
      within the rotor and having a laminated pole member spanning essentially
      180.degree. and terminating in the opposite ends in a pair of radially
      outwardly extending pole pieces with the end face thereof spaced slightly
      from the periphery of the magnet members on the rotor, a trigger coil, a
      mounting member attached to the stator for angular positioning of the
      trigger coil within said rotor, said trigger coil being located in the
      common plane with said charging coils, and advanceretard control means
      connected to said mounting member.
NUM  10.
PAR  10. The capacitor discharge ignition system of claim 9 having a throttle
      coupling member connected to the mounting member and correspondingly
      positioned therewith to establish a constant predetermined relationship
      between the engine throttle setting and the generation of the trigger
      pulse signal to control the advance and retard.
NUM  11.
PAR  11. The ignition system of claim 9 wherein said engine includes a flywheel
      member secured to the crankshaft and having an axially extended skirt
      portion, said rotor being connected to said skirt portion and including a
      flexible magnetic ferrite strip secured to an iron ring abutting the skirt
      portion with a single abutting joint.
NUM  12.
PAR  12. The ignition system of claim 9 wherein said pair of magnetic poles are
      defined by a ferrite strip wound into a ring member with an abutting joint
      being polarized in diametrically opposite points on a diameter normal to
      the diameter through the abutting joint.
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ABST
PAL  A cylinder for reciprocable internal combustion engines with a top section
      fixedly connected to the cylinder into which a cylinder bushing is
      inserted in dry condition. One end of the cylinder bushing extends with
      slight radial play into an annular flat groove provided in the top section
      of the cylinder and having its inner circumferential surface form an angle
      in excess of 70.degree. with that portion of the top section which faces
      toward the interior of the cylinder.
BSUM
PAR  The present invention relates to a cylinder for reciprocable piston
      internal combustion engines with a fixedly connected top plate and a
      cylinder bushing which has been inserted in dry condition and which has
      one end extending with play into an annular groove of said top plate.
PAR  For manufacturing reasons and for purposes of increasing the wear
      resistance, it is known to insert socalled cylinder liners or bushings of
      steel or cast iron into air or water-cooled cylinders. In order to assure
      a good heat conductivity, such cylinder liners or bushings, which as a
      rule have a lower heat conductivity than that of the cylinder, should be
      thin-walled and should closely engage the cylinder over as large a surface
      as possible in all regions of operation. Due to the different heat
      expansion of the cylinder liner and of the cylinder, small gaps will form
      between the same which gaps interfere with the heat flow. Furthermore,
      combustion gases enter these gaps and deposit residues thereby forming an
      insulating layer. These deposits also bring about that the cylinder, when
      the internal combustion engine cools off, exerts a relatively strong
      radial pressure upon the cylinder liner or bushing and thereby deforms the
      same inwardly. These facts, which occur over a longer period of time,
      eventually bring about a seizing of the piston in view of the narrowing of
      the cylinder liner or bushing.
PAR  A cylinder with a cylinder lining which has been inserted in dry condition
      is disclosed for instance in German Pat. No. 438,700 according to which
      the cylinder liner or bushing is slotted and resiliently engages the
      cylinder wall. Such slotted cylinder liners have, however, not proved
      satisfactory in practice.
PAR  A cylinder of the above mentioned type has also been disclosed in German
      Pat. No. 725,807. According to this design, the cylinder liner consists of
      cast iron and is by means of tie rods tightened to the crank housing. In
      order to be able to absorb the presently customary high forces, it would
      be necessary to design the cylinder liner or bushing with relatively thick
      walls whereby the heat flow would be affected in view of the low heat
      conductivity coefficient of the cylinder liner or bushing. With a
      thick-walled design and the inherent greater stiffness, the contact of the
      cylinder liner or bushing with the cylinder would be less which fact
      likewise reduces the heat transfer. Furthermore, the cylinder liner or
      bushing will have to be relatively deeply inserted into the top plate. Due
      to the deeper notch, the strength of the top plate which is particularly
      subjected to bending stresses would be reduced to an undesired extent.
      Finally, the top plate of the heretofore known cylinder has a cup-shaped
      or hemispherical contour so that the groove at its inner circumferential
      surface forms an acute edge with the top surface at the cylinder side
      which edge has the unfavorable effect that heat accumulates at this area.
PAR  It is, therefore, an object of the present invention with cylinders of the
      above mentioned type, to prevent undue deformation of a thin-walled
      cylinder liner or bushing without endangering the strength of the
      remaining structural elements.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 shows a longitudinal section through a portion of a cylinder
      according to the present invention.
PAR  FIG. 2 illustrates on a larger scale than that of FIG. 1 that portion of
      FIG. 1 which is encircled by a dot-dash circle.
DETD
PAR  The cylinder for reciprocable piston internal combustion engines with
      fixedly connected top plate and cylinder bushing or liner inserted in dry
      condition, which bushing or liner has one end extend into an annular
      groove of the top plate with slight radial play, is according to the
      present invention characterized in that the groove is flat and that its
      inner circumferential surface forms with said top surface at the cylinder
      side an angle .alpha. in excess of 70.degree..
PAR  When the cylinder heats up, the top plate will expand to a greater extent
      than the cylinder liner or bushing so that the inner circumferential
      surface of the groove will engage the inner mantle surface of the cylinder
      bushing or liner and thereby will interrupt the passage of combustion
      gases into the chamber between the cylinder bushing or liner and the
      cylinder. Furthermore, the inner circumferential surface of the groove
      will prevent the cylinder bushing or liner from narrowing to an undue
      extent. Due to the flat design of the groove and the shaping of the edges,
      care is taken that within the region of the groove no heat accumulation
      nor stresses can occur which might lead otherwise to forming tears in the
      top plate.
PAR  According to a further development of the invention, it is suggested that
      the outer and inner fillet of the groove is rounded and that the
      corresponding edges of the cylinder liner or bushing are chamfered. In
      this way, the notch effect of the groove will be avoided and a snug
      engagement of the cylinder bushing or liner at the end face will be
      realized without affecting the radial engagement.
PAR  For purposes of improving the seal at the end face, it has proved
      advantageous to make the engaging surface of the cylinder bushing or liner
      approximately 1 millimeter wide while the space between the inner
      circumferential surface of the groove and the inner mantle surface of the
      cylinder bushing should amount to approximately 0.1 millimeter while the
      groove should have a depth of from 0.8 to 2 millimeters.
PAR  As a rule, the cylinder and the top plate form one single cast piece. For
      manufacturing reasons, it is sometimes desirable to make the cylinder and
      the top plate separately and subsequently to weld the same to each other.
      In such an instance, it is expedient according to a further development of
      the invention to connect the top plate to the cylinder by electron beam
      welding in which instance the cylinder bushing or liner has a portion
      thereof forming a part of the welding root. Cylinder and cylinder liner or
      bushing as well as the top plate may be finish-machined prior to the
      welding operation because no material distortion is caused by the electron
      beam welding. Furthermore, by connecting the cylinder bushing to the
      cylinder, no gap can form therebetween into which combustion gases could
      enter. With regard to a simple manufacturing process and an optimum seal,
      it is advantageous according to a further development of the invention to
      have the welding seam extend on the bottom of the groove.
PAR  Referring now to the drawings in detail, the cylinder 1 with an assumed
      diameter of 100 millimeters has inserted therein a cylinder liner or
      bushing 2 with a wall thickness of approximately 2 millimeters which has
      its outer mantle surface snugly engage the cylinder 1. The cylinder
      bushing or liner 2 consists of wear-resistant material as for instance
      steel or cast iron. Cylinder 1 has fixedly connected thereto a top plate 3
      which may form a portion of the cylinder head. This may be obtained by
      having the cylinder 1 and the top plate 3 form a single cast piece or by
      connecting the cylinder 1 and top plate 3 by welding to each other. The
      cylinder bushing or liner 2 has its end 5 extend into a flat annular
      groove 6 in the top plate 3. Between the inner circumferential surface 7
      of the annular groove and the inner mantle surface 8 of the cylinder
      bushing 2 there is provided a slight play 15 which during the operation of
      the cylinder and piston will be bridged due to the different heat
      expansion between the top plate and the cylinder liner or bushing. If the
      cylinder 1 and the top plate 3 form a single integral cast piece, it is
      expedient to round the inner and outer fillet 9,17 of groove 6 as
      illustrated in FIG. 2. The corresponding edges 10 and 18 on the cylinder
      bushing or liner 2 are beveled or chamfered.
PAR  If the top plate 3 is welded to the cylinder 1 by an electron beam, it is
      expedient that the welding seam 11 is located at the level of the bottom
      12 of the groove. In this instance, the rounding of the fillet 9 and the
      breaking of the edge 10 is not necessary so that the end face of the
      cylinder bushing or liner 2 will engage the groove bottom 12 over a
      greater width.
PAR  In FIG. 2, the groove depth is designated with the reference numeral 13 and
      the width of the engaging surface of the cylinder bushing or liner is
      designated with the reference numeral 14. The inner circumferential
      surface 7 of groove 6 forms an angle .alpha. of 90.degree. with the top
      surface 16 at the cylinder side.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A thin wall cylinder for reciprocable piston internal combustion
      engines, which includes in combination: a top section fixedly connected to
      said cylinder and provided with a relatively flat annular groove open in
      the direction toward said cylinder, a cylinder bushing installed dry into
      said cylinder without seal and extending in substantially continuous
      contact with the wall of said cylinder and directly into said annular
      groove, the inner circumferential surface of said groove defining with
      that surface of said top section which faces toward the interior of said
      cylinder an angle in excess of 70.degree. with said inner surface spaced
      from said bushing an amount less than the expansion of said top section in
      said bushing to close said gap, said top section being connected to said
      cylinder along a plane through the bottom of said groove along an electron
      beam weld seam which also includes the end of said bushing in said groove.
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ABST
PAL  An internal combustion engine operating aid which produces a signal to the
      engine operator when the engine throttle is depressed or released so
      rapidly as to reduce engine operating economy. Such a signal is produced
      responsive to the actuation of a diaphram or piston contained within a
      chamber. Each side of the diaphram or piston is connected to the engine
      inlet manifold, however the connecting path to one side contains a
      restriction orifice. Thus the pressure on the side of the diaphram or
      piston having no restriction orfice changes immediately upon a change of
      pressure in the inlet manifold, such an inlet manifold pressure change
      being characteristic of uneconomical rapid acceleration or deceleration,
      while the pressure on that side having a restriction orifice in the
      connective path between it and the inlet manifold changes more slowly due
      to the restriction, this pressure differential producing movement of the
      diaphram or piston and a signal to the engine operator responsive to such
      movement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention deals with a method and apparatus for the improvement of
      operation of an automobile internal combustion engine, thereby resulting
      in improved driving economy and gasoline mileage.
PAR  2. Description of the Prior Art
PAR  With the present energy shortage, the government is emphasizing reduction
      in gasoline consumption to conserve energy. Incentives for lower gasoline
      consumption are expected to continue for many years. Thus there is now,
      and will continue to be, great public and national interest in means of
      obtaining the maximum in fuel economy from automobiles and other vehicles
      employing internal combustion engines.
PAR  For a period of several years, Mobil Oil Corporation sponsored an annual
      Mobil Economy Run, which is a lengthy test of the fuel economy of various
      automobiles under a wide variety of road and operating conditions.
      Experience in the Mobil Economy run has shown that certain driving
      techniques maximize fuel economy. Use of these techniques has been shown
      to increase fuel economy by 20 to 30% in city driving. Somewhat smaller
      gains would be expected in highway driving.
PAR  The experience obtained by skilled drivers in the Mobil Economy run
      indicates that for best fuel economy, a car should be operated at nearly
      constant speed in the range of 30 to 50 mph. Rapid accelerations or
      decelerations and operation at (or near) full throttle should be avoided.
      To practice for economy runs, skilled drivers used special instrumentation
      to determine the operating conditions for best fuel economy. This
      instrumentation usually included a vacuum gauge to indicate intake
      manifold vacuum, a special odometer to measure distance traveled to
      hundredths of a mile, and a burette to measure gasoline usage. However,
      instrumentation of this type is extremely complex for the normal driver
      and is additionally quite expensive.
PAR  It is an objective of this invention to provide a signal to the operator of
      a variable speed, variable power internal combustion engine when the
      engine is being accelerated or decelerated too fast, in addition to a
      signal when the engine is being operated at too high or too low a power
      output.
PAR  It is an object of this invention to provide a signal to the operator of an
      internal combustion engine when the engine is operating properly and most
      economically.
PAR  It is an object of this invention to provide to an operator of an internal
      combustion engine signals as to the engine's performance which are easily
      understood, the system providing such signals being relatively inexpensive
      and easily installed and maintained.
PAR  Other additional objects of this invention will become apparent upon a
      study of the entire specification, including the drawing and claims.
PAC  SUMMARY OF THE INVENTION
PAR  An internal combustion engine operating aid which produces a signal to the
      engine operator when the engine throttle is depressed or released so
      rapidly as to reduce engine operating economy. Such a signal is produced
      responsive to the actuation of a diaphram or piston contained within a
      chamber. Each side of the diaphram or piston is connected to the engine
      inlet manifold, however the connective path to one side contains a
      restriction orfice. Thus the pressure on the side of the diaphram or
      piston having no restriction orfice, changes immediately upon a change of
      pressure in the inlet manifold, such an inlet manifold pressure change
      being characteristic of uneconomical rapid acceleration or deceleration,
      while the pressure on that side having a restriction orfice in the
      connective path between it and the inlet manifold changes more slowly due
      to the restriction, this pressure differential producing movement of the
      diaphram or piston and a signal to the engine operator responsive to such
      movement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing illustrating an internal combustion engine
      system modified in accordance with an embodiment of this invention.
PAR  FIG. 1A is a detail of FIG. 1 illustrating an alternative embodiment of
      this invention.
PAR  FIG. 1B is a detail of FIG. 1 illustrating another alternative embodiment
      of this invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the modifed internal engine system shown in FIG. 1, a
      hydrocarbon fuel is stored in a main storage tank 1 and conveyed to a
      carburetion means 3 via a line 5. The carburetion means 3 mixes the
      hydrocarbon fuel with air entering from the entrance 7. The incoming air
      decreases the pressure at carburetion nozzle 11 thereby vaporizing and
      mixing with the fuel contained in the carburetion nozzle.
PAR  This air-fuel mixture now enters an inlet manifold 9 and subsequently
      passes into an internal combustion cylinder 13 through an inlet valve 19.
      The cylinder contains a piston 15 and a connecting rod 17 through which
      power is translated when the air fuel mixture is burned. Exhaust gases
      produced by this burning exit the cylinder through an exhaust valve 21.
PAR  Lines 23 and 25 connect the inlet manifold 9 with a chamber 57 containing a
      moveable diaphram 31. The diaphram 31 dividing or partitioning the chamber
      57 into two sections 61 and 63. Line 25 which connects the inlet manifold
      9 with the section 63 of chamber 57 contains a restriction orfice or plate
      27 having a small opening or bleed 29 thereby restricting the flow through
      the line 25. Line 23 connecting the inlet manifold 9 with the section 61
      of chamber 57 contains no such restriction.
PAR  Rapid acceleration produces an abrupt decrease in the vacuum of the inlet
      manifold. Such a vacuum decrease is immediately transmitted to section 61
      via the line 23. This vacuum decrease is only gradually transmitted to
      section 63 through line 25 due to the restriction orfice 27. Therefore,
      initially after a rapid acceleration, the pressure in the section 61 is
      greater than in section 63 and this pressure differential moves the
      diaphram into the position 31B thereby activating a pressure switch 332
      which allows for the passage of current from a power source 59 (in a
      preferred embodiment this power source is a battery) to a yellow signal
      light 39. As the pressures in sections 61 and 63 gradually equilibrate,
      the diaphram 31 returns to its previous neutral position, thereby
      deactivating the pressure switch 332 and the yellow signla light 39 and
      activating the green light 43. An inlet manifold 9 vacuum decrease of
      about 2.0 to 10.0 inches of mercury (and in a more preferred embodiment
      about 2.0 to 5.0 inches of mercury) within a time of about 1.0 seconds is
      required to produce a pressure differential between the sections 61 and 63
      such as to move the diaphram 31 into the position 31B thereby activating
      the pressure switch 332 and the yellow light 39.
PAR  When driving at optimum efficiency and economy, there are no sudden changes
      in the inlet manifold pressure and the green light 43 remains on.
PAR  Rapid deceleration produces an abrupt increase in the vacuum of the inlet
      manifold. Such a vacuum increase is immediately transmitted to section 61
      via the line 23. The vacuum increase is only gradually transmitted to
      section 63 through line 25 due to the restriction orfice 27. Therefore,
      initially after a rapid deceleration, the pressure in the section 61 is
      lower than in section 63 and this power differential moves the diaphram
      into the position 31A thereby activating a pressure switch 331 which
      allows for the passage of current from a power source 59 (in a preferred
      embodiment this power source is a battery) to a yellow signal light 39. As
      the pressures in sections 61 and 63 gradually equilibrate, the diaphram 31
      returns to its previous neutral position, thereby deactivating the
      pressure switch 331 and the yellow signal light 39 and activating the
      green light 43. An inlet manifold 9 pressure increase of about 2.0 to 10.0
      inches of mercury (and in a more preferred embodiment about 2.0 to 5.0
      inches of mercury) within a time of about 1.0 seconds is required to
      produce a pressure differential between the sections 61 and 63 such as to
      move the diaphram 31 into the position 31A thereby activating the pressure
      switch 331 and the yellow light 39.
PAR  In a more preferred embodiment, the flow of gases form the inlet manifold 9
      is restricted by deleting the connecting line 25 containing the
      restriction orfice 27 having a small opening 29, and simply inserting a
      small opening 30 in the diaphram 31 (see FIG. 1A). This small opening in
      the diaphram restricts the rate of pressure change in the section 63 in
      the same manner as did the restriction orfice 27.
PAR  Line 45 connects pressure switch 333 with the inlet manifold 9. When the
      vacuum in the manifold 9 decreases (pressure increases) below a valve of
      about 8.0 to 12.0 inches of mercury, the pressure switch 333 activates a
      red light 49 which is powered by the power source 59, and the green light
      43 is deactivated. The pressure in the inlet manifold 9 will increase to
      such a pressure upon operating the engine on a power output which is too
      high for economical operation.
PAR  Line 69 connects pressure switch 334 with the inlet manifold 9. When the
      vacuum in the manifold 9 increases (pressure decreases) above a value of
      about 20.0 to 25.0 inches of mercury, the pressure switch 334 deactivates
      the green light 43. The pressure in the inlet manifold 9 will decrease to
      such a pressure upon operating the engine on a power output which is too
      low (idle conditions) for economical operation.
PAR  FIG. 1B shows an embodiment similar to that of FIG. 1A except that a piston
      31C is used as the moveable partition. It contains a restrictive orifice
      30A. Its movement extends to both sides as shown at 31A and 31B.
PAR  It should be noted that while the operator of an engine is intended to
      govern his driving actions in an attempt to operate with only the green
      light on, obviously the engine's operation may require at times rapid
      acceleration, deceleration or high power loading in certain emergency
      situations. Therefore the mechanism of this invention is only an aid to
      engine operation economy. The operation may at any time deviate from the
      mode of operation suggested by this invention in the interests of safety.
PAR  The scope of this invention is to be limited by the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an internal combustion engine system comprising means for mixing air
      and a hydrocarbon fuel in combustible proportions, an internal combustion
      engine wherein said air-fuel mixture is burned thereby producing power,
      and an inlet manifold means connecting said air-fuel mixing means and said
      internal combutsion engine, said manifold thus allowing for the passage of
      said air-fuel mixture into said engine, the improvement which comprises:
      inlet manifold pressure sensing means comprising a chamber divided into
      two sections by a moveable partition, means connecting each section to
      said inlet manifold in pressure responsive relation, and restrictive
      orifice means in one of said connecting means delaying the pressure
      responsiveness of one of said sections thereby causing said partition to
      move responsive to a sudden inlet manifold pressure change of at least
      about 2 to 10 inches of mercury within not more than about 1 second.
NUM  2.
PAR  2. The improved internal combustion engine system as claimed in claim 1
      wherein said inlet manifold pressure change is further defined as at least
      about 2.0 to 5.0 inches of mercury occurring within not more than 1.0
      seconds.
NUM  3.
PAR  3. The improved internal combustion engine system as claimed in claim 1
      wherein said moveable chamber partition is a piston.
NUM  4.
PAR  4. The improved internal combustion engine system as claimed in claim 1
      wherein said moveable chamber partiion is a diaphram.
NUM  5.
PAR  5. The improved internal combustion engine system as claimed in claim 1
      wherein said system further comprises a further engine operation
      indicative means responsive to an inlet manifold pressure of about 20.0 to
      25.0 inches of mercury.
NUM  6.
PAR  6. The improved internal combustion engine system as claimed in claim 1
      wherein said system further comprises a further engine operative
      indicative means responsive to an inlet manifold pressure of about 8.0 to
      12.0 inches of mercury.
NUM  7.
PAR  7. The improved internal combustion engine system as claimed in claim 1
      wherein said engine operation indicators are further defined as comprising
      three signal lights having different and distinct colors such as green,
      yellow and red, and means for activating said green light under normal
      engine operation conditions, activating said yellow light and deactivating
      said green and yellow lights responsive to an inlet manifold pressure of
      about 8.0 to 12.0 inches of mercury, and deactivating said green light
      responsive to an inlet manifold pressure of about 20.0 to 25.0 inches of
      mercury.
NUM  8.
PAR  8. The improved internal combustion engine system as claimed in claim 4
      wherein said restriction orfice is an orfice in said diaphram partitioning
      said first and second sections.
NUM  9.
PAR  9. In a method of operating an internal combustion engine system comprising
      mixing air and a hydrocarbon fuel in combustible proportions; conveying
      said air-fuel mixture through an inlet manifold and thence into an
      internal combustion engine; and burning said air-fuel mixture in said
      engine, thereby producing power, the improvement which comprises: sensing
      said inlet manifold pressure, transmitting said inlet manifold pressure to
      a first section of a pressure sensing means chamber; transmitting said
      inlet manifold pressure through a restrictive orifice to a second section
      of said pressure sensing means chamber; coupling said sections by means of
      a pressure responsive moveable partition; moving said partition responsive
      to the different instantaneous pressure in each of said section caused by
      a sudden inlet manifiold pressure change of about 2 to 10 inches of
      mercury in not more than about 1 second; and activating a signal upon
      sensing said sudden inlet manifold pressure change.
NUM  10.
PAR  10. the improved method of operating an internal combustion engine system
      as claimed in claim 9 wherein said inlet manifold pressure change is
      further defined as at least about 2.0 to 5.0 inches of mercury occurring
      within not more than 1.0 seconds.
NUM  11.
PAR  11. The improved method of operating an internal combustion engine system
      as claimed in claim 9 wherein said moveable chamber partition is a piston.
NUM  12.
PAR  12. The improved method of operating an internal combustion engine system
      as claimed in claim 9 wherein said moveable chamber partition is a
      diaphram.
NUM  13.
PAR  13. The improved method of operating an internal combustion engine system
      as claimed in claim 9 wherein said method further comprises activating a
      signal upon sensing an inlet manifold pressure of about 20.0 to 25.0
      inches of mercury.
NUM  14.
PAR  14. The improved method of operating an internal combustion engine system
      as claimed in claim 9 wherein said method further comprises activating a
      signal upon sensing an inlet manifold pressure of about 8.0 to 12.0 inches
      of mercury.
NUM  15.
PAR  15. The improved method of operating an internal combustion engine system
      as claimed in claim 9 wherein said signals are further defined as
      comprising three signal lights of different and distinctive colors such as
      green, yellow and red; activating said green light under normal engine
      operating conditions, activating said yellow light and deactivating said
      green light responsive to said sudden inlet manifold pressure change,
      activating said red light and deactivating said green and yellow light
      responsive to an inlet manifold pressure of about 8.0 to 12.0 inches of
      mercury, and deactivating said green light responsive to an inlet manifold
      pressure of about 20.0 to 25.0 inches of mercury.
NUM  16.
PAR  16. The improved method of operating an internal combustion engine system
      as claimed in claim 12 wherein said restriction orfice is an orfice in
      said diaphram partitioning said first and second sections.
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ABST
PAL  The invention relates to a trap for clay pigeons, and in particular
      mechanism for releasing the lowermost clay pigeon of the stack contained
      in a magazine chamber while holding the rest of the stack in position. A
      pair of gripping tongs is provided for each magazine chamber, but only a
      single common actuating mechanism for the various tongs is used, and a
      single retaining device serves all of the magazine chambers in turn. The
      invention also provides a spring biased pivoted rod that assures correct
      positioning of the clay pigeons on the throwing arm.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In connection with traps for clay pigeons, the problem exists that the
      magazine holding such pigeons will be loaded unevenly whenever some of the
      magazine chambers have been emptied while other magazine chambers are
      still completely filled. Furthermore, rotation of the magazine normally
      requires additional driving means.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a trap for clay pigeons which, despite its
      simple construction accomplishes at all times a uniform emptying and
      relief of the magazine.
PAR  According to the invention, this result is achieved by a stepped drive for
      rotation of the magazine driven by the driving motor at every cocking
      step.
PAR  In the case of the trap for clay pigeons according to the invention a
      single driving motor actuates all functions of the machine, i.e., both the
      tensioning of the hurling plate and the turning of the magazine. Moreover,
      since the magazine is rotated at each cocking step, i.e., after each
      hurling action, the clay pigeons are taken by turns from different
      magazine chambers, so that the magazine is emptied evenly and is always
      loaded evenly. This contributes substantially to the avoidance of
      breakdowns in the operation.
PAR  According to an advantageous further feature, the trap for clay pigeons
      according to the invention comprises a resilient contact member, which is
      disposed above the hurling plate being in a tensioned position in such a
      way, that it will seek to press the clay pigeon placed on the hurling
      plate against stop elements determining the position of such clay pigeon,
      and a mechanism which holds the contact member out of the area of support
      for the clay pigeon during triggering of the releasing mechanism. This
      assures that every clay pigeon placed onto the hurling plate assumes the
      same position, so that all clay pigeons are hurled under the same starting
      conditions.
PAR  A further feature of the trap for clay pigeons according to the invention
      consists of a holding device for every magazine chamber acting on the
      lowest clay pigeon in the stack, of a fixed triggering device attached in
      such a way that it acts upon the holding arrangement of the magazine
      chamber being in charging position, and of a fixed retaining device
      disposed in such a way that it acts on the clay pigeon which is second
      from the bottom in the stack in the magazine chamber which is in charge
      position.
PAR  Preferably the trap for clay pigeons also contains a curve controlled
      friction brake for damping the overswings of the hurling plate after the
      hurling action, thereby avoiding undesirable thrusts and cushionings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention is shown in the drawing by way of example.
PAR  FIG. 1 shows a partially cut side view of a trap for clay pigeons,
      according to the invention,
PAR  FIG. 2 is a top view of the trap for clay pigeons according to FIG. 1,
PAR  FIG. 3 is a top view partly in section of the drive and cocking mechanism
      in rest position of the hurling plate,
PAR  FIG. 4 is a top view partly in section of the drive and cocking mechanism
      of the hurling plate in cocked position,
PAR  FIG. 5 is a top view similar to FIG. 3 after the clay pigeon has been
      placed onto the hurling plate being in the cocked position,
PAR  FIG. 6 is a top view of the arrangement of FIG. 5 at the end of the cocking
      step,
PAR  FIG. 7 is a top view of the hurling mechanism during the hurling step,
PAR  FIG. 8 is a top view partly in section similar to FIGS. 5 and 6, at the end
      of the hurling step,
PAR  FIG. 9 is a partially sectioned view of the lower part of the magazine and
      of the release mechanism for the clay pigeons,
PAR  FIG. 10 is a section of the arrangement of FIG. 9 illustrating the
      retaining device for the clay pigeon which is second from the bottom, and
PAR  FIG. 11 is a section of the arrangement of FIG. 9 illustrating the
      retaining device for the lowest clay pigeon and the associated triggering
      mechanism.
DETD
PAR  The automatic trap for clay pigeons shown in the drawing consists of two
      main parts, namely, a lower part 1 of the machine, which represents the
      actual trap for clay pigeons with a cocking and hurling arrangment, and a
      rotatable, round magazine 2 arranged above this lower part 1 of the
      machine, with arrangements for the reception of a fairly large number of
      clay pigeons and for the automatic placement each time of these clay
      pigeons on the cocked hurling plate.
PAR  The lower part 1 of the machine has a box-shaped frame 3 which is mounted
      in the customary manner on a support, not shown, which may be adjustable
      for up-and-down as well as lateral movement, so that the direction of the
      throw can be adjusted. In the box-shaped frame 3, a shaft 4 for the
      hurling plate is rotatably mounted. A hurling plate 5 is attached at the
      upper end of the shaft 4, which plate consists in the customary manner of
      a support plate 6 and an uncoiling strip 7 attached along one of the edges
      of the supporting plate. At a wider portion or plate 6, intended for the
      support of the clay pigeon, a support plate 8 made of rubber is embedded
      into the top side of the support plate 6. Furthermore, the supporting
      plate 6 on its top side has a contact peg 9, which determines the precise
      position of the clay pigeon placed on plate 6. In the space between
      support plate 6 and uncoiling strip 7, there is disposed at a certain
      place a guide peg 10, the purpose of which will be explained later on.
PAR  On the end of the hurling plate shaft 4 projecting upwardly from the
      box-shaped frame 3, a crank arm 11 is attached, to which one end of a
      hurling spring 12 is attached by way of a pull rod 13. The other end of
      the hurling spring 12 is anchored to an attachment 14 of the frame 3.
PAR  Inside the box-shaped frame 3, a brake drum 15 is provided, which is
      fixedly connected for rotation with hurling plate shaft 4. In the upper
      part of this brake drum 15 a guide curve 16 is formed extending over a
      part of its periphery. On the upper front side, said brake drum 15 carries
      an upwardly projecting stop 17, and a cam 18, which serves for the
      operation of a terminal switch S1 (FIG. 4), is attached at a point of the
      periphery of the brake drum.
PAR  A geared rotor M is attached below the box-shaped frame 3. The drive shaft
      19 of the gear mechanism of motor M is guided vertically upwardly through
      the frame 3 and carries a driving pinion 20, which meshes with a gear 21,
      which is mounted for free rotation on the shaft 4. The gear 21 on its
      bottom side carries a driver peg 22 projecting downwardly in the path of
      movement of which lies stop 17 of brake drum 15.
PAR  One end of a brake lever 24 is mounted swingably on vertical axle 23
      attached fixedly to the floor of the box-shaped frame 3 beside the brake
      drum 15, which lever has a middle portion which is bent in the manner of a
      brake shoe fitting against the brake drum 15. For the operation of the
      brake lever, a brake operating lever 25 is provided, which is mounted
      swingably about an axle 26 and which carries at one end a guide roll 27
      which runs in the guide curve 16 of the brake drum 15. The other end of
      the brake operating lever 25 acts by way of a compression spring 28 on the
      free end of the brake lever 24.
PAR  At the upper end of the axle 23 one end of a triggering lever 29 is
      swingably mounted, which is provided with a stop shoulder 30, which can
      engage the stop 17 of the brake drum 15. The triggering lever 29 is pulled
      to the brake drum 15 by a tension spring 31; the free end of the
      triggering lever 29 abuts against the armature 32 of an impact (flash)
      magnet E1.
PAR  The round magazine 2 has a circular plate 33, which in the case of the
      example shown has eight magazine chambers 34, each of which can hold a
      stack of clay pigeons 35. At the location of each magazine chamber 34, a
      hole 36 is provided in plate 33, the diameter of each such hole being
      somewhat larger than the diameter of a clay pigeon. Each magazine chamber
      is formed by four retaining bars 37, disposed in a square about the
      respective hole 36 and connected at their upper ends by a holding ring 38.
      The holding rings 38 of the eight magazine chambers are connected by
      connecting bridges 39, so that the entire magazine has a rigid structure.
PAR  A cocking tongs 40, provided for each magazine chamber 34, normally
      prevents the stack of clay pigeons from dropping through hole 34 and, as
      will be described later on in more detail, allows the lowest clay pigeon
      to drop down each time during opening. Every cocking tongs 40 consists of
      two levers 41 which are swingably mounted around a peg 42 attached to the
      periphery of plate 33 and which are biased toward each other by a spring
      43. The facing ends of the levers 41 each carry a roller 44. A support 45
      is attached to the central portion of each lever 41, which in its rest
      position projects so far inwardly beyond the associated hole 36, that the
      lowest clay pigeon of the stack of clay pigeons rests on it.
PAR  On lower side of the plate 33 a hollow shaft 46 is attached, which is
      rotatably mounted on a fixed axle 47 which extends upwardly from a lateral
      arm 48 of the box-like frame 3. Axle 47 is inclined somewhat toward the
      vertical, so that plate 33 of the magazine lies parallel to the hurling
      plate 5 whenever said plate is placed in cocked position below the
      magazine 2, as indicated in dash dot lines in FIGS. 1 and 2.
PAR  A ratchet wheel 49 is connected for common rotation on the hollow shaft 46,
      and a swivel plate 50 is mounted freely rotatably on the hollow shaft 46
      below ratchet wheel 49. The swivel plate carries a pawl 51 cooperating
      with ratchet wheel 49. Furthermore a pressure bar 52 is mounted by means
      of an axle 53 on the swivel plate 50. A helical spring 54, the forked ends
      of which encircle a peg 55 attached to swivel plate 50, tends to hold the
      pressure bar 52 resiliently in a fixed position. The deflection of the
      swivel plate 50 is accomplished by means of a thrust rod 56, which is
      articulated on the one hand to a crank pin 57 on the swivel plate 50 and
      on the other hand to a crank pin 58 of a gear 60. The axle 61 of the gear
      60 is mounted in a bearing 62 in the box-shaped frame 3, and gear 60
      meshes with pinion 63, fixedly connected with the gear 21. A cam 64 is
      attached to the gear 60, which cam cooperates with an additional terminal
      switch S2.
PAR  A friction brake 65 acts on the hollow shaft 46, which brake is constituted
      by two brake levers 66, swingably mounted on a peg 67 borne by the arm 48
      and whose free ends are compressed by means of a spring 68, the
      pretensioning of which is adjustable by means of a screw 69.
PAR  A housing 70 is fixedly attached on the inside of the magazine 2, above the
      plate 33 at the upper end of the fixed axle 47 passing through the center
      aperture of the plate 33, in which housing an additional flash magnet E2
      is housed. The armature 71 of the flash magnet E2 is connected with an
      operating wedge 73 by way of a push rod 72, which wedge being shiftably
      mounted in a recess 74 of the housing base plate 75 and normally being
      held in its pull-back position by springs 76. The parts are aligned and
      arranged in such a way that the operating wedge 73 stands in front of the
      sliding rollers 44 of the cocking tongs 40 of that magazine chamber which
      is brought into the charge position by rotation of the plate 33 (FIG. 2),
      i.e. into the position in which the magazine chamber 34 is above the
      support plate 8 of hurling plate 5 whenever the latter is moved into
      cocked position.
PAR  Above the operating wedge 73, a contact mechanism 77 has been provided two
      levers 78, which are mounted swingably in the manner of a pair of scissors
      on an axle 79 borne by the base plate 75, and which are biased toward each
      other by a spring 80. At the front end, each lever 78 carries a rubber
      pressure rod 81; the two rubber pressure rods 81 are disposed in such a
      way (FIG. 9) that they rest at the level of the second clay pigeon from
      the bottom of the stack located in a magazine chamber and that they are
      pressed by a spring 8 against the clay pigeon which is second from the
      bottom of the stack, so that they press said clay pigeon against a holding
      bow 82 which is attached between the two outside holding bars 37 of the
      respective magazine chamber. Preferably the holding bow 82 is covered on
      its interior with a material having a high friction coefficient, e.g.,
      rubber.
PAC  Operation
PAR  The machine just described operates in the following manner: In the rest
      position following a throw, shown in solid lines in FIGS. 1, 2 and 3, the
      hurling spring 12 is cocked the least, the crank arm 11 assumes its lower
      dead center position and the hurling plate 5 is turned out of the cocked
      position by almost 180.degree.. The gear 60 is so positioned, that the
      swivel plate 50 is swung away by the push rod 56 farthest from the frame 3
      and in this position the pawl 51 has just engaged behind the next tooth of
      ratchet wheel 49. Pressure rod 52, which is shown broken away in FIG. 3,
      assumes the position determined by the helical spring 54.
PAR  For cocking the hurling plate 5, the geared engine M is switched on in a
      direction of rotation such that the parts move in the direction indicated
      by arrows in FIG. 3. After switching on, the gear 21 at first rotates
      without load on the hurling plate shaft 4, whereby however it drives the
      gear 60 by way of pinion 63. Immediately after switching on by way of the
      push rod 56, gear 60 swivels swivel plate 50 clockwise, whereby the pawl
      51 drives the ratchet wheel 49 and as thereby rotates magazine 2. This
      causes the next magazine chamber 34 to move into charge position. When the
      gear 21 has turned through a certain angle, the driving peg 22 abuts
      against the stop 17 of brake drum 15, so that in case of a further turn of
      gear 21, the brake drum and thus the hurling plate shaft 4 are carried
      along. Hurling plate 5 is thereby swiveled in a clockwise direction and
      crank arm 11 again cocks the hurling spring 12.
PAR  This turning movement is continued until the hurling plate 5 has reached
      the cocked position (FIG. 4). In this position the cam 18 actuates the
      terminal switch S1, which on the one hand interrupts the operating circuit
      of the geared motor M and on the other hand starts up a time relay. In
      this cocked position furthermore, the stop 17 of the brake drum 15 has
      been engaged behind the stop shoulder 30 of the triggering lever 29 (FIG.
      4). The transmission ratio between the pinion 63 and the gear 60 is so
      dimensioned, that the gear 60 upon reaching the cocked position has turned
      precisely by one half turn (FIG. 5), so that the swivel plate 50 is
      swiveled farthest toward the frame 3. In this position the magazine 2 has
      been turned by a one-eighth turn by means of the ratchet wheel 49, so that
      the next magazine chamber 34 has been brought into charge position. During
      this movement, the rubber pressure rolls 81 of the pressure mechanism 77
      have run up on the clay pigeon which is the second from the bottom of the
      stack in this magazine chamber. Furthermore, in this position of the
      swivel plate 50, the pressure rod 52 has been completely swiveled away
      from the periphery of the support plate 8, so that it does not impede the
      placing of a clay pigeon on this support plate (FIG. 5).
PAR  The time relay energizes the flash magnet E2 for a period of 0.5 seconds.
      The armature 71 of this flash magnet shifts the operating wedge 73 by way
      of the rod 72 between the rollers 44 of the cocking tongs 40 of the
      magazine chamber 34, which has been brought into charge position through
      rotation of the magazine. This causes the levers 41 of this cocking tongs
      to be forced apart, so that the supports 45 are pulled out from below the
      lowest clay pigeon of the stack of this magazine chamber. The lowest clay
      pigeon can then drop through the hole 36 down to the support plate 8 of
      hurling plate 5. On the other hand, the second to the lowest clay pigeon
      will be held firmly by being forced against the holding bow 82 by the
      rubber pressure rolls thereby preventing slippage of the stack of clay
      pigeons.
PAR  After expiration of the 0.5 second period, the flash magnet E2 is again
      de-energized, so that the springs 76 can pull back the operating wedge 73;
      the cocking tongs 40 is closed again then through the action of spring 43.
      Simultaneously the time relay again switches on the geared motor M with a
      reversed rotational direction, as indicated by the arrows in FIG. 5. The
      gears 21 and 60, as well as the swivel plate 50 will again be moved back
      to their starting positions whereby pawl 51 is again caused to engage with
      the next tooth of the ratchet wheel 49. The friction brake 65 prevents an
      unintended rotation of magazine 2.
PAR  During swivel back of the swiveling plate 50, however, pressure rod 52
      cannot return to its starting position since it fits against the clay
      pigeon 35 meanwhile placed in onto the supporting plate 8. In the case of
      a further swiveling of the swivel plate 50, the pressure rod 52 therefore
      will be swiveled around its axis 53, causing helical spring 54 to be
      cocked by peg 55 and pressure rod 52 to be yieldingly against the clay
      pigeon. The pressure rod 52 therefore shifts the clay pigeon on the
      support plate 8 until it fits against abutting peg 9 and uncoiling strip
      7. This measure will guarantee that all clay pigeons are brought into the
      same unequivocally defined position on the hurling plate, and that they
      are held in this position until the throw.
PAR  Whenever finally gears 21 and 60 again have reached their starting position
      (FIGS. 6 and 8), cam 64 actuates terminal switch S2, which switches off
      the geared motor M. Now the trap is ready to throw.
PAR  To trigger the throw, the flash magnet E1 is actuated, for example by
      manually closing a switch. The armature 32 of the flash magnet E1 swivels
      the triggering lever 29 counter to the force of tension spring 31, so that
      the stop shoulder 30 releases the stop 17. As a result, hurling spring 12
      can turn hurling plate shaft 4 by way of the crank arm 11 and the hurling
      plate 5 is swiveled counterclockwise with great acceleration from the
      cocked position (FIG. 7). At the same time the guide peg 10 holds back the
      pressure rod 52 on the supporting plate 6, so that it will not impede the
      clay pigeon during the throw.
PAR  During further turning of the hurling plate 5, the clay pigeon rolls along
      outwardly uncoiling strip 7 due to centrifugal force until it is finally
      hurled.
PAR  During the further turn, hurling plate 5 tends to swing beyond its the rest
      position because of the kinetic energy imparted to it, the hurling spring
      12 is again cocked during over-swinging, so that it decelerates the
      hurling plate 5 and then moves it back again to rest position (FIG. 8).
      The oscillations developing in this manner are dampened by the friction
      brake consisting of the brake drum 15 and the brake lever 24, so that
      excessive thrusts and cushionings will be avoided. As soon as the hurling
      plate 5 has passed through the rest position, the guide roll 27 of the
      brake actuating lever 25 runs up on an elevated section of the guide curve
      16 (FIG. 8), as a result of which the brake actuating lever 25 is swiveled
      and presses the brake lever 24 against the brake drum 15 by way of the
      pression spring 28. The control of the friction brake 15, 24, by means of
      the guide curve 16, facilitates an effective damping of the overswing
      without impeding the throw because of the brake.
PAR  Finally, whenever all parts again assume the starting position shown in
      FIGS. 1, 2 and 3, the trap is ready for the next cocking position.
PAR  Whenever during the succeeding cocking step the magazine 2 is rotated by
      one eighth turn in the manner described above, the second lowest clay
      pigeon (which now has become the lowest clay pigeon) moves off the rubber
      pressure rolls 81 of the pressure mechanism 77. As soon as the rubber
      pressure rolls have released this clay pigeon, the entire stack of clay
      pigeons can slide down in this magazine chamber until the lowermost clay
      pigeon rests on the supports 45 of the pertinent cocking tongs 40.
PAR  From the previous description one can recognize that the magazine is
      rotated by one step after each throw, so that the clay pigeons are drawn
      in rotation from the respective magazine chambers. The result of this is
      that that magazine chambers are emptied evenly and the magazine 2 always
      remains in balance. Furthermore, rotation of the magazine is accomplished
      by the same geared motor, which accomplishes care of the cocking of the
      trap.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A trap for clay pigeons comprising a support, a shaft rotatably mounted
      on the support, a hurling plate attached to the shaft, a crank arm, a
      hurling spring having one of its ends anchored on the support and the
      other of its ends anchored on the crank arm attached to the shaft, means
      for rotating the shaft in order to move the hurling plate into cocked
      position while cocking the hurling spring, a triggerable stop arrangement
      retaining the hurling plate in cocked position, a magazine having a
      plurality of magazine chambers and being rotatably mounted on the support
      above the hurling plate, each of the magazine chambers being adapted to
      receive a stack of clay pigeons, means for rotating the magazine in a
      step-wise manner during each cocking operation so as to bring the magazine
      chambers successively into a charge position in which each magazine
      chamber is above the hurling plate in its cocked position, a pair of
      gripping tongs for each magazine chamber acting on a lowermost clay pigeon
      of the stack of clay pigeons, a fixed triggering device which acts upon
      the holding device of the magazine chamber when in charge position for
      releasing the lowest clay pigeon, the triggering device having a wedge
      means for moving from a nonengaging tong position to a tong-engaging
      position to bias the tongs to an open position so as to allow a lowermost
      target to drop on to the hurling plate and a fixed retaining device which
      engages the second lowest clay pigeon of a stack of clay pigeons when the
      magazine chamber is moved into charge position to retain said clay pigeon
      and the stack above it upon release of the lowest clay pigeon until the
      magazine chamber is moved away from the charge position.
NUM  2.
PAR  2. A trap for clay pigeons according to claim 1, wherein the retaining
      device has resiliently mounted pressure roller means for engaging a stack
      of clay pigeons in the magazine chamber being moved into charge position
      so as to hold a stack of clay pigeons above the lowermost pigeon and
      prevent said stack from falling during the loading of the hurling plate
      with a lowermost pigeon.
NUM  3.
PAR  3. A trap for clay pigeons comprising a support, a shaft rotatably mounted
      on the support, a hurling plate attached to the shaft, a crank arm a
      hurling spring having one of its ends anchored on the support and the
      other of its ends anchored on the crank arm attached to the shaft,
      motor-driven means for rotating the shaft in order to move the hurling
      plate into cocked position while cocking the hurling spring, a triggerable
      stop arrangement retaining the hurling plate in cocked position, a
      magazine having a plurality of magazine chambers and being rotatably
      mounted on the support above the hurling plate, each of the magazine
      chambers being adapted to receive a stack of clay pigeons, a ratchet wheel
      connected for common rotation with the magazine, a swivel plate connected
      to the ratchet wheel and to the motor-driven means and mounted for
      reciprocal rotational movement about the axis of rotation of the ratchet
      wheel, a pawl mounted on the swivel plate and adapted to engage the
      ratchet wheel, a crank mechanism interconnecting the motor-driven means
      and the swivel plate so that during each cocking operation the swivel
      plate is put in a reciprocal movement between two end positions and
      through the ratchet and pawl mechanism rotates the magazine in a step-wise
      manner so as to bring the magazine chambers successively into a charge
      position in which each magazine chamber is above the hurling plate in its
      cocked position, a triggerable mechanism for releasing the lowest clay
      pigeon of a stack of clay pigeons in the magazine chamber in its charge
      position, a pressure rod means pivotally mounted on the swivel plate and
      pivotably against the bias of a spring in response to movement of the
      swivel plate (so as to extend) to a cocked position to cause a clay pigeon
      placed on the hurling plate to be moved stop members on the hurling plate
      prior to projection, and to be out of the path of the clay pigeon dropping
      from the magazine chamber onto the hurling plate upon triggering of the
      release mechanism, and means for triggering the release mechanism in timed
      relation to the reciprocal movement of the swivel plate.
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ABST
PAL  A target throwing apparatus in which a revolving magazine having a number
      of stacks of targets is independently and fixedly supported relative to an
      oscillating target throwing housing. A cocking mechanism stops the
      throwing arm just before reaching the over-center position whereupon
      initiating of the next cocking cycle throws the target. A power train
      consists of three equal-sized gears mounted on three parallel shafts to
      throw the targets and to oscillate the housing. The magazine includes a
      ramp and cam by which the entire column of targets is lowered by gravity
      prior to having springbiased fingers engage the second target from the
      bottom and having the lower-most target fall onto a predetermined drop pad
      on a target launching plate, which pad location does not change regardless
      of the position of the oscillating housing and launching plate. A scotch
      yoke assembly is utilized in translating rotary shaft motion to
      symmetrical reciprocating motion to oscillate the housing. The targets are
      located and positioned on the drop pad by one or more nylon brushes which
      are adjustable to vary the point at which the targets leaves the platform.
      The throwing arm also includes an adjustment for target curl.
BSUM
PAR  This invention relates to target traps of the type used for throwing clay
      targets for such shooting sports as skeet and trap. More particularly, the
      invention relates to target traps which are autoloading and autoangling,
      e.g. can be repeatedly fired merely by depressing a button or actuating a
      switch each time a target is required. Still more particularly, the
      invention relates to a target trap which automatically varies the
      direction a target is thrown.
PAR  In order to be useful in the sport of trap shooting, it is necessary that
      the trap project the targets in directions which cannot be anticipated by
      the shooter. Various machines have been built and some patented which
      address themselves to the solution of this problem. Without going into
      great detail regarding the various prior art traps, it is generally
      conceded in some of the later patents that some of the early traps
      resulted in an experienced shooter being able to guess fairly closely
      where subsequent targets would be thrown. This resulted in an unfair
      advantage since the shooter could then call for the machine to throw the
      target in a preferred direction.
PAR  Later machines tended to prohibit this "guessing" and in fact did project
      targets in random and unascertainable directions. These machines, however,
      tended to be bulky and expensive to build.
PAR  It is an object of the present invention to provide a novel target trap
      which is not only economical to build and maintain but which occupies a
      minimum of space.
PAR  It is another object of this invention to provide a novel power train which
      is compact and eliminates the complex gearing of prior art devices.
PAR  It is another object of this invention to provide a novel and simple method
      of cocking the throwing arm without the use of a sear and firing
      mechanism.
PAR  It is still another object of this invention to provide a novel method of
      oscillating the target-throwing housing by utilizing a scotch yoke
      assembly.
PAR  It is still another object of this invention to provide a fixed magazine
      assembly in combination with an oscillatable and tiltable target-throwing
      housing so that the magazine assembly is level at all times and in which
      targets are dropped to the same spot on the launching platform regardless
      of the relative angular position of the target-throwing housing.
PAR  It is still another object of this invention to provide a novel discharge
      means on said magazine assembly which permits an entire stack of targets
      to be lowered gradually before being dropped onto the launching platform.
PAR  It is still a further object of this invention to provide an adjustable
      nylon -- or other suitable material -- brush target-locating and
      positioning means on the target platform which is simple, economical, and
      which eliminates troublesome latch or pin means.
DRWD
PAR  Further objects will be obvious from the following description taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a side elevation view of a preferred embodiment of the invention.
PAR  FIG. 2 is a plan view taken along lines 2--2 of FIG. 1.
PAR  FIG. 3 is a partial plan view taken along lines 3--3 of FIG. 1.
PAR  FIG. 4 is a plan view taken in the direction of arrow 4 of FIG. 1.
PAR  FIG. 5 is an isometric view of the power train of the trap, with some of
      the elements not necessarily in the proper phase relationship in order to
      show the parts. The proper phase relationship of the sears, etc. is shown
      in FIG. 2.
PAR  FIG. 6 is an exploded view of the stationary base member, the angling shaft
      means, and the angling yoke assembly.
PAR  FIG. 7 is another exploded view showing the pivotable main shaft housing,
      the pivot shaft, and the main shaft assembly.
PAR  FIG. 8 is an exploded view showing the launching platform and the throwing
      arm.
PAR  FIG. 9 is an exploded view showing the basic components of the magazine.
PAR  FIG. 10 is a partial plan view taken along lines 10 -- 10 of FIG. 1.
PAR  FIG. 11 is a cut-away plan view of the magazine assembly.
PAR  FIG. 12 is an elevational view taken along lines 12--12 of FIG. 11.
PAR  FIG. 13 is a wiring diagram of the electrical circuitry of the trap.
PAR  FIG. 14 is a cross-sectional view of the pivot shaft and the cocking clutch
      assembly.
PAR  FIG. 15 is a cross-sectional view of the angling shaft and the angling
      clutch assembly.
DETD
PAR  In accordance with the present invention, there is provided a stationary
      base 10 and a main shaft housing 12 pivotally connected thereto by means
      of a vertical pivot shaft 14. A target-throwing mechanism 16 is mounted on
      said housing in a manner described later, and a magazine assembly 18 for
      holding and feeding individual targets to said throwing mechanism is
      attached to said stationary base 10 to overlie the target-throwing
      mechanism.
PAR  The basic power train means is shown in isometric view in FIG. 5.
PAR  In addition to vertical pivot shaft 14, there are two other vertical shafts
      which are used to transfer the power from main motor 20 to the throwing
      mechanism 16 and an angling system 22. Angling shaft 24 and main shaft 26
      are parallel to and spaced an equal distance away from the pivot shaft 14.
      The three parallel shafts are each mounted in bearings (not numbered) and
      each carries an identical sized gear, i.e. a pivot shaft gear (or cocking
      clutch gear) 28, a main shaft gear 30, and an angling shaft gear 32. The
      pivot shaft gear 28 and the angling shaft gear 32 are connected to their
      respective shafts by cocking clutch 34 and an angling clutch 36
      respectively. Main shaft gear 30 runs freely about the main shaft 26 and
      is operatively connected thereto by a pin 38 which is attached to and
      protrudes upwardly from the main shaft gear to engage a drive arm 40 which
      is rigidly secured to said main shaft 26 (FIG. 5).
PAR  As can be seen from FIG. 5, when the pivot shaft gear 28 rotates clockwise,
      the main shaft gear 30 and the angling shaft gear 32 will be caused to
      rotate counter clockwise. The main shaft gear 30 will rotate freely on the
      main shaft until the pin 38 engages the edge of the drive arm 40 whereupon
      the main shaft will now be caused to rotate.
PAR  The connection between the pivot shaft gear 28 and the pivot shaft 14 by
      means of the cocking clutch 34 is shown in FIG. 14. Clutch 34 is
      preferably a spring-wrap type of clutch which has a power input portion 42
      and a power output portion 44. The output portion 44 of the clutch and the
      pivot shaft gear 28 are fixedly secured to said pivot shaft 14 and the
      input portion 42 of the clutch is attached to a sprocket 46 which in turn
      is driven by motor 20 by means of a drive chain 48. The sprocket 46 and
      input portion 42 of the cocking clutch rotate freely on the pivot shaft in
      non-power transmitting relationship when the clutch is not engaged.
PAR  The cocking clutch allows power transmittal only when the outer sleeve or
      portion is released from pawl stop 50. Pawl 50 is pivotally mounted on a
      clutch actuating bracket 53, which is rigidly mounted on main shaft
      housing 12 (see FIG. 2). Since housing 12 oscillates, the bracket 53 and
      pawl 50 also oscillate thus ensuring that the end of the pawl 50 is moved
      through an arc and does not always stop at the same point. This is
      necessary for random target throws. If the bracket and pawl did not move
      with the housing, the throwing arm would stop at a point fixed relative to
      the stationary base 10, rather than a point fixed relative to the angling
      main shaft housing 12. Upon closing of a push-button switch 52, which is
      external to the trap (FIG. 13), a cocking clutch solenoid 54 is activated,
      thus moving pawl 50 out of a notch 51 in the outer shell of the cocking
      clutch (see FIG. 14). This action allows the spring coil 56 inside the
      cocking clutch to contract, engaging the clutch and pivot shaft 14, and
      its attached pivot shaft gear 28. Since the output portion 44 of the
      cocking clutch 34 and pivot shaft gear 28 are keyed to pivot shaft 14, the
      power is now transmitted from the sprocket 46, through the cocking clutch
      34 to the pivot shaft 14 and pivot shaft gear 28.
PAR  Main shaft gear 30 and angling shaft gear 32 turn at the same speed pivot
      shaft (or cocking clutch) gear 28 but in the opposite direction.
PAR  The target throwing mechanism 16 is related to the main shaft 26 and will
      be described at this point. See FIG. 8 for a clear view of the various
      components of this mechanism. Rotating main shaft 26 carries universal
      joint 58, universal shaft 60, and the throwing arm 64 (see FIG. 1), which
      accelerates and spins the clay target 66 as it sweeps around and across
      the launching platform 68 (FIG. 4). Fixedly connected to the bottom of
      main shaft 26 is main shaft crank arm 70. Mainspring 72 is attached at one
      end to the end of crank arm 70 and at the other end to an adjustment screw
      assembly 74, which in turn is connected to the front end of main housing
      12. Adjustment of the throwing force is accomplished by turning the
      adjustment screw in or out to vary the tension on the mainspring.
PAR  The cocked position of the throwing arm is shown best in FIG. 2. In
      contrast with the conventional type of cocking means where the mainspring
      is caused to move "over-center" and then be held in this cocked position
      by a sear or some similar means, the cocked position of the present
      invention is reached when the pull of the mainspring is about from 5 to 10
      degrees before top dead center, as shown in FIG. 2. When this position is
      reached, the notch 51 of the outer sleeve of cocking clutch 34 engages
      pawl 50, assuming the release switch has been opened since the target was
      thrown, and the pivot shaft 14 is disengaged from power, leaving the
      mainspring cocked and the trap ready for the next target.
PAR  To fire the trap, it is necessary to actuate a push-button switch 52 (FIG.
      13) which activates cocking clutch solenoid 54 to withdraw pawl 50 and
      thus cause the cocking clutch to engage and move the main shaft 26 via pin
      38 and arm 40 until the mainspring 72 moves the 5.degree. to 10.degree. to
      the "over-center" point whereupon the mainspring contracts to rotate main
      shaft 26 and associated throwing arm 64. Main shaft 26 can travel freely
      for nearly a complete revolution relative to main shaft gear 38. It is to
      be noted that when the target is thrown, the re-cocking cycle is already
      in operation, for it was the initiation of the cocking cycle that actually
      caused the target to be thrown. As main shaft gear 30 is rotated, it does
      no work until pin stop 38 again contacts arm 40 attached to main shaft 26
      and then carries it around to the cocked position, expanding the
      mainspring 72.
PAR  Main shaft 26 is locked against reverse rotation under the pull of
      mainspring 72 in the cocked position by one-way clutch 76, preferably a
      sprag clutch, which is attached to the housing in which shaft 26 rotates.
      Also, after the target is thrown, the remaining inertia in the throwing
      arm assembly causes partial re-cocking of the mainspring and this one-way
      clutch 76 prevents backlash and whipping of the throwing arm.
PAR  While the re-cocking of the trap was occurring, a new angle of throw was
      being selected. As pivot or cocking clutch gear 28 was turning, angling
      gear 32 was being rotated in addition to main shaft gear 30. Gear 32 is
      attached to a freely-rotating input member 78 of clutch 36 and in a fully
      ready state rotates freely relative to angling shaft 24. Angling clutch 36
      also includes an output member or portion 80 which is rigidly connected to
      angling shaft 24 and a spring means 82 which engages the clutch and the
      shaft 24 when the clutch is operative so as to rotate the shaft in the
      same manner as the cocking clutch 34. Angling clutch 36 has a number of
      notches 36a (see FIG. 2) into which its pawl 84 may fall giving a number
      of possible positions in which the oscillating main shaft housing 12 may
      stop. The number of notches that are advanced each cycle is varied by two
      different cam and micro-switch assemblies.
PAR  The first pivot shaft cam 86 and micro-switch assembly 88 (FIGS. 5 and 7)
      are located atop the pivot shaft 14 and serve to limit the time of angling
      to a portion of the cocking cycle when little force is being exerted in
      stretching the mainspring 72. This is approximately the first 1/2 of the
      cocking cycle before contact of stop pin 38 and arm 40. At this time all
      the power of the motor is available for angling and later all the power is
      available for cocking.
PAR  Pivot shaft cam 86 closes switch 88 almost immediately after inception of
      rotation of pivot shaft 14. The delay is only enough to allow the target
      to clear the launching platform 68 so that its flight will not be
      disturbed.
PAR  If the solenoid 90 of the angling clutch 36 (FIG. 6) were connected
      directly to power by means of this switch 88 alone, angling of the trap
      would occur throughout the first 1/2 of the cocking cycle resulting in a
      nearly uniform change of angle between any two successive targets, and
      consequently a good shooter would soon be able to anticipate the direction
      of his next target, making his shots easier and defeating the auto-angling
      trap principle.
PAR  To prevent this occurrence, a second micro-switch 92 (FIG. 6) is wired in
      series with switch 88 (see FIG. 13.). This second switch 92 is operated
      from a timing motor 94 which operates continually. Motor 94 turns timing
      cam 96 at about 6 rpm. This cam 96 has several lobes of varying duration
      and several blank spaces which close the switch for time intervals from
      zero up to the same length of time as pivot shaft cam 86 closes its switch
      88 during the recocking cycle.
PAR  The result of this arrangement is that upon throwing one target, the trap
      then recocks and it may move angularly from nothing to approximately its
      total sweep. That means that the next target could be thrown in exactly
      the same place or it could be thrown at an opposite extreme, if the first
      target had been thrown near the limits of travel to one side of center.
PAR  The fact that there are approximately 10 different intervals of time of
      oscillation available, and the timing motor 94 is continually alternating
      these times, makes it impossible to anticipate accurately the direction of
      flight of successive targets. The angling mechanism 22 can now be
      described in greater detail. (See FIGS. 1, 5, 6, and 7).
PAR  Attached to the top end of angling shaft 24 is an angling crank arm 98
      which rotates when angling shaft 24 rotates (FIG. 6). A number of openings
      100 are located in crank arm 98 (FIG. 6) at different radii from the
      center of rotation of the crank arm, i.e. center point of angling shaft
      24. An angling yoke 102 is positioned above crank arm 98 and is slidably
      connected thereto by a pin 104 which is positioned in one of crank arm
      openings 100 and in angling yoke slot 106 which runs at right angles to
      the axial direction of the angling yoke. The mechanism is commonly known
      as a "scotch yoke" assembly.
PAR  The rear end of the angling yoke 102 is pivotally connected to one end of
      an angling link 108 which in turn is pivotally mounted on the stationary
      base 10. The length of angling link 108 is important and will be discussed
      below. The opposite end of angling yoke 102 is pivotally connected to main
      housing 12 at a point 110 which is located from the pivot shaft 14 a
      lateral distance which is approximately the same as the length of angling
      link 108. The moment arm 112 is defined by a line connecting the center of
      pivot shaft 14 and point 110 (see FIG. 3). It is important that moment arm
      112 is approximately the same length as and parallel to angling link 108
      so as to effect symmetrical left and right throws. It will be understood
      that it is important to get symmetrical motion of the trap so that there
      is a symmetrical distribution of the targets.
PAR  The angling mechanism 22 translates the rotational movement of angling
      shaft 24 to a reciprocating movement of angling yoke 102. The amount or
      length of reciprocating movement of angling yoke 102 depends on which
      opening 100 in the crank arm 98, the pin 104 is inserted. Upon turning of
      the shaft 24 -- and crank arm 98 -- the pin 104 slides in slot 106 while
      the near end of angling yoke 102 is pivoting on link 108 and exerting a
      forward or backward reciprocating force on the main shaft housing 12 at
      the end of moment arm 112 (at point 110) thereby causing oscillation of
      the main shaft housing 12 about stationary base 10.
PAR  As mentioned previously, the angling yoke 102 provides symmetrical division
      of angles to either side of center position, whereas simple crank
      mechanisms, such as are used in some present models, do not provide such
      symmetrical division. Link 108 is used to balance the offset at the front
      of the angling yoke to maintain symmetry of system and keep the axis of
      the scotch yoke parallel at all times.
PAR  FIGS. 4 and 8 show the best views of the target thowing apparatus including
      the launching platform 68 and the throwing arm 64. Throwing arm 64
      includes an L-shaped carrier portion 62 which is fixedly connected to the
      universal housing shaft 60 which is mounted on main shaft 26. The throwing
      arm also comprises a rail portion 116 which is pivotally connected to said
      carrier portion 62 by a bolt 118 or any other conventional means. An
      adjusting means 120 is provided to alter the angle of the throwing arm
      rail 116 relative to the target 66 (shown in broken lines in FIG. 4) and
      launching platform 68. The adjusting means 120 comprises a screw means 122
      attached to the carrier portion 62 and connected to a nut 124 and to the
      end of the rail portion 116. If the nut 124 is turned so that the screw
      122 is moved inwardly, the rail 116 will be pivoted clockwise about bolt
      118 to alter the angle of the throwing arm. The effect of this variation
      is to adjust the point at which the target leaves the launching platform
      relative to the plane of flight that the platform creates. If the target
      is thrown from the platform earlier than for a straight, flat flight, it
      will curl to the right, and if it leaves later or more degrees
      counter-clockwise about the platform it will curl to the left.
PAR  Other adjustments are possible, e.g. adjustment of the throwing force is
      accomplished by turning adjustment screw assembly 74 (see FIG. 1) in or
      out to vary the tension on the mainspring 72.
PAR  Another adjustment is the varying of the vertical angle of departure by
      turning knob 128 (see FIG. 1). The ends of the knob have right and left
      hand threads and tip the throwing arm carrier 62 and the attached platform
      68 relative to the main housing 12, and consequently horizontal.
PAR  Adjustment of the angle of sweep of the possible target paths (described
      previously) is secured by placing pin 104 in a variety of openings 100 in
      crank arm 98. This alters the throw of the scotch yoke assembly and
      consequently the angle through which the main shaft housing 12 may move
      relative to the stationary base 10.
PAR  Windage adjustment is secured by turning windage adjusting screw assembly
      130 in or out of yoke 102 (FIG. 3). This varies the center of the arc
      within which the targets are thrown from left to right.
PAR  Associated with the launching platform 68 are some features of or
      attachments to the platform which should be discussed before proceeding
      with a discussion of the magazine assembly 18.
PAR  The area of the launching plate 68 where the target lands, i.e. from the
      magazine assembly 18, is called a drop pad 132 and consists of a platform
      made of aluminum or other material which rests on or is backed by a sponge
      rubber pad cushion to prevent breaking the target in its fall from the
      magazine to the launching platform.
PAR  The laminated drop pad, e.g. aluminum with sponge rubber, provides a
      relatively dead surface for the target to fall upon from the magazine and
      prevents excessive bounce as well as being a resilient area so the target
      has less tendency to break.
PAR  Surrounding the drop pad 132 is a target locating and positioning means
      comprising a V-shaped target nest brush means 134 with the bristles, e.g.
      nylon, nearly touching the launching platform. This brush means 134 keeps
      the target from sliding off the drop pad and keeps the target in the
      correct throwing position on the platform while allowing the throwing arm
      64 to sweep through and pick up the target without interference. The
      V-shaped brush means 134 actually is shown in the drawing (FIG. 4) as two
      separate brushes mounted on an elongated target nest arm 136 which is
      itself mounted rigidly to the launching platform out of the way of the
      sweep of the throwing arm.
PAR  In a modification to be explained later, target stop 138 can be moved
      toward universal shaft 60 to curl the target to the left, and may be moved
      outwardly to curl the target to the right.
PAR  Summarizing, the advantages of the target nest arm with brushes are: (1) It
      keeps the target in proper position on the launching platform. The
      platform is inclined and slight vibration when the trap is running causes
      the target to center itself in the apex of the Vee brushes; (2) It
      provides a larger area where the target can be dropped from the magazine
      due to the self-centering feature described immediately above under Item
      (1); (3) It allows the throwing arm to sweep under the brushes and remove
      the target without interferring with the motion of the target, or its
      rotation outward on the throwing arm; (4) The brush system allows easy
      adjustment for curl. By adjusting the brushes more toward the axis of the
      throwing arm, right curl is corrected and by adjusting away from the axis,
      left curl is corrected.
PAR  The brush adjustment can be accomplished by furnishing an adjustable
      connection between the end of the target nest arm 136 and the bracket
      fixed on the launching platform. See FIG. 8 where a simple bolt and slot
      140 means is provided at this point.
PAR  It can be seen from FIG. 4 that the target nest arm 136 with brushes 134
      can be removed and a conventional stop -- shown in dotted lines in FIG. 4
      as target stop 138 -- can be used, either for single or doubles. As
      explained above, stop 138 is slidably mounted on the platform in any well
      known manner (see FIG. 8).
PAR  Attached to the rear of the throwing arm 64 is a throwing arm wiper 142
      preferentially elastomeric which projects down from the bottom of the
      throwing arm to close relationship with the launching platform. Its
      function is to remove any pieces of a broken target which either might
      remain on the launching platform after a broken target has been fed from
      the magazine or is broken on the platform. If the pieces of target are
      allowed to remain in the drop pad area, as the new target falls from the
      magazine it can land on the broken pieces causing it to break, or the new
      target may rest on the broken pieces so that it will have erratic flight
      when it is thrown.
PAR  The magazine assembly 18 can now be described as it relates to the
      operation of the target throwing apparatus, or trap as it is commonly
      called.
PAR  The magazine assembly 18 is attached to the stationary base 10 of the trap
      so that the magazine remains stationary while the angling mechanism of the
      trap selects a new throwing direction for the next target. However, the
      magazine rotates 1/7th of a revolution (could be more or less depending on
      the number of stacks of targets desired) each time a target is thrown,
      permitting another target to drop onto the launching platform, ahead of
      the throwing arm. In the modification shown, there are seven stacks of
      targets, each of which contains approximately 40 targets maximum, assuming
      adequate vertical room is available for stacks that high.
PAR  The whole magazine attachment is fastened to the base of the trap with
      bolts or other fastening means to two legs 144 which then carry the
      remainder of the mechanism and suspend it above the trap so that when
      actuated it will merely drop a target onto the launching plate of the trap
      in the appropriate position for the throwing arm to pick it up and project
      it in the proper direction (see FIG. 1).
PAR  The only other connections between the magazine and the trap are the drive
      shaft 146, which is connected to magazine input shaft 146a by coupling
      206, and the electrical cord and its connector (see FIG. 12).
PAR  Power to the magazine is supplied by the gearbox of the trap which normally
      supplies power for cocking and angling (see FIG. 1). The output shaft 148
      of main motor 20 is on top of the gearbox and by merely adding a coupling
      150 (FIG. 12) and shaft 146 vertically through a hole in the cover of the
      motor compartment a drive for the magazine is created. This shaft 146 and
      associated shaft 146a turn at all times the trap is in operation. Power is
      transmitted from input shaft 146a to clutch 152 by means of gear 146b
      through clutch gear 147. Clutch 152 is hooked in electrically parallel
      with the cocking clutch solenoid 54 of the trap and is actuated directly
      by the push button 52 used to throw the target. Clutch 152 is mounted on
      magazine clutch shaft 208 and when in power-transmitting-relationship
      transmits power through clutch sprocket 210 through chain 212 to idler
      sprocket 214 mounted on idler shaft 216 on which idler gear 218 is
      mounted. Gear 218 in turn rotates the large magazine main shaft gear 220
      which is mounted on magazine shaft 222 which carrier the magazine and
      revolves it (see FIG. 10).
PAR  Each time the button 52 is pushed, the cocking clutch solenoid 54 is
      energized which throws the target and recocks the trap. At the same time
      the magazine clutch solenoid 154 is operated, it allows the magazine
      clutch output to rotate one turn. With the gearing used, the one turn will
      rotate the entire magazine one seventh of a turn, indexing the next one of
      the seven total stacks of targets. Obviously other gearing combinations
      are possible which would allow for more or less than seven stacks of
      targets to be properly indexed.
PAR  A general view of the magazine assembly is shown in FIG. 1 with more
      detailed views illustrated in FIGS. 9, 11, and 12.
PAR  The magazine assembly comprises a stationary floor plate 156, which is
      attached to legs 144 through a gearbox casting (not numbered) and
      comprises the frame of the magazine assembly (see FIG. 12). An opening 158
      is provided in the floor plate to permit target to fall through. Rigidly
      attached to the top of the stationary floor plate 156 is a target ramp 160
      which has an inclined portion 162 for a purpose to be described later and
      an opening 164 through which targets are dropped to the launching
      platform.
PAR  Magazine shaft 222 (FIG. 10) passes through floor plate 156 and center of
      target ramp 160 and is attached to a magazine casting 166 (see FIG. 9),
      which in the modification shown has seven cut out sections 168 through
      which targets can pass and be stacked. The guide posts on the magazine
      casting are only high enough to support about the lower four or five
      targets in each stack. The conventional elongated guide rods found in
      other similar traps are not required because of the manner in which the
      magazine casting with the stacks of targets is connected to the stationary
      base 10 through legs 144. The magazine casting and targets do not
      oscillate with the trap but are stationary except when the target has been
      thrown and the main housing 12 has stopped oscillating. At this point the
      magazine casting with the stacks of targets is rotated one-seventh turn.
PAR  This feature has several advantages: (1) There is less vibration
      transmitted to the targets in the magazine; thus there is less tendency to
      break targets; (2) There are no support rods needed to keep the stacks
      from tipping over since the stacks are always vertical and move so slowly
      and evenly during the feeding rotation that there is no tendency to tip;
      (3) It permits easier loading and more realiable feeding since targets
      cannot tip and jam between guide or support rods as they do in other
      magazines in similar use traps.
PAR  Also rigidly attached to the top of the stationary floor plate 156 so as to
      extend over said floor plate and outwardly of a portion of said target
      ramp 160 is an elongated, arcuate finger release cam 170 (see FIGS. 9 and
      11).
PAR  The actual mechanism for holding the stacks of targets in suspension -- or
      free of said target ramp -- will now be described.
PAR  The magazine casting has a central boss 172 with a keyed opening 174
      therein which fits onto magazine shaft. Extending radially from the
      central boss 172 are a series of reinforcing upstanding radial ribs or
      spokes 176. Each spoke 176 ends in an interior boss 178, the sum total of
      which prescribes a circle about the central boss 172. Each interior boss
      178 in turn is located centrally of an essentially circular upstanding rib
      portion 180 which defines target openings which must line up with the
      openings in the target ramp and floor plate in order for the targets to
      drop to the launching platform. As shown in FIG. 9, each of the circular
      rib portions 180 ends with upstanding exterior bosses 182 and 182a at each
      end of the rib.
PAR  Elastomeric fixed magazine sleeves 184 are located in each of the interior
      bosses 178 and one of the exterior bosses, i.e. 182, so as to extend
      outwardly into the target cut-outs 168 in magazine casting 166. The other
      exterior bosses 182a have feed fingers 186 pivotally connected thereto and
      are spring biased by springs 188 to cause the fingers to be forced inside
      of the target cut-outs 168 in the normal position (see target stack in
      location B in FIG. 11).
PAR  Feed finger 186 includes an elastomeric roller 186a centrally positioned
      thereon to contact the target and a roller 186b made of more durable
      material, e.g. metal, which runs on finger release cam 170. As can be seen
      in locations "A" and "B" of FIG. 11, when the metal finger roller 186b is
      not contacting the finger release cam, the elastomeric roller 186a of that
      feed finger joins with the corresponding magazine sleeves 184 to provide
      three points of contact to frictionally engage the target and hold it from
      dropping -- along with the targets above the target being held by the
      "three point contact". Upon roller 186b contacting the cam 170 (not shown
      in location "C" but shown in location "D") the elastomeric roller 186a is
      pivoted away from contact with the target so that the stack is resting by
      gravity on target ramp 160.
PAR  A further explanation of the target ramp 160 is necessary in order to
      understand the actual movement and feeding of the lowermost target from
      each of the stacks when the magazine casting with the stack of targets
      reaches opening 164 in the target ramp 160 and opening 158 in the floor
      plate.
PAR  In addition to the inclined portion 162, target ramp 160 has an upper flat
      portion 160a and a lower flat portion 160b (see FIG. 12). However, lower
      flat portion 160b can be omitted so that the incline or ramp is maintained
      right down to the ramp target opening 164. Specifically, when viewing FIG.
      9, target ramp 160 is shown slitted at 190 at about the central part of
      opening 164. Going clockwise, the upper flat portion of the target ramp
      would be the portion from point 192 to point 194. The descending incline
      or ramp portion 162 would start at around point 194 and go all around to
      point 196 or if a small lower flat portion 160b is desired, the ramp would
      end at point 198 and the portion from point 198 to 196 would constitute
      this lower flat portion.
PAR  FIG. 11 shows four stacks of targets in locations A, B, C, and D in order
      to explain the function of the magazine assembly. At location A, the stack
      is at the lowest level of the ramp 160 and has just been gripped by an
      elastomeric roller 186a, attached to feed finger 186 after the metal
      roller 186b of the feed finger has run off the cam 170. However, at this
      point, the lowest target in the stack, resting on the ramp is below the
      contact point of the roller attached to the finger so that the roller
      contacts and holds the second target from the bottom of the stack and
      retains the entire stack. As the magazine casting 166 rotates past the
      drop hole or opening 164 in the target ramp the lowest target falls
      through the opening onto the drop pad of the launching plate.
PAR  At location B, the upper portion of target ramp is positioned slightly
      below and out of engagement with the bottom target of the stack which is
      being supported by the roller on the finger and the two fixed magazine
      sleeves. At location B the stack has not been released by the magazine
      finger and the stack is separated from the ramp -- in this modification --
      by about 1/16 inch or so -- just enough to insure that the lowermost
      target will clear the end of the ramp as the stack rotates past the drop
      opening, i.e. from location A to B. The stack is carried in this manner
      until location C is reached. At location C, the metal roller 186b on the
      end of the finger contacts the end of the cam (not shown on drawing)
      causing the finger elastomeric roller 186a to be pivoted away from the
      lowermost target and thus to release the stack allowing it to drop softly
      and rest on the upper portion of the ramp. The finger 186 and rollers 186a
      and 186b are not shown at location C of FIG. 11, but the relationship can
      be seen by observing the position of these elements at location D.
PAR  At location C the ramp is supported by spacers (not numbered) on the
      stationary floor plate 156 so that it is elevated above the floor plate a
      distance equal to the thickness or height of one target.
PAR  The major portion of the descent or incline is achieved between locations C
      and D. The remainder of the descent is achieved between location D and
      location A, where it was mentioned above the ramp is at its lowest point.
      The drop opening 164 in the ramp is shown in broken lines between
      locations A and B in FIG. 11.
PAR  Finally, a brief description of the firing mechanism and the wiring
      requirements is submitted.
PAR  By referring to FIG. 13, it can be seen that by throwing the
      three-pole-double-throw release switch 198 in the position shown and
      identified as "On", a circuit is formed through main motor 20 so that the
      motor runs continuously as long as the switch is in the "On" position.
PAR  If the auto angle on-off switch 200 is thrown in the position shown, a
      parallel circuit is formed through timing motor 94 which causes the timing
      motor to run continuously also along with the timing motor cam 96 to which
      it is connected. When the trap is in the cocked position and the target is
      ready to be thrown, push-button switch 52 is actuated which closes the
      circuit through the switch 52 and actuates cocking clutch solenoid 54
      which in turn releases pawl 50 thus connecting cocking clutch gear 28 to
      the sprocket 46 which in turn is continuously turning because of its
      connection via chain 48 to motor 20.
PAR  As previously stated, cocking clutch pivot cam 86 closes switch 88 almost
      immediately after pivot shaft 14 begins to rotate and maintains the switch
      in the closed position for approximately the first 1/2 of the cocking
      cycle. As mentioned previously, timing motor cam 96 has irregularly spaced
      and irregular lengths of abutments which contact and close auto-angle
      switch 92 at irregularly spaced intervals. Since cocking clutch
      micro-switch 88 and timing motor micro-switch 92 are in series, it can be
      seen that if switch 92 is closed during the first 1/2 of the cocking
      cycle, i.e. when switch 88 is closed, a circuit is formed which results in
      the actuation of angling clutch solenoid 90. This solenoid 90 causes the
      angling mechanism to become engaged through angling clutch 36 thus causing
      unpredictable amount of oscillation of the main housing 12.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A target throwing apparatus comprising a stationary base member having a
      pivot shaft and an angling shaft mounted thereon, a main housing member
      mounted on said pivot shaft so as to be pivotally connected to said base
      member, a main shaft mounted on said housing member, said shafts being
      spaced apart from and parallel to each other, gears mounted on each of
      said shafts are intermeshed, to rotate, means selectively driving said
      pivot shaft to rotate all three gears, means connecting said angling shaft
      to said housing member, means selectively connecting said angling shaft
      gear to said angling shaft for rotating said angling shaft whereupon said
      angling shaft-housing connecting means causes said housing to pivot about
      said pivot shaft relative to said base member, means for feeding target
      projectiles to said main housing, a throwing arm connected to one end of
      said main shaft for throwing target projectiles from said main housing
      member, and a main spring assembly connected to the other end of said main
      shaft and said housing member for moving the throwing arm whereby target
      projectiles are thrown by centrifugal force.
NUM  2.
PAR  2. A target throwing apparatus as recited in claim 1 wherein said pivot
      shaft gear, angling shaft gear and main shaft gear are of equal diameter
      and are in the same horizontal plane.
NUM  3.
PAR  3. A target throwing apparatus as recited in claim 1, said means
      selectively driving said pivot shaft comprising a clutch mechanism having
      a power input portion and a power output portion, said output portion and
      said pivot shaft gear being fixedly secured to said pivot shaft, sprocket
      means attached to said input portion of said clutch mechanism and mounted
      so as to rotate freely on said pivot shaft when in non-power transmitting
      relationship, means to drive said sprocket means, said clutch mechanism
      further comprising spring means for selectively releasably connecting the
      clutch mechanism to the pivot shaft in power transmitting relationship for
      producing rotation of said pivot shaft and its secured pivot shaft gear,
      and means for selectively activating said spring means to engage and
      disengage the clutch mechanism.
NUM  4.
PAR  4. A target throwing apparatus as recited in claim 1, said means
      selectively driving said pivot shaft comprising a clutch mechanism
      operably connecting a driving means and said pivot shaft, said clutch
      mechanism having power transmitting means therein for engaging and
      disengaging said clutch mechanism to said pivot shaft, and means for
      selectively activating said power transmitting means to cause said
      selective power transmission.
NUM  5.
PAR  5. A target thowing apparatus as recited in claim 4 wherein said means for
      selectively activating said power transmitting means comprises a pivotable
      pawl mounted on a bracket which in turn is rigidly mounted on said main
      housing member so that as the housing oscillates, the bracket and pawl
      also oscillate.
NUM  6.
PAR  6. A target throwing apparatus as recited in claim 1 wherein said means
      selectively connecting said angling shaft to said angling shaft gear
      comprises an angling clutch mechanism having a power input portion and a
      power output portion, said angling shaft gear attached to said input
      portion and mounted on said angling shaft so as to rotate freely thereon
      when in non-power transmitting relationship with said angling shaft, said
      clutch output portion rigidly connected to said angling shaft, said clutch
      mechanism further comprising spring means for selectively releasably
      connecting the clutch mechanism to the angling shaft in power transmitting
      relationship for producing rotation of said angling shaft, and means for
      selectively activating said spring means to engage and disengage the
      clutch mechanism.
NUM  7.
PAR  7. A target throwing apparatus as recited in claim 6 said means for
      selectively actuating said angling clutch spring means comprising a power
      means for providing electrical energy to operate a solenoid which actuates
      said angling clutch spring means, wiring means connected to said power
      means including an alternating and varying cam means for actuating a first
      switch, said first switch being wired in series with a second switch which
      is actuated by a cam attached to the pivot shaft, whereupon any angling is
      possible only during a predetermined time interval in which said pivot
      shaft and pivot shaft gear are rotating, said angling being further
      limited by the closing of said first switch during this time interval
      depending on said alternating and varying cam means thus effecting a
      random oscillation of said housing so that the direction in which a target
      is thrown is not predictable.
NUM  8.
PAR  8. A target throwing apparatus as recited in claim 1 wherein said means
      connecting said angling shaft to said housing comprises a scotch yoke
      assembly, said scotch yoke assembly comprising an angling yoke having one
      end pivotally mounted to an angling link which in turn is pivotally
      mounted to said base member, the other end of said angling yoke being
      pivotally mounted to said housing member at a point laterally displaced
      from the pivot shaft on which said housing member is pivotally mounted to
      said base member, a crank arm fixedly secured to said angling shaft, a pin
      means on said crank arm for sliding movement in a transverse slot located
      in said angling yoke, said scotch yoke translating the rotary movement of
      said angling shaft to a reciprocating movement of said angling yoke
      whereupon said housing member is caused to oscillate about said pivot
      shaft.
NUM  9.
PAR  9. A target thowing apparatus as recited in claim 8 wherein said angling
      link is substantially parallel to and of the same length as the moment arm
      defined by a line connecting the center of the pivot shaft and the point
      at which the other end of said angling yoke is pivotally mounted to said
      housing member.
NUM  10.
PAR  10. A target throwing apparatus as recited in claim 1 wherein said means
      for feeding target projectiles to said main housing comprises a magazine
      attachment mounted on said stationary base member and means for
      discharging a single target from said magazine attachment to a specific
      drop point on a portion of the housing located directly above said pivot
      shaft which connects the main housing to said stationary base, said
      location of the drop point permitting the magazine to remain in a fixed
      position while the housing and target throwing arm are free to oscillate
      to various positions.
NUM  11.
PAR  11. A target throwing apparatus as recited in claim 1 wherein a launching
      platform is mounted on said main shaft for supporting a target in the
      appropriate position until the throwing arm picks it up and projects it in
      the proper direction, said means for feeding target projectiles comprising
      a magazine attachment, said magazine attachment comprising a stationary
      frame attached to said base member, a rotatable member mounted on said
      frame so as to be positioned above said stationary base member and at
      least a portion of said launching platform, means for rotating said
      rotatable member, means for holding a number of stacks of targets on said
      rotatable member, means for sequentially feeding targets from said stacks
      of targets as said rotatable member turns, said means for rotating said
      rotatable member.
NUM  12.
PAR  12. A target throwing apparatus compising a stationary base member having a
      pivot shaft and an angling shaft mounted thereon, a main housing member
      having a pivotal bearing in which said pivot shaft is positioned so as to
      provide a pivotal connection between said base member and said housing
      member, a main shaft on said housing member, a throwing arm connected to
      said main shaft, a scotch yoke assembly operatively connected to one end
      of said angling shaft and to said main housing member at an angling pivot
      point which is located to one side of said pivotal bearing, said scotch
      yoke assembly translating rotational movement of said angling shaft to
      reciprocating movement of said yoke assembly whereupon said housing is
      caused to oscillate about said pivot shaft, means selectively operable to
      cause rotation of said angling shaft and thus oscillation of said main
      housing, and means for feeding target projectiles to said main housing
      member for subsequent launching by said throwing arm.
NUM  13.
PAR  13. A target throwing apparatus as recited in claim 12 said scotch yoke
      assembly comprising an elongated angling yoke having one end pivotally
      mounted to an angling link which in turn is pivotally mounted to said
      stationay base member and the other end of said angling yoke pivotally
      mounted to said main housing member at said angling pivot point, a crank
      arm attached to said angling shaft, pin means mounted on said crank arm,
      and transverse slot means in said angling yoke in which said pin means is
      positioned for sliding movement.
NUM  14.
PAR  14. A target throwing apparatus as recited in claim 13 wherein said angling
      link is substantially parallel to and of the same length as a moment arm
      defined by connecting the center point of said pivot shaft and the angling
      pivot point.
NUM  15.
PAR  15. A target throwing apparatus as recited in claim 13 in which adjustable
      means are provided on said crank arm to mount said pin means in order to
      vary the degree of oscillation of said main housing member.
NUM  16.
PAR  16. A target throwing apparatus as recited in claim 15 in which said
      adjustable means comprises a plurality of openings in said crank arm
      located at different radii from said angling shaft, said pin means being
      mounted in a selected opening in order to provide the desired degree of
      effective length of crank arm and of sliding movement of said pin means in
      said slot means thus varying the amount of oscillation of the main housing
      member.
NUM  17.
PAR  17. A target throwing apparatus comprising a stationary base member and a
      main housing member, means pivotally connecting said housing member to
      said base member, means oscillating said main housing relative to said
      base member, a main shaft rotatably mounted on said housing member, crank
      means secured at one end of said shaft and a main spring connected
      thereto, a throwing arm secured to the other end of said shaft for
      throwing targets, means for cocking and throwing said throwing arm by
      rotating said shaft and crank means secured thereto and utilizing tension
      of said mainspring, a launching platform mounted on said housing member
      for supporting a target in the appropriate position until the throwing arm
      picks it up and projects it in the proper direction, a magazine attachment
      mounted on said stationary base member so as to be positioned above said
      stationary base member and said launching platform, and means for
      discharging a single target from the magazine to a specific drop point on
      the launching platform at the desired interval, said drop point being
      located directly above said pivoting means which connects the pivotal
      housing member to the stationary base member, said location of the drop
      point permitting the magazine to remain in a fixed position while the
      housing and target throwing mechanism are free to oscillate to various
      positions.
NUM  18.
PAR  18. A target throwing apparatus as recited in claim 17, said magazine
      attachment comprising a stationary frame attached to said base member, a
      rotatable member mounted on said frame so as to be positioned above said
      stationary base member and at least a portion of said main housing member,
      means for rotating said rotatable member, means for holding a number of
      stacks of targets on said rotatable member, means for sequentially feeding
      targets from said stacks of targets as said rotatable member turns, said
      means for rotating said rotatable member and said means for cocking and
      throwing said throwing arm having a common power source.
NUM  19.
PAR  19. A target throwing apparatus as recited in claim 17 wherein said means
      pivotally connecting said main housing member to said base member
      comprises a pivot shaft on said stationary base member to which said main
      housing member is pivotally connected, said drop point on said launching
      platform to which a single target from said magazine is discharged being
      located directly above said pivot shaft.
NUM  20.
PAR  20. A target throwing apparatus as recited in claim 19, wherein said means
      oscillating said main housing comprises an angling shaft operatively
      engaged with said means for cocking and throwing said thowing arm, means
      operatively connecting said angling shaft and said main housing whereby
      rotational movement of said angling shaft is translated into oscillating
      movement of said angling shaft is translated into oscillating movement of
      said main housing member, and means selectively engaging and disengaging
      said angling shaft from said cocking means so that oscillation is
      effected.
NUM  21.
PAR  21. A target throwing apparatus as recited in claim 20 wherein said means
      selectively engaging and disengaging said angling shaft from said cocking
      and throwing means comprises a solenoid-actuated means controlled by a
      pair of cam-operated switches wired in series, one cam of said pair of
      cam-operated switches being actuated by said cocking and throwing means
      for actuation during a predetermined portion of the cocking cycle and the
      second cam-operated switch being continuously and randomly actuated during
      the interval in which the first cam-operated switch is being actuated.
NUM  22.
PAR  22. A target throwing apparatus as recited in claim 17 wherein said drop
      point on said launching platform comprises a pad having a thin layer of
      sheet metal as its upper surface and a foam cushion attached thereto in
      supporting underlying relationship.
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ABST
PAL  A finger guard for attachment to an archery bow string, comprising a pair
      of flexible plastic sleeves each having a through axial bore, a pair of
      string indexing devices positively positionable on the bow string at
      opposed extremities of the sleeves, and a pair of rigid washers for
      placement on the string between the sleeves and the indexing devices. The
      sleeves are each integrally formed with finger stop means and with a
      ring-like spacer and abutment member to provide a zone of physical
      separation between an archer's fingers and the nock end of an arrow.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to finger guards affixed to bow strings to cushion
      the fingers of an archer against undue localized pressure by the strings.
PAR  When an archer draws a bow string, forces of up to 100 pounds or more are
      distributed over a surface of the fingers having an area of less than
      one-half square inch. In order to cushion the fingers against undue
      localized pressure in this situation, sleeve-like guards fitting over the
      string are used to spread the applied force over a greater area of the
      fingers. However, such finger guards of the prior art suffer from one or
      more disadvantages making them less than completely suitable for their
      intended purpose.
PAR  For example, two commercially available finger guards each include a pair
      of cylindrical shells adapted to fit over a bow string. Each shell is
      formed with a small annular radially extending projection of an end of the
      shell adjacent the nock receiving portion of the bow string. While these
      small annular projections do afford some protection to the fingers when
      only small forces are applied to the string, distortion of the guard
      accompanying application of forces of 100 pounds or more often allows the
      fingers to be pinched between the nock end of the arrow and the string.
PAR  In the prior art finger guards are fastened at fixed positions on the bow
      string without causing permanent damage to the string. The string indexing
      devices described in U.S. Pat. No. 3,340,862 may be fastened to the string
      at two spaced locations with the sleeves placed between upper and lower
      string indexing devices. However, when very large forces are applied to
      the flexible cylindrical shells of the finger guard, the shells tend to
      slide over the indexing devices.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide a finger guard
      including a ring-like spacer forming a zone of physical separation between
      an archer's finger and the nock end of an arrow, thereby precluding
      pinching of the finger between the string and arrow even when very large
      drawing forces are applied to the string.
PAR  A related object of this invention is to provide a finger guard having a
      ring-like spacer integrally formed with a sleeve cushioning the fingers.
PAR  Another object of the invention is to provide, in a finger guard including
      a flexible sleeve and a string indexing device positively positionable on
      a bow string adjacent the sleeve, a rigid washer adapted for placement on
      the string between the sleeve and the indexing device to prevent slippage
      of the sleeve over and around the indexing device. In this way a
      relatively fixed spacing is maintained between the two sleeves comprising
      the finger guard of the invention.
DRWD
PAR  Other and further objects and advantages of the invention will be evident
      upon a reading of the following specification taken in conjunction with
      the drawing in which:
PAR  FIG. 1 is a side elevational view of a portion of a bow string showing one
      form of a finger guard of the invention, as carried by the bow string;
PAR  FIG. 2 is an exploded view of the finger guard of FIG. 1, showing the
      various component parts including the sleeves, washers and string indexing
      devices;
PAR  FIG. 3 is a vertical cross-sectional view of a sleeve of the finger guard
      of the invention, together with a split pin for threading the bow string
      through the sleeve;
PAR  FIG. 4 is a vertical cross-sectional view of a sleeve of the finger guard
      of the invention, showing the manner in which the split pin is used to
      pull the bow string through the axial bore of the sleeve;
PAR  FIG. 5 is a cross-sectional view through a string indexing device of the
      finger guard of the invention, taken along the line 5--5 of FIG. 1;
PAR  FIG. 6 is a cross-sectional view through a washer of the finger guard of
      the invention, taken along the line 6--6 of FIG. 1;
PAR  FIG. 7 is a cross-sectional view through a sleeve of the finger guard,
      taken along the line 7--7 of FIG. 1;
PAR  FIG. 8 is a cross-sectional view of a sleeve of the finger guard, taken
      along the line 8--8 of FIG. 1; and
PAR  FIG. 9 is a fragmentary side elevational view of a bow string in
      conjunction with the nock end of an arrow, demonstrating use of the finger
      guard by an archer.
DETD
PAR  Referring now more particularly to FIGS. 1 and 2, the finger guard of the
      invention is seen to comprise two flexible rubber-like or plastic sleeves
      11 and 12, two string indexing devices 13 and 14, and a pair of rigid
      plastic washers 15 and 16. In FIG. 1 the finger guard is mounted in
      assembled relation on a bow string 17, and in FIG. 2 the six component
      parts are shown in an exploded side elevational view.
PAR  The detailed structure of the sleeves 11 and 12 is shown in FIGS. 2, 3, 7
      and 8. Each tubular sleeve is formed with a pair of annular or radially
      enlarged projections 21,22,23,24 comprising finger stops. The cylindrical
      barrel 25 of the upper sleeve 11 is sized to accommodate the second finger
      of an archer, and the corresponding barrel 26 of the lower sleeve 12
      accommodates the third and fourth fingers. The respective finger stops
      provide a physical barrier to vertical movement of the fingers away from
      their proper positions on the sleeves, as well as providing locating means
      by which the archer can feel whether his fingers are appropriately placed.
      Each sleeve 25,26 is formed with a through axial bore 27 adapted to
      receive a bow string 17 therethrough, and to provide a snug frictional fit
      with the string 17.
PAR  Each sleeve is integrally formed with a coaxially extending ring-like
      spacer 30,31. The outer diameter of each spacer is preferably less than
      the outer diameter of the adjacent finger stop 22,23. The extremities of
      each spacer 30,31 are formed with annular hubs 32,33 constituting
      abutments to bracket the nock end of an arrow. Because of their small
      diameter and extreme flexibility, the ring-like spacers 30,31 provide the
      desired zones of physical separation between the fingers of an archer and
      the arrow without significantly adversely affecting flexibility of the
      sleeves. Thus, the archer's fingers remain sensitive to the "feel" of the
      arrow, without any danger of their being pinched between the arrow and the
      string when large drawing forces are applied.
PAR  String indexing devices 13 and 14 shown in FIGS. 1, 2 and 5 are positively
      positioned on the string 17. Each indexing device comprises a split
      annular metal ring 38 enveloping a compressible inner band 39. These
      points are removably fastened onto the bow string 17 by a pliers or
      similar crimping device.
PAR  One suitable form of string indexing device is described in U.S. Pat. No.
      3,340,862. In order to preclude slippage of the flexible plastic sleeves
      11 and 12 over the small indexing devices 13 and 14, rigid plastic washers
      15 and 16 are placed on the string 17 between the sleeves 11 and 12 and
      the indexing devices 13 and 14. These washers 15 and 16 can also be formed
      from metal and other suitable rigid materials. Since the washers have
      outer diameters greater than the corresponding diameters of the indexing
      devices 13 and 14, they form effective barriers against slippage of the
      flexible sleeves past the indexing devices when drawing force is applied
      to the bow string 17. Each washer is formed with a radial slot 40, best
      seen in FIG. 6, to facilitate placement of the washer on the string 17.
PAR  As illustrated in FIGS. 3 and 4, a metal split pin 45 is utilized to
      facilitate positioning of the sleeves 11,12 on the string 17. The bow
      string 17 is looped through an "eye" 46 of the pin 45, the shaft 45a of
      the pin 45 is lubricated, and the free end 47 is pulled through the axial
      bore 27 of the sleeve 12. After each sleeve is placed on the string 17,
      the split pin 45 is withdrawn.
PAR  The mode of operation of the finger guard of the invention is demonstrated
      in FIG. 9. The nock end 54 of an arrow 55 is located on the string 17
      between the two annular hubs 32 and 33 at the ends of the spacers 30 and
      31. The archer then places his second finger 51 around the upper sleeve
      and his third and fourth fingers 52 and 53 are looped around the lower
      sleeve 12. When the fingers draw back on the string 17, a safe distance is
      maintained between the fingers and the arrow because of the zones of
      physical separation provided by the spacers 30 and 31. Pinching of the
      fingers between the nock end of the arrow and the string is thereby
      precluded.
PAR  The preceding disclosure of the invention has been made with reference to
      preferred structural embodiments that have proven most satisfactory in
      practice. It will be understood by persons skilled in the art that
      numerous changes and modifications can be made without departing from the
      spirit of the underlying invention. It is desired to include within the
      scope of the following claims all such changes and modifications by which
      substantially similar results may be obtained through the use of
      substantially the same or equivalent means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A finger guard assembly adapted for attachment to a bow string for
      protectively cushioning bow-drawing fingers of an archer against
      objectionable localized finger pressures produced during gripping and
      pulling of a bow string in drawing a bow, said finger guard assembly
      including;
PA1  two separate flexible and resilient spool-like sleeves each formed with a
      through longitudinally extending axial bore sized to receive therethrough
      and thereby frictionally to grip a bow string threaded through said
      sleeves,
PA1  when positioned on a bow string said sleeves being frictionally secured
      longitudinally of one another on a bow string as upper and lower sleeves,
      adjacent spaced ends of respective said sleeves generally demarcating an
      arrow nocking zone therebetween,
PA1  said sleeves each being substantially tubular in form with opposite ends of
      each being radially enlarged annularly to define finger stops, thereby to
      ensure correct longitudinal positioning of fingers gripping said sleeves
      and to enhance retention of proper finger positions during drawing of the
      bow string,
PA1  arrow nock abutment means for bracketing and confining an arrow
      therebetween upon insertion of the arrow nock into the nocking zone
      between said sleeves, and spacer means interposed between said arrow nock
      abutment means and said finger stops, adjacent said spaced ends of
      respective said sleeves to separate said abutment means from said finger
      stops,
PA1  said arrow nock abutment means and said spacer means constituting integral
      longitudinally coaxial extensions of said sleeves disposed at adjacent
      said spaced ends thereof to delineate the arrow nocking zone therebetween.
NUM  2.
PAR  2. The structure as set forth in claim 1 wherein said arrow nock abutment
      means comprise annular hubs having generally planar end faces extending
      normally to a longitudinal axis of said sleeves, and wherein said spacer
      means comprise ring-like annular bands joining said hubs to said finger
      stops, each one of said bands having an outer diameter less than the outer
      diameter of said finger stops of said sleeves there-adjacent to ensure a
      high degree of flexibility of said spacer means and said sleeves;
PA1  thereby to provide a sense of feel of the arrow nock, said spacer means
      establishing a physical separation between an archer's fingers and the
      arrow nocking zone to prevent pinched contact of an archer's fingers
      between the arrow nock and a bow string during drawing of a bow.
NUM  3.
PAR  3. The structure as set forth in claim 2 wherein each one of said annular
      hubs has an outer diameter greater than the outer diameter of said spacer
      means.
NUM  4.
PAR  4. The finger guard assembly as set forth in claim 1 and further comprising
      locating means adapted for attachment to a bowstring above and below outer
      ends of respective said sleeves to prevent said sleeves from sliding on a
      bowstring in a direction away from the nocking zone,
PA1  said locating means including a washer formed with a central opening for
      receiving a bow string therethrough, and said locating means including
      indexing means
PA1  for attachment on a bowstring at points above and below respective said
      washers to preclude shifting of said washers along a bowstring in
      directions away from the nocking zone.
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ABST
PAL  A bowstring release mechanism and, more particularly, a mechanism which
      incorporates an adjustable trigger. The trigger allows the trigger
      mechanism to be adjusted to a degree of sensitivity that will permit a
      spring mounted sear to releasably hold a rotatable bow string release
      member when the trigger mechanism has been actuated and has been removed
      from engagement with the sear.
BSUM
PAR  The principal object of the invention is to provide a mechanism to be used
      in archery, to draw, hold, and release the string of a bow, in an
      accurate, precise manner.
PAR  A further object of the invention resides in the provision of a release
      wheel which features an escape notch and a flat locking surface on the
      circumference of said wheel and a pivoting sear block which bears against
      said flat locking surface on said wheel and a trigger block which bears
      against said pivoting sear block and thereby preventing movement of the
      sear block and wheel until the trigger is moved in the proper direction,
      said trigger having an adjusting screw to increase or limit the movement
      of the trigger. The energizing source for the releasing action of the
      mechanism is provided by the tension of the bowstring.
PAR  The user of a bow is confronted with the problem of releasing the bowstring
      and the arrow at precisely the instant when he is properly aligned with
      the target. It is of utmost importance that there be no movement of the
      hand that holds and releases the bowstring, that would cause a
      misalignment of the bowstring and the arrow with the target. This
      invention allows the user to release the bowstring by the movement of only
      one finger and the amount of said movement by the one finger can be
      reduced or increased by adjustment of the adjusting screw incorporated in
      the trigger. The bowstring may be held in the escape notch in the release
      wheel or the bowstring may be held by a rope or cable loop, said loop
      being held by the escape notch in the release wheel.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the side view of the invention with the moving parts in the
      locked position. The sideplate is removed.
PAR  FIG. 2 is an end view of the same, with sideplate shown mounted thereon.
PAR  FIG. 3 is a side view showing the mechanism in the released or unlocked
      position. It also shows that the release wheel can be rotated by the thumb
      of the user to a locked or unlocked position.
PAR  FIG. 4 shows the mechanism in the locked position with the loop secured in
      the escape notch of the release wheel and the bowstring held by the rope
      loop.
PAR  FIG. 5 shows the handle by which the mechanism is held by the hand of the
      user.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing wherein like numerals are used to designate
      similar parts throughout the several views, the numeral 10 refers to a
      housing for my release mechanism having a plurality of communicating
      recesses 13 and 14 that extend through the bottom and front edges of the
      housing 10. A cover plate 48 is mounted over the side of the housing 10 by
      screws 50 threaded through bores 52 formed in the cover plate 48 and
      housing 10 to encase the trigger mechanism.
PAR  Within the recess 14 is a release wheel 16 pivoted at a pin 20 and having a
      peripheral notch 18 and a flat locking surface 16a on an opposite side
      thereof. Adjacent the notch 17 is a stop pin 17 mounted on the release
      wheel 16 and extending beyond its periphery. Within the recess 13 is a
      trigger block 26 pivoted therein as at 32 and having a trigger lever 34
      attached thereon for pivoting the trigger block 26. The trigger block 26
      is stepped as at 11 and 15 as shown by FIG. 1 for forming a shoulder 30
      against which a sear block 22 engages as explained in detail hereinafter.
      The sear block 22 is pivotally mounted by a pivot pin 24 extending into
      the housing 10. A compressed coil spring 28 extends across the stepped
      portion 11 between the trigger block 26 and the sear block 22 to
      yieldingly force the sear block 22 to rotate in a counterclockwise
      direction as viewed in the drawing into constant contact relation with the
      release wheel 16 and to simultaneously rotate the trigger block 26 and
      lever 34 in a counterclockwise direction back to their cocked position. A
      trigger adjusting screw 36 that is threaded through the trigger block 26
      engages the bottom surface of the sear block 22. The screw 36 is locked in
      position by a lock nut 19.
PAR  A vertical bore 44 in the housing 10 receives a rope loop 42 that extends
      upwardly in the direction of the release wheel 16. The loop 42 is secured
      in the bore 44 by knotting its ends as at 46. A handle 38 is attached to
      the housing 10 by threading its end portion into a threaded bore 40 formed
      in the housing 10.
PAR  To use the invention for the purpose for which it is intended, the user
      must first place the mechanism in the open or unlocked position, as shown
      in FIG. 3. If the mechanism is in the locked or closed position, FIG. 1,
      it may be easily opened by pressing on trigger lever 34 and pushing
      forward on release wheel stop pin 17 with the thumb. The rope loop 42 is
      then put around bowstring 47, FIG. 4. The loop is then tucked into the
      escape notch 18 of release wheel 16. With the loop rope 42 around the
      bowstring 47, and the loop then placed into the escape notch 18 of release
      wheel 16, the release wheel stop pin 17 is then grasped by the user's
      thumb and the release wheel 16 is then rotated counter-clockwise until
      release wheel stop pin 17 touches the end of the housing 12, FIG. 4. At
      this point, the flat locking surface 16a of release wheel 16 will allow
      pivoting sear block 22 under pressure of trigger spring 28, to rotate in a
      counter-clockwise direction and engage the flat locking surface 16a of
      release wheel 16. With the pivoting sear block 22 so engaged with the flat
      locking surface 16a of release wheel 16, clearance is provided bowstring
      the trigger block 26 to pivot in a counter-clockwise direction on pivot
      pin 32, under the pressure of the trigger spring 28, until trigger block
      26 engages surface 30 of the pivoting sear block 22. At this point, the
      mechanism is in the closed or locked position as shown in FIG. 4 and also
      in FIG. 1.
PAR  With the bowstring 47 thus secured in rope loop 42 and with rope loop 42
      thus secured in escape notch 18 of release wheel 16, and with the
      mechanism in the closed or locked position, FIG. 4 and FIG. 1, the user
      now draws the bowstring back in the usual manner and aims. When the user
      is ready to release the bowstring 47 and therefore the arrow, he exerts
      pressure on trigger lever 34 of trigger block 26, said finger pressure on
      trigger lever 34, causing trigger block 26 to pivot in a clockwise
      direction on pivot pin 32 until the trigger block 26 no longer engages
      surface 30 of pivoting sear block 22. The energizing tension of the
      bowstring 47 which is transmitted to the release wheel 16 through the
      medium of rope loop 42 pulling on escape notch 18 of the release wheel 16,
      causes release wheel 16 to rotate in a clockwise direction, said release
      wheel 16 pushing downward on the corner of pivoting sear block 22 and
      causing said pivoting sear block 22 to pivot in a clockwise direction
      until flat locking surface 16a of release wheel 16 no longer bears on the
      corner of pivoting sear block 22 and allows release wheel 16 to continue
      to rotate in a clockwise direction until escape notch 18 has emerged from
      the slot in housing 10, FIG. 3, exposing the open end of the escape notch
      18 and allowing the rope loop 42 to escape the escape notch 18 and thereby
      release bowstring 47.
PAR  Although the foregoing describes the use of a rope loop 42, the bowstring
      47 may be placed directly into escape notch 18 of release wheel 16 and be
      drawn and released in the manner previously described. As the construction
      of this invention requires only one finger and the thumb to secure it to
      the bowstring and to operate the release mechanism, it may be used by a
      right- or left-handed person, using only one hand for the release
      mechanism and leaving the other hand free to hold the bow. The moving
      parts of the mechanism are enclosed by the recess in the housing and a
      sideplate 48, or cover, that conforms to the shape of the housing and fits
      against the surface of the housing I in FIG. 2, and is secured by the two
      screws, 50, in holes 52. The movement of the trigger block 26 is regulated
      by the adjusting screw 36 and the distance that the trigger lever 34 must
      be moved to disengage the trigger block 26 with surface 30 of the pivoting
      sear block can be reduced or increased by the inward or outward turning of
      screw 36. A lock nut is provided, FIG. 1. The handle 38 shown in FIG. 5
      provides a firm, comfortable grip for the user. The invention is not
      limited to the use of the handle 38 shown in FIG. 5 and different handles
      of a shape to meet the requirements of the individual user can be attached
      to the housing 10 by means of the threaded hole 40 shown in FIG. 1.
PAR  The rope loop 42 is secured from pulling through hole 44 by the knots 46
      tied in the rope ends.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A bowstring release device comprising a housing, a bowstring release
      member rotatably mounted in said housing, a trigger block pivotally
      mounted in said housing in spaced relation to said release member, a lever
      secured to said trigger block for manually pivoting said trigger block, a
      sear pivotally mounted in a space between said release member and said
      trigger block, shoulder means mounted on said trigger block for engagement
      by said sear when said trigger block is in a cocked position, spring means
      connecting said sear and said trigger block and yieldingly urging said
      sear into substantially constant contact with said release member when the
      trigger block is in an uncocked position to act against the rotational
      movement of said release member when said trigger block is in an uncocked
      position, upon pivotal movement of said trigger block to its uncocked
      position said shoulder means swings out of contact with said sear to
      permit the rotational movement of said release member under force of a
      released bowstring.
NUM  2.
PAR  2. The structure as recited by claim 1 wherein said release member is
      cylindrical in shape pivoted at its axis, said release member comprises a
      flat surface formed on the periphery thereof, and said sear having an edge
      portion for engaging said flat surface.
NUM  3.
PAR  3. The structure as recited by claim 2 further including an adjustable
      means mounted on said trigger block for engaging said sear so that the
      amount of force required to pivot the trigger block to swing the shoulder
      means out of contact with the sear may be varied.
NUM  4.
PAR  4. The structure as recited by claim 3 wherein said adjustable means
      comprises a threaded bolt, said trigger block having a threaded bore
      receiving said threaded bore, said bolt engaging said sear when said sear
      and said trigger block return to their cocked position.
NUM  5.
PAR  5. The structure as recited by claim 4 taken in combination with loop means
      mounted on said housing holding a bowstring during a cocking operation, a
      notch formed on said release member for receiving said loop means, and a
      stop pin mounted on said release member adjacent said notch for limiting
      the rotational movement of said release member.
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ABST
PAL  A cooking gas range equipped with an oven door having a vertical window
      allowing visual inspection of oven and broiler compartments. The top of
      the range is held on a fixed support with a hold down assembly. Hold down
      assembly has a tubular member which serves as a flash tube for the pilot
      light burner and an expandable sleeve releasably mounted on the fixed
      support.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  Recreational vehicles as campers, travel trailers, and motor homes are
      usually equipped with cooking units or gas ranges. The ranges are built
      into the cabinet structure of the vehicle where they are readily
      accessible to the user of the vehicle. Conventional ranges have a
      plurality of gas burners located under a top. A pilot light is used to
      ignite the burners. Normally the pilot light is turned off during the
      movement of the vehicle. Prior to the use of the gas range, the pilot
      light is lit so that the gas burners will be automatically ignited when
      the gas control valves are turned on. The top of the gas range must be
      fixed to prevent the rattles and escape of the top from the housing in the
      event of an abrupt stop of the vehicle. Clamps and attaching structures
      are used to connect the tops to the frames of the gas ranges. An example
      of attaching structure is shown by Zink in U.S. Pat. No. 1,781,623. Zink
      utilizes a bolt to hold the top of a gas burner in assembled relation with
      a fixed frame. Kauffman in U.S. Pat. No. 2,081,819 shows a pilot light
      housing carried on a tray located over the burners. The pilot light
      housing is not used to attach the tray to a fixed support.
PAC  SUMMARY OF THE INVENTION:
PAR  The invention is directed to improve gas range structure which facilitates
      the holding of the top of the range in a safe and secure position and
      permits the igniting of the pilot light from the top of the range. More
      particularly, the invention is directed to a pilot light hold down
      assembly used to hold the top of a gas range in a fixed position and
      usable as a flash tube to facilitate the lighting of the pilot light of
      the gas range. The hold down assembly has a tubular member open at its
      bottom end above the pilot light burner and open at its upper end above
      the top plate of the gas range. The tubular member functions as a flash
      tube during the ignition of the pilot light burner. An expanding means
      associated with the tubular member is operable to fixedly secure the top
      plate of the range to a fixed support. The expandable member includes a
      resilient sleeve that expands in response to the compression of the
      sleeve. A ring member associated with the sleeve and the tubular member
      operates in response to rotation of the tubular member to compress the
      sleeve thereby mount the top of a fixed support.
PAR  Another feature of the invention is a range having a door with an elongated
      vertical window whereby both the oven compartment and broiler compartment
      can be simultaneously viewed. A further feature of the invention is the
      provision of a rack for an oven compartment having a structure which
      minimizes the movement and rattling of the rack and tray located below the
      rack.
PAR  An object of the invention is to provide a gas range with a top hold down
      operable to minimize the noise and to prevent the inadvertent separation
      of the top of the range from the range housing. A further object of the
      invention is to provide a top hold down structure for a range with a pilot
      lighting passage. A further object of the invention is to provide a range
      door with a vertical window whereby the upper and lower compartments of
      the range can be visually inspected. A further object of the invention is
      to provide an oven rack for a range with a structure operable to hold a
      tray or pan in a fixed position.
DRWD
     IN THE DRAWINGS:
PAR  FIG. 1 is a front elevational view of a cooking range having the door and
      pilot light hold down structure of the invention;
PAR  FIG. 2 is a top plan view of FIG. 1;
PAR  FIG. 3 is an enlarged sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged sectional view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a side view of the pilot light hold down in the release position;
      and
PAR  FIG. 7 is a side view similar to FIG. 6 showing the pilot light hold down
      in the lock position.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT:
PAR  Referring to FIG. 1, there is shown a gas range or cooking unit indicated
      generally at 10 having oven and counter heating units. Range 10 is a gas
      range suitable for use in recreational vehicles, mobile homes, and like
      environments. Range 10 has a generally rectangular housing 11 comprising
      upright side wall 12 and 13. An inside wall 14 surrounds the oven chamber
      16. A door 17 closes the front of the chamber 16. The door 17 is connected
      to the side walls 12 and 13 with conventional hinges (not shown) whereby
      the door can be moved to open and closed positions. Door 17 has an upright
      rectangular window 18. Window 18 extends from the bottom of the door to
      the top of the door and is located in one side portion of the door to
      provide for visual inspection of both the oven and broiler compartments of
      the range. The window 18 has a vertical length approximately twice the
      horizontal width. Other sizes of windows can be used in door 17.
PAR  A gas burner 19 is located in chamber 16 above the bottom of the chamber to
      separate the chamber into an upper oven compartment and a lower broiler
      compartment. A generally flat oven bottom 20 is located above the burner
      19. An oven rack 22 comprising a plurality of transverse longitudinal
      connected wire members is located above oven bottom 20. Oven rack 22 has
      an outer peripheral member 23 that engages a plurality of supports 24.
      Supports 24 are secured to the inside wall 14.
PAR  As shown in FIG. 3, oven rack 22 is connected to hook members 26 secured to
      the back portion of the inside wall 14. Two rod portions of the oven rack
      22 have downwardly offset sections 27 which engage the top rim 28 of the
      broiler pan 21 when the oven rack 22 is in its lowest position. The oven
      rack 22 being in engagement with the broiler pan 21 holds the broiler pan
      21 in a fixed position between rack 22 and oven bottom 20, thereby
      minimizing the movement and rattling of the pan 21. As shown in FIG. 1,
      oven rack 22 has a plurality of downwardly directed portions 27 which
      engage separate parts of the rim 28 of the broiler pan 21. Preferably,
      four sections 27 engage separate corner portions of the broiler pan 21.
PAR  Referring to FIG. 2, the range 10 has a generally rectangular top 29 having
      four spaced holes 30 located above the gas burners 31. A main gas line or
      gas manifold 32 extends side to side in the front area under the top 29 in
      front of the burners. The gas distribution from the manifold 32 supplies
      gas direct to the burners 31. As shown in FIG. 1, burner controls 34 and
      pilot light control 36 are mounted on the front of the range above the
      door 17. Controls 34 are operable to control the supply of gas to the
      burners 31. In similar manner, control 36 is operable to control the
      supply or gas to the pilot light burner 35, and the oven burner.
PAR  Referring to FIG. 4, pilot light burner 35 is located below the top 29.
      Pilot light burner 35 is connected to gas supply line 37. Flame 38 is
      operable to light the gas supply to the cooking burners 31. Pilot light
      burner 35 is mounted on a fixed frame 39. The frame 39 has a transverse
      platform 41. A fastener 42 attaches the pilot light burner 35 to the
      center portion of platform 41. A generally cup shaped housing 43 mounted
      on the fastener 42 surrounds the burner 35 and flame 38. Housing 43 has an
      open top and side openings permitting air to flow through the housing. A
      plurality of feeder pipes 44 mounted on the housing 43 extend to the
      cooking burners 31. The ends of the pipes 44 are open to the interior of
      the housing 43 so that gas carried by the pipes will flow into the housing
      43. The flame 38 will ignite the gas thereby light the cooking burners 31.
PAR  A top hold down and pilot flash tube assembly indicated generally at 46 is
      mounted on the top 29 directly above the pilot burner 35. As shown in FIG.
      2, the assembly 46 is located in the center portion of the top 29. In use
      assembly 46 functions to lock down the top 29 so that it cannot be
      inadvertently moved from the housing of the range or rattled during the
      movement of the range or vehicle carrying the range. Assembly 46 also
      contains a passage 48 leading to the area above the pilot burner 35
      whereby the pilot light can be ignited from the top of the range.
PAR  Returning to FIG. 4, hold down and pilot flash tube assembly 46 has a
      downwardly directed tubular body 47 having a longitudinal passage 48. The
      bottom end 49 of the passage 48 is open and in vertical alignment with the
      flame 38. The top of the body 47 has a cap 51. The cap 51 has a plurality
      of lateral holes 52 which connect the passage 48 to the outside
      atmosphere. The pilot light burner 35 can be lit with the use of the flame
      held adjacent to the outside of holes 52 since the gas from the pilot
      light burner will move upwardly through passage 48. The igniting gas will
      burn the gas in passage 48 and thereby establish the flame 38.
PAR  The upper part of body 47 has an outwardly directed head 53. Head 53 has
      shoulders 54 which face the top 29. The top 29 has a hole 57 for
      accommodating the central portion of body 47. Body 47 extends through a
      larger hole 58 in the top member 59 of the frame 39. Member 59 has an
      annular flange 60 surrounding hole 58. A ring 61 is mounted on the lower
      portion of body 47. Ring 61 has a pair of diametrically opposed inclined
      ends 62 accommodating ends of a transverse pin 63. Pin 63 extends through
      transverse aligned holes 64 in the lower end of body 47 so that pin 63
      will rotate with the body 47. Pin 63 has a central cut out 65 having a
      length slightly longer than the outside diameter of body 57 whereby the
      pin 63 has stop edges 66 engageable with portions of body 47 to prevent
      the pin from drifting out of the hole 64. A resilient collar or sleeve 67
      is located between the ring 61 and the bottom of top 29. The sleeve 67 can
      be a resilient rubber or plastic member that expands when compressed. The
      sleeve 67 is concentrically positioned on the tubular body 47 and extends
      through the hole 58. The ring 61 has a plurality of upwardly extended ribs
      or projection members 68 which engage the lower surface of washer 67 to
      prevent the rotation of ring 61 along with the rotation of the body 47.
      FIG. 5 shows the preferred shape of the ribs 68 on the upper surface of
      the ring 61. As shown in FIG. 6 and 7, inclined end 62 has a helical shape
      so that the ring 61 will longitudinally slide on body 47 when the body is
      rotated relative to ring 61. End 62 is a camming surface in engagement
      with the ends of pin 63. FIG. 6 shows the ring 61 is the release position
      with pin 63 in deep pockets 69 of end 62. The sleeve 67 has a generally
      cylindrical shape and size to freely extend through holes 57 and 58. The
      top 29 can be removed from the range housing when the sleeve 67 is in its
      elongated release position.
PAR  FIG. 7 shows ring 61 in the hold position. Pin 63 has been rotated by
      turning body 47. The ends of pin 63 move along camming surface 62 from
      pocket 69 to holding recess 71. Ring 61 slides axially toward head 53
      compressing sleeve 67. Sleeve 67 expands around flange 60. Top 29 is then
      clamped between washer 56 and the top of sleeve 67.
PAR  In use, the top hold down and pilot flash tube assembly 46 functions to
      releasably attach the top 29 in a fixed manner to the fixed frame 39. The
      resilient sleeve 67 is compressed and expanded about the annular flange or
      edge 60 of top member 59 forming the hole 58. The upper portion of the
      sleeve 67 expands between top 29 and support 59 to space the top 29 from
      the support 59 and resiliently cushion the top 29. The mid portion of the
      resilient sleeve 67 extends around the lower side of support 59 thereby
      releasably attach the resilient sleeve 67 to the support 59. The
      compression of the sleeve 67 is accomplished by the rotation of the body
      47. The head 53 is used to manually rotate the body 47. The rotation of
      the body 47 will turn the pin 63 relative to the inclined end or camming
      surface 62. This will longitudinally move the nut relative to the body 47
      thereby squeeze or clamp the resilient sleeve 67 up against the top 29.
      The passage 48 in the tubular body 47 remains open and in alignment with
      the pilot light burner 35. The pilot light 37 can be ignited with a
      conventional match from the above of the top 29.
PAR  While there has been shown and described a preferred embodiment of the
      invention, it is understood that changes in the size, number, and location
      of the hold down and pilot flash tube assembly may be made by those
      skilled in the art without departing from the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An apparatus for holding a top of a gas range having a pilot light
      burner comprising: a stationary frame located adjacent to the pilot
      burner, a releasable holding apparatus connecting the top to the frame,
      said holding apparatus having a passage open above the top and open
      adjacent to the pilot burner whereby the pilot burner can be lit with a
      flame from above the top.
NUM  2.
PAR  2. The apparatus of claim 1 wherein: the holding apparatus includes a first
      member projected through a hole in the top, a second member movable
      relative to the first member, an expandable member associated with the
      first member and second member, and means for moving said expandable
      member into a holding engagement with the stationary frame in response to
      relative movement between the first member and second member.
NUM  3.
PAR  3. The apparatus of claim 2 wherein: the means for moving said expandable
      member includes inclined surface means on the second member and means on
      the first member engageable with the surface means whereby rotation of the
      first member will move the second member to expand the expandable member.
NUM  4.
PAR  4. The apparatus of claim 3 wherein: the means on the first member is a pin
      having ends engageable with the inclined surface means.
NUM  5.
PAR  5. The apparatus of claim 2 wherein: the first member has a tubular body
      projected through said hole in the top and a hole in the frame, said
      second member being a ring member located about said body, said expandable
      member being a resilient sleeve located around the body.
NUM  6.
PAR  6. The apparatus of claim 2 wherein: the means for moving the expandable
      member includes inclined surface means on the second member and a pin
      engageable with the inclined surface means on the first member.
NUM  7.
PAR  7. The apparatus of claim 1 wherein: said frame has a portion located below
      and generally parallel to the top, said portion having a hole aligned with
      a hole in the top, said holding apparatus having a portion extended
      through said holes and said expandable member extended through the hole in
      the portion of the frame.
NUM  8.
PAR  8. The apparatus of claim 1 wherein: the holding apparatus includes a
      tubular body projected through a hole in the top, a head attached to the
      body, and extended over a part of the top, ring means surrounding said
      body, said ring means having an inclined camming surface, pin means
      carried by the body and engageable with the camming surface, an expandable
      sleeve surrounding the body between the ring means and head, said sleeve
      adapted to expand into holding engagement with the stationary frame and
      clamp the top between the head and sleeve when the pin means is rotated
      relative to the ring means.
NUM  9.
PAR  9. The apparatus of claim 8 including: recesses in the ring means
      accommodating the pin means when the sleeve has been expanded.
NUM  10.
PAR  10. An apparatus for holding a top of a range on a stationary member, said
      top and stationary member having aligned holes comprising: a first member
      having a body extended through said holes and a head extended over a part
      of the top, a second member moveable relative to the first member, an
      expandable member extended through said hole in the stationary member
      associated with the first member and second member, and means for
      expanding said expandable member into holding engagement with the
      stationary member and clamping the top between the head and expandable
      member in response to relative movement between the first member and
      second member.
NUM  11.
PAR  11. The apparatus of claim 10 wherein: the means for moving the expandable
      member includes surface means on the second member and means on the first
      member engageable with the surface means whereby rotation of the first
      member will move the second member to expand the expandable member.
NUM  12.
PAR  12. The apparatus of claim 11 wherein: the means on the first member is a
      pin having an end engageable with the inclined surface means.
NUM  13.
PAR  13. The apparatus of claim 10 wherein: the expandable member is a resilient
      sleeve located about the body.
NUM  14.
PAR  14. The apparatus of claim 10 wherein: the second member is a ring member
      having inclined surface means forming part of the means for expanding said
      expandable member.
NUM  15.
PAR  15. The apparatus of claim 10 wherein: the means for expanding the
      expandable member includes inclined surface means on second member and a
      pin carried by the first member and engageable with the inclined surface
      means whereby rotation of the first member will move the second member and
      expand the expandable member into holding engagement with the stationary
      member.
NUM  16.
PAR  16. An apparatus for holding a first member on a second stationary member,
      said members having aligned holes comprising: first means having a body
      extended through said holes and a head extended over parts of the first
      member, second means moveable relative to the first means, expandable
      means extended through said hole in the stationary member associated with
      the first means and second means, and third means for expanding said
      expandable means into holding engagement with the stationary member and
      clamping the first member between the head and the expandable means in
      response to relative movement between the first means and second means,
      said third means including inclined surface means on the second means, and
      means on the first means engageable with the surface means whereby
      rotation of the first means will move the second means to expand the
      expandable means.
NUM  17.
PAR  17. The apparatus of claim 16 wherein: the means on the first means is a
      pin having an end engageable with the inclined surface means.
NUM  18.
PAR  18. The apparatus of claim 16 wherein: the expandable means is a resilient
      sleeve located about the first means.
NUM  19.
PAR  19. The apparatus of claim 16 wherein: the second means is a ring member
      having inclined surface means forming part of the third means for
      expanding said expandable means.
NUM  20.
PAR  20. The apparatus of claim 16 wherein: the body of the first means has an
      axial passage extended through the body.
NUM  21.
PAR  21. The apparatus of claim 16 wherein: the second means has recess means
      open to the inclined surface means for accommodating a portion of the
      means on the first means engageable with the surface means to hold the
      expandable means in its expanded position.
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ABST
PAL  A solar collection system is disclosed wherein first and second solar
      collectors of the fluid circulating type are supported by opposite sides
      of a mounting member having a recess for receiving a substructure. A
      header on one collector is coupled to a header on an adjacent collector by
      way of a flexible conduit extending through openings in the mounting
      member. The system is designed so that minimum assembly is required at the
      job site.
BSUM
PAC  BACKGROUND
PAR  A large number of solar collection systems have been proposed heretofore. A
      major deterent to installation of solar collection systems is the
      installation and maintenance. Thus, solar collection systems proposed
      heretofore are structurally interrelated in a manner so as to require a
      substantial amount of labor in site during installation and result in a
      system which is difficult to maintain.
PAR  The present invention is directed to a solar collection system having a
      collector mounting member provided with a recess on one side for receiving
      a substructure. At least one solar collector is positioned on opposite
      sides of said mounting member. Each of said collectors is partially
      supported by the mounting member. Each collector has an inlet header and
      an outlet header interconnected by fluid passages.
PAR  A flexible conduit is coupled at one end to a header on one collector and
      at its other end to a header on the other collector. Hence, the fluid
      passages of one collector communicate with the fluid passages in a
      collector on the opposite side of the mounting member by way of the
      flexible conduit. The mounting member has openings at a location above the
      recess through which the flexible conduit extends. At least one
      transparent layer is supported by the end of the mounting member remote
      from the recess.
PAR  In the preferred embodiment, the components of the system are prefabricated
      at the factory. The flexible conduit has quick release clamps so that it
      may be rapidly interconnected with headers associated with different solar
      collectors. Hence, the entire system may be rapidly installed with minimum
      labor and no cutting of pipes, fitting of joints, and the like.
PAR  It is an object of the present invention to provide a novel solar collector
      system.
PAR  It is an object of the present invention to provide a solar collective
      system which may be prefabricated and capable of being rapidly installed
      with minimum labor.
PAR  It is another object of the present invention to provide a novel mounting
      member for use in a solar collector system.
PAR  Other objects will appear hereinafter.
DRWD
PAR   For the purpose of illustrating the invention, there is shown in the
      drawings a form which is presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
PAR  FIG. 1 is a sectional view through a roof embodying the solar collector
      system of the present invention.
PAR  FIG. 2 is a sectional view taken along the line 2--2 in FIG. 1.
PAR  FIG. 3 is a perspective view of a solar collector.
PAR  FIG. 4 is a sectional view of an alternative gasket mounting strip.
DETD
PAR  Referring to the drawing in detail, wherein like numerals indicate like
      elements, there is shown in FIG. 1 a solar collector system in accordance
      with the present invention designated generally as 10. The system 10 is
      designed to provide efficient, dependable space heating and domestic hot
      water heating with ease of installation and maintenance at reasonable
      costs. The system 10 is part of the roof of an edifice. In a preferred
      embodiment, the system 10 as shown in FIG. 1 is inclined at an acute angle
      with respect to the horizontal, such as 45.degree..
PAR  The system 10 includes the substructure 12 and 14 of a roof such as
      rafters, I-beams, etc. Between adjacent substructures, there is provided
      one or more of the solar collectors 16, 18, 20. A mounting member 22 is
      provided for the substructure 12 and a mounting member 24 is provided for
      the substructure 14. The mounting members 22 and 24 cooperate with each
      other to support the solar collector 16 disposed therebetween. Thus, each
      mounting member partially supports a solar collector on opposite sides
      thereof.
PAR  A mounting member is provided for each substructure. The distance between
      adjacent substructures may be varied as desired. I prefer to space the
      substructures 12 and 14 so that they are about 32 inches on center.
PAR  The mounting members 22 and 24 are identical. Only mounting member 22 will
      be described in detail with corresponding primed numerals being provided
      on the mounting member 24. Mounting member 22 is preferably extruded from
      a lightweight noncorrosive metal such as aluminum. Mounting member 22 has
      parallel longitudinally extending side walls 26, 28 and a top wall 30
      extending therebetween. The top wall 30 is provided with a recessed
      channel 32 extending along the length thereof.
PAR  The mounting member 22 has intermediate walls 34 and 36 extending towards
      each other from the side walls 26, 28 respectively at approximately the
      midpoint of the height of the side walls 26, 28. The walls 26, 28, 34, 36
      cooperate to define a recess on one side of the mounting member 22 for
      receiving substructure 12. At the free ends of the side walls 26 and 28,
      there are provided outwardly extending flanges 38, 40 respectively. Also,
      outwardly extending flanges 42, 44 are provided on the side walls 26 and
      28, respectively, adjacent to the top wall 30. The flanges 42, 44 are
      shorter than the flanges 38, 40 as shown in FIG. 1.
PAR  Each of the solar collectors 16, 18, 20 is identical. Hence, only solar
      collector 16 will be described in detail. Solar collector 16 includes a
      layer of insulation 48 provided on its lower surface with a sheet 46 which
      is a vapor barrier. The sheet 46 is sealed to the flanges 40, 40' by any
      suitable material such as putty 47. The layer of insulation 48 may be any
      suitable material but preferably is lightweight rigid insulation such as
      Fiberglass having a thickness of about 2 inches.
PAR  A tube sheet 50 of the fluid circulating type overlies and is supported by
      the layer of insulation 48. Tube sheet 50 has a plurality of
      longitudinally extending parallel flow passages 52 and is made from a
      lightweight noncorrosive material such as aluminum. The width and spacing
      of the flow passages 52 may be varied as desired. I prefer to use flow
      passages which are 21/2 inches on center. The upper or outward surface of
      the tube sheet 50 is preferably coated with a black heat absorbing paint
      or equivalent. In order that the tube sheet 50 may be supported by the
      layer of insulation 48, the latter is preferably rigid and precut.
PAR  The tube sheet 50 may be a fluid circulating expanded metal honeycomb type
      panel prefabricated to have an inlet header 54 at one end and an outlet
      header 56 at the other end. See FIG. 3. The header 54 communicates with an
      inlet manifold 58. The header 56 communicates with an outlet manifold 60.
      One header on the tube sheet 50 communicates with a header on the tube
      sheet associated with solar collector 20 by way of a flexible conduit 62.
PAR  The flexible conduit 62 is provided with quick release hose clamps 63 on
      each end. One end of conduit 62 is connected to the manifold 58 while the
      other end of the conduit 62 is connected to the manifold 64. See FIG. 2.
PAR  The mounting member 22 is prefabricated so as to accommodate the flexible
      conduit 62. See FIGS. 1 and 2, wherein the side walls 26, 28 are provided
      with openings 66, 68 respectively at an elevation above the elevation of
      the flanges 34, 36 and below the channel 32. Conduit 62 may interconnect
      one inlet header with another or one inlet header with an outlet header on
      the adjacent tube sheet.
PAR  An inner layer of transparent material 70 is supported by the flanges 44,
      42'. See FIG. 1. A seal 72 is provided between said flanges and the inner
      layer 70 while a seal 74 is provided between side wall 28 and the side
      edge of layer 70. Layer 70 is preferably a sheet of 1/8 inch thick double
      strength glass having an integrated transmisivity of about 87% or more.
      The seals 72, 74 provide a pressure seal between the layer 70 and the
      mounting member 22. A similar seal is provided in conjunction with the
      mounting member 24. The upper surface of layer 70 is substantially flush
      with the upper surface of top wall 30.
PAR  An outer layer of transparent material 76 is provided above and spaced from
      the layer 70. Layer 76 is preferably a layer of 3/16 inch thick rolled
      water-white crystal glass with an integrated transmissivity of at least
      90.5%. Opposite side edges of layer 76 are supported by gasket mounting
      strips 78, 78' of resilient material such as neoprene rubber.
PAR  The gasket mounting strip 78 is provided with slots on opposite sides
      thereof for receiving the side edge portion of the layer 76 to provide a
      water tight seal. Strip 78' is provided with a similar slot 80'. The
      strips 78, 78' are provided with a longitudinally extending spline or
      tongue 82, 82'. The tongues are forece-fit into their respective channels
      on the top wall of their respective mounting members. It will be noted
      that member 78 has a flat bottom surface which engages the upper surface
      of the top wall 30 on opposite sides of the channel 32.
PAR  In FIG. 4, there is illustrated an alternative mounting strip 88. Member
      22' is identical with member 22 except as will be made clear hereinafter.
      Strip 88 is preferably made from a noncorrosive material such as aluminum
      with outwardly extending flanges overlying the adjacent edges of a
      transparent layer of plastic 98 which is UV stable. Heat resistant glazing
      tape 90 on the top wall 92 of mounting member 22' supports each layer 98.
      Channel 93 is narrower than channel 32. A self tapping threaded bolt 94
      cooperates with the channel 93 at spaced points therealong to retain strip
      88 in place. Strip 88 holds each layer 98 against and sealed to the tape
      90. Channel 93 does not interfere with the ability to insert a conduit
      through openings 96, 97. Flanges 95 may be provided as illustrated so as
      to extend upwardly from wall 92 between adjacent edges of layers of
      plastic 98. The mounting of strip 88 permits use of layers 98 in a range
      of thicknesses with the preferred range being .025-.040 inches.
PAR  The components of the system as described above are prefabricated and
      shipped to the installation site. The mounting members, such as members
      22, 24 are installed on the substructures. Thus, a substructure is
      received within the recess on each mounting member. Each mounting member
      is bolted or otherwise secured to the substructure by way of predrilled
      holes in the mounting member.
PAR  The layer of rigid insulation 48, and the support sheet 46 integral
      therewith, is then positioned between the flanges 40, 40' and secured in
      sealing relation therewith. The tube sheet 50 is positioned over the layer
      48. Thereafter, the flexible conduit 62 is inserted through the opening
      66, 68 and releasably connected to the manifolds on opposite sides of the
      member 22. The inner layer of glass 70 is positioned and sealed to the
      flanges 44, 42' with heat insulating sealing materials. Thereafter, the
      strips 78, 78' with the layer of glass 76 therebetween are force-fit into
      position to provide a water tight seal with the tongues thereon
      frictionally held within their respective channels. Alternatively, the
      strips are attached to their channels by way of a bolt 94 as shown in FIG.
      4.
PAR  The inlet manifolds are coupled in series with the outlet of a pump which
      circulates a liquid such as water through the panels. Likewise, the outlet
      manifolds are connected in series with the heat exchanger of the heating
      system for the edifice.
PAR  A typical installation of the system of the present invention may be as
      follows. The collector system 10 would have about 700 square feet, would
      be orientated due south at a tilt of 45.degree. on a residential building
      in the northeastern portion of the United States. Such building would have
      a space of 1750 square feet with a space heating load of 20,000 BTU/degree
      day and a domestic hot water consumption of 80 gallons per day. The system
      10 would provide the entire heating load for the building except for the
      months of November-March during which the system 10 would provide
      approximately 60% of the heating load. During the months of
      November-March, auxiliary heating would be utilized to supplement system
      10.
PAR  It will be noted that during installation, no cutting or fitting of pipes
      or joints are required other than the attaching of flexible conduits 62
      which have quick release clamps on their ends. Due to the location of
      conduit 62, it does not need any insulation. Thus, installation may be
      accomplished in a rapid manner with minimum skilled labor.
PAR  The mounting members are versatile in their construction so that they may
      be coupled to a variety of different substructure. In the illustrated
      embodiment the mounting members 22, 24 are shown with substructure
      received in the recesses on said members. Other arrangements of
      substructure are adapted for use with the present invention. The flanges
      38, 40 could rest on the upper surface of substructure which is too wide
      to enter into the recess on member 22. Thus, the substructure can be a
      planar surface or transverse beams. The flanges 38, 40 are predrilled so
      that a bolt or screw can secure the flanges to substructure which cannot
      be accommodated in the recess on member 22.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I Claim:
NUM  1.
PAR  1. A solar collector system comprising a rigid mounting member having a
      recess on one side for receiving a substructure, first and second solar
      collectors, said collectors being on opposite sides of said member and
      partially supported by said member, each collector having an inlet header
      and an outlet header interconnected by fluid passages, a conduit coupled
      at one end to a header of said first collector and coupled at its other
      end to a header of said second collector, said mounting member having
      openings at a location above said recess, said conduit extending through
      said openings, and at least one layer of transparent material above each
      collector partially supported by and sealed with respect to the end
      portion of said mounting member which is remote from said recess.
NUM  2.
PAR  2. A system in accordance with claim 1 wherein said conduit is flexible,
      said mounting member being generally U-shaped with its open end extending
      downwardly to define the width of said recess, said end portion including
      a top wall, the depth of the recess being defined by an intermediate wall
      parallel to said top wall and closer to the open end of said member as
      compared with said openings.
NUM  3.
PAR  3. A system in accordance with claim 2 wherein said top wall is provided
      with a depending channel, said transparent layer being maintained in
      position by a gasket mounting strip having a portion extending into said
      channel.
NUM  4.
PAR  4. A system in accordance with claim 3 including a second layer of
      transparent material partially supported by said member at an elevation
      below and spaced from said first layer of transparent material.
NUM  5.
PAR  5. A system in accordance with claim 2 wherein said intermediate wall
      includes first and second wall portions extending toward each other from
      the side walls of said mounting member.
NUM  6.
PAR  6. A system in accordance with claim 1 including a second mounting member
      like and parallel to said first mounting member, said mounting members
      supporting opposite side edges of one of said collectors disposed
      therebetween, said mounting members supporting opposite side edge portions
      of said layer of transparent material.
NUM  7.
PAR  7. A system in accordance with claim 6 wherein said first and second
      mounting members have flanges extending towards each other, a rigid layer
      of insulation material supported by and sealed to said flanges, said one
      collector being supported by said layer of insulation material.
NUM  8.
PAR  8. A system in accordance with claim 7 wherein said mounting members have
      flanges extending towards each other and located adjacent said end
      portion, a second layer of transparent material supported by said last
      mentioned flanges and sealed with respect thereto in overlying relation
      with respect to said one collector, said second layer of transparent
      material being at an elevation below and spaced from said first layer of
      transparent material.
NUM  9.
PAR  9. A system in accordance with claim 3 wherein said gasket strip is
      resilient and said portion thereof is force-fit into said channel.
NUM  10.
PAR  10. A system in accordance with claim 3 wherein said gasket strip portion
      is a threaded member.
NUM  11.
PAR  11. A solar collector system comprising first and second mounting members
      having a recess on one side for receiving a substructure, each mounting
      member being generally U-shaped with its open end and extending downwardly
      to at least partially define said recess, the depth of the recess being
      defined by an intermediate wall, said members having a top wall, said top
      walls having a depending channel, each member having a flange adjacent the
      entrance of its recess, a solar collector supported on one side of a rigid
      layer of insulation, a vapor barrier on the opposite side of said layer
      supported by and sealed to said flanges on said members, said solar
      collector having an inlet header and an outlet header interconnected by
      fluid passages, at least one layer of transparent material overlying said
      solar collector while being supported by and sealed with respect to the
      top wall of said mounting members, said transparent layer being supported
      at opposite sides by said top walls by means of a discrete gasket mounting
      strip having a portion partially extending into its respective channel, a
      second layer of transparent material having opposite sides supported by
      said members at an elevation below and spaced from said first layer of
      transparent material but above said solar collector, and at least one of
      said members having passage means through which a conduit may extend to
      one of said headers.
NUM  12.
PAR  12. An article of manufacture for use in a solar collector system for
      supporting adjacent solar collector panels and at least one overlying
      sheet of transparent material from substructure comprising a rigid
      inverted U-shaped member having side walls interconnected by a top wall,
      outwardly directed flanges at the free end of said side walls, a channel
      extending inwardly from said top wall, an intermediate wall cooperating
      with at least one of the side walls to define a recess for receiving a
      portion of substructure, each side wall having an opening at a location
      between said intermediate wall and said channel for receiving a conduit
      adapted to extend therethrough.
NUM  13.
PAR  13. An article of manufacture in accordance with claim 12 including
      outwardly extending flanges on said side walls adjacent said top wall,
      said last mentioned flanges being shorter than said first mentioned
      flanges at the free ends of said side walls.
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ABST
PAL  A heat storage device of simple design and compact dimensions is disclosed.
      The device uses a heat storage medium which contracts upon melting and
      which has a melting point high enough to be of use in connection with
      conventional, nuclear, and solar power plants.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is concerned with devices for the storage of energy,
      especially of energy available in the form of heat.
PAR  2. Description of the Prior Art
PAR  The need for energy storage arises in a variety of contexts and on a
      variety of scales. For example, the problem arises on a small scale with
      artificial satellites depending on solar energy. Unless equipped with an
      energy storage device the satellite is without power whenever it is in
      darkness. On a larger scale, the problem arises with conventional or
      nuclear power plants. Since such plants are most economically operated at
      a constant power level, an energy storage device is needed to store energy
      when demand is low and to release energy when demand is high. One approach
      in current use is based on converting the energy to be stored into
      gravitational energy by pumping water into an elevated reservoir when
      excess energy is available and to use the water to drive a hydroelectric
      power plant when energy is needed.
PAR  An example of such an installation is the storage facility at Ludington,
      Michigan whose pumps and generators are connected to Michigan's network of
      power lines. However, due to the need for large tracts of land of suitable
      topographic situation, this method for storing energy cannot be expected
      to find wide application.
PAR  Another approach currently being studied is based on storing heat directly
      in the form of latent heat of fusion of a material at its melting point.
      For this purpose R. J. Hanold et al, in U.S. Pat. No. 3,029,596, advocate
      the use of lithium salts such as lithium hydride, lithium hydroxide and
      lithium fluoride. Energy to be stored in the heat reservoir causes some of
      the solid phase material to melt and energy withdrawn causes some of the
      liquid phase material to solidify. The selection of any specific material
      has to be based on its melting point, which ideally should be slightly
      below the temperature at which heat to be stored is available.
      Furthermore, for the sake of compactness of the device, the specific heat
      of fusion of the material should be high. Furthermore, since a high heat
      of fusion typically goes together with a high melting point, elevated
      operating temperatures are desirable.
PAR  Heat storage devices based on salts such as the lithium compounds mentioned
      above are much less space consuming than water reservoirs; however,
      certain difficulties arise with the placement of the heat exchanger out of
      the fact that the liquid phase of such materials is lighter than the solid
      phase. It is desirable to effect the exchange of heat between the heat
      storage medium and the heat source on the one hand, and the heat storage
      medium and the heat sink on the other, by a compact heat exchanging device
      in contact with a horizontal layer of the heat storage medium. However,
      when a salt eutectic is used as heat storage medium, the placement of the
      heat exchanger poses a dilemma. Specifically, placing the heat exchanger
      at the bottom of the reservoir, that is, at least partly inside the solid
      phase of the storage material, leads to a low rate of heat transfer and to
      mechanical stress during change of phase. Conversely, placing the heat
      exchanger at the top of the reservoir causes the insertion of heat to be
      impaired by lack of convection because the heat exchanger is in contact
      with the warmest layer of the heat storage medium. Even if the heat
      exchanger were raised and lowered in the liquid phase material depending
      on whether heat was to be withdrawn or inserted, convection in the liquid
      phase would counteract rather than promote the exchange of heat between
      the liquid phase and the solid phase.
PAC  SUMMARY OF THE INVENTION
PAR  The use of a storage medium whose density in its liquid phase exceeds the
      density in its solid phase allows the design of simple and efficient heat
      storage devices. Media with a melting point above 100 degrees C and a high
      heat of fusion are disclosed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing schematically shows a cross-section of an energy storage device
      which uses an approximately eutectic mixture consisting essentially of
      germanium and sulfur as heat storage medium.
DETD
PAC  DETAILED DESCRIPTION
PAR  1. The Figure
PAR  The Figure shows reservoir 1 with heat exchanger 2 and containing an
      approximately eutectic mixture consisting of germanium and sulfur whose
      liquid phase 3 is of a density greater than that of its solid phase 4.
PAR  2. The Mechanism
PAR  A material whose liquid phase is of greater density than its solid phase,
      when heated in a reservoir to its melting point, exhibits a layering of
      phases with the liquid phase at the bottom of the reservoir. The use of
      such a material as an energy storage medium circumvents the difficulties
      arising out of the use of salt eutectics. Specifically, the heat exchange
      apparatus can be conveniently placed at the bottom of the reservoir where
      it stays in contact with the liquid phase. Heat is entered into the device
      through the heat exchange apparatus and causes some of the solid phase
      material to melt. Conversely, energy is released through the heat
      exchanger when some of the liquid phase material solidifies. Heat transfer
      in both directions is aided by convection that is, by the transport of
      mass. Specifically, heat entered causes liquid material at the bottom of
      the reservoir to rise to the liquid-solid interface. Conversely, when heat
      is withdrawn, a solid phase is formed at the heat exchanger and floats to
      the liquid-solid interface. If necessary, build-up of solid material at
      the heat exchanger during extraction of heat is prevented by occasional
      insertion of a small amount of heat to cause the formation of a liquid
      phase at the surface of the heat exchanger in order to break the adhesive
      bond between the heat exchanger and the solid phase.
PAR  Selection of a specific heat storage medium is essentially dependent on the
      temperature at which heat is to be stored. In order to assure an
      essentially constant temperature, the use of substances with a
      well-defined melting point is indicated. Therefore, chemical elements and
      compounds and eutectic mixtures are of primary interest. However, the use
      of near-eutectic mixtures can be used to advantage in order to ensure the
      presence of a liquid phase at the heat exchanger to inhibit solid phase
      build-up during heat extraction.
PAR  For the sake of compactness of the heat storage device, a high heat of
      fusion is desirable and, in the interest of an efficient heat exchange,
      the medium in its liquid phase should have a high heat conductivity. One
      class of materials from which suitable media can be selected consists of
      those materials which are tetrahedrally coordinated in their solid state
      and metallic in their liquid state. Examples of such materials are
      germanium with a melting point of 937.degree. C and a heat of fusion of
      651 cal/cm.sup.3, and silicon with a melting point of 1412.degree. C and a
      heat of fusion of 998 cal/cm.sup.3. Further, materials falling in this
      class are AlSb, GaAs, GaSb, InSb, BP, AlP, GaP, InP, AlN, CdSnP.sub.2,
      CdSnSb.sub.2, CdGeSb.sub.2, CdGeAs.sub.2, CdGeP.sub.2, and ZnSiP.sub.2.
PAR  Existing conventional power plants typically use steam turbines driven by
      super-heated steam at a temperature from 550.degree.-600.degree. C. At
      such a temperature the eutectic mixture of 40 percent germanium and 60
      percent sulfur is particularly suitable for heat storage because it has a
      eutectic temperature of 590.degree. C. In its solid phase this material
      has a consistency similar to soap flakes, a consistency which prevents the
      material from sticking to the heat exchanger.
PAR  An undesirable tendency of this material towards the formation of a glassy
      phase is easily counteracted by the addition of small amounts of Ca, Sr,
      Ba, Mg, Sn, or Bi. In fact, commercially available, inexpensive raw
      materials typically contain amounts of some of these elements as
      impurities sufficient to prevent glass formation.
PAR  At a considerably higher temperature elemental germanium may become of
      practical interest. In fact, a nuclear power plant operating at
      1000.degree. C, i.e., at a temperature slightly below the melting point of
      germanium, is in operation at Juelich, Germany.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Heat storage device comprising a reservoir containing a heat storage
      medium, means for inserting and extracting heat from said medium,
      characterized in that
PA1  1. said medium is a material whose density in its liquid phase exceeds that
      in its solid phase,
PA1  2. said material has a range of melting temperatures above 100.degree. C
      and
PA1  3. said means for inserting and extracting heat are placed in proximity of
      the lower end of said reservoir.
NUM  2.
PAR  2. Device of claim 1 in which said medium is a chemical compound.
NUM  3.
PAR  3. Device of claim 2 in which said chemical compound is tetrahedrally
      coordinated in its solid phase and metallic in its liquid phase.
NUM  4.
PAR  4. Device of claim 3 in which said chemical compound is selected from the
      group consisting of AlSb, GaAs, GaSb, InSb, BP, AlP, GaP, InP, AlN,
      CdSnP.sub.2, CdSnSb.sub.2, CdGeSb.sub.2, CdGeAs.sub.2, CdGeP.sub.2, and
      ZnSiP.sub.2.
NUM  5.
PAR  5. Device of claim 1 in which said medium is a chemical element.
NUM  6.
PAR  6. Device of claim 5 in which said chemical element is selected from the
      group consisting of Bi, Ge, and Si.
NUM  7.
PAR  7. Device of claim 1 in which said medium is an approximate eutectic
      mixture of at least two media which have an ordered structure in their
      solid phase.
NUM  8.
PAR  8. Device of claim 7 in which said approximate eutectic mixture is
      essentially a mixture of Ge and S.
NUM  9.
PAR  9. Device of claim 8 in which said approximate eutectic mixture contains a
      total of up to 10 percent by weight of at least one element selected from
      the group consisting of Ca, Sr, Ba, Mg, Sn, and Bi.
NUM  10.
PAR  10. Device of claim 1 in which said material has a range of melting
      temperatures above 500.degree. C and a specific heat of fusion of at least
      300 cal/cm.sup.3.
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ABST
PAL  A condensor lid assembly for fitting on top of a pot containing boiling
      water which condenses the water vapor, and channels the distilled water to
      a dispensing outlet. The assembly consists of a conical lid which fits
      over a circular rim in the form of a U-shaped channel that rests on a
      conventional pot. An outlet tube is mounted in the side of the rim
      channel.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a condensor lid assembly which may be readily
      mounted on the open top of a pot of boiling water for production of
      distilled water.
PAR  The assembly consists of a removable conical shaped condensor lid which
      rests on a circular rim formed of a U-shaped channel in which the
      distilled water collects after it condenses on the inside surface of the
      lid. An outlet tube is mounted in an external wall of the rim for guiding
      the distilled water into a collection bottle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is an exploded perspective view of the condenser lid and circular
      channel rim;
PAR  FIG. 2 is a fragmentary plan view of the circular channel rim;
PAR  FIG. 3 is a side view of the assembly; and
PAR  FIG. 4 is a partial sectional view showing the invention in use.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-3
      illustrate the condensor lid assembly 10 which consists of a conical
      shaped lid 30 preferably formed of glass or metal fitted with projecting
      legs 11 that rest in the circular groove 31 of a size to fit on top of an
      open pot 20.
PAR  The lid 30 is fitted with an external control knob 14.
PAR  Circular rim unit 12 is shaped with two concentric circular walls 32 that
      join a common rim bottom 33. An outlet tube 13 is fitted on one external
      rim wall 32 for leading distilled water 35 collected in the groove 31,
      formed by walls 32, into a collection bottle 24.
PAR  In use, the assembly 10 is mounted on top of an open pot 20 containing
      boiling water 21. The water vapor 22 rises and condenses against the inner
      surface of the air-cooled lid 30 forming droplets 23 that adhere to the
      inner surface 36 of the lid 30 and flow down into the periphery of the lid
      30, dropping off into the circular rim groove 31.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A condenser lid assembly for condensing and collecting distilled water
      when placed on top of a pot containing boiling water comprising
PA1  A lid, and
PA1  A circular collection rim unit, which may be rested upon the top of an open
      pot, said rim unit shaped with a pair of concentric walls joined to a
      common circular bottom section so as to form a circular groove open to the
      top, with the outer wall of the rim unit fitted with a spout that extends
      beyond the periphery of the rim unit for the purpose of draining collected
      condensed water, draining from the lid into the groove, out of said groove
      and away from a pot of boiling water upon which the assembly is rested.
NUM  2.
PAR  2. The combination as recited in claim 1 in which the lid is shaped in the
      form of a cone and fitted along its bottom periphery with means to seat in
      the groove of the rim unit.
NUM  3.
PAR  3. The combination as recited in claim 2 in which the groove of the rim
      unit is U-shaped.
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PAL  A multi-purpose syringe for extracting a body fluid, storing the fluid and
      being adapted to be employed as the test vial for centrifugation. The
      syringe includes a vial and at the forward end a nozzle which is
      threadedly connected for sealing purposes to a cap which has a spike
      extending into the passageway through which blood is drawn. A threaded end
      cover sealingly engages the rearward end of the vial and piston rod
      protrudes therethrough. The rod has at the forward end a piston head
      provided with a rearwardly extending sleeve which is placed into sealed
      locking engagement with the end cover after the specimen has been
      introduced or drawn into the vial. The combination of the cap at one end
      and the cover member at the other end provides a complete seal for the
      container. The piston rod has two portions which can be severed from each
      other.
BSUM
PAR  The present invention relates generally to syringes and, more particularly,
      to multi-purpose syringes for extracting body fluid, particularly blood
      specimen, and for storing the specimen within the syringe with the
      construction of the syringe being such that the same can be placed into a
      centrifuge for centrifugation of the blood specimen.
PAR  The difficulties and dangers encountered in this art are related to the
      handling of the syringe after the blood specimen or other body fluid has
      been extracted and is to be forwarded, for instance by mail, to another
      location for centrifugation. Conventionally, the blood in the vial is
      transferred to a shipping container which, in turn, is placed into the
      centrifuge mechanism. The transfer of the specimen from one container to
      another increases the possibility of contaminating the specimen which can
      have a distorting influence upon the analysis which is to be made, or,
      vice versa, the specimen can infect those who come in contact with it.
PAR  Additionally, the handling of the syringe filled with a liquid specimen
      presents problems with respect to proper sealing particularly since, at
      the present time, throw-away type syringes are very prevalent, and the
      seals are sometimes not very liquid-tight.
PAR  It is therefore the primary object of the present invention to provide a
      syringe which is constructed to perform the three functions, i.e., to
      extract the specimen, to store and ship the specimen within the same vial
      and to permit the vial to be used as a container which can be used for
      centrifugation.
PAR  Both ends of the syringe have liquid-tight integrity and after the specimen
      has been extracted a portion of the piston rod can be removed so that the
      container can be shipped or otherwise more readily handled without harm to
      any of the sealing components and environment.
PAR  It is another object of the present invention to provide a syringe in which
      the rearward end as well as the forward end are provided with double seals
      to preclude leakage.
PAR  It is a still further object of the present invention to provide a syringe
      of the type described in the preceding paragraph in which the piston rod
      can be shortened after the extraction of the blood has taken place.
PAR  These objects are accomplished and the present invention resides in
      providing a multi-purpose syringe for extracting blood, storing the blood,
      serving as a shipping container and being adapted to be placed into a
      centrifuge. The syringe includes a vial having a forward and a rearward
      opening in communication with the interior of the vial, a nozzle which
      encloses the forward opening and provides a passageway thereform and is
      adapted for receiving a conventional hypodermic needle when the syringe is
      to be utilized. A cap is detachably mountable on the nozzle for sealingly
      covering the nozzle and the passageway thereof. An end closure or cover is
      detachably secured to the rearward end of the vial to sealingly enclose
      the rear opening and includes a connecting arrangement which extends
      forwardly into the vial, i.e., in the direction of the nozzle. Finally,
      the syringe includes a longitudinally extending piston arrangement which
      projects a rod through the end closure into vial and terminates therein
      with a piston head. The piston head includes a rearwardly extending
      connecting arrangement for entering into a sealed mechanically torsional
      locking arrangement with the connecting arrangement of the end closure.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is had to the following description
      taken in connection with the accompanying drawings, and its scope will be
      pointed out in the appended claims.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a longitudinally extending cross sectional view, in part
      expanded, of the syringe in accordance with the present invention showing
      certain elements detached from the vial;
PAR  FIG. 1a is a longitudinal cross sectional view showing a modification of
      the piston arrangement;
PAR  FIG. 2 is a view similar to FIG. 1, however, showing the rearward closure
      cover in situ and the piston in actuating position;
PAR  FIG. 3 is a view similar to FIG. 1 showing the vial after portions of the
      plunger have been removed and both end elements have been placed in situ;
      and
PAR  FIG. 4 is again a view similar to FIG. 1, however, showing the vial with
      the end closure and piston removed and ready for use in a centrifuge.
DETD
PAR  Referring now to the drawings, there is shown a vial 10 comprising an
      elongated tubular member having a forward opening 12 and a rearward
      opening 14. The vial can be composed, conventionally, of plastic, glass or
      other material. Preferably, the vial 10 is constructed of plastic so that
      there is integrally formed thereon at the forward end a nozzle 16 which
      has a passageway 18 which extends from and is in direct communication with
      opening 12. The forward end of the passageway 18 is adapted for receiving
      a hypodermic needle (not shown) when the syringe is to be used for
      extracting a body fluid specimen, such as blood. For simplicity, the terms
      "body fluid specimen" and "blood" have been used interchangeably and no
      particular limitation is intended when one term or the other is used.
PAR  The rearward end opening 14 is covered by an end closure 20 formed of a
      double tube wall which is joined together rearwardly with the inner wall
      22 having an external thread 24 and the outer wall 26 having an internal
      thread 28. The end closure 20 is threadedly secured to the vial 10 by
      means of threads 30 provided externally on the vial 10 at the rearward end
      thereof. Extending axially through the closure 20 is a plunger or piston
      rod 32 having rod portions 32A and 32B, the rod portion 32B terminates
      with a piston head 34 whose radial circumference sealingly engages the
      inner wall of the vial. The piston head 34 includes, integrally, a tubular
      sleeve 36 which extends rearwardly from the piston 34 and is provided with
      an internal thread 38 which is adapted to threadedly engage with the end
      closure member 20, for sealed locking engagement, as shown in FIG. 3.
PAR  After the blood or specimen has been extracted and the hypodermic needle
      (not shown) has been removed, the forward end of the nozzle 16 is sealed
      by a cap 40 which is mounted thereon. For this purpose the cap 40 is
      provided with an internal opening 42 having an inside thread 44 which
      sealingly engages external thread 46 provided on the outer surface of
      nozzle 16. In order to ensure that the cap 40 provides a good seal there
      is additionally provided within the opening 42 a spike or plug 48 which
      has a pointed end facing the passageway 18 and when the cap 40 is in
      threaded engagement with the nozzle 16 protrudes into the passageway and
      significantly seals the same.
PAR  Referring to FIG. 2, there is shown the syringe in a fully assembled
      condition prior to securing the hypodermic needle thereto. The rod portion
      32A, and more particularly the rearward terminal end thereof, is provided
      with a grip 50 to pull the rod and piston 32, 34, rearwardly for drawing
      the specimen. When a sufficient amount of the specimen has been extracted,
      the piston head is either in a rearward position or is intentionally moved
      rearward for threaded engagement with the external thread 24 of closure 20
      and internal thread of sleeve 36 which establishes a tight locking and
      sealing engagement between the two members 20 and 34.
PAR  Thereafter, the portion 32A and 32B of rod 32 may be severed from each
      other in order to eliminate the portion 32A from protruding outwardly
      beyond the end closure member 20 to any significant degree.
PAR  To accomplish this, the rod 32 is constructed in such a manner that the
      portion 32A is significantly longer than portion 32B and the juncture 52
      between the two portions is radially reduced so that the portion 32A can
      be manually broken off, without any difficulty.
PAR  Alternatively, the rod 32 may be composed of portion 32A' and 32B' which
      are threadedly connected together as shown in FIG. 1a. In any event, the
      main objective is that the portion 32B does not extend much beyond the
      closure member 20 as shown in FIG. 3 in order to obviate sealing or
      shipping problems.
PAR  With the closure member 20 in situ and in locking engagement with the
      piston 34, the rearward end is securely tightened for liquid integrity.
      The cap at this time either has already been or may then be secured to the
      forward end thereof in a manner as will be apparent from the preceding
      description.
PAR  In the assembled condition, as shown in FIG. 3, the syringe is now a
      liquid-tight storage container and can be shipped, for instance to a
      laboratory, for analysis. In preparation for inserting the syringe or
      attaching the syringe to a centrifuge (not shown), the members 20 and 34
      are removed while cap 40 remains mounted on the nozzle 16. The vial 10 is
      then handled in the conventional manner for purposes of specimen analysis.
PAR  While there have been described what are at present considered to be the
      preferred embodiments of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention, and it is aimed, therefore,
      in the appended claims to cover all such changes and modifications as fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Multi-purpose syringe for extracting a specimen, storing and shipping
      same and adapted to be employed as a test vial for centrifugation,
      comprising in combination:
PA1  a vial having a wall defining a tubular configuration and a forward and a
      rearward opening in communication with the interior of the vial;
PA1  a nozzle enclosing the forward opening and providing a passageway therefrom
      adapted for receiving a hypodermic needle;
PA1  a cap detachably mounted on said nozzle for sealingly covering said nozzle
      and the passageway thereof;
PA1  an end closure detachably secured to the rearward end of the vial sealingly
      enclosing the rear opening, and connecting means on said closure extending
      forwardly into the vial radially spaced from said wall;
PA1  and longitudinally extending piston means projecting a rod through said end
      closure into the vial and terminating therein with a piston head, said
      piston head including rearwardly extending connecting means radially
      spaced from the vial wall, with the connecting means of said end closure
      when said piston head is in a rearward position whereby unintentional
      axial movement of the piston head in a forward direction is generally
      precluded.
NUM  2.
PAR  2. Multi-purpose syringe according to claim 1, wherein said rod has a first
      and second portion separable from each other.
NUM  3.
PAR  3. Multi-purpose syringe according to claim 2, wherein the length of the
      first portion is significantly shorter than that of said second portion.
NUM  4.
PAR  4. Multi-purpose syringe according to claim 3, wherein the juncture between
      the first and second portions is radially reduced to permit the second
      portion to be manually broken off at a predetermined location.
NUM  5.
PAR  5. Multi-purpose syringe according to claim 3, wherein the rearward end of
      said first portion does not significantly protrude beyond the vial when
      the connecting means of the piston means and the end closure are in
      locking engagement.
NUM  6.
PAR  6. Multi-purpose syringe according to claim 3, wherein the first and second
      portions are threadedly connected.
NUM  7.
PAR  7. Multi-purpose syringe according to claim 2, and a manual grip on the
      rearward end of the second portion.
NUM  8.
PAR  8. Multi-purpose syringe according to claim 1, wherein the piston head
      connecting means includes a tubular extension having an inner thread; and
      said end closure connecting means includes a tubular extension in sealing
      engagement with said rod and provided with an outer thread for meshing
      with the first mentioned thread.
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PAL  A miniature transducer for sensing muscle displacement substantially
      consists of a curved beam of high elastic compliance connected at its ends
      to two prongs. The prongs have sharpened tips which are insertable into
      the muscle under observation. A sensitive strain gauge is bonded to the
      beam preferably at the point of greatest curvature. The strain gauge
      output is directly related to changes in the beam curvature. As the muscle
      under observation expands the spacing between the prongs increases which
      decreases the beam curvature. On the other hand, when the muscle contracts
      the prongs' spacing decreases, thereby increasing the beam curvature.
GOVT
     FURTHER OBJECT OF THE INVENTION IS TO PROVIDE A NEW MINIATURE TRANSDUCER
      WITH WHICH MUSCLE DISPLACEMENTS OF AN ANIMAL CAN BE MEASURED WITHOUT
      SUBJECTING THE ANIMAL TO THE LIKELIHOOD OF A TRAUMATIZATION.
PAR  These and other objects of the invention are achieved by providing a
      transducer consisting of a thin curved beam, characterized by a high
      degree of elastic compliance, with two prongs attached to the beam's
      opposite ends. The prongs have sharp tips which are insertable into the
      muscle under study with minimum traumatization. Due to the high elastic
      compliance of the beam, it deforms in a manner very similar to the
      deformation or displacement of the muscle to which the beam is indirectly
      connected through the end prongs. A very sensitive strain gauge is
      attached to the curved beam between its ends, so that the smallest
      deformation (change in curvature) of the beam due to muscle displacement
      is sensed by the strain gauge which provides the electrical output,
      corresponding to the muscle displacement to be measured.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of one embodiment actually reduced to practice;
PAR  FIGS. 2a and 2b are top and side views of the embodiment shown in FIG. 1;
      and
PAR  FIGS. 3 and 4 are top views of two other embodiments in accordance with the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is first directed to FIG. 1 which is an isometric view of one
      embodiment of the invention, represented by a miniature transducer 10. The
      transducer consists of a very thin curved beam 12, shown in this
      embodiment as C-shaped. The ends 13 and 14 of the beam are securely and
      permanently attached to two prongs 16 and 17, with sharp end tips 16a and
      17a, respectively. In practice, the tips 16a and 17a are inserted in the
      muscle whose displacement is to be measured. In FIG. 1, numeral 20
      represents such a muscle. The beam 12 is formed of a material with a very
      high degree of elastic compliance, so that it deforms in a very similar
      way to the material surrounding it. Since the prongs 16 and 17, to which
      the beam 12 is attached, are inserted in the muscle 20 any deformation,
      i.e., displacement of the muscle directly affects the deformation of the
      beam 12.
PAR  For example, when the muscle 20 expands as represented by arrow 22 the
      distance between prongs 16 and 17 increases. Consequently, the curvature
      of the beam 12 decreases and the beam can be thought of as being under
      stress from its original shape when the prongs are initially inserted into
      the muscle, generally under anesthesia. On the other hand, when the muscle
      contracts, as represented by arrows 24, the prongs 16 and 17 move closer
      together, thereby increasing the beam curvature which places the beam
      under strain. Thus, the changes in the muscle displacement are directly
      reflected by changes in the beam deformation or curvature.
PAR  In accordance with the present invention a very sensitive strain gauge 25
      is bonded to the outer surface of the beam 12. Consequently, any change in
      the deformation (curvature) of the beam 12, due to muscle displacement, is
      sensed by the strain gauge, whose output signal is provided across its
      output lines 26 and 27, which are connected to an appropriate recording or
      monitoring device (not shown).
PAR  From the foregoing it should thus be appreciated that the transducer of the
      present invention is insertable into the muscle 20 by the insertion of
      tips 16a and 17a of prongs into the muscle without the need of any
      suturing. Thus, the danger of traumatizing the subject under observation
      is practically eliminated. Since at present strain gauges are available
      which are capable of sensing extremely small displacements and have very
      short response time the transducer of the invention is capable of
      measuring small displacements as well as sensing displacement changes of
      very short duration.
PAR  One embodiment which was actually reduced to practice, and which is
      presented herein for explanatory purposes, rather than to limit the
      invention thereto, consisted of a C-shaped beam as shown in FIGS. 1, 2a
      and 2b. The beam 12 was of stainless steel No. 340 several mm wide and on
      the order of 0.001 inch in thickness. The total beam length between ends
      13 and 14 was on the order of 1 inch. The beam ends were soldered to the
      prongs 16 and 17 which were also of stainless steel. The beam was
      initially shaped (curved) so that the spacing between the prongs was on
      the order of 0.25 inch. Then the strain gauge 25 was bonded to the
      C-shaped beam at its center between ends 13 and 14, by an appropriate
      bonding material, e.g., epoxy. Thus, the strain gauge was attached to the
      beam at the surface of greatest curvature. The strain gauge may be
      attached on either side of the beam.
PAR  The output leads 26 and 27 of the strain gauge are preferably physically
      attached to the prongs 16 and 17 and therefrom are directed to the
      monitoring or recording device. Although various sensitive strain gauges
      may be used, in the embodiment actually reduced to practice, a
      commercially available strain gauge was used. The strain gauge was a
      silicon crystal of an active length of 0.05 inch and a width of 0.006
      inch. It exhibited high output, extreme stability and excellent linearity.
      Its specification included a nominal resitance on the order of 120 ohms,
      with a nominal gauge factor of 120. Its temperature coefficient of
      resistance (TCR) is 4%/100.degree.F. The transducer with this strain gauge
      was used successfully to measure deflections as small as 0.01 cm with a
      frequency response greater than 10 Hz.
PAR  Although the transducer with the C-shaped beam was found to operate
      successfully, the invention is not intended to be limited thereto. As
      shown in FIGS. 3 and 4 the beam may be circularly shaped or oval shaped,
      both of which are hereinafter referred to as O-shaped. Such an O-shaped
      beam can be thought of as consisting of two curved beams at 12a and 12b,
      which are positioned on opposite sides with respect to prongs 16 and 17 to
      which they are attached. Each of the beams may be used to support a
      different strain gauge, such as strain gauge 25a on beam 12a and strain
      gauge 35b on beam 12b. The outputs of the two gauges can then be monitored
      separately for comparison or averaging purposes or connected in series to
      provide a greater output. However, the output of each strain gauge is
      sufficiently high so that such series connection may not be necessary.
      Clearly, if desired only one strain gauge may be employed on either of the
      beams.
PAR  One of the major advantages of the O-shaped beam is that it is less prone
      to twist. By using thinner beams the elastic compliance of the O-shaped
      beam may be made equal to that of the C-shaped beam.
PAR  In summary, in accordance with the present invention the miniature
      transducer for measuring muscle displacement comprises a curved beam
      having a high degree of compliance. The beam is indirectly connected to
      the muscle by means of prongs insertable into the muscle. As the muscle
      expands or contracts, i.e., undergoes displacement, the beam deforms,
      i.e., its curvature changes, thereby affecting a sensitive strain gauge
      which is attached to the deformable beam, and which provides an output
      signal corresponding to the muscle displacement. In practice after a
      transducer is fabricated it is calibrated to determine the characteristics
      of its output signal changes as a function of muscle displacement changes.
PAR  In use, the transducer is inserted into the muscle which contracts and
      expands. Thus, the resulting output signal is a cyclic signal used to
      indicate any irregularities in the muscle displacement.
PAR  Although the invention has been described in connection with prongs with
      sharpened tips 16a and 17a used to attach the transducer to the muscle, it
      should be appreciated that other attaching means may be employed. For
      example, suction cups may be attached to the ends of the prongs 16 and 17
      for attaching the transducer to the muscle. Furthermore, the transducer
      due to its small size and the incorporation of the curved beam which
      supports the strain gauge can be used for other than muscle displacement
      measurements. For example, it may be made small enough for attachment to
      teeth to trace chewing movements, or to fingers of a patient to measure or
      trace arthritic pinch and grasp conditions. Also larger size transducers
      may be fabricated to measure movements (displacements) over larger
      portions of a patient's body. The novel transducer of the present
      application may find great use during open heart surgery to constantly
      monitor the heart muscle displacements during surgery.
PAR  The transducer may also be used in industrial applications. For example, it
      may be used to determine motion of moving parts in close proximity, by
      attaching each prong to each moving part. Due to the elastic compliance of
      the beam its load on the moving parts is practically insignificant. The
      novel transducer may also be used to detect eccentric movement between
      moving parts since such movement may increase or decrease the distance
      between the prongs attached to the two parts. It should further be
      stressed that the curved beam in which the strain gauge is supported is
      not intended to be limited to only the C-shaped or O-shaped beam which
      were described. For example, a spirally shaped beam may be used. Thus, in
      general the beam can be defined as a curved beam of high elastic
      compliance connected at its ends to two end prongs. A transducer is bonded
      to the beam at the point of greatest curvature. As the prongs' spacing
      changes the beam's curvature changes thereby causing a change in the
      output signal of the strain gauge.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently, it is intended
      that the claims be interpreted to cover such modifications and equivalents
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transducer for sensing muscle displacement comprising:
PA1  a curved beam having first and second spaced apart ends and being of a
      material having a relatively high degree of elastic compliance;
PA1  first and second elongated prongs, physically attached to the first and
      second ends of said beam respectively, whereby said prongs are
      substantially parallel to one another and are disposed in a plane which is
      substantially perpendicular to a plane in which said beam is disposed,
      said prongs having sharpened ends to facilitate the attachment of said
      prongs to a muscle by inserting their sharpened ends thereinto, with the
      beam being in a plane above said muscle; and
PA1  a strain gauge in physical contact with said beam for sensing the
      deformation of the latter as a result of changes in the linear spacing
      between said substantially parallel prongs due to muscle displacement.
NUM  2.
PAR  2. The transducer as described in claim 1 wherein said beam is
      substantially C-shaped with its length between its first and second ends
      being substantially greater than the spacing between said prongs, and said
      strain gauge being bonded to said beam between said first and second ends,
      at the point of greatest curvature between said ends.
NUM  3.
PAR  3. The transducer as described in claim 2 wherein said beam is a
      rectangularly shaped narrow strip of high elastic compliance material of a
      thickness on the order of 0.001 inch.
NUM  4.
PAR  4. The transducer as described in claim 3 wherein said beam is stainless
      steel of a thickness on the order of 0.001 inch, of a length on the order
      of 1 inch, said beam being curved whereby the spacing between prongs to
      which the beam is physically connected is on the order of 0.25 inch.
NUM  5.
PAR  5. The transducer as described in claim 1 wherein said curved beam
      comprises a first curved beam unit having first and second ends
      respectively connected to said first and second prongs and a second curved
      beam unit having first and second ends respectively connected to said
      first and second prongs, the curved portions of said two beam units being
      outwardly directed from one another, so that the curved beam is O-shaped,
      disposed in a plane substantially perpendicular to said prongs, with the
      curvatures of the two units decreasing simultaneously when the linear
      spacing between said prongs increases, while the curvatures increase when
      the linear spacing between said prongs decreases, and at least one strain
      gauge bonded to one of said units between the ends thereof at
      substantially the point of greatest curvature.
NUM  6.
PAR  6. The transducer as described in claim 5 further including a separate
      strain gauge bonded to each one of said curved beam units.
NUM  7.
PAR  7. The transducer as described in claim 5 wherein each of said curved beam
      units consists of a rectangularly shaped thin strip of high compliance
      material of a thickness on the order of 0.001 inch and of a length between
      its ends on the order of 1 inch.
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FRM  Christie, Parker & Hale
ABST
PAL  A technique is provided for collecting and transferring body fluids such as
      blood or sputum. A blood sample is taken through a tube into an evacuated
      chamber. After the sample has been drawn it may be centrifuged to separate
      red cells from the plasma. Samples are then withdrawn from the first
      chamber into a second evacuated chamber where several analysis tubes are
      located. The sample is thus subdivided for analysis without exposure of
      the sample to the person making the tests. In another embodiment sputum is
      collected in a first chamber and is first blended with a preservative and
      then transferred to a second chamber where analysis tubes are located.
      Transfer is likewise without exposure of the person or contamination of
      the sample.
BSUM
PAC  BACKGROUND
PAR  Very commonly samples are taken of a patient's blood for laboratory tests.
      This blood is obtained from the patient's veins by means of a hypodermic
      needle inserted into a suitable superficial vein which has been previously
      distended by means of a tourniquet. The required quantity of blood is
      drawn into the syringe by pulling on the barrel of the instrument.
PAR  More recently the conventional syringe has been paritally replaced by a
      technique employing a series of preevacuated containers. When such a
      system is used, a single needle penetrates the vein and a series of
      evacuated containers are sequentially connected thereto for drawing a
      number of blood samples for different analyses. The individual containers
      are advantageous since they are disposable and presterilized and can
      secure consistent blood volume.
PAR  Such an arrangement can have problems, however, since the angle of vein
      penetration is sometimes awkward when the container is large. In some
      instances the puncture needle has been placed eccentrically on the
      container to minimize this problem. When the individual preevacuated
      containers are changed there is a significant chance that the puncture
      needle will be displaced or will penetrate the opposite wall of the vein.
      In either case this necessitates an additional puncture and often results
      in hematoma formation. The condition of the patient's vein and the skill
      of the operator are important factors in determining whether this may
      occur.
PAR  In addition, the preevacuated collection tubes often contain a substance
      such as anitcoagulant or blood preservative which can have significant
      adverse effects on the patient if it is aspirated into the patient's
      bloodstream. Such could happen, for example, if the container has
      developed a leak and the vacuum has been lost. This condition cannot be
      ascertained by simple inspection and careless work on the part of the
      person taking the sample could lead to undesirable toxic substances
      entering the patient's bloodstream.
PAR  Ordinarily when blood samples are taken, analysis is made on whole blood
      and on blood that has been centrifuged to yield plasma, serum, buffy layer
      and red cells in separate fractions. It is desirable to provide a
      technique for safely and quickly collecting blood from the patient,
      separating blood into the desired fractions, and possible initiating
      analysis within a closed system without exposure of the sample to the
      outer environnment. This serves to protect personnel from contamination
      and preserve the blood from external contamination.
PAR  Another diagnostic technique that is sometimes used, particularly for
      detection of respiratory diseases such as tuberculosis and cancer, is the
      collection and examination of sputum. The current collection technique has
      the patient cough and expectorate into a jar which is then sealed with a
      cardboard lid or screw on cap. In the laboratory the technician transfers
      the sample to suitable analysis devices. This technique is not only
      inefficient but is hazardous to the examiner. The hazard is compounded in
      the laboratory when the technician picks out portions of the sputum and
      smears it onto a glass slide or innoculates a bacteriological culture.
      Ordinarily this operation is carried on in an open environment or at best
      under an exhaust hood. In addition to the hazard to the technician, the
      operation is esthetically unpleasant because of the nature of the sample
      and consequently it is often rushed and poorly performed.
PAR  The detection of cancer cells in sputum offers the greatest potential for
      discovery in a curable stage. Unfortunately the technique is disappointly
      unsuccessful. A major impediment to the detection of cancer cells is the
      natural high viscosity of the sputum which prevents concentration of
      cellular elements by sedimentation or centrifuging. Attempts to employ a
      mucolytic substance have been thwarted by the fact that any such substance
      which will effect liquefaction of mucus generally also damages or destroys
      the cells that are sought.
PAR  The best technique has been to add 50% isopropyl alcohol to sputum and then
      mix in a common household blender. The blender must be cleansed thoroughly
      after each individual sputum sample which is very time consuming. In
      addition, the technique is carried out in an open system so that it is
      hazardous to laboratory personnel.
PAR  Another technique is to place the sputum on absorbent paper and pick out
      blood or purulent specks with forceps. Again, the hazards of this, as well
      as the unpleasant nature, are apparent and it is little wonder that
      cytotechnicians are not enthusiastic about preparation of sputum by any of
      the current methods.
PAR  It is, therefore, desirable to provide a sputum collection and sampling
      technique which can be accomplished with disposable elements and in a
      substantially closed environment which minimizes exposure of the sample to
      contamination and exposure of the technician to the sample.
DRWD
PAC  DRAWINGS
PAR  These and other features and advantages of the present technique will be
      appreciated as the same becomes better understood by reference to the
      following detailed description of a presently preferred embodiment when
      considered in connection with the accompanying drawings wherein:
PAR  FIG. 1 illustrates semi-schematically in perspective a blood collection
      device constructed according to principles of this invention;
PAR  FIG. 2 illustrates in longitudinal cross-section a sputum collection and
      analysis device constructed according to principles of this invention; and
PAR  FIGS. 3 and 4 illustrate in top view and perspective view respectively a
      centrifuge tube particularly useful for such analyses.
DETD
PAC  DESCRIPTION
PAR  FIG. 1 illustrates in perspective a blood sampling unit constructed
      according to principles of this invention. Although described primarily
      for taking of blood samples it will be apparent that other biologic fluids
      may be sampled and the sample divided into aliquots for analysis by using
      such a device. Thus, the fluid in abscesses, peritoncal cavity, pleural
      cavities, spinal columns, and the like can also be sampled and handled in
      a device as hereinafter described.
PAR  As illustrated in FIG. 1 the device comprises a pair of containers 10 and
      11 each of which is in the form of an open top semi-cylinder with a
      rounded bottom. The first container 10 is referred to hereinafter as a
      collection container and the second container 11 is referred to as a
      sample container. Each of the containers is closed by a rubber stopper, 12
      and 13 respectively, having a generally semi-cylindrical form conforming
      to the respective container. The stoppers seal the containers so that
      vacuum is maintained therein until the device is ready for use.
PAR  A hollow needle 14 pierces the stopper 12 in the collection container 10.
      The needle is tubular in a conventional manner for passing fluids
      therethrough. A relatively short flexible tube 16, sufficiently impervious
      to air to maintain the vacuum within the container, is connected to the
      needle 14. At the opposite end of the flexible tube 16 is a second hollow
      needle 17 including an enlarged portion 18 or other suitable means for
      gripping and applying force along the length of the needle. The flexible
      tube 16 and needle 17 are preferably connected to the collection container
      10 by flexible clips 19 which keep them in position until ready for use.
PAR  Since the hollow needles 14 and 17 and tube 16 would permit air to leak
      into the evacuated container 10, a clamp 21 is provided on the flexible
      tube. Any of a variety of conventional clamps may be used for sealing the
      tube to prevent air leakage. A simple plastic clip with generally V-shaped
      groove that can be pressed onto the tube provides an inexpensive and
      effective seal. A spring wire clip that clamps the tube and is easily
      released by finger pressure is also suitable. Various inexpensive cam and
      roller clamps have also been developed for clamping medical tubing and are
      suitable for practice of this invention.
PAR  A second hollow needle 22 has its tip 23 embedded into the rubber stopper
      12 so that the hollow needle is sealed. An enlargement 24 on the needle
      permits it to be manipulated so that the tip can be pressed through the
      stopper at a desired time after a sample has been collected in the
      container 10. The needle 22 is sufficiently long that the tip 23 can be
      brought to the bottom portion of the collection container, as seen in
      phantom in FIG. 1. A flexible transfer tube 26 is connected to the needle
      24 and extends (either directly or by way of a rigid portion) through the
      second rubber stopper 13 into the sample container 1. It will be apparent
      that although the tubes 16 and 26 are flexible so that they can be bent,
      the wall thickness is sufficient that the vacuum therein does not cause
      the walls to collapse. A releasable clamp 27 closes off the tube 26 to
      prevent fuid flow therethrough until desired.
PAR  On the end of the tube 26 in the sample container 11 there is a somewhat
      enlarged plastic tube 28 which is sufficiently flexible that the walls may
      collapse under low forces. When the blood collection device is packaged
      and ready for use the interior of the tube 28 is evacuated as well as the
      surrounding space in the sample container 11. In this condition the walls
      of the flexible tube 28 are normally collapsed and the tube simply hangs
      flacid within the container. Since it is flacid and the walls can be
      fairly readily collapsed it may be desirable to provide some mechanical
      support for the tube. There is, therefore, provided a glass or rigid
      plastic tube 29 surrounding the principal flexible portion of the
      collapsible tube 28.
PAR  In the embodiment illustrated in FIG. 1 there is illustrated one needle 22
      connected by a flexible transfer tube 26 to a collapsible sample tube 28
      within a rigid test tube-like tube 29. Four additional circles 31 are
      illustrated in phantom in FIG. 1 and it should be understood that each of
      these circles indicates the position of an additional sample tube
      connected by a corresponding flexible tube (not shown) to a corresponding
      needle (not shown) embedded in the rubber stopper 12 of the collection
      container. Thus in FIG. 1 portions of the blood collection and sampling
      device have been deleted to enhance clarity. The additional needles and
      tubes not shown in FIG. 1 are substantially identical to the assemblage
      illustrated and hereinabove described.
PAR  A small test tube 32 is connected on the exterior of the collection
      container 10 by any suitable plastic clip 33. In addition a conventional
      small diameter capillary hematocrit tube 34 is connected to the exterior
      of the collection container by a suitable clip 35. As illustrated herein
      the test tube 32 and the hematocrit tube 34 are mounted on the flat side
      of the semi-cylindrical collection container. Other suitable locations for
      the tube and means for connecting them will be apparent. A slide 36 is
      also removably mounted on the flat side of one of the containers by any
      suitable clips 37. During use a drop of whole blood is placed on the slide
      to form a smear for microscopic examination.
PAR  When the blood sampling device is packaged for use, the entire interior of
      the two containers 10 and 11 and the tubes 26 therebetween, as well as the
      portion of the tube 16 before the clamp 21, are evacuated and sealed. The
      entire assembly is sterilized and packaged in a sterile container or
      plastic wrapping so as to maintain sterility until used.
PAR  When it is desired to use the blood collection device it is removed from
      its sterile package and the needle 17 is inserted into a superficial vein
      of a patient in the conventional manner. The clamp 21 is then released so
      the vacuum in the collection container 10 assists in drawing a blood
      sample. When a sufficient sample of blood has been obtained in the
      previously evacuated collection container, the clamp 21 is replaced and
      the needle 17 withdrawn from the vein.
PAR  A portion or all of the flexible tube 16 is removed from the collection
      container by removing it from the needle 14, or withdrawing the needle 14
      through the stopper, or by simply cutting the flexible tube. The end of
      the tube 16 or attached needle which remains full of blood is touched to
      an end of the microhematocrit tube 34 so that a sample is drawn by
      capillary action in the conventional manner. A drop of the whole blood is
      also put on the slide 36 for microscopic examination. Thereafter the clamp
      21 is released and the remaining blood in the tube is drained into the
      test tube 32 for laboratory use. The bulk of the blood sample obtained is
      of course still in the initial collection container 10.
PAR  Blood is composed of a solid component, namely the red blood cells,
      platelets, and white cells, and a fluid component or plasma. These
      components can be separated and depending on the test being carried out it
      is desirable to select any of three or four fractions of the blood sample.
      Whole blood is desirable for red blood cell counts, white blood cell
      counts, platelet counts and erythrocyte sedimentation rates. When whole
      blood is desired the blood is collected into an anticoagulant substance
      such as calcium oxalate or heparin. Plasma is sampled for measurement of
      blood albumin, globulin, fibrinogen, protein electrophoresis and is
      employed in cross matching of blood. Plasma is the liquid portion of the
      blood obtained after centrifuging anticoagulated blood. Serum is the fluid
      left after blood has coagulated. It is essentially plasma without its
      proteins which remain in the coagulated portion. In addition, it may be
      desirable for some tests to obtain a sample rich in the so-called buffy
      layer which remains after centrifuging as a thin layer rich in white blood
      cells atop the heavier red blood cells.
PAR  Due to different concentrations of body chemicals inside the blood cells
      and outside in the plasma or serum it is essential for most tests to
      separate the cells from the plasma very quickly after blood has been
      withdrawn from veins and before the contents of the cells leak out into
      the plasma.
PAR  Each of the collapsible sample tubes 28 in the sample container may include
      a suitable reagent for making blood analyses. Thus, for example, one of
      the collapsible tubes 28 may be provided with a small amount of
      conventional anticoagulant for obtaining plasma samples. If a plasma
      sample is desired, the needle 22 corresponding to the collapsible tube 28
      containing the anticoagulant is pressed through the stopper 12 until its
      tip 23 is in the whole blood collected. Release of the clamp 27 on the
      tube 26 leading to the sample container permits blood to flow therethrough
      and into the collapsible tube until it is turgid.
PAR  The vacuum in the sample container 11 implements this transfer of blood
      from the collection container to the sample container. It will be apparent
      that vacuum in the collection container 10 must be released before blood
      will flow therefrom. If the sampling tube 16 is cut off or removed from
      the needle 14 air pressure is admitted to the collection container and
      blood will flow therefrom. If the needle 14 is withdrawn from the
      collection container a similar hollow needle may be inserted through the
      stopper to admit air.
PAR  After a sample has been withdrawn into the sample container for plasma
      separation the entire device is placed in a conventional centrifuge. For
      this purpose the slide, test tube and hematocrit tube between the two
      semi-cylinders are removed for normal laboratory processing. The two
      semi-cylindrical containers 10 and 11 are placed face to face and inserted
      into the centrifuge.
PAR  After centrifuging the additional needles 22 (not shown) are pushed through
      the stopper so that the tip thereof reaches into the supernatant serum
      over the red cells. The tip 23 can be pushed down to a point that permits
      maximum extraction of serum without distrubing the underlying layer of
      cells. Further, if desired, one of the needles can be pushed down so that
      its tip is in and extracts a mixture rich in the buffy coat for maximum
      concentration of white cells and the like.
PAR  After whole blood or serum or buffy layer has been transferred from the
      collection container to the respective tubes 28 of the sample container,
      this latter container is opened so that the samples can be removed. These
      are obtained by simply snipping off the respective tube 28 above the
      surrounding test tube 29 or if desired a suitable tearing "rip cord" can
      be incorporated for rapid removal. The tubes with their samples can then
      be handled according to conventional laboratory techniques or the cutoff
      portion may be clamped for sealing so that the tubes can be transported or
      frozen or otherwise stored for later use.
PAR  If desired, instead of the flacid collapsible sample tubes illustrated,
      rigid, pre-evacuated sample tubes can be placed in the sample container
      which need not be evacuated. Each rigid tube has a rubber stopper
      perforated by a transfer needle and transfer occurs as hereinabove
      described. The transfer tube can be made integral with a sealing stopper
      in such an embodiment. Each tube can contain any desired anticoagulant or
      other reagent. Some can contain microorganism growth cultures if desired.
PAR  The various transfer tubes and associated needles are preferably color
      coded so that the technician transferring the blood from the collection
      container to the sample container has little, if any, chance for error. In
      addition, each of the separable elements of the prepackaged blood
      collection device are provided with a common serial number so that the
      opportunities for confusing samples from several patients is substantially
      completely eliminated.
PAR  It will be noted in the preferred embodiment that the collection container
      10 does not have any anitcoagulants or other reagents which can
      inadvertently be aspirated into the patient's bloodstream. Whole blood is
      drawn into the sample container and if an anticoagulant sample is desired
      it is transferred from the collection chamber to the sample container
      after the device has been removed from the patient. This completely avoids
      the possibility of inadvertent transfer of harmful reagents into the
      patient's bloodstream, permitting the drawing of blood samples without
      danger to the patient. The collection container can remain upright during
      the drawing of the blood sample and the needle 17 that enters the vein can
      be manipulated separately therefrom due to the flexible connecting tube
      16. This makes drawing the sample easier and significantly reduces chances
      of damage to veins.
PAR  For other body fluids, such as pleural effusions, abscesses, fluids in body
      cavities, and the like, a similar apparatus is employed for initially
      collecting the fluid sample and subsequently dividing it into aliquots.
      The sample tubes in the sample container contain reagents suitable for the
      desired examination. Thus, for example, if desired, the several tubes may
      include bacteriological culture media for a growth of microorganisms. One
      of the sample collection tubes may include formalin for preservation of
      tumor cells. Such an arrangement is particularly desirable for samples of
      this nature since samples are taken and subdivided without contaminating
      personnel or exposing the fluid to environmental microorganisms.
PAR  FIG. 2 illustrates in vertical cross-section a device for collecting and
      subdividing samples of sputum. This device is a completely closed system
      after the sample has been collected and includes means for breaking up the
      tenacious mucus without cellular damage. This enables the person
      performing the tests to concentrate substantially all of the cellular
      contents of sputum so that if cancer, tuberculosis, fungi infections or
      the like are present, the pathologist can readily detect them. Early
      detection of lung cancer is particularly important since by the time the
      lesions are visible on X-ray or the person presents external symptons the
      chances of cure by present day techniques are slim. The closed system
      provided in practice of this invention protects technical personnel,
      removes the usual esthetic repugnance of sputum testing, and minimizes the
      chances for contamination of the sample.
PAR  The sputum collection device has an upper collection container 41 open at
      the top so that the patient can expectorate into the container. A cover
      142 is connected to the collection container 41 by a flexible plastic
      strap 43. A portion of the cover is hollow and contains a preservative
      solution 44 such as isopropyl alcohol or the like. A threaded plug 46 is
      provided in the cap for initial filling or changing of the fixative fluid,
      if desired. Additional fluid can be added during use of the device, too.
PAR  Within the collection container 41 are a plurality of spikes 47 positioned
      so that when the cover is firmly inserted into the container the chamber
      containing the fixative liquid 44 is perforated. This causes the fixative
      to drain from the cover and into the collection chamber to mix with the
      sputum. Preferably several spikes 47 are located around the periphery of
      the collection container so that the cover is perforated at several points
      and the flow of fixative down the walls carried with it sputum that may be
      present. The cover containing fixative is preferred so that the patient
      himself, after expectorating into the cup, tightly closes the container
      and minimizes the possibility of exposure of personnel to material which
      may be rather dangerous.
PAR  A pair of conventional beaters 48 are arranged adjacent the bottom of the
      collection container on transverse shafts 49. Each shaft is journalled at
      one end in the wall of the collection container and at the opposite end
      passes through a combined bearing and seal 51. A square shank 52 on the
      end of the shaft permits connection to a drive motor (not shown) similar
      to a kitchen mixer.
PAR  After the sputum has been collected and the lid closed to add the fixative,
      the beaters are actuated to thoroughly mix the fixative with the sputum.
      This provides a thin emulsion of sputum and fixative in the container and
      breaks up any mucus that may tend to remain connected. This assures
      dispersion of the cellular material throughout the fixative for subsequent
      separation. It is found that such mechanical mixing with a suitable low
      viscosity fixative is the only way to assure a high yield of intact
      cellular material.
PAR  It will be apparent that other mechanical mixing techniques may be
      employed, thus, for example, the collection container may include rapidly
      rotatable blades which emulsify the sputum in the same general manner as a
      kitchen blender. If it is desired to avoid a seal for the mechanical drive
      means for emulsifying may be included within the container with suitable
      steel parts or inserts that permit driving in a moving magnetic field. The
      seals and bearings required for the emulsifying means are not of great
      criticality since the entire device is used but once and then discarded.
      Samples other than sputum, such as feces, may also be collected in such a
      device.
PAR  The bottom of the collection container illustrated in FIG. 2 is threaded
      for connection to a lower sample container 53. Means are provided in the
      sample container for withdrawing aliquot samples of the emulsion of sputum
      and fixative. Two such techniques are illustrated in the illustrated
      arrangement and it will be understood that if desired sample collection
      tubes like those hereinabove described and illustrated in FIG. 1 may be
      employed with the entire lower container evacuated. If such an alternative
      arrangement is employed an intermediate section (not shown) or other means
      for gaining access to clamps for closing off collapsible tubing are
      needed.
PAR  In one arrangement illustrated in FIG. 2 a short rigid tube 54 extends
      downwardly through the bottom of the collection container into the sample
      container. A sample tube 56 is connected to the tube 54. The neck 57 of
      the sample tube 56 is sufficiently flexible that its walls can be
      collapsed by a clamp 58, which permits sealing of the interior of the
      sample tube to maintain a vacuum therein. When the clamp is released the
      emulsion flows into the sample tube. After the sample has been thus
      obtained the neck of the sample tube can be cut off and the tube removed
      for conventional examination.
PAR  Alternatively an evacuated sample tube 61 may be included in the sample
      container without permanent attachment to the collection container. In
      such an arrangement a rubber stopper 62 seals the sample tube and is
      perforated by a needle 63. The needle is connected to a flexible tube 64
      which has a second needle 66 at its opposite end. A clamp 67 closes off
      the flexible tube 64 to prevent air from leaking into the evacuated sample
      tube. When it is desired to take a sample of sputum from the collection
      container, the bottom of the container is perforated by needle 66. After
      perforating the bottom the clamp 67 is released drawing a sample into the
      evacuated tube. When the desired quantity of sample is obtained, the
      needle 63 can be withdrawn fron the stopper 62 leaving the tube in place
      suitable clamped off to prevent leakage. Alternatively the bottom of the
      collection container may be made of suitably flexible material that the
      hole made by the needle 66 closes when the needle is withdrawn thereby
      preventing leakage of the emulsified sputum from the collection container.
PAR  Either of the sample collection tubes 56 or 61 may be in the form of a
      special centrifuge tube 68 such as that illustrated in FIGS. 3 and 4. As
      illustrated in this embodiment the entrifuge tube has a reentrant groove
      69 running along at least a portion of its length. A flexible tube 71 has
      one end 72 inside the test tube 68 right at the bottom. The flexible tube
      71 passes through the wall of the test tube and lies in the groove 69. If
      during the course of taking a sample it is desirable that the centrifuge
      tube 68 be evacuated a suitably conformed stopper may be provided in the
      tube or the reentrant groove may terminate prior to the upper end of the
      test tube so that a circular stopper is suitable. In addition, the free
      end of the flexible tube 71 should be sealed.
PAR  When the centrifuge tube 68 is used the flexible tube 71 lies in the groove
      69 and the entire tube is placed in a centrifuge to bring the heavier
      portions of a sample therein to the bottom. After centrifuging, the
      flexible tube 71 is removed from the groove and if necessary the end is
      cut off. The flexible tube can then be lowered to a position such as that
      illustrated in FIG. 4 so as to drain contents of the centrifuge tube.
      Since the end 72 of the flexible tube is adjacent the bottom of the
      centrifuge tube the heavy sediment is withdrawn first and is readily
      separated from the supernatant without any possibility of mixing as can
      occur when a pipette is used. It is found that with such an arrangement
      much better separations are obtained than by decanting or pipetting the
      contents of the centrifuge tube.
PAR  Although limited embodiments of device for collecting body fluids and
      subdividing the sample into aliquots without exposure of laboratory
      personnel have been described and illustrated herein many modifications
      and variations will be apparent to one skilled in the art. It is therefore
      to be understood that within the scope of the appended claims the
      invention may be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A body fluid sampling device comprising:
PA1  a rigid collection chamber for initially receiving a complete sample of a
      body fluid from a patient;
PA1  a rigid sample chamber temporarily connected to the collection chamber;
PA1  a plurality of evacuated sample tubes in the sample chamber; and
PA1  means connected to each sample tube for establishing a selective fluid flow
      interconnection between the collection chamber and each of the sample
      tubes, respectively, after collection of the complete sample of body fluid
      in the collection chamber for dividing body fluid therein into selected
      aliquots.
NUM  2.
PAR  2. A body fluid collection device as defined in claim 1 wherein the means
      for establishing comprises:
PA1  a transfer tube having a collapsible wall; and
PA1  a hollow needle on the tube for entering the collection chamber and
      withdrawing body fluid therefrom, and wherein at least a portion of the
      tube is evacuated.
NUM  3.
PAR  3. A body fluid collection device as defined in claim 2 wherein the
      collection chamber is evacuated, and further comprising:
PA1  a collection tube having a collapsible wall and an end in fluid
      communication with the collection chamber;
PA1  a hollow needle on the other end of the collection tube for withdrawing a
      body fluid sample from a patient; and
PA1  means for collapsing the collection tube for maintaining vacuum in the
      collection chamber.
NUM  4.
PAR  4. A body fluid collection device as defined in claim 1 wherein the
      collection chamber and sample chamber each comprise a semicylindrical
      vessel collectively fittable in a centrifuge and stopper means for sealing
      each chamber for maintaining a vacuum therein.
NUM  5.
PAR  5. A body fluid collection device as defined in claim 4 wherein the
      collection chamber and sample chamber are each evacuated, and the means
      for establishing comprises a hollow needle having a tip imbedded in the
      stopper means, a transfer tube having a collapsible wall with one end
      connected to the needle and the other end connected to one of the sample
      tubes, and means for collapsing the wall of the transfer tube for
      inhibiting fluid flow therethrough.
NUM  6.
PAR  6. A body fluid collection device as defined in claim 5 wherein at least a
      portion of the sample tubes comprise a plastic tube having a sufficiently
      pliable wall to collapse in response to a vacuum therein.
NUM  7.
PAR  7. A body fluid collection device as defined in claim 1 wherein the
      collection chamber is evacuated and free of analysis reagents and wherein
      at least a portion of the sample tubes contain a body fluid analysis or
      preservative reagent.
NUM  8.
PAR  8. A body fluid sampling device comprising:
PA1  a rigid collection chamber comprising a cup-like vessel having an open top
      and a closed bottom for initially receiving a body fluid from a patient;
PA1  a cover for the cup-like vessel;
PA1  a rigid sample chamber comprising a second cup-like vessel temporarily
      connected to the bottom of the first vessel;
PA1  a plurality of evacuated sample tubes in the sample chamber; and
PA1  means connected to each sample tube for establishing a selective fluid flow
      interconnection between the bottom of the collection chamber and each of
      the sample tubes, respectively, after collection of body fluid in the
      collection chamber for dividing body fluid therein into selected aliquots.
NUM  9.
PAR  9. A body fluid collection device as defined in claim 8 wherein the
      collection chamber further comprises means for mixing a body fluid
      therein.
NUM  10.
PAR  10. A body fluid collection device as defined in claim 9 wherein the means
      for mixing comprises a pair of mechanical beaters in the collection
      chamber having a driving end extending through a side wall thereof.
NUM  11.
PAR  11. A body fluid sampling device comprising:
PA1  a collection chamber comprising an open top vessel having a closed bottom
      for initially receiving a body fluid from a patient;
PA1  a sample chamber temporarily connected to the collection chamber;
PA1  a plurality of evacuated sample tubes in the sample chamber; and
PA1  means connected to each sample tube for establishing a selective fluid flow
      interconnection between the collection chamber and each of the sample
      tubes, respectively, after collection of body fluid in the collection
      chamber for dividing body fluid therein into selected aliquots; and
PA1  a cover on the vessel having an internal closed cavity, said cover
      including a rupturable portion on a surface inside the collection chamber
      for establishing fluid flow between the cavity in the cover and the
      interior of the collection chamber.
NUM  12.
PAR  12. A body fluid collection device as defined in claim 11 wherein the
      collection chamber further comprises means for mixing a body fluid
      therein.
NUM  13.
PAR  13. A body fluid sampling device comprising:
PA1  an open top collection chamber for initially receiving a body fluid from a
      patient;
PA1  a sample chamber temporarily connected to the collection chamber;
PA1  a plurality of evacuated sample tubes in the sample chamber; and
PA1  means connected to each sample tube for establishing a selective fluid flow
      interconnection between the collection chamber and each of the sample
      tubes, respectively, after collection of body fluid in the collection
      chamber for dividing body fluid therein into selected aliquots;
PA1  a hollow cover on the collection chamber, said cover including a rupturable
      portion for establishing fluid flow between the hollow of the cover and
      the interior of the collection chamber;
PA1  a preserative liquid in the hollow cover; and
PA1  means for rupturing the cover comprising a plurality of points on the
      collection chamber for cutting the cover as it is inserted in the
      collection chamber.
NUM  14.
PAR  14. A sputum collection device comprising;
PA1  a rigid cup-like vessel having an open top and a closed bottom;
PA1  a sealed hollow cover on the vessel;
PA1  a preservative liquid in a hollow in the cover;
PA1  means on the vessel for rupturing the cover as it is inserted into the
      vessel; and
PA1  means for extracting a portion of fluid from the vessel without removing
      the cover.
NUM  15.
PAR  15. A sputum collection device as defined in claim 14 wherein the means for
      rupturing the cover comprises a plurality of points in the cup-like vessel
      for cutting the cover as it is inserted into the vessel.
NUM  16.
PAR  16. A sputum collection device comprising:
PA1  a rigid cup-like vessel having an open top and a closed bottom;
PA1  a sealed hollow cover for the vessel;
PA1  a preservative liquid in a hollow in the cover;
PA1  means on the vessel for rupturing the cover as it is inserted into the
      vessel; and
PA1  means in the vessel for mixing sputum and preservative liquid therein.
NUM  17.
PAR  17. A body fluid collection device as defined in claim 16 wherein the means
      for mixing comprises a pair of mechanical beaters in the collection
      chamber having a driving end extending through a side wall thereof.
NUM  18.
PAR  18. A sputum collection device as defined in claim 16 further comprising
      means for extracting a portion of fluid from the vessel without removing
      the cover.
NUM  19.
PAR  19. A blood collection device comprising:
PA1  a rigid evacuated collection chamber free of analysis or preservative
      reagents;
PA1  a collection tube in fluid communication with the interior of the chamber
      and having a collapsible wall;
PA1  a blood collection needle on the end of the tube for obtaining a blood
      sample from a patient;
PA1  means for collapsing the wall of the tube;
PA1  a rigid evacuated sample chamber containing a reagent; and
PA1  means for selectively establishing fluid communication between the
      collection chamber and the sample chamber for removing a sample of blood
      from the collection chamber to the sample chamber.
NUM  20.
PAR  20. A blood collection device as defined in claim 19 wherein the means for
      establishing comprises;
PA1  a transfer tube having an end in the sample chamber and a collapsible wall;
PA1  clamp means for collapsing the wall of the transfer tube; and
PA1  a hollow needle on the other end of the tube and movable to selectable
      depths in the collection chamber.
NUM  21.
PAR  21. A blood collection device comprising:
PA1  an evacuated collection chamber free of analysis or preservative reagents;
PA1  a collection tube in fluid communication with the interior of the chamber
      and having a collapsible wall;
PA1  a blood collection needle on the end of the tube for obtaining a blood
      sample from a patient;
PA1  means for collapsing the wall of the tube;
PA1  an evacuated sample chamber; and
PA1  means for selectively establishing fluid communication between the
      collection chamber and the sample chamber for removing a sample of blood
      from the collection chamber; and wherein the means for establishing
      comprises:
PA2  a plurality of transfer tubes having an end in the sample chamber and a
      collapsible wall;
PA2  a plurality of clamp means for collapsing the walls of the transfer tubes;
PA2  a plurality of hollow needles on the other end of the tubes and movable to
      selectable depths in the collection chamber; and
PA2  a plurality of sample tubes in the sample chamber, each sample tube being
      associated with a transfer tube.
NUM  22.
PAR  22. A blood collection device as defined in claim 21 wherein at least a
      portion of the sample tubes comprise a plastic tube having a sufficiently
      pliable wall to collapse in response to a vacuum therein.
NUM  23.
PAR  23. A blood collection device comprising:
PA1  a rigid evacuated collection chamber free of analysis or preservative
      reagents;
PA1  a collection tube in fluid communication with the interior of the chamber
      and having a collapsible wall;
PA1  a blood collection needle on the end of the tube for obtaining a blood
      sample from a patient;
PA1  means for collapsing the wall of the tube; and
PA1  a rigid evacuated sample chamber and means connecting the collection
      chamber and the sample chamber for removing a sample of blood from the
      collection chamber to the sample chamber; and wherein
PA1  each chamber is in the form of a semi-cylinder, said chambers collectively
      forming a cylinder fittable in a centrifuge.
NUM  24.
PAR  24. A blood collection device as defined in claim 23 wherein the means for
      removing further comprises a transfer tube having one end in the sample
      chamber and a collapsible wall; clamp means for collapsing the wall of the
      transfer tube; and a hollow needle on the other end of the tube movable to
      selectable depths into blood in the collection chamber.
NUM  25.
PAR  25. A blood collection device comprising:
PA1  an evacuated collection chamber free of analysis or preservative reagents;
PA1  a collection tube in fluid communication with the interior of the chamber
      and having a collapsible wall;
PA1  a blood collection needle on the end of the tube for obtaining a blood
      sample from a patient;
PA1  means for collapsing the wall of the tube; and
PA1  means for removing a sample of blood from the collection chamber
      comprising:
PA2  an evacuated sample chamber, said collection and said sample chamber each
      being in the form of a semicylinder, said chambers being collectively
      fittable in a centrifuge;
PA2  a plurality of transfer tubes having one end in the sample chamber and a
      collapsible wall;
PA2  a plurality of clamp means for collapsing the walls of the transfer tubes;
PA2  a plurality of hollow needles on the other end of the tubes movable to
      selectable depths into blood in the collection chamber; and
PA2  a plurality of sample tubes in the sample chamber, each sample tube being
      associated with a respective transfer tube, at least a portion of the
      sample tubes including a blood analysis or preservative reagent.
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ABST
PAL  An electromedical patient monitoring system having a minimum likelihood of
      electrical injury to a patient is provided. Signals from a body-contacting
      sensor are amplified and processed by self-contained, battery powered
      apparatus for display by an electrical monitor, such as a recorder. In a
      preferred embodiment, the apparatus includes an input circuit operatively
      connected to the sensor and including an AC amplifier. The output of the
      amplifier is inductively coupled to a synchronous detector, part of an
      output circuit operatively connected to the monitor. Operating power for
      both the amplifier and detector is derived from a battery-powered audio
      oscillator to which the input and output circuits are inductively coupled.
      Thus, the apparatus provides DC isolation of the sensor from both the
      monitor and from the power source for the apparatus. In addition, the
      apparatus includes provision for inductively coupling a portion of the
      oscillator output to an excitor circuit for a sensor of a type requiring
      excitation by electrical oscillations.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to an electromedical patient-monitoring
      system. More particularly, it relates to a system whereby
      body-condition-related information, provided by a body-contacting sensor,
      is amplified and processed for display or recording by an electrical
      monitor with minimum electrical hazard to a patient.
PAR  During recent years, the use of electromedical patient-monitoring systems
      has become widespread. A system such as may be used in an intensive care
      facility typically consists of several electrical sensors for providing
      information on heart rate, blood pressure, etc. The output from these
      sensors is amplified or otherwise processed, and transmitted to a
      monitoring device which may display or record the information, and may
      sound an alarm if a monitored signal is outside preset limits. Such
      monitoring devices, because of their power requirements, ordinarily are
      powered by 50 or 60 Hz AC line current. Intermediate amplifiers or signal
      processors may be either battery or line current operated. Since the
      sensors are normally in direct contact with a patient's body, it is
      obviously quite important to minimize the possibility of harm to the
      patient from electrical devices connected to the sensor.
PAR  Accordingly, it is a general object of the invention to provide a patient
      monitoring system having a minimum likelihood of electrical injury to a
      patient. More specifically, it is an object to provide a system whereby
      harmful electrical potentials are prevented from being transmitted to a
      patient through body-contacting sensors.
PAR  A further object of the invention is to provide self-contained apparatus
      for receiving, processing, and transmitting sensor-derived
      body-condition-related information to an electrical monitor, which
      apparatus provides electrical isolation of a sensor from the monitor, from
      induced alternating current at power line frequencies, and from the power
      source for the apparatus itself.
PAR  According to a preferred embodiment of the invention, such a system
      includes an electromedical sensor of a type requiring electrical
      excitation. The needed excitation is supplied by coupling a portion of the
      output from a battery-powered oscillator to this sensor. A second portion
      of the oscillator output is used to power an amplifier which receives
      body-condition-related information from the sensor. A third portion of the
      oscillator output serves to synchronize a detector in an output circuit
      which processes the amplified information for display or recording by a
      monitor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages attained by the invention will
      become more apparent as the description which follows is read in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram illustrating a patient monitoring system
      according to the invention;
PAR  FIG. 2 is a schematic diagram illustrating electrical circuits employed in
      the system of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning now to the drawings, and referring first to FIG. 1, indicated
      generally at 10 is a patient-monitoring system according to the invention.
      Included in this system are an energizing circuit comprising constant
      amplitude audio oscillator 12, an excitor circuit 14, an input circuit 16,
      and an output circuit 18. A first inductive coupling means consisting of a
      transformer 20 couples the output of oscillator 12, supplied via winding
      22, to the excitor, input, and output circuits through windings 24, 26 and
      28, respectively. Winding 30 supplies feedback voltage to regulate the
      output of oscillator 12, which is powered by a battery 32. A second
      inductive coupling means consisting of isolation transformer 34 serves to
      couple input circuit 16 to output circuit 18.
PAR  Also shown in FIG. 1 are a monitor 36 and a body-contacting sensor 38.
      Monitor 36 may be any conventional electrical display or recording device
      meeting the requirements of the output circuit, and may be, for example,
      an oscilloscope or chart recorder.
PAR  Sensor 38 is a body-contacting transducer of conventional construction. In
      the system illustrated, sensor 38 is adapted for the measurement of blood
      pressure, and consists generally of two piezoresistive elements 40 and 42
      (FIG. 2) mounted on a diaphragm adjacent an end of an arterial catheter.
      One of the two elements, which may be termed the "active" element, 40 for
      example, is mounted so that, with the catheter inserted in a patient's
      artery, blood pressure against the diaphragm causes a change in the
      element's resistance proportional to the pressure. Element 42, however, is
      mounted so that it is unaffected by blood pressure. As seen in FIG. 2,
      elements 40 and 42, schematically shown as variable resistances, are
      connected in series and form one half of a four element resistance bridge.
      Since both elements experience the same temperature, that of the patient's
      blood, element 42 serves as temperature compensation for element 40.
PAR  Referring to FIG. 2, oscillator 12 includes identical NPN transistors 46,
      48, and 50. Transistors 48 and 50 comprise a conventional push-pull audio
      oscillator. The peak-to-peak output amplitude of the oscillator is
      stabilized by feedback supplied through transistor 46. The collectors of
      transistors 48 and 50 are connected to terminals 22a and 22b,
      respectively, of transformer winding 22, and are interconnected by
      capacitor 52, which in combination with winding 22 determines the
      oscillator frequency, about 2 KHz in this instance. The collector of
      transistor 48 is also connected through feedback capacitor 54 in series
      with resistor 56 to the base of transistor 50. In like manner, feedback
      capacitor 58 and resistor 60 connect the collector of transistor 50 with
      the base of transistor 48. The emitters of transistors 48 and 50 are
      interconnected by a conductor and connected to negative bus 62 by resistor
      64, which functions to suppress spurious oscillations.
PAR  Power for the oscillator is supplied by battery 32. The negative terminal
      of the battery is connected to negative bus 62, and the positive terminal
      to terminal 68a of ON-OFF switch 68. Switch terminal 68b is connected to
      center tap terminal 22c of winding 22, and through load resistor 70 to the
      collector of feedback amplifying transistor 46.
PAR  Further describing the feedback circuitry, the collector of transistor 46
      is also connected to the bases of transistors 48 and 50 through bias
      resistors 72 and 74, respectively, and to negative bus 62 through feedback
      voltage filter capacitor 76. A conductor connects the emitter of
      transistor 46 to negative bus 62, and the base of the transistor is
      connected to bus 62 through resistor 78, which shunts the current through
      transistor 46 into the linear portion of the conduction curve of Zener
      diode 80, the anode of which is connected to the base of transistor 46.
      The cathode of diode 80 is connected to the cathode of filter diode 82,
      and is connected to bus 62 through filter capacitor 84. The anode of diode
      82 is connected to the cathode of filter diode 86, and through voltage
      doubler capacitor 88 to terminal 30a of feedback winding 30. Terminal 30b
      of the winding is connected to the anode of diode 86 and to negative bus
      62.
PAR  In operation, the output of audio oscillator 12 is coupled into transformer
      20 through output winding 22. A portion of the output, taken through
      feedback winding 30, is rectified by a voltage doubler circuit consisting
      of diodes 82 and 86, and capacitor 88, filtered by capacitor 84,
      referenced by Zener diode 80, amplified by transistor 46, and fed back to
      oscillator transistors 48 and 50 through bias resistors 72 and 74. Since
      the stability of this closed loop feedback circuit is determined by the
      impedence and temperature stability of Zener reference diode 80, this
      diode is chosen for minimum impedence, and maximum temperature stability,
      in that order. Values for capacitor 52 and winding 22 are chosen to
      produce the 2 KHz oscillation frequency mentioned above.
PAR  Excitor circuit 14 includes a potentiometer 90 having a resistance element
      90a and a wiper 90b. Element 90a is connected in parallel across the
      series connected piezoresistive elements 40 and 42 of sensor 38, element
      90b connecting with element 40 at junction 92, and with element 42 at
      junction 94. The portions of resistance element 90a between wiper 90b and
      junction 92, and between the wiper and junction 94 form two legs of a
      conventional four element resistance bridge 95, referred to hereinafter as
      the measuring bridge. Piezoresistive elements 40 and 42 as previously
      mentioned, form the other half of the bridge. Excitation for bridge 95 is
      taken from oscillator 12 through winding 24 on transformer 20, and applied
      to bridge junctions 92 and 94 through resistors 96 and 98, respectively,
      which compensate the temperature:strain-sensitivity characteristics of the
      piezoresistive elements in sensor 38. Variable resistance 100, also
      connected between junctions 92 and 94, sets the excitation voltage level
      to the bridge.
PAR  Input circuit 16 includes a conventional operational amplifier 104. A
      conductor connects junction 103 between resistive elements 40 and 42 with
      noninverting input terminal 105 of amplifier 104. The inverting input
      terminal 106 of the amplifier is connected to wiper 90b of potentiometer
      90 through variable resistance 107, which is included to permit adjustment
      of amplifier gain. Inverting input terminal 106 is also connected to the
      ampliier output terminal 108 through feedback resistor 109. Primary
      winding 34a of interstage transformer 34 is connected between output
      terminal 108 and potentiometer wiper 90b.
PAR  Input circuit 16 also includes a powering circuit 110 for operational
      amplifier 104. Voltage derived from oscillator 12 via winding 26 on
      transformer 20 is rectified by a conventional full wave bridge rectifier
      circuit, connected as shown, and filtered by capacitors 112 and 114,
      connected between the positive and negative power supply input terminals,
      respectively, of amplifier 104, and the center tap terminal 26a of winding
      26. Terminal 26a is also connected to potentiometer terminal 90b.
PAR  The output of amplifier 104 is coupled through transformer 34 to output
      circuit 18, which comprises a synchronous detector circuit 120. Detector
      120 includes four diodes, connected as shown to form a bridge gate 122. A
      synchronizing signal taken from oscillator 12 through winding 28 on
      transformer 20 is applied to gate 122 through the parallel combinations of
      capacitor 124 and resistor 126, connected between terminal 28a of winding
      28 and gate junction 128, and of capacitor 130 and resistor 132, connected
      between terminal 28b and gate junction 134. Capacitors 124 and 130
      function to reduce signal noise in the sychronous detector by narrowing
      the current pulse applied to the gate diodes. Secondary winding 34b of
      interstage transformer 34 is connected between gate input junction 136 and
      common bus 138. Gate output junction 140 is connected through resistor 142
      to output terminal 144. Capacitor 146, connected between junction 140 and
      bus 138, and capacitor 148, connected between output terminal 144 and bus
      138, form, with resistor 142, a conventional R-C filter for the rectified
      output from detector 120. Diodes 150 and 152, connected as shown between
      gate junction 140 and bus 138, prevent excessively high AC voltages from
      being fed back to the sensor, as will be more fully explained below.
      Push-button switch 154, connected in series with zero-center milliammeter
      156 between output terminal 144 and bus 138, is used to momentarily short
      the output of circuit 18 while adjusting potentiometer 90 to zero-sensor
      38. Resistors 156, 158 and 160, connected in series between output
      terminal 144 and bus 138 serve as an output voltage divider, permitting
      selection of an appropriate output range for a monitor. The monitor (not
      shown) is connected between common terminal 162, which connects with
      common bus 138, and any of output terminals 144, 144a and 144b.
PAR  To summarize the operation of the circuitry described in FIG. 2, constant
      amplitude oscillator circuit 12 includes a conventional push-pull audio
      oscillator comprising transistors 48 and 50. The output from the
      oscillator, at a frequency of approximately 2 KHz, is coupled via
      transformer 20 to excitor circuit 14, input circuit 16 and output circuit
      18. The output amplitude from oscillator 12 is maintained constant by a
      feedback circuit which includes a common-emitter amplifier comprising
      transistor 46. To accomplish this, a portion of the oscillator output,
      taken through winding 30 on transformer 20, is rectified and filtered,
      and, after amplification, used to control the bias on transistors 48 and
      50. Oscillator circuit 12 is powered by battery 32, and as may be seen in
      FIGS. 1 and 2, is the only direct load on the battery. The remaining
      circuits, excluding the monitor, are powered indirectly by oscillator
      circuit 12.
PAR  As previously described, sensor 38 comprises one-half of measuring bridge
      95. A portion of the oscillator output is applied to this bridge through
      excitor circuit 14, which includes the remaining two bridge elements. In
      use, sensor 38 is inserted into a blood vessel. Blood pressure on the
      sensor causes the resistance of active piezoresistive element 40 to
      change, producing an inbalance in measuring bridge 95. This inbalance
      causes a portion of the 2 KHz excitation voltage to appear between
      potentiometer wiper 90b and amplifier input terminal 105. This AC voltage,
      which is proportional to the blood pressure sensed by element 40, is
      amplified by operational amplifier 104 in input circuit 16. Power for
      amplifier 104 is derived by rectifying and filtering a portion of the 2
      KHz output from oscillator 12, taken through winding 26 on transformer 20.
PAR  The output of this amplifier is coupled through interstage transformer 34
      to a synchronous detector circuit 120. Another portion of the output of
      oscillator 12 taken through winding 28 on transformer 20, is applied to
      terminals 128 and 134 of diode gate 122. As will be understood, this AC
      voltage forward biases the diodes of gate 122 during a portion of the AC
      cycle, causing them to conduct. While thus conducting, the 2 KHz AC output
      of amplifier 104, appearing across secondary 34b of transformer 34 and
      applied to diode gate 122 at terminal 136, can pass through the gate. The
      output of detector 120, taken at terminal 140 of gate 122, is, therefore,
      a series of positive pulses. These pulses are smoothed by an R-C filter
      consisting of resistor 142 and capacitors 146 and 148, and the DC voltage
      thus obtained appears across output terminals 144 and 162. Zero-center
      milliammeter 156 is provided to allow measuring bridge 95 to be balanced
      before blood pressure measurements are taken. To do this, push-button
      switch 154 is momentarily closed to short the output, and wiper 90b of
      potentiometer 90 is adjusted to zero meter 156. Since closing switch 154
      also serves to short-circuit the input of a monitor attached to output
      circuit 18, the monitor conveniently may be zeroed at the same time.
      Releasing switch 154 permits blood pressure measurements to be taken.
PAR  As previously mentioned, during patient monitoring the sensor is in direct
      contact with the patient's body. For the patient's safety, it is obvious
      that the sensor used should be isolated from sources of harmful electrical
      potentials.
PAR  In the system described herein, DC isolation of sensor 38 is provided by
      inductive coupling between the input circuit, to which the sensor is
      connected, and both the output circuit and the energizing circuit,
      permitting each of them to float electrically with respect to the others.
      The term "float" as used herein means that the circuits have no common DC
      reference level, and that the DC level of any circuit with respect to a
      given reference may be changed without affecting that of the other
      circuits. In this manner, the sensor is isolated from both the power
      source for the sensor signal processing apparatus, battery 32, and from
      monitoring device 36.
PAR  An important feature in preserving the DC isolation of sensor 38 is the
      construction of transformers 20 and 34. Both transformers are wound on
      toroidal cores which are contained in toroidal plastic insulating cases
      that completely surround the cores. The cores are made of a ferrite
      material (such as Core No. 42206-TC, J material, supplied by Magnetics,
      Incorporated, Butler, Pa.) with discrete windings typically of number 37
      nylon insulated wire uniformly spaced around the core, neither overlapping
      nor wound on top of each other. Thus transformer 20 has five equally
      spaced winding groups, and transformer 34 has two windings on opposite
      sides of the core, neither winding covering more than about one-fourth of
      the core. This construction method eliminates both the possibility of a
      winding-to-winding short-circuit, and of a winding-to-core short-circuit,
      either of which could destroy the DC isolation of sensor 38.
PAR  The use of a ferrite core material in transformers 20 and 34 also provides
      an additional safety feature: minimizing the passage of power line
      frequency current through the system's circuits. Although the ferrite used
      has good magnetic coupling properties at the elevated frequency, about 2
      KHz, used herein, it has poor coupling properties at normal power line
      frequencies, 50 and 60 Hz. Thus, a 60 Hz voltage, for example, applied to
      a winding of either transformer will be coupled poorly to the other
      windings, minimizing the passage of 60 Hz current to the sensor.
PAR  To further prevent excessively high AC voltages from being fed back to the
      sensor, as from a fault in a monitor attached to output circuit 18,
      protective diodes 150 and 152 are provided. These diodes are selected to
      limit the peak voltage between junction 140 of gate 122 and negative bus
      138 to about 0.8 volts. Additional protection is provided by amplifier 104
      which, as will be appreciated, transmits information unidirectionally,
      away from sensor 38.
PAR  There is thus provided an electromedical monitoring system which affords
      excellent protection for a patient.
PAR  Although a preferred embodiment has been described herein, it is understood
      that variations and modifications are possible without departing from the
      spirit of the invention.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. In a system comprising a body-contacting-type electromedical sensor for
      providing body-condition-related information, said sensor having power
      input means requiring AC excitation, and an electrical monitor for
      displaying or recording the information, improved apparatus for
      transmitting said information unidirectionally between said sensor and
      said monitor, comprising
PA1  a battery powerable oscillator,
PA1  excitor circuit means inductively coupled to said oscillator for supplying
      electrical AC excitation to said sensor's power input means,
PA1  an amplifier operatively connected to said sensor for receiving information
      therefrom and for unidirectionally transmitting such information,
PA1  powering circuit means inductively coupled to said oscillator for supplying
      operating power to said amplifier,
PA1  a synchronous detector inductively coupled to said amplifier for processing
      information received from said amplifier, and for supplying it to said
      monitor,
PA1  detector energizing means inductively coupled to said oscillator for
      energizing said detector in synchronization with the AC excitation
      supplied to said sensor,
PA1  first inductive coupling means inductively coupling said excitor circuit
      means, powering circuit means, and detector energizing means with said
      oscillator, and
PA1  second inductive coupling means coupling said amplifier with said
      synchronous detector,
PA1  said first and second inductive coupling means providing the sole
      electrical couplings between said oscillator, amplifier, and synchronous
      detector.
NUM  2.
PAR  2. Self-contained electrical apparatus for transmitting information
      unidirectionally between a body-contacting electromedical sensor for
      providing body-condition-related information and an electrical monitor for
      displaying or recording the information, said sensor including power input
      means requiring AC excitation, and output means for providing
      body-condition-related information contained in an AC signal at the
      frequency of said excitation, said apparatus comprising
PA1  powering means for said apparatus, said means comprising a
      battery-powerable oscillator,
PA1  excitor circuit means for supplying AC excitation to such a sensor's power
      input means,
PA1  an amplifier for receiving an information-containing signal from such a
      sensor and for unidirectionally transmitting a related signal containing
      such information,
PA1  powering circuit means for supplying operating power to said amplifier,
PA1  a synchronous detector for separating body-condition-related information
      from said related signal and for supplying the information to such a
      monitor,
PA1  detector energizing means for energizing said detector in synchronization
      with the excitation supplied to such a sensor,
PA1  first inductive coupling means operatively coupling said oscillator with
      each of said excitor circuit means, powering circuit means, and detector
      energizing means, and
PA1  second inductive coupling means operatively coupling said amplifier with
      said synchronous detector.
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PAL  A cyclic therapeutic hand exerciser based on inflation and deflation of
      structural members, which alternately imparts a straightening and a
      bending motion to the fingers wherein as air pressure inflates a
      splint-like upper member the fingers are straightened and upon deflation
      of the splint-like member and inflation of a wrist pouch a flap is
      tightened pulling the fingertips down and curling the fingers in toward
      the palm.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  This invention was made by an employee of the National Aeronautics and
      Space Administration and may be manufactured and used by or for the
      Government of the U.S. for Governmental purposes without the payment of
      any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to therapeutic exercise devices for
      incapacitated hands and more particularly to a pneumatically driven device
      for cyclic operation of the hand. While finger exercise devices have been
      generally available in the prior art, they have been limited to either
      extremely complex systems which could only be used in therapy facilities
      or they have had very limited and special application. U.S. Pat. No.
      3,457,912 to M. L. Clark et al. typifies the complex system. That patent
      describes a pneumatically actuated system for extending and closing the
      fingers which uses inflation to extend the fingers but depends upon driven
      cords pulling the individual fingers of a glove to close the fingers. The
      resulting complexity is such that both the cost and appearance of the unit
      are too formidable to encourage the use of such a device by the patient
      alone.
PAR  The exercise system disclosed in U.S. Pat. No. 3,581,740 to Sherborne is at
      the other extreme in that while it furnishes an appealing and inexpensive
      design for use in the patient's home, the resulting therapy is limited to
      only the straightening of the fingers. No motion is imparted to the
      fingers to reclose them and repeat the exercise cycle.
PAR  It is an object of the present invention to provide a complete cyclic
      motion to the fingers whereby the fingers and nearby portions of the hand
      may be alternately extended and closed.
PAR  It is a further object of the present invention to impart such motions to
      the hand by lightweight, flexible means which will readily self-adapt to
      all shapes and sizes of hands.
PAR  It is still a further object of the invention to provide such exercise
      means which are easily donned and removed to prevent claustrophobic
      anxiety on the part of the patient.
PAR  A still further object of the invention is to provide means whereby the
      patient may himself regulate the action of the exerciser and may, if
      desirable, furnish the entire motive power for the exerciser by other
      exercise devices such as pumps operated by foot motion or clenching the
      other hand.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects may be obtained by the use of the invention herein
      described wherein the preferred embodiment imparts motion to the hand and
      fingers by the use of two essentially independent sections of the device.
      One section, a splint-like member, is an elongated air pouch attached to
      the upper portion of the hand and wrist. A quick-disconnect strap is used
      to attach one end to the wrist, while fingers are inserted into individual
      loops or a partial mitten on the underside of the member at the other end.
      Inflation of this upper pouch forms a straight structural member which
      gently moves the hand and fingers to an extended position.
PAR  The second section of the device imparts the closing motion to the hand,
      when the upper pouch is deflated after it has extended the fingers to
      whatever degree is desired. The second section is an elongated pouch
      strapped under the wrist, one end of which is essentially fitted into the
      cup of the hand and the other end of which, when inflated, runs back along
      the wrist pointing toward the forearm. Attached to the forearm end of this
      lower pouch is a flap which runs forward along the pouch, over the
      fingertips and back again over the splint-like pouch on top of the hand.
      The length of this flap is adjusted so that when the lower pouch is
      inflated and the upper pouch deflated the fingers are forced to curl
      toward the wrist. But when the lower pouch is deflated it folds forward
      giving enough extra length to the flap to prevent interference with the
      extending motion of the fingers.
PAR  The complete cyclic motion for exercising the fingers is thus available by
      alternately inflating and deflating the two pouches, each one being
      inflated only when the other is either deflated or being deflated.
      Moreover, the extent of the motion in each direction can be precisely
      regulated by the degree of inflation of the pouch controlling that
      direction of motion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the invention shown on the hand and inflated to
      straighten the fingers.
PAR  FIG. 2 is a side view of the invention shown on the hand and inflated to
      curl the fingers toward the wrist.
PAR  FIG. 3 is a plan view of an alternate embodiment of the invention with the
      flap only partially shown.
PAR  FIG. 4 is a schematic diagram in block form showing one system for cyclic
      inflation and deflation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment is shown in FIG. 1 as it appears when forcing the
      fingers to extend. In such a condition the upper section 10 is inflated
      and the lower section 12 is deflated. Upper section 10 is inflated through
      valve 14 which fills and makes rigid upper pouch 16. Upper pouch 16 is
      held on the upper surface of the hand by insertion of each finger 18 into
      loops 20 and 22 and other loops, not shown, insertion of thumb 24 into
      thumb loop 26, and by the use of wrist straps 28 and 30 which are held
      together in an adjustable, quickly removable manner by the use of bands 32
      of nylon tape fabric available under the tradename "Velcro". A second
      thumb loop is available on the other side of the upper pouch to permit use
      on either the right or left hand, as seen in the embodiment of FIG. 3.
PAR  Stem 14 may be attached by tubing 34 to any suitable air pressure
      developing apparatus, such as an automatic cycling pump, or a continuous
      pump with cycling valve, or a manual pump. If a manual pump or foot pump
      is used it can yield the further advantage of exercise of another limb of
      the patient. Deflation of upper pouch 16 can also be performed either
      manually as by exit valve 36 or automatically at the pump.
PAR  While upper pouch 16 is inflated, lower pouch 38, held onto the wrist by
      strap 39, remains deflated and folded back upon itself at area 40. This
      considerably loosens flap 42 which runs over the tips of the fingers and
      lies flat on the top of upper pouch 16. Flap 42 is attached to the wrist
      end of upper pouch 16 by the use of Velcro bands 44 on the mating parts.
PAR  Bands 44 and bands 32 are used to perform the dual function of attachment
      and adjustability. Since any small area of the material Velcro will
      repeatably adhere to any other small area of the material until forcibly
      pulled apart, the adjustment can vary from a small overlapping area to
      full overlap and in fact beyond to a small overlap of the opposite ends of
      the areas. The length adjustment available is therefore approximately
      twice the length of the smaller of the two bands.
PAR  When upper pouch 16 is deflated by use of exit valve 36 and when lower
      pouch 38 is inflated through stem 46 and tubing 48 the configuration of
      the invention takes on the appearance of FIG. 2 and forces the hand to
      curl closed. Inflation forces lower pouch 38 to attempt to straighten out,
      and as it does so it tightens flap 42 around the fingertips causing them
      to bend. When the desired extend of bending has been reached lower pouch
      38 is deflated, either by manual valve 50 or automatically further along
      on tubing 48.
PAR  FIG. 3 shows an alternative embodiment of the invention as viewed from the
      palm side of the hand, with flap 42 partially shown and being loose at the
      end which is otherwise wrapped over the fingertips. In this embodiment
      second thumb loop 27 is clearly shown in FIG. 3 along with first thumb
      loop 26 as previously described but the individual finger loops shown in
      FIG. 1 are replaced by partial mitten 21.
PAR  Any method of alternate inflation and deflation of upper section 10 and
      lower section 12 results in the alternate straightening and closing of the
      fingers, performing the desired therapy. FIG. 4 shows a schematic
      representation of such a system for alternate inflation and deflation. The
      pumping system generally designated by reference numeral 60 includes a
      motor driven pump 62 with a pressure side 64 and a vacuum side 66. Air
      filler valve 68 is connected to pump imput line 70 and automatically fills
      the system when the air pressure is too low in pumping system 60. Pump 62
      pressurizes line 72 and adjustable pressure control 74 limits the
      resulting pressure in line 76 to whatever pressure desired to limit the
      motion to the fingers.
PAR  Cycling valve 78, shown in schematic form, operates to alternately inflate
      and deflate upper pouch 16 through stem 14 and line 80, while also
      inflating and deflating lower pouch 38 through stem 46 and line 82. This
      is accomplished by the valve center 84 being slowly rotated within valve
      body 85 in the direction of the indicating arrow by shaft 86 which is
      driven by motor 88. As shown in FIG. 4, passage 90 connects port 92 and
      port 94 which permits upper pouch 16 to be inflated and passage 96
      connects port 98 and port 100 which permits lower pouch 38 to be deflated
      by the vacuum side of pump 66 through line 70. As previously described,
      this would cause the extension of the patient's fingers.
PAR  As valve center 84 rotates 90.degree. passage 90 would then connect port 92
      to port 98 and passage 96 would connect port 100 to port 94. Such
      connections then cause upper pouch 16 to deflate and lower pouch 38 to
      inflate, thus bending the patient's fingers. Each 90.degree. rotation of
      valve center 84 thus reverses the action on the pouches and moves the
      patient's fingers in the opposite direction causing a continuous cycling
      exercise. The speed of the cycle is dependent upon the speed of motor 88,
      while the extent of motion is controlled by adjustable pressure control
      74.
PAR  It is to be understood that the forms of the invention herein shown are
      merely preferred embodiments. Various changes may be made in shape, size
      or arrangement of parts; equivalent means may be substituted for those
      illustrated and described; and certain features may be used independently
      from other features without departing from the spirit and scope of the
      invention. For example, lower section 12 may be used independently of
      upper section 10 for patients who only experience difficulty in closing
      the hand and upper section may be used alone for patients who only need
      hand opening exercises.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      U.S. is:
NUM  1.
PAR  1. A therapeutic hand exerciser comprising:
PA1  upper inflatable pouch means which when attached to the fingertips and arm
      of a disabled individual and inflated has sufficient rigidity to
      straighten the fingers of the individual, and when deflated is
      sufficiently pliable to permit the fingers to bend;
PA1  first inflation means attached to said upper inflatable pouch means and
      permitting inflation of said upper inflatable pouch means;
PA1  first deflation means attached to said first inflation means and permitting
      deflation of said upper inflatable pouch means;
PA1  fingertip attachment means connected to the underside of said upper
      inflatable pouch means suitable for holding the fingertips of the
      individual;
PA1  thumb attachment means connected to the underside of the upper inflatable
      pouch means suitable for holding the thumb of the individual;
PA1  arm attachment means connected to said upper inflatable pouch means at the
      end opposite from said fingertip attachement means and permitting
      attachment of said upper inflatable pouch means to the arm of said
      individual;
PA1  lower inflatable pouch means which when attached to the wrist of said
      individual and inflated extends from the palm of the hand of the
      individual to the wrist portion of the arm of the individual and when
      deflated is capable of folding such that both ends are approximately at
      the palm of the hand;
PA1  wrist attachment means attached to said lower inflatable pouch means and
      capable of holding said lower inflatable pouch means onto the wrist of
      said individual and allowing folding of said lower inflatable pouch means
      when deflated;
PA1  second inflation means attached to said lower inflatable pouch means and
      permitting inflation of said lower inflatable pouch means;
PA1  second deflation means attached to said second inflation means and
      permitting deflation of said lower inflatable pouch means;
PA1  flap means attached to and extending from the end of said lower inflatable
      pouch means nearest the wrist, with sufficient length for wrapping under
      the palm, around the extended fingertips, over the knuckles and to the top
      of the wrist;
PA1  flap attachment means attached to and anchoring one end of said flap means
      in the region of the top surface of the wrist; and
PA1  flap length adjustment means attached to said flap means to yield a length
      which permits the fingers to be straightened when said lower inflatable
      pouch means is deflated and forces the fingers to bend when said lower
      inflatable pouch means is inflated.
NUM  2.
PAR  2. A therapeutic hand exerciser as in claim 1 wherein said flap attachment
      means also functions as said flap length adjustment means.
NUM  3.
PAR  3. A therapeutic hand exerciser as in claim 1 wherein said arm attachment
      means are adjustable for various sizes of arms of individuals.
NUM  4.
PAR  4. A therapeutic hand exerciser as in claim 1 wherein said fingertip
      attachment means comprises loops into which the fingertips may be inserted
      and said thumb attachment means includes duplicate loops located to enable
      use of the exerciser on either the right hand or left hand.
NUM  5.
PAR  5. A therapeutic hand exerciser as in claim 1 wherein said fingertip
      attachment means comprises a partial mitten into which the fingertips may
      be inserted.
NUM  6.
PAR  6. A therapeutic hand exerciser as in claim 1 wherein said flap attachment
      means is attached to the top surface of said upper inflatable pouch means.
NUM  7.
PAR  7. A therapeutic hand exerciser for forcing the hand of a disabled
      individual to close comprising:
PA1  lower inflatable pouch means which when attached to the wrist of said
      individual and inflated extends from the palm of the hand of said
      individual to the wrist portion of the arm of said individual and when
      deflated is capable of folding such that both ends are approximately at
      the palm of the hand;
PA1  wrist attachment means attached to said lower inflatable pouch means and
      capable of holding said lower inflatable pouch means onto the wrist of
      said individual and allowing folding of said inflatable pouch means when
      deflated;
PA1  inflation means attached to said lower inflatable pouch means and
      permitting inflation of said lower inflatable pouch means;
PA1  deflation means attached to said inflation means and permitting deflation
      of said lower inflatable pouch means;
PA1  flap means attached to and extending from the end of said lower inflatable
      pouch means nearest the wrist, with sufficient length for wrapping under
      the palm, around the extended fingertips, over the knuckles and to the top
      of the wrist;
PA1  flap attachment means attached to and anchoring one end of said flap means
      in the region of the top surface of the wrist; and
PA1  flap length adjustment means attached to said flap means to yield a length
      which permits the fingers to be straightened when said lower inflatable
      pouch means is deflated and forces the fingers to bend when said lower
      inflatable pouch means is inflated.
NUM  8.
PAR  8. A therapeutic hand exerciser as in claim 7 wherein said flap attachment
      means is attached to the top surface of said wrist attachment means.
NUM  9.
PAR  9. A therapeutic hand exerciser as in claim 7 wherein said flap attachment
      means also functions as said flap length adjustment means.
NUM  10.
PAR  10. A therapeutic hand exerciser as in claim 7 wherein said wrist
      attachment means is adjustable for various sizes of wrists of individuals.
NUM  11.
PAR  11. A therapeutic hand exerciser comprising:
PA1  upper inflatable pouch means which when attached to the fingertips and arm
      of a disabled individual and inflated has sufficient rigidity to
      straighten the fingers of the individual, and when deflated is
      sufficiently pliable to permit the fingers to bend;
PA1  first inflation means attached to said upper inflatable pouch means and
      permitting inflation of said upper inflatable pouch means;
PA1  first deflation means attached to said first inflation means and permitting
      deflation of said upper inflatable pouch means;
PA1  fingertip attachment means connected to the underside of said upper
      inflatable pouch means suitable for holding the fingertips of the
      individual;
PA1  thumb attachment means connected to the underside of said upper inflatable
      pouch means suitable for holding the thumb of the individual;
PA1  arm attachment means connected to said upper inflatable pouch means at the
      end opposite from said fingertip attachment means and permitting
      attachment of said upper inflatable pouch means to the arm of the
      individual;
PA1  lower inflatable pouch means which when attached to the wrist of said
      individual and inflated extends from the palm of the hand of the
      individual to the wrist portion of the arm of the individual and when
      deflated is capable of folding such that both ends are approximately at
      the palm of the hand;
PA1  wrist attachment means attached to said lower inflatable pouch means and
      capable of holding said lower inflatable pouch means onto the wrist of
      said individual and allowing folding of said lower inflatable pouch means
      when deflated;
PA1  second inflation means attached to said lower inflatable pouch means and
      permitting inflation of said lower inflatable pouch means;
PA1  second deflation means attached to said second inflation means and
      permitting deflation of said lower inflatable pouch means;
PA1  flap means attached to and extending from the end of said lower inflatable
      pouch means nearest the wrist, with sufficient length for wrapping under
      the palm, around th extended fingertips, over the knuckles and to the top
      of the wrist;
PA1  flap attachment means attached to and anchoring one end of said flap means
      in the region of the top surface of the wrist;
PA1  flap length adjustment means attached to said flap means to yield a length
      which permits the fingers to be straightened when said lower inflatable
      pouch means is deflated and forces the fingers to bend when said lower
      inflatable pouch means is inflated;
PA1  pump means producing air pressure and quantity sufficient to inflate said
      upper inflatable pouch means and said lower inflatable pouch means, and
      containing a pressure outlet and a vacuum inlet;
PA1  adjustable pressure control means attached to the pressure outlet of said
      pump means controlling the air pressure to which said upper inflatable
      pouch means and said lower inflatable pouch means are subjected;
PA1  filler valve means attached to the vacuum inlet of said pump means assuring
      sufficient air quantity for said pump means;
PA1  cycling valve means attached to the vacuum inlet of said pump means, to
      said adjustable pressure control means, to said upper inflatable pouch
      means and to said lower inflatable pouch means, causing alternate
      inflating and deflating of each inflatable pouch means in such a manner
      that one inflatable pouch means is always being deflated while the other
      is being inflated; and
PA1  drive means attached to said cycling valve means and providing the cycling
      action.
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ABST
PAL  A means for applying traction to a medical patient which includes a
      pneumatic cylinder and piston and a means for pressurizing the cylinder so
      as to apply a predetermined traction force. One embodiment further
      includes a storage cylinder to minimize change in traction force with
      change in position of the piston and a hand operated pumping cylinder and
      piston mounted in the storage cylinder. Another embodiment utilizes an
      extraneous source of pneumatic pressure, pressure regulating valve and a
      hand operated relief valve to permit cyclic application of traction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Traction devices for use by doctor's patients involve a framework secured
      to the bed, various devices for attachment to the patient depending on the
      nature of the injury requiring traction, tension lines extended through
      pulleys to the head or foot of the bed, and weight units attached to the
      ends of the tension lines. The number of weight units is increased or
      decreased to adjust the tension load.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a pneumatic means for applying tension
      to the bodies of medical patients which eliminates the need for weights as
      well as minimizing the need for tension lines, and is summarized in the
      following objects:
PAR  First, to provide a traction means which utilizes a pneumatic cylinder and
      piston unit, one end arranged for attachment to the framework provided on
      a hospital bed for traction purposes, the opposite end arranged for
      attachment to the various straps, brands and splints or the like applied
      by the physician or attendant to the patient.
PAR  Second to provide a traction means, as indicated in the previous object,
      wherein a storage cylinder or reservoir is provided to minimize change in
      the traction force with change in position of the piston.
PAR  Third to provide a traction means, as indicated in the preceeding objects,
      in which an embodiment thereof includes a manually operated pump cylinder
      and piston contained in the reservoir in covenant relation to the traction
      unit; and further includes a readily accessible means for relieving the
      traction force.
PAR  Fourth, to provide a traction means for patients wherein air is supplied
      from an extraneous source and a hand held manually controlled valve means
      is provided which is adjustable as to the traction force applied and is
      readily operated so that the traction force may be applied intermittently.
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a side view of the pneumatic traction means showing fragmentarily
      the frame to which it is attached and indicating by broken lines the
      outline of a patient's foot sole plate and harness as it would appear if
      the foot and leg of a patient were under traction.
PAR  FIG. 2 is a longitudinal sectional view of the pneumatic traction means.
PAR  FIG. 3 is an enlarged sectional view taken through 3--3 of FIG. 2 showing a
      manually releasable valve means.
PAR  FIG. 4 is a side view of a manually operated control indicating
      diagrammatically its connection between a pump and the traction means.
PAR  FIG. 5 is a sectional view thereof taken through 5--5 of FIG. 4.
PAR  FIG. 6 is a sectional view thereof taken through 6--6 of FIG. 4.
DETD
PAR  The pneumatic traction means includes a traction unit 1 having a cylinder 2
      and a piston 3 connected to a stem 4. The extremity of the stem 4 is
      provided with a hook end 5.
PAR  The cylinder 2 receives an end fitting 6 having a vent opening 7 and a
      mounting stem 8. The opposite end of the cylinder 2 is provided with a
      second end fitting 9 having an opening provided with a seal ring, not
      shown through which the piston stem 4 extends. Also the end fitting 9 is
      sealed with respect to the cylinder.
PAR  The cylinder 2 is encased in a reservoir shell 10 substantially larger in
      volume than the cylinder. The shell includes end walls 11 through the
      extremities of the cylinder 2 extends in field relation to the end walls.
PAR  Mounted within the reservoir shell 10 at one side of the traction unit 1 is
      a pump unit 12 which includes a cylinder 13, and a piston 14 having a stem
      15. The outer end of the stem 15 is provided with a handle 16. The stem
      extends through an end fitting 17 provided in the cylinder 13 which
      fitting is provided with a vent opening 18.
PAR  The cylinder 13 receives a valve fitting 19, shown best in FIG. 3 in the
      form of a cylindrical member having end seals 20 and a central bore 21.
      One end of the bore 21 receives a tubular set screw 22 which is sealed in
      place. Within the bore 21, is a pair of opposed check valves 23 and 24
      forced against valve seats by an interposed spring 25.
PAR  The central bore 21 is intersected by one or more outlet passages 26 which
      communicate with the interior of the reservoir shell 10 through outlet
      ports 27 provided in the surrounding portion of the cylinder 13. The
      cylinder 2 is also provided with ports 28 communicating with the interior
      of the reservoir shell 10.
PAR  Provided in one of the end walls of the reservoir shell, or otherwise
      located is a fitting 29 screwthreaded to receive the stem of a pressure
      gage 30.
PAR  Operation of the traction means shown in FIGS. 1 through 3 is as follows:
PAR  The traction means is adapted to be attached to conventional framework 31
      indicated fragmentarily in FIG. 1, which is attached to a patient's bed.
      Such frame work is normally used in conjunction with a set of weights and
      tension lines or cables passing over pulleys and connected to the various
      harnesses and fittings attached to the patient to be treated.
PAR  The traction means is intended to be attached to such frame work in place
      of the weight members and the connecting tension lines. For this purpose
      there is provided a mounting bar 32. The stem 8 is provided with a ball
      portion forming with the mounting bar a universal joint 33. The universal
      joint 33 may be provided with a screw fastener 34 or the like so that the
      universal joint may be secured in any adjusted position.
PAR  The hook end 5 on the stem 4 is connected in a conventional manner to, such
      as a loop 36, to a second hook 35 or other means forming part of a
      conventional harness or other equipment 37 applied by a doctor or
      attendant to the desired part of the patient's body. Upon pressurizing the
      traction unit by use of the hand pump 12 the pressure in the reservoir 10
      and cylinder 2 may be adjusted so as to apply and maintain the desired
      traction force.
PAR  Whenever it is desired to release the traction force, a simple tool such as
      a ball point pen or pencil may be manually inserted in the valve fitting
      19.
PAR  Reference is now directed to FIGS. 4, 5 and 6. It is sometimes desirable to
      apply the traction force intermittently. This may be accomplished by a
      manually operated valve unit 38 including a valve body having a transverse
      bore forming an inlet 39 and an outlet 40 intersected by a manually
      closable vent port 41. The valve body is interposed in a flexible flow
      line 42 extending between a pump 43 or other source of pneumatic pressure
      and the fitting 29. The valve unit is also provided with a relief valve 44
      backed by a set screw 45 and spring 46. Also a gage 47 may be provided.
PAR  Operation of the embodiment shown in FIGS. 4, 5 and 6 is as follows:
PAR  The valve unit 38 is held by a nurse or attendant or by the patient, in
      such a manner that the vent port 41 may be readily closed by the user's
      finger or thumb. When closed, traction force is applied to the stem 4;
      when the vent port is opened the traction force is relieved. The amount of
      traction force is determined by the setting of the relief valve 44. The
      presence of the reservoir 10 insures a gradual application and relief of
      traction force; however, if desired the reservoir 10 may be omitted and
      the line connected directly to the cylinder 2 of the traction unit 1.
PAR  Having fully described my invention it is to be understood that I am not to
      be limited to the details herein set forth, but that my invention is of
      the full scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pneumatic means attachable to a mounting means fixed to a bed or other
      means supporting a patient for applying a traction force to the patient
      said traction applying means comprising:
PA1  a. a traction unit including a cylinder, piston and stem extending through
      one end of the cylinder, the traction unit forming a pressure chamber
      between the piston and end of the cylinder through which the stem emerges;
PA1  b. means for attaching the traction unit cylinder to said mounting means;
PA1  c. means for attaching the stem to the patient;
PA1  d. and means for pressurizing the pressure chamber to apply a traction
      force urging the stem inwardly to apply tension through the stem to the
      patient.
NUM  2.
PAR  2. A traction means as defined in claim 1, which further comprises:
PA1  a. a reservoir in communication with the traction cylinder and subject to
      the pressure therein to minimize change in pressure in the pressure
      chamber due to change in position of the piston resulting from change in
      position of the patient, thereby movement of the patient produces minimum
      change in the traction force.
NUM  3.
PAR  3. A traction means as defined in claim 2, wherein:
PA1  a. the reservoir surrounds the traction cylinder;
PA1  b. and the pressurizing means is a manually operable pump mounted in the
      reservoir and accessible from the exterior thereof.
NUM  4.
PAR  4. A traction means as defined in claim 1, wherein:
PA1  a. a low capacity check valve normally retains the pressure in the traction
      cylinder and is manually accessible to bleed air from the traction
      cylinder to effect gradual releive the traction force.
NUM  5.
PAR  5. A traction means as defined in claim 1, wherein:
PA1  a. the pressurizing means includes a source of fluid pressure, a pressure
      line between the fluid pressure source and the traction cylinder, and a
      manually closable vent port in the pressure line for relieving the
      traction force, the vent port adapted to be intermittently closed and
      opened to effect repeated application and relief of traction force.
NUM  6.
PAR  6. A pneumatic means attachable to a mounting means and to a patient for
      applying a traction force to the patient, said traction applying means
      comprising:
PA1  a. a traction unit including a cylinder, piston and stem;
PA1  b. means for interposing the traction unit between the mounting means and a
      patient;
PA1  c. a reservoir shell surrounding the traction unit cylinder and joined to
      the ends thereof; a pump unit including a cylinder, piston, stem and
      handle, the pump unit cylinder being mounted in the reservoir shell and
      the handle being exposed for manual operation;
PA1  d. the pump unit cylinder and traction unit cylinder having ports in
      communication with the reservoir whereby operation of the pump unit
      pressurizes both the reservoir shell and traction unit cylinder for
      application of a traction force on the patient.
NUM  7.
PAR  7. A traction applying means as defined in claim 6, wherein:
PA1  a. a check valve is positioned for manual access for depressurizing the
      reservoir shell and traction unit cylinder thereby relieve the traction
      force.
PATN
WKU  039372170
SRC  5
APN  4492455
APT  1
ART  335
APD  19740308
TTL  Intrauterine contraceptive device
ISD  19760210
NCL  5
ECL  1
EXP  Trapp; Lawrence W.
NDR  1
NFG  5
INVT
NAM  Kosonen; Ahti A.
CTY  Pori
CNT  SF
ASSG
NAM  Outokumpu Oy
CTY  Helsinki
CNT  SF
COD  03
PRIR
CNT  SF
APD  19730319
APN  847/73
CLAS
OCL  128130
EDF  2
ICL  A61F  546
FSC  128
FSS  127;128;129;130
UREF
PNO  533120
ISD  18950100
NAM  Ferguson
OCL  128130
UREF
PNO  3454004
ISD  19690700
NAM  Leininger et al.
OCL  128130
UREF
PNO  3516403
ISD  19700600
NAM  Cournut
OCL  128130
UREF
PNO  3533406
ISD  19701000
NAM  Tatum
OCL  128130
UREF
PNO  3678927
ISD  19720700
NAM  Soichet
OCL  128130
FREF
PNO  798,655
ISD  19681100
CNT  CA
OCL  128130
LREP
FRM  Brooks Haidt Haffner & Delahunty
ABST
PAL  An intrauterine contraceptive device, resembling the shape of T, deviating
      from that, however, by having in the end of a vertical arm a loop which is
      easy to compress for insertion and having in the upper end of the vertical
      arm two arms departing to opposite sides and jointed smoothly to the
      vertical arm so that the bending radius is relatively big, the angle
      between the horizontal and vertical arm being preferably smaller than
      90.degree..
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved intrauterine contraceptive device.
      The object of the invention is to obtain a device which has a lower
      expulsion rate and is less irritative than other IUDs. There is a known
      IUD having the shape of a T according to U.S. Pat. No. 3,533,406. Its
      horizontal arms are placed into the upper part of the endometrial cavity
      near the fundus and the distance of the ends of horizontal arms is 30- 35
      mm corresponding to the size of the portion of the uterus. The vertical
      arm is relatively thin having a length of 28- 36 mm. The purpose is that
      the device is completely placed into the endometrial cavity and the end of
      the vertical arm extends toward the cervical os when the crossbar of the T
      lies at the fundus of the uterus.
PAR  Statistics have revealed that the rate of bleeding and pain by the T device
      as well as by Lippes Loop is relatively high approximately 10 per cent
      calculated on the basis of 100 used women months. This is caused mainly by
      the rigidity of the mentioned devices. During the contraction of the
      uterus the high pressure is directed against the horizontal arms and when
      these arms in the T device only slightly deviate from the horizontal line
      a rather high pressure is needed to change its shape. This causes the
      relatively pointed ends of the horizontal arms to penetrate to the mucous
      membrane and uterus wall. This is also admitted in the above-mentioned
      patent which says: "X-rays studies indicate that the ends of crossbar will
      become slightly imbedded in the endometrium".
PAR  It is also evident that both the T and Lippes Loop are even in the vertical
      direction relatively rigid and cases have been found when the vertical arm
      of the T has penetrated into the uterus wall causing bleeding and pain.
PAR  The results of clinical tests of the T and especially by Lippes Loop show a
      relatively high rate of involuntary expulsions for patients wearing the
      device.
PAR  The object of this invention has been to decrease or eliminate the event
      rates mentioned above and get a higher continuation rate than other IUDs.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is now provided an intrauterine
      contraceptive device, somewhat like the shape of the letter T, deviating
      from that, however, by having in the end of a vertical arm a loop which is
      easy to compress for insertion and having in the upper end of the vertical
      arm two oppositely directed departing arms jointed smoothly to the
      vertical arm so that the bending radius is relatively big, the angle
      between the horizontal and vertical arm being preferably smaller than
      90.degree..
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents the side view of IUD and in
PAR  FIG. 2 the device is seen from above.
PAR  FIG. 3 represents the method of loading into the inserter tube and
PAR  FIG. 4 the cross-section in line 4--4 in FIG. 3.
PAR  FIG. 5 is a profile view of the IUD taken at a right angle to the view of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It is the object of the present invention to decrease or eliminate the
      events of bleeding, pain, and involuntary expulsion mentioned above by:
PA1  a. giving a sufficient deviation to horizontal arms from the horizontal
      line so that the forces which uterus walls create during the contraction
      onto the tips 2 of these arms are able to bend the horizontal arms
      preventing them from penetrating easily into the uterus wall,
PA1  b. joining the horizontal arms to the vertical arms smoothly and arranging
      a sufficient radius of curvature. In this way the possibility of any
      occurrence of plastic deformation is prevented during loading the device
      into an inserter tube as often occurs with the T device. This kind of
      curvature improves also the bending of horizontal arms when submitted to
      the lateral pressure of uterus wall during contraction,
PA1  c. enlarging the tips 1 and of the horizontal arms and the portions of such
      arms adjacent the tips 2 to form a half-ball or a loop. It is performed to
      decrease further the lateral pressure to the tips of horizontal arms
      during the contraction of the uterus,
PA1  d. forming the end 4 of the vertical arms remote from the horizontal arms
      into a loop. This is intended to eliminate the penetration of the end of
      the vertical arm 3 into the uterus wall. The loop increases the surface
      area of the end and consequently the surface pressure is decreased.
      Further, the vertical arm is partially made thinner preferably just above
      the end loop. This and the loop itself, which is also thinner than the
      vertical arm generally, increase the elasticity and enable an easy bending
      during the movement of the uterus.
PAR  In the present invention the purpose of the loop 4 in the end of the
      vertical arm 3 is also to minimize expulsions. The largest diameter of the
      loop is bigger than the inner diameter of the inserter tube 5. By loading
      the device into the inserter tube the loop 4 is pressed together and when
      inserted into the endometrium cavity the loop takes its original shape.
      The rounded lower part of the loop will be supported to the upper edges of
      the cervical os preventing by that way the device to slip down into the
      cervical os. Further, as the horizontal arms 1 are made elastic and curved
      downwards, the device will during the contraction of the uterus rather
      rise upwards than be pressed down. The device according to this invention
      has for example the further advantage compared with the mentioned T device
      that it can be loaded into the inserter tube 5 setting the horizontal arms
      1 upwards. Using this loading method it is possible to decrease the
      diameter of the inserter tube 5 to a much smaller size than which is
      possible for the inserter tube of the T. This enables that the device
      according to this invention can be inserted to nulliparous women. Further,
      the well-rounded tips or loops 2 in the ends of horizontal arms 1 will
      cover the edges of the inserter tube 5 so that these sharp edges do not
      cause any damage during the insertion.
PAR  When the device according to this invention, especially through the loops
      or balls 2, dimensionally is larger than the T device it has a better
      mechanical contraceptive effect than the latter.
PAR  It will be understood that the present invention may be combined with other
      methods of contraception such as copper or copper alloys as presented in
      U.S. Pat. No. 3,563,235 to provide an improved effectiviness. The metal
      can be added in form of wire or sleeves.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An intrauterine contraceptive device for placement within the uterine
      cavity having a normally generally T-shaped configuration with a stem
      having two outwardly extending arms joined to the stem along a smoothly
      bent curved portion, said curved portion being flexible, said arms
      normally extending at acute angles with respect to said stem, said
      smoothly bent curved portion being bent on a sufficient radius of
      curvature for prevention of plastic deformation when said arms are bent
      into general alignment with said stem during loading of the device into an
      inserter tube, and having a compressible loop at an end of said stem
      axially remote from said arms for supporting the device on the upper edges
      of the cervical os, a portion of said stem adjacent said compressible loop
      being of reduced thickness.
NUM  2.
PAR  2. The intrauterine contraceptive device of claim 1 in which a tip of each
      said arm is enlarged with respect to the remainder of the arm.
NUM  3.
PAR  3. The intrauterine device of claim 1 wherein tip portions of said arms are
      rounded in shape.
NUM  4.
PAR  4. An intrauterine contraceptive device for placement within the uterine
      cavity having a normally generally T-shaped configuration with a stem
      having two outwardly extending arms joined to the stem along a smoothly
      bent curved portion, said curved portion being flexible, said arms
      normally extending at acute angles with respect to said stem, said
      smoothly bent curved portion being bent on a sufficient radius of
      curvature for prevention of plastic deformation when said arms are bent
      into general alignment with said stem during loading of the device into an
      inserter tube, and having a compressible loop at an end of said stem
      axially remote from said arms for supporting the device on the upper edges
      of the cervical os, wherein said loop and a portion of said stem adjacent
      said loop are thinner than the rest of said stem for increased flexibility
      in response to pressure on the device.
NUM  5.
PAR  5. An intrauterine contraceptive device for placement within the uterine
      cavity having a normally generally T-shaped configuration with a stem
      having two outwardly extending arms joined to said stem along a smoothly
      curved bent portion, said curved portion being flexible, said arms
      normally extending at acute angles with respect to said stem, and having a
      compressible loop at an end of said stem axially remote from said arms for
      supporting the device on the upper edges of the cervical os, a portion of
      said stem adjacent said loop being of reduced thickness.
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ABST
PAL  A protective pad adapted for being positioned on an elbow or heel of a
      bedridden patient for protecting against the development of bedsores. The
      pad includes a scoop-shaped body member of cushioning material having a
      concave inner surface thereon defining an elbow or heel receiving pocket,
      a pair of straps extending in spaced apart relation from a rear portion of
      the body member and being of a length sufficient to permit positioning the
      straps across the body member for overlyingly engaging the limb of a
      patient, and a pair of fasteners carried by a front portion of the body
      member for releasably securing an end portion of each strap to the front
      portion of the body member. The fasteners are positioned in spaced apart
      relation on the body member and are adapted for securing the straps in
      overlapping crossed relation overlying the limb of the patient whereby the
      straps facilitate maintaining the body member in conforming relation on
      the limb of the patient while allowing free movement of the limb and while
      avoiding constriction of the limb as would reduce blood circulation
      therein.
BSUM
PAR  This invention relates to a protective pad adapted for being worn on an
      elbow, heel or like body portion of bedridden patients.
PAR  Various types and forms of protective pads have been proposed for use by
      patients, particularly elderly patients who are confined to bed for
      extended periods of time during an illness or convalescence, for
      protecting portions of the patient's body, such as elbows and heels, from
      pressure and abrasive contact with the bed, which frequently contribute to
      the development of decubitus ulcers or bedsores. Such prior pads are
      usually specifically designed to be positioned to overlie one particular
      portion of the body, and they typically comprise a padded cushion member
      such as polyester fiber floss adhesively secured to a backing fabric. The
      cushion member is adapted to be folded, bent or seamed so as to be adapted
      to receive the intended body member therein. Where the pad is intended for
      use on the heel, or the elbow, one or more straps are generally provided
      on the cushion member for extending across the arm or leg of the patient
      to maintain the padded cushion member in position.
PAR  Pads of the types described above, while serving to cushion the body member
      have not been entirely satisfactory since they are undesirably bulky and
      do not conform well to the arm or leg, and are uncomfortable when worn for
      extended periods of time. Further, the straps employed for securing the
      pad to the elbow or heel tend to restrict movement of the patient's arm or
      leg and to impede blood circulation therein. This causes further
      discomfort and also contributes to the development of decubitus ulcers.
      Still further, a few patients suffer an allergic reaction to the commonly
      employed pads of the polyester floss type, and such pads do not possess
      adequate porosity or breatheability, and they have proven to be irritating
      to the skin of a wearer by holding moisture, such as perspiration and the
      like, against the skin.
PAR  With the foregoing in mind, it is a primary object of this invention to
      provide a protective pad which may be applied to either an elbow or heel
      of a patient, and which is comfortable to wear for extended periods of
      time.
PAR  It is another object of the present invention to provide a protective pad
      of the described type which possesses sufficient porosity to permit
      ventilation of the underlying skin of the wearer, which is non-allergenic,
      and which may be repeatedly laundered without damage to the pad.
PAR  It is a more specific object of the invention to provide a protective pad
      adapted to be positioned on either an elbow or heel of a patient, and
      wherein the protective pad includes a body member of cushioning material
      integrally formed with a concave surface thereon defining an elbow or heel
      receiving pocket and wherein the body member is thicker in medial portions
      thereof than along peripheral edge portions thereof so as to provide
      additional padding for the elbow or heel positioned in the pocket while
      avoiding undue bulkiness of the body member.
PAR  It is a further object of this invention to provide a protective pad
      adapted for being positioned on either an elbow or heel of a patient and
      wherein an improved arrangement of straps is provided for securing the
      protective pad to the elbow or heel while providing freedom of movement of
      the limb of the patient and while also avoiding restricting blood
      circulation in the limb.
PAR  In accordance with the above objects, the protective pad of this invention,
      in its preferred form, includes a scoop-shaped body member of cushioning
      material having a concave inner surface thereon defining an elbow or heel
      receiving pocket, a pair of straps extending in spaced apart relation from
      a rear portion of the body and being of a length sufficient to permit
      positioning the straps across the body member for overlyingly engaging the
      limb of the patient, and a pair of fastener means carried by the body
      member on a front portion thereof for releasably securing an end portion
      of each of the straps to the front portion of the body member. The pair of
      fastener means are positioned in spaced apart relation on the body member
      and are located for securing the straps in overlapping crossed relation
      overlying the limb of the patient so that the straps are thereby adapted
      for maintaining the body member in position on the limb of the patient
      while allowing free movement of the limb and while avoiding constriction
      of the limb as would reduce blood circulation therein. The body member
      includes a scoop-shaped molded porous core of unitary construction formed
      from discrete particles of polyurethane foam bonded together and a porous
      covering surrounding the core. The scoop-shaped core has a greater
      thickness in medial portions thereof than along peripheral edge portions
      thereof so as to provide additional padding for the elbow or heel
      positioned in the pocket of the body member while avoiding undue bulkiness
      of the body member.
DRWD
PAR  Some of the objects of the invention having been stated, others will appear
      as the description proceeds, when taken in connection with the
      accompanying drawings, in which
PAR  FIG. 1 is a perspective view of a protective pad in accordance with this
      invention;
PAR  FIG. 2 is a vertical sectional view of the pad taken substantially along
      line 2--2 of FIG. 1;
PAR  FIG. 3 is a side view of the protective pad as worn on the elbow of a
      patient;
PAR  FIG. 4 is a top view of the protective pad as worn on the elbow of a
      patient and showing the straps of the pad in the overlapping crossed
      relation across the cubital area of the arm;
PAR  FIG. 5 is a side view of the protective pad as worn on the heel of a
      patient; and
PAR  FIG. 6 is a top view of the protective pad as worn on the heel of a patient
      and showing the straps of the pad in overlapping crossed relation across
      the instep of the foot.
DETD
PAR  Referring now more particularly to the drawings wherein like reference
      characters are used throughout to indicate like parts, the protective pad
      includes a body member, generally indicated by reference character 10,
      which is of curved, somewhat scoop-like shape having a concave inner
      surface thereon defining a pocket P adapted for receiving the elbow or
      heel of the wearer therein, and a pair of straps 32, 33 adapted for
      maintaining the body member 10 in position on the arm or leg of the
      wearer.
PAR  Referring to FIG. 2, body member 10 includes a core 11 having a generally
      circular peripheral outline and being formed of resilient flexible
      cushioning material which is of generally converging concavo-convex
      cross-sectional configuration. The core thus has a greater thickness in
      the medial portions thereof where the elbow or heel receiving pocket P is
      located than along the periphery of the core so as to provide additional
      padding for the elbow or heel where it is needed most while avoiding
      bulkiness of body member 10 particularly along the periphery or edge
      thereof. Also as seen in FIG. 2, the pocket P of the core 11 has a
      substantial depth which approximates one-half the overall diameter of the
      periphery of the core to thereby substantially fully surround and enclose
      the elbow or heel of the patient therein as hereinafter further explained.
      Core 11 is preferably formed of a porous foam material for providing
      breatheability and comfort during extended periods of wear. However, the
      core may also be formed of other materials such as fibrous padding
      material, if desired. When formed of foam material, the core preferably
      comprises discrete particles of polyurethane foam which are bonded
      together with a suitable binder during a molding operation, as described
      later.
PAR  The inner concave and outer convex surfaces of body member 10 respectively
      comprise sheets 12 and 13 of porous covering material which are preferably
      bonded to core 11 in conforming relation to the contoured inner and outer
      surfaces thereof to provide a unitary structure having a neat appearance
      even when deformed or flexed. Stretch fabrics are particularly suitable
      for use as a covering material because of their ability to conform to the
      shape of the core during use. For example, fabrics knitted from stretch
      yarns have been suitably employed as the covering material. Yarns of a
      hydrophobic material such as nylon are preferred since they serve to
      conduct moisture and perspiration away from the wearer and thus facilitate
      maintaining the skin free from irritation. Such yarns are also desirable
      since the resulting fabric has a low coefficient of friction, and the pad
      thus slides easily on the sheets of the bed.
PAR  In producing the body member 10, it has been found advantageous to mold the
      foam core 11 while simultaneously applying and bonding the sheets 12 and
      13 of covering material thereto. A vacuum molding apparatus is preferably
      employed having a cooperating pair of male and female molding dies of
      suitable shape for forming the core in the desired convexo-concave form.
      In forming the foam core, common or virgin polyurethane foam is employed
      which is shredded or otherwise formed into discrete particles and which is
      thereafter mixed with a suitable binder such as about 4 percent by weight
      of base form polyester-type polyurethane and heated to form a tacky mass.
      After positioning sheets 12, 13 of covering material overlying the male
      and female molding dies, the molding composition is placed in the vacuum
      molding apparatus and a vacuum is thereafter drawn on the mass to form the
      same into the desired shape. The mass is thereafter cured, as by
      subjecting to steam, to form a resilient core of rebonded light
      polyurethane foam with sheets 12, 13 lightly bonded to the outer and inner
      surfaces thereof. The same binder which bonds the foam particles together
      also serves to lightly bond sheets 12, 13 to the core without undesirably
      affecting the softness of the fabric sheets. The thus formed core
      typically has a density of about 3-4 pounds per cubic foot, and the
      resulting laminated structure is air permeable and non-irritating to the
      skin, and is capable of withstanding repeated launderings so that it may
      be kept clean and sanitary at all times.
PAR  The scoop-shaped configuration of body member 10 is particularly adapted
      for protectingly surrounding an elbow or heel and for being worn on an arm
      or leg comfortably for extended periods of time. As illustrated, the body
      member 10 includes a front portion 14 wherein the walls thereof extend
      generally horizontally or slope upwardly gradually, and a rear portion 15
      wherein the walls are of considerably steeper slope and extend sharply
      upwardly. Opposite sides of halves of the body member are generally
      symmetrical, with the plane of symmetry extending generally vertically
      through both the front and rear portions 14, 15 of the body member. As
      illustrated in FIG. 1, the plane of symmetry of body member 10 would pass
      through the section line 2--2, and FIG. 2 illustrates one of the two
      generally symmetrical halves of the body member 10.
PAR  As illustrated, sheets 12 and 13 are positioned surrounding core 11 with
      the raw edges of the sheets overlying one another along the edge or
      periphery of body member 10 at the juncture of the concave inner and
      convex outer surfaces thereof. A narrow seam binding strip or tape 16 is
      positioned overlying the raw edges of the two sheets 12, 13 of fabric and
      the entire assembly is then secured by stitching 17. The stitching 17 is
      preferably spaced a short distance from the edge of body member 10 so as
      to pass through the seam binding strip 16, through the two sheets 12, 13
      of fabric and also through a portion of the edge of core 11, pinching the
      same so as to form a rounded padded bead 18 along the peripheral edge of
      the body member 10.
PAR  As illustrated in FIG. 1, the protective pad also includes an elongate
      strip 30, preferably formed of conventional flexible woven webbing
      material. A medial portion of strip 30 is secured along a portion of one
      longitudinal edge 31 thereof to the rear portion 15 of body member 10.
      More particularly, strip 30 is positioned beneath the rounded bead 18 at
      the rear portion 15 of the body member, and edge 31 thereof is secured to
      the body member by a second line of stitching 21 (FIG. 2) substantially
      overlying stitching 17. Stitching 21 secures strip 30 to the body member
      10 for a short distance along the rear portion 15 thereof, generally not
      exceeding about one-third the circumference of the body member along the
      edge thereof, and preferably corresponding to about one-fourth the
      circumference. When secured in this manner, the distal portions of strip
      30 form a pair of pliable binding elements or straps 32, 33 whose
      innermost portions extend generally tangentially from the edge of body
      member 10 to facilitate positioning the same in overlapping crossed
      relation, as described below. Straps 32, 33 are of a length sufficient to
      permit positioning the same across the body member for overlyingly
      engaging the limb of the patient and maintaining body member 10 in
      position there. After stitching, strip 30 is turned up as illustrated in
      FIG. 2 so that edge 31 is lowermost and the cushioned rounded bead 18 is
      positioned between the strip and the limb of the patient for cushioning
      the limb.
PAR  A pair of fastener means 40, 41 are provided on the front portion 14 of
      body member 10 for releasably securing the end portions of straps 32, 33
      to the body member. In the illustrated embodiment, this fastener means
      comprises short strips of conventional hook-type Velcro fastener material
      sewn or otherwise suitably secured to the outer convex surface of the body
      member. The inner surface of strip 30 is provided, over at least the
      distal portions thereof, with the conventional type of soft fibrous Velcro
      fastener material 30a which is adapted for being engaged by the
      cooperating hook-like Velcro fastener elements on the body member.
      Obviously, other suitable fastener means, such as buckles, may be employed
      if desired.
PAR  Fastener means 40, 41 are located on opposite halves of body member 10
      closely adjacent the edge thereof and are spaced apart from one another so
      as to be positioned on opposite sides of the patient's lower arm or foot.
      Fastener members 40, 41 are thereby adapted for securing a strap from the
      opposite side or half of the body member, as noted in more detail below.
      It will also be observed that the edge of body member 10 flares or bows
      upwardly on each side thereof between the fastener means 40, 41 and the
      point where each strap is secured to the body member. This flare or bow
      effectively deepens the elbow or heel receiving pocket P and facilitates
      maintaining the elbow or heel in position therein. Further, since the
      straps are arranged so as to extend from the rear portion 15 of the body
      member 10 diagonally across the same to the front portion 14 thereof, the
      strap arrangement serves to pull the front and rear portions closer
      together, further deepening the elbow or heel receiving pocket P while
      also pulling the body member 10 into conforming relation with the arm or
      leg of the wearer.
PAR  If desired, instead of using a separate seam binding strip 16 and elongate
      strip 30 as illustrated, a single elongate piece or strip of material may
      be employed for covering the raw edges of fabric sheets 12, 13 and for
      also defining straps 32, 33. In this alternate form, an elongate strip of
      material has a medial portion thereof stitched along the entire periphery
      or edge of the body member 10 to cover all the raw edges of fabric sheets
      12, 13 and overlaps itself for a short distance at the rear portion 15 of
      the body member 10. The distal or end portions of the piece or strip of
      material extend outwardly from the body member in spaced apart relation at
      the rear portion 15 thereof to form a pair of pliable binding elements or
      straps. If desired, the binding elements or straps may be cord-like
      instead of flat, as in the illustrated embodiment. As in the illustrated
      embodiment, the innermost portions of the straps extend generally
      tangentially to the peripheral edge of the body member. If desired, the
      entire piece or strip of material forming the straps may be formed from a
      soft fibrous material of the type adapted for being engaged by the
      hook-like fastener elements on body member 10.
PAR  As seen in FIGS. 3 and 4, the protective pad is worn on the arm of a
      patient with the elbow thereof positioned in pocket P and with the rear
      portion 15 of body portion 10 positioned against the upper portion of the
      arm. Straps 32, 33 extend forwardly from behind the upper arm and
      diagonally cross the arm with an end portion of each strap being
      releasably secured to the front portion 14 of body member 10 by fastener
      members 40, 41. The straps 32, 33 are thus positioned in overlapping
      crossed relation across the cubital area of the arm and loosely engage the
      same for maintaining the body member 10 in position on the elbow. By
      extending across the arm in this manner, the straps permit free movement
      of the arm within body portion 10 while avoiding impingement upon the
      exposed antecubital veins in the arm as might otherwise restrict blood
      circulation in the arm. Further, as noted above, the forwardly extending
      strap arrangement serves to deepen the pocket P and facilitate maintaining
      the body member 10 in conforming relation on the arm.
PAR  As seen in FIGS. 5 and 6, the protective pad is worn on the foot by
      positioning the heel of the patient in pocket P with the rear portion 15
      of body member 10 positioned against the Achilles tendon and with the
      front portion 14 of the body member being positioned against the sole of
      the foot. The straps extend forwardly from opposite sides of the ankle and
      diagonally cross the instep or arch of the foot. As noted above, the
      overlapping crossed relation of the straps permits free movement of the
      foot within the body member 10 while maintaining the body member in
      conforming relation on the foot without restricting blood circulation in
      the foot.
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A protective pad adapted to be positioned on an elbow or heel of a
      patient and characterized by providing freedom of movement of the limb of
      the patient and avoiding restricting circulation in the limb, said pad
      comprising
PA1  a core of resilient foam material having a generally circular peripheral
      outline and generally converging concavo-convex cross-sectional
      configuration such that the concave inner surface defines a smoothly
      curved elbow or heel receiving pocket having a depth approximating
      one-half the overall diameter of the core to substantially fully surround
      and enclose the elbow or heel of the patient therein,
PA1  a sheet of fabric smoothly overlying and bonded to each of the concave and
      convex surfaces of said core,
PA1  a pair of spaced apart straps attached to said pad and extending
      tangentially and in opposite directions from a rear portion of the
      periphery of said core and with each strap being of a length sufficient to
      permit positioning of the strap across the core and over the limb of the
      patient, and
PA1  a pair of fastener elements attached to said pad on a front portion of the
      periphery thereof for releasably securing the end portion of each strap to
      the front portion of said core, said pair of fastener elements being
      positioned in spaced apart relation such that the straps may be secured in
      overlapping crossed relation over the limb of the patient, said straps
      being thereby adapted to facilitate maintaining the pad in conforming
      relation on the limb of the patient while allowing free movement of the
      limb and avoiding constriction of the limb as would reduce circulation
      therein.
NUM  2.
PAR  2. The protective pad as defined in claim 1 wherein said pair of fastener
      elements are located on the outer convex surface of said pad, and each
      comprises a multiplicity of hook-like fasteners which are adapted to
      releasably secure an end portion of said strap thereto.
NUM  3.
PAR  3. The protective pad as defined in claim 2 further comprising a narrow
      seam binding strip extending about the periphery of said core and
      overlying the edges of said sheets, and stitching extending through a
      portion of the peripheral edge of said core and said sheets for securing
      said strip thereto.
NUM  4.
PAR  4. The protective pad as defined in claim 1 wherein each of said sheets
      comprises a resilient fabric material which is bonded to the adjacent
      surface of said core throughout the full area thereof.
NUM  5.
PAR  5. The protective pad as defined in claim 4 wherein each of said sheets
      further comprises a knit fabric material formed of polymeric yarns to
      facilitate the passage of moisture and perspiration therethrough.
NUM  6.
PAR  6. The protective pad as defined in claim 4 wherein said core is formed of
      bonded discrete particles of polyurethane foam material and has a density
      of between about three to four pounds per cubic foot.
NUM  7.
PAR  7. The protective pad as defined in claim 4 wherein said straps comprise a
      unitary strip of fabric having the medial portion thereof joined to the
      periphery of said core.
NUM  8.
PAR  8. The protective pad as defined in claim 4 wherein said core has generally
      symmetrical opposite halves with each half having front and rear portions
      and with the rear portion of each half having walls of greater slope than
      the walls of the front portion thereof.
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ABST
PAL  A sterile syringe assembly and method of making same for providing sterile
      air to be injected into a patient. The syringe assembly includes a syringe
      mounted on a platform within an enclosure package. The syringe includes a
      barrel portion and a plunger which is at least partially pulled back from
      the barrel portion to provide an internal chamber of the barrel portion
      filled with sterilized air. The package enclosure is opened and the
      syringe plunger is actuated to inject the contained sterilized air into
      the patient.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of hyperdermic syringes. In particular
      this invention pertains to syringes containing medicants. More in
      particular, this invention relates to syringe assemblies where the syringe
      includes a predetermined volume of sterilized air for injection into a
      patient.
PAR  2. Prior Art
PAR  Syringes supplied in sterile packages are known in the art. Some prior
      syringes of this type are used to inject air into a patient during an
      operation. In many cases, such syringes are used by opening the sterile
      package, pulling back a syringe plunger to pull air internal to the
      syringe, and then injecting the air into the patient. Unfortunately, the
      ambient air (even in operating rooms) includes micro-organisms which
      render the injected air non-sterile. This increases the danger of
      infection to the patient and may lead to deleterious results.
PAR  In some other prior assemblies, sterile air has been inserted into the
      syringe by withdrawing ambient air into the syringe through a flame. This
      procedure has been found to be unreliable and further presents the danger
      of an open flame in the operating room.
PAC  SUMMARY OF THE INVENTION
PAR  A method for injecting sterile air into a patient. The initial step is
      providing a syringe having an internal chamber with a predetermined volume
      containing non-sterilized air. The syringe is packaged in a gas
      sterilizing enclosure and sterilized through gas sterilization. The
      sterilizing gas is removed from within the enclosure with the air
      remaining within the internal chamber being sterile. The syringe is taken
      from the sterilized enclosure and the sterilized air is injected into the
      patient.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a flow block diagram showing the method for injecting sterile air
      into a patient; and,
PAR  FIG. 2 is a perspective view, partially cut-out showing the syringe
      assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, there is shown sterile syringe assembly 1
      and the block diagram associated with the method for injecting sterile air
      into a patient. In numerous surgical procedures, it is necessary to inject
      predetermined quantities of sterile air into a patient. This surgical
      procedure is followed in certain types of ear and eye surgery as well as
      in various neuro-surgical operation where sterile air must be injected
      into the spinal cord. In such cases, the injection of the sterile air is
      to separate tissues to prevent adhesions. In other uses, sterile air is
      often injected to show organ outlines more clearly when X-Rays are being
      taken. It has been established that ordinary room air in an operating room
      environment contains micro-organisms which render the environment air
      non-sterile. The use of non-sterile air increases the risk of infection to
      the patient during the post operative time. The present invention provides
      both a sterile syringe assembly and associated method for injecting
      sterile air into a patient without regard to the operating room
      environment in which assembly 1 is utilized.
PAR  As shown in FIG. 2, syringe package assembly 1 includes syringe 4 having
      barrel portion 7 and plunger 5. Barrel portion 7 includes an internal
      chamber with a predetermined volume containing sterilized air. Plunger 5
      includes cylinder 6 which is insertable within barrel 7 to provide the
      internal volume of sterilized air within syringe 4. Linear movement of
      plunger 5 actuates a corresponding movement of cylinder 6 to provide the
      internal volume displacement within barrel 7 of syringe 4. Syringe 4 is
      mounted on syringe platform 2 and is removeably secured thereto through
      insertion of syringe 4 in a syringe platform cut-out or other mechanism
      not important to the inventive concept as herein detailed. Both syringe
      platform 2 and syringe 4 are maintained within enclosure package 8
      providing a seal for syringe 4 from the ambient environment.
PAR  Syringe 4 is mounted within enclosure package 8 with plunger 5 at least
      partially pulled back to provide a predetermined volume of sterilized air
      within an internal chamber formed within barrel 7. Thus, syringe platform
      2 includes a mechanism for maintaining a predetermined volume of the
      sterilized air with the barrel portion 7 of syringe 4. This mechanism
      includes platform mount 3 secured to syringe platform 2 as is shown. The
      securement mechanism may be through adhesives, the formation of syringe
      platform 2 and mount 3 in one piece formation or some like technique. As
      is seen, mount 3 includes a predetermined longitudinal extension and has
      opposing displaced longitudinal surfaces for interfacing with a flange of
      barrel portion 7 and a second flange of plunger 5. When syringe 4 is
      mounted within package 8 in this manner, it is seen that first and second
      flange members of barrel 7 and plunger 5 respectfully are displaced each
      from the other by a predetermined amount. This predetermined linear
      displacement of the flanges provides for a predetermined internal volume
      of sterilized air to be maintained within the chamber of barrel 7.
PAR  In the manner disclosed, it is seen that syringe 4 may be utilized directly
      in an operating room whereby enclosure package 8 is open and plunger 5 is
      moveably displaced toward the flange section of barrel portion 7 to
      provide direct injection of the sterile air into the patient. Thus, the
      direct injection of the sterile air into the patient from syringe 4
      removes the possibility that the micro-organisms in the air within the
      operating room will be injected internal to the patient.
PAR  The method for providing sterile syringe assembly 1 for use in injecting
      sterile air into the patient during an operation is shown in the flow
      block diagram FIG. 1. Initially, syringe 4 is provided having an internal
      chamber with a predetermined volume containing non-sterilized air. As is
      shown in flow block A, the step providing syringe 4 includes the step of
      displacing or pulling back syringe plunger 5 through some predetermined
      linear distance to provide a predetermined volume of non-sterilized air
      within the internal chamber of barrel 7. Although the volume provided may
      vary, syringes 4 often come in sizes such as 1, 3, 5, 10, 20, and 40 cubic
      centimeters. Thus, initially plunger 5 is pulled back through some linear
      distance to provide a chamber within chamber 7 of non-sterilized air
      having a known volume.
PAR  The next succeeding step is shown in block B where syringe 4 is packaged
      and sealed in gas sterilizing enclosure package 8. This step includes the
      mounting of syringe 4 on syringe platform 2 within enclosure 8. Thus,
      syringe 4 is removeably secured to platform 2 by inserting such in a
      cut-out or some like means. Further, the mounting of syringe 4 includes
      the maintaining of predetermined internal chamber volume of barrel 7 when
      syringe 4 is mounted within gas sterilizing enclosure 8 prior to its use
      in the operating room. This is accomplished by constraining a flange of
      plunger 5 at least a predetermined distance from flange section of barrel
      portion 7 of syringe 4 which in cooperation with cylinder 6 provides a
      predetermined necessary volume within barrel 7. This constrainment is
      accomplished by placing syringe 4 on platform mount 3 in a manner such
      that the flange on plunger 5 and the flange on barrel portion 7 are
      positioned contiguous to opposing linearly displaced surfaces of the
      platform mount. Thus, it is seen that once syringe 4 is removeably mounted
      or secured to syringe platform 2, that the internal volume of the chamber
      within barrel 7 is fixed to at least a predetermined amount. It will be
      noted that at this stage of the method that the air within the chamber of
      barrel portion 7 is still non-sterilized.
PAR  Enclosure package 8 is then sealed throughout a peripheral boundary of the
      enclosure contour. Package 8 may be formed of a gas permeable substance
      such as plastic and such may be heat sealed to provide protection from the
      ambient environment.
PAR  Sterile syringe assembly 1 is then sterilized through gas sterilization as
      is shown in flow block C of FIG. 1. Gas sterilization with ethylene oxide
      has received wide acceptance for materials which are sensitive to heat and
      moisture. It has been found to be as effective as auto-claving but is more
      time consuming. Often, gas sterilization is the method of choice for items
      that can not be steam sterilized. This method depends on the toxicity of
      ethylene oxide to destroy micro-organisms. Although not completely
      understood, it is believed that the ethylene oxide destroys the
      micro-organisms by alkylation which causes the replacement of the
      available hydrogen atom in some susceptible chemical groups in a protein
      molecule with its hydroxyethyl radical. Both package enclosure 8 and
      barrel 7 of syringe 4 are formed of an ethylene oxide permeable material
      such as plastic. The step C of gas sterilization includes inserting
      sterile syringe assembly 1 after sealing of package 8 in a sterilizing gas
      environment such as ethylene oxide. In this manner with package enclosure
      8 and barrel 7 being gas permeable, it is seen that the sterilizing gas
      passes internal to syringe assembly 1.
PAR  The next consecutive step is to clear the sterilizing gas from the internal
      confines of assembly 1. Sterilized gas may be removed from within the
      enclosure by placing the enclosure 8 in an environment devoid of the
      sterilized gas. This allows the sterilized gas such as ethylene oxide to
      permeate through the walls of the enclosure to the external environment
      devoid of the sterilizing gas. The air remaining within the internal
      chamber of barrel 7 of syringe 4 is thus sterile. Other aeration
      techniques well known in the art may be used to clear the gas from
      assembly 1.
PAR  The final steps for use in injecting the sterile air now contained within
      barrel 7 into a patient is shown in flow block E of FIG. 1. In this flow
      block the surgeon or other operator takes the syringe from the sterilized
      enclosure and injects the sterilized air contained therein into the
      patient in one linear movement by bringing the flange on plunger 5 toward
      the flange of barrel portion 7 through a predetermined distance.
PAR  Other ways to provide the syringe, pre-loaded with a measured, clinically
      useful quantity of sterilized air, ready to be used by a medical doctor,
      may be mentioned. A syringe may be manufactured, complete with needle, and
      with plunger in the depressed condition. It may be sterilized before
      packaging in any known way, such as by known gas, chemical or heat. Then,
      maintained in a suitably sterile environment, it is loaded with a measured
      clinically useful volume of pre-sterilized air, for example 20 cc.
PAR  A relatively large container of air, sufficient to supply a large plurality
      of syringes, for example, thousands, is prepared. The air is sterilized by
      any known means, for example, heat. Each sterilized syringe, prepared as
      above, is brought in turn to the air container. The interior of each
      syringe barrel is connected to the air container in turn. The plunger is
      withdrawn to the desired mark. This draws the desired volume of air into
      the barrel. The connection may be made by contacting the end of the needle
      to a valved opening in the air container, or it may be made by providing
      the air container with a self-sealing membrane which may be punctured by
      each needle. The needles are then further maintained in a suitably sterile
      environment and are hermetically sealed into sterile packages to make an
      assembly suitable for shipment ultimately to a medical user.
PAR  The air loading as described immediately above may be done by mechanical
      handling in a closed chamber.
PAR  The method and means for preparing the syringe, as described immediately
      above are probably more expensive than the method and means first
      described herein.
PAR  In the manner herein described, there is provided a totally enclosed
      syringe assembly 1 which provides a surgeon with sterile air to be
      injected into a patient during an operation. In the above description of
      the invention specific examples have been used for illustrative purposes.
      It is understood that those skilled in the art can make certain
      modifications to these specific examples without departing from the spirit
      and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for injecting sterile air into a patient including the steps
      of:
PA1  a. providing a syringe having an internal chamber with a predetermined
      volume containing non-sterilized air by initially displacing a syringe
      plunger through a predetermined linear distance to provide said
      predetermined volume quantity of said non-sterilized air within said
      internal chamber;
PA1  b. packaging said syringe in a gas sterilizing enclosure;
PA1  c. maintaining said predetermined internal chamber volume when said syringe
      is packaged in said gas sterilized enclosure by constraining said syringe
      plunger a predetermined distance from a flange section of a barrel portion
      of said syringe;
PA1  d. sterilizing said enclosure, said syringe, and said predetermined volume
      through gas sterilization;
PA1  e. removing said sterilizing gas from within said enclosure, said
      predetermined volume quantity of said air remaining within said internal
      chamber being sterile;
PA1  f. taking said syringe from said sterilized enclosure; and,
PA1  g. injecting said predetermined volume quantity of said sterilized air
      contained within said internal chamber into said patient.
NUM  2.
PAR  2. The method for injecting sterile air as recited in claim 1 where said
      internal chamber predetermined volume is a predetermined value within the
      range of 1.0 to 40.0 cubic centimeters.
NUM  3.
PAR  3. The method for injecting sterile air as recited in claim 1 where the
      step of packaging said syringe includes the step of sealing said syringe
      within said gas sterilizing enclosure throughout a peripheral boundary of
      said enclosure.
NUM  4.
PAR  4. The method for injecting sterile air as recited in claim 3 where the
      step of sealing said syringe includes the step of heat sealing opposing
      surfaces of said enclosure each to the other throughout said peripheral
      boundary of said enclosure.
NUM  5.
PAR  5. The method for injecting sterile air as recited in claim 1 where the
      step of packaging said syringe includes the step of mounting said syringe
      on a platform within said enclosure.
NUM  6.
PAR  6. The method for injecting sterile air as recited in claim 5 where the
      step of mounting said syringe includes the step of removeably securing
      said syringe to said platform within said chamber.
NUM  7.
PAR  7. The method for injecting sterile air as recited in claim 1 where the
      step of constraining includes the step of placing said syringe on a
      platform mount secured to said platform, said syringe plunger and said
      flange section being positioned contiguous to opposing linearly displaced
      surfaces of said platform mount.
NUM  8.
PAR  8. The method for injecting sterile air as recited in claim 1 where the
      step of sterilizing includes the step of inserting said enclosure in a
      sterilizing gas environment.
NUM  9.
PAR  9. The method for injecting sterile air as recited in claim 8 where the
      step of inserting includes the step of passing said sterilizing gas
      internal to said enclosure.
NUM  10.
PAR  10. The method for injecting sterile air as recited in claim 9 where said
      enclosure is permeable to said sterilizing gas.
NUM  11.
PAR  11. The method for injecting sterile air as recited in claim 10 where said
      sterilizing gas is ethylene oxide.
NUM  12.
PAR  12. The method for injecting sterile air as recited in claim 1 where the
      step of removing said sterilizing gas includes the step of placing said
      enclosure in an environment devoid of said sterilized gas.
NUM  13.
PAR  13. The method for injecting sterile air as recited in claim 12 where the
      step of placing said enclosure includes the step of permitting said
      sterilizing gas to permeate through the walls of said enclosure to said
      environment devoid of said sterilized gas.
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ABST
PAL  A sterile aspiration catheter is disclosed which includes a catheter tube
      enclosed within a pliable sleeve and which extends beyond the tube end
      which is inserted in the patient. Preferably, the sleeve is vented at the
      end remote from the tube insertion end whereby as the sleeve is retracted
      from the tube insertion end, air within the envelope escapes through the
      vent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to aspiration catheters used for removing fluids
      from the tracheobronchial passages of patients.
PAR  Aspiration, or suction catheters are commonly employed for removing fluids,
      such as secretions, exudates and blood from the tracheobronchial passages
      of patients by applying a suction force to the catheter. Suctioning of
      tracheobronchial passages is performed frequently following a tracheostomy
      to remove fluids resulting from the surgical procedure. It is essential
      that the suction catheter be maintained sterile and that effective aseptic
      technique be used to prevent infection of the patient due to transmission
      of foreign bacteria into the patient during the suctioning procedure.
      Effective aseptic procedure includes avoiding contact of the catheter with
      any foreign object, including the hands of the person inserting the
      catheter.
PAR  In the past, attempts at preventing contamination of the sterile catheter
      prior to and during use of the catheter included requiring the person
      performing the suction procedure to wear sterile gloves. However, it is
      very difficult and time consuming for a person to put these gloves on and
      use them without their exterior surface touching a foreign object or even
      the user's hands while the hands are being inserted in the gloves. Any
      contact of the catheter with a contaminated object will cause the catheter
      to become contaminated. Therefore, extreme care must be taken to avoid
      contact of the catheter with any foreign object.
PAR  Another problem is cross contamination after the catheter is used as a
      result of the used catheter carrying infectious secretions. Presently,
      after a suction catheter is used, it may be rinsed and discarded into a
      waste receptacle. If the catheter is touched, that person may become
      infected or become a carrier of the infectious organisms. Consequently,
      very careful aseptic disposal procedures must be carried out.
PAR  Accordingly, it is one objective of this invention to provide an improved
      suction catheter which avoids contamination prior to and during usage and
      which minimizes the possibility of cross contamination during disposal of
      the used catheter.
PAR  It is another object of this invention to provide an improved sterile
      catheter which simplyfies aseptic insertion of the catheter and a method
      for inserting the catheter into a patient.
PAR  Additional objectives and advantages of the invention will be set forth in
      part in the description which follows, and in part will be obvious from
      the description, or may be learned by practice of the invention. The
      objectives and advantages of the invention may be realized and attained by
      means of the instrumentalities and combinations particularly pointed out
      in the appended claims.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  To achieve the foregoing objectives and in accordance with the purpose of
      the invention, as embodied and broadly described herein, the sterile
      aspiration catheter of this invention comprises a tube having a fluid flow
      passageway therethrough and an inlet at one end thereof, the other end of
      the tube having an outlet adapted to be placed in fluid flow communication
      with means for effecting fluid flow through the passageway, at least a
      portion of the tube extending from said inlet toward the outlet adapted
      for insertion into a patient's tracheobronchial passages, a pliable
      envelope enclosing at least said portion of the tube and extending beyond
      the inlet end of the tube, the envelope providing a bacterial barrier, and
      means for securing the envelope adjacent to the outlet end of the tube.
PAR  Preferably the end of the envelope adjacent to the outlet includes vent
      means for enabling air located within the envelope to escape therethrough
      as the envelope is moved away from the inlet end.
PAR  The invention also comprises a method for inserting into a passage in a
      patient a catheter having a tube contained within a pliable envelope and
      means at one end of the tube for effecting fluid flow through the tube,
      the method comprising the steps of holding the envelope, sliding the first
      end of the envelope remote from the means toward the means in order to
      expose a portion of the tube, inserting the exposed portion of the tube
      into the passage, continuing sliding the first end of the envelope toward
      the fluid flow effecting means and effecting removal of air from within
      the envelope through a vent adjacent to the fluid flow effecting means.
      The invention further includes removing the tube from the patient's
      passage and sliding the envelope toward the inlet end of the tube to
      completely cover the inserted portion and disposing of the catheter.
PAR  The invention consists in the novel parts, constructions, arrangements,
      combinations and improvements shown and described. The accompanying
      drawing, which is incorporated in and constitutes a part of the
      specification, illustrates one embodiment of the invention and, together
      with the description, serves to explain the principles of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a side elevational view of a sterile catheter formed in
      accordance with this invention;
PAR  FIG. 2 is a side elevational view of the sterile catheter of FIG. 1 wherein
      the protective envelope is illustrated in a retracted position with the
      catheter tube extended for insertion into a patient.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Reference will now be made in detail to the present preferred embodiment of
      the invention, an example of which is illustrated in the accompanying
      drawing.
PAR  In accordance with the invention, a sterile aspirationn catheter is formed
      of two primary elements, namely a tube and a protective envelope in which
      the tube is entirely located. As here embodied, a sterile catheter 10
      comprises an elongated tube 12 having a passageway 13 therethrough and at
      least one port 14, and preferably a plurality of ports 14, formed through
      the tube at the insertion end 15 thereof. The other end 16 of the tube is
      open and adapted to be mounted on or receive means for effecting fluid
      flow through the tube 12. For example, the end 16 of the catheter tube 12
      may be attached directly or indirectly to a vacuum source (not shown).
      Preferably, as shown in FIG. 1, the end 16 of the tube 12 is mounted on a
      fluid flow regulator or suction control 18 which is adapted to be mounted
      between a vacuum source (not shown) and the catheter tube 12.
PAR  The regulator 18 is formed of a longitudinally elongated body 20 having a
      primary passageway 22 therethrough which is placed in fluid flow
      communication with the passageway through the tube 12, the tube 12 being
      frictionally engaged with a tubular extension 24. A bleed passageway 26
      transverse to the primary passageway 22 is formed through a transverse
      extension 28. Flow through the catheter tube 12 is regulated by placing a
      finger over the bleed passageway 26 in order to control the amount of
      bleed flow from the atmosphere through the passageway 26 which in turn
      regulates the flow of fluid through the catheter tube 12. For example, if
      the passageway 26 is partially covered, the catheter tube 12 will be
      exposed to only a partial vacuum thereby effecting relatively slow
      aspiration; whereas if the passageway 26 is completely closed by placing
      the finger entirely over the passageway 26, the catheter tube 12 will be
      exposed to the complete vacuum provided by the vacuum source.
PAR  In accordance with the invention, in order to maintain the catheter tube 12
      in a sterile condition prior to and during usage of the catheter 10, a
      pliable protective envelope or sleeve 40 having a sufficient length to
      permit the end 41 of the envelope to extend beyond the distal or insertion
      end 15 of the catheter tube 12 is placed over the catheter tube 12 thereby
      completely enveloping the tube. The envelope 40 is attached to the
      catheter tube 12 remote from the insertion end 15 of the tube by any
      conventional means, such as a metal or plastic band or clamp 42. The band
      42 preferably is placed over the tube at the portion of the tube which is
      fitted over the regulator extension 24 so that sufficient pressure can be
      applied onto the envelope by the band 42 without restricting the tube 12
      and adversely affecting flow through the tube 12.
PAR  At least one, and preferably a plurality of, vent apertures 44 are provided
      through the envelope 40 at a position remote from the insertion end 15 of
      the tube 12 or, in other words, adjacent to the regulator 18. The end 46
      of the envelope 40 which is adjacent to the insertion end 15 of the tube
      may be sealed closed but, preferably is unsealed. It is important,
      however, that if the end 46 is not sealed, that the envelope end 46
      extends beyond the tube, such as by approximately one inch so that the
      envelope completely encases the catheter tube 12 to prevent the catheter
      tube 12 from contact with any foreign surface. Because of the pliability
      of the envelope material the end 46 of the envelope beyond the tube 12
      will remain closed to prevent airborne contamination even if not sealed.
PAR  In order to insert the catheter tube into the appropriate passage of the
      patient, the physician or nurse grasps the catheter 10 at any point by
      holding the envelope 40 with the tube 12 inside. If the end 46 of the
      envelope 40 is sealed, that end must be opened either by cutting it with a
      scissors or tearing it if the envelope is provided with a weakend tear
      line (not shown). The insertion end 15 of the catheter tube 12 may then be
      easily and quickly ejected from the envelope 40 and inserted into the
      bronchial passageway by manually sliding the end portion 46 of the
      envelope rearwardly toward the flow regulator 18. During the insertion
      into the bronchial passageway, the flow regulator bleed passageway is open
      to prevent suction from being applied to the catheter tube 12. As can be
      seen in FIG. 2, as the envelope 40 is moved rearwardly it folds into a
      generally accordian shape since the end adjacent the regulator 18 is
      restrained from movement by the band 42. The vent apertures 44 permit the
      air within the envelope to escape from the envelope as the envelope is
      moved rearwardly thereby preventing entrapment of the air which would form
      an air pocket within the envelope and could interfere with the rapid and
      easy retraction of the envelope from the end 15 of the catheter tube 12.
PAR  As the catheter tube 12 is withdrawn from the bronchial passageway, the end
      46 of the envelope 40 is slipped toward the tube end 15 so that the
      catheter tube 12 is completely covered prior to disposing of the catheter
      10.
PAR  The catheter tube may be made of any conventional material normally used
      for catheters, such as any suitable, flexible plastic or rubber which is
      not harmful to the patient. The envelope must be pliable and, since
      catheters of this type are disposable, must also be inexpensive. Therefore
      a thin, inexpensive, easily workable material is preferred, such as a
      sheet of 1- 11/4  mil polyethylene film which provides a bacterial
      barrier.
PAR  It can be seen from the above description and the accompanying drawing,
      that this invention provides a sterile catheter which includes a
      protective envelope for completely protecting the catheter tube prior to
      and during insertion of the tube into a patient and which minimizes the
      need for gloves and other extremely careful procedures to avoid contact of
      the tube with a foreign object to prevent contamination. The invention
      also permits rapid and easy ejection of the catheter tube from its
      protective envelope by providing for venting of air trapped within the
      envelope as the envelope is retracted along the length of the tube. The
      invention also permits enclosure of the contaminated catheter tube after
      use to facilitate disposal, thereby providing a more convenient, simple
      and effective aseptic suction procedure technique with less danger of
      contamination to both patient and nurse or doctor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sterile catheter comprising a flexible tube having a fluid flow
      passageway therethrough and a port at one end thereof, a fluid flow
      regulator in flow communication with said passageway, means to receive a
      fluid pump to effect fluid flow through said regulator and said
      passageway, said fluid flow being variable by operation of said regulator,
      a pliable envelope being attached at its end adjacent to said regulator to
      one of said one end of said tube and said regulator, the other end of the
      said envelope extending beyond said one end of said tube and having an
      opening through which said tube can be ejected, said envelope being
      freely, slidably retractable along the length of the tube toward said
      regulator to enable exposure of said tube to an environment outside of
      said envelope, said envelope having at least one vent hole adjacent to
      said regulator to enable air within said envelope to escape during
      retraction of said envelope.
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ABST
PAL  A disposable diaper adhesive closure means is provided in which an adhesive
      tab used to apply the diaper about an infant is permanently attached to
      the diaper at one end, and the opposite free tacky end of the tab is
      folded over and releasably adhered to a central portion of the tab which
      is provided with a release coated surface. A string separator attached to
      the adhesive tab is interposed between the folded over free tacky end of
      the tab and the central portion leaving an exposed string end so that the
      exposed string end can be pulled to release the free end of the tab for
      use in fastening the diaper about a baby. The string remains attached to
      the tacky free end of the tab. This eliminates the need for disposal by
      the consumer of a cover strip or of any other part of the adhesive closure
      means when the diaper is applied.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Disposable diapers provide substantial advantages in convenience over
      diapers intended to be laundered and reused, particularly when they are
      used away from home. In recent years, many different disposable diapers
      have been proposed and some have been successful in the marketplace.
      Typical disposable diaper structures comprise a facing material to be
      brought into contact with the infant's skin, an absorptive layer of high
      liquid-holding capacity and a moisture-impervious backing layer, generally
      made of a plastic film such as a polyethylene film. Typical disposable
      diaper structures are shown in Mesek et al. U.S. Pat. No. 3,612,055, and
      in Duncan et al. U.S. Pat. No. 3,180,335.
PAR  As may be seen from the above-cited patents, it has been desired to obviate
      the problems that are inherent in closure systems utilizing extraneous
      fasteners such as safety pins, snaps and zippers; and adhesive closure
      systems have therefore been found desirable.
PAR  One of the most convenient adhesive systems that has been developed to date
      is the system, shown in the above-cited patents, in which adhesive tabs
      are adhered to the backing sheet extending outwardly from opposite sides
      of the diaper at one end thereof, with the exposed areas of the adhesive
      strips having cover strips thereon that are readily separable from the
      adhesive tabs. Disposable diapers using an adhesive closure system of this
      general type have the disadvantage of requiring the consumer to dispose of
      the cover strips when they are separated from the adhesive strips. This is
      an inconvenience to the consumer who is placing the diaper on a baby.
PAR  As illustrative prior art adhesive system having cover strips permanently
      attached to the diaper is disclosed in Gellert U.S. Pat. No. 3,646,937.
      The Gellert arrangement has the disadvantage of having the release film on
      the inside of the diaper, where it can possibly come in contact with a
      baby's tender skin. Additional disadvantages are the complexities and
      expense which are added to the manufacturing process by requiring each
      adhesive closure to be manipulated on the front side, around the edge, and
      on to the back side of the diaper, instead of handling it on one side
      only. The closure system illustrated in the Gellert patent also makes it
      somewhat difficult to secure the diaper around a baby, inasmuch as it
      requires the use of two hands to peel back the releasable end of the
      adhesive tape.
PAC  SUMMARY OF THE INVENTION
PAR  In this invention, an adhesive tab for a diaper including an absorbent
      layer and a backing sheet on one side thereof comprises an elongated tape
      segment which has one of its ends permanently adhered to the diaper near a
      margin thereof, and has a tacky free end bearing an adhesive coating
      folded over upon a central portion of the tab which has a surface of
      limited adhesiveness so that this free end can be made available when
      needed with the aid of an interposed elongated separator element, such as
      a separating string, which is permanently attached to the free end. The
      separating string is positioned on the tab so that a portion of the
      separator element extends beyond the perimetric limits of the free end.
PAR  In one embodiment, the central portion of the tape segment forming the
      adhesive tab is coated with a release coating to provide the limited
      adhesiveness which permits ready release of the folded over free end. In a
      second embodiment, the central portion of the adhesive tab is provided
      with a tacky pressure sensitive coating which can be a continuation of the
      adhesive coating on the aforesaid tacky free end and which is covered with
      a permanently adhered cover strip having one face thereof adhered to the
      central portion of the tab, and having an opposite face which is coated
      with a release coating to provide the limited adhesiveness which permits
      ready release of the folded over free end. In both embodiments, the tacky
      free end portion of the adhesive tab is folded over into contact with the
      release coated surface along the central portion of the adhesive tab and
      is releasably adhered thereto. In both cases the folded over end portion
      of the adhesive tab can be separated from the release coated central
      portion by grasping the protruding end of the interposed string and
      pulling away, thereby lifting a portion of the tab to enable the tab to be
      grasped and pulled free of the release coated surface for use. A feature
      of this invention is that the tab can be separated from the release coated
      central portion upon which it is held ready for use by using only one
      hand, thus leaving the other hand free for other purposes.
PAR  In this invention, after the end of the tab is pulled free, the exposed
      release coated surface on the central portion advantageously faces the
      outside surface of the backing layer of the diaper and is out of contact
      with the baby's tender skin.
PAR  It is stressed that all parts of the adhesive closure means, including the
      string separator, remain permanently attached to the diaper, thereby
      obviating the need for the user to dispose of a cover strip or any other
      part of the closure means.
PAR  Additionally, when the release coating is formed directly on the central
      portion of the adhesive tab, the need for a separate cover strip is
      eliminated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention is ilustrated by reference to the drawings in which:
PAR  FIG. 1 is a perspective view, partly broken away of an open unfolded diaper
      in accordance with one embodiment of the invention;
PAR  FIG. 2 is an enlarged partial top plan view of the diaper of FIG. 1 taken
      along plane 2--2;
PAR  FIG. 3 is a partial top plan view like FIG. 2, illustrating the tab
      partially separated in preparation for use;
PAR  FIG. 4 is a partial cross section of the diaper of FIG. 1 taken along plane
      4--4;
PAR  FIG. 5 is a partial cross section similar to FIG. 4,, illustrating an
      alternate embodiment of the invention.
PAR  FIG. 6 is a partial top plan view of the diaper of FIG. 2 illustrating an
      adhesive tab embodying the invention after the tab is extended and ready
      for use; and
PAR  FIG. 7 is a perspective view on a reduced scale of the diaper of FIGS. 1,
      2, 3, 4 and 6 in the configuration assumed after the diaper is placed on
      the infant.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will herein be described in detail
      preferred embodiments of the invention, with the understanding that the
      present disclosure is to be considered as an exemplification of the
      principles of the invention and is not intended to limit the invention to
      the embodiments illustrated. The scope of the invention will be pointed
      out in the appended claims.
PAR  Referring to the drawings, diaper assembly 10, when fully opened and laid
      out flat as illustrated in FIG. 1, comprises a lowermost
      moisture-impervious plastic backing sheet 12 which is generally
      rectangular in shape, and an overlying porous layer 16 of fibrous material
      which is substantially coextensive with the impervious sheet. Diaper 10
      also preferably includes highly moisture-absorbent fibrous pad or batt 14,
      which is also rectangular in shape, but smaller than the facing and
      backing layers and is centrally disposed therebetween. Batt 14 may be
      formed in accordance with the teachings set forth in commonly assigned
      U.S. Pat. No. 3,612,055 to Mesek et al. Alternatively, a highly
      moisture-absorbent layer can be provided substantially coextensive with
      backing sheet 12 if desired.
PAR  Moisture-impervious sheet 12 may be formed of polyethylene having a
      thickness of approximately 0.001 inch. The sheet may be smooth or may be
      embossed to improve its drape and feel. Other suitable flexible
      moisture-impervious sheets may be used in accordance with the invention
      such as, for example, polyethylene terephthalate sheets having a thickness
      of about 0.0005 inch.
PAR  The present invention contemplates that several different types of facing
      layers may be used for the diaper. For example, the facing layer may be
      made up of a mixture of fibers consisting predominantly of inexpensive
      short cellulosic fibers such as wood pulp fibers or cotten linters, in
      amounts of about 75 to about 98 percent, the balance being textile length
      fibers such as rayon as described in U.S. Pat. No. 3,663,348 to Liloia et
      al.
PAR  Facing layers suitable for use in this invention have fabric weights in the
      range of 1 to 5 oz./yd..sup.2 and densities less than 0.15 gm./cc.,
      generally in the range between 0.05 and 0.10 gm./cc. The dry strength of
      the facing layer, for a fabric having a weight of about 1.5 oz./yd..sup.2,
      is at least 0.15 lbs./in. of width in the machine direction and at least
      0.10 lbs./in. of width in the cross direction. The fabrics have unusually
      good elongation, loft, softness, and drape characteristics in comparison
      to prior products incorporating any substantial amount of short fibers.
PAR  Facing layer 16 may also be an apertured nonwoven fabric formed, for
      example, in accordance with the teachings in commonly assigned U.S. Pat.
      Nos. 2,862,251; 3,081,514, and 3,081,515. Briefly, such fabrics are
      foraminous structures wherein groups or groupings of fibers have been
      rearranged from a fibrous nonwoven starting web into positions surrounding
      less dense fabric portions by passage of a fluid through the starting
      material. The fibers within the groupings are mechanically interlocked,
      and may be arranged into various patterns, as is well understood by those
      skilled in the art. A suitable binder may be utilized to help retain the
      fibers in their rearranged locations, as is also well understood by those
      skilled in the art. The fabric can be made of naturally occurring fibers,
      synthetic fibers or blends thereof. Typical facing layers made of a
      polyester material may have a weight of 3/4 oz.yd..sup.2.
PAR  It should also be understood that the facing layer may be formed of a
      nonapertured material, such as a nonwoven isotropic web, sponge, or the
      like. In all of the aforementioned facings, the materials should be
      relatively hydrophobic so as to retard wicking within the facing layer.
PAR  As can be seen in FIG. 1, identical adhesive tabs 18 and 18' made from
      polyethylene tape stock, polypropylene tape stock, or the like, are
      secured at one end of the diaper and protrude from the sides thereof,
      these tabs being shown in their folded over storage position. As noted
      hereinbefore, tabs 18 and 18' are unfolded for use in securing diaper 10
      about the baby, and the completed diaper is pictured in FIG. 7 where tabs
      18 and 18' are shown in use holding the ends of the diaper together.
PAR  Referring more particularly to FIGS. 2 and 4, the construction of tab 18 is
      shown in greater detail. It should first be noted that tab 18 has three
      portions along its length. End portion 20 of tab 18 is permanently adhered
      to plastic backing sheet 12 of diaper 10 at a marginal location thereon.
      Tab 18 also is provided with free end 24 and central portion 26 which is
      situated between adhered end portion 20 and free end 24.
PAR  This invention contemplates various embodiments by which central portion 26
      of tab 18 is provided with a release coated surface to which free end
      portion 24 of tab 18 is releasably adhered. In one embodiment, which is
      best illustrated in FIGS. 3 and 4, adhesive tab 18 is provided with
      pressure sensitive adhesive coating 22 on end 20 which is permanently
      attached to the diaper, and with pressure sensitive adhesive coating 20 on
      free end 24. Central portion 26 is provided with a release coating such as
      a silicone rubber coating, or the like, which presents release surface 28
      between tacky surface 22 on end 20 and tacky surface 30 on free end 24.
PAR  In a further embodiment, illustrated in FIG. 5, the entire length of tab 18
      is provided with tacky surface 32. In this embodiment, central portion 26
      of tab 18 is covered with permanently attached cover strip 42 having
      release coated face 44. Opposite face 46 of cover strip 42 is adhered to
      surface 32 in the region of central portion 26 of tab 18.
PAR  With either embodiment the adhesive coating on free end 24 is contiguous to
      the release coating on central portion 26 and tab 18 is folded over upon
      itself about line B--B such that substantially the entire tacky surface of
      end portion 24 is releasably attached to central portion 26 of tab 18.
PAR  In either embodiment separator string 34 is provided between face end 24
      and central portion 26. As illustrated in FIGS. 2 and 3, short length of
      separator string 34, interposed between the folded over free end 24 and
      central portion 26 of tab 18, is adhesively held on tacky surface 30.
      Separator string 34 is positioned transversely on tacky surface 30 near
      narrow edge 36, usually about one-eighth to about one-fourth inch from
      narrow edge 36 of tab 18, and protrudes beyond tab 18 for about one-fourth
      to about one width thereof. For example, when tab 18 is about 1 inch wide,
      string 34 protrudes about one-fourth to about 1 inch beyond the side
      margin of tab 18 so that the protruding portion of string 34 can be
      grasped by user. String 34 remains permanently adhered or otherwise
      affixed to tab 18.
PAR  FIGS. 2, 3 and 6 sequentially illustrate use of separator string 34 to
      separate the folded-over free end 24 of tab 18 from central portion 26 to
      which it is releasably adhered. Separation is effected by grasping the
      protruding portion of string 34 between one's forefinger and thumb and
      peeling end portion 24 away from central portion 26 by pulling string 34
      in the direction indicated by arrow A, thereby lifting up one corner of
      the folded-over end portion 24. This enables the user to grasp free end 24
      of tab 18 near end border 36 of tab 18 and pull in the direction indicated
      by arrow C. FIG. 6 illustrates the embodiment of FIGS. 1-4 in its fully
      extended position after end 24 is totally separated from central portion
      26 and presents an adhesive surface facing in the same direction as layer
      16. The diaper can then be secured about the infant.
PAR  As illustrated in FIGS. 2, 3, and 5, it is desirable to have central
      portion 26 slightly longer than end section 24 to thereby increase
      tolerances during manufacture, and to more easily enable tacky surface 30
      of end section 24 to be covered by the release coated portion 26 and
      releasably adhered thereto. Materials such as thread, nylon, or other
      plastic monofilaments, are suitable for use as separator means 34.
PAR  After end portion 24 of tab 18 is totally separated from the central
      portion 26 and the diaper is applied to the infant, all components of the
      adhesive closure means of this invention remain permanently attached to
      the diaper, thereby obviating the need for the user to dispose of a
      release strip or any other component of the closure means. Additionally,
      after end portion 24 of tab 18 is totally separated from the central
      portion 26 and the diaper is applied to the infant, the exposed release
      coated surface 28 in FIG. 4 or 44 in FIG. 5 of central portion 26 faces
      the outer surface of the diaper, where it will not come in contact with a
      baby's tender skin. Another feature is that each adhesive tab can be
      readied for application of the diaper to the infant by using only one
      hand, thus leaving the user's other hand free for other purposes. A
      further advantage of the embodiment of this invention illustrated in FIGS.
      1-4 and 6 is the elimination of the need for any release strip. This is
      accomplished by having central portion 26 of the adhesive tab 18 provided
      with release coated surface 28 to which tacky surface 30 of free end 24 of
      tab 18 is releasably adhered.
PAR  Suitable pressure-sensitive adhesives for the present purposes are known in
      the art and possess good tack, good cohesive strength, good moisture
      resistance and good resistance to aging. Illustrative of such adhesive
      compositions are mixtures of natural or synthetic rubber with zinc oxide
      and various resins, natural or synthetic rubber or resin latices, tacky
      acrylic polymers or copolymers, and the like.
PAR  As illustrated in FIGS. 1 and 7, diaper 10 is applied to the infant by
      positioning the ends 50 and 52 of the diaper around the waist of the
      infant with the intermediate portion of the diaper being disposed in the
      infant's crotch. Free end portion 24 of tabs 18 and 18' is separated from
      the respective tab central portions, and diaper ends 50 and 52 are pulled
      into tight fitting engagement with the infant's waist. The exposed portion
      of tacky surface 30 (in the embodiment in FIG. 4) or tacky surface 32 (in
      the embodiment in FIG. 5) along ends 24 and 24' of respective tabs 18 and
      18' are then pressed against the adjacent portions of plastic backing
      sheet 12 to secure the diaper on the infant. The final form assumed by
      diaper 10 is shown in perspective on a reduced scale in FIG. 7, and diaper
      10 is held in this position by the adhesive closure system of the present
      invention.
PAR  The foregoing description and the drawing are illustrative but are not to
      be taken as limiting. Still other variations and modifications are
      possible without departing from the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adhesive tab means for a disposable diaper having an absorbent layer
      and a moisture-impervious backing sheet at one side thereof which
      comprises an elongated tape segment permanently attached at one end to
      said backing sheet at a marginal location thereon and providing a central
      portion and a free end; a release coating on a surface of said central
      portion which faces in the same direction as said absorbent layer; an
      adhesive coating on said free end contiguous to said release coating; and
      an elongated separator means attached to said free end and extending
      substantially transversely across and beyond the perimetric limits of said
      free end; said free end being folded over upon said central portion and
      being releasably adhered to said release coating, and a portion of said
      elongated separator means protruding beyond said free end and being
      adapted for gripping to peel said free end away from said central portion
      for fastening said diaper about a baby.
NUM  2.
PAR  2. The adhesive tab means as set forth in claim 1 wherein said elongated
      separator means is a short length of string.
NUM  3.
PAR  3. The adhesive tab means as set forth in claim 2 wherein the string is
      positioned near the narrow edge of the folded-over free end of the tab.
NUM  4.
PAR  4. The adhesive tab means as set forth in claim 2 wherein the string
      extends beyond the tab for about one-fourth to about one width of the tab.
NUM  5.
PAR  5. The adhesive tab means as set forth in claim 1 wherein said elongated
      separator means is interposed between said folded-over free end and said
      central portion and is held on said free end by said adhesive coating.
NUM  6.
PAR  6. In combination with a disposable diaper having an absorbent layer and a
      moisture-impervious backing sheet substantially coextensive therewith, the
      improvement comprising: an adhesive tab means which is an elongated tape
      segment having one end permanently adhered to said backing sheet at a
      marginal location thereon and providing a central portion and a free end,
      having a release coating on a surface of said central portion facing in
      the same direction as said absorbent layer, having an adhesive coating on
      said free end contiguous to said release coating, and having an elongated
      separator means attached to said free end and extending substantially
      transversely across and beyond the perimetric limits of said free end;
      said free end being folded over upon said central portion and being
      releasably adhered to said release coating, and a portion of said
      elongated separator means protruding beyond said free end and being
      adapted for gripping to peel said free end away from said central portion
      for fastening said diaper about a baby.
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ABST
PAL  A surgical instrument including a cutter for removing objects from the body
      of a human or animal in vivo, such as the lens in the eye, in which a
      rotatable cutter is used having a shield through which irrigation fluid is
      applied to the eye and also through which material severed from the object
      can be removed. In a preferred embodiment of the invention, a spiral
      groove is formed as part of the cutter to produce an evacuation of removed
      material alone or in a suspension. The cutter also has a burr which is
      coated with an efficient cutting material such as diamond dust and can
      also include a coating of a non-sticking lubricant.
BSUM
PAR  Certain surgical applications exist wherein objects are to be removed from
      the body of a human or animal in vivo. As a typical case, an incision is
      made in the body and a surgical instrument is inserted through the
      incision to remove the material. One application of this type exists in
      the removal of lenses from the eye which have become diseased, so-called
      cataracts. Various instruments have been used for this particular
      application of material removal, some of which are shown in my U.S. Patent
      application Ser. No. 263,448, filed June 16, 1972 and my U.S. Pat. No.
      3,732,858, issued May 15, 1973.
PAR  In some cases where the object is relatively hard, such as a cataract in an
      advanced stage, varying techniques must be utilized to try to remove it,
      depending upon the particular situation. Typical of these techniques are
      the use of ultrasonic energy which is applied by a probe to the object or
      a mechanical cutting action. In some cases, the ultrasonic energy cannot
      efficiently remove material from a relatively hard object. A similar
      difficulty exists with certain types of mechanical cutters.
PAR  The present invention relates to surgical instruments of the mechanical
      cutting type for removing objects of relatively hard material, such as
      cataracts, through an incision made in the body of a human or animal. In
      accordance with the invention, a high-speed rotatable drill is utilized
      having a cutter at the end thereof. The drill is covered by a protective
      shield including two concentric members through which fluid is applied to
      irrigate the eye and also through which the material cut from the object
      can be removed. The shield is preferably made movable longitudinally of
      the axis of the instrument so that the exposure of the operative portion
      of the cutter can be changed to control the cutting action. In a preferred
      embodiment of the invention, the cutting surface is coated with an
      effective cutting agent, such as diamond dust.
PAR  In a preferred embodiment of the invention, the cutter has a fluted helical
      groove to assist in drawing material into active cutting relationship with
      the cutter and in the evacuation of the removed material out through the
      outlet passage of the instrument.
PAR  It is therefore an object of the present invention to provide surgical
      instruments for removal of objects or tissue from the body in vivo.
PAR  It is still a further object of the invention to provide a surgical cutting
      instrument for removal of objects including a shield for covering the
      cutter.
PAR  Another object is to provide a surgical instrument in which a cutter having
      an active end is covered by a shield which is movable longitudinally of
      the instrument to cover selected portions of the cutter.
PAR  Yet a further object is to provide a surgical instrument having a cutter
      whose active surface portion is coated with a cutting agent such as
      diamond dust.
DRWD
PAR  Other objects and advantages of the present invention will become more
      apparent upon reference to the following specification and annexed
      drawings, in which:
PAR  FIG. 1 is a plan view of the instrument as part of a complete system;
PAR  FIG. 2 is a cross-sectional view of the instrument;
PAR  FIG. 3 is a view partly in cross-section showing one embodiment of drill
      and shield in accordance with the invention;
PAR  FIGS. 4A and 4B are side elevational and front views respectively of
      another embodiment of the shield;
PAR  FIGS. 5A and 5B are side elevational and front views respectively of still
      a further embodiment of the shield;
PAR  FIGS. 6A and 6B are side and front views of still a further embodiment of
      the shield; and
PAR  FIGS. 7A and 7B through FIGS. 12A-12B are sets of side and front views,
      each set depicting a portion of another embodiment of instrument.
DETD
PAR  Referring to FIGS. 1 and 2, the instrument 10 of the subject application is
      illustratively shown as a turbine type device operated from a source of
      energy, such as an air source 12, controlled through a foot switch 14. It
      should be understood, of course, that the instrument can be operated by an
      electric motor or other suitable energy source. The air from the source 12
      passes through a conduit 16 to the instrument 10 where it reacts with
      turbine blades (not shown) to cause rotation of a shaft 18 held within the
      instrument housing 20. Shaft 18 includes a chuck 24 for holding the shaft
      26 of a cutter 28. Rotation of the turbine shaft 18 relative to chuck 24
      bring the two together to lock the drill in place by well known means (not
      shown).
PAR  The end of the turbine shaft 18 associated with chuck 24 is located within
      a portion 33 of the instrument housing having a grooved surface 35
      partially or completely therearound. A cap 37 closes off the end of the
      instrument and shaft 18. One end of the cap includes a threaded set screw
      39 adapted to hold the cap 37 to the housing portion 33 with the cap being
      rotatable and also adjustable longitudinally of the axis of the instrument
      by moving it with respect to the groove 35.
PAR  The end of the cap 37 narrows down at 39 and is formed with an inner
      cylindrical groove 41 in which is housed an O-ring 42. The cutter shaft 26
      rotates within the O-ring 42 in a central opening in the end 39.
PAR  A shield 45 is fastened to the narrow end 39 of cap 37. Shield 45 has
      concentric outer and inner walls 45a and 45b defining a passage 49
      therebetween. An opening 51 is provided in the shield 45 near its end
      remote from cap 37 and a fluid coupling 53 is attached to the end 39 of
      the cap to communicate with passage 49. A flexible tubing 55 is attached
      to coupling 53 and communicates with a valve 57 to a fluid supply source
      59, illustratively shown as a bottle. A second fluid coupling 61 is
      located in the end 39 of the cap to communicate with the passage 50
      defined by the interior shield wall 45b, that is, around cutter 28. A
      tubing 62 is connected to coupling 61 to provide an evacuation outflow in
      passage 50. This can be provided, for example, by a syringe type device or
      a powered suction source. In the latter case, the suction rate is
      preferably made controllable.
PAR  FIG. 3 shows one form of cutter 28 for use with the instrument and its
      relationship to shield 45. This cutter includes a spiral flute 63 cut into
      its body along the length located within the shield 45 and a spherical
      ball, or burr, 65 at its end. In FIG. 3, a flat end 46 of shield 45 closes
      off passage 49 and the external surface of the end is generally
      cylindrical in shape. The cutter 28, including the burr 65, can be made
      from a single piece of material, for example, high grade, heat treated
      stainless steel. The burr 65 is then coated with an effective abrasive
      material, such as diamond dust. In a typical example, burr 65 can be
      approximately 1 mm in diameter. Of course, other dimensions can be
      utilized. If desired, the burr 65 also can be coated with a stick
      resistant agent such as, for example, TEFLON. This prevents the material
      removed from the object from sticking to the burr.
PAR  The operation of the instrument is described with respect to FIGS. 1-3.
      There, the shield 45 is shown passing through an incision made in an eye E
      so that the burr 65 of the cutter 28 is adjacent a lens 67 which is to be
      removed from within the eye. Air is supplied to the turbine causing the
      cutter 28 to rotate. Upon rotation, the spiral flute 63 on the body of the
      cutter produces a suction type action which causes the lens to be drawn
      towards the burr 65. Suction pressure applied through passage 50 also can
      be used to assist in drawing the object toward burr 65. The longitudinal
      position of the shield 45 can be changed to control the amount of burr 65
      that is exposed. This provides a safety feature to reduce the exposure of
      burr 65 to those parts of the object (tissue) or surrounding area which is
      not to be cut.
PAR  Irrigation fluid is supplied to the eye through passage 49 and exits from
      opening 51. This aids in maintaining the pressure within the operating
      area, here the eye capsule. The material from the lens is cut, or ground,
      off. Suction pressure can be applied through the shield central passage 50
      to aid in the removal of the material.
PAR  FIGS. 4A and 4B show a modification of the shield 45. Here, the front end
      of the shield is cut away to provide a hood 70. The hood 70 has a number
      of openings 72. The purpose of these openings is to hold a small piece of
      an object being cut between the burr 65 and the inner surface of the hood
      so that it will not rotate. That is, as the piece of the object being cut
      is drawn into the passageway into relationship with the burr 65, portions
      of it will extend through the holes 72 and be held therein where it can be
      cut. As explained previously, the shield can be moved longitudinally.
      Therefore, the burr 65 can be moved close to the hood 70. A similar result
      achieved by the use of openings 72 can be obtained, for example, by making
      the holes 72 with sharp projections around the inner surface thereof, for
      example like a food grater, or by providing another abrasive surface on
      the inner surface of the hood. In FIGS. 4A- 4B, the end of hood 70 extends
      down to slightly above the longitudinal axis of drill 28 and the center of
      burr 65. As before, the longitudinal position of the sleeve can be
      adjusted.
PAR  FIGS. 5A and 5B show a further type of shield 45 in which a hood 76 is also
      used. In this case, the end 78 of the hood 76 extends down to completely
      cover the burr 65. The sides of hood 76 are cut away so that the burr is
      exposed from both sides. This makes the instrument suitable for a side
      cutting function.
PAR  FIGS. 6A and 6B show a still further embodiment of the shield in which the
      front end 78 is cut at an angle to the longitudinal axis of the shield.
      Here a variety of exposures are available for the burr 65 depending upon
      the position of shield 45.
PAR  FIGS. 7A and 7B show a further type of cutter 28 which can be used with any
      one of the shields shown in FIGS. 3 through 6. Here, the burr 80 is shaped
      as an inverted truncated cone with the large diameter loose end being
      exposed. Again, this cutter can be made from one piece and the burr 80
      coated with diamond dust or other suitable abrasive material.
PAR  in FIGS. 8A and 8B, the burr 82 is a truncated cone which is fastened to
      the end of the cutter 28 at its larger diameter base portion. This is the
      opposite arrangement from that shown in FIGS. 7A and 7B. Again, the burr
      is covered with diamond dust, or other suitable abrasive material, and can
      also be covered with the non-stick material.
PAR  FIGS. 9A and 9B show another embodiment of cutter. Here, the cutter has a
      shaft 84 which is not fluted and which tapers down at 85. The active end
      86 has a plurality of blades 87 and is attached to section 85 of the
      shaft. The leading points 88 of the blades 87 extend outwardly so that
      when the forward end of the cutter 86 is placed against an object, the
      points 88 perform a chopping action. While eight blades are shown for the
      cutter 86, it should be understood that any number of blades can be
      utilized. The cutter of FIGS. 9A and 9B can also be used with any of the
      shields of FIGS. 3-6.
PAR  FIGS. 10A and 10B show still a further embodiment of cutter 90 which is a
      paraboloid shaped object having a number of blades 92 formed thereon. The
      leading edges 94 of the blades are exposed to perform the cutting action
      and either the tapered front end of the cutter or the wider side can be
      used to perform the cutting action, depending upon the exposure.
PAR  In FIGS. 11A and 11B, the cutter 96 is conical in shape with a number of
      blade edges 97 formed.
PAR  In FIGS. 12A and 12B, a cutter 99 is utilized having blade edges 100 formed
      on each side of a flute 101. The front surface of the blades 101 is active
      so that either front cutting or side cutting can be accomplished.
PAR  The cutters of FIGS. 9-12 are each capable of producing some action drawing
      the object to be cut toward the end of the shield also some action to aid
      in the evacuation of the cut material depending upon the shape of the
      blades and their direction of rotation. Cutter 99 of FIG. 12 corresponds
      to cutter 28 of FIGS. 3-8 since it has the flute 101.
PAR  In each of the embodiments of FIGS. 9 through 12, the cutter at the
      respective end of the shaft is not shown coated with the abrasive cutting
      or non-stick agents, although it could be. The materials for the
      instruments of FIGS. 9 through 12 can also comprise high-grade,
      heat-treated, stainless steel. Here again, in each of FIGS. 9-12, any one
      of the shields of FIGS. 3-6 can be utilized and the longitudinal position
      of these shields can be adjusted with respect to the cutter to determine
      the active cutting surface. Further, a spiral groove can be formed along
      the reduced diameter lengths of the various cutters to assist the action
      of drawing the material toward the shield and evacuating the cut material.
PAR  While the term cutter is used herein, it should be understood that the
      action produced may actually be more of a grinding type depending upon the
      circumstances.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A surgical instrument for abrasively removing at least a part of a body
      organ comprising a shaft having abrasive cutting means at one end thereof,
      means for rotating said shaft, tubular means surrounding a portion of said
      shaft and having an end portion for shielding a portion of said abrasive
      cutting means while leaving a portion thereof exposed to engage the organ,
      means for adjusting the position of said tubular means longitudinally of
      the instrument shaft to control the amount of exposure of the abrasive
      cutting means with respect to the organ and the space surrounding the
      organ, said abrasive cutting means being spaced from said tubular means,
      and means communicating with the interior of said tubular means to remove
      material which is separated from the organ by said abrasive cutting means.
NUM  2.
PAR  2. A surgical instrument as in claim 1 wherein said tubular means includes
      passage means formed in the wall thereof with an exit adjacent the end of
      said tubular means at which said abrasive cutting means is located, and
      means for supplying fluid through said passage means.
NUM  3.
PAR  3. A surgical instrument as in claim 1 wherein the shield end of said
      tubular means adjacent said abrasive cutting means includes a hood portion
      which extends over a front portion of the abrasive cutting means.
NUM  4.
PAR  4. A surgical instrument as in claim 3 wherein said hood portion includes
      means for engaging and holding material from the organ.
NUM  5.
PAR  5. A surgical instrument as in claim 1 wherein the end of said tubular
      means shielding the abrasive cutting means terminates on a plane which is
      substantially transverse to the longitudinal axis of the instrument shaft.
NUM  6.
PAR  6. A surgical instrument as in claim 1 wherein the end of said tubular
      means shielding the abrasive cutting means terminates on a plane which is
      at an angle to the longitudinal axis of the instrument shaft.
NUM  7.
PAR  7. A surgical instrument as in claim 1 wherein said abrasive cutting means
      comprises means having an abrasive cutting agent on the outer surface
      thereof.
NUM  8.
PAR  8. A surgical instrument as in claim 7 wherein said abrasive cutting means
      is generally spherical in shape.
NUM  9.
PAR  9. A surgical instrument as in claim 1 wherein said rotatable shaft
      includes means producing a force to draw material from the organ toward
      said abrasive cutting means
NUM  10.
PAR  10. A surgical instrument as in claim 9 wherein said abrasive cutting means
      is generally spherical in shape.
NUM  11.
PAR  11. A surgical instrument as in claim 9 wherein said last named means
      comprises a flute formed on the shaft along a portion of the length
      thereof.
NUM  12.
PAR  12. A surgical instrument as in claim 1 wherein said cutter means is
      generally cylindrical and includes a plurality of blades with exposed
      cutting edges.
NUM  13.
PAR  13. A surgical instrument as in claim 9 wherein said abrasive cutting means
      is in the shape of a truncated cone with the wider diameter base of the
      cone attached to said shaft.
NUM  14.
PAR  14. A surgical instrument as in claim 9 wherein said abrasive cutting means
      is in the shape of a truncated cone with the narrower diameter top of the
      cone attached to said shaft.
NUM  15.
PAR  15. A surgical instrument as in claim 1 wherein said cutter means is in the
      shape of a cone with the wider diameter base portion attached to said
      rotatable means, said cone formed with a plurality of exposed blade
      surfaces.
NUM  16.
PAR  16. A surgical instrument as in claim 1 wherein said cutter means is in the
      general shape of a solid paraboloid which is formed with a plurality of
      exposed blade surfaces.
NUM  17.
PAR  17. A surgical instrument as in claim 1 wherein said cutter means comprises
      a body with at least one flute forming a cutting surface at the front and
      side thereof.
NUM  18.
PAR  18. A surgical instrument as in claim 3 wherein said hood portion extends
      from said tubular means over a part of the abrasive cutting means and
      terminates above the longitudinal axis of the shaft.
NUM  19.
PAR  19. A surgical instrument as in claim 3 wherein said hood portion extends
      from said tubular means over a part of the abrasive cutting means, crosses
      the longitudinal axis of the shaft and terminates below the longitudinal
      axis.
NUM  20.
PAR  20. A surgical instrument as in claim 3 wherein said hood portion extends
      from the tubular means, is generally scoop-shaped and terminates in a
      narrowed-down end.
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ABST
PAL  Tissue absorbable synthetic polymeric fibers, such as polyglycolic acid,
      are felted to form a thin mat with at least one, and preferably both,
      surfaces compacted by contact with a heated embossing surface such as a
      hot roller. Porosity is reduced but the compacted felt retains its
      flexibility, and conforms readily to the surface of a bleeding wound to
      give effective rapid hemostasis. The hemostatic felt is conveniently but
      not necessarily allowed to remain in place during the healing process and
      is absorbed by living tissue.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The problem of bleeding has caused complications in surgery or after
      traumatic damage for generations. Different techniques have been used to
      control the flow of blood, such as the application of hot tar during a
      more barbaric age, or the use of sutures or ligatures to tie off bleeding
      vessels or a small cautery being used to burn bleeders, or assorted
      clamps, adapted for particular surgical techniques. Various forms of
      dressings have been used to encourage clotting or otherwise control the
      flow of blood. Various forms of absorbable elements for contact with the
      wound surface have been suggested, including such materials as foamed
      gelatin or knitted oxidized regenerated cellulose. The history of surgery
      shows many other materials have been used to control bleeding.
PAR  In general, the desirable aspects of hemostats are recognized, but new and
      improved hemostats are in demand.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Uses of polyglycolic acid are disclosed in a series of patents and
      applications to Schmitt, et al:
PAR  U.S. Pat. No. 3,297,033, Schmitt and Polistina, Jan. 10, 1967, SURGICAL
      SUTURES, discloses polyhydroxyacetic ester absorbable sutures. The
      material is also called polyglycolic acid, and is disclosed as permitting
      small quantities of comonomers to be present, such as dl-lactic acid, its
      optically active forms, homologs and analogs. A small quantity is
      recognized by the art as up to 15%, as shown by U.S. Pat. No. 2,668,162,
      Lowe, Feb. 2, 1954, PREPARATION OF HIGH MOLECULAR WEIGHT
      POLYHYDROXY-ACETIC ESTER.
PAR  U.S. Pat. No. 3,463,158, Schmitt and Polistina, Aug. 26, 1969, POLYGLYCOLIC
      ACID PROSTHETIC DEVICES, discloses surgical uses of polyglycolic acid, and
      incorporates definitions of some terms.
PAR  U.S. Pat. No. 3,620,218, Schmitt and Polistina, Nov. 16, 1971, CYLINDRICAL
      PROSTHETIC DEVICES OF POLYGLYCOLIC ACID, lists many uses of polyglycolic
      acid.
PAR  U.S. Pat. No. 3,736,646, Schmitt and Epstein, June 5, 1973, METHOD OF
      ATTACHING SURGICAL NEEDLES TO MULTIFILAMENT POLYGLYCOLIC ACID ABSORBABLE
      SUTURES, discloses surgical elements of a copolymer containing from 15 to
      85 mol percent glycolic acid and 85 to 15 mol percent lactic acid.
PAR  U.S. Pat. No. 3,739,773, Schmitt and Polistina, June 19, 1973, POLYGLYCOLIC
      ACID PROSTHETIC DEVICES, claims particularly bone pins, plates, nails and
      screws of polyglycolic acid.
PAR  U.S. application Ser. No. 365,656, now U.S. Pat. No. 3,875,937, Schmitt and
      Polistina, May 31, 1973, SURGICAL DRESSINGS OF ABSORBABLE POLYMERS,
      discloses additional subject matter on surgical dressings of polyglycolic
      acid.
PAR  U.S. Pat. No. 3,739,773, supra, lists a number of U.S. patents on methods
      for preparing polyglycolic acid and starting materials therefor.
PAR  In U.S. Pat. No. 3,620,218, supra, in Column 2 are listed a number of
      medical uses of polyglycolic acids, including in Column 2; line 52,
      knitted or woven fibrillar products, including velours, and mentioning
      specifically in line 53, burn dressings; line 57, felt or sponge for liver
      hemostasis; line 63, foam as an absorbable prosthesis; and in lines 74 and
      75, burn dressings (in combination with other polymeric films).
PAR  U.S. Pat. No. 3,783,093, Gallacher, Jan. 1, 1974, FIBROUS POLYETHYLENE
      MATERIALS, discloses a fibrillated material, mentioning poly(glycolic
      acid) among others, in which one resin is mixed and fibrillated with
      another, and one leached out to give the product, a web of oriented,
      interconnected directional fiber-like strands, membranes, ribbons,
      branched ribbons and fibrils. These can be used as bandages and for other
      medical purposes. Example 15 shows 25 parts of poly(glycolic acid) and 75
      parts of poly-(methyl methacrylate) leached with acetone.
PAR  The use of gauzes, felts, and knitted fabrics as a wound dressing is quite
      conventional. The use of collagenous products as a sponge or pad has been
      disclosed.
PAR  Commercially, an oxidized regenerated cellulose is available as a hemostat.
      Also, a gelatin foam product is distributed in sheet form. Both of these
      are absorbable in tissues. Under some conditions, the gelatin foam causes
      bile cysts. It is desirably wetted with saline at the time of use and to
      wet with saline, squeeze out, rewet and squeeze out again is time
      consuming, and renders the material limp and somewhat pasty so that it may
      stick to instruments and gloved fingers. In addition, on contact with
      blood the foam gelatin has a tendency to swell and unduly increase its
      bulk. Suction cannot be applied through the foam. The oxidized cellulose
      may acquire a gelatinous consistency and stick to gloves and instruments.
      As it is knitted, when cut, flakes of the material may scatter.
PAR  The complete disclosures of the above patents and articles are hereby
      herein incorporated by this reference thereto.
PAR  It is quite common for persons who have cut themselves while shaving to
      stop bleeding by placing a small piece of toilet tissue on the wound. If
      the cut is small, the tissue adheres to the skin, and bleeding stops. The
      tissue is trapped in the scab, and is later removed -- sometimes bleeding
      resumes. Often the tissue floats on accumulating and other measures are
      required to stop the bleeding.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a tissue absorbable synthetic polymeric fiber
      felt hemostat which is heat compacted on at least one surface. The
      compaction and heat embossing aid is causing the hemostatic surgical felt
      to adhere to the surface of a wound, and because it adheres so closely due
      to capillarity, hemorrhage is usually effectively controlled. If a major
      blood vessel is severed, the hemostatic felt may be floated from the
      surface of a wound, but for many procedures, such as the excision of a
      part of a liver or neurosurgery, the adherence is such as to promptly
      cause hemostasis. The compacted hemostatic felt is preferably thick enough
      and compacted enough that blood does not flow from the outer surface; and
      because of the absorbable characteristic of the felt, the hemostatic felt
      may be left in place when a wound is closed, to give effective blood flow
      control during the surgical procedure, minimize subsequent bleeding and be
      readily absorbable by living tissue so there is no need to remove the
      hemostat, which might cause renewed bleeding.
PAR  The hemostatic felt is produced by the random formation, as, for example,
      by air-scattering, of a felt followed by heat embossing. Conveniently, the
      fibers are within the range of 0.5 to 12 denier and a length of at least
      1/4 inch continuous fibers may be used, but chopping into a length of 1/4
      inch to 2 or 3 inches makes handling and air laying as a felt more
      convenient. The air laid web may then be felted, in accordance with
      conventional procedures, either using a nonoriented rubbing or a needling
      in which barbed needles cause interlocking of the polyglycolic acid
      fibers. If embossed, mechanical felting may be used but is not required.
PAR  Even if the laying or felting process introduces some orientation, the
      compaction of the felt gives enough strength in all directions so that the
      compacted felt forms a good hemostat.
PAR  Whereas an ordinary felt, such as disclosed in U.S. Pat. No. 3,620,218,
      supra, gives at least some hemostasis, uncompacted felted fibers give a
      felt which may float from a bleeding surface, and is too porous. The
      normal texture of the felt surface tends to be held from the wound surface
      by the random orientation and soft surface of the conventional felted
      surface.
PAR  It has now been found that embossing and compacting the fibers on the
      tissue contacting surface aids in causing the felt to adhere sufficiently
      closely to hold the felt to the wound, and compacting the free surfaces
      reduces the tendency for blood to flow through the felt. The felt is
      thinner, which reduces the blood volume in the hemostat, so that
      absorption during healing is more rapid. The absorbable felt fibers, such
      as polyglycolic acid absorb readily during the healing process, but
      massive residual blood clots can be more of a problem. It is desirable
      that a minimum of pooled blood or blood clots be formed in the wound so
      that absorption of the clotted blood is more rapid.
PAR  The fibers themselves are absorbable by living tissue so that any of the
      fibers within the wound are absorbed by the living tissue without
      deleterious effects.
PAR  The present compacted absorbable felt may be used on almost any type of
      wound in which the skin is broken and body fluids, particularly blood and
      serum, are released by the wound. It is primarily designed for use as a
      hemostat on any bleeding surface, and is particularly adapted to
      procedures in which the compacted felt hemostat is closed into a wound, to
      be absorbed by living tissue as the wound heals. It is also very effective
      on skin surface wounds, in which the compacted felt hemostat is on the
      skin surface, and at least part of the felt may be trapped within the
      wound. It may be used to wipe liquids from tissue surfaces as a sponge,
      with the advantage any fibers shed into and trapped within the wound are
      absorbed, and hence are innocuous.
PAR  For adequate conformation, the compacted felt must be flexible so that it
      can conform to the topography of the wound and at the same time it must be
      sufficiently flexible that as the tissues move, the compacted felt can
      move with them. Usually, as a hemostat, the blood coagulates and may
      harden within the felt structure, and the characteristics of the clotted
      blood determine the flexibility of the healing structure.
PAR  The tissue absorbable fibers which may be used to provide the hemostatic
      surgical felt include those fibers which are reasonably rapidly absorbed
      in tissue, that is, within a period of less than about 90 days. Polymers
      in which tissue absorption results from the hydrolytic degradation of
      glycolic acid ester linkages give good results. Because strength of the
      fibers is not a major requirement, a copolymer containing considerable
      lactic acid makes a good hemostat. Such polymers are disclosed in U.S.
      Pat. No. 3,736,646, supra.
PAR  A polymer having an ordered configuration of glycolic units and lactic acid
      units which is tissue absorbable is described at length of Ser. No.
      435,365, Jan. 24, 1974, Augurt, Rosensaft and Perciaccante,
      UNSYMMETRICALLY SUBSTITUTED 1,4-DIOXANES 2,5-DIONES.
PAR  Another absorbable polymer which may be used for the hemostat is
      poly(N-acetyl-D-glucosamine), such as described in U.S. Ser. No. 441,717,
      Feb. 11, 1974, Richard Carl Capozza, POLY(N-ACETYL-D-GLUCOSAMINE)
      PRODUCTS.
PAR  A preferred tissue absorbable fiber is made from homopolymeric polyglycolic
      acid, which among other polymers is described in the Schmitt patents
      above, and which is meeting with commercial success as a suture. Because
      this material is in current use as a suture, has been approved by
      governmental authorities, and is recognized as usable by the medical
      profession, most of the examples and description will be in connection
      with such a fiber; although it is to be understood that other tissue
      absorbable fibers may be used.
PAR  Because the felt is normally under a minimal load, a form of polyglycolic
      acid which is weaker than desirable for sutures is perfectly satisfactory
      in a hemostatic felt and additionally because the major requirements for
      hemostatic action are during the course of an operation, a form of PGA
      which loses its strength within 24 hours or less gives good results as a
      hemostat and is rapidly absorbed by tissues during the healing process.
      Once bleeding has been completely controlled and the wound closed, the
      likelihood of subsequent bleeding is markedly reduced and after a period
      of only a few days the healing process is sufficiently advanced that
      hemorrhage is not a problem. It is desirable that strength be retained for
      at least a few days to leave a margin for safety and some protection for
      the wound surface during a considerable portion of the healing process.
      Because of variations within species and because of variations in
      individual members of a species and variations in tissue characteristics
      of the site of use at which hemorrhage is controlled, minimum and maximum
      absorption times can vary considerably. To be on the safe side, it is
      desirable that the hemostatic felt be well within an acceptable range. A
      material that retains a considerable portion of its strength for at least
      three days and is substantially completely absorbed within 90 days gives
      highly advantageous results.
PAR  It is important that the tissue absorbable polymer be of a material that is
      not deleterious to living human tissue and that it be spinnable as a fiber
      which forms a fine structure such that blood and other fluids wet but do
      not flow rapidly therethrough. It needs sufficient strength to maintain
      its integrity as a hemostatic sponge during manufacturing and use. It
      should be absorbed before it can act as a foreign body after the wound has
      healed.
PAR  The above two patent applications, disclosures of which are herein
      incorporated by this reference thereto, are examples of such materials.
      Inasmuch as the useful characteristics of the present compacted felt are
      largely a function of the size, shape and structure, other tissue
      absorbable materials may be substituted for the homopolymeric polyglycolic
      acid fibers described in more detail in the following examples.
PAR  Polyglycolic acid fibers and their manufacture are described in the patents
      listed above, particularly the list set forth in U.S. Pat. No. 3,739,773,
      supra.
PAR  Polyglycolic acid is conveniently spun into the filaments of about 0.5 to
      12 deniers per filament. Smaller filaments are quite difficult to spin and
      larger ones are stiffer than is desirable although there are many uses for
      which both larger and smaller are acceptable. Conveniently, from about 2
      to 6 deniers per filament gives a good compromise between ease of spinning
      and sufficient flexibility to form a good felt and is preferred.
      Conveniently, but not necessarily, a group of fibers are spun together as
      a tow. The tow may be twisted, or at least false twisted, and heat treated
      to give a crimped and textured configuration to the yarn after which it is
      preferably chopped into segments of about 1/2 inch to about 3 inches using
      conventional cutting techniques to give a staple. It may be used straight
      -- that is, without crimping.
PAR  Other conventional methods of crimping may be used, such as a stuffer box,
      a knit-deknit process, or crimping gears, or a bicomponent fiber, in which
      different molecular weights of polymer are used as components. An
      uncrimpted fiber gives good results if needle punched, a conventional
      felting technique. The cut fibers are sprinkled or air laid into a web
      having a density of from about 0.5 ounces per square yard to about 4
      ounces per square yard. The densities above about 1.5 ounces per square
      yard are more effective hemostats over a wider range of surgical
      procedures than are the lighter webs. The webs may be felted by the usual
      rubbing or needling techniques to give a three dimensional configuration
      with interlocked fibers which gives strength to the felt. It may be only
      heat embossed to give adequate strength.
PAR  The felt is embossed, preferably on both sides, to give a less porous felt
      and one in which the surface fibers are pressed down into the structure.
      By having the surface fibers pressed into the structure so that a smoother
      surface is obtained, the embossed felt when placed in contact with a wound
      surface can be drawn into closer conformity with the wound and reduce
      pockets in which blood or other fluids can accumulate, and by being drawn
      against the wound by capillarity, the embossed hemostatic felt is held
      closely enough to the wound surface that it is drawn to the wound surface
      and does not float off.
PAR  The embossing may be accomplished conveniently by using a hot embossing
      roll which without melting the fibers gives them a permanent press and
      smooth flat surface. At faster speeds, a higher temperature can
      conveniently be used on the embossing roll. Good results are obtained
      using a roll temperature of 350.degree.F., a pressure of about 1050 pounds
      per linear inch of contact of rolls and a feed rate of 15 feet per minute.
      A stainless steel heated embossing roll is used against a nylon backing
      roll.
PAR  Embossing on the tissue contacting surface gives improved adherence to the
      tissues and increases the effective surface area exposed to blood. Blood
      can ooze through the hemostatic embossed felt and pool on the free
      surface. If the free surface is also embossed, it gives a local increased
      compactness which aids in preventing blood from oozing through the free
      surface so that only the felt thickness between the two embossed surfaces
      is filled with blood. By having a minimum thickness of felt filled with
      blood, the later absorption of the blood clot is expedited. The tissue
      absorbable material, such as homopolymeric polyglycolic acid is absorbed
      at such a rate that its presence in the wound presents no complications. A
      major blood clot may cause scar formation or delayed absorption.
PAR  Although not limited thereto, it is convenient to make the present felt
      from fibers such as are used for sutures. The breaking strength of such
      fibers varies from around 20,000 pounds per square inch to over 100,000
      pounds per square inch. A weaker fiber is adequate for felts used as
      hemostats.
PAR  The felts used as hemostats themselves are conveniently formed by needling
      uncrimped fibers such as are used in sutures, but the felt may be embossed
      without needling.
PAR  The stiffness of the felt may be determined by standard methods such as set
      forth in Federal Test Method Standard 191 of Dec. 31, 1968, Method 5206.
      In this method a test specimen of rectangular cloth 6 inches long and 1
      inch wide is placed on a horizontal platform and slid off under test
      conditions until the end of the fabric drops to an angle of 411/2.degree.
      below the plane of the surface of the platform. The material is tested
      under standard conditions as set forth in the Federal Test Method Standard
      191. Other test procedures may be used but the increase in relative
      stiffness of the embossed felt over the unembossed felt is one
      characteristic of a satisfactorily embossed felt hemostat.
PAR  If the felt is not needled, but merely the air laid web is used, it is
      somewhat more flexible than if needled but after embossing under heat
      using either a diamond or a burlap embossing roll, the felt is compressed
      and is a satisfactory hemostat.
PAR  Another measure of the effect of the heat embossing is the air
      permeability. The air permeability is conveniently measured by the
      standard method of test for air permeability of textile fabrics, ASTM
      Standards Designation D 737-69 (Oct. 3, 1969). In this method under
      standard conditions, air at a pressure of 0.5 inches of water is flowed
      through an orifice over which the fabric is finely spread, usually having
      a diameter of 2.75 inches, and the rate of air flow is expressed
      conveniently in cubic feet of air per minute per square foot of fabric at
      the pressure differential of 0.5 inch of water. A Gurley Permeometer is
      one satisfactory device for this test method, and uses a guard ring to
      avoid leakage through the edges of the fabric. As shown below, the heat
      embossed fabric has a markedly lower air permeability than the felt before
      the heat embossing.
PAR  Conveniently, but not necessarily, the embossing roll has a plurality of
      small diamond-shaped engravings therein so that the fabric is embossed
      with a series of lines dividing the felt surface into diamond-shaped
      raised portions.
PAR  Another good embossing roll has a configuration of the surface
      approximately that of burlap so that the finished felt has a general
      configuration of burlap. Other patterns may be used.
PAR  The effect of the embossing of the pressure roll is to give areas of
      different compression which gives a texture to the surface, improves the
      flexibility, and gives excellent control to the permeation of blood.
PAR  As a surgical device, it is obviously desirable, almost mandatory, that the
      hemostatic felt be sterile at the time of use. The felt may be sterilized
      by an appropriate sterilizing cycle using ethylene oxide as a sterilizing
      agent. If ethylene oxide is used to sterilize, it is convenient that the
      ethylene oxide be diluted with carbon dioxide or a chlorofluoroalkane to
      such an extent that the sterilizing gas is non-explosive. Radiation
      sterilization or heat sterilization may be used, where equipment for such
      processes is available.
PAR  For storage stability, it is desirable that the felt hemostat be protected
      from atmospheric influences. Particularly, if the hemostatic felt contains
      hydrolyzable polyglycolic acid ester linkages, the linkages can be
      hydrolyzed by ambient moisture under room storage. Because the strength
      requirement for felt is comparativeley low, a certain degree of
      degradation is acceptable and because the long time strength requirement
      in tissue is very low, even if degraded to the point that the tissue
      absorbable fibers are absorbed in a comparatively short period of time,
      that is, under a few days, the surgical felt is still acceptable. It is
      desirable that such storage conditions be used so as to maintain the
      hemostatic felt in a dry environment so that whether used immediately
      after packaging or after a storage period of several years, the felt has
      the same characteristics and, hence, has known predictable attributes as
      far as the using surgeon is concerned.
PAR  A good method of sterilizing and storage is the same as is used for
      polyglycolic acid sutures on a commercial scale and as disclosed in U.S.
      Pat. No. 3,728,839, Arthur Glick, Apr. 24, 1973, STORAGE STABLE SURGICALLY
      ABSORBABLE POLYGLYCOLIC ACID PRODUCTS. As there described, the
      polyglycolic acid product is stored in a moisture proof envelope in which
      conveniently the product is packaged except for one open side and
      sterilized using ethylene oxide diluted so as to be non-explosive, and
      then while protecting sterility, the product is vacuum dried and the
      envelope sealed. By having the foil envelope hermetically sealed, as there
      taught, the hemostatic felt may be maintained in a usable form with
      consistent characteristics for a period of at least several years.
      Conveniently, but not necessarily, the felt may be placed between two
      sheets of paper, or a single sheet of paper with a fold, so that the felt
      is held in flat condition between the sheets during storage and service to
      the using surgeon.
PAR  For large sheets, the felt may be folded but for sheets up to 4 .times. 6
      inches it is conveniently placed in an envelope large enough to hold the
      sheet flat. A plurality of sheets may be packaged in a single envelope if
      desired. Single sheets of about 4 .times. 6 inches are a surgically
      acceptable size, with the felt being cut to size by the surgeon, or an
      assistant, at the time of use. For many surgical procedures a single sheet
      is all that is required.
PAR  A double envelope, as described in U.S. Pat. No. 3,728,839, supra, is very
      convenient, and follows the techniques used in suture packages. The double
      envelope enables the sterile service of a sealed envelope, so that the
      surgeon or an assistant can open the inner envelope in a sterile area.
PAR  A single envelope such as shown in U.S. Pat. No. 3,017,990, Singerman, Jan.
      23, 1962, STERILE PACKAGE FOR SURGICAL FABRIC, is also an economical and
      efficient package. The inner paper wrap maintains the sterility of the
      felt until used by the surgeon.
DRWD
PAC  THE DRAWINGS
PAR  In the attached drawing:
PAR  FIG. 1 shows a diamond embossing pattern at an optical magnification of
      about 10 diameters;
PAR  FIG. 2 shows a razor cut cross section of the embossed surgical felt of
      FIG. 1, at 10 diameters optical magnification.
PAR  FIG. 3 shows an embossed surgical felt with a burlap pattern, at 10
      diameters optical magnification.
PAR  FIG. 4 shows the embossed surgical felt of FIG. 3 in a razor cut cross
      section, at 10 diameters optical magnification.
PAR  FIG. 5 is a composite scanning electron microscope photomicrograph at 30
      diameters. The left side 5A shows the embossed felt. The right side 5B
      shows the air laid felt before embossing.
PAR  FIG. 6 is a drawing showing the embossed felt hemostat in a double
      envelope.
PAR  FIG. 7 is a drawing in pictorial, partly broken away showing the embossed
      felt hemostat in an envelope.
PAR  FIG. 8 is a scanning electron microscope photomicrograph at 100 diameters
      of the diamond embossed felt.
PAR  FIG. 9 is a scanning electron microscope photomicrograph at 100 diameters
      of an unembossed felt.
DETD
PAR  While the present invention is defined by the appended claims, it is
      illustrated by the following examples of specific constructions and usages
      of the present embossed surgical felt.
PAC  EXAMPLE 1
PAR  Polyglycolic acid having an inherent viscosity of about 1.05 was extruded
      into fibers of approximately 2 denier per filament using techniques
      described for the manufacturer of surgical sutures, supra. The continuous
      filaments are chopped into lengths of 11/2 inches, fed into an air blast,
      suspended in air, and allowed to fall randomly onto a sheet of paper to a
      uniform density of 2.25 oz. per square yard. The felt was then run under
      an embossing roll with the embossing roll having an engraved figured
      pattern of diamonds with about a 3/32 inch spacing. The felt was
      compressed against a nylon backing roll, with the embossing roll being
      operated at a temperature of 345.degree.-355.degree.F., a pressure of
      1,050 pounds per linear inch, and a speed of 15 feet per minute. After
      passing the free face of the felt under the embossing roll, the felt was
      turned over, the support paper removed, and the felt passed again under
      the embossing roll to emboss the second side.
PAR  FIGS. 1, 2, 5A, and 8 are of the thus heat embossed felt.
PAR  FIG. 2 shows a cross section at a magnification of about 10 diameters.
PAR  FIGS. 5A and 5B show the felt for a hemostat before and after embossing.
      The figure at the right, 5B, is of the air laid web showing the individual
      fibers in random configuration as a comparatively thick soft felt. FIG. 5A
      shows the same felt which has been heat embossed which results in heating
      to incipient fusion and pressing together the felt along certain lines so
      that the individual fibers adhere to each other giving a compacted zone
      which aids in keeping the felt hemostat thin, aids in preventing the
      lateral transfer of liquids, and gives a desirable stiffness to the
      structure. The picture is at a magnification of 30 diameters and is taken
      with a scanning electron microscope which gives far greater depth of focus
      than an optical system. FIGS. 8 and 9 are similar photographs with an
      electron microscope showing the embossed and unembossed felt at about 100
      diameters enlargement. The mashing together and fusion of the individual
      fibers can be seen in FIG. 8. FIG. 9 shows a random unoriented structure
      before the heat embossing. Before heat embossing, the fibers are springy
      and tend to stand up so that the felt has a soft fuzzy finish so that it
      is impractical to attempt to measure its thickness.
PAR  A similar section of the felt was run under the same speed and pressure
      conditions at the same temperature with an embossed roll having a burlap
      configuration. This gives to the surface of the felt the configuration
      resembling that of burlap. This is shown in FIGS. 3 for a face view and
      FIG. 4 for a cross section, at about 10 diameters.
PAR  Sections of the felt were cut to approximately 3 .times. 5 inches and
      placed in a sheet of glassine paper folded to enclose the embossed felt
      with a slight margin all around. The felt in the folded paper was placed
      in a slightly larger envelope of foil stock of the type as described in
      U.S. Pat. No. 3,728,839, supra, and the slightly open envelope, arranged
      to be sealed by parallel sealing clamps across the open face, was placed
      in an ethylene oxide oven, evacuated, 12% ethylene oxide in 88%
      dichlorodifluoromethane passed into the oven and allowed to stand for two
      hours, the oven was again evacuated, and held under vacuum until the
      ethylene oxide and any moisture was removed, and then the vacuum broken
      with dry nitrogen. Using precautions to preserve sterility, the envelope
      was then sealed across the open end, packaged in a larger strippable
      envelope, the inter envelope space sterilized and the thus doubly packaged
      absorbable surgical felt was storage stable and ready for use. As so
      packaged, the material will retain its characteristics for periods of at
      least several years and probably much longer. Tests conducted to date have
      not established the end of its useful life.
PAR  Such a package is shown in FIGS. 6 and 7 in which the hemostatic felt 11 is
      shown in a folded paper shield 12 with the paper shield extending slightly
      beyond the hemostatic felt on all sides and the paper shield in an inner
      moisture proof envelope 13. The inner moisture proof envelope in turn is
      sealed in a strippable outer envelope 14. The use of a paper shield in an
      outer envelope is shown in U.S. Pat. No. 3,017,990, Singerman, STERILE
      PACKAGE FOR SURGICAL FABRIC, Jan. 23, 1962. The sterilizing cycle and
      double envelope, including descriptions of materials of construction, for
      polyglycolic acid products, is set forth in detail in U.S. Pat. No.
      3,728,839, supra.
PAC  EXAMPLE 2
PAR  A fast screening test for a hemostat is the rabbit "vena cava test" in
      which a slit approximately a quarter of an inch is formed longitudinally
      in the vena cava of a rabbit, the hemostat material placed over the
      opening and held by the finger of the surgeon for approximately 15
      seconds, after which as the finger is removed, the hemostat is examined to
      see if it stops the flow of blood. The present hemostat with either the
      diamond or burlap embossing passes this test.
PAC  EXAMPLE 3
PAC  Stiffness and air porosity of hemostat
PAR  Using the procedure of Method of 5206 of Federal Test Method Standard 191,
      sections of embossed felt were tested by placing them on the test stand
      and extending out until the end of the specimen dropped to an angle of
      411/2.degree..  The drape stiffness is reported as one-half the length of
      the overhang of the specimen when it reaches 411/2.degree. slope.
PAR  In the material of Example 1 this is found to be:
TBL  Diamond embossed:                                                         
       Horizontal (machine direction)                                          
                            1.05 inches                                        
       Vertical (perpendicular to                                              
            machine direction)                                                 
                            1.15 inches                                        
     Burlap embossed:                                                          
       Horizontal           1.35 inches                                        
       Vertical             1.83 inches                                        
     Unembossed web:                                                           
       Too fragile to be measured.                                             
PAR  Similar tests were run following ASTM Method D-737-69 for air permeability.
      The results are reported as cubic feet per minute per square foot of
      fabric at 0.5 inch water pressure differential:
PA0  Diamond embossed:
PA1  2.25 oz, per square yard, air permeability 133 cubic feet per minute per
      square foot of fabric at 0.5 inch water pressure differential.
PA0  Burlap embossed:
PA1  2.25 oz. per square yard, air permeability 135 cubic feet per minute per
      square foot of fabric at 0.5 inch water pressure differential.
PA0  Unembossed web:
PA1  2.25 oz. per square yard, air permeability 360 cubic feet per minute per
      square foot of fabric at 0.5 inch water pressure differential.
PAC  EXAMPLE 4
PAC  Hepatectomies
PAR  Sub-total hepatectomies were performed on a total of 15 randomly sexed New
      Zealand white rabbits weighing 2 to 3 kg. The operation was as follows:
PAR  The animals were anesthetized with sodium pentobarbital intravenously. The
      abdomen was shaved and a transverse incision made just posterior to the
      costal margin to expose the liver. The right medial, left medial, and left
      lateral liver lobes were identified, a Stockman penis clamp placed on each
      of two or three of the lobes as close to the hilum as possible, and the
      lobe excised distal to the clamp. The clamp was removed and bleeding
      proceeded until it stopped spontaneously or the animal expired. If the
      animal was alive when bleeding stopped, the laparotomy was repaired in the
      usual manner and the animal returned to its cage. The animal was protected
      with one ml. of penicillin and dihydrostreptomycin administered
      intro-muscularly as a prophylactic measure.
PAR  Similarly, groups of 10 rabbits of about the same weight and randomly sexed
      were tested using the polyglycolic acid hemostat of Example 1; an
      absorbable gelatin foam, an absorbable oxidized regenerated cellulose
      knit; and mattress sutures of 2/0 chromic surgical gut. Twenty to thirty
      percent of the liver was removed in each case and with the hemostats, the
      appropriate material was cut to a size slightly larger than the cut
      surface and secured with two or three stay sutures of 5/0 polyglycolic
      acid placed through the parenchyma about 5 mm. below the cut and tied with
      surgeons' knots on top of the material. The clamp was then removed. The
      surface area covered varied from animal to animal, but was about 12-13
      square cm. For the suture group, two or three mattress sutures were placed
      parallel to the cut surface and knotted on the ventral surface of the
      lobe.
PAR  The laparotomy incisions were closed with 3/0 polyglycolic acid sutures in
      the standard manner and the animals returned to cages without further
      treatment.
PAC  RESULTS
PAR  Of the animals without hemostatic treatment, 73% died between 6 minutes and
      12 hours after surgery.
PAR  Of the hemostats, the effectiveness was somewhat similar in all groups.
      After the clamp release, there was usually some minor oozing from around
      the edges for a short time. Seldom was there any leakage of blood through
      the material. The polyglycolic acid felt hemostat, on contact with the
      blood, became translucent but was otherwise unchanged in appearance and
      dimension. The gelatin foam became swollen as its interstices filled with
      blood. The oxidized regenerated cellulose turned black and acquired a
      gelatinous consistency.
PAR  The gelatin foam had to be pretreated by wetting the saline, squeezing out,
      rewetting and resqueezing, which is time consuming and the material is
      limp and pasty such that it sticks to instruments and gloves. The knitted
      oxidized regenerated cellulose shredded at the edges and also stuck to
      instruments and gloves. The mattress sutures were difficult to place
      tightly enough to stop bleeding without tearing through the liver capsule.
PAC  RESULTS
PAR  With the polyglycolic acid felt hemostat, there was no evidence of
      post-operative hemorrhage or unusual gross pathologic finding. Gross
      findings included minor focal infarction directly beneath the material and
      some of the hemostat was stained with bile but there was no evidence of
      peritoneal irritation due to bile leakage. At 15 days focal necrosis was
      largely resolved and the polyglycolic acid showed some absorption.
PAR  At 30 days very little of the polyglycolic acid felt hemostat was grossly
      identifiable and tissue response was unremarkable.
PAR  At 60 and 90 days the reaction was unremarkable except for a thin fibrous
      coating at the operative sites and regeneration of liver.
PAR  One animal in the group never recovered from anesthesia. There was no
      evidence of hemorrhage at the operative site.
PAR  Under similar conditions using the gelatin foam, at 3 days the implant was
      engorged with blood and bile and there was minor sub-implant infarction.
      The reaction at 7 days was similar but more diffuse.
PAR  At 15 days reaction was characterized by fibroplasis at the operative site,
      areas of focal necrosis, and bile cysts. The gelatin foam was largely
      intact.
PAR  The gelatin foam appeared to be absorbed by about 30 days although there
      were bile cysts in one of the animals and fiberplasia.
PAR  Sixty and 90 day reactions showed resolution of the above findings with
      liver regeneration. At 60 days, partially resorbed clots were found in the
      abdomen of one animal and bile cysts in the other. Two animals were found
      dead of pulmonary congestion and edema secondary to anesthesia overdose.
      No evidence of post-operative hemorrhage was noted.
PAC  OXIDIZED REGENERATED CELLULOSE
PAR  The three day findings included minor focal self-implant infarction and
      blood clot distal to the oxidized regenerated cellulose implant indicating
      post-operative bleeding through the material.
PAR  The seven day reaction was similar.
PAR  The findings for 15 days was similar to those of three and seven days. In
      addition, there was inflammatory exudate into some intra-hepatic spaces,
      fibroplasia and partially resorbed clots. The oxidized regenerated
      cellulose appeared to be about 50% absorbed. The findings at 30, 60, and
      90 days were largely unremarkable, except for traces of the regenerated
      cellulose in the 60 and 90 day animals.
PAC  SUTURES AS HEMOSTATS
PAR  With the sutures, there was severe hepatic infarctions surrounding the
      mattress sutures at three days, and at seven days the findings were
      similar. At 15 through 90 days there was progressive resolution of the
      above responses. One animal was found dead on the fourth day from a
      technical error unrelated to the liver injury. Another was found dead on
      the first day with large clots on the liver and serosanguinous fluid
      throughout the abdomen.
PAR  It appears that although there were 73% deaths from the liver injury when
      untreated, when treated with the polyglycolic acid hemostatic felt, or the
      gelatin foam, or the regenerated oxide cellulose, there were no deaths
      attributable to hemorrhage. The embossed non-woven polyglycolic felt
      compared favorably with the conventional materials used for treatment.
      There appeared to be less post-operative bleeding using the embossed
      non-woven polyglycolic acid felt.
PAR  From the standpoint of performance in surgery, the embossed non-woven
      polyglycolic acid felt did not stick to instruments or gloves, maintained
      its integrity better, and could be handled, manipulated, and repositioned
      when wet without tearing or sticking to the instruments. The material was
      stiff enough that it could be sutured if desired, and used as a bolster.
PAC  EXAMPLE 5
PAR  Samples of the polyglycolic acid embossed hemostatic felt were tested in
      neuro-surgery on the brains of test animals. Small portions of the
      hemostatic felt were placed on the surfaces of the brain where hemorrhage
      was observed and held in place by the finger of the surgeon. A fine
      suction tube was used to remove blood which oozed through the hemostat or
      around the hemostat. After a short period, the flow of blood was
      effectively controlled with very little blood being absorbed in the
      hemostatic felt because it had been removed by suction. The flow of blood
      into and around the felt could be readily observed during the operating
      procedure. By contrast, when a gelatin foam is used for the same
      procedure, it is customary to hold it in place with a pad of cotton which
      prevents ready observation and interferes with removal of blood and
      introduces the possibility of cotton fibers being trapped within the
      wound. On closing the embossed non-woven polyglycolic acid felt hemostat
      within the wound, there appeared to be minimal risk of hemorrhage and
      recovery was uneventful. Autopsy showed no hemorrhage and rapid absorption
      of the polyglycolic acid felt within the animal and a minimal of
      interference with the healing of the wound.
PAR  In humans, where the brain or other neural tissue was damaged, the present
      embossed polyglycolic acid surgical felts are found to give good
      hemostasis and permit regeneration at least as rapidly as more
      conventional surgical procedures.
PAR  The denier per filament, the thickness of the felt sponge, its stiffness,
      and handling characteristics can be varied by using different size
      filaments, different lengths of filaments and different temperatures and
      pressure during the embossing operation to present felts with a thickness
      and stiffness which is preferred by a surgeon in connection with a
      specific operating procedure. As different surgeons have different
      preferences and there is a wide variation of surgical procedures in which
      hemostasis is desired, a range of thicknesses and stiffnesses may be
      provided.
PAR  Usually, the sponge of Example 1 is sufficiently versatile to cover most
      operative procedures and most surgeons' preferences and, hence, permits
      effective wide range hemostasis with a minimum of inventory and supply
      problems.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hemostatic surgical felt comprising a sterile felt of fibers of 0.5 to
      12 denier and 1/4 inch to 3 inch length of a tissue absorbable polymer
      subject to hydrolytic degradation to non-toxic tissue compatible
      absorbable components, and which polymer has glycolic acid ester linkages,
      which felt has a weight of 0.5 ounce to 12 ounces per square yard and
      textured and partially compressed heat embossed surfaces, whereby the rate
      of penetration of blood is reduced, and the adhesion to bleeding surfaces
      enhanced, and which is completely absorbed when enclosed in a living
      tissue.
NUM  2.
PAR  2. The hemostatic felt of claim 1 in which the tissue absorbable polymer is
      polyglycolic acid.
NUM  3.
PAR  3. A method of protecting the exposed wound surfaces of an internal organ
      of a living mammal which comprises covering said wound surface with a
      sterile hemostatic surgical felt of fibers of 0.5 to 12 denier and 1/4
      inch to 3 inch length of a tissue absorbable polymer subject to hydrolytic
      degradation to non-toxic tissue compatible absorbable components, and
      which polymer has glycolic acid ester linkages, which felt has a weight of
      0.5 ounce to 12 ounces per square yard and textured and partially
      compressed heat embossed surfaces, whereby the rate of penetration of
      blood is reduced, and the adhesion to bleeding surfaces enhanced, and
      which is completely absorbed when enclosed in living tissue, attaching the
      said felt to said organ, closing the said organ into said living mammal,
      and during the healing process, absorbing said felt into the body tissues
      of said mammal.
NUM  4.
PAR  4. The method of claim 3 in which the internal organ is the liver.
NUM  5.
PAR  5. The method of claim 3 in which the internal organ is of neural tissue.
NUM  6.
PAR  6. The method of claim 5 in which the internal organ is the brain.
NUM  7.
PAR  7. A hemostatic surgical felt comprising a sterile felt of air laid fibers
      of a tissue absorbable polymer of glycolic acid of 0.5 to 12 denier and
      1/4 inch to 3 inch length which felt has textured and partially compressed
      heat embossed surfaces, a weight of about 2.25 ounces per square yard, a
      stiffness of 1.05 to 1.83 inches, measured as one half the length of the
      overhang of a specimen on a flat horizontal surface which drops to an
      angle of 411/2.degree. and which before embossing is too fragile for
      stiffness measurement, and an air permeability of about 135 cubic feet per
      minute per square foot at 0.5 inches of water pressure differential, and
      which before embossing has an air permeability of about 360 cubic feet per
      minute per square foot at 0.5 inches of water pressure differential
      whereby the rate of penetration of blood is reduced, and the adhesion to
      bleeding surfaces enhanced, and which is completely absorbed when enclosed
      in living tissue.
NUM  8.
PAR  8. A method of protecting the exposed wound surfaces of an internal organ
      of a living mammal which comprises covering said wound surface with a
      sterile hemostatic surgical felt of air laid fibers of a tissue absorbable
      polymer of glycolic acid of 0.5 to 12 denier and a 1/4 inch to 3 inch
      length which felt has textured and partially compressed heat embossed
      surfaces, a weight of about 2.25 ounces per square yard, a stiffness of
      1.05 to 1.83 inches, measured as one half the length of the overhang of a
      specimen on a flat horizontal surface which drops to an angle of
      411/2.degree. and which before embossing is too fragile for stiffness
      measurement, and an air permeability of about 135 cubic feet per minute
      per square foot at 0.5 inches of water pressure differential, and which
      before embossing has an air permeability of about 360 cubic feet per
      minute per square foot at 0.5 inches of water pressure differential,
      whereby the rate of penetration of blood is reduced, and the adhesion to
      bleeding surfaces enhanced, and which is completely absorbed when enclosed
      in living tissue, attaching the said felt to said organ, closing the said
      organ into said living mammal, and during the healing process, absorbing
      said felt into the body tissues of said mammal.
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ABST
PAL  Colostomy-type catheter devices having multiple sealing balloons dispersed
      adjacent each end of a single tube, and having a side arm communicating
      with the lumen of the tube through which fluids may be introduced or
      withdrawn. Each balloon may have its own inflation lumen or a common
      lumen. The catheter may be preformed in the shape of a loop, U, .OMEGA.,
      or other form, or contain means embedded in the catheter wall, such as
      soft wire, that permits the catheter upon a use to be so formed. An
      external form may also be used to hold the catheter in such shape during
      use. Clamps may be used to permit sequential or simultaneous infusion of
      each branch of the catheter, or operate as a bypass from one branch to the
      other without drainage.
BSUM
PAC  FIELD
PAR  This invention relates to catheters, particularly those having multiple
      inflatable sealing balloons for internal use for sealing a central tube in
      a body passage or opening. More particularly, the catheters of this
      invention relate to preformed or formable catheters for use in colostomy
      procedures, or procedures in which drainage or infusion of one limb of a
      body passage may be selectively required while a second limb remains
      selectively sealed, or, at the option of the doctor, may be permitted to
      communicate with the first limb.
PAC  BACKGROUND
PAR  There are many surgical procedures requiring intercepting a subcutaneous
      vessel or passage in a manner that forms an opening to the surface and
      isolation of two limbs. These limbs may be treated separately or
      sequentially, e.g., by drainage, infusion, injection, x-ray examination
      and the like, yet often require intermittent communication therebetween to
      provide for normal bodily functions. Examples are colostomy-type
      procedures, extracorporeal blood shunts, such as A-V shunts, hemodialysis,
      and the like.
PAR  More particularly, some diseases of the distal colon, e.g., diverticulitis
      and carcinoma, often require a temporary diverting colostomy to put the
      distal colon at rest for a period of time. In the colostomy procedure, the
      ends of the bisected colon, or a slit loop of the colon, are brought out
      to the skin surface of the ventral abdomen, diverting the fecal stream
      outside the body.
PAR  X-ray examination of the colon, by instillation of a water suspension of
      barium sulfate, or other liquid contrast agent, is frequently necessary
      while the colostomy is functioning. Currently, it is usual to introduce
      the barium sulfate suspension via separate catheters placed in the
      colostomy openings and in the rectum. Such individual catheters require
      sequential use, with the lower colon usually filled via the rectal
      catheter and using a balloon or catheter plug to seal the colostomy
      opening to prevent spill onto the skin. Following this, the proximal colon
      is examined via a second balloon catheter introduced into the other
      colostomy opening, the enema bag tubing having been switched from the
      rectal catheter to the colostomy catheter. The entire procedure requires
      several clamps: (1) to close the colostomy catheter used as a plug, (2) to
      close the rectal catheter when the enema bag tubing is switched to the
      colostomy catheter, and (3) to keep the colostomy catheter closed prior to
      use. The considerable time necessary to this sequence increases discomfort
      to the patient.
PAR  There is, therefore, a need for a catheter device, suitable, inter alia,
      for colostomy procedures and the like, which is simple of construction yet
      avoids the disadvantages of the prior, multiple catheter or tube
      procedures.
PAC  THE INVENTION
PAC  OBJECTS
PAR  It is among the objects of this invention to provide an improved catheter
      construction.
PAR  It is another object to provide an improved catheter having plural
      inflatable sealing balloons for placement in different areas of a single
      body passage or plural passages, openings or cavities.
PAR  It is another object to provide an improved colostomy catheter that
      selectively permits communication between limbs or drainage from one or
      both.
PAR  It is another object to provide an improved catheter having sealing
      balloons disposed adjacent opposite ends thereof, and having a
      communication means to the interior of the central cannula.
PAR  It is another object to provide a formable or preformed catheter that is or
      can be shaped for such procedures, such as into the form of a loop, U, or
      .OMEGA. configuration.
PAR  It is another object to provide a retaining means that can permit holding
      the catheter in a desired configuration during use, such as in a loop, U,
      .OMEGA., or other convenient shape.
PAR  Still other objects will be evident in the description which follows.
PAC  SUMMARY
PAR  The catheter of this invention, in a principal embodiment, may be
      characterized as a double-ended cartheter, having individual or
      interconnected sealing balloons adjacent the ends thereof, and having a
      central cannula or lumen from end to end. In another embodiment, a side
      arm tube communicates with the central lumen, forming therewith a
      generally T-shaped configuration. The side arm may be originally sealed or
      unsealed, and provides means for drainage or infusion of one or more of
      the two limbs of the catheter. The side arm may be the same diameter as
      the central lumen, or may be smaller or larger, or otherwise adapted to
      permit interconnection with a variety of devices, such as enema bags,
      drainage bags, suction devices, irrigation devices for solutions, and the
      like.
PAR  The catheter of this invention may be made of any physiologically
      compatible material, such as rubber or plastic. Particularly preferred are
      plastics of the vinyl or silicone types, such as polyvinyl-chloride,
      polyethylene, polystyrene, polypropylene, or any of the silicone polymers
      conventionally used for such devices. It is important that the catheter be
      appropriately sized for the body passage, opening, or organ, and that the
      balloon not cause or promote tissue necrosis. Balloon construction of the
      type shown in U.S. Pat. No. 3,734,100, among others, is suitable for the
      catheters of this invention. The catheter material may be made x-ray
      opaque to facilitate visualization at fluoroscopy or on x-ray films.
PAR  In another embodiment, the catheter may be preformed, or have means for
      forming it into a special configuration, such as a loop, U-shape,
      .OMEGA.-shape, or other appropriate shape to reduce patient discomfort.
      This orients the catheter tips and balloons to minimize tip blockage and
      tissue damage.
PAR  The catheter may be preformed by curing or heat-setting the rubber or
      plastic from which the body is formed. The entire catheter may be
      preformed, or only the medial portion formed with the distal portions left
      relatively flexible, as by differential curing along the catheter length.
      The tips are generally firm to prevent collapse or closure in use, but are
      not sharp, to prevent tissue damage.
PAR  The catheter may contain forming means, such as soft wire embedded in the
      walls. Alternately the catheter may be retained in use in a special holder
      of plastic, rubber, metal or the like.
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PAC  FIGURES
PAR  The description has reference to the drawings in which:
PAR  FIG. 1 illustrates a plan view, partly in section, of one embodiment of the
      colostomy catheter of this invention;
PAR  FIG. 2 illustrates another embodiment, having central cannula or lumen
      communication means, in operation;
PAR  FIG. 3 is a view of an embodiment of a holder for the catheters of this
      invention, here a soft wire coil that can be formed to the shape desired;
PAR  FIG. 4 is a perspective view of another embodiment of a holder for the
      catheters of this invention;
PAR  FIG. 5 shows in plan view a holder of the type in FIG. 4 in use with the
      catheter snap-fit therein;
PAR  FIG. 6 shows in plan view and inverted U-shaped catheter; and
PAR  FIG. 7 shows in plan view an .OMEGA.-shaped catheter.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the catheter 1 comprises a generally elongated tube 2
      having a plurality of limbs, here a first limb 3 and a second limb 4. As
      shown in the broken-away portion of FIG. 1, the tube has a central lumen 5
      and inflation lumen 6. The inflation lumen 6 may be disposed within the
      catheter wall 7 or may comprise a tube 8 integrally secured to or separate
      from the catheter tube 2. The inflation lumen 6 and tube 8 communicate
      with expansible sealing balloons 9 (shown uninflated) and 10 (shown in the
      inflated condition). These balloons are formed as an integral part of the
      catheter, or may be separately formed and secured to the exterior of the
      catheter tube.
PAR  The tips of the tube 11 and 12 may be the same or different (as shown), and
      are selected to be adapted to the particular surgical or treatment
      procedure employed. For example, a slantcut tip 12 has an axial end
      opening 13 which may be used to permit rapid drainage, infusion, or
      communication between limbs 3 and 4. The tip edges 14 are smoothed to
      permit ease of insertion without tissue damage. Rounded tip 11 may be
      apertured at the sides 15 and/or the tip 16. The rounded tip provides a
      reduced diameter portion for ease of entry, and substantially little or no
      tissue damage in use.
PAR  The central portion 17 may have the same interior and exterior diameter as
      the limbs 3 and 4, or as shown in FIG. 1 may be enlarged throughout that
      portion which is generally exposed exterior of the body.
PAR  As best seen in FIG. 2, inflation of a balloon is accomplished in a
      conventional manner. Syringe 18 is inserted in the free end 19 of the
      inflation tube and compressed to fill the balloon with a prescribed amount
      air, saline solution, or water to provide a seal between the balloon
      surface 20 and the tissue walls 21. Typically, for colostomy use, the
      balloons may have a capacity ranging from 60-120 cc, and the catheter body
      O.D. may be from 5-15 mm with the overall length being 15 - 25 inches. The
      free end of the inflation lumen may be adapted for connection to inflation
      devices, as with a rubber or plastic plug which is pierced by a syringe
      needle, or by a special valve of conventional type.
PAR  In operation, referring now to FIG. 2, which is a transverse cross section
      of the anterior abdomen, the invention works as follows: After surgically
      isolating the colon lumen 22 and providing colostomy opening 23 through
      the skin 24, the limbs 3, 4 of the catheter are inserted into the branches
      25, 26 of the colon and the balloons 9, 10 are inflated. The catheter tips
      and limbs may be inserted sequentially or simultaneously. Likewise, the
      balloons may be inflated sequentially by inflation syringe 18, or the
      inflation lumen may communicate with both balloons so that they may be
      inflated simultaneously through the inflation tube 19, as shown in FIG. 2.
PAR  As shown in FIG. 2, we prefer the medial portion of the catheter to form a
      loop 27 so that tips 11, 12 are oriented generally parallel to the axis of
      the colon lumen in place in their respective branches 25, 26. This assists
      in reducing patient discomfort and preventing the tips from damaging the
      lumen by scraping or perforating it. This orientation also assists in
      reducing the possibility of plugging the tip openings permitting better
      drainage, infusion, and the like.
PAR  Thus, an important embodiment of this invention is a catheter having a
      medial loop, as illustrated in FIG. 2. This is the preferred embodiment,
      as compared to that of FIG. 1. However, when there is little chance for
      colon damage or tip opening blockage, the preformed loop configuration
      need not be employed. In such instances the catheter of FIG. 1 can be
      formed, or retained in a U or .OMEGA. (omega) shape at the time of use.
PAR  This invention also includes catheters preformed during the manufacture in
      the loop, U or .OMEGA. shapes, as shown in FIGS. 2, 6 and 7. This may be
      done by forming a partially cured silicone rubber tube in the loop, U or
      .OMEGA. shape, and completing the cure while the tube is retained in that
      shape. Similarly, thermoplastic or thermosetting plastic tubes can be
      formed or reformed into the desired shape. An alternate method of
      manufacture is to cast the tubes in the loop or other shape over a
      flexible mandrel, and subsequent to cure or cooling, withdrawing the
      mandrel.
PAR  In another embodiment, the straight tube of FIG. 1 is formed with one or
      more soft or bendable wires 28 (FIG. 1) embedded in the catheter wall 7.
      The catheter can then be bent into the desired form during the operating
      or treatment procedures, and the soft wire will hold the catheter in the
      formed configuration. After use, the catheter can be withdrawn and
      straightened, or reformed for another use. The soft, bendable wire(s) may
      be oriented parallel to the cannula axis, or may be in the form of a
      spiral, in the nature of a bendable type of cylindrical springshaped
      construction embedded in the catheter wall.
PAR  As seen in FIG. 3, another manner of formation of the catheter of FIG. 1
      into a loop during use (as distinct from a preformed catheter as in FIG.
      2) employs a bendable soft wire spring 33. The bendable spring is slipped
      over the medial portion 17 and bent to form the catheter into the
      configuration desired as shown at 34 in FIG. 3. Although bendable, the
      wire 33 is sufficiently strong to retain the curve 34 imparted thereto
      against the natural return force of the catheter. Alternatively, a
      disposable or reusable plastic or metal loop-shaped retainer 35 may be
      used. Such retainer is conveniently C-shaped in cross section as at 36 so
      that the resilient catheter 2 snaps into the retainer via slot 37, and is
      retained in a loop, U or .OMEGA. configuration during use. Notch 38 is
      provided to receive the side arm 29. Preferably the ends 39, 40 of the
      retainer overlap, rather than lie in a common plane, so that the ends 3, 4
      of the catheter do not interfere with each other. The retainer of FIGS. 4
      and 5 forms a generally non-planar helical loop as shown by arrows X, Y in
      FIG. 5, but may be planar, such as U-shaped, .OMEGA.-shaped, or the like.
PAR  Continuing with the operational description, the inflated balloons provide
      retention of the catheters in position and sealing of the colostomy
      opening. For example, during examination of the colon, barium sulfate
      contrast solution is introduced via the rectum and passes upward through
      colon limb 26. The catheter of this invention provides a closed bypass of
      the colostomy opening to limb 25, preventing spill onto the skin, and
      permitting examination of both sides (limbs 25, 26 in FIG. 2) of the
      colon. Following the x-ray examination, the barium sulfate solution or
      other liquid contrast agent can be withdrawn by gravity suction back into
      the enema bag, or the patent can be allowed to evacuate per rectum. The
      catheter is then left in place as a plug, or removed after deflating its
      balloons.
PAR  If the barium sulfate contrast solution or other liquid contrast agent
      cannot be introduced via the rectum because of obstruction in the distal
      colon, either or both sides of the colon can be filled directly through
      the colostomy catheter 1, using the central side arm 29. The side arm is
      molded into the medial portion 17 of the catheter. The end 30 of the side
      arm may be provided closed so the catheter is useful as a bypass device as
      described above. In the alternative, the side arm may be open at end 30,
      and a clamp used at position A to provide the bypass arrangement.
PAR  For the distal colon obstruction situation, the side arm is adapted to
      accept a tip 31 which connects via tube 32 to the contrast solution
      source. After introducing the solution, the tube 32 can be connected to an
      enema bag. Following the x-ray examination, gravity suction can be used to
      empty the bowel back into the enema bag, following which the side arm
      opening may be plugged. Alternatively, the balloons are deflated and the
      catheter removed.
PAR  Where examination of only the distal portion of the colon is desired, the
      catheter may be clamped at position B. Conversely, where only the
      ascending colon, small bowel, appendix or the like is to be examined, the
      catheter is clamped closed at C, and the solution introduced and evacuated
      through the side arm 29.
PAR  Likewise, simultaneous or sequential irrigation or drainage of the body
      passage, organ or opening may be accomplished by use of the clamps A, B,
      and C.
PAR  It should be understood that various modifications within the scope of this
      invention can be made by one of ordinary skill in the art without
      departing from the spirit thereof. I therefore wish my invention to be
      defined by the scope of the appended claims as broadly as the prior art
      will permit, and in view of this specification if need be.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved diagnostic catheter assembly for use in colostomies
      comprising:
PA1  a. an elongated, generally cylindrical body portion having generally
      annular walls and a central passage extending from end to end of said body
      and communicating with openings in said ends;
PA1  b. a plurality of sealing balloon members, at least one of which is
      disposed on said body adjacent each end thereof, and defining a medial
      portion therebetween;
PA1  c. an inflation lumen disposed in association with said body wall
      communicating with a sealing balloon member, and having means for
      permitting inflation of said balloon therethrough disposed medially of
      said balloon;
PA1  d. said medial portion includes a side arm member having a passage
      communicating with said central passage;
PA1  e. said sealing balloon members being adapted to provide sealing of a
      colostomy opening when inflated into contact with walls of the intestine;
PA1  f. said side arm member is adapted for connection to fluid conduit means
      external of a patient's body, and
PA1  g. means for selectively forming the medial portion of said catheter into a
      curved shape and to retain said shape after forming.
NUM  2.
PAR  2. A catheter as in claim 1 wherein said selective forming means includes a
      bendable material having the property of being manually formable into a
      selected shape upon application of force thereto and retaining said shape
      after said forming, and said material is disposed in the wall of said
      body.
NUM  3.
PAR  3. A catheter as in claim 1 wherein said selective forming means includes
      removable means for retaining said catheter in a predetermined shape.
NUM  4.
PAR  4. A catheter as in claim 3 wherein said retaining means is a form having
      body securing portions generally C-shaped in cross section.
NUM  5.
PAR  5. A catheter as in claim 1 wherein said selective forming means includes a
      bendable coil having the property of being manually formable into a
      selected shape upon application of force thereto and retaining said shape
      after said forming, and said coil is adapted to fit over the medial
      portion of said catheter.
NUM  6.
PAR  6. A catheter as in claim 1 which is formed prior to use into a generally
      curved shape selected from shapes characterizable as a medial loop,
      U-like, and .OMEGA.-like.
NUM  7.
PAR  7. A catheter as in claim 1 wherein at least one of said body end openings
      communicates with a tip portion adapted for ease of insertion.
NUM  8.
PAR  8. A catheter as in claim 7 wherein said tip is generally rounded and has a
      plurality of openings therein.
NUM  9.
PAR  9. A catheter as in claim 7 wherein said tip is generally cut transverse to
      the axis of said central passage.
NUM  10.
PAR  10. A catheter as in claim 1 wherein said selective forming means is a
      ductile material.
NUM  11.
PAR  11. A catheter as in claim 10 wherein said ductile material is soft iron
      wire.
NUM  12.
PAR  12. A catheter as in claim 1 wherein said selective forming means includes
      body materials selected from natural and synthetic curable rubber, and
      thermoplastic and thermosetting plastic compositions.
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ABST
PAL  An electrode adapted for implantation for effecting the intracardial
      stimulation of a heart through the intermediary of an implanted heart
      pacemaker. The electrode, without the need for a barb on the electrode
      head, may be securely placed within the heart, and in which it is also
      afforded that, as required, a safe relocation thereof may be carried out
      in which no injury is occasioned of the muscle tissues encompassing the
      electrode head. The foregoing includes means for the anchoring of the
      electrode head, comprising a receptacle of a variable volume which is
      connected with the electrode in a region proximate to the electrode head,
      and with the receptacle incorporating at least partly elastic walls and a
      closable connecting conduit for the filling of the receptacle.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an electrode adapted for implantation for
      effecting the intracardial stimulation of a heart through the intermediary
      of an implanted heart pacemaker, wherein the electrode comprises an
      electrical conductor provided with an electrical insulation, having an
      uninsulated generally cylindrical electrode head for the transmission of
      the stimulating impulse to the heart through the inserted electrode, at
      the end of the conductor which is proximate to the heart, and being
      provided at the end thereof remote from the heart with an electrical
      connector element for the heart pacemaker, as well as means for effecting
      the anchoring of the electrode head in the heart.
PAC  DISCUSSION OF THE PRIOR ART
PAR  Electrodes which do not incorporate for the anchoring of the electrode
      heads in the heart are subject to the disadvantage in that, due to heart
      contractions and as a consequence of the blood flow in the heart, there
      are occasioned undesirable dislocations of the electrode head, which may
      result in serious consequences for the patient. Heretofore, for this
      purpose the contacts of the implantable electrodes which are proximate the
      heart have been provided with barbs or hooks which are hooked to the
      inside of the heart muscle. In that manner there may be attained the
      object that the electrode remains relatively secure at the location into
      which it is hooked.
PAR  However, in actual practice it has been ascertained that repositioning of
      the electrode is, relatively frequently, either required or desirable. In
      that regard, and also for inadvertent dislocations, the barbs on the
      electrode heads have been found to be disturbing, since they possess the
      inherent danger that, upon a positioned change of the electrode head, the
      heart tissues may be injured by the barbs. Furthermore, during the course
      of time, it may also be possible that damages may occur through
      penetration or perforation.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of the present invention to provide an
      electrode which, without the need for a barb on the electrode head, may be
      securely placed within the heart, and in which it is also afforded that,
      as required, a safe relocation thereof may be carried out in which no
      injury is occasioned of the muscle tissues encompassing the electrode
      head.
PAR  The foregoing object is inventively resolved in that, as a means for the
      anchoring of the electrode head, there is provided a receptacle of a
      variable volume which is connected with the electrode in a region
      proximate to the electrode head, and with the receptacle incorporating at
      least partly elastic walls and a closable connecting conduit for the
      filling of the receptacle.
PAR  In an advantageous embodiment of the invention, the receptacle is formed of
      an elastic material hose section. It is preferable that the connecting
      conduit be so constructed and located, as to lie in parallel with the
      extended electrical conductor. The foregoing may be achieved in a
      particularly elegant and simple manner when the connecting conduit is
      realized through a passageway extending in the insulation. Within the
      concept of the invention, the end of the passageway adjacent the electrode
      head is closed off, and preferably in a manner in which that the
      passageway walls converge conically. In a particularly technically simple
      constructional embodiment, the passageway possesses a side aperture in the
      region of the elastic hose section, and preferably in the central section
      of the latter. The hose section is preferably so constructed and
      dimensioned as to be expandable in a balloon-like manner under the effects
      of a filling medium. In actual practice it has been found applicable that
      for the elastic portion of the receptacle, and preferably also for the
      insulation, there be employed a material which is known by the designation
      of a silicon rubber. The receptacle, moreover, is so constructed and
      dimensioned as to be able to receive a filling quantity of at least 0.3
      cm.sup.3, and preferably 0.5 cm.sup.3. The filling material may,
      preferably be constituted of a liquid. The diameter of the filled balloon
      should preferably lie in the range of between 5 millimeters and 12
      millimeters, and particularly has a preferred diameter of 8 millimeters.
      In that connection, when not filled, the hose lies, due to the effect of
      its elasticity, close to the insulation so that the volume of the
      receptacle is extremely small, or practically zero.
PAR  After the insertion of the electrode below the pumping or operating chamber
      of the heart, by filling the receptacle with a liquid, the electrode head
      is pressed against the endocard, and it is thereby attained that,
      notwithstanding the movements of the heart muscles, the electrode remains
      securely fastened although the head is not provided with a barb or hook,
      but is formed in an essentially cylindrical configuration. When a
      repositioning of the electrode becomes necessary, then the only
      requirement is to allow the liquid to flow out of the receptacle, which
      follows through the effect of the elasticity of the receptacle (or through
      a dosed aspiration). Thereafter, the repositioning may be carried out and
      through renewed filling of the receptacle, the electrode may then be fixed
      in its new position. The filled receptacle also prevents penetration or
      introduction of the electrode head into, for example, the chamber wall of
      the heart.
PAR  The purpose of application of the inventive electrode, and its specialized
      construction, basically distinguish over the socalled passed-through
      endocard electrodes, whose electrode ends remote from the heart are not
      provided with a connection for an implanted pacemaker but which
      incorporate, for example, contact pins for external pulse generators, or
      connect to an electrocardiograph for the recording of the internal EKG.
      Such electrodes, which are adapted for short-term stimulation are, for
      example, inserted through an arm or shoulder vein, and then moved along
      with their head until conveyed into the heart. The forward movement of the
      electrode may thereby be rendered somewhat more easy in that, immediately
      behind the electrode head, a receptacle is expanded balloon-like, so as to
      elevate the flow resistance of the electrode in the vein, and the blood
      flowing back towards the heart takes the balloon along (and concurrently
      the electrode). As soon as the electrode head arrives at the desired
      location in the heart, it is emptied. The inventive purpose and the
      inventive use are also not provided for in the known through-passed
      endocard electrodes.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the following detailed description there is illustrated an exemplary
      embodiment of the invention taken in conjunction with the accompanying
      drawing, in which:
PAR  FIG. 1 illustrates, in an enlarged scale, the end of an endocard electrode
      which is proximate the heart;
PAR  FIG. 2 is a sectional view, in an enlarged scale, through the insulating
      hose for the electrode of FIG. 1, and which is formed as a hose having
      dual-passageways; and
PAR  FIG. 3 is a general view of an assembled electrode adapted for implantation
     .
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now in detail to the drawing, in FIG. 1 there is illustrated a
      dual-passageway hose 1 which is formed of a (electrically insulating)
      silicon rubber. One of the passageways 2 is adapted to receive an
      electrical conductor 3, while passageway 4, which extends parallel with
      passageway 2, serves for the introduction of a liquid (for example, a
      common salt or saline solution). The passageway 4 is terminated in that
      its walls converge conically at point 5 and combine with the remaining
      silicon rubber insulation. From the thus formed end portion 6 of the
      insulation, there projects a cylindrically-shaped electrode head 7, which
      is connected with the conductor 3. The referred to end portion of the
      electrode is encompassed by an elastic hose section 8 which, together with
      the dual-passageway hose 1, forms a receptacle 9 of a variable volume, and
      which has a length of approximately 12 mm. In its at-rest position, the
      hose section 8 lies closely against the dual-passageway hose 1 so that the
      receptacle exhibits practically no volume. At both of its ends 10 and 11,
      the hose section 8 is sealingly connected with the electrode components
      (head 7, as well as hose 1). The passageway 4, in the central region of
      the hose section 8, has a sidewall aperture 12 through the intermediary of
      which there may be carried out the filling of the receptacle. In the
      illustrated representation, the hose section 8 is shown expanded into a
      balloon form through the filling thereof with a liquid. The size of the
      expansion may be coordinated with the particular physiological
      circumstances, and normally measures approximately 8 mm in diameter.
PAR  In FIG. 2, the same components as in FIG. 1 are designated with identical
      reference numerals.
PAR  From FIG. 3, there may be ascertained a connecting member 13 which is at a
      location remote from the heart, and through which the electrode may be
      connected with a chain-dot illustrated implantable heart pacemaker 14. For
      this purpose, the connecting member 13 may be provided with an internal or
      female thread 15, and the pacemaker 14 with a portion having a
      complementary external or male thread 16. The dual-passageway hose
      includes an aperture 17 communicating with passageway 4, and in which
      there is inserted a thin hose section 18 through which the receptacle 9
      may be filled, for example, by means of a syringe. Through knotting, this
      hose section may be easily closed off.
PAR  The described electrode may be formed by relatively simple components, and
      has been found widely applicable in practice. The material for the hose
      section there may be employed silicon rubber, which possesses extremely
      good long-term usage properties for the intended purpose.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrode for use in effecting the intracardial stimulation of a
      heart through an implanted heart pacemaker, said electrode comprising an
      elongate electrical conductor; an electrical insulation encompassing said
      conductor, an uninsulated generally cylindrical electrode head being
      connected to said conductor at one end thereof for transmission of
      stimulating impulses to the heart from the electrode and being mounted on
      the proximal end of said insulation, means on said electrode for anchoring
      said electrode head in the heart, and electrical connector means at the
      distal end of the conductor adapted for connection to a pacemaker, the
      improvement comprising; said electrode including a continuous elongate
      hose forming said electrical insulation for said conductor, said hose
      having first and second parallel longitudinal passageways, said electrical
      conductor being positioned in the first of said passageways; said
      electrode head anchoring means including a volumetrically variable
      receptacle having at least partly elastic wall portions, said receptacle
      being connected to said electrode in a region adjacent to said electrode
      head, and said second passageway forming a closable connecting conduit
      means communicating with said receptacle for filling the latter with a
      receptacle-expanding medium.
NUM  2.
PAR  2. An electrode as claimed in claim 1, said receptacle being formed of an
      elastic material hose portion, said hose portion sealingly engaging said
      electrical insulation at its ends.
NUM  3.
PAR  3. An electrode as claimed in claim 2, said hose portion at one end thereof
      having a portion sealingly encompassing the electrical insulation in
      proximate axially spaced relationship to said electrode head and at the
      other end thereof having a portion sealingly encompassing said electrode
      head.
NUM  4.
PAR  4. An electrode as claimed in claim 2, said hose portion being constructed
      to expand into a balloon-like configuration upon said medium being filled
      into said receptacle.
NUM  5.
PAR  5. An electrode as claimed in claim 4, said balloon-like expanded
      receptacle having an expanded diameter in the range of 5 to 12 mm.
NUM  6.
PAR  6. An electrode as claimed in claim 5, said balloon-like expanded
      receptacle having an expanded diameter of 8 mm.
NUM  7.
PAR  7. An electrode as claimed in claim 1, said connecting conduit means
      extending in parallel with the longitudinally extended electrical
      conductor.
NUM  8.
PAR  8. An electrode as claimed in claim 1, said second passageway having a side
      aperture communicating with the exterior of said elongate hose and the
      interior of said receptacle.
NUM  9.
PAR  9. An electrode as claimed in claim 1, said receptacle having at least the
      elastic wall portions thereof formed of silicon rubber.
NUM  10.
PAR  10. An electrode as claimed in claim 1, said electrical insulation being
      formed of silicon rubber.
NUM  11.
PAR  11. An electrode as claimed in claim 1, said receptacle in the
      volumetrically expanded condition thereof being adapted to receive a
      quantity of filling medium in the range of 0.1 to 0.5 cm.sup.3.
NUM  12.
PAR  12. An electrode as claimed in claim 1, said receptacle extending along
      said electrode for a distance about 5 to 12 mm.
NUM  13.
PAR  13. An electrode as claimed in claim 12, said receptacle having a length of
      8 mm.
NUM  14.
PAR  14. An electrode as claimed in claim 1, said receptacle having elastically
      deformable wall portions closely contacting the non-elastic walls thereof
      in the emptied condition of the receptacle.
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ABST
PAL  A device for preventing arrhythmias such as fibrillation in which a
      plurality of electrodes are placed at selected points on a heart to sense
      depolarizations. An astable multivibrator receives the depolarization
      signals from the electrodes and provides an output signal to a device
      which in turn provides cardiac stimulation signals to all of the
      electrodes on the heart for the purpose of preventing the arrhythmia. The
      multivibrator is preferably synchronized to the QRS complex of the heart
      with its refractory period. In a second embodiment of the device, separate
      sensing and stimulation electrodes are used.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Arrhythmias of the heart, such as fibrillation, are well known to those
      familiar with the art. Localized or diffuse lesions of the myocardium,
      which may result from any one of various reasons, often lead to a
      pronounced dispersion of refractivity. As a result, under certain
      circumstances the heart does not experience a total, simultaneous
      depolarization, but rather there results an unequal repolarization which
      has a dispersed vulnerable phase. A depolarization excitation interspersed
      during this vulnerable phase finally leads to electrical fragmentation,
      and a consequential inception of ventricular fibrillation.
PAR  It is known that the proper application of an electrical shock to the heart
      can change a fibrillating heart back to synchronous action of all
      myocardial fibers, that is, the heart can be defibrillated. Defibrillation
      by electrical impulses to the heart is due to a regular development of
      propagation of electrical excitation by means of simultaneous switching of
      all myocardial fibers that have gone out of step to cause the arrhythmia.
      Many defibrillation devices are known in the prior art for providing a
      defibrillation pulse after the arrhythmia has commenced.
PAR  However, it has become apparent that electrical defibrillation is not an
      ideal means of therapy for arrhythmia problems. First of all, it is not
      immediately available in most cases, and even where implantable
      defibrillation devices are used, they provide stimulation signals only
      after the dangerous condition of arrhythmia already exists. Further,
      though implantable defibrillators were developed to eliminate existing
      ventricular fibrillation as rapidly as possible, they can do so only after
      detection of the actual state of fibrillation; and because of the high
      power requirements of the electrical shocks required to defibrillate, the
      operating time of such implantable defibrillators is highly limited.
      Further, even after detecting the advent of fibrillation, such prior art
      defibrillators require a discreet period of charge time before providing a
      defibrillation shock.
PAR  To overcome the problems discussed above, the apparatus of this invention
      was designed to prevent defibrillation by sensing heart depolarizations
      and providing cardiac stimulation level pulses to the heart to overcome
      electrical fragmentation before it causes defibrillation or other
      arrhythmias.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of this invention provides a plurality of electrodes
      connected in spaced relation to a heart. A depolarization occurring at any
      point on the heart is first sensed by any one of the electrodes and then
      transmitted to a stimulation device which receives the signal from the
      electrode to supply stimulation pulses to the entire plurality of
      electrodes connected to the heart. By means of this technique of
      stimulation, an anti-fragmentation is achieved which has a counter-effect
      on ventricular fibrillation. The stimulation signal generator may be, for
      example, a synchronous demand cardiac pacer, but in any case will be a
      device synchronized to a normal depolarization of the heart such as the
      QRS complex.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the first embodiment of the apparatus of this
      invention;
PAR  FIG. 2 is a schematic diagram of portions of the diagram of FIG. 1; and
PAR  FIG. 3 is a block diagram of a second embodiment of the apparatus of this
      invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, there is shown a first embodiment of the invention in which a
      plurality of terminals 10-14 are shown which are adapted to be connected
      to electrodes placed at various points on the heart (not shown), which
      electrodes act both as sensing and stimulation electrodes.
PAR  Terminals 10, 11, 12, 13 and 14 are connected, respectively, to a plurality
      of input signal amplifiers 20, 21, 22, 23 and 24. Input amplifiers 20-24
      can be any one of a multiplicity of amplifiers well known to those skilled
      in the art, such as a single stage transistor amplifier.
PAR  The outputs of each of amplifiers 20-24 are connected to the inputs of a
      five stage OR gate 25. The output of gate 25 is connected to timing
      circuitry 26. The output of timing circuitry 26 is connected to output
      pulse circuitry 27. The output of pulse circuitry 27 is connected to each
      of the inputs of a plurality of output amplifiers 30-34. The outputs of
      amplifiers 30, 31, 32, 33 and 34 are connected, respectively, to terminals
      10, 11, 12, 13 and 14.
PAR  In operation, when a depolarization signal appears at any one of terminals
      10-14, such a signal having been sensed at the related electrode attached
      to the heart, it will be amplified by the respective of amplifiers 20-24
      and presented to gate 25. The signal will pass through gate 25 into timing
      circuitry 26. Circuitry 26 is more fully described in the discussion of
      FIG. 2 below, however, to fully understand the operation of the circuitry
      of FIG. 1, it must be recognized that circuitry 26 will operate in the
      manner of an astable multivibrator having a predetermined operating
      frequency and refraction period. If an input signal at any of terminals
      10-14 reaches circuitry 26 during the predetermined refractory period,
      there will be no output from circuitry 26 to output pulse circuitry 27.
      Circuitry 26 is synchronized to the normal QRS waves from the heart and
      will provide an output pulse when the QRS wave causes an input to
      circuitry 26. However, should a depolarization be sensed at any of the
      plurality of points on the heart at a time other than during the
      refractory period, this input to circuitry 26 will cause an output pulse
      to actuate output pulse circuitry 27.
PAR  Pulse circuitry 27, upon receiving an input signal, will provide an output
      stimulation pulse of predetermined width which will be amplified by each
      of amplifiers 30-34 to be felt on each of terminals 10-14, and thus be
      provided to all of the electrodes on the heart for stimulation purposes.
      Thus, an undesirable start of depolarization of an area of the myocardium
      will be sensed by any one or more of the electrodes and will result in a
      cardiac stimulation pulse to all of the electrodes. This cardiac
      stimulation will result in anti-fragmentation by capturing the entire
      heart comparatively quickly by bypassing the intraventricular
      interferences through the conductions that are under voltage. Therefore,
      the input dispersion of refractivity is reduced, the vulnerable phase
      becomes narrower, and in this manner fibrillation is counter-effected in
      its nascent state.
PAR  Referring now to FIG. 2, there are shown schematic diagrams of blocks 26
      and 27 of FIG. 1. Timing circuitry 26 is shown to the left of the vertical
      dashed line of FIG. 2, while output circuitry 27 is shown to the right of
      the dashed line.
PAR  In FIG. 2 there is shown an input terminal 40 which is adapted to be
      connected to the output of gate 25 of FIG. 1. Terminal 40 is connected
      through a capacitor 41 to the base of a transistor 42. The base of
      transistor 42 is also connected through a resistor 43 to a negative bus
      line 45. The emitter of transistor 42 is also connected to bus 45. The
      collector of transistor 42 is connected to the base of a transistor 46,
      and through a resistor 48 to a positive bus line 44. The emitter of
      transistor 46 is connected to negative bus 45, and the collector of
      transistor 46 is connected through a resistor 47 to bus 44. The collector
      of transistor 46 is also connected through a capacitor 49 to the base of a
      transistor 50, and through a resistor 51 to bus 44. The emitter of
      transistor 50 is connected to bus 45. The collector of transistor 50 is
      connected through a resistor 52 to bus 44, through a capacitor 53 to the
      base of transistor 46, and through a capacitor 54 to the base of a
      transistor 55. The emitter of transistor 55 is connected to bus 44. The
      base of transistor 55 is connected through a resistor 56 to bus 44. The
      collector of transistor 55 is connected through a serial combination of a
      resistor 57 and a resistor 58 to bus 45. The base of transistor 55 is also
      connected through the serial combination of a resistor 61 and a capacitor
      62 to the collector of a transistor 63. The base of transistor 63 is
      connected to a junction between resistors 57 and 58. The collector of
      transistor 63 is also connected through a resistor 64 to bus 44. The
      emitter of transistor 63 is connected through a resistor 65 to bus 45, and
      is connected to an output terminal 66. Terminal 66 is adapted to be
      connected to amplifiers 30-34 of FIG. 3. Negative bus line 45 is connected
      to a negative power input terminal 67, and positive bus line 44 is
      connected to a positive voltage input terminal 68.
PAR  In operation, QRS signals and depolarization signals appearing at terminals
      10-14 of FIG. 1 will pass through amplifiers 20-24 and gate 25 to appear
      at terminal 40 of FIG. 2. This input signal will be felt on the base of
      transistor 42 to turn it on and switch transistor 46 to cut-off.
      Transistors 46 and 50, and their associated components, comprise an
      astable multivibrator. The output at the collector of transistor 50 is an
      asymmetrical square pulse, composed of, in the preferred embodiment, an
      840 millisecond off or high portion, and a 160 millisecond on or low
      portion. If a pulse appears at the base of transistor 42, due to an input
      signal during the 840 millisecond off interval, transistor 46 will be
      switched to cut-off. As the collector of transistor 46 rises, transistor
      50 will saturate due to the charge transferred to its base through
      capacitor 49. Thus, input pulses falling during the 840 millisecond off
      interval will shorten this off interval, and thereby increase the
      operation frequency of the astable multivibrator. The 160 millisecond on
      interval is referred to as the refractory period.
PAR  The trailing edge of the pulse appearing at the collector of transistor 50
      will be felt through capacitor 54 on the base of transistor 55.
      Transistors 55 and 63 comprise a well-known monostable multivibrator, in
      conjunction with their associated components, which operates in a manner
      well known to those skilled in the art, to provide an output at terminal
      66 for a predetermined pulse duration. Terminal 66 is connected to the
      inputs of amplifiers 30-34 of FIG. 1, and thus the trailing edge of the
      pulse appearing at the collector of transistor 50 will cause stimulation
      pulses to appear through all of the terminals 10-14 to all of the
      electrodes connected in spaced relation on the heart.
PAR  Timing circuitry 26 can be likened to an R-wave synchronized pulse
      generator. That is, it has a predetermined operating frequency with a
      predetermined refractory period. Pulses falling outside the refractory
      period will shorten the operation frequency of the circuitry, and result
      in an output stimulation pulse. Pulses falling during the refractory
      period will not result in stimulation pulses to the heart. By
      synchronizing the output pulses to the QRS complex, through proper
      selection of the operation frequency and refractory period, undesirable
      side effects of rhythmical stimulations are avoided. The 1 Hz operation
      frequency chosen for the above described embodiment is only an example,
      but is preferred because, with a 160 millisecond refractory period, it
      allows synchronization to a maximum rate of 375 pulses per minute.
PAR  Referring now to FIG. 3, there is shown a second embodiment of the
      apparatus of this invention in which separate leads are used for sensing
      heart depolarizations and for stimulating the heart. Again in FIG. 3, the
      well known electrodes are not shown but terminals adapted to be connected
      to the electrodes are depicted.
PAR  A plurality of terminals 70-74 are shown and are adapted to be connected to
      a plurality of sensing electrodes placed in space relation on the heart.
      Terminals 70, 71, 72, 73 and 74 are connected, respectively, to amplifiers
      20-24. Amplifiers 20-24 are again connected through gate 25 to circuitry
      26, which is in turn connected to circuitry 27. The output of circuitry 27
      is connected to the inputs of amplifiers 30-34. In FIG. 3 the outputs of
      amplifers 30-34 are connected to, respectively, terminals 80, 81, 82, 83
      and 84. In the embodiment of FIG. 3, terminals 80-84 are adapted to be
      connected to a second plurality of electrodes connected in spaced relation
      on the heart for purposes of providing stimulation signals to the heart.
PAR  The operation of the apparatus of FIG. 3 is exactly the same as that
      described above for FIGS. 1, and 2, with the single exception that the
      stimulation signals are provided to separate electrodes from the
      electrodes which perform the sensing function.
PAR  From the above description of the apparatus of this invention, it will be
      apparent that there may be other embodiments other than the preferred
      embodiments shown which are capaable of performing the fibrillation
      prevention function of this invention, but which will still be within the
      scope of this invention. It should also be noted that the fibrillation
      prevention apparatus of this invention has been tested clinically on
      animals and has been shown to be an effective means of preventing the
      arrhythmia.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Cardiac electrical stimulation apparatus comprising: first means for
      sensing depolarization at any one of a plurality of areas on a heart;
      second means for providing cardiac stimulation signals to a plurality of
      areas on the heart in rapid response to any sensed depolarization by the
      first means; and means connecting the first means to the second means.
NUM  2.
PAR  2. The apparatus of claim 1 in which: the first means includes
      multivibrator means having a predetermined refractory period; and the
      second means includes means for limiting stimulation pulses to a duration
      shorter than said refractory period and occurring during said refractory
      period.
NUM  3.
PAR  3. The apparatus of claim 2 in which the multivibrator means include means
      for setting said refractory period at a time value which allows
      synchronization of the stimulation signals with cardiac QRS signals.
NUM  4.
PAR  4. Fibrillation prevention apparatus comprising: a plurality of electrode
      means adapted to be connected in spaced relation on a heart; means for
      responding rapidly to a signal from any one of the electrode means to
      provide cardiac stimulation signals to all the electrode means; and means
      connecting the electrode means to the means for responding.
NUM  5.
PAR  5. The apparatus of claim 4 in which: the means for responding includes
      means for synchronizing the stimulation signals to the cardiac QRS
      signals.
NUM  6.
PAR  6. Fibrillation prevention apparatus comprising: a plurality of sensing
      electrode means adapted to be connected in spaced relation on a heart; a
      plurality of stimulation electrode means adapted to be connected in spaced
      relation on the heart; means for responding rapidly to a signal from any
      one of the sensing electrode means to provide stimulation signals on all
      of the stimulation electrodes; and means connecting the means for
      responding to the sensing electrodes and the stimulation electrodes.
NUM  7.
PAR  7. The apparatus of claim 6 in which: the means for responding includes
      means for synchronizing the stimulation signals to the cardiac QRS
      signals.
NUM  8.
PAR  8. Fibrillation prevention apparatus comprising: a plurality of electrode
      means adapted to be connected in spaced relation on a heart; input means
      connected to the electrode means; output means connected to the electrode
      means; the input means including means for responding to signals from any
      of the electrode means to provide a signal; astable multivibrator means
      having a preset refractory period and an operation frequency which is
      variable in response to signals from the input means; means connecting the
      multivibrator means between the input means and the output means; and the
      output means including means for responding to the multivibrator means to
      provide heart stimulation signals to all the electrode means the heart
      stimulating signal occuring quickly after an input signal to said
      multivibrator means.
NUM  9.
PAR  9. Fibrillation prevention apparatus comprising: a plurality of sensing
      electrodes adapted to be connected in spaced relation on a heart; input
      means connected to the sensing electrode means; a plurality of stimulation
      electrodes adapted to be connected in spaced relation on the heart; output
      means connected to the stimulation electrode means; the input means
      including means for responding to signals from any of the sensing
      electrode means to provide a signal; astable multivibrator means having a
      preset refractory period and an operation frequency variable in response
      to signals from the input means; means connecting the multivibrator means
      between the input means and the output means; means in the multivibrator
      means responsive to the input means signal to provide another signal; and
      the output means including means for responding to the multivibrator means
      signal to provide heart stimulation signals to all the stimulation
      electrode means, the heart stimulating signal occuring quickly after an
      input signal to said multivibrator means.
NUM  10.
PAR  10. Fibrillation prevention apparatus comprising: a plurality of electrodes
      adapted to be connected in spaced relation on a heart; amplifier means
      connected to the electrodes; multivibrator means connected to the
      amplifier means and responsive to a signal from any one of the electrodes
      to provide an output signal; and output amplifier means connected to the
      multivibrator means and the electrodes, and responsive to an output signal
      to provide heart stimulation signals simultaneously to all the electrodes
      the heart stimulating signal occuring quickly after an input signal to
      said multivibrator means.
NUM  11.
PAR  11. The apparatus of claim 10 in which: the multivibrator means has a
      refractory period longer than the duration of the stimulation signals.
NUM  12.
PAR  12. Fibrillation prevention apparatus comprising: a plurality of sense
      electrodes adapted to be connected in spaced relation on a heart; a
      plurality of stimulation electrodes adapted to be connected in spaced
      relation on a heart; amplifier means connected to the sense electrodes;
      multivibrator means connected to the amplifier means and responsive to a
      signal from any one of the sense electrodes to provide an output signal;
      and output amplifier means connected to the multivibrator means and the
      stimulation electrodes, and responsive to an output signal to provide
      stimulation signals simultaneously to all the stimulation electrodes the
      heart stimulating signal occuring quickly after an input signal to said
      multivibrator means.
NUM  13.
PAR  13. The apparatus of claim 12 in which: the multivibrator means has a
      refractory period longer than the duration of the stimulation pulses.
NUM  14.
PAR  14. Cardiac arrhythmia prevention apparatus comprising: a plurality of
      electrodes adapted to be connected to a heart; an R-wave synchronous pulse
      generator having input means and output means; the generator input means
      and output means connected to the electrodes; and the generator including
      means for providing cardiac stimulation pulses to all the electrodes in
      rapid response to a signal from at least one of the electrodes.
NUM  15.
PAR  15. Cardiac arrhythmia prevention apparatus comprising: a plurality of
      sense electrodes adapted to be connected to a heart; a plurality of
      stimulation electrodes adapted to be connected to a heart; an R-wave
      synchronous pulse generator having input means and output means; the
      generator input means connected to the sense electrodes and the generator
      output means connected to the stimulation electrodes; and the generator
      including means for providing cardiac stimulation pulses to all the
      stimulation electrodes in rapid response to a signal from at least one of
      the sense electrodes.
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ABST
PAL  A tobacco leaf curing system comprising an air tight curing house divided
      by a porous floor plate into an upper curing barn and a lower blast
      chamber, the curing barn being provided at its upper portion with a
      circulation port and an outlet port; a circulation duct passageway
      containing duct fan means and heating means, said circulation duct
      passageway communicating with the circulation port for drawing air from
      the curing barn, said air being compressed by said duct fan means and
      heated by said heating means and then reintroduced into the blast chamber
      through a blast port; an automatic temperature regulator associated with
      the burner of the heating means for automatically igniting or
      extinguishing said burner according to variations appearing on a wet-bulb
      temperature sensor so as to regulate the temperature and humidity of the
      air to be sent to the blast chamber; an inlet control system comprising a
      cylindrical damper provided with openings and located in said circulation
      duct system, said inlet control system being so arranged that, with the
      rotation of said damper, the inlet port is automatically opened in a
      progressive manner as the leaf setting stage begins and is closed again
      before the stem drying stage is completed, said inlet control system also
      varying the mixing ratio of the external air to the recycled, heated air
      being supplied to the blast chamber for each curing stage; and an outlet
      port control mechanism which is located at the outlet port opening on a
      side of said curing barn, said outlet port control mechanism automatically
      opening or closing according to the amount of air which is drawn through
      the inlet port of the inlet port control system so that the air which has
      passed through the curing barn may be partially exhausted through the
      outlet port to the exterior of said barn.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Tobacco leaves cannot be dehydrated and cured or dried by usual physical or
      mechanical curing or drying means to produce cured leaves of desired
      quality, because of the special physical structure and characteristics
      peculiar to their cells. Accordingly, unless the yellow coloring and the
      curing process is carried out with a proper adjustment of the dehydration
      speed and drying or curing temperature which does not destroy the cell of
      leaves, deterioration of the quality of the cured leaves will be the
      result.
PAR  Accordingly, what is important in drying or curing tobacco leaves is to
      prevent the cell from becoming excessively dried by controlling the
      humidity on the ambient temperature of the leaves in the curing process
      and the latent heat transferred to the cell so as not to destroy the cell.
PAR  The tobacco leaf curing process is usually divided for convenience into a
      first half period comprising the preheating stage for fermentation and the
      yellow coloring stage and a second half period comprising the leaf drying
      stage and the stem drying stage.
PAR  In the first period, saccharification of the ingredients and therefore the
      chemical and physiological change in the leaves proceeds for about 30 to
      40 hours due to the action of the active enzyme in the leaves. During this
      period the temperature and water content of the leaves is maintained at a
      proper level.
PAR  During the first processing period, the green color of the leaf produced by
      the chlorophyll content vanishes and a yellow color resulting from the
      carochine content appears. This yellow color taken on by the leaf is
      peculiar to ordinary tobacco leaves. The fermentation, preheating, and the
      yellow coloring stage of the first half period can be carried out
      selectively and mechanically by conventional circulation drying methods
      (bulk curing), wherein wet hot air is circulated through the leaf chamber
      to produce the chemical change in the leaf ingredients.
PAR  In the second half period wherein the mesophyll setting and stem drying
      processes take place, the mesophyll and stem are dried and finished to
      dried tobacco leaves having a good quality, and a good aroma and smoking
      property. In the second period, however, an extremely elaborate and
      complicated adjustment is required and frequently failure in drying and
      accordingly deterioration in the quality of the leaves occurs, which leads
      to product and economic loss. The reason for this difficulty or failure is
      that although the latter half period consists only of the water from the
      mesophyll, the transition from the first half stage to the latter stage
      must be very carefully conducted. Thus, the process in the first period
      should be performed by maintaining such a proper upper temperature limit
      so as not to destroy the cell while causing the color of the leaves to
      change to yellow, and then the process should be slowly converted to the
      leaf drying or dehydration stage in the second half period with great
      care, without causing a drop in the leaf temperature due to the
      evaporation of moisture from the leaves.
PAR  Most of the failure in the past has been caused by the failure to provide a
      smooth transition from the first period to the latter period because the
      changing operations include a complicated temperature and humidity
      control.
PAR  According to the conventional methods of changing slowly from the curing
      process to the drying process, a "Standard Drying Operation Table" as
      shown in FIG. 24 has been used. In the conventional method, temperature
      adjustment was conducted by always checking the difference between the
      dry-bulb temperature and the wet-bulb temperature of the curing barn while
      referring to the operation table.
PAR  With respect to the relationship between the dry-bulb and the wet-bulb
      temperatures during the drying process, the following should be noted: The
      dry-bulb temperature rises successively insteps while the wet-bulb
      temperature is linerally maintained from the beginning to the end, and up
      to about 38.degree.C. and then substantially stays there. In the examples
      which failed, it was found that the wet-bulb temperature fluctuated in
      wave-like fashion.
PAR  It was noted that the water evaporation speed on the surface of the cloth
      piece covering the wet-bulb in the drying chamber was quite similar to
      that on the surface of the tobacco leaves. When both evaporation speeds
      are substantially equivalent, the temperature of both surfaces are quite
      similar. Accordingly, the temperature of the leaves can be determined by
      observing the drying degree of the covering cloth of the wet-bulb, i.e.,
      the wet-bulb temperature. In short, to adjust the wet-bulb temperature at
      about 38.degree.C. is to set the water evaporation speed for the leaf at
      an evaporation speed level of about 38.degree.C.
PAR  Accordingly, in view of the fact that it is necessary to stabilize the
      wet-bulb temperature at about 38.degree.C. in order to succeed in
      effectively drying the leaves, one of the purposes of the present
      invention is to provide a tobacco leaf drying system which dries tobacco
      leaves perfectly and completely at a natural temperature rise starting
      from about 43.degree.C. of the dry-bulb temperature, and stabilizing the
      wet-bulb temperature at about 38.degree.C., also in the second half
      period. At the beginning of the mesophyll drying stage where moisture in
      the leaf evaporates actively, most of the heat supplied by the burner is
      used as latent heat for the evaporation of the water of the leaf and
      accordingly does not serve to raise the dry-bulb temperature. But in the
      later part of the mesophyll setting process where the leaf becomes almost
      dried, the evaporation of the moisture drops, and the amount of latent
      heat used becomes less. Accordingly a larger amount of the burner heat is
      used spontaneously to raise the temperature of the dry-bulb. This is
      called the spontaneous temperature rise of the dry-bulb temperature.
PAR  In the mesophyll drying and stem drying stage it is necessary to control
      the intake and exhaust of the circulating air in the drying chamber (the
      bulk curing barn) while keeping the wet-bulb temperature set at about
      38.degree.C. The air control procedure is an important step in the tobacco
      leaf drying process, along with the control of the wet-bulb temperature.
PAR  Drying of the leaf, i.e., evaporation of the water in the leaf is possible
      so long as the saturated vapor pressure of the water contained in the leaf
      is greater than the partial pressure of the vapor contained in the ambient
      air in the chamber. The greater the differences between said two
      pressures, the faster is the drying speed. On the other hand because the
      latent heat is removed from the leaf due to the evaporation of the water,
      the temperature of the leaf lowers during the drying process.
PAR  In an air circulation drying method, the humidity content of the air having
      once passed through the layers of the leaf, approaches a saturated
      condition. Accordingly, the air should be reheated to increase the
      moisture containing capacity of the air. Thus, if only the dehydration of
      the leaf is desired, all that is necessary is to replace all of the
      water-containing air which has passed through the tobacco leaf layers by
      outdoor air. However, in the tobacco leaf drying process, the tobacco leaf
      should be gradually dried and set while the dehydration velocity and leaf
      is controlled so that the leaf ingredients change gradually over a long
      period of time. Accordingly the amount of intake and exhaust air should be
      maintained within about 5 to 30% of the total circulated air. Thus it
      becomes necessary as part of the drying process that most of the humid air
      having passed through the leaf must be reheated during its recirculation
      and sent into the drying chamber as a reheated hot humid air. This
      increases the thermal efficiency of the drying system and produces a good
      economic result.
PAR  Accordingly, an object of this invention is to provide a tobacco leaf
      drying system having an air-inlet opening and closing device which is
      operated independently of the wet-bulb temperature control device, and in
      operation, gradually starts to open the inlet when the mesophyll drying
      stage begins, and closes the inlet by the end of the stem drying stage.
      This ventilates the humid air having passed through the leaf layers in
      amounts almost equal to the outdoor air introduced into the chamber, so as
      to slowly change the mixing ratio of the fresh air taken in and, thereby
      maintaining the chamber humidity at a proper level while advancing a
      successful drying operation.
PAR  Another object of the present invention is to provide a tobacco leaf drying
      system which can simplify the tobacco leaf harvesting and handling
      procedures, such as packing the leaves at the cultivation site,
      transporting the leaves from the cultivation site to the site of the
      drying system, feeding the leaves into the chamber without damaging the
      leaves, drying the leaves as they are harvested, and packing the leaves,
      thereby greatly reducing the labor costs of the present system when
      compared with conventional harvesting, handling and drying processes.
PAR  A further object of the present invention is to provide a tobacco leaf
      hanging means used in the drying chamber wherein means are provided for
      suspending the leaves in the chamber from clamps attached to the bases of
      the leaves.
PAR  Other objects and further scope of applicability of the present invention
      will become apparent from the detailed description given hereinafter; it
      should be understood, however, that the detailed description and specific
      examples, while indicating preferred embodiments of the invention, are
      given by way of illustration only, since various changes and modifications
      within the spirit and scope of the invention will become apparent to those
      skilled in the art from this detailed description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will become more fully understood from the detailed
      description given hereinbelow and the accompanying drawings which are
      given by way of illustration only, and thus are not limitative of the
      present invention and wherein,
PAR  FIG. 1 is a perspective view, partially broken away, showing the entire
      device of the present invention;
PAR  FIG. 2 is a front section of a heater arranged in a circulation duct
      system;
PAR  FIG. 3 is a section taken along a line 3--3 in FIG. 2;
PAR  FIG. 4 is a section taken along a line 4--4 in FIG. 3;
PAR  FIG. 5 is a perspective view showing an automatic temperature regulator;
PAR  FIG. 6 is a front view showing, partially broken away, a wet-bulb
      temperature sensor;
PAR  FIG. 7 is a perspective view showing, partially broken away, an inlet port
      control mechanism;
PAR  FIG. 8 is a front section showing said inlet port control mechanism;
PAR  FIG. 9 is a side view showing, partially broken away, a tobacco leaf
      storage casing;
PAR  FIG. 10 is a plan view showing the storage casing of FIG. 9;
PAR  FIGS. 11 and 12 are a side view and a side section illustrating the tobacco
      leaf pacing apparatus;
PAR  FIG. 13 is a side section showing the tobacco leaf storage casings placed
      on the floor of the curing barn;
PAR  FIG. 14 is a front section showing the collapsible nature of the tobacco
      leaf storage casing;
PAR  FIG. 15 is a front view showing suspending clips which are carried on the
      inner surfaces of the rear portions of opposite side plates mounted on the
      tobacco leaf storage casing for holding the tobacco leaves which are
      packed into the casing body at the bases of the tobacco leaves;
PAR  FIG. 16 is a plan view of the suspending clips of FIG. 15;
PAR  FIG. 17 is a view taken along line 17--17 of FIG. 16;
PAR  FIG. 18 is a view taken along line 18--18 of FIG. 15;
PAR  FIG. 19 shows a side section showing the suspending clips in an open
      position;
PAR  FIG. 20 is a front view of a binder;
PAR  FIG. 21 is a plan view of the binder of FIG. 20;
PAR  FIG. 22 is a section taken along a line 22--22 in FIG. 21 showing the
      binder as holding tobacco leaves; and
PAR  FIG. 23 is a side section showing the binder in a dismantled state.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein identical reference numerals are used
      throughout the various views to indicate like elements, the device of the
      present invention comprises a curing or drying house A which is an
      assembly type, air tight shed, constructed on a waterproof and
      heat-insulated base 40, and provided with frames 41 and wall panels 42
      made of metal plate or insulating material. A floor plate 2, provided with
      a number of small holes is installed in the lower portion inside the shed.
      A drying chamber of curing barn 3 is formed above said plate 2 and a blast
      chamber 4 is disposed below the floor 2.
PAR  A door is provided in the sidewall opposite to the side wall behind which
      is provided air circulation duct passage B. When the door is opened,
      tobacco leaf storing casings F (leaf containers) packed with tobacco
      leaves or tobacco leaf hanging bars G (FIG. 22) clamping the tobacco
      leaves, can be carried in and out. The side walls and the door are
      provided at specific locations, with observation windows 43 permitting
      easy observation of the change taking place in the tobacco leaves during
      the curing process. The curing barn 3 is air tight for drying or curing
      tobacco leaves H, which are stored in tobacco leaf storage casings piled
      on the perforated floor 2 or hung by hanging bars G. The leaves are dried
      and cured by forced and heated air supplied from the blast chamber 4,
      passing through the small holes 1 and injecting into the chamber 3. The
      curing chamber 3 is provided in the upper portion of any desired side wall
      with an air circulation port 5 for drawing humid air having passed through
      the layers of tobacco leaves H into the air circulation duct system B.
      Outlet port 14 is also provided at proper locations of any desired wall
      for exhausting to the outside a part of the humid air which has passed the
      tobacco leaves H.
PAR  The blast chamber 4 uniformly disperses the forced heated air introduced
      thereinto from the air circulation duct passage B through blast port 8,
      and introduces the air into the curing barn 3 at a uniform temperature
      through the small holes 1 of the floor 2. The porous floor plate 2 is
      made, for example, of steel or plastic plate provided with many small
      holes across the entire plate. The plate is installed slightly above the
      blast port 8, thus partitioning the inside space of the curing barn A into
      an upper part which is used as a drying or curing barn 3 and a lower part
      which is used as a blast chamber 4. Baffle plates 44 are erected below the
      floor 2 and at right angles to the advancing direction of the heated air
      introduced from the blast feed port 8.
PAR  The baffle plates 44 are provided with many small openings 45. The top
      margin of the plate 44 is bent in the form of a L-shaped hook 44'. The
      plates are inserted through a long slot provided in the floor 2 so that
      the plate hangs from the floor 2 into the blast chamber. The length of the
      baffle plates increase as they are further removed from the blast feed
      port 8 so that the blast chamber may function as a floor duct. Thus, the
      heated blast passing through the small holes 45 of plates 44 are supplied
      to the curing barn 3 with equal volume even at the most remote location
      from the blast port 8.
PAR  The circulation duct system B is an air tight ventilation passageway
      extending from the air circulation port 5 provided in a wall of the blast
      chamber 4. The passageway B is provided with a duct fan 6 which draws air
      from the curing chamber 3 through the air circulation port 5 and
      subsequently compresses said air; a heater 7 which heats the air; an inlet
      port automatic control system D which is provided between the air
      circulation port 5 and the duct fan 6 and which functions to draw external
      air into the system so as to change the mixing ratio of the external air
      to the circulating air; and a blast distribution chamber 32 constructed to
      distribute the above forced and heated air uniformly to the blast chamber
      4 through the blast feed port 8.
PAR  The air circulation duct passage B which contains the blast distribution
      chamber 32 is also provided with a sealed compartment which is positioned
      on and connected to the distribution chamber 32. The compartment is
      constructed as a hollow box shape by panels. The sealed compartment is
      divided into an upper and a lower chamber by a substantially horizontal
      partition plate 46. The upper chamber is connected to the lower chamber by
      the duct fans 6 secured on the partition plate 46. The upper chamber
      communicates with the air circulation port 5 provided at a location facing
      the curing barn 3, and the lower chamber is used as a heat exchanging room
      47 which houses a heater 7 and communicates at its lower portion with the
      blast distribution chamber 32.
PAR  The heater 7 consists of a burning furnace 48 and its heat source, i.e., a
      burner 24, both of which are housed in the heat exchange room 47.
PAR  The burning furnace 48 is provided with a design employing a furnace shape
      and a flue pipe connecting system, which provides the desired heat
      exchange efficiency between the heated air and the circulating air to be
      heated. The burner 24 is ignited automatically by a signal generated by an
      automatic temperature control system C.
PAR  The circulation air drawn into the heat exchange chamber 47 by the duct
      fans 6 is heated in the chamber 47 and fed into the blast distribution
      chamber 32 below the exchange chamber 47.
PAR  In order to send the forced, heated air from the blast distribution chamber
      to the blast chamber 4 uniformly through the blast port 8, the
      distribution chamber 32 is either provided with an appropriate number of
      blast guide plates 56 arranged in parallel to the direction of the blast
      port 8, or is entirely open at one side so as to communicate with the
      blast port 8.
PAR  The inlet port control system D, installed in the duct passage between the
      air circulation port 5 of the air circulation duct passage B and the duct
      fan 6, draws into the system external air and changes the mixing ratio of
      the circulating air. An inlet port 10 (FIG. 7) is provided in the upper
      surface of the sealed compartment forming the circulation duct passage B.
      A cylindrical hollow drum 26 is installed laterally in said air inlet port
      10 and air passage openings 27 and 28 are provided in the circumferential
      wall of said drum so as to provide communication between the inside of the
      circulation duct B and the external air. A damper 11 is slidably fitted in
      the drum 26. The damper 11 is cylindrical, a little smaller than the
      hollow drum 26 in diameter, and slides on the inside surface of the drum
      26. The damper 11 is provided with rectangular holes 12 and 13 in its body
      portion and it is rotated by a motor 30 in conjunction with a speed
      reduction device 72. The damper 11 may be made of two similarly arc shaped
      plates positioned to face each other, with both ends secured to discs 73.
      The damper is provided with air passage holes 12 and 13 located
      vertically. The damper 11 must be so constructed that the vertical air
      passages 27 and 28 of the hollow drum 26 are opened and closed by rotation
      of the surface of the damper, thus insuring the opening and closing of the
      inlet port 10. Furthermore, the damper 11 is connected electrically to
      automatic control means 74 which generates an electric signal at
      predetermined intervals, causing the motor 30 to rotate, which in turn
      rotates the damper to progressively open the inlet port 10. The drum 26 is
      provided with a cover such as a net plate so as to prevent foreign matter
      from entering into the circulation duct B from inlet port 10. The
      automatic control means 74 generates an electric signal at predetermined
      intervals, during the mesophyll or leaf setting and stem curing stage,
      causing the electric motor 30 to be rotated for a period of time defined
      by the timer to which said signal is applied. The damper 11 is slightly
      rotated to open the inlet port 10 in a progressive manner. That is, the
      damper moves slowly to a fully opened position as the leaf setting stage
      progresses, and moves to a rather closed position by the time the stem
      curing stage begins, and stops at an almost closed position in the leaf
      curing stage to draw in only a small amount of external air to the
      recirculated heated air which is sent into the blast chamber 4 is changed.
PAR  The automatic temperature regulator system C comprises a heater 7 (FIG. 2)
      arranged in said circulation duct system B, a wet-bulb temperature sensor
      9 (FIG. 5) and an automatic temperature regulator 23 adapted to be
      operated according to indication of said sensor 9.
PAR  The wet-bulb temperature sensor 9 comprises an evaporation water tank 21
      (FIG. 6), a reservoir 25 with a control adapted to supply said water tank
      21 with water so that said tank may be always filled with water to a
      predetermined level and a regulator 33 enveloped by a piece of cloth 31
      which is partially dipped into said water tank 21. The reservoir 25
      includes a cover 56 threaded into the upper portion thereof and a water
      pipe 57 and an air duct 58 containing different lengths, respectively and
      extending from the lower portion thereof. An additional duct 59 is
      connected with said air duct 58 and upper end 59' of said duct 59 is
      supported within the reservoir 25 at the upper portion thereof. A stem
      member 60 of a suitable length is inserted into said water pipe 57 in a
      vertically movable manner and provided at its upper end with a valve made
      of a material such as rubber or a synthetic resin which has a
      substantially inverted cup shape. The lower end of the valve is provided
      with a weight 62 fixed thereto. The water pipe 57 and the air duct 58 are
      removably inserted into respective receiving openings 63 and 64.
PAR  The evaporation water tank 21 is arranged in the form of an offset tank and
      includes an upper cover plate 21' provided with said receiving openings 63
      and 64 into which said water pipe 57 and said air duct 58 of the reservoir
      25 are snugly inserted, and a lower cover plate 21" on upper surface. A
      pair of temperature sensors 33 and 66 are fixedly mounted on the upper
      surface of the cover plate 21". A piece of cloth 31 made of cotton cloth
      or gauze encloses the periphery of one of said temperature sensors 33 and
      extends through a slit 65 in the lower portion of said sensor 33 into the
      water so that said sensor 33 actually serves as the wet-bulb temperature
      sensor 9. The other sensor 66 serves as a dry-bulb thermometer for
      monitoring.
PAR  In supplying water to said reservoir 25, removal of said reservoir 25 from
      the evaporation water tank 21 causes the valve 61 to close the water pipe
      57 in an automatic manner due to the gravity action of the weight 62. Thus
      the further supply of water causes no overflow of the excess water from
      said reservoir 25. As the reservoir 25 is reassembled on the water tank 21
      by the insertion of nipples 57 and 58 into the receiving openings 63 and
      64 of said water tank 21, the lower end of the stem member 60 bears
      against the bottom surface of the water tank 21 forcing the valve 61
      upward so that water in the reservoir 25 may be introduced through the
      water pipe 57 into the water tank 21 and water may be maintained at a
      level such that the air duct 58 is effectively sealed.
PAR  The wet-bulb temperature sensor 9 and said dry-bulb thermometer 66
      respectively include electrical temperature detector members such as
      thermoelectric couples, thermometric resistors or thermistors and the
      thermal variation detected by these detective members is transmitted to
      the automatic temperature regulator 23.
PAR  The automatic temperature regulator 23 indicates on a temperature indicator
      68 variations appearing on said wet-bulb temperature sensor 9 and said
      dry-bulb thermometer 66 through the operation of a dry- and wet-bulb
      temperaure indication change-over switch 67. The temperature regulator
      thus sets the wet-bulb temperature within the curing barn by operation of
      a temperature setting knob 70 of an electronic temperature regulator 69.
      Said electronic temperature regulator 69 is electrically connected to the
      burner 24 of the heater 7 so that said burner may be automatically ignited
      or extinguished according to variations appearing on said wet-bulb
      temperature sensor 9.
PAR  The automatic temperature regulator 23 is further connected with the duct
      fan 6 and a burner ignition switch 71. The operation of the temperature
      regulator causes rotation of said duct fan 6 arranged in the circulation
      duct system B and the ignition of said burner 24.
PAR  The outlet port control mechanism E is located on the outlet port 14
      opening at a side of said curing barn 3 and automatically opens or closes
      depending on the amount of air which is drawn through the inlet port 10
      (FIG. 7) of the inlet port control system D so that the air which has
      passed through the curing barn 3 may be partially exhausted through the
      outlet port 14 to the exterior of said barn. The mechanism E assumes the
      form of a duct wherein a pivot 76 is horizontally suspended at the lower
      portion of said duct and the lower end of the control plate 34 is fixed to
      said pivot. A balance weight is mounted on the other end 77 of said plate
      34 so that said plate may be normally held in a raised position due to
      gravity of said balance weight, which closes the outlet port 14. When the
      inlet port control system D draws in the external air, the pressure of
      circulating air exceeds the pressure of the atmospheric air by the amount
      of the drawn in air, and this pressure difference causes the control plate
      34 to be opened with a result that the wet air in the curing barn 3 is
      exhausted to regulate the moisture content in the circulating air.
PAR  The tobacco leaf storage casing F comprises a body 15 (FIGS. 9, 10, etc.)
      and an auxiliary plate 20 both made of a material such as a synthetic
      resin or a metal.
PAR  The body 15 comprises a bottom plate 39 and side plates 36 collapsibly
      supported on pivots 78 arranged on the opposite side edges of said bottom
      plate 39, respectively. The body 15 has a U-shaped cross-section when the
      side plates are in their raised positions.
PAR  Each of the side plates 36 is provided at the rear portion 16 thereof with
      an opening 18 into which a locking projection 79 of the auxiliary plate 20
      is engaged and thus the latter is removably secured to the respective side
      plate. Each of the side plates 36 is further provided at upper portion 17
      with a locking hook 19a adapted to be engaged into a groove 81 of the
      auxiliary plate 20 including a pawl 80, an opening 19b into which said
      locking projection 79 of said auxiliary plate 20 is engaged and
      retractable locking means 82.
PAR  Thus, the auxiliary plate 20, in addition to said locking projection 79
      adapted to be engaged not only into the opening 18 in the rear portion 16
      of said each side plate 36 but also into the other opening 19b in the
      upper portion 17 thereof. The auxiliary plate also has grooves 81 into
      which the locking hooks 19a on the upper portion 17 of the side plate 36
      and the pawls 80 may be disposed (FIGS. 9-12). The auxiliary plate 20 may
      be removably engaged with the rear and upper surfaces of the body 15.
PAR  Each of the side plates 36 is further provided in the inner surface of the
      rear portion thereof with a guide groove 84 for removably carrying a
      suspending clip 37 (FIGS. 17-19).
PAR  The suspending clip 37 comprises a pair of holding plates 85 and 85' made
      of a synthetic resin or a metallic material and disposed in opposition to
      each other. The holding plates are joined together by a substantially
      hinge-shaped spring 38 which is provided between both of the holding
      plates 85 and 85'. Both ends of said spring are fixed to the respective
      holding plates and thus said holding plates are connected to each other in
      the form of a hinge and are held in a normally opened position due to the
      effect of the spring 38. One of the holding plates 85 is provided with a
      locking piece 86 which holds both holding plates together against the
      effect of the spring 38. The locking piece 86 is formed from a single
      metallic bar having a sufficient elasticity, said bar being suitably bent
      with one end anchored on holding plate 85' and the other end containing a
      locking portion 86' which is shaped so that in the closed position it
      extends above the holding plate 85 and is disengageably engaged thereon.
PAR  To increase the contact resistance between the bases H' of tobacco leaves H
      packed in the body 15 and the suspending clip 37, clipping coils 88 extend
      through a plurality of holder means 87 along the surfaces of both holding
      plates 85 and 85'.
PAR  The means for loading said tobacco leaves H into the curing barn 3 is not
      limited to the utilization of said tobacco leaf storage casing F but it is
      also possible, as will be described more in detail, to suspend tobacco
      leaves with their bases H' held by the binder G (FIG. 22) on supports 101
      fixed on side walls in the curing barn 3. The binder G comprises a core 92
      including a sponge bar 90 and support plates 91 carried by said sponge bar
      on opposite sides thereof, holders 93 removably provided in opposition to
      the respective support plates 91 and suspenders 94 ad 94' fixed on outer
      sides of said support plates 91 and to inner sides of said holders 93,
      respectively. The sponge bar 90 may be made of suitable foaming material
      having a resiliency which has been formed substantially in a band. The
      sponge bar carried the support plates 91 on opposite sides thereof and is
      held by resilient bars 95 between both support plates 91. The suspenders
      94 and 94' comprise coils of iron wire which are expanded and mounted by
      hooks 96 on the outer sides of the support plates 91 and on inner sides of
      the holders 93, respectively. One of the holders 93 includes a grasper 97
      having a horizontal U shape in cross section which is, in turn, provided
      at an end with detachable locking hooks 98 and locking bars 99 (FIG. 20)
      pivotally mounted on opposite side edges so as to be engaged with
      respective notches 100. Tobacco leaves H are laterally suspended within
      the curing barn on the supports 101 with the bases H' of the tobacco
      leaves being held between the suspenders 94 and 94' which are in turn
      mounted on support plates 91 and holders 93.
PAR  Now the manner in which the device is used according to the present
      invention, will be sequentially described with resppect to how the tobacco
      leaf storage casing F is utilized. Initially, for storage of tobacco
      leaves H gathered on a farm into the tobacco leaf storage casing F, the
      side plates 36 are raised from a collapsed position on the bottom plate 39
      and the auxiliary plate 20 is engaged into the rear portion 16 thereof as
      shown by FIGS. 9, 10 and 14. Thereafter the bases H' of tobacco leaves H
      are aligned by bearing them against the front surface of the auxiliary
      plate 20 as seen in FIG. 11 and successively piled. Both ends 89 (FIG. 16)
      of the suspending clips 37 are engaged into the guide grooves 84 provided
      in both side plates 36 and tobacco leaves H are successively piled
      together with the suspending clips 37 in an alternate manner.
PAR  Upon completion of the leaf packing operation as above mentioned, the
      auxiliary plate 20 is removed from the rear portion 16 of the body 15 and
      then engaged into the upper electronic of said body 15. Thereafter, the
      locking bar 86 of the suspending clip 37 is disengaged so that the holding
      plates 85 and 85' of said suspending clip 37 may be opened under the
      effect of the spring and the bases H' of tobacco leaves H packed into the
      body 15, may be tightly clippped.
PAR  Said tobacco leaf storage casings F thus containing said tobacco leaves H
      are transported by means of a truck from the farm to the curing house A
      and placed laterally and vertically on the floor 2 of the curing barn 3
      with the bases H' of tobacco leaves H being directed upwardly.
PAR  The switch 71 of the automatic temperature regulator 23 is now closed to
      rotate the duct fan 6 and to ignite the burner 24. The temperature setting
      knob 70 of the e lectronic temperature regulator 69 which is associated
      with said regulator 23 is set to the desired temperature (i.e., the
      wet-bulb temperature 38.degree.C) to operate the burner 24 and thereafter
      the burner 24 itself is automatically ignited when the temperature
      indication of the wetbulb temperature sensor 9 is lower than that set by
      the auromatic temperature regulator 23. The burner is automatically
      extinguished when said temperature indication is higher than that set by
      the automatic temperature regulator 23, thereby maintaining the wet-bulb
      temperature within the curing barn 3 at 38.degree.C.
PAR  Rotation of said duct fan 6 causes the air within the curing barn 3 to be
      drawn through the circulation port 5 into the circulation duct system B.
      The pressure of the air is increased by the duct fan 6, is heated by the
      heater 7 and is then introduced from the air distribution chamber 32
      through the blast port 8 into the blast chamber 4. Then, the air rises
      through the entire surface of the porous floor plate 2 toward the upper
      portion of the curing barn 3 at an even temperature, heating or curing
      tobacco leaves H as the air passes through tobacco leaves H within the
      storage casing F, from where it is drawn and recirculated by the duct fan
      6.
PAR  The curing process is usually divided for convenience into a first half
      period comprising the preheating stage for the fermentation and yellow
      coloring stage and the second half period comprising the leaf drying stage
      and the stem drying stage. The curing process will now be described in
      accordance with such a sequence.
PAR  The preheating stage for fermentation is started by ignition and heating
      with the windows 43 and the doors tightly closed. The purpose of the
      fermentation stage is to increase the leaf temperature and thereby to
      facilitate the next coloring stage. About 5% of moisture content in
      tobacco leaf is removed during this fermentation stage.
PAR  The coloring phase is very important in accelerating the curing and
      chemical change of the ingredients which results in the phenomenon of
      coloring. During this stage, desiccation is intended while the temperature
      and the amount of oxygen are maintained best suited for respiration. A
      principal purpose of this coloring stage is to increase the leaf
      temperature and thereby to facilitate respiration by circulation of hot
      air at a high humidity. The hot air at a high humidity has a heat quantity
      sufficient to control desiccation of tobacco leaf temperature. The leaf
      temperature thus increased facilitates a respiratory action and
      accelerates coloring. Substantially 20% of moisture content in tobacco
      leaves is further removed during this coloring stage.
PAR  The leaf drying stage is the stage during which the curing has
      substantially been completed and the drying or desiccation begins. The
      purpose of this stage is to color the residual green in stem and to
      perfect desiccation in the leaf which has already been colored to the
      extent that said leaf portion is dried in bright yellow. Depending upon
      the manner of processing during this stage, there may occur a residue of
      green, coloring in brown or darkening of the color.
PAR  To avoid problems such as the darkening of the color, it is desirable that
      withering of the cells and desiccation should simultaneously take place.
      Such a requirement is satisfied as described below according to the
      present invention. From the moment at which the process has transferred to
      the leaf drying stage, the automatic control means 74 included in the
      inlet port control mechanism D generates an electric signal at
      predetermined intervals, causing the electric motor 30 to be rotated for a
      period of time defined by the timer to which said electric signal is
      applied. This procedure slightly rotates the damper 11 to open the inlet
      port 10 in a progressive manner. External air is drawn in through said
      inlet port 10 under the drawing effect of the duct fan 6 into the
      circulation duct system B, the amount of drawn in air depending upon the
      extent of the opening of the inlet port 10. Thus the ratio of said
      external air mixed with the air within the system is varied to increase
      the moisture containing capacity of the air and to accelerate the
      desiccation of the tobacco leaves.
PAR  The wet air which has passed through the layers of tobacco leaves H is
      automatically exhausted through the outlet port 14 in an amount
      substantially corresponding to the amount of the external air which has
      been drawn into the system by the mechanism D.
PAR  The mechanism D is preset so that the inlet port 10 and the outlet port 14
      are fully opened when a dry-bulb temperature of approximately 45.degree.C.
      is reached. Although the true drying process begins at this moment, leaf
      desiccation has already been accomplished to the extent sufficient to
      initiate the so-called falling rate drying phase, so that the extent of
      the opening in the inlet port 10 is now reduced again to increase a
      thermal efficiency and to accelerate the inner diffusion of moisture
      residue in the leaves at a higher temperature. Approximately 60% of the
      moisture content in the tobacco leaves is further removed during this leaf
      drying stage.
PAR  The tobacco leaves have now been cured except for the stem portion which
      remains undried through the stages prior to the stem drying stage. In view
      of the fact that the stem portion has its tissue more compact and tight
      than that of the leaf portion and, as a result, the inner moisture
      diffusion is relatively slow, this stage requires a high temperature in
      the order of 70.degree.C. to increase the drying effect. The need for
      ventilation is not so serious during this stage, since there is only a
      small amount of moisture to be evaporated. Consequently, the inlet port 10
      has progressively moved to the fully closed position at this stage and the
      dry-bulb temperature now rises as a result of the heat quantity that would
      be lost as the latent heat for gasification in the previous stages. Thus,
      the so-called spontaneous rise in temperature effects drying until the
      moisture content of the tobacco leaves is sufficiently removed to complete
      the curing of the tobacco leaves H.
PAR  In due consideration of the facts as set forth above, according to the
      present invention the burner of the heater arranged in the tobacco leaf
      curing device is adapted to be automatically ignited or extinguished
      depending on the temperature variation appearing on the wet-bulb
      temperature sensor located in the curing barn. As a result, in accordance
      with the present invention, not only the first half of the tobacco leaf
      curing process but also the second half consisting of the leaf drying
      stage and the stem drying stage may be effectively controlled so as to
      stabilize the wet-bulb temperature always at about 38.degree.C. and the
      leaf curing process may be securely accomplished by the spontaneous rise
      of the dry-bulb temperature. The problems of program control of the prior
      art systems may be thus replaced by a fully automatic drying process as
      defined by the present invention.
PAR  The inlet port control mechanism is arranged so that (1) the inlet port is
      automatically opened in a progressive manner as the leaf drying stage
      begins and is closed again before the stem drying stage is completed; (2)
      the external air, the amount of which depends on the extent of the opening
      of said inlet port, is drawn into the circulation duct system and the wet
      air which has passed through the layers of tobacco leaves is automatically
      exhausted through the outlet port by the amount substantially
      corresponding to the amount of external air drawn by said mechanism into
      the circulation duct system; and (3) that the rate of the external air
      mixed into the air in said circulation duct system may be varied to
      increase or reduce the moisture containing capacity of the air and thereby
      maintain the humidity within the curing barn most suitable for curing the
      tobacco leaf. Accordingly, the problems such as residue of green, brown
      coloring or darkening of color may be avoided in drying the leaf and stem
      portion to obtain a cured leaf of high quality.
PAR  The tobacco leaves gathered on a farm are packed into a casing body with a
      U shaped cross section, and then said body is closed by the auxiliary
      plate and the casings containing tobacco leaves stored therein are
      laterally and vertically placed on the floor of the curing barn to achieve
      the tobacco leaf curing process according to the present invention. This
      feature is advantageous, particularly in that a series of operations such
      as packing tobacco leaves into the casing on the farm, transporting the
      casings from the farm to the curing barn and storing the casings in the
      curing barn may be simplified. Thus the tobacco leaves are protected
      against breakage or damage during these operations and also the time taken
      for performing these operations is reduced when compared to the processes
      of the prior art. As a result, the work efficiency of the curing barn and
      the output of tobacco leaves which have been properly processed are
      substantially improved.
PAR  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention, and all such modifications are
      intended to be included within the scope of the following claims.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A tobacco leaf curing plant for processing tobacco leaves which
      comprises a substantially air-tight curing barn divided by a porous floor
      plate into an upper drying chamber adapted to house the tobacco leaves and
      a lower air chamber, a circulation duct passageway containing fan means
      and the heating means, an air circulation port means providing
      communication between one end of the circulation duct passageway and the
      drying chamber for drawing air from the drying chamber, and a distribution
      chamber disposed at the other end of the circulation duct passageway, said
      distribution chamber providing communicatin between said other end of the
      circulation duct passageway and the lower air chamber for introducing air
      compressed by said fan means and heated by said heating means into said
      lower air chamber, an ambient air inlet port provided with an automatic
      for controlling the amount of ambient air drawn from the atmosphere
      through the inlet port and introduced into the air circulation duct
      passageway so as to change the mixing ratio of the ambient air to the
      circulating air being supplied to the lower air chamber, an automatic
      temperature regulator connected to the fan means and the heating means and
      a wet bulb temperature sensor connected to the automatic temperature
      regulator, said temperature regulator adjusting the heating means
      according to variations appearing on the wet bulb temperature sensor,
      thereby regulating and maintaining the temperature and humidity of the air
      sent to the lower air chamber at a fixed, predetermined level, and an
      outlet port means disposed in the wall of the drying chamber for
      exhausting a portion of the air from the drying chamber to the atmosphere,
      said outlet port means being provided with a control plate associated
      therewith, and means for opening or closing the outlet port means
      depending upon the presure differential between the circulating air inside
      the drying chamber and the atmospheric air.
NUM  2.
PAR  2. The tobacco leaf curing plant of claim 1, wherein a plurality of porous
      baffle plates extend substantially perpendicularly from the porous floor
      plate into the lower air chamber.
NUM  3.
PAR  3. The tobacco leaf curing plant of claim 2, wherein the length with which
      the baffle plates extend from the porous floor plate progressively
      increases as said baffle plates are further removed from the distribution
      chamber.
NUM  4.
PAR  4. The tobacco leaf curing plant of claim 1, wherein the ambient air inlet
      port containing the automatic control system is disposed between the air
      circulation port means and the fan means.
NUM  5.
PAR  5. The tobacco leaf curing plant of claim 1, wherein the air circulation
      duct passageway is divided by partition means into an upper fan chamber
      and a lower heating chamber, said upper fan chamber containing the fan
      means and said lower heating chamber containing the heating means, said
      upper fan chamber communicating with the drying chamber through said air
      circulation port means and said upper fan chamber communicating with said
      lower heating chamber through said fan means mounted in the partition
      means.
NUM  6.
PAR  6. The tobacco leaf curing plant of claim 5, wherein the distribution
      chamber provides communication between the heating chamber and the lower
      air chamber, said distribution chamber being provided with a plurality of
      guide plates arranged substantially parallel to each other for directing
      the heated air uniformally through the air chamber.
NUM  7.
PAR  7. The tobacco leaf curing plant of claim 1, wherein the ambient air inlet
      port is provided in the fan chamber and said automatic control system is
      installed in the inlet port and comprises a hollow cylindrical drum
      containing opposing air passage openings in its circumferential wall
      thereby providing communication between the fan chamber and the atmosphere
      through said inlet port and a damper means slidably disposed within said
      cylindrical drum, said damper means being provided with motor means for
      rotating said damper means to open and close the opposing air passage
      openings and thus the ambient air inlet port.
NUM  8.
PAR  8. The tobacco leaf curing plant of claim 7, wherein the damper is
      electrically connected to automatic control means which generates an
      electrical signal at predetermined intervals for controlling the angular
      postion of said damper.
NUM  9.
PAR  9. The tobacco leaf curing plant of claim 1, wherein the wet bulb
      temperature sensor is located at the forced, heated air inlet side of the
      drying chamber.
NUM  10.
PAR  10. The tobacco leaf curing plant of claim 9, wherein the wet bulb
      temperature sensor includes an evaporation water tank, a reservoir adapted
      to supply said water tank with water, and including means whereby said
      tank is filled to a predetermined level, said temperature sensor being
      enveloped by a piece of cloth which is partially disposed in the water.
NUM  11.
PAR  11. The tobacco leaf curing plant of claim 1, wherein storage casings are
      disposed on opposite sides of the porous floor plate and the tobacco
      leaves are packed in said storage casings.
NUM  12.
PAR  12. The tobacco leaf curing plant of claim 1, wherein the drying chamber
      contains side walls and support members are fixed to said side walls said
      support members being provided with leaf hanging bars which hold the
      tobacco leaves by their bases.
NUM  13.
PAR  13. The tobacco leaf curing plant of claim 1, wherein the storage casings
      have a U-shaped cross-section provided with front and rear portions, said
      casings containing locking hooks with auxiliary plates detachably fixed
      thereto, said casings being adapted to be packed in the field with tobacco
      leaves for curing in the leaf curing plant.
NUM  14.
PAR  14. The tobacco leaf curing plant according to claim 13, wherein each of
      the side plates of the U-shaped casing is fitted in the inner surface of
      the rear portion thereof with suspender clips which open under spring
      pressure, thereby holding the stem base portions of the tobacco leaves in
      a suspended state.
NUM  15.
PAR  15. The tobacco leaf curing plant of claim 12, wherein the hanging bars
      comprise a core including a sponge bar, support plates carried by said bar
      on opposite sides thereof, holders removably provided in opposition to the
      respective ones of said plates, said suspenders fixed to the outer sides
      of the plates and to the inner sides of the holders, respectively, the
      stem bases of said leaves being held between the bar and suspenders so
      that the leaf hanging bars clamping the leaves can be hung on hooks
      secured to both sides of the leaf curing plant.
NUM  16.
PAR  16. The tobacco leaf curing plant of claim 1, wherein the heating means is
      a heat exchange device provided with a burner, said temperature regulator
      being connected to said burner.
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ABST
PAL  A process for improving, enhancing or modifying the organoleptic properties
      of a tobacco product, which comprises adding thereto about 1 to about 1000
      parts per million based on the weight of tobacco of at least one compound
      selected from the group consisting essentially of:
PA1  A. epoxy-.beta.-ionone
PA1  B. 6-methyl-hepta-3,5-dien-2-one
PA1  C. 3-isopropyl-cyclopent-2-en-1-one
PA1  D. octa-3,5-dien-2-one
PA1  E. nonane-2,5,8-trione
PA1  F. 2-methyl-5-(.alpha.-methyl-.alpha.-hydroxyethyl)-cyclohex-2-en-1-one
PA1  G. 4-methylthiobutan-2-one.
PARN
PAR  This is a division of application Ser. No. 482,776 filed June 24, 1974.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to compositions and a process for improving,
      enhancing or modifying the flavouring properties of foodstuffs,
      feedstuffs, beverages, pharmaceutical preparations and, more particularly,
      tobacco products.
PAR  It is well known that tobacco used for the preparation of cigarettes, for
      example, is composed essentially of a mixture of different types of
      tobacco which gives the characteristic flavour and aroma that is desired
      in the tobacco smoke produced. Thus, cigarettes currently manufactured
      usually contain mixtures of Virginia, Maryland or Kentucky tobacco in
      combination with oriental or Turkish tobacco.
PAR  The respective proportions of the various types of tobacco are varied in
      order to obtain the particular flavour and aroma desired. It is also
      common practice to employ flavouring substances and humectants as
      additives to these tobacco mixtures to further enhance the organoleptic
      properties thereof.
PAR  Accordingly, it is an object of the present invention to provide a process
      for improving, enhancing or modifying the organoleptic properties of a
      tobacco product by incorporating therein an aromatic composition or
      certain synthetic flavouring agents.
PAR  In accordance with one preferred embodiment of the present invention, the
      flavour and aroma of tobacco smoke is improved by adding to the tobacco
      (which may be natural tobacco or a tobacco substitute of natural or
      synthetic origin) a flavouring composition containing at least one
      compound selected from the following groups:
PAR  1. Amides of formula
      ##EQU1##
      wherein R and R.sup.1 represent an alkyl radial comprising 1 to 6 carbon
      atoms, or a hydrogen atom.
PAR  Specific examples of the compounds comprised by formula I include:
     a) N-isoamylacetamide                                                     
                    Ber., 58, 2017 (1925)                                      
     b) N-isoamylformamide                                                     
                    Compt. rend., 176, 1159 (1923)                             
PAR  2. Cycloaliphatic derivatives:
TBL  a)  3,5,5-trimethyl-cyclohex-                                             
                             Tetrahedron, Suppl. 8;                            
         z-en-4-ol-1-one     Part I, p. 1 (1966)                               
     b)  3,5,5-trimethyl-2,3-epoxy-                                            
                             n.c.                                              
     cyclo-hexane-1,4-dione                                                    
     c)  2,6,6-trimethyl-cyclohex-2-                                           
                             n.c.                                              
         en-4-ol-1-one                                                         
     d)  4,4,6-trimethyl-cyclohexa-                                            
                             n.c.                                              
         2,5-dien-2-ol-1-one                                                   
     e)  3,5,5-trimethyl-cyclohex-3-                                           
                             n.c.                                              
         en-1-yl-acetate                                                       
     f)  3,5,5-trimethyl-4-hydroxy-4-                                          
                             J. Org.Chem., 33,                                 
         [but-1-en-3-one]-cyclohex-2-                                          
                             3566 (1968)                                       
         en-1-one                                                              
     g)  3,5,5-trimethyl-2-hydroxy-                                            
                             Phytochemistry, 10, - cyclohex-2-ene-1,4-dione 275
                             5 (1971)                                          
     h)  3,5,5-trimethyl-cyclohex-                                             
                             J.Org.Chem. 24, 719                               
         2-en-2-ol-1-one     (1966)                                            
     ______________________________________                                    
PAR  3. Phenol derivatives:
TBL  a) 2-hydroxy-5-methyl-acetophenone                                        
                          c.a.                                                 
     b) 2-methyl-5-isopropenyl-anisole                                         
                          Helv. Chim. Acta, 48,                                
                          1057 (1965)                                          
PAR  4. Heterocyclic ketones of formula
      ##SPC1##
PAL  containing a double bond in one of the positions indicated by the dotted
      lines, and wherein X represents either a hydrogen atom or a hydroxyl group
      when the double bond is in the ring, or an oxygen atom when the double
      bond is external to the ring, R.sup.2 and R.sup.3 represent a lower alkyl
      substituent, and Z stands for oxygen or sulphur.
PAR  Specific examples of compounds comprised by the above indicated formula
      include:
TBL  a)  2,5-dimethyl-4,5-dihy-                                                
                          Swiss patent No. 474,500                             
         drofuran-3-ol-4-one                                                   
     b)  2,5-dimethyl-4,5-dih-                                                 
                          D.O.S. No. 1,932,800                                 
         drothiophen-3-ol-4-one                                                
     c)  2-methyl-5-ethyl-4,5-                                                 
                          Swiss patent No. 491,904                             
         dihydrofuran-3-ol-4-one                                               
     d)  2-ethyl-5-methyl-4,5-                                                 
                          Swiss patent No. 491,904                             
         dihydrofuran-3-ol-4-one                                               
     e)  2,5-dimethyl-2,3-dihy-                                                
                          Helv. Chim.Acta,46,1259(1963)                        
         drofuran-3-one                                                        
PAR  5. Caryophyllene derivatives:
PAR  a. caryophyllenepoxide of formula
      ##SPC2##
PAL  Helv.Chim.Acta, 51, 494(1968)
PAR  b. and c. caryophyllene alcohols of formula
      ##SPC3##
PAL  Helv. Chim. Acta, 51, 494 (1968)
PAR  6. Miscellaneous
TBL  a)  epoxy-.beta.-ionone                                                   
                          Helv.Chim.Acta,29,1829 (1946)                        
     b)  6-methyl-hepta-3,5-                                                   
                          USSR patent No. 138,612                              
         dien-2-one                                                            
     c)  3-isopropyl-cyclopent-                                                
                          J.Org.Chem., 33, 1656 (1968)                         
         2-en-1-one                                                            
     d)  octa-3,5-dien-2-one                                                   
                          Belgian patent No. 660,099                           
     e)  nonane-2,5,8-trione                                                   
                          Ber., 76, 183 (1943)                                 
     f)  2-methyl-5-(.alpha.-methyl-.alpha.-                                   
                          Ber., 38, 1719 (1905)                                
         hydroxyethyl)-                                                        
         cyclohex-2-en-1-one                                                   
     g)  4-methylthiobutan-                                                    
                          C.A., 52, 9141e (1958)                               
         2-one                                                                 
PAR  In the hereinabove list of compounds of the groups 1 to 6, immediately
      following the chemical name of each member there is given the commercial
      source or a literature reference giving a method for its preparation.
      Commercially available products are identified by the abbreviation c.a.,
      and may be obtained from FLUKA A. G., Buchs S. G., Switzerland; ALDRICH
      CHEM. CO., Milwankee, Wis.; or K. & K. LABORATORIES INC., Mainview, N.Y.
      11803.
PAR  In those instances wherein new compounds are described a detailed method of
      preparation is given in the course of this description or in one of the
      examples. New compounds are identified by the abbreviation n.c.
PAR  The results of the organoleptic evaluation tests are set out in the
      specific examples.
PAR  An additional object of the present invention is to provide compositions
      for flavouring tobacco or tobacco substitutes comprising at least one
      compound selected from the groups listed above.
PAR  The compounds listed above have been divided into groups based more on
      similarities of their chemical structure than on their specific
      organoleptic properties. The wide range of organoleptic properties
      associated with the compounds described above makes it possible to achieve
      a variety of effects depending on the nature of the individual components
      used in a given aromatic mixture.
PAR  The compounds and/or flavouring compositions described herein may be used
      in a variety of forms. It is preferable, however, to utilize these
      compounds or compositions in the form of solutions thereof. The chemical
      nature, solubility and stability determine the form in which a given
      compound or composition is to be employed.
PAR  A convenient method for flavouring tobacco consists in spraying the tobacco
      with an alcoholic solution of the compound or flavouring mixture.
      Combinations of solvents such as alcohol and propylene glycol may also be
      used.
PAR  The proportions of the new compounds to be used in said compositions or in
      accordance with the process of the present invention can vary within wide
      limits. Said proportions depend particularly on the specific organoleptic
      effects it is desired to achieve and on the origin of the tobacco products
      to which the mentioned flavouring ingredients are added. For instance,
      interesting fllavouring effects can be achieved with amounts ranging from
      1 to 1000 ppm, based on the weight of the product flavoured. However,
      special effects may be achieved by proportions as high as 5 or even 10 %.
      Typically, proportions comprised in between about 10 and 200 ppm are
      preferably used.
PAR  In all cases, the ranges given above may be varied, depending upon the
      specific odoriferous or flavouring effect it is desired to achieve.
PAR  A further object of the present invention is to provide a process for the
      preparation of a new cyclic ketone, the
      4,4,6-trimethyl-cyclohexa-2,5-dien-2-ol-1-one. The process in accordance
      with the invention comprises treating isophorone with a halogenating
      agent, such as for example N-bromosuccinimide, to afford a
      3,5,5-trimethyl-4-halocyclohex-2-en-1-one, and oxidizing the ketone thus
      obtained by means of a tertiary amine oxide, such as trimethylamine oxide.
PAR  The above mentioned process is better illustrated by the following reaction
      scheme:
      ##SPC4##
PAR  The use of tertiary amine oxides for promoting the oxidation of
      haloderivatives is known and described in the chemical literature [see for
      example Berichte der Chemie, 94, 1360 (1961)] . In agreement with the
      prior art teachings, said oxidation was expected to proceed through a
      quaternary salt intermediate having the formula
      ##SPC5##
PAL  to yield as final product a cyclohexane-1,4-dione. We have unexpectedly
      found that by the oxidation of 3,5,5-trimethyl-4-halocyclohex-2-en-1-one,
      in accordance with the process of the present invention, a 1,2-dione
      derivative was formed instead. Said diketone was in equilibrium with its
      keto-enol form according to the above given scheme.
PAR  The present invention relates further to the new compounds which have been
      listed above.
PAR  Said compounds may be prepared in accordance with the methods described
      hereinbelow:
PAR  2. b. 3,5,5-Trimethyl-2,3-epoxy-cyclohexane-1,4-dione
PAR  2 ml of a 6N aqueous solution of NaOH have been added during a period of 15
      minutes at 15.degree.C to a mixture of
      3,5,5-trimethyl-cyclohex-2-en-1,4-dione (3.7 g) and hydrogen hydroperoxide
      (8.3 ml of a 30 % solution) in 27 ml of methanol. The mixture was kept
      under stirring during 3 hours at 20.degree.-25.degree.C, treated with
      water and extracted with ether. The combined organic extracts were washed
      with water until neutrality, dried over MgSO.sub.4 and evaporated. 3.33g
      (81.5 %) of the desired product, b.p. 40.degree.C/0.001 Torr, were thus
      obtained.
PA0  Ir: 1715 cm.sup.-.sup.1 ; MS: M.sup.+ = 168; m/e: 56
PA0  Nmr (ccl.sub.4): 1.05 (3H, s); 1.25 (3H,s); 1.50 (3H,s); 2.08 (1H,d, J=13
      cps); 3.09 (1H,d, J=13 cps); 3.47 (1H,s) .delta. ppm.
PAR  3,5,5-Trimethyl-cyclohex-2-en-1,4-dione, used as starting material for the
      above described preparation, may be obtained in accordance with the
      procedure described in Tetrahedron, Suppl. 8, Part I, p. 1 (1966).
PAR  2. c. 2,6,6-Trimethyl-cyclohex-2-en-4-ol-1-one
PAR  Prepared in accordance with the procedure described in Tetrahedron, Suppl.
      8, Part I, p. 1 (1966), starting from isophorone.
PAR  In addition to the ketal intermediate of formula
      ##SPC6##
PAL  as described, we have obtained a ketal of formula
      ##SPC7##
PAL  which has been separated by column chromatography on silicagel (elution:
      benzene + ethyl acetate).
PAR  Ketal (b) has been reduced by LiAlH.sub.4 in ether solution and the product
      thus obtained directly hydrolysed in a mixture of dioxane and 5 % H.sub.2
      SO.sub.4 at 20.degree.C.
PA0  Nmr (ccl.sub.4): 1.10 (6H,s); 1.72 (3H,s); 1.85- 2.40 (2H,m); 4.50 (2H, s
      broad); 6.64 (1H, s broad) .delta. ppm.
PAR  2. d. 4,4,6-Trimethyl-cyclohexa-2,5-dien-2-ol-1-one
PAR  Prepared according to Example 2.
PAR  2. e. 3,5,5-Trimethyl-cyclohex-3-en-1-yl acetate
PAR  Prepared by reduction by means of sodium borohydride in methanol of
      .beta.-isophorone [obtained according to J. Am. Chem. Soc., 63, 2308
      (1941)] and subsequent acetylation of the obtained
      3,5,5-trimethyl-cyclohex-3-en-1-ol by means of acetic anhydride in the
      presence of sodium acetate at 50.degree.C during 20 hours.
PA0  Nmr (ccl.sub.4): 1.0 (6H,s); 1.62 (3H,s); 1.92 (3H,s); 5.10 (1 H,s);
      4.6-5.2 (1H,m) .delta. ppm
PAR  The invention also relates to a method for modifying, improving or
      enhancing the organoleptic properties of foodstuffs, feedstuffs, beverages
      and pharmaceutical preparations, which comprises adding to said materials
      a small but effective quantity of at least one compound selected from the
      class consisting of group 2 and the following group:
      3,5,5-trimethyl-cyclohex-2-ene-1,4-dione,
      2,2,6-trimethyl-cyclohexan-4-ol-1-one,
      3,5,5-trimethyl-cyclohexan-4-ol-1-one,
      3,5,5-trimethyl-4-methylene-cyclohex-2-en-1-one and
      3,5,5-trimethyl-cyclohexane-1,4-dione. The preparation of the hereinabove
      mentioned compounds has been described in U.S. Pat. No. 3,380,456.
PAR  We have surprisingly found that whenever said compounds were incorporated
      to said materials or to flavouring compositions containing among their
      ingredients phenol or phenol derivatives, the harshness and the chemical
      character of their phenolic taste was reduced or even suppressed.
PAR  Such a finding is of great interest to the flavour industry, particularly
      for modifying the roasted character of the taste of certain beverages such
      as infusions or decoctions prepared from tea, coffee, lime-blossom tea.
      Moreover, their use is particularly interesting for the flavouring of
      meat, more specifically of smoked meat, of roasted cereals and roasted
      nuts. When taken separately, said compounds can also impart to the
      products to which they are added a caramel- or straw-like character and
      find a useful application in the flavouring of infusions or decoctions and
      certain fermented foodstuffs in general.
PAR  The proportions previously indicated for tobacco flavouring equally apply
      for the use of the above compounds in accordance with the hereinabove
      described method. For the purpose of the present specification, the term
      "foodstuff" is used broadly; and it is deemed to indicate also products
      such as coffee, tea and cocoa.
DETD
PAR  The invention is better illustrated by the following examples.
PAC  EXAMPLE 1
PAR  7 g of a 1 % alcoholic solution of
      3,5,5-trimethyl-2,3-epoxy-cyclohexane-1,4-dione (in 95 % ethyl alcohol)
      were sprayed onto a mixture of tobacco of "american blend" (100 g). The
      tobacco thus flavoured was used to manufacture "test" cigarettes, the
      smoke of which was then subjected to organoleptic evaluation by comparison
      with non flavoured cigarettes ("control"). The tobacco used to prepare the
      control cigarettes was preliminarily treated with 95 % ethyl alcohol.
PAR  The panel of experts unanimously defined the taste of the test cigarettes
      as being sweeter than that of the control cigarettes; moreover, the smoke
      possessed a note with an improved herb-like character and was reminiscent
      of the taste of cigar smoke.
PAR  By following the same procedure as that given in above Example 1, other
      samples were evaluated. The hereinbelow table gives the list of the tested
      compounds as well as the quantities employed and the flavour effect
      observed.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Compound                                                                  
             Amount [g].sup.(1)                                                
                        Organoleptic Evaluation.sup.(2)                        
     __________________________________________________________________________
     1. a)   1.0 -10.0  Nutty, chocolate taste                                 
     1. b)   1.0 -10.0  Rich nutty taste; sweet flue-cured character;          
                        chocolate; adds body                                   
     2. a)   1.0 -10.0  Sweet, flue-cured character                            
     2. b)       "      Sweet, phenolic flue-cured character; some nutty       
                        chocolate taste                                        
     2. c)       "      Flue-cured character; slight nutty, phenolic taste;    
                        some ionone character                                  
     2. d)   7.0        Sweet, woody character; anise-like note; more          
                        pleasant                                               
     2. e)   1.0 -10.0  Sweet, woody, flue-cured character                     
     2. f)   1.0 -10.0.sup.(3)                                                 
                        Sweet, flue-cured character                            
     2. g)   1.0 -10.0  Sweet, woody, herb-like                                
     2. h)   1.0 -10.0  Sweet, herb-like                                       
     3. a)   1.0 -10.0  Rich sweet, nutty taste; adds flue-cured character     
     3. b)       "      Phenolic taste; slight Burley effect                   
     4. a)   0.5        Sweet, slightly woody, caramel and honey-like          
     4. b)   1.0        Fruity, woody, slightly sulphur-like                   
     4. c)   1.0 -5.0   Sweet, caramel                                         
     4. d)       "      Sweet, caramel                                         
     4. d)   0.1 -0.5   Caramel                                                
     5. a)   1.5 -2.5   Woody, cigar smoke-like; orient tobacco note           
     5. b) and c)                                                              
             2.5 -5.0   as above                                               
     6. a)   1.0        Sweet, nutty, chocolate taste; adds body; some         
                        flue-cured character                                   
     6. b)   10.0       Sweet, nutty, chocolate taste; adds body               
     6. c)   10.0       Sweet, green note                                      
     6. d)   10.0       Adds body; flue-cured flavour note                     
     6. e)   10.0       Sweet, nutty, chocolate taste; some flue-cured         
                        character                                              
     6. f)   10.0       Flue-cured character, phenolic; nutty, chocolate       
                        taste; adds body                                       
     6. g)   10.0       Some Burley character                                  
     __________________________________________________________________________
      .sup.(1) The amounts indicated refer to the quantities of a 1 % alcoholic
      solution (95 % ethyl alcohol)                                            
      .sup.(2) The characters given refer to specific flavour properties of the
      tested compounds on tobacco as compared with a non flavoured tobacco.    
      .sup.(3) The amount indicated refers to the quantities of a 2 % alcoholic
      solution (95 % ethyl alcohol).                                           
PAC  EXAMPLE 2
PAR  a. A mixture of isophorone (13.82 g; 0.1 Mole) and N-bromo-succinimide
      (17.80 g; 0.1 Mole) in the presence of traces of
      .alpha.,.alpha.'-azodiisobutyronitrile was refluxed in 500 ml of CCl.sub.4
      during 15 minutes. 500 ml of petrol-ether (30.degree.-50.degree.C) were
      then added to the cool reaction mixture and the succinimide thus
      precipitated was filtered off. By evaporating the volatile components of
      the clear filtrate, crude 3,5,5-trimethyl-4-bromo-cyclohex-2-en-1-one was
      obtained.
PA0  Nmr (ccl.sub.4): 1.16 (3H,s); 1.25 (3H,s); 2.11 (3H,s); 2.07 (1H,d, J=16
      cps); 2.53 (1H,d, J=16 cps); 4.45 (1H,s); 5.78 (1H,s) .delta. ppm.
PAR  b. During a period of 30 minutes
      3,5,5-trimethyl-4-bromo-cyclohex-2-en-1-one (43.4 g) was added to a
      solution kept at 40.degree.C of anhydrous trimethylamine N-oxide (32 g) in
      100 ml of anhydrous chloroform. The reaction was slightly exothermic and
      the temperature of the mixture was kept at 45.degree.-50.degree.C by
      external cooling during the whole addition. After cooling to room
      temperature, said mixture was poured onto 110 ml of 10 % H.sub.2 SO.sub.4
      and the organic layers which separated were washed with water (3 .times.),
      a 10 % solution of sodium carbonate (3 .times.) and finally with water
      again (3 .times.)until neutralisation.
PAR  By evaporation of the volatile components, and subsequent distillation of
      the resulting residue a product was obtained at b.p.
      47.degree.-60.degree.C/0.001 Torr. This product was treated with
      petrol-ether (30.degree.-50.degree.C) and then successively washed with a
      5 % aqueous solution of sodium carbonate (2 .times.) and a 2 % aqueous
      solution of NaOH (5 .times.). The mother liquors were acidified and
      immediately extracted with diethyl ether.
PAR  The combined extracts were washed, dried over MgSO.sub.4 and evaporated at
      reduced pressure. 8 g of the desired product were thus obtained (95 %
      purity). The subsequent purification was carried out by sublimation at
      70.degree.-80.degree.C/10 Torr, and yielded 6 g of pure
      4,4,6-trimethyl-cyclohexa-2,5-dien-2-ol-1-one. The product had a positive
      test when treated with a solution of ferric chloride (blue-violet colour);
      m.p. 46.degree.C.
PA0  Ir (ccl.sub.4): 1630, 1650, 3440 cm.sup.-.sup.1
PA0  Uv: .lambda. .sub.max.sup.EtOH = 205, 249, 310 m.mu. (.epsilon.=5650, 7880,
      2420 respectively)
PA0  Ms: m.sup.+= 152; m/e: 109
PA0  Nmr (ccl.sub.4): 1.27 (6H,s); 1.92 (3H,s); 5.97 (1H, pseudo d, J= ca. 2.5
      cps); 6.34 (1 H, m); 6.65 (1H,m) .delta.  ppm.
PAR  Under the conditions used for carrying out the above given analysis, the
      compound showed a keto-enol structure represented by the following formula
      ##SPC8##
PAL  However, under other conditions it is reasonable to assume that the
      keto-enol equilibrium may be in favour of a diketonic structure according
      to the following equation:
      ##SPC9##
PAR  By replacing trimethylamine oxide by other tertiary aliphatic or
      cycloaliphatic amine oxides analogous results were achieved. Further,
      halogenating reagents other than N-bromo-succinimide, able to afford
      positive halogens, may be used for promoting the halogenation step.
PAC  EXAMPLE 3
PAR  The following flavouring compositions were prepared by admixing (parts by
      weight):
TBL                           (test)                                           
                      A (control)                                              
                                B      C                                       
     ______________________________________                                    
     p-ethylguaiacol 1 %*                                                      
                         10          10     20                                 
     guaiacol 1 %*       15          15     30                                 
     3,5,5-trimethyl-cyclohexane-                                              
     1,4-dione 10 %*     --          30     30                                 
     95 % ethyl alcohol  975         945    920                                
                        1000        1000   1000                                
     ______________________________________                                    
      *in 95 % ethyl alcohol                                                   
PAR  Flavours A, B and C were then compared in a concentration of 0.06 g of
      flavour for 60 ml of sugar syrup (prepared by dissolving 650 g of sucrose
      in 1350 ml of water).
PAR  The finished syrups were tested by a panel of qualified tasters who
      expressed their views on the value of the flavours used for their
      preparation. These persons declared unanimously that the taste of the
      syrup which had been flavoured with composition B had a more diffuse note
      than the syrup flavoured with composition A; moreover, the typical
      phenolic character shown by this latter syrup was well masked. By using
      composition C, analogous results were obtained although less pronounced.
PAR  Flavours A, B and C were then compared in a concentration of 0.06 g of
      flavour for 60 ml of salt solution (prepared by dissolving 0.5 g of NaCl
      in 100 ml of water).
PAR  In this case also the flavour experts declared that the taste of the
      beverages which had been flavoured with compositions B and C lacked the
      phenolic character of the beverage flavoured with composition A.
PAC  EXAMPLE 4
PAR  The following flavouring compositions were prepared by admixing (parts by
      weight):
TBL                         (test)                                             
                    A (control)                                                
                              B       C                                        
     ______________________________________                                    
     p-ethyl phenol 1 %*                                                       
                       10          10      20                                  
     phenol 1 %*       15          15      30                                  
     4,4,6-trimethyl-cyclohexa-                                                
     2,5-dien-2-ol-1-one 10 %*                                                 
                      --           30      30                                  
     95 % ethyl alcohol                                                        
                      975          945     920                                 
                      1000        1000    1000                                 
     ______________________________________                                    
      *in 95 % ethyl alcohol                                                   
PAR  The above given flavours were then compared in a sugar syrup and in salt
      aqueous solution exactly as indicated in Example 3. The flavour experts
      declared that the taste of the beverages which had been flavoured with
      compositions B and C lacked the phenolic taste note of the beverages
      flavoured with composition A; the overall note was more rounded-off and
      possessed a better flavour harmony.
PAR  By replacing 4,4,6-trimethyl-cyclohexa-2,5-dien-2-ol-1-one by
      3,5,5-trimethyl-2,3-epoxy-cyclohexane-1,4-dione,
      2,6,6-trimethyl-cyclohex-2-en-4-ol-1-one,
      3,5,5-trimethyl-cyclohex-3-en-1-yl acetate,
      3,5,5-trimethyl-4-hydroxy-4-[but-1-en-3-one]-cyclohex-2-en-1-one,
      3,5,5-trimethyl-cyclohex-2-ene-1,4-dione,
      3,5,5-trimethyl-cyclohex-2-en-4-ol-1-one,
      2,2,6-trimethyl-cyclohexan-4-ol-1-one,
      3,5,5-trimethyl-4-methylene-cyclohex-2-en-1-one,
      3,5,5-trimethyl-2-hydroxy-cyclohex-2-ene-1,4-dione,
      3,5,5trimethyl-cyclohexan-4-ol-1-one,
      3,5,5-trimethyl-cyclohexane-1,4-dione or
      3,5,5-trimethyl-cyclohex-2-en-2-ol-1-one.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for improving, enhancing or modifying the organoleptic
      properties of a tobacco product, which comprises adding thereto about 1 to
      about 1000 parts per million based on the weight of tobacco of at least
      one compound selected from the group consisting essentially of:
PA1  a. epoxy-.beta.-ionone
PA1  b. 6-methyl-hepta-3,5-dien-2-one
PA1  c. 3-isopropyl-cyclopent-2-en-1-one
PA1  d. octa-3,5-dien-2-one
PA1  e. nonane-2,5,8-trione
PA1  f. 2-methyl-5-(.alpha.-methyl-.alpha.-hydroxyethyl)-cyclohex-2-en-1-one
PA1  g. 4-methylthiobutan-2-one.
NUM  2.
PAR  2. A tobacco or tobacco product having added thereto about 1 to about 1000
      parts per million based on the weight of tobacco of at least one compound
      selected from the group consisting essentially of:
PA1  a. epoxy-.beta.-ionone
PA1  b. 6-methyl-hepta-3,5-dien-2-one
PA1  c. 3-isopropyl-cyclopent-2-en-1-one
PA1  d. octa-3,5-dien-2-one
PA1  e. nonane-2,5,8-trione
PA1  f. 2-methyl-5-(.alpha.(-methyl-.alpha.(-hydroxyethyl)-cyclohex-2-en-1-one
PA1  g. 4-methylthiobutan-2-one.
NUM  3.
PAR  3. A flavouring composition which comprises at least one compound selected
      from the group consisting of:
PA1  a. epoxy-.beta.-ionone
PA1  b. 6-methyl-hepta-3,5-dien-2-one
PA1  c. 3-isopropyl-cyclopent-2-en-1-one
PA1  d. octa-3,5-dien-2-one
PA1  e. nonane-2,5,8-trione
PA1  f. 2-methyl-5-(.alpha.(-methyl-.alpha.(-hydroxyethyl)-cyclohex-2-en-1-one
PA1  g. 4-methylthiobutan-2-one.
NUM  4.
PAR  4. A process for improving, enhancing or modifying the organoleptic
      properties of a tobacco product, which comprises adding thereto about 1 to
      about 1000 parts per million based on the weight of tobacco of
      4-methylthiobutan-2-one.
NUM  5.
PAR  5. A tobacco or tobacco product having added thereto about 1 to about 1000
      parts per million based on the weight of tobacco of
      4-methylthiobutan-2-one.
NUM  6.
PAR  6. A tobacco flavouring composition which comprises
      4-methylthiobutan-2-one.
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ABST
PAL  The heat of a burning cigarette is used to contain and hold a cigarette in
      an extinguishing holder. Thereafter, the lack of heat triggers release of
      the cigarette and removal of the cigarette from the holder. The device
      uses a bi-metallic element against which the cigarette is placed and which
      holds the cigarette in position so that it heats up. When the cigarette is
      extinguished and cools a bi-metallic element, which is connected to a
      latching mechanism affects the operation of a trap door permitting the
      cigarette to drop from the holder. A counter weight returns the trap door
      of the holder to its original position.
PARN
PAC  CROSS REFERENCE TO RELATED PATENT APPLICATIONS
PAR  This patent application is related to, and a continuation in part of my
      co-pending patent application Ser. No. 348,849, filed Apr. 6, 1973, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the general field of receptacles for receiving lighted
      cigarettes, and more particularly in the field of a receptacle for
      receiving lighted cigarettes and extinguishing the same.
PAR  2. Description of the Prior Art
PAR  There have been numerous developments in the field of ashtrays and other
      receptacles to receive burning cigarettes. In some cases there have been
      efforts to provide such receptacles with means to extinguish cigarettes.
      Such mediums as sand, water and the like have been attempted for this
      purpose.
PAR  None of the prior art, including those utilizing a bimetallic element to
      react to the generation of heat, are in the field of my invention, which
      is based upon holding a cigarette, extinguishing the same, and expelling
      it when, and only when, the heat (in other words the burning) has ceased,
      at which time it is safe to expel the cigarette.
PAC  SUMMARY OF THE INVENTION
PAR  The dropping of lighted cigarettes from an ash tray has been quite common
      and has led in the past to many incidents of both property damage and
      death. An unattended lighted cigarette left to burn for a period of time
      has been the causative factor in such incidents.
PAR  This invention makes it possible to place a burning cirgarette in a safe
      position, in which after a period of time it is extinguished, and then
      dropped into a tray.
PAR  The lack of heat is used to drop the cigarette, after it has been
      extinguished, contrary to the practice used in a number of prior art
      devices.
PAR  A particularly configured bi-metallic element against which the cigarette
      is placed, and to the end of which a latch operating mechanism is
      connected, is used to bring about this novel result.
PAR  A trap door having a counterweight and against which the cigarette leans,
      permits the extinguished cigarette to drop from the receptacle after it
      has been extinguished.
PAR  Accordingly, it is an object of this invention to provide a method and
      means for holding a lighted cigarette in an extinguishing device, until
      the cigarette is extinguished, sensing the extinguishing of the cigarette,
      and expelling the cigarette as a function of the sensing of the
      extinguishment thereof.
PAR  It is a further object of this invention to accomplish the foregoing object
      in which a bi-metallic strip is utilized to exert necessary pressure to
      hold a lighted cigarette until it has been extinguished and then to
      dispose of it.
PAR  It is a further object of this invention to provide a method and apparatus
      as aforedescribed which can be safely and conveniently used by the
      operators of equipment without diverting attention from their equipment.
PAR  Another object of this invention is to provide such a device as has been
      described wherein it may be fastened by magnetic forces to magnetically
      attractive materials.
PAR  The foregoing and other objects and advantages will be clear to those
      skilled in the art upon reading the following Description of a Preferred
      Embodiment in conjunction with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a preferred embodiment of an apparatus to
      practice the method of this invention with certain elements shown in
      phantom, and with a cigarette in place therein;
PAR  FIG. 2 is a top elevation of the embodiment shown in FIG. 1, but without a
      cigarette in place;
PAR  FIG. 3 is a side elevation as FIG. 1, but with the device in operation
      disposing of a cigarette;
PAR  FIG. 4 is a perspective of the device of FIGS. 1, 2, and 3 in slightly
      different scale and attached to a mounting base;
PAR  FIG. 5 is a rear elevation of the device as shown in FIG. 4;
PAR  FIG. 6 is an exploded view of the elements making up the device of FIG. 4;
PAR  FIG. 7 is a front elevation of the embodiment shown in FIGS. 1, 2, and 3,
      with the front door removed, and in different scale, and illustrating one
      position of a bi-metallic strip which is utilized in the apparatus; and
PAR  FIG. 8 is the same view as FIG. 7 showing the bi-metallic strip in a
      different operative position.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIGS. 1, 2, 3, 7 and 8 illustrate the operating features of an apparatus to
      practice the method of this invention. FIGS. 4, 5, and 6 show in more
      detail a preferred construction of a complete device suitable to practice
      the method of this invention.
PAR  The construction of the device to practice this method is best understood
      by examination of FIGS. 4, 5, and 6. Attention will first be given to this
      in order that the structure and operational elements will first be capable
      of construction.
PAR  There is a basic holder 40 for a cigarette, which preferably will be more
      or less the shape illustrated in order to provide a wide funnel-like
      opening for ease of depositing the cigarette therein and tapering towards
      the bottom so as to closely approximate the size of a cigarette. The
      bottom closure 53 may be formed integrally with the receptacle, or, as
      illustrated, may be a separate item which may be attached by appropriate
      adesive or the like to the lower portion of the receptacle 40.
PAR  A pair of tabs 62 and 63 are provided at the lower extremity of the holder
      40 and these tabs have holes 64 and 65 suitable to accept pins 60 and 61
      on door element 42 in order to provide a hinge-like arrangement.
PAR  The door 42 covers the open side of the device in a manner as illustrated.
PAR  The door 42 has attached thereto a rod or the like 44 by means of suitable
      adhesive at 45. The rod 44 carries a weight 43 which serves the purpose of
      a counter weight.
PAR  On the interior of receptacle 40 a bi-metallic strip 47 is attached by
      suitable adhesive or the like at 48 in such manner than upon the
      application of heat to the bi-metallic strip 47 the unattached end which
      carries hook 46 on rod 52 will move upward, and upon the cessation of such
      heat it will again move downward. The rod 52 carrying the hook 46 is
      attached to the end of the bi-metallic strip by suitable adhesive or the
      like at 49. The rod 52 carrying the hook 46 will be seen to extend from
      its connection with bi-metallic strip 47 through slot 58 in the side of
      the receptacle 40.
PAR  The door element 42 carries a pivotably mounted rod 50 as indicated so as
      to be pivotally movable within the guide 51, which is formed of wire or
      the like and secured to the door 42 as indicated. This guide confines the
      movement of the rod 50 within small limitations, as can be observed.
PAR  A preferred base arrangement comprises a pair of upright members 54 and 55
      secured to the bottom of the bottom piece 53 of the receptacle by suitable
      adhesive or the like, and secured to a stable base member 56 also by
      suitable adhesive. When assembled, the members 54 and 55 will be spaced
      from one another as shown in FIGS. 4 and 5 in such manner as to allow the
      weight 43 to swing freely between them.
PAR  A magentic disc 57 or the like will preferably be secured to the bottom of
      the stable base 56 by adhesive or the like in order that it may be placed
      upon a magnetically attractable surface and be held firmly in position.
      This is a particularly desirable feature for use in connection with
      automobiles and the like wherein the device may be desired to be used
      within an automobile and will be secure against jarring loose by magnetic
      attraction to an appropriate element of the vehicle, and will easily be
      mounted in numerous positions.
PAR  Now turning particular attention to FIGS. 1, 2, 3, 7, and 8, the operation
      of the device will be clearly understood. In FIG. 1, a lighted cigarette
      70 has been placed in the device.
PAR  It is noted that the door is held in a closed position by the action of the
      hook-like arrangement 46 against the rod 50. When the cigarette is cool,
      the bi-metallic strip 47 will have the position as shown in FIG. 7,
      wherein the hook is held in a lowered position. Under the influence of the
      heat of the burning end of the cigarette which has been placed against the
      bi-metallic strip 47 when it is in the receptacle, the bi-metallic strip
      will raise its unattached end which carries the hook 46 as indicated in
      FIG. 8. As it does this, it raises the rod 50. During this operation, the
      weight of the cigarette 70 against the door in this tilted position
      maintains a force on the rod 50 also.
PAR  When the cigarette has been extinguished and the heat has dissipated, the
      bi-metallic strip rapidly returns to the position shown in FIG. 7,
      bringing the hook 46 downward so that the rod 50 is no longer held on its
      retainer 51, which causes the hook to drop away from the rod 50 and allows
      the door to fall open under the weight of the cigarette as is shown in
      FIG. 3. When the door falls open in this manner, the cigarette then slides
      or falls from the open door as it is indicated as commencing to do in FIG.
      3. When it has lost its contact with the door, the door is urged back into
      its initial starting position by the effect of the counter-weight 43 and
      it is then held in position with the rod 50 once again in position upon
      the hook 46 ready for another cycle of extinguishing and disposing of a
      cigarette.
PAR  An interesting phenomenon will be noted wherein, by the swinging action of
      the door, centrifugal force will maintain the rod 50 in a position where
      it is more or less approximating the end of guide 51 nearer the top end of
      the door 42. In FIG. 3 this position has been illustrated as approximately
      in the center, although in practical matter it may move a bit, but
      particularly during the reverse swinging of the door to its closed
      position, the rod, being of the shape as illustrated, will be thrown
      centrifugally about its pivot position in such manner that it will touch
      or be close to the upper portion of the guide 51, thus insuring that it
      will be in position to drop when the door is in its closed position and
      become engaged by the hook 46 appropriately. It will then be ready for the
      application of the upward pressure by the movement of the bi-metallic
      strip carrying the hook 46.
PAR  As particularly mentioned before, it is especially desirable to utilize a
      magnetic base 57 which can be used to adhere to a surface of an automobile
      or the like since this device is particularly valuable in that
      application.
PAR  The flared upper portion of the receptacle 40 is particularly valuable when
      the device is used on the road in a vehicle, since a cigarette smoker who
      is driving a vehicle may place the same easily into the flared out opening
      and let it drop down against the bi-metallic element in the confined lower
      portion where the cigarette is snuffed out. An ultimate disposal container
      or package (not shown) may be located in the proximity of the device in
      such manner as to catch the ejected cigarette after it has been snuffed
      out and ejected from this device. Such an item as a plastic bag or the
      like may be used with safety with this device, since only when the
      cigarette has been snuffed out will it leave the receptacle. Such an
      extinguished, or snuffed out, cigarette, may, of course, be allowed to
      fall to the floor of the vehicle or to any other place, since it will not
      cause combustion.
PAR  While the embodiment of this invention shown and described is fully capable
      of achieving the objects and advantages desired, such embodiment has been
      shown for illustrative purposes only, and not for purposes of limitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method for extinguishing and disposing of lighted cigarettes
      comprising the following steps; placing the lighted cigarette in a
      receptacle; sensing the heat generated by the lighted cigarette;
      maintaining the said cigarette confined with said receptacle so long as
      the heat of burning is sensed; sensing the cessation of burning by the
      sensing of cessation of heat generated thereby; and allowing to drop said
      cigarette from said receptacle when the cessation of burning has been
      sensed as above set forth.
NUM  2.
PAR  2. A device for extinguishing and disposing of burning cigarettes
      comprising: means to hold a burning cigarette with its burning end in a
      confined space; movable activation means within said confined space; heat
      sensing means within said confined space; door means on one side of said
      holding means; means for dropping a cigarette from said holding means when
      said door means is open; means to maintain said door means in a closed
      position when no cigarette is in said cigarette holding means; means to
      change the location of the means holding said opening closed when a
      burning cigarette is in contact with said sensing means; means to open
      said door means activated by said sensing means when burning has ceased;
      means to drop a formerly burning cigarette from said holding means when
      said formerly burning cigarette has ceased to burn; means attached to said
      door means to close the same after a formerly burning cigarette has been
      removed therefrom; and means to mount said holding means in a
      substantially upright position.
NUM  3.
PAR  3. The device of claim 2 in which the said heat sensing means comprises a
      bi-metallic strip.
NUM  4.
PAR  4. The device for extinguishing and disposing of burning cigarettes as set
      forth in claim 2, in which the means for maintaining the door means in a
      closed position includes a latching mechanism connected to the end of a
      similarly activated bi-metallic strip against which the cigarette is
      placed.
NUM  5.
PAR  5. A device for extinguishing and disposing of burning cigarettes
      comprising: an elongated receptacle opan at one end and closed at its
      other end and having one movable door of sufficient size that a cigarette
      resting against said side door falls from said receptacle upon the opening
      of said side door; means mounting said side door to said receptacle in
      such manner that when a cigarette is in said receptacle with the latching
      means unlatched, that said side door open; means to return said door to a
      closed position when said side door is open and no cigarette is within
      said receptacle; said latching means normally holding said side door in a
      closed position, heat sensing means attached to said latching means so as
      to move said latching means while under the influence of the heat of a
      burning cigarette, and in which said heat sensing means unlatches the said
      door means upon sensing the reduction of heat of said cigarette; and
      mounting means for said apparatus.
NUM  6.
PAR  6. The device of claim 5, in which said latching means comprises hook means
      on the exterior of said chamber carried by a member passing from the
      exterior to the interior of said chamber, which member is connected to a
      bi-metallic strip fastened to the interior of said chamber and
      constituting the heat sensing element.
NUM  7.
PAR  7. The device of claim 6 in which the said latching means contacts a
      moveable means upon said opening when said opening is closed which said
      moveable means is held in one position by centrifugal force when said
      opening means is moving and moves to another position when said opening
      means is not moving.
NUM  8.
PAR  8. Apparatus for extinguishing and disposing of cigarettes comprising:
      chamber means open on one end and having a door on one side, said chamber
      means being capable of holding a cigarette in substantially a vertical
      position, means extending through the wall of said chamber means holding
      said door normally closed, a bi-metallic strip fastened on the interior of
      one side of said chamber and extending downward in the proximity of the
      base of said chamber and upward along the other side, and fastened at its
      other end to said door holding means in such manner so that upon heat
      being applied to said bi-metallic strip it will lift the door holding
      means in an upward direction; means on said door movable with relation
      thereto and in contact with said door holding means and moveable in
      accordance with upward movement of said door holding means; friction means
      associated with said means on said door contacting said door holding means
      such that when there is pressure applied to said door said means holding
      said door holding means will remain in an upward position when the said
      door holding means is removed therefrom, in order to allow said door to
      open; and means to return said door to closed position when it is in the
      opened position with no other object holding it in the open position.
NUM  9.
PAR  9. A cigarette extinguishing receptacle including a container for holding a
      cigarette which is first burning, and due to the holding causes the
      extinguishment thereof; an ejectment device suitable to eject the
      cigarette upon extinguishment; and means to sense extinguishment of the
      cigarette and activate the ejectment device.
NUM  10.
PAR  10. A cigarette extinguishing device comprising a receptacle suitable to
      hold a burning cigarette; a bi-metallic strip within said receptacle so
      arranged so as to be in contact with the burning portion of said
      cigarette; means to eject the formerly burning cigarette when the same has
      been extinguished, which means to eject the extinguished cigarette is
      activated by movement of the bi-metallic strip due to cessation of the
      heat of burning of the cigarette.
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PAL  An hairdressing iron is described comprising a rod, a metal channel coaxial
      to the rod and attached to the latter in such a way as to swivel in
      relation to the latter around a transversal axis. The outer surface of the
      rod presents a longitudinal groove and the iron comprises a second channel
      adopted to fit longitudinally on the outer surface of the rod, said second
      channel comprising on its inner surface an elastic component capable of
      being inserted in the said longitudinal groove in order to retain the
      second channel on the rod. The outer surface of said second channel may be
      fitted with one or more rows of teeth projecting from that surface. An
      articulated U-link may also be provided in such a way as to be swivellable
      around the transversal swivelling axis for serving as a supporting member
      when it is in the unfolded position.
BSUM
PAR  The present invention relates to an electric hairdressing iron permitting
      not only the waving of the hair but also the combing and smoothing of the
      hair.
PAR  This device comprises a rod and a metal channel coaxial to the rod and
      attached to the latter in such a way as to swivel in relation to the
      latter around a transversal axis. The outer surface of the rod presents a
      longitudinal groove and the iron comprises a second channel adopted to fit
      longitudinally on the outer surface of the rod, said second channel
      comprising on its inner surface an elastic component capable of being
      inserted in the said longitudinal groove in order to retain the second
      channel on the rod. In a first embodiment, the outer surface of the second
      channel is smooth, enabling wide waves to be made with this second channel
      in place and narrower waves, on short hair for instance, with the rod
      stripped of the second channel. In a second embodiment the outer surface
      of the second channel is fitted with one or more rows of teeth projecting
      from said surface.
DRWD
PAR  The invenion will be described more fully below, with reference to the
      attached drawings.
PAR  In the drawings:
PAR  FIG. 1 is a vertical view of the apparatus in a first embodiment;
PAR  FIG. 2 is a perspective view of the detachable channel, showing its inner
      surface;
PAR  FIG. 3 is a vertical view with partial longitudinal section of the
      apparatus of FIG. 1, showing the detachable channel fastening means;
PAR  FIG. 4 illustrate a second embodiment.
DETD
PAR  In the embodiment shown in FIG. 1 the apparatus comprises a metal rod 1 of
      circular cross-section, a first metal channel 2 coaxial to the rod and
      fastened to the latter, so as to be able to swivel around transversal axis
      3, and a second metal channel 4 arranged in such a way as to fit in a
      detachable manner, longitudinally on the outer surface of rod 1. The rod
      contains the heating elements (not shown) supplied by an electric current
      from the supply network through a power cord 5 which extends through grip
      6 up to the heating elements. Articulated channel 2 terminates at its
      extremity located on the side of grip 6 by a thrust member 7, permitting
      by external pressure exerted athwart the longitudinal direction of the
      apparatus the swivelling of channel 2 around axis 3 in such a way as to
      cause the former portion of channel 2 to recede from rod 1. The fastening
      of detachable channel 4 is ensured by an elastic member 8, formed for
      instance by a spring leaf as shown in FIG. 2, mounted on the inner surface
      of detachable channel 4. This elastic member 8, when channel 4 is slid 1
      lengthwise on the outer surface of the rod proceeds to engage itself in a
      longitudinal groove 9 shown in FIG. 3.
PAR  With the apparatus thus designed, it is possible, under the effect of the
      heat released by metal components (1, 2 and 4) to effect waves in two
      manners: either by utilizing rod 1 for coiling the hair in it, or by
      utilizing the outer surface of detachable channel 4 positioned on rod 1.
      In the former case it is possible to make the waves more compact, or to
      operate with greater ease on short hair, particularly in the nape; in the
      latter case, wider waves can be achieved.
PAR  As shown in FIG. 1, the apparatus is completed by an articulated U-link 10
      on transversal axis 3 in such a way as to be able to swivel around that
      axis. In the unfolded position (shown in FIG. 1) this U-link acts as a
      supporting member for placing the apparatus on any kind of surface when it
      is hot. For putting aside the apparatus, the U-link is simply swung into
      the retracted position against grip 6 as shown in FIG. 4
PAR  In a second embodiment illustrated in FIG. 2, the outer surface of
      detachable channel 4 is fitted with a row of teeth 11 which jut out. The
      apparatus can then be used for combing and smoothing the hair by means of
      the heat released through channel 4 and teeth 11. Needless to say, it is
      likewise possible to provide for several rows of teeth.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hairdressing iron comprising:
PA1  a. an elongated rod of a circular cross-section,
PA1  b. a first elongated channel of arcuate cross-section coaxial with the rod,
      said first channel being adjacent said rod and having its inner curved
      surface facing said rod and its outer curved surface facing away from said
      rod,
PA1  c. means pivotally connecting the first channel to the rod intermediate the
      ends of the rod, the axis of rotation of the pivotal means being
      transverse to the longitudinal axis of the rod so that the first channel
      can swivel from a position adjacent the rod to a position spaced from the
      rod,
PA1  d. means providing a longitudinal groove on the outer surface of the rod on
      the side of the rod opposed to said first channel,
PA1  e. a second channel of arcuate cross-section, said second channel being on
      the side of the rod opposite to said first channel and overlying the
      longitudinal groove, and
PA1  f. means detachably securing the second channel to the rod, said means
      comprising an elastic member fixed to the surface of the second channel
      and dimensioned to be removably captive in said longitudinal groove,
PA1  g. said second channel progressively increasing in thickness from both
      longitudinal edges towards its longitudinal center so that when the second
      channel is secured to the rod the rod and second channel will have a
      combined cross-sectional area greater than when the second channel is
      removed, whereby the hairdressing iron can form wide or narrow waves at
      the option of the user.
NUM  2.
PAR  2. A hairdressing iron as set forth in claim 1 wherein at least one row of
      teeth projects away from the outer surface of said second channel.
NUM  3.
PAR  3. A hairdressing iron as set forth in claim 1 in which a U-link is
      provided together with means for mounting the ends of said link on the
      same axis of rotation as the pivotal means connecting the first channel to
      the rod, said U-link being rotatable between a first position in which it
      lies adjacent the rod and a second position in which it extends away from
      the rod, said U-link in said second position acting as a support member to
      hold the pivotal connection means away from the supporting surface.
NUM  4.
PAR  4. A hairdressing iron as set forth in claim 1 wherein the elastic member
      constitutes a leaf spring secured adjacent one end thereof to the inner
      surface of the second channel, the center of said leaf spring being bowed
      toward the rod and extending away from the inner surface of the second
      channel.
NUM  5.
PAR  5. A hairdressing iron as set forth in claim 4 wherein the other end of the
      leaf spring is free.
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ABST
PAL  A portable hair dryer which includes an air inlet and air outlet and a
      rotor for drawing air through the dryer in combination with a comb
      detachably secured to the dryer housing. Cooperative means on the comb and
      dryer housing for detachably securing the comb includes bars on the comb
      which are spaced apart both horizontally and vertically from the comb back
      and extends on opposite sides thereof and slots in the housing which
      extend longitudinally thereof in which the bars are longitudinally
      slidable.
PARN
PAR  This is a continuation of application Ser. No. 166,550, filed July 27, 1971
      now abandoned.
BSUM
PAR  The present invention relates to portable hair dryers.
PAR  It is a principal object of the invention to provide such a hair dryer
      which has improved safety characteristics when used in close proximity to
      the hair and which provides for more rapid drying of the hair.
PAR  According to the invention, a portable hair dryer is provided which
      comprises a dryer housing suitable to be held in the palm of the hand. The
      housing defines an air inlet and air outlet, and disposed within the
      housing is a bladed cylindrical rotor for drawing a stream of air into the
      air inlet, through the dryer housing and out through the air outlet. A
      comb is detachably secured to the dryer housing with its teeth extending
      beyond the air outlet in the direction of the stream of air. In its
      preferred form the comb includes a back, a plurality of teeth extending
      from the back, and at least two clamp members engageable with recesses in
      opposite sides of the dryer housing adjacent the air outlet. The clamp
      members may comprise two generally parallel bars connected to the back by
      a plurality of resilient ribs and the back may have a tear-drop shaped, or
      airfoil, cross section. It is also preferred that the air inlet be
      provided with a mesh screen mounted immediately inside the dryer housing,
      whereby foreign objects are excluded from contact with the rotor.
DRWD
PAR  Other objects, features, and advantages of the invention will appear from
      the following description of a preferred embodiment. In the drawings:
PAR  FIG. 1 is a plan view of a hair dryer according to the invention;
PAR  FIG. 2 is a view taken from the bottom of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 in which portions of the hair dryer have
      been broken away to reveal details of its construction;
PAR  FIG. 4 is a view similar to that of FIG. 1 showing the comb portion of the
      hair dryer in a detached position;
PAR  FIG. 5 is a view taken at 5--5 of FIG. 4; and,
PAR  FIG. 6 is a circuit diagram for the hair dryer of FIG. 1.
DETD
PAR  Referring to the drawings, the hair dryer includes a dryer housing 10 which
      is preferably made of plastic and comprises separable portions 14 and 16
      which are held together by means of screws (not shown). The housing
      defines an air inlet in the form of a series of elongated slots 18 in the
      portion 14 of the housing 10. An air outlet 20 is provided in the lower
      end of the hair dryer as seen in FIG. 1. A protective grill 22 (FIG. 2) is
      mounted over the opening of the air outlet, by means of screws 23, to
      protect the user from injury during operation of the dryer. A three
      position switch 24 is also provided. The operation of switch 24 will be
      understood in connection with the description of the circuit diagram of
      FIG. 6.
PAR  Blower means are provided within the housing 10 for drawing a stream of air
      into the air inlet, through the dryer housing and forcing it out of the
      air outlet. As shown best in FIG. 3, the blower means may comprise a
      tangential fan 26 of cylindrical form having a plurality of blades 28
      which are generally parallel to the cylindrical axis. Fan 26 is mounted
      for rotation directly below the air inlet slots 18. A channel is provided
      within the housing 10 which extends between the fan 26 and the air outlet
      20. Electrical air heating means (described below with relation to FIG. 6)
      may be positioned in the channel. An electrical power cord 30 extends from
      the end of a handle portion 32 of the housing 10.
PAR  As best seen in FIG. 3, a fine mesh screen 34 such as conventional insect
      screening is mounted within the housing 10 extending across the entire
      region of the air inlet slots 18. Such a screen may conveniently be
      attached to the inner surface of the upper portion 14 in any conventional
      fashion.
PAR  A comb 36 is mounted over the air outlet 20 so as to have its teeth 38
      aligned with the general direction of air flow from the outlet 20 (i.e.,
      perpendicular to grill 22). The comb 36 includes a plurality of teeth 38
      which preferably taper in a direction away from the air outlet 20. The
      teeth extend from a back member 40 which is preferably tear-drop shaped,
      or airfoil, in cross section with the pointed end facing the air outlet
      20. This configuration provides for a smooth flow of air to both sides of
      the comb's teeth 38. A pair of parallel bars or clamps 42 are provided for
      engagement with elongated recesses or slots 44 in the surface of dryer
      housing 10 adjacent to, and generally parallel with, the air outlet 20 on
      opposite sides of the housing. The bars 42 are connected to the back
      member 40 by means of a plurality of ribs 46. The ribs 46 are preferably
      paired as best seen in FIGS. 2 and 5. The embodiment illustrated includes
      three pairs of ribs, those pairs being identified by the reference numbers
      46a, 46b, and 46c. The ribs (as well as the entire comb 36) are preferably
      made from stiff but resilient plastic material and sized so that opposed
      surfaces 48 of bars 42, in the relaxed configuration of the comb, are
      spaced apart a distance which is slightly less than the distance between
      the recesses 44. With this arrangement the comb 36 may be easily attached
      or removed from the dryer and yet is firmly retained in position by
      resiliently clamping the walls of the opposing recesses while the dryer is
      being used. Walls 50 are provided between the ribs at the ends of the comb
      (i.e., ribs 46a and 46c) to assist in channeling the air from the air
      outlet 20 along the comb's teeth.
PAR  Referring to the electrical circuit diagram of FIG. 6, a power cord 52
      supplies power to a voltage dropper 54 (and heater 56 if switch 58 is in
      the "HOT" position). Rectifier 60 is supplied at its opposite input
      terminals 62 and 64 from the voltage dropper and the other line of the
      power cord. Motor 66 is supplied from the rectifier and is connected in a
      conventional fashion to rotate the blower means described above.
      Thermostat 68 is located within the dryer housing 10 and opens the circuit
      to protect the dryer if overheating occurs. The heater 56 preferably
      comprises resistance coils which are positioned in the channel leading
      from the blower 26 to the air outlet 20.
PAR  In operation, the hand held hair dryer may be used with or without comb 36
      in close proximity to the hair without fear of the hair being drawn
      through the air inlet into contact with the rotor 26, because of the
      protective screen 34. It has been found that by use of the comb 36, with
      drying air being supplied to flow along the teeth 38, more rapid drying of
      the hair is accomplished.
PAR  It is also contemplated that a variety of combs 36 may be provided, each
      having a different fineness, i.e., different spacing between adjacent
      teeth. With the comb structure and attachment technique described above,
      exchange of combs becomes a simple matter.
PAR  Other embodiments of the invention will occur to those skilled in the art
      and are within the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable hair dryer comprising in combination a dryer housing, said
      housing defining an air inlet and defining a single air outlet of
      generally rectilinear shape and of greater length than width, said housing
      including therein blower means disposed within the housing for drawing a
      stream of air into the air inlet, through said dryer housing and out of
      said outlet, said blower means being aligned with said outlet to cause
      said stream of air to pass directly from said blower means through said
      outlet without change of direction; a comb of generally rectilinear shape
      having a length substantially equal to the length of said outlet and a
      thickness substantially less than the width of said outlet and being
      provided with a back and spaced teeth projecting in one direction from
      said back; and cooperative means on said comb and said housing for
      demountably attaching said comb to said housing with the teeth of said
      comb facing away from the housing generally parallel to the direction of
      air flow from said outlet, with the back of said comb spaced beyond the
      mouth of said outlet and exposed thereto, and with said comb located
      within the air stream from said outlet, said cooperative means including
      bars resiliently supported on said comb and spaced apart both
      longitudinally and vertically beyond opposite sides of said comb back and
      extending parallel with said back, and retainer means on said housing at
      opposite sides of the mouth of said outlet for detachably engaging said
      bars at the sides thereof toward said comb back.
NUM  2.
PAR  2. The hair dryer of claim 1 wherein said retainer means comprise slots in
      said housing extending longitudinally thereof in which said bars are
      longitudinally slidable.
NUM  3.
PAR  3. The hair dryer of claim 2 wherein said bars are supported by resilient
      ribs spaced longitudinally of the comb and connected thereto and to said
      bars, said ribs extending outwardly of the sides of the comb and beyond
      the back thereof to the points of connection thereof with said bars.
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ABST
PAL  A liquid feeding means including a reservoir for a liquid and a wick of
      absorbent material within the reservoir. A portion of the wick is exposed
      exteriorly of the reservoir for engagement by a heated element so as to
      produce steam. A tube having an inside diameter of capillary size is
      embedded in the wick and extends from its exposed portion toward the
      reservoir to transmit air into the reservoir as water from the reservoir
      is converted to steam.
BSUM
PAR  This invention relates to a liquid feeding means for a steam-producing
      appliance. More particularly, the invention relates to an appliance of the
      type in which an absorbent wick saturated with a liquid is contacted by
      the heater element heated to a temperature sufficient to instantaneously
      convert liquid in the portion of the wick contacted by the heater into
      steam.
PAR  The invention will be described in connection with a steam-producing
      curling iron. However, it is to be understood that the invention may be
      used advantageously with other types of steam-producing appliances, such
      as a facial sauna.
PAR  In certain steam-producing curling irons, the absorbent wick is located
      within a liquid-containing reservoir, a portion of the wick being exposed
      outside the reservoir for engagement by the heater element. It has been
      found that as liquid is evaporated from the exposed portion of the wick,
      during steam-production, little or no air flows back through the wick into
      the reservoir, probably because the wick is saturated with liquid As a
      result, no air is available to replace the liquid drawn from the
      reservoir, and a partial vacuum develops within the reservoir. As a
      result, long before all the liquid in the wick and reservoir has been
      converted to steam, steam production halts because the water does not
      continue to flow to the exposed portion of the wick.
PAR  It is an object of the present invention to overcome this problem by
      providing a liquid feeding means having means for transmitting air through
      the wick into the reservoir.
PAR  It is another object of the invention to provide a liquid feeding means in
      which the wick is conveniently provided with an air transmitting means in
      the form of a capillary tube embedded in the wick.
DRWD
PAR  Additional objects and features of the invention will be apparent from the
      following description, in which reference is made to the accompanying
      drawings.
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of a steam-producing curling iron, as an
      example of an appliance which may incorporate a liquid feeding means
      according to the present invention;
PAR  FIG. 2 is a fragmentary longitudinal cross-sectional view on an enlarged
      scale, showing two positions of a heating member within the curling iron
      barrel;
PAR  FIG. 3 is an exploded perspective view of a wick and capillary tube;
PAR  FIG. 4 is a transverse cross-sectional view, on an enlarged scale, taken
      along line 4--4 of FIG. 2; and
PAR  FIG. 5 is a transverse cross-sectional view, on an enlarged scale, taken
      along line 5--5 of FIG. 2.
DETD
PAR  The curling iron chosen to illustrate the present invention comprises a
      cylindrical tubular barrel 10 having a handle 11 at one end and a
      reservoir 12 at the other end. At the end of handle 11 which joins barrel
      10, the handle is formed with an enlarged collar portion 13, and extending
      from the opposite end of handle 11 is an electric power cord 14. The free
      end of power cor 14 is provided with the usual plug (not shown) for
      insertion into an electrical receptacle to provide electric power to the
      curling iron. On handle 11 is a switch 15, for energizing and deenergizing
      a heating member within barrel 10. Handle 11 and collar 13 are made in two
      parts, preferably of molded plastic, the parts being joined along a
      longitudinal line of separation and held together by screws 17.
PAR  Extending along most of the length of barrel 10 is a clamp 27, which may be
      formed of thin metal, having an arcuate transverse shape so that it
      conforms to the external contour of barrel 10. Clamp 27 is formed with
      elongated openings 28 which permit the flow of steam through the clamp.
      One end of clamp 27 is fixed by screws 29 to a lever 30 pivotally mounted
      in collar 13 about an axis perpendicular to the longitudinal axis of
      barrel 10. When lever 30 is depressed, clamp 27 pivots away from barrel 10
      so that the end of a lock of hair to be curled can be placed between the
      barrel and clamp. Lever 30 is then released, and a spring 33 returns clamp
      27 toward barrel 10. As a result, the end of the lock of hair is gripped
      between clamp 27 and the barrel, and the remainder of the lock of hair can
      then be wound around the barrel and clamp simply by rotating the curling
      iron around the longitudinal axis of barrel 10.
PAR  Fixed within the end of barrel 10, opposite handle 11, is a sleeve 36
      forming part of reservoir 12. At one end, sleeve 36 is formed with a
      shoulder 37 of larger diameter than barrel 10. When the parts are
      assembled, shoulder 37 engages the end of barrel 10 thereby defining the
      assembled relationship between two parts. Spaced inwardly from shoulder
      37, sleeve 36 is formed with a detent 38 which snaps into a rectangular
      hole 39 in barrel 10 when the sleeve and barrel are assembled. The
      cooperation between detent 38 and hole 39 prevents sleeve 36 from moving
      out of barrel 10. Thus, the cooperation of shoulder 37 and detent 38 with
      barrel 10 maintains sleeve 36 stationary with respect to barrel 10.
PAR  The internal bore of sleeve 36 is reduced in diameter at its innermost end,
      and at this point the sleeve grips a wick 40 of absorbent material. The
      inner end 71 of wick 40 projects past sleeve 36 and is exposed within the
      interior of barrel 10. The major portion of wick 40 extends axially
      through and beyond the bore within sleeve 36. Adjacent to its innermost
      end, the bore within sleeve 36 is formed with an internal screw thread.
PAR  Reservoir 12 also comprises a tube 43 having an external screw thread at
      its inner end adapted to cooperate with the screw thread in sleeve 36. At
      its outer end, tube 43 has a cap 44 fixed to it in a permanent manner. To
      fill reservoir 12, cap 40 is rotated so as to unscrew tube 43 from sleeve
      36, thereby permitting the cap and tube to be removed from the sleeve.
      Tube 43 is then filled with a suitable liquid, such as water, and the tube
      is inserted and screwed into sleeve 36 until the parts reach the position
      shown in FIG. 2. Wick 40 absorbs the liquid and carries it to the
      innermost end 71 of the wick exposed within barrel 10.
PAR  Axially slidable within barrel 10 is a heating member comprising a tube 47
      carrying within it an electrically-heated element 48. Heater element 48
      projects beyond the end of tube 47 toward wick 40. Movement of tube 47
      within barrel 10 is guided by four elongated depressions 49 formed in
      barrel 10. Movement is also guided by two diametrically opposed elongated
      slots 50 in tube 47 which slidably accommodate a post 22 molded integrally
      with collar 13.
PAR  Surrounding tube 47 is a sealing ring 51 which moves with tube 47 and has a
      sliding enegagement with the inner surface of barrel 10. Sealing ring 51
      engages barrel 10 along a continuous line and hence prevents liquid within
      the barrel from flowing past the sealing ring into handle 11 where it
      might interfere with electrical components housed within the handle. A
      plug 52 fits frictionally within the end of tube 47 closest to handle 11,
      and electrical wires (not shown) pass through two holes in plug 52 and
      into tube 47 to carry electric current to heater element 48. A compression
      coil spring 54 is arranged between sleeve 36 and heating member 47, 48 one
      end of spring 54 surrounding a boss 55 projecting from sleeve 36, and the
      other end of spring 54 surrounding heater element 48 and bearing against
      the end of tube 47.
PAR  Handle 11 carries an actuator means in the form of a lever 58 pivoted
      within collar 13 about an axis perpendicular to the longitudinal axis of
      barrel 10. A U-shaped bracket 61 is fixed by screw 62 to the end of lever
      58 located within collar 13. A link in the form of a bent wire 63
      pivotally connects each arm of bracket 61 to plug 52. More specifically,
      one end of each link 63 fits pivotally through a hole in its respective
      arm of bracket 61, and the other end of link 53 fits into a hole in cap
      52.
PAR  FIG. 2 illustrates in solid lines the position of the parts when no steam
      is desired. Lever 58 is not actuated, and hence spring 54 maintains tube
      47 in its retracted position defined by engagement of one end of each slot
      50 with post 22. In this condition, heater element 48 is spaced from wick
      40. When steam is desired, lever 58 is depressed in the direction of arrow
      65 to its broken line position. This movement is transmitted by links 63
      to cap 52 in the end of tube 47, thereby moving tube 47 in the direction
      of arrow 66 against the force of spring 54. This movement brings heater
      element 48 into engagement with wick 40 as shown in broken lines. As a
      result of this engagement, the liquid carried by wick 40 is immediately
      converted into steam within barrel 10. The steam flows out of barrel 10
      through holes 67 formed in the barrel in the region of depressions 49. The
      steam is of course applied to hair wound around barrel 10 and clamp 27.
      When production of steam is to be terminated, lever 58 is simply released
      allowing spring 54 to return rube 47 from its advanced position shown in
      broken lines to its retracted position shown in sold lines.
PAR  In the present example, wick 40, which may be formed of felt or any other
      suitable absorbent material, has an elongated, truncated triangular shape,
      best seen in FIG. 3. Near its wider end, wick 40 is provided with two
      peripheral notches 70. It is in the region of the notches 70 that wick 40
      is gripped by the innermost end of sleeve 36. Therefore, the portion 71 of
      wick 40 between notches 70 and the wider end of the wick, is the wick
      portion exposed on the exterior of sleeve 36.
PAR  Wick 40 is provided with a longitudinally-extending slit 72 extending from
      the exposed end of the wick for about one half its length. Longitudinally
      arranged within slit 72 is a tube 73 having an inner diameter of capillary
      size. Tube 73 is thus embedded within wick 40, and extends from the
      exposed portion 71 of the wick toward the interior of the reservoir. Tube
      73 may be made of any suitable material, but such a tube formed of woven
      glass fibers has been found effective.
PAR  Due to the capillary nature of tube 73, no liquid from within the wick or
      reservoir flows out through the tube. However, the tube does transmit air
      into the reservoir as liquid feeds out of the reservoir along the length
      of wick 40, due to production of steam.
PAR  In practice, sleeve 36 is formed in two longitudinal halves which are
      permanently joined, such as by a suitable cement, along a joinder line 74
      (FIGS. 4 and 5). Before the two sleeve halves are joined, wick 40 is
      placed between them. If desired, tube 73 can be placed within slit 72
      prior to sandwiching wick 40 between the halves of sleeve 36.
      Alternatively, tube 73 can remain separate from wick 40 until after the
      wick is assembled with sleeve 36. Thereafter, tube 73 can be placed upon a
      tool having an elongated needle-like nose, and by means of the tool the
      tube can be pushed into slit 72.
PAR  The invention has been shown and described in preferred form only, and by
      way of example, and many variations may be made in the invention which
      will still be comprised within its spirit. It is understood, therefore,
      that the invention is not limited to any specific form or embodiment
      except insofar as such limitations are included in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid feeding means for a steam-producing appliance, comprising:
PA1  a. a reservoir for containing liquid,
PA1  b. a wick of absorbent material communicating with the interior of said
      reservoir, a portion of said wick being exposed exteriorly of said
      reservoir for engagement by a heated element to produce steam, and
PA1  c. means extending to the exposed portion of said wick for transmitting air
      through said wick into said reservoir as liquid is evaporated from the
      exposed portion of said wick to replace liquid drawn out of said reservoir
      through said wick.
NUM  2.
PAR  2. A liquid feeding means as defined in claim 1 wherein said
      air-transmitting means is completely surrounded by said wick, except for a
      part of said means exposed in the exposed portion of said wick.
NUM  3.
PAR  3. A liquid feeding means as defined in claim 1 wherein said
      air-transmitting means includes a tube embedded in said wick and extending
      from the exposed portion of said wick toward said reservoir.
NUM  4.
PAR  4. A liquid feeding means as defined in claim 3 wherein said tube has an
      inside diameter of capillary size.
NUM  5.
PAR  5. A liquid feeding means as defined in claim 3 wherein said wick is slit
      from its exposed portion toward said reservoir, and said tube is arranged
      within said slit.
NUM  6.
PAR  6. A liquid feeding means as defined in claim 3 wherein one end of said
      tube is flush with the end of the exposed portion of said wick, the
      remainder of said tube being embedded in said wick.
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ABST
PAL  The roller body is an elongated, generally cylindrical hollow member having
      one closed end, with the end wall having a small central aperture. The
      body is fabricated of a lightweight, heat insulating material such as
      Styrofoam. The fastening member is a plastic strap having a head at one
      end to be secured in the body end wall aperture, and having a hook at the
      opposite end of the strap to be hooked over the body lip at the open end
      when the strap is passed over the hair rolled on the roller body.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a hair curler enabling preassembly of the roller
      body and fastener member prior to use, and more particularly to a hair
      curler providing maximum convenience of use for both the wearer and the
      hairdresser.
PAR  There are a number of disadvantages in the use of presently available hair
      curler assemblies. Some roller bodies include metal wire coils, and other
      curlers require the use of metal clips for securing the curler after the
      curl is rolled. Such curlers, involving the use of metal parts, absorb
      heat under a hair dryer and frequently result in severe discomfort to the
      wearer and occasionally burns of the scalp. Additionally the absorption of
      heat by metal parts adds to discomfort by lengthening the hair drying
      time. Some curler assemblies are relatively heavy; and this results in
      considerable discomfort and even headaches to the wearer due to the weight
      carried on the head over an extended drying period which may average about
      45 minutes.
PAR  For some curler assemblies having cylindrical roller bodies, the body
      absorbs considerable heat, and this is a disadvantage from the standpoint
      of heat loss, and further from the standpoint that this absorbed heat
      effects too rapid drying of the course of hair shafts immediately adjacent
      to the roller body and resultant uneven drying of the hair curl. For other
      assemblies the body may be made of moisture absorbing material (such as
      sponge rubber), requiring additional drying time to first dry out the
      roller body. Some curler assemblies require the use of plastic stab pins
      for securing the curler after the curl is rolled and these raise the
      possibility of injury to the scalp in use, by way of abrasion or
      laceration. The use of spring clips, metal or otherwise, for securing the
      curler after rolling the hair creates a flat area on the curl which is
      sometimes difficult to cover up with certain hair styles.
PAR  Another disadvantage of some hair curler assemblies is that their
      construction encourages entrappment of bacteria, increasing the problem of
      sanitation and encouraging transmittal of infection or disease from one
      customer to another if proper sanitation procedures are not practiced in
      commercial hairdressing establishments.
PAR  A principal object of this invention is to provide a novel hair curler
      assembly which obviates the disadvantages of presently available hair
      curler assemblies as above discussed.
PAR  Another principal object of this invention is to provide a novel hair
      curler assembly which can be manufactured and marketed at low cost, to
      encourage disposal after a single use and obviate sanitation problems.
PAR  Another object of this invention is to provide a very lightweight hair
      curler assembly for maximum user comfort.
PAR  A further object of this invention is to provide a unique curler assembly
      of roller body and fastener strap, wherein the components can be
      conveniently packaged unassembled for ready assembly prior to use. An
      ancillary object is to provide an assembly wherein the fastener strap is
      assembled to the roller body prior to use for the convenience of the
      hairdresser.
PAR  Still another object of this invention is to provide a novel hair curler
      assembly which obviates injury to the scalp by way of burns, abrasions or
      lacerations.
PAR  These objects are accomplished in a hair curler assembly comprising a
      generally cylindrical, hollow curler body and an elongated fastener. The
      curler body has one end wall and one open end, with the end wall being
      provided with a small central opening. The fastener strap has head means
      at one end dimensioned to be forced through the wall opening and to be
      retained by the end wall, with the other end having a hook member for
      engagement with the body cylindrical wall at its open end. The curler body
      is preferably made from an open celled, lightweight, heat insulating
      material with the fastener strap being fabricated from a sheet plastic
      material.
PAR  The novel features and the advantages of the invention, as well as
      additional objects thereof, will be understood more fully from the
      following description when read in connection with the accompanying
      drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a perspective view of a roller body according to the invention;
PAR  FIG. 2 is a view of a fastener strap prior to assembly with the roller
      body;
PAR  FIG. 3 is a cross-sectional view of the roller body in a diametral plane,
      showing the assembly of the roller body and fastener strap; and
PAR  FIG. 4 is a view of the roller assembly of the invention securing a rolled
      curl.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, the curler assembly consists of a roller body 10
      and a fastener strap 20. The roller body is a hollow body consisting of a
      generally cylindrical wall 11, an end wall 12 which closes one end of the
      body with the exception of a central opening 13, and the other end of the
      roller body being open. By way of typical dimension, this curler body may
      have a length of about 21/2   inches and a diameter of about 1 inch, with
      the opening 13 being relatively small as described subsequently. The
      curler body is preferably fabricated of a material which is resistant to
      heat conduction, which is moisture resistant and which is very
      lightweight. Additionally the body may be provided with a heat reflective
      and a moisture repelling exterior surface, such as a glazed surface. A
      preferred form of material for the body 10 is an expanded synthetic
      resinous material, Styrofoam being one example. A specific form of
      material is glazed Styrofoam of the type used in the manufacture of molded
      hot and cold drinking cups. Roller bodies of this material may have only
      one-fourth the weight of conventional roller bodies. Alternatively, the
      roller body may be fabricated from a cellulose or fibrous material, such
      as a paper or cardboard type material. Preferably the body material should
      be capable of being molded, to facilitate the production of roller bodies
      at minimum cost.
PAR  A preferred form of fastener 20 may be fabricated from sheet plastic
      material, such as a vinyl plastic having a thickness of about 1/32 inch
      for example. In FIG. 2 such a fastener is viewed from one side and, in
      relation to a roller body, as above described, may have an overall length
      of about 5 inches and a maximum width of 1/2 inch. As seen in FIG. 2, the
      fastener strap is provided with serrated edges, intermediate its ends; and
      defines a lead 21 of reduced width, a first head 22 adjacent to the lead
      end, successive spaced enlargements or heads 23 along the intermediate
      portion of the strap, and a hook 24 at the opposite end of the strap
      formed by a cut-out slot 25. In the fabrication of fastener straps 20,
      these may be conveniently fabricated from sheet plastic material wherein
      the outlines of the straps are scored with the cut-outs 25 punched, so
      that a quantity of such straps may be conveniently packaged in sheet form
      to be readily separated into individual straps by the user.
PAR  By way of example the minimum width of the neck portions of the serrations
      may be about 1/4 inch for example; and in relation to this the roller body
      opening 13 may have a diameter slightly in excess of 1/4 inch. In the
      assembly of the fastener strap to the body as illustrated in FIG. 2, the
      head 22 may be forced through the opening 13 with the head deforming to
      allow entrapment inside the body with the strap then being retained by the
      end wall. This assembly would preferably be made prior to use of the
      curler, and during the rolling of the curl the strap due to its inherent
      stiffness would remain generally axially aligned with the curler axis and
      out of the way. When the curl is rolled the strap is readily available to
      be attached as illustrated in FIG. 2 by hooking the hook 24 over the lip
      of the cylindrical wall 11 at the body open end. This will securely hold
      the curler assembly in place with the fastener being relatively loose to
      avoid excessive compression of the curl resulting in a flat on the curl or
      damage to the hair. Should the fastener strap be too loose, the strap can
      be further forced through the body opening 13 to pass one or more of the
      heads 23 into the interior of the body.
PAR  Where the roller body is fabricated from a readily frangible material such
      as the above mentioned Styrofoam, the strap head may actually penetrate
      the end wall forming slot extensions of the opening 13; and due to the
      inherent friction between the body slot and strap, the strap will be
      retained to adequately secure the assembly after the curl is rolled.
PAR  Alternatively the fastener straps may be fabricated from a material other
      than plastic, such as fibrous paper or cardboard type material or any
      other suitable sheet material.
PAR  What has been described is a unique and effective hair curler assembly
      which can be easily fabricated from readily available materials and which
      can be fabricated by mass production techniques resulting in extremely low
      cost. This is particularly important from the standpoint of producing a
      low cost curler assembly, which may be marketed as a "disposable curler
      assembly" thereby obviating the danger of transferring bacteria or disease
      from one user to another. The components are very lightweight for maximum
      comfort to the wearer; and the preferred materials minimize heat
      absorption for additional wearer comfort from the standpoint of reduced
      hair drying time. An important advantage of this assembly is that it
      requires no metal parts and no sharp components which may injure the
      wearer's scalp as by burns, abrasions or lacerations. Still another
      advantage is the convenience to the hair dresser, whether the wearer or a
      professional hairdresser, in that the fastener straps or components are
      attached to the curler body prior to use for ready fastening of the curler
      when the curl is rolled, obviating the necessity for reaching or searching
      for a fastening component. This assembly provides adequate tension for
      keeping the curler in place, but obviates hair breakage which results from
      excessive tension or spring clamping force.
PAR  While preferred embodiments of the invention have been illustrated and
      described, it will be understood by those skilled in the art that changes
      and modifications may be resorted to without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hair curler assembly comprising
PA1  a generally cylindrical, hollow roller body having one end wall and one
      open end; said end wall having a small central opening; said body open end
      being defined by a generally smooth lip disposed in a transverse plane;
PA1  an elongated non-elastic fastener having head means at one end, comprising
      longitudinally spaced enlargements, dimensioned to be forced through said
      wall opening and to be retained by said end wall, and having hook means at
      its other end for engagement with said body lip at its open end.
NUM  2.
PAR  2. A curler assembly as set forth in claim 1
PA1  said body being fabricated from a lightweight, heat insulating, moisture
      resistant material.
NUM  3.
PAR  3. A curler assembly as set forth in claim 2
PA1  said body being fabricated from an open celled plastic material.
NUM  4.
PAR  4. A curler assembly as set forth in claim 2
PA1  said roller body being fabricated from an open celled fibrous material.
NUM  5.
PAR  5. A curler assembly as set forth in claim 2
PA1  said body being fabricated from an expanded synthetic resinous material.
NUM  6.
PAR  6. A curler assembly as set forth in claim 1
PA1  said body being provided with a heat reflective exterior surface.
NUM  7.
PAR  7. A curler assembly as set forth in claim 1
PA1  said fastener comprising a strap fabricated from a flexible sheet material.
NUM  8.
PAR  8. A curler assembly as set forth in claim 7
PA1  said fastener strap being fabricated from a sheet plastic material.
NUM  9.
PAR  9. A curler assembly as set forth in claim 7
PA1  said fastener strap head means being provided by serrations along at least
      one edge of said strap beginning adjacent to said one end and defining
      alternating areas of greater and lesser width.
NUM  10.
PAR  10. A curler assembly as set forth in claim 9
PA1  said areas of lesser width having a width slightly less than the diameter
      of said end wall opening.
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ABST
PAL  A nail clipper implement has its jaw elements fastened together at one end
      and aligned cooperating apertures adjacent its jaw end in which is seated
      a pivot member of generally rectangular cross section and having an
      elongated head portion of greater length than the width of the apertures
      so as to be engaged outwardly of one of the jaw elements. An operating
      lever is pivotally mounted on the pivot member adjacent the other end
      thereof and underlies the other jaw element. At least one of the lever,
      jaw elements and pivot member has means thereon for releasably locking the
      lever against inadvertent rotation in at least the closed position. The
      locking means preferably comprises a recess in the outer surface of one of
      the jaw elements which seats the head portion of the pivot member. The
      pivot member is preferably formed of sheet metal stock as a unitary
      element or it can be two or more similarly configured and dimensioned
      sheet metal elements positioned in side-by-side relationship.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Nail clipper implements fabricated from sheet metal stock are widely
      manufactured and sold in various sizes and configurations. Conventionally,
      the more modern nail clipper implements utilize spring steel to provide
      inherent biasing action and are fastened together at the end opposite
      their ground or machined jaws by welding, riveting or the like. The
      operation lever for manufacturing the jaw elements so as to move them
      towards each other is conventionally mounted upon a pivot stud which
      extends through apertures formed in the jaw elements adjacent the cutter
      jaws and it is rotatable within the apertures to effect rotation of the
      operating lever which may itself pivot thereon. In this manner, the
      operating lever may be moved from operative to inoperative positions
      conveniently and readily.
PAR  To effect this desired rotation, it has been conventional to employ a pivot
      member of circular cross section which is headed at one end to underlie
      the lower of the jaw elements and which has notches adjacent the other end
      to pivotably seat the operating lever. Illustrative of such nail clippers
      is that illustrated in Loda U.S. Pat. No. 3,089,239. The use of such pivot
      studs affords some disadvantages due to cost, problems in manufacture, and
      problems in retaining the operating lever in the desired operative or
      inoperative positions.
PAR  It has been heretofore proposed to manufacture nail implements utilizing
      non-circular configurations for the pivot member such as the structures
      illustrated in Wright U.S. Pat. No. 796,389; Pettibone U.S. Pat. No.
      1,066,839; Wiesenburg U.S. Pat. No. 1,426,696; Carter et al U.S. Pat. No.
      1,436,010; Schnefel U.S. Pat. No. 1,702,137; Langley U.S. Pat No.
      2,616,436; and Senshu U.S. Pat. No. 2,799,923. However, such structures
      have employed less desirable modes of operation or have themselves
      imparted difficulties in manufacture.
PAR  It is an object of the present invention to provide a novel nail clipper
      implement employing a pivot member of rectangular cross section for each
      and economy of manufacture.
PAR  It is also an object to provide such a nail clipper implement in which the
      operating lever may be locked in one or both of its operative and
      inoperative positions.
PAR  Another object is to provide such a nail clipper implement in which the
      pivot members may be readily fabricated from sheet metal stock by stamping
      or like operations so that all the elements of the nail clipper implement
      may be readily fabricated upon high speed manufacturing equipment.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the foregoing and related objects can be readily
      attained in a nail clipper implement comprising a pair of superposed
      elongated jaw elements having cooperating cutter jaws at one end thereof
      and aligned cooperating apertures adjacent thereto. The jaw elements are
      fastened together at their other end and are biased apart to provide
      yieldable spacing between the cutter jaws. A pivot member is rotatably
      seated in the cooperating apertures of the jaw elements, and an elongated
      operating lever for the jaw elements is pivotably mounted at its one end
      upon the pivot member adjacent one end thereof so that it overlies one of
      the jaw elements.
PAR  The pivot member is of generally rectangular cross section and has an
      elongated head portion at the other end thereof of greater length than the
      width of the apertures and disposed outwardly of the other jaw element. A
      notch extends inwardly adjacent the one end of the pivot member and is
      disposed at least in part outwardly of the one jaw element. The operating
      lever has an aperture adjacent its pivoted end through which the one end
      of the pivot member extends in the closed position of the lever; and it
      also has a pivot portion at its pivoted end which is engaged in the notch
      of the pivot member. As a result, the lever is pivotable in the notch over
      the pivot member; and the pivot member and operating lever are also
      rotatable 180.degree. in the pair of apertures to move the lever to its
      operative position. At least one of the lever, jaw elements and pivot
      member has means thereon for releasably locking the lever against
      inadvertent rotation in at least the closed position thereof.
PAR  In the preferred embodiment, the releasable locking means locks the
      operating lever in both the closed and operative positions, and it is
      conveniently provided by a recess in the outer surface of the other jaw
      element dimensioned and configured to seat the head portion of the pivot
      member therein. To disengage the head portion from the recess, the jaw
      elements are compressed. The pivot member most desirably comprises a
      unitary element of sheet metal stock or it may be comprised of at least
      two similarly configured and dimensioned elements of sheet metal stock
      positioned in side-by-side relationship.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a nail clipper implement embodying the
      present invention with the operating lever in the closed position;
PAR  FIG. 2 is a side elevational view thereof to a somewhat reduced scale
      showing the operating lever in the operative position thereof in full line
      and in the initial pivoted position thereof in phantom line;
PAR  FIG. 3 is a fragmentary side elevational view similar to FIG. 2 but to an
      enlarged scale;
PAR  FIG. 4 is a fragmentary exploded view of the jaw end of the clipper
      implement in a position inverted from that shown in FIGS. 1-3;
PAR  FIG. 5 is a fragmentary plane view showing the operating lever in the
      closed position thereof;
PAR  FIG. 6 is a fragmentary bottom view showing the operating lever and pivot
      member pivoted 90.degree. from the operative and closed positions;
PAR  FIG. 7 is a fragmentary bottom view showing the pivot member locked in the
      locking recess;
PAR  FIG. 8 is a fragmentary cross sectional view to a greatly enlarged scale
      showing the pivot member as locked in the locking recess; and
PAR  FIG. 9 is a fragmentary bottom view of another embodiment of a nail clipper
      implement using a separate blade and multiple piece pivot member.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Turning now in detail to the attached drawing, therein illustrated is a
      nail clipper implement of generally conventional construction and
      comprised of the superposed elongated jaw elements generally designated by
      the numerals 10, 12 which have cooperating cutter jaws 14, 16 at one end
      thereof and which are secured together at the other end by a rivet (not
      shown) or other suitable and conventional means. In accordance with
      conventional practice, the jaw elements 10, 12 are fabricated of spring
      steel or the like and are formed to diverge towards their jaw ends so that
      the jaws 14, 16 will normally be biased apart as seen in FIGS. 1-3.
PAR  Adjacent the cutter jaws 14, 16, the jaw elements 10, 12 are provided with
      aligned cooperating circular apertures 18, 20, and the jaw element 12 is
      additionally provided with a longitudinally extending recess 22 in the
      outer surface thereof as best seen in FIGS. 4 and 8. Rotatably seated in
      the apertures 18, 20 is a sheet metal pivot member generally designated by
      the numeral 24 having a shank portion 26 of a width slightly smaller than
      the diameter of the circular apertures 18, 20 so as to be rotatable
      therein. At one end, the pivot member 24 is provided with an elongated
      head portion 28 which extends beyond the margins of the aperture 18 and
      seats in the recess 22. Adjacent its other end, the pivot member 24 is
      provided with a slot or notch 30 which extends inwardly and upwardly from
      one side margin and is at least in part disposed above the outer surface
      of the jaw element 10.
PAR  Pivotally mounted on the pivot member 24 is an elongated operating lever
      generally designated by the numeral 32 which is formed with a downwardly
      inclined mounting end portion 34 (as seen in the closed or inoperative
      position) and an aperture 36 in the mounting end portion 34. As a result,
      there is defined a cross arm 38 at the pivoted end which includes aligned
      notches 40, 42 in which the pivot member 24 is seated. The body portion 44
      of the operating lever is provided with an upstanding boss 46 immediately
      adjacent the aperture 36 (again as seen in the closed or inoperative
      position) and an angularly bent free end portion 48.
PAR  In assembling the implement, the pivot member 24 is inserted through the
      apertures 18, 20 and the operating lever 32 is mounted by engaging the
      cross arm 38 in the slot or notch 30 of the pivot member. Effecting this
      engagement will generally require some compression of the jaws 14, 16.
      Thereafter, the operating lever 32 may be pivoted into the inoperative or
      closed position shown in FIG. 1 and the parts are held in assembly by
      reason of the spring action of the jaw elements 10, 12. As will be
      appreciated, the head 28 seats in the recess 22 and locks the pivot member
      24 and thereby the operating lever 32 in the inoperative position against
      inadvertent rotation.
PAR  To use the implement, the operating lever 32 is first pivoted about the
      pivot member 24 to the position shown in phantom line in FIG. 2. The jaw
      element 12 is then pressed towards the jaw element 10 sufficiently to
      release the head 28 of the pivot member 24 from the recess 22 in the jaw
      element 12, at which point the pivot member 24 may be rotated within the
      apertures 18, 20 to bring the operating lever 32 into the position shown
      in full line in FIG. 2. At this point, the head 28 again seats in the
      recess 22 of the jaw element 12 to lock the operating lever in the desired
      operating position. To return the operating lever to the inoperative
      position, the jaw element 12 is again compressed towards the jaw element
      10 to free the pivot member 24 for rotation of the operating lever and
      pivot member, and thereafter the lever is pivoted into the closed
      position.
PAR  Turning now to the embodiment of FIG. 9, there is fragmentarily illustrated
      a nail clipper implement having a file blade generally designated by the
      numeral 60 pivotally mounted by the rivet 62 on the lower surface of the
      lower jaw element 12. In this embodiment, the pivot member 24 is comprised
      of two sheet metal elements 24', 24" of similar dimension and
      configuration so as to more fully occupy the apertures 18,20 of the jaw
      elements 10,12. The file blade 60 is elongated so as to extend about the
      pivot member 24 and has a notch 64 at its free end so as to seat about the
      pivot member 24, thus interlocking the two members against inadvertent
      relative rotation. To effect pivotal movement of the operating lever, the
      file blade 60 is lifted and pivoted away from the pivot member 24. After
      the operating lever has been pivoted to its operative position, the file
      blade 60 may again be used to capture the pivot member 24 to avoid
      inadvertent relative rotation of the pivot member and the operating lever.
PAR  The pivot members of the present invention are conveniently fabricated by
      stamping operations from sheet metal stock so as to facilitate
      manufacturing operations and reduce cost. Although the single thickness
      pivot member illustrated in the accompanying drawing has proven highly
      advantageous, the pivot member may be comprised of two or more similarly
      configured and dimensioned sheet metal elements which can be secured
      together by welding, riveting or the like or can be assembled loosely
      within the apertures of the jaw elements.
PAR  As is conventional in the art, the nail clipper implement may include one
      or more additional blades providing other tool features such as a knife
      blade, a file blade or the like. Such implements are pivoted to the jaw
      elements at the end spaced from the cutter jaws and may be pivoted upon a
      rivet used to secure the jaw elements together. These additional blades
      may be mounted upon the upper surface of the lower jaw element. In the
      latter version of the implement, these pivoted blades may include a notch
      formed at their free end and adapted to lock upon the head of the pivot
      member so as to minimize relative rotation.
PAR  Thus, it can be seen from the foregoing detailed specification and drawing
      that the nail clipper implement of the present invention is one which is
      readily adapted to ease and economy of manufacture and employs a pivot
      member of rectangular cross section which can be produced by conventional
      stamping operations. The operating lever may be locked in one or both of
      its operative and inoperative positions and an additional blade element
      may interlock with the head of the pivot member to minimize inadvertent
      relative rotation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A nail clipper implement comprising a pair of superposed elongated jaw
      elements having cooperating cutter jaws at one end thereof and aligned
      cooperating apertures adjacent said one end; means fastening the other end
      of said jaw elements, said cutter jaws being spaced apart in one position
      thereof and said jaw elements being fabricated from resiliently
      deflectable material to provide yieldable spacing between said cutter
      jaws; a pivot member seated in said cooperating apertures of said jaw
      elements and dimensioned and configured for rotation therein; and an
      elongated operating lever for said jaw elements pivotably mounted at one
      end on said pivot member adjacent one end thereof and overlying one of
      said jaw elements, said pivot member being comprised of at least two
      similarly configured and dimensioned elements of sheet metal stock
      positioned in side-by-side relationship, the composite pivot member formed
      by said elements being of generally rectangular cross section and of
      uniform thickness throughout, said pivot member having an elongated head
      portion at the other end thereof of greater length than the width of said
      apertures and disposed outwardly of the other jaw element, said pivot
      member having a notch extending inwardly adjacent said one end thereof
      disposed at least in part outwardly of said one jaw element, said
      operating lever having an aperture adjacent its pivoted end through which
      said one end of said pivot member extends in the closed position of said
      operating lever and a pivot portion at its pivoted end engaged in said
      notch, said operating lever being pivotable in said notch over said pivot
      member and said pivot member and operating lever being rotatable
      180.degree. in said pair of apertures to the operative position of said
      lever; said implement including means for releasably locking said lever
      and pivot member against inadvertent rotation relative to said jaw element
      in at least the closed position thereof, said releasable locking means
      including a recess in the outer surface of said other jaw element
      dimensioned and configured to seat the head portion of said pivot member
      therein, said head portion being disengageable from said recess by
      compression of the spacing between said jaw elements.
NUM  2.
PAR  2. The nail clipper implement of claim 1 wherein said releasable locking
      means locks said lever in both the closed and operative positions.
NUM  3.
PAR  3. The nail clipper implement of claim 1 wherein said operating lever
      includes a boss on said operating lever to the other side of said aperture
      spaced from said pivot portion and projecting upwardly in the closed
      position of said operating lever.
NUM  4.
PAR  4. The nail clipper implement of claim 1 wherein said pivot member
      comprises a unitary element of sheet metal stock.
NUM  5.
PAR  5. A nail clipper implement comprising a pair of superposed elongated jaw
      elements having cooperating cutter jaws at one end thereof and aligned
      cooperating apertures adjacent said one end; means fastening the other end
      of said jaw elements, said cutter jaws being spaced apart in one position
      thereof and said jaw elements being fabricated from resiliently
      deflectable material to provide yieldable spacing between said cutter
      jaws; a pivot member seated in said cooperating apertures of said jaw
      elements and dimensioned and configured for rotation therein; and an
      elongated operating lever for said jaw elements pivotably mounted at one
      end on said pivot member adjacent one end thereof and overlying one of
      said jaw elements, said pivot member being of generally rectangular cross
      section and of uniform thickness throughout, said pivot member having an
      elongated head portion at the other end thereof of greater length than the
      width of said apertures and disposed outwardly of the other jaw element,
      said pivot member having a notch extending inwardly adjacent said one end
      thereof disposed at least in part outwardly of said one jaw element, said
      operating lever having an aperture adjacent its pivoted end through which
      said one end of said pivot member extends in the closed position of said
      operating lever and a pivot portion at its pivoted end engaged in said
      notch, said operating lever being pivotable in said notch over said pivot
      member and said pivot member and operating lever being rotatable
      180.degree. in said pair of apertures to the operative position of said
      lever; said pivot member being fabricated from sheet metal stock and
      having substantially parallel side surfaces; and an elongated blade member
      on the outer surface of the other of said jaw elements and pivotably
      mounted at one end on said jaw elements adjacent the other end thereof,
      said blade member having a notch at its other end seating the head portion
      of said pivot member to prevent rotation thereof.
NUM  6.
PAR  6. The nail clipper implement of claim 5 wherein said pivot member
      comprises at least two similarly configured and dimensioned elements of
      sheet metal stock positioned in side-by-side relationship.
NUM  7.
PAR  7. A nail clipper implement comprising a pair of superposed elongated jaw
      elements having cooperating cutter jaws at one end thereof and aligned
      cooperating apertures adjacent said one end; means fastening the other end
      of said jaw elements, said cutter jaws being spaced apart in one position
      thereof and said jaw elements being fabricated from resiliently
      deflectable material to provide yieldable spacing between said cutter
      jaws; a pivot member seated in said cooperating apertures of said jaw
      elements and dimensioned and configured for rotation therein; and an
      elongated operating lever for said jaw elements pivotably mounted at one
      end on said pivot member adjacent one end thereof and overlying one of
      said jaw elements, said pivot member being of generally rectangular cross
      section and of uniform thickness throughout, said pivot member having an
      elongated head portion at the other end thereof of greater length than the
      width of said apertures and disposed outwardly of the other jaw element,
      said pivot member having a notch extending inwardly adjacent said one end
      thereof disposed at least in part outwardly of said one jaw element, said
      operating lever having an aperture adjacent its pivoted end through which
      said one end of said pivot member extends in the closed position of said
      operating lever and a pivot portion at its pivoted end engaged in said
      notch, said operating lever being pivotable in said notch over said pivot
      member and said pivot member and operating lever being rotatable
      180.degree. in said pair of apertures to the operative position of said
      lever; said pivot member being fabricated from sheet metal stock and
      having substantially parallel side surfaces, said pivot member being
      comprised of at least two similarly configured and dimensioned elements of
      sheet metal stock positioned in side-by-side relationship, said pivot
      member being locked in at least the closed position of said operating
      lever by engagement with other members of the implement to lock the lever
      against inadvertent rotation relative to the jaw elements in at least the
      closed position of said lever.
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ABST
PAL  Toothbrush handle includes reservoir for pressurized toothpaste. Outflow of
      toothpaste is controlled by a ball valve which is unseated by motion of
      the tooth with respect to its handle. Passages through the shank of the
      brush into the brush back and directed into the bristles convey the
      toothpaste into the bristle zone.
BSUM
PAC  BACKGROUND
PAR  This invention is directed to a fountain toothbrush with a paste cartridge,
      and particularly a toothbrush having a pressurized paste cartridge which
      supplies paste to the bristle area upon demand by the user.
PAR  Dental prophylaxis on a regular basis has become a customary portion of
      personal cleanliness. A variety of toothbrushes are available to
      individuals for the periodic and regular cleaning of teeth. Furthermore,
      specialized cleaning materials in the form of toothpastes and powders are
      available to aid in this lavation. It is customary to choose a toothbrush
      and a toothpaste and employ them regularly to minimize more serious dental
      care.
PAR  A number of steps forward have been made to improve the convenience or
      efficiency of tooth cleaning. Electric toothbrushes provide powered motion
      of the bristles; fountain toothbrushes provide means whereby toothpaste is
      furnished to the bristles. Prior fountain toothbrushes, however, require
      squeezing of a standard toothpaste tube and have complex structures to
      thus accomplish the discharge of toothpaste to the brush. These former
      devices are more complex and, accordingly, more expensive and less likely
      to continue working for long life.
PAC  SUMMARY
PAR  In order to aid in the understanding of this invention, it can be stated in
      essentially summary form that it is directed to a toothbrush with paste
      cartridge wherein the cartridge serves as a toothbrush handle. Pressurized
      paste is positioned in the handle, and a valve controls outflow of the
      pressurized paste. The brush has a shank with the shank extending into the
      handle so that, upon motion of the brush with respect to the handle, the
      valve is opened, and paste is discharged through channels in the shank
      into the bristle area.
PAR  It is thus an object of this invention to provide a toothbrush with
      pressurized paste cartridge so that paste can be discharged as required.
      It is a further object to provide a toothpaste cartridge which contains
      pressurized toothpaste and which can be fitted with a brush so that, when
      fitted, the paste can be discharged into the bristles of the brush. It is
      a further object to provide a paste cartridge having a valve therein, with
      the valve operable by the brush to discharge pressurized toothpaste into
      the bristle area of the brush. Other objects and advantages of this
      invention will become apparent from a study of the following portion of
      the specification, the claims, and the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side-elevational view of the toothbrush with paste cartridge of
      this invention.
PAR  FIG. 2 is a longitudinal section therethrough.
PAR  FIG. 3 is an enlarged perspective view, with parts broken away, showing the
      brush separated from the cartridge.
PAR  FIG. 4 is a section taken generally along the line 4--4 of FIG. 2.
PAR  FIG. 5 is an exploded view, showing the two housing halves of the paste
      cartridge separated from each other to show the interior structure
      thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The toothbrush with paste cartridge is generally indicated at 10 in FIGS. 1
      and 2. Brush 12 has brush back or head 14 which contains bristles 16. The
      head is mounted on shank 18 which expands in a taper to shoulder 20.
      Beyond shoulder 20, shank 18 has a straight guide section 22 of
      substantially square configuration, with rounded corners. Beyond the
      straight guide section 22 is stop shoulder 24 which faces shoulder 20.
      Stop shoulder 24 merges into conical section 26 which, in turn, merges
      into hemispherical end 28. Duct 30 extends from the hemispherical end 28
      through the shank and into head 14. In head 14, duct 30 opens through two
      side branches 32 and 34 to the side of head 14 which carries bristles 16.
      The bristles comprise two rows of natural or nylon bristles inserted into
      the head 14. The duct with its branches permits discharge of toothpaste
      into the bristles of brush 12. Duct 30 opens out of hemispherical end 28.
      Next to the opening is finger 36. The duct or the finger may be on the
      center line of the shank, but preferably they are both slightly displaced
      from the center line so that the access to duct 30 is beside finger 36.
PAR  Handle 38 serves as a means for conveniently holding and using the
      toothbrush and also serves as a fountain reservoir of toothpaste which can
      be discharged through duct 30 into the bristles. The handle serves as a
      toothpaste cartridge to supply toothpaste when desired. Handle 30 is
      formed of two complementary handle halves 40 and 42, see FIG. 5, which are
      complementary and interlocking with appropriate flanges to assemble into a
      secure handle toothpaste cartridge. In assembly, flange 44 can fit into
      the corresponding recess so that adhesive fastening or welding can be
      achieved. The two handle halves will act together to form reservoir 46
      which contains paste 48. Toothpaste 48 is of conventional viscosity, as is
      found in today's usual toothpaste tubes so that it may be extruded out of
      branches 32 and 34 into the bristles. Pressurization of toothpaste 48 is
      achieved by forming a closed polycarbonate bag 50, as by ultrasonic
      welding, which contains a few drops of polytetrafluoroethylene (Freon-TM).
      At room temperature, the polytetrafluoroethylene expands to pressurize the
      paste 48. The pressure desired dictates the type of
      polytetrafluoroethylene chosen for this task.
PAR  Valve seat 52 has ball 54 seated thereon. Spring 56 resiliently retains the
      ball in its seat to close passage of pressurized paste through the valve
      seat out of the paste reservoir. Spring 56 also engages upon spring seat
      58 formed in the wall of the reservoir.
PAR  Guide flanges 60 and 62 extend inwardly toward the brush end of handle 38.
      They have guide openings 64 and 66 therein to receive and guide the guide
      section 22 of shank 18. Guide flanges 60 and 62 are sufficiently resilient
      so that the conical section 26 can be pressed therethrough so that stop
      shoulder 24 engages on the back of guide flange 62. As is seen in FIGS. 3
      and 4, the guide opening 64 and also its companion guide opening 66 need
      not be a very close fit within guide section 22. These guide openings need
      to restrain and guide brush 12 within handle 38 and to prevent withdrawal
      of the brush with ordinary forces. Finger 36 engages against ball 54 to
      hold the brush to the left, and this is adequate force to maintain the
      brush structure in the left position for brushing. Rightward thrust of
      brush 12 with respect to handle 38 causes finger 36 to unseat ball 54 to
      permit pressurized toothpaste to flow to the left, entering duct 30 to be
      discharged into bristles 16. Seal ring 68 is an elastomeric, annular ring
      which is positioned within the handle between seat 52 and guide flange 62.
      Seal ring 68 engages against the conical section 26 to seal with respect
      thereto. The seal ring also urges the brush to the left to enhance brush
      stability during the brushing operation.
PAR  Toothbrush 10 thus combines brush 12 with handle 38 which comprises a paste
      cartridge. Brush 12 is a separate unit which snaps into the pressurized
      toothpaste-containing handles 38. As described, moving the brush to the
      right permits the discharge of pressurized paste through duct 30 into the
      bristles for use. Bristles 16 comprise preferably two rows of natural or
      nylon bristles inserted into brush head 14. Brush 12 is preferably of
      injection-molded polystyrene material or other similar material. The
      flexibility of guide flanges 60 and 62 permit the insertion of brush 12 so
      that they snap together. The flat sides of guide section 12 prevent any
      twisting or slipping out of alignment. In use, finger 36 unseats rubber
      valve ball 54 to release toothpaste 48 which is pressurized by the gas
      contained in pressure bag 50. Of course, handle 38 is held in the hand,
      and the warming of the handle from that source increases the pressure so
      that adequate pressure is available when needed. Even flow of the
      toothpaste results, as the pressurized bag full of Freon extrudes the
      paste into bristles 16. The brush is then used in conventional manner, and
      the bristles can be washed under running water. The toothbrush with its
      paste cartridge can be repeatedly used in conventional manner until the
      toothpaste in a particular handle 30 is exhausted. Thereupon, brush 12 is
      pulled from handle 38, and the old handle section is discarded.
PAR  Toothpaste cartridges in the form of handle 38 can be separately marketed
      to serve as a refill package. The old brush 12 is then inserted into the
      new handle 38 by snapping it into position. Thereupon, it is ready for
      continued use.
PAR  This invention having been described in its preferred embodiment, it is
      clear that it is susceptible to numerous modifications and embodiments
      within the ability of those skilled in the art and without the exercise of
      the inventive faculty. Accordingly, the scope of this invention is defined
      by the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toothbrush with paste cartridge comprising:
PA1  a reservoir for containing toothpaste and a vaporizing-material-pressurized
      closed resilient bag in said reservoir for pressurizing toothpaste in said
      reservoir, an outlet from said reservoir, a brush mounted on and connected
      to the outlet of said reservoir so that said brush is axially movably
      mounted with respect to said reservoir, a valve at the outlet of said
      reservoir for controlling flow of paste from said reservoir to said brush
      said brush occupying a first axial position in a first direction when said
      valve is closed and said brush having a shank which engages said valve and
      opens said valve when said brush is in a second axial position with
      respect to said reservoir for permitting pressurized paste to flow from
      said reservoir to said brush.
NUM  2.
PAR  2. The toothbrush with paste cartridge of claim 1 wherein said brush is
      removably mounted with respect to said reservoir.
NUM  3.
PAR  3. The toothbrush with paste cartridge of claim 1 wherein said paste
      cartridge comprises a handle and said reservoir is within said handle.
NUM  4.
PAR  4. A toothbrush with paste cartridge comprising:
PA1  a handle and a brush mounted on said handle, a reservoir for containing
      toothpaste within said handle, said reservoir having a pressurized bag
      having volatile liquid therein for pressurizing toothpaste in said
      reservoir, said handle being formed of complementary handle halves
      interlocked together and sealed together so that a portion of said handle
      halves act together to form said reservoir, valve seat flanges extending
      from said handle halves and adjoining each other to define a valve seat, a
      valve ball on said valve seat, a spring seat formed as flanges in said
      handle halves and a spring mounted on said spring seat and urging said
      ball to close said valve seat, first and second guide flanges formed on
      each of said handle halves and forming guide openings in line with said
      valve seats said brush having a guide section engaged in said guide
      openings, said brush having a stop shoulder thereon engaging behind said
      first guide flange to resiliently limit motion of said brush with respect
      to said handle, said brush having a shank thereon which engages said valve
      ball and moves said valve ball off of its seat when said brush is moved
      through said guide flanges to permit discharge of toothpaste from said
      reservoir as a result of expansion of said pressurized bag in toothpaste
      in said reservoir.
NUM  5.
PAR  5. The toothbrush with paste cartridge of claim 4 wherein said valve
      engaging means comprises a finger on said brush, said finger extending
      beyond said stop shoulder.
NUM  6.
PAR  6. The toothbrush with paste cartridge of claim 5 wherein a resilient
      annular seal ring engages around said brush between said finger and said
      stop shoulder to prevent paste flow around said stop shoulder.
NUM  7.
PAR  7. A paste cartridge for a toothbrush comprising:
PA1  a handle, a toothpaste reservoir within said handle, a pressurized
      vaporizable-liquid-containing flexible closed bag within said reservoir
      for pressurizing toothpaste within said reservoir to expel toothpaste from
      said reservoir, a valve seat having an opening therethrough comprising a
      toothpaste discharge opening from said reservoir, a ball seated in said
      valve seat for preventing toothpaste discharge, a guide opening in said
      handle, said guide opening being aligned with said opening in said valve
      seat so that the shank of a toothbrush having a duct therethrough can be
      axially inserted through said guide opening to axially engage said valve
      ball and lift said valve ball from its seat to permit discharge of paste
      into said duct.
NUM  8.
PAR  8. The paste cartridge of claim 7 further including a resilient seal ring
      within said handle adjacent said guide opening and adjacent said valve
      seat so that, when a toothbrush shank is inserted through said guide
      opening, said seal ring can seal on the toothbrush shank.
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ABST
PAL  The ultrasonic cleaning device includes an ultrasonic radiation insulated
      container for holding a cleaning detergent. A first perforated basket for
      holding medical or dental tools is carried within the container. The open
      end of the container is closed by a cover having a peripherally attached
      rubber gasket and having its bottom side molded with waffle-like
      indentations for reflecting and/or absorbing ultrasonic radiation. The
      container and first perforated basket are sized such that one or more
      baskets can be carried on top of the first basket or, in the alternative,
      can be fitted with a stainless steel template having a pair of openings
      for receiving a glass container. The ultrasonic cleaning device is adapted
      with an automatic timer and a voltage regulator for varying the voltage
      input which, in turn, varies the ultrasonic frequency introduced into the
      cleaning detergent. The device is designed to produce a frequency of about
      one megacycle and can complete the cleaning cycle within 5-15 minutes. The
      use of an ultrasonic insulated container and cover prevents or minimizes
      the emission of ultrasonic radiation into an area immediately outside of
      the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field
PAR  This invention relates to a cleaning apparatus and particularly to an
      apparatus for cleaning dental and medical equipment by means of ultrasonic
      vibrations.
PAC  State of the Art
PAR  There are a number of ultrasonic cleaning devices commercially available
      for cleaning medical and dental tools and/or equipment. Most all of these
      devices utilize an electroacoustic transducer or a magnetostrictive
      oscillator for producing a suitable high vibrating frequency.
PAR  Most of the cleaning devices currently available on the market are not
      specifically adapted to reduce or minimize the amount of ultrasonic
      radiation escaping to the atmosphere, and as a result only a small amount
      of the ultrasonic radiation is effectively retained within the cleaning
      unit. In some units 70% to 90% of the emitted ultrasonic radiation
      eventually escapes to the outside of the cleaning unit. This large amount
      of radiation loss could be hazardous to the health of operators who are
      working in close proximity to the cleaning device.
PAR  In other commercially available units, the cleaning units are designed to
      perform a single cleaning function and do not possess the versatility for
      cleaning sets or classes of instruments used in medical or dental
      operations. For example, if two or more sets of medical or dental
      instruments and devices are to be cleaned, it is generally necessary to
      place all of the items in one cleaner or to utilize two separate cleaners
      or cleaning operations. Cleaners with shelf-like compartments which would
      permit various sets of instruments and devices to be cleaned as a group
      are generally not available. Currently color coding of special sets of
      instruments is utilized as a means for keeping the instruments separated
      during the cleaning operation. Compact ultrasonic cleaning devices which
      are designed specifically for preventing or substantially reducing
      ultrasonic radiation loss are not readily available.
PAC  Objects of the Invention
PAR  It is therefore an object of this invention to provide an ultrasonic
      cleaning unit which substantially minimizes ultrasonic radiation losses.
      Another object is to provide an ultrasonic cleaner having ultrasonic
      radiation insulated side walls and a cover adapted with a reflective
      and/or absorptive inside wall which will contain ultrasonic radiation.
      Still another object is to provide a cleaning unit which is compact and
      which is capable of maintaining separate individual sets of medical or
      dental instruments or devices during a cleaning operation.
PAC  Summary of the Invention
PAR  The ultrasonic cleaning unit of this invention comprises broadly an
      external housing or cabinet for supporting a liquid cleaner container.
      That portion of the container housed within the cabinet is wrapped with a
      resilient material capable of absorbing and/or reflecting ultrasonic
      radiation. The container is closed by means of a cover having a peripheral
      rubber gasket and containing molded indentations on its inner face for
      absorbing and reflecting ultrasonic radiations. The container is designed
      to receive dividers or at least two free standing baskets and/or to carry
      at least one or two impervious glass containers for holding materials or
      items to be cleaned. A means and controls are also provided for
      introducing an ultrasonic frequency into a cleaning solution carried by
      the container. More specifically, the means for covering the container
      comprises a molded thermoplastic cover having a plurality of concave
      inwardly slanted indentations for absorbing and/or reflecting ultrasonic
      radiations. The cover is preferably nonmetallic and is made from a
      material which is characterized by its ability to absorb and/or reflect
      ultrasonic radiations. Preferably the nonmetallic material is a
      thermoplastic material having its inner face molded with a type of waffled
      design such that ultrasonic radiations can be reflected back into the
      cleaning solution. That portion of the ultrasonic radiation which is not
      reflected is absorbed in the thermoplastic material and thereby insures
      that a minimum, if any, of the ultrasonic radiation is lost to an area
      outside of the cleaning unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of the ultrasonic cleaning device of
      this invention wherein the device is fitted with a template for holding a
      glass container;
PAR  FIG. 2 is a cross sectional view of the cabinet and liquid cleaning
      container taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view showing stacked baskets and a glass container
      resting on a drainage tray;
PAR  FIG. 4 is an exploded perspective view of the ultrasonic cleaning device of
      this invention wherein the device contains a pair of stacked baskets;
PAR  FIG. 5 is a bottom elevation view of the cover used in covering the
      container;
PAR  FIG. 6 is a cross sectional view of the cover taken along line 6--6 of FIG.
      5;
PAR  FIG. 7 is an enlarged bottom elevation of a portion of the waffle baffling
      used on the underside of the cover shown in FIG. 5;
PAR  FIG. 8 is an electrical diagram showing generally the relationship between
      the controls and transducer;
PAR  FIG. 9 is an enlargement of that section of FIG. 2 designated by a dotted
      circle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1 and 4, the ultrasonic cleaning device of this invention
      includes an outer shell or cabinet 10 fitted with a stainless steel
      container 12 for holding a cleaning solution. The container has a drain
      outlet 14 and a cover 16 which shall be described in more complete detail
      later in this disclosure.
PAR  As shown in FIG. 2, the cabinet is formed in two sections 11 and 13,
      respectively. The first section comprises a front and back wall 15 and 17
      and a bottom wall 19. The second section 13 overlies the first section 11
      and includes two side walls 23a and 23b and a top member 25 having a large
      cut-out center section 27 for receiving the container 12. The two sections
      are held in position by corner mounted screws 29.
PAR  The container 12 has an outwardly extending peripheral lip 31 which is
      sealed to an inwardly extending ledge 33 of the top member 25 by a rubber
      seal 35. The rubber seal 35 provides a watertight closure between the
      container and the top member 25.
PAR  A cushion of resilient material 37 such as foam rubber is cemented to the
      inturned edges of the front and back wall 15 and 17 of the first section
      to reduce, if not eliminate, any vibratory noise resulting from metal to
      metal contact between the front and back walls 15 and 17 and the side
      walls 23a and 23b during operation of the ultrasonic cleaning device.
PAR  The ultrasonic vibrations necessary to produce a cleaning action are
      produced by a transducer and related electrical components 41 which are
      depicted generally in FIG. 2 by a broken line rectangular box. The
      transducer and its related electrical components are housed in the space
      43a located between the bottom wall 45 of the container 12 and the bottom
      wall 19 of the cabinet 10. The vibrating frequency generated by the
      transducer 41 is transferred to the container 12 by means of electrical
      connectors 43 and three vibratory disks 21a, 21b and 21c mounted to the
      bottom wall 45 of the container 12.
PAR  The voltage applied to the transducer 20 is determined by a voltage control
      knob 22 located on the front side of the cabinet 10. The length of time
      the ultrasonic vibrations are being introduced into the cleaning solution
      is controlled by an automatic timer 24, having controls located on the
      outside of the cabinet 10. An indicator light 26 is also provided on the
      face of the cabinet to indicate when the cleaning unit is in operation.
PAR  In FIG. 8 a simple circuit diagram is depicted showing generally the timer
      24, the indicator light 26 and voltage regulator 22 in series with the
      transducer 20. Electrical connectors 43 lead from the transducer to
      vibratory disks 21a, 21b and 21c mounted to the bottom wall of the
      container. The electrical energy needed to operate the unit is provided
      from a 110-120 volt source 28.
PAR  Carried within the container 12 is a first perforated free standing basket
      30, having four downwardly extending legs 32 adapted with nonmetallic tips
      34. Extending upward from each leg along the basket's side walls is a
      continuous metallic handle rod 36 and 38, respectively. These handle rods
      are bent and are of such length that they are at least twice the height of
      the basket's side walls 40. A second perforated free standing basket 42
      having legs 44 and tips 46 is designed and possesses dimensions such that
      it is capable of fitting on top of the first basket 30. The second basket
      is likewise adapted with bent rod handles 48 and 50 which extend upward
      from the basket's front and back wall 52 and 54, respectively. The length
      of the bent rod handles are such that they extend just a short distance
      over the basket's front and back wall. The handles of both baskets are
      such that when the second basket is resting on the first basket, the
      handles of the two baskets extend over the top basket's walls a short
      distance, that is, a distance which will not hinder the closing of the
      container. This feature is more clearly shown in FIG. 3, where the baskets
      30 and 42 are shown resting on a drainage tray 60.
PAR  A variation of FIG. 3 is shown in FIG. 1 where the second basket 42 is
      omitted and instead a stainless steel template 62 having a pair of
      openings 64 and 66 for accommodating a pair of glass beakers 68 and 70,
      respectively. Smaller openings 72 are also provided to permit liquid
      and/or liquid vapor to pass therethrough. The template is bent at its
      front and rear end to form a lip 74 for fitting over the front and rear
      top edge of the basket's 30 front and back walls 76 and 78.
PAR  With the baskets within the container, the container is closed by a cover
      16. The cover is a rectangular piece of translucent thermoplastic having a
      recessed top handle 80 and a rubber gasket 81 fixed to its bottom face.
      The cover's bottom face is molded into a type of waffle design 83. The
      cover preferably has a thickness of from 1/16 to 1/4 inch and includes a
      pair of opposed outer transverse and longitudinal ribs 82, 84, 86 and 88.
      These ribs are positioned inwardly from the outer edges of the cover and
      in substantially parallel relationship thereto. In addition, the ribs are
      positioned to fit within the container when the cover is resting on top of
      the container. This arrangement, in combination with the rubber gasket 81,
      provides for a close fit and minimizes vibratory noises and avoids the
      inadvertent loss of cleaning solution from the container. Although
      baskets, beakers, trays and the like are specifically disclosed for
      separating the medical and dental instruments during cleaning, other
      dividing or compartmentalizing means such as adjustable dividers, shelves
      and the like may also be used.
PAR  An enlargement of the cover's waffle design referred to above is shown in
      FIG. 7. As shown, the design contains a series of squares 88 with each
      square containing triangular, inwardly slanted wall sections indicated by
      numerals 90a, 90b, 90c and 90d, respectively. These slanted walls meet at
      its apex 92 located in the center of each square. This arrangement allows
      the ultrasonic radiation to be reflected downwardly from the slanted walls
      into the cleaning solution. The slanting of the walls also permits the
      ultrasonic radiation to enter the absorbing material longitudinally rather
      than perpendicularly and thus increase the cover's absorptive properties.
      It has been found that the reflective action of the slanted walls tends to
      increase the absorptive characteristics of the lining without increasing
      the layer's thickness. The squares 88 are formed and separated by
      crisscrossing ribs 94 and 96, respectively. The arrangement above
      described provides design which can generally be described as "waffle-like
      design".
PAC  Operation
PAR  In operation the container 12 is filled approximately 1/2 to 3/4 full with
      a cleaning solution such as a detergent, caustic, acid and the like. One
      or more of the baskets 30 and 42 or other similar series of shelf-like
      dividers, or a basket 30 and the template 32, are then placed within the
      container 12. When a single basket in combination with a template is used,
      one or two of the glass beakers 68 and 70 are inserted in the openings of
      the template 62. Medical or dental instruments and/or devices (not shown)
      are placed in one or more of the baskets or in the beakers and the
      container is closed with the cover 16. The timer is set for approximately
      5 to 15 minutes, depending on the degree of cleaning required or the
      amount of voltage applied to the vibratory transducer 20. The cleaner is
      turned on by turning the voltage regulator 22 to a voltage input ranging
      from between about 95 to 125 volts. Generally, the cleaning time can be
      reduced by increasing the voltage to the transducer and thereby increasing
      the ultrasonic vibrations. Generally, though, the cleaning device will be
      operated at between 600 and 1300 kilocycles. After the cleaning has been
      completed, the baskets are removed from the container and placed on a
      drainage tray for rinsing and subsequent sterilization.
PAR  During the cleaning cycle, it was determined that up to 90 percent of the
      ultrasonic radiations were retained within the ultrasonic cleaning device
      and thereby reduced radiations losses to approximately 10 percent.
PAR  While the invention has been described with reference to specific
      embodiments, it should be understood that certain other changes in
      construction may be made by one skilled in the art and would not thereby
      depart from the spirit and scope of this invention which is limited only
      by the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ultrasonic cleaning device comprising:
PA0  a housing and an inner container both having side walls and a bottom wall,
      said inner container being suspended within the housing and separated from
      the housing by an acoustical energy-absorbing material positioned
      therebetween;
PA0  a means for transferring ultrasonic vibrations through the container; and
PA0  a cover for said container, said cover containing a plurality of concave
      indentations on its inner surface for absorbing and/or reflecting
      ultrasonic radiation.
NUM  2.
PAR  2. The device of claim 1 including a perforated basket for positioning
      within the inner container.
NUM  3.
PAR  3. The device of claim 2 including a second perforated basket stacked on
      said first perforated basket.
NUM  4.
PAR  4. The device of claim 3 wherein the baskets include upstanding handles
      carried within the closed container and the second named basket fits
      within the handles of the first named basket so that the second named
      basket may be lifted from the container by either its own handles or
      together with the first named basket by the handles of said first named
      basket.
NUM  5.
PAR  5. The device of claim 2 wherein said perforated basket carries a cover
      template having openings for receiving a plurality of glass containers so
      that the glass containers are kept physically separated during the
      transfer of ultrasonic vibrations through the said inner container while
      said glass containers are entirely contained within said inner container.
NUM  6.
PAR  6. The device of claim 2 wherein the perforated basket is mounted within
      the inner container on legs having nonmetallic tips.
NUM  7.
PAR  7. The device of claim 2 wherein said perforated basket is free standing.
NUM  8.
PAR  8. The device of claim 1 including a means for varying the voltage used in
      producing the ultrasonic frequencies.
NUM  9.
PAR  9. The device of claim 8 including a means for controlling the length of
      time the ultrasonic frequency is being introduced into the container.
NUM  10.
PAR  10. The device of claim 1 wherein the cover used in closing the container
      is constructed of thermoplastic material with the inner surface molded in
      a waffled pattern capable of retaining up to 90 percent of the ultrasonic
      radiation within the container.
NUM  11.
PAR  11. The device of claim 10 wherein the cover includes a plurality of
      concave indentations for reflecting and absorbing ultrasonic radiations.
NUM  12.
PAR  12. The device of claim 11 wherein said concave indentations are formed on
      a sheet of material affixed to the bottom wall of said cover and wherein
      such material possesses ultrasonic absorbing characteristics.
NUM  13.
PAR  13. The device of claim 12 including a gasket attached at or near the
      peripheral edge of said cover.
NUM  14.
PAR  14. The device of claim 1 including a means for compartmentalizing said
      inner container to physically segregate instruments placed in individual
      compartments during the transfer of ultrasonic radiation through said
      container while permitting free flow of cleaning solution throughout and
      between all compartments.
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PAL  A pivot or circle type irrigation system has a single hydraulic cylinder
      upon each vehicle to provide motive force to that vehicle. Two hydraulic
      tubes extend the length of the system and each hydraulic tube is connected
      to one side of each cylinder without valves. The cylinder movement is
      blocked if the vehicle upon which it is mounted is detected to be ahead by
      an alignment system. Hydraulic fluid is pumped into one tube until an
      increase of pressure indicates that all of the cylinders are cockablock
      and then the tubes are reversed and hydraulic fluid is pumped into the
      other line until, again, a rise in pressure indicates that all of the
      cylinders are cockablock.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS:
PAR  None. However, a Disclosure Document No. 032273 was filed on May 20, 1974.
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field of the Invention
PAR  This invention relates to agricultural irrigation and more particularly to
      moving an agricultural irrigation system and maintaining it in alignment
      as it is moved.
PAR  2. Description of the Prior Art
PAR  Irrigation systems which move in a circle around a pivot are well known and
      commercially available on the market. Also, there are many arrangements
      for driving the systems and maintaining them in alignment as they are
      driven. There has been previously patented a system where a taut line was
      stretched from one end of the system to the other and the individual
      vehicles prevented from moving by dropping a block into a mechanical
      movement system, Boone U.S. Pat. No. 3,302,656.
PAR  Previous systems have been operated by hydraulics and in such systems,
      traditionally, a single line extends to each vehicle and two valves are
      required on each vehicle. One of these valves throttles the fluid into the
      power cylinder for alignment purposes and the other valve switches the
      fluid under pressure to one side or the other of the piston.
PAC  SUMMARY OF THE INVENTION
PAR  1. New and Different Function
PAR  We have provided a system which is extremely simple and, therefore,
      trouble-free. It is driven by hydraulics, but no valves whatsoever are
      located on the vehicles themselves; only one main valve is used on the
      entire system. The simplicity of the system results in an extremely
      inexpensive system as well as one which is trouble-free.
PAR  In our system, hydraulic fluid is pumped into one side of the piston
      located on each vehicle until the piston moves for its full permitted
      stroke. When all of the pistons have moved their full permitted stroke,
      the hydraulic pressure increases inasmuch as there is no further place for
      it to go. After this increase in hydraulic pressure, the pressure in two
      tubes is reversed. The pressure is pumped to the other side which reverses
      all of the pistons. If a vehicle is forward of its proper position in
      line, the piston is blocked from movement and, therefore, the piston moves
      only slightly or not at all.
PAR  2. Objects of the Invention
PAR  An object of this invention is to move agricultural irrigation pipe and
      maintain it in alignment as moved.
PAR  Further objects are to achieve the above with a device that is sturdy,
      compact, durable, lightweight, simple, safe, efficient, versatile, and
      reliable, yet inexpensive and easy to manufacture, install, adjust,
      operate, and maintain.
PAR  Other objects are to achieve the above with a method that is versatile,
      rapid, efficient, and inexpensive, and does not require skilled people to
      install, adjust, operate, and maintain.
DRWD
PAR  The specific nature of the invention, as well as other objects, uses, and
      advantages thereof, will clearly appear from the following description and
      from the accompanying drawing, the different views of which are not
      necessarily to the same scale.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic representation of the system according to this
      invention.
PAR  FIG. 2 is an enlarged schematic representation of one embodiment of this
      system.
PAR  FIG. 3 is a side elevational view of one vehicle according to an embodiment
      of this invention taken substantially on line 3--3 of FIG. 2.
PAR  FIG. 4 is a schematic representation showing one embodiment of the method
      of sequencing the pressure on the hydraulic tubes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing and more particularly to FIGS. 1 and 2, there may
      be seen an irrigation system. This irrigation system has central pivot 10
      about which main irrigation pipe 12 is attached. A well or other source of
      water under pressure 14 provides water by conduit 16 to the pivot 10.
      Sprinklers 18 on the pipe provide means for sprinkling the water upon
      land. The pipe is supported by a plurality of vehicles 20. As described to
      this point, the system is conventional and commercially available upon the
      market.
PAR  Referring to FIG. 3, each vehicle has a frame including main beam 22 and
      two struts 24, the struts extending from the ends of the main beam 22 to
      support the pipe 12. These are generally in a triangular shape as shown.
      Two wheels 26 are at either end of the main beam 22. The wheels are driven
      by dogs 28 upon drive rods 30. The drive rod is driven by fluid power or
      hydraulic cylinder 32. Piston rod 34 of the cylinder 32 is connected to
      head 36. The two driving rods 30 are connected to the head 36 and the head
      is supported by oscillating element 38. The lower portion of the element
      38 is pivoted to an ear depending from the main beam 22. It will readily
      be understood that as hydraulic pressure is connected to either end of the
      hydraulic cylinder 32, the vehicle will be driven forward in the direction
      of arrow T. Although the additional material to this point may not be
      typical or conventional, such hydraulic mechanical drives for irrigation
      systems are not novel.
PAR  Alignment wire 40 is stretched from one end of the system to the other. Arm
      42 is pivoted at about its center to one of the struts 24 on each vehicle
      20. The alignment wire 40 is attached to the upper extremity of the arm
      42. The lower extremity of the arm 42 is attached to block connector 44.
      Block arm 46 is pivoted at its middle to support 48 which extends from
      strut 24 to main beam 22. Block 50 is attached to one end of the block arm
      46 and counterweight 52 is attached upon the other.
PAR  As seen in the drawing and particularly FIG. 3, if the vehicle is in line
      or behind the other vehicles as determined by the relative position of the
      vehicle 20 to the alignment cable 40, the block connector 44 will be at an
      acute angle to the block arm 46 and will hold the block 50 above block
      head 54 on top of the head 36. However, it may be seen that if the vehicle
      20 moves forward, which is to say in the direction of travel T, with
      respect to the alignment as indicated by the position of the alignment
      wire 40, the block connector 44 will move to a position approaching right
      angles to the block arm 46 which will push the block 50 down. It will be
      seen that as the block 50 is pushed down, it will engage the block head
      54. Also, it will engage behind the catch upon the block head 54 and,
      therefore, block the block head 54 and the head 36 to which it is attached
      in the forward position, which is to say it will block the head with the
      piston rod 34 fully extended. Therefore, if reasonable hydraulic pressure
      is applied to the cylinder 32, the head will not move. The pressure
      applied to the hydraulic cylinder is normally enough to move the wheels
      forward, but not enough to bend the middle of the frame, and the vehicle
      will not be moved as long as the block 50 is in place.
PAR  It may be seen that no close machine tolerences or the like need be applied
      to the blocking system. I.e., if the head has an inch or two play or
      movement when the block 50 is in place, this actually has an advantageous
      effect. I.e., a slight movement, such as one inch, is not enough for
      another lug on the wheel 26 to be engaged by the dog 28 and, therefore,
      there is no forward movement. On the other hand when the other vehicles
      have moved forward so the alignment wire 40 is again in a position to lift
      the block 50, as hydraulic pressure is applied to the cylinder 32, there
      will be no force or pressure upon the block 50 and, therefore, it will
      lift easily from the block or locking position to the raised position as
      is illustrated in FIG. 3. Other means for detecting misalignment than that
      illustrated could be used as well as other means for blocking the movement
      of the cylinder responsive to that detection.
PAR  Referring to FIG. 2, it may be seen that the end vehicle has no blocking
      system, thus, the end vehicle continuously operates causing the end
      vehicle to move with the ever reversal of pressure upon tubes 56 and 58.
      The basic system as shown in FIG. 2 is quite simple. I.e., pump 60 pumps
      hydraulic fluid from reservoir 62 into the outlet pipe 64. The outlet pipe
      is connected to reversing valve 66. In the present position of the
      reversing valve, the outlet pipe is connected to what has been designated
      as the power tube 58. When connected to the power tube 58, fluid is
      directed to each of the cylinders 32 to move the dogs 28 against the lugs
      in the power stroke, which is to say, move each of the vehicles 20 forward
      in the direction of travel T. As shown schematically in FIG. 2, any of the
      individual pistons in the cylinders 32 may be fully retracted or fully
      extended, but as additional hydraulic fluid is pumped by the pump 60 into
      the power tubing 58, they will continue to extend until all of the pistons
      are fully extended. A pressure relief valve in outlet pipe 64 (not shown
      in FIG. 2) is set within the design limitations of the pump 60 and limits
      the maximum pressure applied upon the tubing 56 and 58.
PAR  At some time after all of the pistons are fully extended, reversing valve
      66 is reversed so the output of the pump 60 is directed to the retract
      tube 56 and the tube 58 is bled back to the reservoir 62. At this point,
      it may be seen that all of the cylinders 32 will thereafter retract, which
      is to say, move so the rod 34 is fully retracted. Obviously, if the block
      50 is lowered in the block head 54 in any of the vehicles, that cylinder
      will become fully "retracted" without appreciable movement. After all of
      the cylinders 32 are retracted, the reversing valve 66 is again reversed.
PAR  It will be understood that reversing valve 66 could be reversed by a simple
      timing mechanism. I.e., every 60 seconds it could be reversed, having
      previously been determined that 50 seconds is sufficient time for
      hydraulic fluid to completely fill all the cylinders 32. Of course, if
      some of the vehicle cylinders are blocked, the excess fluid is bypassed by
      a pressure relief valve (not shown in FIG. 2) to the reservoir 62.
PAR  We prefer to use a system wherein the reversing valve 66 is reversed
      responsive to an increase in pressure in the output 64 of the pump 60. One
      embodiment of such a system is shown in FIG. 4.
PAR  Referring to FIG. 4, it may be seen that flow limiting valve 68 is attached
      in the outlet 64 of the pump 60 to regulate the speed at which the
      irrigation system is moved. Pressure limiting valve 70 is attached to the
      outlet 64 to relieve the excess fluid to the reservoir. As stated before,
      the outlet pipe 64 is connected to reversing valve 66, which is shown in a
      position where the fluid from the pump 60 is directed into the power tube
      58. The retract tube 56 is shown being directed by the reversing valve 66
      back to the reservoir. The outlet pipe 64 is also connected to pilot valve
      72 which controls the main reversing valves 66. The pilot valve 72 is
      controlled by retract pressure control valve 76 connected to retract tube
      56 and power pressure control valve 78 connected to power tube 58. Bleed
      check valve 74 bypasses the retract pressure control valve 76 and bleed
      check valve 80 bypasses power pressure control valve 78.
PAR  Analyzing the operation from the position of the valves as seen in FIG. 4,
      it may be seen that as the pump 60 continues to operate it will continue
      to pump fluid through power tube 58 until all of the cylinders 32 become
      cockablock. At this time the fluid can no longer flow into the cylinders
      32 causing the pistons to move and, therefore, the pressure will increase.
      When the pressure increases, it will cause an increase of pressure on the
      control valve 78 which will cause it to move to place pressure on power
      inlet 88 of the pilot valve 72. This pressure increase will cause the
      pilot valve to reverse. The pilot valve is permitted to reverse by the
      fluid flowing from the retract inlet 86 through the bleed check valve 74
      into the retract tube 56 which in this condition is at low pressure. When
      the pilot valve 72 reverses, this reverses the pressure upon reversing
      valve 66 and then reversing valve 66 will reverse. It will be noted that
      by using the pilot valve 72, there are no dead center positions. I.e.,
      pressure is continually applied through power inlet 88 until the pilot
      valve 72 has changed positions; then, when it changes position, pressure
      is then applied to reverseing valve 66. When valve 66 is reversed,
      pressure will then be applied to retract tube 56 until all of the
      cylinders 32 are again cockablock in the retracted position at which time
      the pressure increase on retract tube 56 will cause the retract pressure
      control valve 76 to apply pressure to the retract inlet 86 at which time
      the valves are again reversed.
PAR  Thus it may be seen, that with the simple reversing valve system as seen in
      FIG. 4 for an entire system, no valves whatsoever are applied to the
      cylinders 32 on the vehicles 20. Also, as noted before, although FIG. 4
      shows the preferred reversing valve system, other types of pressure
      reversing systems may be used.
PAR  We have found with this particular type system that it is possible to use a
      mixture of fluids in the lines. The system is basically a "surge" system.
      The fluid at the end of the tubes 56 and 58 near the end vehicle is never
      pumped through the pump nor is ever used in the reversing valve systems.
      Also, there is little fluid flow near the end of the system. Therefore, it
      is possible to charge the lines with an inexpensive fluid, such as diesel
      oil or kerosene, in both the retract tube 56 and the power tube 58 and to
      charge the system with more expensive hydraulic fluids at the pump where
      it is surged from one line to the other.
PAR  By the term "cockablock" is meant that all of the elements have moved as
      far as possible and the elements, therefore, are capable of moving no
      further because they are blocked.
PAR  It will be understood by those skilled in the art that the individual
      cylinders 32 could be retracted by means other than the hydraulic fluid in
      manifold 56. A ready example of the other retracting means would be a
      spring attached to each cylinder 32 or water pressure from pipe 12 could
      be used to retract each cylinder 32. A hydraulic pressure much greater
      than the water pressure would be used to power the cylinders 32 in
      manifold 58, readily overcoming the water pressure.
PAR  The embodiment shown and described above is only exemplary. We do not claim
      to have invented all the parts, elements or steps described. Various
      modifications can be made in the construction, material, arrangement, and
      operation, and still be within the scope of our invention. The limits of
      the invention and the bounds of the patent protection are measured by and
      defined in the following claims. The restrictive description and drawing
      of the specific example above do not point out what an infringement of
      this patent would be, but are to enable the reader to make and use the
      invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In an agricultural irrigation system having
PA1  a. an elongated pipe adapted to carry a plurality of sprinklers and adapted
      to carry water under pressure,
PA1  b. a plurality of vehicles movingly supporting said pipe,
PA1  c. alignment means attached to each vehicle for detecting misalignment of
      each vehicle,
PA1  d. a fluid power cylinder on each vehicle,
PA1  e. drive means on each vehicle for driving the vehicle responsive to
      movement of the power cylinder,
PA1  f. the improvement in combination with the above comprising:
PA1  g. a power tube connected to all the cylinders,
PA1  h. a retract means connected to all the cylinders for retracting same after
      they have been extended,
PA1  j. reversing means connected to the power tube for alternately supplying
      pressurized fluid to the power tube, and
PA1  k. blocking means on each vehicle for blocking the movement of the cylinder
      on that vehicle responsive to detected misalignment of that vehicle.
NUM  2.
PAR  2. The invention as defined in claim 1 with an additional limitation of
PA1  m. pressure control means connected to the power tube for operating said
      reversing means.
NUM  3.
PAR  3. In an agricultural irrigation system having
PA1  a. an elongated pipe adapted to carry a plurality of sprinklers and adapted
      to carry water under pressure,
PA1  b. a plurality of vehicles movingly supporting said pipe,
PA1  c. alignment means attached to each vehicle for detecting misalignment of
      each vehicle,
PA1  d. a fluid power cylinder on each vehicle, each cylinder having two sides,
PA1  e. drive means on each vehicle for driving the vehicle responsive to
      movement of the power cylinder,
PA1  f. the improvement in combination with the above comprising:
PA1  g. a power tube connected to one side of all the cylinders,
PA1  h. a retract tube connected to the other side of all the cylinders,
PA1  j. a pump having an outlet,
PA1  k. reversing valve means for alternately connecting the outlet of the pump
      to the power and retract tubes.
NUM  4.
PAR  4. The invention as defined in claim 3 with an additional limitation of
PA1  m. pressure control means connected to the power and retract tubes for
      operating said reversing valve means.
NUM  5.
PAR  5. The invention as defined in claim 3 with an additional limitation of
PA1  m. blocking means on each vehicle for blocking the movement of the cylinder
      on that vehicle responsive to detected misalignment of that vehicle.
NUM  6.
PAR  6. The invention as defined in claim 5 with an additional limitation of
PA1  n. pressure control means connected to the power and retract tubes for
      operating said reversing valve means.
NUM  7.
PAR  7. The invention as defined in claim 5 wherein said reversing valve means
      includes:
PA1  n. a pilot valve connected to the pump outlet,
PA1  o. a power pressure control valve in the power tube connected to the pilot
      valve,
PA1  p. a retract pressure control valve in the retract tube connected to the
      pilot valve, and
PA1  q. a reversing valve connected to the pump outlet and to the pilot valve,
PA1  r. the power and retract tubes connected to the reversing valve.
NUM  8.
PAR  8. In an agricultural irrigation system having
PA1  a. an elongated pipe adapted to carry a plurality of sprinklers and adapted
      to carry water under pressure,
PA1  b. a plurality of vehicles movingly supporting said pipe,
PA1  c. alignment means attached to each vehicle for detecting misalignment of
      each vehicle,
PA1  d. a fluid power cylinder on each vehicle, each cylinder having two sides,
PA1  e. drive means on each vehicle for driving the vehicle responsive to
      movement of the power cylinder,
PA1  f. the improved method comprising:
PA1  g. supplying fluid under pressure to one side of all of the cylinders until
      all the cylinders have moved as far as permitted, then
PA1  h. reversing the fluid and
PA1  j. supplying fluid under pressure to the other side of all the cylinders
      until all the cylinders have moved as far as permitted, and
PA1  k. blocking the movement of the cylinder on any vehicle which is forward of
      alignment.
NUM  9.
PAR  9. The invention as defined in claim 8 wherein
PA1  m. the reversing step is responsive to the amount of the pressure of the
      fluid supplied to the cylinders.
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PAL  An inlet for a gas turbine power plant with a translating annular ring
      which cooperates with the nose cone to reduce the effective inlet area,
      serving to reduce compressor noise.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Currently known variable area inlet schemes utilize either an external or
      an internal translatable body for reducing the inlet throat area to the
      required amount. The problem is complicated by reduced airflow
      requirements at aircraft approach conditions where the engine flow is low
      and requires as much as a forty percent throat area change. The known
      internal or external translatable bodies require an inlet that may be
      three times as long as the conventional inlet in order to provide the
      required change area without loss in high inlet performance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention avoids the above objections with a translatable
      annular ring located between the outer wall of the inlet and forwardly of
      the nose cone, in effect forming two inlet passages. The passage between
      the outer wall and the annular ring is open at all times to the
      compressor. The space within the annular ring is closed when the engine is
      choked by contact between the ring and the engine nose cone or close
      proximity of the end of the ring to the cone. By translating the ring
      forward away from the nose cone, air flowing through the ring also enters
      the compressor. Adjustment of this ring establishes the degree of choked
      condition desired.
DRWD
PAR  The foregoing and other objects, features, and advantages of the present
      invention will become more apparent in the light of the following detailed
      description of preferred embodiments thereof as illustrated in the
      accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal sectional view through the inlet in choked
      condition.
PAR  FIG. 2 is a view similar to FIG. 1 with the translatable ring in cruise
      position.
PAR  FIG. 3 is a detail of the connection between the struts and the ring.
PAR  FIG. 4 is a view similar to FIG. 1 of a modification.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the inlet is designed for use with a gas turbine
      engine having a compressor, not shown, into which the air is directed by
      the inlet arrangement shown. For the purpose of this invention the annular
      inlet to the compressor is defined between the nose cone 2, and the other
      case 4 of the compressor.
PAR  The engine inlet comprises an outer annular body 6 preferably airfoil in
      cross section as shown and secured at its trailing edge to the leading
      edge of the outer compressor case 4 as by bolts 8. The inner surface of
      this body 6 forms the outer wall of the air inlet and preferably is shaped
      to form a divergent subsonic inlet as shown.
PAR  Projecting radially inwardly from the body 6 are a plurality of struts 10
      to support an annular ring 12, the latter also being streamlined from
      leading to trailing end as shown. The radial dimension of the trailing end
      of the ring is as small as or smaller than the outer dimension of the nose
      cone such that the trailing end will engage with or be in close proximity
      to the nose cone as shown in FIG. 1, when in the rearward position thereby
      effectively cutting off any flow of air through the ring and into the
      compressor. This is the choked position and, at this time, as will be
      apparent, the only effective area of the inlet is that between the ring
      and the outer body. The area is thus diminished to the degree necessary
      for effective operation of the engine at fully choked conditions, as for
      example, in aircraft approach conditions where minimum engine noise is
      desired. The area of the ring 12 is selected to reduce the airflow the
      desired amount.
PAR  At cruise condition the ring 12 is translated forward to separate the
      trailing edge of the ring from the nose cone and thus admit air from
      within the ring into the compressor inlet. Obviously this translation of
      the ring may be to any extent desired until the space between the trailing
      edge of the ring and the nose cone permits a maximum flow through the
      ring.
PAR  The particular mechanism for translating the annular ring is dependent on
      space requirements. For example, the ring 12 may have a partial or
      complete cylindrical surface 14 therein to serve as a guide, and this
      guide fits within a sleeve 16 supported by the struts 10. Thus the ring 12
      is guided to move within the sleeve. A fluid motor including a cylinder 18
      and piston rod 20 may actuate the ring as by securing the cylinder to the
      ring 12 and the piston rod to the sleeve 16. Fluid to actuate the motor
      may be supplied through ducts in one of the struts.
PAR  In the arrangement of FIG. 4 the annular ring 12' is positioned within and
      spaced from the outer body 6' and is supported on struts 22 extending
      outwardly from a sleeve 24 on a projecting stub 26 on the nose cone 2'. In
      this case the struts are secured to the ring 12' at their outer ends and
      connected at their inner ends to the sleeve 24 slidable on the stub 26.
      This sleeve 24 may be actuated in much the same manner as described above
      in connection with FIG. 3.
PAR  In either arrangement the structure is such that the choking effect of the
      ring is accomplished by the function of the trailing edge of the ring in
      cooperation with the nose cone in reducing or cutting off the flow of air
      through the ring to the compressor inlet. The function of a choked flow in
      reducing engine noise, particularly compressor noise, is understood and
      need not be described. Although the trailing edge of the ring is shown as
      in contact with the nose cone in practice it may be that a small gap will
      exist, with the trailing edge in close proximity to or substantially in
      contact with the nose cone surface.
PAR  Although the invention has been shown and described with respect to a
      preferred embodiment thereof, it should be understood by those skilled in
      the art that other various changes and omissions in the form and detail
      thereof may be made therein without departing from the spirit and the
      scope of the invention.
CLMS
STM  Having thus described a typical embodiment of our invention, that which we
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. An inlet for a gas turbine power plant including
PA1  an outer ring forming the outer wall of the inlet,
PA1  an inner nose cone defining the inner wall of the inlet,
PA1  an annular ring positioned between the outer ring and the nose cone and
      having a trailing edge positioned substantially in engagement with the
      nose cone, and
PA1  means for moving said annular ring axially to position it such that the
      trailing edge is movable out from the nose cone.
NUM  2.
PAR  2. An inlet as in claim 1 including struts carried by one of said walls for
      supporting the annular ring.
NUM  3.
PAR  3. An inlet as in claim 1 in which the annular ring is airfoil shape in
      cross section.
NUM  4.
PAR  4. An inlet as in claim 1 including a forward extension on the nose cone
      forming a guide and a sleeve on said extension, the struts extending
      inwardly from the annular ring to the sleeve.
NUM  5.
PAR  5. An inlet for admission of air to the compressor of a gas turbine engine,
      said inlet including:
PA1  a nose cone forming the inner wall of the air path to the compressor,
PA1  a surrounding member forming the outer wall of the air path to the
      compressor,
PA1  an annular ring positioned between said nose cone and said member to
      establish flow areas on opposite sides of said ring, said ring having a
      trailing edge no larger in diameter than the largest diameter of the nose
      cone,
PA1  struts extending from one of said walls to said ring for holding said ring
      in predetermined relation to the walls, and
PA1  means for translating said ring axially to position the trailing edge in
      contact with the nose cone or in axially spaced relation thereto.
NUM  6.
PAR  6. An inlet as in claim 5 including struts extending between said ring and
      one of said walls for supporting said ring in concentric relation to said
      walls.
NUM  7.
PAR  7. An inlet as in claim 6 in which the struts extend inward from the
      surrounding member to the annular ring and are axially movable on one of
      said member or ring.
NUM  8.
PAR  8. An inlet as in claim 6 in which the struts extend inwardly from said
      annular ring to the nose cone.
NUM  9.
PAR  9. An inlet as in claim 6 in which the nose cone has a projecting stub with
      a sleeve axially movable thereon and the struts extend inwardly from the
      annular ring to said sleeve.
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ABST
PAL  A time delay mechanism positioned in the pencil sharpener housing near the
      entry point of the pencil delays the entry of the pencil into the
      sharpening cavity and simultaneously moves the helical cutting mechanism
      inwardly into engagement with a leaf spring contact thereby causing
      actuation of the pencil sharpener motor and rotation of the helical
      cutting mechanism before the entry of the pencil point into the sharpening
      cavity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Automatic pencil sharpeners having helical blades and being driven by
      alternating current are generally actuated by a switch positioned in the
      sharpener housing near the entry point of the pencil to be sharpened. In
      operation, the pencil contacts the switch which actuates the motor thereby
      causing the helical blades to turn and the pencil to be sharpened. Since
      most alternatingcurrent type motors in automatic pencil sharpeners
      heretofore available have a low starting or initial torque, it is
      necessary to position the switch within the sharpener housing near the
      entry point of the pencil point so that the helical cutting blades are
      actuated before the resistance of the pencil point is encountered by the
      helical cutting blades. In this way, the helical cutting blades are
      actuated without any resistance being offered by the pencil and have
      sufficient time to develop a cutting torque sufficient to sharpen the
      point of the pencil when the pencil is pushed past the switch position and
      into the cutting or sharpening chamber. Because the switch is positioned
      in the housing near the entry point of the pencil to be sharpened, safety
      requirements mandate that the wires leading from the switch to the
      alternating current motor be double-insulated in order to prevent the user
      from being inadvertently shocked or electrocuted.
PAR  Direct-current actuated or battery-operated automatic pencil sharpeners
      generally have rotating-straight blade type cutting mechanisms rather than
      helical blade-cutting mechanisms. This is because it has not been
      practical to use a helical type cutting mechanism in this type of pencil
      sharpener because of the problem in overcoming starting resistance when a
      pencil is inserted against the pencil sharpener cutting member.
PAC  SUMMARY OF THE INVENTION
PAR  The time delay mechanism of this invention eliminates the need for
      positioning a switch in the pencil sharpener housing near the entry point
      of the pencil to be sharpened and hence eliminates the need for providing
      double-insulated wires leading from the entry point of the pencil
      sharpener housing to the alternating-current motor.
PAR  This invention also permits the use of a helical cutting blade mechanism in
      a direct-current actuated automatic pencil sharpener.
PAR  Briefly, this invention provides a time delay mechanism positioned in the
      pencil sharpener housing near the entry point of the pencil to be
      sharpened which cooperates with a movable helical cutting mechanism which,
      in turn, actuates a leaf spring positioned directly adjacent the pencil
      sharpener motor. In operation, when a pencil is inserted into the pencil
      sharpener housing to be sharpened, the time delay mechanism frictionally
      engages the pencil and slightly impedes the insertion of the pencil into
      the sharpener. This results in the time delay mechanism being moved
      inwardly into engagement with the movable cutting mechanism which in turn
      is moved inwardly so that a leaf spring contact or other switch type which
      is engaged by the cutting mechanism closes against a corresponding contact
      or switch to actuate the pencil sharpener motor. By the time the pencil to
      be sharpened is inserted through the time delay mechanism and into the
      helical cutting blade chamber, the motor has already been actuated and,
      hence, the helical cutting mechanism has been actuated without any
      resistance from the pencil to be sharpened. Thus, when the pencil to be
      sharpened enters the helical cutting chamber, the helical cutting
      mechanism is already rotating and has built up sufficient torque to
      overcome the resistance offered by the insertion of the pencil tip into
      the cutting chamber.
PAR  The time delay mechanism of this invention comprises an expandible ring
      member. When a pencil is initially placed in the ring member and pushed
      inwardly, the frictional force produced by the insertion of the pencil
      through the ring causes a momentary time delay in the travel of the pencil
      through the ring and the frictional force produced causes the ring to move
      inwardly with the pencil into engagement with the movable cutting
      mechanism, thereby actuating the motor.
DRWD
PAR  Structural features and the complete nature of the time delay mechanism of
      this invention will become apparent from the ensuing specification and the
      appended claims in which the invention is defined, particularly when taken
      in conjunction with the accompanying illustrative drawings which set forth
      a preferred embodiment of the invention.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view with parts cut away showing the time
      delay mechanism of this invention in an automatic pencil sharpener;
PAR  FIG. 2 is a cross-sectional view of the pencil sharpener illustrated in
      FIG. 1 taken along the lines 2--2;
PAR  FIG. 3 is a perspective view of the expandible ring also illustrated in
      FIG. 1; and
PAR  FIG. 4 is a view similar to FIG. 1 but showing a pencil inserted in the
      pencil sharpener.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the pencil sharpener 10 is encased within a
      housing 12. Starting from the front of the pencil sharpener, an aperture
      with a keyway is formed in the double front walls 14 and 16 of the pencil
      sharpener housing. A tubular member 18 having a generally cylindrical
      shoulder 20 is fitted within the apertures in the double front wall 14 and
      16. A ridge 22 which fits within the above-referred-to keyway is formed on
      the outer surface of the tubular member 18. A retaining ring 24 or C-clamp
      fits within a corresponding groove on the outer surface of the tubular
      member 18 and bears against the inner side of housing wall 16 so as to
      prevent the tubular member 18 from being pulled out of the housing. The
      shoulder member 20 which bears against the outer surface of the housing
      front wall 14 prevents the tubular member 18 from being pushed into the
      housing.
PAR  Throughout this application, the movement into the pencil sharpener is
      referred to as "movement inwardly" and movement out of the pencil
      sharpener is referred to as "movement outwardly". Similarly, surfaces of
      the various elements will be referred to as being "inner" or "outer"
      depending on their relative positions with respect to the innermost
      portion of the pencil sharpener.
PAR  Proceeding further inwardly along the pencil sharpener illustrated in FIG.
      1, a cylindrical housing 26 is formed on the outermost portion of the
      cutting mechanism generally designated by reference numeral 28. The
      cylindrical housing 26 fits over the innermost or end portion of tubular
      member 18. Ring member 30 is positioned within the cylindrical housing 26
      and the end of tubular member 18.
PAR  Ring member 30 which is illustrated in detail in FIG. 3 includes a
      generally cylindrical outer ring 32 and a plurality of legs 34 which are
      flexibly attached to the inside surface of ring 32 and which form a
      frustoconical member. The ring legs 34 are each spaced from one another.
      The ring member 30 is formed so that a standard pencil, such as the MONGOL
      482 pencil manufactured by Eberhard Faber Pen & Pencil Co., Inc., fits
      within the ring member 30 and causes the ring member legs 34 to expand
      outwardly as the pencil is pushed through the ring. The diameter of the
      base of the frustoconical element is slightly greater than the diameter of
      a standard pencil and the diameter of the apex of the frustoconical
      element is slightly less than the diameter of a standard pencil. It is
      noted that standard pencils, such as the above-referred-to pencil, are
      often hexagonally shaped. Thus, the six sides of a standard pencil can
      each engage one of the six legs 34 of the ring member 30 illustrated in
      FIG. 3. In the preferred embodiment, the pencil-engaging surfaces (marked
      A in FIG. 3) of the ring legs 34 have a concave shape to more smoothly
      engage the pencil which is inserted into the ring member in the event that
      the six outer edges of a standard pencil engage the ring leg surfaces A
      rather than fitting between the spaces between the ring legs 34. This, of
      course, depends upon the manner in which the pencil is inserted into the
      pencil sharpener -- either with the flat surface of the pencil side
      engaging surface A or with the edge of the pencil engaging the surface A.
PAR  Proceeding further inwardly in the apparatus illustrated in FIG. 1, a
      countersunk cavity 36 is formed inwardly from the cylindrical cavity 26 of
      the cutting mechanism 28. The edge 38 of ring 32 bears against the surface
      forming the countersunk cavity 36.
PAR  Inwardly past the countersunk cavity 36, a generally cone-shaped cavity 38
      is formed. It is in cone-shaped cavity 38 that the actual sharpening of
      the pencil takes place, as described below.
PAR  The cutting mechanism 28 consists of a helical cutting blade 40 which is
      mounted for rotary movement in the cutting mechanism housing 42. Directly
      opposite the helical cutting mechanism 40 is a counterweight 44 which aids
      in the rotation of the cutting mechanism in a manner well known in the
      art.
PAR  One end of shaft 48 is journalled into the inner portion 46 of the cutter
      mechanism housing. The other end of shaft 48 is journalled into gear
      member 50. A projection 58 is formed on the inner surface of the gear
      member 50 and shaft 48 extends within projection 58.
PAR  Referring now to FIG. 2, gear member 50 is driven by gear 52 which is
      journalled onto the end of the output shaft 54 of the drive motor 56.
PAR  Referring again to FIG. 1, an aperture 60 is formed in a wall 62 which
      extends across the middle region of the pencil sharpener housing. A gear
      cage housing 64 is fastened to the wall 62. Shaft 48 extends through a
      tubular portion 66 of the gear cage housing and is rotatable and slidably
      movable within it.
PAR  A gear cage 68 is formed on the innermost end of the gear cage housing 64.
      The teeth of the gear cage 68 engage the teeth on gear 70 which is mounted
      adjacent the helical cutting blade 40. Gear 70 and helical cutting blade
      40 are both journalled onto the shaft 72 which is freely rotatable within
      the cutting mechanism housing. Thus, rotation of the cutting mechanism
      housing in a counterclockwise direction by shaft 48 results in the helical
      cutting blade revolving in a clockwise direction because of the engagement
      of the gear teeth 70 with the gear cage 68.
PAR  Referring to FIGS. 1 and 2, a leaf spring 74 is attached to a protuberance
      from the inner surface of the wall 62 and an electrical lead 76 to the
      motor is in electrical contact with one end of the leaf spring. Another
      contact 78 is attached to another protuberance from the inner surface of
      the wall 62 and an electrical lead 80 to a power supply lead is in
      electrical contact with one end of the leaf spring. The free ends of the
      leaf spring contact 74 and contact 78 overlap one another but are spaced
      from one another so that no power is provided to the motor, as illustrated
      in FIG. 1, when a pencil is not in the pencil sharpener.
PAR  Referring to FIG. 3, when a pencil is inserted into the pencil sharpener,
      the pencil first engages the ring member 36. As the pencil is pushed
      further into the pencil sharpener, the outer ring edge 38 of the ring
      member 30 exerts a force on the surface of the countersunk cavity 36
      thereby pushing the entire cutting mechanism rearwardly. This results in
      the shaft 48 moving inwardly within the gear cage housing tubular portion
      66. The innermost end of the shaft 48 engages the leaf spring contact 74
      and pushes it inwardly so that the free end of the leaf spring contact 74
      engages the free end of the contact 78, thereby causing electrical power
      to be supplied to the motor. This, in turn, results in rotation of the
      motor output shaft 54 which drives gear 52 which in turn drives gear 50.
      Rotation of gear 50 causes rotation of shaft 48 and, consequently, the
      helical cutting mechanism 28. All this is accomplished before the end of
      the pencil can be inserted into the cutting cavity 38 so that there is no
      resistance offered by the pencil to be sharpened to the initial or
      start-up rotation of the helical gear mechanism 28. By the time the point
      of the pencil reaches the cutting cavity 38, the helical cutting mechanism
      28 has already been actuated.
PAR  The distance (marked B in FIG. 1) between the end of the tubular portion 66
      of the gear cage housing and the innermost end of the helical cutting
      mechanism is the critical distance which the cutting mechanism must move
      in order to actuate the leaf spring contact 74 into engagement with the
      contact 78.
PAR  When the pencil is removed from the cutting cavity, the force exerted by
      leaf spring contact 74 on shaft 48 causes the helical cutting mechanism to
      return to the position illustrated in FIG. 1.
PAR  Another feature of this invention is that the cylindrical housing 26
      rotates about the ring member 30 which holds the pencil to be sharpened
      during the pencil-sharpening operation. Since ring member 30 can be
      composed of Teflon, it acts as a bearing surface and reduces the
      rotational friction when the pencil is held against rotation as is normal
      during the pencil-sharpening operation.
PAR  While the preferred embodiment of various aspects of this invention has
      been shown in the drawings, it is to be understood that this disclosure is
      for the purpose of illustration only and that various changes in shape,
      proportion and arrangement of parts, as well as the substitution of
      equivalent elements for those herein shown and described, may be made
      without departing from the spirit and scope of the invention as set forth
      in the appended claims. For example, devices of various configurations
      could be used to accomplish the function of ring member 30.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for automatically sharpening a pencil comprising:
PA1  a sharpener housing having an outer end corresponding to the entry point of
      the pencil to be sharpened and an inner end,
PA1  an electric motor being positioned within said housing adjacent said
      housing inner end,
PA1  means for cutting the pencil, said cutting means being positioned within
      said sharpener housing between said electric motor and said sharpener
      housing inner end,
PA1  a first electrical contact bein electrically connected to said motor and
      being positioned between said motor and said cutting means,
PA1  a second electrical contact being adjacent to and spaced from said first
      electrical contact and being positioned between said motor and said
      cutting means, said cutting means being axially movable into engagement
      with said second electrical contact,
PA1  means positioned adjacent the outer end of said housing for frictionally
      engaging the pencil to be sharpened, said frictionally engaging means
      being axially movable within said housing into engagement with said
      cutting means
PA1  whereby insertion of the pencil into said frictionally engaging means
      causes axial movement of said engaging means, said cutting means and said
      second electrical contact thereby closing said normally separated
      electrical contacts and actuating said electrical motor.
NUM  2.
PAR  2. The apparatus recited in claim 1, said frictionally engaging means
      comprising a ring member, said ring member having a plurality of flexible
      legs extending from the inner surface of said ring member, said flexible
      legs forming a frustoconical element.
NUM  3.
PAR  3. The apparatus recited in claim 2, said ring member frustoconical element
      having a base diameter and an apex diameter, said base diameter being
      slightly greater than the diameter of a standard pencil, said apex
      diameter being slightly smaller than the diameter of a standard pencil.
NUM  4.
PAR  4. The apparatus recited in claim 2, each of said flexible legs being
      spaced from one another, and the pencil engaging surface of each of said
      legs being concave.
NUM  5.
PAR  5. The apparatus recited in claim 2, said cutting means comprising a
      cutting blade, a cutting blade housing in which said cutting blade is
      rotatably mounted, said blade housing having an inner end and an outer end
      corresponding to the inner and outer ends of said sharpener housing, a
      generally cylindrical chamber being formed on said blade housing outer
      end, said ring member being positioned within said blade housing
      cylindrical chamber.
NUM  6.
PAR  6. The apparatus recited in claim 5, a countersunk cavity being formed in
      said blade housing inwardly from said blade housing cylindrical chamber,
      said ring member inner edge bearing against the surface of said blade
      housing countersunk cavity and means positioned adjacent said sharpener
      housing outer end for supporting said ring member in said blade housing
      cylindrical chamber.
NUM  7.
PAR  7. The apparatus recited in claim 6, said sharpener housing having a front
      wall at said sharpener housing outer end, said ring member supporting
      means comprising a generally tubular element extending through an aperture
      in said sharpener housing front wall and into said blade housing
      cylindrical portion, the inner end of said tubular element bearing against
      said ring member.
NUM  8.
PAR  8. The apparatus recited in claim 5, a support wall being located within
      said sharpener housing between said sharpener housing inner and outer
      ends, a gear cage housing being attached to said support wall, said gear
      cage housing including a tubular portion extending through an aperture in
      said support wall, a shaft being attached to said cutting blade housing
      outer end, said shaft extending through said gear cage housing tubular
      portion and being slidable within said tubular portion.
NUM  9.
PAR  9. The apparatus recited in claim 8, a first gear being journalled onto
      said shaft, a second gear attached to the output of said motor being in
      driving engagement with said first gear, said shaft innermost end being
      contact with one of said electrical contacts.
NUM  10.
PAR  10. The apparatus recited in claim 1, said first electrical contact
      comprising a leaf spring.
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ABST
PAL  A check valve adapted for mounting between the faces of a pair of pipe
      flanges having flow passages of equal diameters and joined by bolts
      circumferentially spaced about the flanges. A valve body having a
      cylindrical flow passage therethrough is formed with end sections, each of
      which has a surface adapted for sealing engagement with a face of the pipe
      flanges, and a clapper being mounted for pivoting between a closed
      position completely blocking the valve body flow passage and an open
      position withdrawn from the flow passage but within the valve body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention is one-way or check valves.
PAR  It is often necessary to utilize "through conduit" or "station venturi"
      check valves to control the direction of fluid flow in pipelines. Such
      valves permit only uni-directional fluid flow and are actuated by the
      direction of the fluid flow. When the valves are open, they provide open
      flow passages to allow passage of pipeline pigs, balls, or the like, and
      cause little interference with the normal fluid flow through the pipeline.
      In addition, it is highly desirable that the valves be constructed in such
      a manner that installation and replacement can be accomplished within
      minimal expenditures of time, labor and money.
PAR  In the past, check valves such as those described in U.S. Pat. Nos.
      2,882,923; 3,191,619; and 3,720,225 were available. However, several
      problems were associated with such valves. For example, they required an
      enlarged area in the valve body to permit the pivotally mounted clapper to
      swing freely. This enlarged area caused a drop in the pipeline pressure
      and interfered with the normal fluid flow through the pipeline. Recesses
      at the bottom of the valve bodies caused fluid turbulence which also
      interfered with the normal fluid flow in the pipelines. Further, none of
      the known valves was constructed so that it could have been easily
      installed between portions of the pipeline having flow conduits of the
      equal size. The bodies of some of the valves had to be shaped to conform
      to particular flange designs, others required the use of pipe flanges
      having a unique design, and most necessitated the performance of welding,
      press-fitting, or sweating operations during the installation process.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a new and improved check
      valve. The valve is adapted for mounting between the faces of a pair of
      pipe flanges having flow passages of equal diameters and joined by bolts
      circumferentially spaced about the flanges. Basically, the valve consists
      of a valve body having a pivotally mounted clapper for pivoting between a
      closed position completely blocking the flow passage through the valve
      body and an open position withdrawn from the flow passage but within the
      valve body. The valve body is formed with a pair of opposing end segments
      each of which has a surface formed for sealing engagement with the face of
      one of the pipe flanges. When the flange bolts are drawn tight, the forces
      exerted by the flange faces on the valve end segments hold the valve body
      in place. Because of this construction of the valve body, the valve of the
      present invention can be easily and quickly installed between the faces of
      standard pipe flanges. In addition, the maximum radial dimension of the
      valve body is smaller than the distance from the flange bolts to the
      center of the flange flow passages. This structure eliminates the need for
      constructing the valve body to conform to the exact placement of the
      flange bolts placed around the circumference of the flanges and, at the
      same time, permits utilization of the flange bolts as a protective shield
      for the valve.
PAR  In the through conduit embodiment of the preferred embodiment of the
      present invention, the entire body forms a flow passage having a
      substantially constant diameter. A closure means forms a cylindrical flow
      path equal in diameter to the flow path formed by the rest of the valve
      body, but eccentric with respect thereto. In this manner, the valve of the
      present invention provides a seating means for the clapper without
      substantially altering the diameter of the flow path through the valve
      body. Thus, in its open position, the valve of the present invention
      minimizes the pipeline pressure drop through the valve and causes little,
      if any, interference with the normal fluid flow through the pipeline. In
      the station venturi embodiment of the present invention, the seating means
      of the valve body includes an annular lip which forms a cylindrical flow
      passage smaller in diameter than the flow passage of the rest of the valve
      body. Thus, the annular lip forms a constriction in the flow path and may
      be utilized with a manometer or similar device to measure flow which is
      customarily provided by installation of an orifice plate or venturi tube
      in booster station manifold systems. At the same time, the valve also
      serves as a check valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view illustrating the through conduit
      embodiment of the present invention;
PAR  FIG. 2 is an end view of the through conduit embodiment of the present
      invention;
PAR  FIG. 3 is a cross-sectional view illustrating the station venturi
      embodiment of the present invention;
PAR  FIG. 4 is a partial sectional view taken at a midpoint of the station
      venturi embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawings, the letter A designates generally the valve of the present
      invention which includes a valve body B mounted between a pair of pipe
      flanges C. Valve body B has a flow passage D therethrough to allow passage
      of fluids through the valve. A clapper E is mounted within body B and
      pivots between a closed position completely blocking flow passage D and an
      open position withdrawn from flow passage D but within valve body B.
PAR  Considering the invention in more detail, FIGS. 1 and 3 illustrate valve A
      mounted between an upstream pipe flange 10 and a downstream pipe flange
      12. Flanges 10 and 12 are standard pipe flanges representative of those
      commonly used in pipeline industry. Each of the flanges 10 and 12 has a
      substantially cylindrical flow passage 14 therethrough formed about a
      geometrical axis 16. In the preferred embodiment of present invention, the
      flow passage 14 through upstream pipe flange 10 is equal in diameter to
      the flow passage 14 through downstream pipe flange 12. An axial extension
      18 of each of the flanges 10 and 12 connects the flanges to adjacent
      joints of pipe (not shown). A lip 20 extends radially from each of the
      flanges 10 and 12, and a plurality of circumferentially spaced flange
      bolts 22 pass through lips 20 to securely interconnect flanges 10 and 12
      and valve body B.
PAR  The valve body B is mounted between a downstream face 24 of upstream pipe
      flange 10 and an upstream face 26 of downstream pipe flange 12. The valve
      body B, which is preferably cast as an integral unit but may be
      constructed in any convenient manner, is formed within upstream end
      section 28 and a downstream end section 30. A surface 32 of upstream end
      section 28 conforms to the shape of face 24 of upstream pipe flange 10 so
      that the surface 32 and face 24 are placed in sealing engagement with each
      other. Similarly, downstream end section 30 has a surface 34 which
      conforms to the shape of face 26. A pair of gaskets 36 or other suitable
      sealing means are preferably placed between the end section surfaces and
      the flanges faces to insure a fluid tight connection between flanges 10
      and 12 of valve body B. With flange bolts 22 drawn tight, faces 24 and 26
      exert a force on end sections 28 and 30, respectively, and hold valve body
      B securely in place.
PAR  Because the end sections 28 and 30 of valve body B are constructed for
      sealing, frictional engagement with the flange faces 24 and 26, the valve
      A may be easily installed between a wide variety of flanges commonly
      available in the pipeline industry. Most such flanges have radially
      extending, planar faces such as faces 24 and 26 shown in FIGS. 1 and 3.
      Accordingly, end sections 28 and 30 constructed with radially extending
      surfaces 32 and 34 may be readily installed with those types of flanges.
      However, the shapes of surfaces 32 and 34 may be modified to conform to
      alternately shaped flange faces. In addition, the end section structure of
      valve body B further facilitates installation and replacement of valve A
      by eliminating the need for altering the flange structure or performing
      welding, sweating and similar operations during installation. Valve A may
      be installed between pipe flanges having equal diameter flow passages
      simply by aligning valve body B between the flanges and tightening flange
      bolts 22.
PAR  Valve body B is also constucted so that the maximum radial dimension of the
      valve body is smaller than the distance from the flange bolts 22 to the
      center of the flow passages 14 through flanges 10 and 12. For example, as
      shown in FIG. 1, the distance 39 from a top portion 38 of valve body B to
      the geometrical axis 16 is smaller than the distance 37 from a lower side
      40 of bolt 22 to axis 16. Because the valve body B does not extend to or
      beyond the flange bolts 22, valve A may be placed between flanges 10 and
      12 without regard to the exact location of bolts 22 along the
      circumference of the flange lips 20. In addition, this limited dimension
      of valve body B permits utilization of flange bolts 22 as a protective
      shield around the valve A. Thus, valve A is protected from blows which
      might tend to dislodge the valve or damage it.
PAR  The valve body B, in cooperation with clapper E, forms an open and
      substantially cylindrical flow passage D for fluids flowing from the
      upstream side of valve A to the downstream side of the valve. The clapper
      E, which includes a disc 41, is mounted within the valve body B on a
      pivotal mounting means such as pin 42. The clapper pin 42 is journalled
      within a portion 44 of the valve body B or otherwise suitably mounted in
      the body with one or both ends projecting from the body for receiving
      indicator means or actuator means or the like. (Note: Pin may be extended
      through the body for such purposes as providing a positive flow indicator
      or an actuating system to assist or retard clapper actuation. That is, an
      externally mounted cylinder can advance or retard the clapper actuator on
      a flow stoppage or reversal.) Pin 42 pivots clapper E between a closed
      position shown in dashed lines at 46 and an open position shown in solid
      lines at 48 (FIGS. 1 and 3). In its closed position, clapper E completely
      blocks the flow passage D through valve A, but in its open position,
      clapper E is substantially withdrawn from flow passage D.
PAR  An inner wall portion 50 of valve body B between end sections 28 and 30
      forms a chamber 52 exterior to the flow passage D but within valve body B
      (FIG. 2). Chamber 52 receives clapper E when the clapper is in its open
      position, thereby allowing the clapper E to withdraw from flow passage D.
      As discussed in more detail below, a second interior wall portion shown
      generally at 54 receives clapper E in its closed position 46 and provides
      a seating means for the clapper E. A third interior wall portion 56
      extends from the downstream side of the second interior wall portion 54 to
      the downstream end section 30 and forms a partial cylindrical flow passage
      58 opposite chamber 52. The third interior wall portion 56 immediately
      adjoins the downstream side of wall portion 54 and thereby eliminates
      recesses which would cause undue turbulence as fluid flows through valve
      A.
PAR  A clapper skirt 60 mounted on disc 41 of clapper E may be employed with
      valve A to form a partial cylindrical flow passage 62 opposite the flow
      path 58 formed by inner wall portion 56. An arcuate surface 64 extending
      from disc 41 of clapper E forms a flow path 62 when the clapper is in its
      open position 48. As can be seen from FIGS. 1 and 2, flow passage 58
      formed by interior wall portion 56 has a uniform diameter. Therefore, by
      utilizing skirt 60 with clapper E, the part of flow path D downstream of
      the second interior wall portion 54 maintains its substantially uniform
      cylindrical shape, thereby minimizing the pressure losses and turbulence
      of fluid flowing through valve A.
PAR  The entire flow passage D through valve body B includes a flow passage 66
      formed by end segment 28, a flow passage 68 formed by interior wall
      portion 54, flow passage 58 formed by interior wall portion 56, flow
      passage 62 formed by clapper skirt 60 and a flow passage 70 formed by the
      downstream segment 30 of valve body B. In the preferred embodiments of the
      present invention, flow passage 66, 62, 58, and 70 are each substantially
      equal in diameter to the flow passages 14 through pipe flanges 10 and 12.
      In the through conduit embodiment of the present invention (FIG. 1), flow
      passage 68 formed by the second interior wall portion 54 is also equal in
      diameter to the flow passages 14 through pipe flanges 12 and 10. That is,
      the entire flow passage D through valve body B has a substantially
      constant diameter.
PAR  As shown in FIG. 1, the seating means formed by the second interior wall
      portion 54 of the through conduit embodiment of the present invention
      includes an annular closure means 72. An upstream surface 74 of closure
      means 72 extends downstream from upstream end section 28 and forms a
      gradual incline from the end section 28. An uppermost point of upstream
      surface 80 is crowned to minimize any turbulence in the fluid passing over
      the surface. A downstream surface 76 of closure means 72 joins upstream
      surface 80 and the third interior wall portion 56. Downstream surface 76
      is slanted with respect to axis 16 and forms a seating surface to receive
      a beveled edge 78 of disc 41 when clapper E is in its closed position 46.
      Downstream surface 76 is a sufficient distance downstream of pivot pin 42
      such that the center of gravity of clapper E in the closed position is
      upstream of the pin 42 to provide a positive closure force in the no-flow
      condition as it pivots between its open position 48 and its closed
      position 46.
PAR  A gasket 81 or other suitable sealing means is mounted on beveled edge 78
      of disc 41 to insure sealing engagement of clapper E and the downstream
      surface 76 when the clapper E is in its closed position 46. A small recess
      82 also formed on beveled edge 78 of disc 41 and extending
      circumferentially thereof, entraps fluid and thus functions as a means for
      cushioning shock created when clapper E pivots to is closed position 46.
      As clapper E pivots toward closure 72, recess 82 makes initial contact
      with a surface 76 of closure 72. As the clapper E continues to pivot into
      position 46, recess 82 entraps slightly compressible fluid to absorb or
      reduce the shock of a sudden valve closure.
PAR  Closure means 72 of the through conduit embodiment of the present invention
      forms a flow passage 68 which is substantially cylindrical about geometric
      axis 84. Flow path 68 is eccentric with respect to flow passage 66 formed
      by end section 28. That is, axis 84 and axis 16 do not coincide. However,
      flow path 68 is equal in diameter to flow path 66. Thus, closure means 72
      provides a seating means for clapper E but without altering the diameter
      of flow passage D through valve body B. Because of this constant diameter
      flow path D, valve A minimizes the pipeline pressure drop thorugh the
      valve and causes little, if any, interference with the normal fluid flow
      from the upstream pipe flange 10 to the downstream pipe flange 12. Yet,
      the structure also permits clapper E to seat in its closed position and
      completely block flow path D.
PAR  In the station venturi embodiment of the present invention (FIG. 3),
      closure means 72 is replaced with an annular lip 82 formed by the second
      interior wall portion 54 of valve body B. Lip 82 forms a flow passage 85
      which is concentric with flow passage 66 formed by upstream end segment
      28, but is smaller in diameter than flow passage 66. Thus, flow passage 84
      forms a constriction in valve body B which is necessary for the valve body
      to function as a station venturi valve. However, the upstream surface 86
      of lip 82 is smooth so that it does not create undue turbulence in valve
      body B. A downstream surface 88 of lip 82 is beveled to form a seating
      position 46. In the station venturi embodiment of the present invention,
      valve body B also includes a pair of venturi tube nozzle access ports 90
      and 92 (FIG. 4). Upstream access ports 92 may be formed immediately
      upstream of flow passage 66 formed by end section 28. The throat access
      ports 90 may be formed at the constricted flow passage 84 formed by
      annular lip 82. The difference in pressure between the full and reduced
      annular openings (or throat) A and B, each of which is of known diameter,
      provides a means of determining the rate of flow. The gradual enlargement
      88 downstream from the throat (A) will permit a partial recovery of
      pressure much as a conventional venturi tube. A manometer (not shown) may
      be attached to ports 90 and 92 in the conventional manner to give an
      indication of the flow rate through valve body B from the differential in
      pressure at access ports 90 and 92. The remainder of the station venturi
      embodiment of valve A is substantially identical to the through conduit
      embodiment of the valve. Accordingly, like reference numerals have been
      used to indicate corresponding elements of the two embodiments of the
      valve. It should be noted, however, that the structure of the station
      venturi embodiment of valve A permits the valve to serve not only as a
      conventional station check valve, but also as a station flow detection
      device which may be readily installed between pipe flanges having equal
      diameter flow passages.
PAR  Both embodiments of valve A permit only uni-directional flow and are
      actuated by the direction of the fluid flow. Fluids flowing from pipe
      flange 10 toward pipe flange 12 cause clapper E to pivot around pin 42
      into the clapper's open position 48. With the clapper in its open
      position, flow passage D through valve A may be completely open to allow
      passage of pipeline pigs, balls, or the like that will withstand a
      diametrical reduction. Further, the structure of valve body B causes
      little interference with the normal fluid flow from upstream to
      downstream. However, in the absence of any fluid flow or with flow from
      the downstream toward the upstream end of the valve, clapper E will pivot
      to its closed position 46 and completely block flow path D. It should be
      noted that body 30 may be reduced in dimension between flanges, permitting
      the clapper 46 to extend into the flowing stream much as a conventional
      wafer type check valve.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the materials and the
      details of the illustrated construction may be made without departing from
      the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A check valve adapted for mounting between the faces of a pair of pipe
      flanges having flow passages of substantially equal diameters, equal radii
      of curvature, and joined by bolts circumferentially spaced about the
      flanges, comprising:
PA1  a valve body having a flow passage of substantially uniform diameter
      therethrough;
PA1  a clapper mounted with said valve body for closing off said flow passage
      through said body;
PA1  pivotal mounting means for mounting said clapper for movement between a
      closed position completely blocking said flow passage through said valve
      body and an open position substantially within a chamber and withdrawn
      from said flow passage through said valve body;
PA1  said valve body including:
PA2  upstream and downstream end sections, each of which has a cylindrical flow
      passage therethrough equal in diameter to the diameter of said pipe flange
      flow passages and alignable with said pipe flange flow passages;
PA2  a chamber section between said end sections having a chamber therein, said
      chamber communicating with and being adjacent to said flow passage through
      said valve body and being formed to receive said valve clapper with said
      valve clapper in its open position;
PA2  seating means immediately downstream of said upstream end section and
      substantially perpendicular to said valve body flow passage for seating
      said clapper with said clapper in its closed position, said seating means
      including an annular section having a flow passage therethrough equal in
      diameter to said end section flow passages and parallel to said end
      section flow passages, but eccentric with respect to said end section flow
      passages; and
PA2  a downstream section immediately adjoining the downstream side of said
      seating means and extending to said downstream end section, said
      downstream section having a partial cylindrical flow passage therethrough
      with a radius of curvature substantially equal to the radius of curvature
      of said pipe flange flow passages; and
PA1  skirt means mounted on one side of said clapper for forming a complementary
      partial cylindrical flow passage downstream of said seating means with
      said clapper in its open position so that said downstream section partial
      cylindrical flow passage and said complementary partial cylindrical flow
      passage jointly form a cylindrical flow passage downstream of said seating
      means which cylindrical flow passage is equal in diameter to said end
      section flow passages, whereby with said clapper in its open position said
      valve body has a flow passage of substantially uniform diameter
      therethrough so that changes in the pressure of fluid flowing through said
      valve body are minimized.
NUM  2.
PAR  2. The structure set forth in claim 1, wherein said clapper includes:
PA1  a recess formed in the circumference of the sealing portion of said clapper
      for cushioning the shock created by the closure of said clapper upon
      contact with the seating means for said clapper.
NUM  3.
PAR  3. The structure set forth in claim 1, wherein:
PA1  said valve body has a maximum radial dimension smaller than the distance
      from said flange bolts to the center of said flange flow passages.
NUM  4.
PAR  4. The structure set forth in claim 1, wherein each of said end sections
      includes:
PA1  a surface formed for sealing engagement with the face of one of said
      flanges with said flange bolts securely interconnecting said flanges and
      said valve body.
NUM  5.
PAR  5. A station venturi check valve adapted for mounting between the faces of
      a pair of pipe flanges and having flow passages of substantially equal
      diameters, equal radii of curvature and joined by bolts circumferentially
      spaced about the flanges, comprising:
PA1  a valve body having a flow passage therethrough;
PA1  a clapper mounted with said valve body for closing off said flow passage
      through said body;
PA1  pivotal mounting means for mounting said clapper between a closed position
      completely blocking said flow passage through said valve body and an open
      position substantially within a chamber and withdrawn from said flow
      passage through said valve body;
PA1  said valve body including:
PA2  upstream and downstream end sections, each of which has a cylindrical flow
      passage therethrough equal in diameter to the diameter of said pipe flange
      flow passage and alignable with said pipe flange flow passages;
PA2  a chamber section between said end sections having a chamber therein, said
      chamber communicating with and being adjacent to said flow passage through
      said valve body and being formed to receive said valve clapper with said
      clapper in its open position;
PA2  seating means immediately downstream of said upstream end section and
      substantially perpendicular to said valve body flow passage for seating
      said clapper with said clapper in its closed position, said seating means
      including an annular lip having a cylindrical flow passage therethrough
      smaller in diameter than said flange flow passages, but parallel to said
      end section flow passages to form a constriction in the flow passage
      formed by said valve body; and
PA2  a downstream end section immediately adjoining the downstream side of the
      seating means and extending to said downstream end section, said
      downstream section having a partial cylindrical flow passage therethrough,
      the radius of curvature of said partial cylindrical flow passage being
      substantially equal to the radius of curvature of said pipe flange flow
      passages; and
PA1  skirt means mounted on one side of said clapper for forming a complementary
      partial cylindrical flow passage downstream of said seating means with
      said clapper in its open position so that downstream section partial
      cylindrical flow passage and said complementary partial cylindrical flow
      passage jointly form a cylindrical flow passage downstream of said seating
      means which cylindrical flow passage is equal in diameter to said end
      section flow passages, whereby with said clapper in its open position said
      valve body has a flow passage of substantially uniform diameter
      therethrough except for the constriction formed by said seating means so
      that turbulence and unwanted changes in the pressure of fluid flowing
      through said valve body are minimized.
NUM  6.
PAR  6. The structure set forth in claim 5, wherein:
PA1  said valve body forms access ports for receiving pressure sensing devices.
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ABST
PAL  A device for injecting adjuvant into a liquid employing a stepped piston in
      a stepped cylinder with a valve in the piston triggered to open and close
      at opposite ends of the piston travel to cause a reversal of piston
      movement while a further piston integral with the first mentioned piston
      operates to pump metered quantities of adjuvant into the stepped cylinder.
BSUM
PAR  The present invention relates to a device for injecting an additive product
      or an adjuvant into a liquid.
PAR  The device according to the invention utilises the flow of a liquid to
      enable a specific quantity of an adjuvant to be injected into said liquid.
PAR  According to the invention there is provided a device for injecting an
      adjuvant into a liquid such device comprising a stepped piston slidingly
      mounted in a stepped body defining two cylinders of cross-sections
      corresponding to those of the two parts of the stepped piston, an inlet
      conduit into said body for liquid under pressure to control the
      displacement of said piston, means responsive to the movement of said
      piston for ensuring a specific flow of liquid from said body, and further
      means responsive to the movement of said stepped piston for controlling
      the introduction into said body of a specific quantity of an adjuvant to
      be mixed with said specific flow of liquid.
DRWD
PAR  In order that the present invention may more readily be understood the
      following description is given, merely by way of example, reference being
      made to the accompanying drawing in which:
PAR  FIG. 1 is a view in longitudinal section of the injection device according
      to the invention;
PAR  FIG. 2 is a detail view of the fork of the device which controls the valves
     .
DETD
PAR  The device shown in FIG. 1 comprises a body 1 which defines a first
      cylinder 2 and a second cylinder 3 of cross-section smaller than that of
      cylinder 2. A stepped piston 4, is slidable in the body 1 with one part 4a
      of the piston slidingly mounted in the smaller section second cylinder 3
      while the other part 4b of piston 4 is slidingly mounted in the first
      larger cross-section cylinder 2. The parts 4a and 4b of the piston 4 are
      provided with respective O-ring seals 5 and 6.
PAR  The cylinder 3 has an inlet orifice 7 for liquid under pressure while the
      second cylinder 2 has an outlet 8 for discharging liquid.
PAR  The stepped piston 4 has a further piston in the form of a plunger 9
      provided at its free end with a conical seal 10 and sliding in a cylinder
      11 intended to receive a liquid adjuvant which as the plunger 9 is
      withdrawn rightwardly, is sucked in via an orifice 12 provided with a flap
      valve 13 capable of being opened during the suction and closed during the
      advancing leftward stroke of the plunger 9 forcing the adjuvant of the
      cylinder 11 past the seal 10 into the cylinder 3.
PAR  The part 4a of the stepped piston 4 is hollow and has an end partition wall
      14 which separates the two cylinders 2 and 3 from one another. The
      internal space 15 of the piston communicates with the cylinder 3 via
      openings 16 provided in the wall 17 at the opposite end of piston part 4a.
PAR  To the part 4b of the piston 4 there is attached, by means of a bolt 19, a
      flexible blade 18 having a free end 20 adapted to close an orifice 21
      provided in the piston part 4b. The orifice 21 establishes the
      communication between the two faces of the piston part 4b when the blade
      18 permits. The flexible blade 18 is connected to a rod 22 carrying a
      valve 23 capable of shutting an orifice 24 which orifice is provided in
      the partition wall 14 and connects the cylinder 3 to the cylinder 2.
PAR  The rod 22 is mounted for sliding relative to stepped piston 4 and has at
      its end remote from the valve 23, a reduced diameter portion 22a on which
      there is engaged a notch 25 of a fork 26 (FIGS. 1 and 2). The fork 26 is
      supported at the opposite side 28 in a notch 29 of a support member 30
      secured to the partition wall 14 of the piston by a screw 31.
PAR  At either side of the fork 26 there are provided notches 31, 31a each of
      which there is engaged one end of a respective one of two springs 32 the
      other end of each spring being engaged on a spindle 33 integral with and
      extending transversely of a rod 34 slidingly mounted in the stepped piston
      4 and capable of abutting with its ends 34a, 34b and the end walls of the
      cylinders 3 and 2 of body 1 in such a manner as to control the operation
      of the valves 23 and 20 in accordance with the travel of the stepped
      piston 4. The springs 32 thus form, with the spindle 33 and the fork 26,
      an over-centre mechanism biasing the fork 26 away from a vertical, central
      position.
PAR  The device illustrated operates in the following manner:
PAR  The stepped piston 4 and the plunger 9 arrive at the end of their travel in
      the position shown by broken lines on the rod 34 and the plunger 9 in FIG.
      1, as the end 34a of the rod 34 contacts the left hand end wall of the
      cylinder 3 and causes the fork 26 to flip into the position shown in full
      lines in FIG. 1. In this position the fork will have caused the valve 23
      to close and the end 20 of the blade 18 to open the orifice 21.
PAR  Liquid is then injected under pressure via the inlet 7 into the cylinder 3
      to push the stepped piston 4 in the direction of the arrow F.
PAR  Because the valve 20 is open and is held open by the pressure of liquid in
      the cylinder 3 urging the valve 23 rightwardly, the liquid which is
      present between the piston part 4b and the end wall of the cylinder 2 can
      pass through the orifice 21 into the portion 2a of the cylinder 2 and can
      escape via the outlet duct 8.
PAR  During this travel of the stepped piston 4 the plunger 9 also moves in the
      direction of the arrow F so that it sucks in the adjuvant through the
      orifice 12 by lifting the valve 13 and fills the cylinder 11 with a
      specific volume of adjuvant. The end of the travel of piston 4, is
      signalled as the end 34b of the rod 34 comes into contact with the right
      hand end wall of the cylinder 3 to cause the fork 26 to flip over and to
      occupy the position shown in broken lines, in which the blade end 20
      closes the orifice 21 and the valve 23 opens.
PAR  Consequently liquid under pressure coming in through the inlet duct 7
      passes through the orifice 24 and through cut outs (not shown) in the
      blade 18 to fill the space between the bottom of the cylinder 2 and the
      piston part 4b. Since the piston part 4b has larger cross-section than the
      piston part 4a the equal liquid pressures to the left of partition wall 14
      within piston part 4a and to the right of piston part 4b in the cylinder 2
      gives rise to a differential force which is exerted on the stepped piston
      4 in the direction opposite to the arrow F, i.e., leftwardly. During this
      return movement of the stepped piston 4, the adjuvant which is already
      present in the cylinder 11 is forced by the plunger 9 into the cylinder 3,
      by virtue both of the closing of valve 13 and of the conical form of the
      seal 10 which deforms so as to permit the adjuvant to pass.
PAR  The end of the return travel of the stepped piston 4 is signalled as the
      end 34a of the rod 34 comes into contact with the left hand end wall of
      the cylinder 3 and causes the fork 26 to flip over to open the valve at
      orifice 21 and close the valve 23.
PAR  The device has thus been brought back to the original position and a new
      cycle can begin.
PAR  The invention is, of course, not limited to the above described embodiment
      but it covers any variants falling within the scope of the following
      statement of claim, for example the valve 13 and its seat may be integral
      parts of the container in which the adjuvant is stored, and the end of the
      cylinder 11 may be adapted for being secured to this container.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for injecting an adjuvant into a liquid, comprising a body
      having first and second cylinder portions of different cross-sections with
      end walls at the ends of the body, one end wall forming a closed end of
      the first cylinder portion and the opposite end wall forming a closed end
      of the second cylinder portion, a tubular member connected to said
      opposite end wall of the body having a bore which forms a chamber
      communicating with the space within said second cylinder portion, stepped
      piston means slidingly mounted in said body and having first and second
      piston portions of different cross-sections corresponding to those of the
      first and second cylinder portions respectively, a plunger connected to
      the piston means and slidably disposed in said bore, the cross-section of
      the plunger being less than the cross-section of the bore to provide for
      flow of fluid thereabout, means for introducing a first liquid under
      pressure into said body to one side of said piston means, an outlet
      conduit from said body, means for introducing a second liquid into said
      chamber comprising a conduit, a pressure responsive valve closing the
      conduit against flow of liquid from the chamber, a pressure responsive
      seal about the plunger which prevents flow of fluid around the plunger
      into the space within the second cylinder portion when the plunger moves
      with the piston means toward the space within the first cylinder portion
      and permits flow of fluid around the plunger as the plunger moves toward
      said pressure responsive valve, and means responsive to the position of
      said piston for controlling escape of a metered quantity of liquid and
      adjuvant through said outlet conduit.
NUM  2.
PAR  2. An adjuvant injection device as set forth in claim 1 wherein said
      stepped piston means further includes a first valve on the first piston
      portion, said first piston portion having a larger cross-section than said
      second piston portion; and a second valve on the second piston portion; a
      triggering rod slidable relative to the stepped piston means and adapted
      to abut against said end walls of the cylinders at each end of the sliding
      travel of said stepped piston means; and rocking means actuated by said
      rod for controlling opening and closing of said valves alternatively.
NUM  3.
PAR  3. An adjuvant injection device as set forth in claim 2, wherein said
      rocking means are comprised of a fork; a support member integral with said
      stepped piston means having one side in contact with the support member; a
      push rod operatively connected to the valves; said fork and two resilient
      members respectively secured between said sliding triggering rod and the
      side of said fork away from said one side.
NUM  4.
PAR  4. An apparatus for mixing a first liquid with a second liquid comprising a
      housing enclosing a space having a first cylindrical chamber and a second
      cylindrical chamber of smaller cross-section than the first chamber, said
      housing having one end wall which forms a closed end of the first chamber
      and an opposite end wall which forms a closed end of said second chamber,
      a tubular member connected to said opposite end wall of the housing having
      a bore which forms a third chamber communicating with the second chamber,
      a piston having a hollow body portion slidably disposed in fluid tight
      relationship in said second chamber and having a flange at one end thereof
      slidably disposed in fluid tight relationship in said first chamber, a
      plunger attached to the piston and slidably disposed in said bore, the
      cross-section of the plunger being less than the cross-section of the bore
      to provide for flow of liquid thereabout, means for introducing a first
      liquid under pressure into the second chamber and to move the piston body
      into the first chamber, means for flow of liquid through the piston from
      the second chamber to the first chamber comprising an aperture, a valve
      for opening and closing said aperture, means for moving said valve
      responsive to movement of said piston whereby the valve is in its closed
      position when the piston body is disposed adjacent to the closed end of
      the second chamber, and is in its open position when the piston body has
      moved to extend partially in the first chamber, a first orifice for flow
      of liquid from the space enclosed by the housing disposed in the housing
      adjacent to the juncture between the first and second chambers, a second
      orifice disposed in said flange for flow of liquid from the first chamber
      through the flange into the first orifice, means responsive to the
      movement of said valve for opening said second orifice when the valve is
      closed and to close the second orifice when the valve is open, means for
      introducing a second liquid into said third chamber comprising a conduit,
      a pressure responsive valve closing the conduit against flow of liquid
      from the third chamber, and a pressure responsive seal about the plunger
      which prevents flow of fluid around the plunger into the second chamber
      when the plunger moves with the piston towards the first chamber and
      permits flow of fluid around the plunger as the plunger moves towards said
      pressure responsive valve.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the dimensions of the space enclosed by
      the housing, the movement of the piston, the dimensions of the tubular
      member and the length of the plunger are coordinated to provide a space
      between the plunger when moved its maximum distance from said pressure
      responsive valve for storing a metered amount of liquid, and the volume of
      space between the flange and said first orifice holds a metered volume of
      mixed liquids.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the valve for opening and closing said
      aperture in the piston comprises a valve body adapted to close the
      aperture, a first rod fixed to the valve body having an axis parallel with
      the axis of the piston, a second rod having its axis parallel with the
      axis of the first rod slidably disposed in the piston and extending
      outwardly at each end of the piston whereby the ends thereof strike said
      end walls of the housing when the piston moves from one position to
      another, a fork member having one end in contact with and pivotable
      relative to the second rod and the other end in contact with and pivotable
      relative to the first rod whereby movement of the second rod pivots the
      forked member and moves the first rod to open and close said aperture.
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ABST
PAL  A pressure control device for a flowing fluid medium is described which
      comprises a fluid inlet conduit structure and a fluid return conduit
      structure each of which conduit structures has a valve seat; a connecting
      structure for linkup with a fuel consuming device; and a movable valve
      member for controlling the cross sectional area of the outflow of fluid
      from the control device, wherein the movable valve member which is
      arranged between the valve seats of the inlet and return conduit
      structures, controls the cross sectional areas of flow through the inlet
      conduit structure and the return conduit structure, respectively, in
      opposite sense and is biased by a resetting force, and wherein the valve
      seat cross sectional area of the return conduit structure is smaller than
      that of the inlet conduit structure, whereby a force resulting from the
      inlet fluid pressure and the cross sectional flow area of the inlet
      conduit structure acts on the movable valve member in a direction causing
      reduction of fluid influx and is opposed by the resetting force as well as
      by a force resulting from the fluid pressure in the connecting structure
      and from the area difference between the valve seat across sectional areas
      of the inlet and the return conduit structures. The movable valve member
      is preferably a membrane, and an electromagnet or spring structure may be
      used to provide the resetting force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a pressure control device adapted for regulating
      the flow of a fluid medium and having fluid inlet conduit means, fluid
      return conduit means and a connecting means for link-up with a fluid
      consuming device, as well as a movable valve member which controls the
      cross sectional area of the fluid outlet; this device is particularly
      adapted for the regulation of the control fluid of a fuel metering device
      for internal combustion engines.
PAR  Such pressure control devices are required to regulate very rapidly, but
      also to afford a high quality, i.e., very accurate regulation even at
      small pressure differences. Moreover, they should be capable of regulating
      pressures down to zero. In the known control devices initially described
      the fluid inlet conduit means comprise a throttle, and the pressure on the
      side of the consuming device is regulated by a control of the fluid
      outflow cross sectional area. These known systems suffer from the drawback
      of having a continuous outflow of oil at smallest and medium pressures;
      furthermore, they do not permit regulation of the pressure in the return
      conduit means down to zero, since, in order to permit this, no resistance
      at all should occur in the return conduit. Moreover, the regulating time
      required for such devices is relatively long, as there must be maintained
      a continuous influx of liquid via the fluid inlet conduit means.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a pressure control device of
      the initially described type, which fulfills the above-mentioned
      requirements and avoids the mentioned drawbacks.
PAR  This and other objects are attained in accordance with the invention in a
      pressure control device adapted for regulating the flow of a fluid medium
      and comprising a housing having fluid inlet and return conduit means
      therein each of which conduit means comprises a valve seat, connecting
      means for link-up with a fluid-consuming device, a movable valve member
      being adapted for controlling the cross sectional areas of flow through
      the inlet and return conduit means in an opposite sense, and biasing means
      for applying a resetting force to the movable member in a direction
      causing reduction of fluid influx; wherein the movable member is arranged
      between the valve seats of the inlet and return conduit means and wherein
      the valve seat cross sectional area of the return conduit means is smaller
      than that of the inlet conduit means, whereby a force resulting from the
      inlet fluid pressure and the cross sectional flow area of the inlet
      conduit means acts on the movable valve member and is opposed by the
      resetting force as well as by a force resulting from the fluid pressure in
      the aforesaid connecting means and from the area difference between the
      valve seat cross sectional areas of the inlet and return conduit means.
      Thus, the cross sectional flow area of the inlet conduit means decreases
      as the fluid-consuming device pressure increases, and viceversa.
PAR  In an advantageous embodiment of the invention, the aforesaid biassing
      means comprise a solenoid which provides the resetting force, and whereby
      the latter force is adjustable to the hydraulic pressures prevailing in
      the device. When, for instance the fluid pressure in the inlet conduit
      means changes, it becomes necessary to increase the resetting force when
      the fluid-consuming device pressure is to remain constant; this can be
      achieved by increasing the magnetic forces of the solenoid.
PAR  In another advantageous embodiment of the device according to the
      invention, the resetting force is provided by a spring which is adjusted
      to maintain the movable valve member in a state of equilibrium between the
      two above-mentioned valve seats.
PAR  According to yet another advantageous embodiment of the invention, means
      are provided whereby the resetting force can be changed by an adjusting
      force which may be provided by another spring or by a solenoid.
      Preferably, this adjusting force will also act on the movable valve
      member. Preferably the resetting force and the adjusting force can both be
      provided by springs, or one of them by a spring and the other by a
      solenoid, or both may be provided by solenoids; either a spring or a
      solenoid providing the resetting force, and another spring or solenoid
      supplying the adjusting force for varying the regulation.
PAR  In a further, preferred embodiment of the device according to the
      invention, the movable valve member is constituted by a control membrane
      which is clamped-in and extends across the interior of the housing in a
      plane which either coincides with the plane through one of the two valve
      seats, or which extends between those planes in which the two valve seats
      are located. Apart from the advantage that a membrane operates practically
      free from hysteresis, the flat valve seat having an annular cross
      sectional area for the passage of fluid therethrough affords, at short
      strokes of the membrane, a linear relationship between the membrane stroke
      and the aforesaid passage cross sectional area.
PAR  Finally, according to a further embodiment of the invention, one of the two
      valves constituted by the membrane and the two valve seats can be devised
      as a flat seat valve and the other as a ball valve. Furthermore, it can be
      advantageous to suspend the movable valve member from at least one guiding
      membrane in an axially displaceable manner, whereby a safe obturation of
      the device is guaranteed even at varying loads.
PAR  The invention will be better understood, and further objects and advantages
      will become apparent from the ensuing detailed specification of preferred
      but merely exemplary embodiments taken in conjunction with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows, in axial sectional view, a first embodiment of the pressure
      control device according to the invention, being constituted by a membrane
      regulator, and
PAR  FIG. 2 shows, an axial sectional view, another embodiment constituting a
      regulator device according to the invention, having combined therein a
      ball valve and a flat seat valve.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  Between a base plate 1 and a cup- or hat-shaped cover 3 which is fastened
      on base plate 1 by means of screws 2, there are arranged an internal
      bottom member 4 and an internal top member 5, the outer faces of which are
      hermetically sealed against the inner walls of base plate 1 and cover 3 by
      means of sealing rings 6 which are placed in corresponding annular top and
      bottom grooves and annular peripheral grooves in the outer walls of
      members 4 and 5. In the faces of members 4 and 5 turned toward each other,
      these members bear cavities 8 and 8a, and between the peripheral frontal
      faces 4a and 5a of these members there is clamped-in a membrane 7 which
      extends across the hollow interior of members 4 and 5 and separates
      cavities 8 and 8a from one another. Free communication is established
      between these cavities by way of apertures 7a provided in membrane 7. In a
      central bore of bottom member 4 there is force-seated a sleeve member 12
      which extends to the vicinity of membrane 7 and bears at its end adjacent
      the latter a valve seat 9. Similarly a tubular sleeve 15 projects from the
      central top wall of member 5 into the cavity 8a and bears at its free end
      adjacent membrane 7 a valve seat 10. The end part 14 of sleeve 15 bearing
      valve seat 10 is preferably of different material and is press-fitted into
      a recess in the end face of sleeve 15.
PAR  In the embodiment shown in FIG. 1 membrane 7 sealingly contacts valve seat
      10 when in a non-actuated position; thus, the maximum stroke of membrane 7
      is equal to the distance between membrane 7 on valve seat 10, and valve
      seat 9. Valve seat 9 and the frontal face 4a of housing member 4 are
      arranged in the same plane, and valve seat 10 and frontal face 5a of
      member 5 are also arranged in a common plane, so that each valve seat and
      frontal face pair can be given a finish in a single working phase. Annular
      washers 11 are interposed at least on one side of membrane 7 between the
      latter and the adjacent frontal face, which in FIG. 1 is face 4a of member
      4. Washers 11 have the same width as the frontal face on which they are
      placed and determine the stroke of membrane 7.
PAR  Sleeve 15 registers with a bore 16 in the top wall of cover 3 serving as
      inlet conduit for the regulating fluid medium, while sleeve member 12
      registers with central bore 13 in base plate 1 and thus forms part of the
      return conduit for fluid medium. In cavity 8a there is arranged spacedly
      about sleeve 15 a solenoid 17 consisting of excitor winding 18, magnetic
      core 19 and an armature 21 of which opposite faces of core 19 and armature
      21 are of frustoconical shape and extend parallel to each other. Armature
      21 is suspended from an annular membrane 20 which is clamped-in at its
      periphery between magnetic core 19 and the interior wall of cavity 8a.
      Armature 21 acts through the sleeve 41 upon membrane 7 and against the
      bias of a resetting spring 22 which is supported at its one end on a
      shoulder 22a formed by a central recess about sleeve 12 in the face of
      member 4 turned toward membrane 7. The magnetic core 19 is fastened into
      assembly with the remaining parts of the solenoid 17 by a ring 42. The
      force of solenoid 17 corresponds to the current intensity applied to
      exciter coil 18 due to the fact that the rising characteristic remaining
      on account of the frustoconical shape of the armature face opposing the
      magnet core is balanced by the rising characteristic of spring 22.
PAR  The chambers constituted on both sides of the membrane 7 by the spaces of
      cavities 8 and 8a outside valve seats 9 and 10 are connected to a
      fluid-consuming device by way of a bore 23 extending axially in the wall
      of cover 3 and opening out of the latter in an annular groove 24 to which
      a flange (not shown) of the consuming device can be connected.
PAR  The diameter of valve seat 10 is larger than that of valve seat 9 so that
      as a result of the difference in valve seat areas, a force will act in the
      direction towards valve seat 10 on the membrane 7. This force depends on
      the pressure prevailing in the chambers of cavities 8 and 8a and on the
      difference between the valve seat areas and is augmented by the force of
      spring 22. Theoretically and in practice, the most favorable result is
      obtained when the valve seats on the inlet and the return flow side have a
      cross sectional ratio of 9:25, or, in the case of round seats a diameter
      ratio of 3:5. In the latter case, there would occur a "self-regulation" by
      means of spring 22 whose rigidity would be negligible and at an assumed
      membrane rigidity of zero, even when no solenoid is employed; such
      regulation is effected by a control fluid flowing past valve seat 10 into
      the chamber of cavity 8a surrounding the valve seat until a pressure is
      attained in that chamber which would act in correspondence with the
      difference between the annular faces of valve seats 9 and 10 and urging
      the membrane 7 toward valve seat 10, thereby controlling the influx of
      fluid medium through sleeve 15. At the same time, the return flow of fluid
      medium through sleeve 12 would be increased as the membrane 7 would move
      away from valve seat 9. Thus membrane 7 is displaced between valve seats 9
      and 10 endeavoring to maintain a constant fluid pressure in spaces 8 and
      8a. As soon as there is a change in the pressure of the fluid-consuming
      device, the previously prevailing pressure will be re-established in
      chambers 8 and 8a. Depending on the current intensity applied to solenoid
      17, the pressure prevailing in chambers 8 and 8a can be adjusted to a
      pressure demanded by the fluid-consuming device. In this case, a control
      force generated by the solenoid 17 is superimposed on the force acting on
      membrane 7. In order to avoid that additional forces of adhesion or
      magnetic forces influence this regulation due to magnetic flux, the valve
      seat part 14 as well as housing members 4 and 5 are made of
      non-magnetizable material. Furthermore, the widths of valve seats 9 and 10
      are kept narrower than 0.2 mm in order to avoid an abrupt increase in the
      force acting on membrane 7 at opening.
PAR  In another embodiment (not illustrated) of a pressure control device
      according to the invention, the membrane may itself serve as the armature
      of the solenoid.
PAR  The embodiment shown in FIG. 2 has a similar function as the embodiment
      shown in FIG. 1, but operates with somewhat different means. As solenoid
      17 there is used a moving coil magnetic system having a coil 33 and an
      armature 25 is the central bore of which there is mounted stopper 26 which
      serves as a counterbearing for two balls 27 and 28. Ball 28 serves as the
      obturating member for valve seat 10 which is provided at the inner end of
      inlet tube 35, while ball 27 acts as an intermediate bearing for a valve
      plate 29 which cooperates as the movable valve member with the valve seat
      9 which is provided at the inner end of tubular member 36. Valve plate 29
      as well as armature 25 are suspended for axial displacement and with the
      maximum possible freedom from friction from guiding membranes 30, 31 and
      32, which membranes are affixed at their peripheries in the sidewall of
      the housing of the pressure control device. Beside the moving coil 33
      arranged on armature 25 there is also arranged an excitor winding 34 in
      the housing, by means of which winding the magnetic flux in magnetic core
      19 can be varied. While inlet tube 35 is not equipped with any additional
      throttling means, the tubular member 36 contains in its bore a
      spring-biassed ball check valve 37. The provision of check valve 37
      ensures that fluid medium is present at all times in chamber 38 of the
      pressure control device, and that, when fuel is used as the regulating
      medium, an evaporation of the latter in the case of a hot housing is
      avoided. The force which is generated by the hydraulic resetting effect
      due to the difference between the cross sectional area of valve seats 9
      and 10 is aided by that of a spring 39 which is supported at its one end
      on spring retaining discs 40 against the wall of the housing of the
      device, while the other end of spring 39 is seated on the face of valve
      plate 28 away from ball 27.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure control device adapted for controlling the flow of a fluid
      medium and comprising:
PA1  a housing:
PA1  fluid inlet conduit means in said housing;
PA1  fluid return conduit means in said housing, each of which conduit means
      comprises a valve seat;
PA1  connecting means for link-up with a fluid consuming device;
PA1  a movable valve member having two operating sides
PA1  means mounting said movable valve member to said housing between the valve
      seats of said inlet and return conduit means so that one operating side of
      the movable valve member is associated with said inlet conduit means and
      the other operating side of the movable valve member is associated with
      said return conduit means;
PA1  an inlet cavity operatively associated with said inlet conduit means and
      defined on said one operative side of said movable valve member;
PA1  a return cavity, operatively associated with said return conduit means and
      said connecting means and defined on said other operative side of said
      movable valve member,
PA1  said movable valve member being displaceable for controlling the cross
      sectional areas of flow through said inlet and said return conduit means,
      respectively, in an opposite sense; and
PA1  biassing means for applying a resetting force to said movable valve member
      to reduce fluid influx,
PA1  a solenoid including a magnetic core and an armature between which an
      excitor winding is disposed, said magnetic core and armature having
      opposite faces of frustoconical shape which extend substantially parallel
      to each other, said solenoid being disposed within the inlet cavity and
      about the inlet conduit sleeve
PA1  means connected to the armature and the movable valve member for
      transmitting a force to the movable valve member generated by the
      solenoid, said force serving to adjust the resetting force to the
      hydraulic pressures prevailing in the device, said last mentioned means
      comprising an annular sleeve located coaxially within the magnetic core,
      said sleeve being resiliently supported by an annular membrane connected
      to the housing
PA1  wherein said fluid inlet conduit means comprises a sleeve which projects
      into the inlet cavity and which bears one of the valve seats at its free
      end,
PA1  wherein said fluid return conduit means comprises a sleeve which projects
      into the return cavity and which bears the other of the valve seats at its
      free end
PA1  wherein the valve seat cross sectional area of said return conduit sleeve
      is smaller than that of said inlet conduit sleeve, whereby a force
      resulting from the inlet fluid pressure in said inlet cavity and the cross
      sectional flow area of said inlet conduit sleeve and acting on said one
      operative side of said movable valve member is opposed by said resetting
      force as well as by a force resulting from the fluid pressure in said
      return cavity and said connecting means and from the area difference
      between the valve seat cross sectional areas of said inlet and said return
      conduit sleeves and acting on said other operative side of said movable
      valve member thereby achieving a hydraulic resetting effect.
NUM  2.
PAR  2. A pressure control device as described in claim 1, wherein said biassing
      means comprises spring means.
NUM  3.
PAR  3. A pressure control device as described in claim 1, wherein the ratio of
      the cross sectional area of the valve seat of said inlet conduit sleeve to
      the cross sectional area of the valve seat of said return conduit sleeve
      is about 9:25.
NUM  4.
PAR  4. A pressure control device as described in claim 1, wherein said valve
      seats are round and the ratio of the diameter of the valve seat of said
      inlet conduit sleeve to the diameter of the valve seat of said return
      conduit sleeve is about 3:5.
NUM  5.
PAR  5. A pressure control device as described in claim 1, wherein said movable
      valve member consists of a control membrane clamped-in by said mounting
      means across the interior of said housing in a plane which extends through
      one of said valve seats.
NUM  6.
PAR  6. A pressure control device as described in claim 5, wherein said mounting
      means includes a face of said housing for clampingly engaging said control
      membrane, and wherein said face extends in the same plane as one of said
      valve seats so that said face and the respective valve seat can be
      finished together in a single working phase.
NUM  7.
PAR  7. A pressure control device as described in claim 5, further comprising
      shim means for adjusting the distance between the plane in which said
      control membrane extends and the planes in which said valve seats are
      located.
NUM  8.
PAR  8. A pressure control device as described in claim 5, wherein said control
      membrane has at least one aperture through which free communication is
      established between the inlet cavity and the return cavity defined in the
      interior of said housing by said control membrane.
NUM  9.
PAR  9. A pressure control device as described in claim 1, wherein said movable
      valve member and the portions of said inlet and return conduit sleeves
      bearing said valve seats are made of non-magnetizable material.
NUM  10.
PAR  10. A pressure control device as described in claim 1, wherein said
      connecting means open into said return cavity in the interior of said
      housing.
NUM  11.
PAR  11. A pressure control device as described in claim 1, wherein said movable
      valve member consists of a control membrane clamped-in by said mounting
      means across the interior of said housing in a plane which extends between
      those planes in which said two valve seats are located.
NUM  12.
PAR  12. A pressure control device as described in claim 1, said biasing means
      being mounted about said return conduit sleeve.
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ABST
PAL  A valve for controlling the outlet pressure of a pump which supplies two
      systems. The valve permits flow through a first regulating portion to the
      primary system at a pressure equal to the secondary system pressure
      requirement. The secondary system preferably includes an accumulator and
      has an upper pressure requirement which is attained when the accumulator
      is filled. A second regulating portion of the control valve responds to
      secondary system pressure to permit bypassing of the first regulating
      portion when the secondary systems upper pressure requirement is
      satisfied. The second regulating portion closes when the lower limit is
      reached to permit refilling of the accumulator.
BSUM
PAR  This invention relates to pressure control valves and more particularly to
      pressure control valves for dual pressure systems which control pump
      pressure in response to the pressure in one system.
PAR  When a single pump is used to supply two systems having differing pressure
      requirements, it is necessary that the pump output pressure, at times,
      must be higher than the requirement for one of the systems. In most
      instances, the primary system is a continuous flow system having a fixed
      flow requirement while the secondary system has a high pressure
      requirement with low flow. Therefore it is possible to use an accumulator
      to store fluid under high pressure in the secondary system. The high
      pressure working cycle in these systems is generally limited to charging
      the accumulator. When the accumulator is fully charged, it is desirable to
      reduce the pressure load on the pump until the accumulator pressure is
      reduced to the lower limit of secondary system pressure.
PAR  The present invention uses a single valve structure to control the output
      pressure of a pump such that the pump pressure is equal to the secondary
      system pressure requirement during the accumulator charging phase, and is
      adjusted to primary system pressure when the accumulator is fully charged.
      The present valve structure is positioned between the pump and the primary
      system and uses a primary regulator valve to maintain the secondary system
      requirement. When the secondary system is satisfied, a secondary regulator
      valve permits uninhibited flow through the primary valve. Since the
      primary system is downstream of the control valve, this system is not
      subjected to pressure changes. If a flow controlled primary system is
      used, the flow control is upstream of the control valve. Since flow
      control is established by a pressure differential operating valve, the
      controlled flow is essentially unchanged by the increase in pump pressure
      because the differential flow control pressure will remain constant. This
      permits the use of fixed orifice type flow control apparatus.
PAR  It is therefore an object of this invention to provide an improved control
      valve having a primary regulator valve to control pump pressure at a high
      value and a secondary regulator valve to bypass the primary regulator
      valve when the high pressure is not required.
PAR  Another object of this invention is to provide an improved control valve
      for use in a single pump supplying primary and secondary systems wherein
      the control valve maintains the pump pressure at a value equal to the
      secondary system pressure requirement when the actual secondary system
      pressure is below said requirement and at primary system pressure when
      said secondary requirement is satisfied.
PAR  A further object of this invention is to provide an improved control valve
      for a single pump supplying primary and secondary pressure systems wherein
      coaxially aligned primary and secondary regulator valves are responsive to
      system pressure to maintain a high pump pressure when a high secondary
      system pressure is required and a pressure equal to primary system
      pressure when the secondary system pressure requirement is satisfied.
DRWD
PAR  These and other objects and advantages of the present invention will be
      more apparent from the following description and drawing which is a
      cross-sectional view of a control valve and a schematic representation of
      a fluid system incorporating said valve.
DETD
PAR  Referring to the drawing, there is shown a conventional flow control pump
      10 having a primary output passage 12 and a secondary output passage 14.
      The pump 10 may be any conventional positive displacement type pump and
      may utilize either a dual orifice flow control system such as that in U.S.
      Pat. Nos. 2,799,996 or 3,640,301, or the system may utilize dual flow
      control type valves such as those shown in U.S. Pat. Nos. 3,620,646; or
      3,703,186. The passage 12 is in fluid communication with a pressure
      control valve 16 which has an inlet port 18, a bias port 20 and an outlet
      port 22. The inlet port 18 is connected to passage 12, the outlet port 22
      is connected to a primary system 24 via passage 26 and to the pump 10 via
      return passage 28. The passage 14 is connected to the bias port 20, a
      secondary system 30 and an accumulator 32. The secondary system 30 is also
      connected to the flow control pump through return passage 28. A check
      valve 34 is disposed in passage 14 between the pump 10 and the secondary
      system 30 to permit fluid flow from the pump to the secondary system while
      preventing reverse flow.
PAR  The primary system may be a conventional power steering gear utilized with
      a motor vehicle such as that shown in U.S. Pat. No. 3,022,772. The
      secondary system may be a power brake system or an adjustable shock
      absorbing system commonly used on motor vehicles.
PAR  The control valve 16 includes a valve body 36 in which are formed the ports
      18 and 22 and also has an end cap 38 secured in fluid tight relationship
      with the body 36 and positioned therein by a locking ring 40. A second end
      cap 42 is also disposed in fluid tight relation with the body 36 and is
      secured therein by a locking ring 44. The end cap 42 has formed therein
      bias port 20. The body 36 has a central portion 46 in which is formed a
      first valve bore 48 and a second valve bore 50. The central portion 46
      divides the body 36 into two chambers 52 and 54 formed between the central
      portion 46 and the end cap 42, and between the central portion 46 and the
      end cap 38 respectively.
PAR  A valve member 56 is slidably disposed in the bore 50 and has a central
      opening 58 in fluid communication with an annular recess 60 via radial
      passages 62. A valve seat 64 is secured in the valve 56 and has a central
      opening 66 disposed therein.
PAR  A pair of compression springs 68 and 70 are compressed between the end cap
      38 and the valve 56 to urge the valve 56 to the right so that the end of
      valve 56 seats against a shoulder 72 formed in the central portion 46. A
      valve stop member 74 is threadably secured in the end cap 38 to limit the
      leftward movement of valve 56. A sealing ring 76 is disposed on the valve
      56 to prevent fluid leakage past the outside diameter of valve 56 into
      chamber 54 which is connected to the flow control pump reservoir by a
      passage, not shown. Chamber 52 is also connected to the pump reservoir.
PAR  A valve spool 78 has a large diameter 80 slidably disposed in valve bore 48
      and a smaller diameter 82 slidably disposed in bore 84 formed in the end
      cap 42. Also formed on the valve 78 is a shoulder portion 86 which is in
      abutting relation with a spring seat 88 which spring seat 88 is maintained
      in this relationship by a compression spring 90 disposed in spring chamber
      52 between the central portion 46 and the spring seat 88. The spring 90
      urges the valve 78 to the right such that the shoulder 86 abuts the end
      cover 42 and an extending head portion 92 of valve 78 is disposed in the
      opening 66 of the valve seat 64 thereby preventing fluid flow through said
      opening.
PAR  The valve 78 has a thread portion 94 on which is positioned threaded
      members 96 which engage a shoulder 97 on the central portion 46 upon
      leftward movement of the valve 78 to limit such movement. The bore 84 is
      in fluid communication with passage 14 through port 20. The bore 84 is
      sealed between port 20 and chamber 52 by a sealing ring 98 disposed on the
      diameter 82 while the port 18 is sealed from the chamber 52 by an annular
      sealing ring 100 disposed on the diameter 80.
PAR  Fluid is delivered from pump 10 to passages 12 and 14. The fluid in passage
      12 passes through port 18 and a radial passage 102 formed in the central
      portion 46. The fluid passing through passage 102 acts on the right end of
      valve 56 until the pump pressure is sufficient to move the valve 56 to the
      left against springs 68 and 70. As the valve 56 moves to the left fluid is
      directed past the right face of valve 56 to port 22 and hence to the
      primary system 24 via passage 26.
PAR  The fluid in passage 14 is delivered through check valve 34 in the
      secondary system 30, accumulator 32, and port 20. The fluid pressure in
      passage 12, at this time, is at the pressure level determined by the force
      in springs 68 and 70. The pressure in passage 14 is determined by the
      pressure in accumulator 32. For most operating conditions, this fluid
      pressure is higher than the pressure required by the primary system 24.
      The secondary system 30 is designed to operate within a predetermined
      pressure range, for example 600 to 1,000 PSI, while the primary system
      operates at 50 to 800 PSI, depending on steer effort, and occasionally at
      1100 PSI.
PAR  When the accumulator 32 is charged to the maximum secondary system pressure
      the fluid pressure in passage 14 acting on the right end of diameter 82
      will move the valve 78 to the left against spring 90 thereby opening a
      flow relationship between ports 18 and 22 through the central opening 66.
      When the central opening 66 is opened, the output pressure of pump 10 will
      decrease to the value equal to the primary system requirement. Thus, the
      pressure acting in the right hand direction of the differential area
      between head 92 and diameter 80 will be reduced, thus reducing the
      rightward force on the valve 78. Due to the reduction in pressure force on
      the valve 78, the valve 78 will not be moved to the right by spring 90
      until the pressure in the accumulator 32 has been reduced to the minimum
      value of the secondary system pressure requirement.
PAR  The check valve 34 will be closed by fluid pressure in the secondary system
      when the valve 78 is moved to the left thereby preventing reverse flow
      from the secondary system 30 to the pump 10. Also, as the valve 78 is
      moved to the left, the pressure forces on valve 56 are reduced thus
      permitting the valve 56 to return to the spring set position shown. At
      this time fluid flow from the pump to the primary system 24 will be
      through passage 102, opening 66, passages 62, and port 22. The check valve
      34 can be replaced with an unloaded valve such as that shown in U.S. Pat.
      No. 2,264,375 if desired.
PAR  When the secondary system pressure is reduced to the minimum pressure
      requirement, the valve 78 will be moved to the right by spring 90 until
      the head 92 seals the opening 66. At this time, the output pressure of
      output pump 10 will be again increased to the level established by springs
      68 and 70, and will remain at this higher level until the secondary system
      accumulator 32 is recharged to the maximum value.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A control valve for controlling the output pressure of a pump which
      supplies fluid to a primary system having a continuous flow requirement
      and variable pressure requirements, and to a secondary system including an
      accumulator having a pressure requirement range, the control valve
      comprising; axially movable first pressure responsive valve means in fluid
      communication with said pump for controlling the output pressure at a
      level within the accumulator pressure requirement range and having an
      axially movable valve element with a valve seat thereon and a central
      axial opening in said valve seat for directing the flow requirement to the
      primary system downstream of said first pressure responsive valve means at
      the pressure level required by the primary system; and second pressure
      responsive valve means coaxially aligned with said first pressure
      responsive valve means and being in fluid communication with and
      responsive to the accumulator pressure to move axially relative to the
      first pressure responsive valve means and having an axially extending
      portion in nesting relation with said central axial opening in said valve
      seat for bypassing the primary system flow requirement through said
      central axial opening in said first pressure responsive valve means to
      said primary system thereby establishing the output pressure of the pump
      equal to the primary system pressure requirement when the accumulator
      pressure is equal to the maximum level of the accumulator pressure
      requirement range, and for preventing bypassing through said first
      pressure responsive valve means when the accumulator pressure is equal to
      the minimum level of the accumulator pressure requirement range thereby
      returning control of the output pressure to said first pressure responsive
      valve means.
NUM  2.
PAR  2. A control valve for controlling the system pressure of a pump supplying
      fluid to a primary system having a continuous flow requirement and
      variable pressure requirements, and to a secondary system including an
      accumulator having a pressure requirement range, the combination
      comprising; a valve body, an inlet port in fluid communication with the
      pump, an outlet port in fluid communication with the primary system, first
      valve means slidably disposed in said valve body between said inlet and
      outlet ports, first spring means urging said first valve means in one
      direction for maintaining the system pressure at a level within the
      accumulator pressure requirement range and for permitting the first valve
      means to open to allow the flow requirement to leave the outlet port at
      the pressure level required by the primary system, a central opening in
      said first valve means, a second valve means slidably disposed in said
      valve body, a head portion on said second valve means extending into said
      central opening, second spring means urging said head portion into said
      central opening to close said opening, and a bias port in fluid
      communication with said secondary system and said secondary valve means,
      said secondary system pressure being operable on said second valve means
      for opening said central opening for bypassing the primary system flow
      requirement through said central opening and said outlet port to said
      primary system to establish the system pressure equal to the primary
      system pressure requirement when the accumulator pressure is equal to the
      maximum level of the accumulator pressure requirement range, and said
      second spring means being operable on said second valve means to close
      said central opening for preventing bypassing of said primary system flow
      requirement when the accumulator pressure is equal to the minimum value of
      the accumulator pressure requirement range thereby returning control of
      the system pressure to said first valve means.
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ABST
PAL  A condition responsive valve construction having a housing provided with an
      inlet and an outlet leading to and from a chamber therein. A
      self-contained valve seat and movable valve member unit is removably
      disposed in the chamber to control the interconnection between the inlet
      and the outlet. Condition responsive means are carried by the housing for
      controlling movement of the valve member relative to the valve seat in
      relation to the condition sensed by the condition responsive means. The
      self-contained unit is either a direct acting unit or a reverse acting
      unit while still being adapted to be operated by the same condition
      responsive means whereby the condition responsive valve construction can
      be either direct acting or reverse acting, depending upon the
      self-contained unit removably disposed in the chamber thereof.
BSUM
PAR  This invention relates to an improved condition responsive valve
      construction as well as to improved parts for such a valve construction or
      the like.
PAR  It is well known that valve constructions have been provided wherein each
      is adapted to have a valve member moved in relation to a condition being
      sensed by condition responsive means of the valve construction with such
      valve member opening and closing a valve seat disposed intermediate an
      inlet and an outlet of the valve construction. Such valve construction can
      be direct acting in that the valve member is moved to an open condition as
      the condition being sensed increases or the valve construction can be
      reverse acting in that the valve member is moved to a closed position as
      the condition being sensed increases.
PAR  Accordingly, it is a feature of this invention to provide a valve
      construction of the above type that is adapted to be converted from either
      a direct acting arrangement to a reverse acting arrangement or vice versa
      through the mere substitution of a self-contained valve seat and movable
      valve member unit therein.
PAR  Another feature of this invention is to provide improved condition
      responsive means for such a valve construction or the like.
PAR  In particular, one embodiment of this invention provides a condition
      responsive valve construction having a housing means provided with an
      inlet and an outlet leading to and from an internal chamber of the housing
      means. A self-contained valve seat and movable valve member unit is
      removably disposed in the chamber to control the interconnection between
      the inlet and the outlet. Condition responsive means are carried by the
      housing means for controlling movement of the valve member relative to the
      valve seat in relation to the condition sensed by the condition responsive
      means. The self-contained unit is either a direct acting unit or a reverse
      acting unit while still being operated by the same condition responsive
      means whereby the condition responsive valve construction can be either
      direct acting or reverse acting, depending upon the self-contained unit
      being removably disposed in the chamber thereof. The condition responsive
      means can comprise a plunger that is engageable with the valve member to
      move the same upon movement of the plunger. A tubular member forms part of
      the condition responsive means and telescopically receives a portion of
      the plunger therein. The condition responsive means has a movable wall
      operatively associated with the tubular member to move the tubular member
      relative to the valve seat in relation to the condition being sensed.
      Means are provided for normally maintaining a certain telescoped relation
      of the plunger and the tubular member during movement of the tubular
      member by the movable wall of the condition responsive means, whereby a
      change in the telescoped relation of the plunger and the tubular member
      can be utilized for overrun purposes and/or for permitting the valve
      construction to fully open its valve seat upon failure in the condition
      responsive means.
PAR  Accordingly, it is an object of this invention to provide an improved
      condition responsive valve construction having one or more of the novel
      features set forth above or hereinafter shown or described.
PAR  Another object of this invention is to provide improved parts for a
      condition responsive valve construction or the like, the improved parts of
      this invention having one or more of the novel features set forth above or
      hereinafter shown or described.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a cross-sectional view illustrating the improved condition
      responsive valve construction of this invention which is a direct acting
      valve construction in FIG. 1.
PAR  FIG. 2 is an enlarged, fragmentary view of the valve construction of FIG. 1
      and illustrates the valve member in its closed condition.
PAR  FIG. 3 is a view similar to FIG. 2 and illustrates the valve member in its
      open condition.
PAR  FIG. 4 is an exploded perspective view of the self-contained valve seat and
      movable valve member unit for the valve construction of FIG. 1.
PAR  FIG. 5 is a fragmentary view similar to FIG. 1 and illustrates the valve
      construction when the condition responsive means has lost its fluid.
PAR  FIG. 6 is a view similar to FIG. 1 and illustrates another embodiment of
      the valve construction wherein the same is a reverse acting valve
      construction.
PAR  FIG. 7 is an enlarged fragmentary view of the valve portion of the valve
      construction of FIG. 6 and illustrates the valve member thereof in an open
      condition.
PAR  FIG. 8 is a view similar to FIG. 7 and illustrates the valve member in a
      closed condition.
PAR  FIG. 9 is an exploded perspective view of the various parts of the
      self-contained valve seat and movable valve member unit of the valve
      construction of FIG. 6.
PAR  FIG. 10 is a fragmentary view similar to FIG. 6 and illustrates the valve
      construction in an overrun condition thereof.
PAR  FIG. 11 is a view similar to FIG. 10 and illustrates the valve construction
      when the condition responsive means thereof has lost its fluid.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adaptable to provide a temperature
      responsive valve construction, it is to be understood that the various
      features of this invention can be utilized singly or in any combination
      thereof to provide valve constructions responsive to other conditions as
      desired.
PAR  Therefore, this invention is not to be limited to only the embodiments
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of a great variety of uses of this invention.
PAR  Referring now to FIGS. 1-4, the valve construction of this invention is
      generally indicated by the reference numeral 20 and comprises a housing
      means 21 formed from a plurality of parts secured together as illustrated
      to define an internal chamber 22 of substantially cylindrical
      configuration and having an inlet 23 and an outlet 24 respectively leading
      thereto and therefrom so that a fluid source (not shown) can be
      interconnected to the inlet 23 and a fluid operated device or vent can be
      interconnected to the outlet 24 to be controlled by the amount of fluid
      being permitted by the valve construction 20 to reach the same from the
      inlet 23 in a manner hereinafter described.
PAR  A self-contained valve seat and movable valve member unit of this invention
      is generally indicated by the reference numeral 25 and is sealingly
      disposed in the chamber 22 of the housing 21 so as to dispose its valve
      seat 26 intermediate the inlet 23 and outlet 24 to control the
      interconnection therebetween in relation to the position of its valve
      member 27 relative to the valve seat 26 controlled by a condition
      responsive means of the valve construction 20 that is generally indicated
      by the reference numeral 28 and operated in a manner hereinafter
      described.
PAR  As best illustrated in FIGS. 2-4, the self-contained valve seat and movable
      valve member unit 25 comprises a retainer 29 formed from two parts 30 and
      31 suitably secured together and defining a spool-like construction having
      opposed cylindrical ends 32 and 33 respectively carrying O-ring seals 34
      in the outer peripheries thereof for sealing against the internal
      peripheral surface 35 of the chamber 22 as illustrated while still
      permitting the self-contained unit 25 to be axially moved in the chamber
      22 in a manner hereinafter described.
PAR  The retainer 29 has a passage means 36 passing therethrough and
      interrupting an end surface 37 and a side surface 38 of the retainer 29 as
      well as defining a chamber-like area 39' therein to trap the valve member
      27 therein, the valve member 27 being a ball valve member and the valve
      seat 26 being defined by an O-ring seal-like member disposed against an
      internal shoulder 39 of the retainer 29. A compression spring 40 is
      disposed in the chamber 39' of the retainer 29 and has one end 41 bearing
      against the retainer 29 while the other end 42 bears against the ball
      valve member 27 to tend to urge the ball valve member 27 against the valve
      seat 26 and thereby tend to prevent fluid communication through the
      passage means 36 of the retainer 29 and, thus, fluid flow between the
      inlet 23 and outlet 24.
PAR  The self-contained unit 29 can be removably disposed in the chamber 22 of
      the valve construction 20 by the removal of an end cap 43 of the housing
      means 21 and after the unit 25 has been disposed therein and the cap 43
      replaced, the position of the unit 25 relative to the condition responsive
      means 23 can be adjusted by a threaded adjusting member 44 carried by the
      end cap 43 and being adapted to be locked in its threaded relation by a
      lock nut 45 or the like. In this manner, the end 46 of the unit 25 can
      abut against the end 47 of the adjusting member 44 as a compression spring
      48 of the condition responsive means 28 has one end 49 bearing against the
      other end 50 of the unit 25 to tend to urge the unit 25 into continuous
      engagement with the end 47 of the threaded adjusting member 44 as
      illustrated in the drawings whereby the valve member 27 is adapted to be
      initially opened relative to the valve seat 26 by the condition responsive
      means 28 sensing a certain condition as selected and set by the adjusting
      member 44 as will be apparent hereinafter.
PAR  The condition responsive means 28 of the valve construction 20 comprises a
      bellows arrangement that is generally indicated by the reference numeral
      51 and includes a movable bellows-like wall 52 cooperating with a tubular
      part 53 of the housing 21 to define a chamber 54 receiving a suitable
      condition responsive fluid (not shown) therein that is adapted to be
      sealed in the chamber 54 of the bellows construction 54 by a ball seal 55
      as illustrated.
PAR  For example, the fluid contained in the chamber 54 can be temperature
      responsive so that as the temperature thereof increases, the volume of the
      fluid in the chamber 54 increases and thereby acts on the movable wall 52
      to tend to drive the same upwardly in FIG. 1 and, conversely, as the
      temperature of the fluid in the chamber 54 decreases, the volume thereof
      decreases and thereby permits the movable wall 52 to be moved downwardly
      in FIG. 1 by the force of the compression spring 48 as will be apparent
      hereinafter.
PAR  A tubular member 56 of the condition responsive means 28 is disposed in a
      stepped bore 57 that passes through part of the housing means 21 and has a
      closed end 58 thereof disposed in contact with the movable wall 52 so that
      the tubular member 56 will tend to follow movement of the movable wall 52
      of the condition responsive means 28.
PAR  A plunger 59 forms part of the temperature responsive means 28 and has a
      portion 60 thereof telescopically disposed in the upper end 61 of the
      tubular member 56 while a remaining part 62 of the plunger 59 projects out
      of the end 61 of the tubular member 57 and is adapted to extend into the
      passage 36 of the retainer 29 and engage against the ball valve member 27
      as illustrated in FIGS. 1 and 2 to control movement of the valve member 27
      relative to the valve seat 26 as will be apparent hereinafter.
PAR  A compression spring 63 is disposed in the tubular member 56 and has one
      end 64 bearing against the closed end 58 of the tubular member 56 while
      the other end 65 thereof bears against the end 66 of the plunger 59 to
      tend to urge the plunger 59 upwardly relative to the tubular member 56 so
      as to normally place a shoulder means 67 of the plunger 60 against a
      shoulder means 68 of the tubular member 57 as illustrated in FIG. 1 so as
      to tend to maintain a certain telescoped relation of the plunger 59 and
      the tubular member 56 whereby the plunger 59 and tubular member 56
      normally act as a single length unit as will be apparent hereinafter.
PAR  The shoulder means 68 of the tubular member 56 comprises a plurality of
      balls 69 respectively disposed in openings 70 formed in the tubular member
      56 and the same are adapted to project into the tubular member 56 to abut
      against the shoulder 67 of the plunger 59 when the balls 69 are contained
      in an inward position by a reduced portion 71 of the bore 57 of the
      housing 21 as the balls 70 will normally be positioned in the reduced
      portion 71 of the bore 57 during the normal operation of the valve
      construction 20 as will be apparent hereinafter.
PAR  A cup-shaped spring retainer cap 72 is disposed over the upper end 61 of
      the tubular member 57 and has the lower end 73 of the compression spring
      48 acting on its annular flange 74 as illustrated whereby the force of the
      compression spring 48 not only maintains the closed end 58 of the tubular
      member 57 against the movable wall 52 of the bellows construction 51 so as
      to follow movement thereof, but also the force of the compression spring
      48 acts against the end 50 of the self-contained unit 25 to maintain its
      upper surface 56 always in contact with the lower end 47 of the adjusting
      member 44 as illustrated.
PAR  The spring retainer cap 72 has an opening 75 passing therethrough and
      through which the enlarged part 76 of the telescoped portion 66 of the
      plunger 59 can pass when the shoulder means 67 thereof clears the shoulder
      means 68 of the tubular member 56 in a manner hereinafter described.
PAR  Therefore, it can be seen that the valve construction 20 of this invention
      can be formed from relatively simple parts suitably secured together to
      operate in a manner now to be described.
PAR  The valve construction 20 is adapted to be interconnected to a container
      (not shown) containing a fluid to be monitored thereby in a suitable
      manner. For example, the valve construction 20 can be attached to such
      container by a nut arrangement 77 of the housing means 21 in a
      conventional manner so that the tubular part 53 of the housing means 21
      can be immersed in the fluid of the container whereby the temperature
      responsive means 28 of the valve construction 20 can sense the temperature
      of such fluid for operating the valve member 27 in a manner now to be
      described.
PAR  Assuming that the temperature of the fluid being sensed by the condition
      responsive means 28 of the valve construction 20 is below a certain
      temperature that the adjusting member 44 has been set, the volume of the
      fluid in the chamber 54 of the valve construction 20 is such that the
      force of the compression spring 48 maintains the wall 52 of the bellows
      construction 51 in such a position that the plunger 62 of the condition
      responsive means 28 is out of engagement with the ball valve 27 so that
      the force of the compression spring 40 maintains the ball valve member 27
      in sealing relation against the valve seat 26 and, thus, prevents fluid
      communication between inlet 23 and outlet 24 of the valve construction 20.
PAR  However, when the temperature of the fluid being sensed by the condition
      responsive means 28 reaches the certain temperature setting of the
      adjusting member 44, or slightly above the same, the volume of the fluid
      in the chamber 54 has expanded in such a manner that the same has forced
      the movable wall 52 of the bellows construction 51 upwardly in FIG. 1 in
      opposition to force of the compression spring 48 whereby the tubular
      member 56 and plunger 59 are moved in unison therewith upwardly as
      illustrated in FIG. 3 to engage against the ball valve member 27 and move
      the same off the valve seat 26 in opposition to the force of the
      compression spring 40 to thereby open the passage 36 of the retainer 29
      and permit fluid communication between the inlet 23 and the outlet 24 for
      control purposes or the like.
PAR  Should the expansion of the fluid in the chamber 54 of the valve
      construction 20 exceed a certain amount so that the ball valve member 27
      is driven upwardly against a shoulder 77' of the retainer 29 as
      illustrated in FIG. 3 so that further upward movement of the ball valve
      member 27 cannot take place, it can be seen from FIG. 1 that the tubular
      member 56 will continue to be moved upwardly by the movable wall 52 and
      carry the shoulder means 68 therewith out of contact with the shoulder
      means 67 of the plunger 59 as the plunger 59 is no longer permitted to
      move upwardly by the seating of ball member 27 against the surface 77' and
      such further upward movement of the tubular member 56 relative to the
      plunger 59 merely compresses the compression spring 63 to permit such
      overrun condition of the temperature responsive means 28. Thus, such
      overrun condition will not adversely effect the self-contained valve seat
      and valve member unit 25.
PAR  During such overrun condition of the valve construction 20, it can be seen
      that the ball shoulders 69 of the tubular member 57 even though moved out
      of contact with the shoulder 67 of the plunger 59 will not move out of the
      openings 70 of the valve construction 56 as the same are maintained in
      position by the outer peripheral surface 71 of the housing 21 and an inner
      land surface 78 of the plunger 56 which is disposed intermediate the
      shoulder 67 and the enlarged part 76 thereof.
PAR  When the temperature of the fluid being monitored by the valve construction
      20 falls to the certain temperature setting of the adjusting member 44, or
      slightly below the same, the fluid in the chamber 54 has contracted
      sufficiently so that the force of the compression spring 48 has again
      moved the movable wall 52 downwardly whereby the tubular member 56 and
      plunger 59 are moved downwardly a sufficient distance so that the ball
      valve member 27 can again be seated against the valve seat 26 by the force
      of the compression spring 40 as illustrated in FIG. 2.
PAR  Therefore, it can be seen that the valve construction 20 will move the ball
      valve member 27 relative to the valve seat 26 in relation to the condition
      being sensed by the condition responsive means 28 and the movement of the
      ball valve member 27 to an open position relative to the valve seat 26
      will take place when the condition reaches a certain condition as set by
      the adjusting member 44 of the valve construction 20 since the position of
      the valve seat 26 is adjusted by the adjusting member 44.
PAR  Should the fluid in the chamber 54 of the condition responsive means 28
      leak therefrom so as to provide a failure of the condition responsive
      means 28, it is desirable that the ball valve member 27 be moved to an
      open condition during such failure of the condition responsive means 28 so
      as to fluidly interconnect the inlet 23 to the outlet 24.
PAR  The valve construction 20 is provided with such feature because when the
      fluid in the chamber 54 escapes therefrom through leakage or other
      failure, the force of the compression spring 48 is sufficient to drive the
      tubular member 56 downwardly and have the ball shoulders 69 thereof clear
      the reduced section 71 of the bore 57 and be received in a larger section
      79 thereof as illustrated in FIG. 5 so that the ball 69 can move outwardly
      in the slots 70 of the tubular member 56 as the same are cammed outwardly
      by the shoulder 67 of the plunger 59 being moved upwardly by the force of
      the compression spring 63.
PAR  With the shoulder means 69 of the tubular member 56 now moved outwardly as
      illustrated in FIG. 5, the force of the compression spring 63 drives the
      plunger 59 upwardly and the enlarged portion 76 thereof is adapted to pass
      through the opening 75 of the spring retainer cap 72 and thereby have the
      plunger 59 move the ball valve member 27 off of the valve seat 26 to its
      fully open position against the shoulder 77' as illustrated in FIG. 5
      whereby the ball valve member 27 will remain in the open condition by the
      force of the compression spring 63 until the malfunctioning valve 20 is
      replaced.
PAR  Thus, it can be seen that the valve construction 20 is a direct acting
      valve construction in that the unit 25 will open the valve seat 26 upon an
      increase in temperature and will close the valve seat 26 upon a decrease
      in temperature, the condition responsive means 28 including a safety
      feature that should the temperature sensing fluid thereof leak therefrom,
      the valve member 27 will be automatically moved to an open condition.
      Also, the valve construction 20 provides for an overrun condition of the
      condition responsive means 28.
PAR  Another valve construction of this invention is generally indicated by the
      reference numeral 20A in FIGS. 6-11 and parts thereof similar to the valve
      construction 20 previously described are indicated by like reference
      numerals followed by the reference letter "A."
PAR  The condition responsive valve construction 20A of FIGS. 6-11 is
      substantially identical to the valve construction 20 previously described
      except that a different self-contained valve seat and movable valve member
      unit 25A is utilized and a different spring retainer cap 72A is utilized
      with the condition responsive means 28A to render the valve construction
      20A reverse acting in that upon an increase in temperature to or slightly
      above the certain temperature setting of the adjusting member 44A, the
      ball valve member 27A closes against a valve seat 80 of the retainer 29A
      in opposition to the force of the compression spring 40A as the O-ring
      like seat 80 is disposed against the end surface 77'A of the retainer 20A
      rather than against the surface 39A thereof as in the case of the
      self-contained unit 25 of the valve construction 20.
PAR  In addition, a retainer 81 is disposed adjacent to the surface 39A of the
      retainer 29A to prevent the ball valve 27A from closing off against the
      shoulder 39A when the ball valve member 27A is permitted to be moved to an
      open position as illustrated in FIG. 7 by the compression spring 40A in a
      manner hereinafter described, the retainer 81 having flow passages
      therethrough through which fluid can flow when the ball valve 27A is
      against the same.
PAR  As illustrated in FIGS. 7-9, it can be seen that the retainer 29A has the
      passage 36A therethrough arranged in such a manner that the side parts 38A
      thereof are disposed upstream of the valve seat 80 while the plunger 59A
      is still adapted to enter the end 37A of the retainer 29A to engage the
      ball valve member 27A and move the same relative to the valve seat 80 in a
      manner hereinafter described.
PAR  The spring retainer cap 72A which is engaged by the compression spring 48A
      has an opening 82 through the end thereof that closely receives the
      smaller portion 62A of the plunger 59A so that a shoulder 83 on the
      enlarged part 76A of the telescoping portion 62A of the plunger 59A abuts
      against the spring retainer 72A adjacent the opening 82 thereof so that
      the spring retainer 72A, in effect, provides a shoulder means on the
      tubular member 56A that cooperates with the shoulder 83 of the plunger 59A
      to tend to hold the sam in a certain telescoped relation as the force of
      the compression spring 63A tends to maintain the shoulder 83 of the
      plunger 59A against the shoulder 72A at the end 61A of the tubular member
      56A.
PAR  In this manner, the ball shoulder means 68 previously described are
      eliminated from the tubular member 56A of the valve construction 20A which
      is adapted to operate in a manner now to be described.
PAR  Assuming that the temperature being sensed by the fluid in the chamber 54A
      of the valve construction 20A is below the certain temperature setting of
      the adjusting member 44A which positions the unit 25A in the chamber 22A
      in the manner previously described for temperature selection purposes, the
      force of the compression spring 48A positions the movable wall 52A of the
      bellows construction 51A in such a position that the combined length of
      the tubular member 56A and the plunger 59A is insufficient to position the
      ball valve member 27A against the valve seat 80 whereby the compression
      spring 40A maintains the ball valve member 27A against the plunger 59A and
      away from the valve seat 80 so that the inlet 23A is interconnected to the
      outlet 24A through the opened valve seat 80.
PAR  However, as the temperature sensed by the fluid in the chamber 54A
      increases to the certain temperature setting of the adjusting member 44A,
      or slightly above the same, the movable wall 52A has moved upwardly in the
      manner illustrated in FIG. 8 to position the ball valve member 27A fully
      against the valve seat 80 and thereby terminate the flow of fluid between
      the inlet 23A and the outlet 24A as the valve seat 80 is completely
      closed.
PAR  Should the temperature being sensed by the fluid in the chamber 54A
      increase beyond the temperature required to fully seat the ball valve
      member 27A against the valve seat 80 so that an overrun condition will be
      created, the tubular member 56A is adapted to be further moved upwardly in
      the manner illustrated in FIG. 10 to carry the spring retainer end cap 72A
      therewith in opposition to the force of the compression spring 48A as the
      plunger 59A remains in the position illustrated in FIG. 10 by the ball
      valve member 27A being completely disposed against the valve seat 80
      whereby the compression spring 63A in the tube 56A is further compressed
      to allow for such overrun condition.
PAR  When the temperature being sensed by the fluid 54A falls to the certain
      temperature setting of adjusting member 44A, or slightly below the same,
      it can be seen that the movable wall 52A is moved downwardly by the
      compression spring 48A a distance sufficient for the tubular member 56A
      and the plunger 59A to permit the valve member 27A to open the valve seat
      80 as illustrated in FIG. 7.
PAR  Thus, the valve member 27A is adapted to be cycled relative to the valve
      seat 80 in relation to the temperature being sensed by the fluid in the
      chamber 54A as previously described for the valve construction 20 except
      that the valve construction 20A is reverse acting as the self-contained
      unit 25A is reverse acting whereby upon an increase of temperature the
      valve member 27A is moved toward the valve seat whereas in the unit 25,
      the valve member 27 is moved away from the valve seat 26 upon an increase
      in temperature.
PAR  Should the bellows construction 51A of the condition responsive valve
      construction 20A lose its fluid through leakage or the like, the valve
      member 27A is automatically moved to the open condition by the force of
      the compression spring 40A as the force of the compression spring 48A
      acting on the spring retainer end cap 72A will drive the tubular member
      56A downwardly and through the cooperating shoulder means 83, 72A, the
      plunger 59A will be carried therewith so that the spring 40A can move the
      valve member 27A to its fully opened condition as illustrated in FIG. 11.
PAR  Thus, it can be seen that the valve construction 20A is reverse acting and
      will automatically cause the valve member thereof to move to an open
      condition should the bellows construction 51A fail in the manner
      previously described.
PAR  Accordingly, it can be seen that this invention not only provides an
      improved condition responsive valve construction, but also this invention
      provides improved parts for such a valve construction or the like.
PAR  While the forms of the invention now preferred have been described and
      illustrated as required by the Patent Statute, it is to be understood that
      other forms can be utilized and still come within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A condition responsive valve construction comprising a housing means
      having a chamber therein and an inlet and an outlet leading to and from
      said chamber, a self-contained valve seat and movable valve member unit
      removably disposed in said chamber to control the interconnection between
      said inlet and said outlet, said self-contained unit comprising a retainer
      having a part thereof sealingly disposed in said chamber between said
      inlet and said outlet and having passage means therethrough spanning said
      part thereof and being in communication with said inlet and said outlet,
      said retainer having a valve seat in said passage means, said retainer
      having a movable valve member disposed in said passage means and being
      retained therein by said retainer whereby said self-contained unit of said
      retainer and valve seat and valve member can be removed as a unit from
      said chamber, and condition responsive means carried by said housing means
      and being operably associated with said valve member while being separate
      therefrom for controlling movement of said valve member relative to said
      valve seat in relation to the condition sensed by said condition
      responsive means, said self-contained unit being either a direct acting
      unit or a reverse acting unit while still being operated by the same
      condition responsive means whereby said condition responsive valve
      construction can be either direct acting or reverse acting depending upon
      the self-contained unit being removably disposed in said chamber thereof.
NUM  2.
PAR  2. A condition responsive valve construction as set forth in claim 1
      wherein said condition responsive means includes a movable plunger that is
      receivable in said passage means to engaged said valve member to move the
      same relative to said valve seat.
NUM  3.
PAR  3. A condition responsive valve construction as set forth in claim 2
      wherein a spring is carried in said passage means of said retainer and
      engages said valve member to tend to move said valve member in one
      direction relative to said valve seat.
NUM  4.
PAR  4. A condition responsive valve construction as set forth in claim 3
      wherein said valve member comprises a ball.
NUM  5.
PAR  5. A condition responsive valve construction as set forth in claim 1
      wherein said retainer has another part thereof sealingly disposed in said
      chamber in spaced relation to the first-named part thereof, one of said
      inlet and said outlets being disposed intermediate said parts of said
      retainer.
NUM  6.
PAR  6. A condition responsive valve construction as set forth in claim 6
      wherein said retainer is spool-like in configuration.
NUM  7.
PAR  7. A condition responsive valve construction as set forth in claim 1
      wherein said housing means has means for adjusting the position of said
      retainer in said housing means.
NUM  8.
PAR  8. A condition responsive valve construction as set forth in claim 7
      wherein said means for adjusting said retainer comprises a threaded
      adjusting member threadedly carried by said housing means and engaging
      said retainer to move said retainer relative to said housing means as said
      adjusting member is being threaded relative to said housing means.
NUM  9.
PAR  9. A condition responsive valve construction as set forth in claim 8
      wherein said means for adjusting said retainer comprises a spring carried
      by said housing means and engaging said retainer to urge said retainer
      into contact with said threaded adjusting member.
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PAL  Disclosed is an apparatus for connecting a service line at a right angle to
      a main, having a fitting with one end shaped to be fixed to the exterior
      surface of the main in a plane with the fitting extending horizontally
      from the main. First and second through bores are formed in the fitting.
      These bores are axially spaced and positioned in the fitting to radially
      extend from the main when the fitting is fixed thereto. A port adjacent
      the end of the fitting shaped for connection to the exterior of the main
      interconnects the two through bores. Means is provided in the first
      through bore for connecting a service line to the fitting to extend
      radially from the center of the main. Internal threads are formed in the
      second through bore for receiving an externally-threaded tapping means for
      manipulation axially through the bore to cut a coupon from the wall of the
      main to interconnect the main with the first through bore. A sealing plug
      is provided for sealing the open end of the second through bore.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in apparatus for connecting a
      service line at a right angle to a buried main.
PAR  In the provision of utility services to residential areas, and the like, it
      has been common to use conduits for gas mains formed from polyethylene,
      and the like. These gas mains are normally installed parallel to and under
      the center of a road or alley. The individual connections to the main by
      residences, and the like extend horizontally from and a right angle to the
      main. Since these mains carry natural gas, their installation
      specifications are prescribed by various governmental agencies. For
      example, the United States Department of Transportation prescribes
      specifications such as the depth at which the gas mains must be buried in
      the earth.
PAR  In many situations, this depth is very important. For example, in some
      areas, an increase in depth can involve a substantial increase in
      installation costs. This can be due to the existence of a layer of rock.
      Also due to the fact that these gas mains extend for miles in many cases,
      the increased cost due to increases in depth can be substantial.
      Therefore, in some areas, it is of primary importance to maintain the
      depth of the main at a minimum while complying with the specifications set
      by the various government agencies.
PAR  In the provision of service connections to a main in environments such as
      residential developments, it is desirable and quite common to use a
      fitting to form a right angle connection to the main. Many of these
      fittings can be installed while gas is present in the main and without
      disturbing service of customers already connected to the main. These
      fittings typically have means for attaching to the exterior of the main
      and means for forming a port in the wall of the main. Typical prior art
      arrangements for making a right angle service line connection are
      disclosed in the following U.S. Patents:
TBL  Patent No. Patentee        Issue Date                                     
     ______________________________________                                    
      RE26,447  McMurray et al  Aug. 27, 1968                                  
      936,618   Ford            Oct. 12, 1909                                  
     3,045,512  Risley et al    Jul. 24, 1962                                  
     3,094,137  Burke           Jun. 18, 1963                                  
     3,252,475  Jones           May 24, 1966                                   
     3,307,435  Floren          Mar. 7, 1967                                   
     3,342,088  Smith           Sept. 19, 1967                                 
     3,411,527  Nielsen         Nov. 19, 1968                                  
     3,460,553  Leopold et al   Aug. 12, 1969                                  
     3,554,217  Ehrens          Jan 12, 1971                                   
     3,561,298  Graffenreid et al                                              
                                Feb. 9, 1971                                   
     3,620,245  Finney          Oct. 21, 1969                                  
     3,756,261  Minchhoff       Nov. 16, 1971                                  
     ______________________________________                                    
PAR  Typical prior art arrangements for making parallel-extending service line
      connections are disclosed in the following Patents:
TBL  Patent No. Patentee        Issue Date                                     
     ______________________________________                                    
     3,131,712  Risley et al    May 5, 1964                                    
     3,142,205  Hulslander      July 28, 1964                                  
     3,302,493  Hulslander et al                                               
                                February 7, 1967                               
     3,580,269  Ehrens et al    May 25, 1971                                   
     ______________________________________                                    
PAR  Although the above-mentioned prior art devices can be used to attach a
      service line to a main, they are not entirely satisfactory under all
      conditions or service. For example, many specifications for installing gas
      lines not only require that the gas main be buried below a set minimum
      depth, but also require that all service lines and their fittings be
      located below this minimum depth. Thus, the use of any fittings which
      extend above the main or connect service lines at a position extending
      above the main will cause the main to be buried deeper than the set
      minimum. In many cases, this requires that the entire length of the main
      be buried deeper by the height of the vertical extension of the fitting.
PAR  Therefore, according to the present invention, an improved apparatus for
      attaching a service line at a right angle with respect to a gas main is
      provided which does not extend vertically above the main when installed
      and which requires a minimal amount of installation space in an access
      trench perpendicular to the gas main.
PAR  More specifically, according to the present invention, an apparatus for
      connection to a gas main is provided comprising a fitting with one end
      shaped to be fixed to the exterior wall of a gas main. The fitting has
      first and second through bores extending transverse to the length of the
      gas main. The bores are positioned to be axially spaced along the length
      of the gas main and radially extending therefrom when the fitting is fixed
      to the main. The first through bore is provided with means for connecting
      a service line. The second through bore is connected to the first by a
      port. The second through bore is provided with internal threads for
      engaging an externally-threaded tapping means. The tapping means has a
      cutting head at one end and is axially manipulated in the bore to remove a
      coupon from the wall of the main to connect the gas main to the service
      line. The tapping means can be backed off and a plug placed in the end of
      the second bore to seal the same.
DRWD
PAR  The advantages and features of the present invention will be readily
      appreciated by those of ordinary skill in the art as the same becomes
      better appreciated by the following description when considered in
      connection with the accompanying Drawings, in which:
PAR  FIG. 1 is a perspective view of a conventional prior art apparatus for
      attaching a service line at right angle to a main and wherein the fitting
      extends vertically above the main;
PAR  FIG. 2 is a perspective view of a second prior art device wherein a service
      line is connected to extend parallel to a gas main;
PAR  FIG. 3 is a perspective view of the improved apparatus of the present
      invention shown attaching a service line at right angle to a gas main
      buried in the ground;
PAR  FIG. 4 is a perspective view of the apparatus of FIG. 3, showing the end
      which is fixed on the main;
PAR  FIG. 5 is a section view of the improved apparatus of the present invention
      taken on line 5--5 of FIG. 3, looking in the direction of the arrows;
PAR  FIG. 6 is a view similar to FIG. 5 with the improved apparatus of the
      present invention shown being heated prior to connection to a gas main and
      a service line;
PAR  FIG. 7 is a view similar to FIG. 5, showing the improved apparatus of the
      present invention fixed on a gas main with the service line connected
      thereto;
PAR  FIG. 8 is a view similar to FIG. 7 illustrating the tap axially
      reciprocated to a point of cutting through the wall of the gas main;
PAR  FIg. 9 is an emploded view of a portion of the section of FIG. 8 showing a
      coupon removed from the wall of the gas main; and
PAR  FIG. 10 is a view similar to FIG. 7 illustrating the improved apparatus of
      the present invention with the tap retracted from the main.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the Drawings wherein like reference characters designate
      like or corresponding parts throughout the several views, there is
      illustrated in FIGS. 1 and 2, prior art devices which are similar to the
      present invention, but do not provide the improvement thereof.
PAR  In FIG. 1, a typical prior art apparatus 10 is illustrated connecting a
      service line 12 at right angles to a conventional gas main 14. As can be
      seen, this apparatus 10 extends a distance "B" above the upper surface of
      the gas main 14 and locates the service line 12 a distance "C" above the
      gas main 14. Similar devices can be found in the previously-mentioned
      patents, and especially in the Patent to Leopold et al, U.S. Pat. No.
      3,460,553, issued Aug. 12, 1969, and the Patent to Floren, U.S. Pat. No.
      3,307,435, issued Mar. 7, 1967. It is apparent that if it is required that
      the all-gas lines and fittings be buried a distance "A" below the surface
      of the ground, that the gas main 14 must be buried an additional distance
      "B" to allow for the upward extension of the apparatus 10. In some
      conditions such as when rock is present adjacent to the soil surface any
      additional depth at which the gas main must be buried can substantially
      increase the cost of installation.
PAR  A second example of a conventional connection device is illustrated in FIG.
      2, wherein apparatus 20 is illustrated connecting a service line 22 to a
      gas main 24. Although this apparatus connects a service line to a main
      without extending above the main, the connection is not at a right angle.
      In addition, an installation trench of substantial width is required to
      provide clearance for installing the apparatus 20. In addition, service
      lines connected in this manner create additional head losses due to the
      increased number of bends in the flow path and tend not to be
      dimensionally and structurally stable for the same reason. Similar
      examples of this type of structure are disclosed in the Patents to
      Hulslander, U.S. Pat. No. 3,142,205, issued July 28, 1964, and Risley et
      al, U.S. Pat. No. 3,131,712, issued May 5, 1964.
PAR  Therefore, according to the present invention, an improved apparatus 40 for
      connecting a service conduit at a right angle to a gas main is illustrated
      in FIG. 3. This apparatus 40 is illustrated in a trench 41 attaching a
      service conduit 42 at right angles to a gas main conduit 44. The service
      conduit 42 normally is connected to a residence or the like, while the
      conduit 44 is connected to a source of gas.
PAR  This invention provides substantial advantages over the prior art by
      providing a right angle connection to the service main without any upward
      extension of the apparatus 40. Thus, the gas main can be buried in the
      soil at the minimum required depth "A" as illustrated in FIG. 1. In
      addition, due to the unique improved features of the invention, the width
      "D" of the access trench necessary for connecting the service conduit 42
      is maintained at a minimum. Also, the connection is made while minimizing
      the number of bends in the flow path.
PAR  By referring to FIGS. 3, 4 and 5, the improved apparatus 40 of the present
      invention will be described in detail. The apparatus 40 has a rigid
      fitting 50. This fitting 50 is elongated in shape and has a generally
      figure-eight-shaped cross section. The fitting can be formed from any
      material suitable for fixing to the exterior wall of the main 44. Typical
      materials are plastics such as polyethylene, to allow welding to a main 44
      and service line 42 of like material. It is to be understood that other
      materials could be used.
PAR  The fitting 50 has an end 52 which is constructed to conform with and
      attach to the exterior of the gas main 44. This end 52 has a concave
      cylindrical surface 54 which extends onto an arcuate flange 56 on the
      fitting 50. Concave surface 54 conforms with the wall of the gas main 44.
      This conforming surface 54 facilitates welding and sealing of the fitting
      50 to the exterior of the gas main 44, as will be hereinafter described in
      detail.
PAR  It is to be understood, of course, that even though the flange 56 adds
      substantially to the strength of the fitting 50 that the end 52 could be
      formed without the flange.
PAR  As illustrated in FIG. 3, the fitting 50 is adapted to be mounted in a
      horizontally-extending position on the exterior of the gas main 44.
      Typical methods of attaching include plastic welding, and the like.
PAR  The fitting 50 has a pair of spaced parallel through bores 58 and 60
      extending the length of the fitting. These through bores are positioned to
      extend radially from the surface 54 and the center of main 44 when the
      fitting 50 is properly fixed thereon. These bores 58 and 60 are positioned
      with their center lines intersecting the center line 46 of the main 44. A
      port 62 interconnects bores 58 and 60 at a point adjacent the end 52. This
      connection provides flow communication between through bores 58 and 60.
PAR  Through bore 58 is of a size and shape to be adapted to receive the service
      conduit 42 therein, as shown in FIG. 5. An annular flange 64 is provided
      on the end opposite end 52 around the opening of the bore 58. This flange
      64 fits around the exterior of the service conduit 42.
PAR  The through bore 60 is internally threaded along its length for receiving
      an externally-threaded cutter 70. The external threads on the cutter 70
      are selected to mate with the internal threads in the bore 60. Rotation of
      cutter 70 will cause the cutter 70 to axially translate along the bore 60.
PAR  The cutter 70 has a hexagonal socket 72 for engaging a tool. A cutting edge
      74 is provided on the cutter on the opposite end from the socket 72. For
      purposes of the present invention, the particular shape and type of
      cutting edge 74 on the cutter 70 is not material. The cutter 70 can be of
      any prior art device which is well known in the art for tapping a hole in
      the side of a gas main. It is desirable, although not essential, that the
      cutter 70 be of a type which when tapping a hole, retains the removed
      coupon in the cutter to prevent it from entering the gas main 14 or
      service line 12.
PAR  A plug 80 can be provied for sealing the exterior end of the through bore
      60. The plug 80 can be of any of a plurality of conventional designs. In
      the present invention, the plug 80 is provided with a threaded portion 82
      which is of a size to engage the threads of the through bore 60. An O-ring
      seal 84 is provided for sealing between the plug 80 and the walls of the
      through bore 60. An annular sealing groove can be provided at the exterior
      end of the through bore 60 to accommodate the O-ring seal 84. A hexagonal
      head 86 can be provided on the plug 80 for screwing the plug into and out
      of the through bore 60.
PAC  INSTALLATION PROCEDURE
PAR  The features and advantages of the present invention can best be
      appreciated through an understanding of the installation procedure for the
      improved apparatus 40 of the present invention to provide a right angle
      service connection to a gas main. The description of the installation will
      be made by referring particularly to FIGS. 3 and 5 through 10.
PAR  The first step in installing the improved apparatus 40 of the present
      invention is the excavation of an access trench 41 to the main 44 as shown
      in FIG. 3. Next, the fitting 50 with the cutter 70 and plug 80 installed
      therein is prepared for installation. The end 52 is placed adjacent to a
      conventional heater assembly 100, as shown in FIG. 6. This heater 100 is
      provided with concave surface 102 and a convex surface 104. The concave
      surface 102 conforms with the cylindrical exterior of the main 44 while
      the convex surface 104 conforms with the surface 54 on end 52 of the
      fitting 50. The heater is a conventional design, and is provided with a
      plurality of electrical heating coils which, when activated, will heat the
      surface of the end 52 and the exterior of the main 44. This process is
      continued until the plastic material forming the main and the fitting 50
      is softened such that when the heater is removed and the fitting 50 is
      pressed against the exterior of the main 44, the two will be welded
      together. It is important to note that the fitting 50 is positioned so
      that the center line 59 of bore 58 extends horizontally from the side of
      the main 44. This center line 59 is positioned to intersect the center
      line 46 of main 44 at a right angle.
PAR  In a conventional manner, a heater assembly 110 is provided with a male
      portion 112 extending into through bore 58 and a female portion 114 of a
      size to receive the end of the service conduit 42 therein. A stiffener 115
      can be placed in the service conduit 42 to prevent collapse during the
      heating process. The interior of the through bore 58 and exterior of the
      conduit 42 are heated such that when the heater 110 is removed and the
      conduit 42 inserted within the through bore 58, the conduit 42 will fuse
      with the material of the fitting 50 to weld the two together and provide a
      positive seal therebetween. This configuration is illustrated in FIG. 7
      with the weld 116 illustrated attaching and sealing the end 52 onto the
      exterior of the gas main 44 and the welds 118 attaching and sealing the
      service conduit 42 to the fitting 50. Thus, the service conduit 42 is
      attached to the fitting 50 which is in turn fixed and sealed on the
      exterior of the main 44.
PAR  Once the fitting is welded to main 44 and conduit 42, plug 80 is removed by
      engaging the head 86 with a suitable wrench and rotating the same to
      remove it from the bore 60. With the plug removed, as illustrated in FIG.
      7, an Allen wrench 120, socket wrench, or the like, can be used to engage
      the socket 72 of the cutter 70 as shown. The cutter 70 then can be rotated
      by the tool 120 to cause the cutter to axially translate in a direction
      toward the exterior wall of the gas main 44. The cutter 70 is manipulated
      until the cutting edge 74 engages the wall of the gas main 44 and removes
      a circular coupon 130 from the wall thereof. This is best illustrated in
      FIG. 9, wherein the coupon 130 is shown cut from the wall of the gas main
      44 and retained within the interior of the cutting edge 74 of the cutter
      70. Upon completion of the cutting of the coupon 130 from the wall of the
      gas main 44, the direction of rotation of the cutter 70 can be reversed to
      back the cutter off to the position illustrated in FIG. 10. The tool 120
      can be removed and plug 80 installed as illustrated in FIG. 5 to seal the
      open end of the through bore 60.
PAR  It is important to note that the removal of the coupon 130 from the wall of
      the gas main port 44 forms a port 132 in the wall of the gas main 44 which
      allows the gas to flow to the service conduit 43 by way of through bore
      60, port 62, and through bore 58. Thus, a right angle connection is made
      in a gas main without interrupting the service and with a minimal size
      trench 41.
PAR  It is apparent that the present invention could be used to make right angle
      service connection to other than gas mains.
PAR  It should be understood, of course, that the foregoing disclosure relates
      only to the preferred embodiments of the invention, and that numerous
      modifications or alterations may be made therein by those of ordinary
      skill in the art without departing from the spirit and scope of the
      invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for connecting a service line at a right angle to a
      cylindrical main, comprising a fitting having a concave mounting surface
      formed on one end thereof, said mounting surface conforming with the
      exterior surface of said main, first and second parallel spaced through
      bores extending from said mounting surface through the length of said
      fitting to the opposite end thereof, said first and second bores having
      their center lines in a plane with the center line of said concave surface
      and with the center lines of said bores extending at right angles to the
      center line of said concave surface; means in said fitting interconnecting
      said first and second bores, means for connecting a service line in said
      first bore to extend axially from said first bore, and means in said
      second bore for receiving a means for forming a port in said main.
NUM  2.
PAR  2. The apparatus of claim 1 additionally comprising a sealing plug for
      sealing the open end of said second bore.
NUM  3.
PAR  3. The apparatus of claim 1 additionally comprising a flange formed on said
      fitting adjacent said mounting surface.
NUM  4.
PAR  4. The apparatus of claim 1 additionally comprising internal threads formed
      in said second bore.
NUM  5.
PAR  5. The apparatus of claim 4 additionally comprising a port forming means
      which comprises an externally threaded member, a cutting edge on one end
      of said member for contacting and cutting the wall of said main, and means
      on the other end of said member for engaging and rotating said member in
      said second bore.
NUM  6.
PAR  6. An apparatus connecting a service line at a right angle to a main,
      comprising in combination:
PA1  a. a fitting having one end attached to the outside of said main to extend
      in a first direction therefrom, said fitting having first and second
      parallel spaced through bores, each of said through bores being positioned
      so that their center line extends at a right angle to and intersects the
      center line of said main, means in said fitting interconnecting said first
      and second through bores; said first through bore having a service line
      connected there in and extending axially therefrom, and
PA1  b. means in said second through bore for forming a port in said main to
      interconnect said main and said service line.
NUM  7.
PAR  7. The apparatus of claim 6 additionally comprising a sealing plug for
      sealing the open end of said second bore.
NUM  8.
PAR  8. The apparatus of claim 6 additionally comprising a flange formed on said
      fitting adjacent said one end.
NUM  9.
PAR  9. The apparatus of claim 6 additionally comprising internal threads formed
      in said second bore.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said port forming means comprises an
      externally threaded member, a cutting edge on one end of said member for
      contacting and cutting the wall of said main, and means on the other end
      of said member for engaging and rotating said member in said second bore.
NUM  11.
PAR  11. A fitting for use in connecting a service line at right angle to a
      main, comprising:
PA1  a rigid body,
PA1  concave arcuate surface means formed on one end of said body for attaching
      said body to the wall of a main,
PA1  a pair of parallel spaced through bores in said body extending radially
      from said surface means, one of said bores being of a size for connecting
      said service line therein,
PA1  means in said body interconnecting said bores, and internal threads formed
      in one of said bores.
NUM  12.
PAR  12. An apparatus connecting a service line at right angle to a plastic main
      comprising in combination:
PA1  a. a fitting of plastic material, a flange on one end of said fitting
      defining a concave mounting surface fused onto the exterior surface on
      said main, said fitting having first and second parallel spaced through
      bores extending from said mounting surface through the length of said
      fitting to the opposite end thereof, said first and second through bores
      extending in a direction having their center lines intersecting the center
      line of said main at a right angle, a passageway in said fitting
      interconnecting said first and second through bores, said service line
      being fused into said first through bore to extend axially therefrom,
      internal threads formed in said second through bore;
PA1  b. a port forming means in said second through bore for forming a port in
      said main to interconnect said main and said service line, said port
      forming means comprises an externally threaded member engaging the
      internal threads in said second through bore, a cutting edge on one end of
      said member for contacting and cutting a circular coupon from the wall of
      said main, and socket means on the other end of said member for rotating
      said member by means of a tool; and
PA1  c. an externally threaded sealing plug removably attached to said second
      bore and engaging the threads in said second bore to seal the open end of
      said second bore.
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ABST
PAL  A valve mechanism for draining liquid from a container with a pressurized
      gas. A pipe extends into the container to permit flow of liquid to an
      outlet. A nut mounts other components of the valve mechanism into the
      container when the nut is secured in the container opening.
PAR  A socket releasably connects the pipe and nut whenever the nut is not
      secured to the container. This allows the pipe, socket and nut to be
      manufactured separately and also permits replacement of a worn component
      without having to replace the entire valve mechanism.
BSUM
PAR  This invention relates to valves for controlling the transfer of liquids
      from containers and, more particularly to such valve means incorporating a
      connection to a source of gas under pressure and manually operable valve
      actuating means.
PAR  A primary object of the invention is to provide valve means of a new or
      improved form and having a small number of moving parts for use in the
      filling, control, dispensing and transfer of liquids to and from a
      container such as for example beer containers.
PAR  Another object of the invention is to provide such valve means having the
      minimum number of packing and sealing means requiring substantially no
      maintenance and which can be easily and quickly removed and replaced in
      containers without affecting performance and operation of the valve.
PAR  A further object of the invention is to provide such valve means having a
      simple structure, robust construction, and capable of being manufactured
      and maintained at low cost.
PAR  The container may be of any convenient shape, size or form and may be
      fabricated, formed or manufactured from any suitable materials or
      combination of materials. Materials which are chemically inert may be used
      to line a container of another material. Gas under pressure is fed to the
      container via the valve means to force liquid to flow therefrom via the
      valve means, and suitable ducting to a tap or other form of outlet
      control.
PAR  The present invention overcomes the disadvantages of known valve mechanisms
      used for the transfer of beer or other beverages from containers and
      provides a simplified construction less sensitive to disturbance and less
      costly to maintain.
PAR  According to the invention a valve mechanism for drawing off liquid from a
      container with the aid of pressurized gas introduced into the container
      includes a connecting member fastened to the container and having fastened
      to it a a hollow rising pipe extending down to near the bottom of the
      container and being open at the lower end and closed at the top end,
      whilst near the top end the sidewall of the rising tube has apertures, a
      connecting piece coupled to the connecting member and provided with a
      gland with the aid of which a closing member may be urged from a closed
      position in which the closing member is located above the apertures of the
      rising pipe so as to bear on a shoulder at the top end of the rising pipe
      against the action of a spring mechanism, and into an open position, in
      which the closing member is located beneath said apertures so that an open
      communication is established with the interior of the rising pipe and the
      hollow gland with which a liquid drain member can be connected and a
      supply duct for the pressurized gas on the connecting piece, the closing
      member being formed by a ring of elastic material surrounding the rising
      pipe, said ring bearing, in the closed state, not only on the shoulder at
      the top end of the rising pipe by its circumferential rim farthest from
      the rising pipe but also on a shoulder forming part of a removable ring
      accommodated in the connecting member.
PAR  According to the invention the closing member is in the form of a ring of
      elastic material surrounding the rising pipe, and bearing, in the closed
      state, not only on the shoulder at the top end of the rising pipe but also
      by its periphery farthest remote from the rising pipe on a shoulder
      forming part of a removable ring arranged in the connecting member. This
      closing member has a very simple shape and can be cheaply manufactured and
      readily replaced by removing the ring in the ring in the event of damage
      or wear.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a sectional view of the valve mechanism in the closed state.
PAR  FIG. 2 is a sectional view of the valve mechanism in the open state.
DETD
PAR  The FIGS. show part of a vessel 1 in which an opening 2 is surrounded by a
      collar 3, integral with the vessel 1 and extending upwards from the vessel
      wall and having an internal screwthread. A shoulder 4 is formed near the
      lower end of the sleeve 3.
PAR  The connecting member arranged in the vessel comprises a nut 5, screwed
      into the sleeve 3 and having an outer periphery with three flat sides 6
      equally spaced apart around the periphery. The nut 5, which serves for
      securing in place the further parts of the connecting member in the
      vessel, comprises a metal portion formed by an upper ring 7 having flat
      sides with an apron 8 suspended therefrom, at the lower end of which a rim
      9 is inclined upwardly and outwardly, and an externally screwthreaded
      sleeve 10 of synthetic resin, which is screwed into the internally
      screwthreaded collar 3. The sleeve 10 extends along the outer
      circumference of the apron 8 and the lower side of the upper ring 7, the
      portion of the sleeve 10 extending along the lower side of the upper ring
      bearing on the top surface of the sleeve 3 in order to form a seal. With
      the aid of the upwardly extending rim 9 and of an annular projection 11,
      which is arranged on the lower side of the upper ring and is integral with
      said upper ring and which is located in the part of the sleeve 10
      extending along the upper ring, the sleeve 10 is firmly anchored on the
      nut 5.
PAR  The metal portion 7, 8 of the nut 5 is non-circular at the corner 12
      between the upper ring 7 and the apron 8, so that rotation of the sleeve
      10 around the apron 8 is prevented.
PAR  The above construction of a nut comprising a metal supporting body 7, 8 and
      a screwthreaded portion of a synthetic resin is particularly suitable for
      use on aluminium vessels, since aluminium does not permit of making a
      satisfactory seal, whilst nuts completely made of a synthetic resin tend
      to become brittle and break down. With the construction described above
      the risk of breakage of the plastic portion is practically nil, since this
      portion is only subjected to pressure, whilst a satisfactory enclosure and
      protection of the plastic portion is provided by the apron 8. At the area
      of the apron the temperature may rise to a considerable extent, which
      would be detrimental to the lifetime of the plastic sleeve 10, if it were
      directly exposed to said high temperature.
PAR  With the aid of the nut 5 a socket 13 forming part of a connecting member
      is clamped tight in the vessel. The socket 13 has a cylindrical portion
      14, the lower edge 15 of which is bent over inwardly, an intermediate
      portion 16 which is outwardly flanged and a conical portion 17. The
      conical portion 17 is provided at its upper end with an outwardly
      directed, tapering rim 18. The tapering rim or nose 18 is located in a
      recess of a packing ring 19 of elastic material one limb of which is
      located beneath the nose 18 and on the shoulder 4, whilst a substantially
      triangle-section limb is enclosed between the nose 18 and the rim 9 of the
      nut 5. It will be obvious that when tightening the nut 5 the part of the
      packing ring 19 located above the nose 18 is compressed between the
      upwardly inclined rim 9 and the top surface of the rim 18 inclined
      downwardly from the interior to the exterior so that the packing is, in
      addition, urged against the interior of the sleeve 3. The lower part of
      the packing is compressed between the lower surface of the nose 18 and the
      top surface of the shoulder 4.
PAR  A satisfactory seal is thus obtained between the various parts so that
      leakage along the shoulder 4, the rim or nose 18 and the rim 9 is
      excluded.
PAR  From the FIG. it will be apparent that the conical portion 17 has a
      plurality of large holes 20, and the corner part between the flange 16 and
      the conical portion 17 has a plurality of smaller holes 21.
PAR  The bent-over lower rim 15 of the socket 13 is accommodated in a groove
      provided in a vertical rising pipe 22 so that in an axial direction the
      rising pipe is immovably connected with the socket 13. The top end of the
      rising pipe 22 is closed by a plug 23 having a projecting rim 24 forming a
      shoulder. The rising pipe 22 with the plug 23 is arranged so that the
      shoulder 24 is located approximately at the same level as a shoulder
      formed by an inwardly projecting rim 25 on the top side of the upper ring
      7 of the nut 5.
PAR  The portion of the rising pipe 22 projecting above the flange 16 is
      surrounded by a compression spring 26, which is enclosed between the
      flange 16 and a cup spring 27. The cup spring 27 comprises an upper ring
      located in a plane at right angles to the centre line of the rising pipe
      and terminating by its inner wall in a sleeve-like part concentric with
      the rising pipe, the lower end of said part being in contact with the ring
      extending parallel to the upper ring. The inner wall of the latter ring is
      in contact with a sleeve extending downwards away from said ring
      concentrically to the rising pipe. The cup spring of this construction
      serves for holding a closing member 28 of elastic material, for example,
      rubber or synthetic resin. From FIG. 1 it will be apparent that the upper
      surface of the annular closing member joins the lower side of the shoulder
      24 by its inner circumference and the shoulder 25 by its outer
      circumference, between which shoulders a portion projects above the
      contact surfaces, the top surface of said part being more or less
      spherical. The closing member 28 furthermore comprises a downwardly
      extending rim 30, which engages the inner circumference of the sleeve
      extending from the top ring of the cup spring in a downward direction,
      whereas the inner circumference of the closing member has a tapering shape
      so that in the position shown in FIG. 1 only the part of the inner wall of
      the closing member located near the shoulder 24 engages the plug 23 and
      the rising pipe 22 respectively.
PAR  Beneath the plug the top end of the rising pipe has an additional number of
      appertures 31.
PAR  The connecting piece comprises a housing 32 having a depending
      uninterrupted rim 33. Three equally spaced parts 34 of the circumference
      of the rim 33 are depressed inwardly so that, when the parts 34 are
      opposite the flat sides 6 of the nut 5, the rim 33 can be slipped onto the
      nut 5 so that the upper edges of the depressed parts 34 arrive beneath the
      lower surface of the upper ring 7 of the nut 5. When subsequently the
      housing is turned through a given angle the depressed parts will arrive at
      the side of the flat sides 6 beneath the upper ring 7 of the nut 5 so that
      the housing 32 is coupled with the nut 5 by a kind of bayonet joint. In
      order to ensure a satisfactory seal between the housing 32 and the upper
      surface of the nut 5, a packing ring 36 is arranged in an annular groove
      35 in the housing.
PAR  A central opening in the housing 32 slidably accommodates a hollow gland
      37, a groove provided in the outer periphery of the hollow gland 37
      accommodating a packing ring 38 for obtaining a seal between the gland and
      the inner wall of the central recess in the housing 32. The gland 37 is
      integral with an outlet 39, with which a duct or the like can be
      connected.
PAR  On either side of the gland the housing has secured to it supports 40,
      extending upwardly from the top surface of the housing 32, with which
      supports are pivotally connected the limbs 42 of a handle 43 located on
      either side of the outlet by means of horizontal stubs 41. At the lower
      ends of the limbs 42 projecting noses 44 are provided.
PAR  The housing 32 is furthermore provided with a connecting piece 45, with
      which a source of pressurized gas, for example, a CO.sub.2 containing
      cylinder can be connected. The interior of the piece 45 communicates
      through a channel 46 in the housing 32 with the free portion of the groove
      35 enclosed by the packing ring 36, which portion (see the Figure is in
      open communication with the space accommodating the closing member 28. It
      should be noted that the outer diameter of the gland 37 is smaller than
      the inner diameter of the rim of the nut 5 forming the shoulder 25.
PAR  It will be obvious that the passage for the pressurized gas through the
      channel 46 to the interior of the vessel is blocked by the closing member,
      whilst the closing member 28 furthermore prevents leakage of the liquid
      out of the vessel.
PAR  For opening the valve mechanism the handle 43 can be turned in the
      direction of the arrow A out of the position shown in FIG. 1 to the
      position shown in FIG. 2. The noses 44 will urge the gland 37 out of the
      position shown in FIG. 1 in downward direction into the position shown in
      FIG. 2. The closing member 28 is thus urged downwards against the action
      of the spring 26. The lower side of the suspending rim of the closing
      member then comes into contact with the spherical surface 29 of the
      closing member and urges this surface downwards so that the closing member
      is deformed. Since, as is shown in the figures, the outer diameter of the
      plug 23 closing the top end of the rising pipe and of the adjacent portion
      of the rising pipe provided with the apertures 31 is smaller than the
      outer diameter of the subjacent portion of the rising pipe, the two
      portions of different diameters being joined to one another by a tapering
      portion, the closing member will be deformed so that the inner
      circumference of the closing member will join the tapering portion of the
      rising pipe and the adjacent cylindrical portions of the rising pipe
      beneath the apertures 31. Since the closing member is furthermore urged
      away from the shoulder 25 a free passage is obtained around the gland 37
      and inside the rim 25 so that pressurized gas can flow via the channel 46
      along the outer circumference of the gland 37 into the space formed by the
      apron 8 and the tapering portion 17 of the socket 13 and thence through
      the apertures 20 and 21 into the interior of the vessel. The liquid
      contained in the vessel, for example beer, is subjected to pressure so
      that it is pressed upwards through the rising pipe. The liquid can thus
      flow into the interior of the hollow gland and the outlet 39, which is
      integral therewith. It will be obvious that the liquid can only escape
      through the outlet 39, since the closing member blocks any other passage
      because it engages the outer circumference of the rising pipe beneath the
      aparatures 31 and on the lower rim of the gland 37.
PAR  Generally, the duct connected with the outlet 39 will include a cook for
      regulating the outflow of liquid from the vessel.
PAR  It will be apparent that the valve mechanism described above has a simple
      structure, can be manufactured from readily obtainable parts and can be
      readily mounted and dismounted, which is of importance for example when
      replacing the closing member 28, or the packing rings 19, 36 and 38 in the
      event of wear or damage.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A valve mechanism, for mounting in an opening of a container, for
      draining liquid from the container with the aid of a pressurized gas, said
      valve mechanism operating in conjunction with a connecting piece having a
      movable gland provided with a bore, an inlet means for inlet of
      pressurized gas to the container, and an outlet means for outlet of the
      liquid from the container, said valve mechanism comprising:
PA1  a. pipe means extending into the container, being open at the lower end
      thereof and closed at the top end, for conveying liquid from the
      container, said pipe means having apertures formed in the upper portion
      thereof for the flow of liquid from the interior of said pipe means to the
      outlet means, and further having a connecting groove formed therein;
PA1  b. a connecting member for insertion into the opening of the container to
      permit said pipe means to be mounted into the container, said connecting
      member being movable between a secured position with respect to the
      container and a released position with respect to the container;
PA1  c. socket means for releasably connecting said pipe means to said
      connecting member, said socket means having a lower position mounted with
      said connecting groove of said pipe means to releasably connect said pipe
      means to said connecting member when said connecting member is in the said
      secured position, said socket means also having openings therein for
      permitting the flow of gas into the container;
PA1  d. closing means movable in response to the movement of the movable gland
      in the connecting piece between a closed position blocking entry of the
      gas into the container and flow of liquid from the container through said
      apertures in said pipe means, and an open position permitting entry of gas
      into the container and flow of liquid from the container through said
      apertures in said pipe means; and
PA1  e. said closing means in said open position establishing communication
      between the interior of said pipe means and the bore in the movable gland
      for the passage of liquid from the container, and further forming a
      separate passageway, having walls formed by said closing means, the
      movable gland, and said connecting member for entry of gas through said
      openings formed in said socket means into the container.
NUM  2.
PAR  2. The valve mechanism as set forth in claim 1 wherein a shoulder is formed
      at said top end of said pipe means and wherein:
PA1  said closing means, in said closed position, has an inner edge which bears
      on said shoulder at said top end of said pipe means, and an outer edge
      which bears on said connecting member, thereby forming a seal.
NUM  3.
PAR  3. The valve mechanism as set forth in claim 2, wherein:
PA1  said pipe means includes a lower shoulder formed therein below said
      apertures in said pipe means for cooperating with said closing means when
      said closing means is in said open position, thereby sealing said liquid
      passageway from said gas passageway.
NUM  4.
PAR  4. The valve mechanism as set forth in claim 2, wherein said closing means
      comprises:
PA1  a. an annular closing member of elastic material surrounding said pipe
      means for forming a seal between said closing means and said pipe means
      and between said closing means and said connecting member, said closing
      member also having a surface for cooperating and sealing with the movable
      gland; and
PA1  b. a cup spring for holding said closing member and for engaging said
      resilient means.
NUM  5.
PAR  5. The valve mechanism as set forth in claim 2, wherein said pipe means
      comprises:
PA1  a. a pipe extending into the container for conveying liquid from the
      container, said pipe having apertures formed in the upper portion thereof
      for the flow of liquid from the interior of said pipe to the outlet means;
      and
PA1  b. a plug inserted into the top end of said pipe means for blocking the
      flow of liquid through the top end of said pipe, said plug having a
      projecting rim for cooperating with said inner edge of said closing means.
NUM  6.
PAR  6. The valve mechanism as set forth in claim 2, further comprising:
PA1  resilient means for urging said closing means into said closed position in
      the absence of movement of the movable gland.
NUM  7.
PAR  7. The valve mechanism as set forth in claim 2, wherein:
PA1  said resilient means comprises a spring mechanism.
NUM  8.
PAR  8. The valve mechanism as set forth in claim 1, wherein said lower portion
      of said socket means comprises:
PA1  a. a cylindrical portion for cooperating with the outer circumference of
      said pipe means; and
PA1  b. a rim formed at the lower end of said cylindrical portion for mounting
      with said connecting groove in said pipe means.
NUM  9.
PAR  9. The valve mechanism as set forth in claim 8, wherein said socket means
      further comprises:
PA1  a. a packing ring having a recess therein for forming a seal between said
      valve mechanism and the container; and
PA1  b. an upper portion provided with a rim for fitting into said recess of
      said packing ring for securing said socket means in the container whenever
      said connecting member is in said secured position.
NUM  10.
PAR  10. The valve mechanism as set forth in claim 1, wherein:
PA1  said connecting member comprises a removable ring means.
NUM  11.
PAR  11. The valve mechanism as set forth in claim 10, wherein:
PA1  said removable ring means comprises a nut.
NUM  12.
PAR  12. The valve mechanism as set forth in claim 11, wherein said nut
      comprises:
PA1  a. a screw-threaded sleeve of synthetic resin whch screws into the
      container for securing said valve mechanism to the container and which
      forms a seal between the container and said valve mechanism; and
PA1  b. a metal supporting body for anchoring said screw-threaded sleeve to said
      nut.
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PAL  A high pressure, high temperature, seatless cut-off valve particularly
      suitable for use with solid materials. The construction employs a sleeve
      valve reciprocable past aligned ports between concentric tubular housing
      members under conditions wherein the pressure conditions acting on the
      valve are fully neutralized at all times. Pressure neutralizing is
      achieved by passageway means interconnecting chambers embracing the end
      portions of the sleeve valve and encircling the valve in the area of its
      flow port and between sets of sealing rings to either axial side of this
      port. All surfaces contacted by the flowing fluid are preferably lined
      with protective laminate such as thick ceramic having a protective skin of
      tough abrasion resistant alloy.
BSUM
PAR  This invention relates to valves, and more particularly to a specially
      designed valve capable of controlling large volume flow under extreme
      temperature and pressure conditions.
PAR  Current development programs involving the creation of new and improved
      energy sources, as from shale and low grade coal deposits, have need for
      shut-off valves handling massive flows of abrasive and granular materials
      under pressures in the neighborhood of 1,000.degree.F. and 1,000 psi. All
      efforts to utilize known valve structures to meet these requirements have
      been largely unsatisfactory or unsuccessful. These attempts involve the
      use of many different types of valves including gate, ball and butterfly
      valve designs. The enormous loads imposed on the seats cause failure due
      to gouging, spalling and other causes. Also severe damage quickly results
      to seating areas due to impact by high velocity solid particles. Also very
      serious problems are presented as respects the provision of suitable
      packing and sealing expedients between relatively moving parts to leave
      unmentioned the problem of opening and closing the valve under the
      enormous prevailing pressure loads on the parts.
PAR  By the present invention there is provided an extremely rugged, simple and
      highly effective valve construction capable of meeting the aforementioned
      operating requirements. This valve can be made in major part from high
      strength material, such as cast steel, and includes inner and outer
      tubular main body members rigidly assembled in concentric relation and
      slidably supporting a pressure-neutralized sleeve valve therebetween. The
      midlength of this sleeve valve is provided with a flow port registerable
      with aligned companion flow ports through the inner and outer housing
      members. All three ports are preferably inclined acutely to the axis of
      the sleeve valve and toward an axial flow port at one end of the assembly.
      Several sets of sealing rings cooperate in providing fluid seals between
      the sleeve valve and the two housing members. The pressure equalizing
      expedients comprising important features of the new design include a
      pressure equalizing connection between the chambers embracing the opposite
      ends of the sleeve valve and axially outwardly of a set of sealing rings
      to either axial side of the sleeve valve flow port. The space surrounding
      the sleeve valve between these two sets of sealing rings communicates with
      one side of the flow port at all times thereby equalizing the pressure
      about the mid-section of the sleeve valve at all times. Accordingly, under
      normal operating conditions with the sleeve valve opened, the pressure is
      balanced on all sides of the sleeve valve. In the closed position of the
      sleeve valve, the pressure is likewise equalized because the entire
      exterior of the mid-length of the sleeve valve is subject to the same
      pressure. Accordingly, only the power necessary to overcome friction
      losses and inertia is involved when adjusting the valve either to or from
      its closed position. Interior surfaces of the valve contactable by high
      velocity hot fluids, particularly if including solid and abrasive
      particles, are preferably protected with a metal-clad lining of heat
      insulating material highly resistant to erosion and abrasion.
PAR  Accordingly, it is a primary object of this invention to provide a simply
      constructed and easily serviced rugged, fully pressure-neutralized cut-off
      valve.
PAR  Another object of the invention is the provision of a high pressure, high
      temperature cut-off valve which is movable between open and closed
      positions with no more force than that required to overcome friction and
      inertia losses.
PAR  Another object of the invention is the provision of a high capacity cut-off
      valve designed to operate under pressures in the area of 1,000 psi and
      temperatures of 1,000.degree. to 1,700.degree.F. and wherein the pressure
      differential across the valve when closed is effectively and substantially
      fully neutralized.
PAR  Another object of the invention is the provision of a high temperature,
      high pressure cut-off valve the interior surfaces of which are protected
      by a metal clad heat resistant lining.
PAR  Another object of the invention is the provision of a high pressure cut-off
      valve so designed that it can be inserted in a pipe line in lieu of a
      short section removed from the line.
PAR  These and other more specific objects will appear upon reading the
      following specification and claims and upon considering the connection
      therewith the attached drawing to which they relate.
DRWD
PAR  Referring now to the drawing in which a preferred embodiment of the
      invention is illustrated:
PAR  FIG. 1 is a longitudinal cross-sectional view showing an illustrative
      embodiment of the valve in open position; and
PAR  FIG. 2 is a cross-sectional view taken along the broken line 2--2 on FIG.
      1; and
PAR  FIG. 3 is a fragmentary view on an enlarged scale of the port area of the
      valve with the valve sleeve in open position.
DETD
PAR  Referring initially more particularly to FIG. 1, there is shown an
      exemplary embodiment of the invention, designated generally 10, installed
      in a pipe 11, 11 by cutting out a section of pipe between the welds 12, 12
      and welding the inlet 13 and outlet 14 of the cut-off valve into place in
      lieu of the cut away section of pipe. In this connection it will be noted
      that the terminal portions of inlet 13 and outlet 14 are in axial
      alignment with one another and with conduit 11.
PAR  The principal parts of valve 10 are formed of suitable high strength
      material, such as thickwalled cast steel, capable of withstanding
      operating temperatures and pressures such as 1,000 psi and 1,700.degree.F.
      The main body of the valve comprises a pair of concentric tubes 15, 16.
      Outer tube 15 is formed in two parts interconnected to facilitate assembly
      and servicing, these parts being separately joined by coupling means such
      as by flanges 15a and bolts 17. One or more malleable gasket rings 18 are
      positioned between the adjacent radial faces of flanges 15a to provide a
      high pressure seal between these flanges. Similar gasket rings 19 are
      employed to seal the closure end cap 20 to the upper end of outer tube 15,
      these parts being held clamped together by a closely spaced ring of bolts
      21.
PAR  The lower end of inner tube 16 is equipped with metal sealing rings 23
      having a close sealing fit with the sidewalls of a well 24 formed
      coaxially of the outlet tube 14. Likewise, the upper end of inner tube 16
      seats in a shallow well 25 formed in the inner face of cover plate 20. One
      or more dowel pins 26 may extend across the abutting portions of tube 16
      and the botton of well 25 to hold the inner tube in a desired position and
      against the possibility of rotation from this position during opening and
      closing of the valve.
PAR  The annular chamber 30 between the concentric inner and outer tubes 15 and
      16 provides an operating chamber for a sleeve valve 32 and adequate
      clearance between certain surfaces of this valve and adjacent surfaces of
      tubes 15 and 16. Valve 32 reciprocates in this chamber between the open
      position shown in FIG. 1 and a closed position wherein its upper end is
      located closely beneath the cover plate 20. Valve 32 is readily adjusted
      between these two positions by an operating rod 33 passing through a
      packing assembly 34 and having its lower end threaded to a block 35. This
      block is anchored against rotation by a lock nut 36 and a pin 37. A pair
      of trunnion pins 38 project from aligned openings in the opposite ends of
      block 35 and extend into openings 39 diametrically through the upper end
      of sleeve valve 32. Pins 38 are shiftable lengthwise of a pair of slots
      40, 40 extending axially of the upper end of inner tube 16.
PAR  The inner and outer surfaces of sleeve valve 32 as well as the adjacent
      surfaces of tubes 15, 16 are accurately finished and cooperate with
      various sets of sealing rings to provide a fluid-tight seal at various
      locations and the details of which will now be described. In addition to
      the set of seals 23 at the lower end of inner tube 16, this tube is
      provided with two sets of seals 45, 46 located to either side of the flow
      port 47 through the sidewall of tube 16. Flow port 47, as here shown, is
      ovate-like in contour and is registerable with a flow port 48 through the
      sidewall of sleeve valve 32 and with a flow port 49 opening through the
      sidewall of the main valve housing into the tubular inlet 13. These
      several ovate flow ports preferably extend around a major portion of the
      periphery of the inner and outer tubes as well as sleeve valve 32, as is
      made clear by FIG. 2. In this connection it will be observed from FIG. 2
      that inlet 13 has been broadened circumferentially of valve 10 in order to
      minimize valve travel without sacrificing flow area of the flow ports.
PAR  Port 48 through the sidewall of the sleeve valve preferably includes at
      least one or more axial ribs 50. The upstream edges of these ribs may be
      rounded but the downstream side lies flush with the interior sidewall of
      the sleeve valve and serves to prevent the upper set of sealing rings 46
      from engaging the upper or lower edges of port 48 as the sleeve valve
      passes over these rings in moving between the open and closed positions of
      the valve.
PAR  Another set of sealing rings 52 encircles the exterior of inner tube 16 in
      an area closely underlying the trunnion pins 38, 38. Still other sealing
      rings include a lower set of sealing rings 53 and an upper set 54 spaced
      to either side of a set of sealing rings 55 installed in the inner wall of
      the main body tube 15 adjacent the coupling flanges 15a, 15a. All sealing
      rings will be understood as made of metal or equivalent material capable
      of withstanding high operating temperatures.
PAR  As is clearly shown in FIG. 1, the exterior side of sleeve valve 32 is
      provided with two sets of sealing rings 53,54, set 53 being located very
      substantially below the fluid flow ports 47, 48, 49 and set 54 being
      located above port 48. Likewise, the fluid seals 45 and 46 are located to
      either axial side of flow port 47 and are mounted on the outside of inner
      tube 16 in an area which is never impacted by solid or abrasive material
      flowing through the valve which always enters the valve inlet 13 and exits
      through outlet 14. It follows that no one of the important sets of seals
      45,46, 53, 54 ever moves in contact with a valve surface which is subject
      to impact and erosion by solids and abrasive particles flowing through the
      cut-off valve.
PAR  In order to achieve longer service life without need for disassembly, all
      internal surfaces of the cut-off valve structure likely to be close to or
      in contact with the flowing hot fluid and abrasive materials are
      preferably protected with a protective lining including an inner layer of
      molded ceramic material 60 and a metal sheath 61 highly resistant to
      abrasion, corrosion and erosion by flowing high velocity materials. A
      suitable protective sheath or shroud for the ceramic layer comprises
      Stellite, stainless steel or other alloys having similar characteristics.
PAR  The ceramic and metal components of the protective liner may be molded to
      shape and installed separately following which the junctions between
      adjacent edges of the protective shroud may be welded together. For
      example, the liner components for the interior of the inner tube 16 may
      comprise separate discs held assembled against the transverse partition 63
      of tube 16 by abutment with the inner ends of the cylindrical liner
      members 60, 61. The latter are held against displacement by being welded
      at 65 (FIG. 3) along the junction between cylindrical liner 61 and a
      collar-like metal liner 66 extending crosswise of the radial edges of port
      47. Likewise, the ceramic and alloy liner components lining valve port 50
      are held in assembled position by a weld 68 bordering the outer rim edge
      of port 50. These liner components, as are certain others, are accurately
      constructed to set in similar shaped seating recesses formed in the valve
      parts supporting the liner elements. No adhesives or other fasteners need
      be used.
PAR  Pressure equalization and neutralizing of the pressure differential across
      the sleeve valve when closed is accomplished in part by a conduit 70
      interconnecting the threaded openings 71 and 72 at the opposite ends of
      the valve housing and herein indicated by dot and dash line. This conduit
      preferably is connected in series with conduits 73 which are provided with
      normally closed valves 80 and 81. These valves are opened to provide a
      flow of a suitable pressurized purging fluid such as nitrogen to purge the
      chambers embracing the opposite ends of valve 32 of dust and any other
      foreign matter after which valves 80 and 81 are closed. In some instance
      conduits 73 are in communication with pressurized portions of the system
      to which pipe 11 is connected. Thus, if the system is operating under any
      pressure, this pressure is communicated by conduits 70 and 73 to the
      opposite ends of the interior of valve 10. In consequence, both ends of
      sleeve valve 32 are subjected to the same pressure as the pressure
      prevailing in the inlet side of pipe 11. The same pressure equalizing
      action also occurs with both of valves 80 and 81 closed for self-apparent
      reasons.
PAR  Likewise, the annular chamber 74 surrounding the portion of sleeve valve 32
      between the sets of sealing rings 54, 55 as well as the annular chamber 75
      embracing sleeve valve 32 and port 48 between the two sets of sealing
      rings 45, 46, are subject to different but nevertheless uniform and
      equally distributed pressures about the entire inner and outer peripheries
      of these portions of the sleeve valve.
PAR  It follows from the foregoing analysis that the pressures acting on
      different parts of the sleeve valve are equally distributed and
      neutralized about each cross-sectional zone from end to end of valve 32.
      And this is true whether the sleeve valve 32 is open or closed, and there
      is no unbalanced pressure tending to shift the valve in any radial
      direction. There are no unbalanced pressures acting against either end of
      the sleeve valve, or against any wall surface of the valve, and this is
      true irrespective of whether the sleeve valve 32 is in closed or open
      position. Accordingly, opening and closing is accomplished very easily
      simply by reciprocating the operating rod 33 in one direction or the other
      from the open position shown in FIG. 1 to the closed position in which the
      upper end of sleeve valve 32 is positioned closely against the interior
      face of cover plate 20. At that time, the lower transverse edge of flow
      port 48 will be located above the uppermost one of the set of sealing
      rings 46.
PAR  While the particular valve for fluids containing abrasive particles herein
      shown and disclosed in detail is fully capable of attaining the objects
      and providing the advantages hereinbefore stated, it is to be understood
      that it is merely illustrative of the presently preferred embodiment of
      the invention and that no limitations are intended to the detail of
      construction or design herein shown other than as defined in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A seatless cut-off valve for controlling flow of fluent material at
      temperatures of the order of 1,000.degree.F to 17,000.degree.F. and
      pressures of the order of 1,000 psi, said cut-off valve having a main body
      formed by long inner and outer concentric tubes forming an annular chamber
      therebetween movably housing an open-ended sleeve valve, said sleeve valve
      having a flow port through its sidewall, said sleeve valve and flow port
      being movable into and out of registry with aligned flow ports in said
      first and second tubes, inlet passage means in communication with said
      aligned flow ports and outlet passage means opening into one end of said
      inner tube, closure means for said inner tube on the end thereof remote
      from said outlet passage means, closure means for the opposite ends of
      said annular chamber between said inner and outer tubes, means connected
      to said sleeve valve for shifting said sleeve valve between the open and
      closed positions of said flow ports, fluid seal means to either axial side
      of said flow ports and between said sleeve valve and the juxtaposed
      surfaces of said inner and outer tubes which seal means are so positioned
      and arranged as never to move in contact with a surface of said cut-off
      valve which is ever in the path of fluent material flowing between said
      inlet and outlet passage means.
NUM  2.
PAR  2. A cut-off valve as defined in claim 1 characterized in the provision of
      means interconnecting the opposite ends of said annular chamber supporting
      said sleeve valve with passage means effective to equalize the pressure
      acting on the opposite ends and along the portions of said sleeve valve
      disposed on the remote sides of said fluid seal means.
NUM  3.
PAR  3. A cut-off valve as defined in claim 1 characterized in that said cutoff
      valve is so constructed that said sleeve valve is movable between the open
      and closed positions of said flow ports without making substantially any
      volumetric change in the interior of said cut-off valve between said inlet
      and outlet passage means.
NUM  4.
PAR  4. A cut-off valve as defined in claim 1 characterized in that said outer
      tube is formed in two sections having means for separably securing the
      same together between the opposite ends thereof.
NUM  5.
PAR  5. A cut-off valve as defined in claim 4 characterized in that one end of
      said inner tube is aligned with and includes seal means forming a fluid
      tight junction between said one end and said outlet passage means, and
      removable closure means for the end of said main body remote from said
      outlet passage means.
NUM  6.
PAR  6. A cut-off valve as defined in claim 1 characterized in the provision of
      valve controlled means connected to the opposite ends of said annular
      chamber housing said sleeve valve for supplying pressurized purging fluid
      thereto to purge the opposite ends of said annular chamber of dust and
      foreign matter.
NUM  7.
PAR  7. A cut-off valve as defined in claim 1 characterized in that said flow
      ports are inclined to the axis of said sleeve valve.
NUM  8.
PAR  8. A cut-off valve as defined in claim 1 characterized in that said outer
      tube is formed in two halves joined by high strength coupling means
      positioned to one axial side of said aligned flow ports.
NUM  9.
PAR  9. A cut-off valve as defined in claim 1 characterized in that the flow
      port in the midlength of said sleeve valve includes at least one rib
      extending axially transversely of said port with the inner surface thereof
      flush with the inner surface of said sleeve valve.
NUM  10.
PAR  10. A pressure-balanced seatless cut-off valve comprising a main body
      having inner and outer concentric tubes, closure means crosswise of one
      set of adjacent ends of said tubes and crosswise of said inner tube in an
      area remote from said one set of ends, outlet passage means from the other
      end of said inner tube and including means closing the adjacent end of
      said annular chamber, a sleeve valve open at both ends movably supported
      in said annular chamber, the midlength portions of said tubes and of said
      sleeve valve having flow ports which are in or out of alignment depending
      on the adjusted position of said sleeve valve in said annular chamber,
      said main body having inlet passage means opposite the flow ports in said
      inner and outer tubes, fluid seal means permanently disposed to either
      axial side of said flow ports providing fluid seals between the juxtaposed
      surfaces of said sleeve valve and said inner and outer tubes, fluid
      passage means interconnecting the opposite ends of said annular chamber
      and cooperating with said fluid seals to neutralize the pressure
      differential between the opposite ends of said annular chamber and along
      the interior and exterior surfaces of said sleeve valve.
NUM  11.
PAR  11. A cut-off valve as defined in claim 10 characterized in the provision
      of high temperature heat resistant liner means for said flow ports and the
      interior surfaces of said sleeve valve and of said inner tube exposed to
      contact with the fluid flow being controlled by said cut-off valve.
NUM  12.
PAR  12. A cut-off valve as defined in claim 11 characterized in that said liner
      means includes ceramic material.
NUM  13.
PAR  13. A cut-off valve as defined in claim 11 characterized in that said
      ceramic material is provided with a protective shroud of abrasion
      resistant high temperature metal.
NUM  14.
PAR  14. A cut-off valve as defined in claim 13 characterized in that said
      shroud comprises a Stellite type alloy metal highly resistant to abrasion
      and corrosion.
NUM  15.
PAR  15. A cut-off valve as defined in claim 13 characterized in that said liner
      means extends along at least the surface of said sleeve valve contactable
      by the fluid flow in the closed position thereof.
NUM  16.
PAR  16. A cut-off valve as defined in claim 13 characterized in that said flow
      ports in the sidewalls of said tubes are inclined acutely to the axis of
      said tubes and toward said outlet passage means in one end of said cut-off
      valve.
NUM  17.
PAR  17. A cut-off valve as defined in claim 10 characterized in that said
      sleeve valve and said inner and outer tubes comprise cast steel.
NUM  18.
PAR  18. A cut-off valve as defined in claim 10 characterized in that said inner
      and outer tubes and said sleeve valve having means so constructed and
      arranged that said sleeve valve can be opened and closed substantially
      without change in the interior volume of said cut-off valve between inlet
      and outlet passage means.
NUM  19.
PAR  19. A cut-off valve as defined in claim 10 characterized in the provision
      of means extending from one end of said sleeve valve through the adjacent
      end of said cutoff valve manipulatable to shift said sleeve valve between
      the open and closed positions thereof.
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ABST
PAL  An upstream fluid chamber adapted for fluid flow in a given direction is
      interconnected to a downstream fluid chamber by a plurality of
      individually actuatable digital valve elements disposed in a plane
      substantially transverse to the given direction so that the pressure drop
      across each valve element is substantially the same. The valve elements
      are disposed so the fluid from the upstream chamber passing through the
      valve elements converges in the downstream chamber to dissipate the vena
      contracta. The areas of the valve elements are weighted so the smaller
      areas follow a geometric progression while the larger areas deviate from a
      geometric progression. Preferably, at least the two larger areas are the
      same size. The valve elements themselves each have an orifice, a plug, and
      means for maintaining the plug in one of two positions. The plug seals the
      orifice in the one positon and lies outside of the fluid stream in the
      static fluid region in the other position.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of a copending application, Ser. No. 703,468, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the control of fluid flow and, more particularly,
      to a digital fluid flow control system.
PAR  Conventionally, a single element analog valve is employed to control the
      rate of flow in a fluid system. The essential components of such a valve
      are an orifice through which the fluid flows and a plug that is movable
      into and out of the orifice. The flow rate through the valve is determined
      by the extent that the plug blocks the orifice. There are also fluid
      control systems in the prior art that utilize multiple valve elements.
      They are, for the most part, digital flow control devices comprising a
      plurality of digital valve elements capable of assuming one of two stable
      states--open or closed. Generally, the orifice areas are weighted to
      follow a geometric progression of two.
PAR  Schmohl et al. U.S. Pat. No. 2,229,903, issued Jan. 28, 1941, discloses a
      digital valve in which two parallel laterally displaced conduits are
      connected by a plurality of cross ports distributed at different points
      along the length of the conduits. These cross ports have orifices with
      different areas and individually actuatable plugs blocking the orifices.
      It is taught that the orifices are selectively unblocked either
      individually or in combinations to control the rate of flow through the
      valve. In this way, many more different flow rates can be established by
      the valve than there are individual orifices.
PAR  Dufour U.S. Pat. No. 3,063,468, issued Nov. 13, 1962, discloses a plurality
      of valve elements stacked adjacent to one another along the direction of
      fluid flow. The valve elements take the form of discs that are
      individually rotatable into either of two positions. Apertures are
      arranged on the discs so that a different number of apertures of the discs
      are aligned for each combination of disc positions. The number of aligned
      apertures follows a geometric progression of two as successive discs are
      rotated. Fluid flows through the aligned apertures. Thus, the more
      apertures that are aligned, the more fluid flows through the system.
PAR  U.S. Pat. No. 3,072,146, issued Jan. 8, 1963, to T. Gizeski, is directed to
      a digital regulator valve in which transverse inlet and outlet manifolds
      are linked at different points along their lengths by conduits having
      digital control valves with orifice areas following a geometric
      progression of two. An upstream conduit feeds the inlet manifold, and the
      outlet manifold supplies a downstream conduit. A digital programmer
      controls the operation of the digital valve elements and accordingly the
      rate of fluid flow through the system.
PAR  Ernyei U.S. Pat. No. 3,331,393, issued July 18, 1967, discloses a fluid
      flow control system employing balanced digital valve elements. The
      upstream conduit of the fluid system is connected to a first disc-shaped
      cavity and the downstream conduit of the fluid system is connected to
      second and third disc-shaped cavities located on either side of the first
      cavity. Each digital valve element cuts through the three cavities at a
      different point, having an orifice between the first cavity and the second
      cavity and an orifice between the first cavity and the third cavity. Two
      plugs mounted on the same rod control the fluid flow through the orifices
      of each valve element. The force exerted on one of the plugs due to the
      pressure drop across its orifice is balanced by the force exerted on the
      other plug due to the pressure drop across its orifice.
PAR  The prior art fluid flow control systems employing multiple digital valve
      elements suffer numerous shortcomings that are especially serious at high
      pressures and fluid flow rates. First, the valve elements are distributed
      along the direction of fluid flow in the system. As a result, the pressure
      drops across the valve elements differ from one another and are dependent
      on the states of the other valve elements. Correspondingly, the flow rates
      through the valve elements are also interdependent, i.e., not solely a
      function of the orifice areas. In a digital fluid flow control system this
      interdependence is manifested as a deviation in the flow rate from the
      nominal digital values.
PAR  Second, the problem of the formation of a vena contracta by the fluid
      passing through the digital valve elements is not met. At high flow rates,
      the vena contracta causes the effective orifice area of the valve elements
      to become pressure dependent, thereby introducing a source of unlinearity
      into the fluid control system. In addition, the vena contracta frequently
      triggers cavitation, which causes pitting of the valve parts and
      inefficient operation.
PAR  Third, the valve elements of a digital fluid flow control system invariably
      have orifice areas that are weighted to follow a geometric progression of
      two. Accordingly, one-half of the maximum flow rate through the fluid flow
      control system is attributable to only one valve element. Full advantage
      is not then taken of the potential simplifications in valve design made
      possible by the fact the fluid is handled by a plurality of valve elements
      rather than a single element in an analog valve. Further, each time the
      most significant valve element is opened or closed, an extraordinary
      disturbance may be created in the fluid system because of the possible
      differences in opening and closing time of the different elements
PAR  Fourth, it is difficult to design the digital valve elements themselves so
      the fluid rate in the open state remains constant in the course of
      prolonged use. Each valve element comprises a flow determining orifice and
      a plug that assumes one of two stable positions. When the valve element is
      open, the plug is positioned to seal the orifice. When the valve element
      is closed, the plug is positioned in the fluid stream in spaced
      relationship from the orifice so the orifice is unblocked. In the open
      state of the valve element, the extent to which the orifice is unblocked
      depends upon the position of the plug since the plug is in the fluid
      stream. As the moving parts of the valve element wear with prolonged use,
      the position of the plug in the fluid stream in the open state varies, and
      the flow rate varies accordingly. In other words, the plug tends to
      modulate the flow rate in the same manner as an analog valve.
PAC  SUMMARY OF THE INVENTION
PAR  In one aspect, the invention contemplates the disposition of a plurality of
      individually actuatable digital valve elements in a digital fluid flow
      control system so the fluid from the upstream chamber passing through the
      open valve elements converges in the downstream chamber to dissipate the
      vena-contracta. Therefore, high pressures and flow rates can be
      accommodated without causing cavitation and the effective orifice area of
      the open valve elements is independent of the fluid pressure.
PAR  In another aspect, the invention contemplates a digital fluid flow control
      system in which the areas of the digital valve elements are weighted so
      the smaller areas follow a geometric progression and the larger areas
      deviate from a geometric progression. Preferably, two or more of the
      largest areas are the same size. Thus, no single valve element is
      responsible for as much as one-half of the maximum fluid flow rate of the
      system. Smoother operation and faster response of the fluid flow control
      system are possible.
PAR  A feature of the invention involves the disposition of a plurality of
      individually actuatable digital valve elements in a plane substantially
      transverse to the direction of flow in a digital fluid flow control system
      so the pressure drop across each valve element is substantially the same.
      Consequently, the rate of fluid flow through each open valve element is
      independent of the state, open or closed, of the other valve elements.
      Preferably, the plurality of valve elements are adapted for converging
      radial fluid flow from an upstream conduit of large diameter to a
      downstream conduit of smaller diameter concentric with the upstream
      conduit.
PAR  Another feature of the invention involves the digital valve elements
      themselves. The movement of a plug of a digital valve element is
      controlled so it assumes one of two stable positions. In the one position
      the plug lies outside of the fluid stream in the static fluid region and
      the valve element is open. In the other stable position the plug seals an
      orifice and the valve element is closed. As a result, small changes in the
      position of the plugs in a digital fluid control system that develop in
      the course of prolonged use do not affect the fluid flow rate through the
      open valve elements, i.e., the plugs do not modulate the flow rate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of specific embodiments of the invention are illustrated in
      the drawings, in which:
PAR  FIGS. 1A and 1B are a front elevation view in section and a side elevation
      view in section, respectively, of a fluid flow control system
      incorporating the principles of the invention;
PAR  FIG. 2 is a perspective view partially in section of another embodiment of
      a fluid flow control system incorporating the principles of the invention;
PAR  FIG. 3 is a perspective view partially in section of a modification of the
      embodiment of FIG. 2;
PAR  FIG. 4 is a side elevation view in section of another embodiment of a fluid
      control system incorporating the principles of the invention;
PAR  FIGS. 5A and 5B are a side elevation view in section and a partial
      enlargement, respectively, of one of the valve elements employed in the
      fluid control system of FIG. 1;
PAR  FIG. 6 is a block schematic diagram of a digital valve in an automatic
      fluid control system employing a digital computer to determine the flow
      rate; and
PAR  FIG. 7 is a block schematic diagram of a digital valve in an automatic
      analog fluid control system.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  In FIGS. 1A and 1B, a fluid control system is shown which is constructed
      from standard pipes and plates. A section 1 of pipe is connected in series
      with the conduits of a fluid system whose flow rate is to be controlled. A
      section 2 of pipe having a smaller diameter than section 1 is attached to
      section 1 at one end by a plurality of fins distributed evenly about the
      perimeter of section 2 such as those designated 3 and 4. At the other end,
      section 2 is attached to section 1 by an annular terminating plate 5.
      Sections 1 and 2 are coaxially arranged about an axis 8. A flow directing
      cone 6 has a base with a diameter equal to that of section 2. The base of
      cone 6 is attached to the end of section 2 where the fins are located and
      the apex of cone 6 extends away from the end of section 2. A truncated
      cone 7 is connected between the end of section 2 where terminating plate 5
      is located and section 1. The base of cone 7 extends away from the end of
      section 2. A plurality of individually digital valve elements 9 are
      disposed in a plane transverse to axis 8 for radial fluid flow from
      section 1 to section 2. A plurality of individually digital valve elements
      10 are also disposed in a plane transverse to axis 8 for radial fluid flow
      from section 1 to section 2. As used in this specification, the term
      `digital valve element` is defined as a bistable valve element assuming
      only one of two states, that is, open or closed. Valve elements 10 are
      axially displaced from valve elements 9. Valve elements 9 are
      equidistantly spaced from axis 8 and valve elements 10 are equidistantly
      spaced from axis 8.
PAR  The detailed construction of valve elements 9 and 10 is discussed below in
      connection with FIGS. 5A and 5B. Briefly, each valve element has a housing
      20 that passes through aligned openings in sections 1 and 2. A flow
      determining orifice 21 is located within housing 20 at the opening in
      section 2. The portion of housing 20 located between sections 1 and 2 has
      a plurality of perforations 22 through it. A plug 23 is moved within
      housing 20 into one of two stable positions by a rod 24. In one position,
      plug 23 seals orifice 21 so the valve element is closed. In the other
      position, plug 23 is spaced from orifice 21 and out of the region of
      housing 20 in which perforations 22 are located. The actuating mechanisms
      for rod 24 are not shown in FIGS. 1A and 1B.
PAR  Transducers 25, 26, 27, and 28 sense the dynamic fluid conditions at
      various points in the fluid control system.
PAR  Fluid under pressure flows through the system generally along axis 8 in the
      direction indicated by the arrows in FIG. 1B. The interior walls of
      section 1, the exterior walls of cone 6, the exterior walls of section 2,
      and terminating plate 5 define an upstream chamber that is interconnected
      by valve elements 9 and 10 to a downstream chamber defined by the interior
      walls of cone 6, section 2, and cone 7. As the fluid enters the upstream
      chamber, the portion flowing in the vicinity of axis 8 is directed
      outwardly by cone 6. The fins are oriented to maintain the direction of
      fluid flow substantially parallel to axis 8 and prevent the formation of
      local disturbances as the fluid flow into the annular portion of the
      upstream chamber in which valve element 9 and 10 are located. Valve
      elements 9 and 10 are selectively opened to control the rate of fluid flow
      from the upstream chamber to the downstream chamber. Terminating plate 5
      is spaced sufficiently far from valve elements 10 to permit approximately
      uniform fluid flow through all of perforations 22 in the open valve
      elements. Breaker plates 29 and 30 are transversely situated in section 2
      between the valve elements and cone 7. The fluid passing through the open
      ones of valve elements 9 converges at one point of axis 8 and the fluid
      passing through the open ones of valve elements 10 converges at another
      point on axis 8. The vena contracta which would otherwise form in section
      2 at high pressure and flow rates is dissipated by the collision of the
      fluid streams passing through the open valve elements. Breaker plates 29
      and 30 stabilize the stream of fluid as it leaves the downstream chamber
      to flow through the remainder of the fluid system.
PAR  The areas of orifices 21 of the valve elements are weighted such that the
      smaller areas follow a geometric progression of two and the larger areas
      deviate from a geometric progression. Assuming, for example, that the
      areas of orifices 21 of the twelve valve elements shown in FIGS. 1A and 1B
      are weighted 1, 2, 4, 8, 16, 32, 32, 32, 32, 32, 32, and 32, the largest
      flow rate attributable to any one valve element is 12 1/2 percent of the
      maximum flow rate through the fluid control system. Accordingly, less
      transient disturbance results from a change in state of valve elements and
      due to possible differences in their opening and closing times than
      results in a digital fluid control system in which all the orifice areas
      are weighted to follow a geometric progression of two. Further, the design
      of the valve elements is facilitated because no single valve element is
      required to accommodate onehalf the maximum fluid flow rate.
PAR  Ideally, all the valve elements of a fluid control system constructed
      according to the principles of the invention would lie in the same plane
      transverse to the direction of fluid flow in equidistant relationship from
      a point lying on axis 8. In such case, the pressure drop across each valve
      element is the same, with the results that the rate of fluid flow through
      the various valve elements is not interdependent. The dissipation of the
      vena contracta and establishment of the same pressure drop across each
      valve element cause the effective orifice area of all the valve elements
      to be solely dependent upon the actual orifice area. This permits precise
      determination of the flow rate of a fluid flow control system through the
      design of the individual valve elements.
PAR  In practice, the diameter of the pipes of a fluid flow control system is
      sometimes too small to accommodate all the valve elements in a single
      plane. In such case, the valve elements are arranged in two planes as
      illustrated in FIG. 1B. The valve elements with the smaller orifice areas
      are arranged in the plane furthest upstream, i.e., valve elements 9 would
      have the smaller orifice areas. Thus, the effect of the states of valve
      elements 9 on the fluid flow through valve elements 10 would be minimized
      and would, in most cases, be negligible.
PAR  In FIG. 2 an alternative embodiment of a fluid control system incorporating
      the principles of the invention is shown. A bell reducer 40 is connected
      to one side of an annular valve element block 41 and a pipe 42 is
      connected to the other side of block 41. Block 41 has a plurality of
      radial bores 43 and a like number of axial bores 44 that interconnect the
      interior of bell reducer 40 with radial bores 43. The base of a flow
      directing cone 45 is directly attached to block 41 and its apex extends
      away from block 41 along the interior of bell reducer 40. Fins such as
      that designated 46, which are distributed evenly between bell reducer 40
      and cone 45, serve to support cone 45 and maintain the direction of fluid
      flow. A breaker plate 47 is mounted in pipe 42 to stabilize the fluid
      stream after passage through the valve elements. Each radial bore has a
      flow determining orifice 48 at the entrance to pipe 42 and contains a
      digital valve element 49. Each of valve elements 49 comprises a plug 50
      connected by a rod 51 to an actuator 52. Actuator 52 drives plug 50 into
      one of two stable positions. In one position, plug 50 seals orifice 48,
      and in the other position, plug 50 unblocks orifice 48. The direction of
      fluid flow is indicated by the arrows in FIG. 2. The interior wall of bell
      reducer 40 and the exterior wall of cone 45 define an upstream chamber
      while the interior wall of cone 45 and the interior wall of pipe 42 define
      a downstream chamber. As in the embodiment disclosed in FIGS. 1A and 1B,
      the valve elements are radially disposed in a plane perpendicular to the
      direction of fluid flow in the upstream and downstream chambers in
      equidistant relationship from an axis 53. Consequently, the pressure drops
      across valve elements 49 are equal. Valve elements 49 are also disposed so
      the fluid passing through them into the downstream chamber converges and
      dissipates the vena contracta.
PAR  In FIG. 3, a modified version of the fluid flow control system of FIG. 2 is
      shown. The same reference numerals are used to identify the corresponding
      parts in FIGS. 2 and 3. The modifications involved in the arrangement of
      FIG. 3 are as follows:
PAR  Bores 43 extend through block 41 at an acute angle to axis 53 instead of
      perpendicular thereto; flow determining orifices 48 are located at the
      exit of bell reducer 40 instead of the entrance to pipe 42; and bores 44
      interconnect bores 43 with pipe 42. This arrangement provides a more
      compact package than the arrangement of FIG. 2 because the length
      dimension of valve elements 49 is disposed in a position that has an axial
      component as well as a radial component. It does not, however, produce as
      effective a dissipation of the vena contracta as the arrangements of FIGS.
      1A and 1B and FIG. 2 because the convergence of the fluid streams from the
      valve elements has an axial component instead of being purely radial.
PAR  In FIG. 4, an arrangement is shown that carries the modification of the
      arrangement of FIG. 3 to its limit. An upstream chamber is defined by the
      interior wall of a housing 60 and the exterior wall of a flow directing
      cone 61. The walls of an axial bore 62 define a downstream chamber. A
      plurality of axial bores 63 are formed in housing 60 around bore 62. Each
      of bores 63 has a flow determining orifice 64 at the exit of the upstream
      chamber. Radial bores 65 interconnect bores 63 with the downstream
      chamber. Valve elements 66 are contained within bores 63. Each valve
      element has a plug 67 connected by a rod 68 to an actuator 69. Actuator 69
      drives plug 67 into one of two stable positions. In one position, plug 67
      seals orifice 64, and in the other position, plug 67 unblocks orifice 64.
      Breaker plates 70 and 71 are situated in the downstream chamber. This
      arrangement of parts permits a compact package without sacrificing
      efficiency in the dissipation of the vena contracta as in the arrangement
      of FIG. 3.
PAR  In FIGS. 5A and 5B, one of the valve elements of the fluid flow control
      system of FIGS. 1A and 1B is shown in detail. With several minor
      modifications, this same valve element could also be used to advantage
      with the arrangements of FIGS. 2, 3, and 4. The same reference numerals
      are employed in FIGS. 5A and 5B and in FIGS. 1A and 1B to identify
      corresponding parts. A weld pad 80 (not depicted in FIGS. 1A and 1B) is
      attached to the outside surface of section 1 wherein the valve element is
      located. A radial bore 81 is formed in weld pad 80 and section 1 and a
      radial bore 82 is formed in section 2. Bores 81 and 82 are in axial
      alignment. Portions of the interior surfaces of bores 81 and 82 are
      threaded and corresponding portions of the exterior surface of valve
      housing 20 are threaded. The threaded connections between housing 20 and
      bores 81 and 82 are designated at 83 and 84, respectively. To remove the
      valve element, housing 20 need only be unscrewed. An O-ring 85, which is
      compressed between a flange 86 and the surface of weld pad 80, and an
      O-ring 87, which is compressed between a flange at the end of bore 82 and
      the end surface of housing 20, provide fluid-tight seals between the
      exterior of housing 20 and bores 81 and 82. Housing 20 has a cylindrical
      channel through it. A flow orifice block 79 is fitted into a recess in the
      interior wall of housing 20 at the exit of the valve element. Block 79 has
      a precisely determined opening through it which comprises orifice 21. Plug
      23 is bistable, i.e., it can assume one of only two stable positions. In
      one of the stable positions orifice 21 is closed, and in the other stable
      position orifice 21 is open. Plug 23 is a hollow cylinder 75 with a cover
      76 at one end to which rod 24 is attached. Rod 24 extends through a
      fluid-tight gasket 89 at the end of housing 20 to a conventional solenoid
      valve actuator 90 attached to housing 20 by supports 77 and 78. A tension
      spring 91 is fixed at one end to actuator 90 and at the other end to a
      spring keeper 92. Thus, when actuator 90 is unenergized, spring 91 urges
      plug 23 upward into the one stable position shown in FIG. 5A. When plug 23
      is in this stable position, the valve element is open. Thus, fluid flows
      from the annular region between sections 1 and 2 through perforations 22
      into the interior of housing 20 and then through orifice 21 into section
      2, as depicted by the arrows in FIG. 5A. While the valve element is in its
      open stable state, the portion of the channel through housing 20
      surrounded by perforations 22 is in the dynamic fluid region of the
      system. The remainder of the channel through housing 20 is in the static
      fluid region. Plug 23 lies completely outside of the fluid stream in this
      static fluid region when the valve element is open. Therefore, variations
      in the position of plug 23 in the open state that develop in the course of
      prolonged use do not affect the flow rate through the open valve element.
PAR  Cover 76 has perforations 93 through it to balance the pressure on both
      sides of plug 23. An annular plate 94 is fixed to cover 76. A sealing ring
      95 that surrounds plug 23 is attached to plate 94 by a compressible,
      fluid-tight metallic bellows 96. Bellows 96 functions as a tension spring
      along the axis of cylinder 75. A ring guide 97 made of a low-friction
      material such as Teflon is embedded in an annular groove in sealing ring
      95 with a back-up spring 98. Spring 98 urges ring guide 97 radially
      outward into contact with the interior walls of housing 20, thereby
      centering plug 23 as it moves within housing 20. When actuator 90 is
      energized to close the valve element, plug 23 is driven downward into its
      other stable position until the bottom end surface of cylinder 75 is
      seated on the top surface of orifice block 21 to form a seal. In this
      stable plug position, sealing ring 95 is seated on a stepped surface 99 in
      the interior of housing 20 to form another seal. Surface 99, which is
      perpendicular to the axis of cylinder 75, is disposed between the dynamic
      and static regions in the channel. The length of bellows 96 is selected so
      it is somewhat compressed when sealing ring 95 is seated on surface 99.
      Consequently, the restoring force exerted by bellows 96 on sealing ring 95
      establishes a good, fluid-tight seal between surface 99 and sealing ring
      95. As the parts of the valve element wear in the course of prolonged use,
      the position of sealing ring 95 is adjusted by bellows 96 to maintain a
      fluid-tight seal with surface 99 in the closed state of the valve element.
      When the valve element is closed, the fluid in the downstream chamber
      passes through perforations 93 to balance the pressure on both sides of
      plug 23. The seal between ring 95 and surface 99 prevents leakage however
      from the upstream chamber through perforations 22 and perforations 93 to
      the downstream chamber and bellows 96 provides an elastic, fluid-tight
      connection between ring 95 and annular plate 94 of plug 23.
PAR  In FIG. 6, a block diagram of an automatic control system is shown for the
      digital valve arrangements described above. A digital computer 110
      produces binary signals that are coupled by line drivers 111 to the
      actuators of the elements of a digital valve 112. As the elements of valve
      112 are opened and closed responsive to the respective binary signals, the
      dynamic fluid conditions represented by block 113 vary. A sensor 114
      detects the change in the dynamic fluid conditions. The output of sensor
      114 is converted to a digital signal by an analog-to-digital converter 115
      and applied to digital computer 110. In digital computer 110, the actual
      dynamic fluid conditions are compared with the desired conditions stored
      therein and calculations are made to generate binary signals for valve 112
      so the actual dynamic fluid conditions approach the desired conditions. If
      the larger orifice areas of the elements of valve 112 deviate from a
      geometric progression as discussed above, the binary signals generated by
      digital computer 110 would have to be modified prior to application to
      line drivers 111.
PAR  In FIG. 7, a block diagram of another system is shown for automatically
      controlling the digital valve arrangements described above. A command
      voltage is applied to one input of a difference amplifier 120. An
      integrating operational amplifier 121 couples difference amplifier 120 to
      an analog-to-digital converter 122. An encoder 123 couples
      analog-to-digital converter 122 to a bank of flip-flops 124. Line drivers
      125 connect the outputs of flip-flops 124 to the elements of a digital
      valve 126. As the elements of valve 126 open and close, the dynamic fluid
      conditions represented by block 127 change. The conditions are detected by
      a sensor 128 that produces an analog signal representative thereof at its
      output. The output of sensor 128 is coupled through an amplifier 129 to
      the other input of difference amplifier 120. Therefore, the output of
      difference amplifier 120 is the difference between the actual and desired
      dynamic fluid conditions, i.e., the error signal. This error signal is
      integrated by operational amplifier 121. Valve 126 is automatically
      adjusted to reduce the integrated error signal.
PAR  The term "orifice" as used in this specification in connection with the
      valve elements also includes a cavitation-venturi, in which the plug
      blocks and unblocks the valve elements at the venturi. In such case, the
      valve elements are designed so the static pressure of the fluid at the
      venturi is the vapor pressure of the fluid plus system back pressure.
      Thus, the pressure drop across each valve element is the same, namely the
      upstream pressure minus the vapor pressure, plus system back pressure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic fluid flow control system comprising:
PA1  a cylindrical upstream conduit adapted for fluid flow in a given direction;
PA1  a cylindrical downstream conduit adapted for fluid flow in the given
      direction, the downstream conduit being coaxial with and smaller in
      cross-sectional area than the upstream conduit;
PA1  a plurality of individually actuatable digital valve elements
      interconnecting the upstream conduit and the downstream conduit, the valve
      elements being disposed between the upstream and downstream conduits in a
      plane substantially transverse to the given direction such that fluid
      converges radially through the valve elements transverse to the given
      direction so as to form two substantially 90.degree. bends in the flow
      path from the upstream chamber to the downstream chamber, each valve
      element having a flow determining orifice, a plug, and means responsive to
      a binary signal for controlling the movement of the plug so it assumes one
      of only two stable positions corresponding to the values of the binary
      signal, the plug closing the orifice in the one stable position and lying
      outside the fluid stream in the other stable position;
PA1  means for generating a signal representative of the dynamic fluid
      conditions of the system;
PA1  means for producing a plurality of binary signals equal to the number of
      valve elements, the binary signals representing the valve states required
      to make the dynamic fluid conditions satisfy a predetermined criterion;
PA1  means for coupling to the binary signal producing means the signal
      representative of the dynamic fluid conditions; and
PA1  means for coupling the binary signals to the respective valve elements to
      place their plugs in the positions corresponding to the values of the
      binary signals.
NUM  2.
PAR  2. The fluid flow control system of claim 1, in which the areas of the
      orifices are weighted such that the smaller areas follow a geometric
      progression and the larger areas are equal.
NUM  3.
PAR  3. An automatic fluid control system comprising:
PA1  an upstream conduit;
PA1  a downstream conduit;
PA1  a plurality of individually actuatable bistable digital valve elements
      interconnecting the upstream conduit and the downstream conduit, each
      valve element responsive to a binary signal assuming only one of two
      states corresponding to the values of the binary signal, that is, open or
      closed, the valve elements being directed toward a point in the downstream
      conduit so the fluid flowing through the valve elements converges in the
      downstream conduit to dissipate the vena contracta;
PA1  means for generating a signal representative of the dynamic fluid
      conditions of the system;
PA1  means for producing a plurality of binary signals equal to the number of
      valve elements, the binary signals representing the valve states required
      to make the dynamic fluid conditions satisfy a predetermined criterion;
PA1  means for coupling to the binary signal producing means the signal
      representative of the dynamic fluid conditions; and
PA1  means for coupling the binary signals to the respective valve elements to
      place them in the states corresponding to the values of the binary
      signals.
NUM  4.
PAR  4. The fluid flow control system of claim 3 in which each valve element has
      a flow determining orifice, a plug, and means for maintaining the plug in
      one of only two stable positions, the plug closing the orifice in the one
      stable position and lying outside the fluid stream in the other stable
      position.
NUM  5.
PAR  5. The fluid flow control system of claim 3 in which the valve elements
      have orifice areas that are weighted such that the smaller orifice areas
      follow a geometric progression and the larger orifice areas deviate from a
      geometric progression.
NUM  6.
PAR  6. A fluid flow control system comprising:
PA1  an upstream chamber;
PA1  a downstream chamber;
PA1  a plurality of individually actuatable bistable digital valve elements
      interconnecting the upstream chamber and the downstream chamber, each
      valve element having a stationary valve housing disposed in the upstream
      chamber, a plurality of perforations in the side of the housing to connect
      the interior of the housing with the upstream chamber, an opening in the
      end of the housing to connect the interior of the housing with the
      downstream chamber and a movable plug capable of assuming only one of two
      stable positions, the plug preventing flow from the upstream to the
      downstream chamber through the perforations and the end opening in the one
      stable position and enabling flow from the upstream to the downstream
      chamber through the perforations and the end opening in the other stable
      position, the plug lying outside the fluid stream in the other stable
      position;
PA1  means for generating a signal representative of the dynamic fluid
      conditions of the system;
PA1  means responsive to the signal representative of the dynamic fluid
      conditions for producing a plurality of binary signals equal to the number
      of valve elements, the binary signals representing the valve states
      required to make the dynamic fluid conditions satisfy a predetermined
      criterion; and
PA1  means for coupling the binary signals to the respective valve elements to
      place their plugs in the positions corresponding to the values of the
      binary signals.
NUM  7.
PAR  7. The fluid flow control system of claim 6, in which each plug is disposed
      within its housing.
NUM  8.
PAR  8. The fluid flow control system of claim 6, in which the flow rates
      through the respective valve elements in the other stable plug position
      are weighted such that the smaller areas follow a geometric progression
      and the larger areas deviate from a geometric progression.
NUM  9.
PAR  9. The fluid flow control system of claim 6, in which the upstream and
      downstream chambers are adapted for fluid flow in a given direction and
      the valve elements are disposed in a plane transverse to the given
      direction such that the pressure drop across each valve element is
      substantially the same.
NUM  10.
PAR  10. The fluid flow control system of claim 6, in which the valve housing of
      each valve element is cylindrical and the perforations are arranged in
      oppositely disposed pairs in the side of the housing.
NUM  11.
PAR  11. The fluid flow control system of claim 6, in which the upstream conduit
      is cylindrical and adapted for fluid flow in the given direction, the
      downstream conduit is cylindrical and adapted for fluid flow in the given
      direction, the downstream conduit being coaxial with and smaller in
      cross-sectional area than the upstream conduit, the stationary valve
      housings being cylindrical, having cylindrical axes, and being disposed so
      their cylindrical axes lie in a plane essentially transverse to the given
      direction such that fluid converges radially through the orifices.
NUM  12.
PAR  12. The fluid flow control system of claim 11, in which the valve housings
      each have a threaded connection with the wall of the downstream conduit
      and are disposed in the space between the upstream and downstream
      conduits.
NUM  13.
PAR  13. The fluid flow control system of claim 12, in which the plug has an
      actuator body, the actuator body having a threaded connection with the
      wall of the upstream conduit and extending external of the upstream
      conduit.
NUM  14.
PAR  14. The fluid flow control system of claim 13, in which the actuator body
      is integral with the housing and the plug is disposed within the housing.
NUM  15.
PAR  15. A fluid flow control system comprising:
PA1  an upstream chamber;
PA1  a downstream chamber;
PA1  a plurality of individually actuatable bistable digital valve elements
      interconnecting the upstream and downstream chambers, the valve elements
      assuming only one of two states, open or closed, the orifice areas of the
      valve elements being weighted such that the smaller orifice areas follow a
      geometric progression and the larger orifice areas are equal to each
      other;
PA1  means for generating a signal representative of the dynamic fluid
      conditions of the system;
PA1  means responsive to the signal representative of the dynamic fluid
      conditions for producing a plurality of binary signals equal to the number
      of valve elements, the binary signals representing the valve states
      required to make the dynamic fluid conditions satisfy a predetermined
      criterion; and
PA1  means for coupling the binary signals to the respective valve elements to
      place their plugs in the positions corresponding to the values of the
      binary signals.
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ABST
PAL  A check valve for fluid flow lines and for pump discharge lines in which
      the components are arranged to assist in the prevention of sand and
      foreign material holding the check valve element open, in which the
      assembly and disassembly of the several components is performed from one
      end of the housing which receives the check valve, and in which support
      means are employed on both sides of the check valve, with one of the
      support means acting to prevent check valve spin but free to accommodate
      lateral displacement of the check valve and the other support means having
      a minimum area to prohibit sand and abrasive material lodging in or
      adjacent the area relied upon to support the movement of the check valve.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention is principally concerned with improvements in check valves
      for fluid flow control at the discharge of a pump used to deliver a flow
      of fluid, such as water from an underground source or well.
PAR  The pumping of water from the source is always subject to the entrainment
      of some sand or grit which is harmful to the moving parts of the pump. It
      is important with submerged pumps to provide a check valve at the pump
      discharge so that in non-pumping periods the fluid in the delivery line
      will not drain back through the pump. At the same time the check valve
      must be light weight for fast response and must be free operating.
PAR  Accordingly, it is a principal object of this invention to provide a check
      valve which has a simple structure for ease of assembly and for reduction
      of cost or repair should the operating components require attention.
PAR  A presently preferred check valve assembly comprises a housing having a
      chamber formed with an apertured wall across one end and a pair of pockets
      in opposed relation on opposite sides of said chamber and spaced away from
      said aperture wall in the direction of flow through said chamber, support
      means mounted in said apertured wall, a check valve movably engaged with
      said support means and guided into a position closing said wall aperture,
      a guide pin projecting from said check valve into said chamber between
      said pair of pockets, a guide pin collar engaged on said guide pin, an
      elongated support means engaged by said collar and having opposite ends
      seated in said pockets, and a resilient element engaged on said check
      valve and on said collar and normally urging said check valve into the
      wall aperture closing position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of this invention is shown in the accompanying
      drawings, wherein:
PAR  FIG. 1 is a sectional elevation of a pump discharge check valve housing in
      which the present check valve is operatively mounted;
PAR  FIG. 2 is a transverse section view taken at line 2--2 in FIG. 1;
PAR  FIG. 3 is a further transverse section view taken at line 3--3 in FIG. 1;
PAR  FIG. 4 is a fragmentary view of the means for detachably confining the
      check valve retainer; and
PAR  FIG. 5 is a fragmentary view of the means to retain the resilient spring
      means in operative position, this view being an enlargement of the showing
      in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENT
PAR  The fluid flow check valve now to be described in a presently preferred
      embodiment is suitable to be incorporated in the discharge of a
      submersible pump. This application, however, is not to be taken as
      imposing unnecessary limitations.
PAR  In the drawing the structure includes a valve housing 10 having an enlarged
      and externally threaded ring 11 adapted to screw into the body of the
      submersible pump (not shown) or the source of fluid moved under pressure.
      The housing has an outlet end 12 provided with internal threads to receive
      a flow delivery pipe 13. Housing 10 encloses a chamber 14 above a wall 15
      adjacent the inlet end ring 11, and the wall 15 is formed with an aperture
      16 and a shoulder 17. A support means 18 is seated in the aperture 16 on
      the shoulder 17 so that the center aperture 19 in the means is centered in
      the aperture 16 by a plurality of radially directed arms 20 (FIG. 2). This
      means is formed of very thin material and has minimum area presented to
      the abrasive effect of sand and grit that may be carried by the fluid. For
      stiffness, each arm 20 is slightly creased along the lines 20A to form a
      shallow V in section.
PAR  The support means 18 is held in place by inserting a valve seat ring 21 in
      the aperture 16 so that the bevelled seat face is presented to the chamber
      14. The check valve 22 is formed with an annular groove 22A to receive a
      suitable washer 22B and retain the washer at an angle to substantially
      match the bevelled face of the valve seat ring 21. It is preferred to mold
      or otherwise form the body of the check valve about an elongated guide pin
      23 so that one end 23A will extend through the center aperture 19 in the
      support 18 while the opposite end 23B extends into the chamber 14. The
      guide pin 23 and the body of the check valve 22 are interlocked by a
      projection on the pin 23 (FIG. 1).
PAR  The guide pin end 23B is slidably engaged in collar 24, and the collar is
      supported by an elongated support means 25 directed transversly of the
      chamber 14. As may be seen in FIG. 5 the collar 24 is formed with a flared
      end 24A opening toward the check valve and an oppositely directed neck 24B
      reduced in diameter to receive the end 23B of the guide pin in a working
      fit. The collar support means 25 is in the form of a hair pin in which a
      pair of legs 25A (FIG. 3) lie in the same plane and are connected at the
      end loop or bight 25B. The opposite ends of the legs 25A are bent apart,
      and between the ends the element 25 has the legs 25A parted to form a
      central space or seat 26 which receives the collar 24 at its surface
      between the neck 24B and the flared end 24A.
PAR  The elongated support means 25 is removably carried in the chamber 14 by
      and between an inwardly projecting pocket 27 having a radially oriented
      opening 28 and a second inwardly projecting pocket 29 set diametrally
      opposite the first described pocket 27. However, pocket 29 is formed with
      a slotted opening 30 having slanted surfaces 30A forming an entrance to
      the opening 30 which spreads out under the slanted surfaces 30A. It can be
      understood that the support means is mounted in the chamber 14 by first
      inserting the end 25B into the opening 28 of pocket 27, and then by
      aligning the bent ends of the legs 25A on the slanted surfaces 30A at
      pocket 29 and forcing each end into the opening 30 so that each end will
      spread out and be retained against accidental escape.
PAR  While the elongated support means 25 is formed with a seat space 26 for the
      collar 24, it requires a resilient element 31 to hold the collar in
      position and to react on the check valve 22 to urge it into closed
      position on the seat ring 21. The element 31 is formed as a conical spring
      and is positioned with the small end bearing on the check valve 22. The
      enlarged end of the spring 31 is seated in the flared end 24A of the
      collar 24 and the lip 34 is crimped at a plurality of places over the last
      spring turn. In addition, the spring is formed with a tang 32 which is
      fitted into a hole 33 in the collar for positively locking these parts
      against relative rotation. While the collar 24 is spring loaded for
      self-centering, the shape of the neck 24B and flared end 24A allows the
      collar to orient itself in the seat space 26 of the retainer element 25 so
      that the guide pin 23B may have sufficient lateral movement to assure the
      check valve 22 will seat and seal on the valve seat ring 21. The collar
      (FIG. 5) is shaped to present no surface on which sand or grit might
      gather to cause wear or faulty operation of the check valve 22. Also, the
      support means 18 have its radial arms reduced in surface area so that sand
      and grit cannot accumulate, and so that the least resistance or
      obstruction to fluid flow is obtained.
PAR  Having set forth the description of a preferred embodiment, it is evident
      now that the following advantages and improvements are present. The
      internal components of the housing 14 are sized to pass through the end 12
      whereby repair or replacement can be accomplished by removing the hairpin
      support means 25 and extracting the components. The collar under spring
      load tends at all times to hold the legs 25A of the support 25 in secure
      engagement in the pockets 27 and 29. Since the collar and spring (FIG. 5)
      are engaged by the spring tang 32, the check valve 22 is prevented from
      spinning which causes wear and premature failure of the washer 22B. If the
      valve were permitted to spin it would cause the guide pin 23, the aperture
      19 in the support 18 and the collar 24 to wear out rapidly. This is
      prevented by locking the collar to the spring and the spring to the
      support. This prevention of valve spin is aided by having the small end
      turn of the spring received over the guide pin 23B with an interference
      fit. The hairpin support means 25 presents a minimum of surface in the
      chamber 14 to the flow of fluid and can be formed of spring wire which is
      heat treated for strength. The pocket 29 for the ends of the legs 25A is
      formed with angular or slanted surfaces 30A and with a third slanted
      surface 30B (FIG. 4) thereby acting to force the bight end 25B into the
      opposite pocket 27. The flow passage in the housing 10 is free of guide
      vanes and obstructing structure, thereby permitting a substantial weight
      reduction without sacrificing strength.
PAR  It should now appear that the features of this invention reside in a check
      valve assembly which includes a housing 10 having a wall 15 with an
      aperture 16, a check valve body 22, a support means 18 adjacent the
      aperture 16, a guide pin 23A engaged between the valve body 22 and the
      support 18 to direct the valve body movement into the position (FIG. 1)
      closing the aperture 16, resilient means 31 bearing upon and normally
      holding the valve body 22 in the aperture closing position, and means to
      retain the resilient means 31 in operative position comprising the
      elongated support 25 removably engaged with the housing 10, a collar 24
      engaged with the resilient element 31 and the support 25, and other means
      (such as the guide pin portion 23B) engaged between the valve body and the
      collar to direct the movement of the valve body to open the aperture. The
      resilient means 31 is readily responsive to the fluid flow to open the
      check valve, but assures positive closing to prevent reverse flow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid flow check valve comprising: a housing having an inlet end and a
      discharge end and a chamber therebetween; a valve seat in said housing
      adjacent said inlet end; a valve member engageable with said valve seat;
      and means to direct the movement of said valve member into and out of
      engagement with said valve seat consisting of an elongated guide means on
      said valve member, a first support for said guide means carried by said
      housing in a portion between said valve member and said discharge end of
      said housing, said first support including a collar formed with a body
      having a flared end and an oppositely directed neck opening slidably
      engaged about said guide means, and a conical spring element having a
      large end seated in said flared end of said collar and the small end
      engaged on said valve member, said spring element acting to close said
      valve member upon said valve seat, and a second support for and engaged by
      said guide means carried by said housing adjacent said inlet end of said
      housing, said first and second supports permitting said valve member and
      guide means to move laterally for seating of said valve member on said
      valve seat.
NUM  2.
PAR  2. The check valve of claim 1 wherein said second support includes a thin
      flat body member having a central aperture and arms projecting radially
      from said member into engagement with said housing, said arms being
      creased along the lengths thereof for stiffening the same, and said valve
      seat is an annular member disposed upon said second support.
NUM  3.
PAR  3. A fluid flow check valve comprising: a housing having an inlet end and a
      discharge end and a chamber therebetween; a valve seat in said housing
      adjacent said inlet end; a valve member engagable with said valve seat;
      and means to direct the movement of said valve member into and out of
      engagement with said valve seat consisting of an elongated guide means on
      said valve member, a first support for said guide means carried by said
      housing in a portion between said valve member and said discharge end of
      said housing, said first support including an elongated element formed
      with a pair of legs integrally connected at one end and extending along
      side each other to the opposite ends which are spaced apart, said first
      support having an opening intermediate its length for passage of said
      guide means to direct movement of said valve member, recessed projections
      in said housing providing pockets for the reception of said ends of said
      first support, one of said pockets being formed with a slotted opening for
      the passage of said spaced apart ends of said first support, and a second
      support for said guide means carried by said housing adjacent said inlet
      end of said housing, said first and second supports permitting said valve
      member and guide means to move laterally for seating of said valve member
      on said valve seat.
NUM  4.
PAR  4. A fluid flow check valve assembly comprising a housing having a chamber
      formed with an apertured wall across one end and a pair of pockets in
      opposed relation on opposite sides of said chamber and spaced away from
      said aperture wall in the direction of flow through said chamber, one of
      said pockets being formed with an opening directed inwardly of said
      chamber and the other pocket being formed with a slotted opening, support
      means mounted in said apertured wall, a check valve movably engaged on
      said support means and guided into a position closing said wall aperture,
      guide means projecting from said check valve into said chamber between
      said pair of pockets, a collar loosely engaged on said guide means, an
      elongated support having opposite ends seated in said pockets and
      positioned thereby to be engaged by and support said collar, said
      elongated support being formed with a pair of legs integrally joined at
      one end for engagement in said one pocket and the opposite end of said
      elongated support terminating with leg endings normally spaced apart and
      movable together for passage through said slotted opening of said other
      pocket to install and remove said elongated support, and a resilient
      element engaged on said check valve and on said collar and normally urging
      said check valve into the wall aperture closing position.
NUM  5.
PAR  5. The fluid flow check valve of claim 4 wherein said collar is formed with
      a flared end to engage said resilient element and a shaped neck of less
      size than said flared end to receive said guide means projecting from said
      check valve.
NUM  6.
PAR  6. The fluid flow check valve of claim 5 wherein said flared end of said
      collar forms a seat for said resilient element, and said collar, elongated
      element and resilient element are interconnected against relative
      rotation.
NUM  7.
PAR  7. In a check valve assembly the combination of: a housing having a wall
      with an aperture therethrough for the flow of fluid, a check valve body
      movable to open and close said aperture, a first support adjacent said
      aperture, guide means carried by said valve body and loosely engaged in
      said first support to direct said valve body movement into a position
      closing said aperture, resilient means in the form of a conical spring
      having a small end bearing on said valve body and an enlarged end remote
      from said valve body, said spring being adapted to normally hold said
      valve body in the aperture closing position, and means to retain said
      resilient means in operative position comprising the subcombination of a
      second support removably engaged with said housing on the side of said
      valve body remote from said housing aperture, a concically flared collar
      engaged with said second support and with said enlarged end of said
      resilient element, said second support having an enlarged opening therein
      and said collar having an operative engagement with said enlarged opening
      to permit lateral movement of said valve body during opening and closing
      movement of said valve body, a tang on said enlarged end of said resilient
      element directed to engage said flared collar and said second support,
      said guide means on said valve body extending through said conical spring
      and said collar, and said small end of said conical spring having an
      interference fit on said guide means to prevent rotation of said valve
      body during movement.
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ABST
PAL  A check valve comprises a spring biased poppet reciprocally mounted in a
      housing thereof to normally close an inlet to the valve. A set screw is
      threadably mounted in an exposed position on the housing to selectively
      vary the spring load on the poppet to thus vary the pressure setting
      thereof. An annular elastomeric locking member circumvents the set screw
      and is compressed radially inwardly thereagainst by a clamping member,
      releasably attached on the housing, to retain the set screw in its preset
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Check valves of the type having a spring biased poppet mounted therein are
      oftentimes employed as relief valves in fluid circuits to relieve excess
      fluid pressures. The pressure setting of the poppet may be changed, for
      example, by either employing springs having different spring rates or by
      employing means associated with the spring to provide such variance.
      However, such a change normally requires a complete dismantling of the
      valve and does not always assure the precisely held pressure setting
      required in sophisticated fluid circuits.
PAC  SUMMARY OF THIS INVENTION
PAR  An object of this invention is to provide an improved elastomeric locking
      means for an adjustment means, particularly adapted for selectively
      changing the pressure setting of a valve. The valve comprises a valve
      element, such as a poppet, and a spring mounted between the valve element
      and the adjustment means for setting the fluid pressure level at which the
      valve element opens. The adjustment means preferably comprises a set screw
      having the locking means compressed radially inwardly into frictional
      engagement with the threads thereof by a clamping member. As will be
      observed hereinafter, the locking and adjustment means teachings of this
      invention have broader applications wherein it is desired to move an
      adjusted member and hold it at a selected axial position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawing wherein:
PAR  FIG. 1 is a longitudinal cross sectional view of a valve assembly employing
      the locking and adjustment means of this invention therein;
PAR  FIG. 2 is a sectional view thereof, taken in the direction of arrows II--II
      in FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary view illustrating locked portions of the
      locking and adjustment means; and
PAR  FIG. 4 is a fragmentary sectional view illustrating a modification of the
      FIGS. 1 and 2 valve assembly.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1 and 2 disclose a valve assembly 10 adapted to be integrated into a
      hydraulic fluid circuit to function as a relief valve therein. The valve
      assembly comprises a stationary housing member 11 having a check valve 12
      reciprocally mounted therein to communicate pressurized fluid from an
      inlet 13 to an outlet 14 thereof when the pressure in a passage on a
      downstream side of the check valve, defined at a lower end of a bore 15,
      exceeds a predetermined level. The valve comprises a valve element or
      poppet 16 having its conically shaped lower end normally engaged with a
      like-shaped seat 17 at inlet 13 to normally prevent such communication.
PAR  Upon opening of the poppet, pressurized fluid flowing through inlet 13 will
      communicate with outlet or drain passage 14 via radial ports 18 and an
      annular passage 19. The inlet and ports are formed in a tubular sleeve 20,
      forming a separable cartride and part of the valve's housing, having an
      annular piloting flange 21 formed at its lower end and an annular support
      flange 22 formed at its upper end. The piloting flange assures proper
      disposition of the sleeve in bore 15 whereas the support flange rests in a
      counterbore 23 formed on the housing. A seal 36 is provided on flange 21
      to assure that all fluid in bore 15 flows through inlet 13.
PAR  An adjustment means, preferably in the form of a set screw 24, is
      threadably mounted in the upper end of a bore 25, formed in sleeve 20, by
      interengaging spiral threads 26. Spring means, such as a compression coils
      spring 27, is disposed between a lower end of the set screw and poppet 16.
      The spring functions to bias the conically shaped lower end of the poppet
      onto seat 17 is normally close inlet 13.
PAR  A clamping member or cover 28 is releasably attached on the housing by a
      pair of bolts 29 to overlie set screw 24. A deformable elastomeric locking
      means 30 is compressed radially between the clamping member and set screw
      24 to lock the set screw in a predetermined axial position to thereby
      subject spring 27 to a predetermined preload. The locking means preferably
      comprises an annular member or ring composed of a suitable plastic
      material, preferably nylon, which will exhibit the required elastomeric
      and other physical characteristics required to render the ring reusable
      upon continued use thereof. For example, U.S. Pat. Nos. 2,450,694;
      3,093,177; 3,294,139; 3,568,746; and 3,579,684 disclose elastomeric
      materials of this type.
PAR  In its relaxed state, ring 30 preferably comprises a generally rectangular
      cross section having an inside diameter 30' (FIG. 3) slightly larger than
      the outside diameter of the threads formed on set screw 24 to facilitate
      expeditious circumferential placement thereon. Upon clamping of member 28
      on the housing, a flat bearing surface 31 of a counterbore, formed on the
      underside of member 28 to accommodate the ring which has a normal axial
      length slightly greater than the bore's depth, will function to compress
      the ring axially downwardly and radially inwardly to frictionally engage
      thread portions of the set screw. Should it become necessary to either
      increase or decrease the load on spring 27 to thus readjust the pressure
      setting of poppet 12, a workman need only rotate the set screw without
      releasing bolts 29.
PAR  Such rotation can be effected by projecting a screwdriver through an access
      opening 32, formed through member 28, and by engaging it with a slotted
      head 33 of the set screw. A first stop means or annular flange 34 is
      formed internally on sleeve 20 to limit the downward axial movement of the
      set screw, i.e., the maximum load on spring 27. An inner surface 35,
      formed on the underside of clamping member 28, provides a second stop
      means for limiting the upward movement of the screw to thus provide the
      minimum load on the spring.
PAR  FIG. 4 illustrates a modification of the FIGS. 1 and 2 valve assembly
      wherein identical numerals are employed to depict corresponding
      constructions. The numerals depicting modified constructions in FIG. 3 are
      accompanied by a subscript a.
PAR  In particular, an adjustment means or set screw 24a comprises a hex socket
      head 33a, adapted to be engaged and rotated by engagement with a suitable
      wrench projected through access opening 32 of clamping member 28. It
      should be noted that an annular elastomeric locking means or ring 30a also
      has an axial length in its relaxed state which is slightly longer than the
      depth of the above-described counterbore formed on member 28 to permit
      compression thereof both axially downwardly and radially inwardly by
      bearing surface 31. The elastomeric ring's mechanical and frictional
      engagement with the spiral threads formed on set screw 24a will thus
      substantially correspond to that illustrated in FIG. 3. Furthermore,
      compressed rings 30 and 30a will bear against a respective sleeve 20 to
      prevent rotation thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A valve defining an inlet and an outlet therein comprising
PA1  a housing,
PA1  a valve element mounted for axial movement in said housing,
PA1  spring means mounted in said housing to urge said valve element into
      closing relationship with respect to said inlet,
PA1  externally threaded adjustment means threadably mounted for axial movement
      in said housing to selectively vary the load on said spring means to thus
      vary the pressure of said valve element,
PA1  a clamping member releasably clamped on said housing and having an access
      opening formed therethrough to overlie and expose said adjustment means,
      and
PA1  an annular deformable elastomeric locking means compressed axially and
      radially inwardly under a pre-set clamping force by said clamping member
      and circumferentially into the external threads of said adjustment means
      for locking said adjustment means in a predetermined axial position
      whereby axial adjustment of said adjustment means may be effected by
      projecting a work tool through said access opening to engage and rotate
      said adjustment means.
NUM  2.
PAR  2. The valve of claim 1 wherein said valve element constitutes a poppet.
NUM  3.
PAR  3. The valve of claim 1 wherein said housing comprises a stationary housing
      member having a separable tubular sleeve mounted therein to define an
      annular passage therebetween to communicate said inlet with said outlet
      along with at least one radial port formed through said sleeve.
NUM  4.
PAR  4. The valve of claim 3 wherein said sleeve comprises an annular piloting
      flange formed on a lower end thereof and an annular support flange formed
      on an upper end thereof and disposed in a counterbore formed on said
      housing member.
NUM  5.
PAR  5. The valve of claim 1 wherein said spring means comprises a compression
      coil spring mounted between said valve element and said adjustment means.
NUM  6.
PAR  6. The valve of claim 1 wherein said adjustment means comprises a set screw
      threadably mounted in said housing.
NUM  7.
PAR  7. The valve of claim 6 wherein an upper end of said set screw has a tool
      engaging means formed on a head thereof and wherein said access opening
      exposes the head of said screw.
NUM  8.
PAR  8. The valve of claim 1 wherein said elastomeric locking means constitutes
      a separate annular member disposed in a counterbore formed on an underside
      of said clamping member.
NUM  9.
PAR  9. The valve of claim 8 wherein said elastomeric locking means constitutes
      a nylon composition.
NUM  10.
PAR  10. The valve of claim 8 wherein an upper end of said counterbore is
      defined by a flat bearing surface engaging a top portion of said
      elastomeric locking means.
NUM  11.
PAR  11. The valve of claim 1 further comprising first stop means formed on said
      housing to engage a lower end of said adjustment means to limit adjustment
      thereof axially downwardly towards said valve element.
NUM  12.
PAR  12. The valve of claim 11 further comprising second stop means formed
      internally on said clamping member to engage an upper end of said
      adjustment means to limit axial movement thereof vertically upwardly away
      from said valve element.
NUM  13.
PAR  13. A device comprising
PA1  an adjusted member,
PA1  adjustment means mounted for axial movement relative to a support member
      for selectively moving said adjusted member axially to an adjusted
      position,
PA1  a clamping member releasably attached on said support member and having an
      access opening formed therethrough to overlie and expose said adjustment
      means and
PA1  an annular deformable elastomeric locking means compressed axially and
      radially inwardly under a pre-set clamping force by said clamping means
      circumferentially into frictional engagement with said adjustment means
      for locking said adjustment means in a predetermined axial position
      whereby axial adjustment of said adjustment means may be effected by
      projecting a work tool through said access opening to engage and rotate
      said adjustment means.
NUM  14.
PAR  14. The device of claim 13 further comprising spring means mounted axially
      between said adjustment means and said adjusted member whereby axial
      movement of said adjustment means will selectively vary the load on said
      spring means.
NUM  15.
PAR  15. The device of claim 14 wherein said device comprises a valve and
      wherein said adjusted member constitutes a poppet.
NUM  16.
PAR  16. The device of claim 15 wherein said support member comprises a
      stationary housing member having a separable tubular sleeve slidably
      mounted therein, said adjustment means, spring means and poppet mounted in
      said sleeve to form a separable cartridge therewith.
NUM  17.
PAR  17. The device of claim 16 wherein said sleeve comprises an annular
      piloting flange formed on a lower end thereof and an annular support
      flange formed on an upper end thereof and disposed in a counterbore formed
      on said housing member.
NUM  18.
PAR  18. The device of claim 14 wherein said spring means comprises a
      compression coil spring.
NUM  19.
PAR  19. The device of claim 13 wherein said adjustment means comprises a set
      screw threadably mounted on said support member.
NUM  20.
PAR  20. The device of claim 19 wherein an upper end of said set screw has tool
      engaging means formed on a head thereof and wherein said access opening
      exposes the head of said screw.
NUM  21.
PAR  21. The device of claim 13 wherein said elastomeric locking means
      constitutes a separate annular member disposed circumferentially about
      said set screw and further disposed in a counterbore formed on an
      underside of said clamping member.
NUM  22.
PAR  22. The device of claim 21 wherein said elastomeric locking means
      constitutes a nylon composition.
NUM  23.
PAR  23. The device of claim 21 wherein an upper end of said counterbore is
      defined by a flat bearing surface engaging a top portion of said
      elastomeric locking means.
NUM  24.
PAR  24. The device of claim 13 further comprising first stop means formed on
      said support member to engage a lower end of said adjustment means to
      limit adjustment thereof axially downwardly towards said adjusted member.
NUM  25.
PAR  25. The device of claim 24 further comprising second stop means formed
      internally on said clamping member to engage an upper end of said
      adjustment means to limit axial movement thereof vertically upwardly away
      from said adjusted member.
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ABST
PAL  Emergency shutoff valve apparatus, including a gate valve assembly actuated
      to a closed position by fluid pressure acting on an actuator piston, such
      actuation causing the piston to exert a force through a liquid medium on a
      power piston to store energy in a spring device or other energy storing
      means. Relieving of the fluid pressure acting on the piston causes the
      energy storing means to act through the power piston and liquid medium to
      shift the actuator piston to a position closing the gate valve assembly.
      The gate valve assembly can also be shifted to a closed position by
      supplemental fluid pressure acting on the power piston or on an override
      piston.
PARN
PAR  This is a division, of application Ser. No. 194,187, filed Nov. 1, 1971.
BSUM
PAR  In the drilling and production of wells, such as oil and/or gas wells, from
      locations offshore, the wells may be drilled, completed and produced from
      a platform at the surface of the water and through subsurface equipment
      located at the mudline at the bottom of the water.
PAR  From time-to-time, accidents may occur resulting in fire or substantial oil
      spillage or loss of production fluid into the water. To combat such losses
      of production fluid and consequential damage, various valve devices have
      been incorporated in the well tubing or in the casing below the mudline,
      which are adapted to automatically close in the event of damage to the
      equipment at the top of the water. Such subsurface shutoff valves are
      generally held open by fluid pressure supplied through control fluid
      conduits extending into the well from the platform. The use of such valves
      has heretofore posed problems due to the valves being unreliable and
      inoperative when needed.
PAR  A more reliable means of shutoff at the mudline has involved the use of a
      conventional christmas tree assembly at the subsurface. The subsurface
      christmas tree has been attached to the usual subsurface wellhead
      equipment and includes gate valves having an actuator automatically
      operable to close the gate valve in an emergency or when desired. However,
      such subsurface christmas trees are not susceptible of installation within
      the well or casing extension, and, therefore, are exposed to the
      underwater environment.
PAR  The present invention relates to a subsurface or mudline shutoff valve
      assembly adapted to be lowered through and installed internally of the
      extension casing leading from the wellhead at the mudline to the platform
      at the top of the water.
PAR  More particularly, the present invention involves a shutoff valve assembly,
      including one or more gate valves incorporated in a body for controlling
      fluid flow through one or more body passages, there being a shutoff valve
      or gate for each passage. Each shutoff valve or gate is held open by
      control fluid pressure supplied from a remote point. When control fluid
      pressure is bled off, for any reason, either purposely to close a passage
      or due to an accident or damage to equipment, resulting in the loss of
      control fluid pressure which can maintain the valve open, the valve is
      automatically closed.
PAR  An object of the invention is to provide subsurface shutoff valve
      apparatus, which can be run into the subsurface location through the usual
      conductor pipe or casing extension leading between the mudline wellhead
      equipment and a platform, and which is operable with certainty regardless
      of the nature of the emergency situation, fire accident, or the like,
      which may occur at the platform or above the mudline, resulting in the
      loss of control fluid pressure for holding the mudline valve apparatus
      open. Accordingly, the mudline valve apparatus has, as a further object,
      the provision of a valve apparatus with fluid pressure responsive
      fail-safe operating means which can be run within an extension pipe or
      casing of a diameter much smaller than the conventional subsurface
      christmas trees.
PAR  More specifically, each valve assembly of the invention includes fluid
      pressure or hydraulic pressure responsive actuator means to close its
      associated valve. Hydraulic fluid is displaced from a valve operator
      piston chamber when the valve is opened, the displaced fluid flowing into
      a power cylinder and displacing a spring loaded piston to store valve
      closing energy. When the force holding the valve open is relieved, i.e.,
      upon reduction in the control fluid pressure, the compressed spring or
      springs displace the piston in the power cylinder to force the hydraulic
      fluid to return to the operator piston chamber to act on the piston in the
      latter to force the valve to the closed position. In a preferred form,
      power fluid is also applicable to the power cylinder to augment the spring
      force, if necessary. Also, in a preferred form, an over-ride actuator is
      employed to close the valve if the automatic actuator fails. Such a
      hydraulic link valve operating means enables the assembly to be very
      compact.
PAR  This invention possesses many other advantages, and has other objects which
      may be made more clearly apparent from a consideration of illustrative
      forms in which it may be embodied. These forms are shown in the drawings
      accompanying and forming part of the present specification. They will now
      be described in detail, for the purpose of illustrating the general
      principles of the invention; but it is to be understood that such detailed
      description is not to be taken in a limiting sense.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is an elevation showing a typical offshore well drilling and
      producing platform, with an extension casing interconnected between the
      usual christmas tree on the platform and the subsurface well head
      equipment;
PAR  FIGS. 2a through 2d together constitute a vertical section, as taken on the
      line 2--2 of FIG. 1, with certain of the parts shown in elevation, showing
      the mudline christmas tree installed in the casing hanger, FIGS. 2b
      through 2d being, respectively, successive downward continuations of FIG.
      2a;
PAR  FIG. 3 is a horizontal section, as taken on the line 3--3 of FIG. 2a;
PAR  FIG. 4 is a horizontal section, as taken on the line 4--4 of FIG. 2a,
      showing a shutoff gate valve in an open condition;
PAR  FIG. 5 is a horizontal section, as taken on the line 5--5 of FIG. 2b;
PAR  FIG. 6 is a view in vertical section generally corresponding to FIG. 2c,
      but showing a modified connector landed in the mudline casing hanger;
PAR  FIG. 7 is a top plan of a riser joint employed to provide the extension
      means from the subsurface apparatus to the platform; and
PAR  FIG. 8 is a vertical section as taken on the line 8--8 of FIG. 7.
DETD
PAR  As seen in the drawings, with reference first to FIG. 1, a platform P is
      supported on legs or pilings L which extend downwardly through a body of
      water and into the earth at the so-called mudline M. From the platform P,
      a well W has been drilled into the earth and an outer string of casing C
      has been set in the well W and, as will be later described, inner casing
      strings are suspended from subsurface or mudline wellhead apparatus
      including a housing 10. A casing extension or conductor pipe extention 11
      extends upwardly from the housing 10 to a typical christmas tree 12
      through which the flow of well fluids is controlled by the usual christmas
      tree valves, as is well known. All of the well drilling, completion, and
      production procedures are conducted through the conductor pipe or casing
      11, the housing 10 and the outer well casing C, including the running of
      successive inner strings of well casing into smaller diameter well bores,
      cementing the inner casing strings in the well, perforating the casing,
      treating and testing the formation and the production from one or more
      subsurface well zones.
PAR  Referring to FIGS. 2a through 2d, it will be seen that the conductor pipe
      extension or casing 11 is threadedly connected at 13 to a coupling 14,
      which has a radial shoulder 15 seating on the upper end of the housing 10
      and a skirt 16 which extends downwardly into and is threadedly connected
      at 17 internally of the upper end of the housing 10. Between the skirt 16
      of the coupling 14 and the housing 10 is a side ring seal 18. The outer
      well casing C is threadedly connected at 19 to the lower end of the
      housing 10.
PAR  The housing 10 is adapted to receive and support casing hanger means 20 for
      a first inner string of casing C1, which is adapted to extend downwardly
      through the outer casing C into the well bore. The casing hanger 20
      includes a tubular body 21, to the lower end of which the casing string C1
      is connected, as at the threaded joint 22. A split, resiliently expansible
      hanger ring 23 is disposed about the body 21 and is longitudinally
      confined between upper and lower retainer rings 24, 25 which are threaded
      on the body. Within the retainer rings 24 and 25, the body is vertically
      slotted at 26 and 27 to allow the fluid within the well to be upwardly
      displaced by cement as the casing string C1 is being cemented in place. On
      the outer periphery of the split hanger ring 23, it has a
      circumferentially extended groove 28 defined between a downwardly and
      outwardly sloping upper shoulder 29 and a lower, downwardly and outwardly
      sloping shoulder 30. Internally, the housing 10 has a circumferentially
      extended flange having an upper, outwardly and upwardly sloping shoulder
      31, above which is a circumferentially extended groove 32 and below which
      is a circumferentially extended groove 33, these grooves being adapted to
      receive portions 34 and 35, respectively, of the hanger ring 23 when the
      hanger body is lowered to a position at which the ring 23 is expansible,
      so that the hanger ring shoulder 29 engages the housing shoulder 31 to
      support or hang the casing C1 in the well. The outer profile of the hanger
      ring 23 is such that the portions 34 and 35 of the lock ring engage
      opposing portions of the pipe 11, the coupling 14, and the housing 10 and
      prevent expansion of the hanger ring 23, except when the ring 23 is
      expansible into the grooves 32 and 33.
PAR  As is well known with casing hangers, such as the hanger 20, the hanger
      body 21 at its upper end has a bore 36 having an internal left-hand thread
      37 adapted to receive a complementally threaded portion of a running tool
      (not shown), so that the casing string C1 and the hanger 20 can be lowered
      into the housing, to the position shown, and the running tool then
      removed. As the drilling of the well progresses, successively smaller
      strings of casing are similarly run in and cemented in the well bore.
      Thus, in the illustrated structure, a casing hanger 40 supports a second
      inner string of casing C2 within the body 21 of the hanger 20. The hanger
      40 has an expansible, resilient hanger ring 41 which is engageable with a
      shoulder 42 in the hanger body 21, like the hanger ring 23 previously
      described, when the hanger 40 is lowered by a running tool engaged with
      the internally threaded upper end of the hanger 40.
PAR  A third inner string of casing C3 is shown in the illustrated structure as
      being supported by an inner casing hanger 43 which, like the casing
      hangers previously described, has an expansible, resilient hanger ring 44
      engageable with the hanger shoulder 45 provided within the hanger 40. The
      upwardly extending portion 46 of the casing hanger 43 has the usual
      internal thread 47 adapted to receive a running tool (not shown) by which
      the inner casing string C3 and the hanger 43 may be run into the well,
      and, after recovery of the just-mentioned running tool and completion of
      the usual cementing, perforating and testing operations, a tubing hanger
      48 having a tubular outer body or sleeve 49 is run into the casing hanger
      43. The tubing hanger body 49 has an external thread 50 engageable with
      the internal thread 47 on the upper portion 46 of the hanger 43, and an
      outwardly extending shoulder 51 on the body tubing hanger 49 seats on the
      upper end of the portion 46 of the casing hanger 43. A suitable seal 52 is
      provided between the casing hanger portion 46 and the tubing hanger body
      49. At the upper end of the tubing hanger body 49, it has an internal
      thread 53 for receiving a running tool (not shown). Within the outer
      tubing hanger body or sleeve 49 is an inner tubing hanger body 54 having
      an upper body section 55 disposed within the larger diameter upper portion
      of the outer body 49, and a reduced diameter portion 56 of the inner body
      54 is disposed within the reduced diameter lower portion of the outer body
      49.
PAR  At the lower end of the inner tubing hanger body 54, which extends below
      the lower end of the outer sleeve 49, is a cup member 57 of enlarged
      diameter which is threaded at 58 onto the lower end of the inner body 54.
      The cup 57 has a lower landing surface or outwardly projecting shoulder 59
      adapted to land on the landing shoulder 60 within the body portion 46 of
      the casing hanger 43.
PAR  As is well known, such tubing hangers are adapted to support a number of
      tubing strings and to provide flow passages for the various producing well
      zones, and the various tubing strings may be run in different manners. In
      the present illustration, as seen in FIG. 2c, one tubing string T1 is
      threaded at its upper end 61 into a threaded bore of the inner body 54 and
      establishes communication from one well zone to a flow passage 62
      extending longitudinally through the body 54. The tubing string T1, thus,
      is run into the well casing C3 on the tubing hanger 48. In addition, the
      tubing hanger 48 supports a second tubing string T2. This tubing string T2
      is threaded at its upper end 63 into the lower end of a tubular tubing
      hanger mandrel 64 having an outwardly projecting landing shoulder 65
      adapted to land on an internal shoulder 66 provided in a bore 67 which
      extends longitudinally through the inner tubing hanger body 54. Thus, the
      tubing T2 is suspended in the well casing C3 and establishes communication
      between a second well zone and a flow passage 68, which extends
      longitudinally through the hanger assembly. The tubing mandrel 64 is
      adapted to be locked down in the inner tubing hanger body 54 by means of a
      split, expansible, resilient latch ring 69 carried in a circumferential
      groove 70 in the mandrel 64 above the shoulder 65 and below an externally
      threaded running neck 71, which is adapted to receive a running tool (not
      shown). As is well known, such running tools are adapted to hold the lock
      ring 69 in an initially contracted condition in the groove 70, but when
      the running tool is removed, after landing of the tubing mandrel 64 on the
      body shoulder 66, the lock ring 69 is released to expand to the
      illustrated locking position.
PAR  For the purpose of providing a seal between the inner tubing hanger body 54
      and the outer body or sleeve 49, a suitable side ring seal 72 is
      interposed therebetween. Another side ring seal 73 is interposed between
      the tubing mandrel 64 and the body 54 in the bore 67. Thus, well fluids in
      the respective tubings T1 and T2 are confined to the flow passages 62 and
      68. Well fluids from a third well zone are confined to the casing C3 and
      would flow through another flow passage 74 through the tubing hanger 48
      (see FIG. 5), as is well known in the case of subsurface wellhead
      apparatus used in producing well fluids from three zones through three
      separate flow paths.
PAR  In this connection, the wellhead apparatus comprising the various casing
      hangers and the tubing hanger, as thus far described, is all of a known
      type and is illustrative of the subsurface structure to which the present
      mudline shutoff valve apparatus is applicable.
PAR  The preferred shutoff apparatus of the invention comprises intermediate
      means 75 for providing a seal isolating the various annular clearances
      between the casing hangers and the respective casings, C, C1, C2 and C3,
      such means 75 also providing a landing seat for connector means 76 which
      are adapted to be lowered into the housing 10 and to connect the flow
      passages in the subsurface wellhead apparatus with corresponding passages
      through the mudline valve means 77 and extension means 78 for connecting
      the mudline valve and its passages with the surface equipment or christmas
      tree 12 on the platform.
PAR  The intermediate means 75 comprises a body 80 of annular form having a
      lower, outer shoulder 81 adapted to abut with the upper end of the body 21
      of the outer casing hanger 20. Depending from the bottom of the body 80 is
      an annular outer, sealing and anchoring skirt or flange 82 having an outer
      side ring seal 83 engageable within the inner surface 36 of the upper end
      of the casing hanger body 21. The skirt 82 has an external thread 84
      engageable in the casing hanger body thread 37. At its upper end, the body
      80 has a running neck 85 provided with an external thread 86 engageable by
      a running tool (not shown) by which the body 80 is adapted to be lowered
      through the conductor pipe extension 11 and threaded into the upper end of
      the casing hanger body 21, the running tool being removed when the body 80
      is tightly engaged at its shoulder 81 with the hanger body 21.
PAR  Packing means are provided for effecting a seal between the housing 10 and
      the outer periphery of the body 80. This packing means comprises an
      elastomeric ring 87 disposed about an outer cylindrical wall 88 of the
      body 80 below a downwardly facing shoulder 89. A setting ring 90 has an
      upstanding annular flange 91 surrounding the wall 88 and opposed to the
      shoulder 89. The setting ring 90 extends about and is axially shiftable on
      a cylindrical section 92 of the body 80. This body section 92 has an
      outwardly opening groove 93 which receives the inner periphery of a split
      retainer ring 94, which is expansible outwardly into a ring carrying inner
      groove 95 in the setting ring 90 upon endwise assembly of the setting ring
      90 over the lower end of the body section 92, the retainer ring 94 then
      expanding into the body groove 93 to prevent the setting ring from
      dropping off of the body section 92. When the setting ring abuts with the
      upper end of the casing hanger body 21, the setting ring is forced
      upwardly with respect to the body 80 so that the elastomeric seal ring 87
      is axially and radially deformed into sealing engagement with the body
      wall 88 and the opposing inner wall of the housing 10.
PAR  Centrally of the body 80 is a bore 96 for receiving the upper end portion
      46 of the casing hanger 43, the body 80 having suitable side ring seals
      97, 98 engageable with the casing hanger portion 46. Depending from the
      intermediate body 80 and spaced radially inwardly from the sealing and
      anchoring skirt 82 is another sealing skirt 98a which extends downwardly
      into the upper portion of the casing hanger 40. Another side ring seal 99
      is provided between the skirt and the opposing wall of the casing hanger
      40. Thus, the intermediate member provides a means for sealing engagement
      with the housing 10 and the three casing hangers 20, 40 and 43, which
      isolate the various annular spaces between the housing and the casing
      hangers.
PAR  In this embodiment of the invention, the body 80 has a port 100 leading
      from the annular space 101 between the outer casing C and the first inner
      casing string C1 to a valve chamber 102 in the intermediate body 80. A
      port 103 leads from the annular space 104 between the casing C1 and the
      second inner string of casing C2 to another valve chamber 104a in the
      intermediate body 80. A further port 105 leads from the annular space 106
      between the casing C2 and the inner string of casing C3 to a further valve
      chamber 107 in the intermediate body. In the respective valve chambers
      102, 104a and 107 are normally closed poppet valve assemblies respectively
      designated 108, 109 and 110. Each valve assembly 108, 109 and 110 has a
      valve stem 111 adapted to be shifted to a normally closed position by a
      spring 112, so that when the connector means 76 is not in position, as
      shown, as will be later described, the valves 108, 109 and 110 prevent
      communication between the various annular spaces below the sealing means
      or intermediate member 80 and the conductor pipe extension 11 above the
      body 80. At such time, moreover, tubing plugs (not shown) could be
      employed to close off communication through the tubing hanger 48 between
      the productive well zones and the conductor pipe extension 11. These
      normally closed valves 108, 109 and 110 enable pressure testing after the
      intermediate member 80 has been set in place in the housing 10, but before
      removal of the running tool from the neck 85.
PAR  The connector means 76 more specifically comprises an annular elongated
      body 120 adapted to be landed in the intermediate body member 80 on the
      upper end of the running neck 85 of the body or intermediate member 80.
      Thus, the connector body 120 has a landing flange or shoulder 121 provided
      on a collar 122 which is threaded at 123 onto the body 120. Extending
      upwardly from the collar 122 is an outer, annular flange 124 spaced
      outwardly from the outer wall 125 of the body 120 to accommodate an
      annular wedge ring 126 therebetween. Interposed between the wedge ring 126
      and a downwardly facing shoulder 127 provided on the body 120 is a
      normally contracted, resilient latch ring 128, or, if preferred, latch
      dogs may be employed, as is well known. The wedge ring 126 has an upper
      inclined surface 129 engageable with a lower inclined surface 130 on the
      latch ring 128 for causing outward expansion of the lock ring 128 in
      response to upward movement of the wedge ring 126. In order to effect such
      upward movement of the wedge ring 126, a suitable number of push rods 131
      are carried by the landing collar 122 in angularly spaced relation, the
      push rods having enlarged upper ends 132 vertically reciprocable in bores
      in the landing collar 122 and having reduced lower ends 133 which normally
      depend through reduced bores in the collar 122, so as to engage the upper
      end of the running neck 85 on the intermediate body 80 as the connector 76
      is being lowered into place. Contact of the lower ends 133 of the push
      rods 131 with the running neck 85 will push the rods 131 upwardly,
      correspondingly pushing the wedge ring 126 upwardly to wedge the latch
      dogs or ring 128 outwardly. During running of the connector means, as will
      be later described, the threaded connection 17 between the coupling 14 and
      the housing 10 is normally not made up tight, so that one or more turns of
      the conductor extension 11 is necessary to shoulder the coupling 14 on the
      housing 10, as seen at 15. However, when the connector means 76 has been
      landed and the latch ring 128 expanded, as just described, the conductor
      extension 11 is rotated to finally make up the threaded connection 17 and
      to dispose the lower end 17a of the coupling sleeve 16 in a notch 176a in
      the upper, outer portion of the lock ring to positively hold the connector
      means 76 against upward movement until and unless the threaded connection
      17 is backed off to allow retraction of the lock ring 128.
PAR  The body 120 of the connector means 76 has a lower reduced diameter,
      cylindrical end portion 134 which, when the body 120 is landed, extends
      downwardly into the annular space between the outside wall of the upper
      neck portion 46 of the casing hanger 43 and an opposing cylindrical wall
      135 of a first counterbore in the intermediate body 80. An inner side ring
      seal 136 and an outer side ring seal 137 are carried by the end portion
      134 of the body 120 and engage the opposing walls of the casing hanger
      portion 46 and the intermediate body 80, thereby cooperating with the seal
      97 therebelow to confine fluid in an annular chamber 138 into which fluid
      from the annular space 106 passes through the poppet valve 110 when the
      latter is open, as shown by engagement of the lower end face 134a of the
      body portion 134 with the valve stem. An intermediate cylindrical portion
      139 of the body 120 has an enlarged diameter to fit within a second,
      larger counterbore 140 in the intermediate body 80, the portion 139 having
      a side ring seal 141 engaged in the counterbore 140 and cooperating with
      the seal 137 therebelow to confine fluid in an annular chamber 142 defined
      by the bodies 80 and 120. Fluid is admitted to the chamber 142 through the
      poppet valve 109, from the annular space 104 between casings C1 and C2,
      when the intermediate body is landed and the lower end face 139a of the
      body portion 139 contacts the stem of the valve 109, as shown. Above the
      intermediate body portion 139, the connector body 120 has a further
      enlarged cylindrical portion 143 provided with a side ring seal 144
      engageable in the running neck 85 of the intermediate body 80 and
      cooperating with the seal 141 on the body portion 139 to confine fluid in
      an annular chamber 145. Fluid is admitted to the chamber 145 from the
      annular space 101 between the casings C1 and C when the lower end face
      143a of the body portion 143 engages the stem of valve 108.
PAR  Extending longitudinally of the connector body 120 are respective ports
      138a, 142a and 145a leading from the chambers 138, 142 and 145, so that,
      as will later be described, pressure in the various annular spaces 101,
      104 and 106 may be monitored at the platform to indicate any change in
      pressure in any of the annuli.
PAR  At its upper end, the body 120 of the connector means 76 has an attachment
      flange 150 to which a lower attachment flange 151 of the subsurface or
      mudline shutoff valve means 77 is connected by a number of
      circumferentially spaced fasteners 152. The top wall 153 of the body 120
      has an annular, upwardly opening groove 154, and the opposing lower face
      155 of the flange 151 has an opposing, downwardly opening annular groove
      156. An annular seal 157 is disposed in the grooves 154 and 156 to seal
      off the central region of the connection between the mudline valve means
      77 and the connector means 76.
PAR  Adapter means are provided within the region defined within the seal ring
      157 to establish communication between the flow passages 62, 68 and 74
      provided by the tubing hanger 48 and corresponding passages 62a, 68a and
      74a which extend upwardly through the mudline valve means 77. Thus,
      adaptor tubes, two of which are designated 160 and 161, respectively, in
      FIGS. 2b and 2c, are employed to bridge the joint between the mudline
      valve means 77 and the connector means 76.
PAR  The adaptor tube 160 is engaged in a threaded bore 162 in the end of the
      body 150 and has an end portion 163 which extends into a bore 164 in the
      end 151 of the mudline valve means 77, bridging the meeting plane of the
      end faces 153 and 155. Side ring seals 165 and 165a carried by the end 163
      of the adaptor tube 160 effect a seal within the respective bores 162 and
      164. The adaptor tube 160 has a downward extension 166 provided with an
      external side ring seal 167 engageable in an enlarged bore 168 in the
      tubing hanger inner body 54, constituting an extension of the flow passage
      62 in the latter.
PAR  The adaptor tube 161 is engaged in a threaded bore 167 in the end of the
      body 150 and has an end portion 168 which extends into a bore 169 in the
      end 151 of the mudline valve means 77, bridging the meeting plane of the
      end faces 153 and 155. Side ring seals 170 and 171 carried by the end
      portion 168 of the adaptor tube 161 effect a seal within the respective
      bores 167 and 169. The adaptor tube 161 has a downward extension 172
      slidably engageable in the upper body portion 55 of the tubing hanger body
      54, the extension 172 having a bore 173 in which is a side ring seal 174
      externally engageable with the upper end of the running neck 71 of the
      tubing mandrel 64, and an enlarged end bore 175 in the extension 172
      accommodates the thread on the running neck 71.
PAR  It will be understood, without need for further illustration or
      description, that an adaptor tube similar to the adaptor tube 160 is
      employed to establish a connection between the flow passage 74 in the
      tubing hanger body 54 and the passage 74a in the mudline valve means 77.
PAR  Means are also provided to establish a fluid connection at the ends 153 and
      155 for passages 138a, 142a and 145a which, as previously indicated,
      extend through the connector body 120 from the respective chambers 138,
      142 and 145, which are defined between the connector body 120 and the
      intermediate body 80. As seen in FIG. 2b, a fluid connection is provided
      between the passage 145a and a port 145b in the lower end flange 151 of
      the mudline valve means 77 through an insert sleeve 145c having suitable
      side ring seals 145d and 145e, which engage in aligned bores 145f and 145g
      in the respective end flanges 150 and 151. The port 145b communicates with
      a passage 176 which leads into a bore 177 formed in the end flange 151.
      Disposed in the bore 177 is a seal end 178 of a conduit 179. This conduit
      179 has a passage 180 extending longitudinally therethrough and opening at
      its upper end into a further passage 181, which extends longitudinally
      through the mudline valve means 77. The seal end 178 of the conduit 179
      has suitable ring seals 182 and 183 engageable in the bore 177. While only
      one conduit 179 is shown, it will be appreciated that similar connections
      are made between the other passages 138a and 142a, whereby fluid will find
      access to the other two passages 184 and 185 in the valve means 77, as
      seen in FIG. 4, and which extend through the mudline valve means 77 in
      parallel relation to the passage 181 and are connected at their upper
      ends, as at 186, with suitable conduits 181a, 184a and 185a, as seen in
      FIG. 2a, which are adapted to extend to the platform at the top of the
      water within the conductor pipe extension 11.
PAR  The mudline valve means 77 is shown as comprising an elongated body 190
      through which the passages 62a, 68a and 74a extend longitudinally from the
      tubing adaptor sleeves 160 and 161, as seen in FIGS. 2b and 4. Disposed at
      vertically spaced locations within the valve body 190 is a plurality of
      shutoff valve means 191, a respective one of which is shown in detail in
      FIG. 4. One of the valve means 191 is adapted to either permit or shut off
      flow through one of the passages 62a, 68a 74a.
PAR  More particularly, the valve means 191 comprises an elongated chamber 193
      intersected by the passage 68a and in which a valve gate or slide 194 is
      reciprocable between the position shown in FIG. 4, at which the port 195
      in the slide is aligned with the flow passage 68a in the body, and the
      alternate position at which the unported section of the slide will close
      the passage 68a through the body. Operating means are provided for the
      valve, so that the valve slide is normally maintained in the illustrated
      position to allow well fluids to flow upwardly through the flow passage in
      the body, but the valve slide is shifted to the alternate closed position
      in the event of an emergency, such as damage to the platform, loss of
      production fluid pressure, or other event. To accomplish this, the valve
      slide 194 is actuated to the open position by a fluid pressure responsive
      actuator device 196. Actuation of the slide to the open position displaces
      fluid from the actuator device 196 to power piston and cylinder means 197,
      which are adapted to return the valve slide to the closed position when
      the fluid pressure holding the slide in the open position is released.
PAR  More particularly, the actuator 196 comprises a cylinder 198 having a
      piston chamber 199 in which a piston 200 is reciprocable. A rod 201
      connected to an end of the valve slide 194 is reciprocable through a
      cylinder head 202 having a rod seal 201a, and is connected at 203 to the
      piston 200 so that the piston, the rod and the slide are movable as a
      unit. A head seal 202a prevents communication between the valve chamber 93
      and the chamber 199. The cylinder 198 is retained in a laterally opening
      bore 204 in the body 190 by a split, internally threaded ring 205, which
      seats in an annular groove 206 and forms passage means 207 between
      cylinder seals 206a and 206b for the flow of pressure fluid into and from
      the cylinder 198 at the outer side of the piston 200, the passage 207
      being connected in a suitable manner with an inlet conduit 207a (FIG. 3)
      which extends to the platform for connection to a control pressure source,
      as is well known in the operation of existing well valves. The valve body
      190 has other ports 207b and 207c for conducting control fluid to and from
      the other valves 191. In horizontally spaced offset relation to the
      actuator 196, the power piston and cylinder means 197 includes a bore or
      piston chamber 208 which has a composite head 209 secured therein by a
      split lock ring 210. An inner head portion 209a has a seal 209b in the
      bore 208, and a head retainer portion 209c is threaded on a stem 209d, so
      that the inner head portion and the retainer portion may be removably
      interengaged with the lock ring 210. The head 209 includes a suitable
      filler opening 211 having a back flow preventing valve 212 and a passage
      213 establishing communication between the piston chamber 208 and the
      actuator piston chamber 199 at the inner side of the actuator piston 200.
      To bleed air from the hydraulic system, when it is being filled, the body
      190 has a bleed port 190a communicating with the chamber 199 between the
      piston 200 and the head 202.
PAR  Reciprocable in the piston chamber 208 is a piston 214 having a rod 215
      reciprocable in a spring seat and guide 216, which seats at the base of a
      spring chamber 217. In the spring chamber 217 are a number of coiled
      compression springs 218 which normally act to bias the piston 214 toward
      the head 209. However, when pressure fluid is applied through the port 207
      to the piston chamber 199 to move the piston 200 and the valve slide 194
      to the open position, as shown, fluid is displaced by piston 200 from the
      chamber 199 through the passage 213 into the piston chamber 208 and acts
      on the piston 214 to move it in a direction which compresses the springs
      218. So long as the actuating fluid pressure is maintained in the actuator
      piston chamber 199 and overcomes the springs 218, then the valve slide 194
      will remain in the open position, but, if for any reason actuator fluid
      pressure in the piston chamber 199 is exhausted, then the springs 218 will
      urge the piston toward the normal position to displace fluid back through
      the passage 213 into the actuator piston chamber 199, and the valve slide
      will be moved to its closed position.
PAR  Preferably, the valve apparatus includes means for positively assuring that
      the valve slide 194 will be shifted to the closed position upon the
      release of control fluid pressure from the actuator piston chamber 199, as
      a precaution against the valve remaining inadvertently open. In the
      embodiment now being described, the valve body 190 is provided with a
      supplemental pressure fluid port 220 communicating with the spring chamber
      217 behind the piston 214. Pressure fluid applied through the port 220 can
      flow through suitable ports 221 in the piston guide and spring seat 216 to
      supplement the force of the spring 218, tending to displace fluid from the
      piston chamber 208 into the piston chamber 199 to move the valve slide to
      the closed position.
PAR  As a further safety measure, the valve may be positively closed even in the
      event of loss of fluid from the piston chamber 208 and 199. To accomplish
      this body 190 is bored at 222 to receive a cylinder 223 generally
      corresponding to the cylinder 198. Within the cylinder 223 is a piston
      chamber 224 having reciprocal therein a piston 225 carried on a rod 226,
      which extends through a rod seal 226a in a cylinder head 227 into
      engagement with the adjacent end of the valve slide 194. A head seal 227a
      prevents communication between the piston chamber 224 and the valve
      chamber 193. Pressure fluid may be admitted to the piston chamber 224 via
      passage means 228 provided in the cylinder 223 and in the mounting ring
      229 between cylinder seals 229a and 229b engaged in the bore 222 of such
      passage means 228, being adapted to receive pressure fluid supplied from
      the platform. Thus, the valve slide 194 may be, if desired, positively
      actuated to the closed position.
PAR  In the use of the subsurface apparatus, it will now be understood that when
      the tubing strings T1 and T2 are suspended in the well bore and the
      intermediate body member 80 has been landed and connected to the casing
      hanger 20, the interconnected valve body 190 and connector body 120 are,
      together, lowered in the conductor pipe extension 11. One manner of
      lowering or running the valve connector assembly and establishing
      communication between the passages 62a, 68a 74a through the valve body 190
      and the surface christmas tree 12 is illustrated in FIGS. 2a and 3. In
      these views, the valve body 190 at its upper end has a running neck 230 to
      which a running string of casing 231 is threadedly connected at 232, this
      casing string constituting part of the extension means 78, previously
      referred to, which leads between the platform and the subsurface
      apparatus. Within the casing string 231 are respective tubing strings 233,
      234 and 235 connected to the valve passages 62a, 68a and 74a for
      conducting production fluid from the well to the platform. The tubing
      strings 233, 234 and 235 are progressively made up and lowered through the
      conductor pipe extension 11 so as to be stabbed into and threadedly
      connected to the subsurface valve body, as at 62b and 68b. At the
      platform, the tubing strings 233, 234 and 235 are connected to the
      christmas tree 12, so that well production is controlled by the usual
      surface christmas tree, and the subsurface or mudline valve apparatus is
      operative in the event of any emergency which may result from loss of
      control fluid pressure supplied to the respective actuators of the
      subsurface valves 191. In this connection, it will be understood that
      control pressure conduits and monitoring conduits would be run in as the
      subsurface valve assembly is being lowered on the extension means 78.
PAR  A modified structure is shown in FIG. 6, wherein the intermediate member 80
      is eliminated and the connector means 76 includes means for effecting a
      seal between the various casing annuli 101, 104 and 106. In this
      illustration, the casing hangers 20, 40 and 43 and the tubing hanger 48
      are the same as previously described. Here, however, the connector body
      280 has a depending annular flange 282 providing a side ring seal 283
      engageable within the cylindrical surface 36 within the upper end of the
      casing hanger body 21. In addition, the connector body 280 has an inner
      depending flange 298 which carries an external side ring seal 299
      engageable within the upper end of the casing hanger 40. The connector
      body 280 also carries the intermediate side ring seals 297 and 298 which
      engage the outer surface of the casing hanger 43. Thus, the connector body
      280, rather than an intermediate member, like the intermediate member 80
      previously described, provides the necessary seal between the casing
      annuli. The connector body 280, moreover, if the casing annulus pressure
      is to be monitored, provides passages 300, 303 and 305 extending
      longitudinally of the connector body and connectible with the subsurface
      valve body, as previously described in respect to the monitoring fluid
      passages of the first embodiment, but there are no normally closed valves,
      such as the valves 108, 109 and 110, to allow pressure testing of the
      sealed casing annuli.
PAR  Externally, the connector body 280 has a latch ring retainer 322 threadedly
      connected at 323 to the body 280. In this case, the external elastomeric
      packing ring 287 and its actuating ring 290 are carried by the latch ring
      retainer 322. An external groove 293 in the retainer 322 receives the
      split ring 294 to maintain the actuator ring assembled on the retainer
      322, but capable of axial movement to expand the packing 287 when the
      actuator ring 290 lands on the upper end of the casing hanger body 21.
PAR  In this embodiment, the latch ring 328 is resiliently expansible within an
      annular groove 325 defined between the upper end of the retainer 322 and a
      downwardly facing shoulder 327 on the body 280. The latch ring 328 has an
      external profile comprising an annular groove 400 and a downwardly facing
      shoulder 401, there being an upper shoulder 402 on the latch ring 328.
      This profile is such that the latch ring 328 will expand outwardly upon
      being lowered through the coupling 14, and when opposed by the companion
      profile of the housing 10, which includes the inwardly and upwardly
      sloping upper face 403 of an annular rib 404. As in the previously
      described embodiment, the coupling 14 is similarly made up tight after the
      body 280 has been landed so that the final turning of the coupling 14 on
      the thread 17 moves the lower end of the coupling 14 into holding
      engagement with the upper shoulder 402 on the latch ring 328. Various
      other latch arrangements may also be employed, as are well known in the
      art.
PAR  Referring to FIGS. 7 and 8, a modified extension means 78 is shown. In
      accordance with this feature of the invention, the extension means is
      adapted to be made up of a suitable number of riser joints 500 so
      constructed that each joint is connectible endwise to another joint to
      provide all of the necessary tubular conduits, including the outer casing
      531 and the various inner strings of tubing, such as the tubing strings
      533, 534 and 535. Each joint 500, at its lower end, has a downwardly
      opening box 501 adapted to either fit upon the upstanding neck 230 of the
      subsurface valve body 190 or to mate with another joint, as will be
      described below. A suitable side ring seal 502 is carried internally of
      the box 501 and engages with the outer cylindrical wall 503 of the neck
      230 above an outwardly tapered section 503a. The skirt 504 of the box 501
      has an internal annular groove 505 in which is disposed a split, resilient
      lock ring 506 having an upwardly and inwardly inclined wall 507 and a
      downwardly and inwardly inclined upper wall 508, whereby the ring 506 is
      expansible over the upper end of the valve body neck 230 and engageable in
      a correspondingly formed groove 509 extending circumferentially in the
      outer body wall of the valve body neck 230 below the tapered section 503a.
      Disposed about the box 501 is a suitable number of spring-loaded plungers
      510, the inner ends of which extend into the grooves 505 and engage the
      outer periphery of the lock ring 506 to bias the ring inwardly. In
      addition, the box 501 carries a suitable number of bosses 511 threaded at
      512 to receive a radially shiftable ring-deforming screw 513, the inner
      end of which engages a pad 514 so that the screw may be rotated by
      engagement of a tool receiving end 515 with an appropriate turning tool to
      positively force the lock ring 506 into the groove 509. Such ring
      connectors are well known.
PAR  In this embodiment, the upper end of the valve body neck 230 is provided
      with sockets 516 to receive the lower ends of tubing stabbing subs 517,
      which are provided with suitable side ring seals 518 engageable with the
      walls of the sockets 516. The outer casing 531 is welded at 519, or
      otherwise affixed to the box 501, and the inner tubings 533, 534 and 535
      are welded, as at 520, or otherwise connected to the stabbing subs 517.
      The casing 531 and the respective tubings 533, 534 and 535 may be of any
      convenient length to provide a joint 500 which can be conveniently
      handled.
PAR  At its upper end, the casing 531 has a tubular pin member 521 welded at
      522, or otherwise affixed to the casing. Internally, the pin member 521
      has sockets 523 providing upwardly facing shoulders 524 adapted to receive
      tubing sub receptacles 525, to each of which one of the tubings 533, 534
      and 535 is welded at 526, or otherwise secured. In a recess 527 in the top
      of the pin member 521, a circular retainer plate 528 is retained by
      suitable fasteners 529, the plate having openings 530 for the upper ends
      of the receptacles 525, and the plate engaging peripheral ribs 531a on the
      receptacles 525 to hold the receptacles in place on the shoulders 524.
PAR  Externally, the pin member 521 has a configuration conforming to the
      internal configuration of the box member 501, previously described, so
      that an extension joint 500 is readily connectible to a similar extension
      joint by inserting a pin end 521 into a box end 501. Thus, included on the
      exterior of the pin 521 is an outwardly opening annular groove 540 adapted
      to receive a lock ring 506 of a companion box 501 upon interconnection of
      the extension joints. Above the groove 540, the pin 521 has a tapered
      section corresponding to the section 503a of the valve neck 231, and above
      the section 541 is a cylindrical section 542 for sealing engagement by the
      ring seal 502 of a box 501. Below the groove 540, the pin 521 has a
      further cylindrical section 543 provided with a side ring seal 544
      engageable with a companion surface in the box 501.
PAR  The joints 500 must be oriented so that the stabbing subs 517 of one joint
      will stab into the receptacles 525 of another joint when the joints are
      being interconnected. Accordingly, the pin member 521 is provided with a
      radially outwardly projecting key 545 adapted to slide into a keyway or
      slot 546, which extends longitudinally in one side of the skirt portion
      504 of the box 501. At all other locations, the key 545 will engage the
      downwardly and outwardly flared lower face 547 of the box member 501, so
      that the pin and box cannot telescopically coengage until they are
      properly oriented and the key 545 is aligned with the keyway 546, at which
      time the stabbing subs 517 will be aligned with the receptacles 525.
PAR  Using the extension means of FIGS. 7 and 8, successive joints 500 may be
      joined with ease, eliminating the need for separately making up the
      various tubing and casing strings as previously described, as is apparent.
      The use of extension joints 500 also facilitates retrieval of the
      subsurface apparatus when necessary. It will also be apparent that all of
      the necessary monitoring conduits, control pressure conduits, and other
      necessary pressure lines may be conveniently incorporated in the joints
      500. In addition, the joint pin ends 521 facilitate connection of the
      extension means 78 with the surface christmas tree 12.
CLMS
STM  I claim:
NUM  1.
PAR  1. In fluid pressure operated control valve apparatus, valve body means
      providing a plurality of flow passages, shutoff valve means for each of
      said passages including a valve member shiftable between a first position
      at which said passage is open and a second position at which said passage
      is closed, control fluid pressure operated means for holding said valve
      member in said first position, and means for moving said valve member to
      said second position, said shutoff valve means comprising a valve chamber
      intersected by said passage, a valve gate slidable in said chamber between
      said first and second positions, said control fluid pressure operated
      means comprising an actuator piston connected with said valve gate, a
      piston chamber in which said actuator piston is reciprocable, said means
      for moving said valve gate to said second position including a power
      piston, a piston chamber in which said power piston is reciprocable,
      energy storing means normally urging said power piston in one direction,
      passage means leading between the respective piston chambers at one side
      of each of said pistons, hydraulic fluid filling said piston chambers and
      said passage means between said pistons, whereby when said actuator piston
      is moved by control fluid pressure to move said valve gate from said
      second position to said first position, said power piston is moved in the
      other direction to store energy in said energy storing means for moving
      said power piston in said one direction and said valve gate to said first
      position when control fluid pressure is reduced, and fluid pressure
      actuated supplemental means for actuating said valve gate to said second
      position.
NUM  2.
PAR  2. In fluid pressure operated control valve apparatus, valve body means
      providing a plurality of flow passages, shutoff valve means for each of
      said passages including a valve member shiftable between a first position
      at which said passage is open and a second position at which said passage
      is closed, control fluid pressure operated means for holding said valve
      member in said first position, and means for moving said valve member to
      said second position, said shutoff valve means comprising a valve chamber
      intersected by said passage, a valve gate slidable in said chamber between
      said first and second positions, said control fluid pressure operated
      means comprising an actuator piston connected with said valve gate, a
      piston chamber in which said actuator piston is reciprocable, said means
      for moving said valve gate to said second position including a power
      piston, a piston chamber in which said power piston is reciprocable,
      energy storing means normally urging said power piston in one direction,
      passage means leading between the respective piston chambers at one side
      of said pistons, hydraulic fluid filling said piston chambers and said
      passage means between said pistons, whereby when said actuator piston is
      moved by control fluid pressure to move said valve gate from said second
      position to said first position, said power piston is moved in the other
      direction to store energy storing means for moving said power piston in
      said one direction and said valve gate to said first position when control
      fluid pressure is reduced, supplemental means for actuating said valve
      gate to said second position including means for supplying pressure fluid
      to said piston chamber in which said power piston is reciprocable to
      augment said energy storing means.
NUM  3.
PAR  3. In fluid pressure operated control valve apparatus, valve body means
      providing a plurality of flow passages, shutoff valve means for each of
      said passages including a valve member shiftable between a first position
      at which said passage is open and a second position at which said passage
      is closed, control fluid pressure operated means for holding said valve
      member in said first position, and means for moving said valve member to
      said second position, said shutoff valve means comprising a valve chamber
      intersected by said passage, a valve gate slidable in said chamber between
      said first and second positions, said control fluid pressure operated
      means comprising an actuator piston connected with said valve gate, a
      piston chamber in which said actuator piston is reciprocable, said means
      for moving said valve gate to said second position including a power
      piston, a piston chamber in which said power piston is reciprocable,
      energy storing means normally urging said power piston in one direction,
      passage means leading between the respective piston chambers at one side
      of each of said pistons, hydraulic fluid filling said piston chambers and
      said passage means between said pistons, whereby when said actuator piston
      is moved by control fluid pressure to move said valve gate from said
      second position to said first position, said power piston is moved in the
      other direction to store energy in said energy storing means for moving
      said power piston in said one direction and said valve gate to said first
      position when control fluid pressure is reduced, supplemental means for
      actuating said valve gate to said second position including an override
      piston, a piston a chamber in which said override piston is reciprocable,
      said override piston engaging said valve gate to move the latter to its
      second position, and means for supplying pressure fluid to said override
      piston chamber.
NUM  4.
PAR  4. In fluid pressure operated control valve apparatus, valve body means
      providing a flow passage, shutoff valve means for said passage including a
      valve member shiftable between a first position at which said passage is
      open and a second position at which said passage is closed, control fluid
      pressure operated means for holding said valve member in said first
      position, and means for moving said valve member to said second position,
      said shutoff valve means comprising a valve chamber intersected by said
      passage, a valve gate slidable in said chamber between said first and
      second positions, said control fluid pressure operated means comprising an
      actuator piston connected with said valve gate, a piston chamber in which
      said actuator piston is reciprocable, said means for moving said valve
      gate to said second position including a power piston, a piston chamber in
      which said power piston is reciprocable, energy storing means normally
      urging said power piston in one direction, passage means leading between
      the respective piston chambers at one side of each of said pistons,
      hydraulic fluid filling said piston chambers and said passage means
      between said pistons, whereby when said actuator piston is moved by
      control fluid pressure to move said valve gate from said second position
      to said first position, said power piston is moved in the other direction
      to store energy in said energy storing means for moving said power piston
      in said one direction and said valve gate to said first position when
      control fluid pressure is reduced, and fluid pressure actuated
      supplemental means for actuating said valve gate to said second position.
NUM  5.
PAR  5. In fluid pressure operated control valve apparatus as defined in claim
      4, said energy storing means including one or more springs engaging said
      power piston.
NUM  6.
PAR  6. In fluid pressure operated control valve apparatus, valve body means
      providing a flow passage, shutoff valve means for said passage including a
      valve member shiftable between a first position at which said passage is
      open and a second position at which said passage is closed, control fluid
      pressure operated means for holding said valve member in said first
      position, and means for moving said valve member to said second position,
      said shutoff valve means comprising a valve chamber intersected by said
      passage, a valve gate slidable in said chamber between said first and
      second positions, said control fluid pressure operated means comprising an
      actuator piston connected with said valve gate, a piston chamber in which
      said actuator piston is reciprocable, said means for moving said valve
      gate to said second position including a power piston, a piston chamber in
      which said power piston is reciprocable, energy storing means normally
      urging said power piston in one direction, passage means leading between
      the respective piston chambers at one side of each of said pistons,
      hydraulic fluid filling said piston chambers and said passage means
      between said pistons, whereby when said actuator piston is moved by
      control fluid pressure to move said valve gate from said second position
      to said first position, said power piston is moved in the other direction
      to store energy in said energy storing means for moving said power piston
      in said one direction and said valve gate to said first position when
      control fluid pressure is reduced, supplemental means for actuating said
      valve gate to said second position including means for supplying pressure
      fluid to said piston chamber in which said power piston is reciprocable to
      augment said energy storing means.
NUM  7.
PAR  7. In fluid pressure operated control valve apparatus as defined in claim
      6, said energy storing means including one or more springs engaging said
      power piston.
NUM  8.
PAR  8. In fluid pressure operated control valve apparatus, valve body means
      providing a flow passage, shutoff valve means for said pressure including
      a valve member shiftable between a first position at which said passage is
      open and a second position at which said passage is closed, control fluid
      pressure operated means for holding said valve member in said first
      position, and means for moving said valve member to said second position,
      said shutoff valve means comprising a valve chamber intersected by said
      passage, a valve gate slidable in said chamber between said first and
      second positions, said control fluid pressure operated means comprising an
      actuator piston connected with said valve gate, a piston chamber in which
      said actuator piston is reciprocable, said means for moving said valve
      gate to said second position including a power piston, a piston chamber in
      which said power piston is reciprocable, energy storing means normally
      urging said power piston in one directon, passage means leading between
      the respective piston chambers at one side of each of said pistons,
      hydraulic fluid filling said piston chambers and said passage means
      between said pistons, whereby when said actuator piston is moved by
      control fluid pressure to move said valve gate from said second position
      to said first position, said power piston is moved in the other direction
      to store energy in said energy storing means for moving said power piston
      in said one direction and said valve gate to said first position when
      control fluid pressure is reduced, supplemental means for actuating said
      valve gate to said second position including an override piston, a piston
      chamber in which said override piston is reciprocable, said override
      piston engaging said valve gate to moved the latter to its second
      position, and means for supplying pressure fluid to said override piston
      chamber.
NUM  9.
PAR  9. In fluid pressure operated control valve apparatus as defined in claim
      8, said energy storing means including one or more springs engaging said
      power piston.
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ABST
PAL  The impulse signal producing device comprises a rotatable sleeve which has
      several small holes and/or slots, a supply body which is formed with air
      ejecting openings at positions inside the rotating paths of the small
      holes and/or slots, and a receiving cover which is formed with output
      ports at positions corresponding to the air ejecting openings. The slot is
      extended in the circumferential direction of the rotatable sleeve, and one
      end of the slot in the rotating direction is arranged on the same
      generating line of the rotatable sleeve as that including the position of
      the small hole. Air ejected from the openings passes through the small
      hole and slot of the rotatable sleeve and flows out of the output ports,
      to produce output pulses. By varying the length of the slot in the
      circumferential direction, the pulse width can be varied. By varying the
      arrangement of the small holes and slots, it is possible to vary the
      phases of the output pulses or to produce several pulses at the same time.
BSUM
PAR  This invention relates to an impulse signal producing device of the
      pneumatic pressure type.
PAR  Heretofore, it has been customary to employ pneumatic pressure to prepare
      various signal circuits for use as control means. A fluidics circuit has
      often been used in a control or measuring circuit. In some of such cases,
      it is desired to give fluidics the output of a shaft to thus generate
      impulses proportional to the number of revolutions, and to use them as the
      input or bias signal of a control circuit or calculating circuit.
PAR  U.S. Pat. No. 3,651,824 discloses an approximate impulse signal producing
      device of the pneumatic pressure type comprising a casing, a rotor
      supported in said casing and formed on its outer peripheral surface with a
      surface inclined with respect to the direction of rotation of the rotor, a
      pressure supply duct provided in said casing for ejecting an air jet under
      pressure to said inclined surface of the rotor, a drain provided in said
      casing in a position substantially symmetrical to the position of said
      pressure supply duct, and an output duct provided in said casing and
      disposed substantially midway between said pressure supply duct and said
      drain. With such device, however, when it is intended to derive different
      sorts of pulses in large numbers, the diameter of a pulse producing disc
      becomes large and accordingly the whole device becomes considerably large.
      As the disc is thinner, it is better in the efficiency of transmitting the
      air flow. In this respect, when the thickness is made small, the disc
      undergoes a large deflection because the pressure on the supply side acts
      on the whole area of the disc. In anticipation of the deflection, some
      extent of clearance (for example, approximately 1/10mm or greater) must be
      provided in the disc rotating section. Due to the provision of the
      clearance, the pressure recovery rate at output ports lowers, and the
      pulse waveform is not very good. Besides, the thrust of the drive shaft
      increases, and the countermeasure need be taken by providing thrust
      washers and thrust bearings. When, as described above, the jet for pulses
      is supplied in the axial direction and the output pulses are derived in
      the same direction, the pulse producing device has the following
      disadvantages.
PA1  1. The diameter of the whole device becomes large.
PA1  2. Since the device is subjected directly to the thrust ascribable to the
      supply pressure, the countermeasure is necessary.
PA1  3. Unless the supply pressure is raised and simultaneously the air exhaust
      through an air vent is increased, pulses of good waveform cannot be
      acquired. For this reason, the air consumption is inevitably large.
PA1  4. Vibrational noises are caused by the deflection of the rotary disc.
PAR  According to this invention, at least one small hole or circumferential
      slot is provided in the surface of a rotary drum with one end opened, and
      the jet of supply air introduced into the rotary sleeve is ejected in the
      radial direction of a shaft, so that output pulses are taken out of output
      ports at the outer periphery of the drum. Owing to such construction, when
      the small hole and the slot of the rotary sleeve are shifted in
      arrangement, pulses having a phase shift can be produced. Further, by
      providing the small holes or slots at different positions on a generating
      line of the rotary sleeve, several sorts of output pulses can be easily
      produced at the same time. When the circumferential lengths of the slots
      are made different, the time widths of the pulses vary. It is desirable
      that the output ports are usually maintained under the condition of the
      atmospheric pressure, and that when they receive the jet, the pulse output
      of good waveform is provided. To this end, a supply body which is provided
      with openings in proximity to the inner surface of the rotary sleeve and
      along the rotating course of the small hole or slot is built in. Thus,
      output pulses of good pressure recovery rate can be produced.
PAR  An object of the present invention is to provide a device for producing
      output pulses of good pressure recovery rate.
PAR  Another object of the present invention is to provide a device for
      positively producing by mechanical means approximate impulse wave forms to
      be used as trigger signals.
PAR  The device of the aforementioned nature according to this invention permits
      to produce approximate impulse signals of any width as desired and to
      deliver them through an output duct. The invention is useful in
      simplifying circuits in various control apparatus, increasing the
      dependability of the circuits and reducing the cost of production thereof.
PAR  The foregoing objects and advantages of the present invention, together
      with various other objects and advantages thereof which will become
      apparent, may be attained with the exemplary embodiment of the invention
      illustrated in the accompanying drawings and described in detail
      hereinafter.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is a longitudinal sectional view of a device embodying the
      invention;
PAR  FIG. 2 is an elevational sectional view taken along the arrowed line II --
      II of FIG. 1; and
PAR  FIG. 3 is an elevational sectional view taken along the arrowed line III --
      III of FIG. 1.
DETD
PAR  FIG. 1 shows a longitidinal section of a pulse producing mechanism. A shaft
      10 is supported in a housing portion 13 of a receiving cover 11 through
      bearings 12, 12. On an end face of the receiving cover 11, a pressure
      cover 15 having an air supply port 16 is mounted through a supply body 14
      and by a set screw 17.
PAR  A rotary sleeve 20 for producing pulses and with its one end opened is
      secured to an end of the shaft 10 by a pin 21. The sleeve 20 is formed at
      axially different positions with apertures having different lengths in the
      circumferential direction thereof, that is, a small hole 22 and a slot 23.
      At those positons of the receiving cover 11 which are radially outside and
      close to the small holw 22 and the slot 23, air flow receiving ports or
      output ports 18 and 19 are oppositely provided. In the illustrated
      embodiment, the small hole 22 is provided at a position of the rotary drum
      20 nearer to the housing 13, while the slot 23 extending in the
      circumferential direction is provided at a position nearer to the supply
      body 14. Since one end of the slot 23 and the small hole 22 are located on
      an identical generating line of the sleeve 20 (refer to FIGS. 2 and 3),
      output pulses have no phase shift.
PAR  As shown in the figures, the supply body 14 has such sectional form that it
      is substantially in contact with the inner wall of the sleeve 20. It is
      provided with openings 28 and 29 of predetermined size at positions
      corresponding to the small hole 22 and the slot 23 of the sleeve 20. A
      chamber 25 is defined between the supply body 14 and the pressure cover
      15. An air vent 27 serving also as a drip hole is provided at a corner
      part of the receiving cover 11 receiving the rotary drum 20.
PAR  The exemplary embodiment is the device in which the small hole and the slot
      are provided at the axially different positions of the rotary drum and
      which can produce the in-phase pulses of different pulse widths. Of
      course, when one series of pulses are to be produced, one small hole or
      slot may be provided in the rotary drum. Further, when several series of
      pulses are to be produced, several small holes and/or slots may be
      provided with or without a phase shift or phase shifts.
PAR  In the foregoing device, an air jet is fed from the air supply port 16.
      Only when, owing to the rotation of the rotary sleeve 20, the air from the
      openings 28 and 29 of the supply body 14 passes through the small hole 22
      and the slot 23 being the apertures of the rotary sleeve 20, it flows into
      the output ports 18 and 19. Then, the output pulses are produced. Since,
      in this manner, the air flow fed from the air supply port is ejected in
      the radial direction of the sleeve, the clearance between the sleeve 20
      and the supply body 14 can be made small. The same applies to the
      clearance between the receiving cover 11 and the rotary sleeve 20. In
      consequence, air leaking from the supply body 14 and exerting a thrust
      load on the sleeve 20 is very slight. The thrust is almost negligible.
      Since the respective clearances are small, the pressure recovery rate of
      the pulses is good, waveforms as expected are obtainable, and the air
      consumption is small.
PAR  The advantages of this invention are listed below.
PAR  1. Even where a large number of series of output pulses are required, only
      the axial length may be made large without increasing the diameter.
PAR  2. In fabricating the rotary sleeve, its diameter can be finished at high
      precision by lathe working etc. The clearance between the rotary sleeve
      and the air supply body can therefore be set to be very small (for
      example, about 3/100 - 5/100mm). Consequently, the acial thrust arises
      only slightly, and no special measure against the thrust is necessary.
PAR  3. Owing to the advantage of the preceding item, good waveforms of the
      output pulses are achieved. Simultanously therewith, the pressure of the
      supply air can be set to be low, so that a comparatively small air
      consumption suffices.
PAR  4. Since no thrust acts on the rotary sleeve, no vibration occurs in the
      axial direction, and almost no noise arises.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An impulse signal producing device of the pneumatic pressure type
      comprising:
PA1  a receiving cover,
PA1  a pressure cover having an air supply port at its central part and mounted
      opposite to said receiving cover,
PA1  a shaft rotatably supported in said receiving cover and having an end,
PA1  a rotatable sleeve mounted on said shaft and shaped so as to define an open
      end,
PA1  a supply body interposed between said receiving cover and said pressure
      cover and having at least two openings on its circumference, said supply
      body having a section in the shape of a hat and with a concave central
      part thereof and mounted on said end of said shaft with a small diameter
      portion covering the end of said shaft, and said body having said openings
      in the circumferential surface of a large diameter portion.
PA1  a small hole provided in said sleeve in correspondence with one of said
      openings,
PA1  a slot provided in said sleeve in correspondence with the other of said
      openings in said body and extended in the circumferential direction of
      said sleeve from on the same generating line of said sleeve as passes
      through said small hole, and output ports formed in said receiving cover
      in alignment with rotating paths of said small hole and said slot.
NUM  2.
PAR  2. A device as defined in claim 1, wherein said pressure cover and the
      supply body define a chamber therebetween.
NUM  3.
PAR  3. A device as defined in claim 1, wherein said receiving cover has an air
      vent arranged to also function as a drip hole.
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ABST
PAL  An apparatus for simultaneously, separately dispensing a multiple of
      fluids. The apparatus includes a chamber with a plurality of fluid inlets
      and a fluid outlet corresponding to each fluid inlet. A plunger is
      linearly movable in the chamber and has a plurality of spaced apart heads
      movable into blocking relationship between corresponding fluid inlet and
      outlet ports, and out of blocking relationship between corresponding fluid
      inlet and outlet ports to provide isolated fluid passages through the
      apparatus between corresponding inlet and outlet ports allowing
      coordinated movement of a plurality of different fluids through the
      apparatus. The heads and ports may be relatively sized and spaced to
      provide either simultaneous initiation and termination of multiple fluid
      discharge or staged initiation and termination of fluid discharge.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. Pat. application Ser.
      No. 413,768, filed Nov. 8, 1973, now U.S. Pat. No. 3,841,555. U.S. Pat.
      No. 3,841,555 is a continuation-in-part of Ser. No. 280,476 filed Aug. 14,
      1972, now U.S. Pat. No. 3,780,943.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many apparatus require systems for the coordinated, simultaneous discharged
      of two or more fluids for mixing thereof outside of the apparatus. For
      example, a spray apparatus may require a system for the mixture of a gas
      and a spray product outside of the spray apparatus. Beverage dispensing
      machines may require the mixture of two fluids such as a soft drink syrup
      and carbonated water, or coffee and cream. Additional such apparatus
      requiring the mixture of fluids in either gaseous or liquid state include
      acetylene torch systems, apparatus for mixing of various resins to form
      plastics or adhesives, and many more. Such apparatus require separate
      fluid conduits through the apparatus for conducting the fluids to the
      point of mixture outside of the apparatus. The fluids are either
      separately valved through the apparatus or involve relative complex
      valving or nozzle mechanisms to simultaneously transmit the fluids through
      the apparatus through separate conduits.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a multiple fluid dispensing apparatus for use in
      providing a coordinate or programmed discharge of two or more fluids for
      mixture of the fluids outside of the apparatus. The apparatus includes a
      casing which is preferably cylindrical to define a cylindrical chamber. A
      plurality of fluid inlets enter the chamber. A fluid outlet from the
      chamber corresponds to each fluid inlet. A plunger is linearly movable in
      the chamber parallel to the longitudinal axis of the chamber. The plunger
      has a plurality of spaced apart heads which make sealing engagement with
      the side walls of the chamber. The heads are movable into and out of
      blocking relationship between corresponding fluid inlet and outlet ports.
      In blocking relationship to the fluid inlet and outlet ports, the heads
      prevent fluid flow through the valve. Out of blocking relationship between
      the fluid inlet and outlet ports, the heads provide isolated fluid
      passages between corresponding inlet and outlet ports to permit isolated
      flow of the various fluids through the apparatus for mixing outside
      thereof. The fluid dispensing coordination is determined by the relative
      sizing and spacing of the heads and various ports. The apparatus may be
      coordinated to simultaneously initiate and terminate fluid flow through
      the various ports, or to sequentially initiate and terminate fluid flow
      through the various ports.
PAR  An object of the invention is to provide an apparatus for coordinated
      dispensing of a multiple of fluids. A second object of the invention is to
      provide such an apparatus having a plurality of isolated fluid conduits
      for isolated passage of differing fluids through the apparatus for mixing
      outside thereof. A further object of the invention is to provide such an
      apparatus having a plunger movably located in a chamber having portions
      movable into and out of blocking relationship between corresponding inlet
      and outlet ports. Further objects of the invention will become apparent
      upon the following description.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic view of a spray apparatus incorporating a spary
      applicator using fluid dispensing apparatus according to the present
      invention;
PAR  FIG. 2 is a side elevational view of a spray applicator having a dispensing
      apparatus according to the present invention, partly sectioned for
      illustration;
PAR  FIG. 3 is a schematic view of a dispensing apparatus of the applicator of
      FIG. 2 in a fully open position;
PAR  FIG. 4 is a schematic view of the dispensing apparatus of FIG. 3 in an
      intermediately open position;
PAR  FIG. 5 is a schematic view of the dispensing apparatus of FIG. 3 in a fully
      closed position; and
PAR  FIG. 6 is a sectional view taken along the line 6-6 of FIG. 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Among the diverse applications of the multiple fluid dispensing apparatus
      according to the present invention is its use in a spray applicator of a
      spray system of the type described herein. Referring to the drawings,
      there is shown in FIG. 1 a spray system, indicated generally at 10. Spray
      system 10 is of the type described and claimed in U.S. Pat. No. 3,841,555,
      from which the present application in derived. A spray product reservoir
      11 is supported by a stand or holder 12 on a surface 14 and is secured in
      place by appropriate strap 15. Container 11 stores or contains a liquid
      spray product, for example, a hair spray for use as a hair fixative in a
      beauty salon. A lower, necked-in portion 13 of container 11 is closed and
      sealed by suitable closure means 16. One end of a flexible, hollow,
      tubular spray product line 17 connects with an outlet of container 11 at
      closure means 16 as by engaging a hollow needle (not shown) inserted
      through closure means 16.
PAR  A spray applicator or spray gun 18 employs an apparatus of the present
      invention to concurrently discharge first and second fluids such as a
      spray product and air under pressure upon a surface to be sprayed. Spray
      gun 18 includes the usual base or handle 19 and a forwardly projecting
      barrel 20 terminating in an appropriate spray nozzle 21. A trigger 23 is
      movably mounted to the handle 19 of the gun. The product supply line 17
      and the end of an applicator air supply line 24 extend through the bottom
      of handle 19 upwardly to barrel section 20.
PAR  Gas or air supply means includes an air compressor 25 shown supported on a
      suitable stand 26. A first section 27 of a main air line 28 extends from
      the air discharge 29 of compressor 25 to a first T connector 31. The
      perpendicular leg of the T connector 31 connects through a tubular branch
      32 to an inlet 33 of an air pressure accumulator 35. Pressure accumulator
      35 comprises a closed, empty container or vessel providing a sealed volume
      where air under pressure is accumulated for use when the air compressor 25
      is shut off. Compressor 25 is of the variety equipped with a standard
      pressure switching mechanism whereby the compressor 25 is energized when
      the line pressure drops to a predetermined level or low limit, and shuts
      off when the line pressure has been raised to a second predetermined level
      or high limit. Compressor 25 provides pressurized air to applicator 18 and
      at the same time pressurizes accumulator 35.
PAR  A second section 36 of the main air supply line 28 extends from the first T
      connector to a second T connector 37. A connecting tube 39 extends from
      the perpendicular leg of the second T connector 37 to provide air under
      pressure from main air supply line 28 to the container 11 and spray gun 18
      of the spray system. The main air supply line 28 continues from the second
      T connector 37, as at 40, where it may be extended to additional spray
      systems connected in series, as, for example, in a beauty salon where
      there may be a plurality of stations, each having a separate spray product
      reservoir and spray applicator.
PAR  Connecting tube 39 extends from the second T connector 37 to the
      perpendicular leg of a third T connector 42. A reservoir air pressure
      supply branch 43 extends from one of the aligned legs of a third T
      connector 42 to the product container 11. The end of supply branch 43
      opposite the third T connector 42 communicates with the interior of the
      container as by engaging a tubular pin or needle (not shown) disposed
      generally in the upper portion of the container 11 and opening into the
      interior thereof. Connected to the opposite aligned leg of the third T
      connector 42 is the applicator air supply line 24 which extends through
      the handle of spray gun 18, as previously described.
PAR  Intermediately disposed in the reservoir pressure supply branch 43 is a
      one-way air valve 44 of the type to allow free air movement in one
      direction while restricting air movement in the opposite direction. As
      disposed in the reservoir air supply branch 43, valve 44 is orientated to
      allow flow of air under pressure into the container 11 from the main air
      line 28 but operable to prevent air from flowing back through the branch
      43 from the container 11.
PAR  In the use of the spray system, spray product is stored in the container
      11. Compressor 25 pressurizes the spray system to the predetermined high
      limit. Upon engagement of the trigger 23 of the spray gun 18 by the
      operator, air and spray product are concurrently discharged from the
      nozzle. The air mixes with and atomizes the spray product to form a fine,
      particulate, uniform spray. Air in the container 11 does not back up
      through the branch 43, whereby an erratic pressure fluctuation is not
      experienced by the spray product in the container.
PAR  A specific embodiment of a spray applicator employing a fluid dispensing
      apparatus of the invention is shown in FIG. 2 and is fashioned for
      convenience as a spray gun 47 having an outer housing with a handle
      portion 48 and a barrel 49. A multiple fluid dispensing apparatus 51,
      according to the present invention, is installed in gun 47 to provide for
      the coordinated discharge of fluids therethrough. Apparatus 51 is
      constructed to provide stages or sequential initiation and termination of
      a first and second fluid or, in particular, a spray product and air
      through the spray gun 47. A casing or housing 52 of the apparatus 51 is
      cylindrical and is centrally located in handle 48, being secured in
      position by suitable struts 53, as shown in FIG. 3, extending from the
      interior walls of handle 48. Casing 52 has interior walls defining an
      interior chamber 55 having separate inlet means and outlet means for a
      plurality of fluids or, specifically, for air and a liquid spray product.
      For each fluid inlet there is a corresponding fluid outlet thus comprising
      a plurality of fluid inlet-outlet pairs. Spray product line 17, entering
      the bottom of handle 48, engages a fluid or liquid inlet port 56 on casing
      52 opening into chamber 55, as by snugly engaging an open nipple
      associated with the port 56. Likewise, air line 24 enters the bottom of
      handle 48 and engages an open nipple associated with a fluid or air inlet
      port 57 spaced from liquid inlet port 56. A liquid line 59 leads from a
      liquid spray product outlet port 60 from chamber 55 to a mixing chamber 61
      afforded by a suitable spray nozzle 63 having spray orifice 62 and
      threaded into the end of barrel portion 49 of applicator 47 to establish
      fluid communication between the fluid outlet means and spray nozzle 63. A
      pair of flexible, tubular air lines 64, 65 extend from a pair of open
      nipples integral with a pair of circumferentially aligned air outlet ports
      67, 68 in communication with chamber 55 of casing 52. Air lines 64, 65
      extend to and open into mixing chamber 61 to establish fluid communication
      between the air outlet means and the spray nozzle. Movably located in
      chamber 55 is a valving element 71 having first and second fluid passages
      or conduits for establishing communication between the air inlet and
      outlet ports and the liquid spray product inlet and outlet ports,
      respectively. Valving element 71 located in chamber 55 is sequentially
      movable between a first position in blocking relationship to the spray
      product inlet and outlet ports, and in blocking relationship to the air
      inlet and outlets shown in FIG. 5; a second position in blocking
      relationship to the spray product inlet and outlet, but with the first
      fluid conduit allowing fluid communication between the air inlet and air
      outlets, shown in FIG. 4; and a third position with the second fluid
      conduit allowing fluid communication between the spray product inlet and
      outlet and with the first fluid conduit allowing fluid communication
      between the air inlet and outlets, shown in FIG. 3.
PAR  Referring to FIGS. 3 through 5, valving element 71 is comprised as a linear
      plunger or spool having a plurality of spaced apart, aligned cylindrical
      heads 72, 73 and 76, with outer walls with portions in sealing
      relationship to the interior walls of the chamber 55. The heads are
      relatively spaced apart to provide passages or fluid conduits to
      accomplish, in conjunction with the spacing of the various ports, the
      aforementioned staging or sequential fluid discharge. A first head 72 is
      located at the interior end of valving plunger 71 and is movable into and
      out of blocking relationship relative to the air inlet port 57 and air
      outlet ports 67, 68. A second head 73 is connected in aligned relationship
      to the first head 72 by a first neck 74, and is movable into and out of
      blocking relationship between the spray product inlet port 56 and the
      spray product outlet port 60. The neck 74 connected to heads 72 and 73 has
      a reduced diameter and outer walls spaced from the interior walls of the
      chamber 55, thus providing a first fluid conduit or passage through the
      chamber 55. A third head 76 is spaced from the second head 73 and
      connected to it by a second neck 77. Second neck 77 is likewise reduced in
      diameter and provides a second fluid conduit or passage through the
      chamber 55. An actuator or shaft 78 extends from the third head 76 outward
      of the chamber 55 through a suitable aperture 80 wherein there is provided
      usual and preferred sealing means to prevent leakage. The various heads
      72, 73, 76 have outwardly projected circumferential ridges 81 which
      contact the interior walls of the chamber 55 and provide the necessary
      sealing relationship to achieve isolation of the fluid passages through
      valve chamber 55.
PAR  Plunger 71 is movable between three operative positions in chamber 55. In a
      first or closed position, as shown in FIG. 5, first head 72 blocks fluid
      communication between air inlet port 57 and air outlet port 67 as by
      blocking air outlet port 67. Second head 73 prevents fluid communication
      between the spray product inlet port 56 and the spray product outlet port
      60 by blocking both ports, as shown, although, it is apparent that it is
      necessary only to block one of the ports. Plunger 71 is linearly movable
      from a first position shown in FIG. 5 to an intermediate position of FIG.
      4 wherein the first head 72 is moved out of blocking relationship to the
      air outlet port 67. An isolated passage or conduit of fluid communication
      is established between the air inlet port 57 and air outlet port 67 around
      the first neck 74. The passage thus formed is isolated from other ports
      and from other portions of the chamber whereby mixture of the fluid
      passing therethrough with other fluids is prevented. Upon the formation of
      such passage, air flow is initiated. Second head 73 remains in blocking
      relationship to spray product outlet port 60. On further linear movement
      of plunger 71 in chamber 55, the position shown in FIG. 3 is achieved. A
      fluid conduit or passage remains established between air inlet port 57 and
      air outlet port 67 around the first neck 74. A second isolated fluid
      conduit or passage is established between the spray product inlet port 56
      and the corresponding spray product outlet 60 around the second neck 74 as
      second head 73 is moved out of blocking relationship to the spray product
      outlet port 60. Spray product flow is initiated. As shown in FIG. 3,
      second head 73 is in a position to prevent mixture of air and spray
      product in the chamber 55. With the valving plunger 71 in the position of
      FIG. 3, air and spray product are concurrently discharged, the air
      progressively mixing with and atomizing the spray product to provide a
      fine, particulate spray outside of apparatus 51. Upon termination of
      spraying, movement of plunger 71 in chamber 55 is reversed, going
      respectively through the sequence of FIGS. 3, 4 and 5. The flow of spray
      product is first shut off when the second head 73 blocks the spray product
      outlet port 60 in the position of FIG. 4. Finally, the air flow is also
      shut off when the plunger 71 reaches the position of FIG. 5, as previously
      explained. The staging of the air and spray product flow is accomplished
      by the relative sizing and spacing of the first and second heads 72, 73,
      as well as the relative spacing of various ports. It is apparent that
      these parameters may be varied to vary the degree of staging or to cause
      simultaneous initiation and termination of discharge of the various fluids
      through the various fluid ports. It is further apparent that additional
      fluid conduits could be introduced into the valve and coordinated as
      desired with the present fluid conduits.
PAR  As shown in FIGS. 3 through 5, the inlet ports 56, 57 are not located on
      casing 52 diametrically opposite the respective outlet ports 60, 67, 68,
      but rather are staggered. In the closed position of FIG. 5, the liquid
      inlet port 56 is partially open to the chamber 55 to permit liquid
      lubrication about the second neck 77. Air port 57 is open to the chamber
      55 to permit even distribution of air pressure around the first head 72.
PAR  Referring again to FIG. 2, linear movement of plunger 71 in chamber 55 is
      controlled by linear movement of plunger shaft 78 linearly extending from
      the third head 76 and second neck 77. Plunger shaft 78 extends outward
      from the chamber 55 and outward of the gun handle 48 and is attached at
      one end to a trigger 83. The upper end of trigger 83 is guided for linear
      movement in a suitable channel 84. Bias means comprised as a helical
      compression spring 85 surrounds the outward portion of shaft 78 between
      trigger 83 and gun handle 48 to bias valve plunger 71 in the outermost or
      closed position. Digital pressure on trigger 83 is operative to actuate
      dispensing apparatus 51 to provide the coordinated dispersing of a
      multiple of fluids.
PAR  The spray applicator 47 allows the spray operator to alternate between a
      fine and a more coarse spray. Air outlet means on the casing 52, as
      previously noted, includes a pair of outlet ports 67, 68 which are joined
      respectively to a pair of air lines 64, 65, of which at least one is
      comprised of a flexible tubing. The flexible tubular air line 65 extends
      upward from casing 52 and then extends forwardly to the mixing chamber 61.
      A portion of the air line 65 passes over a ledge 87 extending inward from
      a vertical wall of applicator 47 near the top of barrel portion 49. A
      button 88 located exteriorly of barrel 49 has a shaft 89 passing through
      an aperture provided in the barrel 49, and terminates in a plate 91. A
      portion of the air line 65 is sandwiched between the plate 91 and the
      ledge 87. Application of digital pressure downward on the button 88
      results in the pinching off of the air line 65 cutting the flow of air to
      the mixing chamber by approximately 1/2. The resultant spray is more
      coarse.
PAR  In the use of the applicator 47, the operator simply engages the trigger
      83. As the shaft 78 moves the plunger 71 interiorly of the chamber 55, the
      air and liquid product sprays are automatically staged. Likewise, upon
      termination of spraying, simply by release of the trigger 83 the
      termination of the air and liquid sprays is staged. The spring 85 returns
      the plunger 71 to the closed position. Pneumatic pressure developed in the
      interior end of chamber 55 upon inward movement of plunger 71 also biases
      the plunger toward a closed position.
PAR  The fluid dispensing apparatus of the invention has been illustrated as it
      is particularly applicable to spray applicators although the apparatus
      lends itself to many diverse uses in the dispensing of a multiple of
      fluids, as will be recognized by those skilled in the art. For example,
      such an apparatus is usable in coin operated beverage dispensing machines
      for mixing carbonated water with one of a choice of several soft drink
      syrups. The apparatus may have two or more fluid inlets to admit a
      plurality of differing fluids, and a corresponding number of fluid
      outlets. The relative spacing of the fluid ports communicating with the
      chamber, as well as the relative sizing and spacing of the heads of the
      plunger, is determinative of the coordination of the discharge of the
      fluids.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A multiple fluid dispensing apparatus comprising:
PA1  a casing having interior walls defining a longitudinal chamber having a
      closed interior end;
PA1  a plurality of longitudinally spaced fluid inlets to said chamber adapted
      to receive a plurality of separate fluids from separate fluid sources;
PA1  a plurality of longitudinally spaced fluid outlets from said chamber, a
      fluid outlet corresponding to each fluid inlet forming a plurality of
      fluid inlet-outlet pairs;
PA1  a linear plunger movably located in said chamber;
PA1  said plunger having a plurality of longitudinally spaced heads with
      portions in sealing engagement with said interior walls operable to block
      fluid flow between the inlet and outlet of each fluid inlet-outlet pair;
PA1  said plunger having a plurality of isolated fluid conduits located between
      said heads to permit fluid flow through said chamber, one fluid conduit
      corresponding to each fluid inlet-outlet pair;
PA1  said plunger being linerly movable in said chamber between a first position
      with said heads positioned in said chamber to block fluid flow between the
      inlet and outlet of each fluid inlet-outlet pair, and a second position
      with one of said fluid conduits located to permit fluid flow through said
      chamber between the fluid inlet and outlet of one fluid inlet-outlet pair,
      and a third position with said fluid conduits located in said chamber to
      permit fluid flow through said chamber between the fluid inlets and
      outlets of at least two inlet-outlet pairs to provide coordinated
      discharge of the fluids from the apparatus;
PA1  said plunger being longitudinally movable in said chamber from said first
      position toward the other positions in a direction toward said closed
      interior end whereby pneumatic pressure developed in said interior end
      biases said plunger back toward said first position; and
PA1  actuator means to actuate movement of the plunger in the chamber.
NUM  2.
PAR  2. the apparatus of claim 1 including: bias means on said actuating means
      to bias said plunger in the first position.
NUM  3.
PAR  3. The apparatus of claim 1 wherein: said plunger has a plurality of necks
      connecting said heads and providing said fluid conduits.
NUM  4.
PAR  4. The apparatus of claim 3 wherein; said heads on said plunger are
      relatively spaced to effect sequential initiation and termination of flow
      through the fluid conduits and fluid inlet-outlet pairs upon movement of
      the plunger in the chamber.
NUM  5.
PAR  5. A multiple fluid dispensing apparatus comprising:
PA1  a casing having smooth interior walls defining a generally cylindrical
      chamber;
PA1  a plurality of fluid inlet ports to said chamber adapted to receive a
      plurality of separate fluids;
PA1  a plurality of fluid outlet ports from said chamber, at least one fluid
      outlet port corresponding to each fluid inlet port;
PA1  a plunger slidably movably located in said chamber;
PA1  said plunger having a plurality of spaced apart heads having side walls
      movable with said plunger into and out of blocking relationship between
      corresponding fluid inlet and outlet ports;
PA1  said plunger movable in a first direction from a position with said heads
      in blocking relationship between corresponding fluid inlet and outlet
      ports toward positions permitting fluid flow between corresponding fluid
      inlet and outlet ports;
PA1  said plunger having a plurality of necks connecting said heads and
      providing isolate fluid conduits between corresponding fluid inlet and
      outlet ports when said heads are in a position out of blocking
      relationship between corresponding fluid inlet and outlet ports;
PA1  said fluid outlets being longitudinally staggered in said first direction
      from corresponding fluid inlets in such fashion that the fluid inlets are
      at least partially open to corresponding fluid conduits when said heads
      are in blocking relationship to the fluid outlets;
PA1  said heads having outwardly projected circumferential, spaced apart ridges
      which contact the smooth interior walls of the chamber in sealing
      relationship to achieve isolation of said fluid conduits; and
PA1  actuator means connected to said plunger to actuate movement of said
      plunger into and out of blocking relationship between corresponding fluid
      inlet and outlet ports.
NUM  6.
PAR  6. The apparatus of claim 5 wherein: said plurality of inlet ports includes
      at least a first inlet port and a second inlet port; said plurality of
      fluid outlet ports including at least a first outlet port corresponding to
      the first inlet port and a second outlet port corresponding to the second
      inlet port; said plunger having a first head movable into and out of
      blocking relationship between said first inlet port and said first outlet
      port, a first neck in linear alignment with said first head and providing
      a first fluid conduit for fluid communication between the first inlet and
      outlet ports, a second head in linear alignment with said first neck and
      movable into and out of blocking relationship between the second fluid
      inlet port and said second fluid outlet port, and a second neck in linear
      alignment with said second head and providing a second fluid conduit for
      fluid communication between the second inlet and outlet ports.
NUM  7.
PAR  7. The apparatus of claim 5 including: bias means associated with the
      actuator means to bias the plunger with said heads in blocking
      relationship between corresponding inlet and outlet ports.
NUM  8.
PAR  8. The apparatus of claim 5 wherein said actuator means to actuate the
      plunger includes: a plunger shaft extending from said plunger linearly
      outward of said chamber and casing, and a trigger connected to the outward
      end of said plunger whereby digital pressure upon said trigger is operable
      to move said plunger between positions having said heads in and out of
      blocking relationship between corresponding inlet and outlet ports.
NUM  9.
PAR  9. A multiple fluid dispensing apparatus comprising:
PA1  a casing having interior walls defining a longitudinal, generally
      cylindrical chamber;
PA1  fluid inlet means to said chamber adapted to be connected to separate fluid
      sources and including first fluid inlet means and second fluid inlet
      means;
PA1  fluid outlet means from the chamber corresponding to the fluid inlet means
      and including a first fluid outlet means from the chamber and a second
      fluid outlet means from the chamber;
PA1  a valving element movably located in the chamber;
PA1  said valving element having a plurality of spaced apart heads movable into
      and out of blocking relationship relative to said fluid outlet means to
      selectively permit fluid flow and block fluid flow from said chamber
      through said outlet means;
PA1  said valving element having a first fluid passage and a second fluid
      passage separated by a first of said heads;
PA1  means on said first head movable therewith making sealing engagement with
      the chamber walls to isolate said first and second fluid passages;
PA1  said first fluid inlet means being longitudinally staggered relative to the
      first fluid outlet means whereby with a first head of the valving element
      in blocking relationship to the first outlet means, the first inlet means
      is at least partially open to said first fluid passage;
PA1  said second fluid inlet means being longitudinally staggered relative to
      the second fluid outlet means whereby with a second head of the valving
      element in blocking relationship to the second outlet means, the second
      inlet means is at least partially open to said second fluid passage;
PA1  said valving element sequentially movable between a first position with the
      first head blocking the first fluid outlet means, and the second head
      blocking the second fluid outlet means;
PA1  a second position with the first fluid passage allowing fluid communication
      between the first fluid inlet means and the first fluid outlet means, and
      the second head blocking the second fluid outlet means;
PA1  a third position with the first fluid passage allowing fluid communication
      between the first fluid inlet means and the first fluid outlet means, and
      the second fluid passage allowing fluid communication between the second
      fluid inlet means and the second fluid outlet means;
PA1  said valving element movable in said chamber in a first direction from said
      first position to said second positon to said third position;
PA1  said first and second outlet means being longitudinally staggered
      respectively from said first and second inlet means in said first
      direction relative to the chamber; and
PA1  actuator means adapted to sequentially move said valving element in the
      chamber between said positions.
NUM  10.
PAR  10. The apparatus of claim 9 wherein: said first fluid outlet means
      includes a pair of fluid outlet ports communicating with the chamber; and
      including means to selectively restrict the flow of a first fluid through
      one of said first fluid outlet ports.
NUM  11.
PAR  11. The apparatus of claim 9 including: bias means associated with the
      actuator means to bias said valving element in the first position.
NUM  12.
PAR  12. The apparatus of claim 9 wherein: said valving element is constituted
      as a plunger linearly movable in said chamber; said plunger having said
      first head movable into and out of blocking relationship relative to said
      first outlet means, a first neck in linear alignment with said first head
      and providing said first fluid passage; said second head being in linear
      alignment with said first neck and movable into and out of blocking
      relationship relative to said second fluid outlet means, and a second neck
      in linear alignment with said second head and providing said second fluid
      passage.
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ABST
PAL  A device for monitoring the relative position of synchronously moved valve
      cases in safety valves controlling pneumatic or hydraulic drives. Fixedly
      attached to each valve case and symmetrically disposed one to the other is
      a member of a metallic material, arranged proximate to the free ends of a
      pivotally mounted magnetic bar. The axis of rotation of the magnetic bar,
      which is aligned with the synchronous position of the valve cases in its
      basic position, is parallel to the direction of movement of the valve
      cases, and a swing of the magnetic bar, which only occurs in the event of
      a defect, i.e. if the valve cases do not operate in synchronism, provides
      a signal for making the monitored drive inoperative.
BSUM
PAR  The present invention relates to a device for monitoring the relative
      position of synchronously moved control elements, especially for
      monitoring the movement of two valve cases in safety valve controlling a
      pneumatic or hydraulic drive, in which a member of a magnetic material is
      fixedly disposed at each of the valve cases and symmetrically arranged
      with respect to one another, each being disposed proximate to the free
      ends of a pivotally mounted magnetic bar whose basic position is aligned
      with the synchronous position of the valve cases and which triggers a
      signal for making the drive inoperative in the event the magnetic bar is
      swivelled out of its basic position, and which influences the magnetic bar
      magnetically.
PAR  Monitoring devices of this type provide the advantage that a
      maintenance-free, dependable monitoring device is created, in which the
      position of the magnetic bar remains uninfluenced with the desired
      synchronous operation of the valve cases, while it deviates from the basic
      position with asynchronous operation, i.e. when there are irregularities
      in the safety valve. The swing movement of the magnetic bar can be
      employed for triggering a pulse for providing indication of the defect.
      There are no components which are subject to wear.
PAR  However, it has been shown that with control valves having fast stroke
      sequences this type of monitoring cannot be readily performed, as the
      forces exerted on the magnetic bar by the magnetic members are not
      sufficient, in the brief period of time available, for overcoming the
      inertial forces of the magnetic bar. This is primarily due to the fact
      that the curve of force peaks in this type of arrangement of a magnetic
      bar, with the peak being achieved at approximately the same time that the
      bottom edges of the magnetic members reach the top edge of the magnetic
      bar. From this point on, the magnetic force declines again, so that in the
      case of rapid motion of the valve cases the declining leg of the force
      curve is already reached before the magnetic bar can swing, as a result of
      its inertia.
PAR  It is the object of the present invention to make the known monitoring
      device serviceable for high-speed valves also, so as to provide dependable
      monitoring in every case, irregardless of their design and the speed of
      their operation.
PAR  According to the present invention, the axis of rotation of the magnetic
      bar is disposed parallel to the direction of movement of the members of a
      magnetic material attached to the valve cases. Through this design, as
      opposed to the known solution, the effective surface for the egression of
      the magnetic lines of force increases as the stroke of the valve cases
      increases, so that the magnetic force exerted on the magnetic bar
      constantly increase. This also permits proper defect indication with rapid
      operation of the valve cases, as there is no reduction in the magnetic
      force.
PAR  In order to be able to design the magnetic circuit as well as possible, the
      ends of the magnetic bar can have recesses which face the members of a
      magnetic material on the valve cases. These recesses can also be matched
      to the dimensions of the members of a magnetic material, whereby however
      it should be noted that in swinging the magnetic bar must not be able to
      strike the magnetic members.
PAR  It has been shown to be especially advantageous for the magnetic bar to
      have a generally rectangular cross section, whereby the sides extending
      parallel to the axis of rotation are significantly greater than the sides
      extending at right angles to the axis of rotation. Through this
      configuration, it is possible to utilize the entire stroke of the valve
      cases for increasing the magnetic force, since, as already described
      above, with this configuration the magnetic force also increases with the
      increasing stroke. If the side of the cross section of the magnetic bar
      extending parallel to the axis of rotation is therefore dimensioned so
      that it just corresponds to the maximum plunger stroke of the valve cases,
      the maximum achievable magnetic force can be realized, without the
      magnetic bar itself being subject to excessive inertial forces, as the
      total mass of the magnetic bar can be kept to a minimum.
PAR  Horseshoe magnets can be disposed at both ends of the magnetic bar, with
      their poles being bridged by soft-iron members. The soft-iron members can
      also have recesses which are matched to the dimensions of the magnetic
      members on the valve cases. The magnetic circuit can also be improved
      through this measure.
DRWD
PAR  The above discussed and other objects, features and advantages of the
      present invention will become more apparent from the following description
      thereof, when taken in connection with the accompanying drawings, in
      which;
PAR  FIG. 1 shows the overall arrangement of the known monitoring device on a
      dual valve, whereby the axis of rotation of the magnetic bar extends
      perpendicularly to the direction of movement of the valve cases;
PAR  FIG. 2 shows a schematic view, with a partial longitudinal cross section,
      of a monitoring device designed in accordance with the present invention
      and intended for employment in place of the monitoring device shown in
      FIG. 1, with the axis of rotation of the magnetic bar extending in the
      direction of movement of the valve cases;
PAR  FIG. 3 shows a top view of the embodiment of FIG. 2 with partially cut away
      magnet members;
PAR  FIG. 4 shows a schematic, perspective view of the embodiment of FIGS. 2 and
      3; and
PAR  FIG. 5 shows a schematic representation of the curve of forces at the
      magnetic bar with the known monitoring device and with an embodiment
      according to the present invention.
DETD
PAR  Referring now to the drawings, wherein like reference numerals designate
      like parts throughout the several views, FIG. 1 shows two valve cases 2
      and 3 disposed within the housing 1 of a safety valve. Each valve case
      comprises a valve stem 2a and 3a respectively, a valve element 4 having
      the shape of a piston, and a disc valve member 5 attached to the valve
      stem. The valve cases 2 and 3 are arranged within the housing 1 in such a
      manner that they respectively close or uncover valve seats 6 and 7 during
      their upward and downward movement. The valve seats connect an upper
      pressure medium chamber 8 and a lower pressure medium chamber 9 one with
      the other, the chambers being charged with the pressure medium in a
      conventional manner not illustrated in detail.
PAR  In the illustrated position, the disc valves 5 respectively seal the lower
      valve seat 7, so that the communication between the chambers 8 and 9 is
      interrupted. If the pressure medium is introduced into the space 10
      located above each of the pistons 4, the valve cases 2 and 3 move
      downwardly, the disc valves free the valve seats, and the pressure
      chambers 8 and 9 are placed in communication with each other. The feed and
      discharge ducts of the pressure medium into and out of the chambers 8 and
      9 are not illustrated.
PAR  The pressure medium enters the spaces 10 above the pistons 4 through
      auxiliary control valves 11, which are controlled electromagnetically and
      arranged in a circuit 12, in which two switches 13 are disposed, as will
      be discussed below. Valves of the illustrated type are contained in the
      known monitoring device. They are employed for the control of hydraulic
      presses, for example, where perfect functioning of the valves is important
      in order to preclude injury to the operating personnel, for example. For
      this purpose, the two valve cases 2 and 3 are connected in parallel, so
      that even if one valve case should become inoperative due to a defect,
      proper functioning of the safety valve is still ensured. A prerequisite
      therefor is that the valve cases 2 and 3 are each moved in synchronism
      and, in the event that this synchronous movement is absent, a defect
      signal is triggered, which ensures that the operating equipment connected
      thereto, for example the hydraulic press, is made inoperative. The safety
      regulations stipulate that the press may not be put back into operation
      again until the defect in the valve or in the supply line thereto has been
      remedied.
PAR  In order to monitor the synchronous operation of the valve cases 2 and 3, a
      known monitoring method provides a monitoring device 14 which comprises
      primarily a magnetic bar 16 mounted on a torsion rod 15 and a permanent
      magnet designed as a soft-iron bridge 17. The permanent magnet has
      apertures 18 into which the extensions 19 of the valve stems 2a and 3a,
      which are of a magnetic material, extend. The magnetic bar 16 itself can
      have a configuration such that the extensions 19 sweep past the ends
      thereof. Alternately, it is also possible for this magnetic bar 16 to have
      holes, through which the extensions 19 can be extended, thereby being able
      to exert a stronger magnetic force. The magnetic bar 16 is held in
      position by a torsion bar 15 in such a manner that its axis of rotation is
      perpendicular to the direction of movement of the valve cases 2a and 3a.
      In the basic position shown, the magnetic bar 16 is held by the spring
      force of the torsion rod 15, on the one hand, and by the two plunger 20,
      on the other, under the influence of springs 21 which press the plungers
      20 against the magnetic bar 16, keeping the above mentioned switches 13 in
      the closed position.
PAR  If the operation of the safety valve is synchronous, the position of the
      magnetic bar 16 therefore remains unchanged. In the event of asynchronous
      operation, the magnetic bar 16 is rotated about the torsion rod 15 and
      swings either clockwise or counter-clockwise, actuating one of the
      switches 13 so that the auxiliary control valves 11 interrupt the supply
      of the pressure medium to the chambers 10, and the entire valve remains in
      the indicated position, in which the supply of pressure medium to the
      operating cylinder is interrupted.
PAR  It has been shown that, with this arrangement in which the axis of rotation
      of the magnetic bar 16 is perpendicular to the direction of movement of
      the extensions 19, the magnetic force distribution between the extensions
      19 and the magnetic bar 16 is poor insofar as the magnetic force curve
      peaks, which can be seen in detail from FIG. 5, where this force curve is
      indicated by a dash line. In this drawing, the stroke H of the valve cases
      is indicated on the abscissa and the magnetic force K occurring between
      the magnetic bar and the extensions is indicated on the ordinate.
PAR  With an arrangement in which, according to the known proposal, there is a
      hole in the magnetic bar through which the extensions are passed and in
      which it is assumed that the bottom edges of the extensions 19 are located
      generally at zero of the coordinate system, the magnetic force shown
      according to line 24 increases until it peaks, which occurs when the
      bottom edge of the extension 19 has reached the top edge 16a of the
      schematically indicated magnetic bar 16. Since in this known embodiment
      the magnetic bar 16 swings toward the abscissa, the indicated distance
      between zero and the top edge 16a of the magnetic bar is necessary to
      permit the swing. The qualitatively indicated magnetic force curve shows
      that the magnetic forces decline again after reaching this peak. As a
      result, with rapid stroke motions, the inertial forces of the magnetic bar
      16 are too great to permit it to react. If, during a swing, the magnetic
      bar 16 then moves distance a in a direction opposite to the direction of
      movement of the valve cases, there is a loss of force, as the peak is
      shifted, which corresponds generally to the perpendicular distance between
      points 25 and 26.
PAR  In order to remedy this situation, according to the invention and as shown
      in FIGS. 2, 3, and 4, it is proposed that the axis of rotation 27 of the
      magnetic bar 28, which corresponds to the course of the torsion rod 15 in
      the illustrated example, be disposed parallel to the direction of movement
      29 of the extensions 19 of the valve cases. In addition, recesses 30,
      which are matched to the dimensions of the extensions 19, are provided in
      both ends of the magnetic bar 28. As shown in FIG. 4, the magnetic bar
      itself has a generally rectangular cross section, with side 31, which is
      located in the direction of movement of the extensions 19, being
      significantly greater than side 32. In this manner it is possible to make
      side 31 just large enough to correspond to the stroke of the extensions
      19. As will be explained below on the basis of FIG. 5, it is then possible
      to utilize the entire stroke for increasing the magnetic force, without
      however the inertial forces of the magnetic bar 28 becoming too great.
PAR  Disposed on both ends of the magnetic bar 28 are horseshoe magnets 33,
      whose poles 33a and 33b are bridged by soft-iron members 34. These
      soft-iron members 34 can also have recesses 34a which are matched to the
      dimensions of the extensions 19. This provides a good magnetic circuit. In
      this connection, it should be noted that while the recesses 30 of the
      magnetic bar 28 are matched to the dimensions of the extensions 19, they
      are designed in such a manner that the necessary clockwise or
      counter-clockwise switching path of the magnetic bar 28 can be travelled,
      without the magnetic bar 28 striking the extensions 19. In addition, also
      provided in a known manner are the plungers 20, which are in a contacting
      relationship with the magnetic bar 28 and which ensure that the electrical
      circuit 12 (FIG. 1) is interrupted when the magnetic bar 28 swings.
PAR  FIG. 5 shows that the magnetic force increases steadily with the
      arrangement according to the present invention. Also indicated by way of
      explanation is the side 31 of the cross section of the magnetic bar 28
      which extends parallel to the direction of movement of the extensions 19
      and thus in the direction of the abscissa (and with it stroke H). The
      magnetic force increases generally linearly until the end of the cross
      section of the magnetic bar 28 has been reached. This ensures that the
      magnetic force does not decline, even with rapid stroke motions, thus
      ensuring dependable actuation by the magnetic bar. In addition, the
      embodiment according to the present invention also provides the advantage
      that the exerted magnetic force increases even more when the magnetic bar
      28 swings, as indicated by the amount b, which results primarily from the
      reduction of the air gap during the swing motion.
PAR  The present invention thus provides an advantageous development of the
      subject matter of the prior proposal that permits the employment of
      magnetic monitoring devices with rapidly moving valves and, additionally,
      also provides a possibility for increasing the switching forces exerted by
      the magnetic bar 28 so that power switches which require greater forces
      for their actuation can also be properly tripped.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It should therefore be
      understood that within the scope of the appended claims, the invention may
      be practised otherwise than as specifically described.
CLMS
STM  Having thus fully disclosed my invention, what I claim is:
NUM  1.
PAR  1. A device for monitoring the relative position of synchronously moved
      control elements, especially for monitoring the movement in a
      predetermined direction of movement of two valve cases in safety valves
      controlling a pneumatic or hydraulic drive, comprising a first member of
      magnetic material fixedly disposed at each of the valve cases, each first
      member being disposed proximate to a corresponding free end of a pivotally
      mounted magnetic bar whose basic position is aligned with said valve
      cases, said magnetic bar having an axis of rotation which is disposed
      parallel to said direction of movement, and means for magnetically
      influencing said magnetic bar responsive to asynchronous movement of said
      valve cases such that a signal is triggered for making said drive
      inoperative when said magnetic bar is swivelled out of said basic
      position.
NUM  2.
PAR  2. The device according to claim 1, in which the ends of said magnetic bar
      have recesses which face the valve case members of magnetic material on
      the valve cases.
NUM  3.
PAR  3. The device according to claim 2, in which said recesses are matched to
      the dimensions of the valve case members of magnetic material.
NUM  4.
PAR  4. A device according to claim 1, wherein said magnetic bar has a generally
      rectangular cross section, with a side extending parallel to the axis of
      rotation which side is significantly larger than a side extending at right
      angles to said axis of rotation.
NUM  5.
PAR  5. A device according to claim 1, wherein said magnetic means includes
      horseshoe magnets disposed at ends of said magnetic bar.
NUM  6.
PAR  6. The device according to claim 5, in which the poles of the two horseshoe
      magnets disposed at the ends of said magnetic bar are bridged by soft-iron
      members.
NUM  7.
PAR  7. The device according to claim 6, in which said soft-iron members have
      recesses which are matched to the dimensions of the magnetic members on
      the valve cases.
NUM  8.
PAR  8. A device according to claim 1, wherein said valve cases are
      symmetrically arranged with respect to said first member of magnetic
      material.
NUM  9.
PAR  9. A device according to claim 1, wherein said magnetic bar is operatively
      connected to trigger means for triggering said signal to make said drive
      inoperative in response to said swivelling of said magnetic bar.
NUM  10.
PAR  10. A device according to claim 9, wherein said pivotal magnetic means is
      operatively connected to said trigger means via spring-biased plunger
      means.
NUM  11.
PAR  11. A device for monitoring the relative positions of movable control
      means, especially movable valve means in a safety valve for controlling a
      pneumatic or hydraulic drive, said device comprising:
PA1  at least two movably mounted valve means each having a free valve means end
      movable in a given direction of movement,
PA1  pivotally mounted magnetic means having a free magnetic means end disposed
      proximate to each of said free valve means ends,
PA1  wherein the pivotal axis of said magnetic means extends substantially
      parallel to the direction of movement of said free valve means ends, and
PA1  means for magnetically influencing said pivotally mounted magnetic means
      responsive to asynchronous movement of said valve means such that a signal
      is triggered for making said drive inoperative when said pivotally mounted
      magnetic means is pivoted.
NUM  12.
PAR  12. A device according to claim 11, wherein said pivotal magnetic means is
      operatively connected to trigger means for triggering said signal to make
      said drive inoperative in response to pivotal movement of said magnetic
      means.
NUM  13.
PAR  13. A device according to claim 12, wherein each movable valve means has a
      portion spaced from said free end thereof which portion controls pressure
      chamber means.
NUM  14.
PAR  14. A device according to claim 12, wherein said pivotal magnetic means is
      operatively connected to said trigger means via spring-biased plunger
      means.
NUM  15.
PAR  15. A device according to claim 11, wherein each of said free ends is a
      member of magnetic material.
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PAL  What follows is a description of a unique arrangement forming safety
      equipment for installations containing a medium under pressure. The safety
      equipment includes a wall of the installation whose thickness is reduced
      in a predetermined region relative to the remaining region of the wall and
      an element disposed within the installation which extends over and beyond
      the reduced thickness region of the installation wall. The element is
      provided with bulges at its ends which define along with the inner surface
      of the installation wall a reduced flow cross section. This reduced flow
      cross section is chosen so that the pressure prevailing during normal
      operation in the space defined by the inner surface of the installation
      wall and that portion of the element between the bulges is the same as the
      pressure prevailing in the installation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to safety equipment for installations
      containing a medium under pressure.
PAR  Safety equipment for installations containing a medium under pressure is
      widely used in technology. It is used, for example, in high pressure
      technology, in container technology, in chemical technology and also in
      nuclear reactor technology. In nuclear reactor technology, such equipment
      is used especially for gas-cooled reactors, high temperature reactors,
      liquid cooled reactors and also for reactor pressure lines and reactor
      pressure vessels.
PAR  This safety equipment is intended to reduce and to limit to a predetermined
      area any immediate effects of damage which can occur due to the bursting
      of pressure installations bulkheads.
PAR  Safety equipment of the above-described type, intended to guarantee that
      the fluid stream occasioned by the escape of the pressurized medium from
      the installation is limited to a minimum, has been proposed in different
      embodiments. Thus, for example, safety equipment used in the live steam
      lines of boiling water reactors and designated as "flow limiter" is known.
      This device is developed as a nozzle, especially as a veturi, and is to be
      disposed in a steam boss of the reactor pressure vessel. In this way the
      rate of pressure reduction in the neclear reactor due to line ruptures
      outside of the reactor is reduced. In order to further reduce the rate of
      the pressure reduction in the reactor, it has been additionally proposed
      to provide rapidly closing reflex flaps in the lines. The disposition of
      such flow limiters have proven successful in prolonging the duration of
      the pressure drop, during a case of damage, so that a pressure drop of
      from 70 atmospheres to 15 atmospheres required approximately 150 seconds.
      As a result, damage to the fuel elements was avoided. However, when such
      flow limiters are used with boiling water reactors, the resulting cross
      sectional reduction also limits the flow of the cooling medium from the
      reactor pressure vessel. The consequence of this is that it is impossible
      to increase the effect of a flow limiter by reducing the flow cross
      section to be limited. The flow cross section must be at least large
      enough so that under the condition of the highest possible velocity, i.e.
      the velocity of sound, the mass flow rate of the normal cooling medium can
      still pass through the limited flow cross section. Furthermore, when flow
      limiters are used, the necessary deceleration of the pressurized medium
      which is accelerated up to the limiting flow cross section, brings with it
      unavoidable losses. A reduction of the limiting flow cross section, which
      is desirable in order to increase the effectiveness of the safety
      equipment, is therefore not possible at all or not in the desired measure.
      If this safety equipment is used during a disturbance, then the stream
      passing through the flow limiter can be reduced to the value of the normal
      stream passing through the pressure line only if considerable energy
      losses are accepted. It is not possible to reduce the value of this steam
      below the normal value.
PAR  In other know safety equipment, which is used especially in pipe lines, it
      is provided that in a particular predetermined section of the pipe line
      two coaxially disposed pipes are provided whose walls are dimensioned for
      the full pressure difference. The space between the inner and outer pipe
      is filled with a medium that is under such pressure that the inner pipe is
      pressure relieved in normal operation, whereas the outer pipe carries the
      full pressure. In this way, losses are eliminated when rupture of the
      outer pipe occurs because the full pressure is taken over the inner pipe.
      The design is such that the pressure is maintained for a predetermined
      period of time. What is disadvantageous in the use of this safety
      equipment is that it is necessary to provide connections between the inner
      and outer pipes. Because of this, tensile stresses are created between the
      two pipes. These stresses are generated during manufacture of they occur
      because of the forces developed during installation. They can also be
      caused through changes which occur in the outer mounting conditions, for
      example, by long term creep or construction settling, or they can be
      caused by temperature fluctuations. Added to this is the fact that forces,
      for example, pressure forces, exerted on one line, can produce forces in
      the other line. If the pressure control fails, the pressure pad which
      loads the inner line can produce stresses between the two lines.
PAR  If this known safety equipment is used in hot gas lines, then further
      limitations accrue from the generated internal stresses. Furthermore, even
      in the most general case, when the inner pipe is designed with due
      consideration for all the possible loads that can occur in an emergency,
      further difficulties accrue because of the devices and compensators that
      must be provided. Required checks or tests of the inner line are
      furthermore possible only with considerable effort, if at all.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide safety equipment
      without the above noted difficulties.
PAR  It is another and more specific object of the present invention to provide
      safety equipment by means of which the size of the damaged area in a
      pressure-bearing wall of a pressurized installation is held within narrow
      limits by means of which the damaged area occurring as a result of a
      failure is maintained within a predetermined region and by means of which
      the flow cross section of the fluid stream flowing out through the damaged
      area is limited to a value that can be as small as desired.
PAR  It is still another object of the present invention to provide safety
      equipment which additionally protects other installations disposed within
      the pressure region from supplementary loads which might occur during
      failure.
PAR  These and other objects are achieved according to the present invention by
      the provision of equipment of the above designated type in that the wall
      thickness of the installation is reduced in a predetermined region with
      respect to the remaining region thereof, and that within the installation
      there is provided an element which extends over and beyond the reduced
      thickness region of the installation wall and which has bulges at its
      edges that reduce the flow cross section through which the pressurized
      medium flows in the event of damage to the installation wall at the
      reduced thickness region thereof. The cross section formed by the bulges
      and the inner surface of the installation wall is chosen so that the
      pressure prevailing during normal operation in the space defined by the
      inner surface of the installation wall and that portion of the element
      between the bulges is the same as the pressure prevailing in the
      installation.
PAR  An advantage of the present invention results in that the wall of the
      installation and the wall covering the potential damage location are not
      normally in contact so that no forces can be transmitted from one wall to
      the other.
PAR  It is a further advantage of the present invention in that the wall
      extending over the damage location does not experience any external
      loading unless actual damage occurs.
PAR  In an installation according to the present invention, the flow cross
      section formed between the bulges and the inner surface of the
      installation wall characterizes the magnitude of the losses occurring
      during an escape of the pressurized medium. The losses occurring in case
      of damage can therefore be held to a minimum. Since the size of the
      intermediate location formed by the bulges and the inner surface of the
      installation wall can also be largely limited by taking into consideration
      the dimensioning of the installation and the safety element, the volume of
      the pressurized medium in the intermediate location is also limited. In
      this way the damage itself in the damage area is limited.
PAR  It can be suitable according to the present invention to provide grooves in
      the bulges which serve to increase the flow cross section for the
      pressurized medium.
PAR  The sizing of the safety installation according to the present invention
      proceeds in such a way that deformations which can occur due to loading
      shall have no influence on internal structure parts. This can be
      accomplished in such a way that damage-secure regions are provided between
      two or more safety elements lying close to each other at a small distance.
      The end bulges and the volume defined by these bulges and by the inner
      surface of the installation wall, as well as the volume defined by the
      inner surface of the installation wall and that portion of the element
      between the bulges, are dimensioned in such a way that during any
      foreseeable position changes of the damage-secure regions of the pressure
      wall of the installation, no mutual stresses can occur between the wall
      extending over the potential damage region and the pressure wall, even in
      case of damage. The rigidity of the wall extending over the potential
      damage region can be chosen in a simple manner by considering the material
      to be used and by a corresponding dimensioning, in view of the loading, in
      case of damage, which is given by the pressure prevailing in the
      installation and in the pressure reduction in the space formed by the
      inner surface of the installation and the internal element. If the
      foreseeable loading of the internal element becomes so large that
      deformations would be unavoidable, then several elements according to the
      present invention are disposed one behind the other or next to each other.
PAR  It has been shown that the speed of the pressure reduction, when the safety
      equipment according to the present invention is used, is up to 1000 times
      slower under identical conditions than when previously used flow-limiters
      are employed.
PAR  A further significant advantage in the use of the safety equipment
      according to the present invention consists in that the damage location in
      the potential damage region was smaller by several powers of ten than in
      those cases where the safety equipment according to the present invention
      was not used.
PAR  Further advantages consist in that the safety equipment according to the
      present invention can be very simply tested by optical instruments, by
      X-rays, or by ultrasonic means. Its simple construction is advantageous
      because the evidence of stresses and of deformations in case of damage is
      easily surveyable.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing there are shown five exemplary embodiments of the invention
      which are described further below.
PAR  FIG. 1 is a schematic layout illustrating the safety equipment of the
      present invention partially in cross section.
PAR  FIG. 2 is a partial cross sectional view illustrating an exemplary
      disposition of the safety equipment in a coaxial pipe line.
PAR  FIG. 3 is a partial cross sectional view illustrating a sequential
      disposition of several units of safety equipment in one pressure line.
PAR  FIG. 4 is a partial cross sectional view illustrating the disposition of
      the safety equipment in an elbow pipe.
PAR  FIG. 5 is a partial cross sectional view illustrating the disposition of
      several units of safety equipment in a pressure vessel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As can be seen from the various figures, the safety equipment according to
      the present invention is formed by reducing the cross section of the
      pressure wall 2 of a pressurized installation thereby resulting in a
      region 1. The reduced cross sectional region 1 is provided so that in case
      of damage, the damage location lies in region 1. Thus wall 2 aside from
      region 1 as made burstproof. Within the installation there is disposed an
      element such as a wall 3 or plate or the like which extends over and
      beyond the region 1. The two ends or rims of the wall 3 are equipped with
      bulges 4. The wall 3 does not made contact with the pressure bearing wall
      2, and as a result, the wall 2 and bulges 4 define a flow cross section 5,
      while the portion of the wall 3 between the bulges 4 and the wall 2 define
      a space 6. During normal operation, the spacing between the bulges 4 and
      the wall 2 is calculated so that the flow cross section 5 which determines
      the magnitude of the flow of the medium contained in and escaping from the
      installation in case of damage is made as small as possible. Also during
      normal operation, the space 6 contains the same pressure as prevails
      within the installation. In order to guarantee as good a match as possible
      of the flow cross sections to the prevailing conditions, for example, in
      order to insure the effectiveness of the flow cross sections even in the
      case of thermal expansion then it is suitable to provide grooves 7 in the
      bulges 4 of the wall 3.
PAR  The exemplary embodiment shown in FIG. 2 shows the installation of safety
      equipment according to the present invention in a coaxial pipe line, for
      example, one intended for a cold gas stream 8 and a hot gas stream 9. The
      coaxial pipe line is formed by the pressure pipe 2 and the separation pipe
      2a. This coaxial line is shown to have a stud 10 connected to a pressure
      container 11 and an armored section 12 connected with a pre-stressed
      concrete container 13. If, as shown, the pipe line is relatively short,
      then the wall of the pressure pipe 2 can have, over its entire length, a
      cross section which is so small that in case of damage the wall of the
      pipe line 2 bursts. As is commonly done, the pipe line 2 is provided with
      a compensator 14. The wall 3 which covers the pootential damage region is
      in this case tubular so that the bulges 4 lie opposite the stud 10 and the
      armored pipe 12. The tubularly developed wall 3 lies free and unattached
      within the pressure pipe 2 and is held in its axial direction with little
      play by positioning elements 15. Inspection and tests are easily possible,
      as shown in FIG. 2, through access 16.
PAR  As can be seen in FIG. 3, for long pipe lines, the pressure line 2 can
      suitably be interrupted with burstproof intermediate locations 17 which
      are stressed by a plurality of tensioning elements 18 for th purpose of
      increasing the bursting security. In order to deal with axial stresses,
      tensioning means 19 are provided between the burstproof intermediate
      location 17 which act in the axial direction. The tubular walls 3 which
      extend over the potential damage locations are dimensioned so that the rim
      bulges 4 lie in each case in the region of the burstproof intermediate
      regions 17.
PAR  If an elbow 20 is provided, as shown in FIG. 4, then the elbow 20 is
      developed suitably so that it is burstproof, whereas the walls of the
      straight line sections of the pipe line have a wall thickness which is
      either partially or completely so dimensioned such that in case of damage,
      the damage location will occur in them rather than in the elbow. The walls
      3 which extend over the potential damage locations are therefore disposed
      in that region of the pipe line.
PAR  In FIG. 5 there is shown in exemplary embodiment in which cylindrical
      collars 21 are provided between the region 1 of reduced cross section. The
      region 1 has a tubularly developed wall 3 extending over its length such
      that the rim bulges 4 lie in the region of the cylindrical collars 21. The
      lid and bottom of the installation also have regions 1 with reduced cross
      section lying between annular collars 22. In this case the walls 3a which
      extend over the potential damage locations are developed as plates so that
      the bulges 4, disposed at their rims, lie in the region of the annular
      collar 22. The burstpoof regions, as also shown in FIG. 5, are stressed
      for increased security by means of tensioning elements 18 and by means of
      axial tensioning means 19.
PAR  The advantageous effects of the measures according to the present invention
      become apparent when observing the damage which can occur in a piping
      system similar to that of the exemplary embodiments of FIGS. 1 and 2. In a
      test installation the pressure wall 2 was made of mild steel 17 Mn4
      (1.0844) with an outer diameter of 1044 mm and a wall thickness of 20 mm.
      The diameter of the wall 3 which was made of the same mild steel was 990
      mm with a wall thickness of 30 mm. The bulges 4 had a height and a radius
      of about 4 mm. The length of the reduced region 1 in the circumferential
      direction of the wall 2 was about 50 mm.
PAR  The piping system was enveloped with helium at a pressure of 40 bar. Thus a
      pressure of this magnitude was present in the regions 8, 7, 6 and 5 of the
      pressurized installation before the damage occurred. The helium as well as
      the walls 2 and 3 were at a temperature of 250.degree.C.
PAR  The damage consisted in bursting of the wall 2. At the beginning of the
      subsequent pressure equalization process, which lasted several minutes,
      the pressure in the regions 5 and 7 measured at 20 bar, in the space 6 at
      1 to 2 bar, and at the damage site itself the pressure was 1 bar. The
      damage area in the pipe having the wall 2 after the damage occurred was
      not larger than about 200 cm.sup.2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Safety equipment for installations containing a medium under pressure,
      including a wall of the installation the thickness of which is reduced in
      a predetermined region relative to the remaining region of the wall, and
      an element disposed within the installation which extends over and beyond
      said reduced thickness region, said element having bulges formed at its
      ends which define along with the inner surface of the installation wall a
      reduced flow cross section through which the pressurized medium flows in
      the event of damage to the installation wall at the reduced thickness
      region thereof, said reduced flow cross section being chosen so that the
      pressure prevailing during normal operation in the space defined by the
      inner surface of the installation wall and that portion of said element
      between said bulges is the same as the pressure prevailing in the
      installation.
NUM  2.
PAR  2. The safety equipment as defined in claim 1, wherein said bulges are
      provided with grooves thereby serving to increase the flow cross section
      for the pressurized medium.
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ABST
PAL  An apparatus for manufacturing corner springs which comprises a pair of
      spring leg-forming mechanisms for folding both ends of a wire several
      times to provide spring legs at said ends; a pair of heat-treating devices
      for heat-treating a wire having spring legs formed at both ends; and a
      pair of spring leg-bending mechanisms for bending the heat-treated spring
      legs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for manufacturing corner springs
      used with the spring structure of a mattress. The spring structure of a
      mattress is constructed by folding both ends of a plurality of wires 11
      several times, as illustrated in FIG. 1, to form spring legs 12 at said
      ends, and bending the spring legs 12 in such direction as causes the
      spring legs 12 to be aligned with the corner sections of the spring
      structure. These spring legs 12 are used with the spring structure to
      prevent the corner sections thereof from being deformed and also to
      reinforce said corner sections.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide an apparatus for automatically
      manufacturing the above-mentioned corner springs of the mattress spring
      structure. The apparatus of this invention for manufacturing said corner
      springs comprises a pair of wire-folding mechanisms for folding both ends
      of a wire several times to provide spring legs at said ends; a pair of
      heat-treating devices for heat-treating a wire having spring legs formed
      at both ends; and a pair of spring leg-bending mechanisms for bending the
      heat-treated spring legs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an oblique view of corner springs formed at both ends of a wire;
      and
PAR  FIGS. 2 to 12 jointly indicate the various divisions of a corner
      spring-manufacturing apparatus according to an embodiment of this
      invention:
PAR  FIGS. 2A and 2B are a plan view of the whole apparatus;
PAR  FIG. 3 is a side view of the whole apparatus;
PAR  FIG. 4 is a side view of the wire-clamping section of a spring-forming
      mechanism;
PAR  FIG. 5 is a plan view of the wire-folding device of the spring leg-forming
      mechanism;
PAR  FIG. 6 is a side view of the wire-folding device of the spring leg-forming
      mechanism;
PAR  FIG. 7 is a plan view of the heat-treating device of the subject apparatus;
PAR  FIG. 8 is a front view of said heat-treating device;
PAR  FIG. 9 is a side view of said heat-treating device;
PAR  FIG. 10 is a plan view of a spring leg-bending mechanism;
PAR  FIG. 11 is a front view of said spring leg-bending mechanism; and
PAR  FIG. 12 is a side view of said spring leg-bending mechanism;
PAR  FIG. 13 is a plan view of a wax-applying device; and
PAR  FIG. 14 is a side view of said wax-applying device.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  There will now be described with reference to the appended drawings a
      corner spring-manufacturing apparatus according to an embodiment of this
      invention. FIG. 2 is a plan view of the main part of the subject apparatus
      and FIG. 3 is a side view thereof. As seen from these figures, the main
      part of the subject apparatus comprises a spring leg-forming mechanism 21,
      a heat-treating device 22 and a spring leg-bending mechanism 23. All these
      processing divisions 21, 22, 23 are arranged in the order mentioned as
      counted from that side of the subject apparatus to which a corner spring
      wire 24 is supplied. If necessary, a wax-applyiing device 101 shown in
      FIGS. 13 and 14 is provided after the spring leg-bending mechanism 23. A
      plurality of wires 24 are first brought one after another at right angles
      to the spring leg-forming mechanism 21 at a prescribed time interval. Each
      wire 24 has its shape put in order by passing, as shown in FIG. 3, between
      a feed table 25 and a spacing attachment 26. When a cylinder 27 is
      operated, a lifting member 27a whose top plane is inclined downward toward
      the spring leg-forming mechanism 21 moves vertically to feed one wire each
      time to said mechanism 21. The wire-feeding mechanism, spring leg-forming
      mechanism 21, heat-treating device 22, and spring leg-bending mechanism 23
      are built on the floor in a cascade fashion in the order mentioned. The
      wire 24 gravitationally rolls down to the spring leg-forming mechanism 21,
      the heat-treating device 22 and spring leg-bending mechanism in
      succession.
PAR  The spring leg-forming mechanism 21 comprises a pair of wire-folding
      devices 29 adjustably spaced from each other according to the length of a
      wire 24 being processed, and a wire-clamping means 28 placed between said
      wire-folding devices 29. The wire-clamping means 28 is constructed as
      shown in FIG. 4. Namely, this wire-clamping means 28 has an upper plate 30
      bored with a penetrating hole 31 and a swingable lever 32 which swings
      toward the wire 24 through the penetrating hole 31 with the upper end of
      the lever 32 positioned above the upper plate 30. The lower end of the
      swingable lever 32 is fitted with a cylinder 33 for driving said lever 32.
      The piston of the cylinder 33 causes the lever 32 to swing about a pivotal
      shaft 32a. A wall 34 is erected on the upper plate 30 at such a point as
      faces the projecting upper end of the swung lever 32. When the lever 32 is
      swung upright by the action of the cylinder 33, then the intermediate
      portion of the wire 24 is clamped between the wall 34 and the upper end of
      the lever 32.
PAR  There will now be described by reference to FIGS. 5 and 6 one of the paired
      wire-folding devices 29 provided on both sides of the wire-clamping means
      28 which consists of three wire-folding units 29a, 29b, 29c linearly
      arranged in the axial direction of the wire 24. A base plate 36 (FIG. 6)
      is fitted with a drive device 37. The upper portion of a rotatable
      vertically moving shaft 38 operated by said drive device 37 projects above
      the base plate 36. A cylindrical member 39 is fixed to the periphery of
      the rotatable vertically moving shaft 38. A circular receiver plate 40 is
      mounted on the cylindrical member 39. The upper end of said shaft 38
      passes upward through the central portion of the receiver plate 40. A
      wire-folding member 41 provided with a projection 41a is fitted to the
      receiver plate 40 slightly apart from the central portion thereof. The
      projection 41a of the wire-folding member 41 is positioned on the receiver
      plate 40, and the lower part of the wire-folding member 41 penetrates the
      receiver plate 40 to be fixed to the cylindrical member 39 by a screw 42
      passing through the receiver plate 40. Thus the receiver plate 40 is fixed
      to the cylindrical member 39 by the wire-folding member 41 and screw 42.
      The receiver plate 40 is lifted through the penetrating hole 44 of the
      upper plate 43 together with the shaft 38 of the drive device 37 and
      cylindrical member 39 and, when fully lifted, is set flush with the
      surface of the upper plate 43. The upper plate 43 is so positioned as to
      face the base plate 36. Aside of the wire folding member 41 is disposed a
      wire-contacting shaft 45, which is slidably held in a supporting cylinder
      46 fixed to the upper plate 43. An interlocking shaft 47 is fixed at one
      end to the wire-contacting shaft 45 to move it vertically simultaneously
      with the similar movement of the cylindrical member 39. The other end of
      the interlocking shaft 47 passes through an elongate hole 48 to project
      toward the cylindrical member 39 and is further disposed between a stepped
      portion 49 formed on the periphery of the cylindrical member 39 and an
      engagement ring 52 fixed to the periphery of the cylindrical member 39 by
      means of tightening rings 50, 51. The cylindrical member 39 is moved
      upward in abutment with the stepped portion 49 and downward in contact
      with the engagement ring 52, thereby effecting the simultaneous movement
      in both ways of the wire-contacting shaft 45.
PAR  A linear wire 24 which has gravitationally rolled off the feed table 25 to
      be supplied to the spring leg-forming mechanism 21 is first brought into
      contact with a stop member 20 and then clamped between the upper end of
      the rotatable vertically moving shaft 38 and the projection 41a of the
      wire-folding member 41. When the shaft 38 is rotated through a prescribed
      angle by the drive device 37, then the cylindrical member 39 and receiver
      plate 40 rotate jointly with the shaft 38. As the result, the projection
      41a of the wire-folding member 41 on the receiver plate 40 is rotated
      through a prescribed angle. Rotation of the projection 41a causes the end
      portion of the wire 24 clamped between said projection 41a and shaft 38 to
      be folded, for example, through an angle of about 180.degree. starting
      with the clamped portion. In this case, the wire-contacting shaft 45
      prevents the central portion of the wire 24 from being flexed. Each of the
      paired wire-folding devices 29 consists of three wire-folding units 29a,
      29b, 29c linearly arranged in the axial direction of the wire 24.
      Referring to one of the paired wire-folding devices 29 shown, for example,
      on the left side of FIG. 2, the three wire-folding units 29a, 29b, 29c
      constituting said wire-folding device 29 which are linearly arranged in
      the order mentioned as counted from the left end of the corner
      spring-manufacturing apparatus are put into operation in succession.
      Namely, one end of the wire 24 is clockwise folded through an angle of
      almost 180.degree. by the wire-folding unit 29a, counterclockwise folded
      through an angle of almost 180.degree. by the wire-folding unit 29b and
      clockwise folded through an angle of almost 180.degree. by the
      wire-folding unit 29c. On the other hand, the three wire-folding units
      29a, 29b, 29c constituting the wire-folding device on the right side of
      the aforesaid apparatus carry out the folding of the wire 24 in exact
      symmetry. Namely, the other end of the wire 24 is first counterclockwise
      folded by the wire-folding unit 29a, clockwise folded by the wire-folding
      unit 29b and finally counterclockwise folded by the wire-folding unit 29c,
      in all cases through an angle of almost 180.degree.. Thus, a spring leg
      24' consisting of, for example, three foldings of the wire 24 is provided
      at both ends thereof, as illustrated in FIG. 1. Before the second folding
      of the wire 24 is carried out by the wire-folding unit 29b after
      completion of the first folding of the wire 24 by the wire-folding unit
      29a, it is necessary to remove the wire from between the rotatable
      vertically moving shaft 38 of the drive device 27 and the projection 41a
      of the wire-folding member 41. To this end, said shaft 38 descends to its
      original position by being rotated in the opposite direction, causing the
      cylindrical member 39, receiver plate 40 and projection 41a to be brought
      down simultaneously so as to remove the wire 24 from between said shaft 38
      and projection 41a. At this time, the interlocking shaft 47 is pushed
      downward by the stepped portion 49 of the cylindrical member 39, and in
      consequence the wire-contacting shaft 45 is also let to fall so as to set
      the upper end portion thereof apart from the side of the wire 24. The
      above-mentioned descent of the associated members also takes place in the
      wire-folding units 29b, 29c. The descent of the associated members of all
      the three wire-folding members 29a, 29b, 29c is repeated until the spring
      leg 24' is fully formed. Upon receipt of a signal denoting the completed
      formation of said spring leg 24', the rotatable vertically moving shaft 38
      is lifted ready for the folding of a succeeding wire 24. When the
      three-times folding of the wire 24 at both ends thereof is brought to an
      end at the wire-folding unit 29c, then the shaft 38 and the projection 41
      are brought down. The wire 24 which is now not held by any engaging member
      gravitationally rolls down to the succeeding heat-treating device 22.
      Where it is desired to form a spring leg 24' of a larger number of wire
      foldings, it is advised to provide more wire-folding units accordingly.
PAR  There will now be described by reference to FIGS. 7 to 9 one of a pair of
      heat-treating devices 22. A wire-folding member 54 is mounted on an upper
      plate 53. A swingable rod 55 is supported on the wire-folding member 45 by
      means of a pivotal shaft 56. A shaft 58 penetrates an insulation member 57
      (FIG. 9) at one vertically moving end of the swingable rod 55. A movable
      electrode 59 is supported on the shaft 58 with insulation members 60, 61,
      62 disposed between said electrode 59 and swingable rod 55. In this case,
      the movable electrode 59 consists of its body 63 and a detachable member
      64 disposed below said body 63. A stationary electrode 65 is fixed on the
      upper plate 53 so as to face the underside of the movable electrode 59.
      Insulation members 66, 67 are provided between the upper plate 53 and
      stationary electrode 65. An operable member 69 is fitted to the other end
      of the swingable rod 55 by a penetrating shaft 68. A cylinder 71 is
      disposed below said operable member 69. A movable member 70 driven by said
      cylinder 71 is pressed against the underside of the operable member 69.
      The movable member 70 of the cylinder 71 causes the other end of the
      swingable rod 55 to be swung upward together with the operable member 69.
      The cylinder 71 has its lower end portion supported by a shaft 75 between
      a pair of support plates 72, 73.
PAR  The spring leg 24' brought to the heat-treating device 22 constructed as
      described above has its end placed between the movable electrode 59 and
      stationary electrode 65 provided at one end of the swingable rod 55.
      Thereafter when the cylinder 71 is lifted, the movable member 70 thereof
      pushes the operable member 69, causing the other end of the swingable rod
      55 to be swung upward, and in consequence said one end thereof to be
      brought down. As the result, the end of the spring leg 24' is clamped
      between the movable electrode 59 and stationary electrode 65. At this
      time, electric current is introduced through the wire 24 for heat
      treatment. The spring leg 24' is held between the movable electrode 59 and
      stationary electrode 65 of each of the paired heat-treating devices 22. A
      common power source is connected to the paired movable electrodes 59. Each
      heat-treating device 22 is provided with a stop member 76 to bring the
      wire 24 to rest at a prescribed position. Upon completion of heat
      treatment, the stop member 76 is released from the wire 24, causing the
      spring leg 24' to be gravitationally brought down to the spring
      leg-bending mechanism 23.
PAR  Like the heat-treating devices 22, the spring leg-bending mechanisms 23 are
      horizontally provided in pairs on both sides of the subject corner
      spring-manufacturing apparatus. There will now be described with reference
      to FIGS. 10 to 12 one of the paired spring leg-bending mechanisms 23. A
      pair of parallel support rails 77, 78 are laid lengthwise of a stationary
      plate 79. A pair of parallel guide rails 80, 81 are mounted on said
      support rails 77, 78. A pair of parallel slide rails 83, 84 are fixed to
      the underside of a side plate 82. The slide rails 83, 84 are supported on
      the support rails 77 in engagement with the guide rails 80, 81. This
      arrangement enables the slide plate 82 to slide lengthwise of the spring
      leg-bending mechanism 23 while being guided by the guide rails 80, 81. A
      drive cylinder 85 is connected to the slide plate 82. An upward projecting
      support plate 86 is set up on the slide plate 82. This projecting support
      plate 86 is fitted with a rotatable drive device 87, the rotary shaft 88
      of which extends ahead of the support plate 86 positioned at right angles
      to the travelling direction of the slide plate 82. A plate member 89 is
      fixed to the outward extending portion of the rotatable drive device 87.
      The plate member 89 is fitted with a pair of horizontally parallel roller
      shafts 90, 91 which extend ahead of the plate member 89. One roller shaft
      90 is provided concentrically with the rotary shaft 88 of the rotatable
      drive device 87. A wire stop plate 92 positioned on one side of a space
      between the roller shafts 90, 91 is fixed to the support plate 86 by a
      pair of shafts 93, 94. A wire guide plate 95 is provided in a manner to
      extend from the other side of a space between the roller shafts 93, 94 to
      the rotatable drive device 87. The top plane of the wire guide plate 95 is
      set flush with the upper peripheral portion of the lower roller shaft 91.
      The wire guide plate 95 is mounted on a support plate 86a. One end of the
      stationary plate 79 is provided with a stop member 96 to restrict the
      travelling range of the slide plate 82.
PAR  The spring leg 24' is brought down exactly on the wire guide plate 95.
      Thereafter when the cylinder 85 is driven, the slide plate 82 travels
      toward the stop member 96. The rotatable drive device 87 and roller shafts
      90, 91 are also moved in the same direction jointly with the slide plate
      82. Accordingly, the spring leg 24' is placed between the paired roller
      shafts 90, 91. The slide plate 82 is brought to rest by the stop member 96
      with the end of the spring leg 24' pressed against the wire stop plate 92.
      Thereafter the rotatable drive device 87 is put into operation, causing
      the plate member 89 to rotate jointly with the rotary shaft 88 of said
      drive device 87. One roller shaft 90 concentrically disposed with the
      rotary shaft 88 rotates at a fixed position, whereas the other roller
      shaft 91 revolves, as shown by the arrow a, about said one roller shaft 90
      while rotating. As the result, the spring leg 24' placed between the
      paired roller shafts 90, 91 is bent to provide a finished corner spring.
      The spring leg-bending mechanisms 23 constructed as described above are
      horizontally provided in pairs on both sides of the subject corner
      spring-manufacturing apparatus. Each spring leg-bending mechanism 23 is
      provided, as shown in FIG. 2, with a stop member 97. Upon completion of
      the bending, the spring leg 24' is released from the stop member 97 and
      the finished corner spring is gravitationally drawn out of the subject
      apparatus.
PAR  The corner spring thus fully bent is subjected, if necessary, to wax
      treatment in order to be rendered rustproof. A wax treatment vessel 101 is
      constructed as illustrated, for example, in FIGS. 13 and 14. The wax
      treatment vessel 101 is positioned obliquely below the spring leg-bending
      mechanism 23. A corner spring brought down from the spring leg-bending
      mechanism 23 passes over a wire guide 98 and then guide plates 102
      provided in the wax treatment vessel 101 and finally into a wax solution
      103 received in said vessel 101. Referential numeral 104 denotes a stop
      plate for properly guiding the finished corner spring into the wax
      solution 103. The corner spring dipped in the wax solution 103 is drawn
      out therefrom by an endless chain 105 and carried to a transporter 106.
      The endless chain 105 is stretched across a pair of lower and upper
      sprocket wheels 107, 108, the former of which is placed in the wax
      solution and the latter of which is positioned outside of the wax
      treatment vessel 101. The endless chain 105 is further provided with a
      plurality of engagement attachments 109 arranged at a prescribed space.
      These engagement attachments 109 are intended to catch the corner spring
      for its removal from the wax solution 103. The upper sprocket wheel 108 is
      connected to the rotary shaft of a motor 112 through chains 110, 111. The
      motor 112 rotates the upper sprocket wheel 108 through the chains 110,
      111, causing the endless chain 105 to travel. The corner spring which slid
      over the guide plates 102 into the wax solution 103 and was coated with
      wax is moved upward while being caught by the engagement attachments 109
      and is removed from the wax treatment device at the upper sprocket wheel
      108 to be delivered to the transporter 106.
PAR  With the corner spring-manufacturing apparatus of this invention, the
      spring leg-forming mechanism 21, heat treatment device 22, and spring
      leg-bending mechanism 23 are provided, as shown in FIG. 2, with a common
      wire guide plate 98 supporting the wire 24 at the center. Further, as
      indicated the paired spring leg-forming mechanisms 21 and paired heat
      treatment devices 22 are each provided with wire guide plates 99, 100
      supporting the wire 24 at both ends like the wire guide plate 95 of the
      spring leg-bending mechanism 23. Therefore, the manufacturing apparatus of
      this invention enables the corner spring illustrated in FIG. 1 to be
      automatically formed of a wire 24.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A corner spring-manufacturing apparatus which comprises a pair of spring
      leg-forming mechanisms for folding both ends of a wire several times to
      provide spring legs at said ends; a pair of heat treatment devices for
      heat-treating the wire now having spring legs formed at both ends; and a
      pair of spring leg-bending mechanisms for bending the heat-treated spring
      legs.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein the paired spring leg-forming
      mechanisms are each formed of a plurality of wire-bending units; each said
      wire-bending unit comprises a central rotary shaft and a projection
      revolving around said central rotary shaft; and the wire is folded several
      times through a prescribed angle by being turned while being clamped
      between said central rotary shaft and projection.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein the central rotary shaft and
      projection are made free to move vertically and, when brought down, are
      disengaged from the wire.
NUM  4.
PAR  4. An apparatus according to claim 2, wherein the wire folding unit has a
      wire-contacting shaft positioned close to the central rotary shaft to
      prevent the other portion of the wire than those which are folded from
      being strained.
NUM  5.
PAR  5. An apparatus according to claim 2, wherein there is provided a
      wire-clamping device for tightly holding the intermediate part of the
      wire.
NUM  6.
PAR  6. An apparatus according to claim 2, wherein three wire-folding units are
      linearly arranged in the axial direction of the wire on both sides of the
      apparatus so as to fold both ends of the wire.
NUM  7.
PAR  7. An apparatus according to claim 1, wherein the spring leg-forming
      mechanism, heat treatment device and spring leg-bending mechanism provided
      on each side of the apparatus are arranged in a cascade fashion in the
      order mentioned, thereby enabling the wire which has been fully processed
      in one of said three processing divisions to be gravitationally brought
      down to another.
NUM  8.
PAR  8. An apparatus according to claim 1, wherein there is provided a
      wire-feeding device for delivering a plurality of wires one after another
      to the foremost spring leg-forming mechanism.
NUM  9.
PAR  9. An apparatus according to claim 1, wherein the heat treatment device
      holds both ends of a spring leg supplied thereto and introduces electric
      current therethrough for heat treatment.
NUM  10.
PAR  10. An apparatus according to claim 1, wherein the spring leg-bending
      mechanism comprises a pair of upper and lower horizontally parallel
      rollers capable of being shifted in the axial direction of the wire, and
      allows a spring leg to be placed between said upper and lower rollers, one
      of which revolves around the other to bend the spring leg.
NUM  11.
PAR  11. An apparatus according to claim 1, wherein there is provided a wax
      treatment device for applying wax on the spring leg which has been bent by
      the spring leg-bending mechanism.
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ABST
PAL  Method and apparatus for pressurizing a reservoir comprising directly
      introducing gas into the reservoir from a first supply source in an amount
      to instantly pressurize the reservoir and balancing the pressure between a
      second supply source for service gas and the reservoir via a regulating
      valve mechanism which controls admission of gas under pressure from the
      second source into the reservoir when a differential exists between the
      second pressure source and the pressure prevailing in the reservoir due to
      its connection with the first pressure source.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to improvements in methods and apparatus for
      pressurizing reservoirs, notably but not exclusively, powder reservoirs
      utilized for extinguishing fires.
PAC  PRIOR ART
PAR  Presently, the feeding of such reservoirs with a pressurized gas generally
      CO.sub.2, is regulated by an expansion system, which causes, by the
      endothermal effect produced by the passage of the quantity of gas
      necessary to obtain the service pressure, a frost coating on the expansion
      system due to the rapid expansion of the gas. As a consequence, the
      operation of the regulator system is frozen and adversely affected.
PAR  This phenomena has the effect of reducing the sensitivity of the regulator
      system causing substantial delay in the opening and closing thereof and
      producing an increase in the pressure above the value at which the system
      has been preadjusted, resulting in a belated feed and a reduction in the
      pressure in the reservoir below the service pressure.
PAR  For example, in the case of fire-fighting equipment, this pressure
      variation has serious consequences. In fact, the feed quantity varies as a
      function of the pressure and if the pressure is too low, the feed quantity
      is insufficient to obtain proper extinction and if the pressure increases,
      the feed quantity increases causing a recoil of the nozzle.
PAR  Furthermore, the need to pass a quantity of gas through the regulation
      system retards the pressurization of the reservoir.
PAR  In conclusion, the system for control of the regulation acts to inhibit the
      feed and the pressurization which, in the case of fire-fighting equipment,
      can have catastrophic consequences.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to eliminate the above disadvantages by the
      provision of an improved method for pressurizing reservoirs.
PAR  The method of pressurizing reservoirs according to the invention comprises
      introducing or discharging directly into the reservoir a quantity of gas
      necessary to pressurize the equipment without passing through the
      regulation system producing an instantaneous pressure. In addition, the
      method permits the regulation system to arrive at an equilibrium point and
      to be ready to assure a perfect control of the service pressure through
      the regulation system, no gas having yet passed through said system. The
      gas necessary for the service pressure will be assured by a second gas
      supply source feeding the regulation system.
PAR  This will be immediately regulated because it is regulated from the service
      pressure and not from atmospheric pressure which will cause an exothermal
      effect preventing freezing of the regulation system and thereby reducing
      the variation of pressure to a minimum.
PAR  The service pressure will therefore be stable during operation, thereby
      providing maximum efficiency.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE of the drawing is a diagrammatic illustration of apparatus
      according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing, therein is seen a reservoir 1 which is connected
      to a supply source 2 containing a quantity of gas under pressure necessary
      to pressurize reservoir 1. Supply source 2 communicates with reservoir 1
      through the intermediary of a valve 3. A second supply source 4 of gas
      communicates with reservoir 1 through the intermediary of a valve 5 and a
      discharge regulation means 6 whose outlet opens into reservoir 1. The
      discharge regulation means 6 is of conventional construction and comprises
      a slidable valve member 7 controlled by a membrane 8 which is subjected to
      the pressure in the reservoir 1 through a conduit 9, and to a biassing
      means constituted by a spring 10.
PAR  The operation of the device is as follows:
PAR  First the valve 3 is opened to intercommunicate reservoir 1 with supply
      source 2, allowing the necessary amount of gas to flow into reservoir 1 to
      pressurize the same. The pressure established in the reservoir 1 acts on
      the valve member 7 of the regulation means 6 through the intermediary of
      conduit 9 and the membrane 8. The opening of the valve 5 allows passage of
      the service gas in the supply 4, this gas being instantaneously regulated
      since the valve member 7 is already subjected to the pressure prevailing
      in the reservoir 1. As can be readily understood, in practice, the valves
      3 and 5 are opened with a slight delay in time.
PAR  The apparatus avoids freezing of the valve member 7, which would otherwise
      occur if the service gas contained in the supply 4 had to act on the valve
      member 7 then pass in the reservoir 1 and thereafter apply its pressure on
      the membrane 8 in order to establish equilibrium if preliminarily only
      atmospheric pressure acted on membrane 8.
PAR  Of course, valve 5 can be omitted when the regulation system is conceived
      in a manner to allow passage of the service gas from supply 4 when the
      pressure of the gas in reservoir 1 acts on membrane 8.
PAR  In this case, opening of valve 3 causes instantaneous pressurization of
      reservoir 1 and the passage of the service gas contained in supply 4
      without any other intervention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for pressurizing an operative reservoir with a gas comprising
PA1  a. opening communication from an auxiliary source containing a determined
      quantity of gas under pressure and the reservoir to supply said reservoir
      with the quantity of gas which when expanded pressurizes the reservoir to
      a predetermined pressure,
PA1  b. actuating via the pressurizing gas in said reservoir regulation device
      connecting a main source of service gas under high pressure with said
      reservoir;
PA1  c. opening communication between said main source of gas under high
      pressure and said regulation device for permitting gas under high pressure
      to flow into said reservoir and supply the same with expanded gas under
      the action of said predetermined pressure; and
PA1  d. automatically balancing the regulation device to effect automatic
      regulation of the flow of gas under high pressure from said main source to
      feed said reservoir with expanded gas.
NUM  2.
PAR  2. Apparatus for pressurizing an operative reservoir comprising: a source
      of service gas under high pressure for feeding said reservoir; a
      regulation means having a first input connected to said service gas
      source, a second input connected to said reservoir for subjecting said
      regulation means to the pressure in said reservoir and an output connected
      to said reservoir for feeding the same with expanded gas; an auxiliary
      source of gas containing a determined quantity of gas under pressure, and
      a valve member for connecting said auxiliary source to said reservoir;
      said regulation means including a slidable valve member subjected to the
      pressure of said reservoir via said second input, and a resilient means
      acting on said slidable valve member such that the latter assumes a
      position of balance between the high pressure prevailing at said first
      input of said regulating means and the pressure in said reservoir at said
      second input of said regulating means.
NUM  3.
PAR  3. Apparatus according to claim 2, comprising a second valve member
      connecting said slidable valve of said regulation means to said service
      gas source, said second valve member being opened with a slight time delay
      after opening of said first valve of said auxiliary source of gas.
NUM  4.
PAR  4. Apparatus according to claim 2, wherein said slide valve of said
      regulation means is connected directly to said source of service gas and
      the opening of the input of service gas to said reservoir is effected
      after operation of said auxiliary source of gas.
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ABST
PAL  A flexible flapper valve covering the opening between manifold and bag
      assembly in a safety restraint inflatable bag system.
PARN
PAR  This is a continuation, of application Ser. No. 132,861, filed Apr. 9,
      1971.
BSUM
PAR  This invention relates to flexible flapper valve in a safety restraint
      system for protection of an occupant in a vehicle in which the system is
      mounted. More particularly, this invention relates to a flexible flapper
      valve cover at the point at which gas leaves the manifold and enters the
      inflatible bag system.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A flexible flapper valve mounted over the exit opening of the manifold, in
      one embodiment employed for the filling of a smaller or knee bag mounted
      within a larger protective bag. The flapper valve cover is preferably
      mounted on one side thereof, preferably along the top of the valve, to the
      outside of the manifold cover over an opening through which inflating
      gasses leave the manifold and enter the bag system. Due to the flexible
      nature of the flapper it allows for flow of the inflating gas into the
      knee bag, for example, from the manifold, but seals (1) against the
      manifold to prevent back flow of the gas into the manifold when the knee
      bag is filled and pressure equalized or of other communication between the
      knee bag and manifold under other than inflating conditions.
PAR  Other objects and advantages of the invention will become apparent upon
      examination of the following drawings and more detailed disclosure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a bag inflating system; and
PAR  FIG. 2 shows the flapper valve detail.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  According to the system of FIG. 1, gas from a source 1 (either (a) stored
      in a cylinder, (b) a hybrid system of stored gas and gas produced from a
      pyrotechnic powder or (3) gas produced only from a burning powder) is
      directed into a manifold 3 through a passageway 2. In many applications, a
      smaller bag 4 referred to hereafter in the specific embodiment illustrated
      as a knee bag, but not limited thereto, located within the primary
      inflatible gab 5 is inflated first, in order to (a) position the occupant,
      (b) provide restraint to said occupant and especially to his lower torso
      and legs, (c) capture the first hot gasses in an interior bag, and/or (d)
      provide for energy absorption.
PAR  Inflating gas enters the smaller bag 4 from the manifold through opening 6
      which is covered by flexible flapper valve cover 7 connected to the
      outside surface of the manifold 3 by suitable means such as use of
      adhesive at the top 8 thereof, as in the embodiment shown. The flapper
      valve cover may be made of rubber, flexible nylon, other flexible plastic
      material, or of other suitable flexible material as desired.
PAR  In operation, on the first flow of gas from the gas source through the
      manifold, flexible flapper valve 7 opens under the pressure differential
      to allow the gas to fill the unexpanded smaller bag 4. When said bag is
      filled, however, and a pressure balance is thus substantially achieved,
      the flapper valve 7 returns to its normal position against the outside
      surface of the manifold and (2) further flow into the smaller bag
      estimated, forcing flow into the primary bag 5 through other entry ports.
PAR  In FIG. 2, the flexible flapper valve 7 is shown in its normal position
      against the outer surface of the manifold 3. The provision of flexibility
      for the flapper valve allows for relatively inexpensive construction and
      ease of attachment, as compared to a rigid metal flap, for example, and,
      most important, allows for effective seal of the cover against the outer
      surface of the manifold 3, without, for example, machined indenture
      provisions on said surface of the manifold to receive said flap and allow
      for a seal.
CLMS
STM  Having described the invention with relation to the embodiment shown in the
      drawings, I claim:
NUM  1.
PAR  1. A safety restraint system for protection of an occupant in a vehicle in
      which the system is mounted, said system comprising: a gas source, a
      manifold, an inflatable bag assembly surrounding an outer surface of said
      manifold, an opening in said manifold communicating with at least a
      portion of said bag assembly for passing gas from the gas source into the
      bag assembly, said bag assembly including a smaller inflatable restraint
      within a larger inflatable primary restraint, said first-mentioned
      restraint only in receipt of gas passed through said opening, said
      manifold being apertured in locations in addition to said opening in order
      to feed gas therethrough to the primary restraint, and an unapertured,
      substantially flat, unitary, flexible flapper valve cover attached to said
      outer surface of said manifold so as to alternately be in a position to
      completely cover said opening and block passage of gas without protruding
      thereinto and to uncover said opening to allow passage of gas into said
      smaller restraint dependent on gas pressure therein, said valve cover
      opening under pressure differential and closing when pressure balance is
      substantially achieved, and said valve cover having movement, to open or
      close, in a direction approximately perpendicular to the outer surface of
      said manifold.
NUM  2.
PAR  2. A safety restraint system as claimed in claim 1, said flapper valve
      cover made of rubber.
NUM  3.
PAR  3. A safety restraint system as claimed in claim 1, said flapper valve
      cover made of flexible plastic.
NUM  4.
PAR  4. A safety restraint system as claimed in claim 1, said valve cover biased
      in its position mounted on the manifold so as to normally cover said
      opening unless moved by pressure differential away therefrom.
NUM  5.
PAR  5. A safety restraint system as claimed in claim 4, said flapper valve
      cover mounted at the top thereof to the manifold.
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ABST
PAL  Apparatus for facilitating the collection of debris comprises a ramp having
      a receiving end and a discharging end, a support for the ramp positions
      the receiving end adjacent the debris and elevates the discharge end, and
      a container for the debris is supported by the ramp support adjacent the
      discharge end for receiving debris, such as leaves, therewithin. The ramp
      and its support may comprise a unitary structure in one embodiment. In
      another embodiment, the debris container may comprise a cart, one or more
      walls of which may serve to support the ramp and the ramp may be detached
      therefrom or it may be pivotally supported thereby for rotation into
      position as a cover on the cart. The ramp, its support, and the debris
      container are constructed for portability and facile assembly and
      disassembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to apparatus for facilitating the
      collection of debris, such as leaves, and more specifically to a ramp and
      container combination.
PAR  The collection of various kinds of debris, such as fallen leaves and the
      like, for containment prior to subsequent disposal, is a chore which
      confronts many persons.
PAR  It is a primary object of the present invention to provide a debris
      collection device which facilitates the transfer of debris from a pile to
      a container.
PAR  It is an object of the invention to provide debris collection apparatus
      which permits transfer of debris without the need for bending or stooping.
PAR  Another object of the invention is the provision of a debris collection
      device which is readily mobile.
PAR  Still another object of the invention is the provision of collection
      apparatus which is easily assembled, disassembled and stored.
PAR  A still further object of the invention is the provision of a container
      which is easily completely filled.
PAR  Still further, another object of the invention is the provision of a
      container which is readily replaceable.
PAR  Another object of the invention is the provision of a collector suited to
      the storage of refuse.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided apparatus for facilitating
      the collection of debris, such as leaves in a pile, which comprises, in
      combination, a ramp for the transfer of debris thereacross, the ramp
      having a receiving end and a discharge end; a support for the ramp to
      position it with said receiving end adjacent the pile of debris and the
      discharge end elevated; and a container is supported by the ramp support
      and positioned below the discharge end of the ramp for receiving debris
      discharged from the ramp.
PAR  The invention may be embodied in several different forms, each
      incorporating a ramp across which debris may be transferred, as from a
      pile, to an elevated position for discharge into an open-topped container,
      such as a bag. The apparatus is structured for facile assembly and
      disassembly and for mobility.
PAR  In one embodiment of the invention, a ramp is supported by a pair of panels
      on opposite sides thereof and connected to form a unitary structure. The
      panels additionally serve to support container-engaging frames from which
      open-topped containers may depend in debris-receiving orientation. The
      container-engaging frames, which may be plural in number, are preferably
      detachably supported by the panels or by supplemental supports in turn
      supported by the panels.
PAR  In another embodiment of the invention, there is provided a walled cart for
      receiving debris and a ramp is supported at its discharge end by one or
      more walls of the cart. The ramp may be detached from the cart or it may
      be pivotally supported thereby for rotation into position as a cart cover.
      The cart may include wheels positioned to permit one end of the cart to
      contact the ground and further may include one or more removable walls to
      facilitate the discharge of leaves therefrom. Container-engaging frames
      may be detachably supported by one or more of the walls of the cart and
      open-topped containers may depend therefrom within the cart for receipt of
      debris. To accommodate lateral expansion of the lower portions of the
      containers beyond the perimeter of the container-engaging frames, such
      frames may be spaced laterally from one another. A leaf shield may bridge
      the space between the frames to prevent leaves from falling therebetween.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of one embodiment of the debris collector of
      the invention;
PAR  FIG. 2 is an exploded view of a debris collector similar to that of FIG. 1,
      showing but a pair of bag frames;
PAR  FIG. 3 is an enlarged view of a connector, including lock, for the debris
      collector;
PAR  FIG. 4 is a perspective view, of part of the collector of FIG. 1, from the
      discharge end, showing the bag frames and the support therefor;
PAR  FIG. 5 is a view of a bag frame, detached from the ramp, and having a
      bag-type container engaged thereby;
PAR  FIG. 6 is a perspective view of another embodiment of the debris collector
      of the invention in which the container is a cart; and
PAR  FIG. 7 is a perspective view of still another embodiment of the invention,
      somewhat similar to that of FIG. 6, showing the bag-like containers
      supported within the cart and the ramp pivotally supported by the cart for
      rotation between a debris transfer position and a cart cover position.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It will be appreciated that while the invention is described as being
      suited for the collection of debris generally, it will find particular
      utility in the collection of leaves from piles on the ground.
PAR  Referring now to FIGS. 1 and 2, there is depicted one basic embodiment of
      the invention. Debris collector 10 comprises a ramp 12 supported by and
      between a pair of panels 14 and includes container-engaging frames 16
      supported thereby for supportively engaging one or more containers, such
      as bags 18. Ramp 12 and panels 14 are preferably substantially rigid
      sheets of some durable, lightweight, moisture resistant material, such as
      composition board or press board or the like. Ramp 12 has a smooth, planar
      upper surface to facilitate the transfer of debris thereacross, as by
      raking. The upper surface plane of ramp 12 is preferably rectangular,
      though an alternate, similar geometry might be substituted.
PAR  Ramp 12 is supported at both sides along its length by panels 14 which are
      intended to rest directly or indirectly on the surface supporting the pile
      of debris, usually the ground. Panels 14 each extend in spaced vertical
      planes and the ramp 12, or more specifically, its upper transfer surface,
      lies in a plane which is inclined to the ground and is perpendicular to
      both panels 14. The lower, or receiving end 20 of ramp 12 is closely
      adjacent, or may even be in contact with, the ground. The upper, or
      discharge end 22 of ramp 12 is supported several feet above ground level
      by panels 14. This elevation is designed to accommodate the placement of
      substantially fully-extended, open-topped containers, such as bags 18,
      closely below ramp discharge end 22. Ramp 12 will typically make an angle
      of 30.degree.-45.degree. with the ground.
PAR  Each panel 14 may be generally triangular in shape along the extent of ramp
      12, with a bottom side which is intended to be slightly inclined to the
      ground and an upper side which substantially parallels the plane of ramp
      12 several inches above it to define debris-retaining guide walls. Panels
      14 extend beyond the discharge end of the ramp to provide support for
      frames 16 at a location beyond or "downstream" of the discharge end 22 of
      the ramp 12 in a manner to be later explained.
PAR  Additional lateral support may be provided to panels 14 below ramp 12 by
      spacer members 24 and 26 which extend between and are detachably connected
      to the panels. Both spacers 24 and 26 may be of the same material as ramp
      12 and/or panels 14. Rear spacer 24 is located near the discharge end of
      the ramp with the forward spacer 26 being located nearer the receiving
      end.
PAR  Spacers 24 and 26 and ramp 12 are connected to panels 14 in a manner, best
      seen in FIG. 3, which facilitates assembly and disassembly of the
      structure. Ramp 12 and spacers 24 and 26 are each cut to include outwardly
      extending tabs 28 at the panel contacting sides. Similarly, the panel 14
      have slots 30 cut or punched therefrom, each positioned and sized to
      receive a corresponding tab 28 in mated engagement. The tabs 28 are locked
      in mated engagement by means of a locking pin 32, such as a golf tee,
      which is inserted through a hole 34 in each tab 28 and is retained in that
      inserted position by a removable head 36, which may be a short piece of
      rubber hose or tubing.
PAR  Collector 10 is particularly suited to use open-topped bags as containers
      for receiving leaves and/or other debris. Bags 18 may be of generally any
      type and composition, though 30 gallon plastic bags are particularly
      suited to this use. A bag 18 is intended to be supported in an up-right
      open-mouthed orientation by frames 16. Each frame 16 is detachably
      supported, directly or indirectly, by one or both panels 14.
PAR  A rigid frame 16 may be formed of wire or metal rods or the like and have a
      shape and size which is substantially the same as the open mouth of a bag
      18. A square or rectangular geometry provides optimum use of space in this
      instance. One side of frame 16 will be used for supported engagement with
      a panel 14, or the like, and might be partially discontinuous thereat.
      Further, rigid compressional support members 38 are provided to extend
      downwardly from the sides of frame 16 at an angle to contact a panel 14 or
      similar support. In the preferred embodiment, members 38 are joined to and
      form a rigid part of frame 16.
PAR  The embodiment depicted in FIGS. 1, 2 and 4 accommodates four bags 18,
      however, it will be appreciated that more or fewer bags might be similarly
      accommodated. In order to removably support two frames 16 that portion of
      each panel 14 extending beyond discharge end 22 of ramp 12 is provided
      with a tongue 40 which serves to at least partially support and lock frame
      16 in horizontal cantilevered support with the panel. Tongues 40 are
      formed in each panel by providing a long horizontal opening or slot 42
      therein near or somewhat below the level of discharge end 22 of the ramp
      and extending from adjacent the discharge end outward a sufficient
      distance to accommodate the width of a frame 16. A pair of vertical slots
      44 through the panels 14 extend downward from slot 42 and are spaced and
      sized to receive the side arms of frame 16 therein, such that one side of
      the frame will be adjacent the discharge end 22 of ramp 12, as seen in
      FIG. 4. Slots 44 are of sufficient vertical extent to give tongue 40
      created thereby sufficient height to contact and support the rear, or
      tongue-engaging, side of frame 16. The angle and length of support members
      38 are such that frame 16 is oriented perpendicular to panel 14 in a
      horizontal position.
PAR  The spacing of panels 14 is designed to accommodate a frame 16 detachably
      mounted on each panel in opposed facing relation with little or no lateral
      space therebetween through which leaves may fall to the ground. In order
      to accommodate two additional frames 16, an additional frame support 46
      extends between and is detachably connected to and supported by panels 14.
      Support 46 may also be a flat rigid material, such as that of the ramp and
      panels. Vertical slots 48 in panels 14, immediately rearward of slots 44,
      receive the ends of support 46 and mating vertical slots 50 therein for
      support by the panels. Two pairs of spaced vertical slots 44, similar to
      slots 44 in panels 14, create a pair of similar frame-supporting tongues
      40 along the upper end of support 46. The additional frames 16 extend
      rearward or "downstream" in side-by-side relation from support 46 at the
      same elevation as the other two frames. This arrangement of four frames is
      compact, providing no space therebetween through which leaves may fall to
      the ground. A portion of the panels 14 downstream of the discharge end 22
      of the ramp extend above it to provide guide walls to contain debris
      thereat.
PAR  A bag 18 is held in up-right orientation with its mouth open by engagement
      at its upper end with a frame 16, as seen in FIG. 5, in a manner well
      known for the support of such bags. The bag 18 will normally be in
      vertically supported contact with the ground at its bottom to accommodate
      the weight of debris.
PAR  As the debris collector 10 will usually be required to move from one pile
      of debris to another, it is provided with wheels 52 on each side. Wheels
      52 may be housed in a vertical slot 54 in the bottom of a panel 14. Means
      may be provided to retain the wheels 52 in place relative to panels 14, or
      slots 54 may remain open as shown to permit simple removal of the wheels
      when the panels are lifted therefrom. Wheels 52 are positioned
      sufficiently rearward or "downstream" along the panels 14 that the forward
      end or portion of the panels and/or the receiving end 20 of the ramp will
      contact and be supported by the ground. This may be accomplished by
      positioning the wheels 52 rearward of the center of gravity of collector
      10 with a location below the discharge end 22 of ramp 12 generally being
      satisfactory. This arrangement permits easy steering of collector 10 when
      it is being moved and provides good stability during the debris-loading
      operation.
PAR  A lifting and towing cable 56 transmits a lifting and/or towing force from
      the operator to collector 10 and, more specifically, panels 14 and wheels
      52. Cable 56 is connected to front spacer support 16 and may extend
      forward, either under the receiving end 20 of the ramp or through a hole
      in ramp 10 near the receiving end as shown. Cable 56 may be extended
      rearwardly over the surface of ramp 12 while debris is being raked
      thereacross, as seen in FIG. 1, thus avoiding the need to bend and
      retrieve it each time. As the operator begins to walk with cable 56 in
      hand, the receiving end will lift clear of the ground and collector 10
      will move forward.
PAR  In another basic embodiment of the invention, a debris or refuse collector
      58, as seen in FIG. 6, comprises a ramp 60 supported near its discharge
      end 62 by one or more of the walls of a cart 64. Cart 64 includes a front
      wall 66, a rear wall 68 and a pair of side walls 70 supported on and
      detachably connected to a bottom or base member 72 to define an
      open-topped container. The walls and base of cart 64 are preferably of a
      rigid sheet-like material similar to that of panels 14 above. Each wall
      includes tabs along the bottom edge for detachable mating engagement with
      slots in base 72, as earlier described. Similar locking pins are used in
      some instances. Front wall 66 is also connected to side walls 70 in the
      same tab-in-slot manner. The connector tabs along the bottom edge of side
      walls 70 are retained in mating engagement by wooden or metal rods 74
      extending from one side of cart 64 to the other and passing through holes
      in the tabs and held in position by locking heads, not shown, as described
      earlier. Rods 74 further serve to reinforce base 72.
PAR  Rear wall 68 is preferably removable from cart 64 to permit discharge of
      debris from the cart for disposal. Rear wall 68 includes vertical slots 78
      at both sides thereof for mating engagement with tabs 80 which extend
      rearward and upward from the rear edge of side walls 70. Tabs 80 are
      inclined to assist in retaining rear wall 68 against side walls 70 and to
      facilitate entry of the bottom tab or tabs on rear wall 68 into the
      corresponding slots in base 72. Because of the angle of approach in this
      latter function, it may be desirable to make slots 78 longer than the
      simple vertical width of tabs 80. Locking pins might additionally be used
      to retain rear wall 68 in place.
PAR  Cart 64 preferably includes a set of wheels 82 at the sides thereof and
      positioned sufficiently rearward to permit the front end of the cart to
      contact and rest upon the ground, in the manner discussed earlier.
PAR  A cable 84 is connected to a yoke 86 which is connected to opposite ends of
      the forward-most rod 74 to transmit a lifting and/or towing force to cart
      64.
PAR  Ramp 60 is functionally the same as ramp 12 of FIG. 1, however, it is not
      connected to cart 64. Ramp 60 is a rectangular, rigid sheet-like member,
      as earlier described. A pair of guide walls 88 extend along the length of
      the upper surface of ramp 60 near the sides thereof to prevent debris from
      falling off. Guide walls 88 are of a material similar to or the same as
      that of panels 14 and are connected to the ramp 60 with the tab and slot
      arrangement earlier described. Rigid rods 90 may extend beneath ramp 60
      and through holes in corresponding tabs to secure them in place and to
      reinforce the ramp.
PAR  The receiving end of ramp 60 is positioned adjacent the debris to be moved
      and the discharge end 62 rests on top of front wall 66 of the cart. The
      top of front wall 66 is preferably somewhat lower than that of side walls
      70, such that the latter provide lateral constraint to ramp 60. The
      discharge end 62 of the ramp extends slightly beyond front wall 66 such
      that debris is discharged from the ramp into the cart. When the cart is to
      be moved, the ramp 60 may be placed upon the debris in the cart or carried
      by the operator.
PAR  Reference is now made to FIG. 7 which depicts a modification of the FIG. 6
      embodiment of the invention. Cart 64' of FIG. 7 is similar in most
      respects to cart 64 of FIG. 6 and only those points which differ will be
      discussed. Cart 64' includes several discrete containers for debris or
      refuse housed within the larger volume of the cart. These sub-containers
      and their supports are like those employed in the FIG. 1 embodiment and
      are given the same identifying numerals in FIG. 7.
PAR  A pair of locking tongues 40 are located in each side wall of cart 64' to
      permit a total of four bag frames 16 to be supported therein. Each frame
      16 supportingly engages the top end of a bag 18. The bags often times are
      larger at the bottom than the top and in any event tend to bulge or expand
      laterally at the bottom such that they exceed the lateral bounds of the
      supporting frame 16. To accommodate this expanded configuration it is
      desirable to space at least some of the frames from each other. As seen in
      FIG. 7, the two forward-most frames 16 may be spaced from the two
      rear-most, providing the necessary space for bag growth. However, it is
      then desirable to position a shield 92 within or immediately over the
      space between frames 16 to prevent debris from falling into the space.
      Shield 92 may be any member or material which may be supported by the cart
      walls and/or frames 16 to prevent passage of debris. A rigid member
      supported in the tab-and-slot manner earlier described is satisfactory.
PAR  Ramp 60' associated with cart 64' is generally similar to ramp 60, however,
      ramp 60' is now in pivotally supported engagement with cart 64'. Ramp 60'
      may be pivotally supported by the side walls or front wall of cart 64; the
      former being described hereinafter. A variety of sidewall-supported pivots
      might be employed to support ramp 60' near its discharge end 62'. One
      technique, shown in FIG. 7, would provide a ramp 60' having a width
      somewhat greater than that of the spaced sidewalls of cart 64'. The guide
      walls 88' would be positioned such that they were laterally inside the
      inner faces of the cart sidewalls, thus creating a lip 94 at the side
      edges of ramp 60'. Lip 94 would be cut away over the final few inches of
      the ramp at the discharge end 62' to clear the cart sidewalls when the
      ramp is pivoted.
PAR  A vertical slot or notch 96 is cut in the upper edge of each sidewall 70'
      closely adjacent front wall 66'. Each slot 96 provides a seat for a pivot
      pin 98 which extends therethrough and through a hole in guide wall 88'
      adjacent discharge end 62' of the ramp. Pivot pins 98 may be wooden
      dowels, metal rods or bolts, or the like. Appropriate retaining means are
      detachably located on the ends of pins 98 to maintain them in position.
PAR  With the above arrangement, pivotal rotation of ramp 60' about the
      longitudinal axes of pins 98 is possible, thereby permitting the ramp to
      be moved from a leaf transferring position to one in which lip 94 rests on
      the top edges of sidewalls 70' to form a cover or top for cart 64'. For
      this reason, it is preferable that ramp 60' be as long or longer than cart
      64'.
PAR  The use of open slots 96 permit ready separation of ramp 60' from cart 64',
      however, it will be appreciated that closed holes might be substituted for
      slots 96 if greater captivity and/or support is required for pivot pins
      98. Further, a ramp might be provided having a width slightly less than
      the spacing of the sidewalls to permit it to be rotated to a position
      between, rather than on, the sidewalls. The ramp-become-cover would rest
      on the contents of the cart.
PAR  In each of the above described embodiments, the operator would position the
      collector, and more specifically, the receiving end of the ramp, adjacent
      the pile of debris and a moving implement, such as a rake, would than be
      used to move the debris upwardly along the ramp to the point of discharge
      into the waiting container.
PAR  Alternate preferred embodiments of the invention have been shown and
      described by way of example only and obviously many variations and
      modifications may be made therein without departing from the spirit of the
      invention. The invention, therefore, is not limited to any specified form
      or embodiment except insofar as such limitations are set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for facilitating the collection of debris, such as a pile of
      leaves, comprising, in combination, a ramp for the transfer of debris
      thereacross from a receiving end to a discharge end; a support for said
      ramp to operatively position said receiving end adjacent said debris and
      relatively elevate said discharge end for the transfer of debris upwardly
      across said ramp to said discharge end in response to a raking motion; and
      a container supported by said support and positioned below said discharge
      end of said ramp during said operative positioning of said ramp for the
      transfer of debris thereacross for receiving debris discharged therefrom.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said ramp and said ramp support are
      connected in fixed relationship to form a unitary structure.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said ramp supporting means comprise a
      pair of substantially rigid and upwardly extending panels engaging and
      supporting said ramp proximate the opposite sides thereof.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said panels and said ramp include
      cooperating tabs and slots for detachable mated engagement; and including
      means for releaseably locking said tabs in said mated engagement.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said container is supported by a frame,
      said frame being detachably supported by a said panel.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said panels extend beyond teh discharge
      end of said ramp and each include a support tongue thereat; and said
      frames are plural, each comprising a rigid horizontal frame including a
      tongue engaging portion and a downwardly extending compressional support
      member for cantilevered support with a said panel and locking tongue.
NUM  7.
PAR  7. The apparatus of claim 5 wherein a frame support extends between and is
      supported by said panels and a said frame is detachably supported thereby.
NUM  8.
PAR  8. The apparatus of claim 3 including wheel means supporting said panels
      and positioned such that a portion of each said panel adjacent said ramp
      at its receiving end is normally in direct contact with the ground; and
      further including means operatively connected to said panels for
      transmitting a force to lift said panel portions from said direct contact
      with the ground and to move said collection apparatus across the ground.
NUM  9.
PAR  9. The apparatus of claim 8 including a substantially rigid spacer member
      extending between and connected to said panels below said ramp and
      intermediate said wheel means and said ground-contacting panel portions;
      and said force transmitting means comprise a cable connected to said
      spacer member.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said container for receiving debris
      comprises a walled, open-topped cart; said ramp support includes a wall of
      said cart; and said ramp is supported near said discharge end by and is
      movable relative to said wall of said cart.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said cart includes wheels for rolling
      support thereof, said wheels positioned to normally permit direct contact
      of an end of said cart with the ground; and means connected to said cart
      for transmitting a lifting and towing force thereto.
NUM  12.
PAR  12. The apparatus of claim 10 wherein said cart includes a bag frame
      supported by a wall thereof and positioned within said cart below said
      discharge end of said ramp; and an open-topped bag detachably depending
      from said frame for receiving debris discharged from said ramp.
NUM  13.
PAR  13. The apparatus of claim 10 wherein said cart comprises four upwardly
      extending walls defining an opening; said ramp has substantially the same
      size and shape as said cart opening; and said ramp is pivotally supported
      near its said discharge end by a said wall of said cart for rotation of
      said receiving end of said ramp into proximity with the upper end of said
      walls to form a cover for said cart.
NUM  14.
PAR  14. An apparatus for facilitating the collection of debris from the ground
      and structured for facile assembly and disassembly comprising, in
      combination, a ramp having a smooth planar upper surface for the transfer
      of debris thereacross between a receiving end and a discharge end; a rigid
      support engaging said ramp to operatively position said receiving end
      adjacent the ground and said discharge end relatively above the ground
      whereby debris may be transferred upwardly across said ramp to said
      discharge end in response to a sweeping action; and a container positioned
      below said discharge end of said ramp for receiving therewithin said
      debris transferred across said ramp.
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ABST
PAL  A log splitter and method for splitting logs, rails or the like, comprising
      a pair of double acting fluid cylinder operators in a parallel spaced
      side-by-side arrangement, which operators are interconnected by a butt
      plate extending therebetween against which one end of a log to be split
      may be butted. Means are provided for connecting the cylinders to a fluid
      source for simultaneous actuation thereof. A cutting or splitting blade is
      connected to the fluid cylinder operators through adjustable length
      connecting means such as chains, or the like, for use with logs of
      different length including those of greater length than the stroke of the
      fluid cylinder pistons. The log splitter is lightweight, portable, and
      readily adapted for connection to the fluid pressure source of a tractor,
      or the like, for use thereof in the field. The novel log splitting method
      includes performing successive splitting operations on a log by shortening
      the adjustable length connecting means after each cutting stroke.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a protable log splitter for quickly and easily
      splitting logs and the like.
PAR  Log splitters are well known, including fluid cylinder operated splitters.
      Many prior art log splitters are provided with a sturdy base formed of an
      I-beam, or the like, for the support of the log to be split, and for
      slideable support of an axially movable hydraulically operated wedge or
      blade therealong. Such prior art arrangements are of such large mass and
      weight that they must be supplied with wheels for portability. They are
      very expensive, not readily portable, and are limited in the maximum
      length log which may be split.
PAR  An object of this invention is the provision of a log splitter which
      overcomes the above mentioned shortcomings and difficulties of the prior
      art and has many advantages thereover.
PAR  An object of this invention is the provision of a log splitter of simple
      and inexpensive design and construction readily adaptable for wide use.
PAR  An object of this invention is the provision of a log splitting method and
      apparatus which are not inherently limited in the length of logs which may
      be split thereby.
PAR  The above and other objects and advantages of the invention are achieved by
      means of an arrangement which includes a pair of fluid operators of the
      cylinder and piston type arranged in parallel relation and facing in the
      same direction. A butt plate, against which one end of a log to be split
      is positioned, extends between the cylinders and the piston rods extend
      through clearance holes therein. The piston rods are attached to a cutting
      or splitting blade through adjustable length interconnecting means such as
      chains, wire, wire rope, block and tackle arrangements, or the like. The
      log to be cut is positioned between the butt plate and cutting blade and,
      with the piston rods in extended position, the adjustable interconnecting
      means are adjusted to accommodate the log length. The fluid operators then
      are actuated to retract the piston rods to draw the cutting blade through
      the log. If the log is not completely split upon complete retraction of
      the piston rods the piston rods may be extended, the adjustable
      interconnecting means shortened, and the piston rods again retracted to
      effect another cutting operation.
DRWD
PAR  The invention and other objects and advantages thereof will be better
      understood from the following description taken in connection with the
      accompanying drawings. In the drawings wherein like reference characters
      denote the same parts in the views:
PAR  FIG. 1 is a plan view of a log splitting apparatus which embodies this
      invention, with part shown broken away for clarity, and showing the same
      connected to a fluid pressure source provided by a tractor; and
PAR  FIG. 2 is a side elevational view of the log splitter shown in FIG. 1.
DETD
PAR  Referring to the drawings, the illustrated embodiment of the log splitter
      is shown comprising a pair of double acting fluid operators 10 each of
      which includes a cylinder 12 having a reciprocally mounted piston 14
      therein, one of which pistons is seen in FIG. 1. A butt plate 15 extends
      between the parallel extending cylinders against which the forward ends of
      the cylinders are butted in use. In the illustrated arrangement recesses
      are formed in the butt plate to receive the ends of the cylinders, and the
      piston rods 16 extend through clearance apertures in the butt plate. The
      resultant loose connection allows the cylinders to extend at an angle,
      other than the illustrated ninety degree angle, with the plane of the butt
      plate. Seal rings 18 at the forward end of the operators provide a fluid
      tight seal between the piston rods and cylinders.
PAR  The fluid operators 10 preferably are of the double acting type such that
      when fluid pressure is applied to one end thereof through lines 20 while
      the other end of the cylinders are vented through lines 22 the piston rods
      are extended into the illustrated positions. The piston rods are
      retracted, for log splitting operation as described below, when the fluid
      pressure is applied to the other end of the cylinders through lines 22
      while the opposite end of the cylinders are vented.
PAR  Often tractors, such as the tractor 24 shown in broken lines in FIG. 1 are
      provided with a fluid pressure source, which conveniently may be used to
      operate the log splitter of my invention. The illustrated tractor is shown
      provided with a control valve 26 whereby fluid under pressure at supply
      line 27 from a source not shown may be directed to either one of two
      coupling members 28 and 30, while the other coupling member is vented to
      the fluid reservoir not shown (or to the atmosphere in the use of an air
      pressure system instead of a hydraulic system). Many types of tractors,
      including farm tractors, are provided with a fluid pressure source for
      operation of auxiliary equipment, and no further description thereof is
      required.
PAR  The fluid operators 10 are used to actuate a cutting or splitting blade 32.
      Although different blade configurations may be used, the illustrated blade
      is of generally rectangular shape with a straight sharpened log cutting,
      or splitting, edge 34. Tangs, 36 at opposite ends of the blade extend from
      the blade cutting edge 34 to provide means whereby the blade may be
      pulled, rather than pushed, through the log. Adjustable length flexible
      interconnecting means 38 connect the blade to the piston rods. In the
      exemplary arrangement, the connecting means 38 comprise chains which have
      one end link connected to the blade through apertures 40 in the tangs. The
      effective chain length is readily adjustable by means of the releasable
      connecting means between the chains and piston rods, which connecting
      means include connecting plates 42 attached as by welding or the like to
      the outer ends of the piston rods 16. The plates are formed with elongated
      apertures 48 having an enlarged end through which the chain links may be
      passed, and a narrow width end extending toward the blade into which a
      single link may be extended, as illustrated. With one chain link extending
      through the narrow end of the aperture, the adjacent links are engagable
      with a surface of the plate to prevent pulling of the chain therethrough
      without first sliding the one link to the enlarged end of the aperture.
      Adjustment of the chain lengths to accomodate logs of different length is
      easily and readily effected by providing sufficient slack in the chain to
      allow for passage thereof through the enlarged portion of the apertures
      48.
PAR  A log 54 to be split is shown in broken lines in the drawings. The fluid
      operators 10 and associated mechanism are of sufficiently light weight to
      be readily carried by an individual, whereas logs often are heavy and not
      easily handled. In use, therefore, logs left lying upon the ground where
      they have been felled may be cut to length and split without having to
      lift the same off the ground. With the present arrangement the log
      splitter is placed with the butt plate 15 against one end of the log. To
      prevent slipping thereacross as the log is being split the butt plate may
      be provided with pointed protrusions 52 engageable with the log end. In
      the illustrated arrangement the cylinders rest directly upon the ground.
      For splitting larger logs it will be apparent that one or both cylinders
      could be supported above ground level on a suitable supporting means for
      extension of the blade across the log adjacent the center of the log. The
      pistion rods 16 are actuated to their extended condition by application of
      fluid pressure through line 20, and the cutting blade 32 is placed
      adjacent the opposite end of the log. The chains 38 are extended through
      the apertures 48 to a minimum possible effective chain length. A wooden
      block, or the like, not shown may be used to support the blade at the
      desired level while setting up for the splitting operation. With the
      splitting apparatus in position such as shown in the drawings, the valve
      26 is turned for actuation of the fluid operators for retraction of the
      piston rods whereupon the blade 32 is drawn through the log to split the
      same.
PAR  With the piston rods fully retracted, the blade 32 is actuated to the
      broken line position thereof shown in FIG. 1. The amount of blade travel
      may or may not be sufficient to result in complete splitting of the log to
      the opposite end. If the log is not completely split, the piston rods are
      reextended, the effective chain lengths are shortened, and the piston rods
      are again retracted. The splitting operations are repeated as necessary to
      substantially completely split the log, or until the minimum chain length
      is reached, at which point no further power operated splitting generally
      is required. If desired, a block of wood, or the like, could be placed
      between the butt plate 15 and log 54 to provide for blade travel for the
      complete length of the log.
PAR  The invention having been described in detail in accordance with the
      requirements of the Patent Statutes, various changes and modifications
      will suggest themselves to those skilled in the art. For example, the butt
      plate 15 may be fixedly attached to the cylinders, as by welding, rather
      than loosely secured thereto. Also, the butt plate may be secured to the
      cylinders at any desired position therealong, including the opposite end
      thereof. Also, other shaped cutting blades may be used, including
      generally V or U-shaped blades, as viewed from above. Additionally, blades
      of increased thickness for greater wedging and splitting action may be
      used.
PAR  The adjustable length interconnecting means are not limited to those
      illustrated. For example, the chains could be provided with hooks at their
      free ends engagable with the chain links. With such an arrangement a loop
      may be formed at the chain end for engagement with a suitable aperture in
      the plate 42. The need for the narrow elongated end of the openings 48
      would be eliminated with such an arrangement. Obviously, the adjustment
      means for adjusting the chain length may be at the blade end rather than
      piston end of the chain if desired. Further, opposite ends of the chain
      may be fixed and adjustment of chain length may be effected intermediate
      thereof. Also, means such as wire, wire rope, or the like with suitable
      releasable connectors may be used as the adjustable length connecting
      means in lieu of the illustrated chains. In addition, block and tackle
      arrangements may be included in the connecting means to provide an
      increased mechanical advantage for splitting hard to split logs. It is
      intended that the above and other such changes and modifications shall
      fall within the spirit and scope of the invention as defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A portable log splitter for splitting generally horizontally positioned
      logs lying on the ground comprising,
PA1  a pair of spaced fluid operators in generally parallel extending position,
PA1  a butt plate extending between said fluid operators and adapted to abut one
      end of a log to be split,
PA1  a splitting blade, and
PA1  means for connecting said blade to said operators,
PA1  said blade and butt plate being relatively movable together for splitting
      operation of a log extending therebetween upon actuation of the fluid
      operators in a direction to draw the blade toward the butt plate.
NUM  2.
PAR  2. The portable log splitter as defined in claim 1 wherein said fluid
      operators each comprise a fluid cylinder and piston reciprocably mounted
      therewithin.
NUM  3.
PAR  3. The portable log splitter as defined in claim 2 wherein said fluid
      operators are double acting for actuation in both piston directions.
NUM  4.
PAR  4. The portable log splitter as defined in claim 1 wherein said connecting
      means are of adjustable length.
NUM  5.
PAR  5. The portable log splitter as defined in claim 4 wherein said adjustable
      length connecting means comprise chains.
NUM  6.
PAR  6. The portable log splitter as defined in claim 1 wherein said fluid
      operators each include a cylinder having a piston reciprocably movable
      therewithin and a piston rod attached to the piston and extending from one
      end of the cylinder,
PA1  said fluid cylinders engaging said butt plate adjacent the end from which
      said piston rods extend.
NUM  7.
PAR  7. The portable log splitter as defined in claim 6 wherein said connecting
      means comprise flexible members connecting said blade to said piston rods.
NUM  8.
PAR  8. The portable log splitter as defined in claim 7 including means for
      adjusting the effective length of said flexible members to accomodate logs
      of different lengths and for successive shortening thereof in splitting a
      log.
NUM  9.
PAR  9. The portable log splitter as defined in claim 8 wherein said flexible
      members comprise chains.
NUM  10.
PAR  10. A method of splitting a generally horizontally positioned log lying on
      the ground comprising,
PA1  positioning at opposite ends of a log to be split a butt plate and
      splitting blade which are interconnected by a pair of adjustable length
      connecting means extending longitudinally of the log at opposite sides
      thereof, and
PA1  drawing the splitting blade toward said butt plate to split the log.
NUM  11.
PAR  11. The log splitting method as defined in claim 10 including,
PA1  shortening the adjustable length connecting means after the first splitting
      operation and repeating said drawing step to further split the log.
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ABST
PAL  Method and apparatus for comminuting a tree stump in its entirety while
      still rooted in the ground, utilizing a large, heavy cylindrical roller or
      drum rotating at high speed and having cutters mounted on a peripherical
      surface thereof for engaging and comminuting the stump from the side
      thereof. The roller is journaled for rotation about a horizontal axis in a
      carrier attached to the front end of a heavy four-wheel vehicle which is
      driven hydraulically over the ground surface from a selfcontained power
      source such as an internal combustion engine. The hydraulic system which
      drives the vehicle also includes a hydraulic motor mounted on the carrier
      for rotating the roller. The roller, through the carrier, is mounted to
      the vehicle frame for swinging movement in a vertical plane relative to
      the ground and a hydraulic cylinder included in the hydraulic circuit is
      provided for effecting said vertical swinging movement. Controls for
      operating the cutting roller and the vehicle are provided in an operator's
      cab on the vehicle.
PARN
PAR  This application is a division of application Ser. No. 313,067, now U.S.
      Pat. No. 3,868,980.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to an improved method and apparatus for comminuting
      tree stumps and buried roots while in the ground surface.
PAR  In one conventional land clearing operation, tree stumps remaining after
      felling trees are lifted out of the ground and moved to the side by means
      of tracked vehicles or other suitable apparatus where they are left to rot
      or be transported away to a dump or other disposal area. This procedure
      has considerable disadvantages. If the tree stumps remain at a collection
      point, they take up space which thus becomes unusable. Transporting the
      tree stumps away involves additional cost for labor and vehicles. If the
      stump is moved aside from its original, rooted position it causes
      simultaneous removal of valuable top soil which is necessary in situations
      where trees are to be replanted in the cleared area. In addition, when the
      hole caused by removal of the stump, is filled, top soil is moved deep
      into the ground where it is useless for new plantings, while conversely a
      larger quantity of uncultivated soil, such as clay and sand without humus,
      is brought to the surface. Uprooting of the tree stumps may also result in
      severe damage to the root system which is important in situations where
      the cleared land is to be replanted for growing new trees. The
      aforementioned conventional practice also places a greater load on waste
      disposal areas which are already severely overcrowded.
PAR  In another conventional practice of stump removal, the stumps are uprooted
      and burned on site.
PAR  This is not only costly and dangerous from the standpoint of fire
      prevention but furthermore, the products of combustion polute the air and
      add to the ecology problem which today is so very urgent. Already in some
      areas laws and regulations have been passed restricting burning operations
      in an effort to increase fire safety as well as to reduce air pollution.
      Such restricted burning conditions still do not entirely solve the
      pollution problem and in any event, make stump removal by burning a slow
      and expensive operation.
PAR  In an attempt to overcome these disadvantages, various methods and
      apparatus have been developed to comminute tree stumps rooted in the
      ground. For example U.S. Pat. No. 1,312,450 discloses a milling apparatus
      for cutting tree trunks employing a rotating milling roller lowered onto
      the top of the stump for milling the wood of the stump away. However, with
      this patented apparatus, the milling process can be conducted only to a
      limited extent below the ground surface and as a result, the entire stump
      cannot be removed. Moreover in order to mill below the surface with this
      patented device, a milling roller which is wider in diameter in the middle
      must be used such that it is not possible to touch the lateral roots.
      Thus, during subsequent new cultivation or re-plantings, the place where
      the stump stood, as well as its immediate surrounding area, cannot be
      planted. In situations where the cleared land is not to be used for
      re-planting trees, the method and apparatus disclosed in U.S. Pat. No.
      1,312,450 is still believed to be inadequate for commercial purposes
      because it involves cutting across the grain of the stump on the upper
      surface of the stump which requires excessive drum pressure and speed and
      moreover takes a relatively long time to cut through the entire stump. It
      also requires that the knives be sharpened very frequently. Furthermore it
      is doubted that the long knives used on this patented device would permit
      continuous rotation of the drum through the stump, but instead would cause
      periodic binding heaving or stoppage of the drum particularly when great
      pressure is exerted on the stump. Another serious deficiency with this
      patented device is that it cannot cut the stump below the ground surface
      because the drum bearing and pulley transmission system prevents it and
      would be subject to damage. Moreover soil would build up behind the knives
      preventing effective cutting action. Finally with respect to U.S. Pat. No.
      1,312,450 it is noted that it discloses a very complicated and cumbersome
      mechanism for pressing the drum on the stump as the cutting operation
      proceeds.
PAR  Other prior art cutting method and apparatus which attempt to comminute
      stumps by cutting across the grain on the top surface of the stump, are
      also disclosed in U.S. Pat. Nos. 3,044,509 and 3,389,726. Additionally,
      these patented devices also cannot remove the entire stump because the
      distance the cutting roller can move below the ground surface is limited
      by the drum bearings and drive transmission. Furthermore the great weight
      required to effectively comminute a stump, particularly when cutting
      across the grain by rotating across the top face of the stump, is believed
      to be lacking from these patented devices. Moreover it has been discovered
      by applicant that an exceedingly high drum speed is required for effective
      comminution which if applied to the belt drive system disclosed in these
      patents, would cause periodic damage thereto, particularly since a great
      deal of vibration is encountered in comminuting a tree stump. The
      possibility of damaging such a conventional drive transmission is
      increased if the drum is operated below the ground surface.
PAR  It has further been discovered by applicant herein that it is difficult to
      maintain the cutting roller properly positioned on a tree stump when using
      a conventional arrangement of knives on the drum such as disclosed in U.S.
      Pat. Nos. 3,389,726 and 3,044,509. Moreover the spiral arrangement of the
      roller knives disclosed in U.S. Pat. No. 3,389,726 would cause the drum to
      "walk" laterally off the stump to frustrate the cutting operation. It is
      further noted that the cutting rollers disclosed in U.S. Pat. Nos.
      3,044,509 and 3,389,726 are hitched to the rear of a vehicle so that any
      stumps or other obstacles encountered below the rear of the vehicle or
      under the hitch, could prevent proper contact of the drum with the stump
      to be removed. It would, of course, also hinder the manueverability of the
      vehicle and the drum.
PAR  Another known device for cutting tree stumps while rooted in the soil, is
      disclosed in German Pat. No. 1,945,388 (Gebrauchsmuster) and includes a
      milling disc equipped with cutting knives, with the axis of rotation of
      the disc extending in the same direction as the length of the vehicle. The
      disc is attached to the rear of a vehicle, and is lowered partially into
      the ground in front of the stump and then the disc is moved against the
      stump. However, the working depth and especially the height of tree stumps
      which can be attacked, are limited by the diameter of the milling disc.
      The milling disc engages the stump only in its lower reaches, so that
      considerable lateral forces are exerted upon the vehicle which tend to
      overturn the vehicle. The soil and wood are thrown off laterally, without
      filling the hole produced by the cutting operation. Since the cutting
      forces on the tree stump are primarily horizontal, the stump tends to move
      laterally away from the cutter disc. In the vicinity of the disc axis,
      where the largest quantity of wood must be broken up, the cutting speed is
      too slow for effective cutting of the wood. Applicant is familiar with
      this device being one of the coinventors named in said German Patent.
PAR  Another device employing cutter discs is shown in U.S. Pat. No. 3,625,267
      which also involves a relatively slow process of cutting stumps and
      suffers from some of the same draw-backs mentioned above in connection
      with the above-cited German Patent. This device must make numerous
      vertical cuts in the stump in order to entirely remove the stump.
      Moreover, the bearings for the cutter discs and the chain drive are prone
      to damage since they directly engage the stump. The damage is enhanced
      when operating below the ground surface.
PAR  In addition to the shortcomings of prior patented devices summarized above,
      applicant has discovered that the roller knives of the prior art
      particularly those employing extremely hard material, such as carbide
      material, are prone to chipping and breakage upon encountering the tough,
      hard material of the stump with great impact. Also, constant sharpening of
      the roller knives is required which considerably slows the overall stump
      removal operation. Furthermore applicant has discovered that in order to
      obtain a balanced cutter drum which will not wander or walk off the stump
      or heave or stop during operation when pressure is applied to the stump,
      it is important to position the knives in a certain manner here-to-fore
      lacking from the prior art.
PAR  In summary, applicant believes that none of the prior art devices are
      adequate for continuous commercial use over long periods in removing
      entire tree stumps.
PAC  OBJECTS OF INVENTION
PAR  It is an object of the present invention to provide an improved method and
      apparatus for quickly and efficiently comminuting entire tree stumps while
      rooted in the ground. Included herein is the provision of such method and
      apparatus suitable for use in continuous commercial land clearing
      operations so as to avoid stump burning or hauling the stump to a dump or
      disposal areas, in keeping with the current ecology drive. Further
      included herein is the provision of such a method and apparatus which are
      free of the disadvantages noted above in connection with prior art devices
      and methods.
PAR  A further object of the present invention is to provide such method and
      apparatus which may be controlled by a single person.
PAR  A further object of the present invention is to provide such a method and
      apparatus which utilizes a cylindrical cutter roller or drum with knives
      thereon. Included herein is the provision of a novel and improved cutter
      roller having a unique arrangement of knives which moreover are adjustable
      on the drum and may be easily removed and replaced if desired.
PAR  Another object of the present invention is to provide a novel knife
      assembly which may be incorporated on the cutter roller described above.
PAR  A still further object of the present invention is to provide a novel
      self-powered vehicle incorporating the aforesaid cutter roller. Included
      herein is the provision of an improved mechanism for mounting the cutter
      roller with respect to the front of the vehicle and an improved mechanism
      for driving the cutter drum at high speed.
PAC  SUMMARY OF INVENTION
PAR  In practicing the method of the invention, a heavy cutting or milling
      roller or drum, attached to the front end of a heavy vehicle is partly
      sunk into the ground in front of a stump. During or subsequent to the
      latter step, the vehicle is driven toward the stump to engage the side of
      the stump. Cutting knives, provided throughout the periphery of the
      milling roller engage and attack the stump while moving primarily from the
      top toward the bottom portions of the stump so as to cut or slice chips
      from the stump generally along the grain of the wood. During the wood
      chipping operation, the roller is rotated at high speed for example 200
      revolutions per minute and is advanced with great pressure against the
      stump laterally and downwardly thereof.
PAR  Advancement of the cutter roller against the stump as the comminuting
      progresses is achieved by driving the vehicle towards the stump
      simultaneously with operating the cutting roller. Additionally, and
      depending on the depth of the stump below the ground surface, the cutter
      roller may be lowered further into the ground as the cutting operation
      proceeds to ensure entire cominution of the stump and its immediate roots.
      Thus, the stump and roots immediately surrounding it, will be chipped to
      the desired depth which can be chosen in accordance with the depth of the
      respective re-plantings in cases where the cleared area is to be used for
      such.
PAR  After the stump is removed, there remains a loosened soil area primarily
      consisting of top soil and for a lesser part, wood chippings from the
      stump. The attack of the cutting knives from top to bottom in the
      direction of the wood fiber brings about an effective breaking up or
      chipping of the stump so that no excessively large wood pieces remain
      which might otherwise present an obstacle during a new planting or
      cultivation of the ground. In situations where the cleared land is to be
      used for building sites, the entire stump is removed by using the method
      of the present invention.
PAR  When comminuted by the method and apparatus of the present invention, the
      stump cannot avoid the attack of the knives by shifting sideways or
      laterally. Under the impact of knife attack from above, the stump presses
      with its roots against the soil, so that even hard types of wood such as
      oak can be broken up or comminuted in relatively loose or soft soil. The
      reaction forces created by the cutting act upon the vehicle vertically,
      and not horizontally, so that there is very little tendency, if any, for
      the vehicle to shift to either side of or away from the stump. The wood
      and soil picked up by the cutting knives are thrown downward and to the
      rear of the vehicle, and largely stay in the space vacated by the stump.
      Subsequent levelling work, if any is indeed required, can thus be limited
      to a minimum.
PAR  To avoid chipping or braking of the roller knives when encountering the
      tough stump material upon impact, spring steel is employed in forming the
      knives in accordance with the present invention. Such steel may also
      include a certain amount of Selesium to increase its toughness. The knives
      are made of a sufficient size such as 2 and 3/8 inches wide and 5/8 of an
      inch thick with bevel cutting edges. In order to achieve a balanced cutter
      roller which will not walk laterally off the stump or stop or heave during
      the cutting operation, the knives are placed on the drum in predetermined
      angular positions. Additionally the knives are arranged in a staggered
      pattern throughout the circumference of the drum to ensure that the stump
      will be cut throughout the entire axial length of the drum at least once
      upon each revolution of the drum.
PAR  To facilitate mounting and removal of the knives on the cutting drum, a
      novel holder assembly is provided for each of the knives in accordance
      with a preferred embodiment of the present invention. This assembly
      permits quick adjustment or removal and replacement of the knives.
PAR  The cutter roller is placed on a carrier pivotally mounted to the front of
      the vehicle and which can swing vertically under the driving force of an
      associated hydraulic cylinder. The carrier and cutting roller are so
      related such that a plane passing through the base of the carrier stands
      at an angle to a vertical axis passing through the center of the roller
      when the roller is in uppermost position. In other words, the carrier is
      located in the upper rear quadrant of the roller. With this relationship,
      a substantial portion of the front quadrants of the roller are exposed for
      contact with the stump.
PAR  In operation the cutting roller can be brought to the desired depth
      immediately in front of the tree stump, and after initial chipping of the
      tree stump, can be raised and then lowered against the tree stump to
      continue the comminuting operation as described. The drive motor for the
      cutting roller is placed on the carrier immediately above the roller and
      is connected to the roller by a variable speed-gear-unit. This eliminates
      the need for conventional driving connections since the roller and its
      drive motor are both mounted to the carrier.
PAR  In order to enable the roller to effectively comminute the stump below the
      ground surface, the ends of the cutting roller are recessed. The recesses
      house the roller bearings, and on one side, a portion of the gear
      transmission connected to the roller drive motor. Hence, the bearings and
      drive connections are protected and do not interfere with movement of the
      roller below the ground surface.
PAR  In accordance with another aspect of the present invention, the driving
      motor for the roller is a variable speed hydraulic motor which is driven
      by a pump suitably mounted to the frame of the vehicle. The hydraulic
      motor not only provides the requisite high cutter drum speed up to and
      over 200 revolutions per minute, but also it may be attached very simply
      and directly to the carrier for the drum because of its small dimension,
      low weight, and the use of flexible conduits, so that the required height
      mobility of the drum is not restricted.
PAR  The hydraulic control system for operating the hydraulic motor for the
      cutting drum and the hydraulic cylinder for raising and lowering the same,
      is included in a hydraulic system also used to drive the vehicle over the
      ground surface. In the preferred embodiment, the vehicle is steered
      through its rear wheels by means of a hydraulic cylinder included in the
      hydraulic system. The controls for operating the vehicle as well as the
      cutting roller are provided in an operators cab mounted on the frame of
      the vehicle.
DRWD
PAC  DRAWINGS
PAR  The above and other objects of the invention will become more apparent to
      those skilled in the art up on reference to the following detailed
      description in conjunction with the accompanying drawings wherein:
PAR  FIG. 1. is a side elevational view of apparatus embodying the present
      invention including a cutting roller incorporated on the front end of a
      vehicle and shown in raised position;
PAR  FIG. 2 is a front elevational view of the cutting roller and its carrier in
      lowered position below the ground surface and with the roller being shown
      in cross-section;
PAR  FIG. 3 is a diagrammatic side elevational view of the cutting roller in
      operation against a tree stump;
PAR  FIG. 4 is a view similar to FIG. 3, but after the tree stump is entirely
      comminuted;
PAR  FIG. 5a is a cross-sectional view of one of the cutting knives on the
      roller as well as the mounting therefor;
PAR  FIG. 5b is a cross-sectional view taken generally along lines 5b--5b of
      FIG. 5a;
PAR  FIG. 6 is a diagrammatic view of a hydraulic circuit for driving the
      vehicle over the ground surface;
PAR  FIG. 7 is a diagrammatic view of the hydraulic circuit for driving the
      cutting roller in rotation;
PAR  FIG. 8 is a diagrammatic view of a hydraulic circuit for raising and
      lowering the cutting roller;
PAR  FIG. 9 is a diagrammatic plan view of a preferred embodiment of a cutter
      drum developed along its circumferential length to show the number,
      position and arrangement of knives thereon;
PAR  FIG. 10 is an end view of the preferred embodiment of the drum with
      portions of the drum removed and with a cutter-knife assembly shown in
      cross-section;
PAR  FIG. 11 is an exploded perspective view of parts of a knife- and holder
      assembly included in the preferred embodiment of the drum of FIGS. 9 and
      10; and
PAR  FIG. 12 is a perspective view of a knife- and holder assembly included in
      the preferred drum embodiment with only a portion of the drum being shown
      and with other knife- and holder assemblies omitted for clarity.
DETD
PAC  DETAILED DESCRIPTION
PAR  For illustrative purposes only, a wheeled vehicle embodying the present
      invention is shown in FIG. 1 as including a main frame 1 supporting an
      operator's cab 2 and a main drive motor 3 which may be a 220 horse power
      internal combustion engine for example. Frame 1 may have any suitable but
      strong construction formed by structional steel members but is important
      that is be capable of withstanding impact and vibration loads encountered
      during comminution of tree stumps as will be described. Close and across
      the front end of the vehicle, there is mounted a cylindrical milling or
      cutting roller or drum 4 journaled in an overlying framework 5 which may
      be termed a "carrier".
PAR  Carrier 5 is pivotally mounted to the vehicle at pivots 6a by means of a
      pair of parallel arms 6 (only one shown) which may take the form of steel
      plates. Carrier frame 5 is made from steel plate 1/2 to 3/4 of an inch
      thick, and preferably includes V shape reinforcement plate 5b upstanding
      therefrom to also provide a support for mounting motor 11 for the drum 4.
      Additionally, the carrier arms 6 are positioned and mounted such that when
      in the fully raised position the carrier is positioned over the upper rear
      quadrant of drum 4 thereby exposing a substantial forward portion of drum
      4.
PAR  The vehicle frame 5 is provided with large front and rear traction wheels 7
      and 8 in tandem; rear wheels 7 being steerable while front wheels 8 are
      journaled on a non-swingable axis. Preferably all wheels of the vehicle
      are driven by a main drive motor 3 via a hydraulic motor 33 shown
      schematically in FIG. 6. For example, this may be a hydrostatic drive with
      an infinitely variable transmission. In addition, main motor 3 drives a
      hydrostatic pump 9, which drives hydraulic or hydromotor 11 via hydraulic
      conduits 10, see FIGS. 2 and 7. As described above motor 11 is mounted on
      carrier frame 5 for cutting roller 4, and arms 6 which mount carrier 5 to
      the frame, are pivoted about horizontal axis 6a by means of a hydraulic
      cylinder 12 secured to the front of the vehicle frame at one end and the
      arms 6 at the other end at 12a.
PAR  In operator's cab 2 are provided two levers for changing the transmission
      ratios of the hydraulic drive for cutting roller 4. Also as illustrated in
      FIG. 7, the direction of rotation of cutting roller 4 may be reversed.
      Control lever is provided in the operator's cab for operating hydraulic
      cylinder 12, which is supplied with hydraulic liquid by a pump driven by
      main drive motor 3. From his seat in the cab, the operator can raise and
      lower milling roller 4 and also change its rotational speed by employing
      the infinitely variable hydrostatic drive. The vehicle may be driven over
      a range of speeds with very high driving power particularly at low speeds.
      The operational lever shifted by the operator for the speed and direction
      of movement of the infinitely variable hydrostatic drive, is pivotable in
      first and second opposite directions. Pivoting in the first direction
      effects a forward movement of the vehicle while pivoting in the opposite
      direction effects a reverse movement of the vehicle. The magnitude of the
      pivotal movement of the lever which, for example, may be a foot lever,
      determines the driving speed in all directions. In this manner, the driver
      can direct the movement of the vehicle very accurately and quickly.
PAR  Hydraulic motor 11 for cutting roller 4 drives the latter via intermediate
      gear drives 25 which may, for example, be in the form of a spur gear
      drive. Motor 11 is rigidly mounted to the top surface of carrier 5 with
      its output shaft 11a extending to one end of carrier 5 in a horizontal
      plane where it is operatively connected to the spur gear drive assembly
      25. The spur gears are housed in a tough steel shallow pan-like housing
      secured to carrier 5 and a vertical steel strap 5a depending from carrier
      5. On one end of milling roller 4, intermediate drives 25 also form the
      support for shaft 13 of cutting roller 4 while on the other end, a bearing
      support 14 is provided. The latter is connected to carrier frame 5 by
      means of a steel strap 14a fixed to carrier 5 and steel bracket 14b fixed
      to the strap and bearing 14, as shown in FIG. 2 of the drawings. Rotation
      of shaft 13 is transmitted to roller 4 by means of collars 13b fixed to
      shaft 13 and also to plates 4a which extend from collars 13b to the wall
      of roller 4 where they are fixed thereto. In a preferred embodiment, the
      weight of carrier 5 with milling roller 4, drive 25 and motor 11 amounts
      to about 3,000 kg or in other units 3 tons, while the total weight of the
      vehicle including the roller and carrier is about 12.5 tons. The speed of
      cutting roller 4 is variable in the range of 0 to 200 revolutions per
      minute and more and in use cutting roller 4 is operated at about 200
      revolutions per minute.
PAR  In FIG. 2 it can be seen that the two end faces 15 of cutting roller 4 are
      disposed inwardly of the end edges of the cylindrical wall of the roller
      to define recessed areas at each end. These recesses house drive 25 and
      bearing 14 to prevent damage thereto while permitting the cutting roller
      to be sunk a substantial distance below the ground surface. Strap
      connectors 5a and 14a for these parts extend from the recesses toward the
      carrier 5 but in an area which is considerably above roller shaft 13. FIG.
      2 illustrates how the roller recesses permit the roller to be moved below
      the ground surface during a comminuting operation above the shaft 13.
PAR  FIG. 5a is a cross-sectional view of one embodiment of a knife assembly
      which may be used on cutting drum. It includes knives 16 adjustably
      secured to steel right angles 20, which are welded at along their
      extemities 20a to the peripheral surface of roller 4. A clamp in the form
      of a steel plate 21 is fastened by bolts 22 extending through bored holes
      in one side of angle 20, with a counter-clamp 23 having a threaded opening
      receiving bolt 22 to hold cutting knife 16 firmly as shown in FIG. 5b. To
      adjust or to exchange knives 16, bolts 22 are simply removed or loosened;
      it being understood that bolts 22 straddle the opposite sides of knife 16
      as shown in FIG. 5b. Knives 16 are made out of spring steel bars which may
      contain Selesium. The opposite ends of each knife 16 are formed into bevel
      cutting edges, so that the knife can be turned around after one edge
      becomes worn.
PAR  In FIG. 9 there is shown a developed view of a prefered cutting roller 4'
      having a width, W, measured along the rotational axis, of 47 inches and
      circumferential length, L, of approximately 123 inches. Cutting edges 16a
      of the knives are bevelled and extend in horizontal planes parallel to the
      axis of the drum. In this specific embodiment, fifty two cutting knives
      are employed. As is clearly illustrated in FIG. 9, knives 16 are arranged
      in a staggered overlapping pattern so that continuous cutting of the stump
      along the entire W or width dimension of the roller occurs during each
      revolution of roller 4. This avoids the need of long or excessive numbers
      of knives which would require much greater pressure against the stump
      causing the drum to periodically heave and stop rather than cutting
      smoothly and continuously.
PAR  In the preferred embodiment, knives 16 have a cutting edge 16a of
      approximately two and three eights of an inch wide and a thickness of
      approximately five eighths of an inch and are made from spring steel for
      toughness to avoid chipping or breakage when encountering the tough stump
      material. More specifically knives 16 are made from spring steel
      preferably containing Selesium. In the preferred embodiment shown, the
      number and arrangement of knives 16 throughout one half of the drum's
      circumference is identical to that in the other half. This may be noted
      upon viewing FIG. 9 wherein the lower half section contains the same
      number and arrangement of knives as the upper half section. It will also
      be noted from FIG. 9 that continuous cutting on the stump across the
      entire W dimension of the drum occurs twice for each revolution of the
      drum. In other words two continuous scores or cuts extending the length of
      the drum dimension W will be made for each revolution of the drum.
PAR  In accordance with another feature of the present invention, all the knives
      on left half section of the drum 4' extend outwardly at an angle of about
      30.degree. to a diametrical plane of the drum, one such plane being
      illustrated in FIG. 9 by CL, passing through the center of the drum. All
      the knives 16 on the right half section of the drum extend outwardly at
      the same but oppositely directed angle of 30.degree. as shown in FIG. 9.
      This ensures that the drum will be balanced and stay properly positioned
      at the center of the stump during a chipping operation. Moreover should,
      for example, only the right half section of the drum engage the stump, the
      angular orientation of knives 16 will produce a lateral force moving the
      drum to the right to position more of the drum on the stump. The same
      action will occur conversely should only the left hand side of the drum be
      positioned on the stump.
PAR  Referring now to FIGS. 10, 11 and 12, a preferred knifeholder assembly
      generally designated as 60 is illustrated for releasably securing knives
      16 on the cutter drum 4'. This assembly includes a holder formed by upper
      and lower outwardly converging walls 62 and 64 each in the form of a
      parallelogram, and opposite parallel side walls 66 and 68 extending at an
      angle of about 30.degree. to a diametrical plane of cutting roller 4' and
      having a generally trapezoidal configuration except for edge 67 which is
      curved to fit the cylindrical shape of roller 4'. Holder 60 is rigidly
      secured to the peripheral surface of drum 4' in a position shown in FIGS.
      10 and 12 by welds extending along the edges of the upper and lower walls
      62 and 64 and edges 67 of side walls 66 and 68. The welds along upper
      walls 62, 64, are illustrated in FIG. 10, but omitted from FIG. 12 for
      clarity. Holder side walls 66 and 68 together with interior overlying
      walls 70 and 72 are fixed to the side walls, define a passage of
      rectangular cross-section for receiving knife 16 against the lower
      interior wall 72, as shown in FIG. 10. Knife 16 projects from the holder
      at an angle of about 68.degree. to a line tangent to the drum at the inner
      edge of the knife 16. Additionally knife 16 projects from the holder a
      distance of approximately 11/2 inches, however, this may be varied. Lower
      interior wall 72 in the holder extends at an angle of about 22.degree.
      relative to the upper interior wall 70 to define what may be termed a
      tapered passage in the holder.
PAR  For securing knife 16 in the holder passage, a steel wedge block generally
      designated 80 is employed having parallel front and rear faces rectangular
      82 and 84, parallel side faces 85 and 86 having a parallelogram shape and
      extending 30.degree. to the front face 82. Bottom face 88 of wedge 80
      extends at an angle of about 22.degree. to top face 89. Wedge 80 thus
      matches the angular configuration of the holder passage such that when
      inserted therein above knife 16 and forced therein, it will wedge the
      knife firmly against lower interior wall 72 as shown in FIG. 10.
PAR  To releasably secure wedge 80 in the holder, an anchor member in the form
      of a rectangular steel bar 92 is inserted across the rear of the holder
      through slots 96 formed in holder side walls 66 and 68 as best shown in
      FIG. 12. Wedge block 80 is provided with a counter sunk passage 101
      extending between its front and rear faces 82 and 84 for receiving a
      threaded bolt 97 received in a threaded passage 102 formed in anchor block
      92. Bolt 97 has an enlarged head 98 of the "allen" head type recessed in
      the counter sunk portion of the passage through wedge 80. It will be seen
      that by tightening bolt 47 in anchor block 92, the wedge will firmly clamp
      knife 16 in the holder against movement, despite heavy impact forces
      imparted thereto when in use during a stump comminuting operation. To
      facilitate tightening and loosening of bolt 97 a hexagonal key may be
      placed into the hexagonally recessed head 98 of bolt 97 for turning the
      same.
PAR  Although FIGS. 10, 11 and 12 show a right-handed knife holder assembly, the
      left-hand holder assembly will be similarly formed, but with the holder
      side walls extending at an opposite 30.degree. degree angle toward the
      left end of the drum. Also in the preferred embodiment, the rear edge of
      knife 16 opposite edge 16a is also provided with a bevel cutting edge so
      that either edge may be employed as the cutting edge. It should be
      understood that each of the fifty two knives employed on the drum 4' will
      have its own holder similar to that described above.
PAR  In FIGS. 3 and 4 the method of comminuting a tree stump 17 with roots in
      the soil is illustrated. Milling or cutting roller 4 on cutting in a
      direction indicated by arrow 18 is partially driven below the soil or
      ground surface in front of tree stump 17 usually at least as deep as the
      planting depth for a new cultivation, for instance thirty cm. In this
      position the vehicle is driven against the side of the stump 17 so that
      the cutting knives 16 cut chips from the stump 17. Cutting knives 16
      attack and engage the stump at the front side of milling roller 4 while
      primarily moving from top to bottom portions of the stump, i.e., the wood
      is chipped or splintered primarily in the longitudinal direction of the
      fibers.
PAR  FIG. 4 shows cutting roller 4 in position after fully comminuting the
      stump. The path of cutting roller 4 during the cutting operation is
      indicated in FIGS. 3 and 4 by dotted line 19 which in FIG. 3 first extends
      at an angle and then extends generally horizontally. It will be noted that
      the roller although moving against the side of the stump also exerts a
      downward force on the stump which by virtue of the great weight of the
      drum and force of the vehicle substantially limits movement of the stump
      during the cutting operation.
PAR  As illustrated by the arrows in FIGS. 3 and 4, during operation the milling
      roller 4 is moved forward against the side of the stump as it is lowered
      into or towards the ground and continues to move forward. The roller is
      then raised and the above motion repeated throughout the course of an
      entire comminuting operation. The forward speed of the vehicle during the
      attack of the milling roller 4 on the stump can be adjusted downwardly to
      a complete stop, if necessary, in response to the load on the roller.
      However, during normal operation, the roller travels at the speed of
      approximately 200 revolutions per minute or more while being forced
      against the stump by the weight of the vehicle and the drum as well as the
      force of the vehicle moving against the stump.
PAR  The slices and chips of wood from the tree stump as well as the soil picked
      up by cutting knives 16 are thrown to the rear by the milling roller 4
      where most of it refills the depression in the ground made by the milling
      roller while, a lesser portion is thrown up. To prevent excessive throwing
      up of the soil and wood chips, it is possible to attach a baffle plate
      (not shown) to the front of the vehicle or the rear of the carrier 5 to
      deflect the soil and chips downwardly.
PAR  In actual practice of the method and apparatus of this invention, tree
      stumps have been entirely comminuted in quick succession without
      interruption in a matter of minutes, for example 2 to 5 minutes depending
      upon the stump size. Moreover in situations where the stumps are very
      small, for example 4 to 8 inches in diameter the method and apparatus of
      the present invention will successfully comminute the entire stump in less
      than a minute.
PAR  Hydraulic cylinder 12 supports the position of cutting roller 4 relative to
      the vehicle, so that the reaction forces acting upward seek to lift the
      vehicle at its front end. However these forces are overcome by the great
      weight of the roller and the vehicle at the front end so that the milling
      roller is pressed downward with maximum force against the stump.
      Additionally during operation, there are no significant horizontal or
      lateral force components inasmuch as the force exerted on the drum is in a
      vertical direction and the drum itself is balanced by virtue of the knife
      configuration described above. This ensures that the milling roller is
      maintained in proper position in engagement on the stump. Additionally any
      lateral forces tending to overturn the vehicle are avoided in contrast to
      devices of the prior art.
PAR  In FIG. 6 the structure of the hydrostatic drive for driving the wheels of
      the vehicle are diagrammatically illustrated. The main drive motor 3
      drives the axial piston pump 30, which can be adjusted continuously by
      means of a hydraulic cylinder or piston 31, in both directions of movement
      which can be easily controled with a pedal provided in the cab of the
      vehicle. Lines 32 connect the pump 30 with an axial piston fixed
      displacement motor 33, which drives wheels 7 and 8 of the vehicle. The
      waste oil from pump 30 and motor 33 flows back through lines 35 and 36
      into a container 37 where a pump 34 returns it to line system 32. In
      addition, the pump 34 supplies, via a control valve, the hydraulic
      cylinder or piston 31, which varies the output of the pump 30. Direction
      of the drive of the wheels in both turning directions takes place by
      adjustment of the valve 38.
PAR  The hydraulic circuit for driving the milling roller 4, represented
      diagrammatically in FIG. 7, is similar to the circuit shown in FIG. 6. The
      axial piston pump 9, which is driven by the main drive motor 3, is
      equipped for flow in both directions of movement. The output of the pump 9
      is varied by means of a hydraulic cylinder or piston 40. In this circuit,
      too, the filling pump 41 supplies the lines 10 with hydraulic liquid, to
      compensate for the waste oil losses of the pump 9 and the motor 11. The
      waste oil is returned to storage container 44 via lines 42 and 43. The
      filling pump at the same time also delivers the hydraulic liquid for
      activating the adjustment cylinder or piston 40 by means of a control
      valve 45. Thereby the rotational speed of the roller 4 can be adjusted in
      both turning directions on a continuous basis.
PAR  FIG. 8 shows diagrammatically the hydraulic system for lifting the milling
      roller 4 and the frame 5. A pump 50 similarly driven by the main drive
      motor 3 drives the hydraulic cylinder 12 via a multiple valve 51 acting as
      control valve. The control valve 51 has three positions: raising, lowering
      and stop.
PAR  In one of the lines leading to the hydraulic cylinder 12, there is an
      adjustable quantity control valve 53. In the line leading back from the
      control valve 51 to the container, there is a counter pressure valve 54,
      which keeps pressure on the low pressure side to a minimum. Instead of
      directly coupling the pump 50 with the main drive motor 3, it is also
      possible to provide a separate electrical drive motor for the pump, which
      runs at a constant speed thereby avoiding dependence of the lifting rate
      of the milling roller 4 on the rate of revolutions of the main drive motor
      3.
PAR  In a general manner, while there has been disclosed an effective and
      efficient embodiment of the invention, it should be well understood that
      the invention is not limited to such an embodiment as there might be
      changes made in the arrangement, disposition, and form of the parts
      without departing from the principle of the present invention as
      comprehended within the scope of the accompanying claims.
PAR  Moreover although shown in connection with comminuting tree stumps, the
      present invention may also be employed with or without modification, to
      chip or break other substance or articles, such as for example asphalt
      paving. The invention therefore need not be limited in every aspect to
      stump comminuting.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A cutting roller for chipping objects, such as rooted tree stumps upon
      rotation against the stump, the roller having a cylindrical surface and a
      parallity of knives projecting therefrom with cutting edges on their
      extremities, one half section of the roller from one end to the center
      thereof having knives extending outwardly towards said one end at an angle
      to a diametrical plane of the roller, the other half section of said
      roller from said other end of the roller to the center thereof having
      knives extending outwardly towards said other end at the same, but
      oppositely directed angle.
NUM  2.
PAR  2. The cutting roller defined in claim 1 wherein said knives are positioned
      in staggered relationship throughout the circumference of the roller such
      that the roller will cut the stump at least once substantially along the
      entire length of the roller upon one complete revolution of the roller
      during use.
NUM  3.
PAR  3. The cutting roller defined in claim 1 wherein the knives are staggered
      in two identical groups throughout the roller surface, one group being
      located throughout one half of the circumferential length of the drum, and
      the other group being located throughout the other half of the drum.
NUM  4.
PAR  4. The cutting roller defined in claim 1 wherein said angle is
      approximately 30.degree..
NUM  5.
PAR  5. The cutting roller defined in claim 1 wherein said knives are made from
      spring steel.
NUM  6.
PAR  6. The cutting roller defined in claim 5 wherein the knives have a
      thickness of approximately 5/8 of an inch and a width of approximately 2
      and 3/8 inches.
NUM  7.
PAR  7. The cutting roller defined in claim 26 wherein the cutting edges of the
      knives lie in horizontal planes parallel to each other and to the axis of
      the cutting roller.
NUM  8.
PAR  8. The cutting roller defined in claim 1 wherein said roller has fixed on
      its periphery a plurality of knife holders respectively receiving said
      knives, said holders, each having a wedge means releasably securing the
      associated knife therein, said holders positioning said knives at said
      angles relative to the diametrical plane of the roller.
NUM  9.
PAR  9. A cutting knife assembly for use in chipping objects, such as tree
      stumps; the assembly comprising in combination, a knife-blade holding
      means adapted to be secured to a support member, such as a cutting roller,
      said holding means having a wall portion, said holding means including
      said wall portion defining a passage, a knife-blade receivable in said
      passage and having a cutting edge to be projected from the holding means,
      and means including a wedge member received in said passage for releasably
      securing said knife blade in said holding means against movement by
      wedging said knife blade against said wall portion.
NUM  10.
PAR  10. The assembly defined in claim 9 wherein said wedge member is received
      in said holding means to wedge said knife blade against a wall portion of
      said holding means.
NUM  11.
PAR  11. The assembly defined in claim 9 wherein said passage has a tapered
      portion for wedging the wedge member therein to firmly hold the knife
      blade in the passage.
NUM  12.
PAR  12. The assembly defined in claim 11 wherein the knife-blade has a uniform
      tranverse cross-section.
NUM  13.
PAR  13. The assembly defined in claim 9 wherein said holding means includes
      internal upper and lower wall portions spaced to receive therebetween the
      wedge member and the knife-blade, said wall portions converging relative
      to each other for wedging purposes.
NUM  14.
PAR  14. A cutting knife assembly for use in chipping objects, such as tree
      stumps; the assembly comprising in combination, a knife-blade holding
      means adapted to be secured to a support member, such as a cutting roller,
      a knife-blade receivable in said holding means and having a cutting edge
      to be projected from the holding means, securing means including a wedge
      member for releasably securing said knife blade in said holding means
      against movement, said securing means further including means for
      releasably securing said wedge member in said holding means against
      movement, means for releasably securing said wedge member in said holding
      means comprising an anchor member located behind said holding means and
      said wedge member, and a fastener extending through said wedge member into
      said anchor member.
NUM  15.
PAR  15. The assembly defined in claim 14 wherein said anchor member is
      removably received behind said holding means and wherein said holding
      means has a slot in at least one wall portion thereot for receiving said
      anchor member.
NUM  16.
PAR  16. A cutting roller for chipping objects, such as rooted tree stumps upon
      rotation against the stump, the roller having a cylindrical surface and a
      parallity of knives projecting therefrom with cutting edges on their
      extremities, the cutting edges of the knives lying in horizontal planes
      parallel to each other and to the axis of the cutting roller, one half
      section of the roller from one end to the center thereof having knives
      extending outwardly towards said one end at an angle to a diametrical
      plane of the roller, the other half section of said roller from said other
      end of the roller to the center thereof having knives extending outwardly
      towards said other end at the same, but oppositely directed angle, said
      knives being positioned in staggered relationship throughout the
      circumference of the roller such that the roller will cut the stump at
      least once substantially along the entire length of the roller upon one
      complete revolution of the roller during use.
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ABST
PAL  The device is for attachment to a vehicle tire to improve traction on ice
      or snow. The device is constructed from a circumferential segment of
      preferably a used tire and includes a plurality of studs extending through
      the tread area of the tire, one end of each stud for interlocking with the
      tread of the vehicle tire and the other end of the stud for gripping.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a traction device for attachment to one or
      more wheels of a vehicle. This device is easily attached to the tires of
      the wheel that are driven and is used for improving traction on ice or
      snow.
PAR  When a vehicle is stuck in snow or on a sheet or ice, in the past devices
      have been used to improve the traction and permit the vehicle to be moved
      from its stationary position. For example, a course mat may be carried in
      the vehicle and placed under the tire to provide some additional traction.
      The problem with this technique is that the traction is only provided
      instantaneously and usually the mat is forcibly expelled from contact with
      the tire upon rotation of the tire.
PAR  Other devices have been conceived such as short segments of chains.
      However, these devices are rather cumbersome to use and require a
      fastening arrangement to hold the device onto the tire.
PAR  Accordingly, one object of the present invention is to provide an improved
      traction device for use on one or more of the driven tires of the vehicle.
      Usually, one or both of the rear wheels are driven from the motor of the
      vehicle and thus the device of the present invention is preferably
      attached one to each rear tire unless one of the rear tires is in good
      frictionally engagement with a ground surface.
PAR  Another object of the present invention is to provide a traction device for
      attachment to a vehicle tire and which is readily attached to the tire and
      removed therefrom. The device of the present invention is preferably not
      for permanent attachment to the tire but is preferably attached only when
      the additional traction is necessary.
PAR  Another object of the present invention is to provide a device in
      accordance with the preceeding object and that is preferably constructed
      from an old discarded tire. In this way, the device can be made quite
      inexpensively and the old tire is in effect recycled for further use.
PAR  Another object of the present invention is to provide a traction device for
      attachment to a vehicle tire and which is relatively simple to construct,
      can be sold inexpensively, and is easily stored in the vehicle when not
      attached to the tire of the vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish the foregoing and other objects of this invention, there is
      provided a device for attachment to a vehicle tire to improve the traction
      of the tire with a surface upon which the tire rests such as a normal
      ground surface. The device may be for attachment to one or both of the
      rear wheels of a vehicle. The device generally comprises an arcuate
      segment of a tire which is preferably a used discarded tire. The segment
      of the tire is usually cut from a tire which is larger in size than the
      vehicle tire to which the segment is to be attached so that the device
      fits properly over the vehicle tire. A plurality of studs are provided,
      each having opposite ends and preferably also including an intermediate
      flange. The tire segment has means for receiving one end of the stud and
      means are usually provided for holding the stud in a fixed position in the
      segment with the other end of the stud extending inwardly of the inner
      surface of the tire segment. With the stud essentially extending in both
      directions from the tire the outer end of the stud is used for gripping
      the road surface and the inner end of the stud is adapted to fit within
      the vehicle tire tread so that the device is held in place.
PAR  In accordance with the method of the present invention, the device can be
      constructed in one of two ways. The stud can be pierced through the old
      tire and a liner can be inserted inside the tire to hold the stud in
      place. In the preferred embodiment the stud is also inserted through the
      tire and the outer surface of the tire is recapped in a well known manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Numerous other objects, features and advantages of the invention should now
      become apparent upon a reading of the following detailed description taken
      in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 shows the device of the present invention attached to a vehicle
      tire;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 3 but
      without showing the vehicle tire; and
PAR  FIG. 4 shows an alternate arrangement for holding the stud in place in the
      device.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a vehicle tire 10 having the device 12 of the present
      invention attached thereto. The tire 10 is resting upon a ground surface
      14 that may have a cover of ice of snow 16 thereover. In FIG. 1 there is
      shown a series of studs 18 extending from the device 12 which provide
      additional gripping as the tire rotates to improve traction between the
      tire and the ground surface.
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1 and shows
      the tire rim 20 which is typically constructed of metal and the vehicle
      tire 10. The device 12 substantially surrounds the tire 10 as shown in
      FIG. 2 but only extends for a segmented portion of the tire.
PAR  The device 12 is preferably constructed from a discarded tire and is
      preferably selected to be slightly larger than the vehicle tire. For
      example, if the vehicle tire is an E78-14 then the tire from which the
      device 12 is constructed may be a G78-14 tire. Typically, about six
      segments may be cut from an old tire to provide six separate segments.
PAR  As indicated in FIG. 2, the tire segment 12 includes a sidewall 22 and a
      tread area 24. A plurality of studs 18 are disposed in the tread area 24.
      Each of these studs includes a bottom end 28 for gripping with the road
      surface as indicated in FIG. 1 and a top end 30 which is mated with the
      tread 32 in the vehicle tire 10. It is this mating of the top end of the
      studs into the existing tire tread that provides a locking action of the
      device to the vehicle tire 10.
PAR  FIG. 3, which is a cross-sectional view through one embodiment of the
      invention shows the stud 18 with its top end 30 and its bottom end 28.
      FIG. 3 also shows the tread area 24 which may be provided with a passage
      for accommodating the stud 18. This stud also includes a flange 34. In
      accordance with one method of constructing the device of this invention,
      the stud 18 is passed through the tread area 24 until the flange 34 hits
      the inner surface 36. A liner 38 is then fitted within the segment 12.
      This liner may be glued in place within the tire and is adapted to hold
      all of the studs in place. It is noted in FIG. 3 that the top end 30 of
      the stud extends above the liner 38 so that this end can mate with the
      tread in the tire 10 thereby providing the interlocking previously
      mentioned.
PAR  In accordance with another method which is a preferred method of holding
      the studs in place, reference is now made to FIG. 4. There is shown in
      FIG. 4 the stud 18 with its ends 30 and 28. FIG. 4 also shows the tread
      area 24 of the device. In accordance with this method of construction the
      stud 18 is passed through a passage or is pierced through the tread area
      24 at the proper position. The flange 34 then rests upon the outer surface
      40. Thereafter, a rubber layer or synthetic layer 42 is recapped onto the
      tire and is dimensioned so that the lower end 28 of the stud extends
      sufficiently down as shown in FIG. 4 to provide sufficient gripping
      action.
PAR  It is noted in FIGS. 3 and 4 that the stud preferably has a straight top
      section and a tapered lower section. The stud may be either square,
      rectangular or circular in cross-section.
PAR  Having described a limited number of embodiments of the present invention,
      it should now become apparent to those skilled in the art that there are
      numerous other embodiments and modifications of the embodiments disclosed
      herein, all of which are comtemplated as falling within the spirit and
      scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for attachment to a vehicle tire to improve traction of the
      tire with a surface upon which the tire rests, said device comprising an
      arcuate segment of a tire which is slightly larger than the vehicle tire
      so that the segment can be attached to the vehicle tire, a plurality of
      studs each having opposite ends, said segment having means for receiving
      the stud with one end of the stud extending radially outwardly of the
      vehicle tire and means for holding the stud in fixed position in the
      segment with the other end of the stud extending radially inwardly of the
      inner surface of the tire segment for mating with the vehicle tire tread.
NUM  2.
PAR  2. A device as set forth in claim 1 wherein each stud has a flange
      intermediate its ends.
NUM  3.
PAR  3. A device as set forth in claim 2 wherein said means for holding
      includes, in combination, said flange and a recapped portion covering said
      segment.
NUM  4.
PAR  4. A device as set forth in claim 2 wherein said stud has a long end
      extending from the flange and a shorter end extending from the flange.
NUM  5.
PAR  5. A device as set forth in claim 4 wherein said long end is tapered.
NUM  6.
PAR  6. A device as set forth in claim 5 wherein said short end extends a
      shorter distance inwardly than the long end extends outwardly.
NUM  7.
PAR  7. A method of fabrication a device for attachment to a vehicle tire to
      improve traction of the tire with a surface upon which the tire rests,
      said device being fabricated from an arcuate segment of a tire which is
      slightly larger than the vehicle tire and a plurality of studs, said
      method comprising the steps of providing a plurality of passages in the
      tire segment for accommodating the studs, inserting the studs into each
      passage with the stud extending in both directions from the tire and
      recapping the outer surface of the tire segment to hold the studs in
      place.
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ABST
PAL  A tire chain container and mounting aid is disclosed which includes a pair
      of hollow shells which, when fastened together in open-face-to-open-face
      relation, form a closed container capable of containing both of the
      anti-skid tire chains used in connection with a particular motor vehicle,
      and which are so contoured and of such structural strength as to be
      capable of serving as ramps onto which the rear wheels of the motor
      vehicle may be driven to facilitate mounting of the tire chains.
BSUM
PAR  The present invention relates to apparatus for aiding in the mounting of
      anti-skid tire chains on the wheels of motor vehicles, and for aiding in
      the removal of anti-skid tire chains from the wheels of motor vehicles.
      More particularly, the present invention relates to tire chain mounting
      devices of the kind which include tire supporting ramps.
PAR  The prior art includes ramp means for facilitating the mounting of tire
      chains on the wheels of motor vehicles. Such prior art ramp means,
      however, must be carried in the trunk or other storage space of the motor
      vehicle in addition to and separate from the tire chains themselves.
PAR  The tire chains of a typical motor vehicle are commonly found lying loose
      in the trunk of the vehicle, which leads to staining of the trunk lining
      or other items in the trunk, or jumbled in a pasteboard box, which leads
      to the tangling of the chains, and the necessity for untangling the chains
      in wet, cold, and generally uncomfortable conditions before they can be
      mounted on the wheels of the vehicle.
PAR  Therefore, it is an object of the present invention to provide ramp means
      for aiding in the mounting of anti-skid tire chains on the wheels of motor
      vehicles, which ramp means also constitute a container for the tire
      chains, thereby reducing the trunk space consumed by the tire chains and
      mounting ramp means.
PAR  It is a further object of the present invention to provide separate pockets
      or cavities for receiving the two tire chains used in connection with a
      single motor vehicle, thereby preventing the tangling of the tire chains
      while they are stored, e.g., in the trunk of the vehicle.
PAR  It is yet another object of the present invention to provide ramp means
      which cooperate to form a closed container for a pair of tire chains, thus
      preventing contact of the tire chains with the trunk lining, and thereby
      preventing water, rust, and salt staining of the trunk lining, and items
      stored in the trunk.
PAR  Other objects of the present invention will in part be obvious, and will in
      part appear hereinafter.
PAR  The present invention, accordingly, comprises the features of construction,
      combinations of elements, and arrangements of parts which are exemplified
      in the construction hereinafter set forth, and the scope of the present
      invention will be indicated in the appended claims.
PAR  For a full understanding of the nature and objects of the present
      invention, reference should be had to the following detailed description,
      taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one of the container-halves or shells of
      the present invention as it is used in mounting a tire chain on a wheel of
      a vehicle;
PAR  FIG. 2 is a perspective drawing of one of the container halves or shells of
      an embodiment of the present invention, so disposed as to illustrate its
      two tire chain receiving pockets, in one of which a tire chain is
      disposed;
PAR  FIG. 3 is a sectional view of the shell of FIG. 2, taken on plane 3--3 of
      FIG. 2, illustrating the two separate tire chain receiving pockets, and
      the spare link receiving pocket disposed in the partition and shell
      strengthening element located therebetween; and
PAR  FIG. 4 is a side view of a complete embodiment of the present invention,
      including two container-halves or shells fastened in
      open-face-to-open-face relation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1 there is shown a shell 10 of a preferred embodiment
      of the present invention, upon which is disposed a wheel 12 of an
      automobile and a cross-link 14 of an anti-skid tire chain 16.
PAR  In accordance with the principles of the present invention, the width of
      shell 10 is less than the length of the cross-links 14 of the size of tire
      chain which the shell 10 and a substantially similar mating shell (see
      FIG. 3) are adapted to contain. (This last statement should not be
      construed as indicating that a different size of shell is required for
      every size of tire chain. To the contrary, it is a feature of the present
      invention that very few, perhaps three, sizes of shell embodying the
      present invention will accommodate all of the sizes of tire chains
      commonly fitted to standard highway vehicles in the United States.)
PAR  As further seen in FIG. 1, shell 10 is provided with a channel 22 adapted
      to completely contain one of the cross-links 14 of a tire chain when shell
      10 is being used to facilitate the mounting of the tire chain.
PAR  A further feature of the shell 10 of the present invention is the provision
      of a plurality of transverse ribs 24, 26 (FIG. 1) which engage the outer
      face of vehicle tire 12 as the vehicle is being driven onto or off of ramp
      10, thereby tending to prevent slippage between the ramp 10 and the
      vehicle tire 12.
PAR  As best seen in FIG. 1, the upper plane surfaces 28, 30 of shell 10 are
      slightly sloped inwardly toward channel 22, thus tending to maintain the
      vehicle tire 12 (and the wheel upon which it is mounted) in place on ramp
      10, and tending to maintain the vehicle in place on the roadway while the
      tire chain is being applied with the aid of shell 10.
PAR  While the shell 10 of the present invention and its use in mounting a tire
      chain upon a motor vehicle is being described without reference to its
      mating shell, which coacts with it to contain a pair of tire chains when
      those tire chains are not mounted on the vehicle, it is to be understood
      that the present invention contemplates the simultaneous use of shell 10
      and its mating shell in mounting a pair of tire chains on a vehicle, the
      rear tires, and wheels, of the vehicle being simultaneously driven onto
      shell 10 and its mating shell.
PAR  As further seen in FIG. 1, a pair of flanges 32, 34 are provided at the
      ends of shell 10. As best seen in FIG. 3, the mating shell is also
      provided with a pair of such flanges. Flange 34 is provided with a hole 36
      adapted to accommodate a fastener by means of which shell 10 and its
      mating shell are fastened together while a pair of tire chains is stored
      therein. Flange 32 is provided with a similar hole 38 (not shown in FIG.
      1). Holes 36 and 38 are symmetrically located at the plane of symmetry of
      shell 10, so that when a substantially identical shell is mated in
      open-face-to-open-face relation with shell 10 the holes in their end
      flanges WILL be in registration, to receive a pair of fasteners for
      fastening the mating shells together.
PAR  In accordance with a particular feature of the present invention, no
      protrusions, such as integral fasteners or the like, which extend through
      the plane of the open face 40 of shell 10 are provided. It was recognized
      in the making of the present invention, that such protrusions would act as
      points of stress concentration when the shell was disposed on a hard
      surface (e.g., a concrete roadway) and was bearing the weight of a
      vehicle, thus tending to rupture the shell.
PAR  Going now to FIG. 2, there is seen shell 10 in a position inverted with
      respect to the position shown in FIG. 1.
PAR  In FIG. 2 it may be seen that shell 10 defines within itself three pockets
      or cavities 42, 44, and 46. The two larger pockets 42, 44 are of such a
      size as to each be capable of containing one tire chain of the largest
      size with which the shell 10 is adapted to cooperate (it is not
      contemplated that such a maximum size tire chain will necessarily be
      entirely contained within a pocket 42, 44, but rather that such a maximum
      size tire chain can be easily piled in one of the pockets 42, 44, without
      spilling onto or projecting above open mating face 40.)
PAR  In addition to the tire chain receiving pockets 42, 44, shell 10 is also
      provided with a smaller central pocket 46, wherein may be stored tire
      chain hardware, such as spare links and spare tire chain clips.
PAR  Going now to FIG. 3, there is shown the cross-sectional configuration of a
      shell 10 embodying the preferred form of the present invention. It is to
      be particularly noted that, in accordance with the principles of the
      present invention, the small storage pocket 46 is defined by two side
      walls 50, 51, and a bottom wall 52. It is to be further noted that the
      inner side walls of the chain receiving pockets 42, 44 consist of said
      small pocket sidewalls 50, 51 and also additional side members 53, 54; all
      of said wall members 50, 51, 52, 53, 54 being integral, and the side wall
      members 53, 54 being integral with the aforementioned plane bottom
      surfaces 28, 30. By this construction an integral strengthening bridge is
      provided, whereby shell 10 may be made as light as possible consistent
      with two such shells being capable of supporting the full weight of the
      rear end of the motor vehicle while tire chains are being mounted on the
      rear wheels thereof.
PAR  Going now to FIG. 4 there is shown a pair of shells 10, described
      hereinabove, which are fastened in open-face-to-open-face relation for
      containing a pair of tire chains and associated hardware. These two shells
      10 are fastened together by means of bolts 56, 58 coacting with nuts 60,
      62, each nut if desired, being of the type incorporating a device for
      resiliently engaging the material through which it passes, in this case
      the flanges 32, 34, whereby to prevent the working loose of these nuts due
      to vibration.
PAR  It is to be understood that the particular arrangement of nuts 60, 62 and
      bolts 56, 58 illustrated and described hereinabove are not the only means
      by which a pair of shells 10 of the present invention may be fastened
      together for containing a pair of tire chains. For instance, a belt or
      strap having a friction buckle (sometimes called a "bookstrap") may be
      passed through both of the channels 22 when a pair of shells 10 is in
      face-to-face relation, and drawn tight, the shells thereby being
      maintained in face-to-face relation for storing a pair of tire chains.
      Other fastening arrangements will be provided by those having ordinary
      skill in the art without the exercise of invention. It is to kept in mind,
      however, that in accordance with one aspect of the present invention no
      protrusions are to project from the mating faces 40 of the shells 10.
PAR  It will now be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained, and
      since certain changes may be made in the above construction without
      departing from the scope of the present invention, it is intended that all
      matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative only, and not in a limiting
      sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Having described the present invention, what is claimed as new and desired
      to be secured by Letters Patent is:
NUM  1.
PAR  1. A tire chain container and mounting aid comprising a pair of shells,
      each shell being capable of bearing the weight of a motor vehicle when one
      of the wheels of the motor vehicle is disposed thereon, each shell having
      a flat face through which a pair of pockets open, each pocket registering
      with a pocket in the other shell when said flat faces are brought together
      in registration, thus forming a pair of separate chambers, each chamber
      being adapted to contain a tire chain, the pair of pockets in at least one
      of said shells being separated by a common wall containing a third pocket
      of such size as to be capable of containing spare tire chain hardware,
      such as spare links, tire chain clips, or the like, and the common wall
      between the tire chain receiving pockets of each shell containing a
      channel open to the side of the shell opposite its said flat face and
      extending to and through each wall of the shell which is perpendicular to
      said common wall.
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ABST
PAL  Tire bead seating and inflating apparatus of the type employing an arcuate
      tube having its interior connected to a source of air and including
      inwardly directed nozzles for directing a high volume of air under
      pressure toward the interface between a tire rim and a tire sidewall while
      air is simultaneously being applied to the interior of the tire through a
      conventional valve stem. The invention specifically contemplates a kit
      whereby such an apparatus, along with desired peripheral equipment, may be
      easily affixed to existing tire changing stands.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to tire bead seating and inflating apparatus.
PAR  As is well-known, before tubeless tires can be inflated, it is necessary to
      set their beads against the wheel rim on which they are mounted to
      preclude air introduced into the tire through the valve from escaping
      between the bead and the rim. Over the years, a variety of devices for
      accomplishing the bead seating requirement have evolved. For example,
      various hoop-like devices have been employed for peripherally engaging the
      tire tread and forcing the same inwardly to cause the beads to seat. Such
      devices, while suitable for their intended purpose in most instances, are
      not susceptible to easy use with weak-walled tires such as radial ply
      tires. Moreover, they require manual placement and orientation about the
      periphery of the tire tread.
PAR  In attempts to improve on such prior art structures, collar-like sealing
      devices adapted to establish a seal between one sidewall of a tire and the
      edge of the corresponding rim were developed. Such structures are shown,
      for example, in U.S. Pat. No. 2,874,760 to Bishop and U.S. Pat. No.
      2,874,761 to Varvaro. Such devices also work well for their intended
      purpose but are susceptible to difficulties in use either because of the
      fact that the collar must be manually placed as is the case with the
      Varvaro device or, the apparatus mounting the collar as disclosed by
      Biship is, for all intents and purposes, susceptible only to use as a bead
      seating and inflating device and cannot be used for other tire servicing
      purposes, thus requiring extensive manipulation of a wheel from one
      apparatus to another where more than simply bead seating and inflating is
      required.
PAR  Still another method of seating the beads of tires and inflating is that of
      creating a pressure differential across a tire sidewall. U.S. Pat. No.
      3,552,469 to Corliss and U.S. Pat. No. 2,874,759 to Ranallo illustrate
      apparatus employing this princple but, in each instance, inflexibility of
      use of the apparatus or the requirement of manually locating the device
      prior to use is a significant drawback.
PAR  The difficulties attendant the use of the Corliss and Ranallo apparatus
      mentioned in the preceding paragraph have, in a large part, been overcome
      by the proposal of Strang et al in commonly assigned application Ser. No.
      179,298, filed Sept. 10, 1971, entitled "Tire Bead Seating and Inflating
      Apparatus". But, even with such equipment, manual effort is required to
      move the bead seating and inflating apparatus to and from operative
      positions.
PAR  It has also been proposed that apparatus of the type disclosed by Corliss
      be mounted on the table of a conventional tire changing apparatus, thus
      eliminating any need for manual orientation of the device between
      operative and inoperative positions or, when a tire is to be placed on or
      removed from the tire changing device. However, this proposal is overly
      simplistic in its approach and some difficulty may be experienced with the
      same in terms of inflating tires on different size rims. Moreover, the
      same fails to contemplate peripheral equipment associated with such a bead
      seating and inflating device that may be of great assistance to the
      operator of such apparatus in maximizing the efficiency of the tire
      changing operation including the seating of the beads of the tire and the
      inflation thereof.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the invention to provide a new and improved
      tire bead seating and inflating apparatus. More particularly, it is an
      object of the invention to provide such an apparatus which does not
      require manual manipulation during operation and which may be
      advantageously employed in conjunction with tire changing equipment, which
      operates on the pressure differential principle, is operative with a wide
      range of varying rim sizes, includes a variety of peripheral equipment to
      maximize the efficiency of the operation, and which is configured such
      that it may be installed on tire changing stands at a factory as original
      equipment or, alternatively, easily installed on existing tire changing
      equipment in the field as a kit.
PAR  The exemplary embodiment achieves the foregoing objects by a construction
      including an arcuate tube or air ring which may be mounted on the table of
      a conventional tire changing apparatus in a relation concentric with the
      usual spindle found thereon. Preferably, the tube is intended for mounting
      on tables of the type where at least a part of the rim receiving surface
      is generally frusto-conical. In such an instance, the air nozzles on the
      tube are directed upwardly and inwardly at an angle such that streams of
      air issuing therefrom will be generally parallel to corresponding portions
      of the frusto-conical surface whereby air will be directed at a tire in
      the same direction regardless of the rim size thereof.
PAR  To facilitate conversion of tire changing apparatus already in the field,
      the invention contemplates a housing which may be secured to such tire
      changing apparatus. The housing in turn mounts a surge tank which may
      serve as a source of air under pressure for both the air ring and an air
      chuck which may be affixed to a valve stem on a wheel rim received on the
      table of the tire changing stand. The housing may mount a pressure gauge
      having an indicator on the external portion of the housing as well as an
      air relief valve having an operator exteriorly of the housing. A pair of
      valves are provided with the assemblage along with means for securing the
      same to a tire changer and the valves are provided with a common actuator.
      One of the valves is interconnected between the surge tank and the air
      ring to control the flow of air through the nozzles of the latter. The
      other valve is connected between the surge tank and the air chuck to
      control the flow of air to the air chuck. The air relief valve and the
      pressure indicator are connected to a conduit extending between the valve
      controlling flow of air to the air chuck and the air chuck itself so that
      when the valve is closed, pressure in the tire may be monitored and, if
      necessary, the relief valve operated to selectively relieve air from the
      tire.
PAR  The common actuator for the two valves is arranged to be movable through
      three positions. A first of the positions is such that both valves are
      closed, while a second position is such that air will be allowed to pass
      to the air chuck only. The third position permits the passage of air to
      both the air ring and the air chuck. Thus, through a single actuator, an
      operator of the apparatus can easily control the same throughout the bead
      seating and inflating operation.
PAR  Other objects and advantages will become apparent from the following
      specification taken in conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a conventional tire changing stand having
      an embodiment of the invention affixed thereto;
PAR  FIG. 2 is a vertical section illustrating the arrangement of an air ring
      with respect to a portion of the tire changing stand table and further
      illustrates the relation of air jets issuing from the air ring to a
      variety of rims of different sizes, several shown in dotted lines;
PAR  FIG. 3 is a plan view of a portion of a kit made according to the invention
      with parts broken away for clarity;
PAR  FIG. 4 is a plan view of another portion of a kit made according to the
      invention; and
PAR  FIG. 5 is a somewhat schematic illustration of a common actuator for a pair
      of valves employed in one embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, an examplary embodiment of the invention is shown
      in connection with a tire changing stand, generally designated 10, which
      may be of the type disclosed in Strang et al U.S. Pat. No. 3,255,800. Of
      course, the invention is also suited for use with a variety of other types
      of stands as well. As is known, such a tire changing stand 10 includes a
      tire changing table, generally designated 12, which will normally be
      formed as a heavy metal stamping and which includes portions 14 having
      frusto-conical configurations. That is, if the opposite portions 14
      illustrated in FIG. 1 were continued about the entire periphery of the
      table 12, a generally frusto-conical surface would be defined thereby.
PAR  Extending upwardly from the center of the table 12 is a center post or
      spindle 16 which may receive the central aperture in a tire rim along with
      a plunger 18 which may be disposed in a lug hole in a wheel rim for
      purposes well known.
PAR  The assemblage further includes a lower bead breaking assembly, generally
      designated 20, and an upper bead breaking assembly, generally designated
      22. The equipment also includes an internally threaded cone member 24
      which is employed on the spindle 16 in a manner well known as well as a
      control pedal 26 for controlling operation of the stand 10.
PAR  The interrelation of the various components described thus far is described
      in greater detail in the above-identified Strang et al U.S. Pat. No.
      3,255,800 and reference may be had thereto for additional details.
PAR  With continued reference to FIG. 1, the invention with which the instant
      application is concerned includes an air ring, generally designated 28,
      which is mounted in concentric relation to the table 12 relative to the
      spindle 16 in any suitable manner. Preferably, eye brackets 30 formed of
      sheet metal may be employed for this purpose. The air ring 28 is circular
      and has a peripheral extent greater than the majority of a circle and
      which is limited only by the presence of the lower bead breaking assembly
      20. That is, the ends of the air ring 28 terminate short of the lower bead
      breaking assembly 20 so as to not interfere with operation of the same.
      Additionally, there is provided a front console, generally designated 32,
      which mounts a variety of components for controlling the bead seater and
      inflating apparatus of the invention and which, at its lower end, has an
      outwardly projecting foot pedal 34 operable to control the operation.
PAR  A second housing or console, generally designated 36, is adapted to be
      secured to the left side of the tire changing stand 10 and serves as a
      securing means for a source of air under pressure, namely, an air surge
      tank 38. The console 36 mounts a pressure gauge, generally designated 40,
      as well as an operator 42 for an air release valve. As a last basic
      component, the invention includes a conventional air chuck 44 which, as is
      well known, may be placed in operative relation on a valve stem on a wheel
      rim to cause air under pressure to pass through such valve stem.
PAR  With reference now to FIG. 2, the table 12 is seen to be supporting a tire
      rim 50 having a central opening 52 through which the spindle 16 extends.
      About the rim 50 is a tire carcass 54 and the rim further includes a
      conventional valve stem 56 in fluid communication with the air chuck 44
      and the interior of the tire carcass 54. The air ring 28 is seen to be
      comprised of a tube 58 having a plurality of inwardly and upwardly
      directed air nozzles 60 therein. That is, the air nozzles are directed
      inwardly toward the spindle 16 and upwardly toward the rim 50 resting on
      the table 12.
PAR  The air nozzles 60 may be easily formed simply by punching apertures in the
      tube 58, but it is highly desirable that the upward inclination be such
      that the individual air streams 62 issuing from the nozzles are parallel
      to the underlying portions of the surface of the frusto-conical portions
      14. Stated another way, the nozzles 60 should be configured such that the
      air streams 62 will define a conical configuration which is the same as
      the cone that would be defined by the frusto-conical portions 14 if a full
      cone were to encompass those postions. For example, if the frusto-conical
      portions 14 are at an angle 45.degree. to the horizontal, the air streams
      62 should leave the air ring 28 at an angle approximately 45.degree. to
      the horizontal.
PAR  As can be seen, an upper bead 64 of the tire carcass 54 has been seated
      against the upper boundary of the rim 50 while a lower bead 66 of the tire
      has not been seated and the air streams 62 with the nozzles 60 configured
      in relation to the frusto-conical portions 14, as mentioned above, will be
      directed at the interface of the lower bead 62 and the tire rim 50 and
      passed between the two into the interior of the tire to inflate the same
      in accordance with the well-known pressure differential principle. Thee
      resulting inflation will cause the bead 66 to progressively move
      downwardly until finally it too seats against the rim 50. At this time,
      further inflation may be maintained soley through the air chuck 44.
PAR  It will further be appreciated that the above-described arrangement of the
      air nozzles 60 with respect to the frusto-conical portions will result in
      the air streams 62 having the same angle of attack on a rim and a tire
      carcass regardless of rim size. For example, if a smaller rim indicated in
      dotted lines at 50' is employed the angle of attack will remain the same,
      while if a larger rim, indicated in dotted lines at 50" is employed the
      angle of attack again will be the same. Thus, the arrangement permits an
      optimum angle of attack for the air streams to be employed for a variety
      of different sizes of rims.
PAR  Turning now to FIG. 3, the surge tank 38 is seen to be secured to the
      second console 36 by four brackets 70 (only two of which are shown) and,
      includes a portion 72 extending through an opening in a side wall of the
      console 36. Within that portion 72 of the surge tank 38 within the console
      36 is a fitting 74 which may be connected to an air conduit 76 which, in
      turn, terminates in a fitting 78 exterior of the console 36 for connection
      to a compressor or the like. The conduit 76 serves to deliver air under
      pressure to the interior of the surge tank 38.
PAR  As may be ascertained from FIGS. 1 and 3, the underside of the surge tank
      38 includes a depending elbow 80 which is connected to a large conduit 82
      which delivers air from the source, the surge tank 38, to the air ring 28
      and the air chuck 44 via a control system to be described in greater
      detail hereinafter.
PAR  The console 36 on its upper side 84 mounts the pressure gauge 40 which has
      an indicating portion 88 on the exterior surface of the console. Also
      within the console 36 is an air release valve 90. Also within the console
      36 is an air release valve 90. As will be recalled from the description of
      FIG. 1, an actuator 42 for the air release valve 90 is located exteriorly
      of the console 36.
PAR  At the lower end of the console 36 there is a pair of inwardly extending
      rails 92 formed of angle irons. The horizontal portions of the rails 92
      include a plurality of apertures 94 through which bolts or the like (not
      shown) may be passed to secure the console 36 to the underside of the tire
      changing stand 10 in the configuration illustrated in FIG. 1.
PAR  The assemblage is completed by conduits 96, 98 and 100. The conduit 96
      extends from the control system, to be described in greater detail
      hereinafter, and directs air through the air release valve 90, when the
      latter is closed, to both the conduit 98 and the conduit 100. The conduit
      100 is connected to the air chuck so that when air under pressure is being
      passed through the conduit 96 and the air release valve 42 is closed, a
      tire on the stand may be inflated through the air chuck 44.
PAR  The conduit 98 extends to the pressure gauge 40 so that the latter, with
      its indicator 88, may provide an indication of the pressure of the air
      within the conduits 96 and 100. It will be appreciated that as a result of
      the foregoing construction, even when air is not flowing through the
      conduit 96, the presence of the conduit 98 will result in the pressure
      gauge 40 giving a reading corresponding to the air pressure in a tire on
      the stand if the chuck 44 is fitted on the valve stem 56 thereof. The
      system may be used to monitor the inflation pressure of such a tire such
      that bead seating and inflating operation may be temporarily stopped and
      the pressure monitored. If the pressure is in excess of the desired
      pressure, the manual actuator 42 may be operated to open the air release
      valve 90 to release some air. This procedure may be repetitively
      accomplished until the pressure in an inflated tire is at the desired
      level.
PAR  Turning now to FIGS. 4 and 5, the control components of the invention will
      be descirbed. As generally alluded to previously, the same are housed in
      the first console 32 which may be formed of sheet metal or the like and
      secured to the front of the tire changing stand 10 by any suitable means
      such as self-tapping screws or the like. The conduit 82 from the surge
      tank 38 is led to the console 32 and enters the same in any suitable
      manner. Within the console 32, the conduit 82 is connected to a relatively
      large, normally closed, spring loaded valve 102. At approximately the
      point of connection of the conduit 82 to the valve 102, a fitting 104 is
      located and a conduit 106 is secured thereto and connected to a smaller
      valve 108, also within the console 32 and, again, of the normally closed,
      spring loaded variety. The conduit 96 which, it will be recalled, is
      connected to the air release valve 90, has its opposite end connected to
      the valve 108.
PAR  A conduit 110 is connected, within the housing, to the valve 102 and
      emerges through an aperture 112 in the upper side thereof to be connected
      to the air ring 28. Thus, it will be appreciated that the valve 102
      controls the flow of air to the ring 28 while the valve 108 controls the
      flow of air to the air chuck 44.
PAR  the foot pedal 34 is operative to selectively open both of the valves 102
      and 108. In particular, the same is movable through three positions. In
      the first position, both of the valves 102 and 108 will be in their
      normally closed configuration. In a second position intermediate the first
      and the third positions, the foot pedal is operative to open the valve 108
      while permitting the valve 102 to remain closed. In this position, air
      will flow to the air chuck 44 only. In the third position, the foot pedal
      44 is operative to cause both valves to be opened so that air will flow
      both to the air chuck 44 and to the air ring 28.
PAR  The structure by means of which the foregoing is accomplished is best
      illustrated in FIG. 5. In particular, a stamped metal channel bracket 114
      is secured to the underside of the console 32 and includes openings 116
      and 118 through which valve operators 120 and 122 for the valves 102 and
      108 respectively extend. As mentioned previously, both of the valves 102
      and 108 are of the normally closed variety and are spring loaded such that
      their operators 120 and 122 are biased outwardly from the valve bodies
      (downwardly as shown in FIG. 5).
PAR  It will also be recalled that the valve 102 is a larger valve than the
      valve 108 and as a practical matter, manufacturers of such valves, employ
      larger springs in larger valves than in smaller ones. Thus, there will be
      a greater biasing force tending to close the valve 102 than the biasing
      force tending to close the valve 108 with the result that a greater force
      must be exerted upwardly on the operator 120 for the valve 102 to open the
      latter than need be applied to the operator 122 for the valve 108.
      Advantage is taken of this fact as will be seen.
PAR  The foot pedal 34 is generally in the form of an inverted channel and the
      sides thereof include aligned apertures 124 through which a pivot rod,
      normally a bolt, 126 extends. The bolt also extends through aligned
      apertures (not shown) in the sides of the channel bracket 114 so that the
      foot pedal 34 is secured thereto for pivotal movement about the axis
      defined by the bolt 126.
PAR  The foot pedal 34 also includes a second set of aligned apertures 128 near
      its innermost end for receiving a pivot rod 130.
PAR  The assemblage is completed by a pedal bracket 132 formed in the shape of a
      channel and having a cut-out 134 in both sides thereof in the vicinity of
      the bolt 126 so as to preclude interfering contact between the tow. The
      width of the channel of the pedal bracket 132 is slightly greater than the
      width of the pedal 34 so that the sides of the former may be interposeed
      between the sides of the latter and the sides of the channel bracket 114.
PAR  Adjacent the cut-outs 134, the sides of the pedal bracket 132 include
      aligned apertures (not shown) which receive the ends of the pivot pin 130
      so as to pivotally secure the pedal bracket 132 to the innermost end of
      the pedal 34. The arrangement of the various components is generally shown
      in FIG. 5, it being of some significance that the location of the pivot
      axis defined by the pivot pin 130 be between vertical planes parallel to
      such pivot axis and extending through the operators 120 and 122 for the
      valves 102 and 108.
PAR  Also of some significance is the location of the bolt 126. Firstly, the
      same must be on the large valve side of the pivot pin 130 and secondly, is
      preferably located just inside the aforementioned vertical plane extending
      through the operator 120 for the valve 102 although, depending upon
      dimensions of the other components, a fair amount of deviation from this
      relation is allowable.
PAR  With the foot pedal 34 in its first position, namely, that wherein both
      valves are closed, the assemblage will have the configuration illustrated
      in FIG. 5 with the web of the pedal bracket 132 in contact with the
      lowermost ends of the valve operators 120 and 122. The spring biasing of
      the valves will cause the assemblage to assume this configuration whenever
      a downward force is not applied to the left-hand end of the foot pedal 34.
PAR  When the pedal 34 is partially depressed i.e., the pedal 34 is pivoted
      counterclockwise about the bolt 126, the pivot pin 130 will be elevated
      along with the pedal bracket 132. However, the greater resistance posed by
      the heavier spring loading of the valve 102 and conveyed to the left-hand
      end of the pedal bracket 132 via valve operator 120 will result in
      pivoting of the pedal bracket 132 about the pivot axis defined by pin 130
      on the pedal 34, also in a counterdclockwise direction so that once the
      pedal 34 has been depressed to the second of its positions, the web of the
      pedal bracket 32 will assume the dotted line position designated by the
      legend "SECOND POSITION" whereat only the operator 122 for the valve 108
      will have been moved to open that valve. Thus, in such a position, the
      valve 102 will remain closed while the valve 108 will be open.
PAR  Further pivotal movement of the pedal 34 in the counterclockwise direction
      will result in the opening of the valve 102 as follows. Specifically, the
      right-hand end of the web of the pedal bracket 132 will be blocked from
      further movement in an upwardly direction by a portion of the valve body.
      Thus, continued elevation of the pivot pin 130 will result in pivotal
      movement of the pedal bracket 132 in a clockwise direction about pivot pin
      130 to raise the left-hand end of the web thereof against the force
      applied by the operator 120 to open the valve 102. When such has occurred,
      the web of the pedal bracket 132 will be in the dotted line position
      designated by the legend "THIRD POSITION" and both valves 102 and 108 will
      be opened.
PAR  The invention may be used as follows. A tire rim with an unseated tire
      carcass 54 thereon may be placed on the tire changing stand and secured in
      place through the use of the cone 24. The operator may lift up the tire
      carcass 54 to partially seat the upper bead 54. The air chuck 44 may then
      be applied to the valve stem 56 and the pedal 34 depressed from its first
      position to its third position. This will result in the opening of both of
      the valves 102 and 108 so that the air ring 28 will be operative to force
      air into the tire through the interface of the rim and the lower bead 62
      while additional air will be forced into the tire through the air chuck
      44. At some point, inflation will be sufficient to cause the lower bead 66
      to seat. At this time, the operator may allow the foot pedal 34 to move
      from the third position to the second position, at which time, the valve
      102 will be closed ceasing operation of the air ring 28 but causing the
      valve 108 to remain open to cause further inflation via the air chuck 44.
      When the operator believes the tire to be sufficiently inflated, he may
      then release the pedal 34 completely so that it will return to its first
      position, at which time both valves 102 and 108 will be closed and the
      pressure in the tire may be checked via the indicator 88 of the pressure
      gauge 40. Should the tire be underinflated, the pedal 34 may be depresssed
      to its second position to cause further admission of air. In the event the
      tire is overinflated, the actuator 42 for the air release valve 90 may be
      manually manipulated to release air in the tire to bring pressure with the
      tire down to a desired value.
PAR  It will be appreciated from the foregoing that the invention provides many
      advantages over various devices heretofore known. For example, by use of
      the surge tank 38, during inoperative periods, sufficient pressure may be
      built up within the apparatus itself so as to insure the presence of
      sufficient air under pressure to rapidly complete a bead seating and
      inflating operation. It will also be appreciated that the use of a single
      operator for the two control valves permits the operator to have
      substantially more freedom in performing the operation. The presence of
      the pressure gauge and the air release valve allow rapid monitoring of
      inflation pressure and release of pressure in the case the tire is
      overinflated. And, the construction of the various consoles is such that
      the invention may be easily embodied on new tire changing stands at their
      point of manufacture and before shipping or, alternately, may be embodied
      on existing tire stands already out in the field with a minimum of labor.
      The orientation of the air nozzles with respect to the configuration of
      the table optimizes the bead seating portion of the operation for any of a
      variety of differing sizes of rims. And, finally, the tire changing stand
      on which the invention may be employed is fully usable for its
      conventional function such that tire changing as well as bead seating and
      inflating may be accomplished on but a single apparatus without the need
      for relocating various components during different steps of the combined
      operations.
CLMS
STM  We claim:
NUM  1.
PAR  1. A kit for converting a tire changing stand to a combination tire
      changing stand and a tire bead seating and inflating apparatus comprising:
      an arcuate tube having a plurality of inwardly directed air nozzles and
      adapted to be affixed to a tire changing stand in a relation generally
      concentric to a table top and spindle thereon; a first conduit in fluid
      communication with said tube and said air nozzles thereon and adapted to
      be connected to a source of air under pressure; first valve means in said
      conduit for controlling the flow of air from said source to said air
      nozzles; an air chuck adapted to be connected to a valve stem on a wheel
      rim received on said table top, a second conduit having one end connected
      to said air chuck and another end adapted to be connected to a source of
      air under pressure; second valve means in said second conduit for
      controlling the flow of air therethrough; means defining a common actuator
      for said first and second valves, said common actuator being movable
      between three positions, one of which causing both said valve means to be
      closed, another of which causing both said valve means to be open, and the
      last of which causing said first valve means to be closed and said second
      valve means to be open; and means for securing said arcuate tube, said
      valves and said actuator to a tire changing stand.
NUM  2.
PAR  2. The kit of claim 1 further including an air surge tank, said first and
      second conduits being connected to said air surge tank; and means for
      securing said air surge tank to a tire changing stand.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said means for securing the surge
      tank to a tire changing system comprises a generally upright housing which
      may be connected to a tire changing stand and having said surge tank
      secured thereto; a pressure gauge mounted on said housing and having an
      indicator on the exterior thereof; an air release valve mounted in said
      housing and having an actuator externally thereof; said second conduit
      being connected to said air surge tank via air release valve and said
      pressure gauge being in fluid communication with said second conduit
      between said air chuck and said second valve means whereby air pressure
      within a tire on said table top may be ascertained when said common
      actuator is in said first position by visually observing said indicator of
      said pressure gauge and said air release valve selectively operated to
      relieve pressure from a tire if said pressure gauge indicates a higher
      than desirable pressure in the tire.
NUM  4.
PAR  4. A kit according to claim 3 wherein said housing includes at least two
      parallel rails extending to one side thereof, said rails being adapted to
      be connected to a tire changing stand to secure said housing and said
      surge tank thereto.
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ABST
PAL  Apparatus to be used on a heavy-duty vehicular wheel tire for dislodging
      the tire from the wheel during removal of the tire from the wheel and for
      confining a separable wheel rim, should the wheel rim become disengaged
      from the wheel during inflation of the tire. A rim-retaining structure
      includes an outwardly extending member affixed to a swivel joint secured
      to one end of a lever. The lever pivots about a fulcrum mounted on a
      support member and inflatable bellows secured to the other end of the
      lever position the rim-retaining means against the tire.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The field of art to which the invention pertains includes the field of tire
      mounting and removal apparatus, particularly with respect to a device for
      retaining a separable wheel rim during inflation of a tire mounted on a
      wheel as well as for removal of the tire from the wheel.
PAC  BACKGROUND OF THE INVENTION
PAR  Disc wheels for pneumatic tires have come into extensive use on large
      vehicles, e.g. trucks, earth movers, aircraft and the like. Tires for such
      vehicles are extremely difficult to remove from the wheel and repair or
      replacement generally require use of power equipment to "break" the tire
      bead from the wheel. Such equipment known to the prior art is very heavy
      and usually stationary, thus requiring the tire and wheel be transported
      to a central location for repair or replacement. Such a requirement is
      expensive and time consuming and sometimes causes expensive equipment to
      be idle while a tire is being repaired or replaced. Replacement or repair
      of a tire on such a wheel can also be very dangerous in that the rim may
      fly off with great force.
PAR  Generally, disc wheels incorporate a separable rim which affords lateral
      support for one of the tire beads when a tire is mounted on the wheel.
      Conventionally, such rims take the form of an open ring so that they may
      be seated in a rim gutter on the wheel, and removed therefrom as to
      dismount a tire. Although disc wheels have come into widespread use and
      are certainly effective, the operation of mounting tires on such wheels is
      sometimes rather dangerous. This danger arises for example, when foreign
      particles, e.g. dirt or small stones, go unnoticed in the rim gutter and
      cause the rim to disengage from the wheel when the tire is inflated.
      Disengagement may also occur in the event of a worn wheel or slight
      misalignment of the rim and the rim gutter.
PAR  Normally, a wheel rim does not disengage until substantial force is applied
      thereto, such as during the process of inflating the mounted tire. As a
      consequence, the rim is usually disengaged by a considerable force and
      accordingly can be very damaging. The risks involved by a forcefully
      disengaged rim are increased by the fact that the repairman is normally
      required to be in close proximity to the wheel, so as to hold an air hose
      coupled to inflate the tire.
PAR  In general, various structures have been previously proposed to minimize
      the danger attendant a disengaged rim with the inflation of a tire that
      has been freshly mounted on a disc wheel. However, such structures have
      been somewhat inadequate. Typical devices include a plurality of arms
      which are affixed to the wheel and act as rim-retaining apparatus during
      the inflation of the tire. The arms are secured to the wheel on a shaft
      which extends axially to the wheel with the arms being secured to the
      wheel by means of a locking nut or clamp. Such devices normally require a
      relatively large amount of time to secure the arms to the wheel prior to
      inflation of the tire.
PAR  The present invention provides a rapid, safe and convenient safety
      apparatus which may be readily transported directly to a vehicle for on
      the site tire repair or replacement and includes rim retaining means for
      use during inflation of a tire having a separable wheel rim.
PAC  SUMMARY OF THE INVENTION
PAR  Apparatus for mounting and removing tires from wheels having separable rims
      includes outwardly extending tire engaging means supported for
      reciprocation on power assist means for tire bead breaking and rim
      retaining.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the apparatus for mounting and removing a
      tire from the wheel;
PAR  FIG. 2 is a vertical sectional view taken fragmentarily through the
      structure of FIG. 1 illustrating the use of the apparatus in the mounting
      mode of operation;
PAR  FIG. 3 is a vertical sectional view taken fragmentarily through the
      structure of FIG. 1 illustrating the tire removal mode of operation; and
PAR  FIG. 4 is a vertical sectional view of the structure of FIG. 3 illustrating
      the tire seal disengaged from the wheel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a tire mounting and removing
      apparatus 12 constructed in accordance with principles of the invention.
      The apparatus 12 is illustrated with a tire 14 shown in dotted lines, in
      position for mounting or removing the tire with respect to a wheel. (The
      wheel and rim have been omitted from FIG. 1 for purposes of clarity, but
      are illustrated in FIG. 2.) Outwardly extending tire engaging means 16 is
      moved downwardly into engagement with the tire 14 by a power assist means
      such as a bellows 62 to break the tire bead from a wheel. The tire may
      then be removed from the wheel, then repaired and/or replaced as desired.
      After the tire 14 is remounted on the wheel it must be inflated. It is
      during the initial inflation, after freshly mounting the tire 14 on the
      wheel, that a substantial danger exists from forceful disengagement of a
      rim from the wheel. Accordingly, as illustrated in FIG. 1, the outwardly
      extending tire engaging means includes means for capturing and retaining
      the rim in the event that the rim disengages from the wheel under
      substantial force of pressure within the tire 14. Thus, the apparatus of
      the present invention performs the dual function of providing portable
      tire changing and safety means for disengaged rim retention.
PAR  Considering the apparatus in greater detail, reference will now be made
      somewhat concurrently to FIGS. 1 and 2. As is therein shown, the outwardly
      extending tire engaging means includes a plurality of L-shaped arms 24,
      having a base 22, extending from a central hub 26. The arms 24 terminate
      in a slight radially inwardly directed lip 27 which engages the tire
      adjacent the bead to break the same from the wheel as shown in more detail
      in FIGS. 3 and 4. A plate member 18 is permanently affixed adjacent the
      end of each L-shaped arm and is radially outwardly directed therefrom.
      Ribs 23 are permanently affixed between the base 22 of each arm and its
      respective plate 18 to provide structural strength.
PAR  The apparatus includes a generally Y-shaped support 34 formed of a pair of
      outwardly extending legs 36, 38 and a base 42. A support bar 44 is
      connected between the ends of the legs 36 and 38 to provide a support
      surface for the tire 14 to rest upon.
PAR  Power assist means is coupled to the means 16 by means of a lever 46 which
      pivots about a fulcrum 48. The fulcrum 48 is formed of a pair of parallel
      plates 52 and 54 permanently affixed to the Y-shaped support 34 and spaced
      apart a sufficient distance to pivotably support the lever 46 therebetween
      by a pin 56.
PAR  One end 58 of the lever 46 is positioned approximately above the free end
      of the support base 42. Air inflatable bellows 62 are secured between the
      free end of the support base 42 and the end 58 of the lever. The bellows
      62 expand and contract between a lower plate 64 secured to the free end of
      the base 42 and an upper plate 66 secured to the end 58 of the lever by
      means of a pair of L-shaped brackets 72 (one of which can be seen in FIG.
      1). A pin 73 extends through the arms of the L-shaped bracket 72 and the
      end 58 of the lever enabling the lever to swivel about the bellows upper
      plate 66. An airhose 74 is coupled between the bellows and a source of air
      under pressure (not shown) through the upper plate 66 enabling the bellows
      to be expanded or contracted as is desired. A pair of springs 76 and 78 is
      coupled between the lever 46 and the support base 42 intermediate the
      fulcrum 48 and the bellows 62 and continuously urge the apparatus toward
      an open position.
PAR  The other end 82 of the lever 46 is universally secured to the hub 26. As
      can be seen in FIG. 3, a yoke 84 contains a pair of spaced apart arms 86,
      88 to which the end 82 of the lever is secured by means of a pin 92. The
      shank of the yoke 84 extends through an opening 94 in the center of the
      hub 26 and a support bushing 96 which receives a terminating sphere 98 of
      the yoke 84.
PAR  After the tire 14 has been placed between the support surface of the
      outwardly extending legs 36 and 38 of the Y-shaped support 34 and the
      safety appliance 16, sufficient air is fed into the bellows 62 to bring
      radial plates 18 into contact with the tire surface as shown in FIG. 2.
      Then air under pressure is applied through the valve stem into the tire 14
      to inflate the tire. If the rim 28 disengages during the tire inflation
      the arms 24 will capture and maintain it. When the tire has seated on the
      wheel 32 and rim 28, the air in the inflatable bellows 62 is slowly
      released. Should the rim 28 spring loose due to incorrect seating of the
      rim with respect to the tire and wheel, the radially extending arms 24
      will capture and maintain it so that the rim cannot do harm to person or
      property.
PAR  As above pointed out, the apparatus 12 can also be used for removing the
      tire from the wheel and rim and such is further shown in FIGS. 3 and 4. In
      this mode of operation, the wheel is placed face down with the rim 28
      adjacent the Y-shaped support 34. Once again, the radial plates 18 are
      positioned adjacent the tire by inflating the bellows 62. In addition, the
      inwardly extending lips 27 are positioned adjacent the junction of the
      tire bead 102 and the fixed portion 104 of the wheel 32. Continued
      inflation of the bellows 62 applies force and causes the radial plates 18
      to compress the side walls of the tire 14 while the lips 27 break the tire
      bead 102 from the wheel fixed portion 104, thus breaking the seal between
      the wheel and the tire and enabling the tire to be removed from the wheel.
PAR  Apparatus constructed in accordance with the present invention may be
      utilized with various size tires depending upon the vehicle from which the
      wheel and tire has come. To preclude the necessity of constructing several
      different sized devices for use with varying sized wheels and tires, the
      apparatus in the present invention may be made adjustable as is
      illustrated particularly in FIG. 3. As is therein shown, the arm 24 may be
      broken into two pieces 106 and 108. Serrations 110 may be provided in each
      of the portions 106 and 108 of the arm 24 to permit the adjustability of
      the length of the arm as is indicated by the arrow 112. In operation, one
      would loosen the wing nuts 114, 116 from the bolts 118, 120, respectively,
      and then position the two pieces 106, 108 to obtain the desired length.
      The bolts 118 and 120 would then be re-inserted through appropriate
      matched openings or within openings and slots as would be obvious to those
      skilled in the art and the nuts 114 and 116 would be replaced and
      tightened prior to utilization of the structure as above described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for use in conjunction with the removing and mounting of truck
      tires on wheels having separable rims comprising:
PA1  A. a Y-shaped support member including a base and a pair of legs extending
      outwardly from one end of said base, said pair of legs being separated
      sufficiently to receive at least a portion of said wheel therebetween;
PA1  B. a lever having first and second ends;
PA1  C. a fulcrum affixed to and extending from said base adjacent said one end
      thereof;
PA1  D. means pivotally attaching said lever intermediate the ends thereof to
      said fulcrum;
PA1  E. tire engaging means including a hub and a plurality of L-shaped arms
      each including a portion extending radially from said hub in a plane
      parallel to the tire and support member, said arms being symetrically
      distributed about the circumference of said hub;
PA1  F. means pivotally connecting said hub to said first end of said lever;
PA1  G. fluid actuated power assist means affixed to said base at the other end
      thereof; and
PA1  H. means pivotally connecting said second end of said lever to said power
      assist means, thereby to reciprocate said tire engaging means with
      variable force against a tire on a wheel supported on said Y-shaped legs.
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ABST
PAL  A method is disclosed for preparing a coated rotor housing useful in a
      rotary internal combustion engine. A first mandrel is defined from
      conductive material such as a chrome-bearing steel. The outer surface of
      the first mandrel is shaped to be the mirror image of the resultant
      internal surface of the rotor housing; the first mandrel material is
      passivated preferably by the use of boiling water to form a chrome oxide
      material on the outer surface to prevent adhesion of surrounding coated
      materials. A thin, composite-particle wear-resistant coating is
      electrolytically deposited on to the first mandrel to form an assembly.
      The wear-resistant coating is preferably comprised of nickel carrying
      embedded silicon carbide particles. The first mandrel is stripped from the
      deposited thin coating leaving a self-supporting liner or sleeve, the
      liner may be used in its unitary form or may be sliced into smaller liner
      bands for separate processing. The liner is placed about a brother mandrel
      (identical in shape to the first mandrel, but previously preheated by use
      in the die-cast machine) and together they are inserted into a die-cast
      machine. Molten aluminum is supplied to the machine for casting about said
      liner to define a complete housing construction, the liner offering high
      wear-resistance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are many commercial methods for preparing rotor housings for a
      typical rotary internal combustion engine. One pertinent method
      comprehends the preparation of a core surface which is the mirror image of
      the intended surface of the rotor housing. The core is flame spray coated
      with a material, such as plain carbon steel, to form a relatively thick
      and substantially porous self-fused coating on the mandrel. Material
      selection for the flame spray is limited because the material must attain
      adherency to the ultimate housing (usually aluminum) which will surround
      the coating. The spray coating and mandrel together are transferred to a
      die-casting machine where massive aluminum is cast thereabout to form an
      integral composite. This is sometimes referred to as the "transplant"
      method. The mandrel and coating must be preheated prior to introduction to
      the die-casting machine. Following the complete aluminum die-cast process,
      the core is stripped from the coating liner to leave an interiorly smooth
      resultant rotor housing. The principal drawbacks of this known transplant
      technique are: (a) plain carbon steel, not being adequatly wear-resistant
      by itself, is only effective as a metallurgical intermediate and the liner
      must further be processed with an additional wear-resistant coating such
      as chrome to complete the construction, (b) considerable porosity results
      from flame spray coating technique thereby reducing heat transfer through
      the housing to the cooling system disposed about the rotor housing, and
      (c) the mandrel, being subjected to heating and cooling as a result of
      being placed within the die-casting process, is subjected to early
      destruction and the smoothness of its outer surface is prematurely
      destroyed resulting in eventual defects in the surface of liners requiring
      additional grinding to remove the defects in the coating liner.
PAR  A particularly useful material having high wear-resistance is that of an
      electrolytically deposited base of nickel with embedded silicon carbide
      particles. Such material has been known for some time for purposes of
      coating various products, including rotor housings for rotary engines.
      However, the technique has involved only direct electrolytic deposition,
      never by way of the transfer technique mentioned above. A significant
      problem that may have prevented the prior art from combining the art of
      electrolytic nickel coating with the transfer method is the inability to
      obtain an adequate bond. Electrolytic coatings are extremely dense,
      usually having no porosity. Porosity normally accompanys a sprayed coating
      providing a basis for interlocking and wetting the cast metal thereto
      which will withstand the severe environment of a rotary internal
      combustion engine. The prior art has not appreciated the value and
      technique of utilizing a wear-resistant material as nickel-silicon carbide
      in combination with the concept of brother mandrels; an initial mandrel
      has not been used to define a liner, the first mandrel being then removed
      from the liner and the liner then being placed on a brother mandrel in the
      die-cast process.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of this invention is to provide an improved composite
      rotor housing having a liner therein formed of a highly wear-resistant
      material which is bonded to a cast aluminum supporting structure
      thereabout, the composite housing being characterized by a low-cost method
      of preparation.
PAR  Another object of the invention is to provide a composite rotor housing in
      conformity with the above object, which further is produced by a method
      which reduces the destruction of any mandrel utilized in the fabricating
      method; in more particularly, the method eliminates the necessity for
      heating up mandrels used to perfect the smoothness of inner surface of the
      liner thereby insuring that the mandrel surface will not be destroyed by
      subsequent cyclical heat treatment. The mandrels are formed of a material
      that can be easily passivated to prevent adherence to a cermet.
PAR  Another object of this invention is to provide a method for making a
      composite rotor housing, the coating being deposited in a sleeve form on
      an initial mandrel, then the sleeve is subsequently sliced into thin band
      configurations, each separate configuration being placed upon a brother
      mandrel for subsequent casting of a supporting aluminum housing
      therearound.
PAR  Yet still another object is the unique selection of a material for
      electrolytic deposition of a rotor housing liner that may constitute the
      entire liner and yet be strong enough to be self-supporting in being
      carried between manufacturing steps without a supporting mandrel.
DRWD
PAC  SUMMARY OF THE DRAWINGS
PAR  FIG. 1 is a schematic flow diagram illustrating the principal steps of the
      instant invention;
PAR  FIG. 2 is a smoothness profile comparing the prior art liner composition
      with that of the invention composite.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning first to the sequence of FIG. 1, a preferred method for carrying
      out the invention is disclosed. First mandrel 10 is prepared from a
      suitable core material which is capable of being machined to a very exact
      complex configuration such as epitrochoid surface 11 as required by the
      internal surface of a rotor housing of a typical rotary internal
      combustion engine. The epitrochoid surface 11 is a mirror image of the
      resultant epitrochoid surface to be structured on the rotor housing. A
      suitable and necessary material for this purpose would be a chrome-bearing
      steel having a chromium content in the range of 3-25 percent. The chrome
      content enables the material to be passivated which facilitates
      non-adhesion between the mandrel surface 11 and the material to be
      deposited thereon. In addition, the mandrel may be tapered in a direction
      from one end 10a to the other end 10b of the mandrel. Here the mandrel is
      defined as a rather elongated element wherein the width of surface 11 is
      much greater than the width of the surface to be utilized on the rotor
      housing. This facilitates definition of a liner which constitutes an
      elongated sleeve 13, the sleeve then being subsequently broken into
      separate bands or shapes 14 for eventual use in the rotor housing. The
      machined surface of mandrel 10 has a surface roughness of 8-12 r.m.s.
PAR  Next, the mandrel is placed in an electrolyte for the purpose of
      electrolytically depositing a coating of nickel with embedded silicon
      carbide particles. The composition of the electrolyte is not critical, but
      the following range of ingredients is found to be conveniently controlled:
      Nickel sulfamate in the range of 200-600 grams per liter; NiCl.sub.2 -- 6
      H.sub.2 O in the range of 30-70 grams per liter; and H.sub.3 Bo.sub.3 in
      the range of 20-40 grams per liter. Silicon carbide, being among the
      hardest materials, is preferred; in addition it combines high hardness
      with low cost in a most desirable manner. Other hard particles that may be
      used include oxides of aluminum or iron, carbides of silicon or tungsten,
      diamond, and finely dispersed hard metals, such as tungsten, in mixtures
      of these materials. The hard particles are dispersed in the electrolyte in
      an amount between 100 to 150 grams per liter and in a particle size
      between 0 to 10 microns. A PH value for the electrolyte is selected
      according to other process variables (between 3 and 5) in a conventional
      manner. The bath temperature may be about 160.degree.F and the current
      density is critically sequentially staged to be in the range of about
      50-100 amps per square foot for a few starting moments of the electrolytic
      deposition and then eventually raised to 500-1000 amps per square foot.
      The particles are maintained in suspension in the bath by proper
      agitation. Electrolytic nickel is the preferred anode material.
PAR  The deposited coating must be in the range of 15-25 mils for proper
      adherency. The coating 13 will have a porosity substantially 0. This is in
      high contrast to the characteristic of a sprayed coating which has a
      considerable amount of porosity, at least a minimum of 5 percent. Porosity
      in such a coating is a penalty because it retards heat transfer and forms
      a barrier at the very location in the rotor housing where heat must be
      transmitted. The lack of porosity produces a denser material and
      accordingly provides greater heat transfer. The electrolytically deposited
      nickel-silicon carbide is superior in this respect. The thermal
      conductivity of the deposited coating is 2.6 and has a thermal expansion
      coefficient of about 4.7 micro inch/.degree.F.
PAR  The next step of the process requires that the mandrel be stripped from the
      coating to define a self-supporting sleeve. This is facilitated by (a) the
      taper of the mandrel and (b) prior boiling of the mandrel in water so as
      to passivate the surface and form a chrome-oxide chemical barrier to
      adhesion. The sleeve, being considerably longer than the width of the
      rotor housing, is then cut into bands 14 which are of appropriate
      configuration to fit with each rotor housing. This may be carried out by a
      gang of carbide cutters arranged to travel about the epitrochoid
      configuration and slice the sleeve into separate entities (not shown).
PAR  A brother mandrel 15 is defined which is an exact copy of the
      cross-sectional shape of the initial mandrel 10, as shown at 17 assembled
      to a die 20. The bands 14 are then placed on the brother mandrel 15 as
      shown at 18. The assembly of brother mandrel 15, die 20 and band 14 is
      then placed in a die-casting machine 19. The brother mandrel has been
      previously heated by continuous use in previous die-casting processes and
      therefore does not need to be cooled or experience drastic thermal
      changes. The cavity of the die-casting machine is closed and an aluminum
      based material is cast thereabout to define a cast rotor housing of a
      shape similar to that as shown schematically at 21. A preferable chemistry
      for the aluminum material is that containing 9-11 percent silicon to
      increase the hardness of the aluminum alloy.
PAR  To obviate band cutting, the initial mandrel 22 may be formed of a narrower
      thickness 23. The resultant coating 24 is also narrower and can be placed
      directly in the mandrel 15 and into the die-cast machine.
PAR  The casting material should be selected from the group consisting of
      aluminum, cast iron. The electrolytically deposited material should be
      selected from the group consisting of Ni--SiC and other systems employing
      cobalt or copper as the base material and SiC, tungsten carbide, titanium
      carbide, or aluminum oxide as the codeposited particulate matter.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A method of producing a coated rotor housing for a rotary internal
      combustion engine, comprising:
PA1  a. defining first and second mandrels each having an outer surface
      complimentary to the resultant internal surface for the rotor housing,
PA1  b. electrolytically depositing a thin coating of a composite particle
      wear-resistant material on said first mandrel,
PA1  c. separating said first mandrel from said coating leaving said coating as
      an independent unsupported liner, and
PA1  d. placing said liner about said second mandrel and casting a molten
      metallic material thereabout whereby the liner and metallic material are
      both alloyed and mechanically locked together.
NUM  2.
PAR  2. The method as in claim 1, in which the electrolytically deposited
      material is comprised of silicon carbide particles suspended in a nickel
      base.
NUM  3.
PAR  3. The method as in claim 1, in which the surface roughness of said first
      mandrel, prior to electrolytic deposition, is in the range of 8-12 r.m.s.
NUM  4.
PAR  4. A method as in claim 1, in which both said mandrels are comprised of a
      material, at least at its outer margin, consisting essentially of a
      chrome-bearing steel.
NUM  5.
PAR  5. The method as in claim 4, in which said chrome-bearing steel has a
      chromium content in the range of 3-25 percent.
NUM  6.
PAR  6. The method as in claim 4, in which said chrome-bearing steel mandrels
      are passivated prior to either electrolytic deposition or casting.
NUM  7.
PAR  7. The method as in claim 6, in which said passivation is carried out by
      the use of boiling water to form a chrome oxide coating on said mandrel.
NUM  8.
PAR  8. The method as in claim 1, in which said electrolytically deposited
      material is in the thickness range of 15-25 mils whereby satisfactory
      adherency is established under operating conditions of the engine.
NUM  9.
PAR  9. The method as in claim 1, in which the porosity of the liner joined to
      the aluminum casting thereabout is substantially zero and thermal
      conductivity of the liner is in the range of 3.0-5.0 micro-inch/.degree.F.
NUM  10.
PAR  10. The method as in claim 6, in which the first mandrel is tapered along
      its longitudinal extent to facilitate said separating step in cooperation
      with said passivation.
NUM  11.
PAR  11. The method as in claim 1, in which said first mandrel is elongated
      along an axis parallel to the outer surface of said mandrel to be coated,
      the liner resulting from said deposition and separation then being sliced
      into narrower liner bands for use in a plurality of die-cast steps.
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ABST
PAL  Prevention of fins during a metal casting process is achieved by employing
      a mold having at least one protuberance along a parting line of the mold
      and a film of soft plastic covering the mold including the protuberance.
      When the mold is pressed against another mold the protuberance is held in
      place by the film of soft plastic. The pattern for forming the mold
      includes a shielding mold member of a soft plastic film formed over an
      inversely drafted part along a parting line of the pattern. The mold can
      also be formed from a pattern having a shielding mold member of a soft
      plastic film formed over at least one recess in a parting line of the
      pattern.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This invention relates to a method and a pattern for preventing a fin from
      occurring during metal casting, especially in a molding method in which a
      mold in maintained under a vacuum force. The present invention is an
      improvement of the molding method disclosed in commonly assigned U.S. pat.
      application Ser. No. 182,476 filed Sept. 21, 1971 and now U.S. Pat. No.
      3,789,907.
PAC  BACKGROUND OF THE INVENTION
PAR  Since the occurrence of fins requires after-treatment processes of a molded
      article, it decreases the working efficiency of the molding process and
      pollutes the environment undesirable.
PAR  In accordance with a convention molding method, especially in which a
      cavity is formed by connecting molds, the molds are pressed against each
      other in order that the melt does not spill through the parting portions
      when pouring, and the parting surfaces are formed as flat as possible, so
      that each mold may be connected completely.
PAR  But it is nearly impossible to produce an article without fins, because as
      the sand is bare along the parting lines, in case of pressing the molds
      too hard, the sand near the parting lines may be broken down into a
      cavity.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a mold is covered with a thin film of
      soft plastic and has protuberances along its parting lines, and the
      protuberances are  squashed when the molds are connected and completely
      fitted against each other. In this case, the protuberances are never
      broken down into the cavity, because of the covering by said plastic film.
PAR  An object of the present invention is to provide a method for producing an
      article without fins for increasing the working efficiency of a molding
      process.
PAR  Another object of the present invention is to provide a pattern for
      executing the method mentioned above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages will become more readily apparent from the
      following detailed description when read in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of a part of a pattern,
PAR  FIG. 2 is a sectional view of a part of a shielding mold member adhered to
      the pattern and molding sand filled on the shielding mold member,
PAR  FIG. 3 is a sectional view of a main part of a mold,
PAR  FIG. 4 is a sectional view of a main part of connected molds for forming a
      cavity.
PAR  FIG. 5 is a sectional view of a pattern of the other embodiment of the
      present invention.
PAR  FIG. 6 is an enlarged sectional view of a main part (A) of the pattern
      shown in FIG. 5,
PAR  FIG. 7 is an enlarged sectional view of a main part (A) of the shielding
      mold members drawn by vacuum force to the pattern in FIG. 5,
PAR  FIG. 8 is an enlarged sectional view of the main part of the molds which
      are made by the main part (A) of the pattern in FIG. 5, and
PAR  FIG. 9 is an enlarged sectional view of a cavity formed by the molds shown
      in FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  One embodiment of the present invention will be described with reference to
      FIGS. 1 to 4.
PAR  In FIG. 1 of the drawings, 1 is a pattern with a portion 2 for forming a
      cavity, an inversely drafted part 3 along a parting line thereof and some
      small vent ports 4 for drawing a shielding mold member toward the surface
      of the pattern 1.
PAR  A heated shielding mold member 5 made of a thin film of soft synthetic
      resin is drawn into intimate contact with said pattern 1 by suction
      through the small vent ports 4 of the pattern 1. Then the shielding mold
      member 5 is formed along the pattern 1 so as to form the same shape as the
      pattern 1 as shown in FIG. 2.
PAR  A flask (not shown) connected to an evacuation means is placed on the
      pattern 1, and is filled with molding sand 6 as shown in FIG. 2, and then
      said flask is covered by sealing materials, such as a plastic film (not
      shown).
PAR  The inside of the flask is evacuated to make the air pressure lower than on
      the outside of the flask.
PAR  After application of the vacuum to the pattern 1 is stopped, the pattern 1
      is removed from the shielding mold member 5, thereby forming a mold 7. At
      this time, protuberances 8 which were formed by the inversely drafted part
      3 of the pattern 1 are changed to almost at right angles to the parting
      surface 9 as shown in FIG. 3.
PAR  The protuberances 8 of said mold 7 are pressed and adhered closely to a
      surface 10 of the other mold 11 when the molds 7 and 11 are clamped as
      shown in FIG. 4.
PAR  Hereinafter, the other embodiment of the present invention is described
      with reference to FIGS. 5 to 9.
PAR  In FIG. 5 of the drawings, 51 is a pattern with portions 52 for forming a
      cavity on both sides thereof, having a cavity 53 communicated through a
      small suction port 54 with said portions 52 and connected to an evacuating
      port 55, and furthermore, as shown in FIG. 6, a recess 56 of about 0.5 mm
      in depth and about 1mm - 2mm in width is formed in a parting line of said
      pattern 51.
PAR  Now as shown in FIG. 6, using the pattern 51 mentioned above, a shielding
      mold member 57, for example a, soft plastic film of 0.02mm - 0.1mm in
      thickness is adhered to the pattern 51 by suction through said small
      suction ports 54, and then the shielding mold member 57 is formed on the
      pattern 51 so as to form the same shape as the pattern 51.
PAR  A flask (not shown) connected to an evacuation means (not shown) is placed
      on the pattern 51, and is filled with molding sand 58, and then said flask
      is covered by sealing materials, such as a plastic film. The inside of the
      flask is evacuated to make the air pressure lower than on the outside of
      the flask.
PAR  After application of the vacuum to the pattern 51 is stopped, the pattern
      51 is removed from the shielding mold member 57, thereby forming molds 59
      having protuberances 60 which were formed by recesses 56 of the pattern 51
      as shown in FIG. 8. The protuberances 60 are pressed by each mold 59 and
      connected closely together by surfaces 61 of the molds.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      molding arrangements differing from the types described above.
PAR  While the invention has been illustrated and described as two embodiments,
      it is not intended to be limited to the details shown, since various
      modifications and structural changes may be made without departing in any
      way from the spirit of the present invention.
PAR  Thus in accordance with the present invention, since the molds are covered
      by the shielding mold members members which are made of thin films of soft
      plastic, and maintained by vacuum force, the parting lines are perfectly
      fitted against each other and the protuberances along the parting lines
      are squashed, when the molds are pressed so as to form a cavity as shown
      in FIGS. 4 and 9, thereby making it possible to obtain a very fine article
      without fins.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preventing a fin from occurring during metal casting
      comprising: providing a mold having a recess therein with a protuberance
      extending completely around the periphery of the recess and outwardly
      beyond the parting line of the mold and a film of soft plastic covering
      the mold including the protuberance; pressing the mold against another
      mold to form a cavity and squash the protuberance, the protuberance being
      held by the plastic film; preparing a melt of a metal; and casting the
      melt into the cavity.
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ABST
PAL  An annular bronze bearing is bonded to a cylindrical inner surface of a
      metallic member by positioning the member in a fixture to define an
      annular chamber therein, communicating a charge of bronze alloy particles
      to the chamber via an open end thereof, melting the alloy and cooling the
      member and alloy to form the bearing. The apparatus comprises a pair of
      plates adapted to clamp the metallic member therebetween to define the
      annular chamber between the member and a cylindrical core. A ceramic
      funnel is secured on the upper one of the plates to communicate the melted
      bronze alloy particles to the annular chamber via the open end thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hydraulic pumps and motors of the radial piston type may comprise a rotor
      which is rotatably mounted on a stationary pintle valve. A typical pump of
      this type is disclosed in U.S. Patent Application Ser. No. 425,192, filed
      on Dec. 17, 1973 by William Carl Engel for "High Pressure Radial Piston
      Fluid Translating Device and Cylinder Construction Therefore", now U.S.
      Pat. No. 3,878,767. Such application, assigned to the assignee of this
      application, is adapted to operate at a maximum speed approximating 12,000
      rpm with internal fluid pressures reaching levels as high as 7,500 psi.
PAR  A conventional sleeve bearing is normally disposed in a bore formed in the
      rotor to rotatably mount the rotor on a pintle valve. Many such bearings
      exhibit a relatively short life expectancy due to their separation from
      the rotor as a result of continued use at high speeds and subjection
      thereof to high operating pressures in the range mentioned above. Methods
      and apparatus for forming bearings of this type are disclosed in U.S. Pat.
      Nos. 3,280,758; 3,707,035; and 3,709.108.
PAC  SUMMARY OF THIS INVENTION
PAR  An object of this invention is to provide a method and apparatus for
      economically and expeditiously forming an annular bearing on a cylindrical
      surface of a metallic member. The method comprises: positioning the member
      in a fixture to define an annular chamber, open at one end thereof;
      communicating a charge of bearing alloy to the open end of the chamber in
      a quantity sufficient to at least substantially fill the chamber; melting
      the bearing alloy in the chamber; and cooling the metallic member and
      melted bearing alloy to ambient temperature to bond the bearing to the
      metallic member. The apparatus comprises a pair of plates adapted to clamp
      the metallic member therebetween. A funnel is secured to an upper one of
      the plates to communicate the charge of bearing alloy to the open end of
      the chamber, defined between the member and a non-metallic core member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of this invention will become apparent from
      the following description and accompanying drawings wherein:
PAR  FIG. 1 is a cross sectional view in elevation illustrating an apparatus and
      method for bonding an annular bearing on a cylindrical inner surface of a
      metallic member;
PAR  FIG. 2 is a cross sectional view of the metallic member, subsequent to the
      bonding of a bronze bearing thereon;
PAR  FIG. 3 is a photomicrograph, taken within circle III in FIG. 2 and
      magnified 100.times., illustrating a diffusion band and bond between the
      metallic member and bronze bearing; and
PAR  FIG. 4 is a view similar to FIG. 3, but illustrating the diffusion band at
      a magnification of 500.times..
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates an apparatus 10 for bonding an annular bronze bearing or
      bushing 11 (FIG. 2) on a cylindrical inner surface 12 of a cylindrical
      metallic member 13. The member may be composed of a SAE 4140C steel, for
      example, adapted to be employed as a rotor in the type of pump disclosed
      in above-referenced U.S. Pat. Application Ser. No. 425,192. The fixture
      comprises a pair of circular cover and support plates 14 and 15,
      respectively, adapted to clamp member 13 therebetween by means of
      circumferentially disposed bolts 16.
PAR  A conically shaped and detachable ceramic funnel means 17 has a lower
      tubular end 18 thereof disposed in a mating bore 19 formed through the
      cover plate. An annular flange 20 abuts the upper plate to retain the
      conically shaped funnel portion of the funnel means in its proper position
      for feeding particles 11a, constituting bronze bearing 11, into the
      fixture. A cylindrical non-metallic core 21 is disposed centrally on
      support plate 15 and has an annular non-metallic graphite support member
      22 disposed on the support plate to circumvent the lower end of the core.
PAR  Member 13 is supported on member 22 and defines an annular chamber 23 along
      with core 21, open only at its upper end, adapted to have melted particles
      11 a communicated thereto to form bearing 11 (FIG. 2). If so desired, the
      top surface of core 21 could be formed into a conical configuration facing
      upwardly to aid in guiding particles 11 a into chamber 23. Core 21 and
      support member 22 are each entirely composed of a non-metallic material,
      such as graphite, (or at least surface coated therewith) to prevent
      bonding thereof to bearing 11. Also, the fixture could be suitably
      reconstructed by one skilled in the art to form chamber 23 about the outer
      cylindrical periphery of member 13 to form bearing 11 thereon.
PAR  The method for forming the FIG. 2 rotor will now be described. Prior to
      assembly of member 13 in the fixture, its inner cylindrical surface 12 is
      suitably cleaned of oxides, oils and other extraneous matters to induce a
      sound metallurgical bond thereat. Member 13 is positioned about core 21
      and on support member 22 prior to the clamping of cover plate 14 thereon
      by bolts 16. Subsequent to such clamping, whereby chamber 23 is defined
      between the core and member 13, a predetermined quantity of bronze alloy
      11 a is deposited in funnel 17 in a quantity sufficient to completely fill
      chamber 23.
PAR  The loaded fixture is then placed in a suitable furnace (not shown) which
      preferably provides a non-oxidizing, protective atmosphere, such as 0.40
      carbon potential endothermic, exothermic or cracked ammonia atmosphere, to
      prevent oxidation of cylindrical bonding surface 12. In one application,
      the member and particles were heated to approximately 1950.degree.F. for
      30 minutes to melt the particles for gravity flow from funnel 17 into
      annular chamber 23. The intimate contact of the molten bronze alloy with
      surface 12 caused diffusion of the alloy into such surface to form a
      metallurgical bond therebetween, illustrated by a diffusion band D in
      FIGS. 3 and 4.
PAR  After the heating period has expired, the furnace is allowed to cool to a
      temperature below approximately 1,500.degree.F. to insure solidification
      of the bronze alloy and to permit the furnace to be opened without risking
      an explosion of the protective atmosphere therein. After further cooling
      to room temperature, bolts 16 are removed to disassemble the fixture to
      permit removal of the completed FIG. 2 rotor. FIGS. 3 and 4 are
      photomicrographs illustrating a metallurgical bond between an SAE 4140 C
      steel member 13 and a bronze alloy 11, essentially comprising 90 percent
      copper and 10 percent tin.
PAR  It should be understood that such bearing alloy may comprise a "commercial
      bronze" or a "genuine bronze," such as the composition mentioned above.
      For example, such a commercial bronze may comprise a silicone bronze, an
      aluminum bronze, a manganese bronze or a like composition of the bronze
      family. However, it is preferable for application of the teachings of this
      invention to employ a genuine bronze (e.g., 90 percent copper and 10
      percent tin) due to the compatability thereof for heat-treating purposes.
      As shown in FIGS. 3 and 4, in one application diffusion band D had a width
      approximating 0.0003 to 0.0005 inches and was found to reveal traces of
      molybedenum and phosphorous therein.
PAR  Subsequent to rough machining, the FIG. 2 rotor with its bearing 11 bonded
      thereto is then heat-treated by heating it to a maximum temperature
      approximating 1540.degree.F. and thereafter oil-quenched to room
      temperature. The rotor assembly may be then tempered at 950.degree.F. for
      approximately 2 to 3 hours to achieve the desired physical characteristics
      thereof. It has been found that the metallurgical bond at diffusion band D
      is enhanced during austenitizing by a solid state diffusion reaction
      occurring during heat treatment. Subsequent thereto, the rotor assembly is
      final machined and dimensioned to adapt the rotor assembly for
      installation in a radial piston pump.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for bonding an annular bearing on a cylindrical surface of a
      metallic member comprising the steps of
PA1  positioning said metallic member in a fixture to define an annular chamber
      closed at a first end and open at a second end thereof,
PA1  placing a charge of a metallic bearing alloy in particle form adjacent to
      and in communication with the open end of said annular chamber in a
      predetermined quantity sufficient to at least substantially fill said
      chamber,
PA1  melting said bearing alloy and at least substantially filling said annular
      chamber therewith by gravity flow, and
PA1  cooling said metallic member and said melted bearing alloy to ambient
      temperature to form a solidified annular bearing, conforming to the shape
      of said annular chamber, bonded to said metallic member.
NUM  2.
PAR  2. The method of claim 1 wherein said placing step comprises the step of
      funneling particles of a bronze bearing alloy to a position adjacent the
      open end of said annular chamber.
NUM  3.
PAR  3. The method of claim 1 wherein said positioning step comprises the step
      of clamping said metallic member between a pair of plates.
NUM  4.
PAR  4. The method of claim 1 wherein said positioning step further comprises
      placing said metallic member in circumventing relationship with respect to
      an annular non-metallic core to define said annular chamber therebetween.
NUM  5.
PAR  5. The method of claim 4 wherein said positioning step further comprises
      the step of defining said annular chamber between an inner cylindrical
      surface of said metallic member and an outer cylindrical surface of said
      core.
NUM  6.
PAR  6. The method of claim 4 wherein said positioning step further comprises
      mounting said metallic member on an annular non-metallic member defining a
      closed end of said chamber.
NUM  7.
PAR  7. The method of claim 1 further comprising the step of subjecting said
      metallic member to a non-oxidizing, protective atmosphere during melting
      and bonding of said bearing alloy thereto.
NUM  8.
PAR  8. The method of claim 1 wherein said melting step comprises subjecting
      said metallic member and bearing alloy to a temperature approximating at
      least 1950.degree.F.
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ABST
PAL  A mold flux powder composition and method for employing the same in the
      continuous casting of metals, particularly the continuous casting of
      stainless steel using a submerged-nozzle casting practice. The mold powder
      composition is, in percent by weight, 30 to 60 fly ash, preferably 40 to
      55 fly ash, 10 to 30 calcium fluoride, preferably 10 to 25 calcium
      fluoride, up to 15 sodium carbonate, up to 15 calcium carbonate, up to 10
      cryolite, up to 10 sodium borate, 2 to 8 graphite, 4 to 12 manganese
      oxide, preferably 5 to 10 manganese oxide, up to 15 powdered glass, and up
      to 5 iron oxide.
BSUM
PAR  In submerged nozzle continuous casting, molten metal is teemed from a
      tundish through a nozzle into a flow-through mold having a mold cavity
      that is typically copper and water cooled; from the base of the mold an
      embryo casting having a solidified skin and a molten interior is
      continuously withdrawn, as by the use of pinch rolls. With a
      submerged-nozzle continuous-casting technique the refractory nozzle has
      its base located below the molten metal level in the mold.
PAR  For purposes of facilitating the passage of the partially solidified
      continuous casting through the mold, and particularly in the continuous
      casting of steel, such as stainless steel, it is customary to provide a
      lubricant between the metal being cast and the copper mold walls. For this
      purpose various lubricants have been used, such as unsaturated fatty oils,
      such as rapeseed oil. These materials are expensive and more important
      tend to decompose in the presence of the heat of the molten metal and
      consequently lose their lubricating properties. Alternately, it is known
      to use flux-type materials as lubricants which melt to give a glass-like
      lubricant. Typically these lubricants are compositions including blast
      furnace slag, fly ash and high melting point silicates. The lubricants of
      this type must, of course, become sufficiently viscous for the purpose at
      the particular metal casting temperature with which they are used, or
      otherwise they will not be effective for the purpose. It is known to
      accomplish adjustment of the melting or fusion temperature of lubricants
      of this type to achieve the desired viscosity by the addition of
      fluorides, such as calcium fluoride. The addition of excessive amounts of
      fluorides for this purpose can create a health hazard by producing
      fluorine-containing fumes during the casting operation. In addition, and
      particularly in the casting of stainless steels wherein a submerged
      nozzle, customarily made of an alumina-graphite composition, is employed,
      the presence of fluorides in amounts significantly exceeding about 20 to
      25% by weight of the composition will erode the refractory of the nozzle,
      thus contributing to the failure and ultimate breakage of the submerged
      nozzle at the slag line in the mold.
PAR  It is accordingly a primary object of the present invention to provide a
      method and a mold powder composition for continuous casting, and
      particularly the continuous casting of stainless steels wherein a
      submerged-nozzle technique is employed that provides the combination of
      the required lubricity at the prevailing temperatures, insulation of the
      molten metal pool in the continuous casting mold, absorption and
      floating-out of nonmetallic inclusions, protection of the molten metal
      pool surface from oxidation and will not cause significant erosion of the
      submerged refractory nozzle. In addition, thermal properties are provided
      to allow sufficient but not excessive or localized heat transfer in the
      upper portion of the mold and by continuously filling the shrinkage cavity
      between the casting skin and mold cavity wall in the lower portion of the
      mold heat removal from the cast metal is increased to increase the
      thickness and strength of the casting skin. Broadly in the practice of the
      invention the mold flux powder compositions listed in Table I are
      employed.
TBL                TABLE I                                                     
     ______________________________________                                    
     Fly ash              30-60%,   40-55%                                     
     Calcium fluoride     10-30%,   10-25%                                     
     Sodium carbonate     0-15%                                                
     Calcium carbonate    0-15%                                                
     Cryolite             0-10%                                                
     Sodium borate        0-10%                                                
     Graphite             2-8%                                                 
     Manganese oxide      4-12%,    5-10%                                      
     Powdered glass       0-15%                                                
     Iron oxide           0-5%                                                 
     ______________________________________                                    
PAR  Within the limits of Table I, the mold flux powder composition is varied to
      achieve a fusion temperature for the powder within the range of
      1700.degree. to 1900.degree.F. The fusion temperature will be selected to
      correspond with the liquidus temperature of the stainless steel
      composition with which the powder is used in a continuous casting
      operation. The particle size of the mold flux powder is generally minus
      100 mesh, U.S. Standard.
PAR  The mold material of the invention is introduced to the surface of the
      liquid metal pool in the continuous casting mold to cover completely said
      surface during the entire teeming operation. Typically in the continuous
      casting of stainless steels, and particularly austenitic stainless steels,
      the usage of the flux material will be about three quarters pound thereof
      per ton of steel cast. This is significantly less flux material per ton of
      steel cast than used when conventional flux materials are employed in
      similar continuous casting operations. This, therefore, additionally
      reduces the quantity of fluorine fumes produced during the casting
      operation and also the quantity of fluorine present to attack the
      refractory of the nozzle. Upon introduction of the flux material it will,
      because of proper adjustment of the fusion or melting temperature thereof
      in accordance with the temperature of the metal in the continuous casting
      mold be of the viscosity required to provide a layer on top of the molten
      pool in the mold and propagate along the mold walls between the metal and
      the mold walls thus providing a lubricating effect necessary to facilitate
      withdrawl of the casting from the mold as well as the necessary thermal
      properties throughout the entire teeming operation. The submerged
      refractory nozzle of the tundish through which the metal is teemed to the
      mold will extend through the layer provided by the mold powder and into
      the molten pool within the casting mold. By minimizing the amount of
      fluoride present in the mold powder composition attack of the refractory
      of the nozzle is minimized to the point where such does not significantly
      erode even during relatively long casting cycles.
PAR  To achieve the above-discussed objects with respect to the function of the
      mold powder composition in accordance with the invention it is necessary
      to maintain the constituents thereof within the ranges set forth in Table
      I. With respect to the fly ash content, this provides a source of
      SiO.sub.2 and Al.sub.2 O.sub.3. When powdered glass is used such is also a
      source of SiO.sub.2 so that the amount of fly ash employed can be
      correspondingly reduced to in turn reduce the Al.sub.2 O.sub.3 content.
      The Al.sub.2 O.sub.3 increases the viscosity of the mold powder and
      consequently in applications wherein the molten metal temperature is such
      that for proper viscosity the Al.sub.2 O.sub.3 content should be reduced
      powdered glass may be substituted for a portion of the fly ash to
      accordingly reduce the overall Al.sub.2 O.sub.3 content while maintaining
      the SiO.sub.2 content at the desired level.
PAR  In the casting of stainless steel calcium fluoride is a well-known addition
      to mold powders of this type for the purpose of reducing the viscosity
      but, as pointed out hereinabove, tends to cause erosion of the submerged
      refractory pouring nozzle. The calcium fluoride, in accordance with the
      present invention, may be maintained at a level sufficiently low to
      minimize erosion of the pouring nozzle by substituting manganese oxide.
      Manganese oxide has been found to achieve the desired lowering of the
      viscosity of the mold powder much like calcium fluoride. Consequently by
      the use of manganese oxide and the reduction in the amount of calcium
      fluoride one is able for the first time to get the desired relatively low
      viscosity not otherwise characterizing these relatively high melting point
      mold powders while minimizing refractory erosion of the submerged nozzle.
      As mentioned hereinabove a maximum of about 20 to 25% by weight of
      fluorides is generally the tolerable limit with respect to nozzle erosion.
      To provide the desired lubricity graphite is employed within the range of
      2 to 8%. Optional additions of sodium carbonate may be used as well as
      optional additions of calcium carbonate to lower the melting point of the
      mold powder and thus decrease viscosity. In addition they have a
      fluidizing or stirring effect which enhances the even spreading or flowing
      of the powder over the surface of the molten pool in the mold during
      application and prior to melting. This serves to enhance the insulating
      effect of the powder upon immediate application to the surface of the
      molten pool in the mold.
PAR  Likewise optional additions of lime may be used to increase the melting
      point of the mold powder and lime is particularly effective for this
      purpose in applications where high melting point mold powders are
      required. Optional additions of cryolite (sodium aluminum fluoride) may be
      employed to increase fluidity. Optional additions of sodium borate are
      employed to adjust the melting temperature and increase fluidity. The
      melting temperature of the composition will decrease in the presence of
      increasing amounts of sodium borate. Likewise, iron oxide increases
      fluidity and although not as effective for this purpose as manganese oxide
      may be used in conjunction therewith for this purpose. Principally it is
      employed to replace the iron oxide which is incidentally present in the
      fly ash when, as above described, the fly ash content is decreased in the
      presence of an optional addition of powdered glass.
PAR  In addition to providing the advantages discussed hereinabove with regard
      to the continuous casting of stainless steels by a submerged nozzle
      technique, the mold powder is easily manufactured in that all that is
      required is a mixing and tumbling of the constituents of the mold powder
      in conventional well-known apparatus for this purpose.
PAR  As a specific example of the practice of the invention the following
      specific mold powder compositions in accordance with the present invention
      were compared, as shown in Table II:
TBL                TABLE II                                                    
     ______________________________________                                    
                   FC 3  FC 4     SS3-1   SS3-2                                
     ______________________________________                                    
     Fly ash         54.0%   54.0%    39.0% 39.0%                              
     Calcium fluoride                                                          
                     16.0    14.0     16.5  16.0                               
     Sodium carbonate                                                          
                     5.0     5.0      5.0   5.0                                
     Calcium carbonate                                                         
                     5.0     5.0      5.0   5.0                                
     Lime            --      6.0      --    --                                 
     Cryolite        5.0     2.0      5.5   5.0                                
     Sodium borate (ANHYD)                                                     
                     4.0     --       4.0   4.0                                
     Graphite        5.0     5.0      6.0   5.5                                
     Manganese oxide 6.0     9.0      6.5   8.0                                
     Powdered glass  --      --       10.0  10.0                               
     Iron oxide      --      --       2.5   2.5                                
     Fusion temp. (.degree.F)                                                  
                     1800    1850     1750  1750                               
     ______________________________________                                    
PAR  The typical specific compositions listed in Table II are each adjusted with
      respect to the constituent balance for specific stainless steel grades.
      Specifically, flux material FC 3 would generally be used with the lower
      alloy content stainless steels, such as AISI Types 301 and 304. The flux
      materials identified as SS3-1 and SS3-2 would be used with the more highly
      alloyed grades, such as Type 316. The material identified as FC 4 would
      generally be used in the continuous casting of ferritic stainless steels.
PAR  The term "fusion temperature" as used herein means the temperature at which
      the constituents of the mold flux powder totally melt together.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the continuous casting of stainless steel wherein said steel is
      teemed from a tundish to a flow-through continuous-casting mold via a
      submerged refractory nozzle from which a continuous, embryo casting is
      withdrawn, the improvement comprising the introduction to said mold during
      the teeming operation of a mold powder of the composition consisting
      essentially of, in percent by weight, 30 to 60 fly ash, 10 to 25 calcium
      fluoride, up to 15 sodium carbonate, up to 15 calcium carbonate, up to 10
      cryolite, up to 10 sodium borate, 2 to 8 graphite, 4 to 12 manganese
      oxide, up to 15 powdered glass, up to 5 iron oxide.
PATN
WKU  039372707
SRC  5
APN  4142373
APT  1
ART  322
APD  19731109
TTL  Twin-belt continuous casting method providing control of the temperature
      operating conditions at the casting belts
ISD  19760210
NCL  17
ECL  8,9
EXP  Shore; Ronald J.
NDR  9
NFG  21
INVT
NAM  Hazelett; Robert William
CTY  Winooski
STA  VT
INVT
NAM  Wood; John Frederick Barry
CTY  Burlington
STA  VT
ASSG
NAM  Hazelett Strip-Casting Corporation
CTY  Winooski
STA  VT
COD  02
CLAS
OCL  164 50
XCL  164 87
XCL  164121
XCL  164250
XCL  164278
EDF  2
ICL  B22D 1106
FSC  164
FSS  50;87;121;250;278;338 M
UREF
PNO  1651678
ISD  19271200
NAM  Davis
OCL  164278
UREF
PNO  1671360
ISD  19280500
NAM  Fletcher
OCL  164278
UREF
PNO  2904860
ISD  19590900
NAM  Hazelett
XCL  164278
UREF
PNO  3426836
ISD  19690200
NAM  Altenpohl et al.
OCL  164278
FREF
PNO  525,756
ISD  19560600
CNT  CA
OCL  164278
LREP
FRM  Parmelee, Johnson & Bollinger
ABST
PAL  Continuous casting methods are described wherein the temperature of the
      flexible casting belts in twin-belt machines having two or more main rolls
      in each belt carriage is controllably elevated prior to contact with the
      molten metal to improve the casting conditions and the operation of the
      thin flexible casting belts; the temperature elevation preferably being
      relatively gradual may be carried out while the travelling belts are
      approaching the nip rolls or while the belts are in contact with the nip
      rolls, or both. Zone control of belt pre-heating is disclosed, and control
      of the coolant streams issuing from the curved nip roll tubes by use of
      fingernail-like extenders may be provided to aid in pre-heating the belts
      and in controlling their operation. Intensive infra-red heaters are shown
      directed at close range toward the casting surfaces of the belts, these
      heaters serving also to cure and dry any coating material on the belts.
      Heating by means of hot fluid, such as steam, is described, with the hot
      fluid being directed into the deep grooves in the nip roll beneath the
      rear surfaces of the casting belts. Mechanical and thermal sensors may be
      employed to sense the distortion of the belts and to measure their
      operating temperatures, these sensors being shown with automatic control
      of the belt pre-heating action. The methods of the invention can be
      applied to twin-belt casting machines regardless of whether the molten
      metal is supplied by open pool, closed pool or injection feeding.
BSUM
PAC  DESCRIPTION
PAR  The present invention relates to continuous casting methods wherein the
      temperature of the flexible casting belt in twin-belt casting machines is
      controllably elevated prior to contact with the molten material being
      cast.
PAC  FIELD OF THE INVENTION
PAR  In twin-belt casting machines the material being cast, which is
      illustratively shown herein as molten metal, is fed into a casting region
      between opposed portions of a pair of revolving flexible metal belts. The
      moving belts confine the molten metal between them and carry the molten
      metal along as it solidifies between them. Spaced rollers having narrow
      ridges support and drive the belts and also guide the belts as they move
      along through the casting region. The vast quantities of heat liberated by
      the molten metal as it solidifies are withdrawn through the portions of
      the two belts which are adjacent to the metal being cast. This large
      amount of heat is withdrawn by cooling the reverse surfaces of the belts
      by means of rapidly moving substantially continuous films of liquid
      coolant travelling along against these reverse surfaces.
PAR  Each of the two flexible casting belts is revolved around a belt carriage
      in a path defined by main rolls located in the carriage and around which
      the belt passes. In some twin-belt casting machines there are two main
      rolls at opposite ends of the carriage defining an oval path for the belt
      to travel. In other twin-belt casting machines there are three or more
      main rolls in each carriage defining the belt path.
PAR  In some twin-belt casting machine installations the upper and lower casting
      belts converge directly opposite each other around opposed nip rolls to
      form the entrance to the casting region, and the molten metal is fed into
      the machine through a pouring spout extending into the entrance. This is
      often called an "injection feeding" technique. In other twin-belt casting
      machine installations the lower casting belt is arranged to support a pool
      of molten metal adjacent to the entrance between the upper and lower
      belts. This latter arrangement is called an "open pool" or "closed pool"
      casting technique, depending upon whether the surface of the molten pool
      is open to the atmosphere or is closed over by a protective barrier to
      exclude the atmosphere. Variations of these molten metal feeding
      techniques are sometimes employed, such as a partially open pool. However,
      as used herein, all of the various techniques for feeding molten metal
      into a twin-belt casting machine are intended to be included within the
      descriptive phrase: "open pool, closed pool or injection feeding".
PAR  The present invention can be employed to advantage in any of these various
      twin-belt casting machines whether using two, three, or more main rolls in
      each carriage, and the invention can also be employed to advantage
      regardless of whether the molten metal is being fed into the machine by an
      open pool, closed pool, or injection feeding.
PAR  For further information about twin-belt casting machines, the reader may
      refer to one or more of the following U.S. patents in the name of Clarence
      W. Hazelett or R. William Hazelett and Richard Hazelett: U.S. Pat. Nos.
      2,640,235; 2,904,860; 3,036,348; 3,041,686; 3,123,874; 3,142,873;
      3,167,830; 3,228,072; and 3,310,849.
PAC  PRIOR ART
PAR  In the prior art, efforts were made to minimize the heating effects of the
      molten metal on the casting belts of twin-belt machines. The high velocity
      liquid coolant was applied to the reverse surfaces of the belts a
      relatively long time before the molten metal came in contact with their
      front faces. Also, the high velocity liquid coolant was applied to the
      reverse surfaces of the belts a relatively great distance ahead of the
      point where the molten metal came in contact with their front faces.
PAR  In addition, relatively thick insulative coatings were often applied to the
      front faces of the flexible metal casting belts. It was these insulative
      coatings which were at the interface between the molten metal and the
      casting belts and served to reduce the rate of heat transfer from the
      molten metal into the belts.
PAR  Nevertheless, in the prior art, as the molten metal began to be carried
      along downstream with the belts near the entry to the casting region,
      momentary or permanent belt distortion could occur due to buckling
      resulting from thermal expansion, as explained in detail in connection
      with FIGS. 8, 8A and 8B. Efforts were made in the prior art to minimize
      any such distortion by applying high tension forces to the belts, and one
      or more of the main rolls were sometimes contoured slightly as by reverse
      crowning to counteract such distortion, as described and claimed in U.S.
      Pat. No. 3,123,874.
PAC  THE INVENTION
PAR  The invention provides continuous casting methods in which the temperature
      of the flexible casting belts in twin-belt casting machines is
      controllably elevated prior to contact with the material being cast, which
      is illustratively shown as molten metal. The casting belts may be elevated
      in temperature by various methods, as explained in connection with the
      various illustrative embodiments of the invention which are described.
PAR  In some embodiments of the invention, one or more banks of high intensity
      infra-red heaters may be directed at close range against the front faces
      of the casting belts to elevate their temperature before the belts come
      into contact with the molten metal. The banks of infra-red heaters may be
      arranged to heat the casting belts before they reach the nip rolls at the
      entrance to the casting region or during travel of the belts around the
      nip rolls or both before and during travel around the nip rolls.
PAR  In further embodiments of the invention, the high velocity liquid coolant
      may be directed onto the reverse surfaces of the casting belts, so that
      this cooling effect occurs only momentarily before or simultaneously with
      the contact of the molten metal against the casting belts. Special
      fingernail-like extensions are shown attached to liquid coolant nozzles
      nested within deep grooves in the nip rolls.
PAR  These fingernail extenders mask off the coolant streams from the reverse
      surface of the casting belt and spread out the coolant streams to form a
      sharply defined coolant layer. This sharply defined coolant layer enables
      the cooling action to be precisely started by application to the reverse
      surface of the casting belt very near to the point where the molten metal
      approaches the front surface of the casting belt. The cooling effect of
      the liquid coolant in conjunction with the nip roll may be controlled by
      insulating the deep grooves in the nip roll or by insulating the narrow
      ridges between these grooves.
PAR  Hot fluid, such as steam, may be directed into the deep grooves of the nip
      roll beneath the casting belts to aid in elevating and controlling their
      temperature.
PAR  Mechanical and thermal sensors may be employed to sense any distortion in
      the casting belts near the entry to the casting region and to monitor the
      belt temperature, and the elevation of the temperature of the casting
      belts ahead of the casting region is controlled to optimize the casting
      conditions as determined by these sensors.
PAR  Various zones of heating may be provided, so that the temperature of the
      main central area of the casting belts is controllably elevated
      independently of the edge portions of the belts and vice versa.
PAR  A number of advantages and benefits, as indicated hereinafter, are provided
      by employing the invention in twin-belt casting machines:
PAR  1. Casting belt distortion and transverse buckling along the casting region
      near and downstream from the entry of the molten metal due to differential
      transverse thermal expansion is markedly reduced and often is completely
      overcome.
PAR  2. Thermal shock to the belt and to the insulating coating on the belt due
      to contact of the molten metal at the entry to the casting region are
      markedly reduced because the temperature of the insulative coating and
      belt are gradually elevated before contact with the molten metal occurs.
      The operating lives of the belt and its coating are thereby increased.
PAR  3. Reduction in differential temperatures and resultant reduction in belt
      stresses enhances belt life and operating conditions in the machine.
PAR  4. The belt coating may be dried or cured to achieve more consistent
      thermal resistance or other desired characteristic such as absolute
      minimizing of moisture content before contact with the molten metal.
PAR  5. The provision of mechanical probes to sense the belt shape and thermal
      probes to sense the temperature profile enables overall precise control of
      the twin-belt casting operation to be obtained.
PAR  6. By virtue of the minimization or elimination of differential or
      non-uniform thermal expansion and distortion or buckling effects, lighter
      or simpler or thinner or more durable belt coatings with less insulating
      value (lower thermal resistance) can be utilized. These result in savings
      in belt fabrication time and material costs and also extend the operating
      lives of belts and coatings to provide operational savings.
PAR  7. Because coatings of less insulative value can be employed, the effective
      rate of cooling of the material being cast is accelerated, and
      consequently faster casting rates can be used in such cases, i.e. the
      tonnage output of the casting machine per hour can be increased.
PAR  8. The control belt flatness and thermal factors at the entry to the
      casting region and downstream from the entry enable improved metallurgical
      behavior to be achieved.
PAR  9. By minimizing or eliminating belt distortion, the thin cast shell which
      initially forms from the molten metal adjacent to the belt is stabilized.
      Localized variable heat transfer rates are avoided because the casting
      belt does not distort but rather it remains stable in position against the
      thin cast metal shell being formed. Thus, more uniform metallurgical
      properties can be attained, a more consistent cast shape is provided, and
      more consistent surface appearance is obtained over the top and bottom
      surfaces of the cast product.
PAR  10. More difficult or more critical alloys can be cast with greater
      commercial suitability in twin-belt machines.
PAR  11. Thinner sections of metal alloys of acceptable quality and sound
      structure are enabled to be cast in twin-belt machines employing the
      invention.
PAR  12. By minimizing or eliminating belt distortion and by controlling the
      temperature conditions a more uniform feed rate of molten metal into the
      casting machine can be attained for all types of metal feeding, because
      the volume of the casting region remains more constant and the shrinkage
      of the metal being cast is more nearly constant.
PAR  The various additional features, advantages and objects of the present
      invention will become more fully understood from a consideration of the
      following detailed description in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the outboard side of a continuous casting
      machine of the twin-belt type embodying the present invention;
PAR  FIG. 2 is an elevational view of the input end of the machine of FIG. 1;
PAR  FIG. 3 is an enlarged partial sectional view showing the entrance to the
      casting region in detail;
PAR  FIGS. 4 and 5 are sectional views taken along the planes 4--4 and 5--5 in
      FIG. 3 and shown further enlarged;
PAR  FIG. 6 is a sectional and elevational view taken along the plane 6--6 in
      FIG. 7 showing the end of one of the wrap-around coolant nozzles with a
      fingernail extender for controlling and positioning the application of
      coolant;
PAR  FIG. 7 is a side elevational view of this nozzle and fingernail extender;
PAR  FIG. 8 is a perspective view of a flexible casting belt in the prior art;
PAR  FIG. 8A is a diagrammatic plot of the belt temperature profile along the
      longitudinal section 8A--8A in FIG. 8;
PAR  FIG. 8B is a diagrammatic plot of the belt temperature profile along the
      transverse section 8B--8B in FIG. 8;
PAR  FIG. 9 is a perspective view of a flexible casting belt being utilized with
      the present invention;
PAR  FIG. 9A is a diagrammatic plot of the belt temperature profile along the
      longitudinal section 9A--9A in FIG. 9;
PAR  FIG. 10 is a sectional view of another type of twin-belt casting machine
      embodying the present invention;
PAR  FIG. 11 is a partial sectional view illustrating the action of the curved
      coolant tubes nested between the ridges of the nip roll of a prior art
      twin-belt casting machine;
PAR  FIG. 12 is a partial sectional view taken along the curved line 12--12 in
      FIG. 3. FIG. 12 is intended to be compared with FIG. 11, because FIG. 12
      illustrates the advantageous action of the fingernail extenders in
      cooperation with the curved coolant tubes nested between the ridges of the
      nip roll for controlling the application of the coolant to the belt;
PAR  FIG. 13A is a diagrammatic plot of the longitudinal temperature profile of
      the casting belt in a machine embodying the invention. FIG. 13A shows a
      curve similar to the curve shown in FIG. 9A;
PAR  FIGS. 13B and 13C show other diagrammatic plots of longitudinal temperature
      profiles of casting belts, being taken along planes corresponding in
      position to 9A--9A in FIG. 9 in machines embodying the invention;
PAR  FIG. 14A is a diagrammatic plot of the transverse temperature profile taken
      along the plane 14A--14A in FIG. 9 through the casting belt of a machine
      embodying the invention;
PAR  FIGS. 14B and 14C show other diagrammatic plots of transverse temperature
      profiles taken along planes corresponding in position to 14A--14A in FIG.
      9 in machines embodying the invention in which the edge portions of the
      belt are elevated in temperature.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the continuous casting machine 10 shown in FIGS. 1 and 2, the molten
      metal is introduced from a tundish 12 located at the input end of the
      machine. The molten metal passes into and is solidified in a casting
      region C defined between the spaced parallel surfaces of a pair of wide
      endless flexible casting belts 14 and 16. In operation, these belts are
      revolved around an upper and a lower belt carriage U and L, respectively.
      The two sides or edges of the casting region C are defined by a pair of
      laterally separated flexible endless side dams 18, which travel between
      the upper and lower casting belts in the casting region and which revolve
      around the lower carriage L to complete their circuit of travel. An
      arcuate guide 20 carrying multiple small pulley wheels 22 serves to guide
      each of the side dams as it moved into the entrance to the casting region.
      Only one of the side dams 18 and only one of the arcuate guides 20 can be
      seen in FIG. 1.
PAR  In FIG. 2, the tundish 12, side dams 18 and arcuate guides 20 have been
      omitted for clarity of illustration.
PAR  The carriages U and L of the upper and lower belt are supported from the
      back 24 of the machine 10 mounted on a base 26. The upper belt carriage U
      includes a pair of main rolls 28 and 30 located at the upstream and
      downstream ends of this carriage. Similarly, the lower belt carriage L
      includes a pair of main rolls 32 and 34 at its upstream and downstream
      ends.
PAR  In the machine 10, the downstream rolls 30 and 34 serve to tension and to
      steer the respective belts on their carriages. The type of twin-belt
      machine shown in FIGS. 1 and 2 is sometimes called a "two roll" or "two
      pulley" machine because there are two main rolls on each of the carriages.
      The upstream rolls 28 and 32 define the entrance or nip portion of the
      casting region and are used to drive the belts on the respective
      carriages. For convenience, these rolls 28 and 32 will be referred to as
      the "nip" rolls. The power mechanism 36 for driving the nip rolls is shown
      in FIG. 2 with universal coupled drive shafts 38 and 40 extending from the
      power mechanism to the nip rolls. A pair of lift cylinders 42 acting
      through a lever system 45 serve to raise the whole upper carriage when it
      is desired to open up the casting region C or to change the thickness of
      the product to be cast.
PAR  As the upper casting belt 14 is revolved, it moves in an oval
      counterclockwise path as seen in FIG. 1. This belt travels from the top of
      the downstream roll 30 to the left over to the top of the nip roll 28 and
      then curves 180.degree. in passing down around the upper nip roll into the
      entrance to the casting region and moves toward the right along the
      casting region C to the bottom of the downstream roll 30 and then curves
      180.degree. in passing up around this downstream roll. Similarly, as the
      lower casting belt 16 is revolved, it moves in an oval clockwise direction
      as seen in FIG. 1. It curves 180.degree. in passing up around the lower
      nip roll 32 into the entrance to the casting region and again curves
      180.degree. in passing down around the downstream roll 34 where it begins
      its return trip to the nip roll.
PAR  The outer surface of each casting belt which faces the casting region (see
      also FIG. 3) is called the "front" face F. The surface facing inwardly
      toward the main rolls is called the "reverse" or "back" face R of the
      belt. The belts are made of relatively thin sheet steel, and the front
      face often has a finely roughened texture produced by sand blasting. A
      coating of thermal insulation material is often adhered to this roughened
      surface.
PAR  The reverse surfaces of each belt are cooled by high velocity layers of
      liquid coolant, usually water, forcefully propelled along these surfaces.
      An intense coolant flow is employed usually amounting to thousands of
      gallons per minute to remove the large amount of heat being released as
      the molten metal is solidifying.
PAR  In order to initiate these high velocity layers 43 (FIG. 3) of coolant, the
      nip rolls 28 and 32 are formed with multiple closely adjacent deep grooves
      44 (as seen most clearly in FIGS. 3, 4 and 5) defining relatively narrow
      fins 46 between neighboring grooves. A plurality of curved wrap-around
      coolant tubes 48 and 52 having an oval cross section are nested in the
      respective grooves of the nip rolls 28 and 32. As seen in FIG. 1, large
      diameter header pipes 50 and 54 are rigidly secured to the respective
      coolant tubes 48 and 52 and feed coolant into these curved tubes. These
      curved tubes 48 and 52 have been formed essentially to the same radius as
      the associated nip pulley and are cantilevered from the large rigid header
      pipes 50 and 54, respectively.
PAR  Near the entrance to the casting region, as shown in FIGS. 3, 4 and 5, the
      ends of the tubes 48 and 52 are formed into nozzles 56 positioned close to
      the reverse face R of each belt. These nozzles are aimed at small angles
      approaching tangency toward the reverse belt face R. The cross-sectional
      area of the nozzle bore is substantially less than the oval passages
      within the tubes 48 and 52, so that each stream 57 of coolant issues from
      its nozzle 56 at high velocity. The fingernail-like extensions 61, which
      are attached to the nozzles 56, are novel and their purposes and functions
      will be described further below. These fingernail extensions 61 are shown
      more clearly in FIGS. 6 and 7.
PAR  As shown in FIG. 3, the molten metal 55 from the tundish 15, passes through
      an insulated spout 58 which is aimed directly into the entrance E to the
      casting region. The end of this spout is shown projecting into the casting
      entrance slightly beyond a line 60 joining the axes of the rolls 28 and
      32. In other words, the end of this spout 58 is positioned just beyond the
      point of tangency of the belts 14 and 16 and their respective nip rolls 28
      and 32. The entry E of the casting region begins at the exit face of the
      nozzle 58. The molten metal 55 initially comes into contact with the front
      faces of the casting belts at the entry E.
PAR  For further information about twin-belt casting machines, the reader may
      refer to the United States patents listed in the introductory portion of
      the specification.
PAC  DETAILED DESCRIPTION AND ANALYSIS OF PRIOR ART
PAR  In a prior art twin-belt casting machine, belt distortion could occur under
      certain operating conditions near the hot entrance to the casting region,
      as illustrated in FIG. 8. This distortion or transverse buckling, as
      indicated at 62, could occur momentarily or more or less continuously,
      depending upon operating conditions, and was caused by restraint of the
      transverse thermal expandion of the casting belt near the hot entrance by
      cold framing on three sides 71, 72 and 73 of this buckling region. The
      transverse buckling 62 (FIG. 8) was principally caused by the transverse
      cold framing occurring in the region 71 ahead of the initial line 64 of
      contact of the molten metal with the casting belt.
PAR  The prior art practice of applying insulative coating on the front belt
      face and of maintaining substantial longitudinal tension 63 across the
      full width of the belt did minimize distortion over a majority of the
      casting region. Nevertheless, these prior art practices often did not
      eliminate transverse buckling at 62 in a region just downstream from the
      entrance E, as will be explained.
PAR  In the prior art as shown in FIG. 8, the lower casting belt is indicated by
      16' and the lower nip roll by 32'. The entrance region E extends
      transversely across the belt approximately along the position of the line
      64 of initial metal contact. The cold regions of the belt are shown by
      dotted shading. The full width of the belt as it wraps around the nip roll
      32' was cold. It was chilled by the nip roll itself, which approached
      ambient temperature. Also, the belt was chilled by the coolant streams 57
      which struck the reverse surface R many inches ahead of the line of
      tangency 60 (FIG. 3), for the fingernails 61 were absent in the prior art.
PAR  As shown in FIG. 11, in the prior art, twin-belt casting machines, the
      streams of coolant 57 from the nozzles 56 were applied directly to the
      reverse surface R of the casting belt 16'. To assure that the coolant was
      adequately spread out on the belt and was closely hugging against the
      belt, the nozzles 56, in the prior art, were positioned a substantial
      distance ahead of the line 64 at the entrance E to the casting region C
      where the molten metal first came into contact with the casting belt. The
      shaded areas 106 in FIG. 13 show the pattern of the coolant spreading out
      against the reverse belt surfaces, and this occurs a substantial distance
      and a substantial time before the contact line 64 of molten metal occurs.
      The coolant spread out in the channels between the respective narrow
      ridges 46 of the roll 32'. As a result of the substantial length of travel
      of the coolant pattern 106 along the casting belt, the region of the belt
      71 (FIG. 8B) ahead of the casting region was markedly chilled by the
      coolant. Thus, the full width of the belt as it approached the entrance E
      formed a first cold frame 71 (FIG. 8).
PAR  The initial cold condition of the belt is shown in FIG. 8A by the low level
      of the longitudinal temperature profile curve 81. After the belt passed
      the entrance line 64 at E, the molten metal 55 came in contact with its
      front face F. The temperature of the belt rapidly rose up after contact
      with the molten metal, as indicated by the upwardly sloping profile 82.
      Soon the mean temperature of the main central portion of the belt reached
      the elevated level, as indicated by the elevated profile at 83.
PAR  The shaded edge portions 72 and 73 indicate two more cold frames. These
      edge portions 72 and 73 project outwardly beyond the side dams, and they
      remained substantially at ambient temperature along both edges of the
      casting region.
PAR  The temperature profile extending transversely across the belt along the
      section 8B--8B is shown in FIG. 8B. The low level portions 92 and 93 of
      this profile indicate the ambient temperature of the two edge portions 72
      and 73. The elevated central portion 94 shows the elevated mean
      temperature of the hot main central portion of the belt in the casting
      region.
PAR  Accordingly, the main central portion of the belt after passing the line 64
      of initial metal contact rapidly rose (as at 82) in temperature and
      correspondingly attemped to expand. The cold frame portions 71, 72 and 73
      restrained this expansion. The framing 72 and 73 restrained the
      longitudinal expansion somewhat, but this edge framing was mostly overcome
      by the high longitudinal tension 63 used in the prior art. The lead-in, or
      pre-entrance, transverse, cold framing 71 imposed a severe restraint on
      the expanding belt, causing prior art distortion or transverse buckling 62
      to occur just downstream from the initial metal contact line 64 at the
      entrance E. The amount of buckling 62 depended upon the operating
      conditions, but generally it increased with the melting temperature of the
      metal 55 being cast.
PAR  Also, the sudden rise in temperature 82 (FIG. 8A) subjected the belt and
      its coating to thermal shock and differential expansion stresses.
PAC  ELEVATION OF CASTING BELT TEMPERATURE BEFORE INITIAL CONTACT WITH MOLTEN
      METAL
PAR  In order to overcome this problem of distortion or transverse buckling
      closely downstream from the entrance E due to transverse restraint of this
      region's thermal expansion, in accordance with the invention, the
      temperature of each casting belt is elevated ahead of the line 64 and the
      application of the coolant streams 57 to the reverse surface may be
      sharply defined and precisely controlled so as to be applied to the belt
      at a line closely related to the line 64 of iniitial metal contact with
      the belt. This control of the coolant will be explained in greater detail
      further below.
PAR  In order to elevate the temperature of the casting belts, as shown in FIGS.
      1 and 2, a first bank 66 of multiple radiant heaters 68 held by supports
      67 is mounted to heat the upper stretch of the upper belt during its
      return trip toward the top of the nip roll 28. This first heater bank is
      mounted on the upper carriage structure U and is positioned to commence
      heating the upper belt 14 an appreciable distance ahead of the nip roll 28
      for significant pre-heating (and transverse expansion) to occur before the
      belt 14 encounters nip roll 28. In this embodiment, the intensive radiant
      pre-heating of the upper belt begins at a point approximately equidistant
      between the downstream pulley 30 and the nip pulley 28.
PAR  Heaters 68 may be electrically energized or they may be fossil fuel fired,
      for example gas fired, of the so-called flameless radiant type. It is
      preferable to use electrical energy if it can be obtained economically
      because there is no chance thereby of contaminating the coating on the
      front face of the belt. Flameless gas fired radiant heaters can be used
      satisfactorily if the fuel flow rate is carefully adjusted so that there
      are no tongues of flame issuing from the burner housing 68.
PAR  The radiant heaters 68 are capable of providing intensive radiant energy
      and are positioned closely adjacent and parallel to and uniformly spaced
      from the front belt surface, and they include polished reflectors 69
      extending across the width of the belt for reflectively directing as much
      of the available radiant energy toward the belt as possible. It has been
      found to be of advantage to mount all heaters at a small spacing from the
      front face F of the belt. For example, a small spacing of approximately
      one inch from the front belt face F has been found to work to advantage
      with the reflectors 69 aimed at an angle of incidence perpendicular to the
      belt face F.
PAR  A second bank 76 of similar heaters 68 is similarly mounted by means of an
      arcuate support 77 along a curved path nested about the nip pulley 68.
      This second radiant heater bank 76 further heats the belt 14 as it is
      travelling down around the nip roll 28.
PAR  Similarly, for heating the lower stretch of the lower belt during its
      return trip toward the bottom of the nip roll 32, there is a third bank 86
      of similar radiant heaters 68 mounted by a support 87. This lower bank 86
      is positioned to begin heating the lower belt 16 an appreciable distance
      ahead of the nip roll 32 for significant pre-heating (and transverse
      expansion) to occur before the belt 16 encounters the nip roll 32. In this
      embodiment, this intensive radiant pre-heating of the lower belt begins at
      a point approximately equidistant between the downstream roll 34 and the
      nip roll 32. A fourth bank 96 of similar heaters is mounted by means of an
      arcuate support 97 in curved relationship nested about the nip roll 32.
      This fourth bank 96 further heats the lower belt 16 as it is travelling up
      around the nip roll 32.
PAR  These heaters are connected so that the four banks 66, 76, 86 and 96 can be
      independently controlled. The first and third banks 66 and 86 are used to
      pre-heat the stretches of each belt before the belt begins to wrap around
      the nip roll 28 or 32. The second and fourth banks 76 and 96 serve to
      further heat each belt while it is in contact with its nip roll.
PAR  If more than sufficient pre-heating is being obtained for casting a
      particular product, then the number of heaters 68 for each belt may be
      reduced. Also, one of the banks 66 or 67, 86 or 96 for each belt may be
      energized without energizing the other bank. However, for most cases, it
      is believed that it is preferable to utilize a relatively large number of
      heaters spaced over a relatively large segment of belt travel, as shown,
      so that the elevation in belt temperature is accomplished relatively
      gradually to minimize thermal gradients and to minimize differential
      expansion. In addition, by virtue of the fact that the radiant heat is
      being applied to the front face F of each belt, it can be used to cure or
      dry any coating material applied to the belt.
PAC  ZONE CONTROL OF BELT PRE-HEATING
PAR  In the machine shown in FIGS. 1 and 2, the heaters 68 are all controllable
      with respect to three zones. The first zone 1 (FIG. 2) spans transversely
      across the main central portion of each belt for a width equal to the
      width of the casting region C. The second and third zones (2) and (3) span
      transversely across the respective edge portions of each belt outside of
      the casting region. The second and third zones of each heater are ganged
      together so that the two edge portions of each belt can be correspondingly
      and equally pre-heated independently of the amount of pre-heating being
      applied across the main central portion 1 of each belt.
PAC  CONTROLLING THE COOLANT STREAMS FROM THE CURVED NIP ROLL TUBES TO AID BELT
      PRE-HEATING
PAR  In order to enhance the effect of the pre-heating of each belt, the
      fingernail shields 61 (FIGS. 6 and 7) may be employed. These shields 61
      are attached by welding or brazing at 98 and 99 to the nozzle 56 of each
      of the curved coolant tubes 48 and 52. These fingernail extensions 61 are
      generally rectangular in shape and they are sharply tapered to a precise
      edge 100 extending sufficiently far downstream from the nozzles to form
      the coolant streams into layers before applying the coolant to the belt.
      In this machine, the fingernail extensions project more than two inches
      beyond the end of the nozzle 56. These fingernail shields 61 have a width
      just slightly less than the width of the groove 44, as shown in FIGS. 4
      and 5. They provide controlled and delayed application of the coolant to
      the reverse face R until the desired point, for example just immediately
      before the belt tangent line 60 (FIG. 3). In this illustrative embodiment,
      the coolant streams 57 do not contact the pre-heated belt until
      approximately one-half inch or less before the molten metal contacts the
      belt.
PAR  The action of these nozzle tube extensions 61 may be more fully understood
      from a review of FIG. 12. The coolant streams 57 strike the extenders and
      spread out laterally across them, as shown by the curved patterns 108. A
      uniform layer of coolant is thereby formed before the travelling liquid
      reaches the edge 100 of these extenders. The fast moving layer of coolant
      leaves the edge 100 and travels a short distance before coming in contact
      with the reverse surface of the belt. The pattern which this coolant forms
      in engaging the belt is shown by the shaded area 110 in FIG. 12. It is
      noted that the line 109 where the coolant initially contacts the belt is
      accurately defined as compared with the curves 106 (FIG. 11). Accordingly,
      the well defined line 109 enables the coolant application to be accurately
      controlled and to be positioned close to the line of tangency 60, where
      the belt is separating from the ridges 46 on the roll and also to be
      positioned close to the line 64 where the molten metal contacts the front
      face of the belt.
PAR  As seen enlarged in FIG. 7, the inner surface 112 of the extenders 61 is
      smooth and is tapered by grinding to form a sharp edge 100. The outer
      surface 114 of the extenders is curved in a gentle arc commensurate with
      the arc of the belt so that the tip 100 can be positioned closely adjacent
      to the surface of the casting belt, as shown in FIG. 3.
PAR  It is important that effective cooling action be present on the rear
      surface of the belt at or near the position 64 (FIGS. 8 and 12) where the
      molten metal initially comes into contact with the front face of the belt.
PAR  When the extensions 61 are used, the nozzles 56 at the ends of the curved
      tubes 48 and 52 are enabled to be positioned significantly farther
      downstream near the molten metal line 64 as compared with the bare nozzles
      56 of the prior art, because of the increased control over the coolant
      stream patterns.
PAR  Consequently, the fingernail extenders 61 serve the functions of spreading
      out the coolant to form a layer while at the same time preventing the
      coolant from prematurely engaging the belt. By virtue of the fact that the
      coolant is formed into a stabilized layer, its appllication to the belt 16
      can be delayed until line 109 which is located only a small distance
      before the line 64 at whichthe molten metal contacts the belt.
PAC  A NUMBER OF BENEFICIAL EFFECTS OF PRE-HEATING THE CASTING BELTS
PAR  The advantageous results of pre-heating the belts plus controlled and
      delayed application of liquid coolant to the belts is shown in FIGS. 9 and
      9A. The longitudinal belt temperature profile has a steady rise along the
      curve 101, so that substantially full operating temperature and full
      pre-expansion occurs in the pre-entrance region. As shown by the arrows
      104, the full transverse pre-expansion has occurred before the casting
      belt reaches the tangency line at the entrance.
PAR  A very narrow cool transverse section 102 may be produced over the narrow
      band 110 (FIG. 12) where the coolant contacts the belt before the molten
      metal contacts the belt. However, this cool transverse section 102 is so
      narrow that it does not have any significant restraining effect on the
      belt. The pre-heated, pre-expanded belt being stabilized by lying curved
      around the nip roll 32 completely dominates the narrow cool band 102. Very
      quickly the belt temperature rises back up at 103 to its full operating
      temperature. The beneficial effect is to eliminate or minimize to an
      insignificant level the tendency of the belt to distory or buckle. Thermal
      shock to the belt and its coating are minimized and stresses due to
      differential thermal expansion are minimized. Other beneficial effects and
      advantages are discussed elsewhere.
PAC  PRE-HEATING OF CASTING BELTS IN TWIN-BELT MACHINES HAVING MORE THAN TWO
      MAIN ROLLS IN EACH CARRIAGE
PAR  The twin-belt casting machine 10A shown in FIG. 10 includes more than two
      main rolls in each belt carriage U and L. For clarity of illustration,
      only the input or upstream end of the machine is shown. There are nip
      rolls 28 and 32 having deep grooves 44 with narrow ridges 46.
      Belt-tensioning rolls 200 and 202 serve to apply tension to the casting
      belts 14 and 16. Other main rolls (not shown) are located at the
      downstream end of the machine.
PAR  The molten metal feeds from a tundish 12A through a spout 58 leading into
      the machine in an injection feeding arrangement. For further information
      about twin-belt casting machines with injection feeding and having more
      than two main rolls in each carriage, the reader may refer particularly to
      U.S. Pat. Nos. 3,167,830 and 3,310,849 among those listed in the
      introduction. The first of these patents shows a "three-roll" machine and
      the second shows a "four-roll" machine.
PAR  A bank 66A of infra-red heaters 68A mounted on a support frame 67A serves
      to heat the stretch of belt 14 between the main rolls 200 and 28.
      Additional heaters, such as shown at 68A', may begin heating the belt
      while it is still travelling around the roll 200 preceding the nip roll
      28. These heaters 68A and 68A' are shown as being fossil fuel fired, in
      this example they are gas fired, and they are mounted to be spaced only a
      small distance from the front face of the belt 14. These heaters are of
      the flameless gas burning type producing intensive infra-red radiation. If
      desired, electrically energized heaters 68A may be used in lieu of
      fuel-fired ones.
PAR  The heater support 67A is pivoted at 204 to a mounting frame 206 which is
      connected to the upper carriage U. A position adjustment mechanism 208
      extends between the fixed mounting 206 and the pivoted heater support 67A.
      Thus, the position of the heaters 68A and 68A' can be set in accordance
      with the position of belt 14 as determined by the adjustable belt-tension
      roll 200.
PAR  Another bank 86A of similar heaters 68A mounted on a support frame 87A
      serves to heat the stretch of the belt 16 between rolls 202 and 32. The
      support 87A is pivoted at 205 to a mounting 207 for the tundish 12A. An
      adjustment mechanism 209 extending between the fixed mounting 207 and the
      pivoted heater support 87A serves to adjust the position of the heaters
      68A, in accordance with the location of the belt as determined by
      tensioning roll 202. The heaters 68A on the frame 87A extend generally
      vertically and are transversely inclined to provide uniform overlapping
      pre-heating effect on the belt 16. This mounting arrangement of the lower
      heaters is accommodating to the limited available space between the
      tundish mounting 207 and the lower carriage L. Insulating pads 210 and 211
      are shown attached to the tundish mounting 207 to avoid over-heating of
      this mounting by the bank 86A of intensive infra-red heaters directed at
      the front face of the belt 16.
PAR  The curved coolant tubes 48 and 52 extending from header conduits 50 and 54
      and nested within the roll grooves 44 may be equipped with fingernail
      extenders 61 similar to those described above.
PAR  Whereas the belts 14 and 16 in the machine 10 travel approximately
      180.degree. around the nip rolls 28 and 32, the belts in the machine 10A
      (FIG. 10) travel approximately 90.degree. around their nip rolls. In spite
      of this difference between the machines and the differences in arrangement
      and mounting of the heaters 68 and 68A, the advantages and effects of the
      belt pre-heating in the machine 10A are similar to those described above
      for the machine 10.
PAC  ADDITIONAL METHODS AND APPARATUS FOR PRE-HEATING THE CASTING BELTS
PAR  As shown in FIG. 2, the casting belts can be pre-heated by heating the nip
      rolls 28 and 32 in either the machine 10 or 10A. This pre-heating of the
      nip rolls can be carried out in conjunction with the use of the radiant
      heaters 68 or 68A, if desired. Alternatively, the heating of the nip rolls
      can be carried out without the use of the radiant heaters. It is preferred
      that the radiant heaters be utilized because they serve to heat the front
      face of the belt which is the same surface as comes in contact with the
      molten metal.
PAR  As shown in FIG. 2, hot heating fluid, such as steam, may be supplied
      through an insulated pipe 160 connected to a stationary gland member 162
      for heating the nip roll.
PAR  Another method for pre-heating the casting belts is to inject hot fluid,
      for example such as dry steam, which may be superheated, if desired,
      directly into the nip roll grooves 44 beneath the reverse surfaces R of
      the casting belts. The manner in which this hot fluid is injected into the
      grooves 44 is to position conduits (not shown) near the header pipes 50
      and 54 in the machine 10 or 10A. Nozzles for the hot fluid (not shown) are
      connected to such conduits similar to the way in which the coolant tubes
      48 and 54 are connected to the headers 50 and 54. These hot fluid nozzles
      are aimed into the spaces around the coolant tubes within the respective
      grooves 44, and the coolant tubes 48 and 52 are insulated from this hot
      fluid.
PAC  INSULATING THE NIP ROLLS
PAR  While the fingernail extenders 61 mask off the collant from the belt, it is
      to be noted from FIG. 12 that the coolant layers 108 may strike the side
      surfaces of the ridges 46 on the nip rolls, producing a cooling action on
      the roll itself. Since the nip rolls have substantial arcs of contact with
      the belts, this cooling effect is conducted into the belts.
PAR  In order to insulate the grooves 44 from the coolant, a thermal insulation
      coating 190 (FIGS. 4 and 5) can be applied, as by painting or spraying, to
      cover the side walls and bottom of each groove 44.
PAR  Alternatively, the rim portions of the ridges 46 can be fabricated as rings
      (not shown) separate from the main body of the nip roll. These rings are
      then mounted onto the nip rolls with a layer of insulation material
      thermally isolating the rim portion of each ridge 46 from the remainder of
      the nip roll.
PAC  BELT PRE-HEATING CONTROl METHODS AND APPARATUS
PAR  In order to provide precise control over the pre-heating of the belt, and
      in order to sense whether any transverse buckling 62 (FIG. 8) is
      occurring, mechanical sensors M and thermal sensors T (FIGS. 1, 9 and 10)
      may be installed.
PAR  Any buckling of the belt causes the sensor M to generate an electrical
      signal as a function of the movement, and this electrical signal is fed
      through an electrical cable connection V.
PAR  The thermal probes T provide an electrical signal as a function of the
      temperature of the reverse surface of the belt. This electrical signal is
      fed from the respective thermal probes through electrical cables W.
PAR  A first thermal probe T, is positioned closely adjacent to the nip rolls,
      as seen in FIGS. 1 and 10. The first mechanical probe M engages the
      reverse surface of the casting belt relatively close to the line 64 FIG.
      12 at which the molten metal first contacts the casting belt.
PAR  Asi illustrated in FIGS. 1, 9 and 10, there are three thermal probes T,
      indicated by dots in FIG. 9, and four mechanical probes M, arranged in a
      row. There are a plurality of these rows of probes positioned across the
      width of the casting belt. For example, FIG. 9 shows six rows of these
      mechanical and thermal probes M and T.
PAR  The thermal sensors T may be construed similar to the sensors as described
      in detail and claimed in a copending application of Charles J. Petry, Ser.
      No. 343,884, filed Mar. 22, 1973, now issued an U.S. Pat. No. 3,864,973.
PAR  As diagrammatically illustrated in FIGS. 1 and 10, in order to provide
      automatic control of the pre-heating of the casting belts, the various
      electrical cables V and W from the mechanical probes M and thermal probes
      T are connected to a control circuit 150. These control circuits serve to
      control the energization of the banks of infra-red heaters 66, 76, 86 and
      96 and 66A and 86A. In addition, these control circuits 150 may also
      control the relative energization of the center zone 1 and the two end
      zones 2 and 3 (FIG. 2) of these heaters.
PAR  It is to be understood that the heaters 68A of the machine 10A in FIG. 10
      can be arranged for zone control similar to that described for the heaters
      68 in the machine 10. The solidification rate in the casting zone C
      depends on many factors, including the composition of the molten metal 55,
      speed of the machine, thickness of the casting being made, and so forth.
PAC  VARIOUS CONTROLLED BELT PRE-HEATING METHODS AND ARRANGEMENTS
PAR  Various controlled belt pre-heating methods and arrangements can be
      employed as will be explained in connection with FIGS. 13A, B and C and
      FIGS. 14A, B and C.
PAR  FIG. 13A corresponds with FIG. 9A and shows the method of pre-heating the
      casting belt in which there is a narrow region 102 of slight cooling
      produced by the narrow area of coolant 110 (FIG. 12) which contacts the
      casting belt slightly before the molten metal.
PAR  If desired, the relative positions of the nozzles 56 and fingernail
      extenders 61 and the end of the spout 58, FIGS. 3 and 10, where the molten
      metal first contacts the belt, can be arranged so that the position 109
      (FIG. 12) where the controlled coolant first contacts the reverse side of
      the belt almost coincides with the line 64 where the molten metal first
      contacts the front face of the belt. When this adjustment is achieved, the
      result is to provide a pre-heating pattern as shown in FIG. 13B, in which
      the pre-heating temperature curve 101B directly meets with the temperature
      curve 103 downstream from the entrance to the casting region. In other
      words, FIG. 13B shows an actual continuity of the pre-heating temperature
      profile with respect to the temperature profile in the casting region.
PAR  If desired, the pre-heating of the casting belt can be carried out to a
      higher temperature 101C, as shown in FIG. 13C, in other words, a
      temperature overshoot 105 is provided. The result of this temperature
      overshoot is that the pre-expansion 104 (FIG. 9) is greater and thereby
      tends to stretch the casting belt transversely to assure that the belt is
      held flat at the entrance to the casting region.
PAR  FIG. 14A shows a transverse temperature profile curve 92, 93, 94 taken
      along the plane 14A--14A in FIG. 9. The edge portions of the belt as shwon
      at 92 and 93 are much cooler than the mean temperature 94 of the main
      central area of the belt near the casting region. If desired, as shown in
      FIG. 14B, the edge portions of the belt in the zones 2 and 3 (FIG. 2) and
      corresponding zones in FIG. 10 can be pre-heated to provide a transverse
      belt temperature profile, as shown in FIG. 14B, in which the temperature
      profile 92B and 93B of the belt edge portions is more nearly equal to the
      temperature profile 94 of the center portion of the belt. There is some
      loss of heat from the edge portions of the belt such that when the edge
      portions are pre-heated to the same temperature as the center portions,
      some cooling of the edges will occur as the belt moves along through the
      casting region. This edge cooling explains the profile shown in FIG. 14B
      in which the level of temperature in the edge portions 92B and 93B is
      somewhat lower than the central temperature profile 94.
PAR  If desired, as shown in FIG. 14C, a temperature overshoot can be provided
      in the heating of the edge portions as shown by the temperature profile
      92C and 93C. This temperature overshoot compensates for the subsequent
      cooling of the belt edge portions as the belts travel along the casting
      region.
PAR  As a further step for heating up and maintaining the temperature of the
      edge portions of the belts 14 and 16, the coolant application nozzles (not
      shown, which are generally similar to those shown in U.S. Pat. No.
      3,041,686, mentioned in the introduction) leading from the coolant
      conduits as shown in that patent may be selectively temporarily blocked
      off by plug means, such as screw plugs inserted into the bores of these
      nozzles. The nozzles are selectively blocked off with respect to the edge
      portions of the casting belt lying outside of the casting region, i.e. in
      the regions corresponding with zones 2 and 3 in FIG. 2. Thus, the cooling
      applied to edge portions of the belts associated with the temperature
      profiles 92, 93 or 92B, 93B or 92C, 93C in FIGS. 14A, B or C is minimized.
      In the region (zone 1) corresponding with the main central portion of each
      belt passing adjacent to the casting region, the nozzles remain open to
      apply and propel the coolant along the reverse surface of the casting
      belt.
PAR  If the distance between the side dams 18 is increased for enlarging the
      width of the casting region C to cast wider product, then corresponding
      ones of the nozzles are unplugged to apply the coolant across the full
      width of the wider casting region, and vice versa. Also, if such a change
      in casting width is made, the zone control for the heaters 68 or 68A may
      be correspondingly adjusted.
PAC  THE METHODS OF THE INVENTION CAN BE APPLIED TO TWIN-BELT MACHINES OF ALL
      TYPES
PAR  Although FIGS. 1, 3 and 10 illustrate twin-belt casting machines in which
      the molten metal is supplied to the casting region by injection feeding,
      it is to be understood by those skilled in the art that the methods of the
      invention can be applied to twin-belt casting machines regardless of
      whether the feeding of the molten metal is by open pool, closed pool or
      injection feeding. In the cases of an open pool or closed pool feeding,
      the nip roll of the lower casting belt may be located farther upstream
      than the nip roll for the upper belt. These relative possible positions of
      the nip rolls are shown in U.S. Pat. Nos. 2,904,860; 3,036,348; 3,123,874;
      3,142,873; 3,228,072; and FIGS. 14A, 14B, 14C, 14D and 14E of U.S. Pat.
      No. 3,167,830. The methods of the invention are arranged accordingly.
PAC  MEAN BELT TEMPERATURES ARE ILLUSTRATED AND DESCRIBED
PAR  The various belt temperature profile curves and associated description
      illustrate and describe the mean temperatures of the belt as taken in a
      section through the thickness of the belt at any given location. It is to
      be understood that there is a temperature gradient through the thickness
      of the belts as seen in FIG. 3. The front faces F of the two belts
      adjacent to the molten metal 55 or the solidifying metal in the casting
      region C are quite hot. The rear faces R adjacent to the liquid coolant
      are much cooler. Thus, it is to be understood that the specification,
      drawings and claims are speaking about mean belt temperatures.
PAR  For example, in FIG. 13C, the temperature overshoot 105 indicates that the
      mean belt temperature along the profile curve 101C is elevated above the
      mean belt temperature along the profile curve 103.
PAR  The temperature sensors T are sensing the temperature of the rear surface
      R. Because the temperature of the metal being cast is known, the mean belt
      temperatures can be estimated by using these sensors.
PAR  In the case of the regions of the belt approaching the nip rolls, sensors
      T' (FIGS. 1 and 10) can be installed to engage the belt before it reaches
      the nip roll.
PAC  ADDITIONAL METHODS FOR INSULATING THE NIP ROLLS
PAR  The insulating of the nip rolls is discussed in the specification further
      above. Additional methods for insulating the nip rolls will now be
      discussed.
PAR  As will be understood from FIGS. 3, 4, 5, 11 and 12, the ridges 46 on the
      nip rolls 28 and 32 are relatively narrow and the intervening grooves 44
      are much wider than these ridges. A method for effectively thermally
      insulating the nip rolls from the reverse surfaces of the belt is the
      machining of a narrow secondary groove, such as illustrated in FIGS. 4 and
      5 at 216 into the perimeter of each ridge 46. Only one ridge is shown in
      FIGS. 4 and 5 with such a narrow secondary groove, and it is to be
      understood that these grooves 216 can be machined into the perimeter of
      each ridge.
PAR  These secondary grooves 216 significantly reduce the area of the perimeter
      of ridges 46 in contact with the reverse surfaces of the casting belts,
      and thus these narrow secondary grooves effectively provide thermal
      insulation directly at the interface between nip roll and belt.
PAR  If desired, the perimeter of the ridges 46 containing these narrow
      secondary grooves can be hardened as by induction heat treating, to
      increase the wear resistance of these ridges. This hardening of the metal
      offsets of reduction in area of the perimeter of the ridges with respect
      to wear resistance.
PAR  In addition, a thermally insulative material, for example such as epoxy
      resin, can be inserted into these narrow secondary grooves 216.
PAR  These narrow secondary grooves 216 can be arranged to reduce the effective
      area of the periphery of the metal ridges 46 to one-half or less of the
      area thereof previously in contact with the reverse surfaces of the belt.
      Thus, the conduction heat transfer at this interface between nip roll and
      belt by this secondary grooving method can be cut down to one-half and
      less of that which would occur with the configuration of ridges previously
      used.
PAR  A durable thermally insulative material, for example such as epoxy resin or
      polyurethane, can be held in the narrow secondary grooves 216 and project
      slightly beyond the perimeter of the ridges 46 under operating conditions
      to prevent metal-to-metal contact between the belt and ridges 46. Where a
      thin layer of durable insulative material is applied to the perimeter of
      each ridge 46, to prevent metal-to-metal contact between the belt and
      ridges 46, such a layer is keyed into the secondary grooves 216.
PAC  FURTHER ASPECTS OF CONTROLLING BELT TEMPERATURE
PAR  Another way in which the heating of the nip rolls can be utilized and
      controlled to advantage is to reduce the flow of heat from the pre-heated
      belts into the nip rolls. The heaters 68 or 68A (FIGS. 1 or 10) elevate
      the temperatures of the belts, with the front faces becoming elevated to a
      higher temperature than the rear surfaces. The heated nip rolls then serve
      to maintain the elevated temperature of the rear surfaces. In effect the
      heated nip rolls are serving to stabilize the temperatures of the
      previously heated belts.
PAR  In connection with FIG. 13C overshooting of the elevation of mean belt
      temperature is discussed. One desirable objective in this overshooting
      method is to preheat the belts so that the temperatures of the metal
      surfaces of the belts adjacent to the coatings on their front faces F
      becomes essentially the same ahead of the casting region as it is in the
      casting region. Thus, temperature conditions at the interface between the
      metal of the belt and the coating on the belt are stabilized, and thereby
      thermal shock at this interface is avoided, whereby belt operating life is
      extended.
PAR  It has already been discussed that the relative positions of the nozzles 56
      and the end of the spout 58 can be arranged so that the position where the
      coolant first contacts the reverse side of the belt almost coincides with
      the position where the molten metal first contacts the front face of the
      belt. In some cases these components may be arranged so that the molten
      metal intentionally does contact the front face of the belt before the
      coolant contacts the reverse surface; however, there are critical limits
      to this delayed coolant application. These limits on the amount of delayed
      coolant application vary with the thickness of the metal in the belt and
      with the speed of movement of the belt, as shown in the following table
      which pertains to casting aluminum based metal. In this table
      ".times.thickness" means times the thickness of the metal in the belt.
TBL  ______________________________________                                    
     Belt Speed in     Maximum Delay Distance                                  
     Feet per Minute   for Coolant Application                                 
     ______________________________________                                    
     20                6 .times. thickness                                     
     10                3 .times. thickness                                     
     ______________________________________                                    
PAR  Thus, for example, with a belt metal thickness of 0.050 of an inch at a
      casting speed of 20 feet per minute the maximum delay distance for
      cocolant application is 0.3 inch.
PAR  One reason why it is an advantage to delay coolant application is that
      there are transient conditions occurring where the molten metal and
      coolant are initially contacting opposite sides of the belt. The
      insulative coating on the belt tends to delay the moment when the heat
      from the molten metal reaches the belt metal, i.e., it is a relatively
      slow response heating effect as compared to the action of the coolant
      which is applied directly to the belt metal to produce a relatively quick
      response cooling effect. The delaying of the application of the coolant
      serves to compensate for the delay when the heat reaches the belt metal.
      Thus, both heating and cooling effects are caused to commence at
      effectively the same moment on the belt metal in the casting region to
      enhance operation.
PAR  The above table applies to casting aluminum based metals. When casting
      metals having higher melting temperatures, such as copper or steel then
      the permissible maximum delay is correspondingly reduced. When casting
      metals having lower melting temperatures, then the permissible maximum
      delay is correspondingly increased.
PAR  In summary, depending upon the operating conditions, the coolant may be
      initially applied to the reverse surface of the casting belt within a
      range from a small distance before, to a small distance after, the
      position where the molten metal initially comes into contact with the
      front face of the respective casting belt.
PAR  It is discussed that the coolant application nozzles may be selectively
      blocked off with respect to the edge portions of the casting belt lying
      outside of the casting region. This is done to minimize cooling of the
      edge portions of the belts to preserve the pre-heated belt temperatures
      established ahead of the entrance to the casting region. The objective is
      to maintain the temperatures of the edge portions of the belt at least as
      great as the temperatures in the belt across the full width in the casting
      region.
PAR  A further method of preserving the pre-heat in the edge portions of the
      belts is to apply hot liquid of controlled temperature to these edge
      portions while cold liquid coolant is being applied to the main central
      portions of the belts in the casting region. The way in which this is
      accomplished is to insert an insulated pipe line (not shown) into the
      coolant conduit. This insulated pipe is connected to insulated localized
      chambers (not shown) directly feeding the groups of nozzles associated
      with the two edge portions of the belt. This insulated pipe line and
      localized chambers are arranged so that they do not obstruct the flow of
      coolant to the remaining nozzles. The hot liquid used may be hot water.
PAR  Since the coolant liquid and hot liquid are travelling longitudinally along
      the reverse surface of the belt at high velocity in a relatively thin
      layer, there is very little tendency for these different temperature
      liquids to mix at their common boundary.
PAR  With respect to FIGS. 1 and 10, it is to be understood that the control
      circuits 150 can be used to control the temperature of the hot fluid fed
      into the line 160 (FIG. 2) for controlling the temperatures of the
      respective nip rolls 28 and 32 (FIGS. 1 and 10). Moreover, the control
      circuits 150 can also be used to control the temperature of the hot liquid
      to be applied to the edge portions of the belts as described in the
      preceding paragraph.
PAC  EXTENDING BELT OPERATING LIFE
PAR  Another aspect of extending belt operating life will be discussed in
      connection with FIGS. 9, 9A and 12. To provide background information for
      understanding this aspect, it is noted that in the prior art the casting
      belts, which are made of sheet steel, with insulative coating on the front
      face, tend gradually to become stretched longitudinally during operation.
      This stretching occurs in the main central casting region of the belt
      relative to its edge portions. Thus, over a period of time the belt may
      become very slightly baggy or slack in the main central region relative to
      the edge portions. This stretching is caused by the thermal cycling of the
      main central region plus the flexing thereof occurring in passing around
      the main rolls. This slight bagging only occurs when the operating
      conditions are so severe that the thermal cycling and flexing cycling
      carry the belt metal into its plastic deformation state as distinguished
      from the elastic deformation state. Whenever such slight bagging becomes
      undue in amount for the casting operations being carried out, then the
      belt is removed and replaced.
PAR  As shown in FIGS. 9, 9A and 12, the initial application of the coolant to
      each belt can be arranged relative to the initial contact of the molten
      metal such that there is a narrow cool section 102 extending transversely
      across the belt between the pre-heated expanded region 104 and the casting
      region. The control of pre-heating and control of initial coolant
      application can be used to widen or narrow this section 102 as may be
      desired. The thermal expansion occurring adjacent to this narrow cool
      section 102 tends to stretch the metal of the belt in this narrow cool
      section laterally. Moreover, this lateral stretching tendency occurs
      continuously during operation and progressively for each incremental
      portion of the main central region of the belt, i.e., it is occurring
      cyclically and sequentially for each part of the main central region
      during each revolution of the belt. The result is that this lateral
      stretching tendency compensates somewhat for the tendency of the belt to
      become baggy and thereby extends the belt operating life.
PAR  It is noted that the tendency of the belt to become baggy increases with
      higher belt operating temperatures in the casting region due to the
      combined effects of higher molten metal temperatures and the belt coating
      practices being employed. Advantageously, the pre-heating 104 is
      controlled and can be increased correspondingly to the higher belt
      operating temperatures. Thus the lateral stretching tendency applied to
      this narrow cool section 102 can be increased in the case of higher belt
      operating temperatures to match and thereby to compensate for the
      increased longitudinal strecthing.
PAR  This lateral stretching can be considered as corrective transverse
      stretching carrying the belt metal into teh plastic deformation state
      transversely to compensate for the belt metal being carried into the
      plastic deformation state longitudinally. The corrective lateral
      stretching is correlated to the longitudinal stretching and can be
      controlled by the pre-heating temperature applied to the belt and by
      varying the size of the cool section 102. As a result the tendency toward
      bagginess, if occurring, can be compensated to the extent desired to
      extend the belt operating life.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of casting molten metal between opposed portions of a pair of
      revolving endless flexible casting belts wherein the molten metal is
      brought into contact with the front faces of the respective moving belts
      and then the molten metal is carried downstream in a casting region
      defined between the front faces of the belts while the heat from the
      molten metal in the casting region is withdrawn by applying liquid coolant
      to the reverse surfaces of the two casting belts, comprising the steps of:
PA1  transmitting intensive radiant heat energy onto the front faces of the two
      belts at close range before the molten metal is brought into contact with
      the front faces for elevating the temperature of the belts before contact
      with the molten metal, and
PA1  initially applying the liquid coolant to the reverse surfaces of the belts
      only a small distance ahead of the position where the molten metal first
      comes into contact with the front faces of the belts,
PA1  whereby distortion of the belts after contact of the molten metal with
      their front faces is minimized.
NUM  2.
PAR  2. The method of casting molten metal between opposed portions of a pair of
      revolving endless flexible casting belts, as claimed in claim 1, in which:
PA1  the belts are elevated to mean temperatures before the molten metal is
      brought into contact with them which are at least as great as the mean
      temperatures of the belts after the molten metal is brought into contact
      with them.
NUM  3.
PAR  3. In a twin-belt casting process wherein the casting region is defined
      between opposed portions of a pair of revolving endless flexible casting
      belts and molten metal is introduced into the casting region to be carried
      along between the travelling belts as it solidifies and wherein the belts
      travel partially around respective nip rolls positioned upstream from the
      casting region and said nip rolls have deep circumferential grooves with
      intervening tall narrow ridges adapted to engage the reverse surfaces of
      the casting belts travelling around the respective nip rolls, the
      invention comprising the steps of:
PA1  applying heating to said casting belts as they are revolving before the
      respective belts reach the casting region for pre-heating the belts, and
PA1  insulating the perimeters of said narrow ridges for reducing the amount of
      conductive heat transfer occurring between said belts and said nip rolls
      for reducing the flow of heat from the belts into the nip rolls.
NUM  4.
PAR  4. The method of casting molten metal in a casting region defined between
      opposed portions of a pair of revolving endless flexible casting belts
      each made of relatively thin sheet metal, wherein the molten metal is
      brought into contact with the front faces of the respective moving belts
      and then the molten metal is carried downstream in the casting region
      while heat from the molten metal in the casting region is withdrawn by
      applying liquid coolant to the reverse surfaces of the two belts,
      comprising the steps of:
PA1  elevating the temperature of at least one of the revolving casting belts,
      in advance of the casting region for pre-heating the belt,
PA1  shielding the liquid coolant from the reverse surfaces of said pre-heated
      casting the belt in advance of the casting region for initially applying
      the coolant to the reverse surface of the pre-heated belt along a sharply
      defined line extending transversely across the belt,
PA1  introducing the molten metal initially into contact with the front face of
      said belt along a sharply defined line extending transversely across the
      belt, and
PA1  arranging the line of initial application of the coolant relaltive to the
      line where the molten metal initially comes into contact with said belt
      for creating a narrow cool section in the belt extending transversely of
      the belt, said narrow cool section extending transversely of the belt
      being located immediately preceding the line where the molten metal
      initially comes into contact with the belt and following said pre-heating
      of the belt.
NUM  5.
PAR  5. The method of casting molten metal in a casting region defined between
      opposed portions of a pair of revolving endless flexible casting belts
      each made of relatively thin sheet metal as claimed in claim 4, in which:
PA1  the line of initial application of the coolant to the reverse surface of
      said pre-heated belt is arranged to be no more than one-half inch before
      the line where the molten metal initially comes into contact with the
      front face of said belt.
NUM  6.
PAR  6. The method of casting molten metal as claimed in claim 4, including the
      steps of:
PA1  controlling said elevation of the belt temperature in advance of the
      casting region, and
PA1  controlling the size of said narrow transverse cool section with respect to
      the elevated temperature of the belt ahead of said narrow transverse cool
      section and with respect to the operating temperatures of the belt after
      the molten metal is brought into contact with the belt,
PA1  for producing a transverse stretching of the metal of the belt in said
      narrow transverse cool section due to thermal expansion of the belt
      immediately preceding and following said narrow transverse cool section.
NUM  7.
PAR  7. The method of casting molten metal in a casting region defined between
      opposed portions of a pair of revolving endless flexible casting belts
      wherein the molten metal is brought into contact with the front faces of
      the casting belts and is carried along between the front faces of the
      belts in the casting region while liqiud coolant is applied to the reverse
      surfaces of the belts to remove heat from the molten metal, comprising the
      steps of:
PA1  applying intensive heating to the respective belt ahead of the position
      where the molten metal is brought into contact with the belt for
      pre-heating the belt, and
PA1  applying hot liquid to the reverse surfaces of the edge portions of the
      belt on opposite sides of the casting region for maintaining the edge
      portions at elevated temperatures.
NUM  8.
PAR  8. The method of casting molten metal in a casting region defined between
      opposed portions of a pair of revolving endless flexible metal casting
      belts wherein the molten metals is introduced into the casting region and
      is carried downstream through the casting region by the moving belts while
      the metal is solidifying, comprising the steps of:
PA1  elevating the temperature of the main central portion of at least one of
      said metal casting belts before the main central portion of said belt
      encounters the molten metal in the casting region, and
PA1  elevating the temperature of the two edge portions of said metal belt to
      higher temperature levels than said main central portion before said two
      edge portions pass adjacent to the casting region,
PA1  said two edge portions being elevated to temperature levels at least as
      great as the mean temperature level of the main central portion of the
      metal belt in the casting region.
NUM  9.
PAR  9. The method of casting molten metal in a casting region defined between
      opposed portions of a pair of endless flexible casting belts wherein the
      molten metal is introduced at an entrance to the casting region and
      thereafter the molten metal travels downstream from the entrance while
      solidifying between the front faces of the two casting belts and wherein
      the heat from the solidifying molten metal is withdrawn by applying liquid
      coolant to the reverse surfaces of the two casting belts, comprising the
      steps of:
PA1  directing intensive radiant heat energy onto the front faces of the
      respective revolving casting belts for elevating their temperature before
      the respective casting belts reach the entrance to the casting region, and
PA1  controlling the application of the liquid coolant to the reverse surfaces
      of the respective casting belts for initially applying the coolant to the
      reverse surfaces of the belts only a small distance from the position
      where the molten metal initially comes into contact with the front face of
      the respective casting belt.
NUM  10.
PAR  10. The method of casting molten metal in a casting region defined between
      opposed portions of a pair of endless flexible casting belts, as claimed
      in claim 9, in which:
PA1  the application of the liquid coolant is controlled for initially applying
      the coolant to the reverse surfaces of the respective casting belt within
      a range from a small distance before to a small distance after the
      position where the molten metal initially come into contact with the front
      face of the respective casting belts.
NUM  11.
PAR  11. The method of casting molten metal in a casting region defined between
      opposed portions of a pair of endless flexible casting belts, as claimed
      in claim 10, in which:
PA1  the application of the liquid coolant is controlled by masking off the
      coolant from the reverse surfaces of the respective casting belts for
      sharply defining the line of initial contact of the coolant with the
      reverse surfaces of the respective casting belts.
NUM  12.
PAR  12. The method of casting molten metal in a casting region defined between
      opposed portions of a pair of revolving endless flexible casting belts
      wherein the belts are curved partially around respective nip rolls with
      the reverse surfaces of the belts engaging the nip rolls and thereafter
      the belts travel downstream from the nip rolls with portions of the belts
      travelling in spaced opposed relationship defining the casting region
      between their front faces and molten metal is adjacent to the front face
      of the opposed portions of the casting belts in the casting region,
      comprising the steps of:
PA1  applying intensive radiant heat energy to the front faces of the two
      casting belts as they move toward the nip rolls for elevating the
      temperatures of the belts before they reach the nip rolls, and
PA1  applying further intensive radiant energy to the front faces of the two
      casting belts as they curve around the nip roll.
NUM  13.
PAR  13. The method of casting molten metal in a casting region defined between
      opposed portions of a pair of revolving endless flexible casting belts
      wherein the belts are curved partially around respective nip rolls with
      the reverse surfaces of the belts enging the nip rolls in which there are
      deep grooves in the nip rolls positioned adjacent to the reverse surfaces
      of the casting belts as they curve around the respective nip rolls and
      thereafter the belts travel downstram from the nip rolls with portions of
      the belts travelling in spaced opposed relationship defining the casting
      region between their front faces and molten metal is adjacent to the front
      faces of the opposed portions of the casting belts in the casting region,
      comprising the steps of:
PA1  heating the two casting belts as they move toward the nip rolls; and
PA1  injecting hot fluid into the deep grooves of the nip rolls beneath the
      reverse surfaces of the casting belts for continuing the heating of the
      two casting belts as they curve around the respective nip rolls.
NUM  14.
PAR  14. The method of casting molten metal in a casting region defined between
      opposed portions of a pair of endless flexible casting belts wherein the
      molten metal is introduced at an entrance to the casting region and
      thereafter the molten metal travels downstream from the entrance while
      solidifying between the front faces of the two casting belts and wherein
      the heat from the solidifying molten metal is withdrawn by applying liquid
      coolant to the reverse surfaces of the two casting belts, comprising the
      steps of:
PA1  heating a first zone of at least one of the revolving casting belts before
      the respective casting belt reaches the entrance to the casting region to
      a mean temperature at least equal to the mean temperature of the portion
      of the casting belt defining the casting region, said first zone spanning
      transversely across the main central portion of the belt for a width equal
      to the width of the casting region, and
PA1  heating second and third zones of said revolving casting belt before the
      respective casting belt reaches the entrance to the casting region to a
      mean temperature different from the mean temperature of said first zone,
      said second and third zones spanning transversely across the respective
      edge portions of each belt which will travel outside of the casting region
      as they travel along near the casting region.
NUM  15.
PAR  15. The method of continuously casting molten metal using a pair of
      revolving endless flexible casting belts of metal whose front metal faces
      are coated with insulative coating material wherein portions of the belts
      travel along in spaced relationship for defining a casting region between
      their coated front faces for casting molten metal in the casting region
      and wherein the reverse surfaces of the belts near the casting region are
      cooled with liquid coolant, including the steps of:
PA1  directing intensive radiant heat energy onto the insulative coating
      material of the respective revolving casting belts before their arrival at
      the casting region for elevating the mean temperatures of the casting
      belts ahead of the casting region to levels above their mean temperatures
      in the casting region, and
PA1  initially applyling liquid coolant to the reverse surfaces of the belts
      only a small distance from the position where the molten metal initially
      comes into contact with their coated front faces for minimizing the
      cooling effect of the applied coolant upon the mean temperature of the
      respective casting belts.
NUM  16.
PAR  16. The method of continuously casting molten metal using a pair of
      revolving endless flexible casting belts of metal whose front faces are
      coated with insulative coating material as claimed in clalm 15;
PA1  wherein the belts are curved partially around respective nip rolls with the
      reverse surfaces of the belts engaging the nip rolls ahead of the casting
      region, including the step of:
PA1  insulating the portions of the nip rolls engaged by the reverse surfaces of
      the belts for minimizing the transmission of heat from the reverse
      surfaces of the belts into the nip rolls.
NUM  17.
PAR  17. The method of continuously casting molten metal using a pair of
      revolving endless flexible casting belts of metal whose front metal faces
      are coated with insulative coating material wherein portions of the belts
      travel along in spaced relationship for defining a casting region between
      their coated front faces for casting molten metal in the casting region
      and wherein the reverse surfaces of the belts near the casting region are
      cooled with liquid coolant, including the steps of:
PA1  directing intensive radiant heat energy onto the insulative coating
      material of the respective revolving casting belts before their arrival at
      the casting region for elevating the temperatures of the interfaces
      between the metal front faces and the insulative coating material of the
      respective belts to levels ahead of the casting region which are equal to
      the temperature levels occurring at these interfaces after the molten
      metal has come into contact with their coated front faces, and
PA1  initially applying liquid coolant to the reverse surfaces of the belts only
      a small distance from the position where the molten metal initially comes
      into contact with their coated front faces for minimizing the cooling
      effect of the applied coolant upon the temperature levels of these
      interfaces in the respective casting belts.
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ABST
PAL  A measuring means for measuring secondary cooling zone roller gaps in
      continuous casting machine, wherein measuring means having detecting means
      for detecting the position of ingot support means are provided on dummy
      bars transferred through the secondary cooling zone, the ingot support
      roller gap being measured by the output signal of said detecting means.
PAL  Each said detecting means is slidable, and output corresponding to its
      displacement range is measured and recorded.
BSUM
PAR  This invention relates to measuring means for measuring secondary cooling
      zone roller gaps in continuous casting machine where molten metal is
      poured into cooling mold from the top-thereof for cooling and solidifying
      the poured metal from the surface portion thereof and continuously
      withdrawing the superficially solidified metal from the bottom of the
      mold.
PAR  In this type of casting machine, the secondary cooling zone is usually
      constituted of ingot supports arranged in two rows facing each other for
      guiding the primarily cooled ingot between these rows. One ingot support
      row is arranged at a fixed position along a strand, while the position of
      the other ingot support row is adjustable in parallel relation to the
      first row. The gap between these two rows is present to a cavity dimension
      corresponding to the casting size prior to the operation of the continuous
      casting machine. However, during the long casting operation error is
      generated in each region of the cooling zone due to wear or thermal
      deformation of the ingot supports or damage of the support means, thus
      resulting in error of the cavity dimension to adversely affect the
      dimensions and quality of the product. Therefore, it is necessary to check
      the precision of the gaps so as to hold the cavity dimension of the ingot
      supports to a predetermined dimension.
PAR  In the prior art the measurement of the secondary cooling zone gap is made
      for each support by the operator using a microgauge or like measuring
      instrument. However, since the checking has to be made in narrow place
      with poor foothold, particularly with slippery footing where the ingot
      supports are rollers, considerable time is required to check the entire
      secondary cooling zone. Also, this type of checking is not desired from
      the standpoint of safety and reducing man-hour. Actually, the productivity
      has been considerably affected by this checking.
PAR  An object of the invention is to provide measuring means, which can
      overcome the above prior-art problems, and in which detecting means for
      detecting the position of ingot supports are provided in the transferring
      means transferred through the secondary cooling zone, the ingot support
      gap being automatically measured from the output signal of said detecting
      means.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a plan view showing a dummy bar head portion incorporating an
      embodiment of the invention;
PAR  FIG. 2 is a sectional view of a measuring means having two differential
      transformers serving as detecting means;
PAR  FIG. 3 is a sectional view of a measuring means having a single
      differential transformer; and
PAR  FIG. 4 is a sectional view showing a measuring means having a replaceable
      cap.
DETD
PAR  Referring to FIG. 1, reference numeral 1 designates a dummy bar, and
      numeral 2 measuring means including detecting means. As is well known, the
      dummy bar 1 consists of dummy bar head 1a, exclusive dummy bar link 1b,
      common dummy bar link 1c., and connecting pins 3 connecting these parts.
      Each measuring means 2 may be mounted on any of these parts. In order to
      be able to precisely check the gap dimension, it is desirable to arrange
      at least three sets of measuring means 2 in a direction at right angles to
      the longitudinal direction of the dummy bar 1.
PAR  As is shown in FIG. 2, the dummy bar link 1 is guided by an associated
      dummy bar guide 5 provided on a support frame through guide wheels 4
      provided on opposite ends of each connecting pin 3. Each measuring means 2
      is provided as one block in a case 6. The case 6 accommodates two
      differential transformers 8 and 9 serving as detecting means for detecting
      the positions of mutually opposing ingot support rollers 7 and 7'. The
      differential transformers 8 and 9 have respective springs disposed within
      them for outwardly urging detecting ends 8' and 9' integral with their
      respective cores. They are mounted or adjusted such that they provide zero
      output when the detecting ends 8' and 9' are in contact if the ingot
      support rollers 7 and 7' are held at proper positions. At the position
      where no billet support roller is present, the output of the differential
      transformers 8 and 9 swings from the zero point toward the positive side,
      while at position where the support rollers are present they provide
      output corresponding to the roller position. One of the differential
      transformers, namely differential transformer 8, is secured to a mount 10
      provided in the case 6 through a cap screw 11. It is provided with a
      slidable cap 12 fitted on the detecting end 8' (shown toward the bottom in
      FIG. 2) for protecting the same end. The tip of the cap 12 is spring
      biased in forced contact with the ingot support roller 7 by the spring 13
      intervening between mount 10 and cap 12. The detecting end 8'  of the
      differential transformer 8 is urged by a spring provided therein and held
      in forced contact with the inner end wall of the cap 12 to follow the
      movement thereof. Thus, the displacement of the cap 12 is indicated as the
      displacement of the detecting end 8'.
PAR  The other differential transformer 9 is directed oppositely with respect to
      the differential transformer 8. It is secured by a screw 19 to a spring
      engaging member 14 slidably fitted in the case 6. The spring engaging
      member 14 is held in forced contact with a shoulder 18 formed in the case
      6 by the spring force of a spring 16 intervening between it and a member
      15 secured to the case 6. The spring 16 provides a greater spring force
      than that of the spring 13 in contact with the top side of the spring
      engaging member 14. In other words, it will not contract within the
      contraction range of the spring 13, that is, within the detection range of
      the differential transformer 9, so that the position of the billet support
      roller 7' is detected in the state with the spring engaging member 14
      integral with the differential transformer 9 held in contact with the
      shoulder 18.
PAR  However, when an external force in excess of the detection range of the
      spring 13 is experted to the cap 12 such as in case when the dummy bar 1
      passes through a billet withdrawal station, the spring 16 is compressed
      through the spring engaging member 14 to protect the differential
      transformer 9 from the external force.
PAR  The output of the two differential transformers 8 and 9 of the measuring
      means mounted in the dummy bar 1 in the above way is externally led
      through leads (not shown) suitably provided along the direction of
      progress of the dummy bar 1 for display on a well-known recorder such as
      electromagnetic oscillograph or pen recorder.
PAR  FIG. 3 shows another embodiment, which may be applied where it is desired
      to measure only the gap dimension between the ingot support rollers 7 and
      7'. It permits exact measurement of the gap dimension with a single
      differential transformer 9 which is similar to that in the preceding
      embodiment. In this embodiment, a cap 12' penetrating retainer 15 secured
      to the case is provided below the differential transformer 9, and spring
      16 is provided between spring engaging member 14 and cap 12'. The spring
      engaging member 14, spring 16 and cap 12' are accommodated in a guide bush
      17 slidably fitted in the case 6'. With this construction the upper and
      lower caps 12 and 12' are held in forced contact with the respective ingot
      support rollers 7 and 7' by the spring force of the spring 13 in contact
      with the top of the spring engaging member 14. In this embodiment again,
      external forces in excess of the detection range of the differential
      transformer 9 can be prevented from affecting the differential transformer
      similar to the preceding embodiment by the contraction of the spring 16.
PAR  To improve the measuring precision of the differential transformer, it is
      necessary to make as small as possible the difference between the center
      of core of the differential transformer and the center of coil thereof,
      that is, make as small as possible the detection range. However, the ingot
      support roller gap in the secondary cooling zone differs depending upon
      the size of the billet, and it is not rare that the difference exceeds 100
      millimeters. Therefore, the selection of the differential transformer is
      limited by the measuring range and measuring precision.
PAR  It is possible to obtain desired precision measurment by using measuring
      means which are prepared for respective range of the billet support roller
      gap. FIG. 4 shows a more convenient method of obtaining desired precision
      measurements. Here, caps fitted above and below the differential
      transformer have respective removable end portions 12a. With this
      construction, precise measurement can be obtained without the need of
      changing the disposition of the differential transformer. Also, the
      measuring means for a minimum ingot support roller gap measurement range
      may be used for other ranges. Further, it is possible to save time of
      repairing measuring means since worn or damaged caps need only be
      replaced.
PAR  While the above description has concerned with the use of differential
      transformers for the detecting means, this is by no means limitative, but
      according to the invention it is also possible to use any other detecting
      means.
PAR  As has been shown with the above construction and function according to the
      invention it is possible to measure the gap between pair ingot support
      rollers for ingots of any size reliably, safely and precisely.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A measuring device for measuring the separation distance between
      conveying rollers in the secondary cooling zone of continuous casting
      machines comprising transport means adapted to be guided through said
      cooling zone between said rollers, said transport means having a maximum
      dimension parallel to said separation distance which is less than said
      distance and at least one distance detecting means mounted on said
      transport means for movement therewith, said distance detecting means
      including at least one probe projecting beyond the limits of said
      transport means for engagement with a roller, said probe being displacably
      supported on said transport means and providing an output signal
      corresponding in magnitude to the extent of said displacement whereby upon
      movement of said transport means through said zone, said signal provides
      an indication of variations in said separation distance along said zone.
NUM  2.
PAR  2. The measuring device of claim 1 wherein said distance detecting means
      includes two oppositely projecting probes arranged in close proximity to
      one another, whereby the combined signals from said two probes indicates
      the extent of said separation distance at any given point in said zone.
NUM  3.
PAR  3. The device of claim 2 wherein said two probes are arranged coaxially.
NUM  4.
PAR  4. The device of claim 1 wherein said transport means carries a plurality
      of said distance detecting means in laterally spaced and logitudinally
      staggered relation thereon.
NUM  5.
PAR  5. The device of claim 1 wherein said distance detecting means is yieldable
      supported on said transport means to permit bodily retraction where the
      limit of the tolerable displacement is exceeded.
NUM  6.
PAR  6. The measuring device of claim 1 wherein said detecting means includes a
      differential transformer activated in response to displacement of said
      probe and supplying said output signal.
NUM  7.
PAR  7. The measuring means according to claim 1, wherein each said detecting
      means comprises a casing, a spring engaging seat provided within said
      case, a differential transformer secured to said spring engaging seat and
      having a core, a detecting rod integral with the core of said differential
      transformer and outwardly biased by a spring, a slidable cap enclosing and
      protecting said detecting end, and a spring intervening between said cap
      and said spring engaging seat.
NUM  8.
PAR  8. The measuring means according to claim 7, wherein a further spring is
      provided between a yieldable spring retainer provided at one end of said
      casing and said spring engaging seat.
NUM  9.
PAR  9. The measuring means according to claim 7, wherein said cap is
      replaceable.
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ABST
PAL  The apparatus comprises high pressure injection means for supplying during
      an accurately adjustable controlled cycle time an accurately adjustable
      controlled volume of atomized cold set catalyst into a high pressure dry
      air, nitrogen and/or CO.sub.2 gas stream passing through the core box to
      cure the resin followed by a continuing air, nitrogen or CO.sub.2 gas
      purging of the core box. The fumes from the core box are drawn through a
      natural gas or propane fired fume incinerator wherein an excess air-fuel
      mixture causes oxidation of the fumes during a controlled temperature and
      residence time. The fume incinerator operates continuously at a constant
      temperature under control by an automatic temperature sensor regardless of
      fume input and includes suction means to prevent back flow of gasses from
      the incinerator to the core box.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention pertains to foundry sand molding and core making
      with cold setting resins and in particular to the apparatus supplying
      catalyst to the core or mold box and for purging and oxidizing the fumes
      from the core box upon completion of the curing cycle to render them inert
      and harmless. Recent safety requirements prescribe that the cold setting
      resins and catalysts be safely and effectively provided to the core box on
      the molding machine and the fumes exhausted from the core box be consumed
      or oxidized to inert substances to thereby prevent toxic and noxious
      pollutants from entering the environment.
PAR  In earlier approaches to cold set curing, catalyst was supplied to the core
      box at relatively low pressure in the order of 25 psi which resulted in
      insufficient atomization and relatively long time periods for effecting a
      satisfactory cure with the generation of fumes from the core box. Earlier
      attempts at incineration of fumes involved unsatisfactory on and off
      cycling without adequate oxidation, speed of operation or protection
      against back leakage. Such prior art apparatus is therefore relatively
      slow and does not assure complete and continuous removal of noxious fumes.
PAC  SUMMARY OF THE INVENTION
PAR  The catalyst supply apparatus includes high pressure piston pump means
      which feeds on accurately adjustable volume of liquid cold set catalyst
      from a reservoir to a nozzle during an accurately adjustable limited time
      cycle. The nozzle atomizes and injects the catalyst into a high pressure
      nitrogen, air or CO.sub.2 stream which in turn enters the core box to cure
      the core. The core is purged by the continuing supply of nitrogen, air or
      CO.sub.2 air after the injection cycle for a sufficient time to drive off
      the toxic or noxious fumes and feed them to the fume incinerator. The
      incinerator includes aspirator-venturi means to provide a negative
      pressure relative to the core box and to mix the fumes with the air
      supplied to the fume incinerator. The toxic fumes are directed through a
      gas flame automatically controlled to provide a continuous combustion
      temperature of 1500.degree. to 1600.degree.F for complete oxidation of the
      toxic or noxious gasses without overheating or damage to the incinerator.
      The automatic control feeds propane or natural gas at a rate just
      sufficient to retain the proper combustion temperature regardless of fume
      input, thereby assuring that all fumes are completely oxidized despite the
      cyclic output of fumes from the core making process. The incinerator
      includes means to prevent backfire or return of exhaust fumes to the core
      box.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic of the cold set catalyst supply system;
PAR  FIG. 2 is a partial side view of the pump of FIG. 1;
PAR  FIG. 3 is a side sectional view of the fume incinerator;
PAR  FIG. 4 is a top view of the fume incinerator;
PAR  FIG. 5 is a schematic of the air and fuel supply to the fume incinerator;
      and
PAR  FIG. 6 is an electrical schematic of the fume incinerator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a reservoir 10 is partially filled with a cold set catalyst such
      as triethylene or triethylamine and is pressurized by an air supply 12
      including a filter 14 to eliminate moisture, pressure reducing valve 16
      normally set at 15 psi, and lock out valve 18. The reservoir 10 feeds a
      pneumatic powered piston pump 20. An air piloted switching valve 22
      alternatively provides for feeding from the reservoir 10 to the pump 20
      and output from the pump 20 into the line 24. The pump has a 40 cc resin
      capacity and is designed to provide a 375 psi pump output pressure at 60
      psi from the air supply 26. The pump air supply 26 includes a moisture
      filter 28, pressure reducer 30 normally set at 80 psi, and lock out valve
      32. Solenoid controlled 2-position valve 34 and speed controls 35 control
      the reciprocating movement and duration of the pump piston stroke. As
      shown in FIG. 2, the pump 20 includes a threaded stop rod 38 threaded
      through the pump end 39 with an adjustable nut 33 and a collar 36 pinned
      at 37. A scale 40 is attached to the pump end 39. The stop rod 38 provides
      an adjustable limit per stroke by contacting the pneumatic piston at 41 on
      the return stroke. Thus, the pump capacity is adjusted by turning the stop
      rod 38 until the flange of the collar 36 coincides with the selected
      capacity on the scale 40 and the nut 33 is tightened against the end 39.
      The air piloted valve 22 is operated by the solenoid controlled valve 42
      from air supplied through the pressure reducer 23 at 50 psi.
PAR  The outlet line 24 from the pump 20 feeds catalyst to an atomizing nozzle
      44 which in turn injects the atomized catalyst into the high pressure gas
      supply line 46 leading to the core box 48. The outlet line 24 includes a
      needle valve 25 for adjusting the pressure drop to the fixed orifice
      nozzle 44. The core box gas supply line 46 may be alternately supplied
      with air from the air supply 50 for mixing with the atomized catalyst
      and/or with nitrogen from the nitrogen supply 52. Alternatively CO.sub.2
      may be substituted for the air or nitrogen. The air supply 50 includes
      moisture filter 54, lockout switch 56, pressure reducer 58 normally set at
      100 psi and solenoid controlled purge valve 60. The nitrogen supply
      includes a pressure reducer 62 normally set at 100 psi and purge valve 64.
      The solenoid control valves 34, 42, 60 and 64 are connected into the
      conventional control circuitry of the core making machine to which this
      supply system is attached. Examples of such machines are the conventional
      single sided or double sided core making machines produced by Sutter
      Products Co. of Holly, Michigan.
PAR  The high pressure catalyst supply apparatus disclosed above is normally
      adjusted to provide catalyst at 200 psi into a 100 psi air stream. The
      nozzle orifice is selected to provide atomization to 60-90 microns. As a
      typical initial set up, the speed controls 35, needle valve 25 and pump
      adjustment collar 36 are set to provide 10 cc of catalyst into the 100 psi
      air stream in 5 seconds followed by a 15 second purge time with the
      nitrogen gas. The core is then checked and adjustments made as follows.
      Insufficient cure indicates a need for increased catalyst. A wet core
      indicates excess catalyst or insufficient purge time and may be corrected
      by decreasing the catalyst. An intense odor indicates a need for increased
      purge time.
PAR  Normally, a core will require 1-10 seconds for catalyst injection and 5-40
      seconds for purging. The catalyst is provided in one stroke of the pump
      allowing a more accurate control of the catalyst quantity as adjusted to
      cores of different size and weight. The use of dry air or nitrogen with
      high pressure cold set catalyst injection eliminates the need for any
      heating of the core for effective curing. In addition to the above
      improvements, the applicants have noted more uniform cores with better
      shake out characteristics and more consistency in the depth of cure,
      density and surface definition.
PAR  The outlet line 66 from the core box 48 is connected to a fume incinerator
      shown in FIGS. 3 to 6. The fume incinerator comprises a cylindrical
      chamber 68 lined with a high temperature insulation such as a light weight
      insulating castable refractory 70. The interior of the incinerator is of
      two-pass construction having a central chamber 82 and annular chamber 76.
      An inner cylinder 72 of refractory includes exhaust ports 74 at the bottom
      thereof for communication to the annular chamber 76 from the central
      chamber 82. An exhaust flue 78 also lined with castable refractory 80
      extends from the annular chamber 76 which is lined with refractory 73. The
      central chamber of the incinerator 82 is in communication with a fume
      heater 84 which suitably may comprise a burner such as an "Eclipse" burner
      modified for excess air capacity.
PAR  The burner 84 as best shown in FIG. 5 is supplied with a gaseous fuel such
      as natural gas or propane at normal industrial pressures through an inlet
      supply 86, pressure regulator 88, main electric gas valve 90, and a final
      adjustable orifice 96. A pilot electric gas valve 92 and gas flow needle
      valve 94 are provided for startup of the incinerator. The air supply of
      80-100 cfm for the burner 84 is provided by a small centrifugal blower 98,
      check valve 100 and manual butterfly valve 102. One or more core box
      exhaust inlets 66, including check valves 104 to prevent back flow are
      connected to a modified aspirator venturi 106 located at this point in the
      air supply for the burner 84. The aspirator venturi 106 is modified for
      the triple inlet and provided to assure mixing of the air and the fumes
      from the core box and to cause suction in lines 66. The burner 84 is
      operated with a substantial excess of air for combustion relative to the
      gas supply from 86 to assure that there is complete oxidation of the fumes
      aspirated into the burner 84. Triethylene, or other noxious or toxic fumes
      from the cold resin process pass through the flame front inside the burner
      and are completely oxidized.
PAR  The incinerator includes an electrical circuit shown in FIG. 6 for
      operation continuously with an automatic control to provide that the
      combustion temperature inside the incinerator remains substantially
      between 1500.degree. and 1600.degree. F without exceeding 1600.degree.F
      regardless of the flow rate of fumes entering from the core making
      process. In order to assure the proper operation of the incinerator the
      electrical control circuit in FIG. 6 includes a Temperature Controller 110
      which senses the output of a thermocouple 112 within the incinerator to
      thereby adjust the main gas valve 90. The Temperature Controller is
      normally set for an operating temperature between 1500.degree. and
      1600.degree.F. In addition, a High Limit Control 114, also including a
      thermocouple 116 within the incinerator, shuts off the incinerator in the
      event that the combustion chamber therein exceeds a set level, normally
      1600.degree.F.
PAR  Power is derived from a 460 volt 3-phase alternating power source through
      the transformer 118. The circuit includes ground detection devices 120 and
      stop 122 and start 124 switches for the incinerator blower 98. The blower
      98 is provided with separate 3-phase 460 volt power 126 as shown and is
      energized by the relay M-1 upon actuation of the start switch 124. The
      initial actuation of the blower purges the incinerator with fresh air
      before firing can be initiated. Actuation of the start switch 124 also
      energizes the circuit through the air pressure switch 108 and High Limit
      Control 114 as shown. Thus, failure of sufficient air from the blower or
      an over temperature in the incinerator will completely shut down the
      ignition and operational controls for the gas supply to the incinerator
      and prevent gas from entering through either the pilot valve 92 or main
      gas valve 90.
PAR  Subsequent to starting the blower the ignition switch 128 is actuated thus
      energizing a thermistor network 130 and electronic network 132. The
      thermistor network 130 actuates relay 1K to open the pilot valve 92 and
      energize the ignition transformer 134 and spark plug 136 thereby igniting
      the fume heater 84. Flame sensing means 138 upon a proven flame cause the
      electronic network 132 to energize the relay 2K which in turn disconnects
      the ignition transformer 134 and energizes the circuit to relay 1 CR and
      energizing the Temperature Controller 110. The Temperature Controller is
      set at the proper operating temperature which will be maintained
      regardless of the fume quantity drawn into the incinerator. The relay
      contacts indicated inside the dashed box 135 denote contacts that must be
      closed by the Temperature Controller before the core machine can initiate
      the curing cycle and are therefore tied into the core machine circuitry.
PAR  The check valves 104 in the lines 66 from the core boxes prevent backfire
      during the ignition procedure in the incinerator. An additional safety
      feature is the aspirator 106 which provides a negative pressure relative
      to the core box through the exhaust line 66 and check valve 104 to prevent
      backfire through the exhaust lines. The continuous operation of the
      aspirator and the incinerator assures that any leakage from the core box
      and line 66 will cause surrounding air to be drawn in thereby preventing
      leakage of toxic or noxious fumes from the apparatus.
PAR  The dimensions of the incinerator are determined to provide retention of
      the fumes for at least a one second minimum at 1500.degree. -
      1600.degree.F before exhaust from the incinerator to assure complete
      oxidation of the noxious or toxic fumes. The exhaust from the incinerator
      may be expelled to the atmosphere inside or outside the enclosing building
      depending upon size relative to the incinerator output. The incinerator
      uses 10-12% of the fuel that would be required to heat the core box in
      prior art "hot box" processes and is capable of oxidizing two pounds per
      hour of toxic or noxious fumes from a double ended core blowing machine
      such as that produced by applicants' assignee Sutter Products.
CLMS
STM  We claim:
NUM  1.
PAR  1. Production apparatus for making cold set foundry cores or articles
      comprising a pattern box adapted to receive fully enclosed cold set resin
      coated sand cores or articles, high super atmospheric pressure accurately
      adjustable liquid catalyst injection means adapted to repeatedly supply
      predetermined quantities of atomized liquid catalyst to said box, said
      injection means including controls adapted to actuate cyclically in
      coordination with the curing cycle of said apparatus, purging means
      adapted to purge fumes in coordination with said curing cycle from said
      box, and incineration means adapted to continuously draw fumes from said
      box and oxidize said fumes to inert substances.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said high pressure injection means
      include positive displacement liquid pumping means and nozzle atomizing
      means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein adjustable controls are provided for
      said injection means adapted to supply a predetermined quantity of
      catalyst over a specified time period to said atomizing nozzle means.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said pumping means comprises a piston
      pump having an adjustable pump stroke and adapted to make one high
      pressure supply stroke over said specified period.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said high pressure injection means
      includes a high pressure gas stream receiving said atomized liquid
      catalyst for injection into said box.
NUM  6.
PAR  6. The apparatus of claim 5 wherein alternative dry air or nitrogen supply
      lines provide said high pressure gas stream.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said purging means includes means to
      continue injection of high pressure gas into said box subsequent to the
      injection of said catalyst.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said high pressure purging gas includes
      alternative sources of dry air or nitrogen.
NUM  9.
PAR  9. The apparatus of claim 4 wherein said piston pump is driven by a
      pneumatic cylinder having speed controls connected thereto.
NUM  10.
PAR  10. The apparatus of claim 2 wherein said high pressure injection means
      includes adjustable valve means between said pumping means and said nozzle
      means to control the flow rate of liquid catalyst.
NUM  11.
PAR  11. The apparatus of claim 1 wherein said apparatus includes exhaust means
      from said box and said incinerator includes aspirator means in
      communication with said exhaust means adapted to continuously provide
      suction through said exhaust means.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said incinerator includes an air
      blower in communication with said aspirator and a burner in communication
      with said aspirator adapted to draw fumes from said exhaust means into the
      combustion air stream to said burner.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said incinerator includes dual
      combustion chambers communicating in sequential order with said burner.
NUM  14.
PAR  14. The apparatus of claim 1 wherein said incinerator includes a fuel
      supply and an electric control, said electric control including a
      temperature control adapted to maintain a specific range of combustion
      temperatures within said incinerator by adjusting the fuel supply.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said electric control includes
      temperature limiting means to shut off operation of said incinerator in
      the event of an over temperature within said incinerator.
NUM  16.
PAR  16. The apparatus of claim 14 wherein said temperature control includes
      under temperature means to prevent actuation of the curing process until
      the incinerator is within the specified temperature range.
NUM  17.
PAR  17. The apparatus of claim 14 wherein said electric control includes air
      sensing means to prevent operation of said incinerator without sufficient
      excess combustion air.
NUM  18.
PAR  18. The apparatus of claim 14 wherein said electric control includes
      continuous flame monitoring means.
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ABST
PAL  In a method of making non-woven fibrous material such as paper, the
      papermaking stock as it is being delivered to the foraminous support of a
      papermaking machine has air under pressure introduced into it to produce
      foaming of the stock and the stock is subjected to turbulence. This is
      effected by providing the head-box of the papermaking machine with a slice
      the body of which includes a slot through which the stock flows to the
      foraminous support and which is shaped to impart turbulence to the stock.
      The body also includes an air supply passage which communicates with the
      slot to introduce the pressurised air into the stock.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for use in the manufacture
      of non-woven fibrous material such as paper.
PAR  2. Description of the Prior Art
PAR  Paper and other non-woven fibrous materials are conventionally made by
      depositing a suspension of fibres in a liquid medium, usually water, onto
      a foraminous support, for example the wire of a Fourdrinier-type paper
      making machine, which allows the liquid medium to drain through while
      retaining most of the fibres on the wire in the form of a web.
PAR  A problem encountered with such methods is that the fibres in the
      suspension have an inherent tendency to form flocs, or clumps, which are
      difficult to disperse, and may remain in the formed web, imparting to it
      an uneven appearance and adversely affecting its useful properties. This
      problem is particularly serious when dealing with suspensions of
      relatively long fibres, or of synthetic fibres, or when using relatively
      high concentrations of fibre in the suspension, as may be the case if a
      heavy web is to be produced, or if the web is of inherently slow draining
      fibres, or if the speed of the paper making machine is high, or if it is
      important to reduce the costs of purifying the drained liquid medium.
PAR  The problem of flocculation of fibres can be mitigated by using very low
      concentrations of fibres in water, i.e. concentrations of the order of 10
      mg/l to 100 mg/l instead of the more usual 1 g/l to 10 g/l, but this
      involves the handling of very large quantities of water, which in general
      is not commercially practicable.
PAR  It has also been proposed to overcome the problem of flocculation by
      producing even dispersions of fibres in high viscosity solutions of
      polymeric materials, but the use of such fibre suspensions on a paper
      making machine severely limits productivity, because of the inherent slow
      rate of drainage of such viscous suspending liquid media.
PAR  It has also been proposed to overcome the problem of flocculation by
      producing uniform dispersions of fibres in foams made from air dispersed
      in water in the presence of a foaming agent (see for example British
      Patent Specification No. 1,209,409). Such foams drain relatively easily,
      and do not restrict unduly the productivity of a paper making machine. It
      is thought that the advantageous rheology of such foams results from the
      presence of closely packed rigid bubbles which behave like a
      pseudo-plastic body, which restricts the movement of fibres, and so
      prevents their flocculation, but yields under the stresses involved in
      fibre dispersion and drainage. Relatively high concentrations of foaming
      agents in the suspension have so far been found necessary to impart
      sufficient stability to the foam to enable it to carry the dispersed
      fibres from the dispersing apparatus to the foraminous support. Such
      foaming agents are thought to interfere with the forces which bond
      conventional paper making fibres, and therefore their presence tends to
      reduce the density and strength of the paper product obtained. This
      problem can be overcome at least to some extent by using a greater degree
      of beating of the fibres, or by the addition of strengthening agents, but
      it would be advantageous if the amount of surfactant used could be
      reduced.
PAR  Another method of overcoming the problem of flocculation has been proposed
      which uses a paper making machine headbox slice in which is a very shallow
      (e.g. 0.5 to 3.0 mm) passage having a series of sharp bends therein. When
      a fibre dispersion is passed through the passage, the bends set up high
      intensity, small-scale turbulence in the dispersion which tends to break
      up any fibre flocs in the dispersion. The dispersion is then passed
      through a second very shallow passage and delivered directly on to a
      foraminous support, such as the wire of a paper making machine. The
      turbulence of the flow of the dispersion is said to decay in the second
      passage and the resistance to shear of the well dispersed mass of fibres
      at the high concentration of the dispersion tends to prevent flocculation,
      or re-flocculation, occuring. Dispersions having fibre concentrations of
      30 to 40 g/l are said to be usable with the slice just described. However,
      such a slice has the disadvantage that it is only really suitable for
      making papers of a high substance, because the concentrated dispersion
      delivers excessive amounts of fibre to the wire even when the second
      passage is as shallow as 2-3 mm. Moreover, we have found that the
      turbulence set up is not completely effective in dispersing clumps of
      fibres, which may clog the shallow passage. Adventitious matter may also
      do this. A further problem is that there are serious engineering problems
      in making a slice having such shallow passages therein.
PAC  SUMMARY
PAR  We have now found that improved results can be obtained by foaming and
      creating turbulence in a foamed dispersion of fibres while the dispersion
      is in the headbox slice.
PAR  Accordingly, therefore, the present invention provides in a first aspect a
      method of papermaking in which gas is introduced into papermaking stock
      during passage of the stock through a slot in a headbox slice, thereby to
      foam the stock, and in which turbulence is imparted to the stock by virtue
      of the shape of the slot.
PAR  In a second aspect, the present invention provides a slice for the headbox
      of a papermaking machine, comprising a body in which is a slot for flow of
      stock from a headbox chamber to a papermaking wire, and a gas supply
      passage which communicates with the slot for foaming stock therein, the
      slot being shaped such that in use turbulence is imparted to stock flowing
      therethrough.
PAR  The gas, which is normally air, may be introduced between two zones of
      turbulence imparted to the stock, or before turbulence is imparted. Two
      zones of turbulence may be provided by two oppositely-directed
      substantially right angled portions being present in the slot.
      Alternatively, a single zone of turbulence may be provided at the outlet
      end of a portion of the slot of enlarged cross-section beyond the inlet of
      the slot, gas preferably being introduced at the inlet end of the slot.
      Advantageously, such a portion has a concave surface opposite the stock
      inlet and a convex surface opposite the gas inlet. In an alternative
      embodiment of slice in which the gas is introduced before turbulence is
      imparted, at least one porous plate is advantageously provided which
      defines a stock flow passage within the slot, and the gas supply passage
      communicates with said stock flow passage through said porous plate(s).
PAR  The depth of the slot may with advantage increase in depth towards its
      outlet, so as to allow for the increase of stock volume on foaming.
PAR  In order to accommodate the foam produced, the slot in the slice is of
      larger dimensions, e.g. several millimeters, than the very shallow
      passages referred to earlier in connection with a previously proposed
      headbox. Consequently, the engineering problems involved in producing such
      a slice are not so serious, and being deeper, the slot in the present
      apparatus is less prone to clogging.
PAR  Advantageously, a member, e.g. a flap, is mounted at the outlet end of the
      slice for overlying the wire of the papermaking machine. Preferably, the
      member is pivotally mounted on the slice, and means are provided for
      adjusting the position of the member whereby in use the spacing between
      the member and the wire can be varied. Such a member presses the stock
      through the wire, instead of relying solely on gravity for drainage, and
      promotes controlled discharge of stock.
PAR  Conveniently, the slot is of substantially rectangular cross-section and
      has a width which is substantially the same as that of the wire with which
      the slice is going to be used. It is thought that the turbulence imparted
      to the stock has the effect of dispersing any fibre flocs, and of
      dispersing the gas bubbles in the foam. The gas bubbles are thought to
      prevent or at least hinder re-flocculation of the dispersed fibres.
      Provided the air content of the foam is suitably chosen, e.g. 50 to 70
      percent, the turbulence causes dispersion of the gas into numerous small
      bubbles which behave like a packed mass of apparently rigid spheres and
      which are able to resist the shearing forces of turbulence. Because
      re-flocculation is avoided, the present method and apparatus may be used
      for making light weight papers and non-woven materials, as well as strong
      and dense papers.
PAR  It will be appreciated that since the stock is foamed only shortly before
      it reaches the wire, it is unnecessary for the foam to be very stable. We
      have found that it is possible to dispense with the need for foam
      stabilisers to be present in the stock, or at least with the need for foam
      stabilisers to be present in the relatively large concentrations required
      when stock is foamed before reaching the headbox. This eliminates or
      reduces the aforementioned problem of strength loss resulting from the use
      of foam stabilisers, and also makes effluent control easier.
      Alternatively, the foam may be stabilised by materials such as starch or
      carboxymethylcellulose which do not have the disadvantages of conventional
      foam stabilisers.
PAR  Two further advantages accruing from the absence or near absence of foam
      stabilisers is that retention of loadings and pigments is improved, and
      that handling of liquid which has drained through the wire is easier.
      Loadings and pigments tend to be dispersed by foam stabilisers, i.e.
      agglomerates are broken up, and in finely dispersed form they are more
      likely to pass through the web. When liquid which has drained through the
      wire is pumped or allowed to flow away, the resulting agitation may tend
      to lead to foam formation. If foam stabiliser is absent any foam produced
      soon collapses, whereas it tends to remain and cause problems if foam
      stabiliser is present.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 diagrammatically illustrates, in vertical section, a headbox of a
      papermaking machine having fitted thereto a slice according to the
      invention,
PAR  FIG. 2 diagrammatically illustrates an alternative embodiment of the slice,
      and
PAR  FIG. 3 diagrammatically illustrates a further alternative embodiment of the
      slice.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, a headbox generally designated 10 comprises a
      stock-containing chamber 14 and a slice 1. The slice 1 comprises a body 15
      which defines a slot for confining and directing the flow of stock from
      the chest 14 to a papermaking machine wire 5. The slot comprises an inlet
      2 and an outlet 3, connected by a central portion 4. Both the inlet and
      the outlet taper towards the portion 4, which is rectangular in transverse
      cross-section, i.e. at right angles to the direction of stock flow. The
      portion 4 includes two oppositely directed right-angled portions 6 and 7.
      A pipe 9 extends through the body 15 and communicates with the central
      portion 4 of the passage between the angled portions 6 and 7. The pipe 9
      has an injection nozzle 8 where it communicates with the portion 4.
PAR  The stock-containing chest contains holey rolls 11 for evening stock flow,
      and is connected by piping 16 to a flow distributor 12.
PAR  The outlet 3 of the slice 1 is disposed above the breast roll 17 of the
      papermaking machine. Suction boxes 18 are disposed beneath the wire 5 and
      are connected by piping 19 to an air separator 13, from which piping 20,
      only a part of which is shown, leads back to the headbox 10. The flow
      direction in the piping 19 and 20 is denoted by arrows.
PAR  In use of the apparatus, a dispersed fibre stock is pumped from the flow
      distributor 12 to the chamber 14 of the headbox, the holey rolls serving
      to even the flow. From the chamber the stock passes through the inlet 2
      into the passage 4 and through the angled portion 6. The taper of the
      inlet 2 and the changes of direction in the angled portions 6 and 7 impart
      high-intensity small-scale turbulence to the flow. A gas, normally air, is
      passed through the pipe 9 and is discharged into the stock through the
      nozzle 8, causing further turbulence and causing the stock to foam. The
      foamed stock then passes through the angled portion 7, which induces
      further turbulence, and out through the outlet 3 onto the wire 5. The
      taper of the outlet allows for the increase in stock volume on foaming and
      also modifies the flow rate of the stock onto the wire. The liquid in the
      foam drains through the wire, with the aid of the suction boxes 18,
      leaving a wet paper web on the wire. Air entrained with the liquid from
      the foam is removed at the separator 13. The turbulence imparted to the
      stock at the portion 6 serves to break up and disperse any fibre flocs
      which may be present, and the turbulence imparted at the portion 7 serves
      to disperse the air in the stock as very small bubbles.
PAR  The amount of air added may be controlled by means of the nozzle 8, and
      this control, the choice of consistency of the stock, and its flow rate
      through the passage 4 enable the properties of the foam obtained to be
      controlled.
PAR  Referring now to FIG. 2, there is shown a slice generally designated 101
      positioned above and to the right of a breast roll 117 of a papermaking
      machine having a wire 105. The remainder of the headbox and the parts
      beneath the wire have been omitted for the sake of simplicity. They may be
      substantially the same as shown in FIG. 1.
PAR  The slice 101 comprises a body 115 which defines a slot for flow of stock
      from the stock chest to the wire 105. The slot, which is substantially of
      the same width as the wire 105, comprises an inlet 102, an outlet 103, a
      pair of right-angled portions 106 and 107 the function of which is as
      described with reference to the angled portions 6 and 7 shown in FIG. 1,
      and a central portion or chamber 104 between the angled portion 106 and
      the inlet 102. The chamber 104 is rectangular in transverse cross-section
      and is of greater depth than the remainder of the slot. A pair of porous
      metal or ceramic plates 108, e.g. sintered metal or ceramic plates, are
      disposed in the chamber 104 and are spaced apart to define a stock flow
      passage 104a which extends along a predetermined length of the flow of
      stock. A pair of pipes 109 extend through the body 115 and communicate
      with the chamber 104. The depth of the slot is chosen in accordance with
      the desired quantity and dilution of stock to be used.
PAR  In use of the apparatus, stock flows through the inlet 102 into the passage
      104a, and air (or other gas) is pumped through the pipes 109 into the
      chamber 104, from whence it passes through and is dispersed by the porous
      plates 108 and foams the stock. The foamed stock then passes through the
      turbulence-inducing angled portions 106 and 107 to the outlet 103, and
      thence onto the wire.
PAR  Referring now to FIG. 3, there is shown a slice generally designated 201
      positioned above and to the right of a breast roll 217 of a papermaking
      machine having a wire 205. As with FIG. 2, the remainder of the headbox
      and the parts beneath the wire have been omitted for the sake of
      simplicity. They may be substantially as shown in FIG. 1.
PAR  The slice 201 comprises a body 225 which defines a slot for flow of stock
      from the stock chest to the wire 105. The slot, which is substantially of
      the same width as the wire 105, comprises a stock inlet 202, an outlet 203
      and a central portion 204 having a concave upper surface 207 and a convex
      lower surface 206. The portion 204 is of greater depth than the remainder
      of the slot. An air inlet 208 communicates with the portion 204. The
      outlet 203 has a flap member 215, which overlies part of the wire 205. The
      flap member is pivotally mounted on the body at 216. The dimensions of the
      outlet can be varied by adjusting the position of the flap member 215 by
      means of jacks 214.
PAR  In use of the apparatus, stock passes through the inlet 202 into the slot
      portion 204, and air (or other gas) passes through the inlet 208 to foam
      the stock. The dimensions and shape of the portion 204 are such that
      high-intensity small-scale turbulence is set up at the end 209 thereof,
      with the results described previously with regard to FIG. 1. The foamed
      stock then passes through the outlet 203 and onto the wire.
PAR  The use of an adjustable flap member 215 to extend the slice over a portion
      of the wire may also be employed with advantage in the embodiment shown in
      FIG. 2.
PAR  The invention will now be further illustrated by reference to the following
      Examples, which relate to an experimental paper machine:
PAC  EXAMPLE 1
PAR  In this Example, a slice as described with reference to FIG. 2 was used,
      except that the slice was extended by a flap member 215 to overlie the
      wire, as described with reference to FIG. 3. The slice had a slot width of
      78 mm, and a depth of 5 mm from the inlet 102 up to and including the
      right-angled portions 106 and 107. Thereafter, the depth increased
      gradually to 10 mm at the outlet 103. The height of the end of the flap
      member 215 above the wire was 4 mm.
PAR  Free-beaten softwood sulphate stock at a consistency of 12 g/l was
      delivered through the headbox at a rate of flow of 50 l/min on to the wire
      5 which was running at a speed of 136 m/min. Air under pressure was
      supplied through the porous plates 8 at a volumetric rate of flow of 52
      l/min at Standard Temperature and Pressure. The stock was drained on the
      wire by conventional suction boxes, and the web of paper formed on the
      wire was removed, and pressed and dried on a separate apparatus. When
      dried, the web had a basis weight (after shrinkage)) of 64 g/m.sup.2.
PAC  EXAMPLE 2
PAR  The same apparatus was used as in Example 1, except that the depth of the
      slot increased gradually from 5 mm at the angled portion 107 to 8 mm at
      the outlet 3.
PAR  A mixture of 90 percent by weight of free-beaten sulphate pulp, and 10
      percent very heavily beaten sulphate pulp at a total consistency of 15
      g/l, was delivered through the apparatus at a rate of 92 l/min. The stock
      contained 200 parts per million by weight of a mixture of equal weight
      proportions of (1) a soluble papermakers size sold under the trade name
      "Pexol" (2) soluble gelatin (3) lactic casein, and (4) carboxymethyl
      cellulose. Air under pressure was admitted through the porous plates 8 at
      a volumetric rate of flow of 92 l/min at Standard Temperature and
      Pressure.
PAR  With the wire running at a speed of 256 m/min, a web of paper was taken
      off, and dried to a basis weight (after shrinkage) of 77 g/m.sup.2.
PAC  EXAMPLE 3
PAR  In this Example, a slice as described in with reference to FIG. 3 was used.
      The slot width was 100 mm and the slot depth was 10 mm between the zone
      209 and the outlet 203, and the flap member 215 was lowered so that the
      distance of its end from the wire 205 was 2 mm.
PAR  The same stock as was used in Example 1 but at a consistency of 8.3 g/l and
      was delivered at a volumetric rate of flow of 92 l/min. Air under pressure
      was admitted through the air inlet 208 at a volumetric rate of flow of 184
      l/min at Standard Temperature and Pressure. With the wire 205 running at a
      speed of 117 m/min, a web of paper was taken off, and pressed and dried on
      a separate apparatus. Its basis weight (after shrinkage) was 64 g/m.sup.2.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making non-woven fibrous material such as paper comprising
      the steps of:
PA1  confining and directing a flow of stock through a slot toward a foraminous
      support;
PA1  breaking up and dispersing fibre flocs by imparting turbulence to the
      confined flow in the slot;
PA1  effecting foaming of the confined stock by introducing gas under pressure
      into the confined flow of stock in the slot;
PA1  dispersing gas contained in the foamed stock as very small bubbles by
      imparting turbulence to the confined flow of foamed stock at a slot
      location downstream from the introduction of the gas;
PA1  delivering the confined foamed stock having the broken up and dispersed
      fibre flocs and the dispersed very small bubbles from the slot onto the
      foraminous support; and
PA1  draining the stock on the foraminous support.
NUM  2.
PAR  2. The method according to claim 1, wherein the gas is introduced into the
      flow of stock between a first zone of turbulence imparted to the confined
      flow of stock to break up and disperse the fibre floc and a second zone of
      turbulence imparted to disperse the gas in the foamed stock.
NUM  3.
PAR  3. The method according to claim 1, wherein the gas is introduced into the
      confined flow before substantial turbulence is imparted to the confined
      flow of stock to break up and disperse the fibre flocs.
NUM  4.
PAR  4. The method according to claim 3, wherein the gas introduced into the
      confined flow of stock is dispersed along a predetermined length of the
      flow of stock.
NUM  5.
PAR  5. The method according to claim 1, wherein the gas is introduced into one
      end of an enlarged flow confining region and turbulence is imparted to the
      stock at the downflow end of said region and remote from the position of
      gas introduction to break up and disperse the fibre floc and to disperse
      the gas in the foamed stock.
NUM  6.
PAR  6. A slice for the headbox of a papermaking machine, comprising:
PA1  a body including a slot to confine and direct a flow of stock from a
      headbox chamber toward the papermaking wire of the machine;
PA1  said slot being shaped to impart sufficient turbulence to the confined flow
      therein as to break up and disperse fibre flocs;
PA1  a gas supply passage communicating with said slot and operable to introduce
      gas under pressure into the confined flow of stock in the slot so as to
      effect foaming of the confined stock;
PA1  said slot being shaped, at a slot location downstream from the slot
      location communicating with said gas supply passage, to impart sufficient
      turbulence to the confined flow of foamed stock to disperse gas contained
      therein as very small bubbles.
NUM  7.
PAR  7. A slice according to claim 6, wherein the slot includes a pair of
      oppositely-directed substantially right-angled portions effective to
      impart turbulence to stock flowing through the slot.
NUM  8.
PAR  8. A slice according to claim 6, wherein the slot includes a portion of
      enlarged cross-section between its inlet and outlet ends, said portion
      being effective to impart turbulence to stock flowing through the slot at
      the end of said portion remote from the inlet end of the slot.
NUM  9.
PAR  9. A slice according to claim 7, wherein the gas supply passage
      communicates with the slot between said right-angled portions.
NUM  10.
PAR  10. A slice according to claim 7, wherein the gas supply passage
      communicates with the slot between said right-angled portions and the
      inlet end of the slot.
NUM  11.
PAR  11. A slice according to claim 9, wherein at least one porous plate defines
      a stock flow passage within the slot and the gas supply passage
      communicates with the stock flow passage through the porous plate(s).
NUM  12.
PAR  12. A slice according to claim 8, wherein the gas supply passage
      communicates with the slot at said portion of enlarged cross-section and
      at the end of said portion remote from the outlet end of the slot.
NUM  13.
PAR  13. A slice according to claim 9, wherein the slot includes a portion of
      enlarged cross-section between its inlet and outlet ends, said portion
      being effective to impart turbulence to stock flowing through the slot at
      the end of said portion remote from the inlet end of the slot.
NUM  14.
PAR  14. A slice according to claim 8, wherein said portion of enlarged
      cross-section has a concave surface opposite the stock inlet thereto and a
      convex surface opposite the gas inlet thereto.
NUM  15.
PAR  15. A slice according to claim 6, wherein the slot increases in depth
      towards the outlet end of the slot.
NUM  16.
PAR  16. A slice according to claim 6, wherein a flap member extends from the
      outlet end of the slice and is arranged to overlie the papermaking wire of
      the machine.
NUM  17.
PAR  17. A slice according to claim 16, wherein the flap member is pivotally
      mounted on the slice, and wherein means are provided for adjusting the
      position of the flap member whereby in use the spacing between the flap
      member and the papermaking wire can be varied.
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ABST
PAL  In twin-belt casting machines for continuously casting molten metal
      improved belt back-up apparatus and coolant application means are
      provided. The front faces of the casting belts are held firmly against the
      moving edge dams by wide belt-supporting elements in the form of
      cylindrical collars on the back-up rollers or longitudinally extending
      fixed guide members engaging the reverse surfaces of the belts and
      positioned in alignment with the respective side dams and laterally spaced
      apart a distance no greater than the lateral spacing of the moving side
      dams. Nozzles are absent from the coolant supply means in the positions
      where the belt-supporting elements are engaging the reverse surfaces of
      the casting belts. The cylindrical collars may extend inwardly somewhat
      beyond the inner faces of the side dams and may have peripheral grooves
      therein for permitting liquid coolant to travel along the reverse surface
      of the casting belt through said grooves, with narrow fins on the back-up
      rollers for engaging and supporting the reverse surface of the casting
      belt between said cylindrical collars. The fixed guide members extend
      between the casting belt and the back-up rollers and are secured by
      lateral braces extending between the back-up rollers and have saddles
      therein for receiving journal portions of the rollers fitting in said
      saddles.
BSUM
PAC  DESCRIPTION
PAR  1. Field of the Invention
PAR  The present invention is in the field of continuous casting of molten
      metal, and in particular it relates to twin-belt casting apparatus for
      casting bar and slab product. The invention is in the structure of the
      back-up roller apparatus arranged in relation to the moving edge dams for
      supporting and guiding the two casting belts and in the arrangement of the
      coolant application means.
PAR  2. Description of the Prior Art
PAR  In prior twin-belt machines for continuously casting molten metal the
      casting belts were supported and guided by back-up rollers having narrow
      ridges or fins with relatively sharp rims engaging the reverse surfaces of
      the belts. These ridges enabled fast moving layers of coolant to travel
      along the reverse surface of the belts for withdrawing the immense amount
      of heat given off by the molten metal as it solidifies. For further
      information about such prior back-up rollers, reference may be made to
      U.S. Pat. No. 3,036,348, issued on May 29, 1962 to Robert William Hazelett
      and Richard Hazelett.
PAR  The liquid coolant, e.g., water, was applied uniformly at high velocity as
      explained in said patent and also in U.S. Pat. No. 3,041,686, which issued
      on July 3, 1962 to the same two inventors.
PAR  In casting copper bar and slab product using the back-up rolls of the prior
      art, as illustrated in the first two Figures of the drawings, the casting
      belts grew rapidly corrugated and sometimes became perforated or
      longitudinally slit in their areas of contact with the edges of the cast
      product. This corrugation and slitting of the casting belts sometimes
      extended into the region beneath the edges of the side dams adjacent to
      the cast product. This problem of corrugating of the thin, flexible steel
      casting belts occurred with both the upper and lower belts, but it was
      more severe with the lower one.
PAR  The usual maximum lifetime of the lower casting belt during continuous
      casting of copper bar product was about four hours using prior art
      practices as shown in FIGS. 1 and 2. However, when the casting machine was
      temporarily shut down to replace the lower belt, it was usually expedient
      to replace the upper one as well. Thus, in actual practice the usual
      maximum lifetime of four hours applied to both casting belts.
PAR  This rapid deterioration was found to be due primarily to metal splashes,
      often spheriodal when solidified, which were entrapped between the casting
      belts and the moving side dams at the input end of the casting machine. As
      soon as the casting belts began to be indented and corrugated in the prior
      art, some small amounts of molten metal apparently would creep out
      directly from the casting zone and solidify between the side dams and the
      casting belts, thus aggravating the situation and further corrugating the
      belts.
PAC  SUMMARY OF THE INVENTION
PAR  In twin-belt casting machines for continuously casting molten metal
      improved belt back-up apparatus and coolant application means are
      provided. The front faces of the casting belts are held firmly against the
      moving edge dams by wide belt-supporting elements in the form of
      cylindrical collars on the back-up rollers or longitudinally extending
      fixed guide members engaging the reverse surface of the belts and
      positioned in alignment with the respective side dams and laterally spaced
      apart a distance no greater than the lateral spacing of the moving side
      dams. Nozzles are absent from the coolant supply means in the positions
      where the belt-supporting elements are engaging the reverse surfaces of
      the casting belts. The cylindrical collars may extend inwardly somewhat
      beyond the inner faces of the side dams and may have peripheral grooves
      therein for permitting liquid coolant to travel along the reverse surface
      of the casting belt through said grooves, with narrow fins on the back-up
      rollers for engaging and supporting the reverse surface of the casting
      belt between said cylindrical collars. The fixed guide members extend
      between the casting belt and the back-up rollers and are secured by
      lateral braces extending between the back-up rollers and have saddles
      therein for receiving journal portions of the rollers fitting in said
      saddles.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view through the casting zone of a twin-belt
      casting machine of the prior art showing the upper and lower casting
      belts, portions of the back-up rollers having narrow ridges on them and
      showing the moving side dams positioned relatively close together for
      casting a bar product and with coolant supply nozzles uniformly spaced
      across the casting zone and side dam zones.
PAR  FIG. 2 is an enlargement of a portion of FIG. 1 showing corrugation of the
      lower casting belt in a prior art machine in the area of contact with the
      cast product and in the regions beneath the inner edges of the side dams
      adjacent to the cast product.
PAR  FIG. 3 is a cross-sectional view through the casting zone of a twin-belt
      casting machine embodying the improved back-up roller apparatus and
      coolant application means of the present invention.
PAR  FIG. 4 is an enlargement of a portion of FIG. 3 showing the lower casting
      belt remaining advantageously well flat even after ten hours or more of
      usage in casting copper bar product, using the present invention.
PAR  FIG. 5 is an elevational view of one of the back-up rollers embodying the
      present invention.
PAR  FIG. 6 illustrates another embodiment of this invention. FIG. 6 is an
      elevational view of the input end of a twin-belt continuous casting
      machine with fixed back-up supporting guides cooperating with the finned
      back-up rollers. A portion of FIG. 6 is shown in section.
PAR  FIG. 7 is a bottom plan view of the fixed guides and finned back-up
      rollers.
PAR  FIG. 8 is an enlarged cross-sectional view taken through the plane 8--8 in
      FIG. 6; and FIG. 9 is an enlargement of a portion of FIG. 6.
DETD
PAR  Referring to the drawings in greater detail, in a twin-belt casting machine
      of the prior art, as shown in FIG. 1, when used for casting bar product,
      for example, copper bar, the molten metal was fed into a casting zone C
      defined by the front faces of the upper and lower casting belts 10 and 12.
      These casting belts are relatively thin flexible steel belts which revolve
      around large diameter rolls and which are maintained under high tension.
      Two such large diameter rolls 11 are 13 illustrated in FIG. 6. The casting
      belts travel along in spaced, parallel, opposed relationship adjacent to
      the casting zone C, with the front faces of the respective belts facing
      toward the casting zone.
PAR  There were a pair of endless moving side dams 14 and 16 which defined the
      two side surfaces of the casting zone in the prior art, as shown in FIG.
      1. These side dams traveled between the casting belts and were carried
      along by the belts to confine the molten metal at its opposite sides.
      Thus, the edges of the cast product were formed adjacent to these side
      dams. Side dams 14 and 16 each comprise a plurality of dam blocks 18
      having T-shaped slots 20. The dam blocks are strung onto a flexible metal
      strap 22 (FIGS. 1 and 2) which passed through the slot 20 in each dam
      block.
PAR  The casting belts 10 and 12 were supported and guided by a plurality of
      back-up rollers 24 each having multiple narrow ridges or fins 26 with
      relatively sharp rims engaging the reverse surfaces of the belts. These
      prior art back-up rollers are described in detail in U.S. Pat. No.
      3,036,348, as mentioned above. Liquid coolant, usually water, was applied
      at high velocity to the reverse surfaces of both belts by coolant
      application means schematically illustrated at 28. The coolant application
      means 28 had structure similar to the coolant application means described
      in detail in said U.S. Pat. No. 3,036,348 or in U.S. Pat. No. 3,041,686.
PAR  The liquid coolant was applied uniformly across the width of the reverse
      surface of the belt in the vicinity of the casting zone C and also across
      the width of the belt in the vicinity of the two side dams 14 and 16. This
      uniform application of the liquid coolant across the width of casting zone
      plus side dams in the prior art is indicated by the uniformly spaced
      arrows 29 positioned across the full span between the points 30 and 31 for
      both the upper and lower belts. In some cases the coolant was applied
      uniformly across a greater width of the belt. The arrows 29 represent the
      individual coolant application nozzles. The coolant was fed to the nozzles
      29 through conduits 27 extending transversely with respect to the casting
      belts.
PAR  The fins 26 on the back-up rollers 24 were also uniformly spaced across the
      full width of the casting zone plus the width of the zones where the two
      side dams are located. That is, the fins 26 were uniformly spaced across
      the full span between the points 32 and 33 (FIG. 1) for both the upper and
      lower casting belts.
PAR  The arrows 29 in FIG. 1 representing the coolant supply nozzles are
      illustrated as being aimed perpendicularly to the reverse surfaces of the
      belts for clarity of explanation and illustration. It is to be understood
      that in the actual casting machine the coolant was applied to the reverse
      surfaces of the belt at a slight angle of convergence and flowing
      longitudinally of the belt so as to provide a layer of coolant flowing at
      high velocity parallel to the ridges 26 and passing between the back-up
      rollers 24 and the belts.
PAR  As shown in FIG. 2 in casting metal bar and slab product, for example such
      as copper bar to be used for drawing into wire, the casting belts, and
      particularly the lower belt, grew rapidly corrugated and sometimes became
      perforated or longitudinally slit in the regions indicated at X. These
      regions X of belt damage occurred near the areas of contact with the edges
      of the cast product and also in the regions beneath the inner edges of the
      side dams 14 and 16, the inner edges being those which are adjacent to the
      cast product. FIG. 2 shows the corrugations 34 in the lower belt 12. As
      stated in the introduction, this problem of corrugating of the thin
      flexible steel casting belts 10 and 12 occurred with both the upper and
      lower belts, but it was more severe with the lower belt 12. The usual
      maximum lifetime of the lower belt during continuous casting of copper
      wire bar was about four hours, necessitating a shut down of the machine to
      replace the belts.
PAR  This rapid deterioration of the belts was found to be due primarily to
      metal splashes which often were spheroidal when solidified and which
      became entrapped between the front faces of the casting belts and the
      moving side dams 14 and 16 at the input end of the casting machine. As
      soon as the casting belts began to be indented and corrugated, some small
      amounts of molten metal apparently would creep out directly from the
      casting zone and solidify between the side dams and the casting belts,
      thus deepening the corrugations 34 much further than shown.
PAR  In accordance with the present invention in one of its embodiments as shown
      in FIGS. 3 and 4 the fins 26 in the regions opposite to the side dams are
      replaced by a pair of cylindrical collars 36 spaced apart on the
      respective back-up rollers by a distance commensurate with the lateral
      spacing between the side dams 14 and 16. These collars 36 provide wide
      cylindrical belt-supporting ridges on the back-up rollers. They are
      positioned in alignment with the respective side dam zones, i.e. directly
      opposite to the respective side dams, for holding the front faces of the
      casting belts firmly against the damblocks of the side dams.
PAR  FIG. 5 shows an improved back-up roller 24A including a pair of these
      belt-support collars 36 axially spaced apart on the roller 24A to be in
      alignment with the two side dam zones. The enlarged regions 38 at each end
      of the roller 24A are the positions of the bearings for this roller.
      Preferably each of these support collars 36 has a centrally located
      peripheral groove 40 for permitting coolant to flow therethrough. This
      groove defines two cylindrical lands or belt contact regions 42 on
      opposite sides of the groove 40.
PAR  These collars 36 may be formed by providing hollow cylindrical members
      which are placed on the improved back-up rollers 24A. Alternatively, the
      collars 36 may be machined as an integral part of the improved back-up
      rollers 24A. As used herein the term "cylindrical collar" is to be
      interpreted broadly to include any structure for providing a wide
      cylindrical belt-supporting ridge on the back-up roller.
PAR  As shown in FIGS. 3 and 4 the over-all width of the cylindrical
      belt-supporting collars 36 may be equal to or greater than the width of
      the side dams 14 and 16 for providing firm support for the thin casting
      belts in the zones where the side dams are located and also extending
      beyond the inner edges of the side dams. If the axial length of these
      collars 36 is too small, they do not provide the desired support for the
      belts 10 and 12. On the other hand, if these collars 36 are too long, they
      unduly limit or restrict the desired coolant flow along the reverse
      surfaces of the belt in the casting zone.
PAR  At the edge of the casting zone C, the cylindrical collars 36 should at
      least extend inwardly sufficiently far to be flush with the inner faces of
      the side dams 14 and 16. That is, the spacing between the cylindrical
      collars on their roller is no greater than the spacing between the inner
      faces of the side dams. As used herein the term "commensurate with" is
      intended to mean equal to or slightly less than.
PAR  The collars 36 may extend inwardly somewhat beyond the inner faces of the
      side dams, as shown in FIGS. 3 and 4, to support the casting belt in that
      region, for example each collar may extend inwardly by an amount up to
      approximately 15 millimeters for a casting zone C having a width up to
      120mm. For casting wider bars, in the zone C, the collars 36 may extend
      inwardly farther than 15 mm, if desired, but not so far as to unduly limit
      the desired coolant flow along the reverse surfaces of the belt near the
      casting zone.
PAR  As an example, in casting a bar having a width of 120mm, it has been found
      advantageous to have the cylindrical collars extend inwardly beyond the
      faces of the side dams 14 and 16 by an amount of 2.5mm on each side,
      providing a spacing of 115mm between the collars as contrasted with a
      spacing of 120mm between the side dams.
PAR  The axial length of the cylindrical collars is at least equal to the
      lateral width of the side dams 14 and 16, as seen in cross section in
      FIGS. 3 and 4, and may be somewhat greater so as to provide additional
      length to extend inwardly beyond the inner faces of the side dams as
      discussed above.
PAR  If the peripheral groove 40 has too short an axial length, it does not
      allow a sufficient flow of coolant to pass therethrough for providing the
      desired cooling effect. On the other hand, if this groove 40 has too long
      an axial length, there is insufficient belt-contact region 42 for
      providing the desired firm support. It has been found to operate to
      advantage to have an axial length for the groove 40 in the range from 5
      millimeters to 25 millimeters.
PAR  As shown in FIG. 3, the improved coolant application means 28A, are
      arranged so that coolant nozzles are absent in the positions Y adjacent to
      and aligned with the belt contact regions 42 of the collars 36. The
      coolant issuing from the nozzles 29 is at a higher velocity than coolant
      which has already been traveling along the reverse surface of the belts.
      If coolant issuing from the nozzles 29 were permitted to strike directly
      against the lands 42 it spreads out laterally and interferes with the
      coolant flow traveling along the reverse surfaces of the belt. Thus, the
      nozzles are absent in the positions Y which are aligned with the lands 42.
      The nozzles may be omitted or blocked off in the absent regions Y. A pair
      of the nozzles 29A on the respective coolant application means 28A are
      positioned to aim the streams of coolant issuing therefrom directly into
      the grooves 40 of the respective rollers 24A for providing effective
      cooling of the belt in the side dam zones for both belts.
PAR  If it is desired to cast a wider bar, the side dams 14 and 16 are spaced
      farther apart, and vice versa. The back-up rollers 24A are then removed
      and replaced with rollers having the collars 36 relocated thereon so as to
      be aligned with the relocated side dams. Also, the arrangement of the
      coolant application nozzles 29 and 29A is changed to align the nozzles 29A
      with the grooves 40 and to provide absent regions Y aligned with the lands
      42 on the respective collars 36.
PAR  With the apparatus as shown in FIGS. 3, 4, and 5 the life of the casting
      belts 10 and 12, and particularly of the lower belt 12 is extended from
      approximately four hours to approximately ten hours or more when casting
      copper bar.
PAR  Attention is invited to FIGS. 6-9 which illustrate an alternative
      embodiment of the invention. Elements of the machine shown in FIGS. 6-9
      performing functions corresponding with those in FIGS. 1-5 having
      corresponding reference numbers or letters. In FIG. 6 is shown the input
      end of a twin-belt casting machine. The upper and lower casting belts 10
      and 12 pass around main rolls 11 and 13 and then move along in spaced,
      parallel, opposed relationship adjacent to the casting zone C. One of the
      side dams 14 is shown passing over guide rollers 44 which guide the side
      dam into the casting zone. The other side dam 16 (FIGS. 7 and 8) is
      similarly guided into the machine. A shield or protective frame member 46
      may be provided near the machine input.
PAR  In order to guide and support the casting belts 10 and 12 in the side dam
      zone, a pair of longitudinal fixed guide members 48 are positioned
      adjacent to the reverse surfaces of both casting belts serving as runners
      along which the belts can slide. Only the pair of fixed guide members 48
      for the lower belt 12 are shown for convenience of illustration in FIG. 6,
      and it is to be understood that there are a pair of similar guide members
      positioned in engagement with the reverse surface of the upper belt 10, as
      shown in FIG. 9. These fixed guide members 48 are spaced apart by a
      distance commensurate with the lateral spacing between the side dams 14
      and 16. They are positioned in alignment with the respective side dams,
      i.e. directly opposite to the respective side dams for holding the front
      faces of the casting belts firmly against the damblocks of the side dams.
PAR  These fixed guide members are secured, for example by machine screws 50, to
      a plurality of transverse support laths or braces 52 which extend
      transversely between a pair of side frames 53 and 54. The ends of the
      back-up rollers 24B are held by bearings (not shown) mounted on the side
      frames 53 and 54.
PAR  It is to be noted that there are a pair of side frames 55 and 56 (FIG. 8)
      associated with the rollers for the upper casting belt 10. The fixed guide
      members (not shown) for the upper belt are supported by a plurality of
      similar transverse support braces (not shown) extending between these side
      frames 55 and 56.
PAR  In order to provide clearance for the back-up rollers 24B, the fixed guide
      members 48 are formed with a plurality of semicircular cylindrical
      recessed saddles 58, as shown most clearly in FIG. 9. The rollers 24B nest
      into these saddles, fins being absent from the journal portions 60 of the
      rollers 24B which snuggly fit into the saddles 58. In other words, the
      rollers 24B are similar to the roller 24A (FIG. 3) except that the collars
      36 are omitted to provide the pair of journal portions 60.
PAR  The fixed guide members 48 have a relationship with respect to the side
      dams by an amount similar to that discussed above for the collars 36.
PAR  In the embodiment of FIGS. 6-9 the coolant application means for cooling
      both belts are similar to the coolant application means shown in FIG. 3.
      That is, nozzles are absent in the regions where the guide members 48 are
      located. The coolant application means have access to the reverse surfaces
      of the casting belts in the spaces Z between the back-up rollers 24B where
      the braces 52 are omitted.
PAR  The leading ends 62 (FIGS. 6 and 7) of the fixed guide members 48 may be
      tapered to a point with a curvature matching the radius of the main rolls
      11 and 13. Thus, the leading ends of the fixed guide members will fit into
      the wedge-shaped space behind the main rolls 11 and 13 for supporting the
      belts near the main rolls to hold the belts firmly against the side dams
      at the input end of the machine where the molten metal is entering the
      casting zone.
PAR  The sliding surfaces of the fixed guide members 48 adjacent to the casting
      belts may be coated with a bearing metal adapted to slide against steel
      and to withstand the heat, for example such as bronze bearing metal.
      Graphite or other dry lubricant may be used on these sliding surfaces.
PAR  In summary, wide belt-supporting elements are provided engaging the reverse
      surfaces of the casting belt in the regions opposite the side dams. The
      coolant application nozzles are absent from the regions where these
      belt-supporting elements engage the belt. In one embodiment of the
      invention these wide belt-supporting elements are cylindrical collars on
      the back-up rollers. In another embodiment these wide belt-supporting
      elements are a pair of longitudinally extending fixed guide members.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a twin-belt casting machine for continuously casting molten metal
      wherein the molten metal is confined in a casting zone defined between the
      front faces of a pair of revolving flexible casting belts moving along in
      spaced opposed face-toward-face relationship with a pair of laterally
      spaced revolving side dams moving between the casting belts and each being
      spaced inwardly from the respective edges of the belts for defining the
      side edges of the casting region and wherein the reverse surfaces of the
      respective casting belts are supported and guided by a plurality of
      back-up rollers extending transversely across the full width of the
      casting belts and having multiple narrow fins engaging the reverse
      surfaces for permitting liquid coolant to travel along these reverse
      surfaces and in which there are coolant supply means with multiple nozzles
      for providing liquid coolant to travel along the reverse surfaces of the
      casting belt, the invention characterized by said back-up rollers each
      having a pair of cylindrical collars thereon said collars each being
      spaced inwardly from the respective ends of said rollers and engaging the
      reverse surfaces of the casting belts directly opposite the respective
      side dams, said pairs of cylindrical collars being spaced apart on the
      respective back-up rollers by a distance no greater than the lateral
      spacing between said side dams and being positioned in alignment with the
      respective side dams for holding the front faces of the casting belts
      firmly against the side dams and in which said coolant nozzles are absent
      from positions adjacent to and aligned with the regions where the said
      cylindrical collars engage the reverse surfaces of the casting belts.
NUM  2.
PAR  2. In a twin-belt casting machine for continuously casting molten metal
      wherein the molten metal is confined in a casting zone defined between the
      front faces of a pair of revolving flexible casting belts moving along in
      spaced opposed face-toward-face relationship with a pair of laterally
      spaced side dams positioned between the casting belts defining the side
      edges of the casting region, said side dams each being spaced inwardly
      from the respective edges of the casting belts, and wherein the reverse
      surfaces of the respective casting belts are supported and guided by a
      plurality of back-up rollers extending transversely across the full width
      of the casting belts and each having multiple narrow fins engaging the
      reverse surfaces for permitting liquid coolant to travel along these
      reverse surfaces, the invention characterized by a plurality of wide
      belt-supportng elements, said elements having a lateral width at least as
      great as the lateral width of said side dams and engaging the reverse
      surfaces of the casting belts directly opposite the respective side dams
      for holding the front faces of the casting belts firmly against the side
      dams, said wide belt-supporting elements being spaced apart a distance
      commensurate with the spacing between said side dams, and coolant supply
      means with multiple nozzles for providing liquid coolant to travel along
      the reverse surfaces of the casting belts in which the nozzles are absent
      from the positions directly opposite the regions where said
      belt-supporting elements engage the reverse surfaces of the belts.
NUM  3.
PAR  3. In a twin-belt casting machine for continuously casting molten metal,
      the invention as claimed in claim 2, in which said wide belt-supporting
      elements comprise a plurality of cylindrical collars on said back-up
      rollers, a pair of said cylindrical collars being included on each back-up
      roller, said collars being spaced inwardly from the respective ends of
      said rollers, said cylindrical collars each having an axial length at
      least as great as the lateral width of the associated side dam, and the
      axial spacing between the pair of cylindrical collars on each roller being
      no greater than the lateral spacing between said side dams.
NUM  4.
PAR  4. In a twin-belt casting machine for continuously casting molten metal,
      the invention as claimed in claim 3, in which said back-up rollers each
      have a plurality of said narrow fins positioned between said cylindrical
      collars for engaging the reverse surface of the casting belt between said
      collars.
NUM  5.
PAR  5. In a twin-belt casting machine for continuously casting molten metal
      wherein the molten metal is confined in a casting zone defined between the
      front faces of a pair of revolving flexible casting belts moving along in
      spaced opposed face-toward-face relationship with a pair of laterally
      spaced revolving side dams moving between the casting belts defining the
      side edges of the casting region and wherein the reverse surfaces of the
      respective casting belts are supported and guided by a plurality of
      back-up rollers extending transversely across the casting belts and having
      multiple narrow fins engaging the reverse surfaces for permitting liquid
      coolant provided by coolant supply means with multiple nozzles to travel
      along these reverse surfaces, the invention characterized by said back-up
      rollers each having a pair of cylindrical collars thereon engaging the
      reverse surfaces of the casting belts in the zones where the side dams are
      located said pairs of cylindrical collars being spaced apart on the
      respective back-up rollers by a distance no greater than the lateral
      spacing between said side dams and being positioned in alignment with the
      respective side dams for holding the front faces of the casting belts
      firmly against the side dams, each of said cylindrical collars having
      multiple lands thereon engaging the reverse surface of the casting belt
      with a peripheral groove therein between the lands for permitting coolant
      to travel along the reverse surface of the casting belt passing through
      said peripheral grooves, and said coolant nozzles are absent from the
      positions adjacent to and aligned with the regions where said lands engage
      the reverse surfaces of the casting belts.
NUM  6.
PAR  6. In a twin-belt casting machine for continuously casting molten metal,
      the invention as claimed in claim 5, in which the peripheral groove is
      centrally located in the collar and has an axial length from 5 to 25
      millimeters.
NUM  7.
PAR  7. In a twin-belt casting machine for continuously casting molten metal,
      the invention as claimed in claim 5, in which one of the multiple nozzles
      of said coolant supply means is aimed toward the peripheral groove in each
      cylindrical collar.
NUM  8.
PAR  8. In a twin-belt casting machine for continuously casting molten metal
      wherein the molten metal is confined in a casting zone defined between the
      front faces of a pair of revolving flexible casting belts moving along in
      spaced opposed face-toward-face relationship with a pair of laterally
      spaced side dams positioned between the casting belts defining the side
      edges of the casting region, said side dams being spaced inwardly from the
      respective edges of the casting belts, and wherein the reverse surfaces of
      the respective casting belts are supported and guided by a plurality of
      back-up rollers extending transversely across the casting belts and having
      multiple narrow fins engaging the reverse surfaces for permitting liquid
      coolant to travel along these reverse surfaces, the invention
      characterized by a plurality of wide belt-supporting elements engaging the
      reverse surfaces of the casting belts and being positioned opposite to the
      respective side dams for holding the front faces of the casting belts
      firmly against the side dams, said wide belt-supporting elements being
      spaced apart a distance commensurate with the spacing between said side
      dams, said wide belt-supporting elements comprising a pair of longitudinal
      fixed guide members engaging the reverse surfaces of the casting belts and
      extending parallel with the associated side dams, each of said guide
      members extending between the casting belt and the transverse back-up
      rollers, said guide members having recessed saddles therein, the back-up
      rollers having journal portions fitting into said recessed saddles, and
      coolant supply means with multiple nozzles for providing liquid coolant to
      travel along the reverse surfaces of the casting belts, in which the
      nozzles are absent adjacent the positions where said belt-supporting
      elements engage the reverse surfaces of the belt.
NUM  9.
PAR  9. In a twin-belt casting machine for continuously casting molten metal,
      the invention as claimed in claim 8, in which said guide members are held
      by a plurality of transverse braces extending laterally across the casting
      belts between the back-up rollers.
NUM  10.
PAR  10. In a twin-belt casting machine for continuously casting molten metal
      wherein the molten metal is confined in a casting zone defined between the
      front faces of a pair of revolving flexible casting belts moving along in
      spaced opposed face-toward-face relationship with a pair of laterally
      spaced revolving side dams moving between the casting belts and each being
      spaced inwardly from the respective edges of the belts for defining the
      side edges of the casting region and wherein the reverse surfaces of the
      respective casting belts are supported and guided by a plurality of
      back-up rollers extending transversely across the full width of the
      casting belts and having multiple narrow fins engaging the reverse
      surfaces for permitting liquid coolant to travel along these reverse
      surfaces, the invention characterized by said back-up rollers each having
      a pair of cylindrical collars thereon, said collars each being spaced
      inwardly from the respective ends of said rollers and engaging the reverse
      surfaces of the casting belts directly opposite the respective side dams,
      said pairs of cylindrical collars being spaced apart on the respective
      back-up rollers by a distanct no greater than the lateral spacing between
      said side dams and being positioned in alignment with the respective side
      dams for holding the front faces of the casting belts firmly against the
      side dams and in which each of said cylindrical collars has an axial
      length at least as great as the lateral width of said side dams.
NUM  11.
PAR  11. In a twin-belt casting machine for continuously casting molten metal,
      the invention as claimed in claim 10, in which the axial length of said
      cylindrical collars is somewhat greater than the lateral width of said
      side dams, and the spacing between said cylindrical collars is less than
      the spacing between said side dams by an amount up to approximately 30
      millimeters for a casting region up to 120 millimeters in width.
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ABST
PAL  A thermal distribution system for distributing heated or cooled fluid from
      respective fluid generators to thermal exchangers. The system comprises a
      regulating-reversing device for selectively controlling and distributing
      the fluid from and towards the hot fluid generator and the cold fluid
      generator, and regulating the flow thereof from and towards the thermal
      exchangers. A degasifying device is connected to the regulating-reversing
      device for distributing said fluid to the exchangers and for collecting
      the same from said exchangers. A pumping means is mounted between said
      degasifying device and said regulating-reversing device for pumping the
      fluid from the latter to the former.
BSUM
PAR  The present invention relates to ventilation, heating or cooling systems
      installed in houses or in industrial buildings. More particularly, it
      relates to an improved system for increasing the efficiency of already
      known thermal exchangers constituted of pipes and tubes (provided or not
      with fins), in which flows a cold or hot fluid which is forced back by a
      circulation pump from either a heat-generator or a cold-generator.
PAR  With such systems, it is common to place in front of a hot or cold radiator
      a ventilator which is operated by a turbine driven by the fluid
      circulating therein.
PAR  The operation thereof is often disturbed by jerks and by the irregular flow
      of the fluid due to gas evolved during fluid temperature variations. The
      greater the temperature regulation is, the more prominent is the
      above-mentioned disadvantage. Thus, in such systems, it becomes difficult
      to automatically alternate the central production of heat and cold.
      Consequently, the individual regulating on each exchanger at will is far
      from accurate.
PAR  The system in accordance with the present invention avoids the above
      disadvantages by continuously degasifying and regulating the fluid flow
      whatever its temperature variations may be. It permits greatly improved
      operation of the turbine and of the other allied temperature regulating
      devices. In addition, the present system allows the accurate coupling of a
      so-called regulating-reversing device so designed as to pump either from
      the hot generator or from the cold generator, according to the external
      temperature, to a particular device specially adapted for regulating the
      flow of fluid at each turbine. The latter device which comprises a special
      gate and a diaphragm greatly improves taps networks commonly used for
      automatically by-passing a thermal exchanger, owing to the easiness and
      accuracy in adjusting the same, its simplicity of design and its small
      overall dimensions. Consequently, other factors affecting each series of
      exchangers and the specific positioning are taken into account at once.
PAR  Finally, the cumbersomeness of each series of exchangers is so reduced as
      to allow their mounting into a wall.
PAR  The system according to the present invention is characterized by the
      combination of an outstanding degasifying device to a regulating-reversing
      device and as many flow modulation devices ahead of the turbine as there
      are exchangers.
DRWD
PAR  A non-restrictive preferred embodiment of the device in accordance with the
      present invention will hereinafter be given with reference to the drawings
      which comprise:
PAR  FIG. 1 depicts a general view of the system in accordance with the
      invention;
PAR  FIGS. 2 and 2a illustrate a partially sectional front view and a right
      view, respectively, of the exchanger;
PAR  FIG. 3 illustrates a regulating-reversing device;
PAR  FIGS. 4 and 4a show two cross-sectional views of the turbine taken
      respectively across along the axis thereof;
PAR  FIGS. 5, 5a and 5b depict three longitudinal cross-sections taken along
      line F--F which are transversal to line E--E and K--K of a valve used for
      the thermostatic regulating of the flow of fluid in the turbine;
PAR  FIG. 6 is a cross-sectional view of the degasifying device;
PAR  FIGS. 7, 8 and 9 show cross-sections of the degasifying device taken along
      lines G--G, H--H and K--K of FIGS. 6 and 7;
PAR  FIG. 10 illustrates an outside view of the degasifying device of FIG. 6.
DETD
PAR  According to FIG. 1, the circulation pump 1 sucks up fluid either from the
      heat-generator 2, or from the cold-generator 2a, through a
      regulating-reversing device 3. The pump 1 forces back the fluid in the
      degasifying device 4 which gives out the hot or cold fluid towards
      exchangers 5. The latters comprise a special thermostatic valve 6, a
      calibrated turbine 7 driving a ventilator 8, a radiator 9 (provided or not
      with fins) in which flows the fluid from the turbine 7 and a by-pass pipe
      6a. The fluids from each exchanger come back into the degasifying device 4
      and towards the regulating-reversing device 3. The fluid is then driven
      back to the generator 2 or 2a.
PAR  The following system may be provided with a device 10 which centralizes
      electrically detected temperatures:
PAR  A outside, B inside, C and D in the fluid return paths to generators.
      According to these data, the device 10 sends orders to generators 2 and 2a
      (through relays R and R1) and to regulator 3.
PAR  The regulating-reversing device 3 (FIG. 3) receives in 11 the hot fluid
      from 2, and in 12 the cold fluid from 2a. Pipes 11 and 12 lead to each end
      of a cylindrical body 13, from the middle of which starts a pipe 14
      towards the pump 1. Another cylindrical body 15 is in communication, at
      each end, with the fluid return paths 16 and 17, respectively, towards
      generators 2 and 2a. In its middle, the body 15 receives in 18 the fluid
      from the degasifying device 4. In each body (13 or 15) a piston (13a and
      15a) is drawn towards the left when cold has to be provided and towards
      the right when heat has to be provided, from a median position
      corresponding to the aperture 14a (or 18a). The piston is actuated by a
      known electro-magnetic device 19 or 20 mounted at the end of a stem
      integral to the piston on each body 13 or 15. Devices 19 and 20 are
      electrically connected to the device 10 and act when moved to the left, to
      obtain a cooling or on movement to the right to distribute heat.
      Consequently, piston 13a will selectively provide the exchangers with cold
      or hot fluid, whereas piston 15a will establish the corresponding
      communication on the return paths towards the generators. The components
      are housed in a casing 3a.
PAR  The special degasifying device 4 (FIGS. 6 to 10) is mounted flat slightly
      above the floor, preferably at the centre of a room. It gets rid of flow
      jerks and irregularities. It comprises two compartments, a lower one 21,
      and an upper one 22, separated by an horizontal partition 23 parallel, on
      most of its surface, to both of the upper and lower faces 24 and 25 of
      said device. On the four side-faces, there are successively:
PAR  On face 26 (at one end), the inlet aperture 27 from pump 1, and outlet
      aperture 28 towards pipe 18. The first one leads to the upper chamber 22,
      the second one to the lower chamber 21. This parting is obtained by means
      of partitions 29, 30, 31, integral with side 26 and with partition 23.
PAR  On the vertical face 32, two series of distribution apertures are provided.
      One series communicates with the upper chamber 22, then with the pump 1.
      They are apertures 33, 33a, 33b, etc. communicating with each turbine 7
      inlet. The other series corresponds with the lower chamber 21, then with
      exchangers return (apertures 34, 34a, 34b etc.). The first one is
      preferably shifted with respect to the second one, in order to facilitate
      the mounting of joints (FIG. 10).
PAR  On the vertical face 35, there are two other series of distribution
      apertures. The first one (36, 36a, 36b etc.) corresponds with the upper
      floor 22 and has the same function as apertures 33. The series of
      apertures 37, 37a, 37b etc. corresponds with the lower floor 21, and
      completes the series of apertures 34, 34a, etc.
PAR  On the vertical face 38 which is used as a bottom, there are no apertures.
PAR  Two degasifying chambers 39 and 40 are separated by partitions 23, 29 and
      30. One (39) communicates with 22, feeding the exchangers, the other (40)
      collects returns after chamber 21, each of them possesses in their upper
      part an automatic air cleanser 41 or 42. They are so shaped as to render
      degasifying efficient; particularly mouldings are set around the apertures
      and on the faces, such as those shown in 43, 44, 45. Ribs 46 impose a
      direction to the fluid flowing in each compartment 21 and 22. The one
      which is the nearer of the bottom 38 has two parts 46a and 46b, with a
      passage in its middle. Apertures are made under the compartments 21 and
      22, for draining, with special plugs.
PAR  FIG. 2 illustrates an example of thermal exchangers 5, together with a
      centrifugal tangential ventilator 8. Clutch 47 permits ventilation to be
      suppressed at will. But this summary means is not sufficient to
      individualize and modulate each heat or cold issuer. First, according to
      the exposure of each room, an inwardly gauged tube shaped orifice nozzle
      48, mounted at the inlet or outlet of the turbine (FIG. 4a), permits the
      flow to be regulated. Moreover, a four-tracked thermostatic valve 6
      permits, according to the room temperature, more or less fluid to be
      admitted into turbine 7 and into exchanger 49. It is constituted (FIGS. 5
      and 5a) by a cylindrical body 50 drilled at its middle (plan E--E) with
      two diametrically opposite apertures 51 and 52. The first one (51)
      communicates with one of the pipes (33 or 36 for example) and from the
      distribution and degasifying device 4. The second one 6a by-passes the
      turbine and the exchanger. A non-rotary sliding shaft 52 carries two discs
      53 and 54 adjusted in the boring of body 50. Between these discs, two
      segments 55 and 56 are solid with the shaft. They are spaced apart in
      order to permit communication between 51 and 6a at a middle position of
      shaft 52. In this position, discs 53 and 54 obturate two apertures 57 and
      58, prolonged by a Y-shaped pipe, joining the inlet to the turbine 7.
PAR  A thermostatic device, of a bulbed type for example, 59, moves the shaft 52
      as a function of the temperature detected in the room, by probe 60. It
      will be easy to understand that in the body 50, the chamber 61 constantly
      receives the fluid (the latter is cold or hot according to the desired
      general climatic conditions). If the room temperature increases too much,
      shaft 52 moves in the direction of arrow M. By-pass 6a closes up gradually
      and the cooling fluid (high outside temperature A) is admitted by 57 into
      the turbine and the exchanger. On the contrary, by cold weather, if the
      room temperature descreases too much, shaft 52 will slide in the direction
      of arrow N, admitting the heating fluid in 58. It will be easy to
      understand that, according to the previous adjusting of the thermostatic
      set 59-60, an individualized temperature regulation will be obtained in
      the room. The general conditions given by the regulating-reversing device
      3 will then be corrected.
PAR  The exchanger system is thin so as to permit its mounting in a wall, as
      shown in FIG. 2a.
PAR  FIG. 4a, shows a possible system for driving ventilator 8 by the turbine
      wheel 7. In order to reduce air inlets and the sealing thereof to a
      maximum, driving of the wheel is achieved by a series of magnets 7c (on
      the wheel side) and 7d (on the ventilator end) separated by a very thin,
      not magnetic partition 7b which ends body 7a of the turbine.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a heat exchange system utilizing hot or cold fluid as a medium, said
      system including means for changing the temperature of said fluid medium,
      a plurality of thermal exchangers each including an air ventilator driven
      by a turbine, pump means for propelling said fluid medium through said
      thermal exchangers and returning it to said temperature changing means,
      feed conduit means connecting said pump means with said thermal
      exchangers, and return conduit means connecting said thermal exchangers
      with said temperature changing means, the improvement comprising: a single
      degasifying box connected with said feed conduit means for distributing
      hot or cold fluid medium to all of said heat exchangers, and connected
      with said return conduit means to collect the fluid medium from all of
      said heat exchangers for return to said temperature changing means, said
      degasifying box functioning to remove gases entrained in said fluid medium
      before said fluid medium reaches each of said turbines through said feed
      conduit means.
NUM  2.
PAR  2. In a heat exchange system as recited in claim 1, wherein said
      degasifying box includes two separate compartments, one of said
      compartments being connected with said feed conduit means, and the other
      of said compartments being connected with said return conduit means,
      whereby the flow of said fluid medium to said thermal exchangers is
      separated from the flow of fluid medium from said thermal exchangers.
NUM  3.
PAR  3. In a heat exchange system utilizing hot or cold fluid as a medium, said
      system including means for changing the temperature of said fluid medium,
      a plurality of thermal exchangers each including an air ventilator driven
      by a turbine, pump means for propelling said fluid medium through said
      thermal exchangers and returning it to said temperature changing means,
      feed conduit means connecting said pump means with said thermal
      exchangers, and return conduit means connecting said thermal exchangers
      with said temperature changing means, the improvement comprising: a single
      degasifying box connected with said feed conduit means for distributing
      hot or cold fluid medium to all of said heat exchangers, and connected
      with said return conduit means to collect the fluid medium from all of
      said heat exchangers for return to said temperature changing means, said
      degasifying box functioning to remove gases entrained in said fluid medium
      before said fluid medium reaches each of said turbines through said feed
      conduit means, and including generally parallel main top and bottom
      surfaces, the interior of said degasifying box being divided by an
      horizontal partition parallel with said main top and bottom surfaces into
      an upper compartment, and a separate lower compartment, said upper
      compartment being connected with said feed conduit means, and said lower
      compartment being connected with said return conduit means, whereby the
      flow of said fluid medium to said thermal exchangers is separated from the
      flow of fluid medium from said thermal exchangers.
NUM  4.
PAR  4. In a heat exchange system as recited in claim 3, wherein said
      degasifying box further includes input and output apertures located
      adjacent each other but separated by walls integral with said horizontal
      partition, said input aperture being connected to said feed conduit means
      for receiving fluid medium from said pump means, and said output aperture
      being connected with said return conduit means to return fluid medium to
      said temperature changing means.
NUM  5.
PAR  5. In a heat exchange system as recited in claim 4, wherein said
      degasifying box further includes a pair of automatic air removers on the
      said top surface thereof, one of said air removers being connected with
      said upper compartment, and the other being connected with said lower
      compartment.
NUM  6.
PAR  6. In a heat exchange system as recited in claim 5, wherein the interior
      surfaces of said degasifying box defining said upper compartment and said
      lower compartment have ribs thereon for properly directing the flow of
      fluid therewithin.
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ABST
PAL  A tubular heat exchanger designed for easy and compact mounting within a
      receiver tank. Within the rigid casing of the heat exchanger are mounted a
      plurality of spaced, parallel tubes. Coolant fluid entering one end of the
      heat exchanger, flows through a group of the tubes, and returns to the
      same end of the heat exchanger through the remaining tubes, whereupon it
      exits the exchanger. Hot fluid such as compressed air enters one end of
      the exchanger, passes along the length of the exchanger while
      intermingling with the tubes so as to be cooled, and then exits into a
      receiver tank through a plurality of holes located in the opposite end of
      the heat exchanger.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved apparatus known as an "aftercooler"
      for continuous cooling of hot fluids such as compressed air. More
      particularly, this invention relates to an apparatus for cooling of hot
      fluids such as compressed air travelling to a receiver tank which
      apparatus is designed to be mounted within a receiver tank.
PAR  The use of heat exchange apparatus for cooling compressed air after it has
      been compressed and prior to receipt in a receiver tank, is, of course,
      well known. In one conventional aftercooler, a cooling fluid is passed
      through a bundle of tubes, known as admiralty tubes, contained within a
      rigid, tubular enclosure. The hot, compressed gas is submitted through a
      port in one end of the tubular enclosure, intermingles with the cooling
      tubes to be cooled, and is released through a second port located at the
      opposite end of the tubular enclosure. The cooled compressed gas is then
      directed to a receiver tank for storage until use.
PAR  A number of undesirable features have been inherent in such aftercoolers of
      the prior art. For example, the normal heat exchanger is quite large and
      at times creates a space problem while also requiring certain ducts and
      pipe fittings. In addition, such prior apparatus often creates undesirable
      noise which today is no longer tolerable in view of newly promulgated
      environmental laws.
PAC  OBJECTS
PAR  It is therefore an object of the present invention to provide a heat
      exchange apparatus or aftercooler for cooling compressed gases, which may
      be quickly and easily mounted directly within a receiver tank.
PAR  It is a further object of this invention to provide such an aftercooler
      which is largely contained within a receiver tank in order to conserve
      space as well as to reduce noise.
PAR  It is a further object of the present invention to provide such an
      aftercooler with novel exit means for the cooled, compressed gas which
      will effectively reduce noise.
PAR  Another object of the present invention is to provide such an aftercooler
      that may be easily manufactured from standard materials for application to
      conventional or new air compressor systems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises an aftercooler for the cooling of hot gases
      which is constructed to be mounted within a receiver tank, thereby saving
      space outside the tank. A plurality of spaced, parallel admiralty tubes
      extend between opposite ends of a rigid, tubular casing. Each of the ends
      of the casing is capped with a cowl, one cowl having an inlet for cooling
      fluid as well as a baffle to direct cooling fluid in one direction into a
      first group of the admiralty tubes, and an outlet for the spent cooling
      fluid. The opposite cowl directs the cooling fluid in opposite direction
      to the remaining group of the admiralty tubes for exit through the outlet
      in the first cowl. Hot, compressed gases from an air compressor enter the
      casing through a port adjacent the first cowl, and exit through a
      plurality of spaced holes at the opposite end of the casing. The casing is
      provided with threads for direct insertion within a receiver tank, the
      threads located such that a majority of the casing extends within the
      receiver tank. By virtue of the small holes or exit ports through which
      the cooled gases enter the receiver tank, and the receiver tank structure
      enclosing the aftercooler, noise heretofor produced with conventional
      devices is substantially reduced.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description, taken in conjunction with the accompanying
      drawing, in which:
PAC  DRAWING
PAR  FIG. 1 is a side elevational view of an aftercooler embodying the present
      invention shown mounted within a receiver tank which is partly shown in
      cross-section.
PAR  FIG. 2 is an enlarged longitudinal cross-sectional view of the aftercooler
      of FIG. 1 showing the internal portions thereof, and with intermediate
      sections removed for brevity.
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, heat exchange apparatus termed an aftercooler 10 embodying the
      present invention is shown mounted within a receiver tank, the receiver
      tank shown by wall fragments 12 and being used to store compressed gas
      such as compressed air. Heat exchange apparatus 10 is threaded
      intermediate its ends at 14 for rigid insertion and mounting directly into
      receiver tank 12. Also, a flange 16 is employed to abut receiver tank 12
      and provide a hermetic seal which may be augmented by a sealing gasket
      16a. Threads 14 and flange 16 can be an integral part of heat exchange
      apparatus 10, or can be portions of a separate band of metal or other
      fitting which is welded or otherwise fixed to heat exchange apparatus 10.
      Additionally flange 16 is provided with lands such as in a hexagonal nut
      to receive a pipe wrench for example during installation in the receiver
      tank 12.
PAR  Heat exchange apparatus 10 may comprise one or more tubular casing sections
      22 and 24, coaxially secured to each other as shown or may be constructed
      of a single tubular casing section. An apertured plate 26 is located
      adjacent one end, the inlet end, of heat exchanger 10. Apertured plate 26
      may be an integral portion of tubular section 22, or may be welded or
      otherwise attached thereto as shown. At the opposite or outlet end of heat
      exchanger 10, a second apertured plate 28 is fixed within casing section
      24.
PAR  Extending between and fixed to apertured plates 26 and 28 are a plurality
      of parallel admiralty tubes 30. Each admiralty tube 30 communicates with
      respective apertures in plates 26 and 28.
PAR  At the inlet end of the apparatus, a cowl 32 is attached to apertured plate
      26, with a gasket 34 forming a seal between cowl 32 and apertured plate
      26. Cowl 32 comprises a cupped member, and includes an entry port 36 and
      exit port 38 for coolant fluid separated, by an apertured baffle 40. Entry
      port 36 and exit port 38 can be interchanged without any effect to the
      apparatus.
PAR  At the opposite or outlet end of heat exchanger 10, a cowl or cupped member
      44 is fixed to apertured plate 28 in order to seal close cavity 46 formed
      between apertured plate 28 and cupped member 44.
PAR  Heat exchanger 10 also includes an air inlet port 50 adjacent the inlet end
      thereof, as well as a plurality of angularly spaced holes or outlet ports
      52 at the outlet end thereof which communicate with the interior of the
      receiver tank. Air outlet ports 52 are placed in at least one circular
      pattern about the periphery of heat exchanger 10. As shown in FIG. 3,
      ports 52 are placed at 0.degree., 30.degree., 60.degree., 120.degree.,
      150.degree., 180.degree., 210.degree., 240.degree., 300.degree. and
      330.degree. about the periphery of the heat exchanger. In the preferred
      embodiment, two sets of such apertures are provided as shown. By being so
      placed, ports 52 allow the exit of cooled air in all directions, while
      also acting to dissipate energy and reduce noise normally attendant such a
      system.
PAR  In operation, any suitable coolant fluid is passed through entry port 36
      and enters tubes 30 while being prevented from passage out exit port 38 by
      baffle 40. The coolant passes through the group of tubes 30 on one side of
      the baffle 40 along the length of heat exchanger 10, then entering cavity
      46; and then returning through the remainder of tubes 30 and exiting from
      heat exchanger 10 via port 38. Hot compressed gases such as from an air
      compressor (not shown) enter heat exchanger 10 through port 50 and pass
      along the entire length of heat exchanger 10, intermingling with admiralty
      tubes 30 and thereby through heat exchange, becoming cooled. The cooled
      compressed air leaves heat exchanger 10 through ports 52 and is then
      stored in receiver tank 12 for use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aftercooler for cooling compressed gas such as compressed air, the
      aftercooler including a tubular casing having a plurality of internal
      ducts for conveying coolant fluid therethrough with spaces between the
      ducts, said casing having a first inlet port for introducing coolant fluid
      into the casing to pass through certain of said cooling ducts, an outlet
      port for discharging spent cooling fluid from the casing, said casing
      having a second inlet port for introducing a compressed gas to be cooled
      such as compressed air into the casing to pass in the spaces between the
      cooling ducts, said casing having outlet means adjacent one end thereof
      for exiting the cooled compressed gas from the casing and into a receiving
      tank, and said casing having means for fixing a portion of said casing to
      a wall of a receiving tank with said outlet means for the compressed gas
      located within a receiving tank, and with said inlet and outlet ports for
      the cooling fluid located externally of a receiving tank, and wherein said
      inlet and outlet ports for the coolant fluid are situated adjacent the end
      of the casing opposite said one end where said outlet means for the
      compressed gas is located, and wherein the outlet means for exiting the
      compressed gas includes a first set of a plurality of small apertures
      angularly spaced around the periphery of the casing for reducing noise
      associated with the discharge of the compressed gas.
NUM  2.
PAR  2. The aftercooler defined in claim 1 including an apertured wall member
      adjacent said one end of the casing having apertures communicating with
      the cooling ducts, and wherein said casing contains a chamber adjacent
      said one end thereof for receiving coolant fluid from a first group of
      tubes and for directing the coolant fluid to a second group of tubes.
NUM  3.
PAR  3. The aftercooler defined in claim 1 wherein said apertures are spaced
      30.degree. from each other around the periphery of the casing.
NUM  4.
PAR  4. The aftercooler defined in claim 1 wherein the outlet means for exiting
      the compressed gas includes a second set of a plurality of small apertures
      angularly spaced around the periphery of the casing closely adjacent the
      first set of apertures.
NUM  5.
PAR  5. The aftercooler defined in claim 1 wherein said means for fixing the
      casing to a wall of a receiving tank includes a plurality of threads
      extending circumferentially around the casing for receipt in mating
      threads in a wall of a receiver tank.
NUM  6.
PAR  6. The aftercooler defined in claim 5 wherein said last defined means
      further includes a flange radially projecting from the casing adjacent
      said threads for engagement against a wall of a receiving tank.
NUM  7.
PAR  7. The aftercooler defined in claim 6 wherein said last defined means
      further includes a seal extending about the casing against said flange for
      engagement against the wall of a associated receiving tank.
NUM  8.
PAR  8. The aftercooler defined in claim 6 further including a pair of wall
      members respectively situated transversely in said opposite ends of the
      casing and having apertures respectively receiving said internal ducts for
      conveying coolant fluid through the ducts, and wherein there is further
      included a first cowl at said one end of the casing containing a chamber
      in said one end of the casing for receiving cooling fluid from a first
      group of ducts and for directing the cooling fluid to a second group of
      ducts, and wherein there is further included a second cowl at the end of
      the casing opposite said first end, said second cowl including a baffle
      dividing the space enclosed by the cowl into two compartments, one
      compartment communicating with said first inlet port for introducing
      coolant fluid into the casing and the other compartment communicating with
      the outlet port for discharging spent cooling fluid from the casing.
NUM  9.
PAR  9. In combination with a receiving tank for a compressed gas such as a
      receiving tank in an air compressor system for receiving compressed air to
      be subsequently discharged at a point of use and wherein the receiving
      tank includes a chamber for receiving the compressed gas; an aftercooler
      for cooling the compressed gas prior to receipt in the receiving tank, the
      aftercooler including an elongated body having heat exchange means
      therein, said body being mounted to the receiving tank with a first
      portion of said body being received in said chamber and with a second
      portion of said body being located externally of the receiving tank, said
      body having an inlet port located in said second portion thereof for
      directing the compressed gas into said body to be cooled, and said body
      having in said second portion thereof an outlet means for discharging the
      compressed gas after cooling into said chamber, and wherein said outlet
      means includes a plurality of small angularly spaced apertures
      communicating with said chamber for exiting the cooled compressed gas
      directly into said chamber of the receiving tank.
NUM  10.
PAR  10. The combination defined in claim 9 wherein said body has a plurality of
      external screw threads and wherein said receiving tank has a wall
      enclosing said chamber, said wall having an aperture receiving said body,
      and said wall having screw threads surrounding said aperture and receiving
      said threads of said body to secure the body in the receiving tank.
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ABST
PAL  A tubular apparatus, particularly a steam generator, in which U-shaped or
      straight tubes are inserted in the casing. A series of gratings are
      provided in the casing and comprise parallel grating elements made up of
      grating bars and cross-bars formed to firmly hold the tubes in place and
      separate them from one another. Facilitation of inserting the tubes in the
      casing is accomplished by emplacing grating elements corresponding to
      grating elements in other gratings first and continuing in a like manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a tubular apparatus, in particular a steam
      generator, in the casing of which straight or U-shaped tubes are installed
      which are maintained at a certain distance from each other by unevenly
      spaced gratings, with the grating bars being fastened in a frame
      encircling the tube bundle.
PAR  Gratings of this type are to eliminate vibrations and prevent any contact
      of the tubes of the bundle, which are arranged in parallel with a certain
      clearance. With previously known tubular apparatuses the grating bars are
      fixed to the frame by welding. As a consequence the gratings are
      relatively rigid. Further, steam generators are known in which special
      support beams consisting of steel flats and crossing each other are welded
      to the frame. These support beams are provided with slots into which the
      grating bars, which in this case are also welded to the frame, are
      inserted.
PAR  Gratings of this type are fabricated outside the tubular apparatus. As, for
      reasons of fabrication, the tube bundle cannot be installed in various
      instances before the shell of the tubular apparatus has been fixed to the
      tube sheet, the tubes of the bundle must be inserted through the gratings.
      With tubular apparatuses having a large shell diameter, help in inserting
      the bars can be given by members of the assembly staff provided manways
      permitting access are arranged in the grating structures.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is aimed at avoiding the disadvantages of previously
      known tubular apparatuses. The task to be accomplished is to simplify the
      insertion of the tubes as well as the fabrication of the gratings.
PAR  In accordance with the present invention this purpose is achieved on a
      tubular apparatus of the design specified at the beginning by combining
      several, parallel grating bars to form a grating element and fixing these
      elements to the frame. The said elements may consist of bars extending
      across the frame and which are crossed by cross-bars firmly connected to
      individual grating bars, preferably by welding.
PAR  The grating elements, in turn, are combined to form the complete grating.
      Gratings consisting of the specified elements can be fabricated in an
      easier way than previously known gratings, and the jigs required for
      making the elements are also of a simpler design.
PAR  The division of the full grating area into smaller elements in accordance
      with the present invention further eliminates the disadvantages
      experienced on a steam generator with gratings of a large diameter. With
      large dimensions any minor dimensional variation occurring at one end of a
      grating bar is noticeably felt at the other end as tube-fitting
      progresses. The individual dimensional variations therefore increasingly
      add up, the longer the individual bar. In contrast to this, the grating
      elements according to the present invention can be compared with those in
      a tubular apparatus of a small diameter, where such difficulties in
      connection with tube-fitting do not arise.
PAR  Furthermore, the use of grating elements permits a new mode of operation to
      be adopted where the elements are consecutively assembled into a complete
      grating inside the casing of the tubular apparatus in the course of
      tube-fitting. The assembly staff working in the casing interior to assist
      in inserting the tubes meet better operating conditions, and it is further
      possible to fill the frame with gratings consisting of individual
      elements, from either frame end.
PAR  The grating elements can be arranged at one or at both front faces of the
      frame, and the individual tubes can be held by all gratings at either or
      at only one face of the frame, leading to more or less stable tube
      mounting depending on the requirements to be fulfilled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be exemplified below by reference to the
      following Figures:
PAR  FIG. 1 is a longitudinal section of a tubular apparatus.
PAR  FIG. 2 represents Section II--II of FIG. 1.
PAR  FIG. 3 is a plan view of an individual grating element.
PAR  FIG. 4 represents Section IV--IV of FIG. 3.
PAR  FIG. 5 represents Section V--V of FIG. 3.
PAR  FIGS. 6 and 7 show a different design, represented in the same way as in
      FIGS. 4 and 5.
PAR  FIG. 8 is a sectional side view of the tube system.
DETD
PAR  The tubular apparatus, in this case a steam generator, consists of a casing
      1 into which U-shaped tubes 2 are installed. Within the casing 1 the
      bundle of tubes 2 is encased in a shell 3 extending to near the tube sheet
      4. Instead of U-tubes, straight tubes can be used as well.
PAR  The tubes 2 are fixed in the tube sheet 4 which is welded to the casing 1.
      Assembly of the casing 1 with the tube sheet 4 and shell 3 is made prior
      to fitting the tubes 2.
PAR  Within the shell 3 the tubes 2 are maintained at a certain distance from
      each other by means of gratings 5. An equal distance between the
      individual gratings is ensured by the provision of spacers 6.
PAR  The grating structures 5 comprise an annular frame 7 with intermediate
      braces 8, with grating bars 10 inserted in the frame. The various grating
      bars are combined to form grating elements 9 and bridge the free space
      between the outer, annular frame 7 and the intermediate braces 8. The
      grating bars 10 are crossed by cross-bars 11 arranged on the grating bars
      in a comb-like fashion. With the tube pitch under consideration the
      cross-bars together with the grating bars form an angle of 60.degree.
      resp. 120.degree..
PAR  The intermediate brace 8 of the grating 5 can be eliminated. In such a case
      the grating elements extend across the complete annular frame 7. A grating
      element of this type is marked in FIG. 2 as 9a.
PAR  The cross-bars 11 are firmly connected to the grating bars 10. Even though
      this is preferably made by welding, other methods of attachment are also
      possible. It is not necessary to weld each cross-bar with each grating
      bar. For instance, only the outer grating bars 10 may be connected, by
      weld seam 17, with the cross-bars 11. Such an attachment is shown in the
      upper part of FIG. 3. In this case, the middle grating bars of a grating
      element 9 are additionally welded to individual cross-bars 11a, which are
      provided with grooves 12 for the middle grating bars to pass through.
      Cross-bars 11a of this design are arranged at a certain spacing, for
      instance every fifth row of tubes. Alternatively, other than with the
      above arrangement of weld seams 17, the basic policy can be adopted of
      welding all middle grating bars to the cross-bars and, at a certain
      spacing, to the outer grating bars. As any welding operation involves the
      danger of bar distortion, it may be advisable to provide a weld seam 17
      only at the front face of the bar, as is shown in FIG. 6.
PAR  FIGS. 6 and 7 represent another design of cross-bars 11 and 11a. In this
      case the outer grating bars 10 are not attached to the sides of the
      cross-bars 11, 11a  but run through grooves 12. With this design it is
      particularly advisable to have a weld seam 17 only at the front face of
      the cross-bars 11, 11a.
PAR  Besides connecting the grating bars 10 to form a grating element 9, 9a, the
      cross-bars 11, 11a serve as spacers for the grating bars when they are not
      welded to each other. For this reason their cross-section is optional.
PAR  The cross-bars 11 consist of steel flats, but they may also be designed as
      a continuous band 13 as shown in FIG. 3. In such a case a smaller
      cross-section can be taken.
PAR  In the example under consideration, the grating elements 9 consist of four
      grating bars 10. The width of the elements depends on the particular
      design of the tubular apparatus. Wider units are imaginable, for instance
      for four to five instead of three rows of tubes. At their ends, the
      grating elements have one or several straps 14 provided with a hole which
      is in line with another hole 15 in the frame or intermediate brace. By
      means of bolts (not shown) the grating element is attached to the frame 7
      and intermediate brace 8 or, if there is no such brace, only to the frame.
      At one end of the grating element, the straps 14 are provided with an
      oblong hole 16. As a consequence, the attachments have one fixed point and
      one movable point, permitting a certain elongation of the grating
      elements.
PAR  The individual grating elements 9 are consecutively connected with the
      frame 7. This makes it possible to mount the grating bars from inside the
      tubular apparatus in the course of tube-fitting, in the following way:
      First, one grating element 9 is bolted to each frame 7. On frames having
      intermediate braces 8 two related elements are mounted. Following this,
      the tubes 2 are inserted through the free space between grating bars 10
      and cross-bars 11 and then welded to the tube sheet 4. When all the tubes
      of a grating element have been inserted, the next element is fixed to the
      frame and the above sequence of operations repeated. It is possible to fit
      the tubes from two ends of the frame 7.
PAR  The grating elements 9 specified can be attached to one or both front faces
      of the frames 7 or intermediate braces 8. As shown in FIG. 8, several
      modes of assembly are possible. In the case of Alternative A -- in the
      middle of FIG. 8 -- the grating elements 9 are attached at both front
      faces of the frame 7 in such a way that each tube 2 is held at one the
      other face of the frame. Alternative B -- to the right in FIG. 8 -- is a
      similar arrangement, with the exception that the grating elements 9 are
      located closer to each other so that the tubes 2 extending through the
      outer free spaces are held twice, whereas the middle tube 2 is confined at
      one face of the frame 7 by two adjoining grating elements 9. According to
      Alternative C -- to the left in FIG. 8 -- the grating elements 9 are
      arranged at one front face only, with each tube 2 in each frame 7 either
      extending through the free spaces in a grating element 9 or being confined
      by two adjoining elements 9. This provides the possibility of more or less
      stable tube mounting, with Alternative B representing the most and
      Alternative C the least stable method of those shown in FIG. 8.
PAR  For the assembly of the tubular apparatus the frames 7 can be aligned prior
      to installation. Then the frames are firmly connected by the spacers 6 and
      inserted in the shell 3 as a whole.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a tubular apparatus, in particular a steam generator, comprising a
      casing, a shell within said casing, a tube bundle having a plurality of
      tubes mounted within said shell, and a number of grating means in said
      shell for maintaining said tubes at a certain distance from each other,
      the improvement comprising each of said grating means comprising one
      ring-shaped frame, and a plurality of longitudinally parallel grating
      elements secured on said frame, each of said grating elements having a
      plurality of parallel grating bars, a plurality of cross-bars, each of
      said cross-bars spanning transversely and at an angle across said
      plurality of parallel grating bars, and contacting each of said plurality
      of parallel grating bars, each of said cross-bars comprising means for
      securing said grating bars to each of said cross-bars, and mounting means
      at both ends of each of said grating elements for mounting said grating
      element to said frame, said mounting means being carried by at least one
      of said plurality of grating bars.
NUM  2.
PAR  2. The tubular apparatus according to claim 1, wherein each of said grating
      elements consists of four grating bars.
NUM  3.
PAR  3. The tubular apparatus according to claim 1, wherein said plurality of
      grating bars comprises two outer grating bars, each of said cross-bars
      extending across said plurality of parallel grating bars such that the
      span thereof does not extend beyond said outer grating bars.
NUM  4.
PAR  4. The tubular apparatus according to claim 1, wherein said plurality of
      cross-bars extends longitudinally along said grating bars, and the
      distance between adjacent ones of said plurality of cross-bars is equal to
      the outer diameter of one of said tubes, so that each tube is supported by
      adjacent cross-bars.
NUM  5.
PAR  5. The tubular apparatus according to claim 4, wherein the distance between
      adjacent ones of said plurality of grating bars is equal to the outer
      diameter of one of said tubes, so that each tube is supported between
      adjacent grating bars.
NUM  6.
PAR  6. The tubular apparatus according to claim 1, wherein said means for
      securing all of said grating bars to each of said cross-bars comprises a
      plurality of grooves formed in said cross-bar.
NUM  7.
PAR  7. The tubular apparatus according to claim 1, wherein said mounting means
      comprises two tongues, one of said tongues comprising a circular hole, and
      the other tongue an oblong hole, said one tongue being mounted between two
      adjacent grating bars at one end thereof, and said other tongue being
      mounted between said two adjacent grating bars at the other end thereof,
      whereby said grating element is secured to said frame.
NUM  8.
PAR  8. A tubular apparatus according to claim 1, wherein said frame comprises
      an upper and a lower face, each of said faces mounting said grating
      elements in an alternate sequence so that the grating elements on the same
      face are separated by the width of a grating element so each tube is held
      by one grating element.
NUM  9.
PAR  9. A tubular apparatus according to claim 1, wherein said frame comprises
      an upper and a lower face, each of said faces mounting said grating
      elements in an alternate sequence so that the grating elements on the
      upper and lower faces are separated from the elements on the same face by
      a distance less than the width of a grating element so each individual
      tube is held securely by at least two grating elements.
NUM  10.
PAR  10. A tubular apparatus according to claim 1, wherein said frame comprises
      an upper and a lower face, only one face mounting said grating elements so
      that each individual tube is securely held by one grating element at every
      other frame.
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ABST
PAL  A self-propelling apparatus for well logging tools includes a housing which
      is secured to the housing of a well logging tool and which defines a
      cylinder. A piston is slidably received in the cylinder, and a powder
      charge is mounted in the housing for electrical actuation. The cylinder is
      initially filled with a weighted fluid to establish a negative buoyancy
      whereby the well logging tool moves downwardly in a well to effect a
      logging operation. Upon completion of the well logging operation, a signal
      from the well logging tool actuates the powder charge whereby the piston
      forces the weighted fluid out of the cylinder and thereby establishes a
      positive buoyancy. This positive buoyancy together with the flow of the
      weighted fluid and the flow of gases resulting from the burning of the
      powder charge out of the housing combine to propel the well logging tool
      upwardly. At the top of the well the apparatus is siezed by latching
      apparatus and is retained thereby for subsequent retrieval.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to self-propelling apparatus for well logging tools,
      and more particularly to apparatus which functions automatically to first
      lower a logging tool into a well and thereafter to return the logging tool
      to the surface.
PAR  At the present time, most well logging operations are carried out by means
      of a wireline. This is considered to be unsatisfactory for a number of
      reasons. First, with the wireline in use, it is impossible to seal the
      well in case of a blowout, which is particularly important in off-shore
      operation. Second, both the wireline and the associated winching are
      additional apparatus to purchase and use.
PAR  Another method of conducting well logging operations is to simply drop the
      logging tool into the well and then remove it with the drill string.
      However, this method is so time consuming and costly that it is infeasable
      except in those instances in which the drill string will be removed
      irrespective of the logging operation.
PAR  Various attempts have heretofore been made at providing a self-propelled
      well logging tool. In accordance with one prior art system, a well logging
      tool is permitted to move downwardly at a controlled rate. At the
      completion of the logging operation, jet propulsion is employed to return
      the logging tool to the surface.
PAR  The foregoing type of self-propelling system for well logging tools is
      considered to be less than wholly satisfactory from a number of
      standpoints. First, the system requires a buoyancy section filled with
      cork or the like in order to partially counteract the weight of the
      apparatus. This is unsatisfactory because it limits the rate at which the
      logging tool can travel downwardly through the well. Second, due to its
      reliance on jet propulsion to return the logging tool to the surface, the
      prior art system tends to add a considerable amount of gas to well fluid,
      thereby substantially changing the density of the fluid. This is
      unsatisfactory because the fluid is typically controlled as to density so
      as to maintain a predetermined hydrostatic head. The presence of an undue
      amount of gas in the fluid would tend to lower the hydrostatic head which
      could in turn lead to a blowout of the well.
PAR  It will thus be seen that a need exists for still further improvements in
      the art of self-propelling apparatus for well logging tools. In
      particular, a need exists for a self-propelling system for well logging
      tools which permits the well logging tool to move downwardly in the well
      as rapidly as may be required for a particular logging operation. There
      also exists a need for a self-propelling apparatus for well logging tools
      which does not rely on jet propulsion as the sole means of returning the
      well logging tool to the surface.
PAR  The present invention relates to a self-propelling apparatus for well
      logging tools which overcomes the foregoing and other problems long since
      associated with the prior art. In accordance with the broader aspects of
      the invention, a housing is secured to the housing of a well logging tool,
      and defines a cylinder. The cylinder is initially filled with a weighted
      fluid to provide a negative buoyancy, whereby the well logging tool and
      the self-propelling apparatus attached thereto moved downwardly in the
      well at a rapid rate under the action of gravity. At the conclusion of the
      well logging operation, the weighted fluid is expelled from the cylinder
      to provide a positive buoyancy, whereby the well logging tool and the
      self-propelling apparatus are rapidly returned to the top of the well. At
      the top of the well the apparatus is seized by a latching apparatus and is
      retained for subsequent retrieval of the well logging tool.
PAR  In accordance with more specific aspects of the invention, a piston is
      slidably supported in the cylinder and is normally positioned at one end
      thereof. A powder charge is mounted in a portion of the housing adjacent
      to the initial positioning of the piston. The powder charge is adapted for
      electrical ignition.
PAR  At the conclusion of the well logging operation, and in response to the
      receipt of a signal from the well logging tool, the powder charge in the
      housing is ignited. This causes the piston to move to the opposite end of
      the cylinder, thereby expelling the weighted fluid and providing a
      positive buoyancy. The apparatus is designed such that both the weighted
      fluid and the expanding gases resulting from the burning of the powder
      charge flow out of the housing in such a way as to add a jet propulsion
      effect to the positive buoyancy. The combination of these two effects
      serve to rapidly return the well logging tool and the self-propelling
      apparatus to the surface.
PAR  In accordance with still other aspects of the invention, the housing is
      provided with check valves which function to maintain a pressure within
      the housing which is approximately 500 psi greater than that of the
      surrounding well fluid. This is advantageous in that since the pressure
      differential between the interior and the exterior of the housing is
      maintained at a minimum level, it is not necessary to fabricate the
      housing from high strength components. This in turn substantially reduces
      the cost of manufacturing and using the self-propelling apparatus.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by reference to
      the following Detailed Description when taken in conjunction with the
      accompanying Drawings, wherein:
PAR  FIG. 1 is an illustration of the use of the invention;
PAR  FIG. 2 is a sectional view of a self-propelling apparatus for well logging
      tools incorporating the invention;
PAR  FIG. 3 is a sectional view of a latching apparatus useful in conjunction
      with the invention; and
PAR  FIG. 4 is a top view of the latching apparatus of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the Drawings, and particularly to FIG. 1 thereof, there is
      shown a well 10 having a casing 12 and filled with a well fluid 14. A
      logging tool 16 is shown traveling in the well 10 under the action of a
      self-propelling apparatus 18 incorporating the present invention. A
      latching apparatus 20 is mounted at the top of the well 10 and will
      ultimately serve to sieze the self-propelling apparatus 18 and the logging
      tool 16 secured thereto for subsequent retrieval from the surface 22.
PAR  The self-propelling apparatus 18 of the present invention may be used in
      conjunction with various commercially available well logging tools.
      Typical examples include the Totco Single or Double Shot Deviation
      Recorder sold by Technical Oil Tool Corp. of Glendale, Calif., the Model
      K4 Subsurface Recording Gauge sold by the Kuster Company of Long Beach,
      Calif.; various survey instruments sold by Eastman Whitstock, Inc. of
      Houston, Tex.; the Bottomhole Pressure Gauge sold by Flopetrol, a French
      concern or the like. Those skilled in the art will appreciate the fact
      that numerous additional logging tools are commercially available which
      are suitable for use in conjunction with the present invention, especially
      for off-shore operation and under water completion.
PAR  The self-propelling apparatus 18 of the present invention is illustrated in
      greater detail in FIG. 2. The apparatus 18 includes a housing 24 formed
      from aluminum alloy or the like. The housing 24 is cylindrical in shape
      and has a rounded upper end 26 and a threaded lower end 28 which is
      adapted for connection to the housing of a logging tool. It will be
      understood that the housing 24 may be formed in various sections, if
      desired.
PAR  The housing 24 defines a cylinder 30 in the interior thereof. The cylinder
      30 is initially filled with a weighted fluid 32, typically a high density
      liquid. By means of the weighted fluid 32, the self-propelling apparatus
      18 and the well logging tool 16 connected thereto initially have a
      negative buoyancy. Due to this initial negative buoyancy, the well logging
      tool 16 and the self-propelling apparatus 18 move downwardly in the fluid
      14 filling the casing 12 of the well 10 under the action of gravity. This
      downward movement may be as rapid as is necessary for a particular well
      logging operation.
PAR  A piston 34 is mounted in the cylinder 30 of the housing 24. The piston is
      mounted for reciprocation in the cylinder between the positions
      illustrated in full lines and in dashed lines in FIG. 2. The piston 34 is
      provided with a seal 36 which may comprise a conventional O-ring, and is
      initially positioned as shown in full lines.
PAR  A powder charge 38 is mounted in the housing 24 just below the cylinder 34.
      This is advantageous in that the seal 36 of the piston 34 also functions
      to seal the powder charge 38. A pair of arcing contacts 40 are mounted
      adjacent to the powder charge for use in effecting ignition thereof. The
      contacts 40 are adapted for actuation by voltage stored in a capacitor 42
      under the control of an electronic switch 44. A contact 46 is provided for
      use in charging the capacitor 42.
PAR  The housing 24 is provided with a pair of vents 48 at the upper end
      thereof. The vents 48 are directed outwardly and downwardly. A second pair
      of vents 50 are also directed outwardly and downwardly. The vents 50 are
      connected to the interior of the housing through a pair of check valves 52
      each including a piston 54 and a spring 56. The check valves 52 serve to
      maintain a pressure within the interior of the housing 24 which is
      approximately 500 psi greater than the pressure on the exterior of the
      housing 24.
PAR  In the use of the self-propelling apparatus 18, the cylinder 30 is
      initially filled with the weighted fluid 32. This may be done through the
      vents 48 and backing-off threads 35, or using any other convenient filling
      structure. The weighted fluid may comprise any fluid having sufficient
      density to provide an overall negative buoyancy for the self-propelling
      apparatus 18 and the well logging tool 16 that will be used in conjunction
      therewith.
PAR  After the cylinder 30 has been filled with the weighted fluid 32, the
      self-propelling apparatus 18 is connected to the well logging tool 16. The
      self-propelling apparatus 18 and the well logging tool 16 connected
      thereto are then positioned in the well 10 and are allowed to sink
      downwardly through the well fluid under the action of gravity. The
      downward movement of the well logging tool 16 and the self-propelling
      apparatus 18 connected thereto may be at any rate which may be necessary
      for the particular logging operation.
PAR  The electronic switch 44 of the self-propelling apparatus 18 has connected
      thereto a lead 58 which extends to control circuitry in the logging tool
      16. Alternatively, timing circuitry may be provided within the housing 24
      of the self-propelling apparatus 18. In any such event, upon completion of
      the logging operation the switch 44 is actuated to discharge the capacitor
      42 through the contacts 40. This ignites the powder charge 38, whereby the
      interior of the lower portion of the housing 24 is rapidly filled with the
      expanding gaseous products of combustion of the burning powder charge 38.
      This action rapidly pushes the piston 34 upwardly until it is in the
      position illustrated in dashed lines in FIG. 2.
PAR  When the piston 34 is in the upper position, the cylinder 30 is filled with
      gas rather than with the weighted fluid 32. This establishes a positive
      buoyancy for the self-propelling apparatus 18 and the well logging tool 16
      connected thereto. In and of itself this positive buoyancy is sufficient
      to raise the self-propelling apparatus 18 and the well logging tool 16 to
      the surface.
PAR  As the piston 34 is pushed upwardly to the uppermost position, the weighted
      fluid 32 is expelled from the cylinder 30 through the vents 48. Since the
      vents 48 are directed outwardly and downwardly, the weighted fluid 32
      flowing out of the cylinder 30 through the vents 48 provides a jet
      propulsion action which aids the positive buoyancy in raising the
      self-propelling apparatus 18 and the well logging tool 16 connected
      thereto to the surface. Simultaneously, the products of combustion of the
      burning powder charge 38 are discharged from the housing 24 through the
      vents 50 under the control of the check valves 52. Since the vents 50 are
      also directed outwardly and downwardly, the flow of the products of
      combustion out of the housing 24 through the vents 50 also provides a jet
      propulsion effect which aids the positive buoyancy in raising the
      self-propelling apparatus 18 and the well logging tool 16 connected
      thereto to the surface.
PAR  Those skilled in the art will appreciate the fact that the self-propelling
      apparatus 18 is not limited to the arcing contact/powder charge structure
      illustrated in FIG. 2. Rather than storing voltage in the capacitor 42,
      the apparatus 18 could be provided with a battery and a blasting cap
      adapted for actuation by the battery under the control of the electronic
      switch 44. In certain applications the blasting cap in and of itself would
      be sufficient to provide the force necessary to move the piston from the
      lower position illustrated in full lines to the upper position illustrated
      in dashed lines in FIG. 2. Other alternative structures for moving the
      piston from one end of the cylinder 30 to the other will readily suggest
      themselves to those skilled in the art.
PAR  When the self-propelling apparatus 18 and the logging tool 16 connected
      thereto arrive at the top of the well 10, the self-propelling apparatus 18
      is seized by the latching apparatus 20. As is best shown in FIGS. 3 and 4,
      the latching apparatus 20 includes a circular frame 60 having a plurality
      of jaws 62 pivotally supported therein and spring biased inwardly. As the
      self-propelling apparatus 18 and the logging tool 16 connected thereto
      arrive at the surface, the self-propelling apparatus 18 is siezed by the
      spring biased jaws 62 and is retained thereby for subsequent retrieval
      from the surface 22. It will be noted that due to the nature of the jaws
      62, it is possible to simply pull the self-propelling apparatus 18 and the
      logging tool 16 upwardly through the latching apparatus 20.
PAR  It will be appreciated that various other types of latching apparatus may
      be utilized in conjunction with the present invention. However, the
      latching apparatus 20 illustrated in FIGS. 3 and 4 incorporated certain
      advantages. For example, the frame 60 of the latching apparatus 20 is
      dimensioned to fit in the clearance which is normally provided in the tool
      joint of the drill string. This is advantageous in that no additional
      structure is required in order to properly position the latching apparatus
      20.
PAR  It will thus be understood that the present invention comprises a
      self-propelling apparatus for well logging tools which incorporates
      numerous advantages over the prior art. One of the more important
      advantages deriving from the use of the invention involves the fact that
      by means thereof, a well logging tool may be automatically lowered to the
      bottom of a well at whatever rate is necessary in accordance with
      particular logging operations. Another advantage involves the fact that
      the device functions automatically to return the well logging tool to the
      surface and yet discharges a minimum of gas into the well fluid. This is
      advantageous because it results in minimum disturbance of the density of
      the well fluid. Still another advantage to the use of the invention
      involves the fact that by means of the check valves, the pressure
      differential between the interior of the housing and the exterior thereof
      is maintained at a minimum level. This is advantageous because it
      eliminates the necessity of fabricating the housing from high strength
      components. This fact together with the fact that the self-propelling
      apparatus of the present invention is adapted for repeated usage provides
      an extremely economical system for lowering a well logging tool into a
      well and for subsequently returning the logging tool to the surface.
PAR  Although particular embodiments of the invention have been illustrated in
      the accompanying Drawings and described in the foregoing Detailed
      Description, it will be understood that the invention is not limited to
      the embodiments disclosed, but is capable of numerous rearrangements,
      modifications, and substitutions of parts and elements without departing
      from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-propelling apparatus for well logging tools for use within a well
      bore having a well fluid therein comprising:
PA1  a housing defining a cylinder therein and including means for attachment to
      an end of an elongated well logging tool;
PA1  vent means communicating between the cylinder in the housing and the
      exterior thereof wherein said vent means are outwardly directed;
PA1  a piston initially received in one end of the cylinder;
PA1  said cylinder for initially receiving a quantity of liquid to establish an
      overall negative buoyancy in the well fluid for the self-propelling
      apparatus and the well logging tool connected thereto; and
PA1  means responsive to a predetermined signal for driving the piston from its
      initial position to the opposite end of the cylinder to expel the liquid
      from the cylinder through said vent means and thereby establish an overall
      positive buoyancy for the self-propelling apparatus and the well logging
      tool connected thereto.
NUM  2.
PAR  2. The self-propelling apparatus according to claim 1 wherein the outwardly
      directed vent means extend to downwardly directed outlet means whereby the
      action of the piston in expelling the liquid from the cylinder cooperates
      with the positive buoyancy resulting therefrom to propel the
      self-propelling apparatus upwards and the well logging tool connected
      thereto.
NUM  3.
PAR  3. The self-propelling apparatus according to claim 1 wherein the means for
      driving the piston from its initial position to the opposite end of the
      cylinder comprises an explosive composition contained within the housing
      and means responsive to the predetermined signal for igniting the
      explosive composition.
NUM  4.
PAR  4. The self-propelling apparatus according to claim 3 further including
      vent means for exhausting expanding products of combustion from the
      housing, said vent means extending to downwardly directed outlet means
      whereby the products of combustion cooperate with the positive buoyancy to
      propel the self-propelling apparatus upward and the well logging tool
      connected thereto.
NUM  5.
PAR  5. The self-propelling apparatus according to claim 3 wherein said means
      for igniting the explosive composition is further characterized by means
      for receiving a signal from the well logging tool connected to the
      housing.
NUM  6.
PAR  6. The self-propelling apparatus according to claim 1 and further including
      check valve means for maintaining a predetermined pressure differential
      between the interior of the housing and the exterior thereof when the
      liquid is initially expelled from the cylinder, thereby reducing the
      pressure within the interior of the housing while the self-propelling
      apparatus is ascending within the well to regions of lower well pressure.
NUM  7.
PAR  7. The self-propelling apparatus according to claim 5 wherein said check
      valve means has a spring of predetermined stiffness to open said check
      valve means to maintain a predetermined pressure differential between the
      interior of the housing and the exterior thereof.
NUM  8.
PAR  8. A self-propelling apparatus for well logging tools comprising:
PA1  a housing including means for attachment to a well logging tool;
PA1  the interior of the housing defining an elongate cylinder for initially
      receiving a quantity of liquid and thereby establishing an overall
      negative buoyancy for the self-propelling apparatus and the well logging
      tool attached thereto;
PA1  a piston initially positioned at one end of the cylinder;
PA1  vent means communicating between the opposite end of the cylinder and the
      exterior of the housing wherein said vent means are outwardly directed;
PA1  an explosive composition mounted within the housing;
PA1  means responsive to a predetermined signal for igniting the explosive
      composition and thereby driving the piston from its initial position to
      the opposite end of the housing to expel the liquid from the cylinder
      through said vent means and thus establish an overall positive buoyancy
      for the self-propelling apparatus and the well logging tool connected
      thereto; and
PA1  said means for igniting the explosive composition is further characterized
      by means for receiving a signal from the well logging tool connected to
      the housing.
NUM  9.
PAR  9. The self-propelling apparatus according to claim 8 wherein the outwardly
      directed vent means from the cylinder extend to downwardly directed outlet
      means so that the liquid from the cylinder operates in cooperation with
      the positive buoyancy to propel the self-propelling apparatus and the well
      logging tool attached thereto upwards as the liquid is expelled from the
      cylinder.
NUM  10.
PAR  10. The self-propelling apparatus according to claim 9 further including
      vent means for exhausting products of combustion from the interior of the
      housing, said vent means extending to downwardly directed outlet means
      whereby the products of combustion cooperate with the positive buoyancy to
      propel the self-propelling apparatus and the well logging tool connected
      thereto as they are exhausted from the housing.
NUM  11.
PAR  11. The self-propelling apparatus according to claim 10 wherein the vent
      means for products of combustion include check valve means for maintaining
      a predetermined pressure differential between the interior of the housing
      and the exterior thereof upon the expulsion of liquid from the cylinder.
NUM  12.
PAR  12. The self-propelling apparatus according to claim 8 wherein the piston
      means includes sealing means and wherein the explosive composition is
      positioned on the opposite side of the piston from the cylinder so that
      the sealing means of the piston also functions to seal the explosive
      composition.
NUM  13.
PAR  13. A self-propelling apparatus for well logging tools comprising:
PA1  an elongate, cylindrical housing having means at one end thereof for
      attachment to a well logging tool;
PA1  said housing defining in the interior thereof an elongate cylinder for
      initially receiving a quantity of liquid to provide an initial overall
      negative buoyancy for the self-propelling apparatus and the well logging
      tool;
PA1  piston means initially positioned at one end of the cylinder in the
      housing;
PA1  said piston means including sealing means engaging the walls of the
      cylinder to effect a seal therewith;
PA1  vent means communicating with the opposite end of the cylinder and
      extending outwardly to the exterior of the housing;
PA1  said housing further including a chamber communicating with the cylinder
      and extending from said one end thereof;
PA1  a quantity of material mounted in the chamber of the housing and adapted
      for ignition to provide a substantial quantity of highly pressurized
      products of combustion;
PA1  means for igniting said material in response to a predetermined signal and
      thereby driving the piston from said one end of the cylinder to the
      opposite end thereof to expel the liquid from the cylinder through said
      vent means and thereby provide an overall positive buoyancy for the
      self-propelling apparatus and the well logging tool; and
PA1  electrical ignition means for initiating combustion of the material in the
      chamber of the housing;
PA1  actuation means for activating the electrical ignition means;
PA1  switch means for normally preventing operation of the electrical ignition
      means under the action of the actuation means; and
PA1  input means for causing the switch means to electrically interconnect the
      actuation means and the ignition means and thereby effect ignition of the
      material.
NUM  14.
PAR  14. The self-propelling apparatus according to claim 13 further
      characterized by relief valve means for maintaining a predetermined
      pressure differential between the interior of the housing and the exterior
      thereof upon the expulsion of the liquid from the cylinder by the highly
      pressurized products of combustion.
NUM  15.
PAR  15. The self-propelling apparatus according to claim 13 wherein the relief
      valve means extend to vent means for exhausting the products of combustion
      from the interior of the housing, said products of combustion vent means
      extending to downwardly directed outlet means whereby the exhausting
      products of combustion cooperate with the positive buoyancy to propel the
      self-propelling apparatus and the well logging tool attached thereto.
NUM  16.
PAR  16. The self-propelling apparatus according to claim 13 wherein the vent
      means communicating with the cylinder extend to downwardly directed outlet
      means whereby the flow of the liquid out of the cylinder under the action
      of the piston means assists the positive buoyancy created thereby in
      propelling the self-propelling apparatus and the well logging tool
      connected thereto.
NUM  17.
PAR  17. In combination:
PA1  a well comprising a tubular string having a well fluid therein;
PA1  a well logging tool for movement through the well fluid in the well to
      carry out a well logging operation;
PA1  said well logging tool having a housing;
PA1  a self-propelling apparatus for controlling the movement of the well
      logging tool through the well fluid in the well;
PA1  said self-propelling apparatus having a housing including means for
      connection to the housing of the well logging tool;
PA1  the housing of the self-propelling apparatus defining a cylinder for
      initially receiving a quantity of liquid and thereby causing the
      self-propelling apparatus/well logging tool assembly to have a negative
      buoyancy relative to the well fluid in the well;
PA1  means in the self-propelling apparatus responsive to a predetermined signal
      for expelling the liquid from the cylinder of the self-propelling
      apparatus and thereby causing the self-propelling apparatus/well logging
      tool assembly to have a positive buoyancy relative to the well fluid in
      the well; and
PA1  latching apparatus mounted at the top of the tubular string of the well for
      receiving and retaining the buoyant self-propelling apparatus/well logging
      tool assembly, wherein said latching apparatus comprises a plurality of
      spring loaded jaws positioned at spaced points around the periphery of the
      tubular string of the well.
NUM  18.
PAR  18. The combination according to claim 17 wherein the liquid expelling
      apparatus comprises a piston mounted for reciprocation in the cylinder of
      the housing of the self-propelling apparatus and initially positioned at
      one end thereof, vent means communicating between the opposite end of the
      cylinder and the exterior of the housing of the self-propelling apparatus,
      and means responsive to the predetermined signal for driving the piston
      from its initial position to the opposite end of the cylinder and thereby
      expelling the liquid from the cylinder through the vent means.
NUM  19.
PAR  19. The combination according to claim 17 wherein the piston driving means
      comprises a quantity of material initially received in the housing for
      combustion to form a substantial quantity of high pressure products of
      combustion which drive the piston from its initial position to the
      opposite end of the cylinder, and means responsive to the predetermined
      signal for igniting the material.
NUM  20.
PAR  20. The combination according to claim 19 wherein both the liquid and the
      products of combustion are discharged from the housing of the
      self-propelling apparatus in such a direction as to assist the positive
      buoyancy in propelling the self-propelling apparatus/well logging tool
      assembly, and further including check valve means for maintaining a
      predetermined pressure differential between the interior and the exterior
      of the housing of the self-propelling apparatus.
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ABST
PAL  A selective down-hole tool landing shoulder employing a housing with
      sliding internal sleeve member positionable between first and second
      detented positions within the housing. Resilient collet members, depending
      from the sleeve, carry radially inwardly extending bosses which define a
      full-bore opening with the sleeve in one position, and which are forced
      radially inwardly by camming action to define a restrictive bore as the
      sleeve is positioned to the second position.
BSUM
PAR  This invention relates in general to well tools, and in particular to a
      retractable landing shoulder for downhole devices.
PAR  While landing shoulder devices of fixed bore restriction are widely
      employed in tubing strings, these devices are not truly selective in
      nature. Selectivity, to a degree, may be realized by employing a number of
      landing nipples in predetermined sequential locations, with successive
      ones of the devices, as sequentially installed in a tubing string, having
      respective diminished stop bores for providing landing shoulders for
      respective different tools at predetermined locations in the string.
PAR  Quite often, in oil or gas wells, it becomes desirable to have at some
      point in the tubing string, a restriction so that various downhole flow
      controls can be run into the well and located by engagement of a shoulder
      with the restriction in the tubing string. Landing shoulders provide this
      restriction.
PAR  On the other hand, it is usually desirable, also, to have a tubing string
      with a full opening internal diameter that is without restriction, since a
      restriction may preclude the passage of certain larger tools downhole of
      the restricted location.
PAR  It is, therefore, a principle object of this invention to provide a truly
      selective landing shoulder device which may provide both of the above
      features, and to be selectively changeable to provide either a
      predetermined landing restriction or a full bore opening, as desired.
PAR  A further object is to provide such a selectively functional landing
      shoulder device which may be controlled by means of presently designed
      downhole positioning tools to alternatively provide one or the other of
      the full bore and restricted bore features above-described.
PAR  A still further object is to provide such a landing shoulder device which
      may be integrally combined with other downhole tools to provide a
      selectively obtainable bore restriction feature.
PAR  Features of this invention useful in accomplishing the above objects
      include, in a landing shoulder device, a housing containing a sliding
      internal sleeve member which, by means of an internal shoulder
      configuration, may be engaged by a positioning tool, and longitudinally
      positioned between first and second detented positions within the housing.
      The sleeve member carries depending resilient collet members, the end
      extremes of which carry radially inwardly-extending bosses. The inside of
      the housing is formed with successive inclined diameter transitions which
      provide a camming action on the collet-carried bosses to force them
      radially inwardly as the sleeve member is positioned from the full bore
      defining position to the restricted bore position. In the restricted bore
      position, the radially inward extremes of the bosses define a bore of
      smaller diameter than the full bore diameter.
DRWD
PAR  Specific embodiments representing what are presently regarded as the best
      mode of carrying out the invention are illustrated in the accompanying
      drawings.
PAR  In the drawings:
PAR  FIG. 1 represents a side elevation cut away and sectioned view of a first
      embodiment of the invention with the sleeve member positioned to effect
      the full bore feature;
PAR  FIG. 2, a side elevation cut away and sectioned view of the embodiment of
      FIG. 1, with the sleeve member positioned to effect the restricted bore
      feature;
PAR  FIG. 3, a side elevation cut away and sectioned view of a second embodiment
      of the invention with the sleeve member positioned to effect the full bore
      feature; and
PAR  FIG. 4, a side elevation cut away and sectioned view of the embodiment of
      FIG. 3 with the sleeve member positioned to effect the restricted bore
      feature.
DETD
PAR  Referring to the drawings:
PAR  The landing shoulder device 10 of FIG. 1 is shown in a landing nipple
      configuration where the device is provided with respective threaded ends
      for connection in a tubing run. As such, the device 10 comprises a nipple
      housing 11 which is threadedly connected in the tubing T. A sleeve member
      12 is carried concentrically within the housing 11 for longitudinal
      sliding movement between upper and lower positions. Sleeve member 12 is
      depicted in the upper position in FIG. 1, with the upper end of sleeve 12
      abutting the lower end 13 of tubing joint 14.
PAR  Sleeve member 12 comprises first and second space separated annualr members
      15 and 16 between which a plurality of resilient web members 17 extend.
      Each of the resilient web members 17 carries a radially outwardly
      extending boss 18. The bosses 18 are circumferentially disposed about the
      longitudinal axis of sleeve member 12, and, in the sleeve upper-position
      depicted in FIG. 1, are engaged in an annular recess 19 formed in the
      inner surface of housing 11, forming a detent tending to hold the sleeve
      member 12 in this upper position.
PAR  The sleeve annular members 15 and 16, between which detent bosses 18
      resiliently depend, are formed with respective internal shoulders 20 and
      21. A shifting tool, such as commercially available OTIS Shifting Tool
      420072, may be uses to engage the upwardly facing shoulder 21 on annular
      member 16 to move the sleeve to its lower position. The same tool, mounted
      in reverse, may be used to engage the downwardly facing shoulder 20 on
      annular member 15 to move the sleeve from its lower position to the upper
      position depicted in FIG. 1.
PAR  A plurality of resilient collet finger members 22 depend longitudinally
      from sleeve annular member 16 with each finger carrying a boss 23 on the
      free end thereof. Bosses 23 comprises a radially inwardly extending
      portion 24 which communicates with a radially outwardly extending portion
      25 via an inclined cam surface 26. The housing member 11 is formed with a
      lower end bore 27 corresponding to that of a tubing run in which the
      device is to be connected. Lower end bore 27 communicates via an internal
      annular stop shoulder 28 with an intermediate bore housing section 29, and
      intermediate bore section 29 communicates with a larger bore section 30
      via housing internal bevel 31.
PAR  With the sleeve in the upper position depicted in FIG. 1, the radially
      outwardly extending portions 25 of the collet finger carried bosses 23
      ride on the housing larger base section 30, such that the radially
      inwardly extending portions 24 of the bosses 23 defined a full-bore
      dimension equal that of the lower end bore 27 of housing 11. The inside
      diameter of sleeve annular members 15 and 16 likewise provide a full-bore
      opening, and the sleeve member does not restrict the tubing bore, since no
      part of it projects thereinto.
PAR  When the sleeve member 12 is positioned to the lower sleeve position
      depicted in FIG. 2, the radially outwardly extending bosses 18 on web
      members 17 cam out of their detented engagement in housing recess 19
      against the restraint imposed by the resilient web members 17 and into
      engagement with the upper end larger diameter bore portion 30 of housing
      11, with the cam surface 26 of collet bosses 23 co-acting with the housing
      internal bevel 31 to cause the fingers 22 to flex radially inwardly until
      the lower ends of bosses 23 contact the housing internal stop shoulder 28.
      The outer surfaces 25 of bosses 23 now ride on the housing intermediate
      bore section 29, with the radially inwardly extending extremes 24 of
      bosses 23 projecting into the tubing bore 27 to restrict the same and
      provide an internal annular upwardly facing shoulder 32 upon which tools
      or the like may be landed and supported.
PAR  When the sleeve member 12 is moved from the lower position depicted in FIG.
      2 to the upper position depicted in FIG. 1, the collet fingers 22
      inherently spring radially outwardly to cause the boss outer surfaces 25
      to ride on housing larger bore section 30 such that the boss inner
      surfaces 24 no longer project into the tubing bore, with the sleeve bosses
      18 flexing outwardly and into detented engagement with housing annular
      recess 19. Thus, the device is again full opening, i.e., it does not
      restrict the bore of the tubing run with which it is associated, and will
      allow full size tools to pass.
PAR  A further embodiment of the tool rest device 10' is depicted in FIGS. 3 and
      4. As in the above described embodiment, a two-position sleeve member 12'
      is carried within a housing 11' . The sleeve member 12' carries
      longitudinally extending spring collet fingers 22, each carrying a boss 23
      on the free end thereof. The bosses 23 of FIGS. 3 and 4 are like those of
      FIGS. 1 and 2 the lower portion of the housing again terminates in a bore
      27 equal that of the tubing run with which the device is associated.
      Housing bore 27 again communicates via an internal annular stop shoulder
      28 with a housing intermediate bore section 29, and intermediate bore
      section 29 communicates with a still larger housing bore section 30 via
      housing internal bevel 31. The camming action between collet bosses 23 and
      the housing internal bevel 31 again causes the boss inner extremes 24 to
      move radially inwardly as the sleeve is positioned from the upper sleeve
      position depicted in FIG. 3 to the lower sleeve position of FIG. 4, and
      thus to selectively restrict the tubing bore.
PAR  The embodiment of FIGS. 3 and 4 differs structurally from that of the
      embodiment of FIGS. 1 and 2 in th housing and sleeve configurations and
      the manner in which the sleeve is provided with detented upper and lower
      positions within the housing. Referring to FIG. 3, housing 11' is
      comprised of an upper housing section 11a and a lower section 11b . Each
      of the housing sections 11a and 11b is terminated in exampled external
      threads to facilitate interconnection in a tubing run. Housing section 11a
      is threadedly received in housing lower section 11b , with section 11a
      longitudinally extending concentrically within the lower section 11b . An
      annular recess 33 in section 11a provides a seat for 0-ring 34 and thus
      establishes a sealed interconnection between housing sections 11a and 11b
      . The upper end bore of upper housing section 11a communicates via
      shoulder 35 to a larger bore section 36, corresponding to the larger bore
      section 30 of the lower housing section 11b. The larger bore section 30 of
      lower housing section 11b communicates via stop shoulder 37 with a still
      larger bore section 38 which corresponds to the outside diameter of the
      inserted extension of upper housing section 11a . The end 39 of the upper
      housing section is longitudinally spaced with respect to the lower section
      stop shoulder 37 to form the retaining recess 40 for a snap ring 40' ,
      with the latter, as will be further discussed, co-acting with the sleeve
      12' to effect detented longitudinal positions of sleeve 12' within the
      housing assembly 11'.
PAR  The upper part 41 of the sleeve 12' of FIG. 3 is formed as a hollow
      cylindrical member. An internal recess 42 in member 41 provides respective
      upward and downward facing stop shoulders 21' and 20' for engagement with
      the afore-described positioning tool for purposes of placing the sleeve
      12' in a selected one of its upper and lower positions within housing 11'.
      Longitudinally displaced annular recesses 43 and 44 in cylinder member 41
      co-act with snap ring 40' provide detented upper and lower positions of
      the sleeve within the housing. In the upper sleeve position of FIG. 3, the
      upper end of sleeve 12' rides on housing stop shoulder 35 with snap ring
      40 engaging the annular recess 43 in the sleeve to provide position
      detent. In the lower sleeve position of FIG. 4, the snap ring 40' engages
      the annular recess 44 in the sleeve to provide a lower position detent for
      sleeve 12', with the collet finger bosses 23 projecting into and thus
      restricting the tubing bore 27.
PAR  It should be realized that those familiar with down-hole, wireline-operable
      well tools might visualize variations of the device. For example, the same
      devices herein described might be equipped with other inner configurations
      for engaging other types of shifting tools. Similar configurations might
      be used to provide a landing nipple downhole that could be actuatable by a
      shifting tool, as referenced herein, or by a selected running tool. The
      device might be mounted on the inner sleeve of a sliding side door tool,
      such that, in either the opened or closed position of the sliding side
      door, a landing shoulder would be provided, or, alternatively, a landing
      shoulder be, or not be, provided in either position, as required.
PAR  Thus, whereas this invention is herein illustrated and described with
      respect to particular embodiments thereof, it should be realized that
      various changes may be made without departing from essential contributions
      to the art made by the teachings hereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A selectively functionable downhole tool rest device comprising an
      annular housing means having a longitudinal bore therethrough for passage
      of fluids and tools, and inner sleeve member slideably received in said
      housing means; co-active detent means carried by said sleeve member and
      housing means and defining first and second resiliently detented
      longitudinal positions of said sleeve member within said housing means; a
      plurality of circumferentially disposed resilient collet finger members
      depending from an upper section of said sleeve member and extending
      longitudinally therefrom; a plurality of radially inward extending bosses
      carried individually on the respective free-end extremes of said collet
      members; said sleeve member having inside diameter defining extremes
      defining a bore equal that of the longitudinal end-extreme bore of said
      housing means with the radially inward extremes of said collet-carried
      bosses defining said housing means longitudinal extreme end bore with said
      sleeve member in a first detented longitudinal position; said housing
      means being formed with a bore transition with which camming surface means
      on the longitudinal end-extremes of said bosses engage to urge said bosses
      radially inwardly upon said sleeve member being positioned to said second
      detented longitudinal position at which the radially inward extremes of
      said bosses define a bore less than that of said housing longitudinal
      end-extreme bore.
NUM  2.
PAR  2. The tool rest device of claim 1, wherein the inner wall of said housing
      means is formed with a first annular inclined-surface transition between a
      sleeve member outer diameter defined portion to a portion having a lessor
      bore intermediate than that of said sleeve member outer diameter and that
      of said housing means; said inner wall of said housing means being formed
      with a second annular inclinded-surface transition between said
      intermediate bore and that of said housing means; said collet-carried
      bosses being formed with an inclined end-extreme surface for camming
      engagement with said first housing bore transition upon said sleeve being
      shifted from said first detented longitudinal position to said second
      detented longitudinal position whereupon the radial outward extremes of
      said bosses ride on said intermediate bore portion of said housing.
NUM  3.
PAR  3. The tool rest device of claim 2, wherein said sleeve member upper
      portion is formed with a pair of longitudinally displaced radially
      inwardly extending internal stop shoulders respective ones of which
      comprise a downhole facing shoulder and an uphole facing shoulder for
      respective co-acting positioning engagement with a downhole positioning
      tool for selective longitudinal positioning of said sleeve member to said
      first and second detented positions within said housing means.
NUM  4.
PAR  4. The tool rest device of claim 3, wherein said housing means is formed
      with an annular internal stop shoulder against which the upper extreme of
      said sleeve member abutts with said sleeve member in said first detented
      longitudinal position within said housing means.
NUM  5.
PAR  5. The tool rest device of claim 4, wherein the upper portion of said
      housing means is formed with a bore intermediate that of said housing
      longitudinal extreme bore and the larger bore section of said housing
      means defined by the outer diameter of said sleeve member, with a radially
      outwardly extending annular recess formed therein; said annular recess
      having respective oppositely inclined surface side walls; and said sleeve
      member carrying radially outwardly extending spring loaded bosses
      conformingly engageable with said housing annular recess with said sleeve
      member in said first longitudinal position thereof, and outer extremes of
      said bosses engaging said housing means larger bore portion with said
      sleeve member in said second longitudinal position thereof.
NUM  6.
PAR  6. The tool rest device of claim 5, wherein said sleeve member upper
      section is formed of first and second space-separated annular members
      between which a plurality of longitudinally extending resilient web
      members depend; each of said web members carrying thereon one of said
      spring-loaded bosses; and with said resilient collet members depending
      from the lower one of said first and second annular members.
NUM  7.
PAR  7. The tool device of claim 4, wherein said housing means larger bore
      portion is formed with a radially-outward, circumferentially extending
      recess therein; said sleeve member upper section comprising a hollow
      cylindrical member, the outer surface of which is formed with first and
      second longitudinally displaced annular recesses having inclined-surface
      side walls; and a resilient snap-ring confinably carried in said housing
      recess to effect a longitudinal position detent for daid sleeve member by
      being resiliently seated in respective ones of said cylinder member
      recesses, with said sleeve in said first and second longitudinal positions
      within said housing means.
NUM  8.
PAR  8. The tool rest device of claim 7, wherein said snap-ring is formed with
      beveled inner edges to conform with the cross-section of said cylinder
      member annular recesses and effects, by camming action, expanding
      deformation of said snap-ring upon said sleeve member being moved between
      said first and second longitudinal positions thereof.
NUM  9.
PAR  9. The tool rest device of claim 7, wherein said housing means is formed of
      an upper section and a lower section each with means on the extremes
      thereof for interconnection with a tubing string; means for threadedly
      interconnecting said housing upper and lower sections with one section
      extending longitudinally beyond the threaded interconnection and
      concentrically within the bore of the other section with the inserted end
      extreme thereof defining one wall of the recess into which said snap-ring
      is confinably received.
NUM  10.
PAR  10. The tool rest device of claim 9, further comprising 0-ring sealing
      means confined between the outer wall of the inner concentric one of said
      housing sections and the inner wall of the outer concentric one of said
      housing sections.
NUM  11.
PAR  11. In a tubular housing threadedly connectable to a pipe string, internal
      shoulder means on resilient collet arm extensions from a sleeve member
      movable radially inwardly and outwardly between inward restrictive bore
      opening and outward full-bore opening positions; and collet arm extension
      shoulder positioning cam means in said tubular housing for camming said
      collet arm extensions between the radially outward and inward positions,
      using primarily straight longitudinal movement of the sleeve member, with
      the resilient collet arm extensions, through a camming range of movement.
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ABST
PAL  Artificial lift apparatus for use in a well having an outer pipe string for
      flow of a first fluid and an inner pipe string for flow of a second fluid.
      The apparatus may comprise a tubular receiver for connection in the inner
      pipe string and having ports for providing communication between the inner
      and outer pipe string. The receiver may include an inner tubular member
      and a concentrically surrounding outer tubular member defining an annular
      passageway therebetween through which at least a portion of the first
      fluid flow may pass. The apparatus may also include a well tool adapted
      for movement through the inner pipe string for engagement with the
      receiver inner tubular member and being provided with at least one valve
      for controlling fluid flow between the inner and outer pipe strings
      through the ports.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to well apparatus. In particular,
      it pertains to apparatus for artificially lifting fluids through a well
      conduit. Still more specifically, the invention concerns a receiver for
      connection in a well conduit and a corresponding tool for installation in
      the receiver to control injection of gas into a column of liquid.
PAR  2. Brief Description of the Prior Art
PAR  Petroleum wells normally employ a tubing string extending from the surface
      of the well into a producing formation. The tubing string is usually
      concentrically surrounded by a larger diameter casing string. In many
      wells, the producing formation is under sufficient pressure to force the
      petroleum liquids up the tubing string. However, the producing formation
      of many other wells may lack the natural pressure necessary for natural
      flow of liquids to the surface. In such cases, an artificial form of lift
      must be employed. One popular method of artificial lift is "gas lifting".
      In gas lifting, a relatively high pressure gas is injected into the liquid
      to be produced, in order to aerate or lighten the fluid column to produce
      a mixture of lower specific gravity and induce flow of the mixture to the
      surface. Some gas lift systems are continuous while others are
      intermittent.
PAR  In contrast to petroleum producing formations, water-bearing formations are
      almost always without sufficient pressure for a natural flow production.
      Therefore, some form of artificial lift must be provided. Most water wells
      of the past have usually been provided with a mechanical pump of some type
      to lift the water to the surface. However, gas lift systems may also be
      utilized in providing artificial lift for water wells.
PAR  In gas lift systems, wheter used on petroleum or water wells, a tubing
      string is usually concentrically surrounded by a larger diameter casing
      string. Gas lift valves may be attached at one or more levels along the
      tubing string for controlling injection of gas into the fluid column to be
      lifted. In many wells, the gas is injected through the casing string into
      the tubing string through which the fluid being produced flows. However,
      the opposite is true in many cases, i.e. gas is injected through the
      tubing string into the surrounding fluid column within the casing string.
      Such a method may be resorted to when it is desirable to move very large
      volumes of fluids.
PAR  In the past, whether fluid production is through the tubing or casing
      string, gas lift valves have been attached to the tubing string as it is
      run into the well. Such installations require pulling the tubing string in
      order to replace or repair a malfunctioning valve. More recently,
      receivers have been provided for connection in the tubing string so as to
      allow installation or removal of the gas lift valves through the tubing
      string without having to pull the tubing string itself. In such cases, the
      gas lift valves may be run on a wire line or pumpdown tool to a
      corresponding receiver where it is latched into place. The valve is
      sealingly placed into communication with some kind of port through which
      gas is injected into the desired column, whether it is the tubing string
      or casing string.
PAR  The tubing string is limited in flow area and with the installation of gas
      valves therein is even further limited. This creates somewhat of a problem
      where relatively high volumes of flow are desired. This is particularly
      true in cases where gas is injected from the tubing string into the casing
      string for high volume fluid production. Such is the case in water wells
      which are produced for high volume water flood operations. Such high
      volume requirements are more frequent in today's global search for
      petroleum.
PAR  Another problem encountered in high rates of injection and flow is erosion.
      With normal gas lift operations the ports through which the gas is
      injected normally open directly toward the wall of the surrounding pipe
      string. With the extreme flows required in high volume production, the gas
      may erode and eventually cut through the casing wall, necessitating a
      complex and extremely costly remedial operation. In fact, it may even
      result in abandonment of such a well. Another problem encountered in
      extreme flows is thermal expansion due to the increased temperatures
      resulting from such high flows. Conventional gas lift installations of the
      past do not suitably provide for such thermal expansion.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention pertains to apparatus, including a receiver and
      corresponding well tool, for use in a high volume well. The apparatus is
      particularly suitable for gas injection through a tubing string into a
      surrounding casing string through which fluids are to be produced at high
      volumes, e.g. large capacity water wells for water flooding. The receiver
      may comprise an inner tubular member having means for connecting it in the
      tubing string and an outer tubular member creating an annular passageway
      therebetween, each end of the passageway being in fluid communication with
      the inner tubular member and tubing string. The inner tubular member may
      also be provided with latch recesses in which the well tool may be
      latched.
PAR  The well tool is adapted for movement through the tubing string into
      engagement with the latch recesses of the inner tubular member of the
      receiver. The well tool carries at least one valve for controlling fluid
      communication between the tubing string and surrounding casing string
      through ports provided in the receiver. The well tool may also be provided
      with a cylindrical passageway through which a portion of the gas flow may
      pass through the receiver. Thus, some gas is injected through the valve or
      valves into the surrounding casing string while the remainder passes
      through the annular receiver passageway and the well tool passageway to
      lower gas lift valve installations. This permits a relatively large volume
      of gas to be carried through the tubing string.
PAR  Another feature of the well tool is the eccentric arrangement of its valves
      and cylindrical passageway so that other well tools, such as pressure
      "bombs" or indicators, may be passed therethrough.
PAR  Another feature of the receiver is an expansion joint, within the inner
      tubular member, to compensate for thermal expansion.
PAR  Still another feature of the receiver is the arrangement of its injection
      ports so as to direct the injected gas in a path generally parallel with
      the axis of the pipe strings to reduce the harmful effects of erosion.
PAR  Many other objects and advantages of the invention will become apparent
      from a reading of the specification which follows in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a well, embodying apparatus
      according to the present invention, in which gas is being injected through
      the tubing string for lifting fluids through the casing string;
PAR  FIG. 2 is a vertical elevation view, in quarter section of a receiver
      assembly according to a preferred embodiment of the invention;
PAR  FIG. 3, taken along line 3--3 of FIG. 2, is a horizontal cross-section of
      the receiver assembly;
PAR  FIG. 4 is a partially sectioned elevation view of a well tool, according to
      a preferred embodiment of the invention, for installation in a receiver
      such as the one shown in FIG. 2;
PAR  FIG. 5, taken along line 5--5 of FIG. 4, is a horizontal cross-section of
      the well tool of FIG. 4; and
PAR  FIG. 6 is an elevation view, partially in section, showing the well tool of
      FIGS. 4 and 5 installed in the receiver of FIGS. 2 and 3, according to a
      preferred embodiment of the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, there is schematically represented a well W
      through which a subterranean waterbearing formation F is produced. The
      well may comprise a tubing string T and a surrounding casing string C. The
      casing string C is perforated near the water-bearing formation F to allow
      flow of water into the casing string C.
PAR  At preselected levels along the tubing string T, receivers R are provided.
      Held in place by receivers R are corresponding well tools V which include
      gas lift valves. High pressure gas is introduced at the surface of the
      well, through tubing T, and injected through well tools V and receivers R
      into the fluid column in the casing string C. The gas is mixed with the
      water, aerating the fluid column, causing the gas and water mixture to
      flow upwardly in the well for production at the surface thereof.
PAR  Referring now to FIGS. 2 and 3, a receiver R, such as those represented in
      FIG. 1, will be more fully described. The receiver basically comprises a
      first or inner tubular member 1 and a surrounding second or outer tubular
      member 2. The inner tubular member may comprise an upper pin member 3
      having threads 4 thereon for connecting the receiver to the tubing string.
      A lower pin member 5 with threads 6 may also be provided for connecting to
      the subadjacent tubing string joint.
PAR  The inner tubular member 1 may actually include an upper portion 7 and a
      lower portion 8 connected by an expansion joint 9. The exterior of the
      lower end of upper portion 7 and the interior of the upper end of lower
      portion 8 may be relieved to provide an interconnecting telescopic sliding
      fit. Upon assembly, slight gaps, e.g. 1/8 inch, should be left at 10 and
      11. One of the upper and lower portions 7 and 8 may be provided with
      recesses for receiving one or more metallic seal rings 12. These seal
      rings 12 provide a measure of sealing but also allow "breathing" of the
      joint. The purpose of the joint 9 is to accommodate thermal expansion
      which occurs under extreme flow conditions. If such a joint is not
      provided, thermal expansion may cause buckling of weaker sections, such as
      the lower portion 8, preventing proper landing of tools within the
      receiver.
PAR  The lower portion 8 may be provided with latch recesses 13 and 14 which
      correspond with the latch profile of a tool to be received in the
      receiver, as will be more fully understood hereafter.
PAR  The exterior of inner tubular member 1 and the interior of outer tubular
      member 2 define an annular flow passage or by-pass 15 through which a
      major portion of the tubing gas flow may pass. To this end, upper and
      lower apertures 16 and 17, respectively, may be provided in the walls of
      inner tubular member 1 to provide fluid communication between the annular
      space 15 and the tubing string.
PAR  It will also be noted that intermediate apertures 16 and 17 are a plurality
      of other apertures or ports 18. The purpose of these ports 18 is to
      provide fluid communication between the tubing string and the surrounding
      casing string. To complete such communication, ports 19 on the exterior of
      the receiver R and a connecting conduit or channel 20 is provided. A short
      route for such communication could be provided by making the port 19
      through the walls of the outer tubular member 2 at the same level as port
      18. However, high pressure and high volume flow through such a port would
      create erosion problems in the surrounding casing string. For this reason,
      the elongated longitudinal channel 20 and port 19 are constructed, as
      shown in FIG. 2, having axes generally parallel with the axis of the
      tubing string, so that gas exiting through port 19 will be in the general
      direction of the surrounding casing flow to minimize erosion problems. As
      can be seen both in FIG. 2 and FIG. 3, the elongated conduit or channel 20
      is generally disposed in the annular space 15 and may be conveniently
      formed by welding a channel-shaped member to the inner tubular member 1 as
      shown.
PAR  Referring now to FIGS. 4 and 5, a well tool, such as the ones generally
      indicated at V in FIG. 1, will be described. Such a tool may comprise a
      pair of cylindrical seal assemblies 21 and 22 connected by a tubular
      mandrel 23 having a cylindrical passageway 24 therethrough. A latch
      assembly 25 and a plurality, four in the illustrated embodiment, of gas
      lift valves 26, 27, 28, and 29 may also be provided. The gas lift valves
      illustrated are of the pressure bellows operated type and may include
      check valves 26a, 27a, 28a and 29a, respectively, through which gas enters
      the valve. Gas exits the valves for eventual injection into the fluid
      column within the casing string through ports 26b, 27b, 28b, 29b.
      Basically, the gas valves operate in response to pressures in the fluid
      column to control the flow of gas from the tubing string into the
      surrounding casing string. The operation of such valves is well known and
      will be no further described. In fact, several types of valves may be used
      with the apparatus of the present invention.
PAR  The upper seal assembly 21 may comprise a seal 30 such as one of the
      chevron-type, held between a collar member 31 and connected tubular
      extension 32. Suitable connection threads 33 and seal ring 34 may be
      provided. The upper extension 32 may be provided with an internal recess
      35 for connection with suitable running tools. As will be more fully
      discussed hereafter, the internal running and pulling recess is preferred
      to one of the external or "neck" type.
PAR  The lower seal assembly 22 may also comprise a seal, such as chevron 36,
      sandwiched between collar member 37 and tubular body 38. Connection
      threads 39 and seal ring 40 are also provided. Both seal assemblies 21 and
      22 are of the proper dimension to seal within the bore of the upper
      portion of receiver inner tubular member 1 on opposite sides of ports 18.
PAR  The latch assembly 25 may comprise a tubular body 41 threadedly connected
      at 42 to the lower seal assembly body 38. A plurality of latches 43 are
      carried by the latch body 41 within suitable windows or apertures for
      movement between retracted positions and the extended positions shown in
      FIG. 4. Springs 44 are provided for biasing the latches 43 toward the
      extended position. These type of latches, which are known in the industry,
      may be provided with profiles corresponding with the profile of receiver
      latch grooves 13 and 14 so that the latches 43 selectively engage only the
      particular receiver R for which it is intended, bypassing other receivers
      R as it is lowered through a tubing string.
PAR  It should be noted that the axis of tubular mandrel 23 is eccentrically
      disposed relative to the axis of the tubing string through which it will
      pass. This is to allow the mounting of gas lift valves 26-29 in such a
      fashion as to take up the least possible cross-sectional area. Thus, the
      axis of valves 27-29 are also eccentrically disposed relative to the
      tubing string axis. Upper gas lift valves 26 and 27 are, of course,
      angularly displaced from each other but at the same general elevation.
      Likewise, lower valves 28 and 29 are angularly displaced, relative to each
      other, but at the same general elevation.
PAR  When connected in the tubing string, tubular mandrel passageway 24, via
      collar ports 45 and 46, provide continuing flow communication through the
      tubing string. A portion of the gas flow may enter the gas lift valves,
      via collar ports 47 and 48. As best shown in FIG. 5, the internal
      cross-sectional area of passageway 24 generally lies within a cylinder
      formed by the longitudinal projection of the minor internal
      cross-sectional areas A.sub.m of extension 32 and seal body 38. Thus,
      other well tools, such as pressure "bombs" or the like, may be lowered
      through the well tool V without encountering obstructions to its path.
      This is also why it is important to have an internal type running and
      pulling extension 32 as opposed to the external type which has a much
      smaller flow diameter.
PAC  OPERATION
PAR  Referring now to all the drawings, FIG. 6 in particular, the operation of
      the present invention will be described. As is readily understood, the
      receiver R is initially attached at predetermined locations in the tubing
      string T as the tubing string is run into the well. Then the well tool V
      is attached to a suitable wire line or pumpdown type running tool and
      lowered from the surface of the well through the tubing string T. The well
      tool latches 43 are forced inwardly until they engage the corresponding
      recesses 13 and 14 of the corresponding receiver R. When this point is
      reached, the well tool V is latched properly in place within the inner
      tubular member 1 of receiver R. Seals 21 and 22 properly engage the inner
      receiver tubular member to isolate ports 18. After all valves are in
      place, gas injection may take place. Gas flows downwardly through the
      tubing string and in each receiver, a portion flows through well tool
      passage 24, receiver by-pass 15 and when the gas lift valves are open
      through the gas lift valves for injection into the surrounding casing
      string. When the gas lift valves are open, gas exits through ports 26b,
      27b, 28b, 29b, receiver ports 18 and 19, via conduits 20 into the fluid
      column in the surrounding casing string C. The gas aerates and lightens
      the fluid column creating the lift necessary to produce the mixture at
      high rates of flow. Since a plurality of gas lift valves are provided,
      this rate can be extremely high. Furthermore, due to the well tool passage
      24 and receiver bypass 15, large volumes of gas may continue through the
      apparatus for properly supplying well tools V located at lower elevation
      positions.
PAR  In addition to providing large volumes of gas injected flow not possible
      with prior art gas lift systems, erosion associated with such high flow
      systems is substantially eliminated. Furthermore, the problems associated
      with thermal expansion due to high flows is also eliminated with the
      present invention. These capabilities are made possible by a compact
      assembly which also permits passage of other well tools, is of relatively
      simple construction and easy to manufacture, maintain and operate.
PAR  Although only one preferred embodiment of the invention has been described
      herein, many variations of the invention will be apparent to those skilled
      in the art. It is therefore intended that the scope of the invention be
      limited only by the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for use in a well having an outer pipe string for flow of a
      first fluid and an inner pipe string for flow of a second fluid,
      comprising in combination: receiver means adapted for connection in said
      inner pipe string and having port means providing communication between
      said inner and outer pipe strings; and a well tool adapted for movement
      through said inner pipe string into sealing engagement with said receiver
      means, said well tool having valve means for controlling fluid flow
      between said inner and outer pipe strings through said port means; said
      receiver means including first tubular means adapted for reception of said
      well tool and through which said fluid communication between said inner
      and outer pipe string is established, and second tubular means
      concentrically surrounding said first tubular means and laterally spaced
      therefrom to define an annular passageway therebetween that communicates
      with said first tubular means above and below the sealing engagement of
      said well tool with said receiver means and through which at least a
      portion of said second fluid flow may by-pass said well tool.
NUM  2.
PAR  2. The combination of claim 1 including a cylindrical latch assembly
      carried by said well tool engageable with a corresponding latch recess
      carried by said receiver means to latch said well tool within said
      receiver means.
NUM  3.
PAR  3. The combination of claim 1 in which said first tubular means comprises
      an upper tubular member and a lower tubular member connected to each other
      in a telescopically sliding expansion joint.
NUM  4.
PAR  4. The combination of claim 3 in which one of said upper and lower tubular
      members carries, at said expansion joint, a metallic ring sealingly and
      slidingly engaging the other.
NUM  5.
PAR  5. The combination of claim 1 in which said port means comprises a first
      port in the walls of said first tubular means, a second port through an
      exterior wall of said receiver means and a connecting flow conduit
      therebetween.
NUM  6.
PAR  6. The combination of claim 2 in which the axis of said second port is
      substantially parallel with the axis of said pipe strings.
NUM  7.
PAR  7. The combination of claim 6 in which said flow conduit comprises an
      elongated channel passing through said annular passageway.
NUM  8.
PAR  8. The combination of claim 1 in which said receiver means has upper and
      lower apertures defining the respective upper and lower ends of said
      annular passageway, said sealing engagement being provided by seal means
      on said well tool engageable with said first tubular means between said
      upper and lower apertures to isolate said port means from said by-passing
      fluid flow.
NUM  9.
PAR  9. The combination of claim 8 in which said seal means comprises an upper
      cylindrical seal assembly and a lower cylindrical seal assembly, the
      interiors of which are connected by an intermediate tubular member whose
      axis is eccentrically disposed relative to the axis of said inner pipe
      string, the internal cross-sectional area of said intermediate tubular
      member lying within a cylinder formed by the longitudinal projection of
      the minor internal cross-sectional areas of said cylindrical seal
      assemblies to allow unobstructed passage of tools through said
      intermediate tubular member.
NUM  10.
PAR  10. The combination of claim 9 in which said valve means comprises at least
      two cylindrical valves, the axes of which are eccentrically disposed
      relative to said pipe string.
NUM  11.
PAR  11. The combination of claim 10 in which one of said valves is attached to
      said upper cylindrical seal assembly and communicates with the interior
      thereof, another of said valves being attached to said lower cylindrical
      seal assembly and communicating with the interior thereof.
NUM  12.
PAR  12. The combination of claim 10 in which two of said valves are attached to
      one of said cylindrical seal assemblies in communication with the interior
      thereof.
NUM  13.
PAR  13. Receiver means adapted for receiving well tools at predetermined
      locations in a pipe string extending into a well, said receiver means
      comprising: first tubular means having means at its ends for connecting
      said receiver means in said pipe string in fluid communication therewith;
      latch detent means within said first tubular means for selectively
      stopping and latching a tool therein; port means in said receiver means
      for communicating the bore of said first tubular means with the exterior
      of said receiver means; an upper seal surface on the wall of said bore
      above said port means and a lower seal surface on the wall of said bore
      below said port means and second tubular means surrounding said first
      tubular means and providing an annular passageway therebetween, one end of
      said passageway being in fluid communication with said first tubular means
      above said upper seal surface and the other end of said passageway being
      in fluid communication with said first tubular means below said lower seal
      surface.
NUM  14.
PAR  14. Receiver means as set forth in claim 13 in which said port means
      comprises a first port in the wall of said first tubular means, a second
      port on said exterior of said receiver means and a flow conduit
      therebetween.
NUM  15.
PAR  15. Receiver means as set forth in claim 14 in which the axis of said
      second port is substantially parallel with the axis of said pipe string so
      as to direct fluids exiting therefrom in a direction generally parallel
      with the axis of said pipe string.
NUM  16.
PAR  16. Receiver means as set forth in claim 14 in which said flow conduit
      comprises an elongated channel passing through said annular passageway
      within said second tubular means.
NUM  17.
PAR  17. Receiver means as set forth in claim 13 in which said first tubular
      means comprises a first tubular member joining a second tubular member in
      an expansion joint.
NUM  18.
PAR  18. Receiver means as set forth in claim 17 in which adjacent ends of each
      of said tubular members mutually and telescopically engage each other in a
      close sliding fit.
NUM  19.
PAR  19. Receiver means as set forth in claim 18 in which said mutually and
      telescopically engaged ends are provided with seal means therebetween,
      said seal means comprising at least one metallic seal ring carried by one
      of said ends and sealingly engaging the other.
NUM  20.
PAR  20. In combination with the receiver means of claim 13, a well tool movable
      through said pipe string comprising: a tubular mandrel having a passageway
      therethrough; a latch assembly attached to said mandrel for engagement
      with said latch detent means to stop and latch said well tool therein; an
      upper seal assembly carried by said mandrel and engageable with said upper
      seal surface and a lower seal assembly carried by said mandrel and
      engageable with said lower seal surface; and valve means on said mandrel
      for controlling fluid communication between said mandrel and said port
      means.
NUM  21.
PAR  21. The combination of claim 20 in which said valve means comprises a
      plurality of valves responsive to a predetermined pressure externally of
      said receiver means to open and permit said fluid communication.
NUM  22.
PAR  22. The combination of claim 21 in which the axes of said mandrel and said
      valves are eccentrically offset from the axis of said receiver means.
NUM  23.
PAR  23. The combination of claim 22 in which at least one of said valves is
      longitudinally displaced relative to another of said valves.
NUM  24.
PAR  24. The combination of claim 23 in which there are at least two of said
      valves angularly displaced relative to said receiver axis but at the same
      relative longitudinal position.
NUM  25.
PAR  25. The combination of claim 22 in which at least one of said valves is
      angularly displaced relative to another of said valves but at the same
      longitudinal position relative to said receiver axis.
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ABST
PAL  One of at least two different spring filters comprises a helically grooved
      hollow mandrel with holes in the grooves and a helical spring closely
      fitted therearound. The pitch of the spring convolutions is opposite to
      that of the mandrel grooves so that the mandrel provides lateral support
      to the spring equivalent to that provided by a solid cylindrical bar for
      maintaining uniform diameter and concentricity of the spring convolutions
      while eliminating lateral displacement thereof during high load
      operations. While this filter is secured at its bottom to the well, a
      modification requires securing thereof only at its top to the well with a
      packer. Further, full width spacers are formed on the spring convolutions
      for precise separation thereof and for preventing twisting and lateral
      displacement of the individual convolutions and for prevention of any
      variation of the gauge between the adjacent helical spring convolutions
      particularly while under magnified loads. One type spacer is a jog in the
      convolution and another is formed integral thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are many thousands of oil wells over the surface of the earth and
      particularly in the United States that are drilled and completed in
      unconsolidated sand, i.e. crumbly sandstone. In such wells, sand does not
      necessarily precipitate to the bottom of the well, but instead may remain
      in suspension and is pumped up, if not free flowing, with the oil. As a
      result, most mechanical parts as valves, bearings, pistons, cylinders,
      etc. wear out prematurely under such conditions. Accordingly, the sand
      must be filtered out from the oil, preferably in the well. Petroleum
      companies have spent large sums of money in trying to find a suitable
      solution to the sand problem, but heretofore there has been no
      satisfactory method or long lasting device for preventing the entry of
      sand into the tube string and eventually into the suction pipe of the
      pump, or other works.
PAR  One oil well combination foam and wire coil filter is disclosed in U.S.
      Pat. No. 2,837,032, but that filter is quite sophisticated and expensive
      to manufacture, and is not adjustable to be opened for backwashing a
      cleaning liquid, as water, to clean the clogged filter. Another attempted
      solution was a spring filter as disclosed in U.S. Pat. No. 3,754,651, but
      because no spacers are apparent between the helical filter elements, the
      elements would have to be held in slight tension to separate the helical
      filter elements during filtering. Thus that filter could not be used as an
      oil well filter on which high compressive loads may be placed. Likewise no
      guide tube or mandrel can be utilized to strengthen the compressive
      capabilities for converting the filter to one for use in wells. Also, the
      spring filter of U.S. Pat. No. 3,179,116 is incapable of being
      strengthened to use in wells. Any compressive force on the triangular
      spring elements would cause them to collapse, and further the coined
      depressions for separating the spring elements would cause the spring
      elements to flex with a load thereon causing displacement of the adjacent
      coils and variation of the gauge therebetween.
PAR  Accordingly, a new and better method for manufacturing a self-cleaning
      helical spring filter for mounting on the lower end of a tubing string
      extending down into a well to a oil containing sand strata and at least
      two new and better self-cleaning helical spring filters for use in a well
      are greatly desired and in demand.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, a primary object of this invention is to provide a method for
      forming a helical spring filter for mounting on the lower end of a tubing
      string extending down into a well to a liquid containing sand strata that
      has high production of clean filtered liquids and yet is self-cleaning.
PAR  Another primary object of this invention is to provide at least two high
      strength, self-cleaning helical spring filters that have the equivalent of
      a solid surface cylindrical inner guide for resisting high differential
      pressures, for producing a large amount of oil, and for maintaining
      uniform diameter and concentricity of the spring convolutions.
PAR  Yet another primary object of this invention is to provide at least two
      high strength self-cleaning helical spring filters, each with a
      cylindrical inner mandrel having a perforated helical groove opposite in
      pitch to that of the spring convolutions for providing increased flow and
      increased cleaning action in the filter and for eliminating lateral
      displacement of the spring convolutions.
PAR  A further object of this invention is to provide at least two
      self-cleaning, twistable helical spring filters for varying the friction
      between a fixed mandrel guide therein and the spring convolutions
      therearound for preventing any lateral displacement during normal or high
      pressure operation.
PAR  Another object of this invention is to provide a self-cleaning helical
      spring filter having jogs precisely formed in the spring convolutions for
      precise separation thereof and for prevention of twisting and lateral
      displacement of the adjacent coils and accordingly preventing any
      variation of the gauge between the adjacent sides of the coils.
PAR  A still further object of this invention is to provide a self-cleaning
      helical spring filter having spacing jogs precisely formed therein the
      spring convolutions wherein the cross-sectional area of the spring
      convolutions with the jogs is constant for the complete spring for
      eliminating any variation in gauge.
PAR  Still another object of this invention is to provide a self-cleaning
      helical spring filter having precisely formed spacers formed on the sides
      of the spring convolutions for prevention of twisting and lateral
      displacement of the adjacent coils and accordingly preventing any
      variation of the gauge between the adjacent sides of the coils.
PAR  A further object of this invention is to provide a method and mechanisms
      for being self-cleanable when filtering crude oil that is easy to operate,
      is of simple configuration, is economical to build and assemble, and is of
      greater efficiency for the filtering of sand from the petroliferous sand.
PAR  Other objects and various advantages of the disclosed self-cleaning helical
      spring filter will be apparent from the following detailed description,
      together with the accompanying drawings, submitted for purposes of
      illustration only and not intended to define the scope of the invention,
      reference being had for that purpose to the subjoined claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings diagrammatically illustrate by way of example, not by way of
      limitation, a few forms or mechanisms for carrying out the methods of the
      invention wherein like reference numerals have been employed to indicate
      similar parts in the several views in which:
PAR  FIG. 1 is a schematic diagrammatic view with parts in section of the new
      sand filter as mounted in a typical oil well;
PAR  FIG. 2 is a schematic diagrammatic longitudinal cross-sectional view of the
      self-cleaning helical spring filter in filtering position in a well
      casing;
PAR  FIG. 3 is a schematic longitudinal view of the spring filter of FIG. 2 with
      parts in section and with the spring convolutions widely separated for the
      backwash cleaning step;
PAR  FIG. 4 is a sectional view at 4--4 on FIG. 2;
PAR  FIG. 5 is a schematic diagrammatic enlarged view of a portion of the spring
      convolutions illustrating the spacing jogs in each coil;
PAR  FIG. 6 is a modification of FIG. 5; and
PAR  FIG. 7 is a modification of FIG. 2 for a selfcleaning helical spring filter
      extending below the casing in a well.
DETD
PAC  DESCRIPTITON OF THE INVENTION
PAR  The invention disclosed herein, the scope of which being defined in the
      appended claims, is not limited in its application to the details of
      construction and arrangement of parts shown and described for carrying out
      the disclosed methods, since the invention is capable of other embodiments
      for carrying out other methods and of being practiced or carried out in
      various other ways. Also, it is to be understood that the phraseology or
      terminology employed herein is for the purpose of description and not of
      limitation. Further, many modifications and variations of the invention as
      hereinbefore set forth will occur to those skilled in the art. Therefore,
      all such modifications and variations which are within the spirit and
      scope of the invention herein are included and only such limitations
      should be imposed as are indicated in the appended claims.
PAC  DESCRIPTION OF THE METHODS
PAR  This invention comprises a few methods for filtering sand from oil in an
      oil well and a few mechanisms for filtering sand from oil in the well.
PAR  Basically, the method for forming a selfcleaning helical spring filter for
      mounting on the lower end of a tubing string extending down into a
      petroliferous unconsolidated sand strata of an oil well, for example,
      comprises the steps of,
PAR  1. forming openings or holes in the grooves of a hollow helically grooved
      mandrel;
PAR  2. forming spacers on one side of the convolutions of a helical spring for
      leaving a precise spacing between the convolutions when the spring is
      compressed to filtering position as the sand bearing oil passes from the
      petroliferous unconsolidated sand strata through the precisely spaced
      apart helical spring convolutions to filter out the sand pass and on into
      the helical mandrel grooves, through the mandrel openings into the center
      of the hollow mandrel, and on up to the tubing string leading to the
      surface;
PAR  3. mounting the helical spring over the hollow helically grooved mandrel
      with the helical spring convolutions in opposite pitch to the mandrel
      helical grooves whereby the mandrel provides lateral support to the
      spacing equivalent to that provided by a solid cylindrical bar for
      maintaining uniform diameter and concentricity of the spring convolutions
      while eliminating lateral displacement thereof during high pressure
      operations;
PAR  4. fixedly attaching the lower end of the helical spring to the lower end
      of the mandrel and securing that lower end to the sides of the well
      adjacent the sandy petroliferous strata; and
PAR  5. extending the other end of the helical spring to spread the spring
      convolutions for backwashing a spring cleaning liquid, as water, through
      the hollow mandrel, the mandrel holes, the mandrel grooves, and the spring
      convolutions for efficient and increased flow of the spring cleaning
      liquid.
PAR  In greater detail of the above method steps, step (1) may include further
      the step of,
PAR  a. forming the holes in the grooves in an elongated or slot shape for
      increased flow of liquids therethrough, whether the liquids be reversed
      flow backwash liquids or oil being produced from the well.
PAR  Basic method step (2) may comprise the following more detailed steps of,
PAR  a. forming the spacers to the entire thickness of the material of the
      convolution for prevention of twisting, lateral displacement, and
      accordingly obviating any variation of the gauge between adjacent sides of
      the convolutions when fully compressed to filtering position.
PAR  Further method step (2) may comprise,
PAR  a. forming jogs in each convolution as spacers for precise separation of
      the adjacent convolutions for prevention of twisting, lateral
      displacement, and accordingly obviating any variation of the gauge between
      adjacent sides of the convolutions when fully compressed to filtering
      position.
PAR  Method step (2) may be further expanded to read,
PAR  a. forming jogs in each convolution as spacers for precise separation of
      the adjacent convolutions for providing that the cross-sectional area of
      each spring convolution through the jogs is constant for the complete
      length of the spring, for elimination of any variation in gauge.
PAR  Basic method steps (3) and (4) may include the more detailed method steps
      of,
PAR  a. twisting or screwing the lower end of the helical spring onto the
      adjacent lower end of the hollow helically grooved mandrel;
PAR  b. twisting or screwing the upper end of the helical spring onto a
      longitudinal actuator, as the lower end of the tubing string, for
      expanding the helical spring; and
PAR  c. varying the amount of twisting of one of the helical spring ends
      relative to the other spring end for varying frictional contact between
      the helical spring and the helically grooved mandrel for greater cleaning
      of the helical spring during backwash cleaning when the helical spring is
      expanded.
PAR  The basic method step (5) may comprise the additional details of,
PAR  a. compressing the upper end of the helical spring convolutions for leaving
      a precise spacing between the convolutions for efficient filtering of the
      sand from the oil in the oil-containing sand strata causing the oil to
      flow between the spring convolutions, through the mandrel grooves, through
      the mandrel holes, and up through the hollow mandrel to the tubing string
      for increased flow capacity of oil through the filter.
PAR  While the liquid-containing sands are described as oil carrying sands,
      obviously the liquid may be any other liquid desired, as water for
      example.
PAC  ARTICLES FOR PERFORMING THE METHODS
PAR  Self-cleaning helical spring filters are disclosed in the drawings that may
      be made by other methods, as by hand.
PAR  FIG. 1 is a schematic diagrammatic view of a typical producing oil well 10
      having pumping equipment 11 comprising motor means 12 for actuating
      walking beam 13 with horse head 14 for operating pump 15 in the well. A
      crude oil pump is utilized after free flow has ceased for raising the oil
      that has passed through the filter 16 from the petroliferous
      unconsolidated sand 17 up to the surface to exit from discharge pipe 18.
      Except for the filter 16, all of the above parts may be conventional
      elements.
PAC  THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIG. 2 illustrates a schematic enlarged sectional view of the preferred
      modification of the new self-cleaning helical spring filter 16 for
      performing the above-described methods. Filter 16 comprises a square
      helical spring 19 loosely fitted over a hollow mandrel 20 having a
      perforated inner linear 21 with the latter two elements connected to a
      vertical motion sleeve actuator or tubing string 22 for expanding and
      spreading apart the convolutions 23 of the helical spring. In the left
      half of FIG. 2, the spring 19 and mandrel 20 are cut away to show the
      inner liner 21, while in the right half of FIG. 2, the inner liner is also
      cut away with the spring and mandrel.
PAR  In the filter 16, FIG. 2, the lower end of the spring 19 is twisted or
      screwed into helical grooves in the lower end of the mandrel. Screwed onto
      this mandrel lower end is a bottom fixed sleeve 24 which is threaded into
      a packer 25 for rigidly securing the lower end of the spring 19 in the
      casing 34 of the well 10 adjacent the strata of petroliferous
      unconsolidated sand 17, FIG. 1. The spring 19 lies loosely over the length
      of the mandrel with the upper end of the spring being twisted or screwed
      onto an upper cap sleeve 26 splined to the top of the mandrel 20 for being
      slideable upwardly and downwardly relatively to the mandrel by the
      vertical motion actuator 22. This actuator 22 is the lower end of the
      tubing string which extends upwardly to a suitable manual control lever
      (not sohwn) at the surface for controlling vertical movement of the tubing
      string for expanding the spring a predetermined amount for cleaning with
      backwash of a cleaning fluid, as water prior to contraction of the spring
      to the filtering position.
PAR  An important feature of the mandrel 20, FIG. 2, is the helical groove 27
      therein, FIGS. 2, 3, and 4, which may be formed larger than the spring
      elements or spring material of each spring convolution 23, FIGS. 2 and 3,
      and it has been found that by forming the pitch of the helical groove just
      opposite to the pitch of the helical spring convolutions, that the
      helically grooved hollow mandrel acts like a solid surfaced cylinder for
      supporting the spring 19 against transverse movement, for resisting
      differential pressures, and for maintaining uniform diameter and
      concentricity of the spring convolutions.
PAR  The grooves 27, FIGS. 2, 3, and 4, of the outer surface of the mandrel 20
      have elongated openings or slots 28 therethrough for permitting easy
      passage of liquids through the mandrel. Grooves 27 may be either square or
      rounded in shape, depending on the particular design to be manufactured.
PAR  The oppositely pitched helical grooves 27 in the mandrel relative to
      helical spring 19, FIGS. 2 and 3 have three additional important functions
      over the principal function of providing a support surface for the helical
      spring equivalent to a solid cylindrical surface:
PAR  1. The grooves provide increased flow capacity of liquid through the
      filter, whether it be production crude oil or backflow cleaning water.
PAR  2. The helical grooves provide a swirling and spiral motion of cleaning
      water for better cleaning of the spring convolutions.
PAR  3. The grooves provide a rough surface for improved cleaning of the spring
      convolutions during relative motion between the grooved mandrel and the
      spring.
PAR  The inner liner 21, FIGS. 2, 3, and 4, limits the extension of the spring
      19, FIGS. 2 and 3, for controlling and providing the exact amount of
      spacing between the individual spring convolutions 23 for backflushing
      cleaning water therethrough for cleaning the spring. Thus the inner liner
      21 is fixedly connected at its upper end to the upper cap sleeve 26, FIG.
      2, and accordingly to the upper end of the spring 19 and slideably mounted
      internally of the mandrel 20. Adjustable nuts 29, 30 are threaded on the
      lower end of the inner liner which contact the bottom of the mandrel for
      limiting the exact amount of upward travel of the inner liner and spring
      upper end for providing the exact amount of separation between the spring
      convolutions. Holes 31 are formed in four rows in the inner liner,
      90.degree. apart and each row being staggered so that at least one set of
      holes will be substantially opposite a slot 28 in a groove for any
      position the inner liner is moved axially externally of the mandrel.
PAR  The material of the spring convolutions 23 of FIGS. 2-6 is formed square in
      cross-sectional shape. FIG. 5, an enlarged view of a portion of the
      compressed spring convolutions 23, illustrates the precisely formed jogs
      32 spaced at regular intervals along the length of the spring for precise
      spacing of the convolutions from each other when compressed into sand
      filtering position, so that only sand-free, clean liquid, as crude oil, is
      produced from a well extending down into unconsolidated sand. These jogs
      in the square material of the spring prevent twisting and lateral
      displacement of the individual convolutions and accordingly prevent any
      variation of the gauge between the adjacent helical spring convolutions,
      particularly while under high loads as at the bottom of a string of drill
      pipe or tubing string in an oil well.
PAR  FIG. 6, a modification of FIG. 5, discloses integral rectangular spacers 33
      formed at regular intervals along the length of the material of the spring
      convolutions likewise for preventing twisting and lateral displacement of
      the individual convolutions while under great loads and thus for
      preventing any variation of gauge between the adjacent helical spring
      convolutions.
PAR  The well has a casing 34, FIGS. 2 and 3, extending down into the
      petroliferous unconsolidated sand, and which casing is perforated in this
      area. A packer 25 secures the filter mandrel bottom sleeve 24 to the well
      casing 34. FIG. 3 illustrates the filter of FIG. 2 stretched to extended
      or expanded position for backwashing a cleaning liquid, as water, back
      through the spring convolutions. The spring convolutions 23 are separated
      by upward movement of the upper cap sleeve 26 by vertical motion sleeve
      actuator 22 as limited by nuts 29 and 30 on the lower end of inner linear
      21. The amount of upward movement required as illustrated by distance A,
      FIG. 2, is set to provide the proper separation of the convolutions, FIG.
      3, for backwash cleaning.
PAR  FIG. 4, a sectional view at 4--4 on FIG. 2, illustrates a typical passage
      for the crude oil, for example, from a well for passing first between the
      precisely spaced spring convolutions 23, then into grooves 27 in the
      mandrel 20, then through slots 28 in the grooves, and finally through
      holes 31 in inner liners 21 for passage internally thereof and upwardly to
      the surface.
PAR  In operation of the self-cleaning helical spring filter 16, FIGS. 2 and 3,
      after the filter is lowered to its producing level in the petroliferous
      unconsolidated sand strata, the bottom sleeve 24 of the lower end of the
      filter is secured in packer 25 so that downward movement, pressure, and
      force from the vertical motion actuator 22 or from the weight of the
      tubing string contracts the spring filter until only the accurately formed
      jogs 32, FIG. 5, or spacers 33, FIG. 6, separate the spring convolutions
      by a precise amount set to separate the sand from the crude oil in that
      particular well at that particular level. After a great amount of crude
      oil production and the filter begins to sand up, the vertical motion
      actuator is operated from the ground level control to raise the upper
      sleeve 26 to accordingly expand the spring 19 and the inner liner 21 is
      raised until its preset stops 29, 30, FIG. 2, contact the bottom 36, FIG.
      3, of the mandrel to accordingly permit a predetermined separation of the
      spring convolutions. A cleaning fluid, as water, is then backwashed
      through the spring for a predetermined length of time, the vertical motion
      actuator lowered, and production of sand-free crude oil restored.
PAR  Accordingly, a very efficient self-cleaning helical spring filter is
      disclosed that is operable under heavy loads for crude oil production, for
      example, at the bottom of a long heavy drill string and which the spring
      convolutions of square material are supported by the oppositely pitched
      grooved mandrel for maintaining uniform diameter and concentricity, for
      preventing twisting and distortion of the convolutions under heavy loads,
      for providing increased flow of liquids through the filter spring due to
      the elongated slots in the helical grooves, and for increased cleaning
      action in the filter as the spring convolutions rub on the grooved
      mandrel, for resisting high transverse loads, lateral displacement, and
      differential pressures due particularly to the combination of the square
      convolutions having the full width precise jogs or spacers and slideable
      on the helical grooved mandrel of reverse pitch.
PAR  Further one of the spring ends may be twisted relative to the other on its
      mandrel end or upper sleeve cap for varying the friction of the spring as
      it moves axially on the mandrel.
PAC  MODIFIED EMBODIMENT OF THE INVENTION
PAR  FIG. 7, a vertical sectional view, illustrates a modified self-cleaning
      helical spring filter 16a protruding down below the lower end of a well
      casing 34a into the petroliferous unconsolidated sand strata. Here a
      packer 25a is secured in the well 10a in the lower end of casing 34a with
      the mandrel 20a being fixedly secured to the packer by having its upper
      end threaded into the packer with the rest of the mandrel extending down
      into the well.
PAR  The filter helical spring 19a, FIG. 7, loosely and slidingly overlies the
      mandrel with the lower end of the spring being fixedly secured to the
      mandrel by being screwed onto the lower end of the mandrel and with a
      bottom sleeve 24a threaded onto the lower end of the mandrel and extending
      up over the spring lower end to accordingly lock the spring lower end to
      the mandrel. The upper end of the spring 19a is threaded onto sleeve upper
      cap 26a which is vertically slideable on the mandrel and fixedly secured
      to vertical motion sleeve actuator 22a with interconnecting tension rods
      35. An inner liner 21a having holes 31a is slideable vertically internally
      of the mandrel 20a with the inner liner upper end being fixedly connected,
      as with screw threads, to vertical motion sleeve actuator or tubing string
      22a and with the inner liner lower end being slideable to protrude from
      the lower end of the mandrel. A stop nut 29a is adjustably screwed on the
      lower end of inner liner 21a for setting the exact amount upward distance
      that it may travel for expanding the spring convolutions for cleaning. The
      jogs 32 or spacers 33, FIGS. 5 and 6, respectively, set the precise
      spacing between the convolutions of the spring 19a when the helical spring
      filter 16a is in contracted and operative position for filtering the sand
      from the liquid in the well, as crude oil.
PAR  In operation of the modified self-cleaning helical spring filter 16a of
      FIG. 7, the filter is secured to the packer 25a and extended down below in
      the casing portion of the well, as an oil well, into the petroliferous
      unconsolidated sand strata. Here, the vertical motion actuator moves
      downwardly to fully contract the spring convolutions against their jogs or
      spacers whereby they are separated by a predetermined and precise distance
      as defined by the amount of offset of the square crosssectioned jog 32,
      FIG. 5, or thickness of the rectangular cross-sectioned spacer 33, FIG. 6.
      After producing sandfree crude oil from the filter until the production
      level begins to drop off due to the spring convolutions starting to become
      clogged with sand, the vertical motion actuator or tubing string is
      activated from the top of the well by being raised to accordingly expand
      the spring convolutions and to raise the inner liner 21a to its maximum
      height as determined by its adjustable stop on the bottom thereof. Thus
      with the spring expanded to the predetermined amount, cleaning liquid, as
      water, is backwashed through the spring filter 16a. Then the vertical
      motion actuator 22a is lowered until only the jogs or spacers separate the
      spring convolutions and crude oil production restarted.
PAR  Accordingly, a high strength, high load light self-cleaning helical spring
      filter is provided that resists differential pressures, maintains uniform
      diameter and concentricity of the spring convolutions, and has increased
      flow therethrough and increased cleaning action with the perforated
      helical grooves of opposite pitch to the spring convolutions. Further,
      lateral displacement or twisting of the spring convolutions is prevented
      and any variation of spring gauge is prevented when operating under high
      loads.
PAR  Obviously other methods may be utilized for making the disclosed filters
      for filtering sand from crude oil in an oil well protruding into a
      petroliferous unconsolidated sand strata.
PAR  Accordingly, it will be seen that the above methods of making self-cleaning
      helical spring filters and the two disclosed self-cleaning helical spring
      filters will operate in a manner which meets each of the objects set forth
      hereinbefore.
PAR  While only two mechanisms have been disclosed, it will be evident that
      various other modifications are possible in the arrangement and
      construction of the disclosed self-cleaning helical spring filters without
      departing from the scope of the invention and it is accordingly desired to
      comprehend within the purview of this invention such modifications as may
      be considered to fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-cleaning helical spring filter in combination with a tubing
      string comprising,
PA1  a. a vertically actuatable tubing string having an upper end and a lower
      end extending down into a well to a liquid-containing sand strata,
PA1  b. helical spring means connected to said lower end of said tubing string
      having a plurality of coaxial convolutions,
PA1  c. helical grooved hollow elongated mandrel means in frictional contact
      with the internal surface of said spring means convolutions and connected
      to a lower end of said helical spring means,
PA1  d. the pitch of said mandrel means grooves being opposite to the pitch of
      said spring means convolutions,
PA1  e. said helical spring means having an upper end connected to said tubing
      string lower end for expanding the helical spring means, and
PA1  f. holes formed in said mandrel means grooves for providing, when said
      spring means is expanded, increased cleaning action, increased flow of
      production liquids through the helical spring filter, and increase
      resistance to lateral forces on the spring.
NUM  2.
PAR  2. A self-cleaning helical spring filter as recited in claim 1 wherein,
PA1  a. said helical spring means is twistably mounted on said mandrel means for
      varying said frictional contact between said helical spring means and said
      mandrel means as said vertically actuatable tubing string operates said
      helical spring means over said mandrel means for improved backwash
      cleaning of said helical spring means.
NUM  3.
PAR  3. A self-cleaning helical spring filter as recited in claim 1 comprising
      further,
PA1  a. perforated inner liner means for said mandrel means for limiting the
      maximum distance that said spring means may be expanded axially of said
      coaxial convolutions for backwashing cleaning liquids through the expanded
      spring for cleaning said spring means convolutions.
NUM  4.
PAR  4. A self-cleaning helical spring filter as recited in claim 1 wherein,
PA1  a. said lower end of said helical spring means is secured to the well
      adjacent the liquid contained sand strata, and
PA1  b. said upper end of said helical spring means is connected to said tubing
      string lower end for being expanded thereby for backwashing cleaning
      liquids through the spaced apart convolutions.
NUM  5.
PAR  5. A self-cleaning helical spring filter as recited in claim 1 wherein,
PA1  a. said helical spring means has a plurality of precisely formed spacers
      formed on one side of each convolution, and
PA1  b. each of said spacers being formed to the entire thickness of the
      material of the convolution for prevention of twisting, lateral
      displacement, and accordingly obviating any variation of the gauge between
      adjacent sides of the convolutions when fully compressed under heavy loads
      to sand filtering position.
NUM  6.
PAR  6. A self-cleaning helical spring filter as recited in claim 5 wherein,
PA1  a. said spacers are jogs precisely formed on each convolution for precise
      separation of the adjacent convolutions when in fully compressed and
      operative position.
NUM  7.
PAR  7. A self-cleaning helical spring filter as recited in claim 5 wherein,
PA1  a. said spacers are jogs precisely formed in said spring convolutions for
      ensuring that the crosssectional area of each spring convolution through
      the jogs is constant for the length of the spring for elimination of any
      variations in gauge.
NUM  8.
PAR  8. A self-cleaning helical spring filter as recited in claim 5 wherein,
PA1  a. the material of each of the spring convolutions has a square
      cross-section, and
PA1  b. each of said spacers has a square crosssection and a width equal to the
      width of the square material of the spring convolutions.
NUM  9.
PAR  9. A self-cleaning helical spring filter as recited in claim 5 wherein,
PA1  a. said helical spring means is responsive to said vertically actuatable
      tubing string for compressing said helical spring convolutions to sand
      filtering position, and
PA1  b. said helical spring means is responsive to said vertically actuatable
      tubing string for causing the liquid to flow between the spring
      convolutions, through the mandrel grooves, through the mandrel holes, and
      up through the hollow mandrel to the tubing string for more efficient
      filtering of the sand from the liquid in the liquid-containing sand
      strata.
NUM  10.
PAR  10. A self-cleaning helical spring filter as recited in claim 1 wherein,
PA1  a. packer means is secured in the well,
PA1  b. said elongated mandrel means having a lower end extending below said
      helical spring means, and
PA1  c. connecting means for interconnecting said lower end of said mandrel
      means with said packer means.
NUM  11.
PAR  11. A self-cleaning helical spring filter as recited in claim 1 wherein,
PA1  a. packer means is secured in the well,
PA1  b. said elongated mandrel means having an upper end extending above said
      helical spring means, and
PA1  c. connecting means for slideably interconnecting said upper end of said
      mandrel means with said tubing string lower end.
NUM  12.
PAR  12. A self-cleaning helical spring filter in combination with a tubing
      string comprising,
PA1  a. a vertically actuatable tubing string having an upper end, and a lower
      end extendable down into a well to a liquid-containing sand strata,
PA1  b. helical spring means having a plurality of coaxial convolutions,
PA1  c. helical grooved hollow elongated mandrel means in frictional contact
      with the internal surface of said spring menas conbolutions and connected
      to a lower end of said helical spring means,
PA1  d. the pitch of said mandrel means grooves being opposite to the pitch of
      said spring means convolutions,
PA1  e. said helical spring means having an upper end connected to said tubing
      string lower end for expanding the helical spring means,
PA1  f. holes formed in said mandrel means grooves for providing, when said
      spring means is expanded, increased cleaning action, increased flow of
      production liquids through the helical spring filter, and increased
      resistance to lateral forces on the spring,
PA1  g. perforated inner liner means for said mandrel means for limiting the
      maximum distance that said spring means may be expanded for backwashing
      cleaning liquids through the expanded spring for cleaning said spring
      means convolutions,
PA1  h. said inner liner means comprises a perforated tube slideable axially and
      internally of said mandrel,
PA1  i. an upper end of said slideable perforated tube being connected to the
      upper end of said helical spring means,
PA1  j. a lower end of said slideable perforated tube having stop means for
      limiting the upward travel of both said tube and said upper end of said
      helical spring means.
NUM  13.
PAR  13. A self-cleaning helical spring filter in combination with a tubing
      string comprising,
PA1  a. a vertically actuatable tubing string extendable down into a
      petroliferou unconsolidated sand strata of an oil well,
PA1  b. a helical spring having upper and lower ends, said lower end of said
      helical spring being fixed to said well adjacent to said petroliferous
      sand strata and said upper end of said helical spring being connected to
      said vertically actuatable tubing string for expanding said spring,
PA1  c. a hollow perforated mandrel having two ends mounted in touching contact
      with the internal surface of said spring and one of said ends of hollow
      perforate mandrel being connected to said lower end of said spring,
PA1  d. one of said mandrel ends being connected to said well adjacent to said
      petroliferous sand strata,
PA1  e. said hollow mandrel having helical grooves in the outer surface thereof,
      the pitch of said helical grooves being opposite to the pitch of said
      helical spring, and
PA1  f. said hollow mandrel having a plurality of spaced apart holes in each of
      said helical grooves for providing, when the spring is expanded, increased
      cleaning action for providing a greater amount of flow through the helical
      spring, the grooves, and the holes, and for providing high resistance to
      lateral forces.
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ABST
PAL  The present invention relates to a composition and method for cementing
      pipe and casing in wells in low temperature earth formations and relates
      more particularly to the cementing of casing oil and gas wells drilled
      through permafrost formations.
PARN
PAR  This is a Divisional application of application Ser. No. 374,609, filed
      June 28, 1973, now Pat. No. 3,891,454 which is a Continuation of
      application Ser. No. 129,983, filed Mar. 31, 1971, now abandoned, which is
      a Continuation-In-Part of application Ser. No. 821,946, filed May 5, 1969,
      now abandoned.
BSUM
PAR  The present invention relates to compositions and methods for cementing
      casing in oil and gas wells and the like, in formations existing in low
      temperatures.
PAR  Many various methods and hydraulic cement compositions for carrying out
      cementing operations in oil and gas wells have been developed. For
      example, cements of the hydraulic setting type are commonly used for
      cementing pipe or casing in a well bore. In this operation, the cement
      composition is normally introduced into the well through the casing or a
      pipe so that the introduced cement slurry can be displaced into the space
      between the casing and the surrounding formation. The cement slurry sets
      into a solid mass thereby bonding the casing to the formation and filling
      the annular space between the casing and the well bore to prevent debris
      from entering the annular space.
PAR  In areas such as Canada and Alaska where oil and gas wells are drilled
      through formations existing at low temperatures, often below freezing,
      problems have been encountered in the use of prior cementing compositions
      and methods. For example, after cementing surface pipe or casing in an oil
      or gas well, it is ordinarily desirable to proceed with further operations
      as quickly as possible, often within a few hours after placement of the
      cement slurry in the well. If the formation into which the cement slurry
      has been placed exists at low temperatures, conventional slurries often
      require long periods of time to obtain sufficient compressive strength for
      resumption of drilling operations.
PAR  Additionally, in areas where oil or gas wells must be drilled through
      frozen formations, such as a unique strata found in the northern-most
      regions of Alaska and Canada, commonly referred to as the permafrost,
      failures have occurred due to a thawing of the formation brought about by
      heat of hydration transferred to the formation from the cement slurry as
      the cement slurry sets. When the formation is melted, hole enlargement or
      water flow may occur and the casing will not be bonded to the formation by
      the cement. Furthermore, problems have been encountered after the surface
      pipe has been cemented in the permafrost strata due to heat transferred
      through the surface pipe and cement into the permafrost strata upon
      resumption of drilling operations. That is, heat contained in the drilling
      fluid is readily transferred through the casing and cement into the
      formation resulting in hole enlargement around the cement due to melting
      of the formation. Such a heat loss has been known to have an adverse
      effect on the reliability of blowout preventer equipment.
PAR  Difficulties have also been encountered with conventional cement
      compositions freezing either during mixing or during curing.
DETD
PAR  The present invention provides a composition for cementing wells in
      formations having temperatures of less than about 80.degree.F, said
      composition comprising cement, calcium sulfate hemihydrate, a setting time
      retarding agent, a densifier, a freezing point depressant and a relatively
      small quantity of water. Said composition provides a high strength cement
      having a short curing time which will not freeze before setting at low
      formation temperatures and which because of its low heat of hydration,
      will not melt permafrost formations. The invention provides a method for
      cementing pipe and casing into a well bore drilled through low temperature
      formations which comprises placing a slurry in the well bore and allowing
      it to set.
PAR  Any of a wide variety of commercially available cements may be used in
      producing the composition of this invention. The American Society for
      Testing Materials has established a classification for Portland cements
      and of those, Classes I, II, III, IV or V are useful in the present
      invention. The American Petroleum Institute has also established a
      classification for Portland cements. Of those, API Classes A, B, C, G, or
      H are useful in the present invention.
PAR  High alumina cements such as lumnite cement and Ciment Fondu have limited
      usefulness because of the high heat of hydration they develop. Most
      cements have an alumina (Al.sub.2 O.sub.3) concentration of from about 8 %
      to about 15% by weight. Lumnite cements and Ciment Fondu, however, have
      alumina concentrations of about 40% by weight. Such high alumina
      concentrations result in quick setting cement slurries having a high heat
      of hydration. The high heat of hydration occurring while the cement slurry
      is curing may melt the ice which holds the permafrost formation together,
      thus enlarging the bore hole. Enlargement of the bore hole by melting the
      permafrost is a highly undesirable event because it causes the cement and
      the casing to fit loosely in the bore hole.
PAR  The elements of the composition of the present invention are measured as
      parts of a "sack" of solids. Each sack of solids, which comprises all the
      elements of the present invention except water, weighs about 75 pounds and
      occupies about one cubic foot of space. The word "sack" as used
      hereinafter shall mean a 75-pound sack of solids.
PAR  The cement should be present in the slurry of water and solids in a
      concentration of from about 15 pounds to about 35 pounds per sack.
      Concentrations of cement lower than about 15 pounds per sack do not give a
      useful buildup in compressive strengths as the cement cures.
      Concentrations of cement in the composition of greater than about 35
      pounds per sack do not give adequate early strengths during the curing
      time just after the cement has been placed in the well bore.
PAR  The preferred concentration of cement in the slurry of the present
      invention is about 26 pounds per sack.
PAR  Any commercially available ground calcium sulfate hemihydrate
      (CaSO.sub.4.sup.. 1/2 H.sub.2 O), commonly known as gypsum, may be used in
      the present invention. A gypsum which has been ground so that from about
      75% to about 90% of a representative sample will pass through a 100-mesh
      (Tyler) screen is preferred, although any commercially ground gypsum is
      useful.
PAR  The purpose of the gypsum is to provide strength to the cement slurry while
      it is curing, commonly referred to as "high early" strength. As the
      composition cures the cement begins to provide strength; however, during
      the first few hours after the slurry has been placed, the strength is
      provided by the gypsum. The high early strengths are important because it
      is often desirable to resume activity in the well as soon as possible
      after the slurry has been placed between the pipe or casing and the wall
      of the well bore. A useful slurry should set into a strong cementitious
      composition soon after it has been placed. Long delays in drilling or
      other operations in the well bore while waiting for a cement to gain high
      strengths cause great expense and loss of time and are, therefore,
      undesirable.
PAR  The CaSO.sub.4.sup.. 1/2 H.sub.2 O should be present in a gypsum to cement
      ratio of from about 1:1 to about 3:1. Gypsum to cement ratios of less than
      about 1:1 do not give adequate early strength to the cementitious
      composition after it has been placed. Gypsum to cement ratios of greater
      than about 3:1 give adequate high early strength but do not give adequate
      buildup of compressive strength upon curing. The gypsum does not provide
      long lasting strengths.
PAR  The preferred gypsum to cement ratio is about 1.6:1. That is, for the
      preferred concentration of cement (about 26 pounds per sack) the preferred
      concentration of gypsum is about 41 pounds per sack.
PAR  The setting time retarder useful in the present invention may be an alkali
      or alkaline earth salt of citric acid, citric acid or one of the
      sulfonates described in U.S. Pat. No. 3,053,673. The most useful setting
      time retarding agents are sodium citrate and potassium citrate. The most
      preferred such retarding agent is sodium citrate. A setting time retarding
      agent is used to prevent the slurry from hardening to the extent that it
      becomes unpumpable until after it has been placed in the desired location.
PAR  When the setting time retarding agent is an alkali or alkaline earth salt
      of citric acid or citric acid, it may be present in the slurry in a
      concentration of from about 0.01 to about 0.25 pounds per sack.
      Concentrations of said citrate compounds of less than about 0.01 pound per
      sack will not adequately retard the setting time of the cement. This will
      allow the cement to set before it has been pumped into the well bore.
      Concentrations of said citrate compounds greater than about 0.25 pounds
      per sack will retard the setting time of the cement to such a great degree
      that the cement will never develop the desired compressive strength.
PAR  When said sulfonate compounds are used as setting time retarding agents,
      their maximum useful concentration is about 0.7% by weight. Greater
      concentrations of the sulfonate retarder destroy the ability of the cement
      to develop satisfactory compressive strengths. Minimum acceptable
      concentrations of the sulfonate retarder are about 0.1% by weight.
      Sulfonate concentrations of less than about 0.1% by weight do not provide
      setting time retardation.
PAR  The preferred concentration of sodium citrate in the composition of the
      present invention is about 0.12 pound per sack. The preferred
      concentration of the sulfonate compounds when used as retarding agents in
      the present invention is from about 0.2% to about 0.7% by weight of
      solids.
PAR  The dispersant useful in the present invention may be the dispersing agent
      described in U.S. Pat. No. 3,359,225. This dispersant, commonly called a
      densifier, is available to the oil industry under the trade designation
      CFR-2. Other useful dispersing agents are available under the trade names
      Lomar D, Tamol SN and TIC. Such dispersing agents are generally sodium
      salts of napthalene-sulfonic acid condensed with formaldehyde and may
      contain additives such as polyvinylpyrrolidone.
PAR  The dispersant CFR-2 allows the use of unusually small amounts of water in
      the cement slurry to which it is added. The densifier assists in
      dispersing particles in the water to make a useful slurry at water
      concentrations lower than those which would normally be acceptable. The
      reduced water concentrations have the effect of adding greatly to the
      strength of the cement after it has cured.
PAR  The dispersing agent should be present in concentrations of from about 0.1
      pound to about 0.7 pound per sack. Dispersant concentrations smaller than
      about 0.1 pound per sack do not effectively reduce the amount of water
      needed to form the cement of the present invention. The excess water
      required to form the cement slurry when densifier concentrations are less
      than about 0.1 pound per sack greatly reduce the compressive strength of
      the cement.
PAR  Densifier concentrations greater than about 0.7 pounds per sack do not add
      sufficient additional strength to the cement to justify their use.
PAR  The preferred concentration of densifier is about 0.33 pound per sack.
PAR  The freezing point depressant useful in the present invention may be any of
      the monovalent chloride salts. The most preferred such salt is sodium
      chloride, although potassium chloride may be used. Divalent chloride salts
      such as calcium and magnesium chloride have been found to decrease the
      strength of the cured cement.
PAR  The freezing point depressant operates to lower the freezing point of the
      water used to form the cement slurry so that it will not freeze during
      mixing and curing of the cement.
PAR  Useful concentrations of the monovalent chloride salts as freezing point
      depressants range from about one pound to about 18 pounds per sack.
      Concentrations of less than about one pound per sack do not operate to
      substantially depress the freezing point of the mixing water or the slurry
      and are not useful. Salt concentrations of greater than about 18 pounds
      per sack are not necessary to decrease the freezing point of the mixing
      water or the slurry for the temperatures involved.
PAR  The preferred salt concentration is about three and one-half pounds per
      sack for most applications.
PAR  The water useful in the composition of the present invention may be fresh
      water, river water or pond water which is relatively free from objects
      large enough to foul the mixing and pumping equipment used to mix the
      composition and to place it in the well bore. The water should be
      relatively free of carbonates. Concentrations of carbonate in the range of
      150-500 ppm and higher have caused unpredictable rapid setting slurry
      which is undesirable. The water should be substantially free of organisms
      such as lignins and tannins which might be present in ponds where peat
      moss or tundra exists. Organisms such as lignins and tannins have been
      known to unpredictably retard the setting time of the slurry when present
      in only small amounts. Such an unpredictable retardation of the slurry
      setting time is undesirable.
PAR  The water must be present in the composition in low concentrations. It has
      been found that low concentrations of water give high strengths to the
      cured cement. The water concentration in the composition should not be
      more than about five gallons per sack and not less than about three
      gallons per sack.
PAR  Water concentrations higher than about five gallons per sack do not give
      the required strength to the cured cement. Water concentrations of less
      than about three gallons per sack of cement will not sufficiently wet the
      dry solids to form a slurry. The preferred water concentration is about
      31/2 gallons per sack of dry solids.
PAR  A lost circulation additive may be optionally added to the slurry. The lost
      circulation additive prevents the slurry from escaping into porous "thief"
      zones in the subterranean formations through which the well bores pass.
      Typical lost circulation additives are gilsonite, walnut hulls and
      cellophane flakes.
PAR  When gilsonite and walnut hulls are used as lost circulation additives, the
      concentration of the additive should range from about one to about 12.5
      pounds per sack. When cellophane flakes are used as fluid loss additives,
      the concentration of the additive should range from about 0.1 to about 1.5
      pounds per sack. Concentrations lower than these minimum concentrations do
      not provide lost circulation control and concentrations greater than these
      maximum concentrations require excessive amounts of water to disperse them
      in the slurry. The excess water reduces the strength of the cured cement.
PAR  The composition of the present invention is prepared by mixing the dry
      solids together in any sequence and then adding the water to the dry
      solids. The lost circulation additive, however, if it is used, may be
      added either before or after adding the water to the other dry solids.
PAR  The low temperature oil well cementing composition of the present invention
      is used by injecting the slurry of dry solids and water into the annular
      space between the well casing and the well bore and allowing the slurry to
      cure or set into a hard, strong cementitious compound. The step of
      injecting the slurry into the annular space may comprise pumping the
      slurry directly into the annular space or may comprise pumping the slurry
      down the casing to the bottom of the well and then up into the annular
      space between the casing and the well bore.
PAR  The composition of the present invention as described above provides an oil
      well cementing composition which will not freeze during mixing or curing,
      even at very low formation temperatures, and which should not melt
      permafrost formations during curing.
PAR  The cement slurry of the present invention will remain a pumpable fluid for
      from about two hours to about four hours before becoming too thick to
      pump. It has been found that cement compositions without a setting time
      retarder often acquire a viscosity too high to be pumpable within five to
      thirty minutes after the slurry has been mixed. Although such a slurry may
      have other desirable properties for use in very cold subterranean
      formations, it cannot be useful if it develops too high a viscosity to be
      pumpable sooner than about one hour after it is first formed.
PAR  Cement pumping equipment normally available at the wellhead can pump
      slurries having an apparent viscosity of up to about 50 poises. Slurries
      which develop a viscosity of 50 poises within about one hour after mixing
      are not useful because of the danger of the slurry becoming unpumpable
      while in the pumping equipment and clogging it. Such slurries also have
      been known to produce channeling and clogging of the well casing and of
      the annular space. The slurry of the present invention develops a
      viscosity of not greater than about 15 poises within about 30 minutes
      after mixing and does not become unpumpable until about two hours after it
      is mixed.
PAR  The slurry of the present invention develops compressive strengths of at
      least about 500 PSI within from about seven to about 24 hours after it has
      been first mixed. Slurries which will not produce adequate compressive
      strength so that drilling or other operations in the well bore may be
      resumed within about 24 hours are not useful. Long delays in drilling
      operations while waiting for oil well cement to obtain adequate strength
      are not desirable and prevent a cement which requires such delays from
      being useful. However, a cement which obtains high compressive strengths
      within a reasonable time may still not be useful for cementing low
      temperature formations if it is not pumpable for a time sufficient to
      place the cement in the well.
PAR  The slurry of the present invention demonstrates a heat of hydration of
      less than about 20 BTU's per pound. Cements having heats of hydration
      higher than about 20 BTU's per pound will often melt the ice which holds
      the permafrost formations together. The melted ice will change the firm
      permafrost into a mud and water which will fall away from the cement which
      has been placed between the casing and the bore hole wall, thus enlarging
      the bore hole. Such enlargement of the bore hole is undesirable.
PAR  The following are examples of the cement for wells in low temperature
      formations of the present invention and are intended only to further
      describe certain aspects of said cement. The examples are given primarily
      for the purpose of illustration; and the invention, in its broader
      aspects, is not to be construed as limited thereto.
PAC  Scope and Procedure
PAR  To duplicate conditons under which mixing operations are carried out in low
      temperature environments, all materials were refrigerated at 30.degree.F
      until just prior to mixing. Ice water was used for mixing and the molds
      for strength measurements were also refrigerated. Thickening times were
      determined at 32.degree.F by circulating a refrigerated fluid through a
      Halliburton Company Consistometer. For compressive strength tests, samples
      of the compositions were cured by submerging molds containing the
      compositions in a refrigerated water bath.
PAR  The heats of hydration were calculated from plots of time versus
      temperature during the curing period. Weighted amounts of slurry were
      poured in replacement fillers for vacuum bottles, thermocouples embedded
      in the slurries and the bottles immersed in a 15.degree.F water bath. The
      thermocouples were attached to a time temperature recording device and the
      resulting curves integrated with a planometer. This gives an average mean
      temperature for evaluating heat loss from the vacuum bottle replacement
      filler. The equation for calculation of heat of hydration used is as
      follows:
EQU  .DELTA.H (BTU) = Pounds mass X specific heat X .DELTA.T + UA.DELTA.T mean
      T.
PAR  An average value of heat loss for vacuum bottle fillers was determined.
      This value combined UA, and is 0.0477 BTU per hour per .degree.F.
PAR  Compressive strengths, thickening times, permeabilities and heats of
      hydration tests were conducted in the laboratory using a cement slurry of
      the present invention designated as Slurry A below. Three commonly used
      cement slurries were also tested which are designated as Slurries X, Y and
      Z below.
TBL               SLURRY A                                                     
     ______________________________________                                    
     Component      Weight, Lbs. Composition,                                  
                                 Weight %                                      
     ______________________________________                                    
     Gypsum         41           42.95                                         
     API Class G Cement                                                        
                    26           27.24                                         
     Water          25           26.19                                         
     Sodium Chloride                                                           
                    3.0          3.14                                          
     CFR-2          0.33         0.35                                          
     Sodium Citrate 0.12         0.13                                          
                                 100.00                                        
                    SLURRY X                                                   
     ______________________________________                                    
     Component                   Weight, Lbs.                                  
     ______________________________________                                    
     API Class G Cement          47.00                                         
     Gypsum                      50.00                                         
     Water                       41.65                                         
                    SLURRY Y                                                   
     ______________________________________                                    
     Component                   Weight, Lbs.                                  
     ______________________________________                                    
     Lumnite Cement              47.00                                         
     Pozzolan                    37.00                                         
     Water                       38.6                                          
     Sodium Chloride             3.35                                          
                    SLURRY Z                                                   
     ______________________________________                                    
     Component                   Weight, Lbs.                                  
     ______________________________________                                    
     Ciment Fondu                43.75                                         
     Pozzolan                    30.00                                         
     Water                       33.2                                          
     Sodium Chloride             3.3                                           
     ______________________________________                                    
TBL                TABLE I                                                     
     ______________________________________                                    
     COMPARISON OF SLURRY PROPERTIES                                           
     ______________________________________                                    
     Weight          Viscosity (Poises)                                        
     Slurry                                                                    
           Lb/gal   Lb/ft.sup.3                                                
                             0 Min. 10 Min. 20 Min.                            
     ______________________________________                                    
     A     15.40    115.5    12     11      11                                 
     X     15.37    115.0    5      5       8                                  
     Y     15.60    116.6    5      8       8                                  
     Z     15.21    113.7    3      9       10                                 
     ______________________________________                                    
TBL                TABLE II                                                    
     ______________________________________                                    
     COMPARISON OF THICKENING TIMES AND                                        
     COMPRESSIVE STRENGTHS                                                     
     ______________________________________                                    
     Thickening   Compressive Strength at 15.degree.F.                         
     Time (32.degree.F)                                                        
     Slurry                                                                    
           Hrs:Min.   16 Hr.   1 Day 3    7 Days                               
                                                14                             
                                     Days       Days                           
     ______________________________________                                    
     A     5:59       Not Set  905   905  1,535 2,695                          
     X     1:05       843      450   508  494   531                            
     Y      3:00+     Frozen   Frozen                                          
                                     200  415   760                            
     Z      3:00+     Not Set  Frozen                                          
                                     120  315   360                            
     ______________________________________                                    
PAR  From Table II, above, it may be seen that the cement composition of the
      present invention (Slurry A) achieves relatively high compressive strength
      in as short a time as 24 hours. The other samples observed do not develop
      an adequate compressive strength within the required 24 hours or have too
      short a pumping time to be useful.
TBL                TABLE III                                                   
     ______________________________________                                    
     COMPARISON OF PERMEABILITY                                                
     ______________________________________                                    
     Temperature at which Test                                                 
     Samples cured        15.degree.F.                                         
     Time Test Samples Cured                                                   
                          7 Days                                               
     ______________________________________                                    
     Slurry      Permeability, Milidarcies                                     
     ______________________________________                                    
     A            0.18                                                         
     Y           105.60                                                        
     Z           56.60                                                         
     ______________________________________                                    
PAR  From Table II it may be seen that the cement slurry of the present
      invention has a very low permeability after 7 days as compared to Slurries
      Y and Z.
TBL                TABLE IV                                                    
     ______________________________________                                    
     COMPARISON OF HEATS OF HYDRATION FROM TIME OF MIXING UNTIL HYDRATION      
     COMPLETE                                                                  
     ______________________________________                                    
           Initial  Final    Mass of          BTU                              
           Tempera- Tempera- Test      Total  per                              
     Slurry                                                                    
           ture, .degree.F                                                     
                    ture, .degree.F                                            
                             Sample, Lb.                                       
                                       BTU    Lb.                              
     ______________________________________                                    
     A     45.degree.F                                                         
                     87.degree.F                                               
                             3.38      61     18                               
     X     40.degree.F                                                         
                     85.degree.F                                               
                             3.43      60.8   17.7                             
     Y     43.degree.F                                                         
                    134.degree.F                                               
                             3.46      197.3  57.0                             
     Z     43.degree.F                                                         
                    186.degree.F                                               
                             3.49      321.0  92.0                             
     ______________________________________                                    
PAR  From Table IV it may be seen that the cement slurry of the present
      invention evolves a low heat of hydration while setting.
PAR  It will be apparent that many widely different embodiments of this
      invention may be made without departing from the spirit and scope thereof
      and, therefore, it is not intended to be limited except as indicated in
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for cementing pipe in a well which penetrates a low
      temperature formation comprising depositing in the space between said pipe
      and said formation an aqueous slurry of a hydraulic cement composition and
      thereafter allowing said slurry to harden, wherein said slurry consists
      essentially of:
PA1  a hydraulic cement, gypsum, a monovalent chloride salt, a setting time
      retarding agent and water;
PA1  wherein said hydraulic cement is present in said composition in the range
      of about 15 to about 35 pounds per 75 pounds of dry solids, the weight
      ratio of said gypsum to said hydraulic cement in said composition is in
      the range of about 1:1 to about 3:1, said monovalent chloride salt is
      present in said composition in the range of about 1 to about 3.5 pounds
      per 75 pounds of dry solids, said setting time retarding agent is present
      in said composition in the range of about 0.01 to about 0.525 pounds per
      75 pounds of dry solids, and said water is present in said composition in
      the range of about 3 to about 5 gallons per 75 pounds of dry solids.
NUM  2.
PAR  2. The process of claim 1 wherein there is added to said composition a
      dispersing agent selected from sodium salts of naphthalene sulfonic acid
      condensed with formaldehyde and mixtures thereof with
      polyvinylpyrrolidone, said dispersing agent being present in said
      composition in the range of about 0.1 to about 0.7 pounds per 75 pounds of
      dry solids.
NUM  3.
PAR  3. The process of claim 1 wherein said cement is a Portland cement selected
      from ASTM Classes I, II, III, IV, and V and API Classes A, B, C, G, and H.
NUM  4.
PAR  4. The process of claim 3 wherein said setting time retarding agent is
      selected from the group consisting of alkali and alkaline earth salts of
      citric acid and citric acid, and further wherein said setting time
      retarding agent is present in said composition in the range of about 0.01
      to about 0.25 pounds per 75 pounds of dry solids.
NUM  5.
PAR  5. The process of claim 3 wherein said setting time retarding agent is a
      sulfonate present in said composition in the range of about 0.075 to about
      0.525 pounds per 75 pounds of dry solids.
NUM  6.
PAR  6. The process of claim 2 wherein there is added to said composition a lost
      circulation additive in an amount in the range of about 0.1 to about 12.5
      pounds per 75 pounds of dry solids.
NUM  7.
PAR  7. The process of claim 6 wherein said low temperature formation is frozen.
NUM  8.
PAR  8. The process of claim 4 wherein there is added to said composition a
      dispersing agent selected from sodium salts of naphthalene sulfonic acid
      condensed with formaldehyde and mixtures thereof with
      polyvinylpyrrolidone, wherein said dispersing agent is present in said
      composition in the range of about 0.1 to about 0.7 pounds per 75 pounds of
      dry solids.
NUM  9.
PAR  9. The process of claim 4 wherein said monovalent chloride salt is one of
      sodium chloride and potassium chloride.
NUM  10.
PAR  10. The process of claim 9 wherein there is added to said composition a
      dispersing agent consisting essentially of a mixture of
      polyvinylpyrrolidone and a sodium salt of napthalene sulfonic acid
      condensed with formaldehyde.
NUM  11.
PAR  11. The process of claim 9 wherein said Portland cement is present in said
      composition to the extent of about 26 pounds per 75 pounds of dry solids,
      the weight ratio of said gypsum to cement is about 1.6 to 1, said
      monovalent chloride salt is sodium chloride present in said composition to
      the extent of about 3.5 pounds per 75 pounds of dry solids, and said
      setting time retarding agent is sodium citrate present in said composition
      to the extent of about 0.12 pounds per 75 pounds of dry solids.
NUM  12.
PAR  12. The process of claim 11 wherein there is added to said composition a
      dispersing agent which consists essentially of a mixture of
      polyvinylpyrrolidone and a sodium salt of naphthalene sulfonic acid
      condensed with formaldehyde wherein said dispersing agent is present in
      said composition to the extent of about 0.33 pounds per 75 pounds of dry
      solids.
NUM  13.
PAR  13. The process of claim 12 wherein said low temperature formation is
      frozen.
NUM  14.
PAR  14. The process of claim 5 wherein there is added to said composition a
      dispersing agent selected from sodium salts of naphthalene sulfonic acid
      condensed with formaldehyde and mixtures thereof with
      polyvinylpyrrolidone, wherein said dispersing agent is present in said
      composition in the range of about 0.1 to about 0.7 pounds per 75 pounds of
      dry solids.
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ABST
PAL  Stable foam within specified quality range is used as a fracturing fluid or
      to extend fractures in subterranean formations.
BSUM
PAC  BACKGROUND
PAR  The hydraulic fracturing of subterranean formations is now a well known
      concept for improving the productivity of subterranean hydrocarbon
      formations. In the usual process various liquids, such as crude oil,
      diesel fuel, kerosene, water, etc., with or without propping agents, such
      as sand suspended therein, have been applied under pressure to
      subterranean formations. By increasing the pressure upon the hydraulic
      liquid the formation is placed under stress so as to break-down or part or
      `fracture.` Such fracturing, however, has its limitations in that very
      often the liquid utilized is highly viscous requiring large and multiple
      pumping equipment to achieve high injection rates and pressures to reach
      the `formation break-down pressure` and to extend the fracture. Generally,
      when formation break-down pressure is reached and fracturing occurs, a
      large pressure drop results. The pumps then must be capable of rapidly
      supplying large volumes of additional fracturing liquid in order to
      maintain and extend the fractures formed. In addition, the use of such
      liquids often requires additional treatment or chemicals to increase
      viscosity and/or gel strength and/or to improve fluid loss properties of
      the hydraulic liquids to the formation and/or improve the sand and
      propping agent carrying capabilities and/or other reasons. However, under
      present times it has become important to conserve such liquids as crude
      oil heretofore utilized in the fracturing processes and find other medium
      to achieve the fracturing or more importantly the extension of existing
      fractures in subterranean formation. Further, the disposal of large
      quantities of fracturing fluids or the additives therein will damage the
      environment i.e., air, land or water and is undesirable.
PAR  Low permeability gas wells are particularly sensitive to the injection of
      hydraulic fracturing liquids and the additives therein which have tendency
      to plug the gas pores of a formation and instead of increasing will
      greatly hinder or cease the production therefrom. In many instances it is
      necessary to complete the well by swabbing or other operation in order to
      return the fracture fluid and to initiate production.
PAR  Others have taught the use of aerated well treatment compositions, but have
      not described a stable foam having the quality standards nor have they
      described the process to achieve the quality fracturing or fracture
      extension fluids as set forth in this invention. See for example:
PAR  U.S. Pat. No. 3,100,528 -- Plummer et al., teach the need of a gas cushion
      injector prior to injection of an aerated well treating reactant. The gas
      injection rates taught are insufficient to maintain and create a foam of
      quality defined herein.
PAR  U.S. Pat. No. 3,136,361 -- Marx, which teaches prefracture with compressed
      gas followed by injection of aerated liquid to extend the fracture. The
      liquid is treated to achieve the necessary characteristics desired for
      fracture extension.
PAR  U.S. Pat. No. 3,245,470 -- Henry, which is a multi-hydraulic fracturing
      process wherein an aerated liquid is injected to plug preformed fractures
      followed by additional hydraulic fracturing.
PAR  U.S. Pat. No. 3,323,593 -- Foshee et al., teach a liquid fracturing base
      formed of two normally immiscible liquids (principal and conditioning), a
      surfactant, and a gas in an amount in excess of that which will dissolve
      in the liquid at the formation temperature and pressure.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is distinguishable over these and other known prior artisans
      by the discovery of required stable foam quality (i.e., gas-liquid ratio)
      as a fracturing and/or fracture extending fluid as defined herein. More
      particularly, this invention has found that gas-liquid ratios within
      certain specified quality range, as defined herein, is sufficient to
      achieve desirable fracture fluid and fracture extending properties. This
      occurs without other additives as heretofore taught in the art. This
      desired quality is maintained at the temperature and pressure conditions
      that exist during the process of fracturing or extending a fracture.
PAR  Accordingly, it is an object of this invention to provide a fluid
      composition of matter and a process for using that composition to
      fracture, extend an existing fracture, or otherwise stimulate flow,
      drainage and productivity of subterranean hydrocarbon, water or inorganic
      gas (CO.sub.2 or N.sub.2) formations.
PAR  To accomplish the above and other objects, this invention relates to a
      stable foam fluid broadly comprising a liquid base, a gas and usually a
      surface active agent to create a stable foam having a Mitchell quality, as
      herein defined, in the range of between 0.5236 to 0.9999 and preferably
      within the range of 0.60 to 0.85 at the temperature and pressure
      conditions existing during treatment of the formation encountered. The
      desired Mitchell quality will depend upon the condition of the well,
      permeability, porosity, temperature, pressure and other practices that are
      evident to a man skilled in the art that exist during treatment of the
      formation.
PAR  Such a fracturing or fracture extending fluid as described herein has all
      of the desirable properties for such treatment, to wit:
PAR  1. Reduced possibilities of fluid production blockage of formation pores,
      i.e., oil, water or gas block;
PAR  2. Usually no need of special chemicals, e.g. gels or emulsions, which
      require either time or other means to break before production can begin;
PAR  3. Excellent propping agent (e.g. sand) carrying capacity and minimal
      settling for better placement during treatment and during periods of shut
      down.
PAR  4. Minimal injection horsepower pumping energy requirements because of low
      friction losses and low liquid injection rates.
PAR  5. Reduction in clean out time after fracture extension as there is less
      liquid to recover and there is usually sufficient energy within the
      compressed gas in the foam to return the liquid to the well bore.
PAR  6. Low fluid loss to the formation during the fracture or fracture
      extending process.
PAR  7. Reduced hydrostatic head of fluid existing in the well casing and thus
      allow natural formation pressure to assist clean-out, and
PAR  8. Reduced need for liquid base material and its usual storage and
      transporting costs.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph derived by B. J. Mitchell and depicting Bingham plastic
      viscosity relative to foam quality.
PAR  FIG. 2 is a graph also derived by Mitchell and depicting yield stress
      relative to foam quality.
PAR  FIG. 3 is a schematic diagram of the process for creating and injecting
      foam into a well.
PAR  FIG. 4 is a chart used in the Example No. 2 herein.
PAC  DETAILED DESCRIPTION
PAR  Before explaining the present invention in detail, it is to be understood
      that the invention is not limited in its application to the details of
      construction and arrangement of the material illustrated in the
      accompanying drawings, since the invention is capable of other embodiments
      and of being practiced or carried out in various ways. Also, it is to be
      understood that the phraseology or terminology employed herein is for the
      purpose of description and not of limitation unless otherwise stated.
PAC  Foam Quality
PAR  Foam quality for the purposes of this invention is considered to be the
      ratio of gas volume to the total foam volume:
      ##EQU1##
      Where: .GAMMA. tp = foam quality at a specified temperature and pressure
      and referred to herein as the "Mitchell quality."
PA1  V.sub.sg = volume of saturated gas (excludes gas in solution, if any)
PA1  V.sub.f = volume of foam
PAR  This definition coincides with that disclosed and utilized in paper No. SPE
      4885 entitled "Determination of Laminar, Turbulence and Transitional Foam
      Flow Losses in Pipes," by R. E. Blauer, B. J. Mitchell and C. A. Kohlhass,
      presented before the 44th annual California regional meeting of the
      Society of Petroleum Engineers of AIME in San Francisco, Calif., Apr. 4-5,
      1974. Also utilized in paper No. SPE 5003 entitled "Formation Fracturing
      With Foam," by R. E. Blauer and C. A. Kohlhass, before the 49th annual
      fall meeting of the Society of Petroleum Engineers of AIME held in
      Houston, Tex., Oct. 6-9, 1974. These papers are incorporated herein by
      reference.
PAR  FIG. 1 shown herein was developed from the theories of Einstein and
      Hatschek and laboratory measurements by Mitchell and is described in paper
      SPE 4885, supra. Blauer and Mitchell showed that the foam with Mitchell
      qualities between 0.5236 and 0.9999 behaves as a Bingham plastic fluid.
      FIG. 2 shows this. That is, the rheological properties of the foam changes
      above Mitchell quality of 0.5236. It has been found that a foam fracturing
      and fracture extending fluid, at treating temperature and pressure, having
      a Mitchell quality .GAMMA. tp within the range of 0.5236 to 0.999
      (preferably 0.60 to 0.85) is a satisfactory composition especially in
      formations having permeability less than 5 millidarcies (md).
PAC  The Foam
PAR  Generally, foams are dispersions of a relatively large volume of gas in a
      relatively small volume of liquid. When the volume of liquid is
      considerably greater than that of gas, the gas bubbles are, as a rule,
      spherical and their mutual interaction is weak. These systems are known as
      "gas emulsions."  In a true foam, the bubbles are so crowded that their
      shape is deformed, usually polyhedral. This shape change occurs at a foam
      quality of 0.5236 if the foam is flowing. If the foam is static
      deformation occurs at 0.740 quality. It is this deformation characteristic
      that provides a rigidity and increase surface energy, i.e., requires
      external work, that is found to be useful in this invention.
PAR  The foam as used herein for a fracturing and/or fracture extending fluid
      herein is generally a dispersion of gas, typically nitrogen and a small
      amount of surfactant foaming agent within a liquid base material.
      Specifically, the foam materials are dispersed together in such a manner
      as to create a foam having a Mitchell quality range as herein defined
      between 0.5236 to 0.9999 and preferably 0.60 to 0.85. That is, the foam is
      a homogenous mixture with a uniform bubble size and is stable for several
      hours.
PAR  Examples of the liquid base material within the scope of this invention
      include water, brines, acid, crude or refined oil, hydrocarbon
      condensates, etc.
PAR  The gas utilizable within the invention includes nitrogen, carbon dioxide,
      air, hydrocarbon gases, including normally gaseous and normally liquid
      hydrocarbon gases and the so-called "inert" gases, such as argon, helium,
      krypton and xenon.
PAR  The surface active foaming agent utilized will, of course, depend upon the
      liquid base and the type and character of the formation, and is to include
      anionic, cationic, nonionic materials or mixtures thereof. Those soap-like
      agents having molecules containing a long paraffin chain with a
      hydrophillic end group are preferred. Surfactant content is typically 0.5
      to 1 percent of the liquid base volume. Examples include polyethylene
      glycol ethers of alkylated phenol, sodium dodecyl sulfate, sodium dodecane
      sulfonate and trimethyl hexadecyl ammonium bromide.
PAR  In some instances other formation treating agents may be included. These
      are clay swelling inhibitors (e.g. KCl) clay sequestering agents (e.g.
      hydroxy alumina) iron chelating agents, acids (HCl, HF, Acetic)
      non-emulsifying agents, gels, or active gaseous materials such as
      CO.sub.2, Cl.sub.2, 0.sub.2.
PAR  Proppants used herein include graded sand, river sand, glass beads,
      aluminum pellets, walnut shells and are within the range of 0.25 to 15/lbs
      per gallon of liquid.
PAR  For purposes herein, Mitchell quality foam used for fracturing and/or
      extending existing fractures shall include the volumes of all
      constituents, liquid and gaseous to achieve the desired range.
PAC  Foam Creation and Fracture Process
PAR  The process of creating and using the foam of Mitchell quality described
      herein is schematically depicted in FIG. 3.
PAR  During a treatment operation, the liquid phase passes through a blender and
      is mixed with proppant and other additives if needed. This slurry is
      pumped by an injection pump which raises the pressure to required well
      head pressure. Surfactant foaming agent is usually added downstream of the
      injection pump. Gas is introduced through a tee downstream from the
      surfactant. Foam is generated at the point of gas introduction by the
      process of dispersion. The injection rates of liquid-gas and additives
      must be such that the desired Mitchell quality is achieved, at the
      formation being treated. That is, during the treatment process the
      Mitchell quality at the well head may very well be outside of the desired
      range of 0.5236 to 0.9999, so long as it is within the range opposite the
      formation. This is best described by reference to the example herein and
      FIG. 4.
PAR  The gas may be transported to the site and stored in cyrogenic tanks and
      added to the injection stream at line pressure.
PAR  When the fracture is to be initially created, injection of the foam
      continues and pressure increased until formation break-down at which time
      injection is continued or increased as desired to extend the fracture and
      inject additional fracture extending fluid and propping agent. If multiple
      fracturing is desirable, a temporary plugging agent is injected to seal
      the existing fracture and the foam process is repeated as desired. After
      pumping is completed clean-out operations began.
PAC  Design Procedure
PAR  Because small changes of pressure cause large changes of volume of the
      gaseous phase, foam flow velocity, density, quality, and viscosity all
      change markedly during a treatment and are quite sensitive to pressure.
      Pressure at all points in the treatment from pumps to fracture tip must be
      carefully estimated so velocities, densities, qualities, and viscosities
      can be determined for each portion of the flow system. With this basic
      consideration the following procedure has been used for treatment design:
PAR  1. Estimate bottom-hole pressure necessary to fracture the formation and
      propagate the fracture.
PAR  2. Assume a fracture width and height which will be opened during
      injection.
PAR  3. Arbitrarily select a bottom-hole foam quality and injection rate in the
      fracture.
PAR  4. Determine the fluid-loss coefficient and viscosity for the foam at
      bottom-hole conditions from the laboratory data with the assumed fracture
      geometry and fracture pressure.
PAR  5. Calculate the fracture geometry resulting from the treatment: height,
      width, and area.
PAR  6. If the fracture geometry is acceptable, go to step 7; if not, assume
      another quality or rate and repeat steps 1 through 5 until an acceptable
      geometry results.
PAR  7. Determine pressure drop through the perforations:
      ##EQU2##
PAR  8. Estimate foam quality, e.g., by mass balance techniques, velocity,
      density, and viscosity at the bottom of the well-bore inside the pipe.
      These values will be the same as in steps 3 and 4 if .DELTA.P.sub.perf is
      small.
PAR  9. Divide the fluid conduit, tubing or casing, into segments. Calculate the
      pressure difference during the treatment for each segment. Make necessary
      corrections to velocities, viscosities, densities, and qualities and
      repeat the calculations until changes become negligible.
PAR  10. Repeat step 9 for each segment until wellhead conditions are
      determined: foam quality, injection pressure, and surface injection rate.
PAR  11. If calculated surface conditions are not acceptable, begin again with
      step 3 and new assumptions regarding bottom-hole quality and injection
      rate.
PAR  Due to the sensitivity of foam properties to changes of pressure, rate, and
      other operating conditions, small changes of operating conditions may
      cause significant changes of treatment behavior and results. Treatment
      efficiencies may be altered markedly by seemingly negligible variations of
      operating technique, conditions, equipment, and behavior. For this reason
      treatments must be closely monitored and supervised, and any alterations
      from design conditions must be quickly analyzed in the field during
      treatment and necessary modifications to procedure or conditions
      instituted quickly. Experience has shown treatment conditions can be
      analyzed such that surface pressure can be predicted within 5 percent of
      measured surface pressure.
PAR  Actual field case histories are reported in the paper No. SPE 5003, Table
      4, supra. The following examples are illustrative of the practice of this
      invention and to show the criticality of the foam quality.
PAC  EXAMPLE NO. 1
PAR  A treatment was conducted on a gas well in Montana. The Bowdoin formation
      at 1075 feet is a silty sandstone of permeability less than 0.5 md.
      Bottom-hole treating pressure was 1,000 psi and a temperature of
      80.degree. F. The well was initially fractured using 28,100 gal. of 0.80
      Mitchell quality foam injected at a rate of 20 barrels per minute (bpm).
      The foam was created using 134 bbls of water at 4 bpm and 197,300 scf of
      nitrogen at 5,870 scfm. 10,000 lbs. of 20/40 sand was the proppant. The
      water included 135 lbs. of KCl and 61 gal. of surfactant, Haliburton
      Halco-Suds. After fracture break-down and pumping stopped, clean-out took
      about 14 hours. Initial production was 250 mcfd at 50 psi while six months
      later production was 197 mcfd at 50 psi. Offset well production is 10-20
      mcfd.
PAC  EXAMPLE NO. 2
PAR  An initial fracture treatment was performed on a well in Pushmataha, Okla.,
      in the Stanley shale formation at 2,100 feet. The shale zone exists from
      800 feet to 5,000 feet in thickness. Other zones had been previously
      treated by conventional means with no results. Likewise, five other offset
      wells had been treated without results. A foam fracturing process in
      accordance with the invention was performed, utilizing 41,000 gal. of 0.75
      Mitchell quality foam injected at 24.7 bpm using 245 bbl. of water
      injected at 6.2 bpm and 957,000 scf of nitrogen injected at 15,000 scfm.
      The water had been treated with 3% KCl and 10 gal. of Dowell F-52
      surfactant per 1,000 gal. of water. 40,000 lbs. of 20/40 mesh sand was
      used as proppant. After clean-out the well produced 200 mcfd of gas. Other
      wells in the area had shown some production after perforating and before
      fracturing. This well had no production after perforation. In the other
      wells all production was lost after fracturing. The graph of FIG. 4 is
      typical of that used in this example to allow the operator to monitor the
      foam quality. That is, the graph will show the Mitchell quality foam
      desired at the formation under treatment conditions, and what Mitchell
      quality foam will be at the well head to achieve that desired Mitchell
      quality.
PAC  EXAMPLE NO. 3
PAR  A fracture extension treatment occured on a well located in Sutton County,
      Texas. The well had been fractured with acid the day before and swabbed,
      providing a trace of production from the Canyon sand formation at 5,700
      ft., which has a permeability between 0.1 and 10 md. The fracture
      extension treatment using foam was designed originally for a 0.70 Mitchell
      quality foam. However, because of problems with the nitrogen truck, a 0.65
      Mitchell quality foam was utilized having 28,600 gal. injected at 14.8 bpm
      using 244 bbl. of water treated with 2% KCl and 1/2% CaCl.sub.2 and 3 gal.
      per thousand gal. of water of Adofoam BF-1 surfactant. The water was
      injected at the rate of 5.2 bpm and 570,000 scf of nitrogen was dispersed
      therein at 12,566 scfm. 35,000 lbs. of 20/40 mesh sand was used as a
      propping agent. The average treating pressure was 4,200 psi with the
      maximum at 4,600 psi. The instantaneous shut-in pressure was 3,500 psi.
      Because one of the nitrogen trucks completely ceased operation the
      nitrogen rate was lost and foam quality depreciated to about 0.44. As soon
      as the lower quality ratio began, the sand screened out. Well clean-out
      operations then occurred without any mechanical swabbing operations in
      about 7 hours, but only a small portion of the injected foam material was
      recovered, which is believed to have been due to the lower quality foam
      that occurred during the operation.
PAC  EXAMPLE NO. 4
PAR  An off-shore gas well located in Lake Erie, Ontario, Canada, 2,000 ft. deep
      is of 50 md permeability and a very water sensitive formation. An initial
      fracture treatment using the foam defined in the invention occurred with
      61,000 gal. of 0.60 Mitchell quality foam at 31.8 bpm using 580 bbl. of
      water treated with 2% CaCl.sub.2 and 3 gal. per thousand of Halco-Suds
      surfactant at 12.7 bpm at 570,000 standard cubic ft. of nitrogen at 12,900
      scfm. 80,000 lbs. of sand were used as propping agent. The well was put on
      a floating manifold for clean-out operations. Approximately 200 bbl. of
      liquid were recovered prior to placing on the floating manifold. The well
      had previously shown production of 222 mcfd gas on a drill stem test.
      After foam fracturing as above described the well produced 600 mcfd giving
      a production increase of 2.9.
PAC  EXAMPLE NO. 5
PAR  A total of 20 wells, similar to Example No. 4, were fractured utilizing the
      foam defined in this invention in the same field. The average production
      increase for such fracturing operation was 3.35. Fifty other wells in the
      same field, which had been treated with conventional fracturing operation
      produced an average production increase of 1.94. The productivity
      increases were computed by the operating company of the wells.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A method of extending an initially fractured subterranean formation
      penetrated by a well bore with a stable foam, said foam comprising a mixed
      dispersion of a liquid base, a surfactant, a propping agent and a gas such
      that the Mitchell quality of said foam at the temperature and fracture
      extension pressure of the formation, as derived from the formula:
      ##EQU3##
      where .GAMMA. tp = the Mitchell derived quality
PA1  V.sub.sg = the volume of saturated gas (excluding gas in solution if any)
PA1  V.sub.f = the volume of foam
PAL  is between the range of 0.5236 to 0.9999;
PA1  injecting said foam into said well bore and increasing the pressure of said
      foam against said formation to reopen and/or extend said initial fracture
      of said formation.
NUM  2.
PAR  2. A method in accord with claim 1 wherein said liquid base is oil.
NUM  3.
PAR  3. A method in accord with claim 1 wherein said liquid base is water.
NUM  4.
PAR  4. A method in accord with claim 1 wherein said liquid base is an acid.
NUM  5.
PAR  5. A method in accord with claim 1 wherein said gas is from the group
      consisting of air, nitrogen, carbon dioxide, normally gaseous and normally
      liquid hydrocarbon gases.
NUM  6.
PAR  6. A method of claim 1 wherein said foam includes a formation treating
      agent and is still within said Mitchell quality.
NUM  7.
PAR  7. A method of claim 6 wherein said formation treating composition is a
      clay swelling inhibitor.
NUM  8.
PAR  8. A method of claim 6 wherein said composition is an acid capable of
      reacting with said formation.
NUM  9.
PAR  9. A stable foam composition for fracturing subterranean hydrocarbon
      bearing formation comprising, a mixed dispersion of a liquid base, a
      surfactant, a propping agent and a gas such that the Mitchell quality of
      said foam at the temperatures and break-down pressures of the formation as
      derived from the formula:
      ##EQU4##
      where .GAMMA. tp = the Mitchell derived quality
PA1  V.sub.sg = the volume of saturated gas (excluding gas in solution if any)
PA1  V.sub.f = the volume of foam
PAL  is between the range of 0.5236 to 0.9999.
NUM  10.
PAR  10. The composition of claim 9 wherein said liquid base is oil.
NUM  11.
PAR  11. The composition of claim 9 wherein said liquid base is water.
NUM  12.
PAR  12. The composition of claim 9 wherein said gas is from the group
      consisting of air, nitrogen, carbon dioxide, normally gaseous and normally
      liquid hydrocarbon gases.
NUM  13.
PAR  13. A method of initially fracturing a subterranean formation penetrated by
      a well bore within a stable foam, said foam comprising a mixed dispersion
      of a liquid base, a surfactant, a propping agent and a gas such that the
      Mitchell quality of said foam at the temperature and pressures of the
      formation at the time of treatment as derived from the formula:
      ##EQU5##
      where .GAMMA. tp = the Mitchell derived quality
PA1  V.sub.sg = the volume of saturated gas (excluding gas in solution if any)
PA1  V.sub.f = the volume of foam
PAL  is between the range of 0.5236 to 0.9999;
PA1  injecting said foam into said well bore and increasing the pressure of said
      foam against said formation until break-down and fracture of said
      formation.
NUM  14.
PAR  14. A method in accord with claim 13 wherein said liquid base is oil.
NUM  15.
PAR  15. A method in accord with claim 13 wherein said liquid base is water.
NUM  16.
PAR  16. A method in accord with claim 13 wherein said liquid base is an acid.
NUM  17.
PAR  17. A method in accord with claim 13 wherein said gas is from the group
      consisting of air, nitrogen, carbon dioxide, normally gaseous and normally
      liquid hydrocarbon gases.
NUM  18.
PAR  18. A method of claim 13 wherein said foam includes a formation treating
      agent and is still within said Mitchell quality.
NUM  19.
PAR  19. A method of claim 18 wherein said formation treating composition is a
      clay swelling inhibitor.
NUM  20.
PAR  20. A method of claim 18 wherein said composition is an acid capable of
      reacting with said formation.
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ABST
PAL  A thermally sensitive stored chemical energy capsule is formed in the heat
      collector or attached to the fusible link of existing thermally sensitive
      sprinkler heads for activating individual sprinkler heads by heat
      generated by the intermingling of the capsule contained chemicals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates to fire detecting systems and more
      particularly to a stored chemical energy capsule for thermally sensitive
      sprinkler heads for actuating the sprinkler heads by an exothermic
      chemical reaction.
PAR  Conventional fire protection systems installed in department stores, office
      buildings, and the like, employ a sprinkler system including sprinkler
      heads arranged in selected spaced-apart relation with each sprinkler head
      maintained in a closed position by a fusible link. This link is normally
      fused by ambient heat, therefore, when a fire occurs it must burn and
      increase in intensity to a degree which will melt or fuse the link or
      links of sprinkler heads. Since these fusible links are made of low
      melting point metallic material, it seems obvious that the necessary heat
      to achieve the fusing action is a result of considerable flame having been
      generated. It seems obvious that if one or more sprinkler heads can be
      actuated or released in the area where the fire begins, assuming that the
      fire is not caused by a chemical explosion, then the release of a single
      sprinkler head would snuff out a fire in its initial stage or stages. This
      controlling of a fire or fires in their initial stages would not only
      conserve considerable merchandise but would result in less smoke and water
      damage being done as normally occurs when conventional sprinkler systems
      are activated as a result of a fire.
PAC  SUMMARY OF THE INVENTION
PAR  In one embodiment the bell-shaped strut supported heat collector forming
      one-half of a fusible link in a conventional sprinkler, concentrically
      receives a water containing case forming a chamber at the inner end of the
      bell-shaped heat collector which contains a thermally expansive liquid and
      sodium. The case is provided with a frangible wall adjacent the chamber
      capable of being ruptured by expansion of the thermally sensitive liquid
      to intermingle the water and sodium for an exothermic chemical reaction
      and melting the fusible link.
PAR  In another emobdiment the water case is disposed within a bell-like member
      contacting a thermally sensitive link and having a sodium containing
      chamber adjacent the link.
PAR  The principal object of this invention is to provide an exothermic chemical
      reactive capsule for a thermally sensitive sprinkler head for melting the
      fusible sprinkler release.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a conventional sprinkler head connected
      with a fragment of a water supply line;
PAR  FIG. 2 is a vertical cross sectional view taken substantially along the
      line 2--2 of FIG. 1 illustrating the relative postition of the stored
      chemical energy capsule;
PAR  FIG. 3 is a cross sectional view of a portion of FIG. 2, to an enlarged
      scale;
PAR  FIG. 4 is a fragmentary perspective view illustrating the stored chemical
      energy capsule connected with another type conventional sprinkler head;
      and,
PAR  FIG. 5 is a fragmentary vertical cross sectional view, to a larger scale,
      taken substantially along the line 5--5 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Like characters of reference designate like parts in those figures of the
      drawings in which they occur.
PAR  In the drawings:
PAR  The reference numeral 10 indicates a conventional sprinkler head, marketed
      Nationally by Grinnel Fire Protection Systems Co., used in fire protection
      systems. The sprinkler head 10 includes a valve body 12 threadedly
      connected with a tee 14 interposed in a selected location within a fluid
      conducting line 16. The valve body is provided with an orifice 18 normally
      closed by a valve or cap 20 held in place by lever arms, indicated
      generally at 22. The lever arms 22 comprise brace members 24, secured to
      the valve body at one end and connected with a fluid dispersing flange 26
      at their other ends. A release lever 28, substantially L-shaped in side
      elevation (FIG. 2), has the free end portion of its foot portion 30
      contacting the juncture of the arcuate arms 24 and its leg portion 32
      projecting toward the valve body 12 in off-set spaced relation with
      respect to the vertical plane of the arcuate arms 24. A strut 34 extends,
      intermediate its ends, diametrically through a bell-shaped heat collector
      36 and bears against the cap 20, at one end, and against the foot portion
      30 of the L-shaped lever, at its other end, in off-set relation with
      respect to the axis of the orifice 18. The closed end surface 37 of the
      collector 36 is sweat soldered to a cup-shaped member 38 in turn connected
      to the arm leg 32 so that movement of the lever leg portion 32 away from
      the collector, by melting the fusible solder joint 40 (FIG. 3), permits
      fluid pressure contained by the line 16 to unseat the cap 20 and discharge
      water aginst the flange 26 which in turn forms a spray of the fluid from
      line 16. The above description is conventional with this type of sprinkler
      head and is set forth to show the operability of the instant invention.
PAR  In carrying out the invention and referring more particularly to FIGS. 1 to
      3, a generally circular metal case 42, having a flat front wall 44 and an
      arcuate side wall 46, adapted to contiguously contact and be sealed fluid
      tight with a portion of the inner surface of the bell-shaped heat
      collector wall is transversely disposed therein inwardly of the strut 34.
      The annular flange-like back wall 48 of the case defines an opening 50
      normally closed by a relatively thin frangible disk formed of brittle
      material, such as glass 52 bonded to the flange wall 48. The case thus
      acts as a double walled hollow partition and forms a chamber 54 within the
      closed end of the heat collector 36. The inner wall surface 55 of the heat
      collector closed end inwardly of the case 42 is coated with a layer of
      metallic sodium 56. The remaining area of the chamber 54 is filled with a
      heat expansible medium, such as liquid 58, preferably having a specific
      gravity less than water and inert with sodium, such as kerosene, with the
      combined volume of the sodium and liquid being equal to the volume of the
      chamber 54. The metal case 42 is substantially filled with water 60. The
      case front wall 44 is provided with a vent hole 62 normally closed by a
      pressure release valve or flap valve 64.
PAR  Referring more particularly to FIGS. 4 and 5, a fragment of another type
      sprinkler head is illustrated which employs a pair of arms 70 and 72
      normally biased away from each other at one end by their other ends being
      juxtaposed in off-center frictional engagement between an orifice closing
      valve or cap 74 and a dispersing flange 76. The normally vertically
      spaced-apart ends of the arms 70 and 72 are joined by a fusible element or
      link 78. In this embodiment the water containing case 42' is disposed
      within a bell-shaped member 36' and forms a closed chamber 54' containing
      the sodium 56 and kerosene 58. The closed end of the member 36'
      contiguously contacts a flat surface of the fusible link 78 and is held in
      place by any suitable means, such as bonding, not shown, or by clip means
      80.
PAC  OPERATION
PAR  In operation heat generated by a fire in the vicinity of one of the
      sprinkler heads 10 heats the liquid (kerosene) 58 which expands and
      ruptures the disk 52 allowing an intermingling of the water 60 with the
      sodium 56. The chemical reaction generates hydrogen gas and heat. The
      hydrogen gas being vented through the case front wall aperture 62 and the
      heat serving to melt the fusible joint 40 thus releasing the arm 28 and
      activating the sprinkler.
PAR  Operation of the embodiment of FIGS. 4 and 5 is substantially identical in
      that heat generated by the sodium and water melts the fusible joint 40'
      securing the fusible link members 82 and 84 together thus permitting
      separating action of the sprinkler head arms 70 and 72.
PAR  Obviously the invention is susceptible to changes or alterations without
      defeating its practicability, therefore, I do not wish to be confined to
      the preferred embodiment shown in the drawings and described herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An exothermic release for a thermally sensitive sprinkler head having a
      fusible element normally maintaining the sprinkler head inactive, the
      improvement comprising:
PA1  a thermally sensitive heat generating capsule disposed adjacent said
      fusible element,
PA2  said capsule confining a heat expansible medium with a quantity of sodium
      and containing water; and,
PA1  partition means capable of being ruptured by the expansion of said
      expansible medium beyond a predetermined limit for commingling said sodium
      and water and fusing said fusible element, normally separating said sodium
      and expansible medium from said water.
NUM  2.
PAR  2. The combination according to claim 1 in which said partition means
      includes:
PA1  a hollow case containing the water and transversely dividing said capsule
      and forming a closed chamber for containing the sodium and the expansible
      medium,
PA2  said case having a frangible wall adjacent the chamber.
NUM  3.
PAR  3. The combination according to claim 2 in which the expansible medium
      comprises:
PA1  a liquid inert with the sodium and completely filling the chamber in
      combination with the sodium.
NUM  4.
PAR  4. The combination according to claim 3 in which the inert liquid has a
      specific gravity less than water.
NUM  5.
PAR  5. The combination according to claim 3 in which said frangible wall is
      glass.
NUM  6.
PAR  6. The combination according to claim 5 and further including:
PA1  a pressure release valve communicating with said case.
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ABST
PAL  A cultivator has two elongated rotors rotatably mounted on horizontal axes
      and in driving engagement with driving means to work the soil at different
      depths. A forward rotor is secured to the frame and a ground engaging
      roller is mounted in front of the rotor. A rear rotor has a central
      multi-sided support on which spacer rings and soil working plates are
      slideably received. The rear rotor is vertically adjustable with respect
      to the forward rotor so that the soil can be worked at different layers in
      one pass.
DRWD
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made, by way of example, to
      the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a soil cultivating implement or cultivator in
      accordance with the invention mounted at the rear of an agricultural
      tractor,
PAR  FIG. 2 is a section, to an enlarged scale, taken on the line II--II of FIG.
      1, and
PAR  FIG. 3 is a section, to a further enlarged scale, taken on the line
      III--III in FIG. 2.
DETD
PAR  The soil cultivating implement or cultivator that is illustrated in the
      accompanying drawings could also be considered as being a rotary plough
      but, for the sake of brevity, it will be referred to throughout the
      remainder of this Specification as merely a "cultivator." Referring to the
      accompanying drawings, the cultivator that is illustrated has a frame
      comprising two parallel and substantially horizontal beams 1 and 2 that
      are located one behind the other in spaced relationship in a direction
      parallel to the intended direction of operative travel of the cultivator
      that is indicated by an arrow A in the drawings, both beams 1 and 2 being
      of hollow tubular construction and substantially square cross-section. The
      beams 1 and 2 are interconnected, at their ends, by substantially vertical
      plates 3, said plates 3 extending rearwardly with respect to the direction
      A away from the leading frame beam 1. A soil working rotor 6 is rotatably
      mounted between the plates 3 at a location to the rear of the frame beam 2
      with respect to the direction A, said rotor 6 having axial stub shafts 5
      that co-operate with horizontal bearings 4 which are bolted to the two
      side plates 3. The axis of rotation of the rotor 6 that substantially
      coincides with the common longitudinal axes of the stub shafts 5 is thus
      parallel or substantially parallel to the lengths of the two frame beams 1
      and 2. The two stub shafts 5 are secured to the opposite ends of a central
      tubular support 7 of the rotor 6, the connections between the stub shafts
      5 and the support 7 being accomplished by substantially vertical plates 8,
      whose planes are thus substantially perpendicular to the axis of rotation
      of the rotor, 6, the plates 8 being welded or otherwise rigidly secured to
      the opposite ends of the tubular support 7 and the stub shafts 5 being
      welded or otherwise rigidly secured to the centers of the circular plates.
      A plurality of further plates that are similar to the plates 8 are rigidly
      secured to the central support 7 at regular intervals along the length
      thereof, said further plates not being visible in the drawing. However,
      each of the plates 8 and each of said further similar plates that lie
      between the plates 8 is substantially perpendicular to the axis of
      rotation of the rotor 6 and has three soil working blades 9 bolted or
      otherwise releasably secured to it at 120.degree. intervals around the
      axis of rotation. The positions of the blades 9 around the axis of
      rotation are angularly staggered from plate-to-plate along the length of
      the support 7 so that said blades extend in rows that are wound helically
      around the axis of rotation of the rotor 6.
PAR  Immediately behind the rotor 6 with respect to the direction A, and at a
      level slightly lower than that of the axis of rotation of said rotor, two
      substantially horizontal stub shafts 10 and 11 are rigidly secured to the
      outwardly facing surfaces of the side plates 3 in axially aligned
      relationship. Arms 12 and 13 are turnably mounted on the stub shafts 10
      and 11, said arms 12 and 13 usually extending rearwardly from said stub
      shafts as indicated in full lines in FIG. 2 of the drawings in respect of
      the arm 12. The ends of the arms 12 and 13 that are remote from the stub
      shafts 10 and 11 carry aligned substantially horizontal bearings 14 and 15
      which rotatably receive stub shafts 16 and 17 at the opposite ends of a
      soil working rotor 18. The illustrated rotor 18 is of tubular
      configuration but could equally well be of a solid non-tubular formation.
      The rotor 18 is of polygonal cross-section when it is viewed axially (Fig.
      2), a square cross-section, as illustrated, being preferred but being by
      no means essential. A plurality of plates 19 whose planes are disposed
      substantially perpendicular to the longitudinal axis of the rotor 18 are
      arranged at regular intervals along the length thereof. The rotor 18 is of
      bar-like configuration and is constructed by providing a central support
      20 of square or other polygonal cross-section, the plates 19 being formed
      with central matchingly shaped holes so that said plates can be slid
      axially along the support 20 to their appointed positions, those positions
      being maintained by interposing spacer sleeves 21 between the plates 19.
      As can be seen in FIG. 3 of the drawings, the two plates 19 that are
      located at opposite ends of the rotor 18 are welded or otherwise rigidly
      secured to the neighbouring sleeves 21, the whole assembly being
      maintained by passing pins 22 transversely through the end sleeves 21 that
      have just been mentioned and through the central support 20. The plates 19
      are of polygonal shape and are preferably square. As can be seen in FIG. 2
      of the drawings, the arrangement is such that the plates 19 are turned
      through 45.degree. around the axis of rotation of the rotor 18 as compared
      with the sleeves 21 so that there is a sleeve corner located midway
      between every two corners of the plates 19 as viewed axially of the rotor
      18.
PAR  Lowermost and rearmost ends of the side plates 3 with respect to the
      direction A are formed with a plurality of holes 24 located at equal
      distance from the common longitudinal axis a of the stub shafts 10 and 11.
      Locking pins or the like 23 are provided for entry through chosen holes 24
      and through co-operating holes in the arms 12 and 13 to maintain those
      arms in chosen angular settings around the axis a (FIG. 3). The holes 24
      that are chosen for co-operation with the locking pins or the like 23
      determine the working depth of the rotor 18 and it is noted that the rotor
      18 can occupy a position suitable for the inoperative transport of the
      cultivator in which position it is located generally above the rotor 6.
      The position which has just been mentioned is indicated in broken lines in
      an upper region of FIG. 2 of the drawings.
PAR  A beam 26 of circular cross-section interconnects the side plates 3 at
      substantially the rearmost extremities of those plates with respect to the
      direction A and a curved screening hood or baffle 25 partially surrounds
      an upper region of the rotor 6 between the plates 3, the leading extremity
      of said hood or baffle 25 being connected to the frame beam 2 and the
      rearmost end thereof being connected to the beam 26 that has just been
      mentioned. Opposite end regions of the beam 26 carry lugs 27 and a support
      28 that is parallel to the beam 26 is fastened to said lugs 27. The
      support 28 has an angle bar 29 of L-shaped cross-section fastened to it in
      such a way that one limb thereof (as seen in cross-section), (FIG. 2)
      projects downwardly and rearwardly with respect to the direction A away
      from the support 28 while the other limb projects upwardly and rearwardly
      with respect to the direction A away from the integral junction between
      the two limbs. The second of the two limbs which has just been mentioned
      is formed with a row of regularly spaced apart holes and straight pointed
      tines 31 are secured thereto by screw-threaded fastening portions which
      are entered through the holes and which are maintained in position by
      fastening nuts 30 that co-operate with flanges or collars of the tines. As
      can be seen in FIG. 2 of the drawings, the tines 31 project downwardly and
      rearwardly with respect to the direction A from the angle bar 29.
PAR  A soil compressing member or ground roller 33 is rotatably mounted between
      the side plates 3 at a location in front of the rotor 6 with respect to
      the direction A by means of aligned horizontal bearings 32 secured to
      those plates, the bearings 32 receiving axial stub shafts 34 carried at
      the opposite ends of the roller. The drum-shaped roller 33 is freely
      rotatable in the bearings 32 and it will be noted from FIG. 2 of the
      drawings that its outer cylindrical surface is located in very close
      proximity to the circles traced by the radially outermost extremities of
      the blades 9 during revolution of the rotor 6. A gear box 35 is fastened
      to the frame beam 2 at a location midway along the transverse length
      thereof and a shaft 36 that extends parallel to the beam 2 across the
      width of the cultivator is entered through the gear box 35. The shaft 36
      extends axially through a tubular protective casing 37 that projects from
      both sides of the gear box 35. The ends of the tubular casing 37 that are
      remote from the gear box 35 are supported by parts of further protective
      casings that will be referred to below. The shaft 36 is provided, inside
      the gear box 35, with a bevel pinion 38 whose teeth are in driven mesh
      with those of a further bevel pinion 39 mounted on a rotary input shaft 40
      that extends substantially parallel to the direction A and whose leading
      splined or otherwise keyed end projects forwardly from the gear box 35 in
      that direction. One end of the shaft 36 carries a sprocket wheel 41 from
      which drive is transmitted to one set of teeth 43 of a twin sprocket wheel
      45 by an endless chain 42. The twin sprocket wheel 45 is rotatable by
      means of ball bearings around the axis a of the stub shaft 10 and a second
      set of teeth 44 thereof transmits drive to a sprocket wheel 47 carried by
      the stub shaft 16 by way of an endless chain 46. The sprocket wheel 41,
      the set of teeth 43 of the twin sprocket wheel 45 and the transmission
      chain 42 are all surrounded by a protective chain casing 48 to which one
      end of the tubular casing 37 mentioned above is also bolted. The sprocket
      wheel 47, the set of teeth 44 of the twin sprocket wheel 45 and the
      transmission chain 46 are surrounded by a further protective chain casing
      49. It will be noted from FIG. 3 of the drawings that one side of the
      chain casing 49 is afforded by the arm 12 that is angularly adjustable
      about the axis a of the stub shaft 10.
PAR  The end of the shaft 36 that is remote from the sprocket wheel 41 carries a
      larger sprocket wheel 50 which is linked by an endless transmission chain
      51 to a sprocket wheel 52 carried by the stub shaft 5 at one end of the
      rotor 6. The drive to the rotor 6 is thus located at the opposite side of
      the cultivator to the drive to the rotor 18. The sprocket wheels 50 and 52
      and the chain 51 are surrounded by a protective chain casing 53 to which
      the end of the tubular casing 37 remote from the sprocket wheel 41 is
      bolted for support purposes. A coupling member or trestle 54 of generally
      triangular configuration is rigidly secured to the front of the leading
      frame beam 1 of the cultivator, downwardly and rearwardly divergent struts
      55 being furnished between the apex of the coupling member 54 and
      locations on the frame beam 2 that are spaced apart from opposite sides of
      the gear box 35. Sleeve-like holders 56 are provided at the opposite ends
      of the leading frame beam 1 and at the front thereof with respect to the
      direction A, said holders 56 receiving upwardly and downwardly
      displaceable earth-slicing coulters 57. The holders 56 are provided with
      set bolts to maintain the chosen vertical positions of the coulters 57.
      The lowermost regions of the generally triangular coupling member or
      trestle 54 project downwardly below the frame beam 1 and are formed with
      vertically extending slots 58 arranged to co-operate with substantially
      horizontal coupling pins 58A in establishing pivotal connections with the
      free ends of the lower lifting links of a three-point lifting device or
      hitch carried at the rear of an agricultural tractor or other operating
      vehicle as can be seen in outline in FIG. 1 of the drawings. Holes are
      provided in plates at the apex of the coupling member or trestle 54 to
      establish a pivotal connection with the free end of the adjustable upper
      lifting link of the same three-point lifting device or hitch. The fact
      that the coupling pins 58A co-operate with slots 58 enables the cultivator
      to move relative to the three-point lifting device or hitch of the
      operating tractor or other vehicle during operation so that undulations in
      the surface of the ground over which the cultivator is travelling can be
      matched without difficulty.
PAR  In the use of the cultivator which has been described, its coupling member
      or trestle 54 is connected to the three-point lifting device or hitch of
      an agricultural tractor or other operating vehicle in the manner that can
      be seen in outline in FIG. 1 of the drawings and the rotary input shaft 40
      of the gear box 35 is placed in driven connection with the power take-off
      shaft of the same tractor or other vehicle by way of an intermediate
      telescopic transmission shaft of a construcrion that is known per se
      having universal joints at its opposite ends. The two rotors 6 and 18 both
      revolve in the same direction, as indicated by arrows in FIG. 2 of the
      drawings, which direction is such that the blades 9 of the rotor 6 move
      through the ground rearwardly with respect to the direction A. The rotor
      18 can be placed in a depth setting appropriate to the treatment of the
      soil that is required which setting will be one of greater working depth
      than the rotor 6. For example, when the rotor 18 is set at the depth
      indicated in full lines in FIG. 2 of the drawings, it works a layer of
      soil immediately beneath the layer worked by the foregoing rotor 6.
      However, the rotor 18 may be moved to a position in which it will work
      soil at a greater depth beneath that of the soil worked by the rotor 6.
      FIG. 2 of the drawings illustrates the deepest working position of the
      rotor 18 in broken lines at the bottom of the Figure and it will be seen
      that there is an appreciable vertical spacing between the bottom of the
      surface layer of top soil worked by the rotor 6 and the top of the deep
      layer of sub-soil worked by the rotor 18. Using the cultivator with the
      rotor 18 set at or near its deepest possible working position enables hard
      layers of sub-soil to be thoroughly broken up and this can greatly improve
      the water economy of the soil. As seen in cross-section (FIG. 2) the
      second rotor 18 is polygonal in shape, the plates 19 that are preferably
      of square cross-section having corners which produce the greatest soil
      working effect. It is emphasised again that a square configuration for the
      plates 19 and the central support 20 is by no means essential and that it
      is possible to employ other cross-section such as triangular, pentagonal
      and so on. The particular construction of the second rotor 18 that has
      been described enables any of the plates 19 that become seriously worn or
      damaged to be replaced without difficulty. It will be evident from the
      drawings, and particularly from FIG. 2 thereof, that the effective
      diameter of the second rotor 18 (i.e., the diameter of a circle containing
      the pointed corners of one of the plates 19 as viewed axially of that
      rotor) is much smaller than the effective overall diameter of the rotor 6
      (i.e., the diameter of the circle that is shown in broken lines in FIG. 2
      of the drawings and that is traced by the outermost extremities of the
      blades 9 during revolution of the rotor). It is, in fact, preferred that
      the effective diameter of the rotor 6 should be substantially three times
      that of the second rotor 18. It will be seen from FIGS. 1 and 2 of the
      drawings that the effective diameter of the second rotor 18 is small as
      compared with its axial length and this configuration makes it
      particularly suitable for working deep layers of sub-soil.
PAR  The row of tines 31 at the back of the screening hood or baffle 25 is
      effective in capturing large lumps or clods of soil, stones, root debris
      and the like and, when the second rotor 18 is in a working position
      similar to the position threrof that is shown in full lines in FIG. 2 of
      the drawings, such lumps of soil and so on are deposited in front of that
      rotor in the cavity cut by the cultivator. The roller 33 that is located
      in front of the first rotor 6 with respect to the direction A flattens any
      weeds, stubble or other plant residues that may remain in the ground and
      facilitates the cutting thereof by the blades 9 of the immediately
      following first rotor 6. No appreciable quantities of mud or other
      material can adhere for any length of time to the cylindrical surface of
      the drum-like roller 33 because such mud or other material is cleared from
      that surface by the blades 9 which, as previously discussed, move very
      closely adjacent thereto during the operation of the cultivator. The
      adjustable coulters 57 at the front of the cultivator cut grooves in the
      soil to form a clearly defined working strip for the cultivator.
      Obviously, the distance between the two coulters 57 is substantially equal
      in magnitude and position to the working widths of the two rotors 6 and
      18.
PAR  The construction that has been described for the rotor 18 enables it to be
      assembled or disassembled quickly and easily by a number of simple
      operations, said rotor 18 being capable of working at any chosen one of a
      number of soil depths that are different to the working depth of the rotor
      6. If required, the cultivator can operate employing only the rotor 6 in
      which case the second rotor 18 is brought to the inoperative transport
      position thereof that is shown in an upper region of FIG. 2 of the
      drawings in broken lines. It is possible to employ the second rotor 18
      without the plates 19 in which case the second rotor 18 is still of
      polygonal cross-section but is of smaller effective diameter. A decision
      as to whether or not to use the plates 19 will be based upon the
      particular soil treatment that is required and the nature and consistency
      of the soil that is to be dealt with but, generally speaking, when the
      effective diameter of the second rotor is reduced to the diameter of a
      circle which, in FIG. 2, contains the points of the spacer sleeves 21 or
      the points of the central support 20 without the spacer sleeves 21, said
      second rotor 18 is in a condition in which it is particularly suitable for
      stirring up the sub-soil at a considerable depth below the ground surface.
PAR  Although various features of the cultivator that has been described will be
      set forth in the following claims as inventive features, it is emphasised
      that the invention is not necessarily limited to those features and that
      it includes within its scope each of the parts of the cultivator that has
      been described and/or that has been illustrated in the accompanying
      drawings both individually and in various combinations.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A cultivator comprising a frame and a first soil-working rotor of
      bar-like configuration rotatably mounted on said frame with driving means
      connected to said first rotor, a second soil-working rotor rotatably
      mounted on said cultivator in driving connection with said driving means,
      said first rotor having a polygonal periphery, said rotors being located
      one behind the other and rigid means for fixing the relative positions of
      said rotors on said frame to work soil at different depths and for
      positioning said first rotor substantially entirely below the surface of
      the ground to work sub-soil said first rotor having an effective diameter
      that is substantially smaller than that of said second rotor.
NUM  2.
PAR  2. A cultivator comprising a frame and a first soil-working rotor of
      bar-like configuration rotatably mounted on said frame with driving means
      connected to said first rotor, a second soil-working rotor rotatably
      mounted on said cultivator in driving connection with said driving means,
      said first rotor comprising an elongated support and soil-working means
      being secured on said support, said rotors being rotatable on
      corresponding horizontal axes and located one behind the other, rigid
      means for fixing the relative positions of said rotors on said frame to
      work soil at different depths and for positioning said first rotor
      substantially entirely below the surface of the ground to work sub-soil,
      said first rotor having an effective diameter that is substantially
      smaller than that of said second rotor.
NUM  3.
PAR  3. A cultivator comprising a frame and a first soil-working rotor of
      bar-like configuration rotatably mounted on said frame with driving means
      connected to said first rotor, a second soil-working rotor rotatably
      mounted on said cultivator in driving connection with said driving means,
      said first rotor comprising an elongated substantially horizontal support
      and soil-working means being releasably secured on said support, said
      first rotor being located behind the second rotor and rigid means for
      fixing the relative positions of said rotors on said frame to work soil at
      different depths and for positioning said first rotor substantially
      entirely below the surface of the ground to work sub-soil, said first
      rotor having an effective diameter that is substantially smaller than that
      of said second rotor.
NUM  4.
PAR  4. A cultivator as claimed in claim 3, wherein the axis of rotation of said
      first rotor is fixable to said frame at a lower level than the axis of
      rotation of said second rotor and said driving means is connected to drive
      said rotors in the same direction during operation.
NUM  5.
PAR  5. A cultivator as claimed in claim 3, wherein said first rotor comprrises
      a central support of polygonal cross-section, soil working plates with
      spacer sleeves being slideably mounted on said support, said plates being
      polygonal in configuration.
NUM  6.
PAR  6. A cultivator as claimed in claim 5, wherein said plates extend
      substantially perpendicular to the axis of rotation of said second rotor
      and said plates are square in shape.
NUM  7.
PAR  7. A cultivator as claimed in claim 5, wherein said plates include plates
      adjacent opposite axial ends of said rotor which are secured on said
      support against axial displacement therealong.
NUM  8.
PAR  8. A cultivator as claimed in claim 3, wherein said first rotor is
      connected to said frame by arms and the latter are pivotably connected to
      the frame, adjusting means on said arms that secure said arms and first
      rotor in a number of different positions with respect to said second rotor
      and at the rear thereof.
NUM  9.
PAR  9. A cultivator as claimed in claim 8, wherein the pivotal axis of said
      arms is located to the rear of said second rotor with respect to the
      normal direction of travel, said pivotal axis being located at a lower
      level than the axis of rotation of said second rotor and the latter having
      a plurality of soil working blades.
NUM  10.
PAR  10. A cultivator as claimed in claim 9, wherein, as seen in side elevation,
      said pivotal axis is located inside the path traced by the tips of said
      soil working blades of said second rotor.
NUM  11.
PAR  11. A cultivator as claimed in claim 9, wherein said arms and first rotor
      can be pivoted above said second rotor to an inoperative transport
      position.
NUM  12.
PAR  12. A cultivator as claimed in claim 9, wherein a rotary soil compressing
      member is mounted in front of said rotors with respect to the normal
      direction of travel, said soil compressing member being freely rotatable
      about an axis that extends substantially parallel to the axis of rotation
      of said second rotor.
NUM  13.
PAR  13. A cultivator as claimed in claim 12, wherein said soil compressing
      member is a ground roller having a periphery located in close proximity to
      the paths traced by the soil working blades of the said second rotor.
NUM  14.
PAR  14. A cultivator comprising a frame and a first soil-working rotor of
      bar-like configuration rotatably mounted on said frame with driving means
      connected to said first rotor, a second soil-working rotor rotatably
      mounted on said cultivator in driving connection with said driving means,
      said first rotor comprising an elongated support with soil-working means
      being releasably secured on said support and said rotors being rotatable
      about corresponding substantially horizontal axes, said rotors being
      located one behind the other, said first rotor being connected to said
      frame by pivotable arm means and said arm means being settable to position
      said first rotor substantially entirely below the surface of the ground to
      work sub-soil, said second rotor including central support means that is
      journalled to said frame.
NUM  15.
PAR  15. A cultivaror as claimed in claim 14, wherein said driving means
      includes drive transmissions to said first rotor and said second rotor at
      opposite sides of said cultivator.
NUM  16.
PAR  16. A cultivator as claimed in claim 14, wherein said frame comprises side
      plates and the central support of said second rotor is journalled to said
      side plates, said arm means being pivoted to said side plates whereby said
      first rotor can be moved in vertical directions with respect to said
      second rotor.
NUM  17.
PAR  17. A cultivator as claimed in claim 14, wherein the effective working
      diameter of said second rotor is about three times the effective working
      diameter of said first rotor.
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PAL  A self-contained hand tool for driving fence posts into the earth and
      operable by an automobile battery, or the like. The tool comprises a
      sleeve member for receiving one end of the post therein, reciprocal hammer
      means disposed within the sleeve and intermittently engagable with the
      post, power means, cam means, drive means operably connected between the
      power means and the cam means for rotation thereof, extension strap means
      carried by the hammer means and engagable by the cam means during rotation
      thereof for moving the hammer means in one direction, and yieldable means
      connected with the hammer means for returning the hammer means to the
      normal position thereof against the action of the cam and strap means for
      providing said reciprocal movement for the hammer means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in fence post driving means and more
      particularly, but not by way of limitation, to a self-contained hand tool
      for driving fence posts into the earth.
PAR  2. Description of the Prior Art.
PAR  During the installation of fences, particularly those commonly known as
      cyclone fences, it is the usual practice to set a plurality of fence posts
      in the earth in spaced relation and stretch the fencing material
      therebetween. The fence posts are normally driven into the earth through a
      relatively substantial distance in order to provide stability for the
      fence structure. The site of installation of the fence is frequently in an
      area wherein access to the posts is somewhat restricted, that is, it may
      be difficult to position any vehicle powered or large driving equipment in
      the proximity of the post. The hand driving of the posts is difficult and
      time consuming since the earth is often extremely hard and rocky.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a novel self-contained hand tool
      particularly designed and constructed for facilitating the setting or
      driving of fence posts into the earth. The novel tool comprises a sleeve
      member adapted for receiving one end of the fence post therein and having
      a slidable disc member loosely disposed therein for resting on the upper
      end of the fence post. A hammer member is disposed in the sleeve on the
      opposite side of the disc member with respect to the fence post and is
      retained in a normal position against the disc member by suitable
      compression spring means. A strap member is provided on the outer
      extremity of the hammer member and is engagable by a rotatable cam member
      for moving the hammer in a direction away from the disc against the force
      of the spring. A power source is carried by the sleeve member and disposed
      externally thereof for driving the cam means. When the sleeve member is
      disposed on the fence post and the power source is activated, the cam
      means intermittently engages the strap member for moving the hammer in one
      direction and disengages the strap member whereby the spring means returns
      the hammer to the normal position thereof, thus applying intermittent
      striking forces against the disc which in turn applies the striking force
      to the fence post for driving of the fence post into the earth.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a fence drive tool embodying the
      invention.
PAR  FIG. 2 is a view taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is a view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is an enlarged sectional elevational view of the sleeve and hammer
      means of the invention and illustrates the hammer is an extended position
      with respect to the sleeve.
PAR  FIG. 5 is a view similar to FIG. 4 and illustrates the hammer in a normal
      position with respect to the sleeve.
PAR  FIG. 6 is a side elevational view, partly in section, depicting a fence
      post driver embodying the invention in position on the upper end of a
      fence post.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, reference character 10 generally
      indicates a fence post driver hand tool comprising a first sleeve member
      12 having one end 14 thereof open for receiving a fence post 16 therein.
      The opposite end of the sleeve 12 is enlarged at 18 to provide an annular
      shoulder 20 for a purpose as will be hereinafter set forth and to receive
      one end of a second sleeve 22 therein, as particularly shown in FIGS. 4
      and 5. A pair of oppositely disposed circumferential flanges 24 and 26 are
      provided on the outer periphery of the sleeve 22 for engagement with the
      enlarged end portion 18 of the sleeve 18 in order to support the sleeve 22
      therein. A plurality of radially outwardly extending apertured flanges or
      lugs 28 are provided on the outer periphery of the sleeve 12 in the
      proximity of the end 18 thereof and the sleeves 12 and 22 may be removably
      secured in end to end relation by a plurality of bolts 30 and lock nuts 32
      threadedly secured between the flanges 24 and 26 and the lugs 28 and 32,
      as clearly shown in the drawings. A plate or disc member 34 (FIGS. 4 and
      5) is slidably disposed within the enlarged end 18 of the sleeve 12 and is
      interposed between the sleeve 22 and the shoulder 20 for a purpose as will
      be hereinafter set forth.
PAR  An elongated hammer member 36 is slidably disposed within the sleeve 22 and
      is oppositely disposed therein with respect to the post 16. The hammer 36
      may be of any suitable type, but is preferably lead-loaded whereby gravity
      will tend to retain the hammer 36 in a normal position against the disc 34
      as shown in FIG. 5 when the device 10 is in use. A pair of oppositely
      disposed radially outwardly extending fingers 38 and 40 are provided on
      the outer periphery of the hammer 36 and extend slidably through a pair of
      oppositely disposed slots 42 and 44, respectively, provided in the
      sidewalls of the sleeve 22. A complementary pair of radially outwardly
      extending fingers 46 and 48 are provided on the outer periphery of the
      sleeve 12 and disposed in substantial alignment with the fingers 38 and
      40. A first compression spring member 50 is secured or anchored between
      the aligned fingers 38 and 46 in any suitable manner and a second
      compression spring member 52 is similarly secured or anchored between the
      aligned fingers 40 and 48 in order to more positively maintain the hammer
      36 in a normal position adjacent the disc 34.
PAR  A pair of spaced axially extending arms 54 and 56 are welded or otherwise
      rigidly secured to the outer extremity of the hammer member 36 and are
      connected at their outer ends by a cross member 58 which may be bolted or
      otherwise secured therebetween, thus providing a substantially inverted
      U-shaped strap member at the outer extremity of the hammer 36. The cross
      member 58 is intermittently engaged by a cam mechanism, generally
      indicated at 60, for intermittently moving the hammer 36 in a direction
      against the force of the springs 50 and 52 for a purpose and in a manner
      as will be hereinafter set forth.
PAR  As particularly shown in FIGS. 1, 2 and 3, the cam mechanism 60 comprises a
      pair of oppositely disposed radially outwardly extending cam members 59
      and 61 secured to a cam shaft 62 suitably journalled between a pair of
      spaced support members 64 and 66 which are preferably constructed from
      angle iron, but not limited thereto. The support members 64 and 66 are
      suitably secured to radially outwardly extending circumferentially spaced
      flanges 68 and 70, respectively, provided on the outer periphery of the
      sleeve 22. Whereas the supports 64 and 66 may be secured to the respective
      flanges 68 and 70 in any well known manner, as shown herein the supports
      are bolted to the flanges by a plurality of bolts 72 and complementary
      lock nuts 74. One end of the cam shaft 62 is supported in one of the
      support members, such as the support member 64 and the opposite end of the
      shaft 62 extends through the other support member, such as the support
      member 66 into connection with the hub 76 of a suitable pulley member 78.
      A second pulley member 80 is spaced from the pulley 78 and is in
      substantial planar alignment. An endless belt 82 extends around and
      between the pulleys 78 and 80, as is well known, for transmitting rotation
      therebetween. The pulley 80 is suitably secured to the drive shaft 84 of a
      motor 86 of any suitable type. The motor 86 as shown herein is preferably
      electric and is actuated by a solenoid 88 as will be hereinafter set
      forth. Whereas a pulley drive arrangement shown herein is used, it is to
      be understood that a worm and gear arrangement (now shown) may be operably
      connected between the drive shaft 84 and the cam shaft 62 for transmitting
      rotation to the shaft 62, if desired.
PAR  The motor 86 is removably mounted on a bracket 90 in any suitable manner,
      such as a strap arrangement 92. The mounting bracket 90 is secured to the
      outer periphery of the sleeve 22 by a suitable hinge 94. A tubular housing
      96 is welded or otherwise rigidly secured to the bracket 90 spaced from
      the hinge 94 as particularly shown in FIG. 1 and has one end thereof
      closed for receiving one end of a suitable compression spring 98
      thereagainst and the opposite end thereof open for passage of the spring
      98 therethrough. The outer end of the spring 98 is suitable anchored or
      secured to the support member 66 as particularly shown in FIG. 3 and
      constantly urges the bracket 96 in a direction away from the sleeve 22 in
      order to maintain the belt 82 taut between the pulleys 78 and 80. When it
      is desired to release the tension in the belt 82 for any reason, the motor
      86 may be manually moved in a direction toward the sleeve 22 for pivoting
      the bracket 90 in a direction against the force of the spring 98. Of
      course, when the manual pressure is released, the spring 98 will return
      the motor 86 to the normal position thereof.
PAR  The solenoid 88 is operably connected or electrically connected with the
      motor 86 in any suitable well known manner for actuation thereof and a
      suitable cable 89 is provided for connecting the solenoid 88 with a
      battery (not shown) which is preferably of a 12 voltage but not limited
      thereto and is also suitably electrically connected with an on-off
      switching mechanism 100 which is mounted in a housing 102 secured to the
      outer periphery of the sleeve 12. The switching mechanism 100 is
      preferably provided with a trigger-type actuation element 102 and the
      housing 102 functions as a handle for facilitating manipulation of the
      tool 10 as will be hereinafter set forth. In addition, it is preferable to
      provide an oppositely disposed radially outwardly extending rod or handle
      member 106 rigidly secured to the outer periphery of the housing 12
      whereby the housing 102 may be grasped by one hand of the tool operation
      (not shown) and the handle member 106 may be grasped by the operator's
      other hand for supporting the tool 10 during operation thereof. In
      addition, a longitudinally extending handle member 108 may be secured to
      the outer periphery of the sleeve 22 for facilitating carrying of the tool
      10 between installation sites.
PAR  Referring now to FIGS. 4 and 5 a modified cam means 110 is shown which is
      substantially identical to the cam mechanism 60 except that a single cam
      member 112 is secured to the cam shaft 62 in lieu of the two cams 59 and
      61 hereinbefore set forth. It will be apparent that upon rotation of the
      cam shaft 92, the cams 59 and 61 will alternately engage the cross member
      58, causing an extension of the hammer member 36 two times during each
      revolution of the shaft 62, whereas with the use of a single cam member
      112, the cam 112 will engage the cross member 58 one time during each
      revolution of the shaft 62 and will thus extend the hammer member 36 once
      for each revolution of the shaft 62.
PAR  When the tool 10 is to be utilized for driving the post 16 into the earth
      114, the sleeve 12 may be placed on the upper end of the post 16 as
      particularly shown in FIG. 6 and the motor 86 may be activated by manual
      operation of the switch 100 as is well known. The drive shaft 84 is
      rotated in the usual manner upon the activation of the motor 86 for
      transmitting rotation to the pulley 80. The rotation of the pulley 80 is
      transmitted to the pulley 78 through the belt 82 as is well known and the
      cam shaft 62 is rotated simultaneously with the pulley 78. As the cam
      shaft 62 rotates, the cam members 59 and 61 are alternately moved into and
      out of engagement with the cross member 58. As one of the cam members,
      such as the cam 59, engages the cross arm 58, the arm 58 is moved in a
      direction against the force of the springs 50 and 52 and the hammer 36 is
      pulled longitudinally or axially outward with respect to the sleeve 22.
      Continued rotation of the cam shaft 62 moves the cam 59 away from
      engagement with the cross member 58 and gravity and the spring members 50
      and 52 quickly return the hammer to the contracted position within the
      sleeve 22. It will be apparent that each cam 59 and 61 will engage the
      cross arm 58 one time during each revolution of the shaft 62, thus, the
      hammer member 36 will be moved against the force of the springs and
      released two times during each revolution of the shaft 62. Of course, if
      the single cam 112 is utilized the hammer 36 will be reciprocated only a
      single time during each revolution of the cam shaft 62.
PAR  When the hammer 36 is returned to the normal contracted position thereof
      within the sleeve 22, the outermost end 116 of the hammer 36 strikes the
      disc 34 which is resting on the uppermost end of the post 16, as
      particularly shown in FIGS. 4 and 5. The force of the hammer 36 striking
      the disc 34 drives the disc 34 and post 16 downwardly with each blow of
      the hammer. When the hammer 36 is moved to the raised position therefor as
      shown in FIG. 4, the disc 34, which normally rests on the uppermost end of
      the post 16, is also disposed against the lowermost end of the sleeve 22.
      When the hammer 36 drops to the lowermost position thereof, as shown in
      FIG. 5, the disc 34 and post 16 are driven downwardly for driving the post
      16 into the earth 114. The downward movement of the hammer 36 is limited
      by the engagement of the disc 34 with the shoulder 20.
PAR  Of course, a pilot hole (not shown) may be initially drilled or dug in the
      earth 14 at the site wherein the post 16 is to be set, if desired, and the
      post 16 may be driven into the earth to substantially any desired depth
      below the pilot hole. The pilot hole may subsequently be filled with
      concrete, or the like, to provide further stability for the installed post
      16, as is well known.
PAR  Subsequent to the setting of the post 16 in the earth 114, the tool 10 may
      be manually removed from the position on the top of the post 16 and may be
      manipulated by the longitudinally disposed handle 108 for portability to
      the site of the next or succeeding post 16 to be set. Of course, during
      the post driving operation, the tool 10 may be manipulated by the handles
      102 and 106 which greatly facilitate the overall handling of the tool.
PAR  From the foregoing it will be apparent that the present invention provides
      a novel self-contained portable fence post driving tool powered by a
      suitable battery. The tool may be easily disposed on the uppermost end of
      the post to be driven or set and reciprocal hammer means having yieldable
      means constantly urging the hammer in one direction, and cam means
      engagable with the hammer for intermittent driving engagement with the
      post for driving the post into the earth. The tool is easily supported by
      the post itself during the post driving operation and the hammering
      operation quickly drives the post into the earth with a minimum of effort
      for the operator of the tool. The novel tool is simple and efficient in
      operation and economical and durable in construction.
PAR  Whereas the present invention has been described in particular relation to
      the drawings attached hereto, it should be understood that other and
      further modifications, apart from those shown or suggested herein, may be
      made within the spirit and scope of this invention.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A fence post driving tool comprising sleeve means having one end thereof
      open for receiving one end of a fence post therein, hammer means slidably
      disposed in said sleeve means and movable through the opposite end
      thereof, yieldable means secured between the sleeve means and the hammer
      means for constantly urging the hammer means in one direction with respect
      to the sleeve means, cam means journalled in the proximity of one end of
      the hammer means and intermittently engagable therewith for moving the
      hammer means in a direction against the force of the yieldable means,
      power means carried by the sleeve means, drive means operably connected
      between the power means and cam means for actuating of the cam means, and
      said cam means and yieldable means cooperating to reciprocate the hammer
      means within the sleeve means for transmitting intermittent driving force
      to the fence post, and wherein the hammer means comprises an elongated
      hammer element slidably disposed within said sleeve means, U-strap means
      secured to the outer extremity of said hammer element and extending
      longitudinally outwardly therefrom, said U-strap means being
      intermittently engagable by said cam means for imparting movement to the
      hammer element in one direction against the force of the yieldable means.
NUM  2.
PAR  2. A fence post driving tool as set forth in claim 1 wherein the hammer
      element is lead weighted and said yieldable means comprises at least one
      compression spring member secured between the sleeve means and the hammer
      element.
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ABST
PAL  Improved apparatus for weighing and computing a value for articles. An
      integrated circuit microcomputer is supplied with the gross article weight
      from a scale and with price per unit weight data from a manual keyboard.
      Tare weight data may be entered either through the manual keyboard or
      automatically from the scale. The microcomputer computes a net weight and
      a value for each weighed article. The net weight, the price per unit
      weight and the value are indicated on a digital display and may be printed
      on a label. Filtering circuitry prevents jitter in the article weight
      supplied from the scale to the microcomputer and the display caused by
      small vibrations in the article or the scale.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to computing scales and more particularly to an
      improved computing scale which weighs an article and computes desired data
      from the article weight such as an article value based upon the article
      weight and a predetermined price per unit weight.
PAR  Computing scales are used in many industries for weighing articles and
      computing desired data from the article weight. Computing scales are, for
      example, commonly used in the retail food sales industry for weighing
      meats, produce and similar articles sold by weight and for computing from
      the article weight the value of such article based upon a predetermined
      price per unit weight. The article weight and the computed value are then
      displayed to the store clerk and to customers and, in some cases, are also
      automatically printed on an article label.
PAR  Computing scales are also used for obtaining data other than the value of
      articles. Such scales, for example, are sometimes used for obtaining a
      count of the number of pieces in a container. The scales weigh the number
      of pieces in the container and divide the measured weight by an average
      weight per piece for obtaining a pieces count. Or, computing scales may be
      used for obtaining a net weight of a material having a known percentage,
      by weight, of impurities. For example, if it is known that a particular
      material has a moisture content of 2% by weight, it may be desired to
      multiply the measured gross weight from a scale by 98% so that the net or
      dry weight of the material is indicated.
PAR  Computing scales have become very sophisticated and highly accurate with
      the development of digital computing techniques. Advance computing scales
      convert a measured gross article weight into a digital format,
      subsequently convert the digitized gross weight into a digital net weight,
      and multiply the net weight by a price per unit weight or some other
      factor in a digital computer. The result appearing at the computer output
      may then be displayed on a digital readout, such as on Nixie tube readouts
      or on seven-segment readout devices. In some instances, a record is also
      printed of the computer output. The record may, for example, consist of a
      label for application to the article being weighed.
PAR  The use of digital techniques and the greatly increased accuracy of modern
      digital computing scales has accentuated some problems which were
      generally of little concern in the relatively slow and less accurate prior
      art analog computing scales. One such problem area is jitter in the
      measured weight. As used herein, weight "jitter" refers to very small
      fluctuations or oscillations in the measured weight generally caused by
      small vibrations of either the article being weighed or the scale. Digital
      computing scales used for retail sales typically indicate weight to
      1/100th of a pound. At this accuracy, a relatively small vibration may
      cause the indicated digital weight to jitter between two or more values.
      This problem is accentuated when an article has a weight between two
      values. If, for example, an article weighs 9.135 pounds and the scale
      indicates only to 1/100th of a pound, the displayed weight will tend to
      jitter or alternate between 9.13 pounds and 9.14 pounds. This in turn may
      cause data computed from the article weight to jitter between two values.
PAR  Computing scales are generally provided with means for supplying a tare
      weight to the computer for use in determining net weights. In many scales,
      a separate set of buttons or switches are used solely for tare weight
      entries. More sophisticated computing scales may measure the tare weight
      on the scale and automatically enter the measured tare weight when an
      "enter tare" switch is closed. These scales are often provided with a
      switch for selecting either an automatic mode or a manual mode for
      entering tare weights. However, the mode selecting switches and the manual
      tare entry keys are not always convenient and there is a possibility of
      entering an erroneous tare weight. Furthermore, when the scale is designed
      to compute values, a separate set of keys or switches has generally been
      required for entering price per unit weight data. This results in an
      unnecessary duplication of switches or keys for entering data into the
      computer.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, apparatus for weighing and digitally
      computing a value for articles is provided with improved circuitry for
      filtering weight signals to eliminate the effects of jitter and with
      improved circuitry for entering digital tare weight data in either manual
      or automatic operating modes. A digital scale is connected through an
      interface to provide gross weight data to an integrated circuit
      microcomputer. A digital keyboard is also connected to the interface for
      supplying both price per unit weight data and tare weight data to the
      microcomputer. The keyboard also includes a "tare entry" key. The
      apparatus is designed such that if the tare entry key is pushed within a
      predetermined time interval after a digit key has been pushed, the
      microcomputer recognizes the digit only as a tare weight digit. If the
      tare entry key is not pushed within the time interval, the digit is
      recognized only as a price per unit weight digit. Thus, the entered digit
      is no longer recognized as a tare digit but remains stored as a price per
      unit weight digit. If the tare entry key is pushed when a digit key had
      not been pushed within the preceding predetermined time interval, the
      current weight on the scale is entered into the microcomputer as the tare
      weight. The microcomputer computes a net weight for an article placed on
      the scale from the measured gross weight and the tare weight and
      subsequently computes a value from the net weight and the price per unit
      weight. The net weight, the price per unit weight and the value are then
      supplied to a digital display and, optionally, to a label printer.
PAR  The keyboard also may be used for entering fractional price data. For
      example, the entered price may be "per 1/2 pound" or "per 1/4 pound". When
      fractional prices are entered, the microcomputer normalizes the price data
      to a price per unit weight prior to computing a value. The price data is
      normalized by multiplying the entered fractional price by a factor. If an
      entered price is, for example, per 1/4 pound, it is multiplied by a factor
      of four to obtain a price per pound.
PAR  The digital weight data from the scale is filtered to eliminate jitter or
      any ambiguity between adjacent digital increments. The measured gross
      weight is periodically compared with a filtered weight which is used by
      the microcomputer for computing the net weight and the article value. If
      the compared weights differ by more than a predetermined amount, a motion
      signal is generated and the filtered weight is revised to the value of the
      measured gross weight. If they differ by less than the predetermined
      amount, a counter is incremented. The counter is cleared whenever the two
      weights are equal or the filtered weight is revised. The filtered weight
      is also revised when the counter reaches a predetermined count. Thus, if
      jitter causes the measured gross weight to alternate between two adjacent
      values, e.g., 9.13 pounds and 9.14 pounds, and the filtered weight is one
      of these values, e.g., 9.13 pounds, then the counter will never be
      incremented to the predetermined count. The displayed weight and the
      weight used for computing a value will then remain constant. The motion
      signal, which may be used to blank the weight display and/or to inhibit a
      printer, is extinguished when the filtered weight and the measured gross
      weight are equal for a predetermined number of successive comparisons.
PAR  Accordingly, it is a preferred object of the invention to provide improved
      apparatus for weighing and computing a value for articles.
PAR  Another object of the invention is to provide improved circuitry for
      filtering weight data from a digital scale to prevent jitter and
      ambiguities between adjacent weight increments.
PAR  Still another object of the invention is to provide improved circuitry for
      manually or automatically entering tare weight data into a scale system.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description, with reference being made to the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of apparatus for weighing and computing a value
      for articles embodying the principles of the present invention;
PAR  FIG. 2 which consists of FIGS. 2A through 2J, is a flow diagram showing the
      operation of apparatus for weighing and computing a value for articles
      according to the present invention;
PAR  FIG. 3 is a detailed schematic logic circuit diagram of one embodiment of
      the translator portion of a scale for use in apparatus for weighing and
      computing a value for articles according to the present invention;
PAR  FIG. 4 is a schematic logic circuit diagram of a keyboard and data input
      multiplexer for use in apparatus for weighing and computing a value for
      articles according to the present invention;
PAR  FIG. 5 is a detailed schematic logic circuit diagram of a data processor,
      digital memories and interface for use in apparatus for weighing and
      computing a value for articles in accordance with the present invention;
PAR  FIG. 6 is a detailed logic circuit diagram of a digital display for use in
      apparatus for weighing and computing a value for articles according to the
      present invention;
PAR  FIG. 7 is a logic circuit diagram of a modified embodiment of apparatus for
      manually or automatically entering tare weight data into a scale system in
      accordance with the present invention; and
PAR  FIG. 8 is a logic circuit diagram of apparatus for filtering digital weight
      data according to the present invention to prevent ambiguities between
      adjacent weight increments.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings and particularly to FIG. 1, a block diagram is
      shown of apparatus 10 for weighing and computing a value for articles
      embodying the principles of the present invention. The apparatus 10
      includes a scale 11 for supplying a weight signal in a digital format to
      interface and input data multiplexer circuitry 12. Data is also applied
      from a keyboard 13 to the interface and multiplexer 12. From the interface
      and multiplexer 12, the scale and keyboard data passes to a data processor
      14 which includes an arithmetic logic unit 15 and one or more digital
      memories 16. The scale 11 and the keyboard 13 supply gross weight data,
      tare weight data and price data to the data processor 14. The arithmetic
      logic unit 15 subtracts the tare weight from the measured gross weight for
      an article to obtain a net weight. If necessary, the price data is
      normalized and the net weight is subsequently multiplied by the price per
      unit weight for obtaining a value for the weighed article. The net weight
      data, the price data and the computed value are then passed through the
      interface 12 to a digital display 17 and also may be supplied to an
      optional printer 18 for use in printing a label for the weighed article.
PAR  The apparatus 10 is designed to provide a maximum degree of accuracy in the
      measured article weight and the computed value. The possibility of an
      erroneous data entry from the keyboard 13 caused, for example, by contact
      bounce, is minimized by repeatedly scanning the keyboard 13 at a
      relatively fast rate. Data is stored in the memory 16 only after the data
      is received from the keyboard 13 for a predetermined number of successive
      scans, such as three successive scans at a rate of one scan each 15
      millisecond.
PAR  Data from the scale 11 is also filtered to minimize the effects of jitter
      or ambiguities between two adjacent weight increments caused by vibration
      of the scale or an article on the scale. The arithmetic logic unit 15 uses
      a filtered weight value stored in a portion of the memory 16 for computing
      the net weight and the article value. The digital output applied from the
      scale 11 to the interface and multiplexer 12 is periodically scanned and
      compared with the stored filtered weight. If the two weights differ by
      more than a predetermined amount, a motion signal is generated and the
      filtered weight is revised to the value of the measured gross weight from
      the scale 11. If they differ by less than the predetermined amount, a
      counter within the arithmetic logic unit 15 is incremented. The counter is
      cleared whenever the two weights are equal or the filtered weight is
      revised. The filtered weight is also revised to the measured gross weight
      when the counter reaches a predetermined count, such as two or three. The
      motion signal, which may be used to blank the weight shown on the digital
      display 17, to inhibit a value computation, and to prevent the printing of
      a label by the printer 18, is extinguished when the filtered weight and
      the measured gross weight are equal for a predetermined number of
      successive comparisons. Thus, if the output from the scale 11 alternates
      on successive cycles between two numbers such as 9.13 pounds and 9.14
      pounds and the filtered weight stored in the memory 16 is 9.13 pounds, the
      counter will be alternately incremented and cleared as the weight jitters
      between the two values. Since the counter is not incremented up to the
      predetermined count, the filtered weight remains constant at 9.13 pounds
      and ambiguities in the weight supplied to the arithmetic logic unit 15, to
      the digital display 17 and to the printer 18 are eliminated.
PAR  The tare weight may be supplied to the data processor 14 either in an
      automatic mode from the scale 11 or in a manual mode from the keyboard 13.
      The keyboard 13 includes a tare entry key which must be actuated each time
      a tare weight is entered into the data processor 14. The keyboard 13 also
      includes a set of ten digit keys for supplying data through the interface
      and multiplexer 12 to the data processor 14. When a digit key on the
      keyboard 13 is pushed, the digit is stored in both a price portion of the
      memory 16 and in a temporary tare weight portion of the memory 16. At the
      same time, a timer is started for measuring a predetermined time interval
      which is generally on the order of one to two seconds. If the tare entry
      key is then pushed before the measured time interval has elapsed, the
      price memory is cleared and the number stored in the temporary tare memory
      is shifted into a second tare weight memory for use by the arithmetic
      logic unit 15 in computing a net weight. The display 17 will then show the
      manually entered tare weight as a negative value until an article is
      placed on the scale 11. If the tare entry key is not pushed, the temporary
      tare memory will be cleared when the timer shuts off after measuring the
      predetermined time interval and the entered number will be used only as a
      price digit. If, on the other hand, the tare entry key is pushed and the
      timer is not currently on, the digital output from the scale 11 will be
      stored in the tare weight memory for use in computing a net weight. Since
      the gross weight and the entered tare weight are now equal, the net weight
      shown on the display 17 will be zero. A container or package placed on the
      scale 11 for obtaining the tare weight may then be filled with one or more
      articles for which a value is to be computed.
PAR  The keyboard 13 may also include additional keys which are used for
      fractional pricing, for selecting a "prepack" mode of operation, for
      clearing all data entered into the memories 16 and for activating the
      printer 18. In the fractional pricing mode of operation, entered price
      data will be considered by the data processor 14 as a price per fractional
      unit weight such as $1.19 per 1/2 pound or $1.19 per 1/4 pound. If the
      price is per 1/2 pound, the arithmetic logic unit 15 multiplies the
      entered $1.19 by two and uses the resulting $2.38 per pound for computing
      a value. Similarly, if the price is per 1/4 pound, the arithmetic logic
      unit 15 multiplies by a factor of four. During normal operation of the
      apparatus 10 in, for example, a delicatessen, it may be desirable to clear
      the digital memory 16 each time an article is removed from the scale 11.
      Thus, new tare weight data and price data must be entered for each article
      for which a value is to be computed. During the normal mode of operation,
      the price and tare memories are cleared each time the weight output from
      the scale 11 goes above a predetermined weight for a predetermined time
      and then falls below the predetermined weight. However, at times it may be
      desirable to use the apparatus 10 for preparing labels for a series of
      identical articles, such as packages of swiss cheese, all of which have
      the same price per unit weight and the same tare weight. A prepack key is
      provided on the keyboard 13 for selecting the operating mode of the
      apparatus 10. When the apparatus 10 is in the prepack mode of operation,
      the memories 16 will not be cleared when an article is removed from the
      scale 11. Thus, the entered tare weight data and price data are maintained
      from article to article. In addition, government regulations commonly
      prohibit the use of fractional pricing for articles which are prepackaged
      and labeled. Therefore, when the apparatus 10 is in the prepack mode of
      operation, operation of the fractional pricing keys on the keyboard 13 is
      inhibited.
PAR  Prior to considering the detailed circuitry for the apparatus 10 for
      successively weighing and computing the value of a plurality of articles,
      attention is directed to FIGS. 2A through 2J which show a flow diagram for
      a preferred operating sequence of the apparatus 10. The flow diagram
      consists of a series of blocks in the shape of diamonds or rhombuses and
      rectangles. Each diamond corresponds to a question having either a yes or
      no answer which may be asked by conventional logic circuitry in the
      microcomputer 14. Each rectangular block corresponds to the performance of
      a specific function such as storing a value in a memory or causing a label
      to be printed. In reading the flow diagram, entry is made to the top or
      left of a block and the logic flows downwardly and to the right. The
      numbers placed in the circles to the top and left of the blocks represent
      input locations. For example, the "A2 in" in a circle on the left of the
      flow diagram in FIG. 2A represents an input to the second block from the
      top in sheet A of FIG. 2. The numbers in the circles to the right of or
      below the blocks in the flow diagram represent an output connected to a
      different location in the flow diagram. For example, the circle below the
      block 33 at the lower right of FIG. 2A is designated "to B1". This
      indicates that a jump is made from this block to the input to the first
      block in sheet B of FIG. 2.
PAR  Referring now to FIG. 2A, the flow diagram is initially entered through an
      A1 input to a block 23 at which the apparatus 10 is cleared and
      initialized in preparation for weighing and computing a value for an
      article. The block 23 and an A2 input are connected to a block 24 at which
      the data processor 14 prepares to do six scans of the keyboard 13. The
      block 24 and an A3 input are connected to a block 25 in which a "key" flag
      is cleared. As used herein in discussing the flow chart of FIGS. 2A
      through 2J, a flag indicates a latch, a flip-flop or a bit stored in a
      memory to indicate the occurrence or non-occurrence of a condition. The
      key flag, for example, indicates that a key on the keyboard 13 has been
      depressed. The block 25 and an A4 input are connected to a block 26 in
      which the keyboard 13 is scanned to read any depressed key. From the block
      26, a check is made to see if a key is actually depressed during a scan at
      a block 27. If not, a jump is made to an A10 input, while if a key is
      depressed a check is made to see if the key flag is set at a block 28. If
      the key flag is already set, it indicates that multiple keys on the
      keyboard 13 are simultaneously depressed and a "key depress" memory is
      cleared at a block 29 and the logic jumps to an All input. If a key was
      depressed and the key flag was not set, the block 28 is connected to a
      block 30 at which the key flag is set. After the key flag is set, the key
      depress memory is incremented at a block 31.
PAR  According to the following described embodiment of the apparatus 10, a key
      must be recognized as being depressed for three successive scans before
      data is entered into the memory 16. The key depress memory indicates the
      number of successive times a key has been recognized. From the block 31, a
      check is made at a block 32 to see if all 16 keys on the keyboard 13 have
      been looked at. If not, the logic returns to the A4 input while if they
      have all been looked at, the block 32 and an All input are connected to a
      block 33 wherein static inputs are read and data from such static inputs
      is stored in the memory 16. The static inputs consist of a plurality of
      internal switches within the apparatus 10 which permit selecting various
      optional operating modes and interlocks. Once these switches are set for a
      particular installation, they are normally not changed unless the
      operating requirements for the apparatus 10 change. The static inputs may
      include, for example, a "tare enable" switch, a "tare required" switch, a
      "factor required" switch, a switch which determines if the apparatus 10 is
      to be cleared whenever a package or article is removed from the scale 11
      and the weight drops below 0.1 pound, a switch which establishes the
      jitter count required to change weight data in the memory 16, a switch
      which determines the bandwidth for the motion detector and a switch which
      enables or disables the manual entry of tare weights through the keyboard
      13. After the static inputs are read at the block 33, the logic jumps to
      the B1 input.
PAR  Turning to FIG. 2B, the B1 input is connected to a block 38 at which the
      apparatus 10 is set up to examine the 10 digit keys on the keyboard 13.
      The output from the block 38 and the B2 input are connected to a block 39
      at which a check is made to see if the digit key depressed count equals
      three. If not, the logic jumps to a B5 input. If the count does equal
      three, it indicates that the digit key is actually pressed and the
      contents of a "price per pound" memory are shifted left one digit and the
      latest digit from the keyboard 13 is stored in the least significant digit
      location at a block 40. If a key is not pushed for a count of three, it is
      assumed that noise is present and that the key was not pushed. In a
      similar manner, the contents of a "digital tare" memory are then shifted
      left one digit and the same digit is stored in the least significant digit
      location at a block 41. At the same time, a digital tare timer is started.
      The digital tare timer measures a predetermined time interval generally
      within the range of one to five seconds and, for example, may measure 1.6
      seconds. If a manual tare entry is to be made through the keyboard 13, the
      predetermined time interval must be sufficiently long to allow an operator
      to press a "tare entry" key after a digit key is pushed. It has been found
      that 1.6 seconds is generally adequate.
PAR  The output of the block 41 and the B5 input are connected to a block 42 at
      which a check is made to see if all ten digit keys have been looked at. If
      not, the logic returns to the B2 input while if they have, the logic moves
      to a block 43 in which a check is made to see if a "print" key has been
      pushed for a count of three. If the print key has not been pushed for a
      count of three, the logic jumps to a B8 input, while if it has, a block 44
      sets a print flag. The block 44 and the B8 input are connected to a block
      45 at which a check is made to see if the tare entry key has been pushed
      for a count of three. If the tare entry key has not been pushed for a
      count of three, the logic jumps to a C9 input while if it has been pushed
      for a count of three, a tare memory which supplies the tare weight to the
      arithmetic logic unit 15 in the data processor 14 is cleared at a block
      46. From the block 46, a check is made at a block 47 to see if one of the
      static or internal switches is set to enable the entry of a tare weight.
      If the switch is not set, then the gross weight from the scale 11 will
      always be used for computing values and the logic jumps to a C8 input,
      while if the entry of a tare weight is enabled, the logic jumps to a C1
      input.
PAR  Referring now to FIG. 2C, the C1 input is applied to a block 52 at which a
      check is made to see if one of the static or internal switches is set to
      enable entry of a digital tare weight through the keyboard 13. If so, then
      a check is made to see if the digital tare memory is non-zero at a block
      53. The digital tare memory is the temporary memory which stores digits
      manually entered through the keyboard 13. If a tare weight has been
      entered through the keyboard 13, causing the digital tare memory to be
      non-zero, the contents of the digital tare memory are moved at a block 54
      to the tare memory which supplies data to the arithmetic logic unit 15 and
      the logic then jumps to a C7 input. If either the static switch is not set
      to enable a manual tare entry or the digital tare memory is zero, the
      blocks 52 and 53 are connected to a block 55 at which a check is made to
      see if the gross weight appearing at the output of the scale 11 is
      negative. If the gross weight is negative or minus, the logic jumps to the
      C7 input. If the gross weight is not minus, the filtered gross weight is
      moved to the tare memory at a block 56. Thus, a tare weight is
      automatically entered from the scale 11 when a tare weight is not entered
      from the keyboard 13 into the digital tare memory.
PAR  After the filtered gross weight is moved to the tare memory, a 0.1 pound
      flag which is normally set when the scale output drops below 0.1 pound is
      cleared at a block 57. The output of the block 57 and the C7 input are
      applied to a block 58 which sets a "tare done" flag or latch to indicate
      that a tare weight has been entered into the tare memory. The block 58 and
      the C8 input are connected to a block 59 at which the price per pound
      memory and the entire "output digit" memory which supplies data to the
      digital display 17 and the printer 18 are cleared. The output of the block
      59 and the C9 input are connected to a block 60 at which a check is made
      to see if a "clear" key on the keyboard 13 has been depressed for a count
      of three. If so, the logic returns to the A1 input and the apparatus 10 is
      cleared and initialized for a new cycle. If the clear key has not been
      pressed for a count of three, a check is made at a block 61 to see if a
      per pound key on the keyboard 13 has beed pushed for a count of three. If
      not, the logic jumps to a D1 input, while if it has been depressed for a
      count of three, a "factor" memory is set to one and an enter price flag is
      set at a block 62. The contents of the factor memory are multiplied times
      an entered price in the price per pound memory to obtain the actual price
      per pound when fractional pricing is used. Thus, when the per pound key is
      depressed and a one is stored in a factor memory, the result will equal
      the entered price. As will be shown in FIG. 2D, if the price is per 1/2
      pound or per 1/4 pound, a two or a four, respectively, is stored in the
      factor memory for multiplying times the entered price to obtain the actual
      price per pound. From the block 62, the logic moves to the D1 input.
PAR  The D1 input is connected to a block 67 in FIG. 2D. A check is made at the
      block 67 to see if the apparatus 10 is in a "prepack" mode of operation as
      is determined by the setting of a switch on the keyboard 13. If the
      apparatus 10 is set to the prepack mode, the logic jumps to a D6 input to
      prevent entry of a factor of two of four into the factor memory. If the
      apparatus 10 is not in the prepack mode, a check is made at a block 68 to
      see if a per 1/2 pound key on the keyboard 13 has been closed for a count
      of three. If not, the logic jumps to a D4 input while if it has, the
      factor memory is set at a block 69 to two and the enter price flag is set.
      The output of the block 69 and the D4 input are applied to a block 70 at
      which a check to see if a per 1/4 pound key on the keyboard 13 has been
      closed for a count of three. If not, the logic jumps to the D6 input while
      if it has, the factor memory is set to four at a block 71 and the enter
      price flag is set. The output of the block 71 and the D6 input are
      connected to a block 72 at which one of the static switches is checked to
      determine the selected jitter count and such count is loaded into a
      "required jitter count" memory. Although the required jitter count may be
      of any value, it is preferably either two or three. Thus, if the jitter
      count is three, the filtered weight and a raw or gross weight from the
      scale 11 must differ by a predetermined small amount for three consecutive
      counts or scans. From the block 72, a check is made at a block 73 to see
      if six scans have been made of the keyboard 13. If not, a fourteen
      millisecond delay is executed at a block 74 and the logic returns to the
      A3 input. If six scans have been executed, a check is made at a block 75
      to see if this point in the logic has been arrived at by way of a block
      165 in FIG. 2J and the A2 input in FIG. 2A. If not, the logic jumps to an
      H1 input, while if it has, the logic jumps to an El input.
PAR  The E1 input is connected to a block 80 in FIG. 2E at which a latch command
      is outputed to the scale 11, permitting weight data to be supplied from
      the scale 11 to the interface and input data multiplexer 12. After a latch
      command is applied to the scale 11, the weight digits are read from the
      scale 11 at a block 81. The scale 11 is preferably either of a mechanical
      spring type with an optical encoding chart or of an electronic load cell
      type including an analog-to-digital converter. In the mechanical spring
      type scale, the optical encoding chart typically provides weight data
      digitized in a Gray code format while an electronic load cell scale and
      analog-to-digital converter will provide weight data digitized in a binary
      coded decimal (BCD) format. For the following description, it will be
      assumed that the scale 11 is of the mechanical spring type with an optical
      Gray code encoding chart. Thus, the weight digits are read in the Gray
      code at the block 81. After the weight is read, the Gray code is converted
      to a BCD format and the weight digits are stored in a "raw weight" memory
      at a block 82.
PAR  For apparatus 10 used in a delicatessen, a Gray code chart reading up to
      25.14 pounds is generally more than adequate. This requires fourteen
      columns on the Gray code chart. For greater weight readings, additional
      columns are required on the chart. A check is now made at a block 83 to
      see if the raw weight has exceeded the capacity of the Gray code chart or,
      in this case, if the weight has exceeded 25.14 pounds. If so, a print flag
      is cleared at a block 84, if such flag has previously been set, to abort a
      printing operation and the logic proceeds to an I15 input. If the weight
      capacity of the scale 11 has not been exceeded, a check is made at a block
      85 to see if the contents of the "raw weight" memory are minus. If not,
      the logic jumps to an E7 input, while if the contents are minus, a check
      is made at a block 86 to see if all weight digits in the raw weight memory
      are equal to zero. If the digits are all equal to zero, the block 86 and
      the E7 input are connected to a block 87 at which the "raw weight minus
      sign" memory is cleared. If they are not all equal to zero, the raw weight
      minus sign memory is set at a block 88. The outputs of the blocks 87 and
      88 are connected to a block 89 at which a "factor light" memory which
      energizes an indicator light on the digital display 17 is updated. From
      the block 89, logic proceeds to an F1 input.
PAR  Referring to FIG. 2F, the F1 input is connected to a block 94 at which the
      new weight data from the scale 11 stored in the raw weight memory is
      subtracted from the filtered weight stored in a filtered weight memory. If
      the difference between the two weights is zero, then the weight reading
      has not changed. A check is made at a block 95 to see if the difference is
      zero. If so, a current jitter counter is cleared or reset to zero at a
      block 96 and the logic jumps to the G1 input. If the difference is
      non-zero, a check is made at a block 97 to see if the motion band is one
      or two least significant weight digits, as determined by the setting of a
      motion band switch in the static or internal switches. If, for example,
      the static switch is set to a motion band of two, the new or raw weight
      from the scale 11 is permitted to deviate from the filtered weight by one
      or two least significant digits without generating a motion signal. This
      minor deviation is what has been referred to as jitter, if rapidly
      alternating between successive weight values.
PAR  From the block 97, the difference between the new or raw weight and the
      filtered weight is compared with the motion band at a block 98. If the
      difference is outside the band, the logic jumps to a G7 input, while if it
      is within the band a current jitter counter is incremented up by one at a
      block 99. A check is then made at a block 100 to see if a change has
      occurred in the sign of the result obtained when the new or raw weight was
      subtracted from the filtered weight at the block 94. If not, the logic
      jumps to an F8 input, while if it has, the current jitter counter is
      cleared at a block 101. This prevents revising or updating the filtered
      weight when the raw weight is oscillating about the filtered weight within
      the permissible motion band. The block 101 and the F8 input are connected
      to a block 102 at which the stored sign of the result from block 94 is
      updated. At a block 103, the required jitter count, as determined by the
      setting of one of the static switches, is subtracted from the current
      jitter count stored in the counter. A check is then made at a block 104 to
      see if the result is equal to zero. If so, the logic jumps to a G8 input,
      while if it is not equal to zero, the logic proceeds to the G1 input.
PAR  The G1 input is connected to a block 109 in FIG. 2G. The sign of the raw or
      new weight from the scale 11 is compared here with the sign of the
      filtered weight. A check is then made at a block 110 to see if the signs
      are the same. If they differ, the logic jumps to the G8 input while if
      they are the same, a check is made at a block 111 to see if a motion flag
      is clear. If the motion flag is not clear, a "current hit" counter is
      incremented at a block 112 and, subsequently, a check is made at a block
      113 to see if the contents of the current hit counter equals two. If the
      count does equal two, the motion flag is cleared at a block 114 and the
      logic proceeds to the G7 input.
PAR  The G7 input is connected to a block 115 at which the current hit counter
      is cleared and the motion flag is set. The output of the block 115 and the
      G8 input are connected to a block 116 at which the contents of the raw
      weight memory are moved to the filtered weight memory for use by the
      arithmetic logic unit 15 in computing a net weight and an article value,
      unless motion is present. From the block 116, the raw weight sign is moved
      to a memory location for the filtered raw weight sign at a block 117 and
      the logic proceeds to a block 118. The logic also proceeds to the block
      118 from the block 111 if the motion flag was clear at this point and from
      the block 113 if the current hit count did not equal two. At the block 118
      a check is made to see if the digital tare timer, which was actuated by
      pushing any of the digit keys on the keyboard 13, has timed out. If the
      timer is on, the logic returns to A2 while if it has timed out, the
      digital tare memory is cleared at a block 119 and then the logic returns
      to the A2 input.
PAR  Returning for a moment to FIG. 2D, it will be noted that the block 75 has
      an output to an H1 input. Turning now to FIG. 2H, the H1 input is
      connected to a block 124 at which the tare weight stored in the tare
      memory is subtracted from the filtered weight stored in the filtered
      weight memory and the resulting net weight is stored in a weight output
      memory. A block 125 then checks to see if the apparatus 10 is in a prepack
      mode, as determined by a switch on the keyboard 13. If the prepack mode
      has been selected, the logic proceeds to an H6 input to prevent automatic
      clearing of the apparatus 10 after each successive article is weighed. If
      the apparatus 10 is not in the prepack mode, a check is made at a block
      126 to see if one of the static or internal switches is set to disable the
      "0.1 pound clear" circuitry which automatically causes the apparatus 10 to
      be cleared when an article is removed from the scale 11. If so, the logic
      again proceeds to the H6 input, while if not a check is made at a block
      127 to see if the net weight stored in the weight output memory is less
      than 0.1 pound. If the net weight is less than 0.1 pound, a check is made
      at a block 128 to see if a register or memory for the 0.1 pound flag
      contains the number five. If so, the logic returns to the A1 input for
      recycling the apparatus 10. If not, the 0.1 pound flag is cleared at a
      block 129. If the weight was not less than 0.1 pound at the block 127,
      then the 0.1 pound flag is incremented at a block 130 to five at 200
      millisecond intervals to note a one second time delay. The outputs of the
      blocks 129 and 130 and the H6 input are connected to a block 131 at which
      a check is made to see if one of the static switches is set to enable
      entry of tare weights. If not, the logic proceeds to an I1 input while if
      tare weight entry is enabled, a check is made at a block 132 to see if
      another static switch is set to make a tare weight entry mandatory. If the
      tare weight entry is not mandatory, the logic proceeds to the I1 input,
      while if it is mandatory a check is made at a block 133 to see if the tare
      done flag is set. If the flag is not set, the logic proceeds to a J8
      input, while if it is set it proceeds to the I1 input.
PAR  The I1 input is connected to a block 138 in FIG. 2I. At the block 138, a
      check is made to see if one of the static switches is set to require
      closure of a factor key when price data is entered. If a factor key must
      be closed, a check is made at a block 139 to see if a factor key has been
      pressed on the keyboard 13. If none has been pressed, the logic jumps to
      the J8 input while if one has been pressed, a check is made at a block 140
      to see if the enter price flag has been set. If the flag is not set, the
      logic jumps to an I8 input, while if it has been set the enter price flag
      is cleared at a block 141. The block 141 and I5 input are connected to a
      block 142 at which the contents of the price per pound memory are moved to
      the output memory. The price per pound memory is then cleared at a block
      143 and the logic proceeds to the I8 input.
PAR  If a factor key was not required at the block 138, the contents of the
      price per pound memory are moved to the output memory at a block 144. The
      block 144 and the I8 input are then connected to a block 145 at which a
      check is made to see if the net weight is minus. If the net weight is
      minus, the logic proceeds to the J8 input while if it is not minus, a
      check is made at a block 146 to see if the factor stored in the factor
      memory is equal to zero. If so, the logic proceeds to an I11 input. If the
      factor was not equal to zero, the factor stored in the factor memory is
      multiplied times the entered price at a block 147 to obtain an actual
      price per pound. The block 147 is connected along with the I11 input to a
      block 148 wherein the actual price per pound is multiplied times the net
      weight. This result is rounded off at a block 149. The rounded off final
      result is then stored in a "value output" memory at a block 150. A check
      is then made at a block 151 to see if the "motion" flag is set. If not,
      the logic proceeds to a J1 input. If the motion flag is set or if the
      logic has jumped to the I15 input, the weight output memory is blanked at
      a block 152. From the block 152 or if the logic has jumped to the I16
      input, the value output memory is set to zero at a block 153. The logic
      then proceeds to a J4 input.
PAR  Turning to FIG. 2J, the J1 input is connected to a block 158 wherein a
      check is made to see if the computed value stored in the value output
      memory is less than $99.99. If it is greater than $99.99, the capacity of
      the digital display 17 and the capacity of the printer 18 are exceeded and
      a block 159 clears the print flag to abort a printing operation. The J8
      input is also connected to the block 159 for aborting the printing
      operation. After the printing operation is aborted, the logic returns to
      the I16 input. If the value is not greater than $99.99 at the block 158, a
      check is made at a block 160 to see if the print flag is set. If not, the
      logic jumps to a J4 input, while if it is set, a print command signal is
      supplied to the printer 18 and the print flag is cleared at a block 161.
      The output of the block 161 and the J4 input are connected to a block 162
      wherein a check is made to see if the printer is in the process of
      printing a label. If so, the logic proceeds to a J7 input, while if the
      printer is not in the process of printing a label, data is outputed from
      the output memories to the display and the printer at a block 163. Data is
      also outputed to various indicator lights on the digital display 17 at a
      block 164. The J7 input and the output of the block 164 are connected to a
      block 165 at which the print command signal is cleared and the logic then
      returns to the A2 input on FIG. 2A. This completes the operating sequence
      for the apparatus 10 for weighing and computing a value for articles.
PAR  The remaining drawings are concerned with details of the apparatus 10 for
      weighing and computing a value for articles and of modified embodiments of
      different portions of the invention. The scale 11 for generating digital
      gross or raw weight signals is preferably either of a mechanical spring
      type with an optical encoding chart or of a load cell type including an
      analog-to-digital converter. When the scale 11 is of the load cell type,
      it may be of the type disclosed in U.S. Pat. No. 3,709,309 which issued on
      Jan. 9, 1973 to Roger B. Williams, Jr. et al., and the disclosure of such
      patent is incorporated herein. In a mechanical spring scale, an encoding
      chart is mounted to move with a platter or platform on which an article is
      placed. The encoding chart includes a plurality of columns for generating
      a non-ambiguous code, such as a cyclic Gray code. A translator having a
      plurality of photocells is positioned adjacent one side of the Gray code
      chart while a light source is positioned on the opposite side of the
      chart. As the chart is moved by a weight placed on the scale platter, the
      weight output is applied to the interface and input data multiplexer 12.
PAR  Turning to FIG. 3, details are shown of a translator 170 for reading an
      optical Gray code encoding chart in a mechanical spring scale and
      converting the Gray code to a BCD format. The translator 170 includes
      fourteen photocells 171a through 171n for reading fourteen annular columns
      of transparent and opaque areas on the Gray code chart. A photocell 172 is
      also provided for continuously sensing the output of a light source which
      energizes the photocells 171a through 171n. The photocell 172 provides a
      reference voltage which will depend upon the light level. All fifteen
      photocells 171a through 171n and 172 are connected to a positive buss 173
      which is connected to a conventional regulated DC power supply. The buss
      173 is also connected through a fixed resistor 174 to an electrical
      ground. The other end of each photocell 171a through 171n is connected
      through a potentiometer 175a through 175n, respectively, to a buss 176.
      The output of an operational amplifier 201 is also connected to the buss
      176. The negative input to the amplifier 201 is connected to the buss 173
      and also through a resistor 202 to the buss 176. The positive input to the
      amplifier 201 is connected through a resistor 203 to ground. The amplifier
      201 regulates the voltage on the buss 176 with respect to the voltage on
      the buss 173. The junction between each of the photocells 171 and the
      connected potentiometer 175 is connected to the tap on such potentiometer
      175 and also to a positive input to an associated one of fourteen
      comparators 177a through 177n. Thus, each of the potentiometers 175a
      through 175n is connected as variable resistor between the photocells 171a
      through 171n, respectively, to the buss 176 for calibration purposes. The
      compensation photocell 172 is also connected through a potentiometer 178
      connected as a variable resistor to the buss 176. The junction between the
      compensation photocell 172 and the potentiometer 178 is connected through
      a fixed resistor 179 and an operational amplifier 180 to a buss 181 which
      is connected in common to the negative inputs of the comparators 177a
      through 177n. A resistor 182 is connected between the buss 181 and a
      negative input to the operational amplifier 180. The resistors 179 and 182
      determine the amplification factor of the amplifier 180. Thus, the
      comparators 177a through 177n continuously compare a reference voltage on
      the buss 181 with the outputs from the photocells 171a through 171n
      respectively.
PAR  When an article is placed on a weighing platform on the scale 11, the
      encoding chart is moved to cause the signals applied from the photocells
      171a through 171n to the comparators 177a through 177n to vary in a cyclic
      pattern until a steady state or balanced position is reached. In the
      balanced position, the comparators 177a through 177n will have outputs
      corresponding to the weight of the article. The outputs of the comparators
      177a through 177n are connected to inputs of four shift registers 183-186
      which provide a parallel-to-serial conversion of the Gray code. When a
      weight reading is to be stored in the memories 16, the data processor 14
      and the interface 12 apply a latch signal on a terminal 187 which is
      connected through an RC delay network, including a series resistor 188 and
      a capacitor 188' connected to ground, and an inverter 189 to latch inputs
      on the four shift registers 183-186. The data processor 14 and interface
      12 then apply clock signals on a terminal 190 which is connected through
      an RC delay network, including a series resistor 191 and a capacitor 191'
      connected to ground, and an inverter 192 in parallel to clock inputs on
      the four shift registers 183-186. The shift register 183 has an output
      connected through an inverter 193 to a "one's" output line 194, the shift
      register 184 has an output connected through an inverter 195 to a "two's"
      output line 196, the shift register 185 has an output connected through an
      inverter 197 to a "four's" output line 198 and the shift register 186 has
      an output connected through an inverter 199 to an "eight's" output line
      200. When the shift registers 183-186 are latched and, subsequently,
      clocked, Gray code digits of weight data are shifted in series on the
      output lines 194, 196, 198 and 200 which are connected to the interface
      and input data multiplexer 12.
PAR  It is desirable for an operator of the apparatus 10 to have an indication
      that the scale 11 is properly zeroed. If the scale 11 is not zeroed,
      erroneous weight data will be supplied to the data processor 14, resulting
      in the computation of an incorrect value for a weighed article. A zero
      sensor 204 is connected to the two photocells 171a and 171b. The columns
      on the code chart read by the photocells 171a and 171b change between
      transparent and opaque areas at plus and minus 1/4 least significant
      weight graduation from a zero on the chart. The zero sensor 204 detects
      when the outputs of the photocells 171a and 171b indicates that the scale
      is within 1/4 graduation of zero and applies a signal on a zero light data
      line 204'. This signal causes an indicator light to be illuminated, as
      will be discussed in greater detail below.
PAR  Referring now to FIG. 4, the keyboard 13 and the interface and input data
      multiplexer 12 are shown in detail. Four eight-line to one-line data
      selector/multiplexers 205-208 are connected to four processor data lines
      209-212, respectively. Address data is supplied in parallel to the
      multiplexers 205-208 over three lines 213-215. Each of the multiplexers
      205-208 has eight input lines. Corresponding ones of the eight input lines
      for each of the multiplexers 205-208 is connected to the output data lines
      209-212, respectively, depending upon an address received from the data
      processor 14 on the lines 213-215. Although it is not shown, each of the
      inputs to the multiplexers 205-208 is connected through a separate
      resistor to a positive voltage source. The resistors have been eliminated
      from the drawing to simplify FIG. 4. Thus, the inputs to the multiplexers
      205-208 are normally maintained at a high logic level and are grounded
      when data is received through the closure of a switch.
PAR  The keyboard 13 includes ten digit switches 216-225 which are normally
      open, momentary contact push button switches for selectively entering the
      digits zero through nine, respectively, into the data processor 14. The
      zeros digit switch 216 is connected to the first input line, the four
      digit switch 220 is connected to the second input line and the eight digit
      switch 224 is connected to the third input line to the multiplexer 205.
      The one digit switch 217 is connected to the first input line, the five
      digit switch 221 is connected to the second input line and the nine digit
      switch 225 is connected to the third input line to the multiplexer 206.
      The two digit switch 218 is connected to the first input line and the six
      digit switch 222 is connected to the second input line to the multiplexer
      207. The three digit switch 219 and the seven digit switch 223 are
      connected to the first and second input lines to the multiplexer 208. The
      fourth input line to the multiplexer 205 is connected to a "clear" switch
      226. The clear switch 226 is also connected through a Schmidt trigger 227
      to apply a reset signal on a line 228 for clearing and resetting the data
      processor 14. The fourth input line to the multiplexer 206 is connected to
      a per 1 pound factor switch 229. The third input line to the multiplexer
      207 is connected to a print switch 230 and the fourth input line is
      connected to a per 1/2 pound factor switch 231. The third input line to
      the multiplexer 208 is connected to a tare entry switch 232 and the fourth
      input line is connected to a per 1/4 pound factor switch 233.
PAR  The fifth input lines to the multiplexers 205-208 are connected to the four
      weight data lines 194, 196, 198 and 200, respectively, from the scale 11.
      The sixth input line to the multiplexer 205 is connected to a tare
      required switch 234 which is mounted internal to the data processor 14.
      When a printer 18 is used with the apparatus 10, the printer is connected
      to apply a signal on a line 235 upon completion of a printing cycle. The
      line 235 is connected through a resistor 236 to ground and is also
      connected to the base of a transistor 237. The collector of the transistor
      237 is connected to a positive voltage source while the emitter is
      connected through a resistor 238 to ground and is also connected to the
      seventh input line to the multiplexer 205. The transistor 237 maintains a
      continuous high voltage on the seventh input line to the multiplexer 205
      when a printer is not connected to the line 235. The eighth and final
      input line to the multiplexer 205 is connected through a "tare enable"
      switch 239 which is mounted internal to the data processor 14. The setting
      of the switch 239 determines whether or not a tare weight can be entered
      into the apparatus 10. The sixth input line to the multiplexer 206 is
      connected to a 0.1 pound clear disable switch 240. The setting of the
      switch 240 determines whether or not the memories 16 are cleared of price
      and tare weight data when an article is removed from the scale 11. The
      seventh input line to the multiplexer 206 is connected to a prepack mode
      switch 241 and also to a prepack mode data line 242. The eighth input line
      to the multiplexer 206 and also the eighth input lines to the multiplexers
      207 and 208 are not used in the present embodiment of the apparatus 10.
PAR  The sixth input line to the multiplexer 207 is connected to a jitter count
      switch 243 which establishes a jitter count of two when the switch 243 is
      opened and a jitter count of three when the switch 243 is closed. Of
      course, the apparatus 10 may be modified so that other jitter counts can
      be established. The seventh input line to the multiplexer 207 is connected
      to an internal digital tare enable switch 244 which enables or disables
      manual entry of a tare weight through the digit keys 216-225 on the
      keyboard 13. The switch 244 does not affect automatic tare entry from the
      scale 11. The sixth input line to the multiplexer 208 is connected to a
      "motion band" switch 245. When the motion band switch 245 is open, the
      motion band is set at plus or minus one least significant weight digit
      while when the switch 245 is closed, the motion band is set at plus or
      minus two least significant weight digits. Finally, the seventh input line
      to the multiplexer 208 is connected to a factor required switch 246. When
      the factor required switch 246 is closed, one of the three factor switches
      229, 231 or 233 must be closed before the apparatus 10 will compute and
      display a value for a weighed article. When the factor required switch 246
      is opened or off, the apparatus 10 will assume that an entered price is a
      price per pound unless the price per 1/2 pound switch 231 is closed or the
      price per 1/4 pound switch 233 is closed. The tare enable switch 239, the
      factor required switch 246, the tare required switch 234, the 0.1 pound
      clear disable switch 240, the jitter count switch 243, the motion band
      switch 245 and the digital tare enable switch 244 are each mounted
      internally to the data processor 14. These switches are provided for
      selecting various optional modes of operation for the apparatus 10. The
      switches may, for example, consist of rocker type switches which, when
      set, will remain in the set position. Normally, these switches will be set
      when the apparatus 10 is installed for a particular type of operation and
      thereafter will not need changing.
PAR  Data is supplied to the data processor 14 on the data lines 209-212 from
      the multiplexers 205-208, respectively, when the data processor provides
      address data on the lines 213-215. The address data on the lines 213-215
      is modified by the data processor 14 to simultaneously scan corresponding
      ones of the eight input lines to the multiplexers 205-208. With the
      exception of the fifth input lines to the multiplexers 205-208,
      independent data is provided to the data processor 14 on each of the four
      data lines 209-212 indicative of various conditions or settings of
      switches. When the fifth input lines to the multiplexers 205-208 are
      addressed, the four weight data lines 194, 196, 198 and 200 from the scale
      11 are connected to the processor data lines 209-212. At this time, the
      data processor 14 applies signals on the translator latch terminal 187 and
      clocks Gray code weight data by means of the translator clock terminal 190
      through the multiplexers 205-208 to the processor data lines 209-212.
PAR  Referring now to FIG. 5, the data processor 14 and a portion of the
      interface 12 are shown in detail. The data processor 14 includes a central
      processing unit (CPU) 251, a random access memory (RAM) 252 and four read
      only memories (ROM) 253-256. The data processor 14 is preferably what is
      known in the art as a "microcomputer" or a "microprocessor" and is
      composed entirely of large scale integrated circuits. The data processor
      14 may, for example, comprise a Model MCS-4 microcomputer set manufactured
      by Intel Corporation of Santa Clara, Calif. In such case, the CPU 251
      would then be an Intel type 4004 integrated circuit, the RAM 252 would be
      an Intel type 4002 integrated circuit and the ROM's 253-256 each would be
      Intel type 4001 integrated circuits. However, it will be appreciated that
      other commercially available integrated circuit microcomputers will also
      operate in the apparatus 10 in accordance with the principles described
      herein.
PAR  The ROM's 253-256 store a fixed program for controlling the operating
      sequence of the apparatus 10. The program, which will be readily apparent
      to those of ordinary skill in the microcomputer programming art, causes
      data to be supplied to the CPU 251 for use in computing a net weight and a
      value for each weighed article and after a value is computed, supplies
      data to the display 17 and to a printer 18, when used. The data used by
      the microcomputer data processor 14 consists of data received on the lines
      209-212 from the scale 11, from the keyboard 13 and from the printer 18.
      Four data and address outputs 257-260 from the RAM 252 are connected
      respectively through four inverters 261 to the three address lines 213-215
      and to a data line 262. Address information and other data supplied from
      the RAM 252 to the address lines 213-215 controls data supplied to the
      data processor 14 and data supplied from the data processor 14 to the
      scale 11, to the digital display 17 and the printer 18. External data
      from, for example, the keyboard 13 and the scale 11 is supplied to the
      data processor 14 on the four data lines 209-212 which are connected to
      the ROM 253. At the proper time interval, the external input data on the
      lines 209-212 passes through the ROM 253 onto four input/output data
      busses 263 which are connected in parallel with the four ROM's 253-256,
      the RAM 252 and the CPU 251.
PAR  The data processor 14 also includes inputs for supplying the necessary
      operating voltages and clock signals. For example, the positive terminal
      from a 5-volt power source is connected to a buss 264 and the negative
      terminal of a 10-volt power source is connected to a buss 265, each of
      which are connected in parallel to the CPU 251, the RAM 252 and the ROM's
      253-256. Clock pulses are also alternately supplied in parallel to the CPU
      251, the RAM 252 and the ROM's 253-256 over two lines 266 and 267 which
      are connected to a conventional two-phase, non-overlapping clock pulse
      source. The data input lines 209-212 to the ROM 253 are each connected
      through a resistor 268 to the positive terminal of a 5-volt source. Thus,
      the input lines 209-212 are normally maintained positive and selectively
      become negative when data is received from the interface and multiplexer
      12. Output data from the data processor 14 is supplied from the RAM 252
      and the ROM's 254 and 255. Each of the output terminals from the RAM 252
      and the ROM's 254 and 255 are connected through a resistor 269 to the
      negative terminal 265.
PAR  After input data is supplied on the lines 209-212 to the data processor 14,
      a net weight is computed and, from the net weight and an entered price per
      unit weight, a value is computed. The net weight and value are computed
      using conventional digital techniques. After the computation is completed,
      data is outputed from the data processor 14. In addition to input data
      address information, the RAM 252 also outputs other data on the outputs
      257-259. The output 257 is connected through one of the inverters 261 to
      three parallel bistable latches 270-272. The output 258 from the RAM 252
      is connected through one of the inverters 261 to three parallel bistable
      latches 273-275. The output 259 from the RAM 252 is connected through one
      of the inverters 261 to a bistable latch 276. As previously discussed, the
      address lines 213-215 are also connected to the outputs of the inverters
      261 connected to the outputs 257-259 from the ROM 253. The fourth data
      output 260 from the RAM 252 is connected through a fourth of the inverters
      261 and the line 262 to two bistable latches 277 and 278. The ROM 254 has
      an output 279 which is connected through an inverter 280 to a line 281 for
      simultaneously strobing the bistable latches 270, 273, 276 and 277. When
      the latches 270, 273, 276 and 277 are strobed, they take one of two logic
      states determined by the current outputs from the RAM' s 252. A second
      output 282 from the ROM 254 is connected through an inverter 283 for
      strobing the bistable latches 271, 274 and 278. When a strobe signal is
      applied to these latches, the outputs 257, 258 and 260 from the RAM 252
      are stored, respectively, in the latches 271, 274 and 278. The ROM 254 has
      a third output 284 which is connected through an inverter 285 to strobe
      the bistable latches 272 and 275 to store, respectively, data appearing on
      the outputs 257 and 258 from the RAM 252. At the same time, the output
      from the inverter 285 strobes a bistable latch 286 to store data on the
      zero light data line 204' (from FIG. 3). The bistable latches are
      commercially available in an integrated circuit form typically with four
      latches in a package. Therefore, the output from the inverter 283 also
      strobes a spare bistable latch 286 and the output from the inverter 285
      strobes a spare bistable latch 288. The spare bistable latches 286-288 may
      be used for storing additional output data in modified embodiments of the
      apparatus 10.
PAR  The ROM 254 also has a fourth output 289 which is connected through an
      inverter 290 to an output terminal 291 for supplying clock pulses to clock
      data to the digital display 17. The output from the inverter 290 is also
      connected through an amplifier 292 to a terminal 293 for simultaneously
      supplying clock pulses to the printer 18 and is connected through an
      inverter 294 to the translator clock terminal 190 for clocking weight data
      from the scale 11 to the multiplexers 205-208 in FIG. 4 when the
      translator 170 is latched. The ROM 255 supplies tare weight, price per
      unit weight, net weight and computed value data from the data processor 14
      to the digital display 17 and to the optional printer 18. The ROM 255 has
      four outputs 295-298 which are connected through four inverters 299 to
      output terminals 300-303 for sequentially supplying output data in a BCD
      format to the digital display 17. The outputs 300-303 are also connected
      through four amplifiers 304 to corresponding outputs 300' through 303' for
      supplying the same data to the printer 18.
PAR  The remaining outputs for supplying data to the keyboard 13, the digital
      display 17 and the printer 18 are taken from the bistable latches 270-278
      and 286. The bistable latch 270 has an output connected through an
      inverter 305 to a terminal 306 for supplying a signal to reset the printer
      18. The bistable latch 273 has an output connected through an inverter 307
      to a terminal 308 for supplying a signal to enable the printer 18 to read
      data on the data outputs 300' through 303' from the data processor 14. The
      bistable latch 276 has an output connected through an inverter 309 to a
      terminal 310 for enabling both the digital display 17 and the printer 18
      to store data appearing on the outputs 300' through 303' as price and
      value data. The bistable latch 277 is connected through an inverter 311 to
      a terminal 312 for enabling both the digital display 17 and the printer 18
      to recognize and store data appearing on the outputs 300' through 303' as
      weight data. The bistable latch 271 is connected through an inverter 313
      to the translator latch terminal 187 for enabling data to be supplied from
      the scale 11 through the data multiplexers 205-208 to the data processor
      14. The bistable latch 274 is connected through an inverter 314 to a
      terminal 315 for supplying a signal to command the printer 18 to print a
      label or other record of the data supplied from the data processor 14. The
      bistable latch 278 has an output connected through an inverter 316 to a
      terminal 317 for supplying a signal to the digital display 17 and the
      printer 18 when the weight data is negative. The bistable latch 272 has an
      output connected through an inverter 318 for applying a signal on a
      terminal 319 which illuminates a light on eighter the keyboard 13 or the
      display 17 to indicate when the weight factor has been set to per 1/2
      pound by the switch 231. The bistable latch 275 has an output connected
      through an inverter 320 to a terminal 321 which is similarly connected to
      illuminate a per 1/4 pound indicator light when the per 1/4 pound factor
      switch 233 is actuated. The per 1/2 pound indicator light is preferably
      mounted within or adjacent the per 1/2 pound factor switch 231 and the per
      1/4 pound indicator light is preferably mounted within or adjacent the per
      1/4 pound factor switch 233 for indicating when the apparatus 10 is
      operated in either of these modes. The bistable latch 287 is connected
      through an inverter 322 to a terminal 323 for illuminating a zero light
      when the scale 11 is properly zeroed.
PAR  Referring now to FIG. 6, the digital display 17 is shown in detail. The
      digital display 17 includes eleven seven-segment indicators 330-340 which
      may be Numitrons or other conventional types having seven segments which
      are selectively illuminated by means of, for example, incandescent lamps,
      light emitting diodes or gas discharge tubes. The three indicators 330-332
      indicate hundredths, tenths and units digits of price data ranging from
      $.01 up to $9.99. The four indicators 333-336 indicate hundredths, tenths,
      units and tens digits of weight data ranging from 0.01 pound up to the
      maximum capacity of the scale 11 which has previously been established as
      25.14 pounds, the maximum capacity of the Gray code optical encoding chart
      in the scale 11. The remaining four indicators 337-340 indicate four
      digits of computed value in hundredths, tenths, units and tens digits,
      respectively, from $.01 up to $99.99.
PAR  Eleven BCD-to-seven-segment decoder/drivers 341-351 are connected,
      respectively, to selectively energize the segments in the eleven
      indicators 330-340. BCD data is supplied to the decoder/drivers 341-351
      from eight series-to-parallel shift registers 352-359. The "ones" bits for
      the three price decoder/drivers 341-343 and the four value decoder/drivers
      348-351 are stored in the shift register 352 and the four "ones" bits for
      the four weight decoder/drivers 344-347 are stored in the shift register
      353. The three "twos" bits for the decoder/drivers 341-343 and the four
      "twos" bits for the value decoder/drivers 348-351 are stored in the
      register 354 and the four "twos" bits for the weight decoder/drivers
      344-347 are stored in the register 355. The three "fours" bits for the
      price decoder/drivers 341-343 and the four "fours" bits for the value
      decoder/drivers 348-351 are stored in the register 356 and the four
      "fours" bits for the weight decoder/drivers 344-347 are stored in the
      register 357. Finally, the three "eights" bits for the price
      decoder/drivers 341-343 and the four "eights"  bits for the value
      decoder/drivers 348-351 are stored in the shift register 358 and the four
      "eights" bits for the four weight decoder/drivers 344-347 are stored in
      the register 359. For simplicity, the forty-four connections between the
      shift registers 352-359 and the decoder/drivers 341-351 have been omitted
      from FIG. 6.
PAR  The data output terminal 300, which receives the "ones" bits of BCD weight
      data from the data processor 14, is connected in parallel to inputs to the
      two shift registers 352 and 353. Similarly, the "twos" output terminal 301
      from the data processor 14 is connected in parallel to the two shift
      registers 354 and 355, the "fours" output terminal 302 is connected in
      parallel to the two shift registers 356 and 357 and the "eights" output
      terminal 303 is connected in parallel to inputs to the two shift registers
      358 and 359. The price/value enable terminal 310 (from FIG. 5) is
      connected in parallel to enable the four registers 352, 354, 356 and 358
      which store the price and value data. The price/value enable terminal 310
      is also connected to a NAND gate 360. The display data clock terminal 291
      (from FIG. 5) is connected to a second input of the NAND gate 360. The
      output of the NAND gate 360 is connected through an inverter 361 to clock
      inputs on the registers 352, 354, 356 and 358. Thus, when the bistable
      latch 276 is set to apply a signal on the price/value enable terminal 310,
      price and value data is serially shifted into the registers 352, 354, 356
      and 358. Similarly, the weight enable terminal 312 and the data clock
      terminal 291 are connected to a NAND gate 362. The output of the NAND gate
      362 is connected through an inverter 363 to clock inputs on the weight
      shift registers 353, 355, 357 and 359 for shifting weight data from the
      data terminals 300-303 into such registers. Once stored in the registers
      352-359, the price, weight and value data will be maintained until revised
      by the data processor 14. Therefore, this data will appear continuously on
      the indicators 330-340.
PAR  In some instances, the weight displayed on the indicators 333-336 will have
      a negative value. The weight will, for example, have a negative value when
      a tare weight has been manually entered through the keyboard 13 and an
      article has not yet been placed upon the scale 11. In this case, the
      entered tare weight will appear on the indicators 333-336. However, the
      negative weight will be limited to a relatively small value and in all
      cases will be no greater than 9.99 pounds. The tens weight indicator 336
      is used for indicating the presence of a negative value. The minus sign
      terminal 317 (from FIG. 5) is connected to energize the tens weight
      indicator 336 to illuminate a minus sign, or the center one of the seven
      segments.
PAR  As previously discussed, the actuation of the tare entry key 232 on the
      keyboard 13 causes either a digital tare weight entered manually through
      the digit keys 216-225 to be stored in the digital memories 16 or, if one
      or more of the digit keys 216-225 has not been actuated within a
      predetermined time interval of actuation of the tare entry key 232, a
      weight from the scale 11 is automatically entered or stored in the
      memories 16. For an automatic entry of tare weight, the article container
      is initially placed on the scale 11 and the weight of such container will
      appear on the weight indicators 333-336. When the tare entry key is
      pushed, the displayed weight is stored as a tare weight. The net weight is
      subsequently calculated by the data processor 14 and such net weight is
      stored in the shift registers 353, 355, 357 and 359 for display on the
      weight indicators 33-336. Since the weight of the empty container on the
      scale 11 and the tare weight are identical, the net weight will now be
      zero and a series of zeros will appear on each of the indicators 333-336.
      Of course, the computed value will also be zero since the net weight is
      zero and the value indicators 337-340 will also display zeros. When a
      price or tare weight number is entered through the digit keys 216-225 on
      the keyboard 13, such number appears on the price indicators 330-332. If
      the tare entry key 232 is then actuated before the predetermined time
      interval has elapsed, one or more of the digits shown on the price display
      are shifted into the tare memory, clearing the price memory, and the tare
      weight will appear as a negative quantity on the weight indicators
      333-336, unless an article is on the scale in which case a net weight is
      displayed. Or, when an article is subsequently placed in a container and
      on the scale 11, a net weight will be computed and displayed on the weight
      indicators 333-336. In many cases, it is only necessary to have a tare
      weight ranging from 0.01 pound up to 0.09 pound. In such case, only the
      digit appearing on the least significant price indicator, or the
      hundredths price indicator 330, is shifted into the hundredths position of
      the tare weight memory for display on the hundredths pound indicator 333.
PAR  The system or method for entering tare weight has been described above
      embodied in specific apparatus 10 which includes an integrated circuit
      microcomputer. However, the system for manually and automatically entering
      tare weight may also be used with other types of scales which require a
      tare weight for measuring net weights. Turning now to FIG. 7, a modified
      embodiment is shown of apparatus 370 for entering a tare weight into a
      scale system either manually from a digital keyboard or automatically from
      the scale itself. The scale in which the apparatus 370 is used includes
      four four-bit registers 371-374 for storing in a BCD format four weight
      digits. The register 371 stores the hundredths or .0W gross weight digit,
      the register 372 stores the tenths or .W gross weight digit, the register
      373 stores the units or W. gross weight digit and the register 374 stores
      the tens or W0. gross weight digit as measured by the scale. The scale
      also includes four four-bit registers 375-378 for storing four digits of
      tare weight. The register 375 stores the hundredths or .0T digit, the
      register 376 stores the tenths or .T digit, the register 377 stores the
      units or T. digit and the register 378 stores the tens or T0. digit of the
      tare weight. The scale is then provided with any conventional means for
      computing a net weight from the gross weight stored in the registers
      371-374 and the tare weight stored in the registers 375-378.
PAR  The apparatus 370 is sequenced by means of a clock 379. The clock 379 is
      provided with four outputs which have four-phase and non-overlapping pulse
      trains. The pulse trains will hereinafter be referred to as .phi.1 through
      .phi.4. The clock pulses in the four phases .phi.1 - .phi.4 may, for
      example, each have a 2 microsecond pulse width and be repeated each 16
      microseconds. The pulses for the successive phases are delayed by two
      microseconds from the previous phase so that they are non-overlapping.
PAR  A keyboard (not shown) is provided with a tare entry key having an output
      connected through an inverter 380 to a terminal 380' and with nine digit
      keys having outputs connected to nine digit inputs 381. The tare entry key
      and the digit keys are normally maintained at a high voltage level and
      ground the appropriate inputs to the apparatus 370 when closed. When one
      of the digit keys is pushed, a signal is applied over the corresponding
      input 381 to an OR gate 382 which starts a monostable or one shot
      multivibrator 383. Once started, the multivibrator 383 remains on for a
      predetermined time interval, such as 1.6 seconds, and subsequently shuts
      off. While on, the multivibrator 383 has a high Q.sub.T output and a low
      Q.sub.T output and when off, the multivibrator 383 has a low Q.sub.T
      output and a high Q.sub.T output. At the same time a signal on one of the
      digit inputs 381 triggers the multivibrator 383, the signal is applied to
      a decimal-to-BCD encoder 384. The BCD output from the encoder 384 is
      applied to the input of a four-bit digital tare memory 385. Before the
      multivibrator 383 is triggered by the actuation of a digit key, the low
      Q.sub.T output holds a flip-flop 386 clear, resulting in a low Q.sub.4
      output and a high Q.sub.4 output and holds a flip-flop 388 clear,
      resulting in a low Q.sub.3 output.
PAR  The apparatus 370 remains in the above state until the multivibrator 383
      triggers, causing Q.sub.T to go high and until the next .phi.1 clock
      pulse, which causes a NAND gate 387 to set the flip-flop 388 to have a
      high Q.sub.3 output. The Q.sub.3 output is applied to an AND gate 389 and
      to a NAND gate 390. Upon the occurrence of the next clock pulse, which is
      a .phi.2 pulse, the NAND gate 390 produces an output for setting the
      flip-flop 386 to produce a high Q.sub.4 output. The high Q.sub.3 and
      Q.sub.4 outputs are applied to the AND gate 389 which strobes the digital
      tare memory 385, thereby storing the BCD equivalent of the energized digit
      input 381 from the keyboard. Upon the occurrence of the .phi.3 clock
      pulse, a NAND gate 391, which has a second input connected to the high
      Q.sub.4 output from the flip-flop 386, applies a pulse to a NOR gate 392
      for clearing the flip-flop 388, thereby removing the strobe signal from
      the memory 385. The NOR gate 392 also has an input from the Q.sub.T output
      of the multivibrator 383. The clock 379 will continue to cycle without
      further effect until either the tare entry key is pushed or the
      multivibrator 383 has timed out.
PAR  When the tare entry key is pushed to apply a signal on the input terminal
      380', the apparatus 370 is sequenced to shift either the digit stored in
      the memory 385 into the .0T tare weight register 375, if the multivibrator
      383 is on, or to shift the contents of the gross weight registers 371-374
      into the tare weight registers 375-378, respectively. While the tare entry
      key is open, the output from the inverter 380 maintains flip-flops 393 and
      395 clear such that the flip-flop 393 has a high Q.sub.1 output and a low
      Q.sub.1 output and the flip-flop 395 has a high Q.sub.2 output and a low
      Q.sub.2 output. When the tare entry key is closed to ground the input to
      the inverter 380, the next .phi.1 clock pulse sets the flip-flop 395. The
      Q.sub.2 output from the flip-flop 395 and the Q.sub.1 output from the
      flip-flop 393, both of which are now high, are applied to an AND gate 396.
      The next .phi.2 clock pulse then passes through the gate 396 to clear the
      tare weight registers 376-378. The high Q.sub.2 output from the flip-flop
      395 also enables a NAND gate 397 so that the next .phi.3 clock pulse sets
      the flip-flop 393 to a high Q.sub.1 output and a low Q.sub.1 output. The
      now high Q.sub.1 and Q.sub.2 outputs from the flip-flops 393 and 395,
      respectively, pass through an AND gate 398 to enable three AND gates 399,
      400 and 414. The AND gate 399 has a second input connected to the Q.sub.T
      output of the multivibrator 383 and the AND gate 400 has a second input
      connected to the Q.sub.T output from the multivibrator 383. Assuming that
      a digital tare weight has been entered from a keyboard and the
      multivibrator 383 is still on, the AND gate 399 will now apply a signal in
      parallel to enable four AND gates 401-404. When the AND gates 401-404 are
      enabled by an output from the AND gate 399, the four bits of the BCD tare
      weight digit stored in the memory 385 pass through the AND gates 401-404
      and through four OR gates 405-408 to inputs to the tare weight register
      375.
PAR  If either a digit has not been entered on one of the nine digit inputs 381
      to turn on the multivibrator 383 or if the multivibrator 383 has timed
      out, the multivibrator 383 will apply a high Q.sub.T output to the AND
      gate 400. When the AND gate 398 applies a signal to the second input of
      the AND gate 400, the AND gate 400 enables four AND gates 409-412. When
      the AND gates 409-412 are enabled, the .0W or hundredths weight digit from
      the gross weight register 371 is passed through the OR gates 405-408 to
      the input to the hundredths tare weight register 375. The output of the
      AND gate 400 is also connected to an AND gate 413. Upon the occurrence of
      a .phi.4 clock pulse, the output of the AND gate 398 and the clock pulse
      enable the AND gate 414 to produce an output for strobing the tare weight
      register 375. At this time, either the contents of the memory 385 or of
      the register 371 are stored in the register 375, depending upon the state
      of the multivibrator 383. If the multivibrator 383 is not on so that the
      gate 400 has an output, the AND gate 413 simultaneously produces a clock
      pulse which strobes the tare weight registers 376-378. When the tare
      weight registers 375-378 are strobed, tare weight data is stored from the
      gross weight registers 372-374. As the clock 379 continues to cycle, the
      next pulse is a .phi.1 pulse. This clock pulse is passed through a NAND
      gate 415, which is enabled by the Q.sub.1 output from the flip-flop 393,
      and an OR gate 416 to clear the flip-flop 395. When the flip-flop 395 is
      cleared, the high Q.sub.2 output and the high Q.sub.1 output from the
      flip-flop 393 cause an AND gate 417 to generate an output which clears the
      digital tare memory 385. Then when the enter tare key is released, the low
      output 380' from the inverter 380 clears the flip-flop 393 and maintains
      the flip-flop 395 cleared. This completes the operating sequence of the
      apparatus 370. Although the apparatus 370 has been provided with only a
      single memory 385 for storing only the hundredths digit of a tare weight
      manually entered from a keyboard, it will be appreciated that the
      apparatus may be readily adapted for manually entering additional digits
      of tare weight.
PAR  The system or method for digitally filtering the weight data received from
      the scale 11 has also been described above in a specific embodiment of the
      apparatus 10. However, it will be appreciated that the digital filtering
      technique may be adapted for use in scales which do not include an
      integrated circuit microcomputer and may also be adapted for filtering
      digital data entered into other types of digital systems besides scales
      and weight measuring apparatus. Referring now to FIG. 8, a modified
      embodiment is shown of apparatus 425 for filtering digital data in
      accordance with the above-described embodiment of the invention. The
      filtering operation is controlled by means of a four-phase clock 426 which
      generates four sequential, non-overlapping clock outputs .phi..sub.1
      through .phi..sub.4. During the first clock pulse on the .phi..sub.1
      output of the clock 426, new or raw data is clocked into a four-bit
      storage register 427. The new data stored within the register 427 is
      applied to the input of a filtered data register 428 and also to an "A"
      input of a comparator 429. The filtered data presently stored within the
      register 428 is applied in parallel to a "B" input to the comparator 429
      and also to four filtered data output lines 430.
PAR  The comparator 429 compares the A and B inputs using conventional digital
      logic circuitry. If the difference between the A and B inputs is greater
      than one, the comparator applies a signal on an output 431. If the
      difference between the A and B inputs is equal to one, the comparator 429
      applies a signal on a second output 432. If the A and B inputs are equal,
      the comparator 429 applies a signal on a third output 433. The comparator
      429 also has an output 434 which indicates the sign of the difference
      between A and B. If A is greater than or equal to B, a signal will be
      applied by the comparator 429 on the output 434. If A is less than B, no
      signal will be applied on the output 434.
PAR  After the .phi..sub.1 clock pulse is applied to store the raw weight data
      in the register 427, a .phi..sub.2 clock pulse is applied to enable four
      AND gates 435-438. The output 431 from the comparator 429 is connected to
      the second input of the gate 435. If the difference between the A and B
      inputs to the comparator 429 is greater than one, the signal applied on
      the output 431 passes through the AND gate 435 and an OR gate 439 to clock
      the new data stored in the register 427 into the filtered data register
      428. The clock output from the OR gate 439 also passes through a delay
      circuit 440 and an OR gate 441 to clear a counter 442. If, on the other
      hand, the difference between A and B is equal to one, the comparator 429
      applies a signal on the output 432 which passes through the enabled AND
      gate 436 to increment the counter 442. If A is equal to B, the comparator
      429 applies a signal on the output 433 which passes through the enabled
      AND gate 437 and the OR gate 441 to clear the counter 442. The sign output
      434 from the comparator 429 is applied to one input of an exclusive OR
      gate 443. The second input to the exclusive OR gate 443 is connected to
      the Q output of a flip-flop 444. The flip-flop 444 is set in response to
      the .phi..sub.3 clock pulse to the true or false logic level of the sign
      output 434 from the comparator 429. Therefore, during the .phi..sub.2
      clock pulse, the flip-flop 444 will have a logic state dependent upon the
      state of the output 434 from the comparator 429 during the previous cycle
      of the clock 426. If the output 434 from the comparator 429 changes logic
      levels, the exclusive OR gate 443 will apply a signal through the enabled
      AND gate 438 and the OR gate 441 to clear the counter 442.
PAR  The counter 442 has an output 445 connected to one input of an AND gate
      446. The second input to the AND gate 446 is connected to the .phi..sub.4
      output from the clock 426. The output 445 from the counter 442 has
      arbitrarily been selected as a count three output. Thus, a signal is
      applied on the output 442 whenever the counter 442 is incremented up to
      three. When the counter 442 is incremented to three to apply a signal on
      the output 445, the .phi..sub.4 clock pulse passes through the AND gate
      446 and the OR gate 439 to clock the new data stored in the register 427
      into the filtered data register 428. The clock pulse also passes through
      the delay circuitry 440 and the OR gate 441 to clear the counter 442.
PAR  From the above description, it will be noted that the new or raw data
      stored in the register 427 is permitted to fluctuate or jitter within plus
      or minus one of the filtered data stored in the register 428 without
      revising the filtered data during each cycle of the clock 426. The
      filtered data stored within the register 428 is revised only when the
      contents of the registers 427 and 428 deviate by either one for three
      consecutive cycles of the clock 426 or by greater than one on one cycle of
      the clock 426. If the contents of the register 427 oscillate alternately
      to plus and minus one digit of the contents of the filtered data register
      428 or to the same value as is stored in the filtered data register 428,
      then the counter 442 is cleared on each clock cycle so that the filtered
      data stored in the register 428 is not updated. It will be appreciated
      that the apparatus 425 may be adapted for use in entering weight readings
      from a scale into a filtered weight memory or for entering other types of
      digital data into memories with the elimination of jitter from the data.
      It will also be apparent that filtering band may be expanded to
      accommodate a wider jitter range merely by modifying the comparator 429.
      For example, the outputs 431 and 432 may be generated, respectively, when
      A-B is greater than .+-.2 and when A-B equals .+-.1 or .+-.2.
PAR  Although specific embodiments of the invention have been described above,
      it will be appreciated to those skilled in the art that various
      modifications and changes may be made without departing from the spirit
      and the scope of the claimed invention. Furthermore, it will be
      appreciated that in the broadest aspect of the claims, the invention may
      be adapted to various types of apparatus.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A digital weighing scale comprising, in combination, means for
      generating a digital weight signal corresponding to the weight of an
      article, memory means for storing a filtered weight, a counter, means for
      periodically comparing the generated weight signal with the stored
      filtered weight, means responsive to a comparison between the generated
      weight signal and the stored filtered weight for clearing said counter,
      means responsive to the generated weight signal deviating from the stored
      filtered weight by a weight less than a predetermined amount for
      incrementing said counter, and means responsive to a predetermined count
      in said counter for storing the generated weight signal in said filtered
      weight memory means.
NUM  2.
PAR  2. A digital weighing scale, as set forth in claim 1, and further including
      means responsive to the generated weight signal deviating from the stored
      filtered weight by more than the predetermined amount for clearing said
      counter, and means responsive to the generated weight signal deviating
      from the stored filtered weight by more than the predetermined amount for
      storing the generated weight signal in said filtered weight memory means.
NUM  3.
PAR  3. A digital weighing scale, as set forth in claim 2, and further including
      means responsive to the generated weight signal deviating from the stored
      filtered weight by more than the predetermined amount for establishing a
      motion signal.
NUM  4.
PAR  4. A digital weighing scale, as set forth in claim 3, and further including
      means responsive to the generated weight signal deviating from the stored
      filtered weight by less than the predetermined amount for a predetermined
      time interval for terminating such motion signal.
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PAL  A power driven vehicle having a set of wheels mounted along each of its
      sides and having endless tracks suspended between the two sets of wheels
      in an arrangement that substantially covers the whole underside of the
      vehicle and thereby renders the vehicle bellyless, said endless tracks
      being individually powered and engaging with the ground whenever the
      wheels mounted along the sides of the vehicle sink into the ground to a
      predetermined depth.
BSUM
PAR  This invention deals with an all terrain vehicle that solves the dilemma
      involved in optimizing a vehicle for equally good performance on improved,
      hard surfaces such as roads, as well as on unimproved, soft surfaces such
      as snow and mud. In addition, the described all terrain vehicle improves
      the obstacle climbing capability of currently used all terrain vehicles,
      which are easily immobilized by ground contours or by stones or logs on
      which the belly of conventional vehicles can come to rest, thereby
      relieving its wheels or tracks of the ground pressure and traction
      necessary for its locomotion.
PAR  Wheels are commonly used as the running gear of vehicles designed to
      operate on improved, hard surfaces. Unfortunately, the small load bearing
      area of wheels makes them undesirable for off-road vehicles intended for
      travel over soft ground such as snow or mud. Conventional off-road
      vehicles employ endless tracks or large, low-pressure tires that are
      mounted along its sides. The increased load bearing areas obtainable by
      the running gear of these vehicles, however, is compensated by loss of
      mobility (speed and maneuverability) of the vehicles on improved, hard
      surfaces.
PAR  A group of vehicles even more specialized for soft terrain, the so-called
      bellyless vehicles, also sacrifice mobility on improved, hard surfaces for
      their capability to travel over snow and mud (see U.S. Pat. Nos.
      1,749,276; 3,371,733; 3,456,750, U.S. Pat. application Ser. No. 420,285
      and the copending application for a Coaxial Set of Differential Gear
      Trains).
PAR  More recently, some vehicles have been disclosed to the public in which
      all-terrain mobility is achieved by modification of the vehicles' running
      gear. The U.S. Pat. Nos. 3,710,886; 3,724,580 and 3,737,001, for example,
      show how originally wheeled vehicles can be converted to tracked vehicles
      for use on soft terrain. The U.S. Pat. No. 3,774,706, on the other hand,
      shows how an originally tracked vehicle can be converted to a wheeled
      vehicle for use on hard terrain.
PAR  The present invention, conceived earlier and disclosed to the Patent Office
      on Mar. 6, 1972 in FIG. 5 of Disclosure Document No. 009431, involves a
      novel vehicle that has a true all-terrain mobility (i.e., mobility over
      hard as well as over soft terrain) that is superior to that of any other
      ground vehicle known. The invented vehicle moves over hard and improved
      surfaces with the speed of common wheeled vehicles. Its ground pressure is
      lower, and its mobility on soft terrain therefore higher, than that of
      conventional tracked vehicles. Its obstacle climbing ability (over large
      stones, logs, ground contours, etc.) is superior to that of vehicles
      having exposed bellies and having the tendency to run up on obstacles and
      get stuck on them.
PAR  The main object of the invention, therefore, is to show how, on an all
      terrain vehicle, wheels and tracks can be combined into a running gear
      system which has all-terrain capabilities that are superior to those of
      any other running gear system.
PAR  Another object of the invention is to show how all elements of the
      vehicle's running gear, i.e., wheels as well as tracks, can be powered for
      better mobility and maneuverability.
DRWD
PAR  The novel features which I believe to be characteristic of this invention
      are set forth in the appended claims. The principles of the invention,
      however, are best understood from the following description of specific
      embodiments of the invention, read in connection with the accompanying
      drawings, in which:
PAR  FIG. 1 shows the side elevation of one specific embodiment of the all
      terrain vehicle,
PAR  FIG. 2 shows the front elevation of the all terrain vehicle shown in FIG.
      1, and
PAR  FIG. 3 shows the geometric arrangement of the tracks of another specific
      embodiment of the all terrain vehicle.
DETD
PAR  Reference will now be made by using numerals which designate corresponding
      parts shown in the FIGS. 1, 2 and 3:
PAR  The all terrain vehicle described in this specification has two wheels
      mounted along each of its sides. On the right side of the vehicle are
      mounted the wheels 1 and 3. Wheel 2 is one of the two wheels mounted on
      the left side of the vehicle. The particular number of wheels shown in
      FIG. 1 has been chosen for simplicity only. More than two wheels can be
      mounted on each side of the vehicle without violation of the principles
      disclosed in this specification. The only requirement is that the wheels
      on each side of the vehicle are operably connected into sets in a manner
      that allows only simultaneous rotation of all wheels within a set, and
      only rotation resulting in the same ground speed for all wheels within a
      set. The connecting means, not an object of this invention, can be a
      chain, a shaft and gear system, or a hydraulic or electric coupling, as
      long as it causes the wheels within a set to rotate at the same ground
      speed.
PAR  Between the two sets of wheels is mounted a multiplicity of endless tracks,
      shown as the tracks 4, 5, 6, 7 and 8 in the FIGS. 1 and 2. These tracks
      are held in position by gears and idler wheels mounted on a frame 9 which,
      in turn, is attached to the front end of the main body 10 through the
      brackets 11 and 12 and the shaft 13. The rear end of the frame 9 is held
      in position relative to the main body 10 by two shock absorbers/springs,
      one of which, the shock absorber/spring 14, is shown in FIG. 1.
PAR  Each of the tracks 4, 5, 6, 7 and 8 is powered by a differential gear
      system, which is connected to the adjacent tracks, or to the adjacent
      track and the adjacent set of wheels in such a manner, that each of the
      tracks is driven at a ground speed that is intermediate the ground speeds
      of its two adjacent tracks or intermediate the ground speeds of its
      adjacent track and its adjacent set of wheels.
PAR  The number of tracks shown in FIG. 2 has been arbitrarily chosen for
      illustration purposes. Any other number of tracks can also be mounted
      between the two sets of wheels without violation of the principles
      disclosed in this specification.
PAR  Maneuvering of the illustrated all terrain vehicle is accomplished by skid
      steering:
PAR  For straight forward or backward motion, power is applied to the two sets
      of wheels at the same rate, which makes the wheels in both sets rotate at
      the same ground speed and in the same direction. For slow turns of the
      vehicle, power is applied to the two sets of wheels at different rates,
      which makes the wheels in each of the two sets of wheels rotate in the
      same direction but at different ground speeds. For on-the-spot turns of
      the vehicle, the two sets of wheels are powered to move at the same ground
      speed but in opposite directions. In all the maneuvers described above,
      the tracks of the vehicle are powered at a speed that is intermediate the
      ground speeds of its two adjacent tracks or intermediate the ground speeds
      of its adjacent track and its adjacent set of wheels.
PAR  Many means are available to accomplish proper skid steering of the all
      terrain vehicle. Only the method of skid steering, however, but not the
      details of the skid steering mechanism, is an object of the present
      invention. The details of possible skid steering mechanisms are listed at
      this place only to demonstrate the versatility of the described all
      terrain vehicle.
PAR  In purely mechanical skid steering systems, power from the power plant is
      applied directly to the drive means powering the two sets of wheels. The
      tracks are powered by driven means which are powered by differential drive
      means. The differential drive means can be differentials operably
      connected to the tracks (similar to the differentials described in U.S.
      Pat. No. 3,371,733), they can be sets of differentials mounted separately
      from the inner tracks (similar to the differentials described in U.S. Pat.
      No. 3,456,750), or they can be mounted coaxially as shown in the FIGS. 1,
      2 and 3. The details of the coaxial set of differentials used for the
      powering of the tracks of the All Terrain Vehicle were disclosed to the
      Patent Office in Disclosure Document 009431. A patent application for this
      set of differentials is submitted simultaneously with the present
      application.
PAR  Hydraulic or electric drive systems can also be utilized for the powering
      and skid steering of the All Terrain Vehicle. The operating principle of
      such systems is illustrated in the copending patent application for a
      Wheeled Bellyless Vehicle.
PAR  Since skid steering is used for the maneuvering of the All Terrain Vehicle
      described in this application, it is desirable that the vehicle has as
      small a length to width ratio as possible. The vehicle shown in the FIGS.
      1 and 2, therefore, is more wide than long, i.e., the distance between the
      wheels 1 and 3 is shorter than the distance between the weels 1 and 2. It
      was mentioned above that the frame 9, holding the tracks 4, 5, 6, 7 and 8,
      is attached to the main body 10 through the brackets 11 and 12, the shock
      absorber/spring 14 and another shock absorber/spring not shown in the
      Figures. Idler wheels 15, 16, 17, 18 and 19 are used to shape the tracks
      4, 5, 6, 7 and 8 into contours conforming with the underside and the front
      of the main body 10. The idler wheels 15, 16, 17 and 19 are within the
      loop formed by the track 4, and the idler wheel 18 is outside of it. This
      particular mounting of the idler wheels assures that the tracks 4, 5, 6, 7
      and 8 and the frame 9 form a rather rigid, strong, and independent
      subsystem of the All Terrain Vehicle. This subsystem, also including the
      set of differentials and the driven means mounted on the shaft 13, will be
      referred to as "track assembly" throughout this specification.
PAR  The driven means mounted on the shaft 13 are engaged to and power the
      tracks 4, 5, 6, 7 and 8. Only the driven means 20, powering the track 4,
      is shown in FIG. 1. This driven means 20 is connected to the driven means
      powering the track 5 through a differential drive means, and to the drive
      means 23 which powers the right set of wheels, through another
      differential drive means, the sprocket 21 and the chain 22. The drive
      means 23 is independently powered by the power plant of the All Terrain
      Vehicle and applies power directly to the wheel 1 and to the other wheel
      of the right set of wheels, the wheel 3.
PAR  Similarly, the power plant of the All Terrain Vehicle drives independently
      the drive means 24 which powers the wheel 2 and the other wheel of the
      left set, and which is connected to the sprocket 26 by the chain 25. The
      sprocket 26 is connected through a differential drive means to the driven
      means that powers the track 8 which, in turn, is connected to the driven
      means powering the track 7 through another differential drive means.
PAR  The track assembly of the All Terrain Vehicle comprises the tracks 4, 5, 6,
      7 and 8, the frame 9, the idler wheels 15, 16, 17, 18 and 19 that shape
      the track 4, corresponding idler wheels that shape the tracks 5, 6, 7 and
      8, the driven means 20 that powers the track 4, corresponding driven means
      that power the tracks 5, 6, 7 and 8, and the differential drive means
      interconnecting these driven means. The whole assembly is normally mounted
      so that the lower surfaces of the tracks are positioned somewhat higher
      than the lowest sections of the wheels. Therefore, the tracks do not
      normally engage the ground when the All Terrain Vehicle moves over hard
      surfaces. They will assist the vehicle in climbing any obstacle, however,
      that is placed between the two sets of wheels.
PAR  It is easy to design shock absorbers/springs in such a manner that they can
      be expaned or contracted by hydraulic or pneumatic controls. Adjustment of
      the length of the shock absorber/spring 14 shown in FIG. 1 will adjust the
      position of the frame 9 relative to the main body 10, and thereby adjust
      the ground clearance of the tracks.
PAR  If the All Terrain Vehicle is to be used on improved, hard surfaces for a
      prolonged period of time, the whole track assembly can be removed by
      detaching the brackets 11 and 12 at the front end, detaching the shock
      absorbers/springs at the aft end, and detaching the chains 22 and 25 from
      the sprockets 21 and 26.
PAR  An All Terrain Vehicle that does not have the feature of adjustable ground
      clearance of the track assemble, can still be designed to engage different
      terrains with different load bearing surfaces, by staggering the ground
      clearances of its tracks as shown in FIG. 3. The vehicle with staggered
      tracks as shown in this Figure, will move on its wheels only as long as it
      travels over hard surfaces. As the wheels sink into soft ground, first the
      tracks 27 and 31, then the tracks 28 and 30, and finally the track 29 will
      engage with the terrain, thereby progressively increasing the load bearing
      area of the vehicle's running gear, lowering the ground pressure exerted
      by its running gear, and increasing its off-road mobility and
      maneuverability on soft terrain.
PAR  The preceding description and the FIGS. 1, 2 and 3 show how an All Terrain
      Vehicle could be designed that has a good mobility over hard, improved
      surfaces as well as over soft, offroad terrain. The novel feature of this
      All terrain Vehicle is its powered running gear that comprises two sets of
      wheels mounted along the sides of the vehicle, as well as a multiplicity
      of tracks covering substantially the whole underside of the vehicle.
      Although specific embodiments of the invention have been illustrated and
      described, it is understood that various alterations in the details of the
      construction can be made without departing from the scope of the invention
      which is indicated in the appended claims.
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CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle comprising a main body, a set of wheels on each side of said
      main body, a track assembly mounted between the two sets of wheels and
      under said main body, with said track assembly comprising amultiplicity of
      powered tracks that cover substantially the whole underside of said
      vehicle and that do not extend as far down as the wheels of said two sets
      of wheels,
PA1  said vehicle further comprising drive means for individually driving said
      two sets of wheels in the same or in opposite directions at the same or at
      different speeds, driven means for driving each of said powered tracks,
      and differential drive means for transmitting power from said sets of
      wheels to said driven means of said tracks for causing each track to move
      with a ground speed that is intermediate the ground speeds of its two
      adjacent tracks or intermediate the ground speeds of its adjacent track
      and its adjacent set of wheels.
NUM  2.
PAR  2. A vehicle according to claim 1, in which the ground clearance of said
      tracks can be adjusted by lowering or raising the rear end of said track
      assembly by pivoting said track assembly around a shaft that is in fixed
      position relative to said main body.
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ABST
PAL  A vehicle adapted to traverse snow-covered areas, commonly called a "snow
      cat," is disclosed. The snow cat of the present invention includes fore
      and aft substantially rigid body frame members. An articulating joint
      joins the fore and aft body frame members and permits relative rolling
      motion and yawing motion respectively between the two rigid members.
      Yawing motion at the joint is controlled manually to steer the vehicle.
      Two track assemblies are mounted on each side of both the fore and aft
      body frame members. Each track assembly includes a relatively wide endless
      track having a moving flat base portion which rides over snow. A track
      assembly having a plurality of rows of rollers is disclosed for
      maintaining the base portion in its substantially flat configuration. The
      drive sprocket for each track assembly is located slightly above and
      intermediate the rollers so that the track is maintained in a triangular
      configuration. Fore and aft torsion bars provide stabilizatiton between
      the two forward track assemblies and the two aft track assemblies
      respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to vehicles adapted to ride over snow and
      commonly called "snow cats." Such vehicles are often used to groom ski
      slopes and also can be used as construction or transportation vehicles in
      snow-covered areas.
PAR  Snow cats found in the art generally employ a substantially rigid frame
      having track assemblies mounted at each corner or single track assemblies
      on each side. The rigid frame prevents the snow cat from conforming to
      mounds and other irregular features in the terrain. When a track assembly
      encounters an obstruction, the entire vehicle must traverse it. As a
      result, often only a small portion of the track assemblies of the vehicle
      may be in contact with the snow in a rugged area and some of the tracks
      may be lifted out of the snow decreasing the vehicle's purchase of the
      snow.
PAR  In order to turn snow cats found in the art, the speed of the tracks on one
      side of the frame is reduced or stopped without changing the speed on the
      other side. Since the track assemblies found on these snow cats are
      relatively narrow, this in an effective albeit inefficient method for
      turning the vehicle. Even with narrow track assemblies turning in this
      manner digs up a large volume of loose snow. This is undesirable on a ski
      slope, and such turning must either be done gradually or off to the side
      of the slope. With relatively wide tracks the vehicle cannot rotate
      efficiently since the elongate grousers on such a track will dig into the
      snow and prevent such turning.
PAR  The width of the tracks found on available snow cats is relatively narrow
      for a variety of reasons. The primary reason is that such track assemblies
      ride on a single row of wheels or casters which only provide a limited
      lateral stability to the track, thus limiting the width of that track.
      Another reason is that the load of the vehicle is carried at the center of
      the track, and if the grouser portion of the track spans a crevice or gap
      in the snow, the stress on the grousers will cause them to bend. Most
      available snow cats use grousers which have a relatively large cross
      section in order to achieve the desired bending strength. However, such a
      large cross section is undesirable when the snow cat is used to groom ski
      slopes because the grousers will then throw up large chunks of snow rather
      than create a smooth cured slope. Also a large narrow grouser does not dig
      into packed snow or ice as efficiently as a small wide grouser.
PAR  Many snow cats utilize a track assembly which has a plurality of tandem
      rollers wherein the lower surface of the roller rides on the track and the
      upper surface of the roller provides the return path for the track. One
      disadvantage of such a construction is that one of the rollers must be
      used as the drive roller, and the differential and drive axle must be
      relatively low to correspond with the center of the drive roller. Hence,
      the drive axle and differential often come into contact with the snow.
      When the rollers are made larger to raise the position of the drive axle
      and differential farther off the ground, the portion of track which
      circumscribes the fore and aft rollers is relatively large, and minimizes
      the proportion of track which is in contact with the snow. Hence, a
      relatively large amount of track must be used in order to have a
      sufficient length of track in contact with the snow.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a snow cat having independent fore and aft
      substantially rigid body frame members. An articulating joint joins the
      fore and aft body frame members, and permits relative rolling motion and
      relative yawing motion therebetween. Two endless track assemblies are
      mounted on each side of the fore body frame member and two on each side of
      the aft body frame member. Each track assembly has a relatively wide
      endless track which has a moving flat base portion which rides over snow
      and means for maintaining the base portion in its substantially flat
      configuration. Forward and aft stabilizer means are provided which
      interconnect the track assemblies mounted on the fore body frame member
      and the aft body frame member respectively to limit relative vertical
      motion between adjacent pairs of track assemblies.
PAR  The articulating joint allows the relatively wide track assemblies to
      substantially conform to the terrain. Thus, the flat lower portion of each
      of the four track assemblies is ordinarily maintained in full contact with
      the snow to provide maximum purchase thereon. This is particularly
      important in grooming ski slopes which are often covered with moguls or
      small mounds and which are usually guite steep. Furthermore, the snow cat
      is able to travel along gullies and other rough features of the terrain
      without substantially decreasing its purchase in the snow.
PAR  In the preferred embodiment of the present invention, manually operable
      means are provided for controlling the relative yawing motion between the
      fore and aft body frame members at the articulating joint in order to
      steer the vehicle. This eliminates the necessity for slowing or stopping
      the tracks on one side of the vehicle for turning it. Thus, the track is
      not rotated sideways on the snow as the snow cat is being turned and
      churns up loose snow. Furthermore, the limitation on the width of the
      tracks which could be employed in former snow cats due to the necessity
      that the tracks rotate on the snow as the snow cat is turned is
      eliminated. Also a snow cat having a relatively wide track employing long
      grousers is provided by the present invention, making such turning
      difficult or impossible.
PAR  When the articulating joint is used to turn a vehicle such as the snow cat
      of the present invention, it has been found that the vehicle can contort
      itself into the shape of a bow. Specifically, when a left turn is being
      made, the left front and right rear track assemblies will raise relative
      to the right front and left rear assemblies. Such distortion of the
      vehicle is undesirable and limits the freedom of the vehicle to conform to
      terrain irregularities. The present invention provides a torsion bar
      assembly at both the fore and aft track assemblies. One torsion bar
      interconnects the fore track assemblies to severely limit the relative
      vertical motion between the two fore track assemblies, and the other
      torsion bar prevents relative vertical motion between the aft track
      assemblies. Thus, bowing of the vehicle in a turn is substantially
      eliminated.
PAR  One of the objects of the present invention is to provide a relatively wide
      but stable endless track. As stated above, the width of the tracks which
      could be used in former snow cats was limited. However, the present
      invention provides for the use of a plurality of parallel rows of tandem
      rollers which at least partially span the width of the track. Thus, the
      weight of the vehicle is distributed along the length of the grousers,
      substantially reducing the bending strength required thereof. Also, the
      possibility of the vehicle rolling over is minimized because the vehicle
      must pivot about the outermost row of wheels of the track. The wide track
      allows for the use of a relatively thin but highly elongate grouser
      without sacrificing stability of the track. A grouser having a high
      strength to weight ratio is disclosed herein to further minimize the
      cross-section of the grouser. Such a grouser substantially increases the
      purchase of the track on packed snow and ice, and also minimizes the
      chunks of snow which are thrown up by the track, an important
      consideration when grooming a ski slope.
PAR  The present invention provides a sprocket which is raised relative to the
      rollers and is located intermediate the rollers so that the track is
      maintained in a generally triangular configuration. In this manner, the
      drive axle and differential can be kept well out of the snow without
      making the rollers larger. Minimizing the size of the roller maximizes the
      portion of the track which is actually in contact with the snow to further
      maximize traction of the vehicle for a given length of track.
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PAR  The novel features which are believed to be characteristic of the
      invention, both as to organization and method of operation, together with
      further objects and advantages thereof will be better understood from the
      following description considered in connection with the accompanying
      drawings in which a preferred embodiment of the invention is illustrated
      by way of example. It is to be expressly understood, however, that the
      drawings are for the purpose of illustration and description only and are
      not intended as a definition of the limits of the invention.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a snow cat constructed according to the
      principles of the present invention;
PAR  FIG. 2 is a fragmentary perspective view of the articulating joint used in
      the snow cat illustrated in FIG. 1;
PAR  FIG. 3 is a fragmentary perspective view of the stabilizer assembly of the
      present invention;
PAR  FIG. 4 is a rear elevation expanded view of the stabilizer assembly
      illustrated in FIG. 3;
PAR  FIG. 5 is a perspective view of the track assembly of the present invention
      with the endless track removed;
PAR  FIG. 6 is a perspective view of the track assembly of the present invention
      with the endless track in place;
PAR  FIG. 7 is a side elevation view of the preferred grouser assembly of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The snow cat 10 of the present invention is illustrated generally by way of
      reference to FIG. 1. Snow cat 10 has a cab 12 which is mounted on a
      rectangular body frame member 14 at the forward portion of the vehicle. An
      aft rectangular body frame member 16 is attached to fore body member 14 by
      means of an articulating joint 18 which will be illustrated in more detail
      hereinafter. Endless track assemblies 20 and 22 are mounted to fore body
      member 14 on each side. Similarly, track assemblies 24 and 26 are mounted
      on each side of the aft body frame member 16. The endless track portion 28
      of track assemblies 20-26 are relatively wide as will be further
      illustrated hereinafter.
PAR  Rear track assemblies 24, 26 are interconnected and mounted to the aft body
      frame member 16 by means of axle 30. Forward track assemblies 20, 22 are
      similarly interconnected by an axle (not visible) and mounted to fore body
      frame member 14 therewith. Each axle such as 30 is suspended from its
      associated frame member by means of leaf springs such as 32. Relative
      vertical motion between track assemblies such as 24 and 26 is controlled
      by means of a stabilizer assembly 34 which will be further illustrated
      below. A similar stabilizer assembly (not visible) controls relative
      motion between track assemblies 20 and 22.
PAR  Articulating joint 18 is further illustrated by way of reference to the
      fragmentary view of FIG. 2. Articulating joint 18 has a forward triangular
      portion 40 rigidly attached to fore body frame member 14. Triangular
      portion 40 is connected by means of a pin joint 42 to a rear complementary
      triangular portion 44. Triangular portion 44 is rotatably connected to aft
      body frame members 16 by means of a shaft 46. A first circular plate 48 is
      rigidly attached to triangular portion 44 of articulating joint 18, and a
      second complementary circular plate 50 is rigidly attached to frame member
      16. Abutting circular plates 48, 50 allow relative rotating motion between
      body frame members 14, 16 about the longitudinal axis of the vehicle,
      defined herein as "rolling motion." Such rolling motion is confined to a
      single axis by circular members 48, 50.
PAR  Pin connection 42 between triangular portions 40, 44 of articulating joint
      18 allow frame members 14, 16 to mutually pivot about the vertical axis of
      the vehicle, defined as "yawing motion" herein. This yawing motion is
      controlled by means of two hydraulic cylinders 52, 54, one on each side of
      articulating joint 18. Cylinder 52 has fore and aft ports 56, 58
      respectively. Similarly, hydraulic cylinder 54 has fore and aft ports 60,
      62 respectively. Both pistons 52, 54 are of the dual action type wherein
      the application of hydraulic fluid is the forward portion of the cylinder
      through ports 56 or 60 causes the piston to retract, and application of
      hydraulic fluid to the rear portion of a piston through aft ports 58 or 62
      causes the pistons to expand.
PAR  Hydraulic line 64 interconnects the forward port 56 of piston 52 with the
      aft port 62 of piston 54. Similarly, hydraulic line 66 connects the aft
      port 58 of cylinder 52 with the forward port 60 of cylinder 54. In order
      to turn the snow cat of the present invention to the left, hydraulic fluid
      is applied to line 66 through line 68 from a source (not shown) so that
      pressure is applied to the aft portion of cylinder 52 and the forward
      portion of cylinder 54. Cylinder 52 will thus expand and cylinder 54 will
      contract so that the vehicle will pivot about pin 42 to disalign the track
      assemblies and cause the vehicle to turn. Conversely, application of
      hydraulic fluid through line 70 to line 64 causes the vehicle to turn to
      the right. The application of hydraulic pressure in line 68 and 70 is
      manually operable from the cab of the vehicle so that the snow cat is
      steered manually by manipulating the articulating joint. This eliminates
      the need for slowing or stopping certain of the track assemblies in order
      to turn the vehicle, which is difficult to impossible with the relatively
      wide track assemblies illustrated in the present invention.
PAR  When the articulating joint 18 illustrated in FIG. 2 is utilized to turn
      the snow cat 10 shown in FIG. 1, the use of a normal leaf spring
      suspension system allows the vehicle to bend into a bow. Namely, a left
      turn will cause the left front track assembly 20 and the right rear track
      assembly 26 to rise relative to the right front track assembly 22 and the
      left rear track assembly 24. A similar but opposite bowing effect occurs
      during a right turn. This bowing is minimized in the snow cat of the
      present invention by means of stabilizing assembly 34 shown in FIG. 3.
PAR  The operation of stabilizer assembly 34 is illustrated by viewing FIGS. 3
      and 4 in combination. Stabilizer apparatus 34 is shown attached to aft
      body frame member 16, but a similar and opposite stabilizer assembly is
      attached to fore body frame member 14. Stabilizer apparatus 34 includes a
      pair of legs 80 depending from the opposite sides of aft body frame member
      16. Each leg 80 has a relatively large aperture 82 at the lower end
      thereof. A torsion bar 84 is adapted to fit between legs 80 and has
      oppositely directed male spline ends 86 which project into apertures 82 in
      the legs. Armatures 88 having female spline portions 90 have an outer
      diameter adapted to mate with apertures 82 and legs 80. The female spline
      portion 90 of armatures 88 is adapted to mesh with splined ends 86 of
      torsion bar 84 so that armature 88 is rigidly interconnected with the
      torsion bar. The outer circumference of spline portions 90 of armatures 88
      act as a bearing surface in abutment with aperture 82 in legs 80.
PAR  The ends of armatures 88 opposite from spline portions 90 have depending
      plates 92 rigidly attached thereto. Plates 92 mount to axle 30 illustrated
      in phantom in FIG. 3. Vertical movement of axle 30 is limited by leaf
      springs 32. Furthermore, relative vertical movement between the two sides
      of axle 30 emanating from differential 94 is severely restricted by the
      torsion bar 84 through armatures 88 to each side of the axle. However,
      torsion bar 84 does not interfere with vertical motion of both sides of
      axle 30 in concert, merely preventing relative vertical motion to
      eliminate the bowing effect mentioned previously.
PAR  The track assembly of the present invention is illustrated in more detail
      by way of reference to FIGS. 5 and 6 in combination. Each of the track
      assemblies 20-26 illustrated in FIG. 1 is substantially the same (although
      they need not be), and each has a substantially horizontal rectangular
      frame 100. A plurality of rows of rollers 102 are rotatably attached to
      frame 100. Rollers 102 can be pneumatic tires circumscribing a solid inner
      wheel, casters having a deformable outer layer or the like. In FIG. 5, an
      arrangement of four parallel rows of tandemly mounted rollers 102 is
      illustrated. However, it is to be expressly understood that the number of
      rows of rollers can be any number greater than two, although even numbers
      are preferred for symmetry.
PAR  Drive axle 30 emanating from the drive differential (not shown) passes
      through a raised portion 104 of frame 100 and connects to drive sprocket
      106. In the embodiment illustrated herein, drive sprocket 106 comprises
      two laterally spaced parallel toothed gear segments 108, 110 each driven
      by drive axle 30. Drive sprocket 106 is mounted intermediate the various
      rows of wheels 102, and the upper surface of the drive sprocket is raised
      relatively to the wheels so that the endless track will be maintained in
      triangular configuration, as illustrated hereinbelow.
PAR  The endless track of the present invention is illustrated in more detail by
      way of reference to FIG. 6. Endless track 28 includes a plurality of
      laterally spaced endless bands 112. Bands 112 are constructed of rubber or
      other deformable material so that the track assembly 28 can wrap around
      rollers 102 and drive sprocket gears 108, 110 of the track assembly. A
      plurality of elongate grousers 114 are attached transversely to endless
      bands 112 to complete the endless track 28. Rollers 102 are in abutment
      with grousers 114 along the moving flat bottom portion of track 28. Each
      row of rollers fits in the spaces between adjacent endless bands 112 as
      illustrated and can be confined thereto by guides 116. Furthermore, the
      toothed gears 108, 110 of drive sprocket 106 engages the grousers 114 in
      adjacent spaces between the spaced bands 112. In this manner, both rollers
      102 and drive sprocket 106 directly engages the grousers 114. In order to
      insure that rollers 102 and tooth wheels 108, 110 remain intermediate
      adjacent endless bands 112, a plurality of guides 116 are preferably
      mounted on the interior surface of each of the bands.
PAR  Grousers 114 of the present invention are longer than grousers normally
      found in the art due to the relatively large width of the endless track
      28. The cross section of the grousers is substantially reduced relative to
      those found in the prior art for the purposes stated above. In order to
      achieve a high strength to weight ratio with the small elongate grouser,
      the grouser of the present invention is preferably formed as illustrated
      in FIG. 7. First, an elongate metal plate is formed into a triangular
      cross-sectioned shape 120. Member 120 has a flat base portion 122 and two
      inwardly inclined leg portions 124, 126 extending from the lateral edges
      of the base portion. The free ends of leg portions 124, 126 substantially
      meet at the apex of triangular member 120. A plurality of apertures 128
      are drilled along the center line of base portion 122. A plurality of
      bolts 130 are inserted through the apertures 128 with the head portion
      interior to triangular member 120 and the threaded portion projecting
      through the apertures. An elongate center plate 132 is then inserted in
      triangular member 120. One lateral edge 134 of center plate 132 is in
      abutment with the head portions of bolts 130, and lateral edge 134 is
      welded to the base portion 122 of member 120 so that bolts 130 are fixed
      in position. Lateral edge 136 of center plate 132, which is opposite
      lateral edge 134, is adjacent the free ends of legs 124, 126 and the
      members are welded together at 138 to complete the grouser.
PAR  While a preferred embodiment of the present invention has been illustrated
      in detail, it is apparent that modifications and adaptations of that
      embodiment will occur to those skilled in the art. However, it is to be
      expressly understood that such modifications and adaptations are within
      the spirit and scope of the present invention, as set forth in the
      following claims.
CLMS
STM  What I claim as new is:
NUM  1.
PAR  1. A snow cat comprising:
PA1  fore and aft substantially rigid body frame members;
PA1  an articulating joint joining the fore and aft body frame members, said
      articulating joint permitting relative rolling motion and relative yawing
      motion between said fore and aft body frame members;
PA1  four endless track assemblies, two of said track assemblies located on each
      side of the fore body frame member and the other two of said track
      assemblies located on each side of the aft body frame member, each said
      track assembly including a relatively wide endless track having a moving
      flat base portion adapted to ride over snow and means for maintaining said
      base portion in its substantially flat configuration;
PA1  a first axle interconnecting the two track assemblies located on each side
      of the fore body frame member and a second axle interconnecting the two
      track assemblies on each side of the aft body frame member;  fore
PA1  spring means mounting the first axle to the f ore body frame member and the
      second axle to the aft body frame member; and
PA1  forward and aft stabilizer means, said forward stabilizer means comprising
      a first torsion bar interconnecting the track assemblies on each side of
      the fore body frame member to restrict relative vertical motion
      therebetween, said aft stabilizer means comprising a second torsion bar
      interconnecting the track assemblies on each side of the aft body frame
      member to restrict relative vertical motion therebetween.
NUM  2.
PAR  2. A snow cat as recited in claim 1 and additionally comprising manually
      operable means for controlling the yawing motion between the fore and aft
      body frame members at the articulating joint, said controlling means being
      manually operable to manually steer the vehicle by changing the direction
      of the forward and aft track assemblies caused by controlling the yawing
      motion at the articulating joint.
NUM  3.
PAR  3. A snow cat as recited in claim 1 wherein the first axle comprises a
      solid axle interconnecting the two track assemblies on each side of the
      fore body frame member, and wherein the second axle comprises a solid axle
      interconnecting the two track assemblies on each side of the aft body
      frame member.
NUM  4.
PAR  4. A snow cat as recited in claim 1 wherein the means for maintaining the
      base portion of each said endless track in its substantially flat
      configuration comprises at least two parallel rows of rollers in rolling
      abutment with the base portion of said track, said rows of rollers
      partially spanning the relatively wide track so that the base portion
      thereof is maintained in its substantially flat configuration even over
      irregular terrain.
NUM  5.
PAR  5. A snow cat comprising:
PA1  fore and aft substantially rigid body frame members;
PA1  an articulating joint joining the fore and aft body frame members and
      permitting relative rolling motion and relative yawing motion between said
      frame members;
PA1  four endless track assemblies, two of said track assemblies located on each
      side of the fore body frame member and the other two of said track
      assemblies located on each side of the aft body frame member, each said
      track assembly including at least two parallel rows of rollers and a drive
      sprocket intermediate the fore and aft rollers of each said row, said
      drive sprocket having an upper surface projecting above the upper surface
      of each of the rolles, and a relatively wide track adapted to circumscribe
      the rollers and the drive spricket to maintain said track in a generally
      triangular configuration having a flat lower portion adapted to ride on
      the snow and a raised central portion;
PA1  a first axle interconnecting the two track assemblies located on each side
      of the fore body frame member and a second axle interconnecting the two
      track assemblies on each side of the aft body frame member;
PA1  spring means mounting the first axle to the fore body frame member and the
      second axle to the aft body frame member; and
PA1  forward and aft stabilizer means, said forward stabilizer means comprising
      a first torsion bar interconnecting the track assemblies on each side of
      the fore body framae member to restrict relative vertical motion
      therebetween, said aft stabilizer means comprising a second torsion bar
      interconnecting the track assemblies on each side of the aft body frame
      member to restrict relative vertical motion therebetween.
NUM  6.
PAR  6. A snow cat as recited in claim 5 wherein each said relatively wide track
      comprises a plurality of laterally spaced endless bands defining an outer
      circumference and a plurality of grousers transversely mounted to the
      outer circumference of the bands, said drive sprocket adapted to engage
      the grousers in the space between adjacent laterally spaced bands, each
      row of rollers adapted to abut the grousers in other spaces between
      adjacent laterally spaced bands.
NUM  7.
PAR  7. A snow cat as recited in claim 6 and additionally comprising a plurality
      of guides mounted on the interior surfaces of the bands to maintain said
      rollers intermediate said bands.
NUM  8.
PAR  8. A snow cat comprising:
PA1  fore and aft substantially rigid body frame members;
PA1  an articulating joint joining the fore and aft body frame members, said
      articulating joint permitting relative rolling motion and relative yawing
      motion between said fore and aft body frame members;
PA1  means for manually controlling the relative yawing motion between the fore
      and aft body frame members at the articulating joint to steer the vehicle
      by changing the relative direction of the fore and aft body frame members;
PA1  four endless track assemblies, two of said track assemblies located on each
      side of the fore body frame member and the other two of said track
      assemblies located on each side of the aft body frame member, each said
      track assembly including at least two parallel rows of rollers, a drive
      sprocket between two of the rows of rollers and intermediate the fore and
      aft rollers of each said row, said drive sprocket having an upper surface
      projecting above the upper surface of each of the rollers, and a
      relatively wide track adapted to circumscribe the rollers and the drive
      sprocket to maintain said track in a generally triangular configuration
      having a flat lower portion adapted to ride on the snow and a raised
      central portion, each said relatively wide track comprising a plurality of
      laterally spaced endless bands defining an outer circumference and a
      plurality of grousers transversely mounted to the outer circumference of
      the bands, said drive sprocket adapted to engage the grousers in the space
      between adjacent laterally spaced bands, each row of rollers adapted to
      abut the grousers in other spaces between adjacent laterally spaced bands;
PA1  a first axle interconnecting the two track assemblies located on each side
      of the fore body frame member and a second axle interconnecting the two
      track assemblies on each side of the aft body frame member;
PA1  spring means mounting the first axle to the fore body frame member and the
      second axle to the aft body frame member; and
PA1  forward and aft stabilizer means, said forward stabilizer means comprising
      a first torsion bar interconnecting the track assemblies on each side of
      the fore body frame member to restrict relative vertical motion
      therebetween, said aft stabilizer means comprising a second torsion bar
      interconnecting the track assemblies on each side of the aft body frame
      member to restrict relative vertical motion therebetween.
PATN
WKU  039372901
SRC  5
APN  488812&
APT  1
ART  316
APD  19740712
TTL  Apparatus for maneuvring aircraft
ISD  19760210
NCL  2
ECL  1
EXA  Schrecengost; R.
EXP  Betts; Kenneth H.
NDR  5
NFG  7
INVT
NAM  Benning; Vernon A.
CTY  Maidenhead
CNT  EN
ASSG
NAM  M. L. Aviation Company Limited
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730917
APN  43499/73
CLAS
OCL  180 14C
XCL  180 74
XCL  180  644
EDF  2
ICL  B60D  100
FSC  180
FSS  14 R;14 C;14 I;74;6.44
UREF
PNO  2695718
ISD  19541100
NAM  Epps
OCL  180 14C
UREF
PNO  2751990
ISD  19560600
NAM  Finlay et al.
OCL  180 14C
UREF
PNO  2763164
ISD  19560900
NAM  Neklutin
XCL  180  6.44
UREF
PNO  2869662
ISD  19590100
NAM  Koup
OCL  180 14E
UREF
PNO  2957650
ISD  19601000
NAM  Horan et al.
XCL  180 14R
UREF
PNO  2966222
ISD  19601200
NAM  Lambert
XCL  180 14R
UREF
PNO  3025922
ISD  19620300
NAM  Savidge
OCL  180 14R
UREF
PNO  3063512
ISD  19621100
NAM  Yadon
OCL  180 14R
LREP
FRM  Brisebois & Kruger
ABST
PAL  An aircraft handler for use with twin nosewheeled aircraft comprises a
      frame for fitting to the wheel-supporting structure of the aircraft, a
      pair of driving drums mounted to turn in the frame, for frictional
      engagement with respective wheels of the aircraft, a source of power
      providing independent drive to the two drums and a separate control unit
      connected to the frame by a flexible connection, by means of which the two
      drums may be controlled. The source of power may comprise a pair of
      independently-controllable electric motors operated by separate controls
      in the control unit, these conveniently being mounted on the frame and the
      flexible connection supplying signals to the motors from the control unit.
PAL  Alternatively each drum may be driven by a separate,
      independently-controlled hydraulic motor mounted on the frame.
BSUM
PAR  This invention relates to apparatus for manoeuvring aircraft on the groud,
      commonly referred to as an aircraft "handler." One form of such handler is
      shown in British Patent Specification Nos. 845105 and 909697 and is
      constructed as a small self-propelled vehicle which includes a driving
      roller for engagement with one of the wheels of an aircraft. Rotation of
      this driving roller turns the aircraft wheel and gradually manoeuvres the
      aircraft. Such a handler is capable of manoeuvring the largest aircraft,
      but since it is necessary to engage one of the main load-bearing wheels of
      the aircraft which will usually not lie on the centre-line of the
      aircraft, there is a tendency for the aircraft to turn in one direction or
      the other and in any case a separate operator is required to steer the
      nose wheel or tail wheel.
PAR  A handler of this type may also be used for quite light, twin-nose-wheeled
      aircraft such as helicopters, but is less suitable for this purpose in
      circumstances of extremely confined space, and where men and equipment in
      the immediate close vicinity of the aircraft is a disadvantage. There is
      thus a requirement for a handler which is specifically designed for the
      manoeuvring of light/medium, twin-nose-wheeled aircraft.
PAR  According to the present invention, a handler for this purpose comprises a
      frame fitting to the wheel-supporting structure of the aircraft, a pair of
      driving drums mounted to turn in the frame, for frictional engagement with
      respective wheels of the aircraft, a source of power providing independent
      drive to the two drums and a separate control unit connected to the frame
      by a flexible connection, by means of which the two drums may be
      controlled. Once the frame has been fitted to the wheel-supporting
      structure with the driving drums in egagement with the tyres of the
      aircraft wheels, the aircraft can be readily manoeuvred without effort or
      even movement by the operator merely be operation of the controls for the
      two drums. These control the relative speeds of rotation of the two wheels
      of the aircraft and thus enable it to be steered as required, the only
      limitation on the range of movement being imposed by the length of the
      flexible connection between the control unit and the frame.
PAR  Preferably the source of power comprises a pair of
      independently-controllable electric motors operated by separate controls
      in the control unit. Most simply, the motor may be mounted on the frame so
      as to drive the drums directly, the flexible connection supplying signals
      to the motors from the control unit. With such an arrangement, both
      electric motors may drive through differentials, one supplying driving
      power to both drums and the other providing additional drive for steering
      purposes. As an alternative, each drum may be driven by a separate,
      independently-controlled hydraulic motor mounted on the frame. These
      hydraulic motors may be supplied with hydraulic fluid from respective
      pumps located in the control unit and driven by electric motors also in
      the control unit. In some circumstances, a single electric motor may be
      used to drive both pumps, the supply of hydraulic fluid then being
      controlled by control of the respective pumps rather than by control of
      the electric motor. Another alternative is for the pumps and also the
      electric motor or motors to be mounted on the frame in close associated
      with the hydraulic motors. This avoids the need for differentials which
      are required when the driving drums are driven directly from an electric
      motor without the intermediary of hydraulic pumps and motors.
PAR  When the electric motor or motors is mounted on the frame, the control unit
      itself may be quite light since it includes only the control equipment
      which produces control signals passed to the motor or motors through the
      flexible connection. A control unit such as this may be slung on the chest
      of the operator who may thus walk alongside the aircraft as it is being
      manoeuvred. Under these conditions, the power supply to the electric motor
      may be derived from batteries mounted either on the frame or in the
      aircraft or may be taken from a stationary external supply. It is also
      possible for the batteries to be mounted in the control unit, but this
      then renders the unit too heavy to be carried by the operator and the unit
      then needs to rest on the ground or on the structure of a ship. The same
      also applies if the control unit includes an electric motor or motors
      driving hydraulic pumps supplying hydraulic fluid through the flexible
      connection to respective hydraulic motors on the frame.
PAR  The mounting for the driving drums is preferably slidable on the frame so
      as to move the drums between an operative position in engagement with the
      wheels of the aircraft and a retracted position. In order to facilitate
      movement of the frame, it may be provided with pairs of ground wheels and
      by arranging that one of these pairs of wheels is engaged by the drums in
      their retracted position, the drums are enabled to drive the ground wheels
      so that the frame constitutes a self-propelled unit operated and
      controlled from the control unit.
PAR  As mentioned originally, the frame needs to be fitted to the
      wheel-supporting structure of the aircraft and this may conveniently be
      achieved by means of retractable spigots engaging sockets in the hubs of
      the wheels. The frame is then capable of turning about these spigots under
      the effects of the torquereactions produced by the driving torque and the
      weight of the frame. These torque-reactions need to be resisted by
      respective pressure pads engaging the wheel-supporting structure.
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PAR  Constructions of aircraft handler in accordance with the invention will now
      be described in more detail, by way of example, with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a plan view of one form of handler in which the drive is produced
      by electric motors mounted on the frame of the handler;
PAR  FIG. 2 is a perspective view showing the handler of FIG. 1 in operation
      when fitted to an aircraft;
PAR  FIG. 3 is an elevation corresponding to FIG. 1;
PAR  FIG. 4 is a partially-exploded view of the mechanical driving arrangements
      for the handler shown in FIGS. 1 and 3;
PAR  FIG. 5 is a plan view similar to FIG. 1 of an alternative form of handler
      in which the drive is by way of independently-controlled hydraulic motors;
PAR  FIG. 6 is an elevation corresponding to FIG. 5; and
PAR  FIG. 7 is a diagrammatic view of a control unit for use with the handler of
      FIGS. 5 and 6.
DETD
PAR  Turning first to the construction shown in FIGS. 1 to 4, the handler
      comprises basically a frame 1 in the form of a generally U-shaped outer
      member braced by cross-members. The frame is fitted to the
      wheel-supporting structure of an aircraft by means of spigot connections
      shown generally as 2 located at the ends of the limbs of the U of the
      frame and engaging the hubs 3 of the wheels of the aircraft which are
      shown as 4. Each connection 2 comprises a spigot 6 which fits into a
      corresponding socket 7 in the respective hub 3. Each spigot 6 is formed as
      an extension of a rod 8 of larger diameter, which is capable of being slid
      axially within a tubular portion 9 at the end of each of the limbs of the
      U. Each rod 8 is operated manually by means of a handle 12 and is capable
      of being locked in either of its two extreme positions by means of a
      transverse pin 14 which slides in a slot 15 in the respective tubular
      portion 9 and is capable of being locked in either extreme position by
      rotation of the rod 8 to bring the pin 14 into a transverse portion 16 at
      each end of the slot 15. As a result of these connections, it is a simple
      matter to fit the frame 1 to the wheels 4 of the aircraft.
PAR  The frame 1 is fitted with pairs of ground wheels 20 and 21, the latter
      being mounted for castering action by means of a bracket 22. The frame 1
      also supports a carriage 25 which is mounted for sliding movement on side
      members 26 and 27 of the frame 1. The sliding movement is controlled by
      means of a pair of feed screws 28 driven from an electric motor 29 by way
      of gearing indicated diagrammatically as 30 and 31. These last-mentioned
      components are shown in dotted lines in FIG. 1 since they are enclosed by
      a cover 32. The action of the feed screws 28 is to slide the carriage 25
      between an operative position shown in full lines in FIG. 3 and a
      retracted position shown partially in dotted lines as 25' in FIG. 3, to
      the left of the full line position.
PAR  In the operative position shown in FIG. 1 and in full lines in FIG. 3,
      driving drums 35 are in frictional engagement with the wheels 4 of the
      aircraft, the tyres being shown indented in FIG. 3 by this engagement. In
      the retracted position, the drums 35 engage the respective ground wheels
      20 so that, when drive is applied to the drums 35, the wheels 20 are
      driven and the handler as a whole is selfpropelled. The handler may thus
      be moved up to an aircraft under its own power and then fitted in
      position. The first operation is to fit the spigot connections 2 to the
      wheels 4 of the aircraft as already described. FIGS. 2 and 3 show the
      handler fitted to a helicopter 40, the oleo leg of which is shown as 41.
      When the spigot connections 2 have been attached to the wheels of the
      aircraft, the carriage 25 is moved to its operative position under the
      control of the motor 29. This brings pressure pads 45 and 46 into
      engagement with the bottom and side respectively of the oleo leg 41. The
      pressure pad 45 is mounted at the end of a toe-portion 48 at the lower end
      of an arm 49 pivoted at 50 to an upright member 51 forming part of the
      carriage 25 and which carries the pressure pad 46 at its upper end.
PAR  In order to fit the spigot connections 2 to the wheels 4, the wheels 21
      need to be lifted from the ground to approximately the position shown in
      FIG. 3, but at this stage the wheels 20 are still resting on the ground
      and supporting a proportion of the weight of the handler as a whole. The
      pressure pad 45 is located firmly against the bottom surface of the oleo
      41 and is therefore not moved by movement of the carriage 25 to its
      operative position, i.e. to the right as seen in FIG. 3. The pivot point
      50 is, however, moved to the right with the remainder of the carriage and
      the arm 49 is thus caused to turn about the point of engagement between
      the pressure pad 45 and the bottom of the oleo leg 41. As a result, the
      handler as a whole is lifted to the position of FIG. 3 with the ground
      wheels 20 clear of the ground, indicated as 52 and this movement continues
      until the pressure pad 46 comes into firm engagement with the side of the
      oleo leg 41. The motor 29 is then stopped and the handler is thus locked
      securely in position to the wheel-supporting structure of the helicopter
      40. The pressure pads 45 and 46 between them provide torque reaction for
      both directions of rotation. The pad 45 resists the anticlockwise reaction
      caused by the weight of the handler, and the pad 46 resists the clockwise
      reaction from the torque applied by the driving drums 35 to the wheels 4
      in driving the helicopter 40.
PAR  The drive to the drum 35 may best be understood by reference to FIG. 4
      which shows the driving arrangements in isolation and partially exploded
      for clarity. The drive is obtained from a driving motor 55 having an
      output shaft 56 fitted with gear wheels 57 and 58 which are splined to the
      shaft 56 and are capable of sliding on the shaft under the control of a
      handle 59. The gear wheels 57 and 58 are alternatively engageable with
      gear wheels 61 and 62 on a lay shaft 63, according to the position of the
      handle 59. The position shown in FIG. 4 leads to a high ratio drive, while
      movement of the handle 59 to engage the gear wheels 58 and 62 gives low
      ratio drive. The lay shaft 63 is fitted with a further gear wheel 65 which
      provides the input to a differential 66. The two separate outputs from the
      differential 66 are by way of shafts 67 and 68, the former passing through
      the centre of the latter which is tubular. The two output shafts have gear
      wheels 69 and 70 respectively which mesh with further respective gear
      wheels 71 and 72 which, in their turn, drive the two drums 35. The drawing
      is exploded at the point of engagement between gear wheels 69 and 70 and
      the respective gear wheels 71 and 72, the latter being partially
      duplicated at 71' and 72'.
PAR  As so far described, this is a normal differential drive between the motor
      55 and two drums 35, enabling the drums to turn at different speeds when
      negotiating corners. Steering control is exerted by a secondary or
      steering motor 75 which drives through a differential 76, the output of
      which is by way of shafts 77 and 78, the former passing through the hollow
      centre of the latter as with the shafts 67 and 68. The shaft 78 drives the
      gear wheel 72 directly by way of a gear wheel 79, but the shaft 77 drives
      indirectly by way of gear wheels 80 and 81 so that the direction of drive
      is reversed.
PAR  If the driving motor 55 is operating, but the steering motor 75 is
      stationary, the shafts 77 and 78 will be driven from the gear wheel 71 and
      72, but in opposite directions (owing to the presence of the intermediate
      gear wheel 81) and these opposite rotations will cancel out in the
      differential 76. If, under these circumstances, the motor 75 is caused to
      turn in one direction or the other, it will be understood that drive is
      superimposed upon the drive from the motor 55, but in opposite directions
      to the two drums 35. In other words, one drum 35 will be caused to turn
      more quickly and the other to turn more slowly so as to exert steering
      control on the handler and hence to the helicopter 40. In other words, the
      aircraft will be steered in an appropriate direction according to the
      direction in which the motor 75 turns. The drive just described with
      reference to FIG. 4 is all mounted on the carriage 25, but only the
      driving motor 55 and the steering motor 75 are specifically identified in
      FIG. 1.
PAR  The power for driving the motors 55 and 75 is shown in FIG. 2 as being
      supplied by a flexible connection 85 extending from the helicopter 40,
      i.e. to supply power from the batteries of the helicopter. In some
      circumstances, however, the connection 85 may pass to an extenal source of
      supply either on the ground or on board ship or, if required, batteries
      can be fitted to the handler itself. Generally speaking, however, the
      arrangement illustrated in FIG. 2 is the most convenient since it enables
      a relatively short length of electric cable to be used and enables the
      handle itself to be of a relatively small, light construction. Apart from
      the power supply, the motors 55 and 75 need to be controlled so that
      either motor may run in either direction at a variable speed. This control
      is exerted from a control unit shown as 86 in FIG. 2. The controls
      themselves are quite light and enable the unit 86 to be slung on the chest
      of an operator shown as 87. As previously mentioned, there are separate
      controls for the two motors indicated by throttle-like control members 88
      which can be operated by one hand of the operator who, merely by the
      combination of a sliding and twisting operation can exert full control
      over the handler and hence over the helicopter. In this way it is possible
      to manoeuvre a helicopter or other light, twin-nose-wheeled aircraft in
      confined spaces and without the need for any men or equipment in the
      immediate vicinity of the aircraft itself.
PAR  The modified construction shown by FIGS. 5 and 7 differs primarily in
      respect of the source of power for driving the friction drums and insofar
      as individual parts correspond with those already described with reference
      to FIGS. 1 to 4, they are identified by the same reference numerals. The
      basic difference is that the drums 35 are driven by independently
      controllable hydraulic motors 90 seen in FIGS 5 and 6. These are supplied
      with hydraulic fluid by means of a flexible connection in the form of a
      4-core, high pressure hose shown as 92. The 4-cores comprise a supply line
      93 for each motor 90 and a return line 94 also for each motor. Since the
      motors are independently controlled, there is no need for the differential
      drive illustrated in FIG. 4 and the mechanical arrangements are therefore
      considerably simplified in that each motor 90 drives its respective drum
      35 by a direct train of gearing 96, 97, 98 and 99. The motors and the
      gearing are mounted on a carriage similar to the carriage 25, the only
      minor difference being that sliding movements of the carriage are
      controlled manually rather than by power. Thus the feed screws 28 are
      driven from a shaft 101 which is turned manually by means of a key, part
      of which is shown as 102 and which engages a coupling member 103.
PAR  The arrangement of spigot connections and pressure pads are the same in
      principle as those already described.
PAR  A further minor difference lies in the fact that there is only a single
      pair of ground wheels 20 so that the handler cannot be self-propelled. The
      hydraulic fluid supplies to the connection 92 is obtained from
      independently-controllable pumps 105 contained within a control unit shown
      as 106. As illustrated in FIG. 7, both pumps are driven by a single
      electric motor 107 and the individual control to the two motors 90 is
      obtained by corresponding control of the throughput of the pumps 105 by
      means of control levers 108. As an alternative, the pumps may be driven by
      separate electric motors, in which case the control can be applied to the
      motor rather than to the pumps. The inclusion of the motor and the pumps
      in the control unit means that this is too heavy to be supported by the
      operator and the unit 106 therefore needs to be free-standing either on
      the ground or on the deck of a ship and it may be formed with a friction
      base so as to constitute a firm operating point for the operator. Since
      both the control unit and the operator need to remain stationary, a
      correspondingly greater length of flexible connection 92 is required. If
      required, the control unit 106 may include batteries for driving the motor
      or motors so that the equipment is completely self-contained. In the
      construction illustrated in FIG. 7, a connector (not shown) is provided
      for connecting the unit to a convenient low-voltage mains supply outlet.
PAR  If, when operating with hydraulic motors with the consequent simplification
      of the drive to the drums 35, it is required that the control unit should
      be portable, the pumps 105 together with either one or two electric motors
      may be mounted directly on the frame 1 of the handler. The control unit
      then functions either to control individual electric motors in a similar
      way to that described with reference to FIG. 4 or alternatively to control
      the individual pumps, e.g. by means of Bowden cables.
PAR  Although, as described originally, a handler in accordance with the
      invention is designed for use with the twin nose-wheels of an aircraft, it
      may, in practice, be fitted to any pair of twin aircraft wheels. Thus some
      helicopters have main wheels in the form of two pairs of twin wheels and
      handlers in accordance with the invention may thus be used, one for each
      pair of twin wheels, steering being by way of a manually operated steering
      arm attached to the nose wheel assembly.
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STM  I claim:
NUM  1.
PAR  1. Apparatus for manoeuvring twin nose-wheeled aircraft, said apparatus
      comprising a frame, at least one pair of ground wheels supporting said
      frame, means for fitting said frame to the wheel-supporting structure of
      an aircraft, a pair of driving drums, means mounting said drums to turn in
      said frame, said mounting means comprising means whereby said drums are
      slidable between a first position in frictional engagement with respective
      wheels of said aircraft and a second position in frictional engagement
      with said at least one pair of ground wheels, a source of power providing
      independent drive to said two drums, a separate control unit and a
      flexible connection connecting said unit to said frame, whereby said two
      drums may be controlled.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 comprising means for pivotally
      connecting one end of said frame to turn about the axis of said aircraft
      wheels, and means connected to said drum mounting means for swinging said
      frame about said axis to lift said ground wheels clear of the ground
      whenever said drums are slid to their first position.
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ABST
PAL  A motor mount assembly is provided which is particularly adapted for
      employment in an electric powered motorcycle for mounting the motor
      thereof thereon. The motor mount assembly is operable for mounting the
      motor of the electric powered motorcycle so as to enable the motor to move
      relative to the frame of the motorcycle. The motor mount assembly includes
      a mount and means for pivotably securing the mount on the motorcycle. The
      mount which is generally rectangular in configuration embodies a planar
      portion from which a pair of side rails extend outwardly in spaced
      parallel relation therefrom at one end thereof. The planar portion is
      suitably dimensioned so as to be capable of receiving the motor thereon in
      fixed relation thereto. The free end of each of the side rails is affixed
      to one of the axles of the motorcycle whereby to be movable relative
      thereto. One of the side rails of the motor mount assembly intermediate
      the ends thereof is provided with a strap-like member having one end
      fastened thereto and which is operable as a retainer for the brake drum of
      the electric powered motorcycle. In addition, the aforereferenced one of
      the pair of side rails is also provided intermediate the ends thereof with
      an upstanding triangularly-shaped member having a screw threadedly engaged
      thereto adjacent the apex thereof. The latter triangularly-shaped member
      which has its base fastened to the side rail functions as a holder for one
      end of the brake cable with the screw being operable for adjustment
      purposes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, there has developed a noticeable upward trend in the
      number of people who are devoting a significant amount of time to
      recreational pursuits of one type or another. One of these recreational
      pursuits is that of motorcycling. The extent of interest which exists in
      motorcycling is clearly shown by the rapidly increasing number of
      registrations of this type of motor vehicle. There are a variety of ways
      in which motorcycles are being used. Namely, some people employ motocycles
      merely as a recreational vehicle. Others are interested in participating
      in the various racing events for motorcycles which are held in large
      numbers particularly during the summer months in different portions of the
      country. In addition, many organizations which are involved in public
      safety such as police departments, etc. have purchased motorcycles for
      their own use as a means of assisting them to meet their assigned
      responsibilities. Finally, recently when the gasoline shortage became
      pronounced throughout this country, many people turned to motorcyles as an
      alternate mode of transportation to get to and from work, etc. because of
      the fact that motorcycles are noted for their economical fuel performance.
PAR  Concomitant with the rise in interest paid to motorcycles, there has been
      some attention given to making changes in the nature of the construction
      of the motorcycles. This has led to a proliferation of different types of
      motorcycles as well as the many different models of each type which are
      presently being marketed. As a result, the potential purchaser of a
      motorcycle has practically an unlimited selection to choose from. In
      addition to the so-called original equipment manufacturers who manufacture
      and sell motorcycles as complete units there also exists a number of other
      manufacturers who specialize in the manufacture of only different ones of
      the major components which are embodied in a motorcycle. The latter
      manufacturers offer their products to potential purchasers as components
      which can be substituted in the motorcycle for original equipment
      components provided therein. As a result of the availability of the latter
      type of products, a motorcycle owner by purchasing such equipment and
      embodying it in his motorcycle is capable often of changing almost
      completely the entire character of his motorcycle.
PAR  Notwithstanding the fact that some changes have been made in the
      construction of motorcycles here to date, by and large those changes have
      been in the nature of matters of appearance rather than in matter of
      structure. More specifically, apart from noticeable advances which have
      been made in recent years in the construction of motorcycle seats, little
      has changed heretofore in the basic design of motorcycles from a
      structural standpoint.
PAR  However, because of the continuing high price of gasoline and because
      internal-combustion engines are known to produce exhaust products that are
      deleterious to the environment, there has been some interest exhibited in
      providing a motorcycle which would be powered by some means other than an
      internal-combustion engine. In this regard, one such alternative power
      source for the conventional gasoline powered motorcycle is a motorcycle
      powered by electricity. To this end, there has now been produced and there
      is presently being commercially marketed an electric powered motorcycle.
      The latter derives it power from a multiplicity of rechargeable storage
      batteries.
PAR  Because of the need to support in such an electric powered motorcycle a
      multiplicity of storage batteries which are not embodied in a conventional
      motorcycle equipped with an internal-combustion engine, it has been found
      necessary to design the electric powered motorcycle so as to be capable of
      relocating therein some of the operating components thereof from the
      positions which these components have occupied in gasoline powered
      motorcycles. One such component which has needed to be relocated in the
      electric powered motorcycle is the motor. In a motorcycle which is powered
      by an internalcombustion engine, the latter commonly is supported on the
      frame at a point located approximately midway between the ends of the
      motorcycle. For this purpose, the frame is suitably configured so as to
      embody a horizontally extending portion on which the engine rests. The
      latter location was selected therefor based on a consideration of many
      factors. However, one important consideration in this regard revolves
      around the weight of the engine and the influence thereof on the stability
      of the motorcycle. More specifically, from the standpoint of both the
      static and the dynamic forces which are known to act on a motorcycle, it
      has been found that to prrovide the required stability thereto the engine
      of a gasoline powered motorcycle is most desirably located in the
      aforedescribed position.
PAR  In the electric powered motorcycle on the other hand, placement of the
      storage batteries because of their weight and size becomes important from
      the standpoint of ensuring the ability of providing a motorcycle which is
      stable. A further consideration in this regard is that space must be found
      on the motorcycle for the storage batteries which will not result in
      producing a motorcycle whose wheel base is significantly larger than the
      wheel base of the more conventional gasoline powered motorcycle. Based
      upon a consideration of the aforedescribed factors along with other
      factors not specifically referred to hereinabove, it has been found that
      the most suitable location for the storage batteries to be positioned in
      the electric powered motorcycle is approximately midway between the ends
      of the motorcycle, i.e., in substantially the same location occupied by
      the internal-combustion engine in a gasoline powered motorcycle.
      Consequently, a need has arisen to find another location in which to mount
      the electric motor which receives its power from the storage batteries and
      which in turn is operatively connected to the rear wheel of the motorcycle
      for purposes of imparting drive thereto. Commonly, the interconnection
      between the electric motor and the rear wheel is effected through some
      form of chain drive. However, the rear wheel is mounted on the motorcycle
      so as to be movable relative to the frame in order to minimize to shock
      received by the motorcycle as well as the operator thereof when the rear
      wheel hits a bump, etc. There therefore exists a need to provide some form
      of motor mount assembly for a electric powered motorcycle which will be
      effective to provide the driving interconnection between the electric
      motor and the rear wheel of the motorcycle while at the same time still
      enabling the rear wheel of the motorcycle to move relative to the frame of
      the motorcycle. More specifically, a need has been found to exist to
      provide a motor mount assembly which would be operable to enable the
      electric motor of the electric powered motorcycle to move whenever the
      rear wheel moves relative to the frame and to substantially the same
      extent whereby to cause the electric motor to continually bear the same
      relationship to the axle on which the rear wheel is mounted irrespective
      of the movement of the latter.
PAR  Accordingly, it is an object of the present invention to provide a novel
      and improved motor mount assembly which is particularly suited for
      employment in an electric powered motorcycle.
PAR  It is another object of the present invention to provide such a motor mount
      assembly which is operable for mounting an electric motor in an electric
      powered motorcycle so that the electric motor is capable of deriving its
      power from a multiplicity of storage batteries.
PAR  A further object of the present invention is to provide such a motor mount
      assembly which is operable for mounting an electric motor in an electric
      powered motorcycle so that the electric motor is drivingly connected to
      the rear wheel of the motorcycle.
PAR  A still further object of the present invention is to provide such a motor
      mount assembly which is operable for mounting an electric motor in an
      electric powered motorcycle so that the electric motor is movable relative
      to the frame of the motorcycle.
PAR  Yet another object of the present invention is to provide such a motor
      mount assembly for an electric powered motorcycle which is operable for
      mounting the electric motor thereof so that whenever the rear wheel moves
      relative to the frame of the motorcycle the electric motor is also caused
      to move whereby the electric motor will continually bear the same
      relationship with respect to the axle on which the rear wheel is mounted.
PAR  Yet still another object of the present invention is to provide such a
      motor mount assembly for an electric powered motorcycle which is
      relatively inexpensive to manufacture, is easy to assemble on a
      motorcycle, and is capable of effectively resisting the adverse
      environmental conditions to which the operating components of a motorcycle
      are commonly exposed.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the foregoing and related objects can be readily
      attained in a motor mount assembly which is particularly adapted for
      employment in an electric powered motorcycle for mounting the motor
      thereof thereon. The motor mount assembly is operable for mounting the
      electric motor in the electric powered motorcycle so that the motor is
      capable of deriving its power from a multiplicity of storage batteries
      with which the motorcycle is equipped. In addition, the motor mount
      assembly functions to mount the electric motor in the electric powered
      motorcycle so that the electric motor is capable of being drivingly
      connected to the rear wheel of the motorcycle. Most importantly, the motor
      mount assembly is operable for mounting the electric motor of an electric
      powered motorcycle so as to enable the motor to move relative to the frame
      of the motorcycle. The motor mount assembly includes a mount and means for
      pivotably securing the mount on the motorcycle. The mount is suitably
      configured so as to enable the electric motor to be rigidly affixed
      thereto adjacent one end thereof. The other end of the mount is secured to
      the axle of the motorcycle on which the rear wheel is mounted.
PAR  In accord with the preferred embodiment of the invention, the mount is
      generally rectangular in configuration and embodies a planar portion from
      which a pair of side rails extend outwardly in spaced parallel relation
      therefrom at one end thereof. The planar portion is suitable dimensioned
      so as to be capable of receiving the motor thereon in fixed relation
      thereto. The free end of each of the side rails is affixed to the rear
      axle of the motorcycle whereby to be pivotable thereabout. One of the side
      rails of the motor mount assembly intermediate the ends thereof is
      provided with a strap-like member having one end fastened thereto and
      which is operable as a retainer for the brake drum of the electric powered
      motorcycle. In addition, the aforereferenced one of the pair of side rails
      is also provided intermediate the ends thereof with an upstanding
      triangularlyshaped member having a screw threadedly engaged thereto
      adjacent the apex thereof. The latter triangularly-shaped member which has
      its base fastened to the side rail functions as a holder for one end of
      the brake cable with the screw being operable for purposes of making
      adjustments thereto.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a portion of an electric powered
      motorcycle embodying a motor mount assembly constructed in accordance with
      the present invention;
PAR  FIG. 2 is a side elevational view of a motor mount assembly for an electric
      powered motorcycle constructed in accordance with the present invention;
PAR  FIG. 3 is a top plan view of a motor mount assembly for an electric powered
      motorcycle constructed in accordance with the present invention;
PAR  FIG. 4 is a perspective view of a portion of a motor mount assembly
      constructed in accordance with the present invention, illustrating the
      manner in which one end of the motor mount assembly is pivotably mounted
      on an electric powered motorcycle;
PAR  FIG. 5 is a perspective view of a portion of a motor mount assembly
      constructed in accordance with the present invention, illustrating on an
      enlarged scale the nature of the construction of the free end of one of
      the side rails of the motor mount assembly;
PAR  FIG. 6 is a cross sectional view of a motor mount assembly constructed in
      accordance with the present invention taken substantially along the line
      6--6 in FIG. 2, illustrating the reinforcement means employed therein;
PAR  FIG. 7 is a cross sectional view of a motor mount assembly constructed in
      accordance with the present invention mounted on an electric powered
      motorcycle taken substantially along the line 7--7 in FIG. 1, illustrating
      the manner in which the interconnection between one end of the motor mount
      assembly and the electric powered motorcycle is accomplished; and
PAR  FIG. 8 is a schematic diagram of a portion of an electric powered
      motorcycle embodying a motor mount assembly constructed in accordance with
      the present invention, illustrating the manner in which the motor mount
      assembly is capable of pivoting relative to the frame of the electric
      powered motorcycle.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to the drawings and more particularly FIG. 1 thereof, there
      is illustrated therein a portion of an electric powered motorcycle
      generally designated by reference numeral 10. The motorcycle 10 includes a
      frame 12 and a pair of wheels, only one of which, i.e., the rear wheel 14
      is illustrated in the drawings. The body 16 of the motorcycle 10 is
      supported on the frame 12 in a conventional manner which is well-known to
      those skilled in the art. The body 16 terminates at one end thereof in a
      rear fender portion 18 which functions to partially enclose the rear wheel
      14. As shown in FIG. 1, the rear fender portion 18 also functions as a
      support for a tail light and/or directional signal light 20. The body 16
      also intermediate the ends thereof functions as a support for a seat 22.
      The latter seat 22 obviously may be of differing size and/or configuration
      from that shown in FIG. 1 if so desired, as long as the seat 22 remains
      capable of being accommodated on the body 16.
PAR  The electric powered motorcycle 10 derives its power from a multiplicity of
      rechargeable storage batteries 24. The latter, as seen with reference to
      FIG. 1 of the drawings, are supported on a horizontally extending portion
      12a of the frame 12. As will be readily understood by those skilled in the
      art, the batteries 24 in the eletric powered motorcycle 10 occupy the same
      position as does the internal-combustion engine in a conventional gasoline
      powered motorcycle. In this regard, it is important to note here the
      reason why the aforereferenced location has been selected for placement of
      the storage batteries 24. More specifically, as is well-known to those
      skilled in the art, in a motorcycle which is powered by an
      internal-combustion engine the latter commonly is supported on the frame
      at a point located approximately midway between the ends of the
      motorcycle. For this purpose, the frame is suitably configured so as to
      embody a horizontally extending portion on which the engine is supported.
      The latter location was selected therefor based on a consideration of many
      factors. One important consideration however in this regard involves the
      weight of the engine and the effect thereof on the stability of the
      motorcycle. From the standpoint of both the static and the dynamic forces
      which are known to act on a motorcycle, it has been found to provide the
      required stability thereto that the engine of a gasoline powered
      motorcycle is most desirably located in the aforedescribed position. On
      the other hand, in an electric powered motorcycle it is the placement of
      the storage batteries rather than the motor because of the weight and size
      of the former which becomes important from the stanpoint of ensuring the
      capability of providing an electric powered motorcycle which has
      stability. Also, consideration must be given to the fact that space must
      be found in the electric powered motorcycle for the storage batteries
      which will not result in producing a motorcycle which has a wheel base
      that is significantly larger than the wheel base of the more conventional
      gasoline powered motorcycle. Based upon the above along with some other
      secondary considerations not specially mentioned hereinabove, it has been
      found that the most suitable location for placement of the storage
      batteries in an electric powered motorcycle is approximately midway
      between the ends of the motorcycle, i.e, in substantially the same
      location as that occupied by the internal-combustion engine in a
      conventional gasoline powered motorcycle.
PAR  Since the components of the electric powered motorcycle 10 which have been
      described to this point hereinabove are only indirectly related to the
      subject matter of the present invention, futher description thereof herein
      is believed to be unnecessary.
PAR  The electric powered motorcycle 10 illustrated in FIG. 1 of the drawings
      embodies a motor mount assembly, generally designated by reference numeral
      26, constructed in accordance with the presnet invention. As best
      understood with reference to FIG. 1 of the drawings, the motor mount
      assembly 26 functions as the means for mounting on the electric powered
      motorcycle 10 the electric motor 28 thereof. Although not shown in the
      drawings in the interest of maintaining clarity of illustration therein,
      it is to be understood that the electric motor 28 is connected in
      electrical circuit relation with the storage batteries 24 through suitable
      electrical conductor means (not shown) whereby the electric motor 28
      receives its power from the storage batteries 24. The electric motor 28 in
      addition is operatively connected to the rear wheel 14 of the electric
      powered motorcycle 10 whereby to be capable of imparting drive thereto. To
      this end, the electric motor 28 has a relatively small sprocket 30 mounted
      for rotation relative thereto at one end thereof. The latter sprocket 30
      in turn is connected by means of a chain 32 of suitable length to a
      relatively large sprocket 34 which is mounted on the rear axle (not shown)
      of the electric powered motorcycle 10. The aforedescribed small sprocket
      30, chain 32 and large sprocket 34 constitute a chain drive assembly which
      is operable to transmit rotation of the small sprocket 30 therefrom
      through the chain 32 to the large sprocket 34 and therethrough to the rear
      axle (not shown) to which the large sprocket 34 is rigidly affixed causing
      the rear wheel 14 to rotate and thereby the electric powered motorcycle 10
      to be driven.
PAR  Turning next to a consideration of the nature of the construction of motor
      mount assembly 26, reference will be had for this purpose particularly to
      FIGS. 2 and 3 of the drawings. The motor mount assembly 26 in accord with
      the present invention includes a mount and means for securing the mount on
      the electric powered motorcycle 10. The mount which is generally
      rectangular in configuration includes a pair of side rails 36 and 38 and a
      generally planar member 40. Each of the side rails 36 and 38 in accord
      with the illustrated embodiment of the invention consists of an elongated
      tubular member, which as best understood with reference to FIG. 6 of the
      drawings, is substantially rectangular in cross section. Moreover, each of
      the side rails 36 and 38 have substantially identical lengths. Adjacent
      each end thereof, each of the side rails 36 and 38 is provided with a
      suitably dimensioned circular opening (not shown) formed completely
      therethrough. A length of pipe 42 is passed through the opening (not
      shown) provided therefor at one end of each of the side rails 36 and 38.
      The pipe 42 and the side rails 36 and 38 are secured together through the
      use of any suitable conventional means such as for example by welding,
      whereby the ends of the pipe 42 extend outwardly a short distance beyond
      the outer side wall surfaces of the side rails 36 and 38 for a purpose yet
      to be described. Moreover, it will be noted that the side rails 36 and 38
      are secured on the pipe 42 so that the side rails 36 and 38 both extend
      outwardly in the same direction away from the pipe 42 and have their major
      axes extending substantially at right angles to the major axis of the pipe
      42. In addition, the length of the pipe 42 is selected so as to have a
      preestablished dimension whereby when the side rails 36 and 38 each have
      one end thereof secured thereto the side rails 36 and 38 extend in
      parallel relation relative to each other and are spaced apart by a
      predetermined distance. As will be described more fully hereinafter, the
      planar member 40 also has one end thereof secured to the pipe 42 at a
      point intermediate the locations therealong whereat the side rails 36 and
      38 are fastened thereto. With further reference to the pipe 42 and the
      side rails 36 and 38, in accord with the preferred embodiment of the motor
      mount assembly 26, gussets 44 and 46 are preferably employed for purposes
      of providing additional strength to the motor mount assembly 26, i.e., for
      purposes of reinforcing the joints formed between the pipe 42 and the side
      rails 36 and 38. As best understood with reference to FIGS. 3 and 6 of the
      drawings, the gusset 44 is employed at the joint between the pipe 42 and
      the side rail 36, and has one side thereof secured to the pipe 42 such as
      by being welded thereto and the other side thereof secured to the side
      rail 36 also such as by welding. Similarly, the gusset 46 is located at
      the joint between the pipe 42 and the side rail 38, and has one side
      thereof welded to the pipe 42 and the other side thereof welded to the
      side rail 38.
PAR  Continuing with the description of the motor mount assembly 26, as will be
      best understood with reference to FIG. 5 of the draiwings, the opening
      (not shown) formed in each of the side rails 36 and 38 adjacent the free
      end thereof has a bushing 48 and 50, respectively, received therein. In
      accord with the preferred embodiment of the invention, the bushings 48 and
      50 are preferably welded in place within the aforereferenced openings (not
      shown). Moreover, as depicted in FIG. 3 of the drawings, the length of the
      bushings 48 and 50 is selected to be such that the bushings 48 and 50
      extend outwardly of the side rails 36 and 38, respectively, on either side
      thereof. The function performed by the bushings 48 and 50 will be
      described subsequently in connection with a description of the manner in
      which the motor mount assembly 26 is mounted on the electric powered
      motorcycle 10. At this point it is deemed sufficient to merely note that
      another relatively small opening 52, only one of which is visible in the
      drawings, is formed in each of the side rails 36 and 38 adjacent to but
      spaced inwardly of the bushings 48 and 50, respectively. The openings 52
      extend completely through the side rails 36 and 38, and are provided for a
      purpose yet to be described.
PAR  Referring again to FIGS. 2 ad 3 of the drawings, as illustrated therein one
      of the side rails, i.e., side rail 38 has preferably attached thereto a
      strap-like member 54. More specifically, the latter member 54 has one end
      thereof secured to the inner side wall surface of the side rail 38 through
      the use of any suitable conventional form of fastening means commonly
      employed to rigidly secure metal members together such as for example by
      means of welding. The free end of the member 54, as best understood with
      reference to FIG. 2 of the drawings, has an opening 56 formed therethrough
      located in spaced relation to the outer edge thereof. The member 54, in
      accord with the preferred embodiment of the invention, functions as a
      retainer for the brake drum (not shown) of the electric powered motorcycle
      10. In this connection, the opening 56 formed in the member 54 is utilized
      for purposes of fastening the brake drum (not shown) to the member 54. The
      side rail 38 in addition is provided intermediate its ends with a
      triangularly-shaped member 58. The latter member 58, which more
      specifically has the appearance of an inverted V, has the ends of the two
      legs 58a and 58b thereof secured to the side rail 38 through the use of
      any suitable conventional form of fastening means such as for example by
      welding. At the apex 58 c thereof, the member 58 is provided with an
      outwardly projecting lug 60 which has an internally threaded opening (not
      shown) formed therethrough. An adjustment screw 62 is threadedly engaged
      in the lug 60. In accord with the preferred embodiment of the invention,
      the screw 62 is interconnected to the brake cable (not shown) of the
      electric powered motorcycle 10 whereby through employment of the screw 62
      adjustments may be made to the brake cable (not shown).
PAR  Turning now again to a consideration of the member 40, as was briefly
      mentioned hereinabove the member 40 is rigidly affixed to the pipe 42 at a
      point intermediate the locations whereat the side rails 36 and 38 are
      joined to the pipe 42. For this purpose, one end of the member 40
      terminates in an arcuate-shaped recess (not shown) suitably dimensioned so
      as to conform to the circumference of the pipe 42 whereby the latter is
      capable of being received in the former. Preferably, the member 40 is
      secured to the pipe 42 by means of welding. The member 40 as best
      understood with reference to FIGS. 1, 2, 3 and 6 of the drawings consists
      of a planar portion 64 having an outwardly extending flange portion 66
      provided on one side thereof. In accord with the illustrated embodiment of
      the invention, the planar portion 64 and the flange portion 66 are formed
      as two separate parts which are joined together such as by welding to
      produce the integral member 40.
PAR  As best understood with reference to FIG. 2 of the drawings, the planar
      portion 64 bears a resemblance generally to the letter Y, the latter
      configuration being produced by the two legs 64a and 64b of the planar
      portion 64 which diverge outwardly from the trunk portion 64c thereof.
      Adjacent the free ends thereof, each of the legs 64a and 64b of the planar
      portion 64 has formed therein an elongated slot 68 and 70 respectively.
      The function of the slots 68 and 70, which are each slightly arcuate in
      configuration, will be described more fully hereinafter in connection with
      a discussion of the manner in which the electric motor 28 is secured to
      the planar member 40. In this connection, it will further be noted that
      the planar portion 64 also has an opening 72 formed therein at a point
      spaced somewhat from the center of the planar portion 64, the function of
      which also will be described subsequently.
PAR  The flange portion 66, as best seen with reference to FIG. 2 of the
      drawings, is generally L-shaped in configuration. More specifically, the
      flange portion 66 includes a short leg 66a which is joined integrally with
      a longer leg 66b so that the major axes thereof extend substantially at
      right angles to each other. As depicted in the drawings, the short leg 66a
      of the flange portion 66 extends the length of and is fastened to the leg
      64a of the planar portion 64 while the longer leg 66b of the flange
      portion 66 extends the length of and is fastened to the trunk portion 66c
      of the planar portion 64. To provide added rigidity to the planar member
      40, the length of the leg 66b of the flange portion 66 is made
      sufficiently long so that the free end thereof is capable of being secured
      to the pipe 42 such as by being welded thereto. Moreover, in accord with
      the preferred embodiment of the invention, the planar member 40 is further
      reinforced through the use of a brace 74 which has one end thereof welded
      to the pipe 42 and the other end thereof welded to the side of the planar
      portion 64 opposite to that on which the flange portion 66 is located.
PAR  There will now be set forth a description of the manner in which the
      electric motor 28 is mounted on the motor mount assembly 26. As best
      understood with reference to FIGS. 1 and 2 of the drawings, the electric
      motor 28 is mounted on the planar member 40 with the sprocket 30 with
      which the electric motor 28 is provided being located in juxtaposed
      relation to the planar portion 64. In accord with the illustrated
      embodiment of the invention, three points of attachment are preferably
      employed between the electric motor 28 and the planar portion 64. More
      specifically, a first threaded fastener 76 is passed through the opening
      72 in the planar portion 64 and into threaded engagement with the electric
      motor 28. In addition, a pair of threaded fasteners 78 and 80 are also
      passed through the slots 68 and 70, respectively, and into engagement with
      the electric motor 28. The above described mode of mounting the electric
      motor 28 on the planar member 40 is preferably employed inasmuch as it
      permits a rigid mounting to be had of the electric motor 28 on the planar
      portion 64 while at the same time enabling the position of the electric
      motor 28 relative to the planar portion 64 to be varied for purposes of
      making adjustments in the tension of the chain 32 which spans the
      sprockets 30 and 34. The latter adjustment is accomplished by loosening
      the fasteners 78 and 80 and if necessary the threaded fastener 76 to a
      sufficient extent to enable the electric motor 28 to pivot relative to the
      planar portion 64 about the fastener 76. As a result of this pivoting
      movement, the positions of the fasteners 78 and 80 in the slots 68 and 70,
      respectively, are caused to be varied which in turn is effective to change
      the distance by which the center line of the sprocket 30 and the center
      line of the sprocket 34 are spaced apart, and thereby the amount of
      tension on the chain 32.
PAR  The manner in which the motor mount assembly 26 of the present invention is
      embodied in the electric powered motorcycle 10 will now be set forth.
      Referring for this purpose particularly to FIGS. 1, 4 and 7 of the
      drawings, as shown therein the motor mount assembly 26 has one end thereof
      pivotably mounted on the frame 12 of the electric powered motorcycle 10
      and the other end thereof operatively connected to the rear axle (not
      shown) of the motorcycle 10. Considering first the manner in which one end
      of the motor mount assembly 26 is pivotably mounted on the frame 12, the
      latter in accord with the illustrated embodiment thereof includes a pair
      of upwardly and rearwardly extending frame members 82 and 84. The latter
      frame members 82 and 84 are spaced apart by a distance corresponding to
      the length of the pipe 42 whereby the motor mount assembly 26 is capable
      of being interposed therebetween. In addition, each of the frame members
      82 and 84 is provided intermediate its ends with a triangularly-shaped
      projection 86, only one of which is visible in the drawings. The
      projections 86 are preferably affixed to the frame members 82 and 84 by
      being welded thereto. Also, the projections 86 are each provided at a
      point spaced inwardly from the apex thereof with a suitably dimensioned
      opening (not shown). As illustrated in FIG. 7 of the drawings, a solid rod
      88 is positioned within the pipe 42 whereby to extend the length thereof.
      Furthermore, the rod 88 is suitably dimensioned so as to be capable of
      being inserted through the openings (not shown) provided for this purpose
      in each of the projections 86. It should thus be readily apparent from the
      above description that the rod 88 in addition to providing added strength
      to the motor mount assembly 26 also functions as the axis about which the
      motor mount assembly 26 pivots relative to the frame 12. For purposes of
      fastening the rod 88 and thereby one end of the motor mount assembly 26 to
      the projections 86 and thus to the frame members 82 and 84 of the frame
      12, each end of the rod 88 is preferably provided with threads for at
      least a portion of the length thereof. A suitable nut 90 and if desired a
      suitable washer (not shown) is received on each end of the rod 88
      outwardly of the projections 86 and in threaded engagement with the
      threads formed on the ends of the rod 88 whereby the rod 88 and therefore
      one end of the motor mount assembly 26 is secured to the projections 86
      between the frame members 82 and 84.
PAR  Insofar as concerns the other end of the motor mount assembly 26, the
      latter as referred to previously is attached to the rear axle (not shown)
      of the electric powered motorcycle 10. More specifically, the rear axle
      (not shown) of the motorcycle 10 extends through the bushings 48 and 50
      which, as described previously hereinabove, are supported on the side
      rails 36 and 38, respectively, in fixed relation thereto. For purposes of
      maintaining the side rails 36 and 38 positioned on the rear axle (not
      shown) of the electric powered motorcycle 10, the rear axle (not shown)
      may have threads formed thereon at each end thereof for at least a portion
      of the length thereof. In turn, a suitably dimensioned nut 92, only one of
      which is visible in the drawings, and if so desired a suitable washer (not
      shown) may be positioned on the rear axle (not shown) outwardly of the
      side rails 36 and 38 and in threaded engagement therewith.
PAR  Referring further to FIG. 1 of the drawings, as shown therein there also
      exists another interconnection between the side rails 36 and 38 of the
      motor mount assembly 26 and the frame 12 of the electric powered
      motorcycle 10. In this regard, reference is had to the fact that the
      electric powered motorcycle 10 is provided with a pair of shock absorbers
      94 of conventional design, only one of which is visible in the drawings,
      which are connected at one end to the motor assembly 26 and at the other
      end to the frame 12 of the motorcycle 10. More specifically, the pair of
      shock absorbers 94 each have one end thereof fastened to a corresponding
      one of the side rails 36 and 38. Namely, some form of conventional
      threaded fastener 96 is passed through the opening 52 formed in the
      corresponding one of the side rails 36 and 38, and also through a similar
      opening (not shown) provided for this purpose at one end of each of the
      shock absorbers 94. In a somwhat similar manner, the other end of each of
      the pair of shock absorbers 94 is connected to the frame 12. For this
      purpose, the shock absorbers 94 at the other end thereof are each provided
      with another suitably configured opening (not shown) capable of receiving
      therein a threaded fastener 98. The latter fastener 98 is also passed
      through a suitably dimensioned opening (not shown) provided for this
      purpose in a projection 100, only one of which is visible in the drawings,
      with which each of the frame members 82 and 84 of the frame 12 is
      provided. Some form of locking means (not shown) such as a conventional
      internally threaded nut may be threadedly engaged on one threaded end of
      the fasteners 96 and 98 after the latter in the manner described above
      have been passed through the side rails 36, 38 and one end of the shock
      absorbers 94, and the other end of the shock absorbers 94 and the
      projections 100, respectively, whereby to effect a secure connection
      therebetween.
PAR  As best understood with reference to FIG. 8 of the drawings, by virtue of
      the aforedescribed mode of mounting the motor mount assembly 26 in the
      electric powered motorcycle 10, the electric motor 28 is not only capable
      of being connected in electrical circuit relation with the storage
      batteries 24 so as to derive its power therefrom and of being operatively
      connected to the rear axle of the motorcycle 10 so as to impart drive
      thereto, but also the electric motor 28 is mounted so as to be movable
      relative to the frame 12. More specifically, the motor mount assembly 26
      when so embodied in the electric powered motorcycle 10 enables the
      electric motor 28 to move whenever the rear wheel 14 moves relative to the
      frame 12 of the motorcycle 10 upon hitting a bump, etc. as permitted by
      the shock absorbers 94, and to move substantially to the same extent as
      the rear wheel 14 whereby the same relationship is continually maintained
      between the electric motor 28 and the rear axle on which the rear wheel 14
      of the motorcycle 10 is mounted, the maintenance of the latter
      relationship being required in order to ensure that the chain drive
      assembly consisting of the sprockets 30 and 34 and the chain 32 functions
      properly.
PAR  Although only one embodiment of a motor mount assembly constructed in
      accordance with the present invention has been shown in the drawings and
      described hereinabove, it is nevertheless to be understood that
      modifications in the construction thereof may be made thereto by those
      skilled in the art without departing from the essence of the invention. In
      this connection, some of the modifications which can be made in the motor
      mount assembly have been alluded to hereinabove while others will become
      readily apparent to those skilled in the art when exposed to the present
      description and illustration of the construction of the motor mount
      assembly 26. For example, although one specific method of mounting the
      electric motor 28 on the planar portion 64 has been illustrated in the
      drawings and described hereinabove, it is to be understood that other
      means could be utilized for accomplishing this function without departing
      from the essence of the invention. Moreover, the flange portion 66
      supported on one side of the planar portion 64 which has one end thereof
      rigidly affixed to the pipe 42 whereby to provide added rigidity to the
      upstanding planar portion 64 and also functions in the nature of a chain
      guard for the chain 32 as the latter passes around the sprocket 30 could
      obviously take some other form without departing from the essence of the
      invention. In addition, as described hereinabove and illustrated in the
      drawings the shock absorbers 94 which have one end thereof connected to
      the side rails 36 and 38 at a point spaced inwardly of the bushings 48 and
      50, respectively, in which the rear axle is supported could be mounted in
      some other manner. In this regard, it should be understood that if so
      desired the aforereferenced connection between one end of the shock
      absorbers 94 and the side rails 36 and 38 could be effected by operatively
      connecting the aforesaid one end of the shock absorbers 94 to the rear
      axle after the latter has been inserted through the bushings 48 and 50.
      Also, although the side rails 36 and 38 in accord with the illustrated
      embodiment of the invention comprise tubular members having a rectangular
      cross section, the side rails 36 and 38 could obviously embody some other
      form of configuration as long as the side rails 36 and 38 continue to
      possess the necessary structural strength required thereby, without
      departing from the essence of the invention.
PAR  Thus, it can be seen that the present invention provides a novel and
      improved motor mount assembly which is particularly suited for employment
      in an electric powered motorcycle. Moreover, in accord with the present
      invention a motor mount assembly is provided which is operable for
      mounting an electric motor in an electric powered motorcycle so that the
      electric motor is capable of deriving its power from a multiplicity of
      storage batteries. The motor mount assembly of the present invention is
      operable for mounting an electric motor in an electric powered motorcycle
      so that the electric motor is drivingly connected to the rear wheel of the
      motorcycle. Furthermore, in accord with the present invention a motor
      mount assembly is provided which is operable for mounting an electric
      motor in an electric powered motorcycle so that the electric motor is
      movable relative to the frame of the motorcycle. Also, a motor mount
      assembly for an electric powered motorcycle has been provided which is
      operable for mounting the electric motor thereof so that whenever the rear
      wheel moves relative to the frame by virtue of hitting a bump, etc. the
      electric motor is also caused to move whereby the electric motor wwill
      continually bear the same relationship with respect to the axle on which
      the rear wheel is mounted. Finally, in accord with the present invention a
      motor mount assembly for an electric powered motorcycle has been provided
      which is relatively inexpensive to manufacture, easy to assemble on the
      motorcycle, and is capable of effectively resisting the adverse
      environmental conditions to which the operating components of a motorcycle
      are commonly exposed.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. In an electric powered motorcycle having a frame including a pair of
      spaced frame members, storage batteries supported on the frame operable
      for powering the motorcycle, a front wheel, a rear wheel supported on a
      rear axle, and shock absorber means having one end connected to the frame
      and the other end operatively connected to the rear wheel and operable for
      enabling the rear wheel to move relative to the frame in passing over an
      obstruction in the path of movement thereof, the improvement comprising a
      motor mount assembly operable for mounting the electric motor of the
      electric powered motorcycle thereon for movement relative to the frame
      while the electric motor remains connected in electrical circuit relation
      with the storage batteries from which the electric motor receives its
      power and also remains operatively connected to the rear wheel for
      imparting drive thereto and thereby to the motorcycle, said motor mount
      assembly comprising:
PA1  a. a motor mount having one end thereof pivotably mounted on the frame of
      the motorcycle and the other end thereof supported on the rear axle of the
      motorcycle, said motor mount including a pair of side rails, a planar
      member and connecting means operable for interconnecting said side rails
      and said planar member for movement together as a unit, said pair of side
      rails comprising a pair of elongated members having one end thereof
      rigidly affixed to said connecting means in spaced relation relative to
      each other with said pair of elongated members extending in parallel
      relation to each other and with the major axis of each of said pair of
      elongated members extending at right angles to the major axis of said
      connecting means, each of said pair of elongated members being tubular in
      configuration and having a rectangular cross section, each of said pair of
      elongated members further including means formed thereon intermediate the
      ends thereof for attaching one end of the shock absorber means thereto,
      said connecting means comprising a piece of pipe having a length
      substantially equal to the spacing between the pair of frame members, said
      planar member including means for mounting the electric motor thereon,
      said planar member having one end thereof rigidly affixed to said
      connecting means intermediate and spaced from the point of attachment of
      said pair of elongated members to said connecting means with the major
      axis of said planar member extending at right angles to the major axis of
      said connecting means, said planar member consisting of a planar portion
      and a flange portion supported on one side of said planar portion, said
      planar portion and said flange portion each having one end thereof rigidly
      affixed to said piece of piping; and
PA1  b. means securing said motor mount on the motorcycle to cause said motor
      mount whenever the rear wheel moves relative to the frame to move
      correspondingly, said securing means including a first member having said
      connecting means supported thereon, said first member comprising a solid
      rod positioned in said piece of pipe and having threads formed at each end
      thereof, means fastening one end of said first member to one of the pair
      of frame members and the other end of said first member to the other of
      the pair of frame members, and bushing means supported on said pair of
      elongated members adjacent the other end thereof operable for receiving
      the rear axle therewithin for movement relative thereto.
NUM  2.
PAR  2. In an electric powered motorcycle, the improvement of a motor mount
      assembly as set forth in claim 1 further comprising a brace having one end
      thereof rigidly secured to said planar member and the other end thereof
      rigidly secured to said piece of pipe to provide said planar member with
      additional rigidity.
NUM  3.
PAR  3. In an electric powered motorcycle, the improvement of a motor mount
      assembly as set forth in claim 1 further comprising gusset means operable
      to strengthen said motor mount, said gusset means including a first gusset
      having one side rigidly secured to one of said pair of elongated members
      and the other side thereof rigidly secured to said piece of pipe and a
      second gusset having one side thereof rigidly secured to the other of said
      pair of elongated members and the other side thereof rigidly secured to
      said piece of pipe.
NUM  4.
PAR  4. In an electric powered motorcycle, the improvement of a motor mount
      assembly as set forth in claim 1 wherein said means for mounting the
      electric motor on said planar member includes adjustment means operable
      for adjusting the position of the electric motor on said planar member.
NUM  5.
PAR  5. In an electric powered motorcycle, the improvement of a motor mount
      assembly as set forth in claim 1 wherein said bushing means consists of a
      first bushing supported on one of said pair of elongated members and a
      second bushing supported on the other of said pair of elongated members.
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ABST
PAL  A diesel-electric tractor having individually powered wheels carried by two
      independently mounted steerable trucks. The forward truck is ball and
      socket mounted to the principal tractor frame to allow pivotal motion in
      vertical and horizontal planes; the rear truck is pin mounted to allow
      rotational movement in a horizontal plan. Truck frame mounting by
      pneumatic anti-shock devices allows operation of the tractor at highway
      speeds.
BSUM
PAC  BACKGROUND OF INVENTION
PAC  RELATED APPLICATIONS
PAR  There are no applications related hereto now filed in this or any foreign
      country.
PAC  FIELD OF INVENTION
PAR  My invention relates generally to four wheel drive tractors and more
      particularly to such tractors having front and rear steerable trucks
      carrying individually powered wheel groups.
PAC  DESCRIPTION OF PRIOR ART
PAR  Most of the component elements shown in my invention are known per se,
      however, none of the known art teaches the use of these elements in the
      combination that I show nor are many of these elements known in the
      tractor arts. The use of a diesel power plant to run an electric generator
      which powers multiple electric motors, each driving individual vehicle
      wheels, is known, in the heavy equipment and automotive arts. This
      technique has not heretofore been applied to the tractor art. It provides
      inherent advantage in traction by allowing differential use of only such
      power as is required or may be effectively used by a particular wheel. The
      combination of a fuel powered motor with electric drives allows relatively
      unrestricted and more effective weight distribution to further increase
      potential traction and provide greater operating efficiency and
      convenience. These features generally allow wheel-type tractor to be used
      in situations normally heretofore requiring a track-type vehicle.
PAR  Present day multiple wheel drive tractors transmit power from the engine to
      the several individual wheels by mechanical linkages of some sort normally
      including a transmission and differential. Normal large tractors have some
      ten to fifteen mechanically determined discrete speed ranges, many of
      which are narrowly grouped in the three to six mile per hour range for
      most power functions. The total number of available speeds in these
      tractors is necessarily limited by transmission size and complexity and
      the absolute range somewhat by mechanical design. Individual electric
      wheel driving motors on the other hand can, by utilizing an infinitely
      variable resistance control network and possibly plural switchable
      transformers, give a speed range varying from a slow pulling application
      to normal transient speeds on highways.
PAR  A primary feature of my invention lies in the steering and drive elements I
      use and in the mounting of these elements to the main vehicle frame. Known
      wheel tractors have provided individual steering for front and back set of
      wheels, either with both wheels of a set coordinated to increase the
      turning radius or with both parallel to allow crabbing. These tractors
      that have provided individual steering of both wheel sets have done so,
      however, with normal tie rod and knuckle steering as known in the
      automotive arts. A steering assembly of this type is costly to originally
      fabricate and requires continuing maintenance especially to maintain
      alignment; moreover, these conventional steering devices are subject to
      breakage under severe environmental conditions found in normal tractor
      operation, and some elements wear normally and require frequent
      replacement of relatively costly parts. My steerable truck provides plural
      platform-like trucks upon which are mounted the wheel drive motors, axles
      and wheel assemblies. The trucks are movably mounted to the tractor frame
      to allow vehicle steerage by turning the truck relative the main frame by
      hydraulic actuators at the medial ends of both trucks.
PAR  All of these features distinguish my invention from the known tractor art.
PAC  SUMMARY OF INVENTION
PAR  My invention provides a fuel energized electric drive tractor having
      individually powered wheels mounted on steerable front and rear trucks
      pivotably joined to the principal tractor frame through a unique resilient
      linkage.
PAR  I provide a body and frame assembly embodying an enclosed cab mounted upon
      a relatively lightweight rectangular box-like framework. Forward of the
      cab the framework carries a power plant and electric generator and
      rearward of the cab there is space for fuel storage tanks and ballast.
      Both power plant and generator are of a low profile type for operator
      visability. Individual variable speed electric motors are positioned
      adjacent each of the vehicle's driven wheels, with appropriate mechanical
      interconnection. An engine speed governor and electric control circuitry
      provide regulation of electrical output dependent upon vehicle load. The
      drive eliminates the need for transmission and differentials.
PAR  For suspension and steering I provide longitudinally opposed trucks each
      carrying groups of at least two supportative wheels, at least two
      laterally opposed wheels of each group being driven by the electric
      motors. The trucks provide a rigid peripheral framework with internal
      mounting of driving motors and wheel driving linkage. Axles are journaled
      in the frame elements by appropriate thrust bearings to extend laterally
      outward from the frame to carry the wheels. In the configuration
      illustrated the trucks are each slightly shorter than one-half of the
      total tractor length. The medial adjacent portions of each truck narrows
      to provide nearly pointed front portions. Hydraulic cylinders extend from
      this front portion of each truck to the tractor framework to provide
      steerage. Each truck provides a cross beam slightly forward of the center
      of its frame with a medial bushing to allow pivotable joinder of the
      trucks to the tractor framework. Connecting pins depend from the principal
      frame through the truck bushing to provide the rotatable interconnection.
      The upper portion of one connecting pin is rigidly mounted to the frame
      above the rear truck and the other movably mounted by a ball and socket
      connection above the front truck. A resilient torus-like pneumatic shock
      absorber with annular top and bottom bearing surface acts as an interface
      between the frame and truck for vertical cushioning.
PAR  The cab may be formed with appropriate strength to support a normal
      fifth-wheel for trailer locomotion on a highway if desired.
PAR  In providing such a device it is:
PAR  A principal object of my invention to create a fuel powered electric driven
      tractor for having individually powered drive wheels carried in paired
      opposed groups by longitudinally opposed steerable tracks for improved
      traction and stability.
PAR  A further object of my invention to provide at least one of these trucks
      with three dimensional pivotable joinder to allow it to tractionally
      conform to terrain while maintaining the principal tractor frame level.
PAR  A further object of my invention to provide such a tractor wherein truck
      suspension is by a novel resilient pneumatic shock absorber to allow
      smooth high speed highway travel.
PAR  A still further object of my invention to provide such a tractor that is of
      new and novel design, of rugged and durable nature, of simple and economic
      manufacture and otherwise well adapted to the uses and purposes for which
      it is intended.
PAR  Other and further objects of my invention will appear from the following
      specifications and accompanying drawings which form a part hereof. In
      carrying out the objects of my invention, however, it is to be understood
      that its essential features are susceptible of change in design and
      structural arrangement, with only one preferred and practical embodiment
      being set forth in the accompanying drawings as required.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the accompanying drawings which form a part hereof and wherein like
      numbers of reference refer to similar parts throughout:
PAR  FIG. 1 is an isometric view of my invention showing its elements, their
      configuration and relationship.
PAR  FIG. 2 is an orthographic top view of one of the truck members of my
      invention.
PAR  FIG. 3 is a vertical sectional view of the rearward truck shown in FIG. 2
      taken on the line 3--3 thereon in the direction indicated by the arrows.
PAR  FIG. 4 is a vertical sectional view of the forward truck shown in FIG. 2
      taken on the line 4--4 thereon in the direction indicated by the arrows.
PAR  FIG. 5 is an orthographic side view of my invention with the cab and wheels
      partially removed.
PAR  FIG. 6 is a schematic of the hydraulic steering system of my invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in more detail and particularly to that of
      FIG. 1, it will there be seen that my invention generally comprises body
      member 10 pivotably supported on longitudinally opposed truck members 11
      by suspension member 12 with interconnecting steering linkage, the whole
      being powered by propulsion member 13.
PAR  Body member 10 comprises an elongate rectangular framework 14 upon which
      the various body elements are mounted. The framework can be of a
      relatively lightweight construction and the specific techniques used for
      fabrication are immaterial. In this instance the frame provides a
      peripheral element of "I" beams with several interjoining crossbeams all
      covered with sheet metal 15. Mounted on the upper surface 16 of the
      framework in its medial portion 17 is the operator's cab 18 of a type well
      known in the tractor art. The cab shown contains side doors 19 for ingress
      and egress, front 20 and side 21 windows positioned generally above the
      adjacent external elements to allow unobstructed viewing and a generally
      sealed covering 22 so that internal environment can be isolated from
      ambient conditions when in operation, if so desired. Internally the cab
      contains the controls and amenities normal in the tractor arts. My
      particular cab differs somewhat from known tractor cabs in that it is
      heavily constructed to allow it to carry fifth-wheel 23 for trailer
      interconnection on its roof. This feature allows alternative use of the
      tractor, with an appropriately designated tongue adapter 76 as a prime
      mover to haul a trailer, especially as on a highway.
PAR  Immediately behind and adjacent the cab is fuel storage tank 24 carried on
      the upper surface of the framework. It may be of a type of fuel tank known
      in the prior art, but should have a relatively large capacity to allow a
      days work without refueling and of a low profile to aid operator
      visability. Immediately behind the fuel tank ballast 25 is provided, if
      necessary, to improve traction when operating in adverse conditions. The
      ballast is normally removable in some fashion for adjustment and in this
      instance consists of blocks of lead bolted to the frame. Forward of the
      cab are covered enclosures 26, 27, 28 for the generator, power plant and
      radiator respectively. These elements are dimensioned to enclose the
      respective equipment carried on the body frame and provide removable
      portions for access to allow servicing.
PAR  The specific body configuration utilized is not material to my invention
      and is meant to be merely illustrative and not exclusive. In general other
      tractor frame and body elements known in the prior art can be substituted
      or added without detracting from the essence of the invention as long as
      they do not integrally relate to or interfere with the suspension and
      steering members.
PAR  Truck members 11 provide elongate sub-frames 29, independent of body
      framework 14 formed with peripheral beam elements 30 interconnected by
      longitudinal internal beams 31 positioned parallel to peripheral side
      elements 32 at a spaced distance. The inward facing ends of the peripheral
      framework elements narrow to form inward frame ends 33 which provide means
      34 for joinder to the hydraulic steering actuators. Suspension cross beam
      35 of the same height as the frame elements, laterally spans void 36
      between the inner beams and is structurally joined thereto. The crossbeam
      defines a medial cylindrical void 37 in which a communicating bushing-type
      bearing 38 is structurally retained. Laterally adjacent each frame side
      element, at least one wheel assembly 39 is irrotatably carried on a
      cylindrical axle 40. This axle extends through holes 41 in side beam frame
      element 32 and internal beam 31 and is journaled in bearings carried
      therein. Opposed cooperating thrust bearings 42 with associated keepers 43
      are positioned on each axle immediately outwardly of the side elements and
      inwardly of the internal beam to maintain the axles in lateral position.
      These axles extend outwardly from the frames a sufficient distance to
      allow mounting thereon of one or more wheels as desired. Plural axles,
      either driven or undriven, may be used as desired, however, the
      configuration shown uses only the minimally required single set of axles
      per truck. Braking means 68 of a type known in the vehicle arts, in the
      instance shown disc brakes, are provided on at least one set of wheels and
      preferably with each driven axle.
PAR  Suspension member 12 provides elongate cylindrical suspension pins 44
      depending downwardly from structural joinder with the tractor frame ends.
      Rear suspension pin 45, shown in FIGS. 3 and 5 is structurally attached to
      the frame as by welding in communicating hole 46 in the frame and is so
      positioned as to be above bearing 38 in the rear truck member. Forward
      suspension pin 47, shown in FIGS. 4 and 5 provides a similar elongate
      cylindrical pin with enlarged cylindrical upper portion 48 which pivotably
      communicates with socket 49 defined in tractor frame 10 above bearing 38
      in the forward member. Both suspension pins pivotably communicate through
      bearings 38 carried by the trucks with the lower portion 50 of the pin
      extending therethrough. The lowermost portion of pins define threads which
      are engaged underneath bearings 38 by nuts 51 and washer-bearings 52 to
      maintain suspended adjacency of framework 10 and trucks 11. The suspension
      pins, in order to provide necessary structural joinder of the frame and
      suspension members, must be constructed of high strength material with
      sufficient cross-sectional area to withstand the heavy shear and bending
      loads inherent in this type of application. I prefer steering pins formed
      of a high strength steel alloy several inches in diameter to absorb this
      stress.
PAR  Pneumatic spring 53 defining a torus-like enclosure of a resilient
      rubber-like material faced on the top and bottom surfaces with annular
      metallic bearing plates 54 is positioned between lower surface 55 of frame
      10 and upper surface 56 of truck 11 so that steering pin 47 passes through
      its center. Again the exact construction of this spring is not essential
      and those known in the prior art suffice for my application. It must, of
      course, be sturdy enough to support the required tractor weight.
PAR  Upper leg 57 of "Z" shaped mounting bracket 58 is pivotably attached by
      horizontal laterally extending hinge pins 59 to each side of principal
      frame 10 above forward end 33 of each truck 10.
PAR  Opposed arms 60 of double acting hydraulic cylinder 61 are rigidly joined
      to the lower leg 62 of each bracket 58 so that the hydraulic cylinder is
      suspended therebetween. The central portion of the cylinder is pivotably
      joined by a pin fastener 75 to connection means 34 on the inward facing
      ends of trucks 11.
PAR  Propulsion member 13 provides a flat, opposed cylinder diesel engine 63, in
      this preferred embodiment providing six cylinders with an output of
      approximately 150 horsepower. Particular details of the engine are not
      essential to my invention, however, it should be of a type designed for
      heavy duty tractor usage and of a low profile to allow an improved view
      ahead of the tractor by an operator seated in the cab. Immediately
      rearward of and operatively linked to the engine is electrical generating
      unit 64. The specific generating unit is of a type well known in the prior
      art and again its particular features are not critical so long as they are
      compatible with the particular engine powering it. The generator is
      coupled to the engine by direct drive elements (not shown). It is provided
      with associated control circuitry and switching elements known in
      diesel-electric arts and commercially available for these units to
      electrically couple it in controllable fashion with plural variable speed,
      electric motors 65 mounted on motor platform 66 suspended between internal
      beams at the front of the forward truck and at the rear of the rear truck.
      At least two motors are provided for each truck, with each motor
      individually powering its adjacent wheel assembly. Plural gear linkage 67,
      mounted between the truck peripheral frame side elements 32 and internal
      beams 31 transmit power to each driven axle to move its associated wheel.
      Each motor is individually controllable from the cab by control means
      heretofore known in control circuitry arts so that power can be supplied
      through all or any selected driven wheel unit.
PAR  The propulsion member also provides power to a cab controlled hydraulic
      system for operation of tractor steering and such hydraulicly powered
      ancillary devices heretofore known as may be desired. As shown in FIG. 6
      steering is provided by hydraulic pump 77 supplying pressurized hydraulic
      fluid to reservoir 78 thence to control valve 79, located in the vehicle
      cab, for operation of hydraulic cylinder 61. Control valve 79 is a hand
      operated three-way valve as is common in the industry and bypasses the
      hydraulic fluid to the reservoir when in the null position and supplies
      hydraulic fluid to the desired end of the hydraulic cylinder when in
      either of the two operating positions.
PAR  It is to be noted that while my invention is particularly described in
      relation to larger type wheeled tractors, largely for farm use, it is not
      essentially limited in this respect. The features shown are equally
      applicable to other tractor-type vehicles operating under similar
      conditions of load and terrain.
PAR  Having thusly described the structure of my invention, its operation may be
      readily understood.
PAR  Firstly, a vehicle is constructed according to the foregoing specification
      and the known principals of the prior art. The engine of the tractor is
      started, preferably automatically by cab carried controls, and its speed
      appropriately regulated for the desired operation. The cab carried
      electrical controls are then established to transmit the generator created
      electric power to the desired wheel motors to move the vehicle. Preferably
      there is an individual speed-power control for each wheel and for
      convenience and ease of operation preferably all or any groups of such
      controls may be operated simultaneously. I prefer that the motor controls
      be interlinked to the motor speed control, as is common in the prior art,
      to avoid waste of fuel.
PAR  Steerage is accomplished with cab carried controls for the hydraulic
      system. The opposed cylinders of each steerage linkage are interconnected
      to act oppositely so that in effect the piston rod ends remain stationery
      with reference to the primary frame while the cylinder body moves. Since
      one cylinder body is attached to the forward end of rear truck and rear
      end of front truck, steerage of each truck is thusly accomplished. A
      control lever 70 is provided for rear steerage cylinder, a steering wheel
      71 is provided for front truck. Current reversal switch 72 and isolation
      switch 73 allow idle or reverse operations.
PAR  From the foregoing description it is to be noted that each truck may be
      independently steered and each wheel individually powered. The electric
      powering system allows a great range of speed with continuous variability
      from the slowest draft speed to highway speeds. The suspension system is
      such as to allow the vehicle to operate at all speeds to thus materially
      increase its potential use particularly in highway applications. The
      variability of wheel drives and speeds coupled with the multiple truck
      steerage and movable suspensions is particularly beneficial in hillside
      farming operations to allow maneuvers not possible with known wheel
      tractors.
PAR  The foregoing description of my invention is necessarily of a detailed
      nature so that a specific embodiment of it might be set forth as required,
      but it is to be understood that various modifications of detail,
      rearrangement and multiplication of parts may be resorted to without
      departing from its spirit, essence or scope.
CLMS
STM  Having thus described my invention, what I desire to protect by Letters
      Patent, and what I claim is:
NUM  1.
PAR  1. A wheel type electric powered tractor comprising, in combination:
PA1  a principal frame having an operator's cab containing operational controls
      and supporting an engine powering an electric generator;
PA1  forward and rearward trucks articulatively supporting the principal frame,
      each truck having at least one set of paired opposed wheels irrotatably
      carried on individual axles journaled therein for support of the vehicle
      on a supporting surface;
PA1  steering means associated with each truck;
PA1  plural electric drive motors, powered by the electrical output of the
      electric generator, carried on the trucks one associated with each wheel
      on each truck through mechanical linkage to drive the associated wheel;
PA1  control means activated by the operational controls to operate the steering
      means;
PA1  wherein the articulative support of the principal frame on at least one
      truck comprises ball and socket joinder means to allow relative motion
      between the principal frame and the truck in two mutually perpendicular
      planes;
PA1  torus-like air cushion springs with metallic bearing plates operatively
      separating the trucks and principal frame about the ball and socket
      joinder means.
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ABST
PAL  A drive arrangement for a track-bound self-propelled vehicle includes a
      separate, high-speed electric propulsion motor for each driving wheel. The
      pinion of the propulsion motor forms the sun gear of a planetary drive. A
      stationary axle is provided for the driving wheel which also serves as the
      planet carrier for the planet gears which drive the ring gear. The ring
      gear in turn drives the hub of the driving wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Deutsche Offenlegungsschrift 2,208,036 describes a drive of a track-bound
      electric propulsion vehicle with a high-speed electric propulsion motor
      whose pinion forms the sun gear of a planetary drive with a stationary
      arm, the vehicle being constrained to follow a fixed path determined by
      the track. This planetary drive serves to drive the driving wheels. In the
      known drive, double reduction is provided wherein the rotating internal
      gear of the planetary drive is connected with an internal-gear pinion
      which engages with a bull gear fastened on the driving axle. Also the
      electric propulsion motor is supported on the driving axle in the known
      drive. Notwithstanding the double reduction, a compact arrangement is
      achieved in this manner, and the fact is exploited that a planetary drive
      with a fixed arm is relatively free of maintenance.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to further reduce the volume of the
      above-mentioned drive. It is another object of the invention to also
      shorten the structural length of the drive in the axial direction.
PAR  According to a feature of the drive arrangement of the invention, a
      separate electric propulsion motor is provided for each driving wheel and
      the axle of the driving wheel is stationary, forms the stationary planet
      carrier of the planetary drive and is connected with the stator housing of
      the propulsion motor, while the hub of the driving wheel, supported on the
      stationary axle, is attached to the rotating ring gear of the planetary
      drive. Because of this separate drive of each driving wheel with an
      extremely space-saving transmission and propulsion motor, a connecting
      driving shaft becomes unnecessary. The space which would otherwise be
      occupied by the driving shaft is in part occupied by the propulsion motor,
      and furthermore, room is made for the propulsion vehicle located between
      the driving wheels.
PAR  Because the axle of each driving wheel is stationary, no alternating
      flexure stresses occur in it. The propulsion motor, together with the
      drive, forms a large, unsprung mass and follows all the movements of the
      driving wheels. Springing within the drive is not provided but is in the
      support of the propulsion vehicle itself, whose cabin is suspended at the
      stator housing of each propulsion motor.
PAR  Because the high-speed electric motor serving as the propulsion motor
      contains parts such as a commutator and brushes which require maintenance
      work, it is advantageous to attach the stator housing of the propulsion
      motor on one side to the stationary axle and to construct the propulsion
      motor so that the parts requiring maintenance are accessible and the rotor
      of the propulsion motor can be removed without affecting the assembly of
      the drive and the stator and therefore, the cabin suspension of the
      propulsion vehicle. For this purpose and according to a further feature of
      the invention, the bearing of the rotor shaft, which is situated in the
      end bell on the end facing away from the planetary drive, is
      advantageously constructed as a fixed bearing; whereas, the bearing
      situated between the end-face of the rotor on the transmission side and
      the pinion is a loose bearing. A pluggable coupling is provided between
      the pinion and the rotor shaft for removably interconnecting the pinion
      and rotor shaft. After loosening the fastenings of the end bell at the
      stator of the electric propulsion motor, the end bell, the fixed bearing
      and the rotor of the electric propulsion motor can be pulled out together
      with the inner race of the bearing constructed as a loose bearing without
      disturbing the initial alignment and assembly of the propulsion motor and
      the cabin suspension, the loose bearing being on the end-face of the
      propulsion motor at the transmission end. The loose bearing can have an
      outer race fixedly connected to the stationary structure which also
      supports the hub of the driving wheel and an inner race fixed on the rotor
      shaft so as to be removable from the outer race when the rotor is axially
      withdrawn from the housing.
PAR  To keep the pluggable coupling as far as possible free of flexural
      stresses, it is advisable to arrange it in the region of the loose bearing
      between the end-face of the rotor on the transmission side and the pinion.
      This also eliminates a separate support of the coupling parts carrying the
      pinion.
PAR  Although the invention is illustrated and described herein as a drive
      arrangement for a track-bound electric self-propelled vehicle, it is
      nevertheless not intended to be limited to the details shown, since
      various modifications may be made therein within the scope and the range
      of the claims. The invention, however, together with additional objects
      and advantages will be best understood from the following description and
      in connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic diagram, partially in longitudinal section, of a
      drive of a track-bound electric propulsion vehicle according to the
      invention. The cabin of the vehicle is not shown.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Each driving wheel 1 of the track-bound vehicle is driven by a high-speed
      electric propulsion motor 2. The axle 3 of the driving wheel 1 is
      stationary and the stator housing 4 of the stator assembly of the electric
      propulsion motor 2 is fastened to the axle 3 at one side thereof. The axle
      3 supports, in addition, the antifriction bearing 5 for the rotor shaft 6.
      The bearing 5 is situated between the pinion 9 and the end-face 7 of the
      rotor 8 on the transmission side.
PAR  Because the electric propulsion motor is a very high-speed motor, the
      driving wheels 1 are driven through a reduction gear. Thus, the pinion 9
      driven by the rotor shaft 6 forms the sun gear of a planetary drive 10
      with a stationary planet carrier. The stationary planet carrier is formed
      by the axle 3. Several, and in particular three, planetary gears 11
      transmit the torque from the pinion 9 to the rotating ring gear 12 of the
      planetary drive 10. The gear 12 is fastened at the hub 13 of the driving
      wheel 1. This rotating hub 13 is supported on the stationary axle 3 by
      means of bearing means in the form of antifriction bearings 14 and 15.
PAR  In this drive, the electric propulsion motor 2 is thus supported in the
      manner of a nose-and-axle-suspension motor on the stationary axle of the
      driving wheel 1 and forms, together with the planetary gear 10 of the
      drive, a large unsprung mass which follows all movements of the driving
      wheel 1. A drive shaft connecting the two driving wheels is eliminated and
      the propulsion motor 2 is in the location of the drive shaft whereby the
      space required for the drive is very small.
PAR  Furthermore, through the use of a high-speed propulsion motor 2, the
      required power is provided by a motor with a small outside diameter. The
      transmission required for the step-down likewise requires little space
      because it is configured as a planetary drive 10. The sun gear as well as
      the ring gear 12 of the planetary drive 10 are supported overhung on one
      side, but because of the multiplicity of planetary gears 11 provided, good
      tooth engagement is obtained. In this manner, wear is reduced to a
      minimum, and furthermore, the bearings of the planetary gears 11 are not
      subjected to centrifugal stresses because the planetary drive 10 is one
      with a stationary planet carrier. In this manner, this drive of each
      individual driving wheel 1 is made to be extremely rugged and of compact
      configuration and because of its very short structural length particularly
      in the axial direction, the drive leaves much room for the cabin of the
      propulsion vehicle (not shown) which is suspended between the drive wheels
      1 at the stator housing 4 of the propulsion motor 2. The short length of
      the drive is achieved by driving the hub 13 while having a stationary axle
      3.
PAR  For the support of the rotor shaft 6 of the electric propulsion motor 2 on
      both ends there are provided on the transmission end-face 7 of the rotor
      8, the antifriction bearing 5; and, on the commutator end-face 16, the
      antifriction bearing 17. This antifriction bearing 17 is constructed as a
      fixed bearing and is arranged in a bearing shield in the form of an end
      bell 18 which is fastened by means of screws 19 in the stator housing 4 of
      the electric propulsion motor 2. The end bell 18 is constructed to have a
      cup-like shape so that it covers up the entire region of the commutator
      20. Because the end bell 18 furthermore consists only of four ribs 21 of a
      U-shaped profile arranged in a star-like formation, the commutator 20 and
      the brushes 22 are accessible through the openings therebetween even in
      the assembled condition of the rotor 8, after the air ventilation cap 23
      is removed. The brushes 22 are indicated in outline fashion by broken
      lines and lie on the commutator 20.
PAR  The special configuration of the antifriction bearing 17 as a fixed bearing
      and that of the antifriction bearing 5 as a loose bearing, as well as the
      provision of a pluggable coupling 24 between the rotor shaft 6 and the
      pinion 9, however, make it further possible in the simplest manner to pull
      out, after loosening the screws 19, the entire rotor 8 with the rotor
      shaft 6 and the commutator 20 together with the antifriction bearing 17
      and the end bell 18. Thus, the rotor 8 of the electric propulsion motor 2
      can be disassembled for maintenance purposes at any time in the simplest
      manner without affecting the attachment of the propulsion motor 2 on the
      stationary axle 3 and the suspension of the cabin (not shown) of the
      propulsion vehicle on the stator housing 4 of the propulsion motor. The
      pluggable coupling 24 is arranged in the region of the antifriction
      bearing 5 so that it is kept free of additional flexural stresses as far
      as possible.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drive arrangement for a track bound electric self-propelled vehicle
      having drive wheels comprising: a separate, high-speed electric motor for
      each of the drive wheels; a planetary gear assembly for transferring the
      energy developed by the motor to the drive wheel corresponding to said
      motor; a pinion constituting the sun gear of said planetary gear assembly;
      said motor including: a stator assembly incorporating a housing, and a
      rotor rotatably mounted in said housing for driving said pinion; said
      planetary gear assembly including: a stationary structure connectable to
      said housing, said stationary structure being the axle of the drive wheel
      as well as the planet carrier of said gear assembly, a plurality of planet
      gears each rotatably mounted on said structure and engaging said sun gear,
      and a ring gear also engaging said planet gears so as to be rotatable with
      respect to said structure; a hub for supporting thereon the drive wheel
      corresponding to said motor, said hub being fixedly attached to said ring
      gear; and, bearing means for bearing said hub on said stationary
      structure; said rotor having a rotor shaft for driving said pinion; said
      housing having a removable bearing shield at the end-face thereof facing
      away from said planetary gear assembly; said motor further including: a
      first bearing disposed in said bearing shield for accommodating a first
      end of said rotor shaft, said first bearing being configured as a fixed
      bearing; a second bearing supporting a second end of said rotor on said
      stationary structure, said second bearing being a loose bearing having an
      outer race fixedly connected to said stationary structure and an inner
      race fixed on said rotor shaft so as to be removable from said outer race
      when the rotor is axially withdrawn from said housing; and, a pluggable
      coupling removably interconnecting said pinion and said rotor shaft.
NUM  2.
PAR  2. The drive arrangement of claim 1, said pluggable coupling being arranged
      in the vicinity of said second bearing.
NUM  3.
PAR  3. The drive arrangement of claim 1, said bearing shield being configured
      so as to cover the region of the commutator of said motor.
NUM  4.
PAR  4. The drive arrangement of claim 3, said bearing shield being configured
      from rib members arranged in a star-like configuration.
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ABST
PAL  A single multi-function operator hand control for stand-up lift trucks
      located and designed for improved operator comfort and convenience and to
      reduce operator fatigue in any driving position. The hand control is
      recessed in a compartment adjacent one side of the truck and below the
      upper body thereof. It is mounted pivotally from one end and extends
      longitudinally towards the operator; it includes a rotatable control
      member at the opposite end so that the operator's forearm when in
      controlling positions is normally in or adjacent to the vertical plane of
      the control handle and the hand palm is located generally in a vertical
      plane and faces the control member which rotates on an axis transverse of
      the truck.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to controls for industrial lift trucks, and more
      particularly to an operator's manual control.
PAR  The prior art includes various means which are intended to provide manual
      controls for reducing operator fatigue and single multi-function control
      assemblies for improving operator convenience. Exemplary of such prior art
      are U.S. Pat. Nos. 3,098,543 and 3,811,336.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is concerned mainly with human engineering factors involved
      in the manual control of certain powered functions in the exemplary
      environment of a stand-up rider type industrial lift truck. The control is
      designed and located so that the functions to be controlled are sense
      oriented, operator fatigue tends to be minimized whether the operator is
      facing forwardly or rearwardly of the lift truck, and a natural support
      for the operator is provided during travel operations either forwardly or
      rearwardly. Also, in the preferred embodiment the control is located in a
      recessed compartment which provides both protection for the operator and
      the control, and aesthetic design.
PAR  It is a principal object of the invention to provide a manual control for
      stand-up lift trucks, and the like, which utilizes human engineering
      principles so as to minimize operator fatigue during operation of the
      truck in either direction.
DRWD
PAR  Other objects, features and advantages of the invention will appear in the
      detailed description which follows when taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view taken from the rear of a stand-up lift truck
      showing an operator in position for driving the truck in a rearward
      direction;
PAR  FIG. 2 is an enlarged perspective view of the operator's compartment of the
      lift truck taken from an elevated rearward position;
PAR  FIG. 3 is a further enlarged partial cut-away view taken from an elevated
      right side position of a portion of the truck as shown in FIG. 2;
PAR  FIG. 4 is a side elevational view of the control in a normal inoperative or
      neutral position in relation to a panel mounting member of the truck;
PAR  FIG. 5 is a left side perspective view of the manual control showing the
      interior thereof;
PAR  FIGS. 6, 7 and 8 are detailed views of a spring actuator assembly which is
      operatively connected to the manual control;
PAR  FIGS. 9-13 comprise a series of partial perspective views which show the
      operator's hand and arm in five basic typical positions in relation to the
      control when the operator is facing in a forward direction; and
PAR  FIGS 14-18 comprise a series of partial perspective views which show the
      operator's hand and arm in five basic typical positions in relation to the
      control when the operator is facing in a rearward direction.
DETD
PAR  Referring now in detail to the drawing, a stand-up rider lift truck is
      shown generally at numeral 10. It utilizes, as is usual, a tractor unit 12
      suitably coupled to a forward load carrying unit or U-shaped frame, not
      shown, in which is mounted a telescopic upright assembly 14 having a fork
      carriage mounted therein for elevation thereon by means of a hydraulic
      lift cylinder, chains and sprockets 16. Hydraulic, electrical, and drive,
      steering and control systems are housed in part interiorly of the body and
      frame of the tractor unit 12. These systems do not comprise a part of this
      invention and so have not been disclosed except certain parts of the lift
      and travel controls which are associated directly with the manual control
      of the invention as shown in FIGS. 3 and 5-7. Fork reach and tilt
      actuators and controls associated with a fork carriage, not shown, may
      also be embodied to provide such additional known functions. A single
      drive wheel 18 is connected by an articulated axle, not shown, to a
      dirigible idler wheel 20. An SCR control and contactor panels are located
      inside of a hinged swing-out body member 30. Drive, lift and steer motors
      and associated components and circuitry are located inside a hinged
      swing-out body panel 32, a single drive motor being mounted in driving
      connection to wheel 18.
PAR  Suitable steering and braking systems are preferably connected to both
      wheels 18 and 20 being operator controlled by a steer wheel 22 and a
      dead-man brake operated by a brake pedal 24 which releases the brake when
      the operator stands on the pedal and applies the brake when it is
      released. A preferred system for construction for driving, braking and
      steering the wheels 18 and 20 is disclosed and claimed in copending
      application Ser. No. 428,502, common assignee, now U.S. Pat. No.
      3,848,692. An overhead guard is shown at 26 to provide overhead safety
      protection for the operator.
PAR  The manual controller of my invention is shown assembled in perspective
      view at numeral 34 in FIG. 3 inside the broken-away body panels, a handle
      assembly 36 thereof being secured by a bracket and bolt 38 to the one end
      of a control shaft 40 which is mounted from a pair of transversely spaced
      brackets and bearings 42 and 44 secured to fixed body members 46 and 48,
      respectively, the shaft 40 being mounted for rotational movement in either
      direction from a neutral position by actuation of handle assembly 36. The
      handle assembly extends longitudinally of the truck adjacent body plate 48
      and is located in a recessed compartment 50 formed by a forward instrument
      panel 52, side plates 48 and 54, and bottom plate 56, body panel 30 being
      hinged at 58 from the rearward edge of plate 54. Linkage assemblies
      supported from shaft 40 are housed within a compartment which includes
      plate members 60 and 62 (FIG. 2). The operator's compartment is formed
      between downwardly converging plate members 64 and 66, a front plate 68, a
      contoured plate 70 secured to plate 66, and a floor plate 72 adjacent
      brake pedal 24.
PAR  With the operator in position to operate the truck either in a forward or
      reverse direction, control handle 36 is most conveniently located in
      recessed compartment 50 for control by the operator's right or left hand,
      respectively. The control handle assembly 36 is actuated in a clockwise
      direction with shaft 40, as seen in FIG. 4, to actuate by means of a lever
      and link 74, a lift valve 76 of a hydraulic valve assembly 78 for
      energizing the lift cylinder assembly 16 to elevate the upright and fork
      carriage thereon; it is actuated in a counter-clockwise direction with
      shaft 40 to lower the upright and carriage.
PAR  Mounted for rotational movement in either direction from one end of a
      control handle portion 80 is a generally disc shaped speed control knob 82
      mounted from the end of a tranversely projecting member 84 which is
      secured to control handle 80, the control knob 82 being of substantial
      thickness and having a projecting member 86 at the upper end thereof. A
      square shaft 90 connects control knob 82 to a lever 92 internal of handle
      80 (FIG. 5) which in turn is connected to a control assembly 94 of the SCR
      control by a link 96 and a lever 98, both interior of handle 80, the link
      being connected to levers 92 and 98 by ball joints. Control assembly 94 is
      secured to the one end portion of the control handle by a pair of bolts
      100 and is in turn operatively connected by means, not shown, to the SCR
      speed control interior of panel 30. The mounting of the control handle is
      such that the forward end portion thereof, including speed control portion
      94, is located inside of the instrument panel behind plate 32, panel 52
      extending only partially across the recessed compartment 50 so as to
      provide a space 101 in which the handle 80 can move up and down as it
      pivots on control shaft 40.
PAR  The control assembly 36 is maintained normally in a neutral or non-actuated
      position as best shown in FIG. 4, in which position the assembly 36
      assumes a predetermined "at rest" angle relative to the horizontal by the
      action of a spring and linkage assembly as shown in FIGS. 3 and 6-8 in
      conjunction with a valve return spring, not shown, of valve assembly 78.
      The spring and linkage assembly comprises a lever 104 secured to shaft 40
      and pivotally connected to actuate a bifurcated link 106 which is
      adjustably connected by a nut 108 to a pin 110 which extends slidably
      through a sleeve 112 which in turn is mounted in a bearing 113 in an
      opening in an angle bracket 114 connected to the truck body. At the left
      end a threaded retainer plate 118 may be adjustably located by a threaded
      nut 116 on pin 110. Plate 116 supports one end of a compression spring 120
      which extends axially of pin 110 and is supported at the opposite end by
      an annular U-shaped bracket 122 retained by a snap-ring on sleeve 112 as
      shown. A snap-ring 124 is located in a predetermined position on pin 110.
PAR  With the spring 120 in a non-actuated condition it is preloaded in
      compression by the gravity forces acting on it resulting from the weight
      of control handle assembly 36 and parts mounted therefrom, all exerting a
      force on the spring through shaft 40 and the linkage assembly connected
      thereto which terminates in retainer plate 118. In such condition the
      control handle assembly is preferably oriented in the compartment 50 as
      best shown in FIG. 4. Actuation of handle 80 in the direction indicated to
      lift the upright assembly by means of control valve 78 actuates pin 110
      and snap-ring 124 leftwardly to actuate the sleeve and spring assembly as
      a unit as shown in FIG. 7 with no change in spring action. Actuation in
      the opposite direction to lower the upright assembly actuates the pin and
      retainer to compress the spring as shown in FIG. 8 which desirably
      increases the operator feel or effort required to push down handle 80 in
      conjunction with the action of the valve return spring of valve assembly
      78.
PAR  The operational and human engineering factors involved in my invention are
      best illustrated by referring to FIGS. 9-18. FIGS. 9-13 show five typical
      and basic operating positions when driving while facing forwardly of the
      truck in FIG. 9 the control handle assembly is located in a neutral and
      nonactuated position with the operator's hand and arm being located
      typically in relation thereto (as it is also in FIGS. 10-18) for an
      operator of about average height. In FIG. 10 the control handle 80 is
      actuated upwardly to elevate the upright without initiating travel in
      either direction of the truck; in FIG. 11 it is actuated downwardly to
      lower the upright with control knob 82 in neutral position; in FIG. 12
      handle 80 is in a neutral position while control knob 82 is actuated for a
      full travel speed forward; and in FIG. 13 handle 80 is in a neutral
      position with the control knob actuated for full speed in reverse.
PAR  This type of control is generally known as directional control, which tends
      to make such controls instinctive on the part of the operator. The degree
      of such forward or rearward rotation of knob 82 determines the speed in
      forward or reverse, respectively, at which the truck will operate.
PAR  Of course, the hand and arm position of the operator will vary somewhat
      depending on personal preference and the height of the operator, but a
      typically comfortable and relatively fatigue free position is shown in
      each of these figures. Of course, any combination of lift or lower and
      forward or reverse speed control may be effected at the operator's option,
      FIGS. 9-13 illustrating the five basic operating conditions noted.
PAR  With the operator facing forwardly the right hand normally fully grasps
      control knob 82 in the neutral position of FIG. 9 with projection 86
      located in the crotch between the thumb and index finger and the fingers
      wrapped around the front portion of the knob, all motions in lift, lower
      and travel from that basic position being effected by the normal wrist and
      arm actions as illustrated in the four other positions of FIGS. 10-13. In
      FIG. 10 the normal wrist and forearm action shown to lift handle 80 tends
      to shift the band so that the fingers wrap around the lower portion of the
      knob and projection 86 remains in the crotch of the hand. The downward
      motion as shown in FIG. 11 effects little if any change in hand position
      from FIG. 9, the wrist action shown being the primary movement. It has
      been found to be convenient and preferred when forward travel is desired
      to use the thumb on projection 86 to help rotate knob 82, as shown in FIG.
      12. In FIG. 13 rotation of the knob for reverse travel preferably is
      accomplished by hooking the thumb over projection 86, which also involves
      minor wrist action as shown.
PAR  In FIGS. 14-18 the same five basic positions are illustrated in the same
      order as defined above with respect to FIGS. 9-13, but with the operator
      facing rearwardly of the truck for primary travel in a reverse direction.
      Thus, the left hand is located to control travel direction and speed, and
      upright elevation. It should be noted that the other hand in all cases is
      located on steer wheel 22 as shown in FIG. 1. Again, it will be apparent
      that the typical hand and arm positions illustrated for operating the
      truck as described above show a relatively comfortable and relaxed
      orientation of the human elements and limb involved to the truck control
      elements as shown in FIGS. 1 and 9-18. In FIGS. 14-18 the normal relative
      positions of the human and machine elements are well illustrated and need
      not be described in any detail. The knob 82 tends to be palmed in all of
      these figures with difference as between FIGS. 15 and 16 being mainly that
      finger pressure on the bottom of the control knob is applied in FIG. 15
      for lifting handle 80 and palm pressure on the knob and projection 86 is
      applied in FIG. 16 to lower the handle. Of course, a somewhat different
      angulation between the forearm and upper arm exists as between FIGS. 14,
      15 and 16, as shown.
PAR  In FIG. 17 in full travel forward the heel of the hand is applying pressure
      to the projection to rotate the knob, while in FIG. 18 it is usually found
      convenient to grasp projection 86 in the crotch of the hand, as shown, and
      rotate the knob for full travel in reverse. It will be appreciated from
      observation of the various hand and arm locations and movements in FIGS.
      9-18 that in none of the positions illustrated is any unduly tiring hand,
      wrist or arm action required to control the trunk functions involved for
      the time periods normally required, and the same is true in respect of
      various combinations of travel speed and lift or lowering operations. Of
      course, the hand may be shifted to any most comfortable position in any
      travel speed condition, for example, depending upon operator preference,
      particularly if the condition is to be maintained for a relatively long
      period of time.
PAR  Human engineering factors have been carefully designed into my control
      assembly. For example, in addition to the foregoing, the neutral position
      of the control assembly, as best shown in FIG. 4, has been carefully
      designed to provide during operation of the truck from a forwardly facing
      position an operator support means in fore and aft directions. For persons
      of about average height and proportions the normal preloaded angle at
      which the control handle 80 is maintained is approximately aligned
      longitudinally with the forearm of the operator in order to provide fore
      and aft support for the operator during truck movements, while minimizing
      any tendency for unintended forces to be applied by the operator which
      tend to lift or lower the upright. Since one hand of the operator will be
      almost continuously located on the control handle during operation of the
      truck, it is beneficial to his safety and convenience to incorporate such
      stabilizing means in the assembly. Also, the entire control assembly is
      located in recess 50 which provides not only protection for the operator's
      hand and wrist, but allows the control assembly to be located in such
      types of lift trucks in a more comfortable position than heretofore. In
      addition, the recesses design has aesthetic value which reduces the
      clutter normally seen atop the upper body panels of such trucks.
PAR  It will be appreciated that the recessed location at the side of the truck
      with available hand and arm control movements to operate the control
      assembly provide a particularly advantageous environment when the driver
      is facing to the rear as in FIGS. 14-18. Heretofore such controls have
      tended to be relatively awkward to operate when the operator is so
      located. When it is considered that the control assembly may be operated
      hundreds of times per day, the importance of minimizing fatigue factors
      and the energy output required of the operator will be appreciated. A very
      important aspect of the invention is the design for establishing a
      relationship which places the forearm of the operator in many of the
      operating positions generally in or adjacent to vertical plane of the
      control handle 80. Also, that the palm of the hand of the operator in many
      of the operating positions faces in a general way said vertical plane.
      Stated in other words it may be said that the forearm tends to hand
      forwardly or rearwardly of the operator's body, and that the axis of the
      hand is generally transverse to the truck in most control positions. These
      unique relationships result in the human factor advantages discussed
      above.
PAR  It will be apparent to those skilled in the art that various changes in the
      structure and relative arrangement of parts may be made without
      necessarily departing from the scope of my invention as defined in the
      claims appended.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an industrial truck having an operator's station of the stand-up type
      formed in a body portion of the truck, an operator's control handle
      mounted pivotally from its one end portion and extending from its said one
      end portion longitudinally of the truck, a rotatable operator's control
      member connected to one side of the end of the control handle which is
      remote from said pivoted end portion, said control member being rotatable
      in a plane substantially parallel to the vertical plane of the control
      handle on an axis substantially transverse of the truck, the operator's
      forearm being in a plurality of operator control positions in relation to
      the control handle functionally in or adjacent the vertical plane thereof,
      and the operator's hand palm being located generally in a vertical plane
      in facing relation to the control member.
NUM  2.
PAR  2. An industrial truck as claimed in claim 1 wherein a compartment is
      located at one side of the truck recessed below the upper truck body, said
      operator control handle being located in said compartment.
NUM  3.
PAR  3. An industrial truck as claimed in claim 1 wherein said control handle is
      normally pulled and pushed upwardly and downwardly, respectively, by an
      operator facing longitudinally in one direction of the truck to control
      certain operating functions thereof, and said control member is rotatable
      on its axis while palmed by the operator for controlling other truck
      functions.
NUM  4.
PAR  4. An industrial truck as claimed in claim 1 wherein said control member
      comprises knob means having a projection extending outwardly from the
      periphery thereof for location in the crotch of the operator's hand in
      certain control positions.
NUM  5.
PAR  5. An industrial truck as claimed in claim 1 wherein said control handle
      extends also diagonally upwardly of the truck and towards the operator.
NUM  6.
PAR  6. An industrial truck as claimed in claim 5 wherein said control handle in
      a neutral control position extends at such an angle to afford fore and aft
      support for the operator.
NUM  7.
PAR  7. An industrial truck as claimed in claim 6 wherein a compartment is
      located at one side of the truck recessed below the upper truck body, said
      control handle being mounted in said compartment such that during
      operation the operator's hand is protected inside of the compartment which
      also facilitates comfortable operator control posture.
NUM  8.
PAR  8. An industrial truck as claimed in claim 6 wherein operator support is
      effected in part by generally axially longitudinal alignment of the
      operator's forearm and the control handle.
NUM  9.
PAR  9. In a control system for an industrial truck having a body portion
      located rearwardly thereof, a lift assembly mounted forwardly of the body
      portion and an operator's station formed in said body portion for
      permitting an operator to stand at the rear of the truck while bodily
      turned to face either forwardly or rearwardly thereof, an operator's
      control handle mounted at one side of the operator's station pivotally
      from one end portion of the control handle and extending therefrom
      longitudinally of the truck, a rotatable operator's control member
      connected to one side of the end of the control handle which is remote
      from said pivoted end portion, said control member being rotatable in a
      plane substantially parallel to the vertical plane of the control handle
      on an axis substantially transverse of the truck, the control handle being
      so disposed that in a plurality of normal control positions wherein the
      operator may be bodily turned to face either forwardly or rearwardly of
      the truck the operator's forearm approaches generally a location in or
      adjacent to the vertical plane of the control handle, and the operator's
      hand palm is located generally in a vertical plane in facing relation to
      the control member.
NUM  10.
PAR  10. An industrial truck as claimed in claim 9 wherein said control handle
      is pivoted upwardly to elevate the lift assembly and downwardly to lower
      it, and said control member is rotated in one direction or the other to
      control travel and speed of the truck in one direction or the other.
NUM  11.
PAR  11. An industrial truck as claimed in claim 9 wherein a compartment is
      located at one side of the truck recessed below the upper truck body, said
      control handle being located in said compartment and extending diagonally
      upwardly and rearwardly from the pivoted end portion thereof in neutral
      position.
NUM  12.
PAR  12. An industrial truck as claimed in claim 9 wherein the operator's
      forearm extends diagonally downwardly and forwardly of the truck in
      certain control positions when the operator is bodily turned to face
      forwardly of the truck.
NUM  13.
PAR  13. In an industrial truck having an operator's station of the stand-up
      type formed in a body portion of the truck, a compartment located at one
      side of the truck recessed below the upper truck body, an operator's
      control handle mounted in said compartment pivotally from its one end
      portion and extending from its said one end portion longitudinally and
      diagonally upwardly of the truck towards the operator's station, and a
      rotatable operator's control member connected to and spaced from the one
      side of the end of the control handle which is remote from said pivoted
      end portion, said control member being rotatable in a plane substantially
      parallel to the vertical plane of the control handle about an axis
      substantially transverse of the truck and adapted to be palmed by the hand
      of an operator during operation of the truck such that the hand palm is
      located in a generally vertical plane.
NUM  14.
PAR  14. An industrial truck as claimed in claim 13 wherein said control member
      is of a generally disc shaped configuration.
NUM  15.
PAR  15. An industrial truck as claimed in claim 14 wherein said control member
      has a projection extending outwardly from the periphery thereof for
      location in the crotch of the operator's hand in certain control
      positions.
NUM  16.
PAR  16. An industrial truck as claimed in claim 13 wherein the operator's
      forearm extends diagonally downwardly and forwardly of the truck in
      certain control positions when the operator faces forwardly of the truck.
NUM  17.
PAR  17. An industrial truck as claimed in claim 16 wherein said operator's
      forearm approaches a vertical position in certain control positions when
      the operator is facing rearwardly of the truck.
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ABST
PAL  An improved brake control apparatus automatically engaging the park brakes
      of a vehicle when the vehicle ignition switch is turned to the off
      position and automatically disengaging the park brakes of a vehicle when
      the vehicle ignition switch is turned to the on position. The brake
      control apparatus is constructed to be utilized in cooperation with an
      automobile park brakes and with the park brakes of a trailer or the like,
      for example, the brake control apparatus being installable as an accessory
      item or as original equipment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to vehicle brake control systems
      and, more particularly, but not by way of limitation, to a brake control
      apparatus selectively engaging and disengaging the vehicle park brakes in
      response to the positioning of the vehicle ignition switch.
PAR  2. Brief Description of the Prior Art
PAR  Various safety systems and the like associated with automobile or vehicle
      brake systems have been proposed in the past and some of these past
      systems have been connected to the vehicle ignition switch. For example,
      the U.S.  Pat. Nos. 2,499,276, issued to Mullins; and 2,585,206, issued to
      Zentecki, each disclosed a safety system wherein the engaged and
      disengaged position of the vehicle brakes was controlled via the vehicle
      ignition circuit. The U.S. Pat. No. 3,545,126, issued to Nash, disclosed a
      system wherein the vehicle hand brake was set when the vehicle ignition
      was turned to the "off" position, a hand brake applying spring being
      released in the off position of the vehicle ignition switch. The U.S. Pat.
      No. 3,593,815, issued to Inoue disclosed a system for automatically
      actuating and deactuating a parking brake in response to signals connected
      to a logic unit which generates a control signal connected to a brake
      controller circuit. The U.S. Pat. No. 2,813,603, issued to Balass
      disclosed a system wherein the vehicle wheel brakes were applied when a
      brake operating member was operated, the brake operating member being
      connected to the master cylinder. The U.S. Pat. No. 1,951,189, disclosed a
      system automatically setting the brakes and turning the ignition switch to
      the off position in the event the vehicle driver or operator becomes
      unable to operate the vehicle. The U.S. Pat. No. 3,370,671, issued to
      Stortz disclosed a locking mechanism preventing movement of the
      transmission selector lever from the park position when the vehicle engine
      was not running, the system preventing movement of the parking brake
      release lever in one disclosed form.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improved brake control
      apparatus for assuring the vehicle brakes are engaged in the off position
      of the vehicle ignition switch and disengaged in the on position of the
      vehicle ignition switch in a more efficient and more economical manner.
PAR  Another object of the invention is to provide a vehicle safety system for
      automatically engaging and disengaging the vehicle park brakes in a more
      efficient and more economical manner.
PAR  One other object of the invention is to provide an improved brake control
      apparatus which can be conveniently and economically installed on existing
      vehicles and included as original equipment.
PAR  Other objects and advantages of the invention will be evident from the
      following detailed description when read in conjunction with the
      accompanying drawings which illustrate one preferred embodiment of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial diagrammatic, partial elevation, partial schematic view
      of a brake control apparatus constructed in accordance with the present
      invention.
PAR  FIG. 2 is a schematic view showing the electrical control circuits of the
      brake control apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in general and to FIG. 1 in particular, shown
      therein and designated via the general reference numeral 10 is a brake
      control apparatus constructed in accordance with the present invention.
      The brake control apparatus 10 is constructed to be installed as an
      accessory operating in cooperation with the existing park brakes of a
      wheeled vehicle such as an automobile or a trailer or the like or, in one
      other preferred form, to be installed as original equipment of such
      wheeled vehicles. The brake control apparatus 10 is connected to the
      vehicle ignition switch 12 and the vehicle power supply 14, i.e., the
      vehicle twelve volt DC battery, for example, a portion of the brake
      control apparatus 10 being connected to the vehicle brakes
      (diagrammatically shown in FIG. 1 and designated via the general reference
      numeral 16) via a brake cable 18. The brake control apparatus 10
      automatically engages and disengages the vehicle brakes 16 in response to
      the positioning of the vehicle ignition switch 12 to assure the vehicle
      brakes 16 are engaged in the off position of the vehicle ignition switch
      12 and are disengaged in the on position of the vehicle ignition switch
      12.
PAR  The vehicle brakes 16 are, more particularly, the emergency or park brakes
      of the vehicle and the brake cable 18 includes brake cable portions 18a
      and 18b, each being connected to the parking brake lever on one of the
      vehicle wheel brakes in the usual manner for connecting the parking brake
      cables to the vehicle wheel brakes. In this form, the movement of the
      brake cable 18 in a brake engaging direction 20 moves the parking brake
      lever in a manner causing the vehicle brake shoe to be pressed against the
      vehicle brake drum engaging the vehicle wheel brakes and the movement of
      the brake cable 18 in a brake disengaging direction 22 moves the parking
      brake lever in a manner causing the vehicle brake shoe to be released from
      pressing engagement against the vehicle brake drum disengaging the vehicle
      wheel brakes. Vehicle brakes having brake cables connected to the parking
      brake levers located on the vehicle brakes are well known in the art and a
      detailed description of the construction of such vehicle brakes and the
      connection of the brake cables 18 thereto for operating the parking brake
      lever (sometimes referred to in the art as a "brake arm") is not deemed
      necessary.
PAR  In one other preferred form, the brake control apparatus 10 can be
      connected directly to the parking brake pedal lever usually located inside
      the vehicle and on the driver's side, the parking brake pedal being
      connected to the parking brake lever on the vehicle wheel brakes via brake
      cables. The parking brake pedal lever is mounted for pivotal movement and
      is connected to the parking brake levers such that the vehicle operator
      can engage the vehicle brakes by depressing the parking brake pedal lever
      pivotally moving the parking brake pedal lever in one direction. The
      parking brake pedal lever is usually held in a depressed position engaging
      the vehicle wheel brakes via a ratchet arrangement or some other similar
      holding mechanism which can be manually released allowing the parking
      brake pedal lever to be pivotally moved in one other direction disengaging
      the vehicle brakes. In this form, the portion of the brake control
      apparatus 10 connected to the brake cable 18 is connected directly to the
      parking brake pedal lever pivotally moving the parking brake pedal lever
      in a direction engaging the vehicle brakes 16 and pivotally moving the
      parking brake pedal lever in a direction disengaging the vehicle brakes
      16. In this operational embodiment of the invention, the parking brake
      pedal lever is connected to the vehicle brakes 16 via the brake cables and
      the brake control apparatus 10 thus is connected to the vehicle brakes 16
      via the parking braking pedal lever.
PAR  In one other preferred operational embodiment of the present invention, the
      portion of the brake control apparatus 10 connected to the brake cable 18
      is directly connected to the emergency or parking brake linkage which is
      connected to the emergency brake bell on the rearward end portion of the
      vehicle transmission, the vehicle emergency brake bell being located with
      the emergency brake shoes on the end of the vehicle drive shaft, opposite
      the end connected to the vehicle wheels. This form of emergency or parking
      brake system is commonly utilized in truck type wheeled vehicles, for
      example. The brake control apparatus 10 operates to engage and disengage
      the vehicle brakes 16 by operating the emergency or parking brake linkage
      in a manner similar to that described before with respect to the parking
      brake pedal lever.
PAR  As mentioned generally before, the brake control apparatus 10 can be
      connected to the vehicle brakes 16 of an automobile or a trailer. In one
      preferred embodiment, the brake control apparatus 10 is connected to the
      trailer vehicle brakes or to the trailer vehicle brakes and the automobile
      vehicle brakes, the brake control apparatus 10 simultaneously engaging and
      disengaging the automobile and the trailer vehicle brakes, in the
      last-mentioned operational embodiment. In either event, when the brake
      control apparatus 10 is utilized to engage and disengage the vehicle
      brakes of the towed trailer type vehicle, the brake control apparatus 10
      is wired through the automobile vehicle ignition switch 12 in a manner
      exactly as if the brake control apparatus 10 were being utilized to
      operate the automobile vehicle brakes. Thus, the brake control apparatus
      10 operating the trailer brakes utilizes the battery power supply of the
      automobile which is particularly desirable in some applications where the
      trailer does not include a separate power supply. It should be noted that,
      when the automobile vehicle ignition switch 12 is turned to the off
      position, the trailer vehicle brakes will be engaged thereby assuring the
      trailer vehicle brakes are engaged prior to disconnecting the trailer from
      the automobile assuming the operator turns the vehicle ignition switch to
      the off position prior to disconnecting the trailer from the vehicle. In
      one other form, an override switch can be connected in parallel with the
      vehicle ignition switch and the override switch can be connected to the
      trailer hitching mechanism to assure the trailer vehicle brakes are
      engaged prior to unhitching the trailer from the automobile.
PAR  The brake control apparatus 10 operates to automatically engage and
      disengage the vehicle brakes 16 in response to the positioning of the
      vehicle ignition switch 12 in the off and the on positions, in a manner to
      be described in detail below. It is to be specifically understood that the
      term "vehicle brakes" as utilized herein and the diagrammatic showing of
      the vehicle brakes 16 in FIGS. 1 and 2 encompasses and refers to the
      various operational embodiments described above, the brake cable 18 being
      shown in the drawings and referred to below for the purpose of clarity and
      it being further understood that the brake cable 18 is not directly
      connected to the portion of the brake control apparatus 10 as shown in the
      drawings in some of the operational embodiments of the present invention
      as described before.
PAR  Referring more specifically to the brake control apparatus 10, as shown in
      FIGS. 1 and 2, includes a housing 24 adapted to be bolted or otherwise
      securedly affixed to a portion of the vehicle frame (not shown) and
      constructed to housingly support in operating positions some of the
      components and assemblies of the brake control apparatus 10. A motor 26 is
      secured to the housing 24 via bolts 28 and, in a preferred form, the motor
      26 is a twelve volt reversible motor having an off condition, an actuated
      forward condition and an actuated reverse condition. The motor 26 has an
      output drive shaft (not shown in the drawings) and rotatingly drives the
      output shaft in one direction of rotation in the actuated forward
      condition thereof, the motor 26 rotatingly driving the output shaft in the
      opposite direction of rotation in the actuated reverse condition thereof.
      Reversible motors constructed to rotatingly drive output shafts in
      opposite directions of rotation are well known in the art and commercially
      available.
PAR  The motor 26 drive shaft is connected to a threaded rod 30 via a reduction
      gear 32. The motor 26 thus rotatingly drives the rod 30 in a first
      direction of rotation 34 in the actuated forward condition of the motor 26
      and the motor 26 rotatingly drives the rod 30 in a second direction of
      rotation 36 in the actuated reverse condition of the motor 26. The rod 30
      is rotatingly driven via the motor 26 in the first and the second
      directions of rotation 34 and 36 at a reduced rotational rate of speed as
      compared to the rotational rate of speed of the motor 26 output drive
      shaft.
PAR  The end of the threaded rod 30, opposite the end connected to the motor 26,
      is threadedly disposed through a threaded opening 38 formed through a
      portion of a slide member 40. The slide member 40 includes a cylindrically
      shaped tube 42 having opposite ends 44 and 46, the threaded opening 38
      being formed through a central portion of the tube 42 and extending a
      predetermined distance therethrough intersecting the end 44 thereof
      forming what is sometimes referred to herein as the open end 44. The rod
      30 is thus threadedly connected to the slide member 40 or, more
      particularly, the tube 42, the rod 30 and the tube 42 being constructed
      such that the tube 42 is moved in the brake engaging direction 20 when the
      rod 30 is rotated in the first direction of rotation 34 and such that the
      tube 42 is moved in the brake disengaging direction 22 when the rod 30 is
      rotated in the second direction of rotation 36.
PAR  The slide member 40 includes a pair of cylindrically shaped guide arms 48
      and 50. One end of each of the guide arms 48 and 50 extends a distance
      radially from the tube 40, the guide arms 48 and 50 being oriented
      approximately one-hundred and eighty degrees (180.degree.) apart.
PAR  The guide arm 48 extends from the tube 48 and a portion of the guide arm
      48, generally opposite the end portion thereof connected to the tube 48,
      is slidingly and movably disposed through an elongated guide slot 52
      formed through a guide rail 54 and extending a predetermined distance
      generally between the opposite ends of the guide rail 54. The guide arm 48
      is retained in an assembled postion within the guide slot 52 via a
      retainer 55 secured to the guide arm 48 and engaging a portion of the
      guide rail 54 to prevent the guide arm 48 from being withdrawn through the
      guide slot 52. The guide arm 50 extends from the tube 48 and a portion of
      the guide arm 50, generally opposite the end portion thereof connected to
      the tube 40, is slidingly and movably disposed through an elongated guide
      slot 56 formed through a guide rail 58 and extending a predetermined
      distance generally between the opposite ends of the guide rail 58. The
      guide arm 50 is retained in an assembled position within the guide slot 56
      via a retainer 59 secured to the guide arm 50 and engaging a portion of
      the guide rail 58 to prevent the guide arm 50 from being withdrawn through
      the guide slot 56.
PAR  Each of the guide rails 54 and 58 is secured to the housing 24 and spaced a
      predetermined distance 60 apart, the guide rail 54 extending along the
      housing 24 generally parallel to guide rail 58. The guide rails 54 and 58
      are thus slidingly connected to the slide member 40 via the guide arms 48
      and 50, and the guide rails 54 and 58 cooperate to slidingly support the
      slide member 40, or, more particularly, the tube 42 for sliding movement
      in the brake engaging direction 20 and for sliding movement in the brake
      disengaging direction 22 during the operation of the brake control
      apparatus 10.
PAR  One end of a cylindrically shaped, elongated connector 62 is secured to the
      end 46 of the tube 42 and the connector 62 extends a distance from the end
      46 terminating with a threaded end portion 64. In one preferred form shown
      in FIG. 1, the guide arms 48 and 50 are constructed of a single, one-piece
      rod 51 which is disposed through openings in the tube 42 and positioned as
      described before to provide the two extending guide arms 48 and 50
      portions. In this form, one end of the connector 62 extends through the
      end of the tube 42 and the rod 51 extends through an opening in the end of
      the connector 62, the rod 51 being secured to the connector 62 via
      retainers 53 thereby securing the connector 62 to the end of the tube 42.
PAR  An adjusting nut 66 is threadedly disposed on the threaded end portion 64
      of the connector 62. A portion of the brake cable 18 is disposed through a
      hollow opening extending through a flexible hose 68 and the hose 68 is
      securely affixed to the threaded end portion 64 of the connector 62, a
      portion of the hose 68 engaging the adjusting nut 66. The adjusting nut 66
      thus positions the hose 68 and the brake cable 18 extending therethrough
      on the connector 62 in an adjustable manner so the tension of the brake
      cable 18 extending between the brake control apparatus 10 and the vehicle
      brakes 16, or, in some applications, providing what may be referred to as
      an adjustable length brake cable since the distance over which the brake
      cable 18 must extend between the brake control apparatus 10 and the
      vehicle brakes 16 is adjustable by adjusting the connection between the
      brake cable 18 and the connector 62 via positioning the adjusting nut 66.
PAR  A pair of flanges 70 and 72 are each secured to the guide rail 58, each
      flange extending a distance from the guide rail 58 and the flange 70 being
      spaced a distance 74 from the flange 72. A forward switch 74 is connected
      to the flange 70 and a portion 76 of the forward switch 74 is disposed
      between the flanges 70 and 72 engageable with the guide arm 50 when the
      slide member 40 is moved a sufficient distance in the brake disengaging
      direction 22. A reverse switch 78 is connected to the flange 72 and a
      portion 80 of the reverse switch 78 is disposed between the flanges 70 and
      72 engageable with a portion of the guide arm 50 when the slide member 40
      is moved a sufficient distance in the brake engaging direction 20. The
      forward switch 74 is spaced the distance 73 from the reverse switch 78
      since the switches 74 and 78 are each secured to the flanges 70 and 72.
PAR  The forward switch 74 and the reverse switch 78 are each connected to a
      control assembly 82, and the vehicle power supply 14 is connected to the
      control assembly 82 via the vehicle ignition switch 12 interposed
      therebetween, the control assembly 82 being interposed between the vehicle
      power supply 14, the forward and reverse switches 74 and 78 and the motor
      26.
PAR  During the operation of the brake control apparatus 10 when the vehicle
      ignition switch 12 has been moved to the off (open) position and the slide
      member 40 moved in the brake engaging direction 20 to a position wherein
      the guide arm 50 has engaged the reverse switch 78, the motor 26 is
      positioned in the off position and the vehicle brakes 16 are positioned in
      the engaged position via the connection between the brake control
      apparatus 10 and the vehicle brakes 16 via the brake cable 18. When the
      vehicle ignition switch 12 is placed in the on (closed) position by the
      vehicle operator, the vehicle power supply 14 is connected to the motor 26
      via the control assembly 82 positioning the motor 26 in the actuated
      reverse condition causing the rod 30 to be rotated in the second direction
      of rotation 36 moving the tube 42 in the brake disengaging direction 22.
      The slide member 40 continues to be moved in the brake disengaging
      direction 22 via the motor 26 until the guide arm 50 of the slide member
      40 is moved into engagement with the portion 76 of the forward switch 74.
      When the guide arm 50 engages the portion 76 of the forward switch 74, the
      vehicle brakes 16 are in the disengaged position and the engagement
      between the guide arm 50 and the forward switch 74 causes the control
      assembly 82 to disconnect the vehicle power supply 14 from the motor 26
      positioning the motor 26 in the off position.
PAR  When the vehicle ignition switch 12 is placed in the off (open) position by
      the operator, the vehicle power supply 14 is connected to the motor 26 via
      the control assembly 82 positioning the motor 26 in the actuated forward
      condition causing the rod 30 to be rotated in the first direction of
      rotation 34 moving the tube 42 in the brake engaging direction 20. The
      slide member 40 continues to be moved in the brake engaging direction 20
      via the motor 26 until the guide arm 50 of the slide member 40 is moved
      into engagement with the portion 80 of the reverse switch 78. When the
      guide arm 50 engages the portion 80 of the reverse switch 78, the vehicle
      brakes 16 are in the engaged position and the engagement between the guide
      arm 50 and the reverse switch 78 causes the control assembly 82 to
      disconnect the vehicle power supply 14 from the motor 26 positioning the
      motor 26 in the off condition.
PAR  As shown in FIG. 1 and as shown schematically in more detail in FIG. 2, the
      control assembly 82 includes a relay 84, a ground control switch 86 and a
      dash light relay 88. The control assembly 82 also includes a dash light 90
      and a manual override switch 92, the manual override switch 92 being
      interposed in the control assembly 82 for engaging the vehicle brakes 16
      without turning the vehicle ignition switch to the off position which may
      be desirable in some operational uses of the brake control apparatus 10.
      It should be noted that, in one sense, the forward and the reverse
      switches 74 and 78, the actuating guide arm 50, the motor 26, the vehicle
      ignition switch 12 and the vehicle power supply 14 are also part of the
      control assembly 82, all of the components and assemblies cooperating to
      automatically engage and disengage the vehicle brakes 16.
PAR  The relay 84 has four normally open contacts (open in a de-energized
      condition of the associated relay coil), two pair of power contacts 94
      connected in parallel and each connected to the armature of the motor 26,
      a pair of forward contacts 96 connected to the forward field of the motor
      26, and a pair of reverse contacts 98 connected to the reverse field of
      the motor 26, and two relay coils, a forward coil 102 and a reverse coil
      104. The forward coil 102 is associated with one of the power contacts 94
      and the forward contacts 96 to close the power contacts 94 and the forward
      contacts 96 in an energized position of the forward coil 102 and to open
      the power contacts 94 and the forward contacts 96 in a deenergized
      position of the forward coil 102. The reverse coil 104 is associated with
      the reverse contacts 98 and one of the power contacts 94 to close the
      reverse contacts 98 and the power contacts 94 in an energized position of
      the reverse coil 104 and to open the reverse contacts 98 and the power
      contacts 94 in a de-energized position of the reverse coil 104.
PAR  In a preferred form, the motor 26 is a reversible motor constructed for
      drivingly rotating the output shaft thereof in two directions, as
      mentioned before. The power contacts 94 are connected to a terminal 105
      and are connected via a conductor 106 to a conductor 108 which is
      connected to the positive side of the vehicle power supply 14 and to the
      motor 26, the power contacts 94 connecting the positive side of the
      vehicle power supply 14 to the armature of the motor 26 in a closed
      position thereof. The forward contacts 96 are connected to the terminal
      105 and are connected to the positive side of the vehicle power supply 14
      via the conductors 106 and 108 thereby connecting the vehicle power supply
      14 to the forward field of the motor 26 in the closed position of the
      forward contacts 96. The reverse contacts 98 are connected to the terminal
      105 and are connected to the positive side of the vehicle power supply 14
      via the conductors 106 and 108 thereby connecting the vehicle power supply
      14 to the reverse field of the motor 26 in the closed position of the
      reverse contacts 98. The motor 26 is constructed such that the motor 26 is
      positioned in the actuated forward condition when the power contacts 94
      and the forward contacts 96 are closed and such that the motor 26 is
      positioned in the actuated reverse condition when the power contacts 94
      and the reverse contacts 98 are closed.
PAR  One end of the forward coil 102 and one end of the reverse coil 104 are
      each connected to the terminal 105 connecting each of the coils of the
      relay 84 to the positive side of the vehicle power supply 14. The forward
      coil 102 is connected to the forward switch 74 via a conductor 110 and the
      reverse coil 104 is connected to the reverse switch 78 via a conductor
      112. The forward coil 102 is thus energized closing the power contacts 94
      and the forward contacts 96 when the forward switch 74 is closed and the
      conductor 110 is connected to ground via the ground control switch 86. The
      reverse coil 104 is energized closing the reverse contacts 98 and the
      power contacts 94 when the reverse switch 78 is closed and the conductor
      112 is connected to ground via the ground control switch 86.
PAR  As shown in FIG. 2, the forward and the reverse switches 74 and 78 are each
      normally closed, and each switch 74 and 78 is positioned in the open
      position upon engagement between the guide arm 50 and the portions 76 and
      80 of the forward and the reverse switches 74 and 78, respectively. The
      forward switch 74 is also connected to the contact 116 of the ground
      control switch 86, the forward switch 74 being interposed in the conductor
      110 between the ground control switch 86 and the relay 84. The reverse
      switch 78 is also connected to the contact 118 of the ground control
      switch 86, the reverse switch 78 being interposed in the conductor 112
      between the ground control switch 86 and the relay 84.
PAR  The ground control switch 84, more particularly , includes a relay coil 120
      and a relay arm 122, the relay arm 122 having a contact end 124 and the
      opposite end thereof being connected to ground. The contact end 124 of the
      relay arm 122 is positioned in contacting engagement with the contact 118
      connecting the conductor 112 to ground in a de-energized position of the
      ground relay coil 120 and in a closed position of the reverse switch 78.
      In the energized position of the ground relay coil 120, the ground relay
      arm 122 is moved to position the contact end 124 in engagement with the
      contact 116 connnecting the conductor 110 to ground in closed position of
      the forward switch 74. The ground switch 84 is shown in FIG. 2 in the
      de-energized position.
PAR  The ground relay coil 120 is connected to ground and to the positive side
      of the vehicle power supply 14 via the conductor 108, the dash light relay
      88 being interposed in the conductor 108 between the ground control switch
      86 and the vehicle power supply 14. The dash light relay 88 includes a
      coil 126 and a relay arm 128 having a contact end 130. The coil 126 is
      connected to ground and to the positive side of the vehicle power supply
      14 via a conductor 132, the vehicle ignition switch 12 and the manual
      override switch 92 are each interposed in series in the conductor 132
      between the dash light relay 88 and the vehicle power supply 14. The dash
      light relay 88 is shown in FIG. 2 in the deenergized position.
PAR  In the closed position of the vehicle ignition switch 12 and the manual
      override switch 92, the coil 126 is energized moving the contact end 130
      of the relay arm 128 into contacting engagement with a contact 134
      connecting the ground relay coil 120 to the vehicle power supply 14 via
      conductor 108 and the relay arm 128 interposed therein thereby energizing
      the ground relay coil 120. If either the vehicle ignition switch 12 or the
      manual override switch 92 are in the opened position, the vehicle power
      supply 14 is disconnected from the coil 126, breaking the contacting
      engagement between the contact 134 and the contact end 130 of the relay
      arm 128 thereby disconnecting the ground relay coil 120 from the vehicle
      power supply 14 and de-energizing the ground relay coil 120.
PAR  A fuse 137 is interposed in the conductor 108 between the vehicle power
      supply 14 and the dash light relay 88. The dash light 90 is connected to
      the vehicle power supply 14 and the contact 118 of the ground control
      switch 86 via a conductor 136. The dash light 90 is illuminated in a
      closed position of the vehicle ignition switch 12 when connected to ground
      via the ground control switch 86 indicating the vehicle brakes 16 are in
      the engaged position, the dash light 90 being positioned in the
      non-illuminated or off position in a disengaged position of the vehicle
      brakes 16. The dash light 90 provides an operator-perceivable indication
      that the vehicle brakes 16 are in engaged position.
PAR  Further, should the fuse 137 break indicating an electrical overload while
      the control assembly 82 is releasing the vehicle brakes 16, the ground
      control relay 86 is de-energized illuminating the dash light 90 to
      indicate a malfunction. If any malfunction occurs which causes the contact
      118 to be disconnected from ground, the dash light 90 is illuminated
      indicating the malfunction.
PAR  As shown in FIGS. 1 and 2, the guide arm 50 has been positioned in
      engagement with and opening the reverse switch 78, the manual override
      switch 92 is closed and vehicle ignition switch 12 is opened. In this
      position, the forward contacts 96 are open since the contact 116 of the
      ground control switch 86 is open, the reverse contacts 98 are open since
      the reverse switch 78 is open, and the dash light 90 is off since the
      vehicle ignition switch 12 is open. The vehicle brakes are thus in the
      engaged position and the vehicle has been rendered non-operative via the
      opening of the vehicle ignition switch 12. It should be noted that, in
      this position the dash light relay 88 is in the de-energized position
      since the vehicle ignition switch 12 is open.
PAR  When the operator turns the vehicle ignition switch 12 to the "on" or
      closed position, the vehicle power supply 14 is connected to the coil 126
      via the conductor 132 energizing the coil 126 and closing the relay arm
      128 into contacting engagement with the contact 134 thereby connecting the
      ground relay coil 120 to the vehicle power supply 14 via the conductor 108
      and the relay arm 128 interposed therein and energizing the ground relay
      coil 120. In the energized position of the ground relay coil 120, the
      ground relay arm 122 is moved to bring the contact end 124 thereof into
      contacting engagement with the contact 116 thereby connecting the forward
      coil 102 to ground via the forward switch 76 and the ground control switch
      86. When the forward coil 102 is connected to ground, the coil 102 is
      energized closing the power contacts 94 and the forward contacts 96
      thereby connecting the motor 26 to the vehicle power supply 14 via the
      power contacts 94 and the forward contacts 96 positioning the motor 26 in
      the forward condition.
PAR  In the forward condition of the motor 26, the slide member 40 is drivingly
      moved in the brake disengaging direction 22 in a manner described before.
      The slide member 40 continues to move in the brake disengaging direction
      22 until the guide arm 50 engages the forward switch 74 opening the
      forward switch 74. When the forward switch 74 is opened, the forward coil
      102 is disconnected from ground thereby disconnecting the motor 26 from
      the vehicle power supply 14 and positioning the motor 26 in the off
      position. The vehicle brakes 16 are thus automatically positioned in the
      engaged position upon the closing of the vehicle ignition switch 12.
PAR  After the vehicle brakes 16 have been positioned in the disengaged
      position, if the vehicle ignition switch 12 is then positioned in the off
      or open position, the coil 126 is disconnected from the vehicle power
      supply 14 deenergizing the coil 126 and breaking the contacting engagement
      between the contact end 130 of the relay arm 128 and the contact 134
      thereby disconnecting the ground relay coil 120 from the vehicle power
      supply 14 and deenergizing the ground relay coil 120. In the de-energized
      position of the ground relay coil 120, the contact end 124 is moved into
      contacting engagement with the contact 118 of the ground control switch 86
      thereby connecting the reverse coil 104 to ground via the conductor 112
      and the reverse switch 78. In this position, the reverse coil 104 is
      energized closing the power contacts 94 and the reverse contacts 98
      connecting the motor 26 to the vehicle power supply 14 via the power
      contacts 94 and the reverse contacts 98 positioning the motor 26 in the
      reverse condition.
PAR  In the reverse condition of the motor 26, the slide member 40 is drivingly
      moved in the brake engaging direction 20 in a manner described before. The
      slide member 40 continues to move in the brake engaging direction 20 until
      the guide arm 50 engages the reverse switch 76 opening the reverse switch
      76. When the reverse switch 76 is opened, the reverse coil 104 are each
      disconnected from ground thereby disconnecting the motor 26 from the
      vehicle power supply 14 and positioning the motor 26 in the off condition.
      The vehicle brakes 16 are thus automatically positioned in the engaged
      position upon the opening of the vehicle ignition switch 12.
PAR  The brake control apparatus 10 thus automatically positions the vehicle
      brakes 16 in the engaged and disengaged position in response to the
      positioning of the vehicle ignition switch. The manual override switch 92
      is positioned in the control assembly 82 to allow the operator to engage
      the vehicle brakes 16 in the closed position of the vehicle ignition
      switch 12, however, the manual override switch 92 cannot be utilized by
      the operator to disengage the vehicle brakes 16 when the vehicle ignition
      switch 12 is in the open or off position.
PAR  Changes may be made in the construction and the operation of the various
      parts or elements described herein without departing from the spirit and
      the scope of the invention as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A brake control apparatus for automatically engaging and disengaging the
      vehicle brakes in response to the positioning of the vehicle ignition
      switch in the on and the off positions, respectively, the brake control
      apparatus comprising:
PA1  a slide member connected to the vehicle brakes, including:
PA2  a tube, having a threaded opening extending a distance therethrough
      intersecting one end thereof forming an open end, the vehicle brakes being
      connected to a portion of the tube; and
PA2  a pair of guide arms, one end of each guide arm being connected to the tube
      and each guide arm extending a distance from the tube;
PA1  means for slidingly supporting the slide member for sliding movement in a
      brake engaging direction engaging the vehicle brakes and in a brake
      disengaging direction disengaging the vehicle brakes, including:
PA2  a pair of guide rails, each guide rail being disposed near the tube, the
      guide rails being disposed on opposite sides of the tube and each guide
      rail having an elongated guide slot extending therethrough, the end of
      each of the guide arms, opposite the ends connected to the tube, being
      slidingly disposed through the guide slot of one of the guide rails, the
      guide rails slidingly supporting the tube for sliding movement in the
      brake engaging direction and the brake disengaging direction;
PA1  forward switch means, actuated by the slide member in the disengaged
      position of the vehicle brakes, to switch the means moving the slide
      member from the actuated forward condition to the off condition;
PA1  reverse switch means, actuated by the slide member in the engaged position
      of the vehicle brakes, to switch the means moving the slide member from
      the actuated reverse condition to the off condition;
PA1  a power supply connectable to the means moving the slide member; and,
PA1  means connected to the ignition switch, the means moving the slide member,
      the forward switch means, the reverse switch means and power supply, for
      connecting the power supply to the means moving the slide member and
      positioning the means moving the slide member in the actuated forward
      condition in the closed position of the vehicle ignition switch, and
      connecting the power supply to the means moving the slide member and
      positioning the means moving the slide member in the actuated reverse
      condition in the off position of the vehicle ignition switch.
NUM  2.
PAR  2. The apparatus of claim 1 wherein one of the pair of guide arms is
      defined further as being engageable with the forward switch means in one
      position of the tube for actuating the forward switch means to switch the
      means moving the slide member from the actuated forward condition to the
      off condition and engageable with the reverse switch means in one other
      position of the tube for actuating the reverse switch means to switch the
      means moving the slide member from the actuated reverse condition to the
      off condition.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the slide member is defined further to
      include:
PA1  an elongated connector having one end secured to the tube, the connector
      extending a distance from the tube terminating with a threaded end
      portion; and
PA1  an adjusting nut threadedly connected to the threaded end portion at the
      connector;
PA1  vehicle brake cable means having a portion connected to the vehicle brakes
      and a portion connected to the connector via the adjusting nut, the
      adjusting nut adjustingly positioning the vehicle brake cable means on the
      connector.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the means moving the slide member is
      defined further to include:
PA1  a threaded rod, having one end disposed through the open end of the tube
      and threadedly disposed in a portion of the threaded opening of the tube,
      the rotation of the threaded rod in a first direction of rotation moving
      the tube in the brake engaging direction and the rotation of the threaded
      rod in a second direction of rotation moving the tube in the brake
      disengaging direction; and
PA1  a motor connected to the end of the threaded rod, opposite the end of the
      threaded rod disposed in the threaded opening of the tube, the motor being
      conditionable in the off condition, the actuated forward condition and the
      actuated reverse condition, the motor rotating the threaded rod in the
      first direction of rotation in the actuated forward condition thereof and
      the motor rotating the threaded rod in the second direction of rotation in
      the actuated reverse condition thereof.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the forward switch means and the
      reverse switch means each have an open and a closed position and each is
      positioned in the open position via the engagement of the slide member,
      the forward switch means being spaced a predetermined distance from the
      reverse switch means, the travel of the slide member between the forward
      and the reverse means in the brake engaging direction engaging the vehicle
      brakes prior to the engagement between the slide member and the reverse
      switch means and the travel of the slide member between the forward and
      the reverse switch means in the brake disengaging direction disengaging
      the vehicle brakes prior to the engagement between the slide member and
      the forward switch means.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the means connecting the power supply
      to the means moving the slide member is defined further to include:
PA1  power contacts connected to the armature of the motor and to the power
      supply, having an open and a closed position, connecting the power supply
      to the armature of the motor in the closed position;
PA1  a pair of forward contacts connected to the forward field of the motor and
      to the power supply, having an open and a closed position, the motor being
      positioned in the forward condition in a closed position of the power
      contacts and in a closed position of the forward contacts;
PA1  a pair of reverse contacts connected to the reverse field of the motor and
      to the power supply, having an open and a closed position, the motor being
      positioned in the reverse condition in a closed position of the power
      contacts and in a closed position of the reverse contacts;
PA1  a forward coil, having an energized position and a de-energized position,
      connected to the power supply and connectable to ground, the forward coil
      positioning the forward contacts and the power contacts in the closed
      position in an energized position of the forward coil connected to ground;
PA1  a reverse coil, having an energized position and a de-energized position,
      connected to the power supply and connectable to ground, the reverse coil
      positioning the reverse contacts and the power contacts in the closed
      position in an energized position of the reverse coil connected to ground;
      and
PA1  a ground control switch connected to the vehicle power supply via the
      vehicle ignition switch, having a ground connection, an energized position
      and a de-energized position, the ground connection being connected to the
      forward coil via the forward switch means in the closed position of the
      vehicle ignition switch positioning the ground control switch in the
      energized position, and the ground connection being connected to the
      reverse coil via the reverse switch means in the open position of the
      vehicle ignition switch positioning the ground control switch in the
      de-energized position.
NUM  7.
PAR  7. The apparatus of claim 6 defined further to include:
PA1  a dash light relay, having an energized position, a de-energized position,
      and a portion interposed between the ground control switch and the power
      supply connecting the ground control switch to the power supply in an
      energized position of the dash light relay and disconnecting the ground
      control switch and the power supply in a de-energized position of the dash
      light relay being connected to the power supply via the vehicle ignition
      switch and the dash light relay being energized in a closed position of
      the vehicle ignition switch and de-energized in an open position of the
      vehicle ignition switch.
NUM  8.
PAR  8. The apparatus of claim 6 defined further to include:
PA1  a manual override switch, having an opened and a closed position,
      interposed between the vehicle ignition switch and the ground control
      relay and connected in series with the vehicle ignition switch.
NUM  9.
PAR  9. The apparatus of claim 6 defined further to include:
PA1  a dash light connected to the vehicle ignition switch and the ground
      control relay, the dash light being illuminated in the closed position of
      the vehicle ignition switch when connected to ground via the ground
      control relay for indicating the positioning of the vehicle brakes in the
      engaged position.
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ABST
PAL  A firing device is provided for initiation of delay type seismic charge
      assemblies, which comprises means for conveying and guiding the charge
      assemblies, in the seismic test zone, into electrical initiation contact
      with one of any number of available pairs of electrical conductor
      surfaces, insulated from the other and adapted to connect with opposite
      poles of an external firing current source; and means for directing the
      thus initiated assemblies from the initiation zone, during the delay
      period, for subsequent detonation.
PAL  Also provided are elongated end-recessed seismic charge assemblies
      initiated in the above device; and seismic exploration system, and method,
      utilizing said device.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 818,475, filed Apr. 21, 1969, now U.S. Pat. No. 3,574,298.
BSUM
PAR  This invention relates to firing of explosive charges to generate seismic
      disturbances. In one aspect this invention relates to a firing device for
      sequentially electrically initiating explosive charges in a body of water
      and then directing the initiated charges outside the system for detonation
      in a seismic exploration zone. In another aspect this invention relates to
      electrically initiatable seismic explosive charge assemblies for
      underwater initiation in a firing device above described. In another
      aspect this invention relates to a system, including the above firing
      device, for generating seismic disturbances in a body of water. In another
      aspect this invention relates to a marine seismic exploration method
      utilizing the above system. Other aspects of the invention will be
      apparent in light of the accompanying disclosure and the appended claims.
PAR  Seismic exploration involves the introduction of energy into the earth to
      initiate wave action for determination of subsurface structure
      characteristics, and is based on the generation of seismic disturbances,
      or waves, in the earth's surface which are reflected or refracted from
      buried strata interfaces, and the like.
PAR  It has been general practice to detonate high explosives as the energy
      source for seismic exploration inasmuch as the energy generated provides
      for excellent seismic records. Unfortunately, in offshore exploration,
      shock energy from detonation of high explosives, particularly in large
      amounts, is unduly damaging to certain marine life including many of the
      important food and game species. Transport of high explosive seismic
      charges to the offshore seismic shooting site is subject to the limited
      quantity that governing authorities permit on the loading dock at any one
      time to minimize the safety hazards involved, which, in turn, limits the
      amount of high explosives that can be handled on the dock and impairs the
      efficiency at which the explosives can be loaded across the dock and
      transported to the exploration site. Particularly for these reasons the
      industry, in offshore practice, has turned to the use of nitrocarbonitrate
      (NCN) type seismic charges.
PAR  In offshore seismic exploration practice, the complete seismic charges are
      assembled on deck of a boat moving through the test area and then emplaced
      from the boat and detonated. General offshore technique in the handling of
      NCN charges on board ship has involved inserting a primer into the charge,
      inserting an electrically actuated detonator into the primer, attaching a
      depth control (float and string) to the assembled charge, and placing the
      charge in the water. Concurrently the boat travels at about six knots for
      a period sufficient to place a predetermined length of firng cable
      (position locater). Each such cycle requires a minimum of about two
      minutes, and accordingly, requires large charges, generally of from 50 to
      100 pounds, in order that a sufficiently strong signal be emitted at each
      test point.
PAR  The use of such large NCN charges is disadvantageous in many respects, viz.
      (1) explosive force from each detonation imparts damage to the hydrophone
      cable unless the cable is carried at a great distance from the detonation,
      and accordingly, general practice has been to utilize an additional boat
      for the cable thus incurring marked increase in costs; (2) a large
      quantity of these charges is necessarily maintained aboard ship which, in
      addition to the safety hazards involved, is economically undesirable from
      the standpoint of space, already at a premium, that must be available for
      storage; (3) such charges are of size and weight that they are difficult
      to handle aboard ship and particularly in heavy seas, and they require
      extensive manpower for loading at the dock and for being handled aboard
      ship for assembly and emplacement; (4) use of large NCN charges, in some
      instances, results in induly high fish kill; and (5) electrical
      communication lines, often of from 50 to 100 feet in length, extending
      from the boat deck to the charge, and auxiliary equipment, are always
      susceptible to becoming entangled to impair success of the shot, sometimes
      resulting in loss of the charge.
PAR  Small nitrocarbonitrate charges have been used in offshore seismic practice
      in an effort to overcome the disadvantages inherent in the use of larger
      charges. Such use of small nitrocarbonitrate charges has required
      emplacement and detonation of a proportionately larger number of charges
      in a given test area which in turn has required emplacement and shooting
      of charges more rapidly than were necessary in accordance with earlier
      practice. However even more so than for larger charges, the use of smaller
      charges has been seriously impaired by the unwieldy handling of the
      various communication lines from the boat to the charge and accordingly no
      appreciable advance has been provided by use of the smaller charges.
PAR  This invention is concerned with a firing device for rapidly and
      sequentially initiating small seismic charges in an underwater zone and
      for then directing the initiated charges to an external point for
      detonation to provide a strong seismic record and for doing so without
      damage that might otherwise be imparted to the firing device by force of
      the detonation, and at a rate providing energy necessary for compensation
      of that normally delivered by larger, but less frequently fired, charges.
      The invention is further concerned with such explosive charge assemblies,
      and with a seismic exploration system containing, and a seismic
      exploration method utilizing, such firing device.
PAR  In accordance with the invention a firing device for initiating delayed
      electrically initiatable seismic charge assemblies and then delivering the
      initiated charges for detonation outside the firing system, is provided,
      which comprises means for sequentially directing said charge assemblies
      along a path of continuous forward travel for electrical initiation of
      same; means, at a forward point on said path of travel, for receiving
      electric current for electrically initiating said charge assemblies and
      for contacting said charge assemblies as they travel along said path to
      transfer said current to said charge assemblies for initiation of same;
      and means for directing the thus initiated charge assemblies from said
      firing device during the delay period. Generally, the firing device
      includes open means for sequentially guiding the charge assemblies along
      the path of continuous forward travel; means for conveying the charge
      assemblies sequentially to the open guiding means and then into the path
      of continuous forward travel; and the means for effecting electrical
      contact with the charge assembly is supported at a forward point on the
      guiding means.
PAR  The now preferred firing device of the invention comprises a conduit, and a
      tray member extending from one end thereof; said tray member being adapted
      to sequentially guide such charge assemblies along a path of continuous
      forward travel thereon for electrical initiation of same, and for pivotal
      travel of the thus initiated charge as described hereinafter; said conduit
      being adapted to sequentially convey such charge assemblies to said tray
      and into said path of forward travel; means disposed in said path of
      forward travel for contact with each said charge assembly to cause
      electrical initiation of same; and stationary means forward of the
      initiating contact means for impact with the forwardly moving initiated
      charge assembly to direct pivotal travel of same from said tray member,
      about said contact means as a pivot point, in response to the impact.
PAR  Further in accordance with the invention, a system for generating seismic
      disturbances in a body of water is provided, which comprises a movable
      platform; means on said platform for storage of electrically initiatable
      seismic explosive charge assemblies; a firing device, as a submersed
      firing station, comprising (1) means for sequentially directing said
      charge assemblies along a path of continuous forward travel for electrical
      initiation of same, (2) means, at a forward point on said path of travel,
      for receiving electric current for electrically initiating said charge
      assemblies and for contacting said charge assemblies as they travel along
      said path to transfer said current to said charge assemblies for
      initiation of same, and (3) means for directing the thus initiated charge
      assemblies from said firing device during the delay period; a delivery
      conduit connecting said platform with said directing means of said
      submersed firing station; fluid pressure generating means on said platform
      connecting with said delivery conduit for sequentially moving said charge
      assemblies from said platform through said delivery conduit to said
      directing means, and then into and along said forward path of travel for
      said initiation.
PAR  The submersed firing station in the system of the invention is generally
      the now preferred firing device, often of integral construction, described
      more fully herebelow. Although the system can utilize any suitable movable
      platform, the latter is generally the deck of a boat for towing the firing
      station through the marine seismic zone.
PAR  Although any suitable means can be utilized in combination with the above
      described system, for detecting water pressure variations caused by the
      seismic disturbances, a streamer cable coupled to a tow boat as the
      movable platform, in combination with conventional auxiliary means on the
      boat deck, is generally utilized.
PAR  Further in accordance with the invention a seismic exploration method is
      provided wherein complete delayed electrically initiatable seismic charge
      assemblies are emplaced and fired in an underwater zone to provide energy
      for a seismic record, said method comprising sequentially conveying a
      plurality of said charge assemblies into, and along, a path of forward
      travel in said underwater zone; sequentially contacting said assemblies
      while they travel with a contact means disposed across said path of travel
      and including opposite poles of a firing current source so as to
      electrically initiate said charge assemblies concurrently with said
      contacting; and during the period of delay, sequentially directing travel
      of the thus initiated charge assemblies from the zone of the initiation
      into an adjacent area in said underwater zone for detonation. Generally,
      travel of the initiated charge from the initiation zone is directed
      pivotally about the electrical contact means as a pivot point; and, in
      general practice, a delivery tube, extending into the underwater seismic
      shooting zone, and connecting therein with the rearward end of a firing
      device of the invention, is towed through the shooting zone, and the
      seismic charges are sequentially delivered through the tube into the
      rearward end of the firing device for conveyance along the path of forward
      travel for the initiation, and subsequent detonation.
PAR  Further in accordance with the invention, an explosive charge assembly, for
      underwater seismic exploration, adapted to be electrically initiated upon
      traveling in the seismic shooting zone into contact with opposite poles of
      an electrical firing current source, and then directed away from said
      contact for subsequent detonation, is provided, which comprises an
      elongated shell having a closed interior along a portion of its length and
      an open end section adjacent the shell interior; a small seismic explosive
      main charge within said shell interior, and an electrically initiatable
      primer device for said main charge, supported therein and containing
      electrical conductor leads extending into said open end shell section for
      conveying electrical firing current from said firing current source for
      initiation of said primer; said conductor leads extending rigidly into
      said end section in substantially parallel relationship, and spaced apart
      at an angle greater than 90.degree. having its vertex on the longitudinal
      axis of said shell and measured in a plane normal to said axis.
DRWD
PAR  The invention is illustrated with reference to the drawings of which FIG. 1
      is a cross-sectional view of a now preferred embodiment of firing device
      including a conduit-tray assembly of integral construction together with
      an electrically initiating contact assembly and separate impact means for
      directing travel of the initiated charge from the device for subsequent
      detonation, and FIG. 1A is a forward end view thereof; FIG. 2 is an
      enlarged view, partially in cross section, of the contact assembly of FIG.
      1, FIG. 2A is an end view of the non-sectioned portion of FIG. 2, and FIG.
      2B is an unsectioned view of the opposite, and sectioned, end of the
      contact assembly of FIG. 2; FIG. 3 is also a view of the unsectioned end
      portion of FIG. 2, together with a diagram of now preferred firing current
      flow utilized in practice of the invention; FIG. 4 is an enlarged view of
      that portion of the device of FIG. 1 more clearly illustrating the manner
      in which the seismic charge is electrically initiated and directed for
      detonation outside the system; FIG. 5 is a cross-sectional view of a now
      preferred form of electrically initiatable delayed seismic charge assembly
      fired in a firing device of the invention; and FIG. 6 is a diagrammatic
      illustration of seismic exploration system, and method, utilizing a firing
      device of the invention. Like parts in the various figures of the drawings
      are identified by like index numbers.
DETD
PAR  Referring to FIG. 1, electrically initiated explosive charge assembly
      conveyor, or directing, conduit 11 of firing device 9 is threaded (threads
      7) at rearward end 8 for connection with a suitable hose type delivery
      conduit 6 for sequentially receiving elongated electrically initiatable
      delay type seismic charge assemblies 5 from hose 6 and then conveying them
      through forward end 11' for electrical initiation.
PAR  Open guide-support means 10 is a suitable tray type member adjacent and
      immediately forward of conduit 11, and is in open communication and direct
      alignment with conduit 11 for sequentially receiving the delay type
      seismic charge assemblies from conduit 11, as they are moved axially from
      conduit 11; and for guiding each charge assembly along a path of
      continuous forward travel to contact assembly 12, at or near the forward
      end 10a of guide member 10. Guide member 10 is open for travel of the
      seismic charge assembly therefrom, as described further herein.
PAR  Although tray type guide member 10 and conduit 11 can be connected in any
      suitable manner, as illustrated hereinafter, they constitute, in preferred
      practice, a single unit of integral construction, as shown. Conduit 11 and
      guide member 10 as an integral unit can be fabricated by cutting a relief
      from one end of a tube, or pipe, member along a suitable circumference say
      of from about 180.degree. to 300.degree.. Regardless of whether conduit 11
      and guide member 10 are of integral construction, guide member 10 is of
      shape and is secured to conduit 11 to sequentially receive the axially
      moving seismic charge assemblies from conduit 11 and guide them in a line
      of continued forward travel, maintained under force of fluid pressure
      toward contact assembly 12 at the forward end 10a. In a now preferred
      form, the inner wall 10b of guide member 10 is substantially coplanar with
      an adjacent inner wall portion of conduit 11 to facilitate travel of the
      seismic charge assembly from conduit 11 onto guide member 10.
PAR  Although the inside diameter of the conduit 11 of FIG. 1 can be constant,
      it is often advantageous that at least a rearwardmost end portion thereof
      be tapered in a forward direction to facilitate arrest and positioning of
      the charge assembly for conveying it to the guide member 10. Also, at a
      given velocity of fluid flow into the conduit an increase in fluid
      velocity takes place as the taper is continued to thus impart additional
      momentum to the moving charge assembly for the initiation and subsequent
      pivotal travel.
PAR  Contact assembly 12, in combination with guide member 10, is spaced from
      the forward end 11' of conduit 11 so that the distance of its rearwardmost
      point from conduit 11, is greater than the length of the particular
      seismic charge assembly 5, say from 1.1 to 1.3 times the length of the
      assembly, to provide a gap G between forward end 11' of conduit 11 and the
      rearward end 5a of the seismic charge assembly when ready for pivotal
      travel from guide member 10, as described hereinafter.
PAR  Bracket arm 32 and contact assembly 12, supported thereon, are disposed
      across the forward end of guide member 10 sufficiently to intercept the
      forward travel of the seismic explosive charge assembly on guide member
      10. The total shadow area of contact assembly 12 and its associated
      structure including bracket leg 32, i.e., the total area filled by that
      combined structure is sufficiently limited to facilitate linear flow of
      driving fluid around it from conduit 11, to facilitate guidance and
      support of the charge assembly along its path of forward travel on guide
      member 10, as specifically illustrated with reference to FIG. 1A. Contact
      assembly 12 is positioned so as to facilitate electrical initiating
      contact of any pair of the electrical conductor surfaces thereon with the
      seismic explosive charge assembly traveling on member 10. Generally, the
      assembly 12 is disposed so as to be in a central portion of the path of
      forward travel of the charge assembly.
PAR  Contact assembly 12, also shown in enlarged detail in FIG. 2, faces conduit
      11 and comprises header body 13 with the threaded (threads 20), and
      rearward, end 14 thereof facing conduit 11 and dielectric piece 15
      extending from rearward end 14 of header body 13 and facing conduit 11.
PAR  Dielectric piece 15 includes dielectric body 37 having separate electrical
      conductive surfaces 16-19, inclusive (see also FIG. 2A and elsewhere in
      the drawings), electrical conductor leads 21-24 (see also FIG. 2A and
      elsewhere in the drawings) extending forwardly from electrical conductive
      contact with surfaces 16-19, respectively, through conduits 21', 22', 23',
      and 24', respectively (see also FIGS. 2A and 3, and elsewhere in the
      drawings) for connection in pairs via connector system 25 with opposite
      poles of an electric firing current source outside the firing device 9.
PAR  Header body 13 of contact assembly 12 comprises elongated housing 26 having
      rearward and forward sections 27 and 28, respectively, extending in series
      therethrough. Rearward section 27 of housing 26 is externally threaded
      (threads 20); body 13 being threadably supported about threads 20 in
      bracket arm 32 extending across the forward end of guide 10 as a part of
      L-shaped bracket 33 supported by its other arm 34 extending along the
      exterior of guide member 10 and secured to guide member 10 by screw bolts
      36. External nut member 31 forward of threads 20 is integral with housing
      26 for engagement of suitable tool means for threadably emplacing header
      body 13 in arm bracket 32.
PAR  Dielectric body 37 extends coaxially with housing 26 rearward of section 27
      and is formed from any suitable electrical non-conductor material,
      generally a ceramic, or glass. Passageways 21', 22', 23', and 24' extend
      through body 37 substantially parallel to the axis thereof and generally
      equally spaced apart. Generally housing section 27 is tubular, and
      dielectric body 37 is cylindrical and connected, often in watertight
      relationship, with the inner wall of the housing section by a suitable
      braze 38 at the face of housing 26 rearward of threads 20.
PAR  The rearward end view of dielectric piece 15 (see FIG. 2A) i.e., facing
      conduit 11, further illustrates orientation of conductor surfaces 16-19,
      incl. As shown with reference to FIG. 2A, the entire rearward end surface
      39 of dielectric body 37 forms quadrants A-D, incl., each of which forms a
      V-shaped trough having the crest formed by a pair of adjacent quadrant
      radii and the valley defined by a line extending from the quadrant center
      to the side of body 37 in that quadrant toward the opposite, and forward,
      end 39' of body 37; each valley often substantially bisecting the quadrant
      angle and extending at an angle with the axis of body 37 of from about
      20.degree. to 30.degree.. Thus, for purpose of illustration, the surface
      in quadrant A on the rearward end 39 of body 37 forms a trough having
      radii r and r' at the crest and a valley v extending from center C toward
      the opposite side 39' of body 37 at an angle of say 30.degree. with the
      longitudinal axis of member 37; the trough opening from center C through
      the side of body 37. Quadrant surfaces B-D are similarly disposed. Each of
      passageways 21' , 22', 23', and 24' opens into direct communication with
      the surface of each quadrants A, B, C, and D, respectively, as separate
      conduits for conductor lead wires 21-24 extending from surfaces 16-19,
      respectively, in electrical contact therewith.
PAR  Electrical conductor surfaces 16-19, incl., are supported respectively on
      troughed quadrant surfaces A-D so as to be spaced from the quadrant radii
      except for which they respectively cover substantially the entire troughed
      quadrant surfaces. Each conductor surface 16-19, incl., is spaced adjacent
      quadrant radii along a pair of lines substantially parallel to the
      boundary radii to form a resulting pair of strips of uncovered quadrant
      surface adjacent each radius boundary line, and thus electrically
      insulating the corresponding adjacent conductor surfaces from each other.
      Thus, each pair (see also FIG. 3) of insulating strips 16' + 17', 17" +
      18', 18" + 19', and 19" + 16", disposed between a pair of adjacent
      electrical conductor surfaces 16-19, incl., forms an insulating edge
      portion on the rear face 39 of dielectric body 37 to insulate each
      conductor body from the other; dielectric edge portions (see FIG. 3) e,
      e', e", and e'", electrically insulating each of the conductor layers 16
      from 17, 17 from 18, 18 from 19, and 19 from 16, respectively.
PAR  Any suitable electrical connector means can be utilized in practice of the
      invention. As illustrated, connector means 25 is a system of separate
      conductor leads, attachable to the forward end 45 of the firing device,
      see particularly FIGS. 1 and 4, for separate engagement of leads 21-24
      extending from spacer 40 and connection of same with the firing current
      source via lines 43, 44, 46 and 47, respectively, see FIG. 3. Connector 25
      fits over the forward end of housing 26 in watertight relationship
      therewith, with female connections connecting each of lines 43, 44, 46 and
      47 respectively, with pins 21-24, incl.
PAR  Although contact of the seismic charge assembly with assembly 12, rigidly
      supported at the end of guide member 10, is sufficient to function both
      for the electrical initiation and for directing travel of the initiated
      charge from guide 10, a supplemental impact means is generally utilized to
      lessen the force striking the electrical conductor surfaces to reduce the
      chance for physical failure of the system over prolonged operating periods
      and facilitate direction of travel of the initiated charge for subsequent
      detonation. Support arm 32, forward of electrical contact surfaces 16-19,
      incl., is disposed so as also to serve as an impact member for directing
      travel of the initiated charge assembly from the device, when the charge
      assembly is recessed at the forward end as illustrated with reference to
      FIG. 5. Arm 32 extends across the forward end of guide member 10 a
      distance sufficient for support of contact assembly 12, as described
      herein, but short of that crossing the entire path of forward travel of
      the charge assembly. Arm 32 thus imposed across the path of forward
      travel, facilitates pivotal travel of the charge assembly from the firing
      device. Generally, a resilient washer type member 35 is positioned at the
      rearward side 32' of arm 32, to cushion the impact and reduce possibility
      for incurring damage to the charge assembly before completion of its
      pivotal travel from the firing device.
PAR  Referring to FIG. 5, seismic cartridge assembly 41 illustrates a now
      preferred embodiment of seismic charge assembly, such as assembly 5 of
      FIGS. 1 and 4, fired in a firing device of the invention. Assembly 41
      comprises elongated cartridge shell 42 with bottom end closure 43 and
      opposite, and top, wall closure member 44 spaced from open top end 46 to
      form a resulting recessed open end or shell portion 47 in direct and
      unobstructed open communication with the outside of shell 42. End closure
      44 contains passageway, or opening, 48 extending therethrough to directly
      communicate recess 47 and interior shell portion 49. Well member 51
      extends closed end first through opening 48 into operative contact with
      seismic charge 52, peferably of the NCN type, to support an electrically
      initiatable primer device 53 in detonating relationship therewith; and is
      supported at its open end in wall 44 in watertight relationship therewith
      in any suitable manner, generally by suitable friction support of indent
      54 on the inner wall surface of well 51.
PAR  Electrically initiated primer assembly 53 extends into well 51, closed end
      first, in detonating relationship with charge 52. Elongated primer shell
      57 of primer assembly, or device, 53 contains a high explosive base charge
      58 such as PETN, Pentolite, Tetryl, and the like, adjacent closed end 56.
      Primer charge assembly 59 in shell 57 is inclusive of any suitable primer
      composition and is superposed on high explosive base charge 58. Delay
      assembly 61, with delay fuse composition 62 is superposed on primer
      assembly 59 and is of composition and design conventionally used in
      electric delay blasting caps, and is advantageously pressed in either
      layered or cored form. The particular delay fuse composition and the
      degree of press and dimensions thereof, determine the time of burning; and
      in most embodiments selection of a specific delay fuse composition and
      correlation of same with the remaining variables in such as to provide a
      delay time in the order of from about 0.5 to about 2.0 seconds. Ignition
      composition 63, superposed on primer assembly 59, is that conventionally
      utilized in electric blasting caps. Lead wires 64 extend into primer shell
      57 through open end 66 and through conventional sealing plugs 67 and 68,
      terminating in ignition composition 63 and are connected therein by
      conventional resistance, or bridge, wire 69.
PAR  Delay fuse composition 62 is ignitable in response to ignition of ignition
      charge 63 and is spaced in ignition relationship therewith, ignition
      composition 63 being ignitable in response to heat developed by passage of
      firing current through bridge wire 69 via leg wires 64. The primer
      composition of assembly 59 is detonatable in response to heat and flame
      emitted from burning of delay fuse composition 62 and is disposed
      subjacent delay fuse 62 in detonating relationship therewith. High
      explosive charge 58 is detonatable in response to detonation of the primer
      composition and is disposed subjacent primer assembly 59 in that
      detonating relationship.
PAR  In a primer device of a complete charge assembly with which the invention
      is concerned, the ignition, primer, delay and base charge compositions are
      advantageously those utilized as such in the blasting cap art, for
      example, ignition charges such as lead-selenium, high explosive base
      charges such as pentaerythritol tetranitrate, pentolite, cyclonite,
      tetryl, RDX and cyclotol; primer charges such as diazodinitrophenol, lead
      azide and mercury fulminate; and delay fuse compositions such as lead
      oxide/boron (98/2), red lead/boron (98/2), barium
      peroxide/tellurium/selenium (40/40/20), barium peroxide/tellurium (60/40).
PAR  In preferred practice primer assembly 59 comprises a diazodinitrophenol
      wafer 59a pressed above, and superposed on elongated capsule 59b which
      extends within and substantially coaxially with shell 57 in closing, or
      near closing, relationship therewith. Capsule 59b is open at each end and
      is superposed on base charge 58 and contains a second diazodinitrophenol
      charge 59c of density lower than that of primer wafer 59a. Wafer charge
      59a is of sufficiently high density to be ignitable in response to contact
      with flame from ignition of delay fuse composition 62 as above described
      and diazodinitrophenol charge 59c is of sufficiently low density to be
      detonatable in response to heat developed by ignition of wafer charge 59a
      to thereby in turn cause detonation of base charge 58.
PAR  The amount of high explosive charge 58 in an assembly 53 of FIG. 5
      generally is greater than that utilized as base charge in a conventional
      No. 8 commercial blasting cap. For example, the amount of PETN, as a base
      explosive charge 58 is generally in the order of from about 0.8 to 1.5
      grams as compared with the conventional amount of 0.4 gram utilized as
      base charge in a No. 8 electric blasting cap. The amount of primer charge,
      e.g., charges 59a + 59c, of FIG. 5, is generally about the same as
      utilized in a conventional No. 8 blasting cap, often being from about 0.28
      to 0.30 gram. The amount, degree of press and dimensions of delay fuse 62,
      is dependent on the correlation of those variables with the desired
      burning rate, from 0.3 to 0.4 gram of delay fuse composition often being
      utilized, whether of the pressed layer or core type.
PAR  Lead wires 64 emerge from the interior of primer assembly 53 into recessed
      shell portion 47 of assembly 41 and in some instances they extend from,
      and beyond, recess 47 dependent upon the requirements of the particular
      firing device.
PAR  FIG. 3 diagrammatically shows the system of firing circuits of contact
      assembly 12, together with associated circuits connecting same with, and
      including, an external firing energy source, for receiving the electrical
      firing energy from the source and delivering same to the bridge wire for
      electrical initiation of the charge. The various circuits of FIG. 3 for
      opening through the bridge wire section 69 when each conductor surface of
      any pair of surfaces 16-19 is separately contacted by one of the two bared
      terminal ends 64a and 64b of lead wires 64, are summarized as follows:
TBL  The Firing Circuits                                                       
     Conductive    External Firing                                             
     Surfaces                                                                  
           Assembly 12                                                         
                   Energy Sources                                              
                               Assembly 12                                     
     Contacted                                                                 
           Surface                                                             
                Pin                                                            
                   Lead                                                        
                      Battery(s)                                               
                            Lead                                               
                               Pin                                             
                                  Surface                                      
     __________________________________________________________________________
     16 + 17                                                                   
           16   21 43 3, 2, 1                                                  
                            44 22 17                                           
     16 + 19                                                                   
           16   21 43 3     47 24 19                                           
     19 + 18                                                                   
           19   24 47 2     46 23 18                                           
     18 + 17                                                                   
           18   23 46 1     44 22 17                                           
     16 + 18                                                                   
           16   21 43 3, 2  46 23 18                                           
     19 + 17                                                                   
           19   24 47 2, 1  44 22 17                                           
     __________________________________________________________________________
PAR  In preferred practice, the main charge of the complete seismic charge
      assembly is a nitrocarbonitrate by which term ("nitrocarbonitrate") is
      meant there are no sensitizers or other ingredients in that composition
      which are high explosives, and the mixture will not detonate with a No. 8
      blasting cap when packed for shipment.
PAR  Nitrocarbonitrate type explosive charges, as is well known, contain at
      least one inorganic oxidizer salt, a fuel, and a suitable sensitizer
      together with various other well known ingredients such as one or more of
      an antiset agent, water repellent coating material or the like. Most often
      ammonium nitrate is the chief inorganic oxidizer salt ingredient alone, or
      with sodium nitrate or other suitable inorganic oxidizer salts. Further
      exemplary of inorganic oxidizer salts that can be used alone or together
      with ammonium nitrate as the inorganic oxidizer salt ingredient of
      nitrocarbonitrates are alkali metal and alkaline earth metal nitrates and
      perchlorates (including ammonium) as for example sodium nitrate, magnesium
      nitrate, calcium nitrate, potassium nitrate, barium nitrate, sodium
      perchlorate, ammonium perchlorate, calcium perchlorate and magnesium
      perchlorate. Well known sensitizer materials for nitrocarbonitrates
      include DNT and particulate aluminum alone or together with suitable fuels
      such as, for example, powdered coal, fuel oil, ferrosilicon,
      ferrophosphorous and the like. The following formulations (weight percent
      bases) are further illustrative of nitrocarbonitrate type charges above
      described and now preferred in practice of the invention:
TBL              A    B      C      D     E    F                               
     ______________________________________                                    
     Ammonium Nitrate.sup.(1)                                                  
                   82     91     86   79    91   78                            
     Sodium Nitrate                                                            
                   --     --     --   10    --   --                            
     DNT.sup.(2)   --     5      --   51/2  5    5                             
     Aluminum.sup.(3)                                                          
                   6      --     10   --    --   12                            
     Fuel Oil      4      --     --   11/2  --   1                             
     Ferrosilicon  8      --     --   --    --   --                            
     Ground Coal   --     4       4    4    4    4                             
     ______________________________________                                    
      .sup.(1) Ground prills, formulations A, B, C and D; granular, formulation
      E and F                                                                  
      .sup.(2) Dinitrotoluene oil, formulations B, D and E; solid              
      dinitrotoluene, formulation F                                            
      .sup.(3) Flake, formulations A and C; granular, formulation F            
PAR  The generally preferred nitrocarbonitrates contain (weight basis) from
      about 75 to 95 percent total inorganic oxidizer salt and at least 5
      percent of a suitable sensitizer component together with a separate fuel
      component when desired. More often ammonium nitrate, preferably in the
      form of ground prills, is the only inorganic oxidizer salt although it can
      be advantageously utilized as such, in an amount of from 75 to 90 percent
      together with from about 1 to 15 percent sodium nitrate. Now preferred
      sensitizer components are DNT oil, DNT solids, particulate aluminum, and
      mixtures of any two or more thereof, in a total amount of from about 5 to
      20 percent, at least about 5 percent of the particulate aluminum being
      flake. Also, in preferred practice, the nitrocarbonitrate charge contains,
      as a separate fuel component, fuel oil, ground coal, granular aluminum or
      a mixture of two or more thereof, in any suitable amount, generally from 2
      to 15 percent.
PAR  When referring herein to small nitrocarbonitrate seismic charges, it is
      meant those which generally have a weight from 150  to 3 lbs. and a
      diameter of at least 1/2 inch and usually not exceeding about 3 inches.
      However, in some off-shore exploration areas, a nitrocarbonitrate charge
      of any suitable size can be utilized and indeed the explosive charge can
      be a dynamite or other suitable high explosive.
PAR  In the operation of the firing device, in accordance with a now preferred
      embodiment of the invention, illustrated with reference to the drawings, a
      complete charge assembly 5, such as assembly 41 illustrated with reference
      to FIG. 5, is transferred from a supply source under force of fluid
      pressure (generally pressure of water pumped from an adjacent water body)
      into delivery conduit 11, recessed end first, into and conveyed through
      conduit 11 to guide member 10 and into a path of continuous forward travel
      on member 10 for the electrical initiation. The charge assembly continues
      forward travel on tray 10 under force of the fluid pressure and is guided
      along that path of travel not only by side wall portions of the member 10
      but by force of flow of water (in the water immersed device) displaced by
      the forward traveling charge assembly, which passes the contact member 12
      by virtue of the small shadow area of assembly 12 and arm 32, as
      illustrated with reference to unobstructed area 12a intermediate
      assemblies 12 and 32 and the inner wall 10b of member 10. The charge
      assembly is guided on tray 10 in alignment with the contact assembly, and
      is directed toward contact assembly 12 so as to cause each of the
      electrically uninsulated ends 64a and 64b of the lead wires 64 to contact
      a separate conductor surface of surfaces 16-19, on the face 39 of member
      12.
PAR  The depth of recess 47 of the charge 5 is at least as great as, and the
      depth of each trough surface 16-19, incl., is less than, the length of
      that portion of contact assembly 12 extending rearwardly from impact means
      35. Each of lead wires 64 terminates within the recess 47 but near the end
      46 thereof so as to ride along, or move toward, the bottom of each of the
      particular pair of conductor surfaces and then be forced, and often
      crushed, into the requisite electrical contact. Hence the longitudinal
      distance d from center C to the forward end of each valley, is less than
      the distance d' of the contact assembly rearwardly of the impact member
      35. When assembly 5 has traveled to the forewardmost position, the end 46
      has abutted impact member 35 and wires 64 have, in the instance shown,
      straddled insulating strip e and ridden along conductor surfaces 16 and 17
      into direct electrical contact therewith. However, because the length of
      each wire in recess 47 is greater than the depth of the trough into which
      it is moved, it is crushed, or, alternatively, caused to bend back,
      against the conductive surface to permit complete forward travel of the
      assembly to the impact means.
PAR  It is necessary that the lead wires be of sufficient gauge and that they be
      so disposed, so as to extend from the interior of the charge assembly 41
      into the recessed area 47 with suitable rigidity and in spaced
      relationship with each other so as to avoid electrical contact of the two
      wires with the same conductor surface. In this manner, independently of
      the particular degree of rotation of the charge assembly, the spaced wires
      in recess 47 "straddle" the center C, or one of the insulator edge
      portions e, e', e", or e'", of the dielectric piece 15 and, then, in
      response to continued forward travel of the charge they spread so as to
      "ride" along the separate conductor surfaces for the electrical contact.
      As diagrammatically illustrated in FIG. 3, regardless of which pair of
      conductor surfaces is contacted, the circuit is completed to lead firing
      current into the charge to ignite the ignition mixture and hence initiate
      the charge. To assure that the separate lead wires contact separate
      conductor surfaces, the lead wires 64 extend within recess 47 in
      substantially spaced apart relationship at an angle, greater than
      90.degree., having its vertex on the longitudinal axis of the charge
      assembly shell and measured in a plane normal to the shell axis.
PAR  When charge assembly 5 comes into contact with contact assembly 12, lead
      wires 64 establish electrical contact with the firing current source
      through any two conductive surfaces to cause electrical initiation of the
      charge and, within the set period of delay, the charge member is moved
      forward, with the recess end encompassing contact assembly 12, until the
      rim 46a of the forward end 46 of the charge assembly impacts resilient
      washer type impact member 35 for travel from the firing device.
PAR  Upon contact of the charge assembly with contact assembly 12, initiation of
      the charge takes place with burning of the delay fuse to delay detonation
      of the primer and the base charges to provide time for pivotal travel of
      the initiated charge about contact assembly 12 from tray member 10 for
      detonation at an external point.
PAR  As the charge assembly comes to a stop upon contacting the assembly 12,
      driving fluid still flowing through conduit 11 flows away from the device
      through the rear spacing, or gap G, which unbalances the assembly unit and
      causes it to pivot about contact assembly, as the pivot point, and to thus
      pivotally travel from the device, as illustrated. However, in this
      embodiment, particularly as illustrated with reference to FIG. 4, it is
      preferred that the bracket member 32 extend from guide member 10 short of
      complete interception of the path of forward travel of the seismic charge
      assembly so that upon impact (A) of the charge assembly with the member
      35, the forward momentum of the assembly at points out of contact with
      member 35 will not be arrested and will therefore facilitate pivotal
      travel (B) of the charge assembly about the contact assembly 12 for travel
      (C) to the shooting zone.
PAR  Although in the embodiment described, the contact member of the firing
      device of the invention has four separate electrically conductive
      surfaces, any number of conductive surfaces suitably disposed as one or
      more separate conductor pairs can be utilized.
PAR  In one such additional embodiment, the end surface of the dielectric body
      facing the conveyor conduit 11 of FIG. 1, i.e., facing the line of forward
      travel of each charge assembly, is shaped as a V having the vertex along a
      line through the center C (FIG. 2A) with its sides extending toward the
      forward end, and through the side, of the dielectric body. The V-shape
      member, except for the rearwardmost insulating edge portion, is
      substantially completely covered with an electrically conductive material,
      and the resulting electrical conductive surfaces are connected with
      suitable lead means for communicating the conductive surfaces with a
      firing current source outside the device.
PAR  In the operation of that embodiment, to assure that the terminating and
      bared ends of the conductor wires are disposed for forward travel of each
      wire into contact with a separate conductor surface, the lead wires extend
      from the primer shell in substantially parallel relationship, spaced from
      each other on opposite sides of the charge axis on a line of centers
      passing through the axis; and each lead wire terminates in an L with the
      terminating ends of the L's angularly extending from the line of centers
      of the parallel legs of the L's in opposing directions toward the shell
      exterior. In that manner, independently of the degree of rotation of the
      charge assembly upon initial contact with the contact assembly, the lead
      wires are guided so as to "straddle" the insulating edge portion and thus
      move into electrical contact with the separate electrical conductive
      surfaces.
PAR  Although in preferred practice, the forwardly moving charge assembly is
      moved pivotally from the firing device, it can be moved laterally from
      guide member 10 in the manner disclosed, and illustrated, in my copending
      parent application Ser. No. 818,475, filed Apr. 29, 1969, above referred
      to. In that practice, the shadow area of contact assembly 12 and arm 32 is
      adjusted to partially deter flow of fluid past assembly 12 and cause it to
      flow laterally from tray 10 and hence cause lateral travel of the
      initiated charge from the tray. Optionally, a by-pass on the outside of
      the tray 10 with one end opening into conduit 11 and the other opening
      into guide tray 10 to laterally deliver fluid from conduit 11 against the
      charge can be utilized to move the initiated charge laterally from the
      firing device.
PAR  In another embodiment as disclosed and illustrated in the above referred to
      parent application, a tray member 10 is not required in the firing
      mechanism. In that practice the conduit conveys the charge assembly along
      a line of forward travel for contact with a contact assembly 12. The
      supporting arm member for contact member 12 is adapted to pivot about a
      point above guide member 10 to thereby pivotally move out of the path of
      forward travel of the charge to permit the charge to move linearly, after
      electrical initiation, from the device into the adjacent seismic area for
      the detonation.
PAR  In still another embodiment disclosed and illustrated in the above referred
      to copending parent application, the contact assembly 12 is supported on
      an arm of a bell crank lever assembly facing its interior toward the
      forward moving charge and laterally away from the top side of the guide
      assembly, and, in response to impact, the travel of the electrically
      initiated charge assembly from the firing device is directed by a sweeping
      action of the bell crank lever, about its pivot.
PAR  Contact assembly 12 can be assembled in any suitable manner. Thus, see
      FIGS. 2, 2A, 2B, 3 and 4, a separate dielectric body unit 37 can be
      contoured to provide the troughed end surfaces in quadrants A-D, incl.,
      with a peripheral cut-out on the forward end for seating header body 13,
      and passageways 21'-24', incl., are formed therethrough.
PAR  A suitable liquid metallizing compound such as a liquid
      molybdenum-manganese mixture is then deposited on each of the troughed
      dielectric surfaces and extended a short distance into each of the
      passageways 21'-24', incl., connecting therewith, followed by insertion of
      pins 21-24 in the corresponding passageways into electrical contact with
      the metallized liquid at the rear of each passageway, and extending each
      conductor pin from the respective mass of liquid metal through the header
      body 13 for connection with an external power source. Similarly, a small
      mass of liquid metallized compound is placed on the peripheral notched
      surface of body 37, and header 13 is then seated in the thus "peripheral
      notch" of body 37 rearward of threads 20 for subsequent formation of seal
      38. The resulting combination of dielectric body and header body with the
      metallized liquid masses applied as described, is then oven heated to
      braze the metallic coating and seal material to the assembly parts to
      provide brazed seal 38 connecting header body 13 and dielectric piece 15
      including brazed electrical contact of the conductor pins with their
      respective electrical conductor surfaces 16-19, as specifically
      illustrated with reference to brazed seals 16' and 17' of FIG. 2. The
      conductors 21-24, incl., extending from dielectric body 37 are supported
      in spaced apart relationship in any suitable manner such as by a suitable
      potting material in section 28 of housing 26, or, as illustrated, by
      insertion of a ceramic space element 40 having spaced apart passageways
      21"-24", incl., each positioned for accepting, and supporting, one of
      conductor pins 21-24 for extension of same to suitable electrical
      connecting means for connection with the firing current outside the firing
      device. In the emplacement of spacing element 40, it is first metallized
      on its circumference and then solder-plated over the metallized surface;
      and it is then positioned at the forward end of section 28 in engagement
      with the conductor pins extending therethrough, and oven-soldered to the
      header inner wall. The soldering step is effected subsequent to the
      completion of the sealing, or brazing, steps described with reference to
      dielectric pins 15 and conductor surfaces 16-19.
PAR  System and method of the invention are diagrammatically illustrated with
      reference to FIG. 6. Referring to FIG. 6, charge assembly storage 71 on
      deck 72 of tow boat 73 provides for storage of a supply of electrically
      initiatable charge assemblies such as of FIG. 5. Charge assemblies from
      storage 71 are sequentially loaded into cartridge loader, or breech block
      assembly, 74 through hinged top 76. Water pump system 77 supplies water
      from water body 80 under pressure via intake and discharge lines 78 and
      78' respectively to loader 74 at the rear 79 thereof. Reel 81 on boat deck
      72 supports a streamer cable described hereinafter. Flexible seismic
      charge deliverying hose 82 extends from loader 74 to a conveying conduit
      of a firing device of the invention, as for example, conduit 11, of FIG.
      1, for sequential delivery of the electrically initiatable charge
      assemblies for initiation and firing, as the firing device is towed by
      boat 73 through the seismic exploration area. Water, under pressure, from
      pump system 77 forces travel of each charge, from loader 74 through hose
      82 and into and through the firing device 9, as described hereinabove, and
      connecting with suitable electric power source 70 on deck 72.
PAR  Streamer cable assembly 83, of conventional design, comprises a hydrophone
      cable 84 and tow cable 84'; cable 84 contains a plurality of hydrophone
      groups 86 integrally connected in spaced apart relationship along the
      entire length thereof, and is connected at one end by tow cable 84' to
      reel assembly 87 for reeling and towing. Suitable well-known means (not
      shown) are associated with streamer cable assembly 83 to stabilize its
      position at a predetermined depth in the body of water; and suitable means
      (not shown) for communicating hydrophone groups 86 with recorder means on
      the boat deck, extend from within cable 84 along side tow cable 83 via
      reel assembly 73.
PAR  In practice, streamer assembly 83 is towed through the water body during
      which time the seismic charges are detonated outside the system at
      predetermined intervals, and distances, to initiate seismic shock at the
      predetermined points in the test area. Disturbances produced by the shot,
      or shock, are detected by the hydrophone groups which convert those
      pressure variations into electric signals which are then communicated to
      the boat for recording.
PAR  In preferred practice, particularly as illustrated with reference to FIG.
      6, the invention provides for direct supply of firing energy to, and from,
      the emplaced charge via individual insulated supply and return lines
      permanently supported as a single strand on the delivery conduit. The
      invention thus eliminates the need for unwieldy leg wire type
      communication for each individual charge utilized in conventional
      underwater firing systems; and it also maintains the surrounding water
      body electrically neutral with elimination of safety hazards associated
      with accidental firing of the charge by action of stray currents, static
      charges, radio signals and the like, utilized in conventional firing
      systems in which the firing circuit is grounded along a conductive path
      through the water body for return connection with the power source.
      However, it is to be understood that it is within the scope of the
      invention to utilize any suitable firing circuit for communicating firing
      energy to the seismic charge when the latter is delivered to the firing
      mechanism for firing.
PAR  The invention further provides that, during seismic firing, the time-zero
      point can be measured and recorded directly in response to detonation of
      the charge in view of the invention's controlled positioning of the charge
      for detonation, thereby eliminating need for measuring the time-zero point
      in response to explosion of the resistance wire in conventional
      electrically fired seismic systems in which the charge cannot be reliably
      positioned for that purpose.
PAR  Although method and system of the invention illustrated with reference to
      FIG. 6, each involves operation of a single firing device from a boat
      deck, it is often advantageous from the standpoint of practicability to
      have a plurality of the firing devices available for such operation
      completely independently of the other. Availability, and use of a
      plurality of such independently operated firing devices provides for (1) a
      routine maintenance of one device, and associated system, during "on-time"
      of another, without interrupting continuous profiling operations, (2) the
      operation of a plurality of the devices simultaneously for increased
      seismic energy; and (3) operation of the devices, alternately, to meet
      high multiplicity requirements.
PAR  It will be evident to those skilled in the art, various modifications can
      be made or followed, in light of the foregoing disclosure and discussion
      without departing from the spirit or scope of the disclosure or from the
      scope of the claims.
CLMS
STM  What I claim and desire to protect by letters patent is:
NUM  1.
PAR  1. A firing device for initiating electrically initiatable seismic charges
      assemblies having a delay period intermediate initiation and detonation of
      same, and then delivering the initiated charge assemblies for detonation
      outside the system, which comprises means for sequentially directing said
      charge assemblies along a path of continuous forward travel for electrical
      initiation of same; contact means, at a forward point on said path of
      travel, for receiving electric current for electrically initiating said
      charge assemblies and disposed in a stationary position for intercepting
      contact with said charge assemblies as they travel along said path to
      transfer said current to said assemblies for initiation of same; and means
      in response to contact of said charge assemblies with said contact means
      for directing the thus initiated charge assemblies from said firing device
      during said delay period.
NUM  2.
PAR  2. In a firing device of claim 1, open means for sequentially guiding said
      charge assemblies along said path of forward travel; means for conveying
      said charge assemblies sequentially to said guiding means and then into
      said path of forward travel; and said contact means supported at a forward
      point on said guiding means.
NUM  3.
PAR  3. In a firing device of claim 2, said contact means spaced in a central
      portion of said path of forward travel, and stationary means forward of
      said contact means for impact with the forwardly moving initiated charge
      assemblies to direct travel of each said initiated assembly from said
      firing device, through an open side of said guide means.
NUM  4.
PAR  4. In a device of claim 3, a conduit as said conveying means; and a tray
      member as said open guide means, at one end of said conduit.
NUM  5.
PAR  5. In a firing device of claim 4, said conduit and said tray member
      constituting an integral unit of construction.
NUM  6.
PAR  6. In a firing device of claim 3, said contact means comprising a rigidly
      supported dielectric body having at least one pair of electrical conductor
      surfaces electrically insulated from the other and facing said conduit;
      means for respectively connecting the member surfaces of said pair(s) with
      opposite poles of a source of firing current; and said pair(s) of
      conductor surfaces being positioned to engage said seismic charge in said
      contact.
NUM  7.
PAR  7. A firing device of claim 6, wherein said dielectric body is attached to
      said tray member and is elongated and disposed substantially coaxially
      with said conduit; two separate pairs of said electrical conductor
      surfaces, and each said conductor surface disposed in a separate quadrant
      on the end of said dielectric body facing said conduit.
NUM  8.
PAR  8. In a firing device of claim 7, each said conductor surface supported on
      a central portion of, but spaced apart from the boundary radii forming,
      the dielectric quadrant surface containing same.
NUM  9.
PAR  9. In a firing device of claim 8, said dielectric body being substantially
      cylindrical, and the dielectric surface of each said quadrant extending as
      a trough from the center of the diametric cross section forwardly of said
      dielectric body through the perimeter thereof.
NUM  10.
PAR  10. In a firing device of claim 9, said dielectric surface of said body, in
      each said quadrant, being of V-shape having the crest formed by the
      boundary radii forming same and a valley extending from the quadrant
      center toward the forward end of said dielectric body and through the
      quadrant side; a layer of an electrically conductive material supported on
      each quadrant surface, spaced from the boundary radii of said quadrant
      surface, and covering substantially the remainder thereof, whereby each
      electrically conductive layer is electrically insulated from the other;
      and an electrically conductive lead forwardly extending through said
      dielectric body from electrical contact with each conductor surface; and
      means for respectively connecting any pair of said leads with opposite
      poles of a firing current source external to said firing device.
NUM  11.
PAR  11. A firing device of claim 10, wherein each said valley extends from the
      quadrant center at an angle of from 20.degree. to 30.degree. with the
      longitudinal axis of said dielectric body, and each conductor surface is
      spaced from its boundary radii so as to form a resulting continuous strip
      of said dielectric surface free from said conductive material, to thereby
      electrically insulate each said surface from the others.
NUM  12.
PAR  12. A firing device for sequentially initiating delay type electrically
      initiatable end-recessed elongated seismic charge assemblies in an
      underwater siesmic test area, and then directing the thus initiated
      charges from the firing device during the delay period, and said charge
      assemblies having electrical conductor leads extending from the interior
      into the recessed end thereof, for carrying the requisite firing current,
      said firing device comprising a conduit for sequentially conveying said
      charge assemblies, recessed end first, into a path of forward travel in
      the underwater test zone, and an elongated tray shape member connecting
      with the forward end of said conduit in substantially coplanar
      relationship with a wall portion of said conduit for guiding said charge
      assemblies along said path; a rigidly secured arm member extending from
      said guide member across a central portion of the forward end thereof and
      across the extended longitudinal axis of said conduit in a plane
      substantially normal to said axis, at a distance from said conduit of at
      least 1.1 times the length of each said charge assembly, but so extending
      from said guide member a distance less than the diametric distance across
      said conduit; a cylindrical dielectric body disposed at one end of said
      guide member substantially coaxially with said conduit, and supported at
      its forward end in said arm member and within the confines of same,
      thereby providing; together with said arm, an open area on said path
      adjacent said arm and dielectric body supported therein; a layer of an
      electrically conductive material supported on each quadrant surface of
      said dielectric body facing said conduit, and spaced from the boundary
      radii of said quadrant surface but covering substantially the remainder
      thereof, whereby each electric conductive layer is electrically insulated
      from the other; an electrically conductive lead forwardly extending
      through said dielectric body from electrical contact with each conductor
      surface; means for respectively connecting any pair of said leads with
      opposite poles of a firing current source external to said firing device;
      and said cylindrical dielectric member rearwardly extending from said arm
      member a distance not greater than the depth of said recess portion of
      said charge.
NUM  13.
PAR  13. An explosive charge assembly for underwater seismic exploration,
      adapted to be electrically initiated upon traveling in the seismic
      shooting zone into contact with opposite poles of an electric firing
      current source and then directed away from said contact for subsequent
      detonation, comprising an elongated shell having a closed interior along a
      portion of its length, and an open end section adjacent the shell
      interior; a small seismic explosive charge, as the main explosive charge,
      within said shell interior, and an electrically initiatable primer device
      for said main charge supported in said main charge and containing
      electrical conductor leads extending into said open end shell section for
      conveying electrical firing current from said source for initiation of
      said primer; said conductor leads extending into said end section in
      substantially parallel and rigid relationship, and spaced apart at an
      angle greater than 90.degree. having its vertex on the longitudinal axis
      of said shell and measured in a plane normal to said axis.
NUM  14.
PAR  14. An explosive charge assembly of claim 13 wherein said primer comprises
      a closed elongated shell, said pair of conductor leads extending into, and
      terminating in, said primer shell, through one end thereof, and a
      resistance wire within said primer shell connecting the terminating ends
      of said conductor leads; an ignition charge within said primer shell
      disposed in operative communication with said resistance wire to ignite in
      response to heat developed by passage of electric current through said
      bridge wire via said conductor leads; a high explosive within said primer
      shell, as a base charge spaced from said ignition charge; a primer charge
      intermediate said ignition charge and said base charge; a slow burning
      composition, as a delay fuse, intermediate said primer charge and said
      ignition charge, and ignitable in response to ignition of said ignition
      charge and spaced in ignition relationship therewith; said primer charge
      being detonatable in response to ignition of said delay fuse composition
      and spaced in detonating relationship therewith; and said base charge
      being detonatable in response to detonation of said primer charge and
      spaced in detonating relationship therewith.
NUM  15.
PAR  15. A seismic charge assembly of claim 14 in which said seismic explosive
      charge is a nitrocarbonitrate.
NUM  16.
PAR  16. A seismic charge assembly of claim 15 containing from 1/8 to 3 lbs. of
      said nitrocarbonitrate charge.
NUM  17.
PAR  17. An explosive charge assembly of claim 16 in which the total length of
      the cartridge shell is within the range of from 13/4 to 3 inches.
NUM  18.
PAR  18. A complete seismic charge assembly of claim 17 wherein said primer
      charge of said primer device comprises a combination of (1) a
      diazodinitrophenol wafer, in direct open communication with said delay
      fuse, and of sufficiently high density to ignite in response to ignition
      of said delay fuse, and (2) a mass of diazodinitrophenol intermediate said
      wafer and said base charge, and of sufficiently low density to detonate in
      response to ignition of said wafer.
NUM  19.
PAR  19. A system for generating seismic disturbances in a body of water which
      comprises: a movable platform; means on said platform for storage of
      electrically initiatable seismic delay type explosive charge assemblies; a
      firing device, as a submersed firing station comprising (1) means for
      sequentially directing said charge assemblies along a path of continuous
      forward travel for electrical initiation of same; (2) means, at a forward
      point on said path of travel, for receiving electric current for
      electrically initiating said charge assemblies and for contacting said
      charge assemblies as they travel along said path to transfer said current
      to said charge assemblies for initiation of same; and (3) means for
      directing the thus initiated charge assemblies from said firing device
      during the delay period; a delivery conduit connecting said platform with
      said directing means of said submersed firing station; fluid pressure
      generating means on said platform connecting with said delivery conduit
      for sequentially moving said charge assemblies from said platform through
      said delivery conduit to said directing means, and then into and along
      said forward path of travel for said initiation.
NUM  20.
PAR  20. A system of claim 19 in which said firing device comprises (1) open
      means for sequentially guiding said charge assemblies along said path of
      continuous forward travel, and (2) means for conveying said charge
      assemblies sequentially to said guiding means and then into said path of
      continuous forward travel.
NUM  21.
PAR  21. A seismic exploration method wherein complete delayed electrically
      initiatable seismic charge assemblies are emplaced and fired in an
      underwater zone to provide energy for a seismic record, said method
      comprising sequentially conveying a plurality of said charge assemblies
      into, and along, a path of forward travel in said underwater zone;
      sequentially contacting said assemblies while they travel with a contact
      means disposed across said path of travel and including opposite poles of
      a firing current source so as to electrically initiate said charge
      assemblies concurrently with said contacting; and during the period of
      delay, sequentially directing travel of the thus initiated charge
      assemblies from the zone of said initiation into an adjacent area in said
      underwater zone for detonation.
NUM  22.
PAR  22. A seismic exploration method wherein complete delayed electrically
      initiatable seismic charge assemblies are emplaced and fired in an
      underwater zone to provide energy for a seismic record, said method
      comprising sequentially conveying a plurality of said charge assemblies
      into, and along, a path of forward travel in said underwater zone;
      sequentially contacting said assemblies while they travel with a contact
      means disposed across said path of travel and including opposite poles of
      a firing current source so as to electrically initiate said charge
      assemblies concurrently with said contacting; and during the period of
      delay, sequentially directing the travel of the thus initiated charge
      assemblies pivotally about said contact means as a pivot point.
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ABST
PAL  A mobile milking chair apparatus which is controlled by the operator to
      place the operator in a position to milk a series of cows in a milking
      parlor. The chair conveys the operator along a line of cows and can
      position the operator properly for connecting and disconnecting a milking
      machine for each cow and then provides for swinging the operator to the
      opposite side for another series of cows.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to milking chairs and especially to a power
      operated movable milking chair for milking a plurality of cows without the
      operator moving from the milking chair.
PAR  In the past, the most common milking stools have been small lightweight
      stools which are of the general height required for a person to sit upon
      to place him in the general area required for milking a cow. There is also
      a platform available for an operator to stand upon if the need arises.
      Each cow is milked individually by hand or the stool may be used while
      connecting the cow to an automatic milking machine. After each hookup the
      stool can be picked up and moved to the next location for the next cow.
      Alternatively, the operator may simply walk to each cow, bend over and
      stay in a bent or kneeling position while connecting up each milking
      machine. This has been somewhat improved by some of the milking parlors
      which load cows onto carousels or other cow-moving devices so that the
      operator may stand in one general position while hooking up each cow to an
      automatic milking machine. One such system may be seen in my co-pending
      patent application, Ser. No. 347,162 for Milking System. This prior system
      operates handily in conjunction with the present milking chair and allows
      an operator to be moved rapidly from one cow to the next and to adjust the
      position of the operator for connecting and disconnecting the milking
      machine from each cow and allows the operator to connect up one row of
      cows and then automatically move his operating chair to a different
      position for connecting up a second row of cows to the milking machines
      and returning to the first row for disengaging the milking machines in a
      predetermined sequence so that the operator is continuously kept occupied
      but does not injure his back by the continuous bending, walking, stooping
      and standing normally required to hook up a large number of milking
      machines. It should be observed that the present milking stool is
      particularly useful with my previously mentioned milking system but may
      also be adapted for use with other systems such as the commonly used
      carousel milking parlor, or in herringbone, sawtooth, side opening or
      walkthrough milking parlors.
PAC  SUMMARY OF THE INVENTION that
PAR  The present invention relates to a mobile milking stool or chair for use in
      milking parlors for placing the operator in a correct and comfortable
      position for connecting and disconnecting a milking machine to a cow and
      for moving one cow to the next to more fully automate milking parlors. The
      milking stool includes a wheeled frame or platform which is power driven
      in a forward and backward direction at the control of the operator. An
      operator's seat is provided which is connected to the platform in a manner
      that it can swing from one side to the other of the platform and may also
      be adjusted in an up and down position suitable to the particular operator
      and for putting him in better position for connecting up individual cows.
      The seat includes a control system connected thereto so that the operator
      controls the back and forth movement of the platform and the swinging of
      the chair as well as other adjustments to the operator's position without
      the operator leaving his seat. The mobile chair can be hydraulically or
      electrically operated as desired. Hydraulics or pneumatics are preferred
      since they eleminate electrical shock hazards in the milking parlor. The
      movable platform may ride on a track, if desired, and may be used in a
      variety of milking parlors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of this invention will be apparent
      from a study of the written description and the drawings in which:
PAR  FIG. 1 is a perspective view of a mobile milking chair in accordance with
      the present invention illustrated next to a milking parlor;
PAR  FIG. 2 is a perspective view of the milking chair with portions cut away
      from the platform;
PAR  FIG. 3 is a perspective view of the milking chair in yet another position
      with portions cut away;
PAR  FIG. 4 is a side sectional view of the milking chair in accordance with
      FIGS. 1 through 3;
PAR  FIG. 5 is a top sectional view with portions cut away of the milking chair
      in accordance with FIGS. 1 through 4; and
PAR  FIG. 6 is a perspective view of a milking chair in accordance with the
      present invention connected next to a carousel type milking parlor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 through 6 of the drawings, an automatic milking
      chair 10 is illustrated generally riding upon a platform or frame 11 and
      has a chair, stool or seat 12 riding upon the platform 11. The platform 11
      rides upon wheels 13 and may have one wheel riding upon a track 14 running
      down the floor 15 of a milking parlor 16. The milking parlor may include
      walls 17 along with movable platforms 18 which ride upon wheels 20
      attached of a track 21 which platform 18 has a pair of sections 22 and 23
      connected together and may be moved into position as illustrated, and then
      moved away for loading and unloading the cows onto the platform 18 at a
      position different from the milking location. A second tract 24 has wheels
      25 for laying a second platform 18 located in position on the opposite
      side whereby the chair 12 may be swung around to the opposite platform for
      milking the cows on a platform on track 24 riding upon wheels 25. Each
      platform 18 also has a plurality of railings 26 for holding the cows in
      individual stalls, which stalls are blocked on one end with gates 27
      having feeding buckets 28. A plurality of railings 30 are connected to the
      walls 17 of the milking parlor 16. A bar or grid system 31 allows waste
      products to be disposed of from the platforms 18 while nozzles 32 allow
      the cows to be sprayed and damp dried while loaded on the platform 18.
      This type of milking parlor has been described in my previous patent
      application Ser. No. 347,162, hereinbefore described, and is mentioned
      briefly to show the milking stool 10 in contact with the milking parlor
      for a more clear understanding of the invention.
PAR  The milking stool 10, platform 11 has a framework 40 attached thereto along
      with a central shaft 41 connected to the framework 40 for mounting the
      chair 12 upon the platform 11. An additional frame 42 connects to the
      shaft 41 in a rotatable fashion with wheel 43 mounted to the end thereof
      which in turn is mounted to a frame 44 having cylinder member 45. Frame 44
      is in turn attached to the chair 12 and holds the chair 12 in position.
      Thus the chair 12 can be rotated on the wheel 43 which rotates on the
      platform 11 and the frame 42 will turn on the shaft 41 so that the
      operator can be turned in circular fashion substantially around the
      platform 11, or with modifications the chair could rotate a full circle 25
      to position the operator closer or further away from the milking platform
      18, as well as to swing the operator from the platform track 21 to
      platform track 24. For clarity, the frames have been slightly exaggerated
      so that the operation can be more clearly seen in these views. A flexible
      electrical cable 46 is connected to a swivel connection 45 at one end to a
      rotatable mounted rigid pipe 49 at the opposite end which pipe 49 is
      rotatably or movably connected to an electrical swivel connection and
      support 47 which in turn is attached to the wall 17 of the milking parlor
      16 and is connected to an electrical source through conductor 48.
PAR  At this point it can be seen that the milking stool 10 can move back and
      forth on the track 14 and can also be swung around on the platform 11 and
      thus has great flexibility in the positioning of the operator and also in
      the movement from one milking platform to the next.
PAR  The electric current that is fed through line 46 through swivel connection
      45 can be fed through a cable to an electric motor 51. Electric motor 51
      drives the hydraulic system and sits upon a hydraulic reservoir 52, and
      drives a hydraulic pump 53. Hydraulic fluid is pumped from the reservoir
      52 through pipe 54 and produces hydraulic fluid under pressure in the
      flexible fluid line 55. The reservoir 52 has a flexible return fluid line
      56 for returning fluid to the reservoir 52. The line 55 directs the
      hydraulic fluid under pressure directly to the control box 57, which is
      controlled from the box 57 through several individual lines by a plurality
      of hand switches 60 and which may also be controlled by a pair of foot
      switches 61 which are connected through pipe 62 to the control box 57.
      Foot control switches 61 are desirable for most workers but all hand
      control switches 60 are especially useful for some handicapped workers.
      Hydraulic lines from the hydraulic control box 57 are fed to a hydraulic
      motor 63 through cylinder 41, hydraulic swivel connection 51 and hydraulic
      line 69. Hydraulic motor 63 drives a pulley 64 which in turn is connected
      to a frame 65 which drives a pulley 66 attached to a shaft riding in a
      bearing 67 and which is connected to a bearing bracket 68 riding upon the
      platform 11. The shaft and pulley 66 are also connected to a wheel 70 and
      operation of the hydraulic pressure fluid from the hydraulic box 57, the
      motor 63 can be driven in a forward or reverse direction to drive the belt
      89 in a forward or reverse direction along with the wheel 70 to move the
      platform 11 along the track 14. The return line 79 from the motor 63
      passes through hydraulic swivel connection 99 into cylinder 41 and back
      through control box 57. Reversing the direction of fluid to hydraulic
      motor 63 reverses the direction of the direction of travel of the platform
      11 on track 14. Platform 11 rides on the wheels 13 which in turn ride on
      shaft 71 which are connected to the platform 11 by shaft support members
      72.
PAR  The hydraulic control box 57 is utilized to control by means of hydraulic
      lines 73 the hydraulic motor 74 which is fixedly attached to a hydraulic
      motor support bracket 75 and has a pulley 76 for driving a belt 77 which
      drives a pulley connected to its shaft connected to the wheel 78. The
      shaft rides in the yoke 80 which supports the wheel 78 and which is
      attached to the support cylinder 45 and to the frame support 44. Thus by
      operating the controls 57 the motor 74 can be driven in a forward or
      reverse direction in the same manner as hydraulic motor 63 to drive the
      wheel 78 in a forward or reverse direction moving the frame 42 attached to
      the shaft 41 and also moving the frame 44 to move the chair 12 as the
      wheel 78 rotates on the platform 11.
PAR  The control box 57 may also provide for controlling the hydraulic cylinder
      81 which drives a hydraulic cylinder rod 82 attached with a pin 83 to a
      bracket 84 and to a frame member 85 to swing the frame 44 on the support
      cylinder 45 to swing the chair 12 back and forth for better positioning of
      the operator. This is necsssary in order to prevent the chair 12 from
      running into the platform if the chair has to be moved a substantial
      distance around the platform 11.
PAR  Hydraulic cylinder 86 drives hydraulic cylinder rod 87 conected to a
      bracket 88 by pin 90 which hydraulic cylinder is also connected by a pin
      91 to the bracket 84. Bracket 88 is attached to a support member 92 riding
      on a cylindrical hollow shart 93 which rides on a shaft 94 and site upon a
      fixed cylindrical support 95 which fixedly holds the shaft 94. Thus
      driving the cylinder 86 with the control box 57 in a forward or reverse
      direction will drive the seat 12 in a partial rotation around the shaft 94
      to position the chair at an angle convenient to the operator. Finally, the
      control box 57 through hydraulic lines 96 may control a hydraulic cylinder
      97 attached to a support bed 98 to drive a hydraulic rod 100 to move the
      support bracket 101 which is movably attached to a support 102 attached to
      the back of the chair 12 and has a dovetailed track 103 riding thereon so
      that the chair can be moved up and down at the operator's control. The
      chair 12 provides a seat portion 104, arm supports 105, back support 106
      and a foot support or standing platform 107 connected to a back portion
      108. The chair also has a container 110 for holding supplies for the
      operator along with the foot controls 61 previously discussed. The chair
      104 can be further adjusted for a particular operator by the attachment to
      brackets 111 by means of pins 112. It should be noted that the hydraulic
      system controls work in a conventional manner with commerically available
      control components and utilize commerically available hydraulic motors as
      well as commerically available electric motors.
PAR  FIG. 6 illustrates an alternate embodiment having all of the features in
      the chair as previously described but riding in a circular track 120 to
      follow a carousel or rotational type milking parlor 121 and having an
      electrical cable 122 fed from a spring loaded retractable spool 123
      attached by brackets 124 to a roof 125 of a milking parlor. Carousel 121
      rides on wheels 126 as illustrated but could be moved in any manner
      desired without departing from the spirit and scope of the invention.
PAR  It should be clear at this point that a milking chair which is operated and
      movable in a great variety of positions as well as on a track has been
      provided, but it should also be clear that other variations are
      contemplated such as having two chairs riding on a single platform without
      departing from the spirit and scope of the invention. Accordingly, this
      invention is not to be construed as limited to the particular forms
      disclosed herein, since these are to be regarded as illustrative rather
      than restrictive.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mobile milking chair comprising in combination:
PA1  a. a wheeled frame having a platform supported by wheels attached thereto;
PA1  b. drive means for propelling said frame upon actuation by an operator;
PA1  c. operator seat means including at least one seat movably attached to said
      wheeled frame;
PA1  d. operator seat support frame attached between said seat means and a
      center support member and being movably supported on at least one other
      point on said platform whereby said chair can be shifted around said
      platform for positioning said seat, said seat support frame having a
      movable connection between portions thereof for moving one portion and
      said seat relative to another portion of said seat support frame;
PA1  e. drive means for moving said operator's seat relative to said wheeled
      frame upon actuation by an operator;
PA1  f. control means connected to said operator's seat means operatively
      coupled to said drive means for propelling said frame and to said drive
      means for moving said operator's seat whereby an operator can position the
      operator's seat means for connecting and disconnecting cows in a milking
      parlor; and
PA1  g. guide means for guiding said wheeled frame over a predetermined path in
      a milking parlor when said wheeled frame is propelled by said drive means.
NUM  2.
PAR  2. The apparatus in accordance with claim 1 in which said operator seat
      means is supported on a central support member and on at least one support
      wheel riding on said platform.
NUM  3.
PAR  3. The apparatus in accordance with claim 1 in which said drive means
      includes an electrical source connected to said mobile milking chair and
      to an electric motor mounted on said mobile milking chair, said electric
      motor operatively connected to drive a hydraulic pump.
NUM  4.
PAR  4. The apparatus in accordance with claim 3 in which said guide means
      includes a track in a milking parlor for moving over a predetermined path.
NUM  5.
PAR  5. The apparatus in accordance with claim 4 having a pair of hydraulic
      motors, one for driving at least one wheel for moving said wheeled frame
      in a forward or reverse direction upon operation of said control means by
      an operator, and a second hydrualic motor for moving said support wheel
      upon said movable platform to position a chair mounted on said wheeled
      frame.
NUM  6.
PAR  6. The apparatus in accordance with claim 5 in which said control means
      includes foot controls connected to said operator's seat for operation by
      the feet of an operator whereby the hands of the operator are freed for
      connecting or disconnecting cows in a milking parlor.
NUM  7.
PAR  7. The apparatus in accordance with claim 6 in which the hydraulic cylinder
      is attached to said operator's seat means for raising or lowering said
      seat upon actuation by an operator.
NUM  8.
PAR  8. The apparatus in accordance with claim 7 in which said seat is rotatably
      connected to said wheeled frame attached to a hydrualic cylinder for
      rotation of said seat on said frame upon actuation by said operator.
NUM  9.
PAR  9. The apparatus in accordance with claim 5 in which said control means
      includes hand controls connected to said operator's seat for operation by
      the hands of an operator.
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ABST
PAL  An attachment for extension ladders which accommodates to uneven terrain
      and supports the ladder against leaning or tipping laterally. The
      attachment includes a pair of open ended sockets mounted at opposite ends
      of a transverse member which is attached to the rails of an extension
      ladder. Two independently adjustable legs are slidably received, each in a
      respective socket outboard of the rails. A latching element associated
      with each socket locks each leg in a position of adjustment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an attachment for an extension ladder to
      permit the ladder to stand in a safe upstanding position on uneven terrain
      or supporting surfaces. Additionally, the attachment presents an extended
      bearing surface to support the ladder against leaning or tipping
      laterally.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a levelling attachment for extension ladders
      which may be readily and securely locked in a position of adjustment. In
      particular, the present invention provides the user with an inexpensive
      device which he may purchase as an accessory and easily attach to any
      common extension ladder, without damaging or weakening the ladder.
PAR  Accordingly, it is an object of the present invention to provide an
      attachment for ladders having adjustable leg means for accommodating a
      ladder to uneven terrain.
PAR  Another object of this invention is the provision of means for mounting the
      attachment to a ladder so that it will not weaken or place undue stress on
      the ladder.
PAR  A further object of this invention is the provision of a levelling
      attachment for ladders which prevents undue stress from being transmitted
      to the ladder when the accessory is in use.
PAR  Other and further objects and advantages of the present invention will
      become apparent from the following description when considered in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing my invention attached to the side
      rails of an extension ladder.
PAR  FIG. 2 is a cross-sectional view, on an enlarged scale, taken substantially
      on line 2--2 of FIG. 1.
PAR  FIG. 3 is a cross-sectional view, on an enlarged scale, taken substantially
      on line 3--3 of FIG. 1.
PAR  FIG. 4 is a cross-sectional view, on an enlarged scale, taken substantially
      on line 4--4 of FIG. 1.
PAR  FIG. 5 is a fragmentary front elevational view of the assembly shown in
      FIG. 4.
PAR  FIG. 6 is an elevational view, on an enlarged scale and partly in
      cross-section, of a detail assembly.
PAR  FIGS. 7-10 are perspective views showing components of the detail assembly
      illustrated in FIG. 6.
DETD
PAC  BRIEF DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring particularly to FIG. 1, the attachment of my invention, indicated
      generally by the numeral 10, comprises a pair of legs 11 and 12 formed
      preferably of sections of rectangular tubing. A foot member 13 is
      pivotally connected to the lower portion of each leg and is provided with
      a corrugated rubber pad 14 to engage the ground. A pair of knuckles 16
      constructed of sheet metal, substantially as illustrated in FIG. 7, are
      arranged to receive legs 11 or 12. Each knuckle 16 includes a generally
      open ended socket section 17 having internal dimensions such as to freely
      receive a leg 11 or 12 for sliding movement. Thus, each leg 11 or 12 may
      slide vertically freely within the socket section 17 and by virtue of the
      rectangular cross-section is prevented from twisting relative to the
      knuckle 16.
PAR  Each knuckle 16 includes a pair of channel ears 18 integral with the socket
      section 17 and arranged in confronting relation to each other, each pair
      of ears 18 providing a socket to receive one end of a transverse member 19
      which preferably may be formed of wood and is rectangular in cross
      section. The transverse member 19 is sized to withstand the bending and
      torsional stresses which would otherwise be transmitted by the legs 11 and
      12 to the side rails 24 of a ladder 25. As seen clearly in FIG. 6, the
      vertical dimension of the channel ears 18 is somewhat greater than that of
      the open ended socket section 17 thus forming shoulders 27 in each of the
      channel ears 18 for a purpose as will be hereinafter described.
PAR  The transverse member 19 is recessed on its under surface at each end, as
      at 28, sufficient to receive a flat latch retaining member 31 (FIG. 10)
      preferably formed of steel and held in assembled relation by the lower
      flanges 18a of the pair of channel ears 18. The member 31 is provided with
      an offset lip 32 which retains the latch member 33, presently to be
      described, in assembled relation, as seen in FIG. 6. The latch member 33
      is shaped substantially as illustrated in FIG. 8 and includes a flattened
      bight portion 34 integrally connected to side arms 36 which terminate in
      inwardly bent portions 37 which are received in a tubular section 38
      providing a handle for manually rotating the latch member 33, as will be
      hereinafter explained. The transverse member 19 is provided with holes in
      which are received spacer sleeves 19a. Said sleeves 19a are in
      registration with holes in the channel ears 18, and bolts 35 are passed
      through said holes and sleeves to secure the parts together. The sleeves
      19a prevent crushing of the transverse members 19 and binding of the
      socket section 17 on legs 11 and 12.
PAR  Referring to FIGS. 1, 2, 4 and 5, two pairs of brackets, indicated
      generally by the numeral 39, are provided for mounting the cross member 19
      to the side rails 24 of a ladder. Each pair of brackets 39 comprises two
      identical members 39a preferably stamped from sheet steel and each member
      39a includes a channeled center portion 41 and outwardly directed integral
      flanges 42. The lower portion of each bracket member 39a is provided with
      a plurality of spaced gussets 50 stamped into the surface to strengthen
      and reinforce each member. As seen in FIGS. 2 and 4, two members 39a are
      arranged in confronting relation to each other and are adapted to be
      attached to a ladder rail 24, in the manner illustrated, and to be secured
      on the rail by a U-bolt 43 which embraces the transverse member 19 and
      passes through holes 39b in the pairs of members 39a. As seen clearly in
      FIG. 5, the U-bolt 43 is disposed at an angle inclined from the vertical
      so that one leg of the U-bolt passes through registering holes in one pair
      of aligned flanges 42 while the other leg passes through similar holes in
      the opposite pair of flanges 42.
PAR  In assembling the levelling attachment 10 to a ladder 25 the brackets 39
      are applied to embrace the lowermost portions of each of the side rails
      24, in the manner illustrated in FIG. 2, with the transverse member 19 in
      substantial registration with the lowermost rung 44. The brackets 39 are
      designed to spread the reaction stresses generated by the levelling
      attachment over a sufficient area of each rail 24 so as to prevent the
      rail from being over-stressed or injured by the attachment. It will be
      understood that the brackets 39 are applied and secured to each side rail
      24 and that, when so applied, the attachment 10 may become a permanent
      part of the ladder 25.
PAR  In use, the attachment 10 of my invention is affixed to the rails 24 in the
      manner hereinabove described and illustrated. Preferably, before attaching
      the brackets 39 to the rails 24 the legs 11 and 12 are inserted in their
      respective open ended sections 17 and the same may be accomplished by
      rotating the latch member 33 to the broken line position indicated by the
      letter A in FIGS. 5 and 6. In such position the bight portion 34 is caused
      to be spaced a slight distance from the leg 11 or 12 so as to provide
      clearance for the leg 11 to move freely vertically within the socket
      section 17. The intermediate position of the latch member 33 is shown in
      the full lines in FIGS. 5 and 6 and, in such position, the outer edge of
      the bight portion 34 is just beginning to engage against the leg 11. As
      the latch lever 36 is rotated to the broken line position indicated by the
      letter B in FIG. 6, the bight portion 34 will be disposed substantially
      horizontally and the outer edge of the bight portion will be in clamping
      engagement with the side rail 24. It will be noted that in locking
      position the inner edge of the bight portion 34 is in engagement with the
      edges 27 of the channel ears 18. Thus, the bight portion 34 acts in the
      nature of a cam to impose a lateral force on a leg 11 or 12 causing the
      leg to cock and bind by friction against the inner surface of the socket
      of section 17. With the ladder 25 supported on a ground surface,
      preferably, with one of the legs 11 or 12 rested on the higher level of
      the terrain, the operator then releases the latch member 33 on the
      opposite side of the attachment by moving the latch member to the broken
      line position, as indicated by the letter A shown in FIG. 6, thereby
      allowing the corresponding leg 11 or 12 to slide downwardly by gravity
      until the foot pad 14 is in engagement with the ground surface.
      Thereafter, the leg is locked in position by moving the latch member 33 to
      the broken line position indicated by the letter B. Thus, the ladder is
      secured and stabilized for use on the uneven terrain.
PAR  Various changes coming within the spirit of my invention may suggest
      themselves to those skilled in the art; hence, I do not wish to be limited
      to the specific embodiments shown and described or uses mentioned, but
      intend the same to be merely exemplary, the scope of my invention being
      limited only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for supporting a ladder on an irregularly contoured surface
      comprising, a transverse member having end portions extending outboard of
      the side rails of said ladder, means for securing said transverse member
      to said side rails, a pair of legs, each being generally rectangular in
      cross section, a knuckle mounted on each end of said transverse member,
      each knuckle including an open ended socket portion generally rectangular
      in cross section and shaped to slidably receive one of said legs, each
      knuckle including a pair of channel ears integral with a socket portion
      and disposed in confronting relation to each other so as to embrace one
      end of said transverse member, each of said channel ears extending
      vertically beyond at least one horizontal edge of said socket portion with
      the extending portion of the channel ear providing a pair of vertical
      abutment edges in spaced confronting relation to a respective leg,
      latching means associated with each knuckle, each latching means including
      a camming bight portion disposed between a pair of vertical abutment edges
      and a respective leg, said bight portion being manually rotatable to
      engage said abutment edges and a respective leg so as to cant said leg
      within said socket portion to frictionally bind said leg within said
      socket portion in an infinite number of adjusted positions.
NUM  2.
PAR  2. The invention as defined in claim 1 including means for retaining said
      latching means in assembled relation with said knuckle.
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ABST
PAL  A drive assembly having a shroud structure for providing a low friction
      covering of securing elements which, in projecting from a rotation portion
      of the drive assembly, would otherwise cause a power and efficiency loss
      as the result of a friction drag produced in movement of the projecting
      elements through a body of lubricating and cooling fluid. The shroud
      structure is secured to the rotating element by securing structure
      received in recesses in the shroud to further effectively minimize
      friction drag losses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to drive assemblies and in particular to means for
      minimizing friction drag losses in the movement of rotary drive assemblies
      through a body of lubricating and cooling fluid.
PAR  2. Description of the Prior Art
PAR  In one form of drive assembly used in crawler-type vehicles, the power
      train utilizes beveled gears and a complementing pair of steering clutches
      and brakes for effecting the individual drive of endless traction belts or
      chains normally provided on opposite sides of the vehicle. Large forces
      are generated in the operation of the power trains as they are
      conventionally utilized to effect steering and the like by selectively
      disengaging the clutches to interrupt the flow of power selectively to the
      different belts or chains. Concurrently, selective braking of the
      nonpowered chain is effected. Conventionally, the clutches and brakes are
      of the friction type and it is necessary to provide constant lubrication
      and cooling thereof in the operation of the apparatus.
PAR  One conventional form of providing the lubrication and cooling fluid to the
      drive assembly, such as the clutch of the power train, is to dispose the
      clutch to move through a body of refrigerating and cooling fluid carried
      in a subjacent sump. A substantial portion of the clutch is caused to pass
      through the collected fluid to provide the desired lubricating and cooling
      function.
PAR  A problem arises in such structures in that the clutch assembly includes
      securing elements, such as cap screws, which are utilized to secure
      different portions thereof together and which, during the movement of the
      clutch through the lubricating and cooling fluid, cause a power loss as a
      result of the friction drag produced by the cap screws as they move
      through the fluid.
PAR  One attempted solution to this problem is illustrated in U.S. Pat. No.
      3,477,547 of Ralph H. Kress et al., owned by the assignee hereof. Therein,
      friction between the moving members of the drive assembly and the
      lubricant fluid is reduced by reducing the amount of lubricant so that
      during high speed rotation, centrifugal forces retain the fluid lubricant
      about the periphery of the gear housing. Angled tubes are provided for
      collecting lubricant from the housing and directing it inwardly onto the
      gears. It has further been known to provide, in connection with such large
      diameter beveled gears, a shroud of shallow depth to which a small portion
      of the oil returns in the operation of the gears. The gears are isolated
      from the main volume of coolant oil in the final drive case, and the main
      supply tends to remain separated from the rapidly rotating teeth of the
      gear.
PAR  While minimizing the amount of lubricant contacted by a moving drive
      assembly is efficacious in minimizing drag, it limits cooling of the drive
      assembly as when the drive assembly is utilized as discussed above in such
      high force applications as braking and de-clutching of tractor chain power
      drives.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends a drive assembly having new and improved
      means for providing a low friction rotary movement thereof through a body
      of heat transfer lubricant fluid.
PAR  The rotating means, in the illustrated embodiment, comprises a rotary
      clutch assembly having outwardly projecting securing elements. The means
      providing the low friction movement of the clutch assembly comprises
      shroud means secured to the clutch assembly for rotation therewith and
      covering the securing elements.
PAR  In the illustrated embodiment, the securing elements comprise cap screws
      disposed in an annular array coaxially of the axis of rotation of the
      clutch assembly and the shroud means comprises an annular shroud overlying
      the cap screw array.
PAR  The shroud may comprise a U-section annular wall straddling the cap screws.
      In the illustrated embodiment, the shroud is formed of a pair of
      semiannular elements disposed end to end to define a substantially
      continuous annular configuration.
PAR  In the illustrated embodiment, the shroud is secured to the clutch assembly
      by screws with the heads of the screws being recessed within the shroud.
      More specifically, the shroud is provided with at least one recessed
      portion defining an outwardly opening recess. The securing elements may
      comprise screws having threaded shank portions extending through the
      recessed portion and threaded to the clutch assembly. The head of the
      screw is received in the recess.
PAR  The recessed portion of the shroud may comprise a cup-shaped element
      secured to the shroud across an opening in the shroud. In the illustrated
      embodiment, the cup-shaped element is welded to the shroud about the
      periphery of the opening, and in one form, the cup-shaped element is
      secured circumjacent the opening whereby the shroud portion defining the
      opening peripherally overhangs the recess.
PAR  In one form, the U-section shroud includes legs of dissimilar length.
PAR  The securing screws may be connected to the shroud by extension thereof
      through a spacer secured to the shroud with the head of the screw disposed
      outwardly of the space in the recess. The spacer may comprise a rigid
      block effectively preventing distortion of the shroud by the tightening of
      the securing element in securing the shroud to the clutch assembly.
PAR  Thus, the drive assembly drag minimizing means of the present invention is
      extremely simple and economical of construction while yet providing the
      highly desirable features discussed above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a fragmentary side elevation of a clutch assembly having an
      improved drag minimizing means embodying the invention;
PAR  FIG. 2 is a vertical section thereof taken substantially along the line
      II--II of FIG. 1;
PAR  FIG. 3 is a fragmentary enlarged view taken substantially along the line
      III--III of FIG. 2;
PAR  FIG. 4 is a fragmentary section taken substantially along the line IV--IV
      of FIG. 3;
PAR  FIG. 5 is a fragmentary section similar to that of FIG. 3 but illustrating
      a modified form of shroud securing means;
PAR  FIG. 6 is a fragmentary section taken substantially along the line VI--VI
      of FIG. 5;
PAR  FIG. 7 is a fragmentary section similar to that of FIG. 3 but illustrating
      a further modified form of shroud securing means; and
PAR  FIG. 8 is a fragmentary cross section taken substantially along the line
      VIII--VIII of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the exemplary embodiment of the invention as disclosed in FIGS. 1-4 of
      the drawing, a power train portion generally designated 10 is shown to
      comprise a clutch assembly generally designated 11 for transferring power
      between an input shaft 12 and an output shaft 13. The clutch assembly is
      mounted for rotation within a wall structure 14 defining a sump cavity 15
      in which a body of heat transfer lubricant 16 is provided. As shown in
      FIG. 1, the clutch is disposed so as to have a substantial portion thereof
      extend downwardly into the fluid 16 to provide desired lubrication and
      cooling of the clutch in the use thereof.
PAR  The clutch may comprise a pair of clutch halves 17 and 18 provided with
      interleaved coacting friction drive discs 17a and 18a, respectively. The
      drive discs are carried by splined drums 17b and 18b which, in turn, are
      secured to the shafts 13 and 12, respectively, by mounting flanges 19 and
      20. The clutch drums are secured to the mounting flanges herein by a
      plurality of securing elements illustratively comprising cap screws 21
      disposed in an annular array coaxially about the axis of rotation 22 of
      the clutch assembly.
PAR  Engagement of the clutch drive discs 17a and 18a is effected by a
      conventional hydraulic operator 23. Thus, when the clutch is engaged, the
      cap screws 21 of the clutch half 17 are carried thereby through the fluid
      16 concurrently with the movement of the cap screws 21 on the clutch half
      18. When the clutch is disengaged, the cap screws 21 on the clutch half 18
      continue to move through the fluid 16 as long as the input shaft 12 is
      driven. Thus, a substantial frictional drag could be imposed on the drive
      by the projecting cap screws in moving through the fluid in the normal
      operation of the clutch. To prevent this undesirable frictional drag,
      improved cover structures generally designated 24 are provided.
PAR  More specifically, as shown in FIGS. 1 and 2, each cover structure 24
      comprises an annular shroud formed of a pair of semiannular shroud
      elements 24a and 24b disposed end to end to define a substantially
      continuously annular shroud configuration effectively covering the cap
      screws 21 and presenting a low friction, annular surface to the fluid 16.
      Each shroud element is provided with at least one recess portion 25 for
      receiving a securing element illustratively comprising a cap screw 26. As
      shown in FIG. 2, in the illustrated embodiment, two such recessed portions
      25 may be provided in each semiannular shroud element adjacent the
      opposite ends thereof.
PAR  Referring now to FIG. 3, the arrangement of the securing means is more
      specifically illustrated to comprise cap screws 26 each having a shank
      portion 27 and a head portion 28. The recess portion 25 of the shroud
      element may comprise an opening 29 in the outer portion thereof and a
      spacer 30. The shroud elements, as best seen in FIG. 4, effectively
      comprise U-section elements having an outer bight portion 31 and a pair of
      opposed legs 32 and 33. As shown in FIGS. 2 and 4, leg 33 may have a
      length greater than that of leg 32 so as to overlie the outer surface 34
      of the clutch structure and thereby align the shroud in centered
      relationship with the annular array of cap screws 21. Spacer 30 may be
      secured to the legs 32 and 33 by suitable means, such as weld 35, and as
      shown in FIG. 4, has a height less than the height of the U-shaped shroud
      so as to permit bolt head 28 to be received within the space 36 defined by
      the shroud, thereby eliminating the projection of any securing elements
      outwardly beyond the shroud and permitting the shroud to provide a low
      friction, minimized drag structure in moving through the fluid 16, as
      shown in FIG. 1. Any fluid entering the shroud through the openings 29
      tends to move with the shroud, thereby further minimizing drag.
PAR  The spacers 30 serve to prevent distortion of the shroud which, as shown,
      may be formed of relatively thin sheet metal, or like material, thereby
      effectively maintaining the abutment of the opposite ends 37 of the shroud
      halves 24a and 24b, as shown in FIG. 2. In the illustrated embodiment,
      spacer 30 comprises a metal block having a through bore 38 for passing the
      shank 27 of the securing screw 26, as best seen in FIG. 4.
PAR  A modified form of means for securing the shrouds to the clutch assembly
      111 is illustrated in FIGS. 5 and 6. As shown therein, the shroud cover
      structure 124 is provided with openings 129 similar to openings 29 of the
      embodiment of FIGS. 1-4. Securing means in the form of cap screws 126
      similar to cap screws 26 are provided for securing the shroud structure
      124 to the clutch 111. However, in lieu of the spacer 30 of the first
      embodiment, an annular spacer 130 is provided for supporting a cup-shaped
      plate 139 which extends across the opening 129 and which is secured at its
      opposite ends to the shroud by suitable means, such as welds 140. Thus,
      the cup-shaped elements define relatively shallow recesses in the shroud
      minimizing the amount of fluid which may be trapped therein and caused to
      move with the shroud in the rotation of the clutch assembly. As in the
      first embodiment, the spacer 130 serves to prevent distortion of the
      shroud by the tightening of the screws 126 for facilitated installation of
      the friction reducing means.
PAR  Turning now to the embodiment of FIGS. 7 and 8, a further modified form of
      means for securing the shrouds to the clutch assembly is illustrated. As
      shown in FIGS. 7 and 8, the openings 229 may be reduced in size to
      comprise circular openings having a diameter slightly larger than the
      cross section of the bolt head 228 to provide access to the bolt while
      minimizing the opening of the shroud to the fluid 16. A cup-shaped plate
      239 may be provided generally similar to cup-shaped plate 139, but of
      slightly longer extent so as to have the end portions 239a underlining the
      shroud portion 241 defining the periphery of opening 229. The plate ends
      239a may be secured to the underside of the shroud bight portion 231 by
      suitable means, such as welds 240. Thus, cup-shaped plate 239 functions
      similarly to cup-shaped plate 139 in providing a relatively small recess
      for receiving fluid 16 in the operation of the apparatus. Further, the
      relatively small opening 229 provides a relatively smooth shearing action
      between fluid in the recess and the main body of fluid 16 in the sump 15.
PAR  In the embodiments of FIGS. 5 and 6 and 7 and 8, elements similar to those
      of the embodiment of FIGS. 1-4 are identified by similar reference
      numerals, except 100 or 200 higher, respectively. Except as otherwise
      indicated, the embodiments of FIGS. 5 and 6 and FIGS. 7 and 8 function
      similarly to the embodiment of FIGS. 1-4.
PAR  Thus, the present invention provides an improved drive means wherein a
      rotating element, such as in a clutch assembly, having outwardly
      projecting securing elements may be passed through a body of lubricating
      and cooling fluid with minimum friction drag while yet permitting a
      substantial insertion of the rotating body into the fluid for effecting
      maximum lubricating and cooling action. By effectively minimizing the
      friction drag, the power requirements of the drive are reduced. The
      arrangement of the present invention permits facilitated mounting of the
      drag reducing means by means of recessed securing elements. The shroud
      structure is extremely simple and economical of construction while yet
      providing the improved friction reducing function as discussed above.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a drive assembly having means defining a cavity, heat transfer
      lubricant fluid in a lower portion of the cavity, and a rotating clutch
      assembly in the cavity supported for rotation to have a substantial
      portion thereof extending downwardly into said fluid for lubrication and
      cooling of the clutch assembly by said fluid, said clutch assembly
      including outwardly projecting securing means for securing clutch drums to
      mounting flanges, means for effectively minimizing frictional drag of said
      securing means in moving through the fluid, said means for effectively
      minimizing fluid frictional drag comprising shroud means covering said
      securing means and rotatable therewith and providing a low fluid friction
      drag covering for said securing means.
NUM  2.
PAR  2. The drive assembly of claim 1 wherein said securing means comprise cap
      screws.
NUM  3.
PAR  3. The drive assembly of claim 1 wherein said securing means are disposed
      in an annular array about the axis of rotation of the clutch assembly and
      said shroud means defines an annular radially outer wall extending
      coaxially of said axis.
NUM  4.
PAR  4. The drive assembly of claim 1 wherein said securing means are disposed
      in an annular array about the axis of rotation of the clutch assembly and
      said shroud means defines a U-section annular wall extending coaxially of
      said axis.
NUM  5.
PAR  5. The drive assembly of claim 1 wherein said securing means are disposed
      in an annular array about the axis of rotation of the clutch assembly and
      said shroud means includes a pair of semiannular U-section elements
      disposed in an end-to-end annular configuration forming a substantially
      continuous annular wall extending coaxially of said axis.
NUM  6.
PAR  6. The drive assembly of claim 1 wherein said shroud means defines a
      plurality of recessed portions each defining an outwardly opening recess,
      and a corresponding plurality of screws being associated one each with
      said recessed portions for securing the shroud means to the clutch
      assembly, each said screw including a shank portion extending through its
      associated recessed portion of the shroud means and threadedly secured to
      the clutch assembly, and a head portion received substantially fully in
      the associated recess.
NUM  7.
PAR  7. In a drive assembly having means defining a cavity for housing heat
      transferring lubricant fluid in a lower portion a rotating clutch assembly
      in the cavity supported for rotation about its axis and having a
      substantial portion thereof extending downwardly into fluid which serves
      as a lubricating and cooling medium for the clutch assembly, said clutch
      assembly including a plurality of outwardly projecting securing means for
      securing clutch drums to mounting flanges, said securing means being
      arranged in an annular array about the axis of rotation of the clutch
      assembly, means for effectively minimizing fluid frictional drag of said
      securing means during rotational movement thereof through a lubricant,
      said last mentioned means comprising an annular shroud coaxially secured
      to the clutch assembly for rotation therewith and covering said securing
      means.
NUM  8.
PAR  8. The drive assembly of claim 7 wherein said shroud has a U-shaped cross
      section.
NUM  9.
PAR  9. The drive assembly of claim 7 wherein said shroud comprises a pair of
      semiannular elements disposed end-to-end to define a substantially
      continuous 360.degree. annular shroud configuration.
NUM  10.
PAR  10. In a drive assembly having means defining a cavity for housing heat
      transferring lubricant fluid in a lower portion thereof, a rotating clutch
      assembly in the cavity supported for rotation, and having a substantial
      portion thereof extending downwardly into fluid which serves as a
      lubricating and cooling medium for the clutch assembly, said clutch
      assembly including a plurality of outwardly projecting securing means for
      securing clutch drums to mounting flanges arranged in an annular array
      about the axis of rotation of the clutch assembly, means for effectively
      minimizing fluid frictional drag of said securing means during rotational
      movement thereof through a lubricant, said last mentioned means comprising
      an annular shroud coaxially secured to the clutch assembly for rotation
      therewith and covering said securing means, said shroud having a recessed
      portion defining an outwardly opening recess, and a screw being associated
      with said recessed portion for securing the shroud to the clutch assembly,
      said screw including a shank portion extending through the recessed
      portion of the shroud and threadedly secured to the clutch assembly, and a
      head portion received substantially fully in said recess.
NUM  11.
PAR  11. The drive assembly of claim 10 further including a spacer disposed
      between said clutch assembly and said head portion of the screw to
      effectively preclude distortion of the shroud as by excessive tightening
      of the screw.
NUM  12.
PAR  12. The drive assembly of claim 10 wherein said recessed portion being
      defined by an opening in the shroud and a cup-shaped element secured to
      the shroud in the opening.
NUM  13.
PAR  13. The drive assembly of claim 10 wherein said recessed portion is defined
      by an opening in the shroud and a cup-shaped element is welded to the
      shroud in the opening.
NUM  14.
PAR  14. The drive assembly of claim 10 further including a spacer disposed
      between said clutch assembly and said head portion of the screw to
      effectively preclude distortion of the shroud as by excessive tightening
      of the screw, said spacer comprising a body of rigid material having a
      through bore, said screw shank portion extending through said bore.
NUM  15.
PAR  15. The drive assembly of claim 10 wherein said recessed portion is defined
      by an opening in the shroud, and a spacer is secured to the shroud in the
      opening and defining a bore through which said screw shank portion
      extends.
NUM  16.
PAR  16. The drive assembly of claim 10 wherein said recessed portion is defined
      by an opening in the shroud, and a cup-shaped element is recessed in the
      opening and is provided with a peripheral portion secured to said shroud
      along the periphery of said opening.
NUM  17.
PAR  17. The drive assembly of claim 10 wherein said recessed portion is defined
      by an opening in the shroud, and a cup-shaped element is recessed in the
      opening and is provided with a peripheral portion secured to a shroud
      portion circumjacent the periphery of said opening whereby said shroud
      portion peripherally overhangs said recess.
NUM  18.
PAR  18. The drive assembly of claim 10 wherein said recessed portion is defined
      by an opening in the shroud, and a cup-shaped element is recessed in the
      opening and is provided with a peripheral portion secured to a shroud
      portion circumjacent the periphery of said opening whereby said shroud
      portion peripherally overhangs said recess, said screw head portion being
      spaced substantially inwardly of said opening in said recess.
NUM  19.
PAR  19. In a drive assembly having means defining a cavity, heat transfer
      lubricant fluid in a lower portion of the cavity, and a rotating clutch
      assembly in the cavity supported for rotation to have a substantial
      portion thereof extending downwardly into said fluid for lubrication and
      cooling of the clutch assembly by said fluid, said clutch assembly
      including outwardly projecting securing means for securing clutch drums to
      mounting flanges, measn for effectively minimizing frictional drag of said
      securing means in moving through the fluid, said means for effectively
      minimizing fluid frictional drag comprising a U-section shroud covering
      said securing means, said securing means securing the shroud to the clutch
      assembly for rotation therewith and being recessed within the shroud.
NUM  20.
PAR  20. The drive assembly of claim 19 wherein the U-section shroud defines
      spaced side wall leg portions, one side wall leg portion having a length
      greater than that of the other side wall leg portion.
NUM  21.
PAR  21. The drive assembly of claim 19 wherein the U-section shroud defines
      spaced side wall leg portions and a wall member is secured between said
      side wall leg portions and is provided with a through bore, said securing
      means comprising threaded means extending through said bore and threaded
      to said clutch assembly.
NUM  22.
PAR  22. The drive assembly of claim 19 wherein the U-section shroud defines
      spaced side wall leg portions and a cup-shaped wall member is secured
      between said side wall leg portions and is provided with a through bore,
      said securing means comprising threaded means extending through said bore
      and threaded to said clutch assembly.
NUM  23.
PAR  23. The drive assembly of claim 19 wherein the U-section shroud defines
      spaced side wall leg portions and a spacer is secured between said side
      wall leg portions and is provided with a through bore, said securing means
      comprising threaded means extending through said bore and threaded to said
      clutch assembly.
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ABST
PAL  A replaceable lubricating cartridge, adapted for installation in the end of
      a hollow rotating shaft, gear or the like, comprises a housing having an
      outer annular wall with a first end closed by an end wall and the other
      end partially closed by a first and second partition. The first partition
      forming with the housing a first closed chamber portion therein and the
      second partition forming with the housing a substantially closed second
      chamber portion therein adapted to be filled with liquid lubricant. An
      opening through the second partition permits the lubricant to be expelled
      as needed.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of U.S. application Ser. No. 390,877, filed
      on Aug. 23, 1973 and now U.S. Pat. No. 3,847,248, issued on Nov. 12, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Spline connections are prone to fretting corrosion due to relative
      movements which occur between the members which are splined together.
      Unsealed and non-lubricated spline connections are subjected to additional
      fretting corrosion due to the creation of ferric oxide therein. Prior art
      methods and devices employed for lubricating such spline connections are
      exemplified by U.S. Pat. Nos. 3,380,555 and 3,621,937 and U.S. Pat.
      application Ser. No. 244,213, filed on Apr. 14, 1972 by Samuel I. Caldwell
      et al. for "Lubrication System for a Gear Drive Mechanism." Such
      application is assigned to the assignee of this application.
PAC  SUMMARY OF THIS INVENTION
PAR  An object of this invention is to provide an improved means for
      economically and efficiently lubricating a spline connection. Such means
      comprises a replaceable lubricating cartridge, adapted for installation on
      the end of a shaft or gear, comprising a housing which defines an annular
      chamber therein. Partition means, secured to the housing to separate the
      annular chamber into a closed first chamber portion and a second chamber
      portion, has means defining an opening therethrough adapted to communicate
      lubricant from the second chamber portion to such spline connection.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects of this invention will become apparent from the following
      description and accompanying drawing wherein:
PAR  FIG. 1 is a longitudinal sectional view of a spline connection having a
      replaceable lubricating cartridge embodying this invention mounted
      thereon; and
PAR  FIG. 2 is a sectional view of the cartridge, taken in the direction of
      arrows II--II in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  The drawing illustrates a replaceable lubricating cartridge 10 in
      association with a pinion gear 11, releasably attached to the end of a
      shaft 12 by a spline connection 13. Although the cartridge is shown in
      such association, it should be understood that it is well adapted for the
      lubrication of other types of mechanisms, as will be appreciated by those
      versed in the art. An O-ring seal 14 is disposed between the shaft and the
      gear, adjacent to a face 16 thereof, to seal the spline connection at its
      inboard end.
PAR  A pair of concentric bores 17 and 18 extend axially inwardly in
      stepped-down relationship with respect to each other from an outer face of
      the gear. Outer bore 17 terminates at an annular shoulder 19 whereas an
      annular groove 21 is formed in inner bore 18 to mount a standard snap ring
      22 therein. An annular shoulder 23, formed on the shaft to abut face 16 of
      the gear, cooperates with the snap ring to properly locate and to secure
      the gear on the shaft.
PAR  Cartridge 10 comprises a cup-shaped housing 24 having its annular outer
      wall press-fitted or otherwise suitably secured in bore 17 to abut annular
      shoulder 19. The housing is closed by an end wall on its outboard side and
      has partition means secured in an annular chamber thereof to separate the
      chamber into first and second chamber portions. The partition means
      comprises a crescent-shaped member 26, having a generally L-shaped cross
      section, which forms a closed and sealed first chamber portion 27
      preferably having a volume less than half of the total volume of the
      chamber.
PAR  The partition means further comprises a flat, crescent-shaped plate 28
      secured within the housing to have its upper edge overlap member 26 to
      form a second chamber portion 29 therein. An elongated slot or notch 31 is
      formed through plate 28 to provide means defining an opening 32 through
      the partition means (FIG. 2) on an inboard side of the housing for
      communicating liquid lubricant retained in the pre-filled second chamber
      portion exteriorly of the cartridge and to spline connection 13. An
      intermediate disc-shaped chamber 33 is defined between the cartridge and
      the outer end of shaft 12.
PAR  Upon installation of the cartridge on gear 11 as shown in FIG. 1, opening
      32 is disposed approximately at the longitudinal center line or rotational
      axis X of the shaft and cartridge. Upon rotation and subsequent stopping
      of the shaft, the rotational disposition of chamber portion 29 will vary
      to insure a spilling-out of lubricant into chamber 33. The quantity of
      lubricant which periodically spills into chamber 33 will depend upon the
      rotational position of the shaft when it is stopped. Eventually sufficient
      lubricant will be transferred to the chamber 33 that upon subsequent
      rotation of the shaft, the lubricant in the chamber will form a torus due
      to centrifugal forces to thus cover the contacting surfaces of the spline
      connection. The lubricant remaining in chamber 29 provides a reserve
      supply to automatically replinish any lubricant lost from chamber 33 due
      to seepage past the seals.
PAR  From the above description it can be seen that spline connection 13 is
      continuously lubricated and is fully sealed to minimize its exposure to
      ambient which deters the formation of ferric oxide therein. The
      lubricating cartridge may be prefabricated in capsule form and pre-filled
      with a liquid lubricant prior to its installation on the gear to minimize
      costs and to facilitate servicing. The cartridge may comprise sheet metal
      stampings or molded plastic sheets suitably fabricated into capsule form.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A replaceable self discharging lubricating cartridge adapted for
      installation in the hollow end of a rotatable shaft or the like comprising
PA1  a housing having an annular outer wall and an end wall secured to one end
      of said outer wall to define a chamber therein,
PA1  first and second parition means secured to the other end of the annular
      outer wall of said housing to respectively separate said chamber into a
      closed first chamber portion and a substantially closed second chamber
      portion with said second chamber portion adapted to be at least partially
      filled with a liquid lubricant, and
PA1  means defining an opening through said second partition means between said
      second chamber portion and the exterior of said housing through which the
      lubricant may pass, said first partition means comprising a
      crescent-shaped member, having an L-shaped cross section, secured to said
      housing and defining therewith said closed first chamber portion therein
      and said second partition means comprising a crescent-shaped plate secured
      to said housing and defining therewith said second chamber, said opening
      defined through said plate.
NUM  2.
PAR  2. The lubricating cartridge of claim 1 wherein said opening constitutes an
      elongated slot located at a longitudinal axis of said cartridge.
NUM  3.
PAR  3. The lubricating cartridge of claim 1 wherein said first chamber has a
      volume less than the volume of said second chamber.
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ABST
PAL  A trailer is provided with a self-lifting platform and comprises a vertical
      mast having vertical lifting supports spaced in the longitudinal direction
      of the trailer. Each lifting support carries a toothed rack and
      symmetrical independent lifting mechanisms for actuating roller stars
      which are in engagement with the rack teeth.
BSUM
PAR  The present invention relates to an apparatus which can be utilized in many
      working operations and comprises a working platform which is mounted on a
      trailer and is capable of being rapidly moved to varying height positions.
      Accordingly it has already been suggested to employ trailers comprising a
      self-lifting platform, a vertical lifting mast rigidly fixed to the frame
      of the trailer and serving as support and as guide for the platform, and
      comprising elements which may be superimposed, and stabilizers for
      maintaining the trailer rigidly in the desired position.
PAR  In the known apparatus of this type the lifting of the platform is
      accomplished mainly by a geared motor disposed horizontally below the
      platform. The motor drives a gear plate which is in engagement with the
      vertical rack that is integral with an upright element of the mast, formed
      by teeth fixed in cantilevered fashion to the outer face of the mast. It
      has also been proposed in order to obtain a certain safety of operation to
      utilize two symmetrically disposed plates which are in engagement with two
      racks formed by teeth also mounted in cantilivered fashion on two outer
      faces of the same upright element of the mast.
PAR  It is, however, evident that such a construction exerts high mechanical
      loads on the racks and on the mast which require therefore strong and
      consequently heavy structures for the racks. In addition, a very exact
      machining which is also very expensive is required to make the movement of
      the platform less uneven and somewhat more uniform, and nevertheless this
      does not assure a perfect movement of the platform. An imperfect
      equilibrium of the frame, in addition to the above-mentioned
      disadvantages, contributes to make the stability of the entire
      construction precarious under certain conditions and due to this fact the
      admissible lifting height of the platform is limited.
PAR  Accordingly it is an object of the present invention to eliminate these
      disadvantages by constructing a trailer with a self-lifting platform based
      on a more rational conception of the mast to permit by a better
      distribution of the loads a better guiding and a perfect equilibrium of
      the platform. It becomes therefore also possible to provide on the one
      hand a considerably increased lifting height of the platform and on the
      other hand a decreased height of the guide elements of the platform which
      permits to lower the platform to a position closer to the ground, for
      example to about one meter, so as to make the access and use of the
      platform more convenient. Finally, the better distribution of the loads
      results in a simpler construction and permits the use of lighter elements
      to obtain an important reduction of the costs of manufacture.
PAR  An embodiment of the invention is illustrated in the trailer to be
      described hereinafter and comprises:
PAR  A. A FRAME CARRIED ON PNEUMATIC WHEELS AND PROVIDED WITH FOUR PIVOTABLE
      STABILIZERS;
PAR  B. A LIFTING MAST FIXED TO THE FRAME AND CONSISTING OF SUPERIMPOSABLE
      ELEMENTS AND TWO RACKS MOUNTED THEREON;
PAR  C. A SELF-LIFTING PLATFORM GUIDED ALONG THE MAST BY FIVE SETS OF TWO
      SUPERIMPOSED ROLLER CARRIAGES;
PAR  D. TWO GEARED MOTORS INTEGRAL WITH THE PLATFORM AND DRIVING TWO ROLLER
      STARS IN ENGAGEMENT WITH THE RACKS.
PAR  The desired results are actually obtained in such an embodiment of the
      invention by the fact that the first element of the mast consisting of
      superimposable elements is integral with two uprights of the trailer
      located on both sides of the shaft wheels and set into the frame. Each
      element of the mast is in turn also fixed rigidly to the preceding element
      of the mast, and the mast consists substantially of two vertical lifting
      supports formed each by square-shaped tubes which are spaced in the
      longitudinal direction of the trailer. Each of the tubes is rigidly fixed
      to one of the two uprights set into the frame on both sides of the trailer
      shaft, and each of these double lifting supports comprises the elements of
      the toothing of a rack. These elements consist of sheet metal stamped in a
      press and fixed at their ends to the two tubes of which each if the two
      lifting supports is composed, and two roller stars cooperate with these
      rack elements and are driven completely independently by two geared motors
      which are disposed symmetrically with regard to the two lifting supports
      such that each extends into one lifting support respectively. Two
      superimposed guide roller carriages, all located in the same plane and
      carried by the structure of the platform roll along each of the tubes
      forming the lifting supports and along an additional tubular stiffening
      upright of the mast, integral with the lifting supports and the frame. The
      frame is provided at each of its corners with a stabilizer pivotably
      mounted on the frame and provided at its free end with a ground engaging
      hoist.
DRWD
PAR  To more thoroughly explain the invention one embodiment will be described
      hereinafter in more detail by referring to the drawings, wherein:
PAR  FIG. 1 is a horizontal section through the mast, the guide means and the
      drive of the self-lifting platform,
PAR  FIG. 2 is a side view of the trailer,
PAR  FIG. 3 is a plan view of the same trailer,
PAR  FIG. 4 is a partial view in elevation showing two pairs of guide rollers of
      the platform in cooperation with a lifting support and the stiffening
      upright.
DETD
PAR  The rectangular frame 1 is carried on a shaft 2 with tire wheels 3 and has
      at the forward end an axial prolongation 4 having a cup 5 wherein a clevis
      6 of a small wheel 7 may pivot.
PAR  At each of the four corners of the frame an orientable stabilizer 11 is
      pivoted by means of a vertical shaft 10. Each stabilizer consists for
      example of a beam presenting a triangular framework provided at its free
      end with a support shoe 14 adjustable in height by the actuation of a
      screw hoist 15. These stabilizers 11 may be immobilized in one or the
      other of the two possible orientations, either during transport in a
      direction parallel to the longitudinal axis of the frame by levers
      threaded at 12 or, for the operation of the platform, in positions
      oriented at 45.degree. with regard to the transport position by actuating
      the levers at 13.
PAR  In the frame four uprights 8 are mounted so as to be exactly symmetrical
      with respect to the shaft 2. Two of these uprights are mounted on both
      sides of the shaft 2 and are made integral with the lifting mast by means
      of a counterpiece 9.
PAR  The lifting mast consists of elements which may be superimposed, having for
      example a height of 1,5 m. Each of these elements is formed essentially,
      as it has been described already above, by two lifting supports spaced in
      the longitudinal direction of the trailer. Each support consists also of
      two tubular uprights of square shaped cross-section 16, 17, the uprights
      16 being interconnected by inclined tubular struts 21, and similarly the
      uprights 17 by struts 20.
PAR  Between the uprights 16, 17 of the lifting supports the rack teeth 22 are
      welded at the two ends, each tooth 22 consisting for example, of a flat
      iron piece having for example a width of 80 mm and a thickness of 6 mm,
      and stamped in a press so that the tooth has the desired engagement
      profile.
PAR  So as to increase further the rigidity of the mast a supplemental upright
      18 may additionally be used. It is shown as a tube of circular
      cross-section disposed on the prolongation of the small axis of the
      rectangle formed by the uprights 16, 17 of the lifting supports and
      connected to the uprights 16 respectively 17 by inclined tubular struts
      19.
PAR  The assemblage of two superimposed elements of the mast is realized by
      means of two sets of three assembly pieces 23, 24 which are welded to the
      upper ends and to the lower ends, respectively, of the elements of the
      mast and connected together by means of three bolts.
PAR  The self-lifting platform is movable along the lifting mast and comprises a
      floor formed by a fixed central part 25 and by two detachable parts 26
      located on the prolongation of the longitudinal axis of the central part,
      and a circumferential railing 27 provided with a door 28 having an
      electric lock which prevents all operation of the platform if the door is
      not perfectly closed.
PAR  The floor is supported from a structure 34 connecting three square-shaped
      vertical tubes, one such tube 36 being disposed in the central transverse
      plane and the other tubes 35 at the side of the platform in proximity of
      the mast and symmetrically with respect to this one tube.
PAR  On these square-shaped tubes of the structure 34 five sets of four guide
      rollers are mounted which roll on ball bearings and cooperate with the
      tubes 16, 17 of the lifting supports and with the stiffening tube 18, each
      set comprising two carriages of two superimposed rollers which may pivot
      on shafts 43 fixed at the upper and lower tube end portions of the
      structure.
PAR  More precisely: On each of the tubes 35 of the structure 34, in the two
      carriages 42 pivoting on the shafts 43 fixed at the upper and lower tube
      end portions, the rollers 41 are mounted which roll on the outer
      transverse faces of the tubes 17 of the lifting supports to assure the
      equilibrium of the platform in a longitudinal plane. On each of these same
      tubes 35, in the two carriages 39 pivoting on the shafts 40 fixed at the
      upper and lower tube end portions, the rollers 37 are mounted which roll
      on the longitudinal outer faces of the tubes 16 of the lifting supports,
      and on the tube 36 of structure 34, in the two carriages 45 pivoted on the
      shafts 46 at the upper and lower tube end portions, the rollers 44 are
      mounted which roll on the outer longitudinal face of the tube 18 so that
      the rollers 37 and 44 cooperate to assure the equilibrium of the platform
      in a transverse plane to prevent a movement of this platform in a
      transverse direction.
PAR  In addition, the rollers 37 are provided with a shoulder 38 abutting
      against the outer transverse faces of the tubes 16 of the lifting supports
      to prevent a rotation, even small, of the platform about the stiffening
      upright 18.
PAR  A perfect equilibrium and a safe guiding of the platform are therefore
      assured more particularly in consideration of the ease of engagement
      offered by the racks 18 for the roller stars.
PAR  The control of the platform is effected either during the raising or the
      lowering action by means of two geared motors comprising each an electric
      motor 29 and a speed reducer 30 as well as an electro-magnet brake
      controlled by interrupting the current. On the output shaft of each speed
      reducer 30 a supporting star is splined having six arms provided at their
      free ends with a roller 32 adapted to engage the teeth 22 of the
      corresponding rack. Due to the rotation of the stars 31 a cycloidal
      movement with regard to the mast is transmitted to the rollers and
      consequently the platform is raised or lowered depending on the direction
      of rotation of the stars 31. An electric box 33 fixed to the railing 27
      permits the remote control of the geared motors under a voltage of 48V.
PAR  It is understood that the invention as it is defined by the following
      claims is not limited to the embodiment described above and shown in the
      accompanying drawnngs. A person skilled in the art could make a number of
      modifications or additions in the construction without leaving the scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a trailer having a self-lifting platform supported by a rack
      mechanism and guided along a vertical mast consisting of superimposable
      elements and supported by the trailer, the improvement comprising: two
      vertical lifting supports which are part of the mast, said lifting
      supports being spaced in the longitudinal direction of the trailer, a
      plurality of struts spanning the space between the two vertical lifting
      supports to join said lifting supports together in the mast, said struts
      being arranged in regular, vertically spaced intervals along substantially
      the entire length of the mast, each lifting support including two, spaced,
      vertical uprights, a toothed rack associated with each lifting support,
      each toothed rack including a plurality of flat rack teeth, one end of
      each rack tooth being coupled with one vertical upright of the associated
      lifting support, the other end of each rack tooth being coupled with the
      other upright of the associated lifting support, each rack tooth thereby
      spanning the space between two uprights of each lifting support, the rack
      teeth of each toothed rack being vertically spaced along the associated
      lifting support, said platform being provided with two, symmetric,
      independent lifting mechanisms including two roller stars which are in
      engagement with the two toothed racks.
NUM  2.
PAR  2. A trailer having a self-lifting platform according to claim 1, wherein
      said two vertical uprights of both of the two lifting supports define a
      portion of said mast having a rectangular cross-section, said mast also
      including a fifth upright.
NUM  3.
PAR  3. A trailer having a self-lifting platform according to claim 2, wherein
      said trailer includes a transverse axle defining a forward side and a
      rearward side of said trailer, the mast being connected with two vertical
      members of the trailer, two of said uprights of said mast being located on
      the forward side and two others of said uprights being located at the
      rearward side of the trailer and carrying at the forward side and at the
      rearward side said toothed racks the teeth of which cooperate with the
      rollers of said vertically mounted roller stars of the platform, said
      platform being guided on each of the five uprights by plural pairs of
      superimposed rollers.
NUM  4.
PAR  4. A trailer having a self-lifting platform according to claim 3, wherein
      the frame is provided at each of its corners with a stabilizer element
      adapted to pivot horizontally between a longitudinal position and a
      stabilisation position inclined at an angle with respect to the trailer,
      each stabilizer element being provided at its free end with a ground
      engaging hoist.
NUM  5.
PAR  5. A trailer having a self-lifting platform according to claim 3, wherein
      each of said lifting mechanisms comprises a motor and a speed reducer,
      each lifting mechanism having a central, longitudinal axis, each lifting
      mechanism being so disposed that the central longitudinal axis thereof
      extends transversely with respect to the trailer, the longitudinal axis of
      one lifting mechanism being disposed forwardly of said two uprights
      located on the forward side of said trailer and the longitudinal axis of
      the other lifting mechanism being located rearwardly of said two other
      uprights located at the rearward side of said trailer.
NUM  6.
PAR  6. A trailer having a self-lifting platform according to claim 1, wherein
      each roller star includes a plurality of radially outwardly extending
      arms, each arm having a free end at the radially outermost end thereof and
      a roller mounted on each arm adjacent the free end thereof, whereby
      rotation of each roller star causes the free ends of said arms to move
      between the teeth of one toothed rack to effect engagement of said rollers
      with said teeth.
NUM  7.
PAR  7. A trailer comprising:
PA1  a. an elongated frame;
PA1  b. a vertically movable platform;
PA1  c. a rack mechanism supporting said platform;
PA1  d. a vertical mast along which said platform is guided;
PA1  e. said trailer including a transverse axle defining forward and rearward
      sides of said trailer;
PA1  f. two, spaced, vertical lifting supports in said mast, one being disposed
      on said forward side of said trailer, the other being disposed on said
      rearward side, and a plurality of struts spanning the space between the
      vertical uprights to join said uprights together in said mast, said struts
      being arranged in regular, vertically spaced intervals along substantially
      the entire length of said mast;
PA1  g. each lifting support including a pair of spaced vertical uprights spaced
      transversely with respect to the trailer frame, said pairs of vertical
      uprights defining a portion of said mast having a rectangular cross
      section;
PA1  h. a first rack mechanism coupled with said pair of uprights of said
      forward lifting support, said first mechanism including a plurality of
      flat tooth members, one end of each tooth member being coupled with one
      vertical upright of said forward lifting support, the other end of each
      tooth member being coupled with the other upright of said forward lifting
      support, each tooth member thereby spanning the space between the two
      uprights of said forward lifting support, the tooth members of said first
      rack mechanism being vertically spaced along said first lifting support;
PA1  i. a second rack mechanism coupled with said pair of uprights of said
      rearward lifting support, said second mechanism including, a plurality of
      flat, tooth members, one end of each tooth member being coupled with one
      vertical upright of said rearward lifting support, the other end of each
      tooth member being coupled with the other upright of said rearward lifting
      support, each tooth member thereby spanning the space between the two
      uprights of said rearward lifting support, the tooth members of said
      second rack mechanism being vertically spaced along said first lifting
      support;
PA1  j. first and second lifting mechanisms, each lifting mechanism comprising
      an electric motor and a speed reducer, each lifting mechanism being
      mechanically independent of the other and each having a longitudinal axis,
      both of said lifting mechanisms being symmetrically arranged with respect
      to said mast and being so arranged that their longitudinal axes extend
      transversely with respect to the trailer frame; the longitudinal axis of
      said first lifting mechanism being located forwardly of said forward
      lifting support and the longitudinal axis of said second lifting mechanism
      being located rearwardly of said rearward lifting support;
PA1  k. said first and second lifting mechanisms including, respectively, first
      and second roller stars, each roller star including a plurality of
      radially outwardly extending arms, each arm having a roller at the free
      end thereof;
PA1  l. said rollers of said first roller star co-operating with said tooth
      members of said first first rack mechanism, and said roller of said second
      roller star co-operating with said tooth members of said second rack
      mechanism to support said platform and move the same vertically along said
      mast.
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ABST
PAL  A means to damp the oscillating movements of a hoisting device suspended in
      a link the upper end of which pivotally mounted about a first horizontal
      shaft on the outer end of a crane jib and at the lower end of which the
      hoisting device is pivotally mounted about a second horizontal shaft. A
      sector-shaped brake disc is mounted at the upper articulation point, the
      centre of said disc being situated in or close to the centre of said first
      shaft. At least one brake shoe is provided at the crane jib and arranged
      to be pressed against the disc at a distance from said first shaft,
      whereby the desired damping effect is obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns an improved means intended to damp the
      oscillating movements of hoisting mechanisms suspended in a link the upper
      end of which is pivotally mounted about a first horizontal shaft on the
      outer end of e.g. a crane jib and at the lower end of which the hoisting
      mechanism is pivotally mounted about a second horizontal shaft, the
      vertical longitudinal medium plane of which forms an angle, preferably a
      right angle, to the vertical longitudinal medium plane of the first shaft.
PAR  The hoisting device may be in the form of a gripping means which is largely
      used in logging and other forestry operations in connection with vehicle
      mounted cranes for loading and unloading timber and similar work. In order
      that the gripper jaws, when spread apart, be able to efficiently find
      their way between the logs in a log pile and then grab as large a number
      thereof as possible, the gripper must be pivotally suspended so as to be
      able to move in one or several directions. Such hoisting gear, when freely
      suspended, will however easily start oscillating during the crane jib
      operations. Also when the crane jib movements have ceased, the hoisting
      gear continues to oscillate on account of its cardanic suspension. The
      oscillation or pendulum system possesses such inertia that it takes
      considerable time before the oscillations die away, which considerably
      delays the work.
PAR  Various solutions have been suggested to diminish the time of oscillating.
      In accordance with one suggestion telescopic shock absorbers are inserted
      between the crane jib and the hoisting device. However, shock absorbers
      are liable to damage during loading operations. In addition, they
      considerably limit the angular deflections or swings of the hoisting
      device.
PAR  In accordance with another suggested solution the cardan link joints are
      provided with a friction lining, e.g. in the form of rubber bushings
      provided at the link hub. The rubber is biased through axial compression.
      One disadvantage of this type of damper means is that the compression
      pressure must be reset from time to time. Because the damper means is
      arranged about the rotational shafts of the cardan link, the frictional
      force will act with a comparatively small leverage to the centre of
      rotation. The braking moment consequently will be relatively small. In
      addition, the angular speed of the pendulum becomes low. The damper acts
      close to the area of static friction, which results in considerable wear.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the present invention is to remedy the above-mentioned
      drawbacks and deficiencies. The invention is characterised in that at the
      articulation point about the upper articulation shaft, one of the pivoted
      members, preferably the link, in which the hoisting device is suspended,
      is provided with a sector-shaped brake disc having its centre in or close
      to the centre of this shaft, and that the other pivoted member, preferably
      the crane jib, is provided with at least one brake shoe arranged through
      the action of a spring to be pressed against the brake disc at a distance
      from the shaft. The damping effect will be extremely good in that the
      brake shoe is positioned comparatively far from the articulation shaft.
      The damping means does not affect the articulation shaft in which the
      hoisting device is suspended, which means that the simple mounting of the
      hoisting device to the crane may be retained while at the same time it
      becomes possible to use the hoisting device with or without damping,
      according to choice. The means enjoys a long operational life. No
      subsequent adjustment of the tension spring of the brake shoe or shoes is
      necessary. Damping may be effected in one or two vertical planes forming
      an angle between them.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further characteristics of the invention will appear from the following
      description with reference to the accompanying drawings, wherein
PAR  FIG. 1 is a partly vertical sectional view through an oscillating movement
      damping means provided at the link between the outer end of a crane jib
      and the hoisting device suspended therein via a link,
PAR  FIG. 2 is a sectional view along line II--II of FIG. 1,
PAR  FIG. 3 is a side view of the brake disc incorporated in the upper
      articulation point, and
PAR  FIG. 4 is a brake disc incorporated in the lower articulation point.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the drawings is illustrated the outer end of a crane jib 1 which is
      mounted for swinging movement in various directions upwards and downwards
      as well as in the lateral directions, the upper end of a hoisting device
      2, and a link 3 arranged between the crane jib and the hoisting device. A
      horizontal shaft 4 articulates the upper link end to the crane jib 1, and
      a second horizontal shaft 5 positioned in a vertical plane different from
      that of shaft 4, hingedly interconnects the link with the hoisting device
      2. Through the arrangement of these two shafts 4, 5 the hoisting device 2
      becomes suspended in a cardan fashion so as to be able to oscillate in
      various directions. Oscillating movement damping means in accordance with
      the invention are provided at both pivot points.
PAR  The upper oscillating movement damping means comprises a brake disc 6
      secured to one end of the shaft 4 by means of a bolt 7 and a bushing 8.
      The brake disc 6 is formed with a downwardly directed arm 9 having a notch
      10 in which engages a follower shoulder 11 formed on the link 3. Brake
      shoes 12, 13 are arranged to exert a pressure against both sides of the
      brake disc 6. The brake shoe 12 is mounted on one side of one 15 of the
      members of a yoke spring 14. The other brake shoe 13 is arranged on one
      face of a holder arm 16 against the opposite face of which abuts the other
      leg member 17 of the yoke spring 14 while exerting a pressing action. In
      one side face of the crane jib 1 are secured two bolts 20 and 21,
      respectively, each one supporting a distance sleeve 18 and 19. The
      distance sleeve 18 passes with abundant play through two openings 22, 23
      formed in the yoke members 15 and 17, respectively, and the distance
      sleeve 19 passes, likewise with abundant play, through a notch 24 in the
      yoke spring leg member 15 and through an arc-shaped groove 25 formed in
      the brake disc 6. In addition, the sleeve 18 passes freely through a notch
      26 formed in the upper end of the holder arm 16, and the sleeves 19 passes
      freely through a notch 27 formed in the lower end of the arm 16.
PAR  Upon swinging movement of the link 3 together with the hoisting device 2
      about shaft 4, the brake disc 6 is also set in motion, thus sliding
      between the brake shoes 12 and 13 which the spring leg members 15 and 17
      urge against the brake disc from mutually opposite directions. The brake
      shoes 12, 13 as well as the yoke spring 14 and the holder arm 16 are
      prevented from taking part in the movements of the brake disc 6 by the
      bolts 20, 21. This creates a powerful damping effect. The braking force
      proper which is imagined to attack centrally on the braking shoes 12, 13
      acts at a considerable distance away from the shaft 4.
PAR  As appears from FIGS. 1 and 3 the centre 28 of the radius 29 to the
      peripheral edge 30 of the brake disc 6 does not agree with the centre 31
      of the shaft 4. This means that when the link 3 together with the brake
      disc 6 are swung in the clockwise direction, a considerable portion of the
      active area of the brake shoes 12, 13 will be positioned beyond the edge
      30. Upon such lateral swinging movement of the link 3 together with the
      brake disc 6 the braking force consequently will act on a shorter lever to
      the centre 31 than when the link 3 together with the brake disc 6 are
      swung in the opposite direction. Through this arrangement it thus becomes
      possible according to desire and as determined by existing need and
      necessity to obtain a varying braking action and thus differing
      oscillating movement damping effects upon oscillating movements of the
      link 3 together with the hoisting device 2 in one direction or the other.
PAR  The lower pivot point is provided with a damping device which in principle
      agrees with the one just described. In this case the brake disc 32 is,
      however, provided with a mounting washer 33 which by means of screws 34 is
      secured to the upper end of the frame 35 of the hoisting device 2. The
      brake disc 32 projects into the interior of the link 3. A tubular rivet 36
      or similar means supports a yoke-shaped holder 37 therein and at the inner
      faces of the holder leg members 38 is secured a brake shoe 39, 40 which is
      pressed by the legs 31 of a yoke-shaped spring 42 against the brake disc
      32 from mutually opposite directions. The brake shoes 39, 40, the holder
      37 and the yoke spring 42 are retained in position between the two side
      walls 43 of the link 3 in a manner preventing them from taking part in the
      swinging or oscillating movements of the brake disc 32 about the shaft 5.
PAR  It is evident that upon swinging movement of the hoisting device about the
      shaft 5, in which movement takes part also the brake disc 32, efficient
      braking and damping of the oscillating movements occur owing to the
      arrangement of the brake shoes 39, 40 exerting a pressure on the brake
      disc 32.
PAR  The peripheral edge 44 of the brake disc 32 follows an arc, the centre 45
      of which is situated in the shaft 5. The same damping effect is then
      achieved upon the swing of the hoisting device 2 in both directions. If,
      on the other hand, the peripheral edge of the brake disc 32 follows a
      smaller arc 46 (FIG. 2) the centre of which is positioned e.g. in point
      47, the damping effect will diminish, the longer the swing of the hoisting
      device 2 in either direction is.
PAR  The embodiment as described and illustrated herein is to be regarded as an
      example only and the oscillating movement damping means may be
      constructively altered in a variety of ways within the scope of the
      invention. The damping means provided at the lower pivoted member may
      possibly be dispensed with. The oscillating movement damping means may be
      used for other types of hoisting devices than grippers and be suspended on
      other lifting means than crane jibs. Each brake disc 6 or 32 may require
      only one brake shoe 12, 13 or 39, 40, respectively,
PAR  Approximately the same oscillating movement damping effect is obtained if
      the brake disc 6 is instead provided on the crane jib 1 and the brake
      shoes 12, 13 on the link 3. Also at the lower pivot point, shaft 5, the
      positions of the brake disc 32 and the brake shoes 39, 40 may be reversed.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An improved oscillating movement damping means for a pivotally suspended
      hoisting device, comprising a link supporting said hoisting device, a
      first horizontal shaft pivotally mounting the upper end of said link to
      the outer end of a lifting means, such as crane jib, a second horizontal
      shaft pivotally mounting said hoisting device to the lower end of said
      link, the vertical longitudinal medium plane of said second shaft forming
      an angle, preferably a right angle, to the vertical medium plane of said
      first shaft, the improvement in which one of the pivoted members is
      provided with a sector-shaped brake disc at the pivot point of one shaft,
      said brake disc having its centre approximately in the centre of said one
      shaft, and the second pivoted member being provided with at least one
      brake shoe, and a spring arranged to press said brake shoe against said
      brake disc at a distance from said one shaft.
NUM  2.
PAR  2. An improved damping means as claimed in claim 1, comprising one brake
      shoe positioned on each side of said brake disc, said spring being a
      U-shaped flat spring the leg members of which urge said two brake shoes
      against said brake disc from mutually opposite directions.
NUM  3.
PAR  3. An improved damping means as claimed in claim 2, comprising two bolt
      means arranged on said lifting means at different distances away from said
      one shaft to prevent said brake shoes from taking part in the rotational
      movements of said brake disc, said brake disc formed with an arcuate
      groove in which engages the bolt closest to said one shaft.
NUM  4.
PAR  4. An improved damping means as claimed in claim 3, comprising an arm
      supported by the outer one of said brake shoes, said bolts passing through
      said arm for removable attachment of said arm.
NUM  5.
PAR  5. An improved damping means as claimed in claim 1, comprising a bolt
      provided at one end of said one shaft so as to pass through said brake
      disc centrally thereof, and a follower means provided at the lower one of
      said two pivoted members, arranged for cooperation with said brake disc to
      force said brake disc to take part in the swinging movements of said
      second pivoted member.
NUM  6.
PAR  6. An improved damping means as claimed in claim 1 provided at the lower
      one of said two pivot points, the improvement comprising a brake disc
      provided in the hoisting device frame so as to project upwards into said
      link, said brake disc being sector-shaped with the centre thereof
      positioned in the centre of said second shaft, and a yoke-shaped holder
      means inserted in said link, the leg members of said holder means
      supporting one brake shoe each, a yoke-shaped flat spring the two legs of
      which are arranged to urge said brake shoes to press against both sides of
      said brake disc at a distance from said second shaft.
NUM  7.
PAR  7. An improved damping means as claimed in claim 6, comprising an elongate
      member formed in the interior of said link to support said holder yoke,
      said brake shoes and said yoke spring.
NUM  8.
PAR  8. An improved damping means as claimed in claim 1, comprising the
      peripheral edge of said brake disc having such an extension as to permit
      said brake disc to be positioned radially inside the outer edge of said
      brake shoes upon relative movement between said brake disc and the
      associated brake shoe to one end position.
NUM  9.
PAR  9. An improved damping means as claimed in claim 6, comprising the
      peripheral edge of said brake disc having such an extension as to permit
      said brake disc to be positioned radially inside the outer edge of said
      brake shoes upon relative movement between said brake disc and the
      associated brake shoe to one end position.
NUM  10.
PAR  10. In a hoisting device including a load-engaging device, a lifting
      member, and link means suspending said load-engaging member from said
      lifting member for substantially universal oscillatory motion with respect
      thereto, said link means including a link member and shaft pivotally
      connecting said link member with said lifting member, the combination of:
PA1  a brake disc pivoted to and at one end of said shaft and including a
      sectorial portion radially spaced from said shaft; and
PA1  friction means carried by one of said members and engaging said sectorial
      portion of the brake disc, and spring means positively urging said
      friction means against said sectorial portion of the brake disc;
PA1  said brake disc also including an arm extending radially from said shaft,
      and said arm having means anchoring it to the other of said members
      whereby oscillatory motion between said members about the axis of said
      shaft is resisted by relative movement between said brake disc and said
      friction means.
NUM  11.
PAR  11. In a hoisting device as defined in claim 10 wherein said sectorial
      portion overlies said lifting member and is provided with an arcuate slot
      centered with respect to the axis of said shaft, an anchor member fixed to
      said lifting member and projecting through said arcuate slot, a further
      anchor member fixed to said lifting member beyond said sectorial portion,
      and said spring means comprising a spring clamp assembly engaged with said
      anchor members, said friction means comprising a pair of brake shoes
      sandwiching said sectorial portion therebetween and urged toward each
      other by said spring clamp assembly.
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ABST
PAL  A friction plate for use, inter alia in a vehicle disc brake includes a
      metal backing plate and a plurality of friction pads carried by the
      backing plate on one major surface thereof. The friction pads are arranged
      on one major surface in first and second, circular rows which bound
      respectively first and second concentric, circular annuli. The external
      diameter of the first annulus is less than the external diameter of the
      second annulus, but is greater than the internal diameter of the second
      annulus so that the annuli overlap.
BSUM
PAR  This invention relates to friction plates for use, inter alia, in disc
      brakes for vehicles.
PAR  A friction plate, according to the invention, includes a metal backing
      plate and a plurality of friction pads carried by the backing plate on one
      major surface thereof, the friction pads being arranged on said one
      surface in first and second, circular rows which bound respectively first
      and second concentric, circular annuli, the external diameter of the first
      annulus being less than the external diameter of the second annulus, but
      greater than the internal diameter of the second annulus so that the
      annuli overlap.
PAR  Preferably, the friction pads of said first row alternate with the pads of
      said second row.
PAR  Preferably, the number of friction pads in the second row exceeds the
      number of pads in the first row.
PAR  Preferably, each friction pad is aligned with an identical further friction
      pad on the other major surface of the backing plate.
DRWD
     In the accompanying drawings,
PAR  FIG. 1 is a plan view of part of a friction plate according to one example
      of the invention, and
PAR  FIG. 2 is a sectional view along the line 2--2 in FIG. 1.
DETD
PAR  Referring to the drawing, the friction plate includes a mild steel disc 11
      having a diameter of 8.8 inches and a thickness of 0.125 inch. Extending
      radially inwardly into the disc 11 from the periphery thereof are eight
      equiangularly spaced slots 12 (only four shown in the drawing), of length
      0.625 inch and width 0.125 inch. On each major surface of the disc 11,
      there is provided a plurality of angularly spaced friction pads 13
      positioned adjacent the periphery of the disc 11 and between the slots 12,
      so that there are five friction pads between adjacent slots. Also, the
      arrangement is such that each friction pad 13 on one major surface of the
      disc is aligned with a respective friction pad on the opposite major
      surface of the disc. Each friction pad has a thickness of about 0.05 inch
      and is circular in plan with its diameter being 0.6 inch, the distance
      between adjacent friction pads being about 0.04 inch.
PAR  The friction pads on each major surface of the disc 11 are arranged in
      first and second rows 14, 15 respectively which contain sixteen and
      twenty-four pads respectively and which extend continuously around the
      disc 11 so as to bound first and second concentric, circular annuli
      respectively as shown, the friction paths in each of the first and second
      rows have their centers disposed at a constant radial distance from the
      center of disc 11. The external diameter of the first annulus is less than
      the external diameter of the second annulus, which is in turn less than
      the external diameter of the disc 11 by between 0.025 and 0.03 inch.
      However, the external diameter of the first annulus is greater than the
      internal diameter of the second annulus so that the annuli overlap by an
      amount such that the radial distance between the internal periphery of the
      first annulus and the external periphery of the second annulus is greater
      than 0.8 inch and less than 1.2 inch, and preferably is 0.96 inch.
      Moreover, by varying the overlap between the rows 13, 14 within these
      limits, it is possible to vary the braking characteristics of the friction
      plate.
PAR  To produce the friction plate shown in the drawing, a powdered friction
      material is first produced having the following composition by weight: 60%
      copper, 12% tin, 2% lead, 9% zinc, 4% carbon and 13% silica. The friction
      material is produced by mixing together the components in a Nautamix mixer
      for approximately 30 minutes, whereafter the material is removed from the
      mixer and then re-mixed for a further 30 minutes to ensure uniform
      distribution of the components. This mixture is to be used to produce the
      friction pads 13 and, for each pad 1.3gm of the mixture is placed in a
      suitably shaped die cavity and compressed into a pellet at 17000 lb.f.
PAR  The compacted pellets are then secured in the required positions on
      opposite sides respectively of the disc 11 by a resistance heating
      operation, which also serves to sinter the compacts into the required
      friction pads 13. To provide the required bond between the disc 11 and the
      pads 13, the disc is plated, prior to the heating operation, with a 0.001
      inch thicklayer of a brazing material, such as copper, brass, bronze,
      nickel, tin, zinc, and tin/zinc. A pair of molybdenum-tipped electrodes
      are used to effect the resistance heating operation, which conveniently
      involves applying a force of 160 lb. to the compacts and passing a current
      of 5700amps between the electrodes for 11 seconds. The electrodes may be
      arranged so that each resistance heating operation serves to sinter and
      bond to the disc 11 a pair of compacts aligned on opposite sides
      respectively of the disc. Alternatively, the electrodes may be arranged so
      that a plurality of aligned compacts, such as those defined between a pair
      of adjacent slots 12, are sintered and bonded to the disc 11 at each
      resistance heating operation; such electrodes could progressively move
      round the disc until all the pads had been joined, or, a plurality of such
      electrodes could join all the pads of the assembly in one operation.
PAR  Obviously, depending upon the size of the disc and the number of pads,
      involved, it would be possible to sinter and bond all the pads with single
      electrodes in one operation.
PAR  While in the example the pads of the first row alternate with the pads of
      the second row, it would be possible to alternate groups of pads of the
      first row with groups of pads of the second row e.g. the groups being
      defined between the adjacent slots 12.
PAR  It is to be appreciated, that although in the example described the
      friction pads 13 are circular in plan, the pads could be of different
      configuration (e.g. rectangular in plan) depending on the braking
      characteristics required. Also, although in the above example the circular
      pads 13 of the first and second rows 14, 15 are of equal diameter, the
      pads 13 of the two rows could have different diameters.
PAR  Moreover, it is to be appreciated that the exposed major surface of the
      friction pads 13 may be grooved in the same manner as the friction pads of
      conventional friction plates. Thus, said major surfaces may be formed with
      annular grooves of relatively large width, conventionally termed wagon
      tracks, as well as relatively narrow, concentric or spiral grooves.
CLMS
STM  We claim:
NUM  1.
PAR  1. A friction plate including a metal backing plate and a plurality of
      friction pads carried by the backing plate on one surface thereof, all the
      friction pads on said one surface of the backing plate being contained in
      first and second, circular rows which extend around said one surface of
      the backing plate and which bound respectively first and second
      concentric, circular annuli, the external diameter of the first annulus
      being less than the external diameter of the second annulus but greater
      than the internal diameter of the second annulus so that the annuli
      overlap, and the friction pads in each of said first and second rows
      having their centers disposed at a constant radial distance from the
      center of the backing plate, but the number of said friction pads in the
      second row exceeding the number of said friction pads in the first row.
NUM  2.
PAR  2. A plate as claimed in claim 1 wherein the friction pads of said first
      row alternate with the pads of said second row.
NUM  3.
PAR  3. A plate as claimed in claim 1 wherein each friction pad is aligned with
      an identical further friction pad on the other major surface of the
      backing plate.
NUM  4.
PAR  4. A plate as claimed in claim 1 wherein the friction pads are produced
      from compacts of friction material which are resistance heated on the
      backing plate, the heating serving to sinter the compacts into the
      friction pads and to bond the pads to the backing plate.
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ABST
PAL  The present specification discloses and claims an opposed piston disc brake
      caliper of the fixed type together with a pad anti-rattle spring for use
      therewith. The caliper is formed in two halves, each half having a
      machined surface in which a pad recess is formed. The caliper halves when
      clamped together with the machined surfaces engaging each other, leave
      part of a machined surface exposed at least at one side of a friction pad
      locating aperture formed by the two pad recesses. This exposed part of the
      machined surface acts as a datum surface against which part of the pads
      anti-rattle spring can engage. The pad anti-rattle spring has a generally
      rectangular configuration and is dimensioned to fit into the pad locating
      aperture. At least one window is cut in the spring to allow for inspection
      of pad wear, and a lateral tag is provided on the spring in the region of
      the or each datum surface. The tag or tags can be engaged with the datum
      surface on the caliper to correctly locate the spring and allow accurate
      inspection of the pads through the at least one window.
PARN
PAR  This is a division of application Ser. No. 348,472 filed Apr. 6, 1973, now
      abandoned.
BSUM
PAR  The present invention relates to disc brake calipers and more particularly
      to disc brake calipers of the opposed piston type, the caliper being in a
      fixed position during operation of the brake.
PAR  A disc brake caliper of the opposed piston type, which is fixed in position
      during operation of the brake, is formed in two halves which are bolted
      together, the caliper in plan view, appearing to be constructed from two
      U-shaped sections. Each U-shaped section forming a half of the caliper,
      has what is termed hereinafter a "pad recess", between the arms thereof.
      The completed caliper is formed by bolting the two U-shaped sections
      together, the pad recess in each section forming what is termed
      hereinafter, a "pad locating aperture" in the caliper. Brake pads fit in
      this pad locating aperture and at various intervals during the life of the
      brake pads, it is necessary to inspect the pads to check the degree of
      wear, this being possible by merely inspecting the pads through the pad
      locating aperture in the caliper. It is also desirable that the disc
      brakes should not be a source of noise; one of the most common noises
      associated with such brakes being the rattling of the pads within their
      guides in the caliper. A common solution to this problem is the provision
      of an anti-rattle spring which acts to resiliently hold the pads in
      engagement with pad guide surfaces. A known pad anti-rattle spring is of
      plate construction. However, when such a spring is installed in a caliper
      within the pad locating aperture, it prevents the aforementioned
      inspection of the pads. This problem has been overcome by forming windows
      in the plate-like anti-rattle spring.
PAR  However, with this construction of spring unless it is located against a
      datum face it is possible to obtain an incorrect reading of the degree of
      wear on each pad, i.e. one pad could appear to be fully worn whilst the
      other would appear to have sufficient material thickness. Such a datum
      face against which the anti-rattle spring must be engaged to give a
      correct reading of the wear to a pad, could readily be provided by either
      or both of the opposed end faces of the pad locating aperture in the
      caliper i.e. the base faces of the pad recesses in each of the halves of
      the caliper. This is quite possible; however, to meet the requirements of
      positively positioning the spring, the end face or faces, which are
      normally left in an "as cast condition" must be machined to provide a true
      datum surface. Obviously, this machining increases the cost of the brake.
      The present invention provides the necessary datum surface or surfaces
      without the added expense of further machining these said end walls.
PAR  According to the present invention there is provided an opposed piston disc
      brake caliper of the fixed type, the caliper being formed in two halves,
      each half of the caliper having a machined surface in which is located a
      pad recess, the halves of the caliper in a completed brake being held
      together so that said machined surfaces engage each other, the recesses
      then together forming a pad locating aperture and part of one of said
      machined surfaces being exposed at least at one side of the pad locating
      aperture.
PAR  In a preferred embodiment of the present invention the machined surface of
      each half of a caliper is cut away at one side of said pad recess. Thus,
      when the two halves which have pad recesses of equivalent dimensions, are
      joined together, the cutaway portion of the machined surface contiguous to
      the pad recess of each caliper half, exposes part of the machined surface
      on the contiguous other half of the caliper. These exposed machined
      surfaces provide the necessary datum surfaces for projections on a pad
      anti-rattle spring. By machining each caliper half in exactly the same
      location i.e. cutting away the machined surface at the same side of the
      pad recess on each caliper half, production costs may be reduced as this
      allows the caliper halves to be non-handed, the same jigs and tool
      settings being possibly suitable for working both caliper halves of a disc
      brake.
PAR  Alternatively, one half of a caliper may be cut away at both sides of the
      pad recess contiguous to the machined surface thereof. Further, by
      utilising two caliper halves having different width pad recesses i.e. when
      seen in plan view, the necessary datum surfaces will be exposed when the
      two halves are bolted together. Also, where suitable, by utilising caliper
      halves with equivalent dimensioned pad recesses, the necessary datum
      surfaces may be provided by bolting the two halves together so that the
      pad recesses are off-set relative to each other i.e. when seen in plan
      view.
PAR  According to a further feature of the present invention there is provided a
      pad anti-rattle spring for use in an opposed piston disc brake caliper of
      the fixed type, the spring being of substantially rectangular
      configuration, a window aperture being provided in said spring and at
      least one side of the spring being provided with a tag.
PAR  The spring is dimensioned to fit in the pad locating aperture in the
      caliper and the tag or tags arranged to engage against an exposed machined
      surface of the caliper.
PAR  One embodiment of pad anti-rattle spring suitable for use with the
      preferred embodiment of the present invention, is of generally rectangular
      configuration and comprises a central generally rectangular section having
      at least one window aperture therein, elongate spring members being
      integrally attached in their middle regions one to the middle region of
      each of two opposed sides of said central section, said elongate spring
      members each having an integral tag projecting from an outer edge thereof,
      said tags extending generally in opposite directions.
PAR  In a preferred embodiment of pad anti-rattle spring, there are provided two
      window apertures in the central generally rectangular section of the
      spring. The window apertures and tags are so arranged relative to each
      other that when the tags engage against a machined datum surface on the
      caliper, a correct reading of the degree of wear to the pads can be
      obtained by inspection through said window apertures.
PAR  The window apertures' dimensions are preferably chosen so that they expose
      a small area of the pads only. The area of the window apertures being
      small relative to the total area of the whole spring so that the spring
      provides an effective dust shield for all working parts of the caliper.
DRWD
PAR  The present invention will now be further described by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a preferred embodiment of a caliper constructed in
      accordance with the invention, with a pad anti-rattle spring fixed in
      position,
PAR  FIG. 2 is a sectional view along line A--A in FIG. 1,
PAR  FIG. 3 is an end view with a partial section taken along line B--B in FIG.
      1,
PAR  FIG. 4 is an enlarged plan view of the pad anti-rattle spring illustrated
      in FIG. 1,
PAR  FIG. 5 is a sectional view of the spring illustrated in FIG. 4 taken along
      line V--V,
PAR  FIG. 6 is an end elevation of the pad anti-rattle spring illustrated in
      FIG. 4, and
PAR  FIG. 7 is a sectional view of the pad anti-rattle spring in FIG. 4 taken
      along line VII--VII.
PAR  FIG. 8 is a broken plan view similar to FIG. 1 showing an alternate
      arrangement;
PAR  FIG. 9 is a broken plan view similar to FIG. 8 showing yet another
      arrangement; and
PAR  FIG. 10 is a broken plan view similar to FIGS. 8 and 9 showing still
      another alternate arrangement.
DETD
PAR  In FIGS. 1 to 3 of the accompanying drawings, various views of a preferred
      embodiment of a caliper constructed in accordance with the present
      invention, are illustrated. The caliper has two halves 1 and 2 each half
      when viewed in plan, i.e. as in FIG. 1, appearing to have a generally
      U-shaped configuration. Caliper half 1 has two arms or sections 3 and 4
      between which there is located a pad recess 5. Caliper half 2 has two arms
      or sections 6 and 7 between which is located a pad recess 8. The halves 1
      and 2 of the caliper are bolted together forming the disc brake, surfaces
      9 and 10 of sections 6 and 7 respectively, mating respectively with
      surfaces 11 and 12 of sections 3 and 4 respectively. The surfaces 9, 10,
      11 and 12 are all machined and hence surfaces 9 and 11 engage accurately,
      and likewise surfaces 10 and 12 engage accurately. In the completed
      caliper the pad recesses 5 and 8 which as viewed in FIG. 1 are of
      equivalent width, form a pad locating aperture generally designated by the
      reference numeral 13.
PAR  To the left-hand side of the pad locating aperture 13 as viewed in FIG. 1,
      the edge of the machined surface 11 contiguous to the pad locating
      aperture wall, is cut away at 14, thus exposing the part 15 of the
      machined surface 9. To the right-hand side of the caliper as viewed in
      FIG. 1, the machined surface 10 is cut away at 16 thus exposing the part
      17 of the machined surface 12. These exposed parts 15 and 17 of the
      machined surfaces 9 and 12 respectively, act as datum surfaces for the pad
      anti-rattle spring illustrated in detail in FIGS. 4 to 7.
PAR  As evident from FIG. 1, the provision of cutaway portions 14 and 16 on the
      different halves of the caliper on diametrically opposed corners of each
      caliper half on the joint lines of surfaces 11 and 9, and surfaces 12 and
      10, thus providing the possibility for each half of the caliper to be
      manufactured utilising the same jig and tool arrangement. This provides a
      considerable saving in the manufacture of the final caliper.
PAR  Alternatively, the cutaway portions could be made in the surfaces 11 and 12
      of one caliper half or in surfaces 9 and 10 of the other caliper half as
      shown at 15', 15' in FIG. 8, or indeed one cutaway portion could be formed
      solely in one of the surfaces 9, 10, 11 and 12. Further by making the pad
      recess in one caliper half, larger in width i.e. when viewed in plan (FIG.
      1) than the pad recess in the other complementary caliper half, exposed
      machined surfaces 15a, 15a are provided within the pad locating aperture
      as shown in FIG. 9. Also, when the caliper halves have pad recesses of
      equal width, by off-setting one caliper half relative to the other caliper
      half and bolting same together, parts 15b, 15c of the machined engaging
      surfaces of the caliper halves are exposed as is shown in FIG. 10. All
      these alternatives, provide the necessary machine surface on either or
      both sides of the pad locating aperture forming the necessary datum
      surface or surfaces for the pad anti-rattle spring.
PAR  The pad anti-rattle spring 18 illustrated in position in the caliper in
      FIG. 1 is illustrated in detail in FIGS. 4 to 7. The spring has a
      generally rectangular central portion 19 which has located therein two
      window apertures 20. To each side of the central section 19 and integrally
      attached to the middle regions thereof, is an elongate spring member 21.
      As seen in FIG. 6, each spring member 21 for the major part of its length,
      lies in a plane substantially parallel to the plane in which said central
      section 19 lies, the end regions 22 of said spring member 21 being curved
      to provide the necessary resiliency for the spring. On the outside edge 23
      of each elongate spring member 21, in the middle region thereof, is
      provided a tag 24, this tag being integrally connected to the elongate
      spring member 21 and lying in the same plane as said spring member. As
      seen in FIG. 4 each tag has a curved surface 25 and a straight edge 26.
      When the spring is arranged in the caliper as shown in FIG. 1, the tags 24
      engage in the spaces provided by the cutaway regions 14 and 16 in the
      caliper halves. As seen from FIG. 5 the central section 19 lies in a
      separate plane parallel to the plane in which the main part of each
      elongate member 21, lies. When the spring is in position in the pad
      locating aperture of a caliper as illustrated in FIG. 1, the undersurface
      27 of the central section 19 engages the top of the two pads located on
      guides within the pad locating aperture in the caliper. A pad retaining
      pin 28 (FIG. 1) passes through holes in the caliper halves and acts on the
      inclined portions 30 of the spring 18 to urge the elongated spring members
      21 into engagement with part of the friction pad assembly.
PAR  In this position with the tags 24 engaging in the space provided by cutaway
      sections 14 and 16, the straight edges 26 of each tag engage against
      exposed machined surfaces 15 and 17. The window apertures 20 and the tags
      24 are so arranged relative to each other to provide for a true reading to
      be obtainable of the degree of wear to the pads on inspection of the pads
      through said apertures 20, when the straight edges 26 of the tags 24
      engage against the datum surfaces 15 and 17. It may be that the spring in
      an alternative embodiment may be movable in the pad locating aperture to
      some small extent, but merely by manually moving the spring so that the
      tag or tags engage the datum surface or surfaces, the required true
      reading may then be obtained.
PAR  Various configuration of the tags may be chosen, dependent upon the
      arrangement and formation of the datum surfaces on the halves of the
      caliper. For instance, whilst the tags 24 as illustrated in FIG. 4 are
      mirror images of each other, this being dictated by the arrangement of the
      cutaway regions in the caliper halves, it may be that the cutaway regions
      as previously described, are on one of the caliper halves alone, in which
      case identical tags would be provided on each elongate spring member 21.
PAR  The area exposed by the window apertures 20 is in relation to the total
      area of the hole spring, quite small, and hence the provision of the
      spring in the caliper provides a form of dust cover besides preventing the
      pads from rattling. Also, it will be evident to persons skilled in the
      art, the anti-rattle spring may be produced from a blank, the blank being
      stamped out and pressed to the required configuration.
CLMS
STM  I claim:
NUM  1.
PAR  1. An opposed piston disc brake caliper of the fixed type comprising two
      caliper halves, a machined surface being provided on each caliper half, a
      pad recess being formed in each machined surface, the caliper halves being
      clamped together with their machined surfaces engaging each other, the pad
      recesses together forming a friction pad locating aperture, and part of at
      least one of said machined surfaces being exposed at least at one side of
      the friction pad locating aperture whereby the exposed part of the at
      least one machined surface provides a datum surface for accurate
      measurement relative thereto, and a spring of generally rectangular
      configuration, a window aperture in said spring, and a laterally
      projecting tag being arranged on at least one side of the spring to engage
      against said datum surface of the caliper to correctly locate the spring
      in the pad locating aperture enabling accurate inspection of brake pad
      wear.
NUM  2.
PAR  2. An opposed piston disc brake caliper according to claim 1, wherein the
      machined surface of each caliper half is cutaway at one side of the pad
      recess, the cutaway portions on each caliper half being on opposite sides
      of the friction pad locating aperture.
NUM  3.
PAR  3. An opposed piston disc brake caliper according to claim 1, wherein the
      machined surface of one caliper half is cutaway at both sides of the pad
      recess.
NUM  4.
PAR  4. An opposed piston disc brake caliper according to claim 1, wherein the
      caliper halves have different width pad recesses so that when the caliper
      halves are clamped together the machined surface of the caliper half
      having the narrower pad recess, is exposed at either side of the pad
      locating aperture.
NUM  5.
PAR  5. An opposed piston disc brake caliper according to claim 1, wherein the
      caliper halves are arranged to be clamped together slightly offset
      relative to each other, thus exposing part of the machined surface of each
      caliper half adjacent the pad locating aperture.
NUM  6.
PAR  6. An opposed piston disc brake caliper according to claim 1 wherein said
      engaging machined surfaces lie in a plane parallel to the plane of
      rotation of a disc with which said caliper is adapted to be used, said tag
      having a locating surface parallel to the plane of said machined surfaces
      and arranged to engage against said datum surface defined by the exposed
      part of the at least one machined surface.
NUM  7.
PAR  7. An opposed piston disc brake caliper according to claim 1 wherein there
      are two exposed machine surfaces, one each on the respective opposite
      sides of the pad aperture, said spring comprising a central rectangular
      section in which said window aperture is located, elongate spring members
      integrally attached in their middle regions one to the middle region of
      each of two opposed sides of said central sections, said first mentioned
      tag and a second tag being integral with and projecting laterally from the
      outer edges of each elongate spring member, said tags extending generally
      in opposite directions for locating engagement with the respective first
      and second exposed machine surfaces.
NUM  8.
PAR  8. An opposed piston disc brake caliper according to claim 7, wherein each
      spring member for the major part of its length, lies in a plane
      substantially parallel to but spaced from the plane in which said central
      section lies, the end regions of said spring members being curved to
      provide the necessary resiliency for the spring.
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ABST
PAL  Disc brake backing plate with a cup-shaped housing having in one embodiment
      a weight sandwiched between two resilient plugs and in a second
      embodiment, a plurality of scrap punch metal particles mixed with and
      incorporated in a resilient carrier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to disc brakes and more particularly to
      apparatus for limiting the squealing noise of caliper-type disc brakes and
      a method of making such apparatus.
PAR  It is well known that when automobile disc brakes are applied lightly at
      relatively low speeds some caliper disc brakes emit a high pitched squeal
      which is objectionable. This squeal is due to various reasons, but it is
      believed to be due primarily to the vibration of the shoes against the
      discs and the pins or supports on which the shoes rest. Various means have
      been employed to inhibit this squealing noise. For example, a glue or pad
      has been applied to the shoes to provide a resilient dampener between the
      shoes and the backing fingers of the caliper. Another method includes the
      use of metal springs between the shoes and the backing fingers of the
      caliper to keep the shoes away from the fingers. Even metal linings have
      been attached to the shoes on the backside thereof to inhibit the
      squealing noise. The present invention relates to novel apparatus for
      reducing the squeal of disc brakes when applied at relatively low speeds
      and to a method of manufacturing such apparatus.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly, this invention comprises a dampener that could be attached to a
      brake shoe backing plate and a method of manufacturing such dampener and
      brake shoe backing plate.
PAR  One of the primary objects of the invention is to provide means for
      reducing undesirable squealing noises associated with a caliper-type disc
      brake and a method of making such means for reducing such squealing
      noises.
PAR  Another object of this invention is to provide a dampening device which
      reduces the vibrations of a brake shoe of a caliper-type disc brake
      device.
PAR  A further object of this invention is to provide a dampening device which
      includes a resiliently mounted mass for reducing the vibrations of a disc
      brake shoe and backing plate associated therewith.
PAR  Still another object of this invention is to provide a method of
      manufacturing a dampening device and brake shoe.
PAR  A further object of this invention is to provide an anti-squealing device
      which is economical is construction and efficient in operation.
PAR  Other objects and advantages of this invention will be made apparent as the
      description progresses.
DRWD
PAC  A BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings in which two of various possible embodiments
      of this invention are illustrated:
PAR  FIG. 1 is a section taken through the disc brake caliper assembly and disc
      and includes one embodiment of a dampening device of this invention
      attached to the brake shoes.
PAR  FIG. 2 is an elevational view looking from the left side of FIG. 1 with the
      caliper assembly being shown in broken lines;
PAR  FIG. 3 is an exploded view of a disc brake shoe and dampener;
PAR  FIGS. 4-7 are sections showing various steps in a method of manufacturing a
      shoe and dempening device of this invention;
PAR  FIG. 8 is a perspective of a second embodiment of this invention;
PAR  FIG. 9 is a vertical section of the embodiment shown in FIG. 8;
PAR  FIG. 10 is a section similar to FIG. 5 showing the FIG. 8 embodiment
      subsequent to a welding step in the method of manufacturing the device;
      and
PAR  FIG. 11 is a view similar to FIG. 10 showing another step in the method of
      manufacturing the device.
PAR  Like parts are shown by corresponding reference numerals throughout the
      drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, a caliper of a conventional disc brake
      assembly is illustrated at 1 in FIG. 1. Caliper 1 includes a cylindrical
      portion 3 and a pair of backing fingers 5 located on opposite sides of a
      rotatable disc 7. The upper portion of the caliper 1 straddles the disc 7.
PAR  Cylinder portion 3 has a bore 9 therein which contains a hollow piston 11
      adapted to be moved toward the disc 7 by the admission of hydraulic fluid
      under pressure through an inlet 13, a seal 15 prevents the escape of
      hydraulic fluid from the cylinder and a boot 17 inhibits the ingress of
      dust and other particles into the bore 9. A piston engages a backing plate
      19 to which is secured a shoe, pad or lining 21. The backing fingers 5
      also engage a backing plate 23 to which is secured a lining or pad 25.
PAR  When fluid is admitted to the bore 9 through inlet 13 the piston 11 and the
      caliper end wall 27 are forced apart and cause the shoes 19 and 23 and the
      linings 21 and 25 connected thereto to be forced toward the disc 7 to
      frictionally engage and brake the same. The shoes 19 and 23 include arms
      29 and 31 (FIG. 2) which ridge on ledges or shoulders 33 and 35 of the
      caliper 1.
PAR  As mentioned previously when the linings or pads 21 and 25 engage the disc
      7 during braking at a relaively slow speed, a vibration is set up due to
      the engagement of the pads with the disc and the engagement of the backing
      plates 19 and 23 with the piston 11 and the fingers 5 respectively which
      produces a squeal that can be objectionable. It has been recognized that
      dampening devices may be utilized for preventing objectionable vibrations
      of many components. For example, a dampening device is sometimes used on
      the body pan of an automotive vehicle for preventing undue vibrations and
      noise associated therewith. The present invention utilizes a particular
      form of dampening device and a particular method of manufacturing the same
      which will now be discussed. The dampeners are illustrated at 37 and each
      includes a cup-shaped housing 39 in which are positioned two rubber plugs
      41 and 43 which sandwich a weight 45 therebetween. The rubber plugs 41 and
      43 are cylindrical in shape and include a recess 47 with an annullar
      upstanding rim or lip 49. The recesses and lips facilitate the positioning
      of the weight 45 between the plugs 41 and 43.
PAR  The dampener 37 is assembled in the following manner: First, the plug 43,
      weight 45 and plug 41 are assembled in the cup 39 with the plug 43
      adjacent to the bottom of the cup. It will be noted that the flat face 51
      of Plug 41 is spaced inwardly from the outer edge of the cup 39 (FIG. 4).
      The cup with the assembled components therein is next inertia welded to
      the backing plates 19 and 23. The cup is welded to plate 19 in an area
      which is aligned with the interior of the hollow piston 11. An identical
      cup is welded to plate 23 in an area which will place the dampener between
      the two fingers 5 of the caliper 1. As the cup 39 is inertia welded to the
      backing plates the welding takes place at the lip in the area indicated at
      54. The lip of the cup is brought up to a forging temperature during the
      inertia welding process and the face 51 of the plug 41 is forced against
      the backing plate to effect a solid state bond. The characteristics of
      inertia welding are well known.
PAR  Following the welding of the cup and the components therein to the backing
      plates a deforming die member 53 having a circular head thereon smaller
      than the diameter of the cup 39 is brought into contact with the bottom 55
      of the cup 39. The die 53 forces the center portion of the bottom 55 of
      the cup 39 inwardly toward the shoe 19 or 23. This squeezes the plugs 41
      and 43 together and the lip portions 49 thereof are forced around the
      weight 45 in the annular space between the weight and the annular wall of
      the cup 39. The weight 45 is thus securely attached to the backing plate
      19 or 23, but is insulated from metallic contact with such backing plate
      by the plug 41 located between the weight 45 and the backing plate and the
      plug 43 located between the weight and the cup 39 which is metallically
      connected to the backing plate.
PAR  The second embodiment of this invention is illustrated in FIGS. 8-11 at
      37'. The housing 39' is filled with a mixture 56 of a hardenable material
      or medium, such as polysulfide for example 57, and scrap metal punchings
      59. The amount of metal punchings and polysulfide are of a sufficient
      quantity to perform the dampening function. The housing 39' is filled with
      the mixture to a level slightly below the lip of the cup is inverted and
      inertia welded to the backing plates 19 and 23. Care is taken to leave a
      small air space 61 adjacent the backing plate. A deforming die member 53
      is forced against the bottom of the cup to compress the hardened mixture
      56 against the backing plate. The air in space 61 is compressed and forced
      into the mixture as the die 53 is applied.
PAR  It has been found that this dampener 37 with the insulated weight 45
      therein or the insulated metal punchings 59 therein is effective in
      eliminating the vibrations which often occur upon light braking
      applications. This then inhibits the generation of vibratory induced
      squealing noises.
PAR  In view of the foregoing it will be seen that the several objects of the
      invention are achieved.
PAR  While only one embodiment of the invention has been disclosed and
      described, it is apparent that other embodiments and modifications of the
      invention are possible.
CLMS
STM  I claim:
NUM  1.
PAR  1. Disc brake vibration inhibiting apparatus for a disc brake shoe of the
      type comprising a pad and a backing plate, said vibration inhibiting
      apparatus including a cup-shaped metallic member having the lip thereof
      inertia-welded directly to the backing plate, weight means within said
      cup-shaped metallic member, resilient means surrounding said weight means
      and insulating the same from the walls and bottom of said cup-shaped
      member, the bottom of said cup-shaped metallic member being deformed
      inwardly towards said backing plate to cause said resilient means to be in
      a compressed condition.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein said weight means comprises a
      plurality of metal punchings and said resilient means comprises a
      solidfied medium throught which said punchings are scattered.
NUM  3.
PAR  3. Apparatus as set forth in claim 1 wherein said resilient means comprises
      first and second resilient members within said cup-shaped member, said
      first resilient member being adjacent the bottom of the cup and the second
      resilient member being adjacent to the backing plate, said weight means
      comprising a single weight sandwiched between said first and second
      resilient members, each of said resilient members being generally
      cylindrical and including a recessed portion surrounded by an angular lip,
      said lips facing one another in said cup-shaped member and surrounding the
      adjacent peripheral edge of said single weight.
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ABST
PAL  A device for automatically actuating a band brake on a motor saw for
      emergency stopping of the saw chain, wherein a latching mechanism
      including pretensioned elastic force-providing coupling is released,
      occurring upon a throw movement of the saw, by a pin or the like
      transferring a force between a carrying handle of the saw and a
      collapsable arm of the mechanism.
BSUM
PAR  The present invention relates to an improvement in band brakes on portable
      motor saws for automatically stopping the saw chain, if the saw should
      throw.
PAC  BACKGROUND OF THE INVENTION
PAR  It is previously known to provide machines with emergency brakes which,
      should a dangerous situation suddenly arise, can be brought into operation
      by means of a brake actuating device. In the case of motor saws there is
      used, inter alia, a type of band brake having a brake band or strap placed
      around, for example, a clutch drum, the outside of which drum serves as a
      friction surface for the brake band. Under normal sawing conditions, the
      brake band extends loosely around the drum and does not affect the
      rotation thereof. Upon the activation of an activator, which may comprise
      a spring-tensioning device and a detachable latch means for releasing the
      spring, the band is drawn tightly around the drum, causing the saw chain
      to stop immediately. An emergency brake of this type is known from the
      U.S. Pat. No. 3,290,871. On present-day motor saws there is mounted
      adjacent the carrying handle of the saw a protective structure which is
      connected to the band brake actuating device, the intention being that
      should the saw throw, the hand of the saw operator will be thrown from the
      carrying handle against the protective stirrup structure, to activate said
      device. Since it is imperative that the brake is applied immediately the
      saw throws, it is obvious that precious time is wasted with this known
      construction before the protective stirrup structure is activated.
      Moreover, with the known construction the brake is not applied should the
      saw operator retains his grip around the carrying handle, or if, at the
      moment of the throw, the saw is held in a position such that said hand
      does not strike the protective stirrup.
PAC  SUMMARY OF THE INVENTION
PAR  With modern motor saws, the saw handle is connected to the motor, saw blade
      and the chain by means of vibration-damping elements made of soft rubber.
      In itself this means that when the saw throws it is not pulled from the
      hand of the operator with the same force as that experienced with saws
      which are not provided with such elements. This also means that when the
      saw throws there is movement between the handle and the motor portion of
      the saw.
PAR  An object of the present invention is to provide a portable motor saw
      having a band brake which can be applied automatically without it being
      necessary for the hand of the operator to release its grip on the carrying
      handle of the saw, whereby the aforementioned disadvantages, such as the
      aforementioned delay in brake actuation and the failure of the brake to
      come into operation if the hand of the operator does not strike the
      protective stirrup structure, are at least substantially eliminated. The
      function of the actuator according to the invention is based on the
      relative movement between the handle and the body of the saw occurring in
      motor saws provided with vibration damping means. With the saw of the
      present invention, should the saw throw, the actuator directly or
      indirectly activates the latch of a more or less conventional emergency
      brake. This means that the brake is brought into operation immediately the
      saw throws. Furthermore, the force acting on the actuator originates
      directly from the force in the throw, whereby the hand of the operator
      constituting an operative link between the handle and the protective
      stirrup for activation of the brake is at least partially eliminated.
PAR  According to the present invention in a motor saw of the kind discussed
      above, a projection means for transmitting a force occurring upon a throw
      movement of the saw is arranged between the carrying handle and the
      collapsable arm.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A motor saw constructed in accordance with the invention will now be
      described by way of example with reference to the accompanying drawings,
      in which
PAR  FIG. 1 shows a conventional band brake;
PAR  FIG. 2 shows a portable motor saw provided with a band brake actuator
      according to the invention; and
PAR  FIG. 3 is a variant of the actuator according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF EMBODIMENT
PAR  The conventional brake shown in FIG. 1 is mounted on the side of the motor
      saw on which a clutch drum 1 is mounted on an outwardly projecting motor
      shaft 2 provided with clutch jaws 3. A brake band or strap 4 is placed
      around the drum and one end of said band is connected to the saw body. The
      other end is attached to a rod 5 which is mounted for movement in the
      longitudinal direction so that the band can be tightened around the drum.
      To effect tightening a lever arm system is arranged on the saw body,
      comprising a protective stirrup (collapsible arm) 6 attached to a plate 7
      which is mounted on a fixedly mounted pin 8. Another pin 9 is attached to
      the plate and carries a bearing 10 for the rod 5, which has a screw head
      11 at the upper end thereof. When the stirrup swings forwards (clockwise
      in FIG. 1) the rod is pulled longitudinally upwards, whereupon the band 4
      is tightened around the drum.
PAR  To increase the tightening force on the band, there is provided a spring 12
      and a latch 13. The latch comprises an arm 14 mounted on a pin 15 attached
      to the saw body and provided with a tooth 16 which engages a pin 17
      attached to the plate 7. The arm is pressed against the pin 17 by a spring
      18 which bears against the pin 8. The spring 12 is supported against the
      saw body and only contributes towards the braking force when the latch is
      released. This occurs when the tooth 16 slides off the pin 17, for example
      as a result of a blow on the stirrup 6, whereafter the force exerted by
      the spring 12 swings the plate and the stirrup forwards with the pin 8 as
      the center of rotation. Normally the force exerted on the protective
      stirrup by the hand of the saw operator as the saw throws is sufficient to
      release the latch.
PAR  The aforedescribed brake forms part of the art. An improved brake can be
      obtained with an arrangement according to FIG. 2. This Figure shows the
      brake diagrammatically, together with a brake actuator. With this
      embodiment a carrying handle in the form of a front stirrup 19 is
      resiliently mounted 27 to the motor and saw portion 20. The stirrup handle
      is sprung in the direction shown with the double arrow in the Figure. On
      one leg, 21, of the stirrup there is attached a pin 22 which extends
      towards an extension 23 of the arm 14. With a sufficiently large forward
      movement of the stirrup 19, this extension is struck by the end of the pin
      and the arm 14 is pivoted forwards against the action of the spring 18 (to
      the right in the Figure). This causes the latch 13 to be released and the
      brake to be applied to the drum, so that the saw stops. Resetting of the
      brake to its operational position is effected in the normal manner, by
      swinging the protective stirrup structure backwards to the position shown,
      whereupon the rod 5 is pressed down by a spring 24 (as shown in FIG. 1) so
      that the band releases the drum. The amount of movement of the stirrup
      handle 19 to effect release of the latch can be adjusted by the length of
      the pin being adjustable.
PAR  The invention can also be applied to other forms of band brakes which are
      activated by the pivoting of a protective stirrup structure or the like
      adjacent the carrying handle of the saw. FIG. 3 shows a motor saw which is
      provided with such a brake and the carrying handle 19 of which is
      resiliently mounted 27 and carries an actuator according to the invention.
      This actuator, which in the illustrated embodiment comprises two
      telescopically arranged tubes 25, 26, each of which is attached to its
      respective stirrup, activates the protective stirrup structure directly,
      provided that the carrying handle 19 springs sufficiently. As a result of
      forward movement of the protective stirrup, the latch is released, said
      latch being of the same design as or a different design than that
      described above, whereupon a spring exerts the requisite braking force on
      a brake band, brake shoes or the like. The actuator can be made extremely
      reliable in operation and a contributory reason hereto is that possibility
      is found of adjusting its length of stroke by arranging an adjuster screw
      or the like at the end thereof. It should be noted that the actuating
      device already installed in the saw is not negatively affected by the
      additional actuator, but will still serve its purpose if, for some reason
      or other, the actuator 22 fails to function.
PAR  The above-described embodiments of the actuator serve as examples of how
      the invention can be realized. Other forms of actuating means, for example
      a tension device, can serve the same purpose as those illustrated. The
      invention is therefore not restricted to what has been described but
      should be considered in the scope encompassed by the following claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A motor saw of the kind having a driven drum; a band brake around the
      drum; a pre-tensioned elastic means for supplying a tensioning force to
      the band; a resilient, fixed carrying handle insulated by elastic elements
      against vibration; a collapsible arm pivotably connected to a part of the
      saw which is not insulated against vibrations and arranged adjacent said
      handle; a latching mechanism actuatable by said collapsible arm which,
      when released by actuation of the collapsible arm, is arranged to release
      the brake so that the said band is brought into operation by means of said
      pre-tensioned elastic means, the improvement which comprises a projection
      means extending between the carrying handle and the collapsible arm for
      transmitting a force occurring upon a throw movement of the saw to release
      said latching mechanism without the operator's hands leaving said carrying
      handle.
NUM  2.
PAR  2. A motor saw according to claim 1, wherein said projection means has the
      form of a pin.
NUM  3.
PAR  3. A motor saw according to claim 2, wherein the collapsible arm is in the
      form of a forwardly collapsible protective stirrup structure.
NUM  4.
PAR  4. A motor saw according to claim 2, wherein said latching means comprises
      a pawl which is spring-biased in the latching direction, and that said
      projection means transmits said force in the opening direction of said
      pawl.
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ABST
PAL  An arrangement is provided for adjusting the damping force exhibited by a
      hydraulic shock absorber. Included is a valve near the piston including
      passages permitting the flow of fluid through openings in the piston. A
      linkage is provided which is rotatable about the piston rod to close any
      or all of the passages through the valve and thus regulate the damping
      force. The position of the linkage is determined by the interaction of the
      linkage with a stop member and the piston rod. The stop member is an
      element which may be extended through one end of the cylinder to engage an
      extension of the linkage to hold it in place while the piston rod bearing
      the valve is turned to open or close openings in the valve and thus change
      the damping force the shock absorber can exert. The stop member is
      adaptable to be retracted from contact with the linkage so that the
      adjustment will not be disturbed. Click-stops are provided between
      elevations on the linkage and apertures affixed to the end of the piston
      to provide "feel" and perceptible noise to indicate intermediate positions
      have been reached.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The invention relates to an arrangement for adjusting the damping force on
      the piston of a hydraulic telescopic shock absorber having a cylinder in
      which the piston is movable by a piston rod and the damping force is
      determined by the position of a closure member that acts upon a passage in
      the piston. The invention enables the position of the closure member to be
      influenced by bringing an adjusting member in an end position of the
      piston in engagement with a stop member installed near the cylinder end
      surface, through which by turning the piston by means of the piston rod
      the turning along of the adjusting member is prevented and the position of
      the closure member relative to that of the piston may be changed. Means
      are also provided to bring the stop member out of reach of the adjusting
      member when desired to render the adjusting device inoperative.
PAR  2. Description of the Prior Art.
PAR  Such a device is known from the German Auslegeschrift 1.251.593, which
      matured on Apr. 4, 1968 into a patent having the same number U.S. Pat. No.
      1,251,593. In this an adjusting device for a hydraulic shock absorber is
      described which uses a stop member situated on the inside of the cylinder
      and which engages an adjusting member connected to the piston during the
      adjusting in an end position of the piston. After having completed the
      adjustment, further engagement of the stop member and adjusting member is
      made impossible by additional parts. In this way, unwanted adjustment
      later on by an unqualified person or during the fitting in of the shock
      absorber in a vehicle is prevented in an excessive way.
PAR  However, this well known device has the disadvantage that the means to
      position the stop member out of reach of the adjusting member are formed
      by means which obstruct a part of the useful stroke of the shock absorber.
      A second disadvantage is that later readjustment of the damping force is
      not possible in a simple way, as the shock absorber has to be disassembled
      partly. Further, only one end position may be recognized perceptibly
      during the adjustment. Perceptible recognizable intermediate positions are
      not available.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an adjusting
      device for the damping force of a shock absorber which avoids the above
      disadvantages. The device according to the invention is for that purpose
      characterized in that the stop member is installed axially movable between
      two end positions in a shock absorber's cylinder end surface to render the
      device operative or inoperative, respectively, that the stop member in one
      of the end positions can be made to engage with a recess of the adjusting
      member, that the adjusting member is provided with an axially directed
      part along its periphery, which is in engagement with a recess in the
      outline of the closure member and that the adjusting member is pressed by
      means of a spring into the direction of the cylinder end surface against a
      stop ring firmly connected to the piston.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The advantages of construction according to the invention will be explained
      further with reference to a manufactured example shown in the related
      drawings, in which
PAR  FIG. 1 represents a partial longitudinal section of a hydraulic telescopic
      shock absorber in which an adjusting device is installed according to the
      invention and which is shown in the operative position; and
PAR  FIGS. 2, 3 and 4 show separate parts of the adjusting device applied in the
      shock absorber as shown in FIG. 1.
DETD
PAC  Description of Preferred Embodiments
PAR  In FIG. 1, 1 is the cylinder of a hydraulic telescopic shock absorber in
      which a piston 2 and a piston rod 3 are movable.
PAR  The piston rod is at one side let outside the cylinder via a sealing ring 4
      through a cylinder end piece 5. The piston 2 divides the cylinder in two
      cylinder chambers or rooms 6 and 7 and is provided with one or more
      passages 8 connecting the two chambers, which passages terminate in a
      ring-shaped opening 9, which in the rest position of the piston is covered
      by a ring-shaped valve 10 made of resilient material, through which one or
      more recesses (11 in FIG. 4) leave the opening 9 uncovered. On the valve
      10, there lies a slab-shaped closure member 12 (FIG. 3) also made of
      resilient material. The closure member 12 is positioned on the piston rod
      by means of a distance or spacing ring 13, and is pressed in the direction
      of the valve 10 by one or more ring-shaped springs 14 to enable it to
      cover the recesses 11 of the valve 10 with a part of its surface.
PAR  A distance or spacing ring 15 centers an adjusting member 16 which is
      pressed toward a stop ring 18 by means of a ring-shaped spring 17.
PAR  The valve 10, the distance ring 13, the springs 14, the distance ring 15
      and the stop ring 18 are locked in the axial direction between piston 2
      and a shoulder 20 on the piston rod 3, the closure member 12 being
      rotatable relative to the distance ring 13 by sliding against the ring 13.
      The adjusting member 16 is rotatable around the distance ring 15 by
      sliding against the outer periphery thereof.
PAR  In the cylinder end piece 5, a stop member 21 is axially movable along
      screwthread 22 and is closed with a sealing ring 23 with respect to the
      cylinder chamber 6. The stop member 21 is further provided with a recessed
      part 24, which can move along a ring 25 which is clamped between the
      cylinder 1 and the cylinder end piece 5, which ring forms stops for the
      end positions of the member 21. In the end position of the stop member 21,
      shown in FIG. 1, the end 26 of the stop member 21 reaches into a recess 27
      of the adjusting member 16 (FIG. 2). The adjusting member is furthermore
      provided with a locally placed elevation 28 which is in engagement with
      one of the apertures 29 of the stop ring 18.
PAR  An axially directed part 30 extending from the edge of the adjusting member
      16 reaches through a recess 31 on the edge of the closure member 12 (FIG.
      3) till past the valve 10, enabling it to lodge against one of the stops
      32 or 33 (FIG. 4) providing end positions for the adjusting member.
PAR  The size of the passage through the piston, determined by the degree to
      which the recesses 11 of the valve 10 remain uncovered by the closure
      member 12, can now be adjusted as follows.
PAR  The piston 2 is brought to the end position by means of the piston rod 3 as
      shown in FIG. 1. The adjusting member 16 may then push against the end 26
      of the stop member 21, if the recess 27 of the adjusting member 16 is not
      positioned opposite the end of the stop member. In this case, the
      adjusting member 16 is pressed in the direction of the piston against the
      action of the spring 17.
PAR  In the following revolution of the piston rod with the piston and the other
      parts clamped in between, the adjusting member 16 will rotate until the
      recess 27 comes to the place of the stop member 21 after which under the
      influence of the spring 17 the adjusting member is caused to lie against
      the stop ring 18 again and then to lag behind. By that action also the
      closure member 12 will be restrained from further rotation with the piston
      so that it will cover, more or less, the recesses 11 of the valve 10.
PAR  The angle through which revolution may take place is limited by the stops
      32 and 33 of the valve 10, against which the part 30, on the periphery of
      the adjusting member 16, lodges in both the end positions.
PAR  During the adjustment described, the elevation 28 on the adjustment member
      16 will contact the apertures 29 in the stop ring 18, to provide a
      perceptible noise and "feel" to indicate that "click stops" denoting
      intermediate positions have been reached.
PAR  To render the device inactive, i.e., the adjustment mechanism inoperative,
      the stop member 21 is moved along the screwthread 22 until the end 26 of
      the stop member pushes against the ring 25. The stop member is then out of
      reach of the adjusting member. Instead of equipping it with screwthreads
      it is also possible to put the stop member under such a spring effect,
      that the member is kept out of reach of the adjusting member in the
      inactive position of the device. To put the adjusting device in the active
      position the stop member must then be pressed in the direction of the
      piston.
PAR  In case of application of the latter construction in a gas-filled shock
      absorber the stop member will be held in the inactive position by the gas
      pressure present in the cylinder so that a spring may be dispensed with.
PAR  Especially in such a shock absorber, where the piston is in the totally
      outstretched position in the unloaded situation, there is no chance of an
      unwanted adjustment.
PAR  The adjustment device is placed in this example on the piston rod side of
      the shock absorber. It will be clear that the device can also be applied
      on the opposite bottom side of a shock absorber, by which the adjustment
      can take place in the compressed end position of the piston.
PAR  While the principles of the invention have been described above in
      connection with specific apparatus and applications, it is to be
      understood that this description is made only by way of example and not as
      a limitation on the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An arrangement for adjusting the damping force on the piston of a
      hydraulic telescopic shock absorber, comprising a closed cylinder, a
      piston within said cylinder, a piston rod connected to the piston and
      extending outside the cylinder, a closure member and valve operable
      together to restrict a passage through the piston, an adjusting member to
      control the closure member and thereby regulate the restriction of said
      passage, a stop member installed to extend through one end of the cylinder
      and axially movable between two end positions in the cylinder end, said
      stop member in one of the end positions engaging a recess of the adjusting
      member to enable adjustment of the adjusting member, said stop member in
      the other end position being withdrawn from possible engagement with the
      adjusting member, said adjusting member supporting an axially directed
      part which is in engagement with a recess in the closure member to enable
      variation of restriction in the passage through the piston and thereby
      regulation of the damping force.
NUM  2.
PAR  2. The invention according to claim 1, in which the closure member includes
      a circular plate having a reduced radius over a part of its outline and
      which lies on a plate-shaped, resilient valve with openings formed by
      recesses which may be closed more or less by the closure member under the
      influence of the adjusting member.
NUM  3.
PAR  3. The invention according to claim 1, in which the adjusting member is
      provided with a local elevation which may engage in one of a number of
      recesses in a stop ring, fixed concentrically with respect to the piston.
NUM  4.
PAR  4. The invention according to claim 2, in which the resilient valve is
      equipped with a recess over a part of its outline of which the ends form
      stops for the axially directed part of the outline of the adjusting member
      which may move in the recess.
NUM  5.
PAR  5. The invention according to claim 4, in which the stop member has a
      smaller section over a part of its length providing a recess in which
      engages a ring, firmly connected to the cylinder, which ring limits the
      axial displacement of the stop member with respect to both end positions.
NUM  6.
PAR  6. The invention according to claim 1, in which the stop member is movable
      between both end positions by means of a screwthread.
NUM  7.
PAR  7. An arrangement for adjusting the damping force on the piston of a
      hydraulic telescopic shock absorber, comprising a cylinder having closed
      ends in which a piston is movable in response to forces applied to a
      piston rod attached thereto and in which damping force on the piston is a
      function of the forces applied and of fluid flow in a passage through the
      piston, a ring-shaped valve including a plurality of orifices adaptable to
      regulate fluid flow through the passage in the piston, a closure member
      adaptable to close one or more of the orifices in said valve, an adjusting
      member rotatably mounted on said piston rod, and a stop member extending
      through one end of said cylinder to enable setting the stop member from
      outside the cylinder, said adjusting member including means responsive to
      engagement by the stop member to be held in a fixed position relative to
      the cylinder, said adjusting member including means controlling motion of
      the closure member to thereby vary the permissible flow of fluid through
      said passage and to alter the damping force.
NUM  8.
PAR  8. The invention as claimed in claim 7 in which the stop member is
      adaptable to be extended into the cylinder and to be retracted from within
      the cylinder, said stop member in its extended position being engageable
      with said adjusting means to thereby enable adjustment of the opening in
      the passage through the piston and said stop member in its retracted
      position being out of reach of the adjusting means to prevent accidental
      misadjustment of the adjusting means.
NUM  9.
PAR  9. The invention as claimed in claim 7, in which the ring-shaped valve is
      mounted adjacent to the piston and includes a plurality of orifices
      positioned to regulate fluid flow through the passage in the piston.
NUM  10.
PAR  10. The invention as claimed in claim 9, in which the closure member is
      rotatably mounted on said piston rod adjacent to the valve and includes
      means to close one or more orifices of said valve.
NUM  11.
PAR  11. The invention as claimed in claim 10, in which the ring-shaped valve
      includes a plurality of stops by which the adjusting member can be
      prevented from rotating with respect to the piston, the closure member
      includes a recess by which it can be prevented from rotating with respect
      to the adjusting member and the adjusting member includes means to engage
      the stops in the valve and the recess in the closure member to thereby
      control the rotation of the closure member when the piston rod is turned
      and thus to vary the opening in the passage in the piston and the damping
      force.
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PAL  A motorized traversing power unit includes a take-up reel, with a power
      supply cable which is anchored at one end adjacent one end of the path of
      the power unit and is wrapped in one direction around the reel, and a
      drive cable anchored at one end adjacent the opposite end of the path of
      the power unit and passing around the take-up reel in an opposite
      direction. Upon movement of the power unit in either direction, the paying
      out of one of these cables from the reel causes rotation of the reel for
      automatic take up of the other cable.
BSUM
PAR  This invention relates to traversing mechanisms, and more particularly to a
      take-up arrangement for automatically taking up the slack in a power cable
      leading to a traversing unit.
PAR  Mechanisms of the type to which this invention pertains typically include a
      frame or vehicle carriage which traverses a work area, with an electric
      motor on the traversing carriage to supply power for forming an intended
      task within the work area. In many instances, a motor on the movable
      carriage also propels the vehicle across the work area. A specific example
      utilized herein in depicting and describing an embodiment of this
      invention is a grain stirring apparatus in which a stirring auger is
      supported on a frame which traverses over a storage bin. An electric motor
      on the traversing frame rotates the auger to stir grain in the bin.
      Another motor on the frame supplies power for driving the support
      mechanism and thus the auger in their traversing movements. However, it
      will be appreciated that the cable take-up arrangement of this invention
      is suited to any application wherein an electrical motor is to be
      traversed across a work area while being supplied with power from a fixed
      power supply source, e.g., other stirring or aerating mechanisms,
      reciprocating conveyor vehicles, electrically-powered cranes, and the
      like.
PAR  In traversing installations of the type indicated, one manner of supplying
      electrical power to the movable carriage is by positioning exposed
      conductors along the traversing path, with sliding contactors on the
      carriage unit. However, the exposed conductors and contactors represent an
      undesirable and unacceptable hazard in many applications. Insulated power
      supply conductors with a fixed or permanent connection on the carriage are
      preferable from a safety standpoint, and are required in many situations.
      However, such insulated condutors must be of a length to extend from a
      fixed power supply point to all positions of the traversing mechanism.
      This results in a problem of taking up or storing the excess length of
      power cable when the carriage is in various positions, to avoid tangling
      of the cable on itself or with the work mechanism or with adjacent
      structure. This invention pertains to improved take-up apparatus for such
      applications.
PAR  It is an object of this invention to provide an improved storage and
      take-up arrangement for a power cable on a movable power unit.
PAR  It is another object of this invention to provide a simple, reliable and
      inexpensive apparatus for providing a variable length of available power
      supply cable to a traversing power apparatus.
PAR  It is a further object of this invention to provide improved apparatus of
      the aforementioned type which automatically supplies the necessary length
      of power cable for any given position of the power unit, while also
      providing automatic take-up and avoiding the occurrence of undue slack in
      said cable as the power unit traverses a given path.
PAR  Further and additional objects and advantages of this invention will appear
      from the description, accompanying drawings and the attached claims.
PAR  In carrying out this invention in one illustrative form, a rotatable idler
      take-up reel is mounted on a power unit which is movable back and forth
      along a predetermined path between two end positions. A flexible power
      supply cable member has one end anchored adjacent one end of the path of
      the unit and extends to the reel and around the reel in one direction to
      an end which is fixed relative to the reel. This end of the power cable is
      approximately connected to a motor on the power unit. Another flexible
      member has one end anchored adjacent the other end of the path of the unit
      and extends to and around the reel, with this member passing around the
      reel in a direction opposite to the winding of the power cable. Both the
      power cable and the other flexible member are of a length to span the
      traversing path of the power unit. As the power unit is moved in either
      direction along its path, one of the flexible members will be placed in
      tension which will result in rotating of the reel to pay out that member.
      The resulting rotational movement of the reel will simultaneously take up
      the other of the members to avoid occurrence of undesired slack in the
      member toward which the power unit is moving.
PAR  For a more complete understanding of this invention, reference should now
      be had to the embodiments illustrated in greater detail in the
      accompanying drawings and described below by way of examples of the
      invention.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side view of apparatus employing teachings of this invention;
PAR  FIG. 2 is an elevation view of the apparatus of FIG. 1 taken along line
      2--2 of FIG. 1 and looking in the direction of the arrows;
PAR  FIG. 3 is an enlarged top view of the reel and parts of the flexible
      members of the apparatus of FIG. 1; and
PAR  FIG. 4 is a schematic illustration of a reeling arrangement of another
      embodiment employing teachings of this invention.
DETD
PAR  Referring now to the drawings, and more particularly to FIGS. 1-3, the
      invention is illustrated as applied to apparatus for stirring grain in a
      grain bin. In this arrangement, a traversing carriage unit 10 is supported
      on flanges or rails 12 extending along the upper edges of the side walls
      14 of a bin identified generally at 16. The carriage 10 includes a
      rotatable transverse support shaft 20 having flanged wheels 22 at its
      opposite ends, with these wheels engaging the upright flanges of the rails
      12. The wheels 22 grip these upright flanges to propel the carriage unit
      10 back and forth across the bin, parallel to the rails 12, as the shaft
      20 is rotated. The shaft 20 is of substantial diameter and supports a
      stirring assembly 24. The assembly 24 includes, generally, a frame unit
      26, a vertical stirring auger 28 and an electrical drive motor 30, for
      instance as disclosed and described in my U.S. Pat. No. 3,584,842. The
      frame unit 24 engages the shaft 20 in a manner to move longitudinally of
      the shaft 20 (across the width of the bin 16) as the shaft 20 rotates in
      moving the entire carriage unit 10 longitudinally of the bin, parallel to
      the rails 12. An appropriate mechanism is provided to periodically reverse
      the direction of movement of the assembly 24 axially of shaft 20, for
      instance a pair of discs 32 and cooperative mechanism (not shown) on the
      frame unit 26, as shown and described in greater detail in my
      aforementioned U.S. Pat. No. 3,584,842.
PAR  The carriage assembly 10 includes a frame assembly 34 comprising an upright
      frame unit 36 and a stabilizing or outrigger bar 38. The frame 34 is
      mounted on the shaft 20 as by a suitable bearing block assembly at 40.
      Flanged wheels 42 at the outer ends of the bar 38 engage the subjacent
      rail 12 and stabilize the carriage unit 10 against tipping about the axis
      of the shaft 20. A gear motor unit 44 is supported on the frame upright
      36, and a roller chain 46 engages the output sprocket 48 of the gear motor
      44 as well as a sprocket 50 affixed to shaft 20 for propelling the
      carriage unit 10 along the rails 12. The motor unit 44 may be reversible
      to selectively effect movement of the carriage unit in either direction
      along rails 12. To this end, a reversing switch may be controlled by any
      suitable mechanism such as a sliding rod 52 supported on the frame 34 to
      engage and be operated by stop bars 54 and 56 at opposite ends of the bin.
PAR  A reel 60 is journaled upon an axle 62 mounted on the upper end of the
      frame unit 34 and extending normal to the traversing path of unit 10. The
      reel 60 includes a right circular cylindrical drum 64 with end flanges 66
      and 68, and an intermediate flange 70 which divides the reel 60 into two
      sections of equal diameter.
PAR  A flexible insulated electric power supply cable 72 is connected to a
      suitable remote power source (not shown). The cable 72 is anchored at one
      end of the bin 16, as at clamp 74, and extends from that point to and
      through the guide 76 on the carriage and to and around the reel 60, e.g.,
      in a clockwise direction as seen in FIG. 1. The end of this cable is fixed
      relative to the reel 60. Suitable means are provided, such as commutator
      rings and brushes (not shown) for electrically connecting this cable at
      its inner end to an appropriate conductor or conductors leading to the
      motors 30 and 44. One suitable connector apparatus is described in my U.S.
      Pat. No. 3,550,061. A fixed conductor cable 78 is shown extending through
      a positioning guide 80 and to the motor 30, with sufficient slack length
      to accommodate the traversing movement of the assembly 24 across the width
      of the bin, axially of the shaft 20. To minimize the variation in distance
      which cable 78 must span, the outer end of guide 80, through which the
      cable 82 passes, is positioned approximately in a mid plane of the bin 16.
PAR  A flexible rewind drive cable 86 has one end affixed at the opposite end of
      the bin 16, as by a clamp 88, and extends to and around the drum of reel
      60. The cable 86 circumscribes drum 64 in a direction opposite to cable
      72, i.e., in a counterclockwise direction as seen in FIG. 1; see also FIG.
      3. The opposite or inner end of cable 86 is affixed to the drum 64.
PAR  It will be appreciated that the cable attachments 74 and 88 are adjacent
      the opposite end of the path of movement of carriage 10 as the carriage
      traverses the bin 16. Each of the cables 72 and 86 is of sufficient length
      to extend from the respective securement 74 and 88 to any position which
      the reel 60 may assume in the normal reciprocating movement of the
      carriage assembly 10 along its path. More particularly, each of these
      cables has a free length inward of the respective securemenet at 74 or 88
      somewhat greater than the span of movement of the carriage 10 plus the
      length required to reach from the securement to the respective adjacent
      end position of the reel 60, note cable 72 in FIG. 1. These two cables are
      initially installed so that each leads directly from the respective
      attachment 74 or 88 to the guide 76 and reel 60 without sag or slack, and
      the excess length at the reel end of each cable is passed about the reel
      drum 64 in opposite directions as described above. It will be appreciated
      that the reel 60 idles on shaft 62 and is driven only by the cables 74 and
      88.
PAR  In operation, as the carriage unit traverses its work path, movement of the
      carriage away from one end position will place a slight tension on the
      cable away from which the carriage is moving. This will cause rotation of
      the reel 60 to pay out that cable. The same rotary motion of the reel will
      simultaneously reel in or take up the cable toward which the carriage is
      moving, to preclude occurrence of slack and drooping or tangling of that
      cable in the operating mechanism. Since the two sections of the drum 64
      are of equal diameter, the length of cable being reeled in will closely
      approximate the length of the cable being unwound, and since both of these
      lengths are directly related to the displacement of the carriage unit
      occurrence of excess slack in either cable will be prevented. By way of a
      more specific example, as the carriage unit 10 moves to the right from the
      position shown in FIG. 1, the power cable 72 will be placed under slight
      tension, which will cause unreeling or paying out of that cable and thus
      counterclockwise rotation of the reel 60 as seen in FIG. 1. This rotation
      of the reel 60 will automatically take up cable 86 as the carriage moves
      towards its end position adjacent attachment 88. Conversely, as the
      carriage is subsequently moved toward attachment 74, the induced unreeling
      of cable 86 will rotate the reel 60 in an opposite direction to take up
      the power cable 72.
PAR  In the embodiment illustrated diagrammatically in FIG. 4, it is assumed
      that the reel 160 is mounted on a traversing mechanism in the same manner
      as described above with respect to reel 60. A power supply cable 172 is
      anchored adjacent one end of the reciprocating path of the mechanism on
      which reel 160 is mounted, as at 174, and extends about and is secured to
      the reel 160 in the same manner as described above with respect to cable
      72. A rewind cable 186 is secured adjacent the opposite end of movement of
      the apparatus as at 188 and extends to and around the reel 160 in a
      direction opposite the winding of cable 172 thereon, in the same manner as
      described above with respect to cable 86. In this embodiment, cable 186 is
      continuous through several turns at 186a on the reel 160 and extends
      therefrom generally parallel to cable 172, as indicated by section 186b,
      to a point of attachment at 190 which is adjacent the attachment 174. In
      this arrangement, a somewhat greater length of cable 186 is required.
      However, all tensile forces for rotating the reel in either direction may
      be provided by the tension cable 186, and a slightly slackened condition
      may be maintained in cable 172 at all times, thereby precluding
      application of tensile forces to the power cable 172 other than as
      necessary to support the weight of cable 172 itself.
PAR  In each of the illustrated embodiments the power cables typically will be
      electrical conductors with appropriate insulating coverings, whereas the
      tension cables 86 and 186 may be more suitable for accommodating tensile
      forces, such as comprising light steel cables, wires or other appropriate
      flexible tensile members. The power cable may include tensile reinforcing
      if desired.
PAR  It will be seen that improvements have been provided which meet the
      aforestated objects of the invention.
PAR  While particular embodiments of this invention are shown and described
      herein, it will be understood, of course, that the invention is not to be
      limited thereto since many modifications may be made by those skilled in
      the art, particularly in light of the foregoing teachings. It is
      contemplated, therefore, by the appended claims to cover any such
      modifications as fall within the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus comprising a power unit which is movable back and forth along
      a predetermined path extending between first and second end positions;
      said power unit including a motor; a rotatable idler take-up reel
      supported on said power unit for movement therewith along said path; an
      elongated flexible power supply member having a first section secured
      adjacent said first end position, a second section fixed relative to said
      reel, and a further section between said first and second sections of a
      length to span said path, said further section extending directly from
      said first section to said power unit and in one direction around said
      reel to said second section; means on said power unit for connecting said
      second section of said power supply member and said motor; and a second
      elongated flexible member having a first section secured adjacent said
      second end position, and a further section of a length to span said path,
      said further section of said second member extending from said first
      section thereof directly to said power unit and in an opposite direction
      around said reel relative to said power supply member and being in drive
      engagement with said reel; whereby upon traversing movement of said power
      unit in either direction along said path, paying out of one of said
      flexible members from said reel will cause rotation of said reel and
      taking up of the other of said flexible members on said reel.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said second flexible member includes a
      remote section secured adjacent said first end position, said further
      section of said second member extending from said first section thereof to
      and around said reel and thence to said secured remote section thereof.
NUM  3.
PAR  3. Apparatus for stirring grain in a grain storage receptacle comprising a
      power unit as in claim 1 including depending stirring means in drive
      connection with said motor for stirring grain in said receptacle, and
      means for supporting said power unit for traversing movement across said
      receptacle.
NUM  4.
PAR  4. Apparatus comprising a power unit which is movable back and forth along
      a predetermined path extending between first and second end positions;
      said power unit including a motor; a rotatable idler take-up reel
      supported on said power unit for movement therewith along said path; an
      elongated flexible power supply member having a first section secured
      adjacent said first end position, a second section fixed relative to said
      reel, and a further section between said first and second sections of a
      length to span said path, said further section extending directly from
      said first section to said power unit and in one direction around said
      reel to said second section; means on said power unit for connecting said
      second section of said power supply member and said motor; and a second
      elongated flexible member having a first section secured adjacent said
      second end position, a second section fixed relative to said reel, and a
      further section between said first and second sections thereof of a length
      to span said path, said further section thereof extending from said first
      section to said fixed second section on said reel and in an opposite
      direction around said reel relative to said power supply member; the
      portion of each of said further sections which exceeds the span from the
      reel to the respective first section thereof being stored on said reel in
      any given position of said power unit along said path; whereby upon
      traversing movement of said power unit along said path toward either of
      said end positions, paying out of the respective flexible member extending
      to the opposite end position will cause rotation of said reel for taking
      up the flexible member extending to the end position toward which said
      power unit is moved.
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ABST
PAL  The driver in a three-speed bicycle hub may be coupled alternatively with
      the planet carrier or the ring gear of the planetary gear transmission in
      the hub shell by means of radial arms on a coupling sleeve which is
      shifted axially between terminal positions of engagement with the carrier
      and the ring gear respectively for highest and intermediate transmission
      ratio. The engaged ring gear may further be shifted axially by the
      coupling sleeve from its normal position against the restraint of a spring
      to establish a third, lower transmission ratio. The coupling elements of
      the planet carrier and ring gear are normally closer to each other than
      the axial length of the coupling sleeve arms. The radial arms cammingly
      cooperate with coupling elements on the planet carrier and/or the ring
      gear to shift the arms automatically into a terminal position from any
      intermediate position in response to relative rotation of the associated
      transmission members.
BSUM
PAR  This invention relates to multiple speed hubs for bicycles and like
      vehicles, and particularly to an improved transmission for such hubs.
PAR  It is known to provide bicycle hubs with internal planetary gearing and to
      couple the input member of the transmission alternatively to the planet
      carrier and to the ring gear of the transmission for producing the desired
      different output speeds. A coupling member driven by the input member may
      axially be moved in the hub between positions of engagement with
      respective coupling elements on the planet carrier and the ring gear. It
      is desirable that the path of the coupling member be short so that torque
      transmission from the input member to the output member of the
      transmission not be interrupted for any significant period. Also, space in
      a bicycle hub is limited, and it is desirable that the transmission be
      axially short so as to leave space for an internal brake or the like. Yet,
      jamming of the transmission, as by simultaneous driving engagement of the
      coupling member by the planet carrier and the ring gear, must be avoided.
PAR  The same problems exist in multiple speed hubs in which the planet carrier
      is fixedly coupled to the input member of the transmission, and the hub
      shell, the usual output member of the transmission, may be driven
      alternatively by pawls on a carrier that may be coupled to the planet
      carrier or to the ring gear. Other variations of planetary gearing in a
      wheel hub for a bicycle or like vehicle similarly use coupling elements on
      rotating transmission member for selecting a desired transmission ratio,
      and the coupling arrangement of this invention is applicable to many such
      variations although it will be described hereinafter in its application to
      a bicycle hub in which the driver may be coupled alternatively to the
      planet carrier and to the ring gear.
PAR  Known devices for ensuring practically uninterrupted torque transmission
      between the input and output members of the hub transmission during
      changes in transmission ratio are relatively complex and bulky if they are
      reliable in their operation, and others, which are less costly to build,
      are subject to malfunctioning due to wear after a relatively short period.
PAR  It is a primary object of this invention to provide an improved,
      multiple-speed transmission for use in vehicle hubs of the type described
      in which substantially continuous torque transmission during speed changes
      is achieved in a simple manner utilizing coupling elements which have a
      long useful life.
PAR  In one of its more specific aspects, the invention provides a vehicle hub
      with an improved transmission in which first, second, and third
      transmission members are mounted for rotation about a common axis and
      carry respective first, second, and third coupling elements. The second
      and third members are connected for simultaneous rotation about the common
      axis at different speeds in axially spaced relationship. Each coupling
      element has a circumferentially directed engagement face. The first
      transmission member may be shifted axially between two terminal positions
      in which its engagement face circumferentially abuts against the
      engagement faces of the second and third elements respectively during the
      rotation of the transmission members.
PAR  One of the second and third transmission members is biased resiliently
      toward a normal position adjacent the other one of the second and third
      transmission members. In this normal position, the axial spacing of the
      second and third coupling elements is smaller than the axial length of the
      first coupling element. The first and second elements cammingly cooperate
      for axially moving the first transmission member into one of its terminal
      positions in response to relative angular displacement of the first and
      second members while the first transmission member is in an axial position
      spacedly intermediate its terminal positions.
DRWD
PAR  Additional features, further objects, and many of the attendant advantages
      of this invention will readily be appreciated as the same becomes better
      understood by reference to the following detailed description of preferred
      embodiments when considered in connection with the appended drawing in
      which:
PAR  FIG. 1 shows a three-speed hub for the rear wheel of a bicycle or like
      vehicle in rear-elevational section on its axis;
PAR  FIG. 2 shows a planet carrier in the hub of FIG. 1 in side elevation;
PAR  FIG. 3 illustrates the planet carrier of FIG. 2 in the manner of FIG. 1;
PAR  FIGS. 4 and 5 show a coupling sleeve in the hub of FIG. 1 in views
      corresponding to those of FIGS. 2 and 3 respectively;
PAR  FIG. 6 is a side-elevational view of a ring gear in the hub of FIG. 1;
PAR  FIG. 7 shows the ring gear of FIG. 6 and an associated cover in rear
      elevational section on the hub axis;
PAR  FIG. 8 shows elements of the hub within the chain-dotted circle X in FIG. 1
      in three fragmentary developed views respectively labeled FIG. 8A, FIG.
      8B, and FIG. 8C which illustrate respective operating positions of these
      elements;
PAR  FIGS. 9A, 9B, and 9C, jointly designated FIG. 9, show modifications of the
      device of FIG. 8;
PAR  FIGS. 10A, 10B, 10C, 11A, 11B, 11C, 12A, 12B, 12C, 13A, 13B, 13C, 14A, 14,
      B, 14C, 15A, 15B, 15C, 16A, 16, B, 16C, 17A, 17B, and 17C show further
      modifications of the device of FIG. 8 in corresponding triple views;
PAR  FIG. 18A shows a device similar to that of FIG. 14A on a larger scale and
      in greater detail; and
PAR  FIGS. 18B to 18E show additional operating positions of the elements of
      FIG. 18A.
DETD
PAR  Referring now to the drawing in detail, and initially to FIG. 1, there is
      shown a three-speed hub for the rear wheel of a bicycle or like vehicle.
      The input member for the three-speed transmission in the hub is a tubular
      driver 1 carrying a fixed sprocket 2 for a non-illustrated drive chain.
      The driver 1 is rotatably supported on a shaft 3 by means of a ball
      bearing, and itself provides the inner bearing ring for a ball bearing in
      one axial end of a hub shell 4. The other axial end of the shell 4 is
      supported by means of yet another ball bearing on a bearing member 5
      fixedly fastened to the shaft 3. The shaft is normally fixedly attached to
      the non-illustrated bicycle frame.
PAR  Planetary gearing in the hub shell 4 permits rotary motion to be
      transmitted from the driver 1 to the hub shell 4 at three different speeds
      or transmission ratios. The planetary gearing includes an internally
      toothed ring gear 6, best seen in FIGS. 6 and 7, whose outer axial wall
      rotatably engages an inner face of the hub shell 4, and which is capable
      of limited axial movement from the illustrated position against the
      restraint of a helical compression spring 21.
PAR  An axially secured planet carrier 7, shown in more detail in FIGS. 2 and 3,
      has a tubular sleeve portion 24 rotatably engaging the shaft 3 and a
      flange portion carrying planet shafts 8 spacedly parallel to the axis of
      the shaft 3 and carrying respective planet gears 9, only one planet gear
      being shown. The planet gears 9 mesh with the axially elongated internal
      teeth 22 of the ring gear 6 in all axial positions of the ring gear, and
      they simultaneously mesh with a sun gear 10 fixedly mounted on or integral
      with the shaft 3. Torque may be transmitted from the driver 1 to the ring
      gear 6 or alternatively to the planet carrier 7 by a coupling sleeve 11
      carrying six, equiangularly spaced, external, axial ribs 12 and three
      radial arms 13 offset 120.degree. from each other, as is best seen in
      FIGS. 4 and 5. A recess in the sleeve 11 is engaged by a slide 14 axially
      movable in a slot of the shaft 3 and projecting radially from the shaft.
      The slide 14 and the sleeve 11 are biased toward the left, as viewed in
      FIG. 1, and into the illustrated position by a helical return spring 31,
      and may be moved axially against the restraint of the spring 31 by a
      manually operated speed shifting mechanism, conventional in itself, and
      including a pull rod 15 coaxially received in a bore of the shaft 3 and
      attached to the slide 14.
PAR  Internal ribs 16 on the driver 1 are of sufficient axial length to engage
      the ribs 12 on the coupling sleeve 11 in all axial positions of the
      latter. In the illustrated position of the sleeve 11, the three radial
      arms 13 of the sleeve are received in respective recesses 17 in the flange
      portion of the planet carrier 7, the planet carrier being provided with
      six recesses 17 which are open in both radial directions, open axially
      toward the driver 1, and circumferentially separated from each other by
      projections 18 whose free axial ends are beveled so that two cam faces 18a
      on each projection 18 face obliquely in a common axial direction and in
      opposite circumferential directions.
PAR  In addition to the teeth 22, the ring gear 6 carries nine projections 20
      directed radially inward, axially remote from the planet carrier 7, and
      circumferentially bounding nine recesses 19 therebetween, the recesses
      being dimensioned to receive the arms 13 of the coupling sleeve 11 when
      the sleeve is moved toward the right from the position shown in FIG. 1.
      The recesses 19 are closed axially toward the driver 1 by an annular sheet
      metal cover 33. The rim of the ring gear 6 axially remote from the cover
      33 is coupled in the illustrated position of the ring gear 6 to an axially
      secured, annular pawl carrier 23, the teeth 22 of the ring gear engaging
      external teeth 32 of the pawl carrier. Pawls 25 on the pawl carrier 23 are
      spring-biased toward engagement with axially elongated ratchet teeth 26 on
      the inner face of the hub shell 4.
PAR  A brake cone 27 is mounted on the sleeve portion 24 of the planet carrier 7
      by means of right-handed square threads 28, and carries pawls 29,
      spring-biased toward engagement with the afore-mentioned ratchet teeth 26
      on the hub shell 4. Angular movement of the brake cone 27 relative to the
      shaft 3 is impeded by a friction spring 27' so that the brake cone is held
      in the illustrated axial position near the pawl carrier 23 during forward
      rotation of the hub shell 4. During back-pedaling, the spring 27' causes
      the cone 27 to move axially toward the left on the threads 28 into
      spreading engagement with a slotted brake ring 30 secured against rotation
      to the fixed bearing member 5. The brake ring 30, when expanded by the
      cone 27, frictionally engages the inner wall of the hub shell 4, as is
      conventional in coaster brakes.
PAR  In the illustrated high-speed position of the hub, driving torque is
      transmitted from the sprocket 2 to the hub shell 4 by the driver 1, the
      coupling sleeve 11, the planet carrier 7, the planet gears 9, the ring
      gear 6, the teeth 32, the pawl carrier 23, and the pawls 25 so that the
      ring gear 6 and the pawls 25 drive the hub shell 4 at a speed higher than
      that of the driver 1 and of the planet carrier 7. During back-pedaling,
      the brake cone 27 is shifted toward the left due to backward rotation of
      the planet carrier at the speed of the driver 1.
PAR  When the coupling sleeve 11 is shifted toward the right, as viewed in FIG.
      1, until its arms 13 enter the recesses 19 in the ring gear 6 and abut
      against the cover 33 without causing axial movement of the ring gear 6
      from the illustrated position, the ring gear is directly coupled to the
      driver 1, turns at the same speed as the driver, and causes the pawls 25
      to turn the hub shell 4 at the intermediate speed of the driver. The
      planet carrier 7 is turned more slowly by the planet gears 9 and actuates
      the brake cone 27 during back pedaling. The pawls 29 on the brake cone 27
      rotate more slowly than the pawls 25 on the ring gear 6 during forward
      pedaling in the high gear or in the intermediate gear condition of the
      hub, and are overtraveled by the hub shell 4. During back-pedaling, the
      pawls 25, 29 and the ratchet teeth 26 cannot transmit torque to each
      other.
PAR  When the coupling sleeve 11 is moved from the intermediate gear or speed
      position further toward the driver 1 by the speed changing mechanism, it
      shifts the ring gear 6 axially against the restraint of the spring 21
      until its teeth 22 are disengaged from the teeth 32 of the pawl carrier
      23, thereby inactivating the pawls 25. Torque now is transmitted from the
      sprocket 2 to the hub shell 4 at the lowest available transmission ratio
      by way of the driver 1, the coupling sleeve 11, the ring gear 6, the
      planet gears 9, the planet carrier 7, the brake cone 27, and the pawls 29
      while the pawls 25 idle. During back-pedaling, the brake cone 27 moves
      threadedly on the bearing portion 24 of the planet carrier 7, and no
      torque is transmitted by the pawls 29.
PAR  The brake functions reliably while the hub is in any one of its three speed
      or gear conditions, and a continuous drive train is available between the
      driver 1 and the brake cone 27 for engagement of the coaster brake during
      shifting from the intermediate speed to the slow speed while the arms 13
      remain engaged with the recesses 19 in the ring gear 6. Provisions are
      made in the hub of the invention to prevent loss of brake reliability
      during shifting between the illustrated high speed condition and the
      intermediate speed condition while the arms 13 move axially between the
      recesses 17 in the planet carrier 7 and the recesses 19 in the ring gear
      6.
PAR  FIG. 8 shows the coupling elements which alternatively connect the driver 1
      directly to the planet carrier 7 or to the ring gear 6, the carrier and
      gear being connected to each other at all times for simultaneous rotation
      at different speeds by the planet gears 9, and being biased by the spring
      21 toward the normal relative position shown in FIG. 1 in which they are
      adjacent each other. As is evident from FIG. 1, the tips of the
      projections 18 which constitute the coupling elements of the planet
      carrier 7 are axially very close to the projections 20 constituting
      coupling elements on the ring gear 6, and the axial dimension of the
      coupling arms 13 on the sleeve 11 is much greater than the axial spacing
      of the projections 18, 20. The ring gear 6 may yield under pressure
      exerted by the sleeve 11 against the axial restraining force of the spring
      21, but the coupling arms 13 may jam the transmission or reach a position
      intermediate their axially terminal positions determined by the range of
      movement of the sleeve 11 in which they cannot transmit torque during
      forward or backward rotation of the driver 1 without the safeguards
      provided by this invention.
PAR  FIG. 8A shows only the coupling elements 13, 18, 20 of the three
      transmission members 11, 7, and 6 which normally rotate about the common
      hub axis, the coupling elements being in the relative position associated
      with the high speed condition of the hub. The arm 13 is received in a
      recess 17. An engagement face of the arm 13 which is located substantially
      in a plane through the axis of the hub is directed circumferentially
      toward a corresponding engagement face of a projection 18, and abuts
      against the engagement face of the projection during rotation of the
      transmission members in response to forward pedaling. A cam face 18a of
      the projection 18 is contiguously adjacent the afore-mentioned engagement
      face of the projection and obliquely inclined relative to the latter at an
      angle of 225.degree. so that the recess 17, which is partly bounded by the
      cam face, flares axially toward the ring gear 6. The axial depth of the
      recess 17 is almost twice the axial dimension of the arm 13, and its
      circumferential minimum width is greater than the corresponding dimension
      of the arm by only a small fraction of the last-mentioned dimension to
      provide clearance for axial movement of the arm 13.
PAR  When the pull rod 15 is moved outward of the shaft 3 to shift the hub into
      intermediate speed, the arm 13 is moved initially into the position shown
      in FIG. 8B in which the arm 13 is out of effective torque transmitting
      engagement with the projections 18, 20. The wheel mounted on the hub in a
      conventional manner, not shown, cannot be driven by forward pedaling, nor
      can the brake be operated by back-pedaling in the position of the sleeve
      11 indicated in FIG. 8B. However, the sleeve 11 is turned forward during
      normal pedaling while the planet carrier normally slows down when not
      driven. The arm 13, therefore, is shifted axially away from the planet
      carrier 7 by the camming engagement of the face 18a with a cooperating
      portion of the arm 13. If a recess 19 is axially aligned with the arm 13
      at this stage, the arm slips readily into its intermediate speed position
      shown in FIG. 8C. If a projection 20 initially stands in the axial path of
      the arm 13, the ring gear 6 yields, and the spring 21 returns the ring
      gear to its normal position shown in all views of FIG. 8 as soon as the
      arm 133 can drop into a recess 19 during the relative angular displacement
      of the sleeve 11 and the ring gear 6, the latter normally moving faster
      than the sleeve 11 at this stage because of the speed-increasing action of
      the planet gears 9.
PAR  If the sprocket 2 is turned backward for braking while the sleeve 11 is in
      the indeterminate position shown in FIG. 8B, the arm 13 is guided into a
      recess 19 of the ring gear 6 by another cam face on the other projection
      18 bounding the recess 17 in a manner closely analogous to the procedure
      described above, and not requiring more detailed explanation.
PAR  The cam arrangement which responds to relative angular displacement of the
      sleeve 11 and of the planet carrier 7 for axially moving the sleeve into
      one of its terminal positions when the arm 13 is in an intermediate axial
      position, may be modified in many ways by providing oblique cam faces on
      the coupling elements of more than one of the transmission members, or on
      a transmission member other than the planet carrier 7.
PAR  In each of FIGS. 9 to 17, such alternative solutions to the problem of
      providing virtually uninterrupted torque transmission between the driver 1
      and the hub shell 4, and of avoiding jamming of the transmission during
      gear shifting, are illustrated. FIG. 9A shows the spatial relationship of
      modified coupling elements in the high speed condition of the hub, FIG. 9C
      illustrates the intermediate speed condition, and FIG. 9B shows a
      transitional condition which is not normally capable of being maintained
      for any significant length of time, more than a fraction of a second. The
      three views of FIGS. 10 to 17 illustrate corresponding hub conditions. The
      modified rotating transmission members, their coupling elements, and other
      features corresponding to those described with reference to FIGS. 1 to 8
      are provided with three-digit reference numerals of which the last two
      digits are identical with the reference numbers used in FIGS. 1 to 8. Some
      features shown in FIGS. 9 to 17 will not be described in detail. As far as
      not shown in FIGS. 9 to 17, the modified hubs are identical with the
      apparatus described with reference to FIGS. 1 to 8.
PAR  The normal, axial spacing of the coupling elements on the planet carrier
      107 and on the ring gear 106 shown in FIG. 9 is somewhat greater than in
      the apparatus of FIGS. 1 to 8, but is still smaller than the axial
      dimension of the coupling arm 113 on the coupling sleeve, not illustrated
      otherwise. The grooves 117 of the planet carrier are bounded
      circumferentially by parallel, flat engagement faces over their entire
      axial length, the deviation of engagement faces from respective planes
      through the hub axis being insignificant. The arm 113 has two obliquely
      inclined cam faces 113a, symmetrical relative to the axial median plane of
      the arm and converging axially toward the planet carrier 117. The ring
      gear 106 is not significantly different from the afore-described gear 6.
PAR  The cam faces 113a cooperate with approximately radial edges of the
      projections bounding the recess 117 for shifting the arm 113 from the
      inoperative position illustrated in FIG. 9B into the intermediate speed
      position of FIG. 9C. If necessary, the ring gear 106 may move axially, as
      described above, while the planet carrier 107 is axially fixed.
PAR  The coupling elements shown in FIG. 10 combine cam faces 218a on the
      projections 218 of the planet carrier 207 with cam faces 213a on the arm
      213 of the coupling sleeve. The cam faces correspond closely to those
      shown on coupling elements in FIGS. 8 and 9 respectively and provide the
      same mode of operation.
PAR  Cam faces 320a inclined at angles of 225.degree. to the contiguously
      adjacent, substantially axial and circumferentially directed engagement
      faces of the projections 320 of the ring gear 306 in the device
      illustrated in FIG. 11 supplement the effect of cam faces 313a on the arms
      313 of the coupling sleeve which are closely similar to the
      afore-described cam faces 113a. The recesses 317 in the planet carrier 307
      are circumferentially bounded over their entire axial length by planar and
      practically parallel engagement faces of the projections 318.
PAR  In the normal operating condition, the ring gear 306 is held in the axial
      position shown in FIGS. 11A and 11C. During gear shifting, it may yield as
      is shown in FIG. 11B.
PAR  The coupling arm 413 shown in FIG. 12 cooperates with projections 418, 420
      on the planet carrier 407 and the ring gear 406 which have flat,
      practically axial engagement faces bounding respective recesses 417, 419.
      The arm 413 has two cam faces 413a inclined at opposite angles of
      225.degree. relative to the axial engagement faces of the arm and
      symmetrical relative to a plane which intersects the hub axial at right
      angles. With this configuration of the arm 413, the driver 1 is quickly
      coupled to the ring gear 406 during forward pedaling by traction
      simultaneously applied to the coupling sleeve by the gear shifting
      mechanism. The coaster brake can safely be used after the
      intermediate-speed position of FIG. 12C is reached.
PAR  An asymmetrical arrangement of cam faces 518a on the planet carrier 507 and
      of cam faces 520a on the ring gear 506 is illustrated in FIG. 13. The arm
      513 of the coupling sleeve is or rectangular cross section and the
      recesses 517 and 519 are each bounded in one circumferential direction by
      one planar, circumferential engagement face extending over the full axial
      depth of the recess and in the other circumferential direction by an axial
      engagement face dimensioned for cooperation with a corresponding
      engagement face of the arm 513, and by a cam face 518a, 520a inclined at
      an angle of 225.degree. to the associated engagement face. The coupling
      arrangement operates as described with reference to FIG. 12.
PAR  In the further modified coupling arrangement seen in FIG. 14, the planet
      carrier 607 and the coupling arm 613 have respective cam faces 618a, 613a
      which meet in the recess 617 of the planet carrier at right angles in the
      high-speed position shown in FIG. 14A. The mode of operation of this
      coupling arrangement will be described below in greater detail with
      reference to the closely similar device shown in FIG. 18.
PAR  The coupling arrangement illustrated in FIG. 15 combines two axially
      aligned cam faces 713a on a coupling arm 713 analogous to the cam faces
      413a shown in FIG. 12 with a single cam face 718a on the two projections
      which bound a recess 717 of the planet carrier 707. One of the cam faces
      713a meets the cam face 718a at right angles in the high-speed position
      shown in FIG. 15A. The cam face 713a on the coupling arm 713 facilitates
      axial shifting of the ring gear 706 during the speed changing operation,
      if necessary, and the corresponding cam faces on coupling arms shown in
      FIGS. 12 and 14 and in other embodiments of the invention described
      hereinbelow have the same function.
PAR  The coupling arm 813 shown in FIG. 16 has a single cam face 813a obliquely
      directed toward the engagement face of the planet carrier 807 which is
      abuttingly engaged by the coupling sleeve during forward rotation of the
      driver in the high-speed condition of the hub. However, the cam face 813a
      is located in the bottom of the recess 817 in the high-speed condition and
      cammingly cooperates with a radial edge of the projection 818 only after
      the arm 813 has moved outward of the recess 817 a distance equal to the
      axial dimension of the engagement face contiguously adjacent to the cam
      face 813a. The projections 820 of the ring gear 806 carry cam faces 820a
      closely analogous to the cam faces 520a described with reference to FIG.
      13. The cam faces 820a cammingly cooperate with a radial edge of the arm
      813, and thus are larger than would be necessary if the arm carried a cam
      face engaging a face 820a during shifting from high to normal hub
      transmission ratio.
PAR  Such an arrangement is illustrated in FIG. 17 in which the coupling arm 913
      has two cam faces 913a in the manner of the arm 713 in FIG. 15 so that the
      cam faces 920a on the projection 920 of the ring gear 906 may be made
      smaller than the faces 820a shown in FIG. 16 under otherwise comparable
      conditions.
PAR  Necessary dimensional relationships of coupling arrangements of the
      invention and other detail features of structure and operation will now be
      described with reference to the five views 18A to 18E which jointly
      constitute FIG. 18 and show coupling elements similar to those seen in
      FIG. 14 on a larger scale.
PAR  Referring to FIG. 18A, there is seen a first coupling element 1000 which is
      one of the coupling arms of a coupling sleeve, not otherwise shown. It
      drivingly cooperates with a second coupling element 1002 which is one of
      the projections on a planet carrier circumferentially bounding
      therebetween a recess 1004. Third coupling elements 1006 are projections
      on a ring gear and circumferentially bound recesses 1008 axially open
      toward the axially open sides of the recesses 1004, the apparatus being
      identical with that shown in FIG. 1 as far as not specifically illustrated
      and described otherwise. The projections 1006 are axially movable toward
      the right, as viewed in FIG. 18A, against the restraint of a spring while
      the projections 1000 are axially fixed. The axial spacing of the
      projections 1002, 1006 is smaller than the axial dimension of the coupling
      arm 1000.
PAR  The arm 1000 has an axially short engagement face 1010 circumferentially
      directed toward a corresponding engagement face 1024 of similar axial
      length on the projection 1002, the faces 1010, 1024 being abuttingly
      engaged when the arm 1000 is rotated in the direction of the arrow A
      during normal forward pedaling. An axially longer engagement face 1012 of
      the arm 1000 similarly cooperates with a matingly dimensioned engagement
      face 1026 on a projection 1002 during back-pedaling when the arm 1000
      turns in the direction of the arrow B.
PAR  The face 1010 is axially bounded by radial edges 1014, 1016, the face 1012
      by radial edges 1018, 1020. The face 1024 is similarly bounded by edges
      1028, 1030, and the face 1026 by edges 1032, 1034. The edge 1016 separates
      the engagement face 1010 of the arm 1000 from a cam face 1022 inclined
      relative to the engagement face 1010 at an angle of about 225.degree.. A
      cam face 1036 is similarly separated from the engagement face 1024 of the
      projection 1002 by the edge 1030.
PAR  The axial depth of the recess 1004 is approximately equal to the axial
      dimension of the arm 1000 between the edges 1018, 1020, but the
      circumferential width of the recess 1004 between the faces 1024, 1026 is
      slightly greater than the circumferential width of the arm 1000 between
      the faces 1012, 1024 to provide clearance for axial movement, but only
      minimal lost motion between the arm 1000 and the faces 1024, 1026 when the
      direction of rotation of the arm is reversed.
PAR  The projections 1006 have each two axial engagement faces 1038, 1040
      directed in opposite circumferential directions so that each recess 1008
      is bounded by two engagement faces 1038, 1040 of respective projections
      1006 extending between respective radial edges 1042, 1044 and 1046, 1048.
      The axial lengths of the faces 1038, 1040 are about equal to the
      corresponding dimension of the face 1012 on the arm 1000, and the
      circumferential width of each recess 1008 is about equal to the
      corresponding dimension of the recess 1004.
PAR  Dimensions whose relationship is important for proper functioning of the
      coupling arrangement shown in FIG. 18 are indicated by reference
      characters in FIG. 18D. The engagement face 1010 has an axial dimension
      U.sub.1 equal to the axial spacing of the edges 1018, 1020. The shorter
      engagement face of the arm 1000 has an axial dimension U.sub.2 between the
      edges 1014, 1016. An axial blocking distance S.sub.1 is measured axially
      between the edge 1030 and the common radial plane of the edges 1044, 1048
      of the projections 1006 when the latter are in their normal operating
      position. The blocking distance S.sub.2 is measured between the radial
      planes defined by the radial edges 1034, 1044 of the engagement faces
      1026, 1038 in the normal operating position of the latter.
PAR  For proper operation of the coupling arrangement, it is necessary that
      U.sub.1 be smaller than S.sub.1, and U.sub.2 be smaller than S.sub.2.
      U.sub.1 and U.sub.2 may be equal, and S.sub.1 and S.sub.2 may be equal.
      The dimensions U.sub.1, U.sub.2 need not necessarily be equal to the axial
      maximum dimension of the arm 1000. Also, the blocking distances S.sub.1
      and S.sub.2 need not be equal to the shortest axial distance d.sub.1 of
      the projections 1006 from the projections 1002 in the normal operating
      position of the projections 1006.
PAR  If these dimensional relationships are not satisfied, the planetary gearing
      may be jammed as will be shown with reference to FIGS. 18B and 18C which
      illustrate positions of the coupling arm 1000 intermediate its axially
      terminal positions.
PAR  The planetary gearing will be blocked or jammed whenever the arm 1000
      simultaneously abuts against the projections 1002, 1006. Such a condition
      could occur in the apparatus of FIG. 18 if the cam faces 1036, 1022 were
      shifted into the locations indicated in FIGS. 18B, 18C in broken lines. In
      the hypothetical modification of FIG. 18B, the blocking distance S.sub.1
      would be smaller than the dimension U.sub.1 and simultaneous abutting
      engagement of the faces 1010, 1012 of the arm 1000 with the face 1024 of
      the planet carrier and the face 1040 of the faster turning ring gear would
      block the transmission, all transmission members turning in the direction
      of the arrow A. In the fully drawn actual apparatus shown in FIG. 18B, the
      cam face 1036 of the projection 1002, when engaged by the edge 1014 of the
      arm 1000, causes the arm to move axially into the recess 1008 of the ring
      gear.
PAR  If the position shown in FIG. 18B is reached during back-pedaling for
      actuating the coaster brake, the face 1040 of the projection 1006 shown in
      engagement with the face 1012 moves opposite to the arrow A faster than
      the arm 1000 so that the face 1012 quickly engages the face 1026 of the
      projection 1002, whereupon the cam face 1022 is cammingly engaged by the
      edge 1044, and the arm 1000 is moved into the axial position illustrated
      in FIG. 18A, braking torque being transmitted from the driver 1 to the
      planet carrier by the abuttingly engaged faces 1012, 1026.
PAR  In the hypothetical modification of the coupling arrangement partly
      illustrated in FIG. 18C in broken lines, the blocking distance S.sub.2 is
      smaller than the axial dimension U.sub.2. If it is attempted to actuate
      the brake by turning the driver with the coupling sleeve and the arm 1000
      in the direction of the arrow B, the arm 1000 would be wedged tight
      between a faster moving projection 1006 of the ring gear and a slower
      moving face 1026 of the planet carrier. The combined normal axial spacing
      d.sub.1 of the projections 1002, 1006 and the axial distance d.sub.2
      through which the projections 1006 may be moved against the restraint of
      their backing spring must be equal at least to the greatest axial
      dimension of the arms 1000.
PAR  As is shown in FIG. 18D, the projections 1006 must be capable of yielding
      under the pressure exerted by the arm 1000 while the edge 1014 cammingly
      cooperates with the cam face 1036 until the arm 1000 is axially aligned
      with a recess 1008 during the relative angular movement of the coupling
      elements so that the backing spring (21 in FIG. 1) can return the
      projections 1006 to their normal position. If the direction of rotation of
      the arm 1000 is reversed in the position of FIG. 18D, adequate braking
      torque is transmitted as long as the faces 1012 and 1026 are axially
      coextensive over at least a portion of their axial lengths.
PAR  FIG. 18E shows an additional transitional condition of the coupling
      arrangement which might occur occasionally, and in which the arm 1000 is
      received between opposite radial faces of the projections 1002, 1006. No
      torque can be transmitted from the arm 1000 whether it turns forward or
      backward. This position can be maintained only momentarily and until the
      arm 1000 is brought into engagement with the coupling elements 1002 or
      1006 by relative rotation of the coupling elements. No jamming of the
      transmission can occur.
PAR  The detailed discussion of a cam arrangement similar to that of FIG. 14
      with reference to FIG. 18 is generally applicable to the several other
      coupling arrangements shown in FIGS. 8 to 13 and 15 to 17 in an obvious
      manner. The illustrated cam arrangements permit additional variations and
      permutations which will readily suggest themselves to those skilled in the
      art. It should be understood, therefore, that, within the scope of the
      appended claims, this invention may be practised otherwise than as
      specifically disclosed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a multiple speed vehicle hub including a driver member, a hub shell,
      and transmission means in said hub shell for rotating said hub shell at a
      plurality of alternative speeds when said driver member is rotated at a
      predetermined speed, the improvement in said transmission means which
      comprises:
PA0  a. first, second, and third transmission members mounted for rotation about
      a common axis and carrying respective first, second, and third coupling
      elements;
PA0  b. motion transmitting means connecting said second and third members for
      simultaneous rotation about said common axis at different speeds in
      axially spaced relationship,
PA1  (1) each of said elements having a circumferentially directed engagement
      face;
PA0  c. shifting means for axially shifting said first member between two
      terminal positions in which the engagement face of said first element
      circumferentially abuts against the engagement faces of said second
      element and of said third element respectively during said rotation;
PA0  d. yieldably resilient means axially biasing one of said second and third
      members toward a normal relative position of said one member adjacent the
      other one of said second and third members,
PA1  1. the axial spacing of said second and third elements in said normal
      position of said second and third members being smaller than the axial
      length of said first element; and
PA0  e. cam means on said first element and on said second element cooperating
      for axially moving said first member into one of said terminal positions
      thereof in response to relative angular displacement of said first and
      second members while said first member is in an axial position spacedly
      intermediate said terminal positions thereof.
NUM  2.
PAR  2. In a hub as set forth in claim 1, said cam means including a cam face on
      one of said first and second elements obliquely inclined relative to the
      engagement face of said lastmentioned one element.
NUM  3.
PAR  3. In a hub as set forth in claim 2, said axial length being smaller than
      the spacing of said second and third elements when said spacing is
      enlarged against the restraint of said yieldably resilient means.
NUM  4.
PAR  4. In a hub as set forth in claim 2, said transmission means including a
      sun gear having an axis, a planet carrier and a ring gear mounted for
      rotation about said axis, and a planet gear rotatably mounted on said
      planet carrier in simultaneous meshing engagement with said sun gear and
      said ring gear, said planet carrier and said ring gear constituting
      respective ones of said second and third members.
NUM  5.
PAR  5. In a hub as set forth in claim 1, said third member being axially biased
      by said yieldably resilient means toward said second member, said second
      member being axially fixed.
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ABST
PAL  In a sprag clutch having individual energising springs, one for each sprag,
      in which the forces on the sprags during outer race overrunning give rise
      to only a small rubbing load between the sprags and the clutch inner race
      at all outer race overrunning speeds within a designed limit, without
      nevertheless lifting off the clutch inner race, thereby limiting wear on
      overrun of the clutch, the sprags and the springs are staggered whereby
      each pair of adjacent sprags of said ring of sprags are offset relative to
      one another axially of the assemblage, and likewise the pair of springs
      associated with them, the sprags being shaped and arranged to interengage
      with one another between the springs to limit the tilt of the sprags in
      the driving phase of the clutch.
BSUM
PAR  This invention comprises improvements in or relating to sprag clutches and
      concerns sprag-retainer assemblages for sprag clutches.
PAR  An object of this invention is to provide a sprag-retainer assemblage for a
      sprag clutch, for use in transmitting a uni-directional drive between the
      inner and outer races of the clutch, and combining an improved outer race
      overrunning speed compared with its inner race overrunning speed and an
      improved facility to resist sprag roll-over.
PAR  In U.S. Pat. No. 3,651,908 there is described a sprag-retainer assemblage
      for use in an annular gap defined between confronting cylindrical surfaces
      of inner and outer races of a sprag clutch to transmit uni-directional
      drive between the clutch driving and driven race, the assemblage
      comprising an annular sprag retainer, a ring of sprags in the retainer,
      and, for each sprag an energising spring individual to the sprag for
      biasing the sprag into substantially line contact with the inner race of
      the clutch, by tilting the sprag about substantially a line of contact
      with the outer race of the clutch, with a component of spring force
      directed radially inwardly of the assemblage, whereby the centrifugal
      force acting on the spring during overrunning of the outer race of the
      clutch, in use of the assemblage, relieves the spring force on the sprag,
      the centre of gravity of each sprag being disposed close to or in the
      radial axial plane of the assemblage containing said line of contact
      between said sprag and the outer race during overrunning of the outer race
      of the clutch such that the centrifugal force acting on the sprag during
      overrunning of the outer race of the clutch acts in conjunction with the
      spring force on the sprag so as to maintain a small load between the sprag
      and the inner race on over run of the outer race, at least within a
      predetermined limit of outer race overrunning speed.
PAR  By decreasing the load between each sprag and the inner race during
      overrunning of outer race or by minimising the increase of load between
      each sprag and the inner race during overrunning of the outer race, the
      permitted overrunning speed of the outer race compared with the inner race
      overrunning speed, may be increased.
PAR  In U.S. Pat. No. 3,302,761 there is described a clutch sprag for assembly
      with an annular retainer and other identical sprags of a circumferentially
      compact annular series between races of an overrunning clutch, said sprag
      having radially opposite ends provided with surfaces for releasable
      driving action between and on said races, said sprag having first and
      second formations of substantial size projecting respectively from the
      leading and trailing circumferential sides of the sprag, in respect to the
      driving direction of the clutch, the first formation of said sprag being
      engageable with the second formation of a preceding sprag to limit tilt in
      a driving phase of said releasable driving action.
PAR  The tilt limitation in a driving phase of said releasable driving action
      relates to roll-over of the sprag. Thus with sprags as described in U.S.
      Pat. No. 3,302,761, adjacent sprags in a sprag retainer assemblage for a
      sprag clutch, for use in transmitting a uni-directional drive between the
      inner and the outer reaces of the clutch, interengage with one another to
      prevent roll-over of the sprags.
PAR  More specifically, an object of this invention is to provide a
      sprag-retainer assemblage for a sprag clutch, for use in transmitting a
      uni-directional drive between the inner and outer races of the clutch,
      having an improved outer race overrunning speed compared with its inner
      race overrunning speed and which employs interengagement between adjacent
      sprags to limit the tilt of the sprags in the driving phase of the clutch.
PAR  This invention provides a sprag-retainer assemblage as defined in the third
      paragraph of this specification in which the sprags and the energising
      springs are staggered whereby each pair of adjacent sprags of said ring of
      sprags are offset relative to one another axially of the assemblage, and
      likewise the pair of springs associated with them, the sprags being shaped
      and arranged to interengage with one another between the springs to limit
      the tilt of the sprags in the driving phase of the clutch.
PAR  The sprags may be further shaped and arranged to engage with the sprag
      retainer, and adjacent pairs of the sprags possibly also with one another,
      to limit the tilt of the sprags in the opposite sense, such as might
      otherwise lead to pop-out or kick-off of the sprags. This phenomenon, and
      the causes of it, are described in U.S. Pat. No. 3,302,761 and in U.S.
      Pat. No. 3,651,908.
PAR  Preferably, the annular sprag retainer is formed in two annular parts
      assembled side-by-side.
PAR  Preferably also, the two annular parts of the sprag retainer are removably
      assembled side-by-side and held together by spring clips.
PAR  The two annular parts of the sprag retainer may have interfitting
      formations which locate them angularly with respect to one another.
PAR  They may also have interfitting formations which locate them concentrically
      with respect to one another.
PAR  It is preferred that the two annular parts of the sprag retainer are formed
      as or comprise mouldings, and conveniently, they are plastics mouldings.
PAR  The sprags and the retainer may have interlocking formations which are
      urged into interlocking engagement with one another by the springs
      individual to the sprags so long as the assemblage is free of any races,
      the interlocking formations then resisting radially inward displacement of
      the sprags with respect to the retainer.
PAR  The centrifugal force acting on each sprag during overrunning of the outer
      race of the clutch may pass through said line of contact of the sprag with
      the outer race of the clutch.
PAR  Alternatively, the centrifugal force acting on each sprag during
      overrunning of the outer race of the clutch may pass to that side of said
      line of contact of the sprag with the outer race of the clutch such as to
      oppose the spring force tending to tilt the sprag about said line, as
      aforesaid.
PAR  Preferably, however, the centrifugal force acting on each sprag during
      overrunning of the outer race of the clutch passes to that side of said
      line of contact of the sprag with the outer race of the clutch such as to
      assist the spring force tending to tilt the sprag about said line, as
      aforesaid.
PAR  Preferably, each energising spring is a blade spring.
PAR  Preferably, also, each blade spring comprises a light-weight, elongated arm
      anchored to the sprag retainer at one end, the other, free end of the arm
      engaging the sprag.
PAR  Thus, said spring arm may be anchored at its radially inner end, the arm
      extending outwardly at an angle to the radial direction to its other, free
      end which engages the sprag.
PAR  Conveniently, the blade spring is of U-shape comprising a further elongated
      arm joined with said first elongated arm at its radially inner end, and
      said further elongated arm is attached to the sprag retainer, preferably
      removably.
PAR  In the preferred arrangement also, the annular sprag retainer receives and
      guides the radially outer ends of the sprags for tilting movement.
PAR  This invention also comprehends a sprag clutch comprising inner and outer
      races and at least one spragretainer assemblage, according to this
      invention as hereinbefore defined, disposed in an annular gap between the
      races and arranged to transmit a uni-directional drive between the clutch
      driving and driven race.
DRWD
PAR  A specific embodiment of a sprag retainer assemblage according to this
      invention, and of a sprag clutch according to this invention, which
      embodies the assemblage, will now be described, by way of example, and not
      by way of limitation, with reference to the accompanying drawings in
      which:
PAR  FIG. 1 is a front elevation of the sprag retainer assemblage,
PAR  FIG. 2 is a view in the direction of arrow 2 in FIG. 1,
PAR  FIG. 3 is a partial front elevational view, to a larger size, of a part of
      the assemblage showing a portion of a retainer part, three of the sprags
      and two of the energising springs,
PAR  FIG. 4 is an end elevation of one of the sprags, all of which are identical
      in this construction,
PAR  FIG. 5 is a plan view of one of the energising springs, all of which are
      identical in this construction,
PAR  FIG. 6 is a view in the direction of arrow 6 in FIG. 3,
PAR  FIG. 7 is a cross-section on line A--A in FIG. 3,
PAR  FIG. 8 is a cross-section on line B--B in FIG. 3,
PAR  FIG. 9 is a front elevation corresponding to FIG. 3, to a smaller size,
      showing the whole of the retainer part partly illustrated in FIG. 3,
PAR  FIG. 10 is a front elevational view of a portion of another retainer part,
PAR  FIG. 11 is a view in the direction of arrow 11 in FIG. 10,
PAR  FIG. 12 is a cross-section on line A--A in FIG. 10,
PAR  FIG. 13 is a cross-section on line B--B in FIG. 10,
PAR  FIG. 14 is a front elevation corresponding to FIG. 10, to a smaller size,
      showing the whole of the retainer part partly illustrated in FIG. 10, and
PAR  FIG. 15 is a diagram showing a series of adjacent pairs of the sprags in a
      portion of the retainer positioned in an annular gap between concentric,
      inner and outer cylindrical race surfaces of inner and outer races of a
      sprag clutch and showing the various positions of the sprags.
PAR  Referring to the accompanying drawings and first to FIG. 15, a sprag clutch
      comprises an outer race 10 and an inner race 11 with an annular gap 12
      defined between the confronting cylindrical surfaces of the races
      containing a ring of sprags 5 arranged circumferentially in the gap 12 and
      correspondingly tilted with respect to the radial directions, generally in
      the attitude depicted in full line, for normal torque transmission between
      the driving and the driven race. The broken line position of the sprags
      illustrates their limiting position of tilt in the driving phase of the
      clutch and the chain-dotted position of the sprags illustrates their
      limiting position of tilt in the opposite sense and such as might occur
      under certain conditions during a release phase of the driving action of
      the clutch.
PAR  The radially inner and outer end faces 20 and 22 of the sprags are shaped
      convexly and such that in the normal torque transmitting attitude of the
      sprags, the radially inner end face of each sprag has one low corner 24.
      As the sprgs tend to assume a more exactly radial position, their overall
      height increases and tends to become greater than the width of the gap 12
      whereby the sprags wedge between the races to transmit the drive.
PAR  Individual energising springs 26 are provided, one for each sprag, and
      these act to bias the sprags lightly into contact with the inner and outer
      races when these are stationary. Each spring has an elongate, lightweight
      arm 28 anchored at one radially inner end and extending outwardly in the
      gap 12, at an angle to the radial direction, to its other free end which
      engages the sprag. The arm thus exerts a small force on the sprag in the
      gap 12 which has a radially inwardly directed component. This biases the
      end face 20 of the sprag into substantially line contact with the inner
      race 11 along a line extending axially of the clutch, the force of the
      spring tending to tilt the sprag about substantially a line of contact
      between its end face 22 and the outer race 10 which also extends axially
      of the clutch.
PAR  The inner race overruns in the direction of arrow Y and the sprags, the
      sprag retainer, yet to be described, and the springs, all remain
      stationary if the outer race is then stationary. Light rubbing takes place
      between the sprags and the inner race.
PAR  The outer race overruns in the direction of arrow X and takes with it the
      sprags, the retainer and the springs. Only the inner race may remain
      stationary.
PAR  The arm 28 of each spring is urged outwardly by centrifugal force acting at
      the centre of gravity of the arm. This relieves the spring force of the
      arm on its sprag.
PAR  The centre of gravity of the sprag is positioned so that during outer race
      overrunning it lies close to or on a radial line through the line of
      contact of the sprag outer end face 22 with the outer race 10. Light
      rubbing again takes place between the sprags and the inner race. Light
      rubbing is maintained despite the action of the centrifugal forces because
      the action of the centrifugal force relieves the spring load on the sprag
      thus compensating for any increase in rubbing load brought about by the
      action of the centrifugal force on the sprag itself. Because only light
      rubbing is maintained during overrunning of the outer race, this does not
      limit the permissible outer race overrunning speed unduly for a designed
      clutch life of acceptable proportions.
PAR  In the present example, the centre of gravity of each sprag is positioned
      so as to increase slightly the rubbing load between the sprag and the
      inner race during outer race overrunning. This increase is compensated for
      by the reduction of the energising spring force by the centrifugal force
      on the spring arm during outer race overrunning. However the centre of
      gravity of each sprag may be shifted by redesign of the sprags so that the
      centrifugal force on the sprags relieves this rubbing load slightly during
      overrunning of the outer race or so that it has no influence one way or
      the other on this rubbing load.
PAR  It is required that the sprags be biased into engagement with the inner
      race under all operating conditions of the clutch including outer race
      overrunning, throughout a designed outer race overrunning speed range for
      the clutch.
PAR  For a fuller explanation of the manner in which a light rubbing load only
      is maintained between the sprags and the inner race during outer race
      overrunning, reference may be had to U.S. Pat. No. 3,651,908.
PAR  Referring now to FIGS. 1 to 14, the sprags 5 are loosely contained in a
      throughway 42 in an annular sprag retainer generally indicated at 40 which
      is positioned in the gap 12. The throughway opens radially inwardly and
      radially outwardly of the retainer, radially outwardly through a
      circumferential ring of individual openings 44, and the outer ends of the
      sprags are received and guided for tilting movement of the sprags in the
      radially outward openings 44. The retainer comprises axially spaced end
      walls 46 and cross pieces 50 extending transversely between them, at the
      outer circumferential periphery of the end walls, the cross pieces 50 and
      end walls defining the openings 44. Spring mounting formations 54 are
      carried inside each end wall and are confined locally thereagainst so as
      to present axially directed faces 58 to engage the adjacent axial end
      faces of alternate sprags 5. Each formation 54 has a straight slot 60
      extending from the inner to the outer circumferential periphery of the
      retainer, at a small angle to the radial direction, the slot also opening
      at the face 58. A spring 26 is mounted in each slot 60 (see FIG. 3). The
      spring is of U-shape having a further spring arm 29 joined by a rounded
      portion 31 with the spring arm 28. The arm 29 is slightly curved and is
      sprung fit in the slot 60 with the rounded portion 31 fitting snuggly
      against a correspondingly curved portion of the formation 54. The spring
      arm 28 thus extends outwardly from the inner circumferential periphery of
      the retainer and is sufficiently long to extend almost completely along
      the adjacent circumferentially directed face 59 of the formation 54 to the
      radially inner face of the adjacent cross piece 50 when it is fully
      deflected so as to lie against the face 59.
PAR  The spring 26 has an axial width somewhat less than the axial depth of its
      mounting slot 60 and is accordingly confined to one side of the retainer
      so as to engage its sprag locally at one side.
PAR  The radial outer ends of the sprags 5 are shaped with convexly curved side
      bearing surfaces 70 having radii or compound radii which slide against the
      circumferentially directed, flat and parallel opposed surfaces of the
      openings 44. The sprags are characterised by a cross-sectional shape in
      radial planes having a waist portion defined between opposite concavities
      72 and 74 in their circumferentially leading and trailing sides
      respectively. Added to the leading side of each sprag is an integral
      forwardly projecting portion or nose extension 76 presenting a flat
      transverse contact surface 78 extending generally radially from the corner
      24 to the concavity 72 and which represents a circumferentially forward
      continuation of the sprag body of substantial extent. The extension 76
      extends throughout the axial dimension of the sprag and is of substantial
      height in the radially outward direction. The surface 78 is therefore
      relatively large and constitutes an abutment or contact surface effective
      to limit roll-over of the sprag.
PAR  The opposite, circumferentially rearwardly facing side of the sprag is
      provided with an integral, rearwardly facing formation or extension 82 in
      the form of a solid tail portion in an outline extending angularly, at a
      radially outwardly directed surface 83 extending downwardly from the
      concavity 74 and thence along a radially inwardly directed surface 84 to a
      line short of the radially inner end surface of the spag. The formation 82
      is again of substantial extent circumferentially rearwardly and extends
      throughout the axial dimension of the sprag. This trailing surface 83 is
      adapted to co-act with the sprag retainer and more specifically the
      adjacent cross piece 50 to limit tilting movement of the sprag which might
      otherwise lead to pop-out or kick-off of the sprag. This is illustrated in
      the chain dotted position of FIG. 15.
PAR  The proportions of the forward nose extension 76 and the rearward extension
      82 are such that their surfaces 78 and 84 come into flat face-to-face
      abutting engagement as illustrated in broken line in FIG. 15 to limit
      tilting of the sprags in the roll-over direction.
PAR  In order to permit this limiting interengagement of the sprags in the ring
      of sprags carried by the retainer, despite the presence of the individual
      energising springs 26, the sprags are staggered whereby each adjacent pair
      of sprags are offset relatively to one another axially of the sprag
      retainer assemblage, and the springs 26 are disposed respectively to
      opposite sides of the region of overlap of the adjacent pairs of sprags.
      Thus the springs 26 are likewise arranged in staggered formation.
PAR  The springs 26 act on the rounded portions of the extensions 82 extending
      between their surfaces 83 and 84. Although the springs act on the sprags
      locally at a position offset from the mid plane perpendicular to the axis
      of rotation of the sprag retainer assemblage, the sprags are prevented
      from twisting their tilt axes out of parallel with the sprag retainer axis
      by the faces 58 and the confronting inside surfaces of the end walls 46 of
      the retainer which engage flat against the end faces of the sprags.
PAR  As shown in FIG. 3, the formations 54 are concave at their
      circumferentially trailing sides to receive and engage with the extensions
      76 under the influence of the springs 26 when the sprag-retainer
      assemblage is free of the races, 10 and 11. This prevents the sprags
      dropping out of the retainer through the radially inner opening of the
      retainer throughway particularly when the sprag-retainer assemblage is
      being assembled between the races 10 and 11.
PAR  As more particularly illustrated in FIG. 2 the sprag retainer 40 is made in
      two annular injection moulded plastics parts 41 and 43 each of which is a
      lateral inversion of the other, apart from some minor differences which
      will hereinafter be noted. The parts 41 and 43 interfit at junctions in
      the cross pieces 50, each of which is formed in two parts respectively
      integral with the parts 41 and 43, which are held together by spring clips
      45 the ends of which are housed in peripheral rebates 47 at the outer
      circumferential edges of the parts 41 and 43 respectively. The parts of
      the cross pieces 50 on the part 41 are indicated 50' and the parts of the
      cross pieces 50 on the part 43 are indicated 50".
PAR  In order to locate the parts 41 and 43 circumferentially with respect to
      one another, eight uniformly spaced adjacent pairs of parts 50' indicated
      50'a are formed with dogs and the corresponding parts 50" indicated 50"a
      are formed with radial slots to receive the dogs.
PAR  In order to locate the parts 41 and 43 radially with respect to one another
      eight of the parts 50" indicated 50"b are locally bored to form a step in
      them, and the corresponding parts 50' indicated 50'b are likewise stepped
      in complementary fashion so that an overlapping step joint is formed
      between the parts 50"b and 50'b.
PAR  Four slots 49 are formed across the top of four abutting parts 50' and 50"
      indicated 50'c and 50"c respectively to receive the clips 45.
PAR  The construction described retains the invention of U.S. Pat. No. 3,651,908
      and substitutes advantages of the invention of U.S. Pat. No. 3,302,761 to
      control sprag roll-over and sprag kick-off or pop-out.
PAR  Compared with a sprag clutch as described in U.S. Pat. No. 3,651,908 the
      construction of sprag clutch described herein has a greater density of
      sprags for a given diameter of the assemblage and therefore a higher
      torque transmission capacity.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sprag-retainer assemblage for use in an annular gap defined between
      confronting cylindrical surfaces of inner and outer races of a sprag
      clutch to transmit uni-directional drive between the clutch driving and
      driven race, the assemblage comprising an annular sprag retainer, a ring
      of sprags in the retainer, and, for each sprag an energising spring
      individual to the sprag for biasing the sprag into substantially line
      contact with the inner race of the clutch, by tilting the sprag about
      substantially a line of contact with the outer race of the clutch, with a
      component of spring force directed radially inwardly of the assemblage,
      whereby the centrifugal force acting on the spring during overrunning of
      the outer race of the clutch, in use of the asemblage, relieves the spring
      force on the sprag, the centre of gravity of each sprag being disposed
      close to or in the radial axial plane of the assemblage containing said
      line of contact between said sprag and the outer race during overrunning
      of the outer race of the clutch such that the centrifugal force acting on
      the sprag during overrunning of the outer race of the clutch acts in
      conjunction with the spring force on the sprag so as to maintain a small
      load between the sprag and the inner race on overrun of the outer race, at
      least within a predetermined limit of outer race overrunning speed, in
      which the sprags and the energising springs are staggered whereby each
      pair of adjacent sprags of said ring of sprags are offset relative to one
      another axially of the assemblage, and likewise the pair of springs
      associated with them, the sprags being shaped and arranged to interengage
      with one another between the springs to limit the tilt of the sprags in
      the driving phase of the clutch.
NUM  2.
PAR  2. A sprag-retainer assemblage as claimed in claim 1, in which the sprags
      are further shaped and arranged to engage with the sprag retainer to limit
      the tilt of the sprags in the opposite sense, such as might otherwise lead
      to pop-out or kick-off of the sprags.
NUM  3.
PAR  3. A sprag-retainer assemblage as claimed in claim 2, in which the sprags
      are further shaped and arranged so that adjacent pairs of the sprags
      engage with one another further to limit the tilt of the sprags in said
      opposite sense, as aforesaid, such as might otherwise lead to pop-out or
      kick-off of the sprags.
NUM  4.
PAR  4. A sprag-retainer assemblage as claimed in claim 1, in which the annular
      sprag retainer is formed in two annular parts assembled side-by-side.
NUM  5.
PAR  5. A sprag-retainer assemblage as claimed in claim 4, in which the two
      annular parts of the sprag retainer are removably assembled side-by-side
      and held together by spring clips.
NUM  6.
PAR  6. A sprag-retainer assemblage as claimed in claim 4, in which the two
      annular parts of the sprag retainer have interfitting formations which
      locate them angularly with respect to one another.
NUM  7.
PAR  7. A sprag-retainer assemblage as claimed in claim 4, in which the two
      annular parts of the sprag retainer have interfitting formations which
      locate them concentrically with resepct to one another.
NUM  8.
PAR  8. A sprag-retainer assemblage as claimed in claim 4, in which the two
      annular parts of the sprag retainer are formed as or comprise mouldings.
NUM  9.
PAR  9. A sprag-retainer assemblage as claimed in claim 8, in which the
      mouldings are plastics mouldings.
NUM  10.
PAR  10. A sprag-retainer assemblage as claimed in claim 1, in which the sprags
      and the retainer have interlocking formations which are urged into
      interlocking engagement with one another by the springs individual to the
      sprags so long as the assemblage is free of any races, the interlocking
      formations then resisting radially inward displacement of the sprags with
      respect to the retainer.
NUM  11.
PAR  11. A sprag-retainer assemblage as claimed in claim 1, in which the
      centrifugal force acting on each sprag during overrunning of the outer
      race of the clutch passes through said line of contact of the sprag with
      the outer race of the clutch.
NUM  12.
PAR  12. A sprag-retainer assemblage as claimed in claim 1, in which the
      centrifugal force acting on each sprag during overrunning of the outer
      race of the clutch passes to that side of said line of contact of the
      sprag with the outer race of the clutch such as to oppose the spring force
      tending to tilt the sprag about said line, as aforesaid.
NUM  13.
PAR  13. A sprag-retainer assemblage as claimed in claim 1 in which the
      centrifugal force acting on each sprag during overrunning of the outer
      race of the clutch passes to that side of said line of contact of the
      sprag with the outer race of the clutch such as to assist the spring force
      tending to tilt the sprag about said line, as aforesaid.
NUM  14.
PAR  14. A sprag-retainer assemblage as claimed in claim 1, in which each
      energising spring is a blade spring.
NUM  15.
PAR  15. A sprag-retainer assemblage as claimed in claim 14, in which each blade
      spring comprises a lightweight, elongated arm anchored to the sprag
      retainer at one end, the other, free end of the arm engaging the sprag.
NUM  16.
PAR  16. A sprag-retainer assemblage as claimed in claim 15, in which said
      spring arm is anchored at its radially inner end, the arm extending
      outwardly at an angle to the radial direction to its other, free end which
      engages the sprag.
NUM  17.
PAR  17. A sprag-retainer assemblage as claimed in claim 14, in which the blade
      spring is of U-shape comprising a further elongated arm joined with said
      first elongated arm at its radially inner end, and said further elongated
      arm is attached to the sprag retainer.
NUM  18.
PAR  18. A sprag-retainer assemblage as claimed in claim 17, in which said
      further elongated arm is removably attached to the retainer.
NUM  19.
PAR  19. A sprag-retainer assemblage as claimed in claim 1, in which the annular
      sprag retainer receives and guides the radially outer ends of the sprags
      for tilting movement.
NUM  20.
PAR  20. A sprag clutch comprising inner and outer races and at least one
      sprag-retainer assemblage disposed in an annular gap between the races and
      arranged to transmit a uni-directional drive between the clutch driving
      and driven race, the sprag-retainer assemblage comprising an annular sprag
      retainer, a ring of sprags in the retainer, and for each sprag an
      energising spring individual to the spring for biasing the sprag into
      substantially line contact with the inner race of the clutch, by tilting
      the sprag about substantially a line of contact with the outer race of the
      clutch, with a component of spring force directed radially inwardly of the
      assemblage, whereby the centrifugal force acting on the spring during
      overrunning of the outer race of the clutch, in use of the assemblage,
      relieves the spring force on the sprag, the centre of gravity of each
      sprag being disposed close to or in the radial axial plane of the
      assemblage containing said line of contact between said sprag and the
      outer race during overrunning of the outer race of the clutch such that
      the centrifugal force acting on the sprag during overrunning of the outer
      race of the clutch acts in conjunction with the spring force on the sprag
      so as to maintain a small load between the sprag and the inner race on
      over run of the outer race, at least within a predetermined limit of outer
      race overrunning speed, the sprags and the energising springs being
      staggered whereby each pair of adjacent sprags of said ring of sprags are
      offset relative to one another axially of the assemblage, and likewise the
      pair of springs associated with them, the sprags being shaped and arranged
      to interengage with one another between the springs to limit the tilt of
      the sprags in the driving phase of the clutch.
NUM  21.
PAR  21. A sprag clutch as claimed in claim 20, in which the sprags are further
      shaped and arranged to engage with the sprag retainer to limit the tilt of
      the sprags in the opposite sense, such as might otherwise lead to pop-out
      or kick-off of the sprags.
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ABST
PAL  This is an overrunning roller clutch, including a biasing member for urging
      rollers to lock or unlock the clutch depending on the direction of
      relative rotation of the clutch rotatable members, one of which is
      cylindrical while the other has cam surfaces. The biasing member generates
      axial forces on at least one of the rollers. These axial forces acting on
      the key rollers cause the entire roller complement to move into or out of
      the engaged position depending upon the relative rotation of the shaft and
      outer member.
BSUM
PAR  This invention relates to overrunning clutches. More particularly, this
      invention is a novel overrunning clutch including biasing means for
      exerting an axial force against rolling members in the overrunning clutch.
PAR  Most overrunning roller clutches use a cage with springs which act on each
      of the rollers to urge them circumferentially towards their engaged
      position. The cage is expensive to manufacture, difficult to assemble into
      the clutch, and it limits the number of rollers that can be incorporated
      in the space between the raceways.
PAR  With overrunning clutches of a given size, the more rollers that can be
      fitted in the space between the raceways, the greater the torque capacity.
      Since cages take up circumferential space, fewer rollers can be used in an
      overrunning clutch of that particular design than could be used if there
      were no retainer.
PAR  My invention eliminates the need for the cage. At least one, and usually
      three or more rollers of a full complement clutch can be axially loaded to
      insure proper roller engagement when either raceway is rotated in its
      relative locking direction.
PAR  Briefly described, my invention includes a biasing member such as a spring,
      which exerts a light axial force on key rollers to hold these rollers
      against an axial stop on the cylindrical clutch race. These rollers then
      act on the intermediate rollers. The effect is that the rollers tend to
      stay with and move with the cylindrical race. Rotation of said race drags
      the rollers into locking engagement or overrunning position depending on
      which direction the race is rotated. Alternatively, the cammed race may be
      rotated relative to the cylindrical race and rollers.
DRWD
PAR  The invention, as well as its many advantages, may be further understood by
      reference to the following detailed description and drawings in which:
PAR  FIG. 1 is a sectional elevational view showing a portion of a full
      complement overrunning roller clutch with cam surfaces on the outer race;
PAR  FIG. 2 is a fragmentary longitudinal view, partly in section, showing my
      invention;
PAR  FIG. 3 is a side view of the wavey spring used in the embodiment of FIG. 2;
PAR  FIG. 4 is a fragmentary longitudinal view, partly in section, showing a
      modification of my invention;
PAR  FIG. 5 is a side view showing the bow spring used in the modification of
      FIG. 4;
PAR  FIG. 6 is a fragmentary longitudinal view; partly in section, of a further
      modification of my invention;
PAR  FIG. 7 is a fragmentary longitudinal view, partly in section, showing a
      still further modification of my invention;
PAR  FIG. 8 is a fragmentary longitudinal view, partly in section, showing a
      still further modification of my invention; and
PAR  FIG. 9 is a fragmentary longitudinal view, partly in section, showing a
      modification of my invention with the cam surface on the inner race rather
      than the outer race.
PAR  Like numbers refer to like parts throughout the various figures.
DETD
PAR  Referring to the drawings, and more particularly, to FIG. 1, the
      overrunning clutch includes an inner member, or shaft 10, and an outer
      member, or case 12. The diameter of the shaft is less than the inside
      diameter of the case, thus providing an annular space 14 between the shaft
      and the case.
PAR  A cam surface comprising a plurality of ramps 16, each provided with stops
      18, extends circumferentially around the inside of the case 12. Rolling
      members, such as rollers 20, are mounted in the annular space between the
      shaft 10 and the case 12. The rolling members may also be balls.
PAR  The shaft 10 is rotatable and case 12 is also rotatable when the clutch is
      used to transmit rotary motion. When the clutch is used as a brake or
      backstopping mechanism to prevent backward rotation, one member will be
      stationary. When the shaft is rotated counterclockwise, as shown by the
      arrow in FIG. 1, rollers 20 are also moved counterclockwise, thus moving
      along the ramps 16 toward the circumferential position of smallest
      separation between the shaft and the case. The smallest separation between
      the shaft and the casing is less than the diameters of the rollers thus
      causing the rollers to become locked thereby locking the shaft to the case
      so that the rotatable case rotates with the shaft. When the clutch is used
      as a backstopping device, both members become stationary when the clutch
      becomes locked up.
PAR  When the shaft 10 is rotated in the clockwise direction, rollers 20 are
      moved circumferentially along the ramp 16 toward the position of greatest
      separation between the shaft and the case 12 and against the stops 18.
      Since the area of greatest separation between the shaft and the race is
      greater than the diameter of the rollers, the overrunning clutch becomes
      unlocked and the shaft is rotated clockwise within the case.
PAR  Alternatively, the case 12 may be rotated relative to shaft 10 to cause
      lockup or overrunning.
PAR  As shown in FIG. 2, my new invention includes a pair of axially spaced
      annular stops 22 and 24. In the embodiment of FIG. 2, the stops extend
      radially from the shaft 10 across the annular space 14 and along the front
      and back sides 26 and 28, respectively, of the case 12. The stops need not
      necessarily extend fully across the annular space. The axial position of
      the stop 24 is fixed by the annular shoulder 30 on the shaft 10. The axial
      position of the stop 22 is fixed by a snap ring 32 fitted in the annular
      groove 34 on shaft 10. Other appropriate means for holding the stop 22 in
      position may be used.
PAR  Biasing means such as a wavey spring 36 is located between the stop 22 and
      an axial end of the rolling members 20.
PAR  The detailed structure of wavey spring 36 is shown in FIG. 3.
PAR  The wavey spring 36 urges one or more of the rollers 20 in an axial
      direction against the stop 24. This axial force is sufficient to cause the
      urged rollers 20 to be carried along in the same direction as the
      direction of rotation of the shaft. Thus, the rollers 20 contacted by the
      wavey spring 36 are carried along in the same direction as the rotation of
      the shaft and exert a circumferential force on the intermediate rollers to
      either lock or unlock the overrunning clutch depending upon the direction
      of rotation of the shaft. With outer race rotation about a stationary
      shaft, the rollers merely stay in position on the shaft until contacted by
      the clutch ramps and wedged between ramps and shaft.
PAR  In the embodiment shown in FIG. 4, instead of a wavey spring, a curved
      washer 38 is located axially between an edge of the roller 20 and the
      annular stop 22. Also, instead of the inner race consisting of a shaft,
      the inner race 40 is provided with a longitudinal bore 42 which inturn is
      mounted on a rotatable shaft (not shown). The annular stop 24 is located
      on the inner race 40 by an annular ring 43 located in the annular groove
      44 of the race 40.
PAR  The curved washer 38 is shown in more detail in FIG. 5. Though the curved
      washer is shown as used with a square edged roller, it could also be used
      with rounded edged rollers. Actually, in all of the modifications shown,
      the spring biasing members may be used with various types of rollers such
      as square edged rollers, rounded edged rollers, and trunnion rollers.
PAR  In the embodiment shown in FIG. 6, a resilient annular member 46 and a flat
      washer 48 are shown mounted about the shaft 10 and axially between the
      edge of the rollers 20 and the annular stop 22. The flat washer 48 may be
      made of metal or plastic. The resilient annular member 46 may be made of
      resilient rubber or a resilient plastic or resilient metal spring. The
      resilient axial member 46 exerts the axial force against the flat washer
      48 which in turn transmits the axial force against the rollers 20. The
      flat washer 48 is included because often the rollers slide
      circumferentially and the life of the resilient annular member 46 may be
      increased if the edges of the rollers do not directly engage the resilient
      annular member 46. Of course, if desired and/or if there is little or no
      sliding motion of the rollers 20, the flat washer may be removed so that
      the rollers directly engage the resilient annular member 46. Also if
      desired, a flat washer may be inserted between the spring and rollers of
      all the other embodiments.
PAR  In the embodiment shown in FIG. 7, my new invention is shown used with a
      drawn-cup-type outer member 50 which is mounted in a housing 52. As shown
      by broken lines, ramps used as cam surfaces are provided in the inside of
      the drawn cup 50. A coil spring 54 is used as the biasing member. The coil
      spring is wrapped around the shaft 10 with its edges contacting the stop
      22 and the edge of the roller 20.
PAR  In the embodiment shown in FIG. 8, the stop member 54 is a ring member with
      an outside diameter less than the smallest inside diameter of the
      drawn-cup 50 and thus fits in the space between the race 40 and the bore
      56 of the drawn cup. The wave spring 36 bears against the edge of the
      roller 20 and against the edge of the annular stop 54. The second stop
      member is an annular shoulder 58 extending from and integral with the race
      40.
PAR  In the embodiment shown in FIGS. 1 through 8, the cam surfaces are located
      on the outer member or race. However, if desired, the cam surfaces can be
      provided on the inner member or inner race. One such arrangement is shown
      in FIG. 9. In this figure, the shaft 60 is provided with the ramps 62
      (shown in broken lines). The outer member 64 is provided with axially
      spaced integral stops 66 and 68. These stops may equally well be separate
      pieces held to the outer clutch member.
PAR  When the outer member 64 is rotated, the coil spring 54 exerts a force
      against the edge of rollers 20 so that the rollers 20 are carried along in
      the same rotational direction as the rotational direction of the housing
      64. Thus, the rollers will be moved to the locked position or the unlocked
      position, depending upon the rotational direction of the housing 64.
      Alternatively, the inner member with the cams may be rotated to cause
      lockup.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an overrunning clutch with an inner member and an outer member, the
      outside diameter of the inner member being less than the inside diameter
      of the outer member to provide an annular space between said members, one
      of said members having a roller member race and the other of said members
      having a cam surface, the improvement comprising: a pair of axially
      separated stops on said roller member race; a plurality of rolling members
      located between the pairs of stops and within the annular space between
      the inner member and the outer member; said rolling members filling said
      annular space and adapted to contact one another; and a spring axially
      located between one of the stops and the rolling members, said spring
      being in direct contact with at least one of the rolling members and
      adapted to urge said at least one of the rolling members in an axial
      direction against the other stop whereby the rolling members urged by the
      spring will be carried along with the roller member race and will be
      circumferentially moved by relative rotation of the inner member and outer
      member to move the rolling members along the cam surface.
NUM  2.
PAR  2. An overrunning clutch in accordance with claim 1 wherein, the spring is
      a wave spring.
NUM  3.
PAR  3. The overrunning clutch of claim 1 wherein the spring is a curved washer.
NUM  4.
PAR  4. An overrunning clutch in accordance with claim 1 wherein the spring is a
      coil spring.
NUM  5.
PAR  5. An overrunning clutch in accordance with claim 1 wherein the cam surface
      is provided on the outer member.
NUM  6.
PAR  6. An overrunning clutch in accordance with claim 1 wherein the cam surfce
      is provided on the inner member.
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ABST
PAL  The retainer is entirely made of resilient molded plastic. A plurality of
      molded plastic bars interconnect a pair of axially spaced rims. A molded
      plastic spring is connected to each of a plurality of the bars at a point
      adjacent one rim. The springs extend angularly from said one rim toward
      the other rim.
PAL  The rims, bars, and springs are one integral molded plastic unit.
BSUM
PAR  This invention relates to overrunning clutches. More particularly, this
      invention is a new retainer for use with an overrunning clutch.
PAR  Currently made resilient plastic retainers are in general made by either an
      "axial draw" method or a "radial draw" method. In the axial draw method, a
      mold or die is used which essentially has only two relatively moving parts
      which move parallel to the center line of the retainer. The radial draw
      method uses a mold or die with separate parts which must spread out
      radially from the center line of the retainer while the main halves of the
      mold move axially. The radial draw type mold is very expensive, has many
      more working parts than the axial draw mold with the resulting greater
      chance for error in manufacture, possibility of damage, and plastic
      "flash" on the molded cage.
PAR  This invention is a novel overrunning clutch retainer which is made by the
      axial draw method. Briefly described, the retainer comprises a first
      molded plastic rim and a second molded plastic rim axially spaced from the
      first rim. The inside diameter of the second rim is greater than the
      inside diameter of the first rim. Circumferentially spaced molded plastic
      bars interconnect the two rims forming roller pockets. A molded plastic
      spring is connected to each of a plurality of the bars at point adjacent
      the second rim. The spring extends angularly toward the first rim. The
      rims, bars, and springs are one integral unit. Each spring is adapted to
      be pressed toward its corresponding bar when a roller is placed in the
      corresponding pocket of the retainer so that each spring exerts a force
      against the corresponding roller.
DRWD
PAR  The invention, as well as its many advantages may be further understood by
      reference to the following detailed description and drawings in which:
PAR  FIG. 1 is a sectional view showing my new molded plastic retainer assembled
      in an overrunning clutch;
PAR  FIG. 2 is a perspective view on an enlarged scale showing a preferred
      embodiment of my new retainer;
PAR  FIG. 3 is a different perspective view of the embodiment of FIG. 2;
PAR  FIG. 4 is a perspective view similar to FIG. 2 showing another preferred
      embodiment of my invention;
PAR  FIG. 5 is a fragmentary view of another preferred embodiment of my
      invention; and
PAR  FIG. 6 is a view similar to FIG. 5 showing still another preferred
      embodiment.
PAR  In the various figures, like parts are referred to by like numbers.
DETD
PAR  Referring to the drawings, and more particularly to FIG. 1, a fragmentary
      sectional view of an overrunning clutch is shown. The overrunning clutch
      includes an inner member such as a rotatable shaft 10 and an outer member
      such as housing 12 having a greater inside diameter than the diameter of
      the shaft 10, thus providing a space 14 between the shaft and the housing.
PAR  In the embodiment of FIG. 1, a plurality of ramps 16 with stops 18 is
      formed on the inner periphery of the housing 12. A roller 20 is provided
      in the space 14 with one roller for each ramp 16. For clutching
      applications involving ligher torque loads, some rollers may be omitted.
PAR  The diameter of each roller 20 is less than the space between the shaft 10
      and the housing 12 adjacent a stop 18. However, the diameter of each
      roller 20 is greater than the space between the housing and the shaft at a
      point on ramp 16 circumferentially spaced from the corresponding stop 18.
PAR  The springs urge the rollers circumferentially into contact with the ramp
      surfaces on the bore of the housing and the shaft outer surface. If the
      shaft should be moved in a counterclockwise direction or the housing moved
      in a clockwise direction, looking at FIG. 1, the rollers wedge between the
      shaft and housing, locking the two members together. The shaft and housing
      then rotate or remain stationary, as a unit. Rotating either member in the
      opposite direction relative to the other member unlocks the members.
PAR  My overrunning clutch retainer is a novel molded plastic structure which is
      made by an axial draw-type method. To allow the axial draw method to be
      used, the various parts of my new retainer are apportioned a predetermined
      radial part of the space 14 between shaft 10 and housing 12. In the
      embodiment of FIGS. 1 through 3, a first molded plastic rim 22 takes up
      approximately the radial inner one-third of the space 14. A second molded
      plastic rim 24 axially spaced from rim 22 takes approximately the radially
      outer one-third of the space 14. The bar 26 may take up approximately
      two-thirds of the radial space 14. Of course, various different
      proportions of the space 14 may be taken up by the rim 22, bar 26, and rim
      24. However, to permit the making of the retainer by the axial draw
      method, the first rim 22 takes up the inner radial portion of space 14,
      the rim 24 takes up the outer radial portion. The bar 26 may take any
      portion of, or all of radial space 14. The rim 24 has a greater inside
      diameter than the inside diameter of the rim 22. Preferably, the inside
      diameter of rim 24 is also larger than the outside diameter of rim 22,
      though these two diameters may be substantially equal. Adjacent bars 26
      form a roller pocket in which a roller 20 is placed.
PAR  A molded plastic spring 28 is integrally connected to each of a plurality
      of the bars 26 at a point adjacent the rim 24 and is preferably integral
      with both its corresponding bar 26 and the rim 24. The inside diameters of
      the springs are at least as large as the outside diameter of rim 22.
PAR  The spring 28 extends angularly from near or at rim 24 toward the rim 22
      and up to a point approximately half-way across the axial space between
      rims 22 and 24. Thus, when a roller 20 is placed in a pocket, the spring
      28 is moved circumferentially toward its corresponding bar 26. Thus, a
      spring bias is exerted against the roller by the spring 28.
PAR  In the embodiment of FIGS. 1 through 3, the force exerted by the spring 28
      is along the approximate longitudinal center portion of the corresponding
      roller 20.
PAR  A portion of the bar 26 may extend under the inner periphery 30 of rim 24
      or only to the inner axial end of rim 24. A portion of the spring 28 may
      extend under periphery 30. The outside edge of the portion of bar 26
      extending under rim 24 and the outside edge of spring 28 may be along the
      same radial plane as the outside edge of rim 24, or axially inward from
      that plane or axially outward from that plane.
PAR  A portion 32 of each bar 26 may extend over the outer periphery 34 of rim
      22. The outside edge of portion 32 may be along the same plane as the
      outside edge of rim 22. Alternatively, the end of bar 26 may be axially
      inward from the outside edge of rim 22, and it may stop at the inside
      surface of the end rim, or it may extend axially outward from the end rim.
PAR  On one side of each bar 26, there are provided lips 38 and 40 which are
      adapted to retain the rollers 20 in a pocket when the rollers are urged
      toward those lips by the spring. The other side 42 of each bar 26 may be
      flat and extend substantially radially from its inner edge to its outer
      edge. It may be a curved or stepped surface, and it may have a
      roller-retaining lip.
PAR  In the embodiment shown in FIG. 4, the inside diameter of the bar 44 is
      substantially the same as the inside diameter of rim 22; and the outside
      diameter of the bar is substantially the same as the outside diameter of
      the rim 24. The spring structure 28 of FIG. 4 is substantially the same as
      the spring structure of the embodiment shown in FIGS. 1 through 3.
PAR  The locking tabs 46 on rim 24 may be any shape which will properly
      circumferentially position the retainer to locate the rollers and to give
      the proper spring action against the rollers 20 when the clutch is in
      operation.
PAR  A second preferred embodiment of spring is illustrated in FIG. 5. In FIG.
      5, the preassemble position of the spring 50 is shown in full lines, and
      the assembled position shown by broken lines 52 when the roller is in its
      rearmost circumferential position. The spring 50 may be rectangular in
      cross section, but is bowed in a circumferential direction away from the
      corresponding bar 26. When the roller 20 is inserted in the retainer
      pocket, the spring 50 is pressed toward the corresponding bar 26 toward
      the position shown by broken line 52. Note that the circumferential force
      exerted against roller 20 by the spring is along substantially the entire
      length of the spring at this rearmost position. At an intermediate
      operating position, a lesser length of spring will be in contact.
PAR  In the embodiment shown in FIG. 6, the spring 54 has extending
      substantially perpendicularly from its outer end a portion 56. Portion 56
      has a flat surface 58 which bears against the roller 20, as shown by the
      broken lines 60. When the roller 20 is inserted in the pocket, the spring
      54 is bent toward its corresponding bar 26. The spring, thereafter, may
      exert a circumferential force against the rollers 20 at two longitudinally
      spaced areas 62 and 64 on the roller 20. If the roller is not pushed back
      that far, only the area 62 on the roller will be in contact with the
      spring.
CLMS
STM  I claim:
NUM  1.
PAR  1. A retainer for an overrunning clutch comprising: a first molded plastic
      rim; a second molded plastic rim axially spaced from the first rim and
      having an inside diameter at least equal to the outside diameter of the
      first rim; a plurality of circumferentially spaced molded plastic bars
      interconnecting the two rims forming roller pockets; and a molded plastic
      spring connected to each of a plurality of the bars at a point adjacent
      the second rim and extending angularly from the second rim toward the
      first rim; the rims, bars, and springs being one integral member with each
      spring being adapted to be pressed toward its corresponding bar when a
      roller is placed in the corresponding pocket of the retainer so that each
      spring exerts a force against the corresponding roller.
NUM  2.
PAR  2. A retainer in accordance with claim 1 wherein: the outer diameter of the
      first rim is less than the inner diameter of the second rim; and each
      spring is integral with both its corresponding bar and the second rim.
NUM  3.
PAR  3. A retainer in accordance with claim 2 wherein: the inside diameters of
      the springs are at least equal to the outside diameter of the first rim.
NUM  4.
PAR  4. A retainer in accordance with claim 3 wherein: each spring is adapted to
      exert a circumferential force against the longitudinal center portion of
      the corresponding roller.
NUM  5.
PAR  5. A retainer in accordance with Claim 3 wherein each spring is adapted to
      exert a circumferential force on the corresponding roller along
      substantially the entire length of the spring.
NUM  6.
PAR  6. A retainer in accordance with Claim 3 wherein: the spring is adapted to
      exert a force against two longitudinally spaced areas on the corresponding
      roller.
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ABST
PAL  A control means comprising a fixed first member, two pivots fixed relative
      to the first member in spaced-apart relation, a second member movable
      relative to the first member, a third member movable relative to the
      second member by a first manually operated control between first and
      second positions in which respectively the third member engages the first
      and second pivots and thus mounts the second member for pivoting movement
      about the first and second pivots respectively, spring means acting on the
      second member and a linkage connected to the second member in such a
      location that when the third member is in its first position the spring
      force urges the linkage in one direction and when the third member is in
      its second position the spring force urges the linkage in the opposite
      direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to control means and particularly, though not
      exclusively, to control means for clutches. In particular, though again
      not exclusively, the invention is concerned with such control means for
      use in connection with vehicle transmissions which include clutches and in
      which a prime mover drives an auxiliary two speed gearing and a change
      speed gearbox arranged in series.
PAR  The invention is also concerned with clutch assemblies including such
      control means.
PAR  In one form of prime mover and auxiliary gearing assembly, hereinafter
      referred to as "an assembly of the type specified", a prime mover drives
      an output shaft via a planetary gearing having two selectively engageable
      ratios, the planetary gearing comprising a sun wheel which is permanently
      fixed against rotation and first and second rotatable elements comprising
      an annulus gear and a planet carrier which carries planet gears which mesh
      both with the sun and annulus gears, one of said elements being driven
      directly by the prime mover at prime mover speed without the interposition
      of a clutch or gearing, the assembly including first and second clutch
      members carried by the first and second elements respectively for rotation
      therewith, a third clutch member carried by the output shaft and actuating
      means operable selectively to displace the third clutch member axially of
      the output shaft to engage the third clutch member with the first or
      second clutch members or to hold the third member disengaged from both the
      first and second clutch members.
PAR  In an assembly of the type specified in the preceding paragraph there may
      be said to be two clutches, one constituted by the first and third clutch
      members and the other constituted by the second and third clutch members.
      Thus for one ratio of the planetary gearing the first and third clutch
      members are clutched together, for the other ratio of the planetary
      gearing the second and third clutch members are clutched together and to
      disengage the output shaft of the assembly from the prime mover, in order
      for example to change gear in an associated change speed gearbox on the
      output side of the planetary gearing, the actuating means holds the third
      clutch member disengaged from the first and second clutch members. In
      other words, the two clutches which are provided serve both to control the
      planetary gearing and to disengage the prime mover from any change speed
      gearbox which may follow the planetary gearing.
PAR  It is an object of the present invention to provide a control means which
      in one form may be used, amongst other things, as part of the actuating
      means of an assembly of the type specified.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention we provide a control means comprising a
      fixed first member, two pivots fixed relative to the first member in
      spaced-apart relation, a second member movable relative to the first
      member, a third member movable relative to the second member by a first
      manually operated control between first and second positions in which
      respectively the third member engages the first and second pivots and thus
      mounts the second member for pivoting movement about the first and second
      pivots respectively, spring means acting on the second member and a
      linkage connected to the second member in such a location that when the
      third member is in its first position the spring force urges the linkage
      in one direction and when the third member is in its second position the
      spring force urges the linkage in the opposite direction.
PAR  The control means described above is capable of selectively engaging one of
      two clutches by connecting the linkage to said two clutches so that
      movement of the linkage in one direction engages one clutch and disengages
      the other clutch and movement of the linkage in the opposite direction
      engages the other clutch and disengages said one clutch.
PAR  If desired the control means may be provided with the facility to
      simultaneously disengage both clutches by providing a second manually
      operated control which is connected with the second member and can rock
      the second member against the action of the spring force in order to
      position the linkage so that both clutches are disengaged.
PAR  When modified as described in the preceding paragraph the control means is
      suitable for use as part of the actuating means of an assembly of the type
      specified.
PAR  The third member may be guided for movement on the second member in
      directions parallel to a line joining the pivots.
PAR  The second member may be provided with two arcuate slots respectively
      engaged by one of the pivots, each slot providing means to limit the
      movement of the second member about the pivot which is engaged in the
      other slot.
PAR  The invention also provides a clutch assembly comprising two clutches
      operated by a control means as described above.
PAR  In such an assembly the two clutches may be constituted by first and third
      and second and third clutch members respectively, the linkage being
      connected to the third clutch member so that movement of the linkage in
      one direction engages the third clutch member with a first clutch member
      and movement of the linkage in the opposite direction engages the third
      clutch member with a second clutch member.
PAR  The third clutch member may comprise two clutch discs between which is
      arranged a pressure plate forming part of the linkage, the arrangement
      being such that the pressure plate may be moved to force one of the clurch
      discs into engagement with the first clutch member or the other clutch
      disc into engagement with the second clutch member or may hold both clutch
      discs disengaged from both the first and second clutch members.
PAR  The first and second clutch members may each comprise a pair of relatively
      axially slidable clutch discs positioned on opposite sides of the
      associated clutch disc of the third clutch member.
PAR  The pressure plate may be splined to an output shaft of the assembly for
      co-rotation therewith and axial sliding movement thereon and the clutch
      discs of the third clutch member are splined to said pressure plate on
      opposite sides of a radially outer portion thereof for co-rotation
      therewith and axial sliding movement relative thereto, the arrangement
      being such that power can be transmitted to the output shaft from the
      first or second clutch member by engaging either the first and third or
      second and third clutch members.
PAR  Although the main intended application of the present invention is the
      control of an assembly of the type specified the control means may be used
      to control other clutch arrangements. For example, the means may be used
      to control two clutches one of which, when operative, connects power from
      a prime mover to a change speed gearbox and the other of which, when
      operative, connects the prime mover to a power take-off shaft.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One embodiment of the present invention will now be described, by way of
      example, with reference to the accompanying drawings in which:
PAR  FIG. 1 is a plan view of a control means embodying the present invention;
PAR  FIG. 2 is a sectional view on the line A--A of FIG. 1.
PAR  FIG. 3 is a sectional view of part of a two speed overdrive gearing
      controlled by the control means shown in FIGS. 1 and 2;
PAR  FIG. 4 is a sectional view on the line B--B of FIG. 3; and
PAR  FIG. 5 is a diagrammatic view of a vehicle including the overdrive gearing
      shown in FIGS. 3 and 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring firstly to FIGS. 3 and 5 of the drawings the two speed overdrive
      gearing shown therein is enclosed within a bell housing 13 and comprises
      an input shaft 11 driven directly from a prime mover 10 without the
      interposition of a clutch or gearing and an output shaft 12 driven from
      the shaft 11 via a planetary gearing and clutch arrangement which will be
      described below.
PAR  The output shaft 12 of the overdrive gearing is intended to be the input
      into a conventional synchromesh change speed gear box 80 housed within a
      casing 81 secured to the bell housing 13, the operative ratio of the
      change speed gearbox being selected by a gear lever 82. The output of the
      change speed gearbox is connected to the rear wheels 85 of the vehicle via
      a drive shaft 86 and differential 87.
PAR  The planetary gearing comprises a sun gear 14 which is secured to a closing
      plate 15 of the bell housing. This plate is of hollow construction and
      forms part of a lubrication system for the planetary gearing as will be
      described below. The sun gear is fixedly mounted in the centre of the
      closing plate 15, a bearing 20 being provided between the sun wheel 14 and
      the shaft 11. A planet carrier 16 is splined to the shaft 11 and carries a
      plurality of planet gears, one of which is shown at 17, the gears being
      mounted on pivot pins one of which is indicated at 18. These pins are held
      in position in the planet carrier by locating pins 21. The planet carrier
      16 has a disc-like flange 19 which, together with an annular clutch disc
      19a which is splined to the flange 19 at 22 provides a first clutch
      member.
PAR  A starter ring 88, provided at its outer periphery with teeth 89 for
      engagement by a conventional starter motor (not shown) for the prime
      mover, is secured to the shaft 11 via a pressed metal disc 90. The starter
      ring 88, disc 90 and the planetary gearing acts as the flywheel of the
      assembly.
PAR  The planetary gearing includes an annulus gear 23 which engages the planet
      gears 17 which in turn engage with the sun gear 14. The annulus gear 23 is
      carried on a dish-shaped member 24 mounted in a bush 25 which bears on a
      flange portion 16a of the planet carrier which is itself supported by a
      further bush 26 which is supported on a sleeve portion 14a of the sun
      wheel. A further bush 27 is provided between the annulus 23 and the planet
      carrier.
PAR  The dish-shaped member 24 is splined at 28 for the reception of two clutch
      discs 29 and 29a which constitute a second clutch member of the assembly.
PAR  Splined to the output shaft 12 is a pressure plate indicated generally at
      47. This pressure plate is splined at 30 for the reception of two clutch
      discs 31 and 32 which constitute a third clutch member of the assembly.
      These clutch discs are provided with friction linings 31a and 32a
      respectively and are positioned on opposite sides of an outer portion 33
      of the pressure plate which is itself provided with friction linings 33a.
      As can be seen from FIGS. 1 and 2 the clutch disc 19a is interleaved
      between the clutch disc 32 and the outer portion 33 of the pressure plate
      and clutch disc 29a is interleaved between the clutch disc 31 and the
      portion 33 of the pressure plate.
PAR  A collar 38 is mounted on a bearing 39 carried on a central sleeve portion
      40 of the pressure plate which is splined onto the output shaft. The
      collar 38 is axially fixed relative to the sleeve portion 40 but the
      sleeve portion is free to rotate within the collar 38. The collar is
      provided with a groove 41 which is engaged by a fork 42 carried on a
      cross-bar 43 mounted on the casing 81. One end 44 of the cross bar
      projects from the casing and is connected to a means for controlling the
      operative ratio of the planetary gearing and the related clutches which
      will be described below.
PAR  As mentioned previously the planetary gearing includes a lubrication system
      for circulating oil within the bell housing 13 to the various gear
      elements and bushes of the gearing. This lubrication system comprises a
      scoop 90 in the bell housing 13 which communicates with the interior of
      the hollow closing plate 15 via an aperture 91. This scoop 90 collects oil
      from the radially outer extremities of the planetary gearing and directs
      this oil towards the centre of the gearing within the hollow closing plate
      15. A seal 94 is provided between the closing plate and the input shaft 11
      and defines a channel 95 which directs oil from within the closing plate
      15 to the bush 20 and also, via an aperture 92, to a bush 93 between the
      input shaft 11 and the output shaft 12. Oil from within the closing plate
      15 is also directed to bushes 25 and 26 via channels which are not shown
      in the drawings.
PAR  On emerging from bushes 25 and 26, the oil flows radially outwardly under
      centrifugal action through conduits 97 and is deflected by a sheet metal
      ring 98 into axial bores 99 provided in the pins 18 on which the planet
      gears 17 are mounted. The pins 18 are provided with radially extending
      drillings 100 which communicate with the bores 99 and allow oil flow to
      bushes 101 which mount the planet gears on the pins 18. The radially
      outwardly flowing oil leaves the bores 99 via drillings 102 and then flows
      radially outwardly to lubricate the various clutch discs provided in the
      assembly. A series of bores 103 in the pressure plates 47 ensure efficient
      lubrication of the clutch discs on the gearbox side of the pressure plate.
      On leaving the clutch discs the oil again passes into the scoop 90 for
      recirculation.
PAR  During the radially outward flow of oil from the centre of the gearing the
      gears themselves are also lubricated. For example, a proportion of the
      radially outwardly flowing oil from bushes 25 and 26 escapes the sheet
      metal ring 98 and flows radially outwardly to lubricate the annulus gear
      23 and also the bush 27. The oil emerging from bushings 20 and 23 also
      contributes to the lubrication of the planetary gearing.
PAR  Returning now to the mode of operation of the planetary gearing, when the
      input shaft 11 is driven by the prime mover the annulus gear 23, the dish
      shaped member 24 and the second clutch member constituted by the clutch
      discs 29 and 29a will all rotate at the planetary ratio. The planet
      carrier 16 and the first clutch member constituted by the flange 19 and
      the clutch disc 19a will rotate at prime mover speed.
PAR  The output shaft 12 can be caused to rotate at engine speed by displacing
      the pressure plate 47 to the left thus frictionally engaging the outer
      portion 33 of the pressure plate with the clutch disc 19a and also
      engaging the clutch disc 19a with the clutch disc 32 and hence forcing the
      clutch disc 32 into engagement with the flange 19. This movement of the
      pressure plate 47 to the left, which is achieved by movement of the fork
      41, also ensures that the clutch discs 29, 29a and 31 are disengaged.
PAR  If it is desired to drive the output shaft at the speed of the annulus gear
      the pressure plate 47 is displaced to the right using the form 41 in order
      to press the clutch disc 29a into engagement with the disc 31 which in
      turn then engages the disc 29. This movement of the pressure plate 47 to
      the right results in the disengagement of the clutch discs 19, 19a and 32.
PAR  Thus the output shaft 12 can be driven at prime mover speed or at annulus
      gear speed by effecting the appropriate axial movement of the pressure
      plate 47. As will be evident from the above the pressure plate 47 has an
      intermediate position when the output shaft 12 is connected neither to the
      planet carrier 16 nor to the annulus gear 23. When the pressure plate 47
      is in this position changes of ratio in the associated change speed
      gearbox may be effected and the synchronisers of this box have only to
      operate against the inertia of the geared elements of the change speed
      gearbox and the pressure plate 47 and its associated clutch discs and do
      not have to operate against the added inertia of the planetary gearing.
PAR  The control means for the clutches of the planetary gearing will now be
      described.
PAR  Referring to FIGS. 1 and 2, the control means comprises a first fixed
      member 50 mounted on the bell housing 13 and having thereon first and
      second pivots 51 and 52 in fixed spaced relation. A second pivotable
      member 53, having arcuate slots 54 and 55 in which are received pivots 51
      and 52 respectively, is mounted on the first member 50 by a third member
      56 which is movable in guides 57 on the member 53. The third member 56 has
      formed therein opposite ends slots 59 and 60 which are of such size as to
      receive the pivots 51 and 52. FIGS. 1 and 2 show the pivot 51 engaged in
      the slot 59.
PAR  The third member 56 may be moved relative to the second member 53 by means
      of a driver operated linkage 64. A control cable 65 is secured to the
      member 53. The control cable 65 forms the inner cable of a Bowden cable 66
      the other part 67 of which is anchored at 68 on the first member 50. The
      other end of the outer cable 67 is anchored at 69 (see FIG. 5) on a fixed
      part 70 and the other end of the inner cable 65 is connected at 71 to a
      clutch pedal 72 pivoted at 73. The first, second and third members are
      held together by a plate 62 which is retained on the pivots 51 and 52 by
      circlips 63.
PAR  A control link 74 is connected at one end at 75 to the second member 53 and
      at its other end to an arm 58 which is mounted on the end 44 of the cross
      bar 43. A spring 77 has one end 78 anchored on the bell housing 13 and its
      other end 79 secured to the second member 53. The spring 77 is a tension
      spring and tends to urge the lower end of the second member 53 to the
      right as shown in FIG. 1. A stop 61 is provided on the first member 50 to
      limit the movement of the second member 53.
PAR  The movement of the second member relative to the first member 50 is also
      controlled by the dimensions of the slots 54 and 55.
PAR  If it is desired to disengage the clutch discs so as to change gear within
      the associated change speed gearbox then the clutch pedal is depressed and
      this pivots the pivotable member 53 about whichever of the pivots 51, 52
      is engaged by the member 56. The result will be to move the control link
      74 to a central position shown in FIG. 1 in which the member 53 engages
      the stop 61 and in which the pressure plate 29 is in its intermediate
      position and the various clutch discs of the gearing are disengaged. This
      disconnects drive to the change speed gearbox and allows ratio changes to
      be effected in the conventional manner.
PAR  The ratio of the planetary gearing can be changed without operating the
      clutch pedal, merely by moving the third member 56 so that the member 53
      pivots about the pivot 51 or 52. For example, with the parts of the
      control means in the positions shown in FIG. 1 the pivot 51 is received in
      the slot 59 in the third member 56 and since the third member 56 is guided
      on the member 53 the latter is effectively pivoted about the pivot 51. The
      spring force of the spring 77 thus tends to urge the member 53 in an
      anti-clockwise direction about the pivot 51 and if the clutch pedal is
      released the control link 74 is urged to the right in the direction of the
      arrow C of FIG. 1 thus urging the collar 38 and the pressure plate 47 to
      the right and hence connecting the output shaft 12 to the annulus gear 23,
      as described above, thus giving an overdrive input into the associated
      gearbox.
PAR  If the third member 56 is now moved downwardly by the control linkage 64
      the pivot 52 will enter the slot 60 and as a result the second member 53
      will be pivoted about the second pivot 52. The spring force will still
      tend to urge the second member 53 in an anti-clockwise direction but since
      the control link 74 is connected to the second member 53 above the pivot
      52 the force on the control link 74 will be to the left, that is in the
      direction of the arrow D in FIG. 1, and with the clutch pedal released
      this will move the collar 38 and pressure plate 47 to the left thus
      connecting the output shaft 12 to the planet carrier 16 and hence giving a
      direct drive into the associated gearbox.
PAR  The control means is thus capable of disconnecting the prime mover from the
      change speed gearbox on depression of the clutch pedal, in order to allow
      ratio changes to be effected in the change speed gearbox, and appropriate
      operation of the driver operated linkage 64 results in the means changing
      the operative ratio of the overdrive gearing.
PAR  The present invention thus provides a simple and efficient control means
      suitable for the control of two clutches and which in one form may be used
      as part of the actuating means for an assembly of the type specified.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control means comprising a fixed first member, two pivots fixed
      relative to the first member in spaced-apart relation, a second member
      movable relative to the first member, a third member movable relative to
      the second member by a first manually operated control between first and
      second positions in which respectively the third member engages the first
      and second pivots and thus mounts the second member for pivoting movement
      about the first and second pivots respectively, spring means acting on the
      second member and a linkage connected to the second member in such a
      location that when the third member is in its first position the spring
      force urges the linkage in one direction and when the third member is in
      its second position the spring force urges the linkage in the opposite
      direction.
NUM  2.
PAR  2. A control means according to claim 1 in which a second manually operated
      control is connected with the second member to rock the second member
      about whichever pivot is engaged by the third member against the action of
      the spring force.
NUM  3.
PAR  3. A control means according to clain 1 in which the third member is guided
      for movement on the second member in directions parallel to a line joining
      the pivots.
NUM  4.
PAR  4. A control means according to claim 1 in which the second member is
      provided with two arcuate slots respectively engaged by one of the pivots,
      each slot providing means to limit the movement of the second member about
      the pivot which is engaged in the other slot.
NUM  5.
PAR  5. A clutch assembly comprising two clutches operated by a control means
      according to claim 1, the linkage being connected with the two clutches so
      that movement of the linkage in one direction engages one clutch and
      disengages the other clutch and movement of the linkage in the opposite
      direction engages the other clutch and disengages said one clutch.
NUM  6.
PAR  6. An assembly according to claim 5 in which a second manually operated
      control is arranged to rock the second member about whichever pivot is
      engaged by the third member against the action of the spring force in
      order to position the linkage so that both clutches are disengages.
NUM  7.
PAR  7. An assembly according to claim 5 in which the two clutches are
      constituted by first and third and second and third clutch members
      respectively, the linkage being connected to the third clutch member so
      that movement of the linkage in one direction engages the third clutch
      member with the first clutch member and movement of the linkage in the
      opposite direction engages the third clutch member with the second clutch
      member.
NUM  8.
PAR  8. An assembly according to claim 7 in which the third clutch member
      comprises two clutch discs between which is arranged a pressure plate
      forming part of the linkage, the arrangement being such that the pressure
      plate may be moved to force one of the clutch discs into engagement with
      the first clutch member or the other clutch disc into engagement with the
      second clutch member or may hold both clutch discs disengaged from both
      the first and second clutch members.
NUM  9.
PAR  9. An assembly according to claim 8 in which the first and second clutch
      members each comprise a pair of relatively axially slidable clutch discs
      positioned on opposite sides of the associated clutch disc of the third
      clutch member.
NUM  10.
PAR  10. An assembly according to claim 8 in which the pressure plate is splined
      to an output shaft of the assembly for co-rotation therewith and axial
      sliding movement thereon and the clutch discs of the third clutch member
      are splined to said pressure plate on opposite sides of a radially outer
      portion thereof for co-rotation therewith and axial sliding movement
      relative thereto, the arrangement being such that power can be transmitted
      to the output shaft from the first or second clutch member by engaging
      either the first and third or second and third clutch members.
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ABST
PAL  There is disclosed herein a dispensing mechanism for use in gumball
      machines which includes coin-receiving and gumball-delivering mechanisms
      that permit dispensing of gumballs when the coin-receiving mechanism is
      operated with a coin therein, and prevent dispensing when no coin is
      present. These mechanisms are suitable for manufacture from plastic and
      the coin-receiving mechanism includes a rotatable coin-receiving element
      having an axially-extending, anti-reversing abutment shoulder which
      cooperates in preventing reverse rotation of the element. A coin slot
      engaging dog is also provided which engages the trailing edge of the coin
      slot when the coin-receiving element is rotated forwardly with no coin in
      the slot, thereby preventing dispensing. When a coin is in the slot, the
      dog is disabled and forward rotation of the coin-receiving element is
      permitted which permits dispensing of a gumball.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to dispensing mechanisms for vending machines; and
      in particular gumball banks.
PAR  Gumball machines and gumball banks are popular items for home use. For
      example, small toy plastic gumball banks of the type disclosed in U.S.
      Pat. No. D158,529 have received wide acceptance. On the other hand, the
      commerical, metal-type gumball machine is only occasionally found in a
      home because such machines are prohibitively expensive. Recently, Oak
      Manufacturing Co. of California has introduced a large, metal, relatively
      expensive, antique-styled gumball machine for home use. In view of the
      wide acceptance of the toy plastic gumball banks, it was decided that a
      large plastic bank should be made available for home use.
PAR  It is, therefore, an object of the invention to provide a comparatively
      inexpensive, large, plastic gumball bank or machine for the home or
      consumer market.
PAR  The large, metal, gumball bank has features such as the dispensing
      mechanism similar to the well-known commercial metal gumball machines.
      Such mechanisms are disclosed in U.S. Pat. Nos. 3,010,557; 3,064,789; and
      3,289,152.
PAR  The dispensing mechanisms include coin-receiving mechanisms having means
      for preventing operation of the machine by preventing both forward and
      reverse rotation of the operator handle if no coin has been inserted while
      permitting operation and forward rotation of the operator handle after a
      coin has been inserted. One variation of this mechanism includes the
      ability to receive multiple coins and of different sizes and means for
      disabling the mechanism when such coins are not present. However, these
      mechanisms are: (1) complex in that they have been designed to withstand
      vandalism; (2) heavy-duty in that they must be reliable over long periods
      of constant usage; (3) require a substantial number of parts; and (4)
      expensive to manufacture.
PAR  The recently-introduced consumer-oriented metal machines have features
      shown in the above-identified patents. In this machine the coin-receiving
      mechanism includes a slotted, rotatable, metal, coin-receiving disc having
      a ratchet teeth about its periphery and a reverse rotation preventing
      system which includes a separate metal dog that is biased into the
      engagement with the ratchet teeth by a separate spring so as to prevent
      reverse rotation of the disc but to permit forward rotation thereof. The
      forward rotation preventing mechanism includes a second metal dog which is
      mounted rearwardly of the disc and biased so as to press against one side
      of the disc. When no coin is in the coin-receiving slot, the second dog
      can engage the trailing edge of the slot and thereby prevent forward
      rotation; while when there is a coin in the slot the second dog is
      disabled thereby permitting rotation.
PAR  In the design of the large plastic machine, it was apparent that
      coin-receiving mechanisms of the type used in the small plastic bank were
      unsuitable and that mechanisms of the type used in the metal machines were
      too expensive and required too many parts.
PAR  it is, therefore, another object of this invention to provide a
      coin-receiving mechanism for use in a large, consumer-oriented plastic
      gumball machine which can be inexpensively manufactured of plastic,
      includes a few parts and provides forward and reverse rotation prevention
      features.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided by this invention an inexpensive, reliable,
      readily-manufactured dispensing mechanism having a coin-receiving
      mechanism which can, in substantial part, be fabricated from a few plastic
      parts and which is suitable for use in consumer-purchased large plastic
      banks. The mechanism includes the forward and reverse rotation prevention
      features as well as being capable of operation with coins of different
      denominations.
PAR  The coin-receiving mechanism includes a rotatable coin-receiving disc
      having an axially-extending abutment shoulder for cooperating in
      preventing reverse rotation of the disc. A second shoulder is provided in
      fixed relation to the disc and is arranged for engagement by the abutment
      shoulder of the disc so as to prevent reverse rotation of the disc beyond
      a predetermined point.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a gumball bank;
PAR  FIG. 2 is an exploded front perspective view showing the dispensing
      mechanism for a bank of the type shown in FIG. 1;
PAR  FIG. 3 is an exploded rear perspective view of the basic elements of the
      coin-receiving mechanism;
PAR  FIGS. 4 through 7 inclusive, are fragmentary rear elevational views of the
      coin-receiving mechanism showing: in FIG. 4, the operation of the
      anti-reversing mechanism; in FIG. 5, the operation of forward rotation
      preventing mechanism; and in FIG. 5 a coin in position disabling the
      forward rotation prevention mechanism; and in FIG. 6 discharge of the coin
      from the mechanism; and
PAR  FIGS. 8, 9 and 10 are sectional views taken substantially along lines 8--8,
      9--9 and 10--10 of FIGS. 4, 5 and 6, respectively, showing the operation
      of the forward and reverse rotation preventing mechanisms.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings there is shown a gumball machine 10,
      generally, which includes a base 12 having a discharge opening 14 in the
      front thereof and a globe-type gumball reservoir 16 that is carried by the
      base. The base also supports the delivery mechanism 18 and the
      coin-receiving mechanism 20 for controllably dispensing gumballs or other
      similar articles.
PAC  Coin-Receiving Mechanism
PAR  The coin-receiving mechanism 20 is a subassembly which is inserted into the
      base during assembly of the machine. The delivery mechanism 18 is then
      fitted onto the base over the coin-receiving mechanism and the globe
      thereover.
PAR  Referring now to FIG. 2, the coin-receiving mechanism 20 and delivery
      mechanism 18 are shown. The coin-receiving mechanism subassembly 20
      includes an actuator 22, a front plate 34, a coin-receiving disc or
      element 50, a back plate 62 and a spur gear 92 which are assembled and
      held together in a sandwich-like arrangement.
PAR  The actuator 22 is a plastic member which includes: a handle 24 and a shaft
      26. The shaft includes: a coin-receiving disc engaging land 28; a reduced
      diameter section having a spur gear engaging land 30; and a
      heat-deformable tip 32.
PAR  The front plate 34 is a plastic member and has a central aperture 36
      through which the actuator shaft 26 extends and a coin-receiving aperture
      38 spaced thereabove. The coin-receiving aperture includes a flat back
      section 40 for assuring alignment of the coin in a plane parallel to the
      front plate. A plurality of alignment and heat-deformable pins or
      guideposts 42, 44, 46, 48 and 49 are provided on the back side of the
      front plate for supporting the back plate of the mechanism and for holding
      the subassembly together. A raised spacer boss 39 is provided on the back
      side of the front plate, surrounds the central aperture 36 and extends
      inwardly for maintaining the disc 50 in spaced axial relation to the front
      plate. Raised spacerribs such as 116 and 118 are also provided on the back
      of the front plate so as to space the back plate 62 at a predetermined
      distance from the front plate. The ribs 116 and 118 also define a somewhat
      circular recess into which the disc 50 fits.
PAR  The rotatable coin-receiving element or disc 50 is a molded plastic member
      and has a central boss 52 through which there is provided a keyway 52a.
      The actuator shaft land portion 28 extends through the keyway so that the
      rotation of the actuator handle 24 causes rotation of the disc. The front
      face 50a of the disc is flat and when assembled, this face engages the
      spacer boss 39. The disc also has a flat peripheral portion 54 below which
      is positioned a coin-receiving slot or pocket 53.
PAR  An arcuate peripheral finger-like member 56 is provided on the disc
      adjacent the pocket 53. The finger includes an end or shoulder portion 58
      which defines an anti-reversing abutment shoulder that extends axially
      inwardly and cooperates in preventing reverse rotation (i.e.,
      counter-clockwise rotation) of the coin-receiving element beyond a
      predetermined point. This point is usually arranged such that the pocket
      53 and aperture 38 can be aligned. On the outward side the finger is flat
      and on the inner side the finger has a cam-like tapered portion 59 which
      extends from the disc body to the shoulder 58. The finger is also
      sufficiently flexible that it can be flexed outwardly.
PAR  An aperture 60 is provided in the disc pocket 53 and cooperates in
      preventing forward (i.e., clockwise) rotation of the element 50 when no
      coin is present in the slot. An inner circular rib 61 is provided on the
      inner face of the disc and acts as a guide.
PAR  The back plate member 62, which is also of plastic, has a central aperture
      64 through which the shaft 26 extends and which surrounds the boss 52. The
      lower cut-out portion 66 defines a discharge chute so that a coin can be
      discharged from the slot in the coin-receiving element into a
      coin-receiving reservoir. Five guidepost receiving apertures 68, 70, 72,
      74 and 76 are provided for cooperation with the guideposts on the back of
      the front plate for assembling the subassembly. For example, the guidepost
      42 extends through the aperture 68. When the front plate 34, the disc
      element 50 and the back plate 62 are assembled, the tips of each of the
      guideposts are heat-deformed so as to secure the three pieces in
      closely-spaced relation.
PAR  A coin-slot engaging dog or finger 78 is integral with the plate 62 and is
      positioned in an elongated aperture-like portion 81, one edge of which
      defines an anti-reversing abutment edge 82 which is adapted for engagement
      by the peripheral anti-reversing abutment shoulder 58 when the disc is
      rotated in the counter-clockwise or reverse direction. The edge 82 is so
      positioned to cooperate with the shoulder 58 in positioning the
      coin-receiving pocket 53 below the coin-receiving aperture 38 so as to
      assure proper entry of a coin into the pocket or slot.
PAR  The slot-engaging dog 78 is shaped so that its end portion 84 and tip 86
      are bent outwardly toward the disc 50 and a biasing leaf spring 88 is
      secured to the back plate by rivet 90 to bias the end portion 84 and tip
      into the coin-receiving slot. The aperture 60 provides additional abutment
      surface along its edge for engagement by the terminal edge portion.
PAR  The last element of the coin-receiving mechanism is a spur gear 92 which
      has an apertured hub portion 94 that engages the back of the plate 62 and
      holds the gear teeth in spaced relation thereto. The land 30 of the
      actuator extends through the gear aperture 96 and, when the entire
      mechanism is assembled, the tip 32 of the shaft extends beyond the back
      side of the spur gear 92 and is heat-deformed so as to secure the gear 92
      and actuator 22 in a spaced relation to each other on opposite sides of
      the coin-receiving mechanism.
PAC  Delivery Mechanism
PAR  The delivery mechanism 18 includes a dispensing disc 100 which has three
      triangularly shaped gumball-delivery apertures 102, 104 and 106, and a
      plurality of circumferential gear teeth 108. The disc rests on a
      transverse wall 110 of the base unit 12 and is journaled thereto. A
      semi-circular blocking segment 112 is positioned slightly above the disc
      100 in the retaining groove 114 which is molded into the base 12. This
      segment directs gumballs from the reservoir to those apertures in the
      dispensing disc which are exposed. Gumballs fall into the apertures and as
      the dispensing disc 100 is rotated they are moved below the segment 112 to
      a position where they drop into the entry end of a chute which extends
      behind the coin-receiving mechanism 20 to the discharge opening 14.
PAC  Operation
PAR  The operation of the anti-reversing mechanism is seen best in FIGS. 4 and 8
      where the shoulder 58 is shown in abutting engagement with the edge 82
      which thereby prevents any reverse rotation of the disc 50 and aligns the
      slot 53 with the aperture 38. As can be seen, this will be true whether or
      not there is a coin present in the slot 53.
PAR  Referring to FIGS. 5 and 9, it is seen that disc 50 is being rotated in the
      forward direction without a coin in the slot 53. The finger 78 and in
      particular the terminal portion 84 is urged outwardly toward the front
      plate and held in that position by the leaf spring 88. This forces the
      terminal portion and the tip 86 to rest against the slot and engage the
      trailing edge of the slot 53 thereby preventing forward rotation of the
      disc when the slot 53 is empty.
PAR  Referring now to FIGS. 6 and 10, when a coin C is in the pocket 53, the
      terminal portion 84 and tip 86 of the finger 78 engage the face of the
      coin and are urged inwardly toward the back plate. Thus as the disc 50 is
      rotated and the trailing edge of the coin-receiving slot reaches the tip
      86, the tip rides up over the edge and onto the rib 61 thereby permitting
      rotation of the element 50. As the finger-like member 56 passes beneath
      the dog 78, the cam-like portion 59 engages the dog and as the disc is
      rotated the dog urges the finger 56 axially outwardly. This permits the
      disc to be rotated in the forward direction and thus the finger 56 does
      not interfere in the operation of the coin-receiving mechanism when it is
      being rotated in the forward direction.
PAR  At the discharge position, the cut-out portion 66 in the back plate and the
      sloped guide ribs 120 guide the coin C into a reservoir in the base 12.
      Rotation is continued until the disc 50 reaches the initial position,
      where the finger 56 is moved past the aperture edge 82, and then pops
      axially inwardly so as to be effective in preventing reverse rotation.
PAR  At the same time, one of the triangular slots in the dispensing disc 100 is
      rotated over the chute where the gumball in the slot drops into the chute
      to the discharge opening 14. It is to be noted that the gear ratio of the
      spur gear 92 to the gear teeth 108 is such that it requires three
      revolutions of the spur gear to obtain one complete revolution of the
      dispensing disc so that there is always one triangular slot in the
      dispensing position and at least one in the receiving position.
PAR  It will be appreciated that numerous changes and modifications can be made
      to the embodiment shown herein without departing from the spirit and scope
      of this invention.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A coin-operated article-dispensing machine, having a coin-receiving
      mechanism that permits operation of the mechanism when a coin is in the
      mechanism, and prevents operation of the mechanism when no coin is
      present, said coin-receiving mechanism including: front-plate means having
      a coin-receiving aperture; rotatable coin-receiving disc means adjacent
      said front-plate means and having pocket means therein for receiving coins
      inserted into said mechanism through said aperture; actuator means
      cooperatively associated with said disc for rotating said disc; means for
      preventing reverse rotation of said disc beyond a predetermined position;
      and means for selectively preventing forward rotation when no coin is in
      said pocket but permitting forward rotation when a coin is in said pocket,
      the improvement comprising said disc including integral peripheral finger
      means for cooperation in preventing reverse rotation of said disc, and
      having a terminal end portion which defines on axially-extending,
      abutment-shoulder means, said finger means being adapted to flex in the
      axial direction; and fixedly positioned shoulder defining means in axial
      relation to said disc and arranged for engagement by said
      abutment-shoulder means when said disc is rotated in the reverse
      direction, thereby preventing reverse rotation of said disc.
NUM  2.
PAR  2. A machine as in claim 1 wherein said means for selectively preventing or
      permitting said forward rotation comprises dog means cooperatively
      positioned in fixed axial relation to said disc and said coin-receiving
      pocket so as to engage only a trailing edge portion of said pocket when no
      coin is therein thereby preventing forward rotation of said disc and said
      dog means being adapted to be disabled by a coin present in said pocket so
      as to permit forward rotation of said disc.
NUM  3.
PAR  3. A machine as in claim 2 which includes back plate means having said dog
      means integral therewith, said plate means positioned adjacent said disc,
      and biasing means on said plate means for urging said dog means axially
      forwardly toward said disc.
NUM  4.
PAR  4. A machine as in claim 1 wherein said pocket is of a size to receive
      coins of different sizes.
NUM  5.
PAR  5. A machine as in claim 1, wherein said finger means is arcuately shaped.
NUM  6.
PAR  6. A machine as in claim 5 which includes back plate means having means
      defining said reverse rotation preventing shoulder defining means.
NUM  7.
PAR  7. A machine as in claim 6, wherein said back plate means has an aperture
      therein having an edge portion, said edge portion being said reverse
      rotation preventing shoulder means.
NUM  8.
PAR  8. A machine as in claim 7, wherein said finger means include a tapering
      cam-like surface which tapers from the body of the disc to said abutment
      shoulder and which surface is arranged upon forward rotation of said disc
      to engage said back plate and thereby cause said finger to flex.
NUM  9.
PAR  9. A coin-operated article-dispensing machine, having a coin-receiving
      mechanism that permits operation of the mechanism when a coin is in the
      mechanism, and prevents operation of the mechanism when no coin is
      present, said coin-receiving mechanism including: front-plate means having
      a coin-receiving aperture; rotatable coin-receiving disc means adjacent
      said front-plate means and having pocket means therein for receiving coins
      inserted into said mechanism through said aperture; actuator means
      cooperatively associated with said disc for rotating said disc; means for
      preventing reverse rotation of said disc beyond a predetermined position;
      and means for selectively preventing forward rotation when no coin is in
      said pocket but permitting forward rotation when a coin is in said pocket;
      the improvement comprising said disc including axially-extending,
      abutment-shoulder means for cooperation in preventing reverse rotation of
      said disc; and fixedly positioned shoulder defining means in axial
      relation to said disc and arranged for engagement by said
      abutment-shoulder means when said disc is rotated in the reverse
      direction, thereby preventing reverse rotation of said disc, wherein said
      disc includes integral arcuate peripheral finger means having a terminal
      end portion which defines said axially-extending, abutment-shoulder means,
      and a tapering cam-like surface which tapers from the body of the disc to
      said abutment shoulder, and said finger means being adapted to flex in the
      axial direction.
NUM  10.
PAR  10. A machine as in claim 9, wherein said finger means taper axially
      inwardly and said shoulder means extend inwardly of said disc, so that
      when said disc is rotated in a reverse direction said finger abutment
      means engage said shoulder means to prevent said disc reverse rotation but
      when said disc is rotated in said forward direction the tapered portion of
      the finger is urged axially outwardly.
NUM  11.
PAR  11. A coin operated article-dispensing machine, having a coin-receiving
      mechanism that permits operation of the mechanism when a coin is in the
      mechanism, and prevents operation of the mechanism when no coin is
      present, said coin-receiving mechanism including: front-plate means having
      a coin-receiving aperture; rotatable coin-receiving disc means adjacent
      said front-plate means and having pocket means therein for receiving coins
      inserted into said mechanism through said aperture; actuator means
      cooperatively associated with said disc for rotating said disc; means for
      preventing reverse rotation of said disc beyond a predetermined position;
      and means for selectively preventing forward rotation when no coin is in
      said pocket but permitting forward rotation when a coin is in said pocket;
      the improvement comprising said disc including axially extending,
      abutment-shoulder means for cooperation in preventing reverse rotation of
      said disc; and fixedly positioned shoulder defining means in axial
      relation to said disc and arranged for engagement by said
      abutment-shoulder means when said disc is rotated in the reverse
      direction, thereby preventing reverse rotation of said disc; wherein said
      means for selectively preventing or permitting said forward rotation
      comprises dog means cooperatively positioned in fixed axial relation to
      said disc and said coin-receiving pocket so as to engage only a trailing
      edge portion of said pocket when no coin is therein thereby preventing
      forward rotation of said disc and said dog means being adapted to be
      disabled by a coin present in said pocket so as to permit forward rotation
      of said disc; and which includes back plate means having said dog means
      integral therewith, said plate means positioned adjacent said disc, and
      biasing means on said plate means for urging said dog means axially
      forwardly toward said disc; and wherein said back plate means includes
      means defining an aperture having an edge portion, which edge portion
      comprises said reverse rotation preventing shoulder defining means.
NUM  12.
PAR  12. A machine as in claim 11, wherein said disc means and said back plate
      means are of plastic.
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ABST
PAL  A process for handling workpieces by sequentially loading them into holder
      portions of continuously moving carrier assemblies, simultaneously
      abruptly shifting a group of such holders to workpiece-release positions
      at a discharge station while continuing movement of the carrier assemblies
      back toward the loading stations, and resetting the holders prior to
      arrival at the loading station in order to receive additional workpieces.
      The apparatus includes a holder trip mechanism portion of each carrier
      assembly, means supporting such assemblies for sequential movement along
      an endless path, an actuating assembly for simultaneously triggering the
      trip mechanisms of a group of the carrier assemblies at the discharge
      station and reset means for returning the holders to workpiece-engaging
      positions. The process and apparatus is especially adapted for use in
      combination with a system for temperature-conditioning elongated molded
      parts.
PARN
PAR  This is a division of application Ser. No. 480,604, filed June 19, 1974
      which in turn is a division of application Ser. No. 424,866, filed Dec.
      14, 1973, now U.S. Pat. No. 3,880,301.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to method and apparatus for handling workpieces and
      more particularly to collecting, conveying and releasing molded parts to a
      temperature-conditioning chamber.
PAR  In copending application Ser. No. 418,075, filed Nov. 21, 1973, assigned to
      the present assignee, there is disclosed a high speed, high volume system
      for temperature-conditioning workpieces such as elongated, thermoplastic,
      molded parts in order to bring them to molecular orientation temperature
      prior to reshaping into articles such as containers. In such disclosed
      system, a plurality of parts are supported in parallel in bar assemblies
      sequentially presented to a loading station and then passed through a
      chamber containing a suitable heat transfer means. The system has numerous
      advantages as therein disclosed, a major one being minimum contact of the
      parts with the components of the apparatus. The need is apparent for a
      system with a similar scope of advantages, broadly applicable to the
      handling of workpieces in general, and specifically to elongated, molded,
      thermoplastic parts upstream of a temperature-conditioning station such as
      that disclosed in the previously mentioned copending application.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of this invention to provide a facile
      method and apparatus for handling workpieces, particularly elongated,
      thermoplastic molded parts which are to be temperature-conditioned in an
      immediately downstream station.
PAR  Another object of this invention is to provide such method and apparatus
      which is not reliant on substantial contact between hot deformable parts
      and the handling apparatus or on numerous workpiece position-orienting
      steps.
PAR  A further object of this invention is to provide a continuous method of
      receiving workpieces from an upstream station, conveying them in
      individual carriers to a discharge area where they are automatically
      ejected into waiting receptables and then recycling the carriers without
      stopping to pick up additional workpieces.
PAR  A specific object of this invention is to provide an improved carrier
      assembly for handling parts between adjacent work stations.
PAR  Other objects will in part be obvious and will in part appear hereinafter.
PAR  These and other objects are accomplished by providing a workpiece carrier
      assembly comprising post means, a holder pivoted to the post means, a trip
      mechanism for abruptly shifting the holder to a workpiece-release
      position, and means associated with the holder for cooperating with nearby
      position-changing meaans for returning the holder to its
      workpiece-engaging attitude.
PAR  A plurality of such assemblies are preferably provided in combination with
      means supporting the assemblies for continuous sequential movement through
      loading and discharge stations and with an actuating assembly for
      simultaneously triggering the trip mechanisms of a group of such plurality
      of carrier assemblies at the discharge station.
PAR  The apparatus is especially adapted for use with equipment for
      temperature-conditioning the workpieces or parts which includes a
      horizontally extending heat transfer chamber, support means for carrying a
      plurality of parts in side-by-side relationship through the chamber and
      means for releasably detaining the support means at a feed end of the
      chamber while the parts are deposited in the support means on being
      ejected from the carrier assemblies under the influence of the actuating
      assembly.
PAR  The process comprises sequentially loading workpieces into holders of
      individual carrier assemblies, continuously moving the loaded assemblies
      along a path toward a discharge station, simultaneously abruptly shifting
      a plurality of such holders at the discharge station to release positions
      to discharge the workpieces without stopping movement of the carrier
      assemblies and then resetting the holders before ariving back at the
      loading station to receive additional parts.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In describing the overall invention, reference will be made to the
      accompanying drawings wherein:
PAR  FIG. 1 is a plan view of apparatus embodying the present invention;
PAR  FIG. 2 is an elevational view of the apparatus of FIG. 1;
PAR  FIG. 3 is a sectional view in detail along 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view along 4--4 of FIG. 3;
PAR  FIG. 5 is a schematic, partially sectioned view in the direction of 5--5 of
      FIG. 3; and
PAR  FIG. 6 is an elevational view of an alternative embodiment of the carrier
      assembly portion of the invention.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  Referring now to the drawings, there is shown in FIGS. 3 and 6 a workpiece
      carrier assembly generally indicated as 10 comprising upright post means
      12 which includes hollow post 14 telescopically received in sleeve 16 and
      secured thereto by cotter pin 18. Post 14 may have a series of vertically
      spaced, horizontally aligned holes 19 which may be positioned adjacent
      similar holes in sleeve 16 for insertion of pin 18 in order to adjustably
      position sleeve 16 and consequently the parts carried by it with respect
      to post 14. In this manner the extent of free fall of a workpiece during
      either feed to or discharge from (e.g., 21 in FIG. 2) the holder portion
      of a carrier assembly can be regulated.
PAR  Holder portion 20 (FIG. 4) is pivoted at 22 (FIG. 3) to post 14 and sleeve
      16 and has means including roller 24 journaled for rotation via bearing 26
      projecting outwardly therefrom for cooperating with nearby
      position-changing means (132 in FIG. 1) for returning holder 20 to the
      workpiece-engaging attitude of FIG. 3. In FIGS. 1-4 the holder portion is
      in the form of U-shaped clip 20 opening outwardly at 30 with the distance
      28 (FIG. 4) between opposing legs of the clip being greater than diameter
      29 of part 144 (FIG. 3) but less than that of enlargement 200 thereof so
      that the latter rests on clip 20 when part 144 is carried by assembly 10.
      In the embodiment of FIG. 6, holder portion 21 is a solid platform, which
      may be of resilient material, having depression 32 in which a spherical
      end of the workpiece is seated. In the embodiment of FIG. 6, vertical
      cradle portion 70 secured to post 14 above platform 21 surrounds the upper
      portion of part 144 and serves to prevent it from toppling off during
      movement of the carrier assembly.
PAR  Each assembly 10 further includes means such as a pressure actuated trip
      mechanism for abruptly shifting clip 20 (or platform 21) downwardly from a
      locked position toward and against lower end 34 of post 14 to the release
      position shown at 35 in outline form in FIG. 6. Such trip mechanism
      comprises a pair of torsion springs 36 on either side of clip 20 wedged
      between pins 38 and 40 on sleeve 16 and holder arm portions 39 for biasing
      holder 20 downwardly toward post end 34. Latch means generally indicated
      as 42 associated with holder arm portions 39 and post means 12 secure
      holder 20 in the workpiece-engaging position of FIG. 3 and includes latch
      44 secured at its inner end at 45 on either side to extensions 46 which in
      turn are pivoted to post means 12 via pin 48 extending through both sleeve
      16 and hollow post 14 above holder 20. Slot or cutout 50 at the opposite
      free end of latch 44 receives end portions 52 of holder arm portions 39
      which, via abutment against ledge 54, resist downward urging of springs 36
      to thereby fix clip 20 in a horizontal, locked, operative position
      perpendicular to the vertical axis of post 14. Compression spring 58
      beneath pivot connection 48 urges latch 44 outwardly away from post 14.
      Set screw 60 threadably secured in latch 44 projects toward post 14 above
      pivot 48 and adjustably limits the extent of outward bias of latch 44 by
      spring 58 away from post 14 via abutment with the latter. By advancing
      screw 60 toward or away from post 14 the position of free end 62 of latch
      44 may be set with respect to horizontal bar 64. In lieu of cradle 70
      (FIG. 6) funnel member 66 can be used to guide a workpiece into holder 20
      and may be mounted above holder 20 and secured to adjustably positioned
      sleeve 16 also via cotter pin 18. The narrow outlet end of funnel 66 is
      aligned above the opening of clip or holder portion 20.
PAR  A plurality of adjacent carrier assemblies 10 are provided as schematically
      indicated in FIGS. 1 and 2 and preferably occupy the full periphery of the
      apparatus, i.e., along the three sides of the triangular layout of FIG. 1,
      though not so indicated therein for purposes of simplicity.
PAR  Means supporting each carrier assembly 10 for continuous, sequential
      movement through a loading station generally indicated at 72 in FIG. 2 and
      a discharge station generally indicated at 74 in FIG. 1, includes
      vertically spaced upper 76 and lower 78 (FIG. 3) chains mounted for
      movement along an endless path via a suitable means such as a conventional
      motor, not shown, attached to shaft 80 (FIG. 3). Coaxial sprockets 82 and
      84 (FIG. 2) are conventionally secured to bearing-mounted rotatable shaft
      86 between loading and discharge stations 72 and 74 with similar sprockets
      81 and 83 provided at loading station 74 and intermediate area 88 (FIG.
      1). Upper 90 and lower 92 guide bars (FIG. 3) adjacent chains 76 and 78
      extend along the entire lengths thereof. Upper and lower clips 94 and 96
      (FIG. 3) slidably straddle bars 90 and 92 and are secured via screws to
      the upper and lower ends of a post 14 of a carrier assembly and to chains
      90 and 92 at equally spaced intervals, and serve to stabilize each carrier
      assembly 10 in the horizontal 98 (FIG. 3) and vertical 100 directions
      during movement with such chains.
PAR  Latch deflecting projecting means, such as vertically adjustable disc 102
      on shaft 86 (FIG. 2) having an outer edge lying in the path of the latch
      44 of each carrier assembly, may be provided to trigger each trip
      mechanism when a holder 20 is supporting a workpiece as it passes disc
      102.
PAR  Actuating or trigger mechanism 104 (FIG. 1) at discharge station 74 is
      provided for simultaneously triggering the trip mechanisms of a group,
      such as the ten shown at 106 in FIG. 2, of the plurality of carrier
      assemblies 10. Assembly 104, comprises horizontal bar 64 having a length
      at least equal to the portion of the path occupied by the holder portions
      of the series of adjacent assemblies to be simultaneously actuated during
      a cycle of the apparatus. In the illustrated embodiment, such length is
      substantially equivalent to distance 106 in FIG. 1. Trigger assembly 104
      includes means for cyclically pivoting bar 64 into and out of contact with
      end portions 62 of the latch members (FIG. 3) to actuate the trip
      mechanisms thereof to abruptly shift holders 20 to their workpiece-release
      positions. Such means in the illustrated embodiment comprise (FIG. 2)
      first 108 and second 110 link members horizontally spaced from each other
      and pivoted at 112 and 114 respectively to bar 64 and at 116 and 118 to
      rigid support plate 120 mounted on a suitable frame 122. Intermediate link
      124 is similarly pivotably secured at both its ends to bar 64 and support
      120 respectively. Tension spring 126 secured to link 124 and anchored to
      support plate 120 urges bar 64 toward the at-rest position of FIG. 1,
      i.e., away from the alternative, operative bar-engaging position in which
      link 124 is parallel with plane 128. Normally open solenoid valve 130
      pivotally secured to link member 108 urges bar 64 via the just-described
      link connections toward such alternative operative position when
      energized.
PAR  Trip mechanism reset means for returning each holder portion 20 to the
      position of FIG. 3 are provided between discharge and loading stations 72
      and 74 and includes lifting structure such as cam 132 having upwardly
      inclined edge 134 automatically engageable by roller 24 of each holder
      portion 20 as its carrier assembly moves through this area during its path
      of travel. Edge 134 cooperating with roller 24 thus mechanically urges
      each holder 20 upwardly against the bias of springs 36 until holder arm
      portions 39 snap into cutout 50 of latch 44 against ledge 54.
PAR  Though broadly operable in any environment, the system just described is
      particularly adapted for use with temperature-conditioning equipment which
      may, for example, comprise a horizontally extending heat transfer chamber
      schematically illustrated at 136 in FIG. 1 having vertical sides 138 and
      140, FIG. 2. As described in copending application Ser. No. 418,075, filed
      Nov. 21, 1973, receiving or support means 142 (FIGS. 2, 3 and 5) may be
      provided for carrying a plurality of molded parts, such as preforms 144,
      in side-by-side parallel relationship through chamber 136. Support means
      142 includes a suitable housing 143 containing a plurality of sockets 146
      linearly arranged across the width of chamber 136 beneath the holder
      portions 20 of a group of carrier assemblies 10 in discharge station 74 in
      the manner most clearly shown in FIG. 3. The centerline distance between
      immediately adjacent sockets is preferably equal to that between
      immediately adjacent holders 20.
PAR  As illustrated in FIG. 5, means are provided as part of the
      temperature-conditioning equipment to releasably detain each support means
      142 at the feed end of conditioner 136, which in the illustrated
      embodiment is considered to be carrier assembly discharge station 74
      whereat preforms 144 are deposited in sockets 146. Such releasable
      detaining means includes, as further described in said copending
      application, protruding boss 148 at the end of support means housing 143,
      seated in an open ended slot 150 of escapement wheel 152 which is integral
      with sprocket 154, the latter meshing with chain 156 which in turn is
      driven by power generated from a suitable conventional cyclically
      electrically energized intermitter (not shown) for intermittently turning
      each wheel 152 a predetermined angular amount. A similar set of parts as
      just described, though not shown, is located at the opposite end of
      support means 142 on the right side in FIG. 5. Thus, receiving or support
      means 142 when such intermitter is in deenergized condition temporarily
      dwells in station 74 while preforms 144 are deposited in sockets 146,
      whereupon the intermitter is energized to rotate wheels 152 to release
      bosses 148 from confinement in slots 150 and thus allow support means 142
      to advance through chamber 136 via a suitable conveying means, not shown,
      such as coacting chain and sprocket members.
PAR  Adjustable chute assembly 158 (FIG. 5) may be between sockets 146 and the
      particular group of holder portions 20 which are to be actuated in
      discharge station 74, and serves to guide workpieces 144 released from
      holders 20 into the pockets of sockets 146. Chute assembly 158 includes
      rigid backing plate 160 extending across the width of and above chamber
      136 to which rear guide 162 is secured by suitable means such as screws
      164. Rear guide 162 has extensions 166 in line behind the pockets formed
      by sockets 146 with lower end portions 163 (FIG. 3) being adjustable
      toward and away from such sockets via studs 168 threaded in backing plate
      160. Adjacent fingers 170 in front of rear guide 162 secured at 172 to
      backing plate 160 form guide walls on either lateral side of a socket 146,
      in the form of a vertical portion 174 on one side of a socket and portion
      176 on the other side inclined toward the socket axis, each latter portion
      176 also being adjustable crosswise of chamber 136 via set screws 178 in
      elongated slots 180. Front guide plate 182 (FIG. 3) of chute assembly 158
      extends down in front of the sockets generally parallel to rear guide 162
      and is pivoted at 184 to stanchion 186, the latter in turn being connected
      via a suitable bracket 193 to backing plate 160. A plurality of weights
      188 bolted at 183 to the underside of horizontal overhung portion 190 of
      front guide plate 182 (FIG. 5) at intervals across the width thereof urge
      plate 182 to the rear about pivot 184 in the direction of arrow 192 in
      FIG. 3.
PAR  Condition-responsive-means such as microswitch 194 may be adjustably
      mounted on bracket 193 adjacent the end of overhung portion 190 of plate
      182, as illustrated in FIG. 3, and includes force-detecting probe 196 in
      normal contact with the underside of horizontal portion 190. Microswitch
      194, via suitable conventional electrical wiring is operatively connected
      into the circuits for actuating solenoid valve 130 of trigger assembly 104
      and the intermitter for presenting a support assembly 142 at discharge
      station 74.
PAR  Collection means including chute 198 (FIG. 2) beneath disc 102 discharging
      to a suitable parts-recovery means, not shown, is provided downstream of
      discharge station 74 for accepting parts released from holders 20 as a
      result of interfering cooperation between the periphery of disc 102 and
      the trip mechanisms of the various carrier assemblies.
PAR  In operation, according to the illustrated embodiment, a continuing
      succession of elongated, hollow molded workpieces or parts 144 having
      enlarged portions 200 adjacent one open end are sequentially loaded in
      series, as schematically illustrated in FIG. 2, either manually or by
      suitable automatic means, into holders or clips 20 of individual carrier
      assemblies 10 via funnels 66 from an upstream area such as a molding or
      trimming station 72. As shown in FIG. 3, the only portion of part 144 in
      contact with any of the components of the apparatus of the invention at
      any time need only be the relatively limited supported area on the
      underside of enlargement 200 resting on the upper surface of clip 20. This
      is especially important when, for various reasons, minimum contact of the
      part with the handling apparatus is desirable. As stated, assemblies 10
      occupy the full length of chains 76 and 78 which continuously move loaded
      assemblies 10 in sequence from loading station 72 along a longitudinal
      path toward discharge station 74. At precisely timed periodic intervals
      established by conventionally synchronizing the actuation of solenoid
      valve 130 and the previously mentioned intermitter for moving sockets 146
      into station 74, bar 64 is tripped, i.e., moved to the right from its FIG.
      3 position, to simultaneously abruptly release the ends 52 of arm portions
      39 from engagement with ledge 54 of each of those assemblies which happen
      at that time to be adjacent bar 64 and within such longitudinal path, thus
      pivoting holders 20 under the influence of springs 36 downwardly to their
      release positions. In so doing, each part 144 is ejected through open side
      30 of a U-shaped holder while movement of its carrier assembly continues
      through station 74, whereupon the part then falls under its own weight
      into the pockets formed by sockets 146, or like equipment, waiting below.
      The release action is similar with the embodiment of FIG. 6 in that
      platform 21 is abruptly pivoted down from beneath the lower end of a part
      144 on actuation of the trigger assembly. The continuously moving unloaded
      carrier assemblies are thereupon conveyed back toward loading station 74
      to pick up additional workpieces. Along the way, follower 24 of each
      assembly rides upwardly along edge 134 of cam 132 so as to raise or reset
      each holder 20 before arriving back at loading station 72.
PAR  As can be appreciated, the discharged parts 144 between the holders and
      sockets will follow a parabolic trajectory as a result of the continuing
      movement of the carrier assemblies during discharge. This trajectory will
      vary depending (a) on the velocity of chains 76, 78, which can, for
      example, reach 75 feet per minute or more, and (b) the weight of the parts
      144 which may vary in size and shape. The released parts following such a
      variable trajectory can be guided into the pockets of the temporarily
      restrained sockets by suitably adjusting the various portions of chute
      assembly 158 when the latter is used.
PAR  After a support assembly 142 (FIG. 5) has been partially or completely
      loaded with a plurality of workpieces 144 via engagement of enlargements
      200 with a step 145 in the base of each socket as generally indicated in
      FIG. 3, it is released from the station 74 so as to advance through
      chamber 136 via engagement with suitable driven chains, not shown, but
      more particularly described and illustrated in the previously mentioned
      copending application.
PAR  In the event a part 144 does not truly seat in the pocket of a socket
      assembly 146 but rather instead becomes wedged or trapped, for example
      between adjacent finger guides 170, such malfunction will be sensed when
      support assembly 142 advances away from station 74 in that front guide
      plate 182 will pivot forwardly under the influence of the wedged part in
      opposition to the rearward bias generated by weights 188. When this
      occurs, probe 196 of switch 194 breaks contact with plate portion 190 and
      creates an electrical signal rendering solenoid 130 inoperative and
      temporarily deenergizing the intermitter supplying support assemblies 142
      to station 74. Under such condition, successive carrier assemblies 10,
      which continue to move with chains 76 and 78 around the closed path,
      approach disc 102 in loaded condition which, as previously described,
      causes release of consecutive parts 144 to chute 198 as a result of
      interfering contact between the periphery of disc 102 and latch 44. This
      continues until the temporary system blockage is corrected by removing the
      wedged part, which automatically brings weighted plate portion 190 back
      into contact with probe 196, which condition removes the overriding
      electrical signal(s) rendering solenoid 130 and the intermitter
      inoperative, whereupon these latter members again commence to function in
      normal manner.
PAR  Various modifications and alterations of the invention will be readily
      suggested to persons skilled in the art. It is intended therefore, that
      the foregoing be considered as exemplary only and that the scope of the
      invention be ascertained from the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Workpiece handling apparatus comprising:
PA1  A. a plurality of carrier assemblies, each including:
PA2  a. a holder for supporting a workpiece; and
PA2  b. a trip mechanism for abruptly shifting said holder to a
      workpiece-release position;
PA1  B. means supporting said carrier assemblies for sequential movement along a
      longitudinal path through loading and discharge stations;
PA1  C. an actuating assembly for simultaneously triggering the trip mechanisms
      of a group of said plurality of carrier assemblies at the discharge
      station while in said longitudinal path; and
PA1  D. trip mechanism reset means between the discharge and loading stations
      for returning the trip mechanisms to workpiece-engaging positions.
NUM  2.
PAR  2. The apparatus of claim 1 wherein each carrier assembly further includes
      upright post means pivotally supporting said holder, and said trip
      mechanism includes:
PA1  i. torsion springs mounted with the holder and post means biasing the
      holder toward said workpiece-release position; and
PA1  ii. latch means associated with the holder and post means for securing said
      holder in its workpiece-engaging position.
NUM  3.
PAR  3. The apparatus of claim 1 including a funnel member above the holder.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said reset means includes a follower
      projecting from the holder and a cam for coacting with the follower.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said holder comprises a clip member
      having a cutout portion open on one side.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said holder comprises a platform for
      supporting the lower end of the workpiece.
NUM  7.
PAR  7. The apparatus of claim 2 wherein said latch means comprises:
PA1  i. a latch member having arm portions at one end pivoted to the post means
      above the holder, said latch member having a cutout portion for securing
      end portions of the holder therein against bias of the torsion springs to
      fix the holder in a horizontal position; and
PA1  ii. a compression spring beneath the pivot connection of the arm portions
      and post means urging the latch member outwardly away from the post means.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said latch means further includes a
      screw adjustably secured in and projecting from the latch member toward
      the post means above the pivoted attachment of the arm portions to limit
      the extent of outward bias of the latch member by the compression spring.
NUM  9.
PAR  9. Workpiece handling apparatus comprising:
PA1  A. a plurality of upright carrier assemblies, each including a holder
      portion secured to post means for supporting a workpiece;
PA1  B. means for abruptly shifting each holder portion with respect to the post
      means to a workpiece-release position and for returning each holder
      portion to a workpiece-engaging position;
PA1  C. means supporting said carrier assemblies for sequential movement along a
      longitudinal path through a loading and said discharge stations
      comprising:
PA2  a. vertically spaced chains mounted for continuous movement through an
      endless path;
PA2  b. guide bars adjacent each chain; and
PA2  c. clips for each carrier assembly slidably stradling a guide bar and
      secured to the post means and chains at spaced intervals thereon for
      stabilizing each carrier assembly during movement with such chains; and
PA1  D. a trigger assembly for simultaneously actuating the means for abruptly
      shifting a group of said holder portions of the plurality of carrier
      assemblies to said workpiece-release positions while in said longitudinal
      path at a discharge station.
NUM  10.
PAR  10. The apparatus of claim 9 including coaxial sprockets for said chains on
      a rotatably mounted shaft downstream of said discharge station.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said means for abruptly shifting and
      returning each holder portion comprises a trip mechanism portion of each
      carrier assembly.
NUM  12.
PAR  12. The apparatus of claim 11 including a disc on said shaft between said
      sprockets adapted to trigger said trip mechanism portion when a holder is
      in a workpiece-engaging position as it passes said disc.
NUM  13.
PAR  13. Workpiece handling apparatus comprising:
PA1  A. a plurality of upright carrier assemblies, each including post means and
      a holder portion for supporting a workpiece;
PA1  B. means for shifting each holder portion to a workpiece-release position
      and for returning each holder portion to a workpiece-engaging position;
PA1  C. means supporting said carrier assemblies for sequential movement along a
      longitudinal path through loading and discharge stations;
PA1  D. a trigger assembly at the discharge station for simultaneously coacting
      with the holder portions of a series of adjacent carrier assemblies while
      in said longitudinal path comprising:
PA2  a. a bar in a substantially horizontal position having a length at least
      equal to the portion of the path occupied by the holder portions of said
      series of adjacent assemblies; and
PA2  b. means for cyclically moving said bar to actuate the means for shifting
      the holder portions of said series of adjacent assemblies to
      workpiece-release positions.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said means for cyclically pivoting
      includes:
PA1  a. link members pivoted to said bar and a rigid support;
PA1  b. a solenoid valve operatively secured to said bar and a link member for
      moving said bar in a first direction; and
PA1  c. a tension spring operatively associated with the bar and rigid support
      urging said bar in a direction opposite to said first direction.
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ABST
PAL  Trays carrying hot-pressed boards, coming from a platen press, are
      delivered by an input conveyor to a cooling rack comprising an endless
      vertical transporter with chain-supported radial arms forming peripherally
      separated tray-receiving stages, the boards being stripped off the
      oncoming trays and being temporarily retained on the input conveyor as the
      trays advance into stages then aligned therewith. Upon the loading of each
      tray into a transporter stage, the board previously stripped therefrom is
      released and passed by the input conveyor on through a clearance between
      successive stages on the ascending side of the slowly moving transporter
      into the nip of a set of feed rollers which drive that board through a
      similar clearance on the descending side onto an output conveyor. The
      empty trays, after passing around the upper vertex of the transporter to
      the descending side, are intercepted either by the output conveyor
      receiving the boards or by another outgoing conveyor overlying the latter
      for removal from the cooling rack and recirculation to the press via a
      loading station. Each conveyor is divided into several endless bands
      offset from the orbits of the radial transporter arms, the bands being
      located on a level near the lower vertex.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a method of and means for unloading and
      cooling a series of trays carrying flat, hot workpieces, such as
      hot-pressed boards coming from a platen press.
PAC  BACKGROUND OF THE INVENTION
PAR  Trays delivering loosely coherent boards of cellulosic and thermosetting
      material, to be cured under heat and pressure to form so-called fiberboard
      or chipboard plates, remain with their load in a platen press during the
      curing operation and are correspondingly heated on leaving the press. In
      order to enable such trays to be quickly ready for re-use, they must be
      suitably cooled before passing again through a loading station on their
      way to the press. Such cooling can be done in air with the aid of a
      slow-moving rack receiving the empty trays and carrying them over a
      predetermined path to a point of discharge. With proper synchronization
      between the movement of the rack and the operation of the platen press, as
      well as the various conveyors carrying the trays in a closed circuit
      through the press and the rack, no manual intervention of an operator is
      necessary anywhere in the cycle.
PAR  In such systems, however, the required unloading of each tray on its
      approach to the rack introduces the complication since additional
      structure is needed for gripping the hot boards, generally with the aid of
      suction cups, and depositing them on an ancillary conveyor as the trays
      move toward the cooling rack.
PAC  OBJECTS OF THE INVENTION
PAR  An important object of my present invention, therefore, is to provide an
      expeditious and economical method of separating a hot tray from its load
      on the approach of a cooling rack and guiding both the tray and the rack
      to their respective destinations with a minimum of additional structure.
PAR  A related object is to provide an apparatus of compact construction for
      unloading a series of hot trays and cooling the latter in an efficient
      manner.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my present invention, a movable cooling rack is designed
      as a vertical transporter forming a multiplicity of peripherally separated
      tray-receiving stages which move in an endless path around an upper and a
      lower vertex, the oncoming hot trays being serially fed on an input
      conveyor to the ascending side of this transporter. Upon the approach of a
      tray to the transporter, the workpiece carried thereby is stripped from
      the tray and is temporarily retained on the input conveyor while the tray
      is advanced by the conveyor into the confronting transporter stage. After
      a movement of the transporter sufficient to align the input conveyor with
      a clearance between stages on the ascending side and a similar clearance
      on the descending side of the transporter, the retained workpiece is
      released and passed from the input conveyor through the aligned clearances
      onto an output conveyor on the descending side. The tray, after traveling
      around the upper vertex of the transporter at a rate slow enough to cool
      it, is discharged from its stage on the descending side, either by the
      aforementioned output conveyor or by an intercepting conveyor overlying
      the output conveyor. If the same output conveyor is used for alternately
      discharging workpieces and trays, a switch at the end of that output
      conveyor may be periodically reversed to direct the workpieces to one
      destination and the trays to another, specifically back to the platen
      press in the system here particularly envisaged.
PAR  Pursuant to a more particular feature of my invention, the transporter
      comprises upper and lower sprocket pairs which are axially spaced apart
      and engaged by a pair of endless chains that are interlinked by cross-bars
      at peripherally spaced locations, each cross-bar supporting a plurality of
      axially spaced tray holders defining one of the transporter stages. Each
      conveyor advantageously comprises one or more endless bands which are
      offset from the orbits of the tray holders and terminate close to the path
      of the cross-bars so as to be able to feed each workpiece directly into an
      inter-stage clearance in the case of the input conveyor and to receive the
      workpiece with little spacing through such a clearance in the case of the
      output conveyor. If, however, the ascending and descending branches of the
      transporter chains are widely separated, ancillary feed means such as
      roller pairs should be provided within the transporter in line with the
      conveyor bands for transferring an oncoming workpiece from the input
      conveyor to the output conveyor. If the operating speed of the conveyors
      and the ancillary feed means, if any, is high enough with reference to the
      peripheral speed of the transporter, and if the interstage clearances are
      sufficiently wide, the feed-through of the workpieces will not require any
      stopping of the transporter chains so that the same can be driven
      continuously.
PAR  In order to maximize the cooling path for the trays, the input and output
      conveyors are preferably disposed substantially at the level of the axis
      of the lower sprocket pair.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a somewhat diagrammatic side-elevational view of a cooling rack
      and associated conveyors in an apparatus embodying my invention;
PAR  FIG. 2 is partly an end view of the rack and partly a sectional view taken
      on the line II -- II of FIG. 1; and
PAR  FIGS. 3, 4 and 5 are side views of the lower part of the rack and
      associated conveyors, drawn to a larger scale than in FIGS. 1 and 2, in
      different operating positions.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In the drawing I have shown a rack 5 for the cooling of a series of hot
      trays 1 sequentially delivered by an input conveyor 18, each oncoming tray
      being loaded with a workpiece 2 in the shape of a flat pressed board
      coming from a nonillustrated platen press. The rack 5 comprises a vertical
      transporter on a stationary machine frame 30, the transporter including
      two pairs of corotating sprockets 8 and 9 engaged by endless chains 10.
      The sprockets are axially spaced apart, by substantially the full width of
      frame 30, on an upper shaft 38 and a lower shaft 39; the latter shaft is
      driven by a nonillustrated motor in a transmission housing 33.
PAR  The chains 10 are spanned by cross-bars 36 which are separated by
      clearances 37 whose width, along the ascending run 11 and the descending
      run 12 of the transporter, is about equal to that of the bars 36. Each bar
      carries four axially spaced tray holders in the form of pairs of
      peripherally separated, parallel radial arms 14 defining tray-receiving
      stages 13 which are separated by the clearances 37. Input conveyor 18 and
      an output conveyor 19, both disposed substantially at the level of the
      lower sprocket shaft 39, include each a plurality of axially spaced
      endless bands 3, 6 which are offset from the orbits of the arms 14 as
      illustrated for the bands 3 on the left-hand side of FIG. 2. The bands
      terminate close to the path of the cross-bars 36 between the orbiting arms
      14.
PAR  The spacing of the bars 36 is so chosen that two clearances 37 will
      simultaneously confront the upper runs of conveyors 18 and 19 at periodic
      intervals, as seen in FIGS. 4 and 5. Between these intervals, as
      illustrated in FIGS. 1 and 3, input conveyor 18 faces a stage 13 slowly
      rising past. Another outgoing conveyor 7 has been illustrated in FIG. 1
      above the conveyor 6 to intercept cooled trays which have passed around
      the upper vertex of the clockwise-rotating transporter. As explained
      above, however, the provision of such an intercepting conveyor is not
      essential since the output conveyor 6 could be used for alternately
      directing trays 1 and workpieces 2 to different destinations.
PAR  Disposed in the space 16 between the ascending and descending runs 11 and
      12 are two pairs of feed rollers 17 in line with conveyors 18 and 19. The
      conveyors and the feed rollers are driven by nonillustrated motors at a
      speed which is high compared with that of shafts 38 and 39.
PAR  A detent 4 overlies the input conveyor 18 on the approach of rack 5 for the
      purpose of separating an oncoming tray 1 from its load 2, this detent
      comprising a stripper blade 15 which can be raised and lowered, e.g.
      electromagnetically, under the control of a timer 35 responding to the
      positions of drive shaft 39 as diagrammatically illustrated in FIG. 5. The
      drive shaft may be provided, for example, with a conventional magnetic
      position sensor emitting a pulse whenever a transporter stage 13 moves out
      of alignment with input conveyor 18. The timer, in response to that pulse,
      actuates the detent 4 to retract the blade 15 momentarily so as to give
      passage to a previously retained board 2 which can thus continue on
      conveyor 18 into a confronting clearance 37 beyond which it is engaged by
      the feed rollers 17 and transferred to another such clearance on the
      descending side to the output conveyor 6. This sequence of steps is
      illustrated in FIGS. 3 - 5, FIG. 3 showing the detention of a board 2 by
      the stripper blade 15 as the associated tray 1 advances into a transporter
      stage 13; in FIG. 4 the board 2 has been released and has entered into the
      nip of the first roller pair 17, while in FIG. 5 the board has already
      reached the output conveyor 19 for removal from the transporter and return
      to the platen press by way of a loading station where it picks up another
      board to be cured. The tray 1, held between the arms 14 of its transporter
      stage, moves around the upper vertex of the transporter and eventually is
      discharged by conveyor 7 as discussed above.
PAR  Frame 30 includes upper and lower cross-beams 31, 32, the latter beam
      supporting a gear box 34 forming part of the drive for the feed rollers
      17.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of unloading and cooling a series of trays carrying flat, hot
      workpieces, comprising the steps of:
PA1  serially feeding hot trays loaded with workpieces on an input conveyor to
      the ascending side of a vertical transporter forming a multiplicity of
      peripherally separated tray-receiving stages moving in an endless path
      around an upper and a lower vertex;
PA1  upon the approach of a tray to said transporter, stripping the workpiece
      therefrom and temporarily retaining same on the input conveyor while
      advancing the tray into a confronting stage of the transporter;
PA1  after a movement of the transporter sufficient to align the input conveyor
      with a clearance between stages on the ascending side and a similar
      clearance on the descending side of the transporter, releasing the
      retained workpiece and passing same from the input conveyor through the
      aligned clearances onto an output conveyor on the descending side of the
      transporter; and
PA1  discharging the tray from its stage on the descending side after a travel
      around the upper vertex of the transporter.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the trays are fed to and removed
      from the transporter at a level near the lower vertex thereof.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the trays are intercepted and
      discharged from the transporter above the level of the output conveyor.
NUM  4.
PAR  4. An apparatus for unloading and cooling a series of trays carrying flat,
      hot workpieces, comprising:
PA1  a cooling rack including a vertical transporter forming a multiplicity of
      peripherally spaced tray-receiving stages movable in an endless path
      around an upper and a lower vertex;
PA1  an input conveyor approaching an ascending side of said transporter for
      serially feeding trays loaded with workpieces thereto;
PA1  detent means above said input conveyor operable to strip a workpiece from
      an oncoming tray and to retain the workpiece on said input conveyor during
      the advance of the tray into a stage aligned therewith;
PA1  an output conveyor in line with said input conveyor at a descending side of
      said transporter, said input and output conveyors being disposed at a
      level at which they are simultaneously aligned with inter-stage clearances
      on both the ascending and the descending side at periodically recurrent
      intervals;
PA1  control means for deactivating said detent means in correlation with the
      movement of said transporter at a time of alignment of said conveyors with
      inter-stage clearances for passing a retained workpiece from said input
      conveyor through the aligned clearances onto said output conveyor; and
PA1  discharge means for removing each tray from said transporter on the
      descending side thereof.
NUM  5.
PAR  5. An apparatus as defined in claim 4 wherein said discharge means
      comprises an intercepting conveyor above the level of said output
      conveyor.
NUM  6.
PAR  6. An apparatus as defined in claim 4 wherein said transporter comprises
      upper and lower axially spaced sprocket pairs, a pair of endless chains
      passing around said sprocket pairs, cross-bars interlinking said chains at
      peripherally spaced locations, and a plurality of axially spaced tray
      holders on each cross-bar defining one of said stages, said conveyors
      comprising endless bands offset from the orbits of said tray holders, said
      bands terminating close to the path of said crossbars.
NUM  7.
PAR  7. An apparatus as defined in claim 6 wherein each of said tray holders
      comprises a pair of peripherally separated radial arms.
NUM  8.
PAR  8. An apparatus as defined in claim 6, further comprising ancillary feed
      means disposed between said ascending and descending sides in line with
      said bands for transferring an oncoming workpiece from said input conveyor
      to said output conveyor.
NUM  9.
PAR  9. An apparatus as defined in claim 8 wherein said ancillary feed means
      comprises a plurality of roller pairs.
NUM  10.
PAR  10. An apparatus as defined in claim 6 wherein said input and output
      conveyors are disposed substantially at the level of the axis of said
      lower sprocket pair.
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ABST
PAL  Components for wear-resistant surfacing helical metal conveyor blades have
      segments of wear-resistant material of like shape conforming to the helix
      curvature for mounting in side-by-side relation on a face of the blade.
      The segments have at least one slot which extends through their inner end
      and diagonally across the segment toward its outer end. A bar is provided
      for insertion in each groove with its end projecting from the inner end of
      the groove, the projecting bar ends being welded to the blade face to
      prevent movement of the segments relative to the blade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to components for wear-resistant surfacing of metal
      screw conveyors, particularly conveyors of centrifuges, and to such
      conveyors surfaced therewith.
PAR  2. Description of the Prior Art
PAR  U.S. patent application of Elwin Lewoczko, Ser. No. 533,198, filed Dec. 16,
      1974, assigned to the assignee of the present application, discloses a
      screw conveyor for centrifuges in which segments of wear-resistant
      surfacing material are secured to a helical metal stub blade against
      radial outward and axial movements under high centrifugal forces, by
      slidably interlocked mating parts on the segments and the blades. The
      conveyor of the aforesaid application is a substantial improvement over
      wear-resistant surfaced conveyors of the prior art in both retention of
      the segments under high centrifugal forces and ease of replacement of worn
      segments in the field.
PAR  However, the embodiment of the invention disclosed in the aforesaid
      application utilizes a wedge-shaped projection on the blade face of the
      segments and wedge-shaped pieces on the blade as the mating parts which
      form a dovetail joint when the segment is slid radially outwardly on the
      blade to wedge the projection edges under the edges of the wedge-shaped
      pieces. In this arrangement, disassembly of a worn segment requires that
      it be slid radially inwardly to disengage the mating parts, which would
      not be possible as to any segment between others if all segments had the
      usual shape, diminishing in width from outer to inner ends to compensate
      for the diminishing radius of curvature of the helix toward their inner
      ends. The arrangement of the aforesaid application makes such disassembly
      possible by providing two different shapes of segments which are used in
      alternation, which works satisfactorily but complicates somewhat the
      molding of segments, their assembly to the conveyor and the stocking of
      spare parts.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide components for surfacing metal
      screw conveyors with wear-resistant material and such conveyors surfaced
      therewith which have advantages similar to those of the disclosed
      embodiment of the aforesaid application, but which do not have the
      disadvantage of requiring different segment shapes for ready removal and
      replacement.
PAR  In attaining the foregoing object, this invention provides segments of
      uniform wedge shape for side-by-side attachment to a face of a helical
      conveyor stub blade, each segment having a widthwise and outer end
      curvature conforming to that of the helix. Each segment is provided with
      at least one groove extending diagonally across the segment from the inner
      toward the outer end of the segment. Each segment is also provided with a
      weldable metal bar for each of its said grooves which fits slidably in the
      groove, both the grooves and the bars being of a complementary shape which
      provides segment wall structure between each bar and each face of the
      segment.
PAR  The bars are sufficiently long to protrude beyond the inner ends of the
      segments and the segments are secured to the conveyor stub blade by
      welding these protruding bar ends to the face of the blade. Once the bar
      ends are welded, the segments are locked by the bars from movement either
      radially or axially relative to the helical stub blade. To replace worn
      segments in the field, the welds of each bar of segments to be replaced
      may be chipped off and the segments can then be pulled away from the blade
      either radially or forwardly. New segments are substituted and the
      protruding ends of their bars are welded to the blade face.
PAR  In a preferred embodiment each segment is provided with two of said grooves
      and bars, the grooves being oppositely angled so that they are closer
      together at one end than at the other. Preferably also the grooves extend
      through both the radially inner and outer ends of the segments, they open
      through the inner face of the segment which is attached to the blade, and
      they are of increasing width from that face toward the opposite face.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a partial longitudinal cross-section view, somewhat simplified,
      of a centrifuge and conveyor assembly, the conveyor being formed of a
      helical blade having hard-surfacing components assembled thereto according
      to the invention.
PAR  FIG. 2 is a view partially in longitudinal section, partially in elevation,
      of a part of the conveyor shown in FIG. 1.
PAR  FIG. 3 is a somewhat enlarged cross-section view on line 3--3 of FIG. 2,
      looking in the direction of the arrows.
PAR  FIG. 4 is a rear plan view of a segment and attachment bars used in the
      assembly of the conveyor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Wear-resistant surfaced screw conveyors according to the invention are
      particularly useful in liquid-solid separating centrifuges which develop
      high centrifugal forces, such as solid bowl and perforate bowl continuous
      centrifuges, and combinations of the two. In FIG. 1, the conveyor is shown
      as that of a conventional solid bowl centrifuge, the bowl being designated
      generally 10 surrounding the conveyor designated generally 12 mounted on a
      hollow hub 14. As is common, bowl 10 is cylindrical at one end and of
      frusto-conical diminishing cross-section at the other end, in this case
      there being an intermediate frusto-conical section of larger cone angle
      between the two. The bowl is rotated by means of a hollow shaft 16 at the
      cylindrical end, the drive connections (not shown) including support
      bearings and drive sheave and belt connections to a motor. The conveyor
      hub has at one end a hollow shaft 18 extending into shaft 16 and received
      in bearings (not shown), and at the other end has a shaft 20 extending
      through hollow shaft 22 on the bowl to differential drive connections (not
      shown) by which it is rotated in the same direction as the bowl at a small
      differential speed.
PAR  The feed slurry enters hub 14 through feed pipe 24 extending through shaft
      18 and discharging into a feed compartment in the hub which in turn
      discharges the slurry to the bowl through ports 26. The solids settling in
      the bowl under centrifugal force are moved by the conveyor to the smaller
      end of the bowl where they are discharged through ports 28 into a
      receiving compartment or chute in a stationary casing (not shown)
      surrounding the bowl. The liquid effluent is discharged from the bowl into
      the casing through ports 30 in the cylindrical end bowl head.
PAR  The conveyor 12 is made up of a helically pitched metal stub blade 32
      welded to conveyor hub 14, the blade having larger than desired clearance
      from the surrounding bowl wall and, secured to the front face of blade 32,
      an assembly of wearresistant surfacing components according to the
      invention to form the working area of the conveyor at the desired
      clearance from the bowl. The conveyor is shown as a single composite blade
      which is completely formed of the composite of stub blade and segments.
      However, more than one composite conveyor blade may be used, and the
      composite blade structure of the invention may be used for only the part
      or parts of the conveyor blade or blades where high abrasive wear is
      experienced (e.g. toward the solids discharge end).
PAR  The components of the wear-resistant surfacing assembly shown in detail in
      FIGS. 2-4, consist of segments 34 of like shape of wear-resistant material
      and a pair of metal bars 36 for each segment which are inserted in grooves
      38 in the segment and welded to the front face of stub blade 32 to fasten
      the segment to the blade. Segments 34, which are preferably molded of a
      very hard ceramic material, are curved widthwise in conformity with the
      helical curvature of blade 32. The outer ends of the segments are curved
      about the axis of helical blade 32 at a radius which provides the desired
      clearance from bowl 10 when the segments are assembled to the blade. The
      segments are of like diminishing width from their radially outer to their
      radially inner ends.
PAR  Grooves 38 are shown as extending diagonally across the segments from the
      inner end to the outer end thereof and through these ends, although it is
      not necessary that they extend through the outer ends. The grooves are
      also shown as opening through the face of the segments which is attached
      to blade 32 (see FIGS. 3 and 4). They are oppositely angled so that their
      outer ends are closer together than their inner ends, and they are of
      wedge-shaped cross-section which widens toward the outer face of the
      segment. The depth of the grooves is such as to leave adequate thickness,
      for strength, of material between them and the front face of the segment.
PAR  Bars 36 are of corresponding cross-sectional shape to grooves 38 and
      slightly smaller as shown, so that they may be slid endwise into the
      grooves with their narrower surface at the narrower part of the groove.
      Their length is such that when inserted in the grooves to a desired
      extent, preferably as shown with their outer ends inside but in close
      proximity to the outer ends of the grooves, their inner ends project
      beyond the inner end of the segment. The so projecting end portions of
      bars 36 are provided for welding the bars to the blade 32.
PAR  In initially assembling the hard-surfacing components to blade 32, the
      segments 34, with bars 36 inserted in grooves 38, are successively
      positioned on the outer part of the front face of the blade with their
      sides abutting and their outer ends aligned and projecting a desired
      distance beyond the outer end of the blade. Preliminary to this operation
      it may usually be desirable to apply a thin coating of a filler (not
      shown) to one or both of the opposing surfaces of the blade and the
      segments to compensate for irregularities in these surfaces and provide a
      snug fit. If the filler is an adhesive such as epoxy adhesive, the
      surfaces to be coated therewith and the bars 36 should be coated with a
      mold release to prevent bonding of the adhesive thereto which would make
      removal of worn segments for replacement undesirably difficult.
PAR  After locating a segment and the filler is set if one is used, the
      projecting inner ends of bars 36 are welded to blade 32, as by fillet
      welding around the end. Once the bars are welded the segments are firmly
      fixed to the blade against movement in any direction. This is because the
      complementary shape of the bars 36 and grooves 38 permits relative
      movement of the bars and segments only axially of the grooves and, due to
      the angularity of the bars and grooves, such movement is no longer
      possible after the bars are welded. It will be noted that a similar effect
      would be obtained if the grooves were oppositely angled so that their
      inner ends are closer together. The arrangement shown is preferred,
      however, since it is better resistant to stresses under high centrifugal
      forces.
PAR  When it is desired to replace worn segments, this can readily be done in
      the field. The welds of the attachment bars of the worn segments are
      broken by chipping or prying and the segment can then be pulled off the
      blade either radially or axially. New segments and bars are then attached
      in the manner previously described.
PAR  Having the grooves 38 open through the inner face of the segments as shown
      is a desirable feature, both because it permits bars 36 to be
      substantially flush with the face of blade 32 throughout their length, and
      because, for a given thickness of material and size of grooves and bars,
      it provides more wall thickness between the groove and the front working
      face of the segment. Having the grooves extend through the outer ends of
      the segments instead of close to them is for convenience, both in molding
      the segments and in permitting insertion of the bars in the grooves from
      either end of the grooves.
PAR  As previously indicated, it is contemplated that each segment may be
      provided with only one groove 38 and mating bar 36, in which case the
      single groove would be more nearly centered on the center radius of the
      segment. Welding of the projecting bar end to the stub blade retains the
      blade against movement in any direction away from the stub blade as in the
      case of the two slots and bars of the illustrated embodiment. However, the
      two slot and bar embodiment is preferred for better retention security
      under the forces involved in operation of the conveyor. I claim:
CLMS
NUM  1.
PAR  1.  Components for wear-resistant surfacing helical metal conveyor blades
      comprising:
PA1  a segment of wear-resistant surfacing material adapted for attachment in
      side-by-side relation with other like segments to a face of said blade to
      form a conveying portion thereof, said segment having a widthwise and
      radially outer end curvature conforming to that of the helix and
      diminishing in width from its outer end toward its inner end;
PA1  said segment having therein at least one groove extending through the inner
      end thereof and diagonally across the segment toward the outer end
      thereof;
PA1  and a bar of weldable metal for each said groove slidably fitting in the
      groove and of sufficient length to provide an end portion protruding from
      the inner end of said segment for welding to a face of said stub blade;
PA1  each said groove and bar having a complementary shape such as to prevent
      relative movement thereof in directions other than axially of said groove.
NUM  2.
PAR  2. Components according to claim 1 wherein said segment has two of said
      grooves and bars, said grooves being oppositely angled so that they are
      closer together at one of their ends than at the other.
NUM  3.
PAR  3. Components according to claim 2 wherein said grooves are closer together
      at their outer ends.
NUM  4.
PAR  4. Components according to claim 1 wherein each said groove opens through
      the face of said segment to be attached to said blade, is closed to the
      opposite face of said segment, and is of increasing cross-section toward
      the opposite face of said segment.
NUM  5.
PAR  5. Components according to claim 1 wherein each said groove and said bar
      when positioned therein have their outer ends in the region of the
      radially outer end of said segment.
NUM  6.
PAR  6. A hard-surfaced screw conveyor comprising:
PA1  a helical metal conveyor blade and a plurality of the components according
      to claim 1 mounted on the radially outer portion of a face of said blade
      with the segments thereof in side-by-side relation and with the projecting
      portions of said bars in said grooves of said segments welded to said
      blade face.
NUM  7.
PAR  7. A conveyor according to claim 6 wherein said segments project beyond the
      radially outer ends of said blade.
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ABST
PAL  A method of, and an apparatus for, uniformly orientating elongated billets
      of sugar cane or the like having lengths within a pre-determined range of
      lengths and falling under the influence of gravity in a randomly
      orientated stream of billets are provided.
BSUM
PAR  The present invention relates to the mechanical harvesting of sugar cane
      and other like crops.
PAR  In such harvesting individual cane stalks are cut from the stools and each
      stalk is further cut into small pieces known as billets; the billets then
      being transferred to a bin adjoining the harvester.
PAR  In the known art these billets are transferred to the bin by means of a
      delivery chute positioned above the bin; the arrangement being such that
      the billets fall in a random manner into the bin.
PAR  The above arrangement however delivers the billets into the bin in such a
      manner as to give rise to several problems; these problems being dependant
      on the fact that the billets so delivered form a random tangled pile.
      Thus, when it is necessary to discharge the billets from the bin, the
      billets do not discharge smoothly but form clumps and clusters. Further,
      in certain types of bin, the tangled pile gets caught in the bin itself
      and the discharge is thereby severely disrupted.
PAR  An even more significant problem resulting from the fact that the billets
      are in a random tangled pile is the loss of effective carrying capacity of
      the bin as the pile often contains more empty space than billets. This
      loss in effective carrying capacity means that either the bins have to be
      discharged more frequently or that more bins than necessary have to be
      employed.
PAR  In its broadest aspect the present invention overcomes the above problems
      by a method of and apparatus for orientating the billets as they fall into
      the bin such that they do not form a random tangled pile but are
      orientated in an organized manner, depending on the shape of the bin, to
      reduce the empty space between adjoining billets.
PAR  In one embodiment of the invention the billets are orientated to lie with
      their axes horizontal such that adjoining billets are effectively
      parallel. Many other orientations are however possible; for example, the
      billets can be effectively parallel with their axes vertical or inclined
      at an angle to the vertical. Another example is provided by the case in
      which the billets are orientated to lie with their axes at right angles to
      and radiating from a central vertical line. Yet another example is
      provided by the case in which the billets are orientated to be parallel to
      the surface of a cone. From the above examples it is seen that the billets
      are said to be orientated when they lie with their axes effectively in a
      plane or curved surface, and the effectiveness of this orientation is at a
      maximum when the average distance between adjoining billets is at a
      minimum.
PAR  From the above examples it is seen that the actual orientation required
      will depend on the shape of the preexisting bin and possibly on the manner
      in which the bin is to be discharged. Thus, if the bin is circular the
      orientation of the axes could be radial; if the bin has a sloping end wall
      the orientation of the axes could be in planes parallel with this wall;
      and if the bin is conical the billet axes will be orientated to lie in
      conical planes evenly spaced from the sides of the bin.
PAR  Broadly the present invention achieves the required orientation of the
      billets by operating on the billets as they fall in a random stream
      through an orientation system. This system has an input region into which
      the random stream of billets enter, at least one output region from which
      orientated billets emerge, and orientation means situated therebetween.
PAR  In a particular embodiment, the orientation system comprises a hopper
      constructed as a hollow tube having at one end an input opening and at the
      other end an output opening. The sides of the tube may be either flat or
      curved. The tube can have any cross-sectional size and shape and the
      cross-section need not be constant throughout the length of the tube. The
      actual shape and dimensions of the tube will depend on the bin shape and
      the type of orientation required. In one preferred embodiment, hereinafter
      described in greater detail, the tube has four flat sides and a
      rectangular cross-section. The tube walls are sloped so that the
      cross-sectional area decreases from the input opening to the output
      opening.
PAR  While the above embodiment suggests that the system requires material
      walls, this is not necessarily so since the system can be formed by
      streams or blasts of air so arranged to form a vortex that compresses the
      stream of falling billets and at the same time orientates the billets so
      that their axes are parellel to the axis of the vortex. This embodiment
      has the advantage that the air blast also serves to remove trash that is
      generally associated with the billets and consequently this embodiment
      eliminates the usual trash removal means.
PAR  The orientation means operates by applying impulsive energy to the ends of
      the falling billets so that the billets are orientated into the desired
      direction. This impulsive energy can be applied directly to all billets
      requiring orientation; or alternatively the impulsive energy can be
      applied directly to some billets only and these billets in turn transmit
      the energy to the remaining billets in the falling stream. An
      understanding of the alternative application is provided by the
      observation that the billets in the falling stream form a statistical
      ensemble having rotational velocities whose directions and magnitudes are
      randomly distributed. If now into such a statistical ensemble an impulsive
      energy is transmitted from a constant direction then the directions of the
      rotational velocities will no longer be randomly distributed but will be
      orientated in a preferred direction.
PAR  The impulsive energy can be supplied by either an active energy source or a
      passive energy source. In the case of the active energy source the energy
      source itself moves, for example, the active energy source is a blast of
      air or a moving director. Such an active source adds energy to the
      statistical ensemble. In the case of the passive energy source the energy
      source is fixed and obtains its orientating energy from the falling
      billets. The passive source is a fixed director surface and when a billet
      strikes this surface the energy of the billet is transmitted to the
      surface which in turn, according to the law of action and reaction,
      transmits the energy back to the billet in a direction that is related to
      the direction of the director surface. The passive source subtracts energy
      from the statistical ensemble.
PAR  The impulsive energy can of course be supplied by a combination of active
      and passive sources. Such a combination is a pair of rotating vanes and a
      pair of sloping plane walls.
PAR  Generally the direction of the impulsive energy transmitted by a moving
      director will depend on the direction of movement of said director;
      however, the director may of course incorporate some of the attributes of
      a passive energy source. For example a wall bounding the falling stream of
      billets may oscillate in some prescribed fashion.
PAR  There are many possible forms for the moving directors. Generally they are
      arms or vanes that either move into the periphery of the falling stream of
      billets or alternatively move through said stream. The moving directors
      are of course characterized mainly by the manner in which they move; for
      example, they can have unidirectional motion in a line, they can have
      oscillating motion in a line, they can rotate about an axis and they can
      combine both rotational and linear motions. Linear motion could for
      example be provided by a flexible belt and in this case the moving
      directors consists of vanes attached to and projecting from this belt.
      Rotational motion may be provided by a wheel or disc having vanes
      projecting radially from the circumference of the wheel or disc.
PAR  Another form of a rotational director is provided by a vane operating in a
      manner similar to that of a car wind shield wiper.
PAR  The system can consist of more than one moving director and in an
      embodiment to be described hereinafter a first moving director is
      positioned above a second moving director such that the falling billets
      are sequentially orientated by these directors.
PAR  From the above general description it is obvious that there are many
      possible forms of the orientation system and the actual form used will be
      chosen to produce the desired result bearing in mind both the shape of the
      hopper and the boundary conditions imposed by the geometry of the
      particular mechanical harvester to be used.
PAR  One such boundary condition is exemplified in the case where the
      orientation system works in close conjunction with an air-blast trash
      removal means such as a fan and in this case the system must not
      significantly impede the air flow to such means. In such a case where the
      system includes a hopper one way to minimize any impedance to the air flow
      is for the hopper to be perforated. Another way as indicated earlier is
      for the system to contain an air blast active energy source.
PAR  Other boundary conditions result from the particular application in which
      the system includes a hopper mounted at the discharge end of a mechanical
      harvester. These boundary conditions are as follows. The hopper must be
      reasonably light; the hopper must be simple, choke free and able to
      operate unattended; the hopper must be compact as there is limited space
      available between the harvester discharge and the cane bin; the hopper
      must be relatively inexpensive; the hopper must be able to handle
      quantities of cane billets in excess of one ton per minute; and the hopper
      must allow billets to be spread to the front and rear of the bin.
PAR  To further aid in meeting this last boundary condition a swivelling chute
      may be positioned below the output opening of a hopper such that the chute
      spreads the horizontally orientated billets from the front to the rear of
      the bin.
PAR  In yet another embodiment described in greater detail hereinafter the
      system includes an oscillating bundler paddle positioned below a hopper
      such that bundles of orientated billets are alternatively delivered to the
      front of the bin and to the rear of the bin.
PAR  Power to operate the above described system can be supplied by any suitable
      means such as electric motors, internal combustion engines or
      hydraulically operated mechanisms. Hydraulic operation is preferred as it
      was found that such operation could be conveniently incorporated into the
      existing harvester hydraulic circuits.
DRWD
PAR  In order that the invention may be clearly understood and carried into
      effect, the prefered embodiment is given to fully describe the invention
      and a number of examples are given to illustrate the scope of the
      invention. The preferred embodiment and the examples are described with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a plan view of the orientation apparatus of the preferred
      embodiment as viewed from above where billet discharge is to the left.
PAR  FIG. 2 is an elevation of the orientation apparatus of FIG. 1 as viewed
      from the side, where billet discharge is to the left.
PAR  FIG. 3 is an end elevation of the orientation apparatus of FIG. 1 when
      viewed from the billet discharge end.
PAR  FIG. 4 is a perspective view of the orientation apparatus of an example, a
      part of the apparatus being cut away to reveal the interior.
PAR  FIG. 5 is a view of a portion of the apparatus of FIG. 4.
PAR  FIG. 6 is a perspective view of the orientation apparatus of an example, a
      portion of the apparatus being cut away to reveal the interior.
PAR  FIG. 7 is a side elevation of the apparatus of FIG. 6.
PAR  FIG. 8 is a perspective view of the orientation apparatus of an example,
      one end wall of the apparatus being removed to reveal the interior.
PAR  FIG. 9 is a perspective view of an example of a rotatable bundler paddle
      wheel orientation means.
PAR  FIG. 10 is an end elevation of an example showing the bundler paddle wheel
      positioned below the orientation apparatus of FIGS. 6 and 7.
PAR  FIG. 11 is a side elevation of the example of FIG. 10.
PAR  FIG. 12 is a perspective view of an alternative embodiment of the disc
      illustrated in FIGS. 1, 2, 6, 7, 10 and 11.
PAR  FIG. 13 is a perspective view of an example of an orientation apparatus
      including a rotary drum conveyor means.
DETD
PAR  Referring to the FIGS. 1, 2 and 3, the orientation device consists of the
      following two basic parts: a hopper section comprising walls 1 to 4 and
      discs 5 and 6 in FIG. 1, and a conveyor section comprising a conveyor 8
      and a plurality of vanes 9 in FIG. 2 and FIG. 3.
PAR  The hopper is a rectangular container made up of four adjoining walls 1 to
      4 in FIG. 1, which converge to form a rectangular output region, the
      minimum dimension of which is shorter than the length of the shortest
      billet and the maximum dimension of which is longer than the length of the
      longest billet.
PAR  The walls 3 and 4 in FIG. 1 each include a rotating disc 5 and 6
      respectively, to which are attached a number of billet agitator vanes 7.
      Discs 5 and 6 rotate in opposite directions to one another.
PAR  The conveyor 8 is of the endless belt type, and is positioned directly
      beneath the hopper output region. Affixed to the conveyor 8 are a
      plurality of transverse vanes 9.
PAR  A billet output opening 10 is provided between the conveyor 8, the hopper
      wall 2.
PAR  In operation, billets in random orientation and in a continuous stream fall
      into the hopper of the orientation device. The counter rotating discs 5
      and 6 with the agitator vanes 7 impart impulsive energy to the billets
      causing the billets to turn and enabling them to fall and pass into the
      rectangular region at the bottom of the hopper.
PAR  The billets which pass into the rectangular region then contact the moving
      conveyor 8, which, aided by the attached transverse vanes 9, imparts
      energy to the billets and causes them to change direction and move with
      the conveyor 8. Those billets which are not in the same plane as the
      conveyor 8 are directed towards this plane by the energy imparted to them
      by the conveyor 8 and the vanes 9 and the effect of gravity on the
      billets.
PAR  The billets are carried by the conveyor 8 out of the hopper through the
      output opening 10 in a substantially orientated conformation.
PAR  The walls 1 and 2 form passive energy sources whilst the discs 5 and 6, the
      vanes 7, the conveyor 8 and the vanes 9 form active energy sources.
PAR  An air blast system shown in FIGS. 4 and 5 combines both active and passive
      energy sources and consists of a circular conical funnel 11 with its
      larger opening forming the billet input opening 12 and being positioned
      above the smaller billet output opening 13. A plurality of rectangular
      spaced apart slots 14 are formed in the funnel 11 such that each slot 14
      is orientated towards the output opening 13 of the funnel 11. Each slot 14
      has a deflection flap 15 projecting from one of the longer sides of the
      slot. FIG. 5 shows a close up view of one slot 14 and the corresponding
      deflection flap 15.
PAR  The funnel 11 is surrounded by a sealed cylindrical housing 16 which is
      connected to a means for supplying compressed air (not shown) via an air
      supply pipe 17.
PAR  In operation a continuous blast of air enters the funnel 11 from the
      housing 16 through the slots 14. The deflection flaps 15 are angled such
      that the sum of all the air blasts produces an air blast vortex. The axis
      of this vortex coincides with the axis of the funnel 11.
PAR  As the random stream of billets fall into the funnel 11, the sides of the
      funnel 11, the deflection flaps 15, and the air blast vortex all
      co-operate to compress the billets towards the central funnel axis and
      orientate the billets so that their axes are all vertical.
PAR  The diameter of the output opening 13 determines the maximum throughput
      volume of billets able to be orientated by the apparatus without choking
      the funnel 11.
PAR  A hopper 18 shown in FIG. 6 has a rectangular cross-section and is formed
      by two substantially parallel vertical walls 19 and 20 separated by two
      inwardly sloping rectangular walls 21 and 22 that converge towards an
      output opening 23. The opening 23 is rectangular having the longer side
      longer than the longest billet and the shorter side shorter than the
      shortest billet. The sloping walls 21 and 22 provide a passive source of
      impulsive energy. Situated in, and flush with, the sloping walls 21 and 22
      are two rotating discs 24 and 25 that provide an active source of
      impulsive energy. Attached along a diameter of each disc 24 and 25 and
      projecting inwardly therefrom are rectangular vanes 26. The discs 24 and
      25 are positioned to project slightly beyond the output opening 23, as
      best seen in FIG. 7, and are rotated in opposite directions such that, in
      cooperation with the sloping walls 21 and 22, billets falling into the
      hopper 18 are orientated to lie in the direction of the longer side of the
      output opening 23.
PAR  While the rotating vanes 26 prevent billets choking the output opening 23
      by jamming across same, the area of the opening 23 determines the maximum
      throughput volume of billets which will not choke the hopper 18.
PAR  Referring now to FIG. 8 a hopper 27 having a rectangular cross-section with
      sloping side walls 28 and 29 and a vertical end wall 30 is shown. The
      remaining end wall has been removed to reveal the interior of the hopper
      27. Formed in each sloping wall 28 and 29 is a horizontal recess 31 and 32
      respectively.
PAR  A continuous flexible belt 33 is positioned in recess 31. An identical belt
      is provided for recess 32; however this belt is not shown in FIG. 8 to
      simplify the diagram. Attached along the length of the belt 33 and
      projecting therefrom are a plurality of rectangular transverse vanes 34.
      The flexible belt(s) 33 carry the vanes 34 through openings 35 in the
      vertical walls 30 and along the recesses 31 and 32 in the inner surface of
      the sloping side walls 28 and 29. The belt(s) 33 are powered by drive
      motors (not shown) located outside of the hopper 27.
PAR  The belt(s) 33 are driven in opposite directions and the vanes 34 strike
      the billets of a stream of randomly orientated billets falling into the
      hopper 27. Under the influence of the vanes 34 the billets are orientated
      to lie in vertical planes perpendicular to the end wall 30. The majority
      of the billets will have their axes parallel to the lower edges of the
      sloping side walls 28 and 29. The distance between the lower edges of the
      sloping side walls 28 and 29 is less than the length of the shortest
      billet and the length of the sloping side walls 28 and 29 is greater than
      the length of the longest billet.
PAR  FIG. 9 shows another orientation means comprising a rotatable bundler
      paddle wheel 36. The paddle wheel 36 consists of three paddle vanes 39, 40
      and 41 respectively attached to and radially projecting from a central
      axle 42. Two circular discs 37 and 38 are attached to the ends of the
      vanes 39, 40 and 41 and are perpendicular to them. The axle 42 passes
      through the centre of both discs 37 and 38. The disc 38 has been partly
      cut away to reveal the vane 41. The discs 37 and 38 and the vanes 39, 40
      and 41 together form three rotatable compartments. In operation the random
      stream of billets fall into the rotating compartments and the slope of the
      walls of these compartments plus the fact that these sloping walls also
      act as moving directors operate to orientate the billets such that the
      axes of the billets are parallel to the axis 42 of the paddle wheel 36.
      The billets are of course continuously discharged from these compartments
      to fall parallel into the bin.
PAR  The rotational velocity of the paddle wheel determines the maximum
      throughput volume of falling billets and the paddle wheel could be
      constructed to have any number of compartments.
PAR  FIG. 10 shows the paddle wheel 36 of FIG. 9 positioned directly below a
      hopper 18 of rectangular cross-section as illustrated in FIG. 6. Paddle
      vanes 39 and 40 as shown in FIG. 11 extend parallel to the longer walls 21
      and 22 of the rectangular output opening 23 of the hopper 18 such that
      each paddle wheel compartment can be rotated to receive all the billets
      passing through the opening 23.
PAR  In operation the falling stream of random billets entering the hopper 18
      are subatantially orientated as they pass through the hopper 18 and are
      further orientated as they fall into a first paddle compartment. When the
      first compartment is full the paddle wheel 36 rotates in a clock-wise
      direction as seen in FIG. 10 thus discharging the billets contained
      therein into one end of the bin (not shown) positioned underneath the
      paddle wheel 36. At the same time an empty second compartment is moved
      into position under the opening 23. When this second compartment is full
      the paddle wheel 36 rotates in a counter-clockwise direction as seen in
      FIG. 10 thus discharging the billets into the other end of the bin (not
      shown). In this embodiment the paddle wheel 36 oscillates to spread
      bundles of orientated billets to the one end and then the other end of the
      bin thereby stacking the bin in an orderly manner reducing the space
      between adjacent billets and increasing the carrying capacity of the bin.
PAR  FIG. 12 shows a disc 43 which may be used in place of the discs 24 and 25
      in FIGS. 6, 7, 10 and 11. The disc 43 has a plurality of slots 44 each of
      which is partially covered by a vane 45. The disc is rotated in a
      counter-clockwise direction as viewed in FIG. 12 and the discs on either
      side of the hopper rotate in opposite directions.
PAR  The vanes 45 on the disc 43 form the blades of a fan and as the disc 43 is
      rotated air is drawn into the hopper through the slots 44. This flow of
      air and the moving vanes 45 perform the same operation as the vanes 26 in
      FIG. 6 by orientating the falling billets. In addition the flow of air
      assists the removal of any trash associated with the billets.
PAR  Referring now to FIG. 13 a drum 46, having a plurality of transverse vanes
      48 mounted on the cylindrical surface 47 of the drum 46, is mounted
      beneath a hopper 49. The hopper 49 has a rectangular cross-section formed
      by two sloping walls 51 and 53 and two vertical walls 50 and 52. Walls 51
      and 53 have discs 54 and 55 which are similar to the discs 24 and 25
      illustrated in FIG. 6. Both discs 54 and 55 have a vane 26 as illustrated
      in FIG. 6.
PAR  In operation the drum 46 rotates in a counter-clockwise direction as viewed
      in FIG. 13 and the discs 54 and 55 rotate in opposite directions. The
      sloping walls 51 and 53 and the rotating discs 54 and 55 orientate a
      random stream of billets falling into the hopper 49 so that the billets
      generally lie within vertical planes which are perpendicular to the walls
      50 and 52. In these planes however the billets are randomly orientated
      until they strike the moving surface 47 and the vanes 48. The billets are
      thereby orientated to lie tangential to the surface 47 of the drum 46 the
      axes of the billets being substantially perpendicular to the walls 50 and
      52.
PAR  The billets are thus orientated to be parallel to the direction of movement
      and are carried out of the hopper 49 under the wall 52 by the drum 46. In
      this embodiment of the invention not only does the orientation means bring
      about the desired orientation but the orientation means also causes the
      orientated billets to move in a direction different from that of the
      original stream of falling billets.
PAR  The foregoing describes some embodiments of the present invention and
      modifications, obvious to those skilled in the art, may be made thereto
      without departing from the scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for urging into a first orientation plane elongated billets
      having lengths within a predetermined range of lengths and falling under
      the influence of gravity in a randomly orientated stream of billets into
      the apparatus, said apparatus comprising a hopper having an open top, an
      open bottom, two side walls and two shorter end walls with at least said
      side walls converging toward said open bottom, the shortest distance
      between said side walls and the shortest distance between said end walls
      being respectively less than the shortest billet and longer than the
      longest billet in said predetermined range of billet lengths; a primary
      orientating means comprising two rotatable discs located between said
      hopper top and bottom, one in each side wall and generally co-planar
      therewith; at least one billet orientating vane on each said disc
      projecting into said hopper; and driving means to rotate the discs in
      opposite directions.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 including secondary billet
      orientation means to accept said billets lying in said first orientation
      plane and to urge said billets into a second mutually perpendicular
      orientation plane, said secondary billet orientation means being located
      adjacent to and below said hopper bottom and comprising a conveyor having
      spaced-apart transverse vanes, the distance between consecutive vanes
      being greater than or at least equal to the longest billet in said
      predetermined range of billet lengths.
NUM  3.
PAR  3. The apparatus as claimed in claim 1 including secondary billet
      orientation means to accept said billets lying in said first orientation
      plane and to urge said billets to also lie in a second mutually
      perpendicular orientation plane, said secondary orientation means being
      located adjacent to and below said hopper bottom and comprising a three
      compartment receptacle oscillatable about an axis lying in the first
      orientation plane to locate each compartment successively in a first
      position beneath said hopper outlet to receive billets discharged from
      said hopper, to urge said billets into said second orientation plane and
      to successively move said compartments from said first position to a
      second position to discharge substantially uniformly orientated billets
      from said receptacle.
NUM  4.
PAR  4. Apparatus for urging into a first orientation plane elongated billets
      having lengths within a predetermined range of lengths and falling under
      the influence of gravity in a randomly orientated stream of billets into
      the apparatus, said apparatus comprising a hopper having an open top, an
      open bottom, two side walls and two shorter end walls with at least said
      side walls converging toward said open bottom, the shortest distance
      between said side walls and the shortest distance between said end walls
      being respectively less than the shortest billet and longer than the
      longest billet in said predetermined range of billet lengths; a primary
      orientating means to urge said billets into a first orientation plane,
      said primary orientation means comprising two rotatable discs located
      between said hopper top and bottom, one in each side wall and generally
      co-planar therewith; at least one billet orientating vane on each said
      disc projecting into said hopper; driving means to rotate the discs in
      opposite directions; secondary billet orientating means to urge said
      billets to lie in said first orientation plane and a second mutually
      perpendicular orientation plane, said secondary billet orientating means
      being located adjacent to and below said hopper bottom and comprising a
      conveyor having spaced-apart transverse vanes, the distance between
      consecutive vanes being greater than or at least equal to the longest
      billet in said predetermined range of billet lengths.
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ABST
PAL  A display box for an ornamental article including pivotally interconnected
      top and bottom members in which a mounting member is located for receiving
      the article thereon, the mounting member being responsive to movement of
      the top member to an open position and movable therewith for presenting
      the ornamental article in a display position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a box for storing and displaying an
      ornamental article and has particular application for use with finger
      rings.
PAR  The display box for finger rings in common use has normally included some
      form of a hook, finger or cushion having a slot formed therein for
      receiving the shank of the ring so as to locate it in a secure position in
      the box and also for displaying the ornamental portion of the finger ring
      when the cover of the box is in the open position. These prior known box
      constructions have attempted to locate the finger ring in the bottom
      member of the box in such a position that when the top member is opened,
      the finger ring will be exposed for view. Although these prior known box
      constructions for displaying finger rings have been acceptable in use and
      have normally provided a convenient means for locating the ring in the
      bottom member of the box for storage and for viewing when the box was
      open, the full extent of the ornamental portion of the ring was not always
      visible; and it was usually necessary to physically remove the ring from
      the box so that all of the ornamental features thereof could be observed.
      When the prior known box was located in a display or show case, the
      removal of the box was not always feasible; and if a clerk was not
      available, a customer viewing the ring could not always see all of the
      ornamental details thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a display box for an ornamental article
      and includes a bottom member and a top member hingedly interconnected to
      said bottom member for movement to either an open display position or to a
      closed position. In order to locate an ornament in a box for viewing
      therein when the top member is located in the open position, a mounting
      member is provided and receives the article thereon, the mounting member
      being located in the box adjacent to the axis of the hinge that
      interconnects the top and bottom members. The mounting member is
      responsive to movement of the top member and is movable therewith so as to
      project the ornament upwardly and forwardly to a display position for easy
      viewing when the box is fully opened. The mounting member is constructed
      for normally receiving a ring thereon and for this purpose is formed with
      a slot which receives the shank of the ring. The mounting member may be
      conveniently interconnected to a flexible covering secured within the box
      members adjacent to the hinge axis thereof or may include fingers that
      engage the hinge and is movable therewith when the top member is moved
      from the closed to the open position.
PAR  Accordingly, it is an object of the present invention to provide a display
      box for an ornamental article in which a mounting member is located in the
      box and receives the ornamental article thereon, and is movable in
      response to the opening of the box for presenting the ornamental article
      in a display position for easy viewing.
PAR  Another object of the invention is to provide a display box for a finger
      ring that includes a mounting member on which the finger ring is located
      and that is responsive to movement of the top member of the box from a
      closed to an open position for presenting the finger in a position of
      display.
PAR  Still another object is to provide a display box for a finger ring that
      includes a bottom and top member that are interconnected by a hinge, a
      mounting member being located in the display box adjacent to the hinge
      axis and being responsive to movement of the top member for moving the
      ring to a display position when the top member is fully opened.
PAR  Other objects, features and advantages of the invention shall become
      apparent as the description thereof proceeds when considered in connection
      with the accompanying illustrative drawings.
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PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing which illustrates the best mode presently contemplated for
      carrying out the present invention:
PAR  FIG. 1 is a perspective view of the display box embodied herein as located
      in the open position and illustrating the manner in which a finger ring is
      presented for viewing therein:
PAR  FIG. 2 is a sectional view of the display box in the closed position
      thereof and showing the location of one form of a mounting member therein;
PAR  FIG. 3 is a view similar to FIG. 2 and showing the display box in the open
      position;
PAR  FIG. 4 is a perspective view of the mounting member as illustrated in FIGS.
      2 and 3;
PAR  FIG. 5 is a fragmentary sectional view similar to FIG. 3 and illustrating a
      modified form of locating the mounting member in the display box;
PAR  FIG. 6 is an enlarged fragmentary sectional view similar to FIG. 5
      illustrating a further modified form of mounting member; and
PAR  FIG. 7 is a perspective view of the modified mounting member as shown in
      FIG. 6.
DETD
PAC  DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION
PAR  Referring now to the drawing and particularly to FIG. 1, the jewelry
      display box embodied in the present invention is illustrated and is
      generally indicated at 10. As shown, the display box 10 has particular
      application for the packaging and display of a finger ring that is
      generally indicated at 12 and that includes a shank 14 and ornamental
      portion 16. However, it is understood that the display box 10 may be
      utilized for the packaging and display of ornamental articles other than
      finger rings.
PAR  The display box 10 includes a bottom shell or member generally indicated at
      18 that is preferably formed of a metal material and is drawn to the
      required shape and configuration. The bottom shell or member includes a
      bottom wall 20, side walls 22, a front wall 24 and a rear wall 26. A
      suitable outer covering for the bottom shell 18 may be applied to the
      walls thereof, and a rim 28 is mounted on the upper edges of the side
      walls 22 and the front wall 24 as is commonly known in the manufacture of
      jewelry display boxes.
PAR  A top shell or member generally indicated at 30 is hingedly interconnected
      to the bottom shell 18 by a spring hinge 32 that has a spring 33 of common
      construction mounted thereon. The top shell 30 includes a top wall 34,
      side walls 36, front wall 38 and rear wall 40; and an ornamental covering
      similar to that covering the bottom shell 18 also covers the outer
      surfaces of the walls of the top shell 30.
PAR  Located interiorly of the top and bottom shells and covering the inner
      surfaces thereof is a flexible insert generally indicated at 41, the upper
      surfaces of which have a flocking material applied thereto. The flexible
      insert 41 includes a top portion 42, a bottom portion 44, and an
      intermediate portion 46 interconnecting the top and bottom portions, the
      top portion 42 of the insert being located in engaging relation with the
      inner surface of the top wall 34 of the top shell 30, while the bottom
      portion 44 of the insert is located in flush engagement with the inner
      surface of the bottom wall 20 of the bottom shell 18. The intermediate
      portion 46 of the insert extends over and covers the hinge 32 and is
      shiftable in response to pivotal movement of the top shell 30 from an open
      or to a closed position relative to the bottom shell 18.
PAR  In order to locate the ring 12 in an easily viewable display position when
      the top shell 30 is moved to the open position as illustrated in FIGS. 1
      and 3, a mounting member generally indicated at 48 is provided and is
      fixed to the intermediate portion 46 of the flexible insert 41. As shown
      more clearly in FIG. 4, the mounting member 48 includes a body portion 50
      having a generally square, cross-sectional configuration and is formed
      with flanges 52 on the inner end thereof. An opening 54 that is
      substantially square in configuration is formed in the intermediate
      portion 46 of the flexible insert 41 and receives the body portion 50 of
      the mounting member 48 therein. The flanges 52 abut the rear surface of
      the intermediate portion 46 of the insert 41 adjacent to the opening 54
      and prevent withdrawal of the mounting member 48 through the opening 54.
      The mounting member 48 in effect is thus mounted in the intermediate
      portion 46 and is movable therewith as will be described. As further
      illustrated, the longitudinal axis of the mounting member 48 is
      perpendicular to the hinge axis of the shells 18 and 30 and substantially
      bisects the hinge axis to locate the mounting member 48 intermediate the
      side walls of the shells.
PAR  In order to receive the shank 14 of the ring 12 thereon, the mounting
      member 48 is formed with spaced, transversely extending slots 54 and 56.
      The width of the slot 54 is somewhat less than that of the slot 56 and
      accommodates a ring shank of appropriate thickness therein. The slot 56
      accommodates a ring shank having a thickness greater than that received in
      the slot 54. As shown in FIG. 1, with the shank 14 of the ring 12 received
      in the slot 54, the ornamental portion 16 of the ring is disposed
      substantially forwardly of the outermost end of the mounting member 48.
PAR  In use, the ring 12 is mounted in position on the mounting member 48 by
      location of the shank 14 in the slot 54. As described above, if the
      thickness of the shank 14 were greater than that of the slot 54, then the
      shank 14 would be received in the slot 56. With the ring 12 mounted in
      place on the mounting member 48, and with the top shell 30 located in a
      closed position with respect to the bottom shell 18, the longitudinal axis
      of the mounting member 48 is substantially horizontal. As the top shell 30
      is moved to the closed position, the intermediate portion 46 of the insert
      41 is responsive thereto for locating the mounting member 48 in the
      position as shown in FIG. 2, wherein the mounting member 48 is generally
      horizontal and the ring 12 located thereon is positioned as shown in
      phantom in FIG. 2. When the top shell 30 is moved to the open position
      illustrated in FIG. 3, the intermediate portion 46 of the insert is
      shifted in response thereto to move the mounting member 48 therewith such
      that the longitudinal axis of the mounting member is pivoted upwardly so
      that it projects substantially intermediate the top and bottom shells. The
      ring 12 located on the mounting member 48 is moved therewith and is
      presented in an upper display position as shown in FIGS. 1 and 3. In this
      position all of the details of the ring 12 are clearly visible; and if
      required, the ring 12 may be easily removed from the box 10 by grasping
      the shank 14 and pulling upwardly so that the ring is removed from the
      mounting member 48.
PAR  Referring now to FIG. 5, a modified method of securing the mounting member
      48 to the intermediate portion 46 of the insert 41 is illustrated. In this
      form of the invention the intermediate portion 46 of the insert is formed
      inperforate and without the opening 54. An adhesive is applied to the rear
      surfaces of the flanges 52 and the rearmost end of the body portion 50 of
      the mounting member 48 which are then affixed directly to the outer
      surface of the intermediate portion 46. In this connection, the
      longitudinal axis of the mounting member 48 is located substantially
      perpendicular to the hinge axis of the shells and also substantially
      bisects the hinge axis. It is seen that the mounting member is secured
      directly to the outer surface of the intermediate portion 46 of the insert
      41 and is responsive to movement thereof; and as the top shell 30 is
      opened or closed, the mounting member shifts with the intermediate portion
      46 to locate the ring mounted thereon in either the stored or display
      position as required.
PAR  Referring now to FIGS. 6 and 7, a further modified form of the mounting
      member is illustrated as used with the box 10 and includes a mounting
      member generally indicated at 60. The mounting member 60 is formed with a
      body portion 62 that is square in cross-sectional configuration. Formed
      transversely in the body portion 62 adjacent to the outermost end thereof
      are slots 64 and 66 that receive a ring shank therein. Integrally joined
      to the body portion 62 of the mounting member 60 at the inner end thereof
      are curved jaws 67 and 68 that have inwardly extending fingers 70 and 72,
      respectively, that are fitted over the ends of the spring 33 as formed on
      the spring hinge 32. As mounted on the spring 33, the longitudinal axis of
      the mounting member 60 is also perpendicular to the axis of the spring
      hinge 32 and substantially bisects the spring hinge. In use, the mounting
      member 60 is movable with the spring 33 of the spring hinge 32 as the top
      shell 30 is moved to and from the closed and open positions; and as shown
      in FIG. 6, with the top shell located in the open position, the mounting
      member 62 projects upwardly at an angle relative to the bottom shell 18
      and in this position locates a ring as mounted thereon in a display
      position.
PAR  In the various forms of the mounting member as illustrated herein, the
      longitudinal axis thereof is located such that it is perpendicular with
      respect to the hinge axis of the box shells 18 and 30. The longitudinal
      axis of the mounting member in the various forms illustrated also
      substantially bisects the hinge axis of the box shells. With the mounting
      member 48 mounted on the intermediate portion 46 of the flexible insert as
      shown in FIGS. 3 and 5 or with the mounting member 60 mounted on the
      spring 33 of the spring hinge as illustrated in FIG. 6, the movement of
      the mounting member is correlated with respect to the movement of the top
      shell 30 as it is moved from the open or to the closed position thereof.
      With the box in the closed position, the longitudinal axis of the mounting
      member is substantially horizontal, which locates the ring thereon within
      the confines of the shells. When the top shell 30 is moved to the open
      position thereof, the mounting member is lifted upwardly to an inclined
      position as shown in FIGS. 1, 3, 5 and 6 to present the ring in a display
      position.
PAR  While there is shown and described herein certain specific structure
      embodying the invention, it will be manifest to those skilled in the art
      that various modifications and rearrangements of the parts may be made
      without departing from the spirit and scope of the underlying inventive
      concept and that the same is not limited to the particular forms herein
      shown and described except insofar as indicated by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A display box for an ornamental article, comprising a bottom member
      having a bottom wall, a top member hingedly interconnected to said bottom
      member for movement to an open or closed position relative thereto and
      having a top wall, a hinge joined to said top and bottom members, a
      mounting member for receiving said article thereon and located in said box
      adjacent to the axis of said hinge, means secured to said mounting member
      and responsive to movement of said top member for locating said article as
      received on said mounting member in a storage position within said top and
      bottom members when the box is closed, or in an upper exposed display
      position between said top and bottom members when the box is open, said
      mounting member including an elongated body portion, the longitudinal axis
      of which is perpendicular to the hinge axis of said top and bottom
      members, an extension of the longitudinal axis of said mounting member
      substantially bisecting the hinge axis of said top and bottom members,
      said locating means including a flexible insert covering at least the
      hinge that interconnects said members, said mounting member being secured
      to said flexible insert and projecting therefrom at substantially right
      angles thereto, and an opening formed in said flexible insert, said
      mounting member being received in said opening having a flange formed
      thereon that is located on the underside of said flexible member for
      preventing withdrawal of said mounting member through said opening.
NUM  2.
PAR  2. A display box for an ornamental article, comprising a bottom member
      having a bottom wall and a rear wall, a top member hingedly interconnected
      to said bottom member for movement to and from an open or closed position
      relative thereto and having a top wall and rear wall, a spring hinge
      secured to the rear walls of said bottom and top members for urging said
      top and bottom members to the open or closed position relative to each
      other, a flexible insert covering the interior surfaces of said bottom
      wall and top wall and extending over the rear walls of said top and bottom
      members to conceal the spring hinge, and an elongated mounting member
      extending outwardly of said flexible member in a direction generally
      perpendicular thereto and being formed of a relatively rigid material, the
      longitudinal axis of said mounting member being perpendicular to the axis
      of said spring hinge, an extension of the longitudinal axis of said
      mounting member substantially bisecting the hinge axis of said top and
      bottom members.
NUM  3.
PAR  3. A display box as set forth in claim 2, said mounting member being
      secured directly to the flexible insert on the exterior surface thereof.
NUM  4.
PAR  4. A display box as set forth in claim 2, said locating means including
      oppositely extending jaws formed on the inner end of said mounting member,
      said jaws engaging said hinge for securing said mounting member thereon
      and for movement therewith as the top member is moved from the open or to
      the closed position thereof.
NUM  5.
PAR  5. A display box as set forth in claim 2, at least one slot formed in said
      mounting member transversely of the longitudinal axis thereof for
      positively receiving the article therein for locating the article in
      engagement with said mounting member.
NUM  6.
PAR  6. A display box as set forth in claim 5, said article being a ring that
      includes a circular shank portion and an ornament joined to said shank
      portion, said shank portion being received in said slot for locating said
      ornament forwardly of said mounting member, wherein said ornament is
      clearly visible when said top member is moved to the open position.
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ABST
PAL  An improved jewelry box which incorporates a light to direct light rays at
      the jewelry contained therewith when the jewelry box cover is opened up;
      the device consisting of a miniaturized lamp bulb on the inner side of the
      cover in electric circuit with a pair of small dry cell batteries
      contained under the jewelry pad or pillow that is located in the case, and
      an electric switch located adjacent the hinge about which the cover
      pivots; the switch automatically closing the circuit when the cover is
      opened up.
BSUM
PAR  This invention relates generally to jewelry boxes.
PAR  A principle object of the present invention is to provide an improved
      jewelry box which includes a small electric lamp that lights up the
      jewelry contained therein when the box cover is flipped open, in order
      that reflecting light rays from the jewelry make it to glow so that the
      jewelry appears more attractive and appealing.
PAR  Another object is to provide a lighted jewelry box which would accordingly
      be advantageous for use by jewelry retail merchants in order to achieve
      more sales.
PAR  Other objects are to provide a lighted jewelry box that is simple in
      design, inexpensive to manufacture, rugged in construction, easy to use
      and efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompany drawing wherein:
PAR  FIG. 1 is a rear perspective view of the lighted jewelry box shown in a
      closed position.
PAR  FIG. 2 is a front perspective view thereof shown with cover opened and lamp
      illuminating a jewelry item; a jewelry pad within the box being
      illustrated partly broken away so to show batteries therebeneath.
PAR  FIG. 3 is an enlarged cross sectional view taken on line 3--3 of FIG. 1 and
      showing the switch structure.
PAR  FIG. 4 is a side cross sectional view taken on line 4--4 of FIG. 2 showing
      the illumination system.
PAR  FIG. 5 is a view of details comprising the switch.
PAR  FIG. 6 is an electric circuit of the device.
DETD
PAR  Referring now to the drawing in detail, the reference numeral 10 represents
      a lighted jewelry box according to the present invention wherein there is
      a case 11 and cover 12 pivotally attached together by a hinge 13. The
      interior of the case is fitted with a pad or pillow upon which a jewelry
      item is placed. Such pad or pillow may simply be a plastic insert 14, as
      shown in the drawing, and the upper surface of which is coated with
      imitation felt or velvet so to give a luxuriant support for the jewelry.
      The interior of the cover is lined with a silk, rayon or other shiny
      fabric liner 15. The case and cover are usually made of hard plastic
      material, the outer surface imitating leather.
PAR  In the present invention, the above described box additionally includes a
      miniaturized electric lamp 16 fixedly mounted by suitable adhesive to the
      inner surface of the cover. A small opening 17 in the liner 15 allows the
      lamp dome to protrude therethrough, as shown in FIG. 4, in order that it
      may shine light rays 18 downwardly upon the ring 19 or other jewelry item.
PAR  The lamp 16 is electrically powered by a pair of dry cell batteries 20 that
      are hidden under the insert 14 and which are connected to the lamp by
      means of wire conductors 21 and 22. FIGS. 3 and 6 clearly show that the
      conductor 21 connects directly between the batteries and lamp, whereas
      conductor 22 is interupted by an electric switch 23 located along the axis
      of hinge 13.
PAR  The switch consists of electrically conductive, U-shaped metal clips 24 and
      25 that clip to mating edges 26 and 27 of the case and cover respectively.
      Each of these edges includes a recessed notch 28 and 29 respectively in
      which the clips fit in order that they are sufficiently spaced apart, when
      the box is closed so that they do not make electrical contact with each
      other.
PAR  In operative use, however, when the cover is pivoted upward the clip is
      pivoted from the position shown in FIG. 3 to the position shown in FIG. 4,
      thus closing the electric circuit automatically and lighting the lamp
      which shines upon the jewelry.
PAR  Thus an improved jewelry box is provided.
PAR  While certain novel features of this invention have been shown and
      described and are pointed out in the annexed claims, it will be understood
      that various omissions, substitutions and changes in the forms and details
      of the device illustrated and in its operation can be made by those
      skilled in the art without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lighted box comprising a case, a cover pivotally attached to said
      case, said case having a rear wall and said cover having a rear wall;
      hinge means connecting the top of said rear wall of said case with the
      bottom of said rear wall of said cover with respect to said case; an
      insert fitted within said case for supporting an item; a fabric lining
      within an inner side of said cover; and means for illuminating said cover
      and case, said means comprising an electric circuit having a miniaturized
      lamp located within said cover, dry cell batteries contained in said case
      under said insert, and a switch, said switch comprising a first clip
      having a U-shaped portion of a contact portion, and a second clip having a
      U-shaped portion and a contact portion, said top edge of said rear wall of
      said case having a notch formed therein for receiving said U-shaped
      portion of said first clip, said notch being situated to one side of said
      hinge means, and said bottom edge of said rear wall of said cover having a
      notch formed therein for receiving said U-shaped portion of said second
      clip, said notch of said cover being situated opposite said notch of said
      case when the cover is pivoted to an open position, said contact portion
      of said first clip extending rearwardly of said case and said contact
      portion of said second clip extending rearwardly of said cover, whereby
      when the cover is pivoted to an open position to allow access to the
      inside of the box said contacts of said first and second clip abut against
      each other to close said electric circuit and light said lamp, and when
      the cover is pivoted to a closed position, the contacts of said first and
      second clips are moved out of abutting contact to open said electric
      circuit.
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ABST
PAL  Toothpaste containing sodium bicarbonate as the principal abrasive and a
      lesser amount of another compatible abrasive. Examples of these are chalk,
      silica, alumina, zirconium silicate or sodium aluminosilicate, or a
      mixture thereof, said other abrasive constituting at least about 3% of the
      toothpaste.
PARN
PAR  This application is a continuation-in-part of our copending applications
      Ser. Nos. 295,094 of Oct. 4, 1972, now abandoned and 389,827 of Aug. 20,
      1973, whose entire disclosures are incorporated by reference.
BSUM
PAR  This invention relates to toothpastes containing dispersed particles of
      sodium bicarbonate.
PAR  Baking soda has been employed in many fields and is a common household
      ingredient. In past years, its use in dentifrices, particularly tooth
      powders, has been proposed but has not received much acceptance generally.
      The typical dentifrices which have significant consumer acceptance in
      recent years are toothpastes having a high content of water-insoluble
      abrasives such as dicalcium phosphate or other insoluble phosphates in an
      aqueous humectant base.
PAR  The development of a practical and effective baking soda toothpaste capable
      of consumer acceptability presents many special considerations. Among the
      factors which are to be considered are the unique character of baking soda
      chemically, physically and cosmetically when considered and employed as a
      toothpaste ingredient. For example, it is comparatively water-insoluble
      and tends to release carbon dioxide in an aqueous system. It is extremely
      salty to the taste which is probably one of the more important factors in
      the purchase and use of a particular product. Other factors in formulation
      of a suitable product include the over-all cleaning and polishing power of
      the product, its stability and appearance combined with special care in
      manufacture, etc.
PAR  In accordance with various aspects of this invention, it is now possible to
      prepare a unique baking soda toothpaste which is effective in promoting
      hygiene in the oral cavity and capable of consumer desirability or
      acceptability by the public. Such product will have acceptable cleaning,
      polishing and other desirable characteristics so as to have a beneficial
      effect upon parts of the dentition (which may include the teeth and its
      surrounding or adjacent elements or structures including plaque, calculus,
      gingiva, mucous membranes, saliva, etc.). In particular, it tends to leave
      with the consumer a desirable clean mouth or clean mouth-feel effect. The
      product can be formulated so it is stable upon aging or storage without
      significant release of carbon dioxide bubbles or other forms of
      undesirable separation or reaction. It is possible to produce and maintain
      a unique granular textured appearance comprising a substantially dispersed
      non-crystalline-appearing granulate which is due in part to the
      substantially homogeneous distribution of a sufficiently high
      concentration of macroscopic crystalline bicarbonate particles or granules
      in an otherwise smooth, continuous base, or matrix, contributing to
      appearance, taste, effect and usage by the consumer.
PAR  One aspect of the invention relates to a toothpaste containing an abrasive
      content comprising a major proportion of sodium bicarbonate and a minor
      proportion of a water-insoluble dental abrasive material compatible with
      said bicarbonate in the dental cream. Thus the toothpaste contains
      dispersed abrasive particles, the abrasive being a mixture of sodium
      bicarbonate, which constitutes the major proportion of the abrasive by
      weight and preferably makes up about 25 to 60% of the toothpaste, and a
      lesser amount of the compatible water-insoluble dental abrasive which may
      be chalk, silica, alumina, zirconium silicate, sodium aluminosilicate, or
      other compatible silicate or carbonate which is non-reactive with the
      bicarbonate, or a mixture of two or more of such water-insoluble
      abrasives. Advantageously the amount of water-insoluble abrasive is over
      1% and preferably at least about 3% of the toothpaste.
PAR  Although the sodium bicarbonate particles are relatively soft as compared
      to most conventional abrasive particles used in toothpastes they do exert
      a mechanical cleaning effect on the teeth. For instance, in a radioactive
      dentin abrasion (RDA) test a toothpaste containing about 50% of
      bicarbonate of soda, as the sole abrasive, may show an RDA value of about
      100 whereas when the abrasive-free vehicle of that toothpaste is tested
      similarly the RDA value is only in the neighborhood of 50.
PAR  The toothpastes of this invention preferably contain at least about 20%,
      more preferably at least about 30%, sodium bicarbonate. The particle size
      of the sodium bicarbonate particles may vary; it is preferred that they be
      largely below 0.4 mm in diameter, with a major proportion by weight being
      above above 0.01 mm in diameter. The vehicle in which the sodium
      bicarbonate particles are dispersed is preferably aqueous, but its amount
      and character are preferably such that the sodium bicarbonate is primarily
      in the undissolved solid state in the toothpaste. It will be understood,
      however, that when the teeth are brushed the sodium bicarbonate particles
      will tend to dissolve in the saliva.
PAR  In one particularly preferred form of the invention the added abrasive is
      chalk. It is found that only a small proportion of this ingredient (e.g.
      in the range of about 5 to 15% of the toothpaste) greatly improves the
      cleaning power of the sodium bicarbonate toothpaste. In addition, the
      presence of the chalk appears to promote an improvement in the stability
      of the toothpaste on aging at elevated temperatures such as a decrease in
      the tendency for essential oils, used as flavors, to separate from the
      toothpaste on aging at 110.degree.F or 120.degree.F, e.g. when the
      particles of sodium bicarbonate are of relativley large size, e.g. over
      150 microns in diameter.
PAR  The addition of the compatible water-insoluble abrasive such as chalk,
      silca, alumina, zirconium silicate, and the like, or mixtures thereof is
      found to yield a sodium bicarbonate toothpaste which has improved cleaning
      power combined with resistance to flavor separation and which does not
      tend to form gas on storage. In contrast, when such common dental
      abrasives as dicalcium phosphate dihydrate or insoluble sodium
      metaphosphate are added to the sodium bicarbonate toothpaste in similar
      amounts (e.g. 5%) considerable quantities of gas are formed even on short
      term storage (e.g. at 120.degree.F).
PAR  The average particle size of the chalk is preferably less than 20 microns,
      most preferably below 10 microns, and above 1 micron.
PAR  The silica may be of the crystalline or amorphous type. In either case the
      particle size is preferably below 20 microns, e.g. 2 to 10 microns.
      Micronized crystalline silica or silica gel, such as the silica gels sold
      as Syloid 63, Syloid 74 and Syloid 244 are examples.
PAR  The alumina may be of the hydrated or unhydrated type. For hydrated alumina
      the average particle size is preferably less than 20 microns, most
      preferably below 10 microns and above 1 or 2 microns.
PAR  When zirconium silicate is employed its average particle size is preferably
      below 5 microns, e.g., below 3 microns and above 0.3 micron.
PAR  One particularly suitable alumina is in the form of flat flakes of
      alpha-alumina crystals, of disk- or plate-like configuration, said flakes
      having a mean (by weight) particle diameter of less than about 7 microns
      (e.g. about 2 to 7 microns). The flat alpha-alumina crystals, and a
      process for preparing them, are described in U.S. Pat. No. 3,121,623. The
      dentifrice is preferably substantially free of anhydrous alumina particles
      having diameters above 15 microns and thicknesses above about 2 microns.
      While it is most preferred to use alumina flakes whose mean particle
      diameter is less than five microns (e.g. about 3 to 4 microns) it is
      within the broader scope of this invention to use alumina flakes of larger
      diameters but similar thickness, such as alumina flakes, described in the
      aforesaid U.S. Pat. No. 3,121,623 having average diameters of 9, 12 or 15
      or more microns, free of particles over 40 microns in diameter (preferably
      free of particles over about 20 microns in diameter) and substantially
      free of particles having thicknesses above about  3 microns. In a
      preferred form of the invention the alpha-alumina flakes are uncoated and
      free of adhesion to particles of other materials. It is also within the
      broader scope of the invention to include other alpha-aluminas, or other
      abrasives of Mohs hardness above 6, in admixture with the alpha-alumina
      flakes. For instance, one may replace about one half of the alumina flakes
      by a pulverized alpha-alumina of irregular shape and having a mean
      particle size of about 3 to 4 microns (with all said irregular particles
      being less than about 7 microns in their largest dimension); thus, the
      toothpaste may contain, say, 3% of the flakes and 2% of said irregular
      particles.
PAR  A typical alkali or alkaline earth metal aluminosilicate is a complex
      having a refractive index of about 1.45, a moisture content of about
      5-.degree.% (e.g. 10%) an alumina content of up to about 10% (e.g. 8%) a
      silica content of at least about 70%, a sodium oxide (or other alkali
      metal or alkaline earth metal oxide, e.g. calcium oxide) content of up to
      about 10% (e.g. 7%) and a particle size of below 40 microns, preferably
      about 1 to 20 microns.
PAR  Examples of mixtures are blends of chalk and hydrated alumina in, say,
      equal amounts, or 25/75 or 75/25.
PAR  The toothpaste may also contain a small amount of titanium dioxide powder,
      which has been found to have a marked polishing effect on the teeth when
      used in the sodium bicarbonate toothpaste.
PAR  The weight of titanium dioxide particles in the toothpaste is generally
      only a small fraction, e.g. less than one tenth, the weight of the sodium
      bicarbonate, but is generally above about 0.1% of the weight of the
      toothpaste. For instance, the amount of TiO.sub.2 may be in the range of
      about 0.2 to 0.6% of the weight of the toothpaste. The particle size of
      the TiO.sub.2 is preferably about 0.1 to 1 micron.
PAR  The vehicle of the toothpaste is made up of suitable liquid preferably
      containing a thickening agent (e.g. a gelling agent). As indicated the
      vehicle is preferably aqueous, but it is within the broader scope of the
      invention to employ non-aqueous vehicles. Generally the liquid will
      contain a humectant or other viscous water-miscible material such as
      glycerol, sorbitol, polyethylene glycol, mannitol or mixtures thereof.
      When water is present it preferably constitutes about 5 to 35% (e.g. about
      10 to 30%) of the total vehicle. Superior results (such as better taste)
      are obtained when the proportion of water is relatively low, e.g. about 10
      to 20% of the total toothpaste, such as when the sodium bicarbonate:water
      ratio is in the range of about 3:1 to 6:1.
PAR  Gelling agents for toothpaste vehicles are well known in the art. These are
      often high polymers (e.g. gums or other thickening agents) which are
      soluble or swellable in water or aqueous medium. Sodium
      carboxymethylcellulose has given excellent results. Other materials are
      gum tragacanth, gum arabic, gum karaya, sodium alginate, hydroxyethyl
      cellulose, methyl cellulose, ethyl cellulose, carrageen and other
      polysaccharides, polyvinyl pyrollidones or such thickening agents as
      "Veegum"  (a complex magnesium aluminum silicate). The amount of
      thickening agent used in the practice of this invention is preferably
      sufficient to impart to the mixture the pasty consistency, body and the
      non-tacky nature which is characteristic of conventional dental creams or
      toothpastes. As is well known, such dental creams are extrudable from
      ordinary collapsible toothpaste tubes to form a ribbon of substantial
      thickness (e.g. about 3/8 inch) which if left undisturbed, substantially
      retains its original thickness over a period of, say, one minute or more
      (and does not penetrate substantially into the bristles of a toothbrush
      when resting on the ends of such bristles for a similar period); but which
      preferably offers no substantial resistance to brushing or to deformation
      when, for instance, one touches it lightly with a finger; and which has
      little tack, in that it does not tend to form a string when the finger is
      pulled away from the ribbon. The proportion of thickening agent is often
      within the range of about 0.5 to 2%, such as about 0.8 to 1.5%, of the
      toothpaste.
PAR  An organic surface active agent is preferably used in the compositions of
      the present invention to aid in the prophylactic action and in the
      thorough dispersion of the composition throughout the oral cavity, and to
      improve cosmetic acceptability and detersive and foaming properties. Among
      these are water-soluble salts of the higher alkyl sulfates, such as sodium
      lauryl sulfate or other suitable alkyl sulfate having 8 to 18 carbon atoms
      in the alkyl group; water-soluble salts of sulfonated monoglycerides of
      higher fatty acids such as sodium coconut monoglyceride sulfonate or other
      suitable sulfonated monoglyceride of a fatty acid of 10 to 18 carbon
      atoms; salts of amides of higher fatty acid (e.g. 12 to 16 carbon atom
      acids) with lower aliphatic amino acids (e.g. taurine or sarcosine) or
      other amino acid of 2 to 6 carbon atoms, such as
      sodium-N-methyl-N-palmitoyl tauride, sodium N-lauroyl, N-myristoyl or
      N-palmitoyl sarcosinates; water-soluble salt of the esters of such fatty
      acids with isethionic acid or with glycerol monosulfate, such as the
      sodium salt of the monosulfated monoglyceride of hydrogenated coconut oil
      fatty acids; water-soluble salts of olefin sulfonates, e.g. alkene
      sulfonates or hydroxyalkane sulfonates or mixtures thereof having 12 to
      18 carbon atoms in the carbon chain of the molecule; water-soluble soaps
      of higher fatty acids such as those of 12-18 carbon atoms e.g. coconut
      fatty acids; or a sulfo amide ester detergent such as N-2-ethyl laurate
      potassium sulfoacetamide (the lauric acid ester of the monoethanolamide of
      sulfoacetic acid, sometimes termed ethyl sulfocolaurate). The cation of
      the salt may be, for instance, sodium (which is preferred) potassium or
      mono-di- or triethanolamine. Mixtures of surface-active agents may be
      used. A particularly suitable mixture which provides a high foaming powder
      with little or no irritating effect comprises a higher alkyl sulfate and a
      higher fatty acid sarcosinate, e.g. in a ratio of about 1:2 to 2:1, such
      as about 1:1; instead of all or part of the sarcosinate a higher fatty
      acid monoglyceride sulfonate or olefin sulfonate may be present.
PAR  Other suitable surface-active materials include monionic agents such as
      condensates of sorbitan monostearate with approximately 60 moles of
      ethylene oxide, condensates of ethylene oxide with propylene oxide
      condensates of propylene glycol (available under the trademark
      "Pluronics") and amphoteric agents such as quaternized imidazole
      derivatives which are available under the trademark "Miranol" such as
      Miranol C.sub.2 M. Cationic surface-active germicides and anti-bacterial
      compounds may also be used. Such compounds include
      di-isobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride, benzyl
      dimethyl stearyl ammonium chloride, tertiary amines, having one fatty
      alkyl group (of from 12 to 18 carbon atoms) and two (poly) oxyethylene
      groups attached to the nitrogen (typically containing a total of from
      about 2 to 50 ethenoxy groups per molecule) and salts thereof with acids,
      and compounds of the structure:
      ##EQU1##
      where R is a fatty alkyl group consisting from about 12 to 18 carbon
      atoms, and x, y and z total 3 or higher, as well as salts thereof with
      mineral or organic acids. It is preferred to use from about 0.05 to 5
      percent by weight of the foregoing surface-active materials in the instant
      dentifrice preparations.
PAR  The proportion of surface-actve agent is preferably within the range of
      about 0.05-5% of the toothpaste, more preferably in the range of about 1
      to 3%, such as about 11/2  to 2%.
PAR  In accordance with certain aspects of this invention, cationic
      antibacterial agents are included in the compositions of the present
      invention. Such agents include:
PA1  N.sup.1 -(4-chlorobenzyl)-N.sup.5 -(2,4-dichlorobenzyl) biguanide
PA1  p-chlorophenyl biguanide
PA1  4-chlorobenzyhydryl biguanide;
PA1  4-chlorobenzhydrylguanylurea;
PA1  N-3-lauroxpropyl-N.sup.5 -p-chlorobenzylbiguanide;
PA1  1-(lauryldimethylammonium)-8- (p-chlorobenzyldimethylammonium) octane
      dichloride;
PA1  5,6-dichloro-2-guanidinobenzimidazole;
PA1  N.sup.1 -p-chlorophenyl-N.sup.5 -laurylbiguanide;
PA1  5-amino -1,3-bis (2-ethylhexyl)-5-methylhexahydropyrimidine cetyl
      pyridinium chloride
PAL  and their non-toxic acid addition salts, particularly the fluorides and the
      dihydrogen fluorides. 1,6-di-(p-chlorophenylbiguanidohexane) is
      particularly preferred. These agents may be used in amounts ranging from
      about 0.01 to 5 percent by weight of the dentifrice.
PAR  Any suitable flavoring or sweetening materials may be employed in
      formulating a flavor for the compositions of the present invention.
      Examples of suitable flavoring constituents include the flavoring oils,
      for example, oils of spearmint, peppermint, wintergreen, sassafras, clove,
      sage, eucalyptus, marjoram, cinnamon, lemon and orange, as well as
      methylsalicylate. Suitable sweetening agents include lactose, maltose,
      sorbitol, sodium cyclamate, perillartine, saccharine and ammoniated
      glycyrrhizin (e.g. its monoammonium salt). Suitably, flavor and sweetening
      agent together comprise from about 0.01 to 5 percent or more of the
      compositions of the instant invention. Preferably the amount of flavoring
      oil is above 0.3%, e.g. 0.8 to 1.2%.
PAR  The dental cream may also contain a fluoride-containing anticaries agent.
      There are many water-soluble salts which are suitable sources of fluoride
      ions. Among these are sodium, potassium, ammonium, and lithium and amine
      fluorides. The monofluorophosphate salts are also useful and include
      Na.sub.4 P.sub.3 O.sub.9 F, K.sub.4 P.sub.3 O.sub.9 F, (NH.sub.4).sub.4
      P.sub.3 O.sub.9 F, Na.sub.3 KP.sub.3 C.sub.9 F, (NH.sub.4).sub.3 NaP.sub.3
      O.sub.9 F, and Li.sub.4 P.sub.3 O.sub.9 F. Complex water-soluble
      fluoride-containing salts such as fluorosilicate (i.e., Na.sub.2
      SiF.sub.6), fluorozirconate (i.e., Na.sub.2 ZrF.sub.6), fluorostannite
      (i.e., KSnF.sub.3), fluoroborate (i.e., NaBF.sub.4), fluorotitanate (i.e.,
      NaTiF.sub.5), and fluorogermanate (i.e., K.sub.2 GeF.sub.6) may also be
      useful. The floride ion may also be supplied by an organic fluoride which
      yields fluoride ions in water. Suitable organic compounds include mono,
      di-, and triethanolamine hydrofluoride. These materials are present in an
      effective but non-toxic amount, usually within the range to provide an
      amount such as about 0.01 to 1 per cent fluorine in the dentifrice. Sodium
      fluoride and sodium monofluorophosphate are the preferred compounds.
PAR  Various other materials may be incorporated into the dentifrice
      preparations of this invention. Examples thereof are coloring and
      whitening agents, preservatives, silicones, chlorophyll compounds, and
      mixtures thereof, and other constituents. These adjuvants are incorporated
      in the instant compositions in amounts which do not substantially
      adversely affect the properties and characteristics desired and are
      selected and used in proper amount depending upon the particular type of
      preparation involved.
DETD
PAR  The following Examples are given to illustrate this invention further. In
      this application all proportions are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A toothpaste is prepared by forming a gel by mixing a gelling agent, in
      this case sodium carboxymethylcellulose ("CMC"), with glycerol and water
      (in the presence of a sweetener, sodium saccharin, and a preservative,
      sodium benzoate), adding sodium bicarbonate (baking soda) chalk and
      titanium dioxide powder to the gel, then adding a surfactant, a flavor and
      thereafter degassing the mixture under vacuum. The proportions used are:
      baking soda, 35%; chalk, 10%; titanium dioxide, 0.4%; deionized water,
      15.4%; glycerol, 33.5%; CMC, 1.1%; solution of 35% sodium N-lauroyl
      sarcosinate in a mixture of 35% water and 30% glycerol, 2%; sodium lauryl
      sulfate, 0.98%; sodium benzoate, 0.5%; sodium saccharin, 0.2%; flavor,
      0.9%.
PAR  The baking soda powder is U.S.P. grade having the following particle size
      distribution in which percentages represent the cumulative per cent
      retained on the named sieve, and sieve sizes are U.S. Standard: No. 45
      sieve, trace; No. 70 sieve (sieve opening 210 microns), 27%; No. 80 sieve
      (sieve opening 177 microns) 66.5%; No. 100 sieve (sieve opening 149
      microns), 92.5%; No. 170 sieve (sieve opening 88 microns), 99%.
PAR  The chalk is a grit-free U.S.P. Non Fer Al Chalk containing at least 98%
      CaCO.sub.3 with no more than 0.2% insoluble in dilute HCl. Its particle
      size is such that over 99% passes through a U.S. Standard No. 325 mesh
      sieve, the particles being principally in the 1 to 10 micron size, the
      average particle size being about 3 microns.
PAR  The titanium dioxide used is a grit-free anatase powder at least 99.0% of
      which passes through a No. 325 U.S. Standard sieve and whose mean particle
      diameter (as measured on a Kahn sedimentation balance) is below 1 micron.
      Microscopic measurements indicate its average particle diameter is 0.3
      micron.
PAR  The toothpaste has good cleaning power and whiteness and ages well in tests
      at 8.degree.F, 40.degree.F, 110.degree.F, 120.degree.F. Because of the
      relatively large particle size of the baking soda a ribbon of the
      toothpaste, extruded from its tube, has a finely textured grainy
      appearance to the naked eye. The toothpaste has a pleasant feel during
      brushing; while the large particles of baking soda are palpable they break
      down to smaller particles easily under the pressure of the toothbrush and
      under the action of the saliva.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that 5% hydrated alumina is substituted for
      the 10% chalk, the proportion of baking soda is correspondingly increased
      to 40% and the flavor used is a blend of essential oils, largely
      peppermint.
PAR  The hydrated alumina has the following particle size distribution, and is
      alpha alumina trihydrate:
PA1  28-40% finer than 5 microns
PA1  56-67% finer than 10 microns
PA1  85-93% finer than 20 microns
PA1  94-99% finer than 30 microns
PAC  EXAMPLE 3
PAR  Example 2 is repeated except that instead of the 5% of hydrated alumina
      there is employed 5% zirconium silicate powder of the following particle
      size distribution:
PA1  80% finer than 1.25 microns
PA1  90% finer than 1.77 microns
PA1  95% finer than 2.15 microns
PA1  99% finer than 2.50 microns
PAC  EXAMPLE 4
PAR  Example 2 is repeated except that instead of the 5% of hydrated alumina
      there is used 5% of micronized silica, and half the baking soda is
      replaced by a more finely divided baking soda having the following
      particle size distribution (in which percentages represent the cumulative
      per cent retained on the named sieve, and sieve sizes are U.S. Standard):
      No. 45 sieve (sieve opening 350 microns), trace; No. 100 sieve (sieve
      opening 149 microns), 0.5%; No. 170 sieve (sieve opening 88 microns), 20%;
      No. 200 sieve (sieve opening 74 microns), 35%; No. 325 sieve (sieve
      opening 44 microns), 70%; No. 400 sieve, 80%.
PAR  It is also within the broader scope of the invention to use calcium
      pyrophosphate (e.g. the .beta. or .gamma. form of calcium pyrophosphate,
      or mixtures of those forms in various proportions such as in about 1:1
      ratio, e.g. 53% .beta., 47% .gamma.), having an average particle size
      below about 20 microns, e.g. about 1 or 2 to 10 microns, for all or part
      of the water-insoluble abrasive in the toothpaste.
PAR  Another aspect of this invention relates to the degassing of toothpastes
      containing high proportions of sodium bicarbonate particles. It is found
      that when such toothpastes are subjected to high vacuum, e.g. above 26
      inches of mercury, the paste bubbles and expands but, unlike conventional
      toothpastes, it does not contract to substantially its original volume on
      continuted vacuum treatment, but instead continues to expand. It has now
      been found that an excellent deaerated product, having good stability and
      desirable rheological characteristics can be produced by subjecting the
      toothpaste containing sodium bicarbonate to a vacuum of at least 26 inches
      of mercury so that it expands to a volume which is at least 150% (e.g.
      about 200%) of its volume at atmospheric pressure and then discontinuing
      the treatment at high vacuum when the expanded mixture begins to contract
      but while its volume is still at least 150% of its volume at atmospheric
      pressure.
PAC  EXAMPLE 5
PAR  This Example illustrates the degassing treatment of this invention. 18.3
      parts of glycerol; 1.1 part of sodium carboxymethyl cellulose; 0.5 part of
      sodium benzoate; 0.2 part of sodium saccharin and 15.4 parts of water are
      mixed at 110.degree.-115.degree.F. for 20 minutes and placed in a vertical
      cylindrical container equipped with a stirrer, specifically a Dopp mixer
      which has a series of intermeshing counter-rotating radially disposed
      mixing rods located all along its height. Then five parts of calcium
      carbonate (chalk), 40 parts of sodium bicarbonate, 0.4 part of titanium
      dioxide are added and mixed slowly while a vacuum of 271/2  inches of
      mercury is applied; the speed of mixing is then increased; during this
      vacuum treatment, which lasts about 5 minutes, the batch rises to a volume
      about 2/3 greater than its volume before vacuum is applied and then
      decreases somewhat. The mixture is then vented to the atmosphere and 0.975
      parts of sodium lauryl sulfate and 2 parts of a solution of 35% sodium
      lauroyl sarcosinate in a water-glycerol (35%-30%) mixture are then added,
      a vacuum 28.2 inches of mercury is applied and the mixture is kept under
      the vacuum for about 5 minutes while stirring; during this time, the
      volume of the batch increases and decreases somewhat, the volumes being
      little greater than observed during the preceding vacuum treatment. The
      mixture is then vented to the atmosphere. 15.1 parts of glycerol are added
      and the mixture is then stirred under a vacuum of 28 inches of mercury for
      about 5 minutes during which treatment its volume increases by more than
      100% (i.e. to a volume which is more than 200% of the original volume) and
      then begins to decrease somewhat. At the conclusion of this 5  minutes
      period, the vessel is vented to the atmosphere while the volume of the
      mixture is still about 75-100% greater than its volume just prior to this
      vacuum treatment. One part of essential oil flavor is then added, stirring
      is resumed while a vacuum of 281/2  inches is applied; stirring under this
      vacuum is continued for about 12 minutes, after which the vessel is vented
      to the atmosphere; during this 12 minute period, the expansion of the
      mixture is similar to that observed during the immediately preceding
      vacuum treatment. Just before the mixture is vented to the atmosphere, the
      expansion of the mixture is still evident.
PAR  It is preferable to discontinue the vacuum treatment, even though expansion
      may continue before the change in pH (i.e. the pH of the vacuum treated
      mixture minus the pH of the mixture without vacuum treatment) reaches one
      pH unit and preferably less, e.g. 1/2 unit; this avoids decompositon of
      sodium bicarbonate and production of sodium carbonate during degassing.
PAC  EXAMPLE 6
PAR  This Example illustrates the use of alpha alumina flakes in the baking soda
      toothpaste.
PAR  The toothpaste is made up (using, for instance, the method of Example 1) of
      40% of the baking soda powder of Example 1, 5% of alpha-alumina flakes,
      0.4% titanium dioxide of Example 1, 33.4% glycerol, 15.4% deionized water,
      1.1% CMC (Hercules 7MF), 2% of a solution of 35% sodium N-lauroyl
      sarcosinate in a mixture of 35% water and 30% glycerol, 1% sodium lauryl
      sulfate, 1% flavor (water-insoluble essential oil flavoring agent; e.g.,
      essential oil mixture rich in peppermint oil), 0.5% sodium benzoate and
      0.2% sodium saccharin.
PAR  The alpha alumina flakes have a mean (by weight) particle diameter of about
      4 microns, all the particles thereof have diameters less than 10.1
      microns, about 85-95% (by weight) have diameters less than 6.0 microns and
      about 30-35% have particle diameters less than 3.5 microns.
PAR  The characteristics of the toothpaste of this Example are like those given
      in Example 1 above. It has very good resistance to flavor separation. It
      also shows much greater polishing effect, on the enamel, than the
      toothpaste of Example 1 (i.e. 64% repolish).
PAC  EXAMPLE 7
PAR  Example 6 is repeated except that the toothpaste contains 0.22% sodium
      fluoride (the glycerine content being correspondingly decreased by 0.22%).
      The toothpaste shows excellent aging characteristics including very good
      resistance to flavor separation on aging and very good retention of
      fluoride consent.
PAR  The percent repolish is determined by a test in which sections of human
      dental enamel, upon which have been ground flat areas, are first polished,
      then dulled with chalk, and then brushed with a slurry of a dentifrice for
      5000 reciprocal strokes. A "Monsanto Tooth Reflectance Instrument" is
      employed to measure the specular reflectance of the surface after each
      step described above. The dulled surface is adjusted so that it is
      approximately 150 units (Monsanto Instrument) lower than the polished
      surface. The polishing ability of the dentifrice is expressed by the
      following equation:
      ##EQU2##
      Where SR.sub.polished, SR.sub.dulled and SR.sub.5000 strokes are
      respectively the specular reflectance values of the enamel surface after
      the initial polishing, after dulling with chalk, and after brushing with a
      dentifrice slurry.
PAC  EXAMPLE 8
PAR  Example 6 is repeated except that the toothpaste contains 0.76% sodium
      monofluorophosphate (the glycerine content being correspondingly decreased
      by 0.76%).
PAC  EXAMPLE 9
PAR  Examples 6, 7 and 8 are repeated except that the alpha-alumina flakes have
      a mean particle diameter of 5 microns, substantially all being less than
      about 12 microns in diameter.
PAC  EXAMPLE 10
PAR  This Example illustrates the use of sodium monofluorophosphate in a baking
      soda toothpaste containing calcium carbonate.
PAR  a. The toothpaste is made up (using, for instance the method of Example 1)
      of 40% of the baking soda powder (of Example 1), 5% of calcium carbonate
      (of Example 1), 0.4% titanium dioxide of Example 1, 32.65% glycerol,
      15.41% deionized water, 1.1% CMC (hercules 7MF), 2% of a solution of 35%
      sodium N-lauroyl sarcosinate in a mixture of 35% water and 30% glycerol,
      0.98% sodium lauryl sulfate, 1% flavor (water-insoluble essential oil
      flavoring agent; e.g., essential oil mixture rich in peppermint oil), 0.5%
      soidum benzoate, 0.2% sodium saccharin, and 0.76% sodium
      monofluorophosphate.
PAR  The toothpaste shows good retention of fluoride content on aging.
PAR  b. Example 10 is repeated except that the proportion of glycerol is
      increased to about 35.2%, the amount of water is decreased to about 12.9%
      and the flavor is an essential oil having a spearmint taste.
PAC  EXAMPLE 11
PAR  This Example illustrates the use of unlined aluminum toothpaste tubes with
      certain baking soda toothpastes.
PAR  a. A toothpaste is made up (using, for instance, the method of Example 1)
      of 40% of the baking soda powder (of Example 1) 5% of calcium carbonate,
      (of Example 1), 0.4% titanium dioxide of Example 1, 33.4% glycerol, 15.4%
      deionized water, 1.1% CMC (Hercules 7MF), 2% of a solution of 35% sodium
      N-lauroyl sarcosinate in a mixture of 35% water and 30% glycerol, about 1%
      sodium lauryl sulfate, 1% flavor (water-insoluble essential oil flavoring
      agent; e.g., essential oil mixture rich in peppermint oil), 0.5% sodium
      benzoate, and 0.2% sodium saccharin.
PAR  b. Example 11a is repeated except that 0.5% of fumed silica (Cab-O-Sil) is
      included, the amount of calcium carbonate is raised to 10%, the amount of
      baking soda is decreased to 35% and amount of glycerol is decreased to
      32.9%.
PAR  c. Example 11b is repeated except that the amount of calcium carbonate is
      decreased to 5% and the amount of glycerol is raised to 37.9%.
PAR  d. Example 11a is repeated four times, with additional inclusion of various
      proportions of non-acidic dicalcium phosphate dihydrate in the formuation,
      i.e., in amounts of 0.04%, 0.2%, 0.4% and 0.8% (based on the weight of the
      formulation without said phosphate); the first case (0.04%) the titanium
      dioxide is omitted. The dicalcium phosphate dihydrate is of dentifrice
      grade and has an average particle diameter of about 4 microns and its pH
      (measured in 20% slurry thereof in water) is in the range of 7.2 to 7.9;
      it yields phosphate ions on contact with water.
PAR  e. Example 11a is repeated with the additional inclusion of insoluble
      sodium metaphosphate in the formulation of the amount of 0.8% (based on
      the weight of the formulation without said phosphate). The insoluble
      sodium metaphosphate is of dentifrice grade having an average particle
      size of about 5 microns; its pH (measured in 20% slurry thereof in water)
      is in the range of 5.3 to 6.3; it yields phosphate ions on contact with
      water.
PAR  f. Example 11a is repeated that 5% micronized silica (as in Example 4) is
      substituted for the calcium carbonate, a different essential oil flavor is
      used, the amount of flavor is 0.9% and the amount of glycerol is 33.5%.
PAR  g. Example 11a is repeated except that 3% micronized silica (as in Example
      4) is included, the calcium carbonate is omitted, the amount of baking
      soda is increased to 42%, and the toothpaste contains 0.9% of an essential
      oil flavor.
PAR  h. Example 11a is repeated except that 5% precipitated silica is
      substituted for the calcium carbonate:
PAR  i. Example 11a is repeated except that 5% anhydrous dicalcium phosphate is
      substituted for the calcium carbonate, the toothpaste contains 0.9% of an
      essential oil flavor and the amount of glycerol is increased to 33.5%).
      The anhydrous dicalcium phosphate is a fine non-acidic powder of
      dentifrice grade. Its pH (as measured on a 20% slurry thereof in water) is
      7.6-7.8; it yields phosphate ions, in low concentration, on contact with
      water.
PAR  j. Example 11a is repeated except that 5% zirconium silicate of Example 3
      is substituted for the calcium carbonate (with minor change in proportion
      and type of flavor).
PAR  k. Example 11a is repeated except that 5% beta phase calcium pyrophosphate
      is substituted for the calcium carbonate. The calcium pyrophosphate is a
      fine powder of dentifrice grade. Its pH (as measured on a 20% slurry
      thereof in water) is 5.2-5.3.
PAR  Each of the foregoing toothpastes is placed in an individual toothpaste
      tube of unlined aluminum of high purity (99.7% Al or purer) and aged. On
      aging at 120.degree.F the tube filled with the 11a toothpaste tends to
      swell or is found to have a foamy product film in contact with the inner
      aluminum walls of the tube, tubes filed with the 11b, c, d, f, g, h, i, j,
      and k toothpastes do not show such effects. The 11e  toothpaste shows
      substantially less tendency to react with the walls of the tube than the
      11a toothpaste.
PAR  The fumed silica (as in Example 11b) is described in Encyclopedia of
      Chemical Technology Kirk-Othmer 2nd Edition, Vol. 18 at pages 62 and 67,
      for instance. It is within the broader scope of the invention to use the
      fumed silica in baking soda toothpaste from which the compatible
      water-insoluble abrasive (such as calcium carbonate) has been omitted, in
      unlined aluminum tubes. It is also within the broader scope of the
      invention to employ, in place of the fumed silica, very finely dispersed
      or dissolved silica in other forms such as alkali metal silica such as
      sodium silicate, e.g. hydrated sodium silicate supplied in flake form
      containing Na.sub.2 O . SiO.sub.2.H.sub.2 O in a ratio of about 1:2-
      3.2:5, or sodium silicate solutions (water glass) such as those in which
      the Na.sub.2 O:SiO.sub.2 ratio is at least about 1:2, or sodium silicate
      formed in situ in the dental cream, or colloidal silica or precipitated
      silica (see Encyclopedia of Chemical Technology, Kirk-Othmer, 2nd edition
      Vol. 18, pages 63 and 66-67, for instance) or other silicate.
PAR  The dicalcium phosphate dihydrate of Example 11d is a commercial stabilized
      dentifrice grade of this material. A description of the method of
      preparation of dicalcium phosphate dihydrate and of its stabilization is
      found in U.S. Pat. of Schlaeger et al No. 3,169,096 Feb. 9, 1965, whose
      disclosure is incorporated herein by reference. See also "Cosmetic
      Science" Vol. 1 pub. 1972 (Wiley Interscience) edited by Balsam and
      Sagarin pages 477-479. One typical analysis of dicalcium phosphate
      dihydrate indicates that its content of water-soluble material is 0.18%
      (and its percent water-solubles expressed as P.sub.2 O.sub.5 is 0.11%). A
      typical stabilizer content is a mixture of about 1-2% of sodium calcium
      pyrophosphate and a smaller amount, e.g. about 0.4%, of pyrophosphoric
      acid.
PAR  The insoluble sodium metaphosphate of Example 11e is a commercial
      dentifrice grade of this material. Its method of preparation and
      properties are described in the previously cited "Cosmetic Science" at
      pages 480-481 and "Phosphorus and Its Compounds" by Van Wazer Vol. 2 pub.
      1961 (Interscience) pages 1652-1653.
PAR  The anhydrous dicalcium phosphate of Example 11i and the calcium
      pyrophosphate of Example 11k are commercial dentifrice grades of these
      materials. See the previously cited "Phosphorus and Its Compounds" page
      1651 and "Cosmetic Science" pages 479-480.
PAC  EXAMPLE 12
PAR  Example 11a is repeated except that the toothpaste contains added anhydrous
      disodium phosphate (incorporated as a water-soluble powder) in amount of
      (a) 0.05% and (b) 0.01%, the amount of water in the toothpaste being
      adjusted accordingly to total 100%. In each case, on aging in unlined
      aluminum tubes (as in Example 11) the filled tubes do not swell or gas and
      (after 9 weeks aging at 120.degree.F.) the inner walls of the tubes are
      found to be gold-colored, the wall color in the tube containing the 12b
      toothpaste being very light. On inspection of the inner walls of the
      unlined aluminum tubes containing the 11d toothpastes (again after 9 weeks
      at 120.degree.F.) they are found to be dark (when the pastes contain 0.8%
      or 0.4% of the dicalcium phosphate dihydrate) or golden (when the tubes
      contain 0.04% and 0.2% of the dicalcium phosphate dihydrate); on
      inspection of the inner walls of the unlined aluminum tubes containing the
      11k toothpaste they are found to be golden after 3 and 6 weeks aging at
      120.degree.F. and dark after 9 weeks of such aging. It is believed that
      the toothpastes contaning the dicalcium phosphate dihydrate contain (or
      form, on aging) small amounts of dissolved phosphate ions (e.g.
      orthophosphate and/or pyrophosphate) which may act on the aluminum walls,
      or on the aluminum oxide layer on said walls, to form a protective layer
      thereon. The amount of dissolved phosphate ion present in the preferred
      compositions is sufficient to inhibit the gas-forming reaction between the
      alkaline toothpaste composition and the aluminum walls of the tube but the
      amount of the phosphate or acidic ingredient therein is insufficient to
      cause a gas-forming reaction (e.g. resulting in swelling or bursting of
      the tube) between the ingredients of the toothpaste; the tendency for the
      latter reaction can, of course, be tested by placing the composition in a
      suitably lined aluminum tube (whose walls are thus substantially inert to
      the composition) and aging for several weeks (e.g. 9 weeks) at an elevated
      temperature (e.g. 120.degree.F.).
PAR  Storage of the toothpastes of other types in unlined aluminum tubes is
      discussed in such patents as U.S. Pat. Nos. 3,662,060 and 3,678,155 and
      Austrian Pat. No. 267,070. As is well known to consumers of toothpastes,
      aluminum toothpaste tubes are squeezable and deformable to express the
      toothpaste from the nozzle of the tube and the main body of the tube is of
      relatively thin, ductile, aluminum.
PAC  EXAMPLE 13
PAR  This Example illustrates the use of olefin sulfonate surfactant in a baking
      soda toothpaste; these olefin surfactants are found to produce very good
      foaming during tooth brushing despite the fact that the medium (saliva and
      baking soda toothpaste) has a relatively high concentration of dissolved
      electrolyte.
PAR  a. The toothpaste formulation is the same as that of Example 11 except that
      in place of the solution of the sarcosinate there is included about 0.7%
      of a sodium olefin sulfonate detergent and the amount of water is
      increased to about 16.6%.
PAR  b. The toothpaste formulation is the same as in Example 11 except that in
      place of the sodium lauryl sulfate and the solution of the sarcosinate
      there is included about 1.7% of a sodium olefin sulfonate detergent and
      the amount of water is increased to about 16.5%.
PAR  The olefin sulfonate detergent used in Example 13 is a reaction product of
      SO.sub.3 and an olefin mixture (such as may be obtained by cracking
      paraffin wax) containing approximately equal amounts of 15, 16, 17 and 18
      carbon atom olefins and having an average chain length of about 161/2
      carbon atoms. Other olefin sulfonate surfactants may be employed in the
      baking soda dentifrice. The olefin sulfonate surfactants are well known in
      the detergent art. Generally they contain long chain alkenyl sulfonates or
      long chain hydroxyalkane sulfonates (with the OH being on a carbon atom
      which is not directly attached to the carbon atom bearing the --SO.sub.3
      -- group). More usually, the olefin sulfonate detergent comprises a
      mixture of these two types of compounds in varying amounts, often together
      with long chain disulfonates or sulfate-sulfonates. Such olefin sulfonates
      are described in many patents, such as U.S. Pat. Nos. 2,061,618;
      3,409,637; 3,332,880; 3,420,875; 3,428,654; 3,506,580, and British Pat.
      No. 1,139,158, and in the article by Baumann et al in
      Fette-Seifen-Anstrichmittel 72 No. 4 p. 247-253 (1970). All the
      above-mentioned disclosures are incorporated herein by reference. As
      indicated in these patents and published literature, the olefin sulfonates
      may be made from straight chain .alpha. -olefins, internal olefins,
      olefins in which the unsaturation in a vinylidene side chain (e.g. dimers
      of alpha olefins), etc. or, more usually, mixtures of such compounds, with
      the .alpha. -olefin usually being the major constituent. The sulfonation
      is usually carried out with sulfur trioxide under low, partial pressure,
      e.g. SO.sub.3 highly diluted with inert gas such as air or nitrogen or
      SO.sub.3 under vacuum. This reaction generally yields an alkenyl sulfonic
      acid, often together with a sultone; the resulting acidic material is
      generally then made alkaline and treated to open the sultone ring to form
      hydroxyalkane sulfonate and alkenyl sulfonate. The number of carbon atoms
      in the olefin is usually within the range of 10 to 25, more commonly 12 to
      20, e.g. a mixture of principally C12, C14 and C16 having an average of
      about 14 carbon atoms or a mixture of principally C14, C16 and C18 having
      an average of about 16 carbon atoms. The preferred olefin sulfonates are
      sodium salts but it is within the broader scope of the invention to use
      other water-soluble salts such as ammonium or potassium salts.
PAR  The baking soda used in the Examples is a product made by precipitation
      from solution (as by treating a sodium carbonate solution with carbon
      dioxide to precipitate the bicarbonate) followed by drying, curing with
      carbon dioxide gas and screening to the desired particle size (generally
      without substantial crushing or pulverizing).
PAR  These particles are generally monoclinic crystals or tablets or
      conglomerates thereof (e.g. twinned crystals) some having projecting
      spike-like portions of generally rhombohedral shape with many reentrant
      angles. See FIG. 1 which is a photomicrograph of the crystals used in
      Example 1 and FIG. 2 which is a view thereof in a scanning electron
      microscope; FIG. 3 is a photomicrograph of the crystals used in Example 4;
      these are Figs. of Ser. No. 295,094.
PAR  The toothpastes of the foregoing Examples are non-effervescent. Thus when
      diluted with water they do not actively evolve bubbles of carbon dioxide.
PAR  The toothpastes of this invention have an alkaline pH, generally in the
      range of about 8.5 to 9.5, usually below about 9.1.
PAR  The dentin abrasion of the toothpastes may be determined by the procedure
      based on a ratio active technique described by Grabenstette et al in the
      "Journal of Dental Research", Volume 37, P. 1060 (1958) as modified by the
      description by Stookey et al. in the "Journal of Dental Research," Volume
      47, page 524 (July-August 1968).
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that variations may be made therein without
      departing from the spirit of the invention. The "Abstract" given above is
      merely for the convenience of technical searchers and is not to be given
      any weight with respect to the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dental cream in an unlined aluminum tube, said dental cream containing
      an abrasive content comprising at least about 20% sodium bicarbonate in a
      vehicle containing sufficient liquids, said vehicle consisting essentially
      of about 5 to 35% water and sufficient viscous water miscible polyol
      humectant or mixtures thereof, and a sufficient amount of gelling or
      thickening agent to impart to the dental cream the pasty consistency, body
      and non-tacky nature which is characteristic of conventional dental creams
      or toothpastes, and over 1% silica dissolved or dispersed therein, said
      sodium bicarbonate being primarily in the undissolved solid state, said
      dental cream having a granular textured appearance comprising a
      substantially dispersed non-crystalline appearing granulate of macroscopic
      crystalline bicarbonate granules in an otherwise smooth continuous matrix.
NUM  2.
PAR  2. A product as in claim 1, said silica being fumed silica.
NUM  3.
PAR  3. A dental cream in an unlined aluminum tube, said dental cream containing
      an abrasive content comprising at least about 20% sodium bicarbonate in a
      vehicle containing sufficient liquids, said vehicle consisting essentially
      of about 5 to 35% water and sufficient viscous water miscible polyol
      humectant or mixtures thereof, and a sufficient amount of gelling or
      thickening agent to impart to the dental cream the pasty consistency, body
      and the non-tacky nature which is characteristic of conventional dental
      creams or toothpastes, and over 1% anhydrous dicalcium phosphate, said
      sodium bicarbonate being primarily in the undissolved solid state, said
      dental cream having a granular textured appearance comprising a
      substantially dispersed non-crystalline appearing granulate of macroscopic
      crystalline bicarbonate granules in an otherwise smooth continuous matrix.
NUM  4.
PAR  4. A dental cream in unlined aluminum tube, said dental cream containing an
      abrasive content comprising at least about 20% sodium bicarbonate in a
      vehicle containing sufficient liquids, said vehicle consisting essentially
      of about 5 to 35% water and sufficient viscous water miscible polyol
      humectant or mixtures thereof, and a sufficient amount of gelling or
      thickening agent to impart to the dental cream the pasty consistency, body
      and the non-tacky nature which is characteristic of conventional dental
      creams or toothpastes, and over 1% calcium pyrophophate, said sodium
      bicarbonate being primarily in the undissolved solid state, said dental
      cream having a granular textured appearance comprising a substantially
      dispersed non-crystalline appearing granulate of macroscopic crystalline
      bicarbonate granules in an otherwise smooth continuous matrix.
NUM  5.
PAR  5. A dental cream in an unlined aluminum tube, said dental cream containing
      an abrasive content comprising at least about 20% sodium bicarbonate in a
      vehicle containing sufficient liquids, said vehicle consistng essentially
      of about 5 to 35% water and sufficient viscous water miscible polyol
      humectant or mixtures thereof, and a sufficient amount of gelling or
      thickening to impart to the dental cream the pasty consistency, body and
      the non-tacky nature which is characteristic of conventional dental creams
      or toothpastes, and over 1% zirconium silicate, said sodium bicarbonate
      being primarily in the undissolved solid state, said dental cream having a
      granular textured appearance comprising a substantially dispersed
      non-crystalline appearing granulate of macroscopic crystalline bicarbonate
      granules in an otherwise smooth continuous matrix.
NUM  6.
PAR  6. A dental cream in an unlined aluminum tube, said dental cream containing
      an abrasive content comprising at least about 20% sodium bicarbonate in a
      vehicle containing sufficient liquids, said vehicle consisting essentially
      of about 5 to 35% water and sufficient viscous water miscible polyol
      humectant or mixtures thereof, and sufficient amount of gelling or
      thickening agent to impart to the dental cream the pasty consistency, body
      and the non-tacky nature which is characteristic of conventional dental
      creams or toothpastes, and containing phosphate ion in an amount
      sufficient to inhibit gas-forming attack on said aluminum tube, said
      dental cream being stable to gas-formation on storage in inert-walled
      toothpaste tubes, said sodium bicarbonate being primarily in the
      undissolved solid state, said dental having a granular textured appearance
      comprising a substantially dispersed non-crystalline appearing granulate
      of macroscopic crystalline bicarbonate granules in an otherwise smooth
      continuous matrix.
NUM  7.
PAR  7. A dental cream as in claim 6 containing calcium carbonate and dicalcium
      phosphate dihydrate.
NUM  8.
PAR  8. A dental cream as in claim 6 containing calcium carbonate and insoluble
      sodium metaphosphate.
NUM  9.
PAR  9. A dental cream in claim 6 containing calcium carbonate and a
      water-soluble phosphate.
NUM  10.
PAR  10. A dental cream as in claim 9 in which the amount of said phosphate is
      such as to cause the inner walls of said unlined aluminum tube to be
      golden on storage for 9 weeks at 120.degree.F.
NUM  11.
PAR  11. A dental cream in an unlined aluminum tube, said dental cream
      containing an abrasive content comprising at least about 20% sodium
      bicarbonate in a vehicle containing sufficient liquids, said vehicle
      consisting essentially of about 5 to 35% water and sufficient viscous
      water miscible polyol humectant or mixtures thereof, and a sufficient
      amount of gelling or thickening agent to impart to the dental cream the
      pasty consistency, body and the non-tacky nature which is characteristic
      of conventional dental creams of toothpastes, said dental cream being
      stable to gas-formation on storage in inert-walled toothpaste tubes, the
      aluminum walls of said aluminum tubes in contact with said toothpaste
      being covered with a reaction product of phosphate and the aluminum of
      said walls, said sodium bicarbonate being primarily in the undissolved
      solid state, said dental cream having a granular textured appearance
      comprising a substantially dispersed non-crystalline appearing granulate
      of macroscopic crystalline bicarbonate granules in an otherwise smooth
      continuous matrix.
NUM  12.
PAR  12. A dental cream as in claim 11, said reaction product being
      gold-colored.
NUM  13.
PAR  13. A dental cream as in claim 1 including sodium lauryl sulfate and a
      higher fatty acid sarcosinate surfactant.
NUM  14.
PAR  14. A dental cream as in claim 1 including sodium lauryl sulfate and a
      higher olefin sulfonate surfactnat.
NUM  15.
PAR  15. A dental cream as in claim 1 including a higher olefin sulfonate
      surfactant.
NUM  16.
PAR  16. A dental cream as in claim 1 wherein the sodium bicarbonate -- water
      ratio is about 3:1 to 6:1.
NUM  17.
PAR  17. A dental cream as in claim 1 further including a non-soap synthetic
      detergent.
NUM  18.
PAR  18. A dental cream as in claim 1 further including at least about 0-5% of a
      suitable flavoring oil.
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ABST
PAL  A package of disposable pipette tips in which the tips are supported on
      trays and trays with tips are stacked one upon another such that the tip
      of one tray project into but do not touch the tips of the tray below. A
      tip removal member is mounted on the carton.
BSUM
PAR  This invention relates to disposable tips for pipettes and to packaging
      means for such tips.
PAR  With the introduction of disposable items in the medical equipment supply
      field there has come a need for convenience packages for such items. By
      convenience, I mean that an appropriate number (depending on the item and
      its rate of use) of items must be packaged in a compact volume, the items
      must be readily accessible to the technician or other person using the
      item, the item preferably is to be put in use without the necessity of a
      technician handling the item, particularly if the item is to contact
      biological fluids or the like, and if possible the original package is to
      serve as a receptacle for the disposable item after its use.
PAR  Accordingly, the object of the present invention is to provide a package
      for disposable pipette tips which has the foregoing convenience features.
PAR  In carrying out the invention, there is provided a disposable pipette tip
      having a plurality of circumferentially spaced supporting ribs that
      support the tips as they are stacked one inside another without the walls
      of one tip contacting the interior of the tip into which it is stacked.
      The tips are placed in apertured trays such that the tips project through
      the tray but are supported thereon by their supporting ribs. When the
      trays are stacked one above another, the top of the pipette tips support
      the tray next above, while the downwardly projecting portion of the tip
      fits freely within the pipette tip stored in the tray next below. One or
      more stacks of pipette tip loaded trays are placed in an open top carton
      and this carton, in turn, is placed in a conventional flap top box or a
      sleeve type open ended box. A tip removing member is provided for removing
      a tip from a pipette after it has been used and depositing it in the
      original carton and box from which the stacked tip trays have been
      removed.
PAR  Features and advantages of the invention may be gained from the foregoing
      and from the description of a preferred embodiment of the invention which
      follows.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is an isometric view of the pipette tip package;
PAR  FIG. 2 is an isometric exploded view showing the tip carton removed from a
      sleeve type box;
PAR  FIG. 3 is a perspective view of a disposable pipette tip;
PAR  FIG. 4 is a bottom view of the pipette tip;
PAR  FIG. 5 is a top plan view of stacks of pipette tip trays with tips in their
      carton;
PAR  FIG. 6 is a front elevational view of stacks of pipette tip trays and tips
      in their carton with the front wall of the carton removed and the trays
      shown in section;
PAR  FIG. 7 is an enlarged detail view showing especially how the disposable
      tips rest one inside another;
PAR  FIG. 8 is an isometric view of an empty pipette tip carton and box with a
      tip remover member in place;
PAR  FIG. 9 is a front elevational view of the tip remover member;
PAR  FIG. 10 is a sectional view taken along line 10--10 of FIG. 8; and
PAR  FIG. 11 is a bottom view of the tip remover member.
DETD
PAR  Reference is now made to the drawings wherein FIG. 1 shows the disposable
      tip package 20 as it would appear when filled and ready for marketing. of
      course, the identification and other information normally printed on a
      package is not shown. Package 20 is seen to consist of an inner carton 21
      and an other sleeve type box 22 that slides over carton 21. Carton 21
      could be placed in a regular flap top box if desired, but here the
      preference is for a sleeve type box. Box 22 is provided with perforated
      score lines 23 so that an opening conforming to the outline of the score
      lines can be provided for a purpose later to be discussed.
PAR  In FIG. 2 box 22 is seen to be an open ended rectangular sleeve. It is
      formed by scoring a flat sheet of cardboard and folding it to the shape
      shown; a flap 24 is provided and it can be glued to the rear wall of the
      box. Carton 21 is seen to be essentially an open top container that can
      slide into either open end of box 22. Carton 21 also is formed by scoring
      a flat sheet of cardboard at what will be the edges of the carton. The
      flat sheet is shaped like a block cross with the two opposing arms that
      will be the ends being provided with three flaps along their open edges.
      In this way, when the container is formed by folding into a box shape,
      flap 25 on end 26 and its counterpart on end 27 can be glued to front wall
      32. Flaps 33 and 34 simply fold over and partially close the top of the
      container; they help to keep dust or other contaminents out of the package
      when carton 21 is slipped into box 22. Front wall 32 of the carton is
      provided with a cut out 35 as shown.
PAR  A stack of trays 36 with disposable pipette tips 37 are illustrated in one
      half of carton 21. A similar stack of trays and tips (not shown) would be
      packed in the other half of carton 21 with a sheet of cardboard 40
      separating the two stacks. Or the carton could be of smaller size and hold
      only a single stack of trays and tips. The disposable tips 37 are simply
      hollow, generally conically shaped members each formed with a number of
      lengthwise ribs 41 spaced around its outer surface. The tips 37 are
      preferably clear polypropylene, free of voids, inclusions and
      discolorations.
PAR  Attention is now directed to FIGS. 5, 6, and 7, and especially to the
      latter two figures, for a description of the compact manner in which the
      disposable tips are packaged and the manner in which they can be put in
      use directly from their package. FIG. 5 being a top plan view of
      disposable tip package 20 with the top of box 22 removed is rather
      self-explanatory. It shows two stacks of trays 36 with a few
      representative tips 37 illustrated. The trays 36 are preferably formed of
      white styrene with fifty apertures provided therein for fifty of the
      disposable tips 37. The apertures 42 are dimensioned such that when a tip
      37 is placed in one of them it will come to rest when the bottom surface
      or shoulders of ribs 41 contact the top surface of the tray.
PAR  If one looks at FIG. 6, it will be seen that the bottom tray 36 in carton
      21 sits on a member 43 which supports the tray a distance above the bottom
      of the carton such that disposable tips in the tray do not touch the
      bottom of the carton. Trays 36 above the bottom tray are supported by the
      disposable tips in the trays next below. It will be observed (See FIG. 7)
      that the ribs 41 formed on the disposable tips extend far enough down the
      sides of the tips to separate two adjacent trays a distance far enough
      that the portion of one tip 37 extending through one tray 36 fits into the
      tip 37 immediately below without touching the interior wall of the lower
      tip. With such an arrangement there is no possibility of the tips being
      wedged one within another. Thus when it is deisred to remove a tip 37 from
      the carton 21, a pipette 44 is simply pressed down into the tip so that
      the tapered pipette barrel frictionally engages the tapered interior wall
      of tip 37, and the tip removed from the tray. As noted above, a tip will
      never be stuck in the tip immediately below and its easy removal is always
      assured. When all of the tips 37 in the topmost tray have been used, the
      tray is discarded thereby exposing for use all of the tips in the next
      tray. Thus, when using disposable pipette tips packaged as taught by the
      present invention, there is no need for the technician to touch the
      disposable tips before their use in a pipetting operation.
PAR  In FIG. 8 box 22 is shown with the part outlined by perforated score lines
      23 torn out to provide an opening 45 in the top and the front wall of the
      box. The opening thus provided will align with the open top and the cut
      out part 35 of an empty carton 21 placed in box 22. Thus, a receptacle for
      used disposable tips 37 is provided. It will be noted that the part of
      opening 45 in the front wall of box 21 is trapezoidal in shape with
      tapering sides. This is to accomodate a tip removal member 46.
PAR  De-tipping member 46 is a generally H-shaped piece, preferably nylon, that
      is provided at its outer edges with lengthwise grooves 47 that taper
      outwardly towards the center of member 46. The upper space 50 between the
      ascending arms of member 46 is provided with a pair of wedges 51 spaced
      apart one distance, while the lower space 52 between the descending arms
      of member 46 is provided with a pair of wedges 53 spaced apart a distance
      greater than the spacing between wedges 51. The reason for the different
      spacings will be mentioned hereinafter. While member 46 has been disclosed
      by reference to its component parts, it is to be understood that,
      preferably, member 46 is integrally formed.
PAR  In use, member 46 is inserted in opening 45 with the sides of the opening
      fitting into grooves 47. If a narrow pipette 44 is being used, member 46
      will be inserted in opening 45 so that the narrowly spaced apart wedges 51
      will be pointed towards the top of box 22 whereas when a wider pipette is
      being used, member 46 will be inserted in opening 45 so that wedges 53
      will be pointed upwardly. With member 46 in place, it is a simple
      procedure to remove a disposable tip 37 from a pipette 44. The pipette
      with disposable tip mounted thereon is positioned in opening 45 so that
      the tip is within box 22 and wedges 51 between the top of tip 37 and an
      annular ring 54 formed on the pipette barrel. Now a simple downward
      movement of the pipette wedges the tip 37 off the pipette barrel whereupon
      it falls into box 22. As when the tip was placed on the pipette barrel,
      there is no need for the technician to touch the tip when removing and
      discarding it.
PAR  Having thus described my invention, it is to be understood that many
      apparently different embodiments thereof can be conceived without
      departing from its spirit and scope, and, therefore, it is intended that
      the foregoing description and the accompanying drawings be interpreted as
      illustrative rather than in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A package of pipette tips comprising a first tray having a plurality of
      apertures through which pipette tips can project, a first group of tapered
      pipette tips projecting through the apertures of said first tray, each tip
      having abutment means projecting outwardly from the outer surface thereof
      to support the tip on said first tray so that a part of said tip projects
      through its associated aperture, a second tray having a plurality of
      apertures through which pipette tips can project, said second tray being
      supported above said first tray by said first group of pipette tips, a
      second group of tapered pipette tips projecting through the apertures of
      said second tray, each tip having abutment means projecting outwardly from
      the outer surface thereof to support the tip on said second tray so that a
      part of said tip projects through its associated aperture, the location of
      said abutment means and the taper of said pipette tips being such that the
      tips carried by said second tray project into but do not touch the
      internal walls of the tips carried by said first tray, carton means
      containing said stacked trays of pipette tips, said carton means having
      means to accommodate a member for removing pipette tips from frictional
      engagement with a pipette, and a tip removal member mounted on said carton
      means, said tip removal member having means mounting said member on said
      carton means and a rectangularly shaped open-ended slot for receiving the
      end of a pipette with a removable tip thereon, the thickness of said
      member at the bottom of said slot being greater than at the top of said
      slot.
NUM  2.
PAR  2. A package of pipette tips according to claim 1 wherein the accommodating
      means on said carton means is a tapered cut-out, and the mounting means on
      said tip removal member are grooves on both edges of said member into
      which the edges of the carton means cut-out fit.
NUM  3.
PAR  3. A package of pipette tips according to claim 1 wherein said tip removal
      member has a second open-ended slot similar to the first but having a
      different width.
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ABST
PAL  A package for the complete and protective enclosure of an article is
      described in which the article is fully enclosed by a continuous surface
      of rigid or semi-rigid material so as to form a housing. The housing is
      banded by a section of sufficiently reduced wall thickness to permit the
      frangible separation of the housing into two segments which are then drawn
      apart with the enclosed article being engaged by one of the segments for
      withdrawal from the other segment. The article can be fully assembled or
      partially assembled while in the package and means are described in the
      latter instance for dispensing the fully assembled article automatically
      in the course of removing it from the package.
PARN
PAC  CROSS-REFERENCE
PAR  This is a continuation of Ser. No. 402,006 filed Oct. 1, 1973, now
      abandoned.
BSUM
PAC  DETAILED DESCRIPTION
PAR  The present invention pertains to packages which afford complete and
      protective enclosure for various articles prior to use but from which the
      article can be readily obtained for use. In one embodiment, the packages
      also serve a dispensing function so that the article can be packaged in
      partially or pre-assembled form, which for various reasons is often
      desirable, but dispensed in fully assembled form in the course of removal
      from the package.
PAR  The complete and protective enclosure afforded by the present package
      isolates the product from the influences of light, air, moisture,
      excessive force, microorganisms, human tampering, and similar undesirable
      elements. Not all these elements may be detrimental to a given product or
      article and generally a given package is designed to protect the product
      from only those elements which are detrimental to it.
PAR  Typical articles for which such packaging is desirable include for example
      surgical and dental applicators and equipment, diagnostic devices, eating
      utensils, film plates, thermometers, environmental test systems and the
      like. By the very nature of the package, it is generally suitable for
      "one-time" use and thus while not required, now abandoned the products or
      articles for which it is most advantageous are those of the "disposable"
      type. For example, a disposable surgical swab of silver nitrate can be
      packaged in accordance with the present invention so as to be protected
      from the detrimental effects of light. Disposable sutures can be packaged
      in accordance with the present invention under aseptic conditions.
      Chemical sensors utilized to detect the presence of various gases or
      materials in the atmosphere can be packaged in a ready state to permit
      storage until ready for use. Various other applications will immediately
      be apparent to workers in these arts.
PAR  For the sake of concise exemplification, the package is described herein
      with reference to a known type of disposable thermometer which poses many
      of the packaging problems presented by other products.
PAR  There is described in U.S. Pat. No. 3,665,770 a disposable thermometer
      having a thermally conductive sheet, such as aluminum foil, in which there
      is a number of cavities or depressions. Each cavity is filled with a
      material which melts at a distinct temperature so that the particular
      cavities in which melting occurs is an indication of the temperature of
      the subject being tested. Indicator means cooperating with an acceptor
      visually indicate these individual changes of state.
PAR  It is of course desirable that such a thermometer be kept sterile prior to
      use and that it not be exposed to excessive actinic radiation. It is also
      desirable that such a thermometer be protected from crushing and similar
      physical stresses prior to use. The present package provides such
      protection and yet permits the rapid removal of the product for immediate
      use.
PAR  Moreover it is desirable that the product be transported or stored in a
      partially or preassembled form. Thus if subjected to excessive heat in its
      fully assembled form, the thermometer of U.S. Pat. No. 3,665,770 will
      react or "fire" and thus be unsuitable for subsequent clinical use.
      Suitable partial or preassembled forms of the thermometer in which the
      conductive layer carrying the heat responsive material is separated from
      the indicator and acceptor layer by a peelably removable shield are fully
      described in U.S. Pat. Nos. 3,667,088 and 3,712,141. The present packaging
      also permits the storage of such a product in such a partial or
      preassembled form with the dispensing of a fully assembled thermometer;
      i.e., removal of the shield and registry of the two layers in adhesive
      face-to-face contact.
DRWD
PAR  Other advantages and features of the present invention will be apparent
      from the description contained herein and from the accompanying drawing in
      which:
PAR  FIG. 1 is a plan view of a package in accordance with the present invention
      with portions of the housing broken away to depict various optional
      features of the interior structure;
PAR  FIG. 2 is a longitudinal vertical section view of the package shown in FIG.
      1 taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a plan view of a second embodiment of the present invention with
      portions of the housing broken away to depict various optional features of
      the interior structure;
PAR  FIG. 4 is a side elevation of the embodiment depicted in FIG. 3;
PAR  FIG. 5 is a longitudinal vertical section view of the package shown in FIG.
      1 taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is a plan view of a portion of a package in accordance with the
      present invention with portions of the housing broken away to depict a
      roller which can be alternatively employed in a package such as that
      depicted in FIGS. 1 and 2;
PAR  FIG. 7 is a plan view of a portion of a package in accordance with the
      present invention with a portion of the housing broken away to depict a
      roller which can be alternatively employed in a package such as that
      depicted in FIGS. 3, 4 and 5;
PAR  FIGS. 8A, 8B, 8C and 8D are a series of vertical sections diagrammatically
      depicting a typical article engaging means similar to that depicted in
      FIGS. 3, 4 and 5, the levering action applied to separate the housing into
      two segments, and the sliding and locking action of the article in one of
      the segments.
PAR  FIG. 9 is a top view in section of an alternative article engaging means;
      and
PAR  FIG. 10 is a side view in section of other alternative article engaging
      means and locking means.
DETD
PAR  Referring now to FIGS. 1 and 2 in detail, there is shown a package having a
      hollow housing 11 of rigid or semi-rigid material having opposed, spaced
      apart main side walls 12, 13, 14 and 15 and end walls 16 and 17 defining a
      continuous surface fully enclosing the article. The housing is divided
      into first and second segments 18 and 19 respectively by band 20,
      intermediate to end walls 16 and 17, defined in side walls 12, 13, 14 and
      15 by a section of reduced wall thickness. The reduced section can be in
      two opposing walls or on all four walls. Its function is to permit the
      frangible separation of housing 11 along the section into its two segments
      18 and 19 upon the application of a levering force, as discussed below in
      greater detail in connection with FIGS. 8A-8D.
PAR  Housing 11 is conveniently fabricated from two co-extensive housing shells
      21 and 22 of a rigid or semi-rigid material such as polyvinyl chloride,
      polycarbonate, polystyrene, metal or the like. Shells 21 and 22 have
      complementary surfaces which are joined to one another in sealed
      connection 23. The nature of the sealant is relatively unimportant
      provided it is complete. It can for example be a conventional plastics
      adhesive or glue, or a solder in the case of metals. In those instances in
      which the rigid or semi-rigid material is thermoplastic and self heat
      sealable, such as is polystyrene, the two shells can be heat sealed. The
      individual shells can be identical in configuration, as in the embodiment
      of FIGS. 1 and 2, or can be of different shapes, as in the embodiment of
      FIG. 3.
PAR  The article is thus completely and protectively enclosed within housing 11
      upon the sealing of shells 21 and 22. It is released from the housing by
      applying a levering force about band 20 until segment 18 is separated from
      segment 19. One of the segments contains article engaging means so as to
      function as a handle in removing the article from the other segment. Thus
      in FIGS. 1 and 2, there is shown the components of a disposable
      thermometer 24 of a type well known. While this is described below in
      greater detail in connection with the dispensing function of the
      thermometer, suffice it to note here that the thermometer's handle portion
      25 is permanently fixed to housing segment 18 as for example by heat
      sealing, crimping or the application of adhesive. Consequently segment 18
      serves as a handle for thermometer 24 following frangible separation of
      the housing, both for withdrawal of the thermometer and for subsequent
      use. The advantages of maintaining the sterility of the thermometer itself
      are immediately apparent.
PAR  It is not necessary that the article be permanently and unmovably fixed to
      one of the housing segments. Indeed certain advantages can be realized by
      embodiments in which the article is allowed to move to some degree within
      the housing segment in question but prevented by engaging means from being
      completely withdrawn. Such embodiments are shown in FIGS. 3-5, 8A-D, 9 and
      10.
PAR  Referring now to FIGS. 3, 4, and 5 there is depicted a further embodiment
      of the package according to the present invention. The package of FIGS. 3,
      4, 5 differs in a number of respects from that of FIGS. 1 and 2. First,
      shells 26 and 27 are different from one another in configuration so that
      when viewed along sealed connection 28, the outside configuration of the
      package is unsymetrical. Moreover, shell 27 provides side walls 29, 30,
      and 31 and end walls 32 and 33 of the final housing while shell 26
      provides bottom side wall 34. In addition, the package of FIGS. 3, 4, and
      5 utilizes article engaging means which permit limiting sliding of the
      article within one housing segment following frangible separation but
      which limits this sliding so as to prevent removal of the article from
      that segment. As a result of this feature, a portion of the article is
      stored in that housing segment employed for grasping purposes and upon
      sliding partially out of this segment, provides additional usable length
      for the article. The length of the unseparated package can accordingly be
      kept to a minimum. Other differences are discussed below.
PAR  The nature of the frangible separation of the two housing segments can be
      seen from FIGS. 8A-8D where it will be noted that housing 35 is divided
      into first segment 36 and second segment 37 (shown in part) by band 38 of
      reduced wall section. Upon the application of levering force in one
      direction, this band undergoes at least partial separation of one wall, as
      shown in FIG. 8B, and a weakening of the remaining walls. A further
      levering force in the opposite direction then results in complete
      separation of segments 36 and 37, as shown in FIG. 8C. It is to be
      appreciated that the break line has been exaggerated in FIG. 8A-8D and the
      break is of course much cleaner. Following complete separation of segments
      36 and 37, they are merely pulled apart in opposed directions, as shown in
      FIG. 8D. This results in strip 39 of the article sliding through opening
      40 until article stop means 41 engages shoulder 42 which is defined on the
      inside surface of segment 36. The portion of strip 39 which was previously
      contained in segment 36 is thus made available to extend the usable length
      of the article in question.
PAR  In order to insure that this extended portion of the article does not
      retract into segment 36, suitable locking means are provided. One such
      locking means, shown in FIG. 8A-8D, involves detent 43 which is positioned
      for engaging cooperation with the extreme end of article strip 39. When
      article stop means 41, which may be a simple staple, engages shoulder 42,
      a slight pivoting action occurs and the end of article strip 39 is in turn
      engaged by detent 43. As a result, the slipping movement of strip 39
      becomes irreversible once article stop means 41 engages shoulder 42.
PAR  Other article stop means can be employed with similar results. One such
      arrangement is shown in FIG. 9 in which tabs 44 on article strip member 45
      engage stop abutment 46 in the course of withdrawing strip member 45 from
      housing segment 47.
PAR  A further embodiment is depicted in FIG. 10 in which strip member 48 and
      article stop means 49 are locked against shoulder 50 of housing segment 51
      by spring means 52. Other article engaging means and locking means will of
      course be immediately apparent to those skilled in the art.
PAR  In addition to the above advantages of the present package, one can
      incorporate certain dispensing features into its design and structure so
      that a partially assembled or preassembled product can be dispensed in
      fully assembled form in the course of opening the package and removing the
      article or a product therefrom. By way of example, there is shown in FIGS.
      1-5 certain elements of a disposable thermometer. As noted above, this
      laminated product is preferably transported and stored with shield 53
      intervening the two operable strips, carrier strip 54 and indicator strip
      55, which together form the temperature indicating portion of the
      thermometer.
PAR  In order to utilize a thermometer of this type, it is necessary to peelably
      remove shield 53 from strips 54 and 55 and to then bring the strips
      together in face-to-face registry and joined connection, one of the strips
      carrying a contact adhesive material of the type well known.
PAR  The first operation is initiated automatically in a package according to
      the present invention after frangible separation of the two segments and
      engagement of the product by one of the segments. Thus in the embodiment
      of FIGS. 1 and 2 in which thermometer handle portion 25 is fixed to
      segment 18, opposed separation of segments 18 and 19 will effect peelable
      separation of strips 54 and 55 from shield 53 which is anchored to posts
      56, or a similar product engaging means, disposed on the inside portion of
      housing 11 corresponding to segment 19.
PAR  A similar operation occurs in the embodiment of FIGS. 3-5 except that
      peelable separation of strips 54 and 55 from shield 53 is not initiated
      until article stop means 41 engages shoulder 52 (see FIG. 8D).
PAR  The adhesive contact of strips 54 and 55 in face-to-face registry following
      peeable separation of shield 53 is accomplished by presser means. These
      can include a simple blade (not shown) over which the two strips are drawn
      or, more advantageously, roller means. In FIGS. 1 and 2, roller 57 is
      freely disposed in housing 11 in the portion corresponding to segment 19
      and in tangential surface contact with the inner surface of top side wall
      14 as well as thermometer 24. Consequently, roller 57 rotatably advances
      towards section 20 in the course of removal of strips 54 and 55 from
      segment 19 following frangible separation of housing 11 into two segments,
      18 and 19. Roller 57 is preferably fabricated from a resilient elastic
      material such as rubber, neoprene or the like. The pressure resulting from
      passage of strips 54 and 55 under roller 57 effects adhesive joining of
      two in face-to-face registry.
PAR  In the embodiment of FIGS. 1 and 2, the initial positioning and area of
      rotatable advancement of roller 57 must be such that the roller is
      initially and always remains ahead of the advancing juncture of separation
      of heat shield 53 from strips 54 and 55. Initial positioning of roller 57
      can be achieved through the optional inclusion of ridge 58 on the inside
      surface of housing 11. The inclined disposition of thermometer 24 in
      segment 19 urges roller 57 against ridge 58 until the package is opened
      and removal of thermometer 24 and its strip portions 54 and 55 then causes
      the roller to advance.
PAR  It will also be observed in the embodiment of FIGS. 1 and 2 that inside
      surface of wall 14, with which roller 57 is in contact, and the inside
      surface of opposing wall 15 are in substantially parallel alignment
      throughout at least the area of rotatable advancement of roller 57. Since
      thermometer 24 and its strip portions 54 and 55 pass under roller 57 and
      emerge at approximately the mid-line of section 19, the above-mentioned
      incline of thermometer 24 relative to wall 14 results in increasing
      pressure exerted by advancing roller 57 at the end of peelable separation,
      relative to the beginning of peelable separation. This advantageous
      result, which is achieved to even a greater degree with the embodiment of
      shown FIGS. 3-5, insures complete joining of strips 54 and 55 in adhesive
      face-to-face registry in the course of removal from the housing.
PAR  In an embodiment such as that of FIGS. 1 and 2 in which roller 57 is freely
      disposed for advancement, it is often desirable to include means to
      prevent skewing; i.e., means to insure the roller remains parallel to
      walls 12 and 13 and parallel to the axis of the product by which it is
      removed from the package. This can be accomplished for example in the
      manner shown in FIG. 6 in which roller 57 is disposed in carriage 59
      within housing 11. Carriage 59 is essentially a rectangular plate which
      engages and advances with roller 57. Carriage 59 is of a width just less
      than the inside width of the housing and its sides are parallel to the
      inside surfaces of side walls 12 and 13. Friction between carriage 59 and
      roller 57 can be reduced if the carriage's roller retention means are
      simply rounded guide projections 60.
PAR  As noted above, the roller means must always be ahead of the advancing
      juncture of separation of the heat shield and the strips of the
      thermometer intervened thereby. In place of a freely disposed roller which
      advances within the housing, it is possible and often desirable to advance
      the initial positioning of the roller beyond the furthest point to which
      the separation junction reaches. One such embodiment is shown in FIGS. 3
      and 5 in which the inside portion of the housing corresponding to housing
      segment 37 is divided into first and second areas by ridge 61. The first
      area has shield engaging means 56 disposed therein and is operable to
      receive shield 53 and the intervened face portion of strips 54 and 55. The
      second area is adjacent to frangible section 38 and has roller 57 disposed
      therein.
PAR  The positioning of the second area containing roller 57, relative to the
      first area is such that the advancing juncture of separation of shield 53
      from strips 54 and 55 never reaches roller 57. Thus while roller 57
      advances to some small degree within the second area, it does not advance
      to the degree of the roller in the embodiment of FIGS. 1 and 2.
PAR  Roller 57 is in tangential contact with the inside surface of top side wall
      30. This inside wall is inclined, relative to the corresponding inside
      surface of opposing bottom side wall 34, from a distance (a) at one end of
      the area (that adjacent to the first area) equal to at least the diameter
      of roller 57 to a distance (b) at the other end of the area (that adjacent
      to frangible section 38) equal to less than the diameter of roller 57.
      This inclined surface performs two important functions. First it
      automatically prevents skewing of roller 57 since a tendency for
      advancement of either end of the roller in the course of rotation is
      countered by the increased resistance against that end. Secondly, as
      roller 57 advances into this inclined area upon withdrawal of the strips,
      the roller is compressed by the reduced space, which compression is
      transferred as increasing pressure upon strips 54 and 55 passing under the
      roller. While a similar increase in pressure is observed in the
      arrangement depicted in FIGS. 1 and 2, it results from the incline of the
      thermometer components themselves and thus the pressure is present only so
      long as these componenents are in a state of tension. Once strips 54 and
      55 are separated from shield 53 in the embodiment of FIGS. 1 and 2, this
      tension is lost and the strips may merely be urged downward rather than
      being sufficiently pressed together. Such an event is avoided in the
      embodiment of FIGS. 3-5 since the increased pressure applied by roller 57
      to the thermometer strips is the result of advancement of roller 57 into
      the incline defined in side wall 30 relative to side wall 34 and is
      independent of the tension on the thermometer itself.
PAR  It is also possible to rotatably mount the pressing means in the housing.
      Thus as shown in FIG. 7, roller 62 is mounted through shaft 63 in bearings
      64 defined in side walls 65 and 66 of the housing with thermometer 24
      passing under. Such an arrangement is disposed near frangible section 67,
      for the same reasons discussed above in connection with the embodiment of
      FIGS. 3-5. While roller 62 in tangential contact with the thermometer, it
      is not in tangential contact with the inside surface of the housing (other
      than where shafts 63 ride in bearings 64).
PAR  As noted above, the housing is preferably fabricated from two coextensive
      shells having complementary surfaces which are joined together in sealed
      connection. For purposes of strength, it is generally desirable that this
      sealed connection is transverse to the plane of the section of reduced
      wall thickness so that the stress applied to the housing in making the
      frangible separation is not applied directly to the sealed connection. The
      alignment of the two shells can be facilitated by mating pins or guides,
      as is well known to the art, for which purpose post 56 to which shield 53
      is staked can also serve.
PAR  The foregoing description of drawings represent typical embodiments of the
      present invention but are not intended as limitations on the scope
      thereof, it being apparent that the invention can be practiced through
      obvious modifications and rearrangements without departing from the
      essential spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A package for the complete and protective enclosure of the components of
      a partially assembled laminated product and the dispensing of the fully
      assembled product, said components including at least two elongated
      coextensive strips joined along first portions in face-to-face
      relationship and intervened along their remaining second face portions by
      a peelably separable shield operable to prevent face-to-face contact of
      said second portions prior to dispensing, said package comprising
PA1  A. a hollow housing of rigid or semi-rigid material, said housing
PA2  1. having opposed spaced apart main side walls and end walls defining a
      continuous surface fully enclosing said components and
PA2  2. being divided into two segments by a band intermediate to said end
      walls, said band being defined in said side walls by a section of
      sufficiently reduced thickness to permit the frangible separation of said
      housing into two segments upon the application of a levering force,
PA1  B. product engaging stop means disposed on the inside surface of the
      housing corresponding to the first of said  housing segments, said means
      being operable to engage and stop the joined portions of said product from
      complete withdrawal from said first of said housing segments.
PA1  C. shield engaging means disposed on the inside portion of the housing
      corresponding to the second of said housing segments, said means being
      operable to engage said shield for peelable separation from said strips
      upon removal of said second strip portions from said second housing
      segment following frangible separation of said housing, and
PA1  D. pressing means disposed in that portion of the housing corresponding to
      the second of said housing segments, said means being operable to urge
      said unjoined strip portions into face-to-face registry and adhesive
      contact following unshielding in the course of removal of said second
      strip portions from said second segment.
NUM  2.
PAR  2. A package according to claim 1 wherein said pressing means is a roller.
NUM  3.
PAR  3. A package according to claim 2 where said roller is rotatably mounted in
      said housing.
NUM  4.
PAR  4. A package according to claim 2 wherein said roller is freely disposed in
      said housing and in tangential surface contact with the inner surface of
      one of said side walls, said roller rotatably advancing towards the
      section of frangible separation in the course of removal of said second
      strip portions.
NUM  5.
PAR  5. A package according to claim 4 including means operable to prevent
      skewing of said roller during said rotatable advancement.
NUM  6.
PAR  6. A package according to claim 4 wherein the inside surface of the wall
      with which said roller is in contact and the inside surface of its
      opposing wall are in substantially parallel alignment throughout at least
      the area of rotatable advancement of said roller.
NUM  7.
PAR  7. A package according to claim 4 wherein the inside portion of the housing
      corresponding to the second of said housing segments is divided into first
      and second areas said first area having said shield engaging means
      disposed therein and being operable to receive said shield and said
      intervened face portions of said strips and said second area being
      adjacent to said frangible section and having said roller disposed
      therein, the inside surface of the side wall of said housing with which
      said roller is in tangential contact in said second area being inclined,
      relative to the corresponding inside surface of the opposing side wall,
      from a distance at that end of said second area adjacent to said first
      area equal to at least the diameter of the roller to a distance at that
      end of said second area adjacent to said frangible section equal to less
      than the diameter of the roller.
NUM  8.
PAR  8. A package according to claim 7 wherein said roller is elastic.
NUM  9.
PAR  9. A package according to claim 7 wherein said housing comprising two
      coextensive shells of said rigid or semi-rigid material having
      complementary surfaces which are joined to one another in sealed
      connection transverse to said section of reduced wall thickness.
NUM  10.
PAR  10. A package according to claim 1 wherein said product engaging means are
      stop means disposed on the inside surface of the housing corresponding to
      the first of said segments and operable to permit limited sliding of the
      joined portions of said product from said segment following frangible
      separation of said housing with subsequent engagement of cooperating stop
      means on said joined portions of the product to limit said sliding and
      prevent removal of said joined portions from said first segment.
NUM  11.
PAR  11. A package according to claim 10 including locking means operable to
      prevent retraction of said joined portions into said first segment
      following engagement of said product stop means by said housing stop
      means.
NUM  12.
PAR  12. A package for the complete and protective enclosure of the components
      of a partially assembled disposable thermometer and the dispensing of the
      fully assembled thermometer, said components including at least two
      elongated coextensive strips joined adhesively along first portions in
      face-to-face relationship and intervened along their remaining second face
      portions by a peelably separable shield operable to prevent face-to-face
      contact of said second portions prior to dispensing, said second face
      portions when in face-to-face contact being operable to detect and
      indicate temperature within a predetermined range, said package comprising
PA1  A. a hollow housing of rigid or semi-rigid material, said housing
PA2  1. having opposed spaced apart main side walls and end walls defining a
      continuous surface fully enclosing said components,
PA2  2. being divided into two segments by a band intermediate to said end
      walls, said band being defined in said side walls by a section of
      sufficiently reduced thickness to permit the frangible separation of said
      housing into two segments upon the application of a levering force, a
      first of said housing segments receiving said joined portions of said
      thermometer strips and the second of said housing segments receiving said
      shield and shield intervened second portions of said thermometer strips,
      and
PA2  3. consisting of two coextensive shells having complementary surfaces which
      are joined to one another in sealed connection transverse to said section
      of reduced wall thickness,
PA1  B. stop means disposed on the inside surface of the housing corresponding
      to the first of said segments and operable to
PA2  1. permit limited sliding of the joined portions of said thermometer from
      said segment following frangible separation of said housing and
PA2  2. engage cooperating stop means on said joined portions to limit said
      sliding and prevent removel of said joined portions from said first
      segment
PA1  C. locking means disposed within said first segment and operable to prevent
      retraction of said joined portions following engagement of said
      thermometer stop means by said housing stop means
PA1  D. shield engaging means disposed on the inside portion of the housing
      corresponding to the second of said housing segments and operable to
      engage said shield for peelable separation from said strips upon removal
      of said second strip portions from said second housing segment following
      frangible separation of said housing; and
PA1  E. pressing means disposed in that portion of the housing corresponding to
      the second of said housing segments, said means being operable to urge
      said unjoined strip portions into face-to-face registry and adhesive
      contact following unshielding in the course of removal of said strip
      portions from said second segment.
NUM  13.
PAR  13. A package according to claim 12 wherein said pressing means is an
      elastic roller freely disposed in said housing in tangential contact with
      the inner surface of one of said side walls for rotatable advancement
      towards the section of frangible separation in the course of removal of
      said second strip portions, the inside surface of its opposing side wall
      being in substantially parallel alignment throughout at least the area of
      rotatable advancement of said roller.
NUM  14.
PAR  14. A package according to claim 12 wherein said pressing means is an
      elastic roller and the inside portion of the housing corresponding to said
      second segment is divided into first and second areas, said second area
      being adjacent to said frangible section and having said roller disposed
      therein in tangential contact with the inner surface of one of said side
      walls in said area, said inner surface of said side wall being inclined,
      relative to the corresponding inside surface of the opposing side walls,
      from a distance at that end of said second area adjacent to said first
      area equal to at least the diameter of the roller to a distance at that
      end of said second area adjacent to said frangible section equal to less
      than the diameter of the roller.
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ABST
PAL  A container for the waterproof storage of tools includes a base of circular
      cross section with an externally threaded portion and a resiliently
      deflectable lip. A cover threads thereonto and has an interior shoulder
      which bears upon and deflects the lip to provide sealing contact
      therewith. Both the cover and the base may be fabricated of durable
      synthetic resins which will resist the corrosive marine atmosphere, and
      the base may be provided with a plurality of recesses to seat tool
      components.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various containers have been designed for storage of tools in a marine
      environment, some of which have been designed to provided "waterproof"
      characteristics and others of which have been designed to provide
      flotation so as to prevent loss of the tool carrying container if
      accidentally dropped overboard. As is well known, the atmosphere adjacent
      salt water bodies is highly corrosive to the finishes of most tools, and
      it is not uncommon to include packets of dehumidifying agents in tool
      containers.
PAR  However, so-called marine storage tool containers tend to be cumbersome or
      expensive or ineffective for the intended purposes since positive
      flotation of the container may not provide sufficient positive flotation
      when the container is in fact loaded with tools. In addition, the
      techniques employed to achieve "water-proofing" often tend to be less
      effective after any significant usage of the container and tools may be
      lost as a result thereof.
PAR  It is an object of the present invention to provide a novel container for
      marine storage of tools which may be simply and readily fabricated.
PAR  It is also an object to provide such a container wherein the seal to resist
      passage of water into the interior thereof is durable and integral with
      the principal components.
PAR  Another object is to provide such a container which is formed so as to seat
      the tool components stored therein and which permits inspection or
      observation of the contents.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the foregoing and related objects and advantages
      may be readily attained in a container including a base having an
      externally threaded circular portion adjacent the upper end thereof and a
      resiliently deflectable upstanding annular lip thereabove. A cover has an
      internally threaded circular lower end portion which is threadably engaged
      on the externally threaded portion of the base. The cover also has an
      interior annular shoulder surface above the threaded portion thereof which
      bears upon and deflects the upstanding lip of the base inwardly of the
      base and provides sealing contact therewith.
PAR  The base of the container has a platform portion disposed centrally at the
      upper end thereof and the lip extends upwardly in spaced relationship
      outwardly of the platform portion so as to define an annular upwardly
      opening channel therebetween. The platform portion desirably is formed
      with a plurality of recesses therein adapted to receive and seat tool
      elements stored within the container. The shoulder surface on the cover
      most desirably slopes upwardly and inwardly so that it will deflect the
      lip on the base during movement of the cover into threaded engagement upon
      the base. Preferably the lip has an upwardly and inwardly tapered shoulder
      surface cooperating with the tapered surface of the cover and against
      which the tapered surface of the cover bears.  pg,3
PAR  Desirably the cover is fabricated from a transparent synthetic plastic
      resin so that the contents of the container will be readily visible, and
      the base is fabricated of synthetic plastic resin. The cover may have an
      upper end portion of generally spheroidal configuration and the container
      may include a tool having a handle of generally spheroidal configuration
      underlying and supporting the spheroidal end portion of the cover.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a container embodying the present
      invention;
PAR  FIG. 2 is a fragmentary exploded cross sectional view of the container of
      FIG. 1 to a greatly enlarged scale;
PAR  FIG. 3 is a fragmentary exploded cross sectional view to a still further
      enlarged scale;
PAR  FIG. 4 is a fragmentary cross sectional view of the container to a scale
      intermediate the scales employed in FIGS. 2 and 3 and with the cover
      assembled upon the base; and
PAR  FIG. 5 is an elevational view of the container with a tool disposed therein
      and illustrated in phantom line.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Turning now to the attached drawing in detail, it can be seen that the
      marine container of the present invention is comprised of a base generally
      designated by the numeral 10 and a cover generally designated by the
      numeral 12. The base 10 is of generally circular cross section and has a
      sidewall provided by the polygonal pedestal portion 14, the externally
      threaded portion 16 thereabove and the upstanding lip 18 at the upper end
      thereof. The platform portion 20 of the base 10 extends transversely
      across the upper end and is spaced inwardly from the lip 18 so as to
      define a channel 24 therebetween. A multiplicity of upwardly opening
      recesses 22 are provided in the platform portion 20 to receive tools and
      the like as will be hereinafter further described.
PAR  The cover 12 is also of generally circular cross section and has a
      dome-shaped or spheroidal upper end portion 30 with a depressed rib 32
      therein, and an elongated body portion 34 of generally cylindrical
      configuration extending downwardly therefrom. At the lower end, the cover
      12 has an internally threaded portion 36 of larger diameter than the body
      portion 34, and a transitional portion 38 extends between the threaded
      portion 36 and body portion 34, thus providing an interior shoulder 40
      which slopes upwardly and inwardly.
PAR  As best seen in FIGS. 3 and 4, the lip 18 of the base 10 is provided with
      an inwardly and upwardly sloping surface 42 about the upper circumference
      thereof to cooperate with the shoulder 40 of the cover 12. The
      dimensioning of the parts is such that, when the cover 12 is threaded onto
      the base 10, the lip 18 will be cammed or deflected inwardly by the
      sloping shoulder 40 of the cover. The channel 24 permits inward deflection
      of the lip 18 and the resilience of the lip 18 ensures firm sealing
      engagement between its surface 42 and the shoulder 40 of the cover. Thus,
      water about the container must penetrate past the threadably engaged
      portions 16, 36 and the resiliently engaged portions 40 and 42 of the base
      and cover members 10, 12 respectively.
PAR  In FIG. 5, there is illustrated a preferred assembly employing the present
      invention. A tool generally designated by the numeral 44 has an elongated
      shank 48 seated at its blade end in one of the recesses 22 of the platform
      portion 20 of the base 10. At its upper end, the tool 44 has a handle
      member 46 of generally spheroidal configuration approximating the
      configuration at the upper end portion 30 of the cover member so as to
      underlie closely the upper end of the cover member 12 and be reasonably
      snugly received therein for stability. As will be readily appreciated,
      accessory and other tool elements (not shown) may be seated in other
      recesses 22 of the platform portion 20 of the base 10.
PAR  In accordance with the preferred embodiment of the present invention, the
      base and cover are both fabricated from synthetic plastic resins which are
      resistant to water penetration and the corrosive marine atmosphere. Most
      desirably the cover is fabricated from a transparent resin so as to allow
      viewing of the contents thereof and the base member is fabricated from a
      resin providing a high degree of resilience so as to permit repeated
      deflection of the lip without loss of sealing characteristics. Among the
      resins which may be employed are polyvinyl chloride,
      styrene/acrylonitrile/rubber graft interpolymers (ABS, MBS, AAS), high
      density polyethylene, high impact polystyrene, and polypropylene. The
      preferred resin for providing a transparent cover is unplasticized
      polyvinyl chloride and the preferred resin for the base to provide a
      highly resiliently deflective lip is plasticized polyvinyl chloride.
      Injection molding techniques are highly advantageously employed.
PAR  As will be readily appreciated, the size and dimensioning of the component
      parts and the several portions thereof may vary considerably depending
      upon the interior storage area to be provided by the container and the
      types of tools to be received or seated therein. The dome-like
      configuration for the cover has been found to enhance its strength and
      resistance to impact, but other configurations for the end portion are
      feasible. In addition to the circular cross section portion of the base
      providing the externally threaded portion and lip the base may have a
      polygonal portion at the bottom end thereof as in the illustrated
      embodiment to prevent rolling of the container. If complex molding
      techniques are to be employed, the base may be configured so as to include
      an upstanding elongated flange or lip in spaced relationship to the
      threaded portion and providing protection therefor. As a variation of this
      embodiment, this flange may be configured so as to provide a surface in
      resilient engagement with the exterior of the cover.
PAR  Thus, it can be seen from the foregoing detailed specification and drawing
      that the container of the present invention is highly useful for marine
      storage of tools and may be simply and readily fabricated. The container
      employs a durable and integral seal to preclude passage of water into the
      interior thereof and may be fabricated so as to seat the tool components
      stored therein and to permit inspection or observation of the contents.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. In a container for waterproof storage of tools and the like, the
      combination comprising:
PA1  A. an integral base having a substantially rigid platform disposed
      centrally at the upper end thereof, an externally threaded circular
      portion adjacent the upper end thereof, and a resiliently deflectable
      upstanding annular lip thereabove extending axially upwardly in spaced
      relationship outwardly of said platform portion thereof with an annular
      upwardly opening channel being defined therebetween; and
PA1  B. an elongated cover open at the lower end thereof and having an
      internally threaded circular lower end portion threadably engaged on the
      externally threaded portions of said base, said cover also having an
      interior annular shoulder surface above the threaded portion thereof
      bearing upon, and deflecting said lip of said base inwardly into said
      channel and providing sealing contact therewith.
NUM  2.
PAR  2. The container in accordance with claim 1 wherein said platform portion
      has a plurality of recesses therein adapted to receive and seat tool
      elements.
NUM  3.
PAR  3. The container in accordance with claim 1 wherein said shoulder surface
      on said cover slopes upwardly and inwardly and the upper end portion of
      said lip is deflected thereby during movement of said cover into threaded
      engagement upon said base.
NUM  4.
PAR  4. The container in accordance with claim 3 wherein said lip has an
      upwardly and inwardly tapered shoulder surface cooperating with said
      shoulder surface of said cover and against which said shoulder surface of
      said cover bears.
NUM  5.
PAR  5. The container in accordance with claim 1 wherein said cover is
      fabricated from a transparent synthetic plastic resin, whereby the
      contents of the container are readily visible.
NUM  6.
PAR  6. The container in accordance with claim 5 wherein said base is fabricated
      of synthetic plastic resin.
NUM  7.
PAR  7. The container in accordance with claim 1 wherein said cover has a
      generally circular cross section and the upper portion of said base is of
      generally circular cross section.
NUM  8.
PAR  8. The container in accordance with claim 7 wherein said cover has an upper
      end portion of generally spheroidal configuration and wherein said
      container additionally includes a tool having a handle portion of
      generally spheroidal configuration underlying closely said spheroidal end
      portion of said cover.
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ABST
PAL  In a cartridge comprised of a base member including a hub for receiving a
      wound web and a shell cover to generally enclose the winding surface of
      the hub, the shell cover has been modified to prevent unintentional
      disengagement of the shell from the base. The base member and shell each
      carry a portion of a locking mechanism which enables them to be releasably
      locked together in a hub enclosing relationship. The locking mechanism
      normally requires a separate tool to disengage it when separation of the
      base and shell is desired. This invention concerns modification of the
      cartridge and shell which prevents unintentional disengagement of the base
      and shell due to kinetic shocks, such as dropping on a hard surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a cartridge including a central locking mechanism
      which cartridge has been modified to avoid unintentional disengagement of
      the locking mechanism.
PAR  Electronic data processing utilizes large volumes of magnetic recording
      media in the form of flexible webs. In use, magnetic webs have most often
      been in the form of tape wound on a flange protected hub or reel and
      brought into interaction with one or more transducers by a tape transport
      device. When not in use, it is necessary for magnetic tape wound on a reel
      to be stored in an environment which provides protection from
      contamination and shock while still maintaining it in a readily accessible
      condition. As the use of magnetic tape within data processing systems is
      extremely wide, some systems requiring the use of thousands of spools of
      tape, it becomes a problem to store the tape and retrieve it from storage
      quickly and easily. Library configurations have been proposed for
      automatically accessing tape, for example in cartridges, and transporting
      the cartridges to a processing station automatically; see, for example,
      copending application Ser. No. 304,698, filed Nov. 8, 1872, by C. E.
      Peterson et al, assigned to the assignee hereof now U.S. Pat. No.
      3,354,604. Such automatic handling imposes severe demands on the tape and
      any cartridge device used to store and protect it. Such a cartridge device
      should be strong, light-weight, and subject to easy storage, unloading,
      opening and closing. For data security in automatic library systems where
      human interaction with the storage device is not required, the cartridge
      can be advantageously supplied with a lock which does not normally respond
      to manual manipulation, but which requires a separate mechanical tool to
      allow access to the magnetic media. Such a device is described in U.S.
      Pat. No. 3,825,208 by D. H. Johnston et al, and assigned to the assignee
      hereof.
PAR  Because severe mechanical shocks or contamination can cause loss of data on
      magnetic tape, the cartridge device should also be carefully designed to
      shield the tape from shocks and to avoid accidental opening with its
      attendant unwinding and contamination when subjected to severe kinetic
      shock. That is, the device should protect the magnetic tape from shock and
      avoid accidental opening when dropped, for example. This, in turn, reduces
      the exposure of the magnetic media to data errors caused by shock and
      contamination.
PAR  Additionally, the amount of force and type of forces capable of disengaging
      the locking mechanism should be controllable. The device should be
      designed to allow the use of a separate tool applying minimum force to
      disengage the locking mechanism without being likely to open
      unintentionally when greater random forces are applied to the locked
      cartridge, for example, in the form of a kinetic shock.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends a modification of the type of cartridge
      described in U.S. Pat. No. 3,825,208. Such a cartridge includes a base
      member, a cover member, and a locking mechanism integral with the base and
      cover members for releasably locking said members in a hub enclosing
      relationship. The base member is in the form of a hub having a single
      flange, while the end of the hub opposed to the flange carries a plurality
      of locking fingers, each finger having a radially extending portion at the
      outward end portion. The cover shell member is generally cylindrical in
      shape with an open end to allow the hub to be inserted within the shell
      and a partially closed end including a locking shoulder for engaging the
      radially extending portions of the locking fingers. In the present
      invention the partially closed end of the shell is designed to prevent
      unintentional disengagement of the locking members when kinetic shocks are
      applied to the locked cartridge.
PAR  In one preferred embodiment, the partially closed end of the shell includes
      a centrally located annular locking shoulder supported by and connected to
      the body of the shell by a disk. The disk carries a plurality of apertures
      designed to allow limited axial movement and oscillation of the central
      locking shoulder when the cartridge is subjected to axial shocks. The
      apertured disk is capable of maintaining the locking shoulder in
      substantially stable and unmoving axial position during locking and normal
      tool manipulated unlocking procedures. Each aperture in the disk is
      preferably of generally the same form, and includes a circumferential
      portion radially removed from the locking shoulder and a portion spiraling
      inwardly into juxtaposition with the locking shoulder. At the juncture of
      the circumferential portion and the spiral portion of the aperture, a
      thin, but preferably monolithic and integral, portion of the disk bridges
      the aperture. This bridging portion is of lesser thickness than the depth
      of the aperture.
PAR  With appropriately selected dimensions and materials such an apertured disk
      arrangement provides a relatively axially inflexible support for the
      locking shoulder during normal locking and unlocking operations. Such an
      arrangement also allows the locking shoulder to flex slightly upon the
      application of slight axial kinetic force to the cartridge, while upon the
      application of greater axial forces one or more of the portions bridging
      the apertures may fracture. The fracturing of a bridge dissipates great
      amounts of kinetic energy. After the bridge is broken the apertured disk
      allows the locking shoulder to axially flex and oscillate to a greater
      extent, thus dissipating even more energy. These movements in response to
      kinetic shock, including bridge breaking, all take place without normally
      allowing disengagement between the locking fingers and the locking
      shoulder. After being subjected to sufficient forces to fracture the
      bridges, the cartridge continues to be capable of being locked and
      unlocked in a normal manner and to continue to resist unintentional
      disengagement due to kinetic shocks.
PAR  Modifications of the apertured disk supporting the locking shoulder can be
      made to obtain substantially the same result. The number of apertures the
      shape of the apertures, the width of the apertures, the thickness of the
      disk, the presence or absence of bridging portions, and the number of
      bridging portions can all be modified, in accordance with the requirements
      of the mechanism, to provide a cartridge which unlocks with minimum forces
      when the proper unlocking tool is utilized, but which cartridge is capable
      of being subjected to substantial kinetic forces without unintentional
      disengagement.
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of the
      preferred embodiments of the invention, as illustrated in the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded simplified perspective view of a prior art base
      member and a cover member which constitute a storage cartridge capable of
      employing the present invention.
PAR  FIG. 2 is an enlarged and simplified plan view of the top of the cover of
      FIG. 1 embodying one form of the present invention.
PAR  FIG. 3 is a simplified enlarged fragmentary cross-sectional view taken
      along lines 3--3 of  FIG. 2, showing the apertures in the disk supporting
      the locking shoulder and a bridge across an aperture.
PAR  FIG. 4 is a still further enlarged fragmentary partially cross-sectional
      diagrammatic view of the cover of FIG. 3 locked to a base member to form a
      cartridge which cartridge has been subjected to substantial kinetic forces
      causing the bridge across the aperture to fracture and a portion of the
      disk to displace.
PAR  FIG. 5 is a simplified plan view of the top of another cover showing one
      alternative embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particularly to the drawing, like numerals indicate like
      parts and structural features in the various views and diagrams. The
      simplified details of a cartridge capable of utilizing this invention are
      shown in FIG. 1. Cartridge 10 is shown with shell cover 12 separated from
      base member 14. Cover 12 is generally cylindrical in shape with an open
      end 16 and a tapered and partially closed end 18. End 18 carries annular
      flange disk 20 which disk in turn supports locking shoulder 22 for
      engagement by base 14 as described hereinafter.
PAR  Base 14 is in the form of a single flange reel including cylindrical hub
      portion 24 with flange 26 fixed to the hub at one end. End 28 of hub 24
      opposed to flange 26 is hollow and carries a plurality of flexible locking
      fingers 30. The hub is designed to carry a flexible wound web 32, shown in
      phantom, for example in the form of magnetic tape, on the hub surface
      between flange 26 and flexible fingers 30. Additional details of the
      cartridge are set forth in previously noted U.S. Pat. No. 3,825,208.
PAR  When cover 12 and base 14 are brought together axially, hub 24 and web 32
      extend into open end 16 and are enclosed by the cover. As axial movement
      is continued, cam surfaces 34 of flexible fingers 30 come into contact
      with locking shoulder 22 which is in the form of a rigid annular flange.
      Axial movement of cam surface 34 against rigid shoulder 22 causes the
      fingers to flex inwardly until they are able to pass into and through the
      annulus formed by locking shoulder 22. When closure is completed, cam
      portion 34 of each finger extends axially beyond locking shoulder 22, so
      that the laterally inward constraint of locking shoulder 22 is no longer
      applied to fingers 30. In this unconstrained condition, flexible fingers
      30 straighten and radially extending portions 36 of the fingers lock on
      shoulder 22, see FIG. 4 and U.S. Pat. No. 3,825,208.
PAR  With locking shoulder 22 and locking fingers 30 thus locked together, base
      14 cannot normally be removed from within cover 12 without first
      disengaging all of the fingers from the shoulder with a separate tool.
      This is explained in detail in U.S. Pat. No. 3,825,208. The resiliency and
      dimensions of the fingers is such that ordinary axial forces exerted
      between the locked cover and base member will not cause release of the
      fingers from the locking shoulder. Similarly, the number, array,
      resiliency, and dimensions of the fingers also normally prevents manual
      release of the fingers from the shoulder. The fingers are arrayed in such
      a manner, and are of such thickness, that manual manipulation cannot
      normally depress all of the fingers simultaneously without great
      difficulty. As long as one finger 30 remains in locking contact with
      shoulder 22, separation of the base and cover members is not possible.
      Furthermore, the cartridge is preferably designed with cover 12 completely
      enclosing base 14. No substantial lateral portion of the base extends
      outside of the cover when the cartridge is closed. With the base thus
      enclosed, it provides no portion which can be readily grasped to actively
      pull the base from the cover and overcome the locking relationship between
      fingers 30 and locking shoulder 22.
PAR  When it is desired to unlock the cartridge for removal of cover 12 from
      base 14, it is normally necessary to utilize a separate tool, not shown
      herein, but see U.S. Pat. No. 3,825,208. However, it has been found that
      while the cartridge's locking mechanism is quite secure from being opened
      without a separate tool, when the cartridge falls from an elevated
      position onto a hard surface, in a small percentage of falls cover 12 will
      be unintentionally released from base member 14. In most such instances
      where separation occurs it has been found to be due to random fracturing
      of locking fingers 30. In a small number of instances unlocking of a
      dropped cartridge has been found to occur with no apparent fracturing in
      the cartridge. In these instances, disengagement is apparently due to the
      initiation of vibration or flexure which allows all of the fingers to
      simultaneously flex out of contact with the locking shoulder.
PAR  The present invention provides a modification of the cartridge and the
      shell which satisfactorily eliminates the unintentional disengagement of
      the locking mechanism due to kinetic shocks which would normally cause the
      lock to disengage and the base member and cover to separate. Rather than
      making locking shoulder 22 and supporting disk 20 thicker, stronger, and
      more rigid, the present invention guards against unintentional opening by
      removing portions of disk 20 to provide apertures 38 in the disk.
      Surprisingly, rather than weakening the locking mechanism, the inclusion
      of apertures 38 in disk 20, as taught herein, provides a more secure and
      stabilized locking arrangement, as described in further detail
      hereinafter.
PAR  Referring to FIGS. 2 and 3 in one preferred form of the present invention,
      apertures 38 are comprised of an outer elongated circumferential portion
      40 and inner spiral elongated section 42. Aperture portions 40 and 42 are
      joined and substantially continuous with one another at junction 44. In
      this embodiment bridge portions 46 cross and partially fill the apertures
      at junctions 44. As best seen in FIG. 3, bridge 46 is about one-quarter
      the height of aperture 38. While the exact reason for the lock
      stabilization noted when apertures are added is not completely understood,
      it is believed that apertures 38 allow axial displacement of locking
      shoulder 22 upon the application of substantial axial forces to the
      cartridge. Depending upon the amount of force applied, this axial
      displacement serves as a spring or a cushion to eliminate or absorb
      kinetic shocks which would normally cause the base and shell to disengage.
PAR  In the preferred embodiment of FIGS. 2 and 3, bridges 46 provide transverse
      stiffness to the apertured disk and limit disk deflection in normal
      locking and unlocking operations and low energy impact situations. One or
      more bridges 46 have a tendency to preferentially fracture under
      abnormally high kinetic energy situations. The fracturing of one or more
      bridges 46 dissipates a great amount of kinetic energy. Once fracturing of
      bridges 46 occurs, the transverse rigidity of disk 20 is substantially
      reduced, and shoulder 22 is then capable of substantially greater
      displacement or oscillating deflection to absorb additional force.
PAR  Referring to FIG. 4, a fragmentary exaggerated cutaway view is shown of a
      cover and base member which are locked together and which have been
      subjected to sufficient kinetic force to fracture the bridge. Fractured
      bridge 46 is shown axially displaced, indicative of its position at one
      point in time after fracturing has occurred.
PAR  Regardless of whether bridges 46 fracture or whether apertures 38 merely
      allow a small degree of axial oscillation during the application of
      substantial kinetic forces, this arrangement tends to effectively decouple
      locking shoulder 22 from the balance of cover 12. This decoupling absorbs
      applied energy which might otherwise cause separation between the locking
      fingers and locking shoulders.
PAR  When an aperture is included in disk 20 supporting locking shoulder 22 in
      accordance with the present invention, the cartridge functions in a manner
      which allows normal locking and unlocking operations. Inclusion of an
      aperture in the disk portion of the cartridge allows it to harmlessly
      absorb kinetic energy impacts by displacement and oscillation of the
      locking shoulder. When bridging portions are included in the aperture,
      then, in extreme high energy impact situations, bridging portions of the
      apertured disk may fracture allowing increased axial displacement of the
      locking shoulder to absorb the impact energy without allowing
      disengagement of the locking mechanism. Despite the disengagement
      avoidance provided by the present invention, the present apertured disk
      arrangement still provides sufficient strength to allow thousands of
      normal locking and unlocking operations without fracturing of the bridges
      or malfunction due to axial displacement of the locking shoulder.
PAR  Another embodiment of the present invention is shown in FIG. 5. In this
      embodiment, more than one type of aperture is utilized in the cartridge. A
      first pair of involute spiral apertures 50 are provided diametrically
      across disk 20 from one another. This spiral has one portion adjacent the
      cylindrical portion of shell 18 and terminates at a point on disk 20
      tangential to locking shoulder 22. A second type of aperture 52 is also
      present as a pair diametrically across disk 20 from one another. This
      arrangement of apertures, without bridging members, provides a cartridge
      which functions substantially the same as the arrangement shown in FIG. 2.
      The absence of bridges changes the ability for energy absorption which the
      bridges provide when they fracture. However, the shorter thicker arms
      defined in the disk by this arrangement of apertures provides sufficient
      rigidity and energy absorption capability for it to function in a manner
      which stabilizes the lock against unintentional disengagement due to
      kinetic shocks.
PAR  Choice of materials for the base, cover, and locking mechanism of the
      cartridge may be such as to avoid wear and generation of debris within the
      cartridge and the storage apparatus. It may be readily appreciated that
      the various parts of the locking mechanism may be constructed of war
      resistant resilient metals or plastics which do not deteriorate or
      generate particles upon contact and which provide sufficient stiffness to
      avoid manual unlocking of the cartridge. The choice of such materials is
      within the skill of the art. Where the cover is of plastic, the apertures
      and bridges may be formed in the same molding operation as the cover. One
      preferred cover material is polycarbonate. Preferred locking finger
      materials include molded polyacetal and polycarbonate. No limitation to
      any material is intended.
PAR  It must also be understood that the preferred embodiments set forth,
      hereinabove, may be easily modified while leaving the resulting mechanism
      within the scope of the subject invention. For example, the number of
      apertures in the present invention may be modified to suit the
      requirements of the structure and the forces expected to be applied to the
      cartridge. For example, while embodiments using three or four apertures
      have been shown, a single substantially spiral aperture which extends
      nearly 360.degree., or more, around the disk could be provided to serve a
      function similar to a plurality of apertures. In accordance with the
      teaching of this invention, any other number of apertures may be designed
      to provide the desired balance of strength and resiliency to stabilize the
      locking mechanism. Similarly, making the apertures wider or narrower, or
      the disk thicker or thinner, will affect the degree of stiffness and
      resiliency in the arrangement, as desired. The number of bridges, if any,
      and the thickness of the bridges in the apertures may be selected to
      provide the desired degree of rigidity and energy absorption. Bridges
      which are added to the structure as well as bridges which are integral
      with the disk may be utilized. Modifications of the shape of the apertures
      can be provided as desired. As shown in FIG. 5, mixtures of aperture
      shapes may also be utilized in a single cartridge. Apertures with varying
      or tapering widths can also be utilized. Additionally, while disk 20 is
      shown to be substantially flat, it is within the scope of the present
      invention to bow the disk to provide additional resiliency characteristics
      to the apparatus. Also, disk 20 can be mechanically connected to cover 12
      rather than a monolithic portion of the cover.
PAR  It is therefore seen that the objects of this invention have been achieved.
      A cartridge with a stabilized locking mechanism has been detailed. The
      details of the cartridge including the apertured disk in the cover have
      been described. A modified shell cover including such an apertured disk
      have been detailed. Finally, a locking mechanism stabilization arrangement
      has been described.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a cartridge for storing and handling a flexible wound web, said
      cartridge including in combination:
PA1  a base member, a cover member and locking means for releasably locking said
      members in a closed position;
PA1  said base member comprising a hub having a first and second end and adapted
      for winding a web thereon;
PA1  said cover member being generally cupshaped with a disk end portion
      extending radially around a central annular opening, said cover defining a
      web-receiving chamber around said hub when said base and cover members are
      in a closed position;
PA1  said locking means including a locking shoulder integral with the annular
      opening in the disk portion of said cover member and a plurality of
      flexible locking fingers integral with the second end of said hub, said
      fingers and said shoulder normally cooperating in locking engagement to
      secure said base and cover together in a closed position, said locking
      shoulder and locking fingers being disengageable to permit separation of
      said base member from said cover member, wherein the improvement
      comprises:
PA1  at least one non-radial aperture generally around said disk portion of said
      cover member to provide stabilization to the locking means to
      substantially prevent unintentional disengagement due to kinetic shocks.
NUM  2.
PAR  2. The cartridge of claim 1 wherein a plurality of non-radial apertures is
      spaced around the disk end of said cover.
NUM  3.
PAR  3. The cartridge of claim 1 wherein one or more bridge member extends
      across one or more aperture.
NUM  4.
PAR  4. The cartridge of claim 1 wherein magnetic record media in web form is
      wound around the hub of said base member in the web-receiving chamber
      defined when said base and cover members are in a closed position.
NUM  5.
PAR  5. The cartridge of claim 1 wherein said locking means are designed to
      disengage normally only in response to mechanical means separate and
      distinct from said cartridge.
NUM  6.
PAR  6. In a cartridge for storing and handling a flexible wound web, said
      cartridge including in combination;
PA1  a base member, a cover member, and locking means for releasably locking
      said members in a closed position for disengagement by a mechanism
      separate from said cartridge;
PA1  said base member including a cylindrical hub having a first and second end
      and adapted for winding web thereon, with a fixed base plate extending
      radially outward from said hub at said first end;
PA1  said cover member being generally cup-shaped with a disk end portion
      extending radially around a central annular opening and having an axially
      extending flange proximate its outer periphery, said flange terminating in
      an end portion extending to and engaging said base plate when said base
      and cover members are in a closed position;
PA1  said locking means including a first locking member integral with the
      central annular opening of the end portion of said cover member, and a
      second locking member integral with the second end of said hub, said first
      locking member being a locking shoulder integral with the annular opening
      in the disk end portion of said cover member and said second locking
      member including a plurality of flexible locking fingers integral with the
      second end of said hub, said locking members normally cooperating in
      interlocking engagement to secure said cover and base members together in
      a closed position, said locking members designed to disengage normally
      only in response to mechanical means separate and distinct from said
      cartridge to permit separation of said cover member from said base member,
      wherein the improvement comprises:
PA1  a plurality of non-radial apertures spaced around the disk end of said
      cover member, each aperture having a bridge member extending across it to
      provide stabilization to the locking means to substantially prevent
      unintentional disengagement due to kinetic shocks.
NUM  7.
PAR  7. The cartridge of claim 6 wherein magnetic record media in web form is
      wound around the hub of said base member.
NUM  8.
PAR  8. In a locking system not normally disengagable without the use of a
      separate tool, a locking arrangement for preventing unintended locking
      member disengagement due to kinetic shocks comprising:
PA1  a disk extending around a central annular opening, said opening including a
      locking shoulder;
PA1  a plurality of flexible fingers for locking engagement with said shoulder;
      and
PA1  at least one elongate generally non-radial aperture through said disk, the
      remaining portions of said disk forming one or more non-radial arms for
      allowing deflection of the disk in response to axial force thus
      stabilizing said locking system to substantially prevent unintentional
      disengagement due to kinetic shocks.
NUM  9.
PAR  9. The locking system of claim 8 wherein a plurality of elongated
      non-radial apertures is included in the disk to form a plurality of
      non-radial arms.
NUM  10.
PAR  10. The locking system of claim 9 wherein one or more bridge member extends
      across one or more aperture.
NUM  11.
PAR  11. In a cartridge for storing a wound web, said cartridge including in
      combination a cover member, a base member, and locking means for
      releasably locking said members together to form a web-receiving
      enclosure, the improvement wherein the locking means comprises:
PA1  an annular locking shoulder carried by a disk in said cover member;
PA1  a plurality of flexible latching fingers secured to said base member; and
PA1  at least one non-radial aperture generally around said disk in said cover
      member.
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ABST
PAL  A blister type display carton includes a base sheet provided with fold
      lines adjacent its edges to permit the edges of the sheet to be folded up
      and provide the side walls of the carton. A transparent blister cover has
      a plurality of depending tongues on its side edges and the tongues engage
      in related slots in the side walls of the carton to attach the cover to
      the base sheet.
BSUM
PAR  The present invention relates to is a display carton formed essentially of
      a cardboard base which supports a product and blister-lid adapted to the
      shape of the carton.
PAR  Stands for the display of goods in shops are well known, and usually
      consists of a cardboard base covered with a transparent protecting cover.
PAR  There are also stands consisting of a cardboard base covered with a plastic
      protective top, called a blister.
PAR  The drawback of these kinds of stands is that the blister has to be welded
      or glued onto the cardboard base. As a result, this leads, in the case of
      welding, to tooling costs and when it is desired to take the product out
      of the carton, the blister is very difficult to remove and the product
      risks being damaged.
PAR  The object of the present invention is to avoid these drawbacks and a
      product display carton. Which is characterised by the fact that it
      comprises a base sheet, a blister adapted and assembled to the shape of
      the base sheet, the base sheet being provided with fold lines for turning
      up the edges of said sheet and slots for receiving the blister fixing
      tongues, said tongues also fitting into the corresponding slots on the
      base sheet.
DRWD
PAR  The attached drawing shows three forms of execution of the display carton,
      comprising the object of the invention, illustrated by way of example.
PAR  FIGS. 1 to 12 show the first form of execution of the carton.
PAR  FIG. 1 is a vertical section, along the line 1--1 on FIG. 2, of a cardboard
      base sheet, the turned up edges of the sheet being shown by a chain-dotted
      line.
PAR  FIG. 2 is a top plan view of the base sheet shown in FIG. 1.
PAR  FIG. 3 is an end view of the sheet with the same representation of the
      turned up edges as in FIG. 1.
PAR  FIG. 4 is a top plan view of the cardboard sheet with its edges in the
      turned up position.
PAR  FIG. 5 is a vertical section, along the line 5--5 of FIG. 6, of a
      protective blister type lid of transparent plastic.
PAR  FIG. 6 is a top plan view of FIG. 5.
PAR  FIG. 7 is an end view of the lid shown in FIG. 5.
PAR  FIG. 8 is a side view of the lid in an inverted position.
PAR  FIGS. 9 to 11, on an enlarged scale, show a tongue formed by one of the
      faces of the lid shown in FIG. 5, FIG. 9 being an end view. FIG. 10, a top
      plan view of FIG. 9, and FIG. 11, a side view.
PAR  FIGS. 12 and 13, are top plan views on a reduced scale of the first two
      forms of execution of an assembled display carton comprising the cardboard
      base sheet and the blister-lid respectively, the carton in FIG. 12 being
      oblong in shape and that in FIG. 13 being square.
PAR  FIGS. 14 and 15 illustrate the top right-hand quarter of the cardboard base
      of the second form of execution shown in FIG. 13, FIG. 14 being a vertical
      section, along the line 14--14 of FIG. 15, and FIG. 15, being a top plan
      view of FIG. 14, the cardboard sheet being provided with turned up edges
      similar to those illustrated in FIGS. 1 and 2.
PAR  FIGS. 16 and 17 represent half of a cardboard base sheet in a third form of
      execution of the display carton as shown in FIG. 18, FIG. 16 being a
      vertical section, along the line 16--16 of FIG. 17, and FIG. 17, a being a
      top plan view of FIG. 16.
PAR  FIG. 18, on the same scale as that of FIGS. 12 and 13, illustrates a
      general top plan view of the display carton in the third form of execution
      with an octagonal-shaped blister-lid.
PAR  The display carton, in the first form of execution shown in FIGS. 1 to 11,
      comprises an oblong sheet of cardboard 1 (FIGS. 1 to 3) and a lid 2 (FIGS.
      5 to 10) made of heat-moulded transparent plastic, said lid being referred
      to herinafter as a blister. The central part 3 (FIG. 2) of the sheet 1 is
      rectangular in shape, its outline being represented by dotted-chain lines.
      Each side of the rectangle is provided with turned up edges 4,4' for the
      longitudinal sides of the sheet 1, and edges 5,5' for the lateral sides.
PAR  The median part of each side of the rectangle is provided in addition with
      a projection 6 in the shape of an isosceles trapezium, said projection
      being used as a support for the corresponding side of the blister 2
      provided with a tongue, 9 as shown in FIG. 12.
PAR  The median part of each turned-up edge, 4,5 of sheet 1 is provided with a
      tab 7 with a central slot 8, the tab and the slot being trapezoidal in
      shape.
PAR  On the cardboard sheet 1 (FIG. 4) rests the blister-lid 2 (FIGS. 5 to 8)
      made of transparent heat-moulded material. In addition, on the central
      part of each vertical wall forming a side of the blister 2 is situated a
      tongue 9 (FIGS. 9 to 11), of generally conical shape, said tongue being
      made by means of a cup-shaped external protuberance, from the wall 10 of
      the blister 2. The opening 11 in the protuberance is situated on a level
      with the point of contact of the blister 2 with the cardboard sheet 1. For
      this purpose, the opening 11 of the protuberance is reinforced by a flange
      12, rectangular in shape, in order to provide a seat for the blister 2
      when it is placed on the cardboard sheet 1.
PAR  The assembling of the blister 2 with the cardboard sheet 1 is effected as
      follows: with the blister placed and centered on the rectangular edge of
      the sheet 1, the four edges 4 and 4', 5 and 5' are turned up, the tongues
      9 being fitted in the slots 8 on each of the four sides of the display
      carton, as shown in FIG. 12, this carton being intended to hold a cake.
PAR  If the merchandise contained in the display carton is a tart, a second form
      of execution of the carton is used, shown in FIGS. 13 to 15.
PAR  These figures show a sheet of cardboard 13, having in its central part 14 a
      square surface whose shape is represented partially in FIG. 15 by
      chain-dotted lines. Each side of the square is provided with a turned up
      edge 15 and the median part of each side of the square is provided, in
      addition, with a projection 16 in the shape of an isosceles trapezium. The
      projection 16 serves as a support for the corresponding side of a blister
      17 (FIG. 13), the lower edges of whose vertical walls correspond to the
      shape of the central part 14 of the cardboard sheet 13. In addition, the
      median part of each turned up edge 15 is provided with a tab 18 with a
      central slot 19, the tab with the slot being trapezoidal in shape. The
      blister 17 is made in the same way as the blister 2 of the first form of
      execution and comprises tongues 20 similar to the tongues 9 (FIGS. 9 to
      11) described above.
PAR  In a third form of execution of the product display carton, shown in FIGS.
      16 to 18, the sheet of cardboard 21 forming the base on which a product is
      placed, the product and the blister serving comprises a central part 22,
      octagonal in shape, outlined by fold lines, said lines being indicated by
      chain-dotted lines in FIG. 17. These fold lines are subdivided into four
      lines 23 arranged in the form of a cross and into four lines 24 placed
      connecting the lines 23. Each fold line 23 separates the central part 22
      from four lobes 25 respectively, of generally trapezoidal shape and
      capable of being turned up, the connecting lines 24 separating the central
      part 22 from four circular arcs 26 respectively. Each lobe 25 is provided
      with a central trapezoidal slot 27, intended to receive, after said lobes
      have been turned up, tongues 28 (FIG. 18) of the blister 29 which serves
      as a lid.
PAR  The octagonal shaped blister 29 comprises eight vertical walls 30,
      corresponding to the fold lines 23 and connecting lines 24 respectively of
      the cardboard sheet 21. Each vertical wall 30 is provided in its median
      part with a tongue 28, similar to the tongue 11 described above. The
      rectangular flange of said tongue resting on a trapezoidal projection 31
      (FIG. 17), said projection being located so as to jut out beyond each fold
      line 23 of the cardboard sheet 21.
PAR  In the three forms of execution of the display carton as described, the top
      surface of the cardboard sheet 1,13, 21 can be printed with a decorative
      motif. It is also possible to calender or proof the cardboard sheet after
      it has been printed in order to avoid grease stains.
PAR  The carton described has in particular the advantage of being easy and
      quick to handle, the blister-lid being polygonal in shape and being
      secured in position by means of tongues protruding from the outside face
      of the vertical walls of the blister.
CLMS
STM  I claim:
NUM  1.
PAR  1. A product display carton comprising in combination a cardboard base
      sheet of oblong configuration including fold lines to facilitate folding
      the edges of the sheet upwardly to define a central rectangular article
      receiving portion, each side of said central portion provided with a
      projection and a turned up edge, the median part of each of said sides
      including a trapezoidal shaped tab provided with a central slot, a blister
      of transparent heat molded plastic including a top wall, side walls and an
      open bottom, a tongue extending outwardly from each of said side walls and
      fitted into a related central slot in one of said tabs, said tongue being
      of generally conical shape and forming an external cup-shaped
      protuberance, the opening of the cup being located on a level with the
      edge of contact of said blister with the cardboard base sheet, the edge of
      said opening provided with a flange for reinforcement thereof, said flange
      being in contact with the projection on the cardboard base sheet.
NUM  2.
PAR  2. A product display carton comprising in combination a cardboard base
      sheet of octagonal configuration including fold lines to facilitate
      folding the edges of the sheet upwardly to define a central octagonal
      article receiving portion, four of said fold lines being arranged in the
      shape of the arms of a cross, four additional fold lines connecting said
      first mentioned lines to define four lobes, said lobes being trapezoidal
      in shape and adapted to be turned upwardly, the four additional fold lines
      separating the central portion of the base sheet and four circular arc
      portions, each said lobe being provided with a central trapezoidal shaped
      slot, a blister of transparent heat molded plastic including a top wall,
      eight vertically extending side walls corresponding to the fold lines and
      connecting lines of said sheet and an open bottom, a tongue extending
      outwardly from each of said side walls and fitted into a related central
      slot in one of said lobes, said tongue being of generally conical shape
      and forming an external cup-shaped protuberance, the opening of the cup
      being located on a level with the edge of contact of said blister with the
      cardboard base sheet, the edge of said opening provided with a flange for
      reinforcement thereof, said flange being in contact with the projection on
      the cardboard base sheet.
NUM  3.
PAR  3. A product display carton comprising in combination, a base sheet
      including fold lines to facilitate folding the edges of the sheet upwardly
      to define a central article receiving portion, each of the foldable edges
      of said sheet provided with a slot, a transparent blister conforming
      generally in shape to the central article receiving portion of said base
      sheet, said blister including a top wall, side walls and an open bottom, a
      tongue extending outwardly from each of said side walls and snap fitted
      into said slots when the base sheet and blister are in assembled
      relationship, said tongue being of generally conical shape and forming an
      external cup-shaped protuberance.
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ABST
PAL  A nesting and stacking container adapted to nest in a like oriented lower
      container of like construction, and stack on said lower container at two
      different elevations when rotated from said like orientation to different
      stations of rotation. The wall structures of said container are dissimilar
      and each comprises bar members which extend between the bottom and upper
      rim of the container. Each of said wall structures also comprises a first
      plurality of stacking feet and a first plurality of stacking saddles
      disposed in a first vertical plane located adjacent a side of said bottom,
      and a second plurality of stacking feet and a second plurality of stacking
      saddles disposed in a second vertical plane located adjacent but outside
      said first vertical plane.
BSUM
PAR  This invention relates to nesting and stacking containers.
PAR  Nesting and stacking containers are well known in the art. In general, such
      containers comprise an open, top, commonly rectangular, container so
      constructed that in one position an upper container will nest within a
      like oriented identical lower container for storage purposes. When said
      upper container is rotated to another position of orientation it will
      stack vertically on said lower container. Most commonly, the containers of
      the prior art will stack only upon being rotated through 180.degree..
      However, nesting and stacking containers are known which will stack upon
      being rotated through either 90.degree. or 180.degree.. Nesting and
      stacking containers are being employed in increasing numbers in a wide
      variety of applications such as product trays in the baking industry, lug
      boxes in the fruit and vegetable industry, as storage bins for parts, etc.
      In practically all of said uses it is desirable that the container be
      provided with maximum vertical support in the wall portions thereof so
      that when a number of filled containers are stacked vertically the
      lowermost containers in the stack will not be collapsed or become warped.
      It is also desirable that said containers be provided with convenient
      handle means for manual handling. Even though mechanical handling of such
      containers, and particularly the palletizing of groups of such containers,
      is being more and more widely employed, there are still steps in said
      mechanical handling operations where the containers must be handled
      manually. In many instances, it is further desirable that the containers
      be provided with substantially flat walls, if possible, to facilitate
      mechanical handling such as on conveyor belts, etc. It would also be
      highly desirable to have a container which can be stacked at more than one
      height. It is also desirable that said containers can be economically
      fabricated from moldable materials such as plastics and metals.
PAR  Attaining all of the above advantages or features in one container has been
      extremely difficult. The side and end walls of containers have been
      provided with corrugations or convolutions so as to provide increased
      vertical strength thereto. However, there has created problems in the
      handling of said containers due to interlocking of said corrugations or
      convolutions when the ends of containers encountered one another in use,
      as on conveyor belts or when placed side by side. Containers in the past
      have been commonly provided with handles by providing an opening in
      opposed walls. Such handle openings weaken said walls. Furthermore, such
      openings provide places where the contents of the container can be
      damaged, such as soft fruits and vegetables being damaged by the fingers
      of the person handling the container. Insofar as presently known, there
      are very few containers or trays commercially available which can be
      conveniently stacked at more than one height or elevation.
PAR  The present invention solves the above problems by providing a nesting and
      stacking container which is not subject to the above difficulties or
      limitations. The improved containers of the invention are provided with a
      wall structure which makes it possible to stack the containers at two
      different heights or elevations. Thus, the containers of the invention can
      be employed in handling a greater variety of products in a more economical
      and efficient manner. For example, in the handling of bakery products, the
      containers of the invention can be employed in a "full stack" position
      when filled with relatively high products, e.g., cakes or loaves of bread,
      or can be employed in a "half-stack" position when filled with products
      having a low height, e.g., rolls, pies, etc. Thus, a bakery operator can
      employ the containers of the invention in multiple uses and eliminate the
      need for stocking several different types of containers for different
      types of products. Other advantages of the containers of the invention
      will be discussed below in connection with the more detailed description
      of the containers.
PAR  Thus, according to the invention, there is provided a symmetrical nesting
      and stacking container comprising: a generally horizontally disposed
      bottom; a plurality of adjacent dissimilar wall structures extending
      upwardly to essentially the same height from adjacent essentially equal
      length peripheral segments of said bottom located around the periphery of
      said bottom; each of said wall structures comprising a first plurality of
      stacking feet disposed at spaced apart locations along a said peripheral
      segment of said bottom and in a first vertical plane located adjacent said
      peripheral segment, a first plurality of stacking saddles disposed at
      spaced apart locations above and alternating with said locations of said
      first stacking feet in said first vertical plane, a second plurality of
      stacking feet disposed at spaced apart locations along said peripheral
      segment of said bottom and in a second vertical plane which is adjacent
      but outside said first vertical plane, and a second plurality of stacking
      saddles disposed at spaced apart locations above and alternating with said
      locations of said second stacking feet in said second vertical plane at an
      elevation above that of said first stacking saddles; the location,
      arrangement, and lateral spacing of said first feet and said first saddles
      with respect to each other and to said second feet and said second
      saddles, together with the location, arrangement, and lateral spacing of
      said second feet and said second saddles with respect to each other and to
      said first feet and said first saddles being such that an upper said
      container will nest within a like lower container when said containers are
      in like positions of orientation; said second feet and said second saddles
      in at least two opposed said wall structures being adapted to register and
      to support an upper said container in a first stacked relationship on a
      like lower container when said upper container is rotated from said
      position of like orientation to a first station of rotation; and said
      first feet and said first saddles in at least two opposed said wall
      structures being adapted to register and to support an upper said
      container in a second stacked relationship on a like lower container at a
      lower elevation than that of said first stacked relationship when said
      upper container is further rotated to a second succeeding station of
      rotation.
PAR  In a presently preferred embodiment, the containers of the invention are
      essentially square. Thus, further according to the invention, there is
      provided a symmetrical essentially square nesting and stacking container,
      comprising a generally horizontally disposed bottom; and first, second,
      third, and fourth adjacent dissimilar side wall structures extending
      upwardly to essentially the same height from adjacent essentially equal
      length first, second, third, and fourth sides, respectively, of said
      bottom, with each of said wall structures comprising: a first plurality of
      stacking feet disposed at spaced apart locations along a said side of said
      bottom and in a first vertical plane located adjacent said side of said
      bottom; a first plurality of stacking saddles disposed at spaced apart
      locations in said first plane, at an elevation above, and alternating
      with, said locations of said first stacking feet in said first vertical
      plane; a second plurality of stacking feet disposed at spaced apart
      locations along said side of said bottom and in a second vertical plane
      which is adjacent but outside said first vertical plane; and a second
      plurality of stacking saddles disposed at spaced apart locations in said
      second plane, at an elevation above, and alternating with, said locations
      of said second stacking feet in said second vertical plane, said last
      mentioned elevation being greater than said elevation of said first
      stacking saddles; the location, arrangement, and lateral spacing of said
      first feet and said first saddles with respect to each other and with
      respect to said second feet and said second saddles, together with the
      location, arrangement, and lateral spacing of said second feet and said
      second saddles with respect to each other and with respect to said first
      feet and said first saddles being such that an upper said container will
      nest within a like lower container when said containers in like positions
      of orientation; said second feet and said second saddles in at least two
      opposed said wall structures being adapted to register and to support an
      upper said container in a first stacked relationship on a like lower
      container when said upper container is rotated from said position of like
      orientation to a first station of rotation; and said first feet and said
      first saddles in at least two opposed said wall structures being adapted
      to register and to support an upper said container in a second stacked
      relationship on a like lower container at a lower elevation than that of
      said first stacked relationship when said upper container is further
      rotated to a second succeeding station of rotation.
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PAR  FIG. 1 is a top perspective view of one presently preferred container of
      the invention.
PAR  FIG. 2 is a top plan view of the container of FIG. 1.
PAR  FIGS. 3, 4, 5, and 6 are side elevational views of the four sides of the
      container of FIG. 1.
PAR  FIGS. 7 and 8 are enlarged sectional views taken along the lines 7--7 of
      FIG. 6 and lines 8--8 of FIG. 4, respectively.
PAR  FIG. 9 is a side perspective view illustrating two containers of the
      invention in nested relationship.
PAR  FIG. 10 is a side perspective view illustrating two containers of the
      invention in a substantially fully elevated stacked relationship.
PAR  FIG. 11 is a side perspective view illustrating two containers of the
      invention in a partially elevated stacked relationship.
PAR  FIG. 12 is a side perspective view illustrating two containers of the
      invention in another substantially fully elevated stacked relationship.
PAR  FIG. 13 is a diagrammatic illustration of another peripheral form which can
      be provided in the containers of the invention.
DETD
PAR  Referring now to the drawings wherein like reference numerals are employed
      to denote like elements, the containers of the invention will be more
      fully described with particular reference to said presently preferred
      embodiment. In FIGS. 1-12, the container there illustrated comprises, in
      one embodiment of the invention, a symmetrical essentially square
      container. Said container is provided with a generally horizontally
      disposed bottom. Said bottom will preferably comprise a suitable gridwork,
      here denoted generally by the reference numeral 10. Said bottom can
      comprise any other suitable bottom means such as a planar sheet, a
      perforated planar sheet, etc.
PAR  First, second, third, and fourth adjacent dissimilar sidewall structures
      extend upwardly to essentially the same height from adjacent essentially
      equal length first, second, third, and fourth sides, respectively, of said
      bottom. Said sidewall structures are denoted generally as side one, side
      two, side three, and side four, respectively.
PAR  Preferably, one of said sidewall structures will comprise a border flange
      12 extending along a said side of said bottom 10 in a first vertical plane
      which is located adjacent said side of said bottom 10. In a presently
      preferred embodiment said border flange 12 will be sinuous in shape and
      comprise a series of upstanding alternating peaks 14 and valleys 16 along
      its upper surface or top, and a series of inverted alternating peaks 18
      and valleys 20 along its lower urface or bottom.
PAR  The apex areas of said inverted peaks 18 comprise a first plurality of
      stacking feet disposed at spaced apart locations along said side of said
      bottom 10 and in said first vertical plane. Preferably, the bottoms of
      said apex areas (stacking feet) are at the same elevation as the bottom of
      the end segments of said border flange 12 and are provided with flat
      bottom surfaces. By employing this structure, said stacking feet will
      provide intermediate support when a container is sitting on a flat
      surface.
PAR  The apex areas of said upstanding peaks 14 comprise a first plurality of
      stacking saddles disposed at spaced apart locations along said side of
      said bottom 10 and in said first vertical plane. Said first stacking feet
      and said first stacking saddles are thus disposed at alternating spaced
      apart locations.
PAR  Preferably, each of the above-described peaks and valleys is generally
      rectilinear in shape. It is also preferred that the apex area of each of
      said peaks, and the bottom of each of said valleys therebetween, be
      generally horizontal. However, it is within the scope of the invention for
      said peaks and valleys to be curvilinear in shape. It will be understood
      in view of this disclosure that said peaks and valleys should be of a
      shape and size relative to each other, preferably complementary, to permit
      registration and cooperation in nesting and stacking as illustrated in
      FIGS. 9-12.
PAR  Preferably, each of said wall structures also comprises an upper rim 22
      which is disposed generally vertically above said side of said bottom 10
      and in a third vertical plane which is adjacent but outside said second
      vertical plane. It will be noted that each of said upper rims is longer
      than the side of the bottom 10 above which it is disposed. This structure
      results in the upper periphery (top) of the container being greater than
      the lower periphery (bottom) of the container. Thus, in stacked
      relationship the bottom periphery of an upper container will be confined
      within upper periphery of a lower container and thus stabilize a stack of
      containers with respect to transverse movements. Said upper rims 22, being
      disposed in said third vertical plane, (the outermost vertical plane
      extending through the container), present a substantially flat surface to
      an adjacent container when two containers are side by side at the same
      elevation. The outer surfaces of said upper rims 22 thus prevent
      interlocking of adjacent containers as sometimes happens when ends or
      sides of corrugated container contact each other, as when traveling on a
      conveyor belt. Said upper rims 22 also provide convenient handles for
      handling the containers, without the necessity for providing special
      openings which sometimes weaken the wall structure of prior art
      containers.
PAR  A plurality of spaced apart bar members 24 is disposed in said second
      vertical plane in each said wall structure and each bar member extends in
      a generally upward direction between the outer surface of said border
      flange 12 and the inner surface of said upper rim 22. The bottom of each
      of said bar members comprises a stacking foot 18' in said second plurality
      of stacking feet, and the top of each of said bar members comprises a
      stacking saddle 14' in said second plurality of stacking saddles.
      Preferably, each of said bar members is inclined with respect to the
      vertical. More preferably, said bar members in each of said wall
      structures are successively inclined in opposite directions with respect
      to each other, with adjacent bar members being joined at the adjacent ends
      thereof to provide a series of alternate generally V-shaped forms and
      inverted generally V-shaped forms.
PAR  When adjacent said bar members are joined at adjacent ends thereof to form
      said V-shaped forms, the apex area of each of said inverted generally
      V-shaped forms comprises a said stacking saddle 14' in said second
      plurality of stacking saddles (see FIG. 1), and the apex area of each of
      said generally V-shaped forms comprise a said stacking foot 18' in said
      second plurality of stacking feet (see FIGS. 1, 3-6, and 9-12).
      Preferably, said apex areas of both types of said V-shaped forms are
      generally horizontal.
PAR  Preferably, each of said apex areas comprising a stacking foot 18' in said
      second plurality of stacking feet is provided with a longitudinally
      extending recess 26 therein. In a preferred embodiment of said recess is
      formed along one side of the apex area and adjacent said border flange 12.
      See FIGS. 7 and 8. It is also preferred that each of said apex areas
      comprising a stacking saddle 14' in said second plurality of stacking
      saddles be provided with an elevated longitudinally extending crown 28
      thereon with said crown having a shape corresponding generally to the
      shape of said recesses in said apex areas comprising stacking feet. In a
      preferred embodiment said crowns will be formed along one side of said
      apex areas and spaced apart from the inner surface of said upper rim 22.
      See FIGS. 7 and 8.
PAR  The apex area of each of said peaks formed in said border flange is
      preferably generally flat, and the bottom of each of said valleys is
      preferably generally flat. However, it is within the scope of the
      invention for the apex area of said inverted peaks 18 comprising a
      stacking foot to be provided with a recess therein, similarly as described
      above for the apex areas comprising the bottoms of said inclined bars. It
      is also within the scope of the invention for the apex area of said
      upstanding peaks 14 to be provided with a crown, similarly as described
      above for the apex area comprising the tops of said inclined bars.
PAR  In one presently preferred embodiment of the invention the inclined bar
      members 24 in a said first wall structure, such as side one in FIGS. 1 and
      3, comprise three pairs of bars and each said pair of bars provides an
      inverted generally V-shaped form in said second vertical plane, and an
      upstanding peak 14 of said border flange 12 is disposed in the general
      area between the bars of each said inverted V-shaped form but in said
      first vertical plane. In a second wall structure (counting
      counterclockwise) of said presently preferred embodiment the inclined bar
      members 24 comprise three pairs of bars and each said pair of bars
      provides a generally V-shaped form in said second vertical plane, and an
      inverted peak 18 of said border flange 12 is disposed in the general area
      between adjacent said V-shaped forms but in said first vertical plane.
      See, for example, side two in FIGS. 1 and 4. In a third wall structure
      (counting counterclockwise) of said preferred embodiment, the inclined
      bars 24 comprise three pairs of bars and each said pair of bars provides a
      said inverted generally V-shaped form in said second vertical plane, and
      an inverted peak 18 of said border flange 12 is disposed in the general
      area between the bars of each said inverted V-shaped form but in said
      first vertical plane. See, for example, side three in FIG. 5. In a fourth
      wall structure (counting counterclockwise) of said preferred embodiment
      the inclined bar members 24 comprise three pairs of bars and each said
      pair of bars provides a generally V-shaped form in said second vertical
      plane, and an upstanding peak 14 of said border flange 12 is disposed in
      the general area between the bars of each said V-shaped form but in said
      first vertical plane. See, for example, side four in FIG. 6.
PAR  In the preferred embodiments of the invention it is preferred that portions
      of said border flange 12 extend generally vertically above and below the
      horizontal plane of said bottom 10.
PAR  From the above description of the containers of the invention, and the
      illustrations thereof in the drawings, it is clear that the location,
      arrangement, and lateral spacing of said first stacking feet and said
      first stacking saddles with respect to each other and to said second
      stacking feet and said second stacking saddles, together with the
      location, arrangement, and lateral spacing of said second stacking feet
      and said second stacking saddles with respect to each other and to said
      first stacking feet and said first stacking saddles is such that an upper
      container will nest within a like lower container when said containers are
      in like positions of orientation. It is also clear that said second
      stacking feet and said second stacking saddles in at least two opposed
      wall structures are adapted to register and to support an upper container
      in a first stacked relationship on a like lower container when said upper
      container is rotated from said position of like orientation to a first
      station of rotation. Similarly, said first stacking feet and said first
      stacking saddles located in said first plane in at least two opposed wall
      structures are adapted to register and to support an upper said container
      in a second stacked relationship on a like lower container at a lower
      elevation than that of said first stacked relationship when said upper
      container is further rotated to a second succeeding station of rotation.
PAR  Thus, for example, in the presently preferred containers of the invention,
      an upper said container will nest in nested relationship with a like lower
      container when said containers are in identical positions of orientation
      with the lower surfaces of the border flange 12 of said upper container
      adjacent the upper surfaces of the border flanges 12 of said lower
      container in said first plane, and with the corresponding inclined bar
      members 24 of like wall structures paralleling each other (see FIG. 9),
      said second stacking feet 18' and said second stacking saddles 14' in said
      second vertical plane in at least two opposed said wall structures will
      register and support said upper container in a substantially fully
      elevated stacked relationship on said lower container when said upper
      container is rotated clockwise 90 degrees from said position or like
      orientation to a first station of rotation (see FIG. 10); said first
      stacking feet 18 and said first stacking member 14 in said first vertical
      plane in at least two opposed said wall structures will register and
      support said upper container in a partially elevated stacked relationship
      on said lower container when said upper container is further rotated
      clockwise 90 degrees from said first station of rotation to a second
      station of rotation (see FIG. 11); said second stacking feet 18' and said
      second stacking saddles 14' in said second vertical plane in at least two
      opposed said wall structures will register and support said upper
      container in a substantially fully elevated stacked relationhip on said
      lower container when said upper container is further rotated clockwise 90
      degrees from said second station of rotation to a third station of
      rotation (see FIG. 12); and said upper container will again nest in said
      nested relationship with said upper container is further rotated clockwise
      90 degrees from said third station of rotation (see FIG. 9).
PAR  The containers of the invention have been described above with particular
      reference to a presently preferred container having an essentially square
      shape. However, the invention is not limited to essentially square-shaped
      containers. For example, FIG. 13 is a diagrammatic plan view illustrating
      a container in accordance with the invention and having an octagonal
      shape. In this embodiment of the invention, adjacent side walls such as 1a
      and 1b, 2a and 2b, etc. would comprise first, second, etc., respectively,
      wall structures in accordance with the invention. In such wall structures
      the junction between sides 1a and 1b would be at the midpoint of side 1 in
      FIG. 3, for example. Thus, the nesting and stacking characteristics of the
      containers remains as described above.
PAR  Those skilled in the art can now perceive, in view of this disclosure, how
      the containers of the invention can have still other shapes, e.g.,
      circular. In circular containers the abovedescribed wall structures could
      be provided in adjacent segments or arcs of the circumference of the
      container.
PAR  However, for reasons of space economy in placing containers adjacent each
      other, particularly in trucks, the essentially square containers described
      above are preferred.
PAR  The containers of the invention can be fabricated in any suitable manner
      known to the art. Injection molding, for example, is one presently
      preferred method for fabricating said containers. Said containers can be
      fabricated from any suitable material. Higher density polyethylenes are
      especially desirable materials from which to fabricate said containers.
      The high density polyethylenes prepared by the methods disclosed and
      claimed by J. P. Hogan et al in U.S. Pat. NO. 2,825,721, issued Mar. 4,
      1958,
PAR  comprise one group of presently preferred materials. Said containers can
      also be fabricated from butadiene-styrene copolymers, and other plastic
      materials. If desired, a reinforcing fibrous material, such as asbestos or
      glass fibers, can be incorporated in the plastic material. While the
      various plastics are presently preferred for the manufacture of the
      containers, it is within the scope of the invention to fabricate said
      containers from other materials, e.g., lightweight metals such as
      aluminum, reinforced pulp materials, etc.
PAR  As an example, in one model of a container in accordance with the invention
      the overall side length, measured at the upper rim, is about 23 inches.
      The overall side length, measured from the inner surfaces of the bottom
      border flange 12 is about 21 inches. The width or height of said upper rim
      is about 1.75 inches. The overall width or height of said border flange 12
      is about 2.8 inches, and the overall height of the container is about 6.25
      inches. The width of the inclined bars in said wall structures is about
      0.75 inches. The dimensions of the other elements of the container are
      generally proportional in size.
PAR  While certain embodiments of the invention have been described for
      illustrative purposes, the invention is not limited thereto. Various other
      modifications or embodiments of the invention will be apparent to those
      skilled in the art in view of this disclosure. Such modifications or
      embodiments are within the spirit and scope of the disclosure.
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STM  I claim:
NUM  1.
PAR  1. A symmetrical nesting and stacking container comprising:
PA1  a generally horizontally disposed bottom; and
PA1  a plurality of adjacent dissimilar wall structures extending upwardly to
      essentially the same height from adjacent essentially equal length
      peripheral segments of said bottom located around the periphery of said
      bottom; with each of said wall structures comprising:
PA1  a sinuously shaped border flange extending along said peripheral segment of
      said bottom in a first vertical plane located adjacent said peripheral
      segment;
PA1  said border flange comprising a series of upstanding alternating peaks and
      valleys along its upper surface and a series of inverted alternating peaks
      and valleys along its lower surface, with the apex areas of said inverted
      peaks comprising a first plurality of spaced apart stacking feet located
      in said first plane, and the apex areas of said upstanding peaks
      comprising a first plurality of spaced apart stacking saddles located in
      said first plane;
PA1  an upper rim disposed generally vertically above said border flange and in
      a third vertical plane which is adjacent but outside a second vertical
      plane described hereinafter;
PA1  a plurality of spaced apart bar members, disposed in said second vertical
      plane which is adjacent but outside said first vertical plane, and
      extending in an upwardly inclined direction between the outer surface of
      said border flange and the inner surface of said upper rim;
PA1  the bottom of each of said bar members comprising a stacking foot in a
      second plurality of spaced apart stacking feet located in said second
      plane, and the top of each of said bar members comprising a stacking
      saddle in a second plurality of spaced apart stacking saddles located in
      said second plane;
PA1  the location, arrangement, and lateral spacing of said first feet and said
      first saddles with respect to each other and to said second feet and said
      second saddles, together with the location, arrangement, and lateral
      spacing of said second feet and said second saddles with respect to each
      other and to said first feet and said first saddles being such that an
      upper said container will nest within a like lower container when said
      containers are in like positions of orientation;
PA1  said second feet and said second saddles in at least two opposed said wall
      structures being adapted to register and to support an upper said
      container in a first stacked relationship on a like lower container when
      said upper container is rotated from said position of like orientation to
      a first station of rotation; and
PA1  said first feet and said first saddles in at least two opposed said wall
      structures being adapted to register and to support an upper said
      container in a second stacked relationship on a like lower container at a
      lower elevation than that of said first stacked relationship when said
      upper container is further rotated to a second succeeding station of
      rotation.
NUM  2.
PAR  2. A container according to claim 1 wherein:
PA1  each of said peaks and valleys is generally rectilinear in shape;
PA1  the apex area of each of said peaks and the bottom of each of said valleys
      are generally horizontal;
PA1  said bar members are successively inclined in opposite directions with
      respect to each other, with adjacent bar members joined at the adjacent
      ends thereof to provide a series of alternate generally V-shaped forms and
      inverted generally V-shaped forms;
PA1  the apex area of each of said inverted generally V-shaped forms comprises a
      stacking saddle in said second plurality of stacking saddles;
PA1  the apex area of each of said generally V-shaped forms comprises a stacking
      foot in said second plurality of stacking feet; and
PA1  said apex areas of both types of said V-shaped forms are generally
      horizontal.
NUM  3.
PAR  3. A symmetrical essentially square nesting and stacking container
      comprising a generally horizontally disposed bottom and first, second,
      third, and fourth adjacent dissimilar side wall structures extending
      upwardly to essentially the same height from adjacent essentially equal
      length first, second, third, and fourth sides, respectively, of said
      bottom, with each of said wall structures comprising:
PA1  a sinuously shaped border flange extending along a said side of said bottom
      in a first vertical plane located adjacent said side of said bottom;
PA1  said border flange comprising a series of upstanding alternating peaks and
      valleys along its upper surface and a series of inverted alternating peaks
      and valleys along its lower surface, with the apex areas of said inverted
      peaks comprising a first plurality of spaced apart stacking feet located
      in said first plane, and the apex areas of said upstanding peaks
      comprising a first plurality of spaced apart stacking saddles located in
      said first plane;
PA1  an upper rim disposed generally vertically above said border flange and in
      a third vertical plane which is adjacent but outside a second vertical
      plane described hereinafter;
PA1  a plurality of spaced apart bar members, disposed in said second vertical
      plane which is adjacent but outside said first vertical plane, and
      extending in an upwardly inclined direction between the outer surface of
      said border flange and the inner surface of said upper rim;
PA1  the bottom of each of said bar members comprising a stacking foot in a
      second plurality of spaced apart stacking feet located in said second
      plane, and the top of each of said bar members comprising a stacking
      saddle in a second plurality of spaced apart stacking saddles located in
      said second plane;
PA1  the location, arrangement, and lateral spacing of said first feet and said
      first saddles with respect to each other and with respect to said second
      feet and said second saddles, together with the location, arrangement, and
      lateral spacing of said second feet and said second saddles with respect
      to each other and with respect to said first feet and said first saddles
      being such that an upper said container will nest within a like lower
      container when said containers are in like positions of orientation;
PA1  said second feet and said second saddles in at least two opposed said wall
      structures being adapted to register and to support an upper said
      container in a first stacked relationship on a like lower container when
      said upper container is rotated from said position of like orientation to
      a first station of rotation; and
PA1  said first feet and said first saddles in at least two opposed said wall
      structures being adapted to register and to support an upper said
      container in a second stacked relationship on a like lower container at a
      lower elevation than that of said first stacked relationship when said
      upper container is further rotated to a second succeeding station of
      rotation.
NUM  4.
PAR  4. A container according to claim 3 wherein:
PA1  each said stacking foot in said second plurality of stacking feet comprises
      a recess in the bottom of one of said bar members; and
PA1  each said stacking saddle in said second plurality of stacking saddles
      comprises an elevated crown, having a shape corresponding generally to the
      shape of said recesses in the bottoms of said bar members, on the top of
      one of said bar members.
NUM  5.
PAR  5. A container according to claim 3 wherein:
PA1  each of said peaks and valleys is generally rectilinear in shape;
PA1  the apex area of each of said peaks and the bottom of each of said valleys
      are generally horizontal;
PA1  said bar members are successively inclined in opposite directions with
      respect to each other, with adjacent bar members joined at the adjacent
      ends thereof to provide a series of alternate generally V-shaped forms and
      inverted generally V-shaped forms;
PA1  the apex area of each of said inverted generally V-shaped forms comprises a
      stacking saddle in said second plurality of stacking saddles;
PA1  the apex area of each of said generally V-shaped forms comprises a stacking
      foot in said second plurality of stacking feet; and
PA1  said apex areas of both types of said V-shaped forms is generally
      horizontal.
NUM  6.
PAR  6. A container according to claim 5 wherein:
PA1  each of said apex areas comprising a stacking foot in said second plurality
      of stacking feet is provided with a longitudinally extending recess
      therein;
PA1  each of said apex areas comprising a stacking saddle in said second
      plurality of stacking saddles is provided with an elevated longitudinally
      extending crown thereon having a shape corresponding generally to the
      shape of said recesses in said apex areas comprising stacking feet;
PA1  said apex area of each of said peaks is generally flat; and
PA1  the bottom of each of said valleys is generally flat.
NUM  7.
PAR  7. A container according to claim 5 wherein:
PA1  said bar members in said first wall structure comprise three pairs of bars
      and each said pair of bars provides a said inverted generally V-shaped
      form in said second vertical plane, and an upstanding peak of said border
      flange is disposed in the general area between the bars of each said
      inverted V-shaped form but in said first vertical plane;
PA1  said bar members in said second wall structure counting counterclockwise
      comprise three pairs of bars and each said pair of bars provides a said
      generally V-shaped form in said second vertical plane, and an inverted
      peak of said border flange is disposed in the general area between
      adjacent said V-shaped forms but in said first vertical plane;
PA1  said bar members in said third wall structure counting counterclockwise
      comprise three pairs of bars and each said pair of bars provides a said
      inverted generally V-shaped form in said second vertical plane, and an
      inverted peak of said border flange is disposed in the general area
      between the bars of each said inverted V-shaped form but in said first
      vertical plane; and
PA1  said bar members in said fourth wall structure counting counterclockwise
      comprise three pairs of bars and each said pair of bars provides a
      generally V-shaped form in said second vertical plane, and an upstanding
      peak of said border flange is disposed in the general area between the
      bars of each said V-shaped form but in said first vertical plane.
NUM  8.
PAR  8. A container according to claim 7 wherein portions of said border flange
      extend generally vertically above and below the plane of said bottom.
NUM  9.
PAR  9. A container according to claim 7 wherein:
PA1  an upper said container will nest in nested relationship within a like
      lower container when said containers are in identical positions of
      orientation with the lower surfaces of the border flanges of said upper
      container adjacent the upper surfaces of the border flanges of said lower
      container in said first plane, and with the corresponding inclined bar
      members of like wall structures paralleling each other;
PA1  said second stacking feet and said second stacking saddles in said second
      vertical plane in at least two opposed said wall structures will register
      and support said upper container in a substantially fully elevated
      relationship on said lower container when said upper container is rotated
      clockwise 90.degree. from said position of like orientation to a first
      station of rotation;
PA1  said first stacking feet and said first stacking saddles in said first
      vertical plane in at least two opposed said wall structures will register
      and support said upper container in a partially elevated stacked
      relationship on said lower container when said upper container is further
      rotated clockwise 90.degree. from said first station of rotation to a
      second station of rotation;
PA1  said second stacking feet and said second stacking saddles in said second
      vertical plane in at least two opposed said wall structures will register
      and support said upper container in a substantially fully elevated stacked
      relationship on said lower container when said upper container is further
      rotated clockwise 90.degree. from said second station of rotation to a
      third station of rotation; and
PA1  said upper container will again nest in said nested relationship when said
      upper container is further rotated clockwise 90.degree. from said third
      station of rotation.
NUM  10.
PAR  10. A container according to claim 9 wherein:
PA1  in said nested relationship said first, second, third, and fourth wall
      structures of said upper container are nested in said first, second,
      third, and fourth wall structures, respectively, of said lower container;
PA1  in said first mentioned substantially fully elevated stacked relationship
      said second and fourth wall structures of said upper container are
      supported on said first and third wall structures, respectively, of said
      lower container;
PA1  in said partially elevated stacked relationship said third and first wall
      structures of said upper container are supported on said first and third
      wall structures, respectively, of said lower container; and
PA1  in said second mentioned substantially fully elevated stacked relationship
      said fourth and second wall structures of said upper container are
      supported on said first and third wall structures, respectively, of said
      lower container.
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ABST
PAL  A container for packaging fragile items. The container provides an inner
      carton suspended within an outer carton. The suspension is achieved by
      means of integral end flaps on the inner carton which interlock the end
      flaps of the outer carton.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the packaging and material handlng arts and more
      specifically to a new and useful container for the packaging of fragile
      items.
PAR  Those skilled in the packaging and material handling arts having long
      recognized a need for a simple container which is useful for packaging
      fragile items by suspending and thereby mechanically isolating the items
      from the exterior of the container so that shock and vibration which is
      suffered by the external container is not also suffered by the fragile
      item packaged therein.
PAR  Various solutions have been proposed for such a problem which range from
      packing the fragile items in layers of resilient material to providing
      complicated suspension systems within the package. Providing layers of
      resilient material has the disadvantage that it adds weight to the package
      and is wasteful of material. The J. E. Clenny and W. H. Fairchild patent,
      U.S. Pat. No. 987,958, shows one manner in which cardboard buffers are
      used to fill in the space between the inner and outer carton and thus
      shock mount the inner carton.
PAR  The Hoover patent, U.S. Pat. No. 2,700,460, and the two Ryno patents, U.S.
      Pat. Nos. 2,700,518 and No. 2,785,795, show complex systems in which the
      fragile item is suspended in a flexible tubing which is then twisted at
      the ends and thereby providing a suspension system. Such systems are too
      complex to be economical for large volume packaging.
PAC  SUMMARY OF THE INVENTION
PAR  The primary objective of this invention is to provide a container for
      packaging fragile items which overcomes the difficulties of the prior art
      devices. The unique construction of the present invention, which
      incorporates a carton suspended within a carton by tabs that are integral
      to the inner carton, provides several advantages.
PAR  First, the inner carton is securely suspended and attached to the outer
      carton by means of a slot and tab thereby requiring only a minimum amount
      of material for the actual suspension function.
PAR  The use of integral tabs allows the suspension system to be formed out of
      the same blank as the inner carton thereby simplifying assembly of the
      container.
PAR  Also, the unique construction allows the suspension system to be completely
      assembled at the same time that the package is assembled, i.e., the
      package requires no further manipulations in order to engage the
      suspension system aside from the assembly of the cartons themselves.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the blank from which the inner carton is formed.
PAR  FIG. 2 is a plan view of the blank from which the outer carton is formed.
PAR  FIG. 3 is an exploded perspective view of a container showing the component
      parts thereof.
PAR  FIG. 4 is a perspective view of a partially formed container showing the
      upper end with the tab of the inner container protruding through a slot in
      the outer container.
PAR  FIG. 5 is a perspective view of a container showing the container with the
      upper tabs bent over to engage the end portion of the outer container.
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 5.
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to FIG. 3, in accordance with the instant invention, a
      container which is suitable for packaging a fragile item 1 comprises an
      inner carton 5 and outer carton 13. The inner carton 5 is assembled from a
      blank which is shown in FIG. 1. The blank 4 consists of side wall panels
      8a, 8b, 8c and 8d hingedly connected to each other at fold lines 88a, 88b
      and 88c. A sealing tab 7 is hingedly connected to side wall panel 8d at
      fold line 88d. The blank 4 also has top wall panels 10a, 10b, 10c and 10d
      which are respectively hinged to side wall panels 8a, 8b, 8c and 8d at
      hinge lines 110a, 110b, 110c and 110d. The blank 4 also has bottom wall
      panels 12a, 12b, 12c and 12d which are respectively hinged to side wall
      panels 8a, 8b, 8c and 8d at hinge lines 112a, 112b, 112c and 112d. Also,
      the top panels 10a and 10c have tabs 14a and 14c hingedly connected at
      hinge lines 114a and 114c. The tabs 14a and 14c include fold lines 214a
      and 214c, the purpose of which will presently appear. The bottom panels
      12a and 12c have tabs 16a and 16c respectively attached at hinge lines
      116a and 116c. The tabs 16a and 16c include hinge lines 216a and 216c, the
      purpose of which will presently appear.
PAR  In reference to FIG. 2, the outer carton 13 is constructed from a blank 6
      which has side wall panels 9a, 9b, 9c and 9d  hingedly connected at fold
      lines 99a, 99b and 99c. A sealing tab 11 is hingedly connected to side
      wall panel 9d at fold line 99d. The blank 6 also has top wall panels 20a,
      20b, 20c and 20d respectively hinged to side wall panels 9a, 9b, 9c and 9d
      at hinge lines 120a, 120b, 120c and 120d. The blank 6 also has bottom wall
      panels 22a, 22b, 22c and 22d which are respectively hinged to side wall
      panels 9a, 9b, 9c and 9d at hinge lines 122a, 122b, 122c and 122d. The top
      wall panels 20b and 20d and the bottom wall panels 22b and 22d each
      respectively have flat shallow slots 24b, 24d, 26b and 26d cut therein.
      Top and bottom wall panels 20a, 20c, 22a and 22c each respectively have
      elongated slots 28a, 28c, 30a and 30c cut therein. The purpose of these
      slots will presently be made apparent.
PAR  With reference to FIG. 3, the cartons 5 and 13 are assembled from the two
      blanks 4 and 6. When the sealing tab 7 of blank 4 is attached by gluing or
      other suitable means to the inside of side wall 8a, the resulting carton 5
      takes on a rectangular shape such that the side walls 8a, 8b, 8c and 8d
      are folded to be perpendicular to each other. The same is true with
      respect to blank 6 when its sealing tab 11 is attached to the inside of
      side wall 9a to form carton 13.
PAR  The top flaps 10b and 10d of carton 5 are folded toward the center of the
      carton 5 along lines 110b and 110d. Then, top flaps 10a and 10c of carton
      5 are folded along lines 110a and 110c respectively so that top flaps 10a
      and 10c overlap top flaps 10b and 10d and are glued thereto. In the
      process of folding top flaps 10a and 10c, tabs 14a and 14c are folded
      outwardly so that tabs 14a and 14c are abutting and are congruent to each
      other. The same operation is repeated in folding the bottom flaps of
      carton 5.
PAR  With respect to carton 13, top flaps 20c and 20a are initially folded along
      lines 120a and 120c so that slots 24a and 24c are adjacent thereby forming
      a single slot. Next, top flap 20b is folded along fold line 120b so as to
      overlap flaps 20a and 20c, and flap 20b is glued to flaps 20a and 20c. Top
      flap 20d is then folded along fold line 120d to overlap top flaps 20b, 20a
      and 20c and is glued to flap 20b. The inner carton 5 is then inserted
      through the open bottom end of the outer carton 13 and the congruent tabs
      14c and 14a extend through the slot formed by overlying slots 24a, 24c,
      26a and 26c in the top end of the carton 13 as shown in FIG. 4. The flaps
      14a and 14c are then bent outwardly along fold lines 214a and 214c
      respectively and can be glued to the surface of flap 20d as indicated in
      FIG. 5. The bottom end of outer carton 13 is then folded so that the tabs
      16c and 16a are congruent and similarly protrude through the slot formed
      by 26b, 26d, 30a and 30c. The tabs 16a and 16c are then folded back along
      fold lines 216a and 216c so that they lay flat and can be glued to the
      bottom flap 22b.
PAR  With reference to FIGS. 6 and 7, it can be seen that the fragile item 1 is
      completely sealed within the inner carton 5, and the carton 5 is
      completely isolated from carton 13 by an air space around the top and
      sides and bottom except for those portions of tabs 14a and 14c which lie
      between fold lines 214a and 114a and 214c and 114c respectively. In this
      manner, the carton 5 is suspended from both the top and the bottom of the
      outer carton 13 and is, therefore, mechanically shock mounted.
CLMS
STM  What is claimd is:
NUM  1.
PAR  1. A package which comprises a sealed first carton of foldable material and
      having side walls and end flaps foldably connected thereto, a sealed
      second carton surronding said first carton, said second carton of foldable
      material and having side walls and end flaps foldably connected thereto,
      connecting tabs foldably connected to opposite end flaps of said first
      carton, portions of said connecting tabs congruently abutting each other,
      said second carton having aligned slotted portions in the end flaps
      thereof, said portions of connecting tabs congruently abutting each other
      extending through said aligned slotted portions and the terminal portions
      of said connecting tabs folded to lay within a parallel plane to the end
      flaps of said second carton and attached thereto.
NUM  2.
PAR  2. A package according to claim 1 which consists essentially of two unitary
      pieces of folded material.
NUM  3.
PAR  3. A package according to claim 1 wherein said terminal portions of said
      connecting tabs are secured on the external surface of said second carton.
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ABST
PAL  An outrigger construction that modifies after delivery for a rack used to
      transport rectangular sections of sheet products such as flat glass is
      disclosed. Such racks have an A-frame configuration with generally
      horizontal platforms at the base extremities of each side. Sheet products
      stacked on the platforms lean against an adjacent inclined side of the
      A-frame for transportaion of the products. The outrigger construction of
      the invention provides for installing after delivery vertical columnar
      members on each side of the A-frame so that the outermost sheet products
      on the A-frame can be tilted outwardly from their position against the
      A-frame. The outermost sheets thus lean against the vertical columnar
      members to allow direct access to interior sheet products on the rack.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to racks for sheet products, and in
      particular to an outrigger construction allowing immediate access to
      interior sheet products stacked on an A-frame rack.
PAR  Large sheets of flat glass are ordinarily transported from place to place
      on special trucks which have a pair of A-frames arranged side by side on
      the truckbed. Platforms are located adjacent to the lower extremities of
      the A-frames, and flat glass stacked thereon leans against the adjacent
      side of the A-frame and is supported thereby.
PAR  A recently developed method of transporting flat glass is illustrated in my
      co-pending application for TRANSPORTATION RACK CONSTRUCTION, Ser. No.
      465,043. In this system, transportable A-frame racks are utilized to
      support the glass. The racks with the glass thereon can be moved either on
      dollies or placed on trucks for long distance transportation. This method
      of transporting flat glass has been found to be quite efficient, with one
      exception, namely, either the entire block must be removed at one time or
      if each piece of glass is a different size, all of the outside sheets of
      glass must be removed before an interior sheet can be taken off the rack.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an outrigger construction which includes
      vertical columnar members on each side of the A-frame, and laterally
      projecting members for supporting the various columnar members at their
      base. All or any part of the products on the A-frame can be tilted from
      their base leaning position against the A-frame so that they can lean
      against the vertical columnar members. This allows access to any interior
      sheet product so that it can be removed without having removed any other
      sheet, thus, eliminating the need for first removing all of the sheet
      products outside of the desired sheet before that sheet can be removed
      from the rack.
PAR  In the preferred embodiment of the present invention, two vertical columnar
      members are disposed on each side of the A-frame on the opposite corners
      thereof. Horizontal members interconnect the two members on each
      respective side of the A-frame, and cross-members attached to the top of
      the A-frame connect to the top of the vertical columnar members to provide
      a relatively rigid outrigger construction. Each of the members of the
      outrigger construction is demountably attached to the A-frame and to each
      other so that the entire structure can be assembled and disassembled at
      will. When disassembled, the members forming the rack can be easily stored
      and transported along with the glass. As a result, the outrigger
      construction can be disassembled for transportation of the glass and
      erected at the dealer's shop to facilitate storing and utilizing the glass
      as required.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to organization and method of operation, together with
      further objects and advantages thereof will be better understood from the
      following description considered in connection with the accompanying
      drawings in which preferred embodiments of the invention are illustrated
      by way of example. It is to be expressly understood, however, that the
      drawings are for the purpose of illustration and description only and are
      not intended as a definition of the limits of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the outrigger construction of the present
      invention mounted to a transportable A-frame rack;
PAR  FIG. 2 is an exploded perspective view illustrating the interaction of the
      various members of the present invention;
PAR  FIG. 3 is a fragmentary perspective view of the attachment of the cross
      member of the present invention to the top of the A-frame rack.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus of the present invention used with a transportable A-frame
      rack 10 is illustrated by way of reference to FIG. 1. Rack 10 has two
      downwardly divergent inclined sides defined by rows of boards 12, 14.
      Platforms 16, 18 are provided at the base extremities of each side of the
      A-frame rack 10. Flat glass or other sheet products such as sheet rock,
      plywood panels, etc. can be stacked on platform 16, 18 so that they lean
      against the respective sides of the rack defined by boards 12, 14 for
      transportation of the products. In the apparatus illustrated in FIG. 1,
      A-frame rack 10 can be moved on dollies 20, 22 for short-distance
      transportation of the glass at the warehouse or at the construction site.
      For long-distance transportation of the flat glass such as from a
      warehouse to a construction site, or customer's warehouse, A-frame rack 10
      can be loaded on a truck at the warehouse, as illustrated in my
      aforementioned Patent Application for Transportation Rack Construction,
      and then unloaded at the construction site or a customer's warehouse.
PAR  The present invention provides an outrigger construction adapted to
      surround A-frame rack 10. The outrigger construction includes vertical
      columnar members 24-27 disposed at the four corners of the rack. Columnar
      members 24-27 are rectangular extrusions and fit inside mating, upperly
      opening slots 28-31 on dollies 20, 22. A pair of horizontal members 32, 34
      interconnect the vertical columnar members 24-25 and 26-27 respectively on
      the opposite sides of A-frame rack 10. In addition, cross members 36, 38,
      mounted to the top of A-frame rack 10, are connected to the top of the
      vertical columnar members 24-27 and 25-26 respectively. The combination of
      vertical columnar members 24-27 mounted in upwardly opening slots 28-31,
      horizontal members 32, 34 and cross members 36, 38 provide a rigid
      outrigger construction enclosing the glass or other sheet products mounted
      on A-frame rack 10. As is apparent from viewing FIG. 1, the outermost such
      sheet products can be tilted away from the sides of A-frame rack 10 so
      that they lean against vertical columnar members 24, 25 or 26, 27. This
      allows easy access to interior sheet products mounted on A-frame rack 10
      without the necessity for first removing the outer sheet products.
PAR  The assembly of the outrigger construction is illustrated in more detail by
      way of reference to FIG. 3. Using reference numerals related to one of the
      vertical columnar members 24 illustrated previously, the lower end 70
      thereof is insertable into upwardly opening rectangular slot 28 in dolly
      20. Columnar member 24 is a hollow extrusion so that a downwardly
      projecting peg 72 at the outer extremity of cross member 36 can releasably
      engage therewith. Angle 74 is mounted to the side of vertical columnar 24
      and is provided with a small aperture 76 so that downwardly projecting peg
      78 at the end of horizontal member 32 can be inserted thereinto. In this
      manner, vertical columnar member 24 is connected with dolly 20, cross
      member 36, and horizontal member 32 to hold it firmly in position so that
      flat glass and other sheet products can be leaned against it. However, the
      outrigger construction can easily be disassembled when not needed, such as
      for long-distance transportation of the glass.
PAR  Connection of a cross member such as 36 to the top of A-frame 10 is
      illustrated by way of reference to FIG. 3. A-frame 10 is provided with a
      flat, vertically aligned member 80 which forms the apex of the rack. A
      pair of angles 82, 84 on lower surface of cross member 36 define a slot
      86. Cross member 36 can be mounted over member 80 of A-frame rack 10 so
      that slot 86 is engaged therewith to firmly mount the cross member to the
      rack.
PAR  In operation, flat glass or other such sheet products can be loaded on an
      A-frame in any order irrespective of the order of use. When the sheet
      products are to be unloaded from an A-frame, vertical columnar members
      such as 24-27 are inserted in upwardly opening slots 28-31. Horizontal
      members 32, 34 are then attached to the cross members on the respective
      sides of the A-frame by inserting pegs such as 78 in corresponding slots
      such as 76. Then, cross members 36, 38 are attached to the tops of the
      vertical columnar members by inserting pegs such as 72 inside the vertical
      members. This provides a rigid outrigger construction against which the
      sheet products can be tilted for removal of interior sheets. When the
      outrigger construction is no longer needed, it can easily be disassembled
      without using any special tools and stored for future use.
PAR  While preferred embodiments of the present invention have been illustrated
      in detail, it is apparent that modifications and adaptations of those
      embodiments will occur to those skilled in the art. However, it is to be
      expressly understood that such modifications and adaptations are within
      the spirit and scope of the present invention, as set forth in the
      following claims.
CLMS
STM  What I claim as new is:
NUM  1.
PAR  1. A rack for supporting rectangular sections of sheet products comprising:
PA1  an A-frame defining opposite downwardly divergent inclined sides;
PA1  means located adjacent the base extremities of each inclined side for
      engaging the bottom edges of and supporting the primary weight of sheet
      products stacked thereon, said stacked sheet products adapted to normally
      lean toward and against an adjacent inclined side of said A-frame;
PA1  at least one substantially vertical columnar member disposed to each side
      of said A-frame and spaced laterally from the sheet products on said
      frame; and
PA1  laterally projecting support means provided on each side of said A-frame
      for supporting each said columnar member at its base in a location spaced
      laterally outwardly from the base extremities of its adjacent inclined
      side, whereby sheet products supported on said A-frame can be successively
      tilted from their leaning position toward and against an adjacent inclined
      side to a leaning and substantially upright position toward and against an
      adjacent columnar support.
NUM  2.
PAR  2. A rack as recited in claim 1 and comprising a pair of substantially
      vertical columnar members disposed to each side of the A-frame, said
      members located at the opposite corners of the A-frame, and additionally
      comprising a horizontal member interconnecting the respective members of
      each pair of vertical columnar members.
NUM  3.
PAR  3. A rack as recited in claim 2 and additionally comprising a pair of cross
      members attached to the top of the A-frame, the extremities of said cross
      members demountably connected to the top of the vertical columnar members
      to maintain said vertical members in position.
NUM  4.
PAR  4. A rack as recited in claim 1 wherein the laterally projecting support
      means comprises a pair of dollies adapted to underlie and support the
      A-frame for movement of said A-frame over the ground.
NUM  5.
PAR  5. A system for the transportation and storing of flat glass, said system
      comprising:
PA1  an A-frame defining opposite, downwardly divergent, inclined sides and
      having means at the lower base extremities of each inclined side for
      supporting flat glass stacked thereon so that the flat glass leans against
      the adjacent inclined side of the A-frame;
PA1  a pair of dollies adapted to support the A-frame for transportation
      thereof, each said dolly having a pair of laterally disposed upwardly
      opening slots;
PA1  a set of four vertical columnar members adapted to be placed in the
      upwardly opening slots in the dollies and extend upwardly adjacent the
      diverging inclined sides of the A-frame;
PA1  a pair of cross members demountably attachable to the upper end of the
      A-frame, the extremities of said cross members adapted to demountably
      engage the upper ends of respective pairs of the vertical columnar members
      respectively and maintain said vertical members in a substantially
      vertical configuration; and
PA1  a pair of horizontal members adapted to demountably engage adjacent
      vertical columnar members on the respective sides of the A-frame to
      provide a rigid outrigger frame about the A-frame so that flat glass
      supported against the inclined sides of the A-frame can be tilted
      outwardly and against the vertical columnar members to provide access to
      interior sheets of flat glass.
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ABST
PAL  An unlocking device for a rotary coupler on a freight car including a bail
      rotatably mounted adjacent the open end of the car center sill and adapted
      to be selectively swung from a rest position to an action position in
      contact with a rotor element on the locklift assembly linkage of the
      coupler. An operating rod rotatably mounted on the end of the car is
      interconnected through a mechanical linkage arrangement to the bail. As
      this rod is manually turned from the side of the car a mechanical
      advantage is achieved and force is applied through the bail against the
      rotor element to cause the knuckle of the coupler to open.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved uncoupling device for use with rotary
      freight car couplers.
PAR  Each freight car used in the United States is required by law to be
      equipped with an uncoupling means which can be operated from the side of
      the car without the necessity of trainmen going between the cars.
      Therefore, cars are equipped with uncoupling levers or rods connected to
      the coupler and extending to the corners of the cars. By manipulation of
      the uncoupling lever, rotary action is imparted to the bottom lock lift on
      the coupler causing the lock to rise and the knuckle to open.
PAR  During the last decade, the development of unit trains of rotary dump cars
      made it desireable to dump cars in a rotary dumper without having to
      uncouple the cars. This caused the development of the rotary coupler. This
      type of coupler is connected to the car with a special yoke which permits
      the coupler to revolve around a longitudinal axis through its center. It
      permits rotary dumping of a car without also turning over the cars to
      which it is coupled.
PAR  Because of this rotary action, the uncoupling lever cannot be attached to
      the coupler lest it becomes damaged the first time the couplers are
      rotated. To solve this problem, early rotary dump cars were equipped with
      a standard rotary coupler on one end, and a rigid coupler (non-rotary) on
      the opposite end. Thus, if cars are always oriented together so that a
      rotary coupler and a rigid coupler are always adjacent to each other, the
      train can be dumped without uncoupling. Since the standard coupler could
      have an uncoupling lever attached to it, it is always possible to uncouple
      the cars with this arrangement.
PAR  While the above-described system of orienting cars provides one solution to
      the way cars may be rotated while coupled together in a train it is
      apparent that the orientation of car represents an exacting and time
      consuming task. Thus it would be preferable, in certain situations, if a
      car is to be used in a unit train, that such car could be equipped with
      rotary couplers at both ends. This, of course, would eliminate the
      requirement for proper orientation of car in the train.
PAR  It was the above-described objective in mind that thought was also given to
      the development of an uncoupling lever device which could be used with
      rotary couplers and could be expected to positively insure the correct
      uncoupling of a car from both its adjacent cars.
PAR  It is known in the art to provide a uncoupling rod device for use with
      rotary couplers on freight cars in which the manually operated rod device
      is rotatably mounted with respect to the car body and has a portion which
      is adapted to be swung into contact with a rotor arm of an unlocking
      mechanism on the rotary coupler. For a more complete description of known
      devices attention is directed to U.S. Pat. Nos. 3,572,518, 3,580,400 and
      3,115,973.
PAR  However, as far as applicant knows, with all previously devised devices
      that portion of the operating rod which is swung into contact with the
      rotor arm of the unlocking mechanism moves through an arc to make initial
      contact at the lower end of the rotor arm. As the rotor arm is swung
      forward by continued manual movement of the uncoupling device the portion
      of the device in contact with the rotor arm moves upward on this arm in a
      manner as seen, for example in FIG. 2 of U.S. Pat. No. 3,572,518. It will
      be appreciated that as this occurs there is a gradual loss of mechanical
      advantage which makes it increasing difficult to operate the unlocking
      mechanism as the coupler reaches its fully unlocked position.
PAR  It is therefore an object of this invention to provide an uncoupling rod
      device for a rotary coupler which permits a portion of the uncoupling rod
      device to engage the rotor arm at the most advantageous point throughout
      the full movement of rotor arm. With such an arrangement it is possible to
      thereby achieve maximum mechanical advantage in movement of this rotor
      arm.
PAC  SUMMARY OF THE INVENTION
PAR  In the arrangement according to the invention an operating rod is rotatably
      mounted to extend along an end of a car and inwardly from a corner of this
      car to the center sill. At the car corner end of this rod there is a
      handle portion and adjacent the center sill there is a rod fixed to the
      operating rod and adapted to be swung in a plane generally parallel to the
      side face of the center sill as the operating rod is rotated manually from
      the handle end.
PAR  The lower end of the rod fixed to the operating rod is pivotally connected
      to a plate member that extends forwardly towards the open end of the
      center sill and in general parallel relationship to the side face of this
      sill. At its forward end this plate member is pivotally connected to a
      bail member which hangs downwardly adjacent the open end of the center
      sill. This bail member is rotatably supported at this point through
      suitable bearings on opposite side walls of the striker portion of the
      center sill so that the bail member generally encompasses the open end of
      the shank portion of the car coupler which extends from this open end. As
      thus positioned the lower arm member of the bail which extends beneath the
      shank of the coupler is spaced, when the uncoupling device is not being
      manually operated, from a rotor element operatively connected to the
      locklift assembly linkage of the coupler and depending therefrom. The
      uncoupling device is normally maintained in this position by means of a
      spring connected between the bail and the center sill.
PAR  When it is desired to move the locklift assembly linkage so as to uncouple
      the car from an adjacent car the handle of the operating rod is turned and
      this imparts a forward motion to the bail member through the plate member.
      As the lower arm member of the bail member is moved forward it contacts
      the rotor element on the locklift assembly linkage and, as the turning
      motion of the operating arm is continued, the rotor is swung to move the
      locklift assembly. Movement of this locklift assembly actuates addition
      internal component parts of the coupler, in a known manner, to unlock the
      knuckle of the coupler.
PAR  The principal on which this improved uncoupling device operates is based on
      the fact that the rod, which is moved forwardly by a manual turning of the
      operating rod, moves through a greater arc than the bail member and the
      lower arm of this bail member that contacts the rotor element. The pivot
      points of the device are so disposed that the lower arm of the bail
      contacts the rotor element at the most advantageous point throughout the
      full travel of the device.
PAR  The device, according to the invention has advantages over the known
      devices. Thus with the same pulling force on the operating handle, an
      increased force is applied to the rotor element throughout its operating
      range. This is especially important near the end of the stroke when the
      action engages the knuckle thrower and causes the relatively heavy knuckle
      to swivel open.
PAR  Further in previously known devices it was required that the handle be
      connected directly to the rod supporting the rotor contacting bar, through
      a link near the center sill. Because of the angularity of the two pieces
      used in the previously known devices, there was a loss of efficiency at
      the link when made to function. The improved device permits the parts to
      swivel about points on two parallel lines.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial top plan view of the end of a freight car showing the
      uncoupling device in a rest position.
PAR  FIG. 2 is a partial elevational view looking toward the end of the freight
      car of FIG. 1 but, for the sake of clarity, not showing the coupler
      assembly as disposed in the center sill of the car.
PAR  FIG. 3 is a partial side elevational view of the arrangement as looking
      toward the center sill of the car from the section line A--A, in FIG. 2
      and with the uncoupling device in a rest position.
PAR  FIG. 4 is a view similar to FIG. 3 but with the uncoupling device moved to
      a position to contact the rotor of the locklift assembly linkage on the
      coupler.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the Figures of the drawing the uncoupling device is generally indicated
      at 10. This device is operatively positioned with respect to the end sill
      11 of a freight car, not shown in detail, and the center sill 12 of the
      car. Extending within this center sill 12 is the shank portion 13 of a
      rotary coupler having a coupler head 14. In a known manner a coupler
      knuckle is swingably mounted within this head. Also in a known manner a
      locklift assembly linkage 15 is operatively connected to the coupler
      knuckle so that when this linkage is turned the knuckle is unlocked.
PAR  Dependent from the locklift assembly linkage 15 is a rotor element 16 which
      is adapted to be swung by a portion of the uncoupling device, in a manner
      to be described later, so as to actuate the locklift assembly linkage 15
      and unlock the coupler knuckle.
PAR  The uncoupling device has an operating rod 17 with a handle portion 18.
      This rod is rotably mounted, adjacent its handle portion by means of a
      bracket 19 carried on plate 20 which in turn is secured to corner cap 21
      of the car. The opposite end of the operating rod 17 is rotatably mounted
      in another bracket 22 carried on a support plate 23 that is secured to a
      side face 24 of the center sill 12.
PAR  A rod 25 is fixedly secured to the operating rod 17 outwardly from the side
      face 24 of the center sill and depends downwardly from the operating rod
      to lie generally parallel to the side face 24. The lower end of this rod
      25 is pivotally connected at 26 to a plate member 27 that extends forward
      below the center sill but generally parallel to the side face 24 thereof,
      to another pivotally connection 28 with a bail member generally indicated
      at 29.
PAR  As perhaps best seen in FIG. 2, the bail member 29 has side arms 30 and 31,
      which lie on opposite sides of the center sill 12, and these side arms are
      connected by arm portion 32 that lies generally beneath the center sill 12
      at the open end thereof. Side arms 30 and 31 have their upper ends
      inwardly turned towards the center sill 12 to be rotatable received in
      bearing members 33 and 34, respectively, secured to the end portion of the
      center sill 12. As thus disposed the bail member 29 in its rest position,
      as seen in FIG. 3, has arm portion 32 in spaced relationship with the
      rotor element 16 depending from the locklift assembly linkage 15. The
      uncoupling device 10 is maintained in this rest position by means of
      spring 35 extending from bracket arm 36 on side arm 31 to the support
      plate 23. A stop member 37 is disposed on the end portion at center sill
      12 against which arm portion 32 rests when the bail is urged to its rest
      position by spring 35.
PAR  The uncoupling device operates in the following described manner. When it
      is desired to unlock the coupler knuckle the handle portion 18 of the
      operating rod 17 is manually grasped and swung. This motion is translated,
      as seen FIG. 4, through rod 25 and plate member 27 to swing the bail
      member 29 to a position where arm portion 32 contacts rotor element 16. As
      will be understood the continued movement of the arm portion 32 against
      the rotor element 16, due to the manual turning of the handle portion 18
      of operating rod 17 will result in the rotor element and its associated
      locklift assembly linkage 15 being forced to a position where the coupler
      knuckle is unlocked in a known manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a railway car having a coupler mounted for rotation relative to the
      car and having a locklift assembly linkage which, when turned, causes the
      knuckle of the coupler to be unlocked, a rotor element depending from the
      locklift assembly linkage beneath the head of the coupler, a bail having
      side arms and a connecting arm portion, the upper ends of the side arms
      being rotatably received in bearing member on opposite side faces of the
      center sill of the car and with the connecting arm adjacent the rotor
      element, the bail being urgable through a manually operated leverage
      arrangement, to swing from a rest position to a position where the arm
      portion contacts and turns the rotor element so as to turn the locklift
      assembly linkage and cause the knuckle to be unlocked, the improvement in
      the manually operated leverage arrangement which comprises:
PA1  A. an operating rod having a handle portion for manual grasping, said
      operating rod being rotatably mounted between spaced bearings lying
      adjacent a corner of the car and on said center sill thereof, said
      operating rod as so mounted extending inwardly from its handle portion at
      the car corner and lying in a plane between the bail and an end sill of
      the car; and
PA1  B. a mechanical linkage intergrally connected at one end to said operating
      rod and extending generally transversely to the plane of said operating
      rod and being pivotally connected to said connecting arm portion of said
      bail at its other end, whereby when said handle portion is manually turned
      said connecting arm portion of said bail is urged from a rest position
      into contact with said rotor element and with a force greater than that
      applied to the handle portion due to the mechanical advantage obtained
      through the mechanical linkage.
NUM  2.
PAR  2. An arrangement as in claim 1, wherein said operating rod extends
      inwardly in a plane generally parallel to the plane of said end sill.
NUM  3.
PAR  3. An arrangement as in claim 1, wherein said bearing supporting said
      operating rod on said center sill is disposed in a plane below that of the
      plane in which said bearing members for supporting said bail on said
      center sill are disposed.
NUM  4.
PAR  4. An arrangement as in claim 3, wherein said mechanical linkage includes a
      rod integrally connected at one end to said operating rod and depending
      therefrom along an adjacent side face of the center sill said rod being
      pivotally connected at its lower end to a plate member, at a first portion
      thereof, said plate member extending generally parallel to the adjacent
      side face of said center sill and being pivotally connected, at another
      portion of said plate member, to said connecting arm portion of said bail.
NUM  5.
PAR  5. An arrangement as defined in claim 4 further comprising a resilient
      means disposed between at least one of said side arms of said bail and a
      connecting means on a side face of said center sill, and resilient means
      retaining said bail in its rest position.
NUM  6.
PAR  6. An arrangement as defined in claim 5 wherein said resilient means is a
      coil spring.
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ABST
PAL  An improved loader mechanism is used with a machine tool having a chuck
      which is operated between opened and closed conditions and a bar feed
      mechanism having a feed gripper which is also opened and closed. The
      loader mechanism is operable to transfer one piece of bar stock at a time
      from an intermediate station to a loading station while simultaneously
      transferring another piece of bar stock from a magazine to the
      intermediate station. After a piece of bar stock has been moved to the
      loading station, the piece of bar stock is registered relative to the feed
      gripper and chuck by activating a compensating cylinder to press the
      leading end of the piece of bar stock against a stop member. When the stop
      member has been moved out of the way of the registered piece of bar stock,
      a main cylinder is activated to push the registered piece of bar stock
      into the open feed gripper and chuck.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of my copending
      application Ser. No. 262,544, filed June 14, 1972, now U.S. Pat. No.
      3,814,299, entitled "Bar Stock Feed Mechanism."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a bar stock loader mechanism and more
      specifically to a bar stock loader mechanism which may be utilized with a
      feed mechanism having a gripper assembly which is operable between opened
      and closed conditions.
PAR  A known bar stock loader mechanism includes a compensating cylinder which
      is actuated to move a main feed cylinder and a piece of bar stock toward
      the spindle or chuck of a machine tool until a switch is actuated.
      Actuation of the switch causes a clamp assembly to grip a piston rod of
      the compensating cylinder to hold the main feed cylinder against further
      movement. The main feed cylinder is then activated to push the piece of
      bar stock into the machine tool. This known loader mechanism is disclosed
      in U.S. Pat. No. 2,746,128.
PAR  Another known loader mechanism includes a magazine which holds a plurality
      of bars in a side-by-side relationship and a rotatable indexing or support
      cylinder. The indexing cylinder transfers the bars from the magazine to a
      loading station and supports the bars as they are moved from the loader
      mechanism into the associated machine tool. An example of this known
      loader mechanism is illustrated in German Patentschrift No. 571,614 having
      a date of Feb. 9, 1933.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a loader mechanism which is utilized in
      combination with a bar stock feed mechanism of the type disclosed in my
      copending application Ser. No. 262,544, filed June 14, 1972, and entitled
      "Bar Stock Feed Mechanism." This bar stock feed mechanism includes a
      gripper assembly which is operated between opened and closed conditions
      and a spindle chuck which is opened and closed. Prior to initiation of a
      bar feed operation, the gripper assembly is closed to securely grip the
      bar stock. The spindle chuck is then opened and the gripper assembly is
      moved toward the chuck through a feed stroke. Upon completion of the feed
      stroke, the chuck is closed and the gripper assembly is opened and moved
      away from the chuck through a return stroke. Whenever the remaining piece
      of bar stock becomes too short to make a next succeeding workpiece, a
      detector is activated and a loader mechanism constructed in accordance
      with one aspect of the present invention is operated to move a new piece
      of bar stock into the open gripper assembly.
PAR  The loader mechanism includes a magazine from which pieces of bar stock are
      first transferred to an intermediate station and then to a loading station
      by a transfer mechanism. A compensating cylinder is activated to register
      a piece of bar stock at the loading station with the feed mechanism and
      spindle chuck of the associated machine tool by pressing the leading end
      of the bar stock against a stop connected with the transfer mechanism.
      Once the leading end of the bar stock has been registered, a clamp or
      gripper device is operated to hold a feed cylinder against movement. After
      the stop member has been withdrawn and the feed mechanism has been opened
      to receive a piece of bar stock, the feed cylinder is activated to push
      the piece of bar stock into the feed mechanism.
PAR  In the illustrated embodiment of the invention, the feed cylinder also
      pushes the bar stock into the open spindle chuck with the leading end
      portion of the bar stock extending into a work area so that it can be
      trimmed or squared-off with suitable cutting tools. However, under certain
      circumstances, it may be desirable to utilize the feed mechanism to feed
      the bar stock to the spindle chuck rather than loading the bar stock
      directly into the spindle chuck. The loader and bar feed mechanisms are
      constructed so that they can be readily utilized with existing machine
      tools.
PAR  Accordingly, it is an object of this invention to provide a new and
      improved bar stock loader mechanism which is relatively compact, reliable
      in operation, and suitable for use in conjunction with many different
      types of machine tools.
PAR  Another object of this invention is to provide a new and improved loader
      and bar feed mechanism wherein the bar feed mechanism includes a gripper
      which is operated between opened and closed conditions and the loader
      mechanism is operable to move a piece of bar stock into the bar feed
      mechanism when the gripper is in the opened condition.
PAR  Another object of this invention is to provide a new and improved apparatus
      which is operable through a plurality of working cycles to perform work
      operations on a piece of bar stock at a work area and a loading cycle
      during which another piece of bar stock is moved into the apparatus and
      wherein this apparatus includes a feed gripper and chuck which are
      operable between opened and closed conditions, a drive assembly for moving
      the feed gripper through forward and reverse strokes to feed bar stock to
      the chuck, a loader mechanism for moving a piece of bar stock into the
      feed gripper during a loading cycle, and a control assembly which is
      operable to change the operating sequence of the feed gripper relative to
      the chuck from a working cycle sequence to a loading cycle sequence to
      facilitate transfer of bar stock from the loader mechanism to the feed
      mechanism.
PAR  Another object of this invention is to provide a new and improved loader
      mechanism having a magazine which holds a plurality of pieces of bar stock
      and a transfer device for transferring one piece of bar stock at a time
      from the magazine to an intermediate station and for simultaneously
      therewith moving another piece of bar stock from the intermediate station
      to a loading station.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and features of the present invention will
      become more apparent upon a consideration of the following description
      taken in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic illustration of a machine tool having bar stock
      loader feed mechanisms constructed in accordance with the present
      invention, only the feed mechanisms being shown in FIG. 1;
PAR  FIG. 2 is a schematic, sectional view, taken generally along the line 2--2
      of FIG. 1, illustrating a portion of the bar stock feed mechanism in a
      withdrawn or retracted position prior to initiation of a feed stroke;
PAR  FIG. 3 is a sectional view, taken generally along the line 3--3 of FIG. 1,
      illustrating the relationship between a spindle chuck and gripper assembly
      of the bar feed mechanism, the gripper assembly being shown opened and in
      a retracted position prior to initiation of a feed stroke;
PAR  FIG. 4 is an enlarged, fragmentary, sectional view, further illustrating
      the relationship between the bar stock and the open gripper assembly of
      FIG. 3;
PAR  FIG. 5 is a sectional view, generally similar to FIG. 2, illustrating a
      portion of the bar stock feed mechanism at the end of a feed stroke;
PAR  FIG. 6 is a sectional view, generally similar to FIG. 3, illustrating the
      gripper assembly in a closed condition and in an extended position at the
      end of a feed stroke;
PAR  FIG. 7 is an illustration of a cam for controlling operation of the spindle
      chuck between the opened and closed conditions and the movement of the
      gripper assembly through feed and return strokes;
PAR  FIG. 8 is a graph depicting the relationship between rotation of the cam of
      FIG. 7, operation of the bar stock feed mechanism through feed and return
      strokes, opening and closing of the gripper assembly, and opening and
      closing of the spindle chuck;
PAR  FIG. 9 is a plan view of the bar stock loader mechanism which cooperates
      with the bar feed mechanism of FIG. 1;
PAR  FIG. 10 is a sectional view taken along the line 10--10 of FIG. 9,
      illustrating the relationship between a transfer device for moving a piece
      of bar stock to a loading station, a compensating cylinder for registering
      the piece of bar stock at the loading station, and a main cylinder for
      pushing the piece of bar stock from the loading station into the feed
      mechanism of FIGS. 1 and 2;
PAR  FIG. 11 is a partially broken away end view illustrating the relationship
      between the transfer mechanism and a magazine which holds a plurality of
      pieces of bar stock, the transfer mechanism being shown without a piece of
      bar stock at a loading station and with a piece of bar stock at an
      intermediate station;
PAR  FIG. 12 is an end view, generally similar to FIG. 11, illustrating the
      transfer mechanism in an actuated condition in which a piece of bar stock
      has been moved from the intermediate station to the loading station and a
      next succeeding piece of bar stock has been moved from the magazine to the
      intermediate station;
PAR  FIG. 13 is a sectional view, taken generally along the line 13--13 of FIG.
      9, further illustrating the construction of the transfer mechanism, a
      transfer tube being shown engaging a piece of bar stock at the
      intermediate station with a preceding piece of bar stock at the loading
      station;
PAR  FIG. 14 is an enlarged, fragmentary, sectional view of the area 14--14 of
      FIG. 10, illustrating the relationship between the main cylinder and the
      compensating cylinder, which has been activated to register a piece of bar
      stock at the loading station;
PAR  FIG. 15 is an enlarged, sectional view of the area 15--15 of FIG. 10,
      illustrating the registration of the leading end of a piece of bar stock
      with the feed mechanism of FIGS. 1 and 2; and
PAR  FIG. 16 is a schematic illustration of control circuitry for effecting
      operation of the loader mechanism.
DETD
PAC  DESCRIPTION OF ONE SPECIFIC EMBODIMENT OF THE INVENTION
PAR  A machine tool 10, illustrated schematically in FIG. 1, includes a base 12
      on which a known spindle 14 is rotatably mounted by suitable bearings 16
      and 18. A bar stock feed mechanism 20 is operable through feed and return
      strokes to feed incremental lengths of a piece of bar stock 22 through a
      spindle chuck 24 to a work area 26, where machining operations are
      performed on the leading end portion of the bar stock by tools 28 mounted
      on a movable turret 30. In accordance with a feature of this invention,
      when machining operations are completed on one piece of bar stock, a
      loader mechanism 31 is activated to move a new piece of bar stock into the
      bar stock feed mechanism 20.
PAR  The bar stock feed mechanism 20 includes an actuator assembly 32 (FIG. 2)
      for operating a bar feed gripper assembly 36 between the open condition of
      FIG. 3 and the closed condition of FIG. 6. When the gripper assembly 36 is
      in the open condition of FIG. 3, gripping surface 40 on collet fingers 42
      defines a relatively large circular opening 44 and are spaced from the
      cylindrical outer surface of the bar stock 22 (see FIG. 4).
PAR  During operation of the machine tool 10, the spindle 14 rotates the bar
      stock 22 in the work area 26, while tools 28 on the turret 30 work on the
      bar stock. At the end of a machining operation, a suitable cross slide
      (not shown) is actuated to cut off the leading end portion of the bar
      stock 22 immediately adjacent to the chuck 24. The bar stock feed
      mechanism 20 is then activated to feed a predetermined length of the bar
      stock 22 into the work area 26.
PAR  At the end of the machining operation and prior to initiation of a bar feed
      operation, the bar stock feed mechanism 20 is in the retracted or
      withdrawn position of FIG. 2 so that the gripper assembly 36 is spaced
      from the spindle chuck 24 (see FIG. 3, which is a continuation of FIG. 2).
      Immediately prior to the end of the preceding machining operation, the
      gripper assembly 36 is operated from the open condition of FIG. 3 to the
      closed condition of FIG. 6 to securely grip or clamp the bar stock 22 with
      the collet fingers 42, which are disposed in a circular array around the
      bar stock. To close the gripper assembly 36, a piston 46 in the gripper
      actuator assembly 32 presses a cylindrical bar stock actuator tube 50
      toward the right (as viewed in FIGS. 2 and 3). This movement of the
      actuator tube 50 presses inclined surfaces 54 (FIG. 4) on axially outer
      ends of the collet fingers 42 against an annular cam surface 56 formed on
      the inside of a nose portion 60 of a cylindrical feed tube 62. As the
      inclined surfaces 54 on the collet fingers 42 are pressed against the
      annular cam surface 56, the collet fingers 42 are resiliently deflected
      inwardly to reduce the size of the opening 44 and to move the surfaces 40
      into clamping engagement with the outer surface of the bar stock 22.
PAR  Once the bar stock 22 has been securely clamped by the gripper assembly 36,
      the spindle chuck 24 is operated from the closed position of FIG. 3 to the
      open position of FIG. 6 by a known chuck actuator assembly 66 (see FIGS. 2
      and 5). The chuck actuator assembly 66 includes a locking or chucking
      sleeve 68 which is moved axially toward the chuck 24 to release a
      plurality of chucking levers 72 (only one of which is shown in FIGS. 2 and
      5) for pivotal movement about their nose portions 76. This pivotal
      movement of the chucking levers 72 releases a chuck actuator tube or
      sleeve 78 for axial movement relative to a cylindrical spindle tube or
      housing 80. The released actuator tube 78 is moved axially rearwardly by
      camming surfaces 82 (FIG. 3) formed on outwardly biased chuck collet
      fingers 84 as the chuck 24 opens. Thus, as the chucking levers 72 pivot in
      a clockwise direction from the position shown in FIG. 2 to the position
      shown in FIG. 5, the resilient chuck fingers 84 press the cam surfaces 82
      outwardly against the annular outer end portion of the chuck actuator tube
      78 to move the chuck actuator tube toward the left from the position shown
      in FIGS. 2 and 3 to the positions shown in FIGS. 5 and 6. As the resilient
      chuck fingers 84 move outwardly, the chuck 24 releases the bar stock 22 so
      that it is held only by the gripper assembly 36.
PAR  Once the bar stock 22 has been released by the chuck 24, the bar stock feed
      mechanism 20 moves the gripper assembly 36 through a feed stroke toward
      the now open chuck 24 to feed a predetermined length of bar stock into the
      work area 26. To provide for this movement of the gripper assembly 36, a
      slide assembly 88 is movable along a track 90 (FIG. 1) on the machine tool
      base 12 under the influence of a cam drive assembly 94. As the slide
      assembly 88 is moved forwardly, the bar feed tube 62 and actuator tube 50
      are moved toward the right from the position shown in FIGS. 2 and 3 to the
      position shown in FIGS. 5 and 6. Of course, rightward movement of the bar
      feed tube 62 and actuator tube 50 moves the now closed gripper assembly 36
      toward the work area 26 to push bar stock through the open chuck 24.
PAR  At the end of a feed stroke, the chuck actuator assembly 66 closes the
      chuck 24 to clampingly grip the bar stock 22. To effect operation of the
      chuck 24 to the closed condition, the chucking sleeve 68 is moved axially
      from the position shown in FIG. 5 to the position shown in FIG. 2 to cam
      the chucking levers 72 in a counterclockwise direction about their nose
      portions 76. This counterclockwise movement of the chucking levers 72
      forces the chuck actuator tube 78 axially forwardly against the influence
      of resilient chuck jaws 84. As the chuck actuator tube 78 moves forwardly,
      the chuck jaws 84 are cammed inwardly to securely grip the bar stock 22.
      It should be noted that at the end of a feed stroke, the gripper assembly
      36 is closely adjacent to clamping surfaces 95 on the chuck jaws 84, and
      is disposed inwardly of an axially extending body portion 97 which is
      integrally formed with the chuck jaws 84. This close proximity between the
      gripper assembly 36 and chuck jaws 84 at the end of a feed stroke tends to
      minimize the length of a remnant end portion of the bar stock and scrap
      material.
PAR  After the chuck 24 has been closed, the gripper assembly 36 is opened and
      moved through a return stroke. Thus, once the chuck 24 has clampingly
      gripped the bar stock 22, the actuator assembly 32 is operated from the
      activated condition of FIG. 5 to the released condition of FIG. 2. As the
      actuator assembly 32 moves to the released condition of FIG. 2, the piston
      46 moves rearwardly to release the gripper actuator tube 50. The released
      gripper actuator tube 50 is then moved rearwardly under the influence of a
      camming action between surface 54 on the resiliently inwardly deflected
      gripper fingers 42 and the surface 56 on the nose portion 60 of the feed
      tube 62. Once the gripper fingers 42 reach the open position of FIG. 4,
      the gripping surfaces 40 on the inside of the gripper fingers are spaced
      from the outside of the bar stock 22 so that the gripper assembly 36 can
      be freely moved relative to the bar stock.
PAR  When the gripper assembly 36 has been opened, the slide assembly 88 is
      moved rearwardly under the influence of the cam drive assembly 94. As the
      slide assembly 88 is moved rearwardly from the position shown in FIG. 5 to
      the position shown in FIG. 2, the open gripper assembly 36 is moved
      axially through a return stroke along the bar stock 22 toward the
      retracted position shown in FIG. 3. Toward the end of the next succeeding
      machining operation, the gripper assembly 36 is again operated to the
      closed condition in readiness for the next succeeding feed stroke.
PAR  The bar feed actuator assembly 32 effects operation of the gripper assembly
      36 between the open and closed conditions. The actuator assembly 32
      includes a cylinder assembly 100 (FIG. 2) which defines a cylindrical
      chamber 102 in which the piston 46 is slidably disposed. (An air cylinder
      is illustrated, although other actuators, such as a hydraulic cylinder or
      an appropriate electrical actuator and/or mechanical linkage, may be
      employed.) When the gripper assembly 36 is to be closed, air under
      pressure is conducted through a line or conduit 106 to an end face 108 of
      the piston 46. This results in the piston 46 being moved toward the right
      (as viewed in FIG. 2) against the influence of a return spring 110. As the
      piston 46 moves toward the right, a thrust plate 114 is moved into
      abutting engagement with a flanged rearward end portion 122 of the gripper
      actuator tube 50. The thrust plate 114 is rotatably supported on the
      piston 46 by a bearing 124 to enable the gripper actuator tube 50 and
      thrust plate 114 to rotate with the bar stock 22 and spindle 14 during
      operation of the machine tool 10. The piston 46 is retained against
      rotation by a pin 125.
PAR  Continued movement of the piston 46 toward the right (as viewed in FIG. 2)
      presses the flanged end portion of the actuator tube 50 toward an annular
      flanged end portion 126 of the bar feed tube 62. The bar feed tube 62 is
      retained against axial movement by a bearing assembly 128 having an inner
      race which is held between the flanged end portion 126 and a locking ring
      130 on the bar feed tube 62. The outer race of the bearing assembly 128 is
      connected to an outer wall 132 of the cylinder 100. Since the feed tube 62
      cannot move axially relative to the cylinder 100, the piston 46 moves the
      actuator tube 50 axially forwardly to effect a camming interaction between
      the gripper fingers 42 and the nose portion 60 of the gripper assembly 36.
      This camming interaction closes the gripper assembly 36 in the manner
      previously explained.
PAR  The closed gripper assembly 36 is moved through a feed stroke by moving the
      actuator assembly 32 and slide assembly 88 forwardly from the position
      shown in FIG. 2 to the position shown in FIG. 5. The slide assembly 88
      includes a generally rectangular base section 150 which is moved along the
      guide track 90 through feed and return strokes by the cam drive 94. The
      actuator assembly 32 is mounted on the base section 150. When the slide
      assembly 88 is moved forwardly along the track 90, the piston 46, cylinder
      assembly 100, closed gripper assembly 36, and bar stock 22 are moved
      together toward the spindle chuck 24 through a feed stroke. During this
      feed stroke, the bar stock 22 moves forward through the same distance as
      the slide assembly 88. Therefore, the distance through which the slide
      assembly 88 is moved forward determines the length of the bar stock fed to
      the work area 26. Of course, during a return stroke, the gripper assembly
      36 is opened and is ineffective to move the bar stock 22 relative to the
      closed spindle chuck 24.
PAR  During the return stroke, the open gripper assembly 36, actuator assembly
      32, and slide assembly 88 are all moved rearwardly along the bar stock 22.
      To provide for this relative movement between the bar stock 22 and
      actuator assembly 32, a cylindrical passage 152 is formed in a piston rod
      154 which extends axially rearwardly from the head 156 of the piston 46.
      The passage 152 has a larger cross sectional area than the bar stock 22
      and forms a continuation of a cylindrical passage 158 extending axially
      through the actuator tube 50 to the circular opening 44 defined by the
      gripper assembly 36. During a machining operation, the spindle 14 rotates
      the bar stock 22 in the passage 152 while the piston 46 is held against
      rotation.
PAR  The cam drive assembly 94 reciprocates the slide assembly 88 to accurately
      feed the same predetermined length of bar stock through the chuck 24
      during each successive bar feed operation. The drive assembly 94 includes
      drive lever 160 (FIG. 2) which is pivotally connected at 164 to an
      upstanding arm 166. The arm 166 is integrally formed with the base 150 of
      the slide assembly 88. The drive lever 160 is pivotally connected at 170
      with the base 12 of the machine tool 10. A cam follower 172 on an outer
      end portion of the drive lever 160 is disposed in engagement with a track
      174 in a barrel cam member 176.
PAR  Upon rotation of the barrel cam member 176, the cam track 174 causes the
      drive lever 160 to pivot about the connection 170. This pivotal movement
      of the drive lever 160 reciprocates the slide assembly 88 between the
      positions shown in FIGS. 2 and 5. During this reciprocating movement of
      the slide assembly 88, a slide block 178 moves in and out along a track
      180 formed in the upwardly projecting arm 166 to enable the pivot
      connection 164 to move along an arcuate path.
PAR  To enable the length of the feed and return strokes to be varied, a
      screw-type actuator assembly 186 is selectively operable to move the slide
      block 178 inwardly or outwardly along the track 180. Thus, if a longer
      feed stroke is desired, a handle 190 is rotated to move a slide block 192
      outwardly along a track 194 formed in the lever 160. The slide block 192
      is pivotally connected at 164 to the slide block 178 on the arm 166.
      Therefore, outward movement of the slide block 192 pulls the slide block
      178 and pivot connection 164 outwardly to increase the feed stroke through
      which the slide assembly 88 is moved. Similarly, when the pivot connection
      164 is moved inwardly, the feed stroke is decreased. If desired, the
      handle 190 may be actuated to infinitely adjust the feed stroke through a
      range of adjustment during operation of the machine tool 10 to control
      part length, for example. If desired, by appropriate addition of trip
      dogs, modification of camming, or other reprogramming, the same part may
      be successively fed with cut-off occurring after each set of two or more
      feed advances. Also, the feed length may be automatically adjusted (as for
      example by automatic adjustment of the handle 190) to automatically vary
      the lengths of the feed strokes when the same part is being successively
      fed. It is contemplated that a device could be provided to automatically
      change the length of the feed stroke on successive operating cycles of the
      bar feed mechanism 20.
PAR  In accordance with a feature of the present invention, the bar stock feed
      mechanism 20 is operable to accurately feed a desired length of bar stock
      to the work area 26 on each feed stroke. To provide for this relatively
      accurate feeding of bar stock, the cam follower 172 is continuously
      maintained in pressure engagement with one side or surface of the cam
      track 174. To this end, a spring 200 is connected to the base 150 of the
      slide assembly 88 and continuously urges the base toward the right, as
      viewed in FIG. 2. This biasing force urges the drive lever 160 in a
      clockwise direction about the connection 170. Since the drive lever 160
      tends to pivot in a clockwise direction about the pivot connection 170,
      the cam follower or roller 172 is urged into continuous abutting
      engagement with the left hand side (as viewed in FIG. 2) or surface 204 of
      the cam track 174.
PAR  Since the roller 172 is continuously urged against one side of the cam
      track 174 by the action of the spring 200, the extent to which the lever
      160 is pivoted about the connection 170 is determined by the shape of the
      cam track 174. Therefore, the slide 88 is accurately moved through feed
      and return strokes of the same length on successive revolutions of the
      drum cam 176. During operation of one specific embodiment of the
      invention, it was found that bar stock could be consistently fed with an
      accuracy of .+-.0.0015 inch. By comparison, for operation of a screw
      machine having a friction type bar feed mechanism similar to that
      disclosed in U.S. Pat. No. 2,146,583 and using an accurately positioned
      stop block, the commonly expected accuracy of positioning of bar stock is
      only within .+-.0.005 inch on successive feed cycles. It should be
      understood that the feed tolerances set forth above are for purposes of
      illustration only and that the dimensional feed tolerances associated with
      either bar feed mechanism may vary.
PAR  By biasing the cam or roller 172 against one side of the cam track 174,
      positive movement of the slide assembly 88 through successive feed strokes
      of a predetermined length is obtained to accurately position a
      predetermined length of bar stock in the work area 26 without the use of a
      turret mounted stop block. Elimination of the turret mounted stop block
      enables all of the mounting positions on the turret 30 (FIG. 1) to be
      utilized to hold tools 28. Of course, this provides a tool engineer with
      greater latitude in tool arrangement and design. In addition, elimination
      of the turret mounted stop block eliminates wasted turret indexing time
      and enables a tool 28 to be advanced toward the cutting position while the
      bar stock is being fed. During one specific set of operating conditions,
      the cycle time for a Brown and Sharpe No. 00 size Automatic Screw Machine
      was reduced by approximately 25 percent by the use of a bar feed mechanism
      constructed in accordance with the present invention. However, it should
      be understood that the reduction in cycle time set forth above is merely
      illustrative and that the saving obtained in cycle time by using the bar
      feed mechanism 20 will vary with the configuration of the piece being
      machined, tool arrangement and design, and many other factors.
PAR  Before a feed stroke is initiated by the bar feed mechanism 20, it is
      necessary for the spindle chuck 24 to be in the open condition of FIG. 6,
      with the collet fingers 84 disengaged from the bar stock 22. Similarly,
      the spindle chuck 24 should be in the closed condition of FIG. 3 before a
      return stroke is initiated by the bar feed mechanism 20. To positively
      maintain the desired relationship between the chuck actuator assembly 66
      and bar feed mechanism 20, the drum cam 176 is provided with a first track
      174 to effect reciprocating movement of the gripper assembly 36 through
      feed and return strokes and a second track 210 which effects actuation of
      chuck actuator assembly 66. The chuck actuator assembly 66 includes an
      actuator lever 212 which is pivotally mounted at 214 on the base 12 of the
      machine tool 10. A cam follower 218 is provided on one end portion of the
      actuator lever 212 and engages the cam track 210. A connector roller 220
      at the opposite end of the lever 212 engages a circular groove 224 formed
      in the sleeve 68. Therefore, upon pivoting movement of the actuator lever
      212 about the connection 214, due to interaction between the cam track 210
      and cam follower 218, the sleeve 68 is moved between the actuated position
      shown in FIG. 2 in which the chuck 24 is held closed and the released
      condition of FIG. 5 in which the chuck 24 is open. Since the cam tracks
      210 and 174 are formed in the same cam drum member 176, the chuck actuator
      assembly 66 and drive assembly 94 for the slide 88 are always actuated in
      the desired sequence relative to each other.
PAR  During operation of the machine 10, it is important that a return stroke is
      not initiated by the bar stock feed assembly 20 until after the spindle
      chuck 24 has closed to securely grip the bar stock. Thus, only after the
      slide assembly 88 has been moved forwardly through a feed stroke and the
      chuck 24 has been closed is the gripper assembly 36 opened and a return
      stroke initiated. To maintain this predetermined sequential relationship
      between the closing of the chuck 24, opening of the gripper assembly 36,
      and initiation of a return stroke, a sensor assembly 230 is associated
      with the cam 176 (see FIG. 7) and is actuated only after the chuck 24 has
      closed at the completion of a feed stroke. Actuation of the sensor
      assembly 230 effects activation of the actuator assembly 32 to open the
      gripper assembly 36 prior to initiation of a return stroke.
PAR  The sensor assembly 230 includes a valve, indicated schematically at 232 in
      FIG. 7, which is actuated at the proper time in the feed cycle by a lug
      234 connected to the cam 176. Since the lug 234 is disposed in a fixed
      relationship with the cam tracks 210 and 174, the lug 234 always actuates
      the valve 232 when the slide assembly 88 has reached the end of a feed
      stroke and after the chuck 24 has been closed by the actuator assembly 66.
      This insures that the gripper assembly 36 is opened prior to initiation of
      a return stroke and after the chuck 24 has closed.
PAR  During continued operation of the machine tool 10, it is contemplated that
      the length of the bar stock 22 may be reduced so that the remnant end
      portion of the bar stock is shorter than the length of bar stock to be fed
      to the work area during the next succeeding cycle of operation of the
      machine tool. When this occurs, the gripper assembly 36 will be moved
      axially rearwardly of the trailing end of the bar stock 22 during the
      return stroke of the last feed cycle. Therefore, when the actuator
      assembly 32 is activated to operate the gripper assembly 36 to the closed
      condition immediately prior to the next succeeding feed cycle, the gripper
      assembly will not engage the bar stock 22.
PAR  When the gripper assembly 36 is closed without bar stock in the gripper
      assembly, the piston 46 moves through a relatively long forward stroke and
      moves the annular flanged end portion 122 of the gripper actuator tube 50
      into abutting engagement with the flanged end portion 126 of the bar feed
      tube 62. Due to the absence of bar stock in the gripper assembly 36, there
      is nothing to prevent the gripper fingers 42 from being pressed inwardly
      through a relatively large distance toward each other. Of course, this
      reduces the opening 44 to a size which is smaller than the cross sectional
      area of the bar stock 22.
PAR  When the gripper assembly 36 is operated to the closed condition without a
      piece of bar stock between the gripper fingers 42, a detector assembly 240
      (FIG. 2) is actuated to initiate suitable control functions. The detector
      assembly 240 includes a sensor valve 244 which is mounted on the cylinder
      100 and an actuator member or screw 246 which is mounted on a support
      member 248 connected to the outer end of the piston rod 154. Upon movement
      of the piston 46 through a relatively large stroke, which occurs when the
      gripper assembly 36 is closed in the absence of a piece of bar stock
      between the gripper fingers 42, the screw 246 opens the valve 244 to
      exhaust a conduit 250 to atmosphere. The conduit 250 is connected with a
      relay valve 252 (FIG. 1) which is actuated in response to a reduction in
      pressure in the conduit 250. Actuation of the relay valve 252 pressurizes
      a line 254 and activates a clutch actuator assembly 256 to ultimately
      interrupt or stop operation of the machine tool 10. In accordance with the
      present invention, the loader mechanism 31 will then be activated to feed
      a next succeeding piece of bar stock into the feed mechanism 20.
PAR  A control system 300 for the bar stock feed mechanism 20 initiates a bar
      feed operation upon completion of a machining operation. The control
      system 300 includes a master control assembly 302 which, in the case of a
      numerically controlled machine tool, includes a tape reader and known
      control apparatus for initiating control functions in accordance with a
      program punched in the tape. However, it is contemplated that the master
      controls 302 could be of a mechanical nature and include suitable trip
      dogs and control cams such as are shown in the aforementioned text on
      automatic screw machines published by the Brown and Sharpe Mfg. Co.
PAR  Immediately prior to the initiation of a bar feed operation, the actuator
      assembly 32 is activated to close the gripper assembly 36. Accordingly,
      while the bar stock 22 is being machined, the master controls 302 activate
      an actuator assembly 304 to move an actuator rod 306 and open a bleed
      valve 308 to atmosphere. Opening the bleed valve 308 to atmosphere reduces
      the pressure in a line 312 to one side of a known threeway
      pressure-operated valve 314. The valve 314 has a spool which is shifted
      within a housing in response to a change in fluid pressure conducted to
      either side of the housing. Thus, upon operation of the bleed valve 308 to
      the open condition, the valve spool is shifted to the right and air under
      pressure is ported from a supply conduit 318 through the conduit 106 to
      one end of the piston chamber 102. Conducting high pressure air to the
      chamber 102 causes the piston 46 to move toward the right (as viewed in
      FIG. 2) to operate the gripper assembly 36 from the open condition of FIG.
      3 to the closed condition of FIG. 6 prior to the initiation of a bar feed
      operation.
PAR  After the gripper assembly 36 has been closed and machining operations on
      the portion of the bar stock 22 in the work area 26 completed, the drum
      cam 176 is rotated to initiate a bar feed operation. Thus, upon completion
      of machining operations, the master controls 302 transmit a signal to a
      clutch actuator assembly 320 (FIG. 1) to effect engagement of a clutch
      assembly 322. The clutch assembly 322 is connected with a main drive shaft
      324 for the machine 10 and is drivingly connected with an input shaft 328
      to the drum cam 176. Therefore, on engagement of the clutch assembly 322,
      the drum cam 176 is rotated to actuate the chuck operator assembly 66 from
      the engaged condition of FIG. 2 to the released condition of FIG. 5 during
      the first 90 degrees of rotational movement of the drum cam 176 from the
      position shown in FIG. 2 and in the direction of the arrow 332. As this
      occurs, a portion 334 of the cam track 210 pivots the actuator lever 212
      in a clockwise direction to operate the spindle chuck 24 from the closed
      condition indicated at 338 on a curve 340 (FIG. 8) to the open condition
      indicated at 342. During the first 90 degrees of rotation of the drum cam
      176, the gripper assembly 36 remains in the closed condition, as shown by
      a curve 344 in FIG. 8, and the slide assembly 88 remains in the retracted
      position of FIG. 2, as shown by a curve 348 of FIG. 8.
PAR  As the drum cam 176 is rotated from the 90.degree. position to the
      180.degree. position, the slide assembly 88 is moved from the retracted
      position to the extended position to move the gripper assembly 36 through
      a feed stroke. Thus, a portion 352 of the cam track 174 (FIG. 5) pivots
      the actuator lever 160 from the position shown in FIG. 2 to the position
      shown in FIG. 5, during the second 90 degrees of rotation of the cam 176.
      During this movement of the slide assembly 88 from the extended position
      to the retracted position, indicated by the portion 356 of the curve 348
      (FIG. 8), the gripper assembly 36 remains in the closed position (see
      curve 344 in FIG. 8) and the spindle chuck 24 remains open (see curve
      340).
PAR  During somewhat less than the next 90 degrees of rotation of the drum cam
      176, the spindle chuck 24 is operated to the closed condition. Thus, the
      portion of the cam track 210 designated 360 in FIG. 5 pivots the actuator
      lever 212 in a counterclockwise direction to operate the chuck actuator
      assembly 66 from the released condition of FIG. 5 to the engaged condition
      of FIG. 2 as the drum cam 176 is rotated through slightly less than 90
      degrees from the position shown in FIG. 5. Of course, this operates the
      spindle chuck 24 from the open condition to the closed condition, as
      indicated by the portion 362 of the curve 340 (see FIG. 8).
PAR  When the chuck 24 has closed at the end of the feed stroke, the cam 176 has
      rotated through slightly less than 270 degrees and is in the position
      shown in FIG. 7. The valve 232 in the sensor assembly 230 is now opened by
      the lug 234 to initiate opening of the gripper assembly 36. Operation of
      the valve 232 ports fluid through a conduit 366 (FIG. 1) to the valve 314
      (see FIG. 1) to shift the valve spool and connect the conduit 106 with an
      exhaust conduit 370. Connecting conduit 106 with the exhaust conduit 370
      enables the return spring 110 to move the piston 46 to the left from a
      position shown in FIG. 5 to the position shown in FIG. 2. Of course, this
      leftward movement of the piston 46 results in the gripper assembly 36
      being operated from the closed condition to the open condition. This
      operation of the gripper assembly is shown by the portion 374 (FIG. 8) of
      the curve 344.
PAR  During rotation of the drum cam 176 from the 270.degree. position to the
      360.degree. position, the portion 378 (FIG. 2) of the cam track 174 pivots
      the actuator lever 160 to move the slide assembly 88 and gripper 36
      through a return stroke. This movement of the slide assembly is indicated
      by the portion of the curve 348 which is designated 382 in FIG. 8. After
      rotation of the drive shaft 328 for the drum cam 176 through one complete
      revolution, the clutch actuator 320 (see FIG. 1) effects operation of the
      clutch assembly 322 to the disengaged condition to prevent further
      rotation of the drum cam by the main drive shaft 324.
PAR  It is contemplated that during setting up of the machine tool 10, it may be
      desirable to override the normal mode of operation of the control system
      300. Accordingly, a pair of manual override valves 390 and 392 are
      provided in the lines 366 and 312 to enable the valve 314 to be operated
      to effect operation of the gripper assembly 36 between the open and closed
      conditions.
PAR  The general construction and mode of operation of the bar feed mechanism 20
      have been claimed in my aforementioned copending application. In
      accordance with one aspect of the present invention, the loader mechanism
      31 is utilized in combination with the bar stock feed mechanism 20 to move
      a piece of bar stock into the feed mechanism when the preceding piece of
      bar stock has been used up or exhausted. The loader mechanism 31 (see FIG.
      9) is disposed immediately behind the bar feed piston and cylinder
      assembly 100. The loader mechanism 31 includes a transfer mechanism 410
      (see FIGS. 9, 10, and 11) which simultaneously moves one piece of bar
      stock from a magazine 412 to an intermediate station 414 and another piece
      of bar stock from the intermediate station to a loading station 416 (FIG.
      11). Once the piece of bar stock has been movd to the loading station 416,
      it is registered relative to the feed mechanism 20 and spindle chuck 24 of
      the machine tool 10 by a compensating cylinder assembly 420 (FIG. 10)
      which presses a leading end surface 421 of the bar stock against a stop
      member 422 in the manner illustrated in FIG. 15. After the stop member 422
      has been retracted, a pusher or main cylinder assembly 426 (FIG. 10) is
      operated to push the leading end portion of the bar stock from the loader
      mechanism 31 into the open gripper assembly 36 and spindle chuck 24 (FIG.
      3).
PAR  In the illustrated embodiment of the loader mechanism 31, the main cylinder
      assembly 426 is activated to move a piece of bar stock into both the
      gripper assembly 36 and the spindle chuck 24 when they are in their open
      conditions. However, it is contemplated that the main cylinder assembly
      426 may be operated through a stroke which is of sufficient length to move
      the bar stock into only the gripper assembly 36. When this is done, the
      gripper assembly 36 will be closed and moved through a feed stroke to feed
      a short length of bar stock to the spindle chuck 24 and work area in the
      manner previously explained. With either of these modes of operation, the
      positive registering of the leading end surface 421 of the bar stock
      against the stop member 422 prior to loading of the bar stock into the
      feed mechanism 20 enables the bar stock to be accurately positioned
      relative to the spindle chuck 24 and gripper assembly 36 by the loader
      mechanism 31.
PAR  During each loading cycle, the transfer mechanism 410 engages a piece of
      bar stock 22 in the magazine 412 and moves it to the intermediate station
      414 (FIGS. 11 and 12). On the next succeeding loading cycle, this piece of
      bar stock is moved from the intermediate station 414 to the loading
      station 416 as a succeeding piece of bar stock is moved from the magazine
      412 to the intermediate station. The magazine 412 is advantageously
      provided with a pair of end pieces 428 which axially position the pieces
      of bar stock for engagement by the transfer mechanism 410.
PAR  Upon initiation of a loading cycle, a transfer motor or piston and cylinder
      assembly 430 is retracted from the extended condition of FIG. 12 to pivot
      a slotted transfer tube 434 and one or a number of axially spaced arcuate
      transfer blocks 436 from an initial bar receiving position (FIG. 11) to an
      actuated bar delivery position (FIG. 12). As the transfer tube 434 is
      rotated through approximately 30.degree. from the initial position to the
      actuated position, a piece of bar stock 22a is moved from the intermediate
      station 414 to the loading station 416 by the slotted transfer tube 434.
      Simultaneously with movement of the piece of bar stock 22a to the loading
      station 416, a next succeeding piece of bar stock 22b is moved from the
      magazine 412 to the intermediate station 414 by the transfer block 436.
PAR  The transfer tube 434 has an elongated cylindrical configuration and is
      provided with a rectangular slot 440 which extends from one end to the
      other of the transfer tube. The slot 440 is aligned with a downwardly
      sloping ramp 442 at the intermediate station 414 when the transfer
      mechanism 410 is in the initial position of FIG. 11. Since the slot 440 is
      aligned with the downwardly sloping ramp 442, a piece of bar stock at the
      intermediate station 414 (i.e., the piece of bar stock designated 22a in
      FIGS. 11 and 13) will enter the slot 440 under the influence of gravity.
      The piece of bar stock 22a then rests on a side surface 446 of the slot
      440 (FIG. 13). When the motor 430 is retracted, the transfer tube 434 is
      pivoted in a clockwise direction about its central longitudinally
      extending axis to move the slot 440 from the intermediate station 414 to a
      point above the loading station 416. Of course, this movement of the tube
      434 transfers the piece of bar stock 22a from the intermediate station 414
      to the loading station 416, where the piece 22a again drops under the
      influence of gravity.
PAR  The loading station 416 is formed by a generally U-shaped, longitudinally
      extending recess or slot 450 in a cylindrical support bar 452. The recess
      450 is axially aligned with the feed mechanism 20 and spindle chuck 24.
      The support bar 452 is connected to a pair of base members 454 (see FIGS.
      9 and 13) and is disposed in a coaxial relationship with the transfer tube
      434 so that the transfer tube can be rotated about the support bar by the
      piston and cylinder assembly 430. When the piece of bar stock 22a drops
      into the recess 450 (see FIG. 12), the piece of bar stock 22a is axially
      aligned with the center of the gripper assembly 36 in the bar stock feed
      mechanism 20 and the spindle chuck 24.
PAR  The entire loader mechanism 31 can be adjusted vertically relative to the
      feed mechanism 20 to enable pieces of bar stock of different sizes to be
      axially aligned with the gripper assembly 36 and spindle chuck 24 when the
      pieces of bar stock are at the loading station 416. In addition, it is
      contemplated that the support bar 452 could be replaced with a support bar
      having a U-shaped recess 450 of a different size to accommodate larger or
      smaller pieces of bar stock. Of course, the recess 450 could have a cross
      sectional configuration which is different from the illustrated
      configuration.
PAR  Simultaneously with movement of the bar stock 22a to the loading station
      416 by the transfer tube 434, a next succeeding piece of bar stock 22b is
      moved from the magazine 412 upwardly onto the support ramp 442 at the
      intermediate station 414 by the transfer blocks 436. The transfer blocks
      436 (FIG. 11) are fixedly connected to the transfer tube 434 and have a
      pickup surface 460 which engages a piece of bar stock 22b at the magazine
      discharge opening 462 and lifts the piece of bar stock 22b upwardly to the
      intermediate station 414. An upper or blocking surface 466 cooperates with
      a bottom surface 468 of the magazine 412 so that the discharge opening 462
      is of sufficient size to enable only one piece of the bar stock at a time
      to pass from the magazine 412 to the intermediate station 414. To enable
      the loader mechanism 31 to load different sizes of bar stock, a blocking
      member 472 can be replaced with a different blocking member which will
      provide a different size of discharge opening 262. It is contemplated that
      the blocking member 472 may be mounted in such a manner that its position
      relative to the bottom surface 468 of the magazine 412 could be adjusted
      to vary the size of the discharge opening 462. Of course, when the size of
      the bar stock 22 is varied, the size of the transfer block 436 must also
      be varied so that the pickup surface 460 will have the proper length for
      the discharge opening 462.
PAR  When the transfer mechanism 410 has been operated from the initial position
      of FIG. 11 to the actuated position of FIG. 12, the pickup surface 460 is
      in alignment with the ramp 442 at the intermediate station 414. The piece
      of bar stock 22b can then roll down the pickup surface 460 and ramp 442
      into engagement with a cylindrical outer surface 476 of the transfer tube
      434 (FIG. 12). When the piston and cylinder assembly 430 is extended and
      the transfer tube 434 rotated in a counterclockwise direction from the
      position shown in FIG. 12 to the position shown in FIG. 11, the piece of
      bar stock 22b will roll downwardly into the slot 440 in the transfer tube
      434. This positions the piece of bar stock 22b for movement to the loading
      station 416 after the piece of bar stock 22a has been moved from the
      loading station during operation of the machine tool 10.
PAR  The piston and cylinder 430 is connected with the transfer tube 434 by a
      connector member 480 which is fixedly secured to the transfer tube.
      Therefore, operation of the piston and cylinder assembly 430 rotates the
      transfer tube 434 and transfer block 436 to sequentially move pieces of
      bar stock from the magazine 412 to the intermediate station 414 and from
      the intermediate station 414 to the loading station 416. It should be
      noted that as a piece of bar stock is moved from the magazine 412 to the
      intermediate station 414 and from the intermediate station to the loading
      station 416, the support bar 452 remains stationary with the recess 450 in
      continuous axial alignment with the feed mechanism 20 and spindle chuck
      24. In addition, any tendency for the transfer mechanism 410 to jam is
      minimized, since there is only one piece of bar stock at a time at the
      intermediate station 414.
PAR  Movement of the transfer tube 434 under the influence of the piston and
      cylinder assembly 430 is limited by a stop block 488 (see FIG. 13) which
      is received within an arcuate slot 490 formed in the transfer tube 434.
      The stop block 488 is fixedly connected with the support bar 452 and the
      base member 454 by a suitable connection 494. When the piston and cylinder
      assembly 430 is in its extended condition (see FIG. 11), a stop surface
      496 (FIG. 13) formed at one end of the slot 490 is disposed in abutting
      engagement with the stop block 488. Similarly, when the piston and
      cylinder assembly 430 has been retracted to pivot the transfer tube 434 to
      the position shown in FIG. 12, a stop surface 498 at the opposite end of
      the slot 490 is disposed in abutting engagement with the stop block 488.
      The slot 490 and stop block 488 are sized so that the stop block holds the
      transfer tube 434 against axial movement relative to the support bar 452.
      Although only a single stop block 488 has been illustrated, it should be
      understood that there are a pair of stop blocks each of which is
      associated with one of base members 454.
PAR  After the piece of bar stock 22a has been moved from the intermediate
      station 414 to the loading station 416, the bar stock is registered
      relative to the gripper assembly 36 and spindle chuck 24 by operation of
      the compensating cylinder assembly 420. When the compensating cylinder
      assembly 420 is actuated from the retracted condition of FIG. 10 to the
      extended condition of FIG. 14, a push rod 510 of the main cylinder
      assembly 426 presses the leading end surface 421 of the bar stock 22a
      against the stop member 422 (FIG. 15). The stop member 422 is spaced a
      predetermined distance from the spindle chuck 24 and gripper assembly 36
      so that engagement of the leading end portion of a piece of bar stock 22a
      registers it relative to the spindle chuck 24 and gripper assembly 36.
PAR  The compensating cylinder assembly 420 includes a piston 514 (FIGS. 10 and
      14) having a piston rod 516 which is fixedly connected with a base member
      518. The piston 514 is disposed within a cylindrical operating chamber 520
      which is separated from the main piston and cylinder assembly 426 by a
      circular wall 522. When fluid under pressure is conducted through conduit
      524 to the head end of the operating chamber 520, a cylinder member 526 is
      moved toward the right from the position shown in FIG. 10 to the position
      shown in FIG. 14. This rightward movement of the cylinder member 526 moves
      the piston rod 510 of the main cylinder assembly 526 into abutting
      engagement with the trailing end portion of a piece of bar stock 22a at
      the loading station 416. Continued rightward movement of the cylinder
      member 526 causes the piston rod 510 to move the leading end portion of
      the piece of bar stock 22a into abutting engagement with the stop member
      422 (see FIG. 15). In this manner, the leading end 421 of a piece of bar
      stock 22a at the loading station 416 is located in a predetermined
      position relative to the gripper assembly 36 and spindle chuck 24 prior to
      being moved from the loader mechanism 31 into the feed mechanism 20.
PAR  Once the leading end surface 421 of the bar stock 22a has been pressed
      against the stop member 422 by the piston rod 510, pressure conducted
      through the conduit 524 to the head end of the compensating cylinder
      chamber 520 is ineffective to move the cylinder member 526 and bar stock
      22a relative to the machine tool 10. The gripper assembly 530 is then
      closed to securely clamp the cylinder member 526. The gripper assembly 530
      includes a piston and cylinder-type motor 532 which is actuated to operate
      a clamp 534 to securely grip the cylinder member 526 to hold it against
      movement relative to the base member 518. Since the main cylinder assembly
      426 has a predetermined stroke, the leading end portion of the bar stock
      22a is moved through a predetermined distance when the main cylinder
      assembly is extended to move the piece of bar stock 22a into the feed
      mechanism 20.
PAR  The position to which the piece of bar stock 22a is moved by the main
      cylinder assembly 426 is the same regardless of the length of the piece of
      bar stock 22a. This is because the main cylinder assembly 426 has a
      predetermined stroke and the leading end 421 of the bar stock 22a is
      registered in a predetermined position relative to the bar feed mechanism
      20. Therefore, when the main cylinder assembly 426 is extended through its
      predetermined operating stroke, the piece of bar stock 22a is moved
      through a predetermined distance from the position shown in FIG. 15 into
      the bar feed mechanism 20.
PAR  Before the leading end of the registered piece of bar stock 22a can be
      moved from the loader mechanism 31 to the bar feed mechanism 20 by
      operation of the main cylinder assembly 426, the stop member 422 must be
      moved from the blocking position of FIG. 12 and FIG. 15 to the retracted
      position of FIGS. 10 and 11. Thus, before the main cylinder assembly 426
      is extended, the transfer piston and cylinder assembly 430 is extended to
      move the connector member 480 in a counterclockwise direction from the
      position shown in FIG. 12 to the position shown in FIG. 11. This moves the
      stop member 422 away from the end of the registered piece of bar stock
      22a. Once the stop member 422 has been moved to the retracted or
      non-blocking position of FIG. 11, the registered piece of bar stock 22a
      can be moved longitudinally along the U-shaped slot 450 in the support bar
      452 to move the leading end portion of the bar stock into the feed
      mechanism 20.
PAR  To move the leading end portion of the bar stock 22a into the feed
      mechanism 20, the main cylinder assembly 426 is extended from the
      retracted condition of FIG. 10. This is accomplished by conducting fluid
      under pressure through a conduit 544 to the head end portion of the main
      cylinder assembly 426. As the piston 546 moves through a predetermined
      stroke toward the right (as viewed in FIG. 10) away from the wall 522, the
      pusher or piston rod 510 pushes the leading end portion of the registered
      piece of bar stock 22a from the loader mechanism 31 into the feed
      mechanism 20. However, it should be understood that the length of the bar
      stock 22a is substantially greater than the stroke of the piston 546 so
      that the trailing end portion of the bar stock 22a remains in the loader
      mechanism 31. In one specific embodiment of the invention, the bar stock
      22 and support rod 452 had a length of approximately twelve feet and the
      piston 546 moved through a stroke of approximately thirteen inches. Of
      course, the foregoing dimensions are to be considered as merely being
      illustrative and may be considerably different when the loader mechanism
      31 is used in different environments.
PAR  When the piston 546 reaches the end of a stroke, a cam 550 actuates a bleed
      valve 552 to initiate a retraction of the main cylinder assembly 526 and
      the compensating cylinder assembly 420. At the same time, the gripper
      piston and cylinder assembly 532 is extended so that the gripper assembly
      530 releases the cylinder member 526 for axial movement toward the left
      from the position shown in FIG. 14 to the position shown in FIG. 10.
      During subsequent operation of the machine tool 10, the trailing end
      portion of the bar stock 22a is rotated in the U-shaped recess 450 (see
      FIG. 11), which is closed at its upper end by the transfer tube 434. Of
      course, as the feed mechanism 20 is operated through feed strokes in the
      manner previously explained, the length of the piece of bar stock disposed
      in the recess 450 will be gradually reduced until the trailing end portion
      of the bar stock 22a is moved out of the loader mechanism 31.
PAR  A fluid control circuit 580 for initiating operation of the loader
      mechanism 31 in the desired sequential relationship with operation of the
      spindle chuck 24 and feed mechanism 20 is illustrated in FIG. 16. The
      control circuit 580 includes a transfer subcircuit 582 which is activated
      in response to operation of the gripper assembly 36 (FIG. 4) from the open
      condition to the closed condition without a piece of bar stock in the
      gripper assembly. When this occurs, the transfer subcircuit 582 is
      activated to effect the transfer of a piece of bar stock from the
      intermediate station 414 to the loading station 416. In addition,
      activation of the transfer subcircuit 582 initiates operation of the
      compensating cylinder assembly 420 to register the leading end portion of
      the bar stock against the stop 422. Thereafter, the transfer subcircuit
      582 effects operation of the gripper piston and cylinder 532 to hold the
      cylinder 526 against longitudinal movement once the bar stock has been
      registered. While the foregoing operation of the transfer subcircuit 582
      is occurring, the control system 300 effects operation of the spindle
      chuck 24 and gripper assembly 36 to their open conditions. A load
      subcircuit 584 (FIG. 16) is then activated to effect operation of the main
      cylinder assembly 426 and movement of the registered piece of bar stock
      into the open spindle chuck 24 and gripper assembly 36. Under certain
      operating conditions, it is contemplated that the main cylinder assembly
      426 will be activated to move the registered piece of bar stock into only
      the gripper assembly 36 rather than into both the gripper assembly 36 and
      spindle chuck 24.
PAR  During operation of the machine tool 10, the bar feed mechanism 20 is
      operated to feed an incremental length of bar stock to the work area at
      the end of each machining cycle. After a number of feed operations, the
      length of the remaining piece of bar stock will be insufficient for the
      next succeeding machining operation. When this occurs, the gripper
      assembly 36 is closed without a piece of bar stock between the fingers 42
      (FIG. 4), and the detector assembly 240 (FIGS. 1 and 2) is operated in the
      manner previously explained to initiate a loading cycle. During the
      loading cycle, the bar feed mechanism 20 is operated through a cycle which
      is different from the previously described feed cycle.
PAR  When the length of the piece of bar stock remaining at the end of a
      machining cycle is less than is required for the next cycle, the piston 46
      (FIG. 2) moves through a relatively long forward stroke so that the
      gripper fingers 42 (FIG. 4) in the gripper assembly 36 are moved inwardly
      through a relatively large distance toward each other. As this occurs, the
      sensor assembly 240 is actuated to exhaust the conduit 250 (FIG. 1) and
      operate the relay valve 252. Operation of the relay valve 252, as
      explained below, ultimately effects operation of the main clutch actuator
      assembly 256 (FIG. 1) to interrupt the normal repetition of machining
      cycles.
PAR  Venting of line 250 by sensor 240, indicating insufficient stock, also
      causes the gripper assembly 36 to be reopened by operation of a control
      valve 681 (FIG. 1). The control valve 681 is effective to exhaust the line
      106 and the chamber 102 to thereby allow the gripper 36 to reopen.
PAR  Operation of the relay valve 252 also effects actuation of a control valve
      590 in the transfer subcircuit 582 (see FIG. 16). Actuating the control
      valve 590 in the transfer subcircuit 582 effects operation of the load
      cylinder 430 to transfer a piece of bar stock from the intermediate
      station 414 to the loading station 416. Thus, a signal from the relay
      valve 252 closes the control valve 590 to conduct air from a supply line
      596 through a conduit 598 to a pressure-responsive valve 600. This high
      pressure air causes the valve 600 to port air under pressure from a supply
      line 602 to a conduit 604 connected to the rod end of the normally
      extended load cylinder 430. The air pressure retracts the load cylinder
      430 to pivot the transfer tube 434 and move a piece of bar stock 22a from
      the intermediate station 414 to the now empty loading station 416. Of
      course, as the piece of bar stock 22a is transferred to the loading
      station 416, the next succeeding piece of bar stock 22b is transferred to
      the intermediate station 414 in the manner previously explained.
PAR  In addition to causing air under pressure to be conducted to the valve 600,
      operation of the valve 590 ports air to an inlet 608 to set a flip-flop
      type valve 610 to port fluid from the inlet 608 to an outlet 612. Air from
      the outlet 612 is conducted through a delay timer 614 a predetermined time
      period after the valve 590 is operated. This time period is sufficient to
      enable the load cylinder 430 to be retracted to move the piece of bar
      stock 22a to the loading station 416. After this time period, air under
      pressure is conducted through a conduit 618 through a pressure-responsive
      valve 620. This effects actuation of the pressure-responsive valve 620 to
      port air from a supply conduit 624 to the conduit 524 which is connected
      with the head end of the compensating cylinder assembly 420. This effects
      operation of the compensating cylinder 420 from the retracted position of
      FIG. 10 to the extended position of FIG. 14 to press the leading end
      portion of the piece of bar stock 22a against the stop member 422 (FIG.
      15).
PAR  After the piece of bar stock 22a has been registered against the stop
      member 422, the gripper cylinder 532 is retracted to operate the gripper
      assembly 530 to hold the cylinder 526 against movement. Accordingly, air
      is conducted through conduit 628 to a timer 630 which after a
      predetermined time delay, ports air through a conduit 632 to operate a
      valve 636. The actuated valve 636 ports air from a supply conduit 638 to a
      conduit 640 leading to the rod end of the gripper cylinder assembly 532.
      This causes the gripper piston assembly 532 to retract to operate the
      gripper assembly 530 to clamp the cylinder 526 against axial movement.
PAR  Once the gripper assembly 530 has been operated to clamp the cylinder 526
      against axial movement, the compensating cylinder assembly 420 can be
      relaxed or exhausted so that there is no longer any pressure urging the
      cylinder 526 to press the leading end portion of the bar stock 22a against
      the stop member 422. Thus, a timer valve 648 is operated a predetermined
      time period after operation of the timer valve 630 and the gripper
      assembly 530 to actuate the flip-flop type valve 510 from its initial
      condition to a secondary condition. Operating the flip-flop valve 510 to
      its secondary condition disconnects air pressure from the outlet 612 so
      that air pressure is no longer applied through the timer valve 614 to the
      pressure-responsive valve 620. This enables a spring 656 to move the valve
      620 to a neutral position in which both end portions of the piston and
      cylinder 420 are exhausted through conduits 658 and 660. Although the
      application of air pressure to the gripper control valve 636 is
      interrupted, the valve 636 is not spring-biased. Therefore, the gripper
      control valve 620 merely moves to a neutral position in which fluid flow
      to and from the piston and cylinder assembly 532 is blocked and the
      gripper assembly 530 remains in the closed or clamped condition in which
      it holds the cylinder member 526 against movement.
PAR  After the leading end of a piece of bar stock 22a has been registered by
      being pressed against the stop member 422 under the influence of
      compensating cylinder assembly 420, the stop member 422 is moved out of
      the way of the leading end portion of bar stock 22a so that it can be
      moved into the feed mechanism 20. Thus, when the flip-flop valve 610 is
      actuated, fluid under pressure is ported through an outlet 664 through a
      conduit 666 leading to the control valve 600. This causes the control
      valve 600 to connect the head end of the load cylinder assembly 420 with
      the source of air pressure 602 through a conduit 668 to operate the load
      cylinder 430 to the extended condition of FIG. 11. Of course, this moves
      the stop member 422 out of the way of the end portion of the registered
      piece of bar stock 22a so that the bar stock can be moved into the feed
      mechanism 20 under the influence of the main cylinder assembly 426.
PAR  Pressure in line 254 from the control relay 252, developed when the sensor
      240 determines insufficient bar material in the machine, conditions a
      control sensor valve 669 (FIG. 1) to stop the machine with the chuck 24
      open to receive the forward end of a new bar. Pressure in the line 254
      biases a spool 667 (FIG. 2) of a known configuration in the valve 669
      towards a position at which the machine is stopped. Movement of the spool
      667 to the machine stopping position (to the right in FIG. 2) under the
      influence of the biasing force of pressure in the line 254 is normally
      restrained by a surface 671 fixed relative to the feed slide 88, such as
      on an extension member 673.
PAR  The feed slide 88 and extension 673 move rightwardly, and thereby release
      the pressure-biased spool 667 (FIG. 5) only when the chuck 24 is open, as
      may be understood by reference to FIG. 8. As in a normal machining cycle
      (where there is sufficient stock to make another piece), the chuck 24 is
      opened by the master controls 302. Stated in other words, the conditioned
      sensor valve 669 thus determines when the chuck 24 is open by sensing the
      position of the extension 673. Movement of the spool 667 to the right
      causes pressurized fluid to pass from the supply 318 through a line 675 to
      the main clutch actuator 256 to stop the machine.
PAR  Since the spool 667 is only pressurized or conditioned when there is
      insufficient bar stock in the machine, the valve 669 is not subjected to
      constant actuation and harmful wear each time the feed slide 88 advances
      and the chuck 24 opens during production operations. The extension 673
      moves the spool 667 to the left only once after the machine is restarted,
      since the spool is normally not biased to the right. The valve 669 is
      conveniently mounted stationarily with respect to the machine by fixing it
      to a suitable portion of the loader 31 at the rearward end of the feeder
      20.
PAR  When the main clutch actuator 256 is actually signaled through the line 675
      to stop the machine by the chuck opening sensor 669, a valve 670 in the
      loading control circuit 580 is energized to effect operation of the main
      or pusher cylinder assembly 426 to move the registered piece of bar stock
      22a into the open spindle chuck 24 and gripper assembly 36. The valve 670
      is connected to the circuitry of the main clutch actuator 256 such that it
      is not energized until the actuator is energized so that the bar stock is
      not loaded before the chuck is opened. The valve 670 has an internal time
      delay of known construction to assure that the functions of the load
      transfer, compensating and gripper cylinders 430, 420, 532 have been
      completed before the main load cylinder 426 is energized. The valve 670,
      through line 672, effects operation of a valve 674 to connect an air
      supply conduit 676 with the conduit 544 leading to the head end of the
      main cylinder assembly 426. This causes the piston 546 (see FIG. 10) to
      move away from the wall 522 to move the push rod 510 forwardly through a
      predetermined feed stroke. The feed stroke is of a length such that a
      leading end of the registered piece of bar stock 22a moves through the
      open gripper assembly 36 and chuck 24 into the work area.
PAR  Once the piston 546 reaches the end of this predetermined feed stroke, the
      cam 550 (see FIG. 10) actuates a bleed valve 552. The bleed valve 552
      connects the conduit 680 to atmosphere and effects operation of the valve
      674 to conduct air pressure to the rod end portion of the main piston and
      cylinder assembly 426 and to connect the head end portion of the main
      piston and cylinder assembly 426 with atmosphere. Of course, this causes
      the main piston and cylinder assembly 426 to be retracted back to the
      position shown in FIG. 10, with the piece of bar stock 22a extending for a
      predetermined distance from the open spindle chuck 24.
PAR  In addition to effecting operation of the valve 674, operation of the bleed
      valve 552 by the cam 550 ports one end of the valve 636 to atmosphere.
      This effects operation of the valve 636 to exhaust the rod end portion of
      the gripper cylinder assembly 532. A biasing spring 688 in the gripper
      cylinder assembly actuates the gripper assembly 530 to the disengaged
      condition so that the cylinder 526 is free to move from the extended
      position to the retracted position of FIG. 10.
PAR  Once the gripper assembly 530 has been released, the compensating cylinder
      assembly 420 is moved to the retracted position of FIG. 10. In order to
      conserve air, the compensating piston and cylinder 420 is retracted under
      the influence of air exhausted from the main cylinder assembly 426 as it
      is retracted. Thus, the head end of the main piston cylinder assembly 426
      is connected with the rod end of the compensating cylinder assembly 420
      through a conduit 694. This exhaust air causes the compensating piston
      cylinder assembly to be retracted. A branch conduit 698 conducts the
      excess exhaust air to atmosphere through a restriction valve 692. Thus,
      upon operation of the main piston and cylinder assembly 426 through a
      predetermined loading stroke, the main piston and cylinder assembly is
      retracted, the gripper assembly 530 is released, and the compensating
      cylinder assembly 420 is retracted so that the loader mechanism returns to
      its initial condition (shown in FIG. 10).
PAR  The line 680 is also connected to the main clutch actuator 256 to restart
      the machine when the line is exhausted through the bleed valve 552 by full
      extension of the main load cylinder. This causes the cam 176 to continue
      its rotation from the 180.degree. position (FIG. 8) so that the spindle
      chuck 24 is closed while the gripper assembly remains open and in the
      extended position. After the spindle chuck 24 is closed, the valve 232 in
      the sensor assembly 230 (see FIGS. 1 and 7) is opened by the lug 234.
PAR  Since the gripper assembly 36 is already in the open condition, operation
      of the valve 232 does not affect the gripper assembly 36. Continued
      rotation of the cam 176 from the 270.degree. to the 360.degree. position
      (FIG. 8) causes the slide assembly 88 and open gripper 36 to be moved
      through a return stroke to the 360.degree. position (FIG. 8). The feed
      mechanism 20 is then ready to initiate a feed stroke as soon as the
      leading end portion of bar stock 22a has been faced or squared off by
      operation of the machine tool 28. After this has occurred, normal bar
      feeding operations are resumed by the feed mechanism 20 in the manner
      previously explained. The line 680 is further connected to the valve 252
      to shift its control spool (not shown) when a bar has been loaded to
      exhaust the biasing pressure on the spool 667 of the chuck position sensor
      669.
PAR  In view of the foregoing description, it can be seen that the loader
      mechanism 31 is utilized in combination with the bar stock feed mechanism
      20 during feed and loading operations of the machine tool 10. The bar
      stock feed mechanism includes a gripper assembly 36 which is operative to
      open and closed conditions with a spindle chuck 24 which is also capable
      of being opened and closed. Upon initiation of a bar feed operation, the
      gripper assembly 36 is closed to securely grip a piece of bar stock 22.
      The spindle chuck 24 is then opened and a gripper assembly is moved
      through a feed stroke. Upon completion of this feed stroke, the spindle
      chuck 24 is closed and the gripper assembly 36 is opened and moved away
      from the chuck through a return stroke. Whenever a piece of bar stock 22
      which is being operated on becomes too short to make the next succeeding
      workpiece, the detector assembly 240 is activated as the gripper assembly
      36 is closed without a piece of bar stock between the gripper fingers 44.
PAR  The loader mechanism 31 includes a magazine 412 from which pieces of bar
      stock are first transferred one at a time to an intermediate station 414
      and then to a loading station 416 by a tubular transfer member 434. The
      compensating cylinder assembly 420 is extended to register the leading end
      portion of a piece of bar stock at the loading station 416 with the feed
      mechanism 36 and spindle chuck 24 of the associated machine tool 10 by
      pressing the leading end of the bar stock against the stop member 422.
      Once the leading end of the bar stock has been registered, the gripper
      assembly 530 is actuated to clampingly engage the cylinder member 526 to
      hold it against axial movement. This enables the loader mechanism 31 to
      compensate for variations in the length of the piece of bar stock. After
      the stop member 422 has been moved out of the way of the leading end
      portion of the piece of bar stock 22 by rotation of the tubular transfer
      member 434, the main piston and cylinder 426 is extended through a
      predetermined feed stroke to push the piece of bar stock into the feed
      mechanism 20.
PAR  It should be noted that the bar feed mechanism 20 and loader mechanism 31
      are constructed so that they can be advantageously utilized with existing
      machine tools. Thus, the feed mechanism 20 could be mounted on an existing
      multi-spindle or single spindle screw machine. Of course, the loader
      mechanism 31 could then be associated with the bar feed mechanism 20 if
      desired. However, it should be understood that the loader mechanism 31
      could be utilized with bar feed mechanisms other than the specific bar
      feed mechanism 20 which is described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus comprising a chuck operable between an open condition and a
      closed condition in which said chuck is effective to grip bar stock, chuck
      actuator means for effecting operation of said chuck between the open and
      closed conditions, feed means for feeding bar stock to said chuck, said
      feed means including gripper means operable between a closed condition in
      which said gripper means securely grips the bar stock and an open
      condition in which said gripper means is ineffective to grip the bar
      stock, gripper actuator means for effecting operation of said gripper
      means between the open and closed conditions, means for moving said
      gripper means through a feed stroke with said gripper means in its closed
      condition and said chuck in its open condition and for moving said gripper
      means through a return stroke with said gripper means in its open
      condition and said chuck in its closed condition, loader means for moving
      a piece of bar stock into said feed means, and control means for effecting
      operation of said loader means to move a piece of bar stock into said feed
      means when said gripper means is in the open condition and for rendering
      said loader means ineffective to move a piece of bar stock into said
      gripper means when said gripper means is in the closed condition.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 wherein said loader means is
      effective to move a piece of bar stock into said chuck contemporaneously
      with movement of the piece of bar stock into said feed means, said control
      means being operable to effect operation of said loader means to move a
      piece of bar stock into said feed means and said chuck when both said
      chuck and said gripper means are in their open conditions.
NUM  3.
PAR  3. An apparatus as set forth in claim 1, wherein said loader means includes
      a loading station from which a piece of bar stock is moved to said feed
      means, magazine means for holding a plurality of pieces of bar stock, an
      intermediate station for receiving each of the plurality of pieces of bar
      stock in turn from said magazine means, and transfer means for moving one
      piece of bar stock from said intermediate station to said loading station
      and for simultaneously therewith moving another piece of bar stock from
      said magazine means to said intermediate station.
NUM  4.
PAR  4. An apparatus comprising a chuck operable between an open condition and a
      closed condition in which said chuck is effective to grip bar stock, chuck
      actuator means for effecting operation of said chuck between the open and
      closed conditions, feed means for feeding bar stock to said chuck, said
      feed means including gripper means operable between a closed condition in
      which said gripper means securely grips the bar stock and an open
      condition in which said gripper means is ineffective to grip the bar
      stock, gripper actuator means for effecting operation of said gripper
      means between the open and closed conditions, means for moving said
      gripper means through a feed stroke with said gripper means in its closed
      condition and said chuck in its open condition and for moving said gripper
      means through a return stroke with said gripper means in its open
      condition and said chuck in its closed condition, loader means for moving
      a piece of bar stock into said feed means, and control means for effecting
      operation of said loader means to move a piece of bar stock into said feed
      means when said gripper means is in the open condition and for rendering
      said loader means ineffective to move a piece of bar stock into said
      gripper means when said gripper means is in the closed condition, said
      loader means including a movable stop member, means for moving said stop
      member between a nonregistering position and a registering position, first
      pusher means for pressing a leading end portion of a piece of bar stock
      against said stop member when said stop member is in said registering
      position to register the leading end portion of the bar stock relative to
      said feed means, and second pusher means for moving at least the leading
      end portion of a registered piece of bar stock from said loader means to
      said feed means when said stop member is in the nonregistering position.
NUM  5.
PAR  5. An apparatus comprising a chuck operable between an open condition and a
      closed condition in which said chuck is effective to grip bar stock, chuck
      actuator means for effecting operation of said chuck between the open and
      closed conditions, feed means for feeding bar stock to said chuck, said
      feed means including gripper means operable between a closed condition in
      which said gripper means securely grips the bar stock and an open
      condition in which said gripper means is ineffective to grip the bar
      stock, gripper actuator means for effecting operation of said gripper
      means between the open and closed conditions, means for moving said
      gripper means through a feed stroke with said gripper means in its closed
      condition and said chuck in its open condition and for moving said gripper
      means through a return stroke with said gripper means in its open
      condition and said chuck in its closed condition, loader means for moving
      a piece of bar stock into said feed means, and control means for effecting
      operation of said loader means to move a piece of bar stock into said feed
      means when said gripper means is in the open condition and for rendering
      said loader means ineffective to move a piece of bar stock into said
      gripper means when said gripper means is in the closed condition, said
      loader means including base means for supporting said loader means in a
      predetermined position relative to said feed means, support means
      connected with said base means for supporting a piece of bar stock in
      axial alignment with said feed means, magazine means for holding a
      plurality of pieces of bar stock, transfer means movable relative to said
      support means through feed and return strokes to feed each piece of bar
      stock in turn from said magazine means to said support means, stop means
      movable between a nonregistering position and a registering position in
      which said stop means blocks movement of a piece of bar stock from said
      support means to said feed means, said transfer means being operable to
      effect movement of said stop means from the nonregistering position to the
      registering position upon operation of said transfer means through a feed
      stroke and to effect movement of said stop means from the registering
      position to the nonregistering position upon operation of said transfer
      means through a return stroke, and pusher means for pressing a leading end
      portion of a piece of bar stock against said stop means to register the
      piece of bar stock when said stop means is in the registering position and
      for pushing the registered piece of bar stock toward said feed means when
      said stop means is in the nonregistering position.
NUM  6.
PAR  6. An apparatus as set forth in claim 5, wherein said support means
      includes an elongated support member fixedly connected with said base
      means, and said transfer means includes an elongated tubular member
      disposed in a coaxial relationship with and partially circumscribing said
      support member and drive means for rotating said tubular member relative
      to said support member to move a piece of bar stock to said support means.
NUM  7.
PAR  7. An apparatus comprising a chuck operable between an open condition and a
      closed condition in which said chuck is effective to grip bar stock, chuck
      actuator means for effecting operation of said chuck between the open and
      closed conditions, feed means for feeding bar stock to said chuck, said
      feed means including gripper means operable between a closed condition in
      which said gripper means securely grips the bar stock and an open
      condition in which said gripper means is ineffective to grip the bar
      stock, gripper actuator means for effecting operation of said gripper
      means between the open and closed conditions, means for moving said
      gripper means through a feed stroke with said gripper means in its closed
      condition and said chuck in its open condition and for moving said gripper
      means through a return stroke with said gripper means in its open
      condition and said chuck in its closed condition, loader means for moving
      a piece of bar stock into said feed means, and control means for effecting
      operation of said loader means to move a piece of bar stock into said feed
      means when said gripper means is in the open condition and for rendering
      said loader means ineffective to move a piece of bar stock into said
      gripper means when said gripper means is in the closed condition, said
      loader means including a base, cylinder means for defining first and
      second coaxial operating chambers, first piston means disposed in said
      first operating chamber for moving said cylinder means relative to said
      base to position a piece of bar stock with its leading end portion at a
      predetermined location, retainer means for holding said cylinder means
      against movement relative to said base, said control means including means
      for effecting operation of said retainer means to hold said cylinder means
      against movement relative to said base after the piece of bar stock has
      been positioned with its leading end portion at the predetermined
      location, and second piston means disposed in said second operating
      chamber in a coaxial relationship with said first piston means, said
      control means including means for effecting operation of said second
      piston means to push the loading end portion of the piece of bar stock
      from the predetermined location toward said feed means while said retainer
      means holds said cylinder means against movement relative to said base.
NUM  8.
PAR  8. An apparatus as set forth in claim 7, wherein said retainer means
      includes clamp means for gripping said cylinder means to hold said
      cylinder means against movement relative to said base.
NUM  9.
PAR  9. An apparatus operable through a plurality of working cycles to perform
      work operations on one piece of bar stock at a work area and a loading
      cycle during which another piece of bar stock is moved into said apparatus
      in place of the one piece of bar stock, said apparatus comprising a chuck
      operable between an open condition and a closed condition in which said
      chuck is effective to grip the bar stock, chuck actuator means for
      effecting operation of said chuck between the open and closed conditions,
      feed means for feeding bar stock to said chuck during each working cycle
      of said apparatus, said feed means including gripper means operable
      between a closed condition in which said gripper means securely grips the
      bar stock and an open condition in which said gripper means is ineffective
      to grip the bar stock, gripper actuator means for operating said gripper
      means between the open and closed conditions, drive means for moving said
      gripper means through forward strokes toward said chuck and reverse
      strokes away from said chuck, loader means for moving a piece of bar stock
      into said feed means during a loading cycle of said apparatus, and control
      means for effecting operation of said gripper actuator means and said
      drive means through a first predetermined operating sequence relative to
      opening and closing of said chuck during a working cycle and for effecting
      operation of said gripper actuator means and said drive means through a
      second operating sequence relative to opening and closing of said chuck
      during a loading cycle.
NUM  10.
PAR  10. An apparatus as set forth in claim 9, wherein said control means is
      effective during said first predetermined operating sequence to maintain
      said gripper means in the closed condition when said chuck is in the open
      condition and is effective during at least a portion of said second
      predetermined operating sequence to effect operation of said chuck
      actuator means and said gripper actuator means to have both said chuck and
      said gripper means in their open conditions.
NUM  11.
PAR  11. An apparatus as set forth in claim 9, wherein said control means
      includes detector means for detecting when said gripper means is
      ineffective to grip a piece of bar stock upon operation of said gripper
      means from the open condition to the closed condition and means for
      changing from said first predetermined operating sequence to said second
      predetermined sequence in response to detection by said detector means
      that said gripper means is ineffective to grip a piece of bar stock upon
      operation of said gripper means to the closed condition.
NUM  12.
PAR  12. An apparatus operable through a plurality of working cycles to perform
      work operations on one piece of bar stock at a work area and a loading
      cycle during which another piece of bar stock is moved into said apparatus
      in place of the one piece of bar stock, said apparatus comprising a chuck
      operable between an open condition and a closed condition in which said
      chuck is effective to grip the bar stock, chuck actuator means for
      effecting operation of said chuck between the open and closed conditions,
      feed means for feeding bar stock to said chuck during each working cycle
      of said apparatus, said feed means including gripper means operable
      between a closed condition in which said gripper means securely grips the
      bar stock and an open condition in which said gripper means is ineffective
      to grip the bar stock, gripper actuator means for operating said gripper
      means between the open and closed conditions, drive means for moving said
      gripper means through forward strokes toward said chuck and reverse
      strokes away from said chuck, loader means for moving a piece of bar stock
      into said feed means during a loading cycle of said apparatus, and control
      means for effecting operation of said gripper actuator means and said
      drive means through a first predetermined operating sequence relative to
      opening and closing of said chuck during a working cycle and for effecting
      operation of said gripper actuator means and said drive means through a
      second operating sequence relative to opening and closing of said chuck
      during a loading cycle, said loader means including a magazine for holding
      a plurality of pieces of bar stock, support means for supporting a piece
      of bar stock at a loading station spaced from said magazine, transfer
      means for transferring a piece of bar stock from said magazine to said
      loading station, first piston and cylinder means for moving a piece of bar
      stock relative to said support means to register a leading end portion of
      the piece of bar stock relative to the work area, and second piston and
      cylinder means for pushing the registered piece of bar stock into said
      feed means.
NUM  13.
PAR  13. An apparatus as set forth in claim 12, wherein said first piston and
      cylinder means is operable to move said second piston and cylinder means
      relative to said support means to register a piece of bar stock at the
      loading station.
NUM  14.
PAR  14. An apparatus comprising spindle means for rotating bar stock during a
      machining operation, said spindle means including a chuck operable between
      an open condition and a closed condition in which said chuck is effective
      to grip the bar stock and chuck actuator means for effecting operation of
      said chuck between the open and closed conditions, feed means for feeding
      bar stock to said chuck, said feed means including gripper means operable
      between a closed condition in which said gripper means securely grips the
      bar stock and an open condition in which said gripper means is ineffective
      to grip the bar stock, gripper actuator means for effecting operation of
      said gripper means between the open and closed conditions, means for
      moving said gripper means through a feed stroke toward said chuck with
      said gripper means in its closed condition and said chuck in its open
      condition and for moving said gripper means through a return stroke away
      from said chuck with said gripper means in its open condition and said
      chuck in its closed condition, loader means for moving a piece of bar
      stock into said feed and spindle means when said gripper means and chuck
      means are in their open conditions, detector means for detecting when a
      piece of bar stock in said spindle means has a length which is less than a
      predetermined length, and control means for effecting operation of said
      loader means to move a piece of bar stock into said feed and spindle means
      in response to detection by said detector means that the length of the
      piece of bar stock in said spindle means is less than the predetermined
      length, said control means including means for effecting operation of said
      loader means in response to said detector means when said gripper means
      and chuck are in their open conditions and for rendering said loader means
      ineffective to move a piece of bar stock into said feed and spindle means
      when either of said chuck and gripper means is in the closed condition.
NUM  15.
PAR  15. An apparatus as set forth in claim 14, wherein said gripper means
      includes surface means defining an opening through which the bar stock
      passes, said gripper actuator means being operable to vary the size of
      said opening from a first cross sectional area to a second cross sectional
      area which is smaller than said first cross sectional area upon operation
      of said gripper means from the open condition to the closed condition with
      a piece of bar stock extending through said opening, said gripper actuator
      means being operable to vary the size of said opening from said first
      cross sectional area to a third cross sectional area which is smaller than
      said second cross sectional area upon operation of said gripper means from
      the open condition to the closed condition without a piece of bar stock
      extending through said opening, said detector means being operable to
      detect a reduction in the size of said opening from said first cross
      sectional area to said third cross sectional area to thereby detect
      operation of said gripper means from the open condition to the closed
      condition without a piece of bar stock in said gripper means.
NUM  16.
PAR  16. An apparatus as set forth in claim 14, wherein said gripper actuator
      means includes a piston and cylinder means connected with said gripper
      means for operation of said gripper means between the open and closed
      conditions.
NUM  17.
PAR  17. An apparatus as set forth in claim 16, wherein said piston and cylinder
      means includes means for defining a passage disposed in axial alignment
      with said gripper means and said chuck, said loader means being operable
      to move a piece of bar stock through said passage into said gripper means
      and chuck.
NUM  18.
PAR  18. An apparatus comprising magazine means for holding a plurality of
      pieces of bar stock, first support means for supporting a piece of bar
      stock at an intermediate station spaced from the plurality of pieces of
      bar stock in said magazine means, second support means for supporting a
      piece of bar stock at a loading location spaced from said intermediate
      station, and transfer means for moving one piece of bar stock from said
      intermediate station to said loading station and for simultaneously
      therewith moving another piece of bar stock from said magazine means to
      said intermediate station, a chuck operable between an open condition and
      a closed condition in which said chuck is effective to grip a piece of bar
      stock, chuck actuator means for effecting operation of said chuck between
      the open and closed conditions, feed means for feeding a piece of bar
      stock to said chuck, said feed means including gripper means operable
      between a closed condition in which said gripper means securely grips a
      piece of bar stock and an open condition in which said gripper means is
      ineffective to grip a piece of bar stock, gripper actuator means for
      effecting operation of said gripper means between the open and closed
      conditions when said chuck is in the closed condition, and means for
      moving said gripper means through a feed stroke toward said chuck with
      said gripper means in its closed condition and said chuck in its open
      condition and for moving said gripper means through a return stroke away
      from said chuck with said gripper means in its open condition and said
      chuck in its closed condition.
NUM  19.
PAR  19. An apparatus as set forth in claim 18, wherein said gripper actuator
      means includes a piston and cylinder assembly connected with said gripper
      means and control means for activating said piston and cylinder assembly
      to effect operation of said gripper means between its open and closed
      conditions.
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ABST
PAL  A device for moving long and thin bodies into narrow spaces by means of a
      gripper which is adapted to be lifted and lowered and on which the long
      thin bodies are suspended. This device, which is particularly well suited
      for control bars, shut-off bars, and the like of core reactors, is
      characterized primarily in that for laterally supporting the lower ends of
      the long thin bodies when the latter by means of the gripper have been
      pulled out from the respective narrow spaces in which they were previously
      received, at least one gripper means is so arranged at the lower end of a
      holder vertically slidably guided on the supporting member for the gripper
      means that the gripper means can be brought into and out of engagement
      with the lower ends of the long thin bodies.
BSUM
PAR  In core reactors it is necessary, for instance, to pull control or turn-off
      bars from their positions and to move such control or turn-off bars into
      new positions. In this connection, a group of bars is suspended on a head
      plate grasped by a gripper. Inasmuch as the bars are generally very long
      and thin, they have, for instance, with the length of from 3 to 4 meters a
      diameter of from 1 to 2 centimeters, it is difficult to mount such bars
      for purposes of introducing the same into the narrow positioning bores.
      This is due to the fact that the long thin bars, due to the moving and
      lowering operations easily start oscillating and furthermore if they were
      already exposed to a heating process, no longer have the required
      parallelity.
PAR  It is, therefore, an object of the present invention to provide a device
      for inserting long thin bodies into narrow spaces, which will overcome the
      above mentioned drawbacks and will do so also if long thin bodies other
      than control and shut-off rods for core reactors are involved.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIGS. 1 to 4 diagrammatically illustrate partially in side view, and
      partially in section an embodiment of the present invention.
PAR  More specifically, FIGS. 1 - 3 illustrate a device for pulling out and
      inserting control bars into a core reactor part in three different
      positions respectively.
PAR  FIG. 4 shows the lower portion of FIG. 2, as seen in the direction of the
      arrow IV.
PAR  FIGS. 5 - 8 illustrate a modified device according to the present
      invention.
PAR  More specifically, FIG. 5 is a vertical section through a portion of the
      device, said section being taken along the line V--V of FIG. 6.
PAR  FIG. 6 represents a section taken along the line VI--VI of FIG. 5.
PAR  FIG. 7 illustrates on a larger scale than FIG. 6, a section taken along the
      line VII--VII of FIG. 6.
PAR  FIG. 8 illustrates, likewise on a larger scale than that of FIG. 6, a
      section taken along the line VIII--VIII of FIG. 6.
DETD
PAR  The device according to the present invention is characterized primarily in
      that for purposes of laterally supporting the lower ends of the long thin
      bodies when the same are, by means of the gripper, pulled out of the
      narrow spaces, there is at least one gripper element so arranged at the
      lower end of a holding means vertically displaceably guided at the lower
      end of a supporting body that said last mentioned gripper element can be
      moved into and out of engagement with the lower ends of the long thin
      bodies.
PAR  The invention brings about the advance that rods, or the like, which are
      very thin in comparison to their length and are conveyed in a suspended
      manner by bundles can easily be lowered into narrow spaces whereby
      considerable time will be saved. In this connection, the means for
      laterally supporting the lower bar ends will not impede or effect the
      gripping operation and the pulling out and moving the bars into their
      positions because the said supporting means can under these conditions be
      moved into a position above the gripper.
PAR  Referring now to the drawings in detail, it will be seen from FIGS. 1 - 3,
      a bar gripper 2 is provided at the lower end of an inner guiding pipe 1
      which has a square-shaped cross section and is vertically displaceably
      guided by rollers in a nonillustrated outer guiding pipe. A plurality of
      control bars 3 combined to a bundle have their upper ends coupled to the
      bar gripper 2. For purposes of simplicity it is assumed that the bundle
      consists of only four control bars, but it is to be understood that the
      bundle may have more control bars than four. Furthermore, the control bars
      3 are, in view of the limited space in the drawing, illustrated
      considerably shorter than they are actually in practice. FIGS. 1 - 3 show
      the condition in which the control bars 3 by moving the inner guiding tube
      1 upwardly have just been pulled out of the narrow bores 4, for instance,
      of a fuel element 5 inserted into a core.
PAR  For laterally supporting the lower ends of the control bars 3 suspended on
      the gripper 2 there is employed in conformity with FIGS. 1 to 4, a
      comb-shaped flap 6 in cooperation with a guiding bar 7 which, by the aid
      of two pairs of throat rollers 8 mounted on the inner guiding pipe 1, may
      be moved in vertical direction.
PAR  The guiding bar 7 has its lower end provided with an extension 9 which has
      a smaller diameter, said extension 9 supporting by a lower support 10 a
      traverse 11. The extension 9 extends through a bore of a plate 12 which is
      engaged by the lower end of a piston rod 13 of a penumatic lifting
      mechanism. The cylinder 14 of this lifting mechanism is at its upper
      closed end suspended on a support 15 of the inner guiding tube 1.
      Connected to the cylinder 14 at the upper and lower portions thereof are
      conduits 16, 17 for introducing compressed air and withdrawing expanded
      air, said conduits being respectively located above and below the piston
      18. Plate 12 is slidably guided by the extension 9 of the guiding bar 7
      between an upper end position (FIGS. 1 and 2) and a lower end position
      (FIG. 3). The distance between said upper and lower end positions is
      indicated by the character a at the bottom of FIG. 2. The upper end
      position is determined by the shoulder 19 which is formed where the
      extension 9 with its smaller diameter is connected to the bar 7 having a
      larger diameter. In its lower end position, plate 12 rests on the traverse
      11. A helical pressure spring 20 which extends around the extension 9
      continuously urges the plate 12 to move to its upper end position.
PAR  The comb-shaped flap 6 is mounted on the bottom side of traverse 11 in a
      joint 21 with a horizontal axis. A roller 22 is journaled on a leg which
      extends at the level of the joint 21 from the flap 6 in the direction away
      from the inner guiding tube 1 and the bars 3. Above said roller 22 there
      is provided a bolt 23, as indicated further below in connection with FIGS.
      5 - 8, said bolt extending from plate 12 in downward direction and having
      an inclined surface.
PAR  In FIG. 1 it is assumed that the guiding bar 7 together with the traverse
      11 and the flap 6 has moved upwardly as far as possible. The lower edges
      of the prongs of the comb-shaped flap 6 are located at a level higher than
      the lower edge of the gripper 2. Therefore, the flap 6 did not impede the
      gripper 2 when the latter, by means of the inner guiding tube 1, was
      lowered to such an extent that it was able to grasp the upper heads of the
      bars 3 mounted in the bores 4 of the fuel element 5.
PAR  When the bars 3 are now lifted out of their FIG. 1 position to a still
      higher level and then are to be transported by means of the charging
      carriage which carries the inner and outer guiding tube, the lower ends of
      the bars 3 will by means of the flap 6 and the guiding bar 7 be so
      supported that they will maintain their position relative to each other
      with the necessary parallelity for the subsequent insertion into other
      narrow bores.
PAR  To this end, in conformity with FIG. 2, the piston 18 of the lifting
      mechanism is lowered by the distance h while still being spaced from the
      lower closure wall of the cylinder 14 by a distance slightly in excess of
      the distance a. That position is meant in which the guiding bar 7 which
      followed the downward movement of the piston 18 of the piston rod 13 and
      of the plate 12 rests against an abutment 25 by means of a collar 24
      mounted at the upper end of bar 7.
PAR  When subsequently the piston 18 is lowered by the distance a by means of
      compressed air which is introduced through conduit 16 into the cylinder
      chamber above said piston 18 while air escapes from the conduit 17, the
      guiding bar 7 will, due to the abument 25, not be able to follow this
      movement of piston 18. Furthermore, the traverse 11 retains its position
      of FIG. 2. However, plate 12 is against the thrust of spring 20 moved into
      its lower end position in FIG. 3. In this connection, the bolt 23 will
      with its inclined surface displace the roller 22 and thereby will bring
      about a pivoting of the flap 6 into the horizontal position which is shown
      in FIG. 3 and in which the bars 3 are closely grasped between each two
      prongs 26 (FIG. 4) of the comb-shaped flap 6. In contradistinction to the
      showing of FIG. 3, in practice the comb-shaped flap 6 grasps the bars 3 at
      their ends which with regard to the actual length of the bars are located
      considerably lower. The bars 3 are by the flap 6 grasping the same,
      prevented from swinging their lower ends in a direction transverse to the
      prongs 26. It will be appreciated that the flap 6 will be held by the
      strong vertically guided guiding bar so that it will be able to absorb
      forces in horizontal direction.
PAR  According to the embodiment of FIGS. 5 - 8, the inner guiding tube 1 which
      is indicated in FIG. 6 by dot-dash lines and is guided within the outer
      guiding pipe 27, is provided with a total of four guiding bars 28 (FIGS.
      5) the smaller diameter extensions 29 of which are also shown in FIG. 6.
      The extensions 29 of each two guiding bars 28 are located in bores of an
      angle-shaped traverse 30, 31 (FIG. 6). These traverses 30, 31 embrace two
      edges of the inner guiding tube 1, which edges are located diagonally
      opposite to each other.
PAR  Above each traverse 30, 31 there is provided a plate 32 (FIG.5) which is
      located at the lower end of the piston rod 33 of a lifting mechanism which
      has a cylinder 34 connected to the inner guiding tube 1.
PAR  The extensions 29 of the two pertaining guiding bars 28 extend through two
      bores of each plate, for instance, plate 32 of FIG. 5. In the position
      illustrated in FIG. 5 in which plate 32 is lifted by the distance a
      relative to the traverse 30, plate 32 has a support for the shoulders 35
      which are formed by the merging portion from the thick guiding bars 28
      with the extensions 29.
PAR  FIG. 5 shows a pair of throat rollers 36 which are journaled on the inner
      guiding tube 1 and guide a guiding bar 28 therebetween in vertical
      direction. The extensions 29 are each surrounded by a helical pressure
      spring 37 which on one hand rests against the bottom of a recess 38 in the
      traverse 30. This traverse has a further deep recess 39 into which during
      the lowering of the plate 32 extends a nut 40 until it engages the
      traverse 30. Nut 40 is mounted on a lug which protrudes in downward
      direction from a bore of the plate 32, said lug forming an extension of
      the piston rod 33.
PAR  At both legs of the traverse 30 which are arranged at a right angle with
      regard to each other there are on the bottom side by means of a joint bolt
      journaled two comb-shaped flaps 41, 42. The axes of said bolts are located
      horizontally and form a right angle with each other. The shaft or bolt 43
      is, as indicated in FIGS. 7 and 8, located somewhat higher than the shaft
      44. The bearings 45 of the shafts 43, 44 are held by bolts 46 which
      protrude downwardly from vertical bores of the traverse 30.
PAR  Each of the two flaps 41, 42 is at the level of the bolts 43, 44 provided
      with a short leg (FIGS. 7, 8) which when the flap is suspended vertically
      in downward direction, extends from the bolts 43, 44 in an approximately
      horizontal direction away from the inner guiding tube 1. Freely rotatably
      journaled on leg 47 is a roller 48. According to the starting position of
      flap 41, 42, which position is shown in solid lines in FIGS. 7 and 8, the
      roller 48 is located below a bore 49, 50 provided in the traverse 30. In
      each bore there is guided a bolt 51, 52 which extends from the plate 32 in
      downward direction. Each bolt 51 and 52 has on that side thereof which
      faces the inner guiding tube 1 a flattened portion 53 shown in FIG. 6. The
      lower end of each of bolts 51, 52 is slanted in such a way that an
      abutment surface 54, 55 is formed which is inclined at an angle of
      45.degree. and ascends in the direction toward the inner guiding tube 1.
PAR  It may be assumed that the plate 32 is, by means of the piston rod 33,
      lowered in conformity with the position of FIG. 2 to such an extent that
      the guiding bars 28 supported thereby rest at their upper ends by means of
      collars on abutments corresponding to the abutment 25 of FIGS. 1 - 3.
      When, accordingly, the piston rod 33 is, by means of compressed air, moved
      downardly, the piston rods 28 cannot follow this movement so that the
      traverse 30 arranged thereon will retain its elevational position
      illustrated in FIG. 5. When lowering the plate 32, consequently, its
      vertical distance from the traverse 30 will decrease, and the bolts 51, 52
      are in bores 49, 50 moved downardly. Inasmuch as the bolt 51, as shown in
      FIGS. 7 and 8, in its starting position extends somewhat further
      downwardly than the bolt 52, and since furthermore the roller 48 is in the
      starting position of the flaps 41 located at a higher level than the
      roller 48 pertaining to the flap 42, it will be appreciated that first the
      roller 48 will be contacted by the inclined surface 54 of the bolt 51 and
      will be displaced by the latter. FIG. 7 illustrates in dot-dash lined how
      the downwardly moved bolt will place itself behind the roller 48, the
      displacement of which causes the flap 41 to pivot into the horizontal
      position illustrated by dot-dash lines, said position also being visible
      in FIG. 6.
PAR  Only when flap 41 has reached this position, the roller 48 pertaining to
      the flap 42 is contacted by the inclined surface 55 of bolt 52 and
      displaced by the same so that as indicated in FIG. 8 by dot-dash lines,
      flap 42 is pivoted into the horizontal position. As shown in FIG. 6, the
      prongs of the flaps 41 and 42 located one above the other along a
      horizontal plane will cross each other at a right angle. In the gaps which
      thus remain between the upper and lower prongs there are located the
      control bars 3.
PAR  Since, however, as shown in FIG. 6, not all bars 3 of the bundle grasped by
      the gripper are on at least three sides grasped by upper and lower prongs
      of the two flaps which prongs cross each other at a right angle, a third
      flap 56 is below the flap 42 brought into engagement with the bars 3 in
      such a way that the slots extend at an angle of approximately 45.degree.
      with regard to the prongs of the flaps 41. The third flap 56 is mounted
      below the traverse 31 principally in the same manner as the flaps 41, 42.
      This is effected by means of a joint bolt 57 with hoirzontal axis. FIG. 6
      shows two bolts 46 which support the bearings and a bolt 58 with a
      flattened portion 53 which during the lowering of a plate corresponding to
      the plate 32 will in the same manner as it was effected for the flaps 41
      and 42, by means of bolts 51, 52 cause the flap 56, by means of a roller
      to move into its engaging position. FIG. 6 further shows that the traverse
      31 has a recess 59 similar to the recess 39 of traverse 30 for receiving a
      nut at the lower end of the piston rod which is intended for lifting and
      lowering the plate. As shown in FIG. 6 by means of the three flaps 41, 42
      and 56, it will be brought about that all control bars 3 are, at least on
      three sides, enclosed between intercrossing prongs of the flaps so that
      they cannot escape to any side.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for moving long and thin bodies into narrow spaces, comprising
PA0  vertically displaceable gripper means to which the upper ends of long and
      thin bodies can be coupled holder means guided to be displaceable along
      said gripper means downwards and upwards,
PA0  power operable means attached to said gripper means and associated with
      said holder means for lowering and lifting it,
PA0  guiding means at the lower end of said holder means attached to said holder
      means in such a manner that it can be moved from an ineffective first
      position into a second position in which it supports in lateral direction
      the lower ends of said long and thin bodies when the latter are coupled to
      said gripper means but allowing upward and downward movement of said
      bodies relative to it,
PA0  actuating means connected to said power operable means and associated with
      said guiding means for moving it from said first position into said second
      position and vice versa.
NUM  2.
PAR  2. A device according to claim 1 which includes a first abutment means
      attached to said gripper means and associated with said holder means in
      such a manner that it limits the downard movement of said holder means to
      a lowest position in which said guiding means is near to the lower ends of
      said long and thin bodies and which further includes a follower means
      reciprocably connected to said power operable means constituting a second
      abutment means which supports said holder means as long as said holder
      means is moved downwards as far as into its lowest position,
PA0  said actuating means being arranged at said follower means such that it
      moves said guiding means into its second position when said follower means
      will be lowered while said holder means remains in its lowest position.
NUM  3.
PAR  3. A device according to claim 2 in which said holder means is constituted
      by a bar including a lower offset portion forming a shoulder with its
      adjacent upper portion,
PA0  a traverse supported by the lower end of said offset portion, said guiding
      means being pivotally connected to said traverse,
PA0  said follower means having a bore through which said offset portion
      slidably extends and forming said second abutment for said shoulder,
PA0  said actuating means extending from said follower means downwards and
      engaging a lever arm of said guiding means.
NUM  4.
PAR  4. A device according to claim 1, in which said guiding means includes at
      least two comb-shaped flaps with the prongs thereof directed in different
      directions, and at least two actuating means respectively operatively
      connected to said flaps for successively moving the same into
      substantially horizontal overlapping positions with each other so as to
      cause their respective prongs to define with each other spaces for
      receiving therein said long and thin bodies to be held and supported by
      said holding means while engaging the latter from different sides.
NUM  5.
PAR  5. A device according to claim 4, in which said two comb-shaped flaps are
      in joints pivotally supported by a traverse attached to the lower end of
      said holder means, said joints being arranged in different horizontal
      levels,
PA0  the prongs of one of said comb-shaped flaps crossing the prongs of the
      other one of said comb-shaped flaps when said guiding means occupies said
      second position,
PA0  said at least two actuating means being supported by said follower means in
      such a manner that they one after the other engage lever arms extending
      from said flaps when said follower means are lowered by said power
      operable means while said holder means is held in its lowest position by
      an abutment means attached to said gripper means.
NUM  6.
PAR  6. A device according to claim 5, in which said gripper means is of
      substantially square cross-sectional shape, and in which said traverse is
      angle shaped having its apex located at least approximately on one
      diagonal plane of said cross-sectionally square-shaped gripper means, said
      device also including an additional traverse located near that edge of
      said gripper means which is diagonally opposite said one edge of said
      gripper means, an additional flap with comb-shaped prongs pivotally
      connected to said additional traverse and pivotal about an axis
      substantially perpendicular to said one diagonal plane.
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ABST
PAL  Apparatus is described for laying down structural members having cross
      sections of substantial depth, such as T-beams. Means are provided
      defining at least one recess into which the member is received in an
      upright position. An outgoing conveyor is provided for moving the member
      in a direction away from the recess defining means. The recess defining
      means is rotated about a substantially horizontal axis which lies in a
      plane normal to the direction of movement of the outgoing conveyor to move
      a portion of the member which projects from the recess into engagement
      with the conveyor to be moved out of the recess.
BSUM
PAR  This invention relates generally to materials handling apparatus and, more
      particularly, to apparatus for laying down structural members having
      substantially elongated cross sections. The invention is particularly
      suited to use with large beams, such as T-beams.
PAR  Certain shapes of large structural members may be exceedingly difficult to
      handle. This is particularly true in the case of large structural members
      which have deep or substantially elongated cross sections. Such structures
      when standing up have a tendency to topple, creating a dangerous condition
      for both machinery and personnel.
PAR  For example, T-beams are commonly produced by automated fabricators from
      which they emerge in an upright inverted position. In other words, the
      beam emerges with its flange downwardly and with its web substantially
      vertical extending upwardly from the flange. These beams are typically
      moved away from the fabricator in the logitudinal direction on a conveyor
      upon which the flange rests. Once clear of the welding sequence of the
      fabricator, however, these large shapes have a tendency to topple due to
      the large web height and small flange width. Falling of these shapes onto
      adjacent apparatus would cause serious damage, since such T-beams may
      weigh up to four tons each. Moreover, a toppling T-beam can cause serious
      damage to the building in which the T-beam fabricator is housed and may
      endanger personnel in the area. It is therefore desirable that the beam be
      laid down or tipped over onto its side in a generally horizontal position
      on the outgoing conveyors. The beams are removed from the outgoing
      conveyors by a magnetic crane using the web of the beam for magnetic
      pickup.
PAR  One common method for laying down the T-beams in the situation described
      above is by using an overhead crane fitted with a spreader bar and with
      rolling plate grabs. Upon exit of the beam from the T-beam fabricator, the
      rolling plate grabs are attached to the upper edge of the web as it
      proceeds out of the machine moving along the spreader bar. When the shape
      is completely clear of the T-beam fabricator, the crane takes a lift on
      the shape moving transversely and laying the shape on its side on the
      outgoing conveyors. The plate grabs are then released from the web by hand
      to allow the crane to resume its original position for handling the next
      shape emerging from the fabricator.
PAR  The foregoing described lay down technique has a number of disadvantages.
      The use of a crane almost exclusively for the servicing of the machine
      adds substantially to the capital investment. Moreover, as the beam
      emerges from the fabricator, the plate grabs have to be attached to the
      top of the web by hand. Typically, this requires the full time attention
      of two riggers, one operating the crane and the other attaching the plate
      grabs and releasing the plate grabs after the shape is laid down on the
      outgoing conveyors. This results in a substantial operating cost due to
      the cost of the personnel. Additional capital cost may be required for the
      construction of walkways to allow access by the riggers to the webs of the
      T-beams as the beams emerge from the fabricator. Finally, the time
      involved in attaching and releasing rig plate grabs on the beam, and
      moving the crane to lay down the shape and returning the crane to its
      original position, requires a consequent increase in labor hours.
PAR  It is an object of the present invention to provide improved apparatus for
      laying down structural members having deep cross sections.
PAR  It is another object of the invention to provide apparatus for efficiently
      and safely handling T-beams emerging from a fabricator.
PAR  It is another object of the invention to provide apparatus for laying down
      structural members of deep cross sections which is entirely automated and
      does not require manual attachment and release of elements to the shapes
      being handled.
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PAR  Other objects of the invention will become apparent to those skilled in the
      art from the following description, taken in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a perspective view, with parts broken away, illustrating the
      apparatus of the invention;
PAR  FIG. 2, is a full cross sectional view of the apparatus of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a detailed view illustrating a portion of the apparatus of FIGS.
      1 and 2; and
PAR  FIGS. 5 to 9 are simplified cross sectional views illustrating the sequence
      of operation of the apparatus of the invention.
DETD
PAR  Very generally, the apparatus of the invention includes means 11 defining
      at least one recess 12 having an open top side 13 for receiving and
      supporting a member 14 in an upright position. Conveyor means 15 are
      provided for moving the member in a direction away from the recess
      defining means. Means 16 are provided for rotating the recess defining
      means about a substantially horizontal axis 17 which lies in a plane
      normal to the direction of movement of the conveyor means to move a
      projecting portion of the member in the recess into engagement with the
      conveyor means to be moved out of the recess.
PAR  Referring now more particularly to the drawings, the conveyor upon which
      the T-beam 15 moves is divided into segments which extend between the
      means 11. Each conveyor segment includes a plurality of rolls 23, each of
      which is supported at its opposite ends for rotation in journal blocks 25.
      The journal blocks 25 in each of the segments of the conveyor 21 are
      supported on and distributed along a pair of parallel channel beams 27 and
      29. The channel beams 27 and 29 in each of the conveyor segments are
      mounted, respectively, on I-beams 31 and 33. The I-beams run the entire
      length of the apparatus of the invention and are supported on a plurality
      of spaced cross I-beams 35. Each of the I-beams 35 rests upon a pair of
      mounting pads 37 which are bolted to the floor and upon which are secured
      mounting plates 39. The mounting plates 39 each supports a plurality of
      threaded mounting posts 41 which provide for threaded adjustment of the
      I-beams 35 for levelling the conveyor.
PAR  For the purpose of handling the T-beams, the apparatus of the invention
      includes, as illustrated, four rotary supports or rings 11 aligned on a
      common axis (shown in FIG. 2) which is horizontal, parallel with the
      conveyor 21. Each of the rings has a gap 13 therein of approximately
      30.degree. and includes an outer plate 43 extending along the peripheral
      edges of a pair of parallel side plates 45 and 47 (see FIG. 2). The outer
      plate 43 terminates at approximately 200.degree. of arc and a large plate
      49 is welded to the peripheries of the plates 45 and 47 on the back side
      of the apparatus extending between all of the rings 11 to join them
      together for simultaneous movement, as will be explained below. At the gap
      13, each of the rings is provided with end closure plates 51 and 53 to
      which are mounted rubber bumpers 55 and 57, respectively. As may be seen
      in the drawings, the bumper 57 is formed with an integral loop for
      accommodating the weight of the T-beams as will be explained.
PAR  Each of the rings 11 is supported by four turning rollers 59, a detailed
      drawing in perspective of one of the turning rollers being shown in FIG.
      4. The turning rollers 59 are supported between pairs of vertical support
      brackets 61 and 63. The support brackets 61 and 63 are provided with
      bottom flanges 65 and 67, respectively, by which they are suitably mounted
      to the floor. Each of the turning rollers is provided with a pair of
      spaced annular shoulders 69 which fit inside of the spaced parallel
      brackets 61 and 63. Spindles 71 extend from each end of the rollers 59
      through suitable receiving openings in the brackets. Spacing of the
      annular shoulders 69 just exceeds the width of the plate 43 so that the
      rollers 59 form a track in which the rings 11 rest and in which they may
      be rotated about their axis 17.
PAR  Each of the rings 11 has an internal frame for defining the recess 12. The
      internal frame is formed by a pair of vertical plates 73 and 75 which
      extend parallel with each other from the terminus of the ring on each side
      of the opening or gap 13. At their lower ends, the plates 73 and 75 are
      joined by a bottom or horizontal plate 77. The rigidity of the frame is
      enhanced by a plurality of plates 79 which extend radially inward from the
      plate 43 and from the plate 49 between the respective plates 45 and 47.
PAR  Each of the two middle rings is modified to provide a chain trough for
      accommodating a roller drive chain 81. The trough comprises a plate 83
      which extends perpendicularly of the ring plate 45 toward the outer
      periphery thereof, and a plate 85 which is spaced from the plate 45 and a
      parallel thereto extending outwardly of the plate 83 to terminate even
      with the outer periphery of the plate 45. The plate 49 therefore abuts the
      outer periphery of the plate 85 and is suitably welded thereto. In order
      to buttress the plate 83, a plurality of chocks 87 are distributed about
      the plate 45, suitably welded to the plate 45 and to the plate 83. The
      chain 81 is thus accommodated in the trough defined by the plates 83 and
      85, underneath the plate 49.
PAR  The two center rings 11 are each provided with a chain 81 in the chain
      trough which serves to rotate the rings. The chain 81 on each of the rings
      terminates and is anchored at each end to a respective side of the gap or
      opening 13. Lying in the trough, the chain encompasses the ring to which
      it is attached and extends out of the chain trough below the conveyor
      rolls 23, tangent to the ring. Two idler sprockets 89 and 91 are suitably
      mounted to the brackets 61 and 63 below each of the middle two rings 11 to
      maintain the tangential relationship of the chains 81 to their respective
      rings. A loop of the chain then extends downwardly and passes around a
      drive sprocket 93, also mounted between the brackets 61 and 63. The
      sprocket 93 is secured to a drive shaft 95 to which a further sprocket 97
      is also secured. The sprocket 97 is rotated to drive the sprocket 93 by
      means of a drive chain 99 extending to a drive sprocket 101. The drive
      sprocket 101 is driven by means of a drive shaft 103 from a double-ended
      gear box 105, driven by a drive motor 107. The gear box 105 is suitably
      mounted on a base 109 to the floor.
PAR  After the beams are laid down on the outgoing conveyor means 15, as will be
      described in greater detail below, they are carried by the outgoing
      conveyor means in a direction which is substantially normal to the
      longitudinal axis of the beam. The outgoing conveyor means comprises three
      parallel conveyors. Each conveyor has a plurality of vertical I-beam
      supports 111 which rest upon plates 113. The plates 113 are supported on a
      plurality of adjustable threaded legs 115 which extend upwardly from pods
      117 bolted to the floor. The upper part of the beams 111 support a plate
      platform 119 which is made rigid by means of a plurality of web type
      flanges 121.
PAR  A frame 123 is supported on the conveyor plates 119 for supporting a
      plurality of driving sprockets 125. The driving sprockets 125 are driven
      by a motor, not shown, and operate to move a plurality of conveyor chains
      127. The chains are attached to conveyor belts 129 which move generally
      horizontally and parallel with each other to support and move the beams as
      will be described. The conveyor belts 129 are provided with a plurality of
      lugs 131 thereon which extend outwardly for engaging the flange or
      T-portions of the beam as will be described.
PAR  Referring now more particularly to the operation of the device, the
      operation will be described with reference to the illustrated apparatus,
      which is adapted for handling T-beams. Other large shapes, however, could
      readily be handled by the illustrated apparatus, or by apparatus suitably
      modified and within the scope of the present invention.
PAR  As illustrated in FIGS. 1 and 2, the apparatus of the invention is
      positioned with the gap 13 at the top in order to receive a T-beam
      fabricator, not illustrated. The T-beam 15 moves out of the fabricator
      along the conveyor from a direction extending from the lower left of the
      drawing in FIG. 1 to the upper right. Once the T-beam is in the
      illustrated position, the conveyor is stopped by a suitable limit switch,
      not shown. Operation of the apparatus of the invention is then initiated
      by energizing the motor 107. Operation of the motor drives the two chains
      99 to rotate, simultaneously, all four of the rings 11.
PAR  As the rings 11 rotate to the position shown in FIG. 5, the lower plates 77
      rise and engage the underside of the flange of the T-beam. As the rear
      edge of the flange is lifted, the shape tips and the web lies against the
      rubber bumper 57. This is the condition at which the center of gravity of
      the beam, indicated at C, moves beyond the forward edge of the flange of
      the T-beam.
PAR  As the apparatus continues to rotate, the weight of the beam causes it to
      slide back until the flange bottoms on the plate 77 once again, as shown
      in FIG. 6. Continued rotation of the apparatus occurs until the top edge
      of the web contacts the transverse outgoing conveyors as shown in FIG. 7.
      Once this occurs, a suitable limit switch, not shown, causes the motor 107
      to stop and causes the driving means, not shown, for the outgoing
      conveyors to begin operation. This causes movement of the outgoing
      conveyors and in particular movement of the belts 129, producing a drag on
      the end of the web of the beam by the conveyor belts. This drag is
      assisted by gravity as the beam slides along the inclined surface of the
      plate 75 until it reaches the position shown in FIG. 8. As the flange of
      the beam clears the opening 13, it is engaged by the dogs 131 mounted on
      the conveyor belts, thereby picking up the flange at the T-shape and
      moving the beam clear of the rings 11 as sown in FIG. 9. The beam is now
      in a position to be picked up by a magnetic crane, not shown. Energization
      of the apparatus may then be effected to cause the apparatus to return to
      the position shown in FIGS. 1 and 2, at which a suitable limit switch, not
      shown, causes deenergization of the motor. It is possible to accomplish
      the foregoing sequence of events in 90 seconds.
PAR  Numerous advantages accrue from the apparatus of the invention. When
      T-shapes or other similar large shapes emerge from the fabricator, they
      are immediately captured in the rings 11, assuring stability of the shape
      and eliminating any hazardous condition. The operation of the apparatus
      may be accomplished by only one man using a control panel. A suitable
      interlock system activated and de-activated by the foregoing described but
      unillustrated limit switches may prevent the danger of human error and
      damage to the equipment. Precise control over large shapes and improved
      safety is achieved by using the double-chain drive system. Thus, if one of
      the chains fails, the other will hold the mechanism due to the common
      shaft coupling through a worm gear box 105. The system is relatively easy
      to maintain because of access to all mechanical parts. A significant
      reduction in cost of construction occurs due to the simplicity of the
      design and the elimination of the necessity of a full-time service crane
      in the area. Operating costs are similarly reduced through the elimination
      of a crane operator and rigger.
PAR  It may therefore be seen that the invention provides an improved apparatus
      for handling large shapes in which the shapes are moved from an upright
      position to a position in which they are laid down on their sides.
PAR  Various modifications of the invention in addition to those shown and
      described herein will become apparent to those skilled in the art from the
      foregoing description and accompanying drawings. Such modifications are
      intended to fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for laying down structural members having cross sections of
      substantial depth, comprising, means defining at least one recess having
      an open top side for receiving and supporting a member in an upright
      position, a first conveyor for moving the structural members into said
      recess, said recess being of a depth less than the depth of the member's
      cross section to leave a portion of the member projecting from the recess
      through the open top side, said recess defining means including a bottom
      plate and a pair of substantially parallel side plates supported spaced a
      fixed distance from each other, a second conveyor for moving the member in
      a direction away from said recess defining means substantially normal to
      the direction of movement of said first conveyor, and means for rotating
      said recess defining means about a substantially horizontal axis which
      lies substantially parallel with the direction of movement of said first
      conveyor and in a plane normal to the direction of movement of said second
      conveyor to move the projecting portion of the member in said recess into
      engagement with said conveyor to be moved out of said recess on said
      conveyor, said second conveyor being positioned at an elevation with
      respect to said recess defining means such that, after rotation of said
      recess defining means, the one of said side plates closest to said second
      conveyor is inclined with respect thereto to allow the member to slide out
      of said recess and onto said second conveyor.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the depth of said recess exceeds
      the distance from the lower edge of said member to its center of gravity.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said second conveyor includes a
      plurality of lugs for engaging the member to assist moving it out of said
      recess.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said recess defining means
      comprise a plurality of rotary supports aligned on a common axis of
      rotation and spaced along said axis for accommodating structural members
      which are elongated.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said rotary supports each
      comprise a ring having an internal frame defining said recess, each of
      said rings having an open segment at the mouth of said recess.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said rotating means include a
      plurality of chains, each secured to a respective one of said rings at the
      periphery thereof, said rotating means further including a chain drive
      system for simultaneoutly driving said chains.
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ABST
PAL  A slant-type drilling rig assembly is disclosed having a pipe handling
      device which requires one operator during the transfer of conduit sections
      between an inclined drilling mast and a generally vertical conduit storage
      structure. The pipe handling device, or transfer apparatus, includes a
      pair of support columns having a horizontal structure connecting the upper
      end portion thereof. Freely suspended below the horizontal structure are
      an operator control station and an elevator. The elevator is connected to
      a fluid pressure operated means for raising and lowering which means is in
      turn connected to a fluid pressure actuated slidably mounted carriage. The
      transfer apparatus is pivotally mounted at its lower end for arcuate
      movement in a plane between the drilling mast and the pipe storage
      structure. During movement of pipe between the mast and the storage
      structure, the operator positioned in the operator control station is
      carried back and forth between the mast and the storage structure by the
      transfer appparatus so that the operator is available to perform such
      manual operations as may be necessary at both the mast and the storage
      structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a slant-type drilling rig assembly for
      drilling boreholes having an inclined axis. More specifically, this
      invention relates to apparatus for transferring conduit sections between
      an inclined drilling mast and a structure for storing conduit sections in
      a generally vertical posture.
PAR  In the past, it has been known to use drilling rig assemblies in which an
      inclinable drilling mast may be positioned to obtain inclined boreholes
      and to permit a plurality of boreholes to be drilled from a single
      location. The desirability of having a plurality of boreholes is more
      readily visualized in the context of widely used off-shore drilling
      platforms.
PAR  Where inclined drilling masts are used, previously known conventional
      racking assemblies for conduit storage have proved to be unsatisfactory
      for a variety of reasons. Among the reasons is the fact that the inclined
      masts are preferably designed to operate in a plurality of positions with
      different angular relationship to a vertical direction. Accordingly,
      numerous alternate structures have been proposed to alleviate at least
      some of the disadvantages of theretofore known racking assemblies.
PAR  With the introduction of racking structures spaced from the drilling mast,
      there arose a need for suitable apparatus to transfer conduit sections
      composed of one or more joints of drill pipe back and forth between the
      racking structure and the drilling mast. In some of the known types of
      transfer apparatus, a shuttle, carriage, or the like has been used to
      transport a conduit section between an inclined mast and a vertical pipe
      storage area. Typically, these shuttle systems require cable systems of
      varying degrees of complexity to control movement of the shuttle between
      the mast and the storage area.
PAR  In addition, the shuttle systems generally require two workmen: one workman
      atop the storage area to position conduit sections therein and to connect
      conduit sections to the shuttle; one workman in the drilling mast to
      connect conduit sections with the shuttle and to connect conduit sections
      to a travelling block of the mast. It should be apparent that elimination
      of one workman would be advantageous both in the sense of dollar economy
      and of efficient personnel use.
PAR  Since some of the shuttle systems recognize the need for operating between
      various inclined positions, they have been provided with generally arcuate
      tracks on which the shuttle moves. Such curved tracks, however, are
      expensive to manufacture. Accordingly, some systems have suggested the use
      of straight tracks for the shuttle. However, straight tracks do not
      compensate for the vertically lower position which corresponding points of
      an inclined mast assume with respect to the storage area by virtue of the
      arcuate movement of the mast to the inclined position. Therefore, the
      straight track systems introduce additional complexity into their
      apparatus to accommodate for the vertical displacement of corresponding
      points.
PAR  Other known types of systems have employed catwalk structures of various
      designs which extend between the storage area and the inclined drilling
      mast. In use, a workman may physically push or guide the upper end of a
      conduit section during its transfer between the mast and storage. These
      catwalks may thus quickly lead to physical fatigue of the workman.
PAR  Another objectionable feature of the known transfer devices is that a
      catline is frequently used to move the lower end of the conduit from the
      mast to the storage area. Such catlines present danger to workmen on the
      deck of the drilling rig in addition to making the conduit transfer
      procedure more complex.
PAR  When dealing with horizontal conduit storage areas, pivotally mounted
      frames have also been used in the past to raise and lower conduit sections
      to mast structures for connection with other conduit sections. Such known
      pivotally mounted frames typically require two workmen: one in the storage
      area and one on the mast. Moreover, relatively large surface areas are
      required for pipe storage and for movement of the pivotally mounted frame.
PAC  Objects and Summary of the Invention
PAR  Accordingly, it is a general object of the present invention to provide a
      novel slant-type drilling rig having a pipe transfer mechanism which
      substantially eliminates the above and many other problems.
PAR  A more specific object of the present invention is to provide a novel
      conduit transfer apparatus for a slant-type drilling rig which lifts and
      transfers conduit sections between an inclined drilling mast and a
      generally vertical storage facility.
PAR  A further object of the present invention is to provide a novel conduit
      transfer apparatus for a slant-type drilling rig in which a single
      operator is suspended from the apparatus adjacent conduit grappling and
      lifting apparatus so that the single operator can effect the transfer of
      conduit sections between the inclined drilling rig and a generally
      vertical storage facility.
PAR  Yet another object of the present invention is to provide a novel conduit
      transfer apparatus for a slant-type drilling rig which does not physically
      inter-connect the inclined drilling rig and the conduit storage facility
      thereby facilitating inclined positioning of the drilling rig.
PAR  Still another object of the present invention is to provide a novel conduit
      transfer apparatus for use in a slant-type drilling rig which includes a
      carriage means for positioning a grappling means in proximity to the upper
      end portion of a conduit section to facilitate engagement thereof by the
      transfer means.
PAR  An inclined drilling rig which is intended to substantially accomplish at
      least some of the foregoing objects preferably includes a base having a
      drilling mast mounted thereon with means for positioning the drilling mast
      in an inclined relation to the base. Spaced from the drilling mast is a
      generally vertical conduit storage means having a plurality of storage
      locations, each of which may receive a conduit section for storage in a
      generally vertical posture. The conduit storage means is preferably
      disposed such that a medial plane thereof is generally coplanar with a
      vertical plane in which the axis of the drilling mast moves. The drilling
      rig is provided with a conduit transfer apparatus having a frame means
      which is pivotally mounted for arcuate movement parallel to the vertical
      plane about the lower portion of the generally vertical conduit storage
      means. The conduit transfer means also includes a substantially horizontal
      structure from which is suspended grappling means for engaging an upper
      end portion of a conduit section and an operator control station for
      carrying an operator.
PAR  The generally horizontal frame may be provided with a suitable guide means
      on which a carriage means is slidably mounted for movement generally
      perpendicularly with respect to the vertical plane. The carriage means may
      be provided with a universal joint from which means for raising and
      lowering the grappling means is freely suspended. Suitable conventional
      fluid pressure actuated devices may be used to move the carriage means
      with respect to the horizontal frame structure, to raise and lower the
      grappling means, and to move the conduit transfer apparatus between the
      generally vertical storage structure and the inclined mast.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and many other objects of the present invention will be apparent
      to those skilled in the art when this specification is read in combination
      with the drawings wherein like reference numerals have been applied to
      like elements and wherein:
PAR  FIG. 1 is a partial elevation of an inclined drilling rig assembly having a
      generally vertical conduit storage means and a conduit transfer apparatus
      in accordance with the present invention;
PAR  FIG. 2 is a partial plan view taken along line 2--2 of FIG. 1 to illustrate
      details of the top portion of the conduit storage means;
PAR  FIG. 3 is an exploded axonometric view of the conduit transfer apparatus of
      FIG. 1;
PAR  FIG. 4 is a partial endwise elevation of the conduit storage means and the
      conduit transfer apparatus taken along line 4--4 of FIG. 1 to illustrate
      the conduit transfer apparatus in a position adjacent the conduit storage
      facility; and
PAR  FIG. 5 is a partial elevational view similar to that of FIG. 1 with
      portions of the mast structure broken away to illustrate the conduit
      transfer apparatus in a position adjacent the drilling mast.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIG. 1, a slant-type drilling rig assembly 10 is illustrated
      with drilling mast means 12 in an inclined position with respect to a base
      means 14. The lower end portion of the drilling mast 12 is supported with
      respect to the base means 14 by a rotatable bearing and support structure
      16. In addition, fluid pressure operated drilling mast positioning means
      18 connected to the drilling mast 12 and the base means 14 allows the mast
      12 to be inclined in various positions with respect to the base means 14.
      The inclined mast 12, it will be noted, is adapted for arcuate movement in
      a generally vertical plane about the bearing structure 16.
PAR  In conventional drilling rigs drilling fluid passes downwardly through a
      drilling string and upwardly between the drilling string and a casing.
      Accordingly, the inclined rig is provided with an outlet 17 from which
      drilling fluid is returned to a shale shaker.
PAR  Positioned at the top of the drilling mast 12 is a crown block assembly 20
      and a cable sheave 21. Mounted on the mast 12 for sliding motion with
      respect thereto, is a generally conventional travelling block 22 which may
      be provided with a hook assembly. The travelling block 22 may be mounted
      on rollers 23 that engage a suitable guide means 24 carried by the
      drilling mast 12 generally in accordance with U.S. Pat. No. 3,539,024 to
      Irons, Hester, Jr. and Bleyl.
PAR  Mounted on the base means 14 is a suitable drawworks 26 which is operably
      connected with the crown block 20 and the travelling block 22 for raising
      and lowering the travelling block 22 with respect to the drilling mast 12.
PAR  Further details of the drilling mast 12, the bearing assembly 16, the
      inclined slant-type drilling rig 10, and the travelling block guide means
      24 will be found in U.S. Pat. No. 3,539,024 issued Nov. 10, 1970 to J. D.
      Irons, R. W. Hester, Jr., and D. L. Bleyl and assigned to the assignee
      hereof and the provisions of which are expressly incorporated herein by
      reference.
PAR  Positioned adjacent the lower end portion of the drilling mast 12 and
      spaced slightly therefrom is a generally vertical conduit storage
      structure or means 28. The conduit storage structure 28 has a lower
      portion 30 which is securely mounted on the base 14 of the drilling rig
      assembly 10. Preferably, a medial plane of the conduit storage structure
      28 is coplanar with the vertical plane in which the axis of the drilling
      mast 12 moves. This positioning facilitates movement of conduit sections
      therebetween. Extending between an upper portion of the conduit storage
      structure 28 and an intermediate portion of the drilling mast 12 are a
      pair of mast support struts 34. The mast support struts 34 may be used to
      augment the drilling mast positioning means 18 in holding the mast 12 in a
      given inclined position. Turning now to FIG. 2 it will be apparent that
      the mast support struts 34 are generally parallel and are connected to
      corresponding sides of the conduit storage structure 28. Accordingly, the
      mast support struts 34 are also effective to provide protected movement
      for conduit sections between the conduit storage structure 28 and the
      drilling mast 12 as will become more apparent hereinafter.
PAR  The upper portion of the storage structure 28 is provided with a plurality
      of fingers 36 which extend generally horizontally inwardly from the
      lateral sides 38, 40 of the conduit storage structure 28. The plurality of
      fingers 36 define a plurality of conduit storage locations 42 which are
      adapted to receive an upper end portion 44 of conduit sections 46.
      Suitable catwalks 43 and safety fences 45 may be provided along the
      lateral sides 38, 40 and a closed side 47 of the storage structure 28 to
      facilitate personnel movements. If desired, a monkey board 49 may be
      provided for pipe transfer during conventional vertical drilling
      operations.
PAR  Pivotally mounted on the drilling rig 10 at a lower portion 30 of the
      storage means 28 is a conduit transfer means 32 which is operable to hold
      and to move conduit sections between the inclined mast 12 and the conduit
      storage structure 28.
PAR  With reference now to FIG. 3, the details of the conduit transfer means 32
      are more readily visualized. The conduit transfer means 32 includes a
      generally vertical frame means 48 and a generally horizontal structure 50.
PAR  The generally vertical frame portion 48 preferably comprises a pair of
      support comumns 52, 54. The lower end of each support comumn 52, 54 is
      pivotally mounted to the lower portion of the conduit storage structure 30
      as illustrated at 53 in FIG. 1. Returning to FIG. 3 the upper end portion
      of each column 52, 54 supports a corresponding end of the generally
      horizontal structure 50 and preferably includes a suitable conventional
      brace 56.
PAR  The generally horizontal structure 50 includes two generally colinear
      spaced apart sections 58, 60, each having a mounting bracket 62, 64 on
      adjacent ends thereof. Projecting generally horizontally from the adjacent
      end of each portion 58, 60 is a generally L-shaped member 66 having a
      generally vertically downwardly depending support 68 at one end thereof.
      The lower end of each support 68 is preferably provided with a securely
      attached clevis 70.
PAR  Each clevis 70 is adapted to receive and pivotally support an operator
      control station means 72 which is suspended therebelow in a trapeze-like
      manner for free swinging movement about a horizontal axis passing through
      the clevises 70.
PAR  The operator control station 72 may be fabricated from conventional angle
      irons and may be provided with open sides 74 and with front and rear sides
      76, 78 partially enclosed by expanded metal material 78. A suitable floor
      80 is provided on which an operator may stand.
PAR  The length of each supporting column 52, 54 is selected such that a
      vertical clearance will exist between the top of the storage structure 28
      and the bottom 80 of the operator control station 72 (see FIG. 1).
PAR  Disposed between the mounting plates 62, 64 (see FIG. 3) of the horizontal
      structure 50 is a suitable conduit holding means 82 which is provided with
      suitable mating brackets 84, 86 that are connected to the mounting plates
      62, 64 respectively. Between the mounting plates 84, 86 the conduit
      holding means includes a relatively large diameter guide means 88 and a
      smaller diameter means guide 90 which is disposed vertically thereabove.
      The guides 88, 90 may be fabricated from tubular stock and are adapted to
      slidably support a carriage means 92.
PAR  The lower portion of the carriage 92 preferably is provided with a
      universal joint 94 from which a grappling means is suspended. The joint 94
      includes a collar portion 93 that is journaled about the guide 88 between
      fingers of the carriage 92 to permit free-swinging movement of the
      grappling means about a horizontal axis of the guide 88. The joint 94 also
      includes a clevis portion 95 having a clevis pin axis generally
      perpendicular to the horizontal axis of the guide 88 to permit free
      swinging movement of the grappling means in a transverse plane in which
      the horizontal axis lies.
PAR  The grappling means includes a conventional elevator 96 for engaging an
      upper end portion of a conduit section to be transferred. The grappling
      means also includes raising and lowering means 98 which may be connected
      at one end to the clevis portion 95 of universal joint 94 and at the other
      end to a clevis portion 113 of a swivel 114. The elevator 96 is suspended
      from a swivel portion 115 by a pair of links 116. The clevis portion 113
      of the swivel 114 provides a second degree of freedom (the guide 88 being
      the first degree) for movement in a plane passing through the carriage 92.
      The lower portion 115 of the swivel 114 is free to rotate about an axis of
      the swivel thereby preventing torque from being transmitted to conduit
      sections carried by the elevator 96. The raising and lowering means
      preferably comprises a fluid pressure actuated cylinder which is operated
      from the operator control station 72.
PAR  In order to move the carriage 92 along the guides 88, 90, suitable
      translating means 106 is provided. A suitable hole 100 is provided in the
      mounting plate 84 and is disposed in general vertical alignment with the
      guide members 88, 90. Similarly, the carriage 92 is provided with a pair
      of holes 102 in general vertical alignment with the guide means 88, 90.
      The holes 100, 102 are adapted to receive a projecting piston rod 104 of
      the translating means 106 which may comprise, for example, a conventional
      fluid pressure operated cylinder. The hole 100 has a diameter greater than
      that of the piston rod 104 to accommodate relative motion between the
      plate 84 and the piston rod 104. The holes 102 provide suitable access for
      securely connecting the piston rod 104 to the carriage 92.
PAR  The translating means 106 is provided with trunions 108 on each side
      thereof which are adapted to be mounted in L-shaped brackets 110. The
      L-shaped brackets 110 are mounted on the free end of the horizontal member
      58 adjacent the mounting bracket 62 such that the entire stroke of piston
      rod 104 may be used to move the carriage 92. The translating means 106 is
      effective to reciprocate the piston rod 104 and thereby move the carriage
      92 longitudinally along the guides 88, 90 to facilitate positioning the
      elevator 96 is proximate relation to an upper end portion of a conduit
      section.
PAR  Turning now to FIG. 4, the conduit transfer means 32 is illustrated in a
      position adjacent to the conduit storage structure 28. Each support column
      52, 54 is provided adjacent its lower end with a suitable longitudinal
      positioning means 112 which may take the form of a suitable conventional
      fluid pressure operated cylinder. The longitudinal positioning means 112
      (see FIG. 5) is effective to move the pipe transfer apparatus 32 between
      the position adjacent the drilling mast 12 and another position adjacent
      the pipe storage structure 28 depicted in FIG. 5. The fluid pressure
      operated cylinder 112 is pivotally connected to the corresponding vertical
      support column 52, 54 and to the corresponding side of the pipe storage
      structure 28.
PAC  OPERATION
PAR  The conduit transfer apparatus of this invention is advantageously used
      during a "trip" in which a drill string is removed from and replaced into
      the well bore, such as when it becomes necessary to change a drill bit.
      During such a trip, the travelling block 22 (see FIG. 1) is lowered until
      it engages the projecting end 44' of a conduit section of the drill string
      or conduit. The travelling block 22 is then connected to the projecting
      end 44' and is raised up the drilling mast 12 until a conduit section has
      been exposed. Conventional slips may then be used to engage the next lower
      conduit section and thereby prevent it from slipping down the borehole.
PAR  The exposed conduit section is then removed from the projecting end 44 of
      the next lower section and engaged by the elevator 96 carried by the
      previously positioned conduit transfer means 32. The engagement by the
      elevator 96 may be facilitated by an operator in the operator control
      station 72. The conduit transfer means 32 is then pivotally swung in an
      arcuate plane by the positioning means 112 back towards the conduit
      storage structure 28. The raising and lowering means 98 is actuated to
      raise the conduit section 46 so that its lower end portion is free of the
      support provided by the projecting end 44'. Meanwhile, the travelling
      block 22 may be lowered into engagement with the projecting end 44' of the
      next lower conduit section of drill conduit.
PAR  In the posture of the conduit transfer means 32 depicted by broken lines in
      FIG. 5, the operator control station 72 and the pipe section 46 are both
      allowed to be freely suspended from the generally horizontal structure 50
      of the conduit transfer means. The conduit transfer means 32 is
      continually moved until is assumes a position adjacent the conduit storage
      structure 28 (see FIG. 1). The elevator 96 is lowered by the raising and
      lowering means 98 until the bottom end of pipe section 46 is supported by
      a suitable support such as the bottom of the storage structure 28. The
      upper end portion 44 of the conduit section 46 is then positioned in one
      of the plurality of conduit storage locations 42 (see FIG. 2) of the
      conduit storage structure 28. The elevator 96 is then released from the
      conduit section 46 and the conduit transfer means 32 is returned to the
      drilling mast 12 to handle the next conduit section.
PAR  It may be noted here that the drilling mast means 12 may be provided with a
      transfer mechanism for engaging a lower end portion of a conduit section,
      when disconnected from the drill string, in order to move the lower end
      portion toward the storage structure 28. An example of such a transfer
      mechanism is found in FIGS. 2 and 8 of the Irons et al patent (U.S. Pat.
      No. 3,539,024).
PAR  When it is desired to insert a drill string into a bore, the above
      procedure is reversed. The pipe transfer means 32 is positioned in
      vertically proximate relation with the upper end portion 44 of a conduit
      section 46 which is to be transferred from the storage structure 28 to the
      drilling mast 12. More specifically, the elevator 96 is positioned in a
      second generally vertical plane perpendicular to the first vertical plane
      containing the inclined drilling mast 12 and the pipe storage structure
      28. The second generally perpendicular plane includes both the upper end
      portion 44 of the conduit section 46 and the elevator 96.
PAR  The cylinder 106 is then actuated to translate the carriage 92 transversely
      of the generally horizontal structure 50 such that the elevator 96 is
      brought into general vertical alignment with the upper end portion 44 of
      the conduit section 46 to be transferred. With the elevator 96 in general
      vertical alignment with the upper end portion 44, the raising and lowering
      means 98 is actuated to lower the elevator 96 into proximity with the
      upper end portion 44 of the conduit section 46.
PAR  An operator carried by the control station 72 may then connect the elevator
      with the upper end portion 44. With the elevator 96 connected to the
      conduit section 46, the raising and lowering means 98 is actuated to raise
      the conduit section 46 vertically upwardly such that a clearance exists
      between the lower end portion of the conduit section 46 and a support,
      such as the bottom of the storage structure 28.
PAR  The cylinder 106 is then actuated to return the carriage 92 and the
      elevator 96 to the generally medial plane of the pipe storage structure
      28. Subsequently, the conduit transfer means 32 is arcuately moved to the
      configuration illustrated by the broken lines in FIG. 5. The conduit
      section 46 is then lowered until the lower end thereof engages a support,
      such as the projecting end 44' of another conduit section. The conduit
      transfer means 32 is then rotated further until the upper end portion 44
      of the conduit section 46 and the elevator 96 are in general proximity to
      the travelling block 22 of the mast 12 (solid lines FIG. 5). The
      travelling block 22 is then engaged with the upper end portion 44 of the
      conduit section 46 and the elevator 96 is released. The operator in the
      operator control station 72 and the conduit transfer apparatus 32 are then
      returned to the storage structure 28 to pick up another conduit section.
PAR  The travelling block 22 supports the conduit section 46 while it is
      connected to the projecting end 44' of conduit already in position in the
      well bore. Subsequently, the newly added conduit section 46 is lowered by
      the travelling block 22 into the well bore in preparation for another
      conduit section.
PAR  While the conduit transfer means 32 has been described as including a
      horizontal structure 50, it will be apparent to those skilled in the art
      that the conduit transfer means might also be designed with the conduit
      holding means pivotally connected thereto along a suitable first
      horizontal axis. In this manner, the conduit holding means and an
      associated conduit section will be mounted for free swinging movement
      during conduit transfer such that a generally vertical orientation is
      assumed, as in the embodiment described above.
PAR  Similarly, the operator control station means 72 may be pivotally connected
      to the conduit transfer means along a suitable second horizontal axis for
      free swinging movement during conduit transfer such that a generally
      vertical orientation is assumed thereby.
PAC  Summary of the Advantages
PAR  One advantageous facet of an inclined drilling rig assembly according to
      the preferred embodiment of the invention relates to the requirement of
      only one workman to effect the conduit transfer operation between the
      inclined drilling mast and the conduit storage structure.
PAR  Another advantage of the present invention is that workmen are not required
      to traverse a catwalk between spaced vertical locations and to move
      conduit sections while so walking.
PAR  Another advantageous aspect of this invention is that an operator of the
      conduit transfer apparatus is always close to the elevator and may readily
      spot any malfunctions.
PAR  Still another advantage of the present invention is that the need for
      curved tracks, straight tracks, or catwalks physically interconnecting the
      inclined drilling mast and the conduit storage structure are eliminated
      thereby facilitating adjustment of the mast inclination as desired.
PAR  A further advantage of the present invention is that the conduit transfer
      apparatus can be readily adapted to conduits of varying diameter by
      changing the elevators 96 suspended therefrom.
PAR  Yet another advantage of the present invention is that cable-operated
      systems and the problems associated therewith are substantially eliminated
      by employing a fluid pressure operated system.
PAR  Another advantage of the present invention is that the operator control
      station is continually on the storage structure side of the conduit
      sections thus providing a safer position for the operator in the event
      that a conduit section should inadvertently become disengaged from the
      elevator.
PAR  A further desirable aspect of the present invention is the use of a
      vertical storage structure for conduit sections which enables the most
      economical use of available surface area on the drilling rig assembly.
PAR  It is now apparent that there has been provided in accordance with this
      invention, a slant-type drilling rig assembly having a pipe transfer means
      that substantially fulfills the objects and advantages set forth above.
      Although the present invention has been described in conjunction with a
      specific embodiment thereof, it is evident that many alternatives,
      modifications, variations and equivalents will be apparent to those
      skilled in the art in light of the foregoing disclosure of the invention.
      Accordingly, it is expressly intended that all such alternatives,
      modifications, variations and equivalents which fall within the spirit and
      scope of the invention as defined in the appended claims, be embraced
      thereby.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a slant-type drilling rig assembly having a base, a generally
      vertical conduit storage means, drawworks, drilling mast positioning
      means, and an inclinable drilling mast with a crown block, travelling
      block, and guide means therefor, an improved conduit transfer apparatus
      for moving conduit sections between the inclinable drilling mast and
      generally upright storage positions in the conduit storage means,
      comprising:
PA1  frame means being pivotally mounted to the drilling rig assembly and
      operable to move between a position adjacent the conduit storage means and
      another position adjacent the drilling position adjacent the drilling
      mast;
PA1  conduit holding means having a grappling means suspended therefrom, being
      pivotally attached to the frame means on a horizontal axis, and being
      operable to engage an upper portion of a conduit section during transfer
      between the conduit storage means and the drilling mast whereby the
      conduit holding means and an associated conduit section are free swinging
      with a generally vertical orientation during conduit transfer; and
PA1  operator control station means suspended from the frame means for
      trapeze-like movement relative thereto about a horizontal axis, being
      operable to support and carry an operator for the conduit transfer
      apparatus and having a generally vertical orientation during conduit
      transfer.
NUM  2.
PAR  2. The slant-type drilling rig assembly of claim 1 wherein the conduit
      holding means includes carriage means slidably mounted on a guide and
      being operable for movement transversely of a vertical plane including the
      drilling mast and the conduit storage means.
NUM  3.
PAR  3. The slant-type drilling rig assembly of claim 1 wherein the grappling
      means includes means for raising and lowering a portion of the grappling
      means relative to the frame means.
NUM  4.
PAR  4. The slant-type drilling rig assembly of claim 1 wherein the frame means
      includes a horizontal structure and a pair of generally vertical support
      columns, one end of each column being pivotally connected to the drilling
      rig assembly adjacent a corresponding side of the conduit storage means,
      the other end of each column carrying the horizontal structure, and each
      column having a length greater than the height of the conduit storage
      means such that the operator control station means has vertical clearance
      with the top of the pipe means.
NUM  5.
PAR  5. The slant-type drilling rig assembly of claim 4 wherein the frame means
      includes fluid pressure actuated swinging means for pivoting the frame
      means between the drilling mast and the conduit storage means.
NUM  6.
PAR  6. The slant-type drilling rig assembly of claim 5 wherein the conduit
      holding means includes:
PA1  carriage means having fluid pressure operated means for translating the
      carriage means transversely of a vertical plane including the drilling
      mast and the conduit storage means; and
PA1  fluid pressure operated means for raising and lowering the grappling means
      relative to the horizontal structure.
NUM  7.
PAR  7. A slant-type drilling rig assembly for drilling boreholes having an
      inclined axis comprising:
PA1  base means;
PA1  drilling mast means mounted on the base means for arcuate movement in a
      vertical plane and having a crown block, a travelling block, and guide
      means for the travelling block;
PA1  drilling mast positioning means connected to the base means and operable to
      position the drilling mast means in any of a plurality of inclined
      positions in the vertical plane;
PA1  drawworks mounted on the base means and operably connected with the crown
      block and the travelling block to raise and lower the travelling block
      with respect to the drilling mast means;
PA1  a generally vertical conduit storage means having a plurality of storage
      locations, being mounted on the base means in the vertical plane and
      operable to store conduit sections in a generally vertical posture;
PA1  frame means having a generally horizontal structure, being pivotally
      mounted to a lower portion of the conduit storage means for arcuate
      movement between the conduit storage means and the drilling mast means;
PA1  conduit holding means having grappling means freely suspended therebelow,
      being attached to the generally horizontal structure, and being operable
      to engage an upper portion of a conduit section during transfer thereof
      between the conduit storage means and the drilling mast means;
PA1  control station means being freely suspended below the generally horizontal
      structure for motion with respect thereto and being operable to support an
      operator for the frame means.
NUM  8.
PAR  8. The slant-type drilling rig of claim 7 wherein the conduit holding means
      includes:
PA1  carriage means from which the grappling means is freely suspended, being
      operable for sliding movement in a direction generally perpendicular to
      the vertical plane; and
PA1  reciprocating means connected to the horizontal structure and to the
      carriage means and being operable to slide the carriage means.
NUM  9.
PAR  9. The slant type drilling rig of claim 8 wherein the reciprocating means
      comprises a fluid pressure actuated cylinder.
NUM  10.
PAR  10. The slant-type drilling rig of claim 7 wherein the grappling means
      includes:
PA1  an elevator operable to engage the upper end of a conduit section; and
PA1  powered means for raising and lowering the elevator relative to the
      horizontal structure, having one end freely suspended from the conduit
      holding means and the other end connected to the elevator.
NUM  11.
PAR  11. A slant-type drilling rig assembly for drilling inclined boreholes
      comprising:
PA1  base means;
PA1  drilling mast means mounted on the base means for arcuate movement in a
      vertical plane and having a crown block, a travelling block, and guide
      means for the travelling block;
PA1  drilling mast positioning means connected to the base means and operable to
      position the drilling mast means in any of a plurality of inclined
      positions in the vertical plane;
PA1  drawworks mounted on the base means and operably connected with the crown
      block and the travelling block for raising and lowering the travelling
      block;
PA1  generally vertical pipe storage structure having a plurality of storage
      locations and a bottom portion connected to the base means, being disposed
      in the vertical plane and operable to store pipe sections in a generally
      vertical posture; and
PA1  pipe transfer means for moving pipe sections between the pipe storage
      structure and the drilling mast means including
PA2  a generally horizontal structure disposed generally perpendicularly with
      respect to the vertical plane,
PA2  a carriage guide endwise supported by the horizontal structure and
      generally perpendicular to the vertical plane,
PA2  a carriage slidably mounted on the carriage guide and having a universal
      joint suspended therebelow,
PA2  fluid pressure actuated means connected to the horizontal structure and the
      carriage and operable to move the carriage,
PA2  an elevator,
PA2  fluid pressure actuated means connected at one end to the universal joint,
      carrying the elevator at the other end and being operable to raise and
      lower the elevator,
PA2  a control station suspended below the horizontal structure and operable to
      support an operator,
PA2  a pair of support columns, each column having one end pivotally mounted to
      a corresponding side of the pipe storage structure for arcuate movement in
      a plane parallel to the vertical plane, having the other end attached to a
      corresponding end of the horizontal structure, and having a length
      exceeding the height of the pipe storage structure such that vertical
      clearance exists between the top of the pipe storage structure and the
      bottom of the control station, and
PA2  fluid pressure means connected to the pipe storage structure and one of the
      support columns for moving the support columns between a position adjacent
      the pipe storage structure and another position adjacent the drilling mast
      means.
NUM  12.
PAR  12. A method of transferring conduit sections between an inclined drilling
      mast and a generally vertical conduit storage means comprising:
PA1  positioning a grappling means of a transfer means in proximate relation
      with an upper end portion of a conduit section to be transferred;
PA1  gripping the upper end portion of conduit section with the grappling means;
PA1  raising the conduit section such that vertical clearance is attained
      between the lower end portion thereof and a first support;
PA1  allowing the grappling means to hang freely below the transfer means;
PA1  pivotally swinging the transfer means with the grappling means and an
      operator control station suspended therefrom between the drilling mast and
      the pipe storage structure;
PA1  lowering the grappling means until the lower end portion of the pipe
      section engages a second support; and
PA1  releasing the grappling means from the upper end portion of the conduit
      section.
NUM  13.
PAR  13. The method of claim 12 further including:
PA1  returning the transfer means for positioning the gripping means in general
      vertical alignment with another conduit section to be transferred between
      the drilling mast and the pipe storage means.
NUM  14.
PAR  14. The method of claim 12 wherein the positioning includes:
PA1  moving the transfer means in a vertical plane defined between the drilling
      mast and the pipe storage structure until the grappling means lies in a
      second vertical plane perpendicular to the first vertical plane, the
      conduit section being in the second plane;
PA1  sliding a carriage of the transfer means from which the grappling means is
      suspended in the second vertical plane until general vertical alignment
      exists between the grappling means and the upper end portion of the
      conduit section; and
PA1  lowering the grappling means from the transfer means toward engagement with
      the upper end portion.
NUM  15.
PAR  15. A method of transferring conduit sections between an inclined drilling
      mast and a generally vertical pipe storage means requiring one operator,
      comprising:
PA1  providing a transfer means from which an operator control station and a
      grappling means are freely suspended;
PA1  positioning the grappling means in proximate relation to the upper end
      portion of a conduit section to be transferred;
PA1  gripping the upper end portion with the grappling means;
PA1  raising the conduit section such that vertical clearance is attained
      between the lower end portion thereof and a first support;
PA1  pivotally swinging the transfer means with the grappling means and the
      operator control station between the drilling mast and the pipe storage
      means;
PA1  lowering the grappling means until the lower end portion of the conduit
      section engages a second support; and
PA1  releasing the upper end portion of the conduit section.
NUM  16.
PAR  16. The method of claim 15 wherein the positioning step comprises:
PA1  moving the transfer means in a vertical plane defined between the drilling
      mast and the pipe storage means until the grappling means lies in a second
      vertical plane perpendicular to the first vertical plane and in which the
      upper end portion is disposed;
PA1  moving the grappling means in the second vertical plane relative to the
      transfer means until general vertical alignment exists between the
      grappling means and the upper end portion; and
PA1  lowering the grappling means from the transfer means into proximate
      relation with the upper end portion.
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ABST
PAL  In a method and apparatus for automatic handling of bread pans adapted for
      use in a baking process, individual empty pans are received and stacked at
      a first station and automatically moved to a predetermined storage
      station. When individual pans are required, the stacked pans are
      selectively removed from the storage station and transported to an
      automatically operable unstacking device. The method and apparatus
      includes a control system for detecting a demand for individual pans which
      operates the unstacking device and distributes individual pans in response
      to the demand.
PARN
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 243,074, filed Apr. 11, 1972, and now abandoned the disclosure of
      which is incorporated herein by reference.
BSUM
PAR  The present invention relates to bread pan handling equipment and more
      particularly to an automatic bread pan system for supplying, retrieving,
      and storing bread pans used in a baking operation.
PAR  The attainment of production goals in a bakery, as expressed in terms of
      pounds of bread, or for that matter, of pounds of any type of bakery
      products, per man hour, involves a multiplicity of factors and
      considerations. First of all, the available equipment must have sufficient
      capacity to make the desired volume feasible. Manpower must be adequate,
      both in terms of numbers and in the required skills, and must be available
      at the proper time and place. Correct scheduling must ensure that the
      various production units are correctly synchronized so that each is ready
      to take up operations where the preceding one has left off and that the
      right personnel is present and ready for each specific operation. Finally,
      equipment maintenance must be of a caliber that will prevent disruptive
      stoppages and breakdowns.
PAR  In planning for a given production volume, it is only natural that major
      emphasis be placed on the principal equipment units, such as mixers,
      fermentation equipment, make-up units, proofers, ovens, coolers, and
      packaging machinery, as the individual maximum capacity of each of these
      various pieces of equipment represents the limiting factor that will
      determine the final production volume. As a second major consideration,
      the necessary manpower to operate the plant needs to be carefully planned
      to make certain that adequate labor is available, yet that overstaffing is
      avoided since labor costs constitute an important cost factor. Generally,
      each piece of equipment or operation has a predetermined labor
      requirement, i.e. the number of operators needed to ensure the efficient
      functioning of a machine or the performance of a given operation. It is in
      the less clearly defined area of auxiliary functions, such as supervision,
      movement of materials within the plan, maintenance and repairs, etc., that
      labor requirements are more flexible and where important savings in labor
      can often be effected. One such operation -- the handling of bread pans --
      has until now failed to receive the systematic engineering study and
      development that have been accorded to the other aspects of bakery
      operation.
PAR  Current methods of bread pan management in bakeries still involve a
      considerable amount of manual handling, even in instances where the
      depanning is done mechanically. Pans being placed in storage or withdrawn
      from storage -- and this takes place whenever there is either a change in
      production rate or in product type, and at the end or start-up of a
      production run -- are normally handled manually and are frequently
      subjected to damaging physical abuse that materially shortens their useful
      life. The frequency and extent of damage to pans normally show great
      increases in plants where bread is depanned manually, or where the pans
      are stacked directly from conveyors by hand or have to be fed to conveyors
      from stacks.
PAR  Although bread pans are designed to withstand a reasonable amount of abuse,
      the very impression of a sturdiness which a pan strap evokes, also invites
      rough and careless handling. Moreover, modern high speed production rates,
      which place the individuals who either stack pans or feed them into
      production under too great a pressure, are not very conducive to gentle
      handling of the pans. In instances where bread pans are stored in a remote
      section of the plant, it is quite possible for the individual who places
      the pans into production to overfeed the conveyor leading to the
      moulder-panner, thereby creating backup pressures on pans which are
      detrimental to both the pans and to the infeed mechanism of the panner.
      The cumulative effect of all these factors on the expensive pan inventory
      may be a premature deterioration of a major capital investment that will
      have serious repercussions on the bakery's over-all profit picture.
PAR  Many of these problems are solved by the present invention in which the
      manual handling of pans throughout the pan feeding and storing cycle is
      eliminated by an apparatus and process which brings about as gentle a
      transfer of pans from storage to production and vice versa, as possible.
      This is accomplished by a pan handling, feed and stacking system which is
      almost completely automatic in operation and which is sufficiently
      flexible so that it will accommodate four, five and six-pan straps. Given
      suitable proofer and oven capacities, the use of six-pan straps will
      enable the baker to increase his production potential considerably without
      a corresponding increase in conveyor and oven transport speeds. Basically,
      the present invention is adapted to automatically remove pans from a
      return conveyor, stack them and place them into storage. In the reverse
      cycle, upon demand, the apparatus is adapted to select pan stacks from
      storage, unstack the pans and then introduce them into production.
PAR  Accordingly, it is an object of the present invention to automatically
      introduce, stack, remove, unstack and store pans in a baking process.
PAR  Another object of the invention is to automatically introduce, remove and
      store pans in a baking process by a method and apparatus which is
      relatively inexpensive and durable in construction and operation.
DRWD
PAR  The above, and other objects, features and advantages of this invention,
      will be apparent in the following detailed description of an illustrative
      embodiment thereof which is to be read in connection with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a schematic plan view of an automatic bread pan handling system
      constructed in accordance with one embodiment of the present invention;
PAR  FIG. 2 is an end view, with parts broken away, of the bread pan stacker
      mechanism utilized in the bread pan handling system shown in FIG. 1 and
      taken in the direction of the arrows 2--2 therein;
PAR  FIG. 3 is a side view, along line 3--3, of the bread pan stacker shown in
      FIG. 2;
PAR  FIG. 4 is an end view, taken along line 4--4 of FIG. 1, of a pan unstacker
      utilized in connection with the present invention;
PAR  FIG. 5 is a side elevational view, along line 5--5, of the unstacker
      assembly shown in FIG. 4;
PAR  FIG. 6 is an enlarged elevational view of the unstacker pickup head
      assembly mounted at the top of the unstacker shown in FIG. 5;
PAR  FIG. 6a is an enlarged end view, with parts broken away, and taken along
      line 6a--6a of FIG. 6, of the unstacker pickup head assembly;
PAR  FIG. 7 is an enlarged plan view of the pan stack storage dolly shown
      schematically in FIG. 1;
PAR  FIG. 8 is an elevational view taken along line 8--8 of FIG. 7 of the
      storage dolly;
PAR  FIG. 8a is a partial plan view taken along line 8a--8a in FIG. 8;
PAR  FIG. 9 is an end view, taken along line 9--9 of FIG. 8, of the pan stack
      storage dolly;
PAR  FIG. 10 is a plan view, similar to FIG. 7, of the pan stack retriever
      dolly, shown schematically in FIG. 1;
PAR  FIG. 11 is a front elevational view, taken along line 11--11 in FIG. 10, of
      the retriever dolly;
PAR  FIG. 12 is an end view of the retriever dolly, taken along line 12--12 of
      FIG. 11;
PAR  FIG. 13 is a plan view of one of the pan stack storage conveyors used in
      the pan handling system of FIG. 1;
PAR  FIG. 14 is a side elevational view of the pan stack storage conveyor shown
      in FIG. 13;
PAR  FIG. 15 is a sectional view taken along line 15--15 of FIG. 14;
PAR  FIG. 16 is a partial sectional view, taken along line 16--16 of FIG. 14;
PAR  FIG. 17 is a partial end view taken along line 17--17 of FIG. 14; and
PAR  FIG. 18 is a partial sectional view taken along line 18--18 of FIG. 14.
DETD
PAR  Referring now to the drawing in detail and initially to FIG. 1 thereof, it
      will be seen that an automatic bread pan handling apparatus 10, as shown
      therein, includes an input conveyor 12 on which individual pans are
      supplied to the pan handling apparatus from the end of a bread baking
      process. Typically, the pans are supplied from the bread depanner
      apparatus when the baking process is shut down, during the baking process
      itself when the number of pans needed for baking is reduced, or when the
      size of the pans used or the type of bread being baked is to be changed.
PAR  Conveyor 12 is preferably an endless conveyor of conventional construction,
      located about the periphery of pan handling apparatus 10, and supported in
      an elevated position above a lower storage conveyor 14, more fully
      described hereinafter. Individual pans moving along conveyor 12 (in the
      direction of the arrows) from the depanner are supplied around the curve
      18, to the top of a stacker unit 16 located at the left end of the pan
      handling apparatus, as seen in FIG. 1.
PAR  Stacker unit 16, as described more fully hereinafter, receives individual
      bread pans from conveyor 12 and places a predetermined number of the pans
      in a vertical stack. After the desired number of pans are placed in a
      stack by stacker 16, the stack is moved onto conveyor 14, at its first
      section 14a, below infeed conveyor 12. Conveyor 14 moves the stack into a
      selected position adjacent the end 20 of one of a series of gravity-type
      storage roller conveyors 22.
PAR  A storage dolly assembly 24, mounted for sliding movement along and in
      cooperation with conveyor 14, is selectively positioned adjacent the end
      20 of any one of the gravity roller conveyors 22 so as to stop movement of
      the stack of pans on conveyor 14 at the end of the selected gravity roller
      conveyor. Preferably, a control system is provided which will determine
      whether a selected gravity roller conveyor 22 is already filled with
      stacks of pans and will thus cause the dolly 24 to be moved to the next
      empty gravity roller conveyor. After stopping the stack of pans on
      conveyor 14, storage dolly 24 pushes the stack, as more fully described
      hereinafter, onto the end 20 of the selected storage conveyor.
PAR  The ends 20 of storage conveyors 22 are at a higher elevation than the
      opposite ends 25 thereof. Accordingly, a stack of pans placed on a
      conveyor 22 will roll down the conveyor, in the direction of the arrows
      used FIG. 1, towards the opposite side of the apparatus. Brake means are
      provided along the conveyors 22 in order to slow the movement of the
      stacks along the gravity rollers towards the end 24 thereof. In addition a
      selectively releasable stop assembly is provided at the end 25 of each
      conveyor 22 to selectively prevent discharge of pan stacks from the
      conveyor.
PAR  A lower conveyor 26 is located adjacent the ends 24 of gravity roller
      conveyors 22. Conveyor 26 cooperates with a pan stack retriever dolly 27
      which is similar to dolly 24 and is controlled so as to be selectively
      moved into position adjacent the end of any one of the storage conveyors
      22. At the beginning of the baking operation, or as more pans are required
      during the course of the baking operation, retriever dolly 27 can be moved
      into alignment with the end 25 of a selected gravity roller conveyor 22
      and thence can be operated to remove a stack of pans from the selected
      storage conveyor. The structure for the retriever dolly is described more
      fully hereinafter.
PAR  The retriever dolly is adapted to engage the lowermost pan in the stack
      with lower conveyor 26 so that the stack is then moved along conveyor 26
      to an unstacker unit 28. This unstacker, as described hereinafter, is
      adapted to sequentially remove individual pans from a stack of pans
      contained therein and place the same on an upper conveyor 30,
      corresponding to conveyor 12, located above conveyor 26. As the individual
      pans from the unstacker are removed and replaced on conveyor 30, they are
      transported by the conveyor to the bread manufacturing equipment or
      process; typically the pans are moved to the conventional pan moulder at
      the beginning of the bread making process.
PAR  It is noted that in the drawings only the right hand portions of conveyors
      12 and 30 are shown for clarity. However, it is to be understood that
      those conveyors extend along and above their corresponding lower conveyors
      14 and 26 to positions adjacent the stacker and unstacker units.
PAR  In the embodiment of the invention shown in FIG. 1 of the drawings, an
      intermediate conveyor 32 is provided in alignment with lower conveyor
      sections 14a and 26a, between the lower end portions of stacker 16 and
      unstacker 28. The stacker and unstacker of the present invention are
      constructed to cooperate with conveyor 32 so that a partially unstacked
      stack in unstacker 28 can be transported through the unstacker, along
      conveyor 32, and thence through the stacker onto conveyor 14 for return to
      one of the storage roller conveyors 22. In addition, an upper conveyor
      (not shown in FIG. 1) superimposed above conveyor 32 is provided for
      moving individual pans in a direction opposite to the direction of
      movement of the stacks on conveyor 32. By this construction, individual
      pans moving along conveyor 12 can be passed directly through stacker 16,
      along the upper conveyor, and thence through the top of unstacker 28 onto
      conveyor 30 for return to the bread manufacturing process.
PAR  It is to be understood that the pan handling system illustrated in FIG. 1
      is but one illustrative embodiment of the various arrangements or layouts
      which can be used in connection with the various components of the
      invention. In this regard it is noted, for example, that the pans in the
      embodiment shown in FIG. 1 move through the stacker and unstacker in a
      C-shaped path of travel, i.e. the pans move along the conveyor 12 into the
      top of the stacker, then move downwardly in the stacker as the stack is
      formed, and then out along lower conveyor 14 below conveyor 12. However,
      the components of the stacker and the unstacker are constructed so as to
      provide greater flexibility in design, i.e. both the stacker and unstacker
      of the present system can be operated in the manner shown in our copending
      patent application mentioned above. As shown therein, individual pans
      enter the top of the stacker, move downwardly therein as they are stacked,
      and then move out along a lower conveyor on the opposite side of the
      stacker, so that the pans move in a generally Z-shaped pattern through the
      stacker. The unstacker can also be operated to pass pans therethrough in a
      C or Z-shaped path of travel, without any physical modification thereof.
      In this manner, the stacker and unstacker add flexibility to the system
      and a variety of layout designs for the pan handling system in order to
      accommodate various sized and shaped facilities.
PAR  The various components of the pan handling system of the present invention
      are described hereinafter in detail in individually titled subsections.
PAC  STACKER
PAR  The pan stacker unit 16 is illustrated in detail in FIGS. 2 and 3 of the
      drawing, and includes a relatively rigid rectangular support frame 33 upon
      which the various components of the stacker are mounted. Two pairs of
      vertical, parallely extending endless chains 34 are mounted adjacent
      opposite sides of the frame 33 and have at least two pairs of horizontally
      extending support lugs 36, mounted therebetween for supporting a stack of
      pans during the stacking process. These stacks are formed from the
      individual bread pans 38 (indicated in dotted lines in FIG. 3) supplied
      from conveyor 12, adjacent the upper portion 40 of frame 33. The
      individual pans are moved by conveyor 12 into engagement with a magnetic
      conveyor assembly 42 mounted at the top of frame 33. The assembly 42 holds
      the pan 38 at the top 40 of frame 33 and moves it into position above and
      between supporting chains 34. When the pan is in the proper position above
      chains 34 and lugs 36, as defined by a movable stop member 44, a pusher
      mechanism 46 is actuated to disengage the pan from magnetic conveyor
      assembly 42 and drop the same onto a pair of opposed lugs 36 positioned
      therebelow, or onto the top of a stack of pans already partially formed in
      the stacker and supported on lugs 36.
PAR  Stacker 16 is adapted to accommodate a variety of sizes of bread pan straps
      or the like so as to provide increased flexibility for the bread
      manufacturer in so far as the number of types of bread pans he can store
      and use in his bread manufacturing process. Accordingly, lug support
      chains 34 are mounted so as to be movable laterally with respect to each
      other, in the manner shown in FIG. 2, in order to accommodate various
      widths of pan straps. To accomplish this, chains 34 are operatively
      engaged with sprockets 48, 50 respectively secured to shafts 52 and 54 at
      the upper and lower ends of frame 33. Both of these shafts are rotatably
      mounted in spaced pairs of frame members 56, the latter being supported at
      their lower ends on rollers 58 which ride on a transverse frame member 60
      of frame 33. In this manner the weight of the chains 34 and any pans or
      stack supported therein are borne directly by frame 33 and not by the
      drive mechanism for the chains.
PAR  Shaft 52 comprises the drive shaft for chains 34 and is adapted to be
      rotated by a drive system 62. This drive includes a pair of individual
      right angle drive members 64, of conventional construction, connected
      respectively to each of the drive shafts 52 and mounted respectively on
      rigid cross-frame members 57 secured between vertical frames 56 and
      extending beyond those frames in opposite directions. Right angle drive
      members 64 are connected through a cross-shaft 66 to a hydraulic drive
      motor 68 or the like. The latter is mounted on a support plate 70 secured
      to frame 33.
PAR  In order to vary the width or spacing between chains 34, each of the
      horizontal frame members 57, extending between frames 56 is provided with
      a depending rigid frame member 72 (below right angle drives 64) threadedly
      engaged at 74 with an elongated laterally extending shaft 76 having two
      oppositely directed gear sections formed thereon. Shaft 76 is selectively
      driven by a hydraulic motor 78 which may be manually controlled as
      desired, in order to move frames 56 and thus right angle drives 64 in
      opposite directions, thereby to vary the spacing between chains 34 and
      lugs 36. In this connection, it is noted that frame member 72 also has
      rollers 80 mounted thereon and supported on cross-frame member 82 of frame
      32 to additionally support the weight of the chains 34 and any stack
      supported thereon.
PAR  It is noted that drive motor 78 is only directly connected to the left hand
      frame members 56 (as viewed in FIG. 3) through shaft 76. In order to
      insure synchronous movement of both frame members 56 on opposite ends of
      shaft 52, an auxiliary drive or timing arrangement is provided which
      includes a drive chain 84 trained over a sprocket 86 secured to shaft 76
      and a plurality of guide sprockets 88 mounted along the frame 33. The
      lowermost sprockets 88 are secured to lateral adjustment shafts 90, which
      are formed in a manner similar to shaft 76, i.e. they have two oppositely
      threaded portions formed thereon respectively threadedly engaged with the
      lower ends of supports 56. In this manner, rotation of shaft 76 by motor
      78 is imparted to the shafts 90, so that the upper and lower ends of
      chains 34 move in synchronism when the spacing therebetween is to be
      varied.
PAR  At the initiation of operation of the stacker utilized in the present
      invention, one of the sets of lugs 36 are located adjacent the upper end
      of the path of travel of chains 34 to receive the first pan 38 supplied to
      the unstacker. This may be done by manually controlling the operation of
      motor 68. As mentioned above, pans 38 are transported from conveyor 12 to
      a position over lugs 36 by the magnetic conveyor assembly 42. That
      assembly includes a frame 92 in which a relatively large elongated and
      powerful magnet 94 is securely mounted. An endless conveyor 96 is also
      mounted in frame 92, about a pair of opposed end rollers 98, 100, around
      magnet 94 so that the magnetic field created by the magnet extends through
      the conveyor. Roller 100 is driven by a hydraulic motor 101 or the like,
      mounted on frame 92 and moves the lower flight of conveyor 96 to the
      right, as seen in FIG. 3. In this manner, as a pan 38 moves off the end of
      conveyor 12, it is attracted and held against conveyor 96 by the magnetic
      field of magnet 94. Moreover, the engagement between conveyor 96 and pan
      38 causes the pan to move along magnet 94, toward the right in FIG. 3,
      under the pusher mechanism 46.
PAR  Movement of pan 38 in this manner is limited by a stop member 44 which is
      pivotally mounted on frame 92 at pivot point 102. As seen in FIG. 2, there
      are actually two stop plates 44 mounted on the common rock shaft 102 and
      located on either side of conveyor 96. When it is desired to permit the
      individual pans 38 to pass through the stacker without stacking, so as to
      proceed to and through unstacker 28, along the conveyor 32a located above
      conveyor 32, to conveyor 30 for return to the bread manufacturing process,
      the abutment members 44 are pivoted out of the path of travel of pans 38
      by a ram 104 mounted on frame 92 and connected through its actuator rod
      108 to a crank arm 105 rigidly secured to shaft 102. Ram 104 is controlled
      by a pilot air valve 106 which in turn can be manually operated or
      controlled from a main control panel 108, in any convenient manner, as
      would be apparent to those skilled in the art. Alternatively, pilot valve
      106 may be automatically controlled by a portion of the baking process,
      i.e. the panner-moulder, which will provide a pneumatic signal to valve
      106 when additional pans are required so as to permit individual pans to
      be recycled without stacking. This signal can be produced by a
      conventional detection device, well known in the art. The specific
      pneumatic circuitry used to control valve 106 is not part of the present
      invention and, in any case, would be apparent to one skilled in the art.
PAR  In any case, actuation of pilot 106 causes air to be supplied to the
      pneumatic cylinder 104 to extend the actuator rod 108 thereof towards the
      right, thereby causing clockwise pivotal movement of abutments 44 about
      rock shaft 102 to permit free passage of pans 38 along the remainder
      conveyor 96. As the individual pans approach the end of conveyor 96, and
      as the conveyor moves around roller 100, the pan is automatically
      discharged onto conveyor 32a, located between stacker 16 and the unstacker
      28. The pan then proceeds through the unstacker 28, as described
      hereinafter, onto conveyor 30, which returns the pan to the bread
      manufacturing process.
PAR  As a safety control, a photocell and reflector assembly 156 is provided
      adjacent the top of frame 33 to override the pivotal movement of abutment
      44. This photocell assembly includes a main unit 156a mounted on one side
      of frame 33 and having light source and photo sensitive element therein;
      and a reflector 156b mounted on the other side of frame 33. The photocell
      assembly is thus adapted to determine whether the abutment 44 can be
      pivoted into its lower most position without interference by any pan
      supported on conveyor 96. Thus, if a pan is present on conveyor 96, it is
      seen by the photocell, i.e. the pan interrupts the light beam traveling
      between the light source and its reflector; as a result, the photocell
      produces a signal to override pilot valve 106 and prevent abutment member
      44 from being swung down while the pan is in the way. If no pan is
      present, the light beam is uninterrupted and the abutment member 44 can
      pivot freely down into the position illustrated in FIG. 3.
PAR  When it is desired to stack pans 38 pilot valve 106 is operated so that ram
      104 contracts and moves abutment 44 into the position shown in FIG. 3.
      Thus a pan 38, carried on conveyor 96 under the influence of magnetic
      conveyor 94, will move to the right with the conveyor until it is engaged
      against the abutment members 44. One of the abutment members 44 has an
      abutment portion 108 which is slidably mounted in the abutment member and
      engages the end 110 of the pivotally mounted lever 112. The latter is
      positioned to engage the stem 116 of a control or air limit valve 118
      mounted on the abutment member. This valve is used to control the supply
      of air, through a pilot valve 122, to a ram 120 mounted on frame 92. Ram
      120 has an actuator rod 124 which is connected at its free end 126 to an
      endless chain 128. The latter is rotatably mounted about a pair of
      sprockets 130 which in turn are rotatably mounted on supports 132 seated
      on frame 92. Sprockets 130 have crank arms 134 rigidly secured to the axes
      of rotation of the sprockets so that the crank arms rotate therewith.
PAR  The connection 126 between actuator rod 124 and chain 128 is such that upon
      one full stroke of the actuator rod in either direction chain 138 will be
      moved through a distance sufficient to rotate sprockets 130 through one
      complete revolution, i.e. through 360.degree., for reasons more fully
      described hereinafter.
PAR  A pair of rigid support links 136 are pivotally mounted at their upper ends
      to cranks 134 and are rigidly secured at their opposite ends to a pusher
      bar 138. In this connection it is noted that there are crank arms 134
      located on opposite sides of each of the sprockets 130 and complementary
      arms 136 connected thereto on each side of frame 92, each being attached
      to independent pusher bars 138. (Note FIG. 2). In addition, the vertical
      movement of pusher bars 138 is guided by the provision of guide rods 142
      which are adapted to slide in guide tracks 144 secured to frame 92.
PAR  By this construction of the pusher assembly 46, when a pan becomes engaged
      with the member 108, to cause actuation of valve 118, air is supplied
      through pilot valve 122 to extend ram 120, from the position illustrated
      in FIG. 3 of the drawing, to its fully extended position towards the
      right. As the actuator rod moves towards the right cranks 130 are rotated
      through 360.degree. so that pusher members 138 first are moved downwardly
      by links 136 into engagement with the pan 38 therebelow on conveyor 96,
      thereby pushing the pan away from the conveyor and magnet 94 and causing
      the same to drop downwardly a short distance onto the support lugs 36. As
      the actuator rod 124 continues to move to the right (towards the end of
      its stroke), push members 138 are raised back to the position thereof
      illustrated in FIG. 3 as the sprockets move through the completion of
      their one revolution. In this position, push mechanism 46 is ready to
      disengage the next pan supplied along belt 96 to the unstacker.
PAR  It is noted that by the construction of the present invention the actuator
      rod 124 remains in its extended position until the next pan 38 engages
      actuator member 108 to again supply air to ram 120. This next supply of
      air is used to retract the actuator rod 124; in order to do this, the
      position of pilot valve 122 must be reversed. Accordingly, pilot valve 122
      is controlled by a two position microswitch 141 which includes a pivotally
      mounted switch actuator lever 143. The free end of lever 141 is located in
      position to be engaged by an actuator stub or tab 145 secured to one of
      the sprocket gears 130. As seen in FIG. 3 of the drawing, when sprocket
      gear 130 is rotated in a counterclockwise direction, upon extension of
      actuator rod 124, tab 145 rotates therewith, and as it approaches the
      completion of its single revolution, will engage lever 143 and rotate it
      in a clockwise direction to one of its two positions. The control switch
      141 is constructed to reverse the feed of the pilot valve 122 when it is
      moved from one position to another, as is well understood by those skilled
      in the art, so that upon the completion of a stroke by ram 120, the supply
      of air to the ram is automatically reversed in anticipation of the next
      supply of air to the ram which will then move the ram in the opposite
      direction. When that is done, i.e. when sprocket 130 moves in a clockwise
      direction to return tab 145 to the position illustrated in FIG. 3, the tab
      again engages lever 143 and rotates it in a counterclockwise direction to
      place the switch in its second position, again reversing pilot valve 122
      so that when air is again supplied to the ram in the next operation the
      ram will be extended. Of course, it is understood that when a pan is
      removed from conveyor 96 by pusher mechanism 46, the actuator 108 of valve
      118 is relieved so that air to pilot 122 is shut off and ram 120 cannot
      operate in the reverse direction until the next pan enters the stacker.
PAR  When a pan 38 is placed on the lugs 36 in the manner described above, the
      chains 34 are operated to lower the lugs and the pan thereon to permit the
      next pan 38 to either pass through the stacker or to be placed on the
      stack in its sequence. This is accomplished by the provision of a
      photocell arrangement 146 (see FIG. 2) of conventional construction which
      is mounted adjacent the top of frame 32. The photocell arrangement
      includes a light source which projects a light beam across the top of
      frame 33, adjacent the top of conveyors 34, to a reflector 148. Thus, if
      no pan is present or supported at the top of conveyors 34, on the lugs 36,
      the light beam from the light source in photocell 146 will be reflected by
      reflector 148 to the photosensitive element in member 146. However, when a
      pan 38 is seated on support lugs 36 at the uppermost position thereof, the
      light beam from source 146 will be interrupted, indicating that the space
      at the top of the frame is occupied and another pan cannot be moved onto
      the lugs or stack.
PAR  Photocell assembly 146 is used to control the motor 68 which drives chains
      34 and to override the control for the supply of air to ram 120. Thus,
      when a pan is located on lugs 36 at the top of the frames 56, interrupting
      light beam 146, the photocell assembly produces a signal which is used to
      operate motor 68 and drive chains 34 to lower support lugs 36 until the
      beam from the photocell 146 is again uninterrupted. At that point the
      drive to motor 68 is stopped and another pan can be placed on the stack.
      Simultaneously, as long as the beam 146 is interrupted, the supply of air
      to ram 120 is prevented, irrespective of the condition of valve 118, so
      that pusher bars 138 will not be operated to push pans supported on the
      conveyor 96 down to the lugs or stack.
PAR  After the first pan placed on the lugs is lowered in this manner, the next
      pan can be dropped thereon by pushing mechanism 46 and the operation of
      cycle continues until a stack of desired height is obtained and is
      supported on the lugs 36. This is determined by the provision of a
      microswitch 150 supported on frame 33, in any convenient manner, at a
      desired level below the top of the frame. This switch has a contact 152
      adapted to be engaged by the pans or by the support lugs as they move
      downwardly in the stacker. When the microswitch 150 is activated in this
      manner, it produces a signal which is used to operate motor 68 and cause
      it to lower the stack to its lowermost position in frame 33, while
      simultaneously preventing air from being supplied to ram 120, irrespective
      of the condition of valve 118. Of course, manual controls can be provided
      in panel 108 to override all of these operations to permit the operator to
      move even just a partially completed stack to the bottom of the stacker.
PAR  An endless conveyor 154 is rotatably mounted at the lower portion of frame
      33, in alignment with conveyors 32 and 14a. As the stack of pans 38 is
      moved downwardly by the chains 34 in the manner just described, the
      lowermost pan becomes engaged with the conveyor 154. As the chains 34
      continue to rotate, the lowermost pan is disengaged from the lugs 36 and
      the pans are supported and moved by the conveyor 154 in the desired
      direction. Preferably, conveyor 154 is driven, in any convenient manner by
      a reversible motor (not shown). In the illustrative embodiment of the
      invention the conveyor is driven so that its uppermost flight moves
      towards the left in FIG. 3 so that the stack is transported onto the lower
      conveyor 14a which in turn carries the stack to the selected gravity
      roller conveyor 22, in the manner described hereinafter.
PAC  UNSTACKER
PAR  As mentioned the stack of pans 38 formed in the stacker is supplied to any
      one of the selected roller gravity conveyors 22 by the use of the storage
      dolly 24. On the other hand, when it is desired to obtain a stack of pans
      to be supplied to the baking process, the retriever dolly 27 is utilized
      to obtain a stack of pans from a selected gravity roller conveyor 22,
      place them on conveyor 26, and supply the same to the unstacker 28. The
      latter is of substantially similar construction to the stacker 16
      previously described in that it includes a frame 33 in which a lower
      conveyor 154 is mounted. That conveyor is located to be in alignment with
      conveyors 26a and 32, in the manner illustrated in FIG. 5. In addition,
      the stacker includes a pair of vertically extending frame members 56 on
      which are mounted a pair of drive chains 34 having stack support lugs 36.
      The physical construction of stacker frame 33, the drive for chains 34,
      and the manner of adjusting the distance therebetween is identical to that
      of stacker unit 16. Thus, the corresponding elements in the stacker and
      unstacker units have the same legend numbers applied thereto and need not
      be described in detail.
PAR  When a stack of pans 38 is supplied to the unstacker 28 upon a demand, as
      more fully described hereinafter, the stack travels along conveyors 26 and
      26a, from retriever dolly 27, onto the conveyor 154 of the unstacker. The
      latter is driven by a motor 160 so that its uppermost flight moves to the
      left, as seen in FIG. 5. A photocell and reflector assembly 162 is
      provided adjacent the lowermost portion of frame 32 to determine the
      presence of a stack. This photocell arrangement is adapted to control
      motor 160, in any convenient manner, so that when a stack moves onto
      conveyor 154 it is sensed by the photocell and stops motor 160, after the
      stack clears the photocell, with the stack supported on the conveyor 154
      between chains 34. Simultaneously, motor 68 is operated to drive chains
      34, with their innermost flights moving upwardly, until a set of lugs 36
      engages the lowermost pan 38 in the stack and raises the stack. Motor 68
      continues to operate until the top of the stack is seen by the photocell
      assembly 164 mounted adjacent the top of frame 33. This photocell
      assembly, as with the previously described assemblies, includes a
      reflector on the opposite side of the frame from the photocell which
      reflects the light from the source therein to the photosensitive element
      within the photocell. When the top of the stack interrupts the reflected
      light beam from photocell 164, the stack is in position for unstacking and
      photocell 164 produces a control signal to stop motor 68. In this position
      the stack of pans is ready to be unstacked by the unstacking head 166
      mounted at the top of frame 33.
PAR  Pickup head 166 is similar in construction to the previously described
      pusher head of the stacker, and is shown in greater detail in FIG. 6. The
      pickup head includes a frame 168 which is mounted on the upper end of
      frame 33 and has an endless conveyor 170 rotatably mounted thereon between
      rollers 172 and 174. Roller 172 is selectively driven by a motor 176
      through a conventional transmission arrangement 178. A relatively large
      elongated magnet 180 is mounted in frame 168 between the flights of
      conveyor 170 so as to hold a bread pan against the conveyor in order to
      transport the pan out of the unstacker assembly, in the manner described
      hereinafter.
PAR  In order to remove individual pans from a stack supported on chains 34,
      pickup head assembly 166 includes a pair of reciprocally mounted frame
      members 182 on opposite sides of frame 168. Frame members 182 provide
      support for elongated bar magnets 184 mounted on the underside thereof.
      These frame members, with the magnets attached thereto, are adapted to be
      reciprocated towards and away from the stack supported on lugs 36
      therebelow. On each reciprocation of the frame members an individual pan
      is removed from the stack and brought into contact with conveyor 170 and
      held thereby the magnet 180. Since conveyor 170 is driven by motor 176 so
      that its lowermost flight moves towards the left in FIG. 5, the conveyor
      transports the lifted pan onto conveyor 30 for distribution to the
      remainder of the bread manufacturing system.
PAR  Frames 182 are reciprocated by a drive mechanism 190 which includes a
      hydraulic ram 192 that is similar in construction and operation to the
      hydraulic ram 120 in the previously described stacker. That is, ram 190
      includes an actuator rod 194 which is connected at 195 to an endless chain
      196. The latter is trained about a pair of sprockets 198, 200, rotatably
      mounted on frame 168 and each having a pair of crank arms 202 rigidly
      secured to their respective axes of rotation on opposite sides of the
      sprockets (see FIG. 6a). The actuator rod 194 of ram 190 is connected to
      the chain 196 in a position such that upon extension of the actuator rod
      the sprockets 198 and 200 are driven through a full revolution.
PAR  The free ends 204 of cranks 202 are rotatably mounted in slots 206 formed
      in frame members 208. The latter are connected to each other to form a
      rigid frame by a cross-member 209 extending between them at the right ends
      thereof as seen in FIG. 6. By this construction, upon simultaneous
      rotation of cranks 198 and 200 frames 208 are moved downwardly in a
      relatively flat plane. The frames 208 are connected to frame members 182
      by spring mounting arrangements 210, each of which includes a pair of
      support members 212, rigidly secured to its associated frame member 208,
      having a pair of guide members 214 secured thereto. Guide rods 216 are
      pivotally connected at one end to frame members 182 and slidably mounted
      within the guide members 214. These guide rods include stop members 218,
      of conventional construction, which prevent the rods from slipping out of
      guides 214 and each is surrounded by a coil spring 220 which serves to
      cushion upward movement of frame members 182 when they are engaged with a
      pan therebelow.
PAR  During the unstacking operation, when the stack of pans has reached the
      height determined by the location of photocell assembly 164, air is
      supplied to ram 192 in response to a signal produced by photocell 164, to
      extend the actuator rod 194 thereof. As mentioned, extension of actuator
      rod 194 causes chain 196 to rotate sprockets 198 and 200, through
      360.degree.; as a result, frames 208 are reciprocated in a vertical plane,
      thereby moving frames 182 downwardly into engagement with the uppermost
      pan in the stack. Because of the provision of slots 206 in frame 208, a
      dwell is provided in the movement of the frames when the ends 204 of
      cranks 202 are in their lowermost position. This delay keeps magnets 184
      in contact with the topmost pan in the stack for a substantial period
      during reciprocation of frame 182 thereby assuring proper contact and
      attraction of the metal pans with the magnets. The spring mounting
      arrangement 210 permits magnets 184 and frames 182 to accommodate any
      irregularities or unevenness in the tops of the pans. It is noted that a
      pair of guide rollers 211 are mounted on each side of frame 168 in contact
      with vertical support members 212 to guide the vertical movement thereof
      and thus assure that frames 208 and 182 move in a vertical direction only.
PAR  Upon the completion of one revolution of sprockets 198 and 200, frames 208
      are raised to their uppermost position, shown in FIG. 6, and the pan is
      lifted by magnets 184 and moved against conveyor 170. It is noted that the
      lowermost surface 222 of each magnet 184 is located to be above the level
      of conveyor 170, when frames 208 are in their raised position, as seen in
      FIG. 6a, so that as magnets 184 return to their uppermost position, they
      are pulled away from the pan 38 and the latter is held against conveyor
      170. Since this conveyor has its lowermost flight driven to the left, as
      seen in FIG. 6, by 176, it moves the pan 38 towards the left and onto
      conveyor 30, as seen in FIG. 5.
PAR  It is noted that after the first pan has been lifted from the stack the
      actuator rod 194 of ram 190 is in its fully extended position. It is
      returned to its retracted position, shown in FIG. 6, upon the lifting of
      the next pan from the stack. This reciprocation of actuator rod 194 is
      controlled by a pilot valve 224, which corresponds to the pilot valve 122
      previously described. Sprocket 198 includes a stub or tab 226 secured
      thereto for actuating a two-way switch 228, which corresponds to the
      switch 142 previously described, and operates to reverse the pilot valve
      204. Accordingly, upon rotation of sprocket 198 in a counterclockwise
      direction during the first movement of actuator 194, the two-way switch
      228 is actuated by tab 226 to reverse the position of the pilot valve in
      order to supply air to the double acting ram 192 to retract the actuator.
      When air is supplied to retract the actuator, the sprocket 198 is rotated
      in a clockwise direction, which causes tab 226 to move switch 228 to its
      second position, again reversing the position of pilot valve 224. In this
      manner, on each stroke of the ram 192, the sprockets 198 and 200 are
      rotated through 360.degree. and the pilot valve which controls the
      direction of movement of the ram is automatically reversed.
PAR  The supply of air to ram 192 is also controlled by a pair of photocell
      assemblies 229 which operate in the same manner as the previously
      described photocell assemblies to determine whether the space below
      magnets 184 is clear. Thus, when a previously lifted pan is still in
      position below magnets 184 and begins to move to the left in FIG. 5, air
      to ram 192 is shut off because the light path of one or both of the
      photocells 229 will be interrupted by the pan. As soon as the pan passes
      the end of magnets 184, the photocells are cleared and they produce a
      signal permitting air to be supplied to ram 192 to drop the magnets into
      engagement with the next pan in the stack.
PAR  It is also noted that once a pan is lifted from the stack supported on lugs
      36 below magnets 184 and raised therefrom, the pan passes the eye of
      photocell assembly 164 so that the light circuit of that photocell
      assembly is completed. As a result, that photocell produces a signal which
      actuates motor 68 to move drive chains 34 and lift the stack until the top
      most pan thereon interrupts the light path of photocell assembly 164. At
      that point motor 68 is stopped and the top most pan is in position to be
      engaged by the magnets 164 upon reciprocation of frames 208. This occurs,
      as mentioned, when photocells 229 are clear.
PAR  An additional photocell assembly 230 is mounted on frame 232 in a position
      such that its light path is above the level of conveyor 154 a distance
      equal to the normal height of stacks supplied to the unstacker. By this
      arrangement, the photocell determines when a sufficient clearance exists
      between lugs 36 and the conveyor 154 to permit another stack to be
      supplied to the conveyor; that is, when the entire stack has been lifted
      sufficiently (upon removal of pans from the stack) so that the lugs 36
      which support it have been raised past the level of the light beam of
      photocell assembly 230, a new stack can be placed in the unstacker in
      preparation for further unstacking.
PAR  Photocell 230 also is adapted to produce a signal which controls a
      mechanical gate mechanism 233, of conventional construction, as would be
      apparent to those skilled in the art, which will prevent a stack of pans
      from passing onto conveyor 154 as long as the light beam of the photocell
      is blocked. When photocell 230 is clear, gate 233 will be lowered to
      permit the new stack to move from conveyor 26a onto conveyor 154.
      Alternatively, photocell 230 can be adapted to produce a signal which will
      control the retriever dolly described hereinafter, so that upon receipt of
      the proper signal from photocell assembly 230, the dolly will retrieve a
      stack of bread pans from the gravity roller conveyors 22 and supply the
      same along conveyor 26 to the unstacker.
PAR  When the new stack of pans moves onto conveyor 154, from conveyor 26a, the
      drive to the conveyor is stopped by photocell 162 after the end of the
      stack has passed its light beam, i.e. when the stack is in proper position
      between the chains 34, in the manner described above. It is noted that if
      it is desired to transmit a full stack from conveyor 26a to conveyor 32,
      i.e. through the unstacker and stacker back to the end 20 of gravity
      storage conveyors 22, photocell 162 can be manually overridden, in any
      convenient manner as would occur to those skilled in the art, to continue
      the drive of conveyor 154 and thereby permit the stack to pass directly
      through the unstacker to conveyor 32.
PAR  In addition, as mentioned above, by the construction of the present
      invention it is possible for individual bread pans to be passed directly
      through the stacker 16 to the unstacker 28 and through the unstacker back
      to the bread baking process. This is accomplished by the provision of the
      conveyor 32a located above conveyor 32. Preferably, the end 231 of
      conveyor 32a, seen in FIG. 5, is adjustable with respect to the frame 168
      of the unstacker. For example, the conveyor end portion 231 can simply be
      pivotally mounted with respect to the remainder of the conveyor and
      connected to a lifting device or jack 23a which can raise or lower the
      conveyor end 231 with respect to frame 168, thereby to vary the space d
      therebetween. The jack 231a may simply be an electric motor mounted on
      frame 168 and connected through a right angle drive to a vertical support
      231b and conveyor end 231. The adjustment of space d can then be made by
      operation of motor 231a to conform the height of that space to the height
      of the pan being transferred to the unstacker. Thus, an individual pan
      passing from the stacker assembly along the conveyor 32a will be moved
      into engagement with the conveyor 170 adjacent roller 174. At that point,
      the pan will come under the influence of magnet 180 and will be held
      against conveyor 170 for movement therewith to the opposite end of the
      unstacker, onto conveyor 30. In connection with this feature of the
      invention it is noted that the frames 182 each include an upright end
      portion 234 which will serve as a pan stop in the event that the pickup
      head is in its depressed position when a pan 38 enters the unstacker from
      conveyor 32a. This prevents interference of the individual pan with the
      reciprocating motion of the frame 182. Of course, in the raised position
      of the frame 182, a pan from conveyor 32a can pass directly beneath the
      frame without danger of the frame being reciprocated since the pan will
      break the light path of the photocell assembly 229, thus preventing air
      from being supplied to ram 192.
PAC  STORAGE DOLLY
PAR  Having thus described the stacker and unstacker, it will be understood that
      stacker 16 is adapted to form stacks of pans from the individual pans
      supplied thereto from conveyor 12. After a stack of predetermined height
      is formed, the stack is lowered onto the discharge conveyor 154 which
      moves the stack from the stacker 16 onto conveyor 14a and into a position
      adjacent the end 20 of one of the selected gravity roller conveyors 22,
      for placement thereon. The gravity roller conveyor 22 which is selected
      for placement of the stack is determined by a series of connected sensing
      devices on each of the gravity roller conveyors, as more fully described
      hereinafter, which provides a signal to the electronic control panel 108
      indicating which stack in the series is filled and which is capable of
      receiving additional stacks. This signal is utilized to operate and
      control the storage dolly 24 which, as also described hereinafter, is then
      positioned adjacent the end 20 of the selected gravity roller conveyor 22
      for placing the stack on the selected conveyor.
PAR  Storage dolly 24, most clearly illustrated in FIGS. 7-9 of the drawing, is
      mounted for movement along and with respect to conveyor 14. The latter, in
      the illustrative embodiment of the present invention, comprises an endless
      chain type conveyor having a longitudinally extending frame 240 and a
      plurality of longitudinally extending hollow tubular support members 242
      mounted thereon. Two pairs of endless chains 244 are mounted for movement
      along conveyor 14 and form the moving portion thereof, with the chains
      sliding over associated vertically extending plates 246. Each of the
      chains 244 are trained about sprockets at opposite ends of frame 240, in
      any convenient manner, and they are driven by an electric motor or the
      like operatively connected to one of the sprockets. Further, the tubular
      support members 242 and frame 240 have a plurality of angle members 248
      secured thereto, as illustrated most clearly in FIG. 9, on which dolly 24
      is movably mounted.
PAR  As seen most clearly in FIG. 9, dolly 24 includes three rectangular tubular
      frame members 250 which are positioned between support members 242 and the
      ends of frame 240. A plurality of rollers 252 are rotatably mounted in
      frame members 250 and support the frames on angle members 248 so that the
      dolly is adapted to roll along conveyor 14 in the longitudinal direction,
      as indicated by the arrows A in FIGS. 1 and 8. Tubular members 250 are
      tied together by the superstructure of the storage dolly, as described
      more fully hereinafter. The centermost support tube 250 is secured to an
      endless chain 254 which is trained about frame 240 of conveyor 14,
      parallel to chains 244 and selectively driven by a reversible electric
      motor of the like (not shown) in order to move the dolly in the desired
      longitudinal direction. The motor driving chain 254 is controlled
      manually, or by signals from the gravity roller conveyors 22, to position
      the dolly adjacent the end of a selected gravity roller conveyor.
PAR  Storage dolly 24 also includes a pusher arm assembly 255 which has a main
      pusher arm 256 mounted at its inner end 258 on a rigid support structure
      260 for lateral movement across and above conveyor 14, i.e. towards and
      away from the ends of the gravity roller conveyors. As seen in FIG. 8,
      rigid support structure 260 includes a pair of frame members 262 having
      angle members 264 secured to opposite sides thereof to define guide tracks
      266 for rollers 268 secured to the end 258 of arm 256. Frame members 262
      extend above and across conveyor 14 and the tubular frame members 250 of
      the dolly so that tracks 266 similarly extend across conveyor 14 towards
      the conveyors 20. One of the angle members 264 provides a lower, laterally
      extending flange 270 which is engaged between two pairs of rollers 272,
      rotatably mounted on the end 258 of arm 260. By this arrangement arm 256
      is supported on frame 262 and movable with respect thereto across conveyor
      14 towards conveyors 22.
PAR  Frame structure 262 is rigidly secured to three vertically extending frame
      members 274, respectively secured to tubular support members 250, thereby
      forming a completed integral storage dolly assembly. A double acting cable
      ram 276 is rigidly mounted in frame member 262, as seen in FIG. 9, and has
      a piston 278 therein which is connected to opposite ends of flexible cable
      280. By supplying fluid, or air, to opposite sides of the ram 276 piston
      278 will be moved in opposite directions thereby to move cable 280. The
      latter is trained over a pair of rollers 281, mounted in frame 262, and is
      secured by a connector 282, in any convenient manner, to the inner end 258
      of arm 256. Accordingly, upon actuation of ram 276 the connector 282 is
      moved in the selected direction, thereby moving arm 256 in the same
      direction.
PAR  In addition to the above, storage dolly 24 also includes three sets of
      conveyor rollers 284. Each of these sets includes a pair of vertically
      extending end plates 286 between which rollers 285 are rotatably mounted.
      End plates 286 are secured to generally U-shaped channel members 288 which
      serve to rigidly interconnect the end plates 286 and thus form integral
      units. Channel members 288 are normally supported by their bight portions
      on tubes 250 and are vertically movable with respect thereto.
PAR  In the position of channel members 288 illustrated in FIG. 9 of the
      drawing, the rollers 285 in each set are located below the level of
      conveyor chains 244 so that a stack of pans seated on chains 244 can be
      moved thereby without interference from the rollers. Accordingly, as a
      stack of pans moves on conveyor chains 244 of conveyor 14, towards the
      selected gravity conveyor roller 222, the stack will approach the dolly
      and move into position over rollers 285. The stack then becomes engaged
      with, or hits, the left end plates 286, as seen in FIG. 8, and further
      movement of the pan by chains 244 is thus prevented. It is noted that the
      plates 286 at the right hand end of rollers 285, as seen in FIG. 8, are
      shorter than the left plates 286 so that their top edges are located at a
      level lower than the chains 244 and do not interfere with passage of the
      stack of pans onto the dolly.
PAR  As the pans move on chains 244 above rollers 285, towards the left end
      plates 286, the lowermost pan thereon engages the actuator 289 of an air
      limit valve 290, mounted on the center end plate 286, as seen in FIGS. 7
      and 8. This limit valve serves to detect the presence of the stack of pans
      and is used to control the supply of air to a ram 292. The cylinder of ram
      292 is pivotally connected at 294 to the center vertical support 274 of
      dolly 24. The actuator rod 296 of the ram is pivotally connected at 298 to
      a bell crank structure 300. The latter includes a first crank arm 302, to
      which the actuator 296 is connected and a rock shaft 304 which is
      rotatably mounted on the vertical frame members 274 above chains 244.
      Three crank arms 306 are rigidly secured to rock shaft 304 to complete the
      bell crank structure and are positioned to extend through slots 308 formed
      in the upper surface of support members 250. The free ends 310 of crank
      arms 306 are pivotally connected through a link 312 to a slide bar
      structure 314 (see FIG. 8a ) located within each of the tubes 250. The bar
      structure 314 includes a pair of longitudinally extending bars connected
      to each other by two pairs of rollers 316 at opposite ends thereof. These
      rollers support members 314 in its associated tube 250 and permits it to
      be moved laterally within the tube upon rotation of shaft 304.
PAR  Each of the bar structures 314 also includes two cam rollers 318 which are
      adapted to cooperate with cam plates 320 secured to the lower surface of
      the U-shaped frame members 288 and extending into the interior of tubular
      members 250 through slots formed therein. By this construction, upon
      supply of air to ram 292, i.e. when valve 290 is actuated by the contact
      with a stack of pans, actuator rod 296 is retracted, causing clockwise
      rotation of rock shaft 304. This rotation of shaft 304 moves bar structure
      314 to the left in FIG. 8, causing cam rollers 318 to engage the inclined
      surfaces 321 of cam plates 320 and thereby raise frame members 288. This
      vertical movement of frame members 288, of course, causes vertical
      movement of the end plates 286 secured thereto and the conveyor rollers
      285 which are mounted thereon. In this connection, cam 320 is dimensioned
      so that upon full retraction of actuator rod 296, rollers 285 are lifted
      to a level above chain conveyors 244, thereby to engage the bottom of the
      lower pan in the stack and lift the stack off of the conveyor chains 244.
PAR  Upon complete retraction of actuator rod 296, air is automatically
      supplied, in sequence, to the right side of piston 278 in cylinder 276, as
      shown in FIG. 9, so as to cause the cable 280 to move in a
      counterclockwise direction, thereby moving the connection 282 between the
      cable and the arm 256 towards the right in that figure. Accordingly, arm
      256 moves across the top of rollers 285 and thus engages its front face
      322 with the stack of pans. Continued movement of arm 256 in this manner
      pushes the stack of pans along rollers 285 until the stack moves off the
      rollers onto the end of the associated gravity conveyor 22.
PAR  It is noted that the face 322 of arm 256 is at a slight angle with respect
      to the rollers 285, when viewed in plan. By this construction of the arm
      256 the stack of pans on the rollers is positioned at an angle to the
      rollers so that the pans will rest on a greater number of rollers, across
      its diagonal, than it would if the pans were in longitudinal alignment
      with the rollers. This is an important feature of the invention since the
      more rollers the stack of pans is supported on, whether on the dolly or on
      the gravity roller conveyor 22, the smoother its movement will be as it
      rolls along these rollers.
PAR  The complete extent of movement of arm 256 is determined by air limit valve
      324 mounted on rigid frame 260, as seen in FIGS. 7 and 9. This valve is of
      conventional construction and includes an actuator stem 326 which is
      located to be engaged by an actuator roller or abutment 328 mounted on the
      inner end 258 of arm 256. Thus, when the arm has reached its full extent,
      i.e. towards the bottom portion of FIG. 7 in the drawing, abutment member
      328 engages the actuator 326 of valve 324 and automatically reverses the
      flow of air to cylinder 276 to the opposite side of piston 278 thereby
      returning arm 256 to its original position. That position is limited by an
      additional air limit valve 330 having an actuator 332 which is positioned
      to be engaged by abutment member 328 upon return of the arm 256 to the
      position illustrated in FIG. 7. Thus, when abutment 328 engages actuator
      332, valve 330 shuts off the supply of air to cylinder 276. Valve 330 also
      controls the supply of air to ram 292 and when actuator 332 is engaged,
      upon retraction of arm 256, the valve causes air to flow to the opposite
      side of the piston in cylinder 292, thereby to extend actuator 296 and
      lower the rollers 285 to their original position below chains 244. Of
      course, the rollers return to their position under the influence of
      gravity, after the cam rollers 318 are moved out of the way.
PAR  It is notes that the valve 330 is also connected, in any convenient manner,
      to the control system for operation of the drive chain 254 used to move
      dolly 24 from position to position. The valve acts as an override in the
      control system so that the chain 254 cannot be driven unless valve 330 is
      actuated by engagement of its actuator 332 with abutment 328. Thus, the
      dolly cannot be moved from its position once the arm 256 has begun its
      cycle of movement.
PAR  In operation, dolly 24 remains in a fixed position adjacent the end of one
      of the roller conveyors 22 until that conveyor becomes filled or until a
      different type of pan is sent to the dolly which must be stored in a
      different gravity roller conveyor, at which time the control system for
      the dolly is manually actuated to move it to the selected conveyor.
PAR  When the gravity roller conveyor which is adjacent the dolly is filled, the
      conveyor provides a signal, as described hereinafter, to the drive system
      for the dolly which causes the dolly to move to the next gravity roller
      conveyor. In this connection, dolly 24 includes an alignment tab 334
      extending from the inner side thereof adjacent the ends of the gravity
      roller conveyors 22, (see FIG. 9) which is adapted to engage a contact
      switch at the end of the gravity conveyor rollers that controls the drive
      to the dolly. Thus, as soon as the tab 334 contacts the microswitch
      adjacent the end of the next gravity roller conveyor 22, the drive to the
      dolly is stopped in alignment with the end of the conveyor and in position
      to begin storage of stacks of pans supplied thereto from stacker 16.
PAC  RETRIEVER DOLLY
PAR  When it is desired to remove individual stacks of pans from the storage
      conveyors 22, the pan retriever dolly 27 is utilized. That dolly is
      positioned for movement along the supply conveyor or infeed 26 which is of
      similar construction to the conveyor 14 previously described and includes
      two pairs of conveyor chains 244 mounted on and driven with respect to a
      frame 240 (see FIG. 12). The latter includes angle members 248 mounted
      thereon which provide rolling support for dolly 27.
PAR  Retriever dolly 27 is constructed in a manner similar to that of the
      storage dolly 24. Accordingly, like components therein have been
      referenced with the same reference numbers. More specifically, retriever
      dolly 27 includes a plurality of hollow tubular support members 250 which
      are positioned between the hollow tubular frame members 242 of frame 240.
      These frame members are mounted for movement along angles 248 by a
      plurality of pairs of wheels or rollers 252 secured thereto. Tubular
      members 250 each provide support for an inverted U-shaped member 288
      having end brackets 286 rigidly secured thereto. A plurality of rollers
      285 are rotatably mounted between the end brackets 286 and extend
      longitudinally with respect to the tube members 250 and parallel to chains
      244. In addition, a vertically extending frame member 274 is secured to
      each of the tubular support members 250 to provide rigid support for the
      support frame 260 (which is of identical construction to the frame 260
      previously described with respect to storage dolly 24.)
PAR  The dolly 27 is moved adjacent the ends of selected conveyors 22 by a drive
      chain arrangement 254 which is of similar construction to the drive chain
      arrangement of the storage dolly previously described. The chain is driven
      by an electric or pneumatic motor in any convenient manner and includes a
      manual override by which the operator can select the gravity roller
      conveyor from which the pans are to be retrieved. The frame of the dolly
      includes an outwardly extending tab 374 which is adapted to engage a
      microswitch at the end 24 of each of the storage dollys 22, which
      microswitches are located so that the tab 374 contacts the microswitch
      when the dolly is in proper alignment with the end of the gravity roller
      conveyor. The switch is adapted to automatically shut the power drive to
      chain 254 to stop the dolly. However, this switch can be overridden
      manually so as to move the dolly to another conveyor 22 as desired by the
      operator.
PAR  Each of the conveyors 22, as described hereinafter, also include sensing
      means which determines whether or not the conveyor has any stacks thereon
      to be supplied to the storage dolly. If no stacks are present on the
      dolly, the sensing device therein permits the dolly to continue moving to
      the next storage conveyor until a conveyor 22 is found which has stacks
      thereon. At that point, the sensing device in the conveyor having the
      stack causes the microswitch which is engaged by actuator 374 to stop the
      drive to the dolly. Thus, the device can be automatically operated to move
      the dolly to selected conveyors 22.
PAR  In order to withdraw a stack of pans from the selected conveyor 22, a
      retriever arm 340 is mounted on frame 260 by two pairs of rollers 342,
      engaged within the slots 266 formed in frame 260 between angles 264. An
      additional pair of rollers 344 engage the flange or edge 270 of one of the
      angles 264 so that the cantilevered arm 340 is mounted to the frame at
      three points and is supported thereon in a stable configuration for
      lateral movement with respect to frame 260 and across conveyor 26.
PAR  Arm 340 is moved across the conveyor 26 to obtain a stack of pans from an
      associated gravity roller storage conveyor 22 by the double acting
      pneumatic cable ram 276. As shown in FIG. 12 of the drawings, ram 276 is
      in its extended position with the arm 340 in its fully extended position
      adjacent the end 24 of its associated roller conveyor 20. Ram 276 includes
      a cable 280, secured at opposite ends to the piston 278 within the ram and
      secured, by a connection member 282, to the inner end portion 346 of arm
      340. Accordingly, by supplying air to opposite sides of the piston 278 the
      cantilever arm 340 is moved across the top of conveyor 26.
PAR  Cantilevered arm 340 provides mounting support for a large magnetic head
      348. That head includes a fixed outer magnetic portion 350 having opposite
      sides thereof impressed with opposite magnetic polarities S-N, as
      illustrated in FIG. 11. A central magnetic core 352 is rotatably mounted
      in the fixed frame 350 and has opposite sides thereof oppositely
      magnetically polarized and positioned so that, in the retracted position
      of the magnet, the N face of the rotary core is adjacent the S face of the
      fixed magnet portion and the S face of the rotary core is adjacent the N
      face of the fixed magnet. In this position of the rotary magnetic core the
      magnetic lines of flux pass directly from the rotary magnet to the fixed
      magnet and do not create any magnetic field outside of the face of the
      magnet.
PAR  Rotary magnetic head 352 includes a shaft 354 having a sprocket 356
      integrally secured thereto. The latter is drivingly connected by a chain
      358 to a sprocket 360 rotatably mounted on arm 340. Sprocket 360 includes
      a crank arm 362 which is operatively connected to a pneumatic ram 364
      pivotally connected between a frame member 366 of arm 340 and the free end
      368 of the crank. Ram 364 is used to initiate the sequence of operation of
      the retriever dolly to obtain a stack of pans from the conveyor 22 to
      which the dolly was previously moved.
PAR  The ram is actuated upon air being supplied thereto from a manually
      controlled valve in panel 108 or an automatic operation, through supply of
      air in response to a demand signal for more pans from the bread baking
      process, e.g. from the panner-moulder. In either case, the supply of air
      thereto extends actuator rod 370 and causes rotation of crank 362, thereby
      rotating sprocket 360 and rotary magnet 352. Ram 364 is located to rotate
      sprocket 360, and thus magnet 362, through approximately 180.degree. so
      that the south polarity of the rotary magnet and fixed magnet thus are
      adjacent each other, as are the north polarities. This causes the magnetic
      lines of flux between the two polarities to extend across the face 372 of
      the magnet, thereby creating a magnetic field outside the magnet for
      attracting the metal pans to the magnet face.
PAR  As the crank 362 is rotated by ram 364, the crank becomes engaged with the
      actuator lever 376 of an air valve 378. The latter is operative to control
      the supply of air to the ram 276 which drives arm 340 back and forth
      across conveyor 26. Thus when valve 378 is closed, by actuation of lever
      376, air is supplied to the right side of piston 276 (FIG. 12) in ram 274
      so as to move the arm 340 and thus magnet assembly 348 towards the end of
      its associated gravity roller conveyor 22.
PAR  Valve 378 also operates to control a ram 292 in the retriever dolly. This
      ram, as seen in FIG. 11, is operatively engaged with a bell crank
      structure 300, which is of identical construction to the bell crank
      arrangement of the storage dolly previously described. This bell crank
      structure is operatively connected through a link 312 to three slide bar
      assemblies 314, each of which is movably mounted within an associated
      tubular support member 250 by the rollers 316. Each of the slide bar
      assemblies includes a pair of cam rollers 318 which are adapted to
      operatively engage the cam plates 320 which extend downwardly from frame
      members 288 into tubular support members 250. Thus, upon actuation of
      valve 378, actuator rod 296 of ram 292 is retracted so as to move slide
      314 to the left in FIG. 11 and thereby raise rollers 285 above the level
      of the chains 244 of conveyor 26. In this position the rollers are in
      alignment with and lie in substantially the same plane as the rollers at
      the end 24 of gravity roller conveyor 22.
PAR  As ram 274 is extended to move the arm 340 towards its associated conveyor
      22, an actuator probe arm 380, extending outwardly from arm 340, and
      having a roller 382 secured thereto, engages a release mechanism, more
      fully described hereinafter, associated with the gravity roller conveyor
      22 to remove a stop at the end of the conveyor (also more fully described
      hereinafter) which normally prevents stacks from rolling off the end of
      the conveyor. Thus, in the fully extended position of arm 340, magnet head
      348 is positioned adjacent the first stack of pans on the associated
      gravity roller conveyor 22 and this stack is magnetically attracted and
      attached to the magnetic head assembly 348. In connection with this
      feature of the invention, arm 340 has a plurality of outwardly extending
      frame members 384 which form an abutment surface extending parallel to the
      face 372 of the magnet head to engage the surface of the pan stack and
      hold the stack in a relatively stable condition, preventing pivoting about
      the contact with face 372, as the pan stack is retracted.
PAR  When arm 340 reaches its outermost position, adjacent the end 24 of its
      associated gravity roller conveyor 22, an abutment member or switch
      actuator 386 mounted on the inner end 346 of arm 340 engages the actuator
      member 388 of an air limit valve 390. The latter controls the supply of
      air to ram 276 and, upon actuation by contact with abutment 386, causes
      the supply of air to the ram to be reversed. Thus, air is supplied to the
      left of piston 278 within the ram, causing arm 340 to move back towards
      its original position with the stack of pans magnetically attached to the
      face 372 of the magnet head. The lowermost pan of the stack thus rides on
      rollers 285 of the dolly assembly, above the conveyor chains 244 until the
      arm 340 reaches its rearmost position.
PAR  Since the bread pans which may be used in conjunction with the pan handling
      assembly of the present invention may have various dimensions or widths,
      the pan retriever assembly is provided with a control system which is
      adapted to stop movement of arm 340 when the pans in the stack are
      substantially centered over the conveyor chains 244 of conveyor 26. This
      control system includes a first control or air limit valve 392 located
      adjacent the innermost roller 285a of the first group of rollers on the
      dolly. Roller 285a is mounted at its inner end 393 in a slot in its
      associated support frame 286 and is spring biased towards the top of the
      slot by a spring assembly 394 of conventional construction. Of course, the
      opposite end of roller 285a is loosely mounted in its associated plate 286
      to permit the vertical movement of the end 393 thereof.
PAR  An actuator plate 396 is operatively connected to the shaft of roller 285a
      for vertical movement therewith and that actuator is connected to the
      plunger actuator member 398 of valve 392. By this construction, roller
      285a is adapted to sense the presence of a stack of pans thereon and the
      weight of the pans presses the rollers against the spring 394 to open
      valve 392.
PAR  Valve 392 is used in a circuit for cooperation with a pair of air limit
      valves 400, 402, seen most clearly in FIG. 10, in order to control the
      return movement of arm 340 as follows: As arm 340 moves backwardly with
      the stack of pans, roller 285a is depressed by the leading edge of the
      stack of pans, thereby depressing actuator 398 and opening valve 392. As
      the arm 340 continues to move rearwardly, an elongated cam plate 399 (386)
      extending laterally from the inner end 346 of arm 340, ultimately engages
      the actuator 404 of valve 400 to open that valve. The specific pneumatic
      control circuitry provided will be understood by those skilled in the art,
      and is such that if valve 392 is still held open by the weight of its
      stack of pans on roller 285a when valve 400 is opened, the supply of air
      to ram 276 continues so that the arm 340 continues to move towards its
      rearmost position, illustrated in FIG. 10. During this movement plate 399
      remains in contact with actuator 404 thereby keeping valve 400 opened.
      Accordingly, valves 392 and 400, when simultaneously open in this manner
      determine that the width of the pan stack selected is greater than the
      distance between valves 392 and 400 so that the arms can continue to
      safely move backwardly without danger of pulling the stack of pans off the
      rear end 406 of the dolly. On the other hand, if as arm 340 moves
      backwardly, valve 400 is opened by abutment engaging plate 399, and if
      valve 392 is closed, because the trailing edge of the stack of the pans
      has moved off of roller 285a, then the supply of air to ram 276 is
      stopped. This assures that the stack of pans, having a width less than the
      distance between valves 392 and 400, will be positioned over chains 244
      and will not be pulled off the rear 406 of the dolly assembly.
PAR  As mentioned, when valves 392 and 400 are simultaneously opened ram 276
      continues to operate to move arm 340 back to the position shown in FIG.
      10. Ultimately, the arm enters that position and cam plate 399 engages the
      actuator member 408 of valve 402. The latter valve is a master control
      valve and will automatically stop the supply of air to ram 276 since the
      limit of movement of arm 240 is reached. Accordingly, it is seen that
      should the trailing edge of the stack of pans move off of roller 285a at
      any point in the path of travel of arm 340, between valves 400 and 402,
      the drive to the ram 276 is automatically stopped, assuring that the stack
      of pans will be supported on both sets of chains 244. In any case, the
      drive is stopped when valve 402 is reached.
PAR  Whenever the drive to arm 340 is stopped, either by the action of valves
      392 and 400 or by valve 402, air is simultaneously supplied to ram 292 in
      order to rotate bell crank assembly 300 in a counterclockwise direction so
      as to slide member 314 to the right. This permits rollers 285 to move
      downwardly under the weight of the pans and in the influence of gravity to
      a position below chains 244. As a result, the stack of pans is supported
      on chains 244, which are moving to the right as indicated in FIG. 10 (the
      left in FIG. 1) so that the pans are moved by the chains to unstacker 28,
      previously described. In addition, air is also supplied to ram 364 to
      retract its actuator 370 and return the magnet assembly 348 to the
      position shown in FIG. 10 wherein the magnetic field at the face of the
      magnet is eliminated so that the stack is free to move on the conveyor
      chains 244.
PAR  Once the stack of pans clears the dolly assembly and begins to move towards
      the unstacker, the retriever dolly is in condition to operate to retrieve
      another stack of pans if the appropriate signal is provided to supply air
      to ram 364. Thereafter, the cycle of operation of the dolly repeats as
      described above.
PAC  STORAGE CONVEYORS
PAR  The gravity roller storage conveyors 22, upon which the stacks of pans are
      stored, are illustrated most clearly in FIGS. 13-18. The total area
      occupied by gravity roller storage conveyors or lanes 22 is determined by
      the number of pans required by a complete production cycle that originates
      with the moulder-panner and also ends there. For example, let us assume
      that the bakery uses both open top pans, strapped into a six pan strap
      measuring 9-5/8 by 35-1/4 inches and a Pullman pan also in a six pan strap
      measuring 13-1/2 by 35- inches. Let us further assume that the aim is an
      hourly production of 8,400 loaves of the open top bread and some 7,500
      loaves of the Pullman type bread. These respective production volumes can
      be achieved if the complete pan cycle through the proofer, oven and pan
      return is held to 85 minutes, i.e. a rate of 23.3 straps of open top pans
      or 25.9 straps of Pullman pans per minute. Thus, with the first type of
      pan a total of 1,980 straps are required for a continuous cycle. If an
      extra 120 straps are added as a reserve, the total pans in storage will
      amount to 2,100 straps. Since these pans can be stacked 34 straps high,
      they will result in 62 stacks, which, with their individual widths of
      9-5/8 inches, will require 50 feet of 36 inch wide gravity roller
      conveyors for storage. In the case of the Pullman pans, to produce 7,500
      loaves per hour requires a rate of 21 straps per minute or a total of
      1,780 straps for a complete pan cycle. By adding 120 straps for reserve,
      the final number becomes 1,900 straps. Since Pullman pans can stack only
      22 straps high, calculation shows that their storage conveyor length
      amounts to 97 feet. Adding both of these storage conveyor lengths together
      yields 147 feet which, when divided into six lengths or rows, results in
      an individual row length of approximately 25 feet. Accordingly, it is seen
      that the number of storage conveyors which are provided can be accurately
      calculated by the volume of production required from the baking process
      which the pan handling apparatus of the present invention is to service.
PAR  The storage conveyors used in the present invention are of relatively
      simple construction and generally comprise a peripheral frame 410 which is
      supported by adjustable legs 412 at opposite ends thereof, in an inclined
      configuration with the higher end portion 20 of the storage conveyor
      located adjacent conveyor 14 and in position for cooperation with the
      storage dolly 24 and the lower end portion 25 located adjacent conveyor 26
      for cooperation with the pan retriever dolly 27. A plurality of freely
      rotatable rollers 414 are mounted in frame 410 and extend transversely of
      the longitudinal axis of the frame. By this construction a stack of pans
      placed on the end 20 of a conveyor 22 will move freely, under the
      influence of gravity, to the lower end 24 of the conveyor.
PAR  As previously mentioned, because of the construction of the face 322 of the
      pusher arm 256 in storage dolly 24, the stacks of pans are placed on the
      conveyor by the storage dolly at a slight angle to the longitudinal axis
      thereof, as illustrated in dotted lines in FIG. 13. In this manner, the
      stack of pans 38 will rest on a larger number of rollers than it would if
      the pan were squared with the conveyor. Accordingly, the pans ride
      smoothly over the rollers and in a more stable condition.
PAR  One of the rollers, 414a, adjacent the end 20 of each of the gravity roller
      storage conveyors 22 is mounted for rotation and for limited vertical
      movement. The shaft 418 of that roller is operatively connected to the
      actuator 420 of a microswitch 422 and is biased into its uppermost
      position by a conventional spring mechanism 424 between the shaft and the
      actuator. By this construction, roller 414a is adapted to determine
      whether its lane or associated storage conveyor 22 is full and thus
      prevent a new stack of pans from being placed on the conveyor. That is, as
      soon as a stack of pans is supplied to the storage conveyor 22 roller 414a
      is depressed, actuating switch 422. This switch is a master switch which
      prevents the actuation of the storage dolly to supply another stack to the
      conveyor for a predetermined time period sufficient to permit the stack of
      pans to move down to the end of the conveyor and stop. In addition, the
      switch is provided with a time delay so that if the switch does not open
      after a predetermined period of time (because the weight of a stack seated
      on roller 414 keeps it closed) a signal is sent to the control panel of
      the device indicating that that storage conveyor 22 is filled and
      actuating the storage dolly drive mechanism to move the dolly to the next
      empty storage lane.
PAR  Conveyors 22 also include an additional microswitch assembly 426 adjacent
      its free end 20. This switch cooperates with the tab 334 on storage dolly
      24 and is actuated thereby to stop the drive of the dolly when the dolly
      is in alignment with the conveyor 22. A similar switch assembly 428 is
      located at the lower end 25 of conveyors 22 for cooperation with the
      actuator tab 374 of retriever dolly 27 for the same purpose.
PAR  The construction of switch 426 is identical to that of switch 428 and the
      latter is illustrated in FIG. 17. The switch assembly simply comprises a
      conventional microswitch 430 having a spring biased actuator or push
      button member 432 which extends into a guide track 434 defined between a
      pair of flanges 436,438. The latter serve to guide the actuator tabs of
      the respective dollys as they enter the forward end 440 of the guide
      track. As soon as the tab engages the microswitch actuator 432 the switch
      430 is actuated and produces a signal which is used to stop the drive to
      the dolly. As will be appreciated from the plan view of the conveyors in
      FIGS. 1 and 13, the switches 426 and 428 are located with respect to the
      tabs on the dollys 24 and 27 so that the switches are engaged when the
      dollys are in alignment with the ends of the conveyor.
PAR  Each of the conveyors 22 is provided with a brake assembly 442 adjacent the
      lower end 24 of the conveyor. This brake assembly is operative to slow the
      first stack placed on the conveyor and to permit it to gently move towards
      the end of the conveyor. In the illustrative embodiment of the invention
      the brake assembly cooperates with a set 444 of rollers 414 and includes a
      generally inverted U-shaped frame member 446 (see FIG. 15) which has its
      bight portion 448 located in contact with the rollers in set 444. The
      underside of bight portion 448 is engaged by a pair of cam rollers 450
      respectively mounted on bell cranks 452. The latter are pivotally mounted
      at pivot points 456 on a transverse support member 454, secured to frame
      410 and are connected to each other through an air cylinder or ram 458.
PAR  Brake member 446 is biased downwardly, away from rollers 444 by two pairs
      of spring biasing mechanisms 460 which include a rigid bolt or the like
      connected between plates 462, secured to brake member 446, and the
      transverse frame members 454. Coil springs 466 surround the respective
      stems of bolts 460, below frame members 454 and operate between these
      frame members and nuts 468 to bias the brake downwardly away from rollers
      444.
PAR  Ram 458 is normally in its extended configuration, with its actuator 470
      extending out of the cylinder portion of the ram so as to bias bell cranks
      452 in rotation in the direction of the arrows placed thereon in the
      drawings, thereby to normally urge brake member 446 upwardly against the
      rollers 444 and thus frictionally resist rotation of these rollers. In
      this connection, it is noted that, by the respective mounting of the bell
      cranks 452 as seen in FIG. 2, less pressure is applied by the bell crank
      452 at the left of the assembly than the bell crank 452 at the right. This
      is due to the fact that the left hand bell crank is inclined at a greater
      angle with respect to brake 446 than is the right hand bell crank.
      Accordingly, the brake applies an increasing frictional force to the
      rollers 444 in the direction of travel of the stack of pans towards the
      lower end of the conveyor. In this way the stack of pans, moving under the
      influence of gravity along the rollers 414, is gently braked to almost a
      complete stop by the brake assembly 442.
PAR  One of the rollers 414b in the group of rollers 444 is mounted for vertical
      movement in frame 410 and is connected to the actuator of an air limit
      valve 474. Roller 414b is biased into its upward position by a spring
      mechanism 476, of conventional construction connected between the roller
      and the actuator of the valve. The latter is connected into the pneumatic
      circuity of the apparatus so that when the slowed stack of pans moves over
      roller 474, thereby depressing the roller against the action of spring
      mechanism 476, the valve 474 is opened to supply air to ram 458 on the
      opposite side of the piston contained therein in order to retract actuator
      470, thereby permitting the brake to be moved downwardly out of engagement
      with rollers 444 by the spring mechanisms 466. This permits the stack to
      continue moving to the end 24 of the conveyor, rather than stopping the
      stack over the brake assembly.
PAR  In order to prevent the stack of pans from rolling off the end 24 of
      conveyor 22, each of the conveyors includes a stop assembly 480 mounted on
      frame 410 at the end of the conveyor. The stop assembly includes a
      generally U-shaped stop or abutment member 482 having the free ends of its
      legs 484 pivotally mounted on frame 410 at pivot points 486. The bight
      portion 488 of stop 482 extends across the end 24 of the conveyor and has
      substantial vertical height so as to engage the bottommost pan of the
      stack when it is in its raised position, in order to prevent the stack
      from moving off the end of the conveyor.
PAR  Stop 482 is raised and lowered by a control mechanism 490 which includes an
      actuator bar 492 pivotally mounted on frame 410 at 494. Bar 492 is a bell
      crank having a lever portion 496 which is operably connected to frame 410
      by a spring 498 which biases the actuator bar 492 into the vertical
      position shown in FIG. 14. Actuator bar 492 is connected to U-shaped frame
      member 482 by an intermediate link 500 which is pivotally connected at 502
      to one of the legs 484 of the U-shaped frame. The other end of link 500 is
      pivotally connected to arm 492 (see FIG. 18) through a pivot pin 503 which
      extends through an elongated slot 504 formed in link 500.
PAR  Arm 492 also includes an abutment plate 506 adjacent its upper end which is
      positioned to cooperate with the extended actuator member 382 on the
      retriever dolly 27, described above. As mentioned, actuator 382 moves
      forward with the arm 340 of retriever dolly 27 and, as the latter
      approaches the end 24 of conveyor 22, the actuator abutment 382 engages
      abutment plate 506 on arm 498, as illustrated schematically in FIG. 14,
      and causes arm 492 to pivot in a counterclockwise direction. This
      rotational movement of arm 492 causes the pivot pin connection 503,
      between arm 492 and link 500, to move in a similar counterclockwise
      direction until the pin engages the lower end of slot 504. At that point,
      the end of the pin 500 moves in the same counterclockwise direction, with
      arm 492, causing pivot point 502 to move downwardly, thereby allowing
      frame 482 to pivot about pivot points 486 to lower enlarged bight portion
      484 thereof below the level of rollers 414. As a result, the stack of pans
      at the end of the conveyor can be drawn therefrom by the retriever dolly.
PAR  It is noted that the lower end 25 of each of the conveyors 22 also includes
      a sensing mechanism 520 which determines whether its associated conveyor
      is empty, and a control device for the brake assembly 442 to permit a
      subsequent stack in the conveyor lane to be moved to the end of the
      conveyor after the first stack thereon is withdrawn. The sensing mechanism
      520 includes a microswitch 522 and an air limit valve 524 mounted on frame
      410 adjacent the second roller 414c from the end of the conveyor. The
      shaft 526 of the roller is connected by a bracket 528 to the actuator
      stems 530, 532 of the microswitch and valve and the bracket 528 is biased
      in a vertical direction by a spring 534 acting between the bracket and a
      mounting plate 536 on frame 410. In this manner, roller 414c is biased in
      a vertical direction in the loose mounting thereof in frame 410.
      Accordingly, when a stack of pans is seated on conveyor 22, adjacent the
      end thereof, roller 414c is depressed against the bias of spring 534 and
      thus actuate switch 522 to provide a signal to the electronic control
      panel of the device indicating that a stack of pans is available for
      retrieval by dolly 27. Thus, when dolly 27 is moved into position adjacent
      the end of the conveyor, activation of switch 428 by the dolly will cause
      the dolly to stop and permit the retrieval operation to commence.
PAR  On the other hand, when no stack of pans is present on roller 414c, after a
      time delay which permits subsequent pans to move onto the roller after the
      retrieval of the first pan, switch 522 is opened, because of the bias of
      spring 534, to provide a signal to a control panel indicating that the
      lane is empty. Thus the dolly 27 will move directly past the empty lane
      without stopping upon contact of its actuator with switch 428.
PAR  The air limit valve 524 connected to bracket 528 and roller 414c is
      constructed to control and override the supply of air to the ram 458 of
      brake assembly 442. As mentioned above, air is normally supplied to ram
      458 to keep brake bar 446 in frictional engagement with rollers 444,
      except when valve 474 is actuated to release the brake and permit the
      stack to roll to the end of the conveyor upon the initial storate
      operation, i.e. when the lane 22 selected for storage is empty. When the
      first stack moves passed the brake to the end of the conveyor, valve 524
      is depressed and air is again supplied to ram 458 to actuate the brake.
      With valve 524 depressed, the next stack of pans moving onto the conveyor
      will be stopped by brake assembly 442 since valve 474 is controlled by
      valve 524 and will not open when valve 524 is actuated by the weight of a
      stack of pans on roller 414c. However, when the first stack of pans on the
      conveyor is removed by the retriever dolly 27, roller 414c moves upwardly
      under the bias of spring 534, as soon as the rear of the stack of pans
      clears the roller. This movement reverses valve 524 and causes air to be
      supplied to ram 458 to release brake assembly 442 and permit the next
      stack of pans, supported on the brake, to roll to the end of the conveyor.
PAR  By the time this next stack of pans approaches roller 414c, the stop member
      428 has returned to its position shown in FIG. 14 under the influence of
      spring 498. That is, the spring rotates arm 492 in a clockwise direction
      causing the pivot point 502 to move in a counterclockwise direction, from
      its downward position, to raise the U-shaped frame assembly 482.
      Accordingly, as the next stack moves towards the end of the conveyor, it
      rolls over roller 414a, again reversing the operation of valve 524 and
      causing air to be supplied to the ram 458 to engage brake plate 446 with
      rollers 444, thus braking and stopping the subsequent stack of pans on the
      conveyor.
PAC  OPERATION
PAR  Accordingly, it is seen that a relatively convenient and inexpensive pan
      handling apparatus is provided which is adapted to automatically stack and
      unstack pans in a bread manufacturing process. Preferably, the pan
      handling system of the present invention is adapted to be interlocked with
      a panner-moulder of a bread pan manufacturing process.
PAR  As is apparent from the above description, an important feature of the pan
      handling system of the present invention is the automatic and mechanized
      handling of the pans. This arrangement offers a number of important
      advantages, principally among which are labor savings and absence of
      physical abuse of the pan material. Pan requirements for a given
      production run are determined by the production supervisor who sets the
      appropriate counters on a control panel 108 which will supply a control
      signal representing that break pans are required and initiating movement
      of retriever dolly 27 to selected storage conveyor 22 having pans thereon
      and actuating the unstacker to unstack the pans.
PAR  Accordingly, a constant backlog of pans is supplied to the molder panner
      unit. After a sufficient number of pans is introduced into the production
      line, the pans begin to recycle, and an electronic device situated on
      conveyor 12, ahead of the unstacker, will provide a signal that will stop
      the unstacker and permit the pans to move through the top of the unstacker
      and stacker in the manner described above, once the recycling pans begin
      to pass this point. However, when a gap in the pan supply develops, the
      unstacker is again activated to supply additional pans to the bread
      manufacturing process. At the end of the production, or when a new bread
      variety is to be starged, the pans are automatically taken out of
      production and placed into storage. No manual handling of the pans is
      involved in either operation.
PAR  Thus, for example, at the beginning of the bread manufacturing process, the
      operaator sets the appropriate controls on panel 108 to reflect the
      required number of pans needed in the bread manufacturing process. This
      causes actuation of the drive mechanism for retriever dolly 27 and causes
      the dolly to move in either direction, as selected by the operator, to the
      first gravity roller storage conveyor 22 which has pans stored thereon, as
      automatically determined by the microswitch 522 on the ends 24 of the
      conveyor. If pans are present thereon the retriever dolly is automatically
      stopped in alignment with the end of the conveyor by the engagement of its
      actuator member 374 with the actuator 432 of the microswitch 430. Once in
      position, air is automatically supplied to ram 364 in the retriever dolly
      to initiate the cycle of operation described above which ultimately causes
      a stack of pans to be placed on the chain conveyors 244 of conveyor 26 for
      transport thereby to unstacker 27. At the unstacker the stack of pans is
      moved onto conveyor 154 and engaged by the lugs 36 of the vertical chain
      conveyor. This conveyor is operated to raise the stack to a position
      determined by photocell 164, below the pickup or unstacker head 166. The
      head is then operated, in the manner described above, to remove individual
      pans from the stack and place them on conveyor 30 for supply to the
      panner-moulder of the bread making process.
PAR  At the end of the break manufacturing rum, or during the manufacturing run
      when excess pans are being used, or when the type of pans to be used is to
      be changed, individual pans returning along conveyor 12 towards stacker 16
      are stopped in the stacker by abutment members 44. The pans are held
      adjacent the unstacker head 46 by the magnet 94 against the conveyor 96.
      The head is then actuated to drop the individual pans onto lugs 36, or
      onto a partially formed stack of pans supported on the lugs 36. After an
      individual pan is positioned on the lugs 36, chains 34 are driven to lower
      the lugs a sufficient distance to permit another pan to be placed thereon.
      After a stack of the desired height is formed, as determined by photocell
      150, the stack is lowered onto conveyor 154 and transferred from there to
      conveyor 14. The latter transports the stack of pans to storage dolly 24.
      The drive for dolly 24 is actuated by the operator or actuated
      automatically when the stacker begins its operation, to move the dolly in
      either direction, represented by the arrow A in the drawings, until it
      locates a conveyor 22 which is empty, as determined by the switch 422 at
      the ends of each of the conveyors. The dolly is then stopped by engagement
      of its actuator tab with switch 426 so that the dolly is stopped in
      alignment with the empty conveyor 22. The stack of pans then moves over
      the dolly on chains 244 and engages the abutment actuator 288 which, in
      the manner described above activates the dolly to lift rollers 285 and
      raise the stack of pans off of chains 244, and thence initiate actuation
      of the pusher arm 256 to push the stack of pans onto conveyor 22. From
      there, the stack of pans rolls down the conveyor 22 and is slowed by the
      brake mechanism 442. The latter, under the control of valve 452, permits
      the stack to move to the end of the conveyor if the conveyor is completely
      empty, or stops the stack completely if there is a stack already present
      at the end of the conveyor. The bread handling system continues to operate
      in this manner in response to signals from the panner-moulder assembly
      which determine whether more or less pans are required from the storage
      area.
PAR  By the present invention there is no manual handling of the pans involved
      in either the stacking or the unstacking operations. The use of the
      pneumatic power to operate the various pan handling devices insures gentle
      pan transfers and minimum wear of the pans. Also, by closely integrating
      the pan supply from the storage system of the present invention to the
      needs of the moulder-panner, damaging backups of pans are avoided on the
      one hand and production interruptions caused by gaps in the pan supply to
      the panner are minimized. The pan management of the bakery is thus placed
      on a rational bassis that contributes to the efficient and economical
      operation of the entire plant.
PAR  It is noted that the specific pneumatic and electrical circuitry used in
      the apparatus of the present invention has not been described herein in
      detail. However, in view of the detailed description of the apparatus, its
      sequence of operation, and the various control valves and switches used to
      control the oerration of the apparatus, the specific pneumatic and
      electronic circuitry utilized would be apparent to those skilled in the
      art. Accordingly, such circuitry need not be described in detail and may
      take many obvious forms.
PAR  Although an illustrative embodiment of the present invention has been
      described herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to that precise embodiment
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pan handling apparatus comprising an infeed conveyor for supplying
      individual pans to the apparatus, a storage station at which stacks of
      pans may be stored, pan stacker means for receiving said individual pans
      from the infeed conveyor and placing said pans in a stack, stack conveyor
      means for transporting the formed stack from said stacker means to said
      storage station, means for selectively removing stacks of pans from said
      storage station and supplying the stacks to an unstacking station, pan
      unstacker means at said unstacking station for receiving said stacks of
      pans and sequentially removing individual pans therefrom, and feed
      conveyor means for transporting individual pans away from said unstacker
      for use;
PA1  said storage station including at least one storage conveyor and said
      apparatus including storage dolly means for transferring a stack of pans
      from said stack conveyor to said storage conveyors; said storage dolly
      means including means for raising a stack of pans off of said stack
      conveyor and means for pushing said stack transversely of said stack
      conveyor onto to said storage conveyor; said pushing means including a
      rigid arm mounted on said storage dolly for reciprocating movement across
      said stack conveyor, towards and away from said storage conveyor, means
      for reciprocating said arm and means on said storage dolly for determining
      movement of said arm into a predetermined position adjacent said storage
      conveyor and for reversing said reciprocating means to return said arm to
      a predetermined position remote from said storage conveyor.
NUM  2.
PAR  2. The pan handling apparatus as defined in claim 1 wherein said raising
      means comprises pan support means vertically movably mounted on said
      storage dolly and means for raising and lowering said pan support means
      between positions above and below said stack conveyor; and means on said
      storage dolly for detecting return of said arm to said remote position and
      for actuating said raising and lowering means to move said pan support
      means to its position below said stack conveyor.
NUM  3.
PAR  3. The pan handling apparatus as defined in claim 2 wherein said pan
      support means comprises a plurality of rollers extending parallel to said
      stack conveyor, said rollers being rotatably mounted on support frames and
      said raising and lowering means being operatively connected to said
      frames.
NUM  4.
PAR  4. The pan handling apparatus as defined in claim 3 wherein said rollers
      define at least two sets of rollers respectively positioned on opposite
      sides of said stack conveyor.
NUM  5.
PAR  5. The pan handling apparatus as defined in claim 3 wherein said means for
      reciprocating said push arm includes a rigid frame mounted on said dolly
      above said stack conveyor and extending transversely thereto, said push
      arm being slidably mounted on said rigid frame, and a double acting cable
      ram mounted on said rigid frame and operatively connected to said arm,
      said cable ram including a cylinder, having a piston therein extending
      transversely of said stack and a cable connected at opposite ends to said
      cylinder, a pair of guide rollers for said cable mounted on said frame and
      means connecting an intermediate portion of said cable to said arm,
      whereby said arm is reciprocated upon actuation of said ram.
NUM  6.
PAR  6. The pan handling apparatus as defined in claim 3 wherein said stack
      conveyor includes a longitudinally extending frame and said storage dolly
      includes means for movably mounting said dolly on said conveyor frame for
      longitudinal movement with respect thereto.
NUM  7.
PAR  7. The pan handling apparatus as defined in claim 6 including a plurality
      of storage conveyors extending generally perpendicularly to said stack
      conveyor, means for selectively moving said dolly along said stack
      conveyor frame, and means on each of said storage conveyors for detecting
      the presence of said dolly adjacent thereto and for stopping said dolly
      moving means with said dolly in alignment with the storage conveyor when
      the storage conveyor has space thereon for a pan stack.
NUM  8.
PAR  8. A pan handling apparatus comprising an infeed conveyor for supplying
      individual pans to the apparatus, a storage station at which stacks of
      pans may be stored, pan stacker means for receiving said individual pans
      from the infeed conveyor and placing said pans in a stack, stack conveyor
      means for transporting the formed stack from said stacker means to said
      storage station, means for selectively removing stacks of pans from said
      storage station and supplying the stacks to an unstacking station, pan
      unstacker means at said unstacking station for receiving said stacks of
      pans and sequentially removing individual pans therefrom, and feed
      conveyor means for transporting individual pans away from said unstacker
      for use; said storage station including at least one stack storage
      conveyor and said means for selectively removing stacks of pans from said
      storage station includes a second stack conveyor and stack retriever dolly
      means for transferring a stack of pans from said stack storage conveyor to
      said second stack conveyor for transport thereby to said pan unstacker
      means; said retriever dolly including means for operatively engaging a
      stack of pans on said conveyor and for moving said stack over and onto to
      said second stack conveyor; and said means for engaging a stack of pans on
      said storage conveyor including a relatively rigid retriever arm mounted
      on said dolly for reciprocating movement across said second stack
      conveyor, towards and away from said storage conveyor, a magnet mounted on
      said retriever arm, and means for selectively reciprocating said retriever
      arm across said second stack conveyor.
NUM  9.
PAR  9. The pan handling apparatus as defined in claim 8 wherein said dolly
      includes pan support means vertically movably mounted on said storage
      dolly, means for raising and lowering said pan support means between
      positions above and below said stack conveyor, means for actuating said
      raising and lowering means to raise said pan support means as said
      retriever arm is moved towards said storage conveyor, and means on said
      retriever dolly for determining movement of said arm into a predetermined
      position adjacent said storage conveyor and for reversing said
      reciprocating means to return said arm towards a predetermined position
      remote from said storage conveyor, whereby the retrieved stack is
      supported above said second stack conveyor as said arm is moved away from
      said storage conveyor with a stack of pans magnetically secured to said
      arm.
NUM  10.
PAR  10. The pan handling apparatus as defined in claim 9 including means for
      stopping said reciprocating means as it moves said stack of pans away from
      said storage conveyor when said stack of pans is substantially centered
      over said pan support means.
NUM  11.
PAR  11. The pan handling apparatus as defined in claim 10 wherein said stopping
      means includes first detecting means for detecting the presence and
      absence of a stack of pans on a predetermined portion of said pan support
      means and second detecting means for detecting the return of said arm to
      its initial position remote from said storage conveyor, said first and
      second detecting means cooperating to stop said reciprocating means when
      said second detecting means detects said arm and said first detecting
      means detects that a stack of pans has moved off of said predetermined
      portion of said pan support means.
NUM  12.
PAR  12. The pan handling apparatus as defined in claim 11 including third
      detecting means for detecting return of said arm to its initial position
      remote from said stack storage conveyor and for stopping said
      reciprocating means irrespective of the condition of said first and second
      detecting means.
NUM  13.
PAR  13. The pan handling apparatus as defined in claim 10 wherein said pan
      support means comprises a plurality of rollers extending parallel to said
      stack conveyor, said rollers being rotatably mounted on support frames,
      and said raising and lowering means being operatively connected to said
      frames.
NUM  14.
PAR  14. The pan handling apparatus as defined in claim 13 wherein said rollers
      define at least two sets of rollers respectively positioned on opposite
      sides of said second stack conveyor.
NUM  15.
PAR  15. The pan handling apparatus as defined in claim 10 wherein said means
      for reciprocating said retriever arm includes a rigid frame mounted on
      said dolly above said second stack conveyor and extending transversely
      thereto, said retriever arm being slidably mounted on said rigid frame and
      a double acting cable ram mounted on said rigid frame and operatively
      connected to said arm, said cable ram including a cylinder, having a
      piston therein, extending transversely of said stack and a cable connected
      at opposite ends to said cylinder, a pair of guide rollers for said cable
      mounted on said frame and means connecting an intermediate portion of said
      cable to said arm, whereby said arm is reciprocated upon actuation of said
      ram.
NUM  16.
PAR  16. The pan handling apparatus as defined in claim 10 wherein said second
      stack conveyor includes a longitudinally extending frame and said
      retriever dolly includes means for movably mounting said dolly on said
      conveyor frame for longitudinal movement with respect thereto.
NUM  17.
PAR  17. The pan handling apparatus as defined in claim 16 including a plurality
      of storage conveyors extending generally perpendicularly to said second
      stack conveyor, means for selectively moving said dolly along said second
      stack conveyor frame, and means on each of said storage conveyors for
      detecting the presence of said dolly adjacent thereto and for stopping
      said dolly moving means with said dolly in alignment with the storage
      conveyor when the storage conveyor has a stack of pans on the end thereof
      available for retrieval by said dolly.
NUM  18.
PAR  18. The pan handling apparatus as defined in claim 17 wherein each of said
      storage conveyors has releasable stop means at the ends thereof adjacent
      said second stack conveyor for preventing pan stacks on the storage
      conveyors from rolling off of said ends, said retriever dolly having
      actuator means mounted on said retriever arm for engaging and releasing
      said stop means as said retriever arm is moved towards said storage
      conveyor thereby to permit a stack of pans to be withdrawn from the
      storage conveyor.
NUM  19.
PAR  19. The pan handling apparatus as defined in claim 10 wherein said magnet
      comprises a two element magnet including a first rigid magnet element
      mounted on said retriever arm with the opposite sides thereof being of
      opposite polarity and a second magnet element rotatably mounted between
      the opposite sides of said first magnet element with diametrically opposed
      sides thereof being of opposite polarity, said second magnet element being
      normally positioned in said first element with the portions of said
      elements of opposite polarity being adjacent each other, and means for
      selectively rotating said second element through approximately 180.degree.
      when said arm is moved towards said storage conveyor to position the
      portions of said elements of like polarity adjacent each other whereby
      magnetic lines of flux are produced across the face of the magnet to
      attract and hold a stack of pans thereto.
NUM  20.
PAR  20. A recirculating pan-handling and storage system comprising: a
      recirculating pan conveyor system adapted to carry individual pans along a
      path; stacker means at a stacker station along said path for selectively
      removing individual pans from said conveyor system and accumulating them
      in a stack; unstacker means at an unstacker station along said path for
      selectively removing pans from stacks; means forming a stack storage
      station; and means for selectively positioning stacks from said stacker in
      said storage station and for selectively removing stacks from said storage
      station and transporting each stack to and from said unstacking station;
      said unstacker means including means for receiving a stack of pans from
      said storage station, elevating means for raising a stack of pans to a
      predetermined position in said frame, and an unstacker head mounted above
      said elevating means; said unstacker head including means for lifting the
      topmost pan from a stack at said predetermined position and returning the
      pan to said recirculating conveyor system; said means in said unstacker
      head for lifting the topmost pan from said stack including a pair of
      sprockets rotatably mounted in said unstacker head along parallel
      horizontal axes, an endless chain trained about said sprockets and means
      for reversibly moving said chain, each of said sprockets having a crank
      arm secured thereto for rotation therewith; a reciprocal frame member
      having a plurality of slots formed therein and receiving the free ends of
      said crank arms, thereby to be reciprocated in a vertical direction upon
      rotation of said crank arms, and at least one elongated magnet secured to
      said reciprocal frame for vertical movement therewith.
NUM  21.
PAR  21. The pan-handling system as defined in claim 20 wherein said pan
      conveyor system includes a transport conveyor adjacent said unstacker head
      and said elevating means comprises a selectively operable discharge
      vertical conveyor system; and an elongated magnet mounted between the
      flights of said transport conveyor for holding said pans against said
      transport conveyor for movement therewith.
NUM  22.
PAR  22. The pan-handling system as defined in claim 21 including means for
      controlling the operation of said vertical conveyor system to prevent
      actuation thereof when a pan is supported on said transport conveyor.
NUM  23.
PAR  23. The pan-handling system as defined in claim 22 wherein said vertical
      conveyor system comprises a pair of vertically extending conveyors having
      opposed stack-support lugs mounted thereon, and means for varying the
      spacing between said vertically extending conveyors whereby said unstacker
      means is adapted to accommodate bread pans of different widths.
NUM  24.
PAR  24. The pan-handling system as defined in claim 23, which includes means
      for moving said vertical conveyor system to raise said stack of pans
      thereon a predetermined distance each time a pan is removed from the top
      of the stack by said unstacker head.
NUM  25.
PAR  25. The pan-handling system as defined in claim 21 wherein said unstacker
      head includes a pair of elongated magnets mounted in said unstacker head
      for vertical reciprocation with respect to said stack of pans.
NUM  26.
PAR  26. The pan-handling system as defined in claim 20 which includes spring
      means for resiliently mounting said magnet on said reciprocal frame,
      whereby said magnet is adapted to accommodate itself for irregularities in
      said bread pans, and wherein said slots provide a dwell in the movement of
      said reciprocal frame at the lowermost position thereof, thereby to insure
      proper magnetic attraction of said topmost pan in the stack to said
      magnet.
NUM  27.
PAR  27. The pan-handling system as defined in claim 26, including guide means
      operatively connected between said head and said reciprocal frame for
      constraining said reciprocal frame to vertical movement upon rotation of
      said sprockets.
NUM  28.
PAR  28. The pan-handling system as defined in claim 27 wherein said means for
      moving said chain comprises a ram having an actuator rod secured to said
      chain, said rod having a length susfficient to drive said chain to rotate
      said sprocket through one complete revolution during each of the extension
      and retraction strokes of the ram.
NUM  29.
PAR  29. A recirculating pan-handling and storage system comprising: a
      recirculating pan conveyor system adapted to carry individual pans along a
      path; stacker means at a stacker station along said path for selectively
      removing individual pans from said conveyor system and accumulating them
      in a stack; unstacker means at an unstacker station along said path for
      selectively removing pans from stacks; means forming a stack storage
      station; and means for selectively positioning stacks from said stacker in
      said storage station and for selectively removing stacks from said storage
      station and transporting each stack to and from said unstacking station;
      said unstacker means including means for receiving a stack of pans from
      said storage station, elevating means for raising a stack of pans to a
      predetermined position in said frame, and an unstacker head mounted above
      said elevating means; said unstacker head including means for lifting the
      topmost pan from a stack at said predetermined position and returning the
      pan to said recirculating conveyor system; said pan conveyor system
      including a transport conveyor adjacent said unstacker head and said
      elevating means comprising a selectively operable discharge vertical
      conveyor system; and an elongated magnet mounted between the flights of
      said transport conveyor for holding said pans against said transport
      conveyor for movement therewith; said conveyor system including a movably
      mounted conveyor section located below one end of said transport conveyor
      and means for adjusting the relative vertical position of said conveyor
      section with said transport conveyor whereby pans of different height can
      be handled and moved between said transport conveyor and said
      recirculating pan conveyor system.
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ABST
PAL  A conveying system for conveying cans from a can-making machine to a
      can-filling machine includes a first conveyor to supply cans from the
      can-making machine to the filling machine and a second conveyor or
      supplemental feed conveyor at right angles with a first conveyor to convey
      excess cans made by the can-making machine to a palletizing apparatus
      which includes pattern-forming means and a pallet elevator. When the flow
      of cans exceeds the requirements of the can-filling machine, the cans are
      diverted from the can-filling machine, patterned, and palletized in layers
      in the pallet elevator. When the can-making machine is not supplying the
      requirements of the can-filling machine, or the can-making machine is shut
      down, stored cans are depalletized and conveyed onto the first conveyor.
      If the making machine is operating slower than the requirements of the
      filling machine, the second conveyor provides a supplemental feed of cans
      to the first conveyor. A sensor in the flow path to the filling machine
      senses a lack of movement of cans to the filling machine and thus an
      adequate supply of cans to the filling machine to actuate a gate to divert
      cans to the supplemental feed conveyor for palletizing and storage to thus
      enable continuous running of both the can-making and can-filling machines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is a further development of the subject matter of my U.S.
      Pat. No. 3,788,497. In this patent, pattern-forming, palletizing and
      depalletizing apparatus were located directly in the flow path of cans
      from a can-making machine to a can-filling machine. With the apparatus
      disclosed in the foregoing patent, if there is a shutdown because of
      mechanical problems in the palletizing-depalletizing apparatus, this
      shutdown will interfere with the flow of cans between the can-making
      machine and the can-filling machine.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a conveying system which is not in the direct flow
      path between the can-filling and can-making machines but is in
      communication or joins the conveyor between the two machines. The
      supplemental feed apparatus of the invention is employed if the conveyor
      supplying cans from the can-making machine to the can-filling machine
      cannot supply the requirement of the can-filling machine. In the event the
      requirement of the filling machine cannot be supplied by the can-making
      machine, cans stored in patterned layers on pallets can be depalletized to
      provide a supplemental feed of cans onto the first conveyor in addition to
      the supply of cans from the making machine. The can supply for the
      supplemental feed apparatus uses as its source of cans, cans from the same
      can-filling machine which are diverted from the first conveyor onto the
      supplemental feed conveyor when the can-filling machine is not operating
      or when the capacity of the making machine exceeds the requirements of the
      filling machine. These excess cans are palletized in patterned layers on
      pallets which are stored adjacent to the pallet elevator.
PAR  The supplemental feed apparatus includes a sweep bar and pattern-forming
      assembly which is movable from a position adjacent the end of the second
      conveyor and the pallet elevator to a position over the pallet elevator
      and remote from the end of the second conveyor. The sweep bar and
      pattern-forming bar are detachably connected and separated during the
      depalletizing operation. In this regard, an overhead bridge at the end of
      the second conveyor adjacent the pallet elevator is provided with a lift
      which raises the pattern bar from the flow path of cans being depalletized
      by the sweep bar from pallets in the pallet elevator.
PAR  A sensor on the first conveyor downstream of the communication zone between
      the main conveyor and supplemental feed conveyor senses lack of movement
      of cans on the first conveyor for instance when the supply of cans exceeds
      the production of the filling machine and causes a gate to be positioned
      across the communication zone to divert flow of cans from the can-making
      machine onto the supplemental feed conveyor for palletizing and storage.
PAR  Thus, the supplemental feed apparatus of the invention enables continuous
      operation of the can-making machine and can-filling machine or
      intermittent use of either of these machines, with the supplemental feed
      apparatus employed to maintain a continuous flow to the filling machine or
      absorb excess cans from the making machine.
PAR  Further objects, advantages and features of the invention will become
      apparent from the following disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the supplemental feed apparatus of the invention.
PAR  FIG. 2 is a plan view on a reduced scale of the supplemental feed apparatus
      of the invention including a can-filling station and can-making station.
PAR  FIG. 3 is an enlarged, fragmentary, elevational view of the pattern-forming
      bar and overhead suspension bridge.
PAR  FIG. 4 is an enlarged, fragmentary view in section showing the end of the
      pattern bar.
PAR  FIG. 5 is an enlarged view of a portion of FIG. 3 showing the
      pattern-forming bar and lock mechanism for detachably connecting the
      pattern-forming bar with the sweep bar.
PAR  FIG. 6 is a diagrammatic side view showing the position of the sweep bar
      and pattern-forming bar during the step of forming the initial pattern of
      cans.
PAR  FIG. 7 is a diagrammatic view showing the completed pattern of cans with
      the fingers lowered into the cans in the rear ranks of the patterned can
      complement.
PAR  FIG. 8 is a diagrammatic view showing in solid lines a patterned layer of
      cans on a pallet with the position of the sweep bar and pattern-forming
      bar at the time of deposition of the layer of cans on the pallet.
PAR  FIG. 9 is a diagrammatic side view showing the position of the
      pattern-forming bar and sweep bar during the depalletizing of cans from
      the pallet.
PAR  FIG. 10 is a diagrammatic side view showing a layer of cans being swept
      from a pallet.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  In the drawings, FIG. 1 shows a first conveyor 10 which, as shown in FIG.
      2, conventionally conveys cans from a can-making station 12 to a
      can-filling station 14. The supplemental feed apparatus of the invention
      is generally designated 16 and includes a reversible conveyor 18
      transverse to or at right angles with the conveyor 10 and in communication
      with conveyor 10 at zone 20 for transfer of cans from one conveyor to
      another.
PAR  A diverter gate 22 is movable from a position parallel to the direction of
      movement of conveyor 10 as shown in broken lines (FIG. 1) to a solid
      position shown in full lines, and spanning conveyor 10 to divert cans onto
      conveyor 18 for purposes subsequently described. Movement of the diverter
      gate 22 is afforded by a power cylinder 24 carried by a bracket 26 with a
      piston rod 28 connected to the gate 22.
PAR  The supplemental feed apparatus 16 also includes a pattern-forming assembly
      29 (FIG. 7) which includes lift assembly 30 to raise one end of the
      pattern-forming assembly 29 and fingers 32 which are employed to retain a
      pattern of cans 34 (FIG. 7) during movement into a pallet elevator 36. The
      lift 30 includes the same parts shown and described in my U.S. Pat. No.
      3,788,497 and in which a bracket 36 is provided with a ramp 38, with the
      bracket carried by horizontally-spaced columns 40 having teeth in the form
      of a rack which cooperate with a pinion (not shown) for raising and
      lowering the columns 40. The fingers 34 are carried by a pair of spaced
      arms 42 and are connected to a pattern-forming bar 44. The lift assembly
      30 raises the end of the pattern-forming assembly with the fingers to
      provide clearance above the cans as the pattern-forming assembly 29 is
      returned to shuttle successive complements of patterned cans to the pallet
      elevator for palletizing.
PAR  The pattern-forming bar 44 is of the type illustrated in FIG. 2 of my U.S.
      Pat. No. 3,788,497 and includes pattern-forming dies 46 (FIG. 1) which
      initiate the formation of a pattern of cans as shown in FIG. 1 as the cans
      are moved against the pattern-forming bar by the conveyor 18.
PAR  The supplemental feed apparatus 16 also includes means for detachably
      connecting a sweep bar 43 with the pattern-forming bar so that the sweep
      bar is free for independent movement during the depalletize mode
      subsequently described. Referring to FIG. 4, the pattern-forming bar 44 is
      provided with a latch 46 which is pivotally supported or connected to the
      pattern bar 44 by a shaft 45 (FIGS. 4, 5) which is connected to the
      pattern-forming bar and which is biased by spring 48 into engagement in a
      notch 50 in the sweep bar 43. Movement of the lever 58 connected to the
      latch from the full line position in FIG. 4 to the dotted line position in
      FIG. 4 releases the latch from engagement with the sweep bar and enables
      the pattern-forming bar 44 to be raised by a lift assembly 99 hereinafter
      described in detail.
PAR  When the sweep bar and pattern forming bar are latched together, the ends
      of shaft 45 nest in the yokes 47 in side plates 51 on the sweep bar to
      secure the sweep bar and pattern forming bar together so that they move in
      concert. They are moved in concert by chain drives 60 (FIG. 1) on each
      side of the pallet elevator 36. The chain drives 60 are similar to that
      shown in FIG. 2 of my U.S. Pat. No. 3,788,497. The chains 60 are connected
      to the sweep bar 60 by pins 61 and travel in a horizontal plane to
      reciprocate the sweep bar and pattern-forming bar from the position shown
      in FIG. 6 over conveyor 18 to the position shown in solid lines in FIG. 8
      over the pallet elevator 36.
PAR  The pallet elevator 36 does not include a retractable apron or slip sheet
      and the pallet elevator lift can be chain-driven as shown in FIG. 3 of my
      previous U.S. Pat. No. 3,788,497.
PAR  In operation of the apparatus of the invention, a sensor such as an
      electric eye 70 (FIG. 1, FIG. 2) detects a lack of movement of the cans 72
      downstream of the supplemental feed apparatus 16 and upstream of the
      can-making machine. If cans are not moving at a certain rate past the
      sensor 70 it means that an adequate supply of cans is being delivered to
      the can-filling machine 14. The sensor will actuate the power cylinder 24
      through conventional electrical controls (not described herein) to move
      the diverter gate 22 (FIG. 1) into the diverting position shown in solid
      lines. Thus cans coming from the can-making machine 12 will be diverted
      onto the conveyor 18. The cans will engage the pattern-forming bar 44 in
      the FIG. 6 position and, when a pattern is accumulated, the fingers 32
      will be lowered to engage the row 47 of cans (FIG. 7) to maintain the
      pattern 34 intact as it is shifted from the FIG. 7 position shown in solid
      lines to the dotted line position shown in FIG. 8. The fingers 57 separate
      the patterned complement from other cans on conveyors 18. The chains 60
      are energized to cause the movement in concert of both the pattern-forming
      bar, the sweep bar, and the beams 42 and fingers 32. When the patterned
      can complement is over the pallet elevator the pallet is lowered from the
      FIG. 8 position and the step repeated to palletize successive patterned
      can complement layers on the pallet 80. As shown in FIG. 2, the filled
      pallets with empty cans can be stored on a conveyor 84 adjacent the pallet
      elevator 36. A supply of empty pallets can be stored on a conveyor 86 and
      be fed into the pallet elevator as required.
PAR  When the can-filling machine requires cans, they can be supplied either
      directly from the can-making machine by opening the diverter gate 22 or
      supplied from the supplemental feed apparatus, or from both.
PAR  When cans stored on filled pallets are to be depalletized, the
      pattern-forming assembly 29 and sweep bar 43 are moved in concert to the
      position shown in dotted lines in FIG. 8. The latch 46 is then released
      and the pattern-forming bar 44 is then elevated out of the flow path of
      the depalletized cans by a lift assembly 99 shown in FIG. 3. This assembly
      includes an overhead bridge 100 and a bracket 102 supported by slides 104
      which reciprocate through openings 106 in the bridge 100. A power cylinder
      108 is employed for raising and lowering the bracket 102. The bracket 102
      has notches 105 movable into engagement with hooks 112 connected to the
      pattern-forming bar 44. When the hooks 112 are engaged with the flanges
      114 on the bracket 102, the pattern-forming bar 44 can be elevated to the
      position shown in FIG. 9 with the shaft 45 lifted from the yoke 47 to
      afford separation of the sweep bar which is returned to the position shown
      in FIG. 9 to commence depalletizing. The fingers 32 are also elevated with
      the lift mechanism 30 to provide clearance for the flow of depalletized
      cans. Once the pattern-forming bar assembly 29 is elevated as shown in
      FIGS. 9 and 10, the sweep bar is shuttled back and forth over the pallet
      elevator to sweep layers of cans from the pallets across dead plate 114
      onto conveyor 18 which is reversed to feed cans onto conveyor 10 to
      satisfy the requirements of the can-filling machine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In conveying apparatus including a first conveyor for conveying
      containers between first and second stations, the improvement comprising
      second conveyor means in communication with said first conveyor at a
      communication zone, means selectively operable for diverting the
      containers coming from said first station on said first conveyor from said
      first conveyor to said second conveyor, a sweep bar and pattern-forming
      means associated with said second conveyor, a pallet elevator for carrying
      pallets for receiving containers from said second conveyor means, said
      second conveyor means being operable in first and second modes with said
      conveyor means in said first mode being operable with said pattern-forming
      means to form patterned container complements and convey the patterned
      complements to said pallet elevator for palletizing of the complements,
      and being operable in a second mode to convey containers from pallets in
      said elevator to said first conveyor in a conveying direction counter to
      the conveyor direction of said second conveyor in said first mode to
      supply containers to the second station, and wherein said pattern-forming
      means includes a pattern forming bar, and including means for
      reciprocating said sweep bar and pattern forming bar in the flow path of
      containers between said second conveyor and said pallet elevator in
      concert for movement from a position over said second conveyor to a
      position over said pallet elevator, means for detachably connecting said
      sweep bar and said pattern-forming bar for independent reciprocating
      movement of said sweep bar for depalletizing cans from pallets carried in
      said pallet elevator, and means for elevating the detached pattern forming
      bar during the depalletizing operation above the flow path of cans moved
      by said sweep bar onto said second conveyor from said pallet elevator.
NUM  2.
PAR  2. The improvement of claim 1 wherein said first conveyor is provided with
      a container flow sensor between said second station and said communication
      zone to actuate said means selectively operable for diverting containers
      to cause containers to move from said first conveyor to said second
      conveyor means when containers are not required at the second station.
NUM  3.
PAR  3. The improvement of claim 1 wherein said means for detachably connecting
      said sweep bar to said pattern forming bar comprises a latch on one of
      said sweep bar and said pattern forming bar and a shaft on said pattern
      forming bar engageable with yokes on said sweep bar.
NUM  4.
PAR  4. The improvement of claim 1 wherein said means for elevating the detached
      pattern forming bar comprises a bridge over said second conveyor, a
      powered lift reciprocably supported on said bridge, and means on said lift
      detachably engageable with said pattern forming bar.
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ABST
PAL  A vehicle mounted mechanism for manipulating long load units such as pipe
      lengths which extend over a substantial portion of the load carrying
      length of the vehicle. The mechanism is stored within the width limit of
      the vehicle beneath its bed for over the road travel. It includes
      articulated linkages, and operating means attached to the side of the
      vehicle bed operable between the ground and an elevation substantially
      above the bed and over a substantial range transverse of the bed. An inner
      and outer boom support a load engaging assembly such as a cradle. The unit
      can be moved along the length of the vehicle bed while carrying a load and
      can operate adjacent wheels and other elements beneath the bed within the
      vehicle width limits. A power unit can be integrated with the loader and
      arranged for movement between a stored position and a position free of the
      region beneath the vehicle bed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,721,355 of Mar. 20, 1973 for "Vehicle Mounted Loader and
      Unloader" by Joseph F. Irving discloses a mechanism of the type of this
      invention wherein a base structure is mounted on the side of a vehicle bed
      so that it can be moved along the length of the bed to align it with loads
      to be transferred between the bed and an area beside the vehicle. An inner
      boom is shown mounted on the base for pivotal motion around a coupling
      having an axis parallel to the vehicle side. This coupling is mounted
      within the width limit of the vehicle and therefore imposes restrictions
      on the arc of motion of the inner boom in the region above the level of
      the vehicle bed thereby limiting the range of motion of the load transfer
      mechanism supported on an outer boom pivotally coupled to the inner boom.
PAR  It has been found that the load transfer mechanism of U.S. Pat. No.
      3,721,355 is often positioned along the vehicle side in a less than
      optimum position for picking up or depositing the load as where the
      vehicle is not positioned with its desired load carrying area in precise
      transverse alignment with the area adjacent the vehicle in which the load
      is to be picked up or deposited. Both the transverse range and
      longitudinal range of load manipulation have been limited such that even a
      skilled vehicle driven and unloader operator have been required to make
      extra adjustments of the vehicle and unloader in order to complete a load
      transfer.
PAR  The mechanism of U.S. Pat. No. 3,721,355 is ordinarily installed on a
      completed truck. Installation has involved substantial time and effort
      where the load transfer unit is installed separately from the power unit
      supplying the power to operate the load transfer unit. Where a unitary
      assembly of a load transfer mechanism and a power unit was provided to
      enable installation of a single unit and to avoid the need for installing
      connections between the units, the fixed mounting of the power unit
      limited the range of motion of the assembly along the side of the vehicle.
      The power unit mounted within the vehicle width limits could not clear the
      vehicle wheels or any other elements depending from the bed along its
      margin.
PAR  In accordance with the above an object of the present invention is to
      improve a vehicle mounted loader and unloader.
PAR  Another object is to increase to versatility of a vehicle mounted loader
      and unloader by increasing the load capacity of the mechanism and
      increasing its range of motion.
PAR  A further object is to enable a vehicle mounted loader and unloader adapted
      for motion along the side of the vehicle to be moved along the side while
      under load.
PAR  A fourth object is to drive a vehicle mounted loader and unloader along the
      side of the vehicle and to drive the extension and retraction of the load
      manipulating means transverse of the vehicle even when carrying a load.
PAR  A fifth object is to stabilize a vehicle mounted loader and unloader
      assembly against unbalanced loading over the entire range of travel of the
      assembly along the side of a vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to load manipulating devices and more
      particularly to such devices for mounting on and traveling with vehicles
      having load carrying beds accessible to the load manipulating devices.
PAR  The above objects are realized by an assembly comprising a base structure
      for mounting on the side and under frame of a vehicle bed and for
      supporting linkages including a sub-base which can be extended from and
      retracted into the width limit of the vehicle. A latch for the sub-base is
      arranged to fix its position when the assembly is retracted beneath the
      vehicle bed for travel and to fix its position in an extended poistion
      beyond the vehicle bed for load manipulation. Advantageously, the base and
      sub-base structure with the latch engaged between them for load
      manipulation, is arranged for movement along the side of the vehicle and
      is dimensioned so that the structure clears the vehicle wheels when
      positioned in transverse alignment with the wheels.
PAR  Movement of the base, sub-base and latch as a carriage is provided by
      longitudinal rails secured to the vehicle, as to the lower portion of the
      side rails of a flat bed semi-trailer, and to the main frame of the
      vehicle. Typically, rollers are mounted on the base and engage an upper
      surface of an inner rail, welded to the side of the main frame, and a set
      of rollers engage the inner side and the outwardly extending upper surface
      portion of the outer rail. Rollers can also be arranged to engage downward
      facing rail faces to accommodate moments of force on the base structure
      under certain load manipulation conditions.
PAR  A drive for the base structure enables the load manipulating device to be
      moved along the side of the vehicle while carrying a load. A rotating
      drive to a sprocket mounted on the base structure provides this driving
      force, in the illustrated embodiment. A roller chain is maintained
      parallel to the support rails and carried through a bight as by passing
      over base mounted idler sprockets on either side of the drive sprocket.
      Thus the bight passes over a substantial portion of the drive sprocket and
      is effectively moved along the chain as the drive sprocket is rotated to
      drive the base.
PAR  The load manipulating mechanism is mounted on the base structure as a
      combination of a load engaging element, such as a cradle movable mounted
      on articulated booms which can be positioned over a broad range in both
      the vertical and horizontal directions. The boom system includes an inner
      boom pivotally coupled to the sub-base at a first end and pivotally
      coupled to an outer boom at a second end. Boom motion is in planes normal
      to the vehicle side. Extension of the lateral range of motion is afforded
      in part by the inner boom pivotal motion about its sub-base pivot,
      particularly in a motion beyond the vertical above the sub-base, by virtue
      of a reciprocating drive element which is pivotally coupled to the
      sub-base below and outboard of the inner boom pivot and engages a pivot on
      the inner boom offset from its longitudinal axis between the sub-base
      pivot and the outer boom pivot. The extendable sub-base enables the
      mounting pivot for the inner boom to be extended beyond the vehicle side
      rail thereby enabling that boom to be carried upward through an arc to or
      beyond the vertical.
PAR  The outer boom accommodates a wide range of motion under load conditions by
      virtue of a low friction mount of a telescoping extension section which is
      provided with a reciprocating drive. Opposed rollers on a guide section of
      the outer boom engage a tube fitting into the guide section. The pivotal
      connection to the inner boom and the drive of pivotal motion for the outer
      boom are connected to the guide section. Load engaging means are provided
      on the telescoping extension section together with the manipulating and
      drive mechanisms for that means.
PAR  A wide range of rotation of the load engaging means, the pipe cradle, is
      afforded by mounting the cradle on a turning tube having a lobe or offset
      to which a drive link is pivotally coupled. The extension section of the
      outer boom has a sub-frame which mounts a reciprocating drive for cradle
      rotation. A turning arms is engaged by the reciprocating drive at a pivot
      connection spaced from a pivot rod mounting the turning arm on the
      sub-frame. A drive pivot on the turning arm offsets the drive effort of
      the reciprocating drive and applies it to the link coupled to the lobe on
      the cradle turning tube to provide an arc of driven motion in excess of
      that available with a direct coupling of the drive to the lobe. The
      turning arm is driven at the apex of a leg to the pivot rod and a leg to
      the drive link subtending an obtuse angle toward the cradle turning tube
      to enhance this range of motion. A further enhancement of the motion range
      is achieved by forming the drive link in an arc convex to the turning tube
      to offer clearance of the turning tube over a greater range.
PAR  The range of extension and load capacity of the loader and unloader can
      approach the capacity of the vehicle suspension system on which it is
      mounted. In order to relieve such near capacity forces, the mechanism is
      provided with a ground engageable foot which can be folded between the
      stored and load transfer positions. A leg carrying the foot is slidably
      mounted in a guide on the sub-base so that it can be adjusted to the
      proper extension when the sub-base is in its load transfer position and
      can be retracted for folding the mechanism in its storage position.
PAR  In order to minimize installation time and the lengths of runs of drive
      conduit, high pressure hydraulic hose in the example, a power unit is
      mounted on the base of the load transfer mechanism. A housing for an
      internal combustion engine, pump, fluid reservoir, battery and control
      mechanism is suspended on a pair of arms pivoted to swing in like arcs in
      a plane generally paralleling the vehicle bed. The location of these arms
      is sufficiently close to the underside of the bed to clear the vehicle
      wheels when the mechanism is positioned in alignment with the wheels. This
      enables the power unit to be swung from a region beneath the vehicle bed
      and within its width limits for over the road travel to a position clear
      of the wheels and outboard of the width limits.
PAR  Thus, the loader and unloader provides a readily controlled, powered
      mechanism for positive manipulation of long bulky articles between a truck
      bed and an off-load site. The mechanism can be collapsed and retracted
      into a compact structure with the width limits of the vehicle when the
      vehicle is in transit. Control of hydraulically powered drive means for
      the several parts is conveniently accomplished, as by a truck driver from
      a position remote from the load, using a control box having electrical
      switches coupled by cable to solenoid operated valves. The valves in turn,
      control the flow of hydraulic fluid to the several drive mechanisms.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic elevational view of the apparatus in accordance with
      this invention mounted on a semi-trailer and positioned to transfer an
      object between a load area adjacent the trailer bed and the load support
      element;
PAR  FIG. 2 is a view similar to FIG. 1 illustrating the apparatus in a position
      to transfer an object between the trailer bed and the load support
      element;
PAR  FIG. 3 is a view similar to FIG. 1 illustrating the apparatus in a stored
      position for transit;
PAR  FIG. 4 is an enlarged side elevational view of the apparatus and fragments
      of the vehicle bed and frame shown in FIG. 3;
PAR  FIG. 5 is an enlarged end elevational view of the apparatus of FIG. 4 taken
      along the line 5--5 thereof with portions of the vehicle bed, and guide
      rails sectioned and the power unit and its supports eliminated to reveal
      greater detail;
PAR  FIG. 6 is an end view similar to FIG. 5 taken along line 6--6 of FIG. 4
      with the load supporting cradle eliminated and certain elements shown in
      invisible lines to illustrate their relationship when in the stored
      position;
PAR  FIG. 7 is an end view taken at line 5--5 of FIG. 4 with the apparatus
      extended and the load supporting means rotated out of the stored position;
PAR  FIGS. 8, 9 and 10 are enlarged side views of the base to sub-base
      relationship to the latch means illustrating the stored position and
      latched condition, the stored and unlatched condition, and the load
      transfer position as latched respectively;
PAR  FIG. 11 is a schematic elevational side view taken from the vehicle main
      frame side of the support for the drive which moves the apparatus along
      the side of the vehicle broken away to show only portions of the vehicle
      and broken along the drive chain length to facilitate illustration of the
      chain tensioning and mounting means;
PAR  FIG. 12 is an end elevational view of the apparatus of FIG. 4 raised to
      position the load support means to the height for transferring load
      between the vehicle and the support means;
PAR  FIG. 13 is a side view of the mechanism as illustrated in FIG. 12; and
PAR  FIG. 14 is a fragmentary top view of the vehicle bed above the power unit
      and an end portion of the base of the mechanism showing the support of the
      power unit housing in the stored position and a phantom view of that
      housing in the extended position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 through 3 illustrate a tractor 20 and semi-trailer 21 having a flat
      bed 22 supported by a frame 23. The bed 22 has side rails 24 attached to
      the main frame member 25 by cross members 27. Conventionally the side
      rails 24 have stake pockets 28 within a rub rail 29 defining the width
      limit of the vehicle.
PAR  Guiding rails 31 and 32 as shown in FIGS. 4 through 7 are applied
      respectively to the conventional main frame member 25 and side rail 24 for
      support of a load manipulating device or a loader and unloader 33. Rail 32
      is positioned on the bed side rail 24 with an upper load bearing face 34 a
      lower face 35 and an inner face 36 each of which is engageable by rollers
      of the base 37 of device 33 as will be explained. Rail 31 has an upper
      load bearing face 38 engagable by rollers 39 of base 37. Where rail 31 is
      a channel having its web secured against main frame member 25, the upper
      flange of the channel has an inner face 41 providing a lower face for
      engagement by rollers 39 under certain conditions of loading.
PAR  Base 37 comprises a carriage including outer channel form members 42 on
      which shafts 43 and 44 for rollers 45 and 46 are secured as by threaded
      connections in suitably tapped apertures. Lock nuts 47 and 48 secure the
      shafts when in position to properly locate rollers 45 and 46. Extending
      inward from members 42 are cross braces 49 which are secured to member 42
      and back plate 50 as by welding to form a carriage sub-frame 51. Two such
      carriage sub-frames 51 are longitudinally spaced along the side by back
      plate 50 and coupling plate 52 having its major plane parallel to those of
      back plate 50 and members 42 of each sub-frame. Rollers 39 are secured to
      back plates 50 by threaded connection of shafts 53. Thus two coupled
      sub-frame assemblies 51 form a carriage base 37 which is roller supported
      on the upper faces 34 and 38 of rails 32 and 31 and thus by the vehicle
      from one of its main frame members 25 and a side rail 24.
PAR  A plate 54 spans the upper portion of each cross brace 49 pair of each
      sub-frame 51 and provides a mounting for generally vertical shafts 55 on
      which rollers 56 are rotatably journaled. Rollers 56 are located to bear
      upon the inner face 36 of rail 32 to retain the base or carriage 37 on its
      rail supports 31 and 32.
PAR  The major elements supported from carriage or base 37 are sub-bases 57,
      from which depend inner booms 58 pivotally coupled at 60 to outer booms 61
      which carry journals 62 for the turning tube 63 of load engaging cradle
      64. A power unit 65 is mounted adjacent the left-hand sub-frame 51 as
      viewed in FIG. 4. The carriage or base can be mounted on either side of
      the vehicle 21.
PAR  Sub-bases 57 are made up of paired plates 66 and 67 pivoted to respective
      sub-frames 51 at 68 by a pivot rod secured to cross braces 49. Outer plate
      66 and inner plate 67 are each of "L" shape and have a short leg 69 and 71
      respectively which extends from the pivot 68. The apices of the legs of
      plates 66 and 67 extend downward from their support pivot 68 so that upon
      counterclockwise rotation through about 90.degree. of sub-base 57 as
      viewed on FIGS. 5 and 6 the longer legs 73 and 74 of the "L"s are
      positioned vertically and the apices are outboard of the width limit of
      vehicle. Inner boom 58 is pivoted to the sub-frame 57 at 59 near the
      apices of the sub-frame legs so that the rotation of those legs around
      pivot 68 extends pivot 59 and the inner end of the inner boom 58 beyond
      the width limit of the vehicle. This affords a large arc of motion for
      inner boom 58 free of the rub rail 29.
PAR  A reciprocating drive 76 for inner boom 58 in the form of a cylinder 77 and
      piston rod 78 is coupled at the cylinder back end to sub-base 57 by pivot
      79 and to the inner boom through rod 78 at pivot 81. Pivot 79 is
      positioned outboard of the inner boom pivot 59 while pivot 81 is offset on
      lobe 82 of inner boom side plates 83 and 84 further enlarging the arc of
      motion through which the boom can be carried.
PAR  Outer booms 61 are pivotally coupled to the outer ends of inner booms 58 at
      pivots 60 on offset lobes 86. Each outer boom has a guide section 87 and
      an extension section 88 having telescoping tubes 89 of generally
      rectangular form. Tubes 89 are of a length to pass through the guide
      sections 87 to a back end 90. The offset lobes 86 position the pivots 60
      to clear tubes 89. Guide sections 87 are coupled to reciprocating drives
      91 at the front end of that drives, piston rods 92, by means of pivotal
      couplings 93. The back ends of drives 91, hydraulic cylinders 94, are
      coupled to lobes 95 at pivots 96 on inner booms 58 which are so located on
      the booms as to be above the vehicle bed 22 when the inner booms are
      raised. This permits the drives 91 and their outer booms 61 to extend
      across the bed 22 thereby enhancing the range of positions of cradle 64.
      The pivotal couplings 93 are also secured to lobes 97 on outer boom guide
      sections 87 to provide clearance for telescoping tubes 89.
PAR  It is desirable that the outer boom extensions 88 be adapted for
      reciprocation in the guide sections 87 even under load. In order to
      facilitate such reciprocation, anti friction means such as front and back
      roller pairs 98 and 99 are positioned to engage the top and bottom faces
      of each tube 89 and reciprocating drive means 101 such as cylinders 102
      and piston rods 103 (shown in FIGS. 5 and 6 and shown extended in FIG. 7)
      are mounted on the outer boom. Cylinders 102 are coupled by pivots 104 to
      brackets 105 extending from guide sections 87 and piston rods 103 are
      coupled by pivots 106 to journals 62 on the outer ends of extension
      sections 88.
PAR  A frame 111 is supported on the outer ends of the extension sections 88 of
      the two articulated boom linkages to support turning mechanism 112 for the
      load engaging cradle 64. As best seen in FIGS. 7 and 13, the frame is
      secured to journal tubes 107 by side bars 113 extending to a cross bracket
      114 providing mountings for pivotal connections 115 to the back ends of
      turning cylinders 116. Piston rods 117 from cylinders 116 engage dog leg
      turning links 118 at their apices by pivots 119. Turning links 118 are
      provided on a turning rod 121 extending between side bars 111. The distal
      end of links 118 have pivotal connections 122 to drive links 123 which
      pivotally engage turning cranks 124 secured on the turning tube 63 of the
      cradle 64 at 125. The dog leg form of link 118 provides extra driving
      motion to cradle 124 since it permits additional arcuate motion over that
      provided by a straight link before intersecting the turning tube 63. In
      addition drive link 123 is curved in its plane of motion to present a
      concave form toward turning tube 63 and provide additional clearance. This
      drive affords about  270.degree. of driving motion without passing through
      an over center position of the pivots.
PAR  Cradle 64 is made up of turning tube 63 journaled at 62 on the ends of the
      outer boom extension sections 88 for rotation by drive 112 described
      above. It includes arms 126 longitudinally spaced along tube 63 and
      secured thereto as by welding. A transverse channel 127 joins the arms in
      a region spaced from the tube 63. Guide tube 128 is secured to arms 126 to
      receive an "L"  shaped tine 129 in the general plane of each arm and each
      arranged to cooperate with a generally parallel tine 131 secured to tube
      128 and parallel to the longitudinal axis of arms 126. Tine 129 has a base
      tube 132 fitting within tube 128 and having a series of apertures along
      its length registering with aperture 133 in tube 128 so that a locking pin
      (not shown) can be inserted to lock the position of tine 129 and its
      spacing from tine 131 as desired for the load to be manipulated.
PAR  A locking means 135 is provided to maintain each sub-base 57 in its stored
      position beneath bed 22 and its operative load transfer position extended
      beyond the width limits of the vehicle. Each sub-base has an array of
      studs protruding outward from its outer plate 66 and coaxial with pivots
      68 and 79. Each plate 66 also has a stud 136 at the distal end of its long
      leg 73. Outboard of each sub-base 57 is an "L" shaped plate providing the
      locking means by virtue of sockets 137, 138 and 139 located to register
      with the array of studs 68, 79 and 136 and to receive one of those studs
      in the stored position and the array of studs in the load transfer
      position. As shown in FIGS. 5 and 6, when stored the mechanism presents
      stud 79 in registry with socket 137. FIGS. 7 and 12 show the registration
      of studs 68, 79 and 136 with sockets 137, 138 and 139 respectively when
      sub-base 57 is in the load manipulating condition. Engagement of the studs
      with sockets 137, 138 and 139 is accomplished by shifting lock plate 135
      laterally of the carriage or base 37. This is accomplished by sliding the
      plate along a support rod 140 from which it is pendant as shown in FIGS. 5
      and 6. Rod 140 is supported by cross brace 49 and a bracket 141 offset
      from cross brace 49.
PAR  FIGS. 8, 9 and 10 illustrate the lock plate 135 shifted toward outer plate
      66 of sub-base 57 while the sub-base is in its stored position. A spring
      key 142 maintains the lock plate with stud 79 passing through socket 137
      by virtue of the passage of the key shank through a suitable aperture in
      stud 79. In FIG. 9 the spring key 142 is removed and the lock plate 135
      shifted to the right on rod 140 to clear the end of the studs. In this
      condition the linkage drives can be manipulated to bring the sub-base to
      its load transferring condition. The latch plate is then rotated about rod
      140 to bring its sockets 137', 138 and 139 into registry with the sub-base
      studs 68, 79 and 136 and it is shifted to the left on rod 140 to fit its
      sockets over the studs. It is then locked in place by replacing spring key
      142 in the aperture in stud 79.
PAR  FIG. 11 shows an arrangement for driving the mechanism along the side of
      the vehicle. A roller chain 145 is suspended from the underbody of the
      vehicle along the range of travel of the mechanism and in a position
      paralleling the rails 31 and 32. One suitable mounting is from plates 146
      secured to the vehicle frame 23 and having apertures through which eye
      bolts 147 pass to tensioning nuts 148. The eyebolts 147 are coupled to the
      roller chain. A bight 149 is formed intermediate the ends of chain 145 by
      passing it over idler sprockets 151 and 152 on opposite sides of a drive
      sprocket 153. With the chain positioned on the sprockets, the tensioning
      nuts 148 can be turned to impose the desired tension on the chain. A
      hydraulic motor 154 is mounted on coupling plate 52 which also serves as
      the mounting for sprockets 151 and 152. Typically a No. 60 roller chain is
      suitable with idler sprockets having nine teeth and a drive sprocket
      having 12 teeth driven by a motor producing 1,500 foot pounds of torque. A
      load of several thousand pounds can be shifted longitudinally of the
      vehicle with the above form of drive.
PAR  Power is supplied to the various drive elements from a self-contained power
      unit 65 integral with the loader and unloader 33. The power package 65 is
      supported from base 37 by a housing 156 mounted on parallel arms 157 and
      158 which are arranged to move in common planes generally parallel to the
      vehicle bed by virtue of pivotal connections 159 and 161 to brackets 162
      and 163 to cross brace 49 at locations near the width limit of the
      vehicle, in the case of bracket 162, and inward therefrom the depth of
      housing 156, in the case of bracket 163. Arm 157 is connected to housing
      156 at pivot 164 while arm 158 is connected at pivot 165 such that the
      housing can be swung outward as shown in FIG. 14 when it is desired to
      drive the loader-unloader along side the wheels of the vehicle.
PAR  The power unit includes a gasoline engine or other drive means 166 for a
      hydraulic pump 167, a battery 168, generator 169, valving (not shown) and
      a hydraulic reservoir 171. Hydraulic valving (not shown) to the drive
      units for the double acting cylinders 77, 94, 102 and 116 and motor 154 of
      the several drives can be provided either at the power unit or on the
      sub-base with suitable tubing (not shown) from the pump 167 to the valving
      and from the valving to the front and rear of the respective cylinders. A
      remote control station (not shown) can be connected to the valve solenoids
      as by an electrical cable from a control switch box having an inner arm
      switch to control fluid to cylinders 77 and having an "up", "down" and
      "off" position, a similar switch for the outer arm control to the solenoid
      valving controlling fluid to cylinders 94, a cradle tilt control switch
      with a "left", "right" and "off" condition to control fluid to cylinders
      116, an outer arm extension control switch having an "in", "out" and "off"
       position to control fluid to cylinders 102 and a travel control switch
      for control of fluid to motor 154 having a "forward", "reverse" and "off"
      position. It is also desirable to include an emergency stop switch in the
      control box as a safety precaution.
PAR  It is to be understood that when actuated for "up" motion fluid is admitted
      to the back end of cylinders 77 and 94 while "down" motion involves
      admitting fluid to the front or piston rod end of the cylinders, in each
      instance bleeding the fluid from the opposite end of the cylinder back to
      the reservoir. Similarly the cradle tilt cylinder 116 has fluid admitted
      to the front end for "left" rotation as viewed from the rear of a vehicle
      having a right-side mounted loader and unloader 33 and admitted to the
      rear of cylinder 116 for "right" rotation. Extension of the extension
      section 88 outward of guide section 87 is accomplished by applying fluid
      to the back end of cylinder 101, and retraction of that section is by
      admitting the fluid to the front end of the cylinder 101.
PAR  The operation and versatility of the booms 58 and 61 and cradle 64 can be
      appreciated by considering the sequential movement of the booms from the
      stored position illustrated in FIGS. 4, 5 and 6 to the extended position
      of FIG. 7 and the raised position of FIGS. 12 and 13. The booms are
      unfolded by actuating the inner boom cylinder 77 to extend rod 78 and
      cause the inner boom 58 to pivot clockwise about pin 75 until it is
      extended with its outer end outboard of the width limits of the vehicle,
      for example as shown in FIG. 7. The outer boom 61 is then pivoted about
      pivot 85 to bring it into contact with a support surface such as ground to
      relieve the weight of the linkages by applying fluid to outer boom
      cylinders 94 to extend rods 92 and rotate outer booms 61 clockwise. This
      relieves the forces on lock plates 135 so that sockets 136 can be
      withdrawn from stud ends of pivots 79. Retraction of rods 78 into
      cylinders 77 while the linkage is supported at its outer end will cause
      sub-bases 57 to rotate clockwise about their pivots 68 to base 37 and
      bring them to a vertical position. Lock plates 135 are then moved to
      receive the stud ends of pivots 68 and 69 and stud 134 in sockets 136,
      137' and 138 thereby locking sub-base in its vertical position. With the
      sub-base locked vertically the apparatus is conditioned for load
      manipulating operations.
PAR  Under extreme loading conditions the turning moment imposed by the unloader
      may be excessive and unduly burden the vehicle suspension system. A ground
      engaging foot 175 is provided to support the loader-unloader 33 under such
      conditions. Sub-base 57 has a foot support frame 176 secured between its
      inner plates 67. Frame 176 as shown in FIGS. 12 and 13 comprises a cross
      member 177 between lobes 178 on the inner plates 67 and a guide tube 179
      having its longitudinal axis parallel to the longitudinal axes of the legs
      73 and 74 of each sub-base 57 secured to cross member 177 and to lower
      cross member 181 extending between all plates 66 and 67 of the sub-base
      57. A leg 182 fits into guide tube 179 and carries the foot 175 on its
      lower end. Leg 182 is adjustably extensible from guide tube 179. It is
      raised to retract essentially the entire length of the leg for storage and
      is locked with a lock pin at 183 in aperture 184. Lock pin 183 also fixes
      the ground engaging extension of leg 182 by its engagement with one of a
      series of registrable apertures in the leg within tube 179.
PAR  Once the sub-base is locked and, if deemed desirable the foot 175 extended,
      the operation of the unloader is accomplished by the coordinated operation
      of the drive elements whereby tines 129 and/or 131 are engaged with a load
      by advancement or retraction of outer boom extension 88, rotation of
      cradle 64 by drive 112 or the manipulation of the inner and outer booms
      either individually or in a coordinated manner.
PAR  Storage of the unit once its load manipulating functions are completed
      involves removal of tines 129 from guide tubes 128, retraction of support
      foot 175 by retracting leg 182 and inserting lock pin 183 in aperture 184,
      release of lock plates 135 from sub-bases 57 the reverse manipulation of
      the boom drives against the ground to pivot sub-bases 57 around pivots 68
      so that their longer legs 73 and 74 are generally parallel to the bed 22
      and can be latched in that position by lock plate 135. The inner and outer
      booms are then manipulated to their retracted position, the power unit is
      returned to within the width limits of the vehicle, and its latch lever
      186 rotated about its pivot bracket 187 on arm 157 to extend behind side
      rail 24 and retain the unit in its traveling position.
PAR  The outer boom 61 is locked by lock plate 135 for storage and transport of
      the loader and unloader 33 over the road. With the lock plate 135
      positioned as shown in FIGS.. 5 and 6 its socket 130 registers with a
      socket in a bracket (not shown) on the outer boom 61 guide section 87. A
      pin can be inserted through these registered sockets and secured as by a
      spring key 142. With the entire assembly locked within the width limits of
      the vehicle the "L" shaped removable tines 129 can be mounted in sockets
      (not shown) on the inner sides of the cradle arms 126 which receive the
      base tubes 132 and when secured by lock pins through the apertures in 126
      maintain the tines on top of turning cranks 124 and extending along the
      length of turning tube 63. Thus all elements of the mechanism are
      maintained in an integral assemblage for transport and are latched in
      position against displacement such as might be caused by loss of hydraulic
      pressure or the shocks imposed during travel of the vehicle.
PAR  It is to be understood that the above described embodiment of a loader and
      unloader lends itself to many variations without departing from the spirit
      and scope of the invention. Therefore, the preceding disclosure is to be
      read as illustrative and not in a limiting sense.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Load transfer mechanism adapted for mounting on the side of a vehicle
      having a width limit and adapted for the transfer of load articles between
      the vehicle bed and a location adjacent the vehicle comprising:
PA1  a base attached to the side of the vehicle;
PA1  a sub-base;
PA1  an inner boom having first and second ends;
PA1  a first pivotal coupling between said inner boom first end and said
      sub-base;
PA1  means mounting said sub-base for movement relative to said base over a
      range of motion which includes a first position in which said first
      pivotal coupling and said inner boom first end are within said vehicle
      width limit and beneath the vehicle bed and a second position in which
      said first pivotal coupling and said inner boom first end are located
      beyond the width limit of said vehicle;
PA1  first operating means for driving said inner boom around said first pivotal
      coupling;
PA1  an outer boom having first and second ends;
PA1  a second pivotal coupling between said inner boom second end and said outer
      boom first end, said second pivotal coupling being spaced from said outer
      boom second end a distance within the width limit of the vehicle when said
      sub-base is in said first position and being spaced from said inner boom
      first end a distance less than the height of said first coupling above
      ground level when said sub-base is in said second position;
PA1  means attached to said outer boom second end for engaging load articles to
      be transferred; and
PA1  second operating means connected to said outer boom and adapted to drive
      said outer boom second end in an arc around said second pivotal coupling.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said sub-base mounting means
      includes a third pivotal coupling between saidd base and said sub-base
      spaced on said sub-base from said first pivotal connection.
NUM  3.
PAR  3. Apparatus according to claim 1 including locking means to maintain a
      position of said sub-base with respect to said base.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said locking means includes a
      rigid lock link; and at least a first fixed coupling means between said
      base and said lock link and at least a second fixed coupling means between
      said sub-base and said lock link when said sub-base is in said first
      position.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein said locking means includes a
      rigid lock link; and at least a third fixed coupling means between said
      base and said lock link and at least a fourth fixed coupling means between
      said sub-base and said lock link when said sub-base is in said second
      position.
NUM  6.
PAR  6. Apparatus according to claim 4 wherein said first fixed connection is a
      shaft mounted on said base for supporting said lock link for reciprocation
      along the axis of said shaft with respect to said base whereby said lock
      link is adapted to be reciprocated toward said base to engage said second
      fixed coupling means and away from said base to release said second fixed
      coupling means.
NUM  7.
PAR  7. Apparatus according to claim 4 wherein said first fixed coupling means
      is a shaft mounted on said base for supporting said lock link for
      reciprocation along the axis of said shaft with respect to said base and
      for rotation about said shaft whereby said lock link is adapted to be
      reciprocated toward said base to engage said second fixed coupling means
      and away from said base to release said second fixed coupling means when
      said sub-base is in said first position; a third fixed coupling means
      between said base and said lock link and a fourth fixed coupling means
      between said sub-base and said lock link, said lock link being adapted to
      engage said first and third fixed coupling means with said base and said
      second and fourth fixed coupling means with said sub-base when
      reciprocated toward said base while said sub-base is in said second
      position.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said lock link has a first arm
      extending generally parallel to the bed of the vehicle and a second arm
      extending generally perpendicular to the bed of the vehicle when said
      sub-base is in said second position and said second, third and fourth
      fixed coupling means are engaged.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein said base is movably attached to
      the vehicle for aligning said apparatus at selected positions along the
      side of the vehicle bed.
NUM  10.
PAR  10. Apparatus according to claim 9 including a first rail proximate a first
      side of the vehicle bed having upper, lower and side surfaces extending
      parallel to the first side of said vehicle bed; a second rail located
      between said first side of said vehicle bed and a side of said vehicle bed
      opposite said first side and spaced from said first side, said second rail
      having an upper surface extending parallel to the first side of said
      vehicle bed; a first plurality of rollers for rolling engagement with said
      upper surface of said first rail and rotatably mounted on said base; a
      second plurality of rollers for rolling engagement with said lower surface
      of said first rail and rotatably mounted on said base; and a third
      plurality of rollers for rolling engagement with said upper surface of
      said second rail and rotatably mounted on said base.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein said second rail has a
      downwardly facing surface extending parallel to the first side of said
      vehicle bed, parallel to said upper surface and spaced above said upper
      surface for rolling engagement with said third plurality of rollers under
      certain loading conditions of said load transfer mechanism.
NUM  12.
PAR  12. Apparatus according to claim 10 including a fourth plurality of rollers
      for rolling engagement with the side of said first rail adjacent said
      second rail and rotatably mounted on said base.
NUM  13.
PAR  13. Apparatus according to claim 9 including means for moving said base
      relative to the vehicle.
NUM  14.
PAR  14. Apparatus according to claim 13 including an elongate, flexible member
      secured in tension at spaced locations on said vehicle bed parallel to the
      side of said vehicle bed; rotatable traction means mounted on said base
      and engaging at least a bight of said flexible member between said spaced
      locations; and drive means for said traction member mounted on said base.
NUM  15.
PAR  15. Apparatus according to claim 14 wherein said flexible member is a
      roller chain and said traction means is a drive sprocket; and including a
      pair of idler sprockets engaging said chain each adjacent said drive
      sprocket and intermediate said drive sprocket and a respective one of said
      spaced locations at which said roller chain is secured in tension to said
      vehicle bed.
NUM  16.
PAR  16. Apparatus according to claim 1 including a ground engageable support
      foot mounted on said sub-base and adapted to be engageable with ground
      when said sub-base is in said second position.
NUM  17.
PAR  17. Apparatus according to claim 16 including a leg extending upward from
      said support foot when said sub-base is in said second position; and an
      adjustable coupling between said leg and said sub-base whereby the
      extension of said leg and support foot can be varied.
NUM  18.
PAR  18. Apparatus according to claim 1 wherein said outer boom includes a guide
      section and an extension section telescopically mounted on said guide
      section and supporting said means for engaging load articles said
      extension section being arranged for movement longitudinal of said guide
      section to extend the effective length of said boom by moving said means
      for engaging load articles outward from said second pivotal connection;
      and third operating means connected between said first end of said outer
      boom and said extension section for movement of said extension section
      longitudinal of said outer boom and relative to said second pivotal
      connection.
NUM  19.
PAR  19. Apparatus according to claim 18 wherein said guide section includes
      longitudinally spaced anti-friction rollers engaging said extension
      section on opposed portions to accommodate movement of said extension
      section and longitudinally of said guide section.
NUM  20.
PAR  20. Apparatus according to claim 1 including a power unit for supplying
      power to at least one of said operating means; support means for said
      power unit; and mounting means for said support means secured to said base
      and shiftable thereon from beneath the bed of said vehicle and within the
      width limit thereof to a position generally beyond the width limit
      thereof.
NUM  21.
PAR  21. Apparatus according to claim 20 wherein said support means comprises a
      frame having depth and length in dimensions generally parallel to the bed
      of said vehicle and wherein said mounting means comprises a pair of link
      arms pivotally mounted on said base at an end thereof beyond the range of
      motion of said inner and outer booms, said link arms and said support
      being beyond the range of motion of said inner and outer booms when said
      mounting means is within the width limit of said vehicle and when said
      mounting means is generally beyond the width limit of said vehicle.
NUM  22.
PAR  22. Apparatus according to claim 9 wherein said vehicle has wheel like
      elements for supporting it on the ground, the bed of said vehicle being
      spaced from the upper limits of said wheel like elements; and wherein said
      base is dimensioned to pass between the bed of said vehicle and the upper
      limits of said wheel like elements when positioned in alignment with said
      wheel like elements along the side of the vehicle bed.
NUM  23.
PAR  23. Apparatus according to claim 22 including a power unit for supplying
      power to at least one of said operating means; support means for said
      power unit comprising a frame having depth and length in dimensions
      generally parallel to the bed of said vehicle; a mounting for said support
      means comprising a pair of link arms pivotally mounted on said base to
      define arcs in planes generally parallel to the bed of said vehicle, said
      arms being dimensioned and positioned to pass between the bed of said
      vehicle and the upper limits of said wheel like elements when moved along
      the defined arcs.
NUM  24.
PAR  24. Apparatus according to claim 1 including a rotatable coupling between
      said second end of said outer boom and said load engaging means, said
      rotatable coupling having an axis of rotation parallel to the side of the
      vehicle bed; an offset coupled to said load engaging means and extending
      radially from the axis of rotation of said rotatable coupling;
      reciprocating operating means for said load engaging means mounted on said
      outer boom; a turning arm; a fourth pivotal coupling from said arm to said
      outer boom; a fifth pivotal coupling between said reciprocating operating
      means and said turning arm at a location on said arm spaced from said
      fourth pivotal coupling; and a link pivotally coupled to said offset and
      said turning arm, the coupling between said link and said arm being spaced
      along said arm from said fourth and fifth pivotal couplings.
NUM  25.
PAR  25. Apparatus according to claim 24 wherein said pivotal couplings to said
      arm are spaced along said arm with said fifth coupling between said fourth
      coupling and the coupling between said link and said arm.
NUM  26.
PAR  26. Apparatus according to claim 25 wherein said link is convexly arcuate
      along its length relative to and in a plane normal to the axis of rotation
      of said rotatable coupling whereby the motion defined by said offset and
      said turning arm is free of the axis of rotation of said rotatable
      coupling over a greater range than a straight link.
NUM  27.
PAR  27. Apparatus according to claim 22 wherein said sub-base has a leg which,
      when in said second position, extends generally perpendicular to the bed
      of the vehicle outside the width limits thereof; including a rigid lock
      link for maintaining said sub-base in said second position; means to
      secure said lock link to said base; and means to secure said lock link to
      said sub-base when in said second position; said lock link having a first
      leg extending generally parallel to the bed of said vehicle and
      dimensioned to pass between the bed of said vehicle and the upper limits
      of said wheel like elements when positioned in alignment with said wheel
      like elements along the side of the vehicle bed; and said lock link having
      a second leg extending generally perpendicular to the bed of the vehicle
      adjacent said leg of said sub-base.
NUM  28.
PAR  28. Apparatus according to claim 2 wherein said first, second, and third
      pivotal couplings have pivot axes parallel to the side of said vehicle bed
      and including a second inner boom, a second outer boom and a second
      sub-base spaced apart from said first mentioned inner and outer booms and
      a sub-base, said second inner and outer booms and said second sub-base
      having pivotal couplings corresponding to said first, second and third
      pivotal couplings and having pivot axes common with said respective
      pivotal couplings.
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ABST
PAL  A multi-purpose vehicle for transporting material in bulk form such as
      trash, waste, and rubble or in packaged form such as, boxes, containers,
      pallet loads, and the like. An elongated walled vehicle body having a
      floor, an anti-friction surface on the floor, and twin side by side
      endless belts of reinforced neoprene, each having a top lay movable under
      load along said anti-friction surface and a bottom lay extending beneath
      the floor in engagement with a plurality of drive rollers. The drive
      rollers include two horizontally spaced rollers and a third roller spaced
      below and between the two rollers, the horizontally spaced rollers being
      spaced apart less than the diameter of the third roller therebeneath. A
      motor means carried beneath the floor drives through a common drive
      portion the set of three drive rollers for each belt.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Disposal of heterogeneous solid wastes often requires the collection of
      such waste material at a collection point and then transportation of the
      waste material to a permanent remote disposal site. Such heterogeneous
      solid waste includes trash, rubble, and a multitude of different types of
      material of different size, shape and density. Such waste material from
      large urban areas is often collected at dump sites from which the waste
      material is loaded by bulldozers or clam buckets into tractor-trailer type
      vehicles for hauling to permanent disposal sites located in areas remote
      from such urban centers.
PAR  Prior proposed vehicle bodies for hauling such waste material have included
      truck bodies capable of being tilted to a sufficient angle so that trash
      carried thereby will move by gravity off the discharge end of the body.
      Since such discharge often occurs in non-stable soil areas, the tilting of
      the loaded truck body with a settling of one side of the vehicle results
      in overturning of the vehicle before the load is discharged. Thus such
      types of waste carrying vehicles require pre-conditioning of the soil at
      the truck dumping area. Another type of prior proposed waste hauling
      vehicle body has included a movable slat-type endless belt having a top
      lay above the floor of the vehicle body and upon which the trash is loaded
      and then moved off the end of the vehicle body by moving the slat-type
      endless belt. The slat-type endless belt construction required some
      separation between the slats at the discharge end of the vehicle body and
      where the slats moved in an arcuate path for return movement to the front
      of the vehicle body. Separation of the slats at the discharge point
      permitted trash elements to fall between such slats thereby causing
      interference with the operation of the slat-type endless belt. Cleaning
      and maintenance of such a type of vehicle body was time consuming,
      difficult and resulted in excessive "deadhead" or down time for the
      vehicle.
PAR  In another prior proposed trash hauling vehicle, a vehicle body was
      provided with a floor over which passed the top lay of an endless belt of
      continuous material. (U.S. Pat. No. 3,482,717). Such prior proposed
      endless belt was driven by an end roller at one end of the vehicle body.
      An improvement of this endless belt arrangement included the provision of
      a second endless belt beneath the top lay of the first belt to provide
      sufficient power to move the belt when under load (U.S. Pat. No.
      3,593,864).
PAR  In another prior proposed construction of such a trash hauling vehicle
      body, the top lay of an endless belt was supported on a plurality of
      closely spaced rolls. (U.S. Pat. No. 3,247,983).
PAR  Since the waste material loaded and hauled in such vehicle bodies includes
      a random mixture of many different types of elements and material and
      since heavy loads in the nature of 40,000 pounds per load are required to
      make such hauling economically feasible, such prior proposed trash hauling
      vehicles were not wholly satisfactory. It is desirable that a trash
      hauling vehicle be capable of being readily loaded, the load should be a
      maximum load in the order of 40,000 pounds depending upon governmental
      highway load restrictions, and that such a maximum heay load be capable of
      discharge from the vehicle body without overturning of the vehicle. It is
      also desirable that the interior of the vehicle body be capable of being
      readily cleaned and flushed with fluid under pressure such as water or
      steam and that the means for moving the trash from the vehicle body be
      free from entanglement with trash particles which might render the trash
      moving means inoperative.
PAC  SUMMARY OF INVENTION
PAR  This invention relates to a novel construction of a trash hauling vehicle
      body which achieves the objectives mentioned above and which avoids the
      disadvantages of the prior proposed trash hauling vehicle bodies. The
      invention contemplates a trash hauling vehicle body having an extremely
      clean non-interfering trash hauling compartment arranged to be readily
      loaded and to discharge a trash load therein relatively rapidly and
      uniformly.
PAR  The main object of the present invention therefore, is to provide a novel
      multi-purpose vehicle primarily capable of effectively hauling
      heterogeneous solid waste materials or discrete packaged material if
      desired.
PAR  An object of the invention is to provide a trash hauling vehicle body
      having means for moving the trash therein and constructed in such a manner
      that its operability is relatively unaffected by the type of trash
      material being hauled.
PAR  Another object of the present invention is to provide a trash hauling
      vehicle in which novel drive means are provided for moving an endless belt
      means along the floor of the vehicle body.
PAR  Another object of the present invention is to provide a trash hauling
      vehicle body in which the top lay of an endless belt means is supported on
      anti-friction material so that under load a relatively small motor means
      may be used to drive the endless belt means.
PAR  A further object of the present invention is to provide a waste hauling
      vehicle body having twin or side by side endless belt means each having a
      top lay over the floor of the body and a bottom lay beneath the floor of
      the body.
PAR  A still further object of the present invention is to provide a trash
      hauling vehicle body including a novel frame structure supporting the
      vehicle body adapted to withstand compressive forces during operation
      which might result in buckling of the vehicle frame structure caused by
      moving such heavy loads.
PAR  A still further object of the invention is to provide a vehicle body
      adapted to haul either trash or packaged products in which twin endless
      belt means are operable either separately or in unison through a common
      drive means.
PAR  Another object of the present invention is to provide a novel drive means
      for such twin endless belt means.
PAR  Other objects and advantages of the present invention will be readily
      apparent from the following description of the drawings in which an
      example of the invention is shown.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a vehicle embodying the present
      invention.
PAR  FIG. 2 is a slightly enlarged plan view of the vehicle body shown in FIG.
      1, the view partly in section and taken along the horizontal transverse
      planes indicated by line II--II of FIG. 1.
PAR  FIG. 3 is a vertical transverse sectional view taken in the plane indicated
      by line III--III of FIG. 2.
PAR  FIG. 4 is a fragmentary elevational view of drive means shown in FIG. 1,
      the cover for said drive means being removed.
PAR  FIG. 5 is a schematic view of the drive system for the endless belt means
      shown in FIG. 1.
PAR  FIG. 6 is an enlarged fragmentary side view of drive means for one of the
      endless belts.
DETD
PAR  In FIG. 1 there is shown a tractor-trailer combination including a trailer
      vehicle body generally indicated at 10 embodying this invention. Generally
      speaking, trailer vehicle body 10 is connected in well-known manner by a
      fifth wheel 11 to a prime mover or tractor 12. Vehicle body 10 includes
      jack leg supports (not shown) for supporting the front end of body 10 when
      the prime mover 12 is detached therefrom. Vehicle body 10 may be about 33
      feet long, 8 feet wide, and capable of carrying a load of approximately
      40,000 pounds.
PAR  Vehicle body 10 comprises a body frame structure 14 including
      longitudinally extending box section frame members 15 along sides of the
      body. Frame members 15 are interconnected transversely by a plurality of
      transverse beams 16 of I section having their ends secured to longitudinal
      frame members 15 by gusset plates 17.
PAR  At the rear of body 10 a four-wheel truck generally indicated at 20 is
      supported in well known manner from a truck mounting frame means including
      transverse truss type beams 21 secured by gussets 22 to frame members 15
      and providing space beneath the transverse beams 16 for passage of the
      bottom lay of the belt means. The frame structure also includes
      longitudinally extending horizontal fenders 23 for wheels of the wheel
      frame. Fenders 23 may be connected to a transverse downwardly and
      rearwardly inclined plate 24 serving as a protection apron or skirt for
      the rear wheels of the vehicle body.
PAR  At the front end of the vehicle body the frame structure may include a
      suitable arrangement of structural members generally indicated at 26
      providing necessary support for pin 27 of the fifth wheel assembly 11.
PAR  Centrally of the vehicle body the frame structure is provided with a
      depending frame means generally indicated at 29 comprising longitudinally
      spaced vertical members 30 including intermediate vertical members 31
      (FIG. 6) which are interconnected by longitudinally extending frame
      elements 32, 33, transverse members 34 and diagonal bracing members 35.
      The frame means is arranged to support drive means for the endless belt
      means as later described. The ends and sides of the frame means may be
      suitably covered by removable or raisable side and end plates 36 and 37 to
      house drive means for protection against loose material and objects on a
      road or surface over which the vehicle is traveling.
PAR  It is important to note that the framing at the rear end of the vehicle
      body and at the four-wheel truck is connected to the adjacent end of the
      depending frame means 29 by means of a centrally located longitudinally
      extending compression member 39 of box section. Compression member 39
      rigidly connects the four-wheel truck frame and the depending central
      frame means for stiffening the rear portion of the frame structure which
      is subjected to compressive forces of great magnitude during unloading of
      the vehicle body as later described.
PAR  Vehicle body 10 also comprises a floor 41 supported upon the transverse
      members 16 and may comprise longitudinally extending tongue and groove
      wood boards of suitable thickness. Vertical side walls 42 of metal sheet
      material are reinforced and supported by exterior vertical members 43 of
      suitable section such as box section. The vertical walls 42 present an
      uninterrupted smooth metal surface on the interior of the vehicle body.
      When the body is designed for hauling trash, it is preferable that the
      horizontally spaced vertical walls 42 diverge in the direction of the rear
      of the vehicle body, such divergence of the side walls being emphasized in
      FIG. 2. The diverging outwardly flaring side walls permit movement of the
      load carried by the body toward the rear or discharge end of vehicle body
      without binding and avoiding possible compaction of the material. It
      should be noted that the joint between the side walls and the floor is a
      plain right angle joint.
PAR  A front wall 45 extends across the front of the body 10 and between the
      front ends of the side walls 42. Front wall 45 is provided with an
      interior deflector plate 46 which is downwardly and rearwardly inclined to
      a transverse horizontal line spaced a selected distance above the floor 41
      to permit passage beneath said deflector plate of top lays of the endless
      belt means. The interior surface of the front wall 45 and the deflector
      plate 46 are also smooth and uninterrupted to prevent interference with
      material being hauled.
PAR  On the floor 41 of the vehicle body 10 is secured a sheet of material such
      as a cement-asbestos composition board 48 which presents a top surface 49
      having anti-friction characteristics with respect to the endless belt
      means. Sheet 48 extends transversely to the side walls and for the entire
      length of the vehicle body. The sheet of cement-asbestos material is also
      resistant to different materials being hauled, is weather resistant, and
      is capable along with the metal side surfaces of the front end side walls
      of being readily flushed and cleaned with a high pressure fluid such as
      water or steam. An example of a suitable sheet cement-asbestos board is
      made and sold under the name Cemasbestos by John-Manville Corporation.
PAR  Endless belt means generally indicated at 51 may comprise a set of twin
      endless belt means 52 and 52' which substantially cover the board 49 and
      which are spaced slightly from side walls 42 and are spaced from each
      other along the center line of the vehicle body as at 53. The top lays 54,
      54' are guided along parallel longitudinal paths by center and side guide
      blocks 55 and 56 secured to the floor at the rear end of the vehicle body
      and by corresponding guide blocks 57 and 58 at the front end of the
      vehicle body. The front guide blocks 57 and 58 are located beneath the
      deflector wall 46. Each of the guide blocks may be made of a solid
      rectangular metal plate having a thickness approximately the thickness of
      the endless belts 52, 52'. A relatively loose tolerance is provided
      between the guide blocks 55, 56 and the side edges of the belt means 52,
      52'.
PAR  Each endless belt 52, 52' may be made of a reinforced neoprene material
      which is resistant to the various types of waste material being hauled.
      The bottom surface of the endless belt 52 is smooth and has little
      frictional affinity for the top smooth surface of the cement-asbestos
      board 49. Such a neoprene reinforced belt may be reinforced by metal or
      high tensile strength filaments embedded longitudinally in the neoprene.
      Ends of each neoprene belt 52, 52' may be preferably releasably coupled
      together to form the endless belt means by means of suitable hinge and pin
      coupling connectors. A releasable coupling is desirable in the event an
      endless belt means becomes damaged or must be replaced.
PAR  The top lays 54, 54' of the endless belts 52, 52' are supported by the top
      surface of the cement-asbestos board 48 and also by end idle rollers
      provided at opposite ends of the vehicle body 10. At the rear of body 10
      idle rolls 60 and 60' are supported on a common shaft with a spacer idle
      roll 61 therebetween. Ends of the common shaft 62 are supported in
      suitable bearing means 63 secured to upstanding posts 64.
PAR  At the front end of the vehicle body similar idle rolls 65, 65' are
      supported from a common shaft 66 having its ends in suitable bearings
      means carried by the frame structure in similar manner (not shown). Idle
      rolls 60, 60'; 65, 65' may be of a sufficient diameter so that the bottom
      lays 68, 68' will be guided into a path immediately below and parallel to
      the bottom surfaces of transverse frame members 16. As best seen in FIG.
      1, idle rolls 60 and 60' extend rearwardly from the rear edge of floor 41
      and project over the protective apron 24 so that material leaving the
      endless belt means 51 will fall rearwardly of the rear vehicle wheels.
PAR  Drive means for the endless belt means 51 is generally indicated at 70,
      FIG. 5 and may comprise sets of drive roller means 71, 71' for endless
      belts 52, 52' respectively. The sets of drive roller means 71, 71' are
      longitudinally offset and disposed on opposite sides of the longitudinal
      center line of the vehicle body as indicated in FIG. 2. The sets of drive
      roller means 71, 71' are enclosed within the side and end plates 36 and 37
      of the depending frame means 29. Each set of drive roller means 71, 71' is
      substantially the same and only one set will be described in detail.
PAR  In FIG. 6 bottom lay 68' of the endless belt 52' is passed into the
      depending frame means 29 in a plane just below the bottom of transverse
      members 17. Bottom lay 68' is passed over a pair of horizontally spaced
      top drive rolls 73' which are supported on roll shafts 74' having ends
      mounted in inboard (not shown) and outboard bearing means 75'. Each
      bearing means 75' is carried by a horizontal frame member 33 in a
      horizontal slot 76' along which bearing means 75' is horizontally and
      longitudinally slidably movable by threaded adjustment means 77' including
      a threaded shaft 78 having threaded engagement with a block 79 welded to
      the web of frame member 33. Threaded shaft 78 is rotatably mounted in the
      housing of bearing means 75' and a lock nut 80 is provided for retaining a
      selected position of top drive roll 73' in spaced relation to the other
      top roll 73'.
PAR  A third drive roll 81' is carried on a shaft 82' mounted at opposite ends
      in inboard (not shown) and outboard bearing means 83' which are slidably
      adjustable in vertical frame members 84 which extend between bottom frame
      members 32 and horizontal members 33. Adjustment means for vertically
      positioning drive roll 81' comprises a threaded shaft 85 havng threaded
      engagement with a threaded block 86 welded to the web of vertical member
      84. Lock nuts 87 are provided for retaining the third drive roll 81' in
      selected position below and between the pair of top spaced drive rolls
      73'. It will be understood that the inboard ends of rolls 73' and 81' and
      their respective shafts 74' and 82' are mounted in similar frame means and
      adjustment means as that shown in FIG. 6.
PAR  Drive rolls 73', 81' may be of the same diameter and provided with a
      cylindrical surface, such as rubber composition for enhanced frictional
      engagement with bottom lay 68' of the belt 52'.
PAR  It is important to note that the pair of horizontally spaced drive rollers
      73' are spaced apart a distance less than the diameter of the bottom drive
      roller 81'. This spacing arrangement provides a frictional driving contact
      of the surface of the endless belt 52' with the surface 89' of each top
      drive roller 73' over an arc greater than 90.degree.. In similar manner,
      the drive roller 81' has driving engagement at 90' with the surface of the
      belt means 60' over a surface area of the drive roller 81' of a subtended
      arc greater than 180.degree.. Maximum driving frictional engagement
      between the drive rollers 73', 81' with the endless belt 68' is thus
      provided.
PAR  It will also be noted that the tension imposed upon the endless belt 68' is
      adjustable by adjustably positioning the third drive roller 81' in its
      vertical relationship with the set of horizontal spaced rollers 73'. In
      view of the heavy loads imposed upon the top lay of the belt means and the
      degree of frictional contact between the top lay and the board 48, it will
      be readily apparent that the tension imposed on the bottom lay which
      extends between drive roller 73' and the rear end idle end rollers 60'
      imparts a large compressive force between the depending frame means 29 and
      the frame structure at the rear of the vehicle body. Deflection of the
      rear portion of the vehicle body which might result from such tensile
      forces is resisted by compression member 39 extending between the
      depending frame means 29 and the transverse members 21.
PAR  Each of the sets of drive roll 71, 71' have their inboard ends of their
      roller shafts extended for carrying respective drive sprockets 92, 92' for
      roll 73, 73' and sprocket 93, 93' for third roll 81, 81' (FIG. 4). A drive
      chain 94 is passed around said sprockets in a manner similar to the
      passing of the endless belt for driving said sprockets in the same
      direction of movement of said endless belt and to positively drive each of
      said drive rollers in unison to impart to the endless belt an effective
      driving force sufficient to overcome initial start up friction between the
      loaded top belt lays and anti-friction surface 49 of board 48, and to then
      move the endless belts at a selected uniform speed.
PAR  The sets of drive rollers 71, 71' are driven from a single motor means 96
      carried on a horizontal frame member of depending frame means 29. Motor
      means 96 may be a constant speed motor of relatively small horsepower,
      such as 9 or 10 horsepower at 3,000 RPM. A speed reduction system is
      driven by the motor means 96 in such a manner that both belts will be
      moved at the same speed under load conditions.
PAR  In the present example, exemplary gear ratios are given, it being
      introduced that they may be modified depending upon the payload to be
      moved by the endless belt means. Motor 96 is connected by drive chain 97
      to gear reduction means 98, the gear ratio between the sprocket at motor
      96 to the gear reduction means being 41/2 to 1. The gear means 98 includes
      a pair of oppositely disposed driven shafts 99 and 99', endless belt 52
      being driven by gear shaft 99 driving the set of drive roll 71, and shaft
      99' driving the set of rolls 71' for belt 52'. In the schematic drive
      means shown in FIG. 5 the speed reduction sprocket and shaft arrangements
      are necessitated by the longitudinal offsetting of the drive roll sets 71,
      71', the space limitations in the depending frame means 29 for driving the
      roll sets for the endless belts 52, 52' and compactness of the drive means
      along the longitudinal centerline of the body 10. Gear means 98 may have a
      reduction ratio of 31/2 to 1, output shaft 99 driving a sprocket 100 at a
      ratio of 16 to 1. Unity ratio is then transmitted through sprockets 101,
      102, 103 to sprocket 104 which drives through chain 105 a sprocket 106 at
      a ratio of 42 to 16. Sprocket 106 is carried on a transverse shaft 107
      which carries a sprocket 108 at a gear ratio of 42 to 24. Sprocket 108
      drives chain 109 which drives sprocket 110 at a ratio of 48 to 24.
PAR  A similar gear reduction is achieved from the output gear means shaft 99'
      for driving rollers 71' in unison with rollers 71. Gear shaft 99' carries
      sprocket 112 at a ratio of 16 to 1 and this ratio is transferred in unity
      through sprockets 113, 114 to sprocket 115 having a ratio of 42 to 16.
      Sprocket 115 drives through shaft 116, sprocket 117 at a 24 to 42 ratio.
      Sprocket 117 drives through chain 118, sprocket 119 having a ratio of 48
      to 24.
PAR  It will thus be apparent that a substantial speed reduction is achieved in
      parallel from gear means 98 to the drive roll sets 71, 71' and that such
      drive rolls are driven in unison in a positive manner by the drive chains
      94 which engage the sprockets on the end of the drive roll shafts.
PAR  Vehicle body 10 may be utilized in several ways. Since it was primarily
      designed for use as a trash hauling vehicle, its use for such purpose will
      be first described. Vehicle body 10 may be loaded with solid waste or
      trash by driving the vehicle body into a pit alongside a trash collection
      site whereby trash may be pushed into the top of the vehicle body by
      bulldozer type tractors. Solid waste or trash may also be loaded into the
      top of the vehicle body by clam buckets which will lift a load into
      position over the vehicle body and then drop the load through the top of
      the body. For this purpose the side walls 42 are connected with one
      central top transverse member 125 and front and end transverse members 126
      and 127 respectively. The material loads fall upon the belt means 51 and
      are prevented from spilling out of the rear end of the vehicle body by
      means of suitable gates 128 hinged to posts 64. When the load is
      completed, the trailer may be driven to its selected destination for
      unloading. Unloading is readily accomplished by opening gates 128 which
      swing outwardly and away from the material and then slowly driving the
      vehicle forwardly while the belt drive means drive the belt means 51 with
      the top lay moving in a rearward direction to discharge the load over the
      idle rollers 61. The top lay of belt means 51 may be moved by the drive
      means at a rate of approximately 2 feet per minute. Since trash material
      is in essentially bulk form, after opening gates 128 and commencing to
      unload the trash material, forward movement of the vehicle at a slow rate
      of speed will spread the trash material along a path and at a selected
      height or depth. When the belts have positively discharged all of the
      waste material from the vehicle, the vehicle may be driven to another site
      where if necessary, the interior of the vehicle can be rapidly flushed
      with a high pressure fluid such as air or water.
PAR  Positive movement of the trash material toward the rear is facilitated by
      the clean, virtually uninterrupted interior surfaces of the vehicle body.
      The flat, smooth side walls, the virtually flat floor and the flat
      conveyor belt thereupon, together with the slightly diverging arrangement
      of the side walls toward the rear of the body serves to convey and move
      the material to the discharge end of the body with virtually no
      interference or interruption. At the discharge end of the body the idle
      rollers together with the spacer roller therebetween present virtually no
      separation which might cause interference with the movement of the belt
      means or the idle rollers. It will be understood that the entire load is
      normally moved at the same time by the belt means, one half of the load
      being taken by each belt means 52, 52'.
PAR  The interior of the body and the materials used for the belt means and the
      supporting cement-asbestos board is normally resistant to any chemical
      reaction with waste materials and deterioration of the load moving belt
      means and the vehicle body is substantially reduced. Since it may be
      readily cleaned the chance of contamination between loads if other than
      trash is to be carried, is also substantially reduced.
PAR  It should be noted that the moving means for the material contained in the
      vehicle body comprises twin belts 52, 52'. If desired, clutch means 130,
      130' may be installed on the reduction gear means shafts 99, 99' so that
      either side or both sides of the drive means may be made operable. If
      desired, a removable partition may be placed between the belts in the
      vehicle body and one belt means 52 be employed for hauling one type of
      material and the other belt means for a different type of material. Such a
      partition may not be necessary where packaged goods or palleted goods are
      moved onto the vehicle body along only one of the belt means and occupies
      space on only one side of the vehicle body.
PAR  It will be understood that the endless belt means 51 may be reversed with
      respect to its direction of movement so that the top lay will move towards
      the front of the vehicle to facilitate loading of packages. In such a
      loading operation the speed of the top lay in its forward movement may be
      correlated to a feed conveyor device carrying the packages to the end of
      the vehicle for transfer to the top lay of the belt. Unloading of such
      packaged material may be accomplished by reversing the movement of the top
      lay so that the packaged material moves toward the rear of the vehicle and
      onto suitable conveyor means for transporting the material from the end of
      the vehicle.
PAR  It will be understood that a large vehicle body equipped with endless belt
      means and drive means as described above may be utilized for many
      different purposes other than hauling trash or solid waste material. It
      will be understood that various modifications and changes may be made in
      the vehicle body, drive means, endless belt means, and choice of material
      for the cement-asbestos board which come within the spirit of this
      invention and all such changes and modifications coming within the scope
      of the appended claims are embraced thereby.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vehicle for hauling trash and solid waste material, the combination
      of:
PA1  a vehicle body including a body frame structure, an uninterrupted floor on
      said structure, and upstanding side walls;
PA1  a continuous uninterrupted sheet of anti-friction material secured to and
      substantially completely covering said floor and presenting a smooth top
      surface from side wall to side wall;
PA1  said anti-friction material being non-reactive to trash and waste material
      to be hauled;
PA1  an endless belt means of reinforced neoprene material having a top lay
      slidably movable along and supported on the major portion of the top
      surface of said anti-friction material and having a bottom lay movable
      beneath said floor;
PA1  idle rollers at opposite ends of the floor for supporting said endless belt
      means in non-driving engagement;
PA1  said body frame structure including depending frame means centrally between
      ends of said body frame structure for supporting belt drive means;
PA1  and drive means for said belt means supported by said depending central
      frame means below said floor and including
PA1  a pair of spaced drive rollers having surfaces frictionally engaging said
      bottom lay and with their axes lying in the same plane and parallel to the
      plane of the bottom lay,
PA1  a third drive roller below and between said pair of drive rollers and over
      which said bottom lay has frictional contact for more than 180.degree.
      about the axis thereof,
PA1  a motor means carried by said depending frame means for said drive means,
PA1  means for driving each of said drive rollers,
PA1  and reduction gear means carried by said depending frame means connecting
      said motor means and said means for driving said drive rollers.
NUM  2.
PAR  2. In a vehicle as claimed in claim 1 wherein said sheet of anti-friction
      material consists of a sheet of cement-asbestos material.
NUM  3.
PAR  3. In a vehicle as stated in claim 1 wherein
PA1  said endless belt means includes at least two endless belts in side by side
      relation,
PA1  said drive means for said belt means including a set of three driven
      rollers carried by said depending central frame means for each endless
      belt,
PA1  said motor means comprising a single motor for selectively driving both of
      said endless belts through said reduction gear means.
NUM  4.
PAR  4. In a vehicle for hauling trash and solid waste material, the combination
      of:
PA1  a vehicle body including a body frame structure, an uninterrupted floor on
      said structure, and upstanding side walls;
PA1  a continuous uninterrupted sheet of anti-friction material secured to and
      substantially completely covering said floor and presenting a smooth top
      surface from side wall to side wall;
PA1  said anti-friction material being non-reactive to trash and waste material
      to be hauled;
PA1  an endless belt means of reinforced neoprene material having a top lay
      slidably movable along and supported on the major portion of the top
      surface of said anti-friction material and having a bottom lay movable
      beneath said floor;
PA1  idle rollers at opposite ends of the floor for supporting said endless belt
      means in non-driving engagement;
PA1  said body frame structure including depending frame means centrally between
      ends of said body frame structure for supporting belt drive means;
PA1  and drive means for said belt means supported by said depending central
      frame means below said floor and including
PA1  a pair of spaced drive rollers having surfaces frictionally engaging said
      bottom lay and with their axes lying in the same plane and parallel to the
      plane of the bottom lay,
PA1  a third drive roller below and between said pair of drive rollers and over
      which said bottom lay has frictional contact for more than 180.degree.
      about the axis thereof,
PA1  a motor means carried by said depending frame means for said drive means,
PA1  means for driving each of said drive rollers,
PA1  and reduction gear means carried by said depending frame means connecting
      said motor means and said means for driving said drive rollers;
PA1  said body frame structure including side frame members,
PA1  transverse frame members adjacent the rear of said frame structure,
PA1  and a longitudinally extending compression member centrally of said side
      frame members below said bottom lay of said belt means,
PA1  said compression member extending between a tansverse frame member at one
      end of said body frame structure and said depending frame means which
      supports said drive means.
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ABST
PAL  An end loader or forklift vehicles adapted to traverse uneven terrain and
      work surfaces and to vertically position a load, the vehicle including an
      automatic leveling device for maintaining the load and vehicle body
      transversely level regardless of uneven terrain. The leveling device
      includes means for operation in two separate angular sensitivity ranges,
      one adapted to automatically level the load and vehicle body during travel
      of the vehicle over uneven terrain, and the other range adapted to
      likewise level during stationary operation of the vehicle. To achieve this
      function the vehicle is provided with motor means for vertically
      positioning the vehicle axle and wheel assemblies relative to the vehicle
      body. The motor means is responsive to signals from the automatic leveling
      device including mercury switch means to accomplish vehicle body leveling.
PARN
PAR  This is a continuation of application Ser. No. 193,807, filed Oct. 29,
      1971.
PAC  BACKGROUND OF THE INVENTION
BSUM
PAR  The invention relates to self-propelled high ground clearance vehicles,
      such as end loaders or fork lift trucks, adapted for elevating loads on
      construction sites or work areas having uneven surfaces.
PAR  End loader vehicles, such as fork lifts are faced with unusual and
      extremely difficult operational problems and design criteria. Fork lift
      vehicles have extreme stability problems because of their high boom,
      especially when heavy loads are being transported. These problems are even
      more troublesome when fork lifts are operated on construction sites which
      have uneven terrain and are littered with debris. Of necessity, many fork
      lift vehicles are provided with a high ground clearance design which
      involves maintaining as much of the vehicle as possible elevated from the
      terrain, especially those elements which extend across the width of the
      vehicle, such as the axles. While high ground clearance facilitates
      maneuverability of fork lifts on debris littered terrain, it compounds the
      stability problem because of the elevated center of gravity which, of
      necessity, accompanies high ground clearance. The stability problem is
      particularly acute when fork lifts are required to elevate substantial
      loads to considerable heights and move about on uneven terrain while
      balancing the load.
PAR  Heretofore in utilizing fork lift trucks on or over uneven terrain or work
      surfaces, load spilling and vehicle stability have sometimes been major
      operational problems. Various attempts have been made to stabilize fork
      trucks and like vehicles in such situations. However, these stabilizing
      devices have not been satisfactory during maneuvering of the vehicle and
      load over uneven surfaces. In this regard, such devices are generally
      usable only in stationary lifting situations and are dependent upon
      operator skill in manipulation to transversely level the load and/or
      vehicle. As a consequence, these and other such devices have not been
      completely satisfactory in assuring load and vehicle stability on and over
      uneven work surfaces.
PAC  SUMMARY OF THE INVENTION
PAR  The general object of the present invention is to provide an automatic
      leveling device for an end loader vehicle which minimizes or circumvents
      the problems heretofore noted. More specifically, it is a high ground
      clearance object of the instant invention to provide a high ground
      clearance end loader vehicle wherein the vehicle body and load are
      maintained transversely level during stationary operation or mobile
      maneuvering of the vehicle.
PAR  In achieving these and other objects, as will become apparent hereinafter,
      one embodiment of the present invention provides a selfpropelled loading
      vehicle having means for elevating a load, ground engaging wheel and axle
      assembly adapted to vertically shift the vehicle body, power cylinders
      pivotally connected to the vehicle body and axle, and an automatic
      leveling system for detecting the attitude of the vehicle and for
      actuating the power cylinders for maintaining the vehicle and its load
      transversely level. The automatic leveling system is adapted to provide
      two transversely angular ranges of operation, the first range being
      constantly used for ensuring that the load is level while it is being
      positioned. The second range of the leveling system is selectively
      operable by the operator for assuring that the vehicle body and load are
      maintained transversely level while the vehicle is traveling over
      undulating ground.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an end loader vehicle embodying the
      present invention;
PAR  FIG. 2 is a plan view of the vehicle shown in FIG. 1;
PAR  FIG. 3 is a side elevational view of the vehicle, similar to FIG. 1, but
      with the load elevated;
PAR  FIG. 4 is a front end elevational view of the loader, the view being taken
      along the line 4--4 in FIG. 3;
PAR  FIG. 5 is a front end elevational view of the loader shown in FIG. 3, but
      with the front axle being tilted when the front wheels are on unlevel
      ground;
PAR  FIG. 6 is a transverse, cross sectional view showing the rear axle
      assembly, the view being taken generally along the line 6--6 in FIG. 3;
PAR  FIG. 7 is a view similar to FIG. 6, but showing a modification of the
      invention wherein fluid cylinders are used to also change the angle of the
      rear axle assembly relative to the vehicle body;
PAR  FIG. 8 is an electrical and fluid circuit diagram showing the automatic
      leveling system used with the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The vehicle chosen for purposes of illustrating the present invention is a
      self-propelled vehicle V having a body 1 on which is mounted an internal
      combustion plant PP that furnishes power via the individual wheel
      hydraulic motors 2 to the ground engaging wheels W1 and W2 in the known
      manner. The vehicle body also includes a rear upright frame 3 to which is
      pivoted the telescoping boom B, as at 4. The boom is movable in a vertical
      plane by means of a pair of large fluid cylinder units 5 and 6, one
      located at each side of the body.
PAR  The boom is shown as being of the type having three telescoping sections 7,
      8 and 9 which are extensible and contractable by means of double acting
      fluid cylinder units (not shown) located within the boom. The outermost
      section 9 of the boom has a generally downwardly extending frame 10
      rigidly fixed thereto. A load carrying, L-shaped fork F is pivotally
      mounted by a transverse axis 11 to the free end of the frame 10 and is
      angularly adjusted relative thereto by the double acting fluid cylinder
      unit 12. In this manner, the individual forks 13 of the fork F can be
      maintained in a level, fore and aft position, that is in a longitudinal
      direction, by actuation of the cylinder unit 12, in the known manner.
PAR  Cylinders 5 and 6 are also actuated by the operator as are the said
      cylinders units (not shown) located within the boom for extending the boom
      and in this manner, the boom can be swung from the position shown in FIG.
      1 to an upright position shown in FIG. 3, and any position therebetween.
      Furthermore, the boom can be extended considerably and thereby the
      operator is capable of placing the load a considerable distance ahead of
      the vehicle as well as above it. When the load is so extended however, the
      vehicle may be unstable, particularly if it is located or traveling over
      undulating terrain.
PAR  It has heretofore been a difficult task for the operator to maintain the
      load level under all operating conditions, that is when the vehicle was
      traveling over the terrain as well as when the vehicle was stationary and
      the boom was being extended to position a load, for example, on the top of
      a tall building. Prior devices have been proposed for maintaining the load
      level in a transverse direction, but these devices have not provided
      entirely satisfactory. For one thing, numerous controls must be attended
      to by the operator, and it has been difficult and sometimes dangerous to
      additionally burden the operator with the responsibility to level the load
      in all directions. Furthermore, these prior art devices were not only
      inconvenient for the operator to manipulate and were not fool-proof in
      operation, but they also were unsatisfactory from a standpoint of rapid
      cycling time. Furthermore, some prior art systems were of the mechanical
      type and the operator would sometimes fail to level the load, or make an
      incorrect adjustment while located on unlevel ground and while raising the
      boom, causing the vehicle to over-turn.
PAC  Ground Engaging Means
PAR  The vehicle of the present invention has ground engaging means which can be
      vertically positioned relative to the vehicle body to thereby maintain the
      body in a transversely level position regardless of the undulation of the
      terrain over which the vehicle travels. As shown in the drawings, this
      ground engaging means includes a transversely extending generally U-shaped
      front axle assembly FA to which the front ground wheels W1 are attached at
      either end. The U-shaped axle assembly provides high ground clearance for
      those members extending across the width of the vehicle. The front axle
      assembly is pivoted intermediate its length on the longitudinal pivot axis
      20, the axis 20 being supported by a pair of transversely extending and
      spaced apart plates 21 and 22 which in turn are rigidly fastened, as by
      welding, for example, to the longitudinally extending side frame members
      25 and 26 of the vehicle body.
PAR  The pair of rear wheels W2 are mounted on the outer ends of a generally
      U-shaped rear axle assembly RA which in turn is also pivotally mounted
      intermediate its length on the longitudinally extending axis 30 supported
      by the transverse plates 31 and 32, which plates in turn are rigidly
      secured to the frame members 25 and 26 of the body.
PAR  The axle assemblies are thereby pivotally mounted intermediate their length
      to a central portion of the vehicle body 1 and thereby can vertically
      swing from a tilted position, as shown in FIG. 5, to a transversely level
      position shown in FIG. 4.
PAC  Power Means
PAR  Power means are provided between at least one of the axle assemblies and
      the vehicle body so that when the axle angularly tilts, as when moving
      over uneven ground, the vehicle body 1 may be maintained in a transversely
      level position. Such power means have been shown as extensible units in
      the form of a pair of single acting fluid cylinder units such as hydraulic
      rams 40 and 41 which are pivoted to a common axis 42 located generally
      centrally in a transverse direction on the vehicle body 1. The other ends
      of the cylinder units 40 and 41 are connected at spaced apart locations to
      the axle assemblies, such as at 43 and 44, respectively. The cylinder
      units 40, 41 are thereby capable of maintaining the vehicle body 1 in a
      transversely level position regardless of the attitude taken by the axle
      assemblies and their ground wheels.
PAR  As shown in FIG. 6, this embodiment utilizes no fluid cylinders between the
      rear axle assembly RA and the vehicle body 1, but instead the rear axle
      and rear wheels are free to follow the contour of the ground while the
      vehicle body 1 is being maintained level by the cylinder units 40 and 41
      connected between the front axle assembly FA and body 1.
PAR  The embodiment shown in FIG. 7 shows fluid cylinder units 50 and 51 also
      connected between the rear axle assembly RA and the vehicle body 1. Under
      some circumstances, it may be desirable to also power actuate the vehicle
      body 1 relative to the rear axle assembly RA. For example, power fore and
      aft may be necessary to obtain sufficient power for moving the vehicle
      body 1 relative to both the front and rear axle assemblies RA and FA when
      extremely heavy loads are lifted and/or carried by the vehicle V.
PAC  Automatic Level Sensing Means
PAR  An automatic leveling system, having multiple angular sensitivity ranges,
      is provided for maintaining the load, which is carried by the fork, level
      in a transverse direction. This system may be effective both while a load
      is being vertically positioned and the vehicle V is stationary, and while
      the vehicle V itself is travelling over undulating terrain. This automatic
      leveling system utilizes an electrical circuit (FIG. 8) including two
      independent level sensing means responsive to the transverse orientation
      of the vehicle V, one being more sensitive than the other. Each sensing
      means in turn actuates a solenoid operated fluid valve that controls the
      flow of fluid to and from the cylinder units 40, 41. In this manner, an
      electric, swinging type signal device is utilized which senses deviation
      of the vehicle body 1 from a transversely level position and then sends a
      corrective signal to the power means. The operation of the automatic
      leveling system is as follows.
PAR  The fluid cylinders located between the axle assembly, or assemblies, and
      the vehicle body 1 are shown as being of the single acting type and
      receives fluid pressure from and returns fluid to the fluid valve 65.
      Fluid pressure is supplied from a conventional fluid pump P, driven by the
      vehicle power source, and through pressure line 59. The valve 65 is shown
      as being of the spring centered type and can be shifted in opposite
      directions to admit pressure fluid to cylinder units 40 or 41 by the
      energization, respectively, of the electric solenoids 60 and 61. Either
      solenoids 60 or 61 is actuated, at one time, to thereby extend its
      respective fluid cylinder and when the other solenoid is not energized,
      its respective cylinder is dumped to sump.
PAR  The solenoids 60 and 61 are actuated by the level sensitive means shown
      here as two pairs of mercury switches 70 and 71 and 80 and 81. The level
      sensing switches 70 and 71 will be referred to as the first angular range
      switches, while the level sensing switches 80 and 81 will be referred to
      as the second angular range switches. Since the level sensitive means are
      responsive to the transverse orientation of the vehicle V, they can be
      mounted at any convenient position on the vehicle where it would be
      affected by transverse tilting of the vehicle, for example, on the frame
      near the operator's seat.
PAR  A battery 73 carried by the vehicle is the source of electrical energy for
      operating the solenoids via their respective level sensing switches. The
      more sensitive first range switches 70 and 71 are arranged to transversely
      level the vehicle body to within plus or minus one degree and are
      selectively operated by a switch 74 which can be controlled automatically
      or manually. For example, the switch can be closed automatically whenever
      the load is raised above ground level.
PAR  The second range level sensing switches 80 and 81 can be selectively turned
      on or turned off by the operator simply by throwing a selector means in
      the form of a manual switch 75, to an "on" or "off" position. If both sets
      of level sensing switches are off, the front axle assembly FA is held
      rigid with the body, for example, during transport. If, however, the
      second range switches are turned on during transport, they will assure
      that the vehicle body is level within plus or minus five degrees, or other
      desirable setting depending on the load being carried.
PAC  Operation
PAR  The operation of the mercury type, level sensing switches 80 and 81 is such
      that when the vehicle body 1 transversely tilts in one direction or the
      other more than a predetermined angle, the mercury closes the contacts
      located within that particular switch which is affected by tilting and
      thus causes actuation of the appropriate solenoid A or B to, in turn,
      extend the appropriate fluid cylinder unit 40 or 41 and thereby push the
      vehicle body 1 back to a level position, at which time the actuated
      mercury switch is again returned to its normal position. In this manner,
      the fluid cylinder units 40 and 41 are utilized to hold the vehicle in the
      vertical position under the influence of the pressure fluid in the
      cylinders.
PAR  The second range electric switches 80 and 81 are so arranged in the
      electrical circuit that they cannot nullify the effect of the first range
      switches 70 and 71 if the switch 74 is closed, such as when a load is
      being raised or lowered and, consequently, the more sensitive first range
      switches 70 and 71 control the transverse level of the load whenever both
      switches 74, 75 are closed.
PAC  Resume
PAR  By means of the present invention, a loading vehicle has been provided
      which can automatically maintain the load and vehicle body in a level
      position. This is particularly important in a loading device having a high
      center of gravity and in which the load is not only elevated, but is
      additionally extended a considerable distance from the vehicle, as for
      example when the operator is attempting to place a load on the top of a
      building. Under these circumstances he must not only elevate the load to
      the proper position, but he must also simultaneously move the entire
      vehicle toward the building. The invention assures that the entire body of
      the vehicle is maintained level thereby eliminating load spilling and
      giving the operator a sense of stability and a good feel for the load
      being handled. If he desires to do so, the operator may render the level
      sensing means inoperative, as for example, when moving in ground
      traversing operation without a load or he may activate either set of level
      sensing switches (70, 71 or 80, 81) depending upon the sensitivity
      desired.
PAR  Although the invention has been described with reference to a preferred
      embodiment, additions, not specifically described, as well as
      modifications, substitutions and deletions may be made without departing
      from the invention, as claimed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A self-propelled loading vehicle having means for vertically positioning
      a load with respect to the vehicle body, said means comprising an
      extensible boom pivotally mounted about a horizontal axis on said body,
      ground engaging means for supporting the vehicle body for movement over
      undulating terrain, power means between the ground engaging means and the
      vehicle body for tilting the vehicle body in a transverse direction
      relative to the ground engaging means and thereby maintaining the body in
      a substantially level transverse position regardless of the attitude of
      the ground engaging means in respect thereto, and automatic level sensing
      means for sensing deviation of the body from a transverse level position
      and for actuating said power means to maintain said body in a
      substantially level transverse position, said level sensing means
      including an electric circuit having an electrical power source, a fluid
      flow control valve, first level sensing switch means operatively
      responsive to a tilting of the vehicle body in a transverse direction a
      first predetermined amount, second level sensing switch means operatively
      responsive to a tilting of the vehicle body in a transverse direction a
      second predetermined amount, said second amount being significantly
      smaller than said first amount, a first system control switch for
      selectively completing and interrupting a circuit including said first
      level sensing switching means, said electric power source and said valve,
      a second system control switch independent of said first system control
      switch for selectively completing and interrupting a circuit including
      said second level sensing switch means, said electric power source and
      said valve, circuit means ensuring the operating effectiveness of said
      second level sensing switch means when both first and second level sensing
      switch means are in circuit with said electric power source and said
      valve.
NUM  2.
PAR  2. The vehicle set forth in claim 1 further characterized in that said
      valve is an electric solenoid operated valve connected to and operative by
      each of said first and second level sensing switch means, and said valve
      is connected to said power means for actuation thereof.
NUM  3.
PAR  3. The vehicle described in claim 2 further characteized in that said fluid
      cylinder means constitutes said power means.
NUM  4.
PAR  4. The vehicle as claimed in claim 1 further characterized in that said
      ground engaging means comprises a transverse axle pivotally mounted
      intermediate its length to a transversely central portion of said body,
      and said power means are a pair of extensible units connected between said
      body and said axle at transversely spaced locations thereon.
NUM  5.
PAR  5. The vehicle as claimed in claim 2 further characterized in that said
      ground engaging means comprises a transverse axle pivotally mounted
      intermediate its length to a transversely central portion of said body,
      and said power means are a pair of extensible units connected between said
      body and said axle at transversely spaced locations thereon.
NUM  6.
PAR  6. The vehicle as claimed in claim 3 further characterized in that said
      ground engaging means comprises a transverse axle pivotally mounted
      intermediate its length to a transversely central portion of said body,
      and said power means are a pair of extensible units connected between said
      body and said axle at transversely spaced locations thereon.
NUM  7.
PAR  7. A self-propelled fork lift vehicle comprising a body, means for
      vertically positioning a load with respect to said vehicle body, ground
      engaging means for supporting said vehicle body for movement over uneven
      surfaces, power means between said ground engaging means and said vehicle
      body for tilting said vehicle body in a transverse direction relative to
      said ground engaging means and for maintaining said body in a
      substantially level transverse position regardless of the attitude of said
      ground engaging means, and automatic level sensing means for sensing
      deviation of said vehicle body from a transverse level position aand for
      actuating said power means to maintain said body in a substantially level
      transverse position, said sensing means including first and second angular
      sensing means, said first sensing means being adapted to maintain said
      load and vehicle body level during stationary operation of said vehicle
      and said second sensing means being adapted to maintain said load and
      vehicle body level as said vehicle traverses uneven surfaces, one of said
      first and second sensing means being of a greater sensitivity than the
      said other sensing means to permit greater angular disorientation of said
      vehicle body than the said other sensing means without actuation of said
      power means.
NUM  8.
PAR  8. A self-propelled high ground clearance load lifting vehicle comprising:
PA1  a vehicle body,
PA1  ground engaging means for supporting said vehicle body for movement over
      uneven surfaces, said ground engaging means comprising a pair of
      transversely spaced ground engaging wheels and an axle assembly
      interconnecting said wheels including a high ground clearance transverse
      axle disposed in a horizontal plane above the horizontal plane containing
      the rotational axis of the wheels, power means between said ground
      engaging means and said vehicle body for tilting said vehicle body in a
      transverse direction relative to said ground engaging means,
PA1  means for positioning a load with respect to said vehicle body, including
      an extensible boom pivotally mounted on said vehicle body, said boom being
      movable in a vertical plane to position a load substantially above said
      vehicle body;
PA1  automatic level sensing means responsive to deviation of said vehicle body
      from a transverse level position by a predetermined angle, said sensing
      means comprising a first sensor responsive to a vehicle transverse angular
      deviation of a first angle, a first control switch for actuating said
      first sensor, a second sensor responsive to a vehicle transverse angular
      deviation of a second angle, said second angle being larger than said
      first angle, a second control switch for actuating said second sensor, and
      including a valve responsive to each of said first and said second
      sensors, said sensing means effecting actuation of said power means to
      prevent said body from tilting transversely beyond said predetermined
      angle regardless of the transverse attitute of said ground engaging means.
NUM  9.
PAR  9. A high ground clearance vehicle as defined in claim 8 wherein said first
      sensor includes a first circuit having a first control switch for
      automatically actuating said first sensor upon elevation of a load
      relative to said vehicle body.
NUM  10.
PAR  10. A high ground clearance vehicle as defined in claim 8 wherein said
      power means is a pair of hydraulic rams connected at one end to said
      vehicle body and at the other end to said ground engaging means and
      wherein said valve actuates the appropriate one of said hydraulic rams to
      maintain the vehicle body within a transverse angular deviation of said
      predetermined angle.
NUM  11.
PAR  11. A self-propelled, high ground clearance fork lift vehicle comprising:
PA1  a. a vehicle body including a fork lift for vertically positioning a load
      with respect to said body;
PA1  b. ground engaging means for supporting said vehicle for movement over
      uneven surfaces, said ground engaging means including longitudinally
      spaced apart pairs of transversely spaced front and rear wheels, a
      generally U-shaped axle assembly interconnecting said front wheels and
      interconnecting said rear wheels, each axle assembly including a pivotal,
      center mounted transverse axle disposed in a horizontal plane above the
      horizontal plane containing the rotational axis of the wheels;
PA1  c. automatic level sensing means responsive to a predetermined angular
      deviation of said vehicle body in a transverse direction from a vertical
      plane through the longitudinal axis of the vehicle, said sensing means
      including a first sensor responsive to a vehicle transverse angular
      deviation of a first angle, a first control switch for selectively
      actuating said first sensor, a second sensor responsive to a vehicle
      transverse angular deviation of a second angle larger than said first
      angle, a second control switch for selectively actuating said second
      sensor;
PA1  d. power means between said vehicle body and said ground engaging means for
      tilting said vehicle body about said longitudinal axis relative to said
      ground engaging means, said power means including at least one pair of
      hydraulic rams each being connected at one end to said vehicle body and at
      their other end to opposite ends of one of the front and rear axles;
PA1  e. valve means responsive to said sensing means for actuating said power
      means to prevent said body from tilting transversely beyond said
      predetermined angle regardless of the transverse attitude of said ground
      engaging means; said valve means actuating the appropriate one of said
      hydraulic rams to maintain the vehicle body within a transverse angular
      deviation of said predetermined angle; said valve being responsive to each
      of said first and second sensors.
NUM  12.
PAR  12. A self-propelled load lifting vehicle comprising a vehicle body, ground
      engaging means for supporting said vehicle body for movement over uneven
      surfaces, automatic level sensing means including a first sensor
      responsive to a vehicle body first transverse angular deviation from a
      vertical plane through the longitudinal axis of the vehicle and a second
      sensor responsive to a vehicle body second transverse angular deviation
      from said vertical plane, said second angular deviation being larger than
      said first angular deviation control means for selectively actuating and
      disabling said first sensor, power means between said vehicle body and
      said ground engaging means for tilting said vehicle body relative to said
      ground engaging means about said longitudinal axis, said sensing means
      effecting actuation of said power means to prevent said first angular
      deviation when said first sensor is actuated and from tilting transversely
      beyond said second angular deviation when said first sensor is disabled by
      said control means.
NUM  13.
PAR  13. A vehicle as defined in claim 12 wherein said control means includes
      means for selectively actuating and disabling said second sensor.
NUM  14.
PAR  14. A vehicle as defined in claim 12 wherein said power means includes at
      least one pair of hydraulic rams, one of said rams being connected at one
      end to said body and at its other end to the ground engaging means on one
      transverse side of said body, the other of said rams being connected at
      one end to said body and at its other end to the ground engaging means on
      the other transverse side of said body.
NUM  15.
PAR  15. A vehicle as defined in claim 13 wherein said sensing means includes a
      valve responsive to each of said first and second sensors for effecting
      actuation of said power means.
NUM  16.
PAR  16. A vehicle as defined in claim 14 wherein said sensing means includes a
      valve responsive to each of said first and second sensors for effecting
      actuation of said power means.
NUM  17.
PAR  17. A vehicle as defined in claim 13 wherein said control means includes
      means for automatically actuating said first sensor when said means for
      vertically positioning a load is operated to elevate said load.
NUM  18.
PAR  18. A vehicle as defined in claim 14 wherein said control means includes
      manual control means for actuating said second sensor.
NUM  19.
PAR  19. A vehicle as defined in claim 18 wherein said sensing means includes
      one valve which is responsive to each of said first and second sensors for
      effecting actuation of said power means.
NUM  20.
PAR  20. A self-propelled load lifting vehicle comprising:
PA1  a. a vehicle body;
PA1  b. means for vertically positioning a load with respect to said vehicle
      body;
PA1  c. ground engaging means for supporting said vehicle body for movement over
      uneven surfaces, said ground engaging means including a pair of
      transversely spaced front wheels, a pair of transversely spaced rear
      wheels spaced longitudinally from said front wheels, a front axle assembly
      interconnecting said front wheels including a pivotal, center mounted
      transverse front axle, a rear axle assembly interconnecting said rear
      wheels including a pivotal, center mounted transverse rear axle;
PA1  d. automatic level sensing means including a first sensor responsive to a
      vehicle body transverse angular deviation from a vertical plane through
      the longitudinal axis of the vehicle of a first angle and a second sensor
      responsive to a vehicle body transverse angular deviation from said
      vertical plane of a second angle, said second angle being larger than said
      first angle;
PA1  e. control means for selectively actuating each of said first and second
      sensors;
PA1  f. power means for tilting said vehicle body relative to said ground
      engaging means about a longitudinal axis, said power means comprising at
      least one pair of hydraulic rams one of which being connected at one end
      to said vehicle body and at its other end to one end of one of said front
      and rear axles, the other ram being connected at one end to said vehicle
      body and at its other end to the other end of said one of said front and
      rear axles; and
PA1  g. a valve responsive to each of said first and second sensors for
      actuating the appropriate one of said rams to prevent the vehicle body
      from tilting transversely beyond the angular deviation corresponding to
      the actuated sensor.
NUM  21.
PAR  21. A vehicle as defined in claim 20 wherein said control means includes
      means for automatically actuating said first sensor when said means for
      vertically positioning a load is operated to elevate said load.
NUM  22.
PAR  22. A vehicle as defined in claim 20 wherein said control means includes
      manual control means for actuating said second sensor.
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ABST
PAL  An aerial platform apparatus includes a vehicle, an extensible boom mounted
      on the vehicle for luffing and swinging movement, and a workman's platform
      carried by the boom. The boom at its outer end carries a support column,
      which supports a workman's platform and a pin holder. The pipe holder
      includes a horizontal oscillatable shaft located rearwardly of the
      platform, and including a pair of forwardly extending arms, each on one
      side of the platform. The arms are provided at their outer ends, which are
      generally forwardly of the platform, with material engaging devices,
      specifically releasable pipe clamps. Preferably, the arms are extensible.
      A motor controlled by the occupant of the platform oscillates the pipe
      holder shaft, and other similarly controlled motors actuate the pipe
      clamps and extend and retract the arms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to aerial lift platforms, in combination with
      apparatus for holding and moving material in position to be worked on by a
      workman on the platform.
PAR  Cranes, in particular vehicle-mounted cranes, have been widely used for
      handling material, specifically for the lifting of relatively heavy loads
      of material from one place, and depositing it in position at another
      place, the lifting and depositing being at locations which are often
      spaced both horizontally and vertically. When the material has been in
      place, it is then worked on as necessary by workmen, as by securing it in
      position, assembling the material or load to some other material or to a
      structure, or the like.
PAR  Aerial lift platforms have been widely used, these being somewhat similar
      to the above noted vehicle-mounted cranes, and including a vehicle with a
      boom mounted thereon for both horizontal swinging and vertical luffing
      movement, the boom carrying at or near its outer end a platform for the
      workman. Typically, the platform includes a floor and an upstanding
      protective enclosure or railing, to prevent falling of the workman from
      the platform. The aerial lift platform apparatus heretofore known has
      primarily been used for positioning a workman at an elevated location, to
      enable the workman to perform such tasks as repair, replacement and
      maintenance of equipment and structures. However, there have been several
      proposals for providing an aerial lift platform apparatus with material
      engaging, handling and/or supporting devices, so that material could be
      both moved and supported, with the workman on the platform in position to
      perform some function in connection with the material being thus
      supported.
PAR  In Grove U.S. Pat. No. 3,809,180, entitled Aerial Platform Apparatus Having
      Pipe Grabs, there is disclosed an aerial platform apparatus as above
      described, the workman's platform being equipped at its forward vertical
      face with pipe grabs, for engaging and holding a length of pipe. The
      platform is rotated about a horizontal axis, so that its floor is
      substantially vertical, thereby placing the pipe grabs at ground level.
      This occurs with the workman standing near the aerial platform apparatus,
      and controlling its movements by a remote control device. After the pipe
      grabs engage a pipe, the aerial platform apparatus is moved, so that the
      platform floor is horizontal, after which the workman mounts the platform
      and then raises the platform into position, so as to enable the pipe held
      by the pipe grabs to be installed, as near the ceiling of a building.
PAR  The aerial platform apparatus, as set forth in the above referenced patent,
      has been successfully used in connection with the installation of overhead
      sprinkler pipes. However, it is now known that in connection with this
      apparatus, the requirement that the workman be on the ground while the
      pipe is being engaged by the pipe grabs may be improved upon, as well as
      the necessity for supporting the weight of the pipe grabs and the pipe
      directly from the platform.
PAR  In P. R. Bill U.S. Pat. No. 3,286,855, there is disclosed a crane mounted
      on a vehicle, and provided with a boom extension comprising a beam which
      supports a workman's platform or bucket, and which also supports a pole
      guiding and gripping device, the boom extension beam being joined by a
      hinge to the outer end of the crane boom. At its upper end, the boom
      extension is provided with a load sheave, so that a cable trained over the
      load sheave may be secured to a pole, the pole then being hoisted to a
      substantially vertical position with the gripper encircling it, the
      workman in the bucket carred on the boom extension then being in position
      to guide the lifting of the pole and subsequently to perform work in
      relation to the pole. The construction cannot pick up a pole by the pole
      guide and gripper, due to the geometry of the crane boom, and the pole
      cannot be positioned horizontally.
PAC  SUMMARY OF THE INVENTION
PAR  An aerial platform apparatus is provided, including a wheeled vehicle
      having an extensible boom mounted on it for both vertical luffing and
      horizontal swinging movement, the boom carrying at its outer end a
      workman's platform. At the outer end of the boom there is provided a
      support column, pivotally connected to rotate about a horizontal axis, a
      levelling cylinder being provided so as to maintain the floor of the
      platform level when the boom is luffing. The support column carries
      horizontal bearings, located above the floor of the platform, and a
      horizontal shaft is carried in the bearings, extending transversely and to
      the rear of the platform. The horizontal shaft is provided with a pair of
      forwardly extending arms, one at either side of the platform. A hydraulic
      motor is provided for oscillating the shaft, so as to raise and lower the
      forwardly extending arms, the hydraulic motor being controlled from the
      platform. The shaft and arms, together with material engaging devices
      carried at outer end of the arms, constitute a pipe holder, since the
      material engaging devices are specifically releasable pipe clamps. The
      clamps are formed of two arcuate elements pivotally connected together,
      and a motor is connected to one of the elements to cause it to pivot, the
      two motors for the two releasable pipe clamps being controlled from the
      platform. In addition, the outer ends of the forwardly extending arms are
      telescopic, and a suitable hydraulic motor provided on each arm causes the
      ends of the arms, holding the pipe clamps, to extend or retract, in order
      to thereby vary the length of the arms, for adjustment purposes, the
      control of the arm length being from the platform. A workman on the
      platform can cause the shaft to be rotated so as to position the pipe
      clamps adjacent, actually somewhat below the platform floor, so as to pick
      up a pipe, and then after closing the clamps, the shaft may be rotated so
      as to raise or elevate the pipe into a position near the upper margin of
      the railing which forms a part of the platform and extends upwardly from
      the platform floor. The pipe will thereby be held in a working position,
      generally at the level of the shoulders of a workman on the platform.
PAR  An object of the present invention is the provision of an aerial platform
      apparatus having material holding means supported for movement relative to
      the platform between a lower loading position and an upper working
      position.
PAR  Another object of the present invention is to provide an aerial platform
      apparatus having material holding means which can be manipulated
      independently of the platform, so as to move bodily relative thereto
      between a lower loading position and an upper working position.
PAR  Yet another object of the present invention is the provision of an aerial
      platform apparatus in which material holding means are provided which are
      supported from the boom independently of the platform.
PAR  A still further object of the present invention is to provide an aerial
      platform apparatus in which the weight of the material holding means and
      the material held thereby are not borne by the workman's platform.
PAR  A still further object of the present invention is the provision of an
      aerial platform apparatus which is capable of picking up material, such as
      pipe, and supporting the material, all without requiring the platform
      floor to be in a vertical or near-vertical position, and also without
      requiring the workman to be dismounted from the apparatus while the
      material engagement and pick-up is being effected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view of an aerial platform apparatus in accordance
      with the present invention, while engaging a pipe.
PAR  FIG. 2 is a view similar to FIG. 1, with the platform elevated and the pipe
      being moved to working position.
PAR  FIG. 3 is a perspective view, taken from the rear, showing the outer end of
      the boom, workman's platform and pipe holder.
PAR  FIG. 4 is a side elevation showing a modification of the pipe holder.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, wherein like or corresponding reference
      numerals are used to designate like or corresponding parts throughout the
      several views, there is shown in FIG. 1 an aerial platform apparatus 10 in
      accordance with the present invention, including a wheeled, self-propelled
      chassis 11 having a rotatable boom support structure 12 mounted thereon.
      Support structure 12 may be rotated about a vertical axis, and has a
      horizontal pivot 13 which carries the inner end of an extensible,
      multi-section boom 14. Boom 14 includes a base section 14a, a mid-section
      14b and a fly section 14c, and also includes apparatus, not shown, for
      extending and retracting the sections 14b and 14c. A hydraulic motor 16,
      known as a lifting cylinder, is carried by the structure 12, and engages
      the boom 14, so as to cause luffing movement of boom 14 about the pivotal
      axis 13. A hydraulic motor 17 of the linearly extensible type is connected
      to the structure 12 and to the rear of boom 14, so as to be actuated upon
      luffing movement of boom 14. This is a master cylinder of a self-levelling
      system, the self-levelling system also including a slave cylinder 18 which
      is carried adjacent the outer end of the fly section 14c. Slave cylinder
      18 is connected to master cylinder 17 so that as boom 14 is luffed, a
      workman's platform 25 is rotated on a horizontal pivot, to maintain the
      floor 26 thereof in horizontal position.
PAR  The slave cylinder 18 is supported by U-shaped support 19 which is secured
      to the outer end of the fly section 14c. Support 19 carries a horizontal
      pivot 21, which supports a plate 22 and a support column 30. The platform
      25 is carried by the support column 30, and the support column 30 also
      carries a pipe holder, generally designated 50. The pipe holder 50 is
      shown in a lower position where it may be seen engaging one pipe P of a
      plurality of such pipes, supported on a suitable support structure, in
      this case the support structure being illustrated as a truck T. Although
      not shown, a workman will be in position in the workman's platform 25,
      controlling the entire aerial platform apparatus 10, including the pipe
      holder 50.
PAR  Referring now to FIG. 2, the aerial platform apparatus 10 is shown with the
      pipe holder 50 holding the pipe P, in an intermediate position between a
      lower pipe engaging position and an upper working position. Also, the boom
      14 will be seen to have been luffed upwardly so that the aerial platform
      apparatus 10 is shown in FIG. 2 being moved so as to elevate the workman
      and the pipe towards the working position of the platform 25 and towards
      the working position of the pipe holder 50.
PAR  Referring now to FIG. 3, there may be seen the end portion of the fly
      section 14c, the support 19 and the pivot 21: the plate 22 may be seen to
      comprise a pair of spaced parallel support plates 22a and 22b, provided
      with a second pivot 23 between them, to which is connected the piston rod
      of the slave cylinder 18.
PAR  The support plate 22 is joined to the support column 30, as by welding,
      support column 30 including a rotatable sleeve 31. The sleeve 31 may be
      rotated on its axis by a motor within the support column 30, in order to
      thereby rotate the workman's platform 25 and the pipe holder 50 on the
      axis of support column 30. In this way, the rear portion of the workman's
      platform 25 may be caused to assume a position adjacent either side of the
      boom 14.
PAR  The sleeve 31 has secured to it a pair of forwardly extending hooks 32,
      only one of which is shown in FIG. 3, and a pair of forwardly extending
      bars 33. Secured to the hook 32 and bar 33 is a downwardly extending
      carrier 34 having at its lower end a platform engaging structure 35. The
      platform 25 is made up of a floor 26, a peripherally extending lower rail
      27, a peripherally extending intermediate rail 28 and a peripherally
      extending upper rail 29. The structure 35 receives the lower rail 27, and
      the hooks 32 receive a bar 41, also forming a part of the platform 25.
      Thus, the platform 25 is supported by engagement of the bar 41 with the
      hook 32 and the rail 27 with the structure 35. At its upper end, the
      support column 30 carries a control box 42, shown in the closed position.
      In the control box 42 there are located the controls, such as switches,
      which control the operation of the aerial platform apparatus 10 and the
      various motors and valves forming a part thereof.
PAR  The pipe holder 50 is supported from the column 30. The sleeve 31 is
      provided with a pair of spaced bearing blocks 43 and 44, secured to the
      sleeve 31, and providing a horizontal axis. The bearing blocks 43 and 44
      contain anti-friction bearings (not shown). Also secured to the sleeve 31
      are a pair of spaced lugs 46 and 47, with a horizontal pivot 48 extending
      between them.
PAR  The pipe holder 50 comprises a hollow, cylindrical shaft 51 journalled in
      the bearings carried in the bearing blocks 43 and 44. Thus, the shaft 51
      extends transversely, in a horizontal plane when the parts are in the
      position shown in FIG. 3, and receives in either end thereof an end 52a
      and 53a of an L-shaped arm 52, 53. A securing device, such as the screws
      52b and 53b, is provided for securing the arms 52 and 53 in the shaft 51.
      The width between the forwardly extending arms 52 and 53 may thereby be
      varied, due to their telescopic connection with the shaft 51, so as to
      permit the utilization of workman platforms 25 of different widths. Thus,
      in some instances, it may be desirable to provide workman's platforms of
      differing widths, for differing jobs or tasks, and is only necessary to
      substitute one platform for another, with the noted connections between
      the arms 52 and 53 and the shaft 51 accommodating the change in platform
      size. The arms 52 and 53 extend forwardly from the shaft 51, along the
      sides of the upstanding railing of the workman's platform 25.
PAR  The shaft 51 is provided with a pair of outstanding ears 54 and 55 secured
      to it, adjacent its mid-point, and pivot 56 extends between them, to which
      is connected the piston rod of a hydraulic motor 57, which is also
      pivotally connected to the pivot 48. As will be understood, suitable
      controls are provided in the control box 42 to control the actuation of
      hydraulic motor 57, and to thereby effect movement of the arms 52 and 53,
      as illustrated by the dotted line positions thereof.
PAR  At their outer ends, the arms 52 and 53 carry material engaging devices 60
      of substantially identical construction. These devices 60 are,
      specifically, releasable pipe clamps including a lower jaw 61 of arcuate
      interior configuration, to which is pivoted an upper jaw 62, specifically
      made of a pair of plates 62a and 62b, pivotally connected at 63 to the
      lower jaw 61. A pivot 64 extends between the plates 62a and 62b, and has
      connected to it the piston rod of a hydraulic motor 65, which is pivotally
      secured by a pin 66 to ears 67a and 67b which are secured to the arm 52.
      The motor 65 carried on the arm 52 and the clamp device 60 are
      substantially identical to a motor and clamp device carried on the arm 53.
      These motors for the clamps 60 are controlled by suitable control means
      carried in control box 42, such as switches controlling valves in the
      hydraulic circuit extending between the motors and a suitable pump.
PAR  Referring now to FIG. 4, there may be seen the workman's platform 25 and
      the support column 30, together with the control box 42 and motor 57 for
      the shaft 51. The arm 52 in this embodiment is extensible and comprises a
      rear portion 52a and a forward portion 52b. The pipe clamp 60, as in the
      embodiment of FIGS. 1-3, is carried on the outer end of the arm 52, and is
      provided with a motor 65. A pair of ears 71 and 72 are secured to the rear
      portion 52a and a pair of ears 73 and 73 are secured to the forward
      portion 52b. A motor 75 is carried by a pivot extending between the ears
      71 and 72, with its piston rod pivotally connected to a pivot extending
      between the ears 73 and 74. Due to the telescopic construction of the arm
      52, and the motor 75 and its connections, the length of arm 52 may be
      varied, by extending and retracting, as desired, the arm portion 52b. This
      adjustment of the length of the arm 52, as well as of the arm 53, is
      controlled by suitable control devices carried in control box 42.
PAR  As is clearly shown in FIGS. 1 and 4, the material engaging devices 60 may
      be moved to a lower position near, or even below, the floor 26 of platform
      25, in order to pick up material, such as a pipe P. The pipe clamp motors
      65 may then be energized so as to clamp the pipe, and thereby hold it
      during further movement, including elevation thereof. The construction of
      the pipe clamp 60 is such that, as illustrated in FIG. 4, pipes of
      different sizes may be firmly grasped by the pipe clamps 60. By actuating
      the motor 57, the shaft 51 is rotated so as to elevate the pipe clamps 60
      and the pipe held thereby, into the upper position shown in FIG. 4.
      Thereupon, the motors 65 may be energized so as to open the pipe clamps
      60, and the pipe P, having been secured in position, is released and the
      platform 25 and clamps 60 are removed from the vicinity of the pipe P.
PAR  In some instances, the aerial platform apparatus 10 may be positioned with
      its longitudinal axis generally parallel to the axis of the pipe P when it
      is in its intended position, adjacent the ceiling of a building or room.
      In that case, after picking up a pipe as illustrated in FIG. 1, and
      luffing the boom upwardly as illustrated in FIG. 2, while, if desired,
      rotating the pipe holder 50, the entire platform 25 may be rotated about
      the axis of support column 30, so as to position the rear of the platform
      25, which is that portion closest to the support column 30, in position
      adjacent one side or the other of the boom 14. In some instances, it is
      desirable that the axis of the pipe P, while held by the pipe holder 50,
      be at some inclination to the horizontal. This can be accomplished by
      actuating the motor 18, which will thereby move the support column 30 so
      that its axis is inclined to the vertical, with the result that the axis
      of the pipe P will be inclined to the horizontal. Also, in connection with
      the embodiment of FIG. 4, extension of one or the other of the arms 52 and
      53 may be effected, to accomplish the same purpose.
PAR  The platform 25 is boarded or mounted by the workman, who controls the
      movement of the vehicle, the movement of the boom and the movement of the
      pipe holder from the control box 42 and the control elements therein.
      Consequently, the workman while on or in the platform 25 is in position to
      view the operation of picking up material, such as pipe, and to control
      all necessary movements during the pick up operation. Due to his position
      in the platform, he has an extremely advantageous view of the relative
      position of the pipe clamps 60 and the pipe which is to be picked up. In
      addition, utilization of the aerial platform apparatus 10 as herein
      disclosed is more efficient since the workman may mount the platform, move
      the aerial platform apparatus 10 into position, pick up the pipe, and then
      elevate the platform and the pipe holder 50 so as to place the pipe in
      working or operating position rapidly. The working position or operating
      position may be adjusted to suit conditions, including the height of the
      workman. For instance, in a preferred task to be performed by the herein
      disclosed apparatus, which is the lifting and assemblage of sprinkler
      pipes adjacent the ceiling of a building, it is desirable to have the pipe
      in a working position approximately at the level of chest or shoulders of
      the workman. This is the approximate position of the pipe holder 50 shown
      in the upper positions thereof in FIGS. 3 and 4.
PAR  There has been provided aerial lift platform apparatus with a pipe holder
      type material engaging means supported for movement between a lower
      loading position, near the floor of the platform and an upper working
      position, generally at shoulder level of a workman on the platform.
      Manipulation of the pipe holder of the present invention is effected
      independently of the platform, the pipe clamps being moved bodily between
      the lower loading position and the upper working position. The load or
      weight of the pipe holder and the pipe held by it are borne only by the
      boom, specifically the support column, thereby avoiding the imposition of
      loads on the platform itself. Further, there has been provided an aerial
      lift platform apparatus with material engaging means, in the form of pipe
      clamps, capable of effecting the picking up of material, such as pipe,
      while the workman is mounted or standing in or on the platform, and not
      requiring the material loading function to be performed with the workman
      not occupying the platform.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the spirit of the invention, and therefore the
      invention is not limited to what is shown in the drawings and described in
      the specification but only as indicated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Aerial platform apparatus comprising:
PA1  a vehicle and a boom mounted on said vehicle for luffing moment in a
      vertical plane,
PA1  means for luffing said boom,
PA1  a platform, means connecting said platform to the outer end of said boom
      for pivotal movement about a horizontal axis,
PA1  material engaging means,
PA1  means movably supported from said boom independent of said platform for
      movably supporting said material engaging means and for placing said
      material engaging means in a first position below or adjacent said
      platform floor and a second position substantially above said platform
      floor providing access by a workman on said platform to material engaged
      by said engaging means and means for selectively moving said material
      engaging means supporting means to said positions.
NUM  2.
PAR  2. The aerial platform apparatus of claim 1, said material engaging means
      supporting means comprising means for positioning said material engaging
      means forwardly of said platform.
NUM  3.
PAR  3. The aerial platform apparatus of claim 1, wherein said boom comprises a
      support member at the free end thereof, and said material engaging means
      supporting means comprises means connecting said material engaging means
      to said support member.
NUM  4.
PAR  4. The aerial platform apparatus of claim 3, said means connecting said
      material engaging means to said support member comprising a transversely
      extending member, and means for supporting said transversely extending
      member on said support member.
NUM  5.
PAR  5. The aerial platform apparatus of claim 4, said transversely extending
      member being a shaft, and said means for supporting said transversely
      extending shaft comprising bearing means.
NUM  6.
PAR  6. The aerial platform apparatus of claim 5, said means for moving said
      supporting means comprising means for rotating said shaft.
NUM  7.
PAR  7. The aerial platform apparatus of claim 4, wherein said means connecting
      said material engaging means to said support member further comprises a
      pair of spaced forwardly extending arms connected to said transverse
      member, and each said arm having a material engaging member at the outer
      end thereof.
NUM  8.
PAR  8. The aerial platform apparatus of claim 7, each said material engaging
      member comprising a clamp, and means for actuating each said clamp.
NUM  9.
PAR  9. The aerial platform apparatus of claim 7, each said arm comprising means
      for varying the length thereof.
NUM  10.
PAR  10. The aerial platform apparatus of claim 9, said arms comprising
      telescopic elements and said last mentioned means comprising extensible
      motor means connected to said telescopic elements.
NUM  11.
PAR  11. The aerial platform apparatus of claim 9, each said material engaging
      member comprising a clamp, and means for actuating said clamp.
NUM  12.
PAR  12. The aerial platform apparatus of claim 7, said transversely extending
      member being a shaft, and said means for supporting said transversely
      extending shaft comprising bearing means.
NUM  13.
PAR  13. The aerial platform apparatus of claim 12, said means for moving said
      supporting means comprising means for rotating said shaft.
NUM  14.
PAR  14. The aerial platform apparatus of claim 7, said arms being laterally of
      said platform.
NUM  15.
PAR  15. Aerial platform apparatus comprising:
PA1  a base and a boom mounted on said base for luffing movement in a vertical
      plane,
PA1  means for luffing said boom,
PA1  a platform comprising a floor and having the rear portion thereof adjacent
      the outer end of said boom,
PA1  means for connecting said platform to said boom for pivotal movement about
      a horizontal axis,
PA1  material holding means, and
PA1  means carried from said boom for supporting said material holding means and
      for selectively moving said material holding means between a first
      material pick up position below or adjacent the platform floor and a
      second working position remote from the platform floor and in which second
      position a workman on said platform has access to material held by said
      material holding means.
NUM  16.
PAR  16. The aerial platform apparatus of claim 15, said last mentioned means
      comprising rotatable means.
NUM  17.
PAR  17. The aerial platform apparatus of claim 16, and means carried by said
      boom independent of said platform for journalling said last mentioned
      means.
NUM  18.
PAR  18. The aerial platform apparatus of claim 15, said last mentioned means
      comprising a horizontal shaft journalled on said boom rearwardly of said
      platform, and a pair of forwardly extending arms carried by said shaft
      located at either side of said platform.
NUM  19.
PAR  19. The aerial platform apparatus of claim 18, wherein the axis of said
      transverse shaft is located above the floor of said platform.
NUM  20.
PAR  20. The aerial platform apparatus of claim 18, said arms being extensible.
NUM  21.
PAR  21. The aerial platform apparatus of claim 18, said material holding means
      comprising releasable clamp means carried by each said arm.
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ABST
PAL  A cargo transporting and handling vehicle is disclosed, which facilitates
      unloading of cargo elements from and loading of cargo elements onto the
      vehicle at the various stops along a route. The vehicle has a body having
      a plurality of elongated guide members mounted on the floor thereof so as
      to provide a plurality of longitudinally extending paths for guiding the
      direction of movement of cargo elements on the floor. When the cargo
      elements are standard sized, 55 gallon drums, four, closely adjacent paths
      are provided.  Movement of the drums along the paths as the vehicle
      proceeds along its route is achieved by slanting the paths downwardly from
      the rear end toward the front end of the vehicle body. A diverting
      abutment at the front end of the inner pair of paths serves to channel
      drums moving forwardly on the paths laterally outwardly toward the
      unloading stations.
PAL  A novel method of loading and unloading the drums from the vehicle body is
      also disclosed, whereby the driver of the vehicle does not have to get
      into the vehicle body during a loading or unloading operation.
PARN
PAR  This is a division of application Ser. No. 302,477, filed Oct. 30, 1972,
      which is a continuation-in-part of application Ser. No. 132,319, filed
      Apr. 8, 1971 and now abandoned.
BSUM
PAR  This invention relates to cargo transporting and handling vehicles, and
      more particularly to a cargo transporting vehicle having a novel body
      construction which facilitates the loading of cargo elements onto and off
      of the body with a minimum of effort on the part of the driver.
PAR  Various constructions have been heretofore advanced to facilitate the
      loading and unloading of cargo from a transporting vehicle. Where
      specialized or standard sized items of cargo were transported, specialized
      constructions were developed to facilitate the handling of such cargo.
      Examples of some of the specialized constructions employed in vehicles for
      transporting specialized items of cargo, such as large cans of liquid, are
      disclosed in the Matthews U.S. Pat. No. 125,592 and the Marx U.S. Pat. No.
      525,106. With the development of improved bottling techniques, various
      specialized constructions have evolved which facilitate the loading and
      unloading of bottled liquids, such as milk and soft drinks. Such
      constructions permit a driver to rapidly cover a route along which
      individual containers or case lots of bottled milk or soft drinks are
      dropped off and empties are picked up. Examples of constructions of the
      latter type are disclosed in the Wann U.S. Pat. No. 1,601,990, Richards
      U.S. Pat. No. 2,459,839, Sanger et al U.S. Pat. No. 2,556,399, Hummel U.S.
      Pat. No. 2,399,794 and Kramer U.S. Pat. No. 3,501,195.
PAR  The more recently developed containerized method of cargo transportation
      has resulted in the development of many new types of vehicle constructions
      designed specifically to handle containers of a uniform size and shape. An
      example of the latter type of vehicle, and the apparatus associated
      therewith to facilitate loading, transportation, and unloading of a
      particular size container, is disclosed in the Achammer U.S. Pat. No.
      3,228,542.
PAR  While many of the aforementioned constructions employed in cargo
      transporting vehicles have proved generally satisfactory for their
      intended purpose, others have not for various reasons. One of such reasons
      is that excessive amounts of time had to be spent by the driver of the
      vehicle at each stop in climbing into or onto the cargo carrying portion
      thereof to unload or load items of cargo. Another reason is the high cost
      of such constructions, which oftentimes involved elaborate auxiliary
      equipment. This is particularly true with vehicles designed to transport
      containerized cargo. A further reason is the unreliability of such
      constructions due to their inability to withstand rough useage.
PAR  Accordingly, it is a general object of the invention to provide a novel and
      improved cargo transporting and handling vehicle, which overcomes the
      aforementioned disadvantages of the prior art.
PAR  Another object is to provide a novel cargo transporting and handling
      vehicle, which permits cargo to be rapidly and easily loaded onto or off
      of the vehicle.
PAR  A further object is to provide a novel cargo transporting and handling
      vehicle of the foregoing character, which does not require the driver to
      enter the cargo carrying portion of the vehicle in order to load or unload
      cargo therefrom.
PAR  A more particular object is to provide a novel cargo transporting and
      handling vehicle of the character described, that is particularly adapted
      to facilitate the loading and unloading of standard size, 55 gallon drum
      containers.
PAR  A specific object is to provide a novel cargo transporting and handling
      vehicle, wherein guide paths are provided on the floor of the vehicle to
      guide the direction of movement of unrestrained cargo carried by the
      vehicle and wherein a downward slant of the floor of the vehicle toward
      the front end thereof is utilized to cause cargo on the guide paths to
      shift toward an unloading station at the front of the vehicle as it starts
      and stops along a route.
PAR  A further object is to provide a novel cargo transporting and handling
      vehicle having a side wall construction which will accommodate laterally
      outwardly protruding structure on cargo elements being transported by the
      vehicle so that the side walls can be positioned close to the cargo
      elements without contacting the same and which has improved strength
      characteristics.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description and accompanying sheets of drawings in
      which:
PAR  FIG. 1 is a side elevational view of a cargo transporting and handling
      vehicle embodying the features of the present invention;
PAR  FIG. 2 is a somewhat enlarged, top plan view of the cargo carrying or body
      portion of the vehicle shown in FIG. 1;
PAR  FIG. 3 is a fragmentary, perspective view, with portions thereof broken
      away, of the front end of the cargo carrying portion of the vehicle shown
      in FIG. 1;
PAR  FIG. 4 is an enlarged, transverse sectional view taken along the line 4--4
      of FIG. 2;
PAR  FIG. 5 is a fragmentary perspective view of the rear portion of the vehicle
      body and showing additional structural details thereof;
PAR  FIG. 6 is a fragmentary perspective view of a portion of the rear end of
      the vehicle illustrated in FIGS. 1 and 2, and showing an auxiliary ramp
      structure in the position it occupies when cargo is being unloaded from
      the vehicle;
PAR  FIG. 7 is a perspective view of the auxiliary ramp structure shown in FIGS.
      5 and 6;
PAR  FIGS. 8-13, inclusive, are a series of semi-diagrammatic plan views, on a
      reduced scale, of the cargo supporting portion of the vehicle of FIG. 1,
      and showing the manner in which empty cargo elements are replaced with
      filled elements as the driver proceeds along a pick-up and drop-off route;
PAR  FIG. 14 is a side elevational view of another cargo transporting and
      handling vehicle embodying the features of the present invention;
PAR  FIG. 15 is a somewhat enlarged, top plan view of the cargo carrying or body
      portion of the vehicle shown in FIG. 14; and
PAR  FIG. 16 is an enlarged, transverse sectional view taken along the line
      16--16 of FIG. 15.
DETD
PAR  Briefly described, the present invention contemplates a novel cargo
      transporting and handling vehicle which facilitates the loading and
      unloading of cargo elements off of and onto the vehicle along a drop-off
      and pick-up route. While the cargo elements will be hereinafter described
      as standard size 55 gallon drums, cargo elements of different size and
      configuration could also be employed with appropriate modifications to the
      vehicle.
PAR  For guiding movement of the cargo elements in the body, which are free to
      shift therein, at least one and preferably four longitudinally extending
      paths are provided. Such paths are preferably defined by securing a
      plurality of elongated members to the cargo carrying surface thereof, in
      the present instance, the floor of the vehicle body, so that the members
      extend lengthwise thereof and in transversely spaced relation.
PAR  A loading station is provided at one end of the body, such as the rear end,
      and at least one unloading station is provided at the opposite end of the
      vehicle body, such as the front end. Thus, as the vehicle proceeds along
      its route, cargo elements initially loaded onto the vehicle may be removed
      therefrom at the unloading stations and cargo elements picked up along the
      route may be loaded onto the vehicle at the loading station at the rear
      end thereof. In the preferred construction to be hereinafter described in
      detail, two unloading stations are provided at the front end of the
      vehicle body, which are accessible through side doors adjacent the front
      end. Such unloading stations are contiguous with the laterally outer paths
      in the body and receive cargo elements moving forwardly in the body on the
      guide paths. Access to the unloading stations is provided through doors in
      the sides of the vehicle body at the front end thereof.
PAR  Movement of cargo elements in the vehicle body along the paths toward the
      unloading stations is achieved by cargo moving means. Such cargo moving
      means preferably comprises a downward slant of the cargo guiding paths
      from the rear toward the front end of the body, or from the loading
      station toward the unloading station. The slant is achieved by shim means
      in the form of a pair of tapered stringers or planks interposed between
      the vehicle chassis and the underside of the floor of the vehicle body.
PAR  Movement of cargo elements onto the unloading stations from the inner two
      paths is facilitated by diverting means in the form of a generally
      triangularly-shaped abutment mounted on the inner side of the front end
      wall or bulk head of the vehicle body at the center of the inner two
      paths. Stop means in the form of swingable gates are provided at the
      forward ends of each pair of paths to control movement of cargo elements
      onto the unloading stations.
PAR  In order to reduce the possibility of contact between the cargo elements as
      they move along the respective paths, the height of the elongated members
      which define the paths are preferably alternatively vertically staggered
      to provide clearance for the usual protruding circumferential ribs and
      beads on the drums. In addition, portions of the side walls of the vehicle
      body are laterally outwardly displaced in the vicinity of the ribs and
      beads on the drums when the latter are positioned on the paths. Such
      outwardly displaced portions permit the side walls to be positioned close
      to the cargo elements or the two outer paths so that the overall width of
      the vehicle body can be minimized. The outwardly displaced portions, which
      are formed by convolutions in the side walls, also serve to strengthen the
      side walls. Since the paths are vertically staggered, an auxiliary ramp
      member is provided to facilitate shifting of the cargo elements off of the
      loading station from the alternate lower paths when the vehicle has
      completed its route and is to be unloaded.
PAC  DESCRIPTION OF THE CONSTRUCTION OF THE VEHICLE SHOWN IN FIGS. 1-7 OF THE
      DRAWING
PAR  In FIG. 1, a cargo transporting and handling vehicle or truck 20 embodying
      the features of the present invention is illustrated. The truck 20, in the
      present instance, is conventional to the extent that it includes a cab 21
      mounted on the front of the vehicle chassis, indicated generally at 22.
      Front and rear wheels 23 and 24, respectively, support the vehicle for
      movement over the ground. Auxiliary storage compartments 25 may be secured
      to the chassis 22, if desired.
PAR  Referring now to FIGS. 2, 3 and 4 in conjunction with FIG. 1, the vehicle
      includes a body 30 mounted on the chassis 22 behind the cab 21. The body
      30 defines a cargo receiving compartment which includes an elongated,
      rectangular load supporting surface or floor 33 (FIG. 4) which may be
      covered by sheet metal (not shown) and secured to the frame members,
      indicated at 34, of the chassis 22. The floor 33 is preferably arranged
      with its longer length extending lengthwise of the chassis. In the
      specific application of the invention to be hereinafter described, the
      floor 33 is preferably 20 feet long and 8 feet wide. The body 30 also
      includes upstanding side walls 36 and 37, and a front wall or bulk head
      38. The rear end of the body 30 is open, except when a lift gate 39
      secured to the rear end of the chassis 22, is swung to its upwardly
      extending position illustrated in FIGS. 1 and 5.
PAR  In order to guide the direction of movement of cargo elements in the
      vehicle body 30, which are unrestrained, guide means defining at least one
      and preferably a plurality of longitudinally extending, juxtaposed paths
      are provided in the body 30. Such guide means, in the present instance,
      comprises a plurality of elongated members in the form of angle bars
      secured to the upper surface of the floor 33 in laterally spaced pairs. In
      the present instance, four pairs of angle bars are provided, the bars of
      each pair being respectively indicated at 41-44, inclusive. It will be
      understood that structures other than angle bars could be utilized to
      provide paths in the body 30.
PAR  As best seen in FIG. 4, the bars of each pair are arranged so that one of
      the flanges, indicated at 46, of each pair extends horizontally, and the
      other flange, indicated at 47, of each pair extends vertically upwardly.
      The vertical flanges 47 are positioned at the laterally outer sides of the
      bars of each pair. The angle bars are preferably secured to the upper
      surface of the floor 33, as by welding (not shown). Thus, when secured to
      the upper surface of the floor 33, the four pairs of angle bars 41-44
      define four longitudinally extending paths indicated at 51-54, inclusive,
      in FIG. 2 on the floor 33 of the vehicle body 30.
PAR  In order to minimize the possibility of contact between cargo elements
      moving on the paths 51-54 and any laterally outwardly projecting structure
      thereon, means is provided for vertically offsetting alternate ones of the
      paths 51-54. Thus, when the cargo elements comprise standard size 55
      gallon drums, one of which is shown in broken lines and indicated at 55 in
      FIG. 4, and the drums have the usual radially outwardly extending
      circumferential ribs and beads therearound, respectively identified at 49
      and 50, the paths 51 and 53 are elevated with respect to the paths 52 and
      54. In the present instance, such elevation is provided by spacer means in
      the form of a pair of elongated planks 56 and 57 (FIG. 4) interposed
      between the undersurfaces of the flanges 46 of the pairs of bars 41 and
      43, and the upper surface of the floor 33. The upper surfaces of the
      planks 56 and 57 are also preferably covered with sheet metal (not shown).
      Interference between the circumferential ribs 49 and beads 50 on the drums
      55 with reinforcing uprights 58 secured to the inner surfaces of the side
      walls 36 and 37, is minimized by providing notches 59 in the uprights 58
      in the vicinity of the ribs 49 and beads 50 when the drums are resting on
      the paths.
PAR  As best seen in FIGS. 2 and 3, the angle bars 41-44 terminate inwardly from
      the longitudinally forward and rearward ends of the floor 33 so that a
      loading station 62 is provided at the rear end of the floor 33, and at
      least one and preferably a pair of unloading stations 63 and 64 are
      defined at the front end of the floor adjacent the left and right front
      corners of the vehicle body 30. The loading station 62, in the present
      instance, comprises a plate 61 secured to the upper surface of the floor
      33 so that the upper surface thereof is generally coplanar with those of
      the paths 51 and 53. The plate 61 thus has two surface portions 71 and 73
      coplanar with the upper surfaces of the flanges 46 of the paths 51 and 53.
      In order to provide two surface portions, indicated at 72 and 74, coplanar
      with the upper surfaces of the flanges 46 of the paths 52 and 53, the
      plate 61 is provided with semi-circular cutouts 76, the bottoms of which
      comprise the surface portions 72 and 74. To this end, the surface portions
      72 and 74 are preferably portions of the underlying upper surface of the
      floor 33 when exposed by the hemispherical cutouts 76 in the plate 61.
PAR  It will be understood that the vertical offset of the paths 51 and 53 with
      respect to the paths 52 and 54 could be eliminated if cargo elements other
      than 55 gallon drums 55 having the aforementioned circumferential
      reinforcing ribs and beads therearound were used, or where the size of the
      cargo elements would permit providing space between the pairs of bars
      41-44 which define the paths 51-54. In the event that the aforementioned
      vertical offset were eliminated between the paths 51 and 53 and 52 and 54,
      the corresponding vertical offset of the surface portions 71 and 73 and 72
      and 74 of the loading station 62 could also be eliminated.
PAR  As heretofore mentioned, the vehicle body 30 is provided with at least one
      and preferably a pair of unloading stations 63 and 64 at the respective
      front corners of the floor of the body 30. In the present instance, the
      unloading stations 63 and 64 comprise extensions of the paths 51 and 54 so
      that cargo elements moving forwardly on the paths 51 and 54 can move
      directly onto the unloading stations 63 and 64 if the forward ends of the
      paths 51 and 54 are not blocked.
PAR  In order to facilitate movement of cargo elements onto the unloading
      stations 63 and 64 from the paths 52 and 53, diverting means is provided.
      Such diverting means, in the present instance, comprises a generally
      triangularly-shaped abutment 80 secured centrally to the inner surface of
      the front bulkhead 38 with the apex thereof forming a continuation of the
      vertical flanges 47 of the central angle bars 42 and 43. The abutment 80
      has vertically extending side walls 82 and 83 which are preferably arcuate
      and comprise continuations of the laterally inner boundaries of the paths
      52 and 53, respectively. Arcuate strips 84 forming continuations of the
      horizontal flanges 46 of the central pair of angle bars 42 and 43, are
      provided at the intersection of the side walls 82 and 83 of the abutment
      80, with the floor 33. A length of reinforcing strap stock 85 (FIG. 3) may
      be secured to the outer surface of the arcuate side walls 82 and 83 and
      continued along the inner surface of the bulkhead 38, if desired. Thus,
      the abutment 80 serves to divert cargo elements moving forwardly on the
      paths 52 and 53 laterally outwardly across transfer zones 92 and 93 at the
      forward end of the paths 52 and 53. The transfer zones 92 and 93 adjoin
      the unloading zones 63 and 64 and may be provided with a pair of centrally
      located, shorter length, arcuate strips 86 and 87 which facilitate
      movement of cargo elements across the transfer zones 92 and 93 and onto
      the unloading stations 63 and 64.
PAR  Access to the unloading stations 63 and 64 from the exterior of the vehicle
      body 30 is provided by a pair of doors 103 and 104 in the side walls 36
      and 37, thereof, respectively. It will be understood, however, that access
      to the unloading stations 63 and 64 could be provided by openings at some
      other location in the body 30, such as in the front bulkhead 38 if space
      permitted.
PAR  In order to control movement of cargo elements onto the unloading stations
      63 and 64 from the paths 51 and 52, and 53 and 54, respectively, stop
      means in the form of a pair of gates 107 and 108 are provided at the
      forward or discharge ends of the paths 51-54. The gates 107 and 108 are
      mounted for pivotal movement about vertical axes lying generally in the
      plane of the vertical flanges 47 of the adjacent angle bars 41,42 and
      43,44 of the paths 51,52 and 53,54. Thus, the gates 107 and 108 are
      swingable between their laterally extending full line and longitudinally
      extending broken line positions illustrated in FIG. 2. A latch mechanism,
      indicated generally at 112, in FIG. 4, is provided on each gate 107 and
      108 to secure the gates in their respective positions.
PAR  As heretofore mentioned, the vehicle 20 is intended for use along a pick-up
      and drop-off delivery route. To this end, the body 30 includes means for
      effecting movement of the cargo elements, such as 55 gallon drums, along
      the paths 51-54 and onto the unloading stations 63 and 64, so that at
      least one empty drum will be available for unloading from the vehicle at
      each stop and room will be available at the rear ends of the paths for
      receiving at least one filled drum picked up at the same stop. Such means
      comprises shim means in the form of at least one and preferably a pair of
      elongated vertically tapered stringers or planks 113 and 114 (FIGS. 1 and
      4) interposed between the undersurface of the floor 33 and the
      longitudinal frame members 34 of the vehicle chassis 22. The members 113
      and 114 are preferably wooden planks which taper from the rear end of the
      vehicle body 30 toward the front end thereof so that the floor 33 and
      consequently the paths 51-54 slant downwardly from the rear end of the
      body toward the front end thereof. Such downward slant imposes a tendency
      on the cargo elements to move forwardly in the paths 51-54 due to the
      inertia forces acting on the drums generated by the stopping and starting
      of the vehicle. In other words, as the vehicle 20 starts and stops along a
      delivery route, the slant of the floor 33 and hence of the paths 51-54
      causes the cargo elements on the paths to move forwardly towards the front
      end of the vehicle until restrained by the gates 107 and 108 or the closed
      side doors 103 and 104. It will be understood however that some auxiliary
      mechanism could be provided for effecting such forward movement of the
      cargo elements on the paths 51-54.
PAC  OPERATION AND METHOD OF LOADING AND UNLOADING THE VEHICLE SHOWN IN FIGS.
      1-7 OF THE DRAWINGS
PAR  Referring now to FIGS. 8-13, inclusive, the operation of the vehicle body
      30 and the method of loading cargo onto and off of the body during a
      typical delivery route, will now be described. It will be assumed that at
      the start of its route a maximum number of cargo elements, such as the
      drums 55, have been loaded into the vehicle body 30, as shown in FIG. 8,
      and that the drums are empty. For convenience of description, the drums on
      the paths 51-54 have been identified with the number of the path and
      assigned a letter suffix. Thus, the drums of the path 51 are identified as
      51a-51i, the drums on the path 52 are identified as 52a-52j, the drums on
      the path 53 are identified as 53a-53j, and the drums on the path 54 are
      identified as 54a-54j. When fully loaded at the start of a route, the
      vehicle body 30 will contain a total of thirty-nine empty drums, there
      being nine drums on the path 51, and ten drums on each of the paths 52-54.
      In addition, the gates 107 and 108 will be locked in their full line,
      transverse position blocking forward movement of drums on the paths 51 and
      54.
PAR  As the vehicle begins its route, the normal starting and stopping thereof
      causes the drums on the path 52 to move forwardly. This is primarily due
      to the downward slant of the floor 33 from the rear end of the body toward
      the front end thereof. Consequently, the drum 52a shifts from its full
      line position at the front of path 52 over the transfer zone 92 and onto
      the unloading zone 63 adjacent the side door 103. Such position of the
      drum 52a is indicated in broken lines in FIG. 8.
PAR  When the driver arrives at his first stop, he opens the side door 103,
      removes the empty drum 52a from the loading station 63, closes the door
      103, and leaves the drum at the stop. He then lowers the lift gate 39 to
      its broken line position indicated at 39' in FIG. 1, and places a loaded
      drum (55') picked up at this stop onto the lift gate. The lift gate is
      then raised to its broken line position indicated at 39" in FIG. 1, and
      the filled drum 55' is then shifted downwardly onto the loading station at
      the rear end of the body and then into the receiving end of the path 52. A
      space will be available at the rear of the path 52 for the loaded drum
      since all of the drums on the path 52 will have moved forward one position
      when the driver reaches his first stop. This sequence is continued as the
      driver continues along his route until all of the empty drums on the path
      52 have been replaced with filled drums. When the last empty drum 52j on
      the path 52 has moved off the forward or discharge end of the path and has
      been removed from the unloading station 63, the driver unlatches the gate
      107 and swings it to its full position illustrated in FIG. 9. When so
      positioned, the gate 107 permits the empty drums 51a-51i on the row 51 to
      move forwardly on the path as the vehicle 30 continues on its route. At
      the same time, the gate 107 prevents any of the filled drums on the path
      52 from moving onto the unloading station 63.
PAR  As the driver continues along his route, each of the empty drums 51a-51i
      will be sequentially dropped off and replaced with filled drums in the
      manner previously described. After the last empty drum, namely the drum
      51i, has been removed from the unloading station 63 and a filled drum
      added to the rear of the path 51, the relationship of filled to empty
      drums in the vehicle body 30 will be as shown in FIG. 10. It should be
      noted that an empty space remains at the rear or receiving end of the path
      51.
PAR  At the next stop, the driver opens the door 104 at the right side 37 of the
      vehicle body 30 and removes the empty drums 54a from the unloading station
      64. The filled drum picked up at this stop is then loaded into the empty
      space at the rear of the path 51. Consequently, both of the paths 51 and
      52 will be completely filled with filled drums. The driver then continues
      along his route unloading the drums 53a-53j from the path 53, which
      progressively move forward out of the discharge ends of the path and onto
      the unloading station 64. The empty drums 53a-53j are respectively
      replaced with filled drums added to the rear or receiving end of the path
      53, as the vehicle proceeds along its route.
PAR  When the last empty drum 53j on the path 53 is removed from the unloading
      station 64, the gate 108 is swung from its laterally extending position
      shown in FIG. 11 to its longitudinally extending position shown in FIG.
      12. When so positioned, the remaining empty drums 54b-54j are free to move
      forwardly on the path 54 toward the unloading station 64 for sequential
      removal therefrom through the door 104. After the last empty drum 54j in
      the path 54 has been replaced with a filled drum, an empty space will
      remain at the rear of the path 54. Such condition is illustrated in FIG.
      13. At this time, the driver will have completed his route and will then
      return to the starting depot.
PAR  It should be understood that after the empty drums on the path 52 have been
      replaced with filled drums, the empty drums on the path 53 could be
      replaced with filled drums before the empty drums on the paths 51 and 54
      are replaced. This procedure would insure a more balanced load.
PAR  On arriving at the starting depot, the filled drums may be removed from the
      vehicle body 30 either through the side doors 103 and 104 or from the rear
      end thereof, or both. Where the drums are removed from the rear end of the
      body, they are shifted rearwardly on their respective paths 51-54 and
      thence onto the lift gate 39, from whence they may be either lowered to
      the ground or slid off of the lift gate onto an unloading dock. Filled
      drums that are removed from the vehicle body 30 through the side doors 103
      and 104 may be transported to the unloading dock by a lift truck.
PAR  In order to facilitate movement of filled drums onto the lift gate 39 from
      the rear ends of the paths 52 and 54, a removable ramp member 120 is
      provided. The ramp member 120 is placed at the rear end of each of the
      paths 52 and 54, in the manner illustrated in FIGS. 2, 5 and 6, and is in
      the form of a channel having its side flanges 121 tapered. When positioned
      at the end of either of the paths 52 or 54, the upper surface 122 of the
      ramp member slants downwardly from the level of the surface portions 71
      and 73 to the level of the paths 52 and 54. Consequently, filled
      containers are readily shifted out of the rear ends of the paths 52 and 54
      and onto the lift gate 39. A pair of longitudinally extending, laterally
      spaced guide strips 123 and 124 may be secured to the upper surface of the
      sheet metal covering of the paths 52 and 54 adjacent the rear ends thereof
      to locate the ramp member 120 when the latter is in operation.
PAR  While the vehicle body 30 has been herein illustrated and described as
      having four longitudinally extending paths on the floor 33 thereof, more
      or less than this number of paths could be provided. In addition, while
      the paths 51-54 have been herein described as being defined by angle bars
      41-44 secured to the upper surface of the floor 33, any other suitable
      structure capable of performing the functions of the angle bars 41-44,
      could also be used as, for example, rollers. Likewise, other structures
      capable of performing the function of the diverting abutment 80, could be
      employed instead. Further, the order of removal of empty drums from the
      paths 51-54, and the replacement of such drums with filled drums, could be
      altered, if desired. Moreover, while the method of loading and unloading
      the vehicle body 30 has been described in conjunction with a route where
      empty drums are dropped off and filled drums are picked up, the method is
      equally applicable to a route where filled drums are dropped off and empty
      drums are picked up.
PAC  DESCRIPTION OF THE CONSTRUCTION OF THE VEHICLE SHOWN IN FIGS. 14-16 OF THE
      DRAWINGS
PAR  In FIG. 14, another cargo transporting and handling vehicle or truck 200
      embodying the features of the present invention, is illustrated. The truck
      200 is similar in construction to the truck 20, and therefore like
      reference numerals have been used to identify identical parts. The truck
      200 thus includes a cab 21 mounted on the front of a chassis, indicated
      generally at 22. Front and rear wheels 23 and 24, respectively, support
      the vehicle for movement over the ground, and auxiliary storage
      compartments 25 may be provided and mounted on the chassis 22, if desired.
PAR  Referring now to FIGS. 15 and 16 in conjunction with FIG. 14, it will be
      seen that the vehicle 200 includes a body 230 mounted on the chassis 22
      behind the cab 21. The body 230 defines a cargo receiving compartment
      which includes an elongated, rectagular load supporting surface or floor
      33 (FIG. 16) which is secured to the frame members 34 of the chassis 22.
      The floor 33 of the body 230 is of the same dimensions as the floor 33 of
      the body 20, that is, it is about 20 feet long and 8 feet wide. The body
      230 includes upstanding side walls 236 and 237, which employ a novel
      construction to be hereinafter decribed in detail, and a frontwall or
      bulkhead 38. The rear end of the body 230 is open, except when a lift gate
      39, secured to the rear end of the chassis 22, is in its upwardly
      extending position illustrated in FIG. 14.
PAR  The vehicle body 230, like the body 30, is provided with guide means which
      define at least one and preferably a plurality of longitudinally
      extending, juxtaposed paths for guiding the direction of movement of cargo
      elements in the body. Such guide means, in the present instance, comprises
      a plurality of elongated members in the form of channel-shaped pans,
      respectively, indicated at 241-244, inclusive, in FIGS. 15 and 16. As best
      seen in FIG. 16, each pan includes a pair of upstanding flanges 246 and
      247, and a connecting, horizontal web portion 248. The pans 241-244 are
      secured to the upper surface of the floor 33, and the vertical flanges of
      the pans are preferably secured to each other, as by welding (not shown)
      in back-to-back relation. When mounted on the floor 33, the pans 241-244
      define four longitudinally extending paths, respectively indicated at
      51-54, inclusive, in FIG. 15.
PAR  In order to minimize the possibility of contact between cargo elements
      moving on the paths 51-54 of the body 230 and between laterally outwardly
      projecting structures thereon, means is provided for vertically offsetting
      alternate ones of the paths 51-54. Thus, when the cargo elements comprise
      standard size 55 gallon drums, having the usual radially outwardly
      extending circumferential ribs 49 and beads 50 therearound, the paths 51
      and 53 are elevated with respect to the paths 52 and 54. Two of such drums
      are shown in FIG. 16 and respectively indicated at 55. In the present
      instance, the paths 52 and 54 are elevated by providing two pairs of
      longitudinally extending, inverted channels 252 and 253 between the upper
      surface of the floor 33 and the undersurface of the web portions 248 of
      the pans 242 and 244. Since the pans 242 and 244 are elevated with respect
      to the pans 241 and 243, the flanges 246 and 247 of the pans 242 and 244
      are shorter than the corresponding flanges 246 and 247 of the pans 241 and
      243.
PAR  In order to reduce the wear on the pans 241-244, longitudinally extending
      metal skids 246 and 247 may be welded or otherwise secured to the upper
      surface of the web portion 248 of each pan adjacent the flanges 246 and
      247. In addition, a short, longitudinally extending metal skid 248 may be
      centrally mounted on the upper surface of the web portions 248 of each
      pan, to minimize wear due to the shifting of drums onto loading stations
      provided by the open ends of the paths 51-54 at the rear of the body 230.
PAR  As best seen in FIG. 15, at least one or preferably a pair of unloading
      stations 63 and 64 are defined at the front end of the body 230 adjacent
      the left and right front corners thereof. In addition, diverting means in
      the form of a generally triangularly-shaped abutment 80 is secured
      centrally to the inner surface of the bulkhead 38, and stop means in the
      form of gates 107 and 108 are provided at the forward or discharge ends of
      the paths 51-54 to control movement of drums onto the unloading stations
      63 and 64 and to permit removal of drums through the side doors 103 and
      104. The remaining structure at the front of the vehicle body 230 is
      identical with that at the front of the body 30 and therefore will not be
      again described. Accordingly, reference should be made to the description
      of this portion of the vehicle body 30 for an understanding of the
      corresponding structure of the vehicle body 230.
PAR  The manner in which the drums advance along the paths 51-54 of the vehicle
      body 230 and the manner in which they are unloaded from the unloading
      stations 63 and 64 at the front of the body 230 is likewise the same as in
      the previous embodiment. Reference should therefore be made to the
      decription of the operation and method of loading and unloading the body
      30 for an understanding of the operation and method of loading and
      unloading the body 230.
PAR  As heretofore mentioned, the paths 52 and 54 of the body 230 are elevated
      with respect to the level of the paths 51 and 53 in order to permit closer
      positioning of the drums on the respective paths without contact between
      the ribs 49 and beads 50 thereof. In furtherance of this concept and to
      permit the side walls 236 and 237 to be positioned close to the drums on
      the outer paths 51 and 54 so that the overall width of the body is
      minimized, as well as to strengthen the side walls, the side walls 236 and
      237 include means for accomplishing these purposes. Such means, in the
      present instance, comprises at least one and preferably a plurality of
      laterally outwardly displaced portions of the material of the side walls
      236 and 237. Such portions, which are preferably formed by longitudinally
      extending convolutions in the side walls, are respectively indicated at
      261-263 in FIGS. 14 and 16 and are located in the side walls so as to be
      in substantial vertical alignment with the ribs 49 and upper bead 50 of
      the drums 55 on the outer paths 51 and 54. It should be noted that since
      the drums 55 on the path 54 are elevated somewhat above the level of the
      drums 55 on the path 51, the outwardly displaced portions 261-263 in the
      side wall 237 are elevated above the outwardly displaced portions 261-263
      in the side wall 236 by an amount corresponding to the elevation of the
      path 54 above the path 51.
PAR  The outwardly displaced portions 261-263 of the side walls 236 and 237 thus
      permit the main body of each side wall to lie closer to the drums on the
      adjacent paths 51-54 so that the overall width of the body 230 may be
      minimized. In addition, the portions 261-263 strengthen the side walls and
      eliminate the need for supplemental internal or external bracing.
PAR  In order to strengthen the upper portions of the sidewalls 236 and 237,
      reinforcing means in the form of an enlarged section 266 (FIG. 16), is
      provided on the upper portion of each of the side walls. Each enlarged
      section 266 is defined by a flange 267, which extends laterally inwardly
      from the upper longitudinal edge, indicated at 268, of each of the side
      walls 236 and 237, and by an elongated plate 269 (FIG. 16). Each plate 269
      has its upper longitudinal edge 272 secured, as by welding, to the inner
      edge of the flange 267, and its lower longitudinal edge 273 secured, as by
      welding, to the inner surface of the side wall at a point space below the
      flange 267. Thus, the enlarged section 266 on each of the side walls 236
      and 237 is generally triangular in cross section and thus extremely rigid.
      A longitudinally extending, concave bead 274 may be formed in each plate
      269 for increased rigidity.
PAR  While the convolutions 261-263 and reinforcing triangular sections 266 in
      the side walls 236 and 237 substantially increase the strength and
      rigidity of the side walls, additional strengthening structures may also
      be provided. Thus, a pair of diagonally extending bars, each of which is
      indicated at 276 in FIG. 15, may be secured at one end of the upper edge
      of the front bulkhead 38, at the approximate center thereof, and the
      opposite ends of the bars 276 may be secured to the horizontal flanges 267
      of the side walls 236 and 237 at locations spaced longitudinally
      rearwardly from the bulkhead 38. In addition, stabilizing means in the
      form of another cross bar 277 may be provided for stabilizing the upper
      ends of the side walls 236 and 237 at the rear end of the body 230. The
      cross bar 277 is preferably removably connected to the side walls. To this
      end, the remote ends, indicated at 278, of the cross bar 277 may be bent
      at a right angle to the main body of the bar so that the ends 278 can be
      inserted into openings (not shown) in the horizontal flanges 267 of each
      side wall, in the manner illustrated in FIG. 16.
PAR  While only two embodiments of the invention have been herein illustrated
      and described, it will be understood that modifications and variations
      thereof may be effected without departing from the scope of the invention
      as set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of unloading cargo elements from a supporting surface on a
      transporting vehicle and loading cargo elements onto said surface as said
      vehicle proceeds along a drop-off and pick-up route having a plurality of
      stops, said supporting surface having front and rear ends and
      longitudinally extending laterally spaced sides, said method comprising
      the steps of providing at least one path on said surface for guiding the
      direction of movement of cargo elements moving on said surface, said path
      extending lengthwise of said vehicle and having a receiving end at the
      rear end of said supporting surface and a discharge end in one of said
      sides and adjacent to the front end of said supporting surface, unloading
      cargo elements from the discharge end of said path as said vehicle makes
      its respective stops, loading cargo elements onto said path at the
      receiving end thereof as said vehicle makes its respective stops, and
      inertially moving cargo elements on said path from the receiving end
      toward the discharge end of said path until a predetermined number of
      cargo elements have been dropped off and picked up.
NUM  2.
PAR  2. A method of unloading cargo elements from a supporting surface on a
      transporting vehicle and loading cargo elements onto said surface as said
      vehicle proceeds along a drop-off and pick-up route having a plurality of
      stops, said method comprising the steps of providing a pair of parallel
      paths on said surface for guiding the direction of movement of cargo
      elements moving on said surface, each of said paths having a receiving end
      and a discharge end, providing an unloading station at the discharge end
      of one of said paths for receiving cargo elements from both of said paths,
      blocking the discharge end of one of said paths to prevent cargo elements
      thereon from advancing onto said unloading station until a predetermined
      number of cargo elements on the other of said paths have been unloaded
      from said unloading station and replaced with cargo elements loaded onto
      the receiving end of said other path, unblocking the discharge end of said
      one path to permit cargo elements on said one path to advance onto and be
      unloaded from said unloading station while at the same time blocking the
      discharge end of said other path to prevent cargo elements thereon from
      advancing onto said unloading station, and moving cargo elements on said
      paths from the receiving ends toward the discharge ends thereof until a
      desired number of cargo elements have been dropped off and picked up.
NUM  3.
PAR  3. A method of unloading cargo elements from a supporting surface on a
      transporting vehicle and loading cargo elements onto said surface as said
      vehicle proceeds along a drop-off and pick-up route having a plurality of
      stops, said supporting surface having front and rear ends and
      longitudinally extending laterally spaced sides, said method comprising
      the steps of providing a pair of parallel paths on said surface for
      guiding the direction of movement of cargo elements moving on said
      surface, each of said paths having a receiving end and a discharge end,
      providing an unloading station at the discharge end of one of said paths
      adjacent to one of said sides and the front end of said supporting surface
      for receiving cargo elements from both of said paths, blocking the
      discharge end of one of said paths to prevent cargo elements thereon from
      advancing onto said unloading station until a predetermined number of
      cargo elements on the other of said paths have been unloaded from said
      unloading station and replaced with cargo elements loaded onto the
      receiving end of said other path, diverting cargo elements advancing on
      said other path onto said unloading station, unblocking the discharge end
      of said one path to permit cargo elements on said one path to advance onto
      and be unloaded from said unloading station while at the same time
      blocking the discharge end of said other path to prevent cargo elements
      thereon from advancing onto said unloading station, and moving cargo
      elements on said paths from the receiving ends towards the discharge ends
      thereof until a desired number of cargo elements have been dropped off and
      picked up.
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ABST
PAL  An apparatus for automatically opening and emptying a carton for reuse by
      folding the outer flaps of the carton away from the opening into the
      carton as the carton moves linearly in a first direction, folding the
      inner flaps of the carton away from the opening in the carton as the
      carton moves linearly in a second direction and separating the carton from
      the contents while the contents continue to move in a second direction.
      Upon separation, the carton is automatically transported to a remote
      location for reuse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  The present invention relates to material or article handling devices, and
      more particularly to such devices which provide for engaging and emptying
      cartons and having means for opening the carton prior to the emptying
      operation.
PAR  II. Description of the Prior Art
PAR  There are a number of prior art devices for opening a carton and emptying
      its contents while conveying it from one location to another.
PAR  Heretofore known devices of this type have had one or more of the following
      characteristics: destruction of the carton; rough handling of the contents
      of the carton upon separation or removal of the contents from the carton;
      lack of adjustability of the means for moving the carton, thereby limiting
      its application; large physical size, thereby taking up valuable floor
      space; a requirement for accurate synchronization of the movement of
      various components; and high cost of manufacture and maintenance because
      of the use of a complicated structure and use of complicated parts.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an apparatus for opening a carton and
      separating it from its contents, such as empty jars, in such a way that
      the carton can be reused when the empty jars have been filled. The
      apparatus includes a first conveyor portion for moving the cartons to be
      opened in a first direction through and past carton outer flap folding
      bars which fold the outer flaps away from the opening in the carton and
      hold them in this position. A second conveyor portion is provided which
      moves the partially opened cartons in a second direction substantially
      perpendicular to the first direction, past and through carton inner flap
      folding and engaging means which fold the inner flaps away from the
      opening in the carton. A transfer station moves the cartons with their
      outer flaps folded away from the opening in the cartons to the second
      conveyor. After the cartons are opened, the cartons are directed to a
      third conveyor portion which removes them from the second conveyor
      portion, leaving the contents on the second conveyor portion to be
      transported to subsequent work stations, and to transport the now empty
      cartons to a remote location to await reuse.
PAR  The first, second and third conveyor portions are independently adjustable
      so that the apparatus is adaptable for opening and emptying cartons of
      various sizes.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The preferred embodiment of the present invention is illustrated in the
      accompanying drawings wherein like numerals refer to like parts throughout
      the several views, and in which:
PAR  FIG. 1 is a perspective view of the apparatus of the present invention for
      opening and unloading cartons;
PAR  FIG. 2 is a perspective view of those carton opening and conveying
      components hidden from view in FIG. 1; and
PAR  FIG. 3 is a perspective view similar to FIG. 2 illustrating cartons
      progressing through the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The drawings illustrate an apparatus 10 for opening and unloading cartons
      12 (FIG. 3) filled with articles 14, such as glass jars. The cartons 12
      are, for example, cardboard cartons having inner flaps 16 which are
      connected to and folded from opposite edges of the carton over the opening
      in the carton, and outer flaps 18 which are connected to and folded from
      different opposite edges of the carton over the folded inner flaps, thus
      closing the carton 12.
PAR  The overall object of the apparatus 10 is to rapidly and automatically open
      a succession of cartons 12 by folding the outer flaps 18 and inner flaps
      16 away from the opening in the carton 12, unloading the articles 14
      therefrom and separately transporting the articles 14 and empty cartons 12
      to different locations, all this without destroying the cartons 12 so that
      they can be reused.
PAR  Referring again to the drawings, the carton opening and unloading apparatus
      10 is generally comprised of four work stations which are supported on a
      frame 20 (FIG. 1).
PAR  As can best be seen in FIGS. 1 and 3, the function of the first work
      station is to fold the outer flaps 18 away from the opening in the carton
      12 and to transport the cartons 12 to the second work station. The first
      work station comprises a first conveyor means 22 for moving the cartons 12
      in a first direction (indicated by the flow arrows "A" in FIG. 3), carton
      outer flap engaging means 26 (FIGS. 2 and 3), and carton outer flap
      folding means 28 (FIG. 2).
PAR  The function of the second work station is to fold the inner flaps 16 away
      from the opening in the carton 12 and to transport the cartons 12 through
      the second station to a discharge location. The second work station, as
      can best be seen in FIGS. 1 and 3, comprises a second conveyor means 30
      for moving the cartons 12 in a second direction (indicated by flow arrows
      "B" in FIG. 3) substantially 90.degree. to the first direction "A", and
      carton inner flap engaging and folding means 32 (FIGS. 1 and 2).
PAR  The function of the third work station is to move the cartons 12 from the
      first work station to the second work station and, as can best be seen in
      FIGS. 1 and 2, comprises a transfer means 34 disposed between the exit
      from the first work station and the entrance to the second work station.
PAR  The function of the fourth work station is to empty the articles 14 from
      the carton 12 by separating the carton 12 from the second work station
      without disturbing the articles 14, and, as illustrated in FIG. 1,
      comprises a third conveyor means 36 which engages the cartons and
      separates them from the articles 14.
PAR  Referring again to FIGS. 1 and 2, the first conveyor means 22 comprises a
      pair of spaced apart elongated tracks 38 extending in the first direction
      "A" for supporting the cartons 12 as they move, and a pair of spaced apart
      first drive means, such as first endless belt conveyors 40 (FIG. 1),
      disposed on opposite sides of the tracks 38. The outer surface 42 of the
      belt 44 of each conveyor 40 is oriented in a vertical plane parallel to
      the first direction "A". The cartons 12 are received between the conveyors
      40 and are frictionally engaged on opposite sides by the outer surfaces 42
      of the respective belts 44 and are thereby moved in the first direction
      "A".  It is apparent that as one carton 12 is engaged and moved by the
      conveyors 40 it engages the carton 12 ahead of it and moves it in the
      direction A. The cartons 12 are shown in spaced position in FIG. 3 to more
      clearly indicate the operation of the flap opening means.
PAR  One of the belt conveyors 40 is mounted on the frame 20 for selected
      movement in a direction (indicated by arrow "C" in FIG. 1) transverse to
      the first direction "A". Thus, the space between the conveyors 40 can be
      selectively changed to engage cartons 12 of different sizes. The movable
      mounting of the conveyor 40 to the frame 20 is accomplished by, for
      example, a crank 46 journaled in the frame 20 and having a threaded shank
      which engages a correspondingly threaded bore in a pillow block (not
      shown) attached to the belt conveyor. As the crank 46 is turned, the block
      is caused to travel in the direction of the threaded shank of the crank 46
      by the interaction of the threaded shank and threaded bore, thus moving
      the conveyor 40 in the direction of the shank to expand or contract the
      space between the pair of conveyors 40.
PAR  As best seen in FIGS. 2 and 3, the carton outer flap engaging means 26
      comprises a tapered end 39 on each of the elongated tracks 38 facing
      against the first direction "A" of the moving cartons. Each of the tapered
      ends 39 is received between a different outer flap 18 and the carton 12 to
      separate the outer flaps 18 therefrom (FIG. 3) as the cartons 12 are moved
      by the conveyor 40 for subsequent contact with the outer flap folding
      means 28 (FIG. 3).
PAR  Still referring to FIGS. 2 and 3, a guide blade 48 is disposed between the
      pair of elongated tracks 38 in a vertical plane parallel to the first
      direction "A" of movement of the cartons to abut and support the inner
      flaps 16 as the carton 12 moves onto the elongated tracks 38. As the
      tapered ends 39 engage and separate the outer flaps 18 from the opening in
      the carton 12, the weight of the articles 14 contained therein tend to
      force the inner flaps 16 to fold away from the opening in the carton 12.
      By abutting and supporting the inner flaps 16, the guide blade 48 prevents
      the inner flaps from moving away from the opening and spilling the
      articles 14 from the carton 12.
PAR  As can best be seen in FIGS. 1 and 3, the outer flap folding means 28
      includes a pair of spaced apart bars 50 disposed on opposite sides of the
      pair of elongated tracks 38. Each bar 50 comprises a first elongated
      portion 52 extending outwardly and downwardly from a different one of the
      tracks 38 in the general direction "A" of the moving cartons 12, and
      terminating at a location outwardly and below the tracks 38; a second
      elongated portion 54 extending inwardly and upwardly, with respect to its
      adjacent track 38, from the outermost extension of the first portions 52
      in the general direction "A" of the moving cartons 12, and terminating at
      a location above and spaced outwardly from its adjacent track 38; and a
      third portion 56 extending from the uppermost extension of the second
      portion 54 parallel to and spaced from its adjacent track 38. The space
      between the third portions 56 of the pair of bars 50 is generally the
      width of the carton 12 plus the thickness of the outer flaps 18. The bar
      50 is preferably integrally formed of the three portions 52, 54 and 56.
PAR  As the cartons move in the first direction "A", the separated outer flaps
      18 contact the pair of folding bars 50, each one of the pair of bars
      contacting a different outer flap 18. The first portion 52 pivots the
      outer flaps 18 generally downwardly away from the opening in the carton
      12, as indicated at "D" in FIG. 3. Upon contact with the second portion
      54, the outer flaps 18 are pivoted generally upwardly, as indicated at "E"
      in FIG. 3, toward a location where they are substantially parallel to and
      overlay the adjacent carton sidewall. The third portion 56 cages the outer
      flaps 18 in their overlaying relationship to the carton sidewalls, as
      indicated at "F" in FIG. 3. The reason for folding the outer flaps 18 to
      this overlaying position will become clear as the transfer means 34 is
      described more fully.
PAR  As can be seen in FIG. 1, a pair of spaced apart guide bars 51 are provided
      on opposite longitudinal sides of the pair of tracks 38 between the
      conveyor 40 and the third portions 56 of the outer flap folding bars 50 to
      guide the cartons 12 as they move in the direction therebetween.
PAR  As can best be seen in FIG. 1, the second conveyor means 30 is similar to
      the first conveyor means 22, and comprises a pair of spaced apart second
      drive means, such as endless belt conveyors 58, disposed on opposite
      longitudinal sides of the carton inner flap engaging and folding means 32.
      The outer surface 60 of the belt 62 of each conveyor 58 is oriented in a
      vertical plane parallel to the second direction "B". The cartons 12 are
      received between the conveyors 58 and are frictionally engaged on opposite
      sides by the belts 62 and are thereby moved in the second direction "B".
      One of the belt conveyors 58 is mounted on the frame 20 for selected
      movement in a direction (indicated by the arrow "G" in FIG. 1) transverse
      to the second direction "B". Thus, the space between the pair of belt
      conveyors 58 can be selectively changed to engage cartons of different
      sizes. The movable mounting of the conveyor 58 is accomplished in the same
      manner as that of the movable conveyor 40.
PAR  Now referring to FIGS. 1, 2 and 3, the carton inner flap engaging and
      folding means 32 comprise a pair of parallel spaced apart support plates
      64 sloping downwardly and inwardly from opposite longitudinal sides of the
      engaging and folding means, a horizontal elongated plate 66 (FIG. 2)
      disposed downstream in the direction "B" from the sloping plates 64 and an
      article support member 68 extending horizontally from the leading edge 70
      of the plate 66 between the sloping plates 64.
PAR  As can best be seen in FIG. 2, the leading corners 72 of the elongated
      plate 66 are inclined downwardly and a generally V-shaped inner flap
      folding plate 74 is disposed beneath the horizontal elongated plate 66
      with its apex facing upstream or against the second direction "B" of
      movement of the cartons 12. Each of the sloping edges 75 of the V-shaped
      plate 74 extend outwardly toward a different longitudinal edge of the
      elongated plate 66 in the direction "B" of movement of the cartons. A pair
      of horizontally positioned inner flap folding plate extension members 76
      are located along opposite longitudinal sides of the elongated plate 66.
      Each extension member 76 is generally triangular in shape having its outer
      edge 77 extending angularly outwardly from the adjacent longitudinal edge
      of the elongated plate 66, generally in the second direction "B" of
      movement of the cartons.
PAR  Still referring to FIGS. 2 and 3, as the cartons pass over the article
      support member 68 and the sloping support plates 64, the inner flaps 16
      pivot downwardly away from the opening in the carton 12 under the
      influence of the weight of the articles 14 until they contact the sloping
      support plates 64, thus positioning the inner flaps 16 for contact with
      the corners 74 of the elongated plate 66. The support member 68 prevents
      the articles 14 from coming out of the carton 12 and supports the carton
      12 as it moves in the second direction "B". As the carton 12 continues to
      move from the sloping support plates 64, the carton 12 is received on the
      top surface of the elongated horizontal plate 66 and the inner flaps 16
      are engaged by the downwardly inclined leading corners 72 which cause the
      inner flaps 16 to pivot downwardly away from the opening in the carton 12.
      As the carton moves along the top surface of the horizontal plate 66, the
      inner flaps 16 engage the sloping edges 75 of the V-shaped plate 74 and
      are caused thereby to continue to pivot downwardly. The inner flaps 16
      next contact the extension members 76 and, as the carton continues to move
      in the second direction "B", the inner flaps 16 move along the outwardly
      extending edges 77 of the extension members 76 and are thus pivoted
      upwardly to be in a horizontal plane.
PAR  As hereinabove mentioned, the first conveyor means 22 is disposed at an
      angle of 90.degree. to the second conveyor means 30. The transfer means 34
      receives the cartons 12 from the first conveyor means 22 and redirects
      them into the second conveyor means 30. As can best be seen in FIG. 1, the
      transfer means 34 comprises a horizontally disposed plate 78 which
      supports the cartons 12, a transfer mechanism such as a fluid operated
      cylinder 80 disposed with its axis of movement in the direction "B" of
      movement of the cartons 12, and a carton engaging member such as a
      vertically disposed plate 82 connected to the piston rod of the cylinder
      80. Cartons 12, having their outer flaps 18 folded away from the opening
      in the cartons 12, are received on the top surface of the plate 78. The
      position of the outer flaps 18 overlaying the carton sidewalls assures
      that they will not interfere with the plate 78 as they are moved onto the
      top surface of the plate from the tracks 38. Once the carton is on the
      plate 78, the outer flaps are allowed to fold downwardly to lay upon the
      top surface thereof. The fluid operated cylinder is activated by, for
      example, a switch (not shown) which is tripped by a carton on the plate 78
      causing the piston rod to extend to place the carton engaging plate 82 in
      contact with the carton 12, and to push it in the second direction "B"
      into engagement with the second conveyors 58.
PAR  Still referring to FIG. 1, the third conveyor means 36 comprises a pair of
      spaced apart parallel endless third belt conveyors 84 disposed toward
      opposite longitudinal sides of the elongated plate 66. The conveyors 84
      are inclined upwardly in the second direction "B" of the moving cartons
      from a location over the second conveyor means downstream in the second
      direction "B" from the location of the extension members 76. The outer
      surface 86 of the belt 88 of each conveyor 84 is oriented in a vertical
      plane parallel to the second direction "B" of movement of the cartons. The
      cartons 12 are received between the conveyors 84 and are frictionally
      engaged on opposite sides by the inwardly facing outer surfaces 86 of the
      respective belts 88 and are thereby lifted from the elongated plate 66, as
      indicated at "H" in FIG. 3. In being lifted from the plate 66 by the pair
      of third conveyors 84, the carton is gently separated from its articles 14
      onto a conventional belt conveyor 98.
PAR  The conveyors 84 are supported over the frame 20 by an overhead structure
      90 which has two depending legs 92 connected at their bottom ends to the
      frame 20. One of the pair of conveyors 84 is connected at its lower end to
      the movably mounted one of the second conveyors 58 and movably mounted,
      between its ends, to a horizontal bar 94 connected at its opposite ends to
      the legs 92 and disposed transversely to the second direction "B" of the
      moving cartons by means of bearings 96 for movement in the axial direction
      of the bar 94. This mounting provides for adjustment of the space between
      the pair of third conveyors 84. As the space between the pair of second
      conveyors 58 is changed by manipulating the crank 46 associated therewith,
      the space between the pair of third conveyors 84 is changed a
      corresponding amount.
PAR  A standard belt conveyor 96 may be located at the entrance to the first
      work station to deliver cartons to be opened to the apparatus 10. The
      articles 14 are taken by the conveyor 98 to a point of use. In the
      embodiment shown, the articles 14 are empty jars which can be filled and
      then taken to a point where they are repacked into the cartons 12 for
      shipment.
PAR  The foregoing detailed description is given primarily for clearness of
      understanding and no unnecessary limitations should be understood
      therefrom for some modifications will be obvious to those skilled in the
      art upon reading this disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for opening the flaps of a carton filled with articles and
      for unloading the articles from the cartons comprising:
PA1  first conveyor means for moving the cartons in a first direction;
PA1  carton outer flap folding means associated with said first conveyor means
      for folding the outer flaps of the carton from a closed position over the
      opening to the carton to a folded position away from their closed position
      as the cartons move in said first direction;
PA1  second conveyor means for moving the cartons in a second direction disposed
      at a predetermined angle to said first conveyor means;
PA1  carton inner flap engaging and folding means associated with said second
      conveyor means for folding the inner flaps of the carton from a closed
      position over the opening to the carton to a folded position as the
      cartons move in said second direction;
PA1  transfer means disposed between said first conveyor means and said second
      conveyor means for transferring said cartons from said first conveyor
      means to said second conveyor means; and
PA1  third conveyor means disposed adjacent the end of said second conveyor
      means and extending upwardly away therefrom whereby to remove the cartons
      from said second conveyor, the articles remaining on said second conveyor
      means; and
PA1  said second conveyor means comprises a pair of spaced apart second drive
      means disposed on opposite sides of said carton inner flap engaging and
      folding means to move the cartons in said second direction; said inner
      flap engaging and folding means comprising a pair of parallel spaced apart
      downwardly and inwardly inclined support plates which permit the inner
      flaps to partially open a predetermined amount by folding downwardly under
      the influence of the weight of the articles in the carton; an elongated
      horizontal plate having its leading corners inclined downwardly and
      outwardly to engage the inner flaps as the carton moves from said support
      plates onto said horizontal plate and to support the articles in the
      carton as the carton moves in said second direction; and a generally
      V-shaped inner flap folding plate disposed beneath said horizontal plate
      having its apex facing against said second direction of movement and
      having its sloping edges extending toward opposite longitudinal sides of
      said horizontal plate.
NUM  2.
PAR  2. An apparatus as defined in claim 1, further comprising a pair of
      horizontally disposed inner flap folding plate extension members disposed
      along opposite longitudinal sides of said horizontal plate, each of said
      extension members having an outer edge which slopes outwardly from a
      different longitudinal edge of the horizontal plate in the second
      direction of movement of said cartons.
NUM  3.
PAR  3. An apparatus as defined in claim 1 wherein said transfer means comprises
      a horizontal plate disposed between said first conveyor means and said
      second conveyor means for supporting the cartons received from said first
      conveyor means; and a transfer mechanism for moving the cartons from said
      horizontal plate to said second conveyor means.
NUM  4.
PAR  4. An apparatus as defined in claim 3, wherein said transfer mechanism
      further comprises at least one fluid operated cylinder having its axis of
      movement disposed in said second direction; and a carton engaging member
      connected to said cylinder to push the cartons from said horizontal plate
      in said second direction and into engagement with said second conveyor
      means.
NUM  5.
PAR  5. An apparatus as defined in claim 1, wherein said third conveyor means
      comprises two spaced apart parallel endless belt conveyors disposed toward
      opposite longitudinal sides of said second conveyor means, said belt
      conveyors being inclined upwardly in said second direction from said
      second conveyor means, the outer surface of each of said belts being
      disposed in a substantially vertical plane generally parallel to said
      second direction, the cartons being received in the space between said
      belts and engaged thereby being lifted from said second conveyor means and
      transported to a location remote therefrom.
NUM  6.
PAR  6. An apparatus as defined in claim 5, wherein at least one of said belt
      conveyors of said third conveyor means is mounted for selected movement in
      a direction transverse to said second direction to provide adjustment of
      the space therebetween for cartons of different sizes.
NUM  7.
PAR  7. An apparatus for opening the flaps of a carton filled with articles and
      for unloading the articles from the cartons comprising:
PA1  first conveyor means for moving the cartons in a first direction;
PA1  carton outer flap folding means associated with said first conveyor means
      for folding the outer flaps of the carton from a closed position over the
      opening to the carton to a folded position away from their closed position
      as the cartons move in said first direction;
PA1  second conveyor means for moving the cartons in a second direction disposed
      at a predetermined angle to said first conveyor means;
PA1  carton inner flap engaging and folding means associated with said second
      conveyor means for folding the inner flaps of the carton from a closed
      position over the opening to the carton to a folded position as the
      cartons move in said second direction;
PA1  transfer means disposed between said first conveyor means and said second
      conveyor means for transferring said cartons from said first conveyor
      means to said second conveyor means; and
PA1  third conveyor means disposed adjacent the end of said second conveyor
      means and extending upwardly away therefrom whereby to remove the cartons
      from said second conveyor means, the articles remaining on said second
      conveyor means; and said first conveyor means comprising a pair of
      parallel spaced apart elongated tracks longitudinally disposed in said
      first direction of travel to support the cartons as they move in said
      first direction; a pair of spaced apart first drive means disposed on
      opposite sides of said pair of tracks for engaging the opposite
      longitudinal sides of the cartons and moving them in said first direction;
      said carton outer flap engaging means comprises a generally pointed end on
      each of said elongated tracks facing against said first direction of
      movement of said carton to be received between the carton outer flaps and
      the carton; a guide blade disposed between said pointed ends of said
      elongated tracks in a generally vertical plane parallel to said elongated
      tracks to engage the inner flaps of the carton to prevent them from
      folding partially open due to the weight of the articles in the carton;
      and a pair of spaced apart outer flap folding bars, said bars being
      disposed on opposite sides of said pair of elongated tracks to engage said
      outer flaps and fold them as the carton moves in said first direction.
NUM  8.
PAR  8. An apparatus as defined in claim 7, wherein each of said flap folding
      bar comprises a first portion extending generally outwardly and downwardly
      from one of said pair of elongated tracks in said first direction; a
      second portion extending generally inwardly and upwardly from the
      outermost extension of said first portion in said first direction to a
      predetermined location above and spaced outwardly from said one elongated
      track; and a third portion extending from the uppermost extension of said
      second portion in said first direction parallel to and spaced outwardly
      and upwardly a predetermined distance from said one elongated track,
      whereby as the carton moves in said first direction each of said outer
      flaps first contact said first portion of said respective flap folding bar
      which causes the outer flaps to fold first downwardly and then outwardly
      with respect to the carton as the carton moves in said first direction,
      upon engagement with said second portion the outer flaps are caused to
      fold upwardly toward their respective carton sidewalls, and upon
      engagement with said third portion the outer flaps are caused to lay in
      substantial juxtaposition to their respective carton sidewalls.
NUM  9.
PAR  9. An apparatus as defined in claim 7 wherein at least one of said pair of
      spaced apart first drive means is mounted for selected movement in a
      direction transverse to said first direction to provide adjustment of the
      space between said pair of first drive means for cartons of different
      sizes; and at least one of said pair of spaced apart second drive means is
      mounted for selected movement in a direction transverse to said second
      direction to provide adjustment of the space between said pair of second
      drive means for cartons of different sizes.
NUM  10.
PAR  10. An apparatus as defined in claim 7, wherein each of said pair of spaced
      apart first drive means comprises a first endless belt conveyor having the
      outer surface of the belt which contacts the cartons disposed in a
      substantially vertical plane parallel to said first direction.
NUM  11.
PAR  11. An apparatus as defined in claim 1, wherein each of said pair of second
      drive means comprises a second endless belt conveyor having the outer
      surface of the belt which contacts the cartons disposed in a substantially
      vertical plate parallel to said second direction.
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ABST
PAL  A tire cart has been provided with an adjustable frame, adjustable tire
      lifting means, and adjustable tire support means so that one tire cart may
      be used to handle tires of different size and type.
BSUM
PAR  This invention relates to a tire cart, and more particularly to an
      adjustable tire cart for use with various size and type tires.
PAR  Tire carts are used by mechanics to provide assistance in handling tire and
      wheel assemblies or tires being removed from or installed on vehicles,
      such as farm tractors, highway trucks and off-highway equipment. Tires
      from such vehicles are large in size, having large diameters and/or large
      widths and weighing from several hundred to over 2,000 pounds. Such tires
      are difficult to maneuver around a garage or shop and are also difficult
      to maneuver into position for installation on the axles of such vehicles.
      The prior art tire carts were designed to handle only one particular type
      or size tire, be that the large diameter but moderate width farm tractor
      tire, or the medium diameter and large width dual tires of semi-tractors
      and trailers. A tire cart designed to handle one type of tire could not
      handle another type tire, and thus had limited utility. Sometimes, a shop
      or garage only had one tire cart for the type tire most frequently
      serviced by the shop, and the other type tires were handled without the
      convenience and safety provided by use of a tire cart. Other times, the
      shop or garage did not have any tire cart since the shop handled various
      type and size tires, but each in insufficient quantity to justify
      purchasing a tire cart.
PAR  Further, while some of the prior art tire carts did provide some sort of
      support, they did not hold the tire stable while being removed, installed
      or moved so that the tire could slip or fall off the cart, thus posing a
      danger to the mechanic. Usually, the prior art carts had tire supports
      which could not be positioned until the tire was removed from the vehicle,
      particularly, if the vehicle had a fender surrounding the tire.
PAR  The tire cart of the present invention has the advantage of being
      adjustable to accommodate various size and type tires. Further, the tire
      cart of the present invention has the advantage of stably holding the tire
      while being moved and during installation of a tire on or removal of a
      tire from even a vehicle having a fender so that the danger of a tire
      falling has been eliminated.
PAR  The tire cart of the present invention comprises a frame having a center
      section and two lateral sections, at least one of the lateral sections
      being adjustable to vary the size of the tire cart to accommodate various
      size or type tires. The tire cart is mounted on wheels and includes tire
      lifting means for raising and lowering the tire, the lifting means also
      being adjustable for various size and type tires. The cart further
      includes tire supporting means for supporting a tire so it does not fall,
      the tire supporting means also being adjustable.
PAR  The primary object of the present invention is to provide a novel and
      useful tire cart capable of handling various size and type tires, from
      large diameter farm tractor or off-highway equipment tires to wide dual
      tires used on highway semi-tractors and trailers.
PAR  Another object of the present invention is to provide a tire cart with
      adjustable tire lifting means which can accommodate different size and
      type tires.
PAR  Yet another object of the present invention is to provide a tire cart with
      adjustable tire supporting means for holding different size and type tires
      stable on the cart at all times.
DRWD
PAR  These and other objects of the present invention will become apparent from
      the following description and the accompanying figures of drawings
      wherein:
PAR  FIG. 1 is a perspective view of a tire cart embodying the present
      invention, with one type and size tire being shown in dashed lines;
PAR  FIG. 2 is a cross-sectional view taken in the direction of 2--2 of FIG. 1,
      but showing the tire cart in a second position;
PAR  FIG. 3 is an elevational view taken in the direction of 3--3 of FIG. 1, but
      showing the tire cart in the second position;
PAR  FIG. 4 is a top view of the cart shown in FIG. 1, but the tire has been
      omitted for clarity; and
PAR  FIG. 5 is a view similar to FIG. 1, with the tire cart adjusted for a
      second type and size tire shown in dashed lines, and showing a vehicle
      fender in dash-dot lines.
DETD
PAR  Illustrated in FIGS. 1-5 is a tire cart 10 of the present invention. The
      tire cart 10 comprises an adjustable frame 12, adjustable tire lifting
      means 14 for raising and lowering a tire, and adjustable tire supporting
      means 16 for holding the tire stable on the cart. In FIGS. 1-3 the tire
      cart 10 is shown with a large diameter and moderate width farm tractor
      type tire 18 (dashed lines).
PAR  The frame 12 is adjustable and comprises a center section 20 and two
      lateral sections 22. While it is possible to provide a frame having only
      one adjustable lateral section, in this instance both lateral sections 22
      are adjustable. The center section 20 is made preferably of a length of
      rectangular tubing, as are the two lateral sections 22. The lateral
      sections 22 are arranged perpendicularly to and extend away from the ends
      of the center section 20.
PAR  Each lateral section 22 includes a perpendicular extension 24 at its end
      near or adjacent the center section 20. The extensions 24 are preferably
      made of short lengths of the same tubing as the lateral sections 22 and
      are secured to the lateral sections. The adjacent ends of the lateral
      sections 22 and of the extensions 24 are welded together. These
      connections are reinforced by flat members 25 welded to the walls of the
      sections 22 and extensions 24. In this instance, the extensions 24 of the
      lateral sections 22 extend telescopically into the open ends of the center
      section 20 of the frame 12, but the reverse construction could also be
      used. The cross-sectional sizes of the center section 20 and extensions 24
      of the lateral sections 22 are chosen to provide a sliding fit
      therebetween. This construction permits the width or spacing between the
      lateral sections 22 of the frame 12 to be varied.
PAR  Adjusting means 26 for moving and for holding each of the lateral sections
      22 spaced from the center section 20 is provided, and in this instance
      comprises a threaded member or bolt 28 having a hexagonal head 29 and a
      pair of webs 30 and 32 mounted on the lateral section 22 and center
      section 20, respectively. The webs 30 are not directly mounted on the
      lateral sections 22, but instead each web 30 is mounted on the horizontal
      flat member 25 in a manner to stiffen it. The webs 30 extend vertically
      from the flat members 25 and have openings therein to rotatably receive
      the bolts 28. Each web 32 is welded directly to the center section 20 and
      extends vertically therefrom and parallel to the associated web 30. The
      webs 32 have openings therein to rotatably receive the bolts 28. A
      threaded nut 35 is welded to each of the webs 32 in alignment with the
      openings therein. In this instance a pair of threaded nuts 36, is securely
      locked on each of the bolts 28 adjacent the heads 29 to loosely trap the
      webs 30 between the nuts 36 and heads 29. Thus, the heads 29 of the bolts
      28 may be conveniently rotated with, for example, a mechanic's ratchet
      wrench in one direction to draw the lateral sections 22 toward the center
      section 20 and in the opposite direction to force the lateral sections 22
      away from the center section 20 to vary the spacing between the lateral
      sections.
PAR  To facilitate movement, the tire cart 10 is provided with four wheels 38
      and 39. The wheels 38 and 39 are preferably arranged to be spaced
      generally equally about a tire loaded on the cart so that each wheel will
      carry approximately an equal share of weight of such tire. Therefore, the
      present tire cart 10 is much more easily moved about than prior tire carts
      which had one wheel, usually the wheel closest to the tire raising device,
      bearing most of the load. As shown in FIGS. 3 and 4, the wheels 38 are
      located at the ends of the lateral sections 22 farthest away from the
      center section 20. Each wheel 38 is rotatably carried on a bolt or axle 40
      extending through openings in the opposite, vertical side walls of the
      lateral section 22. The lower walls of the lateral sections 22 are cut
      away, as indicated at 41 (FIG. 3), to accommodate the wheels 38. The
      wheels 39 are of the pivotable or caster type and are secured near the
      other ends of the lateral sections 22. The wheels 39 are secured to the
      outer, bottom surfaces of the flat members 25 by four bolts 42. To
      facilitate positioning and stopping the tire cart 10, the caster wheels 39
      are equipped with brakes which are operated by the foot actuated levers
      43.
PAR  A handle 44 is provided for maneuvering the tire cart 10 and is attached to
      the frame 12. The handle 44 comprises a pair of bent elongated members 45
      and a short rod 46. The center section 20 of the frame 12 has a pair of
      small angle brackets 48 welded adjacent its ends, and the lower ends of
      the elongated members 45 are pivotably secured, as by fasteners 50, to the
      brackets 48. The short rod 46 extends transversely through openings in the
      upper ends of the elongated members 45 to provide a grip for the mechanic.
PAR  The tire lifting means 14 is provided on the tire cart 10 for raising and
      lowering a tire, and comprises a pair of flap members 52 pivotally mounted
      on the lateral sections 22, an actuating member mounted on the frame 12
      for moving the flaps 52, and an adjustable linkage for connecting the
      actuating member to the pivotable flaps 52. Each of the flaps 52 has a rod
      60 (FIG. 4) which is fixedly secured to the edge of the flap 52 adjacent
      the lateral section 22. As is best shown in FIGS. 3 and 4, a pair of
      spaced apart brackets 62 is secured, as by welding, to opposite ends of
      each of the inner side walls of the lateral sections 22. The brackets 62
      have openings therein, and the openings receive the ends of the rods 60 so
      that the flaps 52 can pivot. The flaps 52 are caused to pivot by the
      actuating member which in this instance is a hydraulic jack device 63, The
      jack device 63 is mounted on a central extension 65 which in turn is
      secured, as by welding, to the walls of the center section 20. While the
      jack could be simply bolted to the extension, preferably, the jack is held
      by a bracket 64 welded to the extension 65 and a releasable fastener or
      bolt 73 on the extension 65. The bracket 64 forms a pocket to receive one
      end of a base 71 of the jack, and the bolt 73 holds the other end of the
      base 71. Thus, the jack 63 can be readily removed for use elsewhere.
PAR  While other forms of adjustable linkage may be provided, in this instance,
      it includes two lengths of chain 66. The hydraulic jack device 63 has on
      its upper end a pair of horns 67 for receiving or extending through the
      links of the chains 66. The lower ends of the chains 66 are secured to
      corners of the flaps 52 by bolts 68 (FIGS. 3 and 4). Thus, if the jack
      device 63 is raised by pumping the handle 70 or lowered by turning the
      valve 72, as is conventional, the upper portion of the jack device 63
      having the horns 67 raises or lowers, and through the chains 66 causes the
      flaps 52 to pivot and raise or lower the tire 18.
PAR  The tire support means 16 comprises a pair of curved support arms 74
      pivotally mounted on the lateral sections 22, and is adapted to engage and
      support a tire either carried on the cart or still on a vehicle. In this
      instance, each support arm 74 is made of two curved pieces of tubing 80
      joined by fixed upper and lower cross members, 82 and 84, respectively.
      Each tube 80 of the arms 74 has a radius of curvature similar to that of
      the tires handled, the radius being a maximum of 60 inches, a minimum of
      35 inches, and preferably about 40 inches. Each tube 80 is preferably an
      arcuate segment of about 50.degree.. The lower end of each tube 80 is
      pivotably secured by a bolt 85 to a pair of small, vertical brackets 86
      extending away from the outer side wall of the lateral section 22. The
      tubes 80 are arranged so that the upper ends of the support arms 74 curve
      toward each other. Each tube 80 has a tubular portion 88 secured thereto
      and receives a slidable horizontal bar 90. The horizontal bar 90 fits in
      the tubular portions 88 and is parallel to the lateral section 22. The bar
      90 can be slid and then be locked in various positions relative to the
      tubes 80 by tightening setscrews 92 provided in the tubular portions 88. A
      pair of tire supports 94 and 95, in this instance made of angle, are
      adjustably mounted on each bar 90. The vertical sides of the tire supports
      94 and 95 are arranged adjacent each other and can contact the sidewalls
      of the tire 18. The outer ends of the tire supports 94 and 95 are similar
      to the upper ends of the tubes 80, having tubular portions 96 to receive
      the bar 90. The tire supports 94 and 95, are held in position relative to
      the bar 90 by setscrews 98. The bar 90, itself, can engage the tread of
      the tire 18.
PAR  The operation of the tire cart 10 with a farm tractor type tire 18 is shown
      in FIGS. 1-3 and will now be discussed. Assume that a tractor (not shown)
      is properly jacked and blocked so that the tire 18 is elevated off the
      ground, and the tire cart is positioned adjacent the tire. If necessary,
      the lateral sections 22 of the frame 12 are adjusted by turning the bolts
      28 in the appropriate direction so that the lateral sections 22 are spaced
      apart somewhat less than the diameter of the tire. If tire 18 is not
      covered by a fender, the support arms 74 can be laid down. The jack device
      63 is lowered so that both flaps 52 are just above the ground. If
      necessary, the connecting lengths of chain 66 can be adjusted on the horns
      67. The tire cart 10 then is pushed in toward the tire 18 and as close as
      possible to it so that the central extension 65 on which the jack device
      63 is mounted nearly touches the tire. Now the support arms 74 may be
      raised until the bars 90 contact the tread of the tire (FIG. 1). The
      supports 94 and 95 are then positioned against the sidewalls of the tire
      and locked in place by tightening the setscrews 92 and 98. The opposite
      supports 94 and/or 95 may be connected together by a flexible elastic
      strap 100 to hold the support arms 74 in position, the supports and strap
      having openings to receive hooks 101. Now the wheel lug nuts (not shown)
      may be loosened from the wheel bolts (not shown) preparatory to removing
      the tire. After the wheel lug nuts are loosened, the jack device 63 is
      raised by pumping the handle 70, thus causing the flaps 52 to raise and
      engage the tire 18, as shown in FIG. 2. The weight of the tire is now on
      the cart and not bearing on the wheel bolts. With the weight of the tire
      18 bearing on the tire cart 10 and the support means 16 stabilizing the
      tire, the cart may then be pulled away from the vehicle by the handle 44.
      The tire may be stored if the exposed parts of the tractor are to be
      serviced, or the tire can be taken to a service area if the tire itself is
      to be serviced.
PAR  The tire 18 can be easily unloaded from the cart. First, the tire is
      positioned against a wall or in a rack for support. The valve 72 of the
      jack device 63 is opened, thus causing the jack device 63 to lower and the
      flaps 52 to pivot downward toward the ground so that the tire now rests on
      the ground. The supports 94 and 95 can then be removed from around the
      tire, and the support arms 74 can be lowered. The cart may then be pulled
      away from the tire and used for other work.
PAR  Use of a cart in installing a tire is the reverse procedure of removing the
      tire. For example, the cart 10 can be positioned against a stored tire so
      that the lateral sections 22 are adjacent the tread of the tire. The
      support arms 74 and supports 94 and 95 are positioned on the tire
      similarly as shown in FIG. 1. The jack device 63 then may be raised to
      pivot the flaps 52 upwardly against the tire and to raise the tire off the
      ground (FIG. 2). The tire then may be moved into position for installation
      on the vehicle. For installation, the tire is generally raised to a height
      so that the wheel bolt openings (not shown) align with the wheel bolts
      (not shown) on the vehicle axle. The cart is then moved toward the axle so
      that the openings in the wheel fit on the wheel bolts. The wheel lug nuts
      are then installed, and the cart is taken away.
PAR  Should it be desired to use the tire cart for another type tire, such as
      the dual tires 102 (dashed lines) shown in FIG. 5 and used on highway
      semi-tractors and trailers, it is necessary to first adjust the cart for
      that type tire. The cart frame 12 is adjusted by rotating the bolts 28 so
      as to narrow the spacing between the lateral sections 22. Also, if
      necessary the chains 66 can be adjusted to accommodate the shorter
      distances between the flaps 52 and the jack device 63.
PAR  Also, the supporting means 16 may need adjustment. As shown in FIG. 5 the
      bars 90 may be slid inwardly toward the vehicle to permit the supports 95
      to fit around the inner surface of the wider dual tires 102. Since the
      support arms 74 are curved, it is possible to position them against the
      tire of even a vehicle with a fender, indicated at 104 and shown in
      dash-dot lines. The support arms 74 can fit in the space between the
      fender 104 and the tire 102. Thus, it is possible to support the tire at
      all times, even during installation and removal. Where clearance between
      the tire 102 and fender 104 is particularly close, the supports 94 and 95
      are first locked in position on the bar 90 by tightening the setscrews 98
      so that they hang down vertically as shown in dashed lines. The cart 10
      may then be pushed into position around the tire. The arms 94 are then
      rotated so that the supports 94 and 95 are as shown in FIG. 5. Now the
      setscrews 92 are tightened to hold the supports 94 and 95 in position.
PAR  Installation and removal of the tire 102 is similar to the procedure
      previously described.
PAR  While only one embodiment of the invention has been illustrated and
      described, it is understood that modifications, variations and equivalent
      structures fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adjustable tire cart for handling various size and type tires,
      comprising a frame having a center section and two lateral sections, said
      lateral sections being spaced apart and extending perpendicularly from the
      ends of said center section, each of said lateral sections having a
      perpendicular extension at one end thereof, said perpendicular extensions
      telescopically engaging said center section to permit adjustment of the
      spacing between said lateral sections for accommodating various tires,
      tire lifting means on said frame for engaging and raising or lowering a
      tire, said tire lifting means including an actuating member mounted on
      said frame, a pair of pivotable flap members mounted on said lateral
      sections, and adjustable length linkage connecting said actuating member
      to said flap members, said adjustable linkage including two lengths of
      chain, each of said lengths of chain having a first connection connected
      to one of said flap members and a second connection connected to said
      acutating member, and at least one of said first and second connections
      including means for engaging a selected link of the length of chain
      extending between said connections.
NUM  2.
PAR  2. A tire cart as in claim 1, wherein said actuating member comprises a
      jack device mounted on said center section, and said link engaging means
      comprises a pair of horns carried by said jack device and respectively
      engageable with a selected link of each of said lengths of chain.
NUM  3.
PAR  3. An adjustable tire cart for handling various size and type tires,
      comprising a frame having a center section and two lateral sections, said
      lateral sections being spaced apart and extending perpendicularly from the
      ends of said center section, said lateral sections having perpendicular
      extensions secured thereto, said extensions telescoping within said center
      section, said lateral sections being adjustable relative to said center
      section to vary the spacing between said lateral sections for
      accommodating various tires; means for moving and holding said lateral
      sections in various positions relative to said center section; tire
      lifting means on said frame for engaging and raising or lowering a tire,
      said tire lifting means including an actuating member mounted on said
      frame, a pair of pivotable flap members, one flap member being mounted on
      each of said lateral sections, adjustable length linkage connecting said
      actuating member to said flap members; tire support means including a pair
      of support arms, each of said support arms being pivotally mounted at its
      lower end to a respective one of said lateral sections, said support arms
      curving inwardly toward each other, each of said support arms having an
      adjustable bar at its upper end, said bars being parallel to said lateral
      sections and being adapted to engage the tread of a tire, and a pair of
      supports adjustably mounted on each of said bars, said supports extending
      perpendicularly from said bars and being adapted to engage the sidewalls
      of a tire; and a wheel mounted near each of the respective ends of said
      lateral sections so that the weight of a tire is generally equally
      distributed on all four of said wheels.
NUM  4.
PAR  4. A tire cart as in claim 3, wherein said actuating member comprises a
      hydraulic jack device mounted on said center section, said jack device
      having a pair of horns secured thereto, and said adjustable linkage
      comprises two lengths of chain, one link of each of said lengths of chain
      being connected to its associated flap member and another of the links of
      each of said lengths of chain being engageable with a respective one of
      said horns on said jack device so that the angular positions of said flap
      members can be adjusted before said cart is engaged with a tire and said
      hydraulic jack device is actuated.
NUM  5.
PAR  5. A tire cart as in claim 3, wherein said actuating member comprises a
      hydraulic jack releasably mounted on said frame.
NUM  6.
PAR  6. A tire cart as in claim 5, wherein said jack has a base, and said frame
      has a bracket forming a pocket to receive said base and a releasable
      fastener to engage said base for removably securing said base to said
      frame.
NUM  7.
PAR  7. An adjustable tire cart for handling various size and type tires,
      comprising a frame having a center section and two lateral sections, said
      lateral sections being spaced apart and extending perpendicularly from
      said center section, a support arm pivotally mounted at its lower end on
      each of said lateral sections, said support arms curving inwardly toward
      each other and having radii of curvature similar to that of tires to be
      handled by said cart, an adjustable bar on the upper end of each support
      arm, said bars being parallel to said lateral sections and being adapted
      to engage the tread of the tire, a pair of supports adjustably mounted on
      each bar, said supports extending perpendicularly from said bars and being
      adapted to engage the sidewalls of the tire, and at least one elastic
      strap detachably connected to one of said pairs of supports and holding
      said bars against the tread of the tire, and tire lifting means on said
      frame for engaging and raising or lowering a tire.
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ABST
PAL  An apparatus for transporting and unloading large loads of wallboard is
      disclosed. A base frame with wheels allows the apparatus to be moved over
      a surface. An upper frame is positioned above the base frame. The upper
      frame includes a curved member that extends convexly away from the upper
      frame. Means are provided between said base frame and said curved member
      for allowing said upper frame to move relative to said base frame. A lock
      means selectively prevents said curved member and upper frame from moving
      relative to said base frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the art of material handling and more
      particularly to a device for transporting and handling a large flat
      elongated load.
PAR  The transportation and handling of a flat elongated load such as a load of
      building materials made up of sheetrock, plywood, wallboard and other
      materials of similar shape has always been a difficult and time consuming
      operation, generally requiring two or more workers. These materials are
      bulky and heavy and certain individual varities of these materials are
      relatively fragile and may be easily damaged. It is very often necessary
      to transport the load through narrow passageways. For example, at the
      construction site the load of materials will be transported through doors
      and hallways and between obstacles. The materials will then be placed in a
      horizontal position for further distribution or for stacking. The load of
      materials should be as large as possible. A need clearly exists for simple
      device that will allow one man to transport a large flat elongated load of
      building materials through narrow passages and then unload it in a simple
      and expedient manner.
PAR  An apparatus for transporting and unloading a flat elongated load is shown
      in U.S. patent application Ser. No. 101,883 filed Dec. 28, 1970 now U.S.
      Pat. No. 3,680,715 to Thurman R. Montgomery, patented Aug. 1, 1972. The
      load is positioned and secured on an L-shaped frame. Wheels on the bottom
      of the frame allow the load to easily be transported through narrow
      passageways. Curved members on the side of the frame allow the frame and
      material to be placed in a horizontal position and unloaded by tipping the
      frame onto the curved members. Although this system has proven to be very
      effective in transporting and handling flat elongated loads certain
      difficulties were encountered with the apparatus.
PAR  A certain amount of difficulty has been encountered with this apparatus in
      tipping the frame and load over onto the curved members. An individual
      would push on the side opposite from the curved members to tip the frame
      and load onto the curved members. If the apparatus was constructed so that
      it could be easily tipped over it was not as stable as desirable when
      transporting the load from place to place and if the apparatus was
      constructed so that it was completely stable during transportation a great
      deal of effort was required to tip the frame and load onto the curved
      members. The curved members would strike the floor with some impact and on
      occasion would damage the floor. In addition the frame would rock for a
      period of time after it was tipped onto the curved members and the frame
      tended to kick back after the load moved onto the floor. This apparatus
      would not carry as large of a load as might be desired. Since the load
      must pass through narrow passages the width of the apparatus and load is
      limited by the width of the most narrow passage that will be encountered
      by the apparatus. This is usually a doorway. It will be appreciated that a
      need clearly exists for a building materials handling apparatus that will
      carry the largest possible load and will not impact the floor when the
      load is unloaded.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The most extensive prior art method of transporting and handling building
      materials is simply by two or more workers carrying sections of the
      material and depositing them at the desired location. This however
      includes the disadvantages and problems associated with the great weight
      of the materials, the possibility of the materials being damaged and the
      amount of time consumed by the operation.
PAR  The use of load dollies and platform trucks also is known in handling
      building materials. This however has the disadvantage that the materials
      are generally laid on the dolly or platform truck in a horizontal position
      and it is impossible to transport them through narrow passages. In
      addition, much time and energy is wasted handling the materials when
      loading and unloading. If the materials are placed on the dolly or
      platform truck in a vertical position to allow it to be transported
      through narrow passages, at least two workers are required to steady the
      load and the loading and unloading of the dolly is difficult.
PAR  In U.S. Pat. No. 3,680,715 to Thurman R. Montgomery patented Aug. 1, 1972
      an apparatus for transporting and unloading a flat elongated load is
      shown. The load is positioned and secured on an L-shaped frame. Wheels on
      the bottom of the frame allow the load to easily be transported through
      narrow passageways. Curved members on the side of the frame allow the
      frame and material to be placed in a horizontal position and unloaded by
      tipping the frame onto the curved members. A certain amount of difficulty
      has been encountered with this apparatus in tipping the frame and load
      over onto the curved members. An individual would push on the side
      opposite from the curved members to tip the frame and load onto the curved
      members. If the apparatus was constructed so that it could be easily
      tipped over it was not as stable as desirable when transporting the load
      from place to place and if the apparatus was constructed so that it was
      completely stable during transportation a great deal of effort was
      required to tip the frame and load onto the curved members. The curved
      members would strike the floor with some impact and on occasion would
      damage the floor. In addition the frame would rock for a period of time
      after it was tipped onto the curved members and the frame tended to kick
      back after the load moved onto the floor. This apparatus would not carry
      as large a load as might be desired. Since the load must pass through
      narrow passages the width of the apparatus and load is limited by the
      width of the most narrow passage that will be encountered by the
      apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an apparatus for transporting and unloading
      large loads of building materials. The large loads may be transported
      through narrow doorways and passages and easily and swiftly unloaded at
      the desired location. The apparatus consists of a base frame with wheel
      means that allow the base frame to be moved over a surface. An upper frame
      is positioned above the base frame. The upper frame includes a curved
      member that extends convexly away from the upper frame. Means are provided
      between said base frame and said curved member for allowing said upper
      frame to move relative to said base frame. A lock means selectively
      prevents said curved member and upper frame from moving relative to said
      base frame. The above and other objects and advantages of the present
      invention will become apparent from a consideration of the following
      detailed description of the invention when taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an apparatus constructed in accordance with
      the present invention.
PAR  FIG. 2 is an end view of the apparatus shown in FIG. 1 with the load in
      position for transportation.
PAR  FIG. 3 is an end view of the apparatus shown in FIG. 1 and FIG. 2 with the
      load being unloaded.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and to FIG. 1 in particular, a materials
      handler 10 constructed in accordance with the present invention is shown.
      The handler 10 includes a base frame 12. Six wheels are connected to the
      base frame 12 to allow the base frame 12 to be moved freely and easily
      over a surface. Wheels 13, 14, 15, 16, 17, and 18 are shown connected to
      the base frame 12. The wheels 15, 16, 17, and 18 are in the form of
      casters to allow the handler 10 to be easily maneuvered around obstacles
      and through passages. A pair of floor locks 19 and 20 are provided on the
      base frame 12. The floor locks 19 and 20 may be selectively extended to
      contact the floor to brake the handler 10 and hold it in place on the
      floor.
PAR  An upper frame 21 is positioned above the base frame 12. The upper frame 21
      is adapted to receive a load 11. Two conveyor sections 22 and 23 extend
      along the upper frame 21. The purpose of the conveyor sections 22 and 23
      will become apparent as this description proceeds. Two curved members
      extend convexly away from the upper frame 21. The curved members are in
      two sections. The first curved member includes a fixed section 28 and a
      retractable section 30. The second curved member includes a fixed section
      29 and a retractable section 31. The curved members consisting of fixed
      sections 28 and 29 and retractable sections 30 and 31 rest on rollers 24,
      25, 26, and 27 on the base frame 12. The curved members are adapted to
      move on rollers 24, 25, 26, and 27 and turn upper frame 21 relative to
      base frame 12. The curved members and base frame 12 include means that
      cooperate to insure that the upper frame 21 will remain in place on the
      base frame 12. As shown in FIG. 1, the sections 29 and 31 of the second
      curved member include a ridge 40 that fits beneath brackets 41 and 42 on
      the base frame 12. The ridge 40 moves between roller 26 and bracket 41 as
      the upper frame 21 is being turned and is held in place by roller 26 and
      bracket 41. This prevents the upper frame 21 from becoming separated from
      the base frame 12. Similarily, the ridge 40 moves between roller 27 and
      bracket 42 and is held in place by roller 27 and bracket 42. Corresponding
      ridge, rollers and brackets are located on the first curved member and
      base frame 12 respectively.
PAR  In order for the apparatus 10 to be able to move through the narrow
      passageways and yet carry the largest possible load the retractable curved
      sections 30 and 31 are adapted to swing to the side of the upper frame 21.
      A pair of inner hinges 33 are mounted between curved section 31 and upper
      frame 21. Curved section 31 may be rotated toward the upper frame 21
      pivoting about hinges 33. A similar set of inner hinges (not shown) are
      mounted between curved section 30 and upper frame 21 to allow the curved
      section 30 to be rotated toward the upper frame 21. A set of outer hinges
      32 are mounted on retractable curved section 30 and a corresponding set of
      outer hinges (not shown) are mounted on retractable curved section 31. The
      outer hinges lock the retractable sections 30 and 31 to upper frame 21
      when the hinge pins are in place and allow the retractable sections 30 and
      31 to swing inward toward the upper frame 21 when the hinge pins are
      removed. It will be appreciated that the hinge pins of the outer hinges 32
      could be left in place and the hinge pins of the inner hinges 33 removed
      to allow the retractable sections 30 and 31 to swing outward toward upper
      frame 21.
PAR  Belts 34 and 35 may be secured around the load to secure the load in place
      on the upper frame 21. The upper frame is selectively locked to the base
      frame 12 by a latch member 45 connected to the upper frame 21 that engages
      a latch bar 43 on the base frame 12. The latch member 45 and a latch stop
      43 are affixed to the upper frame 12 and act to selectively lock the upper
      frame 21 to the latch bar 43 affixed to the base frame 12. A pair of ramps
      37 and 38 are connected to the base frame 12 by a ramp support frame 36
      that allows the ramps to be rotated relative to the base frame. A ramp
      roller 39 is also mounted on the ramp support frame 36. A pair of stops 46
      and 47 extend from the first and second curved members.
PAR  The structural details of a building materials handler 10 having been
      described, the operation of transporting a load of building materials will
      now be considered. The load 11 is placed upon the upper frame 21 of the
      apparatus 10 and secured thereto by belts 34 and 35. As shown in FIG. 2
      the retractable sections 30 and 31 of the curved members are turned inward
      against the upper frame 21. This decreases the width of the apparatus 10
      so that the width of the apparatus 10 is only slightly wider than the
      width of the load 11. The load 11 may be transported through narrow
      doorways and other passages. The ramps 37 and 38 are also carried against
      the upper frame 21 to provide the apparatus 10 with a minimum width while
      carrying a maximum load.
PAR  The curved members rest upon the rollers and the upper frame 21 is held in
      place on the base frame 12 by the ridges on the curved member that are
      engaged by the rollers and brackets on the base frame 12. The apparatus 10
      and load 11 may be transported over floor 48 to the desired location on
      the wheels extending from the base frame 11. Since the wheels on each end
      of the apparatus are in the form of casters the apparatus 10 may be
      maneuvered with ease.
PAR  Once the apparatus 10 and load 11 reach the desired location the load may
      be unloaded onto the floor in a simple and expedient manner without damage
      to the building materials that make up the load 11. Referring to FIG. 3
      the apparatus 10 is shown in position for unloading. The floor locks or
      floor jacks 19 and 20 shown in FIG. 1 are extended and the apparatus 10 is
      firmly locked to the floor to prevent it from moving when the load 11
      moves off of the apparatus 10. The retractable sections 30 and 31 have
      been moved into place in alignment with the fixed sections 28 and 29
      respectively. The hinge pins are in place in the inner and outer hinges to
      firmly lock the retractable sections 30 and 31 to the fixed sections 28
      and 29. The latch element 45 shown in FIG. 1 has been disconnected from
      the latch bar 43. The ramps 37 and 38 have been lowered into contact with
      the floor 48. The upper frame 21 is rotated relative to the base frame 12.
      The curved members roll freely on the rollers since the load is
      substantially pivoting about its center of gravity. The load 11 moves off
      of upper section 21 onto the ramps 37 and 38 and onto the floor 48. The
      conveyor sections 22 and 23 and ramp rollers 39 allow the load to move
      easily and quickly off of upper frame 21 with damage to the load 21 being
      held to an absolute minimum. The upper frame may then be rotated back to
      the upright position and the apparatus 10 transported back for another
      load.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for transporting a load through narrow passageways and
      unloading the load at a desired location, comprising:
PA1  a base frame,
PA1  wheel means connected to said base frame for allowing said base frame to be
      moved,
PA1  an upper frame positioned above said base frame, said upper frame having a
      lower load receiving portion normally positioned substantially parallel to
      said base frame and an unloading section projecting substantially
      perpendicular upward from said load receiving portion,
PA1  said upper frame having curved members extending convexly away from said
      unloading section of said upper frame,
PA1  hinge means between said curved members and said unloading section,
PA1  means between said base frame and said curved members for allowing said
      upper frame to move relative to said base frame, and
PA1  lock means for selectively preventing said upper frame from moving relative
      to said base frame and for selectively allowing said upper frame to move
      relative to said base frame and unload said load.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means between said base frame and
      said curved members for allowing said upper frame to move relative to said
      base frame consists of a multiplicity of rollers.
NUM  3.
PAR  3. The apparatus of claim 2 including an elongated ramp connected to said
      base frame by a hinge means.
NUM  4.
PAR  4. The apparatus of claim 3 including conveyor sections on said upper
      frame.
NUM  5.
PAR  5. An apparatus for transporting a load of building materials and
      depositing said load of building materials at a desired location,
      comprising:
PA1  a base frame;
PA1  wheels on said base frame for allowing said base frame to traverse a
      surface;
PA1  an upper frame for receiving said load positioned above said base frame,
      said upper frame having a lower load receiving portion normally positioned
      substantially parallel to said base frame and an unloading section
      projecting substantially perpendicular upward from said load receiving
      portion;
PA1  a pair of curved members connected to said upper frame, said curved members
      extending convexly away from said upper frame;
PA1  hinge means between said curved members and said unloading section;
PA1  rollers on said base frame that contact said curved members to allow said
      upper frame and load to be rotated relative to said base frame and deposit
      said load at the desired location; and
PA1  a lock for selectively locking said upper frame to said base frame to
      prevent the upper frame from rotating relative to said base frame and for
      selectively allowing said upper frame to move relative to said base frame
      and unload said load.
NUM  6.
PAR  6. The apparatus of claim 5 including an elongated ramp connected to said
      base frame by a hinge means.
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ABST
PAL  A loader vehicle has a digging and scooping buchet equipped with a push
      plate ejector for dumping without tipping the bucket downward. The ejector
      plate is reciprocated in the bucket by a telescopic cylinder having a
      piston rod connected to a bracket projecting from the rear side of the
      bucket. In raising the bucket to dumping position the bracket and cylinder
      swing down between the wheels in a clear space made available by the
      absence of the conventional axle and differential. In order to provide
      this clear space the wheels are driven by individual hydraulic motors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a loader vehicle having a digging scooping bucket
      equipped with a push plate ejector for dumping without tipping the bucket
      downward.
PAR  For work in places with limited overhead clearance as in mines and tunnels
      it is advantageous to provide the loader bucket with a push plate ejector
      so that the bucket does not have to be raised to a high level for dumping.
      There is often insufficient overhead clearance for raising a loader bucket
      high enough to tip the bucket forward for dumping by gravity into a mine
      car or truck or onto a conveyor belt or the like.
PAR  Push plate ejector buckets heretofor proposed for this purpose have had
      various objectionable features such as protuberances within the bucket to
      house hydraulic cylinders, rack and pinion mechanisms which are difficult
      to shield from the material in the bucket, and obstructions projecting
      from the front side of the ejector plate which may protrude beyond the lip
      of the bucket and prevent dumping against a wall or other object.
PAR  Objects of the invention are, therefore, to provide an improved ejector
      bucket, to provide an ejector bucket without protuberances therein
      containing hydraulic cylinders or other actuating mechanisms, to provide a
      bucket which does not contain actuating mechanisms that may be impaired by
      the material in the bucket, to provide a push plate which does not have
      parts that may project beyond the lip of the bucket, and to provide a
      bucket having a push plate ejector with an actuating cylinder which swings
      down between the wheels of the vehicle when the bucket is raised for
      dumping.
PAC  SUMMARY OF THE INVENTION
PAR  In the present construction the bucket is left clear and unobstructed by
      any mechanism for reciprocating the ejector plate. The reciprocatng
      cylinder extends from the rear side of the bucket. The bucket is not
      mounted on the conventional boom for raising and lowering to digging,
      carrying and dumping positions but is pivoted for these movements directly
      on the frame of the vehicle closely adjacent the bottom rear corner of the
      bucket.
PAR  When the bucket is raised to dumping position the ejector plate cylinder
      and piston rod unit swing downward in a space between the wheels of the
      vehicle. Space for this swinging movement is made available by eliminating
      the usual driving axle and differential between the wheels. Instead, the
      wheels are driven by individual hydraulic motors which do not extend into
      the space normally occupied by the axle and differential. Thus, the
      present form of construction results in a compact and economical
      arrangement which is well suited for work in mines and tunnels and the
      like.
PAR  The invention will be better understood and additional objects and
      advantages will become apparent from the following description of the
      preferred embodiment illustrated in the accompanying drawings. Various
      changes may be made, however, in the details of construction and
      arrangement of parts and certain features may be used without others. All
      such modifications within the scope of the appended claims are included in
      the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view, with parts broken away, showing a loader vehicle
      embodying the invention;
PAR  FIG. 2 is a fragmentary longitudinal sectional view, with parts broken
      away, showing the bucket and ejector plate; and
PAR  FIG. 3 is a longitudinal sectional view of the telescopic cylinder for the
      ejector plate with the center portion broken away, the left end being
      shown in vertical section and the right end being shown in horizontal
      section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present vehicle is preferably of the articulated type having a vertical
      steering pivot 10 connecting two body sections A and C. Body section C
      contains an internal combustion engine at 11 which operates a hydraulic
      pump for driving individual hydraulic motors 12, 12 for the wheels 13, 13.
      The vehicle is steered by a pair of hydraulic cylinder and piston units 14
      which can swing the body sections A and C relative to each other, as shown
      in FIG. 1, for turning.
PAR  Steering pivot 10 is incorporated in a swivel connection 15 which allows
      body section C to rotate on the longitudinal axis of body section A for
      travel on an uneven ground surface. Swivel connection 15 contains motor
      and steering controls and hydraulic lines from the engine driven pump,
      which pass between sections C and A. The steering controls are actuated by
      steering wheel 16 at an operator's station 17 in section A as are various
      other controls which must be convenient to the operator.
PAR  Body section A is supported on wheels 20, 20 driven by individual hydraulic
      motors 21, 21, leaving an open space between these wheels by the absence
      of the usual drive shaft and differential. Body section A carries the
      bucket B.
PAR  Referring now to FIG. 2, body section A has a pair of longitudinal frame
      members 25 on opposite sides of the vehicle, wheels 20 and hydraulic
      motors 21 being mounted on these frame members. Longitudinal frame members
      25 are interconnected by a transverse frame member 26.
PAR  Bucket B has a bottom wall 27, a pair of flat side walls 28 and a rear wall
      30. A pair of vertical brackets 31 on rear wall 30 pivot the bucket on
      longitudinal frame members 25 by means of horizontal pivot pins 32
      adjacent the bottom of the bucket. Bottom wall 27 is flat in a transverse
      direction and slightly curved in a longitudinal direction so that the
      front end portion of the bottom wall will lie flat on the ground in
      scooping position.
PAR  The bucket may be tilted up or down by a pair of hydraulic cylinders 33
      having piston rods 34. Cylinders 33 are pivotally connected to frame
      members 25 by horizontal pins 35 and piston rods 34 are pivotally
      connected to upper portions of brackets 31 adjacent the top of the bucket
      by horizontal pins 36. Bucket B is shown in carrying position in solid
      lines. The broken line position at B.sup.1 is the digging position and the
      broken line positin at B.sup.2 is the dumping position, as for example to
      dump into a mine car or truck 37.
PAR  The load may be discharged in any position of the bucket by reciprocating
      the ejector push plate 40 in the bucket. Push plate 40 extends the width
      of the bucket between its side walls 28 and is equipped on its lower edge
      with a shoe 41 which sides on bottom wall 27. The ejector plate 40 is
      shown fully retracted in solid lines and fully extended at 40a in broken
      lines. In fully extended position, the lower edge 43 of the ejector plate
      is flush with the lip 42 of the bucket.
PAR  Ejector plate 40 is reciprocated by a telescopic hydraulic cylinder 45.
      Cylinder 45 extends through an opening 46 in the back wall 30 of the
      bucket and the forward end of the cylinder is connected to a bracket 47 on
      the back of the ejector plate.
PAR  Telescopic cylinder 45 contains a pair of smaller cylinders 50 and 51 which
      slide within the outer cylinder and piston rod 52 extends from the
      rearmost cylinder 51. Piston rod 52 is connected to a pin 53 in the
      rearward end of a rearwardly extending stirrup bracket 55 mounted on the
      back wall 30 of the bucket. Stirrup bracket 55 comprises a pair of
      vertical plates on opposite sides of cylinder 45 which are interconnected
      at their rearward ends by pin 53 to form a U-shaped member in the general
      configuration of a stirrup which is stressed in tension when piston rod 52
      is extended to slide ejector plate 40 forward and discharge a load from
      the bucket.
PAR  The piston rod is extended by introducing hydraulic pressure through hose
      loop 60 in FIG. 1 to pipe connection 61 in piston rod 52 which
      communicates through tube 62 with the head end of the cylinder. The piston
      rod and ejector plate are retracted by introducing hydraulic pressure
      through hose loop 63 to pipe connection 65 which communicates through bore
      66 with the rod end of cylinder 51. Intercommunication between the
      cylinders 45, 50, and 51 is established through rod and cylinder ports 67.
      Pipe connections 61 and 65 project laterally through openings in the side
      plates of stirrup bracket 55.
PAR  The geometry of the bucket linkage is such that when the bucket is lowered
      to its B1 position stirrup bracket 55 swings up to the broken line
      position at 55a in FIG. 2. When the bucket is raised to its B2 position
      stirrup bracket 55 swings down to its broken line position at 55b. In the
      latter position bracket 55 maintains adequate ground clearance but it
      passes between the wheels 20 in the space that would normally be occupied
      by the conventional axle and differential in a four wheel drive vehicle.
PAR  In the present vehicle the individual hydraulic motors 12, 12, 21, 21 for
      each wheel provide the benefit of four wheel drive without having an axle
      and differential that would interfere with the movements of stirrup
      bracket 55 when the bucket is raised. At the same time, the conventional
      bucket boom is eliminated whereby the overall construction is considerably
      simplified while still achieving advantages not possible in the
      conventional form of construction.
CLMS
STM  Having now described my invention and in what manner the same may be used,
      what I claim as new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A shovel loader comprising a vehicle frame supported by wheels on its
      opposite sides, drive means for said wheels providing an open space
      between said wheels free of an interconnecting axle, a loader bucket in
      front of said wheels having bottom, side and back walls and a scooping lip
      on the front end of said bottom wall, hinge pins pivotally mounting said
      bucket on said frame adjacent the lower portion of said back wall at the
      back end of said bottom wall, hydraulic cylinder and piston means
      connected between said frame and the upper portion of said back wall for
      pivoting said bucket to move said scooping lip between a depressed digging
      position and an elevated dumping position, said bottom wall being inclined
      upward toward its front end in said dumping position, a transverse ejector
      plate in said bucket, a stirrup bracket extending rearward from said back
      wall and hinge pins into said open space between said wheels, a hydraulic
      cylinder mounted on the rear side of said ejector plate and extending
      through an opening in said back wall, and a piston rod in said cylinder
      connected to a pin in the rear end of said stirrup bracket for
      reciprocating said ejector plate in said bucket, said stirrup bracket and
      piston rod swinging down between lower portions of said wheels in said
      elevated position of said bucket. .
NUM  2.
PAR  2. A shovel loader as defined in claim 1, said stirrup bracket comprising a
      pair of vertical plates on opposite sides of said last cylinder and piston
      rod.
NUM  3.
PAR  3. A shovel loader as defined in claim 1 including a pair of hydraulic
      connections in said piston rod communicating with opposite ends of said
      last cylinder.
NUM  4.
PAR  4. A shovel loader as defined in claim 1, said drive means comprising
      individual hydraulic motors for said wheels.
NUM  5.
PAR  5. A shovel loader as defined in claim 4 comprising an articulated vehicle
      having a body section carrying an engine, said body section being
      connected to said vehicle frame by a vertical steering pivot, a pair of
      wheels supporting said body section, and drive means comprising individual
      hydraulic motors for said pair of wheels, to provide four wheel drive for
      said loader.
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ABST
PAL  A moveable stacking device having a mobile substructure which carries a
      tower with a fixed outer frame and an inner frame guided by the outer
      frame for vertical movement relative thereto. An operating platform is
      guided by the inner frame for vertical movement relative thereto, and
      carries a transversely extending base frame on which a rotation head is
      guided for horizontal movement. The rotation head carries a lifting fork
      means which is rotatable about a generally vertical axis.
BSUM
PAR  The present invention relates to a movable stacking device comprising a
      substructure, a vertical mast vertically arranged thereon and composed of
      a fixed outer frame and an inner frame vertically guided by the outer
      frame, an operating platform vertically guided by the inner frame and
      comprising a base frame extending transversely to the substructure, a
      rotation head horizontally guided by the base frame and a fork device or
      similar means adapted to carry a load and being supported by the rotation
      head for rotation about a vertical shaft, the outer frame and the inner
      frame of the mast each consisting of two spaced sections, such as channel
      beams or I beams, extending transversely to the substructure, the webs of
      said sections extending in longitudinal direction of the substructure,
      rollers or similar means being mounted on the sections of one frame which
      act on flanges of the adjacent sections of the other frame of the mast and
      further rollers or similar means being mounted on the operating platform
      which act on the flanges of the inner frame.
PAR  Such a movable stacking device is well known in practice and is used in
      particular for stacking and unstacking of general cargo in warehouses. In
      order to have the warehouses occupy a minimum of ground surface one uses
      very high warehouses, of a magnitude of 10 meters, and tries to keep the
      width of the aisles between the various racks of the warehouse as small as
      possible. It goes without saying that the width of the aisles should
      exceed the total width of the movable stacking device, but one wishes to
      keep the clearance on both sides of the stacking device as small as
      possible. In this respect one has in mind a clearance on either side of
      the stacking device of a magnitude of 100 mm.
PAR  It will be obvious that when only very little clearance is available
      between the stacking device and the racks on either side and, moreover,
      the stacking device should be capable of operating up to a height of about
      10 meters, very high requirements are set for the rigidity of the
      structure of the stacking device. When the fork normally points in the
      forward direction the load carried by the fork device or similar means
      tries to tilt the stacking device in the forward direction. This is
      counteracted by the counter weight which normally is provided on the
      substructure. This forward tilting movement, however, does not influence
      the lateral clearance between the stacking device and the racks on either
      side thereof. This forward or possibly rearward tilting movement is taken
      up in a known manner by the rollers between the sections of the inner
      frame and the outer frame and by the rollers between the operating
      platform and the sections of the inner frame. The moment as a result of
      the tilting movement in forward or possibly rearward direction is shown in
      FIG. 1. of the drawings as M1. Taking up this moment does not present
      particular difficultie when the prongs of the fork device are pointing
      straight ahead and extend in the centre of the stacking device, because
      then the sections are loaded parallel to the web of each section. Since
      sections are destined to take up loads in said direction this does not
      create any difficulties.
PAR  However, if the rotation head has been moved outwards relative to the base
      frame of the operating platform, it is obvious that the weight G of the
      load supported by the fork device tries to tilt in the lateral direction.
      Consequently a moment is created which is designated as M2 in FIG. 1. This
      moment still increases if, moreover, the prongs of the fork device point
      entirely in the lateral direction, as is the case in FIG. 1. It is obvious
      that said moment M2 does influence the lateral clearance between stacking
      device and racks. In the case of the known stacking devices generally no
      efficient measures are taken to take up said moment M2. Naturally one may
      have the rollers act on the webs of the sections, but in that event the
      sections are loaded in a direction which is not favourable for them.
PAR  In the case of considerable lifting heights, in particular if one has to
      drive on not entirely flat floors, one has to deal not only with forward,
      rearward and lateral movements, but, moreover, torsional movements or
      vibrations play a considerable part. These bring about a moment M3. These
      torisional movements in the lifting mast may mean a considrable lateral
      deflection for the fork prongs so that additional lateral clearances
      should be provided for between the stacking device and the racks.
PAR  This moment is not taken up well either by the known stacking devices.
PAR  A stacking device of the afore-mentioned type is described among other
      things in the British patent specification No. 1,210,349, although in said
      patent specification not all details are described and, moreover, in the
      stacking device according to said literature it is not an operating
      platform that moves upwards along the inner frame, but only a carrier
      device for the fork device. In the case of the stacking device according
      to the British patent specification No. 1,210,349 the operator remains on
      the substructure of the stacking device. Stacking devices in which the
      operator does move upwards are known per se and and are also mentioned in
      the British patent specification No. 1,210,349.
PAR  The invention aims at avoiding the drawbacks of the generally known
      stacking device and this is accomplished according to the invention in
      that the outer frame and the inner frame each comprise in addition a
      vertical box girder, said box girders being arranged one behind the other
      on the longitudinal axis of the substructure, the box girder of the inner
      frame being vertically movable relative to the box girder of the outer
      frame by means of guide plates or the like, but being unable to move
      transversely thereto, that the sections are each time connected to the
      corresponding box girder by rigid transverse beams and that the side of
      the operating platform remote from the base frame comprises additional
      rollers or similar means co-operating with a vertically extending guide
      rail on the box girder of the inner frame.
PAR  According to the invention therefore both the outer frame and the inner
      frame are enlarged with a torsion-free box girder. In the present stacking
      device, like in the known stacking devices the moment M1 is taken up by
      the flanges of the sections. The moment M2, however, is not transmitted to
      the sections, but directly to the box girders which on account of their
      shape offer a great resistance. The moment M2 is transmitted from the
      operating platform via the guide rail to the box girder of the inner frame
      and subsequently via the guide plates to the box girder of the outer
      frame. In order to have a good view on the load and also to receive with
      this type of stacking device orders by hand from the racks it is desirable
      that the operator is moved upwards on the operating platform along with
      the load. However, it is a condition that the operator is seated as much
      as possible to the rear between the foremost sections. With the design
      according to the present patent application with rearwardly arranged box
      girders the operator is placed so far to the rear that the view remains
      free and at the same time the moment M1 is small relative to the foremost
      sections.
PAR  The moment M3 is now taken up by the torsion-free box girders in
      combination with the sections which are loaded in a direction favourable
      to them.
PAR  A stacking device in which one has endeavoured to take up all moments in a
      satifactory way is described among other things in the British patent
      specification No. 920,053. In this instance the mast is constituted by a
      rectangular tower structure. It will be obvious that structurally this a
      very complicated form and that, moreover, it would not be possible to have
      the operator move upwards in a position which is as much as possible to
      the rear without allowing the moment M1 to be disproportionally large.
      Nothing is said about a lateral movement of the fork device.
PAR  According to the invention the cross beams connecting the sections to the
      box girders are preferably likewise constructed as box girders.
      Consequently a very fine design is arrived at according to which no
      longitudinal stiffening is required and a good view for the operator
      towards the rear is maintained.
PAR  According to the invention all composite moments and forces in the
      structure are divided in the correct manner and consequently the sections,
      the box girders, the guide plates and the rollers are loaded in a
      direction in which the greatest resistance against said load direction is
      guaranteed. As a result the lateral tolerance between stacking device and
      racks is chosen as small as possible.
PAR  Said lateral tolerance between stacking device and racks, however, is also
      influenced by the design of the rotation head. In order to keep the space
      occupied by the rotation head as small as possible it is of importance to
      reduce the width of the rotation head to a minimum. In the case of the
      known stacking devices said width is rather considerable because in order
      to take up the moment M2 the rotation head must be guided tilt-free by the
      base frame of the operating platform. This means in general that at least
      two rollers should be arranged transversely and one beside the other. It
      is obvious that consequently the width of the rotation head is
      considerable. A similar design is known in practice and is described among
      other things in the British patent specification No. 750,793, in
      particular FIGS. 11 and 12.
PAR  The invention aims at maintaining the rotation head as narrow as possible
      so that one may do each time with only one roller in the transverse
      direction. According to the invention this is rendered possible in that a
      stacking device, in which the part of the rotation head co-operating with
      the base frame of the operating platform is U-shaped and at the lower side
      of the upper flange and at the upper side of the lower flange of the U a
      roller or similar means is mounted which is rotatable about a shaft
      extending perpendicularly to the upper flange and the lower flange
      respectively, said rollers or similar means co-operating with flanges on
      the base frame which are situated in vertical planes and extend
      transversely to the substructure and on the web of the U of the rotation
      head a roller or similar means is mounted which is rotatable about a shaft
      extending perpendicularly to the web, said roller or similar means being
      adapted to co-operate with a guide path of the base frame situated in a
      horizontal plane and likewise extending transversely to the base frame, is
      characterized in that each time only one roller or the like is applied,
      the tilting moment of the rotation head relative to the base frame being
      taken up in the plane of the base frame by an intermediate carriage which
      is guided tilt-free transversely to the substructure by the base frame and
      to which the rotation head is connected.
PAR  The moment M2 which is exercized by the weight G of the load on the fork
      device on the base frame of the operating platform is therefore not taken
      up anymore directly by the guide and carrier rollers between the rotation
      head and the base frame but by the tilt-free guiding system of an
      intermediate carriage in the base frame. As a result one may do each time
      with only one roller so that the rotation head may be kept narrow.
PAR  In addition the intermediate carriage preferably comprises at least two
      rollers or the like mounted transversely to the substructure and one
      beside the other, said rollers being rotatable about shafts mounted
      perpendicularly to the intermediate carriage, said rollers or the like
      co-operating with horizontal flanges on the base frame, above and below
      the rollers or the like, there being mounted at the four ends of the
      rectangular intermediate carriage chain wheels which are rotatable about
      vertical shafts and around the upper and lower pair of chain wheels each
      time an endless chain is laid of which each time one point is fixedly
      connected to the rotation head and one point fixedly to the base frame.
      The use of chains and chain wheels prevents any tendency to tilt of the
      rotation head relative to the base frame. The chain transmission presents
      still another particular advantage, namely that at a complete stroke of
      the rotation head transversely to the substructure the intermediate
      carriage only carries out half a stroke. This may be used advantageously
      for the lateral movement of the rotation head. According to the invention
      in a stacking device including a hydraulic jack or some other mechanism
      for moving the rotation head relative to the base frame of the operating
      platform the jack or similar means acts on the one hand on a point of the
      base frame and on the other hand on a point of the intermediate carriage,
      the chains ensuring the doubling of the stroke of the rotation head.
PAR  As already stated the fork device, while being rotatable about a vertical
      shaft, is connected to the free end of the rotation head. The fork device
      may thereby be rotated through 180.degree. relative to the rotation head.
      The positions to the extreme left and to the extreme right of the fork
      device will be chosen when putting loads into racks, the stacking device
      being positioned in the aisle between the racks. In connection with the
      limited space in the racks between the goods and in order to get the fork
      device out easily it is very important to have the possibility of tilting
      the prongs of the fork device slightly in the rearward direction when the
      fork device has been rotated completely to the left or to the right. By
      tilting the fork device slightly rearwards one creates as it were a bias
      so that consequently when the load is on the fork device the prongs of
      said fork device will be horizontal again. In order to render this slight
      tilting movement of the fork device possible the rotation head should be
      able to be tilted slightly relative to the base frame of the operating
      platform. According to the invention this is accomplished in that of one
      of the chains the point with which the chain is fixedly connected to the
      base frame is somewhat adjustable relative to the base frame in order to
      effect a slight tilting of the rotation head relative to the base frame.
      Preferably the point of the upper chain is adjustable.
PAR  In the known stacking devices such a tilting movement is also possible in
      general, but this is effected by separate cylinders in the fork device
      itself. For shifting the anchoring point of the chain one may use a
      hydraulic cylinder or similar means.
DRWD
PAR  The invention will now be further explained with reference to the drawings
      in which
PAR  FIG. 1 is a view in perspective of the stacking device according to the
      invention;
PAR  FIG. 2 is a top plan view of the stacking device according to the invention
      on an enlarged scale;
PAR  FIG. 3 is an exploded diagrammatical view of the base frame of the
      operating platform with the rotation head thereon; and
PAR  FIG. 4 is a cross-section through the operating platform with part of the
      rotation head.
DETD
PAR  In FIG. 1 the substructure of the stacking device according to the
      invention is indicated by reference numeral 1, the wheels by 2, the
      counter-weight and the motor compartment by 3, the fixed outer frame of
      the mast structure by 4, the inner frame movable relative to the outer
      frame 4 by 5, the operating platform movable relative to the inner frame 5
      by 6, the rotation head by 7, and the fork device by 8. The load to be
      lifted is schematically shown as a cube-shaped load and is designated by
      9. In a known manner the operating platform is lifted with the aid of two
      hydraulic lifting jacks designated by 10, of which the end of each piston
      rod acts on a sprocket wheel 11 located at the upper end of the inner
      frame 5, a chain 12 being led over said sprocket wheel, one end of said
      chain being fixedly connected to the outer frame 4 and the other end being
      fixedly connected to the operating platform 6. Thus by expansion of the
      jacks 10 the operating platform 6 is moved upwards with double speed of
      the innner frame 5. All this belongs to the prior art. It is obvious that
      on account of the fact that the operator, designated by 13, moves along
      upwards, this man maintains a good view on th load 9 and the points in the
      racks (not shown) from where the load 9 has to be taken away or where the
      load 9 has to be placed.
PAR  FIG. 1 shows, moreover, the moments M1, M2 and M3 discussed in the
      preceding text.
PAR  In order to keep the aisle width in the warehouses as small as possible a
      non-deformable mast structure is of predominant importance. Similar to the
      known stacking device the outer frame 4 comprises two channel beams facing
      each other, see FIG. 2, said channel beams being designated by 14. The
      inner frame 5 comprises in a known manner two I beams designated by 15.
      The inner frame 5 is vertically guided in the outer frame 4 with the aid
      of two sets of rollers. One set of rollers, indicated by 16 in FIG. 2, is
      secured in the upper end of the outer frame, said rollers being rotatable
      about shafts extending perpendicularly to the web of the channel beams 14.
      The rollers 16 co-operate with the outer flanges of the I beams 15 of the
      inner frame 5. In the same manner the other set of rollers (not shown) is
      secured to the web of the I beams 15 and the inner frame 5, namely to the
      lower end of the inner frame 5. These rollers (not shown) co-operate with
      the flanes of the channel beams 14 of the outer frame 4. In this known way
      the I beams 15 of the inner frame 5 are guided in vertical direction by
      the channel beams 14 of the outer frame. The operating platform 6
      comprises in a known manner at the left hand and right hand side two sets
      of rollers designated by 17. Said rollers 17 are guided between the other
      flanges of the I beams 15 of the inner frame 5. In this manner a moment M1
      exercized by the weight G of the load 9 in forward direction is
      transmitted to the substructure 1 of the stacking device. Efforts are made
      to maintain said moment M1 as small as possible by moving the position of
      the operator as much as possible to the rear.
PAR  When the rotation head 7 is moved outwards and, moreover, the teeth of the
      fork device 8 are pointing entirely outwards, as shown in FIG. 11, it is
      clear that the weight G of the load 9 and, moreover, the own weight of the
      fork device and of the rotation head tend to tilt the stacking device
      sideways. Consequently this produces the moment M2. In order to take up
      said moment M2 satisfactorily in the first place the rotation head 7
      should be guided tilt-free by the operating platform 6, but, moreover, the
      mast structure should be designed such that said moment M2 can be taken
      up. For this purpose according to the invention both the inner frame and
      the outer frame is provided with its own box girder designated by 18 and
      19 respectively.
PAR  As is apparent from FIG. 2 the box girders 18 and 19 are disposed on the
      centre line of the stacking device one behind the other. Box girder 18 is
      connected via torsion-rigid transverse beams 20 to the channel beams 14.
      The same holds for the box girder 19 which is connected via torsion-rigid
      transverse beams to I beams 15. The transverse beams 20 and 21 are curved
      and in cross-section also box-shaped. The box girder 19 of the inner frame
      5 is adapted to be moved in vertical direction relative to the box girder
      18 of the outer frame 4, but is held in transverse direction by guide
      plates designated by 22. One set of guide plates 22 are secured to the
      upper end of the box girder 18 and another set of guide plates 22 are
      secured to the lower end of box girder 19. As a result of the rearwardly
      arranged box girders 18 and 19 and the curved transverse members 20 and 21
      a kind of spine-like design of the inner frame 4 and the outer frame 5 is
      arrived at. In addition to the fact that this design is very
      torsion-rigid, it also offers the possibility to place the operator's seat
      as much as possible to the rear and yet to maintain a good view on the
      load, see FIG. 2. At the front of the box girder 19 there is secured a
      vertically extending guide rail 23 with which two sets of superimposed
      rollers 24 may co-operate, said rollers being mounted at the rear side of
      the operating platform 6.
PAR  When the weight G of the load 9 exercizes a moment M2, this is transmitted
      from the operating platform 6 by the rollers 24 to the guide rail 23 and
      therefore to the box girder 19 and subsequently via the guide plates 22 to
      the box girder 18. The channel beams 14 and the I beams 15 are thus
      enntirely relieved from said moment M2.
PAR  The previously moment M3 is likewise taken up by the box girders 18 and 19
      which in consequence of their shape are very suitable to take up torsion
      stresses, in combination with the sections 14 and 15 which are loaded in a
      direction suitable for them.
PAR  A second measure which contributes to keeping the aisle widths in the
      warehouses as small as possible is a reduction of the width of the
      rotation head. If namely one enters an aisle with the fork device already
      swung laterally out, the rotation head is in the outermost right hand
      position, shown in FIG. 1. In this way the load 9 projects at the left as
      little as possible beyond the stacking device. In this position the load
      will project at the left the more according as the rotation head is
      broader. A rotation head which is as narrow as possible therefore reduces
      the necessary clearance between stacking device and racks.
PAR  In the case of the known rotation heads the the width must be rather
      considerable because for a tilt-free guiding system of the rotation head
      relative to the base frame of the operating platform always two rollers
      one beside the other are necessary and, moreover, a complicated and
      vulnerable gear rack guide system is required. Now if one could do each
      time with only one roller, then obviously the rotation head may be
      narrower. The transverse guiding system of the operating platform
      according to the invention is diagrammatically shown in FIG. 3 in an
      exploded view in perspective.
PAR  The operating platform 6 comprises a base frame integral therewith. Said
      base frame mainly comprises a horizontal channel beam 25 at the top, a
      horizontal channel beam 26 at the bottom and a horizontal I beam 27
      extending parallel to said channel beams 25 and 26. At the ends of the
      channel beams 25 and 26 and the I beam are connected by vertical end
      plates designated by 28 and 29. The base frame consisting of the channel
      beams 25 and 26, the I beam 27 and the end plates 28 and 29 constitutes a
      rigid unit.
PAR  As is apparent from FIGS. 3 and 4 the part of the rotation head 7 facing
      the base frame has a U-shape. Said U-shape is formed by a vertical web 30,
      and upper flange 31 and a lower flange 32. The rotation head 7 has been
      manufactured in a known manner by welding. In the upper flange 31 there is
      mounted a roller 33 which is rotatable about a vertical shaft. Similarly
      there is mounted on the flange 32 a roller 34 which is likewise rotatable
      about a vertical shaft. The rollers 33 and 34 act on the flanges of the
      channel beams 25 and 26 respectively. Said rollers 33 and 34 transmit in a
      known manner the moment M1 from the rotation head 7 to the operating
      platform.
PAR  For taking up the weight of the load 9 there is provided a roller 35 which
      is mounted on the web 30 and is rotatable about a horizontal shaft. Said
      roller co-operates with a set of flanges of the I beam 27. Since the
      rollers 33, 34 and 35 are of the single type, said guiding system is not
      capable of taking up the lateral moment M2. For taking up said lateral
      moment M2 a separate intermediate carriage is used, designated by 36,
      which, while guided in the horizontal direction, is supported by the base
      frame. To this end said intermediate carriage 36 comprises a channel beam
      37 on the web of which two rollers 38 are mounted which are rotatable
      about a horizontal shaft. Said rollers 38 are situated considerably apart
      in horizontal direction and co-operate with the other flanges of the I
      beam 27. It will be clear that in this way the channel beam 37 of the
      intermediate carriage 36 is guided tilt-free in the horizontal direction
      relative to the base frame.
PAR  On the upper flange of the channel beam 37 there is welded a plate,
      designated by 39, which together with the channel beam 37 constitutes the
      frame of the intermediate carriage 36. In FIG. 3 said frame is
      diagrammatically shown as a flat plate. On the four corners of said frame
      of the intermediate carriage 36 each time a chain roller is mounted. Said
      chain rollers are shown in FIG. 3 by reference numerals 40, 41, 42 and 43
      and are rotatable about vertical shafts. In FIG. 4 only the chain rollers
      40 and 42 are visible.
PAR  Around the chain rollers 40 and 41 there is laid an endless chain 44 and
      around the chain rollers 42 and 43 and endless chain 45.
PAR  Both the chain 44 and the chain 45 are connected by means of a chain anchor
      46 and 47 respectively with the web 30 of the rotation head 7. The chains
      44 and 45 are each connected via another chain anchor, designated by 48
      and 49 respectively, to a part of the base frame.
PAR  It will be clear that when the rotation head 7 moves over the entire width
      of the base frame, the intermediate carriage 36 only covers half of the
      path of movement.
PAR  The chain transmission between the rotation head and the intermediate
      carriage prevents the rotation head from tilting laterally. In this manner
      the lateral moment M2 is effectively taken up without the necessity of the
      rotation head being wide. The intermediate carriage 36 is also used for
      the lateral movement of the rotation head relative to the base frame. At a
      point of the intermediate carriage 36, designated by 50, the end of a
      hydraulic jack 51 acts, the other end of which being secured in the base
      frame, see FIGS. 3 and 4. For laterally moving the rotation head 7 the
      intemediate carriage 36 is therefore laterally shifted. The chains 44 and
      45 bring about a doubling of the stroke.
PAR  When the prongs of the fork device point in the lateral direction , as
      shown in FIG. 1, it is often preferable to tilt the fork device slightly
      backwards in order to give the prongs an inclined position. In this manner
      the fork device is given as it were a bias which is removed when the load
      9 reposes on the prongs of the fork device. This slight tilting of the
      prongs of the fork device is of importance in connection with the limited
      space in the racks and for easily introducing the prongs of the fork
      device into the restricted free space of a pallet. Now according to the
      invention this slight tilting in backward direction of the rotation head 7
      may be effected in a simple way by not connecting the chain anchor 49
      directly to the base frame but by connecting it with a bow designated by
      52 in FIG. 4, on which bow 52 there acts a hydraulic cylinder 53 which at
      the other end is secured to the base frame. The hydraulic cylinder 53 can
      now adjust the chain anchor somewhat and as a result the entire rotation
      head 7 with the fork device can be tilted somewhat backwards.
PAR  The invention provides a stacking device capable of operating up to a very
      considerable height with a minimum clearance between the stacking device
      and the racks of a warehouse.
PAR  According to the invention the shafts of the rollers which ensure the
      guiding of the sections and the guide plates can be removed from the
      sections and the box girders respectively when the mast is in retracted
      condition. In this way the inner frame can be removed from the outer frame
      without the necessity of sliding the inner frame upwards out of the outer
      frame. This is of great importance in connection with repairs and the like
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A movable stacking device comprising a substructure, a vertical mast
      vertically arranged thereon and composed of a fixed outer frame and an
      inner frame vertically guided by the outer frame, an operating platform
      vertically guided by the inner frame and comprising a base frame extending
      transversely to the substructure, a rotation head horizontally guided by
      the base frame and a fork means adapted to carry a load and being
      supported by the rotation head for rotation about a vertical shaft, the
      outer frame and the inner frame of the mast each consisting of two spaced
      channel or I-beam sections extending transversely to the substructure, the
      webs of said sections extending in longitudinal direction of the
      substructure, rollers or similar means being mounted on the sections of
      one frame which act on flanges of the adjacent sections of the other frame
      of the mast and further rollers or similar means being mounted on the
      operating platform which act on the flanges of the inner frame,
      characterized in that the outer frame and the inner frame each comprise in
      addition a vertical box girder, said box girders being arranged on behind
      the other on the longitudinal axis of the substructure, the box girder of
      the inner frame being vertically movable relative to the box girder of the
      outer frame by means of a guide means, but being unable to move
      transversely thereto, that the sections are each connected to the
      corresponding box girder by rigid transverse beams and that the side of
      the operating platform remote from the base frame comprises additional
      rollers or similar means cooperating with a vertically extending guide
      rail on the box girder of the inner frame.
NUM  2.
PAR  2. A stacking device according to claim 1, characterized in that the
      transverse beams are likewise of the box girder type.
NUM  3.
PAR  3. A stacking device according to claim 1, characterized in that in the
      retracted position of the mast the rollers or similar means with the
      corresponding shafts and guide plates may be removed from the sections and
      the box girders respectively.
NUM  4.
PAR  4. A stacking device according to claim 1, characterized in that the
      operating platform is arranged within the space arcuate in top plan view
      and formed by the box girder, the two sections and the transverse beams of
      the inner frame.
NUM  5.
PAR  5. A stacking device according to claim 1, in which the part of the
      rotation head co-operating with the base frame of the operating platform
      is U-shaped and at the lower side of the upper flange and at the upper
      side of the lower flange of the U a roller or similar means is mounted
      which is rotatable about a shaft extending perpendicularly to the upper
      flange and the lower flange respectively, said rollers or similar means
      co-operating with flanges on the base frame which are situated in vertical
      planes and extend transversely to the substructure, and on the web of the
      U of the rotation head a roller or similar means is mounted which is
      rotatable about a shaft extending perpendicularly to the web, said roller
      or similar means being adapted to co-operate with a guide path of the base
      frame situated in a horizontal plane and likewise extending transversely
      to the base frame, characterized in that each time only one roller or the
      like is applied, the tilting moment of the rotation head relative to the
      base frame being taken up in the plane of the base frame by an
      intermediate carriage which is guided tilt-free transversely to the
      substructure by the base frame and to which the rotation head is
      connected.
NUM  6.
PAR  6. A stacking device according to claim 5, characterized in that the
      intermediate carriage comprises at least two rollers or the like mounted
      transversely to the substructure and one beside the other, said rollers
      being rotatable about shafts mounted perpendicularly to the intermediate
      carriage, said rollers or the like co-operating with horizontal flanges on
      the base frame, above and below the rollers or the like, there being
      mounted at the four ends of the rectangular intermediate carriage chain
      wheels which are rotatable about vertical shafts and around the upper and
      lower pair of chain wheels each time an endless chain is laid of which
      each time one point is fixedly connected to the rotation head and one
      point fixedly to the base frame.
NUM  7.
PAR  7. A stacking device according to claim 5, characterized in that the roller
      or similar means which is mounted on the web of the rotation head and the
      rollers or similar means which are arranged one beside the other and are
      mounted on the intermediate carriage act on the upper and lower flanges of
      an I beam of the base frame at the front and the rear side thereof
      respectively.
NUM  8.
PAR  8. A stacking device according to claim 5, including a hydraulic jack or
      some other mechanism for moving the rotation head relative to the base
      frame of the operating platform, said jack or similar means acting on the
      one hand on a point of the base frame, characterized in that said jack or
      similar means acts on the other hand on a point of the intermediate
      carriage, the chains ensuring the doubling of the stroke of the rotation
      head.
NUM  9.
PAR  9. A stacking device according to claim 5, characterized in that of one of
      the chains the point with which the chain is fixedly connected to the base
      frame is somewhat adjustable relative to the base frame in order to effect
      a slight tilting of the rotation head relative to the base frame.
NUM  10.
PAR  10. A stacking device according to claim 9, characterized in that the point
      of the upper chain is adjustable.
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ABST
PAL  An apothecary safety closure for a bottle neck capable of preventing
      inadvertent opening of the bottle is provided. The safety closure includes
      a liner adapted to be inserted into and frictionally engaged by the bottle
      neck. The liner includes a recess therein and structure for effecting a
      removal of the liner from the bottle neck. A stopper includes a
      cylindrical wall portion adapted to be inserted into the liner recess and
      rotated therein. The cylindrical wall portion is formed with operative
      portions adapted to be selectively aligned with the operative structure on
      the liner in response to selective rotation of the stopper to effect
      removal of the liner from the bottle neck by the stopper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to an apothecary safety closure adapted to be
      inserted in a bottleneck, and in particular to an apothecary safety
      closure including a liner and a stopper, the liner effecting closure of
      the bottle neck, and being prevented from being inadvertently removed from
      the bottle neck unless the stopper is rotated in a predetermined manner.
PAR  Apothecary closures, namely, closures defined by a stopper insertable into
      a bottle neck have gained wide popularity in the packaging of drug items
      such as vitamins, aspirin and the like, due to their attractive
      appearance, and the identification by the consumer of such apothecary
      closures with drugstore merchandising. Nevertheless, such apothecary
      closures are easily removed from the bottle by children, and hence render
      same unsafe for use in packaging drug items which can pose a danger to a
      child's health and safety. Heretofore, modifications of apothecary
      closures in order to prevent same from being inadvertently removed, have
      been less than completely satisfactory.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, an apothecary safety
      closure adapted to be inserted into a bottle neck and to prevent
      inadvertent removal therefrom isprovided. The safety closure includes a
      liner adapted to be inserted into a bottle neck and be frictionally
      engaged thereby to effect closure of the bottle neck. The liner defines a
      recess therein, the recess including first operative structure disposed on
      said liner for effecting removal of the liner from the neck. A stopper
      includes an elongated cylindrical wall portion adapted to be inserted into
      the liner recess and be rotatable with respect thereto, the cylindrical
      wall including second operative structure adapted to be selectively
      aligned with the first operative structure on the liner in response to
      selective rotation of the stopper to effect removal of the liner from the
      bottle neck by the stopper.
PAR  Accordingly, it is an object of this invention to provide an improved
      apothecary safety closure wherein inadvertent opening thereof by children
      is avoided.
PAR  Another object of this invention is to provide an apothecary safety closure
      wherein the safety feature of the cap isnot diminished by the facility
      with which same can be removed from the bottle.
PAR  Still another object of this invention is to provide an improved apothecary
      safety closure wherein a pulling of the stopper from the bottleneck does
      not effect opening of the bottle neck.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a perspective view of an apothecary safety closure constructed in
      accordance with the instant invention;
PAR  FIGS. 2 and 3 are respective sectional plan views illustrating different
      respective positions of the stopper and liner forming the apothecary
      closure in accordance with the instant invention.
PAR  FIGS. 4 and 5 are in part elevational and in part sectional views taken
      generally along lines 4--4 and 5--5 when the cap is rotated in the
      positions respectively depicted in FIGS. 2 and 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference is now made to FIG. 1, wherein an apothecary safety closure,
      generally indicated at 10, and constructed in accordance with the instant
      invention is depicted. The safety closure 10 includes a stopper, generally
      indicated as 11, including a stopper top 12 and an insertable portion 13
      adapted to be inserted into a resilient plastic liner, generally indicated
      as 20, which liner is adapted to be frictionally engaged in a bottle neck
      14.
PAR  Referring specifically to FIGS. 4 and 5, liner 20 includes a cylindrical
      side wall 18 having a beveled wall 17 tapering into bottom wall 19 to
      define a cavity for receiving insertable portion 13. The cylindrical wall
      18 terminates in an annular flange 16, which flange 16 is adapted to
      prevent the liner from being forced through the neck 14 into the bottle,
      and to further position the liner in frictional engagement with the bottle
      neck. As is more particularly illustrated in FIGS. 2 and 3, two radially
      projecting tabs 21 are formed on beveled wall 17, and define an undercut
      22 to be explained with greater particularity below with respect to the
      operation of the instant invention. Disposed on bottom wall 19 and
      projecting almost the entire length of the liner and extending through the
      axis thereof is a resilient torsion blade 23 having flat opposed surfaces
      24.
PAR  The insertable portion 13 of stopper 11 comprises a cylindrical stopper
      wall 31 defining cut away portions 32 having a first continuous curved
      surface 33 intersecting a straight lengthwise surface 34 spaced apart from
      a second straight cut away surface 35 extending along the full lengthwise
      extent of each cut away portion 32. The space between straight surfaces 34
      and 35 is limited to allow torsion blade 23 to be inserted therein and be
      maintained in frictional engagement therewith. FIGS. 4 and 5 of the
      drawings illustrate a clearance between surfaces 34 and 35, but such
      clearance is illustrated for clarity only, such interfering engagement of
      the blade in the cut away portions effecting a releasable securing of the
      stopper to the liner. As is explained in greater detail below arc surfaces
      33 effect positioning of the torsion blade in the slots defined by
      straight surfaces 34 and 35 and additionally permits the stopper to be
      rotated in the liner. An annular recess 29 is provided proximate the end
      of the remaining portions of cylindrical wall 31 to thereby define two
      radial projections 30 which projections are adapted to be rotated into
      alignment with the projections 21 on the liner in accordance with the
      instant invention.
PAR  In operation, the safety closure is inserted in bottle neck 14 and is
      frictionally engaged thereby. Although not depicted in FIGS. 2 and 4, the
      torsion blade 23 is inserted into friction engagement in the slot defined
      by the cut away portions 32. Accordingly, the projections 30 on the
      stopper wall are positioned out of alignment with the projections 21 on
      the liner wall. Thereafter, if the stopper top 12 is grabbed and pulled
      from the bottle, the frictional force of the bottle neck on the liner will
      be greater than the frictional force between the torsion blade and the cut
      away portions in the stopper wall, and hence the stopper will be withdrawn
      leaving the liner 20 securely positioned in the bottleneck, effectively
      closing same. Accordingly, the most natural motion likely to effect
      inadvertent removal of the apothecary closure, namely, pulling the stopper
      from the bottle, will not effect an opening thereof.
PAR  If the stopper is removed from the liner in the manner noted above,
      replacement of the stopper in the liner for effecting removal of the
      entire safety closure is facilitated by arced surfaces 33 which surfaces
      engage torsion blade 23 and direct same into the slot for frictional
      engagement therein. Thereafter, safety closure 10 is easily removed from
      the bottleneck by effecting a counterclockwise rotation of the stopper, as
      depicted by the arrows in FIG. 2, to thereby position stopper projections
      30 in alignment with liner projections 21. The two arced cut away surfaces
      33 permit the stopper to be rotated with respect to the torsion blade 23
      in only a counterclockwise rotational direction, it being noted that
      straight surface 35 prevents rotation in the other or clockwise direction.
      Additionally, torsion blade 23, due to its resilient characteristic, will
      effect a return of the stopper to the position depicted in FIG. 2 if the
      rotational force applied to the stopper 12 is removed.
PAR  Accordingly, to effect removal of the liner 20 from the bottleneck,
      rotation of the stopper so that stopper projections 30 are in part aligned
      with liner projections 21, and simultaneously pulling the stopper, causes
      projections 30 to engage under cut surfaces 22 on the liner projections
      21, and hence effect removal of the entire safety closure including the
      stopper and liner from the bottle neck.
PAR  It is noted that the stopper wall could include two continuous arc cut away
      portions on each side thereof in order to allow the stopper to be rotated
      in both the clockwise and counterclockwise directions. Nevertheless, by
      permitting rotation of the stopper in only one rotational direction, the
      possibility of inadvertent removal is lessened. It is further noted that
      the failure to provide receding arced surfaces for widening the slot in
      the stopper wall adapted to have the torsion blade inserted therein, will
      result in the inability to rotate the stopper in either direction.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apothecary safety closure adapted to be inserted in a bottle neck
      comprising in combination a liner adapted to be inserted in said bottle
      neck and be frictionally engaged thereby to effect a closure of the bottle
      neck, said liner defining a recess therein, said recess including first
      operative means disposed on said liner for effecting removal of said liner
      from said neck, and a stopper including an elongated cylindrical wall
      portion adapted to be inserted into said liner recess and be rotatable
      with respect thereto, said cylindrical wall including second operative
      means adapted to be selectively aligned with said first operative means
      disposed on said liner in response to selective rotation of said stopper
      to effect a removal of the liner from said bottleneck by said stopper.
NUM  2.
PAR  2. An apothecary safety closure as claimed in claim 1, wherein said first
      operative means includes at least two tabs projecting inwardly from said
      liner, and said second operative means includes two recesses in said
      substantially cylindrical wall of said stopper.
NUM  3.
PAR  3. An apothecary safety closure as claimed in claim 1, wherein said
      substantially cylindrical stopper walls define two elongated diametrically
      opposed cut away portions, and said liner includes a torsion blade
      disposed therein, said torsion blade bring frictionally engaged by the
      remaining portions of said cylindrical wall defining said cut away
      portions in response to insertion of said stopper into said liner recess.
NUM  4.
PAR  4. An apothecary safety closure as claimed in claim 3, wherein each said
      cut away portion includes an elongated slot having a widthwise dimension
      to effect friction engagement with said torsion blade means, and a
      receding portion for allowing said stopper to be rotated with respect to
      said liner.
NUM  5.
PAR  5. An apothecary safety closure as claimed in claim 4, wherein said
      receding cut away portion is an arc surface, to thereby facilitate the
      insertion of said torsion blade means into said elongated slots in said
      stopper cylindrical wall.
NUM  6.
PAR  6. An apothecary safety closure as claimed in claim 4, wherein said torsion
      blade means is resilient, and permits a partial rotation of said stopper
      in response to rotational force applied thereto, said torsion blade means
      effecting a return of said stopper to said insertion position upon a
      release of said rotational force applied thereto.
NUM  7.
PAR  7. An apothecary safety closure as claimed in claim 6, wherein said first
      operative means includes at least two tabs projecting inwardly from said
      liner, and said second operative means includes two recesses disposed in
      the remaining portion of said substantially cylindrical stopper wall,
      partial rotation of said recesses into alignment with said tabs thereby
      allowing said liner to be removed from said bottle neck by said stopper.
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ABST
PAL  A closure device with a guarantee seal for bottles of the type having a
      screw thread and a radial shoulder, formed as by a collar or thickened
      portion, on the neck thereof is disclosed. The closure device comprises a
      cap with an elongate skirt to the rim of which is connected, by a
      frangible connection, a tubular anchoring member which carries a plurality
      of axially extending resilient tongues which, when the device is in
      position, latch under the radial shoulder to prevent removal of the
      anchoring member. The cap itself thus cannot be removed without breaking
      the guarantee seal formed by the frangible connection between the skirt of
      the cap and the anchoring member. To prevent breakage of the frangible
      connection while the closure device is being fitted the inner face of the
      skirt and the outer faces of the tongues are provided with cooperating
      ribs and grooves so that torque can be transmitted directly from the cap
      to the tongues, bypassing the frangible connection.
BSUM
PAR  The present invention relates to closure devices for bottles, and
      particularly to closure devices of the type having a guarantee seal. Known
      closures of this type comprise a cap having an internal screw thread by
      means of which it is screwed onto a screw threaded part of the neck of a
      bottle, the neck being also provided, below the thread, with means forming
      a radial shoulder, such as an external annular ridge, an annular groove or
      a thickened portion of the neck. The cap includes a tubular anchoring
      member axially spaced from the threaded portion of the cap, and connected
      thereto by means of a frangible connection. The anchoring member has an
      internal diameter slightly greater than the outer diameter of the said
      annular shoulder of the neck of the bottle except for a part at its end
      where there are a number of resilient tongues extending inwardly and away
      from the rim of the cap, and so shaped that their inner edges lie in a
      circle the diameter of which is less than that of the annular shoulder on
      the bottle.
PAR  With this construction the cap and guarantee seal can be fitted in place
      simply by screwing the cap onto the threaded part of the neck of the
      bottle: as the cap moves towards the bottom of the bottle the tongues
      resiliently deform within the part of the cap engaged over the thread on
      the bottle and slide over the thread and the means forming the annular
      shoulder. After having been forced past the shoulder the tongues resume,
      as fas as possible, their undeformed position with a part thereof facing
      the said annular shoulder on the neck of the bottle. It will be
      appreciated that reference herein to "upper" and "lower" components or
      directions are intended to refer to the orientation of components on a
      bottle in a normal, upright, position. Subsequent upward movement of the
      tongues along the neck of the bottle and thus also movement of the tubular
      anchoring member from which they project is prevented by the engagement of
      the tongues with the annular shoulder, and unscrewing of the cap, with
      consequent opening of the bottle, can only be effected by also causing
      breakage of the connection between the tubular fixing element and the cap
      in the weakened region by which they are joined. Breakage of this weakened
      region provides evidence that there is no longer a guarantee as to the
      quality and quantity of liquid contained in the bottle.
PAR  In one known bottle closure device of this type (described for example in
      German Pat. No. 1,139,403), a cap is provided with an elongate tubular
      skirt with a weakened region part way along it formed by a plurality of
      circumferential slots separated by narrow connector portions which link
      the body of the cap to the elongate skirt. A separate anchoring member
      having a plurality of resiliently deformable tongues is lodged between the
      skirt and the neck of a bottle. The resilient tongues are arranged in a
      circle and project inwardly and upwardly from an annular collar which
      forms the body of the anchoring element. The free inner ends of the
      tongues have a radially outwardly projecting lip and the relative sizes
      are such that the inner diameter of the annular collar is greater than the
      diameter of the annular ridge on the neck of the bottle on which the
      closure is to be used, and the diameter of the circle formed by the inner
      ends of the tongues is smaller than the diameter of the annular shoulder.
PAR  In use of the closure device the lips on the ends of the tongues project
      into the circumferential slots in the skirt to permit the radially outward
      flexing of the tongues necessary to get the locking member onto the neck
      of the bottle past the annular shoulder thereof.
PAR  This known device has, however, the disadvantage of using a separate
      intermediate anchoring member which means that the components have to be
      made with great accuracy in order to ensure satisfactory operation. Having
      more than one component makes the assembly of the device rather difficult.
      Another disadvantage of this known device is that, by carefully gripping
      the radially outwardly directed lips through the circumferential slots in
      the skirt it is possible to ease the locking member back over the annular
      shoulder on the neck of the bottle. By this procedure it is possible to
      unscrew the cap, and the tubular extension forming the skirt, from the
      neck of the bottle without breaking the frangible connector portions
      joining the skirt with the body of the cap, thereby making it possible to
      re-use the closure device having removed or altered the liquid within the
      bottle, and the cap will show no traces of its removal from the neck of
      the bottle.
PAR  A further disadvantage of this known device is the fact that a torque is
      transmitted between the cap and the tubular extension through the
      frangible connector portions when the cap is first screwed onto the neck
      of the bottle. There is thus a risk of breaking these connector portions
      and making the device useless even before it is properly fitted to the
      neck of the bottle.
PAR  The object of the present invention is to produce a closure device of the
      general type described above which is free of the above mentioned
      disadvantages of known such closure devices, and in which there are fewer
      components: this latter makes assembly of the closure onto a bottle
      easier. In embodiments of the present invention the shape of the cap and
      the tubular anchoring member are such as to ensure that the weakened
      region or frangible connection which joins them is not subjected to
      torsion forces likely to break the connection when the device is first
      fitted to a bottle.
PAR  According to the present invention, there is provided a closure device for
      bottles of the type having a screw thread at or adjacent the end of the
      neck thereof and means forming a radial shoulder facing away from the
      mouth of the bottle, comprising a cap with an internal screw thread having
      an elongate skirt with an internal screw thread for cooperation with the
      screw thread on the neck of a bottle, and a tubular anchoring member
      within the skirt of the cap, below the screw thread thereof, and connected
      to the skirt of the cap by a frangible connection, the said tubular
      anchoring member having an internal diameter which is greater than the
      outer diameter of the said radial shoulder on the neck of the bottle, and
      a plurality of resilient tongues extending away from the rim of the skirt
      and shaped such that their free ends lie in a circle the diameter of which
      is less than the outer diameter of the radial shoulder, characterised in
      that the tubular anchoring member is formed at the end thereof opposite
      that from which project the said resilient tongues with a radially
      outwardly projecting flange which is joined to the rim of the skirt of the
      cap by means forming the said frangible connection of the cap to the
      tubular anchoring element, in that the radially outer faces of the tongues
      have longitudinal ribs, and in that a portion of the inner face of the
      skirt of the cap is provided with a plurality of axial ribs for
      cooperation with the ribs on the radially outer faces of the tongues when
      the tongues are displaced radially outwardly as the device is first
      screwed onto the neck of a bottle until the ends of the tongues engage
      against the said radial shoulders, in order to transmit to the anchoring
      member the torque applied to the cap upon securing the device onto the
      neck of a bottle.
PAR  One advantage of embodiments of closure device according to the invention
      is that they can be made of only two parts which can be assembled and
      joined to each other with great ease. For this purpose the radial flange
      of the tubular anchoring member is provided with a plurality of small
      projections. Upon assembly the tubular anchoring member is fitted into the
      cap so that the lower rim of the skirt of the cap rests on these
      protrusions, and connection of the projections to the rim of the skirt is
      effected by electronic welding.
PAR  The engagement of the axially extending radially outer ribs on the tongues,
      into the grooves formed between the ribs on the cap, which takes place
      when the tongues are spread out while passing over the threads of the neck
      of the bottle, and particularly, if the bottle is so formed, while passing
      over the radial annular ridge of the neck of the bottle as the cap is
      being screwed on, ensures the transmission of the torsional forces from
      the cap to the tubular fixing element at a point spaced from the weakened
      region formed by welding the said projections on the flange of the tubular
      anchoring member to the skirt of the cap.
PAR  Another advantage of embodiments of the present invention is that the
      annular ridge of the neck of the bottle (in bottles which have one), could
      serve as a rest for the cap when it is screwed on to reclose the bottle
      subsequent to the first opening thereof, and would thus prevent damage to
      the cap which could be caused by screwing it on with too much force.
PAR  Another known form of cap has a skirt, with the rim thereof resting on an
      external flange of a tubular anchoring member provided with tongues whose
      ends engage the lower face of an annular ridge formed on the neck of the
      bottle below the thread on which the cap engages when the cap is screwed
      onto the neck of a bottle or other container. Such a structure (as shown
      for example in U.S. Pat. No. 2,621,832) is, however, only provided for the
      purpose of limiting the travel of the cap in relation to the neck of the
      bottle, when unscrewing, to make possible the dispensing of the liquid
      from the bottle, through a hole in the top of the cap, and through a valve
      which is closed by being pressed against the mouth of the neck of the
      bottle when the cap is completely screwed down on the neck. In this
      structure the tubular anchoring element is firmly fixed by its outer
      peripheral flange to the lower rim of the skirt of the cap, and there is
      no weakened region which will be broken when the cap is unscrewed. In this
      known structure, therefore, the problem of having to prevent the torsion
      forces from being transmitted from the cap to the tubular anchoring member
      through a frangible connection formed by a weakened region connecting
      these two elements does not arise since there is no such weakened region.
DRWD
PAR  Two embodiments of the invention will now be described in greater detail,
      by way of example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a partly exploded and partly sectioned side view of one
      embodiment of a bottles closure device according to the present invention;
PAR  FIG. 2 is a partly sectioned side view showing the device after assembly
      and prior to being fitted to a bottle;
PAR  FIG. 3 is an axial section showing the device in the process of being
      fitted to a bottle;
PAR  FIG. 4 is an axial section showing the device fitted to a bottle;
PAR  FIG. 5 is a partly sectioned side view showing the position when the bottle
      is first opened; and
PAR  FIG. 6 is an exploded side view, partly in section, of a second embodiment
      of the invention.
DETD
PAR  Referring now to the drawings, bottles suitable for use with embodiments of
      the invention are those having a neck 1 provided at its upper end with a
      screw thread 2 and a radially outwardly projecting annular ridge 3 below
      the screw thread 2; this ridge has a lower radial face 3a. Alternatively,
      as shown in FIG. 6, the neck 1 may be formed with a thicker region 3' on
      which the screw threads 2 are formed and which has a radial shoulder 3'a
      facing away from the mouth of the bottle.
PAR  The embodiment of the invention shown in FIGS. 1 to 5 comprises a cap 4
      moulded of plastics material and having an external bell shaped skirt 5
      and a transverse end wall 6. Within the cap 4 the skirt 5 is provided with
      an internal screw threaded portion 7 adjacent the transverse wall 6, which
      engages the screw thread 2 of the neck of a bottle when the cap is fitted
      thereto. Below the screw thread 7 there is a portion of the inner wall of
      the skirt formed with axial ribs 8 forming between them a plurality of
      grooves.
PAR  The device also comprises a tubular anchoring member 9, again moulded of
      plastics material, in the form of a hollow truncated cone 10 the upper
      region of which is formed as a plurality of resilient strips or tongues 11
      which extend parallel to one another and are separated by longitudinal
      slots 12 which extend into the truncated cone portion 10. The internal
      diameter of the wider or basal end of the truncated cone portion 10 is
      greater than the external diameter of the annular ridge 3 of the bottle
      and the internal diameter of the tongues 11 when unstressed, is less than
      the outer diameter of the annular ridge 3. The resilient strips 11 are
      provided on their radially outer faces with longitudinal ribs 13. At its
      base end the truncated cone portion 10 has a radially outwardly extending
      flange 14 which is provided on its upper surface with a plurality of small
      pointed projections 15.
PAR  Within the cap 4 there is fitted a seal 16 which, when the cap is fitted to
      a bottle, is pressed between the transverse wall 6 and the mouth of the
      bottle to ensure sealing of the bottle. The cap 4 and the tubular
      anchoring member 9 are fixed together after assembly by electronic welding
      of the lower rim of the skirt 5 of the cap to the projections 15 carried
      by the flange 14 of the tubular anchoring member 9, as will be seen in
      FIG. 2.
PAR  The device is fitted to the neck of a bottle simply by screwing the cap 4
      onto the threaded portion 2 of the neck. While it is being screwed on to
      the bottle there is an intermediate stage (shown in FIG. 3) when the
      resilient strips 11 spread out and move over the ridge 3 of the neck of
      the bottle as the threads 7 of the cap start to engage the thread 2 of the
      neck. As a result of this the outer ribs 13 of the resilient strips 11
      engage in the grooves between the ribs 8 in the cap 4, producing a
      temporary keying engagement between the two elements, in such a manner as
      to prevent torsion imparted to the cap, at this stage of mounting it on to
      the bottle, from causing accidental rupturing of the frangible connection
      between the rim of the skirt 5 and the basal flange 14 which constitutes
      the guarantee seal of the closure.
PAR  After passing over the ridge 3, as shown in FIG. 4, the resilient strips 11
      of the tubular anchoring member 9 are free to spring back to their normal
      shape, they disengage from the ribs 8 and their ends engage under the
      radial face 3a of the ridge 3 thus ensuring the anchorage of the device,
      on the neck of the bottle. When first opening the bottle, as shown in FIG.
      5, it is sufficient manually to grip the cap 4 and turn it in a direction
      which will unscrew it from the neck of the bottle. Because the tubular
      anchoring member cannot be pulled back over the annular ridge 3, being
      held in place by engagement of the ends of the strips 11 with the lower
      face 3a thereof, the welded projections are ruptured. The cap 4 can then
      be unscrewed readily and removed from the bottle, whilst the tubular
      anchoring member 9 remains permanently anchored to the neck of the bottle.
PAR  Reclosure of the bottle can be effected simply by screwing the cap 4 back
      onto the neck of the bottle to close its mouth in the normal way. Any
      number of subsequent opening and closing operations can be effected.
PAR  FIG. 6 illustrates a second embodiment in which the top of a cap 4' is
      fitted internally with a cup shaped insert 17 which acts as a closing plug
      in place of the sealing disc 16 of the embodiment of FIG. 1. This element
      includes a tubular part 21 having an inner screw thread 22 for engagement
      with the thread 2 of the neck of a bottle. The transverse upper wall of
      the insert 17 is formed in three parts, an annular outer part 20, an
      intermediate frustoconical part 19, and a central disc 18 which is axially
      displaced with respect to the annular outer part 20. The tubular wall 21
      is slightly tapered towards the top, and is provided with external ribs 23
      which are engageable with grooves 24 formed between longitudinal ribs on
      the inner face of the skirt 5 of cap 4' to ensure keying between the cap
      4' and the insert 17. The grooves 24 of the cap 4' extend from the top
      thereof to a point half-way down so as to engage also with the ribs 13 of
      the resilient strips 11 of the tubular anchoring member 9 which is the
      same as the corresponding element described in relation to FIG. 1.
PAR  Various alternative constructions are envisaged. For example the tubular
      anchoring element could have, above the base flange, a hollow cylindrical
      part, having an inner diameter equal to or greater than the outer diameter
      of the annular ridge 3 of the neck of the bottle, and carrying on its top
      a crown of tongues or resilient strips inclined towards the axis of the
      tubular element, the tongues being of such a length that the tips of the
      free ends thereof can rest on a circular element having a diameter smaller
      than the outer diameter of the aforementioned ridge 3. With the base
      flange 14 there can be, in continuation, an additional length of tube,
      shorter than the cylindrical form; in other words the base flange 14 need
      not be formed right at the bottom of the anchoring body 9 but a short way
      up from the bottom.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a closure device for bottles of the type having a screw thread at or
      adjacent the end of the neck thereof and means forming a radial shoulder
      facing away from the mouth of the bottle, said closure device comprising
PA1  a cap having an elongate skirt,
PA1  an internal screw thread on said skirt of said cap, said internal screw
      thread cooperating with the screw thread on the neck of a bottle when said
      cap is screwed thereon, and
PA1  a tubular anchoring member fitted within said skirt of said cap below said
      internal screw thread thereof, said tubular anchoring member having an
      inner diameter greater than the outer diameter of the radial shoulder on
      the neck of a bottle on which the closure device is to be fixed,
PA1  means forming a frangible connection between said tubular anchoring member
      and said skirt of said cap, and
PA1  a plurality of resilient tongues on said tubular anchoring member, said
      resilient tongues extending away from said rim of said skirt of said cap
      and being shaped such that their free ends lie in a circle the diameter of
      which is less than the outer diameter of the radial shoulder on the bottle
      to which the cap is to be fixed, so as to engage there against,
PA1  the improvement wherein:
PA2  said tubular anchoring member is formed at the end thereof opposite that
      from which project said resilient tongues with a radially outwardly
      projecting flange which is joined to said rim of said skirt of said cap by
      said means forming said frangible connection of said cap to said tubular
      anchoring member,
PA2  the radially outer faces of said resilient tongues of said tubular
      anchoring member have longitudinal ribs extending therealong,
PA2  a portion of the inner face of said skirt of said cap is provided with a
      plurality of axial ribs for cooperation with said ribs on said radially
      outer faces of said tongues of said tubular anchoring member when said
      tongues are displaced radially outwardly as the said closure device is
      screwed for the first time onto the neck of the bottle onto which it is to
      be fixed, until the ends of said tongues engage against said radial
      shoulder, whereby to transmit to said anchoring member the torque applied
      to said cap upon screwing said closure device onto said neck of said
      bottle.
NUM  2.
PAR  2. The closure device of claim 1, wherein said cap carries a cup shaped
      insert having:
PA1  a tubular wall portion
PA1  a transverse wall portion closing one end of said tubular wall portion,
PA1  a screw thread on the inner face of said tubular wall portion for
      cooperation with said thread on the neck of a bottle onto which said
      closure device is to be fixed
PA1  a plurality of longitudinal ribs on the outer face of said tubular wall
      portion for cooperation with the internal longitudinal ribs on the cap,
      which ribs extend from a point adjacent the top of said cap to a point
      midway along the skirt thereof, for cooperation with said ribs on said
      resilient tongues of said tubular anchoring member.
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ABST
PAL  This invention relates to a crown cap, and particularly, to an easy open
      type crown cap provided with an inclined tongue element and two
      non-intersecting score lines extending from two sides of said tongue
      element toward the internal side of the crown cap and being easily removed
      therefrom by hand without the need of using any auxiliary openers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art crown caps generally require an auxiliary tool for removing
      the caps therefore, rendering it very inconvenient to the user especially
      at picnics or in the woods where a bottle opener is not readily available.
      In view of this, there were designs of easy open means for crown cap of a
      bottle, such as U.S. Pat. Nos. 3,200,982; 3,382,997 and 2,778,520 etc.
      With respect to the structure, although all those designs have score lines
      and tongue element, yet, owing to their improper position on the cap,
      which is against the direction of the applied force, hence during opening,
      a considerable force is still required. Particularly, if the liquid in the
      bottle contains carbon dioxide pressure, it would be difficult to effect
      both perfect tight seal and easily opened closure.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of this invention is to provide a crown cap which can be
      removed by bare hand and without the use of any auxiliary openers.
PAR  Another object of the invention is to provide a crown cap which can be
      closely and tightly clamped no matter whether the liquid filled-in is
      pressurized or not, and which can be opened by bare hand with slight
      operating force.
PAR  A further object of this invention is to provide a crown cap which is
      inexpensive in construction, which may be used without changing present
      bottle-capping equipment, and which may be used in present bottle
      dispensing machines without modification thereof.
DRWD
PAR  Other features and advantages of the invention will be more apparent from
      the following description taken in connection with the accompanying
      drawings wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the first embodiment of the invention.
PAR  FIG. 2 is a perspective view of the second embodiment of the invention.
PAR  FIG. 3 is a perspective view of the third embodiment of the invention.
PAR  FIG. 4A is a perspective view of the fourth embodiment of the invention;
PAR  FIG. 4B is a bottom view of the fourth embodiment.
PAR  FIG. 5 is a perspective view of the fifth embodiment.
PAR  FIG. 6 to FIG. 9 are perspective views showing various stages of removal
      from the bottle wherein the hand carriage at second stage in FIG. 7B is
      not shown.
DETD
PAR  In the first embodiment of the present invention as shown in FIG. 1, a
      crown cap 10 is placed on the annular head 31 of a bottle 30. The cap 10
      has a plurality of raised portions 11 and depressed portions 12 to clamp
      onto the bottle; a tongue element 15 inclined downward is extended between
      a continuity of two to three raised portions with an incline angle of
      30.degree. to 45.degree., and the two sides 151, 152 of said tongue
      element 15 also downward along the radian of the raised portions with a
      notch 181, 182 (shown in FIG. 4B) provided between the two sides of said
      tongue element 15 and the adjacent portions of said raised portions
      respectively. With these two notches 181, 182 as starting points, two
      score lines 19, 20 of proper depth are formed separately at the internal
      side of the crown 10 along the direction of applying force for pulling
      said tongue element 15 upward. On the same principle, two score lines 21,
      22 continued with score lines 19, 20 are formed at the flat top 23 of said
      crown cap 10 along the directions of notches, in which, score line 19
      meets score line 21, and score line 20 meets score line 22, while the
      score lines 21, 22 on the flat top 23 must exceed the center of said cap
      10 and both do not intersect each other. Furthermore, the lowest edge of
      tongue element 15 is formed a lip edge 153 slightly warped upward.
PAR  Although the crown cap according to the present invention is provided with
      a tongue element 15 and notches 181, 182 at two sides of the tongue, yet
      its circumferential raised portions 11, 13 and depressed portions have the
      same characteristics as conventional crown caps, and therefore it can
      closely and tightly seal the bottle. Moreover, the cap of this invention
      may be used without changing bottle-capping equipment, and which may be
      used in present bottle dispensing machines without modification thereof.
PAR  FIGS. 2 to 4A are other embodiments of the present invention, except the
      slightly different patterns of 21A, 21B, 21C and 22A, 22B, 22C; other
      constructions are the same. FIG. 4B is a bottom view of the cap, showing
      its two score lines 19-21C, 20-22C formed in proper depth at the internal
      side of said cap. FIG. 5 is another embodiment which differs from previous
      ones in that no notches are formed at two sides of the tongue element 15
      and that the two score lines 19A, 20A are extended continuously from the
      flat top 23 of the cap 10 to the two sides of tongue element 15.
PAR  The operation of the present invention is shown in FIGS. 6 to 9. In FIG. 6,
      hold the bottle body by the left hand (not shown), press the thumb 41 on
      the flat top 23 of the cap 10, place the forefinger 42 underneath the
      tongue element 15, pull the tongue element 15 upward with a slight force,
      then, owing to notches 181, 182 and score lines 19, 20 at the two sides of
      tongue element (or the score lines 19A, 20A provided along the direction
      of the applying force as shown in FIG. 5) the tongue element 15 can be
      lifted, and the balanced clamping can be partly disrupted as shown in
      FIGS. 7A and 7B. At the same time, the crown 10 has still a part of the
      clamping force, therefore, the tongue element 15 is pulled upward again
      and it would stand up along score lines 21, 22 together with the solid
      piece 24 between the two score lines; as the ends of said score lines 21,
      22 do not intersect each other, there is still a solid portion 25 between
      the two ends of the two score lines 21, 22 as shown by FIG. 8. Now, the
      clamping force of cap 10 is completely disrupted, the tongue element 15 is
      lifted along with the cap 10 which is removed from the bottle 30 without
      the need of using any auxiliary openers. As shown in FIG. 9, wherein a
      yieldable fluid-tight gasket 32 is still provided as conventional crown
      cap.
PAR  It can be readily seen from the foregoing description, the most important
      feature of the present invention is that the two notches provided at two
      sides of the tongue element and the two score lines extending along the
      direction of applying force from said notches to the cap top and exceeding
      the center of said cap by some distance with ends never intersected, thus,
      the original clamping characteristics of the crown cap is not disrupted,
      while the crown can be opened lightly and easily by bare hand and removed
      from the bottle without the need of using any openers.
CLMS
STM  I claim:
NUM  1.
PAR  1. An easy-opening crown cap for closing the open end of bottles and the
      like, wherein the crown cap is of the type having a substantially flat top
      and a depending annular skirt of crimped configuration having alternate
      raised and depressed portions, a downwardly and outwardly inclined tongue
      on the cap projecting below a bottom edge portion of the skirt, said
      tongue having a plurality of longitudinally extending reinforcing ribs of
      a length slightly greater than the crimps in the skirt, and a lower end
      edge portion of the tongue being warped to reinforce the tongue, said cap
      having a pair of circumferentially spaced apart notches extending upwardly
      from a lower edge of the skirt in registry with opposite edges of the
      tongue, and a pair of weakened score lines extending upwardly from the
      notches across the skirt and across the flat top of the cap a distance
      greater than the radius of the cap but less than the diameter thereof,
      whereby the tongue may be grasped by hand and lifted to fracture the score
      lines and remove the cap from the bottle and the like.
NUM  2.
PAR  2. A cap as in claim 1, wherein the score lines converge into close
      proximity with one another and then extend parallel to one another over
      the major portion of the width of the cap.
NUM  3.
PAR  3. A cap as in claim 1, wherein the score lines converge toward one another
      in substantially straight lines.
NUM  4.
PAR  4. A cap as in claim 1, wherein the score lines are parallel to one another
      substantially throughout their length.
NUM  5.
PAR  5. A cap as in claim 1, wherein the score lines are arcuate and are
      convergent adjacent their midportions and divergent at their opposite
      ends.
NUM  6.
PAR  6. A cap as in claim 1, wherein the score lines are arcuate and are
      convergent at their opposite ends and divergent at their midportions.
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ABST
PAL  A stopper for bottles, especially for closing uncorked wine and champagne
      bottles which comprises an elastic deformable sleeve member to be inserted
      into the bottle neck to be closed, which sleeve member has a mantle
      section and a closed bottom section and an open top section through which
      extends a connecting rod rigidly connected to a cap or hood which in
      inserted position of the stopper surrounds the upper neck portion of the
      bottle to be closed. The cap or hood forms a handle which is adapted to
      force the sleeve member into the bottle neck to be closed by stretching
      the sleeve member. The outer diameter of the piston is slightly less than
      the inner diameter of the bottle neck portion to be closed by the stopper,
      and the wall thickness of the sleeve mantle section in non-deformed
      condition of the sleeve member is greater than the thickness of the
      annular gap between the outer periphery of the piston and the bottle neck
      section of the bottle to be closed by the stopper.
BSUM
PAR  The present invention relates to a stopper for bottles, especially for
      closing uncorked wine and champagne bottles, with an elastic sleeve part
      which is closed at its bottom and open at its top and is provided with an
      outer and an inner flange while said sleeve part has associated therewith
      a handle coaxially arranged with said sleeve part. The said handle
      comprises a cap or hood and has an inner part which is rigidly connected
      to said hood and is provided with a piston longitudinally displaceable
      within said sleeve part, said closure being adapted by the longitudinal
      displacement of said inner part to permit the mantle of said sleeve part
      to stretch to thereby reduce its outer diameter.
PAR  It is an object of the present invention to provide a stopper which will
      permit by a slight manual effort, again closing the respective bottle by
      the stopper safely and tightly, and in particular any uncorked wine or
      champagne bottle provided with a stopper according to the invention. It is
      also an object of this invention to obtain such safe and tight closure
      even with effervescent wine in the respective bottle or with the bottle
      containing champagne having an inner overpressure.
PAR  It is still another object of this invention so to design the stopper that
      the stopper will be able when pulling the said handle with approximately
      the same slight manual effort necessary for opening the bottle, to again
      remove the stopper from the bottle.
PAR  It is a further object of this invention so to design a stopper as set
      forth in the preceding paragraphs that the advantages outlined above in
      connection with the present invention will be retained in any practically
      occurring relatively wide temperature range. Thus, storing the bottle with
      the stopper according to the invention at a lower temperature for instance
      in a refrigerator, should not interfere with the easy opening of the
      bottle. Furthermore, it is an object of the invention so to design the
      stopper outlined above that it will have a long, useful life, can easily
      be taken apart and can easily be cleaned and will have a minimum of parts
      while it can be produced at a low price.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawing, in which:
PAR  FIG. 1 illustrates a longitudinal section, partially on an enlarged scale,
      of a closure according to the invention and shows the upper part of a wine
      bottle.
PAR  FIG. 2 is a side view of a stopper according to the invention while the
      hood is omitted.
PAR  FIG. 3 shows the sleeve part of the stopper alone, and more specifically a
      longitudinal section therethrough.
PAR  FIG. 4 shows a longitudinal section through the sleeve part of the stopper
      with inserted inner part illustrated in side view.
DETD
PAR  The stopper according to the present invention is characterized primarily
      in that the inner part of the handle part has its lower end provided with
      a rigid axially stretchable cylindrical piston, the diameter of which is
      only slightly less than the inner diameter of the bottle neck to be closed
      while the wall thickness of the sleeve mantle in non-distorted condition
      of the sleeve part is greater than the thickness of the annular gap
      between the bottle neck and the piston and while the sleeve part is made
      of an elastically well deformable material so that it is possible in
      response to the application of a relatively low force to cause the wall
      thickness of the sleeve mantle to become equal or less than the thickness
      of the annular gap between the piston and the bottle neck, and it is
      further possible to press in the closure part easily into the bottle neck
      to be closed and to pull it out therefrom.
PAR  The present invention makes use of the property of a body of elastic
      material which is well deformable, for instance of soft rubber, and which
      in combination with a strong stretching simultaneously is subjected to a
      considerable decrease in cross section. This brings about that the
      thickness of the sleeve mantle can already when applying a slight pulling
      force be reduced by 50 percent or more of its original thickness. As a
      result thereof, it is possible to use the same stopper for a standarized
      bottle, the opening diameter of which deviates from the fixed standard in
      both directions by approximately .+-. 5 percent. This standard amounts to
      for instance 18mm with wine and champagne bottles. The tolerance
      ascertained during the manufacture of the stopper amounts to a maximum of
      .+-. 1mm. By suitably dimensioning the closure stopper especially by
      suitably dimensioning the wall thickness of the sleeve part, it is
      possible to introduce the same stopper in the lower tolerance region of
      the bottle opening, i.e., 17mm, equally well to remove the stopper from
      the bottle, in the upper tolerance range of the bottle opening, i.e.,
      19mm, still to obtain a good seal also at an inner overpressure of the
      bottle.
PAR  The stopper according to the invention, therefore, is to a high degree
      useful for closing standarized bottles, especially wine and champagne
      bottles, the content of which following the uncorking is to be held closed
      for a certain time and if desired is to be stored for later use in a
      refrigerator.
PAR  For closing uncorked wine and champagne bottles, stoppers have become known
      which have an elastic sleeve part adapted to be introduced into the bottle
      opening, and also have a handle for handling the closure, and furthermore
      have a piston which is longitudinally displaceable in the sleeve part. By
      means of the piston, the mantle of the sleeve part can be stretched and
      its outer diameter can be reduced so that the sleeve part can be
      introduced into the bottle opening and be removed therefrom. In contrast
      to the present invention, it is necessary with a heretofore known design
      of the just mentioned part to turn the handle relative to the sleeve part,
      and with another heretofore known design of the above mentioned general
      type it is possible by means of a separate pressure plate provided on the
      handle part to move the piston longitudinally displaceable in the sleeve
      part in downward direction and to stretch the sleeve part in toto to such
      an extent that the stopper can be pulled out of the bottle opening. Such a
      design of the stopper, however, aside from its complicated structure and
      its unreliable action requires an awkward handling. In contrast thereto,
      the closure according to the invention can after being introduced into the
      bottle opening easily and with only a very slight effort be pulled out of
      the bottle opening by a simple pulling at the hood of the handle part.
PAR  According to an important feature of the invention, the sleeve part
      consists of a material which even at low temperatures as they prevail, for
      instance in a refrigerator, is still tough elastic. As particularly
      advantageous for the material of the sleeve part has proved a tough
      elastic soft rubber.
PAR  According to a further important feature of the invention, the inner and
      outer flange and the bottom of the sleeve part has a greater wall
      thickness than the sleeve mantle. This greater wall thickness may amount
      to a multiple of the wall thickness of the sleeve mantle. This has the
      advantage that when introducing the stopper and also when removing the
      same from the bottle opening, said sleeve parts can in comparison to the
      mantle deform only slightly whereby during a relative movement between a
      handle part and the sleeve part practically only the sleeve mantle is
      expanded and its thickness is thereby reduced. Expediently, outer and
      inner flanges have their upper side located flush in one plane. The inner
      flange may project upon the outer flange in downward direction.
PAR  The handle part with its hood and its substantially longitudinally
      extending cylindrical piston and a shank may be formed out of one piece
      such as wood, synthetic material or metal, especially light metal. Hood
      and inner part may also consist of two separate individually made parts
      which, depending on the type of material, may be rigidly connected to each
      other by gluing, welding, riveting or a screw connection. Expediently, the
      hood has a form of a suitable not too small size which is comfortably
      grasped by the hand. Advantageously the hood may consist of a spherical
      bowl or a partial hollow ball which covers the upper portion of the bottle
      neck and with its lower part or end extends closely to the bottle neck.
PAR  Referring now to the drawing in detail, the stopper consists only of two
      parts movable relative to each other, the form-elastic sleeve part 1, and
      the handle part 2 of a stiff material. As tests have shown, a tough
      elastic soft rubber which also remains nearly unchangeably elastic at
      relatively low temperatures has proved particularly good for making the
      sleeve part 1.
PAR  The handle part 2, in the specific instance shown, is composed of two parts
      of aluminum, namely a bowl shaped or ball shaped hood 3 and an inner part
      screwed from the inside into said hood. The inner part forms a one-piece
      longitudinally extending cylindrical piston 4, which is semi-spherically
      rounded at the lower end. The inner part furthermore comprises a
      cylindrical shank 5 the uppere end of which has a smaller cross section
      than that of piston 4, and furthermore comprises flange 6 which limits
      said shank 5 at its upper end. Finally the inner part comprises a short
      threaded stub 7 which is adjacent the flange 6 and extends in upward
      direction. The threaded stub 7 is screwed into a corresponding central
      threaded core 7' of said hood 3. The spherical hood 3 surrounds the upper
      portion of the bottle neck 16 completely and extends downwardly up to far
      below the bottle opening.
PAR  The upper end face 8 of the piston 4 is downwardly conically depressed
      whereby the adhering capability between handle part 2 and sleeve part 1
      when pulling the stopper out of the bottle is improved. The lower
      confinement or limit of the inner flange 11 may likewise correspondingly
      be designed so as to extend conically downwardly.
PAR  The sleeve part 1 has its dimensions adapted to meet the respective problem
      at an optimum. The sleeve part 1 primarily consists of a cylindrical
      mantle 9 of uniformly relatively thin wall thickness which mantle at its
      upper portion merges with a cylindrical outer flange 10 and a likewise
      cylindrical inner flange 11. The diameter of the outer flange 10 is
      expediently equal to the mean outer diameter of the neck of a certain
      bottle type, especially wine or champagne bottle. The thickness of said
      outer flange 10 is substantially greater than the wall thickness of the
      sleeve mantle 9 and in the specific illustrated case amounts to about
      twice the thickness of the sleeve mantle 9. The inner flange 11 is
      confined by a central cylindrical opening 12, the clear width of which
      approximately equals half the diameter of the piston 4 or approximately
      equals the diameter of the shank 5. Outer and inner flanges 10, 11 have a
      plane confinement. The inner flange 11 is in the illustrated instance
      still thicker than flange 10. It thickness amounts to about three times
      the wall thickness of the sleeve mantle 9.
PAR  As will be evident from FIGS. 1, 3 and 4, outer and inner flanges 10, 11
      merge at 13 with a small radius of curvature with the sleeve mantle 9. The
      bottom side of the inner flange 11 ends in the illustrated instance
      inwardly and horizontally.
PAR  The mantle 9 is at its lower end closed by a downwardly arched bottom 14,
      the wall thickness of which amounts in the central portion approximately
      to twice the wall thickness of the mantle 9. This bottom 14 merges with a
      continuous reduction in cross section with the cylindrical mantle 9.
PAR  The surface of the flange portions 10, 11, of the bottom 14, and the inner
      surface of the mantle 9 are smooth and burr free. Merely on the outer side
      of the mantle 9 at a slight distance between each other there is provided
      a plurality of fins or ribs 15 with an outer confinement arched in cross
      section in a semi-spherical manner. The height of said ribs or fins is in
      the specific illustrated instance selected to amount to approximately 50
      percent of the wall thickness of the mantle 9.
PAR  The usefulness of the invention will stilll further become apparent from
      the following remarks. The examination of a great number of different wine
      and champagne bottles has shown that their opening diameter at the upper
      rim is within the limits of from 17-19mm, and this diameter differs from
      case to case and increases in downward direction more or less. With a
      selected diameter of the cylindrical piston 4 of 12mm, their results for
      the annular gap between bottle neck and piston a thickness of from
      2.5-3.5mm which slightly increases in downward direction. Therefore, it is
      sufficient to design the thickness of the mantle part consisting primarily
      of the cylinder mantle 9 and the ribs 15 so that the thickness of said
      mantle part amounts to about from 3.5-4.5mm. This dimension is with
      non-deformed sleeve part 1 or non-deformed mantle part 9,15 greater than
      the thickness of the annular gap between the bottle neck and piston 4. On
      the other hand, with a suitable selection of material for the sleeve part
      1, for instance soft rubber, it is possible without great efforts to pull
      the mantle part 9, 15 to such a length that its thickness drops below the
      amount of 3.5 or 2.5mm. As a result thereof, the stopper can be introduced
      into the bottle opening by pressing the same into said bottle opening and
      by pulling the stopper out can again without great effort be removed from
      the bottle.
PAR  For the length of the mantle part 9,15 and the length of the piston 4, a
      valve of from 25-30mm has been found suitable, and for the length of the
      shank 5, a length of from 15-20mm has been found sufficient.
PAR  The introduction of the closure stopper into the bottle opening is effected
      by simply pressing the lower arched bottom 14 upon the bottle opening and
      by pressing said bottom into the bottle. In this connection, at the upper
      rim of the bottle opening a small accumulation of the mantle part 9,15
      occurs and therebelow a considerable expansion of the mantle part 9,15 so
      that when exceeding a certain pressure upon the hood 3, the mantle part
      9,15 slides into the bottle opening. The mantle part 9,15 of the stopper
      which during the insertion of the stopper is stretched more or less will,
      when the pressing-in pressure decreases, contract again at its lower part
      while its inner side engages the piston 4 at the outside thereof with its
      ribs 15 so as to be close to the bottle neck 16. The outer confinement of
      the ribs 15 flattens somewhat. The ribs 15 together with the closed
      annular spaces provided therebetween form a type of labyrinth seal. In
      this connection, the mantle part 9, 15 will, depending on the inner
      diameter of the bottle neck, be subjected to a more or less remaining
      stretching. Due to its characteristic, especially the relatively thick
      sleeve bottom 14, the closure stopper according to the invention also
      withstands a considerable inner overpressure in the bottle. The removing
      of said inner pressure from the bottle may likewise be carried out without
      any material effort by a simple pulling out operation. The inner face 8 of
      the piston 4 will at the inner flange 11 designed with considerable wall
      thickness encounter sufficient resistance whereby the mantle part 9,15 is
      in the vicinity of the bottle opening stretched to such an extent and its
      thickness is thus reduced to such an extent that the closure stopper can
      be again removed from the bottle. The upper end of the bottle neck 16 thus
      also serves for pulling out the stopper from the bottle as counterbearing
      for a stretching of the mantle part 9,15
PAR  It is of particular advantage that for the pulling out of the stopper from
      the bottle no greater effort is required than that necessary for pressing
      the stopper into the bottle. This is due primarily to the fact that the
      mantle part 9,15 during the pulling out of the stopper is able with its
      part already pulled out of the bottle to reduce itself in diameter. With
      these selected dimensions of inner and outer flange 11, 10 the diameter of
      the shank 5 may amount to in excess of 50 percent of the diameter of the
      piston 4 without the danger that the sleeve part will separate from the
      piston 4.
PAR  Due to the relatively thick bottom 14 of the sleeve part 1 it will be
      brought about that when introducing the closure stopper into the bottle,
      substantially only the mantle part 9,15 is greatly deformed. Consequently
      the length of the shaft 5 may be short, about from 15-20mm.
PAR  The outer diameter of the mantle part 9,15 could in nondeformed condition
      also be shorter than the inner diameter of the bottle neck to be closed so
      that the bottle part is under load pulled onto the piston 4.
      Advantageously, the outer diameter thereof is selected somewhat greater
      than the inner diameter of the bottle necks, to approximately 21mm.
      Between mantle part 9,16 and piston 4 in non-deformed condition of the
      sleeve part 1, some play may be provided (FIG. 4). The length of the
      piston 4 approximately equals the corresponding length of the non-deformed
      sleeve part 1.
PAR  The mantle part 9, 15 may outside the bottle opening easily be withdrawn
      from the piston 4 so that a cleaning of the two stopper parts 1 and 2 is
      possible individually.
PAR  It is, of course, to be understood that the present invention is by no
      means limited to the specific showing in the drawing but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A stopper for bottles, especially for closing uncorked wine and
      champagne bottles, which includes: an elastic deformable sleeve member
      having a mantle section and a closed bottom section and an open top
      section, said top section of said sleeve member comprising a radially
      outwardly extending flange for placement onto the neck end face of the
      bottle to be closed and also comprising a radially inwardly extending
      flange, and a handle member coaxially arranged with regard to said sleeve
      member and comprising a cap and an inner member including a rigid
      longitudinally extending cylindrical piston and a connecting rod rigidly
      connecting said piston to said cap, the outer diameter of said piston
      being slightly less than the inner diameter of the bottle neck portion to
      be closed by said stopper, and the wall thickness of said sleeve mantle
      section in non-deformed condition of said sleeve member being greater than
      the thickness of the annular gap between the outer periphery of said
      piston and the bottle neck section of the bottle to be closed by said
      stopper.
NUM  2.
PAR  2. A stopper according to claim 1, in which said sleeve member consists of
      a tough elastic material adapted to withstand refrigerating temperatures.
NUM  3.
PAR  3. A stopper according to claim 2, in which said sleeve member consists of
      tough elastic soft rubber.
NUM  4.
PAR  4. A stopper according to claim 1, in which said sleeve member mantle
      section is designed as a relatively thin-walled hollow cylinder of uniform
      wall thickness having a smooth burr-free surface, the central region of
      said mantle section being provided with a plurality of annular ribs.
NUM  5.
PAR  5. . A stopper according to claim 4, in which the ribs have a cross section
      with an arched outer confinement.
NUM  6.
PAR  6. A stopper according to claim 1, in which said inner flange and said
      outer flange and said bottom section of said sleeve member have a greater
      wall thicknes than the mantle section of said sleeve member.
NUM  7.
PAR  7. A stopper according to claim 1, in which said inner flange and said
      outer flange have the top side thereof arranged flush in one plane.
NUM  8.
PAR  8. A stopper according to claim 7, in which said inner flange projects
      downwardly below said outer flange.
NUM  9.
PAR  9. A stopper according to claim 1, in which said bottom section of said
      sleeve member and the lower end of said piston are arched outwardly in
      downward direction.
NUM  10.
PAR  10. A stopper according to claim 1, in which the length of said piston is
      approximately equal to the length of the non-deformed sleeve member.
NUM  11.
PAR  11. A stopper according to claim 1, in which said inner flange has a
      coaxial cylindrical opening through which said connecting rod extends, the
      said cylindrical opening having a diameter approximately equalling the
      outer diameter of said connecting rod and approximating half the diameter
      of said piston, and in which the outer flange has a diameter approximately
      equalling the outer diameter of the bottle neck to be closed.
NUM  12.
PAR  12. A stopper according to claim 1, in which said handle member consists of
      a substantially rigid body the cap portion of which forms a bowl-shaped
      hood for surrounding the upper portion of the bottle neck when said
      stopper is introduced into the bottle to be closed.
NUM  13.
PAR  13. A stopper according to claim 4, in which with the non-deformed sleeve
      member the outer diameter of that sleeve mantle section which is provided
      with said ribs is greater than the inner diameter of the bottle neck to be
      closed.
NUM  14.
PAR  14. A stopper according to claim 13, in which said sleeve mantle surrounds
      said piston with slight play.
NUM  15.
PAR  15. A stopper according to claim 1, in which that end face of the piston
      which has the connecting rod connected thereto has a downwardly conical
      depression.
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ABST
PAL  A cylindrical pressure vessel is provided with means to prevent dispersal
      of fragments of the vessel wall in the event of the vessel bursting. The
      vessel is wrapped in two layers of chains, one, the underlayer, lying
      circumferentially around the barrel of the vessel, the other extending
      axially. The ends of the axial chains are connected to domed covers which
      embrace the ends of the vessel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to pressure vessels especially of cylindrical form.
      It is acknowledged that there is no difficulty in designing pressure
      vessels to vent to atmosphere in the event of exceeding the safe operating
      pressure; there remains the possibility, however remote, that the vessel
      may fracture with the result that vessel fragments become missiles which
      could damage adjacent structure or components. One aspect of this problem
      is in connection with vessels containing noxious fluids where missile-like
      fragments may puncture secondary containment structures provided to
      contain the escape of fluid.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a cylindrical pressure vessel
      embraced by a first group of spaced, adjacently lying circumferential
      tendons overlaid by a second group of spaced, adjacently lying axially
      extending tendons, the axially extending tendons interconnecting two end
      covers which enclose the end walls of the vessel.
PAR  Conveniently the tendons may be chains whose links are elongated plates,
      preferably arranged in parallel groups, each group pivoted to adjacent
      groups, the pivotal axis being transverse to the longitudinal run of the
      chain. The links of the first group of circumferential chains are
      preferably made curved so as to lie closely adjacent the vessel exterior.
      The second group of longitudinal chains overlie the first and interconnect
      end covers. Between the end covers and the vessel end walls deformable
      packing is provided. The tension in the chains is sufficient to position
      them on the vessel and does not stress the underlying vessel.
PAR  The invention is particularly relevant to the field of atomic energy where
      pressure vessel such as reactor vessels or steam drums contain a
      radioactive fluid. As is known such vessels are often double contained so
      that in the event of vessel leakage, the second containment restricts
      dispersal of the leakage. However should the vessel fragment, then it is
      possible for the fragments to become missiles and damage the second
      containment unless it has been made exceedingly strong. In this context
      the invention provides a means of protecting the outer containment of
      double contained pressure vessels by preventing the dispersion of pressure
      vessel fragments in the event of the pressure vessel bursting. The
      pressure vessel may be the steam/water separating drum for a water cooled
      nuclear reactor and such a drum may be of large proportions, for example
      3073 mm diameter and 8000 mm parallel length operating at a pressure of
      for example 6.6 .times.  10.sup.6  M/m.sup.2. As stated above, although
      steam drums of such proportions can be designed with an adequate safety
      margin, the consequences of a breach would be serious and embracement of
      the vessel in the manner of the invention to prevent disintegration of the
      vessel in the event of failure in use is an attractive feature.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic layout
PAR  FIG. 2 is an elevation of a steam/water separating drum,
PAR  FIG. 3 is a fragmentary section in plan view of the drum, drawn to a larger
      scale,
PAR  FIG. 4 is a fragmentary longitudinal section of a detail, designated IV, of
      FIG. 2, drawn to a larger scale,
PAR  FIG. 5 is a fragmentary plan view of the detail shown in FIG. 4, and
PAR  FIG. 6 is a fragmentary longitudinal section of a detail, designated VI, of
      FIG. 2, drawn to a larger scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows, diagrammatically, the layout of a steam generating, heavy
      water moderated nuclear reactor. The primary coolant circuit, which
      operates at 6.6 .times.  10.sup.6  M/m.sup.2, comprises a steam/water
      separating drum 1 from which water is circulated through the reactor core
      2 by way of a downcomer 3, circulator 4 with isolating valve 4a, and
      pressure tubes 5. The pressure tubes contain nuclear reactor fuel and pass
      through a calandria vessel 6 containing heavy water moderator. The
      pressure tubes are arranged in parallel groups of tubes, each group having
      a common feeder line 7 from the circulator 4 and a common outlet line 8
      which enters the side of the steam/water separator drum. Referring to FIG.
      2 the drum has connections 9 (only three being shown) for receiving the
      lines 8 arranged along each side and has outlet branches 10 (only one
      being shown) for delivery of steam to a steam turbine stop valve V shown
      in FIG. 1. The drum is 3073 mm internal diameter and of 8000 mm parallel
      length with hemispherical ends. The drum is embraced by 28 equally spaced
      circumferential chain tendons 11 overlaid by thirty-two equi-angularly
      spaced axial chain tendons 12. The axial chain tendons 12 are
      interconnected by end covers 13 for the hemispherical end closures of the
      drum. The axial chain tendons 12 have links 14 of 1000 mm pitch, each link
      comprising five parallel plates 15 (shown in FIG. 5) pivotably connected
      to adjoining links by 20 mm diameter pins 16; the plates are 40 mm wide
      .times. 10 mm thick. The end covers 13 are spaced from the enclosures of
      the vessel by aluminium packings 17 so that the longitudinal axis of the
      axial chains are disposed tangentially to the covers 13 and through holes
      18 are provided to enable the spacings to be checked by depth gauge. The
      chains 12 are pivotably connected to the end covers 13 by pins 16 each
      secured by four spaced lugs 19 welded to the end covers as shown in FIGS.
      4 and 5. The circumferential chain tendons 11 have links of 500 mm pitch
      each link comprising seven parallel arcuate plates 20 pivotably connected
      to adjoining links by 20 mm diameter pins 21; the plates are 40 mm wide
      and 10 mm thick. The circumferential chain tendons lie between the
      connections 9. The links of the chains are of carbon steel whilst the end
      covers 13 and lugs 19 are of maraging steel which is a nickel alloy steel
      capable of recovering its tensile strength after welding by suitable heat
      treatment.
PAR  The separator drum has a plurality of downcomer connections 22 (only one
      being shown in FIG. 2) each of which is embraced by a chain anchor ring 23
      as shown in FIG. 6. Where the anchor rings lie in the paths of axial and
      circumferential chains, the chains are interrupted and pivotably connected
      to the anchor rings.
PAR  In the event of the development of stress cracks whilst the vessel is
      pressurised the embracing tendons will prevent rapid disintegration of the
      vessel.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cylindrical pressure vessel comprising a central barrel portion and
      two part spherical end portions, the vessel being provided with means for
      preventing dispersal of vessel fragments in the event of the vessel being
      breached, said means comprising a first group of circumferential chains
      lying side by side along the barrel portion and a second group of axially
      extending chains on top of said first group of chains, each said chain
      comprising a plurality of plates which are pivotably interconnected to
      each other but are unconnected to the vessel surface, said means further
      comprising end enclosures overlying the part spherical end portions and
      retained in position by the second group of chains.
NUM  2.
PAR  2. A cylindrical pressure vessel as claimed in claim 5 in which the vessel
      is the steam drum of a steam raising nuclear reactor, the vessel having at
      least one downcomer pipe connected to receive steam from a water cooled
      nuclear reactor, anchor rings threaded over said downcomer pipe at its
      intersection with the vessel and pivoted connections between the anchor
      ring and those axially extending chains which lie in the path of the
      downcomer pipe.
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ABST
PAL  An arrangement for mounting plural covers on opposite surfaces of one or
      more planes employs elongated fastening nuts for receiving mounting bolts
      from opposite directions via the cover tops, formed with a pair of grooves
      which permits each nut to mate with a notch in a wall of one of the covers
      so that its rotational movement is restrained while housed therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains generally to covers such as shielding cans
      which are mounted on printed or etched circuit boards to isolate the
      electronic components thereunder from undesired interfering signals and
      specifically to an arrangement for conveniently and facilely mounting
      plural covers on the opposite surfaces of one or more planes.
PAR  As is well known, quite often metallic covers are placed over sensitive
      electronic components comprising a circuit board to provide shielding from
      undesired signals which might otherwise interfere with and degrade the
      circuit operation. With the continual striving for equipment
      miniaturization, comes a need to conserve as much space under the
      shielding cover as is practicable for accommodating electronic components
      which are more and more congested into smaller and smaller areas. Thus,
      whereas previously columns or posts formed separately or integrally with
      the shielding cover for providing a passageway to the mounting bolts which
      affix the cover to the board and/or positioning of the bolts irrespective
      of effective space utilization may have been unimportant considerations,
      the continuing reduction in space allocation for components warrants
      greater attention than heretofore in how the cover is to be affixed when
      mounted.
PAR  With the wide acceptance and copious utilization of circuit boards also
      comes a need for facilitating their testing when necessary, which in the
      case of shielding cans engenders mounting and removability convenience to
      afford ease of access to the circuit board components. Although such a
      concern may seem superficial and even trivial, it must be borne in mind
      that the number of boards to be tested during the course of some operation
      such as product assembly or subsequent troubleshooting may be considerable
      running into the hundreds or thousands. Consequently, even a few seconds
      savings in emplacing or removing a shielding can to access the components
      thereunder may generate substantial time and cost savings in required
      manpower. As may well be appreciated, the foregoing problems of space
      conservation under shielding cans and the ease with which they are mounted
      and removed, are greatly magnified when plural cans must be used for
      shielding opposite surfaces of one or more circuit boards used in
      combination.
PAR  Consequently, with the foregoing in mind, it is a primary object of the
      present invention to provide a new and improved arrangement for mounting
      plural covers on the opposite surfaces of one or more planes.
PAR  It is a further object of the present invention to provide such an
      arrangement which minimally detracts from the allotted space under the
      covers while affording a great degree of flexibility and convenience in
      mounting and removing the covers to access the components thereunder.
PAR  These, as well as other objects and the means by which they are achieved
      through the present invention, may best be appreciated by referring to the
      Detailed Description of the Invention which follows hereinafter together
      with the appended drawings.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the stated objects, the subject invention employs
      elongated fastening nuts for receiving mounting bolts from opposite
      directions via the tops of oppositely mounted covers, each nut having a
      pair of grooves along its long axis for mating with a notch in the wall of
      one of the covers so that while housed its rotational movement is
      restrained to facilitate the removal of one bolt without dislodging the
      other. Positioning the fastening nuts in the cover wall minimizes the
      amount of space which must be allocated for accommodating the mounting
      bolts, thereby detracting as little as possible from the space under the
      covers available for housing components.
PAR  In a first embodiment described, wherein a pair of covers is used in
      conjunction with a single plane, the cover housing the fastening nuts
      slideably engages the grooves thereof upon mating so that it can be
      removed to access the components thereunder by removing its associated
      bolts while leaving the other cover in place (together with the fastening
      nuts) or alternatively both covers can be removed simultaneously by merely
      removing the mounting bolts of the other cover which then releases the
      fastening nuts while still mated with the cover housing them. In a second
      embodiment described, wherein three covers are used in combination with
      two parallel planes, the fastening nuts are housed in the inner cover
      located intermediate the two planes. Either of the two outer covers may
      then be removed by removing its associated mounting bolts while leaving
      the other outer cover in place (together with the inner cover) or
      alternatively all three covers can be removed simultaneously by removing
      all of the mounting bolts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the first embodiment of the invention
      employing two covers and a single plane, depicting all components aligned
      in normal juxtaposition just prior to assembly.
PAR  FIG. 2 is an isometric view of the assembled embodiment of FIG. 1.
PAR  FIG. 3 is an isometric view of the second embodiment of the invention
      employing three covers used in connection with two parallel planes
      depicting all components aligned in normal juxtaposition just prior to
      assembly.
PAR  FIG. 4 is an isometric view of the assembled embodiment of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As shown in FIGS. 1 and 2, two covers 10 and 12 each have a top and side
      wall for defining a completely enclosed space thereunder when mounted on
      opposite surfaces of a plane 14 such as a circuit board. Although the
      covers 10 and 12 are shown as being formed from sheet metal, it will be
      readily apparent that any desired manufacturing process such as casting
      can just as well be used to suit individual needs. Plane 14 contains
      apertures 16 which align with apertures 18 located in the top of cover 10
      adjacent its wall when cover 10 is mounted in place as well as with like
      apertures 19 in the top of cover 12 when likewise mounted in place. It is
      to be realized that apertures 18 and 19 in the top of covers 10 and 12,
      respectively, preferably extend to the walls to allow their respective
      mounting bolts 20 and 22 a cornermost position to minimally detract from
      the space located under the covers 10 and 12 for housing components.
      Although the bolt heads are shown recessed in the cover tops and bear down
      directly on the cover walls when in place, this is not essential so long
      as the apertures are adjacent the wall, even if not extended thereto, in
      order to position the mounting bolts 20 and 22 as close to the cover walls
      as desired to conserve on space under the covers 10 and 12 available for
      housing components.
PAR  In each wall corner of cover 10, below aperture 18, is located a notch 24
      which is designed to slideably engage an elongated fastening nut 26 having
      grooves 28 along the long axes thereof for mating purposes. The contour of
      fastening nut 26 preferably conforms to that of the wall of cover 10 so
      that when mated with notch 24 no interruptions in the cover surface are
      perceptible. Along its long axis, each fastening nut 26 has a threaded
      shaft 29 which aligns with an aperture 16, 18 and 19 so that mounting
      bolts 20 and 22 can be threaded thereinto from opposite directions, each
      mounting bolt 20 via an aperture 18 and each mounting bolt 22 via an
      aperture 16 and 19. The length of bolts 20 and 22 are such that neither
      interferes with the travel of the other when screwed into place.
PAR  It should be noted that grooves 28 bear against the sides of notch 24 so
      that when mated therewith the rotational movement of each fastening nut 26
      is restrained. This insures that the turning of one of the bolts affects
      only that bolt and does not affect the other one such as dislodging it
      from the common fastening nut 26. Once the covers 10 and 12 are mounted in
      place, in order to access components under cover 10 one need only remove
      mounting bolts 20; cover 12 and fastening nuts 26 remain in place. On the
      other hand, by removing mounting bolts 22 only, the components under both
      covers 10 and 12 can be accessed simultaneously since cover 10 can then be
      removed with the fastening nuts 26 still mated with notches 24. It is to
      be noted that although the rectangular shape of cover 10 renders the wall
      corners thereof as natural locations for notches 24, anywhere in the side
      wall will suffice. Also, it is desirable that the height of notches 24 be
      slightly greater than the length of fastening nuts 26 to ensure that the
      bottom of the side wall of cover 10 makes good contact with the surface of
      plane 14 when used for shielding purposes. Further, although four bolts
      would normally be used for efficaciously affixing each cover to the plane
      14, it will be realized that really only two at a minimum are required.
PAR  FIGS. 3 and 4 show a second embodiment of the invention wherein three
      covers are used in conjunction with two parallel planes 30. Inner cover 32
      which is located intermediate the two planes 30, may comprise merely a
      side wall for defining a completely enclosed space when mounted or if it
      is desired to isolate the components on the inner surface of one plane 30
      from the other, inner cover 32 could be formed with a shielding plane
      parallel to planes 30 at any desired level contiguous with its wall. Outer
      covers 34 for mounting on the outer surfaces of planes 30, each have a top
      and side wall for defining a completely enclosed space when mounted in
      place with apertures 36 located in their tops adjacent their respective
      wall which align with apertures 38 located in planes 30 when so mounted.
PAR  Although elongated fastening nuts 40 could be made to slideably engage
      notches in inner cover 32 as in the first described embodiment, it is
      preferable to afford engagement by pressing the fastening nuts 40 into
      notches 42 of the wall of cover 32 from inside the cover 32, by deflecting
      the resilient sides of the notches 42, allowing them to snap in place,
      into grooves 44. Using a notch 42 which does not extend to the edge of the
      wall of inner cover 32 affords greater structural strength and as will be
      seen shortly permits greater convenience and flexibility by permitting
      either one of the outer covers 34 to be removed while leaving the other
      one in place.
PAR  Each fastening nut 40 has a threaded shaft 46 along its long axis which
      aligns with an aperture 38 of each plane 30 once in place. Accordingly,
      each outer cover 34 is affixed to its respective plane 30 by passing a
      mounting bolt 48 through an aperture 36 in its top and an aperture 38 in
      its associated plane 30 into the threaded shaft 46 of fastening nut 40.
      Fastening nut 40 is restrained from rotational movement by its mating with
      notch 42 and thus provides a means for affixing each of the outer covers
      34 to the associated plane 30 independent of the other one. Of course, the
      length of bolts 36 are such that one does not interfere with the travel of
      the other when tightened into place in threaded shaft 46. As may now be
      appreciated, either cover 34 can be removed to access components
      thereunder without disturbing the rest of the assembly by removing its
      associated mounting bolts 48 or all three covers can be removed
      simultaneously by removing all of the mounting bolts 48.
PAR  As delineated by the foregoing, the subject invention is seen to provide a
      plural cover mounting arrangement which affords space conservation as well
      as convenience and flexibility in removing covers for access to components
      thereunder. Since modifications to the described embodiments which do not
      impinge on the scope and spirit of the invention will no doubt be evident
      to those skilled in the art, the foregoing detailed description is
      intended to be merely exemplary and not restrictive of the invention which
      will now be claimed hereinbelow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for mounting two covers on opposite surfaces of a plane,
      comprising:
PA1  a first cover having a top and a side wall for defining a completely
      enclosed space when mounted on one of the surfaces of the plane, said top
      having at least two apertures adjacent said wall which align with
      apertures in the plane when mounted;
PA1  at least two elongated fastening nuts, each having a threaded shaft and a
      pair of grooves along its long axis;
PA1  at least two bolts for affixing said first cover to the plane by engaging
      the threaded shafts of said fastening nuts via the aligned apertures of
      said top and the plane;
PA1  a second cover having a top and a side wall for defining a completely
      enclosed space when mounted on the other surface of the plane, its top
      having at least two apertures adjacent its wall which align with the
      apertures in the plane when mounted and its wall containing at least two
      notches below the apertures for mating with said fastening nuts by
      slideably engaging the grooves, and
PA1  at least two more bolts for affixing said second cover to the plane by
      engaging the threaded shafts of said fastening nuts via the apertures in
      the top of said second cover.
NUM  2.
PAR  2. The arrangement of claim 1 wherein said first cover has a rectangular
      shape and said notches are located in the wall corners thereof.
NUM  3.
PAR  3. An arrangement for mounting plural covers on the surfaces of two
      parallel planes, comprising:
PA1  at least two elongated fastening nuts, each having a threaded shaft and a
      pair of grooves along its long axis;
PA1  a first cover having a side wall for defining a completely enclosed space
      when mounted between the inner surfaces of the two planes, said cover
      having at least two notches in its side wall for mating with said
      fastening nuts by engaging said grooves so that their threaded shafts
      align with apertures in the planes upon mounting;
PA1  a second cover having a top and a side wall for defining a completely
      enclosed space when mounted on the outer surface of one of the two planes,
      its top having at least two apertures adjacent its wall which align with
      the apertures in the planes when mounted;
PA1  at least two bolts for affixing said second cover to one of the two planes
      by engaging the threaded shafts of said fastening nuts via the aligned
      apertures thereof;
PA1  a third cover having a top and a side wall for defining a completely
      enclosed space when mounted on the outer surface of the other of the two
      planes, its top having at least two apertures adjacent its wall which
      align with the apertures in the planes when mounted, and
PA1  at least two more bolts for affixing said third cover to the other plane by
      engaging the threaded shafts of said fastening nuts via the aligned
      apertures thereof.
NUM  4.
PAR  4. The arrangement of claim 3 wherein said notches do not extend to either
      edge of the wall of said first cover and said fastening nuts are pressed
      into place upon mating therewith.
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ABST
PAL  An arrangement for the transport of low-temperature fluids, especially
      liquefied gases such as natural gas (i.e. methane) in a vehicle such as a
      sea-going vessel having a thermally insulated cargo compartment. The
      liquefied-gas storage container, composed of metal, has at least one side
      extending generally parallel to the wall of the compartment and is secured
      thereto against displacement perpendicular to this wall with at least one
      degree of freedom of movement relative to this wall in a direction
      parallel thereto. The storage container is constituted of a multiplicity
      of individual upright receptacles fastened together at theri outer
      peripheries at upper and lower portions into at least one group of
      receptacles capable of thermal expansion and contraction, the storage
      container being anchored to the juxtaposed wall of the cargo compartment
      at upper and lower portions enabling relative horizontal movement of the
      container parallel to the wall. At least the upper anchor assembly also
      enables vertical displacement of the anchor member or members secured to
      the container relative to the wall.
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PAC  1. FIELD OF THE INVENTION
PAR  Our present invention relates to the transportation and storage of
      low-temperature fluids and, more particularly, to a system for the
      transportation of such low-temperature liquds as natural gas (i.e.
      methane), nitrogen, ammonia and other commercial and industrial liquefied
      gases.
PAC  2. BACKGROUND OF THE INVENTION
PAR  In recent years, with increased demand for gases at locations relatively
      remote from their source, it has been the practice to provide liquefaction
      plants at the source, a conveyance or vehicle capable of transporting the
      liquefied gas over long distances, and a regasification plant proximal to
      the ultimate consumer at which the liquefied gas is converted into the
      gaseous state for use.
PAR  Such systems are especially important in the present power crises since
      natural gas (i.e. methane) may be readily available in regions quite
      remote from industrial sites, but may be in relatively short supply in
      industrial and residential areas. Hence the transportation of liquefied
      natural gas over long distances in an economical and safe manner is of the
      utmost importance.
PAR  Various transportation conveyances have been proposed for the purpose
      indicated and by far the most feasible is the ocean-going tank ship. There
      have already been described in the literature and constructed assemblies
      of receptacles, having a length which is considerable relative to their
      diameters, for disposition in the thermally insulated cargo compartments
      of such vessels. Thus a multiplicity of such individual receptacles may be
      disposed between decks or between the bottom of the hold and an overlying
      deck of a tank ship, the upper and lower ends of the individual
      receptacles being each secured to the deck and underlying floor with
      intervening layers of load-supporting thermal insulation.
PAR  The kinetic and inertial forces which are applied to the anchorages by the
      cargo upon rolling and pitching of the ship, however, have required that
      the tanks or receptacles be disposed in large measure above deck or that
      the decks be strengthened by massive reinforcements. To structurally
      stabilize the ship, therefore, a large part of the nominal cargo-carrying
      capacity may have to be sacrificed for structural stability and the ship
      may be invested with considerable deadweight. Furthermore, the cost of
      constructing such a vessel under existing principles of liquefied-gas
      storage may be inordinately high, especially in view of the low useful
      capacity of the ship. The economy of liquefied-gas transport in these
      vessels is generally low.
PAC  3. OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide a system for
      the transport and storage of low-temperature fluids, especially liquefied
      gases, in which the aforementioned disadvantages are obviated.
PAR  Another object of the invention is to provide an improved arrangement for
      the transportation of liquefied gases in an insulated conveyance with
      greater economy, less need for reinforcing the deck structure of the
      conveyance and more effectively than has hitherto been the case.
PAC  4. SUMMARY OF THE INVENTION
PAR  These objects, and others which will become apparent hereinafter, are
      attained in accordance with the present invention with an arrangement for
      the transport of low-temperature fluids, especially liquefied gases, in a
      conveyance having a thermally insulated cargo compartment with vertical
      walls. The liquefied-gas container disposed in the compartment and
      composed of metal, has at least one side extending generally parallel to
      one of the vertical walls of the compartment and secured thereto against
      displacement perpendicular to this wall but with at least one degree of
      freedom of movement relative to the wall in a direction parallel thereto.
PAR  According to an important feature of the invention the liquefied gas
      container is made up of a multiplicity of upright individual receptacles
      fastened together into at least one group at upper and lower peripheral
      portions of the mutually adjacent or neighboring receptacle so that each
      receptacle adjoins and is rigidly fixed to a plurality of such neighboring
      receptacles. The group of rigidly interconnected receptacles is anchored
      to at most two mutually adjoining upright walls of the cargo compartment
      along juxtaposed flanks of the group by anchor assemblies which permit
      relative horizontal movement of each flank and the juxtaposed wall but
      prevent relative movement of each flank and the juxtaposed wall in a
      direction perpendicular to the walls. Thus each group is rigid with a pair
      of such adjoining lateral walls of the cargo compartment at the flanks of
      the group juxtaposed therewith and in a direction perpendicular to them.
PAR  With this construction, when a group of individual receptacles fixed
      together is disposed in the thermally insulated cargo compartment of a
      sea-going vessel and the upper and lower ends of the receptacles and
      secured together, the attachment of the group of receptacles to two
      mutually perpendicular vertical walls of the cargo compartment so that in
      two mutually perpendicular directions perpendicular to these walls a rigid
      connection is provided ensures that the inertial forces are first
      localized within the receptacle group and then are transferred to the
      compartment walls in a direction perpendicular thereto. No excessive
      loading of the insulated roof of the cargo compartment occurs and special
      measures need not be taken to reinforce the deck. All of the inertial
      forces are transferred to the lateral walls of the ship or to the
      bulkheads or coffer dams running perpendicular thereto, these walls being
      in any event dimensioned to resist large forces and of high stability. The
      ship's deck remains completely unstressed by the cargo.
PAR  The problem of compensation of the thermally induced relative movement of
      the compartment and the receptacle groups is solved, in accordance with
      the invention, in that each container group is fixed to only two mutually
      adjoining lateral walls of the cargo compartment. In the case of a
      tankship these walls include one lateral wall of the ship hold and one
      bulkhead or coffer dam. Since each flank of the container group juxtaposed
      with one of these two compartment walls can expand and contract in
      directions parallel thereto (while being constrained against movement
      relative to the juxtaposed wall and perpendicular thereto) the entire
      container group is free to expand or contract in a direction away from and
      toward the corner formed between the mutually adjoining compartment walls
      to which the container group is anchored. Thermal stress within the
      container group is thus avoided upon contraction of the latter upon the
      filling of the individual receptacles with liquefied gas or upon expansion
      following the discharge of liquefied gas.
PAR  In other words, the container group is anchored to the bulkhead (extending
      perpendicular to an adjoining lateral wall of the ship's hold) so that
      relative movement of the juxtaposed flank of the container group in the
      horizontal direction toward and away from the adjoining lateral wall of
      the hold is permitted. Similarly the container group is anchored to the
      lateral wall of the hold in such manner that horizontal displacement of
      the juxtaposed flank of the container group is permitted in the direction
      of the bulkhead or cofferdam.
PAR  The anchor assemblies are also so constructed that at least the upper
      anchor assemblies along the coffer dam and the adjoining lateral wall of
      the hold permit vertical expansion and contraction of the container group,
      thereby procluding stressing of the latter upon elongation or shrinkage of
      the flanks in any direction.
PAR  Complete transfer of the inertial forces to the vertical walls of the hold
      is thus ensured without loading of the roof of the cargo compartment and
      without the development of thermal stresses within the container group.
PAR  While the present invention concerns the container structure and its
      mounting within the cargo compartment of a tank ship or the like, it
      should be noted that any desired means for filling and emptying the
      individual receptacles may be provided. Preferably we use one of the
      systems described in the commonly assigned copending applications Ser. No.
      300,271, filed Oct. 24, 1972, now U.S. Pat. No. 3,842,613 or Ser. No.
      318,161 filed Dec. 26, 1972, now U.S. Pat. No. 3,831,811 Rudolf Becker,
      one of the present joint applicants.
PAR  Advantageously, the cargo compartment of the conveyance is of rectangular
      or square plan or horizontal cross-section with four walls adjoining in
      pairs at right angles, the individual receptacles being secured together
      in four container groups, each secured to two of the vertical compartment
      walls adjoining the one of the aforementioned right angles. The flanks of
      the container groups facing one another may be spaced apart and are free
      from attachment to the cargo compartment walls or to each other to eanble
      free expansion and contraction of each container group.
PAR  Various means may be used to join individual receptacles into common
      container groups. In one embodiment of this invention, therefore, each
      container group comprises upper and lower plates to which the cylindrical
      walls of the individual receptacles are welded at their upper and lower
      ends. These plates may be imperforate.
PAR  Alternatively, the individual receptacles of each container group may be
      provided with flat flanges at their upper and lower ends, the outwardly
      extending flanges of the neighboring receptacles being welded together. In
      this case, it has been found to be advantageous to increase the stability
      of the container group at the junctions or welds by enforcing the
      peripheries of the containers in these regions. Additionally, the
      containers may be received in perforations or holes of an upper and a
      lower plate and peripherally welded thereto either by the aforementioned
      flanges or directly along the circumference of the cylindrical outer wall
      of each receptacle.
PAR  While the individual receptacles may extend substantially fully between the
      floor of the compartment and its ceiling or roof, it is also possible to
      mount a plurality of container groups in stacked relationship so that one
      container group is disposed spacedly above another between the roof and
      the floor of the compartment, each of the stacked container groups being
      independently mounted upon the vertical walls of the cargo compartment in
      the manner previously described.
PAR  In a preferred embodiment of the invention, the flanges by which the
      individual receptacles are joined together are formed by individual rings
      having circular inner peripheries close fitting and welded to the outer
      surface of each receptacle at an upper and a lower end thereof. The outer
      peripheries of these rings may be polygonal, i.e. may conform to an
      equilateral polygon such as a hexagon so that within the body of the
      container group, each straight side of the polygonal periphery of the ring
      is welded to a straight side of a ring of a neighboring receptacle. In the
      case of a hexagon, therefore, a receptacle may be surrounded by six
      neighboring receptacles and welded to the rings thereof by its rings, the
      container assembly or group having a honeycomb pattern. The rings have the
      advantage that they may be used on reinforced or nonreinforced receptacle
      shells and can provide attachment sites for the anchors of the assemblies
      at securing each container group to the vertical walls of the cargo
      compartment.
PAR  Flat connecting members may be provided in place of the bottom and top
      plates of the container group and can be welded together to join the
      adjacent receptacles into a unitary container with planar upper and lower
      surfaces. This has been found to be especially advantageous when the roof
      and floor of the cargo compartment are likewise planar and horizontal, in
      which case the top and bottom of each container group may closely approach
      the roof and floor of the compartment.
PAR  The use of polygonal flanges to secure the individual receptacles into a
      unitary group has the advantage that the weld seams are not stressed
      significantly by the loaded containers and hence the dange of rupture
      within a container group at the weld seam is minimized.
PAR  While we have specified that the individual receptacles are to be connected
      to their neighboring receptacles at locations close to the top and bottom
      of the receptacles, thereby accomodating vertical expansion or contraction
      of the container assembly, it may be advantageous to provide intermediate
      connecting sites as well. Thus, one or more bridging pieces may be welded
      between the containers at locations spaced apart over the height of the
      individual receptacle and intermediate the top and bottom weld sites. This
      has proven to be especially desirable when tall receptacles are used and
      large vertical shrinkage or elongation is to be expected.
PAR  We have found that best results in the anchorage of the container group to
      at most two mutually adjoining lateral vertical walls of the cargo
      compartment can be attained when the anchor assembly comprises two
      interengaging anchoring members including an upwardly bent member and a
      downwardly turned member reaching behind one another and accommodating
      relative horizontal displacement. Thus the flank of the container group
      juxtaposed with a vertical wall of the cargo compartment may be provided
      with a plurality of anchor members reaching toward the wall and having
      downwardly turned end portions while the wall is provided with anchor
      members reaching toward the container flank and provided with upwardly
      turned end portions reaching behind the downwardly turned end portions of
      the first anchor members. Advantageously, the upwardly turned portions of
      the second anchor members define horizontal channels in which the
      downwardly turned end portions are free to move horizontally parallel to
      the wall and also may be capable of vertical displacement. The members
      attached to the cargo-compartment wall, moreover, are preferably mounted
      on horizontally extending guide rails which may be spaced apart to
      accommodate thermal expansion and contraction.
PAR  The system is so designed that, with maximum shrinkage of the container in
      its deeply cooled state, the interengaging bent portions fully contact one
      another while in an expanded state of the container, corresponding to a
      warm and empty condition, the interfitting bent members only partly engage
      one another. The bent members should also be so dimensioned that no
      significant relative displacement of the flank and the juxtaposed
      compartment wall will result in a direction perpendicular to the flank or
      the wall.
PAR  According to another feature of the invention, the anchor assemblies for
      attaching the container, preferably constituted of a multiplicity of
      rigidly connected receptacles, to the vertical walls of the cargo
      compartment includes a T-cross-section beam mounted on the container
      structure and having a horizontal shank, the wall being provided with a
      generally C-section guide rail receiving the head of the T and enabling
      the beam to shift relative to the rail in the horizontal direction.
PAR  A plurality of such beams may be horizontally aligned along the container
      and preferably all are received in a single guide channel mounted on at
      least two supports to the lateral wall of the ship. The supports are
      spaced along the guide channel and the latter is dimensioned to have
      sufficient rigidity to effect a uniform transfer of force to the ship wall
      in a direction perpendicular thereto.
PAR  In addition, at least the upper assembly is provided with means for
      enabling vertical displacement of the guide channel relative to the ship
      wall to accommodate thermal expansion and contraction in the vertical
      direction. To this end the guide channel may be formed along its base
      turned away from the horizontal slot in which the T-section beams are
      received, with a plurality of vertically extending but horizontally spaced
      T-shaped slots accommodating vertical T members attached to a rigid beam
      which, in turn, is mounted on the ship wall with at least two supports in
      the manner previously described. Thus, the horizontal T groove serves to
      guide the horizontal T bars for relative movement of the flank of the
      container or container group and the ship wall parallel thereto while the
      vertically extending T slots enable expansion upwardly of the container or
      container group.
PAR  The system is substantially free from play in the horizontal direction
      perpendicular to the ship wall so that inertia forces can be transferred
      from the container to the latter wall without stressing the container
      assembly.
PAR  The force-transmitting beams mounted at spaced locations along the ship
      wall preferably have a U-shaped cross-section accommodating in its channel
      the heads of a plurality of bolts (preferably two) which extend
      perpendicular to and bear against the vertical wall of the cargo
      compartment. The force-transmitting bolts preferably are not directly in
      contact with the lateral walls to avoid heat-transfer to the container
      within the cargo compartment. Thus we have found it to be advantageous to
      provide an insulating arrangement between the anchorage of the bolt and
      the metal wall of the ship.
PAR  The bolt-insulating assembly, according to this invention, comprises a disk
      or ring threaded onto the bolt in the manner of a nut in a space between
      two parallel walls of a double-wall structure defining the cargo
      compartment, the ring forming a force-transmitting shoulder. Flanking the
      ring we provide a pair of annular blocks of force-transmitting thermal
      insulation, one of which is interposed between the shoulder and the wall
      and the other of which is positioned on the other side of this shoulder.
      The assembly is received within a housing welded to the ship wall and
      close-fitting around the blocks, a cover plate spanning the end of this
      housing and serving as a seat for the other insulating load-transmitting
      block. The ring is disposed with annular clearance within this housing and
      a further insulating sleeve or bushing is disposed therearound to prevent
      the transfer from the housing to the bolt. The thermally insulating blocks
      and sleeve can be composed of any insulating material of high compressive
      strength and for this purpose we prefer FERROZELL or PERTINAX.
PAR  Best results are obtained when heat flow or cold loss through the bolt is
      prevented by constituting the latter of a material of low thermal
      conductivity such as V.sub.2 A steel. The threaded connection of the ring
      to the bolt allows adjustment of the support structure to compensate for
      manufacturing tolerances between the liquefied-gas transport container and
      the lateral walls of the cargo compartment. This system has the advantage
      that the bolt mounting lies in an inner compartment of the ship hull and
      is not affected by the temperature within the cargo compartment or the
      atmosphere within the wall compartment since it is fully protected by the
      aforementioned housing.
PAR  Throughout this disclosure, reference has been made to the cargo
      compartment of a tank ship or other conveyance and it is important to note
      that such compartments are understood to be lined with thermal insulation
      at least along the floor and ceiling of the compartment and usually along
      the lateral walls of the ship as well. The bulkheads or coffer dams may or
      may not be thermally insulated. When container and the group of
      receptacles rest upon the floor of the cargo compartment, this layer of
      thermal insulation should be of a load-supporting type and may include a
      layer of wood boards or the like. Furthermore, it has been found to be
      advantageous to provide a space between the container flank and the wall
      of the cargo compartment to which it is affixed to prevent abrasion or
      other damage to the insulating layer thereof with relative movement of the
      container and the cargo compartment resulting from thermal expansion and
      contraction. All movable parts of the anchor assembly, moreover, are
      disposed externally of the insulating layer to prevent damage thereto.
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PAC  5. DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is a somewhat diagrammatic plan view of a load-receiving compartment
      or hold of a tankship according to the invention, partly in cross-section
      and partly broken away;
PAR  FIG. 1A is a side elevational view of an outer arrangement similar to that
      shown in FIG. 1;
PAR  FIG. 1B illustrates in vertical section another system for connecting the
      containers together in accordance with the present invention;
PAR  FIG. 1C is a view similar to FIG. 1B showing still another arrangement for
      interconnecting the containers;
PAR  FIG. 1D is a horizontal section through two adjacent containers secured
      together in another manner;
PAR  FIG. 1E is a vertical section showing a system wherein the containers are
      mounted in a perforated plate;
PAR  FIG. 1F is a vertical elevational view of a portion of a container group
      according to the present invention connected together in a different
      manner from those illustrated previously;
PAR  FIG. 2 is a vertical-section showing in side view one of the groups of
      storage vessels of a modification of the system of FIG. 1 as viewed in the
      plane of the longitudinal axis of the ship;
PAR  FIG. 3 is a detailed view, drawn to an enlarged scale, of the anchoring
      assembly for the system of FIGS. 1 and 2;
PAR  FIG. 4 is a vertical section showing another system for securing the
      storage vessels; and
PAR  FIG. 5 is a perspective view of the upper fastening system for the
      container arrangement of FIG. 4.
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PAC  6. SPECIFIC DESCRIPTION
PAR  In FIGS. 1 and 1A, we have shown a portion of the hold of a tankship which
      is provided between a pair of coffer dams 1 and 2 and the two longitudinal
      walls 3, 4 of the ship. Within the hold there are provided a multiplicity
      of storage recptacles or containers 5 of similar cross-section adapted to
      receive a low-temperature fluid, especially liquefied gas such as methane,
      ammonia, nitrogen . . . .
PAR  Neighboring receptacles or containers 5 are fastened together in four
      groups 6, 7, 8 and 9 whereby each of the containers of each group are
      provided along their lower end (not shown) and in their upper regions with
      metal rings 10 (FIG. 1) having circular inner openings close-fitting about
      the containers 5 and hexagonal outer peripheries. Each of the groups 6, 7,
      8 and 9 may be thought of as a separate fluid container comprising a
      plurality of joined neighboring receptacles or containers 5.
PAR  The containers 5 are welded circumferentially to the rings 10 and the rings
      are hexagonally close-packed, so that each ring has its sides juxtaposed
      with sides of adjacent rings and fixed thereto, e.g. by welding. In other
      words each container surrounded by 6 other containers in a honeycomb
      pattern has all six of the straight sides of its hexagonal ring fixed to
      one side of each ring of a neighboring continaer. The outer row of
      containers (i.e. the containers along the lateral walls 3 and 4 of the
      hold of the ship) generally are secured to four adjoining containers at
      four sides of their hexagonal rings while alternate containers 5 along the
      coffer dam walls 1 and 2 are secured to 4 and 5 adjacent containers
      respectively. At the corner of each array or group 6, 7, 8 or 9, the rings
      10 of the containers are secured to two adjoining rings of the respective
      group. The hexagonal rings are equilateral and may serve to space the
      containers from one another at least in the regions at which the rings are
      provided. As a result each container is rigidly secured to its nearest
      neighbor of the same group and can be secured to a maximum of six such
      nearest neighbors.
PAR  The connection of each fluid container or group 6, 7, 8 or 9 with the
      coffer dam 1, 2 and the lateral walls 3, 4 of the ship is effected by
      anchors 11 (identified for the group 6). The anchors 11 disposed between
      the coffer dam 1 and the fluid container or group 6 are alternately welded
      to the containers 5 at the containers approaching and set back from the
      coffer dam, either along the wall of the container or at the associated
      rings 10 or both. Similarly, the anchors 11 between the lateral wall 3 of
      the hold of the ship and the fluid container or group 6 may be welded to
      the row of containers 5 disposed parallel to this wall or to the rings
      associated with these containers.
PAR  At their ends turned toward the walls 1 and 3 (FIG. 1) the anchors 11 may
      be turned downwardly (perpendicular to the plane of FIG. 1 and extending
      away from the viewer) and into upwardly open channels formed by oppositely
      bent members 12 of intermediate anchors which may be mounted on the guide
      rails 13 and 14 parallel to the walls. The guide rails 13 and 14 are
      secured to the walls 1 and 3 by pedestals 15 and 16 which may have the
      configuration of H-beams, I-beams or other supporting structural sections.
      Thus the group 6 is fixed by the members 11 through 15 against
      displacement perpendicular to the walls 1 and 3 along the periphery of the
      groups which are juxtaposed with these walls. However, the channels formed
      by the upwardly bent members 12 permit displacement of the downwardly bent
      ends of members 11 parallel to the walls 1 and 3 and hence a sliding
      engagement of the group of containers with the coffer dam and the ship's
      wall. Thermal expansion and contraction of the container group with
      respect to the supporting walls 1 and 3 is thus permitted without
      resulting in stress within the group and the entire group or fluid
      container can expand and contract only toward and away from the corner 17
      defined by the coffer dam 1 and the lateral wall of the ship.
PAR  Similarly each fluid container is supported along one of the walls 1-4 with
      one surface parallel thereto against displacement perpendicular to the
      wall and the flank of the group and is similarly supported with respect to
      another wall 1-4 of the hold while being free to expand or contract along
      these walls and having the other two sides of the generally rectangular
      group free from support.
PAR  An expansion/contraction clearance 38 is provided between the mutually
      aligned guide rails 13 of each of the supporting walls to enable
      compensatory thermal expansion and contraction of the rails parallel to
      the respective coffer dams 1, 2 and lateral walls 3, 4 of the ship. The
      groups of containers 7 through 9 are, of course analogously secured to the
      neighboring coffer dams and lateral walls of the ship.
PAR  As can be seen from FIG. 1A, the members 15 may be I-beams with horizontal
      flanges 15a and 15b and a vertical web 15c, the anchor 11 being received
      within the channel formed by the upwardly bent member 12 with vertical
      mobility in the direction of arrow 11a whereby vertical expansion and
      contraction of the individual containers or tanks is permitted. The welds
      between the anchor 11 and the hexagonal ring 10 are represented
      diagrammatically at 11b and the welds between the rings can be seen at
      10a.
PAR  In FIG. 1B we show a system which is generally similar to that of FIG. 1
      with respect to the anchoring system except that the containers 5a and
      outwardly extending flanges 5b are formed with cover domes 5c welded at 5d
      to these flanges. The flanges may be reinforced by ribs 5e which can be
      provided at the upper and lower ends of the containers in the region at
      which they are to be joined together. In this embodiment, weld seams 5f
      are provided between the flanges of the acjacent containers.
PAR  In the modification of FIG. 1C, the containers 5g are held together in
      groups by upper and lower preforated plates 10b through which the upper
      and lower ends of the containers pass and in which the containers are
      welded peripherally at 5h.
PAR  In the embodiment of FIG. 1D, the containers are provided with flange
      plates 10c which are welded together at 10d and are, in turn, welded at 5i
      to the containers 5j, thereby retaining the containers in the respective
      groups. FIG. 1E represents a modification in which the flanges 5b of the
      containers 5k are welded at 5m into openings 5n formed in a perforated
      plate 5o connecting the containers together.
PAR  According to yet another embodiment of the invention, the containers may be
      flat as shown in FIG. 1f or the containers 5p and can be welded together
      at 5q at their upper and lower ends. In this embodiment, the major
      dimension of the containers is perpendicular to the plane of the paper.
PAR  FIGS. 2 and 3 show another embodiment of the invention in which the fluid
      containers 6-9 are provided with a closed upper plate 18 and a similarly
      closed lower plate 19, and are peripherally welded to these plates so that
      they are held thereby in the respective groups. The bottom plate 19 is
      freely seated upon an insulating layer 20 deposed above the upper floor of
      the ship's hull or upon a deck and constituted, as can be seen from FIG.
      2, as a layer of wood boards.
PAR  The upper and lower connections between the coffer dam and the groups and
      between the latter and the lateral walls of the ship are interengaging
      upwardly and downwardly turned members. For example, in the upper portion
      of each fluid container or group, a downwardly turned member 23 may engage
      in an upwardly open channel faced to the coffer dam or wall. Similarly,
      downwardly turned anchors 24 engaged in upwardly open channels along the
      bottom of each contour group, the channels being arranged along the coffer
      dams and walls as described in connection with FIG. 1. Between the coffer
      dam and ship wall (not seen in FIG. 2) and the fluid container or group,
      there may be introduced a yieldable or elastic insulating layer in the
      space represented at 34, preferably in the form of mineral wool.
PAR  FIG. 3 shows in detail a system whereby the containers may be anchored to
      the coffer dam or ship's wall. In this system, a first anchor 25 has a
      downwardly bent portion 26 and is welded to the plate 18 of the group of
      containers 5. An additional metal-profile strip 27 is interposed between
      the plate and the anchor 25 to reinforce this weld connection.
      Furthermore, the upper portions of the containers 5 are reinforced by
      vertical T-section metal girders 28.
PAR  The downwardly bent portion 26 engages in the channel formed by upwardly
      turned member 29 carried by the guide rail 31 which is mounted on a girder
      construction 32 upon the coffer dam 2. The result is a stable connection
      between the side of the group and the coffer dam. The second anchor 30 is
      reinforced by a web or profile 33 which is welded thereby and to the rail
      31 as indicated.
PAR  FIG. 4 shows a storage vessel 101 for liquefied natural gas (methane) which
      is connected by a lower and an upper assembly 102, 103, respectively, with
      the inner wall 104 of a double-wall tankship hull. In this case, in place
      of the individual group or fluid container, a single storage vessel having
      the capacity approximating that of each group may be secured to two
      mutually perpendicular walls, the other two lateral walls of the
      rectangular container being free from connection to the walls of the hold
      or a coffer dam.
PAR  The storage vessel 101 is welded to the load-supporting bottom plate 105 of
      the floor of the hold, the bottom plate being carried upon the bottom
      insulation layer 106 which, in turn is disposed above a hold plate having
      a bilge therebelow. The load-supporting thermal insulation 106 may be
      comprised of slabs or layers of mineral fiber (glass fiber) impregnated
      with a hardened phenol or urea formaldehyde resin or epoxy.
PAR  The lower anchoring assembly includes a horizontal guide rail 107 which is
      of C cross-section to define an inwardly open channel 108 overhung by
      inwardly turned ledges of the guide rail. A horizontally extending post
      109 having a U profile carries the rail 107 which is welded thereto at
      weld seams 112 while bolts 110 and 111 horizontally spaced along in
      channel 109 (see also FIG. 5) serve to support this latter member.
PAR  The guide rail 107 is thus rigidly secured to the channel beam 109 and the
      channel beam 109 is rigidly secured to the bolts 110 via the weld seam
      113. The bolt 111 seen in FIG. 4 to be spaced behind the bolt 110,
      provided with an analogous attachment to the beam 109.
PAR  The rigidity of the beam 109 is so dimensioned that the forces applied
      thereto are distributed uniformly to the two bolts 110 and 111 and thereby
      onto the inner wall or bulkhead of the ship's hold.
PAR  The connection between the guide rail 107 and the container 101 is effected
      via the support plate 105 of the latter and includes a T-cross section
      beam 115 which is received in the horizontal opening 108 of the guide rail
      107 and is welded at 116 rigidly to the plate 105. Thus relative
      horizontal movement of the members 115 and 107 is permitted.
PAR  The connection between the beams 110 and the inner wall 104 of the ship is
      effected by the end of the beam projecting into the compartment 114
      between the inner wall 104 and outer wall 117 of the ship. A ring 118 is
      threaded onto this end of the bolt 110 and is held between a pair of
      hollow cylindrical blocks 119 and 120 of a relatively rigid thermally
      insulating material such as Ferrozell or Pertinax, or the insulating
      material described previously. The blocks 119 and 120 are received within
      a stiffening housing 121 whose mouth turned away from the wall 104 is
      closed sealingly and in force transmitting relationship with a plate 122
      welded hermetically to the housing 121. A further ring 123 of thermally
      insulating material reduces the heat transfer between the ring 118 and the
      housing 121.
PAR  The lower anchoring assembly 102 thus provides freedom of movement of the
      container in the horizontal direction to enable compensation of relative
      differences in thermal expansion and contraction between the storage
      vessel 101 and the inner wall 104 of the ship. All vertical relative
      movements of the container and the ship's wall is likewise taken up by the
      anchoring system in which the T-section member 115 is received with play
      in the vertical direction within the guide channel 107.
PAR  Advantageously, the guide channel 107, the support beam 109 and the bolts
      110 and 111 (FIGS. 4 and 5) are composed of metal having a low thermal
      conductivity, especially V.sub.2 steel.
PAR  The upper anchoring assembly 103 comprises a similar T-section member
      welded to the cover plate 124 to which the container 1 is, in turn welded,
      and differs from the lower assembly only in the mounting of the guide rail
      125 upon the support beam 126. All of the structural details are similar
      to those of the lower anchoring assembly 102 and have been given the same
      reference numerals. The difference in the mounting of the guide channel
      125 upon the support beam has been shown in greater detail in FIG. 5 which
      represents a perspective view of the upper assembly of the device of the
      system of FIG. 4.
PAR  In FIG. 5 the guide rail 125 is provided with a plurality of vertically
      extending horizontally spaced T-section grooves 127 receiving T-section
      vertical bars 128 with freedom of vertical movement. The shanks of the
      bars 128 are secured to the rearwardly open U-section beam 126 mounted by
      bolts 110 and 111 on the inner wall of the hold as previously described
      for the lower assembly (FIG. 4).
PAR  Thus the upper anchoring assembly provides two degrees of relative
      displacement of the tank and the ship wall, namely, one parallel to the
      horizontal channel of guide member 125 and the other parallel to the
      vertical grooves 127. The upper assembly can thus permit vertical
      shrinkage and expansion of the tank.
PAR  Since both the upper and lower assemblies have at least two bolts, a
      uniform force transmission from the assembly to the ship wall is
      guaranteed, i.e. non-distributed forces or stresses do not arise in the
      assemblies. A layer 129 of thermal insulation is provided along the inner
      wall 104 of the hold and is spaced from the juxtaposed surface of the
      storage vessel 101 so that damage to the insulating layer does not result
      from relative movement of the tank and the wall of the hold.
CLMS
STM  We claim:
NUM  1.
PAR  1. A conveyance for the transport of a low-temperature fluid, especially a
      liquefied gas, comprising:
PA1  a thermally-insulated cargo compartment having a plurality of lateral
      vertical walls including two mutually angularly adjoining walls;
PA1  at least one fluid container received in said compartment, said fluid
      container comprising a multiplicity of generally similar neighboring
      receptacles secured together and defining a pair of flanks each juxtaposed
      with one of said mutually angularly adjoining walls; and
PA1  respective assemblies anchoring said container to said mutually angularly
      adjoining walls at each said flank with freedom of movement of the
      respective flank parallel to the juxtaposed wall but rigidly connecting
      the respective flank to said juxtaposed wall against displacement of said
      flank perpendicularly thereto, said fluid container being free from
      attachment to the vertical walls of said compartment other than said two
      mutually angularly adjoining walls.
NUM  2.
PAR  2. The conveyance defined in claim 1 wherein said neighboring receptacles
      comprise shells which are reinforced at least at one end of each
      receptacle.
NUM  3.
PAR  3. The conveyance defined in claim 1 wherein each one of said neighboring
      receptacles is formed with flat flanges at its upper and lower ends, the
      flange of each one of said neighboring receptacles being welded to the
      flanges of adjacent neighboring receptacles.
NUM  4.
PAR  4. The conveyance defined in claim 1 wherein each of said neighboring
      receptacles has a generally flat top and a generally flat bottom, the top
      and bottom of each of said neighboring receptacles being rigidly connected
      to the top and bottom of an adjacent neighboring receptacle.
NUM  5.
PAR  5. The conveyance defined in claim 1, further comprising a top plate and a
      bottom plate extending perpendicular to said juxtaposed walls and common
      to said neighboring receptacles of said fluid container a, said
      neighboring receptacles being welded to said top and bottom plates at the
      upper and lower ends of said neighboring receptacles.
NUM  6.
PAR  6. The conveyance defined in claim 3, wherein said top and bottom plates
      are imperforate and said neighboring receptacles each comprise a
      cylindrical shell having open ends, said open ends of said shells being
      peripherally welded to said top and bottom plates.
NUM  7.
PAR  7. The conveyance defined in claim 5 wherein at least one of said plates is
      provided with a multiplicity of openings, each of said openings
      respectively receiving one of said neighboring receptacles, each of said
      neighboring receptacles being peripherally welded around the opening in
      which it is received.
NUM  8.
PAR  8. The conveyance defined in claim 1 wherein each of said neighboring
      receptacles is formed with a ring at its upper and lower ends, each said
      ring comprising an annular flange having a polygonal outer periphery and a
      circular inner periphery, each of said neighboring receptacles having a
      cylindrical shell welded to the inner periphery of its respective rings,
      the sides of the polygonal outer peripheries of each of said rings being
      welded to the sides of the polygonal outer periphery of the rings of
      adjacent neighboring receptacles.
NUM  9.
PAR  9. The conveyance defined in claim 8 wherein said rings have equilateral
      hexagonal outer peripheries.
NUM  10.
PAR  10. The conveyance defined in claim 1 wherein each of said assemblies
      comprises a downwardly bent member and an upwardly bent member
      interengaging and enabling relative horizontal displacement, one of said
      members being secured to one of said mutually adjoining walls and the
      other of said members being secured to the juxtaposed flank of said fluid
      container.
NUM  11.
PAR  11. The conveyance defined in claim 10 wherein a row of such assemblies is
      provided along an upper portion of each flank of said fluid container
      juxtaposed with one of said mutually adjoining walls and another row of
      such assemblies is provided along the bottom of each flank of said fluid
      container juxtaposed with one of said mutually adjoining walls.
NUM  12.
PAR  12. The conveyance defined in claim 11 wherein each row of said assemblies
      comprises a plurality of spaced horizontally aligned guide rails carrying
      the upwardly bent members.
NUM  13.
PAR  13. The conveyance defined in claim 12 wherein the length of the
      interengaging upwardly and downwardly bent portions of the members of said
      assemblies is greater than the thermal shrinkage movement of the container
      group in the vertical direction.
NUM  14.
PAR  14. The conveyance defined in claim 12 wherein the horizontal width of each
      upwardly bent member is greater than that of each downwardly bent member
      engageable therewith.
NUM  15.
PAR  15. The conveyance defined in claim 1 wherein said one said juxtaposed
      walls is provided with a layer of thermal insulation, said assembly being
      disposed outside said layer.
NUM  16.
PAR  16. A conveyance for the transport of a low-temperature fluid, especially a
      liquified gas, comprising:
PA1  a thermally insulated cargo compartment having a plurality of lateral
      vertical walls including two mutually angularly adjoining walls;
PA1  at least one storage vessel received in said conpartment, said storage
      vessel defining a pair of flanks each juxtaposed with one of said mutually
      angularly adjoining walls; and respective assemblies anchoring said
      storage vessel to mutually angularly adjoining walls at each said flank
      with freedom of movement of the respective flank parallel to the
      juxtaposed wall but rigidly connecting the respective flank to said
      juxtaposed wall against displacement of said flank perpendicularly
      thereto, said storage vessel being free from attachment to the vertical
      walls of said compartment other than said two mutually adjoining walls;
PA1  one such assembly being provided at an upper portion of said storage
      vessell and another such assembly being provided at a lower portion of
      said storage vessel, each of said assemblies comprising a horizontally
      extending C-cross section channel opening toward said storage vessel,
      means mounting said channel on said one of said juxtaposed walls, and at
      least one T-section bar extending from said storage vessel and received in
      said channel for relative horizontal displacement of said bar and said
      channel parallel to said one of said juxtaposed walls.
NUM  17.
PAR  17. The conveyance defined in claim 16 wherein said means mounting said
      channel includes a plurality of bolts connected to said channel and
      extending perpendicular to said one of said juxtaposed walls and secured
      thereto.
NUM  18.
PAR  18. The conveyance defined in claim 17 wherein said means mounting said
      channel includes a rail extending substantially all across said one of
      said juxtaposed walls along said storage vessel and of a rigidity
      sufficient to transfer forces perpendicular to said one of said walls
      thereto uniformly at said bolts.
NUM  19.
PAR  19. The conveyance defined in claim 18 wherein said rail of the upper
      assembly is provided with a plurality of vertical T-section members in
      horizontally spaced relationship and said channel is formed with vertical
      extending horizontally spaced T-slots respectively receiving said members
      and enabling relative vertical displacement of said rail and said channel.
NUM  20.
PAR  20. The conveyance defined in claim 17 wherein said one of said juxtaposed
      walls is part of a double-wall structure of a tank ship having a space
      behind said one of said juxtaposed walls, said bolts projecting into said
      space, said conveyance further comprising a body of thermally insulating
      material of high compressive strength interposed between each of said
      bolts and said one of said juxtaposed walls for effecting
      force-transmission therebetween.
NUM  21.
PAR  21. The conveyance defined in claim 20 wherein each assembly is composed at
      least in part of material of low thermal conductivity.
NUM  22.
PAR  22. The conveyance defined in claim 20 wherein said one of said juxtaposed
      walls is formed in said space with a housing spacedly surrounding each of
      said bolts, each of said bolts has a ring threadedly mounted thereon
      within the respective housing, and said body of insulating material is an
      annulus of thermal insulation disposed in the respective housing between
      the respective ring and said one of said juxtaposed walls.
NUM  23.
PAR  23. The conveyance defined in claim 22, further comprising another annulus
      of thermal insulation of high compressive strength engaging said ring of
      each bolt, and a plate closing said housing and extending transversely to
      said bolt while forming a seat for said other annulus.
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ABST
PAL  Compaction apparatus in which a material receiver chamber and a container
      are supported upon a carriage which tilts out of a cabinet to permit
      material to be inserted into the receiver chamber and which returns to a
      rest position within the cabinet for the compaction operation. Hydraulic
      rams pull a cylindrical compaction blade downwardly through the access
      opening of the receiver chamber, and the initial movement of the blade
      locks the carriage in its rest position. A carriage door permits the
      removal of the loaded container, and a latch holds the carriage in its
      rest position when the container is removed. A system of electrical
      interlocks ensures safe operation.
PARN
PAR  This is a divisional application of Ser. No. 261,325, filed June 9, 1972,
      now U.S. Pat. No. 3,861,296.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compaction apparatus for refuse material and the
      like and is more particularly concerned with simple and inexpensive
      hand-fed apparatus for compacting material into bags or other small
      receptacles.
PAR  In recent years the market for refuse compaction apparatus has expanded
      greatly. Various types of units have become widely available, including
      large stationary packers which compact refuse into roll-off bodies of
      trucks, smaller stationary packers which compact material into detachable
      containers that are dumped into truck bodies by self-loading mechanisms,
      and stationary packers which are used in conjunction with small
      receptacles such as bags or barrels. Despite the diversity of available
      equipment, a need has existed for a small and inexpensive hand-fed
      compaction apparatus for use in garden-type apartments and other
      establishments of limited size. Heretofore, such establishments have used
      smaller versions of complex and expensive compaction apparatus or have had
      to be satisfied with rather crude and inefficient compaction apparatus.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It is a principal object of the present invention to provide improved
      compaction apparatus, which, while substantially less expensive than
      larger units, is none-the-less highly efficient.
PAR  A further object of the invention is to provide a simple, handfed
      compaction apparatus which may be employed safely by housewives or
      children and which compacts refuse and the like into conventional
      receptacles with high compaction ratios.
PAR  Yet another object of the invention is to provide apparatus of the
      foregoing type which is not only simple to operate but which is easily and
      safely maintained by custodial personnel.
PAR  Briefly stated, a preferred embodiment of the present invention is a
      so-called vertical packer. The compaction blade is housed within a cabinet
      and is pulled downwardly by a pair of hydraulic rams for compacting
      material through a material receiver chamber into a container. The
      material receiver chamber and the container are supported upon a carriage
      which is pivotally mounted upon the cabinet for tilting movement about a
      horizontal axis between a rest position at which the carriage is contained
      within the cabinet and an access position at which the upper end of the
      carriage tilts outwardly of the cabinet to expose the access opening of
      the material receiver chamber. When the carriage is in its rest position,
      the access opening is inacessible, and once the compaction apparatus has
      been actuated, the carriage is locked in its rest position. When the
      container is full, an alarm is given, and the container is removed from
      the carriage by means of a door in the carriage which may be opened by a
      custodian. Removal of the container locks the carriage in its rest
      position. The container is a split cylinder, which may receive a bag
      therein, which in turn may receive a liner therein to protect the bag
      during compaction. An electrical system ensures proper and safe operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described in conjunction with the
      accompanying drawings, which illustrate a preferred and exemplary
      embodiment, and wherein:
PAR  FIG. 1 is a perspective view of compaction apparatus in accordance with the
      invention;
PAR  FIG. 2 is a perspective view of an upper blade guide employed in the
      invention;
PAR  FIG. 3 is a front elevation view of the invention, partially broken away;
PAR  FIG. 4 is a side elevation view of the invention, partially broken away;
PAR  FIG. 5 is a perspective view of the tilting carriage;
PAR  FIG. 6 is a top plan view of the invention, with the top cover removed to
      expose the internal parts;
PAR  FIG. 7 is a perspective view of the compaction blade;
PAR  FIG. 8 is a top plan view of the compaction blade;
PAR  FIG. 9 is a perspective view of a container employed in the invention,
      shown open;
PAR  FIG. 10 is a top plan view of the container, shown closed;
PAR  FIG. 11 is a fragmentary perspective view of a container latch;
PAR  FIG. 12 is a side elevation view, partially broken away, showing a bag and
      bag-liner which may be employed in the container;
PAR  FIG. 13 is a top plan of the bag liner;
PAR  FIG. 14 is a horizontal sectional view illustrating the manner in which the
      container is positioned upon the carriage;
PAR  FIG. 15 is a fragmentary top plan view of a carriage latch;
PAR  FIG. 16 is a fragmentary side elevation view of the carriage latch;
PAR  FIG. 17 is a circuit diagram of the electrical system employed in the
      invention; and
PAR  FIG. 18 is a circuit diagram of the hydraulic system employed in the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, and initially to FIG. 1 thereof, the compaction
      apparatus of the invention comprises a cabinet 10, which may be of
      generally rectangular configuration, having a carriage 12 pivotally
      supported thereon near the bottom of the carriage and the cabinet. In its
      rest position the carriage is housed within the cabinet, but the upper end
      may be tilted outwardly (even beyond the position shown in FIG. 1) by
      pulling upon a handle 14 to expose the access opening 16 of a material
      receiver chamber. The carriage is provided with a locked door 18 so that
      access to the container may be obtained by a custodian. As shown in FIG.
      1, the front wall of the cabinet has a rectangular opening 20 through
      which the carriage tilts. An actuator button 22 and a signal lamp 24 are
      also provided upon the front wall; their functions will be described more
      fully hereinafter.
PAR  As shown in FIG. 5, the carriage is a hollow shell having the opening 16 in
      the top wall thereof, the top wall slanting downwardly at the rear portion
      22' thereof to permit the upper end of the carriage to be tipped forwardly
      from the cabinet about the axis indicated at A in FIG. 5 without
      interference between the top wall of the carriage and the top edge of the
      opening 20 (FIG. 1) through which the carriage tilts. The pivotal movement
      is provided by means of hinges 24' (FIGS. 3 and 4) supporting the bottom
      wall 26 of the carriage upon the bottom frame structure of the cabinet
      sufficiently above the floor to permit the carriage to tilt. Stops 28
      (FIGS. 3 and 4) limit the outward tilting movement of the carriage. Inward
      tilting movement is limited by engagement of the bottom of the carriage
      with the bottom frame of the cabinet. The carriage has front and side
      walls in addition to the top and bottom walls but may be open at the back.
PAR  As shown in FIG. 4, a cylindrical blade guide 30 depends from the opening
      16. This guide constitutes the material receiver chamber or charging box.
      Beneath the blade guide a cylindrical container 32 is supported upon the
      bottom wall 26 of the carriage. As shown in FIG. 14, the container is
      positioned against a pair of carriage standards 34, the upper portions of
      which assist in supporting the blade guide 30. A plate 36 mounted on the
      back of the door 18 forces the container against the standards 34 when the
      door is closed.
PAR  FIGS. 9-11 illustrate the container in greater detail. As shown, the
      container may be a split cylinder having a pair of hemicylinder walls 38
      and 40 pivotally connected along a longitudinal edge thereof. Adjacent to
      the opposite edge latches 42 are provided. The latches may be a
      conventional over-center type as shown in FIG. 11. A circular bottom wall
      44 may be affixed to one of the walls 38 and 40, such as wall 40. During
      compaction the container is closed by the latches 42. It is opened to
      remove the compacted material.
PAR  FIGS. 12 and 13 illustrate a bag and liner assembly which may be inserted
      within the container. The bag 46 may be a conventional paper or plastic
      bag, the open end of which may be folded back to form a cuff 48 over the
      top of the container 32. To prevent cutting of the bag by sharp fragments
      during compaction, a sheet metal liner 50 may be inserted in the bag. The
      liner may comprise a pair of overlapped cylinder parts 52 and 54, which
      may be constituted by a series of straight segments. Portions of the upper
      edges of the cylinder parts are rolled over to provide sleeves 56 which
      receive a coil spring 58, the ends of which are joined to form a
      continuous spring which holds the upper ends of the cylinder parts 52 and
      54 together. The lower ends of the cylinder parts are free, so that the
      liner may be easily lifted from the refuse-filled bag with minimal
      resistance.
PAR  The compaction blade structure is illustrated in FIGS. 7 and 8. The blade
      60 may comprises a cylindrical side wall 62 closed at the bottom by a wall
      64, which constitutes the blade or platen surface that actually contacts
      the compacted material. The top of the blade may be open. A bar 66 extends
      across the top of the blade, being supported in slots 68 in the side wall.
      Notched plates 70 engage the bar from within the blade to stiffen the
      blade-bar structure, which may be welded together. Bores 72 in the ends of
      the bar receive pins for coupling piston rods of hydraulic rams to the
      blade structure.
PAR  As shown in FIG. 3, hydraulic rams 74 are located at opposite sides of the
      carriage. The lower ends of the cylinders of the rams are connected to the
      cabinet frame by means of brackets 76, the piston rods being connected to
      the blade by pins 77. The hydraulic rams are driven from a power pack
      designated generally by reference numeral 78 in FIG. 3.
PAR  Movement of the blade in the upper part of the cabinet is guided by a split
      cylinder 80 shown in FIG. 2. The cylinder parts are provided with flanges
      82 joined at the upper end thereof by blocks 84. As shown in FIGS. 4 and
      6, the cylindrical guide 80 is supported within the housing by means of
      vertical channel members 86 and 88 of the cabinet frame, which engage the
      lower portion of the guide. Rod 66 of the blade structure passes through
      slots defined by the spaced flanges 82 of the blade guide. The upper ends
      of channels 86 and the associated mounting brackets for the cylindrical
      blade guide are also slotted as shown in FIG. 4 for passage of the bar 66.
      FIG. 3 shows the blade at its lowermost position fully extended through
      the blade guide 30 and into the container 32. In its uppermost or fully
      retracted position, the lower end of the blade is just above the top of
      the carriage, permitting the carriage to be tilted from the cabinet. Once
      the blade commences its downward movement and enters the blade guide 30,
      the carriage is thereby locked within the cabinet. In this position, the
      carriage fits closely within cabinet opening 20, so as to prevent access
      to the cabinet by the user.
PAR  As shown in FIG. 4, one end of the bar 66 is provided with a shoe or cam 90
      for actuating a group of switches LS3, LS5, LS2 and LS4 supported in the
      cabinet along the path of the cam 90. The operation of these switches and
      other switches, LS1 and LS6, will become apparent hereinafter in
      connection with the description of FIGS. 17 and 18.
PAR  As shown in FIG. 18, the power pack for driving the hydraulic rams 74 may
      comprise a conventional pump 91 driven by an electric motor 92. The pump
      supplies hydraulic fluid to the rams 74 from a reservoir 94 by means of a
      three-position solenoid-actuated valve 96. In the center or neutral
      position of the valve the hydraulic fluid is returned to the reservoir as
      shown in FIG. 18. When the valve is moved to the left by solenoid A,
      hydraulic fluid is supplied to the tops of the cylinders of ram 74,
      driving the pistons downwardly for the power stroke of the blade. When the
      valve 96 is shifted to the right by solenoid B, the rams move the blade in
      the opposite direction for its retraction stroke. A pressure switch 98
      senses the hydraulic pressure supplied to the rams for a purpose to be
      described. An overload valve is shown at 100.
PAR  FIG. 17 illustrates an electrical system for controlling the operation of
      the hydraulic system of FIG. 18. The pump motor 92 is energized from the
      115 volt AC supply when relay CR1 is energized. The energization of relay
      CR1 is initiated by momentary closure of switch PB1 actuated by the
      actuator button 22 (see FIG. 1), a circuit being completed from the hot
      side of the AC supply through conductor 102, fuse 104, conductor 106,
      contact 108 of relay CR2, conductor 110, contacts 112 of switch PB1,
      conductor 114, and the coil of relay CR1 to the grounded side of the AC
      supply. A holding circuit for relay CR1 is completed by the relay itself
      through conductor 114, conductor 116, conductor 118, contact 120 of the
      relay, conductor 122, switch LS3, and conductor 124 back to conductor 110.
      Energization of relay CR1 completes a circuit for the pump motor 92 from
      the hot side of the AC supply through conductor 126 and contact 128 of the
      relay, one side of the motor 92 being connected to the grounded side of
      the supply by conductor 130.
PAR  Momentary closure of switch PB1 also completes a circuit for energizing
      solenoid A, through conductor 110, contacts 112, conductor 150, contacts
      152, switch LS5, conductor 154, contact 134 of a relay CR3, and through
      solenoid A and conductor 136 to the ground conductor 130. Energization of
      relay CR1 completes a holding circuit for solenoid A, which may be traced
      through conductor 110, conductor 124, switch LS3, conductor 122, contact
      120 of relay CR1, conductor 132, and contact 134 of relay CR3.
PAR  When solenoid A is energized, the control valve 96 (FIG. 18) is shifted to
      cause the commencement of the downward movement of the blade from its
      normal rest position near the top of the cabinet. Switch LS3 is held open
      by the cam 90 associated with the blade when the blade is in its fully
      retracted position. As the blade moves downwardly, switch LS3 closes to
      the position illustrated in FIG. 17, permitting the application of power
      to contact 120 of relay CR1 and permitting completion of the circuits
      through this contact, as referred to above. Any material in the receiver
      chamber and container is compacted.
PAR  When the blade reaches almost to its lowermost position, switch LS4 is
      transferred so as to close upon contact 138. AC power is then applied from
      conductor 118 through switch LS4 and conductor 140 to to relay CR3,
      energizing relay CR3, causing the relay to transfer its contacts. Power is
      then applied from conductor 132 through contact 142 to solenoid B,
      energizing this solenoid. Solenoid A is de-energized upon energization of
      relay CR3, because power is no longer supplied to contact 134 of the
      relay. When relay CR3 is energized, a holding circuit for the relay is
      completed by means of conductor 140, contact 144 and conductor 118 back to
      contact 120 of relay CR1.
PAR  Energization of solenoid B shifts the control valve 96 so as to retract the
      blade. Switch LS4 opens, but the blade continues to retract until it
      reaches almost to its uppermost position, at which time switch LS3 is
      opened, breaking the holding circuit for relays CR1 and CR3 through
      contact 120. The system is thus de-energized.
PAR  Switch LS5 is a safety override switch. Once the blade has moved down a few
      inches, switch LS5 transfers from contact 146 to contact 148. Now, instead
      of energizing solenoid A through contact 146, conductor 154, and contact
      134, actuation of switch PB1 closes a circuit from conductor 110, through
      contacts 112, conductor 150, contacts 152, contact 148 of switch LS5, and
      conductor 156 to the coil of relay CR3, energizing the relay and solenoid
      B, and causing the blade to retract, as long as switch PB1 is held
      actuated. Thus, the same actuation switch may be employed for causing the
      blade to move downwardly and for later causing the blade to retract. When
      the blade returns to its upward position, switch LS5 transfers again to
      engage contact 146 to prepare the blade for downward movement.
PAR  As the blade approaches its lowermost position, a zone switch LS2 is
      closed. This will have no effect unless pressure switch 98 is closed,
      indicating by the hydraulic pressure (and thus the load on the blade) that
      the container is full. If the pressure switch is closed and switch LS2 is
      closed, relay CR2 will be energized, breaking the circuit to contact 108
      and removing power from conductor 110 and the components supplied
      therefrom. Power will be applied to contact 158, energizing transformer
      160 and "full" indicator lamp 24 (see FIG. 1). A holding circuit for relay
      CR2 is completed through contact 162 and switch LS1, which is held in the
      position shown when door 18 of the carriage is closed. Under these
      conditions the compaction blade will remain extended into the container,
      and the user will be unable to operate the blade.
PAR  When a custodian notices the "full" indication and opens the door 18,
      switch LS1 will transfer its contacts, de-energizing relay CR2 and lamp 24
      and returning power to conductor 110. If switch PB1 is then actuated,
      relay CR1 and relay CR3 will be energized (LS5 will be closed on contact
      148) and the blade will retract. When the blade retracts enough to close
      switch LS5 on contact 146, the circuit to relay CR3 through contact 148
      will be broken, but a new circuit will be completed through contact 146,
      conductor 154, conductor 164, contacts 166 of switch LS1, and conductor
      168, to continue the retraction of the blade until the opening of switch
      LS3 de-energizes the pump. When an empty container is placed within the
      carriage and the door 18 is closed, the apparatus is ready for use again.
PAR  If an attempt is made to operate the apparatus with the carriage away from
      its rest position, switch LS6 will close (being held open by the carriage
      in its rest position), completing a circuit to relay CR3 if the safety
      override switch is closed upon contact 146, and returning the blade to its
      fully retracted position. This may occur if the carriage is left open for
      a long period and if the compaction blade drifts downwardly because of
      seepage of hydraulic fluid.
PAR  The weight of the carriage with a container thereon is preferably
      counterbalanced with respect to the pivotal axis A, so that a strong
      effort is not required to tilt the carriage outwardly. The carriage must
      be pulled to expose the access opening 16, and if pulled out fully will
      move slightly over-center. It will return to the rest position when pushed
      over-center in the opposite direction. Suitable dampers 169 (FIG. 4) may
      be employed to buffer the return of the carriage within the cabinet.
PAR  When the door 18 is opened and the container is removed, the balance of the
      carriage will change, tending to tip the carriage outwardly. An automatic
      latch 170 may be employed as shown in FIGS. 15 and 16 to prevent this. The
      latch may comprise a lever 172 pivotally mounted on the bottom 26 of the
      carriage at 174 and pressed rearwardly by the container 32 against the
      bias of a spring 176. When the container is moved away from channel 88,
      the lever 172 is turned by spring 176 until it engages keeper 178 mounted
      on channel 88, latching the carriage in its rest position. When the
      container is replaced, the lever is moved to unlatch the carriage.
PAR  While a preferred embodiment of the invention has been shown and described,
      it will be apparent to those skilled in the art that changes can be made
      in this embodiment without departing from the principles and spirit of the
      invention, the scope of which is defined in the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. Apparatus for lining a bag comprising a cylindrically tubular member
      having a top and a bottom, said member being split longitudinally from top
      to bottom into separate overlapping parts, said parts being connected at
      said top only, by flexible connecting means.
NUM  2.
PAR  2. Apparatus in accordance with claim 1, wherein said parts have sleeves at
      said top through which said flexible connecting means extends.
NUM  3.
PAR  3. Apparatus in accordance with claim 2, wherein said sleeves are
      constituted by rolled end portions of said parts.
NUM  4.
PAR  4. Apparatus in accordance with claim 2, wherein said flexible connecting
      means comprises a spring.
NUM  5.
PAR  5. Apparatus in accordance with claim 4, wherein said parts are
      semi-cylindrical, wherein said sleeves are constituted by rolled end
      portions of said parts extending circumferentially of said parts and
      wherein said spring is an elongated coil spring extending
      circumferentially around said parts.
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ABST
PAL  In a trash compactor which includes a ram for compacting waste materials
      deposited in the compactor, a two-piece, reusable liner is positioned
      within the compactor to receive the waste material and facilitate removal
      of the waste material after compaction thereof. Each of the sections is
      formed of a fairly rigid material, such as polyethylene, and each is
      provided on its outer surfaces with ribs which serve to both strengthen
      the liner sections and prevent the liner from sticking to the interior
      surfaces of the drawer. Each of these sections is constructed of
      intergrally formed, upstanding sidewalls and a bottom wall with one side
      wall of each of the sections being just high enough to retain liquids
      within the liner while permitting their ready assembly and disassembly.
PARN
PAR  This is a division of application Ser. No. 184,038, filed Sept. 27, 1971,
      now U.S. Pat. No. 3,807,299.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The per capita production of waste material, particulary in the United
      States, has increased greatly in recent years and the problems of
      disposing of this increased waste material, which has been compounded by a
      sharp increase in population, has resulted in numerous proposals for
      solutions of this problem. One method proposed involves the compacting of
      such materials to reduce the volume thereof and thereby facilitate their
      disposition. In addition to compactors utilized on a more or less
      commercial basis, as in refuse collection trucks, other devices have been
      developed for use in compacting refuse at the point of origin.
PAR  Many of these units, which are typified by the home installed units,
      utilize disposable bags which are placed within the compactor to receive
      the refuse and into which the material is compacted. Such bags are
      generally of a special, laminated construction which incorporates layers
      for strength and other layers for moisture proofing. Since these bags are
      generally used only once they represent a continuing expense for the
      compactor user and possibly, detract from the acceptance of such units.
PAR  Other units of this type utilize a one-piece, more or less self-supporting
      container, into which the waste material is deposited and subsequently
      compacted. With this type of container, however, it will be seen that
      problems arise in removing the compacted material from the container.
      While tapering the container side walls may provide some alleviation of
      this problem, it will be seen that this results in a loss of container
      volume and of course, there may still be difficulty in removing the
      compacted materials particularly if it is wet or sticky.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a compactor which utilizes a reusable,
      two-piece liner. The two sections which comprise the composite liner are
      formed of a substantially rigid, self-supporting material such as
      polyethlene. Each of the units includes integrally formed upstanding side
      walls and a bottom wall, with one side wall of each of these sections
      being just high enough to retain any liquids within the section but yet
      low enough to facilitate assembly of the sections and subsequent
      disassembly for removal of the compacted material therefrom.
PAR  Each of the sections also has ribs integrally formed on the outside thereof
      to both provide further strengthening of the unit and to prevent the
      sections from sticking to the interior of the drawer within which they are
      received. Handles are formed in each section and corresponding notches are
      formed in the upper edges of the side walls of the drawer so that the
      handles may readily be grasped when the drawer is pulled out to facilitate
      removal of the liner and the compacted material therein.
PAR  Because the liner is formed as two, substantially rigid sections, the
      compacted material is readily removed by separating the two liner sections
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view showing a compactor with the liner
      received therein;
PAR  FIG. 2 is a view similar to FIG. 1 but with the drawer retracted and parts
      broken away for clarity;
PAR  FIG. 3 is a perspective view of the assembled liner sections;
PAR  FIG. 4 is a perspective view of one of the sections shown in FIG. 3;
PAR  FIG. 5 is a cross-sectional view taken on line 5--5 of FIG. 3 with one
      section of the liner also shown in a tilted position in phantom lines;
PAR  FIG. 6 is a view taken on line 6--6;
PAR  FIG. 7 is a perspective view of a composite liner of cylindrical
      configuration;
PAR  FIG. 8 is a side view similar to FIG. 1 but showing a liner in a second
      type of compactor;
PAR  FIG. 9 is a view showing the liner of the present invention in a third type
      of compactor; and
PAR  FIG. 10 is a perspective view showing the liner with a disposable bag
      positioned therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As seen in FIGS. 1 and 2 of the drawings, a compactor 10 in which the liner
      of the present invention finds utility may include an upstanding cabinet
      11 housing a receptacle 12 in the form of a drawer slidable on rails 14
      between an accessible, noncompacting position shown in FIG. 1 and a
      compacting position shown in FIG. 2. Housing 11 also encloses a ram 16
      carrying a motor 18 and driving a chain 20. Chain 20 wraps three,
      triangularly disposed ball nuts 22 (only two of which are shown in FIG. 2)
      which threadably engage stationary screw-threaded rods 24. The housing 11
      is also provided with an upper door 26, pivotally mounted to move between
      the positions shown in FIGS. 1 and 2. Received within the receptacle or
      drawer 12 is a liner 32 which, as best seen in FIGS. 3 through 6, includes
      a pair of cooperating sections 34 and 36. Section 34 is formed of a
      substantially rigid material such as polyeythlene and includes upstanding
      walls 38, 40, 42 and 44. Walls 38, 40 and 42 are of substantially the same
      height as the height of the sidewalls of the receptacle or drawer 12.
      Upstanding wall 44, however, is appreciably shorter than the remaining
      walls, as best seen in FIGS. 3 and 5 of the drawings.
PAR  The second section 36, like the first section 34, is also formed of a
      substantially rigid material such as polyethylene. Sections 36 also
      include upstanding walls 46, 48 and 50 which are substantially the same
      height as that of the receptacle 12. Disposed in spaced parallel
      relationship to the wall 46 is a second upstanding wall 52 which, as best
      seen in FIG. 4, is appreciably shorter than the height of the wall 46 and
      is approximately the same height as the height of the wall 44.
PAR  The section 36, like the section 34, is preferably molded in one piece
      construction with all four upstanding walls and the bottom wall 54 formed
      integrally with each other. It will also be noted that the liner is
      provided with handles 56 and 58 formed in the sections 34 and 36,
      respectively. Additionally, the drawer or sliding receptacle 12 is
      provided with a notch 60 in each of its upper edges of its sidewalls, only
      one of which is shown in FIG. 1, with the handles 56 and 58 aligned with
      and accessible through notches 60. Finally, it will be noted that each of
      the sections is provided with ribs 62 integrally formed on the exterior
      surfaces of the liner sections and extending from the tops thereof to
      points spaced from the bottom walls thereof.
PAR  In operation the two sections 34 and 36 are assembled, as shown in FIG. 3,
      and inserted in the drawer or sliding receptacle 12 with the handles
      thereof accessible through the notches 60 in the side walls thereof. Small
      articles of waste material may be deposited in the compactor by pivoting
      the door 26 downwardly to the position shown in FIG. 1. The smaller
      articles of waste material will lie on the inclined surface 30 of the
      drawer 12 within the compactor until such time as the drawer or receptacle
      12 is moved outwardly toward the position shown in FIG. 1, at which time
      the articles will drop into the liner 32. Larger pieces of waste material
      are deposited in the liner by sliding the receptacle 12 outwardly to the
      position shown in FIG. 1.
PAR  After a quantity of material has accumulated in the liner the ram 16 is
      actuated by energizing the motor 18. This drives the chain 20 wrapping the
      ball nuts 22, which causes the entire unit to move downwardly on the
      stationary screw-threaded rods 24 and enter the liner 32 to compact the
      material therein. After compacting the material the ram 16 moves upwardly,
      permitting either more material to be placed in the liner or removal of
      the compacted material from a compactor. In the latter case, the drawer or
      receptacle 12 is again moved outwardly to the noncompacting position shown
      in FIG. 1 and the liner is removed therefrom by grasping the handles 56
      and 58.
PAR  In this regard it should be noted that not only do the ribs 62 strengthen
      the liner sections but they also prevent the liner from sticking to the
      interior surface of the drawer. After the liner is removed from the drawer
      the section 36 may be tilted from the section 34 as shown in phantom lines
      of FIG. 5 of the drawings. It will be seen that the short wall 44 of the
      section 34 facilitates this operation, while the short wall 52 of the
      section 36 thereafter permits the ready removal of the compacted material
      from the liner section 36.
PAR  Usually the material will be compacted to the extent that it can be
      disposed of as a single mass in any collection facility. Although the
      walls 44 and 52 are low enough to permit the sections to be readily
      assembled and disassembled, they are also high enough to insure that any
      liquid contained in the waste material is retained in the system and does
      not seep down into the drawer or is otherwise spilled when the sections
      are separated. After cleaning, if necessary, the liner sections are
      reassembled to form the composite liner of FIG. 3, placed in the open
      drawer 12, and the drawer slid back into the housing 10 to the compacting
      position to repeat the operation described above.
PAR  It will be appreciated that while a liner of substantially rectangular
      cross section having the upstanding walls thereof extending normal to its
      bottom wall will provide the greatest volume, it may be desirable in some
      situations to utilize a liner having a cross-sectional configuration other
      than rectangular. For example, if the ram of the compactor was circular in
      configuration it would generally be desirable to utilize a cylindrically
      shaped liner. This is illustrated in FIG. 7 of the drawings wherein a
      cylindrically shaped liner 64 is illustrated formed of two sections 66 and
      68. Each of the sections includes upstanding wall portions 70 and 72,
      respectively, their bottom wall portions extending normally to the
      upstanding wall portions, similarly to the embodiment described above.
      Additionally, the upstanding wall portions include reduced portions, only
      one of which is shown at 74 although it will be appreciated that the
      section 72 has a similar reduced portion flanked by the full height
      portion 76. As in the previous embodiment, when it is desired to remove
      the liner from the compactor the handles 76 will be grasped and the
      sections moved apart in the direction indicated by the arrows.
PAR  FIG. 8 shows an additional type of compactor in which the sectional liner
      of the present invention finds utilization. In the compactor 80 shown in
      FIG. 8 of the drawings a motor 82 drives a shaft 84 having sprocket 86
      mounted on the lower end thereof. Sprocket 86 drives a chain 88 which
      wraps a pair of sprockets, only one of which is shown at 90. Each of these
      sprockets 90 are fastened to the lower ends of spaced, parallel drive
      screws 92 mounted on opposite sides of the compactor 80. The ram 94 is
      provided with threaded couplings on each side thereof threadably engaging
      the drive screws 92 so that upon energization of the motor 82 the ram 94
      is caused to move upwardly and downwardly within the compactor housing. A
      drawer 96, shown in dotted lines in the open position, receives the
      composite, two-piece liner, such as the liner 32 if the ram is of
      rectangular configuration.
PAR  As noted above the composite liner of the present invention may be used in
      any of several different types of compactors. FIG. 9 shows still a further
      type of compactor which may advantageously utilize a liner, such as the
      liner 32 or 64. In the compactor shown in FIG. 9 a drawer for holding the
      liner is dispensed with and the liner merely placed in the compactor with
      means, illustrated somewhat diagramatically in FIG. 9 as a stop member
      102, provided to position the liner within the compactor 100 correctly
      with respect to the ram 104. Additionally, it will be noted that the ram
      104 will be powered by a scissors jack arrangement 106. It will also be
      noted that the door 108 to the compactor is of composite construction,
      including upper and lower sections 110 and 112, respectively. The two
      sections are hinged along one vertical edge of the compactor and may be
      opened together to the dotted line position shown in FIG. 9. In this
      position the liner, 32 in FIG. 9, but it may of course be of the type
      shown in FIG. 7, can be removed from the compactor, emptied and replaced.
      Usually, however, when it is desired to merely deposit waste materials in
      the liner the upper door 110 may be pivoted downwardly about its
      horizontal hinge connection to the lower door section 112 as shown in
      dotted lines and indicated by the arrow in FIG. 9 of the drawings.
PAR  One advantage of the liner of the present invention is, of course, the fact
      that it is reusable and, therefore, less expensive over a period of
      continued use than replaceable bags. However, if the user of the compactor
      finds it desirable the liner of the present invention can of course be
      used as a support for disposable bags. Thus, as seen in FIG. 10 of the
      drawings, a bag 114 or other covering of flexible material may be droped
      over the inner surface and upper edges of the liner and, if further
      desired, secured in place by means such as the U-shaped clips 116.
      Although not affording the cost advantage gained by using the liner alone,
      this approach does provide the advantage, as compared to the use of bags
      above, in that the removal of the bags from the compactor is facilitated
      and the strength of the bags necessary is somewhat less than that that
      would be necessary if the bags were used without additional support.
PAR  From the above it will be apparent that the present invention provides a
      compactor utilizing a reusable liner which is substantially
      self-supporting and formed of separate sections to facilitate the removal
      of a compacted material therefrom.
PAR  While the forms of apparatus herein described constitutes preferred
      embodiments of the invention, it is to be understood that the invention is
      not limited to these precise forms of apparatus, and that changes may be
      made therein without departing from the scope of the invention which is
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composite liner adapted to be positioned within an open-top receptacle
      of a trash compactor for the receipt and downward compaction of trash
      therein:
PA1  a. a pair of separate liner sections,
PA1  b. each of said liner sections being open-topped and lidless and including
      a bottom wall and first and second upstanding walls,
PA1  c. said first walls of each section being substantially higher than said
      second walls of each section,
PA1  d. said bottom and upstanding walls of said liner sections being formed
      integrally with each other and providing substantially liquid proof
      containers adapted to hold liquid therein up to the level of the tops of
      said second walls thereof,
PA1  e. one of said liner sections being smaller than the other of said liner
      sections,
PA1  f. the smaller of said liner sections being positioned in nested but
      unattached relationship with the other of said liner sections with said
      bottom wall of said smaller section overlying and being in contact with
      said bottom wall of said other section, said second wall of said smaller
      section underlying a lower portion of said first wall of said other
      section and edge portions of said first wall of said other section
      overlapping edge portions of said first wall of said smaller section, and
PA1  g. said liner sections being readily separable manually by relative tilting
      movement thereof to facilitate removal of trash therefrom and complete
      separation of each of said liner sections from the other for cleaning
      purposes.
NUM  2.
PAR  2. The liner of claim 1 wherein:
PA1  a. said sections are semicylindrical in cross section.
NUM  3.
PAR  3. The line of claim 1 wherein:
PA1  a. said bottom wall of each of said liner sections is substantially
      rectangular in shape,
PA1  b. said second wall of each of said sections extends coextensively with one
      side of said bottom wall and projects substantially perpendicularly
      upwardly therefrom, and
PA1  c. said first wall of each of said liner sections extends coextensively
      with the remaining three sides of said bottom wall and projects
      perpendicularly upwardly therefrom.
NUM  4.
PAR  4. The liner of claim 1 further comprising:
PA1  a. means defining a plurality of ribs integrally formed on exterior
      surfaces of said composite liner when said sections are in said nested
      relationship to strengthen said composite liner.
NUM  5.
PAR  5. The liner of claim 4 further comprising:
PA1  a. means defining handles integrally formed on each of said liner sections
      to permit said sections to be readily separated and facilitate the removal
      of compacted trash therefrom.
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ABST
PAL  A rectangular shaped food products storage and transfer vessel having an
      integral sanitary top rail structure triangular in cross-section and
      formed by being bent downward from the upper edges of the respective
      side-wall panels of the vessel, the lowermost depending edges of the rail
      members thus formed being joined to the upper external sidewalls of the
      vessel by means of a continuous exposed weld and the sidewall rail
      structure terminal positions at the respective upper external corners of
      the vessel being closed by separately formed corner members weldably
      affixed thereto to form a continuous closed rail structure about the upper
      open periphery of the vessel and thereby provide an easily cleanable
      reinforced protective top edge member for the vessel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a sanitary rail structure for a food
      products storage and transfer vessel such as is commonly employed in the
      poultry and meat processing industries during butchering, boning,
      trimming, and packing operations. It should be pointed out that the term
      "sanitary rail structure," as herein used, is employed to denote a closed
      continuous reinforcing rim member extending around the open peripheral
      edge of a food products vessel.
PAR  In view of the present stringent government regulations imposed upon the
      food processing industry for maintaining sanitary conditions, as well as
      the continual scrutiny of food processing operations by government
      sanitation inspectors, it is incumbent upon the industry to utilize
      processing equipment which may be easily cleaned and maintained in a
      sanitary condition at all times. Traditionally, food processing equipment
      is fabricated from polished stainless steel, which has the advantages of
      being corrosion resistant, structurally strong, and easily cleaned and
      maintained. In addition, food containing vessels and container equipment
      are generally provided with a reinforcing edge structure about the open
      end, which structures are usually either of the so-called "rolled rim" or
      "bar rail" types.
PAR  The rolled rim type of reinforced edge structure used at present is
      integral with the vessel and is formed integrally from the sidewall
      material thereof by bending the upper peripheral edge material of the
      vessel outward, downward and inward toward the side walls to produce
      either a rounded semicircular structure open on the underside thereof, or,
      bending the edge material further around to abut the sidewalls and form a
      tubular structure wherein the leading edge thereof is weldably connected
      to the external sidewall of said vessel, thereby providing a continuous
      closed rim about the open end of said vessel. In either case however, both
      the semicircular and closed tubular rolled rim structure configurations
      have the disadvantage of providing a lower surface which is conducive to
      the collection and accumulation of food processing waste and contaminants
      thereon, as well as said surface not being easily accessible for purposes
      of cleaning. In addition, the leading edge of the closed tubular rolled
      rim structure configuration is not easily accessible for weldably
      connecting the same to the external sidewall of the vessel, and a cracked
      or faulty weld is unacceptable in that it provides crevices wherein food
      processing waste and contaminants collect and thereby prevent obtaining
      the necessary sanitary features which are required.
PAR  The bar rail type of reinforced edge structure used at present is
      fabricated by weldably affixing a rectangular tubular bar about the open
      peripheral edge of the food storage and transfer vessel, which requires
      two welds, one of which connects the upper peripheral outer edge of said
      vessel to the upper vessel-side corner of the bar, and the other of which
      connects the lower vessel-side corner of the bar to the vessel sidewall.
      In the bar rail reinforced edge structure, as was also the case with the
      rolled rim structure, there is a lower surface which is conducive to the
      collection and accumulation of food processing waste and contaminants
      thereon, as well as said surface not being easily accessible for cleaning.
      Likewise, the lower vessel-side corner of the bar rail members adjacent
      the side panels are not easily accessible for welding the same to said
      external sidewall of the vessel. Additionally, because of the fact that
      two welds are required to connect a bar rail reinforcing rim about the
      open peripheral edge of the vessel, structural stresses are created which
      frequently result in vessel distortion.
PAR  The objectionable features and shortcomings of the rolled rim and bar rail
      types of food processing vessel edge reinforcing structures are obviated
      in the design of a sanitary rail structure comprising the present
      invention, and a substantially improved food products storage and transfer
      vessel is provided which has an edge reinforcing and protective rail
      structure, the details of which are as follows.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the present invention to provide a totally
      enclosed reinforcing and protective sanitary rail structure integral with
      the sidewall panels of a food products storage and transfer vessel,
      wherein said rail structure has a design configuration embodying openly
      exposed external surfaces in order to minimize the accumulation and
      collection thereon of food processing waste and contaminants, as well as
      providing a rail structure which is easily accessible for purposes of
      cleaning and maintaining sanitary conditions when said vessel is employed
      in any and all phases of food products processing operations, as well as
      facilitating welding the same to the sidewalls of the vessel.
PAR  It is an additional object of the present invention to provide a sanitary
      rail structure which furnishes a degree of stiffening and reinforcing to
      the open peripheral edge of a food products vessel which is at least
      equivalent, if not superior, to the rigidity and strength afforded by rail
      structures heretofore known.
PAR  It is another object of the present invention to provide a sanitary rail
      structure which has smooth continuous rounded edges and does not present a
      safety hazard to personnel during operational use of a food products
      vessel equipped with said improved rail structure.
PAR  A further object of the present invention is to provide a sanitary rail
      structure which requires only a single continuous welded joint along the
      longitudinal dimensions of the vessel to fabricate an enclosed sanitary
      construction, thereby minimizing vessel distortion effects otherwise
      normally encountered in the employment of a non-integral reinforcing rail
      member requiring attachment by means of multiple longitudinal joint welds
      in order to accomplish a totally enclosed rail structure of sanitary
      construction.
PAR  Yet another object of the present invention is to provide a sanitary rail
      structure which has an openly exposed and easily accessible longitudinal
      edge along which the welded joint is formed.
PAR  It is also an additional object of the present invention to provide a
      sanitary rail structure which is readily and easily formed by bending by
      employing standard metal working equipment and methods.
PAR  Details of the foregoing objects and of the invention, as well as other
      objects thereof, are set forth in the following specification and
      illustrated in the accompanying drawings comprising a part thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded front perspective elevation view of the component
      members of an exemplary food storage and transfer vessel, showing also the
      component members of a sanitary rail structure assembly embodying the
      principles of the present invention.
PAR  FIG. 2 is a front perspective elevation view of an assembled exemplary food
      vessel as seen in FIG. 1, showing also a sanitary rail structure formed
      thereon.
PAR  FIG. 3 is an enlarged sectional elevation of an exemplary prior art food
      vessel rail structure.
PAR  FIG. 4 is an enlarged sectional elevation of yet another exemplary prior
      art food vessel rail structure.
PAR  FIG. 5 is an enlarged sectional elevation of the sanitary rail structure of
      the present invention as seen along the line 5--5 of FIG. 2.
PAR  FIG. 6 is an enlarged top plan view of an installed sanitary corner
      connecting and enclosing member for the rail structure as seen along the
      line 6--6 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, which shows the component parts of the present
      invention comprising a sanitary rail structure 10 for a food products
      storage and transfer vessel 12, wherein said sanitary rail structure 10
      has included as components thereof side panel rail sections 14 which are
      integrally formed from the upper edge material of the respective side
      panel members 16 of vessel 12, end panel rail sections 18 which are
      integrally formed from the upper edge material of the respective end panel
      members 20 of vessel 12, and four rail section corner members 22 which
      integrally connect the side and end panel rail sections at the corner
      locations. It should be noted that each of the respective end panel
      members 20 has radially formed inward facing edge flanges 24 on the sides
      and bottom edges thereof to provide connection edges for connection to the
      ends of the bottom and side panel members 16 of vessel 12.
PAR  Also, as illustrated in FIG. 1, the vessel 12, if desired, may be provided
      with so-called "skid legs" 26 which serve to elevate the bottom of said
      vessel above the floor, as well as additionally serving to provide
      retaining guides for fork lift tongs in the event vessel 12 is to be moved
      by means of a fork lift vehicle. It is, however, to be understood that
      said vessel 12 could be alternately provided with suitable wheels, casters
      or skid rails for purposes of mobility, and the illustration of a vessel
      12 equipped with skid legs 26 is exemplary only.
PAR  The view shown in FIG. 2 illustrates an assembled food products vessel 12
      equipped with the sanitary rail structure 10, the respective side and end
      panel rail sections 14 and 18 of said rail structure 10 being shown
      integrally connected at the ends thereof to rail section corner members 22
      by weldments, whereby said corner members and said side and end panel rail
      sections 14 and 18 are continuous with each other. More specific
      descriptions of the welded assembly of the component parts of said rail
      structure 10, as well as the sanitary assembly of said rail structure to
      the side and end panels of the food products vessel 12, will hereinafter
      be set forth in the description of FIGS. 5 and 6.
PAR  The sanitary rail structure assembly 10 as disclosed in FIGS. 1 and 2 is
      preferably constructed of the same material as the food products vessel 12
      to which it is affixed, the preferred material thereof being metal, but
      any other suitable material may be used.
PAR  The views shown in FIGS. 3 and 4 respectively illustrate fragmentary
      enlarged sectional elevations of the two general types of food products
      vessel reinforcing rail structures heretofore known, wherein the view in
      FIG. 3 represents an exemplary illustration of the so-called "closed
      rolled rim" type, and the view shown in FIG. 4 represents an exemplary
      illustration of the so-called "bar rail" type.
PAR  Referring to FIG. 3 to consider in more detail the closed rolled rim type
      of sanitary rail structure therein illustrated, it will be noted that the
      closed rolled rim rail structure 28 is integrally formed from the
      exemplary side-wall 30 of a conventional food products vessel by means of
      bending the upper edge of the panel 30 into a tubular configured rail in
      accordance with metal working methods well known in the art. After the
      tubular rail member is thus formed, the free edge thereof is integrally
      affixed to the external surface of the exemplary sidewall 30 of said
      vessel by means of a connecting fillet type weldment 32, as illustrated in
      FIG. 3, thereby providing a closed, continuous reinforcing rim member
      about the upper open peripheral edge of said vessel.
PAR  It will be noted from FIG. 3, however, that the under surface area 34 of
      the closed rolled rim rail structure provides a narrow surface or channel
      conducive to the collection and accumulation of food processing waste and
      contaminants, which surface area is not easily accessible for purposes of
      cleaning, thereby creating an inherent unsanitary rail structure
      condition. It will likewise be noted that the area for applying the fillet
      type weldment 32 also is not easily accessible for welding operations,
      and, in the event that said fillet weldment should become cracked during
      use of said vessel, an unacceptable unsanitary crevice will be formed in
      which food processing waste and contaminants can collect, and it will be
      seen that said condition would not be readily detectable due to the
      recessed and hidden location thereof.
PAR  Referring now to FIG. 4 to consider in greater detail the other type of
      food products processing vessel rail structure design which is in current
      general use, the illustrated bar rail structure 36, is comprised of a
      section of rectangular shaped tube stock 38 which is coextensive in length
      with periphery of said vessel, is welded to the upper external surface of
      the exemplary sidewall 30 of said vessel. It will be noted that two
      connecting weldments are required to affix the bar rail type reinforcing
      rim assembly to the sidewalls 30 in order to provide a closed rail of
      sanitary construction. The first weldment 40 connects and fills any space
      between the upper peripheral edge of the exemplary sidewall 30 and the
      upper and inner corner of the bar rail. The second weldment 32 connects
      the lower inner corner of the bar rail to the external sidewall 30 of the
      vessel. The bar rail structure thus requires two longitudinal peripheral
      weldments in order to provide a closed, continuous reinforcing rim member
      about the open peripheral edge of a food products vessel and this
      frequently results in the creation of structural stresses which, in turn,
      cause undesirable vessel distortion.
PAR  As was also the situation with the closed rolled rim rail structure 28, the
      bar rail structure 36 likewise provides an under surface area 34 which is
      conducive to the collection and accumulation of food processing
      contaminants and said under surface area is not easily accessible for
      purposes of cleaning the same, thereby also creating an inherent
      unsanitary rail structure condition. Further, the region for applying the
      weldment 32 is not easily accessible either for welding or inspection.
      Thus, in the event that said fillet weldment should become cracked during
      use of said vessel, an unacceptable unsanitary crevice would be formed in
      which food processing waste and contaminants could collect and said
      condition would not be readily detectable due to the recessed and hidden
      location thereof.
PAR  The aformentioned inherent unsatisfactory unsanitary condition
      characteristics of both the closed rolled rim rail structure 28 and the
      bar rail structure 36 described above are obviated by a sanitary rail
      structure exemplified by the present invention, details of which are
      described as follows.
PAR  Referring to FIG. 5 which illustrates the sanitary rail structure 10
      comprising the present invention, it will be seen from a comparison of the
      sectional elevation of the sanitary rail structure 10 comprising the
      present invention with the sectional elevations of the exemplary prior art
      rail structures as respectively shown in FIGS. 3 and 4, that the present
      invention comprises a rail structure embodying a fully exposed external
      profile configuration, which provides a more readily cleaned and sanitary
      construction easily capable of inspection. The sanitary rail structure 10
      of the present invention is integral with the upper open peripheral edge
      portion 16 of the sidewall panel member of a food products processing
      vessel otherwise shown in FIGS. 1 and 2. The improved rail 10 is formed by
      bending the upper edge portion of the side panels 14 and end panels 16
      into a geometric configuration by metal working methods well known in the
      art.
PAR  Said rail 10 comprises a reverse bend to provide a hairpin-shaped smooth
      edge rim member 42 which constitutes a closed reinforcing double-wall
      thickness of vessel sidewall material along the upper peripheral edge of
      the panel member 16. An angular bend 44 is made in the depending sidewall
      material external to the panel member 16, to form the angularly outwardly
      and downwardly sloping sanitary rail panel or strip 46. An angular bend 48
      is made at the lower edge of panel 46 to complete the sanitary rail
      structure by providing an angularly inward extending rail panel 50, the
      terminal edge of which is integrally affixed by welding to the external
      surface of panel member 16, as shown at 32. This arrangement comprises a
      closed continuous reinforcing rim member along the upper peripheral edge
      of the vessel panel member 16. It will be particularly noted that the
      under surface area 34 of the sanitary type rail structure 10 is fully
      exposed to provide easy access for cleaning and maintaining a sanitary
      condition, as well as the fact that the line of the weldment 32 is easily
      accessible to form the same in addition to being readily visible for
      purposes of inspection, all of which provides improved sanitary features
      over the prior art food vessel reinforcing rail structures heretofore
      discussed described and illustrated in FIGS. 3 and 4.
PAR  Referring to FIG. 6, which is an enlarged top plan view illustrating the
      means of connecting a rail section corner member 22 in order to provide a
      completely closed continuous reinforcing rim member about the open
      peripheral upper edge of a food products vessel 12, the corner member 22
      has a somewhat triangular shape in plan view with upper and lower leg
      dimensions thereof corresponding in shape with the shapes and dimensions
      of the ends of the rail sections on the side and end panels 16 and 20 of
      said sanitary rail structure 10. The corner section legs are further
      provided with a set of upper and lower radial concaved edges 52
      corresponding to the radius of exterior curvature of the radially formed
      curved flanges 24 on the opposite edges of end panels 16. The outer ends
      54 of the corner members 22 are cut to fit and form a close-fitting
      connection when respectively affixed by weldments 56 to the ends of rail
      sections 14 and 18. Fillet weldments 60 integrally affix the respective
      upper and lower radial edge surfaces 52 of said corner members 22 to the
      radially formed exterior surfaces of curved flanges 24 of the end panel
      members, thereby forming a completely closed reinforcing rail system
      around all sides and ends of the food products vessel 12.
PAR  While the invention has been described and illustrated in its several
      preferred embodiments, it should be understood that the invention is not
      to be limited to the precise details herein illustrated and described
      since the same may be carried out in other ways falling within the scope
      of the invention as illustrated and described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A longitudinal sheet metal food vessel comprised of a U-shaped first
      member having a planar bottom and a pair of laterally disposed vertically
      extending planar side panels of similar height wherein each of said side
      panels is integrally formed from the material of said bottom respectively
      through the curvature of a relatively short radius 90.degree. bend made at
      the respective lateral limits of said bottom and having also as second
      members a respective pair of non-integral generally planar end panels of
      said similar height and otherwise corresponding in complementary
      geometrical configuration to the opposite longitudinal ends of said
      U-shaped first member by each of said end panels having respectively
      integral thereto a flush plurality of flange edges comprised of an
      inwardly bent bottom flange and a corresponding pair of respective
      inwardly bent side flanges integrally joined to said bottom flange thereof
      by respectively formed quarter-hemisphere end panel bottom corner flanges
      wherein the curvature of all of said end panel bends are complementary to
      said relatively short radius 90.degree. bend and wherein also each of said
      second member panels are thereafter weldably connected along said flush
      plurality of flange edges thereof to the respective longitudinal side,
      bottom, and corner ends of said U-shaped first member to form an open top
      container having corners which are curved upon said relatively short
      radius 90.degree. bend in cross section, in combination with reinforcing
      means integral to the upper edges of said side and end panels comprising
      the upper edge portions of said side and end panels being of uniform width
      and bent to provide an outermost relatively narrow strip integrally
      connected along one edge by a substantially right angle bend to one edge
      of an intermediate strip and the opposite edge of said intermediate strip
      being connected integrally by a bend in excess of a right angle to one
      edge of a connection strip integrally connected to the upper edges of said
      side and end panels at the other edge thereof by a reverse bend to dispose
      said connecting strip in flatly overlying relationship with the exterior
      surface of the upper edge portions of said side and end panels, continuous
      weldment affixing means fixedly attaching the outermost edge of said
      outermost narrow strips of said reinforcing means to said exterior surface
      of each of said side and end panels, means enclosably connecting the
      corner ends of said reinforcing means, said corner enclosing connected
      means being comprised of respective unitary complementary configured sheet
      metal corner members having the lateral upper and lower connecting edge
      portions thereof configured in complementary shape to the exterior
      curvature of said relatively short radius 90.degree. bend of said corners
      of said vessel and the longitudinal end connecting edge portions thereof
      configured in complementary shape to the respective terminal corner ends
      of said reinforcing means and respectively affixed to the exterior
      surfaces of said corners and the respective terminal ends of said
      reinforcing means by continuous weldments, thereby providing an enclosed
      rail-like reinforcing configuration having a substantially triangular
      shape in cross-section extending longitudinally along all side and end
      panels of said vessel in limited spaced relation to the upper edges
      thereof to provide readily inspected and repairable surfaces which are
      easy to clean.
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ABST
PAL  A pressure-vacuum relief fuel filler cap comprising a cover, having a base
      and a peripheral flange, and a sub-assembly mounted at least partially
      within the cover with said peripheral flange surrounding a portion of the
      sub-assembly. The assembly comprises a body of synthetic plastic material
      including an outer threaded end adapted to engage a threaded filler
      opening, and an enlarged upper end with portions thereof engaging the base
      of the cover. A pressure relief valve and associated valve seat are
      mounted within the body and a vacuum relief valve and associated valve
      seat are mounted within the body. Torque limiting means are provided
      between the body and the cover for limiting the torque applied to the body
      during application to a filler opening, so that when a predetermined
      torque is reached, the cover can be rotated relative to the body and when
      the cap is rotated in the opposite direction, there can be no relative
      movement between the cover and the body.
BSUM
PAR  This invention relates to fuel filler caps and particularly to
      pressure-vacuum relief fuel filler caps.
PAC  BACKGROUND OF THE INVENTION
PAR  "Evaporative loss control" or "evaporative emission control" are terms in
      general use to define a control, or method of controlling, hydrocarbons
      emissions to the atmosphere caused by evaporation of fuel. Included in
      this definition are those losses of evaporative nature from carburetor
      fuel bowl venting systems and from fuel tank venting systems.
PAR  When a hot engine is shut down, for instance, the residual heat in the
      engine can raise fuel bowl temperatures in some cases above 200.degree.F.
      It is not unusual that under certain climatic, and geographic conditions
      that the fuel bowl will boil completely dry, emitting the associated
      evaporated hydrocarbons to the atmosphere.
PAR  Fuel tank evaporative losses can occur in much the same manner although the
      associated temperatures involved are somewhat reduced. If a fuel tank is
      filled with relatively cool fuel from underground storage tanks and then
      left to stand under high ambient temperature conditions, an actual loss of
      liquid fuel can occurr, as well as evaporative loss. These losses occur
      through either vented fuel tanks or vented fuel filler caps; whichever are
      employed for the purpose of preventing fuel tank rupture and or pressure
      differentials which may affect fuel pump operation.
PAR  The losses so described have been estimated to be 10-15 percent of the
      total hydrocarbon discharge to the atmosphere associated with internal
      combustion engines. Some jurisdictions have legislated control of these
      losses.
PAR  There are in general two control systems being utilized by the industry.
      The first system is generally called a vapor-recovery system wherein the
      vapors are directed to the crankcase and utilizes a pressure vacuum relief
      fuel filler cap as a means of protecting the fuel tank from structural
      damage due to excessive pressurre differentials caused during severe
      operation or by system malfunction. The system is considered to be fail
      safe as the fuel filler cap design eliminates the possibility of damage to
      the system which may be hazardous.
PAR  The second system is generally called an adsorption-generation system, and
      is similar to the first system except that a charcoal canister is utilized
      to entrap vapors for later burning. This system also utilizes a pressure
      vacuum relief fuel filler cap.
PAR  In my prior U.S. Pat. Nos. 3,724,707 and 3,724,708 there are disclosed and
      claimed vacuum relief fuel filler caps suitable for use on vehicles
      equipped for "evaporative loss control" or "evaporative emission control."
PAR  Since that time, federal regulations have been enacted which call for
      increased integrity of the entire fuel system (of which the filler cap is
      part) after a vehicle has been subjected to a variety of crash and
      rollover tests. The filler caps described in U.S. Pat. Nos. 3,724,707 and
      3,724,708 utilize a brass diaphragm or washer which temporarily deforms
      when the cap is applied to the filler neck to provide a sealed surface at
      the interface of the filler cap and filler neck. If this type of filler
      cap is impacted sharply, as could be expected during rear or side impact
      collisions, the brass diaphragm is usually deformed beyond its elastic
      limit; at which time the seal at the interface of the filler neck and
      filler cap is destroyed. This condition could allow the escape of liquid
      fuel and increase the possibility of fire following a crash exposing the
      occupants of a crashed vehicle to a second source of possible serious
      injury.
PAR  It is also desirable to provide means to prevent the cap from being applied
      with excessive force such that it is difficult to remove.
PAR  Among the objects of this invention are to provide a fuel filler cap which
      will allow for an increase in integrity of the fuel filler cap, at the
      interface with its associated filler neck, during vehicle crashes while
      retaining the features of "evaporative loss control" as described in the
      aforementioned patents; and to provide a fuel filler cap embodying a
      torque limiting feature.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a part sectional exploded view of a fuel filler cap embodying the
      invention and a filler opening to which it is to be applied.
PAR  FIG. 2 is a plan view of the filler cap.
PAR  FIG. 3 is a sectional on an enlarged scale taken along the line 3--3 in
      FIG. 2.
PAR  FIGS. 4 and 5 are fragmentary sectional views of portions of FIG. 3 showing
      the parts of the filler cap in different operative positions.
PAR  FIG. 6 is a perspective view of a portion of the filler cap.
PAR  FIG. 7 is a fragmentary sectional view taken along the lines 7--7 in FIG.
      3.
PAR  FIG. 8 is a fragmentary bottom view of a portion of the body shown in FIG.
      6.
DETD
PAC  DESCRIPTION
PAR  Referring to FIG. 1, the fuel filler cap 10 embodying the invention is
      adapted to be applied to a filler opening 11 that has an internal thread
      12 herein shown as having a circumferential extent of slightly less than
      360.degree..
PAR  The fuel filler cap 10 comprises a cover 13 including a flat base 14 and a
      peripheral flange 15. The cover 13 is provided with a handle 16 welded
      thereto and having a portion extending axially thereof to facilitate
      tightening and loosening on the filler opening.
PAR  The cap 10 further comprises a sub-assembly S which is assembled prior to
      placement in the cover 13 and is held within the cover 13 without welding,
      as presently described.
PAR  The sub-assembly S includes a body 20 which is made of a synthetic plastic
      material such as acetal resin which has a high strength and is resistant
      to gasoline. Body 20 includes a cylindrical portion 21 having an external
      thread 22 on the lower end thereof and an integral flange 23 extending
      radially outwardly on the upper end thereof. An O-ring 24 is seated in an
      arcuate seat 25 adjacent flange 23 and is adapted to engage the upper end
      of the filler opening.
PAR  A pressure relief valve generally designated 26 and a vacuum relief valve
      generally designated 27 are provided on the body 20. In addition, torque
      limiting means 28 are provided between the body 20 and the cover 13 to
      limit the torque with which the cap can be applied to the filler opening,
      as presently described.
PAR  As shown in FIG. 8, the body 20 further includes integral radially
      extending projections 29 that are spaced circumferentially beneath the
      flange 23 and have their free ends engaging the inner surface 30 of the
      peripheral flange 15 of the cover. Each of the radially extending
      projections 29 includes a recess 31 on the underside thereof for receiving
      a metal washer 32. After assembly of the sub-assembly S, it is inserted
      within the cover and circumferentially spaced portions 33 of flange 15 on
      cap 13 are deformed inwardly to form dimples retaining the washer 32 in
      position. The washer 32 functions to maintain the body 20 and, in turn,
      the entire sub-assembly S in position even though there may be relative
      movement between the sub-assembly S and the cover 13.
PAR  As further shown in FIGS. 3 and 6, the body 20 includes axial upwardly
      extending integral fingers 34 spaced radially inwardly from flange 23. The
      upper free end of each finger 34 has a radial portion 35 with tapered
      surfaces 36, 37. The upper ends of the fingers 34 engage the flat inner
      surface of the base 14 of the cover 13, and the radial projections 35 are
      adapted to retain a spring retainer 38. Spring retainer 38 includes a flat
      portion 39 engaging the inner surface of the base 14 of the cover 13 and a
      peripheral lip 40 connected by an inclined intermediate portion 41 with
      the base 39. The lip 40 is adapted to engage beneath the surface 37 of the
      fingers 34 to retain a spring 45 which yieldingly urges a valve retainer
      43 and, in turn, a valve 42 against the upper surface of a radial wall 44
      integral with and extending radially inwardly from the body 20. This
      thereby defines the pressure relief valve 26.
PAR  The vacuum relief valve is defined by an integral cup portion 45a extending
      downwardly from the inner edge of wall 44 and having an inwardly extending
      bead 46 against which a spring 47 acts at one end and urges a valve 48
      upwardly into engagement with the valve 42.
PAR  The torque limiting means is provided by teeth 51 which are provided on the
      periphery of the flange 23 and include inclined ramp surfaces 52 and
      generally radial surfaces 53 defining notches. The teeth 51 are yieldable
      radially by providing elongated slots 54 adjacent and aligned with the
      teeth 51 so that the teeth 51 are supported by beam portions 55 of flange
      23, each beam portion being joined to the flange 23 at its ends and being
      yieldable intermediate its ends. Axially extending ribs or projections 50
      deformed inwardly on flange 15 of cover 13 are adapted to engage the teeth
      51, as presently described.
PAR  In order to assemble the filler cap, the sub-assembly S is first assembled.
      The parts 47, 48, 42, 43, 45 and 38 are loosely stacked in place upon each
      other, the spring retainer 38 fitting beneath the radial portions of
      fingers 34.
PAR  The tapered surfaces 36 provide for a lead in when retainer 38 is pressed
      into place. The periphery of retainer 38 deforms the fingers 34 outwardly
      until the retainer 38 passes beneath radial portions 35 and then the
      fingers 34 return to their normal diameter, which holds retainer 38 in a
      position to contain the parts beneath it. The O-ring 24 is then placed in
      position. All of the previously mentioned parts can now be handled as a
      single sub-assembly for subsequent handling as may be required during the
      assembly operation.
PAR  The handle 16 is resistance welded, or otherwise attached to cover 13. The
      cover 13 may have stamped warnings or other instructions imprinted on its
      exposed face in which case the handle 16 is radially oriented with respect
      to cover 13 in such a manner that the warnings or instructions are not
      obscured. The cover 13 is then assembled on sub-assembly S. Prior to
      assembly of sub-assembly S in cover 13, the upper surface of portion 39
      projects above the upper ends of fingers 34. After assembly, the fingers
      34 engage the inner surface of the base 14 of cover 13, so that the
      retainer 38 is pressed inwardly. This produces a predetermined spring
      force on valve 42. Washer 32 is assembled after which the cover 13 is
      staked or deformed at 33 in a number of places so as to retain the
      aforementioned components in a single unit, yet allowing the cover 13 to
      be manually rotated with respect to body 20.
PAR  As the filler cap is screwed into the filler neck 11, the torus shaped lip
      at the filler neck opening contacts seal 24 allowing some compression of
      seal 24 and providing for a liquid tight seal between the filler cap and
      filler neck. Once this seal is affected, all vapor leaving or entering the
      fuel tank must pass through the filler cap through the vent paths shown in
      FIGS. 4 and 5.
PAR  When a predetermined torque is reached, the continued rotation of cover 13
      brings axial ribs 56 on cap 13 in contact with the ramps 52. Further
      rotation of cover 13 provides force to be applied inwardly on ramps 52 by
      deforming the plastic portions 55 resulting in a "torque build up" or a
      resistance to rotation of cover 13. As rotation of cover 13 continues, the
      torque increases until ribs 50 rotate beyond ramps 52 to notches 53 at
      which time the plastic portions 55 return to their normal position and the
      torque returns to zero. The filler cap can then be further rotated,
      repeating the above action. This repeated action provides for a definite
      limitation to the tightness of the filler cap in the filler neck.
PAR  The desired amount of torque can be controlled by the size and shape of the
      teeth 51, ramps 52, notches 53 and ribs 50 as well as the material
      selected for use in body 20. The rate of torque build up can be controlled
      by either increasing or decreasing the angle of the ramps 52. Openings 54
      have a secondary purpose in that they become a part of vapor vent path
      shown in FIGS. 3, 4 and 5.
PAR  During removal of the filler cap the cover 13 rotates counterclockwise in
      relation to body 20. When the ribs 50 abut notches 53, rotation between
      cover 13 and body 20 is stopped. Notches 53 are constructed so that the
      force applied by ribs 50 to notches 53 will be radial in direction and
      will not allow for deformation of the plastic portions 55 between ramps 52
      and openings 54. Further rotation of the cover 13 will transmit the torque
      to body 20 until a sufficient valve of torque is reached to unscrew the
      filler cap from the filler neck.
PAR  The function and operation of the pressure and vacuum relief valves 26 and
      27 is the same as described in U.S. Pat. No. 3,724,707, which is
      incorporated herein by reference.
PAR  When the cap is in place on the filler neck, air tight seals are effected
      assuring that no air will flow through the cap from the fuel tank to the
      atmosphere or vice versa except through the valve and only at those
      pressure differentials exceeding the limits for which the cap was
      designed.
PAR  When a positive pressure differential builds up to a predetermined value in
      the tank, valve 42 will move upward against the action of the spring 45.
      The valve will remain in this position until the pressure differential
      reduces to the point where the force in spring 45 returns the valve 42 to
      the sealed condition.
PAR  When a negative pressure differential builds up in the tank, valve 48 will
      move downward against the action of spring 47. The valve 48 will remain in
      this position until the pressure differential is reduced to the point
      where the force in spring 47 can return the valve 48 to its sealed
      position.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pressure-vacuum relief fuel filler cap comprising
PA1  a cover,
PA1  said cover comprising a base and a peripheral flange,
PA1  a body of synthetic plastic material mounted at least partially within said
      cover with said peripheral flange surrounding a portion of said body,
PA1  said body including an outer threaded end adapted to engage a threaded
      filler opening,
PA1  said body having the other end thereof opposite said threaded end thereof
      engaging the base of said cover,
PA1  a pressure relief valve and associated valve seat within said body,
PA1  a vacuum relief valve and associated valve seat within said body,
PA1  and torque limiting means between said body and said cover for limiting the
      torque applied to said cover during application to a filler opening,
PA1  said torque limiting means comprising a plurality of circumferentially
      spaced radially inwardly extending portions on the inner surface of said
      peripheral flange of said cover,
PA1  and a plurality of integral radially yieldable teeth on the periphery of
      said body adjacent said portions on said cover,
PA1  said teeth including a ramp surface and a notch surface such that when the
      cover is rotated in one direction in applying the cap to a filler opening
      and a predetermined torque is reached, the cover can be rotated relative
      to said body with said radially inwardly extending portions moving along
      said ramp surfaces to succeeding notches, and when the cap is rotated in
      the opposite direction, said radially inwardly extending portions on the
      cover are engaged with the notches so that there can be no relative
      movement between the cover and the body,
PA1  said body including radially extending circumferentially spaced integral
      projections extending outwardly into contact with the inner surface of the
      peripheral flange of the cover.
NUM  2.
PAR  2. The combination set forth in claim 1 including a washer positioned on
      the underside of said projections,
PA1  said cover having portions thereof extending radially inwardly from the
      inner surface of said cover and under said washer for axially locating
      said body within said cover.
NUM  3.
PAR  3. The combination set forth in claim 2 wherein said radially inwardly
      extending portions on the inner surface of said cover comprise deformed
      portions of said peripheral flange.
NUM  4.
PAR  4. The combination set forth in claim 2 wherein said radial projections on
      said body include recesses for receiving said annular washer.
NUM  5.
PAR  5. A pressure-vacuum relief fuel filler cap comprising
PA1  a cover,
PA1  said cover comprising a base and a peripheral flange,
PA1  a body of synthetic plastic material mounted at least partially within said
      cover with said peripheral flange surrounding a portion of said body,
PA1  said body including an outer threaded end adapted to engage a threaded
      filler opening,
PA1  said body having the other end opposite said threaded end thereof engaging
      the base of said cover,
PA1  a pressure relief valve and associated valve seat within said body,
PA1  a vacuum relief valve and associated valve seat within said body,
PA1  and torque limiting means between said body and said cover for limiting the
      torque applied to said cover during application to a filler opening,
PA1  said torque limiting means comprising a plurality of circumferentially
      spaced radially inwardly extending portions on the inner surface of said
      peripheral flange of said cover,
PA1  and a plurality of integral radially yieldable teeth on the periphery of
      said body adjacent said radially inwardly extending portions on said
      cover,
PA1  said teeth including a ramp surface and a notch surface such that when the
      cover is rotated in one direction in applying the cap to a filler opening
      and a predetermined torque is reached, the cover can be rotated relative
      to said body with said radially inwardly extending portions moving along
      said ramp surfaces to succeeding notches, and when the cap is rotated in
      the opposite direction, said radially inwardly extending portions on the
      cover are engaged with the notches so that there can be no relative
      movement between the cover and the body,
PA1  said other end of said body engaging the base of said cover comprising
      axially extending circumferentially spaced integral fingers spaced
      radially inwardly from the periphery of said body.
NUM  6.
PAR  6. The combination set forth in claim 5 wherein said fingers are radially
      yieldable.
NUM  7.
PAR  7. The combination set forth in claim 6 wherein said pressure relief valve
      comprises a radially extending wall extending inwardly from said body
      intermediate its ends,
PA1  said wall defining a valve seat,
PA1  a valve,
PA1  and spring means interposed between said cover and said valve urging said
      valve against said valve seat.
NUM  8.
PAR  8. The combination set forth in claim 7 including a spring retainer
      interposed between the base of said cover and said spring,
PA1  said spring retainer having portions thereof engaging portions of said
      fingers.
NUM  9.
PAR  9. The combination set forth in claim 8 wherein said fingers include
      radially inwardly extending portions engaging the spring retainer.
NUM  10.
PAR  10. The combination set forth in claim 4 wherein said spring retainer
      includes a peripheral lip engaging said radially inwardly extending
      portions of said fingers.
NUM  11.
PAR  11. The combination set forth in claim 10 wherein said spring retainer
      includes a flat portion engaging the base of said cover.
NUM  12.
PAR  12. The combination set forth in claim 11 wherein said flat portion extends
      axially beyond the ends of said fingers before said body is provided in
      said cover such that the action of said spring is controlled when the body
      is assembled in said cover.
NUM  13.
PAR  13. The combination set forth in claim 12 including a tapered surface
      intermediate the flat portion of said spring retainer and said peripheral
      lip.
NUM  14.
PAR  14. The combination set forth in claim 8 wherein said vacuum relief valve
      comprises a valve adapted to engage the valve of said pressure relief
      valve,
PA1  and spring means interposed between portions of said inwardly extending
      wall of said body and said last-mentioned valve.
NUM  15.
PAR  15. The combination set forth in claim 14 wherein said inwardly extending
      wall of said body includes a cup-shaped portion the lower end of which
      extends radially inwardly to engage said spring of said vacuum relief
      valve.
NUM  16.
PAR  16. A fuel filler cap comprising
PA1  a cover,
PA1  said cover comprising a base and a peripheral flange,
PA1  a body of synthetic plastic material mounted at least partially within said
      cover with said peripheral flange surrounding a portion of said body,
PA1  said body including an outer threaded end adapted to engage a threaded
      filler opening,
PA1  said body having the other end thereof opposite said threaded end engaging
      the base of said cover,
PA1  and torque limiting means between said body and said cover for limiting the
      torque applied to said cover during application to a filler opening,
PA1  said torque limiting means comprising a plurality of circumferentially
      spaced radially inwardly extending portions on the inner surface of said
      peripheral flange of said cover,
PA1  and a plurality of integral radially yieldable teeth on the periphery of
      said body,
PA1  said teeth including a ramp surface and a notch surface such that when the
      cover is rotated in one direction in applying the cap to a filler opening
      and a predetermined torque is reached, the cover can be rotated relative
      to said body with said radially inwardly extending portions moving along
      said ramp surfaces to succeeding notches, and when the cap is rotated in
      the opposite direction, said radially inwardly extending portions on the
      cover are engaged with the notches so that there can be no relative
      movement between the cover and the body,
PA1  said body including radially extending circumferentially spaced integral
      projections extending outwardly into contact with the inner surface of the
      peripheral flange of the cover.
NUM  17.
PAR  17. The combination set forth in claim 16 including a washer positioned on
      the underside of said projections,
PA1  said cover having portions thereof extending radially inwardly from the
      inner surface of said cover and under said washer for axially locating
      said body within said cover.
NUM  18.
PAR  18. The combination set forth in claim 17 wherein said radially inwardly
      extending portions on the inner surface of said cover comprise deformed
      portions of said peripheral flange.
NUM  19.
PAR  19. The combination set forth in claim 17 wherein said radial projections
      on said body include recesses for receiving said annular washer.
NUM  20.
PAR  20. For use in a pressure-vacuum relief fuel filler cap a sub-assembly
      comprising
PA1  a body of synthetic plastic material adapted to be mounted at least
      partially within a cover with a peripheral flange of the cover surrounding
      a portion of said body,
PA1  said body including an outer threaded end adapted to engage a threaded
      filler opening,
PA1  said body having the other end thereof opposite said threaded end engaging
      the base of said cover,
PA1  and torque limiting means on said body adapted to coact with a cover for
      limiting the torque applied to said cover during application to a filler
      opening,
PA1  said torque limiting means comprising a plurality of integral radially
      yieldable portions on the periphery of said body,
PA1  said teeth including a ramp surface and a notch surface such that when a
      cover is rotated in one direction in applying the cap to a filler opening,
      and a predetermined torque is reached, the cover can be rotated relative
      to said body and when the cap is rotated in the opposite direction, that
      there can be no relative movement between the cover and the body,
PA1  said body including radially extending circumferentially spaced integral
      projections extending outwardly and adapted to contact the inner surface
      of the peripheral flange of a cover.
NUM  21.
PAR  21. The combination set forth in claim 20 including a washer positioned on
      the underside of said projections.
NUM  22.
PAR  22. The combination set forth in claim 21 wherein said radial projections
      on said body include recesses for receiving said annular washer.
NUM  23.
PAR  23. The combination set forth in claim 20 wherein said other end of said
      body adapted to engage the base of said cover comprises axially extending
      circumferentially spaced integral fingers.
NUM  24.
PAR  24. The combination set forth in claim 23 wherein said fingers are radially
      yieldable.
NUM  25.
PAR  25. The combination set forth in claim 24 including a pressure relief valve
      on said body comprising a radially extending wall extending inwardly from
      said body intermediate its ends,
PA1  said wall defining a valve seat,
PA1  a valve,
PA1  a spring retainer interposed between the base of said cover and said
      spring,
PA1  said spring retainer having portions thereof engaging portions of said
      fingers,
PA1  and spring means interposed between said spring retainer and said valve
      urging said valve against said valve seat.
NUM  26.
PAR  26. The combination set forth in claim 25 wherein said fingers include
      radially inwardly extending portions engaging the spring retainer.
NUM  27.
PAR  27. The combination set forth in claim 26 wherein said spring retainer
      includes a peripheral lip engaging said radially inwardly extending
      portions of said fingers.
NUM  28.
PAR  28. The combination set forth in claim 27 wherein said spring retainer
      includes a centrally located flat portion adapted to engage the base of a
      cover.
NUM  29.
PAR  29. The combination set forth in claim 28 wherein said flat portion extends
      axially beyond the ends of said fingers before said body is provided in a
      cover such that the action of said spring is controlled when the body is
      assembled in said cover.
NUM  30.
PAR  30. The combination set forth in claim 29 including a tapered surface
      intermediate the flat portion of said spring retainer and said peripheral
      lip.
NUM  31.
PAR  31. The combination set forth in claim 25 including a vacuum relief valve
      provided on said body comprising a valve adapted to engage the valve of
      said pressure relief valve,
PA1  and spring means interposed between portions of said inwardly extending
      wall of said body and said last-mentioned valve.
NUM  32.
PAR  32. The combination set forth in claim 31 wherein said inwardly extending
      wall of said body includes a cup-shaped portion the lower end of which
      extends radially inwardly to engage said spring of said vacuum relief
      valve.
NUM  33.
PAR  33. In a fuel filler cap comprising
PA1  a cover,
PA1  said cover comprising a base and a peripheral flange,
PA1  a body of synthetic plastic material mounted at least partially within said
      cover with said peripheral flange surrounding a portion of said body,
PA1  said body including an outer threaded end adapted to engage a threaded
      filler opening,
PA1  said body having a radially extending flange on the other end thereof,
PA1  said body including radially extending circumferentially spaced integral
      projections extending outwardly into contact with the inner surface of the
      peripheral flange of the cover,
PA1  a washer provided on the underside of said projections,
PA1  said cover having portions thereof extending radially inwardly for axially
      locating said body within said cover,
PA1  and torque limiting means between said body and said cover for limiting the
      torque applied to said cover during application to a filler opening,
PA1  said torque limiting means comprising a plurality of circumferentially
      spaced radially inwardly extending portions on the inner surface of said
      peripheral flange of said cover,
PA1  and a plurality of integral radially yieldable teeth on the periphery of
      said flange of said body adjacent said radially inwardly extending
      portions on said cover,
PA1  said flange having circumferentially elongated openings extending axially
      therethrough, the portion of said flange between each said opening and the
      periphery of said flange and defining a beam portion having ends which are
      joined to said flange, each said beam portion being yieldable intermediate
      its ends, said teeth being on said beam portions,
PA1  said teeth including a ramp surface and a notch surface such that when the
      cover is rotated in one direction in applying the cap to a filler opening
      and a predetermined torque is reached, the cover can be rotated relative
      to said body with said radially inwardly extending portions moving along
      said ramp surfaces to succeeding notches, and when the cap is rotated in
      the opposite direction, the radially inwardly extending portions on the
      cover are engaged with the notches so that there can be no relative
      movement between the cover and the body.
NUM  34.
PAR  34. The combination set forth in claim 33 wherein said radial projections
      on said body include recesses for receiving said annular washer.
NUM  35.
PAR  35. The combination set forth in claim 33 wherein said body includes
      axially extending circumferentially spaced integral fingers adapted to
      engage the base of the cover.
NUM  36.
PAR  36. The combination set forth in claim 35 wherein said fingers are radially
      yieldable.
NUM  37.
PAR  37. The combination set forth in claim 36 including a pressure relief valve
      on said body comprising a radially extending wall extending inwardly from
      said body intermediate its ends,
PA1  said wall defining a valve seat,
PA1  a valve,
PA1  a spring retainer interposed between the base of said cover and said
      springs,
PA1  said spring retainer having portions thereof engaging portions of said
      fingers,
PA1  and spring means interposed between said spring retainer and said valve
      urging said valve against said valve seat.
NUM  38.
PAR  38. The combination set forth in claim 37 wherein said fingers include
      radially inwardly extending portions engaging the spring retainer, said
      spring retainer including a peripheral lip engaging said radially inwardly
      extending portions of said fingers.
NUM  39.
PAR  39. The combination set forth in claim 38 wherein said spring retainer
      includes a flat portion engaging the base of said cover.
NUM  40.
PAR  40. The combination set forth in claim 39 wherein said flat portion extends
      axially beyond the ends of said fingers before said body is provided in
      said cover such that the action of said spring is controlled when the body
      is assembled in said cover.
NUM  41.
PAR  41. The combination set forth in claim 40 including a tapered surface
      intermediate the flat portion of said spring retainer and said peripheral
      lip.
NUM  42.
PAR  42. The combination set forth in claim 40 including a vacuum relief valve
      on said body comprising a valve adapted to engage the valve of said
      pressure relief valve,
PA1  and spring means interposed between portions of said inwardly extending
      wall of said body and said last-mentioned valve,
PA1  said inwardly extending wall of said body includes a cup-shaped portion the
      lower end of which extends radially inwardly to engage said spring of said
      vacuum relief valve.
NUM  43.
PAR  43. A pressure-vacuum relief fuel filler cap comprising
PA1  a cover,
PA1  said cover comprising a base and a peripheral flange,
PA1  a body of synthetic plastic material mounted at least partially within said
      cover with said peripheral flange surrounding a portion of said body,
PA1  said body including an outer threaded end adapted to engage a threaded
      filler opening,
PA1  said body having the other end thereof opposite said threaded end thereof
      engaging the base of said cover,
PA1  a pressure relief valve and associated valve seat within said body,
PA1  a vacuum relief valve and associated valve seat within said body,
PA1  and torque limiting means between said body and said cover for limiting the
      torque applied to said cover during application to a filler opening,
PA1  said torque limiting means comprising a plurality of circumferentially
      spaced radially inwardly extending portions on the inner surface of said
      peripheral flange of said cover,
PA1  and a plurality of integral radially yieldable teeth on the periphery of
      said radially extending flange of said body,
PA1  said teeth including a ramp surface and a notch surface such that when the
      cover is rotated in one direction in applying the cap to a filler opening
      and a predetermined torque is reached, the cover can be rotated relative
      to said body with said radially inwardly extending portions moving along
      said ramp surfaces to succeeding notches, and when the cap is rotated in
      the opposite direction, said radially inwardly extending portions on the
      cover are engaged with the notches so that there can be no relative
      movement between the cover and the body,
PA1  said body including radially extending circumferentially spaced integral
      projections extending outwardly into contact with the inner surface of the
      peripheral flange of the cover.
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ABST
PAL  A pressure vacuum relief assembly for a container includes a housing with a
      first port in communication with the container and a second port in
      communication with atmosphere; the housing encloses improved vacuum and
      pressure relief valve means including first and second diaphragm members
      each having central openings therein engageable with conical surfaces on
      vacuum relief and pressure relief seal members; said first and second
      diaphragms form a control chamber in communication with the first port
      which is selectively pressurized to cause selective snap movement of each
      of the diaphragms to control flow across the seal members between
      atmosphere and the container.
PARN
PAR  This is a continuation-in-part of U.S. Ser. No. 373,085 filed June 25, 1973
      now abandoned.
BSUM
PAR  This invention relates to vacuum and pressure relief valve assemblies for
      controlling pressure in a container and more particularly to valve
      assemblies to relieve pressure within the container upon a predetermined
      pressure build-up therein and means to communicate the container with
      atmosphere upon a predetermined vacuum condition occurring therein.
PAR  A container such as a fuel tank in an automotive fuel system can be vented
      to atmosphere by the simple expedient of a small pinhole in the tank cap
      to freely allow tank pressure to equalize with atmosphere. The requirement
      for evaporative emission control from automotive fuel systems, however,
      requires a semi-closed system with fuel vapors being routed to a
      carbon-filled cannister which alternately stores vapor when the engine is
      not operative and purges itself when the engine is running.
PAR  In such systems pressure and vacuum relief capabilities have been included
      in fuel filler caps or as an in-line valve assembly to produce vacuum
      relief upon the contingency of stoppage in the venting system and a
      pressure relief when there is a pressure build-up in the tank too rapid
      for the system to dissipate.
PAR  In prior caps with vacuum and pressure relief valves one approach suitable
      for its intended purpose includes relief valves utilizing spring loaded
      disks. Such disks have a fairly large diameter in order to be responsive
      to the low order of pressures or vacuums that must be relieved in systems
      of this type. The spring loaded sealing disks consequently have a large
      perimeter seal surface. Such a large perimeter seal surface, when coupled
      with a low seal force of the type present with the low order pressure
      conditions required for operation, will result in a reduced unit pressure
      at the actual seal surface contact area. Such valves are therefore subject
      to leakage if a blemish or mechanical imperfection is present on the
      sealing surface.
PAR  Also, when blow-off or vacuum relief pressure is attained, such disk design
      relief valve assemblies, will raise only a slight distance from its seat
      to produce only a relatively small flow area. Pressure dissipation between
      atmosphere and the tank can be protracted because of the reduced flow
      area.
PAR  Furthermore, the valving components in such devices are relatively delicate
      and are susceptible to undesirable wear and performance upon exposure to
      dirt or other particulate foreign matter.
PAR  Accordingly, an object of the present invention is to improve vacuum and
      pressure relief devices for controlling pressure in systems having a
      container for liquid that evaporates by the provision therein of means for
      causing a significant opening of flow areas through the valve component of
      the device once a design blow-off pressure or design vacuum relief level
      has been attained thereby to provide a rapid pressure dissipation between
      atmosphere and a semiclosed fuel system.
PAR  Still another object of the present invention is to provide an improved
      pressure vacuum relief assembly wherein a snap action control of pressure
      and vacuum valves is attained by means of a pair of apertured spring
      diaphragm members arranged to form a control chamber therebetween in
      direct communication with a container for a liquid that evaporates wherein
      one or the other of the diaphragms will rapidly respond either to a
      predetermined vacuum condition within the container on liquid withdrawal
      therefrom or a predetermined pressure build-up produced by liquid
      evaporation therein to shift with respect to small diameter seal elements
      to rapidly open a large diameter area for flow of equalizing pressure
      between the container and atmosphere.
PAR  Still another object is to provide an arrangement like in the preceding
      object wherein the pair of spring diaphragm members are centrally
      apertured and are seated in a housing with each member having its
      periphery sealed by a gasket to form a pressurizable control chamber
      communicated with the container by a hollow member and wherein a valve
      seal element is located concentrically within each of central apertures of
      the spring diaphragm members to be engaged by each of the spring diaphragm
      members to maintain the pressurizable chamber sealed to atmosphere and
      wherein each of the diaphragms are responsive either to a vacuum or a
      pressure build-up within the control chamber to quickly snap away from the
      valve seal elements to produce a large flow area for pressure dissipation
      between atmosphere and the interior of the container and wherein each of
      the diaphragms quickly return to a sealed relationship with respect to the
      valve seal elements upon return of pressure to a predetermined level
      within the container to tightly close the container against leakage under
      such conditions.
PAR  Still another object of the present invention is to provide an improved
      vacuum and pressure relief valve assembly for sealing a semi-closed
      liquid-vapor system including a housing having a first apertured spring
      diaphragm supported therein to form a first pressure dissipation chamber
      in communication with atmosphere, a second apertured spring diaphragm
      having its outer periphery sealed with respect to the outer periphery of
      the first diaphragm to form a pressurizable control chamber therebetween,
      said assembly further including a second pressure dissipation chamber in
      communication with atmosphere on the opposite side of said diaphragms from
      said first pressure dissipation chamber and wherein a pair of spaced apart
      valve seal elements, each having a conical skirt portion thereon, are
      located concentrically within the apertured openings of the diaphragms so
      as to be engaged by an edge portion on each of the diaphragms to produce a
      high unit sealing pressure between said diaphragm and said sealing element
      and wherein a constant diameter sealing perimeter will be maintained
      between the seal element and the diaphragm; and wherein each of the
      diaphragms will snap open with respect to the seal element upon a
      predetermined pressure or vacuum condition within the control chamber to
      produce a large area flow for the dissipation of pressure to or from the
      semi-closed liquid vapor system and wherein the spring diaphragm will
      quickly return to its sealed position on the conical surface once a
      predetermined pressure condition is established in the semi-closed system.
PAR  Another object of the present invention is to provide an improved
      snap-acting valve having a thin disklike spring diaphragm with its outer
      periphery fixedly secured and with a central aperture that is moved by
      snap action with respect to a conical valve seal member mounted coaxially
      of the central aperture and the seal member having a flexible skirt which
      is sealingly engaged by the diaphragm aperture wall when the valve is
      closed and which is wiped clean by movement of the diaphragm aperture wall
      during valve opening and closing as produced by snap action of the
      diaphragm in response to pressure loads imposed thereon. These and other
      objects of the present invention are attained in one working embodiment
      that includes an outer housing. The housing includes support surfaces for
      receiving a pair of apertured spring diaphragms. A wall portion of the
      housing cooperates with one of the diaphragms to form a first pressure
      dissipation chamber having ports therein in communication with atmosphere,
      the wall includes a relief passage therethrough for directly communicating
      a control chamber between the diaphragms with the interior of a container
      for volatile liquid that evaporates. The wall carries a first conically
      configured seal member that is sealed by the first diaphragm at a central
      aperture therein until a predetermined vacuum occurs in the container as
      liquid is withdrawn therefrom. A second conical seal element is located
      within a central aperture in the second diaphragm to be sealed with
      respect thereto by an edge portion on the second diaphragm to seal the
      container until a maximum pressure occurs therein.
PAR  The housing and second diaphragm together form a second pressure
      equalization chamber in communication with atmosphere.
PAR  In operation, the seal elements are normally sealed by the diaphragms. When
      a predetermined vacuum condition occurs in the container that might cause
      the container to collapse, or when the system is over-pressured, a
      pressure condition occurs in the control chamber that will cause one or
      the other of the diaphragms to quickly open to present a large flow area
      for dissipation of pressure from atmosphere through the control chamber
      and relief passage into the system. Once pressure is equalized, the
      control chamber pressure will be such that both of the diaphragms will be
      in a sealed relationship with respect to the valve seal elements.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein a preferred embodiment of the present invention is
      clearly shown.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a view in vertical section of a pressure vacuum relief valve
      assembly; and
PAR  FIG. 2 is a view in horizontal section taken along the lines 2--2 of FIG. 1
      looking in the direction of the arrows.
DETD
PAR  Referring now to the drawings, in FIG. 1 a fuel cap 10 is illustrated. It
      includes a plastic closure 12 preferably made of Delrin 500, an aceytal
      resin made by DuPont Company, or Valox 310, a polyester resin made by
      General Electric Company.
PAR  The closure 12 is associated with a fuel filler neck 16. The neck 16
      defines a fuel opening into a fuel tank or container 18 of a semi-closed
      fuel supply system with known evaporative emission controls. A fuel
      suction pipe 20 communicates with container 18 to remove fuel therefrom.
PAR  The closure 12 includes a depending, tubular skirt portion 22 having a
      helical thread 24 formed on the outer periphery thereof. The thread 24 is
      formed to provide four threads per inch with three full turns of the
      thread being a minimum. The start 26 and the end 28 of the thread evolve
      smoothly from root to crest of the thread within one quarter turns.
PAR  The skirt has a large diameter internal bore 30 directed therethrough
      opened at the bottom of the skirt 22 and closed at the top thereof by a
      wall portion thereon in the form of an upper partition wall 32 on the
      closure 12 formed transversely of the shell skirt 22.
PAR  The closure 12 includes a peripheral groove 34 therein radially outwardly
      of the partition wall 32. An O-ring seal 36 is supportingly received
      within the groove 34.
PAR  As illustrated in FIG. 1, the closure 12 is threadably connected to an
      internal thread 38 in the filler neck 16. The thread is located below an
      outwardly flared upper edge 40 forming the open end of the neck 16. When
      the cap 10 is seated in a sealed relationship within the neck 16, the
      O-ring 36 is held in sealed engagement with the upper edge 40 to seal
      between the closure 12 and the neck 16.
PAR  In the illustrated arrangement, the cap 10 has a cover 42 with a radially
      inwardly turned edge 44 on an outer peripheral wall 46 that secures a
      radially outwardly directed flange 48 on the end of a depending skirt 50
      to cover 42. Skirt 50 will enclose the upper end of the neck 16 when the
      cap assembly is in place thereon. An upper end flange 52 on closure 12 has
      radially outwardly directed tabs 54 at circumferentially spaced points
      thereon press fit between a shoulder 56 on wall 46 and flange 48 to
      fixedly secure cover 42 to closure 12.
PAR  The upper end flange 52 of the closure 12 cooperates with the cover 42 and
      the partition wall 32 to enclose an improved pressure vacuum control valve
      assembly 58 constructed in accordance with the present invention.
PAR  The cap 10 and assembly 58 are utilized to prevent the escape of vapors
      from the filler neck 16 and tank or container 18 under normal pressure
      conditions in a semiclosed evaporative emission control system of the type
      well known to those skilled in the art. In such systems, vent lines are
      provided from a fuel tank that might be blocked. In such cases, further
      withdrawal of fuel from the fuel tank can cause a vacuum condition to
      occur therein that might eventually produce collapse of the fuel tank.
      Likewise, blockage of the vent system and subsequent thermal expansion and
      evaporation of fuel in the system sealed at the filler neck by means of
      the O-ring 36 can lead to an over-pressure condition within the system.
PAR  Accordingly, the control valve assembly 58 includes means to relieve both
      excessive pressure build-up and vacuum conditions within a container of a
      semi-closed liquid-vapor system. The illustrated filler neck 16 and
      attached tank 18 are merely representative of a container having a liquid
      which will evaporate to produce over-pressurization and which when
      withdrawn will produce a vacuum within the container, and whose pressure
      can be controlled by the improved valve assembly 58.
PAR  The valve assembly 58 more particularly includes a first apertured, spring
      diaphragm 60 that includes an outer peripheral edge 62 thereon bent over
      an internal flange in the form of an annular ridge 64 formed integrally on
      the closure 12 radially inwardly of the end flange 52 thereon.
PAR  The spring diaphragm 60 has a downwardly concave, dished center 66 with a
      center opening 68 therein formed by an upwardly curved edge 70 on the
      diaphragm 60.
PAR  The upper surface of the outer peripheral edge 62 is engaged by one face of
      an annular rubber gasket 72 having the other face thereof in sealed
      engagement with the underside of the outer periphery 74 of an apertured
      spring diaphragm 76. The spring diaphragm 76 includes a downwardly concave
      dished center 78 with a central opening 80 therethrough formed by an
      upwardly curved edge portion 82 therearound.
PAR  In the illustrated arrangement, the peripheral edges 62, 74 of the
      diaphragms 60, 76 are held in place within a large diameter bore 84 on the
      upper end of the closure 12 by means of a retainer plate 86 having an
      upwardly curved cover 88 overlying the upper surface of the spring
      diaphragm 76 in spaced relationship thereto. Openings 90 are formed in
      plate cover 88. The cover 88 is connected to a reversely bent annular
      peripheral wall 92 on the retainer plate 86 that engages the stacked
      diaphragms and gasket 72. An upstanding flange 94 on peripheral wall 92
      has a plurality of slotted tabs 96 formed therein that are upset to
      interlockingly engage the walls of the bore 84 so as to securely fasten
      the diaphragms 60, 76 with respect to the closure 12.
PAR  The partition wall 32 includes a pair of spaced apart semi-circular baffle
      ridges 98, 100. The baffle 98 is interposed between a pair of vacuum
      relief ports 102, 104 formed through the flange 52 and the ridge 64 to
      communicate an atmospheric space 106 between closure 12 and filler neck 16
      with an annular semi-circular groove 108 formed in the upper surface of
      the partition wall 32 radially inwardly of the ridge 64. Like relief ports
      110, 112 are formed in the shell opposite to ports 102, 104 to perform the
      same function. The ports are all formed on chord lines of a circle formed
      by the outer periphery of flange 52 and thus direct flow away from the
      center of wall 32. This directional control, along with baffle ridges 98,
      100 prevent dust and dirt impingement on the seal surface of a valve
      element 114.
PAR  The baffle 98 separates the vacuum relief ports 102, 104 from an annular
      depression 116 that has a radially inwardly, upwardly sloped wall portion
      118 thereon that forms an annular opening 120 and baffle 100 likewise
      separates ports 110, 112 from depression 116.
PAR  The annular opening 120 surrounds an integral pedestal 122 on the partition
      wall 32 that supportingly receives a central apex 124 of an apertured
      vacuum valve seal element 126. The valve seal element 126 includes a
      downwardly, radially outwardly flared skirt 128 in the form of a truncated
      cone arranged 45.degree. with respect to a vertical axis through the
      element 126. A vent eyelet 130 is located within a central bore 132
      through the wall 32. It includes an upper head portion 134 thereon secured
      to the apex 124 of the seal element 126 for securing it in place on the
      upper surface of the wall 32.
PAR  As shown in FIG. 1, when the system is sealed and has a pressure therein
      within predetermined high and low limits, the upwardly curved edge 70 on
      the diaphragm 60 is located against the upper surface of the conical seal
      surface of skirt 128. It forms a sealing perimeter of reduced diameter so
      as to maintain a desired unit sealing pressure for sealing communication
      between the annular depression 116 and the interior bore 30 of the skirt
      22 through a relief passage 136 through the eyelet 130.
PAR  In addition to the vacuum relief valve action between the vacuum diaphragm
      60 and the vacuum seal element 126, the valve assembly 58 has a high
      pressure relief capability.
PAR  A pressure relief valve seal element 138 has a spherical apex portion 140
      thereon fit through a reduced diameter central opening 142 in the retainer
      plate 86. A radially outwardly and downwardly flared edge 144 around the
      opening 142 overlies the upper surface of a conically shaped, outwardly
      flared skirt 146 on the seal element 138 formed as a truncated cone,
      45.degree. to the vertical axis of element 138.
PAR  Under normal pressure conditions, the upper surface of the conically shaped
      skirt 146 is engaged by the upwardly turned edge 82 of the apertured
      pressure spring diaphragm 76.
PAR  The turned edge 82 of diaphragm 76 and turned edge 70 of diaphragm 60 will
      wipe against the upper surface of seal element 138 and seal element 124,
      respectively, to produce a positive seal surface therebetween of reduced
      diameter to maintain a high unit sealing pressure.
PAR  Furthermore, the conical configuration of the skirts 128, 146 will maintain
      a constant sealing diameter even though the length of the skirt grows
      under operating conditions.
PAR  By virtue of the aforedescribed arrangement, the vacuum seal element 126
      and pressure seal element 138 will cooperate with the spring diaphragms 60
      and 76 to define a normally closed pressure control chamber 148
      therebetween that is in direct communication with the interior of the
      semi-closed fuel system via the eyelet relief passage 136.
PAR  In one working embodiment the primary component parts of assembly 10 had
      the following mechanical and physical characteristics and specifications.
TBL  ______________________________________                                    
     Component      Specification                                              
     ______________________________________                                    
     Closure 12     Delrin 500 - aceytal resin                                 
                    Valox 310 - polyester resin                                
     Thread 24      1.790" O.D.                                                
                    1.570" root diameter                                       
     Cover 42       Zinc plated steel                                          
                    Thickness .025"                                            
     Cover wall 46  2.65" I.D.                                                 
     Vacuum diaphragm 60                                                       
                    Anodized aluminum .006" thick;                             
                    1.750" O.D.                                                
     Spring dish 66 1.250" O.D.                                                
     Pressure diaphragm 76                                                     
                    Anodized Aluminum .006" thick                              
                    1.786" O.D.                                                
     Spring dish 78 1.250" O.D.                                                
     Retainer 86    Zinc plated steel .010" thick                              
     Pressure seal  Fluorocarbon elastomer -                                   
     element 138    Shore "A" 60-70 hardness                                   
     Vacuum seal    Fluorocarbon elastomer -                                   
     element 126    Shore "A" 60-70 hardness                                   
     ______________________________________                                    
PAR  In one working embodiment the vacuum relief mode of operation occurs when a
      minus 15 to minus 25 inches of H.sub.2 O exists in the semi-closed system
      defined in part by the filler neck 16. This reduced pressure directed into
      the control chamber 148 through the passage 136 causes the pressure
      diaphragm 76 to remain closed against pressure seal 138. Atmospheric
      pressure through bleed ports 102, 104, 110, 112 on the underside of the
      vacuum diaphragm 60 causes it to quickly snap into an open position
      thereby to present a large flow area annulus between the upwardly turned
      edge 70 of the diaphragm 60 and the conical surface of skirt 128 on the
      vacuum seal element 126 so that atmospheric pressure quickly passes from
      the underside of the diaphragm 60 into the control chamber 148 thence
      through the passage 136 to relieve the vacuum condition in the tank.
PAR  The pressure relief mode of operation occurs when the tank pressure exceeds
      plus 25 to plus 35 inches of H.sub.2 O. Under these conditions, the
      pressure in the control chamber 148 causes the diaphragm 60 to be biased
      downwardly into closed relationship with the vacuum seal element 126.
      However, the pressure within the control chamber 148 causes the pressure
      diaphragm 76 to snap upwardly against atmospheric pressure on the upper
      surface thereof to quickly present a large flow area between the upwardly
      turned edge 82 and the conical surface of skirt 146 whereby the excessive
      pressure within the system dissipates through passage 136, control chamber
      148 thence through the annular flow area of the valve 138 and through the
      relief holes 90 in the retainer plate 86 from whence the flow is passed
      through the dome space between the cover 42 and the flange 52 to
      atmosphere.
PAR  By virtue of the configuration of the diaphragms 60, 76 the pressure vacuum
      valve 58 will quickly relieve both vacuum and pressure and will provide a
      large flow area for quick dissipation of pressure in either direction.
      Furthermore, the configuration of the diaphragm and seal elements maintain
      the system positively sealed so long as the pressure therein is within the
      vacuum and pressure relief limits set forth above, which are
      representatively set forth values especially suited for fuel supply
      systems, other values applying to other applications.
PAR  The perimeter of the seal contact between diaphragm and seal elements is
      such that a high unit pressure seal is maintained when the semi-closed
      system is sealed. Furthermore, the 45.degree. conical surface
      configuration of the seal elements will compensate for growth along the
      conical surfaces of the seal element thereby maintaining a relatively
      constant seal diameter between diaphragm and seal element. There is a
      rubbing action between the upwardly turned ends of the diaphragm and the
      seals to produce a self-cleaning action between the sealing components and
      the assembly. As illustrated in order to provide for the self-compensation
      of growth, the seal elements must be supported at their apex as for
      example at the spherical head 140 of the pressure seal element 138 and at
      the apex 124 of the vacuum sealing element 126.
PAR  While the embodiment of the present invention, as herein disclosed,
      constitutes a preferred form, it is to be understood that other forms
      might be adopted.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. A pressure-vacuum relief valve assembly for a semi-closed liquid vapor
      system having a container for liquid which evaporates to build-up pressure
      in the container to a positive value and which can be withdrawn from the
      container to reduce the pressure therein to a negative value comprising a
      housing having an outer flange thereon and a wall portion thereon formed
      transversely of said outer flange, said housing further including an
      internal flange located radially inwardly of the outer flange in spaced
      relationship therewith, a first apertured spring diaphragm having an outer
      periphery thereon supported by said internal flange, said first diaphragm
      and wall portion defining a vacuum relief chamber, passage means in said
      housing communicating said vacuum relief chamber with atmosphere, a second
      apertured spring diaphragm having a peripheral portion thereon supported
      in sealing relationship with the outer periphery of said first diaphragm
      and being spaced with respect to said first diaphragm to form a
      pressurizable control chamber therebetween, passage means for directly
      communicating the interior of said pressurizable control chamber with the
      interior of a container, a vacuum relief seal member on said wall portion
      interposed within said first apertured diaphragm to control flow from said
      vacuum relief chamber through the passage means between said pressurizable
      control chamber and said container for vacuum relief at a predetermined
      negative pressure range, a pressure relief seal member interposed within
      said second apertured diaphragm between said control chamber and
      atmosphere, said second diaphragm operative in response to a predetermined
      build-up of pressure within said control chamber to open communication
      between the interior of said housing and atmosphere thereby to relieve a
      predetermined positive pressure range within the control chamber.
NUM  2.
PAR  2. A pressure-vacuum relief valve assembly for a semi-closed liquid vapor
      system having a container for liquid which evaporates to build-up pressure
      in the container to a positive value and which can be withdrawn from the
      container to reduce the pressure therein to a negative value comprising a
      housing having a peripheral wall defining a housing bore, a partition wall
      in said housing formed transversely of said peripheral wall at one end of
      said bore, a cover on said housing overlying the opposite end of said
      bore, a plurality of ports formed through said peripheral wall to define
      vacuum relief passages in communication with atmosphere, each of said
      ports being located on a chord line through the circumference of the
      peripheral wall, an internal baffle ridge on said housing within said
      peripheral wall intersecting each of said ports and forming a curvilinear
      surface for separating particulates from vacuum relief air flow into said
      housing bore, vacuum relief valve means within said housing bore between
      said partition wall and said cover including an opening in said partition
      wall for communicating said vacuum relief ports with a container upon a
      predetermined vacuum condition occurring within the container to relieve
      the container against vacuum collapse, pressure relief port means
      including a space between said cover and said housing bore, and pressure
      relief valve means interposed between said partition wall opening and said
      cover responsive to a predetermined pressure build-up within said
      container to cause relief of pressure build-up therein through said
      pressure relief port means to prevent a build-up of excessive pressure
      within the container.
NUM  3.
PAR  3. A pressure-vacuum relief valve assembly comprising a housing member
      having relief passage means therein adapted to be in communication with
      pressure within a container, a first spring diaphragm having a peripheral
      portion thereon sealingly connected to said housing and forming therewith
      a vacuum relief chamber, port means in said housing communicating said
      vacuum relief chamber with atmosphere, a second spring diaphragm having an
      outer periphery, means sealingly connecting the outer periphery of said
      second diaphragm to the periphery of said first diaphragm to form a
      variable pressure control chamber therebetween, said relief passage means
      being in direct communication with said pressurizable chamber for varying
      the pressure therein in accordance with pressure conditions within the
      container, a vacuum valve seal element in said relief passage means
      including a conical surface thereon, a central opening in said first
      spring diaphragm including an annular edge portion thereon engageable with
      said conical surface to form a normally closed seal therebetween, said
      first spring diaphragm being movable upon a predetermined minimum pressure
      within said pressurizable control chamber to cause said first diaphragm to
      shift so as to open communication between said vacuum relief chamber and
      said pressurizable control chamber thereby to communicate atmosphere with
      the container through said relief passage means, a pressure relief valve
      seal element having a conical skirt thereon located axially of said vacuum
      relief valve element in spaced relationship thereto, said second diaphragm
      including a central opening therein in communication with atmosphere
      having a raised annular edge therearound, said annular edge of said second
      spring diaphragm being normally engaged with said pressure seal conical
      skirt to seal thereagainst when normal pressure conditions exist within
      the container, said second spring diaphragm responding to a predetermined
      increase in pressure within the container to move so as to locate the
      second diaphragm edge in spaced relationship to said pressure seal element
      skirt thereby to exhaust pressure from the container through said relief
      passage means, said pressurizable control chamber and said second
      diaphragm opening to atmosphere.
NUM  4.
PAR  4. A pressure-vacuum relief valve assembly for a semi-closed liquid vapor
      system having a container for liquid which evaporates to build-up pressure
      in the container to a positive value and which can be withdrawn from the
      container to reduce the pressure therein to a negative value comprising a
      housing having an outer flange thereon and a wall portion thereon formed
      transversely of said outer flange, said housing further including an
      internal flange located radially inwardly of the outer flange in spaced
      relationship therewith, a first spring diaphragm having an outer periphery
      thereon supported by said internal flange, said first diaphragm having a
      central opening therethrough, an annular gasket member supportingly
      received on the outer periphery of said first diaphragm, a second
      diaphragm member having a periphery thereon in sealing engagement with
      said gasket, a retainer member having the outer periphery thereof in
      engagement with the outer periphery of said second diaphragm and including
      a portion thereof in interlocking engagement with said outer flange to
      secure said first and second diaphragms in sealing engagement with said
      gasket, said transverse wall portion having a central opening therethrough
      in communication with a container, a pressure seal member having an apex
      portion thereon secured centrally of said retainer and including a
      downwardly depending conical skirt thereon defining a first valve seat,
      said second diaphragm including an annular edge formed centrally thereof
      engageable with said conical skirt to form a pressure relief valve, a vent
      member directed through the central opening in said transverse wall
      portion, a vacuum seal member having an apex portion thereon secured to
      said vent member and including a downwardly depending conical skirt
      thereon defining a second valve seat, an annular edge formed centrally of
      said first diaphragm engageable with said vacuum seal member skirt to form
      a vacuum relief valve, said transverse wall portion and said first
      diaphragm cooperating to form a vacuum relief space, said first and second
      diaphragms cooperating to form a control pressure chamber for operating
      said second diaphragm between opened and closed positions, means forming a
      pressure relief passage from said housing in communication with
      atmosphere, said housing including a plurality of passages therein located
      on chord lines through the circumference of said outer flange to
      communicate said vacuum relief space with atmosphere, said first and
      second diaphragms responding to a predetermined pressure increase within
      the container to cause said first diaphragm to seal against said vacuum
      seal member and to cause said second diaphragm to move away from said
      pressure seal member to communicate the vent member with atmosphere during
      a pressure relief mode of operation, said first and second diaphragms
      responding to a predetermined reduction in pressure within the container
      to reduce the pressure in the control pressure chamber between said first
      and second diaphragms so as to cause said second diaphragm to be held by
      atmospheric pressure against said pressure seal member and to cause said
      first diaphragm to move from said vacuum seal member to communicate
      atmosphere with the space between said diaphragms thence through said vent
      member into the container.
NUM  5.
PAR  5. A valve closure for sealing between a first source of pressure and a
      second source of pressure comprising a valve housing having a bore
      therethrough, a spring diaphragm having an outer periphery fixedly secured
      to said housing, a dished center portion on said diaphragm separating said
      housing into first and second pressure chambers, wall means on said
      diaphragm including a turned edge forming a central aperture therein to
      define a flow passage between said first and second chambers, a seal
      element having a flexible skirt of conical configuration, means for
      supporting said skirt coaxially of said central aperture for engagement
      with said wall means to seal said central aperture against flow
      therethrough, said diaphragm being responsive to a predetermined pressure
      differential between said first and second chambers to cause said wall
      means to snap axially of said skirt to produce an annular open flow area
      between said aperture and said skirt, said diaphragm being responsive to a
      reversal of pressure differential between said first and second chambers
      to close said turned edge against said skirt in an action wherein said
      turned edge wipes the surface of said skirt.
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ABST
PAL  The present disclosure is directed to a variable vent cover for cooking
      vessels and comprises a bottom cover having an opening therethrough and a
      pair of upstanding outwardly divergent flanges diametrically opposed and
      spaced about the periphery thereof which cooperates with downwardly
      convergent flanges diametrically opposed and spaced about the periphery of
      a top cover with a minimum of clearance between the flanges on the bottom
      and top covers so that they can be rotated horizontally relative to one
      another to vary the vent opening between the flanges to communicate the
      opening in the bottom cover with atmosphere and which will assure that
      both covers will interlock to be vertically lifted simultaneously for
      placement onto or removal from a cooking vessel.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      334.662, filed Feb. 21, 1973, now abandoned.
BSUM
PAR  An object of the present invention is to provide a cover useable over a
      wide range of cooking pans and pots not requiring precise registry with
      the circumference thereof and which allows the food to cook while
      retaining the essence and flavor while preventing any splatter from
      escaping onto the stove or surrounding environment.
PAR  A further object of the present invention is the provision of a cooking
      vessel cover having two relatively horizontally rotatable members with
      cooperating peripheral flanges which when rotated horizontally permit
      varying the vent to atmosphere which cooperates with an opening in the
      bottom member to regulate pressure and temperature in the cooking vessel
      and which can be vertically lifted for removal from the vessel without
      separation of the two horizontally rotatable members.
PAR  A still further object of the present invention is the provision of a
      cooking vessel cover having only two moving parts which may be quickly
      separated for cleaning and sanitary use without requiring the conventional
      hinges, springs, rolled lips or small crevices which trap dirt, germs and
      resist complete cleaning usually attendant with plural cover members.
PAR  With the foregoing and other objects in view the invention will be more
      fully described hereinafter and more particularly pointed out in the
      appended claims.
DRWD
PAR  In the drawings in which like parts are denoted by reference characters
      throughout the several views:
PAR  FIG. 1 is an exploded perspective view of the top and bottom cover members
      as they relate to each other.
PAR  FIG. 2 is a perspective view of the cover parts connected, with an air vent
      formed by the interconnection flanges.
PAR  FIG. 3 is a longitudinal cross-section taken aong lines 3--3 of FIG. 2
      showing the flanges of both cover members connected ready for lifting as a
      unit and forming an air vent of the desired size.
PAR  FIG. 4 is a side elevation of the cover mounted on a typical cooking vessel
      in use as a splatter shield with a vent opening.
DETD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention as shown in the drawings is made of two round plates
      designated as a first cover member and a second cover member. The first
      cover has an opening in the approximate center. The second cover member
      does not have an opening in center. The second cover member has a knob in
      approximate center. Both cover members have quarter flanges on opposite
      sides of their circumferences. Flanges on the first cover member taper
      outward away from the center while the flanges on the second cover member
      taper inward toward center. The top and bottom cover members fit together
      and the flanges interlock, thus allowing both to be picked up by use of
      heat-resisting knob on top plate. There is enough clearance between
      flanges on each cover member to allow the two to rotate freely, thus
      making the two ports larger or smaller as desired. This variable vent
      cover rests on top of any average size cooking vessel and allows
      ventilation to food being cooked and also prevents any spatter from
      escaping onto stove, walls, floors or persons engaged in cooking.
PAR  Referring now to the drawings and for the moment to FIG. 1, the bottom or
      first cover member 10 is of circular disc-like form having two partial
      flanges 11, 12 diametrically opposed about the circumference of the member
      10. These flanges are upwardly slightly divergent outwardly from the
      center, and extend over slightly less than one-quarter of the
      circumference of the disc 10. There is an opening or hole 13 in the first
      cover member.
PAR  The top or second cover member 14 is of a complemental geometric form to
      the first cover member and has two partial flanges 15, 16 diametrically
      opposed about the circumference of the member 14. These flanges are
      downwardly convergent slightly as best seen in FIG. 3 inwardly toward the
      center and extend over slightly less than one-quarter of the circumference
      of the member 14. A lifting knob 17 is provided approximate in the center
      of the cover member 14.
PAR  The two cover members 10 and 14, are placed together as shown in FIG. 2
      first by positioning the flanges 11, 12 and 15, 16 ninety degrees apart,
      then rotating the two cover members 10 and 14 one-quarter turn allowing
      the two covers to mesh thus allowing cover 14 to pick up cover 10 using
      lifting knob 17.
PAR  There is a slight clearance 18, shown in FIG. 3, between flanges 11, 12 and
      15, 16 which permits the two cover members 10 and 14 to rotate and adjust
      the two ports 19, shown in FIGS. 2 and 4, larger or smaller as desired.
      The two cover members 10 and 14 are used on any average size cooking
      vessel 20 as shown in FIG. 4.
PAR  Due to the design of the ports or vents 19 there is no dripping of moisture
      or food juices over the sides of the main cooking vessel 20 while food is
      being cooked; also, no spatter escapes through the ports 19 during
      cooking.
PAR  The improved cooking vessel cover device has been tested for cooking a
      variety of foods and the results have been outstanding. Chicken fried
      under this controlled cover turns out to be extremely appealing, crisp and
      golden brown with moisture and essence retained and flavor delicious. The
      same results were obtained with fried hamburgers, fried potatoes, fried
      apples, fried fish and fried oysters. Excellent results were obtained
      cooking roasts and casseroles in oven by placing the vessel cover on top
      of the cooking vessel and no boil-over occurred and no spatter reached
      interior of oven. The improved cover can be made of any suitable material;
      however I have found heavy sheet aluminum to be a most satisfactory
      material which conducts heat or cold and creates a condensing effect. The
      longevity and durability of the variable vent cover should be most
      satisfactory, even with constant heavy useage there should practically be
      no wear-out to this product.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. For use with a cooking vessel, a variable vent cover for said vessel
      comprising:
PA1  a. a first cover member having an opening therethrough,
PA1  b. at least two upstanding flanges spaced circumferentially about said
      cover and upstanding therefrom,
PA1  c. a second cover member,
PA1  d. at least two depending flanges spaced circumferentially about said
      second cover member,
PA1  e. said upstanding flanges of said first cover engageable with said
      depending flanges of said second cover member and being circumferentially
      rotatable relative thereto to define a variable area vent between said
      upstanding and depending flanges to regulate and vent to atmosphere from
      within a cooking vessel through the opening in said first cover member.
NUM  2.
PAR  2. A cover for a cooking vessel as claimed in claim 1 wherein said
      upstanding flanges on said first cover member are upwardly and outwardly
      divergent.
NUM  3.
PAR  3. A cover for cooking vessels as claimed in claim 2 wherein said depending
      flanges on said second cover member are downwardly convergent to engage
      with said flanges on said first cover member to lock said cover members as
      a unit for vertically removing the variable vent cover from the cooking
      vessel.
NUM  4.
PAR  4. A cover for cooking vessels as claimed in claim 3 wherein there are two
      upstanding flanges on said first cover member and two depending flanges on
      said second cover member.
NUM  5.
PAR  5. A cover as claimed in claim 4 further comprising cover lifting means on
      top of said second cover member for lifting in interlocked relationship
      both said first and second cover members from said cooking vessel.
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ABST
PAL  The invention disclosed is a machine for applying in series a molded
      plastic shell-like carrier over a pre-arranged grouping of containers,
      such as bottles. The machine includes a storage magazine turret supplying
      the carriers in nested fashion to a hopper device at a feeding station.
      The magazine turret indexes a magazine to the feeding station and a
      cam-operated device releases the nested carrier stack in a magazine to the
      underlying hopper. A carrier feed device continuously separates the
      lowermost carrier and drops it to an underlying carrier delivery conveyor.
      Bottles are advanced in parallel rows under the conveyor and past a
      carrier gate at the end of the carrier conveyor. First star wheel
      mechanism spaces the bottles on the conveyor to correspond as groups with
      compartment cavities in the carrier. Bottles moving through the first star
      wheel pull carriers from the feed gate; whereupon each such carrier falls
      over a group of bottles. A horizontal overhead guide rail holds down the
      carrier in a preliminary position of assembly whereat the bottles are each
      inserted into a compartment cavity of the carrier. The bottle conveyor
      moves bottles and carriers through a second star wheel device stabilizing
      the bottles under a rotary applicator wheel. The wheel has peripherally
      spaced pockets that coincide with the compartments of the carrier and the
      wheel, on a yieldable arm, bears against the carrier to seat the annular
      retaining bead in the carrier compartments over an enlarged end portion of
      the bottles. The grouping of bottles is held in the carrier as a packaged
      unit.
PARN
PAR  This is a division of application Ser. No. 416,733, filed Nov. 19, 1973,
      now U.S. Pat. No. 3,867,807.
BSUM
PAC  CARRIER APPLICATOR MACHINE FOR BOTTLES
PAR  There is devised a container carrier that is molded from plastic as a
      shell-like article having upstanding cells or compartments each provided
      with an internal annular bead or radial flange adapted to receive the neck
      and closure of a bottle product and retain the bottle in position in the
      compartment. Thusly, the group of product bottles comprise a carrier
      package. These carrier packages are often referred to as "six-paks" or
      "eight-paks", and most commonly used in the handling and marketing of
      carbonated beverages and beer products. This form of carrier is disclosed
      in U.S. Pat. No. 3,752,305 and copending application, Ser. No. 294,171 of
      J. Hatfield, filed Oct. 2, 1972, now U.S. Pat. No. 3,871,699 commonly
      owned with the present application.
PAR  The present invention provides a machine for the continuous assembly of a
      supply of containers or bottles into carrying packages with the
      aforementioned type of shell-like carrier.
PAR  The applicator machine provides a production capacity in fabricating and
      handling the assembled carrier packages. One sub-assembly of the machine
      provides for continuous supply of the plastic carriers that are stacked or
      nested in plural magazines. The several magazines are each on a radial arm
      of a turret that is indexed periodically about a vertical shaft. The
      turret is located at an upper level and the carriers are forced through
      the vertical magazines by gravity. At the bottom end of each magazine
      there are pivotally mounted carrier stack support bars. These are normally
      biased to close the lower end of the magazine and retain the stack of
      carriers in the magazine. By control system to the turret index drive, a
      magazine is advanced to a position at the carrier feed station. A full
      magazine, for example, is advanced into the feed station upon a photo beam
      signal that a prior magazine has been emptied of carriers, or is in fact
      empty. As the new magazine moves into place at the feed station by turret
      index, a cam follower of the carrier support arms (normally closed)
      engages a stationary cam on the frame of the machine in proximity of the
      feed station. The cam actuates the support bars to an "open" position, and
      a stack of carriers in this magazine is released for flow by gravity along
      the magazine vertical axis.
PAR  Underneath the magazine, just mentioned, is the feed station which is
      comprised of a hopper and the carrier feeder mechanism mounted in
      stationary position on the machine. The hopper receives the overhead stack
      of carriers and feeds carriers one at a time onto a carrier delivery belt.
      The belt single lines the carriers at a gate where each unit group of
      bottles passing through the machine picks up a carrier that is applied
      over the bottles. The carrier feeder includes the hopper comprised of a
      walled chute or box-like frame; and, four rotary feed worms are positioned
      at the corners along the bottom edge of the hopper frame. The feed worms
      are rotated in unison at a synchronous rate with carrier belt and bottle
      movement. Each of the wheels includes a helix land or surface engaging in
      succession the lower radial flange of the carriers in the stack. The helix
      surface is rotated such that it separates the lowermost carrier from the
      stack in the hopper and drops it from the lower, exit end of the feed
      chute onto the carrier delivery belt. The rest of the stack in the hopper
      is retained by the corner feed worms. The carriers in nested relationship
      as a stack in the hopper do have a tendency to stick together as a stack.
      The helical feed worms serve to separate the lowermost carrier from the
      stack, and then after such separation, drop the carrier out of the end of
      the carrier feed chute. The feed worms of the invention assure the
      individual separation of successive carriers and feeding them singly onto
      the moving carrier belt.
PAR  Just below the carrier feeder is a horizontal upper reach of an endless
      delivery belt followed by a downwardly inclined reach of the belt. The
      cariers drop from the feeder hopper by gravity onto this horizontal
      portion of the belt. This belt is timed in movement with rate function of
      the machine so as to receive the carriers from the feed device without
      interference or overlap and the carriers are laid in a single line on the
      belt. The carrier delivery belt, after traversing the horizontal span
      under the feeder worms, extends down the incline toward an end-turn and in
      a reversing direction. At the end of the inclined span of the belt, a pair
      of carrier retaining rods are fixed in a position to normally prohibit
      carriers from falling from the end of the incline without further
      assistance, such as pulling them from the rods. Each carrier on the belt
      is held up by the retaining rods at this point until positively removed;
      which, in essence, defines the carrier gate at the end of the carrier
      delivery conveyor.
PAR  The bottle supply conveyor is positioned on the machine to extend under the
      carrier gate. The carrier delivery belt is operated at a linear speed to
      maintain a group of two or three carriers in end-to-end fashion backed up
      from the gate. In this manner, there is assured a carrier at the gate as
      the bottles in groups move along the path past the gate and just beneath
      it. There will be no gap between the carriers in this mode of operation.
PAR  Along either side of the bottle conveyor just before the point where the
      bottles enter into engagement with a carrier in the gate, there is a first
      set of pocketed star wheels. The set is comprised of a star wheel on
      either side of the conveyor so that the pockets engage the sides of the
      rows of bottles controlling their movement. The star wheels receive the
      bottles in the two rows and maintain their positioning in-line in the rows
      and laterally on the conveyor. The pockets of the star wheels further
      stabilize the bottles just prior to the carrier pick up from the gate. The
      set of star wheels are driven in synchronism one to the other and are
      driven at a rate compatible with the bottle conveyor.
PAR  As the leading pair of bottles in the two rows pass below the carrier gate,
      they engage the underside surface of a carrier protruding into the bottle
      path. The forward movement of the bottle group (six or eight) drags the
      carrier from the gate to fall over the top of the bottle group.
      Thereafter, the carrier moves with this bottle group.
PAR  Beyond the carrier gate there is an overhead horizontal guide bar supported
      on the machine frame and extending for a distance along the bottle
      conveyor. The guide bar assures that the carrier will remain in an
      initially assembled position over the bottle group unit it passes through
      the rotary applicator wheel. The applicator wheel includes peripheral
      pockets spaced on radial centers of the wheel that correspond with
      center-to-center spacing of the compartments of the carrier. As the
      bottles move under the applicator wheel, a second set of opposed star
      wheels mesh with the rows of the bottle group to stabilize them in
      movement through the applicator wheel. The rolling action of the
      applicator wheel over the carrier top snaps the retaining bead in the
      compartments of the carrier over the enlargement on the top end of each
      bottle in the group to retain them in the carrier. The means of retaining
      the bottle in the carrier is set forth in detail in the aforementioned
      patent and application.
PAR  The invention therefore resides in the machine and its component parts for
      efficiently and economically packaging container articles in contoured
      shell-like carriers.
PAR  The invention further provides a machine that is capable of assembling
      containers in carriers to form assembled packs of containers for carrying
      and producing them at a high rate of production.
DRWD
PAR  Other aspects of the invention including further advantages provided
      thereby will become apparent from the following description of the
      exemplary form of the invention illustrated in the drawings, on which:
PAR  FIG. 1 is a side elevational view of the machine;
PAR  FIG. 2 is a top plan view of the carrier assembly station on the machine of
      FIG. 1;
PAR  FIG. 3 is a top plan view of the carrier supply turret and carrier feeding
      station on the machine;
PAR  FIG. 4 is a side perspective view of the carrier turret, feeding mechanism
      and carrier delivery belt of the machine;
PAR  FIG. 5 is a fragmentary sectional plan view of the carrier feeding worms
      shown on FIG. 3;
PAR  FIG. 6 is a partially sectioned, fragmentary view taken along line 6--6 on
      FIG. 5, illustrating one of the four corner feeding worms in engagement
      with the peripheral radial flange of a carrier;
PAR  FIG. 7 is a fragmentary, sectional view of the applicator wheel of the
      machine, shown seating the carrier sockets on the upper ends of containers
      advancing beneath the applicator wheel; and
PAR  FIG. 8 is a partially schematic and perspective view of the drive system
      for the machine showing the means for operation of various machine
      components simultaneously and synchronously by a single motor.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  On the drawings is shown a bottle carrier applicator machine which will
      automatically dispense and apply carriers for six-pack or eight-pack
      bottle groupings at relatively high rates of production, i.e. on the order
      of 800 bottles per minute.
PAC  The Carrier Applicator Machine
PAR  The supply of bottles 10 filled with product, such as carbonated beverage
      or beer, advances them in two parallel rows from the left-hand side of
      FIG. 1. The bottles 10 have a top closure 11 that provides a lip
      enlargement 12 (FIG. 7) at the top end. In one form of bottles 10 shown on
      FIG. 7, the major portion of the body side wall is covered with a layer of
      plastic 13 such as a shrunken sleeve of foamed polystyrene on the order of
      30-35 mils in thickness. This layer coupled with the carrier 9 after it is
      applied provides substantially total light protection and scratch
      resistance protection for the glass bottle. However, the invention is not
      limited by the type of bottle that is packed into the carrier 9, nor is
      the plastic layer 13 essential to the invention. The disclosed embodiment
      merely illustrates the versatility of the type of package that may be
      constructed using the invention.
PAR  Bottles 10 in one form or another are advanced by delivery conveyor
      equipment (not shown) onto the conveyor 14 (FIG. 1), which extends
      longitudinally through the Applicator Machine. Conveyor 14 is reeved over
      end pulleys 15 and 16 pivotally mounted on shafts 17 and 18, respectively,
      mounted for rotation in the machine frame structure 19. Shaft 18 at the
      exit end of the machine includes a sprocket 20 connected thereon for
      driving the conveyor. Power is transmitted to sprocket 20 by chain 21
      trained over drive gear 22 keyed on a horizontal shaft 23. Synchronized
      drive system for powering the conveyor and other assemblies will be
      described hereinafter.
PAR  The two lines of bottles are carried forward into engagement of a first set
      of opposed star wheels 24 and 25 (FIG. 2). Each star wheel 24 includes an
      upper star 24 and lower star 24a attached to a central hub 26 which
      vertically spaces the two stars. The pockets at the periphery of stars 24,
      24a are shaped to correspond to the size (diameter) and shape of the
      particular bottle in production. Similarly, star wheel 25 includes an
      upper star 25 and lower star 25a on a spacer-hub 27. The assemblies 24 and
      25 are therefore essentially duplicates, but will be driven in counter
      rotation to each other for controlled feeding of the bottles. The
      spacer-hub 26 and 27 of the two star wheels each include a vertical shaft
      which extends below the bottom star wheel, 24a and 25a, respectively. The
      shafts each include a timing sprocket keyed thereon for rotating the star
      wheels and this sprocket is connected through a drive train, such as a
      timing belt, (not shown) to a sprocket of a right angle gear box unit 28.
      The drive train between hub 26 and gear box 28 is enclosed by a guard 29.
      Gear box 28 has a vertical output shaft 30 and a lower horizontal power
      input shaft 31, the latter being driven by a sprocket 32 connected in the
      main drive system, to be described.
PAR  The pockets of the opposed star wheels are arranged in radial, angular
      spacing on the wheels 24 and 25 to receive the bottles and maintain
      precise center-to-center spacing of the bottles in each row and stabilize
      the bottles of the two rows prior to pick-up of the bottle carrier 9. The
      opposed stars 24 and 25 extend inwardly of the stationary side rail
      assemblies 33 and 34 mounted on frame 19 along the sides of conveyor 14
      and the pockets of the stars 24 and 25 mesh with the bottles to achieve
      this bottle spacing and stabilizing effect. The stars 24 and 25 are driven
      in opposite direction of rotation in synchronism with each other and with
      the line speed of the machine by the drive system.
PAR  The carriers 9 are advanced by the overhead carrier delivery belt 35 that
      is inclined downwardly at a carrier assembly gate (indicated generally at
      36) which comprises an inclined dead plate section 37 and overhead hold
      down guide 38. Guide 38 is pivotally mounted at 39 on the upper carrier
      feeding assembly, to be described presently in more detail, and is
      tensioned by spring means (not shown) normally tending to rotate hold down
      guide 38 clockwise on FIG. 1 into top engagement with a carrier 9. The
      guide 38 includes the upstream inclined segment attached to the pivot 39
      and a terminal segment that extends horizontally when engaging the carrier
      top on a bottle grouping. The lowermost corner of a carrier 9 extends
      beyond the forward edge of dead plate 37 in the path of an oncoming
      grouping of bottles 10 on conveyor 14 as the grouping is in mesh with the
      first star wheel means 24, 25 (FIG. 1). As this bottle grouping advances
      further, the front pair of bottles 10 thereof engages the front wall of
      this carrier 9 held in the carrier assembly gate 36 and pulls the carrier
      therefrom with the advance of the bottles. The trailing end of the carrier
      will leave the end of dead plate section 37 and rock down over the
      grouping of bottles 10 therebeneath assisted by hold down gate 38. One
      such carrier 9 is shown in place over the bottle grouping near the middle
      of FIG. 1. This performs the initial assembly function of the carrier on
      the bottles.
PAR  Thereafter, the bottle grouping and carrier advances by the conveyor 14
      toward final application of the carrier on the bottles. A spring-like hold
      down shoe 40 is mounted in relatively fixed position on the upper frame 41
      for the applicator wheel. This retains the carrier 9 in place over the
      bottle grouping during movement thereof into the applicator wheel 42.
PAR  Beneath and just ahead of the applicator wheel 42 there is a second star
      wheel means comprised of opposed star wheels 43 and 44. The star wheels in
      this second set are made up similar to the first set, described above. The
      star wheel (FIG. 1) includes an upper star 43 and a spaced lower star 43a
      separated by the spacer-hub 45. The pockets of the stars are shaped to
      conform to the bottles being processed, as were the star pockets of the
      first star wheel means described earlier herein. The star wheels 43 and 44
      are rotated in counter directions to maintain the bottle grouping in
      oriented position and advance them without undue bottle-to-bottle contact.
      The stars 43 and 44 are each on vertical shafts 46 and 47, respectively,
      and the lower end of shafts 46 and 47 are each connected with a timing
      sprocket that meshes with a timing belt 49 extending around drive sprocket
      50 on the upper end of vertical output shaft 51 of the right angle gear
      box 52. The horizontal input shaft 48 of the gear box 52 has a drive
      sprocket 53 keyed thereon which receives power from the drive system, to
      be presently described. The timing belt 49 is covered with a safety guard
      54.
PAR  The final application of carrier 9 to a bottle group is accomplished at the
      final assembly station located beneath applicator wheel 42 while the group
      of bottles is under guidance of the second star wheel means, and while the
      star pockets of stars 43 and 44 and the transverse rows of applicator
      wheel pockets 55 move in synchronism toward a diametric, vertical center
      plane of wheel 42. At this point, the carrier is fully on two bottles. The
      peripheral speed of applicator wheel 42 matches the linear speed of the
      bottles at this point resulting in a "roll-on" action of the carrier to
      the group of bottles.
PAR  Applicator wheel 42 is supported by a pair of bifurcated side arms 56 and
      57 integrally connected with the bearing trunion 58 that is rotatably
      supported at its ends in the upper frame 41. The trunion 58 is allowed to
      pivot and therefore the applicator wheel is allowed to yield vertically,
      so that the pockets 55 mesh with the cell tops of the of the carriers 9
      (FIG. 7). The hub 59 of wheel 42 is connected to horizontal shaft 60 that
      extends through side arm 57 and is rotated by a sprocket 61 keyed on the
      outer end thereof. A horizontal shaft 63 is rotatably mounted at one end
      in upper frame 41 and is rotatable in a bearing 64 on the frame near its
      other end. A sprocket 65 is keyed on the outer end of shaft 63. A drive
      chain 62 is on running engagement with sprocket 66 keyed on the opposite
      end of shaft 63 and sprocket 61 on applicator wheel shaft 60. The
      applicator wheel 42 is rotated counter clockwise on FIG. 1 by a chain 141
      of the drive system that passes through a slot 67 in the horizontal deck
      of frame 19. The drive system, as will be presently described, operates
      the applicator wheel 42 in synchronism with the lineal movement of
      conveyor 14 and star wheels 43 and 44.
PAR  In the event of any mis-alignment of the bottles and the applicator wheel
      pockets 55, the applicator wheel 42 will be free to lift as needed by the
      yieldable type of mounting support, thus preventing any bottle breakage.
PAR  The applicator wheel 42 is constructed with rubber inserts 68 held in the
      periphery of the wheel to define the wheel pockets 55. The inserts are
      preferably relatively soft and yieldable to prevent damage to the bottle
      carrier and bottles in the final assembly stage. The wheel 42 having a
      downward force component by its weight will exert a peripheral force
      downwardly at the base of each carrier cell neck to relatively nest the
      cells of the carrier in the pockets 55 and in turn snap on the cell of the
      carrier over the end enlargement 12 of the bottle and closure. The upper
      end of the carrier cells in a relaxed state contain the interior bead 9a
      that is of a lesser diameter than the bottle's enlarged diameter at the
      end section 12 (FIG. 7). Therefore, in pressing the carrier at the pocket
      55 the plastic of the carrier is enlarged in a force fit over the end
      section of the bottle until the carrier is in place on the bottle
      grouping. In such a position, the bottles are individually held in the
      carrier cells at the annular bead 9a of the carrier and a resulting
      carrying pack of bottled product is formed.
PAR  As shown on FIG. 1, the carrying pack of assembled bottles and carrier are
      moved beyond applicator wheel 42 by conveyor 14, At this point, the
      carrying packs of product may be oriented and fed into cases or pallet
      loads or both for subsequent handling.
PAC  The Automatic Carrier Feed Mechanism
PAR  Attached to operate in conjunction with the carrier applying machine, just
      described, is an automatic carrier supply and feed device.
PAR  Referring to FIGS. 1 and 3-6, the device is supported on an upright frame
      69 that is in part columnar in structure. The frame 69 may be connected to
      machine frame 19 or may be separated. The upper part of frame 69 provides
      a base for mounting rotary turret 70 by vertical pintle shaft 71. The
      shaft 71 is connected with the output shaft of an intermittently indexing
      drive means, generally shown on FIGS. 1 and 4. One such indexing drive
      means may be purchased from Commercial Cam and Machine Co., Chicago,
      Illinois, Model No. CC8H32-270. The detailed description of this drive
      means is shown and described in one or more of the following U.S. Pat.
      Nos. 2,986,949; 3,282,387; 2,999,311; 3,525,268 and 3,049,017. The
      indexing drive includes an electric motor 72 operated by a controller to
      index the turret one-eighth revolution or one position at a time. In the
      turret of the present disclosure of the invention, one revolution is
      accomplished through 8 indexing movements; however, any number of indexes
      per revolution may be obtained by control of the motor drive 72. The motor
      controller is operated in response to a photocell 100 located just below
      the level of the magazine 79 of the mechanism. When the photo beam is
      interrupted, the controller keeps motor 72 in an inactive state. After the
      stack of carriers diminishes so as to project the light beam onto the
      photocell 100, the magazine turret 71 will index one station or one-eighth
      revolution. If the magazine at the next station is empty so that carriers
      do not interrupt the beam, the motor 72 is immediately energized to
      advance turret 71 another station, etc. until a loaded magazine is in
      position to interrupt the beam.
PAR  The motor 72 is connected to operate a gear reduction unit 73 having a
      drive sprocket 74. The input shaft 73 of the turret drive includes a
      sprocket 76 connected thereon and power is transmitted between sprockets
      74 and 76 by a drive chain 77. As is schematically indicated on FIG. 4,
      the input shaft 75 and turret shaft 71 are drivingly connected by the
      aforementioned indexing drive unit indicated generally at 78.
PAR  Referring to FIGS. 1 and 3, the turret 71 includes plural carrier magazines
      79 that are fastened to the turret at equal peripheral intervals thereon
      by the radial arms 80. In the example shown on the drawings (FIG. 3),
      there are eight identical magazines 79 on turret 71. For sake of
      simplicity on the drawings in FIGS. 1, 3 and 4, some of the magazines 79
      are omitted from the showing. Each magazine 79 is constructed as a
      vertical chute having upright and opposed wall members 81 and 82 that
      define a vertical opening for the passage of a stack of nested carriers 9.
      The wall members 81 and 82 are connected by lateral elements 83 and the
      box frame made by walls 81, 82 and elements 83 is fastened to a radial arm
      80 by vertically spaced brackets 152 and cross-pins 153 extending through
      brackets 152 and apertures in the outer end of radial arm 80.
PAR  Each magazine 79 will hold a stack of several nested carriers 9, say about
      80 such carriers to the stack. The stack is retained in the magazine by
      two pairs of rocker arms 84 and 85 that position two carrier stack support
      bars 86 and 87 across the lower end of the magazine chute. The support
      bars 86 and 87 are each end connected across the bottom end of the pairs
      of rocker arms 84 and 85, respectively. The first pair of rocker arms 84
      are pivotally connected on the vertical members 88 of the magazine
      mounting frame rigidly connected with the lateral elements 83 thereof by
      the rock shaft 89. Shaft 89 includes a crank arm 90 on the inner end
      thereof and on the outer end of arm 90 there is a rotatably connected cam
      follower 91 (see FIG. 4). Clockwise rotation (rocking movement) of arm 90
      moves the first pair of rocker arms 84 outwardly (FIG. 4) about pivot
      point 92 which in turn moves the stack support bar 86 out of its position
      for supporting carriers in the chute. The pair of rocker arms 85 are
      pivotally mounted at their upper end by a pivot pin 93 extending laterally
      across the opposite vertical members 94 of the magazine. The upper end of
      rocker arm 84 above pivot 92 on one side of the magazine is connected at
      the pin 95 to an intermediate point on the opposite rocker arm 85 by a rod
      96, whereby movement of arm 84 clockwise drives arm 85 counter clockwise
      about the pivot pin 93 and moves the second stack support bar 87 from its
      position for supporting the carriers in the chute. The bars 86 and 87 are
      moved in unison responsive to cam action between their "closed" and "open"
      positions with respect to the magazine chute. The cam follower 91 is
      carried by each of the magazines 79 in the path of a stationary plate cam
      97 mounted on the frame structure. The cam 97 is located to trip or raise
      each cam follower of the magazines at the time each magazine enters a
      carrier feeding station, indicated at 98 on FIGS. 3 and 4. The "open"
      position of the support bars 86, 87 is shown on FIG. 1 at station 98. The
      indexing drive 72, 73 is under control of an "electric eye" comprised of a
      light source and a photocell 100 (FIG. 3). Photocell 100 is in the control
      circuit for the motor 72. The light beam is transmitted across the feeding
      station 98 and if a stack of carriers extends above the level of the light
      beam so as to break it, as shown on FIG. 4, the drive for the turret 71
      remains de-energized. As soon as the level of the carrier stack at station
      98 descends below the light beam, the turret drive is energized to advance
      the next magazine 79 into the feeding station. As this next magazine
      arrives at station 98, cam 97 opens the lower end of the chute of the
      magazine by pivoting the support bars 86, 87 in the manner described. The
      stack of carriers in the magazine falls by gravity onto the carriers piled
      below at station 98.
PAR  The photocell level placement on the machine assures a stack of carriers in
      the hopper 117-119 above the feeder assembly to assure a supply or stack
      of carriers during the time it takes to index the next magazine 79 into
      position and "open" the support bars to release the next stack of carriers
      into the hopper.
PAR  The stack of carriers is now under control of the means for separating and
      feeding carriers onto the underlying carrier delivery belt 35. Dispensing
      of carriers from the stack to the underneath carrier delivery belt is
      accomplished by a worm feed that is timed to supply carriers per machine
      speed demand. The separating and feeding means comprises a cantilevered
      frame 101 extending across the feeding station 98. A center aperture 102
      in frame 101 provides a feed path for the stack of carriers. On the
      underside of frame 101 are mounted plural rotatable members 103 located at
      the corners of aperture 102. Each of the rotatable members 103 is
      constructed as shown on FIG. 6. A cylindrical barrel 104 is attached for
      rotation by the vertical shaft 105 and supported thereon by an adjusting
      collar 106. Barrel 104 includes a helical spline or groove 107 formed on
      its peripheral surface extending at least one full revolution on the
      barrel. As shown on FIG. 6, groove 107 extends approximately 360.degree.
      circumferentially on barrel 104 and travels axially approximately the
      height of barrel 104. The groove size or width is just slightly more than
      the thickness of the peripheral flange 9b of the plastic carrier 9. The
      stack of carriers rests at its four corners by the lateral flange surface
      at 9b which fits into an opening to the grooves 107 so as to initially
      rest upon the land surface at 108 on one side of the groove. The top open
      portion for entry of the flange into the four helical grooves 107 occurs
      for a short peripheral span, say 80-90.degree.. Thereafter, the helical
      groove 107 is made up of the two axially spaced, parallel side walls. (See
      FIG. 5) The stack of nested carriers is compacted, and, as such, the
      carriers tend to stick together as a body. To first separate the lowermost
      carrier slightly from the rest of the stack, and, secondly, discharge this
      separated lowermost carrier vertically downwardly by gravity is achieved
      by rotation of the four rotary feed members 103 in unison. On FIG. 5,
      members 103 are rotated counter clockwise.
PAR  The members 103 are driven by a link chain 109 reeved around a drive
      sprocket 110 and the four driven sprockets 111 each attached on the upper
      end of one of the shafts 105 of the rotary members 103. Drive sprocket 110
      is power rotated by a vertical shaft 112 supported in the sleeve bearing
      113. Shaft 112 is the output of a right angle gear box 114 fastened on
      frame 69 and having a power input sprocket 115 driven by a chain 116 (FIG.
      1), which is included in the synchronized drive system to be described
      presently. The drive shaft 112 is rotated continuously and for every
      revolution imparted to the rotary members 103 thereby, one carrier 9 is
      separated and fed from the bottom of the stack of carriers at the feeding
      station.
PAR  The stack of carriers is stabilized in the aperture by the hopper walls
      extending above the cantilever frame 101. The hopper is made of side wall
      plates 117 each flared outwardly at their upper ends and corner plates 118
      interleaved between wall plates 117. Corner plates 118 are likewise flared
      outwardly at their upper ends, the combined structure 117 and 118 forming
      a funnel-like entry to the hopper. Below the frame 101 there is a pair of
      opposite, spaced-apart guide plates 119, which assure the drop of each
      carrier onto the underlying carrier delivery belt 35.
PAR  Carriers 9 are dropped singly and in succession onto the top horizontal
      reach of the carrier delivery belt 35 which is guided around the end
      pulleys 120 and 121 and an intermediate idler 122 that serves as an
      adjustable belt tensioning device. The pulleys and idler are rotatable on
      horizontal shafts that are rotatably bearing mounted in the opposed side
      plates 123 and 124, the side plate 124 being supported by the column of
      frame 69. Extending interiorly laterally between plates 123, 124 is a bent
      upper belt guide plate 125 (FIG. 1) which provides a guide surface for
      defining a horizontal span and an adjacent downwardly inclined span of the
      belt 35 on the upper course of its closed path, the inclined span
      extending onto pulley 121. The plate 125 also serves as a structural
      member to unify the delivery belt frame. Carrier delivery belt 35 is
      driven in a clockwise path (FIGS. 1 and 4) by chain 116 that is drivingly
      engaged with an end sprocket 126 keyed on the end of the mounting shaft
      for the belt end pulley 120. The chain 116 is powered by the drive system,
      and the belt 35 and rotary feed screws 103 are operated synchronously with
      each other.
PAR  As the carriers 9 are moved down the inclined section of belt 35, they are
      subject to confinement in a path into the gate end of the mechanism by the
      spaced side guides 127 extending parallel and above the side of belt 35
      and the parallel, central top guide bar 128. Together, the inclined part
      of belt 35, guides 127 and 128 direct the carriers in a single line into
      carrier assembly gate 36, described earlier herein. The oncoming
      succession of bottles 10 processed into spaced, oriented groupings by the
      first star wheel means engages the forward edge of the carriers 9 by the
      front pair of bottles of the grouping and pulls them into a top assembly
      on the bottle grouping. The assembly of the carrier is performed by the
      applicator wheel 42 in the manner described earlier.
PAC  Drive System
PAR  The integrated drive system for the applicator machine and the carrier feed
      device is shown schematically on FIG. 8. All of the drive functions on the
      machine are integrally connected except for the indexing drive of magazine
      turret 70.
PAR  A main electric drive motor 129 is connected to drive a gear reduction unit
      130 that reduces shaft speed of motor 129 to a ratio of about 26 to 1. A
      11/2 hp motor (129) sold by Westinghouse Electric Corp., Pittsburgh,
      Pennsylvania, including an SCR drive that provides controlled acceleration
      and deceleration, overload protection, jog and variable speed control is
      preferred. The power shaft 131 of unit 130 includes two spaced-apart drive
      gears 132 and 133 on the power shaft.
PAR  The one drive sprocket 133 drives a chain 134 that meshes with a sprocket
      135 on shaft 23 and an idler gear 154, which operates bottle conveyor 14.
      The other drive sprocket 132 is operatively connected by chain 136 to
      input shaft of a geared transmission unit 137, such as sold by Eberhardt
      Denver Company Model 2172.
PAR  Transmission 137 has two power output shafts 138 and 139. The first shaft
      138 drives sprocket 140 in running engagement with a chain 141 connected
      about sprocket 65 and an idler 142. The chain 141 drives applicator wheel
      42. A second sprocket 143 on shaft 138 is connected for driving a chain
      144 that is reeved about a first idler 145, sprocket 32, sprocket 53 and a
      second idler 146. The chain 144 drives both the first and second star
      wheel means 24-25 and 43-44. Thus, the applicator wheel and two star wheel
      means controlling bottle movement therebeneath are powered from the same
      shaft (138).
PAR  The second output shaft 139 of the transmission has its drive sprocket 148
      in running engagement with the chain 116 reeved about two idlers 149 and
      150, then end sprocket 126 for the carrier belt drive, then input sprocket
      115 for gear box 114, about an idler 151 and back to sprocket 148. The
      chain 116 drives the carrier delivery belt 35 and carrier feed screws 103
      in unison.
PAC  Adjustable Carrier Delivery Belt
PAR  As described earlier herein, the end pulley 121 for the delivery belt 35
      and the deadplate section 37 are mounted on the side plates 123 and 124.
      The vertical position of the carrier gate 36 is adjustable for various
      size or height of bottles 10 is achieved by the side plate extension 158
      being connected by a pivot pin 155 onto the side plates 123 and 124. The
      extensions 158 are fastened in place by a bolt 156 thruogh arcuate slot
      157. By unscrewing bolt 156, the side extension portions 158 carrying the
      shaft for the end roller 121 for the belt may be pivoted vertically up or
      down about the pin connection at 155 to adjust the height of end delivery
      of the conveyor for the carriers with relation to the bottles on the
      conveyor 14. The angular relation of side guides 127 and the central top
      guide bar 128 may be adjusted by set screw connections thereof on the
      frame in a manner well understood by those skilled in the art.
PAR  Although a specific emodiment has been shown and described, it is with full
      awareness that many modifications thereof are possible within the skill of
      one versed in the art. The invention, therefore, is not to be restricted
      except insofar as is necessitated by the prior art and by the spirit and
      scope of the claims.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. A feed device for supplying bottle carriers or the like having a lower
      peripheral flange to an assembly machine comprising
PA1  a vertical frame member,
PA1  a horizontal turret means mounted on said vertical frame for rotary
      indexing movement in a closed path past a carrier feeding station,
PA1  indexing drive means connected to rotate the turret intermittently,
PA1  plural radial arms at equal increments about said turret,
PA1  a hollow carrier magazine mounted on each of said radial arms, comprising a
      vertical chute defining a vertical passage for a stack of nested carriers
      with their said flanges closely spaced vertically therein, said chute
      having a lower end opening for gravity flow of the carriers,
PA1  a shiftable gate means supported at the lower end of each said magazine
      chute for shifting movement between a closed position supporting the stack
      of carriers and preventing their vertical flow in said chute and an open
      position releasing said stack for vertical flow through the chute and out
      of the lower end opening comprising
PA1  a first pair of rocker arms,
PA1  a rock shaft pivotally connecting said first rocker arms on one side of the
      chute,
PA1  a second pair of rocker arms,
PA1  pivot means connecting said second rocker arms on an opposite side of the
      chute from said first rocker arms,
PA1  one end of each said first and second rocker arms extending below said
      lower end opening of the chute,
PA1  support bar means connected between the lower ends of each pair of rocker
      arms,
PA1  linkage means interconnected to said first rocker arms above the rock shaft
      and to said second rocker arms below the pivot means therefor for counter
      rocking movement respectively of said first and second rocker arms in
      unison, the support bars being normally positioned across said lower end
      opening of the chute for supporting a stack of carriers thereby,
PA1  a crank arm connected at one end to said rock shaft and connected at the
      other end to a cam follower,
PA1  a stationary cam supported on said frame for engaging each said cam
      follower of the magazines upon indexing movement of the magazine into the
      feeding station, said cam driving the rock shaft for moving the support
      bars of the gate means away from the lower opening of the chute permitting
      flow of the stack of carriers therethrough,
PA1  a hopper and feed assembly,
PA1  means connected to said frame for supporting said hopper assembly in
      stationary position at said feeding station in underlying registered
      relationship to a magazine indexed to said feeding station, said hopper
      assembly comprising
PA1  a vertical perimeter wall defining a rectilinear chute for receiving
      carriers from the magazine,
PA1  plural rotatable feed worms on said assembly and having helical means
      engageable with the flange of said carriers for controlling movement of
      the carriers through said chute, and
PA1  means connected to said feed worms for rotating them in unison in one
      direction, whereby the helical means engages the flange of each of the
      carriers in the stack and advances each of the carriers singly to separate
      them from the stack and thereafter release them below the chute at the
      feeding station.
NUM  2.
PAR  2. The feed device of claim 1, wherein the indexing drive means comprises
PA1  a drive motor,
PA1  an indexing device operated by said motor and connected to rotate said
      turret incrementally, and
PA1  a controller for intermittently operating said drive means in response to
      emptying the magazine of said stack at said feeding station, said
      controller including a photocell supported on said frame at the feeding
      station and disposed intermediate the lower end of the magazine thereat
      and said hopper means and at one side of the vertical path of the stack of
      articles released from the magazine, and a light source supported on the
      frame on the opposite side of said vertical path of the released stack of
      articles providing a beam of light focused on said photocell, the
      interruption of said beam maintaining the indexing drive means inoperable
      for rotating the turret, whereby emptying the magazine at the feeding
      station causes the controller to operate the indexing drive means.
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PAL  An adjustable self-leveling dispenser for dispensing various peripheral
      sizes, selectively, of stacked plates, dishes or platters supported upon a
      resilient pressure head within a plate well or tank. A rectangular tank
      within which the stacked plates or platters are received for dispensing is
      provided, in each corner, with vertically disposed guide rod members
      step-wisely adjustable along a range of distances outwardly of the center
      of the pressure head to serve as abutment slide means for guiding
      peripheral edge portions of any selected size of a wide range of sizes of
      stacked plates, dishes or platters to be dispensed.
BSUM
PAR  This invention relates to self-leveling plate, dish or platter dispensers
      of the type used in cafeterias and restaurants, for example, and is
      directed particularly to an adjustable self-leveling plate dispenser
      wherein adjustment can be made for accommodating for dispensing,
      selectively, any one of a range of various peripheral sizes of plates,
      dishes or platters, whether of round or oval shape.
PAR  The use of self-leveling plate dispensers in the form of cylindrical wells
      or tanks for receiving stacked plates, dishes or platters to be dispensed
      and comprising a spring-loaded pressure head mechanism operative to push
      the stacked plate upwardly in the well to a level at the top of the stack
      from which the uppermost plate or platter can readily be grasped for use
      is well known. Heretofore, however, the peripheral size of the well or
      tank within the stacked plates or platters were received for dispensing
      determined the peripheral size and shape of the plates or platters that
      could be accommodated. This is for the reason that the plates or platters
      were guidingly constrained for vertical movement by the interior
      peripheral surface of the well or tank of the dispenser containing the
      stacked plates or platters. Thus, in the dispensing of round plates,
      dishes or platters, a round dispenser well or tank of slightly greater
      peripheral size was required, whereas if oval plates or platters were to
      be dispensed, a separate oval well or tank of corresponding size was
      required.
PAR  It is, accordingly, the principal object of this invention to provide a
      novel and improved self-leveling plate dispenser including readily
      adjustable mechanism for accommodating to use thereof with any one,
      selectively, of a plurality of peripheral sizes, over a wide range, of
      stacked plates, platters or dishes, irrespective of whether such plates,
      platters or dishes are of circular or oval shape.
PAR  A more particular object of the invention is to provide an adjustable
      self-leveling plate or platter dispenser of the above nature wherein the
      dispensing container is in the form of a rectangular tank, and wherein the
      adjustable mechanism accommodating to use of various sizes and shapes of
      stacked plates, dishes or platters comprises vertically disposed guide rod
      members within each corner of the tank, each of which is step-wisely
      adjustable along a range of distances extending outwardly of the center of
      the pressure head to serve as abutment slide means for guiding peripheral
      edge portions of any selected one of a wide range of incremently
      increasing sizes and shapes of stacked plates, dishes or platters to be
      dispensed.
PAR  Yet another object of the invention is to provide an adjustable plate
      dispenser of the above nature wherein the guide rod members comprise
      reversely-bent, laterally off-set edge portions pivotally journalled with
      respect to corner portions of the tank to permit step-wise arcuate
      adjustment of the guide rod members along an arcuate path extending
      outwardly of the center of the dispenser pressure head.
PAR  Another object of the invention is to provide an adjustable self-leveling
      plate or platter dispenser of the above nature which will be simple in
      construction, compact, easy to operate, and fool-proof, effective and
      durable in operation.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following description when read with reference to the
      accompanying drawings. In the drawings, wherein like reference numerals
      denote corresponding parts throughout the several views:
PAR  FIG. 1 illustrates, in perspective, an adjustable plate dispenser embodying
      the invention;
PAR  FIG. 2 is a top view of the plate dispenser shown in FIG. 1;
PAR  FIG. 3 is a vertical cross-sectional view of a plate dispenser, taken along
      the plane indicated at 3--3 of FIG. 2, in the direction of the arrows;
PAR  FIG. 4 is a horizontal cross-sectional view taken along the plane indicated
      at 4--4 of FIG. 3 in the direction of the arrows;
PAR  FIG. 5 is a partial, vertical cross-sectional view taken along the plane
      indicated at 5--5 of FIG. 3 in the direction of the arrows;
PAR  FIG. 6 is a vertical view, partly in cross-section, illustrating mechanical
      details of the head adjustment mechanism, as seen in FIG. 3 but on a
      substantially increased scale; and
PAR  FIG. 7 is a fragmentary cross-sectional view taken along the line 7--7 of
      FIG. 6 in the direction of the arrows and further illustrating details of
      the head adjustment mechanism.
DETD
PAR  Referring now in detail to the drawing, reference numeral 10 in FIGS. 1, 2
      and 3 designates, generally, an adjustable, self-leveling plate dispenser
      embodying the invention. The self-leveling plate dispenser comprises a
      rectangular tank 11 having a rectangular peripheral flange 12 spot-welded
      or otherwise secured about the upper end of said tank. The tank 11 is
      fabricated by bending sheet metal, preferably stainless steel, into
      rectangular shape and welding together an overlapped corner portion as
      indicated at 13 of FIG. 4. The upper end of the tank is preferably
      provided along each side with rectangularly outwardly-bent flange portions
      14, 14 and 15, 15 against upper surface portions of which the rectangular
      flange 12 is secured.
PAR  A bottom panel 16, also of sheet metal such as stainless steel, encloses
      the lower end of the tank 11, said bottom panel being provided with short,
      downwardly-extending side wall portions 17, 17 and 18, 18, which are spot
      welded or otherwise affixed with respect to lower marginal end portions of
      the said tank.
PAR  Vertically slidably disposed within the rectangular tank 11 is a pressure
      head designated, generally, by reference numeral 19. A helical compression
      spring 20 is constrained axially between the bottom panel 16 and a
      circular adjustment disc 21 vertically adjustably mounted with respect to
      the pressure head. As is hereinbelow more particularly described, the
      pressure head 19 serves to automatically elevate for ready dispensing, one
      at a time, plates, platters or the like stacked within the tank upon said
      pressure head.
PAR  The pressure head 19 comprises a plate support member 22 which, as
      illustrated in FIG. 2 is in the general shape of a cross. The plate
      support member 22 is preferably fabricated of bent sheet metal, such as of
      stainless steel, its cross shape being defined by rectangular corner
      cut-outs recesses 23, 24, 25 and 26. Marginal peripheral edge portions of
      the plate support member 22 are bent downwardly, as indicated at 27
      through 38 in FIG. 2, to enhance the rigidity of said plate support
      member.
PAR  Centrally fixed against the underside of the plate support member 22 is a
      circular mounting plate 39 affixed to and extending downwardly centrally
      of which is an adjustment rod 40 provided with a plurality of
      equidistantly axially-spaced annular grooves 41. As best illustrated in
      FIGS. 3, 6 and 7, the adjustment disc 21 is provided with a central
      opening 42 through which the adjustment rod 40 extends. Means is provided
      for adjustably securing the adjustment disc 21 at spaced positions along
      the adjustment rod 40 in increments controlled by the spacing between the
      annular grooves 41. To this end, a stamped metal head adjustment latch
      member 43 is provided, said latch member being disposed for limited
      sliding motion upon an upper surface portion of the circular adjustment
      disc 21 surrounding the central opening 42 therein. As best illustrated in
      FIGS. 6 and 7, latch member 43 is provided with a circular opening 44 of
      sufficient diameter to permit free passage therethrough of the adjustment
      rod 40, which circular opening 44 extends laterally into an arcuate
      opening 45 of sufficiently reduced diameter to permit passage thereinto of
      the reduced diameter annular groove portions 41 of said adjustment rod. As
      illustrated in FIG. 6, the latch member 43 is also provided at one end
      with a downwardly-directed portion 46 extending through an opening 47 of
      the circular adjustment disc 21, and at the other end with a
      downwardly-directed portion 48 extending through an opening 49 in said
      adjustment disc, said opening 49 being provided by stamping downwardly a
      tab portion 50 from said adjustment disc.
PAR  As best illustrated in FIG. 7, a helical torsion spring 51 mounted about an
      upstanding stud member 52 affixed to the circular adjustment disc 21 has
      one end constrained within the bight defined by an upwardly-struck lug 53
      in said adjustment plate and the other end bent through an opening 54 in
      the latch member 43 defined by an upwardly struck lug 55 in said latch
      member. It will be understood that the latch member 43 is normally
      constrained to the right, as illustrated in FIG. 7, whereat any selected
      one of the adjustment rod annular grooves 41 can be captured or latched
      therein. It will thus be understood that, upon withdrawal of the pressure
      head 19 from the tank 11, the downwardly extending portion 46 of the latch
      member 43 can be utilized for manually sliding said latch member to the
      left against the urging of torsion spring 51 to permit temporary free
      passage of the adjustment rod 40 through circular opening 44, for
      adjustably positioning and securing the adjustment disc along said
      adjustment rod.
PAR  As illustrated in FIGS. 3 and 5, a cylindrical housing 56, also preferably
      of bent sheet metal such as stainless steel, is welded or otherwise
      secured against the underside of the plate support member 22 in slightly
      spaced coaxial relation with respect to the circular adjustment disc 21.
      The cylindrical housing 56 is of such diameter as to permit free axial
      passage therein of the helical compression spring 20, and serves to
      constrain upper end portions of said compression spring against lateral
      displacement.
PAR  Means is provided to minimize the possibility of canting or wedging of the
      comparatively shallow plate support member 22 as it moves up and down
      within the tank 11. To this end, the opposed, downwardly-bent marginal
      portions 29 and 35 thereof have welded or otherwise affixed thereto
      opposed, downwardly-extending rectangular loop members 57, 58, preferably
      of bent stainless steel rod, which are closely spaced with respect to
      inner wall portions of the tank, thereby guidingly constraining the
      pressure head 19 to parallel movement within the tank. As illustrated in
      FIGS. 3 and 5, opposed sheet metal angle bracket members 59, 60, welded or
      otherwise fixed between opposed outer portions of the cylindrical housing
      56 and central lower portions of respective rectangular loop members 57,
      58, serve to retain said loop members in their fixed positions.
PAR  A salient feature of the invention resides in the mechanism and means by
      which adjustment can be made for accommodating the plate dispenser to use
      with various sizes of plates or platters, whether of round or oval shape.
      To this end, as best illustrated in FIGS. 1 through 4, the peripheral
      rectangular flange 12 at the upper end of the tank 11 is integrally formed
      along its major side wall portions 61, 62 with laterally-opposed pairs of
      inwardly-extending ear members 63, 64 and 65, 66, respectively, each of
      which has a through opening 67. Longitudinal plate guide bars 68 having
      arcuately reversely-bent upper end portions 69 have their
      downwardly-extending upper end portions pivotally journalled in one each
      of the through openings 67. As best illustrated in FIGS. 2 and 4, the
      bottom panel 16 is provided, near each corner, with a plurality of
      equidistantly-spaced, arcuately-disposed through openings 70 for the
      selective reception of lower end portions of the respective plate guide
      bars 68. It is to be noted that each group of openings 70 is disposed
      along an arc of a circle the origin of which is coincident with the
      extended vertical axis of the reversely-bent portion 69 of its associated
      plate guide bar 68. It is further to be noted, as is best illustrated in
      FIG. 2, that the individual groups of through openings 70 are vertically
      accessible through the rectangular recesses 23, 24, 25 26, respectively,
      of the plate support member 22. The opposed pairs of inwardly-extending
      ear members 63, 64 and 65, 66, moreover, also extend into corner zones
      defined by plate support member cut-outs 23, 24, 25 and 26 to permit
      withdrawal of the pressure head 19 whenever necessary to effect relocation
      of adjustment disc 21, for example.
PAR  Means is provided for adjustably receiving the plate guide bar 68 in their
      respective sets of upper and lower through openings 67 and 70. To this
      end, as best illustrated in FIGS. 3 and 4, each of the guide bars 68 has
      welded or otherwise affixed near its lower end a right-angular off-set bar
      71 having a downwardly-projecting leg portion 72 coaxial with respect to
      the reversely-bent upper end portion 69 of its associated guide bar 68 and
      receivable in respective through openings 73 in the bottom panel 16. The
      through opening 73 are located at the center of curvatures, respectively,
      of their associated sets of arcuately disposed through openings 70. As
      illustrated in FIG. 4, each of the leg portions of the off-set bars 71
      projecting through the bottom panel 16 has circumjacently positioned
      thereon a helical compression spring 74 constrained in place between the
      underside of said bottom panel and a washer member 75 welded or otherwise
      affixed to the outer end thereof. It will be understood that the off-set
      bars 71 and their associated apring mechanism serve not only to stiffen
      the guide bars in their horizontally disposed positions, but also to
      prevent removal of said guide bars as they are lifted from one adjested
      position to another with respect to the openings 70.
PAR  Considering now the operation of the adjustable plate dispenser, FIG. 2
      illustrates how, at a particular setting of the longitudinal plate guide
      bars 68 in corresponding ones of their associated openings 70 in the
      bottom panel 16, either round plates or platters of a certain size
      represented by the broken line P1, or oval plates or platters of a certain
      size designated by the broken line P2, are constrained to vertical
      movement in the tank 11 for dispensing one at a time at the top of the
      device while the pressure head 19 and associated compression spring 20
      serve to automatically elevate a stack of such plates or platters so that
      the uppermost one will be in proper position for ready withdrawal. It is
      to be understood that the spring rate of the helical compression spring
      20, which is governed by the characteristics of the spring wire, the
      number of coils per unit length and the diameter of the coils; and the
      pressure head load, which is governed by the overall length of the helical
      spring, will be such as to apply a substantially constant force at the
      bottom of the stacked plates or platters.
PAR  With further reference to FIG. 2 it will readily be understood that as the
      plate guide bars 68 are each step-wisely moved into corresponding openings
      70 from their outer ends (nearest the corners of the tank 11) to their
      inner ends (nearest the interior corners of the cross-shaped plate support
      member 22), circular or oval plates or platters of a wide range of sizes
      from large to small are accommodated for self-leveling dispensing.
PAR  Because a given stack length of large plates or platters will ordinarily
      weigh more than the same stack length of comparatively smaller plates or
      platters, it will be understood that whenever readjustment of the
      longitudinal plate guide bar 68 is made for accommodating a different size
      of plates or platters, a corresponding adjustment of the adjustment disc
      21 will be required, as hereinabove described, to insure that the top
      plate or platter of a stack will be at dispensing level at the top of a
      dispenser tank.
PAR  While I have illustrated and described herein only one form in which my
      invention can conveniently be embodied in practice, it is to be understood
      that this embodiment is given by way of example only and not in a limiting
      sense. The invention, in brief, comprises all the embodiments and
      modifications coming within the scope and spirit of the following claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. In a self-leveling plate dispenser of the type having a
      vertically-extending, open-top tank for receiving stacked plates, dishes
      or platters to be dispensed and including mechanism resiliently
      constraining the stacked plates, dishes or platters therein in the upward
      direction from underneath for dispensing from the top of the tank, the
      improvement comprising, mechanism within the tank adapting it for
      vertically guiding any one, selectively, of an incremently increasing
      range of peripheral sizes of such stacked plates, dishes or platters, said
      vertically guiding mechanism comprising a vertically disposed guide rod
      member within each of four corner zones of the tank and means for
      independently stepwisely adjusting each of said guide rod members
      incremently along a range of distances extending outwardly of the central
      longitudinal axis of the tank, said guide rod members serving as abutment
      slide means for guiding peripheral edge portions of any selected one of a
      wide range of incremently increasing sizes and peripheral shapes of
      stacked plates, dishes or platters placed in the tank for dispensing.
NUM  2.
PAR  2. The improvement as defined in claim 1, wherein said means for
      step-wisely adjusting said guide rod members comprises a reversely bent,
      off-set end portion at the upper end of each of said guide rod members,
      and means pivotally journalling an outer end portion of each of said
      reversely bent portions of said guide rods within respective corners of
      the tank to provide for pivotal swinging of said guide rods along arcs
      extending outwardly of the central longitudinal axis of the tank.
NUM  3.
PAR  3. The improvement as defined in claim 2, wherein the mechanism resiliently
      constraining stacked plates, dishes or platters comprises a plate support
      member arranged for vertical movement within the tank, said plate support
      member being provided with through openings at the zones at each interior
      corner of the tank for the free vertical passage therethrough of
      respective ones of said guide rod members.
NUM  4.
PAR  4. The improvement as defined in claim 3, wherein said plate support member
      is of cruciform shape to define said through openings thereof.
NUM  5.
PAR  5. The improvement as defined in claim 3, wherein said means for
      step-wisely adjusting said guide rod members comprises the bottom plate
      member in the tank, and a plurality of mutually-spaced, arcuately-disposed
      openings in each of the corner zones of said bottom plate, each of said
      plurality of arcuately disposed openings defining a radius of curvature
      substantially equal to the lateral distance between the longitudinal axes
      of each of said guide rod members and their respective downwardly
      extending offset portion, the origin of the arcuate path of each of said
      plurality of openings being coincident with the axis of rotation of said
      reversely bent portion of its respective one of said guide rod members.
NUM  6.
PAR  6. The improvement as defined in claim 4, wherein said means for
      step-wisely adjusting said guide rod members comprises the bottom plate
      member in the tank, and a plurality of mutually-spaced, arcuately-disposed
      openings in each of the corner zones of said bottom plate, each of said
      plurality of arcuately disposed openings defining a radius of curvature
      substantially equal to the lateral distance between the longitudinal axes
      of each of said guide rod members and their respective downwardly
      extending offset portion, the origin of the arcuate path of each of said
      plurality of openings being coincident with the axis of rotation of said
      reversely bent portion of its respective one of said guide rod members.
NUM  7.
PAR  7. The improvement as defined in claim 6, including mechanism for
      constraining lower end portions of said guide rod members to movement
      along an arc defined by said radius of curvature.
NUM  8.
PAR  8. The improvement as defined in claim 7, wherein said constraining means
      comprises a right-angular off-set member secured with respect to a lower
      end portion of each of said guide rods, each of said off-set members
      having a downwardly-extending portion journalled in a through opening in
      said bottom plate coincident with the origin of its associated radius of
      curvature.
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ABST
PAL  The dosage of liquids in which an element is arranged to execute a rotating
      movement in a flow of liquids past the element and the element serves to
      alternately break a beam of light directed thereon so that the light
      impulses received thereupon are used via a feeler gauge and a valuation
      means to determine the liquid volume passing the element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for dosage of liquids, together with a
      device for the performing of the method.
PAC  Prior Art
PAR  A large number of devices and methods for dosage of liquids are known at
      the present time. As an example of earlier technology, one can mention the
      adoption of a rotatable feeler gauge, arranged in a line of pipe and
      mechanically connected to a registering device, which actuates a shut-off
      element after a predetermined number of rotary motions of the feeler
      gauge. The construction, however, is marred by considerable disadvantages,
      such as the problem of tightening caused by the mechanical connection to
      the feeler gauge, the need for space and the difficulties in servicing the
      device. Other constructions are also known, for example, with the
      utilization of a time-cycle, which, in conjunction with a valve, allows a
      flow for a predetermined length of time. Such a construction allows only a
      relative determination of volume without any great degree of accuracy.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide a method for the dosage of
      liquids and a device for the performing of the method, allowing an
      accurate registering of a flow of liquid in connection with dosage of the
      liquid in a predetermined volume, whereby the above-mentioned
      disadvantages of the earlier devices are eliminated entirely. With a
      device according to this invention, a volume of liquid can be measured
      accurately in connection with the flow of the liquid through a line of
      pipe, for example, in the measuring of drinks. According to the invention,
      the device is also extremely hygienic and no leakage problem can arise,
      the registering element being surrounded completely by the liquid without
      any mechanical contact through the pipe which encloses the liquid. An
      important advantage is also that the device is easily replaceable, in
      addition to which the gauge indicating the flow can easily be removed and
      replaced. Further advantages are the device's small volume together with a
      low production cost.
PAR  The method for dosage of liquids according to this invention is that an
      element is arranged to perform a rotating motion in a flow of liquid past
      the element, and also that the element is arranged alternately to break a
      beam of light, which is directed on the element, at which the light
      impulses received from the element through the feeler gauge and valuation
      element can be used to determine the volume of liquid passing the
      rotatably arranged element.
PAR  The device for dosage of liquids according to the method in this invention
      comprises a device arranged to rotate freely, designed to be driven by a
      flow of liquid through a channel in which the device is arranged, and in
      which a source of light is arranged to direct light on the rotatable
      device, which is constructed to alternately break the beam of light from
      the source of light, at the same time as which a light sensitive device of
      a semi-conductor type is arranged in line with the source of light on the
      opposite side of the rotatable device, whereby the number of light
      impulses formed on the rotation of the rotatable device constitutes a
      measurement of the volume of liquid having passed through the rotatable
      device.
PAR  The device for dosage of liquids according to this invention is that the
      rotatable device is enclosed in a transparent, pipe-shaped portion, which
      is movably arranged in a through channel, which is shaped in a surrounding
      light, and an element is also in the respective opening of the channel,
      being designed to fix the pipe-shaped portion in a predetermined position,
      and at the same time allowing connection of supply pipes and outlet pipes
      for the liquid medium.
PAR  The method according to this invention and the performing of the device
      according to this invention shall now be described in greater detail by
      way of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic functional view of the device according to the
      invention arranged for the measuring of draught beer,
PAR  FIG. 2 shows a cross-section of the device according to this invention,
PAR  FIG. 3 shows an exploded perspective view of the device according to this
      invention with the parts separated from each other,
PAR  FIG. 4 shows a view of the rotatable feeler gauge in a position in which
      the beam of light is broken, and
PAR  FIG. 5 shows a view corresponding to FIG. 4, in which the rotatable element
      is in a second position, allowing for the passage of light.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 indicates a casing through which a through channel 2 with a
      cylindrical cross-section is arranged vertically. A second cylindrical
      channel 3 is arranged normal to the channel 2, whereby the second
      channel's longitudinal axis is arranged to cut the first channel's
      longitudinal axis. One free part of the second channel 3 is connected to
      the first channel 2, designed to allow the introduction of a
      semi-conductor element 4 sensitive to light, for example, a light
      sensitive resistance. In the other free part of the channel 3, a source of
      light 5 is arranged consisting of a filament in a socket. In the first
      channel 2, a transparent pipe 6 is arranged at its respective ends with a
      fixing-element 7,7', on which a centrally located axle 8 is arranged. As
      shown, one end of the axle 8 is defined by a coil resilient 9, which
      allows a spring fixing of the axle 8 against the fixing element 7,7'. A
      feeler gauge 10 is rotatably arranged around the axle 8, and the gauge 10
      is fixed in the line of the axle by a number of balls 11 surrounding the
      axle 8. The feeler gauge is constructed as a screw-shaped portion, and in
      cross-section is essentially rectangular with the edge portions in a
      vertical direction from one another and arranged at right-angles to one
      another. The free end portions of the transparent pipe-shaped part 6 bears
      O-rings 12,12' which, with its sides turned away from the pipe-shaped part
      6, bears on inlet plugs 13,13' respectively, fastened in a thread provided
      in the casing 1. The inlet plugs 13, 13' are preferably of the bayonet
      coupling type. In the casing 1, a number of other channels are provided,
      designed to allow the leading through of wires from the light-sensitive
      semi-conductor element 4 and the source of light 5, to a contact device
      14, arranged in a cylindrical blind hole 15, formed in the casing 1. Two
      gables or plates 16,16' are fixably arranged against the casing 1, whereby
      both the light-sensitive semi-conductor element 4 and the source of light
      5 are completely protected from external effects.
PAR  According to this invention, the device is connected to a line of pipe 17,
      through which the liquid flows for dosage. FIG. 1 shows the device
      connected to a line of pipe leading to a tap 18 for beer, for example.
      When the tap 18 is actuated, the liquid flows through the line of pipe 17,
      whereby the feeler gauge 10 is caused to rotate. At this, rotation the
      beam of light from the source of light 5 is broken twice per revolution of
      the feeler gauge 10, which is sensed by the light sensitive semi-conductor
      element. The impulses from the element 4 are sensed by a counting device
      19 of known type, releasing a magnetic valve 20, after a predetermined
      number of impulses. The counting device 19 can, furthermore, be arranged
      so as to allow the counting of pulse trains of varying predetermined
      length, which can be set by means of a preselective device 21. Here it is
      clearly suitable to arrange comtometer 22 to the counting device 19, being
      separated from one another, whereby direct reading of the number of dosed
      volumes of liquid can occur with regard to differing volumes. This must be
      considered a special advantage in, for example, portioning out of beer,
      normally occurring in large as well as small glasses.
PAR  One special advantage of the device according to this invention is that it
      can easily be changed for servicing. This can be accomplished by removing
      the line of pipe 17 from the bayonet coupling 13,13', and removing the
      wires connecting the counting device 19 with the contact device 14. If the
      feeler gauge needs replacing, this replacement can easily be done by
      removing the bayonet couplings or the inlet plugs, 13,13', after which the
      pipe 6 with the feeler gauge 10 can easily be pushed out of the vertical
      channel 2. A new pipe 6 can then easily be pushed back into the channel,
      after which the plugs 13,13' are refitted to the casing 1, so that the
      device is ready for use again. It is also apparent that both the source of
      light 5 and the light sensitive semi-conductor can easily be removed and
      replaced by removing the gables or plates 16,16'.
PAR  It should be emphasized that the device and the method according to this
      invention are in no way limited to the performance described and
      indicated. The device can naturally be easily adapted for use in many
      other fields of application for the measuring and dosage of liquids. The
      above-described performance indicated in the drawings is only intended to
      serve as a suitable mode of performance, which can naturally be modified
      within the framework of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for the dosage of liquids and more particularly for the
      measurement of beer, comprising a casing having first and second through
      channels therein, said channels being arranged at right-angles to and
      crossing each other, said first channel being of uniform cross-section
      throughout the length thereof, a fixing means adjacent each end of the
      first channel, an axle extending centrally of the first channel and
      secured to the fixing means, means providing a flow of liquid through the
      first channel, a feeler element positioned in the first channel and
      arranged on the axle for free rotary movement and driven by the liquid
      flow through the first channel, a light source located in the second
      channel on one side of the first channel, a light sensitive element of
      semi-conductor type located in the second channel on the other side of the
      first channel in line with the light source, the feeler element serving to
      alternately break a beam of light from the light source, and the axis of
      the light source and the axis of the feeler element being in
      correspondence, so that the number of light impluses emitted on rotation
      of the feeler element constitutes a measurement of the volume of light
      having passed the feeler element.
NUM  2.
PAR  2. The device as claimed in claim 1 in which the feeler element is defined
      by a spiral-shaped part of rectangular cross-section having end edges, the
      end edges being directed away from one another and separated at least
      90.degree. from one another.
NUM  3.
PAR  3. The device is claimed in claim 1 including a contact device within the
      casing and means operably connecting the light source and light sensitive
      element to the contact device.
NUM  4.
PAR  4. The device as claimed in claim 1 including a transparent pipe removably
      mounted within the first channel, and said fixing means being located at
      each end of the pipe.
NUM  5.
PAR  5. A device for the dosage of liquids and more particularly for the
      measurement of beer, comprising a casing having first and second through
      channels therein, said channels being arranged at right angles to and
      crossing each other, means providing a flow of liquid through the first
      channel, a feeler element positioned in the first channel for free rotary
      movement and capable of being driven by the liquid flow through the first
      channel, a light source located in the second channel on one side of the
      first channel, a light sensitive element of semi-conductor type located in
      the second channel on the other side of the first channel in line with the
      light source, the feeler element serving to alternately break a beam of
      light from the light source, the axis of the light source and the axis of
      the feeler element being in correspondence, so that the number of light
      impulses emitted on rotation of the feeler element constitutes a
      measurement of the volume of liquid having passed the feeler element, a
      transparent pipe within the first channel, an axle centrally located in
      the transparent pipe, a fixing means at each end of the transparent pipe
      to which the axle is attached, the feeler element being arranged on the
      axle, and one end of the axle being defined by a spiral coil allowing a
      resilient connection between the axle and the fixing means to which the
      axis is attached.
NUM  6.
PAR  6. The device is claimed in claim 5 in which the feeler element is fixed in
      a pre-determined axial position by a plurality of balls surrounding the
      axle at the end opposite the spiral coil.
NUM  7.
PAR  7. The device as claimed in claim 1 including a counting means and a
      control valve for the means providing a flow of liquid through the first
      channel, the counting means being operably connected to the light
      sensitive element and the control valve for actuating the control valve
      after receiving an impulse train of predetermined length, with the control
      valve arresting flow of liquid through the first channel, a selector
      device operably connected to the counting means for allowing the setting
      of the counting means for the counting of impulse trains with at least two
      lengths being separated from one another, whereby volumes of liquids in
      different dosages are obtained, the counting means being arranged with a
      number of comptometers corresponding to the possible setting of the
      selector device, with the comptometers allowing direct reading of the
      number of dosed volumes of liquid with regard to volume sizes.
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ABST
PAL  A container of the type operable for housing therewithin another container
      is provided having a first pair of opposed side walls, a second pair of
      opposed side walls, and a pair of opposed end walls. The side edges of the
      first and second pairs of opposed side walls are interconnected along
      substantially the entire length thereof whereby to form a housing unit. At
      least one pair of the first and second pairs of side walls embody means
      operable for purposes of enabling the pair of side walls so equipped to
      move between a uncollapsed and a collapsed position. The pair of opposed
      end walls are mounted on the other pair of the first and second pairs of
      opposed side walls for movement between an open and a closed position
      relative thereto. Cooperating means are provided on the pair of opposed
      end walls and the aforesaid other pair of the first and second pairs of
      opposed side walls operable for purposes of securing the pair of opposed
      end walls in the closed position. The container is movable between a first
      condition corresponding to the collapsed condition thereof wherein the one
      pair of the first and second pairs of opposed side walls are in their
      collapsed position and a second condition corresponding to the uncollapsed
      condition thereof wherein the aforereferenced one pair of the first and
      second pairs of opposed side walls are in their uncollapsed position.
      There is formed in one of the walls of the container an opening which is
      operable for purposes of detachably mounting therein a spigot. The latter
      spigot in turn functions as the means by which fluid material present in
      the interior of the container is capable of being dispensed therefrom. In
      addition, a second opening is formed in one of the walls of the container
      with which a funnel means is cooperable for purposes of causing material
      to flow into the interior of the container.
PARN
PAR  This application is a continuation-in-part of Ser. No. 412,905 filed Nov.
      5, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Throughout the years, millions and millions of containers of all types have
      been made and employed. Many of the containers have been designed for a
      particular use while others are intended to have general utility.
      Moreover, there are containers which have been designed to be used only a
      single time whereas there are others that are employed over and over again
      countless numbers of times. Insofar as concerns size and weight,
      containers have been provided heretofore which are very minute in size and
      weigh a few ounces at most, while there are some other containers which
      have been built that encompass tens of square feet and weigh hundreds of
      pounds.
PAR  Containers have also been provided heretofore whose primary function is to
      serve as an enclosure for another container. In such instances, the outer
      container is generally employed either as a means of permitting a
      multiplicity of smaller containers to be grouped as a unit or as a means
      of providing a protective cover for the smaller container. In the latter
      case, the outer container commonly is constructed so as to be
      self-supporting, and is made from a relatively rigid and durable material
      capable of providing the container with a relatively long life. Another
      feature which such containers must possess is that they must embody means
      operable for purposes of providing access to the interior thereof so as to
      permit the smaller container to be placed therein.
PAR  Notwithstanding the fact that containers possessing the latter features
      have been provided previously, a need is nevertheless been evidenced for a
      container which is capable of serving as an enclosure for another
      container and which is capable of being collapsed when not in use. For
      example, it is often desirable to employ such containers for storage
      purposes. More particularly, a need often exists to provide something in
      which to store liquids for relatively short periods of time, or when
      liquids are provided in plastic containers to provide an enclosure for the
      latter until such time as all of the liquid has been dispensed therefrom.
      One set of conditions under which this need is often encountered is on
      camping trips. In such instances water and other forms of potable liquids
      are commonly provided at the camp sites. However, the campers must provide
      their own containers therefor. One common expedient employed for this
      purpose is a plastic liner. The latter does not occupy much space when not
      filled, and thus can easily be packed along with other camping equipment
      as a part thereof. At the camp site, the linear can be readily filled.
      However, inasmuch as the liner in many instances is not self-supporting
      when filled, it is rather difficult to dispense liquid therefrom.
      Moreover, the liner is susceptible to being punctured if engaged by a
      pointed object. Therefore, it can readily be seen that it would be
      desirable to provide some means in which the liner could be housed, and
      which would be operable to function as a protective cover for the liner as
      well as providing means capable of facilitating the dispensing of liquid
      from the liner. On the other hand, such a means must also possess the
      capability of being collapsed so as to present a configuration which will
      occupy a minimal amount of space.
PAR  Another use which is capable of being made of such a container is as a
      receptacle for waste products particularly where the latter takes the form
      of sewage. For instance during camping trips, there is always a certain
      amount of sewage produced. If the camping takes place at one of the more
      developed camp sites, the latter are commonly provided with suitable
      hookups for water, waste disposal, electricity, etc. designed to be used
      with camping trailers and other similar forms of vehicles. However, where
      such hookups are unavailable, the waste products which are produced are
      commonly collected in a suitable temporary storage receptacle and
      thereafter are disposed of in the particular area which has been
      designated for use for this purpose at the camp site, or at another
      suitable location which has been set aside for this purpose in relatively
      close proximity to the camp site. The aforereferenced container equipped
      with a liner is suitably constructed so as to be employable for this
      purpose. More specifically, at periodic intervals the sewage which is
      produced while camping at a given camp site may be dispensed into the
      liner which in turn is suitably housed within the container. When the
      liner becomes filled, or upon leaving the camp site which ever occurs
      first, the contents are removed from the liner and disposed of at an area
      designated therefor and if so desired the liner may then also be removed
      from the container. If a need no longer exists for the container such as
      for instance upon departing from the camp site, the container is capable
      of being collapsed and stored away with the other items of camping
      equipment during the travel from one camp site to another, or from the
      camp site to home as the case may be.
PAR  Accordingly, it is an object of the present invention to provide a novel
      and improved container of the type operable for use in housing another
      container therewithin.
PAR  It is also an object of the present invention to provice such a container
      which is collapsible.
PAR  A further object of the present invention is to provide such a container
      which embodies means operable for purposes of dispensing therefrom
      material contained therewithin.
PAR  Still another object of the present invention is to provide such a
      container having at least one pair of side walls which are capable of
      being collapsed and a pair of end walls which are movable between an open
      and a closed position relative to the side walls of the container.
PAR  Yet another object of the present invention is to provide such a container
      which is capable of being equipped with funnel means operable for causing
      material to flow into the interior of the container.
PAR  Yet still another object of the present invention is to provide such a
      container which is relatively inexpensive to manufacture, is easy to
      employ, yet is sufficiently durable so as to be capable of withstanding
      the rigors of normal wear and tear thereby to provide a relatively long
      operating life.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the foregoing and related objects can be readily
      attained in a container of the type operable for housing another container
      therewithin. The container is provided with a plurality of side walls
      which are interconnected along substantially the entire length of the side
      edges thereof whereby to form a tubular unit, and a pair of opposed end
      walls. At least one pair of side walls embody means operable for purposes
      of enabling the pair of side walls so equipped to move between an
      uncollapsed and a collapsed position. The pair of opposed end walls are
      mounted on another pair of side walls for movement between an open and a
      closed position relative thereto. Cooperating means are provided on the
      pair of opposed end walls and on the aforereferenced another pair of side
      walls operable for purposes of securing the pair of opposed end walls in
      the closed position. The container is movable between a first condition
      corresponding to the collapsed condition thereof wherein the first
      referenced pair of side walls are in their collapsed position and a second
      condition corresponding to the uncollapsed condition thereof wherein the
      first referenced pair of side walls are in their uncollapsed position.
      There is formed in one of the walls of the container an opening which is
      operable for purposes of detachably mounting therein a spigot. The latter
      spigot in turn functions as the means by which fluid material present in
      the interior of the container is capable of being dispensed therefrom. In
      addition, a second opening is formed in one of the walls of the container
      with which a funnel means is cooperable for purposes of causing material
      to flow into the interior of the container.
PAR  In accordance with the preferred embodiment of the invention, all of the
      side walls as well as the pair of opposed end walls of the container are
      formed of metal. Moreover, the pair of side walls which are designed to be
      collapsed are of two-part construction. The means embodied therein whereby
      the side walls are capable of being collapsed comprise a plurality of
      hinges mounted in suitably spaced relation along adjacent side edges of
      the two portions which comprise each of these collapsible side walls.
      Preferably, the pair of opposed end walls are mounted on two of the side
      walls through the use of a plurality of hinges, the latter having one leaf
      thereof connected to the end wall and the other leaf connected to one of
      the side walls. The pair of opposed end walls are secured in the closed
      position by means of a plurality of snap clamps. In accord with the
      preferred embodiment of the invention, a pair of such snap clamps are
      employed with each end wall. In addition, the container is provided with
      an outwardly extending, upstanding lip surrounding the second opening. The
      funnel means comprises a spiral spring of varying diameter which is
      mountable on the container with the small diameter end of the spiral
      spring seated against the container so that the upstanding lip surrounding
      the second opening is received within the small diameter end of the spiral
      spring and with the open end of the liner being passed through the center
      of the spiral spring and thereafter detachably secured to the latter.
PAR  In accord with another aspect of the present invention, a container is
      provided having a first pair of opposed side walls formed of metal, a
      second pair of opposed side walls of non-metallic construction, and a pair
      of opposed end walls which are of metal construction. The first pair of
      side walls are each provided along at least one pair of side edges thereof
      with a substantially U-shaped channel-like portion. For purposes of
      interconnecting the second pair of side walls to the first pair of side
      walls to form a housing unit, the corresponding side edges of the second
      pair of side walls are inserted into the aforedescribed channel portions.
      Thereafter, the sides of each of the latter portions are pinched together
      to capture the side edges of the second pair of side walls therewithin.
      The pair of opposed end walls are attached to the first pair of opposed
      side walls preferably by being hinged thereto. In addition, at least one
      of the first pair of side walls is provided with an opening in which a
      spigot may be mounted. The material from which the second pair of opposed
      side walls are formed preferably is selected from a suitable plastic or
      fabric material which is sufficiently resilient so as to be collapsible
      upon itself. Since the second pair of side walls are capable of being
      collapsed, the container itself may be collapsed merely by moving the pair
      of end walls to the open position thereof and causing the second pair of
      side walls to collapse upon themselves.
PAR  In accordance with another aspect of the invention, a container is provided
      of metal construction. At least two of the plurality of side walls thereof
      are of two-part construction. The two portions which comprise each of the
      latter two side walls are interconnected by means of a longitudinally
      extending length of tape which is substantially equal in length to the
      adjacent side edges of the two portions and which is affixed thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a container constructed in accordance with
      the present invention;
PAR  FIG. 2 is an end view of a container constructed in accordance with the
      present invention;
PAR  FIG. 3 is an end view of a container constructed in accordance with the
      present invention, illustrating the container in a partially collapsed
      condition and with the end walls open;
PAR  FIG. 4 is a top view of a portion of a container constructed in accordance
      with the present invention, illustrating the internal construction thereof
      and a plastic liner positioned therewithin;
PAR  FIG. 5 is a cross-sectional view of a container constructed in accordance
      with the present invention;
PAR  FIG. 6 is a perspective view of another embodiment of container constructed
      in accordance with the present invention;
PAR  FIG. 7 is a cross-sectional view of a portion of a container constructed in
      accordance with the present invention, illustrating one side wall of the
      container embodying another form of means operable for interconnecting
      together the two portions which comprise the side wall;
PAR  FIG. 8 is a side elevational view of a portion of a container constructed
      in accordance with the present invention, illustrating one embodiment of
      spigot employable therewith mounted in an opening provided therefor in one
      of the walls of the container;
PAR  FIG. 9 is a cross-sectional view of a portion of the spigot of FIG. 8,
      illustrating the manner in which the plastic liner is secured thereto;
PAR  FIG. 10 is a perspective view of a funnel means employable with a container
      constructed in accordance with the present invention for purposes of
      causing material to flow into the plastic liner housed within the
      container; and
PAR  FIG. 11 is a cross-sectional view of a portion of the funnel means of FIG.
      10, illustrating the manner in which the open end of the plastic liner is
      attached to the funnel means.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to the drawings, and more particularly FIG. 1 thereof, there
      is illustrated therein a container, generally designated by reference
      numeral 10, constructed in accordance with the present invention. As
      depicted therein, the container 10 has a substantially rectangular
      configuration. The latter configuration is provided by a first pair of
      opposed side portions 12 and 14, a second pair of opposed side walls 16
      and 18, and a pair of opposed end walls 20 and 22. In accord with the
      illustrated embodiment of the invention depicted in FIGS. 1-5 of the
      drawings, all of the side walls, i.e., side walls 12, 14, 16 and 18 as
      well as the pair of end walls 20 and 22 are of metal construction.
PAR  Turning now to a more detailed description of the construction of the side
      walls 12, 14, 16 and 18 and the end walls 20 and 22, each of these walls
      is preferably made from sheet metal. Insofar as concerns specifically the
      side wall 12, the latter is generally rectangular in shape. Along the long
      sides thereof, the side edges of side wall 12 are interconnected to one of
      the side edges of the opposed side walls 16 and 18, respectively. More
      specifically, this interconnection of side wall 12 to side walls 16 and 18
      is preferably accomplished through the use of a plurality of hinges 23 and
      25, only one of each of which is visible along each of the long sides of
      the side wall 12 in FIG. 3 of the drawings. Each of the hinges 23 has a
      leaf 23a affixed to the inner surface of the side wall 12 and a leaf 23b
      secured to the inner surface of side wall 16. In similar fashion, the leaf
      25a of the hinge 25 is fastened to the inner surface of side wall 12 and
      the other leaf 25b  thereof is affixed to the inner surface of side wall
      18. The hinges 23 and 25 have been omitted from FIGS. 1 and 5 of the
      drawings in the interest of maintaining therein clarity of illustration.
      Spaced inwardly of the edges of the short sides of the side wall 12, there
      are provided pairs of snap clamp means 24 and 26, respectively. Each of
      the snap clamp means 24 and 26 comprises a catch portion, not visible per
      se in the drawing, which is carried by the side wall 12 and a hook
      portion, also not visible per se in the drawings, which is cooperable with
      the aforedescribed catch portion and which is carried by the end walls 20
      and 22. The snap clamp means 24 are operable for purposes of securing the
      end wall 20 in a closed position relative to the side wall 12. Similarly,
      the snap clamp means 26 are operable to secure the end wall 22 in a closed
      position relative to the side wall 12. The snap clamp means 24 and 26 may
      take the form of any of the various types of snap fasteners which are
      commercially available, without departing from the essence of the
      invention. In addition, the side wall 12 is provided with an opening 28
      formed therein so as to be positioned inwardly of the edge thereof
      adjacent to which the snap clamp means 24 are mounted. The opening 28, to
      which further reference will be had hereinafter, in accord with the
      illustrated embodiment of the invention is preferably provided with an
      outwardly projecting upstanding rim, i.e., lip 30.
PAR  The construction of the side wall 14 is similar to that of the side wall 12
      in that the former is also rectangular in configuration. Moreover, the
      side edges of side wall 14 are also interconnected to one of the side
      edges of the opposed side walls 16 and 18, respectively. Here too, the
      interconnection of the side edges of the side wall 14 with the side edges
      of the side walls 16 and 18 is preferably accomplished through the use of
      a plurality of hinges 27 and 29, only one of each of which is visible
      along each of the long sides of the side wall 14 in FIG. 3 of the
      drawings. Each of the hinges 27 has a leaf 27a affixed to the inner
      surface 14 and a leaf 27b secured to the inner surface of side wall 16. In
      similar fashion, the leaf 29a of the hinge 29 is fastened to the inner
      surface of side wall 14 and the other leaf 29b thereof is affixed to the
      inner surface of side wall 18. The hinges 27 and 29 have been omitted from
      FIGS. 1 and 5 of the drawings in the interest of maintaining therein
      clarity of illustration. Adjacent the side edge of each of the short sides
      thereof, the side wall 14 has fastened thereon a leaf of one of the pair
      of hinges 32 and 34, respectively. More specifically, leaf 32a of each of
      the pair of hinges 32 is affixed in spaced relation along the side edge of
      one of the short sides of the side wall 14 and the leaf 34a of each of the
      pair of hinges 34 is fastened to the side wall 14 in spaced relation along
      the side edge of the other short side thereof. The hinges 32 and 34 in a
      manner yet to be described function as a means of pivotably connecting the
      end walls 20 and 22 to the side wall 14.
PAR  Turning next to a description of the construction of the side walls 16 and
      18, the latter in accord with the embodiment of the invention illustrated
      in FIGS. 1-5 of the drawings are each of two-part construction. More
      particularly, side wall 16 comprises two rectangularly shaped metal panels
      16a and 16b which are interconnected by means of a plurality of hinges 36.
      In accord with the illustrated form thereof, three such hinges 36 are
      employed located along the length of the side wall 16 in spaced relation
      relative to each other. However, it is to be understood that a greater or
      a lesser number of hinges 36 could be employed for purposes of
      interconnecting panels 16a and 16b without departing from the essence of
      the invention. Each of the hinges 36 has one leaf 36a thereof fastened to
      the panel 16a and one leaf 36b thereof affixed to the panel 16b. The leaf
      36a and the leaf 36b of each hinge 36 are preferably secured to the panels
      16a and 16b, respectively, through the use of threaded fasteners 38. As
      depicted in FIGS. 1-5 of the drawings, the hinges 36 are positioned on the
      exterior of the panels 16a and 16b whereby the latter panels are capable
      of collapsing, i.e., pivoting inwardly as depicted in FIG. 3 of the
      drawings. The latter pivoting movement of the panels 16a and 16b is
      further permitted by virtue of the hinge connections which exist between
      the side wall 16 and the side walls 12 and 14, the latter being provided
      through the operation of the hinges 23 and 27. The side wall 16 is also
      provided at each end thereof with a support member 40. The latter members
      40 as best seen with reference to FIG. 4 of the drawings are of generally
      planar construction but with a portion 40a thereof being offset so that
      when the members 40 are mounted on the side wall 16, the portions 40a
      thereof are spaced from the plane of the side wall 16 a suitable distance
      thereby to enable the overhang edges of the end walls 20 and 22 to be
      received between the portions 40a and the outer surface of the side wall
      16. Any conventional form of fastening means such as welding, threaded
      fasteners, rivets, etc. may be utilized for purposes of mounting the
      members 40 on the side wall 16. In this regard, it is, of course, to be
      noted that since the panels 16a and 16b which comprise the side wall 16
      are intended to possess the capability of pivoting relative to each other,
      the members 40 must be mounted in such a manner as not to inhibit this
      pivoting action of the panels 16a and 16b.  In the interest of maintaining
      clarity of illustration therein, the members 40 have been omitted from
      FIGS. 2 and 3 of the drawings.
PAR  With regard to the construction of side wall 18, the latter has a
      construction which is substantially identical to that of side wall 16.
      More specifically, with particular attention directed to FIG. 3 of the
      drawings, side wall 18 is composed of a pair of rectangularly shaped
      panels 18a and 18b. Each of the latter panels has dimensions which conform
      substantially to those of the corresponding panels 16a and 16b of side
      wall 16. The panels 18a and 18b are interconnected at a plurality of
      locations along the major axis thereof by means of a multiplicity of
      hinges 39, only one of which is visible in the drawings. Each of the
      hinges 39 has one leaf 39a attached by means of threaded fasteners (not
      shown) to the panel 18a and the other leaf 39b fastened through the use of
      threaded fasteners (not shown) to the panel 18b. It is, of course, to be
      understood that the panels 18a and 18b are each provided with openings
      (not shown) suitably dimensioned to receive the aforementioned threaded
      fasteners therein. As has been previously described hereinabove, each of
      the long sides of side wall 18 in addition is interconnected to the side
      walls 12 and 14 by means of hinges 25 and 29, respectively. As shown in
      FIG. 3 of the drawings, the hinges 39 are positioned on the exterior of
      the panels 18a and 18b whereby the latter panels are capable of
      collapsing, i.e., pivoting inwardly as illustrated in FIG. 3 of the
      drawings. The latter pivoting movement of the panels 18a and 18b is
      further facilitated by the hinge connections which exist between the side
      wall 18 and the side walls 12 and 14. The latter mentioned hinge
      connections are provided by the hinges 25 and 29. In a manner similar to
      that set forth hereinabove in connection with the description of the side
      wall 16, the side wall 18 is also provided at each of the opposite ends
      thereof with a support member 42. The latter members 42 are substantially
      identical in construction to the members 40. More specifically, each of
      the members 42 as seen with reference to FIG. 4 of the drawings is
      provided with an offset portion 42a. The latter offset portion 42a is
      operable when the members 42 are affixed to the side wall 18 to provide a
      space between the latter and the offset portion 42a into which the
      overhanging edges of the end walls 20 and 22 are capable of being received
      when the latter end walls 20 and 22 are in their closed position, i.e.,
      the position thereof best seen in FIGS. 4 and 5 of the drawings. The
      members 42 may be secured on the side wall 18 through the use of any
      conventional type of fastening means such as threaded fasteners, rivets,
      by welding, etc. Like the members 40, however, the members 42 must be
      mounted on the side wall 18 so as not to interfere with the pivoting
      action which the panels 18a and 18b which comprise the side wall 18
      undergo in moving between their uncollapsed and their collapsed positions.
PAR  Considering next the construction of the end walls 20 and 22, the latter
      are each substantially rectangular in shape. More specifically, each of
      the end walls 20 and 22 is generally planar in configuration except for
      the presence therein of a generally rectangular inwardly projecting recess
      44 and 46, respectively, located approximately centrally therein. The
      latter recesses 44 and 46 are provided for a purpose which will be
      described subsequently. In addition, each of the end walls 20 and 22 is
      provided along three sides thereof with an overhanding edge. In this
      connection, the end walls 20 and 22 are suitably dimensioned so as to be
      slightly larger in area than the area defined by the side walls 12 and 14
      and the side walls 16 and 18 when the latter are in the uncollapsed
      condition whereby when the end walls 20 and 22 are moved to their closed
      position relative to the side walls 12, 14, 16 and 18, the aforedescribed
      overhanging edges of the end walls 20 and 22 are positioned externally of
      and in juxtaposed relation to the outer surface of the side walls 12, 14,
      16 and 18. Moreover, in the manner previously set forth hereinabove, the
      overhanging edges of the end walls 20 and 22, when the latter occupy their
      closed position, are captured between the support members 40 and 42 and
      the side walls 16 and 18, respectively. With particular reference to FIGS.
      1, 4 and 5 of the drawings, it can be seen therefrom that the
      aforereferenced overhanging edges of the end walls 20 and 22 function in
      essence as a rim about the ends of the container 10 when the end walls 20
      and 22 are in their closed position.
PAR  The end wall 20 has fastened thereto, adjacent the edge thereof which is
      not provided with an overhanging edge, the leaf 32b of each of the hinges
      32. As a result of this hinge connection therebetween, the end wall 20 is
      capable of being made to move between an open position and a closed
      position relative to the ends of the side walls 12, 14, 16 and 18 when the
      latter two sides, i.e., side walls 16 and 18 are in their uncollapsed
      conditions. The leaf 32b of each of the hinges 32 may be fastened to end
      wall 20 through the use of any suitable type of conventional threaded
      fastener (not shown). In like fashion, the leaf 34b of each of the hinges
      34 is fastened to the end wall 22 adjacent to the edge thereof which is
      not provided with an overhanging edge. This hinged interconnection between
      the end wall 22 and the side wall 14 enables the former to be moved
      between an open and a closed position relative to the side walls 12, 14,
      16 and 18 when the latter two sides are in their uncollapsed condition.
      Any conventional form of fastening means such as, for example, threaded
      fasteners 48 may be employed for securing the leaf 34b of the hinges 34 to
      the end wall 22.
PAR  With reference again to the recesses 44 and 46, the latter each have
      mounted therein, in accord with the embodiment of the invention
      illustrated in FIGS. 1-5 of the drawings, a handle 50 and 52,
      respectively. The handles 50 and 52 are suitably mounted within the
      recesses 44 and 46, respectively, through the use of any conventional
      mounting means commonly employed for this purpose so that the handles 50
      and 52 are positioned substantially flush with the external surface of the
      end walls 20 and 22, respectively. The handles 50 and 52 are thus readily
      accessible for use in grasping the container 10.
PAR  Completing the description of the container 10, the latter in accord with
      the embodiment thereof depicted in the drawings, is preferably provided
      with a spigot which by way of illustration may take the form of the
      embodiment of the spigot designated in FIG. 5 by reference numeral 54. The
      latter is suitably dimensioned so as to be capable of being positioned
      within the opening 28 with a frictional fit. In addition, the spigot 54
      includes valving means (not shown) operable in a manner well-known to
      those skilled in the art to control the flow of fluid through the spigot
      54. More specifically, the valving means (not shown) is capable of
      providing at least two operating conditions, i.e., one wherein fluid is
      dispensed therethrough and one wherein no fluid flow occurs therethrough.
PAR  A description of one method of employing the container 10 will now be set
      forth. Referring first to FIG. 3 of the drawings, when not in use the
      container 10 preferably is in a collapsed condition. To this end, each of
      the end walls 20 and 22 of container 10 is in its open position relative
      to the side walls 12, 14, 16 and 18, i.e., the position in which end wall
      22 is shown in FIG. 3 of the drawings. Moreover, the side walls 16 and 18
      are each collapsed inwardly in the manner depicted in FIG. 3 of the
      drawings, but to a greater extent than that depicted in the latter figure.
      When in the collapsed condition, the container 10 has an extremely compact
      configuration whereby it occupies minimal space and is easily
      transportable. With the container 10 in the aforedescribed collapsed
      condition, it is necessary before using the container 10 to cause the
      latter to be first erected. This is accomplished by causing the side walls
      16 and 18 to pivot to the positions depicted in FIG. 1 of the drawings.
      Thereafter, one of the end walls, i.e., either end wall 20 or end wall 22
      is moved to its closed position. In this regard, it is generally found
      desirable when the opening 28 is located nearest to the end wall 22 that
      the end wall 20 be the one that is moved to the closed position. The
      reason for this will become readily apparent from the description which
      follows hereinafter. Continuing with the description of this method of
      employing the container 10, after the end wall 20 has been moved to its
      closed position, the latter is preferably secured in this position through
      the use of the snap clamp means 24. The container 10 is then in a
      condition wherein another container such as the liner 56 depicted in
      dotted lines in FIG. 5 of the drawings may be inserted therewithin through
      the open end of the container 10, i.e., the end at which the end wall 22
      is provided. The liner 56 which in accord with one contemplated use to
      which the container 10 may be put is preferably filled with some form of
      dispensible fluid. With the liner 56 inserted into the container 10 and
      with the end wall 22 still open, the end portion 58 of the liner 56 is
      inserted through the opening 28 from the interior to the exterior of the
      container 10. The latter action can readily be accomplished through the
      open end of the container 10 particularly wheen the open end thereof
      comprises the end at which the end wall 22 is located. On the other hand,
      if the open end of the container 10 were the end at which the end wall 20
      is found, it should be readily apparent that the task of inserting the end
      58 of the liner 56 would be somewhat more difficult inasmuch as it would
      be necessary to reach further into the container 10 to push the end 58
      through the opening 28. It is, of course, to be understood that when the
      preceding steps are being taken, the container 10 is preferably positioned
      on a suitable surface so that it is supported whereby the opening 28 is
      located as shown in FIG. 1 of the drawings. Moreover, it is to be
      understood that the end 58 of the liner 56, the latter being filled with
      some form of liquid, is provided with a suitable seal (not shown). Once
      the end 58 has been passed through the opening 28, the latter mentioned
      seal is preferably broken. Then the spigot 54 is positioned within the
      opening 28 such that the end 58 of the liner 56 is captured between the
      side walls of the rim 30 of the opening 28 and the spigot 54. Thereafter,
      the edges of the end 58 of the liner 56 may, if so desired, be rolled back
      into engagement with the rim 30 of the opening 28 in the manner depicted
      in FIG. 5 of the drawings. Then, the end wall 22 is moved to its closed
      position relative to the side walls 12, 14, 16 and 18 and secured in the
      latter described position by means of the snap clamp means 26. Finally,
      the container 10 is turned on its end so that it is positioned as shown in
      FIG. 5 whereupon the fluid contained in the liner 56 is capable of being
      dispensed through the spigot 54 as desired.
PAR  When the liner 56 has been emptied, it may readily be removed from the
      interior of the container 10 by reversing the procedure set forth
      hereinabove. More specifically, the container 10 is once again turned on
      its side, i.e., to the position shown in FIG. 1 of the drawings. The
      spigot 54 is then removed from the opening 28. With the spigot 54 removed,
      the snap clamp means 26 are operated so that the end wall 22 is no longer
      secured in its closed position thereby. The end wall 22 thereafter is
      opened and the liner 56 is removed through the open end of the container
      10. If it is desired to replace the empty liner 56 with a filled one, the
      latter is inserted through the open end of the container 10 and the
      procedure set forth above is once again followed. On the other hand, if
      the container 10 is no longer to be employed, it can be collapsed. As
      noted previously, the collapsing of the container 10 is accomplished by
      releasing the snap clamp means 24, moving the end wall 20 to its open
      position, and thereafter causing the side walls 16 and 18 to pivot
      inwardly.
PAR  Referring now to FIG. 6 of the drawings, there is shown therein another
      embodiment of container, generally designated by reference numeral 60,
      constructed in accordance with the present invention. With reference to
      FIG. 6, those elements of the container 60 which are substantially
      identical in construction to structure embodied in the container 10 which
      have been previously described hereinabove are identified in FIG. 6 by the
      same numerals employed to designate the same elements of container 10 in
      FIGS. 1-5 of the drawings. The container 60 differs from the container 10
      primarily in the fact that container 60 is provided with a pair of side
      walls 62 and 64, each of which is of non-metallic construction. More
      specifically, the side walls 62 and 64 which correspond to the side walls
      16 and 18, respectively, of the container 10 are made from a suitable
      plastic or fabric material having sufficient resiliency that the side
      walls 62 and 64 are capable of being collapsed, thereby enabling the
      container 60 to have both a collapsed and an uncollapsed condition. For
      purposes of interconnecting the side walls 62 and 64 to the other pair of
      side walls, i.e., side walls 66 and 68 of container 60, the latter side
      walls 66 and 68 are provided along each edge of the long sides thereof
      with a channel-like portion 70. The latter portions 70 extend
      substantially the entire length of the side walls 66 and 68. The
      interconnection of side walls 62 and 64 to side walls 66 and 68 is
      accomplished by inserting the side edges of the side walls 62 and 64 into
      the aforedescribed channel-like portions 70. The side walls of the latter
      portions 70 are then pinched together capturing the edges of the side
      walls 62 and 64 therebetween. This method of interconnecting the side
      walls 62 and 64 to the side walls 66 and 68 has been found to provide a
      sufficiently secure connection therebetween. Insofar as concerns the
      remainder of the elements embodied in the container 60, these elements are
      substantially identical in structure and function to the elements
      corresponding thereto which are embodied in the container 10. Since the
      structure and function of these elements has been set forth previously
      herein in connection with the description of the container 10, it is not
      deemed necessary to set forth herein a further description of these
      elements in connection with the description of the construction of the
      container 60.
PAR  Turning now to a description of the manner in which the container 60 is
      assembled and employed, the container 60 operates substantially in the
      same fashion as the container 10. Essentially the only difference
      therebetween is that instead of embodying a pair of side walls which are
      hinged together whereby to be capable of pivoting inwardly, i.e., into the
      interior of the container, the side walls 62 and 64 are made to collapse
      by virtue of their inherent resiliency. Otherwise, the container 60
      operates in the same manner as container 10. Namely, with the container 60
      in its collapsed condition, the container 60 is erected by causing the
      side walls 62 and 64 to occupy a substantially planar configuration, i.e.,
      by straightening the side walls 62 and 64. Then the end wall 20 is pivoted
      to its closed position and secured in the latter position through the
      operation of the snap clamp means 24. Next the liner 56 is inserted into
      the interior of the container 60 and the end 58 thereof is passed through
      the opening 28 provided in the end wall 66. With the end 58 of the liner
      56 having been unsealed the spigot 54 is mounted in the opening 28 thereby
      to capture the liner 56 between the rim 30 of the opening 28 and the
      spigot 54 and to provide a means for dispensing from the container 60 the
      fluid contained in the liner 56. Thereafter, the other end wall, i.e., end
      wall 22 is pivoted to its closed position and secured in place through
      operation of the snap clamp means 26. The container 60 can then be turned
      on its end so that the end wall 22 rests on a suitable supporting surface.
PAR  With reference next to FIG. 7 of the drawings, there is depicted therein
      another type of means which may be employed for purposes of pivotably
      interconnecting together the two panels 16a and 16b which comprise the
      side wall 16 and the two panels 18a and 18b which comprise the side wall
      18. To this end, rather than utilizing a plurality of hinges 36 and 38 for
      this purpose, the latter may be replaced by a tape 72 substantially equal
      in length to the length of the side walls 16 and 18. The tape 72 which may
      take the form of any of the types of tapes presently commercially
      available which are intended to be employed for joining two members
      together is suitably affixed to the adjacent edges of the long sides of
      the panels 16a and 16b and the panels 18a and 18b, respectively by being
      adhered thereto by the use of a suitable adhesive (not shown).
PAR  Turning now to FIGS. 8 and 9 of the drawings, there is illustrated therein
      another embodiment of spigot means, i.e., faucet, generally designated by
      reference numeral 74, which is capable of being employed with either
      container 10 or container 60 constructed in accordance with the present
      invention. The spigot means 74 differs from the spigot 54, which is found
      depicted in FIG. 1 of the drawings and which has been described previously
      hereinabove, both as to the manner in which it is mounted on either the
      container 10 or the container 60 as well as the method of employment
      thereof. More specifically, the spigot means 74 includes a spigot portion
      76 which has a handle 78 preferably formed integrally therewith. The
      spigot portion 76 in a manner well-known to those skilled in the art is
      provided with a suitably configured hollow interior (not shown) and an
      opening (not shown) formed in the side wall thereof which provides
      communication with the aforesaid hollow interior of the spigot portion 76
      so as to form a fluid passage therebetween. In addition, the spigot means
      74 includes a tubular member 80 at one end of which the aforedescribed
      spigot portion 76 is suitably mounted so as to be rotatable relative
      thereto. The tubular member 80 which also has a suitably configured hollow
      interior 82 has a multiplicity of screw threads 84 formed on the external
      surface thereof adjacent the free end thereof. The latter multiplicity of
      screw threads 84 are employed for purposes of detachably mounting the
      spigot means 74 to the container 10 or the container 60. Assuming that the
      spigot means 74 is to be employed with the container 10, one of the walls
      thereof as best understood with reference to FIG. 8 of the drawings has an
      opening formed therein (not shown) which is surrounded by an upstanding
      rim 86. As applied to the container 10, the latter referenced opening may
      be provided in either one of the pair of end walls 20 or 22, or in either
      one of the pair of side walls 12 or 14, with the selection of which wall
      is to have provided therein the aforereferenced opening, being dependent
      upon how it is desired to locate the container 10 for purposes of
      dispensing therefrom the contents thereof. Namely, if it is desired to
      rest the container 10 on either of the pair of side walls 12 or 14 for
      dispensing purposes then the aforedescribed opening would be provided in
      one of the pair of end walls 20 or 22, and conversely if the container 10
      is to rest on one of the pair of end walls 20 or 22 for dispensing
      purposes then the aforedescribed opening is provided in one of the pair of
      side walls 12 or 14.
PAR  There will now be described the manner in which the interconnection between
      the hollow interior 82 of the tubular member 80 of the spigot means 74 and
      the interior of a plastic liner 56 located within the container 10 is
      accomplished. For this purpose, reference will be had to FIGS. 8 and 9 of
      the drawings. As shown therein, there is provided a resilient bushing 88
      preferably formed from a resilient material such as rubber. The bushing 88
      has one end 88a thereof which is of relatively small diameter and one end
      88b thereof which is of relatively large diameter. More specifically, the
      end 88a of the bushing 88 is suitably dimensioned and configured so as to
      be insertable into the hollow interior 82 of the tubular member 80 of the
      spigot means 74 in the manner depicted in FIG. 9 of the drawings. To
      ensure that the bushing 88 remains securely fastened in the free end of
      the tubular member 80 of the spigot means 74, there is preferably formed a
      rib 90 within the hollow interior 82 at a location spaced inwardly of the
      free end of the tubular member 80. By virtue of the inherent resiliency of
      the bushing 88, the latter when the end 88a thereof is inserted into the
      hollow interior 82 is caused to be compressed by the rib 90 thereby
      providing a tight frictional interengagement between the rib 90 and the
      external side wall of the end 88a of the bushing 88. In the manner shown
      in FIG. 9 of the drawings, the bushing 88 functions to capture a portion
      of the plastic liner 56 between the end 88a of the former and the free end
      of the tubular member 80. This is accomplished by inserting the bushing 88
      into the interior of the plastic liner 56 and thereafter into engagement
      with the free end of the tubular member 80. It will be noted that the
      bushing 88 has a through passage 92 formed at the center thereof. With the
      bushing 88 assembled in the free end of the tubular member 80 in the
      manner depicted in FIG. 9 of the drawings so that the plastic liner 56 is
      interposed between the former and the latter, it is possible to make a
      hole 94 in the plastic liner 56 by pushing a pointed object into the
      through passage 92 in the bushing 88 and into engagement with the plastic
      liner 56. This establishes a fluid flow passage between the interior of
      the plastic liner 56 and the exterior of the container 10. This fluid flow
      passage is composed of the through passage 92 in the bushing 88, the hole
      94 in the plastic liner 56, the hollow interior 82 of the tubular member
      80 and, when the opening (not shown) formed in the spigot portion 76 is
      aligned with the hollow interior 82 through manipulation of the handle 78,
      then through the aforereferenced opening in the spigot portion 76 to the
      hollow interior (not shown) of the latter and therethrough to the open end
      of the spigot portion 76. Obviously, since for purposes of capturing the
      plastic liner 56 between the free end of the tubular member 80 of the
      spigot means 74 and the bushing 88 it is required that the latter be
      inserted into the former from the inside of the plastic liner 56, the
      spigot means 74 is limited in its employment to situations wherein the
      plastic liner 56 is filled with contents only after the plastic liner 56
      has been placed within the container 10. For those applications wherein
      the plastic liner 56 is prefilled, i.e., is filled before being placed
      inside the container 10, it is preferable to employ a spigot embodying a
      construction such as that of the spigot 54 which was previously described
      hereinabove.
PAR  Assuming that the spigot means 74 is being employed, once the contents of
      the plastic liner 56 have been emptied therefrom the spigot means 74 may
      be dismounted from the container 10 whereby to enable the latter to be
      placed in its collapsed condition. This is accomplished simply by removing
      the bushing 88 from the free end of the tubular member 80 and thereafter
      unscrewing the spigot means 74 from the container 10. If so desired, the
      plastic liner 56 may also be removed from the interior of the container 10
      prior to the latter being placed in its collapsed condition. In accord
      with the preferred manner of employment of the spigot means 74, once the
      latter has been dismounted from the container 10, the opening (not shown)
      formed in the side wall of the latter is closed by means of the bushing
      88. More specifically, the end 88b of the bushing 88 is suitably
      configured and dimensioned so as to be receivable within the
      aforereferenced opening with a frictional fit.
PAR  In the event that a need exists to fill the plastic liner 56 after the
      latter has been placed within the interior of either the container 10 or
      the container 60 constructed in accordance with the present invention,
      there will now be set forth with reference to FIGS. 10 and 11 of the
      drawings a description of a means and a method whereby this function is
      capable of being accomplished. The means to which reference is had in this
      instance consists of a funnel means which is cooperable with the opening
      28 with which each of the containers 10 and 60 is provided as has been
      described previously hereinabove. More specifically, the aforesaid funnel
      means consists of a spiral spring of varying diameter, i.e., having one
      end 96a thereof which is of relatively small diameter and the other end
      96b thereof which is of relatively large diameter. To employ the spiral
      spring 96 as shown in FIGS. 10 and 11 of the drawings, the small end 96a
      of the spiral spring 96 is seated on either the container 10 or the
      container 60 so that the upstanding rim, i.e., lip 30 surrounding the
      opening 28 is received within the small diameter 96a. To this end, the
      small end 96a is suitably dimensioned so as to embody a diameter which is
      slightly less then the diameter of the opening 28 which in order to
      position the small end 96a relative to the rim 30 in the manner depicted
      in FIGS. 10 and 11 of the drawings, the small end 96a of the spiral spring
      96 must be biased outwardly to a slight extent whereby the small end 96a
      of the spiral spring 96 exerts an inward biasing force against the
      external side wall of the rim 30 which is effective to maintain the small
      end 96a of the spiral spring 96 in engagement with the rim 30. Once the
      spiral spring 96 has been positioned in the aforedescribed manner relative
      to the opening 28, the open end of the plastic liner 56 is pulled through
      the center of the spiral spring 96. Thereafter, the end 58 of the plastic
      liner 56 is folded over the large end 96b of the spiral spring 96. In
      accord with the preferred method of employment of the funnel means, i.e.,
      the spiral spring 96, the final step which is performed is to insert the
      end 58 of the plastic liner 56 between adjacent coils of the spiral spring
      96 whereby the end 58 of the plastic liner 56 is captured between the
      inner surface of the coils of the spiral spring 96 and the outer surface
      of the open end portion of the plastic liner 56. It is thus seen that the
      spiral spring 96 when employed in the aforedescribed manner functions
      effectively and efficiently as a funnel. Once the plastic liner 56 has
      been filled to the desired extent, the end 58 of the plastic liner is
      pulled out from between the coils of the spiral spring 96. The next step
      is to remove the spiral spring 96 from the container. Thereafter, the open
      end of the plastic liner 56 is sealed, and the sealed end preferably is
      pushed through the opening 28 into the interior of the container, be it
      the container 10 or the container 60. When the spiral spring 96 is not in
      use, it is preferably placed in a collapsed condition wherein the small
      end 96a thereof is located within the large end 96b so that the spiral
      spring 96 presents a substantially flat configuration thereby occupying
      minimal space. Moreover, when the spiral spring 96 is in the
      aforedescribed condition, and the container, be it either the container 10
      or the container 60, is also in a collapsed condition, the spiral spring
      96 is capable of being stored within the latter container without
      significantly increasing the thickness of the latter.
PAR  Although several embodiments of the containers constructed in accordance
      with the present invention have been shown in the drawings and described
      hereinabove, it is to be understood that modifications in the construction
      thereof may be made thereto by those skilled in the art without departing
      from the essence of the invention. In this connection, some of the
      modifications which can be made in the containers 10 and 60 have been
      alluded to hereinabove while others will become readily apparent to those
      skilled in the art when exposed to the present description and
      illustration of the containers 10 and 60. For example, means other than
      the snap clamp means 24 and 26 may be utilized without departing from the
      essence of the invention for securing the end walls 20 and 22 in their
      closed position. Also, the support members 40 and 42 rather than being in
      the form of separate members could comprise areas of the side panels 16
      and 18 that have been lanced out of the plane thereof. Moreover, the
      number as well as the relative positioning of the snap clamp means 24 and
      26 and the support members 40 and 42 could obviously be varied without
      departing from the essence of the invention. With regard specifically to
      the container 60, the end walls 20 and 22 thereof may be provided, if so
      desired, with suitably located inwardly extending depending flange members
      operable for providing additional rigidity to the ends of the side walls
      62 and 64 when the end walls 20 and 22 are brought into juxtaposed
      relation therewith in the closed position thereof, without departing from
      the essence of the invention. Although the container 10 has been described
      hereinabove as being of metal construction and the side walls 66 and 68
      and the end walls 20 and 22 of the container 60 have likewise been
      described as being of metal construction it is to be understood that the
      container 60 may be formed of some type of substantially non-resilient
      material such as wood, etc. without departing from the essence of the
      invention.
PAR  Thus, it can be seen that the present invention provides a novel and
      improved container of the type operable for use in housing another
      container therewithin. Moreover, the container of the present invention is
      designed to be collapsible. Furthermore, in accord with the present
      invention a container has been provided having at least one pair of side
      walls which are capable of being collapsed and a pair of end walls which
      are movable between an open and a closed position relative to the side
      walls of the container. A container in accord with the present invention
      has been provided which is operable for purposes of dispensing therefrom
      material contained therewithin. In addition, in accord with the present
      invention a container has been provided with which funnel means are
      capable of being employed for purposes of filling another container housed
      within the container after the other container has been placed therein.
      Finally, a container has been provided in accordance with the present
      invention which is relatively inexpensive to manufacture, is easy to
      employ, yet is sufficiently durable so as to be capable of withstanding
      the rigors of normal wear and tear thereby to provide a relative long
      operating life.
CLMS
STM  I claim:
NUM  1.
PAR  1. A collapsible container particularly adapted to be employed when in an
      uncollapsed condition for purposes of supporting therewithin a liner
      having contents located therein comprising:
PA1  a. housing means having an uncollapsed condition and a collapsed condition
      including a first pair of uncollapsible side walls and a second pair of
      collapsible side walls;
PA1  b. hinge means connecting each of said first pair of side walls and each of
      said second pair of side walls together for movement relative to each
      other between a first position corresponding to the uncollapsed condition
      of said housing means wherein said second pair of side walls are
      uncollapsed relative to said first pair of side walls and a second
      position corresponding to the collapsed condition of said housing means
      wherein said second pair of side walls are collapsed relative to said
      first pair of side walls;
PA1  c. a pair of uncollapsible end walls pivotally mounted at the opposite ends
      of one of said first pair of side walls for movement between a closed
      position relative to the other of said first pair of side walls
      corresponding to the uncollapsed condition of said housing means and an
      open position relative to the other of said first pair of side walls
      corresponding to the collapsed condition of said housing means;
PA1  d. cooperative securing means mounted on the free end of each of said pair
      of end walls and on the opposite ends of said other of said first pair of
      side walls operable for securing said pair of end walls in the closed
      position thereof;
PA1  e. one of said uncollapsible walls of the container having an opening
      formed therethrough, said opening being surrounded by an upstanding flange
      portion, said upstanding flange portion being internally threaded;
PA1  f. a liner having an opening provided therein through which the contents of
      said liner are capable of flowing, said liner being positioned within said
      housing means with said opening in said liner being aligned with said
      opening in said one of said uncollapsible walls; and
PA1  g. means mounted in said opening in said one of said uncollapsible walls
      operable to selectively control the flow of contents between the interior
      of said liner and the exterior of said housing means through said opening
      in said liner and said opening in said one of said uncollapsible walls by
      controlling the flow of the contents through said means, said means
      mounted in said opening in said one of said uncollapsible walls comprising
      a spigot including a tubular member having a through passage formed
      therein and a spigot portion having a handle formed integrally therewith,
      said spigot portion being mounted on said tubular member at one end
      thereof for rotation relative thereto between a dispensing position and a
      nondispensing position, said tubular member including a multiplicity of
      threads formed externally at the other end thereof threadedly engageable
      with said internal threads formed in said upstanding flange portion for
      mounting said spigot in said opening in said one of said uncollapsible
      walls, said through passage in said tubular member having an outwardly
      projecting circumferential rib formed therein inwardly of said other end
      of said through passage and a bushing formed of resilient material having
      one end thereof corresponding in diameter to the diameter of said through
      passage in said tubular member and the other end thereof having a diameter
      greater than the diameter of said through passage in said tubular member,
      said one end of said bushing being inserted into said through passage at
      said other end of said tubular member to capture said liner between said
      circumferential rib and said one end of said bushing so as to attach said
      liner to said spigot, said bushing having an opening formed therethrough
      to permit the contents of said liner to flow therethrough to said through
      passage in said spigot, said other end of said bushing being operable to
      close off said opening in said one of said uncollapsible walls when said
      spigot is removed from said opening in said one of said uncollapsible
      walls.
NUM  2.
PAR  2. The container as set forth in claim 1 further comprising support means
      mounted on said first pair of uncollapsible side walls at the opposite
      ends thereof operable to receive said pair of uncollapsible end walls in
      engagement therewith when said pair of uncollapsible end walls are in the
      closed position.
NUM  3.
PAR  3. The container as set forth in claim 1 wherein said cooperative securing
      means comprises a first pair of snap clamp means operable for securing one
      of said pair of uncollapsible end walls in a closed position and a second
      pair of snap clamp means operable for securing the other of said pair of
      uncollapsible end walls in a closed position.
NUM  4.
PAR  4. The container as set forth in claim 1 wherein each of said second pair
      of collapsible side walls comprises a pair of panels and means connected
      to each of said pair of panels operable for moving said pair of panels
      between a first position wherein said second pair of collapsible side
      walls are in an uncollapsed condition and a second position wherein said
      second pair of collapsible side walls are in a collapsed condition.
NUM  5.
PAR  5. The container as set forth in claim 4 wherein said means connected to
      each of said pair of panels comprises a multiplicity of hinges each having
      one leaf thereof secured to one of said pair of panels and the other leaf
      thereof secured to the other of said pair of panels.
NUM  6.
PAR  6. The container as set forth in claim 4 wherein said means connected to
      each of said pair of panels comprises a length of tape having a portion
      thereof secured to each of said pair of panels.
NUM  7.
PAR  7. The container as set forth in Claim 1 wherein each of said second pair
      of collapsible side walls comprises an integral member formed of a
      nonmetallic resilient material having sufficient inherent flexibility to
      enable said member to be collapsed upon itself.
NUM  8.
PAR  8. A collapsible container particularly adapted to be employed when in an
      uncollapsed condition for purposes of supporting therewithin a liner
      having contents located therein comprising:
PA1  a. housing means having an uncollapsed condition and a collapsed condition
      including a first pair of uncollapsible side walls and a second pair of
      collapsible side walls;
PA1  b. hinge means connecting each of said first pair of side walls and each of
      said second pair of side walls together for movement relative to each
      other between a first position corresponding to the uncollapsed condition
      of said housing means wherein said second pair of side walls are
      uncollapsed relative to said first pair of side walls and a second
      position corresponding to the collapsed condition of said housing means
      wherein said second pair of side walls are collapsed relative to said
      first pair of side walls;
PA1  c. a pair of uncollapsible end walls pivotally mounted at the opposite ends
      of one of said first pair of side walls for movement between a closed
      position relative to the other of said first pair of side walls
      corresponding to the uncollapsed condition of said housing means and an
      open position relative to the other of said first pair of side walls
      corresponding to the collapsed condition of said housing means;
PA1  d. cooperative securing means mounted on the free end of each of said pair
      of end walls and on the opposite ends of said other of said first pair of
      side walls operable for securing said pair of end walls in the closed
      position thereof;
PA1  e. one of said uncollapsible walls of the container having an opening
      formed therethrough, said opening being surrounded by an upstanding flange
      portion, said upstanding flange portion being internally threaded;
PA1  f. another one of said uncollapsible walls having formed therethrough a
      second opening, said second opening being surrounded by an upstanding
      flange portion;
PA1  g. a liner having an opening provided therein through which the contents of
      said liner are capable of flowing, said liner being positioned within said
      housing means with said opening in said liner being aligned with said
      opening in said one of said uncollapsible walls, said liner having a
      second opening provided therein through which contents are capable of
      being inserted into said liner, said liner being positioned within said
      housing means within said second opening in said liner being aligned with
      said second opening in said another one of said uncollapsible walls;
PA1  h. means mounted in said opening in said one of said uncollapsible walls,
      said means mounted in said opening in said one of said uncollapsible walls
      comprising a spigot detachably mounted in said opening in said one of said
      uncollapsible walls so as to be operable to selectively control the flow
      of the contents of said liner from said liner externally of said housing
      means; and
PA1  i. funnel means provided cooperatively associated in juxtaposed relation to
      said second opening in said another one of said uncollapsible walls for
      purposes of enabling contents to flow therethrough into said liner, said
      funnel means comprising a spiral spring of varying diameter, said spiral
      spring increasing progressively in diameter from one end thereof to the
      other end thereof, said spiral spring having an expanded condition
      employed when said spiral spring is being utilized for purposes of
      enabling contents to flow therethrough into said liner and a collapsed
      condition employed for storing said spiral spring within the container
      when the container is in the collapsed condition thereof, said spiral
      spring being mountable on said housing means with the smaller diameter end
      thereof mounted about said second opening in said another one of said
      uncollapsible walls said liner having a portion thereof adjacent said
      second opening therein being drawn through the center of said spiral
      spring from the smaller diameter end thereof to the larger diameter end
      thereof and wrapped around said spiral spring.
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PAL  A foam dispensing device having a foaming member and valve system in a
      flexible container designed to produce a quality foam when the container
      is pressurized regardless of the position of the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Recent trends in the merchandising of consumer goods have indicated the
      need for dispensing devices capable of dispensing cleaning and waxing
      products, cosmetics and toiletries and food stuffs. Many of these consumer
      products adapt themselves to application in the form of a foam through a
      convenient hand dispensing device. Such dispensing devices must be
      economical to manufacture and efficient in operation to provide an
      advantage to the consumer over previous packaging techniques. The advent
      of self-contained pressurized dispensing devices has reduced the time
      required to produce foam but has introduced the requirement for a
      container strong enough to withstand the rather high internal pressures,
      thereby adding substantially to the manufacturing costs of such dispensing
      devices. In addition, such pressurized dispensing devices have the
      disadvantage that the gas used in effecting the formation of foam and
      discharge thereof does not replenish itself, thus limiting the useful life
      of the dispensing device.
PAR  As a result of the problems associated with pressurized dispensing devices,
      several types of foaming devices using flexible or plastic containers,
      relying on manual pressure, were developed. Unfortunately most, if not all
      of the more efficient devices, would work in only one position, generally
      upright. Consequently, there is a great need for a foaming device which
      can be used in any position and which is operated or pressurized manually.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to foaming devices and more
      specifically to manually operated foaming devices which can be used in any
      position.
PAR  Accordingly, it is a primary object of this invention to provide a foaming
      device which can be operated manually in any position.
PAR  It is another object of this invention to provide a foaming device which
      will produce a uniform foam on consecutive operations.
PAR  It is a further object of this invention to provide a manually operable
      foaming device having a rapid container recovery.
PAR  It is another object of this invention to provide a manually
      pressure-operated foaming device having a valving system which will permit
      the production of a uniform foam regardless of the position of the
      container.
PAR  Further objects and advantages of my invention, together with the
      organization and manner of operation thereof may best be understood by
      reference to the following description of the preferred embodiment of the
      invention when taken in conjunction with the accompanying drawings,
      wherein like reference numerals identify like elements through the several
      views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of the preferred foam dispensing
      device constructed in accordance with the present invention;
PAR  FIG. 2 is the container of FIG. 1 after being squeezed while upright; and
PAR  FIG. 3 is the container of FIG. 1 after being squeezed while in an inverted
      position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings and more particularly FIG. 1, there is
      schematically shown a foaming device 10 comprising a flexible container
      12, a porous member 14, a conduit 16, one end of which extends into a
      foamable solution 18. The opposite end of the conduit 16 extends through
      the porous member 14. In the embodiment shown the conduit is constructed
      in two sections 20 and 22 for convenience of assembly but a singularly
      constructed conduit would perform equally well.
PAR  The portion of the conduit 16 extending through the porous member 14 is
      provided with at least one aperture 26 opening into the porous member 14,
      a second aperture 28 opening into the discharge area 30 of the container
      12 and valve system 24 including in this instance a ballcheck 32, and a
      supporting shelf comprising a series of projections 34 extending around
      the inside of conduit 16 designed to control the flow of fluid whether air
      or foamable solution through either aperture 26 or aperture 28.
PAR  The operation of the foaming device 10 can best be illustrated by reference
      to FIGS. 2 and 3. In FIG. 2 the foaming device is shown in the upright
      position. Pressurizing container 10 by manually squeezing the container
      forces the foamable liquid up through conduit 16 which in turn forces
      ballcheck 32 upwardly closing aperture 28. As a result, the foamable
      solution 18 is directed through aperture 26 into the porous member 14. At
      the same time the pressure within the container forces air to flow from
      the upper portion of the container 36 into the porous member 14 mixing
      with the foamable solution 18 entering from aperture 26 producing a foam
      38 which exits from the discharge area 30. Upon release of manual
      pressure, i.e., removing or relaxing the fingers, the ballcheck 32 returns
      to rest on projections 34 allowing air to re-enter the container through
      the aperture 28, which constitutes an air re-entry opening, and around the
      ballcheck and projections resulting in a rather rapid restoring of the
      original shape of the container.
PAR  FIG. 3 illustrates the foaming device 10 in an inverted position. A
      transition has occurred which changes the flow patterns. More specifically
      the end of the conduit 16 which formerly extended into the foamable
      solution 18 as described and shown in FIG. 2 now extends into the air
      space above the solution. The porous member 14 which was formerly in
      contact with the air space above the foamable solution 18 is now directly
      in contact with the foamable solution. In operation, manually squeezing
      container 10 now forces air along conduit 16. Ballcheck 32 drops to close
      aperture 28 resulting in the air being directed through aperture 26 mixing
      with foamable solution 18 being forced into the porous member 14 producing
      a foam 38 which discharges through discharge area 30. Thus, although the
      flow paths have changed by inverting the container 10, the net result is
      the same, that is the mixing of air and foam solution under pressure
      within the porous member 14 to produce a uniform foam discharging from the
      container regardless of container position during operation.
PAR  The valve system required is one that will close the aperture of the
      conduit which leads to the container discharge when the container is
      pressurized regardless of container position thereby directing the fluid
      in the conduit, whether foamable solution or air, through the aperture in
      the porous member. In addition the valve system must operate to provide a
      rapid air return to restore the shape of the container. The preferred
      system is a ballcheck operating in manner shown and described but it is
      obvious that any valving means or system which will function in the manner
      described is within the scope of the present invention. The ballcheck has
      the added advantage of activating when the container is merely inverted.
PAR  The porous member can be any material having innumerable tortuous paths to
      allow for intimate mixing of the foamable solution and air. Although
      material making up the porous member can be fairly resilient, a more or
      less noncompressible or rigid material is generally preferred for optimum
      uniformity of foam due to reduced compression of the porous channels
      within the porous material. Noncompressible porous materials may be made
      from foraminous volcanic glass material, sintered glass of the type used
      in filters, or noncompressible plastics such as porous polyethylene,
      polypropylene, nylon, rayon, etc.
PAR  For optimum operation of the foam dispenser the porosity and/or rigidity of
      the porous member is very important. More specifically the porous member
      will be receiving air or foamable solution directly from the container
      depending on the position of the container at time of pressurization.
      Consequently the porosity should be such to pass either air or liquid
      through the porous member at a uniform and optimum rate for mixing with
      little or no leakage of foamable solution when the container is upended
      prior to pressurization. The rigid porous materials operate more
      effectively because they are not subject to significant compressibility
      which tends to reduce fluid passage and particularly the passage of the
      foamable solution as opposed to air. In certain instances it may be
      desirable to design the porous member to optimize the foam production in a
      certain container position. For example, the porous member could be
      designed for optimum foam production when foamable solution is being
      forced through the porous member such as would be the case when the
      container is inverted.
PAR  The conduit connecting the foamable solution or air (depending on container
      position) with the porous member may be composed of any suitable material
      which is compatible with the foamable solution and may be of any
      cross-sectional shape such as round, square and the like. It is generally
      preferred that the conduit extend through the porous member but it is also
      obvious that the device will still operate in the manner described even
      though the conduit does not extend completely through the porous member as
      long as the distance between the conduit opening leading to the discharge
      area and the upper surface of the porous member is not so great to
      substantially inhibit the movement of air returning to the unit.
PAR  The container proper may be constructed of any material capable of
      containing the foamable material and air. Generally the pressure used to
      force the air and foamable solution together as described will result from
      manually squeezing the container. In this instance the container material
      preferred would be that which is flexible and elastic such as many of the
      presently known plastics.
PAR  While preferred embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made therein without departing from the invention in
      its broader aspects.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A foam dispensing device comprising, in combination,
PA1  a a flexible container for holding a foamable liquid and air having a
      discharge port at its upper end,
PA1  b a porous member separating the area adjacent said discharge port and the
      inside portion of said container,
PA1  c a conduit means extending longitudinally at least substantially through
      said porous member said conduit means including an opening communicating
      with the inside portion of said container, an opening communicating with
      the porous member and an air re-entry opening, and
PA1  d a directional valve system associated with the air re-entry opening for
      precluding outward fluid flow through the air re-entry opening and
      directing fluid from inside the container through the conduit means into
      the porous member through said opening communicating with said porous
      member when the container is pressurized.
NUM  2.
PAR  2. The foam dispenser according to claim 1 wherein
PA1  e the porous member is substantially noncompressible.
NUM  3.
PAR  3. The foam dispenser according to claim 1 wherein
PA1  e the directional valve system includes movable valve means actuated during
      depressurization of the container to permit rapid air re-entry into the
      container through the air re-entry opening.
NUM  4.
PAR  4. The foam dispenser according to claim 1 wherein
PA1  e the directional valve system includes movable valve means actuated during
      pressurization to direct one fluid from the conduit means into the porous
      member while the other fluid is being forced directly into the porous
      member from the inside of said container; one of said fluids being a
      foamable liquid and the other of said fluids being air.
NUM  5.
PAR  5. The foam dispenser according to claim 4 wherein
PA1  f the movable valve means includes a ballcheck operatively engageable with
      projection means situated on the inside of said conduit means to permit
      air flow around said ballcheck when the ballcheck is substantially in
      contact with said projection means.
NUM  6.
PAR  6. The foam dispenser according to claim 1 wherein
PA1  e the air re-entry opening is disposed outwardly of the opening
      communicating with the porous member.
NUM  7.
PAR  7. A foam dispensing device comprising, in combination,
PA1  a a flexible container for holding a foamable liquid and air having a
      discharge port at its upper end,
PA1  b a porous member separating the area adjacent said discharge port and the
      inside portion of said container,
PA1  c a conduit means extending substantially between said porous member and
      the inside portion ot the container said conduit means including an
      opening within the inside portion of said container, an opening
      communicating with the porous member, and an air re-entry opening, and
PA1  d a directional valve system associated with the air re-entry opening for
      precluding outward fluid flow through the air re-entry opening and
      directing one of said fluids from inside the container through the conduit
      means into the porous member through said opening communicating with said
      porous member, while the other of said fluids is directed into said porous
      member by a different path, when the container is pressurized.
NUM  8.
PAR  8. A foam dispenser according to claim 7 wherein
PA1  e the conduit means includes an elongate member extending into the porous
      member and having at least one side opening providing the opening
      communicating with the porous member, and an outer open end providing the
      air re-entry opening, and
PA1  f the valve system includes a ballcheck operatively engageable with
      projection means situated on the inside of said conduit member to permit
      air flow around said ballcheck when the ballcheck is substantially in
      contact with said projection means, said projection means being disposed
      between said side and end openings.
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PAL  An improved elevating mechanism for combinative use with a vertically
      rotating auger for elevating crushed or cube ice in automatic ice
      dispensing equipment, comprising a bent-metal abutment slide member
      partially surrounding the auger and operative to constrain ice being
      elevated thereby to movement in the upward direction to a dispensing
      chute, and having an outwardly-extending wing portion serving as a guide
      at an open side of the slide member for moving ice being directed into the
      mouth by a rotating ice feeder disc at the lower end of the auger into
      lower end portions thereof for continuous supply thereto as ice is being
      displaced toward the upper end of the auger.
BSUM
PAR  In applicants' U.S. Pat. No. 3,715,119, issued Feb. 6, 1973 there is
      described an automatic ice dispenser for dispensing crushed ice or ice
      cubes wherein an ice elevating mechanism in the form of an auger having a
      bottom ice feeder disc and an auger tube within which the auger turns for
      elevating the ice to a dispensing spout is described. The present
      invention relates to improvements in such ice elevating mechanism.
PAR  The principal object of this invention is to provide, in an automatic ice
      dispenser of the character described, a simplified elevating mechanism
      cooperative with an auger serving as a replacement for the auger tube
      heretofore used, while at the same time effecting improved elevating of
      ice, particularly cube ice, from the associated ice bin to a discharge
      spout.
PAR  Another object of the invention is to provide a novel and improved
      elevating mechanism for cooperative use with an auger in an ice dispenser,
      which elevating mechanism, instead of completely surrounding the auger, is
      open at one side to minimize any possibility of jamming in an auger tube,
      as occurred occassionally in prior auger tube lifting mechanisms.
PAR  Yet another object of the invention is to provide an auger ice lifting
      mechanism of the character described which, at the open side of the
      elevating mechanism, comprises an outwardly-extending wing or wall portion
      the lower edge of which terminates in close proximity to the rotary feeder
      disc at the lower end of the auger, thereby serving as an efficient guide
      means for directing crushed or cube ice being churned by the rotary disc
      toward the auger.
PAR  Yet another object of the invention is to provide an elevating mechanism of
      the above nature wherein the auger and its associated ice feeder disc is
      driven at its upper end by an electric drive motor from which it can
      readily be disconnected for removal and cleaning, and wherein the
      associated relatively-fixed elevating mechanism can similarly be
      separately removed for cleaning.
PAR  Still another object is to provide an auger actuated elevating mechanism
      for automatic ice dispensers which will be simple in construction,
      economical in cost, easy to remove and replace with respect to its ice bin
      or cabinet, and which will be dependable, efficient and durable in
      operation.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following description when read with reference to the
      accompanying drawings. In the drawings, wherein like reference numerals
      denote corresponding parts throughout the several views:
PAR  FIG. 1 illustrates, in perspective, a combination ice making machine and
      automatic ice dispenser embodying the invention;
PAR  FIG. 2 is a vertical cross-sectional view taken along the plane indicated
      at 2--2 of FIG. 1 in the direction of the arrows and illustrating details
      of the auger ice elevating mechanism and its associated ice cabinet;
PAR  FIG. 3 is a partial vertical cross-sectional view taken along the vertical
      plane indicated at 3--3 of FIG. 2 in the direction of the arrows and
      further illustrating details of the auger ice elevating mechanism;
PAR  FIG. 4 is a horizontal cross-sectional view taken along the plane indicated
      at 4--4 of FIG. 3 in the direction of the arrows;
PAR  FIG. 5 is a fragmentary cross-sectional view taken along the line 5--5 of
      FIG. 4 in the direction of the arrows; and
PAR  FIG. 6 is a fragmentary elevational view illustrating details of the
      releasable attachment mechanism of the auger and its associated ice feeder
      disc.
DETD
PAR  Referring now in detail to the drawings, reference numeral 10 in FIG. 1
      designates, generally and by way of example, a combination ice making
      machine and automatic ice dispenser, the ice making machine portion being
      designated by reference numeral 10a and the ice dispenser portion being
      designated by reference numeral 10b. As best illustrated in FIGS. 2 and 3,
      the auger ice elevating mechanism embodying the invention is designated
      generally by reference numeral 11 and comprises the operational mechanism
      of the automatic ice dispenser portion 10b of the combination ice making
      machine and automatic ice dispenser 10. The auger ice elevating mechanism
      11, although illustrated and described herein as comprising part of a
      combination ice making machine and automatic ice dispenser 10 of the type
      commonly used in self-serving cafeterias for the self-service dispensing
      of crushed or cube ice, could as well be applied to use with other types
      of automatic ice dispensers having a crushed or cube ice receiving bin or
      hopper from which ice is to be elevated for dispensing through a chute or
      the like extending from the upper end of the elevating mechanism.
PAR  As best illustrated in FIGS. 1, 2 and 3 the automatic ice dispenser 10b
      which houses the auger ice elevating mechanism 11 embodying the invention
      comprises a substantailly rectangular ice receiving cabinet 12 comprising
      a front wall 13, a rear wall 14, a bottom wall 15, an outer side wall 16,
      and an inner side wall 17 defining a partition wall between the ice making
      machine 10a and the automatic ice dispenser 10b. It is to be understood
      that the ice making machine 10a serves to automatically replenish the ice
      receiving cabinet 12 with ice cubes, and thereby provide the continuous
      source of the cubes for dispensing. Since the ice making machine 10a forms
      no part of the present invention other than to automatically supply ice
      for dispensing, it is not further described herein.
PAR  The walls 13 through 17 comprising the ice receiving cabinet 12 each
      comprise spaced-apart inner and outer panels sandwiched between which are
      comparatively thick layers of insulation 18 which serve to attenuate heat
      transfer into the interior of ice cabinet 12, thereby minimizing melting
      of the ice while in said cabinet prior to dispensing. As best illustrated
      in FIGS. 1 and 2 the upper end or top of the ice receiving cabinet 12
      further comprises a forewardly-extending insulated top wall portion 19,
      which extends somewhat short of the front wall 13 of said cabinet. The
      front wall 13, moreover, extends upwardly somewhat short of the top wall
      19 of the cabinet to define with the front edge of said top wall a
      rectangular inclined opening 20. As is hereinbelow more particularly
      described, a front cover member 21 incorporating an ice chute 22 is hinged
      along its upper edge as by hinge 21a to the foreward edge of top wall
      portion 19 for closure against the inclined opening 20.
PAR  Adjustably secured against the upper surface of the top wall portion 19 of
      the ice receiving cabinet 12 is a rectangular motor enclosure box 23
      housing an electric motor 24 vertically mounted so that its rotary drive
      shaft 25 extends through said top wall portion. As best illustrated in
      FIG. 2, the electric drive motor 24 is vertically mounted with respect to
      the housing top wall portion 19 as by a bracket 27 and clamp 27a secured
      by bolts 27b. A push button switch 28 mounted in the front of the motor
      box 23 is connected in series with the energizing circuit for the drive
      motor 24 as indicated by electrical conductors 29, 30 and 31, conductors
      30 and 31 of which extend into an electrical cable (not illustrated) for
      plug-in connection to an electrical source of supply.
PAR  The auger ice lifting mechanism 11 comprises a removable auger 32, which is
      preferably formed by twisting an elongated plate of stainless steel. The
      upper end of the auger 32 is provided with a central, axially-extending
      cut-out or recess 33 defining a pair of opposed extensions each of which
      is reversely bent in mutually opposite directions to provide hook portions
      34, 35. As best illustrated in FIGS. 2, 3 and 6, the motor drive shaft 25,
      near its outer or lower end, is fitted with a diametrically-extending
      cross-pin 36 of such length as to extend slightly beyond outer side
      portions of the auger hook member 34, 35 upon said auger being hooked in
      place for driving interconnection between the motor shaft and the auger.
      It will thus be apparent that releasable driving interconnection can
      readily be established between the rotary drive shaft 25 and the removable
      auger 32 simply by lifting the hook portions 34, 35 of the auger over the
      motor drive shaft cross pin 36.
PAR  The lower end of the auger 32 has concentrically welded or otherwise
      secured thereto a circular auger disc 39 which, as best illustrated in
      FIG. 4, has affixed upon its upper surface a pair of
      diametrically-opposed, arcuate ribs 40, 41. The ribs 40 and 41 may be of
      stamped sheet metal welded or otherwise affixed in place, and serve, upon
      rotation of said auger disc, to transport cube or crushed ice deposited
      within the ice receiving cabinet 12 into the ice elevating mechanism 11,
      as is hereinbelow more particularly described. Extending coaxially from
      the underside of the auger disc 39 is a journal pin 42 removably
      receivable in a thrust bearing 43 affixed against the inside of the bottom
      wall 15 comprising an ice receiving cabinet 12. As best illustrated in
      FIGS. 2 and 3, the ice receiving cabinet 12 is fitted with a removable
      false bottom plate 44 having an opening 45 through which the journal pin
      42 of the auger 32 passes upon assembly to its thrust bearing 43. The
      false bottom plate 44 is further formed with a shallow circular recess 46,
      concentric with the journal pin opening 45 and of such diameter and depth
      as to freely receive for rotation therein the auger disc 39.
PAR  As best illustrated in FIGS. 2, 3 and 4, the ice elevating mechanism
      comprises a relatively fixed ice elevating abutment slide member 47,
      cooperative with the auger 32 in elevating ice for discharge through the
      ice chute 22. The ice elevating abutment slide member 47 can readily be
      fabricated of bent sheet metal, is substantially coextensive with the
      auger 32, and is disposed in partially enclosing relation with respect
      thereto. It comprises relatively rectangularly bent side wall portions 48,
      49, of substantially equal width, and an angularly bent side wall portion
      50 defining an angle of approximately 45.degree. with respect to the side
      wall portion 48 and being directed opposite and outwardly of the side wall
      portion 49. The outer vertically-extending edge of the side wall portion
      50 of the ice elevating abutment slide member 47 merges into an
      outwardly-bent side wall portion 51 which extends substantially parallel
      with respect to side wall portion 49. The outer vertical edge of the side
      wall portion 49 of the ice elevating abutment slide member 47 extends into
      a comparatively narrow, reversely-bent side wall portion 52 defining an
      enclosed angle of approximately 45.degree. with respect to the inside of
      side wall portion 49. At its upper end, the side wall portion 52 is formed
      with an inwardly-curved portion 53 extending arcuately over the top of the
      upper end of the side wall portion 49. In this connection it is to be
      noted that the upper end of the side wall portion 49 of the ice elevating
      abutment slide member 47 extends somewhat short of the upper end of side
      wall portion 48 to provide an opening for the passage of elevated ice
      cubes or crushed ice into the discharge chute mechanism, as is hereinbelow
      more particularly described.
PAR  Means is provided for removably securing the upper end of the ice elevating
      abutment slide member 47 with respect to the ice receiving cabinet 12. To
      this end a bracket 54 is fixed against the inner side wall 17 by bolts 55,
      said bracket having a horizontal, inwardly-extending top surface portion
      56 near the outer end of which is a vertically-extending locating hole 57.
      Welded or otherwise secured to and extending outwardly of the side wall
      portion 48 of the ice elevating abutment slide member 47 is a wing plate
      58, near the outer end of which is a downwardly-extending index pin 59
      which, as illustrated in FIG. 3, fits within the through opening 57 of the
      bracket 54 after the ice elevating slide member 47 has been assembled in
      place within the ice chamber of the ice receiving cabinet 12.
PAR  Means is provided for removably securing the wing plate 58 in its proper
      located position as illustrated in FIG. 3. To this end, a bracket 37,
      fixed to and extending downwardly of the top wall 19 of the ice cabinet
      12, terminates in a horizontally-extending bracket portion 38 against the
      underside of which is welded or otherwise secured an internally-threaded
      nut 38a. Threadingly-received within the nut 38a is a
      vertically-extending, externally-threaded adjustment rod 80. Threaded on
      the lower end of the threaded rod 80 is a wing nut 81 having a flat outer
      end portion 82. As is best illustrated in FIG. 3, the wing plate 58 is
      provided with a through opening 83 for the free passage of a lower end
      portion of the threaded rod 80. It will be understood that the
      above-described securing mechanism serves to releasably clamp the
      ice-elevating abutment slide member 47 in place once it has been properly
      positioned with its downwardly-extending index pin 59 fitted within the
      through opening 57 of the bracket 54.
PAR  The upper ends of the side wall portion 50 and 51 of the ice elevating
      abutment slide member 47 are cut away or beveled at an angle extending
      from their juncture at the upper end of side wall portion 48 to a point
      just short of the lower end of the side wall portion 51, as indicated at
      inclined edge 60 in FIGS. 2 and 3. As best illustrated in FIGS. 4 and 5,
      the outer lower end portion of side wall portion 51 of the ice elevating
      abutment slide member 47, when said abutment member is fitted in place,
      extends beyond the outer periphery of the auger disc 39, whereat it is
      removably secured by means of a locating pin 61 affixed to and extending
      downwardly and outwardly of the lower edge of said side wall portion 51 to
      be receivable in a small opening 62 provided in the false bottom plate 44.
      As best illustrated in FIG. 5, a spacer washer 63 secured upon the
      locating pin 61 in abutting relation against the lower edge of the side
      wall portion 51 prevents abutting contact of any portion of the ice
      elevating abutment slide member 47 with the relatively rotating auger disc
      39.
PAR  The front cover member 21 can be fabricated of fiberglass reinforced sheet
      plastic material, for example, and as illustrated in FIG. 2, is formed
      with a short, angularly-upstanding marginal lip portion 64 which hinges,
      as by hinge 21a, behind a short, downwardly-pojecting flange portion 65
      provided along the front edge of the top wall portion 19 of the ice
      receiving cabinet 12. As illustrated in FIGS. 2 and 4, the ice chute 22
      projecting outwardly and downwardly of the front of the cover member 21,
      at a central position therealong, extends in an upwardly inclined
      direction through said cover member to terminate just short of the front
      wall portion 49 of the ice elevating abutment slide member 47 when said
      front cover member is swung into closed position with respect to the ice
      receiving cabinet 12. The inner end of the chute 22 thus communicates with
      the opening at the top of the ice elevating slide member 47 defined by the
      foreshortened upper end of the side wall portion 49 so that the inwardly
      curved portion 53 of the side wall portion 52 turns into the inner end of
      said chute. As illustrated in FIG. 4, the left-hand side wall of the chute
      22 is outwardly curved to abuttingly enclose the outer edge portion of
      inwardly curved portion 53.
PAR  Fixed against the outside of the front wall 13 of the ice receiving cabinet
      12 is a support sink member 67, which may be integrally molded of
      fiberglass reinforced sheet plastic material, for example, and which
      comprises a sink recess 68 centrally disposed beneath the open front end
      of the chute 22. The sink recess 68 serves not only to support pitchers or
      other containers used for receiving dispensed ice, but also to receive
      overflow ice or water drippings for drainage through drainage pipe 69 and
      conduit 70 into the interior of the ice receiving cabinet 12 through an
      opening 71 in the front wall 13 thereof (see FIG. 2).
PAR  In operation, energization of the electric drive motor 24 upon depression
      of the electric push button 28 at the front of the motor box or housing 23
      turns the auger 32 and its associated auger disc 39 in the clockwise
      direction, as seen in FIG. 4. The arcuate ribs 40 and 41 carry the
      contained crushed or cube ice into the side opening or mouth of the ice
      elevating abutment slide member 47 defined by the opposed, parallel side
      wall portions 49, 51 thereof, whereupon the ice will be continually pushed
      into the bight defined by the side wall 50 and the opposite rotating wall
      portions of the auger 32. The clockwise turning of the auger 32, as seen
      in FIG. 4, gradually lifts the crushed or cube ice along the upper
      inclined surface of said auger while at the same time urging the ice being
      lifted in sliding engagement against the inner surfaces of the side wall
      portions 48 and 49 until such time as the ice is elevated above the upper
      edge of the side wall portion 49 whereat it passes outwardly of the side
      opening or recess defined thereby. Thence the ice is directed by the
      inwardly-curved portion 53 at the upper end of the side wall portion 52
      into the adjacent inner end of the ice chute 22, whence it falls by force
      of gravity for dispensing through the outer front end of said chute. As
      illustrated in FIGS. 2, 3 and 4, and as described above, the
      inwardly-curved portion 53 of the reversely-bent side wall portion 52
      serve to slidingly guide elevated ice being clockwisely urged by the
      turning of the auger 32 into the open inner end of the dispensing chute
      22, thereby minimizing ice overflow back into the interior of the ice
      receiving cabinet 12.
PAR  As described above, the ice elevating abutment slide member 47 can readily
      be removed for cleaning by unscrewing the wing-nut 81 from abutting
      engagement against the wing plate 58 and thereafter screwing the
      adjustment rod 80 upward in its nut 38a to provide for upward withdrawal
      of said abutment slide member through the rectangular opening 20 of the
      cabinet 12. The auger 32 can then be removed, as described above, simply
      by lifting the hook portions 34, 35 over the motor drive cross pin 36,
      whereupon said auger will be released for withdrawal at its low end from
      the thrust bearing 43 for removal through the front opening 20 of the
      cabinet. The ice elevating abutment slide member 47 and the auger disc
      assembly 32 having been removed, access is readily had to the false bottom
      plate 44 for its removal. It will thus be apparent that the entire ice
      elevating mechanism can readily be removed for cleaning, repair or
      replacement, and that the inside of the cabinet, having smooth wall
      surfaces, can easily be kept in sanitary condition.
PAR  In order to facilitate service or replacement of the drive motor 24, the
      rear of the motor box 23 preferably is fitted with a removable cover plate
      72.
PAR  While there is illustrated and described herein only one form of auger lift
      mechanism for automatic ice dispensers embodying the invention, it is to
      be understood that this embodiment is given by way of example only and not
      in a limiting sense. The invention, in brief, comprises all the
      embodiments and modifications coming within the scope and spirit of the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An ice dispenser comprising, in combination, an ice receiving cabinet,
      rotative auger means for lifting ice from the interior of said ice
      receiving cabinet for dispensing at a position near the upper end of said
      ice receiving cabinet, said auger means comprising an elongated auger and
      an ice elevating abutment slide member partially surrounding said auger,
      to define a side opening co-extensive with said auger, an auger disc
      concentrically affixed to the lower end of said auger for rotation in
      unison therewith, an electric drive motor, means releasably
      interconnecting said electric drive motor with said auger for rotating
      said auger and said auger disc in unison within said ice receiving
      cabinet, and means on the upper surface of said auger disc for urging ice
      in said ice receiving cabinet in the direction of said side opening of
      said ice elevating abutment slide member, the upper end of said ice
      elevating abutment slide member having a discharge opening for the
      dispensing of ice, said ice elevating abutment slide member being
      substantially co-extensive with said auger and being formed with a pair of
      relatively right-angularly-bent side wall portions of substantially equal
      width, an angularly-bent side wall portion defining an angle of
      approximately 45.degree. with one of said side wall portions and being
      directed opposite and outwardly of the other of said side wall portions,
      the vertically-extending outer edge of said angularly-bent side wall
      portion merging into an outwardly-bent side wall portion extending
      substantially parallel with respect to said other of said side wall
      portions.
NUM  2.
PAR  2. An ice dispenser as defined in claim 1, wherein the outer vertical edge
      of said other of said side wall portions extends into a comparatively
      narrow, inwardly-reversely-bent side wall portion defining an enclosed
      angle of approximately 45.degree. with respect to the inside of said other
      of said side wall portions.
NUM  3.
PAR  3. An ice dispenser as defined in claim 2, wherein said reversely-bent side
      wall portion is formed, at its upper end, with an inwardly-curved guide
      wall portion extending arcuately over the top of the upper end of said
      other side wall portion, the upper end of said other of said side wall
      portions extending somewhat short of the upper end of said one side wall
      portion to define said discharge opening.
NUM  4.
PAR  4. An ice dispenser as defined in claim 3, wherein said releasable means
      interconnecting said auger comprises a diametrically-extending cross pin
      extending outwardly of each side of the drive shaft of said electric drive
      motor, the upper end of said auger having a central, axially-extending
      recess defining a pair of opposed extensions, said extensions being
      reversely-bent in mutually opposite directions to provide opposed hook
      portions, said hook portions being downwardly receivable, one each, in
      interhooking engagement with said outwardly-projecting end portions of
      said motor drive shaft cross pin.
NUM  5.
PAR  5. An ice dispenser as defined in claim 1, including means releasably
      securing said ice elevating abutment slide member in substantially fixed
      position within and with respect to said ice receiving cabinet.
NUM  6.
PAR  6. An ice dispenser as defined in claim 5, wherein said releasable securing
      means of said elevating abutment slide member comprises a locating pin
      affixed to and extending downwardly and outwardly of a lower edge portion
      of said outwardly-bent side wall portion of said ice elevating abutment
      slide member and being receivable in locating opening in the bottom of
      said ice receiving cabinet, and releasable clamp means for fixedly
      supporting said elevating abutment slide member in such located position.
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ABST
PAL  A hand-held pump dispenser comprising a container having a neck portion, a
      pump assemblage including a piston and a tubular stationary cylinder
      member, the latter being adapted for disposition in the neck portion, and
      a resilient press-fit adapter carrying the cylinder member of the pump
      assemblage and arranged for insertion in the neck portion so as to make a
      tight press fit therewith. Interlocking means are provided on the cylinder
      member and on the adapter for enabling the latter to be snapped onto the
      member; additional means on the container neck and the adapter are
      provided for enabling the two parts, when assembled, to be snapped into
      the neck portion. The arrangement is such that all parts can be readily
      molded in simple mold cavities and easily assembled with a minimum of time
      and effort, and in the absence of special tooling or equipment.
BSUM
PAC  RELATED PRIOR ART
PAR  U.S. Pat. No. 3,159,316, entitled "Atomizer Pump", and having common
      ownership with the present application.
PAC  BACKGROUND
PAR  This invention relates generally to atomizer pump devices and more
      particularly to mounting arrangements for securing the pump mechanisms
      within an outer container or bottle.
PAR  In the past, various mounting arrangements have been employed for securing
      actuator mechanisms within containers. U.S. Pat. No. 3,159,316 illustrates
      an atomizer pump dispenser comprising an outer container or bottle, a
      cylinder structure disposed in the neck of the container and a piston
      reciprocably movable in the cylinder. The latter has an annular flange
      which is permanently clamped against the lip of the bottle neck by means
      of a crimped ferrule, the latter constituting the mounting means for the
      pump cylinder.
PAR  Still other constructions involved screw caps which were received on
      correspondingly threaded portions on the necks of the containers, and
      flanged pump cylinders wherein the flange was clamped between the lip of
      the neck and the screw cap as the latter was tightened.
PAR  While these constructions were satisfactory, from the standpoint of smooth
      operation and reliable use, they were often rather expensive to
      manufacture and involved considerable time for assembly. Dispensers
      employing ferrules required special crimping equipment, the latter being
      quite costly. In addition, dispensers of the type involving screw caps and
      threaded necks were also relatively expensive from the standpoint of
      manufacturing cost and assembly time.
PAC  SUMMARY
PAR  The above drawbacks and disadvantages of prior pump cylinder mounting
      arrangements are obviated by the present invention which has for an object
      the provision of a novel and improved wholly press-fit pump dispenser
      which is simple in construction, inexpensive to fabricate, and extremely
      easy to assemble. A related object is the provision of a pump as above,
      which is constituted of a minimum number of separate pieces, such pieces
      being capable of molding in simple mold cavities. A still further object
      is the provision of a dispenser which can be assembled without any special
      tooling or expensive equipment.
PAR  The above objects are accomplished by a pump dispenser comprising a
      container having a neck portion, a pump assembly including a stationary
      tubular member adapted to be disposed in the neck portion, and a resilient
      annular adapter carrying the stationary member of the pump assemblage and
      being insertable in the neck portion of the container so as to make a
      tight seal therewith and with the tubular member of the pump assemblage.
      First and second interlocking means are provided on the neck portion of
      the container and the adapter, and on the adapter and the stationary
      member, respectively, for enabling the adapter to be snapped onto the
      tubular member of the pump assemblage, and for subsequently enabling this
      assemblage to be snapped into the container neck. The arrangement is such
      that there is a minimum number of separate pieces constituting the
      dispenser, and the various parts can be readily and easily snapped
      together with a minimum of assembly time required.
PAR  Other features and advantages will hereinafter appear.
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PAR  In the drawings, illustrating several embodiments of the invention:
PAR  FIG. 1 is a fragmentary vertical section of the improved pump dispenser of
      the present invention, particularly illustrating the adapter securing the
      pump assemblage in the container neck.
PAR  FIG. 2 is a top plan view of the dispenser of FIG. 1.
PAR  FIG. 3 is a view like FIG. 1, except showing the pump dispenser in the
      discharging condition.
PAR  FIG. 4 is a top plan view of the adapter part of the dispenser of FIGS.
      1-3.
PAR  FIG. 5 is a bottom plan view of the adapter part of the dispenser of FIGS.
      1-3.
PAR  FIG. 6 is a side elevational view of the adapter part of the dispenser of
      FIGS. 1-3.
PAR  FIG. 7 is a fragmentary vertical section of a pump dispenser having a
      slightly modified adapter, constituting another embodiment of the
      invention.
DETD
PAR  FIGS. 1-3 illustrate an atomizer pump dispenser generally designated by the
      numeral 10, comprising an outer container or bottle 12 having a neck
      portion 14, and a pump mechanism 16 disposed in the bottle and comprising
      a pump cylinder 18 and piston or plunger 20, reciprocably movable therein.
      A dip tube 22 is carried by the cylinder and communicates with the
      interior of the container, all in the usual manner.
PAR  The piston 20 has a discharge orifice 24 and receives a depress button 26.
      The button includes inner and outer annular skirts 28, 30, respectively,
      and a hollowed finger-engageable top surface 32. The button has an annular
      recess 34 connected with a vertical channel or connecting passage 36,
      which in turn communicates with the discharge orifice 24 of the piston. An
      orifice member 38 of cup-shaped configuration has an annular wall portion
      40 which is pressed into and occupies a portion of the annular space 34. A
      discharge orifice 42 communicates with the annular space 34 by means of a
      groove 44 in one of the walls defining the space.
PAR  The pump mechanism is structurally similar to that illustrated and
      described in U.S. Pat. No. 3,159,316, and the details of the construction
      will not be repeated here. It is noted that the cylinder 18 has the form
      of a tubular member and has a flange 46 of annular configuration
      completely encircling it.
PAR  In accordance with the present invention, there is provided a novel adapter
      generally designated by the numeral 48, carrying the stationary member or
      pump cylinder 18 and being insertable in the neck portion 14 of the
      container. The adapter is particularly illustrated in FIGS. 4-6 and has a
      cup-shaped configuration with an annular wall portion 50 and a transverse
      wall portion 52. The latter includes a central aperture 54 through which
      the pump piston 20 extends as shown in FIG. 1. The adapter further
      includes an annular shoulder 56 which abuts the lip 58 of the container
      neck when held in place in the assembled dispenser.
PAR  By the present invention, the adapter 48 and pump cylinder 18 are provided
      with interlocking means for enabling the adapter to be snapped onto the
      cylinder during assembly, the interlocking means comprising the annular
      flange 46, and an internal bead 60 on the inner surface of the adapter. As
      shown, the bead has a wedge-shaped cross-sectional configuration, with one
      face 62 constituting a conical camming surface to facilitate by-pass of
      the flange 46 in one direction only, and with its opposite face 64 being
      undercut so as to engage the periphery of the flange 46 and permanently
      retain the latter.
PAR  By the present invention there is also provided an interlocking means on
      the inside of the container neck portion and on the exterior of the
      adapter, enabling the latter to be snapped into the neck and retained
      thereby, the means comprising an annular external bead 66 on the adapter
      and a grooved formation 68 on the inner surface of the neck portion 14.
      The present construction thus enables the dispenser to be readily
      assembled by simply snapping the parts together. The adapter 48 is first
      snapped onto the pump mechanism such that the flange 46 by-passes the bead
      60, thereby engaging the transverse wall 52 of the adapter. This assembly
      is then readily inserted into the container neck such that the bead 66 is
      snapped into the grooved formation 68, such that the shoulder 56 engages
      the lip 58. The engagement of the bead 66 and groove 68, as well as that
      of the bead 60 and flange 46, are sufficiently tight so as to constitute
      completely leakproof seals. As a result, an especially simple, and
      inexpensive, yet reliable dispenser results.
PAR  To facilitate assembly of the dispenser, the lowermost edge of the annular
      wall 50 of the adapter in FIGS. 1-3 is provided with circular camming or
      guide surfaces 72, 74. The surface 72 tends to centralize the flange 46
      with respect to the adapter 48 when the latter is being assembled to the
      cylinder 18. Similarly, the curved, convex surface 74 operates to guide
      the assembled adapter and pump mechanism into the neck 14 of the
      container, as can be readily understood.
PAR  Carried on the adapter 48 is an upstanding collar or skirt 70 which forms
      an annular recess into which the depress button is received during
      discharge of the dispenser. Such a dispensing condition is shown in FIG.
      3. The skirt can be molded integral with the adapter, such that an
      especially neat and pleasing exterior appearance is had.
PAR  The above construction is seen to have a number of distinct advantages. The
      fabrication cost is low, since the molding of beads or grooves can be
      readily accomplished with simple molds, and is considerably less expensive
      than the molding of screw threads on caps, bottlenecks, and the like.
      Also, the assembly time is reduced to an absolute minimum, since each of
      the three parts can be readily snapped together in succession.
PAR  Another embodiment of the invention is illustrated in FIG. 7, showing a
      fragmentary view of a somewhat modified adapter 48a and pump assemblage
      16. As in the previous embodiment, the adapter has a cup-shaped
      configuration with an annular wall 50a and transverse bottom wall 52a. The
      wall 50a has an external bead 66a which is received in the groove 68a in
      the container neck. A shoulder 56a abuts the lip 58 of the neck as shown.
PAR  The pump assemblage 16 has an annular flange 46a having a periphery
      characterized by a convex surface 76 and a concave surface 78. In
      addition, the inner surface of the adapter has a bead 80 of generally
      arcuate cross sectional configuration, having a conical lower camming
      surface 82, and a convex upper surface 84. The arrangement is such that
      the camming surface 82 facilitates by-pass of the convex surface 76 during
      assembly of the adapter onto the pump mechanism. The flange 46a eventually
      becomes seated against the transverse wall 52a of the adapter. This
      construction enables the adapter to be removed or snapped off the pump
      assemblage, if desired at some later time, by virtue of the engagement of
      the gradually sloping surfaces 78, 84. As in the previous embodiment, the
      lowermost edge of the annular wall in FIG. 7 has camming or guide surfaces
      72a, 74a, which operate in an analogous manner to those of the previous
      embodiment.
PAR  From the above it can be seen that I have provided a novel and improved
      pump dispenser construction which is both simple and inexpensive to
      produce, and easy to assemble. There are encountered no problems with
      mating threads or leaks occurring at the joints. The device thus
      represents a distinct advance and improvement in pump dispenser
      technology.
PAR  Variations and modifications are possible without departing from the spirit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An atomizer pump dispenser, comprising in combination:
PA1  a. a container with a neck portion having a cylindrical inner wall that is
      provided with an annular groove adjacent the upper end of the neck
      portion;
PA1  b. a resilient adaptor having
PA2  i. a transverse wall portion having a central opening therein,
PA2  ii. a cylindrical skirt portion integral with and depending from the
      transverse wall portion, the skirt portion being received in the neck
      portion of the container and being provided with a first annular bead on
      its exterior wall that is received in the groove, and the inner wall of
      the skirt portion being provided with a second annular bead adjacent its
      upper end, the lower end of the skirt having an arcuate bevel on its outer
      surface and an angular bevel on its inner surface;
PA1  c. a dispensing pump assemblage including
PA2  i. a stationary tubular member having an outwardly extending flange at its
      upper end, the flange being sealingly received between the second annular
      bead and the bottom of the transverse wall,
PA2  ii. a reciprocable plunger member projecting through the opening in the
      transverse wall; and
PA1  d. said second annular bead having
PA2  i. a conical surface on its underside constituting a camming surface to
      facilitate by-pass of the bead and the flange when the adapter and
      dispensing pump assemblage are assembled together, and
PA2  ii. a sharp undercut surface adapted to receive the edge of the flange to
      enable by-pass of the flange and bead in one direction but prevent by-pass
      in the opposite direction.
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PAL  A manually portable spray tank includes a plug-like adapter mounted in the
      filler opening or mouth of the tank to receive and hold a pressurized can
      or canister containing a liquid propellant. The adapter includes a
      depending, elongated heat exchanger tube or trap which is closed at its
      lower end and which extends almost to the bottom of the tank for direct
      heat exchange contact with the liquid contained in the tank. Liquid
      propellant under pressure flows from the supply can into the heat
      exchanger tube or trap where it is vaporized by heat from the spray liquid
      in the tank. The vaporized propellant then passes under relatively high
      pressure outwardly through a comparatively small opening in the upper end
      of the heat exchanger tube into the ullage of the tank to pressurize the
      column of spray liquid in the tank and thereby insure its forcible
      discharge from the outlet of the spray tank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to portable sprayers, and more
      particularly to an improved gas-charged sprayer for discharging a liquid
      detergent, or like solution, under moderately high pressures.
PAR  Conventional garden sprayers of the stirrup pump-type include a
      liquid-receiving tank having a dip tube extending to near the bottom of
      the tank and connected to a flexible hose having a valve-controlled nozzle
      at its outer end. The stirrup pump forces air into the tank to pressurize
      the contents. The spray liquid is forced from the tank and out through the
      spray nozzle. As the level of the liquid in the tank decreases, the
      pressure of the air above the remaining liquid also decreases, thus making
      it necessary to repeatedly pump the tank to maintain any sort of uniform
      pressure within the tank.
PAR  More recently, it has been proposed to pressurize sprayer tanks by
      discharging a liquid or gaseous propellant from a pressurized cartridge or
      canister into the tank. For example, prior art U.S. Pat. Nos. 3,109,558
      issued Nov. 5, 1963 to Yetter and 3,262,609 issued July 26, 1966 to
      Poitras disclose and teach portable sprayers or spray tanks which are
      adapted to be charged or pressurized with the well-known propellant,
      dichlorodifluoromethane, commonly sold under the trademark Freon-12.
      However, the sprayer apparatus proposed in the aforesaid patents are
      either overly complicated in their construction, or are otherwise
      inefficient for their intended use. Thus, in the aforesaid Yetter patent,
      the liquid Freon propellant is metered by a pressure responsive valve from
      a supply canister into the spray liquid contained in the sprayer tank
      where it settles by gravity to the bottom of the tank. While a portion of
      the liquid propellant at the bottom of the tank vaporizes and percolates
      as a gas upwardly through the spray liquid to pressurize the ullage of the
      tank, at least some portion of the liquid propellant residing at the
      bottom of the tank will be sucked up into the discharge pipe and carried
      off and wasted each time the sprayer is operated. While the sprayer
      apparatus of the Poitras Patent eliminates the direct introduction of the
      liquid propellant into the liquid to be sprayed, it will be noted that in
      Poitras the propellant supply canister or cartridge positioned wholly
      within the sprayer tank and occupies space therein which might otherwise
      be devoted to an increased volume of spray liquid. Also, the Poitras
      patented sprayer utilizes a comparatively complicated and expensive
      pressure regulator valve to control the outflow of vaporized propellant
      from the supply canister into the ullage of the tank.
PAC  Summary And Objects Of The Invention
PAR  This invention provides an improved propellant-charging adapter designed to
      sealingly fit within the filler opening or mouth of a spray tank and to
      receive and hold thereon a pressurized cartridge or canister of liquid
      Freon-12 or comparable liquid propellant, and which includes an elongated
      heat exchanger tube or trap extending downwardly from the adapter body
      into the tank and terminating in a closed end closely adjacent the bottom
      of the spray tank. The heat exchanger tube or trap defines within the tank
      a straight, elongated, propellant-vaporization or boiling chamber which is
      in direct heat exchange contact with the spray liquid in the tank, and
      into which the pressurized liquid propellant is discharged from the supply
      cartridge or canister. The liquid propellant is caused to boil or vaporize
      in the tube or trap by heat derived from the spray liquid in contact with
      the outer wall of the tube or trap. The vaporized or gaseous propellant
      passes, by way of an outlet opening formed in the side wall of the tube
      near its upper end, into the ullage of the spray tank to pressurize the
      tank. When the pressure of the vaporized propellant reaches or exceeds the
      vapor pressure of the liquid propellant in the tube or trap, boiling or
      vaporization of the propellant ceases. However, as the level of the spray
      liquid in the tank recedes upon operation of the sprayer, the pressure of
      the vaporized propellant is momentarily reduced thus causing the liquid
      propellant in the trap to again boil and thereby restore the pressure
      within the spray tank. Thus, the presure within the tank is maintained
      substantially in equilibrium until the spray liquid is completely
      discharged from the tank. Preferably, the propellant charge in the supply
      cartridge or canister is an amount matched to the capacity of the spray
      tank and to the heat exchanger trap, so that the entire charge of liquid
      propellant will be deposited in the heat exchanger trap and will be
      completely vaporized at the same time as the last of the spray liquid is
      discharged from the tank.
PAR  The principal object of this invention is to provide a simplified, yet
      efficient, gas-pressurizing system for a liquid spray tank which includes
      an elongated, straight liquid propellant-receiving tube or trap arranged
      to extend almost to the bottom of the sprayer tank, so as to provide
      optimum heat transfer between the spray liquid in the tank and the highly
      volatile liquid propellant in the tube or trap.
PAR  Another object is to provide a gas-charging adapter for a liquid spray tank
      which is constructed to accept a readily available, conventional size
      Freon propellant cartridge or canister in inverted, upwardly projecting
      position above the top of the spray tank, and which is operable to
      maintain physical separation between the spray solution in the spray tank
      and the unvaporized liquid propellant while at the same time utilizing the
      heat of the spray solution to vaporize the liquid propellant and thereby
      maintain a substantially constant pressure within the tank.
PAR  Additional objects and advantages of the invention will become more readily
      apparent from a detailed consideration of the following description and
      the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the sprayer of this invention.
PAR  FIG. 2 is a fragmentary sectional view of the sprayer of FIG. 1.
PAR  FIG. 3 is a fragmentary plan view of the top of the spraying apparatus
      without the propellant container or the handle.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT OF THE INVENTION
PAR  The present sprayer apparatus is indicated generally at 10, and includes a
      conventional type spray tank 12, a rigid outlet tube 14 extending through
      and sealed in the top wall of the tank and terminating closely adjacent
      the bottom of the tank, a flexible hose 16 connected to the upper end of
      the outlet tube, a nozzle 18 connected to the other end of the hose and a
      manually operable valve 20 for controlling the discharge of pressurized
      liquid from the tank and nozzle 18.
PAR  With particular reference to FIG. 2, it will be seen that the top of the
      tank is formed with a central mouth or opening 22 which is threaded, as at
      24, to receive a cooperatively threaded adaptor plug 26. The plug is
      formed below its threaded region with an annular skirt 28 on which is
      carried a sealing ring or gasket 30. When the plug 26 is fully threaded
      into the opening 22 the ring 30 is compressed between an inwardly
      extending annular shoulder 32 formed on the tank and a notched shoulder 34
      formed on the plug 26 to provide a fluid tight seal between the plug and
      the interior chamber of the tank. The plug 26 is formed on its upper
      surface with a pair of wing nut-forming ears 36 to which are connected the
      lower ends of a wire bail 38. The bail carries a wood or plastic handle 40
      and the lower opposite ends thereof are hooked through openings 42 formed
      in the ears 36. By this arrangement the tank may be transported easily by
      one hand.
PAR  A hexagonal nipple 44 projects upwardly from the center of the plug 26 and
      is formed with an externally threaded shank portion 45 carried in an
      internally threaded bore or socket 47 formed in the central portion of the
      plug 26. The hexagonal head portion of the nipple 44 is formed with a
      central, internally threaded socket 48 into which projects a
      seal-puncturing or rupturing pintle or needle 49, and a comparatively
      small diameter inlet orifice or passage 50 extends through the shank
      portion 45 to the socket 48 of the nipple 44.
PAR  The nipple 44 is thus adapted to receive the threaded outlet nipple of a
      conventional Freon cartridge or cannister indicated generally at 46. As
      will be understood, when the outlet nipple of the Freon cartridge 46 is
      threaded into the socket 48 of the nipple 44, the pintle 49 punctures the
      lid or seal of the cartridge and permits the liquid Freon propellant to
      flow under pressure through passage 50 into an elongated heat exchanger
      tube or propellant trap 52. A sealing O-ring 54 located within the nipple
      is designed to abut the face of the container 46 as it is threaded into
      the nipple to minimize leakage of the propellant, it being reconized that
      the Freon propellant would quickly vaporize if vented to the atmosphere
      because its normal vapor pressure is about 75 psi at approximately
      16.degree.C.
PAR  The propellant trap or heat exchange tube 52 is unitarily supported at its
      upper end in a threaded counterbore 56 formed in the plug 26. A vapor
      outlet opening or orifice 58 is formed in the side wall of the tube 52
      adjacent its upper end and above the normal levels of the liquid contained
      in the tank. An elastic sleeve or band 60 may be placed around the tube 52
      at the level of the outlet opening 58 for the purpose of blocking the
      entry of spray solution or other foreign matter from the tank into the
      tube 52, while at the same time permitting Freon vapor or gas to pass
      under pressure outwardly through the opening 58 into the ullage of the
      tank. In operation, the plug 26 with its depending propellant trap 52 may
      be removed from the container by thumb pressure on the ears 36, and the
      cleaning solution, or other spray liquid, may be poured or otherwise
      introduced in desired quantity to substantially fill the tank 12. The plug
      26 is then tightly rethreaded into the mouth of the tank with the
      propellant trap or heat exchanger tube 52 extending well into the body of
      liquid within the tank.
PAR  It is desirable to use a minimum amount of propellant to completely
      discharge the contents of the tank under a desired minimum pressure. It
      has been found that a commercially available 15 oz. canister or can of
      Freon-12, such as is commonly employed to charge the refrigerant systems
      of automobiles, is sufficient to discharge 5 gallons of liquid at pressure
      of 40-60 psi. For smaller or larger capacity tanks, the charge of Freon-12
      may be varied accordingly.
PAR  The nipple of the canister 46 is threaded into the socket 48 and the pintle
      49 punctures the seal of the can so that the liquid Freon flows downward
      through passage 50 into the trap 52. The can 46 remains threaded into the
      nipple 44 until the tank is completely discharged, otherwise the
      propellant trap 52 would be vented to the atmosphere through passage 50.
PAR  As soon as the liquid Freon enters the trap 52 it begins to boil and the
      vapor or gas passes under comparatively high pressure outwardly through
      opening 58, displacing elastic sleeve 60, and into the ullage of the tank.
      The heat of vaporization for the propellant is supplied by the spray
      liquid through the walls of the trap, but the reduction in temperature of
      the spray liquid is insufficient to cause freezing thereof.
PAR  When the sprayer valve 20 is opened, liquid will be forced by the gas
      pressure in the ullage of the tank outwardly through tube 14, hose 16, and
      nozzle 18. As the liquid level within the tank recedes the gas pressure
      above the liquid will momentarily drop, but this results in more rapid
      boiling and vaporization of liquid Freon in the trap 52, until pressure is
      restored.
PAR  While the spraying operation is proceeding, the pressure above the liquid
      level will be maintained roughly in the range of 40-60 psi until the
      liquid is exhausted from the tank. Any excess of Freon gas in the tank may
      be vented to the atmosphere.
PAR  While a preferred embodiment of the invention has been shown and described
      in detail, it will be clear that modifications in design and details of
      construction may be made without departing from the spirit of the
      invention or the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a sprayer tank having a top wall and a
      valve-controlled outlet conduit communicating with the interior of the
      tank adjacent the bottom thereof; a gas pressurization adapter for said
      tank comprising:
PA1  a. a connector fitting carried in the top wall of said tank and arranged to
      sealingly receive and support an inverted, liquid propellant supply
      cartridge above the top wall of said tank, said fitting having a
      propellant-conducting passage extending therethrough; and
PA1  b. an elongated, propellant-receiving trap having an upper end
      communicating with the propellant-conducting passage of said fitting and a
      closed lower end portion extending downwardly into said tank for direct
      heat exchange contact with a spray liquid contained in said tank, said
      trap defining an elongated vaporization chamber into which a pressurized
      liquid propellant may be introduced by way of said fitting, and said trap
      being provided toward the upper end thereof with an outlet opening through
      which vaporized propellant may flow into the upper region of said tank.
NUM  2.
PAR  2. The combination defined by claim 1, wherein said connector fitting
      comprises a plug detachably carried in the top wall of said tank and
      having an internally threaded nipple extending upwardly to receive an
      inverted propellant supply cartridge.
NUM  3.
PAR  3. The combination defined in claim 1, wherein said plug is threadedly
      carried in a filler opening for said tank.
NUM  4.
PAR  4. The combination defined in claim 2, wherein said propellant-receiving
      trap comprises an elongated, tube extending from said plug to a level
      closely adjacent the bottom of said tank and arranged for heat exchange
      contact with a liquid contained in said tank, said tube being closed at
      the lower end thereof and along its sides except for said outlet opening.
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PAL  The assembly includes an actuator nozzle telescopically fitted to an
      aerosol valve and rotatable with respect thereto. The actuator includes a
      skirt portion which interfits with a locking ring to maintain it on the
      valve. The interfitted skirt portion is preferably tilted with respect to
      the telescopically fitted portion of the actuator to provide an initial
      tilt to the aerosol valve for ease of opening. The locking ring preferably
      also includes means for locking the actuator by rotation of the actuator
      to prevent opening of the valve.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. Pat. application Ser.
      No. 459,697 filed Apr. 10, 1974 for an ACTUATOR NOZZLE ASSEMBLY FOR
      AEROSOL CONTAINERS.
PAR  This application is also a continuation-in-part of U.S. Pat. application
      Ser. No. 496,409 filed Aug. 12, 1974 for A ROTATABLE AEROSOL ACTUATOR
      NOZZLE and having an effective date of July 24, 1972 because it is a
      continuation of U.S. Pat. application Ser. No. 274,195 filed July 24, 1972
      now abandoned.
BSUM
PAR  This invention relates to an improved actuator nozzle assembly for an
      aerosol container in which the actuator nozzle is rotatable with respect
      to the aerosol valve, and which may provided greater ease of operation, or
      a safety interlock feature, or both.
PAR  Aerosol containers are commonly constructed in the form of a metal can
      having a tubular valve stem protruding at the center of the top of the
      can. Most commonly, a plastic actuator nozzle is press-fitted over the end
      of the valve stem, and includes a constricted nozzle opening in one side
      thereof so that the user can direct the stream from the nozzle in a
      desired direction. With this method of construction, there is no problem
      of leakage between the actuator nozzle and the valve stem because of the
      tight press-fit therebetween. However, the actuator nozzle cannot be
      easily rotated.
PAR  It is one of the features of the present invention to provided an actuator
      nozzle which can be rotated with respect to the valve stem, and which does
      not permit leakage between the valve stem and the actuator nozzle.
PAR  Aerosol containers, as presently constructed, have valves which are
      actuated either by pressing the valve stem directly, axially, inwardly,
      (downwardly), or by tilting the valve stem by a side thrust. The valves
      that are actuated by a side thrust are preferred because they require less
      operating force by the user. However, because of proprietary restrictions,
      some manufacturers are not able to offer the public the side thrust
      actuated valves, and are restricted to producing and selling the axially
      operated valves.
PAR  It is one object of the present invention to provide an improved aerosol
      actuator nozzle which promotes ease of operation of the axially operated
      valves, and which may be said to convert the operation to the tilting type
      of side thrust operation.
PAR  Another problem with aerosol containers is that the substances in the
      containers, while always very useful, may be harmful if misused. Such
      misuse may occur through inadvertent operation of the aerosol valve at the
      wrong time, or the valve may be operated by a young child who may injure
      himself or cause damage to property.
PAR  Accordingly, it is another object of the present invention to provide an
      improved actuator nozzle assembly for an aerosol container which
      incorporates an improved interlock feature to provide a locked condition
      of the actuator whenever accidental or unauthorized operation of the valve
      is to be prevented.
PAR  Further objects and advantages of the invention will be apparent from the
      following description and the accompanying drawings.
PAR  In carrying out the invention, there may be provided an actuator nozzle
      assembly for an aerosol container of the type having a tubular valve stem
      protruding at the center of one axial end thereof, comprising an actuator
      which is rotatable with respect to the valve stem when assembled
      therewith, said actuator comprising a member defining a cylinder surface
      operable to telescopically interfit with the valve stem to have a sliding
      fit therewith, said actuator including a conical surface portion
      corresponding to a frustum of a right circular cone concentric with said
      cylinder surface member and arranged to engage an upper edge portion of
      the valve stem with a distributed radial force combined with an axial
      force in response to the axial component of valve opening force imparted
      through said actuator to the valve stem to thereby form a seal between
      said actuator and the valve stem, said actuator including a nozzle opening
      communicating with the interior of said cylinder surface member and
      extending radially outwardly from the upper end thereof, said actuator
      also including a skirt portion extending downwardly and generally parallel
      to the axis of said cylinder surface member and having a radially
      outwardly extending flange at the lower portion thereof, the upper surface
      of said flange generally defining a plane, a locking ring arranged for
      assembly to the upper edge portion of the aerosol container, said locking
      ring having a radially inwardly extending flange portion which interlocks
      with the upper surface of said radially outwardly extending flange of said
      skirt portion of said actuator, said plane defined by said upper surface
      of said radially outwardly extending flange of said skirt portion being
      tilted away from an orientation perpendicular to the axis of said cylinder
      surface member, the tilt being downwardly in the front of said nozzle
      opening and upwardly in the rear of said nozzle opening.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is a sectional side view of a preferred embodiment of the actuator
      nozzle assembly of the invention showing the mode of attachment to an
      aerosol container.
PAR  FIG. 2 is a sectional rear view of the actuator nozzle assembly of FIG. 1,
      taken at section 2--2 of FIG. 1.
PAR  FIG. 3 is a bottom view of the actuator nozzle assembly of FIG. 1 as it
      appears when disassembled from the aerosol container, and with the
      actuator in an unlocked position.
PAR  FIG. 4 is a bottom view corresponding to the bottom view of FIG. 3, but
      showing the actuator in a locked position.
PAR  FIG. 5 is a sectional side view of a modified embodiment.
PAR  FIGS. 6 and 7 are bottom views of the modification of FIG. 5 respectively
      in the locked and unlocked positions.
DETD
PAR  Referring more particularly to FIG. 1, there is illustrated a combined
      valve actuator and nozzle 10 mounted upon an aerosol container 12. The
      aerosol container 12 is one of the type having a tubular valve stem 14
      protruding at the center of the upper end thereof. The actuator 10
      includes a tubular member 16 having an interior cylindrical bore which has
      a sliding fit telescopically over the outer diameter of the tubular valve
      stem 14. For ease of assembly, at the bottom tip of the tubular member 16,
      as indicated at 18, there is provided a tapered portion which adjoins, and
      forms an extension of, the inner bore surface of the tubular member 16
      which engages with the outer surface of the tubular valve stem 14.
PAR  The actuator 10 also includes a conical surface portion indicated at 20
      which corresponds to a frustum of a right circular cone which is arranged
      to engage the outer upper edge portion of the valve stem 14 to form a seal
      therewith to prevent leakage when the valve is actuated. In the embodiment
      of FIG. 1, surface 20 is simply an extension of the inner bore surface of
      the tubular member 16. The usual downward pressure on the valve actuator
      10 for operation of the valve is sufficient to prevent leakage through
      this seal. When the valve is actuated by a side thrust upon the actuator
      nozzle, causing a rotational movement of the actuator and the valve stem
      14, the downward and inward component of the actuating force is sufficient
      to provide the sealing effect. This is explained in more detail below.
PAR  For accomplishing the above purposes, the cone angle between the conical
      surface and the cone axis, corresponding to the axis 22 of the valve stem,
      is preferably in the neighborhood of 30.degree.. It has been found that if
      an angle greater than 45.degree. is employed, the sealing action is not
      adequate with the normal axial valve actuating force. On the other hand,
      if an angle of less than 20.degree. is employed, the conical portion of
      the actuator tends to become wedged on the end of the valve stem,
      preventing free rotation of the combined actuator and nozzle. Accordingly,
      it is preferred to keep the cone angle within the range from 25.degree. to
      40.degree., and the preferred value is in the neighborhood of 30.degree..
      It will be appreciated that the selection of the cone angles, and the
      operation of the seal, will depend to some extent upon the selection of
      material for the combined actuator and nozzle. However, the above ranges
      are believed to be effective for most of the molded plastic materials
      which are intended to be used for the actuator and nozzle. Various plastic
      materials may be employed for this purpose The choice of material is not
      believed to be a critical matter. Typical satisfactory materials include
      polyethylene, arcylics, vinyls, and others.
PAR  The upper end of the center bore of the tubular member 16 communicates with
      a nozzle bore 24 extending through to the exterior of the actuator and
      nozzle 10 in the bottom of a concave generally spherically shaped recess
      26 formed in the actuator 10. At the upper surface of the actuator 10
      there is provided a finger-shaped recessed channel, as indicated at 28,
      which is axially aligned with the nozzle bore 24 when viewed from above.
      This is sometimes referred to hereinafter as the finger grip portion of
      the actuator nozzle. The finger depression 28 is preferably slanted, as
      shown, as a convenience in actuating the valve by a combination of
      downward force and side thrust upon the actuator, the side thrust being
      exerted in a direction to the left in the drawing.
PAR  The actuator nozzle 10 is maintained in assembled relationship on the
      aerosol container by means of a locking ring 30 which snaps into firm
      engagement with the upper peripheral edge portion 32 of the aerosol
      container. The locking ring 30 is provided with an inwardly extending
      radial flange 34. The body of the actuator nozzle 10 includes a skirt
      portion 36 having a radially outwardly extending flange portion 38 at the
      bottom edge thereof. The outer diameter of the flange 38 is greater than
      the inner diameter of the flange 34 so that these flanges interlock to
      maintain the body of the actuator nozzle 10 in assembled relationship with
      the aerosol container.
PAR  As illustrated in the drawing, the upper edge portion 32 of the aerosol
      container has an undercut, as indicated at 40, and a portion 42 of the
      locking ring 30 snaps into the undercut portion of the edge 32 of the
      container to firmly secure the locking ring thereto. To provide for ease
      of assembly of the locking ring 30, it is preferably provided with a
      conically tapered portion indicated at 44, followed by a curved profile
      portion at 46, above the portion 42, which substantially conforms to the
      inward facing surface of the edge 32 of the container. The profile portion
      46 may be properly referred to as a circumferential groove. The locking
      ring 30 is preferably constructed of one of the synthetic resin plastic
      materials previously mentioned above, and when constructed of such
      materials, it is found to have sufficient flexibility to permit assembly
      by snapping it into position by use of the camming action provided by the
      taper 44.
PAR  Aerosol containers, as presently constructed, have valves which are
      actuated either by pressing the valve stem directly, axially, inwardly,
      (downwardly), or by tilting the valve stem by a side thrust. When the
      actuator nozzle of the present invention is employed with an aerosol
      container valve of the first type, involving an axial movment of the valve
      stem for opening the valve, there is no question about the achievement of
      an adequate sealing action between the valve stem 14 and the conical
      surface 20, for the entire axial inward force required to overcome the
      valve spring is applied directly to force the conical sealing surface 20
      against the upper edge of the valve stem 14. However, when the valve is
      one of those which is actuated by a side thrust, the axial component of
      that thrust force is necessarily somewhat limited. The axial component of
      the side thrust is enhanced by two features of the invention. The finger
      channel 28 at the top of the actuator nozzle 10 body is slanted away from
      the vertical at an angle which exceeds 45.degree., and in a preferred
      embodiment is at an angle of about 54.degree.. This means that in
      providing a side thrust upon the actuator nozzle, the user necessarily
      grips the actuator nozzle with his finger by a downward pressure. This
      provides a component of axial thrust tending to tighten the seal at the
      conical surface 20. Another feature which is very effective for this
      problem is that the flange 38 on the skirt 36 of the body of the actuator
      nozzle engages with the flange 34 of the locking ring at the back of the
      actuator nozzle as the side thrust and resultant tilting of the actuator
      nozzle takes place. This is at the right side of the nozzle as it is
      pictured in the drawing. The engagement of these flanges causes a pivoting
      action of the actuator nozzle at the point of engagement. It may be
      referred to as a fulcrum point since the actuator nozzle operates as a
      lever. Thus, further tilting movement after engagement of the flanges 34
      and 38 provides for rotation of the actuator nozzle about the fulcrum
      point and provides for a substantial component of the actuating force to
      be applied along the axis of the valve stem, thus serving to tighten the
      seal at the conical surface 20. Thus, by these measures a very adequate
      sealing action is obtained. This sealing action is important, particularly
      in nozzles of the type illustrated which are intended to emit a forceful
      spray through an orifice 24, because a substantial pressure must exist
      behind the orifice, and that pressure will be released whereever it can
      be.
PAR  In accordance with another improved feature of the present invention, the
      axis of the cylindrical bore of the tubular member 16 is tilted at an
      angle of about 5.degree. away from the vertical. This is a rotational
      displacement clockwise as illustrated in FIG. 1, and a displacement which
      is in a plane common to the center lines of the bore of 16 and of the
      nozzle 24. This feature is particularly important in promoting ease of
      operation of axially operated valves. This tilt of the bore 16
      pre-stresses the valve stem 14 to the right, as illustrated in the
      drawing. This pre-stressing is not drastic enough to cause the valve to
      open, or to damage the valve in any way. However, the pre-stressing is in
      such a direction that the actuation movement of the actuator nozzle, which
      is a counter-clockwise rotation as well as a downward and inward movement,
      causes the valve stem 14 to straighten up as well as being moved
      downwardly and inwardly. This promotes ease of operation of the valve, and
      it also enhances the force tending to seal the actuator to the valve stem
      at the conical surface 20. Thus, the operating tilting force on the
      actuator, which is to the left in the drawing, provides a greater
      component of sealing force at the conical seal 20 then would otherwise be
      available without the 5.degree. tilt of the axis of the bore of the
      tubular member 16.
PAR  The above description of the 5.degree. tilt feature has been given entirely
      in terms of a tilt of the bore of the tubular portion 16 of the actuator
      away from the vertical direction as related to the main axis of the
      actuator. Actually, the chief significance of this tilt is that the bore
      of 16 is tilted with respect to the plane defined by the upper surface of
      the outwardly extending flange 38 of the skirt portion 36. Thus, the tilt
      may also be described as a tilt of that plane. Thus, the plane of the
      flange should not be normal to the axis of the bore, but should be tilted
      about 5.degree. away from the normal. This tilt may be described as
      downwardly in front (to the left) of the nozzle opening 24 and upwardly in
      the rear (to the right) of the nozzle opening 24. The other features of
      the actuator may be related to either axis, either the tilted axis of the
      bore, or an axis which is illustrated as vertical in the drawing, and
      which is normal to the plane defined by the upper surface of the flange
      38. In the present embodiment, the other features, such as the cone angles
      of the skirt 36, are symmetrical about the vertical axis which is normal
      to the plane defined by the flange 38.
PAR  The drawing is idealized to the extent that a clearance space is shown
      between the upper surface of the flange 38 and the lower surface of the
      inwardly extending locking ring flange 34 on the right side of FIG. 1.
      Actually, this clearance is taken up entirely by the normal restoring
      force of the aerosol valve stem 14, which tries to maintain the valve stem
      in the vertical direction. The clearance between the flanges 38 and 34 is
      preferably minimized so as to limit the straightening effect of the
      restoring force of the valve 14. However, a number of manufacturing
      tolerances are involved in determining this clearance, and accordingly the
      actual "at rest" tilt angle of the valve stem 14 is bound to be less than
      5.degree., and is more likely to be in the order of 3.degree.. However,
      the 3.degree. tilt provides all of the advantages explained above.
      Furthermore, the fact that the restoring force of the valve 14 takes up
      all of the clearance space between the flanges 34 and 38 at the right side
      in the drawing FIG. 1 provides for smooth operation of the valve with a
      minimum of lost motion before the valve begins to open.
PAR  The following portion of the description is largely directed to a preferred
      locking feature of the invention. With this locking feature, the actuator
      10 can be rotated with respect to the locking ring 30 into a position from
      which the actuator cannot be operated to open the valve.
PAR  FIG. 2 is a rear sectional view taken on section "2--2" of FIG. 1. In order
      to clarify the showing of FIG. 1, FIG. 2 includes a section line "1--1"
      which deviates in a minor way from the center line, showing where the
      section is taken in FIG. 2 for FIG. 1. As shown in FIG. 2, the radially
      outwardly extending flange 38 is interrupted at the sides of the skirt
      portion 36, and the skirt portion in the vicinity of this interruption is
      extended by integrally formed cantilever spring tabs 48 and 50. The
      interior surface of the lower portion of the locking ring 30 defines a
      hexagon, having six hexagon faces 52, 54, 56, 58, 60, and 62, some of
      which are illustrated in FIGS. 1 and 2, and all of which are shown in the
      bottom views of FIGS. 3 and 4 described more fully below. The cantilever
      spring flaps 48 and 50 cooperate with the hexagonal interior surface of
      locking ring 30 to provide an indexing movement in the rotation of the
      actuator nozzle 10, such that there is a substantial resistance to
      rotation as the spring flaps are rotated from engagement with one pair of
      the oppositely disposed hexagon flat surfaces to engagement with another
      pair. But there is a substantial reduction in turning force as the flaps
      become seated upon a particular pair of the hexagon flat surfaces. This
      may be referred to as an indexing, or detent, type of movement. It is very
      useful in the present invention, as will be described more fully below.
      The spring flaps 48 and 50 are designed to have the necessary amount of
      flexibility to provide the desired amount of resistance to rotation from
      one indexed position to another.
PAR  FIG. 3 is a bottom view of the assembly illustrating it in the unlocked
      position, as shown in FIG. 2, and clearly illustrating the hexagonal faces
      of the opening in the bottom of the locking ring 30. FIG. 4 is a bottom
      view of the assembly, corresponding to FIG. 3, but showing the actuator
      nozzle 10 rotated 60.degree. with relation to the locking ring 30, and in
      the locked position, to prevent undesired opening of the aerosol valve.
PAR  Referring again to FIG. 2, on two of the opposed flat faces 54 and 60 of
      the internal surface of the locking ring 30 there are provided locking
      abutments 64 and 66 which extend radially inwardly. When the actuator
      nozzle is rotated with respect to the locking ring 30 from the position
      illustrated in FIGS. 1, 2, and 3, into the position illustrated in FIG. 4,
      then the radially outwardly extending flange 38 at the lower portion of
      the actuator nozzle skirt 36 is moved into the cavity shown at 68 above
      the abutments 64 and 66. This interlocks the flange 38 with the abutments
      64 and 66, and prevents any downward or tilting movement of the actuator
      nozzle 10 which could cause opening of the valve of the aerosol. The
      bottom edges of the flange 38 are tapered, as indicated at 69, to
      facilitate entry of the flange 38 into the cavities 68. This permits ease
      of operation and a close fit. It also compensates for any initial
      misalignment. As shown in the bottom views of FIGS. 3 and 4, the locking
      abutments 64 and 66 preferably have arcuately formed faces so that the
      edges of these abutments form arcuate engagements with substantial
      portions of the edges of the radial flange 38 of the actuator nozzle, even
      though the overlap of these parts is not large, as illustrated in the
      locked position shown in FIG. 4.
PAR  On the underside of the radially outwardly extending flange 38, there are
      provided integrally molded stops 70 and 72 which come to rest against the
      edges of the locking abutments 66 and 64 when the actuator nozzle is in
      the locked position, as illustrated in FIG. 4. This provides a positive
      indication to the user that the actuator nozzle is in the locked position,
      and prevents further rotation.
PAR  The hexagonal configuration of the interior of the locking ring 30, and the
      related features of the geometry of the preferred embodiment illustrated
      in FIGS. 1-4 provide for two different locked positions. Thus, from the
      unlocked position illustrated in FIG. 3, the actuator nozzle can be
      rotated either clockwise or counterclockwise by 60.degree. into a locked
      position. The counterclockwise locked position is illustrated in FIG. 4.
      In either of these locked positions, the stop members 70 and 72 are
      effective to stop the rotation by engagement against the abutment members
      66 and 64.
PAR  When the actuator nozzle is rotated to the unlocked position, as
      illustrated in FIG. 2, there is no interference by the abutments 64 and
      66, or by any other part of the locking ring 30, with downward or tilting
      movement of the actuator nozzle.
PAR  The bottom views of FIGS. 3 and 4 are simplified to the extent that the
      details are not fully shown within the center bore 16, since such details
      are not required for an understanding of the invention.
PAR  Many modifications may be made without departing from the spirit and scope
      of the invention. For instance, the locking abutments 64 and 66 may be
      moved down to the lower inside edge of the hexagon faces 60 and 54 so as
      to abut with the lower tips of the cantilever spring flaps 48 and 50 to
      thus provide the locking action in cooperation with the tips of the spring
      flaps rather than with the flange 38. Such a modification is illustrated
      in FIGS. 5, 6, and 7 and described more fully below.
PAR  Furthermore, with the hexagon shape, it is feasible to provide three
      equally spaced locking abutments, for instance, in association with the
      hexagon faces 52, 56, and 60, and to provide three equally spaced
      cantilever spring flaps, instead of the two illustrated. This again
      provides a configuration in which a 60.degree. rotation causes locking,
      and a 60.degree. counter rotation causes unlocking. It is also possible to
      use other polyhedron shapes on the inner surface of the locking ring 30,
      preferably employing even numbers of sides. For instance, it is quite
      practical to employ an octagon shape with four equally spaced locking
      abutments and four equally spaced cantilever spring flaps. The modified
      embodiment of FIGS. 5, 6, and 7, which is described in detail immediately
      below serves to illustrate this modification.
PAR  The modified embodiment of FIGS. 5, 6, and 7 is generally similar to the
      embodiment of FIGS. 1-4 in many ways, and corresponding parts and
      components having the same features and functions in the FIGS. 5-7
      embodiment are numbered the same as corresponding components in the FIGS.
      1-4 embodiment, and are not separately described below. The main
      structural changes in FIGS. 5-7 are: (1) a change in position of the
      locking abutments 66 and 64 from a position above the tips of the
      cantilever spring flap members 48 and 50 to positions illustrated at 64A
      and 66A in FIG. 5 beneath the tips of the cantilever spring flaps 48a and
      50a, (2) the change from two cantilever spring flaps and a hexagon
      internal shape for the locking ring to four cantilever spring flaps and a
      square (or octagon) internal shape for the locking ring, (3) the addition
      of a radially outwardly extending lip or flange 31 at the upper edge of
      the locking ring 30A for greater ease in holding the ring against rotation
      as described in detail below.
PAR  Referring in more detail to FIG. 5, at the lower edges of the locking ring
      30A, there are provided locking abutments 64A and 66A which engage with
      the lower edges of the cantilever spring flap indexing members 48A and
      50A. The change in the position of the locking abutments substantially
      simplifies the structure of the locking ring, making it easier to
      fabricate. Furthermore, since the cantilever spring flaps need not
      accomodate for the protrusion of the locking abutments above the tips of
      the spring flaps, as illustrated in FIG. 2, the diameter of the skirt
      portion 36A in the embodiment of FIGS. 5-7 may be somewhat larger in
      relation to the diameter of the locking ring 30A. This is believed to
      enhance the appearance of the actuator. As illustrated in FIG. 5, the
      lower end surfaces of the cantilever spring flaps 48A and 50A include
      curved cam portions indicated at 74 at the corners thereof in order to cam
      the ends of the cantilever spring flaps into secure engagement with the
      locking abutments 64A and 66A with ease as the actuator button 10A is
      rotated in relation to the locking ring 30A into the locked position
      illustrated in FIG. 5.
PAR  FIG. 6 is a bottom view of the embodiment of FIG. 5, again illustrating the
      actuator in the locked position. As illustrated more clearly in FIG. 6,
      the embodiment of FIGS. 5-7 preferably includes four locking cantilever
      flaps 48A, 50A, 48B, and 50B which, in the locked position illustrated in
      FIG. 6, respectively engage four equally circumferentially spaced flat
      inner surface portions of the locking ring 30A designated 80, 82, 84, and
      86. The actuator is unlocked by rotating it 45.degree. in either direction
      with respect to the locking ring 30A. The unlocked position achieved by
      rotation in a counterclockwise direction, as viewed from the bottom, is
      illustrated in FIG. 7. In this position, the four cantilever flaps 48A,
      50A, 48B, and 50B are respectively positioned intermediate the locking
      abutments 64A, 66A, 64B, 66B, so that they are disengaged from the locking
      abutments, thus permitting acutating movement of the actuator 10A.
PAR  In this unlocked position, the cantilevered spring flaps 48A, 50A, 48B, and
      50B, are respectively positioned opposite to internal wall portions of the
      locking ring 30A designated 88, 90, 92, and 94. It is apparent that these
      internal wall portions 88-94 could be additional flat surfaces while
      perfectly accomodating the cantilever spring flaps associated therewith.
      In such a configuration, the internal surface of the locking ring 30A
      would represent an octagon. However, it has been found to be unnecessary
      to provide such additional flat surfaces, and instead, the surfaces 88-94
      simply represent radiused curved walls joining the adjacent flat walls so
      that the bottom plan view of the inner walls of the locking ring simply
      represent a square with very generously radiused corners. It will be
      appreciated, that this shape functions substantially similarly to an
      octagon shape and may be considered as illustrating how an octagon shape
      works. The principal exception is that the actuator is somewhat more
      easily moved into the unlocked position, and is more freely tiltable when
      it is in the unlocked position illustrated in FIG. 7 than it would be if
      the surfaces 88-94 were flat. Accordingly, the radiused corners are
      preferred.
PAR  As illustrated in FIG. 5, the nozzle 24 is preferably aligned rotationally
      at 45.degree. to the center lines of the adjacent cantilever spring flaps
      48A and 48B. Thus, the nozzle 24 is at a rotational alignment which is
      midway between the two flaps. This provides the advantage that the rocking
      or tilting motion of the actuator in the unlocked position shown in FIG.
      7, is most easily accommodated by the reduced corners 88-94 of the
      interior surface of the locking ring 30A.
PAR  An important advantage of the embodiment of FIGS. 5-7 over the embodiments
      of FIGS. 1-4 is specifically related to the arrangement in which the
      locking action takes place between the locking abutments such as abutments
      64A and 66A and the lower ends of the associated cantilever spring flaps.
      This advantage resides in the ease of initial assembly of the actuator
      button 10A with the locking ring 30A. Thus, the locking ring 30A may be
      threaded over the top of the actuator 10A in the rotational alignment for
      the locked position, and the cantilever spring flaps, such as 48A and 50A
      are resilient enough so that they can be forced to spring inwardly as the
      locking abutments 64A and 66A are pushed over the outside surfaces of
      those flaps and snapped into placed beneath the ends of the flaps.
      Alternatively, the locking ring 30A may be supported upside down by an
      annular support, and the actuator 10A may be inserted and snapped into
      place in the inverted position through the inverted bottom of the locking
      ring. In either case, this mode of assembly is very easily accomplished
      without the need for a rotational motion during assembly. Also, this mode
      of assembly results in the combination of the actuator nozzle and the
      locking ring in the locked position which is desired for shipment. By
      contrast, the embodiment of FIGS. 1-4 requires assembly first in the
      unlocked position and then relative rotation to achieve the locked
      position.
PAR  In all of the embodiments of the invention involving the locking feature
      with cantilever spring flaps, the unlocking rotation of the actuator which
      is required before the valve can be opened is complicated enough so that
      small children cannot unlock the container. As a further precaution, the
      cantilever spring flaps can be designed to require a substantial
      rotational force to accomplish the unlocking motion, a force sufficiently
      high so that small children are incapable of providing enough force to
      unlock the container.
PAR  The locking ring 30 in the embodiment of FIGS. 1-4, or locking ring 30A of
      the embodiment of FIGS. 5-7 may be designed to provide a very secure
      attachment to the upper part 32 of the associated aerosol container so
      that the locking ring cannot be rotated with respect to the aerosol
      container by the torque normally required for locking or unlocking the
      actuator by rotation thereof. Thus, the actuator can be locked or unlocked
      by firmly gripping the aerosol container in one hand, and by simply
      rotating the actuator with the other hand. This rotation movement is
      complicated enough to prevent inadvertent operation of the valve, and to
      prevent unlocking and actuation of the valve by small children.
PAR  However, it has been discovered that it is possible to incorporate an
      important additional safety feature in accordance with the present
      invention by simply designing the locking ring 30 or 30A so that the fit
      of the locking ring at the top of the aerosol container is not so tight
      that rotation of the locking ring is prevented in response to the
      unlocking rotational torque of the actuator. Thus, with this modification,
      if the user of the invention simply holds the aerosol container in one
      hand and attempts to rotate the actuator with the other hand, the locking
      ring 30, 30A simply rotates with the actuator, and in the absence of
      relative rotation between the actuator and the locking ring, the actuator
      is not unlocked. Thus, with this modification, it is necessary for the
      user to place one or two fingers on the upper surface of the locking ring
      30, 30A to impart additional resistance to rotation of the locking ring in
      order to achieve a rotation of the actuator relative to the locking ring
      so as to unlock the actuator. This additional complication in the
      manipulation required for unlocking is effective to prevent unlocking and
      actuation by children who may realize that the actuator must be rotated,
      but do not appreciate the subtle requirement that fingers must restrain
      the locking ring as the actuator is rotated.
PAR  In the embodiment of FIGS. 5-7, a radial extension lip 31 has been added at
      the outer upper periphery of the locking ring to enable the operator to
      restrain more effectively the rotation of the locking ring 30A with
      respect to the aerosol container.
PAR  The upper surface of the locking ring 30 or 30A may be grooved or may have
      other roughened surface features or surface discontinuities, if desired,
      to promote ease in holding the locking ring against rotation during
      corresponding rotation of the actuator between the locked and the unlocked
      positions. However, a smooth surface has the advantage of helping to
      prevent unauthorized opening of the container by children, even though
      they may have discovered the principle of operation.
PAR  The 5.degree. tilt feature illustrated at 22 in FIG. 5 is especially useful
      in achieving a tilt actuation movement from an aerosol valve which is
      intended and designed primarily for actuation by axial inward motion. If
      the valve of the aerosol container is designed for tilt actuation, the
      5.degree. pre-tilt is not necessary, and the internal cylindrical surface
      of 16 may be exactly perpendicular to the plane of the upper surface of
      flange 38A. The 5.degree. pre-tilt may also be omitted where it is not
      desired to convert the actuation movement of an axially operated valve to
      the tilt motion. In such an embodiment, the finger-engaging surface 28 of
      the actuator is preferably not tilted as much as is illustrated in FIG. 5,
      but the top surface of the actuator is more nearly flat and level.
PAR  Regardless of the above-mentioned modifications, the locking features
      illustrated and described in connection with FIGS. 5-7 and also in
      connection with FIGS. 1-4 may remain the same, and are fully effective to
      lock the valve against actuation, no matter whether the valve is an
      axially operated valve or a tilt actuated valve.
PAR  While this invention has been shown and described in connection with
      particular preferred embodiments, various alterations and modifications
      will occur to those skilled in the art. Accordingly, the following claims
      are intended to define the valid scope of this invention over the prior
      art, and to cover all changes and modifications falling within the true
      spirit and valid scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An actuator nozzle assembly for an aerosol container of the type having
      a tubular valve stem protruding at the center of one axial end thereof,
      comprising
PA1  an actuator which is rotatable with respect to the valve stem when
      assembled therewith,
PA1  said actuator comprising a member defining a cylinder surface operable to
      telescopically interfit with the valve stem to have a sliding fit
      therewith,
PA1  said actuator including a skirt portion having a radially outwardly
      extending flange,
PA1  the upper surface of said flange generally defining a plane,
PA1  a locking ring arranged for assembly to the upper edge portion of the
      aerosol container,
PA1  said locking ring having a radially inwardly extending flange portion which
      interlocks with the upper surface of said radially outwardly extending
      flange of said skirt portion of said actuator to maintain said actuator in
      assembled relationship with the valve stem of the aerosol container,
PA1  said locking ring including at least two integral locking abutments
      extending radially inwardly from the inside walls thereof beneath said
      skirt portion and arranged to abut lower surfaces of said skirt portion to
      thereby lock said actuator against downward movement to prevent actuation
      of the associated aerosol container valve,
PA1  said lower surfaces of said skirt portion engaged by said locking abutments
      having reduced radius portions corresponding to each of said locking
      abutments,
PA1  said actuator being rotatable to position said reduced radius portions
      opposite to said abutments to thereby disengage said skirt portion from
      said locking abutments to unlock said actuator,
PA1  said skirt portion of said actuator including a plurality of cantilever
      spring members extending downwardly therefrom and arranged to exert spring
      forces radially outwardly against the inner surface of said locking ring;
PA1  said inner surface of said locking ring including discontinuities operable
      in cooperation with said cantilever spring members to provide a detent
      spring force for rotational indexing operation of said actuator between at
      least one locked rotational position in which said skirt portion is locked
      with said locking abutments and at least one unlocked rotational position
      in which said skirt portion is disengaged from said locking abutments,
PA1  said lower surfaces of said skirt portion engaged by said locking abutments
      comprising the lower ends of said cantilever spring members.
NUM  2.
PAR  2. An actuator nozzle assembly as claimed in claim 1 wherein
PA1  said discontinuities in said inner surface of said locking ring are
      provided by forming said surface as a regular polygon having an even
      number of sides.
NUM  3.
PAR  3. An assembly as claimed in claim 2 wherein
PA1  said cantilever spring members include relatively straight lower edges for
      physical engagement with said inner surface of said locking ring,
PA1  said cantilever spring members being matched with individual pairs of the
      sides of the polygon shape of said inner surface of said locking ring to
      provide a minimum of rotation resisting force when said straight lower
      edges of said spring members are aligned with a pair of straight sides of
      said polygon.
NUM  4.
PAR  4. An assembly as claimed in claim 3 wherein
PA1  said polygon is an octagon.
NUM  5.
PAR  5. An assembly as claimed in claim 4 wherein
PA1  said actuator includes four integrally formed cantilever spring members
      equally spaced around the circumference thereof,
PA1  and wherein
PA1  four of said locking abutments are provided at four alternately arranged
      faces of the octagon defined by said inner surface of said locking ring
      for simultaneous engagement with the four ends of said cantilever spring
      members when said actuator is in the locked position.
NUM  6.
PAR  6. An assembly as claimed in claim 3 wherein
PA1  said polygon is a square.
NUM  7.
PAR  7. An assembly as claimed in claim 6 wherein
PA1  said actuator includes four integrally formed cantilever spring members
      equally spaced around the circumference thereof,
PA1  and wherein
PA1  there are provided four of said locking abutments respectively disposed in
      the central portion of each side of said square defining the inner surface
      of said locking ring for engagement by the ends of said cantilever spring
      members in the locked position,
PA1  said actuator being rotatable by an angle of 45.degree. to the unlocked
      position in which said cantilever spring members are disposed in the
      corners of said square defining the inner surface of said locking ring.
NUM  8.
PAR  8. An assembly as claimed in claim 7 wherein
PA1  said corners of said inner surface of said locking ring are generously
      radiused to permit a reduced outer radius for said ring.
NUM  9.
PAR  9. An actuator nozzle assembly for an aerosol container of the type having
      a tubular valve stem protruding at the center of one axial end thereof,
      comprising
PA1  an actuator which is rotatable with respect to the valve stem when
      assembled therewith,
PA1  said actuator comprising a member defining a cylinder surface operable to
      telescopically interfit with the valve stem to have a sliding fit
      therewith,
PA1  said actuator including a skirt portion having a radially outwardly
      extending flange,
PA1  the upper surface of said flange generally defining a plane,
PA1  a locking ring arranged for assembly to the upper edge portion of the
      aerosol container,
PA1  said locking ring having a radially inwardly extending flange portion which
      interlocks with the upper surface of said radially outwardly extending
      flange of said skirt portion of said actuator to maintain said actuator in
      assembled relationship with the valve stem of the aerosol container,
PA1  said locking ring including at least two integral locking abutments
      extending radially inwardly from the inside walls thereof beneath said
      skirt portion and arranged to abut lower surfaces of said skirt portion to
      thereby lock said actuator against downward movement to prevent actuation
      of the associated aerosol container valve,
PA1  said lower surfaces of said skirt portion engaged by said locking abutments
      having reduced radius portions corresponding to each of said locking
      abutments,
PA1  said actuator being rotatable to position said reduced radius portions
      opposite to said abutments to thereby disengage said skirt portion from
      said locking abutments to unlock said actuator,
PA1  said skirt portion of said actuator including a plurality of cantilever
      spring members extending downwardly therefrom and arranged to exert spring
      forces radially outwardly against the inner surface of said locking ring,
PA1  said inner surface of said locking ring including discontinuities operable
      in cooperation with said cantilever spring members to provide a detent
      spring force for rotational indexing operation of said actuator between at
      least one locked rotational position in which said skirt portion is locked
      with said locking abutments and at least one unlocked rotational position
      in which said skirt portion is disengaged from said locking abutments,
PA1  said locking ring having a circumferential groove in a surface thereof to
      frictionally engage and secure said locking ring to the upper edge portion
      of the associated aerosol container.
NUM  10.
PAR  10. An assembly as claimed in claim 9 wherein
PA1  said locking ring is dimensioned to have a tight fit in the frictional
      engagement of said locking ring with the upper edge portion of the
      associated aerosol container so as to prevent rotation of said locking
      ring with respect to the aerosol container during the rotational indexing
      operation of said actuator between said locked rotational position and
      said unlocked rotational position.
NUM  11.
PAR  11. An assembly as claimed in claim 9 wherein
PA1  said locking ring is dimensioned at said circumferential groove surface for
      frictional engagement with the edge portion of the associated aerosol
      container which is sufficiently loose to permit said locking ring to
      rotate in response to said detent spring force to thereby prevent relative
      rotation of said actuator between the locked position and the unlocked
      position unless said locking ring is directly held against rotation
      independent from the associated aerosol container.
NUM  12.
PAR  12. An assembly as claimed in claim 11 wherein
PA1  said locking ring includes a radially outwardly extending flange portion
      positioned to be exposed when said ring is assembled upon the associated
      aerosol container to provide an improved grip for restraining said locking
      ring against rotation to permit relative rotation of said actuator between
      said locked position and said unlocked position.
NUM  13.
PAR  13. An assembly as claimed in claim 12 wherein
PA1  said circumferential groove is an external circumferential surface of said
      locking ring to engage with an inner upper edge portion of the associated
      aerosol container,
PA1  said radially outwardly extending flange being positioned above said
      circumferential groove to extend out over the upper edge portion of the
      aerosol container.
NUM  14.
PAR  14. An assembly as claimed in claim 11 wherein
PA1  the upper surface of said locking ring is roughened to provide for ease of
      engaging and holding said ring against rotation during movement between
      the locked and unlocked positions of said actuator.
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ABST
PAL  A housing for an impeller is disclosed, which is mounted on an impeller
      shaft and is capable of moving material, the housing comprising an
      enclosure within which the impeller, mounted on an impeller shaft, may be
      placed; a plurality of shaft openings in the enclosure through which the
      impeller shaft may extend; material entrance means in the enclosure
      through which the material may be placed in the enclosure; material exit
      means through which the material may leave the enclosure; and access means
      in the enclosure allowing access for maintenance purposes.
BSUM
PAR  This invention relates to bag filling machines and more particularly to a
      revolving machine for placing material in bags.
PAR  Many industries require fluidized or flowing powdery materials, such as
      cement, fertilizer, lime, clay, and other smaller granular or powdery
      fluidized materials, to be placed in bags. The Applicant has invented an
      improved bagging machine which revolves and which contains many new and
      useful innovations.
PAR  The Applicant is simultaneously filing six patent applications, of which
      this is one, covering various inventions used in the revolving bagging
      machine. The features of these inventions are all contained within this
      patent application.
PAR  An object of the present inventions is to produce a revolving bagging
      machine which can bag various materials at a high rate of speed.
PAR  Still another object of these inventions is to provide an automatic means
      for removing bags from a revolving bagging machine.
PAR  A further object of these inventions is to provide for a spill collection
      device for use with the revolving bagging machine.
PAR  Still another object of these inventions is to provide a bagger tank,
      structurally designed to aid in the bagging process.
PAR  Another object of these inventions is to provide sloped guide plate
      surfaces for forming, both, voids for various purposes and funnels to aid
      in material flow.
PAR  Still another object of these inventions is to provide a revolving means to
      revolve, both, a bagging machine and a take-off device.
PAR  Another object of these inventions is to provide for a take-off device for
      use with a revolving machine which revolves at a speed proportionate to
      the speed of the revolving machine.
PAR  Still another object of these inventions is to provide for a housing for an
      impeller which has an enclosure with access means allowing for easy access
      for maintenance purposes.
PAR  Another object of these inventions is to provide an impeller shaft turning
      device comprising hydraulic means operative to control the motor which
      rotates the shaft of the impeller.
PAR  Still another object of these inventions is to provide a bag housing and
      filling device which holds the bag, when material is flowing into it, and
      releases the bag, when material is not flowing into it.
PAR  Another object of these inventions is to provide means for use with a bag
      holding and filling device which will not allow material to flow, if no
      bag is being held.
PAR  These and other objects and features of the invention will be apparent from
      the following description and appended claims.
PAR  Briefly, the invention comprises a machine for placing material in bags
      comprising machine revolving means operative to revolve the machine,
      material holding means in which the material may be held, machine support
      structure operative to physically support the machine, and material
      bagging means operative to place the material, held in the material
      holding means, into the bags. The machine may further comprise bag removal
      means operative to remove the bags from the material bagging means. The
      bag removal means may be a take-off device. The machine may further
      comprise a spill collection device operative to collect any of the
      material which might escape from the material bagging means. The material
      holding means may comprise a bagger tank. The bagger tank may comprise an
      outer surface shaped like a cylinder, an inner sloping interior shell
      surface circular at the top and bottom, and a bottom connecting the outer
      surface to the inner sloping interior shell surface. The bagger tank may
      further comprise a plurality of sloped guide plate surfaces, all of which
      emanate from the bottom and are physically connected to the outer surface
      and the inner sloping interior shell surface, each of the plurality of
      sloped guide plate surfaces with another of the plurality of sloped guide
      plate surfaces form a void in the bagger tank, whereby none of the
      material may enter. Each of the plurality of sloped guide plate surfaces
      with still another of the plurality of sloped guide plate surfaces form a
      funnel through which the material may flow. The machine may further
      comprise a cover for the bagger tank operative to prevent particles of the
      material from escaping into the atmosphere. The cover may contain a
      plurality of feeder holes through which the material may be placed in the
      bagger tank. The material holding means may further comprise a plurality
      of feeder means operative to bring the material to the feeder holes to be
      deposited in the bagger tank. The bottom may contain a plurality of dump
      openings through which the material may flow into the material bagging
      means. The machine revolving means may comprise motor means, wheel means
      operative responsive to the motor means, and machine driving means
      operative responsive to the wheel means. The wheel means may comprise a
      sprocket. The machine driving means may comprise a sprocket chain welded
      to the machine, whereby when the sprocket is moved by the motor means, the
      sprocket will mesh with the sprocket chain causing the machine to revolve.
      The motor means may comprise an electrical motor, a speed reducer
      connected to the electrical motor, and an output shaft emanating from the
      speed reducer. The material bagging means may comprise a plurality of
      impellers, a plurality of housings operative to hold the material which
      flows from the material holding means, a plurality of impeller shafts each
      operative to support one of the plurality of impellers, a plurality of
      impeller shaft turning means each operative to turn one or more of the
      plurality of impeller shafts, and a plurality of bag holding and filling
      means operative to hold the bags and to fill the bags with the material.
      The plurality of housings is operative to house one of the plurality of
      impellers.
PAR  The take-off device for use with a revolving machine basically comprises
      revolving means operative to revolve the take-off device at a speed
      proportionate to the speed of revolution of the revolving machine, a
      plurality of bag carrying means operative to support the bags when the
      bags are taken from the revolving machine, and positioning means operative
      to place the plurality of bag carrying means in proper position to remove
      the bags from the revolving machine. The take-off device further comprises
      removal means, to remove the bags from the plurality of bag carrying
      means. The revolving means basically comprises motor means, first wheel
      means physically connected to the output of the motor means and operative
      to revolve the revolving machine, second wheel means physically connected
      to the same output of the motor means as is the first wheel means, a
      center shaft on the take-off device, and shaft driving means connected to
      the second wheel means and operative to revolve the center shaft of the
      take-off device. The motor means basically comprises an electrical motor,
      a speed reducer, and an output shaft emanating from the speed reducer.
      First and second wheel means are physically connected to the output shaft
      of the speed reducer. The first wheel means may comprise a sprocket. The
      second wheel means may comprise a take-off device drive sprocket. The
      shaft driving means may comprise a center shaft driving wheel means which
      is attached to the center shaft of the take-off device. A drive chain may
      be driven by a shaft driving sprocket. The shaft driving means further
      comprises a drive chain support track and a shaft support structure. The
      revolving means may revolve the take-off device six times for every one
      revolution of the revolving machine or may be set up for any multiple of
      revolutions desired. The plurality of bag carrying means comprises an
      outer shaft and a plurality of holding means connected to the outer shaft.
      The plurality of holding means basically comprises a plurality of cradle
      arm supports, a plurality of swivel connections, and a plurality of bag
      cradles each connected to one of the plurality of swivel connections. The
      plurality of bag cradles may comprise a plurality of cradle support sides
      and a plurality of back and side arms. The plurality of bag cradles
      further comprises a plurality of cradle lifters, two of each being
      connected to two of the plurality of back and side arms which are
      connected to one of the plurality of cradle support sides. The plurality
      of holding means further comprises a plurality of cradle arm braces. The
      plurality of holding means further comprises a plurality of rigid
      supports. The positioning means basically comprises movement allowing
      means which is operative so that the plurality of bag carrying means
      revolves with the take-off device proportionate to the speed of revolution
      of the revolving machine, but allows each of the plurality of bag carrying
      means to be capable of movement up and down. The positioninng means
      further comprises up and down movement means operative to move the
      plurality of bag carrying means up and down. The up and down movement
      means basically comprises a base located at the bottom of the take-off
      device and circling the take-off device, and guiding track resting on the
      base. The up and down movement means further comprises a plurality of
      wheels which are operative to ride on the guiding track. The guiding track
      is structured to provide up and down movement of the plurality of wheels.
      The guiding track is structured so that a graph of movement of any one of
      the plurality of wheels versus the time of movement would be a sinusoidal
      graph. Movement allowing means basically comprises a slot located in the
      outer shaft and a key located on the center shaft and fitting through the
      slot on the outer shaft, whereby the key causes the outer shaft to revolve
      with the center shaft, but allows up and down movement of the outer shaft
      along the slot. The take-off device may be located with respect to the
      revolving machine so that each pair of the plurality of cradle lifters on
      the take-off device may remove a bag from one of a plurality of bag
      supports on the revolving machine. The cradle lifters will go underneath
      the bag which is resting on the stool and stool supports, and due to the
      up and down movement will lift the bag from the stool and stool support
      and carry it around the take-off device.
PAR  The housing for the impeller, which is mounted on the impeller shaft and is
      capable of moving material, basically comprises an enclosure within which
      the impeller, mounted on the impeller shaft, may be placed. The enclosure
      has a plurality of shaft openings through which the impeller shaft may
      extend A plurality of shaft opening packing means or gland nuts are
      secured to the enclosure at each of the plurality of shaft openings. A
      plurality of packing material, such as wool or fiber packing, is placed
      within each of the plurality of shaft opening packing means and around the
      impeller shaft. The molded top of the impeller housing has an opening
      through which material may be placed in the enclosure or impeller housing.
      The molded top with the opening comprises material entrance means.
      Material exit means comprises a spout opening through which material may
      exit from the housing. Access means in the enclosure allows access for
      maintenance purposes within the enclosure. Access means comprises an
      access door, attachment means connecting the access dooor to the enclosure
      and securing means holding the access door onto the enclosure. The
      attachment means comprises a hinge which connects the access door to the
      enclosure or impeller housing. The securing means comprises a bracket and
      a securing or opening bolt. The access means further comprises sealing
      means to keep any of the material from escaping through the access door.
      The sealing means comprises a gasket. The securing means further comprises
      an impeller housing support molded onto the enclosure and a plurality of
      mounting bolts to secure the bracket to the impeller housing support.
PAR  The spill collection device for the revolving machine, which bags material,
      includes material landing means located below the position in the
      revolving machine where the material is bagged. The excess material will
      fall onto the material landing means. Material collection means is
      operative to collect the material which falls onto the material landing
      means. Material return means is operative to return the excess material
      which falls onto the material landing means to the revolving machine. The
      material collection means comprises a plurality of collectors, and a
      plurality of collector drag means. The material collection means further
      comprises a plurality of sweep means. The plurality of sweep means may
      comprise a plurality of sweep arms. The material collection means further
      comprises a plurality of sweep drag means. The material collection means
      further comprises a plurality of balance means, each connected to one of
      the plurality of collectors and operative to maintain proper balance for
      the plurality of collectors. Cone drag bars comprise a plurality of
      balance means. The plurality of collectors may comprise a plurality of
      cones. The plurality of collector drag means may comprise a plurality of
      chains. The plurality of sweep means may comprise a plurality of sweep
      arms. The plurality of sweep drag means may comprise a plurality of
      chains. The plurality of balance means may comprise a plurality of drag
      bars. The material landing means may comprise a circular trough, a
      circular inner sloping surface connected to the trough, and a circular
      outer sloping surface connected to the side of the trough opposite from
      the inner sloping surface. The plurality of cones is dragged through the
      circular trough. The plurality of sweep arms is dragged on the surface of
      the circular outer sloping surface. The material return means may comprise
      a plurality of spill removal holes, a plurality of spill removal means,
      and a plurality of elevating means. The spill removal holes are located in
      the material landing means. The plurality of spill removal means may be a
      plurality of conveyors. The plurality of elevating means, which are
      operative to elevate the excess material and return the excess material to
      the revolving machine, may be a plurality of elevators.
PAR  The plurality of impeller shaft turning devices is used to turn the various
      impellers in the invention. Looking at one impeller shaft turning device,
      it is used in rotating the shaft of an impeller within a housing in a
      revolving machine, to aid in impelling material into a bag. The impeller
      shaft turning device comprises motor means operative to rotate the shaft
      of an impeller, and hydraulic means opertive to control the motor means.
      The motor means may be a hydraulic motor. The hydraulic means may comprise
      a fluid supply means which provides a flow of fluid to the hydraulic
      means, start and stop control means operative to start and stop the flow
      of the fluid to the hydraulic motor, and flow control means operative to
      control the quantity of fluid to the hydraulic motor after the start and
      stop control means allow flow of the fluid to the hydraulic motor, whereby
      the flow control valve controls the speed of rotation of the shaft. The
      impeller shaft turning device has hydraulic means further comprising
      pressure relief means operative to maintain constant speed of the
      hydraulic motor when a plurality of hydraulic motors is operated using the
      same fluid supply means. The start and stop control means may comprise a
      directional control valve. The flow control means may comprise a flow
      control valve. The fluid supply means may comprise a pressure header from
      which fluid flows to the hydraulic motor and a return header to which
      fluid flows from the hydraulic motor. The start and stop control means may
      comprise starting means operative to start the flow of fluid to the
      hydraulic motor and stopping means operative to stop the flow of fluid to
      the hydraulic motor. The starting and stopping means, both, may comprise a
      solenoid. Both the start and stop solenoids may be activated by
      microswitches. The start solenoid may be activated by a microswitch
      located on the revolving machine, when the shaft of an impeller should be
      rotated to aid the revolving machine to impel the material into the bag.
      The stop solenoid may be activated by a microswitch located on the
      revolving machine when a pre-determined amount of the material has entered
      the bag. The pre-determined amount may be determined by a scale beam
      balance scale system. The flow control means is adjustable to control the
      flow of the fluid to the hydraulic motor to a pre-determined amount per
      time interval and is thereby operative to control the speed of the
      hydraulic motor to a pre-determined speed and to be adjusted to control
      the speed of the hydraulic motor to aid in impelling the material into the
      bag, which may be necessitated by material of varying particle size and by
      atmospheric conditions. The fluid supply means may comprise a fluid source
      means operative to provide a source of fluid, a pressure header from which
      the fluid may flow to the hydraulic motor, and a return header to which
      fluid may flow from the hydraulic motor. The fluid source means may
      comprise a hydraulic pump means connected to the pressure header and
      operative to pump the fluid to the pressure header, pump motor driving
      means operative to control the hydraulic pump means, a reservoir operative
      to hold a supply of fluid, pressure relief means connected to said
      hydraulic pump means and operative to relieve pressure, and cooling means
      connected to the return header and operative to cool the fluid when it is
      returned to the reservoir from the return header. The pump motor driving
      means may comprise an electrical start and stop switch. The fluid source
      means further comprises a suction strainer located between the hydraulic
      pump and the reservoir operative to strain the fluid The fluid source
      means may further comprise a filter located between and connected to the
      return line header and the reservoir to aid in purifying the fluid being
      returned to the reservoir. The cooling means may comprise a heat
      exchanger. The pump motor driving means may be an electrical motor. The
      impeller shaft turning device may further comprise a coupling connected to
      the output of the motor means and connecting to the shaft of the impeller.
      The impeller shaft turning device may further comprise a universal joint
      operative to connect the shaft of an impeller to a second shaft of another
      impeller, whereby the second shaft of another impeller may be rotated by
      the same motor means as the shaft of an impeller. The impeller shaft
      turning device is a sealed system and is impervious to dust and
      atmospheric conditions.
PAR  The revolving machine comprises a plurality of bag holding and filling
      devices, for placing material into bags. A bag holding and filling device,
      for placing material into a bag, comprises bag clamping means operative to
      hold the bag onto the device and pinch means physically connected to the
      bag clamping means operative to control the flow of the material into the
      bag, whereby when the pinch means allows the material to flow into the
      bag, the bag clamping means will hold the bag onto the device and when the
      pinch means does not allow the material to flow into the bag, the bag
      clamping means will release the bag. The bag holding and filling device
      further comprises bag insert interlock contact means operative to cause
      the pinch means not to allow the material to flow when no bag is being
      held by the bag clamping means. The bag holding and filling device further
      comprises weight evaluating means operative when the material in the bag
      reaches a pre-determined weight to activate the pinch means to stop the
      flow of the material into the bag. The bag holding and filling device
      further comprises a material flow hose through which the material flows.
      When the material flow hose is pinched and the material is stopped from
      flowing by the pinch means, the pinch means operates to stop the flow of
      material into the bag. The bag holding and filling device further
      comprises a spout connected to the material flow hose through which the
      material flows into the bag. The pinch means may be a pinch valve
      mechanism. The pinch valve mechanism may comprise an air cylinder, an air
      cylinder control valve operative to control the air cylinder, and a
      plurality of linkage bars operative responsive to the air cylinder,
      whereby when the pinch means operates to stop the flow of the material
      into the bag, the plurality of linkage bars pinches the material flow
      hose. The bag clamping means comprises a clamping mechanism apparatus
      operative to clamp the bag against the spout when the bag clamping means
      is holding the bag onto the device. The bag holding and filling device
      further comprises a lever rod connected to one of the plurality of linkage
      bars and to the clamping mechanism apparatus, whereby when the pinch means
      operates to allow flow of the material into the bag, the lever rod is
      positioned to press the clamping mechanism against the spout. The bag
      insert interlock contact means may comprise an electrical contact in the
      clamping mechanism apparatus, whereby when the clamping mechanism
      apparatus is pressed against the spout, an electrical connection is made,
      and a bag insert interlock solenoid valve activated when the electrical
      contact makes an electrical connection with the spout and operative to
      activate the air cylinder control valve to cause the plurality of linkage
      bars to pinch the material flow hose and stop the flow of material,
      whereby the material will not flow unless a bag, acting as an insulator,
      prevents an electrical connection between the electrical contact and the
      spout. The bag holding and filling device further comprises bag support
      means operative to hold the bag to be filled with the material. The bag
      support means may comprise a bag channel support connected to the
      revolving machine, stool support apparatus connnected to the bag channel
      support, and a stool connected to the stool support apparatus operative to
      hold a bag to be filled with the material. The stool support apparatus may
      comprise a stool support arm connected to the bag channel support, an
      adjusting stool support connected to the stool and adjustably connected to
      the stool support arm, and a plurality of height adjusting nuts operative
      to hold the adjusting stool support at a pre-determined height, whereby a
      bag may be placed on the stool and may be raised or lowered by the
      adjusting stool support to be properly positioned to receive the material
      into the bag.
DRWD
PAR  The invention will be more fully understood from the following detailed
      description and appended claims when taken with the drawings in which:
PAR  FIG. 1 is a perspective view of one side of the bagging machine, without
      the cover on the bagger tank, further showing the take-off device and
      drive mechanisms.
PAR  FIG. 2 is a perspective view of the other side of the bagging machine
      showing the cover and one feed conveyor.
PAR  FIG. 3 is a top view of the bagging machine, cut-away to show support
      members and leveling devices, also showing the position of cam 422 with
      respect to the bagging machine.
PAR  FIG. 4 is a section view of the bagging machine taken at points A--A of
      FIG. 3.
PAR  FIG. 5 is a top view taken from a point below the machinery platform of the
      bagging machine.
PAR  FIG. 6 is a section view taken at points B--B in FIG. 5.
PAR  FIG. 7 is a section view taken at points C--C in FIG. 6.
PAR  FIG. 8 is a plane front view showing a portion of the bagging machine's
      impeller housings drive shafts, supporting mechanisms, and impeller
      hydraulic control mechanisms showing a cut-away view of a void containing
      the hydraulic control mechanisms.
PAR  FIG. 9 is an elevation view taken from the side of impeller housing 274,
      further showing the associated bag clamping mechanisms.
PAR  FIG. 10 is a section view taken at points D--D in FIG. 9, which is from the
      rear of impeller housing 274, showing the interior of said impeller
      housing.
PAR  FIG. 11 is a section view showing the clamping mechanisms and balance scale
      mechanisms associated with impeller housing 274.
PAR  FIG. 12 is a top view of the machinery platform 110 showing the hydraulic
      system and air compressor thereon, in a black box format, further showing
      twelve triangular voids.
PAR  FIG. 13 is an isometric view of the bagging machine drive mechanism and the
      take-off device drive mechanism.
PAR  FIG. 14 is an isometric view of the lower section of the take-off device.
DETD
PAR  Referring now to the drawings, FIG. 1 is a perspective view of one side of
      the bagging machine, without the cover on the bagger tank, further showing
      the take-off device and drive mechanisms. FIG. 2 is a perspective view of
      the other side of the bagging machine showing the cover and one feed
      conveyor. FIGS. 1 and 2 will be discussed together.
PAR  The complete bagging machine consists of many individual structural pieces,
      an upper supporting structure 3 comprises upper support to which the
      center shaft 4 of the bagging machine is attached. Electrical brush
      rigging 5 is attached onto center shaft 4 of the bagging machine.
      Supporting beams 7, 8, 9, 10, 11, 12, 13, and 14 (see FIG. 3) emanate from
      the center shaft 4. The bagger tank is formed with outside cylindrical
      surface 1, inner sloping interior shell surface 15, and bottom 315. Inside
      rim 6 of the shell structure rests on top of the sloping interior shell
      surface 15 of the bagger tank. Supporting beams 7, 8, 9, 10, 11, 12, 13,
      and 14 are physically connected to the inside of outer surface 1, the
      inside rim 6, and the top of sloping interior shell surface 15 for
      purposes of stability. For further support, supporting beam 7 is attached
      to structural support 219, supporting beam 9 is attached to structural
      support 218, supporting beam 11 is attached to structural support 221, and
      supporting beam 13 is attached to structural support 220.
PAR  FIG. 2 is shown with a cover 177 on the bagger tank. Attached to outer
      surface 1 of the bagger tank are various supports for pinch valve air
      start control valves and hydraulic motor start microswitches. Support 16
      supports air start valve 28, support 17 supports air start valve 29 and
      start microswitch 40, support 18 supports air start valve 30, support 19
      supports air start valve 31 and start microswitch 41, support 20 supports
      air start valve 32, support 21 supports air start valve 33 and start
      microswitch 42, support 22 supports air start valve 34, support 23
      supports air start valve 35 and start microswitch 43, support 24 supports
      air start valve 36, support 25 supports air start valve 37 and start
      microswitch 44, support 26 supports air start valve 38, support 27
      supports air start valve 39 and start microswitch 45.
PAR  On this bagging machine which has 24 spouts, 12 more supports, such as
      supports 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, and 27, will be
      located on the back of the bagging machine, not shown in FIGS. 1 and 2.
      Below each support 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, and 27 is a
      bag channel support and a spout. Below support 16 is bag channel support
      46 and spout 58, below support 17 is bag channel support 47 and spout 59,
      below support 18 is bag channel support 48 and spout 60, below support 19
      is bag channel support 49 and spout 61, below support 20 is bag channel
      support 50 and spout 62, below support 21 is bag channel support 51 and
      spout 63, below support 22 is bag channel support 52 and spout 64, below
      support 23 is bag channel support 53 and spout 65, below support 24 is bag
      channel support 54 and spout 66, below support 25 is bag channel support
      55 and spout 67, below support 26 is bag channel support 56 and spout 68,
      and below support 27 is bag channel support 57 and spout 69.
PAR  Details of various apparatuses in the area of the bag channel supports and
      spouts are not shown in FIGS. 1 and 2, for purposes of clarity. FIGS. 9,
      10, and 11 show these areas in detail, many of these details which would
      be observable when viewing the bagging machine from the views taken in
      FIGS. 1 and 2.
PAR  Located at the bottom of the bag channel supports are a stool and stool
      supports. Connected to bag channel support 46 is stool and stool supports
      70, connected to bag channel support 47 is stool and stool supports 71,
      connected to bag channel support 48 is stool and stool supports 72,
      connected to bag channel support 49 is stool and stool supports 73,
      connected to bag channel support 50 is stool and stool supports 74,
      connected to bag channel support 51 is stool and stool supports 75,
      connected to bag channel support 52 is stool and stool supports 76,
      connected to bag channel support 53 is stool and stool supports 77,
      connected to bag channel support 54 is stool and stool supports 78,
      connected to bag channel support 55 is stool and stool supports 79,
      connected to bag channel support 56 is stool and stool supports 80,
      connected to bag channel support 57 is stool and stool supports 81, the
      apparatus in connection with stool and stool supports 70, 71, 72, 73, 74,
      75, 76, 77, 78, 79, 80, and 81 is not shown in detail in FIGS. 1 and 2.
      Details of the stool and stool supports are shown in FIG. 11.
PAR  A rolled tee-bar 113 circles the upper portion of the outer surface 1 of
      the bagger tank. Welded sprocket chain 112 is welded to rolled tee-bar
      113. The drive mechanisms for the bagging machine revolve the bagging
      machine through the meshing of the welded sprocket chain 112 with sprocket
      114, which is driven by speed reducer 115 and electrical motor 116. Speed
      reducer 115 and electrical motor 116 are mounted on supporting beam 117.
      The take-off device 2 is driven by electrical motor 116 and speed reducer
      115 through take-off device drive sprocket 118 which is physically
      connected to an output shaft of speed reducer 115 below sprocket 114 and
      is not shown in FIG. 1 but is detailed in FIG. 13.
PAR  Take-off device drive chain 119 is physically attached to take-off device
      drive sprocket 118 and to shaft driving sprocket 121 which is rigidly
      connected to the take-off device center shaft 122. Take-off device drive
      chain 119 is supported on drive chain support track 120. Center shaft 122,
      shaft driving sprocket 121, and drive chain support track 120 are
      supported by take-off device shaft support structure 123. Outer shaft 124
      fits around center shaft 122. Outer shaft 124 contains slot 125. Key 126
      is attached to center shaft 122 and fits within slot 125 which is in outer
      shaft 124. Key 126 within slot 125 allows outer shaft 124 to rotate in the
      same manner as the center shaft 122. Slot 125 in outer shaft 124 allows
      for up and down movement of outer shaft 124 with respect to base 411 and
      center shaft 122. The various track arms, track arm braces, cradle arm
      supports, and cradle arm braces and swivel connections and other portions
      of the take-off device are not numbered in FIG. 1 for the purpose of
      clarity. These various parts of the take-off device are shown in detail in
      FIG. 14. The take-off device drops bags into conveyor belt 174 which is on
      conveyor frame 173.
PAR  Below the level of the bottom surface 315 and around the center shaft 4 of
      the bagger tank lies the machinery platform 110. As shown in FIG. 4, the
      machinery platform 110 is supported by spoke-like supports 224, 225, 226,
      and one more not shown which support the machinery platform and the
      balance scale system which is shown in FIG. 11. Rolled channel beam 87 is
      a circular beam connected to the ends of spoke-like supports 224, 225,
      226, and the spoke-like support not shown. The balance scale mechanism is
      supported on rolled channel beam 87, as shown in FIG. 11. Balance scale
      lower end support 355 is a rolled, round shaped angle iron which also
      rests on spoke-like supports 224, 225, 226, and the support not shown. The
      rolled channel beam 87 has an upper flange 108 and a lower flange 109.
PAR  Various parts of the sweep up or spill collection device are shown in FIGS.
      1 and 2, including trough 82, sweep arm 83, cone collector 84, outer
      sloping surface 85, inner sloping surface 86, cone drag chain 88, sweep
      arm drag chain 89, drag bar 90, sweep arm 93, cone collector 96, sweep arm
      drag chain 99, and cone drag chain 102 and other portions of the sweep up
      or spill collection device are shown in detail in FIGS. 5, 6, and 7.
PAR  The spill collection device drops the swept up material into spill removal
      dump hole 106 into spill removal means 107 which may be a conveyor. The
      material in spill removal means 107 is then deposited in elevating means
      175 which may be a conveyor or elevator to raise the material to the level
      of feed conveyor 176 where the material is deposited back into a feed
      conveyor for recycling to the bagging machine. Cover 177 of the bagger
      tank contains a feeder hole 178. The material is deposited from the
      conveyor 176 through the feeder hole 178 in cover 177 back into the bigger
      tank. Cover 177 does not rotate with the bagger tank and is held by cover
      support members 179, 180, 181, and 182. Cover support members 179 and 180
      are attached to support beam 183 which is rigidly attached to upper
      supporting structure 3. FIG. 2 shows this cover on, but FIG. 1 does not
      show the cover on so that inner supporting structures may be shown.
      Supporting structure for cover 177 on the left and the right side is shown
      in detail in FIG. 4, other additional support structures for cover 177 are
      contemplated, but are not shown in the drawings. Supporting structure for
      the bagger tank, including support brace 185, pillow block bearings 186
      and 187, angle frame foundation 194, upper foundation support 223, bearing
      shaft 198, are shown in detail in FIGS. 3 and 4.
PAR  FIG. 3 is a top view of the bagging machine, cut-away to show support
      members and leveling devices, also showing the position of cam 422 with
      respect to the bagging machine. FIG. 4 is a section view of the bagging
      machine taken at points A--A in FIG. 3. The bagging machine has further
      support and means for leveling the bagging machine, balance scale and
      machinery platform, including a plurality of turnbuckle tie rods which are
      connected between structural reinforcing supports and rolled channel beam
      87. Turnbuckle tie rod 210 is connected to rolled channel beam 87 by nut
      anchor 227 and to structural reinforcing support 218 by bolt and nut
      anchor 235. Turnbuckle tie rod 211 is connected to rolled channel beam 87
      by nut anchor 228 and to structural reinforcing support 218 by bolt and
      nut anchor 235. Turnbuckle tie rod 212 is connected to rolled channel beam
      87 by nut anchor 229 and to structural reinforcing support 219 by bolt and
      nut anchor 236. Turnbuckle tie rod 213 is connected to rolled channel beam
      87 by nut anchor 230 and to structural reinforcing support 219 by bolt and
      nut anchor 236. Turnbuckle tie rod 214 is connected to rolled channel beam
      87 by nut anchor 231 and to structural reinforcing support 220 by bolt and
      nut anchor 237. Turnbuckle tie rod 215 is connected to rolled channel beam
      87 by nut anchor 232 and to structural reinforcing support 220 by bolt and
      nut anchor 237. Turnbuckle tie rod 216 is connected to rolled channel beam
      87 by nut anchor 233 and to structural reinforcing support 221 by bolt and
      nut anchor 238. Turnbuckle tie rod 217 is connected to rolled channel beam
      87 by nut anchor 234 and to structural reinforcing support 221 by bolt and
      nut anchor 238. Structural reinforcing support 218 is rigidly connected
      between supporting beam 9 and the junction of the sloping interior shell
      surface 15 of the bagger tank and the bottom surface of the bagger tank
      which is intersection 412. Structural reinforcing support 219 is connected
      between supporting beam 7 and the intersection of the sloping interior
      shell surface 15 of the bagger tank and the bottom surface labeled as
      intersection 413. Structural reinforcing support 220 is rigidly connected
      between supporting beam 13 and the intersection of the sloping interior
      shell surface 15 of the bagger tank and the bottom surface of the bagger
      tank labeled as intersection 414. Structural reinforcing support 221 is
      rigidly connected between supporting beam 11 and the intersection of
      sloping interior shell surface 15 of the bagger tank and the bottom
      surface 315 of the bagger tank labeled as intersection 415.
PAR  FIG. 3 shows the center shaft 4 of the bagging machine. Supporting beams 7,
      8, 9, 10, 11, 12, 13 and 14 emanate from the center shaft. Structural
      reinforcing supports 218, 219, 220, and 221 are connected between various
      supporting beams and various points at which the sloping interior shell
      surface 15 of the bagger tank and the inner flange of bottom surface 315
      of the bagger tank intersect. Turnbuckle tie rods 210, 211, 212, 213, 214,
      215, 216, and 217 are connected between the various structural reinforcing
      supports 218, 219, 220, and 221 and rolled channel beam 87.
PAR  FIG. 4 shows upper supporting structure 3 from which support beams 183 and
      184 are attached. Cover support member 179 is connected between support
      beam 183 and cover 177. Cover 177 is donut shaped and covers the bagger
      tank. Cover support member 180 is connected to support beam 183 and cover
      support member 179. The cover 177 is rigidly attached to cover support
      member 180. Similarly, cover support members 181 and 182 are connected to
      support beam 184. Cover 177 is rigidly attached to cover support member
      182 as well as cover support member 180. Rolled tee-bar 113 is rigidly
      connected to outer surface 1 of the bagger tank. Welded sprocket chain 112
      is welded onto rolled tee-bar 113 and is used to form a ring or bull gear
      with sprocket 114 as the pinion gear, forming the driving mechanism for
      the bagging machine.
PAR  Upper foundation supports 222 and 223 along with two other supports not
      show, form further foundation for the support of the bagging machine. As
      seen in FIG. 4, resting on upper foundation support 223 is angle frame
      foundation 194 to which pillow block bearings 186 and 187 are bolted.
      Bearing shaft 198 runs through pillow block bearings 186 and 187 and is
      connected to support wheel 202. Rolled tee-bar 113 rests on support wheel
      202 and receives support therefrom. Rolled tee-bar 113 also receives
      support from support wheel 203 along with two other support wheels not
      shown Angle frame foundation 195 rests on upper foundation 222. Pillow
      block bearings 188 and 189 are bolted onto angle frame foundation 195.
      Bearing shaft 199 runs through pillow block bearings 188 and 189 and
      connects to support wheel 203. Rolled tee-bar 113 rests on support wheel
      203 as well as the other three support wheels previously mentioned, and is
      supported thereon.
PAR  FIG. 3 shows a top view of the four supporting structures which support
      rolled tee-bar 113, only two of which are shown in FIG. 4. Angle frame
      foundation 196 rests on an upper foundation support (not shown). Pillow
      block bearings 190 and 191 are bolted onto angle frame foundation 196.
      Bearing shaft 200 runs through pillow block bearings 190 and 191 to a
      support wheel (not shown) which provides additional support for rolled
      tee-bar 113. Support braces 185 and 423 provide further support for the
      support beams.
PAR  Angle frame foundation 197 rests on an upper foundation support (not
      shown). Pillow block bearings 192 and 193 are bolted onto the angle frame
      foundation 197. Bearing shaft 201 goes through pillow block bearings 192
      and 193 and connects to a support wheel (not shown) which helps support
      rolled tee-bar 113.
PAR  FIG. 4 shows the base of center shaft 4 of the bagging machine which rests
      in thrust bearing 208. Thrust bearing 208 rests in foundation support 209.
      The center shaft 4 of the bagging machine rotates with the entire machine
      in operation.
PAR  FIGS. 5, 6, and 7 show in detail the sweep up or spill collection device of
      the bagging machine. FIG. 5 is a top view taken from a point below the
      machinery platform of the bagging machine. FIG. 6 is a section view taken
      at points B--B in FIG. 5. FIG. 7 is a section view taken at points C--C in
      FIG. 6. The sweep up or spill collection device comprises four sets of
      chains, a cone, and a sweep arm. The cones have a drag bar behind for
      balance so that the cone will stay in an upright position. The cone is
      dragged around the tank and tends to sweep up any spilled material that is
      spilled from and around the bags and spouts. The purpose of the sweep up
      or spill collection device is to return the spilled material back into the
      bagger tank. Each section that is dragged around the circumference of the
      bagging machine has a sweep arm, a cone collector, a sweep arm drag chain,
      a cone drag chain, and a cone drag bar. FIG. 5 shows cone collector 96
      with its associated cone drag bar 105, cone drag chain 102, sweep arm 93,
      and sweep arm drag chain 99. Cone 95 has cone drag bar 104, sweep arm 92,
      sweep arm drag chain 98, and cone drag chain 101. Cone collector 94 has
      cone drag chain 100, cone drag bar 103, sweep arm 91, and sweep arm drag
      chain 97. Cone collector 84 has drag bar 90, sweep arm 83, cone drag chain
      88, and sweep arm drag chain 89. Spill removal dump hole 106 and spill
      removal means 107 are also shown in FIG. 5. The cones or cone collectors
      are dragged through trough 82 which is rigidly connected to inner sloping
      surface 86 and outer sloping surface 85. Trough 82, inner sloping surface
      86 and outer sloping surface 85 may be made of one piece construction with
      varying slopes and designs providing only that any material dropped
      thereon, would tend to settle in trough 82.
PAR  The drag chains for the cones are connected to rolled channel beam 87. When
      the rolled channel beam 87 is rotated along with the bagging machine, the
      cone is dragged along the trough 82 to pick up excess material in trough
      82. The excess material gathered by the cone collectors is dropped into
      spill removal dump hole 106. The material then falls upon spill removal
      means 107 which may be a conveyor and is then conveyed back up into the
      bagger tank by elevating means 175, feed conveyor 176, and feeder hole 178
      in cover 177. There may be more than one spill removal dump hole and more
      than one spill removal means. They may be placed at different locations
      wherever convenient under the bagger tank to carry spilled material onto
      mechanisms that will feed the material back into the bagger tank.
      Elevating means 175 may be a standard bucket type elevator or any small
      elevating means which would carry the spilled material back up to the tank
      where it could be fed onto feed conveyors, such as feed conveyor 176, or
      other feed mechanisms that feed the main bagger tank in order to recycle
      the spilled material back into the system. The cone may be just an
      ordinary sheet metal cone and the chain may be ordinary logging chaine.
      The drag bar maintains the balance of the cone so that the cone will stay
      in an upright position, being dragged on the outer edge of the cone for
      maximum efficiency in scouping up material.
PAR  In the configuration of this invention shown in the drawings, four sets of
      cones and supporting apparatus are placed at ninety degree angles around
      the spill collection device.
PAR  The spill collection device for the revolving machine, which bags material,
      includes material landing means located below the position in the
      revolving machine where the material is bagged. The excess material will
      fall onto the material landing means. Material collection means is
      operative to collect the material which falls onto the material landing
      means. Material return means is operative to return the excess material
      which falls onto the material landing means to the revolving machine.
PAR  The material collection means comprises a plurality of collectors, such as
      cone collectors 96, 95, 94 and 84, and a plurality of collector drag
      means, such as cone drag chains 102, 101, 100, and 88. The material
      collection means further comprises a plurality of sweep means, such as
      sweep arms 92, 93, 91, and 83. The material collection means further
      comprises a plurality of sweep drag means, such as sweep arm drag chains
      89, 97, 98, and 99. The material collection means further comprises a
      plurality of balance means, each connected to one of the plurality of
      collectors and operative to maintain proper balance for the plurality of
      collectors. Cone drag bars 105, 104, 103, and 90 comprise a plurality of
      balance means.
PAR  The plurality of collectors may comprise a plurality of cones. The
      plurality of collector drag means may comprise a plurality of chains. The
      plurality of sweep means may comprise a plurality of sweep arms. The
      plurality of sweep drag means may comprise a plurality of chains. The
      plurality of balance means may comprise a plurality of drag bars.
PAR  The material landing means may comprise a circular trough, such as trough
      82, a circular outer sloping surface, such as outer sloping surface 85
      connected to the side of trough 82 opposite from the inner sloping surface
      86. The plurality of cones is dragged through circular trough 82. The
      plurality of sweep arms is dragged on surface of circular outer sloping
      surface 85.
PAR  The material return means may comprise a plurality of spill removal holes,
      a plurality of spill removal means, and a plurality of elevating means.
      The spill removal holes are located in the material landing means, such as
      spill removal dump hole 106, located in trough 82. The plurality of spill
      removal means may be a plurality of conveyors, such as spill removal means
      107. The plurality of elevating means which are operative to elevate the
      excess material and return the excess material to the revolving machine.
      Other embodiments to perform the means functions may occur to those
      skilled in the art and are contemplated by this invention.
PAR  FIG. 8 is a plane front view showing a portion of the bagging machine's
      impeller housings and impeller hydraulic control mechanisms showing a
      cut-away view of a void containing the hydraulic control mechanisms. FIG.
      8 shows voids 239, 240, and 241. Void 239 is shown in a cut-away view in
      order to show the hydraulic control mechanisms that are situated in the
      void. The hydraulic control mechanisms in void 239 are used with hydraulic
      motor 242. Every other void on the bagging machine has hydraulic control
      mechanisms because a hydraulic motor, such as hdyraulic motor 242, is only
      required for every other impeller housing unit. FIG. 8 shows two voids
      with the hydraulic control mechanisms, void 239 being a cut-away, and void
      241 showing portions of the hydraulic mechanisms. Alternate voids not
      containing the hydraulic control mechanisms, such as void 240, may be used
      as storage areas for various air and electrical lines used within this
      invention. Void 239 is formed by sloped guide supports 302 and 303. Void
      240 is formed by sloped guide supports 304 and 305. Void 241 is formed by
      sloped guide supports 306 and 307. These sloped guide supports are formed
      at an angle so that the fluidized material to be bagged will flow
      relatively easily and smoothly down the sides of the sloped guide supports
      into the impeller housings. For example, fluidized material will flow down
      the sloped guide support 303 and 304 and sloping interior shell surface 15
      into impeller housing 274. Material will flow down the sides of sloped
      guide supports 305 and 306 into impeller housing 275. These guides form a
      triangular shaped void space furnishing ideal locations for the hydraulic
      air and electrical control mechanisms.
PAR  In void 239, is shown hydraulic line 285 which comes from hydraulic
      pressure line header 284 and leads to hydraulic flow control valve 279.
      Hydraulic line 286 leads from hydraulic flow control valve 279 to
      hydraulic four-way directional control valve 282. Hydraulic four-way
      directional control valve 282 has start solenoid 293 and stop solenoid
      294. Hydraulic lines 291 and 292 lead from hydraulic four-way directional
      control valve 282 to hydraulic return line 288. Hydraulic return line 288
      connects hydraulic motor 242 with hydraulic return line header 283.
      Pressure relief valve 280 is connected by hydraulic line 289 to hydraulic
      line 287 and is connected by hydraulic line 290 to hydraulic return line
      288.
PAR  Void 241 contains a similar hydraulic control mechanism set-up as in void
      239, and as would be in every other similar void on the bagging machine.
      Shown in FIG. 8 is hydraulic line 297 leading from hydraulic motor 243 to
      hydraulic return line header 283. Hydraulic line 296 leads from a
      directional control valve (not shown) to hydraulic motor 243. Pressure
      relief valve 281 is connected by hydraulic line 298 to hydraulic line 296
      and by hydraulic line 299 to hydraulic line 297. Hydraulic line 300 leads
      from a directional control valve (not shown)  to hydraulic line 297.
      Hydraulic line 301 leads from the directional control valve (not shown) to
      hydraulic line 297. Hydraulic line 295 leads from the hydraulic pressure
      line header 284 to the flow control valve (not shown). The control valve
      can be classified as a flow control valve or a speed control valve. The
      flow control valve may be a Miller fluid power flow control valve 3/8ths
      of an inch, port size, No. CFGO3-8.0 G-E10 or any other comparable valve
      used in the same manner. The valve is a calibrated vernier scale flow
      control valve. The purpose of the flow control valve is to control, limit,
      or adjust the amount of hydraulic fluid going to the hydraulic motors. The
      valve can control and adjust and therefore vary the speed desired for the
      motors.
PAR  The ability to vary the speed of the impellers by changing the speed of the
      hydraulic motors over a wide range, permits the use of this bagging
      machine for bagging materials which vary in consistency and grain size.
      The machine may, also, be compensated for varying atmospheric conditions
      which could affect material flow by varying the speed of the impellers.
PAR  The hydraulic four-way directional control valves 282 in void 239 may be a
      Brown and Sharpe four-way double solenoid control valve. It is used as an
      off and on valve for the hydraulic motor 242. The solenoid may be actuated
      by cam microswitch 42. The stop solenoid 294 is actuated when the bag
      weight of the bag being filled by or through spout opening 277 reaches
      specified limits and the balance scale tips or pivots on the knife-edge of
      the balance scale mechanism. Microswitch 356 is then actuated which causes
      the solenoid to shut off hydraulic fluid to the hydraulic motor thereby
      shutting down or stopping the motor. This process would tend to prevent
      spillage of material out of the bag and will also prevent material from
      becoming packed in the spout.
PAR  Motors, such as hydraulic motors 242 and 243, turn the impellers in
      impeller housings 274 and 275. The speed of each motor is controlled by a
      flow control valve, such as 279, associated with each hydraulic motor.
      Start and stop control means, such as four-way directional control valves
      282 control the hydraulic motors. With motor 242 is associated pressure
      relief valve 280. The pressure relief valves function to relieve fluid
      pressure on the rotating motors that are operating to fill bags, when some
      of the motors are stopped by their respective bags being filled.
PAR  On the 24 spout machine with 12 hydraulic motors, only six or seven of
      these motors will be operating at any one time under normal operating
      conditions. When one motor stops, by action of a stop microswitch, the
      hydraulic fluid that was required to drive the motor will no longer be
      needed. Without the motor pressure relief valves 280 and 281, this extra
      hydraulic fluid and pressure on the hydraulic pressure header would tend
      to cause the motors, still running, to receive more hydraulic fluid under
      more pressure, thereby speeding up the motors.
PAR  When other motors start up, the reverse situation might occur, with the
      already running motors tending to slow down. The pressure relief valves
      work to eliminate these problems.
PAR  Hydraulic motor 242 connects into coupling 244 which drives impeller shaft
      246. Impeller shaft 246 is supported by pillow block bearing 248. Pillow
      block bearing 248 is supported by bearing support bracket 252. Hydraulic
      motor 242 is supported by motor support bracket 256. Impeller shaft 246
      leads into impeller housing 274. Impeller housing shaft gland nut 258
      seals the impeller shaft 246 within impeller housing 274. Spout opening
      277 in impeller housing 274 is the point at which the fluidized material
      comes into the bag. Impeller shaft 246 goes through impeller housing 274
      and comes out of the other side. Impeller housing shaft gland nut 259
      seals the impeller shaft on the other side of impeller housing 274.
      Impeller housing shaft gland nuts 258 and 259 keep material from flowing
      out around impeller shaft 246 as the shaft is rotated. Impeller shaft 246
      is then supported by pillow block bearing 249. Pillow block bearing 249 is
      supported by bearing support bracket 253. Impeller shaft 246 then leads
      into universal joint 276. From universal joint 276, impeller shaft 247
      leads into impeller housing 275. Impeller shaft 247 is supported by pillow
      block bearing 250 and bearing support bracket 254. Impeller housing shaft
      gland nut 260 seals impeller shaft 247 within impeller housing 275.
      Impeller shaft 247 goes through impeller housing 275 and impeller housing
      shaft gland nut 261 seals impeller shaft 247 on the other side of impeller
      housing 275. At that point, the impeller shaft 247 is supported by pillow
      block bearing 251. Pillow block bearing 251 is supported by bearing
      support bracket 255. Hydraulic motor 243 is shown under void 241, and is
      supported by motor support bracket 257. Coupling 245 is shown connected to
      hydraulic motor 243. Each hydraulic motor, such as 242 and 243, will drive
      impellers in two bagger housings by use of a universal joint, for example,
      hydraulic motor 242 drives the impellers in impeller housings 274 and 275.
      Hydraulic motor 243 would drive the impellers in two bagger housings which
      are not shown. If the bagging machine has 24 spouts, then 12 motors will
      be required. Other similar bagging machines with different numbered spouts
      would require differing numbers of motors. One factor which needs to be
      evaluated upon considering the quantity of motors required would be the
      degree of bend for the shaft in the universal joint.
PAR  FIG. 9 is an elevation view taken from the side of impeller housing 274,
      further showing the associated bag clamping mechanisms. FIG. 10 is a
      section view taken at points D--D in FIG. 9 which is from the rear of
      impeller housing 274, showing the interior of impeller housing 274.
PAR  FIG. 9 shows sloped guide support or surface 303. Impeller housing 274 is
      attached to the bottom surface 315 of the bagger tank. Impeller housing or
      enclosure 274 is attached to bottom surface 315 by mounting bolts, such as
      mounting bolts 316, 317 and 318. Only three mounting bolts are shown in
      FIG. 9 although eight actually exists for each impeller housing. Mounting
      bolts 316, 317 and 318 are placed through molded top 319 of impeller
      housing 274 and through bottom surface 315 to attach impeller housing 274
      to bottom surface 315. Impeller housing 274 has access door 308 which is
      connected to molded top 319 by hinge 309. Bracket 310 holds access door
      308 in a closed position and is secured by opening bolt 311. Mounting
      bolts 312 and 313 hold bracket 310 onto impeller housing 274 by attaching
      bracket 310 to impeller housing support 314 which is in a fixed position
      on impeller housing 274. FIG. 9 shows impeller shaft 246 and impeller
      housing shaft gland nut 259. Gasket 320 seals access door 308 and impeller
      housing 274 to prevent any material from escaping through the crack or
      joint around access door 308. Access door 308 is a molded door which is
      hinged by use of hinge 309 to allow easy opening. Removal of one bolt,
      opening bolt 311 allows the hinged access door 308 to open for easy access
      into the impeller housing for removal or replacement of the impeller
      blades or for other maintenance. Impeller housing support 314 can be
      molded along with the access door and impeller housing.
PAR  Impeller housing shaft gland nut 259 and 258 are shown in FIG. 10, the
      impeller housing shaft gland nut 258 is cut-away to show cut-away sides
      264 and 265. Impeller housing shaft gland nut 259 is cut-away to show
      cut-away sides 262 and 263. Impeller housing shaft gland nut 258 and its
      cut-away sides 246 and 265 hold packing material 267 in impeller housing
      274, and prevent the material being bagged from spilling out or flowing
      out around the shaft. Impeller housing shaft gland nut 259 and its
      cut-away sides 262 and 263 hold packing material 266 in impeller housing
      274. Packing material 266 and 267 may be wool or fiber packing which fits
      on the inside of the gland nuts and prevents the material being bagged
      from spilling out or flowing out around the shaft. This packing material
      can be packed and re-packed by loosening the gland nut.
PAR  FIG. 10 shows an impeller blade within impeller housing 274. In the
      cut-away of the impeller, replaceable impeller blade tips 268 and 269 are
      shown. Replaceable impeller blade tip 268 is connected to impeller blade
      tip holder 270 by impeller blade tip mounting bolt 272. Replaceable
      impeller blade tip 269 is attached to impeller blade tip holder 271 and
      held by impeller blade tip mounting bolt 273. The impeller is held on by
      bolts not shown in FIG. 10. The impeller fits around shaft at the center
      of impeller housing 274. The impeller turns with the shaft in a counter
      clockwise direction, as viewed in FIGS. 9 and 11, and throws the material
      to be bagged out through the spout opening 277. The material goes out
      spout opening 277 and through spout hose 337, out spout 63, and into bag
      324. The impeller may be any standard paddle wheel type impeller which
      would fit upon a turning shaft and perform the function of moving or
      impelling material to be bagged through the impeller housing and out the
      spout opening. FIG. 10 also shows the molded top 319 of the impeller
      housing 274 and coupling 244 along with impeller shaft 246. The coupling,
      such as coupling 244, may consist of any standard shaft coupling device.
PAR  Replaceable blade tips 268 and 269 can be replaced by removing impeller
      blade tip mounting bolts 272 and 273 and removing the blade tips 268 and
      269 from the impeller blade tip holders 270 and 271. New replaceable
      impeller blade tips can be, then, inserted into the blade tip holders and
      mounted by use of the blade tip bolts 272 and 273. The number of impeller
      tips and impeller design can be any standard impeller and can be left to
      the manufacturer's choice of design. U-bracket 321 is attached to the
      outer surface of the bagger tank 1. Attached to U-bracket 321 is scale
      support channel hook 322 which attaches the channel U-bracket 323 to bag
      channel support 51.
PAR  The housing for the impeller, which is mounted on the impeller shaft and is
      capable of moving material, basically comprises an enclosure, such as
      impeller housing 274, within which the impeller, mounted on impeller shaft
      246, may be placed. The enclosure has a plurality of shaft openings
      through which the impeller shaft 246 may extend. A plurality of shaft
      opening packing means or gland nuts 259 and 258 are secured to the
      enclosure at each of the plurality of shaft openings. A plurality of
      packing material, such as wool or fiber packing, is placed within each of
      the plurality of shaft opening packing means and around the impeller
      shaft.
PAR  Molded top 319 of impeller housing 274 has an opening through which
      material may be placed in the enclosure or impeller housing 274. The
      molded top with the opening comprises material entrance means. Material
      exit means comprises spout opening 277 through which material may exit
      from the housing.
PAR  Access means in the enclosure allows access for maintenance purposes within
      the enclosure. Access means comprises access door 308, attachment means
      connecting the access door 308 to the enclosure and securing means holding
      the access door onto the enclosure. The attachment means comprises a hinge
      which connects the access door 308 to the enclosure or impeller housing
      274. The securing means comprises bracket 310 and securing bolt or opening
      bolt 311. The access means further comprises sealing means to keep any of
      the material from escaping through the access door. The sealing means
      comprises gasket 320. The securing means further comprises an impeller
      housing support 314 molded onto the enclosure and a plurality of mounting
      bolts, such as mounting bolts 312 and 313 to secure the bracket 310 to the
      impeller housing support 314. Other embodiments to perform the means
      functions may occur to those skilled in the art and are contemplated by
      this invention.
PAR  FIG. 11 is a section view showing the clamping mechanisms and balance scale
      mechanisms associated with impeller housing 274. FIG. 11 may be examined
      along with FIGS. 9 and 10 for a more complete view. Air cylinder control
      pilot valve 325 controls air cylinder 326. Cylinder opening air pilot line
      339 and cylinder closing air pilot line 340 along with connecting base 341
      are shown between the air cylinder control valve 325 and air cylinder 326.
      Chopper or pinch valve linkage connection bolt 338 holds air cylinder 326
      to top chopper valve linkage bar 334. Also, shown is bottom chopper or
      pinch valve linkage bar 335 and spring 336.
PAR  The clamping mechanism lever rod is shown in a clamped position, as rod 330
      and in an unclamped position, as clamping mechanism lever rod 331. The
      clamping mechanism lever rod 330 pivots about the pivot pin 333. One end
      of the clamping mechanism lever rod supports and has attached to it the
      clamping mechanism, clamping mechanism apparatus 327. Apparatus 327 is
      attached by means of adjusting bolt 418 and adjusting bolt 332. Clamping
      mechanism lever rod 330 is also attached to chopper or pinch valve linkage
      bar 334. When chopper valve linkage bars 334 and 335 operate from the
      unclamped to the clamped position on spout hose or material flow hose 337,
      the clamping mechanism lever rod also moves because of the direct
      connection. Air cylinder 326 is supported rigidly to bag channel support
      51 by means of air cylinder support bracket 421.
PAR  In the unclamped position, adjusting bolt 418 is shown for clamping
      mechanism apparatus 419. The clamping mechanism apparatus may consist of a
      bolt and a pad or other attaching means or devices. In the bottom of the
      clamping mechanism apparatus 327 is shown electrical contact 328. The
      electrical contact 329 is shown at the bottom of clamping mechanism
      apparatus 419. Electrical contacts and wires 328 and 329 serve the purpose
      of making electrical contact with spout 63, so that if no bag is present
      on the spout 63, an electrical contact is therefore made with spout 63.
PAR  With the electrical connection to spout 63 completing the electric circuit,
      this electrical signal actuates the air solenoid valve 358 which
      immediately causes the air chopper valve, consisting of 325, 339, 341,
      340, 326, 338, 334, 335, and 336, to operate to pinch the spout hose 337,
      thus preventing any material from flowing out of spout opening 277 and
      spout 63, thereby preventing material to be sprayed out of spout 63 when
      no bag, such as bag 324, is inserted on spout 63. When a bag, such as bag
      324, is inserted on spout 63, the bag serves as insulation preventing the
      completion of the electrical circuit between spout 63 and electrical
      contacts 328 and 329. The electrical contact made when no bag is present
      activates air control solenoid valve 358 which shifts four-way control
      valve 325 to force the air chopper valve to the pinching position.
PAR  In the operation of the revolving bagging machine, a bag may be inserted on
      spout 63 by some bag inserting means, including mechanical or human means.
      Air start valve 33 contacts a rigid stationary cam 422, located and
      positioned approximately eight feet past the take-off device and at a
      height required for contact with support 21, which supports air start
      valve 33 and hydraulic start microswitch 42. The contact of the air start
      valve 33 with the rigid stationary cam 422 activates the air control
      four-way valve 325, shifting its control mechanism to retract the air
      cylinder 326 of the chopper valve to a position where the chopper valve is
      not pinching spout or material flow hose 337. This action of air cylinder
      326 through the chopper valve clamping mechanism linkage connections 416
      and 417 separates chopper linkage bars 334 and 335, thus relieving all
      pressure on spout or material flow hose 337. Spout or material flow hose
      337 then may assume a natural round shape with a round hollow center
      opening through which material to be bagged may be impelled by the
      centrifugal force caused by the rotating impeller in the impeller housing
      274.
PAR  The rigid stationary cam 422, also, contacts the operating lever arm
      actuator of hydraulic start microswitch 42, causing completion of an
      electrical circuit from microswitch 42 to the hydraulic four-way control
      valve start solenoid 293. The completion of the electrical circuit
      actuates solenoid 293 causing the operating mechanisms of the hydraulic
      four-way control valve 282 to shift, permitting flow of hydraulic fluid to
      hydraulic motor 242. The flow of hydraulic fluid to the hydraulic motor
      242 causes the shaft of motor 242 to rotate, thereby rotating shaft 246
      through connection by coupling 244.
PAR  In FIGS. 1 and 2, it may be noticed that on each support 16, 17, 18, 19,
      20, 21, 22, 23, 24, 25, 26, and 27, there is an air start valve 28, 29,
      30, 31, 32, 33, 34, 35, 36, 37, 38, and 39. However, there is a start
      microswitch 40, 41, 42, 43, 44, and 45, on every other support 16, 17, 18,
      19, 20, 21, 22, 23, 24, 25, 26, and 27. The air start valves are necessary
      to operate the pinch valves which open up each spout, and therefor, one is
      required for each spout. The start microswitches activate the hydraulic
      motors and there is only one hydraulic motor for each two spouts since one
      hydraulic motor drives two spouts through the use of a universal joint,
      such as 276. As the bagging machine rotates, the hydraulic motor turns the
      impeller shaft, the material to be bagged is forced out through the
      spouts, and the bags are filled. The turning of the impeller pushes the
      material into the bag along with air that is pushed into the bag, the bag
      has air bleed holes 410 which allow the air to bleed out of the bag
      slowly. When the bag has reached a pre-determined weight, the balance
      scale system is pivoted on knife-edges, such as 348, 349, and 350, by the
      weight of the bagged material, over balancing a pre-determined weight on
      counter weights, such as counter weight 352. The balance scale system then
      makes contact with scale balance support arm contact 420 which may
      activate a stop air valve on each balance scale and a stop microswitch on
      alternate balance scales. The stop microswitch stops the hydraulic motor,
      and the stop air valve causes the pinch valve to pinch the spout hose and
      stop the flow of material into the bag.
PAR  In FIG. 11, bag 324 sits on stool 359. Adjusting stool support 360 holds
      stool 359 and adjusts the height of stool 359, adjusting stool support 360
      being secured by height adjusting nuts 361 and 362. Stool support arm 363
      and brace 364 form a support for adjusting stool support 360. Stool
      support arm 363 and brace 364 attach to bag channel support 51. Attached
      to bag channel support 51 is balance scale knife-edge channel bracket 343
      which is supported by support shaft 342 for knife-edge channel bracket
      343. Fitting into knife-edge channel bracket 343 is knife-edge point 344
      of lower knife-edge bracket 345 which is attached to balance scale support
      arm 346. Balance scale support arm brace 347 ties support arm 346 to a
      similar support arm on the other side of suport arm 346. A similar
      arrangement exists on the other side of the bag channel support 51 with
      support shaft 342, extending through bag channel support 51, for
      knife-edge channel bracket, a knife-edge, and a lower knife-edge bracket
      along with a balance scale support arm. All are identical to 342, 343,
      344, 345, 346, and 347. Balance scale support arm 346 and the balance
      scale support arm (not shown) connect to balance scale platform upper
      knife-edge bracket 350 in which fits balance scale platform lower
      knife-edge bracket 348. Balance scale platform lower knife-edge bracket
      348 rests on upper flange 108 of rolled channel beam 87. Also, shown is
      lower flange 109 of rolled channel beam 87 and the cone drag chain 88
      attached thereto. Balance scale platform lower knife-edge bracket 348,
      resting on upper flange 108 of rolled channel beam 87, would be in a
      similar location for every balance scale as in FIG. 11. The balance scale
      mechanism shown happens to concur with the positioning of spoke-like
      support 225. There is a balance scale mechanism for each spout and the
      balance scale mechanism does not lie above a spoke-like support in every
      case.
PAR  Balance scale counter weight 352 is adjusted for lever arm length from
      knife-edge 349 by balance scale counter weight adjusting screw 351.
      Counter weight 352 slides on an extension of balance scale support arm
      346. Balance scale support arm end bracket 353 supports the end of balance
      scale counter weight adjusting screw 351 and balance scale support arm 346
      and one balance scale support arm not shown, similar to balance scale
      support arm 346. When the bag 324 reaches a pre-determined weight, the
      balance scale system is tipped or pivoted by the weight of the bag causing
      the balance scale support arm 346 end to rise and for balance support arm
      contact 420 to hit or activate the lever arm of stop microswitch 356 and
      stop air valve 357. Alternately, the balance scales will have a stop
      microswitch to stop the hydraulic motor. Each of the balance scales will
      have a stop air valve to cause the piinch valve to pinch the spout or
      material flow hase and stop the flow of material into the bag.
PAR  When the bag 324 reaches the pre-determined weight, it presses down causing
      the knift-edge channel bracket 343 to press onto the knife edge point 344
      and causing the knife-edge channel barcket on the other side of bag
      channel support 51 which is not shown, to press down on the knife-edge not
      shown. This causes balance scale upper knife-edge bracket 350 to pivot on
      balance scale platform knife-edge 349 causing the balance scale support
      arm 346 to rise causing balance support arm contact 420 to make contact
      with stop air valve activator 357 and stop microswitch activator 356.
PAR  The balance scale mechanism is essentially a fulcrum or scale beam balance
      system which may be adjusted for differing weights of bagged material by
      varying the distance from knife-edge 349 to counter weight 352 by the
      balance scale counter weight adjusting screw 351 of balance scale counter
      weight 352. When the desired weight is reached, the balance scale moves
      causing contact with switches that turn off the hydraulic motors and close
      the pinch valve and spout or material flow hose to the spout, thereby
      de-activating that spout apparatus.
PAR  FIG. 12 is a top view of the machinery platform 110 showing the hydraulic
      system thereon in a black box format. FIG. 12 shows triangular shaped
      voids from which hydraulic lines to hydraulic pressure line header 284,
      and hyraulic return line header 283 connects. There are a total of 24
      voids around the bagging machine; however, aa previously discussed,
      hydraulic lines are only required in every other void in order to activate
      that 12 hydraulic motors required to drive the 24 impeller shafts. Void
      239 connects to hydraulic pressure line header 284 by hydraulic line 285
      and to hydraulic return line header 283 by hydraulic line 288. Void 241
      connects to hydraulic pressure line header 284 by hydraulic line 295 and
      to hydraulic return line header 283 by hydraulic line 297. Void 365 is
      connected to hydraulic pressure line header 284 by hydraulic line 385 and
      to hydraulic return line header 283 by hydraulic line 375. Void 366 is
      connected to hydraulic pressure line header 284 by hydraulic line 386 and
      to hydraulic return line header 283 by hydraulic line 376. Void 367 is
      connected to hydraulic pressure line header 284 by hydraulic line 387 and
      to hydraulic return line header 283 by hydraulic line 377. Void 368 is
      connected to hydraulic pressure line header 284 by hydraulic line 388 and
      to hydraulic return line header 283 by hydraulic line 378. Void 369 is
      connected to hydraulic pressure line header 284 by hydraulic line 389 and
      to hydraulic return line header 283 by hydraulic line 379. Void 370 is
      connected to hydraulic pressure line header 284 by hydraulic line 390 and
      to hydraulic return line header 283 by hydraulic line 380. Void 371 is
      connected to hydraulic pressure line header 284 by hydraulic line 391 and
      to hydraulic return line header 283 by hydraulic line 381. Void 372 is
      connected to hydraulic pressure line header 284 by hydraulic line 392 and
      to hydraulic return line header 283 by hydraulic line 382. Void 373 is
      connected to hydraulic pressure line header 284 by hydraulic line 393 and
      to hydraulic return line header 283 by hydraulic line 383. Void 374 is
      connected to hydraulic pressure line header 284 by hydraulic line 394 and
      to hydraulic return line header 283 by hydraulic line 384. Hydraulic line
      403 connected hydraulic return line header 283 to heat exchanger 395 where
      the hydraulic fluid is cooled. Hydraulic line 404 connects the heat
      exchanger 395 to the return line filter 396 where the oil is filtered.
      Hydraulic line 405 connects the return line filter 396 to the hydraulic
      oil reservoir 397. The oil comes out of the reservoir into a suction
      stainer 398 and is carried through hydraulic line 406 to hydraulic pump
      401. Hydraulic pump 401 is controlled by hydraulic pump electrical motor
      400. Hydraulic pump 401 is connected to the hydraulic pressure line header
      284 by hydraulic line 408. Hydraulic line 408 also connects to hydraulic
      line 409 which leads to the main pressure relief valve 402. Hydraulic line
      407 leads from main pressure relief valve 402 back into hydraulic oil
      reservoir 397. Air compressor and tank 399 is shown on the machinery
      platform 110. Air is available therefrom for operation of all pinch valve
      air cylinders and other purposes desired, such as tank vibrators, material
      agitation air pads, and similar devices.
PAR  FIG. 13 is an isometric view of the bagging machine drive mechanism and the
      take-off device drive mechanism. Welded sprocket chain 112 is welded onto
      rolled tee-bar 113. Sprocket 114 drives machine driving means, such as
      welded sprocket chain 112 which by its connection to rolled tee-bar 113
      form a ring or bull gear, being the main driving force for the bagging
      machine. Take-off device drive sprocket 118 drives take-off device drive
      chain 119 which is supported on drive chain support track 120. Take-off
      device drive chain 119 connects to shaft driving sprocket 121 which is
      rigidly connected to center shaft 122 of the take-off machine. Center
      shaft 122 and shaft driving sprocket 121 are supported by take-off device
      shaft support structure 123. Speed reducer 155 and electrical motor 166
      are supported by supporting beam 117. The speed reducer 115 which drives
      the bagging machine causing it to rotate, and also drives the take-off
      device, could be a standard speed reducer, such as a Falk Manufacturing
      Company type FZB, class 2, size 51-60 FZB 4. It has an output low speed
      shaft of 13.6 rpms. The speed reducer may have an output or low spped
      shaft drive sprocket 114 which is a Dodge Manufacturing Corporation No.
      B1232 11/2  inch circular pitch sprocket with a suitable bore. This would
      be sprocket 114 which meshes with welded sprocket chain 112 to cause the
      bagging machine to rotate. The speed reducer or low speed shaft also has a
      second sprocket located just beneath it which is a smaller sprocket 118.
      This may be a Dodge manufacturing Corporation sprocket No. B642 3/4 inch
      circular pitch sprocket with a suitable bore. This sprocket drives the
      take-off device. The take-off device is driven through a No. 60 3/4 inch
      pitch sprocket chain which may be a Dodge Manufacturing Corporation chain
      or equal standard sprocket chain, which is take-off device drive chain
      119. The driven sprocket for this take-off device, shaft driving sprocket
      121, may be a Dodge Manufacturing Corporation No. A684 3/4 inch circular
      pitch sprocket with a C40-4050 Bushing with bore to suit. The arrangement
      of chains and sprockets is synchronized so as to turn the take-off device
      6 revolutions for every one revolution of the bagging machine. The speeds
      are synchronized through the sprocket chains. The main bagging machine may
      be driven at a set speed in a circular motion caused to rotate while the
      take-off device is also driven by the same speed reducer 115. The take-off
      device takes 6 complete revolutions for each one revolution of the main
      bagging machine. Therefore, on a 24 spout bagging machine, four spouts of
      the bagging machine pass the take-off device for one complete revolution
      of the take-off device.
PAR  Drive chain support track 120 becomes necessary since the sprocket chain,
      take-off device drive chain 119, is in a horizontal plane in operation.
      Drive chain support track 120 helps keep take-off device drive chain 119
      from running off the sprocket 121 and 118.
PAR  FIG. 14 is an isometric view of the lower section of the take-off device.
      The lower section of the take-off device and many other parts of the
      bagging machine and associated devices were shown in FIG. 1. FIG. 14 shows
      the take-off device in greater detail. Outer shaft 124 fits around center
      shaft 122. Outer shaft 124 contains slot 125. Key 126 is attached to
      center shaft 122 and fits within slot 125 which is in outer shaft 124. Key
      126 within slot 125 causes outer shaft 124 to rotate in the same manner as
      center shaft 122. Slot 125 in outer shaft 124 allows for up and down
      movement of outer shaft 124 with respect to base 411. On base 411 is
      guiding track 127. Connected to outer shaft 124 are cradle arm supports
      137, 138, 139, and 140 and track arms 129, 130, 131, and 132. At the end
      of track arm 129 is flanged wheel 128. A wheel is on the end of track arms
      130, 131, and 132; however, they are not shown in FIG. 14. Fanged wheel
      128 and the three wheels not shown ride on track 127. Track arm brace 133
      braces track arm 129 to outer shaft 124. Track arm brace 134 braces track
      arm 130 to outer shaft 124. Track arm brace 135 braces track arm 131 to
      outer shaft 124. Track arm brace 136 braces track arm 132 to outer shaft
      124. Cradle arm brace 141 braces cradle arm support 137 to outer shaft
      124. Cradle arm brace 142 braces cradle arm support 138 to outer shaft
      124. Cradle arm brace 143 braces cradle arm support 139 to outer shaft
      124. Cradle arm brace 144 braces cradle arm support 140 to outer shaft
      124. Swivel connection 145 connects cradle arm support 137 to cradle
      support side 168. Swivel connection 146 connects cradle arm support 138 to
      cradle support side 169. Swivel connection 147 connects cradle arm suport
      139 to cradle support side 170. Swivel connection 148 connects cradle arm
      support 140 to cradle support side 171. Back and side arms 160 and 161 are
      connected to cradle support side 168. Cradle lifters 154 and 155 are
      connected to back and side arms 160 and 161. Back and side arms 162 and
      163 are connected to cradle support side 169. Cradle lifters 152 and 153
      are connected to back and side arms 162 and 163. Back and side arms 164
      and 165 are connected to cradle support side 170. Cradle lifters 159 and
      one not shown are connected to back and side arms 164 and 165. Back and
      side arms 166 and 167 are connected to cradle support side 171. Cradle
      lifters 156 and 157 are connected to back and side arms 166 and 167. Rigid
      support 149 connects swivel connection 148 to cradle support side 171.
      Rigid support 150 connects swivel connection 145 to cradle support side
      168. Rigid support 151 connects swivel connection 147 to cradle support
      side 170. A rigid support (not shown) connects swivel connection 146 to
      cradle support side 169. The take-off device has in essence four cradles
      consisting of the various cradle support sides, back and side arms, and
      cradle lifters. The take-off device in FIG. 14 is shown as it would be in
      operation. The take-off device in FIG. 14 is shown as it would be in
      operation. The take-off device rides on guiding track 127 with wheels,
      such as wheel 128 on the guiding track 127. The guiding track 127 is
      designed so that the take-off device rides in an up and down motion. At
      the low point, the cradle rides below the bag as it sits on the stool. In
      FIG. 14, stool and stool supports 71 are shown holding bag 207. Cradle
      lifters 154 and 155 will ride at a position where as the take-off device
      is rotated it will rise underneath the bag and take bag 207 from stool and
      stool support 71, and from spout 59 at the peak of its sinusoidal path.
      The cradle arms will then hold the bag and carry it around the take-off
      device, such as bag 205 is being carried on cradle arms 158 and 159 (not
      shown). The outside cradle lifter will hit the tip cam 172 as the cradle
      lifter 152 already has in FIG. 14. Bag 204 has dropped onto conveyor belt
      174 and is carried away to be distributed as desired. Conveyor belt 174 is
      on conveyor frame 173. Bag 206 is shown having already been taken from
      spout 58 in FIG. 1 and stool and stool support 70. Since take-off device
      and the bagging machine are driven from the same speed reducer and
      properly synchronized, the cradle lifter will be able to remove the bags
      from the spouts and the stool and stool supports at the proper times. Any
      size bagging machine and associated take-off device could be designed
      using varying speed ratios. The present take-off device is designed for a
      24 spout bagging machine, and has four cradles.
PAR  The take-off device for use with a revolving bagging machine basically
      comprises revolving means operative to revolve the take-off device at a
      speed proportionate to the speed of revolution of the revolving machine, a
      plurality of bag carrying means operative to support the bags when the
      bags are taken from the revolving machine, and positioning means operative
      to place the plurality of bag carrying means in proper position to remove
      the bags from the revolving machine. The take-off device further comprises
      removal means, such as cam 172, to remove the bags from the plurality of
      bag carrying means.
PAR  The revolving means basically comprises motor means, first wheel means
      physically connected to the output of the motor means and operative to
      revolve the revolving machine, second wheel means physically connected to
      the same output of the motor means as is the first wheel means, a center
      shaft on the take-off device, and shaft driving means connected to the
      second wheel means and operative to revolve the center shaft of the
      take-off device.
PAR  The motor means basically comprises an electrical motor, such as electrical
      motor 116, a speed reducer connected to the electrical motor, such as
      speed reducer 115, and an output shaft emanating from the speed reducer.
      First and second wheel means are physically connected to the output shaft
      of the speed reducer 115. The first wheel means may be sprocket 114. The
      second wheel means may be take-off device drive sprocket 118.
PAR  The shaft driving means may comprise a center shaft driving wheel means,
      such as shaft driving sprocket 121, which is attached to the center shaft
      122 of the take-off device. A drive chain, such as take-off device drive
      chain 119, is driven by shaft driving sprocket 121. The shaft driving
      means further comprises a drive chain support track, such as drive chain
      support track 120, and a shaft support structure, such as take-off device
      shaft support structure 123. The revolving means may revolve the take-off
      device 6 times for every one revolution of the revolving machine or may be
      set up for any multiple of revolutions desired.
PAR  The plurality of bag carrying means comprises an outer shaft, such as outer
      shaft 124, and a plurality of holding means connected to the outer shaft.
      The plurality of holding means basically comprises a plurality of cradle
      arm supports, such as cradle arm supports 137, 138, 139, and 140; a
      plurality of swivel connections, such as swivel connections 145, 146, 147,
      and 148; and a plurality of bag cradles each connected to one of the
      plurality of swivel connections. The plurality of bag cradles may comprise
      a plurality of cradle support sides, such as cradle support sides 168,
      169, 170, and 171, and a plurality of back and side arms 160, 161, 162,
      163, 164, 165, 166, and 167. The plurality of bag cradles further
      comprises a plurality of cradle lifters, such as cradle lifters 154, 155,
      152, 153, 159, 156, and 157, two of each being connected to two of the
      plurality of back and side arms which are connected to one of the
      plurality of cradle support sides. Theh plurality of holding means further
      comprises a plurality of cradle arm braces, such as cradle arm braces 141,
      142, 143, and 144. The plurality of holding means further comprises a
      plurality of rigid supports, such as rigid supports 149, 150, and 151.
PAR  The positioning means basically comprises movement allowing means which is
      operative so that the plurality of bag carrying means revolves with the
      take-off device proportionate to the speed of revolution of the revolving
      machine, but allows each of the plruality of bag carrying means to be
      capable of movement up and down. The positioning means further comprises
      up and down movement means operative to move the plurality of bag carrying
      means up and down. The up and down movement means basically comprises a
      base, such as base 411, located at the bottom of the take-off device, and
      a guiding track, such as guiding track 127, resting on base 411. The up
      and down movement means further comprises a plurality of wheels, such as
      wheel 128, which is operative to ride on guiding track 127. Guiding track
      127 is structured to provide up and down movement of the plurality of
      wheels. The guiding track is structured so that a graph of movement of any
      one of the plurality of wheels versus the time of movement would be a
      sinusoidal graph.
PAR  Movement alloginw means basically comprises a slot, such as slot 125,
      located in outer shaft 124, and a key, such as key 126, located on center
      shaft 122 and fitting through slot 125 on outer shaft 124, whereby the key
      126 causes the outer shaft 124 to revolve with the center shaft 122, but
      allows up and down movement of the outer shaft 124 along slot 125. The
      take-off device may be located with respect to the revolving machine so
      that each pair of the plurality of cradle lifters on the take-off device
      may remove a bag from one of a plurality of bag supports on the revolving
      machine. The cradle lifters will go underneath the bag which is resting on
      stool and stool supports, such as stool and stool supports 171, and due to
      the up and down movement will lift the bag from the stool and stool
      support and carry it around the take-off device. Other embodiments to
      perform the means functions may occur to those skilled in the art and are
      contemplated by this invention.
PAR  The invention comprises a machine for placing material in bags comprising
      machine revolving means operative to revolve the machine, material holding
      means in which the material may be held, machine support structure
      operative to physically support the machine, and material bagging means
      operative to place the material, held in the material holding means, into
      the bags. The machine may further comprise bag removal means operative to
      remove the bags from the material bagging means. The bag removal means may
      be a take-off device. The machine may further comprise a spill collection
      device operative to collect any of the material which might escape from
      the material bagging means. The material holding means may comprise a
      bagger tank. The bagger tank may comprise an outer surface shaped like a
      cylinder, an inner sloping interior shell surface circular at the top and
      bottom, and a bottom connecting the outer surface to the inner sloping
      interior shell surface. The bagger tank may further comprise a plurality
      of sloped guide plate surfaces, all of which emanate from the bottom and
      are physically connected to the outer surface and the inner sloping
      interior shell surface, each of the plurality of sloped guide plate
      surfaces with another of the plurality of sloped guide plate surfaces form
      a void in the bagger tank, whereby none of the material may enter. Each of
      the plurality of sloped guide plate surfaces with still another of the
      pluralaity of sloped guide plate surfaces form a funnel through which the
      material may flow. The machine may further comprise a cover for the bagger
      tank operative to prevent particles of the material from escaping into the
      atmosphere. The cover may contain a plurality of feeder holes through
      which the material may be placed in the bagger tank. The material holding
      means may further comprise a plurality of feeder means operative to bring
      the material to the feeder holes to be deposited in the bagger tank. The
      bottom may contain a plurality of dump openings through which the material
      may flow into the material bagging means. The machine revolving means may
      comprise motor means, wheel means operative responsive to the motor means,
      and machine driving means operative responsive to the wheel means. The
      wheel means may comprise a sprocket. The machine driving means may
      comprise a sprocket chain welded to the machine, whereby when the sprocket
      is moved by the motor means, the sprocket will mesh with the sprocket
      chain causing the machine to revolve. The motor means may comprise an
      electrical motor, a speed reducer connected to the electrical motor, and
      an output shaft emanating from the speed reducer. The material bagging
      means may comprise a plurality of impellers, a plurality of housings
      operative to hold the material which flows from the material holding
      means, a plurality of impeller shafts each operative to support one of the
      plurality of impellers, a plurality of impeller shaft turning means each
      operative to turn one or more of the plurality of impeller shafts, and a
      plurality of bag holding and filling means operative to hold the bags and
      to fill the bags with the material. The plurality of housings is operative
      to house one of the plurality of impellers.
PAR  The plurality of impeller shaft turning devices is used to turn the various
      impellers in the invention. Looking at one impeller shaft turning device
      which is used in rotating the shaft of an impeller within a housing in a
      revolving machine, to aid in impelling material into a bag. The impeller
      shaft turning device comprises motor means operative to rotate the shaft
      of an impeller, and hydraulic means operative to control the motor means.
      The motor means may be a hydraulic motor. The hydraulic means may comprise
      a fluid supply means which provides a flow of fluid to the hydraulic
      means, start and stop control means operative to start and stop the flow
      of the fluid to the hydraulic motor, and flow control means operative to
      control the quantity of fluid to the hydraulic motor after the start and
      stop control means allow flow of the fluid to the hydraulic motor, whereby
      the flow control valve controls the speed of rotation of the shaft. The
      impeller shaft turning device has hydraulic means further comprising
      pressure relief means operative to maintain constant speed of the
      hydraulic motor when a plurality of hydraulic motors is operated using the
      same fluid supply means. The start and stop control means may comprise a
      directional control valve. The flow control means may comprise a flow
      control valve. The fluid supply means may comprise a pressure header from
      which fluid flows to the hydraulic motor and a return header to which
      fluid flows from the hydraulic motor. The start and stop control means may
      comprise starting means operative to start the flow of fluid to the
      hydraulic motor and stopping means operative to stop the flow of fluid to
      the hydraulic motor. The starting and stopping means, both, may comprise a
      solenoid. Both the start and stop solenoids may be activated by
      microswitches. The start solenoid may be activated be a microswitch
      located on the revolving machine, when the shaft of an impeller should be
      rotated to aid the revolving machine to impel the material into the bag.
      The stop solenoid may be activated by a microswitch located on the
      revolving machine when a pre-determined amount of the material has entered
      the bag. The pre-determined amount may be determined by a scale beam
      balance scale system. The flow control means is adjustable to control the
      flow of the fluid to the hydraulic motor to a pre-determined amount per
      time interval and is thereby operative to control the speed of the
      hydraulic motor to a pre-determined speed and to be adjusted to control
      the speed of the hydraulic motor to aid in impelling the material into the
      bag, which may be necessitated by material of varying particle size and by
      atmospheric conditions. The fluid supply means may comprise a fluid source
      means operative to provide a source of fluid, a pressure header from which
      the fluid may flow to the hydraulic motor, and a return header to which
      fluid may flow from the hydraulic motor. The fluid source means may
      comprise a hydraulic pump means connected to the pressure header and
      operative to pump the fluid to the pressure header, pump motor driving
      means operative to control the hydraulic pump means, a reservoir operative
      to hold a supply of fluid, pressure relief means connected to said
      hydraulic pump means and operative to relieve pressure, and cooling means
      connected to the return header and operative to cool the fluid when it is
      returned to the reservoir from the return header. The pump motor driving
      means may comprise an electrical start and stop switch. The fluid source
      means further comprises a suction strainer located between the hydraulic
      pump and the reservoir operative to strain the fluid. The fluid source
      means may further comprise a filter located between and connected to the
      return line header and the reservoir to aid in purifying the fluid being
      returned to the reservoir. The cooling means may comprise a heat
      exchanger. The pump motor driving means may be an electrical motor. The
      impeller shaft turning device may further comprise a coupling connected to
      the output of the motor means and connecting to the shaft of the impeller.
      The impeller shaft turning device may further comprise a universal joint
      operative to connect the shaft of an impeller to a second shaft of another
      impeller, whereby the second shaft of another impeller may be rotated by
      the same motor means as the shaft of an impeller. The impeller shaft
      turning device is a sealed system and is impervious to dust and
      atmospheric conditions.
PAR  The revolving machine comprises a plurality of bag holding and filling
      devices, for placing material into bags. A bag holding and filling device,
      for placing material into a bag, comprises bag clamping means operative to
      hold the bag onto the device and pinch means physically connected to the
      bag clamping means operative to control the flow of the material into the
      bag, whereby when the pinch means allows the material to flow into the
      bag, the bag clamping means will hold the bag onto the device and when the
      pinch means does not allow the material to flow into the bag, the bag
      clamping means will release the bag. The bag holding and filling device
      further comprises bag insert interlock contact means operative to cause
      the pinch means not to allow the material to flow when no bag is being
      held by the bag clamping means. The bag holding and filling device further
      comprises weight evaluating means operative when the material in the bag
      reaches a pre-determined weight to activate the pinch means to stop the
      flow of the material into the bag. The bag holding and filling device
      further comprises a material flow hose through which the material flows.
      When the material flow hose is pinched and the material is stopped from
      flowing by the pinch means, the pinch means operates to stop the flow of
      material into the bag. The bag holding and filling device further
      comprises a spout connected to the material flow hose through which the
      material flows into the bag. The pinch means may be a pinch valve
      mechanism. The pinch valve mechanism may comprise an air cylinder, an air
      cylinder control valve operative to control the air cylinder, and a
      plurality of linkage bars operative responsive to the air cylinder,
      whereby when the pinch means operates to stop the flow of the material
      into the bag, the plurality of linkage bars pinches the material flow
      hose. The bag clamping means comprises a clamping mechanism apparatus
      operative to clamp the bag against the spout when the bag clamping means
      is holding the bag onto the device. The bag holding and filling device
      further comprises a lever rod connected to one of the plurality of linkage
      bars and to the clamping mechanism apparatus, whereby when the pinch means
      operates to allow flow of the material into the bag, the lever rod is
      positioned to press the clamping mechanism against the spout. The bag
      insert interlock contact means may comprise an electrical contact in the
      clamping mechanism apparatus, whereby when the clamping mechanism
      apparatus is pressed against the spout, an electrical connection is made,
      and a bag insert interlock solenoid valve activated when the electrical
      contact makes an electrical connection with the spout and operative to
      activat the air cylinder control valve to cause the plurality of linkage
      bars to pinch the material flow hose and stop the flow of material,
      whereby the material will not flow unless a bag, acting as an insulator,
      prevents an electrical connection dbetween the electrical contact and the
      spout. The bag holding and filling device further comprises bag support
      means operative to hold the bag to be filled with the material. The bag
      support means may comprise a bag channel support connected to the
      revolving machine, stool support apparatus connected to the bag channel
      support, and a stool connected to the stool support apparatus operative to
      hold a bag to be filled with the material. The stool support apparatus may
      comprise a stool support arm connected to the bag channel support, an
      adjusting stool support connected to the stool and adjustably connected to
      the stool support arm, and a plurality of height adjusting nuts operative
      to hold the adjusting stool support at a pre-determined height, whereby a
      bag may be placed on the stool and may be raised or lowered by the
      adjusting stool support to be properly positioned to receive the material
      into the bag.
PAR  Cover 177 for the revolving bagging machine tank reservoir may consist of
      sheet metal, shaped to enclose the area between outer surface 1 of the
      bagger tank and inside rim 6. The outside vertical side of cover 177 will
      extend to a point just inside of the outer surface 1 of the bagger tank
      and have a lip molded to fit over the top edge of the outer surface 1 of
      the bagger tank, but not in contact with the top edge. The inner rim of
      the cover 177 will mate with the top edge of inside rim 6 in a similar
      manner to the outside vertical side with the outer surface 1 of the bagger
      tank. This donut-shaped cover 177 will serve the purpose of preventing
      particles of the material to be bagged from escaping into the atmosphere.
      The cover 177 will have a plurality of feeder holes, such as feeder hole
      178, and a plurality of feeder means, such as feed conveyor 176, as deemed
      desirable by the user of the bagging machine. The plurality of feeder
      holes and feed conveyors will enable the bagging machine to bag different
      grades or types of materials at different times. With the turning action
      of the machine, the plurality of feeder holes and feed conveyors will act
      to provide blending of different materials in the tank reservoir. The
      blending action can be controlled proportionately by controlling the rate
      of feed from each of the plurality of feeder means.
PAR  The cylindrical outer surface 1 of the bagging machine along with the
      sloping interior sheel surface 15, which is circular at the top and
      bottom, and may be sloped at approximately 65.degree. to aid in the flow
      of the fluidized material; the bottom surface 315 of the bagger tank; and
      sloped guide supports or surfaces 302, 303, 304, 305, 306, 307, and others
      not shown, form the main bagger tank reservoir where the material to be
      bagged is held. The sloped guide supports 302, 303, 304, 305, 306, 307,
      and others not shown, along with sloped interior shell surface 15, funnel
      the material to be bagged down into the impeller housings. The sloped
      guide supports 302, 303, 304, 305, 306, 307, and others not shown, also
      add strength to the bagger tank being rigidly attached to the bottom
      surface 315, the inside of outer surface 1, and the sloping interior shell
      surface 15. The sloped guide supports 302, 303, 304, 305, 306, 307, and
      others not shown, form the void spaces between the spout assemblies in
      which hydraulic control apparatuses, air hoses, pipe connections and
      electrical wiring controls pass. The combination of the inner and the
      outer flanges of the bottom surface 315 and the area in the voids beside
      of each dump opening into impeller housings permits the impeller housings
      to be bolted to the bottom surface 315 without bolts and nuts, such as
      316, 317, 318, and others not shown, being located inside of the bagger
      tank and being covered with material. The outside of interior shell
      surface 15 of the bagger tank is the location and support for the
      hydraulic pressure header 284 and the hydraulic return header 283, and
      also an excellent location for various electrical controls required.
PAR  The material to be bagged is funneled down into the impeller housings, such
      as impeller housings 274 and 275. The impellers in the impeller housings,
      such as impeller housings 274 and 275, are rigidly attached to the
      impeller shafts, such as impeller shafts 246 and 247, respectively. The
      impeller shafts in each of the 24 impeller housings on the bagging
      machine, having 24 spouts, such as spouts 62 and 63, are coupled together
      in pairs by the universal joints, such as universal joint 276. The
      impeller shafts, such as impeller shafts 246 and 247, are rotated within
      the impeller housings, such as impeller housings 274 and 275, by the
      hydraulic motors, such as hydraulic motors 242 and 243, through the shaft
      couplings, such as shaft couplings 244 and 245.
PAR  Immediately after the filled bags, such as bag 324, are removed from the
      bagging machine spouts, such as spouts 62 and 63, by the take-off device,
      the pinch valve, operative with the spout hose on spout 62, and the pinch
      valve, operative with the spout hose 337 on spout 63, will be in the
      clamped position. The clamped position is when the cylinder rods of the
      pinch valve air cylinders, such as air cylinder 326, are extended through
      the pinch valve linkage mechanisms, such as linkage connections 416 and
      417, and will move the pinch valve lingage bars, such as linkage bars 334
      and 335, close together; and therefore, pinching the sides of the spout
      hoses, such as spout hose 337, together and stopping the flow of material.
      The bag clamping mechanisms for the spouts, such as spouts 62 and 63, will
      be in the unclamped position. The bag clamping mechanisms, such as bag
      clamping mechanism lever rod 331; pivot pin for clamping mechanism, such
      as pivot pin 333; clamping mechanism apparatus, such as clamping mechanism
      apparatus 419; and adjusting bolt, such as adjusting bolt 418; have a
      pivoting connection (not shown) with the pinch valve linkage bars, such as
      pinch valve linkage bar 334, and will be in the unclamped position. The
      same bag clamping mechanisms are shown in the full line drawing with the
      bag clamping mechanism lever rod shown as clamping mechanism lever rod
      330, pivot pin 333, clamping mechanism adjusting bolt, such as adjusting
      bolt 332, and clamping mechanism apparatus 327, in the clamped position.
      Thus, when the pinch valve, operative with spout hose on spout 62, and the
      pinch valve, operative with spout hose 337 on spout 63, are in the clamped
      or pinched position, the bag clamping mechanisms, such as the bag clamping
      mechanisms operative with spouts 62 and 63, are in the unclamped position.
PAR  The hydraulic motor 242 which drives the impellers in the impeller housings
      274 and 275, will be stopped and the impellers, attached to the shafts 246
      and 247, will not be rotating.
PAR  When the bagging machine revolves, moving spout 62, channel support 50, and
      stool and stool support 74, to a point approximately 4 feet past the
      position of the take-off device, a bag, such as bag 324, is inserted on
      spout 62 by a bag insertion means. When spout 63, channel support 51, and
      stool and stool support 75, reach the same point in their travel around
      the bagging machine, then a bag, such as bag 324, is inserted on spout 63.
      When spout 62 is moved approximately 4 feet farther, past the position
      where a bag was inserted on it, then start air valve 32, mounted on
      support 20 in approximate vertical alignment with spout 62, will contact
      stationary cam 422, supported by the surrounding building structures and
      positioned to contact all start air valves, such as start air valve 32,
      and all start microswitches, such as start microswitch 42, mounted on
      supports, such as support 21. Start air valve 32 is activated by contact
      with stationary cam 422 and actuates air control valve to control the
      pinch valve associated with the spout hose, similar to spout hose 337, and
      spout 62. The actuation of the air control valve will unclamp the pinch
      valve associated with spout 62. The unclamping of the pinch valve
      associated with spout 62 will move the bag clamping mechanism associated
      with spout 62 to the clamped position, thereby holding the bag securely to
      spout 62. The unclamping of the pinch valve will open the spout hose for
      spout 62, and the material to be bagged will be free to flow into the bag
      inserted on spout 62.
PAR  Further revolving action of the bagging machine will move spout 63 to the
      position for contact with start air valve 33, supported by support 21, and
      stationary cam 422. When stationary cam 422 contacts and actuates start
      air valve 33, then the control mechanisms in air cylinder control valve
      325 will cause the pinch valve, operative with spout hose 337, to unclamp,
      thus allowing the material to be bagged to be free to flow into a bag,
      such as bag 324, on spout 63.
PAR  Also, mounted on support 21 and positioned to contact stationary cam 422 at
      approximately the same time that start air valve 33 contacts the
      stationary cam 422, is start microswitch 42. Start microswitch 42 actuates
      solenoid 293 which shifts the control mechanisms in the hydraulic four-way
      directional control valve 282, and thereby allowing the flow of the
      pressurized hydraulic fluid to the hydraulic motor 242, causing the motor
      shaft to rotate. The speed of all of the hydraulic motors can be adjusted
      to a pre-determined revolution per minute by the flow control valves, such
      as flow control valve 279.
PAR  The rotating hydraulic motor 242, through shaft coupling 244, and universal
      joint 276, drives impeller shafts 246 and 247, and the impellers in the
      impeller housings 274 and 275. The rotating impellers, in the impeller
      housings 274 and 275, impel the material to be bagged through the spout
      openings 277 and 278, through the sput hose assocaited with spout 62,
      through spout hose 337, and spouts 62 and 63, into a bag inserted on spout
      62 and into bag 324 on spout 63. The filling operation of the bags
      continues until the bag on spout 62 reaches a pre-determined weight, at
      which time, the weight of the bagged material causes the balance scale
      system associated with spout 62 to tip or pivot on the knife-edge points,
      such as knife-edge point 344, and balance scale platform knife-edges, such
      as balance scale platform knife-edge 349, lifting and over balancing the
      weight of the counter weight, such as balance scale counter weight 352.
      The operation of the end of the balance scale mechanisms causes balance
      support arm contact, such as balance support arm spout 420 associated with
      balance scale system and operative with apour 62, to contact and thereby
      actuate the stop air valve, such as stop air valve 356, operative with the
      balance scale system on spout 62. The actuation of the stop air valve,
      associated with the balance scale system and operative with spout 62, will
      shift the control mechanism in the air control valve for the pinch valve
      associated with the spout hose for spout 62. The shifting of the control
      mechanisms, in the air control valve for the pinch valve associated with
      spout 62, will operate the pinch valve on the spout hose for spout 62, and
      thereby will shift the pinch valve on the spout hose for spout 62 to the
      clamped position, stopping the flow of the material into the bag inserted
      on spout 62.
PAR  When the weight of the bagged material in bag 324 on spout 63 reaches the
      pre-determined weight, the balance scale system associated with spout 63
      is tipped or pivoted. The counter weight 352 is lifted along with the
      associated balance scale support arms, such as support arm 346, and its
      associated end brackets causing balance scale support arm contact 420 to
      contact and actuate stop air valve 357 and stop microswitch 356.
PAR  When stop air valve 357 is actuated, it operates air control valve 325 for
      air cylinder 326 to extend the cylinder rod of air cylinder 326 through
      the pinch valve linkage connections, such as linkage connections 416 and
      417, then moves the linkage bars 334 and 335 to the pinched position on
      hose 337, and thereby stops the flow of the material through hose 337 and
      spout 63 into bag 324.
PAR  When stop microswitch 357 is actuated, it operates stop solenoid 294 to
      shift the control mechanism in the hydraulic four-way directional control
      valve 282 and to shut off the flow of the hydraulic fluid to the hydraulic
      motor 242, and thereby stopping the hydraulic motor 242. The action of
      stopping the hydraulic motors, such as hydraulic motor 242, will tend to
      prevent the material from becoming packed in the impeller housings spout
      hoses, and spouts, such as spouts 62 and 63.
PAR  The interval of time between the time when the bags are filled and the
      de-activation of the filling operation, and the time when the take-off
      device starts to remove the bags from the bagging machine spouts, will,
      through air holes, such as holes 410 in bag 324, permit the air which is
      impelled into the bags, such as bag 324, along with the bagged material,
      to escape.
PAR  The operation of the bagging machine and the take-off device is
      synchronized so that four spouts of the bagging machine pass the position
      where the bags, such as bags 204, 205, 206, and 207, are removed from the
      spouts, such as spouts 58, 59, 60, and 61, and others, for each revolution
      of the take-off device. The bagging machine and the take-off device drive
      system are synchronized so that the position of removal of a bag, such as
      bag 206; a track arm, such as track arm 132; a flange wheel, attached
      thereto; a cradle arm support, such as cradle arm support 140; and the
      attached cradle mechanisms, supported thereby, will be aligned between the
      center shaft 4 of the bagging machine and the center shaft 122 of the
      take-off device. The guide track 127, supported by the base of the
      take-off device 411, is designed and positioned so that the wheel on the
      track arm support, such as track arm support 132, is at the low point on
      the sinusoidal path of travel at the time when the cradle lifters, such as
      cradle lifter 156 and 157, and the back and side arms, such as back and
      side arms 166 and 167, are in full contact with a bag, such as bag 206.
      The position referred to above is the position of the removal of a bag.
      The cradle lifters, such as cradle lifters 156, 157, will be positioned
      under a bag, such as bag 206, and on each side of a stool and stool
      support, such as stool and stool support 70. As the bagging machine and
      the take-off device revolve, the flange wheels, such as the flange wheel
      attached to a track arm support, such as track arm support 132, move and
      climb on the ascending section of the guide track 127. The climbing action
      lifts the outer shaft 124 and all the mechanisms supported thereby, thus
      lifting the bag, such as bag 206, off of its supporting stool, such as
      stool and stool support 70. The bagging machine and the take-off drvice
      revolve so that the bags are moved away from the bagging machine, after
      the bags start being removed from the bagging machine by the take-off
      device. The cradle lifters, such as cradle lifter 157, are carried up and
      over the top of the stool and stool support, such as stool and stool
      support 70, by the tangential movement of the bagging machine and the
      take-off device away from each other, after the bags, such as bag 206, are
      removed.
PAR  The bags, such as bag 206, are carried around on the take-off device by the
      cradle mechanisms, such as the cradle mechanisms attached to the cradle
      arm supports, such as cradle arm support 140, to a position where the
      cradle lifters, such as cradle lifter 157, contacts the tip cam 172. Tip
      cam 172 is positioned so as to contact the cradle lifters on the take-off
      device, and by the rotating action of swivel connections, such as swivel
      connection 148, will cause the bags, such as bag 206, to be dumped on
      conveyor belt 174 to be carried away for further processing. The removal
      of each bag is a repeated cycle of the operation described above.
PAR  The same general configuration of the 24 spout bagging machine and its mode
      of operation is easily adapted to machines of different numbers of filling
      spouts. Most of the individual parts and members could be identical in
      size and function.
PAR  However, several items would need to vary primarily in size on machines of
      different numbers of filling spouts. On the eighteen spout machine, the
      angle between spouts would be 20.degree. in lieu of 15.degree. for the 24
      spout machine. On the 12 spout machine, the angle between the spouts would
      be 30.degree. in lieu of 15.degree. for the 24 spout machine. The main
      driving speed reducer and sprocket would be sized for the best adaption to
      the particular machine, and therefore, speed ratios of units would need to
      be adjusted. The overall diameter of the driving ring gear and tank
      reservoir would need to be changed to maintain proper spacing of the
      spouts in the distance around the tank reservoir. The number of impeller
      driving hydraulic motors would need to be changed. This change would be
      caused by the fact that the bending of the universal joints more than
      15.degree. at a speed of 12,000 r.p.m.s is not feasable with the universal
      joints presently on the market today. The size of the hydraulic pump and
      other hydraulic accessory equipment would need to be sized to suit the
      requirements of the desired machine.
PAR  While the invention has benn described with reference to specific
      embodiments, the description is illustrative and is not to be construed as
      limiting the scope of the invention. Various modifications and changes may
      occur to those skilled in the art without departing from the spirit and
      scope of the invention appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A housing, mounted on a bagging machine comprising many members, for an
      impeller, which is mounted on an impeller shaft and is capable of moving
      material, comprising:
PA1  a. an enclosure within which said impeller, mounted on an impeller shaft,
      may be placed;
PA1  b. a plurality of shaft openings in said enclosure through which said
      impeller shaft may extend;
PA1  c. material entrance means located in the top of said enclosure through
      which said material may be placed in said enclosure;
PA1  d. material exit means located in the front and bottom of said enclosure
      through which said material may leave said enclosure;
PA1  e. access means located in the back of said enclosure allowing access for
      maintenance purposes to said impeller and said impeller shaft within said
      enclosure without removal of said material exit means or said many members
      of said bagging machine.
NUM  2.
PAR  2. A housing according to claim 1 wherein said access means comprises:
PA1  a. an access door;
PA1  b. attachment means connecting said access door to said enclosure;
PA1  c. securing means holding said access door onto said enclosure.
NUM  3.
PAR  3. A housing according to claim 2 wherein said access means further
      comprises sealing means to keep any of said material from escaping around
      said access door while it is held by said securing means.
NUM  4.
PAR  4. A housing according to claim 2 wherein said attachment means comprises a
      hinge which connects said access door to said enclosure. electrical
NUM  5.
PAR  5. A housing according to claim 2 wherein said securing means comprises:
PA1  a. a bracket connected to said enclosure and operative, when secured, to
      hold said access door;
PA1  b. a securing bolt operative to secure said bracket.
NUM  6.
PAR  6. A housing according to claim 5 wherein said securing means further
      comprises:
PA1  b. a pluality of mounting bolts operative to secure said bracket to said
      impeller housing support, and thereby to said enclosure.
NUM  7.
PAR  7. A housing according to claim 3 in which said sealing means is a gasket.
NUM  8.
PAR  8. A housing according to claim 4 wherein said securing means comprises:
PA1  a. a bracket connected to said enclosure and operative, when secured, to
      hold said access door;
PA1  b. a securing bolt operative to secure said bracket.
NUM  9.
PAR  9. A housing according to claim 8 wherein said securing means further
      comprises:
PA1  a. an impeller housing support molded onto said enclosure;
PA1  b. a plurality of mounting bolts operative to secure said bracket to said
      impeller housing support, and thereby to said enclosure.
NUM  10.
PAR  10. A housing according to claim 1 further comprising:
PA1  a. a plurality of shaft opening packing means, each secured to said
      enclosure at each of said plurality of shaft openings;
PA1  b. a plurality of packing material placed within each of said plurality of
      shaft opening packing means and around said impeller shaft; whereby said
      material is prevented from escaping from said plurality of shaft openings.
NUM  11.
PAR  11. A housing according to claim 1 wherein said material entrance means
      comprises a molded top with an opening, said molded top attached to said
      enclosure, whereby said material may be placed in said enclosure through
      said opening in said molded top.
NUM  12.
PAR  12. A housing according to claim 1 wherein said material exit means is a
      spout opening in said enclosure through which material, moved by said
      impeller, may flow.
NUM  13.
PAR  13. A housing according to claim 10 wherein said plurality of shaft opening
      packing means is a plurality of gland nuts.
NUM  14.
PAR  14. A housing according to claim 13 wherein said plurality of packing
      material is wool or fiber packing.
NUM  15.
PAR  15. A housing, according to claim 1, wherein said access means is located
      in the back of said enclosure from the top to the bottom and forms the
      rear portion of said enclosure.
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ABST
PAL  A controlled depth fluid aspiration cannula is disclosed comprising an
      elongated tubular member terminating at the distal end with a wall and
      terminating at the proximal end with attachment means to provide a sealing
      fitment for a flexible conduit. Radially disposed orifices are positioned
      near the distal end, and a radially extending flange is positioned between
      the ends of the tubular member to provide controlled depth aspiration of
      fluid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Clinical chemistry of modern vintage is designed to undertake a maximum
      number of tests. These tests are conducted on hundreds of similar samples.
      It is often necessary in this testing, to aspirate fluid from open mouthed
      elongated receptacles containing these samples. In the case of aspirating
      liquid from a two phase liquid-solid system, such as centrifuged blood or
      other similarly treated biological specimens, it is important to prevent
      the removal of any of the solid phase from the receptacle, particularly
      where testing is to be conducted on the solid phase.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved aspiration cannula for accurately aspirating liquid from an open
      mouthed receptacle containing a two phase liquid-solid system.
PAR  It is a further object of this invention to provide an aspiration cannula
      which extends into a test tube to a controlled depth to provide, accurate,
      repeatable, and rapid aspiration of a large number of identical test
      tubes.
PAC  SUMMARY OF THE INVENTION
PAR  An aspiration cannula has now been developed which accurately aspirates
      substantially all the fluid from an open mouth receptacle and does not
      disturb any solid phase which may be at the bottom of the receptacle. The
      aspiration cannula comprises a tubular member having a wall at the distal
      end. Attachment means adapted to provide a sealing fitment for a flexible
      conduit leading to a vacuum line is provided at the proximal end of the
      tubular member. Vacuum orifices are provided in the side of the tubular
      member near the distal end; the side location of these orifices reduces
      the amount of agitation in the receptacle during aspiration, which is
      important when aspirating a liquid-solid system in order to prevent
      removal of any of the solid phase from the test tube. A built in stop in
      the form of a radially extending flange is disposed intermediate the ends
      of the tubular member. The portion of the tubular member above the
      radially extending flange is held by the laboratory technologist; if
      desired, this portion can be of larger diameter and/or longer than the
      portion of the tubular member below the radially extending flange for
      greater convenience in holding the aspiration cannula.
PAR  In another embodiment, the aspiration cannula is constructed of two parts
      which mate together to form the complete aspiration cannula. The upper
      part includes the radially extending flange and a centrally positioned
      socket axially disposed in said part. The lower part having the end wall
      or tip, is adapted and constructed to have a portion thereof frictionally
      fitted in the socket of the upper part remote from the end wall portion.
      The lower part can be retained in the upper part more securely by detent
      means.
PAR  The aspiration cannula of the present invention is most readily mass
      produced by plastic injection molding. A wide variety of plastics can be
      used to make the aspiration cannula of the present invention, although
      polyolefins such as polyethylene and polypropylene are particularly
      suitable. The length of the portion of the aspiration cannula that
      projects into the receptacle can be varied with the type of receptacle
      which is to be used and the amount of solid matter in said receptacle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention and its various modifications will be more fully understood
      when reference is made to the figures of the accompanying drawings in
      which:
PAR  FIG. 1 is a perspective view of the aspiration cannula of the present
      invention in use in a test tube and connected to a vacuum line.
PAR  FIG. 2 is a side elevational view of FIG. 1 in cross-section.
PAR  FIG. 3 is a view of FIG. 2 taken along line 3--3.
PAR  FIG. 4 is a side elevational view of a two-part aspiration cannula in use
      in a test tube.
PAR  FIG. 5 is a cross-sectional view of FIG. 4 taken along line 5--5.
PAR  FIG. 6 is a breakaway view of the two separate parts of the aspiration
      cannula.
PAR  FIG. 7 is a view of FIG. 5 along line 7--7.
PAR  FIG. 8 is a fragmentary front elevational view of another embodiment of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Now, with reference to the drawings, FIG. 1 shows a one piece aspiration
      cannula comprising tubular member 10 which is inserted in test tube 20.
      Tubular member 10 is provided with radially extending flange 11 which
      rests on the lip (not shown) of the test tube and prevents the aspiration
      cannula from being inserted into said test tube beyond a predetermined
      depth. A vacuum orifice 13 is shown on the side near the bottom wall of
      the tubular member 10. The flexible conduit 21 leading to a vacuum line is
      connected at the top of the tubular member 10. Slot 16 prevents radially
      extending flange 11 from completely covering the mouth of test tube 20 and
      creating a vacuum inside said tube while being aspirated.
PAR  FIG. 2 is a cross-sectional view of the aspiration cannula being manually
      held in a test tube for aspiration of supernatant liquid from the packed
      solid phase. The radially extending flange 11 of the tubular member 10
      rests on the lip 14 of the test tube 20 and prevents the aspiration
      cannula from being inserted into the solid phase 23 in the test tube. The
      liquid 22 in the test tube is withdrawn through the vacuum orifices 13 on
      the side near the tip of the tubular member. The flexible conduit 21 is
      retained on the aspiration cannula by flanges 12 at the top of the tubular
      member.
PAR  FIG. 3 is a section of the aspiration cannula of FIG. 2 taken along line
      3--3 showing the radially extending flange 11 and the oppositely disposed
      vacuum orifices 13.
PAR  A preferred embodiment of the invention is shown in FIGS. 4 to 7. In this
      embodiment, rib members 31 depend downwardly from the radially extending
      flange 32 of the tubular member 30. These rib members 31 prevent the
      radially extending flange 32 from completely closing the mouth 33 of the
      receptacle 34 and creating a vacuum inside the receptacle when the vacuum
      line is in operation. Flanges 37 provide means for retaining a flexible
      conduit 35 leading to a vacuum line. The vacuum orifices 36 are located on
      the side near the bottom wall of the tubular member 30.
PAR  In the embodiment of FIGS. 4 to 7, end wall 38 at the tip of the tubular
      member 30 is flat rather than rounded as in the embodiment of FIGS. 1 to
      3. When the outside diameter of the tubular member 30 is almost as great
      as the inside diameter of receptacle 34, a rounded tip is conducive to air
      currents, created by the vacuum orifices 36, flowing past the orifices and
      causes undesirable agitation of the solids in the two phase liquid-solid
      system. It has been found that the flat configuration of end wall 38
      uniquely eliminates this solid phase agitation when the outside diameter
      of the tubular member and the inside diameter of the receptacle are close
      in size.
PAR  FIG. 5 is a cross-sectional view of FIG. 4 taken along line 5--5. In this
      view, the laboratory technologist's fingers rest on the raadially
      extending flange 32 from which members 31 depend downwardly to rest on the
      lip 33 of the test tube 34. The radially extending flange also serves to
      ensure that the aspiration cannula is inserted into the receptacle to a
      predetermined depth so that substantially all the fluid phase 40 can be
      aspirated but whereby the vacuum orifices 36 remain in contact only with
      the fluid phase 40 in the receptacle and do not contact the solid phase 41
      in the bottom of the receptacle.
PAR  FIG. 6 shows a breakaway view of the two separate parts of a two part
      aspiration cannula. The upper part 42 carries the radially extending
      flange 44 from which members 45 depend downwardly to prevent complete
      coverage of the mouth of the receptacle. The socket 48 receives the lower
      part 43 of the aspiration cannula, and detent means 46 are provided to
      hold the lower part securely. The lower part 43 carries the end wall
      portion (not shown) and vacuum orifices (not shown). Means 47 are provided
      to receive the detent means 46 of the upper part.
PAR  FIG. 7 is a view of FIG. 5 taken along line 7--7. The lower part of the
      tubular member 30 carries the four equally circumferentially spaced vacuum
      orifices 36.
PAR  In use, a flexible conduit leading to a vacuum line is connected to the
      aspiration cannula and retained by attachment means near the top of the
      aspiration cannula. The laboratory technologist grasps the top of the
      aspiration cannula, using the radially extending flange as a support for
      the fingers, and inserts it into an open mouthed receptacle containing the
      two phase liquid-solid system in which the solid phase is at the bottom of
      the receptacle. The radially extending flange is important to maintain the
      tip of the aspiration cannula above the level of the solid phase in order
      to remove substantially all the fluid phase without disturbing the solid
      phase. The radially extending flange conveniently rests on the lip of the
      receptacle. When the vacuum line is turned on, fluid is withdrawn from the
      receptacle through the vacuum orifices.
PAR  FIG. 8 illustrates still another embodiment of the present invention in
      which flange 50 disposed intermediate the ends of tubular member 51 is
      provided with groove 52 to prevent complete coverage of the mouth 53 of
      receptacle 54.
PAR  In the preferred embodiments of the invention, the radially extending
      flange has means disposed thereon in confronting abutment with the mouth
      of the receptacle to prevent the flange from completely covering the mouth
      of said receptacle. These abutment means, which can be downwardly
      depending rib members, an upwardly depending groove or a slot extending
      through the flange, as described above, will prevent complete coverage of
      the mouth of the receptacle so that a vacuum will not be formed in the
      receptacle when the vacuum line connected to the aspiration cannula is in
      operation. If a vacuum is formed in the receptacle, the vacuum will be
      broken when the aspiration cannula is removed and any solids in the bottom
      of the receptacle may be disrupted, to the detriment of further testing of
      the solids.
PAR  It will be appreciated that the invention as described can be further
      modified to meet the requirements of specific testing procedures. Still
      other modifications, adaptations, and alterations which will become
      apparent to those of ordinary skill in the art are possible within the
      spirit and the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aspiration cannula for aspirating fluids from an open mouthed
      elongated receptacle comprising:
PA1  a. an elongated tubular member terminating at one end portion with a wall;
PA1  b. said tubular member being constructed of a first part and a second part;
PA1  c. said first part including a radially extending flange for controlled
      depth aspiration of said receptacle and a centrally positioned socket
      axially disposed therein;
PA1  d. said second part having said end wall portion and being adapted and
      constructed to have a portion thereof located in said socket remote from
      said end wall portion;
PA1  e. said tubular member having a plurality of orifices circumferentially
      positioned substantially at the end portion of the tubular member having
      said end wall;
PA1  f. said first part terminating at the end remote from said radially
      extending flange with attachment means adapted and constructed to provide
      a sealing fitment for a flexible conduit;
PA1  g. means for preventing said radially extending flange from completely
      covering the mouth of said open mouthed elongated receptacle.
NUM  2.
PAR  2. The aspiration cannula of claim 1 wherein said second part is retained
      in said socket by detent means.
NUM  3.
PAR  3. The aspiration cannula of claim 1 wherein said end wall is flat.
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ABST
PAL  An automatically opening and closing closure device adapted for use with a
      container having a liquid, pasty or foamy filling is described which
      comprises a head body, discharge duct means in the head body and having an
      orifice in the outside of the latter, the head body having an opening at a
      side thereof away from the discharge orifice and being destined for being
      joined to the container, the head body comprising a continuous integral
      wall portion about the discharge duct and orifice, the wall portion
      comprising an elastically flexible zone extending from part of the
      circumference of the orifice toward the opening, the remainder of the wall
      portion about the discharge duct and orifice being substantially rigid;
      and beak means comprising an elastically deflectable spring-loaded arm and
      being associated with the head body so that the free end of the arm is
      located on the side of the wall portion containing the flexible wall zone,
      the spring arm being biassed into engagement with the flexible wall zone
      near the orifice to hold the latter in sealing engagement with the rigid
      wall portion part and closing the orifice, the bias of the deflectable arm
      being so dimensioned as to yield to a determined excess pressure inside
      the discharge duct to cause the elastic zone of the wall portion to urge
      the free arm end away from the rigid wall part thereof and thereby to open
      the orifice, while the excess pressure prevails in the duct.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my pending patent application
      Ser. No. 371,386 filed June 19, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an automatically opening and closing closure
      device for use with containers of liquids or pastes, which device
      comprises an essentially rigid cap portion having a discharge orifice and
      a discharge duct leading thereto, beak means for pressing upon a flexible
      closing means when the closure device is in closed condition, and spring
      means for urging the beak means against the flexible closing means, but
      yielding to a determined excess pressure in the discharge duct to release
      the beak means and to let the flexible closing means expand to permit a
      discharge of liquid or paste from the discharge orifice as long as the
      excess pressure in the discharge duct prevails.
PAR  This invention also relates to collapsible tubes equipped with a closure
      device according to the invention which device opens automatically when
      manual pressure is applied to a flexible part of the wall of the
      collapsible tube away from the cap portion of the closure device. Such
      tubes can be filled with pasty materials such as any products of highly
      viscous pasty consistency, for instance, ointments, dentifrice, shaving
      creams, oil paints, mustard, liverwurst, mayonnaise, shoe polish, pasty
      shampoo, facial creams and the like. The closure device according to the
      invention can also be applied to tubes and similar containers filled with
      a liquid product, in which case the closure device must be designed to act
      with a higher closing force than in the case of tubes filled with a pasty
      material.
PAR  All hitherto known commercially available closure devices for tubes for
      dispensing pastes and the like contents require three manual operations
      for each single dispensing step. A first operation involves removal of the
      closure device, e.g. the unscrewing of a screwed-on internally threaded
      cap, a second operation whereby the tube wall remote from the cap is
      compressed to squeeze a cord or string of the pasty contents out of the
      mouth of the tube, and a third operation comprising placing the cap back
      on the tube to cover the mouth of the latter and to screw on the cap, or a
      similar closing operation. In particular, the third operation often makes
      contact of the fingers handling the closure means with residual pasty
      material about the mouth of the tube unavoidable. Moreover, screwing on
      the cap may squeeze material left in the threading on the socket of the
      tube containing the mouth out from under the cap and such residual
      material will be decomposed and soil the fingers of the user when opening
      the tube again.
PAR  Various attempts going back to the year 1925 have been made in the past to
      provide closure devices which do not require unscrewing and screwing-on of
      caps or the like manual contact with the discharge outlet of a collapsible
      tube. However, such closure devices have either been far too complicated
      and costly to be commercially acceptable, or they have failed to seal off
      the contents of the tube satisfactorily. Among closure devices proposed
      are those of U.S. Pat. Nos. 1,753,665 to Roos granted 1930, 1,881,488
      granted in 1932  to Gleason, 2,682,974 granted 1954 to Smith and 2,755,974
      granted in 1956 to Godfrey. British Pat. Nos. 240,091 and 1,007,657 and
      German Pat. Nos. 436,054 and 876,980 may also be mentioned, while closure
      devices requiring some handling of the discharge outlet of a collapsible
      tube fail to meet the requirements that manual contact with the vicinity
      of the tube mouth should be completely avoided. Among the latter are
      German Pat. No. 589,805, Swiss Pat. Nos. 232,797 and 368,744, and U.S.
      Pat. No. 3,684,137, as well as Belgian Pat. No. 508,572.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a novel type of the
      closure device for collapsible tubes, pressure containers and the like,
      which avoids completely the need for a manual operation that would bring
      the fingers of the user into contact with the liquid or pasty contents of
      such tubes or containers, and which will at the same time assure a safe,
      completely automatic opening and closing achieving very satisfactory
      sealing of the discharge orifice of the device, depending exclusively on
      the pressure level prevailing in a discharge duct leading to the discharge
      opening of the device.
PAR  It is another object of the invention to provide a closure device of the
      above-described type which will be easy to manufacture requiring a minimum
      of one or two separate parts and a single assembly of the two parts.
PAR  It is yet another object of the invention to provide a closure device for a
      collapsible tube or the like container for the automatic dispensing of
      pasty or liquid material, whereby the user's fingers will not come into
      contact with the vicinity of the discharge opening of the closure device
      either before, during or after the dispensing of a quantity, e.g. a cord
      or string, of the contents of the tube or container, and wherefrom a cord
      of material can be dispensed simply and exclusively by compressing a part
      of the tube wall remote from the discharge opening in the closure device,
      or by pressure on a valve in the case of a pressure container. In the
      latter case, it is a particular, further object of the invention to effect
      the discharge from a closure device without leaving any residual liquid,
      pasty or foamy contents in the mouth of the device in contact with the
      outside air.
PAR  These objects are attained according to the invention by an automatically
      opening and closing closure device adapted for use with a container having
      a liquid, pasty or foamy filling which device comprises a head body,
      discharge duct means in the head body and having an orifice in the outside
      of the latter, the head body having an opening at a side thereof away from
      the discharge orifice and being destined for being joined to the
      container, the head body comprising a continuous integral wall portion
      about the discharge duct and orifice, the wall portion comprising an
      elastically flexible zone extending from part of the circumference of the
      orifice toward the opening, the remainder of the wall portion about the
      discharge duct and orifice being substantially rigid; and beak means
      comprising an elastically deflectable spring-loaded arm and being
      associated with the head body so that the free end of the arm is located
      on the side of the wall portion containing the flexible wall zone, the
      spring arm being biassed into engagement with thhe flexible wall zone near
      the orifice to hold the latter in sealing engagement with the rigid wall
      portion part and closing the orifice, the bias of the deflectable arm
      being so dimensioned as to yield to a determined excess pressure inside
      the discharge duct to cause the elastic zone of the wall portion to urge
      the free arm end away from the rigid part thereof and thereby to open the
      orifice, while the excess pressure prevails in the duct.
PAR  Due to the hermetic sealing of the discharge orifice by the closure device
      according to the invention, and due to the fact that no residual material
      is left after a discharge and subsequent automatic closing of the device,
      the contents of the tube or container are protected against decomposition
      under the influence of the surrounding air, in exactly the same manner as
      would be achieved when using a conventional screw cap. Moreover, the
      staining of the surroundings of the discharge opening and screwed-on cap
      by residual contents of the container are avoided.
PAR  The closure device according to the invention guarantees a prompt and
      hermetic sealing of the contents of the tube or other container as soon as
      pressure on the wall of the tube, e.g. by two fingers of the user, ceases.
PAR  In a first embodiment, the spring means are constituted as an elastic
      compressible and resilient member which engages the inside of the beak
      means between the latter and the adjoining rigid cap portion adjoining in
      turn a flexible wall portion which is engaged by the free end of the beak
      means. The spring means may engage the lever arm comprised by the beak
      means which is remote from the free end of the latter, e.g., upstream of
      the pivoting axis of the beak means.
PAR  Such elastic spring member will urge the beak means part, upstream of the
      pivoting axis thereof, in a direction out of the cap portion and thereby
      press the free beak end strongly against the flexible wall portion,
      thereby keeping the discharge opening closed.
PAR  Such elastic resilient spring member may be mounted on or be integral with
      the above-mentioned lever part of the beak means or it may be mounted on
      or be integral with the adjoining rigid cap portion, only the spring
      member being made of resilient, elastic and compressible material while
      the remaining cap portion or beak parts are rigid. When integral with the
      cap portion, the elastic spring member may be in the shape of a leaf
      spring projecting from the wall of the rigid cap portion and engaging the
      beak means.
PAR  In a preferred embodiment, the rigid cap portion can be provided with a
      flat frontal face on which the collapsible tube or container can be made
      to stand upright, when being placed on a horizontal smooth surface. In
      this case the discharge opening is located preferably in a lateral wall
      portion of the rigid cap adjacent the flat frontal face thereof.
PAR  When the closing effect of the beak and spring means assembly of the
      closure device according to the invention is sufficiently strong, the tube
      or other container to which the closure device is attached may be filled
      with a liquid product instead or a product of pasty or foamy consistency.
      Even aqueous or alcoholic liquids such as mouth wash can be discharged
      with the aid of closure means according to the invention.
PAR  The closure device according to the invention may also be used as an
      acutating head for a pressure container from which a liquid, pasty or
      foamy product is to be dispensed and which is stored in the container
      under pressure of a liquefied gas such as dichlorodifluoroethane (Freon
      12) carbon dioxide, dimethyl ether, nitrogen suboxide or the like. Such
      pressure containers are equipped with a valve comprising a valve member
      which protrudes from the remainder of the valve and is depressed by means
      of an actuating head in order to open the valve. When the closure means
      according to the invention are used as such actuating head, the recess on
      the underside of the device which may be screwed onto the socket of a tube
      or fastened thereon in a similar manner, must be fixed on the protruding
      end of the valve member. The closure device will then open and close
      automatically in the manner described hereinbefore, and especially it will
      prevent residue of the contents to stick to the vicinity of the discharge
      opening and become decomposed as is the case with known devices.
PAR  This is particularly important when pasty or foamy food products are to be
      dispensed which might be decomposed by bacteria.
PAR  In a particularly simple embodiment of the closure device according to the
      invention which solves particularly well the problem of providing for a
      hermatic, fully satisfactory closure after each dispensing operation, a
      rigid cap portion of the closure device has a discharge orifice and a
      passage leading to the latter, which passage is surrounded on all sides up
      to the discharge opening and from its entry opening at the bottom face of
      the cap portion, by a continuous wall which is formed, on one side of the
      passage by a rigid nose portion being integral with the cap portion, and
      on the opposite side by a flexible, expandable wall portion being also
      integral with the cap portion and with the wall portion; the closure
      device, in this embodiment thereof, further comprises a beak portion
      projecting from the cap portion beneath the root of the flexible wall
      portion in the cap portion away from the orifice, which beak portion is
      rigid and is joined to the cap portion, being preferably integral
      therewith, by means of a hinge portion which is flexible about an axis
      transverse to the direction in which the passage extends, and which beak
      portion is biassed in the direction toward the flexible wall portion and
      presses the latter at its outer rim adjacent the orifice against the
      opposite rigid nose portion, thereby hermetically sealing the orifice; the
      elasticity of the hinge portion is so dimensioned that at a determined
      excess pressure in the interior of the passage, the beak portion will
      yield and set free the flexible wall portion which will be bent outwardly
      and expand, thereby opening the orifice.
PAR  Further objects of the invention will become apparent from the subsequent
      description thereof in connection with the drawings which illustrate
      non-limitative embodiments of the closure device according to the
      invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In these drawings:
PAR  FIG. 1 represents a lateral view of a first embodiment of a closure device
      according to the invention screw-connected to a collapsible tube;
PAR  FIG. 2 shows a sectional view the closure device and the one-piece tube of
      FIG. 1 along the lines II--II in FIG. 1, but turned about an angle of
      90.degree., in closed condition;
PAR  FIG. 3 is a perspective view of another embodiment of a closure device with
      the one-piece tube of FIG. 1.
PAR  FIG. 4 is an axial sectional view of another embodiment of a closure device
      according to the invention, being constituted by only two parts and being
      integral with a collapsible tube;
PAR  FIG. 5 is an axial sectional view of an embodiment similar to that shown in
      FIG. 4, but consisting only of two parts;
PAR  FIG. 6 shows the same embodiment as in FIG. 5, but with the discharge
      opening in open position;
PAR  FIG. 7 is a sectional view of a preferred embodiment of the closure device
      according to the invention, in the form of a workpiece obtained by
      injection molding before a bias is applied to the beak portion thereof;
PAR  FIG. 8 shows the same embodiment in a similar view, but after application
      of the bias to the beak portion, the closure device thus being in closed
      position; and
PAR  FIG. 9 shows the same closure device in perspective view, with the beak
      portion and flexible wall portion thereof in open position.
DETD
PAC  DETAILED DESCRIPTION AND OPERATION OF THE EMBODIMENTS
PAR  A collapsible tube which is shown in FIGS. 1 and 2, equipped with a first
      embodiment of the closure device according to the invention, comprises a
      tube shell 1, consisting preferably of a thermoplastic resin material such
      as polyvinyl chloride, polyethylene, polypropylene, acrylic resin or the
      like elastic polymerizate; the tube shell 1 may also consist of
      collapsible aluminum or of a laminate of thermoplastic resin and a metal
      foil covering the interior of shell 1, preferably a foil of aluminum
      metal, whenever the filling requires such inner cover or coating for
      protection of the contents during long time storage, in order to avoid
      corrosion or losses due to diffusion through the shell wall.
PAR  The manufacture of articles of synthetic plastics materials by injection
      molding techniques is so well known that a more detailed description
      thereof can be dispensed with. Hardening of thermoplastic articles or
      portions of such articles is also a well-known technique. Hardening by
      heating to a relatively high temperature for a very short time
      (150.degree. to 200.degree. for a minute or a few minutes) is preferred as
      it is easier to localize the heating and to harden only certain parts
      while leaving other parts of the molded article flexible. The exact
      treatment depends so much on the composition of the thermoplastic material
      and so much variation is possible that no further details can be given
      here; moreover, experts in the thermoplastics art are familiar with these
      details.
PAR  Shell 1 is screw-connected as in FIGS. 1 to 3 to, or integral as in FIGS. 4
      to 6 with, a thick-walled rigid cap portion 2 of a closure device
      according to the invention, which does not alter its shape when manual
      pressure is applied thereto or to the flexible shell portion constituted
      by wall part 3 which can be easily compressed, e.g. by two fingers of the
      same hand of the user.
PAR  The material from which the flexible shell wall 3 is made is preferably so
      elastic that the wall will have a strong tendency to resume its original
      uncompressed shape, when pressure thereon ceases, and, as far as feasible,
      to return the paste remaining therein to the same shape. On the other
      hand, when an aluminum or the like metal tube is used, the same can be
      rolled up from the end thereof opposite the closure device according to
      the invention, progressively as the contents therein have been discharged.
PAR  The cap portion 2 is provided at its rigid discharge end with an discharge
      orifice 4 for discharging contents of the tube shell 1 therethrough when
      open. Cap portion 2 has a central duct 5 therethrough leading from the
      opening 6 of the cap portion opposite the discharge orifice 4 to the
      latter.
PAR  In FIGS. 4 to 6, cap portion 102 is an integral rigid head portion of the
      otherwise flexible tube wall 103. The head portion 102 of the closure
      device is provided with an axial passage 105 having a discharge orifice
      104. A lateral axially extending groove or recess 111 which forms a
      longitudinal slot in the sidewall of head portion 102 is separated from
      the axial passage 105 by a highly elastic resilient wall portion 141, 147
      of little flexibility from which the highly flexible and preferably
      elastically expandable wall portion 140, 146 depends. Flexible wall
      portion 140, 146 and a rigid wall part 142 of the head portion 102
      surround axial passage 105 and the discharge orifice 104 as a continuous
      uninterrupted wall, wall part 142 forming a rigid rim part or lip zone 144
      and flexible wall 140, 146 a flexible rim zone 145 thereabout. In recess
      111 there is lodged a beak member 130 pivotal about pins 131 constituting
      a rotary axis transverse to the central axis of the closure device. The
      portion of beak member 130 extending from the rotary axis thereof toward
      the tube body constitutes a lever arm 133 and the opposite portion
      extending from the rotary axis to the discharge orifice 104 constitutes a
      second lever arm 132. In closed position this lever arm 132 squeezes with
      its free end the flexible wall portion 140, 146 and closes the opening 104
      sealingly to prevent any escape of the contents of the tube or other
      container to which the closure device is connected. Of course, the spring
      member could also be made integral with lever portion 133 of beak member
      130. The techniques of making the main body of beak member 130 or head
      portion 102 rigid while keeping a protrusion on the inside of lever arm
      133, or the wall flange 134, relatively compressible and elastically
      resilient are well known in the art of manufacturing thermoplastics
      articles. Thus, a flexible compressible elastic plug can be glued or
      ultrasound welded onto the inside of lever arm 133. In these embodiments,
      the spring member has the function of returning the beak member 130 to
      closing position as soon as a determined increased pressure of the
      contents of a tube or container connected to the closure device exerted in
      duct 103 ceases. The embodiments of closure devices shown in FIGS. 1 to 6
      require two structural elements, namely the head portion and the beak
      member.
PAR  More in particular, the rigid wall portion 141 (FIG. 4) bears at its end
      where the flexible wall portion 140 begins, a projection extending
      radially with regard to the central head portion axis and constituting the
      spring member 134. The latter engages the inside face of the lever part
      133 of beak member 130 and urges it in a direction out of recess 111,
      thereby pivoting beak member 130 about its rotary pins 131 and pressing
      lever part 132 of the beak member against the outermost end 145 of
      flexible wall portion 140 dependent from rigid head portion 102, thus
      hermetically sealing the discharge orifice 104 formed between the flexible
      wall portion 140 and the rigid wall portion 142 of the head portion 102.
      When the discharge orifice is open the rim of the flexible wall portion
      140 may form a lunar or a near semicircle the chord of which is formed by
      the flat, slightly inwardly rim 144 of the rigid wall portion 142.
PAR  When pressure is increased sufficiently in the duct 105 leading toward
      orifice 104, the beak member lever part 132 will be forced outwardly from
      recess 111 into the position indicated by phantom lines in FIG. 4 and a
      string of paste or a squirt of liquid will be released from the closure
      device. At the same time, the elastic, resilient projection 134 will be
      compressed by the lever part 133 of beak member 130, against rigid wall
      portion 141 dependent from head portion 120, and, when pressure inside the
      closure head is relieved, projection 134, acting as the spring member of
      the device, will return lever part 133 to its outward position and thereby
      urge lever part 132 against the outer end of flexible wall portion 140 and
      the latter into hermetically sealing contact with rigid wall portion 142
      at its rim 144.
PAR  In the embodiments of FIGS. 5 and 6, actuation of the beak member 130 is
      similar as in FIG. 4 but the function of spring projection 134 is replaced
      by a highly elastic, but only slightly resilient wall portion 141, 147
      intermediate the flexible wall portion 140, 146 and the rigid cap portion
      102 has itself the function of spring member 134.
PAR  FIG. 5 shows the closure device with discharge orifice 104 closed, and
      elastic wall portion 147 pressing against the inside of lever part 133 of
      beak member 130, while FIG. 6 shows the device with orifice 104 open and a
      cord of material emerging therefrom, while the end of lever part 133 of
      beak member 130 slightly deforms elastic wall portion 147 inwardly,
      thereby giving it a bias which will return the beak member 130 to its
      orifice-closing position as shown in FIG. 5.
PAR  In the embodiments of the closure device shown in FIGS. 1 to 6 the spring
      member 134, 147 which urges the beak member 130 against the flexible wall
      portion 140, 146, when no pressure is exercised on the tube wall 103, acts
      on the beak member 130 from the interior of the axial groove 111 in the
      head portion 102 housing the beak member 130, and not on the external
      surface of the latter. Apart from the groove or recess housing the beak
      member, the head portion can, therefore, present an uninterrupted outer
      surface.
PAR  The feature of a slot between the rigid wall part 142 and the flexible wall
      portion 140, 146 constituting the orifice 104 instead of providing the
      orifice as an open end of a hose of rubber or the like resilient, flexible
      material, offers a greatly improved sealing effect in the closed position.
PAR  The wall of the rubber hose surrounding the discharge orifice will bulge at
      both terminal edges when compressed by the free lever arm of a beak
      member, provided in many known closure devices. Consequently, then strings
      of material will still emerge from the bulging ends of a hose which is
      already completely compressed in a straight line in the central zone
      thereof. An additional amount of pressure will have to be applied to the
      beak member to completely flatten the marginal bulges. Such additional
      pressure must, however, be counteracted by a correspondingly higher
      pressure on the flexible tube wall. The feature of a slot provided between
      the rigid wall part 142 and an elastic, deformable wall portion 140, 146,
      along which slot, when closed, the latter wall portion extends,
      throughout, parallel with the rim of the rigid wall part 142 and merges
      with the latter at an acute angle and without any rounded wall portions
      causing bulging when being closed, ensures a greatly superior sealing
      effect achieved with a weaker bias on the free end of the beak member, and
      correspondingly lower pressure increase needed to discharge filling from
      the interior of the tube or container connected to the closure device
      according to the invention.
PAR  The closure device shown in FIGS. 7 to 9 which is made from a known
      synthetic material, e.g. polyvinyl chloride, polyethylene, polymethyl
      acrylate or methacrylate or the like by means of injection molding,
      consists of a rigid cap portion 301 which is open on its bottom face to be
      joined to a pressurized container or a collapsible tube provided with a
      conventional mouthpiece. A central tubular part 302 serves for engaging,
      for instance, the movable valve member of a discharge valve of the
      pressurized container. From the open bottom end of cap portion 301, a
      passage 303 leads through tubular part 302 to a discharge opening 304;
      passage 303 is surrounded on all sides by an uninterrupted wall the upper
      zone of which is formed by the rigid nose portion 305 which is integral
      with the cap portion 301 while the lower zone of the surrounding wall is
      formed by the thin, flexible and/or expandable wall portion 306 which is
      integral with the nose portion 305 and the cap portion 301. Outside the
      passage 303 a rigid beak portion 307 projects from the cap portion 301,
      which beak portion 307 is connected with the cap portion 301 at the root
      of the flexible wall portion 306 by means of a flexible hinge portion 308,
      which is formed with the aid of a transverse groove in the cap portion 301
      at the root of beak portion 308. The work piece obtained by injection
      molding in the shape illustrated in FIG. 7 is converted to the finished
      closure device shown in FIG. 8 in closed position, by hot pressing the
      projecting beak portion from the position thereof shown in FIG. 7 to the
      position shown in FIG. 8. Thereby, beak portion 307 is given a permanent
      bias exerting pressure with its free top end on the outside of the top end
      of flexible wall portion 306. This method of forming the hinge at 308 is
      preferably carried out by welding the beak portion 307 onto the cap
      portion 301, although the former method is within the scope of the present
      invention.
PAR  While FIG. 8 shows the closure device with its discharge opening 304 in
      closed position, FIG. 9 shows the closure device in perspective view with
      its discharge opening 304 opened owing to a deformation of flexible wall
      portion 306 under the effect of an excess pressure prevailing in the
      interior of passage 303.
PAR  This excess pressure may, for instance, be caused by depressing the closure
      device when the latter has been mounted on the movable valve member of the
      valve of a pressurized container, to serve as an actuating pushbotton head
      for the latter. Closure device cap portion 301 can be depressed by finger
      pressure on the pressure face 309 whereby the discharge valve of the
      pressurized container will be opened. Thereby, paste or a foamy product
      will be squeezed through passage 303 against the inside of flexible wall
      portion 306 and will deform the latter and deflect rigid beak portion 307
      outwardly while being discharged through orifice 304. Release of the
      closure device by ceasing pressure on face 309 will cause the discharge
      valve of the container to close, whereupon the excess pressure in passage
      303 ceases also, and beak portion 307 presses the upper rim of the
      flexible wall portion 306 firmly against the nose portion 305, thereby
      hermetically sealing orifice 304.
PAR  It is also possible to provide tubular portion 302 with an outer or inner
      threading and to screw it onto a corresponding inner or outer threading of
      the mouthpiece of a collapsible tube. By exerting pressure on the wall of
      the collapsible tube remote from the closure device according to the
      invention, paste or liquid will then be dispensed from the tube through
      orifice 304 as from a standard tube.
PAR  The cord which is squeezed out of a tube equipped with a closure device
      according to the invention is usually not of circular, but of flat
      rectangular or elliptic cross sectional area. While it easily happens,
      when squeezing a cord of toothpaste from a conventional tube onto a
      toothbrush, that the chord will drop from the bristles of the brush, this
      is much less likely to occur when using a tube having a closure device as
      described hereinbefore, when the tube is held with squeezing edge of the
      beak member parallel to the top surface of the bristles, so that the cord
      rests securely with its flat side on the bristle ends.
PAR  A tube provided with a closure device according to the invention may even
      be used for dispensing glues or the like sticky materials. To the extent
      that these glues, upon drying, may combine with the material of the
      flexible wall portion, it is necessary to coat the internal wall of the
      latter with a material inert to the glue. Such coating may consist of a
      thin flexible metal foil, preferably a very thin aluminum foil as present
      in so-called laminates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Automatically opening and closing closure device adapted for use with a
      container having a liquid, pasty or foamy filling, comprising a head body
      having a discharge duct extending therethrough, an orifice in the outside
      of the discharge duct, a recess and an opening at a side of the head body
      away from said discharge orifice and being destined for being joined to
      said container, said head body comprising a continuous integral
      circumferential wall portion about said discharge duct and orifice, said
      wall portion comprising an elastically flexible zone extending from part
      of the circumference of said orifice toward said opening, said flexible
      wall zone forming at least a part of the bottom of said recess, the
      remainder of said wall portion about said discharge duct and orifice being
      substantially rigid, where the wall of the discharge duct and the head
      body are formed as one piece; a spring member provided at the base of said
      flexible wall zone; and beak means mounted in the recess of said head body
      and comprising a two-armed lever, one arm of which engages the spring
      member and the other arm of which is formed as an elastically deflectable
      spring-loaded arm associated with said head body so that the free end of
      said arm is located on the side of said wall portion containing said
      flexible wall zone, said spring-loaded arm being biassed into engagement
      with said flexible wall zone near said orifice to hold the latter in
      sealing engagement with said rigid wall portion part and closing said
      orifice, the bias of said deflectable arm being so dimensioned as to yield
      to a determined excess pressure inside said discharge duct to cause said
      elastic zone of said wall portion to urge the free arm end away from said
      rigid part thereof and thereby to open said orifice, while said excess
      pressure prevails in said duct.
NUM  2.
PAR  2. A closure device as described in claim 1, wherein said spring member
      engages the inside of said beak means and is integral with the rigid part
      of said wall portion adjoining the flexible wall zone which is engaged by
      the free end of said deflectable arm.
NUM  3.
PAR  3. A closure device as described in claim 1, wherein said flexible wall
      zone has non rounded edges at its two ends joining said rigid wall
      portion.
NUM  4.
PAR  4. In a two-part closure device of plastic material, for use with a
      container for liquid or pasty material, having a compressible wall, the
      device comprising: a one-piece head part ending in a discharge orifice and
      having a recess extending in the direction of the longitudinal axis of the
      device and up to the edge of the orifice, and an axial through passage
      ending in the orifice, that wall zone of said passage which is turned
      toward said recess being elastically flexible and that wall zone which is
      opposite the former wall zone as well as the remaining head part being
      substantially rigid; and a beak member extending essentially in the
      direction of the longitudinal axis of the device, said beak member being
      mounted in the wall of the head part surrounding said recess, and being
      devised as a two-armed lever, one arm of which extends toward said
      discharge orifice and is pivotable toward said elastically flexible wall
      zone for the purpose of closing said discharge orifice,
PA1  the improvement in combination, wherein the other arm of said two-armed
      lever beak member extends away from said discharge orifice and rest with
      bias against a deformable wall portion at the rearward end of the
      elastically flexible wallzone away from the discharge orifice of said
      recess; and the elasticity of the deformable wall portion being such that
      the end of the beak member facing toward the discharge orifice closes the
      latter sealingly and frees the discharge orifice when pressure is exerted
      on the compressible wall of the container.
NUM  5.
PAR  5. The improvement as described in claim 4, wherein the deformable wall
      portion is deviced as a compressible protrusion.
NUM  6.
PAR  6. The improvement as described in claim 5, wherein the compressible
      protrusion is in the form of a semicircular bead extending transverse to
      the longitudinal axis of the device.
NUM  7.
PAR  7. The improvement as described in claim 4, wherein the deformable wall
      portion is located in the recess away from the discharge orifice and is
      more difficultly deformable than the flexible wall zone extending to the
      orifice.
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ABST
PAL  A slidable gate mechanism for controlling flow of material from an outlet
      in the bottom wall of a vessel. The gate is mounted in a carrier which is
      supported for sliding movement under the bottom wall. Springs mounted on a
      side wall of the vessel act on the carrier to urge the gate upwardly
      toward the bottom wall. The springs are remote from the outlet and do not
      require air-cooling.
BSUM
PAR  This invention relates to an improved slidable gate mechanism for
      controlling flow of material from a bottom-pour vessel, particularly
      liquid metal from a ladle or tundish.
PAR  It is known to use slidable gates in lieu of the once more common stopper
      rods for controlling flow of metal from bottom-pour vessels, such as
      ladles and tundishes. Shapland et al application Ser. No. 377,385, filed
      July 9, 1973, now U.S. Pat. No. 3,901,418 as a continuation of application
      Ser. No. 150,585, filed June 7, 1971 (now abandoned) and Klaus et al
      application Ser. No. 300,957, filed Oct. 26, 1972, all of common
      ownership, show gate mechanisms intended mainly for use on ladles. The
      gate mechanism of the present invention is an improvement over the
      mechanisms shown in these applications.
PAR  A conventional slidable gate construction includes a stationary refractory
      top plate and a movable refractory gate. The top plate underlies the
      bottom wall of a vessel and has an orifice aligned with the vessel outlet.
      The gate is supported beneath the top plate, and in the type of mechanism
      to which my invention relates, has both a closed area and an orifice. The
      gate can move back and forth to position its closed area in line with the
      orifice in the top plate to close the vessel outlet, or to position the
      two orifices in line to permit pouring. The gate must be held firmly
      against the top plate to prevent leakage of material therebetween, yet
      must be free to slide.
PAR  In the constructions shown in the aforementioned applications, the gate is
      mounted in a metal carrier which contains a plurality of springs acting on
      the underside of the gate and urging it upwardly against the top plate.
      The springs are arranged in a pattern surrounding the gate orifice. Since
      the springs are located near the pouring stream of liquid metal, they must
      be air-cooled to prevent early failure. Even with cooling, the springs are
      short-lived. There is also a problem in adjusting and balancing the forces
      exerted by the springs on the gate.
PAR  An object of my invention is to provide an improved gate mechanism
      embodying spring means to hold the gate in contact with the top plate, but
      in which the spring means are remote from the pouring stream and do not
      require air-cooling.
PAR  A further object is to provide an improved gate mechanism in which the
      forces exerted by the springs are readily adjusted and balanced, and in
      which the springs always apply a force directly on the transverse center
      line of the gate regardless of the position of the gate.
PAR  A more specific object is to provide an improved gate mechanism, both the
      operating cylinder (or equivalent linear-motion device) and springs of
      which are located on the side wall of a vessel and are mechanically
      connected respectively to the gate carrier and to an interior frame
      pivotally attached to an exterior frame.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal vertical sectional view of a portion of a
      bottom-pour vessel which is equipped with a gate mechanism constructed in
      accordance with my invention;
PAR  FIG. 2 is an end elevational view of the vessel and gate mechanism from the
      right of FIG. 1;
PAR  FIG. 3 is a horizontal section on line III--III of FIG. 1;
PAR  FIG. 4 is a vertical section on line IV--IV of FIG. 1; and
PAR  FIG. 5 is a vertical section on line V-V of FIG. 4.
DETD
PAR  FIG. 1 shows a portion of a conventional bottom-pour vessel which includes
      a metal shell 10 and a refractory lining 12. The bottom wall of the vessel
      has an outlet 13. The vessel illustrated is a ladle for handling liquid
      metal.
PAR  The gate mechanism of my invention includes a relatively stationary
      exterior frame 16 rectangular in plan supported on a plurality of pivot
      ears 17 which depend from the underside of the shell 10 and are fixed
      thereto. As best shown in FIGS. 2 and 3, frame 16 has outwardly projecting
      lugs 18. Pins 19 are removably inserted through aligned holes in the ears
      and lugs, whereby the frame and parts carried thereby can be removed or
      hingedly opened to afford access to the parts inside. As best shown in
      FIG. 1, a relatively stationary interior frame 20, also rectangular in
      plan, is housed within the exterior frame 16 and is pivoted thereto at its
      back end, as indicated at 21.
PAR  A gate carrier 24 is housed within the interior frame 20 and carries a
      refractory gate 25 and integral collector nozzle 26 (FIG. 1). As best
      shown in FIGS. 4 and 5, a pair of opposed upwardly concave supporting
      ledges 27 are rigidly fixed to the inside faces of the longitudinal side
      members of the interior frame 20. Respective downwardly convex rockers 28
      are received in the concave upper faces of the ledges 27. The upper faces
      of rockers 28 are flat and slidably support the gate carrier 24 and gate
      25. A stationary top plate 29 is positioned under the vessel outlet in
      contact with gate 25. The underside of the exterior frame 16 and carrier
      24 are equipped with conventional heat shields 30.
PAR  The motive means for moving the gate and its carrier back and forth
      preferably is constructed similarly to that shown and claimed in the
      aforementioned Klaus et al application. This means includes a
      double-acting fluid pressure cylinder 31 or equivalent linear motion
      device removably supported on a side wall of the vessel. A bell crank 32
      is pivoted to the exterior frame 16 on a transverse shaft 33 near the
      lower edge of the vessel. One arm of the bell crank is pivotally connected
      to a piston rod 34 which extends from cylinder 31. A connecting rod 35 is
      pivotally connected at its ends to the other arm of the bell crank 32 and
      to the gate carrier 24. This motive means affords advantages that it is
      out of the way, and further that the bell crank has a mechanical advantage
      over a cylinder connected directly to the gate carrier, whereby a smaller
      cylinder suffices.
PAR  In accordance with my invention, as best shown in FIG. 2, the side wall of
      the vessel carries a pair of lugs 36 located a substantial distance above
      its lower edge at opposite sides of cylinder 31. The lugs carry respective
      telescoping spring housings 37 which contain compression springs 38
      located remote from the gate. Respective bolts 39 extend through the
      springs and carry nuts 40 at their upper ends. The force which the springs
      exert can be adjusted and balanced by adjusting these nuts. The lower ends
      of bolts 39 are connected to a frame 41, which is connected through a
      removable pin 42 to a yoke 43. The yoke has a central opening 44 to
      accommodate the bell crank 32 or other motive means. The yoke is attached
      to opposite sides of the interior frame 20. Cylinder 31 and pin 42 can be
      removed to enable the exterior frame 16 to be opened or removed.
PAR  In operation, springs 38 urge the bolts 39, frame 41 and yoke 43 upwardly.
      The yoke transmits the force exerted by the springs to interior frame 20
      which thus is urged upwardly about its pivotal connection 21 to the
      exterior frame 16. The interior frame in turn transmits this force to the
      carrier 24 to hold the gate 25 in contact with the top plate 29. The
      rockers 28 can rock against the ledges 27 to transmit this force uniformly
      to the carrier at the transverse center line of the gate regardless of the
      position which the carrier occupies relative to the vessel outlet.
PAR  From the foregoing description, it is seen that my invention affords a
      simple effective gate mechanism, which not only avoids need for
      air-cooling of the springs used to hold the gate in contact with the top
      plate, but which also enables the force exerted by these springs to be
      adjusted readily. While I have shown a motive means for the gate mounted
      on the side wall of the vessel, my invention can be used with other forms
      of motive means, such as that shown in the aforementioned Shapland et al
      application.
CLMS
STM  I claim:
NUM  1.
PAR  1. The combination of a bottom-pour vessel having an outlet in its bottom
      wall, a gate, means on the bottom wall slidably supporting said gate,
      whereby said gate may control flow of material through said outlet, and
      motive means for moving said gate back and forth to open and close said
      outlet, with a mechanism urging said gate upwardly with respect to said
      bottom wall, said mechanism comprising at least one spring, means on the
      side wall of the vessel supporting said spring on the side wall of the
      vessel at a location remote from said gate, and force-transmitting means
      connecting said spring with said gate.
NUM  2.
PAR  2. A combination as defined in claim 1 in which said mechanism further
      comprises an exterior frame fixed to said bottom wall, an interior frame
      within said exterior frame pivoted thereto, and a gate carrier slidably
      supported in said interior frame, said gate being mounted in said gate
      carrier, said motive means being connected to said gate carrier, said
      force-transmitting means being connected to said interior frame.
NUM  3.
PAR  3. A combination as defined in claim 2 in which there are two springs
      spaced apart on said side wall, and including means accessible at said
      side wall for balancing and adjusting the force exerted by said springs on
      said gate.
NUM  4.
PAR  4. A combination as defined in claim 2 further comprising rocker means
      supporting said carrier on said interior frame, whereby said spring holds
      said gate uniformly regardless of the position which carrier occupies
      relative to the vessel outlet, the spring force being applied at the
      transverse center line of said gate.
NUM  5.
PAR  5. A combination as defined in claim 2 in which there are two springs
      spaced apart on said side wall, and in which said force-transmitting means
      includes respective bolts acted on by said springs, a frame to which said
      bolts are connected, and a yoke pivoted to said last-named frame, and
      connected to said interior frame.
NUM  6.
PAR  6. A combination as defined in claim 5 in which said bolts carry nuts
      accessible from outside said vessel for adjusting and balancing the force
      exerted by said springs.
NUM  7.
PAR  7. In a slidable gate mechanism for controlling flow of material from an
      outlet in the bottom of a vessel, which mechanism includes a gate carrier,
      a gate mounted in said carrier, means supporting said carrier and gate for
      sliding movement relative to said outlet, motive means connected to said
      carrier, and spring means urging said gate upwardly toward the vessel
      bottom, the improvement in which said spring means is located on a side
      wall of the vessel remote from said outlet, and including
      force-transmitting means connecting said spring means and said carrier.
NUM  8.
PAR  8. An improvement as defined in claim 7 including means for applying the
      force of said spring means to said gate at the transverse center line of
      the gate regardless of the position said gate occupies relative to said
      outlet.
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ABST
PAL  An article carrier having a back to which is connected a belt loop carrying
      a clip. The clip may be utilized as an alternative means to the belt loop
      for attaching the carrier to the belt or a pocket.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a carrier for such articles as samll computers,
      cameras or measuring instruments, and will have specific application to an
      improved means for attaching the carrier to the belt or pocket.
PAR  The article carrier includes a back having front and rear faces. A loop
      member is connected to the rear face of the carrier back so as to define a
      belt receiving passage. A clip is connected to the outer face of the loop
      member for the purpose of providing an optional means of attaching the
      article carrier to the belt, pocket or similar article of clothing of the
      carrier user.
PAR  It is therefore an object of this invention to provide an article carrier
      which includes a combination belt loop and clip for the purpose of
      attaching the carrier to the belt, a pocket or similar article of clothing
      of the carrier user.
PAR  Another object of this invention is to provide an article carrier which is
      attachable alternatively to either the belt or pocket of the carrier user
      and which is of a pleasing appearance.
PAR  Still another object of this invention is to provide an article carrier
      which can be attached to either the belt or pocket of the carrier user by
      means of a loop and clip combination and which is of economical
      construction.
PAR  Other objects of this invention will become apparent upon a reading of the
      invention's description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an article carrier which includes one
      embodiment of the combination loop and clip attachment means of this
      invention.
PAR  FIG. 2 is a perspective view showing the component parts of the loop and
      clip attachment means of the carrier of FIG. 1 in exploded form.
PAR  FIG. 3 is a fragmentary rear elevational view of the carrier of FIG. 1
      showing portions of the loop and clip attachment means broken away for
      purposes of illustration.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a detailed perspective view of the loop and clip attachment means
      of the carrier of FIG. 1 shown in exploded form.
PAR  FIG. 6 is a fragmentary perspective view of a modified construction of the
      loop and clip attachment means of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiments illustrated are not intended to be exhaustive or
      to limit the invention to the precise forms disclosed. They are chosen and
      described in order to best explain the principles of the invention and its
      application and practical use to thereby enable others skilled in the art
      to best utilize the invention.
PAR  The carrier 10 illustrated in FIGS. 1-5 includes a compartment portion 12
      which may be formed into a variety of shapes to accommodate any of a
      variety of articles, such as small computers, cameras, hand guns,
      binoculars or other sighting devices and measuring instruments. The
      compartment portion 12 includes a back 14 as well as a front and sides. In
      the illustrated embodiment, compartment portion 12 is closed by means of a
      zipper 16.
PAR  Connected to back 14 of compartment portion 12 is the combination loop and
      clip attachment means of this invention. An elongated loop member 18 is
      secured at its upper end 20 and its lower end 22 to the rear face of
      compartment back 14. The means of securing the loop member at its upper
      and lower ends 20 and 22 to back 14 may be by way of heat sealing,
      stitching, or by the use of an adhesive or bonding agent. The inner side
      of loop member 18 and the underlying portion of the rear face of
      compartment back 14 form an opening or passage 24 to accommodate the belt
      of the carrier user.
PAR  A clip 25 is carried by loop member 18 and includes an inverted U-shaped
      holder 26 having a pair of leg parts 28 and 30 connected by a web 32.
      Holder 26 is formed of a flexible material such as spring steel or plastic
      to enable leg parts 28 and 30 to be flexed toward and away from one
      another. Holder 26 is encased in a thin jacket, which in the illustrated
      embodiment of FIGS. 1-5 is of a two-part construction. Each of the jacket
      parts 34 and 36 includes oppositely extending tabs 38 which when the
      jacket parts are assembled onto holder 26 extend laterally outwardly from
      opposite sides of leg part 28 of the holder.
PAR  A cover 40 is provided to secure jacketed holder 26 to loop member 18. A
      horizontal slot 42 is formed near the upper edge of the cover. Jacketed
      holder leg part 30 is inserted through slot 42 in cover 40 and holder web
      32 is located at the slot with leg part 28 being positioned at the back
      face of the cover. The assembly of jacket parts 34 and 36 onto holder 26
      and the insertion of leg part 30 of the holder through cover slot 42 are
      illustrated pictorially in FIG. 2. In some constructions of this
      invention, the jacket about holder 26 may be of a one-piece construction.
PAR  Cover 40, with leg part 30 of holder 26 extending forwardly through its
      slot 42, is placed over the outer face of loop member 18 and secured about
      its marginal edges to the loop member by means of heat sealing, stitching
      or an adhesive bonding material. With cover 40 so secured to the outer
      face of the loop member, an envelope is formed by the cover and loop
      member in which leg part 28 of holder 26 is located. The transverse
      dimension across tabs 38 of the jacketed holder exceeds the length of slot
      42 in cover 40 so that, with the tabs 38 being located within the envelope
      formed by the cover and loop member 18, the holder is prevented from being
      removed or disconnected from the carrier. Thus, holder 26 when secured to
      loop member 18 by cover 14 forms clip 25 which in conjunction with the
      loop member serve as alternative means by which carrier 10 can be attached
      to the belt, pocket or other article of clothing of the carrier user.
PAR  In the embodiment of the article carrier shown in FIG. 6 the holder 26 and
      cover 40 which were described in the previous embodiment are formed into a
      one-piece unitized construction identified as clip 46. Clip 46 may be
      formed of a flexible plastic material and is secured to the outer surface
      of loop member 18 by means of heat sealing, stitching or an adhesive
      bonding agent.
PAR  It is to be understood that the invention is not to be limited to the
      details above given but may be modified within the scope of the appended
      claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an article carrier which includes a back having front and rear faces,
      the improvement comprising a loop member having upper and lower ends, said
      loop member having inner and outer sides, means attaching said upper and
      lower loop member ends to said carrier back with said loop member inner
      side spacedly confronting said back face to define a belt receiving
      passage between the back and loop member, clip means connected to said
      loop member at its outer side and including a downturned flexible part for
      engaging a belt, pocket or similar object to support said article carrier
      when no belt extends through said loop member defining passage, said clip
      means includes an inverted U-shaped holder having a pair of depending leg
      parts connected by a web part, a cover having a horizontal slot therein,
      means connecting said cover at its margins to the outer side of said loop
      member, said cover and loop member forming an envelope, said cover slot
      communicating with the interior of said envelope, one of said clip means
      leg parts extending through said slot and into the interior of said
      envelope, the other clip means leg part extending downwardly over said
      cover for engaging said belt, pocket or similar object, means associated
      with said one leg part for securing said one leg part within said envelope
      interior, said leg part securement means including jacket means covering
      at least a portion of said one leg part, said jacket means including
      oppositely extending tabs having an over-all transverse dimension
      exceeding the length of said cover slot, said tabs being located within
      said envelope interior.
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ABST
PAL  A pannier bag having means for attachment to a bicycle carrier which means
      include fasteners on the pannier bag for engagement with the upper portion
      of a bicycle carrier and, at the lower portion of the pannier bag,
      resilient members secured to the pannier bag adjacent the side edges
      thereof and a hook or other fastening member intermediate the resilient
      members, whereby the normally horizontal resilient members may be
      distended downwardly to securely fasten to a complementary member on the
      bicycle, thereby securely tensioning the upper fastener and the lower
      fastening member, the pannier bags further, when utilized in pairs, being
      joinable as a single luggage structure and having an unobstructed inner
      pocket adjacent the attachment means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to pannier bags for bicycles and
      more particularly to an improved, particularly advantageous attachment
      structure for securing a pannier bag to a bicycle carrier.
PAR  2. Description of the Prior Art
PAR  Pannier bags for attachment, preferably in pairs, to a rear carrier of a
      bicycle have been known for quite some time. A particularly useful
      arrangement previously known is that described in U.S. Pat. No. 3,786,972,
      issued Jan. 22, 1974, to Hartley R. Alley. In this arrangement, two hook
      members at the upper back portion of a pannier bag are secured to a
      bicycle carrier above the rear wheel. A vertical spring member, located by
      an overlay strap at the back bottom portion of the pannier bag and
      attached to the central back area of the pannier bag, is linearly
      distended to attach at a lower portion of the carrier adjacent the hub of
      the bicycle. Thus, the spring tensions the upper hooks and provides an
      attachment to the carrier.
PAR  Further, the configuration taught by Alley is such that two pannier bags
      may be attached together by securing means provided on the backs of the
      pannier bags to form a luggage member. Other attachment means, i.e., to
      back packs, etc., are also disclosed.
PAR  In use, while the Alley type pannier bag is well designed and well
      accepted, the portion of the vertical spring extending from the bottom of
      the pannier bag to the lower portion of the carrier is not stabilized with
      regard to horizontal movement. Thus, when riding over rough terrain,
      oscillations of the pannier bags can be induced which, in certain
      instances, may cause inadvertent release of the bags. Further, since even
      in the unstressed position, the spring of the Alley pannier bag extends
      below the bottom edge of the pannier bag, it is necessary that the means
      securing two pannier bags together to form a unitary luggage unit seal the
      bottom interface between the bags to contain the spring and avoid possible
      snagging. The fact that the spring must be moved out of the way when such
      interfacing is accomplished lends to the inconvenience of the operation.
PAR  Finally, since the spring of the Alley pannier bag is mounted centrally in
      the back of the bag, the loop adjacent the bottom of the pannier bag can
      be attached in one of two ways. It may be merely sewn to the material of
      the bag, as disclosed in the patent, which is a somewhat marginal
      attachment means relative to the forces induced on the loop.
      Alternatively, it may be riveted into the stiffener member commonly
      provided inside pannier bags to transmit stresses, in which case the
      pocket provided inside the pannier bag to receive the stiffener is
      obstructed with regard to storage of, for instance, maps.
PAR  Summarily, while the Alley-type pannier bag represents a well received and
      quality construction relative to the art of pannier bag construction,
      certain drawbacks and disadvantages do exist.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, which provides a heretofore unavailable improvement
      over previous pannier bag constructions, comprises a pannier bag in which
      the tensioning means of the attachment structure comprises normally
      aligned positioned resilient members across the back portion of the
      pannier bag which may be distended to secure a pannier bag to a bike
      carrier. As a result of the normally horizontal placement of the resilient
      members, direct location of the pannier bag in a horizontal direction is
      provided by the resilient members as well as vertical tensioning for
      attachment. In a particularly desirable embodiment, the position of the
      mounting points of the attachment structure may be selectively configured
      to accommodate various carrier structures.
PAR  Accordingly, an object of the present invention is to provide a new and
      improved configuration and method for attaching a pannier bag to bicycle
      carriers.
PAR  Another object of the present invention is to provide a new and improved
      structure and method for a pannier bag in which the tensioning means is,
      in the unstressed state, entirely within the back side of the pannier bag
      to facilitate attachment of two pannier bags into a unitary luggage piece.
PAR  Yet another object of the present invention is to provide a new and
      improved structure and method for a pannier bag in which the stressed
      members of the attachment means may be directly riveted to a stiffening
      member without obstructing the central portion of the interior pocket
      which receives the stiffening member.
PAR  Still another object of the present invention is to provide a new and
      improved pannier bag attachment means and method in which the attachment
      members may be adjusted for even tension for various types and sizes of
      bicycle carrier configurations.
PAR  These and other objects and features of the present invention will become
      apparent from the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an elevational view illustrating a pannier bag according to the
      instant invention fastened to a bicycle carrier with the bicycle
      represented in a ghosted manner;
PAR  FIGS. 2 and 3 are simplified rear view illustrations of an alternative
      embodiment of a pannier bag according to the instant invention;
PAR  FIG. 4 is a rear perspective view of a pannier bag according to the instant
      invention;
PAR  FIG. 5 is a perspective view of two pannier bags according to the instant
      invention joined to form a unitary piece of luggage;
PAR  FIG. 6 is a rear sectional view of a pannier bag according to the instant
      invention specifically illustrating the support attachment points relative
      to the internal pannier bag pocket and stiffener member; and
PAR  FIG. 7 is a partially cutaway, simplified rear view of an alternative
      embodiment of the instant invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, wherein like components are designated by
      like reference numerals throughout the various figures, a pannier bag
      according to the instant invention is shown in FIGS. 1 and 4 and generally
      designated by reference numeral 10. Pannier bag 10 is primarily formed of
      a pliable fabric which is waterproof, or at least water-resistant, and of
      substantial strength. A relatively heavy, coated nylon or canvass are
      examples of such material.
PAR  As illustrated, pannier bag 10 is comprised of a main compartment 12 having
      a cover 13 removably attached at three sides of the upper opening of main
      compartment 12. In order to assist in organization of contents and to
      permit easy access, a number of pockets are sewn to the exterior of main
      compartment 12. Forward pocket 14, rear pocket 15 and front pocket 16 are
      examples of such additional storage areas and are covered by flaps 18, 19
      and 20, respectively. Cover 13 and flaps 18, 19 and 20 are generally
      closeable by zippers protected from the elements. It will be noted that a
      pair of pannier bags, as in FIG. 5, are not identical but, rather, are
      constructed as mirror images of each other. This is a result of the
      desirability of forward-facing pocket 14 being somewhat smaller to permit
      clearance for peddle 22.
PAR  On the back wall of pannier bag 10, fasteners, in the form of hooks 24, are
      riveted to a stiffner member 58 as will be discussed below. Hooks 24
      engage horizontal member 26 of carrier 27 as will be apparent from FIG. 1.
      The relationship of carrier 27 to ghosted bicycle 23 is also apparent. At
      the lower side portion of the back of pannier bag 10, D-rings 29 are
      secured by means of rivets 31. Resilient members 33 having protective
      covers 34 of, for instance, vinyl tubing to prevent marring are connected
      to two opposed D-rings 29. Resilient members 33 are joined by D-ring 36
      which carries hook member 37. Thus, when attached to carrier 27, resilient
      members 33 are distended in a direction substantially perpendicular to the
      unstressed orientation of resilient members 33 and hook member 37 is
      secured in a hole (not shown) defined in the lower portion of carrier 27
      adjacent the rear hub assembly 40 of ghosted bicycle 23.
PAR  As will be apparent from FIG. 1, pannier bag 10 is stabilized in both the
      vertical and horizontal directions as a result of the orientation of
      distended resilient members 33 which form an angular configuration as
      opposed to a linear arrangement. The angular configuration dampens forces
      which would tend to establish oscillations of pannier bag 10.
PAR  While resilient members 33 are illustrated as metal springs, it is to be
      understood that rubber straps, elastic cords and other such materials
      could be employed. Also, though two springs are illustrated, a single
      resilient member 33 extending between D-rings 29 with hook member 37
      attached along the length of such single resilient member 33 would, of
      course, also provide the described advantages.
PAR  A number of spaced D-rings 29 are provided on the back of pannier bag 10 in
      order that various configurations of carrier 27 may be accommodated.
      However, in a particularly useful embodiment of the invention, as
      illustrated in FIGS. 2 and 3, completely adjustable hooks 24 and D-rings
      29 are provided by utilizing side channel members 42 along the lower sides
      of pannier bag 10 and top channel member 43 disposed horizontally across
      the back of pannier bag 10. D-rings 29 and hooks 24 are slideably secured
      within channel members 42 and 43, respectively, and movable longitudinally
      along the lengths thereof. With reference to top channel member 43, it
      will be noted that a serrated edge 45 is provided along the upper edge of
      channel member 43. Accordingly, though hooks 24 are movable along channel
      member 43, a force applied to hooks 24 will engage and maintain hooks 24
      in a depression in serrated edge 45.
PAR  Similarly, serrated edges 46 are provided in channel member 42 to maintain
      movable D-rings 29 when positioned at a given location along side channel
      member 42 and biased inwardly by an applied force towards serrated edges
      46. Thus, D-rings 29 may be positioned symmetrically, as shown in FIG. 2,
      to provide a configuration similar to that of FIG. 1 in which D-rings 29
      are fixed by rivets 31. By positioning D-rings 29 equally upwardly or
      downwardly inside channel members 42, the tension on resilient members 23
      may be adjusted. In the event that carrier 27 requires other than
      symmetrical placement of pannier bag 10, the relationship of D-rings and
      side channel members 42 may be altered, as shown in FIG. 3, to accommodate
      the displaced attachment point to carrier 27. Similarly, hooks 24 may be
      positioned as desired along serrated edge 45 of top channel member 43 to
      accommodate various configurations of carrier 27.
PAR  Connecting means are provided on the back of pannier bag 10 to join a pair
      of pannier bags 10 into a unitary piece of luggage. Specifically, as shown
      in FIG. 4, side strips 48 and bottom strip 49 are attached along the rear,
      side and bottom peripheries of pannier bag 10. Snaps 50, male on one
      pannier bag 10 and female on the other pannier bag 10, are provided in
      order that the two pannier bags 10 may be joined, as shown in FIG. 5, to
      form a unitary piece of luggage. Each pannier bag 10 has a handle strap 52
      which, when joined, as shown in FIG. 5, extends upwardly to provide
      convenient purchase for carrying. A grip 53 encircles the handle straps 52
      and is secured therearound by snaps 54 to provide an even more convenient
      grasp. Normally, grip 53 is sewn to a handle strap 52 of one of the two
      pannier bags 10 forming the unitary piece of luggage.
PAR  Though snaps are preferred as the joining means between pannier bags 10,
      for reasons of convenience and economy, obviously, zippers, VELCRO strips
      or other such conventional means may also be used to form the unitary
      piece of luggage from two pannier bags 10, as illustrated in FIG. 5.
PAR  As illustrated in FIG. 6 with regard to the attachment of D-rings 29 by
      means of rivets 21, but also applicable to the use of side channel members
      42, as shown in FIGS. 2 and 3, an interior pocket flap 56 is provided to
      receive stiffener member 58. Stiffener member 58, which may be a light,
      planar piece of aluminum, fiberboard or other such material, is preferably
      utilized inside the rear, inside portion of pannier bg 10 to maintain the
      shape of the bag and transmit the stresses between hooks 24 and resilient
      members 33 without substantially distorting pannier bag 10. Generally,
      D-rings 29, or side channel members 42, will be riveted directly to
      stiffener member 58 as will hooks 24. While hooks 24 present no problem in
      that they are usually located towards the upper portion of rigid member
      58, and particularly towards the upper portion of pocket flap 56, the
      lower members are more troublesome in that the rivet must be placed
      through pocket flap 56 if conventional riveting apparatus is employed.
      Thus, by locating D-rings 29 towards the edge of pannier bag 10, rivets 31
      may be placed through pocket flap 56 without substantially obscuring or
      compromising the function of the pocket formed by pocket flap 56. Maps and
      other such materials can be easily inserted between pocket flap 56 and
      rigid member 58.
PAR  The alternative embodiment illustrated in FIG. 7 is functionally equivalent
      to the previously-described embodiments, particularly the embodiments of
      FIGS. 2 and 3, but is particularly preferred for simplicity and ease of
      manufacture. The illustration is partially cut away to expose stiffener
      member 58 located in the rear portion of pannier bal 10. Plates 60, having
      the series of holes 62 defined therein, are attached through the back
      fabric of pannier bag 10 to stiffener member 58 by rivets 64, and are
      located in mirror image relationship on the opposite lower portion of
      pannier bag 10. The portions of plates 60 in which holes 62 are defined
      are raised from the back wall of pannier bag 10. The portions of plates 60
      through which rivets 64 extend are flush with the back wall and, except
      for the rear fabric of pannier bag 10, adjacent stiffener member 58.
      Accordingly, holes 62 provide a wide range of adjustment for attachment of
      resilient members 33 in various configurations and tensions. Hook member
      37 is thus adjustable to numerous loci with equal tension in resilient
      members 33.
PAR  At the upper portion of the rear of pannier bag 10, upper members 66 having
      hooks 67 formed thereon and openings 68 defined therein are attached to
      stiffener member 58 by means of releasable fasteners 70. Openings 68 are
      adapted to receive the handle strap thereby avoiding the need to sew
      handle straps 52 into the fabric or attach handle straps 52 by means of
      rivets as shown, for instance, in FIG. 4. Since upper members 66 can be
      readily moved laterally by loosening releasable fasteners 70, substantial
      adjustment is provided.
PAR  The plates 60 and upper members 66 of the embodiment of FIG. 7 can be
      readily produced by stamping and/or simple punching of extruded profiles.
PAR  Summarily, the pannier bag of the instant invention provides, as a result
      of the utilization of a normally horizontal -- in the undistended position
      and with reference to the conventional mounting attitude of the pannier
      bag -- resilient members, a stable, more secure attachment of the pannier
      bag to a bicycle carrier. Further, the attachment of the resilient members
      provides for containment of the resilient members in the undistended
      position between two pannier bags when such pannier bags are joined to
      form a unitary piece of luggage. The advantageous location of the
      attachment of the resilient members to the stiffener member in the pannier
      bag permits the interior back pocket to be unobstructed by rivets or other
      fastening means. This is in contrast to prior art pannier bags utilizing
      centrally-located attachment points which either obstruct the pocket or do
      not attach to the stiffener member.
PAR  Although only several embodiments of the present invention have been
      illustrated and described, it is anticipated that various changes and
      modifications will be apparent to those skilled in the art and that such
      changes may be made without departing from the scope of the invention as
      defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pannier bag, comprising: a bag structure having a rigid back wall; at
      least one downwardly-oriented upper hook member secured to the rear
      portion of the bag at the rigid back wall; a plurality of attachment
      points secured to the rear portion of the bag at the rigid back wall; at
      least one resilient member having at each end releasable securing means
      engaging one attachment point, the two attachment points engaged by the
      securing means being adjacent opposed sidewalls; and lower attachment
      means adapted to be secured to a lower portion of a bicycle carrier
      assembly and carried by the resilient member intermediate the attachment
      points of the resilient member to the rigid back wall, whereby the upper
      hook member may be secured to the upper portion of a bicycle carrier
      assembly and, upon downward distension of the resilient member, the
      attachment means secured to the lower portion of the bicycle carrier
      assembly to provide a stabilized attachment of the pannier bag to the
      bicycle carrier assembly.
NUM  2.
PAR  2. A pannier bag as set forth in claim 1 in which a pair of upper hook
      members are secured to the rigid back wall and both spaced a substantially
      equal distance from the top edge of the bag.
NUM  3.
PAR  3. A pannier bag as set forth in claim 2 in which the upper hook members
      are releasably secured to the rigid back wall by means of a channel member
      having a channel opening defined therein and slidably carrying the hook
      members for transverse adjustment across the back of the pannier bag, the
      channel opening being defined on the upper side by an edge having a series
      of detents defined therein to receive and secure the hook members.
NUM  4.
PAR  4. A pannier bag as set forth in claim 2 in which the upper hook members
      are secured by releasable fasteners and mounted for transverse adjustment
      upon loosening of the releasable fasteners.
NUM  5.
PAR  5. A pannier bag as set forth in claim 1 in which the resilient member
      comprises a pair of springs with one each of the springs being attached at
      an opposed outer edge of the rigid back member and each of the springs
      being attached at the other end to a common member carrying the attachment
      means.
NUM  6.
PAR  6. A pannier bag as set forth in claim 1 in which a series of D-rings are
      mounted adjacent each lower side edge of the rigid member and comprise the
      attachment points to which the resilient member may be selectively secured
      on each side of the rigid back wall.
NUM  7.
PAR  7. A pannier bag as set forth in claim 1 in which the attachment points
      comprise a pair of movable D-rings mounted one each in a channel defined
      in a channel member attached to the rigid rear back wall on each lower
      side of the rigid back wall with the channel members being oriented
      substantially parallel to the side edges of the rigid back wall, the
      D-rings being movable within the channels and being secured by tension by
      means of a series of detents defined in the inner edge of the channel.
NUM  8.
PAR  8. A pannier bag as set forth in claim 1 in which the attachment points
      comprise a pair of plate members mounted adjacent the lower side edges of
      the rigid back wall, each plate member having opposed inner raised
      sections with a series of holes defined therein and oriented in an
      arrangement substantially parallel to the edge of the rigid back wall,
      whereby the resilient member may be selectively configured by attaching
      the ends thereof to one hole in each plate.
NUM  9.
PAR  9. A pair of pannier bags, each comprising: a bag structure having a rigid
      back wall; upperr attachment means adapted to be secured to the upper
      portion of a bicycle carrier; at least one resilient member disposed
      transversely across the rear portion of the bag and secured to the rigid
      back wall at one of a plurality of selectively engageable attachment
      points adjacent each side edge of the rigid back wall; attachment means
      carrier intermediately on the resilient member adapted to be secured to
      the lower portion of a bicycle carrier; and releasable interlocking means
      secured to the back side of the bag adapted to secure one bag to the other
      bag to form a unitary piece of luggage, whereby each bag may be secured to
      a bicycle carrier by engaging the upper attachment means, distending the
      resilient member downward and securing the lower attachment means in a
      stable biased manner, or, alternatively, the bags may be secured together
      to form a unitary piece of luggage with the distendable resilient member
      being positioned across the back side of each bag.
NUM  10.
PAR  10. A pair of pannier bags as set forth in claim 9 in which each bag
      includes a handle strap secured to the back upper side of the bag.
NUM  11.
PAR  11. A pair of pannier bags as set forth in claim 10 in which the handle
      strap is attached at each end to an opening defined in a plate member, the
      plate member also carrying the upper attachment means and being secured to
      the rigid back wall.
NUM  12.
PAR  12. A pair of pannier bags as set forth in claim 10 in which the handle
      strap on one pair of bags includes fastening means to secure the two
      handle straps together.
NUM  13.
PAR  13. A pair of pannier bags as set forth in claim 9 in which the releasable
      interlocking means on the back of the bags are male snap members on one
      bag and female snap members on the other bag.
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PAL  A unit mountable on a rear bumper of a vehicle, and which does not
      interfere with the conventional trailer hookup, the device including a
      pair of bumper straps which at one end are hooked over the upper edge of
      the bumper, the rear ends of the bumper straps being downwardly bent and
      secured to a rear end bar, the bumper strap supporting angle braces which
      hold up angle irons upon which a steel plate seat is mounted and which has
      a central opening for a boat loader, the rear end bar having a pair of
      braces extending therefrom which are hooked under a rear edge of the
      bumper so to provide stability for the device which also includes a rubber
      guard to protect the car bumper from becoming scratched up or otherwise
      damaged.
BSUM
PAR  This invention relates generally to automotive accessories.
PAR  A principal object of the present invention is to provide a bumper support
      for a boat loader, and which may be designed either for a straight flat
      bumper or which can be designed to fit bumpers of other configurations.
PAR  Another object of the present invention is to provide a bumper support for
      a boat loader which can carry the boat loader with the trailer hooked up.
PAR  Another object of the present invention is to provide a bumper support for
      a boat loader which will carry the weight of two hundred pounds or more.
PAR  Still a further purpose is to provide a bumper support for a boat loader
      which can be installed on a car in less than two minutes, and which does
      not interfere with the trailer hook up.
PAR  Still a further purpose is to provide a bumper support for a boat loader in
      which the bumper support weight only ten pounds so that it can be easily
      and conveniently handled.
PAR  Still a further purpose is to provide a bumper support for a boat loader
      wherein the boat can be unloaded without the necessity of unhitching the
      trailer.
PAR  Yet a further purpose of the present invention is to provide a bumper
      support for a boat loader wherein there is no additional expense for the
      installations thereof.
PAR  Other objects are to provide a bumper support for a boat loader which is
      simple in design, inexpensive to manufacture, rugged in construction, easy
      to use and efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing, wherein:
PAR  FIG. 1 is a rear perspective view of the present invention.
PAR  FIG. 2 is a side elevation thereof.
PAR  FIG. 3 is a rear perspective view of the steel plate seat member that
      comprises a component of the present invention.
DETD
PAR  Referring now to the drawing in detail, reference numeral 10 represents a
      bumper support for a boat loader according to the present invention,
      wherein there are a pair of bumper straps 11 each one of which at one end
      is bent into an acute hook 12 for being hooked around an upper edge 13 of
      a car bumper 14.
PAR  A rear portion of each of the bumper straps is downwardly bent at right
      angles and a lower end of the bumper strap are secured by means of rivets
      15 to opposite ends of a rear end bar 16.
PAR  Each of the bumper straps 11 includes a row of spaced apart openings 17
      along the length thereof and which may be selectively used for receiving a
      mounting bolt or rivet 18 for attachment of a pair of seat support angle
      irons 19. Each pair of angle irons 19 secured to the bumper strap hold up
      an elongated angle iron 20 of to which one side of a steel plate seat 21
      is secured. Bolts or rivets 22 rigedly affix the seat 21 to the angle
      braces 19, as shown in FIG. 1.
PAR  A central opening 23 is formed through the steel plate seat 21, the opening
      23 being adaptable for the boat loader 24.
PAR  A forward end of the seat 21 has a rubber guard 25 secured thereto and
      which is for the purpose of protecting the car bumper 13 from becoming
      scratched or otherwise damaged by the present device.
PAR  A bracket 26 is also secured by each rivet at the opposite end of the rear
      end bar 16, each bracket 26 being connected to a tension unit 27 for being
      hooked under a bottom edge 28 of the bumper 14. Each tension unit 27
      includes an eye bolt 29 which is connected to the bracket 26 at one end
      and to a turnbuckle 30 at its opposite end. The turnbuckle 30 by means of
      eye bolt 31 is connected to a short length of chain 32 which at its other
      end is attached to a hook shaped bracket 33 that hook under the lower edge
      28 of the bumper 14.
PAR  Thus there is provided a unit that can be ridgedly secured to the car
      bumper sufficiently strong that it will support two hundred or more
      pounds. Thus it is readily evident that the present invention serves a
      useful purpose in a more efficient manner.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention as is defined by the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a bumper support for a boat loader, the combination of a pair of
      spaced apart bumper traps, one end of each of said bumper straps having an
      acute hook formed therein for hooking over an upper edge of a car rear
      bumper, a rear opposite end of said strap being downwardly bent and
      riveted to a transversely extending rear end bar, means by means of a
      tension unit to rigidly secure said bumper support to a lower edge of said
      car bumper, and means for said bumper support to retain a boat loader
      loading rod, said means for securement of said unit to a lower edge of
      said car bumper comprising a paid of tension units each one of which at
      one end is secured to an angle bracket mounted at an end of said rear bar,
      said bracket being connected to an eye bolt attached to a turnbuckle which
      at its opposite end be means of an eye bolt is connected to a short length
      of chain attached at its opposite end to a bracket that hooks under said
      automobile bumper rear lower edge.
NUM  2.
PAR  2. The combination as set forth in claim 1, wherein said means for
      supporting boat loader loading rod comprises a plurality of angle braces
      attached to each of said bumper straps, said angle braces supporting a
      pair of longitudinal angle irons upon which there is supported a steel
      plate seat, said seat having a central opening for said boat loader.
NUM  3.
PAR  3. The combination as set forth in claim 2, wherein a front end of said
      steel plate seat is fitted with a rubber guard to protect said car bumper
      from being scratched thereby.
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ABST
PAL  A wheelchair support is attached to and extends from the bumper of an
      automobile and may be swung upwardly out of the way when not in use. A
      support frame for confining the wheels comprises members which define
      wheel recesses on opposite sides of an intermediate member, which carries
      an adjustable retaining member. The frame is supported on pivoted arms
      attached to a mounting frame having adjustable clamps which fit on and
      tighten to a conventional automobile bumper. A collapsed wheelchair is
      tilted upwards to place the large wheels in the well. Downward rotation of
      the wheelchair in the support frame causes the wheelchair frame to engage
      the retainer which secures the wheelchair in place.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Vehicle mounted article carrying devices. Racks and supports for wheeled
      articles (Search field possibilities: 224/42.07; 42.03A; 42.06; 42.03B;
      42.03R).
PAR  2. Background of the Invention
PAR  The prior art includes rigid trunk and luggage carrying devices attached to
      the front or rear of automobiles. These are not suitable for attachment to
      present day automobiles nor would they be satisfactory for convenient
      transport of a wheelchair. There are also various types of vehicle
      carriers such as bicycle racks which attach to the bumper and have
      projecting supports on which the bicycle is mounted. These are not
      suitable for supporting wheelchairs because the mounting of the bicycle or
      other article requires considerable lifting, positioning and attachment in
      place.
PAR  It is important that a wheelchair support be close to the ground to require
      minimum lifting and that securing the wheelchair in place be without
      effort. The device should not protrude from the back of the car when not
      in use and should not interfere with the use of the trunk space. It is
      also essential, of course, that such racks be reasonable in construction
      so that they may be purchased economically.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a wheelchair support which is
      mounted on the bumper of an automobile and may be swung from an upward
      stored position to a downward operative position to receive a folded
      wheelchair therein.
PAR  Another object of this invention resides in the particular construction and
      operation of the retaining device which requires only that the wheelchair
      wheels drop into position on a frame so that the retaining device will
      cause automatic engagement against a portion of the frame of the
      wheelchair. The retaining device is adjustable vertically and horizontally
      to accommodate varying sizes of wheelchairs.
PAR  Another object of the present invention resides in the provision of a
      simple open frame which folds down like a shelf approximately at the
      height of an automobile bumper to require minimal effort in lifting the
      wheelchair.
PAR  An additional object of this invention resides in the particular
      construction of the frame and the wheelchair retaining mechanism which is
      simple, reliable and readily used yet economical and very durable in
      operation.
PAR  Other and further objects and advantages of this invention will become
      apparent upon reading the following specification taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the present support in extended, operative
      position without the wheelchair in place.
PAR  FIG. 2 is a perspective view of the support shown in FIG. 1 in the upward,
      folded position for non-use.
PAR  FIG. 3 is a cross-sectional view taken substantially along lines 3--3 in
      FIG. 1.
PAR  FIG. 4 is a side elevation view of the support in the position of FIG. 1
      with the automobile bumper shown in vertical cross-section.
PAR  FIG. 5 is an end elevation view of the support in the position of FIG. 1
      receiving a folded wheelchair therein in the first position of location.
PAR  FIG. 6 is a view the same as that in FIG. 5 with the wheelchair rotated
      into final carrying position with a portion of the wheelchair frame locked
      under the retaining member.
DETD
PAC  Description of the Preferred Embodiment
PAR  The entire support is designated in the drawings by reference numeral 10
      and it comprises a substantially vertical mounting frame designated in the
      drawings generally by reference numeral 12 and a foldable or swingable
      carrying frame designated generally in the drawings by reference numeral
      14.
PAR  The mounting frame 12 comprises a pair of spaced vertical tube members or
      substantially rectangular cross-section and each tube member 16, 18
      comprising a pair of slidable members designated as upper member 20 and
      lower member 22, of the vertical member 16, and upper member 24 and lower
      member 26, of the vertical tube members 18. Upper members 20, 24 each
      carries in threaded engagement thereon a part of a clamp device which
      comprises a screw shaft 28 having a curved foot 30 and an identical screw
      shaft 32 on the other side on upper member 24 having an identical foot 34.
      Each clamp device on each side which are designated generally and overall
      by reference numerals 36, 38 comprises a lower threaded screw shaft 40
      threadedly mounted on lower member 22 and having a foot 42 and on the
      other side an identical threaded shaft 44 on lower member 26 having a foot
      46. Contoured bumper pads 47 are adjustably attached to each respective
      upper member 20, 24 for vertical alignment by hole inserts in 20, 24 (not
      shown).
PAR  The respective pairs of members comprising vertical members 16, 18 are
      slidably engaged, that is, member 22 slides inside of member 20 and member
      26 slides inside of member 24 so that adjustment in a vertical direction
      may be effected in order to adjust the distance between the respective
      screw shafts 28, 40 and 32, 44 to adjust the clamping devices 36, 38 to
      fit on various bumpers or other mounting surfaces.
PAR  A rigid frame member 48 connects the upper members 20, 24 thereby providing
      a rigid mounting frame which may be removably but permanently mounted on
      place on an automobile bumper designated by reference numeral 50, or any
      other surface.
PAR  The swingable carrying frame 14 is pivoted for movement and comprises a
      U-shaped frame closed by frame member 48, consisting of a forward frame
      member 52 and opposite side members 54, 56 respectively attached by the
      ends thereof by pivot pins 58 to respective upper members 20, 24. A pair
      of respective side supports and braces 60, 62 each comprises a respective
      outer tube member 64, 66 and a respective inner member 68, 70 providing a
      sliding relationship between the respective inner and outer tubes. Each
      respective inner tube 68, 70 has one end pivotally attached by means of
      pivot pin 72 and a bushing and spacing member 73 to a respective upper
      member 20, 24 to be carried thereby and adjusted therewith.
PAR  The respective upper members 20, 24 and lower members 22, 26 are, as
      previously mentioned, adjusted through relative movement by means of
      respective holes 74 in which is inserted a screw 76 at the desired
      location in matching holes (not shown) in the lower members 22, 26.
PAR  Thus, from the foregoing description it is seen that the pivotal and
      swinging wheelchair carrying frame 14 is adjustably carried by the rigid
      mounting frame 12 which in turn may be adjusted on the surface, such as
      the bumper 50, to which the entire device 10 is mounted.
PAR  Mounted on the frame 14 and extending substantially parallel to the forward
      frame member 52 is the retainer support member 82 which in the present
      embodiment is in the form of a rectangular tube on which is mounted a
      rectangular sliding collar 84 which carries an adjustable retaining
      arrangement comprising a pair of opposed, spaced plate members 86, 88
      which are adjusted respective to each other by means of threaded studs 90
      on opposite sides which have one end attached to the plate 86, which is
      padded to prevent scratching, etc., and the other ends fastened in place
      on plate 88 by means of respective pairs of nuts 92 on opposite sides
      thereof. Plate 88 is permanently fixed to sliding collar 84 which is held
      in properly adjusted position on member 82 by set screw 94. The operation
      of retainer arrangement is described later.
PAR  The side braces 60, 62 are adjusted in place by means of a latch mechanism
      on each one designated generally by reference numeral 100 and comprising a
      fixed housing 102 on each of the respective upper outer members 64, 66 and
      in which housing 102 is mounted the bent end of a leaf spring 104 on the
      outer end of which is a pin 106 that fits into a hole 108 in both the
      outer members 64, 66 and the inner members 68, 70. The side braces 60, 62
      automatically lock in extended position when the frame 14 is pulled
      downwardly as shown in FIG. 1 by means of a fixed limit pin 110 which
      bumps the lock pin 106, which rides on the surface of member 64, into hole
      108. The end of member 64 is notched at 111 to engage pin 110. Pin 106 is
      manipulated by hand when the carrying frame 14 is pivoted from the
      carrying position in FIG. 1 to the stored position in FIG. 2 so as to pull
      the pin from the hole 108 and when the carrying frame 14 is in the
      carrying position shown in FIG. 1 the pin 106 is in hole 108 on each of
      the side braces, 60, 62, to hold the carrying frame 14 in rigid carrying
      position. A second hole is placed in the respective inner tube 68, 70 (not
      shown) so that the side braces may be held in place in the folded vertical
      position as in FIG. 2 with pin 106 projecting through hole 108 in outer
      tube 64, 66 and through the second hole in inner tube 68, 70.
PAR   In the operation of the device it is shown in FIGS. 5 and 6, a
      conventional folded wheelchair designated generally by reference numeral
      125 comprises a vertical frame 112 and a bottom frame 114 which includes a
      backward projecting portion. The wheelchair 125 includes the usual two,
      spaced large rubber-tired wheels 116 which collapse closer together when
      folded, and the front caster wheel 118 together with a footrest 120 and
      other parts and components which are conventional with wheelchairs. With
      the carrying frame 14 extended in the position of FIG. 1 the wheelchair is
      lifted and tilted so that as the wheelchair is lowered the bottom frame
      114 passes by plate member 86 whereupon the chair is released and the
      lower frame 114 is pivoted into position about the axle 122 of the
      wheelchair to bring the frame 114 beneath and in engagement with, or very
      close to member 86 which acts as a retainer member at point B, thereby
      securing the wheelchair 125 in place and firmly securing the cushioned
      tire or wheel 116 into the space defined on opposite sides of member 82 in
      the carrying frame 14 which accommodates the two wheels 116 of the
      wheelchair. The forward end of bottom frame 114 comes to rest on side
      member 56 at point A thus providing a firm forward support for the
      wheelchair 125. The conventional wheelchair brake may be set to prevent
      relative rotation between frame 114 and wheel 116.
PAR  While I have shown and described a particular embodiment of this invention
      together with suggested mode of operation thereof, and presented same in
      conjunction with a conventional wheelchair, it is obvious that other
      wheeled articles which fit into the space defined in the carrying frame 14
      may be used and that various alterations, changes, eliminations,
      deviations, revisions, departures may be made in the present invention
      without departing from the scope thereof as defined in the appended claims
     .
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a wheelchair support for attachment to an automobile bumper or other
      surface for supporting a folded wheelchair of the type including large
      rear wheels and a bottom frame having a backward projecting portion:
PA1  a. a wheelchair carrying frame comprising opposed side frame members
      defining a space receiving therein the large, vertically disposed wheels
      of said folded wheelchair with the periphery of the wheels partly below
      said carrying frame resting in the space defined by and on the opposed
      side frame members and with the projecting portion of the wheelchair
      bottom frame within the confines of said carrying frame,
PA1  b. means on said carrying frame for attaching and supporting said carrying
      frame on the bumper or the surface in horizontally extended carrying
      position,
PA1  c. a retainer support member on said carrying frame and a retainer member
      on said retainer support member, said retainer member being engaged from
      beneath by the wheelchair bottom frame when said wheels are in said space
      and the projecting portion of the wheelchair frame is projected and
      rotated within said space thereby preventing the movement of the lower
      frame in vertical or rotational direction about the engagement of the rear
      wheels with the side members which define the space, whereby a person
      without the use of his legs may insert the wheelchair in place on the
      carrying frame and lock the wheelchair wheel to prevent relative rotation
      between wheelchair frame and wheel.
NUM  2.
PAR  2. The device in claim 1 wherein said retainer member on the retainer
      support member is supported within and projects into said space, to engage
      the wheelchair frame therein.
NUM  3.
PAR  3. The device in claim 1 wherein said retainer member comprises a plate,
      and means for adjusting said plate vertically on said retainer support
      member.
NUM  4.
PAR  4. The device in claim 3: including other means for slidably mounting said
      plate on said support member for lateral movement between said side frame
      members.
NUM  5.
PAR  5. The device in claim 1 wherein: said means for attaching and supporting
      said carrying frame includes means for pivoting said carrying frame to a
      vertical non-carrying position, said carrying frame having at least one
      brace attached thereto and to said means on said carrying frame for
      attaching and supporting said carrying frame, and means for extending and
      retracting said brace as said frame is pivoted.
NUM  6.
PAR  6. The device in claim 5 wherein said brace comprises an inner and outer
      member assembled for relative, sliding movement, and latch means
      engageable between said inner and outer members for positively latching
      said members against movement when said carrying frame is in extended,
      operative or in folded, non-operative position.
NUM  7.
PAR  7. The device in claim 6, wherein:
PA1  said brace latch means comprises a latch pin selectively engageable in a
      hole in said inner and outer members, and a spring means for resiliently
      biasing said pin.
NUM  8.
PAR  8. The device in claim 7, wherein:
PA1  said brace outer member has a notch therein and there is a fixed limit pin
      which is mounted on the inner member, which pin is engaged by said outer
      member to cause said latch pin to engage in a hole.
NUM  9.
PAR  9. The device in claim 1 wherein: said means for attaching and supporting
      said carrying frame comprises spaced members having clamp means thereon
      for attachment to a surface such as a bumper, and means for vertically
      adjusting said spaced members.
NUM  10.
PAR  10. The device in claim 9, wherein: said spaced members comprise inner and
      outer slidable members, means for selectively adjusting said slidable
      members to different relative positions.
NUM  11.
PAR  11. The device in claim 10, wherein: said clamp means comprises upper and
      lower clamp members.
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ABST
PAL  A chopper for severed margins of multi-folded paper is provided wherein the
      margins are slit off the sheet and then chopped into small pieces which
      occupy a minimum amount of space and which present a simplified disposal
      problem.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Computers and other modern business machines frequently employ multiple
      folded paper, the paper having edge margins with perforations or sprocket
      holes therein, the perforations mating with drive sprockets or tractors
      which move the paper through a processing machine. In many applications,
      the margins containing the perforations are not needed after the paper
      passes through the machine and are slit off so that the desired record
      paper will occupy the minimum amount of storage space. Slitters have been
      employed for many years in this application but the slitters produce a
      long, tape-like cutting and this cutting is difficult to dispose of. It
      will not automatically fall neatly into a bin but instead it is ordinarily
      necessary to provide some manual means for dealing with the long tapes
      that are cut off. Further, such long tapes are not easy to store or to
      dispose of.
PAR  In accordance with the present invention, a chopper device is provided
      which follows a slitter; the chopper chops or tears the tape into a series
      of short, irregular pieces. These pieces will fall into a bin or the like
      and occupy a minimum space and are easy to handle.
PAR  In the past, attempts have been made to cut the tapes into short lengths
      but such cutting devices did not prove successful since the perforated
      tape would bend at the end of the hole, making it difficult to cut.
PAR  In contrast, the device of the present invention has a series of staggered,
      tearing blades, so that a plurality of the spaced, staggered blades enter
      the tape and literally tear it apart either at the perforations or between
      them.
PAR  In accordance with one aspect of the invention, a plurality of chopper
      blades are used which are not rigidly mounted on a shaft but are
      maintained in spaced alignment with some give or leeway so that the
      machine has little tendency to bind.
PAR  Various additional features of the invention will be brought out in the
      balance of the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a portion of a paper processing machine
      showing a paper drive mechanism, an edge slitting mechanism, and the
      chopper which constitutes the gist of the present invention.
PAR  FIG. 2 is an exploded view of the fixed cutting blade, one of the chopper
      blades, a spacer washer, and a supporting arbor.
PAR  FIG. 3 is an enlarged side view of the machine on the line 3--3 of FIG. 1.
PAR  FIG. 4 is a section on the line 4--4 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings by reference characters, there is shown a
      manifold paper 5 having margin edges 7 and 9, each of which has spaced
      perforations 11 therein. The paper is driven through the machine by
      sprockets, or preferably, by so-called tractors, which have an endless
      belt 13 having a series of lugs 15 thereon which engage the sprocket holes
      11. Ordinarily, two such tractors would be employed, one on each side of
      the sheet, but only one is shown in FIG. 1.
PAR  Although the margin edges with their sprocket holes are necessary for
      driving paper through the various processing machines, it is highly
      desirable that these margins be cut off so that the paper can be stored in
      a minimum amount of space. For this purpose, margin cutters such as those
      generally designated 17 and 19 are employed on either side of the sheet.
      These consist of rotary knives 21 and 23 mounted on shafts 25 and 27
      respectively, driven by motor means, not shown. These rotary knives are
      well known to those skilled in the art so that they will not be described
      in detail. When the knives encounter the sheet 5, an edge 7 is cut off
      which drops away as is best seen in FIG. 3, while the balance of the sheet
      continues through the machine as is shown in 5A.
PAR  The margin 7 comes off as a long, tape-like strip and, as has been pointed
      out above, it is difficult to deal with such material. In accordance with
      the present invention, highly-effective chopper units are employed, one
      being mounted under each pair of rotary knives. Since these devices are
      mirror images of each other, only one will be described in detail. The
      chopping device fits within a housing generally designated 29 and this
      holds a shaft 31 mounted for rotation. Shaft 31 has a pulley 33 at the end
      thereof and it is driven by belt 35 from pulley 37 mounted on shaft 27.
      Pulley 35 is considerably smaller than pulley 37 so that shaft 31 is
      driven at a substantially higher speed than the shaft 27. Mounted on one
      side of the housing 29 is a fixed cutter 39 and a series of teeth 41
      formed across one entire side. Shaft 31 carries a series of knives 43,
      each of which has two teeth 45 and 47 extending on opposite sides. Between
      each of the knives 43 is a spacer 48 and a shaft support member 49. Shaft
      support member 49 is pivoted through holes 51 on rod 53. It will be
      understood that there are a plurality of the knives, spacers, and support
      members across the width of the chopper as is best seen in FIGS. 3 and 4.
      The choppers are staggered around 180.degree. so that one chopper is just
      leaving the chopping grooves as the next approaches and so on. Thus,
      referring now to FIGS. 3 and 4, successive teeth have been designated 45A,
      45B and so on to illustrate how the blades are arranged. Shaft 32 has a
      spline 33 cut therein and each of the knives 43 has an inwardly extending
      tooth 42 adapted to engage the spline. The teeth 42 of the knives are
      offset with respect to the teeth 45 and 47 from one knife to the next to
      yield the helical configuration of the teeth best seen in FIG. 3.
PAR  Knives 43 are not held rigidly on the shaft but some leeway is provided so
      that they can shift back and forth slightly. Also, it will be seen that
      the holders 49 which support shaft 31 are not held rigidly in place but
      can move to some extent on shaft 53. Thus, as the tape enters the space
      between the rotating knives 43 and the fixed cutter 39, a first rotating
      knife will engage the margin 7 adjacent one edge thereof and will begin to
      tear the margin from said one side. An adjacent knife subsequently engages
      the margin spaced inwardly from said one edge and continues the tear, and
      so on, until the margin is torn across its width and highly irregular
      pieces are produced. Since the blaces can move slightly from side-to-side
      and also the entire holder can move up-and-down slightly, there is
      substantially no possibility of the chopper jamming.
PAR  Although the device was specifically designed for use with a machine for
      processing paper business forms, it is obvious that it is applicable to
      any device wherein it is desired to chop a tape or similar material into a
      plurality of small, irregular pieces which are easy to handle. The device
      of the present invention is capable of handling heavy materials such as
      cardboard or plastic.
PAR  Although a specific embodiment of the invention has been described, it will
      be obvious to those skilled in the art that many deviations can be made
      from the exact structure shown without departing from the spirit of this
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chopper for chopping tape and the like into small pieces, comprising:
      a stationary chopping blade having a series of angular teeth in line
      thereon defining grooves therebetween; a shaft supported for rotation
      parallel to the line of teeth; a series of pivoted support members
      supporting said shaft; a plurality of knives mounted on said shaft, each
      of said knives having at least one tooth element fitting into a groove of
      the chopper blade; means supporting said knives on said shaft in staggered
      relationship whereby one knife enters a groove at a time; and means
      connected for rotating said shaft.
NUM  2.
PAR  2. The chopper of claim 1 wherein said chopper is employed with a slitter
      having a driven shaft, the shaft of said chopper being driven from the
      shaft of said slitter.
NUM  3.
PAR  3. The structure of claim 1 wherein said knives are loosely keyed to said
      shaft, with a spacer between each of said knives.
NUM  4.
PAR  4. A chopper for chopping a tape and the like into small pieces,
      comprising: a stationary chopper blade having a series of angular teeth in
      line thereon defining grooves therebetween; a shaft supported for rotation
      parallel to the line of teeth; a plurality of knives mounted on said shaft
      for rotation with said shaft and for movement relative to said shaft, each
      of said knives having at least one tooth element fitting into a groove of
      the chopper blade; means supporting said knives on said shaft in staggered
      relationship whereby one knife enters a groove at a time; said means
      including a projecting lug on each knife extending into a slot in the
      shaft, and spacer means on the shaft on opposite sides of each knife, said
      lug and spacer means dimensioned to loosely support the knives on the
      shaft for side-to-side movement relative to one another and to the shaft
      to prevent jamming of the knives; and means connected for rotating said
      shaft.
NUM  5.
PAR  5. The structure of claim 4 wherein said shaft is supported on a series of
      pivoted support members.
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ABST
PAL  This invention relates to a device in a movie film apparatus for
      intermittently feeding flexible perforated film past an optical system a
      unit length at a time comprising a film support for guiding a strip of
      perforated film for exposure to an optical system, a detent on said film
      support, said detent having a front film sliding face that slopes in a
      direction having a component in the direction of film feed, said front
      film sliding face of said detent being engageable by perforations of film
      as the film moves in the direction of film feed to temporarily stop
      forward motion of the film in advance of the detent and form it into a
      loop behind the detent which increases in size with film feed and
      decreases the angle of attack of said film at said front film sliding face
      of said detent, triggering means for exerting a triggering force against
      the outside bowed portion of the loop when said loop reaches a
      predetermined size to slide the end of said loop at said front film
      sliding face of said detent substantially longitudinally of itself across
      said front film sliding face to allow said film in said loop to reassert
      itself and make an intermittent advance past said detent prior to
      engagement of a following perforation of said film by said front film
      sliding face of said detent as aforesaid.
PARN
PAR  This invention relates to a device for intermittently advancing a unit
      length of resiliently flexible perforated film past an aperture of an
      optical system and has application to a movie camera, a movie projector or
      the like, and is a continuation-in-part of application Ser. No. 358,882,
      filed May 10, 1973, and now abandoned.
BSUM
PAR  Devices commonly used for intermittently advancing film strip past an
      optical system of a camera or projector employ what is known as a claw
      mechanism that intermittently pulls the film strip past the optical system
      or other mechanisms, such as a sprocket intermittently operated by a
      Geneva movement or the like. They are satisfactory in use but they are
      complex to manufacture and service. They are, therefore, on these accounts
      relatively costly.
PAR  Attempts have been made to simplify the feed system, but with no practical
      success. The complex mechanical arrangements of the prior art continue to
      be used.
PAR  One notable attempt at simplification is described in U.S. Pat. No.
      3,165,250 to W. T. Ewald and Henry E. Brayer. This invention involved
      provision for intermittently arresting the travel of the film on a
      perforation engaging detent in the film guideway and then forming it in a
      double reverse curve over a fulcrum in the guideway to lift it from the
      detent. Once lifted from the detent, the flexed film is freed to reassert
      itself to the normal flat shape and proceed through the guideway past the
      detent until a succeeding perforation is arrested by the detent. The cycle
      is repeated to provide intermittent motion of the film past the detent and
      the optical system.
PAR  In Ewald et al, the film is bent about a fulcrum. The invention uses the
      leverage of a film segment about the fulcrum to disengage the film from
      the detent. The lateral displacement of the film which lifts it from the
      detent is dependent upon the resilient flexibility of the film at the
      location of the fulcrum. Resilient flexibility can vary substantially over
      the length of the film and is dependent upon bends in the film and splices
      in the film. Experiment with the Ewald system has shown that a bend in one
      direction can reduce the lift to a point where it will jamb and a bend in
      the other direction will cause the film to skip. In the case of a splice,
      either event can happen depending upon the location of the splice. Thus,
      the operation of the Ewald et al device depends upon the condition and
      quality of the film.
PAR  It is an object of this invention to provide a reliable film feed device
      using a detent to intermittently stop the film that is not affected in its
      operation by variations in flexibility or quality of the film.
PAR  It is a further object of the invention to provide an intermittent film
      feed that is inexpensive to manufacture.
PAR  It is a still further object of the invention to provide a film feed that
      is compact and can be made small in size.
PAR  With these and other objects in view, a device for intermittently feeding
      flexible perforated film past an optical system a unit length at a time
      according to this invention comprises a film support for guiding a strip
      of perforated film for exposure to an optical system, a detent on said
      film support, said detent having a front film sliding face that slopes in
      a direction having a component in the direction of film feed, said front
      film sliding face of said detent being engageable by perforations of film
      as the film moves in the direction of film feed to temporarily stop
      forward motion of the film in advance of the detent and form it into a
      loop behind the detent which increases in size with film feed and
      decreases the angle of attack of said film at said front film sliding face
      of said detent, means engageable by the loop of film as it increases in
      size for exerting a triggering force against the outside bowed portion of
      the loop only when the loop reaches a predetermined size to slide the end
      of said loop at said front film sliding face of said detent whereby to
      allow said film in said loop to reassert itself and make an intermittent
      advance past said detent prior to engagement of a following perforation on
      said film by said front film sliding face of said detent as aforesaid and
      repetition of said cycle.
PAR  The invention will be clearly understood after reference to the following
      detailed specification read in conjunction with the drawings.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side view illustration of an intermittent film feed system;
PAR  FIG. 2 is an illustration along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a view along the line 3--3 of FIG. 1;
PAR  FIGS. 4 to 7 are successive illustrations of the engagement of a film strip
      on the detent;
PAR  FIG. 8 is an illustration similar to FIG. 1 showing the rewind operation;
PAR  FIG. 9 is a schematic illustration illustrating the relative location of
      the detent and the film feed; and
PAR  FIG. 10 is a view similar to FIG. 9, but illustrating the loop of increased
      size and in engagement with the triggering stop member 42.
DETD
PAR  In FIG. 1, the invention is illustrated in relation to the optical system
      of a movie projector wherein the frame of a film strip 10 opposite the
      aperture 12 on the film support 14 is projected onto a screen (not shown)
      by light system 16 and objective lens system 18. The film strip 10 must be
      advanced intermittently and frame by frame past the aperture 12 and this
      invention is concerned with a device for providing this intermittent
      movement.
PAR  Numeral 20 refers to a sprocket which is, in use, continuously driven at a
      constant speed by an electric motor 22 to draw film 10 from a reel 24. The
      film has perforations 26 spaced apart along one edge a distance equal to a
      frame; the teeth of the sprocket 20 are spaced apart to engage in the
      perforations.
PAR  The film passes from drive sprocket 20 over the roller 28 which is adapted
      to form the film into a loop as it is fed to the film support 14. Film
      support 14 has a detent 30 adjacent its forward end with a front face 32
      designed to engage successive perforations of the film strip 10 as it is
      fed through the film guide.
PAR  The looped film first engages the front film sliding face 32 of the detent
      30 as illustrated in FIG. 4, and the film in advance of the detent 30 is
      thereby temporarily arrested in its forward travel. While so arrested, it
      is registered with the optical system and projected onto a screen. This
      invention is not concerned with the optics, but only with the film
      advancing mechanism, and further reference to the optics will not be made
      in this specification.
PAR  FIG. 9 illustrates the film after it has dropped over the detent, and the
      form of the loop when the film first engages with the front film sliding
      face of the detent is substantially like that illustrated in FIG. 9. As
      the drive sprocket 20 continues to feed film into the loop in advance of
      the detent, the loop increases in size and the angle of engagement of the
      film with the front film sliding face 32 of the detent 30 decreases as
      illustrated in FIG. 5, until the film engages with the stop means 42 as in
      FIG. 10. Further continued operation of the film feed device results in a
      reaction against the film at the reaction surface of the stop means 42
      that exerts a triggering reaction force against the outside bowed portion
      of the loop to slide the film over the front film sliding face of the
      detent as illustrated in FIG. 6. Once over the detent, the looped flexed
      film reasserts itself and causes the film to move forwardly past the
      detent until the next succeeding perforation drops over the detent as
      illustrated in FIG. 7 and is arrested by the front face thereof as
      indicated at FIG. 4. The cycle is repetitive and it will be apparent as it
      repeats, the film is advanced by increments past the detent 30.
PAR  The triggering force that finally positively pushes the film over the
      detent after the angle of attack of the film at the front face of the
      detent has been reduced by the formation of the loop acts only when the
      loop reaches a predetermined size and engages with the stop means 42. A
      force is exerted through the film that is in a direction substantially
      longitudinally of the film.
PAR  Thus, as the film slips over the free end of the detent, it is
      intermittently advanced past the detent one frame at a time, it being
      understood that the perforations are spaced apart on an edge of the film a
      distance equal to one frame. Some films have perforations on each edge,
      and in such a case one could provide for two detents, one to engage with
      each line of perforation.
PAR  It will be noted that the film support 14 supports the film in a reverse
      loop to the loop that is in advance of the detent. This formation of a
      film support reduces the friction to the passage of the film and also
      permits the film to be supported on an open film support, as illustrated
      in FIG. 3. After it leaves the film support 14, the film passes around the
      guide roll 35, sprocket 38 and on to take-up roll 40. Sprockets 20 and 38
      are synchronously driven by motor 22 through gears 39 and 41 and belt 43.
      Belt 43 connects pulleys 45 and 47.
PAR  Numerals 44 and 46 refer to threading guides for threading a film through
      the system. It will be noted that the face of detent opposite face 32 is
      sloped in the opposite direction to face 32 to assist in the locating of
      the perforation over the detent.
PAR  FIG. 8 is an illustration showing the manner in which the film is rewound
      from the take-up spool 40 to the spool 44. It will be noted that on
      rewinding, the detent is not engaged by the film. Guides 44 and 46 have
      been omitted from the illustrations of FIGS. 1 and 2.
PAR  FIG. 9 is a schematic illustration of the relationship of the film feed
      means with respect to the detent of the film support. As the film is
      advanced continuously between drive sprocket 20 and guide roll 28, it is
      arrested by the front face 32 of the detent 30 and forms a free loop 10 in
      advance of said detent. The film loop is stressed substantially in the
      buckling mode and thus exerts a force against detent 30 substantially in
      the direction 50 which coincides with line 48 connecting the two
      constrained ends of film loop 10. The angle between line 48 and the front
      face just after arrest of the film 32 will vary depending on specific
      design. The object is to achieve a workable stopping of the film as it is
      advanced. There is no difficulty in achieving this objective with minor
      adjustment of positions of guide roll 28 with respect to the detent for
      any given design.
PAR  As drive sprocket 20 and guide roll 28 continue to feed the film with one
      perforation still engaged on detent 30, the film loop increases in size
      until it contacts, and substantially conforms to, stop means 42 as shown
      in FIG. 10. As this occurs, the film loop is stressed and there is a
      reaction force at 42 which causes the direction in which the film loop
      pushes upon the detent to shift from direction 50 to direction 54. The
      change in direction of this force causes the film to slide over the front
      film sliding face of the detent and to move forwardly past the detent, as
      explained above, until the next succeeding perforation comes over the
      detent. The arrangement illustrated in FIG. 1 is for one of 8 mm film and
      is about full size.
PAR  It will be apparent that the system is very compact. While there is no
      limitation to the size of machine that it can be used on, it will be
      apparent that one can make a very compact movie projector or camera with
      the system. The incremental operation is dependent upon the coefficient of
      friction between the film and the detent. This is constant for any given
      roll of film and results in a reliable jam-proof and skip-free operation.
      It requires a minimum of moving parts and relies for its indexing power to
      advance the film upon the flexibility of the film. The system gets the
      most out of the power stored in the flexible film because the friction
      upon the film as it is fed through the system is maintained at a minimum.
      It will be noted from FIG. 7 that the bowed guideway for the film is open.
      The film is not restrained on both faces as it is in most conventional
      guideways.
PAR  The speed of feeding the film is, of course, dependent upon the speed of
      the drive motor. It can be varied between one and four hundred frames per
      second. The invention has been described in connection with film of the
      eight and sixteen mm. type where there is one perforation per frame. It
      can, however, be used equally well with larger film. Commonly used films
      for which the invention can be used are in the range of eight to seventy
      mm. With larger films, it is usual to have more than one perforation per
      frame, and if this is the case, the disposition of the guide roll 28 and
      detent 30 can be arranged relative to each other to ensure that each
      fourth successive perforation is arrested by the detent. This is achieved
      by separating the detent and guide roll 28 to a greater extent and
      providing for a larger loop 10 so that as the film slips over the detent,
      as illustrated in FIG. 6, it will not straighten out at the detent and
      approach the detent, as illustrated in FIG. 7, and slide over the detent
      until the fourth successive perforation arrives at the detent. The
      principle of operation is the same for any number of detents per frame,
      i.e. the film is formed into a loop in advance of the detent and arrested
      as a perforation engages with the front face of the detent, the loop
      increases in size and as the angle of contact of the film with the front
      face of the detent decreases while the film feed means continues to feed
      film until the loop engages a trigger means that forces the film over the
      detent to allow the film to flex and make an intermittent advance past the
      detent prior to engagement of a following perforation on the film by the
      front face of the detent. Depending upon the relative spacing of the feed
      means and the detent, the following perforation which engages the detent
      is one or more detents past the one that has just slid over the detent.
PAR  In use, film is run from the supply spool 24 on to the take-up spool 40 by
      continuous operation of the drive motor 20 to intermittently feed the film
      frame by frame, as explained above, past the opening 12 of the guideway,
      from which it is projected on to a screen by the light system 16 and lens
      18.
PAR  The equipment apart from the film feed mechanism is not part of this
      invention and is not explained in detail.
PAR  Embodiments of the invention other than the one illustrated in the drawings
      will be apparent to those skilled in the art. For example, the open and
      curved film support is not essential. One could have a vertical film
      support with the detent mounted at the front end thereof and the sloped
      surface designed as described herein. Moreover, alternative triggering
      means might be devised without departing from the spirit of the invention.
      It is not intended that the specification should be read in a limiting
      sense.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. In a movie film apparatus, a device for intermittently feeding flexible
      perforated film past an optical system a unit length at a time comprising,
PA1  a film support for guiding a strip of perforated film for exposure to an
      optical system,
PA1  a rigid detent on said film support,
PA1  film feed means in advance of said detent for continuously feeding film
      towards said detent,
PA1  said front film sliding face of said detent being engageable by
      perforations of film as the film moves in the direction of film feed to
      temporarily stop forward motion of the film in advance of the detent and
      form it into a loop behind the detent which increases in size with
      continuing film feed and decreases the angle of attack of said film at
      said front film sliding face of said detent,
PA1  said device having a free space in advance of and extending to said detent
      for film to form in a loop to a predetermined size after initial
      engagement with said front film sliding face of said detent,
PA1  stop means at the edge of said free space with a reaction surface
      engageable by a loop as it achieves its maximum predetermined size in said
      free space to exert a reaction force on film with continuing film feed
      that has a substantial component in the direction of slope of said film
      sliding face of said detent to cause said film in said loop to reassert
      itself and make an intermittent advance past said detent prior to
      engagement of a following perforation of said film by said front film
      sliding face of said detent as aforesaid.
NUM  2.
PAR  2. In a movie film apparatus, a device for intermittently feeding flexible
      perforated film past an optical system a unit length at a time as claimed
      in claim 1, in which said film support has a support surface that supports
      film forwardly of said detent in a loop reversed to the free loop that
      film assumes in advance of said detent.
NUM  3.
PAR  3. In a movie film apparatus, a device for intermittently feeding flexible
      perforated film past an optical system a unit length at a time as claimed
      in claim 2, in which said film support engages one face only of said film.
NUM  4.
PAR  4. In a movie film apparatus as claimed in claim 1 in which said triggering
      means is a stop rigidly mounted and engageable by the loop of film as it
      increases in size.
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ABST
PAL  Apparatus wherein sheet material is longitudinally step-advanced by
      alternately being gripped and released in a guide path by a reciprocative
      gripper, and alternately released and gripped in a gripping station, the
      sheet material being restrained against buckling from the guide path by
      guide means adjacent to both of opposite faces of the sheet material, and
      the guide means enabling the reciprocative gripper gripping the sheet
      material in the guide path to be operated for effecting a forward feeding
      stroke having the sheet material released in the gripping station, and
      subsequently a backward stroke, throughout which latter stroke the
      reciprocative gripper is in a released condition with reference to the
      sheet material and the latter is gripped in the gripping station.
BSUM
PAR  The present invention relates to sheet material feed apparatus, and is more
      particularly concerned with improvements in apparatus and controls for
      intermittently step-feeding sheet material.
PAR  A number of devices heretofore have been provided for step-feeding sheet
      material, and have been controlled such as for serving a machine which
      subjects each of successive portions of the sheet material received to one
      or more working operations. Among the heretofore known step-feed devices
      are those which include reciprocative step-feed and gripper means wherein
      a gripper alternately grips and releases sheet material, for the sheet
      material, when gripped, to advance in stroke with the gripper, the gripper
      when released being retracted by return stroke in preparation for once
      more gripping the sheet material and being moved forward with the sheet
      material in a further feeding stroke.
PAR  Problems arise in connection with certain of the reciprocative step-feed
      devices in the prior art in view of the fact that those devices lack
      adequate guidance for the sheet material in the environs of where the
      sheet material receives intermittent gripping and release action in the
      device, considering too that the reciprocative step-feed and gripper means
      at times is moving with the sheet material and at other times is moving
      relatively to the sheet material under conditions where the latter may
      seek bad alignment as by buckling immediately outside the gripper. For
      still other reasons than the latter, reciprocative sheet-feed prior art
      devices in certain instances have fallen short of being satisfactory
      either or both from the standpoint of construction or operation, and it
      has become desirable to lend improvements to overcome difficulties in that
      respect.
PAR  An object of the present invention accordingly is the provision of
      practical and reliable reciprocative feed apparatus for step-feeding sheet
      material, such as metal strip, wherein the sheet material is easily and
      accurately controlled to have the amount of sheet material issued during a
      feed step reliably be substantially the same as the amount of sheet
      material to be issued in each of a number of sequential feed steps which
      are to follow on continued operation of the apparatus.
PAR  Another object of this invention is the provision of apparatus of the
      character indicated wherein the sheet material to be fed is guided
      adjacent to opposite facial sides of the sheet material to extend in a
      path formed in the apparatus in a region including locations wherein
      gripping, releasing and step-feeding actions occur, and thus to have the
      sheet material as guided be available along that same course when
      gripping, releasing and step-feeding actions are repeated in an ensuing
      cycle of operation of the apparatus.
PAR  A further object of this invention is to provide apparatus of the character
      indicated in which reciprocative feed mechanism is adapted to grip and
      release the sheet material, and which feed mechanism in locally gripping
      the sheet material projects into the guide path for step-advancing the
      sheet material during forward stroke, having the sheet material meanwhile
      confined to the guide path, and and which feed mechanism after the
      conclusion of forward stroke is operative to release the sheet material in
      the guide path and travel relatively to the sheet material in a return
      stroke.
PAR  Other objects herein in part will be obvious and in part pointed out more
      fully hereinafter.
PAR  In accordance with the present invention, feed apparatus is provided for
      step-feeding sheet, such as strip made of metal or of any other suitable
      material, which apparatus closely guidedly confines the sheet material on
      opposite facial sides of the latter for restricting the material to a
      guide path between first releasable clamp means and step-feed and second
      releasable clamp means in the apparatus, having the step-feed and second
      releasable clamp means effective in the guide path for gripping and
      releasing the material in accordance with the first releasable clamp means
      being released from the material while the step-feed and second releasable
      clamp means, gripping the material, is operated to feed the material, and
      subsequently to have the step-feed and second releasable clamp means
      operated while released from the material and having the first releasable
      clamp means gripping the material until after the step-feed and second
      releasable clamp means is disposed for another step-feed operation of the
      apparatus to ensue. In preferred embodiments, the first releasable clamp
      means is located to act in the guide path on the sheet material output
      side of the sheet-feed and second releasable clamp means for the latter to
      exercise a forward push-feeding action upon the sheet material in
      step-feeding the same to the first releasable clamp means with the sheet
      material meanwhile being closely confined to follow a guide path extending
      between the step-feed and second releasable clamp means and the first
      releasable clamp means, and for the sheet material to be gripped and
      released by those means and step-advanced by operation of the step-feed
      and second releasable clamp means while the sheet material extends
      confined to the guide path between the step-feed and second releasable
      clamp means and the first releasable clamp means.
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PAR  For a better understanding of the present invention, reference is had to an
      illustrative embodiment thereof which is represented in drawings in which:
PAR  FIG. 1 is a top plan view of step-feed apparatus for step-feeding sheet
      material such as strip;
PAR  FIG. 2 is an elevational view, partially in section, taken along the line
      2--2 in FIG. 1;
PAR  FIG. 3 is a front end elevation corresponding to FIGS. 1 and 2;
PAR  FIG. 4 is an exploded view representing retainer bar and guide plate
      details of the apparatus of the preceding figures of the drawing;
PAR  FIG. 5 is an exploded view presenting rearward clamp and anvil structure
      along with that of power-operated clamp means;
PAR  FIG. 6 is an exploded view showing details of forward clamp and anvil
      structure and related support means, guide rails, actuator and stroke
      adjusting structure;
PAR  FIG. 7 is an isometric view representing sheet material aligning and guide
      means;
PAR  FIG. 8 is a sectional elevation taken along line 8--8 in FIG. 1;
PAR  FIG. 9 is a side elevational view of cam shaft and cam means including
      fragmental representations of valve means thereby controlled;
PAR  FIGS. 10, 11 and 12 present details of the cam and valve means referred to
      in the immediately preceding reference to figures of the drawing;
PAR  FIG. 13 represents a fluid system wherein the aforementioned valve means,
      and actuators controlled by those valves, are present; and
PAR  FIG. 14 is representative of further details of the cam means.
PAR  Like reference numerals designate like components throughout the several
      figures of the drawing.
DETD
PAR  Referring now in particular to the illustrative embodiment of the present
      invention which is represented in the drawings herein, an apparatus for
      intermittently step-feeding sheet material is designated in general by the
      reference numeral 10 in FIGS. 1 and 2 and includes a support 11 having
      apertured forward and rearward uprights 13 and 14 from bed structure 11'
      interconnecting those uprights, which apertures 15 and 16 receive an upper
      guide plate 17 and a lower guide plate 18, and the upper guide plate 17 is
      secured adjacent to opposite longitudinal ends thereof to a forward upper
      retainer bar 19 and to a rearward upper retainer bar 20 by means of sets
      of machine screws 21 and 22, as will better be understood from FIG. 4, and
      the lower guide plate 18 is secured adjacent to opposite longitudinal ends
      thereof to a forward lower retainer bar 23 and to a rearward lower
      retainer bar 24 by means of sets of machine screws 25 and 26.
PAR  The upper retainer bars 19 and 20, being similar to one another, are
      laterally notched upwardly from the normally underneath side at 19a and
      20a, respectively, on the width of the upper guide plate 17 and receive
      the latter plate in those notches, wherein securement to the upper
      retainer bars is had by means of the sets of machine screws 21 and 22. The
      notches 19a and 20a occur between pairs of legs 19b and 20b of the upper
      retainer bars 19 and 20 respectively.
PAR  Further, the forward and rearward lower retainer bars 23 and 24 also are
      similar to one another, and in this have normally upwardly extending pairs
      of projections 23b and 24b, respectively, marginally set in from the
      opposite longitudinal ends thereof and forming normally downwardly entrant
      lateral notches 23a and 24 a with the bodies of the respective forward and
      rearward lower retainer bars on the width of the lower plate 18 to receive
      this plate secured by the sets of machine screws 25 and 26.
PAR  Inner faces of the pairs of legs 19b and 20b afforded by the forward and
      rearward upper retainer bars 19 and 20 are disposed respectively outside
      the pairs of projections 23b and 24b of the forward and rearward lower
      retainer bars 23 and 24, and the pairs of projections 23b and 24b
      vertically meet the forward and rearward upper retainer bars 19 and 20 to
      support the upper guide plate 17 directly over the lower guide plate 18,
      enabling the sets of machine screws 27 and 28 to be installed securing the
      forward upper and lower retainer bars 19 and 23 and the rearward upper and
      lower retainer bars 20 and 24 to the support 11, thereafter having the
      upper guide plate 17 disposed substantially parallel to the lower guide
      plate 18 and spaced upwardly from the lower guide plate. The upper and
      lower guide plates 17 and 18 accordingly are maintained in a parallel
      spaced apart relation to one another defining intermediately thereof a
      guide path 12 along which sheet material is to be fed while the sheet
      material is closely confined at its opposite faces by the adjacent faces
      of the guide plates 17 and 18.
PAR  A pair of rails 32 (see FIG. 6) which lead longitudinally of the support 11
      are secured by means of machine screws 33 to the support with the rails
      being disposed in a pair of notches 30 in the upper end of the forward
      upright 13 and in a pair of notches 31 in the upper end of the rearward
      upright 14, and the rails 32 as disposed are substantially parallel to one
      another and furthermore lie in a plane which is substantially parallel to
      the plane of the guide path 12 formed between the upper and lower guide
      plates 17 and 18.
PAR  Forward extensions of the upper and lower guide plates 17 and 18 situated
      over a horizontal ledge 34 which is integral with the support 11 forwardly
      from the upright 13 and these same extensions of the upper and lower guide
      plates are situated underneath a pair of lugs 35 which are integral with
      upright 13 and form a longitudinally vertically leading channel with that
      upright. A movable portion 39 of a forward clamp 38 comprises a lower
      presser foot 39a and a rectangular member 39b which leads upwardly from
      that foot and into the vertical channel defined with lugs 35, for the
      movable portion 39 of clamp 38 to be free to be reciprocated while guided
      against the support 11 and against a cover plate 42 which is secured to
      the lugs 35 by means of a set of machine screws 44. A bracket 45 seated
      upon the upper end of the upright 13, and connected with that upright by
      machine screws 46, projects out over the upper end of the movable portion
      39 of the clamp 38 with tolerance for portion 39 to be operated to and
      from clamping and release positions as will be more fully described
      hereinafter. The aforementioned projection of the bracket 45 is threaded
      within an aperture 45a which is aligned with an aperture 39d in the upper
      end of member 39b that is threaded in the latter aperture.
PAR  A power-driven actuator 47 includes a casing 47a threadedly engaged with
      the bracket 45 within the aperture 45a, and further includes a thrust rod
      47b movably extending through the latter aperture and threadedly engaged
      in the aperture 39d within member 39b for moving with portion 39 of the
      clamp 38.
PAR  Ledge 34 forwardly of the upright 13 affords lower and upper steps 34a and
      34b, respectively, the lower step 34a being forward in the apparatus from
      the upper step 34b and supporting the forward lower retainer bar 23 which
      is connected with the upper retainer bar 19 by the machine screws 27.
      Upper step 34b of the ledge supports a first anvil 49 which is secured
      thereto by machine screws 50, the anvil including three upward projections
      49a (see FIG. 4) which register with a like number of apertures 18a in the
      lower guide plate 18 and project slightly upwardly of the top side of the
      lower guide plate 18 into the guide path 12 which is between plate 18 and
      the upper guide plate 17. The presser foot 39a of the forward clamp 38
      furthermore includes three projections 39c (see FIG. 6) which register
      with three apertures 17a in the upper guide plate 17 for projections 39c
      to enter the aforementioned guide path 12 and be directly opposite the
      projections 49of the anvil 49 in that path, for clmaping sheet material in
      the guide path 12 to the anvil projections 49a.
PAR  A feed block and rearward clamp support 52 is provided (see FIG. 5) having
      a pair of laterally oppositely entrant horizontal side channels 52a which
      receive the pair of rails 32 in a closely fitting slidable interrelation
      of the feed block and rearward clamp support with those rails for the
      rails to guide the feed block and rearward clamp support to be moved
      substantially parallel relatively to the upper and lower plates 17 and 18
      intermediately of the forward and rearward uprights 13 and 14. The upper
      and lower plates 17 and 18 are accommodated within an inverted bottom
      horizontal channel 52c in the feed block and rearward clamp support 52,
      which bottom channel 52c is closed off by means of a second anvil which
      includes a plate 53 secured by a set of machine screws 54 to the feed
      block and rearward clamp support with the second anvil 53 being disposed
      underneath the guide plates 17 and 18 which lead through the bottom
      channel 52c. A forward vertical channel 52d also is defined by the feed
      block and rearward clamp support 52, and a movable portion 56 of a
      rearward clamp 55 comprises a lower presser foot 56a from which an
      integral rectangular member 56b leads upwardly within the channel 52d, for
      the movable portion 56 to be free to be reciprocated while guided against
      the channel 52c and against a cover plate 57 which is secured to the feed
      block and rearward clamp support 52 by machine screws 58. A bracket 59 is
      fastened to the top of the feed block and rearward clamp support by
      machine screws 61 and projects out over the movable portion 56 of the
      clamp 55 with there being tolerance for portion 56 to be operated to and
      from clamping and release positions. Further, the aforementioned
      projection of the bracket 59 is threaded within an aperture 59a which is
      aligned with an aperture 56d in the upper end of the rectangular member
      56b, and the rectangular member is threaded in the latter aperture. A
      power-driven actuator 60 includes a casing 60a threadedly engaged with the
      bracket 59 within aperture 59a and further includes a thrust rod 60b
      movably extending through the latter aperture and threadedly engaged with
      aperture 56d with portion 56 of the rearward clamp 55 for moving with the
      latter portion.
PAR  In the upper guide plate 17, there is a set of slots 17b spaced laterally
      apart from one another and leading on their major dimensions
      longitudinally of the upper plate in a location rearwardly of the set of
      three apertures 17a which are in plate 17 and receive the projections 39c
      of the movable clamp portion 39. Directly opposing the slots 17b is a set
      of laterally spaced apart slots 18b in the lower guide plate 18 and the
      slots 18b accordingly lead longitudinally of the plate 18 on their major
      dimensions and are situated rearwardly of apertures 18a in the lower guide
      plate which receive the upward projections 49a of the first anvil 49. The
      second anvil 53 on the feed block and rearward clamp support 52 comprises
      a set of three upward projections 53a which lead through the slots 18b and
      terminate at upper ends slightly above the top face of the lower guide
      plate 18 and thus within the guide path 12 between the latter plate and
      the upper guide plate 17, and the slots 17 b in the upper guide plate are
      open to a set of three projections 56c of rearward clamp presser foot 56a
      which also enter the guide path 12 in a directly opposing relation to the
      anvil plate projections 53a.
PAR  A power-driven actuator 65 comprises a horizontal thrust rod 65a which
      extends through an opening 66 in the rear upright 14 of support 11 (see
      FIGS. 2 and 5) and is securely engaged with the feed block and clamp
      support 52 for transmitting thrust to the latter, and a casing 65b of the
      actuator 65 is secured to the upright 14 and extends rearwardly of that
      upright, enabling the feed block and clamp support 52 to be reciprocated
      under thrust received from the actuator rod 65a. A pair of bumpers 70
      horizontally spaced apart from one another laterally of the support 11,
      and threadedly engaged with the forward upright 13, comprise abutments
      directed toward the forward longitudinal end of the feed block and
      rearward clamp support 52 for stopping movement of the feed block and
      rearward clamp support on the rails 32 on forward stroke of the actuator
      rod 65a while the downward projections 56c of the movable clamp portion 56
      and the upward projections 53a of the second anvil 53 remain in alignment
      from set to set with one another through the upper and lower plate slots
      17b and 18b. A rearward bumper means 71, threadedly engaged with the feed
      block and rearward clamp support 52, projects from the rearward
      longitudinal face of the latter, and a stroke-length adjusting screw 72 is
      threadedly engaged through the rearward upright 14 of the support 11 so as
      to present a longitudinal end contacting the bumper means 71, thus
      adjustably terminating rearward movement of the feed block and rearward
      clamp support 52 on the guide rails 32 while the downward projections 56c
      of the movable clamp portion 56 and the upward projections 53a of the
      second anvil 53 still remain in alignment from set to set with one another
      through the upper and lower plate slots 17b and 18b.
PAR  A one-way check assembly 73 forming a component of the sheet-feed apparatus
      10 includes a casing 74, suitably fastened to the support 11 rearwardly of
      the upright 14 and having slit-like ingress and egress openings 75 and 76,
      respectively, therein for sheet material to pass through those openings
      and follow the guide path 12 between the upper and lower guide plates 17
      and 18. A roller 77 within the casing 74 is provided with opposite stub
      ends 77a on the axis of the roller and the stub ends rest in notches 78d
      in adjacent ends of a corresponding pair of slides 78 which bear against a
      downwardly and rearwardly inclined face of wedge-like cam means 74c
      forming a portion of the top wall structure 74a of the casing 74. The
      slides 78 are biased to move with the roller 77 rearwardly by means of a
      pair of helical springs 78c, the rearward ends of the springs 78c being
      received in sockets 78a entrantly in the forward ends of the slides 78,
      and the forward ends of these same springs being seated within sockets 74d
      in the forward side wall structure of the casing 74. Compression in the
      springs 78c is sufficient to load the slides 78 rearwardly and downwardly
      on the cam means 74c for the slides by thrust upon the roller stub ends
      77a to wedge the roller 77 against sheet material resting upon the bottom
      inner face 74b of the casing 74 and thereby prevent backward movement of
      the sheet material through openings 75 and 76.
PAR  Sheet material being fed forwardly in the apparatus 10 passes through the
      ingress opening 75 and the egress opening 76 and along the guide path 12
      between the upper and lower plates 17 and 18, and passes between the
      roller 77 and the bottom inner face 74b of the casing 74, thereby carrying
      the roller 77 and slides 78 forwardly and upwardly against the bias of the
      springs 78c. Rearward movement of the sheet material, however, is
      immediately blocked by the roller 77 being wedged under bias of the
      springs 78c against the cam means 74c and against the sheet material which
      meanwhile is supported upon the bottom inner face 74b of the casing 74.
PAR  Intermediately of the one-way check assembly 73 and the upper and lower
      guide plates 17 and 18 the sheet feed apparatus 10 includes feed-aligning
      guide channel means 79 (see FIGS. 2 and 7) having a base 79a and two
      uprights 79b which are spaced laterally apart from one another a distance
      which is slightly greater than the width of the sheet material that is to
      be fed. Outside the two channel uprights 79b the base 79a is
      longitudinally notched at the ends and receives a pair of machine screws
      80 in those notches securing the feed aligning guide channel means 79
      laterally adjustably to the support 11. After backing off the machine
      screws 80, a desired alignment of the feed aligning guide channel means
      may be established with reference to the sheet egress opening 76 in the
      one-way check assembly 73 and with reference to the guide path 12 between
      the upper and lower guide plates 17 and 18, and is preserved by tightening
      the machine screws 80.
PAR  In the present embodiment, the power-driven actuators 47 and 60 are
      characterized respectively by the thrust rods 47b and 60b being connected
      with pistons 47c and 60c (see FIG. 2) within the casings 47a and 60a, and
      the thrust rod 47b and piston 47c and the thrust rod 60b and piston 60c,
      respectively, are biased to move upward by means of helical springs 47d
      and 60d pressing at one end againist the down face of the related piston
      and at the other end against the up face of the related casing. Fluid
      chambers 47e and 60e are formed by the casings 47a and 60a and the pistons
      47c and 60c, the chambers being in communication with ports 47f and 60f in
      the casings 47a and 60a. A control valve 81 (see FIG. 10 is provided
      having a casing 82 wherein a fluid supply port 82a, an operating port 82b
      and an exhaust port 82c  communicate with a slide valve member 83 in the
      casing 82 for being controlled by the slide valve member. An end of the
      slide valve member 83 outside the casing 82 is equipped with a roller 84,
      and within the casing 82 a helical spring 85 is compressed pressing upon
      the inner end of the slide valve member and upon the inside of the casing
      for biasing the slide valve member to maintain contact with the edge of a
      first cam means 86 which is on the rotatable cam shaft 89 for rotating
      with the cam shaft.
PAR  A second cam means 87, which is also on the rotatable cam shaft 89 for
      rotating therewith (see FIG. 11) is utilized for controlling a valve 90
      for the power-driven actuator 60. Valve 90 is similar to the control valve
      81 and thus includes a casing 91 in which a fluid supply port 91a, an
      operating port 91b and an exhaust port 91c  communicate with a slide valve
      member 92 for being controlled by that slide valve member. An end of the
      slide valve member outside the casing 91 is equipped with a roller 93
      which is biased to press against the edge of the second cam means 87 by a
      helical spring 91d acting against the inner end of the slide valve member
      92 and upon the inside of the casing.
PAR  Further in the present embodiment, the thrust rod 65a of the power driven
      actuator 65 is connected with a piston 65c which partitions off a pair of
      chambers 65a and 65b within the casing 65b and the chambers respectively
      communicate with fluid ports 65e and 65d.
PAR  A control valve 95 (see FIG. 12) for the power-driven actuator 65 comprises
      a slide valve member 96 and a casing 97, there being a fluid supply port
      97a, a pair of operating fluid ports 97b and 97c, and a pair of exhaust
      ports 97d and 97e in the casing which are controlled by the slide valve
      member 96, the latter member having a roller 98 on an end thereof outside
      the casing 97. A helical spring 99 also forming a component of the control
      valve 95 bears at opposite ends inside the casing 97 upon the casing and
      upon the inner end of the slide valve member 96 and biases the latter
      member for the roller 98 to ride upon the edge of third cam means 88 which
      is on the rotatable cam shaft 89 for rotating therewith.
PAR  A source 100 of fluid, such as air, under pressure is connected with a
      header pipeline 101 which in turn is connected with branch pipes 102, 103,
      and 104 leading respectively to the fluid ports 82a, 91a and 97a of the
      control valves 81, 90 and 95, for the pressurized fluid to be conducted to
      those valves from the source 100 through the piping just mentioned. The
      slide 83 of valve 81 includes sealed lands 83a, 83b and 83c and similarly
      the slide 92 of the valve 90 comprises sealed lands 92a, 92b and 92c, and
      the operating ports 82b and 91b of the valves 81 and 90 communicate
      respectively with ports 47f and 60f in the actuators 47 and 60 through
      pipelines 105 and 106.
PAR  When the roller 84 and the related slide 83 takes a depressed position
      against the spring 85 under control of the cam means 86 communication is
      established for the pressurized fluid from port 82a to port 82b between
      lands 83a and 83b and through pipeline 105 and port 47f into the chamber
      47e for driving the actuator piston 47c and rod 47b in opposition to the
      thrust of spring 47d, thus moving the presser foot 39a into clamping
      position against sheet material resting between the guide plates 17 and 18
      upon the anvil 49. When the roller 84 and the related slide 83 under
      thrust of the spring 85 take an outer position under control of the cam
      means 86 fluid exhausts from the chamber 47e and port 47f and thence
      passes through the pipeline 105 and between lands 83b and 83c from port
      82b to port 82c, allowing the spring 47d of actuator 47 in this same
      operation to raise the presser foot 39a to a released position with
      reference to the sheet material resting upon the anvil 49. Likewise, when
      the roller 93 and the related slide 92 take a depressed position against
      the spring 95 under control of the cam means 87 fluid courses under
      pressure between lands 92a and 92b from port 91a to port 91b and through
      pipeline 106 and port 60f into the chamber 60e for driving the actuator
      piston 60c and rod 60b in opposition to the thrust of spring 60d, thereby
      moving the pressure foot 56a into clamping position against sheet material
      resting between the guide plates 17 and 18 upon the anvil 53. With the
      roller 93 and related slide 92 taking an outer position under thrust of
      the spring 95 and control of the cam means 87, fluid exhausts from the
      chamber 60 e and port 60e and thence passes through the pipeline 106 and
      between lands 92b and 92c from port 91b to port 91c, allowing the spring
      60d of actuator 60 in the same operation to raise the presser foot 56a to
      a released position with reference to the sheet material resting upon the
      anvil 53.
PAR  Pipelines 107 and 108, connected with the actuator 65 and valve 95, place
      the operating ports 97b and 97c in that valve in communication
      respectively with the actuator ports 65d and 65e for the piston 65c to be
      driven by fluid under pressure to effect either of opposite strokes under
      control of the cam means 88 and valve 95. When the valve slide 96, as
      urged against the cam means 88 by the spring 99, is brought on rotation of
      the cam means 88 with shaft 89 into a position wherein the inlet port 97a
      is open between the slide lands 97f and 97g to port 97b, fluid under
      pressure passes from port 97a through the valve to port 97b and thence
      through the pipeline 107 to the actuator port 65d for driving the piston
      65c in a forward stroke, during which time ports 97c and 97e are open to
      one another between lands 97g and 97h for fluid to be exhausted from
      chamber 65a through part 65e of the actuator and through the pipeline 108
      and the valve 95. When the valve 96, as urged by spring 99 against the cam
      means 88, is brought on rotation with the shaft 89 into a position wherein
      the inlet port 97a is open between the slide lands 97g and 97h to port
      97c, fluid under pressure passes from port 97a through the valve to port
      97c and thence through the pipeline 108 to the actuator port 65e for
      driving the piston 65e in a rearward stroke, this with having port 97b and
      port 97d open to one another between lands 97f and 97g for fluid to be
      exhausted from the chamber 65b through part 65d of the actuator and
      through the pipeline 107 and the valve 95.
PAR  A variable orifice metering valve 110 is connected with the exhaust port
      97d and may be set to have any one of a number of different sizes of
      orifice for controlling the rate of movement of the actuator piston 65c
      while the latter is effecting a forward stroke, and also a variable
      orifice metering valve 111 is connected with the exhaust port 97e and may
      be set to have any one of sizes of orifice for controlling the rate of
      movement of the actuator piston 65c while the latter is effecting a
      backward stroke.
PAR  The cam means 86, 87 and 88 are angularly interrelated with one another on
      shaft 89 for controlling the valves 81, 90 and 95 while the shaft 89 is
      revolved in any suitable manner which in the present embodiment entails
      having the shaft 89 be an extension of, such as an attachment to, the ram
      control shaft of a power press, not shown, that is served sheet material
      12a, such as strip, by the sheet feed apparatus 10 from the supply roll
      12. Further, the angular interrelation of the cam means 86, 87 and 88 on
      the shaft 89 is in accordance with having the apparatus 10 step-feed the
      sheet material 12a forwardly at the proper interval corresponding to each
      forward step in the feed.
PAR  Let it be assumed for the moment that rod 65a and piston 65c of the
      actuator 65 are in backward end stroke position as prescribed by the cam
      means 88 and valve 95. In preparation for the next forward stroke of the
      piston 65c, continued angular movement of the cam means 87 with shaft 89
      re-sets valve 90 for controlling the actuator 60 to move presser foot 56a
      for the presser foot projections 56c to clamp sheet material against the
      anvil plate projections 53a within the guide path 12 between plates 17 and
      18. Meanwhile, the cam means 86 controls the valve 81 and actuator 47 for
      presser foot 39a to remain released from the sheet material in the region
      of anvil 49. Under these same conditions, but with continued angular
      movement of shaft 89, the cam means 88 controls valve 95 and actuator 65
      for the piston 65c to move forwardly in response to the pressure of fluid
      in chamber 65b, during which time the rod 65a and the feed block and
      rearward clamp support 52 move forwardly having the latter guidedly
      following the rails 32 and carrying the rearward clamp 55 and the anvil 53
      while the three downward projections 56c of the presser foot 56a and the
      three upward projections 53a of the anvil 53, being in and following the
      guide plate slots 17b and 18b, respectively, clamp the sheet material and
      move with the same within the guide path between the plates 17 and 18, as
      permitted by the one-way check assembly 73, until the movement is stopped
      by contact of the feed block and rearward clamp support 52 with the pair
      of bumpers 70 on the forward mount upright 13. Thereafter, continued
      angular movement of the shaft 89 with the cam means 86, 87 and 88 causes
      the valve 81 to re-set and control the actuator 47 for applying the
      presser foot projections 39c through apertures 17a in the guide plate 17
      for those projections to press the sheet material in the guide path upon
      the projections 49a of the anvil 49 which project into the guide path 12
      through the apertures 18a in plate 18, thus firmly clamping the sheet
      material under pressure of fluid in the actuator chamber 47e.
      Subsequently, the cam means 87 causes the valve 90 to re-set and control
      the actuator 60 to release the presser foot projections 56c from the sheet
      material opposite the anvil projections 53a under force of the spring 60a,
      and this is followed by a backward stroke of the feed block and rearward
      clamp support 52 on the rails 32 in response to fluid pressure in chamber
      65a of the actuator 65, as prescribed by valve 95 under control of the cam
      means 88, the backward movement being accompanied by having the presser
      foot projections 39a hold the sheet material clamped to the anvil
      projections 49a while the pressure foot projections 56c and anvil
      projections 53a move relatively to the sheet material rearwardly with the
      feed block and rearward clamp support 52 along the slots 17b and 18b until
      rearward stroke of the feed block and rearward clamp support, and
      accordingly that of the actuator piston 65c, is arrested by the stroke
      adjusting screw 72, for the sheet material thereafter to be subjected to a
      further forward feeding step, during which the hereinbefore described
      cycle of the cam means 86, 87 and 88 for controlling the valves 81, 90 and
      95, and accordingly the operation of the actuators 47, 60 and 65 is
      repeated.
PAR  Each of the cam means 86, 87 and 88 includes a cylindrical hub and a pair
      of overlapping arcuate plate sectors on the shaft 89, the hub being
      adjustably secured to the latter shaft and the cam sectors in the pair
      being adjustably secured together and to the hub by means of set screws in
      order that the control cycle of the cam means 86, 87 and 88 can be altered
      such as to comply with a change in timing operations introduced in a
      machine, or by different machines, any of which the apparatus 10 is called
      upon to serve without replacement of the cam means 86, 87 and 88.
PAR  Since the structure from cam means to cam means in the present embodiment
      is similar, it is believed that a description of the cam plate sector and
      hub structure of the cam means 86 will suffice for an understanding also
      of the structure of each of the cam means 87 and 88. Thus, cam means 86
      includes the cam plate sectors 86a and 86b which are themselves similar to
      one another, each having an outermost approximately 90-.degree. arcuate
      edge portion 113 on a major radius from the center of an opening 114 for
      the shaft 89, and further having an approximately 180-.degree. arcuate
      edge portion 115 on a minor radius also from the center of opening 114,
      and there are substantially straight edge portions 116 of the sector
      joining the ends of the edge portions 113 and 115 and extending
      substantially parallel to a straight line which bisects the two arcuate
      edge portions 113 and 115. The cylindrical hub 117 of the cam means 86 has
      a central longitudinal opening 118 which is coaxial with the central
      openings 114 of the sectors 86a and 86b, and a radial opening 119, for the
      central hub opening 118 to receive snugly the shaft 89 and the radial
      opening 119 threadedly to receive a set screw 120 and the set screw to be
      tightened to secure the hub to the shaft. A pair of approximately
      120.degree. arcuate slots 121 and 122 in each of the sectors 86a and 86b
      are on a radius from the center of opening 114 in the sector and are
      substantially bisected by a straight line drawn from the intersection of
      one end of the arcuate edge portion 113 with one of the straight edge
      portions 116 and through the center of the related sector opening 114. Set
      screws 123 and 124 leading through the slots 121 and 122 in each of the
      sectors 86a and 86b are threadedly engaged with a longitudinal end of the
      hub 177 and adjustably secure those sectors to the hub. Since the cam
      means 87 and 88 respectively include a hub and cam sectors 87a and 87b,
      and a hub and cam sectors 88a and 88b similar to the hub 117 and sectors
      86a and 86b of the cam means 86, and are attached in a manner similar to
      the connections in that respect described for the cam means 86, further
      details in that respect are thought to be unnecessary.
PAR  It will be observed that by backing off the radial screw 120 in the hub 117
      of the cam means 86, the angular position of the latter cam means may be
      altered on the shaft 89 with reference to the cam means 87 and 88, and
      that the latter two means may also be angularly adjusted when their hub
      screws are released from the shaft. Further, it will be seen that by
      backing off the set screws 123 and 124 in the cam means 86, the cam
      sectors 86a and 86b may be altered in angular position relatively to one
      another on the shaft 89, thus altering the effective arcuate length of the
      arcuate edges 113 and 115. Likewise, the effective arcurate lengths of the
      sectors in the cam means 87 and 88 may also be adjusted.
PAR  As the invention lends itself to many possible changes and as many possible
      changes may be made in the embodiment hereinbefore described, it will be
      distinctly understood that all matter described herein is to be
      interpreted as illustrative and not as a limitation.
CLMS
STM  We Claim:
NUM  1.
PAR  1. Apparatus for step-feeding sheet material, said apparatus including:
      guideway and first anvil means comprising a pair of opposed guide plate
      means for constraining sheet material against buckling of the latter when
      sheet material is disposed in a guide path between said pair of opposed
      guide plate means and is fed along said guide path, said pair of guide
      plate means each having a set of slots therein and said slots in said sets
      longitudinally leading along said guide in and being spaced apart from one
      another in said set laterally of said guide path, and first anvil means
      disposed along said guide path forwardly of said sets of slots and
      accessibly opposite apertured structure of one of said pair of opposed
      guide wall means; power-operated first clamp means comprising driven first
      presser means projecting through said apertured structure of said one of
      said pair of opposed guide plate means for clamping sheet material in said
      guide path against said first anvil means and for releasing sheet material
      from said presser anvil means; guide means; guide follower, second anvil
      and power-operated second clamp means comprising, second anvil means,
      power-operated second clamp means, and follower means on said guide means
      for carrying said second anvil means and said power-operated second clamp
      means forwardly toward said first anvil means and said first presser
      means, and rearwardly, said second anvil means having a set of projections
      extending through said set of slots in a first of said pair of opposed
      plate means slightly into said guide path, and said power-operated second
      clamp means including driven second presser means, said second presser
      means having a set of projections aligned with said set of slots in the
      other of said pair of opposed guide plate means for clamping sheet
      material in said guide path against said set of projections of said second
      anvil means and for releasing sheet material from said second anvil means,
      and said follower means carrying said second anvil means and said
      power-operated second clamp means for sheet material clamped against said
      second anvil means by said second presser means to be forwardly fed having
      said set of projections of said second anvil means and said set of
      projections of said second presser means follow said sets of slots in said
      pair of opposed guide plate means; power-operated drive means connected
      with said guide follower, second anvil and power-operated second clamp
      means for moving said follower means to and from forward and rearward
      positions along said guide means and to carry said second anvil means and
      said power-operated second clamp means; and means for controlling said
      power-operated drive means and said power-operated first and second clamp
      means to step-feed sheet material forwardly along said guide path.
NUM  2.
PAR  2. Apparatus for step-feeding sheet material as set forth in claim 1
      wherein said first anvil means, in being accessible in said guide path to
      said first presser means through said apertured structure of said one of
      said pair of opposed guide plate means, includes projecting means for said
      projecting means to support sheet material slightly away from the other of
      said pair of opposed guide plate means, and said first presser means
      movably opposes said projecting means through said apertured wall
      structure of said one of said pair of opposed guide plate means for said
      first presser means to clamp sheet material against said projecting means
      in said guide path and release sheet material from said projecting means.
NUM  3.
PAR  3. Apparatus for step-feeding sheet material as set forth in claim 1
      wherein said apertured wall structure of said one of said pair of opposed
      guide plate means is characterized by having a set of apertures therein
      and said apertures spaced laterally of said guide path from one another,
      and said first presser means includes a plurality of projections extending
      through said apertures and movable for clamping sheet material in said
      guide path against said first anvil means and releasing sheet material
      from said first anvil means.
NUM  4.
PAR  4. Apparatus for step-feeding sheet material as set forth in claim 1
      wherein said first anvil means, in being accessible in said guide path to
      said first presser means through apertured structure of said one of said
      pair of opposed guide plate means, includes means projecting through
      apertured wall structure of the other of said pair of opposed guide plate
      means for supporting sheet material slightly away from said other of said
      pair of guide plate means, and said first presser means movably opposes
      said projecting means through said apertured wall structure of said one of
      guide plate means for said first presser means to clamp sheet material
      against said projecting means in said guide path and release sheet
      material from said projecting means.
NUM  5.
PAR  5. Apparatus for step-feeding sheet material as set forth in claim 1
      wherein said first anvil means, in being accessible in said guide path to
      said first presser means through apertured structure of said one of said
      pair of opposed guide plate means, includes a plurality of projections
      spaced from one another laterally of said guide path for supporting sheet
      material slightly away from the other of said pair of opposed guide plate
      means, and said first presser means movably opposes said plurality of
      projections of said first anvil means through said apertured wall
      structure of said one of said pair of opposed plate means for said first
      presser means to clamp sheet material against said projections of said
      first anvil means in said guide path and release sheet material from said
      projections of said first anvil means.
NUM  6.
PAR  6. Apparatus for step-feeding sheet material as set forth in claim 1
      wherein said first anvil means, in being accessible in said guide path to
      said first presser means through apertured structure of said one of said
      pair of opposed guide plate means, includes a plurality of projections
      spaced from one another laterally of said guide path and projecting
      through apertured wall structure of the other of said pair of opposed
      guide plate means for supporting sheet material slightly away from said
      other of said pair of opposed guide plate means in said guide path, and a
      plurality of projections of said first presser means movably oppose said
      projections of said first anvil means through said apertured wall
      structure of said one of said pair of opposed guide plate means to clamp
      sheet material against said projections of said first anvil means and to
      release sheet material from said projections of said first anvil means.
NUM  7.
PAR  7. Apparatus for step-feeding sheet material as set forth in claim 6
      wherein said pair of opposed guide plate means sets of apertures therein,
      said apertures being spaced laterally of said guide path from one another
      in said sets, and said projections of said first anvil means extend
      through one of said sets of apertures of said projections of said first
      presser means extend through the other of said apertures and are opposed.
NUM  8.
PAR  8. Apparatus for step-feeding sheet material, said apparatus including:
      support means comprising bed means and forward and rearward upright means
      interconnected by said bed means, said forward and rearward upright means
      having openings therein; guideway and first anvil means including a pair
      of opposed guide plate means extending outside said bed means and through
      said openings in said forward and rearward upright means for sheet
      material longitudinally to be fed along a guide path leading through said
      forward and rearward uprights and intermediately of said pair of opposed
      guide plate means and be constrained against buckling in said guide path
      by said pair of opposed guide plate means, and first anvil means disposed
      along said guide path forwardly of said forward upright means, said pair
      of opposed guide plate means having rearward open structural portions
      between said forward and rearward upright means, and one of said pair of
      opposed guide plate means having a forward open structural portion
      disposed forwardly of said forward upright means and opposite said first
      anvil means; power-operated first clamp means connected with said forward
      upright means and comprising driven first presser means projecting through
      said open forward structural portion of said one of said pair of opposed
      guide plate means for clamping sheet material in said guide path against
      said first anvil means and for releasing sheet material from said first
      anvil means; guide means bridging across said forward and rearward upright
      means; guide follower, second anvil and power-operated second clamp means
      including, second anvil means, power-operated second clamp means, and
      follower means on said guide means for carrying said second anvil means
      and said power-operated second clamp means forwardly and rearwardly
      between said forward and rearward upright means, said second anvil means
      extending through said open rearward structural portion of a first of said
      pair of opposed guide plate means slightly into said guide path, and said
      power-operated second clamp means including driven second presser means
      extending aligned through said open rearward structural portion of the
      second of said pair of opposed guide plate means, for said second presser
      means to clamp sheet material in said guide path against said second anvil
      means and release sheet material from said second anvil means, and said
      follower means carrying said second anvil means and said power-operated
      second clamp means for sheet material clamped against said second anvil
      means by said second presser means to be forwardly fed having said second
      anvil means and said second presser means travel extending through said
      open rearward structural portions of said pair of opposed guide plate
      means; power-operated drive means supported on said rearward upright means
      and connected with said guide follower, second anvil and power-operated
      second clamp means for moving said follower means along said guide means
      to and from forward and rearward positions between said forward and
      rearward upright means and to have said follower means carry said second
      anvil means and said power-operated second clamp means; and means for
      controlling said power-operated drive means and said power-operated first
      and second clamp means to step-feed sheet material forwardly along said
      guide path.
NUM  9.
PAR  9. Apparatus for step-feeding sheet material as set forth in claim 8
      wherein said open rearward structural portions of said first and second
      opposed guide plate means each include a set of slots therein and said
      slots in said sets longitudinally lead along said guide path between said
      forward and rearward upright means and are spaced apart from one another
      in said set laterally of said guide path, said second anvil means includes
      a set of projections extending through said set of slots in said first
      guide plate means slightly into said guide path, and said second presser
      means includes a set of projections aligned with said set of projections
      of said second anvil means through said set of slots in said second guide
      plate means for clamping sheet material against said set of projections of
      said anvil means and releasing sheet material from said second anvil
      means.
NUM  10.
PAR  10. Apparatus for step-feeding sheet material as set forth in claim 9
      wherein said first anvil means includes projecting means for said
      projecting means to support sheet material slightly away from said first
      guide plate means in said guide path opposite said first presser means.
NUM  11.
PAR  11. Apparatus for step-feeding sheet material as set forth in claim 9
      wherein said first anvil means includes a plurality of projections spaced
      from one another laterally of said guide path for said projections to
      support sheet material slightly away from said first guide plate means in
      said guide path, and said first presser means includes a set of
      projections through apertures in said second guide plate means for said
      set of projections of said first presser means to clamp sheet material in
      said guide path against said projections of said first anvil means and
      release sheet material from said anvil means.
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ABST
PAL  Apparatus mounted on a fixed structure and including a plurality of
      selectively operable fastener applying guns for securing insulating
      material to sheet metal without the fastener passing through the sheet
      metal and while the insulating material and the sheet metal are moving
      continuously. The apparatus includes a plurality of guns mounted on
      swinging members and located above a rotating anvil and adjacent to a
      hold-down roller so that the guns can swing while the fasteners are
      penetrating the work and move with the work during the time the fasteners
      are being driven.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention relates generally to fasteners of various kinds and relates
      particularly to fastener applying machines which are swingably mounted on
      a fixed structure and drive fasteners into a continuously moving
      workpiece.
PAR  2. Description of the Prior Art.
PAR  Heretofore many fastener applying machines have been provided for
      automatically driving a fastener into a workpiece; however, most of these
      prior art devices were either portable so that the tool was moved to a
      desired location on the workpiece and then activated, or the work was
      brought to the tool and the tool was activated while the workpiece was
      located in fixed position.
PAR  Some efforts have been made to provide fastener applying machines capable
      of driving a fastener into a workpiece while one of the elements was
      moving relative to the other. Some examples of the prior art are U.S. Pat.
      Nos. 1,999,821 to Newhouse; 3,576,286 to Bunch; 3,666,155 to Saluzzi; and
      3,774,833 to Deshich.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a fastener applying machine having a plurality of
      guns which are swingably mounted on a fixed frame and each of such guns is
      associated with a rotary anvil and a hold-down roller. Such fastener
      applying machine is capable of driving one or more fasteners through a
      layer of insulating material and into sheet metal while the insulating
      material and the sheet metal are continuously moving and without causing
      the fastener to penetrate entirely through the sheet metal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustrating one application of the fastener
      applying machine of the present invention.
PAR  FIG. 2 is a front elevation of one of the nailing guns.
PAR  FIG. 3 is a side elevation thereof.
PAR  FIG. 4 is a side elevation illustrating the relationship of the parts while
      the fastener is being driven.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continued reference to the drawings, a layer of insulating material 10
      which is usually stored in a coil 11 of indefinite length is to be secured
      to a strip of sheet metal 12 which normally is wound into a coil 13. In
      order to mount the insulating material 10 on the sheet metal 12 without
      penetrating entirely through the sheet metal, a fastener 14, such as shown
      in U.S. Pat. No. 3,095,777 to Hallock, is driven through the insulating
      material and into the sheet metal in such a manner that the penetrating
      end of the fastener does not pass entirely through the sheet metal but
      instead is deformed slightly to clinch a globule of metal and prevent easy
      withdrawal of the fastener.
PAR  In order to drive one or more fasteners 14, a plurality of fastener
      applying guns or machines 17 are mounted on the upper support 18 of a
      frame and such frame includes a conventional bed such as a belt type
      conveyor 19 carried by rollers 20 which supports the strip of sheet metal
      12 and the insulating material 10. Each of the fastener applying machines
      17 includes a housing 21 having a yoke 22 fixed to the side opposite the
      upper support 18. A support member 23 is provided with a lug 24
      intermediate the ends thereof and such lug is swingably connected by a
      pivot pin 25 to the yoke 22. Normally the member 23 is located in a
      generally vertical position and the upper end of such member has a slot 26
      through which a stud 27 carried by the housing 21 extends. A compression
      spring 28 is located about the stud 27 and urges the upper end of the
      support member 23 outwardly. An adjustable stop 29 is mounted on the
      housing 21 and extends outwardly to a position to engage and stop the
      lower end of the member 23 so that the spring 28 normally urges the lower
      end of the support member 23 against the stop 29.
PAR  A pair of upper and lower brackets 30 and 31 are mounted on the member 23
      and such upper and lower brackets support a generally vertically disposed
      fluid cylinder 32. The cylinder 32 has a piston rod 33 extending
      downwardly therefrom and the lower end of such piston rod is connected to
      a magnetic driving head 34.
PAR  In order to supply fasteners 14 to the driving head 34, a chute 35 is
      connected to the housing 21 and such chute includes a generally vertical
      upper portion 36 and an arcuate lower portion 37. The upper portion 36
      preferably is connected to a supply of fasteners (not shown) which feeds
      fasteners continuously into the chute 35 in such a manner that the heads
      of the fasteners are retained in the chute while the shanks extend
      outwardly through a slot 38. The arcuate lower portion 37 of the chute
      terminates adjacent to the driving head 34 and such lower portion is
      provided with an opening 39 substantially in alignment with the lower end
      of the magnetic head. A transfer block 40 having a V-shaped notch in its
      outer end is mounted on the piston rod 41 of a fluid cylinder 42 which is
      mounted on the bottom of the housing 21. When the fluid cylinder is
      operated in one direction, the piston rod 41 is extended to cause the
      transfer block 40 to engage the lowermost fastener in the chute 35 and
      move such fastener out of the chute through the opening 39 to a position
      immediately below the driving head 34. In this position the magnetic
      driving head attracts the fastener 14 and holds such fastener in position
      on the bottom of the driving head after which the transfer block 40 is
      retracted.
PAR  A rotatable anvil 45 is mounted on a shaft 46 with a portion of the anvil
      being located directly below the driving head 34 and such shaft is driven
      in any desired manner by a power plant 44. The anvil 45 directly supports
      the strip of sheet metal 12 and the insulating material 10 and in order
      for the anvil to provide the driving force for moving the sheet metal and
      the insulating material through the machine, a hold-down roller 47 is
      located above a portion of the anvil and is rotatably mounted by a pivot
      48 to an arm 49. The opposite end of such arm is swingably mounted by a
      pivot 50 to lugs 51 carried by the housing 21. The hold-down roller may be
      relatively heavy so that it holds the insulating material 10 against the
      sheet metal 12 by gravity, or if desired a spring (not shown) or other
      resilient member may be provided on the arm 49 for urging the hold-down
      roller 47 downwardly.
PAR  In the operation of the device, the strip of sheet metal 12 and the
      insulating material 10 are placed between the anvil 45 and the hold-down
      roller 47 with the insulation material overlying the sheet metal. As the
      shaft 46 is being driven, the anvil 45 continuously moves the sheet metal
      and the insulating material along the bed 20. At selected intervals the
      fluid cylinder 32 is energized to drive the head 34 with the fastener 14
      thereon downwardly to cause the fastener to penetrate through the
      insulating material 10 and engage the sheet metal 12. Since the anvil 45
      is rotating, little or no pitting occurs on the anvil since the spot below
      the nail is constantly being changed. Due to the fact that the sheet metal
      is in intimate engagement with the anvil, a solid base is provided even
      though the anvil is rotating at the time and accordingly little or no
      bounce or denting of the sheet metal occurs.
PAR  As the fastener 14 begins to penetrate the insulating material on the
      downward stroke of the piston rod 33, the forward movement of the
      insulating material and the sheet metal causes the support member 23 to
      begin to swing outwardly at the bottom so that the fastener remains in
      substantially fixed position relative to the insulating material and the
      sheet metal. Outward movement of the bottom of the support member 23
      causes such member to move away from the stop 29 and simultaneously
      compress the spring 28 at the upper end of such member. When the fastener
      has been driven through the insulating material and is attached to the
      sheet metal, the forward movement of the material breaks the magnetic
      contact between the driving head 34 and the fastener 14 at which time the
      outward force of the spring 28 causes the support member 23 to return to a
      vertical position against the stop 29. Simultaneously the piston rod 33 is
      retracted into the fluid cylinder 32 and after the support member engages
      the stop 29, the fluid cylinder 42 is energized to cause the transfer
      block to be advanced and transfer another fastener from the chute 35 to
      the lower end of the magnetic driving head 34 and the operation is
      repeated.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for mounting insulating material onto sheet metal by means of
      clinch-type fasteners comprising a frame, at least one fastener applying
      machine mounted on said frame, said fastener applying machine including a
      housing, a support member swingably mounted on said housing, fluid
      cylinder means mounted on said support member and having a downwardly
      extending piston rod, a magnetic driving head fixed to the lower end of
      said piston rod, fastener chute means having a portion located adjacent to
      said driving head, means for transferring a fastener from said chute means
      to said driving head, a rotatable anvil mounted below said driving head, a
      hold-down roller located adjacent to said driving head and above said
      anvil, and means for driving said rotatable anvil, whereby a strip of
      sheet metal and an overlying strip of insulating material located between
      said anvil and said roller are driven in a direction normal to said fluid
      cylinder so that when said cylinder is energized a fastener carried by
      said magnetic head is caused to penetrate the insulating material and
      grippingly engage the sheet metal and penetration of said insulating
      material by said fastener causes said fluid cylinder to swing so that no
      relative motion between the fastener and the material occurs during the
      driving process.
NUM  2.
PAR  2. The structure of claim 1 including resilient means for returning said
      support member to its initial position.
NUM  3.
PAR  3. The structure of claim 1 in which a plurality of fastener applying
      machines are mounted on said frame.
NUM  4.
PAR  4. In an apparatus for driving fasteners into work and including at least
      one fastener applying machine, means for supplying fasteners to said
      fastener applying machine, and said work being continuously moved
      generally normal to said fastener applying machine, the improvement
      comprising a rotatable anvil having a portion located directly below said
      fastener applying machine, means for driving said anvil to cause said work
      to be advanced, a hold-down roller mounted adjacent to said fastener
      applying machine and directly over another portion of said anvil, and said
      fastener applying machine being mounted in a manner such that said
      fastener applying machine is swung during penetration of the fastener so
      that no relative movement occurs between the fastener and the work while
      the fastener is being driven.
NUM  5.
PAR  5. Apparatus for mounting insulating material onto sheet metal comprising a
      frame, at least one fastener applying means mounted on said frame, said
      fastener applying means including a housing, a support member swingably
      mounted on said housing, a fluid cylinder carried by said support member
      and having a downwardly extending piston rod, a driving head fixed to the
      lower end of said piston rod, a plurality of fasteners disposed within
      fastener chute means having a portion located adjacent to said driving
      head, means for transferring a fastener from said chute means to said
      driving head, each of said fasteners being connectable to the sheet metal
      without penetrating entirely therethrough, an anvil mounted below said
      driving head, and means for continuously moving said insulating material
      and said sheet metal through said apparatus between said driving head and
      said anvil in a direction generally normal to said fluid cylinder, whereby
      when said fluid cylinder is operated, a fastener carried by said driving
      head penetrates the insulating material and into engagement with the sheet
      metal and penetration of the insulating material by the fastener causes
      said fluid cylinder to swing so that no relative motion occurs between the
      fastener and the material during the driving process.
NUM  6.
PAR  6. In an apparatus for driving fasteners through a layer of insulating
      material and attaching the fasteners to a sheet metal substrate and in
      which the apparatus includes at least one fastener applying means located
      along an axis, means for supplying fasteners to the fastener applying
      means, and an anvil having a portion located generally along the axis of
      the fastener applying means and being spaced therefrom, the improvement
      comprising means for swingably mounting said fastener applying means on a
      frame, means for continuously moving the insulating material and the sheet
      metal through the apparatus in a direction generally normal to the axis of
      the fastener applying means, means for intermittently operating the
      fastener applying means to cause a fastener to penetrate through the
      insulating material into engagement with the sheet metal substrate, and at
      least portions of said fastener applying means being moved with the
      insulating material and the substrate during the penetration and attaching
      of said fastener, whereby no relative movement occurs between the fastener
      and the sheet metal while the fastener is penetrating the insulating
      material and is being attached to the substrate.
NUM  7.
PAR  7. In an apparatus for driving fasteners into work and including at least
      one fastener applying machine, and means for supplying fasteners to said
      fastener applying machine, the improvement comprising a rotatable anvil
      having a portion located directly below said fastener applying machine,
      means for causing said work to be continuously advanced generally normal
      to said fastener applying machine, a hold-down roller mounted adjacent to
      said fastener applying machine and directly over another portion of said
      anvil, and said fastener applying machine being mounted in a manner such
      that said fastener applying machine is swung during the driving of the
      fastener so that no relative movement occurs between the fastener and the
      work while the fastener is being driven.
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ABST
PAL  A planar workpiece of polygonal outline, such as a metal frame for use as a
      spacer in thermally insulating glass is stood on its edge and transported
      to a manipulator which tilts the workpiece about a horizontal axis to
      position one of its corners in a treatment location where it can be, for
      instance, soldered or brazed. Thereafter the workpiece is tilted over and
      set on an edge and either transported away to another such treatment
      location or positioned with its next corner in the same treatment
      location. The manipulator which tilts the workpiece in an upright position
      can be a plate with four sides or a pair of arms pivotal between
      horizontal and vertical positions.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a system for treating the corners of a
      planar workpiece of polygonal outline. More specifically this invention
      concerns an apparatus for soldering or brazing the corners of metallic
      frames such as used to separate sheets of glass in thermally insulating
      glass or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  In the production of metal frames used to separate the two sheets of glass
      used in thermally insulating glass sold under the name of Thermopane it is
      necessary to attach the straight hollow mitered metal bars together very
      securely. It is almost invariably necessary to make each thermal pane to
      order, that is, to a specific size required by the customer since it is
      impossible to cut down a finished sheet. The bars must be cut by a skilled
      worker and mitered accurately, which is a relatively simple operation.
      Then it is conventional to secure the corners together with small L-shaped
      reinforcements that fit inside the hollow bars. Finally each corner is
      soldered or brazed. This latter operation is usually carried out by
      pulling the assembled frame around on a large flat table and maneuvering
      each corner into a treatment station where it is soldered or brazed. This
      latter operation is difficult and takes up an inordinate amount of room.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      system for treating the corners of a planar workpiece of polygonal
      outline.
PAR  Another object is the provision of an apparatus for treating the corners of
      a frame such as is used in the production of thermal insulating glass.
PAC  SUMMARY OF THE INVENTIONN
PAR  These objects are attained according to the present invention in a system
      wherein the workpiece is transported standing on its edge in an upright
      condition along a generally horizontal guide to a treatment station
      provided with means for manipulating the workpiece in an upright condition
      to position at least one of the corners in the treatment station which is
      provided with a treating tool. After treatment of the corner the workpiece
      is set again on its edge on a downstream run of the guide which transports
      it away from the treatment station. In this manner the assembled frame is
      moved in a vertical plane so that relatively little floor space is taken
      up by the device. In addition such an arrangement can be employed with a
      workpiece of virtually any reasonable size, and it is simple to set it up
      for pentagonal, hexagonal, or otherwise polygonal workpieces.
PAR  In accordance with further features of this invention the manipulator is a
      support lying between the upstream and downstream runs of the guide and
      rotatable about a horizontal axis. This support has a plurality of sides
      corresponding to the sides of the workpiece and is operatable once the
      workpiece is fed into it to position the corners of this workpiece
      successively in the treatment station. The overall dimensions of the
      support are larger than the largest workpiece to be treated so that as the
      support is rotated through 90.degree. the workpiece slides into the next
      corner of the support to expose the next corner of the workpiece in the
      treatment station.
PAR  According to another feature of the present invention the manipulator is a
      pair of arms each displaceable between a position level with or below a
      respective run of the guide, and a position perpendicular to the guide. In
      this manner the downstream arm may be lifted into a vertical position with
      the upstream arm down flat so that a workpiece can be moved over the arm
      that is down and against the up arm whereupon these arms are both pivoted
      toward the downstream direction through 45.degree. to tilt the workpiece
      and allow its corner to be treated. Thereafter further tilting through
      45.degree. to bring the upstream arm up and the downstream arm all the way
      down allows the workpiece to feed out of the manipulator. Thereafter the
      workpiece can move into another such manipulator for treatment of its next
      corner. It is also possible to flatten both arms at that time on the
      guides to allow the transport mechanism to move the workpiece back
      upstream of the manipulator, whereupon the downstream arm is again lifted
      and the next corner is treated. It is very simple in such an arrangement
      to adapt the device for the treatment of nonsquare workpieces. i.e. ones
      having triangular, pentagonal or other polygonal shapes.
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PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is a side-elevational view of a first embodiment of the apparatus
      according to the present invention;
PAR  FIG. 2 is an enlarged-scale view of the detail indicated by arrow II of
      FIG. 1;
PAR  FIGS. 3 and 4 are sections taken along lines III--III and IV--IV of FIG. 1;
PAR  FIGS. 5 and 6 are side and end elevational views, respectively, of another
      embodiment of the present invention;
PAR  FIG. 7 is an enlarged-scale view of the detail indicated by arrow VII of
      FIG. 5;
PAR  FIGS. 8A - 8D are schematic views illustrating one method of operating the
      device of FIGS. 5 - 7; and
PAR  FIGS. 9A - 9D are schematic views illustrating another method of operating
      the device of FIGS. 5 - 7.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIGS. 1 - 4 a workpiece 4 is formed of four identical hollow
      bars 3 having mitered ends 6 and fitted together by means of L-shaped
      reinforcements 5 into a square. This workpiece 4 is intended for use as a
      spacer between panes of glass in so-called Thermopane and must be soldered
      or brazed at its corners 2.
PAR  The apparatus comprises a guide 7 formed of an upstream stretch 7a and a
      downstream stretch 7b separated by a manipulating station 1 having a
      manipulator 9 which maneuvers the corners 2 into a treatment station 10.
PAR  The stretches 7a and 7b are formed of upright supports 12 fitted with
      parallel horizontal slides 8 defining a plane tilted approximately
      3.degree. to the horizontal. Rollers 8' are provided along the bottom edge
      of the guide 7 and are in line but define a path which is inclined from
      the upstream end to the downstream end so that a workpiece 4 rolls along
      it by the force of gravity while it leans against the slides 8.
PAR  The manipulator 9 includes a large square plate 14 with cut off corners 15
      that is rotatable about a horizontal axis 13 and displaceable along this
      axis as shown by arrow 13'. One side of the plate 14 is provided with a
      row 16 of rollers 17 which are secured to the plate 14 and can be aligned
      with the guide 7 as shown in FIG. 1 in dot-dash lines. The other three
      sides of the plate 14 are provided with rows of rollers 18 that are
      displaceable in the direction of arrow 13' relative to the plate by means
      of a cylinder 18". The rollers 17 may be driven.
PAR  The treatment station 10 has a treatment tool 11, here a pair of torches,
      and is provided with a clamping element 19 (see FIGS. 2 or 3) of
      triangular cross section. In use the manipulator 9 is placed in the
      position shown in FIG. 1 in dot-dash lines with the rollers 18 retracted.
      The workpiece 4 can then roll from the upstream stretch 7a into the
      manipulator, whereupon the rolls 18 are displaced by cylinder 18" above
      the plate 14 and this plate is by a cylinder 13" displaced in the
      direction shown by arrow 20 through 45.degree. to slide the workpiece 4
      down into the corner of the plate 14, with the corner 2 of the workpiece
      projecting beyond the cut off corner 15 of the manipulator 9. To effect
      this rotation the plate 14 is advanced slightly with rollers 17 and 18 out
      of the plane of the guide 7 so as to clear this guide. The clamping
      element 19 (see especially FIGS. 2 and 3) is then moved forward and down
      to hold the corner 2 firmly in place, and the torches 11 serve to solder
      the bars 3 together. Thereafter the clamping element 19 is withdrawn and
      the manipulator 9 is rotated through another 90.degree. to position the
      next corner 2 of the workpiece 4 in the station 10. When all four corners
      2 have been soldered the manipulator 9 is again moved into the dot-dash
      position, the rollers 18 are withdrawn, and the workpiece is rolled off
      onto the downstream guide 7b.
PAR  The arrangement shown in FIGS. 5 - 7 is similar in function to that of
      FIGS. 1 - 4, but operates with a manipulator 30 comprising a pair of
      independently swiveling arms 25 and 26. In addition a guide 31 is provided
      which comprises a plurality of rollers 21 which are rotated by belts 32
      driven by motors 33 so as to advance the workpiece 4 in either direction
      along the guide 31. A plurality of upright parallel rollers 22 define a
      support plane slightly tilted from the vertical and serve to support the
      workpiece 4 as it is moved along the guide 31.
PAR  Each arm is provided with a plurality of rollers 34 which are interleavable
      with the rollers 21. The arms 25 and 26 are pivotal about an axis 24 from
      horizontal positions flush with the guide 31 to vertical positions lying
      on a plane 27 perpendicular to this guide. Each arm is swiveled by a
      respective motor 35 and motors 36 may be provided to rotate the rollers
      34. A plate 23 is provided set into the array of rollers 22 so as to
      permit the various operating elements for the arms 25 and 26 to pass
      through the guide 31. Each arm is also provided with a hydraulically
      actuated clamping arrangement 36 comparable to the clamping element 19 of
      FIG. 1. A heated vessel 37 filled with solder is provided at the treatment
      station.
PAR  FIGS. 8A - 8D show how the device can be used to treat a workpiece 4 whose
      corners are marked I - IV. At first the arm 26 is lifted into plane 27 and
      the arm 27 is flattened below the level of the rolls 21. The workpiece 4
      is lifted into the position shown in FIG. 8A by rotating the arms 25 and
      26 both through 45.degree.  to tip the corner I into the bath 37.
      Thereupon the arms are rotated again through 45.degree. until the arm 25
      is upright to stand the workpiece 4 up on the arm 26, and the arm 25 is
      lowered as shown in FIG. 8B while the drives are actuated to displace the
      workpiece back in the direction of arrow 39. The arm 26 is then lifted as
      shown in FIG. 8C and the workpiece is again tilted over as shown in FIG.
      8D to treat the corner II. In this manner the corners are treated
      successively.
PAR  It is possible as shown in FIG. 9 to provide four successive manipulators
      30 and treatment stations 37 on the same array of rollers 22 so as to
      treat the first corner of the box much as shown in FIG. 8A. Then the
      workpiece 4 is set down and picked up as shown in FIGS. 9B and 9C and
      treated in the next treatment station 37, and in the next and so on. The
      operations of the various drive elements are controlled by a central
      programmer 38 to sequence the necessary motions in the appropriate order.
      The two arms 25 and 26 in this arrangement can be linked together so as
      always to extend at 90.degree. to each other. A blower 39 is provided
      downstream of each manipulator 30 to cool the freshly soldered workpiece.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for treating the corners of a planar workpiece of polygonal
      outline, said apparatus comprising:
PA1  a generally horizontal conveyor including support means for holding said
      workpiece in an upright condition standing on one edge during displacement
      by said conveyor;
PA1  treatment means at a location below said conveyor for treating a corner of
      said workpiece;
PA1  manipulator means at said conveyor adjacent said location and engageable
      with said workpiece for positioning a corner of said workpiece at said
      location for cooperation with said treatment means, said conveyor having
      an upstream transport stretch terminating adjacent said location and a
      downstream transport stretch in line with said upstream stretch and
      starting adjacent said location, said manipulator means including a
      support above said treatment means having four sides, a pivot defining a
      horizontal axis of rotation for said support and means for rotating said
      support about said axis, each of said sides being provided with a
      plurality of rollers; and
PA1  means for displacing said rollers on three of said sides parallel to said
      axis to clear and engage said workpiece.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said support means includes a
      support wall inclined slightly to the vertical, whereby said workpiece
      leans against said wall.
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ABST
PAL  An internal pipe clamp is provided by the present invention. The clamp is
      designed to clamp two joints of pipe into position for a circumferential
      weld. The clamp includes mechanism for spacing the two joints apart a very
      short distance to facilitate welding. A backup member is provided which is
      movable from a retracted position. The backup member comprises two backup
      portions each of which comprises two pivotally coupled backup segments.
      Each segment extends through an arc of approximately 90.degree. and
      terminates in a wedge shaped end that is complemental to the wedge shaped
      end of an adjacent segment. Power cylinders move each segment from a
      retracted to an extended position. Power cylinders are also coupled in
      opposed relationship with each adjacent pair of wedge shaped ends to force
      same into tight contiguous relationship when the segments are extended.
BSUM
PAR  This invention relates generally to internal pipe clamps and more
      particularly to an improved internal pipe clamp employing a weld backup.
PAR  Internal pipe clamps have commonly been employed in the construction of
      pipelines of various diameters. Such lineup clamps are generally self
      propelled and designed to travel along the pipes as the latter are laid
      over cross-country terrain. For certain welding techniques, it is also
      necessary to incorporate a weld backup into the clamp to facilitate the
      welding operation. The weld backup is very critical and must be designed
      to minimize transfer or pickup of material from the backup into the weld
      metal during the welding operation.
PAR  Heretofore, the backup for pipe chambers normally comprised a plurality of
      wedge-shaped segments which are capable of moving from retracted positions
      to extended positions in backing relationship to the weld seam. Such a
      construction was considered necessary as a practical means of
      accommodating retraction of the backup yet providing a substantially
      continuous uninterrupted member in its weld joint backing position. With
      relatively large diameter pipe a substantial number of individual
      wedge-shaped segments are necessary to comprise the weld backup. For 36 to
      48 inch pipe, approximately 24 to 36 such segments have been used. This
      results in a very large number of seams in the backup member even though
      the wedges are forced into tight engagement.
PAR  Each seam in the backuup is a potential source of welding deficiency
      because of the changes in characteristics of the backup at the location.
      In many instances the substantial problems encountered with weld backups
      as an integral adjunct for lineup clamps have lead to elimination of the
      backup and made necessary the use of a welding device located inside the
      pipe. The problems associated with remotely controlling and operating such
      an internal welding device are enormous and should be avoided if at all
      possible.
PAR  It is therefore a primary object of the present invention to provide a weld
      backup for use internally of a circumferential object wherein the backup
      presents a minimal number of seams to minimize variations in welding
      conditions.
PAR  As a corollary to the above object, an aim of the invention is to provide a
      weld backup having a minimal number of seams yet which is retractable to
      accommodate movement along the cylindrical object and also variations in
      the wall thickness of the object.
PAR  As still another corollary to the object set forth above, an objective of
      the invention is to provide a weld backup having a minimal number of break
      seams and wherein the backup is incorporated into an internal lineup clamp
      for the cylindrical object to be welded.
PAR  Another one of the aims of this invention is to provide a weld backup
      having a minimal number of seams therein and which is incorporated into an
      internal lineup clamp having the capability of spacing apart two
      cylindrical objects to be welded to assist in assuring proper weld
      penetration and uniform weld characteristics.
PAR  It is also one of the objectives of this invention to provide a weld backup
      for cylindrical objects with a minimal number of break seams in the backup
      and the elimination of all seams at the 12, 3, 6, and 9 o'clock positions
      where the welding parameters are most critical.
PAR  Still another one of the objects of this invention is to provide a weld
      backup having a minimal number of break seams and integrated into an
      internal lineup clamp which incorporates a retractible sensor for
      precisely positioning the clamp yet which in no way interferes with
      expansion or retraction of the backup.
PAR  A further aim of the invention is to provide a weld backup and lineup clamp
      as described in the foregoing objects which is operable through an
      air-over-hydraulic actuating system so as to minimize problems in
      disconnecting the system while maximizing operating efficiency in all
      kinds of weather.
DRWD
PAR  Other objects of the invention will be made clear or become apparent from
      the following description and claims when read in light of the
      accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of the lineup clamp of the present
      invention disposed within a pipe joint which has been cut away and shown
      in cross section to reveal the entire lineup clamp;
PAR  FIG. 2 is an enlarged fragmentary view of the clamp shown in FIG. 1,
      partially in elevation and with portions broken away and shown in cross
      section to reveal details of construction;
PAR  FIG. 3 is a fragmentary sectional view taken along line 3--3 of FIG. 2 with
      further portions being broken away and shown in cross section to
      illustrate details of construction;
PAR  FIG. 4 is a fragmentary view, largely in cross section, illustrating the
      manner in which two housing sections are moved axially a short distance to
      space two pipe joints apart;
PAR  FIG. 5 is a fragmentary elevational view taken along line 5--5 of FIG. 2
      with portions broken away and shown in cross section;
PAR  FIG. 6 is a fragmentary view, partially in cross section and partially in
      elevation, taken along line 6--6 of FIG. 3;
PAR  FIG. 7 is a further enlarged partially elevational and partially
      cross-sectional view showing details of the power cylinders which extend
      and retract the backup portion;
PAR  FIG. 8 is a fragmentary bottom plan view looking in the direction of arrows
      8--8 of FIG. 5;
PAR  FIG. 9 is another bottom plan view from the same location as FIG. 8 showing
      the two backup segments moved into their retracted positions;
PAR  FIG. 10 is a partially schematic elevational view of the backup member as
      it appears in an extended position inside of a pipe joint which is shown
      in cross section;
PAR  FIG. 11 is another elevational view, similar to FIG. 10, and showing the
      backup in a retracted position;
PAR  FIG. 12 is a partially schematic perspective view of the backup member in
      isolation;
PAR  FIG. 13 is a hydraulic schematic for the apparatus of FIG. 1-12; and
PAR  FIG. 14 is an electrical schematic for the apparatus.
DETD
PAR  Referring initially to FIG. 1 of the drawings, the internal lineup clamp of
      the present invention is designated generally by the numeral 20 and is
      intended for use with two cylindrical objects such as a pipe joint 22
      which is to be welded to another pipe joint. Pipe joint 22 has a beveled
      end 24 to facilitate welding to another joint having a similarly beveled
      end as will be explained more fully hereinafter.
PAR  Lineup clamp 20 comprises a carriage type framework 26 which in turn mounts
      first and second sets of clamping members 28 as well as weld backup 32.
      Referring initially to details of the construction of framework 26, a
      plurality of rigid bars 34 are welded at one end to a nose piece 36 and at
      the other end to an annular plate 38 of only slightly smaller outside
      diameter than the internal diameters of pipe 22. A second annular plate 40
      is disposed in spaced relationship to plate 38 and has welded to it a
      plurality of longitudinally extending frame bars 42. Bars 42 are in turn
      welded to an annular ring 44 at the rearward end of the framework. Ring 44
      mounts a plurality of curvilinear bars 46 through gusset plates 48 and
      annular bands 50.
PAR  Framework 26 is mounted for longitudinal movement along a pipe joint 22 by
      a tricycle wheel arrangement comprised as follows. Each of the two wheels
      52 (one of which is visible in FIG. 1) is mounted to annular plate 40 by a
      bracket 54 and appropriate couplings. Each of the wheels 52 is disposed at
      an acute angle relative to a perpendicular bisector passing through the
      bottom wall of pipe joint 22. Each one of a second pair of wheels 56 (one
      of which is visible in FIG. 1) is mounted on a bracket 58 which is
      pivotally coupled with ring 44. Each of the second sets of wheels 56 is
      also positioned at an acute angle relative to a perpendicular bisector
      passing through the bottom wall of the pipe joint.
PAR  A third set of wheels 60 comprise the drive wheels for the framework and
      are disposed in a plane intermediate the location of each of the wheels 56
      and 52. Drive wheels 60 are rotatably mounted on a bracket 62 which in
      turn is coupled with a pivotal arm 64 mounted on ring 44. A hydraulic
      cylinder 66 is coupled with bracket 62 for raising and lowering wheels 60
      to bring them into and out of engagement with the internal surface of pipe
      joint 22. A first drive sprocket 68 and chain 70 drive one of the wheels
      60 and a second sprocket 72 and drive chain 74 drive the other wheel.
      Wheels 60 are coupled together for turning in unison in either a forward
      or reverse direction by a chain 76.
PAR  Disposed at the rear of framework 26 and mounted within the cage presented
      by bars 46 and bands 50 is an air supply tank 78. A second and smaller air
      tank 80 is disposed forwardly of tank 78.
PAR  Referring additionally to FIGS. 2 and 4, disposed intermediate annular
      plates 38 and 40 are first, second, and third housing sections designated
      generally by the numerals 82-86. Each of the housing sections 82 and 86 is
      substantially identical in construction and serves to mount a plurality of
      circumferentially spaced clamping members 28. The third housing section 84
      is rigidly coupled with housing section 82 and mounts the means for
      extending and retracting the weld backup 32 as will be explained more
      fully hereinafter. The actuating mechanism for clamping members 28 is
      enclosed within housings 90 disposed in opposed relationship on opposite
      sides of plates 38 and 40.
PAR  Referring additionally to FIG. 3, each clamping member 28 comprises a
      piston 92 that is slidably received within a spider housing 94. Each end
      of each of the pistons 92 is fitted with a clamping head 96 that is held
      to the piston 92 by a bolt 98. Integral ribs 100 on each head 96 present
      pipe-engaging surfaces capable of accommodating a degree of
      out-of-roundness of the pipe. A pin 102 passing through each piston 92 is
      received by a link 104 to couple the pistons with a hub 106. To this end,
      a pin 108 is received by the hub for each link 104 and a nut and bolt
      assembly 110 passing through the hub in perpendicular relationship to pins
      108 serves to hold two adjacent ends of the pins within slots 112
      presented by hub 106 (See FIG. 6).
PAR  The weld backup housing section 84 comprises a central hub 114 which
      rigidly mounts a ring housing 116 provided with a plurality of
      circumferentially spaced cylinder bushings 118. As best illustrated in
      FIGS. 5 and 7, each cylinder mounts a piston 120 via piston seal cap
      assemblies 122 disposed on opposite ends of the piston. Each of assemblies
      122 includes lock washers, thrust washers, and O-ring seals to assure
      fluid-tight operation. The outermost assembly 122 is held in place by a
      retaining ring received within bushing 118 and the inner assembly 122 is
      held in place by a nut and bolt extension of piston 120. Housing 116 is
      provided with passageways 124 and 126 leading to inner and outer ports 128
      and 130 at each cylinder to accommodate the flow of fluid which effects
      two-way movement of each of the pistons 120. Central hub 114 is keyed to a
      central shaft 132 which extends in opposite directions from the hub.
PAR  Rigidly secured to hub 106 by nut and bolt assemblies 134 is a piston rod
      136 having a central bore accommodating a bushing 138 and being slidably
      received by the shaft 132. A bushing 140 for piston rod 136 is mounted by
      a section 90' of housing 90 and the bushing is held in place by a
      retaining ring 142 secured to section 90' by bolts 144. Piston rod 136 is
      movable by virtue of its rigid coupling with a piston 146 which is
      sealably received by the cylinder presented by the internal surface of
      housing 90. A threaded end 148 of piston rod 136 receives a nut 150 to
      hold the piston rod to the piston. Piston 146 is, of course, movable in
      two directions by air pressure and appropriate ports (not shown) into the
      cylinder presented by housing 90 permit the flow of air into and out of
      the cylinder. It should also be understood that an identical cylinder and
      actuating mechanism are utilized for clamp members 28 in the housing
      section 86 on the opposite side of central hub 114.
PAR  Reference will now be made to that portion of the apparatus for moving
      housing section 86 away from sections 82 and 84 and in this regard
      particular attention is called to FIGS. 2 and 3. Mounted on annular plate
      40 in circumferentially spaced relationship are a plurality of hydraulic
      cylinders 152. Each of the cylinders 152 is identical, is operable in two
      directions, and has a piston rod 154 which is received through an
      appropriate opening in plate 40.
PAR  It should be appreciated that housing section 86 is coupled with housing
      sections 82 and 84 by a plurality of telescoping bolt assemblies
      designated generally by the numeral 156 and best illustrated in FIG. 4.
      That portion of assembly 156 passing through one of the housing sections
      82 or 86 serves as a push rod 158 which is rigid with piston rod 154 while
      that portion passing through the other section serves as a sleeve 160.
      Except for the rod 158 which is secured to each cylinder 152, each rod is
      provided with opposite threaded ends outside of the respective housing
      sections so as to receive retaining nuts 162 and 164 respectively. As
      indicated in FIG. 4, the end of each rod 158 is secured to a corresponding
      piston rod 154 to effect relative movement of the housing sections by
      cylinder 152. The nuts 162 on each rod are spaced from the adjacent
      housing wall a short distance so as to accommodate limited axial movement
      of the two housing sections. Although each rod 158 of bolt assembly 156 is
      illustrated in FIG. 5, and other figures as being of a solid construction,
      this has been done for brevity and clarity only and it is to be understood
      that some of the rods 158 will be characterized by a through bore to
      accommodate air, hydraulic, and electrical lines which must pass through
      the housing sections.
PAR  Referring now to FIGS. 5 and 7-12, details of the weld backup designated
      generally by the numeral 32 will be described. The weld backup comprises
      first and second portions designated generally by the numeral 166 each of
      which extends through an arc of approximately 180.degree. and is
      complemental to the other portion. Each of portions 166 is identical and
      comprises two segments 168 and 170 which are joined together by a hinge
      coupling 172. The terminal ends 168' and 170 respectively are of a
      wedge-shaped configuration and are complemental to correspondingly
      configured terminal ends 168" and 170" of adjacent segments. It is
      important to note that each terminal end presents a wedge extending in a
      generally circumferential direction in parallelism with the circumference
      of the sourrounding pipe. This is to be contrasted with the wedge-shaped
      backup devices of the prior art wherein wedges have extended in a
      generally radial direction in perpendicular relationship to a tangent
      passing through a point on the circumference of the pipe.
PAR  As best illustrated in FIGS. 10 and 11, each of the portions 166 is
      disposed so as to place hinge couplings 172 at an acute angle relative to
      a perpendicular bisector of pipe joint 22. This in turn results in
      disposition of terminal ends 168', 168", 170', and 170" at locations which
      are also at acute angles relative to a perpendicular bisector of the pipe
      joints. This accomplishes one of the objectives of the invention by
      eliminating any seam whatsoever in the weld backup at the critical 12, 3,
      6, and 9 o'clock positions around the circumference of the pipe.
PAR  Each segment 168 comprises a rigid arcuate support member 174 to which is
      rigidly secured a copper backup shoe 176. Backup shoe 176 is preferably
      constructed from an alloy comprising a dispersion of copper and aluminum
      oxide and characterized by a melting point of at least 1950.degree. F. and
      a density of at least 0.317 lbs/cu. in. at 68.degree. F. Secured to the
      back of support member 174 are a plurality of generally U-shaped brackets
      178. Secured to each member 174 adjacent the terminal end of the segment
      is a pressure plate 180 (FIG. 8) for purposes to be made clear
      hereinafter.
PAR  As illustrated in FIG. 5, each of the pistons 120 which is intermediate
      hinge 172 and the end of the segment terminates in a roller 182 which is
      received by bracket 178. Each piston 120 is also provided with a piston
      guide 184 positioned to move along a bore 186 in housing 116. The piston
      120' which is immediately beneath the terminal ends of segments 168 and
      170 terminates in a ram 188 adapted to engage the segments at the line of
      juncture of the respective wedge-shaped terminal ends. Finally, the
      cylinder 120" immediately beneath each hinge coupling 172 terminates in a
      bracket 190 which receives a hinge pin 191. It is to be understood, of
      course, that the arrangement of cylinders 120, 120' and 120" repeats
      itself for each 90.degree. around the periphery of the lineup clamp.
PAR  Referring again to FIG. 1 of the drawings, the structure for positioning
      the lineup clamp relative to the beveled end 24 of joint 22 is shown in
      detail. An elongated sensor arm 192 is integral with and extends
      downwardly from a bell crank 194 which is pivotally mounted by bracket 196
      at one end. The other end of bell crank 194 is pivotally coupled with a
      ram 198 of a cylinder 200. Cylinder 200 is, in turn, pivotally mounted on
      an integral extension 202 of one of the bars 34. Springs 204 and 206 are
      positioned to bias cylinder ram 198 into its retracted position.
PAR  Referring now to the air-hydraulic schematic of FIG. 13 and the electrical
      schematic of FIG. 14, the control system for clamp 20 will be described.
      First of all, it is to be understood that both electrical and air lines
      from within the clamp would be directed to a nose cone 208 where a quick
      disconnect would be provided. This has not been shown in the drawing for
      purposes of clarity and in the sake of brevity but would be apparent to
      one skilled in this art. The quick disconnect would allow a reach rod (not
      shown) of either 40 or 80 feet in length to be connected to the nose with
      appropriate air and electrical connections and then threaded through a
      joint 22 so as to allow remote control of clamp 20. Referring to FIG. 13,
      a quick disconnect air coupling 210 is coupled with air supply line 202
      which extends from coupling 210 to the main air supply tank 78. A gas
      treater 214, a filter 216, and a lubricator 218 disposed in line 212 are
      all of a conventional design apparent to anyone skilled in the art. A
      pressure regulator 220 is disposed in communication with supply line 212
      through an air line 222 and also communicates with a four-way,
      air-operated solenoid valve 224 through an air line 226. Valve 224 is, in
      turn, in communication with four air cylinders 228 through an air line
      230. Cylinders 228 are also visible in FIGS. 8 and 9 and are disposed
      immediately adjacent each abutting pair of wedge-shaped ends 168' and 168"
      and 170' and 170" where they can exert a force against pressure plates 180
      to assure tight interengagement of the wedge-shaped ends.
PAR  From supply tank 78 the main air supply line 212 extends through a check
      valve 232 and communicates with the secondary supply tank 80 before
      extending on through a second pressure regulator 234. After passing
      regulator 234, line 212 communicates with an air operated hydraulic pump
      236.
PAR  A tank 238 contains a reservoir of hydraulic fluid and communicates with
      pump 236 through lines 240 and 242. Spur lines 244 and 246 which
      communicate with hydraulic lines 240 and 242 respectively communicate
      these supply lines with hydraulic spacing cylinders 152 previously
      described. A pilot-operated check valve 248 is disposed in line 244 and is
      also in communication with line 246 via a pilot line 250. Operation of
      cylinders 152 is controlled by a solenoid operated, detent type, four-way
      flow control valve 252 disposed in lines 244 and 246.
PAR  From spur lines 244 and 246 hydraulic supply lines 240 and 242 continue on
      to hydraulic manifolds 254 and 256 respectively. Manifolds 254 and 256
      have been omitted from FIGS. 2, 5, and 7, for the sake of clarity although
      it is to be understood that both manifolds communicate with cylinders 120
      via passageways 124 and 126 and couplings 125 and 127 (FIG. 7). A flow
      control valve 258 has been illustrated in the line communicating with
      passageway 124 for certain of the cylinders although it is to be
      understood that such a flow control valve would be placed in each spur
      line extending from manifold 254 so as to accurately control the expansion
      of cylinders 120. A solenoid actuated four-way, detent type flow control
      valve 260 disposed in lines 240 and 242 ahead of manifolds 254 and 256
      controls expansion and contraction of cylinders 120. A manual bypass valve
      262 in communication with lines 240 and 242 immediately ahead of manifolds
      254 and 256 allows for a release of pressure to permit retraction of
      cylinders 120 in the event of a failure in the hydraulic system.
PAR  The two main air cylinders 146 which control expansion and retraction of
      clamps 28 are illustrated schematically in FIG. 13 and each is operated by
      a four-way air actuated, spring biased control valve 264. A main trunk
      line 266 communicates with supply line 212 and spur lines 268 and 270
      extending from trunk line 266 communicate the latter with valves 264. A
      first pair of connecting lines 272 and 274 extend from one valve 264 to
      one of the cylinders 146 and a second pair of connecting lines 276 and 278
      extend from the other valve 264 to the second air cylinder 146.
PAR  The left-hand cylinder 146 is expanded by operating a three-way spring
      biased button valve 280 which is designed to relieve pressure from one
      side of valve 264 as a result of communication therewith through an air
      line 282. Valve 280 is normally disposed in its spring biased position
      wherein it communicates line 282 with trunk line 266. Similarly, a second
      three-way spring biased push button control valve 282 communicates with
      line 266 and the right-hand air valve 264 through an air line 286.
PAR  Movement of air cylinders 146 in the opposite direction to retract clamps
      88 is also achieved by actuating air control valves 264. To this end, a
      second set of spring biased three-way push button valves 288 and 290
      communicate with the right-hand and left-hand valves 264 through air lines
      292 and 294 respectively.
PAR  Movement of clamp 20 along pipe 22 is accomplished through drive wheels 60
      driven by air motors 296 and 298. Motors 296 and 298 are operated in one
      direction for forward travel of the clamp as a result of communication
      with air supply line 212 via a main trunk line 300 and connecting lines
      302, 304 and 306. Likewise, air motors 296 and 298 operate in the opposite
      direction for reverse travel movement by virtue of their coupling with
      line 212 through main trunk line 300 and connecting line 324.
PAR  Forward movement of motors 296 and 298 is achieved by one of two sets of
      controls. A four-way air actuated control valve 308 is disposed in trunk
      line 300 and downstream from valve 308 is a pressure regulator 310. Valve
      308 may be actuated by a push button bleeder valve 302 which communicates
      with the valve 308 through a connecting line 314. Operation of valve 312
      permits flow of air through lines 300 and 302 to air motors 296 and 298.
      Valve 312 normally is operated for full forward speed of the motors when
      it is to travel the full length of a joint of pipe. For precise
      positioning of lineup clamp 20 once it has reached the end of the pipe
      joint, manually operable control valves are provided. A reverse control
      valve 316, and a forward control valve 318, are intercommunicated by a
      common manifold 320 which is in communication with supply line 212 through
      trunk line 300 and spur line 322. Reverse control valve 316 communicates
      with air motors 296 and 298 through a connecting line 324 having disposed
      therein a pressure regulator 326 which serves the same function as
      regulator 310 when the motors are operating in a forward direction.
      Forward control valve 318 connects with motors 296 and 298 through line
      302.
PAR  A stop valve 328 which is also a manually operable spring biased
      two-position valve communicates directly with trunk line 300 via a
      connecting line 330 which bypasses manifold 320. This valve also
      communicates with valve 308 through a line 332.
PAR  Air cylinder 66 previously described and shown in FIG. 1 is controlled by a
      manually operable three-way air valve 334 disposed in an air line 336
      extending from trunk line 266 to the cylinder. Also disposed in this line,
      downstream from valve 334, is a pressure regulator 338.
PAR  Air cylinder 200 which operates sensor arm 192 and is shown in FIG. 1 and
      described above, is controlled by a manually operable three-way control
      valve 340. This valve is disposed in a spur line 342 extending from line
      336 to cylinder 200.
PAR  Referring to FIG. 14, a six-volt DC power source 342 is provided for
      operating solenoid valves 224, 252 and 260. A first switch 344 is closed
      to energize a first coil of the solenoid of valve 252 and move the valve
      in one direction. A second switch 346 is closed to energize a first coil
      of the solenoid of valve 260 to move this valve in one direction and
      simultaneously energize one coil of the solenoid of valve 224 to move this
      valve in one direction. A third switch 348 is closed to energize the
      second coil of the solenoid of valves 260 and 224 to move these valves in
      the opposite direction and a fourth switch 350 is closed to energize the
      second coil of the solenoid of valve 252 to move this valve in the
      opposite direction. Quick disconnect couplings 352 allow each line of the
      electrical circuit to be connected and disconnected through use of the
      reach rod (not shown) above described.
PAR  In operation, clamp 20 is positioned in a joint of pipe 22 with clamping
      members 28 and 30 and weld backup 32 all in their retracted positions.
      Valve 334 is operated to actuate cylinder 66 and move drive wheels 60 into
      engagement with the interior surface of pipe joint 22. Pressure regulator
      338 assures firm contact between the wheels and the pipe surface and yet
      prevents excessive pressure. The control button on valve 312 is pushed to
      activate motors 296 and 298 in the forward direction to move clamp 20
      through the pipe. As the clamp approaches the end of the first pipe joint
      22, valve 312 is released and the clamp will coast to a stop. It may then
      be slowly moved forward by operating valve 318 until framework 26 projects
      entirely from the terminal end of the pipe joint.
PAR  Next, cylinder 200 is actuated by operating valve 340 to bring sensor arm
      192 into its extended position. Manual reversing valve 316 is then
      actuated to operate motors 296 and 298 in the reverse direction to backup
      the clamp until sensor arm 192 engages beveled edge 24. This positions the
      terminal edge of pipe joint 22 directly in line with weld backup 32 at a
      point slightly to the left of center when viewing FIG. 1.
PAR  The rearwardmost set of clamping members 28 are actuated by pushing the
      control button on valve 280 thus causing the left air cylinder 146 to move
      to the right. Individual clamping members 28 will engage the interior
      surface of pipe joint 22 in the manner indicated in FIG. 1. This cylinder
      should operate with sufficient force so as to cause clamping members 28 to
      correct any out-of-roundness condition of the pipe.
PAR  Cylinder 200 is returned to its retracted position by the force of springs
      194 and 198 so as to allow for positioning of a second joint of pipe 22.
      As explained above, the elongated reach rod connected with nose cone 208
      would be threaded through the next to be positioned joint which would be
      moved into abutting relationship to the first joint 22 as illustrated in
      FIG. 2. The second set of clamping members 30 are then expanded by pushing
      the control button on valve 284. This brings the second set of clamping
      members into engagement with the interior of the second pipe joint by
      moving right-hand cylinder 146 to the left. Next, spacing cylinders 152
      are actuated by closing switch 344 thereby moving the second joint 22 from
      its position abutting the first joint as shown in FIG. 2 to a position
      slightly spaced from the first joint as indicated in FIG. 4. After the two
      joints are spaced apart, weld backup 32 is moved from its retractd
      position as shown in FIG. 2 to its extended position as shown in FIG. 4.
      This is accomplished by closing switch 346 thereby operating cylinders
      120, 120', and 120". The wedge-shaped ends of the complemental segments
      are capable of a sliding movement along their mating faces as they are
      moved outwardly from their retracted position of lesser diameter to their
      extended position of greater diameter. This sliding movement is possible
      as a result of the circumferentially extending wedges. Simultaneously,
      cylinders 228 are being activated so as to force the abutting wedge-shaped
      ends of the weld segments into tight engagement as illustrated in FIGS. 8
      and 9.
PAR  Welding of the two joints together along their beveled edges may now be
      achieved. Superior welding results are achieved partially as a result of
      the spacing of the two joints a small distance apart. This, along with the
      presence of the backup 32, complete penetration on the root pass and
      eliminate the need for applying an internal weld bead. By virtue of the
      fact that there are only four seams throughout the entire circumference of
      the weld back (and may be as few as one) and these seams are all located
      in non-critical positions, the problem of backup material pickup by the
      weld is greatly minimized over what has been experienced with prior backup
      constructions. The circumferential welding operation is completed by
      making several passes around the pipe joints preferably by automatic
      equipment.
PAR  Upon completion of the weld, the backup 32 must be retracted before the
      lineup clamp can be moved through the pipe. This is achieved by closing
      switch 348 to cause solenoid valves 260 and 224 to move in the opposite
      directions thus retracting cylinders 120, 120', and 120" as well as
      cylinders 128. As backup portions 166 move into their retracted positions,
      the abutting wedge-shaped ends of segments 168 and 170 can slide relative
      to each other as indicated in FIG. 9. To this end, it is desirable to
      adjust the stroke of cylinders 120 and 120' so that they move a distance
      slightly greater than the distance moved by cylinder 120" which is coupled
      with hinge 172. By utilizing the wedge-shaped configuration at the
      abutting ends, it is possible to apply a lateral force through cylinders
      228 to hold the segments in tight interengagement when the weld backup is
      extended and yet still permit the two segments to move relative to each
      other into a circle of smaller circumference when the weld backup is
      retracted. To this end, a series of springs 169, one of which is visible
      in FIG. 1, may be employed to bias each segment 168 and 170 into its
      retracted position. Alternately, more positive retracting force may be
      provided if desired by fluid piston and cylinder assemblies (not shown)
      substituted for the circumferential wedges again allow sliding movement of
      the two segments relative to each other thus accommodating a maximum
      degree of retraction without requiring a large number of individual
      segments. It will be recognized by those skilled in the art that while the
      invention has been described in its preferred form with reference to a
      backup member comprising four segments, a greater or lesser number of
      complemental segments having wedge-shaped terminal ends may be employed.
PAR  Clamping members 28 are retracted by pushing the control button on valves
      288 and 290 thereby effecting movement of cylinders 146. Switch 350 is
      then closed to energize the second coil of valve 252 and bring the housing
      sections 82, 84 and 86 back into contiguous relationship through the
      action of cylinders 152. The lineup clamp is now ready to move forward
      through the pipe joint 22 in the same manner as previously described.
PAR  It should be pointed out that there is particular advantage in utilizing
      the air-over-hydraulic control system as above described for the lineup
      clamp. While a complete air system could be employed, a substantial
      increase in operating pressure for cylinders 152 and 120 may be obtained
      by converting air pressure to hydraulic pressure. Also, it is desirable to
      employ hydraulic cylinders for expanding the backup 32 and for spacing the
      housing sections as these movements require relatively critical tolerances
      which should be maintained uniform throughout wide variations in operating
      temperatures. A 100 percent air system would inherently experience some
      variations in operating parameters over a wide temperature range and this
      can be minimized by utilizing hydraulic cylinders. A 100% hydraulic system
      can also be employed with the clamp 20 although this complicates the
      problem of coupling and uncoupling a long reach rod to the clamp with the
      necessity of an external fluid reservoir. The disadvantages of a system
      employing all hydraulic or all air are eliminated with the present control
      system while incorporating the advantages of both systems.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by letters patent is:
NUM  1.
PAR  1. An internal pipe clamp comprising: a frame;
PA1  means mounted on the frame for supporting the latter for movement through
      the pipe;
PA1  a first housing section mounted on said frame and supporting a plurality of
      first clamping members adapted to be moved into clamping engagement with a
      first pipe joint;
PA1  a second housing section mounted on said frame and supporting a plurality
      of second clamping members in closely spaced relationship to said first
      clamping members and adapted to be moved into clamping engagement with a
      second pipe joint;
PA1  said first and second housing sections being axially aligned and movable
      relative to each other along said axis;
PA1  means for moving said first housing section relative to said second housing
      section;
PA1  means for moving said first and second clamping members into engagement
      with said first and second pipe joints;
PA1  weld backup means coupled with one of said housing sections intermediate
      said first and second clamping members and comprising first and second
      backup segments, each of said segments extending through an arc and
      terminating in a circumferentially extending wedge-shaped end complemental
      to the wedge-shaped end of an adjacent segment and adapted to be slidingly
      moved in a partially circumferential direction relative to an adjacent
      segment while being simultaneously moved in a radial direction; and
PA1  means for applying a radial force toward and away from said segments to
      move the segments from an extended position of a greater diameter wherein
      a weld backup is presented to a retracted position of a lesser diameter to
      accommodate movement of the framework along the pipe.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein is provided means for forcing
      each of the wedge-shaped terminal ends laterally into contiguous
      relationship with an adjacent terminal end as said segments are moved into
      their extended positions.
NUM  3.
PAR  3. Apparatus as set forth in claim 2, wherein the means for applying a
      radial force toward and away from said segments comprises ram means
      positioned beneath each contiguous pair of terminal ends.
NUM  4.
PAR  4. Apparatus as set forth in claim 3, wherein said segments are hingedly
      coupled at their ends opposite said wedge-shaped terminal ends and the
      means for applying a radial force toward and away from said segments
      further comprises ram means coupled with said hinge coupling.
NUM  5.
PAR  5. Apparatus as set forth in claim 1, wherein said first and second housing
      sections are coupled together by a plurality of telescoping bolt
      assemblies.
NUM  6.
PAR  6. Apparatus as set forth in claim 5, wherein the means for moving said
      housing sections comprises power cylinder means disposed for exerting a
      pushing force against one of said housing sections.
NUM  7.
PAR  7. Apparatus as set forth in claim 1, wherein is included a third housing
      section coupled with one of said first and second housing sections and
      disposed intermediate the other two, said means for applying a radial
      force toward and away from said segments comprises two-way power cylinders
      disposed in said third housing section and coupled with said segments.
NUM  8.
PAR  8. Apparatus as set forth in claim 7, wherein is included power means
      coupled with said frame for driving the latter through the pipe.
NUM  9.
PAR  9. Apparatus as set forth in claim 1, wherein is included an elongated
      sensor arm disposed on said frame and movable from a retracted position to
      an extended position for engaging the terminal end of a first pipe joint
      before placement of a second pipe joint; and power cylinder means for
      moving said sensor arm from its retracted to its extended position.
NUM  10.
PAR  10. Apparatus as set forth in claim 9, wherein said sensor arm is
      positioned clear of said weld backup means in its retracted position and
      including means for biasing said sensor arm toward its retracted position.
NUM  11.
PAR  11. Apparatus as set forth in claim 1, wherein said means for moving the
      first and second clamping members is sequentially operable to first move
      the first clamping members and later move the second clamping members.
NUM  12.
PAR  12. Apparatus as set forth in claim 11, wherein the means for effecting
      relative movement of said first and second housing sections and the means
      for applying a radial force toward and away from said segments comprises
      hydraulic cylinder means operable through a closed hydraulic system; and
      wherein is included a source of air under pressure; and means for coupling
      said air source with said hydraulic system and for maintaining a
      relatively constant pressure on said hydraulic system.
NUM  13.
PAR  13. Apparatus as set forth in claim 1, wherein said weld backup means
      further comprises third and fourth segments, each of said segments
      extending through an arc of approximately 90 degrees.
NUM  14.
PAR  14. Apparatus as set forth in claim 13, wherein said terminal end of each
      of said segments is disposed at an acute angle relative to a vertical
      bisector of a joint of pipe.
NUM  15.
PAR  15. A weld backup device for use in the circumferential welding of
      cylindrical objects, said device comprising:
PA1  a supporting member disposed interiorly of said object;
PA1  first and second weld backup segments coupled with said supporting member;
PA1  each of said segments extending through an arc and terminating in a
      circumferentially extending wedge-shaped end complemental to the
      wedge-shaped end of an adjacent segment and adapted to be slidingly moved
      in a partially circumferential direction relative to an adjacent segment
      while being simultaneously moved in a radial direction; and
PA1  means for applying a radial force toward and away from said segments to
      move the segments from an extended position of a greater diameter wherein
      said wedge-shaped terminal ends are in contiguous relationship and said
      segments cooperate to present a weld backup to a retracted position of
      lesser diameter for accommodating movement of the supporting member along
      said object.
NUM  16.
PAR  16. Apparatus as set forth in claim 15, wherein is provided means for
      forcing each of the wedge-shaped terminal ends laterally into contiguous
      relationship with an adjacent terminal end as said segments are moved into
      their extended positions.
NUM  17.
PAR  17. Apparatus as set forth in claim 16, wherein the lateral forcing means
      comprises plural power cylinder means disposed in opposed relationship at
      the terminal ends of said segments.
NUM  18.
PAR  18. Apparatus as set forth in claim 16, wherein said terminal ends are
      disposed at an acute angle relative to a vertical bisector of a joint of
      pipe.
NUM  19.
PAR  19. Apparatus as set forth in claim 18, wherein said means for applying a
      radial force toward and away from said segments comprises two-way power
      cylinders coupled with said segments.
NUM  20.
PAR  20. Apparatus as set forth in claim 19, wherein the means for applying a
      radial force toward and away from said segments further comprises power
      ram means positioned beneath said contiguous pair of terminal ends.
NUM  21.
PAR  21. Apparatus as set forth in claim 15, wherein each of said backup
      segments comprises a backup band having a copper alloy backup shoe coupled
      therewith, said copper alloy being characterized by a melting point of at
      least 1950.degree. F. and a density of at least 0.317 lbs/cu. in. at
      68.degree. F.
NUM  22.
PAR  22. Apparatus as set forth in claim 21, wherein said copper alloy comprises
      a dispersion of copper and aluminum oxide.
NUM  23.
PAR  23. Apparatus as set forth in claim 15, wherein said means for applying a
      radial force toward and away from said segments comprises hydraulic
      cylinder means operable through a closed hydraulic system; and wherein is
      included a source of air under pressure, and means for coupling said air
      source with said hydraulic system and for maintaining a relatively
      constant pressure on said hydraulic system.
NUM  24.
PAR  24. Apparatus as set forth in claim 15, wherein said weld backup means
      further comprises third and fourth segments, each of said segments
      extending through an arc of approximately 90.degree..
NUM  25.
PAR  25. Apparatus as set forth in claim 24, where the terminal ends of each of
      said segments are disposed at an acute angle relative to a vertical
      bisector of a joint of pipe.
NUM  26.
PAR  26. Apparatus as set forth in claim 15, wherein the means for applying a
      radial force is disposed in a plane lying intermediate the two objects.
NUM  27.
PAR  27. Apparatus as set forth in claim 1, wherein the means for applying a
      radial force is disposed in a plane lying intermediate the two lengths of
      pipe.
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ABST
PAL  An improved pressure welding technique permits high speed room temperature
      seam bonding of metal sheets. A metal interlay is placed between the
      faying surfaces to be bonded and the assembly is compressed until the
      interlay is properly spread over the faying surfaces. The interlay has a
      cross-section designed to produce a highly differential flow when
      subjected to external compressive loads. This differential flow causes
      shear movement between the interlay and the faying surfaces which effects
      the weld. Joining speeds in excess of 10 feet per second are possible,
      with a reduction in sheet thickness of about 5 percent.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to pressure welding and more particularly, to
      cold pressure welding.
PAR  It is already known to join a pair of metal members, such as sheets, plates
      etc. capable of being cold pressure welded by a lap joint by applying
      pressure to the superposed members substantially at right angles to the
      interface or weld area through the use of suitably shaped impression tools
      or dies. As a result of the applied pressure, metal is caused to flow
      outwardly from under the pressure applying die surfaces or weld area,
      thereby causing a merging or intimate union of the adjoining metals
      equilvalent to a solid phase welding bond at that area.
PAR  In a method of the above character, the metal flow varies within
      substantial limits at different points of the usual strip-like or
      rectangular weld area, being greater at the edges of the strip or longer
      sides of the rectangular weld area and being reduced towards the center on
      account of the greater impedance offered to the flow of the metal from the
      center towards the edges of the area. As a result, substantial welding
      pressure becomes necessary to insure a sufficient metal flow over the
      entire weld area conductive to efficient cold pressure welding, the
      pressure required being furthermore dependent upon the degree of hardness
      of ductility of the metals being welded. This, in turn, results in a
      substantial deformation or distortion of the parts of members being welded
      at and adjacent to the weld spot or area. Commonly, thickness reductions
      in the members to be joined, of 60 percent or more of each member are
      required to insure efficient welding. This thinning seriously weakens the
      weld area. Furthermore, practical limitations imposed by the necessity of
      applying sufficient pressure may result in unacceptably low bonding
      speeds.
PAR  Among the objects of the present invention is the provision of an improved
      method of and means for joining a pair of pressure weldable metal members
      by a lap joint which substantially overcomes the aforementioned and
      related difficulties and shortcomings, which will afford a more uniform
      metal flow and, in turn, a more efficient weld over the entire weld area,
      and which can be carried out easily and reliably while involving a minimum
      of rejects or defective welds.
PAR  With the aforementioned objects in view, the invention involves generally
      the provision of means for and an improved method of welding a pair of
      pressure weldable metal members which comprises essentially positioning a
      sacrificial metal interlay between the faying surfaces to be bonded and
      compressing the assembly until the interlay is properly spread over the
      faying surfaces. The interlay has a cross-section designed to produce a
      highly differential flow when subjected to external compressive loads.
      This differential flow causes shear movement between the interlay and the
      faying surfaces which effects the weld.
PAR  The invention is especially suitable for lapjoining by cold pressure
      welding the end portions of a pair of overlapping plates, strips, sheets
      or similar metal parts, arranged with their edges in register with one
      another and with the parts extending in the same direction.
PAR  Besides many other applications, the invention has special advantages in
      attaching a cover to a hollow cylindrical member such as welding a lid to
      a can by cold pressure welding. Thus, the edge of a can of aluminum or
      other cold weldable metal is flared outwardly to provide taper or cone. A
      lid having a surface which fits on the taper is placed on top of the can
      and the lid is welded to the taper by suitable cold pressure welding tools
      which make a ring weld. The surfaces to be welded together are previously
      cleaned to remove the oxide film and other surface contamination and to
      provide clean metal surfaces at the interface to be welded. If the
      projecting weld is undesirable, this can be dressed down by forcing the
      whole can top downwards through a die, the weld area then lying close up
      against the side of the can.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood from the following detailed
      description taken in conjunction with the accompanying drawings, forming
      part of this specification and wherein:
PAR  FIG. 1 shows partly in section, a tool setup for welding a lid to a can in
      accordance with the invention;
PAR  FIG. 2 shows, partly in section, a tool setup for welding the side seam of
      a can; and
PAR  FIGS. 3a-3f show, in cross-sectional views, several interlay configurations
     .
DETD
PAR  Like reference characters identify like parts in the different views of the
      drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a can 1 and lid 2, both of pressure
      weldable metal. The can is of circular or any other section and has a
      bottom 1a attached by a double lap seam 1b or any other method. An
      outwardly directed frusto-conical taper 1d has been formed in the free
      extremity of the can wall 1c and a mating complementary taper 2a has been
      formed in the lid 2.
PAR  The can 1 is held in a die 3, wherein the die base 3a is adapted to grip
      the can bottom seam 1b to prevent radial displacement of the can 1, while
      the die sidewalls 3b provide support for the can taper 1d. The die 3,
      which is mounted on the platen of a hydraulic press or the like, may
      comprise a single piece or may be assembled from component pieces as an
      aid to tool fabrication.
PAR  A co-operating punch 4 is also mounted in the press such that it moves
      rectilinearly and coaxially with respect to the can 1. The punch is
      adapted to hold the lid 2 while supporting the lid taper 2a.
PAR  In operation, the faying surfaces 5 of the can taper 1d and the lid taper
      2a are cleaned, using a rotary steel wire brush or the like, and a metal
      interlay 6 is placed therebetween to form a weld assembly. The punch 4 is
      then brought down under pressure, compressing the assembly and causing the
      interlay 6 to deform and spread over the faying surfaces 5, thereby
      welding the assembly in a solid phase bond.
PAR  Referring to FIG. 2, there is shown a sheet 7 of pressure weldable metal,
      bent to form a hollow cylinder. The sheet 7 is constrained between
      concentric circular male 8 and female 9 dies with the axial edges 10
      overlapping; the overlap being exposed by an opening 11 in the female die
      9. The dies 8 and 9 are mounted on the platen of a hydraulic press or the
      like.
PAR  A co-operating punch 4 is also mounted on the press such that it moves
      rectilinearily and radially with respect to the cylindrically formed sheet
      7.
PAR  In operation, the faying surfaces 5 of the sheet axial edges 10 are
      cleaned, using a rotary steel wire brush or the like, and a metal interlay
      6 is placed therebetween to form a weld assembly. The punch 4 is then
      brought down under pressure, compressing the assembly and, causing the
      interlay 6 to deform and spread over the faying surfaces 5 thereby welding
      the assembly in a solid phase bond.
PAR  The interlay 6 has a cross-section which results in a highly differential
      flow when subjected to external compressive loads; the ratio of the rate
      of deformation measured along one axis to the rate of deformation measured
      along a perpendicular axis preferably being in the range of 5:1 to 30:1,
      with the highest ratio being most preferably. Although the mechanism is
      not fully understood, it appears that the differential rates of flow
      between the interlay 6 and the two faying surfaces 5 produce an intense
      interfacial or shear flow. This shear flow serves to scrape off any oxide
      coating which may have formed on the faying surfaces 5 after the preweld
      cleaning (the presence of oxygen in the atmosphere causes these oxides to
      begin forming immediately after the cleaning) and which would tend to
      reduce the quality of a cold pressure weld. The flow further serves to
      cause intense localized facial heating. Further heating results from the
      pressure exerted on the weld assembly. The heat, the pressure and the
      intimate contact between the faying surfaces 5 and the interlay 6 all
      combine to produce the desired weld.
PAR  The desired differential in the shear flow rates is dependent upon the
      relative hardness of the interlay 6 and the base metal, the desired degree
      of thickness reduction of the base metal, and the surface condition of the
      interlay 6 and the faying surfaces 5.
PAR  The desired differential may vary during the course of effecting the weld.
      For example, it may be desirable to initially have a relatively low shear
      differential to scrape off any oxide coating on the interlay 6 or the
      faying surfaces 5, followed by a relatively high differential to effect
      the weld. Further, it may be desirable to have different shear flow
      differentials at the two faying surfaces 5 if the underlying base metals
      are of different hardness.
PAR  It is therefore, necessary to choose an interlay 6 configured to provide
      the desired time/location pattern of shear flow differential.
PAR  FIGS. 3a-3f illustrates some of the possible interlay 6 cross-sections,
      including round, oval, diamond with depressions at opposing corners,
      arrow-head and rectangular with asymetrically placed void. These sections,
      when compressed between two faying surfaces 5, will produce the desired
      highly differential flow, each, however, producing a different pattern of
      flow differential. Improperly designed cross-sections, such as simple
      rectangles, undergo thickness reduction without such differential flow.
      Instead, the interlay material merely extrudes in the unrestrained
      directions.
PAR  The pressure necessary to effect the weld is dependent upon the shear
      resistance of the interlay 6 and the faying surfaces 5. Preliminary
      results indicate that a pressure of about 150 percent of the surface
      stress of the interlay material is sufficient, provided that this pressure
      produces contact stresses at the points of contact between the interlay 6
      and the faying surfaces 5 sufficient to cause some localized flowing of
      the base metal underlying the surfaces 5.
PAR  The interlay 6 is preferably softer than the base metal. When the interlay
      hardness is equal to or greater than that of the base metal, the interlay
      6 does not spread over the faying surfaces 5, but, rather, cuts into the
      base metal. The proper hardness for the interlay 6 must be determined
      experimentally and largely depends upon the desired thickness reduction in
      the base metal, the minimum reduction occurring when the interlay 6 is
      very soft as compared to the base metal. Experimental results indicate
      that an optimum weld is achieved when the interlay thickness has been
      reduced by 65-99 percent. This may be accompanied by a thickness reduction
      in the base metal of about 5 percent. The interlay 6 may also be formed of
      a soft filler metal 6a with several fine wires 6b of a stronger, harder
      metal disposed therein (see FIG. 3f). The presence of these wires 6b
      increases the differential flow of the interlay 6 during the deformation
      process and elevates the shear resistance of the accomplished bond. Thus,
      the strength characteristics of the bond may be talored through proper
      orientation of the wires 6b.
PAR  Preliminary results indicate that this process permits cold pressure
      bonding at speeds of 10 feet per second.
PAR  While the invention has been described herein with specific reference to
      cold pressure welding, i.e. welding at room temperature or without the use
      of any appreciable amount of external heat, it will be understood that
      some heat may be applied to the members being welded provided, however,
      that welding is essentially effected as a result of the heat and
      pressure-induced plastic flow of the metal, to effect merging or intimate
      welding at the interfaces in the manner described. The additional heat may
      be supplied by either heating the pressure welding tools, or the members
      to be welded may be heated either before or during welding.
PAR  In the foregoing the invention has been described by reference to a few
      illustrative tools and methods. It is to be understood, however, that
      variations and modifications of both the described tools and method steps,
      as well as the substitution of equivalent tools and steps, may be made
      without departing from the broad scope and spirit of the invention as set
      forth in the appended claims. The specification and drawings are
      accordingly to be regarded in an illustrative rather than in a limiting
      sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of cold pressure welding a pair of cold pressure weldable
      metal members arranged with edges of superposed end portions of said
      members substantially in register with one another, comprising the steps
      of placing a metallic interlay between the faying surfaces to be bonded to
      form a weld assembly and compressing said weld assembly, thereby creating
      an intense interfacial flow conducive to bonding of said member in a solid
      phase welding bond, and wherein said interlay is of cross-section such as
      to deform at substantially different rates, as measured along mutually
      perpendicular axes, consequent to said compression of said assembly.
NUM  2.
PAR  2. In a method according to claim 1, wherein the ratio of the rate of
      deformation along one axis to the rate of deformation along a
      perpendicular axis is in the range of about 5:1 to about 30:1.
NUM  3.
PAR  3. In a method according to claim 1, wherein the maximum hardness of said
      interlay is equal to the hardness of said members to be joined.
NUM  4.
PAR  4. In a method according to claim 1, wherein said interlay has a
      substantially circular cross-section.
NUM  5.
PAR  5. In a method according to claim 1, wherein said interlay has a
      substantially oval cross-section.
NUM  6.
PAR  6. In a method according to claim 1, wherein said interlay has a
      cross-section which is substantially diamond-shaped with depressions
      formed in place of two opposing corners.
NUM  7.
PAR  7. In a method according to claim 1, wherein said interlay has an
      arrow-head shaped cross-section.
NUM  8.
PAR  8. In a method according to claim 1, wherein said interlay has a
      substantially square cross-section with a void disposed therethrough.
NUM  9.
PAR  9. In a method according to claim 8, wherein said void is asymetrically
      located.
NUM  10.
PAR  10. In a method according to claim 1, wherein said interlay comprises a
      filler metal and metal wires disposed within said filler metal, the
      hardness of said wires exceeding the hardness of said filler metal.
NUM  11.
PAR  11. A method of cold pressure welding a cover member to the edge of a
      hollow tubular member, both said members consisting of cold pressure
      weldable metal, comprising outwardly bending the end portions of said
      members to provide frustoconical interfitting flanges, placing said
      cylindrical member in a die wherein said die supports said flange on said
      cylindrical member, mounting said cover member on a circular punch wherein
      said punch supports said flange on said cover member, said punch being
      concentric with said die, placing a metallic interlay between the faying
      surfaces of said members, said flanges and said interlay comprising a weld
      assembly, and axially displacing said punch relative to said die to
      compress said weld assembly thereby creating an intense interfacial flow
      conducive to bonding of said members in a solid phase welding bond.
NUM  12.
PAR  12. In a method according to claim 11, wherein said interlay is of
      cross-section such as to deform at substantially different rates, as
      measured along mutually perpendicular axes, consequent to said compression
      of said assembly.
NUM  13.
PAR  13. In a method according to claim 12, wherein the maximum hardness of said
      interlay is equal to the hardness of said members to be joined.
NUM  14.
PAR  14. A method of cold pressure welding a lapped side-seam to form a hollow
      tube from a preformed sheet of cold pressure weldable metal, comprising
      placing said preformed sheet between mating male and female dies such that
      the axial edges of said sheet overlap, said femele die having an opening
      exposing said overlap, placing a metal interlay between the faying
      surfaces of said edges, said edges and said interlay comprising a weld
      assembly, and compressing said weld assembly between said male die and a
      punch, said punch acting through said opening in said female die, said
      compression creating an intense interfacial flow conducive to bonding of
      said edges in a solid phase welding bond.
NUM  15.
PAR  15. In a method according to claim 14, wherein said interlay is of
      cross-section such as to deform at substantially different rates, as
      measured along mutually perpendicular axes, consequent to said compression
      of said assembly.
NUM  16.
PAR  16. In a method according to claim 15, wherein the maximum hardness of said
      interlay is equal to the hardness of said edges to be joined.
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ABST
PAL  A three-dimensional sign character is formed with improved circumscribing
      opaque metal sheet strip siding. The sign, typically having an interior
      light source, includes a translucent plastic face circumscribed by opaque
      sheet metal strip siding. The sheet metal strip siding includes a plastic
      strip bonded directly by gluing to a freshly abraded band on the sheet
      metal strip. Convolute folds are formed on either side of the sheet metal
      strip. One convolute fold is formed adjacent an edge of the plastic strip
      so as to extend angularly above and abut the plastic stripping to function
      as a light stop. The secured plastic strip serves as the bonding point to
      the translucent face of the sign. The sheet metal strip siding is
      particularly adaptable to continuous formation on a specialized rolling
      mill including the steps of preheating the strip, abrading a band on the
      strip, gluing over the abraded band, placing a plastic strip over the glue
      covered abraded band, working opposite edges of the strip with a rolling
      mill to produce convolute folds, registering the plastic strip to the
      convolute folds, and heating the strip to cure and bond the registered
      plastic strip to the abraded band on the sheet metal strip.
PARN
PAR  This is a Continuation-in-Part of our U.S. Pat. application Ser. No.
      356,983, filed May 3, 1973, entitled "Three Dimensional Sign Character"
      now abandoned in favor of this application.
BSUM
PAR  The invention relates to three-dimensional sign characters, and in
      particular to sign characters formed by attaching a plastic character free
      to a metal shell. An improved circumscribing sheet metal strip shell is
      disclosed together with a process and apparatus for producing the
      circumscribing sheet metal strip shell.
PAC  Background of the Invention
PAR  A problem has been encountered in the construction of signs having
      three-dimensional characters. The face of the character generally is
      translucent plastic and the sides of the character are a sheet metal
      strip, and effectively joining the plastic and sheet metal strip has
      proved difficult. Plastic can not be fixed directly to the sheet metal
      strip, but requires an adjesive or mechanical joint.
PAR  Regarding adhesive joints between the circumscribing sheet metal strip and
      the typically translucent plastic character face, this solution has not
      been satisfactory. It has been found quite difficult to simply glue the
      thin plastic face directly to the sheet metal strip and achieve a bond
      with acceptable strength and adhesion. In most three-dimensional signs
      only the edge of the translucent plastic face is in contact with the metal
      shell. The translucent face is generally quite thin, even for a relatively
      large sign, rarely exceeding 1/4 inch. This presents only a relatively
      small surface-to-surface connection between the translucent plastic face
      and the sheet metal strip shell, which greatly decreases the possible
      strength of an adhesive bond therebetween. In gluing the face directly to
      the sheet metal strip shell, the situation is aggravated by the presence
      of the face against the metal which prevents the penetration of glue
      across the face where it abuts the sheet metal strip siding. This prevents
      the formation of an adhesive bond across the entire thickness of the
      abutted face. These difficulties have heretofore prevented the sole use of
      an adhesive bond to attach the plastic face to the metal shell, since a
      bond of adequate strength simply cannot be formed on this manner with
      glues presently available.
PAR  A possible solution to the above problems has been to apply adhesive two
      times to the metal sheet strip. In the first application, the adhesive was
      spread and allowed to form a cured layer prior to attachment of the
      plastic face. In the second application, adhesive on the abutted edge of
      the plastic sign face was bonded on the previously cured layer of
      adhesive.
PAR  This solution has not been satisfactory. When adhesive is applied to attach
      the plastic face, the adhesive and its solvent attach the cured layer and
      destroy the continuity thereof and result in a bond surface which is
      insufficient to provide the desired strength.
PAR  Regarding mechanical joints, the plastic face is usually so thin that it is
      quite difficult to directly attach the plastic to the sheet metal strip
      with screws or bolts. L-shaped brackets could be used, but are
      unacceptable since they interfere locally with the visual qualities of the
      sign. Typically, such brackets locally obscure or block light passing
      through or reflected from the translucent sign face resulting in an
      irregularly appearing or illuminated and hence unacceptable sign product.
      Various arrangements of slots and grooves have been attempted with limited
      success.
PAR  The complexity of the contrivances which have been necessary in the past to
      form an effective joint between the plastic face and the sheet metal are
      perhaps best illustrated by the patent to Minogue, U.S. Pat. No.
      3,414,305. In that patent, the sheet metal was rolled into convolutes, and
      an intermediate plastic piece was compressed within the convolutes,
      typically in the form of a "Pittsburgh lock." The plastic face was then
      bonded to the intermediate plastic piece. While this yielded a mechanical
      bond between the plastic face and the sheet metal, a relatively complex
      and expensive process was required to form the convolutes in the metal and
      compress the intermediate plastic piece therein. Moreover, the ultimate
      sign product left much to be desired.
PAR  Mechanical locks between sheet metal rolled into convolutes and
      intermediate plastic stripping have several disadvantages. First, such
      locks can only be formed on metal strips of finite length --typically in
      the order of 10 to 12 feet-- on a machine known as a metal brake. Numerous
      repetitive sequential operations of the metal brake are required, making
      the cost of the mechanical bond between the metal and plastic strip
      expensive.
PAR  Secondly, the plastic strip pulls away from its backing, even when ordinary
      gluing of the strip to the metal strip is attempted. This occurs after the
      translucent face of the sign has been secured to the circumscribing sheet
      metal strip sides of the sign. Typically, dirt lodges in between the metal
      strip and the plastic strip held to the metal by the mechanical lock in
      the manner illustrated in FIG. 3. This dirt forms an unsightly border to
      the sign display, rendering either its expensive cleaning or replacement
      necessary.
PAR  Additionally, the mechanical lock at its edge includes multiple overlying
      layers of material. In the case of the "Pittsburgh lock," three overlying
      layers of material are composed of the metal of the sign strip, and two
      overlying layers of material are formed of plastic, for a total of five
      overlying layers. This combined five overlying layer thickness of metal
      and plastic cannot be conveniently bent, especially to right or acute
      angles without cracking or tearing of at least one of the metal layers or
      at least one of the plastic layers, or both. This often weakens the
      construction of the sign at its most critical areas.
PAR  Finally, the Pittsburgh lock is not acceptable for production on a rolling
      mill. Typically, attempts to compress multiple layers of material on a
      rolling mill with sufficient compression to form a mechanical lock results
      in elongation of the edges of the circumscribing sheet metal strip with
      respect to the central portion of the circumscribing sheet metal strip.
      This produces a sinusoidal curve of the edges relative to the central
      portion of the metal strip. This sinusoidal curve of the edges of the
      metal strip renders impossible the attachment of the edge of the
      circumscribing sheet metal strip to the translucent sign face.
PAR  Moreover, when the product is formed on a metal brake as distinguished from
      a rolling mill, uneven width of the circumscribing metal strip results. As
      opposed portions of signs require precisely correspondent thicknesses of
      circumscribing metal strip, an unsatisfactory sign product results.
PAC  Summary of the Invention
PAR  The present invention provides a relatively simple product and resultant
      method for attaching the plastic face of the sign character to the sheet
      metal strip siding, but which still provides a sufficiently rigid bond
      therebetween. An intermediate plastic strip is first securely bonded to
      the sheet metal strip, typically adjacent one of the edges thereof, with a
      special plastic-to-metal adhesive. The plastic face is then integrally
      bonded with the plastic strip with a plastic-to-plastic adhesive. The
      result is a very firm, rigid three-dimensional structure which can stand
      alone as a single sign character or be used as a portion of a unitary
      sign.
PAR  Typically, the metal edge adjacent the plastic strip is convoluted upon
      itself. Preferably, one of these convolutes is bent so as to angularly
      overlap and protrude above the plastic strip. This convolute does not
      function to grip the plastic strip in any way, but does function to
      provide an opaque light seal at the juncture of the abutted plastic face
      to the opaque and circumscribing sheet metal sign sidewall.
PAR  The method of production of the sheet metal strip siding includes first
      abrading a band along the surface of the sheet metal strip. This abraded
      band is then coated with a plastic-to-metal adhesive usually in a liquid
      solvent. The strip of plastic material is immediately placed over the
      adhesive and pressed thereon to spread the adhesive to a continuous
      interface over the entire width of the strip between the strip and the
      abraded band on the sheet metal strip. Typically, and before the adhesive
      cures, the edge of the metal sheet strip adjacent the plastic strip is
      worked to provide an abutted overlapping convolute and the plastic strip
      is registered to abut this overlapping convolute. Next, the adhesive is
      allowed to cure so that the plastic strip comes firmly bonded to the metal
      sheet.
PAR  In the formation of the final sign product, the plastic face of the sign is
      placed in abutment to the circumscribing metal sheet strip at the plastic
      strip. A plastic-to-plastic adhesive is applied at the point of abutment
      between the plastic strip on the circumscribing metal sheet strip and the
      edge of the plastic face. The plastic-to-plastic adhesive contains a
      solvent which mutually plasticizes the strip and the plastic face so that
      the plastic material flows together and then resets to form an integral
      bond.
PAR  The disclosed apparatus for producing the improved sheet metal side strip
      of this invention includes a machine which passes and processes a sheet
      metal strip continuously through it. The machine includes a preheating
      station, an abrading station, a gluing station, a metal edge working
      station, and finally a curing station. Provision for takeup of the sheet
      strip siding product is made at a convolute metal roll.
PAC  Further Features and Advantages of the Invention
PAR  By firming bonding the intermediate plastic strip to the metal, the
      problems involved with simply gluing the plastic directly to the metal are
      avoided. First, curing the plastic-to-metal adhesive allows the plastic
      strip to gain full purchase on the metal without interference from the
      plastic face. The plastic strip is relatively wide to provide a large
      surface-to-surface connection between the strip and the metal so that an
      extremely strong bond is formed. Second, the plastic strip extends across
      the entire thickness of the abutted edge of the plastic face so that the
      bond subsequently formed with the face utilizes the full thickness of the
      abutted edge of the plastic face. Third, since two types of plastic form
      the critical bond between the plastic strip and the translucent plastic
      face, the material can flow together when the plastic-to-plastic adhesive
      is applied, so that when the material resets, an integral bond is formed.
      Fourth, the intermediate plastic strip prevents the solvent in the
      plastic-to-plastic adhesive from attacking the bond between the strip and
      the metal. Hence, a connection between the plastic face and the metal
      shell is formed which is sufficiently rigid to be used in sign
      construction.
PAR  Moreover, since the product does not include a mechanical lock, it can be
      continuously formed on a processing machine at a continuous rate where
      uniform width and dimension of the product is assured.
PAR  Additionally the plastic strip, by virtue of its being firmly bonded over a
      large area to the sheet metal strip of the sign siding, will not pull away
      from the metal siding when it is subsequently bonded to the translucent
      face of a sign. This also prevents the collection of dirt and the like
      between the metal strip and the plastic strip which requires either
      cleaning or replacement of the sign.
PAR  A further feature of the invention is that the convolute edges, while
      functioning to provide a light seal, do not have overlying layers of
      plastic entrapped between them. Consequently, when the circumscribing
      edges of the side strip are bent at acute angles to circumscribe letters
      of other sign characters, breaking or cracking of either the metal or the
      plastic stripping or both does not occur.
PAR  Moreover, the convoluted edges can provide a light seal between the opaque
      circumscribing sheet metal strip siding and the translucent portion of the
      sign. All light must pass through the translucent portion of the sign
      providing a clean sign display with a uniformly sharp border.
PAR  In the process and apparatus for the production of the stripping, the steps
      of formation are interrelated for most efficient production. Specifically,
      the steps of preheating and abrading a band on the typically aluminum
      sheet metal strip provides energy to the metal strip so that when
      subsequent placement of the glue on the abraded band and placement of the
      strip overlying the glue occurs, rapid curing of the strip to the abraded
      band on the sheet metal strip can subsequently occur.
PAR  Further, the apparatus for manufacture includes a rolling mill with opposed
      rollers each slideably mounted on relatively wide shafts journaled at both
      ends. The rollers are adjustable along their shaft. Thus, the apparatus of
      this invention can accommodate stripping of various widths.
PAR  Moreover, the strip is worked by rollers spaced a predetermined distance
      from the strip edges. This permits the product to be of a constant width.
PAR  Yet another advantage of the apparatus is that adjustability of the mill
      for different widths of sheet metal strips is possible by the expedient of
      relocating the rollers on their shaft to different spacings between the
      journals. Different widths of metal strips for different widths of
      circumscribing sheet metal strip sidings can be provided.
PAR  Yet another advantage of the apparatus for producing the metal is that it
      is easily adjustable for different thicknesses of sheet metal.
      Specifically, shimstock of different dimension can be inserted in between
      the journals mounting the opposed rollers. This shimstock enables machine
      adaptability to a variety of thicknesses and stiffnesses of the metal
      being worked therewithin.
PAR  Yet another feature of the apparatus for the manufacture of this invention
      is that the mill is capable of working on painted aluminum stripping.
      Typically, a rubber roller placed ahead of the rolling mill provides the
      velocity to the passing strip relative to the downstream working rollers.
      These downstream working rollers rotating at precisely the same speed as
      the driving rubber rollers, work the metal edges so that undesired
      cracking, scraping or scratching of the painted aluminum stripping is
      avoided.
PAR  Yet another advantage of the apparatus and process for producing the
      improved circumscribing metal siding of this invention is that the product
      can be continuously taken up in a convolute roll.
PAR  An advantage of taking the product up in a convolute roll is that it is not
      limited to discrete lengths. Rather, the product is limited to a very long
      single length which can be stored on a convolute roll. Thus, end wastage
      in letter formation can be kept to a minimum.
PAR  Yet another advantage of taking up the finished product in a convolute roll
      is that packing of the product can occur in a minimal volume without the
      painted metal edges of the aluminum siding abrading because of contact.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to their organization and method of operation, together
      with the further objects and advantages thereof will be better understood
      from the following description considered in connection with the
      accompanying drawings in which the preferred embodiments of the invention
      are illustrated by way of example. It is to be expressly understood,
      however, that the drawings are for the purposes of illustration and
      description only, and are not intended as the definition of the limits of
      the invention.
DRWD
PAC  Brief Description of the Drawings
PAR  FIG. 1 is a perspective view of the letter "T" formed according to the
      method of the present invention, the letter being broken away to
      illustrate an interior light source, the opaque sheet metal strip siding,
      the translucent sign facing, and the typically opaque interiorly
      reflective sign backing;
PAR  FIG. 2 is a perspective section along lines 2--2 of FIG. 1 partially broken
      away for illustrating the improved sheet metal strip siding of this
      invention;
PAR  FIG. 3 is a perspective section illustrative of opaque sheet metal strip
      siding of the prior art illustrating an edge of the sheet metal formed
      with a mechanical "Pittsburgh" type lock to secure plastic stripping to
      the metal and with the abutted translucent sign material secured to the
      plastic stripping;
PAR  FIG. 4 is a perspective section along lines 4--4 of FIG. 2 illustrating the
      configuration of the improved circumscribing sheet metal strip siding of
      this invention;
PAR  FIG. 5 is an apparatus for continuously producing by the process of this
      invention the sheet metal strip siding;
PAR  FIG. 6 is a side elevation section of opposed rubber driving rollers of the
      rolling mill of this invention;
PAR  FIG. 7 is a view of the first opposed working rollers of the rolling mill
      for providing an obtuse 45.degree. bend at opposed edges of the metal
      sheet strip;
PAR  FIG. 8 is a side elevation of the glue application station of this
      invention which is hereshown located directed behind the rollers of FIG.
      7;
PAR  FIG. 9 is a side elevation of opposed working rollers for providing a
      90.degree. bend at opposed edges of the metal sheet strip;
PAR  FIG. 10 is a side elevation of opposed working rollers for providing a
      45.degree. acute bend at opposed edges of the sheet metal strip as well as
      a station for the application of the plastic strip on top of the
      previously placed glue;
PAR  FIG. 11 is a side elevation of opposed working rollers for closing the
      acute angle bends previously formed in the opposed edges of the metal
      strip;
PAR  FIG. 12 is a side elevation of opposed working rollers for putting an
      additional 45.degree. obtuse angle fold in one edge of the sheet metal
      without working the remaining edge of the sheet metal strip;
PAR  FIG. 13 is a side elevation of opposed working rollers for placing a right
      angle bend on one edge of the sheet metal strip without working the
      opposite edge of the sheet metal strip;
PAR  FIG. 14 is a perspective view of apparatus for registering the plastic
      strip to one of the worked edges of the sheet metal strip;
PAR  FIG. 15 is a side elevation of opposed working rollers for providing a
      45.degree. acute angle bend to the metal on one edge of the strip while
      not working the remaining edge of the strip;
PAR  FIG. 16 is a side elevation of opposed working rollers for closing the
      acute angle bend of FIG. 16 in accordance with this invention;
PAR  FIG. 17 is a side elevation of opposed working rollers for placing an
      obtuse angle bend to the convoluted edge of the metal strip adjacent the
      plastic strip;
PAR  FIG. 18 is a perspective view of an arm for firmly compressing the plastic
      strip to the metal prior to curing at the curing station; and,
PAR  FIG. 19 is a view of the driving apparatus for the driving and working
      rollers of this invention.
DETD
PAC  Description of the Preferred Embodiments
PAR  A sign character in the shape of a letter T formed according to the methods
      of the present invention is illustrated by way of reference to FIG. 1. The
      character 10 has a T-shaped translucent rigid plastic face 12
      circumscribed by an aluminum or other type metal sheet strip siding 14.
      Aluminum is used almost exclusively for the metal sheet strip, but other
      metals can be used as well. The sheet metal strip is preferably continous,
      so that a single sheet metal strip surrounds the letter face 12, and is
      joined at a seam 16. As will hereinafter be explained in more detail, the
      letter face 12 is slightly recessed from the visible lateral edge 18 of
      the metal sheet 14. This recession can be varied, from substantially at
      the lateral edge to significantly depressed therefrom to provide a
      variable design feature.
PAR  The letter includes an opaque wall 20 opposite translucent face 12. Wall 20
      has the same T shape as face 12. Face 12 is fastened to the remaining edge
      of metal sheet 14. Typically, the side of wall 20 interior of the
      three-dimensional character 10 is provided with a reflective surface. A
      light source 26 is located inside character 10 to illuminate translucent
      face 12.
PAR  The manner in which the sheet metal strip 14 is fabricated can be seen with
      reference to FIG. 2. A relatively wide plastic-to-metal adhesive layer 25
      is placed on an abraded band 23 on the sheet metal strip 14 adjacent one
      lateral edge thereof. A strip of plastic material 25 is bonded overlying
      the abraded band to the metal sheet 14 by the adhesive layer 24. (The
      thickness of the adhesive layer 24 and the plastic strip 25 are greatly
      exaggerated in the Figure.) As will hereinafter more fully appear, the
      letter face 12 is integrally bonded with the plastic strip 25 by applying
      a plastic-to-plastic adhesive to both the letter face 12 and the plastic
      strip 25 at the junction therebetween.
PAR  The sheet metal strip side illustrated in FIGS. 1 and 2 is formed in the
      following manner. First, the sheet metal strip 14 is preferably abraded at
      band 23 adjacent its lateral edge 30 to provide a rough surface.
      Typically, the abrading of this band serves two purposes. First, it
      removes layers of paint, oil, oxide or dirt which might otherwise
      interfere with the subsequent bond of the plastic strip 25 to the sheet
      metal strip 14. Secondly, it provides the relatively smooth surface of the
      metal with a roughened and irregular surface so that glue layer 24 can
      effect an improved bond of the plastic strip 25 to the sheet metal strip
      14.
PAR  A plastic-to-metal adhesive is coated in a relatively wide strip 24
      overlying band 23 adjacent lateral edge 30 of strip 14. Minnesota Mining
      and Manufacturing Corporation industrial adhesive No. 4475-50, developed
      specifically for adhesion to metals, is preferable, but any plastc
      adhesive which adheres to metals can be used. To more easily coat the
      adhesive on the metal, the adhesive can be carried in a liquid solvent,
      and the combination of solvent and adhesive coated on the metal sheet 14.
PAR  A relatively wide plastic strip 25 is immediately placed over the
      plastic-to-metal adhesive layer 24 and pressed thereon to spread the
      adhesive so that the entire width of the plastic strip is used to form a
      bond. The adhesive solvent is then evaporated, usually by applying heat
      from an infrared heater, and the plastic strip becomes firmly bonded to
      the metal sheet.
PAR  Typically, the opposed edges 30, 32 of the circumscribing metal sheet 14
      are convoluted. Referring to FIG. 4, edge 30 is provided with a first
      convolute or U-shaped bend 34 at its edge. Secondly, a second convolute or
      U-shaped bend 36 is placed in the metal edge a distance removed from the
      first convolute 34. The metal edge 30 is worked so that convolute 34
      extends upwardly from convolute 36 at an obtuse angle. This extension
      occurs at an obtuse angle bend 38.
PAR  It will be noted that convolute 34 abuts strip 25 at edge 39. This abutment
      occurs along the side of the convolute 34 so that a portion of convolute
      34 extends upwardly and above the edge 39 of strip 14.
PAR  Edge 32 of metal siding 14 is bent with a convolute 40. Adjacent convolute
      40 there is placed a strip 42 of closed cell urethane foam having a
      pressure sensitive adhesive layer 43.
PAR  The completed sheet metal side strip 14 as illustrated in FIG. 4 thus
      includes the sheet metal strip 14, the glued plastic strip 25, the strip
      abutted convolute 34, the first edge convolute 36, and the second edge
      convolute 40 with the attached foam border 42. This material can then be
      used for the construction of the letter character illustrated in FIG. 1.
PAR  Sheet metal strip 14 normally ranges between 41/4 inches and 9 inches in
      width, having a thickness of 1/10 inch to 1/4 inch with the normal range
      of 2/10 inch. The sheet metal is typically coated with an alkaline-amine
      epoxy. On one side, the sheet strip is provided with an exterior coating.
      On the interior side or side upwardly exposed as shown in FIG. 5, the
      pigment of the alkaline-amine epoxy coating is white. The white coating is
      used to produce maximum reflectivity interior of the opaque side wall of
      the sign product.
PAR  Foam strip 42 is closed cell urethane foam with a pressure sensitive
      adhesive. The dimension of the strip can vary within wide limits but a
      strip 1/2 inch by 1/2 inch in section has been found to be preferred.
PAR  Plastic stripping is typically a butyrate cellulose strip normally 1 inch
      in width and normally 2/10 inch in thickness. The width of the strip can
      vary to virtually any desired accepted width. The thickness of the strip
      usually ranges between 3/10 inch and 1/10 inch. It is usually not
      desirable to exceed 3/10 inch thickness in the strip. This is because when
      the letter strip is bent to a right or acute angle, the strip can be
      subject to cracking with the sheet metal strip sign border product of this
      invention becoming correspondingly weakened. As a minimum dimension, strip
      thicknesses less than 1/10 inch are not preferred. This is because upon
      bonding to the translucent face 12 of a sign, the glue attacks the strip
      to the point of destruction where the strip is below 1/10 inch in
      thickness.
PAR  The plastic strip 25 of this invention must be complementary in material to
      the translucent face 12. As is known to those having skill in the art,
      like plastics bond to like plastics. Materials such as polycarbonate or
      acrylics (particularly methylmetaculate) have been used for both
      translucent sign face 12 and strip 25.
PAR  In the formation of the letter character of FIG. 1, translucent letter face
      12 and opaque wall 20 are typically cut simultaneously with the strip for
      each overlying one another. Next, a length of sheet metal strip siding 14
      sufficient to completely circumscribe both the translucent face 12 and the
      opaque wall 20 is cut. This strip is then bent to conform precisely to the
      contour of the translucent letter face 20 and the contour of opaque wall
      20.
PAR  The letter face 12 is then placed in abutment with the plastic strip 25 now
      firmly bonded to the metal. A plastic-to-plastic adhesive, usually
      ethylene dichloride cement, is applied to the intersection of the letter
      face 12 of the plastic strip 25. The adhesive contains a solvent which
      acts to plasticize both the plastic material of the letter face and the
      plastic strip material. The bond between the strip and the metal is
      unaffected. As the two plastic materials are plasticized, they comingle
      with the adhesive material so that when allowed to set, a rigid integral
      bond is formed between the face and the strip. To seal the bond
      completely, a coating of heavy acrylic plasticizer and solvent mixture can
      later be applied to the bond.
PAR  Opaque wall 20 is typically fastened at the same time to edge 32 of the
      stripping 40. Typically, it is abutted to the stripping so that the foam
      strip 42 forms a light lock between the exterior of the sign and the
      interior of the sign. Thus, the foam strip acts as a light seal, keeps
      dirt from penetrating the interior of the sign, acts as a repellant
      against the gross intrusions of moisture and assists in the bonding
      between the opaque wall 20 and the strip 42.
PAR  It should be noted that the abutted convolute 34 serves two functions.
      First, the abutted convolute forms a border against which the translucent
      sign material 12 can rest. Secondly, the convolute 34 acts as a light
      stop. It prevents light passing either through strip 25 or in any
      interstitial area between strip 25 and the abutted translucent face
      material 12 from reaching viewers of the display. A visually uniform and
      clean sign border results.
PAR  The improved sign strip of this invention can now be compared to that
      existent in the prior art, particularly by the patent to Minogue, U.S.
      Pat. No. 3,414,305, issued in 1968.
PAR  Referring to FIG. 3, edge 30' of sheet metal strip 14' includes a first
      convolute 46 and a second convolute 48. Interior of the convolutes 46 and
      48, a plastic strip 25' is gripped at its own convolute 50. Thus, there is
      seen a five layer thickness of material along line 51 through the edge
      30'. This has disadvantages.
PAR  Observing FIG. 1 and the circumscribing metal sheet strip shell, it will be
      observed that at numerous places the metal includes 90.degree. bends.
      Indeed, in many sign characters, bends to an acute angle can be
      anticipated. It has been found that if metal sheet strip 14' having a
      Pittsburgh lock as illustrated at its edge 30' is bent, especially to a
      right angle or an acute angle, material failure occurs. This material
      failure either occurs in the metal, in the plastic, or both. It is
      believed due to the overlying five layer thickness at the edge 30' along
      line 51. The improved product of FIG. 4 does not have this characteristic.
PAR  An additional disadvantage has been found in the material of the prior art.
      Typically, when translucent face 12 is fastened, as by gluing, to the
      mechanically held strip 25' and allowed to cure, the characteristic of the
      glue between the translucent face 12 and plastic strip 25' is such that
      the strip 25' is pulled away from the underlying non-abraded metal of the
      metal sheet strip siding 14'. When this pulling away occurs, an area is
      defined between the sheet metal strip 14' and the underside of the
      stripping 25' in which dirt particles are attracted and accumulate in an
      unsightly fashion. It has been found that with the passage of time the
      borders of the sign become irradically obscured, unsightly, and either
      have to be cleaned or replaced. A product of FIG. 4 relying on the
      improved sheet metal strip siding of this invention does not have that
      characteristic.
PAR  Full understanding of the manufacture of the product of this invention can
      be best understood by first setting forth the apparataus for the
      manufacture thereof. In explaining the apparatus for the manufacture, the
      process as well as some of the advantages of the product produced can be
      set forth.
PAR  FIG. 5 is illustrative of a machine adapted for the process of this
      invention. As the product is formed on a continuous process mill, material
      for the product must be continuously dispensed to the mill. Typically,
      sheet metal strip is disposed from a convolute roll A. As hereshown, roll
      A is shown dispensing with roll A' loaded and ready to replace the
      dispensing function as roll A empties. Foam stripping 42 is dispensed from
      rolls B and B'. As hereinbefore set forth, foam strip 42 is coated on its
      bottom portion with a pressure sensitive adhesive. This pressure sensitive
      adhesive is protected by a silicone coated Mylar protective coating which
      is peeled from stripping 42 as it is applied to the metal sheet strip 14.
      Plastic stripping is dispensed from rolls C and C', roll C here being
      shown dispensing the stripping. Glue is dispensed from a pressurized glue
      pot D to a dispensing head J.
PAR  Having briefly summarized the dispensing apparatus of this machine, the
      processing portion can now be set forth. Sheet metal strip 14 first passes
      through a preheat station E including four 200 Watt infrared lightbulbs.
      As sheet metal strip 14 sequentially passes through the machine, it next
      comes in contact with a grinder F. Grinder F serves to abrade band 23 on
      the aluminum sheet metal strip 14 along a path underlying the plastic
      strip 25. Thereafter, the sheet metal strip passes through rolling mill G.
      At rolling mill G, the sheet metal strip edges 30, 32 are convoluted, glue
      coating 24 is applied, the plastic strip 25 is applied, and the plastic
      strip registered to the freshly convoluted side 30 of the sheet metal
      strip. Thereafter, the sheet metal strip 14 passes through a curing
      station H, finally to downstream product takeup rollers I.
PAR  Preheater E is conventional in construction but located along the path of
      sheet metal strip 14 at a juncture where the metal is heated by the
      preheater before it is worked in any way.
PAR  Grinder F is conventional and includes an abrading wheel 60 interior of a
      box 62 connected to a vacuum hose (not shown). Working in opposition to
      grinding wheel 60 there is an opposition roller 64 underlying the strip 14
      as it passes through the grinder.
PAR  The grinder F also includes a telescoping bottom 65. Bottom 65 slides
      upwardly and downwardly on the strip as the grinder F is adjusted towards
      and away from strip 14 pursuant to the wear of wheel 60.
PAR  Grinder F is adjusted to remove completely the alkalineamine epoxy coating
      on the aluminum sheet. Further, it abrades the underlying aluminum. These
      abrasions are in the order of 1/64 inch thick and constitute abraded band
      23.
PAR  It will be noted at this juncture, that prior to the application of the
      glue, strip 14 has passed through the preheating station E and the grinder
      F. At both these stations, heat energy has been absorbed. Thus, preheating
      in advance of the application of glue E on sheet metal strip 14 occurs.
PAR  The main processing of the sheet strip 14 from its sheet to a finished
      product can best be understood with reference to FIGS. 6 through 18.
PAR  Referring to FIGS. 5 and 6, sheet metal strip 14 initially passes between
      two opposed rubber rolls 60 and 61. Each of the rolls 60 and 61 are
      mounted on shafts 62 and 63 respectively. Shafts 62 and 63 are journaled
      at their respective ends in journals 65.
PAR  Opposed rubber rollers 60-61 serve to impart the velocity to metal strip 14
      as it passes through the machine. It will be remembered that this metal
      strip 14 is painted. Thus, the drive rollers and working rollers are
      designed not to mark, scar, or otherwise mar the painted surface of the
      metal strip.
PAR  Foam strip 42 is applied at opposed drive rollers 60-61. Referring briefly
      to FIG. 5, it will be seen that the foam strip 42 is dispensed from the
      roller B toward the opposed rollers 61-62. Immediately prior to roller 61
      as shown in FIG. 5, the releasable Mylar coating 67 is removed from the
      pressure sensitive adhesive on the bottom of strip 42. Thereafter, the
      foam passes between roller 61 and the metal sheet strip 14. In passing,
      the pressure sensitive adhesive firmly fastens the foam stripping to the
      metal sheet strip 14.
PAR  Metal sheet strip 14 next passes to opposed rollers 64, 64' on shaft 66 and
      65, 65' on shaft 67.
PAR  Observing all of the rollers 64, 64', 65 and 65', it will be seen that they
      are all similarly shaped.
PAR  Referring to roller 64, it will be seen that this roller includes a first
      smaller cylindrical portion 70, a second larger diameter but smaller
      length cylindrical portion 72 and an intermediate frustro-conical section
      73.
PAR  It will be further observed that the rollers of FIGS. 7, 9, 10 and 11 work
      opposite edges of the metal strip 14 in identical fashion. Thereafter,
      only the left working side of the rollers will be discussed, it being
      understood that those having ordinary skill in the art will understood
      that identical working on the opposed edge at the same time produces the
      same result as well as providing a centering function to the metal strip
      14 as it passes through the rolling mill.
PAR  It should also be understood at this juncture that each of the rollers
      shown in FIGS. 7, 9, 10, 11, 12, 13, 15, 16 and 17 are adjustably mounted
      along the lengths of their respective shafts. Referring to the detail of
      FIG. 7 and rollers 64 and 64', it will be seen that both rollers are
      mounted to shaft 66. Shaft 66 is equipped with a keyway 69 running along
      the entire length. Allen screws 70 and 70' are mounted to set the rollers
      at preselected opposing distances along the shaft 66.
PAR  Referring briefly to FIG. 5, another feature of the adjustability of these
      rollers can be understood. Regarding this feature, each of the rollers is
      mounted within journals, each journal being carried by separate blocks.
      Upon changing the thicknesses of strip 14 passing through the rolling mill
      G, shimstock is typically mounted under the roller journals as they are
      secured to the machine. This causes correspondent raising and lowering of
      the rollers for corresponding thicker and thinner thicknesses of metal.
PAR  Roller 64 is typically registered so that its frustroconical portion 73
      accommodates at its upper end edge 30 of sheet strip 14. Overlying and
      opposing roller 65 is registered so that its large diameter 72 bears upon
      the small diameter 70 of the underlying roll 64. As is illustrated, this
      results in an obtuse angle crimp of edge 30 of metal strip 14.
PAR  Referring to FIG. 6 and to foam strip 42, it will be noted that this strip
      after passing between the opposed rubber drive rollers 60 and 61 of FIG. 6
      has fully expanded. It is characteristic of the closed cell foam used with
      this invention that compression and the subsequent expansion in no way
      harms the foam or its characteristics.
PAR  Immediately passing through roller 65', metal strip 14 passes on to a
      gluing station.
PAR  Referring to FIG. 5, glue is actuated to flow from the glue pot D by
      inflowing air from air conduit 80 through a pressure regulator 81.
      Typically, glue 82 interior the pot D is forced upwardly through a glue
      conduit 84 to the top of the rolling mill G. An air actuated cylinder 85
      opens and closes a valve 86 to cause glue to flow.
PAR  Referring to FIG. 8, glue is metered by a petcock 87 in conduit 84 and
      outflows at spout 88 to the surface of metal 14. As will be remembered,
      the glue is flowed directly onto the abraded band 23 of sheet metal strip
      14. Thereafter, the glue passes through a spreader 89. Spreader 89
      functions to spread the glue substantially over the length of the abraded
      band 23 on the sheet metal strip 14.
PAR  The metal sheet strip then passes on to rollers illustrated in FIG. 9.
      Rollers 90 and 90' are of the same construction as roller 64 in FIG. 7.
      Opposed bottom rollers 91 and 91' are of a different construction. They
      include a first large cylindrical portion 93 and a small cylindrical
      portion 94 with a right angle surface 95 interconnecting these surfaces.
      Typically, roller 90 as adjusted along its shaft so that it abuts surface
      95 at the outer portion of its surface 96. This takes the obtuse
      45.degree. angle bend in metal edge 30 and converts it to a right angle
      bend. As is apparent, this occurs on both edges 30 and 32 simultaneously.
PAR  The sheet strip then passes on to the rollers illustrated in FIG. 10.
      Typically, the rollers of FIG. 10 include upper rollers 100 and 100' and
      lower opposed rollers 102 and 102'. Upper roller 100 has precisely the
      same configuration and alignment as roller 65 and is positioned relative
      to edge 30 of strip 14 so as to produce an acute angle crimp in the edges
      30. The working of edge 32 is similar.
PAR  Roller 100 illustrated in FIG. 10 has mounted about it a roller 104. With
      reference to FIGS. 5 and 10, it can be seen that the plastic strip 25
      dispensed from roller C passes around roller 100 and on the top of the
      glue layer 24. Roller 104 serves to firmly press strip 25 causing the glue
      to occupy the full interstitial area between the abraded band 23 on metal
      strip 14 and the lower surface of strip 25.
PAR  With reference to FIG. 11, strip 14 then passes on to opposed cylindrical
      rollers 105, 105' and lower rollers 106 and 106'. As illustrated in FIG.
      11, these rollers serve to close the crimp on edges 30 and 32 into a
      U-shaped convolute.
PAR  Referring to FIG. 12, strip 14 then passes on to rollers 107, 108. These
      rollers work edge 30 in a manner identical to that previously described
      with reference to FIG. 7.
PAR  Referring to the rollers of FIG. 12, it will be noted that only edge 30 is
      worked. Edge 32 is not worked. As is apparent to those skilled in the art,
      when one edge of a passing strip of metal is worked, a sidewise thrust
      from the rollers 107 and 108 towards edge 32 of the strip 14 will result.
      To resist such a movement, a buffer roller 109 is mounted at intervals.
PAR  Strip 14 next passes to the opposed rollers 110 and 111. These rollers are
      identical in configuration to those illustrated in FIG. 9, and will not be
      further discussed herein. It will, however, be noted that edge 30 already
      having a first convolute therein is worked to a 90.degree. bend so that
      the entirety of the first convolute is bent over.
PAR  Referring to FIG. 14, it will be remembered that the plastic strip 25
      placed on the metal strip 14 at abraded band 23 is freshly placed with
      respect to glue layer 24. Typically, it is necessary to register strip 25
      in anticipation of the remaining fold on edge 30 of strip 14. This is done
      by an arm 114 pressing against the edge 116 of strip 25.
PAR  Referring to FIG. 15, metal strip 14 thereafter passes on to the roller 120
      and 121. As these rollers are identical to those illustrated in FIG. 10,
      they will not be further discussed.
PAR  Referring to FIG. 16, strip 14 passes between opposed cylindrical rollers
      125 and 126. These rollers close the first convolute firmly, in abutment
      with the edge 39 of strip 25. This functions to form the light stop
      previously illustrated with respect to FIG. 4.
PAR  Referring to FIG. 17, strip 14 then passes to rollers 123 and 124. Roller
      123, being identical to the construction of roller 65 illustrated in FIG.
      7, has its large diameter surface 72 adjusted to close the end of the
      second convolute on edge 32. As is illustrated, this causes the first
      convolute to overlap the edge 39 of strip 25 as illustrated in FIG. 4 by
      forming the obtuse angle bend 38 in the edge 30 of strip 14.
PAR  Strip 14 then passes onwardly to an arm 130. As is shown in the perspective
      view of FIG. 8, arm 130 presses firmly down on top of the strip 25 to make
      sure the strip is adhering to the upper surface of the metal sheet strip
      14. It will be noted that, at this juncture, the product is essentially
      complete, save and except for the curing which occurs at curing station H.
PAR  It will be noted that there is a piece of reflective metal 155 between roll
      C and the heat lamps 150 of curing station H. This metal shield prevents
      the plastic of strips 25 from melting under the heat of the curing station
      H and further, by reflection, enhances the curing of the strip 25 on the
      metal.
PAR  Thereafter, the product passes on to the convolute takeup rolls I and I',
      the roll I hereshown being connected. These rolls function to wrap the
      finished product in a convolute configuration so that it may subsequently
      be cartoned and shipped to its destination.
PAR  Some comments can be made about the convoluted rolle I. First, the strip 42
      functions to buffer the successive layers of material wound in the
      convolute roll. This strip 42 prevents an overlying layer of sheet metal
      strip from scarring, marring, or otherwise injuring an underlying layer of
      sheet metal strip.
PAR  It will be remembered with respect to FIG. 6 that opposed rollers 60 and 61
      drive the metal as it passes through the rolling mill G. Each of these
      drive rollers has a diameter and rotational speed which is essentially the
      same as the working diameter and rotational speed of each of the working
      rollers illustrated in FIGS. 7, 9, 10, 11, 12, 13, 15, 16 and 17.
      Scarring, marring or scratching of the metal being worked is prevented.
PAR  Referring to FIG. 19, a drive mechanism is illustrated for driving all the
      rollers at the same rotational speed. Typically, a variable speed motor
      140 drives a first sprocket 141 through a chain 142. A second sprocket
      (obscured in the view hereshown) dirves an elongate chain 145. Chain 145
      is wound around in an S-shaped configuration about the respective shafts
      of each of the rollers previously illustrated. This S-shaped configuration
      powers each of the rollers at precisely the same rotational speed. When
      the rollers move at the same rotational speed, they do not scar, mark, or
      otherwise mar the painted surfaces of the sheet strip 14.
PAR  The S-shaped configuration of the chain 145 has an additional advantage. It
      will be remembered that each of the journals for the overlying rollers
      must be movable towards and away from the journal for the underlying
      rollers to accommodate varying thicknesses of metal. The S-shaped
      configuration here illustrated will permit a moderate amount of such
      movement without the requirement of adding chain lengths or the like.
PAR  While this invention has been illustrated in some detail, it should be
      apparent that various changes and modifications may be made without
      departing from the spirit hereof. For example, plastic strip 25 could be
      placed on both edges 30, 32 of strip 14 as well as one edge thereof.
      Moreover translucent siding 12 could be on both sides, as well as one side
      of character 10. Additionally, the fold of the convolute edges can be
      changed. Like modification can be made without departing from the spirit
      and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a surrounding sheet strip for the construction
      of a three-dimensional sign character having a plastic face, said process
      comprising the steps of: providing a continuous strip of metal sheet
      having first and second parallel lateral edges; continuously feeding said
      strip of metal sheet at a preselected rate past a working station;
      abrading a band on said metal adjacent one of said parallel lateral edges
      of said sheet; applying to said abraded edge a layer of plastic-to-metal
      adhesive on said abraded band at said working station, applying a plastic
      strip to cause said adhesive to occupy substantially the entire
      interstitial area between said abraded band and said plastic strip to said
      working station; curing said adhesive to bond said plastic strip to said
      abraded metal; and, convoluting the edge adjacent said abraded band at
      said working station with a first bent longitudinal edge of said sheet
      metal folded back in to contact with a first longitudinal area of said
      sheet metal adjacent said first bent longitudinal edge to form at least
      one first convolute and registering said plastic strip to said convoluted
      edge at said working station prior to said curing step to abut and not
      clamp said plastic strip at said convolute.
NUM  2.
PAR  2. The process of claim 1 and including the step of preheating said strip
      at said working station prior said applying step.
NUM  3.
PAR  3. The process of claim 1 and wherein said convoluting step includes
      convoluting the edge adjacent said abraded band at said working station
      with said first longitudinal area of sheet metal folded back into contact
      with a second longitudinal area of sheet metal adjacent said first
      longitudinal area to form a second convolute by folding said first
      convolute into contact with said second longitudinal area of sheet metal.
NUM  4.
PAR  4. The process of claim 1 and wherein said abrading step occurs before said
      convoluting step.
NUM  5.
PAR  5. The process of claim 1 and wherein said abrading step occurs after said
      convoluting step.
NUM  6.
PAR  6. The process of claim 1 and wherein said sheet metal strip is aluminum.
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ABST
PAL  In the manufacture of compound billets composed of two or more different
      metals for use in hydrostatic extrusion, care must be exercised to see
      whether or not products possessing a predetermined compound status are
      produced from the compound billets by means of the hydrostatic extrusion
      process. The compound billets manufactured through the method of this
      invention do not, in the hydrostatic extrusion process, possess the usual
      defects caused by discrepancies between the mechanical properties of a
      plurality of different metallic materials constituting the billets,
      especially, and in particular, it is true that the compound billets are
      free from defects caused by surface slip taking place between the surfaces
      of the internal and external layer materials of the compound billet of the
      different metallic materials, and the method according to the present
      invention is characterized in that the formation of the nose part is
      undertaken by plastic forming of the same, such as roll forming and
      swazing, from the outside while maintaining an interior condition wherein
      air is expelled from the space formed between the contacting surfaces of
      the different metallic materials. As a result, the materials are
      mechanically bonded together and the surface areas of the materials of the
      billet at the deformed nose portion to be presented to the die are equal
      and it becomes possible to carry out a hydrostatic extrusion of the
      compound materials under a combination of different metallic materials
      covering an extremely wide selection.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part application of
      application Ser. No. 316,923, filed Dec. 20, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates generally to an improved method of
      hydrostatic extrusion of compound billets composed of more than two
      different metallic materials and, more particularly, to an improved method
      of obtaining stable and satisfactory products covering an extremely wide
      selection of combinations of different metallic materials as well as the
      shapes thereof.
PAR  2. Description of the Prior Art:
PAR  It is known, as disclosed in U.S. Pat. No. 3,620,059, that a compound
      billet may be formed by hydrostatically extruding an internal material and
      an external material, each one being of more than two different materials.
PAR  However, even in the case of effecting a hydrostatic extrusion by employing
      a sealed billet, as hereinbefore mentioned, there are still a number of
      problems to be solved. For instance, in the event there is a great
      difference between the deformation resistance of the different metallic
      materials, satisfactory products will not be obtained due to the fact that
      surface slip will take place at the contact plane of the different
      materials and further due to the fact that such surface slip will be
      intermittent, whereby wave-shaped irregularities occur on the products and
      sometimes at least one of the different metallic materials is thereby
      destroyed.
PAR  Further, surface slip of the different metallic materials is not only due
      to the difference between the deformation resistance of the different
      metallic materials, but is also affected by the compatibility of the
      different metallic materials, the degree of cleanliness of the surfaces
      thereof, the contact pressure at the time of deformation, and the like.
      Therefore, in order to manufacture products whose range enables a free and
      wide selection of combinations of different metallic materials and the
      shapes thereof, a solution of the problems has been difficult within the
      framework of complex conditions caused by the instability due to the
      aforementioned surface slip and intermittent surface slip phenomena.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the present invention is to solve the aforementioned
      problems and provide a method of manufacturing compound billet products by
      means of a hydrostatic extrusion process through which satisfactory
      products can be obtained with stability by covering numerous combinations
      of different metallic materials and shapes thereof. In other words,
      compound billets for hydrostatic extrusion obtained according to this
      invention should avoid the instability caused by surface slip and
      intermittent slip taking place between the contact surfaces of the
      different metallic materials. The primary object of this invention
      therefore is to manufacture compound billets which, during the hydrostatic
      extrusion process, do not cause surface slip between the contact surfaces
      of the different metallic materials covering numerous combinations and
      shapes.
PAR  Another object of this invention is to efficiently produce compound billets
      which are employed for the attainment of the primary object of this
      invention and, further, to eliminate defects taking place during the
      production process of such compound billets.
PAR  A further object of this invention is to provide the most efficient actual
      working conditions and working process for the attainment of the
      aforementioned primary object.
PAR  Another object of this invention is to provide for stable extrusion of
      compound billets from the beginning of the extrusion process to attain the
      primary object in view of the fact that it is at the initial stage of
      extrusion processes that the occurrence of particularly unstable
      conditions are most likely to take place in the hydrostatic extrusion
      process.
PAR  The foregoing and other objects are attained according to the present
      invention through the provision of a method of producing compound billets
      for hydrostatic extrusion characterized by the steps of: Cleaning the
      contact surfaces of the internal material and the external material;
      sealing a space provided between the contact surfaces while the air
      existing within the space is expelled; and applying a plastic forming
      process to the compound billet blank from the outside thereof while the
      interior space thereof is maintained in a vacuum condition, thereby
      forming a compound billet, both the external and internal materials of
      which possess a nose part which has been formed in the shape of a cone and
      which have been mechanically bonded tightly together so as to create a
      kind of cainozoic bonding at the contacting surfaces.
PAR  By means of effecting the plastic forming from the outside of the compound
      material while maintaining the space between the internal and external
      materials in a vacuum condition, the different metallic materials will be
      positively pressed and bonded together so that the transmission of force
      between the different metallic materials, which is generally expressed in
      terms of the shearing force or friction force at the surfaces, will be
      ensured and therefore surface slip and discontinuous or intermittent
      surface slip will be prevented over a wide range.
PAR  Further, according to the present invention, it is also possible to prevent
      slip even when the respective deformation resistances of the different
      metallic materials differ vastly from each other to such an extent as to
      make it impossible to prevent such slip by means of employing billets
      produced through the conventional methods. The force exerted in the axial
      direction between the different metallic materials during the hydrostatic
      extrusion is not such a simple friction force constituting a functional
      relationship between the extent of the force in the direction of the
      radius and the conditions of the related surfaces, but is such a force
      which is affected by other conditions created by the fact that the
      different metallic materials themselves are also subject to the
      deformation. For example, the other conditions include the point as to
      whether or not plastic deformation is taking place at the surfaces where
      the different metallic materials come into contact with each other, or, as
      to whether or not a compatible force is applied between the two surfaces
      of the different metallic materials.
PAR  The steps incorporated in the invention insure that the transferrable axial
      directional force between the different metallic materials is sufficient
      under all such other conditions a mentioned above, thereby preventing the
      occurrence of surface slip and intermittent slip. Further, in order to put
      the invention into practice more effectively and economically, while
      enhancing the stability of the operation by preventing such defects from
      taking place during the production process, a plural number of the
      compound billets should be formed from a single raw material by effecting
      plastic working to portions of the raw material which are not the end
      parts thereof at the time of plastically forming the nose part in which
      both the internal and external materials are transformed together into the
      shape of a cone by means of such plastic working, which is done to the raw
      material from the outside while maintaining a substantial vacuum within
      the space between the contact surfaces of the internal and external
      materials.
PAR  Such production of a plural number of compound billets from a single raw
      material not only reduces the extent of the air-expelling work needed, but
      also provides an extremely effective condition for carrying out the
      forming process while maintaining the vacuum atmosphere. In other words,
      although the compound billets will be eventually sheared away at the stage
      of forming there is a possibility that atmospheric air may intrude into
      the space formed between the internal material and the external material,
      both of which are of different material to each other, before and after
      the shearing operation. Therefore, the production of a plural number of
      compound billets from a single raw material is effective for the
      prevention of such intrusion of the atmospheric air. Further, in order to
      put the invention into practice more effectively at the production stage,
      the condition of the remaining air inside the said space after the
      air-expelling operation should be at 10.sup.-.sup.2 torr, or
      10.sup.-.sup.3 torr for the better, at the time of forming the raw
      material in which the space between the material surfaces is sealed under
      the air expelled condition.
PAR  The lower the extent of the remaining air inside the space at the time of
      the air expelling operation, it is expected, the better will be the
      results obtained for the attainment of the purposes of the invention. The
      effect of the invention will be further enhanced if a lower limit be set
      as a limitation for attaining the most conspicuous effect of the air
      expelling operation. Further, in order to put the invention into practice
      more effectively, it is necessary to stabilize the initial stage of the
      extrusion operation. For this purpose, it is extremely effective to form a
      certain extent of unevenness, that is, concavity or convexity, at a
      predesignated position on at least one of the two contacting surfaces of
      the external and internal materials to which the machining is to be
      effected, prior to carrying out the cleaning of the surfaces of the
      internal and external materials and also, that the plastic working be
      effected in such a manner, that, at the time of forming the nose part
      which is to be transformed into a conical shape for both the internal and
      external materials by way of applying plastic working from outside the raw
      material while maintaining the air-expelled status, the nose part
      possesses at the tip end part thereof a small parallel area having
      cross-sectional parallel layers for both the internal and external
      materials, that is, the areas of the external and internal members being
      presented to the die are equal. Further, the length of the small parallel
      area satisfies the condition that the shearing strength at the contacting
      surface of the internal and external materials should be equal or higher
      than the yield stress of one of the raw materials composing different
      metallic materials having a greater degree deformation of resistance.
PAR  The above-mentioned conditions, that is the plastic deforming process
      whereby the conical nose portion of the billet is produced wherein the
      members are mechanically bonded together and present the same surface
      areas to the die, are for the attainment of effective initial stage
      stability of operation. By satisfying these conditions, the stabilized
      initial stage of operation can be achieved in view of the fact that the
      surface slip and the intermittent slip are particularly likely to take
      place during the initial stage of the hydrostatic extrusion operation,
      and, the length of the small parallel part can be calculated by means of
      increasing the transferable force between the different metallic materials
      and also by means of assessing the mechanical properties of the different
      metallic materials as well as the extent of the transferable force.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings, in which like reference
      numerals designate like or corresponding parts and wherein:
PAR  FIG. 1 is an explanatory view illustrating the steps of the method
      according to the present invention;
PAR  FIGS. 2, 3a, 3b, 4a and 4b are explanatory views of the steps for forming
      the achievement of the nose shape;
PAR  FIG. 5 is a cross-sectional view of the main part of the cone-shaped nose
      part;
PAR  FIG. 6 is an explanatory view of the air-tight sealing by means of
      compression; and
PAR  FIG. 7 is an explanatory view for producing a plurality of billets from a
      material according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and more particularly to FIG. 1 thereof, the
      production steps of the present invention are shown sequentially as
      indicated by the arrow marks. In this invention, external member 1 and
      internal member 2 are first prepared from the separate materials. For
      instance, the external member 1 may be prepared from copper, while the
      internal member 2 may be prepared from aluminum, aluminium alloy, super
      conducting titanium or niobium alloy or similar metallic materials. In the
      invention, even in the event that the deformation resistance of the
      internal member 2 is higher than that of the external member 1, or vice
      versa, a stable extrusion operation can be secured. In any event, stable
      extrusion is attainable even when there is a difference in the extent of
      deformation resistances between the external member 1 and internal member
      2. The external member 1 can be formed from a hollow ingot or a hot-rolled
      extruded material whose internal and external surfaces are ground or
      machined to a smooth finish. Welded pipes, etc. made by forming and
      welding a plate material can also be used for the member 1. The length of
      such member is selected to be more than twice as long, or even higher
      multiples of the length, as the billet to be produced from the operation
      of this invention.
PAR  The internal member 2 can be made from a solid ingot or plastic-worked
      material thereof, and the length of the internal member is selected, as in
      the case of the external member 1, to be equal to some multiple of the
      billet length to be produced from this operation.
PAR  The internal surface of the external member 1 and the external surface of
      the internal member 2 are then treated by an acid washing, water washing,
      defattening, annealing, or other cleaning process or pretreatment
      operation in accordance with the conditions necessitated by the nature of
      the material employed and then, a round disc stopper 3, made of the same
      material as that of the external member 1 or of a different material but
      weldable to the external member 1, is prepared and welded to one open end
      of the external member 1 for sealing the same. If the oxidation caused at
      the time of welding and at the welded parts should present any problem,
      this stopper sealing process could preferably be carried out prior to the
      cleaning treatment described above, or in the alternative, the welding
      operation may also be carried out within an inert gas atmosphere.
PAR  As a further alternative, the stopper 3 need not necessarily be employed at
      all. In this case, the external member 1 is prepared with a superfluous
      length so as to include an allowance for a subsequent forming operation in
      the course of which the extra length is pressed together so as to provide
      the desired seal. To the inside of the external member 1, which has been
      sealed on its one end by means of the stopper 3, or by means of one of the
      other methods as described above, the internal member 2 is fitted
      whereupon the other open end of the external member 1 is also stopped and
      sealed by means of welding another stopper 3 under vacuum conditions, that
      is, under those conditions wherein the air in the space between the
      external member 1 and the internal member 2 has been expelled.
PAR  In the event that the stopper 3 is employed at one end, the welding under
      vacuum condition may be accomplished as shown in FIG. 6, illustrating
      however a different embodiment of the invention, wherein a suction tube 4
      of a vacuum pump may be connected to the other open end of the external
      member 1 so that, as the air is discharged from the space by means of the
      suction tube 4, the other open end can be closed by forcing the fringe
      portions thereof inwardly together by means of a press tool 5 so as to
      provide the desired seal, as indicated by the dotted lines in FIG. 6. In
      the welding and sealing operation utilizing the stopper means 3, any of
      the processes of arc welding, resistance welding, friction welding, or
      other welding technique may be resorted to, although resistance welding is
      most advantageous from an economical point of view. Such sealing
      connection may of course also be effected mechanically or by the use of
      adhesives. The compound billet material, both ends of which have been
      sealed air-tight and with the air from the space between the external
      member 1 and the internal member 2 having been expelled, can thus be
      obtained.
PAR  In the present embodiment, two pieces of such compound billets are
      initially prepared, the central or connecting part thereof being formed
      with an advantageous configuration for carrying out the hydrostatic
      extrusion by means of plastic working. For example, the compound billet
      may be formed into two parts having conical or pointed ends so that two
      complete billet bodies 1' can be obtained after separating the thus formed
      billet material. With respect to the formation and separation of the
      conical portions so as to in fact separate the billet material into the
      completed pair of billet bodies 1' there is an exemplary method shown in
      FIGS. 2, 3 and 4.
PAR  Referring now to FIG. 2, there is shown a forging method in which a pair of
      metallic dies 7 are employed, one upon the upper portion and another upon
      the lower portion of the members 1 and 2 as viewed in the figure, the
      sides of the dies corresponding to the desired conical shape. The compound
      billet material is rotated in one direction so that a pair of
      conical-shaped nose portions are gradually formed, as shown in FIGS. 3a
      and 3b, by means of a pair of blades 8 which have a wedged-shaped
      cross-section and which are movably actuated in directions opposite to one
      another.
PAR  Alternatively, as shown in FIGS. 4a and 4b, the raw material for the
      compound billet may be pinched between a pair of rotating dies or blades
      9, which are of the abacus bead shape and which are positioned face to
      face and, whereupon either the pinched material or the pair of rotating
      blades 9 is positively driven so that the rotating blades 9 are brought to
      positions adjacent the center of the material, in synchronization with
      each other, whereby a pair of the desired cone-shaped nose portions are
      obtained.
PAR  Although any one of the above-mentioned methods can be used, an axial
      elongation of the material will take place in the course of forming the
      desired conical-shaped nose portions. Therefore, in order to prevent the
      possible deviation of the compound billet material without impeding its
      axial elongation, it is necessary to install an anti-swinging device 10 as
      shown in FIG. 4 which may take the form of ball bearings or the like. The
      two pieces of completed compound billets 1' can thus be obtained
      simultaneously with the formation and separation of the nose portions 6.
PAR  The cross-sectional shape of the thus formed and separated nose portions 6
      will facilitate the presentation of approximately the same surface area
      for both the external member portion 1 and the internal member portion 2
      as shown in FIG. 5. In addition, as a result of such plastic deforming
      process, the external member 1 and the internal member 2 are mechanically
      bonded together so as to create a kind of metallurgical cainozoic bonding
      at the contacting surfaces and within the nose portion 6 thereof due to
      the previous deformation operation, while the vacuum condition as well as
      the air-tight sealing between the two materials can be securely maintained
      during the course of the formation of the nose sections 6.
PAR  The compound billet 1' thus obtained is thus configured and is already in
      condition for the extrusion operation and may then in fact be extruded
      from the die 10 of an ordinary hydrostatic extruder as again shown in FIG.
      1 with the conical-shaped nose portion 6 as the leading part, whereby the
      desired compound material can be obtained. The mechanical bonding permits
      the surface areas of the materials of the billet to always be the same
      throughout the extrusion thereof as the billet continuously passes through
      the die which of course prevents the aforenoted surface slip and leads to
      a sound and stable extrusion product. The stopper 3 which remains after
      completion of the extrusion operation can be detached from the remaining
      unextruded portion of billet 1' so that it can again be used as a stopper
      for other external members 1 and internal members 2.
PAR  The process of formation and separation of the above-mentioned nose
      sections 6 may also be performed under heating. According to the present
      invention, it is possible to provide a temperature below the level of
      which a harmful alloy will be produced from the different metallic
      materials constituting the compound billet blank by using high frequency
      heating or flame heating methods wherein both members 1 and 2 can be
      satisfactorily pressed together without producing any oxide layer in the
      materials, thus facilitating the formation and separation process. In this
      case, the heating is preferably limited to the vicinity of the nose zone
      where the conical shaping process is being undertaken.
PAR  It is also noted that the embodiments illustrated disclose the instances
      wherein a solid material is employed as the internal member 2 and also
      that only two billets are produced. However, the invention is equally
      applicable to a case where the internal member 2 is made of a hollow pipe
      material wherein it is of course possible to satisfactorily obtain a
      compound pipe material. In such a case, the internal material 2 in FIG. 1
      is also a hollow material, and the sealing and air-discharging operations
      can be undertaken in the same manner as described above. The only
      difference is the fact that a similar compound material tube billet can be
      obtained by means of inserting a metal core or mandrel, of a diameter
      equal to the inner diameter of the compound billet, into the internal
      member 2 prior to the time of forming and separating the conical sections
      shown in FIGS. 1 and 4. When producing a compound-material pipe by
      employing such a compound-material pipe billet in the extrusion process,
      it is obvious that such a compound material tube can be obtained by
      extrusion through the die 10 after insertion of a mandrel through the
      members 1 and 2.
PAR  The drawings illustrate further that the layers of the billet are formed of
      only the internal material 2 and external material 1. However, the present
      invention is naturally applicable to those cases wherein more than two
      members are to be employed for producing compound billets in exactly the
      same manner, and, it is further evident, that, from a single billet blank,
      not only two pieces of completed compound billet bodies are available, but
      also three or more of such bodies can be produced, as shown in FIG. 7, by
      means of selecting the length of the compound billet blank to be a
      multiple of the length of the completed compound billet bodies. In the
      case where more than three completed compound billet bodies are to be
      produced, it is possible to employ a sealing structure wherein the
      air-tight sealing of both ends of the external material 1 may be effected
      through pressure sealing methods without employing stoppers 3.
PAR  As described in the foregoing, the present invention provides the advantage
      in facilitating obtaining compound billets as blanks for producing
      compound structures, either hollow or solid, through a hydrostatic
      extrusion process, and further by means of the present invention it is
      possible to simultaneously obtain a plurality of billets from a length of
      billet raw material, thus obtaining billets possessing a shape favorable
      to be treated under an extrusion process without any possibility of
      breakage of the external material itself or the internal material
      rupturing through the external material whereby a stable extrusion
      operation can be undertaken for producing compound billets efficiently and
      economically.
PAR  Obviously, many changes and modifications of the present invention are
      possible in light of the above teachings. It is to be understood
      therefore, that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by letters patent of the
      United States is:
NUM  1.
PAR  1. A method of producing compound billets wherein a substantially
      cylindrical internal member of one metallic material is sealed within a
      substantially tubular external member of a different metallic material,
      comprising the steps of:
PA1  cleaning those surfaces of said internal member and said external member
      which are to be brought into contact with each other;
PA1  positioning said internal member within said external member, whereby the
      external and internal peripheral surfaces, respectively, thereof are
      brought into contact with each other so as to provide a compound billet
      blank;
PA1  sealing the interior of the external member while the interior is under
      vacuum conditions; and
PA1  performing a plastic forming process upon the external portion of said
      compound billet blank, while the interior space of said external member is
      maintained in said vacuum condition, so as to obtain a compound billet
      product which is provided with a conical shaped nose portion wherein said
      internal and external members are bonded together at the contacting
      surfaces due to said plastic forming, the cross-sectional configuration of
      said formed and bonded nose portion therefore presenting approximately the
      same surface areas for both of said external and internal members.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein said forming process is
      applied to said compound billet blank at a position other than its
      longitudinally opposed end portions so as to thereby obtain a plurality of
      compound billet products from said blank.
NUM  3.
PAR  3. A method as set forth in claim 1, wherein upon sealing of said interior
      of said external member, the pressure within said space is less than
      10.sup.-.sup.2 torr.
NUM  4.
PAR  4. A method as set forth in claim 1, wherein upon sealing of said interior
      of said external member, the pressure within said space is less than
      10.sup.-.sup.3 torr.
NUM  5.
PAR  5. A method as set forth in claim 1, wherein said forming process step
      comprises the use of a pair of die members each of which is provided with
      a blank-engaging surface which has a configuration complementary to the
      desired cone-shaped nose portion of said compound billet product, and
      wherein said compound billet blank is forcibly pinched and rotated between
      said die members, whereby said compound billet may be formed into said
      compound billet product having said cone-shaped nose portions.
NUM  6.
PAR  6. A method as set forth in claim 5, wherein each of said die members is of
      a wedge-shaped configuration.
NUM  7.
PAR  7. A method as set forth in claim 1, wherein said forming process step
      comprises the use of a pair of rotating cutters each of which is provided
      with a blank-engaging knife edge which has a configuration complementary
      to the desired cone-shaped nose portion of said compound billet product,
      and wherein said compound billet blank is forcibly pinched between said
      cutters and said blank and cutters are synchronously rotated so as to
      thereby form said compound billet product having said cone-shaped nose
      portions.
NUM  8.
PAR  8. A method as set forth in claim 1 wherein at least one of said surfaces
      of said internal member and said external member which are to be brought
      into contact with each other, prior to said cleaning step, is subjected to
      a preliminary step whereupon said at least one of said surfaces is formed
      with a convex portion at a suitable location which is subsequently to be
      subjected to said forming process.
NUM  9.
PAR  9. A method as set forth in claim 1 wherein said forming process comprises
      the additional step of terminating said nose portion in an end portion
      such that said internal and external members are in a substantially
      parallel relation with respect to each other in cross section,
PA1  the shearing stress at the boundary location of said internal member with
      said external member being equal to or greater than the yield stress of
      one of said members of different metallic materials which has a greater
      deformation resistance.
NUM  10.
PAR  10. A method as set forth in claim 1 wherein said sealing process further
      comprises sealing at least one of the external member with a closure
      member by means of resistance welding.
NUM  11.
PAR  11. A method as set forth in claim 1 wherein at least one of said surfaces
      of said internal member and said external member which are to be brought
      into contact with each other, prior to said cleaning step, is subjected to
      a preliminary step whereupon said at least one of said surfaces is formed
      with a concave portion at a suitable location which is to be subsequently
      subjected to said forming process.
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ABST
PAL  A method and apparatus for positioning semiconductor flip chips onto one
      end of a transfer probe which automatically magnetically aligns the chips
      with an overlying lead frame structure for bonding thereto. The flip chips
      are placed into one end of an elongated groove in a positioning apparatus
      and conveyed between guide rails thereof to successively locate the chips
      over an opening at the opposite end of the groove. A magnetic force is
      transmitted through a soft ferromagnetic probe which extends through the
      opening to engage the back side of the chip thereover. The probe raises
      the chip from the positioning apparatus and carries it into close
      proximity with overlying corresponding fingers of a conductive lead frame
      structure. The magnetic force automatically orients the flip chip contact
      bumps with their corresponding fingers and simultaneously raises the chip
      up from the probe into precisely aligned engagement with the lead frame
      fingers so that it can be bonded thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for positioning
      semiconductor flip chips onto transfer probes for aligning the chips with
      conductive lead frame structures for bonding. More particularly, it
      involves a cartridge-type positioning apparatus and a method of using it
      to successively position semiconductor flip chips onto a magnetized probe
      which raises the chips from the positioning apparatus and automatically
      aligns the chips with corresponding fingers of a conductive lead frame so
      that it can be bonded thereto.
PAR  This invention is a production improvement on U.S. Pat. application Ser.
      No. 414,274, "Magnetic Alignment for Semiconductor Device Bonding",
      Hartleroad et al, filed concurrently with this application and assigned to
      the same assignee. In U.S. Pat. application Ser. No. 414,274, now U.S.
      Pat. No. 3,887,997, there is disclosed a method and apparatus for aligning
      integrally leaded semiconductors by chips with conductive lead frame
      structures. In that application, a chip is manually placed on one end of a
      transfer probe and raised to within close proximity of an overlying set of
      lead frame fingers. A magnetic force transmitted through the probe
      automatically orients the integral chip leads with their corresponding
      lead frame fingers and simultaneously raises the chip off of the probe
      into engagement with the fingers so that the chips can be bonded thereto.
      The manual placement of the chip on the transfer probe has proved to be
      inefficient in high volume production. Furthermore, it has been discovered
      that the most consistent precise alignment occurs when the integral chip
      leads are generally aligned with their corresponding lead frame fingers
      before the chip is magnetically transferred thereto.
PAR  A flip chip is an integrally leaded semiconductor device die in which the
      integral leads extend perpendicularly from a major chip face. These
      integral leads are often referred to as contact bumps which are extensions
      of a conductor pattern on the chip face, and serve as electrical
      interconnection points for larger conductive leads.
PAR  It is commonplace in semiconductor device manufacturing to process hundreds
      of these flip chips simultaneously as part of a single wafer. One of the
      methods to separate the discrete devices from the wafer is to saw a grid
      pattern in the wafer between adjacent rows and columns of discrete
      devices. In the pattern, each discrete device is thus separated from
      adjacent devices by a surrounding grid pattern. The grid pattern extends
      more than halfway through the thickness of the wafer. As is known in the
      art, the wafer is affixed to a flexible, adhesive strip. The back side of
      the strip is then pulled over a sharp edge to break up the wafer to form a
      plurality of semiconductor chips, each of which contains a discrete
      semiconductor device. This dicing method, as it is commonly referred to,
      leaves burrs on each chip which extends laterally from the lower side
      portions of the chip that have not been sawed away.
PAR  We have invented an apparatus and method of using it which utilizes these
      burrs to successively position semiconductor flip chips onto the transfer
      probe disclosed in U.S. Pat. application Ser. No. 414,274, "Magnetic
      Alignment for Semiconductor Device Bonding", Hartleroad et al.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of this invention to provide a practical
      production method and apparatus for positioning integrally leaded
      semiconductor device chips onto a transfer probe which carries the chip
      into engagement with an overlying lead frame structure for bonding
      thereto.
PAR  It is a more particular object of this invention to provide an efficient
      production method and apparatus for successively positioning burred
      semiconductor flip chips onto a transfer probe which magnetically aligns
      the chips with an overlying conductive lead frame structure for bonding
      thereto.
PAR  It is another object of this invention to provide a method and apparatus
      which generally aligns semiconductor flip chips with their corresponding
      lead frame fingers before a transfer probe raises the chips into
      engagement with the fingers.
PAR  These and other objects of this invention are accomplished by placing a
      plurality of burred semiconductor flip chips into one end of an elongated
      groove in a cartridge-type positioning apparatus. The chips are moved
      longitudinally in the groove between two spaced guide rails and are
      successively located over an opening at the opposite end of the groove.
      The chips are so located so that they are in general spaced alignment with
      their overlying corresponding set of lead frame fingers. A probe extends
      through the opening and engages the back side of the chip thereover. The
      probe carries the chip into close proximity with the finger set. A
      magnetic force transmitted through the probe automatically orients the
      flip chip contact bumps with their corresponding lead frame fingers and
      simultaneously raises the chip from the probe into precisely aligned
      engagement with the fingers.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an isometric view with parts broken away of the apparatus made
      in accordance with this invention.
PAR  FIG. 2 shows an enlarged fragmentary cross-sectional view along the lines
      2--2 of FIG. 1, and which includes a burred semiconductor flip chip
      therein.
PAR  FIG. 3 shows an enlarged isometric view of a positioning apparatus shown in
      FIG. 1.
PAR  FIG. 4 shows a fragmentary sectional view in partial elevation along the
      lines 4--4 of FIG. 1 before chip transfer to the lead frame.
PAR  FIG. 5 shows a top plan view along the lines 5--5 of FIG. 4.
PAR  FIG. 6 shows a fragmentary sectional view in partial elevation similar to
      FIG. 4 but after chip transfer.
PAR  FIG. 7 is a top plan view along the lines 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, semiconductor flip chip 10 is a silicon
      integrated circuit device die. Flip chip 10 is approximately 38 mils
      square and 11--13 mils thick between its two major faces. The flip chip 10
      has a dozen spaced apart contact bumps 12 on its upper face equally spaced
      about its periphery. Each individual contact bump is approximately 0.8
      mils high and 3.8 mils square. For ease of illustration, the contact bumps
      12 are shown enlarged with respect to the chip 10. The contact bumps are a
      composite of layers of aluminum, chromium, nickel, tin and gold, with the
      outermost layer being gold to permit making a eutectic bond with a gold
      plated lead frame. While the foregoing bump construction is preferred, it
      can be varied. However, the nickel content should be at least about 30%,
      and preferably about 60% by volume of the total contact bump volume, as is
      the case in this example. The greater than 30% by volume nickel in effect
      gives the contact bump characteristics of a soft ferromagnetic material.
      By soft ferromagnetic material we mean a material having a high overall
      magnetic permeability and a low residual magnetization, with a low
      coercive field required.
PAR  As noted in the background of the invention, the individual chips 10 were
      once a part of a wafer containing hundreds of discrete device chips. The
      discrete device chips are separated from the wafer by sawing a grid
      pattern in the wafer between adjacent rows and columns of discrete devices
      therein. In the pattern, each discrete device is thus separated from
      adjacent devices by a surrounding grid pattern. The grid pattern extends
      more than halfway through the thickness of the wafer. The wafer is then
      affixed to a flexible, adhesive strip. The back side of the strip is
      pulled over a sharp edge to break up the wafer along the grid lines to
      form a plurality of semiconductor chips, each of which contains a discrete
      semiconductor device. This dicing method inherently leaves burrs 14 on
      each chip which extends laterally from the lower side portions of the
      chip. While the exact dimensions of the burrs 14 on individual chips will
      vary somewhat, generally they will measure approximately 3 mils high and
      extend laterally about 5 mils from each side of the chip. In contrast, the
      sides of the chips which have been sawed during the dicing operation are
      rectilinear and smooth as can be seen in the drawings. Hereinafter,
      semiconductor device dies having such lateral extensions from its lower
      side portions will be referred to as a burred semiconductor device.
PAR  Particular attention is directed to the cartridge-type positioning
      apparatus 16 which is shown most clearly in FIG. 3. Positioning apparatus
      16 has a rectangular base member 18 which is constructed of a rigid
      nonferromagnetic material such as SAE Series 300 stainless steel. Base
      member 18 has two major parallel faces 20 and 22, and has a thickness
      between these faces of approximately one-half inch.
PAR  Groove 24 is centrally located in face 20 and extends longitudinally
      throughout base member 18. Groove 24 has a bottom portion 26 which is flat
      with plus-minus 0.003 inch and is substantially parallel to base member
      face 20. Groove 24 has a width of approximately 50 mils and a depth of
      approximately 5 mils. It should be noted that the width of groove 24
      should be slightly greater than the width of the chip to be placed therein
      inclusive of the burrs 14 extending therefrom, this being about 48 mils in
      this example. The depth of groove 24 should be slightly greater than the
      height of the burrs 14 on the chip.
PAR  Stop member 28 extends transversely across one end of groove 24. In this
      example, stop member 28 is secured to corresponding end of base member 18
      by two screws 30 and 32. As can be seen in the drawings, stop member 28
      protrudes up pass bottom portion 26 and fits flush against the end of
      groove 24. It should be noted that while in this example stop member 28 is
      a discrete member, groove 24 may be terminated before it reaches the end
      of base member 18 thereby creating an integral stop therein.
PAR  Circular opening 34 is centrally located in groove 24 and is spaced about
      22 mils from stop member 28, this distance being about one-half the width
      of semiconductor flip chip 10 inclusive of the burrs 14. Opening 34
      extends from bottom portion 26 through base member 18 to surface 22
      thereof. The opening 34 has a diameter of approximately 38 mils.
PAR  Guide rails 36 and 38 are contiguous base member face 20 and partially
      overlying groove 24. As can be seen most clearly in FIG. 2, guide rails 36
      and 38 have mutually parallel side portions 40 and 42, respectively. These
      side portions 40 and 42 are spaced apart by approximately 39 mils to
      accommodate flip chip 10 which has a width between opposing sawed sides of
      about 38 mils. For purposes of this application unless otherwise noted,
      the width of semiconductor flip chip 10 will be measured between opposing
      sawed sides, noninclusive of the burrs 14 extending laterally from its
      lower side portions. Guide rails 36 and 38 can be spaced at various
      lengths to accommodate chips of various widths. This is accomplished by
      two adjustment slots 44 which are transversely cut through the guide rails
      as can be seen in FIG. 3. The side portions 40 and 42 of the guide rails
      are spaced at a distance approximately one mil larger than the width of
      the chip for which it will accommodate. The guide rails are then secured
      at the desired distance by a series of adjustment screws 46 extending
      through slot 44 and into base member 18. The guide rails 36 and 38 are
      spaced from stop member 28 at a distance of about 50 mils so that a chip
      located over opening 34 can be vertically raised therefrom as will be more
      fully understood later in this disclosure.
PAR  Referring now especially to FIG. 1, the cartridge-type positioning
      apparatus 16 is mounted on a support (not shown) so that opening 34 is
      vertically aligned with a probe 48 of a transfer apparatus 50. The
      transfer apparatus 50 is the same as that disclosed in U.S. Pat.
      application Ser. No. 414,274, "Magnetic Alignment of Semiconductor Devices
      for Bonding", Hartleroad et al. The cylindrical probe 48 is constructed of
      a soft ferromagnetic material such as soft iron or nickel. The probe
      vertically extends from the upper end of probe holder 52. Probe holder 52
      has a flange portion 52' which is seated within a groove on the upper
      surface of an annular elevator base 54. The major longitudinal portion of
      probe holder 52 and elevator base 54 have a concentric longitudinal
      cylindrical opening to receive the cylindrical upper end 56' of base guide
      56. The upper end 56' of base guide 56 extends into the longitudinal
      openings within probe holder 52 and elevator base 54. The probe holder and
      elevator base are fitted around base guide end 56' so that they slide
      easily vertically therealong without substantial horizontal deviation.
      Base guide 56 has a flange 58 at its lower end which is secured to
      mounting plate 60 as by screws 62. The assembly thus far described is
      located between the arms 64 and 66 of a yoke portion of lever 68. Elevator
      base 54 has two oppositely disposed and radially extending bosses 70 which
      rest on arms 64 and 66 of lever 68. Lever 68 is pivotally mounted on a
      fulcrum 72 which is attached to mounting plate 60. By depressing lever 68,
      probe 48 and the members of the transfer apparatus 50 rigidly connected
      thereto, can be vertically raised while keeping horizontally aligned as
      they slide along the cylindrical base guide end portion 56'.
PAR  An electromagnet coil 74 encircles the periphery of bonding tip holder 52.
      The coil 74 is 11/8inches long and is constructed of No. 38 gauge
      enamelled copper wire 63 turns long and 10 turns deep. Coil 74, in
      conjunction with probe holder 52 form an electromagnet. The electromagnet
      can be energized as is well known in the art by a typical DC power supply
      76, which is series connected with the coil 74 and a switch 78.
      Preferably, in practicing this invention, the power supply should provide
      an average of 15 volts and 0.45 ampere to the coil 74.
PAR  A conductive gold-plated lead frame structure 80 has a plurality of spaced
      apart sets 82 of mutually convergent cantilevered fingers 84. The fingers
      84 have inner free ends 84' which correspond to the contact bump 12
      pattern on semiconductor flip chip 10. The lead frame in this example is
      constructed of Alloy 42 which is an alloy containing by weight, about
      41.5% nickel, 0.05% carbon, 0.5% manganese, 0.25% silicon, and the balance
      iron. Two identical cover plates 86 and 88 sandwich the lead frame 80
      therebetween. The cover plates have a plurality of circular openings
      therein which expose the sets 82 of lead frame fingers 84. The cover plate
      86, 88 and lead frame 80 are held in mutual registration by means of
      clamps 90 on the ends of arms 92 can be seen in FIG. 1. The arms 92 are
      connected to a supporting automatic indexing mechanism 94 designated by
      the box in FIG. 1. The lead frame 80 is supported parallel to the mounting
      plate 60 of the transfer apparatus 50, the mounting plate being secured to
      a flat, rigid surface (not shown) through mounting holes 95 therein. The
      automatic indexing mechanism 94 moves the lead frame in the direction of
      the arrows of FIG. 1 to progressively position the sets 82 of fingers 84
      over the opening 34 in the positioning apparatus 16.
PAR  According to the method of our invention, discrete semiconductor flip chips
      10 are separated from the wafer by the dicing method as hereinbefore
      described. The chips 10 are transferred from the adhesive strip used in
      the dicing operation into one end of the elongated groove 24. This can be
      accomplished by a typical pick and place mechanism which retains the chip
      orientation that it had while being secured to the adhesive strip.
      However, the chips can be placed into the groove manually. The chips are
      placed one at a time into the groove 24 so that the contact bumps 12 are
      oriented upwardly. The flip chips are then moved longitudinally down said
      groove until the first chip abuts stop member 28. The chips can be
      shuttled down the groove by means of an air pressure from nozzle 96 which
      blows against the chips within the groove, or manually by pushing or
      pulling the chips down the groove.
PAR  As can be seen in FIG. 2, guide rails 36 and 38 contact only the smooth
      sides of the chips therein and, therefore, allow the chips to move freely
      along the groove. However, the guide rails prevent the chips from
      vertically separating from the groove as they are spaced close enough to
      prevent the burrs 12 of the chips from passing therethrough.
PAR  FIG. 4 shows the flip chips 10 after they have been moved down the groove
      so that the first chip abuts stop member 28. As can be seen in this
      figure, this locates the chips over opening 34 in the cartridge
      positioning apparatus 16. By referring to FIG. 5, it can be seen that the
      flip chip in the groove 24 is in general alignment with the overlying set
      of lead frame fingers 84 since the positioning apparatus 16 has been
      positioned so that the opening 34 is generally aligned with the finger
      set. The groove which is but slightly larger than the chips keeps them
      generally aligned. However, the contact bumps 12 will probably not be
      precisely aligned with their corresponding finger-free end 84'. We have
      discovered that this general alignment of the chip with the lead frame
      finger increases the yields during production in that it promotes precise
      aligned engagement of the contact bump and lead frame fingers as will now
      be described.
PAR  The electromagnet coil 74 is energized by closing switch 78. The lever 68
      of transfer apparatus 50 is then depressed to extend the probe 48 through
      opening 34 of the positioning apparatus 16. The probe 48 engages the back
      side of the chip 10 which is located over the opening 34 and raises it
      into close proximity with the overlying lead frame fingers 84. When the
      flip chip 10 is brought close enough to the underside of the fingers, the
      magnetic force which is transmitted through the soft ferromagnetic probe
      48 raises the chip the rest of the way to the underside of the fingers 84
      as can be seen in FIGS. 6 and 7. In moving from the probe toward the
      fingers, the flip chip also is concurrently automatically oriented by
      magnetic flux lines concentrated in the lead frame fingers and the chip
      contact bumps so that when the contact bump 12 engages the respective
      finger free ends 84', they are precisely aligned therewith. This
      orientation can occur or after the chip raises off the probe, but will
      always occur before the contact bumps engage their respective finger free
      end.
PAR  Once the engagement is made between the contact bumps 12 and fingers 84,
      they are permanently bonded together by a hot gas blast from bonding torch
      98. Typically, the hot gas is a nitrogen and hydrogen gas mixture at a
      temperature of approximately 500.degree.C. which is supplied from a source
      100, designated by the box in FIG. 1, communicating with the torch 98. The
      hot gas melts the tin in the bump and gold outer surfaces of the contact
      bumps 12 and fingers 84 dissolve in the tin to form a melt. The hot gas is
      then removed and the melt resolidifies to form a permanent electrical and
      mechanical connection between the flip chip bumps 12 and the lead frame
      fingers 84.
PAR  This cycle can be repeated by withdrawing the probe 48 from the openings 34
      and propelling the next chip by the air pressure from nozzle 96 further
      down the groove 26 until it abuts stop member 28. A new set 82 of lead
      frame fingers 84 is then positioned by the automatic indexing means 94 so
      that the set 82 overlies the opening 34 of the positioning apparatus 16.
      The probe 48 then again extends through the opening and engages the chip
      thereover to align it with the overlying lead frame structure.
PAR  Although this invention has been described in connection with certain
      specific examples thereof, no limitation is intended thereby except as
      defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for bonding integrally leaded semiconductor device chips to
      conductive lead frame structures including a transfer apparatus having a
      probe extending vertically therefrom, an apparatus for successively
      positioning onto said probe semiconductor device chips having opposite
      parallel smooth edges and protruding burrs on said opposite edges
      contiguous one face, said apparatus comprising a base member having an
      elongated groove in one surface thereof, said groove having a width
      slightly greater than the width of said semiconductor device chips
      inclusive of burrs, said groove having a constant depth along its length,
      said depth being less than the thickness of said chips and greater than
      the height of said burrs on said chip edges, a stop member extending
      transversely across one end of said groove, an opening located about a
      center line spaced approximately one-half the width of said chip inclusive
      of said burrs from said stop member, said opening extending from the
      groove bottom to an opposite surface of said base member, two spaced
      juxtapositioned guide rails on said one surface of said base member, said
      guide rails partially overlying said groove and extending substantially
      the length thereof, said guide rails spaced apart at a distance slightly
      greater than the width of burred semiconductor device chip noninclusive of
      said burrs and less than the width of said chip inclusive of said burrs
      for contact with only relatively smooth opposite scribed edges of said
      chip, wherein said chip is free to traverse said groove but closely
      maintains a predetermined orientation therein, adjacent ends of said guide
      rails being spaced from said stop member slightly greater than the width
      of the chip inclusive of said burrs, so that the probe of the transfer
      apparatus may extend through said opening and engage the back side of the
      chip thereover to align it with an overlying conductive lead frame
      structure.
NUM  2.
PAR  2. A system for bonding integrally leaded semiconductor device chips to a
      conductive lead frame that includes an automatic chip positioning
      apparatus, said system comprising:
PA1  means for horizontally supporting a conductive lead frame structure having
      a plurality of sets of soft ferromagnetic spaced convergent cantilevered
      fingers;
PA1  means for transferring semiconductor chips having soft ferromagnetic
      integral leads on one face thereof to an overlying set of lead frame
      fingers for bonding thereto, said transfer means having a soft
      ferromagnetic probe extending vertically therefrom;
PA1  means for applying a magnetic field to said probe so that magnetic lines of
      flux are transmitted longitudinally therethrough, said magnetic field
      having a strength sufficient to raise a chip up from the probe into
      engagement with said lead frame fingers;
PA1  apparatus for successively positioning semiconductor chips onto one end of
      the probe, said apparatus having a base member with a longitudinal groove
      in one surface thereof, said groove having a generally flat bottom
      portion, a stop member extending transversely across one end of the
      groove, an opening extending from said groove bottom portion to an
      opposite surface of said base member, said opening being centrally located
      in said groove bottom portion and spaced from said stop member so as to be
      disposed underneath a semiconductor chip in said groove which is abutted
      against the stop member, means contiguous said one base member surface and
      overlying said groove for retaining semiconductor chips in the groove,
      said means being spaced from said stop member and said opening so that a
      semiconductor chip located over the opening can be vertically raised
      therefrom;
PA1  means for moving a plurality of semiconductor chips longitudinally down
      said groove to successively abut the chips against said stop member so
      that said probe can extend through the opening and raise the chip
      thereover closer to the overlying set of lead frame fingers, where said
      magnetic force transmitted through the probe can raise the chip up from
      the probe to the fingers and concurrently orient the chip so that the
      integral chip leads are precisely aligned with their corresponding fingers
      upon engagement therewith; and
PA1  means for bonding said chip to the lead frame.
NUM  3.
PAR  3. A method of positioning burred semiconductor flip chips onto a probe for
      magnetically aligning the chip with an overlying conductive lead frame for
      bonding thereto, said method comprising the steps of:
PA1  dicing a semiconductor wafer to separate a plurality of discrete flip chips
      therefrom, said chips having burrs extending laterally from their lower
      side portions;
PA1  placing a burred semiconductor flip chip having a plurality of soft
      ferromagnetic contact bumps on one face thereof into one end of an
      elongated groove in a positioning apparatus, said apparatus having spaced
      juxtapositioned guide rails overlying the substantial length of said
      groove, a stop member extending transversely across the opposite end of
      the groove, and an opening centrally located in said groove which extends
      completely through said apparatus with the opening being spaced from the
      stop member at a distance of about one-half the width of the chip
      including the burrs;
PA1  positioning a conductive lead frame having sets of soft ferromagnetic
      spaced fingers corresponding to said flip chip contact bumps so that a
      finger set overlies the opening in the positioning apparatus;
PA1  moving said chip longitudinally in said groove between said guide rails to
      abut the chip against said stop member and locate said chip over said
      opening thereby positioning the flip chip contact bumps into general
      spaced alignment with their overlying corresponding fingers;
PA1  applying a magnetic field to a soft ferromagnetic probe so that magnetic
      lines of flux are transmitted longitudinally therethrough;
PA1  extending said probe through said opening to engage the back side of the
      chip thereover;
PA1  raising the chip with said probe to within close proximity of said lead
      frame fingers whereby the magnetic force from said probe raises said chip
      the rest of the way to the fingers and concurrently automatically orients
      the chip while in transit thereto so that said contact bumps are in
      precise aligned engagement with their corresponding lead frame fingers;
      and
PA1  heating said contact bump-finger engagement to permanently bond said flip
      chip to said lead frame.
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ABST
PAL  A method of diffusion bonding and fluxless brazing of aluminum containing
      components, including a method of preparing aluminum containing surfaces
      for such welding techniques wherein the aluminum surfaces are freed of any
      aluminum oxide coating and are coated with a polymeric sealer which can be
      thermally removed leaving essentially no residue, the polymeric sealer
      being removed in a substantially oxygen-free environment and the aluminum
      components then being brazed or diffusion bonded without the use of a flux
      to remove oxide coating.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 U.S.C. 2457)
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the welding of aluminum containing
      components and more specifically, to diffusion bonding or brazing of such
      components.
PAR  2. Brief Description of the Prior Art
PAR  Aluminum and aluminum containing metals, i.e., alloys and the like, because
      of certain physical properties imparted by the aluminum are extremely
      attractive for fabrication into certain types of components. As is well
      known, aluminum's high thermal and electrical conductivity, its resistance
      to corrosion and its inherent reflective properties make it a particularly
      attractive material for use in construction and fabricating components for
      heating and cooling systems, heat reflecting surfaces, engine components,
      etc. In particular, aluminum alloys have found particular application in
      the fabrication of radiator panels for use in orbiting satellites.
PAR  Notwithstanding its desirable properties in many respects, aluminum and its
      alloys pose peculiar welding difficulties. It is well known that aluminum
      exposed to the atmosphere will quickly form an aluminum oxide coating
      which is quite refractory. Indeed, so refractory is the aluminum oxide
      coating that although the temperature of the aluminum or aluminum alloy
      may be raised sufficiently to melt the metal, the refractory skin remains
      as an impervious wall which encases the molten alumimum thus preventing
      any effective welding technique. Thus, any welding procedure involving
      aluminum or aluminum alloys calls for the removal of the thin, tough,
      transparent film of aluminum oxide which protects the surface of the
      metal.
PAR  In the case of aluminum brazing or diffusion bonding, wherein a braze alloy
      is employed, it is common practice to also use a flux which removes the
      aluminum oxide from the surfaces to be brazed and permits the formation of
      a uniform joint having good mechanical strength. However, the use of a
      flux is not without disadvantage since it is necessary, after the brazing
      or diffusion bonding, to remove the flux to avoid corrosion of the
      aluminum.
PAR  Another technique which has been employed in welding aluminum and aluminum
      alloys is to effect removal of the aluminum oxide coating just prior to
      the welding step. In this technique, there remains the ever present danger
      that oxide formation might occur before the components are welded together
      resulting in a non-uniform joint. Furthermore, in a diffusion process when
      no brazing alloy is employed, conventional techniques require extremely
      high pressures to effect bonding at the adjoined surfaces to an extent
      necessary to form a uniform joint of good mechanical strength.
PAR  The prior art as exemplified by U.S. Pat. Nos. 2,537,644 and 2,171,545
      teaches the use of polymeric materials such as polystyrene and
      phenol-aldehyde resins as protective coatings for aluminum and aluminum
      alloys. However, the former patent fails to teach the coating of aluminum
      oxide free surfaces so as to render the surfaces amenable to fluxless
      brazing or diffusion bonding and the latter patent, while teaching the
      removal of aluminum oxide from the surface, employs an etching solution
      which makes the polymeric coating bond more securely to the surface.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an improved
      method of preparing an aluminum containing surface for fluxless brazing or
      diffusion bonding.
PAR  Another object of the present invention is to provide a method for the
      fluxless brazing of aluminum containing parts.
PAR  Yet another object of the present invention is to provide a method for the
      diffusion bonding of aluminum containing parts.
PAR  The above and other objects of the present invention will become apparent
      from the description given herein and the appended claims.
PAR  In one embodiment, the above objects are realized by a method in which an
      aluminum containing surface is treated to remove the aluminum oxide
      coating and the oxide free surface is then coated with a sealer containing
      a polymeric material which prevents significant permeation of oxygen to
      the oxide free surface. The polymeric material is one which, upon
      application of sufficient heat, is completely vaporized and/or decomposed
      and thereby removed from the treated surface leaving essentially no
      residue.
PAR  In another embodiment of the invention, a method is provided for the
      fluxless brazing of aluminum containing parts wherein the surfaces to be
      brazed are treated as above described. A brazing alloy is then disposed
      between the surfaces which are to be adjoined and the polymeric sealer is
      thermally removed in a substantially oxygen-free atmosphere. Following
      removal of the polymeric sealer, the temperature of the surfaces and the
      brazing alloy are increased to effect the desired brazing following which
      the adjoined components are cooled.
PAR  In a third embodiment of the present invention, the surfaces, cleaned and
      coated as described above, are diffusion bonded, with or without a brazing
      alloy, the diffusion bonding being carried out in much the same fashion as
      the fluxless brazing with the exception that following initial softening
      of the adjoining surfaces of the aluminum components or such surfaces and
      the brazing alloy, if employed, the temperature is reduced and maintained
      in a predetermined range for a period of time sufficient to effect the
      diffusion bonding between the aluminum surfaces or if a brazing alloy is
      employed, between the aluminum surfaces and the brazing alloy disposed
      there between.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As used herein, the term welding and variations thereof is intended to mean
      a localized coalescence of the metals under consideration wherein such
      coalescense is produced by suitable temperatures, with or without the
      application of pressure and with or without the use of filler materials
      such as brazing alloys. Accordingly, as used herein, welding may refer to
      fluxless brazing, diffusion bonding using a brazing alloy or diffusion
      bonding in the absence of a brazing alloy.
PAR  The present invention in applicable to the welding of all aluminum
      containing parts and surfaces whether such be pure aluminum or aluminum
      alloys such as aluminum-copper alloys, aluminum-silicon alloys,
      aluminum-magnesium alloys, aluminum-iron alloys, aluminum-zinc alloys,
      aluminum-boron alloys, or indeed any alloy of aluminum and any other
      metal. Indeed, the process is applicable to the welding of aluminum
      components or surfaces wherein such surfaces contain pure aluminum and/or
      an aluminum alloy laminated with a nonaluminum metal.
PAR  In preparing the aluminum containing surfaces or parts for fluxless brazing
      and/or diffusion bonding, the surface(s) to be welded must first be
      thoroughly cleaned to remove all grease and the aluminum oxide coating.
      Any common degreasing solvent can be employed to remove residual grease,
      hand oil, etc., which may be on the surfaces. Suitable degreasing solvents
      include naphtha, liquid chlorinated hydrocarbons and numerous petroleum
      distillates.
PAR  Removal of the aluminum oxide can be carried out chemically or by
      mechanical means such as machining, filing, rubbing with steel wool, etc.
      However, in the preferred embodiment of the present invention, the
      aluminum oxide coating is removed by a chemical cleaning technique. For
      example, the surfaces of the aluminum parts to be welded can simply be
      treated with a hydrochloric acid solution until the evolution of hydrogen
      is noted indicating that the oxide layer has been removed. A particularly
      desirable method of removing the aluminum oxide from aluminum containing
      surfaces is by the use of successive alkali and acid washings. Solutions
      of virtually any of the alkali metal hydroxides can be employed. A
      particularly desirable alkali metal hydroxide cleaning solution comprises
      an aqueous solution of sodium hydroxide and sodium bicarbonate, the sodium
      hydroxide and sodium bicarbonate being present in amounts ranging from
      about 1 to about 10 grams each per liter of solution. An aqueous solution
      containing 5 grams of sodium hydroxide and 5 grams of sodium bicarbonate
      per liter of solution is an especially desirable caustic cleaning
      solution.
PAR  Following degreasing of the surfaces to be welded, they are contacted with
      the alkali metal hydroxide cleaning solution at elevated temperatures for
      a period of from about 1 to 10 minutes, the temperature ranging from about
      150.degree. to 200.degree.F. The surfaces are then rinsed with hot
      (140.degree. to 160.degree.F.) water and are ready for the acid washing.
PAR  Practically any mineral acid such as, for example, sulphuric acid,
      hydrochloric acid, nitric acid, etc., can be employed in the acid washing
      step. The precise concentration of the acid solution used is not critical,
      the sole requirement being that there be sufficient acid present to effect
      dissolution of the aluminum hydroxide formed in the caustic washing. In
      general, it is preferable to use a dilute acid solution such as, for
      example, 1/1 concentrated hydrochloric acid in water or an acid solution
      containing 10% by volume of 42.degree. Bamue nitric acid in water. In
      general, acid cleaning times of from 1 to 10 minutes are quite sufficient
      since the reaction between the mineral acid and the aluminum hydroxide is
      relatively rapid. It is to be understood in the discussion of the cleaning
      procedure outlined above, that parameters such as temperatures,
      concentrations of the various cleaning materials, times of cleaning, etc.,
      are not critical, will vary with the amount of aluminum in the surface
      being cleaned and the area of such surface or surfaces and, accordingly,
      can be varied within wide limits.
PAR  Following the acid treatment, the surfaces of the parts to be welded are
      rinsed in water, preferably distilled, and the parts immersed or flushed
      with acetone or some other such organic solvent which is miscible with
      water and accordingly will effectively remove all water from the surfaces.
      Immediately following the rinsing with acetone or the like, the surfaces
      to be welded are coated with the sealer.
PAR  The sealer employed in the method of the present invention can be any
      polymeric material which prevents substantial permeation of oxygen to the
      surface thus coated and which can be thermally degraded and/or volatilized
      from the surface leaving essentially no residue. Generally speaking, the
      sealer will take the form of a suitable polymeric material dissolved in a
      solvent which in turn can be a mixture of two or more components.
      Particularly desired polymeric materials for incorporation into the sealer
      are styrene based polymers which are soluble in aromatic solvents such as
      benzene and lower monoalkyl benzenes such as, for example, toluene, the
      xylenes, ethylbenzene, isopropylbenzene, etc. Particularly desirable as a
      solvent is toluene. The solvent may further include one or more components
      which are miscible with the aromatic solvents. In this respect, acetone is
      an ideal candidate being miscible with toluene in all proportions and
      being easily volatilized. A particularly desirable sealer is one
      containing polystyrene dissolved in a solvent comprised of toluene and
      acetone. Generally speaking, when polystyrene is employed as the polymeric
      material in the sealer, it should be present in an amount of at least 0.5%
      by weight and amounts ranging from about  0.5 to about 5% by weight
      provide sealers which coat the surfaces easily and from which the solvent
      can be easily removed leaving a dried film of the polymer. A most
      desirable sealer is one having a composition equivalent to 5 grams of
      polystyrene in 500 milliliters of toluene and 250 milliliters of acetone.
      It will be apparent that the acetone is added primarily as a viscosity
      reducing material which, because of its relatively high volatility, can be
      easily removed from the sealer by evaporation. Accordingly, the ratio of
      acetone to toluene can vary over wide limits depending on how fast it is
      desired to remove the solvent from the sealer. In general, when a mixture
      of acetone or some other such material having similar physical properties
      is mixed with one of the above-mentioned aromatic solvents, the ratio of
      the aromatic solvent to the acetone will be from about 1 to 1 to about 3
      to 1 by volume. Once the polystyrene sealer has been coated on the
      surface, the surface is then air or oven dried to remove the solvent
      leaving the surface coated with a film of polystyrene. It is important in
      the drying process that the temperature not be raised to a point
      sufficient to cause degradation or vaporization of the polystyrene as this
      would remove the protective coating from the surface of the aluminum part
      rendering it amenable to oxidation.
PAR  The aluminum surfaces prepared as above, can be stored for several days
      prior to use without any appreciable surface oxidation taking place
      resulting in the formation of aluminum oxide and rendering the surface
      unsuitable for fluxless brazing or diffusion bonding. While the above
      discussion has dealt with the surfaces of the aluminum parts, it will be
      understood that when an aluminum containing brazing alloy is employed, it
      must also be cleaned and sealed as above.
PAR  In carrying out the fluxless brazing procedure of the present invention,
      the respective aluminum containing parts and the brazing alloy, if it
      contains aluminum, are cleaned and sealed as described above and are
      positioned into the desired configuration, with the brazing alloy disposed
      between the surfaces which are to be brazed. It will be appreciated by
      those skilled in the art that in all cases wherein a brazing alloy is
      employed, it will fuse or melt at a lower temperature than the aluminum
      containing parts being brazed or diffusion bonded. The components can then
      be clamped or in some other manner held in place and the actual brazing
      carried out. A particularly desirable method of positioning and holding
      the respective components is to employ an adhesive coating on the surfaces
      to be brazed including the brazing alloy, the adhesive serving to hold the
      components and the brazing alloy in position. When lay-up of the
      components is complete, pressure is then applied as by weights, clamps or
      tooling to squeeze out any excessive adhesive between the adjoining
      surfaces. The adhesive, like the sealer, will contain a polymeric material
      which, upon application of sufficient heat, will volatilize and/or degrade
      leaving essentially no residue on the surfaces on which it is coated.
      While the polymeric material of the adhesive need not be the same as the
      polymeric material of the sealer, it is desirable that the adhesive
      polymeric material be one which will be thermally removed at substantially
      the same temperature as the polymeric material contained in the sealer and
      in the preferred case will be identical to the polymeric material
      contained in the sealer. For example, a desirable adhesive can be made
      from a toluene solution containing at least about 5% by weight polystyrene
      and preferably containing from about 5 to about 10% by weight polystyrene.
      As in the case of the sealer, solvents other than toluene such as, for
      example, benzene and other lower monoalkyl benzenes can be employed.
      Moreover, mixtures of such solvents can likewise be employed. As in the
      case of coating with the sealer, once the adhesive has been applied and
      the components and the brazing alloys positioned and fixed in place, the
      solvent is removed from the adhesive leaving a dried polystyrene coating
      which holds the surfaces to be brazed and the brazing alloy in position.
      It is preferable, when the adhesive is a solution of polystyrene and
      toluene, that drying or removal of the solvent be carried out in an air
      oven or the like at between 140.degree. to 160.degree.F. for at least two
      hours. However, it is to be recognized that the drying temperature and
      time of the adhesive will depend upon the surface area of the parts to be
      brazed, the viscosity of the adhesive, the solvent employed, etc.
PAR  It should be observed that the sealer itself can function as an adhesive as
      well as a protective coating if it contains sufficient polymeric
      materials, e.g., polystyrene, such that when the solvent is evaporated,
      there will be sufficient residual adhesive-type polymeric material to hold
      the respective parts together. In the usual case, the components to be
      welded are cleaned and coated with the sealer as described above, the
      welding procedure, i.e., the brazing or diffusion bonding, not being
      carried out immediately thereafter. Therefore, the sealer serves to
      protect the clean surfaces until the time for the welding to be carried
      out. Accordingly, it then becomes desirable to employ the adhesive
      procedure described above during lay-up of the components.
PAR  Once the aluminum components and the brazing alloy have been positioned
      properly, the assemblage is then placed in an autoclave or other suitable
      heating chamber in which a substantially oxygen-free environment can be
      achieved, either by evacuating air from the autoclave or by purging it
      with an inert gas such as nitrogen, argon, helium, etc. The temperature is
      then raised to a point sufficient to thermally remove the polymeric
      material whether from the sealer or from the adhesive. In the case of
      polystyrene, it has been found that a temperature range of from
      850.degree. to 925.degree.F. is desirable. The temperature is held in that
      range until the polystyrene is completely removed from the surfaces of the
      aluminum containing parts. At all times during removal of the polymer and
      until the actual brazing is complete, a substantially oxygen-free
      environment is maintained either by pulling a vacuum on the autoclave or
      by purging with an inert gas as described above. Once the polymeric
      coating has been removed from the surfaces, the temperature is then raised
      to a point sufficient to fuse the brazing alloy causing its adherence to
      the adjoining surfaces. It will be readily recognized that the temperature
      range at which the actual brazing is conducted will depend upon the type
      of brazing alloy employed and the composition of the aluminum component.
PAR  In carrying out the fluxless brazing procedure of the present invention, it
      is, of course, necessary to maintain the surfaces to be brazed and the
      brazing alloy in intimate contact with one another such that upon fusion
      of the brazing alloy, good adherence between the adjoined surfaces and the
      brazing alloy will be effected. However, high pressures need not be
      exerted to force the surfaces and the brazing alloy together, the pressure
      being only sufficient to maintain same in intimate contact with one
      another.
PAR  While the brazing technique has been described with reference to the use of
      an autoclave to supply sufficient heat to effect the brazing, it will be
      recognized that other forms of achieving brazing temperatures can be
      employed. However, an autoclave, because it can be easily evacuated with a
      mechanical vacuum pump or purged with an inert gas to provide a
      substantially oxygen-free environment, provides a convenient method of
      carrying out the brazing.
PAR  In the diffusion bonding process of the present invention, the surfaces to
      be bonded and the brazing alloy, if one is employed, are cleaned and
      coated as above described. Unlike the fluxless brazing procedure, the
      diffusion bonding procedure requires the application of relatively high
      pressures forcing the surfaces of the parts to be bonded together, or if a
      brazing alloy is employed, forcing the surfaces and the brazing alloy
      together. However, it is one of the advantages of the present invention
      that unusually high pressures, normally required in ordinary diffusion
      bonding procedures, are not required. In conventional techniques the
      excessive pressures are required in order to overcome the barrier posed by
      the aluminum oxide coating. Since the process of the present invention
      circumvents that problem, diffusion bonding of aluminum containing
      components can be carried out at markedly lower pressures and,
      concomitantly, with less danger of damage to the components being bonded.
PAR  The procedure involved in diffusion bonding differs from that of fluxless
      brazing not only in the utilization of higher pressures but further in the
      fact that a dual temperature range is employed. Once the parts to be
      diffusion bonded and the brazing alloy, if one is employed, have been
      positioned, the polymeric coating is thermally removed in a substantially
      oxygen-free environment as described above. The temperature is then raised
      to the point where, if no brazing alloy is used, the surfaces to be
      adjoined are "softened" sufficiently to ensure intimate contact. The
      softening of the surfaces referred to herein is not such as to allow the
      adjoining surfaces to flow easily, i.e., the temperature is kept low
      enough to avoid fusion of the adjoining surfaces or the remainder of the
      aluminum components. The temperature is raised to a point where, upon the
      application of sufficient pressure, the adjoining surfaces will become
      plastic enough to intimately contact one another. If a brazing alloy is
      employed, the temperature is raised to the fusion point of the alloy. In
      either case, the assemblage is then lowered in temperature to a
      predetermined diffusion temperature range and maintained in that range for
      a period of time sufficient to permit the diffusion bonding to occur. The
      diffusion temperature range, as well as the higher temperature at which
      the alloy is fused or the surfaces softened to effect intimate contact,
      depends upon the composition of aluminum containing components, the
      brazing alloy, if one is employed, the pressures exerted, etc. Likewise,
      the pressure employed in the diffusion bonding process depends upon the
      composition of the aluminum containing components, the brazing alloy, and
      the particular configuration of the lay-up.
PAR  As noted, diffusion bonding as per the procedure of the present invention
      involves the application of suitable pressures. While this can be
      accomplished in many fashions, a convenient method is to form a retort or
      enclosure into which the parts to be assembled are placed. The retort is
      constructed such that once the parts to be bonded are placed inside, it
      can be evacuated to remove substantially all the air or, if necessary, it
      can be purged with an inert gas such as those mentioned above. The retort
      is further constructed as such that when it is placed in an autoclave or
      other suitable heating device, the autoclave can be pressured up with a
      suitable gas in effect collapsing the retort which in turn exerts pressure
      upon the aluminum parts therein forcing the latter together. While the
      retort technique is ideally suited to bonding plies or layers of material,
      it will be recognized that the use of a retort within an autoclave is
      simply one method of acheiving the necessary pressure in a substantially
      oxgenfree environment.
PAR  It must be kept in mind as noted above that once the parts have been
      cleaned and coated and the brazing or diffusion bonding process is being
      carried out, a substantially oxygen-free environment must be maintained to
      avoid formation of aluminum oxide coating. Thus, the polymeric coating
      will be removed at elevated temperatures and in an oxygen-free environment
      which can be achieved either by the use of a vacuum or by purging with an
      inert gas and the actual brazing or diffusion bonding will likewise be
      conducted in an oxygen-free environment.
PAR  To more fully demonstrate the present invention, the following non-limiting
      example is presented:
PAC  EXAMPLE
PAR  A radiator panel for use in an orbiting space craft was formed by diffusion
      bonding as follows: a boron/aluminum alloy sheet composite comprised of
      filaments of boron disposed between thin sheets of 6061 aluminum alloy was
      employed. The sheet composities were degreased and then cleaned with an
      aqueous solution containing the equivalent of 5 grams of sodium hydroxide
      and 5 grams of sodium bicarbonate per liter of solution for approximately
      1 to 3 minutes at 165.degree. F. The sheets were then rinsed in hot tap
      water and cleaned at room temperature in an acid solution containing about
      10 volume percent 42.degree. Baume nitric acid in distilled water for 1 to
      3 minutes. The sheets were rinsed with distilled water to remove the acid
      and immediately immersed in acetone for 1 minute to remove any remaining
      water. The excess acetone was allowed to drain but the panels were not
      dried. The panels were then immersed into a sealer which had a composition
      equivalent to 5 grams of polystyrene dissolved in 500 milliliters of
      toluene and 250 milliliters of acetone. The thus sealed panels were dried
      to remove the toluene/acetone solvent. A silicon aluminum alloy foil
      (brazing alloy) one mil thick and containing 7 1/2% silicon was cleaned
      and sealed as described above. The boron/aluminum alloy sheet composite
      and the aluminum silicon alloy were then coated with an adhesive having a
      composition equivalent to 7 grams of polystyrene per 100 milliliters of
      toluene, the boron/aluminum alloy sheet composites being positioned with
      the silicon aluminum alloy therebetween. The excess adhesive was removed
      by applying pressure and the components clamped into place. The assembly
      was then dried in a hot air oven at 150.degree.F. for about 2 hours to
      remove the solvent from the adhesive. To prevent unwanted bonding during
      the diffusion bonding process, the assemblies were spray coated with a
      release solution having a composition equivalent to 5 grams of polystyrene
      in 100 milliliters of toluene and containing 20 grams of powdered calcium
      carbonate. The adhesive bonded boron/aluminum alloy sheet composites and
      the silicon aluminum brazing alloy were then placed in a retort.
PAR  The retort was sealed except for the provision of orifices for nitrogen
      purging and/or evacuation. A vacuum was then pulled on the retort which
      was placed in an autoclave. Upon reaching a temperature of 850.degree.  to
      900.degree.F., the retort was purged with a nitrogen stream until all of
      the polymeric material from the sealer and the adhesive had been removed.
      The retort was then again evacuated and the autoclave pressured to about
      200 psig. The temperature of the autoclave was raised to around
      1080.degree.F. held for 10 minutes at that temperature and then cooled
      down in 940.degree.F., the diffusion bonding temperature, and held at the
      temperature for approximately 3 hours. Finally, power to the autoclave was
      cut off and the assembly allowed to cool slowly to room temperature.
      Following this, the retort was disassembled and the diffusion bonded
      radiator panel removed. The "weld" between the plies of boron/aluminum
      alloy sheet composite were found to be uniform and exhibited good
      mechanical strength properties. Essentially no interfaces between plies of
      the boron/aluminum alloy sheet composite and the aluminum silicon brazing
      alloy were discernible.
PAR  The present invention has been described with reference to a specific
      embodiment thereof, and accordingly, it will be apparent that many
      modifications, substitutions and omissions will be readily suggested to a
      person of ordinary skill in the art without departing from the spirit of
      the invention. Therefore, it is to be understood that the scope of the
      invention is to be determined solely by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for fluxless brazing of aluminum-containing parts wherein said
      method utilizes an aluminum alloy brazing material, comprising the steps
      of:
PA1  a. removing the aluminum oxide coating from the surfaces of said brazing
      alloy and said parts to be brazed;
PA1  b. coating said surfaces with a sealer containing a polymeric material,
      said polymeric material having the property of preventing significant
      permeation of oxygen to said surfaces and being thermally removable from
      said surfaces leaving essentially no residue;
PA1  c. disposing said brazing alloy between the surfaces of said parts to be
      brazed;
PA1  d. bringing said surfaces of said parts to be brazed into intimate contact
      with said brazing alloy;
PA1  e. subjecting said surfaces, in a substantially oxygen free environment, to
      a temperature sufficient to thermally remove all of said polymeric
      material from said surfaces;
PA1  f. heating said surfaces and said brazing alloy, in said substantially
      oxygen free environment, to a temperature sufficient to cause fusion of
      said brazing alloy and adherence of said surfaces; and
PA1  g. cooling said thus brazed parts.
NUM  2.
PAR  2. The method of claim 1 wherein said sealer comprises said polymeric
      material dissolved in a suitable solvent and said solvent is evaporated
      leaving a coating of said polymeric material on said surfaces.
NUM  3.
PAR  3. The method of claim 2 wherein said polymeric material comprises
      polystyrene and said solvent comprises toluene.
NUM  4.
PAR  4. The method of claim 3 wherein said polystyrene is present in an amount
      of from about 0.5 to about 5% by weight.
NUM  5.
PAR  5. The method of claim 4 wherein said solvent further includes acetone.
NUM  6.
PAR  6. The method of claim 2 wherein said polymeric material coated surfaces
      are further coated with an adhesive containing an adhesive polymeric
      material, said adhesive polymeric material having the property of being
      thermally removable form said surfaces leaving essentially no residue and
      being thermally removable at substantially the same temperature at which
      said polymeric material in said sealer is removed, said adhesive material
      serving to hold said respective parts and said brazing alloy in position
      prior to said brazing.
NUM  7.
PAR  7. The method of claim 6 wherein said adhesive polymeric material is the
      same as said polymeric material in said sealer.
NUM  8.
PAR  8. The method of claim 7 wherein said adhesive contains an adhesive solvent
      for said adhesive polymeric material and adhesive solvent is removed prior
      to thermal removal of said adhesive polymeric material.
NUM  9.
PAR  9. The method of claim 8 wherein said adhesive solvent comprises toluene
      and said adhesive polymeric material comprises polystyrene present in an
      amount of from about 5 to about 10% by weight.
NUM  10.
PAR  10. A method of diffusion bonding aluminum-containing parts comprising the
      steps of
PA1  a. removing the aluminum oxide coating from the surfaces of said parts to
      be diffusion bonded;
PA1  b. coating said surfaces with a sealer containing a polymeric material,
      said polymeric material having the property of preventing significant
      permeation of oxygen to said surfaces and being thermally removable from
      said surfaces leaving essentially no residue;
PA1  c. bringing said surfaces of said parts to be diffusion bonded into contact
      with one another;
PA1  d. subjecting said surfaces, in a substantially oxygen-free environment, to
      a first temperature sufficient to thermally remove all of said polymeric
      material from said surfaces;
PA1  e. heating said surfaces, under pressure and in a substantially oxygen-free
      environment, to a second temperature which is high enough to cause said
      surfaces to soften but low enough to prevent fusion thereof and causing
      said surfaces while heated to said second temperature to intimately
      contact each other;
PA1  f. cooling said surfaces to a third temperature which is in a predetermined
      diffusion temperature range which is sufficient to cause diffusion bonding
      of said surfaces with each other;
PA1  g. maintaining said third temperature for a period of time sufficient to
      effect said diffusion bonding; and
PA1  h. further cooling said thus diffusion bonded parts.
NUM  11.
PAR  11. The method of claim 10 wherein said sealer comprises said polymeric
      material dissolved in a suitable solvent and said solvent is evaporated
      leaving a coating of said polymeric material on said surfaces.
NUM  12.
PAR  12. The method of claim 11 wherein said polymeric material comprises
      polystyrene and said solvent comprises toluene.
NUM  13.
PAR  13. The method of claim 12 wherein said polystyrene is present in an amount
      of from about 0.5 to about 5% by weight.
NUM  14.
PAR  14. The method of claim 13 wherein said solvent further includes acetone.
NUM  15.
PAR  15. The method of claim 11 wherein said polymeric material coated surfaces
      are further coated with an adhesive containing an adhesive polymeric
      material, said adhesive polymeric material having the property of being
      thermally removable from said surfaces leaving essentially no residue and
      being thermally removable at substantially the same temperature at which
      said polymeric material in said sealer is removed, said adhesive material
      serving to hold said respective parts and said brazing alloy in position
      prior to said diffusion bonding.
NUM  16.
PAR  16. The method of claim 15 wherein said adhesive polymeric material is the
      same as said polymeric material in said sealer.
NUM  17.
PAR  17. The method of claim 16 wherein said adhesive contains an adhesive
      solvent for said adhesive polymeric material and said adhesive solvent is
      removed prior to thermal removal of said adhesive polymeric material.
NUM  18.
PAR  18. The method of claim 17 wherein said adhesive solvent comprises toluene
      and said adhesive polymeric material comprises polystyrene present in an
      amount from about 5 to about 10% by weight.
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ABST
PAL  A method and apparatus for sealing packages, e.g., microelectronics
      packages containing heat sensitive elements, by applying heat to melt
      solder on the peripheries thereof. At the same time heat is being applied
      to a package heat sinks are simultaneously engaged with the top and bottom
      portions thereof to carry off excess heat and thus protect the heat
      sensitive elements from damage.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder, with the Department of the Navy.
PARN
PAR  This is a division of application Ser. No. 180,774, filed Sept. 15, 1971,
      now U.S. Pat. No. 3,756,490.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for quickly, accurately
      and economically sealing packages which contain heat sensitive elements,
      e.g., microelectronic hybrid circuits. More specifically, the present
      invention accomplishes this function by the application of heat to the rim
      of the lid of the microelectronic package.
PAR  Hybrid circuits designed for high reliability are usually enclosed in a
      package which can be hermetically sealed in an inert atmosphere. A great
      variety of package sizes and shapes are utilized for use in
      microelectronic applications. Usually the three basic methods for sealing
      these packages are either furnace brazing, weld sealing, or hand solder
      sealing. The last method has been used mostly on larger size packages with
      one dimension of the package being about 1 inch or more. Expensive sealing
      systems are available from several commercial sources. These sealing
      systems are particularly designed for sealing popular sizes of flat packs
      but are incapable of sealing deep rectangular packages having protruding
      edges. Hand soldering has been widely used on larger packages and packages
      having protruding edges because it provides immediate sealing capability,
      maximum flexibility, and minimum cost in capital equipment. However, it is
      widely considered to be a time-consuming, unreliable method.
PAR  The technical requirements for a good package seal are proper mating of the
      parts at the seal surface area, an even flow of solder on the entire seal
      area, clean solder-wettable surfaces, and application of an adequate
      amount of heat simultaneously to the entire solder area without
      overheating the hybrid substrate and the parts mounted on it.
PAC  SUMMARY OF THE INVENTION
PAR  Initially, the base platform of the package to be sealed is placed on a
      lower heat sink mount. On the periphery of the lid of the package is a
      thin coating of solder or other binding material which when heated and
      subsequently cooled will bind the base platform to said lid. With the
      package securely placed on the lower heat sink mount, a heater core,
      mounted on a shaft for vertical and swinging movement, is shifted to a
      position whereby it is directly above the package. Within the heater core
      is an aperture which allows said core when lowered to surround the package
      and engage the rim thereof. After heat has been applied to the package for
      a short time, an upper heat sink is lowered through the aperture so that
      it rests directly upon the lid of the heated package, thereby providing
      the necessary heat protection for the package and any heat-sensitive
      contents therein. When heat has been applied to the microelectronic
      package for a time sufficient to melt the solder, the heating element is
      removed so that only the heat sinks remain in physical contact with the
      package. After the melted solder has hardened and sealed the package, the
      upper heat sink is also removed and the package can be demounted from the
      lower heat sink. Another package may then be placed on the lower heat sink
      mount and the above process can be repeated.
PAR  It is therefore an object of the present invention to provide a method and
      apparatus for quickly, accurately and economically sealing
      microelectronics packages containing heat sensitive elements.
PAR  It is another object of the invention to provide a method and apparatus
      that can simultaneously apply heating and heat sink elements to the lid of
      a microelectronics package.
PAR  It is still another object of the subject invention to provide a method and
      apparatus that can apply heat sink elements to the top and bottom portions
      of a microelectronics package while simultaneously and peripherally
      applying a heating element thereto.
PAR  It is still another object of the present invention to provide a method and
      apparatus that can seal various size microelectronics packages, including
      packages having protruding edges.
PAR  It is another object of the invention to provide a method and apparatus
      that can continuously apply the heat sink elements to the microelectronics
      package being sealed after the removal of the heating element from
      engagement therewith.
PAR  Another object of the present invention is to provide a method and
      apparatus for sealing microelectronics packages that employs a heating
      element which envelops the package lid while only being in physical
      contact with the rim of said package.
PAR  Another object of the invention is to provide a method and apparatus for
      the purpose set forth which can be used for removing the lid from a
      previously sealed package without subjecting delicate contents of the
      package to either mechanical or thermal damage.
DRWD
PAR  Further objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective of the subject package sealer;
PAR  FIG. 2 is an enlarged detail section, partly in elevation, showing the
      lower heat sink employed and the mechanism for displacing a
      microelectronics package therefrom after a sealing operation;
PAR  FIG. 3 is a detail perspective particularly showing the carriage control
      mechanism for the upper heat sink employed;
PAR  FIGS. 4a and 4b are plan views, partly in section, showing the heater core;
PAR  FIG. 5 is an enlarged detail perspective showing the entire heater
      assembly;
PAR  FIGS. 6a through 6g are detail perspectives showing a typical sequence of
      operation of the invention;
PAR  FIGS. 7a and 7b are detail perspective views illustrating another
      embodiment of the heater core, and
PAR  FIG. 8 is an exploded perspective showing still another embodiment of the
      heater core.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The microelectronics package sealer of the present invention includes upper
      and lower heat sinks, a pedestal for mounting the lower heat sink, a
      heater core having an aperture therein for surrounding a package that is
      positioned upon said lower heat sink, heater element control means, first
      and second vertical bearing shafts, elevator and elevator control means
      for positioning said upper heat sink member, said elevator means having
      ball bushings for guiding said elevator down said first and second bearing
      shafts in such a manner so as to position said upper heat sink member upon
      the lid package.
PAR  Referring now to FIG. 1, there is shown one embodiment of the present
      invention. It is to be understood that neither the spirit nor the scope of
      the present invention is to be limited to the following embodiment, as
      said invention may be practiced other than as specifically described.
      Additionally, the package to be sealed will be referred to as a
      microelectronic package having a base platform substrate upon which is
      mounted microelectronic hybrid components and further having a lid which
      rests upon and is sealed on the base platform. Again, the scope of the
      present invention is not to be limited to the discussed package
      embodiments. The device of FIG. 1 comprises a base 2 to which are attached
      vertical bearing shafts 4 and 6 by foot plates 8 and 10, respectively.
      Centrally positioned upon the base 2 is a heat sink pedestal 12 which has
      a lower heat sink 14 centrally located on a top wall 13 thereof. The heat
      sink 14 is rectangular in shape and has a plurality of spaced vertical
      grooves 15 formed in opposite side walls thereof to receive connector pins
      of a package to be sealed. To assure firm engagement of the pins in the
      grooves 15, the walls of the grooves are inclined outwardly toward their
      lower ends. As is best seen in FIG. 2, the heat sink pedestal 12 is of
      rectangular shape and has, in addition to the top wall 13, side walls 16.
      A central opening 17 extends through the heat sink pedestal 12 and aligns
      with an opening 17a in the heat sink 14. An actuating rod 18 is positioned
      with its upper end portion mounted for vertical sliding movement in the
      openings 17 and 17a, the lower end of the rod 18 being engageable with a
      cam 19 on a shaft 20a which is journalled by the side walls 16 for rocking
      movement in the pedestal 12. Near its outer end, the shaft 20a is provided
      with a lever 20b for manual engagement. As is shown in FIGS. 1 and 2,
      raising the lever 20b will raise the rod 18 and displace a
      microelectronics package from the heat sink 14 after completion of a
      sealing operation.
PAR  Mounted on the base plate 2 at the rear thereof is a standard 21 which
      provides a support for a yoke 22, said yoke being generally semicircular
      and having legs 23 and 24 and a support tongue 25. As best seen in FIG. 1,
      the support tongue is formed integrally with the yoke and is secured to
      the upper end of the standard 21. The legs 23 and 24 are apertured near
      their outer ends to receive the upper end portions of the vertical bearing
      shafts 4 and 6, and are slit between said apertures and their side edges
      to permit slight enlargement of the apertures to receive said shafts.
      Screws 24a are passed through the slits to permit tightening of the yoke
      on said shafts.
PAR  As will now be understood, the shafts 4 and 6, the standard 21 and the yoke
      22 cooperate to define a frame, indicated at A, for the upper heat sink,
      the heater and associated mechanism.
PAR  Mounted for vertical sliding movement on the shafts 4 and 6 of the frame A
      is a carriage 26. Sleeves 28 and 30 which are formed integrally with
      mounting plates 29 and 29' that are secured to the underside of the
      carriage, receive the shafts therethrough. Also mounted on the underside
      of the carriage 26, substantially centrally thereof, is an upper heat sink
      32 which is of oblong rectangular shape and is of solid metal. The upper
      heat sink is secured to the carriage by a supporting plate 34. The upper
      heat sink 32 is so positioned on the carriage 26 that when said carriage
      is lowered, by mechanism to be described hereinafter, it will engage the
      lid of a microelectronics package on the lower heat sink 14.
PAR  The control mechanism for the carriage 26 is shown generally at 36. As best
      seen in FIGS. 1 and 3, the control mechanism 36 includes a rack 38, which
      is mounted on the carriage 26 and extends upwardly between the legs of the
      yoke 22, and a pinion 40 which is mounted on a shaft 41 that extends
      through the arms of a U-shape bracket 45. As will be seen, the bracket 45
      is secured to the leg 24 of the yoke 22 and extends above the carriage 26
      to provide a guide for the rack 38 which meshes with the pinion 40. A knob
      48 on the outer end portion of the shaft is manually engageable for
      rotating the pinion 40 for raising or lowering the carriage 26 on the
      frame A. Thus the upper heat sink 32 may be moved into or out of
      engagement with the lid of a microelectronic package on the lower heat
      sink 14. To retain the carriage in fully raised position, as when not in
      use, a latch 50 is employed. The latch 50 includes a body 51 and a latch
      element 52, the body being secured to the upper surface of the carriage 26
      near the forward edge thereof and the element 52, when in latched
      position, engaging the inner side edge of the leg 24 of the yoke 22.
PAR  Referring now generally to FIG. 1 and more specifically to FIGS. 4a, 4b and
      5, a heater assembly is shown generally at 56. The heater assembly
      comprises basically an oblong rectangular heater core 58 having a
      rectangular aperture 60 whose dimensions are slightly smaller than those
      of a microelectronics package to be sealed. The core at the bottom edge of
      the aperture 60 is slightly recessed as shown at 63 to receive a lip on
      the package to be sealed. Formed in opposite longitudinal side walls 57 of
      core 58 are cylindrical recesses 61 and 62 within which are located heater
      elements 64 and 66, respectively. The heater elements are connected to a
      power supply, which is not shown, by conductors 70 and 71. Also within the
      heater core 58 is a thermocouple 68. The thermocouple is connected in a
      suitable electric circuit (not shown) for controlling the temperature of
      the heater assembly. The heater core 58 is made of chrome-plated brass in
      the preferred embodiment but may be formed of any material having a high
      specific heat. The heater core 58 is supported by a bracket 72 and heat
      isolating strips 74, 76 and 78, which isolating strips prevent heat
      produced by the heater core 58 from affecting other parts of the device.
      As best seen in FIG. 1, the bracket 72 is connected to a mounting sleeve
      80 on the vertical bearing shaft 4 for mounting the heater assembly 56 for
      vertical and swinging movement on said shaft. A lever 83, pivotally
      mounted on the sleeve 80 by screw 84, has an integral cam 85 which is
      engageable with the foot plate 8. Movement of the lever in one direction
      or the other raises or permits lowering of the sleeve and thus the heater
      assembly. Similarly, the lever 83 may be manually engaged for swinging the
      heater assembly on the bearing shaft 4, clockwise movement of the assembly
      being limited by a stop 86.
PAR  A better understanding of the operation of the present package sealer can
      be had by following the steps taken during the sealing of a
      microelectronics package. A typical sequence of operation is illustrated
      in FIGS. 6a through 6g and will be explained hereinafter. The first step
      in the sequence is to place the base platform 87 of a package to be
      sealed, shown at 88, on the lower heat sink 14, as shown in FIG. 6a. The
      lid of the package, shown at 88', is then placed on top of the base
      platform as shown in FIG. 6b. The underside of the rim of the lid is
      pretinned with solder so that when heat is applied the melting solder will
      flow between the base platform and the lid. After the lid is properly
      positioned, the heater core 58 is swung on the vertical bearing shaft 4,
      by the lever 83, until the aperture 60 thereof is located directly over
      the package, as is shown in FIG. 6c. The heater core is lowered into
      engagement with the periphery of the package, as shown in FIG. 6d, for
      melting the solder thereon. Since the timing parameters depend upon, inter
      alia, the size of the package, the parameters given hereinafter are for
      illustration purposes only and relate to a package having rectangular
      dimensions of 1 inch .times. 1/2 inch. The heater core 58 is usually
      applied to the package for approximately twenty seconds whereupon the
      upper heat sink 32 is lowered until it contacts the lid of the package, as
      shown in FIG. 6e. Heat is applied in this position for approximately ten
      more seconds, thereby giving a total heat exposure time of 30 seconds. At
      this time, the solder is sufficiently melted and the heater element is
      raised. This position is illustrated in FIG. 6f. The heater core is
      retained in place at this juncture so as to avoid the possibility of
      vibration which might interfere with the cooling of the solder. The
      position as illustrated in FIG. 6f is usually retained for approximately
      10 seconds whereupon the upper heat sink 32 is quickly raised, the heater
      core 58 swung away, and the upper heat sink 32 again positioned on top of
      the sealed package, as shown in FIG. 6g, for approximately ten to fifteen
      seconds to enable the package to completely dissipate all heat. The upper
      heat sink 32 is raised at the end of this period, when the subject
      invention will appear as shown in FIG. 6b. The sealed package may be
      removed by raising the package release lever 20b, the total process taking
      only 45 to 50 seconds.
PAR  As will be obvious, the subject invention may be easily modified to perform
      a host of other related tasks. For example, the package sealer of the
      present invention can be used to remove package lids by reversing the
      basic sequence of operation.
PAR  By utilizing a heater core having a design as shown in FIGS. 7a and 7b,
      such core can be removed without requiring removal of the upper heat sink.
      In this embodiment the heater core is composed of companion sections 90
      and 92 which are connected by a hinge 94. When the heating core has been
      applied to the package to be sealed for a length of time sufficient to
      melt the solder, the heating core sections are swung apart. Thus the
      package to be sealed is allowed to remain in continual physical contact
      with the upper and lower heat sinks.
PAR  Another heat sink and heater core modification is shown in FIG. 8. In this
      view a plurality of heat sinks 96, 98, 100 and 102, similar to the upper
      heat sink 32, is mounted on a common mandrel 103. A heater core 104 having
      apertures 105, 106, 107 and 108 to receive the heat sinks 96, 98, 100 and
      102, respectively, forms a part of a heater assembly similar to the heater
      assembly 56. When in operative position the apertures 105, 106, 107 and
      108 receive microelectronics packages mounted on lower heat sinks (not
      shown), as in the first described embodiment of the invention. As will be
      obvious, a plurality of packages can be sealed simultaneously by the use
      of this modification of the invention.
PAR  In the foregoing discussion it has been assumed that the means for
      actuating the various movable components of the subject invention have
      been by human manipulation. It would, of course, be obvious to automate
      the procedure discussed hereinabove by the proper utilization of a
      pre-programmed general purpose computer, thereby eliminating the necessity
      for manual control. Another obvious and possible embodiment of the subject
      invention would involve placing the invention in a sterile environment,
      evacuating the air present, and replacing it with a suitable gas.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of sealing a pair of elements to each other to form a package,
      comprising the steps of:
PA1  applying a meltable sealant to a portion of one of said elements;
PA1  positioning one of said elements on a first heat sink;
PA1  positioning the remaining element on the element positioned on the first
      heat sink;
PA1  applying a heat source to the elements for causing said sealant to melt and
      flow between portions of the elements for connecting said elements in
      sealed relation;
PA1  applying a second heat sink to the element not in contact with said first
      heat sink, thereby to remove heat from said elements during application to
      said elements of heat from the heat source and to cause a compressive
      force to be exerted on the elements to hold said elements together;
PA1  displacing the heat source from proximity to the elements, thereby to
      discontinue the application of heat to the elements; and,
PA1  continuously removing heat from the elements by means of the first and
      second heat sinks both during and after discontinuation of the application
      of heat to the elements.
NUM  2.
PAR  2. The method of sealing a pair of elements to each other to form a
      package, comprising the steps of
PA1  applying a coating of solder to a portion of a first element of said pair
      of elements,
PA1  positioning a second element of said pair on a first heat sink,
PA1  positioning said first element on said second element with said coating of
      solder confronting said second element,
PA1  applying a heat source to said first element for causing said solder to
      melt and flow between portions of the elements for connecting said
      elements in sealed relation,
PA1  applying a second heat sink to said first element during the heating step,
PA1  removing heat from the first element to permit the solder to cool,
PA1  removing the second heat sink from said first element,
PA1  displacing the heat source from the proximity of the first element,
PA1  and again applying the second heat sink to the first element to accelerate
      the cooling thereof.
NUM  3.
PAR  3. The method recited in claim 1,
PA1  including the additional step of demounting the package from the first heat
      sink.
PATN
WKU  039373894
SRC  5
APN  4045130
APT  1
ART  241
APD  19731009
TTL  Disposable food container
ISD  19760210
NCL  12
ECL  1
EXP  Lowrance; George E.
NDR  5
NFG  24
INVT
NAM  Wind; Harold
STR  C/O F-J Packaging Development Corporation, 80-103 Surrey Place
CTY  Jamaica
STA  NY
ZIP  11432
RLAP
COD  71
APN  212528
APD  19711227
PSC  03
RLAP
COD  82
APN  880871
APD  19691128
PSC  03
CLAS
OCL  229  25R
XCL  150   5
XCL  206 72
XCL  220  4B
XCL  220  4E
XCL  220339
XCL  229 44R
EDF  2
ICL  B65D  134
ICL  B65D  144
ICL  B65D  536
ICL  B65D 4316
FSC  220
FSS  4 B;4 E;315;70;339
FSC  229
FSS  2.5;44 R
FSC  150
FSS  .5
FSC  206
FSS  72
UREF
PNO  3131069
ISD  19640400
NAM  Goller
OCL  206 45.34
UREF
PNO  3151799
ISD  19640900
NAM  Engles
OCL  229  2.5
UREF
PNO  3155303
ISD  19641100
NAM  Fenkel
OCL  229  2.5
UREF
PNO  3266655
ISD  19660800
NAM  Trunk
OCL  220  4E
UREF
PNO  3282462
ISD  19661100
NAM  Box
OCL  220315
UREF
PNO  3410698
ISD  19681100
NAM  Sosin
OCL  229 44R
UREF
PNO  3436231
ISD  19690400
NAM  Bruce
OCL  229  2.5
UREF
PNO  3511433
ISD  19700500
NAM  Andrews
OCL  220315
UREF
PNO  3519189
ISD  19700900
NAM  Bambara
OCL  229 44R
FREF
PNO  879,186
ISD  19611000
CNT  UK
OCL  229  2.5
LREP
FRM  Amster & Rothstein
ABST
PAL  A molded single service food container adapted to permit eating the food
      directly from the container, comprising a formed tray portion generally
      wedge shaped having a planar top edge which is angularly disposed with
      respect to the bottom. A cover portion having substantially similar
      characteristics may be hinged to the tray by a continuous hinged member.
      Both tray and cover are preferably thermoformed plastic, either vacuum or
      pressure formed. The shallow end is provided with food elevating means to
      prevent food which overhangs the shallow end from contacting an unsanitary
      surface.
PARN
      CONTINUATION-IN-PART
BSUM
PAR  This is a continuation of application Ser. No. 212,528, filed Dec. 27,
      1971, now abandoned, which was a continuation- in-part of application Ser.
      No. 880,871, filed Nov. 28, 1969, now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Single service disposable carriers for convenience foods such as
      frankfurter and roll, hamburger and roll and slice of pizza.
PAR  2. Description of the Prior Art
PAR  The prior art contains many disposable food carriers which are largely cut
      and fluted waxed paper or pulp board trays. Corn on the cob may be served
      in aluminum or other metal foil and slices of pizza generally are served
      in food outlets on napkins or notoriously small sheets of waxed paper.
PAR  The general result of the prior art food holders is that they merely
      provide an inefficient bottom support for the food and do not provide
      protection or enclosure for the food. They are not adapted to receive
      printed information or advertising material, are usually inappropriate for
      storage or shipping of food and generally present a most unattractive and
      unwholesome environment for food sale and consumption.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention provides a novel food container which
      combines in an economically feasible product the desirable qualities of
      cleanliness and drastically improved function.
PAR  Briefly, and not by way of limitation, the present invention comprises a
      formed plastic tray portion which is impervious to fluids, having a
      generally wedge-shaped appearance in which an upper edge is in a plane at
      an angle with respect to the bottom of the container. The sides of the
      container flare slightly outwardly in an upward direction. Various
      depressions may be formed in the bottom to receive and retain excess
      juices, strengthen the container and to raise the bottom of the container
      at the small end of the wedge to prevent excess length food from drooping
      over and touching an unsanitary surface. Further, food elevating means may
      be provided for the same purpose, such means comprising either a raised
      end shelf, raised ribs, or both.
PAR  A lid portion formed with substantially similar contours to the food tray
      may be placed thereon to enclose and protect the food. The lid may be
      separate or may be formed from the same material as the tray with an
      intermediate self hinge. In plan view the food tray is shaped to suit the
      food to be carried.
PAR  A thermoformed plastic having printable characteristics is desired. Either
      the tray or the lid portion may be transparent for food visibility and
      selection.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a food tray constructed in accordance with
      the teachings hereof. The general shape shown is a relatively long and
      narrow rectangle in plan view suitable for a frankfurter and roll.
PAR  FIG. 2 is a cross-sectional view taken across line 2--2 of FIG. 1.
PAR  FIG. 3 is a side view of the food tray of FIG. 1 showing a lid mounted
      thereon.
PAR  FIG. 4 is a bottom plan view of the food tray of FIG. 1.
PAR  FIG. 5 is a cross-sectional view taken across line 5--5 of FIG. 3.
PAR  FIG. 6 is a bottom plan view of the lid shown in FIG. 3.
PAR  FIG. 7 is a side view of a food tray having a deeper forward end than that
      shown in FIG. 3.
PAR  FIG. 8 is a cross-sectional view taken across line 8--8 of FIG. 7.
PAR  FIG. 9 is a top plan view of a modified form of the invention in which the
      tray and lid portions are integrally formed with an intermediate hinge.
      The view shows the lid opened and shows juice retaining troughs in the
      tray bottom.
PAR  FIG. 10 is a view similar to that of FIG. 9 showing the hinge being located
      at the opposite and shallow end of the tray rather than the deep end as
      shown in FIG. 9. The tray bottom has alternative depression formations.
PAR  FIG. 11 is a view similar to that of FIG. 10 showing other alternative
      depression formations in the tray bottom.
PAR  FIG. 12 is a cross-sectional view taken across line 12--12 of FIG. 11.
PAR  FIG. 13 is a side view of a food tray and lid combination similar to that
      shown in FIG. 9 with the hinge action of the lid being clearly
      illustrated.
PAR  FIG. 14 is a view similar to that of FIG. 13 but illustrating the food tray
      and lid combination shown in FIG. 10.
PAR  FIG. 15 is a view similar to that of FIG. 14 but showing the food tray and
      lid combination of FIG. 11.
PAR  FIG. 16 is a cross-sectional view taken across line 16--16 of FIG. 13.
PAR  FIG. 17 is a perspective view of another form of the invention adapted for
      use with a hamburger and roll in which the food tray shown is generally
      wider than the food tray of FIG. 1 and has a substantially semi-circular
      deep end.
PAR  FIG. 18 is a top plan view of the food tray of FIG. 17.
PAR  FIG. 19 is a side view of the food tray of FIG. 17 showing a normal
      hamburger and roll combination therein.
PAR  FIG. 20 is a view similar to that of FIG. 19 but showing a deeper tray for
      use with enlarged hamburger sandwiches.
PAR  FIG. 21 is a top view of a further modified form of food tray adapted for
      use with a piece of pizza pie having a normal sector shape.
PAR  FIG. 22 is a side view of the food tray of FIG. 21.
PAR  FIG. 23 is a perspective view of a further embodiment of the food tray
      having food elevating means.
PAR  FIG. 24 is a front view of the embodiment shown in FIG. 23 showing a
      frankfurter and roll combination extending over the food elevating means.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring to the drawing, a first embodiment of the disposable food
      container of the present invention comprises a tray portion 10 which is
      formed in one piece having a bottom 12, substantially upright sides 14, a
      deep end wall 16 and a shallow end wall 18. All sides and bottom are
      formed with rounded or filled corners. A top edge 20 is the upper
      periphery of tray 10 and extends around the tray in a continuous unbroken
      manner.
PAR  It is an important feature of the present invention that top edge 20 is
      planar; that is, top edge 20 lies completely within the plane. It is
      another important feature of the invention that the plane in which top
      edge 20 lies is angularly disposed with respect to the plane of bottom 12
      such that tray 10 is provided with a generally wedged shaped
      configuration. In this manner ends 16 and 18 are deep and shallow
      respectively.
PAR  Top edge 20 may be formed in a flange which flares from side walls 14 and
      end walls 16 and 18.
PAR  It will be seen that food tray 10 as above described is particularly useful
      in connection with single service foods such as frankfurter in roll in
      that it provides the user with a hand grip at the deep end of the tray
      while exposing the food for eating at the shallow end thereof. If a
      frankfurter in roll is the intended food then the overall configuration
      shown in FIGS. 1, 2 and 4 would be particularly useful. The configuration
      provides a substantially rectangular shape in plan view. The wedge
      configuration yields another benefit, that being the ability of the tray
      to carry foods with a length greater than that of the tray, the excess
      length extending past shallow end 18 and overhanging the tray. Should,
      however, the overhang be excessive, a sanitary danger is posed, that being
      the resting of the food upon an unsanitary surface. The FIG. 7 embodiment
      having a slightly raised shallow end wall 18a would assist in solving that
      problem by raising the overhanging end of the food. An added benefit would
      be the retention of food juices without spilling.
PAR  Improved preservation of the food, of its temperature, of its sanitation
      and of its appearance may be provided by the addition of a lid 30. Lid 30
      would have a shape complementary to that of tray 10 in that the overall
      plan shape would be substantially the same as that of tray 10 to which it
      is to be matched, having a top 32 substantially similar in overall
      dimensions to bottom 12, sides 34 complementing tray sides 14, short end
      36 complementing deep end 16 and long end 38 complementing shallow tray
      end 18. The circumferential bottom edge 40 of lid 30 would be
      substantially co-extensive in size and dimensions to top tray edge 20.
      Both edges 20 and 40 are planar and made to seal one against the other. It
      should be noted that in addition to the face-to-face juncture shown in
      FIGS. 3, 5 and 16, the lid may overlap the tray as shown in FIG. 15 and as
      will be more fully described hereinbelow.
PAR  Top 30 may be transparent to display the food contained and may be provided
      with suitable information, instructions or legend, as may be tray 10.
PAR  Tray bottom 12 may be substantially planar as shown in FIGS. 1-4 or may be
      provided with troughs or depressions 50 which are useful in retaining food
      juices and in inclining the plane of bottom 12 such that shallow end 18 is
      raised upon the plane of a table to prevent food extending over the
      shallow end from touching the table. Additionally, a plurality of ribs 52
      may be formed in bottom 12 to provide rigidity to the bottom, to enhance
      its appearance, to increase friction and to retain food juices.
      Additionally, an insulating air barrier is formed between food and
      supporting surface which aids in food temperature retention.
PAR  Circumferential bottom edge 40 of lid 30 may additionally be provided with
      a formed rim 54 which encompasses top edge 20 of tray 10. Such a rim 54
      would provide an improved seal between tray and lid. With rim 54, the lid
      would overlap the tray and could provide a friction fit.
PAR  As shown in FIGS. 3-6, lid 30 and tray 10 may be formed without connection
      and would be joined together by adhesives, adhesive tape, heat sealing or
      the like. An alternative method to join lid to tray is a hinge 60 joining
      between tray edge 20 and lid edge 40. Hinge 60 is preferably formed
      integrally with both tray and lid such that the tray and lid are a single
      continuous piece of material formed simultaneously. The most practical
      position for hinge 60 would be at an end of tray 10 and at an
      corresponding end of lid 30. Accordingly, as shown in FIGS. 9 and 13, deep
      tray end 16 is connected through hinge 60 to shallow lid end 36. In FIGS.
      10 and 14, and again in FIGS. 11, 12 and 15, shallow tray end 18 is
      connected through hinge 60 to deep lid end 38. Hinge 60 when so formed may
      be made more flexible by being provided with a plurality of linear spaced
      perforations.
PAR  To accommodate other common types of single service food, alternative
      shapes in plan view may be provided within the teachings of the invention.
      For example, in FIGS. 17-19, a wider, shallower shape is provided to
      accommodate a hamburger sandwich. The general wedge shape of the tray is
      retained as is planar top edge 20a. End 16a is generally semicircular and
      shallow end 18a is generally quite low to permit the hamburger sandwich to
      be easily withdrawn for eating. For particularly high hamburger
      sandwiches, deep end 16a may be increased in height to provide adequate
      protection for the contents as shown in FIG. 20.
PAR  A standard slice of pizza is a sector of a circle and is relatively flat.
      Food tray 10b as shown in FIGS. 21 and 22 is correspondingly flat with a
      low deep end 16b and even lower and shallower end 18b. The general overall
      shape in plan view approximates that of a sector of a circle but with an
      abridged narrow end. The abridged narrow end is shallow end wall 18b which
      is preferably straight. Sides 14b are flared sharply outwardly to permit
      the slice of pizza to slide toward shallow end 18b. Top edge 20b is planar
      and the overall appearance is wedge shaped.
PAR  Lid portions corresponding to the hamburger trays of FIGS. 17-20 or of the
      pizza tray of FIGS. 21-22 may be provided.
PAR  It has been stated that the primary use of the food tray of the present
      invention is to provide a handhold so that food may be eaten directly from
      the tray. It has been noted that this usually contemplates that the food
      will extend a fair distance beyond the shallow end of the tray. An earlier
      version disclosed above provides downwardly extending depressions 50 to
      incline the plane of tray bottom 12 to help raise the food above a table
      surface. In FIGS. 23 et seq. there is shown an important modification for
      insuring that food does not touch an unsanitary surface.
PAR  Tray bottom 12 near shallow end 18 is provided with a raised section or
      step 112 which is elevated above the main portion of bottom 12 a distance
      sufficient to elevate overhanging food above an unsanitary tabletop. To
      assist in elevating the food, step 112 may be provided with raised ribs
      114 which further elevate the food. It should be noted that raised ribs
      114 are specifically designed not to collect and retain food juices as
      were depressions 50 of the earlier embodiment. In the present embodiment
      juices tend to run off raised ribs 114 and off step 112 in a direction
      away from shallow end 18, thereby providing an important benefit of this
      modification, namely, that the juices do not collect near the shallow end
      where they may spill onto an unwary user. Step 112 and raised ribs 114
      individually and jointly comprise food elevating means.
PAR  Raised ribs 114 have two additional functions beyond elevating the food.
      First, they strengthen the shallow end of the food tray, this being
      important because that end is usually unsupported when the tray is held at
      the deeper end. Second, raised ribs 114 allow a degree of air circulation
      under the food at the shallow end of the tray thus cooling that portion of
      the food immediately before it is eaten, while the balance of the food at
      the deeper end of the tray is not so elevated and keeps its warmth.
PAR  Other modifications and embodiments may be had within the broad teachings
      hereof. For example, lid and tray may be joined together by a hinge
      between a side 14 of the tray and a side 34 of the lid. It will be noted
      that all embodiments hereof permit multiple trays, trays and lids, or lids
      to be easily stacked.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A food container comprising:
PA1  a. a tray having a tray bottom, a shallow end and a deep end opposite said
      shallow end; and a pair of opposed sides connecting between said ends;
      said ends and said sides being connected to and upstanding from said tray
      bottom; and
PA1  b. one or more troughs in said tray bottom, said troughs being below said
      tray bottom and having a bottom surface defining a plane angularly
      disposed with respect to the plane of said tray bottom the angle of said
      disposition opening in a direction toward said shallow end of said tray,
      said troughs being deeper at said shallow end than at said deep end of
      said tray, said troughs raising said shallow end with respect to said deep
      end when said tray is placed on a planar surface.
NUM  2.
PAR  2. A food container in accordance with claim 1 wherein said ends and said
      sides flare outwardly in an upward direction from said tray bottom.
NUM  3.
PAR  3. A food container in accordance with claim 1 wherein said ends and said
      sides define a continuous top edge, and said continuous top edge defines a
      plane which is angularly disposed with respect to said tray bottom.
NUM  4.
PAR  4. A food container in accordance with claim 1 wherein said tray bottom is
      provided with a plurality of ribs.
NUM  5.
PAR  5. A food container according to claim 1 wherein said tray bottom is
      provided adjacent said shallow end with food elevating means.
NUM  6.
PAR  6. A food container in accordance with claim 5 wherein said food elevating
      means comprises a raised step in said bottom adjacent said shallow end.
NUM  7.
PAR  7. A food container in accordance with claim 5 wherein said food elevating
      means comprises raised ribs in said bottom adjacent said shallow end.
NUM  8.
PAR  8. A food container in accordance with claim 5 wherein said food elevating
      means comprises a raised step in said bottom adjacent said shallow end,
      said step being provided with raised ribs.
NUM  9.
PAR  9. A food container comprising:
PA1  a. a tray having a tray bottom, a shallow end and a deep end opposite said
      shallow end and a pair of opposed sides connecting between said ends; said
      ends and said sides being connected to and upstanding from said tray
      bottom; said ends and said sides flaring outwardly in an upward direction
      from said bottom; said ends and said sides defining a continuous top edge
      which defines a plane angularly disposed with respect to said tray bottom;
PA1  b. one or more troughs in said tray bottom, said troughs being below said
      tray bottom and having a bottom surface defining a plane angularly
      disposed with respect to the plane of said tray bottom the angle of said
      disposition opening in a direction toward said shallow end of said tray,
      said troughs being deeper at said shallow end than at said deep end;
PA1  c. said tray bottom being provided adjacent said shallow end with food
      elevating means sufficient to elevate the food extending past said shallow
      end above the plane of said tray bottom.
NUM  10.
PAR  10. A food container in accordance with claim 9 wherein said food elevating
      means comprises a raised step in said bottom adjacent said shallow end.
NUM  11.
PAR  11. A food container in accordance with claim 9 wherein said food elevating
      means comprises raised ribs in said bottom adjacent said shallow end.
NUM  12.
PAR  12. A food container in accordance with claim 9 wherein said food elevating
      means comprises a raised step in said bottom adjacent said shallow end,
      said raised step being provided with raised ribs.
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ABST
PAL  A box for fish or similar products is made of impregnated corrugated
      cardboard. The top and bottom of the box are complementarily shaped, both
      being higher at their centers than at their opposite sides. The sides of
      the box are provided with water drain holes which extend to the bottom of
      the box.
BSUM
PAR  The invention relates to a fish box.
PAR  Boxes made from wood and boxes made from plastic material have hitherto
      been used for packing fish for storage and dispatch purposes. The
      so-called "Swedish box" is a wooden box which has been developed,
      manufactured and introduced into the entire European area by the northern
      countries. It is used as a container for storing fish and is filled on
      board. Its dimensions of 190 .times. 500 .times. 780 mm also largely
      determine the construction of the fish holds of deep sea trawlers which
      have been built in recent decades. However, this wooden box no longer
      meets present-day requirements.
PAR  Its disadvantages include the following:
PA1  1. The wooden boxes taken on board cannot be stacked within each other and
      thus take up hold space and deck space before and during the catch.
PA1  2. Wooden boxes stored on deck are frequently lost during heavy weather.
PA1  3. When used as a non-returnable container, the box has become too
      expensive relative to its contents.
PA1  4. The box becomes a bacteria carrier when used as a returnable container,
      since it can only be superficially cleansed by means of a water jet and
      impairs the quality of the fish. Thus, this repeated use of the wooden box
      contravenes the hygiene regulations of individual European countries.
PA1  5. The wooden boxes stacked block, thus greatly imparing the circulation of
      cold air. Therefore, the fish are frequently preserved to only a limited
      extent.
PA1  6. When the boxes are stacked, water from thawing ice located on the fish,
      and slime from the fish, can enter the lower boxes from the upper boxes
      and spoil their contents.
PAR  A further disadvantage is the large amount of waste material resulting from
      the disposal of wooden boxes.
PAR  Owing to these disadvantages, fish caught at sea have, of late, been packed
      in boxes made from plastic material. These boxes are hygienic and can also
      be stacked, since they have side walls which widen conically upwardly and
      outwardly. However, owing to the conical shape of the boxes, draining
      water mixed with fish slime can enter the lower boxes through holes
      disposed in the sides or even in the bottom when the boxes are stacked one
      on top of the other. A single box containing spoiled fish can thus spoil
      the contents of all the lower boxes.
PAR  Moreover, owing to the high cost, it is necessary to make the plastic boxes
      sufficiently large and to use them repeatedly, although this is suitable
      only in the trade between producers and wholesalers (until the fish are
      auctioned at the fish market). However, the retailer, who requires
      different kinds of fish only in small quantities, and who also does not
      want to be bothered with the return of empty fish boxes, requires a
      convenient, inexpensive disposable container which reliably stores the
      fish for an adequate period of time (two to three days) and which he can
      dispose of without any great difficulty.
PAR  The object of the invention is to provide a fish box which occupies only a
      small amount of space before use, is inexpensive to manufacture and easy
      to dispose of, and which offers reliable protection against deterioration
      of the contents for a period of several days.
PAR  In accordance with the invention, this object is achieved in that the fish
      box is manufactured from impregnated corrugated cardboard provided with
      lateral water drain holes extending to the bottom, and that the top and
      bottom of the fish box are higher in the center than at the sides. This
      has the advantage that the fish box is made from a very inexpensive,
      readily disposable material. The impregnation prevents softening of the
      corrugated cardboard during the period of use of several days. The lateral
      water drain holes allow fresh air to enter and at the same time enable
      water and fish slime to drain off. The slope of the bottom towards the
      sides allows released fluid to drain off immediately, and fluid softening
      the corrugated cardboard cannot accumulate in the center of the bottom.
PAR  A large number of advantageous configurations of the fish box are possible.
      To be able to stack several boxes one on top of the other, the top of the
      box has the same configuration as the bottom, i.e. the top of the box is
      higher in the center than at one side. This also increases the capacity of
      the box.
PAR  The stacked boxes cannot slip relative to one another if the edges of the
      bottom of the box are provided with holes which receive projections formed
      in alignment therewith on a box located therebelow.
PAR  The box can be manufactured in a particularly simple manner if the bottom
      of the box slopes downwardly only towards one side. Alternatively,
      however, the bottom of the box can slope downwardly towards two oppositely
      located sides, or the cross section of the bottom can constitute an
      elliptical or circular segment or comprise a horizontal center portion and
      downwardly sloping portion contiguous to the sides thereof.
PAR  In order to provide drip projections at the water drain holes, the water
      drain holes can be punched-out such that an outwardly projecting flap is
      produced at the fold line between the side wall and the bottom.
PAR  Alternatively, however, it may be advantageous for the water drain holes at
      their top edge to have an inwardly directed flap. The contents of the fish
      box then cannot so easily block the water drain holes. Further, it is
      advantageous if, in accordance with a different embodiment, the inwardly
      directed flap is supported on the bottom or on the side wall.
PAR  In order to increase the stability of the fish box, particularly its
      stackability, and in accordance with a further development of the
      invention, the transverse sides of the fish box not provided with water
      drain holes comprise a plurality of glued portions of corrugated
      cardboard.
PAR  In accordance with other developments, improved ventilation can be obtained
      by providing additional ventilation holes, not extending to the bottom, in
      the sides in addition to the water drain holes.
PAR  Preferably, the ventilation holes are vertical slots, thus reducing the
      risk of fluid entering the box through the slots as it runs down the sides
      of the box on the outside.
PAR  The top of the box may also have ventilation holes. Alternatively, the top
      can be so constructed that the fish box is only partially covered. This
      results in a savings of material.
PAR  Alternatively, the top of the fish box can comprise two lids which may be
      opened and closed about their longitudinal axes and which, when closed,
      are retained in place by engaging projections which project upwardly from
      the transverse side.
PAR  An advantageous locking arrangement is also provided if one top lid engages
      under the other top lid when the fish box is being closed.
PAR  In a different embodiment, at least a portion of the inner fold lines of
      the box is provided with a sealing strip of adhesive in order to provide
      the box with better protection against the ingress of water.
PAR  In another development, the box has a solid, planar, closed top and the
      underside comprises two flap-like portions of cardboard having outwardly
      bent end portions, wherein the end portions abut against one another when
      the bottom is closed and raise the center of the bottom relative to the
      side edges, thus providing a possibility of drainage for the water.
PAR  To provide further support for the bottom formed in this manner, the sides
      of the flaps in the transverse direction can also have outwardly bent
      support strips which terminate in the support plane when the boxes are
      closed. The box can also be subdivided in the transverse direction by
      means of partitions.
PAR  The use of cardboard enables the boxes to be stored in the form of flat
      blanks, or even as raw cardboard which has to be cut and which, before
      use, is shaped and glued to form a box.
PAR  Further advantages and possibilities of use of the invention follow from
      the accompanying illustration of an embodiment and from the following
      description.
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PAC   IN THE DRAWINGS:
PAR  FIG. 1 is a perspective view of one embodiment of the fish box according to
      the invention,
PAR  FIG. 2 is a plan view of a punched-out part from which the bottom,
      longitudinal side walls and lid of the box of FIG. 1 can be produced,
PAR  FIG. 2a and 2b show alternative shapes for cutaway portions in the edge of
      the lid, providing a projection which assists in retaining the lid in a
      closed position.
PAR  FIG. 3 is a plan view of a punched-out part from which one transverse side
      wall of the box of FIG. 1 can be produced,
PAR  FIG. 4 is an end view of three fish boxes, constructed in accordance with
      the invention, stacked one on top of the other,
PAR  FIG. 5 shows the bending arrangement for the part shown in FIG. 2 for
      manufacturing the box,
PAR  FIG. 6 is a perspective view of a different embodiment of the fish box,
      showing two boxes stacked one on top of the other, one transverse side
      wall of the top box having been cut away,
PAR  FIG. 7 is a perspective view of the inner side of the transverse side wall
      of the box of FIG. 6,
PAR  FIG. 8 is a perspective view of a detail of the bottom of the box of FIG.
      6,
PAR  FIG. 9 is a perspective view of the outer side of the transverse wall of
      the box of FIG. 6,
PAR  FIG. 10 is a schematic, sectional view of a plurality of stacked boxes in
      accordance with different embodiments of the invention, having a support
      part for the bottommost boxes.
DETD
PAR  One embodiment of the fish box 1 according to the invention is illustrated
      in perspective in FIG. 1. It comprises two side walls 2 extending in the
      longitudinal direction, two side walls 4 extending in the transverse
      direction, a bottom 6 and two lid flaps 8. The bottom 6 is convex in the
      transverse direction in order to allow liquid in the box to drain towards
      the sides from where it can emerge from the box through water drain holes
      10. Furthermore, the convexity increases the stability of the bottom. The
      convexity of the bottom may be circular or elliptical. However, it is a
      simpler matter to produce a convexity by kinking the bottom surface. A
      kink in the center would produce a roof-shaped bottom. Two kinks 12, 14
      (as shown in FIG. 1) produce a substantially planar center portion 16
      which, however, is so narrow that no water can accumulate thereon and soak
      through the impregnated corrugated cardboard material from which the box
      is made. Alternatively, several kinks may be provided, although this
      complicates manufacture of the box.
PAR  In addition to the water drain holes 10 reaching to the bottom, ventilation
      holes 18, 20 are provided in the side walls, so that fresh air can
      circulate around the fish located in the box and the fish cannot become
      stifled. Preferably, the ventilation holes 18 in the longitudinal sides 2
      should be vertical slots, since water draining from the water drain holes
      10 in boxes located above, and running down the longitudinal sides 2,
      cannot readily enter the fish box through the holes 18. FIG. 4 shows a
      side view of boxes stacked in such a manner. The holes in the transverse
      sides 4 are not exposed to the same risk, so that the holes 20 may also
      be, for example, circular.
PAR  The embodiment illustrated in FIG. 1 is provided with further holes 22
      which can act as further ventilation holes and as handles and through
      which the contents of stacked boxes can be inspected.
PAR  In the present instance, the box has two lid flaps 24 which leave a strip
      free in the center in order to allow air to enter from above in an
      unobstructed manner. The fish can also be introduced into the box through
      this opening. It is more advantageous if the lids can be swung upwardly.
      When the lids are closed, they engage the extensions 26 on the transverse
      walls 4, so that the lids cannot open unintentionally. The extensions 26
      also act as guides for the box located above when a plurality of boxes are
      stacked. It is particularly advantageous to provide in the bottom of the
      box a complementary slot 28 to receive the extension 26.
PAR  Alternatively, the lids of the box can be omitted or they may be
      constructed such that they fully close the box. It is then advantageous if
      a small portion of one lid is guided below the other lid, in order to
      provide additional security against undesired opening of the lids.
PAR  In order to manufacture the box, a punched part 30 and two punched parts 32
      (FIGS. 2 and 3) are punched or cut from one piece of corrugated cardboard.
      The punched part 30 forms the bottom 16, the longitudinal sides 2 and the
      lid flaps 24 of the fish box. The drain holes 10, ventilation holes 18 and
      guide holes 28 can be punched during the punching-out operation. It is
      advantageous to produce the drain holes 10 by producing a, semi-circular
      cut 38 in the subsequent side wall 2, commencing from the fold line 36.
      When the punched-out part 30 is subsequently bent to form the required
      shape of the box (FIG. 5), the semi-circle punched out of the side wall 2
      provides a drip projection 39 (only one is shown in FIG. 1) which is
      connected to the bottom of the box and which allows the water to drip off
      so that it does not run downwardly along the wall of the box. (FIG. 4).
PAR  The punched part 30 is provided with lateral flaps 40, 42, 44 which are
      subsequently folded over and glued to the transverse walls (FIG. 1).
PAR  FIG. 3 shows the punched part 32 which forms one transverse side of the
      box. The punched part 32 forms two substantially identical halves 46, 48
      which are folded together about at least one fold line 50 and glued, thus
      providing the transverse sides with a double thickness. This renders the
      box more resistant to the bearing load when several boxes are stacked one
      on top of the other. Alternatively, a single wall would suffice in the
      case of a small bearing load. Further walls may be added if the bearing
      load is high.
PAR  The configuration of the side wall naturally depends upon the desired
      convexity of the bottom and the corresponding convexity of the top of the
      box.
PAR  The projections 26 are formed during punching-out of the part 32, as well
      as the cut-away portions 52 which subsequently form slots 28, 34 in the
      transverse side wall of the box to receive the projections 26 when
      stacking the boxes, for the purpose of aligning and securing the
      individual boxes 1 relative to one another.
PAR  One side of the projection 26 has a slot 54 which serves to retain the lid
      in its closed position. The slot 54 receives a lateral projection 56 (FIG.
      2) located in the cutaway portion 58 on the edge of the lid. This form of
      lid locking device is particularly durable and even allows the box to be
      opened and closed many times without the projection 56 losing its
      rigidity.
PAR  Alternative shapes of lid-retaining projections are shown in FIGS. 2a and
      2b. In FIGS. 2a and 2b, the projections 56a and 56b are formed by sloping
      edges which occupy; about two-thirds of the width of the cut-away portion.
      In FIG. 2a, the projection 56a extends about two-thirds of the depth of
      the cutaway portion, and in FIG. 2b, it occupies or the full depth.
PAR  As already mentioned, the box is made from corrugated cardboard which is
      inexpensive and which is also readily disposable. It is advantageous to
      provide the corrugated cardboard with a water-repellent impregnation in
      order to increase resistance to softening. Tests with a fish box having
      dimensions of 40 .times. 60 .times. 15 cm, in accordance with the
      embodiment shown in FIG. 1, showed that a box containing fish and ice
      retained its full stability after being stored for 72 hours in a
      cold-storage room. The absorption of water was 100 g.
PAR  The corrugations of the corrugated cardboard should extend vertically on
      the transverse side walls in order to obtain optimum stacking stability.
      It is more advantageous for the corrugations to extend horizontally on the
      other sides of the box, owing to the large number of bending edges
      extending in this direction and the small probability of penetration by
      water.
PAR  In order to particularly protect the cut edges of the box against
      penetration by water, a sealing strip of adhesive can be additionally
      applied within the box, particularly at the perpendicular and bottom
      horizontal joining lines between the parts 30 and 32. The corrugated
      cardboard has a large number of cavities and also good thermal insulating
      properties which correspond to those of "Styropor". Thus, ice added to the
      fish thaws more slowly in the case of largely closed boxes stored in a
      normal environment.
PAR  FIGS. 6 to 9 show a different embodiment in which the top 102 of the box
      101 forms a horizontal, substantially closed surface (FIG. 6). The fish
      are introduced into the box from the bottom (or the box is filled from the
      top, closed and turned over). The convex bottom 104 is formed by the lids
      of the box which are supported against one another by outwardly bent edges
      106. The box also has drain openings 108. Air holes (not shown) can also
      be provided.
PAR  Extensions 110 and cut-away portions 112 again serve to locate boxes
      stacked one on top of the other (FIG. 6).
PAR  Here, also, the transverse side portions 114 (FIGS. 7 and 9) comprise two
      glued layers 116, 118, the layer 116, located inwardly in the finished
      box, being bent through 180.degree. at the bottom end and forming a
      further support wall 120 for the bottom 104. The bottom has a side flap
      122 which is located between the layer 116 and the support wall 120 when
      closing the box. Furthermore, a projection 124 of the support wall 120
      engages into an opening 126 in the bottom 104 and locks the support wall
      after the lids have been closed.
PAR  FIG. 10 shows a simplified form of a fish box according to the invention.
      In this instance, the bottom is shown only towards one side in which the
      drain holes are located. According to the construction of the top of the
      box (parallel to the bottom as shown in embodiment A, or at an angle
      thereto as shown in embodiment B), these boxes can also be stacked
      conveniently when a bottom support part 199, inclined in the same manner
      as the bottom of the box, is used.
PAR  Other commodities which have to be cooled with ice which produces water, or
      which themselves produce fluid, such as vegetables, meat, shell-fish etc.,
      can also be stored in the fish boxes for a limited period of time.
CLMS
STM  I claim:
NUM  1.
PAR  1. Fish box for the storage and transportation of fish and similar
      products, comprising impregnated corrugated cardboard forming a top, a
      bottom and side walls, said side walls having lateral water drain holes
      which extend to said bottom, said bottom of the fish box being higher in
      the centre than at two opposite sides, said top being higher in the middle
      than at said two opposite sides to complement said bottom.
NUM  2.
PAR  2. Fish box as claimed in claim 1, characterised in that the bottom of the
      box has positioning holes, said box having upwardly-extending projections
      formed in alignment with said positioning holes to extend into said
      positioning holes on a box thereabove.
NUM  3.
PAR  3. Fish box as claimed in claim 1, characterised in that the top and the
      bottom of the box slope downwardly towards two oppositely located sides.
NUM  4.
PAR  4. Fish box as claimed in claim 1, characterised in that the bottom
      comprises a horizontal central portion and downwardly sloping portions
      contiguous to the sides thereof.
NUM  5.
PAR  5. Fish box as claimed in claim 1 having an outwardly directed flap at the
      water drain holes, said flap being located at the fold line between the
      side wall and the bottom.
NUM  6.
PAR  6. Fish box as claimed in claim 1 having an inwardly directed flap at the
      top edge of the water drain holes.
NUM  7.
PAR  7. Fish box as claimed in claim 6, characterised in that the inwardly
      directed flap is supported on said bottom.
NUM  8.
PAR  8. Fish box as claimed in claim 1, characterised in that the top of the
      fish box comprises two lids which may be open and closed by swinging about
      longitudinal axes, projections which project upwardly from the transverse
      sides and which are provided with a cut-away portion receiving edge
      portions of said lids.
NUM  9.
PAR  9. Fish box as claimed in claim 8, characterised in that one of the lids
      engages under the other lid when closing the fish box.
NUM  10.
PAR  10. Fish box as claimed in claim 1, characterised in that at least a
      portion of the edge of the corrugated cardboard is provided with a sealing
      strip of adhesive.
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ABST
PAL  A package or container is provided having interior longitudinal and
      traverse partitions, or webs, arranged between bottles. The longitudinal
      web is centrally disposed and is formed by a centrally divided bottom wall
      being provided with edge flaps which are folded inwardly into the package
      in such a manner that a double-walled web, disposed approximately at right
      angles to said bottom wall, is formed. This central longitudinal web is
      provided with an appropriate number of transverse webs which are either
      formed separately from the central longitudinal web, or which are formed
      integrally with the latter by stamping out appropriate tongues and folding
      them from the web. Integral handles of one-piece construction with the
      container forming blank are also provided.
PARN
PAR  This application is a continuation - in- part of application Ser. No.
      83,581, (now abandoned) filed Oct. 23, 1970, and entitled "Cardboard
      Container for bottles and the like".
BSUM
PAR  The invention relates to packages or containers formed from foldable
      material, such as cardboard or corrugated carboard, for example, for the
      accommodation of segregated articles such as, for example, bottles, cans,
      and the like, the articles being separated from one another by
      longitudinal and transverse partitions.
PAR  Packages formed of folded cardboard or corrugated cardboard for the
      accommodation of, for example, bottles or cans, and having partitions or
      webs arranged between adjacent bottles or cans, are available in a wide
      variety of designs. The invention proposes a novel package of this kind
      which can be produced from a blank with very simple folds, and which can
      be folded and filled mechanically at high speed.
PAR  According to the invention, a container formed of foldable material and
      adapted to hold a plurality of segregated articles, is characterized by a
      wall structure which includes integral top, side, bottom and end walls,
      said bottom wall being formed of two portions of said blank extending
      along opposite sides thereof; a flap coextensive in length with each
      bottom wall portion along an edge thereof on each of two opposite sides of
      the blank, the blank being folded into a hollow rectilinear form with the
      flaps extending into the container perpendicularly to the bottom wall
      substantially midway between the side walls so as to define a longitudinal
      partition, and transverse partition means extending transversely within
      said hollow rectilinear form.
PAR  The package according to the invention is remarkable for its simple
      construction and for the ease with which it may be filled. Another
      advantage is that the package may conform particularly closely to the
      contents, which in the above examples are bottles. Thus, the bottles may
      be packed in a continuous operation, i.e., the bottles may continue to
      move while they are being packed, thus providing true continuity in the
      package filling operation.
PAR  The present invention further provides a package formed from a particular
      configuration of blank, and which facilitates the conversion of the
      finished closed package into a partly or wholly open package having at
      least one transverse carrying handle. The handle is based on a package of
      a specific design having a bottom, lateral walls facing each other, and a
      top, all of these members being connected together and thus forming an
      originally closed package cross section.
PAR  In order to achieve this purpose, one type of package is characterized in
      that at least two transverse perforations, spaced from each other and
      running transversely across the package, are arranged in the cover, the
      perforations passing over, at the edge of the cover, into perforations
      running approximately in the longitudinal direction of the package and
      extending over at least a part of the length of the package, each towards
      one end thereof, in such a manner that the perforation lines define, in
      the cover, a transverse carrying handle which passes over into the lateral
      walls.
PAR  A package of this kind is particularly suitable for the accommodation of a
      large number of separate objects, for instance beverage bottles, cans, or
      the like. The lines of the transverse and longitudinal perforations define
      areas in the cover, and if necessary in the lateral walls, which
      facilitate the subsequent removal of parts of the cover and lateral walls,
      thus producing a carton which is open at the top and has a transverse
      carrying handle. The pattern of the perforation lines should preferably be
      such that the transverse perforations extend into the vicinity of the
      lateral walls and the longitudinal perforations run into them.
PAR  Yet another type of package includes the feature that the carrying handle
      is integral with an inner longitudinal partition. If desired, the wall
      structure of this package or container may be provided with weakened lines
      of separation defining an access panel.
DRWD
PAR  Additional details of the invention are described hereinafter with
      reference to the embodiments illustrated in the accompanying drawings,
      wherein:
PAR  FIG. 1 shows a flat blank from which a package according to one embodiment
      of the invention is produced;
PAR  FIG. 2 shows a transverse web for a package according to said one
      embodiment of the invention;
PAR  FIG. 3 is a part-sectional perspective view showing an empty, folded
      package according to said one embodiment of the invention;
PAR  FIG. 4 is a similar perspective view of the package shown in FIG. 3 but in
      a filled condition;
PAR  FIG. 5 shows another blank from which a package according to a second
      embodiment of the invention is produced;
PAR  FIG. 6 shows one phase in the operation of folding and filling the second
      type of package;
PAR  FIG. 7 is a cross section of the folded and filled second type of package;
PAR  FIG. 8 is a horizontal section on the line VIII--VIII FIG. 7;
PAR  FIG. 9 is a part sectional perspective view of the second type of package
      shown in an empty condition;
PAR  FIG. 10 shows yet another blank from which a third type of package is
      produced; and
PAR  FIG. 11 is a perspective view of a filled package according to the
      invention, which incorporates an additional characteristic.
PAR  FIG. 12 shows a package blank according to the invention opened out flat;
PAR  FIG. 13 shows the closed package with the carrying handle exposed;
PAR  FIG. 14 shows the package in the open condition, with the carrying handle;
PAR  FIG. 15 shows yet a further one-piece bland adapted to for a package or
      container having carrying means; and
PAR  FIG. 16 is a perspective view of the closed container formed by the blank
      of FIG. 15.
DETD
PAR  Referring to the drawings, and in particular to FIGS. 1-4, one type of
      hollow rectilinear package or container for holding a plurality of
      segregated articles is formed from a unitary blank which is cut and scored
      to provide a plurality of interconnected panels certain of which, upon
      folding of the blank, are adapted to form a wall structure including
      integral top, side, bottom and end walls.
PAR  The top is formed by panel 14, the side walls by panels 12, 13 and the end
      walls by end tabs 11', 14', and 15 or 16 as the case may be. The bottom is
      formed by a selected pair of panels 11a and 11b which extend along
      opposite sides of the blank.
PAR  A further pair of panels 17a and 17b, opposing faces of which are coated
      with adhesive, each form a flap coextensive in length with an associated
      bottom wall panel 11a, 11b along an edge thereof on opposite sides of the
      blank. When the blank is folded to form the container, the flaps 17a, 17b
      extend into the container (See FIGS. 3 and 4) perpendicular to the bottom
      wall substantially midway between the side walls 12, 13 where they adhere
      together so as to define a longitudinal partition dividing the interior of
      the container into a pair of adjacent and longitudinally extending
      compartments. The container is sub-divided into a plurality of article
      receiving compartments through the intermediary of a plurality of discrete
      transverse webs or partitions 18 of the type shown in FIG. 2, each being
      provided with a centrally located slot 19 adapted to fit over the
      longitudinal partition (See FIG. 4). Thus, the articles, or bottles 10 in
      the case of the embodiment of FIG. 4, are segregated from one another.
PAR  The package or container is filled by folding the blank around a double row
      of bottles 10 which preferably converge towards one another adjacent their
      upper ends and diverge away from one another adjacent their lower ends.
      This arrangement makes it possible to fold the flaps 17a, 17b between the
      rows of bottles before the two halves of the package and the two rows of
      bottles are swung together to bring about adhesion between said flaps. The
      transverse partitions 18 which have previously been positioned between the
      bottles but above the longitudinal partition, are then lowered on to the
      latter to take up their final position which is shown in FIGS. 3 and 4.
PAR  An alternative embodiment of the invention can be formed from the type of
      one-piece blank shown in FIG. 5. The top of the container ultimately
      formed from this blank is constituted by panel 23, the side walls by
      panels 21, 22 and the end walls by end tabs 20', 23' and 24 or 25 as the
      case may be. The bottom is formed by the pair of panels 20a, 20b and the
      longitudinal partition by adhesively coated panels 26a, 26b. In this
      arrangement, however, the configuration and arrangement of the transverse
      partitions is different from that of the first embodiment.
PAR  If reference is now made to FIG. 5, it will be seen that each flap panel
      26a, 26b is scored and incised to provide at least one portion, indicated
      generally at 27, 28, which is hingeable on score lines 29, 30 whereby it
      is capable of being swung out of the plane of its associated panel to
      extend normal thereto so as to form oppositely projecting tabs 27a, 27b,
      28a and 28b, said tabs 27a and 28a having a greater depth than the tabs
      27b and 28b. It will also be observed from FIG. 5 that each flap panel
      26a, 26b is provided with a slit 31, 32 so that when the hingeable
      portions 27, 28 are pivoted on score lines 29, 30, tab 27b for example
      will project through slit 32 of portion 28 while tab 28b will project
      through slit 31 whereby all of the tabs will serve as transverse
      partitions.
PAR  The package or container shown in FIGS. 5-9 is also filled in a manner
      similar to that described above in connection with the first embodiment
      i.e. by folding the blank about a pair of inclined rows of bottles 10. As
      this occurs, the transverse partitions will pivot normal to the flap
      panels 26a, 26b whereby the narrower tabs 27b, 28b will enter their
      associated slots. Mechanical filling may again be carried out effectively
      at high speed.
PAR  FIG. 10 shows a further type of one-piece blank capable of forming a
      package or container rather similar to that shown in FIG. 5 with the
      exception that each flap panel 33, 34 is scored and incised to provide a
      pair of portions 39, 40 and 41, 42 respectively as well as slits 35, 36
      and 37, 38 respectively. Hence, swingable tabs 39a - 42b are provided and
      which tabs serve, when extending normal to the longitudinal partitions and
      when selected ones of their number engage with the slits, as a plurality
      of transverse partitions.
PAR  Obviously each flap panel can be scored and incised to provide any required
      number of tabs depending upon the number of article receiving compartments
      desired.
PAR  FIG. 11 shows that it is within the ambit of the invention to provide the
      package or container with weakened lines of separation in its wall
      structure so that selected portions of the latter can be removed so as to
      obtain access to the contents of the container. In the example shown in
      FIG. 11, the top 23 can be removed along the lines of separation 43, 44.
PAR  Although the articles have been described and illustrated as being bottles
      10, it will be readily apparent that the invention is eminently suitable
      for the packaging of other generally elongated objects such as, for
      example, cans or the like.
PAR  To facilitate the present description of the embodiment of FIGS. 12-14,
      reference should also be made to FIG. 10.
PAR  The package blank is provided with perforation lines, namely two transverse
      perforations 50, 51 spaced from each other and running substantially
      transversely of the cover 23. These transverse perforations 50, 51 which
      define a transverse carrying handle 52, extend as far as lateral walls 21,
      22 where they pass, running in arcs, into longitudinal perforations 53, 54
      and 55, 56. Longitudinal perforations 53 . . . 56 run from the ends of
      transverse perforations 50, 51 to the end of the package and to the flaps
      forming end-walls 24, 25.
PAR  The example of embodiment illustrated contains a parting cut 57, 58
      parallel to transverse perforations 50, 51 and outside the area of
      carrying handle 52. This parting cut is arranged in such a manner as to
      produce an engagement tab 59, 60 in the central portion of cover 23. The
      ends of parting cuts 57, 58 pass over, in the form of arcs, into
      longitudinal perforations 53 . . . 56.
PAR  A finished package, folded from a blank of this kind may be used by the
      consumer in various ways. In FIG. 13, only strips of material 61, 62
      formed on each side of carrying handle 52 and defined by transverse
      perforation 50, 51 and parting cuts 57, 58 have been released from the
      walls of the package. This produces gaps of a width suitable to enable the
      carrying handle 52 to be grasped while the remainder of the carton stays
      closed.
PAR  In the design illustrated in FIG. 14, the whole of the cover 23, parts of
      the lateral walls, 21, 22 and of the endwalls 24, 25 have been removed
      with the aid of longitudinal perforations 53 . . . 56, producing a
      container of reduced height, open at the top, and having a transverse
      carrying handle.
PAR  This container may now be used as a carrying basket, from which the
      contents may easily be removed.
PAR  FIG. 15 employs many of the same references that are used in FIG. 10 for
      like parts and inasmuch as the formation of the mutually transverse
      partitions and the formation of the package and its method of filling is
      substantially the same as that described above, no further description of
      the main characteristics of the blank in FIG. 15 is considered necessary.
      However, the blank of FIG. 15 differs from that shown in FIG. 10 in that a
      selected end of each flap panel 33, 34 is provided with an integral end
      tab 70 and which tab may or may not be hingeable with respect to the
      remainder of its said flap panel. Each tab 70 is provided with a suitably
      shaped hand-hold 71. Thus, and as will be seen from FIG. 16, the package
      formed by the one-piece blank of FIG. 15 will be provided with an integral
      carrying handle which, in the form of package illustrated, projects from a
      selected end wall.
PAR  Additionally, the blank of FIG. 15 differs from that shown in FIG. 10 in
      that the top 23 is provided with a pair of weakened lines of separation
      43', 44' which define a tearstrip or panel 45 whereby access can be
      obtained to the contents of the package.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container formed of foldable material and adapted to hold a plurality
      of segregated articles, the container having a wall structure formed by a
      unitary blank, said wall structure including integral top, side, bottom
      and end walls, said bottom wall being formed from two portions of said
      blank on opposite sides thereof, a flap coextensive in length with each
      bottom wall portion along an edge thereof on each of two opposite sides of
      the blank, the blank being folded into a hollow rectilinear form with said
      flaps extending upwardly into said container perpendicular to the bottom
      wall midway between the side walls thereof to define a longitudinal
      partition, at least one of said flaps having at least one transverse
      partition means integral therewith folded out of the plane of said flap at
      right angles thereto, said transverse partition means extending on
      opposite sides of said longitudinal partition, the other flap including an
      opening formed therein through which a selected portion of said transverse
      partition means extends to provide a single thickness transverse partition
      on opposite sides of said longitudinal partition and at least one
      transverse partition means integral therewith folded out of the plane of
      said other flap at right angles thereto, said transverse partition means
      of said other flap extending on opposite sides of said longitudinal
      partition, the transverse partition means of said other flap being
      longitudinally offset relative to the transverse partition means of said
      one flap and extending through an opening of said one flap.
NUM  2.
PAR  2. A container as set forth in claim 1, wherein the openings for the
      passage of the transverse partition means of said flaps are disposed at
      the ends of cutouts forming said transverse partition means, said
      transverse partition means of each flap being positioned adjacent the ends
      of the cutouts forming the transverse partition means of the adjacent
      flap.
NUM  3.
PAR  3. A container as set forth in claim 2, wherein two cutouts are formed in
      each flap at spaced intervals to each other, the cutouts in one flap being
      staggered relative to the cutouts of the other flap.
NUM  4.
PAR  4. A container according to claim 4 wherein a selected portion of said wall
      structure is provided with weakened lines of separation defining a
      removable panel for obtaining access to the contents of said container.
NUM  5.
PAR  5. A container according to claim 4 including integral carrying means.
NUM  6.
PAR  6. A container according to claim 5 wherein selected portions of said top,
      side and end walls are removable to obtain access to the contents of the
      container, the remaining portions of said top and said side walls forming
      an integral carrying handle.
NUM  7.
PAR  7. A container according to claim 5 including at least two transverse
      perforations, spaced from each other and running transversely of the top
      are arranged in the latter, the perforations passing over, at the edge of
      the top, into longitudinal perforations running approximately in the
      longitudinal direction of the container, and extending over at least a
      part of the length thereof and towards one end, in such a manner that the
      perforations define a transverse carrying handle in the top, which handle
      passes over into the lateral walls.
NUM  8.
PAR  8. A container according to claim 7 wherein the transverse perforations
      extend into the vicinity of the side walls and the adjacent longitudinal
      perforations run into said side walls.
NUM  9.
PAR  9. A package according to claim 7, characterized in that the transverse
      perforations extend along arcs into the longitudinal perforations.
NUM  10.
PAR  10. A package according to claim 7, wherein the longitudinal perforations
      extend as far as the end of the package.
NUM  11.
PAR  11. A package according to claim 7, having parting cuts which run
      approximately parallel to the transverse perforations and externally of
      the carrying handle area, the ends of the parting cuts passing over into
      the longitudinal perforations and removable strips of material defined by
      the said parting cuts and the said carrying handle.
NUM  12.
PAR  12. A container according to claim 5 wherein the carrying means consists of
      a carrying handle integral with the longitudinal partition.
NUM  13.
PAR  13. A unitary blank adapted to form a hollow rectilinear container having
      integral top, side, bottom, end and partition walls comprising a
      substantially rectangular blank including a top wall panel, two side wall
      panels, one on each side of said top wall panel, a bottom wall panel
      adjacent the side of each side wall panel opposite said top wall panel, a
      partition panel adjacent the side of each bottom wall panel opposite said
      side wall panels and end wall panels on the remaining sides of said top,
      side and bottom wall panels, said end wall panels being separated from
      each other and at least one of said partition panels having cut and score
      means to provide a portion adapted to be folded out of the plane of said
      one of said partition panels on opposite sides thereof and an opening in
      the other of said partition panels for receiving the folded out portion
      when said blank is formed into said container with said partition panels
      disposed contiguous to each other.
NUM  14.
PAR  14. A unitary blank as set forth in claim 13 wherein some of said panels
      are provided with weakened lines of separation defining a removable panel
      for obtaining access to the contents of the container.
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ABST
PAL  A knock-down, collapsible drum container assembly, comprising a pair of
      polygonal tubular members one adapted to fit within the other and
      comprising outer and inner tubular members of said container, each of said
      members being collapsible to a substantially flat state along oppositely
      disposed axially extending score lines thereof, end closures for said
      tubular members comprising pairs of inner and outer closure caps, said
      inner closure caps being configured to fit within said outer tubular
      member at the opposite ends thereof and having integral therewith radially
      extending flaps bendable along score lines to bear against the inner wall
      of said outer tubular member, said inner tubular member being configured
      to fit within and bear against said flaps as so disposed, said outer
      closure caps being configured to span the ends of said outer tubular
      member and having integral therewith radially extending flaps bendable
      along score lines into engagement with the outer wall of said outer
      tubular member, whereby said flaps may be clamped against said outer wall
      by clamping rings bearing there-against, said outer tubular member having
      preferably collared terminations at its opposite ends and said flaps of
      said outer caps being notched for seating said clamping rings at points
      above said collared terminations for locking engagement therewith by said
      clamping rings, said tubular members being preferably formed of
      substantially rectangular sheets of flexible material transversely scored
      at spaced intervals with opposite ends of said sheets joined to form said
      tubes.
BSUM
PAR  This invention pertains to containers adapted for the bulk packaging of dry
      flow granular or powdered products, and more especially to a substantially
      drum shaped container therefor.
PAR  A primary object of the invention is to provide a container of novel
      construction and assembly within this category which may be shipped flat
      in knock-down form and thence assembled on site for filling, closure and
      shipment, and which on subsequent emptying may be knocked down and stored
      flat for reuse.
PAR  For the heavy duty packaging, transportation and shipment of dry flow
      materials, such as granular or powdered products, the choice of commercial
      containers lies between multiwall bags and drums, since other forms, such
      as boxes, etc., are unsuitable, being unduly cumbersome to handle and
      inherently ill adapted to a sift proof construction. Bags are quantity
      produced in a flat state and are shipped and stored as such, but are
      restricted to packaged bulks of about 50 to 100 pounds, by reason of
      structural limitations and lifting weights, and also require special
      equipment for filling, such as valve bag filling machines for valve bags,
      or for closing after filling, such as special field closure and sealing
      units for closing open ended bags, both requiring trained operators. Drum
      containers are inherently stronger than multiwall bags and can handle
      heavier bulk loads up to about 300-400 pounds with facility in that they
      can be rolled about without lifting and easily upended for emptying. They
      also inherently possess an open ended utility for filling, as from a
      gravity fed storage container, and for emptying, as by means of a suction
      line.
PAR  Insofar as I am aware, however, drum containers for the bulk packaging of
      dry flow products, as heretofore produced have been of a preformed, rigid
      construction, requiring excessive space for quantity shipment and storage.
      The present invention overcomes this objection while retaining the full
      advantages of drum containers as above discussed, by providing a drum
      container of knock-down, collapsible construction the components of which
      may be shipped and stored flat, but may be easily assembled by laymen, and
      without skilled operators, for filling and closure, and for subsequent
      unclosure and emptying.
PAR  The invention in its essentials comprises a novel combination of elements
      consisting of outer and inner collapsible tubular members together with a
      pair of inner and outer collapsible top and bottom end closure caps for
      said tubular members.
PAR  Both tubular members are formed of a relatively rigid but bendable and
      scorable material, such as corrugated board, fiber board, or the like.
      Each tube is formed from a substantially rectangular sheet of such
      material which is scored at spaced intervals to impart to the sheet a
      series of rectangular panels separated by the score lines. Each sheet is
      thence bent into tubular shape about the score lines until one paneled
      edge overlaps the corresponding opposite paneled edge and is bonded
      thereto, as by gluing. The outer tube is of slightly greater transverse
      dimensions than the inner tube, whereby the latter is insertable within
      the former both tubes being of substantially the same height. For shipping
      and storing, the tubes are pressed flat along oppositely disposed score
      lines and thence opened up or expanded for assembly.
PAR  On order to mount the outer end closure caps in locking assembly on the
      ends of the outer tube, as explained below, a terminal portion of said
      tube at each end thereof is reversely folded outwardly and against the
      outer wall thereof and bonded thereto as by gluing, to form collared tube
      ends thereon.
PAR  The outer and inner end closure caps for the tubes are blanked out from
      flat corrugated board or equivalent sheet stock to provide closure
      portions corresponding substantially to the transverse configurations of
      the outer and inner walls of the expanded outer tube, and as surrounded by
      a series of radially extending flaps bendable about basal score lines
      normal to the closure portions and corresponding in number to and spacing
      to the panels of the expanded outer tube. The flaps of the outer closure
      caps are provided with oppositely disposed notched edges for reception of
      a clamping ring to hold the caps in locked engagement on the collared ends
      of the outer tube as explained below. For shipment and storage, all caps
      are retained in the flat state as blanked out.
PAR  For providing an open ended assembly of the container components for
      filling, an outer cap is mounted on one end of the outer tube with its
      flaps aligned successively with the tube panels and with the flaps bent
      upwardly against the tube panels. As so mounted the notches in the flaps
      are disposed beyond the collared termination of the tube end and are
      encircled by a clamping ring to lock the cap against the collared tube
      end. The inner tube having an inner cap mounted thereon with its flaps
      bent upwardly along the outer wall of said tube, is then inserted in the
      open end of the outer tube and pushed down until the inner cap is seated
      on the outer cap. After the container is filled with the material to be
      packaged, an inner cap with its flaps bent down is inserted between the
      open ends of the outer and inner tubes, and an outer cap assembled onto
      the open end of the outer tube and clamped thereon in the manner above
      explained with reference to the bottom outer cap.
DRWD
PAR  Having thus explained the invention in general terms, reference will now be
      had for a more detailed description of the above and other features of the
      invention, to the accompanying drawings illustrative of a preferred
      embodiment thereof wherein:
PAR  FIG. 1 is a perspective view with parts broken away of the completely
      assembled container comprising the outer and inner tubes, with top and
      bottom inner and outer closure caps installed as above explained.
PAR  FIG. 2 is an exploded perspective view of the assembly of FIG. 1.
PAR  FIG. 3 is a longitudinal axial section of FIG. 1 as taken at 3--3 thereof;
      while
PAR  FIGS. 4, 5 and 6 are transverse sections of FIG. 3 as taken at 4--4 to 6--6
      inc. thereof respectively.
PAR  FIG. 7 is a plan view of a rectangular strip of corrugated board or
      equivalent as scored at spaced intervals for forming into the inner
      tubular member of the container assembly, while
PAR  FIG. 8 is a similar view of a scored sheet of such material for forming
      into the outer tubular member.
PAR  FIG. 9 is a plan view of an inner closure cap as blanked out from a flat
      sheet of corrugated board or equivalent, while
PAR  FIG. 10 is a similar view of a blanked out outer closure cap.
DETD
PAR  Referring for the moment more particularly to FIGS. 1-6 inc., the container
      assembly comprises outer and inner tubular members 11, 12, together with
      top and bottom inner closure caps 13, 14, and top and bottom outer closure
      caps 15, 16.
PAR  Referring to FIG. 7, the inner tubular member 12 is formed from a
      substantially rectangular sheet of corrugated board 17 or equivalent,
      which is scored at equi-spaced intervals, as at 18-20 inc., with score
      lines extending parallel to one edge 21 of the sheet and with the score
      lines extending the width 22 of the sheet, to divide the same into a
      series of rectangular panels, as at 23-25 inc., disposed between the score
      lines 18-20 inc. The so scored sheet is formed into a tube by overlapping
      the end 21 thereof with the opposite end 26 and bonding them together, as
      by gluing.
PAR  Referring to FIG. 8, the outer tubular member 11, is formed in a manner
      similar to the inner tubular member 12, by similarly scoring a
      substantially rectangular sheet 27 of the aforesaid material, with
      equi-spaced, score lines, as at 30-32 inc., parallel to one edge 34
      thereof, and extending transversely across the sheet width 35. Prior to
      forming the outer sheet into a tubular member, oppositely disposed edge
      portions 36, 37 thereof are reversely folded along lines 38, 39 and bonded
      to one face of the sheet. The sheet is thence formed into a tubular member
      by looping one edge 34 over into overlapping relation with the opposite
      edge 40 and bonding together, the looping being in such direction that the
      reversely folded edge portions 36, 37 are disposed on the outer wall of
      the tube best shown at 36, 37, FIG. 2, to form collared terminations
      thereon of a height a.
PAR  For purposes of shipping and storage the outer end inner tubular members
      are pressed flat along oppositely disposed score lines, as at 41, 42, FIG.
      2, but are opened up or expanded for subsequent assembly of the container
      into tubular form shown in FIG. 2.
PAR  Referring to FIG. 9 the inner end closure caps 13, 14, are blanked out from
      flat corrugated board sheet stock to the configuration shown generally at
      43 of FIG. 9, comprising a pair of substantially semi-circular, polygonal
      closure portions 43a, 43b, each having a plurality of flaps extending
      radially therefrom, as at 45, with the closure portions 44a, 44b, joined
      by a substantially rectangular portion 44c. Portion 44c is scored along
      spaced parallel diametrically extending score lines, as at 44d, and is
      reversely bent along these score lines to provide a strengthening rib for
      each cap, as at 47, 48, FIGS. 1-3 inc.
PAR  The flaps 45, FIG. 9, of the inner caps, are scored along basal lines 49,
      for bending normal to the closure portion 43 thereof, for assembling each
      cap within the outer tubular member 11, with the flaps disposed between
      the inner wall of the outer tubular member and the outer wall of the inner
      tubular member 12, in the manner best shown in FIG. 3.
PAR  Referring to FIG. 10, each of the outer end closure caps 15, 16, is blanked
      out from flat corrugated board sheet stock into the configuration shown,
      comprising a central substantially circular, polygonal, closure portion
      50, having a series of flaps as at 51, extending radially therefrom. These
      flaps are scored along their inner ends as at 52, for bending normal to
      the closure portion 50. The opposite edges of each flap are notched or cut
      out in their upper portions, as at 53, with the lower edge of each cutout
      disposed at a distance a from its score line 52 which equals the width a,
      FIG. 2 of the collars 36, 37, formed on the ends of the outer tubular
      member 11. The purpose of this is to provide a means for mounting the
      outer caps on opposite ends of the outer tubular member in locking
      assembly thereon by means of an encircling clamping ring in the manner
      illustrated in FIGS. 1-3 inc. Referring thereto with the bottom outer cap
      16 assembled as shown on the lower end of the outer tubular member 11, the
      collar 37 thereon will extend upward to the height a, while the cutout
      portions 53 in the flaps 51 will be disposed about a. Hence by encircling
      the assembly with an extensible clamping ring 55, the ring will seat
      against the upper unnotched segments of the flaps 51 and within the
      notches 53 thereof and against the upper edge of the collar 37, and thus
      tightly lock the cap onto the end of the tubular member. By way of example
      assuming the collar to be three inches in width, the cutouts 53 in the
      flaps 51 will extend from three inches to 3 and 5/8 inches above the fold
      line 52, and the flaps will be 4 and 1/4 inches in overall height.
PAR  With the container assembled as above described and open at the top, it is
      filled with the dry flow material to be packaged. The open container end
      is then closed by inserting the downwardly bent flaps 43, of the top inner
      cap 13, FIG. 2, between the inner wall of the outer tube and the outer
      wall of the inner tube in the manner shown in FIGS. 1 and 3 until said cap
      is seated on the upper tube ends as shown therein. The top outer cap 15 is
      then assembled thereon by first encircling the turned down flaps 51, FIG.
      2, thereof with an expansible clamping ring, as at 55a, FIG. 1, and
      forcing the cap down over the outer wall of the outer tube 11, until the
      cap is seated thereon in the manner shown in FIG. 1.
PAR  Referring to FIG. 10, for imparting enhanced sift proof properties to the
      outer closure caps, the basal portions of contiguous flaps 51, are joined
      by interposed segments 57 integral therewith, each creased by a series of
      three fold lines, as at 58a-58c inc., adapted upon bending the flaps
      normal to the closure portion 50 of the caps to form bellows like folds as
      at 58 of FIGS. 1 and 2.
PAR  From the foregoing description of the invention it will be seen that it
      incorporates full open head utility for filling, is reclosable at the open
      end upon partial emptying, and is reusable after complete emptying.
PAR  When fine powders are packaged, a polyethylene bag or the like may be
      inserted to assure completely sift and leak proof properties to the
      container assembly.
PAR  The polygonal configuration of the container can be applied to any
      substantially circular shape, such as hexagonal, octagonal, etc., and on
      up to twenty or more panel members. If in useage it is desired to roll the
      drum-like assembly, about twelve to twenty panels for the tubular members
      are appropriate. The outer and inner tubular members can comprise
      single-ply or multi-ply stock, consisting for example as to the latter, of
      two or more plies of corrugated board bonded together, and the same as
      applied to the inner and outer closure caps.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A knock-down, collapsible, drum container assembly, comprising in
      combination: a pair of polygonal, tubular members one adapted to fit
      within the other and comprising outer and inner tubular members of said
      container, each of said members being collapsible to a substantially flat
      state along oppositely disposed axially extending score lines thereof, end
      closures for said members comprising pairs of inner and outer closure
      caps, said inner closure caps being configured to fit within said outer
      tubular member at the opposite ends thereof and having integral therewith
      radially extending flaps bendable along score lines to bear against the
      inner wall of said outer tubular member, said inner tubular member being
      configured to fit within and bear against said flaps as so disposed, said
      outer closure caps being configured to span the ends of said outer tubular
      member and having integral therewith radially extending flaps bendable
      along score lines into engagement with the outer wall of said outer
      tubular member, whereby said flaps may be clamped against said outer wall
      by clamping rings bearing thereagainst.
NUM  2.
PAR  2. A container assembly according to claim 1, wherein opposite end portions
      of said outer tubular members are reversely folded onto and adhered to the
      outer wall thereof to form terminal collars, and wherein the flaps of said
      outer caps as bent against the outer wall of said tubular member extend
      beyond said collars, said flaps as so disposed being notched beyond said
      collars for seating said clamping rings therein in abuttment with and in
      locking engagement with said collars.
NUM  3.
PAR  3. A container assembly according to claim 2, wherein said inner caps are
      reversely bent along transversely extending score lines into strengthening
      ribs thereof.
NUM  4.
PAR  4. A container assembly according to claim 3 wherein the basal portions of
      contiguous flaps of said outer caps are integral with radially scored
      spanning segments extending therebetween and collapsible into bellows
      folds upon bending said flaps into engagement with said outer wall of said
      outer tubular member.
NUM  5.
PAR  5. A container assembly according to claim 1 wherein each of said tubular
      members is composed of a substantially rectangular sheet of flexible
      material having formed therein a plurality of spaced score lines extending
      parallel to one edge of said sheet and between the edges thereof normal to
      said one edge, and wherein said one edge is disposed in overlapped
      relation to the oppositely disposed edge and bonded thereto to form said
      tube.
NUM  6.
PAR  6. A knock-down, collapsible, drum container comprising in combination: an
      outer tubular member, an outer end closure cap for said member, said cap
      having a closure portion substantially conforming to the outer transverse
      configuration of said member, said cap having integral therewith a
      plurality of radially extending flaps bendable along score lines into
      engagement with the outer wall of said tubular member, a clamping ring
      encircling said flaps for maintaining the same against said tubular
      member, an inner closure cap disposed within said outer tubular member and
      adapted to seat therein against said outer cap, said inner cap having a
      closure portion conforming substantially to the inner transverse
      configuration of said outer tubular member and having integral therewith a
      plurality of radially extending flaps bendable along score lines into
      engagement with the inner wall of said member, an inner tubular member
      disposed within said outer tubular member, and being of sufficiently
      smaller transverse configuration than said outer tubular member to seat at
      one end thereof on the closure portion of said inner cap and within said
      flaps thereof.
NUM  7.
PAR  7. A container according to claim 6 wherein the terminal portion of said
      outer tubular member engaged by said flaps of said outer cap is reversely
      and outwardly folded upon itself and secured to the outer wall thereof to
      form a collar thereabout and wherein said flaps extend beyond said collar
      and are notched therebeyond for reception of said clamping ring for
      thereby maintaining said closure cap in locked engagement with said
      collar.
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ABST
PAL  A one-piece hinged lid carton formed from a flat-folded carton structure
      having a tubular body and end closure flaps, the tubular body having an
      additional body panel and a detachable glue flap which define the top
      panel and front panel of the lid, with selected end closure flap defining
      the side panels of the lid, the remainder of the end closure flaps
      defining the end walls of the carton body, the top wall of the carton body
      having a dispensing opening therein which is closed by the lid, and
      preferably the carton will be provided with a protective liner as an
      incident of its fabrication, with the liner adhered to the undersurface of
      the top wall in the area immediately surrounding the dispensing opening,
      thereby facilitating the puncturing of the liner for removal of the
      contents of the carton through the dispensing opening.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a hinged lid carton and has to do more
      particularly with a one-piece carbon structure which may be fabricated in
      the same fashion as a seal-end carton having a tubular body and end
      closure flaps which define the opposite end walls of the carbon structure.
      Seal-end carbons as such have been long known to the industry, such
      cartons being fabricated from a one-piece carton blank initially folded
      and glued to define a flat-folded tubular body having end closure flaps
      projecting from the opposite ends of the body walls. The flat-folded
      carbons are assembled by erecting or "squaring-up" the body walls,
      followed by the infolding and sealing together of the end closure flaps at
      one end of the carton body, whereupon the contents is introduced into the
      carton through the remaining open end, followed by the closing and sealing
      of the remaining end closure flaps to complete the package.
PAR  It has also been proposed to provide such cartons with enclosed bags or
      liners adapted to be associated with the carton blanks as an incident of
      their formation into flat-folded carton structures, as taught for example
      in Bergstein U.S. Pat. Nos. 2,099,257; 2,114,621; 2,114,622; 2,114,624;
      and 2,114,625, to name but a few. While over the years numerous
      improvements have been made in the apparatus and techniques for forming,
      filling and closing such carton structures, the cartons themselves have
      remained basically the same, namely, tubular cartons sealed at their
      opposite ends and adapted to be opened in various ways, as by cutting or
      tearing away all or a portion of an end closure, or by providing a pouring
      spout or other dispensing device. Various attempts have hitherto been made
      to provide a reclosable dispensing opening in the end closures, including
      efforts to convert an end closure into a reclosable lid. In Bergstein et
      al U.S. Pat. No. 3,269,635, of which the present applicant was a
      co-inventor, there is taught a so-called canister-type container formed
      from a flat-folded tubular blank, with the tubular body walls of the
      carton forming the top, front, bottom and rear walls of the container, and
      with the closure flaps defining the opposite end walls of the container.
      While the structure was provided with an additional body wall which
      defined a liftable closure flap adapted to cover a dispensing opening in
      the top wall of the carton body, the arrangement did not provide a lid as
      such, i.e., a cover with depending flanges for engaging the underlying
      body walls; rather, the dispensing opening was defined by a removable plug
      which was adhered to the inner surface of the overlying liftable closure
      flap, the plug reentering the dispensing opening when the closure flap was
      reclosed, thereby effectively reclosing the dispensing opening. While such
      construction will effectively reclose the dispensing opening if properly
      handled, the users of the cartons are often unwilling to take the time to
      insure that the plug is properly seated in the opening and the closure
      flap secured in place by its attachment tab.
PAR  In contrast to the foregoing, the instant invention provides a seal-end
      type carton having a true hinged lid which snugly engages about the body
      of the carton when closed. Consequently, in the hands of the user, the
      mere closing of the lid serves to effect a positive reclosure of the
      carton.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a hinged lid carton fabricated from a flat-folded
      tubular carton blank utilizing seal-end carton handling and filling
      techniques, thereby adding an additional parameter to the types of carton
      the packager is capable of supplying utilizing his existing equipment.
PAR  In accordance with the invention, the tubular body has an additional body
      panel and a detachable glue flap which respectively define the top panel
      and the front panel of the lid, the lid-defining top panel overlying the
      top wall panel of the tubular body of the carton which contains a
      dispensing opening for the contents of the carton. The end closure flaps
      on the end edges of the front and rear wall of the carton body are
      full-depth flaps, whereas the closure flaps on the bottom wall of the
      carton body are half-depth flaps, as are the flaps on the ends of the
      panel defining the top of the lid. Half-depth attachment flaps are also
      hingedly connected to the opposite end edges of the glue flap which
      defines the front panel of the cover. It is preferred to provide
      additional attachment flaps on the top wall panel of the body to anchor
      the top wall panel to the adjoining end walls. While such additional flaps
      are not required in a lined structure since the top wall panel will be
      effectively anchored by the liner to which it is secured, they may be used
      to add rigidity to the stucture.
PAR  In its method aspects, the invention contemplates the selective infolding
      of the end closure and attachment flaps, including the juxtaposition and
      concurrent infolding of a half-depth closure flap and an underlying
      full-depth closure flap, together with the selective application of
      adhesive to limited areas of the infolded flaps so that, as the remaining
      flaps are infolded, both the body and lid parts of the carton will be
      formed.
PAR  Even where the carton is provided with a liner to protect the contents, it
      is preferred to form the carton itself from boxboard which has
      moisture-vapor proofing qualities. A pre-cast clay laminated boxboard,
      such as that taught in Bergstein U.S. Pat. No. 2,934,467 is ideally suited
      for the purpose in that the adhesive by means of which the cast clay
      coating is laminated to the board may be chosen to provide a "built-in"
      moisture-vapor barrier which, in itself, may afford adequate protection
      for the contents of the carton. However, even where a protective liner is
      utilized, the barrier layer in the boxboard provides protection to the
      contents after the liner has been severed in the area of the dispensing
      opening. For example, in the packaging of products such as premoistened
      tissues, a lined container is utilized to retain the moisture in the
      tissues until they are purchased by the consumer. Once the consumer has
      opened the carton and removed one or more tissues, a reclosure device is
      needed to retain the remainder of the tissues in moist condition until
      used. The reclosable lid construction of the present invention,
      particularly where the carton is formed from proofed boxboard, serves to
      maintain the remaining tissues in moist condition even though the liner is
      ruptured, the hinged lid construction providing an effective reclosure by
      the simple expedient of closing the lid over the body of the carton.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a carton blank for a hinged lid carton in
      accordance with the invention.
PAR  FIG. 2 is a plan view similar to FIG. 1 illustrating the initial step in
      the folding of the blank to form a knocked-down tubular structure.
PAR  FIG. 3 is a plan view illustrating the structure in knocked-down,
      flat-folded condition.
PAR  FIG. 4 is a perspective view illustrating the carton body in the erected
      condition prior to the infolding and gluing of the end closure flaps.
PAR  FIG. 5 is a fragmentary perspective view illustrating the infolding of the
      leading and trailing end closure flaps, including the application of
      adhesive to selected areas of the flaps.
PAR  FIG. 6 is a fragmentary perspective view similar to FIG. 5 illustrating the
      end closure in completely folded and sealed condition.
PAR  FIG. 7 is a perspective view of the completed carton in its intended
      position of use.
PAR  FIG. 8 is a perspective view similar to FIG. 7 illustrating the carton with
      its lid in the open position.
PAR  FIG. 9 is a plan view similar to FIG. 1 illustrating a carton blank with
      juxtaposed tubular liner.
PAR  FIG. 10 is a fragmentary perspective view illustrating the lined carton in
      erected condition prior to the closing and sealing of the liner and end
      closure flaps.
PAR  FIG. 11 is a fragmentary perspective view illustrating the lined carton
      with its lid in the open position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1 of the drawings, a hinged lid carton in
      accordance with the invention is formed from a boxboard or paperboard
      blank which is cut and scored to define a tubular body or bottom part
      having a top wall panel 1, a front wall panel 2, a bottom wall panel 3,
      and a rear wall panel 4 in side-by-side articulation in the order named. A
      lid-forming top panel 5 is hingedly connected to the remaining side edge
      of rear wall panel 4, and a front lid panel defining glue flap 6 is
      hingedly connected to the opposite side of lid-forming panel 5, the glue
      flap preferably having an integral centrally disposed projecting tab 7 on
      its free side edge.
PAR  Front wall panel 2 is provided at its opposite ends with a mating pair of
      full-depth end closure flaps 8 and 9; and the rear wall panel 4 is
      provided with a similar pair of mating full-depth end closure flaps 10 and
      11. As applied to the end closure flaps 8 through 11, the designation
      "full-depth" serves to indicate that the depth of the closure flaps is
      essentially equal to the depth of the front and rear wall panels 2 and 4.
      Bottom wall panel 3 is provided at its opposite ends with half-depth
      closure flaps 12 and 13; and similarly, the lid forming top panel 5 is
      provided at its opposite ends with half-depth closure flaps 14 and 15
      which define the end panels of the lid. Half-depth attachment flaps 16 and
      17 are hingedly connected to the end edges of glue flap 6. As applied to
      the closure flaps 12 through 15 and the attachment flaps 16 and 17, the
      designation "half-depth" serves to indicate that the subject flaps, when
      juxtaposed to the corresponding flaps 8 through 11, have a depth no
      greater than one-half the depth of the full-depth flaps. Where the carton
      is to be used in unlined condition it is preferred to provide a pair of
      additional half-depth attachment flaps 18 and 19 hingedly connected to the
      end edges of top wall panel 1; and the top wall panel 1 will also contain
      a dispensing opening 20 through which the contents of the carton may be
      removed when the lid is opened.
PAR  The blank just described is formed into knocked-down, flat-folded condition
      by first infolding top and front wall panels 1 and 2 along the line of
      articulation connecting front wall panel 2 to bottom wall panel 3, thereby
      bringing the parts to the condition illustrated in FIG. 2, whereupon
      spaced apart dots of adhesive 21 are applied to front wall panel 2
      adjacent its line of articulation to top wall panel 1. Thus, when the
      lid-forming top panel 5 is next infolded along its line of articulation to
      rear wall panel 4, the parts will assume the condition illustrated in FIG.
      3 in which the glue flap 6, which also defines the front lid panel, is
      juxtaposed to the adhesive dots 21 and hence adhered to front wall panel
      2, thereby forming the knocked-down, flat-folded structure. The carton
      structures may be stored in this condition and shipped to the packager for
      erection, filling and sealing.
PAR  In the hands of the packager, the carton will be erected or "squared-up" to
      the condition illustrated in FIG. 4, whereupon the carton will be advanced
      in a path of travel, as indicated by the Arrow A, for a series of folding
      and gluing steps which will close and seal the opposite ends of the
      carton. In the embodiment illustrated, the half-depth flaps 12 and 14 are
      first folded outwardly, together with the additional attachment flap 18,
      whereupon the full-depth end closure flap 10 is infolded, together with
      the concurrent infolding of the full-depth end closure flap 18 and the
      overlying half-depth attachment flap 16, thereby bringing the parts to the
      condition illustrated in FIG. 5. Adhesive is then applied to the exposed
      surfaces of the flaps 8, 10 and 16, as indicated at 22 in FIG. 5,
      whereupon the flaps 12 and 14 are infolded to the condition illustrated in
      FIG. 6, the infolding of the flap 14 resulting in the concurrent infolding
      of half-depth attachment flap 18. Thus, half-depth closure flap 12 is
      adhesively secured to the full-depth end closure flaps 8 and 10 to define
      an end wall of the carton, and the additional attachment flap 18 is
      secured to full-depth end closure flap 10. The half-depth flap 14, which
      defines one of the lid end panels, is secured only to the underlying lid
      attachment flap 16. It will be understood that the opposite end of the
      carton will be folded and glued in like manner, the sequence as between
      the top and bottom ends depending upon the nature of the folding and
      gluing equipment. If the equipment is of the type which will fold and seal
      the flaps at the lowermost end of the carton body, the lowermost end will
      be closed and sealed first, followed by the introduction of the contents
      and the closing and sealing of the flaps at the uppermost end of the
      carton body. Otherwise, the closure flaps at the uppermost end will be
      closed and sealed, the carton inverted, filled with contents, and the
      remaining end closed and sealed.
PAR  FIG. 7 illustrates the closed and sealed carton in its intended position of
      use. When it is desired to open the carton, the user will grasp the tab 7
      and deflect the front lid panel 6 outwardly relative to the underlying
      front wall panel 2, thereby breaking the adhesive seal in the areas of the
      adhesive dots 21. In order to facilitate the detachment of lid panel 6, it
      may be found desirable to surround the adhesive dots 21 with circular
      lines of severance extending at least partially through the boxboard so
      that the board will split as the lid panel 6 is separated from the
      underlying front wall panel 2. The lid may then be opened upwardly, in the
      manner illustrated in FIG. 8, to expose the contents of the carton through
      the dispensing opening 20. It will be noted that the lid end panels 14 and
      15 will be free from attachment to the underlying full-depth closure flaps
      10 and 11 due to the interposition of the additional attachment tabs 18
      and 19 which are adhered to the end closure flaps 10 and 11, the
      additional tabs serving to securely anchor the top wall panel 1 to the
      carton body. It should also be evident that the carton may be readily
      reclosed simply by folding the lid downwardly, the lid front panel 6 and
      end panels 14, 15, together with the tabs 16 and 17, engaging snuggly
      about the front and end walls of the carton body to effect a snug
      reclosure.
PAR  FIG. 9 illustrates a modification of the invention wherein the carton
      structure is provided with a liner. The carton blank is essentially the
      same, and like parts have been given like reference numerals, although in
      this embodiment the additional attachment tabs on the end edges of top
      wall panel 1 have been eliminated. The liner 23 comprises a flat-folded
      tube having a longitudinal seam 24, although the liner may be seamless
      depending upon the material from which it is formed. In the flat-folded
      condition the liner is of a width to span bottom and rear wall panels 3
      and 4, and of a length to extend sufficiently beyond the opposite ends of
      the body walls to permit closing and sealing of the liner ends. In the
      embodiment illustrated, the liner 23 is adhered to wall panel 3 by means
      of adhesive stripes 25 and additional ahesive, indicated at 26, is applied
      to top wall panel 1 in an area surrounding the dispensing opening 20 so
      that when the carton blank is infolded and glued to form a knocked-down
      tubular structure, the liner will also be adhered to top wall panel 1.
      While the liner also may be adhered to wall panels 2 and 4 if desired,
      such additional adhesion is unnecessary since adhesion of the liner to an
      opposing pair of the body wall panels is sufficient to expand the liner
      when the carton body is erected, the erection of the carton body bringing
      the parts to the condition illustrated in FIG. 10. When in this condition,
      it will be understood that one of the extending ends of the liner will be
      first sealed and folded to lie within the confines of the carton body,
      followed by the infolding and attachment of the adjoining end closure
      flaps, whereupon the carton will be filled with the closed end downwardly,
      followed by the sealing of the remaining end of the liner and the closing
      and sealing of the remaining end closure.
PAR  When the lined carton is opened, as illustrated in FIG. 11, the liner will
      be exposed through the dispensing opening 20 and the exposed portion
      removed either by tearing or by severing the liner about the periphery of
      the dispensing opening. Removal of the exposed portion of the liner is
      facilitated by the adhesive attachment of the liner to the undersurface of
      the top wall panel 1 in the area surrounding the dispensing opening. Where
      the top panel is adhesively attached to the liner, the additional
      attachment tabs used to hold the top wall panel 1 in place may be
      eliminated since the liner itself will serve such function. However, the
      additional attachment flaps also may be used in a lined structure for
      added rigidity.
PAR  As should now be evident, the instant invention provides a tubular hinged
      lid carton which may be readily opened and easily reclosed and effectively
      resealed, the carton being either lined or unlined depending upon the
      nature of the material being packaged. Modifications may be made in the
      invention without departing from its spirit and purpose, and various
      modifications have already been set forth and others will undoubtedly
      occur to the worker in the art upon reading this specification. By way of
      example, a savings in boxboard can be obtained by eliminating the top wall
      panel 1 in its entirety. While the structure will lose some of its
      rigidity, such modification is nonetheless adequate for a number of uses,
      particularly where the carton is provided with a liner.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A tubular hinged lid carton having a body and an integral lid formed
      from a one-piece carton blank having at least a front wall panel, a bottom
      wall panel, a rear wall panel, a lid-forming top panel, and a front lid
      panel, hingedly connected together in the order named, full-depth end
      closure flaps hingedly connected to the opposite end edges of said front
      and rear wall panels, half-depth end closure flaps hingedly connected to
      the opposite end edges of said bottom wall panel, half-depth lid end
      panels hingedly connected to the opposite end edges of said lid-forming
      top panel, and half-depth attachment flaps hingedly connected to the
      opposite end edges of said front lid panel, the said wall panels being
      erected relative to each other with said full-depth end closure flaps
      infolded and said half-depth end closure flaps infolded and adhesively
      secured to the lower portions only of said full-depth closure flaps to
      define the end walls of the carton body, the lid-forming top panel being
      infolded with said front lid panel detachably secured to the said front
      wall panel, the half-depth lid end panels and the half-depth attachment
      flaps being infolded and secured together over the upper portions only of
      said full-depth end closure flaps to define a closed and sealed hinged lid
      carton.
NUM  2.
PAR  2. The tubular hinged lid carton claimed in claim 1 including a tubular
      liner disposed within the carton body, said liner being adhered to a
      plurality of said wall panels.
NUM  3.
PAR  3. The tubular hinged lid carton claimed in claim 2 including a top wall
      panel hingedly connected to the upper edge of said front wall panel, said
      top wall panel having a dispensing opening formed therein, said top wall
      panel being adhesively secured to said liner in an area surrounding said
      dispensing opening.
NUM  4.
PAR  4. The tubular hinged lid carton claimed in claim 1 including a top wall
      panel hingedly connected to the upper edge of said front wall panel, said
      top wall panel underlying said lid-forming top panel and having a
      dispensing opening therein which exposes the contents of the carton when
      the lid is opened.
NUM  5.
PAR  5. The tubular hinged lid carton claimed in claim 4 including additional
      attachment flaps hingedly connected to the opposite end edges of said top
      wall panel, said additional attachment flaps being infolded and secured to
      the full-depth end closure flaps connected to said rear wall panel.
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ABST
PAL  A resilient wire is bent to the form of an elongated closed loop having
      parallel upper and lower sides. The upper side of the closed loop serves
      as a handle to be gripped by the user. The opposite ends of the wire
      overlap along the length of the lower side of the closed loop and
      cooperate to clamp the upper end of a paper bag.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cammett et al U.S. Pat. No. 824,904, Emerson U.S. Pat. No. 1,399,707 and
      Weston U.S. Pat. No. 2,716,516 each discloses a carrying handle which may
      releasably clamp the folded upper end of a paper bag to support the paper
      bag and its contents.
PAR  The Cammett et al device serves its purpose but is relatively expensive to
      manufacture. The device comprises a handle member of wood or the like on
      which are pivotally mounted two separate U-shaped wire bails. The two wire
      bails are of complicated shape with loops at their opposite ends that
      rotatably seat in corresponding circumferential grooves in the handle
      member.
PAR  The Emerson device is a garment hanger made of wire which is intended to
      clamp the upper end of a garment. Unfortunately, however, the clamping
      action is inefficient, being substantially weaker at one end of the
      clamping zone than at the other end, with the consequence that the
      structure would not be reliable for carrying a paper bag.
PAR  The Weston device does not depend on clamping action to hold a paper bag
      but instead has two spaced sharp prongs to pierce the folded portion of a
      paper bag. The strain on the bag material is concentrated at the two
      spaced prongs and the piercing of the bag material by the two prongs may
      tend to cause the bag to tear.
PAR  It is apparent that there is need for a carrying handle that is both
      inexpensive and easy to operate and at the same time is capable of
      gripping a paper bag effectively.
PAC  SUMMARY OF THE INVENTION
PAR  A single piece of resilient wire is bent to form a closed elongated
      rectangular loop having relatively long parallel upper and lower sides.
      The upper side of the closed rectangular loop serves as a handle for the
      user and preferably is encased by a tubular handle member for this
      purpose. The lower side is formed by two coextensive oppositely directed
      ends of the single piece of wire, these two oppositely directed ends
      cooperating to releasably clamp the upper end of a bag, for example, a
      paper bag.
PAR  One of the two coextensive opposite ends of the wire is a flexible clamp
      arm and the other may be termed a cross rod that is bent to form a
      terminal eye that embraces the base portion of the clamp arm to complete
      the closed rectangular loop. The free end of the clamp arm is bent to form
      a latch to releasably engage the cross rod for the desired clamping action
      on the upper end of a bag.
PAR  With the handle device in its normal upright bag-carrying position and with
      the clamp arm latched to the cross rod, the clamp arm is adjacent the
      upper side of the cross rod and the paper bag is folded back on itself
      with the fold enveloping the clamp arm and with the lower cross rod
      keeping the bag folded against itself. Thus, the weight of the bag pulls
      the clamp arm downward against the cross rod to tend to tighten the
      clamping action on the bag. The result is that the clamping action is of
      uniform effectiveness across the width of the bag.
PAR  When the handle device is observed in its normal upright position in
      engagement with the upper end of a paper bag, it would be naturally
      thought that maneuvering the upper end of the paper bag into its clamped
      position at which it enfolds the clamp arm would be a tedious,
      time-consuming and somewhat ackward operation. An important feature of the
      invention, however, is that the construction of the device makes possible
      a simple procedure for quickly and effectively maneuvering the upper end
      of a bag into the desired self-tightening engagement with the device.
PAR  This simplified procedure is based on a combination of three concepts. The
      first concept is to bias the free end of the unlatched clamp arm away from
      the cross rod to form with the cross rod a slot that is open at one side
      of the handle device to permit the flat upper end of a paper bag to be
      inserted edgewise into position between the clamp arm and the cross rod.
      The second concept is to insert the upper end of the paper bag edgewise
      into the slot while the handle device is in upside down position and then
      latching the free end of the clamp arm to grip the paper bag between the
      clamp arm and the cross rod so that subsequent rotation of the reversed
      handle device approximately 180.degree. to its normal upright position
      causes the upper end of the paper bag to enfold the latch arm and to cause
      the cross rod to keep the paper bag folded against itself. The third
      concept is a particular placement of the clamp arm relative to the cross
      rod when the clamp arm is unlatched at its slot-forming position while the
      handle device is turned upside down. The unlatched clamp arm of the upside
      down device not only diverges from the cross rod laterally thereof to form
      the bag-receiving slot, but is also below the level of the cross rod. The
      act of latching the clamp arm to the cross rod when the device is upside
      down shifts the position of the clamp arm to the underside of the cross
      rod to press the paper bag against the underside of the cross rod and in
      doing so to form a preliminary bend in the paper bag as a first step in
      the folding of the paper bag back on itself. The final step of rotating
      the inverted handle device 180.degree. to its normal upright position
      completes the folding of the paper bag back on itself and places the cross
      rod below the clamp arm to keep the paper bag folded against itself.
PAR  The various features and advantages of the invention may be understood from
      the following detailed description and the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing, which is to be regarded as merely illustrative:
PAR  FIG. 1 is an elevational view showing how the handle device engages the
      upper end of a paper bag for the purpose of carrying the paper bag;
PAR  FIG. 2 is a plan view of the handle device in its upside down position
      showing how the unlatched clamp arm cooperates with the cross rod to form
      a slot that is open at one side of the device to permit the upper end of a
      paper bag to be inserted edgewise into the slot;
PAR  FIG. 3 is an elevational view showing the upper end of a paper bag inserted
      into the slot that is shown in FIG. 2;
PAR  FIG. 4 is a vertical section taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is an elevational view similar to FIG. 3 showing the clamp arm
      shifted into latched engagement with the cross rod for the purpose of
      pressing the paper bag against the cross rod and of simultaneously forming
      a preliminary bend in the paper bag;
PAR  FIG. 6 is a section along the line 6--6 of FIG. 5 showing how the clamp arm
      makes latch engagement with the cross rod;
PAR  FIG. 7 is a vertical section along the line 7--7 of FIG. 5 showing the
      preliminary bend in the paper bag that is the consequence of latching the
      clamp arm to the cross rod;
PAR  FIG. 8 is a plan view of the arrangement shown in FIG. 5;
PAR  FIG. 9 is an elevational view showing the result of rotating the handle
      device 180.degree. from the inverted position shown in FIGS. 5, 7 and 8 to
      the normal upright position of the handle device shown in FIG. 1; and
PAR  FIG. 10 is a vertical section along the line 10--10 of FIG. 9 showing the
      final disposition of the upper end of the paper bag at which the paper bag
      is folded back on itself over the now uppermost clamp arm with the now
      lowermost cross rod keeping the paper bag folded back on itself.
DETD
PAC  DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIGS. 1 and 9 show the handle device in its normal upright position and
      FIGS. 3 and 5 show the handle device in its temporary upside down
      position.
PAR  The handle device consists essentially of a single piece of resilient wire,
      generally designated by numeral 10, which is bent into the form of a
      closed elongated rectangular loop. The portion 12 of the wire that forms
      the upper side of the rectangular loop when the handle device is in its
      normal upright position serves as the handle of the device and preferably
      is encased by a tubular member 14 which may be made of a suitable plastic
      and which promotes the comfort of the user of the device.
PAR  The normal lower side of the elongated rectangular loop is formed by two
      oppositely directed substantially overlapped ends of the wire 10 that
      cooperate for the purpose of effectively clamping the upper end of a paper
      bag. One of these oppositely directed coextensive ends is a clamp arm 15
      and the other is a cross rod 16 that is formed with a terminal eye 18 that
      loosely embraces the base of the clamp arm 15 to close the rectangular
      loop. It is important to note that at the upside down position of the
      device shown in FIGS. 3 and 5, the cross rod 16 lies above the clamp arm
      15, whereas in the normal upright position of the handle device shown in
      FIG. 9, the clamp arm 15 lies above the cross rod 16.
PAR  The free end of the clamp arm 15 is provided with suitable means for
      latching engagement with the cross rod 16 and in this instance the free
      end of the clamp arm is doubled back on itself twice to form a latch 20.
      FIG. 6 shows in cross section how the latch 20 may make releasable
      engagement with the cross rod 16. FIG. 5 shows in dotted lines at 15a an
      intermediate position of the clamp arm in its movement from the unlatched
      position shown in FIGS. 2 and 3 to the latched position shown in FIGS. 5
      and 6. It is to be noted that the latch arm 15 shifts to the underside of
      the cross rod 16 in its movement to its latched position while the handle
      device is upside down.
PAR  The drawing illustrates the successive steps in the procedure for
      effectively engaging the handle device with the upper end of a paper bag
      that is generally designated by numeral 24. With the handle device turned
      upside down and with the clamp arm 15 in its free position, the clamp arm
      diverges from the cross rod 16 to form a slot 25 shown in FIG. 2 that is
      open at one end of the handle device. It is a simple matter to insert the
      upper end of the paper bag 24 edgewise into the slot to the position shown
      in FIG. 3. As shown in section in FIG. 4, the clamp arm 15 in its free
      position is positioned below the level of the cross rod 16 and is offset
      laterally therefrom to form the slot 25. By virtue of this arrangement,
      the upper end of the paper bag 24 may be easily inserted edgewise into the
      slot 25 and especially so since it is not necessary to bend the paper bag
      for the purpose of making the insertion.
PAR  The next step illustrated by FIG. 5 is to move the free end of the clamp
      arm 15 into a position at which the latch 20 of the clamp arm is in
      releasable engagement with the cross rod 16 as shown in section in FIG. 6.
      As indicated in FIGS. 7 and 8, the movement of the clamp arm 15 to its
      latched position immediately below the cross rod 16 at the upside down
      position of the device not only presses the upper end of the paper bag
      against the cross rod, but also forms a preliminary bend in the paper bag
      as shown in FIGS. 7 and 8. It is important to note that the clamp arm 15
      lies close to the underside of the cross rod 16 throughout its length.
PAR  The eye 18 of the cross rod 16 serves as a guide for the clamp arm 15 and
      the inside diameter of the eye is sufficiently larger than the diameter of
      the cross rod 16 to permit the clamp arm to adjust itself to various
      thicknesses of the material that is gripped between the clamp arm and the
      cross rod. Thus, the handle device readily accommodates itself to upper
      ends of paper bags of various thicknesses.
PAR  The final step is to rotate the handle device from the upside down position
      shown in FIG. 5 to the normal upright position shown in FIGS. 1 and 9. The
      consequence, which is illustrated by FIG. 10, is that the bag 24 enfolds
      the ltch arm 15 throughout the width of the paper bag, the paper bag being
      folded back on itself and being held in that folded state by the pressure
      of the cross rod 16 laterally against the folded bag. It is to be noted in
      FIG. 10 that with the latch member 15 positioned on the upper side of the
      cross rod 16 the weight of the paper bag 24 tends to pull the clamp arm
      down against the cross rod and thus tends to tighten the grip of the
      device on the paper bag. It is also to be noted in FIGS. 9 and 10 that the
      upper end of the paper bag is wrapped around the latch arm 15 throughout
      the width of the paper bag for uniform resistance to slippage of the paper
      bag.
PAR  To release the handle device from the paper bag, the device is turned
      upside down to the position shown in FIGS. 5 and 7 and then the clamp arm
      15 is unlatched from the cross rod 16. The unlatching of the clamp arm is
      accomplished by first moving the end of the clamp arm away from the cross
      rod sufficiently to free the clamp arm and then passing the clamp arm
      under the cross rod to the free position of the clamp arm that is shown in
      FIGS. 3 and 4. The inverted handle device is then shifted edgewise to the
      position shown in FIG. 2 to free the device from the bag 24.
PAR  My description in specific detail of the presently preferred embodiment of
      the invention will suggest various changes, substitutions and other
      departures from the disclosure within the spirit and scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A handle device for releasable engagement with the upper end of a
      flexible object, for example a paper bag, comprising:
PA1  a resilient wire-like member bent to the form of a closed loop of generally
      rectangular configuration having substantially parallel upper and lower
      sides,
PA1  the upper side of the closed loop serving as a carrying handle,
PA1  the lower side of the closed loop being formed by substantially parallel
      and coextensive, oppositely directed overlapped ends of the wire-like
      member to cooperate with each other to clamp the upper end of the object,
PA1  one of the two oppositely directed ends being a flexible clamp arm, the
      other of the two oppositely directed ends being a cross rod that
      terminally loosely engages the base of the clamp arm to complete the
      closed loop while permitting relative adjustment between the clamp arm and
      cross rod to various thicknesses of the object,
PA1  the outer end of the clamp arm being equipped with latch means for
      releasable engagement with the cross rod for clamping action on the
      object,
PA1  the clamp arm at its free position forming in cooperation with the cross
      rod a slot open at the free end of the clamp arm to permit the upper end
      of the object to be initially inserted edgewise into the slot into a
      position with the full width of the end of the object being folded over
      the clamp arm and extending back between the clamp arm and the cross rod,
      and
PA1  the clamp arm in its latched position being operative under the weight of
      the object to pull the clamp arm downward in a manner to press the object
      against the cross rod with increased clamping force, and to cause the
      cross rod to keep the object folded against itself for effective
      weight-bearing engagement of the object by the handle device.
NUM  2.
PAR  2. A handle device as set forth in claim 1 in which the whole length of the
      clamp arm at its latched position extends along the upper side of the
      cross rod when the handle device is in normal upright position and extends
      along the underside of the cross rod when the handle device is in upside
      down position, and with the handle device upside down and the end of the
      object having been inserted into said slot and the clamp arm latched, the
      handle device may then be rotated to its normal upright position to cause
      the enfoldment of the clamp arm by the end of the object bag.
NUM  3.
PAR  3. A handle device as set forth in claim 1 in which the unlatched clamp arm
      is biased to diverge from the cross rod to form said slot.
NUM  4.
PAR  4. A handle device as set forth in claim 1 in which the free end of the
      clamp arm is bent to form said latch means, the latch forming portion of
      the clamp arm being offset downward from the clamp arm when the handle
      device is in its normal upright position.
NUM  5.
PAR  5. A handle device as set forth in claim 2,
PA1  in which at the upside down position of the device, the unlatched clamp arm
      is biased to a position that is below the level of the cross rod and away
      from the cross rod laterally thereof to permit the upper end of the object
      to be inserted into the slot without substantial bending of the upper end
      of the object;
PA1  and in which the latching of the clamp arm while the handle device is in
      upside down position shifts the clamp arm to a position under the cross
      rod with consequent preliminary bending of the object towards its ultimate
      folded position that is accomplished by subsequently rotating the handle
      device to its normal upright position.
NUM  6.
PAR  6. A handle device as set forth in claim 1 which includes a tubular member
      embracing the upper side of the closed loop to be gripped by the user of
      the handle device for the purpose of carrying the object.
NUM  7.
PAR  7. A handle device as set forth in claim 5 in which the unlatched clamp arm
      is baised to diverge from the cross rod to form said slot.
NUM  8.
PAR  8. A handle device as set forth in claim 7 in which the free end of the
      clamp arm is bent to form said latch means, the latch forming portion of
      the clamp arm being offset downward from the clamp arm when the handle
      device is in its normal upright position.
NUM  9.
PAR  9. A handle device as set forth in claim 8 which includes a tubular member
      embracing the upper side of the closed loop to be gripped by the user of
      the handle device for the purpose of carrying the object.
PATN
WKU  039373959
SRC  5
APN  4904923
APT  1
ART  241
APD  19740722
TTL  Vented bags
ISD  19760210
NCL  6
ECL  1
EXA  Garbe; Stephen P.
EXP  Price; William
NDR  1
NFG  2
INVT
NAM  Lawes; Norman Edward
CTY  Hutton Rudby
CNT  EN
ASSG
NAM  British Visqueen Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730730
APN  36136/73
CLAS
OCL  229 625
XCL  224DIG14
EDF  2
ICL  D65D 3114
FSC  229
FSS  67.5;DIG. 14
FSC  150
FSS  9
FSC  206
FSS  808
UREF
PNO  2778171
ISD  19570100
NAM  Taunton
XCL  206808
UREF
PNO  2778173
ISD  19570100
NAM  Taunton
XCL  206808
UREF
PNO  2997224
ISD  19610800
NAM  Stannard
XCL  229 62.5
UREF
PNO  3237844
ISD  19660300
NAM  Hughes
XCL  229 62.5
UREF
PNO  3370780
ISD  19680200
NAM  Shaw
OCL  229 62.5
UREF
PNO  3394871
ISD  19680700
NAM  Williams et al.
OCL  229 62.5
UREF
PNO  3833166
ISD  19740900
NAM  Murray
OCL  229 62.5
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  In a plastics bag having a vent comprising overlapping panels forming a
      part of the bag wall, with off-set apertures providing air passages from
      the bag interior to the space between the panels and thence to the
      atmosphere, at least one of the panels has an uneven surface facing the
      venting space in the vicinity of the internal venting apertures.
BSUM
PAR  This invention relates to a vented plastics-film bag.
PAR  In a known type of vented plastics-film bag the vent comprises an area in a
      pair of overlapping panels forming a part of a wall of the bag, in which
      area are provided internal venting means in the form of at least one
      aperture providing communication from inside the bag to the air-space
      between the overlapping panels, and external venting means in the form of
      at least one aperture providing communication from said air-space to the
      atmosphere, the apertures of the internal and external venting means being
      laterally displaced relative to one another to provide an indirect path
      for air vented from inside the bag.
PAR  In one such type of bag the vent is provided in a broad margin of overlap
      between two panels that each form part of the general construction of the
      bag, as, for example, when the vent is provided in an overlap between two
      panels joined together longitudinally down the face of one wall of the
      bag, or between two flaps of a block-bottom bag. Alternatively, one of the
      panels forming the vent may be a patch attached internally or externally
      to a wall of the bag specifically for the purpose of providing a vent.
PAR  The vent apertures may be perforations in the panels, or interruptions in
      the seams joining the panels together and defining the area of the vent,
      or a combination of both.
PAR  The purpose of providing a vent in the bag is to allow any excess air
      introduced during filling, or remaining in the bag after filling and
      closure, to escape from the bag, so that filling is not interrupted, or so
      that the filled bags can be more easily handled and especially so that
      they can be properly stacked one upon another. We have found, however,
      especially in the packaging of powders or fine granules in such bags, that
      the vent apertures tend to become sealed by the two panels being pressed
      together and becoming blocked together, by pressure of the bag contents or
      by the pressure of air introduced into the bags, thus preventing the air
      from escaping. The problem is encountered particularly in the air-assisted
      filling of such materials into the bags, particularly into valved bags,
      since the vent is needed to allow the escape from the bag of the air that
      carries the powder or fine granules into the bag.
PAR  It is an object of the present invention to provide a means of overcoming
      this problem.
PAR  In accordance with the present invention, we provide a plastics-film bag
      having a vent comprising overlapping panels forming a part of the bag
      wall, with internal venting means comprising at least one aperture
      providing communication from inside the bag to the air-space between the
      overlapping panels and external venting means comprising at least one
      aperture providing communication from said air-space to the atmosphere,
      the apertures of the internal and external venting means being laterally
      displaced relative to one another to provide an indirect path for air
      vented from inside the bag, in which at least one of the overlapping
      panels has on its side facing said air-space an uneven surface at least in
      an area adjacent to the internal venting means.
PAR  We have found that, because air can pass out of the internal venting
      apertures into the air-space through the presence of projections from or
      indentations in one of the opposed surfaces in the vicinity of the
      apertures, blocking of the vent panels is prevented and air is able then
      to pass freely out of the bag on compression of the bag, or on the
      introduction of excess air into the bag.
PAR  In one preferred form of the bag of the invention, the vent is provided
      between two longitudinally-overlapping panels forming one wall of the bag,
      in an area defined by spaced-apart longitudinal seals joining the two
      panels; these seals may conveniently function also as constructional seals
      for the fabrication of the sack from a folded web. Such a bag may have an
      open mouth, or may be formed as a valved bag, closed around its periphery
      and having the longitudinal seals of the vent interrupted to leave a
      substantially transverse passageway between the overlapping panels into
      the bag, to provide a filling valve.
DRWD
PAR  One such preferred design of the bag of the invention will now be described
      by way of example with reference to the accompanying drawings, of which:
PAR  FIG. 1 is a front view of a 2-ply plastics-film, vented, valved, heavy-duty
      sack constructed in accordance with the invention, shown with a part of
      the outer panel of the vent removed; and
PAR  FIG. 2 is a section through A -- A of FIG. 1.
DETD
PAR  In these Figures: 1 represents the back wall of the sack; 2 and 3 are
      overlapping panels forming the front wall and having a broad margin of
      overlap indicated generally at 4; and 5 and 6 are heat-seals closing the
      top and bottom of the sack respectively. 7 is a heat-seal of inverted
      U-shape, joining the two front panels 2 and 3, defining the area, 8, of
      the vent, and also forming, with the heat-seal 5, a filling valve, 9,
      through the overlap of panels 2 and 3; this filling valve is provided with
      a tuck-in sleeve, 10, held in place by a heat-seal, 11, between the front
      face of the sleeve and panel 2, and, if desired, by a similar heat-seal
      between its back face and panel 3. 12 is a fold joining the two plies of
      panel 2, and 13, 14 are the edges of the outer and inner plies of panel 3,
      respectively. It will be seen that a web suitable for the continuous
      production of the bag units may be formed from tubular film by folding,
      one edge being slit along a line spaced from the original fold-line of the
      lay-flat tubular film, and this edge-fold being opened out. The extended
      layer of panel 3, which provides the inner panel of the area 8, is crimped
      over this area, as shown at 15, to provide an arrangement of parallel ribs
      in two series forming a chevron. The crimping is restricted to the vent
      area of the sack, the film in the valve area being left smooth. The same
      layer of panel 3 in the area 8 is also provided with numerous pinholes,
      16, arranged in staggered rows; these constitute the internal venting
      means, from the interior of the sack to the space 17 (FIG. 2). Spaces, 18,
      in the outer arm of the seal 7 provide the external venting means, from
      the space 17 to the atmosphere. Further venting means are provided at the
      bottom of the sack, where both arms of heat-seal 7 stop short of the
      bottom heat-seal, and two short seals, 19, are provided between the panels
      2 and 3 as shown.
PAR  Various modifications may be made in the bag particularly described. For
      example, the bag may be an open-mouthed bag, with the valve omitted and
      the vent continuing, if desired, to the mouth of the bag. And although, in
      the bag described, the pin-holes form the main part of the internal
      venting means, spaces in the inner arm of the heat-seal 7 could be
      provided instead for this purpose, with the ribs on the surface of the
      vent panel extending to a line close to this seal. Similarly, pin-holes
      may be used, instead of spaces in the heat-seal, as the external venting
      means. Or, instead of pin-holes, a smaller number of larger apertures
      could be provided, especially if they were to form the internal venting
      means. If desired, the outer panel 3 may be provided with ribs or other
      projections on its inner surface in the overlap area, facing the air-space
      17, instead of, or as well as, projections provided on the surface of
      panel 2. It is necessary only that the projections be sufficiently close
      to the internal venting means to provide air passages into the space 17.
      As previously indicated, the vent may be formed in other overlapping areas
      of a conventional bag construction, or may be formed by means of a panel
      attached to the bag wall specifically for this purpose.
PAR  Instead of a surface of the vent being ribbed as described, the required
      unevenness may be provided in other ways, for example by embossing the
      film to provide projections or indentations of other shape, or by
      attaching particles to the surface. The provision of ribs by crimping is,
      however, a particularly convenient method, as it can be readily applied to
      a travelling web, during manufacture of the bags, by passing the edge
      region between crimping rollers, which may be separated at intervals to
      leave any portions of smooth film that may be desired, for example in
      providing filling valves. When the valve is provided with a sleeve, for
      example as shown in the accompanying drawings, the crimping or other form
      of unevenness may extend through the valve area.
PAR  Pinholes or apertures of other form may similarly be easily formed during
      manufacture of the bags by passing the web between a pair of perforating
      rollers.
PAR  It will be appreciated that the terms "back wall" and "front wall" have
      been used only for ease of description of the bag, and may be reversed.
PAR  Because polyethylene (in which term we include copolymers of ethylene with
      minor proportions of other monomers), especially low-density
      polyethylenes, and also polyvinyl chloride, are widely used in the
      production of sacks, and because these plastics materials often show a
      marked tendency for adjacent layers to block in the circumstances
      described, the invention is used with particular advantage in the
      construction of bags of such materials, especially in the production of
      heavy-duty sacks for fertilizers, plastics powders and fine granules,
      chemicals, cement and the like. For example, a bag as particularly
      described with reference to the drawings, 520 mm .times. 850 mm in size,
      may suitably be made from a 2-ply web of 100 micron-thick film of
      low-density polyethylene. However, the invention may of course be used in
      the construction of bags from other plastics film materials and for other
      uses. The use of the bags of this invention greatly facilitates the
      filling operation in respect both of open-mouthed and of valved sacks,
      especially air-assisted filling operations.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a plastics-film bag having one wall formed by two
      longitudinally-overlapping panels joined one to the other by two
      spaced-apart longitudinal seals, the bag being provided with a vent
      comprising an interfacial air-channel between said overlapping panels and
      defined by said longitudinal seals, internal venting means comprising at
      least one aperture providing communication from inside the bag to said
      interfacial air-channel, and external venting means comprising at least
      one aperture providing communication from said air-channel to the
      atmosphere, the apertures of the internal and external venting means being
      laterally displaced relative to one another to provide an indirect path
      for air vented from inside the bag, the improvement comprising providing
      an uneven surface on at least one of the overlapping panels on its side
      facing said air-channel at least in an area adjacent to the internal
      venting means.
NUM  2.
PAR  2. A bag as claimed in claim 1 closed around its periphery and provided
      with a filling valve.
NUM  3.
PAR  3. A bag as claimed in claim 2 in which said longitudinal seals are
      interrupted to leave a substantially transverse passageway between said
      panels into the bag to provide the filling valve.
NUM  4.
PAR  4. A bag as claimed in claim 1 in which said uneven surface is provided by
      a crimped area of the panel.
NUM  5.
PAR  5. A bag as claimed in claim 1 in which the internal venting means are
      pinholes through the underlying panel in the area of overlap.
NUM  6.
PAR  6. A bag as claimed in claim 1 in which the external venting means comprise
      at least one interruption in that of the said longitudinal seals which is
      nearer the overlapping edge of the outer panel.
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ABST
PAL  This disclosure relates to a vent valve arrangement for a sealed package
      wherein when excessive pressures occur within the sealed package, gases
      will automatically be vented therefrom. The vent valve includes at least
      one perforation in the package with the perforation being formed through
      one of two walls of the package into the interior thereof and there being
      a resistance path from the interior of the package to the perforation with
      the resistance path being openable by forces expanding the walls whereby
      pressure that is caused by the formation of gases and vapors within the
      package will open the resistance path and escape through the perforation.
BSUM
PAR  This invention relates in general to new and useful improvements in valved
      packages, and more particularly to a vented package having valve means
      therein for automatically venting the package when excess pressure occurs
      therein.
PAR  Flat pouches, tetrahedrons, flat bottom bags, cartons, etc. made from
      flexible materials and employing an inside face-to-inside face seal
      between container wall portions, frequently contain products which under
      certain conditions of heat, age, moisture content, etc. form gases which
      can rupture the package walls or seals, expand shipping cases, or
      disfigure the appearance of an otherwise saleable package. The art is well
      developed with valving means comprising open channels intended to permit
      internal gases to escape without permitting entry of external
      contaminants. Many of these one-way valves, made up of one or more
      additional flexible sheets, are too costly and sophisticated for the
      simple function of venting at an approximately pre-established pressure.
      Certain wrinkles can form in valve channels which create a substantial
      opening for entry of external contaminants. Few, if any, of these
      so-called one-way valve functions with 100% reverse flow shut-off, even
      when operating at peak design efficiency. Because containers of the class
      described are usually constructed of costly laminates with rated moisture
      and gas barrier characteristics that are consistent with a projected shelf
      life, these visably open valve channels become a justified point of
      concern for both the product manufacturer and the product purchaser.
PAR  It is the general object of this invention to provide a vent valve for
      packages of the foregoing class that is simple in construction, low in
      costs, and which will render the full rated protection of the container
      material until the vent valve opens.
PAR  It is a further object of this invention that the venting valve will
      function at approximately a pre-determined internal pressure and that the
      rate of venting occurs at an approximate specified rate.
PAR  It is a still further object of this invention that embodiments of the
      invention incorporate constructional features which close off the venting
      when internal gas pressure is relieved below a predetermined limit.
PAR  The foregoing objects have been achieved according to this invention with a
      valve formed within a package made from two walls of flexible material,
      the valve comprising a perforation through at least one of the two package
      walls within the confines of an area where the two walls have been sealed
      together in inside face-to-inside face relation, and a resistance path to
      the perforation is openable by forces expanding the walls, whereby
      pressure is caused by the formation of gases, and vapors within the
      container open the resistance path and escape through the perforations.
PAR  With the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, the appended claims and the several
      views illustrated in the accompanying drawings:
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a plan view of a package formed in accordance with this invention
      and incorporating one form of vent valve.
PAR  FIG. 2 is an enlarged fragmentary transverse sectional view taken along the
      line 2--2 of FIG. 1 and shows specifically the details of the vent valve.
PAR  FIG. 3 is an enlarged fragmentary sectional view similar to FIG. 2 and
      shows the vent valve in its open operative position.
PAR  FIGS. 4, 5, 6 and 7 are fragmentary plan views showing other forms of vent
      valves in accordance with this invention.
PAR  FIG. 8 is an enlarged fragmentary sectional view similar to FIG. 2 and
      shows a slightly modified form of vent valve construction.
DETD
PAR  Referring now to the drawings in detail, it will be seen that there is
      illustrated in FIG. 1 a vented package formed in accordance with this
      invention. The vented package is generally identified by the numeral 10
      and basically is in the form of two walls 11,12 of flexible material which
      are sealed together about the periphery of the package so as to define a
      sealed enclosure 13. In the illustrated embodiment of the invention, the
      walls 11,12 are formed of separate sheets and are joined together by an
      inside face-to-inside face peripheral seal 14. It is to be understood,
      however, that the two walls 11,12 may be formed from a single sheet folded
      at an intermediate point upon itself and that the peripheral seal 14 need
      not extend along the line of fold although it is feasible, if desired, to
      permit the peripheral seal 14 to extend entirely about the periphery of
      the package 10 even under these circumstances.
PAR  It is to be understood that a product is placed within the sealed enclosure
      13 and is hermetically sealed therein. When gases are generated within the
      sealed enclosure 13, the package 10 has a tendency to unduly bulge and if
      the pressure becomes too great, either the walls 11,12 will rupture or the
      peripheral seal 14 will rupture. Accordingly, the package 10 is provided
      with an automatic vent valve which is generally identified by the numeral
      15. The vent valve 15 includes a sealed area 16 which is formed by sealing
      a localized portion of the walls 11,12 together in inside face-to-inside
      face relation. Within the sealed area 16, a perforation 17 through at
      least one of the walls 11,12 is formed. It is to be understood that the
      perforation 17 normally is not in communication with the sealed enclosure
      13, and therefore, under normal conditions, no venting occurs.
PAR  It is to be understood that when the gaseous pressure within the sealed
      enclosure 13 builds up, the walls 11,12 move apart and begin to stress the
      seal of the sealed area 16. When the stress becomes sufficient, the walls
      11,12 in the sealed area 16 begin to peel apart and eventually the sealed
      enclosure 13 comes into communication with the aperture or perforation 17
      and the sealed enclosure 13 is vented to the atmosphere, as is shown in
      FIG. 3. It is to be understood that walls 11,12 can be flexible
      laminations, well known in the packaging industry, and the sealed area 16
      can comprise a heat seal between heat sealing inner laminates of walls
      11,12, respectively. It is to be further understood that walls 11,12 can
      peel apart in the sealed area 16 by the heat seal itself separating or by
      an inner laminate section in area 16 breaking away from one of the
      laminated walls, depending upon which is the path of least resistance.
      When the pressure within the sealed enclosure 13 has been relieved, the
      walls 11,12 due to the influence of the adjacent peripheral seal 14, has a
      tendency to close, thereby locking the perforation 17 against the ingress
      of gases.
PAR  At this time it is particularly pointed out that by carefully controlling
      the size of the perforation 17, the rate of venting of the package 10 may
      be controlled. Further, by controlling the size of the perforation 17, the
      ingress of gases can be controlled.
PAR  Referring now particularly to the vent valve 15, it is to be noted that the
      sealed area 16 is integrally formed with the peripheral seal 14 and
      projects into the sealed enclosure 13. Further, it is of a tapered
      construction and in the illustrated form is of a triangular outline. By
      having a very narrow starting point, the pressure required to effect the
      separation of the walls 11,12 in the sealed area 16 may be maintained at a
      predetermined minimum.
PAR  Referring now to FIG. 4, it will be seen that there is illustrated a
      modified form of vented package generally identified by the numeral 20.
      The package 20, like the package 10, is formed of two walls 21,22 which
      are connected together by a peripheral seal 24 to define a sealed
      enclosure 23. The package 20 is provided with a vent valve generally
      identified by the numeral 25, the vent valve 25 being of a construction
      similar to that of the vent valve 15. The vent valve 25 includes a
      perforation 27 formed through the wall 21 in the sealed area.
PAR  It is to be noted that the vent valve 25 differs from the vent valve 15
      only in that the sealed area 26 is trapezoidal instead of triangular. By
      forming the sealed area 26 of a trapezoidal outline, a greater pressure is
      required within the sealed enclosure 23 so as to effect a separation of
      the walls 21,22 in the sealed area 26.
PAR  It is to be understood that the pressure required to result in the
      separation of the sealed area 26 will depend upon generally the width of
      the sealed area 26 at the inner end thereof. Thus, the size and
      configuration of the sealed area 26 may be varied so as to vary the
      pressure within the sealed enclosure 23 required to effect venting of the
      package 20.
PAR  Referring now to FIG. 5, it will be seen that there is illustrated another
      vented package generally identified by the numeral 30. The package 30,
      like the packages 10 and 20, is formed of two walls 31 and 32 which are
      joined together by means of a peripheral seal 34 so as to define a sealed
      enclosure 33. The package 30 also includes a vent valve 35 which is formed
      by a sealed area 36 spaced inwardly of the peripheral seal 34 and separate
      therefrom. The sealed area 36 is defined by a limited sealing together of
      the walls 31,32 in inside face-to-inside face relation. A perforation 37
      is formed within the sealed area 36 through at least one of the walls
      31,32 the perforation 37 being illustrated in the wall 31.
PAR  It is to be understood that as the walls 31,32 begin to separate due to
      internal gaseous pressure within the sealed enclosure 33, the sealed area
      36 will separate and the perforation 37 will come into communication with
      the interior of the sealed enclosure 33 so as to vent gaseous pressure
      therefrom.
PAR  It is to be understood that as the gaseous pressure within the sealed
      enclosure 33 is relieved, the walls 31,32 will again return in
      substantially touching relation so as to substantially close off the
      perforation 37. It is also to be understood that the configuration of the
      sealed area 36 may be varied so as to vary the pressure required to effect
      the venting of the package 30.
PAR  Reference is now made to FIG. 6 wherein there is illustrated still another
      form of vented package in accordance with this invention, the vented
      package being generally identified by the numeral 40. Once again, the
      vented package 40 includes two walls 41,42 which are joined together by a
      peripheral seal 44 so as to define a sealed enclosure 43. The peripheral
      seal 44 is interrupted so as to define a preformed resistance path 45
      opening outwardly from the sealed enclosure 43. At the inner end of the
      path 45 a perforation 46 is formed in at least one of the walls 41,42, the
      perforation 46 being illustrated as being formed in the wall 41.
PAR  It is to be understood that under normal packaging conditions, the portions
      of the seal 44 on opposite sides of the resisted path 45 will maintain the
      walls 41,42 in contact with one another and thus venting of the sealed
      enclosure 43 will not occur. However, when the pressure within the sealed
      enclosure 43 builds up, the pressure will be sufficient so as to separate
      the walls 41,42 along the resistance path 45 and place the sealed
      enclosure 43 into communication with the perforation 46 so as to vent the
      sealed enclosure 43.
PAR  It is to be understood that the pressure required to open the resistance
      path 45 will vary depending upon the configuration and dimensions of the
      resistance path 45. Also, the rate of pressure venting through the
      perforation 46 will vary depending upon the size of the perforation.
      Finally, it is to be noted that inasmuch as the resistance path 45 is
      defined by the peripheral seal 44 and thus there is always a tendency for
      the walls 41 and 42 to come back into closed relation due to inherent
      stresses, as soon as proper venting of the package 40 occurs, the
      resistance path 45 will again become sealed so as to prevent ingress of
      air and gases through the perforation 46.
PAR  Reference is now made to FIG. 7 wherein there is illustrated a still
      further form of package generally identified by the numeral 50. The
      package 50 is very similar to the package 40 and includes a pair of walls
      51,52 of flexible material joined together by a peripheral seal 54 so as
      to define therebetween a sealed enclosure 53. A peripheral seal 54 is so
      configurated so as to define a resistance path 55 therein. The resistance
      path 55 leads from a point adjacent the sealed enclosure 53 to a
      perforation 56 formed through one of the walls 51,52, the perforation 56
      being illustrated as formed in the wall 51.
PAR  The vent valve of the package 50, which is identified by the numeral 57
      differs from the vent valve 47 of the package 40 in that the resistance
      path 55 is initially sealed from communication with the sealed enclosure
      53 by means of a sealed area 58. However, when the pressure within the
      package 50 increases to the point that the walls 51,52 separate
      sufficiently, they will peel apart at seal 58 of the sealed area 53 and
      place the resistance path 55 into communication with the sealed enclosure
      53. At this time it is pointed out that the seal 58 is an inner
      face-to-inner face seal.
PAR  The configuration of the sealed area 58 may be varied so as to vary the
      internal gaseous pressure within the sealed enclosure 53 required to
      effect a venting of the package 50.
PAR  Reference is now made to FIG. 8 wherein there is illustrated still a
      further modified package construction identified by the numeral 10'. The
      package 10' is substantially identical to the package 10 except in lieu of
      a single perforation 17', the package 10' including a second perforation
      17". The perforations 17' and 17" are formed in alignment in the walls
      11',12', respectively, and a double venting occurs once the seal of the
      vent valve 15' is ruptured.
PAR  It is also to be understood that the vent valves 25,36,47 and 57 may
      incorporate a perforation to each of the walls of the respective package
      in the same manner as that illustrated and described with respect to FIG.
      8.
PAR  It is to be understood that the various vent valves need not permit
      atmospheric contamination to enter the package after the vent seal opens
      and most of the excess internal pressure has escaped. It is to be noted
      that products that generate these internal pressures generally continue to
      do so at a lesser rate to keep the direction of flow from interior through
      a valve hole of the type formed by a small needle prick. Such a tiny hole
      constitutes such a very small area that even if the package interior is
      entirely deflated, the penetration of moisture vapor per square inch of
      package surface is acceptable or negligible. It is to be understood,
      however, that the vent valves 47,57 will assure a positive sealing of the
      package after venting has occurred.
PAR  It will be apparent from the construction of the vent valves that the
      necessary perforation or perforations may be formed in several manners.
      These include the perforation of a single wall prior to the assembly of
      the walls. This method would be utilized in the case of the single
      perforation shown, for example, in FIG. 2. However, when double
      perforations are provided, as is shown in FIG. 8, the necessary seal may
      be formed and thereafter the sealed area penetrated by means of a suitable
      perforator device such as a small diameter needle.
PAR  Depending upon the control required, the perforation through the sealed
      area is made either while the material of the sealed area is hot or after
      it has a chance to cool. If it is made while it is hot, the material of
      the walls may adhere to the needle and when the needle is withdrawn, the
      perforation of the second punctured wall may be substantially closed. On
      the other hand, when the perforation is formed while the material is cold,
      a positive double perforation will be formed.
PAR  It is to be understood that the manner in which the perforation or
      perforations are formed in each package is immaterial. It is also to be
      understood that the specific location and configuration of the sealed area
      of each vent valve may be varied depending upon the venting
      characteristics which may be desired. It will be readily apparent that if
      the vent valve is placed in a corner of the package, for example, the
      venting pressure will be greatly decreased.
PAR  Although several modifications of the vent valve of this invention have
      been specifically illustrated and described herein, it is to be understood
      that other modifications of the vent valve may be made without departing
      from the spirit and scope of the invention, as defined by the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vented package comprising two walls of flexible material joined
      together to define a sealed enclosure, said walls having an area wherein
      at least a portion of said walls are joined together in an inside
      face-to-inside face seal, said face seal including a sealed enclosure
      defining portion and an extension projecting into said sealed enclosure,
      and valve means for venting excess gas pressure from within said sealed
      enclosure, said valve means including a perforation through at least one
      of said walls in said seal area, and a resistance path to said perforation
      from within said sealed enclosure through said seal extension, said
      resistance path being of the type openable in response to gaseous pressure
      within said sealed enclosure for venting gases through said perforation,
      said resistance path being normally closed by a portion of said seal
      extension.
NUM  2.
PAR  2. The vented package of claim 1 wherein said seal extension decreases in
      width inwardly of said peripheral seal.
NUM  3.
PAR  3. The vented package of claim 2 wherein said seal extension is triangular
      in outline.
NUM  4.
PAR  4. The vented package of claim 2 wherein said seal extension is trapezoidal
      in outline.
NUM  5.
PAR  5. The vented package of claim 1 wherein said resistance path is defined by
      unsealed portions of said walls within said seal.
NUM  6.
PAR  6. The vented package of claim 1 wherein said perforation is formed in said
      sealed enclosure defining portion of said seal and said resistance path is
      defined by an unsealed portion between said walls within the confines of
      said face seal, said unsealed portion extending into said seal extension.
NUM  7.
PAR  7. The vented package of claim 6 wherein said perforation is offset from
      said seal extension and said unsealed portion is self closing.
NUM  8.
PAR  8. The vented package of claim 7 wherein said unsealed portion is arcuate
      in outline.
NUM  9.
PAR  9. The vented package of claim 7 wherein said unsealed portion is arcuate
      in outline and extends through an angle of substantially ninety degrees.
NUM  10.
PAR  10. The vented package of claim 1 wherein said perforation is in the form
      of a needle prick.
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ABST
PAL  A feed mixture of liquid and solids is delivered into a central nave at the
      lower portion of a basket mounted for rotation about a vertical axis. The
      nave is rigidly connected to the outer portion of the basket by spoke-like
      tubes in which the feed mixture is accelerated while flowing from the nave
      into a channel extending around the rotation axis and opening upwardly
      into the separating chamber in the basket's outer portion. To further
      reduce turbulence, the channel is closed at the top in the regions where
      the spoke-like tubes communicate with the channel. A discharge shoe in the
      basket is movable relative thereto to plow accumulated solids from the
      outer part of the separating chamber, so that the plowed solids fall
      through bottom openings of the basket between the spoke-like tubes.
BSUM
PAR  This invention relates to basket centrifuges for separating a feed mixture
      of liquid and solids. More particularly, it relates to such centrifuges of
      the type having a discharge shoe movable relative to the rotation axis of
      the basket for plowing from the outer portion of its separating chamber
      the layer of solids which have accumulated during the separating
      operation, the plowed solids or sludge discharging by gravity through the
      bottom of the basket.
PAR  In basket centrifuges of this type, the liquid forming a lighter component
      of the mixture is discharged from the radially inner portion of the
      separating chamber either by overflowing the inner edge of a flange at one
      end of this chamber or by means of a skimmer tube from which the skimmed
      or pared liquid is discharged to a stationary outlet duct.
PAR  For the best operation of such centrifuges, the feed mixture should be
      accelerated to an adequate speed before it undergoes separation in the
      separating chamber, and such acceleration should be accomplished with a
      minimum of turbulence and without interfering with efficient operation of
      the solids discharging shoe.
PAR  These desiderata have not been adequately accomplished in prior basket
      centrifuges of this type. For example, certain of the prior centrifuges
      have relied upon radial vanes in the separating chamber for accelerating
      the feed mixture, as disclosed in Keith et al U.S. Pat. No. 3,734,398 of
      May 22, 1973, for example. However, such vanes make for difficult cleaning
      of the separating chamber. Also, they interfere with efficient plowing of
      the sludge from this chamber, in that the plowing shoe must have a gap to
      accommodate the vanes and this cannot contact the sludge layer
      continuously from the top to the bottom of the separating chamber.
PAR  The principal object of the present invention is to accomplish these
      desiderata in a highly effective manner.
PAR  According to the invention, the basket is mounted for rotation about a
      generally vertical axis and includes a central nave at its lower portion
      and a plurality of spoke-like tubes through which the nave is rigidly
      connected to the basket's outer portion forming the separating chamber.
      Means including a stationary feed duct are provided for delivering the
      feed mixture into these spoke-like tubes at their inner ends, the outer
      ends of the tubes communicating with the separating chamber. When the
      discharger shoe is actuated to plow accumulated solids from the outer part
      of the separating chamber, during rotation of the basket, the plowed
      solids discharge by gravity through bottom openings of the basket which
      are located between the spoke-like tubes. The latter thus serve for
      accelerating the feed mixture to the desired speed before it enters the
      separating chamber, thereby avoiding any need for accelerating vanes in
      this chamber; and the tubes also permit delivery of the feed mixture as
      well as gravity discharge of the plowed solids through the bottom of the
      basket.
PAR  In the preferred construction, the basket's outer portion has a channel
      underlying the separating chamber and extending around the rotation axis;
      the channel opening upwardly into this chamber; and passages from the
      outer ends of the spoke-like tubes open through the bottom of the channel.
      Preferably, the channel is closed at the top in the regions where the
      spoke-like tubes communicate with the channel, so that the feed mixture
      enters the separating chamber at locations spaced from these regions,
      thereby further avoiding turbulence in the separating chamber.
DRWD
PAR  These and other features of the invention will be described in detail in
      the following description taken in conjunction with the accompanying
      drawings, in which
PAR  FIG. 1 is a vertical sectional view, partly in elevation, of one form of
      the new centrifuge;
PAR  FIG. 2 is a plan view of the basket or rotor of the centrifuge shown in
      FIG. 1;
PAR  FIG. 3 is a sectional view on line 3--3 in FIG. 2, with certain parts of
      the basket removed, and
PAR  FIGS. 4 and 5 are enlarged sectional views on lines 4--4 and 5--5,
      respectively, in FIG. 2.
DETD
PAR  As shown, the centrifuge comprises a rotor or basket B mounted for rotation
      about a vertical axis and located in a stationary housing 5. The basket B
      includes an outer imperforate annular part R having a lower portion R1 of
      reduced diameter and an inwardly extending flange R2 at the top.
PAR  Housing 5 has a top 5a supporting a central stationary structure 6 in which
      a spindle 6a is journalled. At its lower end, the spindle is secured by
      bolts 7 to a central nave 8 forming an inner part of the basket B and
      located at its lower portion. A suitable motor 6b is mounted on top of the
      stationary structure 6 and serves to drive the spindle 6a.
PAR  Thus, basket B is centrally suspended from the stationary housing top 5a
      and is adapted to be driven by motor 6b about a vertical axis through
      spindle 6a mounted in the central stationary structure 6.
PAR  At its lower portion, the housing 5 is provided internally with an annular
      gutter 5b having a circular inner wall 5C which surrounds the reduced
      lower portion R1 of basket B in spaced relation thereto. A funnel-like
      member 9 is secured to circular wall 5C within the latter and underlies
      the reduced lower portion of basket B.
PAR  A stationary feed pipe 10 extends horizontally through the side wall of
      funnel 9 to a hollow member 10a located on the rotor axis and from which a
      stationary feed duct 11 extends upwardly into the lower portion of basket
      B. The feed mixture of liquid and solids is delivered into pipe 10 by a
      pump (not shown) and discharges through the upper end of stationary duct
      11 against a horizontal disc 12 secured to the central nave 8 of the
      basket. From the rotating disc 12, the feed mixture is deflected
      downwardly and outwardly along a conical flange 11a at the top of duct 11
      and is picked up by a set of radial vanes 13 in a feed chamber 14 of the
      basket.
PAR  The vanes 13 are spaced around the rotor axis and secured to a member 13a
      forming the bottom of chamber 14, this bottom member having a central
      vertical tube 13b surrounding feed duct 11 in spaced relation thereto. The
      lower portion of nave 8 is hollow to form the feed chamber 14, and the
      bottom member 13a is secured to the part of nave 8 surrounding chamber 14.
      For the sake of clarity, the bottom member 13a, with its vanes 13 and tube
      13b, is not shown in FIG. 3.
PAR  Basket B has four radial tubes 15 through which central nave 8 is rigidly
      connected to the reduced lower portion R1. As shown in FIG. 2, the tubes
      15 are spaced 90.degree. apart and partly define four sector-shaped
      openings R3 in the bottom of the basket. The spoke-like tubes 15 are
      substantially square in cross-section and open at their inner ends into
      the feed chamber 14 (FIG. 3). At their outer ends, the tubes 15 open into
      the lower ends of vertical passages 16 in the reduced portion R1. Passages
      16 open into the bottom of a channel 17 formed in the reduced portion R1
      and extending around the rotation axis of the basket.
PAR  Channel 17 is partly closed at the top by a ring 18 secured to the reduced
      portion R1 and overlying the inner portion of the channel. Opposite the
      outer end of each radial tube 15 is a plate 19 secured to the reduced
      portion R1 and overlying the outer portion of channel 17, each plate 19
      contacting the outer edge of ring 18 (FIG. 5). In the four sectors between
      adjacent radial tubes 15, the outer edge of ring 18 is cut back, as shown
      at 18a, thereby providing openings 20 of maximum width at the top of
      channel 17.
PAR  Thus, the top of channel 17 is closed at the regions of the radial tubes 15
      and has an opening 20 of maximum width at each of the four regions located
      midway between adjacent plates 19. Between each plate 19 and an adjacent
      maximum opening 20 is a relatively narrow opening 20a.
PAR  Mounted on the top 5a of stationary housing 5 is a vertical shaft 22
      extending downward into the rotary basket B. Shaft 22 carries at its lower
      portion a shoe assembly 23 for plowing sludge from the outer peripheral
      portion of the separating chamber C formed by basket B. Above the housing
      top 5a, the shaft 22 is connected to a suitable power-mechanism 24 for
      rotating the shaft to move the shoe assembly 23 to or from its position
      for plowing sludge from the basket.
PAR  Also mounted on the housing top 5a is a bracket 26 which supports a skimmer
      tube 27 for radial movements, the skimmer tube extending downward into the
      basket B. Radial movements of the tube 27 are effected by a suitable power
      source 28. When tube 27 is moved outward to immerse its lower end in a
      body of liquid in the rotating basket, liquid is skimmed or pared from
      this body and discharges to a stationary duct (not shown) connected to the
      upper end of tube 27.
PAR  The assembly 22-24 for plowing sludge from the rotating basket B, and the
      assembly 26-28 for skimming liquid from the rotating basket, may be of any
      form known in the art.
PAR  The upper flange R2 of basket B determines the maximum liquid level
      therein, in that liquid normally overflows the inner edge of flange R2
      during operation of the centrifuge. This overflowing liquid is thrown
      radially outward and then flows downward into the collecting gutter 5b,
      from which it discharges through an outlet pipe 30 (FIG. 1).
PAR  In the operation of the centrifuge as illustrated, the basket B is brought
      up to its normal operating speed by the motor 6b, and the feed mixture is
      fed under pressure through the stationary pipe 10 and its upward extension
      11. After the feed mixture is deflected downwardly and outwardly from the
      rotating disc 12, it is brought up to speed by the radial vanes 13 in the
      feed chamber 14 of the basket. The feed mixture then passes outwardly
      through the spoke-like tubes 15, which further act to accelerate the
      mixture. After entering the channel 17 by way of vertical passages 16, the
      feed mixture discharges through the openings 20-20a into the main chamber
      C of the basket. The plates 19 prevent discharge of the mixture directly
      into this main chamber from the regions of the radial fins 15, so that the
      liquid must flow circumferentially in the channel 17 before discharging
      through the top openings 20-20a. In this way, the feed mixture enters the
      separating chamber of the basket with a minimum of turbulence, thereby
      facilitating the centrifugal separation.
PAR  It will be understood that the solids of the feed mixture, being heavier
      than the liquid, accumulate in the outer peripheral portion of the basket
      chamber C due to the action of centrifugal force; and at the same time
      liquid discharges as a relatively light component over the inner edge of
      basket flange R2 and into the housing gutter 5b for eventual discharge
      through outlet pipe 30. When it is desired to skim liquid from the basket,
      the skimmer tube 27 is moved radially outward to immerse its lower end in
      the liquid body, as previously described. Of course, the tube 27 may be
      used for skimming a relatively heavy liquid which forms an annulus between
      the sludge at the outer periphery of the basket and a body of relatively
      light liquid which normally overflows the flange R2. Alternatively, in
      some cases the tube 27 may be positioned to skim liquid from the rotating
      basket so that there will be no discharge over the flange R2.
PAR  During the accumulation of sludge in the outer portion R of the basket,
      shaft 22 holds the shoe assembly 23 in a retracted position so that it is
      located radially inward from the liquid level determined by flange R2.
      When sludge is to be discharged, shaft 22 is rotated to swing the shoe
      assembly outward into engagement with the sludge layer and eventually to
      its outermost position closely adjacent the basket's outer wall, as shown
      in FIG. 1. The sludge thus plowed from the peripheral portion of the
      rotating basket falls through the bottom openings R3 between the
      spoke-like tubes 15 and thence through the stationary funnel member 9 to a
      suitable destination (not shown).
PAR  Thus, the radial tubes 15 not only accelerate the feed mixture as it flows
      outward to channel 17 at the lower portion of the basket but they also
      permit diacharge of plowed sludge by gravity through the basket's lower
      portion. Moreover, this arrangement for accelerating the feed mixture
      permits the shoe assembly 23 to act upon the entire sludge layer from the
      top to the bottom thereof, without interruption to accommodate
      accelerating vanes or the like. Also, due to the absence of accelerating
      vanes in the main chamber C of the basket, the latter is easy to clean.
PAR  Furthermore, due to the above-described arrangement for accelerating the
      feed mixture, in conjunction with the arrangement of outlet openings
      20-20a from channel 17, the feed mixture entering the basket chamber C has
      been brought up to the desired rotational speed with a minimum of
      turbulence.
PAR  It will be understood that the parts R1, 18 and 19 constitute means forming
      feed distribution passages 16-17 leading from the outer ends of tubes 15
      and opening upwardly into the separating chamber C at regions 20 which are
      offset laterally from these tubes and which extend along the radially
      outer portions of the bottom openings R3.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a basket centrifuge for separating a feed mixture of liquid and
      solids, the combination of a basket mounted for rotation about a vertical
      axis and having an outer portion forming a separating chamber, the basket
      including a central nave at its lower portion and also including a
      plurality of spoke-like tubes secured at their inner ends to the nave and
      at their outer ends to said outer portion of the basket, the basket having
      bottom openings partly defined by said tubes, means including a stationary
      feed duct for delivering said mixture into said tubes at their inner ends,
      a discharger shoe movable relative to the basket for plowing accumulated
      solids from the outer portion of the separating chamber, whereby the
      plowed solids fall through said bottom openings, and means forming feed
      distribution passages leading from the outer ends of the tubes and opening
      upwardly into the separating chamber at regions offset laterally from the
      tubes and extending along the radially outer portions of said bottom
      openings.
NUM  2.
PAR  2. The combination of claim 1, in which said passage forming means define
      an endless channel located below the separating chamber and extending
      around said rotation axis, the tubes communicating at their outer ends
      with said channel, the passage forming means including plate members
      closing the top of said channel at the parts thereof where the tubes
      communicate with the channel, the channel opening upwardly into the
      separating chamber between said plate members to form said laterally
      displaced regions of the distribution passages.
NUM  3.
PAR  3. The combination of claim 2, in which the tubes communicate with said
      channel through bottom openings of the channel.
NUM  4.
PAR  4. The combination of claim 2, in which the channel opens upwardly into the
      separating chamber through openings which are of maximum width
      substantially midway between said plate members.
NUM  5.
PAR  5. The combination of claim 1, in which said distribution passages open
      upwardly into the separating chamber through openings which are of maximum
      width substantially midway between the outer ends of the tubes.
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ABST
PAL  An air distribution system supplies conditioned air to at least one zone to
      be conditioned and comprises a supply duct connected with a diffuser
      discharging into the conditioned zone. A modulating valve in the supply
      duct is provided with a bellows actuator for regulating the flow of air
      into the zone and a secondary conditioning apparatus such as a heater is
      provided in the supply duct for warming the air before introduction into
      the zone. The control system for the bellows actuator and for the
      secondary conditioning apparatus is of the fluidic type with power for the
      actuator and control system supplied from a total pressure pick-up in the
      duct. A thermostat for supplying temperature responsive fluidic signals to
      the bellows and control system is provided with manual adjustments for
      setting the minimum and maximum flow rates of conditioned air into the
      zone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to air distribution systems and deals more
      particularly with air conditioning distribution systems having
      self-powered controls.
PAR  In our co-pending U.S. Pat. application Ser. No. 306,559, filed Nov. 15,
      1972, now U.S. Pat. No. 3,837,571 entitled "Self-Controlled Air
      Distribution System", there is disclosed an air distribution system having
      a fluidic control system powered by duct air pressure. The air
      distribution system disclosed therein utilizes a variable restrictor,
      associated with the thermostat, for establishing a pressure reference
      signal for comparison with actual duct pressure. As a result, the
      temperature sensitivity of the thermostat is a function of the maximum
      pressure setting.
PAR  It is desirable to have a distribution system in which the temperature
      sensitivity is not affected by variations in the maximum pressure setting
      and, correspondingly, the maximum output of the system. This goal cannot
      be achieved in the system disclosed in the referenced U.S. patent
      application because of the variable restrictor which inhibits air delivery
      throughout the entire temperature control range.
PAR  It is also known to utilize a secondary conditioning apparatus in an air
      distribution system to locally heat or cool the conditioned air from a
      remote source such as a central air conditioner. In the conditioning
      system having a fluidic control system regulating the discharged air, it
      is desirable that the secondary conditioning system also be fluidically
      controlled. It has been found that fluidic controls for a secondary system
      can be advantageously integrated with discharge controls and the two
      controls may share common sensors.
PAR  It is, accordingly, a general object of the present invention to disclose
      an air distribution system having a temperature sensitivity which remains
      uniform in spite of variations in the desired maximum output and which
      distribution system employs fluidic controls for regulating the discharge
      and secondary conditioning systems.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment of this invention, an improved
      fluidic thermostat is provided in a fluid distribution system with a
      manually adjustable limiting means for setting the maximum output or
      discharge pressure and thereby eliminating the need for a variable
      restrictor. The resulting thermostat has a constant temperature
      sensitivity regardless of the maximum output setting.
PAR  Another limiting means may also be provided in the thermostat for setting
      the minimum temperature signal. This limiting means serves to insure at
      least a minimum flow of conditioned fluid, usually cooled or heated air,
      into the zone to be conditioned. In addition, means for sensing when the
      thermostat is operating in proximity to one of its limits and providing an
      appropriate control signal may be included in said thermostat.
PAR  The air conditioning system may include a secondary conditioning apparatus
      for further conditioning the air before it is introduced into the zone.
      The secondary conditioning may be in the nature of warming, cooling, or
      the like. A fluidpowered control system for operating the secondary
      conditioning apparatus is provided and may be controlled by the limit
      sensor signal from the thermostat or any other appropriate source.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of an air distribution system and a
      secondary conditioning apparatus in accordance with the present invention.
PAR  FIG. 2 is a schematic diagram of a fluidic comparator and amplifier used in
      the discharge control system of FIG. 1.
PAR  FIG. 3 is a schematic illustration of a fluidic diaphragm amplifier used in
      the control systems of FIG. 1.
PAR  FIG. 4 is a block diagram of the fluidic thermostat in FIG. 1.
PAR  FIG. 5 is a schematic illustration of the fluidic thermostat of FIG. 4 and
      the associated thermal control of the secondary conditioning apparatus.
PAR  FIG. 6 is a graphic representation of the performance characteristics of a
      fluidic thermostat or conditioning system according to my co-pending
      application Ser. No. 306,559.
PAR  FIG. 7 is a graphic representation of the performance characteristics of a
      fluidic thermostat or conditioning system according to the present
      invention.
PAR  FIG. 8 is a vertical cross-sectional view of a thermal operator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the present invention, FIG. 1 shows an air distribution
      system having a secondary conditioning apparatus for heating previously
      cooled air when a zone being conditioned reaches a desired minimum
      temperature. With a few exceptions noted below, the illustrated system is
      similar to that described in my co-pending U.S. Pat. application Ser. No.
      306,559, filed Nov. 15, 1972 and entitled Self-Controlled Air Distribution
      System. The present invention, however, is not limited to air distribution
      systems but may be employed as well in other fluid distribution systems.
PAR  Cooled or otherwise conditioned air represented by arrow 10 is introduced
      under pressure to a supply duct generally indicated at 12. The air flows
      through an opening 20 to a terminal box 14 which has a diffuser or outlet
      16 leading to a zone 18 to be conditioned. The terminal box 14 and
      diffuser 16 may vary in construction. The zone 18 may comprise a room or
      other enclosure receiving the conditioned air or may simply be an area
      defined within a larger enclosure.
PAR  At the opening 20 to the terminal box 14, a valve 22 is provided for
      controlling air flow therethrough. As illustrated here and explained in
      our co-pending application, the valve 22 is preferably of the hinged
      damper type with a bellows type actuator 26. The actuator operates the
      valve in one and an opposite direction by applying as control signals
      positive and negative air pressures to the interior of the bellows. More
      specifically, positive pressurization of the bellows results in expansion
      thereof to move the valve 22 in the duct closing direction and negative
      pressurization or withdrawal of air therefrom results in bellows
      compression and valve movement in the duct opening direction. The actuator
      26 is operated in response to sensed temperature and flow by a diaphragm
      amplifier 113 to maintain a controlled temperature without exceeding a
      designed maximum flow rate or output. The amplifier 113 is powered by
      conditioned air from the supply duct 12.
PAR  The control for the diaphragm amplifier 113 and the actuator 26 is of the
      fluidic type and comprises signal comparison and amplifying means taking
      the form of a differential fluidic amplifier 43 also powered by
      conditioned air from the supply duct 12. The amplifier 43 has associated
      means supplying at least two fluidic control signals thereto. The signals
      may be temperature responsive signals, pressure responsive signals,
      reference signals, etc., but in the preferred form shown, a terminal box
      pressure responsive signal and a zone temperature responsive signal are
      provided.
PAR  As mentioned, conditioned air from supply duct 12 is employed as a source
      of power for the actuator 26 and other air discharge controls. A total
      pressure pick-up or tap 28 communicates with a supply conduit 30 which
      extends in turn to filter 32 and thence to branch conduits 34 and 36. The
      branch conduit 34 communicates with pressure regulator 38 which maintains
      an output pressure at approximately 3/4 of an inch of water in the air
      conditioning system. The output of regulator 38 is employed as a power
      supply input, P.sub.s, via conduits 40, 42, for a first stage 44 of the
      multiple-stage fluidic amplifier 43. Five additional stages 46, 48, 50, 52
      and 54 shown in detail in FIG. 2 are indicated generally at 45 in FIG. 1.
      As shown in FIG. 2, the power supply input P.sub.s for the additional
      stages is supplied via conduits 102, 104, 106, 108 and 110 which are in
      turn connected to branch conduit 36.
PAR  As shown in FIG. 1, a fluidic control signal C.sub.2 representing the
      discharge pressure or air flow output from the terminal box 14 is provided
      as one of the inputs to the differential amplifier 43 from a duct pressure
      pick-up 82 via a conduit 78 and a filter 80. The pick-up 82 is shown in
      the terminal box 14 to give a terminal box pressure signal, but may be
      otherwise located. A second fluidic control signal C.sub.1 representing
      duct or zone temperature at the diffuser 16 is provided as another of the
      inputs to the amplifier 43 from a thermostat 60 via conduit 57. The two
      input control signals C.sub.1 and C.sub.2 are effectively compared with
      one another and their difference, represented by the pressure difference
      of the two outputs O.sub.1 and O.sub.2 at each stage of the amplifier, is
      amplified through each stage. For a more complete description of the
      operation of the fluidic amplifier, reference can be had to my co-pending
      application Ser. No. 306,559. For present purposes, it is sufficient to
      understand that final stage outputs O.sub.1 and O.sub.2 will be
      proportional respectively to initial stage control input signals C.sub.1
      and C.sub.2. The O.sub.1 output is dumped to atmosphere as indicated. The
      output signal O.sub.2 is connected via conduit 112 to the diaphragm
      amplifier 113.
PAR  As shown in FIG. 3 the final stage control output O.sub.2 is operative and
      is applied by conduit 112 to a control chamber 114 of the diaphragm
      amplifier 113. The opposing chamber 116 is vented at 118 and envelops the
      discharging end of a venturi 124 connected to the supply duct 12 by the
      conduit 36. An orifice 120 is formed between the discharging end of the
      venturi and the diaphragm 122 and is controlled by the position of the
      diaphragm and correspondingly the O.sub.2 output of the differential
      amplifier 48. Venturi 124 has a throat section 126 connected by a conduit
      128 with the bellows actuator 26 for producing positive and negative
      pressures in the bellows to move the valve 22. In an air distribution
      system providing cooled air in the supply duct 12, high temperature
      signals from the thermostat 60 open the valve and low temperatures close
      the valve to a minimum flow condition or no flow condition. Low pressure
      signals from the tap 82 indicative of low output tend to open the valve 22
      unless a low temperature signal overrides the pressure signal. A high
      pressure signal closes the valve and limits the air output to a maximum
      output designed for the zone 18 being conditioned.
PAR  The block diagram representation of the thermostat 60 in FIG. 4 shows a
      temperature sensor 72 with an output constrained by a limiter 73 to
      control a fluidic control duct 76. Referring to FIG. 5, a preferred
      embodiment of thermostat 60 comprises a fluidic temperature transducer
      formed by a bi-metallic coil as the temperature sensor 72 with an end
      portion or mechanical output member 74 operable to interrupt a jet within
      the control duct 76. The supply end of the duct 76 is connected via
      conduits 56 and 40 to the source of regulated pressure 38 in FIG. 1. The
      output of the duct is the fluidic temperature signal from the thermostat
      60 and connects to the differential amplifier 43 via conduit 57. The
      limiter 73 in FIG. 4 is comprised of two adjustable screws 73a, 73b in
      FIG. 5 which effectively constrain the motion of mechanical member 74.
      Screw 73a adjusts the magnitude of the maximum opening in duct 76 and,
      correspondingly, the maximum temperature signal from the thermostat.
      Similarly, screw 73b adjusts the minimum temperature signal.
PAR  Limiting screw 73a eliminates the need for a variable pressure set-point
      restriction in duct 56 as described in our aforementioned co-pending
      application Ser. No. 306,559. The screw 73a is used to determine the
      maximum signal available for comparison with the duct pressure signal
      C.sub.2 and ultimately, as will be seen, determines the maximum output of
      the air conditioning terminal box 14. The screw would normally be adjusted
      only once according to the design parameters of the zone being
      conditioned. It will be apparent that while the sensitivity of the
      thermostat or system (defined as the change in output divided by the
      change in temperature of the system) using the variable restriction in my
      co-pending application varies with the maximum output setting, the
      sensitivity of the present system does not. The sensitivities of the
      earlier system and the present system are illustrated in FIGS. 6 and 7
      respectively. The characteristic curves for the thermostat or system
      output are plotted as a function of temperature for various maximum output
      settings.
PAR  Limiting screw 73b is adjustable to set the minimum output or temperature
      signal to some value greater than zero. The screw 73b constrains the
      mechanical temperature transducer 72 in the valve closing direction to
      prevent mechanical member 74 from completely blocking the air flow in duct
      76. As will be seen, the lower limit ultimately insures some minimum flow
      of conditioned air through opening 20 into the terminal box 14 which is
      necessary for effective operation of the air heater 140 shown in FIG. 1 in
      the terminal box 14. Such minimal flow may also be desirable in certain
      other air conditioning applications for other purposes.
PAR  Associated with limiting screw 73b is a lower limit detector 130 and signal
      transmitting tube 132 for sensing whether the bimetallic temperature
      sensor 72 is operating against its lower limit. Preferably as shown in
      FIG. 5, the limiting screw 73b acts against the limit detector 130, which
      in fact provides the mechanical constraint limiting the movement of
      temperature sensor 72 and member 74. The detector 130 is a small nozzle
      with an orifice under the bimetallic coil of temperature sensor 72. It is
      evident that as the temperature sensor 72 approaches the lower limit set
      by the limiting screw 73b, the orifice is closed. The control tube 132 is
      supplied with regulated air from conduit 142 through a restrictor 144.
      When the orifice is closed by the sensor 72, pressure in tube 132 rises
      and serves as a fluidic lower limit signal for any appropriate control
      elements such as the diaphragm amplifier 145 of the thermal control 150 in
      FIGS. 1 and 5. Although a limit detector is shown only for the lower
      limit, it will be understood that such a detector may also be included for
      the upper limit if such a control function is desired in a particular
      application.
PAR  The thermostat 60 may be employed at the diffuser 16 in FIG. 1 or may be
      located at a remote position elsewhere in the zone. In the former case, it
      is presently preferred practice to provide for the aspiration of zone air
      over the thermostat and such provision is illustrated in FIG. 1. A conduit
      62 has an inlet end disposed adjacent to thermostat 60 and extends
      therefrom to an aspirator 64. The aspirator 64 has a supply conduit 66
      extending from a total pressure inlet 68 disposed in the supply duct 12
      for total pressure pickup. As will be apparent, relatively high pressure
      duct air emitted from a nozzle 70 in the aspirator will tend to create a
      negative pressure adjacent the discharge end of conduit 62 and induce a
      flow of zone air over the thermostat 60. A further function of the
      aspirator 64 resides in the removal of the slight flow of cold air dumped
      from the control tube 76 of the thermostat. The cold air might otherwise
      affect the accuracy of the thermostat.
PAR  In accordance with another aspect of the present invention it is desirable
      in some installations to modify the conditioned air before it is
      introduced into the zone. This modification may take the form of
      humidifying the air, warming it, or even cooling it further. In the
      disclosed distribution system, the air is warmed by the heater 140
      preferably provided in the terminal box 14, but other forms of
      conditioning may be employed without changing the nature of the invention.
      The heater is turned on, for example, when a minimum flow of air is to be
      maintained, but the temperature is near or at its lower limit. The heater
      may be of several conventional types, typically hot water or electric, and
      the thermal control means provided is suitable for operating the heater in
      response to the thermostat 60.
PAR  FIG. 5 shows a fluidically operated thermal control 150 for the heater 140
      which, for purposes of explanation, is a hot water type heater. The
      control tube 132 for the low temperature detector 130 is connected between
      the restrictor 144 and the detector 130 to the chamber 146 of diaphragm
      amplifier 145. It can be seen that when the thermostat is operating at its
      lower limit, the orifice in detector 130 is closed and the pressure in
      chamber 146 increases to cause the diaphragm 148 to move toward the exit
      of venturi 149. The venturi 149 is supplied with conditioned air from
      conduit 152 and discharges the air through the annular orifice between the
      venturi and the diaphragm 148. A pressure tap 154 at the venturi throat
      connects with activating bellows 153 in the thermal actuator 170.
      Pressurizing the diaphragm in the chamber 146 when the temperature sensor
      72 is at its lower limit against detector 130 increases the pressure in
      venturi 149 and extends the bellows 153. As the sensor 72 moves away from
      its lower limit, the pressure in chamber 146 is vented through conduit 132
      and diaphragm 148 moves back towards its neutral position. Pressure in the
      venturi is relieved and the bellows 153 retracts to its neutral position.
      It may be noted that the movement of diaphragm 148 can be used to operate
      an electrical microswitch which in turn can be used to operate a heater.
      In this preferred embodiment, however, there is no electrical power
      requirement and a completely fluidic thermal control powered by duct air
      pressure is used.
PAR  The bellows 153 has a mechanical output rod 156 which might be used to
      directly operate a low force member controlling a flow valve in a hot
      water heater if such is used in the heater 140. However, since such valves
      usually require forces greater than a high response bellows can provide, a
      unique ducted plenum and thermal operator is employed.
PAR  Referring to the cross-sectional view in FIG. 8 the thermal operator 160 is
      shown as comprising a lower bulb or chamber 162 which is filled with
      paraffin, a chamber 164 which is filled with an elastic material, and a
      sealed diaphragm 166 which separates the two chambers. A piston 168 is
      slidingly received in one cylindrical end of the housing 169 of chamber
      164. As the temperature of the paraffin in chamber 162 rises, the paraffin
      changes state from solid to liquid and expands causing the paraffin to
      push the diaphragm toward the position indicated in phantom. The elastic
      material in chamber 164 is compressed and drives the piston 168 to the
      position indicated in phantom. If the temperature of the paraffin falls
      again, the process reverses and the displaced elements return to the
      illustrated positions.
PAR  The portion of the thermal actuator 170 which is operated by the bellows
      153 and which utilizes the piston 168 of thermal operator 160 to open a
      flow valve is the ducted plenum 171 in FIG. 5. The plenum is preferably
      exposed to the warmer ambient air in the zone being conditioned. The bulb
      162 of the thermal operator 160 is located within the plenum at the
      discharge end of a conduit 172. A nozzle 176 at the discharge end of a
      second conduit 174 directs a jet of air into an exhaust outlet 178 which
      communicates with the ambient environment. The inlet conduit 175 supplies
      the conduits 172 and 174 with cool, conditioned air from the supply duct
      12 as shown in FIG. 1.
PAR  It is evident that if a flow of cool, conditioned air is directed through
      conduit 172 and over the bulb 162 of thermal operator 160, the plenum 171
      becomes filled essentially with cool conditioned air. The resulting
      temperature of the thermal operator 160 will approximate the temperature
      of the conditioned air and retract the piston 168. It is likewise evident
      that if a flow of conditioned air through conduit 174 is directed through
      nozzle 176 causing a low pressure zone at outlet 178, a flow of warm air
      is induced through vent 173 over the thermal operator 160 and out of
      outlet 178. The plenum then becomes filled essentially with warm air and
      the temperature of the thermal operator 160 will approximate the
      temperature of the plenum air to extend the piston 168. Thus, by
      selectively directing a flow of conditioned air through either conduit 172
      or conduit 174 a temperature variation as great as 20.degree.-25.degree.F.
      can be induced at the thermal operator which is quite sufficient for
      satisfactory operation.
PAR  The preferred mechanism used to selectively direct the flow through one or
      the other of conduits 172 or 174 is a fluid gate valve. Conduits 172 and
      174 are "Y" connected to the supply duct 175 (also shown in FIG. 1) from
      the terminal box 14, and a gate 180 pivotally mounted at the "Y" swings
      between the phantom position or the illustrated position to direct
      conditioned air through one and to close off the other of the conduits 172
      and 174. The output rod 156 of the actuating bellows 153 is connected to
      the gate 180 so that the bellows can swing the gate in response to the
      temperature signal from thermostat 60.
PAR  When the thermostat 60 is cooled by the conditioned air in zone 18 to the
      minimum temperature established by the lower limit screw 73b, the detector
      130 is closed off and the diaphragm amplifier 145 pressurizes the bellows
      153 and moves the gate 180 to the phantom position illustrated in FIG. 5.
      Cooled, conditioned air then passes from the duct 175 into the conduit 172
      over the bulb 162 of the thermal operator 160 into the plenum 171. As the
      thermal operator responds to the cooler air, its piston 168 retracts and
      the retracting motion is utilized to open a conventional hot water flow
      control valve 177 of the heater 140. Hot water then flows through the
      heater and slightly warms or tempers the conditioned air passing through
      the terminal box 14. The warmed air then is exhausted through the diffuser
      16 into the zone 18 to be conditioned.
PAR  When the thermostat 60 subsequently detects higher temperatures in the zone
      18, the bimetallic temperature sensor 72 moves off of the detector 130 and
      relieves pressure in the control tube 132. The diaphragm amplifier 145
      relieves pressure within the actuating bellows 153 and causes the gate 180
      to be moved from the phantom position to the position illustrated. Cold
      air is prevented from passing through the conduit 172 and instead passes
      through the conduit 174 and its nozzle 176. The aspirator formed by the
      nozzle 176 and outlet 178 produces a flow of warm or ambient air from an
      associated hot air heating duct or the zone 18 being conditioned through
      the plenum 171 from the inlet vent 173 to the outlet 178. Since the
      conditioned air supplied from duct 152 is normally 20.degree.-25.degree.
      F. cooler than the ambient air in the zone 18, the thermal operator 160
      experiences a substantial temperature increase which extends the piston
      168 shown in FIG. 8 to close the hot water flow valve 177 in the heater
      140. As a result cool conditioned air passing through the terminal box 14
      is not warmed by the heater and, therefore, colder air is emptied into the
      zone 18 again to lower the sensed temperature.
PAC  EXAMPLE
PAR  Assume that the design specification for a particular air outlet
      installation calls for maximum flow rate of 400 CFM into the zone to be
      conditioned and that this corresponds to a pressure of .25 inches of water
      at the terminal box as measured at pick-up 82. Since this maximum flow
      rate is desired when maximum cooling is required, the limit screw 73a
      defining an upper temperature limit is adjusted to provide a maximum gain
      of 0.33 through control duct 76 when the temperature sensor 72 is against
      the screw. When maximum cooling is called for, the temperature input at
      C.sub.1 of fluidic amplifier 44 will be .75 .times. .33 = .25 inches of
      water. With valve 22 wide open, the signal at pick-up 82 is .4 inches of
      water which will be the pressure input of C.sub.2 of amplifier 44. Under
      such conditions, the O.sub.2 output signal at the final stage of amplifier
      43 and in the diaphragm chamber 114 will be high causing the diaphragm 122
      to close orifice 120, in turn pressurizing bellows 26 and causing valve 22
      to be moved in the closing direction. Equilibrium will be established when
      the duct pressure at pickup 82 equals .25 inches of water and the signals
      at C.sub.1 and C.sub.2 are equal.
PAR  Assume now a change in thermal load in zone 18 causing a cool condition for
      occupants. Thermostat 60 reacts with its temperature sensor 72 moving the
      member 74 from its high limit further into duct 76 to decrease the gain
      and thereby decrease the temperature signal in conduit 57 and at input
      C.sub.1. With C.sub.1 less than C.sub.2, the final stage output O.sub.2 of
      amplifier 43 causes diaphragm 122 to close orifice 120, and further
      pressurize bellows 26 until the pressure at pickup 82 and at C.sub.2
      corresponds to the reduced signal at C.sub.1.
PAR  If the thermal load in zone 18 continues to decrease, eventually sensor 72
      hits the lower limit defined by detector 130 and limit screw 73b. If the
      lower limit screw 73b is adjusted for a minimum signal of .1 inches of
      water at C.sub.1, it is evident that the minimum flow of conditioned air
      into the zone will correspond to a pressure of .1 at pickup 82. As
      described earlier, operation of the thermostat 60 at its lower limit
      causes the heater 140 to be turned on. The air flowing over the heater is
      warmed before introduction into the zone and the flow of warmed air into
      the zone causes the zone temperature to rise.
PAR  As zone temperature rises, the transducer 72 moves off of its lower limit
      and the heater 140 turns off. If the temperature continues to rise, the
      member 74 will be moved further out of the duct 76 and increase the
      temperature signal at C.sub.1. With C.sub.1 greater than C.sub.2, the
      final stage output O.sub.2 of amplifier 43 will be lowered in an amount
      proportional to the temperature change to permit diaphragm 122 to move
      away from orifice 120 and cause the bellows 22 to be deflated. This causes
      valve 22 to move in the valve opening direction and increases the flow of
      conditioned air into the zone until equilibrium is reached.
PAR  While the present invention has been described in a preferred embodiment,
      it will be understood that numerous modifications and substitutions can be
      had without departing from the spirit of the invention. For example, the
      thermal actuator 170 illustrated in FIGS. 1 and 5 need not be a
      fluidically operated actuator although such a construction is desirable
      since it eliminates the need for auxiliary electrical or pneumatic power.
      Also, other fluidic controls may be used to control the flow of cooled,
      conditioned air through the plenum chamber 171. As an example, a fluidic
      valve operated by the diaphragm 148 of the fluid amplifier may be used in
      place of the actuating bellows 153 and mechanical gate 180 to direct the
      conditioned air through the ducts 172 and 174. The secondary conditioning
      controlled by the thermostat need not necessarily be for the purpose of
      warming the conditioned air and, as mentioned, it is contemplated that
      further cooling of the conditioned air at the local terminal boxes may be
      desired. For cooling, a heat exchanger in the form of an evaporator coil
      replaces the heater 140. Therefore, a heat transfer device providing
      either heating or cooling is installed in the terminal box in accordance
      with the end-result desired from the secondary conditioning apparatus. In
      this respect, the term "heat transfer device" as used in this
      specification is used broadly and includes electrical heaters, radiators
      producing heat by various means and evaporators such as used in air
      conditioning equipment. Accordingly, the present invention has been
      described in a preferred embodiment by way of illustration rather than
      limitation.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an air distribution system for supplying conditioned air to at least
      one zone to be conditioned, the combination of:
PA1  a supply duct connected with a source of conditioned air under pressure and
      having an air outlet communicating with the zone;
PA1  a valve in said duct movable in duct opening and closing directions;
PA1  a control for said valve including a fluidic signal comparison and
      amplifying means, a fluid power supply conduit for the fluidic amplifying
      means connected with said duct, a thermostat providing a temperature
      responsive fluidic signal to said comparison and amplifying means, means
      providing a duct pressure signal to said comparison means, a valve
      actuator connected to the valve in the duct and operated by the comparison
      and amplifying means, said actuator being connected with said valve for
      movement of the valve in said duct opening and closing directions;
PA1  secondary conditioning means for further conditioning the air before it is
      introduced into the zone from the duct; and
PA1  secondary conditioning fluidic control means operable in conjunction with
      and under control of said thermostat for regulating said secondary
      conditioning means.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein said thermostat
      comprises:
PA1  a fluidic temperature transducer producing a fluidic temperature signal
      indicative zone air temperature; and
PA1  means for sensing a desired minimum temperature and providing a
      corresponding fluid signal to said secondary conditioning control means.
NUM  3.
PAR  3. The combination in an air distribution system as set forth in claim 2
      wherein:
PA1  said fluidic temperature transducer comprises a fluid control duct, a
      temperature responsive mechanical element, and means for varying the flow
      through said control duct in response to said mechanical element; and
PA1  the sensing means includes adjustable limiting means having a manually
      adjustable mechanical stop for restraining motion of said mechanical
      element and correspondingly the variation of flow through the control
      duct.
NUM  4.
PAR  4. The combination in an air distribution system as set forth in claim 3
      wherein said sensing means comprises a fluid tube with an orifice at a
      discharge end thereof mounted on the mechanical stop, the orifice being
      covered by the mechanical element at the desired minimum temperature to
      produce the desired minimum temperature signal.
NUM  5.
PAR  5. The combination as set forth in claim 4 wherein said secondary
      conditioning control includes a diaphragm amplifier connected to the
      supply duct for receiving a continuous supply of conditioned air and
      connected with the tube and orifice of the sensing means and for receiving
      the minimum temperature signal.
NUM  6.
PAR  6. In a fluid distribution system having a supply duct and flow control
      means responsive to a fluidic temperature signal for regulating the flow
      of conditioned fluid to at least one zone to be conditioned, local
      secondary conditioning apparatus for further conditioning the fluid before
      the fluid is introduced into the zone comprising: heat transferring means
      positioned in the supply duct in the stream of conditioned fluid and
      having a controlled member for adjusting the rate of heat transfer with
      the conditioned fluid in the duct; and fluidic control means for both said
      flow control means and said heat transferring means including an actuator
      responsive to the fluidic temperature signal and connected to operate the
      controlled member of the heat transferring means and a fluidic thermostat
      providing a fluid temperature responsive signal to the actuator and the
      flow control means for regulating the flow of conditioned fluid and for
      regulating the heat transferring means.
NUM  7.
PAR  7. The secondary conditioning apparatus as set forth in claim 6 wherein
      said heat transferring means comprises a heater positioned within said
      duct for warming the conditioned fluid before it is introduced into said
      zone.
NUM  8.
PAR  8. The secondary conditioning apparatus as set forth in claim 6 wherein:
PA1  the fluidic control means includes a diaphragm amplifier having an output
      connected with the actuator means and a fluidic input connected with the
      thermostat and receiving the fluidic temperature responsive signal from
      the thermostat.
NUM  9.
PAR  9. The conditioning apparatus as set forth in claim 8 wherein:
PA1  said heat transferring means receives a secondary fluid and the controlled
      member is a flow control valve for regulating the flow of secondary fluid
      through the heat transferring means; and
PA1  the output of said diaphragm amplifier in the fluidic control means is
      operatively connected though the actuator with the flow control valve for
      regulating the flow of secondary conditioning fluid.
NUM  10.
PAR  10. The secondary conditiong apparatus of claim 6 wherein:
PA1  the actuator is a fluid energized thermal actuator having a fluid inlet
      connected to receive conditioned fluid from the supply duct, two fluid
      discharges, means responsive to the fluidic temperature signal for
      diverting the fluid entering the inlet to one or the other of the fluid
      discharges and a thermal operator associated with one of the fluid
      discharges and having an output connecting with the controlled member of
      the heat transferring means.
NUM  11.
PAR  11. The secondary conditiong apparatus of claim 10 wherein:
PA1  the means for diverting comprises a gate interposed between the inlet and
      two discharges and a fluidic amplifier connected for fluid power to the
      supply duct and receiving the fluidic temperature signal from the
      thermostat.
NUM  12.
PAR  12. The secondary conditioning system as in claim 11 for an air
      distribution system distributing conditioned air from the supply duct to
      the zone to be conditioned wherein:
PA1  the thermal actuator further includes a plenum chamber having an opening
      communicating with the zone to be conditioned for ingesting air from the
      zone, and an aspirator which is driven by fluid passing through one of the
      two fluid discharges and which pulls air out of the plenum;
PA1  the thermal operator is mounted in the plenum and has a thermally sensitive
      portion located adjacent the opening; and
PA1  the other of the two fluid discharges empties into the plenum onto the
      thermally sensitive portion of the transducer.
NUM  13.
PAR  13. The secondary conditioning apparatus of claim 10 wherein:
PA1  the means for diverting includes a gate valve interposed between the inlet
      and the discharges and an expandible bellows responsive to the fluidic
      temperature signal and having a movable output member connected to the
      gate valve.
NUM  14.
PAR  14. The secondary conditioning apparatus for an air distribution system as
      defined in claim 6 wherein:
PA1  the heat transferring means comprises a hot water heater having a flow
      control valve as the controlled member for regulating the flow of water
      through the heater; and
PA1  the actuator is connected to operate the flow control valve.
NUM  15.
PAR  15. The secondary conditioning apparatus as defined in claim 6 wherein:
PA1  the thermostat includes limit means providing the fluidic temperature
      signal at a preselected limiting temperature; and
PA1  the actuator and heat transferring means are responsive to the fluidic
      temperature signal at the preselected limiting temperature.
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ABST
PAL  Apparatus for feeding a quantity of chemical into a stream of liquid by
      directing a jet of liquid onto a solid soluble body containing the
      chemical. A chamber receives a solid body of chemical composition which is
      soluble when exposed to a jet of water or other liquid. The feeding
      apparatus includes an elongated tube mountable at an inclined angle
      relative to a horizontal surface, and provided with a liquid inlet at a
      lowermost lower end to direct a jet of liquid in a longitudinal direction
      into the tube to impinge against a soluble body of chemical composition
      received within the tube. A liquid outlet opening is positioned at an
      uppermost elevation of the inclined tube, so that gas which is evolved
      from the chemical composition stick and which is not in solution in the
      liquid can nevertheless flow out of the feeding apparatus through the
      outlet opening.
PARN
PAR  This is a division of application Ser. No. 566,833, filed Apr. 10, 1975.
BSUM
PAR  This invention relates in general to chemical feeding apparatus and in
      particular to apparatus for adding a quantity of chemical to a liquid
      stream by gradual erosion of a soluble chemical composition.
PAR  Chemical feeding apparatus is known to the prior art which adds a
      particular chemical substance to a liquid stream by directing the liquid
      stream onto a solid body of a soluble material which contains the desired
      chemical to be added to the liquid. One example of such apparatus is found
      in water conditioning apparatus used to add chemicals to water being
      recirculated in liquid systems such as swimming pools, by way of example,
      in which chlorine must be added to the pool water. The water to be
      chlorinated is recirculated in a path including a solid chemical
      composition containing a chlorine substance. The chemical composition
      slowly dissolves upon exposure to the flow of liquid, constantly releasing
      a controlled quantity of gaseous chlorine which becomes absorbed by the
      water being returned to the swimming pool. Other examples of
      solid-chemical feeding apparatus for adding a chemical to a stream of
      liquid are known to those skilled in the art.
PAR  Prior-art chemical feeding apparatus of the foregoing type has generally
      included some means for directing a liquid stream transversely to the
      longitudinal axis of an elongate stick of soluble chemical composition, so
      that the chemical composition stick is eroded by the impact of the water
      against the stick. Such prior-art apparatus, moreover, generally requires
      the stick of chemical composition to be maintained substantially in a
      vertical position, with the transverse stream of liquid striking the stick
      approximately near the bottom end of the vertical, so that the
      liquid-soluble stick is maintained by gravity in a position which should
      ensure exposure to the incoming stream of liquid.
PAR  The use of stick feeding apparatus of the type known to the prior art has
      certain disadvantages, among which is the requirement of a substantial
      amount of vertical space required for insulation and plumbing of such
      apparatus. Stick chemical feeding apparatus is not-infrequently installed
      in relatively cramped quarters, such as a swimming pool pump room or a
      similar location, and it is frequently difficult to find sufficient
      vertical clearance for installation of such prior-art equipment. Moreover,
      it may be difficult to obtain the desired rate of chemical dissolution
      because of the relatively small area of the chemical stick which is, at
      any given time, subject to impingement by the incoming stream of liquid.
PAR  Accordingly, it is an object of the present invention to provide an
      improved apparatus for feeding a chemical into a liquid stream.
PAR  It is another object of the present invention to provide improved apparatus
      for feeding a chemical into a liquid stream by flowing the liquid along a
      solid body of soluble chemical composition.
PAR  It is yet another object of the present invention to provide chemical
      feeding apparatus which can utilize an elongate stick of soluble chemical
      composition and which has a relatively low physical profile.
DRWD
PAR  Other objects and advantages of the present invention will be undestood
      from the following description of a disclosed embodiment, including the
      drawing in which:
PAR  FIG. 1 shows a pictorial view of a disclosed embodiment of the present
      invention;
PAR  FIG. 2 shows a section view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 shows a section view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 shows a section view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 shows a section view taken along line 5--5 of FIG. 2;
PAR  FIG. 6 shows a broken pictorial view of an alternative disclosed embodiment
      of the present invention; and
PAR  FIG. 7 is an end elevation view of the embodiment shown in FIG. 6, with the
      lower end cap depicted partially cut away for illustrative purposes.
DETD
PAR  Stated in general terms, the present invention includes a body defining a
      chamber for receiving a solid soluble chemical composition, with the body
      being supportable on a horizontal surface so that the chamber occupies an
      inclined position relative to the horizontal surface. The lower end of the
      chamber is provided with a liquid inlet which can be connected into a
      liquid flow system, and which directs a jet of liquid to the lower end of
      the chamber in a generally-longitudinal direction. A fluid outlet opening
      is provided at the upper end of the inclined chamber, and the fluid outlet
      opening is positioned at the point of maximum elevation within the
      chamber. Gas which is evolved within the inclined chamber by erosion,
      decomposition, or other effects of the liquid jet impinging the soluble
      chemical composition within the chamber is completely removed from the
      chamber by the placement of the fluid outlet opening, even if the gas has
      not become absorbed by the water within the chamber.
PAR  Stated more specifically with respect to the disclosed embodiment of the
      present invention shown in FIGS. 1-5, there is shown a jet feeding
      apparatus indicated generally at 10 and having an elongate body member 11
      closed at the lower end by a lower end cap 12 and closed at the upper end
      by an upper end cap 13. The upper end cap 13 is provided with a support
      stand 14 which depends downwardly from the upper end cap to be received on
      a horizontal support surface 15. The lower end cap 12 simply rests on the
      horizontal surface 15 for support, causing the body 11 of the jet feeding
      apparatus to assume an inclined angular position relative to the
      horizontal surface. Although the exact angle of incline is not considered
      to be critical in the operation of the present jet feeding apparatus, an
      angle of inclination a of approximately 10.degree. has proved to be
      effective in an actual embodiment of apparatus constructed according to
      the present invention.
PAR  The body 11 in the disclosed embodiment may be generally tubular in
      construction, and may be made of any suitable material which is impervious
      to water (or any other liquid flowing therethrough) and which is not
      subject to attack by any chemicals contained in or released from the solid
      soluble chemical composition received within. In the case of a jet feeder
      apparatus used with appropriate soluble chemical compositions intended to
      add chlorine to a water circulating system, for example, the body 11 may
      be made of a material such as clear PVC tube. The body 11 defines an
      elongate internal chamber 19 of tubular cross-section and having
      sufficient diameter to allow the generally cylindrical solid sticks 20a
      and 20b of soluble chemical composition to be loosely received within the
      chamber, with sufficient clearance between the external surface of the
      sticks and the interior wall defining the chamber 19 to provide an annular
      region 21 along which fluid can flow in a longitudinal direction alongside
      the exterior surfaces of the sticks. It is apparent from FIG. 2 that the
      longitudinal extent of the body 11 is sufficient to accommodate two
      chemical sticks 20a and 20b arranged in serial manner within the chamber
      19.
PAR  Each of the chemical sticks 20a and 20b is made of a suitable solid soluble
      chemical composition which, when subjected to the flow of water through
      the chamber 19 as described below, dissolves at a controlled rate to
      release a chemical substance. The released chemical substance goes into
      solution with the water, or is carried by the water to flow out of the jet
      feeding apparatus. Specific details of the type and nature of the chemical
      compositions which may be incorporated in the chemical sticks 20a and 20b
      are available to those skilled in the art, and need not be recited herein.
PAR  Each of the chemical sticks 20a and 20b has an elongate interior passage 22
      extending therethrough, and the jet feeding apparatus can be provided with
      an elongate rod 23 extending longitudinally within the length of the
      chamber 19 in alignment with the aligned interior passages of the
      serially-positioned sticks 20a and 20b. The rod 23, which has a diameter
      substantially less than the diameter of the interior passages 22, is
      received at its lower end by a rod holder 24 which is retained within the
      lower end cap 12. The upper end of the rod 23 may be loosely received
      within the opening 25 of the removable end plug 26.
PAR  Referring to FIG. 5, it is seen that the rod holder 24 is spider-shaped to
      define a number of apertures 30 extending radially from the central
      portion of the rod holder in which the rod 23 is received. The lower end
      cap 12 includes a liquid inlet connector 31 having an inlet opening 32
      which is somewhat off-center with respect to the center of the chamber 19
      and of the lower end cap. As best seen in FIG. 5, the off-center position
      of the inlet opening 32 allows liquid flowing through the inlet opening to
      pass around the central portion of the rod holder 24, so that such liquid
      is directed into the chamber 19 substantially as a jet of liquid which is
      directed to flow in a generally longitudinal direction for impingement
      against the lower end 33 of the chemical stick 20a.
PAR  The upper end cap 13 has a fluid outlet connector 34 defining an outlet
      opening 35 in fluid flow communication with the chamber 19. The outlet
      opening 35 communicates with the chamber 19 at the uppermost portion of
      the chamber upper end, as is particularly seen in FIG. 2. The upper end
      cap 13 defines an internal opening 36 which is sufficiently large to
      accommodate the passage of the chemical sticks 20a and 20b, and which is
      selectively closed by the aforementioned end plug 26. The end plug 26 may
      be removably connected to the upper end cap 13 by any suitable connection
      such as the pipe threads 37, and an O-ring seal 38 may be provided to
      ensure a fluid-tight seal of the closed upper end cap 13.
PAR  Considering the operation of the disclosed jet feeding apparatus, the
      apparatus is connected into a particular water circulation system so that
      water flowing through the system is introduced to the jet feeding
      apparatus through the liquid inlet connector 31, with the consequence that
      the water flows into the chamber 19 of the feeder in a
      generally-longitudinal jet which impinges against the lower end 33 of the
      chemical stick 20a. The force of the water jet causes erosion of the lower
      end 33 of the stick, thereby releasing an amount of chemical composition
      from the stick to be absorbed in or carried by the water flowing through
      the jet feeding apparatus. The water also flows along the annular region
      21 outside of the sticks 20a and 20b to cause further erosion and
      dissolution of the sticks. Moreover, the sticks 20a and 20b tend to be
      forced upwardly within the chamber 19 as a result of the impact of the
      liquid jet against the lower end 33 of the stick 20a, allowing a portion
      of the inflowing jet of water to flow through the aligned elongate
      interior passages 22 of the chemical sticks. Erosion and/or dissolution of
      the chemical sticks thus occurs along three regions of the sticks, namely,
      at the point of jet impact against the lower end 33 of the stick 20a,
      along the exterior surfaces of the two sticks, and along the interior
      surfaces which define the passages 22 through the sticks. Where the
      chemical released by erosion and/or dissolution of the chemical sticks is
      released in the form of a gas which may not be immediately and entirely
      absorbed by the water within the jet feeder, the gas is allowed to be
      removed from the feeder by flowing through the uppermost-positioned outlet
      opening 35 without becoming entrapped in an upper-elevation location of
      the feeder.
PAR  The state of erosion of the chemical sticks within the feeding apparatus
      can be visually monitored by observation through the transparent body 11,
      and the chemical sticks can be replaced simply by shutting off the water
      circulation system and then removing the end cap 26 from the upper end cap
      13. A pressure release valve 39 is provided on the upper end cap 13 to
      permit the release of any hydrostatic pressure which may remain within the
      jet feeding apparatus, prior to removal of the end cap 26 for replacement
      of chemical sticks.
PAR  A modified version of the embodiment described in FIGS. 1-5 is shown in
      FIGS. 6 and 7, where components which are common to the embodiments
      depicted in FIGS. 1-5 are identified by primed reference numerals. As seen
      in FIG. 6, the jet feeding apparatus indicated generally at 10' includes a
      body 11' having a lower end cap 12', an upper end cap 13', and a support
      stand 14' depending downwardly from the upper end cap to maintain the
      feeding apparatus 10' at an angle of elevation with respect to a
      horizontal support surface. The jet feeding apparatus 10' differs from the
      previously-described feeding apparatus 10, shown in FIGS. 1-5, by having a
      plural number of chemical sticks disposed in parallel flow relation within
      the body 11', with each of the parallel-flow sticks positioned for
      impingement by a separate stream or jet of liquid entering the apparatus
      10' through a separate corresponding liquid inlet disposed in the lower
      end cap 12'.
PAR  It is seen that the lower end cap 12' is provided with a plural number of
      liquid inlet connectors 44a, 44b, 44c, 44d and 44e symetrically arranged
      around the lower end cap. Each of the liquid inlet connectors 44a-44e has
      an inlet opening 45 extending therethrough, in a manner analogous to the
      inlet opening 32 extending through the connector 31 as shown in FIG. 2.
PAR  A plurality of chemical sticks 46a-46e, are disposed within the body of the
      jet feeding apparatus 10' in predetermined position to place a separate
      one of the chemical sticks in alignment with the corresponding inlet
      opening 45 in each of the plural liquid inlet connectors. As seen in the
      cutaway portion of FIG. 7, for example, the chemical stick 46b is disposed
      behind and in alignment with the inlet opening 45 in the liquid inlet
      connector 44b, while the chemical sticks 46c and 46e are similarly aligned
      with the inlet openings 45 in the corresponding inlet connectors 44c and
      44e. The locations of chemical sticks 46a and 46d for the remaining two
      liquid inlet connectors 44a and 44d are shown in broken-line in FIG. 7.
PAR  Separate elongate rods are mounted within the body 11' of the jet feeding
      apparatus 10' to extend through the elongate passages 22' in the chemical
      sticks and to define the respective locations of each of the chemical
      sticks, with two such rods being shown at 47b and 47c in FIG. 7. It will
      be understood by those skilled in the art that suitable rod holding
      apparatus can be provided within the body 11' to locate and support the
      rods 47b and 47c, as well as the rods corresponding to the remainder of
      the chemical sticks 46a-46e. It will also be apparent to those of ordinary
      skill that the choice of five separate chemical sticks and corresponding
      liquid inlet connectors, as shown in FIGS. 6 and 7, is not critical to the
      present invention; a greater or lesser number of sticks can be provided.
      It will also be apparent, although not explicitly depicted in FIGS. 6 and
      7, that each of the chemical sticks 46a-46e may actually comprise more
      than one single stick disposed in serial fashion along the corresponding
      elongate rod, in a manner corresponding to the sticks 20a and 20b shown in
      FIG. 2.
PAR  The use of the embodiment shown in FIGS. 6 and 7 is substantially the same
      as in the previous embodiment, with the exception that the several liquid
      inlet connectors 44a-44e are connected in parallel through a suitable
      manifold or other liquid distribution arrangement to receive liquid
      flowing through a particular water circulation system. The flow of water
      or other liquid into the jet feeding apparatus 10' is preferably divided
      approximately evenly between the several liquid inlet connectors, so that
      each of the symmetrically-arranged chemical sticks will be eroded at
      approximately the same rate and will require replacement at approximately
      the same time, thereby minimizing maintenance costs and down-time of the
      jet feeder. Water flows both along the inside and the outside of each of
      the chemical sticks, in the manner described previously, and exits through
      the fluid outlet connector 34' disposed at the upper most region of the
      upper end cap 13. As discussed previously, any evolved gas which is not
      entirely absorbed by the water within the jet feeder 10' will flow to the
      upper end of the feeder for removal through the fluid outlet connector
      34'.
PAR  It will be apparent that the foregoing relates only to a preferred
      embodiment of the present invention, and that numerous alterations and
      modifications may be made therein within the scope of the invention as
      defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of feeding a chemical into a liquid by directing a flow of
      liquid along a soluble chemical composition, comprising the steps of:
PA1  directing a flow of liquid upwardly along a confined path which is inclined
      with respect to horizontal;
PA1  passing said flow of liquid along at least one surface of a solid body of a
      soluble chemical composition which may produce a gaseous fluid in response
      to said liquid flow; and
PA1  removing said flow of liquid from an upper end of said confined path, so
      that said gaseous fluid is removed from said confined path along with said
      liquid flow.
NUM  2.
PAR  2. The method as in claim 1, wherein said flow of liquid is directed to
      impinge against a surface of said solid body, and is thereafter directed
      to flow in generally parallel relation alongside a surface of said solid
      body while passing along said confined path.
NUM  3.
PAR  3. The method as in claim 2, wherein said flow of liquid moves within said
      confined path alongside and in substantially parallel relation to a
      surface of said solid body.
NUM  4.
PAR  4. The method as in claim 2, further comprising the step of:
PA1  dividing said flow of liquid along at least two flow portions within said
      confined path; and
PA1  moving said flow portions of liquid in substantially parallel relation to
      respective surfaces of said solid body along said confined path.
NUM  5.
PAR  5. The method of feeding a chemical into a liquid by directing a flow of
      liquid along a soluble chemical composition, comprising the steps of:
PA1  directing a flow of liquid along a confined path;
PA1  passing said flow of liquid in said path along and in substantially
      parallel relation to at least one surface of a solid body of soluble
      chemical composition which may produce a gaseous fluid in response to said
      liquid flow; and
PA1  removing said flow of liquid and substantially all of said gaseous fluid
      from said confined path of flow.
NUM  6.
PAR  6. The method as in claim 5, further comprising:
PA1  impinging said flow of liquid against a surface of said solid body, and
      thereafter flowing said liquid in said parallel relation alongside said
      solid body.
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PAL  Apparatus for spraying a predetermined amount of paint, especially
      electroconductive paint as used for coating metal anodes, which comprises
      in combination an electrostatic spray gun and a paint delivery device for
      the gun which operates on a single displacement diaphragm principle.
BSUM
PAR  This invention relates to an apparatus for spraying paint.
PAR  The application of paint to a surface of an object by spraying from an air
      atomisation spray gun is a well known technique, but can lead to
      substantial losses of paint owing to a carry over of paint in the air flow
      into regions outside the actual area to be coated. These losses are
      especially important when using expensive paints e.g. the
      electroconductive paints used in the coating of titanium anodes for use in
      mercury cells. Such losses may be substantially reduced by the use of an
      electrostatic spraying technique in which the charged paint droplets are
      attracted to the object to be sprayed. In a conventional electrostatic
      spray gun, for example, the paint is fed to a gun charged at a high
      postive potential where it is atomised (e.g., by air pressure or by
      centrifugal action), and the object to be coated is earthed. It is
      important, however, to deliver paint to the spray gun at a steady and
      controllable rate in order to ensure that the object is uniformly coated
      with paint. In practice, this is not readily achieved. The use of a
      gravity feed of paint is unsatisfactory because of variations in flow
      associated with variations in the head of the paint being fed to the spray
      gun. The use of conventional diaphragm pumps is unsatisfactory because of
      the pulsating nature of the feed.
PAR  A more positive and efficient metering device is desirable to ensure the
      delivery of a predetermined amount of paint to a gun in a smooth and
      continuous manner at a controlled rate. Such a device is described in our
      copending UK Application No. 5237/73 which describes an apparatus which
      comprises in combination an electrostatic spray gun and a paint delivery
      device for the gun which operates on a piston and cylinder principle.
PAR  The aforesaid piston and cylinder device is not entirely satisfactory,
      however, when used to meter paint containing suspended solids. The
      efficiency of the metering device depends on the effectiveness of the
      sliding seal constituted by the piston and the cylinder walls and the
      presence of suspended solids in the paint can have an adverse effect on
      this seal by abrasive action on the piston. We have now devised an
      apparatus which avoids the use of a seal and which is advantageous for
      spraying a predetermined amount of paint, especially paint containing
      suspended solids, at a controlled rate.
PAR  According to the present invention we provide an apparatus for spraying a
      predetermined amount of paint at a controlled uniform rate which comprises
      in combination an electrostatic spray gun and a paint delivery device for
      the gun which operates on a single displacement diaphragm principle.
PAR  In a preferred apparatus, the paint delivery device comprises a diaphragm
      assembly comprising a casing, a flexible impermeable diaphragm sealed
      across the casing to define a pumping chamber and a pressurising chamber
      separated from one another by the diaphragm, porting to the pressurising
      chamber for the introduction and discharge of a pressurised fluid porting
      to the pumping chamber for the introduction and discharge of paint, and
      means for supplying a predetermined volume of pressurised fluid to the
      pressurising chamber whereby said diaphragm is flexed so as to discharge
      an equivalent volume of paint from the pumping chamber.
PAR  The casing preferably comprises two housings, one housing defining with one
      side of the diaphragm the pumping chamber and the other housing defining
      with the other side of the diaphragm the pressurising chamber. The
      housings are preferably recessed to define the aforesaid chambers by means
      of concave shaped inner walls facing the diaphragm. In use, the maximum
      movement of the diaphragm in each direction is limited by the diaphragm
      engaging with and closely conforming in shape to the aforesaid concave
      shaped walls. The movement of the diaphragm towards the inner wall of the
      pressurising chamber may be assisted, if desired, by means of a return
      spring connected between said wall and the facing side of the diaphragm.
PAR  The housings are conveniently provided with flanges to facilitate clamping
      together by conventional means, for example by use of bolts. The diaphragm
      is conveniently provided with a flat rim adapted to be held between the
      flanges.
PAR  The casing is conveniently made of any material which is resistant to both
      the paint composition and the pressurisable fluid. Suitable materials
      include plastics materials, for example polypropylene or
      polytetrafluoroethylene.
PAR  The diaphragm is conveniently made of any material which is deformable
      under pressure and which is resistant to both the paint composition and
      the pressurised fluid. Suitable diaphragms include those made of plastics
      and elastomers, especially diaphragms made of natural or synthetic rubber.
PAR  The porting to the pressurising chamber conveniently comprises an inlet
      which is operatively connected to the means of supplying a predetermined
      volume of pressurised fluid and to a source of the fluid to be
      pressurised, and an outlet for discharge of the pressurised fluid. The
      outlet includes a valve for closing the outlet when it is desired to
      pressurise the said chamber. If desired, the porting may comprise a common
      inlet and outlet which is connected to a separate inlet and outlet away
      from the pressurising chamber.
PAR  The means for supplying the predetermined volume of pressurised fluid, the
      porting to the pressurising chamber, the outlet valve and the source of
      fluid to be pressurised are conveniently in closed loop.
PAR  The means for supplying the predetermined volume of pressurised fluid is
      preferably a metering pump, especially a gear driven metering pump. The
      preferred pressurised fluid is a hydraulic fluid, for example a mineral
      oil.
PAR  The porting to the pumping chamber conveniently comprises an inlet for the
      paint which is operatively connected to a source of paint, and an outlet
      for the paint which is operatively connected to the electrostatic spray
      gun. The outlet is preferably provided with a valve for isolating the
      spray gun. It is preferred to circulate the paint in a closed loop
      comprising the source of paint, the inlet to and the outlet from the
      pumping chamber and the gun, in order to avoid settling of the solid
      constituents contained in the paint.
PAR  In practice it is preferred to fill the pumping chamber rapidly with paint,
      while discharging the said paint at a controlled and usually slow rate,
      said rate being predetermined by the rate of introduction of pressurised
      fluid to the pressurising chamber and the consequent displacement of the
      diaphragm.
PAR  The paint delivery device may be advantageously used to meter accurately
      very small flows, for example 1 to 5 ml/minute. The spraying may
      conveniently be operated in a batchwise manner by adjusting the rate of
      delivery to correspond to the overall spraying time required. The
      operation of the delivery device, including the opening and closing of the
      valves may be fully automated if desired.
DRWD
PAR  An embodiment of the invention will now be described, simply by way of
      example, with reference to the accompanying drawing in which
PAR  FIG. 1 is a schematic representation (part in section) of an electrostatic
      spray gun in association with a single displacement diaphragm device for
      delivering paint.
PAR  FIG. 2 is an enlarged view in vertical section of the valve 28 (shown
      schematically in FIG. 1) when in position for filling the diaphragm device
      with paint, and
PAR  FIG. 3 is an enlarged view in vertical section of the valve 28 (shown
      schematically in FIG. 1) when in position for delivery of paint to the gun
     .
DETD
PAR  Referring to FIG. 1, the apparatus comprises an electrostatic spray gun 1
      in combination with a diaphragm device (designated generally as 2). The
      gun 1 is provided with a rotating bell (not shown) for atomising paint
      delivered to the gun to a suitably high electric potential relative to the
      object to be sprayed.
PAR  The diaphragm device 2 comprises a casing having two housings 3, 4 which
      are bolted together (not shown) at flanges 5, 6. The housings 3, 4 are
      formed with recessed inner walls 7, 8 respectively. A flexible diaphragm 9
      of a resilient material is sealed within the housings 3, 4 with its rim
      enclosed between flanges 5, 6. One side of the diaphragm 9 and the wall 7
      constitute the pressurising chamber 10. The other side of the diaphragm 9
      and the wall 8 constitutes the pumping chamber 11. A retaining spring 12
      is connected between the diaphragm 9 and a recessed portion 13 of wall 7.
PAR  The pressurising chamber 10 is connected by inlet pipe 14 to the delivery
      side of a gear metering pump 15 driven by a motor 16. The suction side of
      pump 15 is connected by pipe 17 to the bottom of a head vessel 18
      containing a hydraulic liquid as the source of pressurisable fluid. The
      pressurising chamber 10 is further connected by outlet pipe 19 through
      valve 20 and pipe 21 to the top of the head vessel 18. The pipe 14 is
      connected by pipe 22 through a pressure relief valve 23 and through pipe
      24 to the top of the head vessel 18. The pipe 14 is further provided with
      a branch pipe 25 which passes to drain through valve 26.
PAR  The pumping chamber 11 is connected by outlet pipe 27 through a four-way
      valve 28, pipe 29 and thence through valve 30 to the gun 1 or through pipe
      31 to the suction side of pump 32 (driven by motor 33). The delivery side
      of pump 32 is connected by inlet pipe 34 to the pumping chamber 11. The
      outlet pipe 27 is also connected by pipe 35 through pressure relief valve
      36 and pipe 37 to the top of a head vessel 38 for paint (discussed below).
      The pipe 34 is provided with a branch pipe 39 which is connected to drain
      through valve 40.
PAR  The bottom of the head vessel 38 is connected by pipe 41 to the suction
      side of pump 42 (driven by motor 43). The delivery side of pump 42 is
      connected by pipe 44 through valve 28 and pipe 45 to the bottom of the
      head vessel 38.
PAR  Prior to filling the pumping chamber 11, the paint is circulated to and
      from the bottom of the head vessel 38 through pipe 41, pump 42, pipe 44,
      valve 28 (in the position as shown in FIG. 3) and pipe 45. At the same
      time, the pressurising chamber 10 may contain hydraulic fluid (e.g., when
      valve 20 is closed) whence the diaphragm 9 is positioned to the right of
      the centre line, conveniently conforming to the inner wall 8 of the
      pumping chamber 11.
PAR  The filling of the pumping chamber 11 with paint is carried out as follows.
      The valve 28 is turned to the position shown in FIG. 2, with valves 30 and
      40 closed. The paint circulates from the bottom of the head vessel via
      pipe 41, pump 42, valve 28, pipes 29, 31, pump 32 and pipe 34 to the
      pumping chamber 11, and thence via pipe 27 through valve 28 and pipe 45 to
      the bottom of the head vessel 38. As the chamber 11 becomes filled with
      paint, the diaphragm 9 moves to the extreme left position to conform with
      the shape of the inner wall 7 (this movement being assisted by the return
      spring 12).
PAR  When it is desired to deliver the paint to the gun 1, the valve 28 is moved
      to the position shown in FIG. 3, and valves 28 and 20 are opened. The
      metering pump 15 is operated to deliver a predetermined volume of
      pressurised fluid at a controlled rate (e.g., at the rate of 1 to 5
      ml/minute) to the pumping chamber 10 which causes the diaphragm 9 to move
      to the right thereby decreasing the volume of the pumping chamber 11 by an
      equivalent amount, which in turn results in the delivery of an equivalent
      volume of paint through 27, valve 28, pipe 29 and valve 30 to the gun 1.
PAR  It will be appreciated that when an electroconductive paint is used, it is
      necessary to isolate electrically the hydraulic system and the paint
      containing system. In practice, this may be achieved by insulating the
      shafts connecting the motor drives 33 and 43 to the pumps 32 and 42
      respectively, and by making the pumps 32, 42, the head vessel 38 and the
      pipes on the paint delivery side of the diaphragm device 2 of a plastics
      material.
PAR  The invention is especially applicable to the spraying of electroconductive
      paints e.g., the electroconductive paints used for coating of titanium
      anodes for use in electrolytic cells. In particular the invention is
      applicable to the spraying of electroconductive paints containing
      suspended solids, for example electroconductive paints containing
      non-conducting particulate or fibrous refractory materials (e.g.,
      zirconium silicate particles; zirconium silicate particles and zirconia
      fibres) in addition to substances which are thermally decomposable to the
      desired electroconducting coating.
PAR  The invention is further illustrated by the following examples
PAC  EXAMPLE 1
PAR  Two electrostatic spray guns were arranged, one above the other, so that
      one gun was directed on the top half of a titanium anode (14 in .times.
      10.5 in) and the other gun was directed on the bottom half. An
      electroconductive paint composition was prepared consisting of ruthenium
      trichloride, n-pentanol, tetra-n-butyl orthotitanate and zirconium
      silicate (of median particle size 1.25 microns), in proportions
      corresponding to a final coating containing approximately 53% by volume of
      zirconium silicate and 47% by volume of titanium and ruthenium dioxides.
      The paint composition was fed at the rate of 3 ml/minute to each of the
      guns. At the same time, the titianium anode was moved transverse to the
      paint sprays at the rate of 1 ft/minute. After spraying, the anode was
      fired at 180.degree.C to remove the pentanol and then fired in air at
      450.degree.C to convert the paint to ruthenium and titanium oxides admixed
      with zirconium silicate. The spraying and firing operations were repeated
      several times to give the desired thickness of electroconductive coating.
PAC  EXAMPLE 2
PAR  Example 1 was repeated using a paint composition containing ruthenium
      trichloride, n-pentanol, tetra-n-butyl orthotitanate, zirconium silicate
      of (median particle size 1.25 microns), and "Saffil" (a zirconia -
      containing fibre, diameter 2 microns, median length 20 microns, prepared
      as described in U.K. Pat. Application Nos. 12088/72 and 36693/72 and in
      U.K. Pat. Specification No. 1360197) corresponding to a final coating
      containing approximately (by volume) 19% ZrO.sub.2 , 35% ZrSiO.sub.4 and
      46% RuO.sub.2 /TiO.sub.2. The paint composition was again fed at the rate
      of 3 ml/minute to each of the guns.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a method of coating a metal anode with electroconductive paint with
      an electrostatic spray gun while maintaining said gun at a high electrical
      potential and said anode at ground potential, the improvement which
      comprises: providing a diaphragm assembly having a flexible diaphragm
      separating a paint pumping chamber containing sufficient paint to coat the
      entire surface of the electrode and a pressurizing chamber; connecting the
      pumping chamber to the spray gun; introducing non-compressible fluid into
      the pressurizing chamber at a uniform continuous non-pulsating rate so
      that the diaphragm flexes and delivers the paint in the pumping chamber to
      the spray gun at said uniform continuous non-pulsating rate; and spraying
      the delivered electroconductive paint from the spray gun onto the surface
      of the anode at said uniform continuous non-pulsating rate.
NUM  2.
PAR  2. A method as in claim 1 wherein the paint is sprayed at a constant rate
      of between 1 and 10 ml/minute.
NUM  3.
PAR  3. A method as in claim 1 wherein the paint is sprayed at a constant rate
      of between 1 and 5 ml/minute.
NUM  4.
PAR  4. A method as in claim 1 wherein the paint comprises thermally
      decomposable compounds of a platinum metal and of a film-forming metal.
NUM  5.
PAR  5. A method as in claim 1 wherein the paint comprises thermally
      decomposable compounds of a ruthenium compound and of a titanium compound.
NUM  6.
PAR  6. A method as in claim 1 wherein the paint further comprises a
      non-conducting particulate or fibrous refractory material.
NUM  7.
PAR  7. A method as in claim 6 wherein the refractory material comprises
      zirconium silicate particles.
NUM  8.
PAR  8. A method as in claim 7 wherein the refractory material is a mixture of
      zirconium silicate particles and zirconia fibres.
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ABST
PAL  An electrostatic spray gun includes a housing, a nozzle with a coating
      material discharge opening, and means for connection to an electric
      resistor and high voltage cable. An electrode is carried by an electrode
      extension body so as to be disposed forwardly of the nozzle discharge
      opening at a distance sufficient to effectively charge spray particles of
      a coating material having high conductivity. The extension body can be
      adjustable in position to accommodate an adjustable nozzle, while still
      making effective electrical contact with the resistor.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  The invention relates to a sprayer arrangement for the electrostatic
      coating of objects with liquid or powdery material. The sprayer is of the
      type which includes a pistol barrel, an atomizer nozzle located at the
      outlet of the barrel and fed with coating material via a feed line running
      in the pistol barrel. An electrode for charging the atomized material is
      connected to a high voltage generator by way of a high-impedance,
      current-limiting resistor in the gun and a high voltage cable running in
      or on the pistol barrel.
PAR  Such spraying arrangements particularly for spraying dyes or lacquers have
      been on the market in large numbers, whereby the high voltage electrode,
      perhaps in the form of a metal needle, is disposed in the atomizer nozzle
      or immediately adjacent thereto. The creation of an electric return line
      from the electrode via the dye or lacquer feed, the consequence of which
      being a considerable decrease of the charge voltage available at the
      electrode, is not to be feared in this case generally. This is so because
      the lacquers, or else the powders, have such a high electric resistance
      value that they can be designated almost as insulators. This is true even
      for known metal lacquers because in their case the individual metal
      particles are encased in the insulating lacquer.
PAR  Recently however, so-called water paints have come on the market, for
      example plastic paints, which are dilutable with water. These paints have
      such a high electric conductivity in the water-diluted state that they can
      no longer be sprayed electrostatically with the abovementioned known
      devices. This is because the electric current flow through the spray
      particles is so large that the voltage available is too low to create an
      adequate supply of electrostatically charged particles to provide the
      benefits of electrostatic spray coating. Expressed in other words, during
      spraying of such water paints, the necessary electrostatic high voltage
      field between the electrode and the object to be sprayed, and/or a ground,
      collapses. Moreover there is a danger of electric shuntings in the case of
      fouling of the spraying arrangement by the water paint occurring perforce
      during operation, a factor which not only decreases the operating
      efficiency of the device, but beyond that even endangers the operator.
PAR  One object of the invention is to minimize or obviate problems of the
      above-discussed type.
PAR  Another object of the invention is to improve the spraying arrangements of
      the initially mentioned type in such a way that it will be possible with
      them also to spray materials of considerable conductivity, especially also
      water paints, without trouble and danger electrostatically.
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  According to the invention, these objects essentially are solved by a
      spraying assembly including an elongated body of insulating material
      running essentially parallel to the longitudinal axis of a pistol barrel
      is attached to the pistol barrel at the free end thereof. Located at a
      distance in front of the termination of the pistol barrel is an electrode,
      preferably a metal needle. Thus, the elongated body constitutes an
      electrode extension body. An electric conductor is embedded into the body
      of insulating material, which conductor connects the electrode with an
      electric contact which is located on the pistol barrel, and which is
      covered up by the body of insulating material. The contact, on its part,
      is connected with the high voltage cable. The distance between the
      atomizer nozzle and the extended electrode is selected so that even in the
      case of feeding-in of coating material of considerable conductivity to the
      atomizer nozzle, the voltage drop at the current limiting resistor, due to
      the active current from the atomizer nozzle via the atomized particles of
      the material to the electrode, remains at a low value. This guarantees an
      intensive electrostatic charging of the coating material. In this manner,
      a simple and safe insulation of the high voltage line up to the electrode
      will be assured. Moreover, because of the considerable distance between
      the electrode and the paint-discharging atomizer nozzle, the flowing of a
      considerable active current across the paint is prevented.
PAR  Particular difficulties concerning the electric insulation will result
      whenever the paint is sprayed in the form of a flat jet and wherein the
      plane of the flat jet is twistable around the longitudinal axis of the
      pistol barrel, which generally is desirable. In such instances it would be
      desirable that the extended electrode be disposed outside of the flat jet
      spray. In order to assure in this case that the electrode will always
      remain outside of the plane of the flat jet, the present invention
      provides that the body of insulating material carrying the electrode will
      likewise be arranged rotatably. In this fashion, the electrode can always
      be brought into a plane that lies perpendicularly to the middle axis of
      the flat jet. According to the invention, one can proceed in this case in
      such a way, that the body of insulating material has an annular foot which
      is twistable on the pistol barrel. Special measures have been taken in
      order to screen off perfectly the connection between the locally fixed
      contact point on the pistol barrel and of the twistable contact point of
      the insulating body.
PAR  Another solution to the adjustable flat jet spraying problem according to
      the invention consists in the fact that the pistol barrel has a flange of
      insulating material projecting from the jacket of the pipe in the shape of
      a ring or a partial ring. The flange is provided with several receiving
      bores extending essentially parallel in relation to the longitudinal axis
      of the pistol barrel. An electrode extension body may be selectively
      plugged into the bores.
DRWD
PAC  THE DRAWINGS
PAR  In the drawings, embodiments of the invention are shown by way of example:
PAR  FIG. 1 shows a side view partially in longitudinal section, of the front
      area of a manual spray gun in accordance with a first embodiment of the
      invention,
PAR  FIG. 2 is a view like FIG. 1 of a second embodiment of the invention,
PAR  FIG. 3 is a front view of the mouth of the spray gun of FIG. 2,
PAR  FIG. 4 is a view similar to that of FIG. 2 showing a modified form of the
      second embodiment,
PAR  FIG. 5 is a view like FIG. 2 of another modified form of the second
      embodiment,
PAR  FIG. 6 is a view like FIG. 2 of still another modified form of the second
      embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the case of the preferred spraying device according to FIG. 1, we are
      dealing with a device wherein atomization is accomplished by compressed
      air and wherein a flat jet is formed through a nozzle of the known air
      horn-type. Naturally however, the invention can also be used for other
      spraying arrangements, for example, where atomization is accomplished by
      means of hydrostatic pressure and the atomizer nozzle is an air jet.
PAR  The spray gun housing is shaped as a pistol barrel, of insulating material,
      and is designated by the numeral 10. At the mouth of the pistol barrel
      there is a nozzle 11 having discharge opening means from which the paint
      is ejected during operation. Coating material is fed to the nozzle through
      a coating material feed line 11a, the nozzle being located at a discharge
      end of said feed line 11a. The high voltage electrode is designated by
      numeral 12 and the high voltage feed-in by numeral 13. The feed-in 13 has
      a high-impedance, current-limiting resistor 13a running in the pistol
      barrel 10, as is desirable.
PAR  A body 14 of conventional plastically moldable insulating material consists
      of an elongated, perhaps cylindrical part 14a and a foot 14b in the form
      of a ring being in one piece with the cylindrical part. The body 14 of
      insulating material is rotatably attached onto the barrel 10 and can be
      swivelled around the longitudinal axis of the barrel. A conductor 15,
      connected with the electrode 12, runs in the body 14. This conductor 15 is
      connected in the annular foot 14b with a spring-loaded contact pin 16. The
      contact pin 16 contacts a slip ring 17 by means of spring pressure, the
      slip ring being set into the jacket of the pistol barrel 10. The ring 17,
      on its part, is connected with the high voltage feed 13. On both sides of
      the slip ring 17, annular grooves 18a and 18b are molded into the jacket
      of the pistol barrel, which grooves together with an annular recess 19 in
      the foot 14b constitute an annular chamber 20. The annular chamber 20 is
      filled with saponified transformer oil. For the purpose of sealing the
      chamber 20, additionally two annular grooves 21a and 21b are provided in
      the jacket of the pistol barrel into which gaskets are inserted.
PAR  The body 14 comprises an electrode extension body arranged to locate the
      electrode 12 forwardly of the nozzle discharge opening means by a distance
      which is selected in accordance with the conductivity of the coating
      material. The selected difference is chosen so that an intensive charging
      of the coating material may be effected while maintaining the voltage drop
      at the electrical resistor means below a predetermined minimal value. That
      is, despite the high conductivity of the coating material, the current
      flow through the coating material itself is minimized by the extension of
      the electrode from the nozzle discharge opening means.
PAR  As mentioned in the case of the device shown, we are preferably dealing
      with a gun which uses compressed air for the atomization of the varnish.
      The nozzle head 22 surrounding the nozzle 11 serves for the achievement of
      a flat jet. In this connection, the two tips of head 22a and 22b compress
      flatly the emerging jet of varnish. In the position according to the
      drawing, the flat jet then lies in a plane perpendicular to the plane of
      the paper. In that case, the electrode 12, as is desired, is outside of
      the flat jet plane. Expressed more precisely, the electrode 12 lies in a
      plane passing through the jet 11 perpendicular thereto. If now, however,
      the head 22 is twisted in relation to the pistol barrel 10, for example by
      90.degree., then the electrode 12 would be within the plane of the flat
      jet. This would be followed not only by a considerable fouling of the
      electrode and the body 14a, but also would increase the danger of a
      considerable flow of current through the coating material to the
      electrode, whenever the enamel or varnish coating material is highly
      conductive. According to the invention however, the body of insulating
      material 14 and thus the electrode 12 can likewise be twisted into such a
      position that the electrode 12 will again lie outside of the plane of the
      flat jet. Therefore, if the head 22 for example is twisted clockwise by
      90.degree., as mentioned, then the body of insulating material 14 is
      likewise twisted by 90.degree.. It will be at the option of the operator
      as to whether the twisting of the body of insulating material takes place
      likewise in a clockwise direction or in a counterclockwise direction. The
      electric connection of the electrode by way of the conductor 15, pin 16
      and the slip ring 17 to the high voltage cable 13 remains intact during
      this twisting, because the contact pin 16 slides on the ring 17. Despite
      this possibility of twisting between the pistol barrel 10 and the body of
      insulating material 14, an excellent insulation is still assured, because
      the annular chamber 20, filled with saponified transformer oil, completely
      surrounds the slip contact and shields it against the outside. The
      insulation is such that the gun, in the case of a switched-on high
      voltage, can be submerged without trouble into a water bath for the
      purpose of cleaning without any flashovers occurring. Naturally, instead
      of the saponified transformer oil, some other liquid or semisolid
      insulating material can be filled into the annular chamber 20.
PAR  FIGS. 2 and 3 show another embodiment of the invention, whereby for the
      sake of simplicity only those parts which deviate from the embodiment of
      FIG. 1 are provided with other reference numbers. As is clear from FIGS. 2
      and 3, the pistol barrel 10 has a flange 30 projecting from its jacket.
      The flange 30 is made of one piece with the pistol barrel 10, (therefore
      likewise consists of insulating material) and has the shape of a half
      ring. In the flange 30, there are three blind bores 31, 32 and 33, which
      run parallel to the longitudinal axis of the pistol barrel. These blind
      bores serve for releasably plugging-in of an elongated essentially
      cylindrical extension body 34 of insulating material. This body 34
      corresponds in function to the body 14 of insulating material of FIG. 1.
      It carries the electrode 12 on its front free end. The electric connection
      between the electrode 12 and the high voltage feed 13 takes place, in the
      case of this embodiment, by way of the conductor 15 embedded into the body
      of insulating material 34, a contact spring 35 projecting from the rear
      end of the body 34, and a small collector plate 36 provided on the bottom
      of each blind bore. The connector plate 36 leads, by way of a connecting
      wire 37, to the high voltage feed 13. An annular seal 38, which is
      fluid-proof, is located on every blind bore 31, 32, 33 and effects a solid
      and tight seat of the body 34 in the blind bores. Additionally, an
      insulating medium can be filled into the blind bore.
PAR  When using an atomizer head depicted in FIG. 2, the plane of the flat jet
      is again perpendicular in relation to the plane of the paper. The body of
      insulating material 34, and thus the electrode 12, lie in the plane of the
      paper perpendicularly to the jet. According to FIG. 3, the body of
      insulating material 34 is thus attached in the blind bore 31. Whenever now
      the atomizer head 22 is twisted by 45.degree., then in order to maintain
      the electrode 12 in a plane perpendicularly to the plane of the flat jet,
      the body of insulating material 34 is removed from the blind bore 31 and
      is inseted into the blind bore 32. In case of a further turn of the
      atomizer head 22 by 45.degree., the body of insulating material 34 is then
      plugged into the blind bore 33. In order to protect the blind bores, which
      at any particular time may be empty, covering caps 39 are put on said
      bores. Naturally, this embodiment too can have numerous variations,
      especially in regard to the number and development of the blind bores as
      well as the development of the body of insulating material 34. Thus, for
      example, in FIG. 2, the body of insulating material 34 is a small tube,
      which at its free end is covered up by a cap 40, whereby then the
      electrode 12 is directed out laterally. Furthermore in the case of the
      example drawn, the body of insulating material 34 is provided at its
      surface with a corrugated profiling or irregular longitudinal section in
      order to supress the occurrence of creepages, especially in case of
      fouling with paint. Finally we still have to point out that the contact
      spring 35 could also be attached to the floor of the blind bore and not to
      the body 34.
PAR  One variation of the arrangement of FIG. 2 is shown in FIG. 4. In that
      case, the variation merely consists in the fact, that the body 34a of
      insulating material carrying the electrode 12 consists of plastically
      moldable material in such a way, that the operator will be able to adjust
      or to readjust the suitable distance between the electrode 12 and the
      atomizer nozzle by bending of the body 34a.
PAR  A further variation of the arrangement of FIG. 2 is shown in FIG. 5. In
      that case, the variation merely consists in the fact that a protective
      resistor 41 is housed in each of the blind bores 31 to 33, whereby this
      protective resistor, additionally to the current limiting resistor 13a,
      takes care of a decrease of the electrode capacity. This additional
      protective resistor 41 however can also be housed in the body of
      insulating material 34b.
PAR  FIG. 6 finally shows an additional variation of the arrangement according
      to FIG. 2, whereby the variation consists in the fact that, additionally,
      a grounded counter-electrode 42 has been provided. This counter-electrode
      42 is carried by a tube 43 of insulating material, which similarly, as in
      the case of the body 34c of insulating material, is plugged into one of
      several blind bores 44 of the flange 30, the bores running parallel to the
      longitudinal axis of the pistol barrel. On the bottom of the blind bores
      44, there are contact springs 45 for the purpose of connecting the
      counter-electrode 42 with a grounding wire 46.
PAR  The number of the blind bores 44 for the small tube 43 of insulating
      material equipped with the counter-electrode 49, generally corresponds to
      the number of blind bores 31, 32, 33 for the body of insulating material
      34c carrying the electrode 12. These bores are diametrically opposed to
      one another. In case of a twisting of the atomizer head 22, not only the
      body 34c of insulating material, but also the insulating tube 43 is
      replugged in such a way that the electrode 12 and the counter-electrode 42
      are again diametrically opposed to each other.
PAR  Naturally, the individual characteristics of the various embodiments and
      variations can be combined with one another. Thus, for example, also in
      the case of the embodiment according to FIG. 1, a counter-electrode can be
      provided whereby the counter-electrode is attached to the annular foot
      14b, diametrically opposed to the electrode 12. Finally, we still want to
      point out that, as has been explained already in connection with the
      embodiment of FIG. 1, the invention can be applied advantageously to
      different kinds of atomizer heads, possibly also in the case of atomizer
      heads with a grounded metal nozzle.
PAR  It will be apparent, in light of the foregoing discussion, that when a
      highly electrically conductive coating material to be fed from the nozzle
      11, the electrode 12 is disposed at a distance therefrom which is selected
      in accordance with the conductivity of the coating material. The selected
      distance will be sufficient to effect an intensive charge of the coating
      material while maintaining the voltage drop at the electrical
      current-limiting resistor at a minimal value. In other words, the distance
      between the electrode and the nozzle is selected so that minimal current
      flow develops between the electrode and nozzle through the highly
      conductive coating material.
PAC  MAJOR ADVANTAGES AND SCOPE OF THE INVENTION
PAR  As a result of the present inventive concept of an electrode extension
      body, coating materials of high conductivity may be effectively
      electrostatically sprayed with maximum safety. Moreover, by providing an
      extension body which is adjustable in location, the present invention
      enables the extension body to be employed with rotatable flat spray
      nozzles.
PAR  Although the invention has been described in connection with a preferred
      embodiment thereof, it will be appreciated by those skilled in the art
      that additions, modifications, substitutions and deletions not
      specifically described may be made without departing from the spirit and
      scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrostatic coating gun suitable for coating objects with liquid
      or powdery coating material of relatively high electrical conductance, the
      gun having a housing with a coating material feed line disposed therein
      for connection to a coating material supply source, an atomizer nozzle
      located at a discharge end of said feed line, an electrode for statically
      charging atomized coating material particles, and means for connecting an
      electrical resistor means and high voltage cable to said electrode, the
      improvement comprising:
PA1  an elongated, electrode extension body of insulating material carrying said
      electrode forwardly of a discharge opening means of said nozzle; and
PA1  electrical conducting means disposed in said extension body and being
      electrically connected to an electrical contact on said housing;
PA2  said electrical contact on said housing being electrically connectible to
      the high voltage cable;
PA2  said extension body being disposed to locate said electrode forwardly of
      said nozzle discharge opening means at a distance therefrom which is
      selected in accordance with the conductivity of said coating material so
      that the voltage drop at said electrical resistor means is below a
      predetermined minimal value such that an intensive charging of said highly
      conductive coating material particles is effected;
PA2  said extension body being mounted for rotation about a longitudinal axis
      extending through said housing in a manner maintaining said distance
      constant so that said electrode can be rotatably displaced relative to the
      spray of coating material without changing said distance between said
      electrode and said nozzle discharge opening means.
NUM  2.
PAR  2. An electrostatic coating gun for coating objects with water diluted
      coating material of relatively high electrical conductance, said gun
      comprising:
PA1  a housing;
PA1  a coating material feed line disposed in said housing, said feed line being
      connected to a source of water diluted coating material for conducting
      said water diluted coating material to a discharge end of said feed line;
PA1  an atomizer nozzle located at said discharge end of said feed line, said
      nozzle having discharge opening means for ejecting a spray of said water
      diluted coating material toward an object to be coated;
PA1  an electrostatic charging assembly for electrostatically charging water
      diluted coating material being sprayed from said nozzle, said charging
      assembly comprising:
PA2  an elongated electrode extension body fashioned of electrically insulative
      material and carrying an electrode forwardly of said discharge opening
      means of said nozzle;
PA2  electrical contact means mounted on said housing;
PA2  electrical resistor means connected to said contact means and to a source
      of high voltage to charge said electrode; and
PA2  electrical conducting means disposed in said extension body and being
      electrically connected to said electrode and said electrical contact
      means;
PA3  said extension body being disposed to locate said electrode forwardly of
      said nozzle discharge opening means at a distance therefrom which is in
      accordance with the conductivity of said water diluted coating material
      being sprayed so that the voltage drop at said electrical resistor means
      is below a predetermined minimal value to prevent short-circuiting and
      effect an intensive charging of said water diluted coating material;
PA3  said extension body comprising a plastically moldable material so as to be
      manually bendable to vary the position of said electrode relative to said
      discharge opening means.
NUM  3.
PAR  3. An electrostatic coating gun for coating objects with water diluted
      coating material of relatively high electrical conductance, said gun
      comprising:
PA1  a housing;
PA1  a coating material feed line disposed in said housing, said feed line being
      connected to a source of water diluted coating material for conducting
      said water diluted coating material to a discharge end of said feed line;
PA1  an atomizer nozzle located at said discharge end of said feed line, said
      nozzle having discharge opening means for atomizing and ejecting a spray
      of said water diluted coating material in the form of a flat jet toward an
      object to be coated;
PA1  an electrostatic charging assembly for electrostatically charging water
      diluted coating material being sprayed from said nozzle, said charging
      assembly comprising:
PA2  an elongated electrode extension body fashioned of electrically insulative
      material and carrying an electrode forwardly of said discharge opening
      means of said nozzle;
PA2  electrical contact means mounted on said housing;
PA2  electrical resistor means connected to said contact means and to a source
      of high voltage to charge said electrode; and
PA2  electrical conducting means disposed in said extension body and being
      electrically connected to said electrode and said electrical contact
      means;
PA3  said extension body being disposed to locate said electrode forwardly of
      said nozzle discharge opening means at a distance therefrom which is in
      accordance with the conductivity of said water diluted coating material
      being sprayed so that the voltage drop at said electrical resistor means
      is below a predetermined minimal value to prevent short-circuiting and
      effect an intensive charging of said water diluted coating material;
PA3  said extension body lying generally in a plane passing through said nozzle
      and being perpendicular relative to the plane of the flat jet;
PA3  said nozzle being adjustable to accommodate turning of the plane of the
      flat jet about the longitudinal axis of the housing; and
PA3  said extension body including an annular portion which is rotatably mounted
      on said housing without changing the distance between said electrode and
      said nozzle discharge opening means.
NUM  4.
PAR  4. An electrostatic coating gun as defined in claim 3 wherein said
      electrical conducting means includes a spring biased contact element
      located in said annular portion; said contact on said housing comprising a
      ring-shaped member disposed around the periphery of said housing; said
      spring biased contact element being slidably engageable with said
      ring-shaped contact; said annular portion and said housing defining an
      annular chamber containing a liquid-like insulating medium surrounding
      said spring biased contact element and said ring-shaped contact.
NUM  5.
PAR  5. An electrostatic coating gun as defined in claim 4 wherein said annular
      chamber is partially defined by a pair of annular grooves located on the
      periphery of said housing and partially by an annular recess located in a
      foot portion of said annular portion of said extension body.
NUM  6.
PAR  6. An electrostatic coating gun as defined in claim 5 wherein said
      insulating medium comprises saponified transformer oil.
NUM  7.
PAR  7. An electrostatic coating gun for coating objects with water diluted
      coating material of relatively high electrical conductance, said gun
      comprising:
PA1  a housing;
PA1  a coating material feed line disposed in said housing, said feed line being
      connected to a source of water diluted coating material for conducting
      said water diluted coating material to a discharge end of said feed line;
PA1  an atomizer nozzle located at said discharge end of said feed line, said
      nozzle having discharge opening means for ejecting a spray of said water
      diluted coating material toward an object to be coated;
PA1  an electrostatic charging assembly for electrostatically charging water
      diluted coating material being sprayed from said nozzle, said charging
      assembly comprising:
PA2  an elongated electrode extension body fashioned of electrically insulative
      material and carrying an electrode forwardly of said discharge opening
      means of said nozzle;
PA2  electrical contact means mounted on said housing;
PA2  electrical resistor means connected to said contact means and to a source
      of high voltage to charge said electrode; and
PA2  electrical conducting means disposed in said extension body and being
      electrically connected to said electrode and said electrical contact
      means;
PA3  said extension body being disposed to locate said electrode forwardly of
      said nozzle discharge opening means at a distance therefrom which is in
      accordance with the conductivity of said water diluted coating material
      being sprayed so that the voltage drop at said electrical resistor means
      is below a predetermined minimal value to prevent short-circuiting and
      effect and intensive charging of said water diluted coating material;
PA3  the portion of said extension body adjacent said electrode being of
      corrugated longitudinal section to minimize creepage.
NUM  8.
PAR  8. In an electrostatic coating gun suitable for coating objects with liquid
      or powdery coating material of relatively high electrical conductance, the
      gun having a housing with a coating material feed line disposed therein
      for connection to a coating material supply source, an atomizer nozzle
      located at a discharge end of said feed line, an electrode for statically
      charging atomized coating material particles, and means for connecting an
      electrical resistor means and high voltage cable to said electrode, the
      improvement comprising:
PA1  an elongated, electrode extension body of insulating material carrying an
      electrode forwardly of a discharge opening means of said nozzle;
PA2  said extension body lying in a plane passing through said nozzle;
PA1  electrical conducting means disposed in said extension body and being
      electrically connected to an electrical contact on said housing;
PA1  said electrical contact on said housing being electrically connectible to
      the high voltage cable; and
PA1  said extension body being disposed to locate said electrode forwardly of
      said nozzle discharge opening means at a distance therefrom which is
      selected in accordance with the conductivity of said coating material so
      that the voltage drop at said electrical resistor means is below a
      predetermined minimal value such that an intensive charging of said highly
      conductive coating material particles is effected;
PA1  said nozzle means being arranged to atomize the coating material in the
      form of a flat jet and being adjustable to accommodate turning of said
      flat jet about the longitudinal axis of said housing;
PA1  said housing including a ring-shaped flange having a plurality of bores
      extending essentially parallel to the longitudinal axis of the housing for
      selectively receiving said extension body to enable said electrode to be
      maintained perpendicular to the adjustable plane of the flat jet.
NUM  9.
PAR  9. An electrostatic coating gun as defined in claim 8 wherein each of said
      bores is provided with an electrical contact at its bottom and is arranged
      to make electrical contact with said electrical conducting means in said
      extension body.
NUM  10.
PAR  10. An electrostatic coating gun as defined in claim 8 including annular
      fluid seals disposed at the mouths of said body-receiving bores.
NUM  11.
PAR  11. An electrostatic coating gun as defined in claim 8 wherein said flange
      includes a plurality of second bores disposed diametrically opposite said
      first mentioned bores; said second bores being arranged to selectively
      receive a grounded counter-electrode.
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PAL  A fluid distribution system including a main conduit and one or more branch
      conduits communicating therewith, each of the branch conduits having at
      least one normally closed nozzle with a solenoid actuated valve, the
      solenoids being connected by means of a circuit through condition
      responsive means such as a timer to an associated source of electrical
      power together with an aerosol container containing a first pressurized
      fluid and connected to the main conduit so that the conduits are filled
      with the first pressurized fluid under equilibrium conditions with the
      container contents whereby periodic actuation of the solenoids is obtained
      through the timer for opening all of the nozzles simultaneously to spray
      areas adjacent the nozzles with a quantity of the first pressurized fluid
      and a supplementary source of a second pressurized fluid being provided
      connected by conduit means to the aerosol container which is introduced
      into the aerosol container to compensate for pressure loss in the first
      pressurized fluid in the conduits.
PARN
PAR  This application is a continuation-in-part of the application entitled
      INSECTICIDE SPRAY SYSTEM, Ser. No. 373,879, filed by the applicant herein
      on June 26, 1973 now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to spray systems and more particularly to such a
      system for periodically spraying specific quantities of pressurized fluid
      throughout an area.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It has been proposed in the past to utilize a permanently installed system
      of conduits such as pipes or the like having nozzles connected thereto for
      spraying areas with a suitable fluid such as a disinfectant, a deordorant,
      an insecticide or the like. While some degree of success has been obtained
      with such prior art systems, they have not only been expensive to install
      and maintain but accurate control of the quantity of material sprayed to
      the desired degree has not been obtained with resultant waste and/or the
      spraying of inadequate quantities of material. Furthermore, the
      construction of some prior art systems has resulted in a failure to
      adequately cover the area with the sprayed material.
PAR  One type of such present day spray system has been utilized to spray
      insecticide in areas such as dairy barns, food processing plants and the
      like for extermination of insects of the type which are a source of
      contamination, annoyance disease, etc. While such insecticides are
      generally effective in insect extermination, there is always the problem
      of spraying a precise amount of insecticide within critical limits so that
      no more or less of insecticide is sprayed then necessary. As has been
      recognized, less than the desired amount of insecticide results in
      inadequate extermination and an excess of insecticide results in
      contamination of the area or of the goods sprayed.
PAR  It has also been proposed in the past to utilize insecticide containers
      containing a measured volume of insecticide, the containers being emptied
      during each spray cycle and replaced after the spraying operation. It has
      even been proposed to utilize containers of the aerosol type containing a
      single dosage of insecticide packaged in the well known
      insecticide-gaseous propellant mixture so that evacuation of the mixture
      in the aerosol container provides the desired measured volume to be
      sprayed through the nozzles in the distribution system. An example of such
      a system is shown in U.S. Pat. No. 3,614,841 entitled EXTERMINATION METHOD
      issued on Oct. 26, 1971 to the applicant herein.
PAR  In such prior insecticide distribution systems where specific dosages of
      insecticide must be dispensed periodically, the requirement for dispensing
      a precise amount of insecticide has presented a number of limitations. For
      instance, to provide a measured volume of insecticide during each spraying
      operation, the container must be replaced or refilled during each
      operation. In addition, subsequent to each spraying operation, the
      distribution system is substantially emptied of insecticide and each
      subsequent spraying operation means that the conduits forming the system
      must be refilled before the actual spraying through the nozzles is
      accomplished. This means that air can enter the system following each
      spraying operation which must be evacuated further interfering with the
      efficiency of the spraying operation.
PAR  Another limitation of such prior art spray systems is presented when the
      pressurized fluid is to be conducted to nozzles located at a substantial
      elevation from the supply aerosol container. As can be understood, the
      flow of pressurized fluid upward to an elevated location is accompanied by
      a loss of pressure in the fluid impairing the efficiency of the spraying
      operation. For instance, it has been found that in one installation, a
      pressure drop in the pressurized fluid of approximately 3/4 psi per foot
      of length of vertical conduit is not uncommon.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the objects of this invention and other related objects are
      accomplished by providing a main conduit and at least one branch conduit
      connected at one end to the main conduit and having a closed other end
      with at least one normally closed spray nozzle connected to the branch
      conduit. An aerosol container containing a first pressurized fluid is
      provided with an outlet which is connected to the main conduit to fill the
      main conduit and branch conduit with the first pressurized fluid so that
      the pressurized fluid in the conduits is maintained under equilibrium
      conditions with the first pressurized fluid in the container. Means are
      provided for opening the nozzle to spray an area adjacent thereto and
      condition responsive means such as timing means are operatively associated
      with the nozzle opening means for periodically opening the nozzle for a
      selected timed interval to spray a specific quantity of the first
      pressurized fluid within the adjacent area. A supplementary source of a
      second pressurized fluid is connected by conduit means to the aerosol
      container through a pressure regulator for introduction of the second
      pressurized fluid into the aerosol container to compensate for pressure
      loss in the first pressurized fluid in the conduits.
PAR  Accordingly, a primary object of this invention is to provide a new and
      novel spray system utilizing an aerosol container which permits the system
      to be completely filled with a pressurized fluid so as to maintain the
      system under equilibrium aerosol conditions during periodic spraying
      operations.
PAR  Still another object of this invention is to provide a new and novel spray
      system having nozzles for spraying a pressurized fluid at a predetermined
      pressure regardless of the height at which the nozzles are positioned.
PAR  A still further object of this invention is to provide a new and novel
      insecticide spray system in which an aerosol type insecticide-gaseous
      propellant mixture is maintained throughout the system under equilibrium
      pressurized conditions so that the insecticide is efficiently and
      uniformly sprayed in precisely controlled amounts through the nozzles
      during each spraying operation.
PAR  This invention further contemplates the provision of a new and novel
      insecticide spray system which is capable of prolonged operation without
      replenishment while dispensing through nozzles specific dosages of
      insecticide in selected areas automatically, which permits easy evacuation
      of entrapped air in the system prior to each replenishment operation and
      which permits various portions of the system to be disconnected for
      spraying selected areas only.
PAR  Still another object of this invention is to provide a new and novel spray
      system utilizing an aerosol container and a plurality of conduits having
      nozzles for spraying areas of any selected breadth with a pressurized
      fluid of any of a wide variety of compositions such as fire retardant
      material, sanatizing fluid, an insecticide or the like.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic representation of the fluid distribution system of
      the invention;
PAR  FIG. 2 is an enlarged view of a portion of the system of FIG. 1; and
PAR  FIG. 3 is an enlarged view of another portion of the system of FIG. 1.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawing and to FIG. 1 in particular, there is shown a
      spray system constructed in accordance with the invention which, as will
      be explained hereinafter, is utilized to spray areas which may be open or
      within enclosures or both. It should be understood that although the
      description to follow will be directed to the use of the system for the
      spraying of insecticide, the system is readily adaptable for use in the
      spraying of any selected pressurized fluid such as a fire retardant fluid,
      namely Freon, or the like, a sanatizing fluid, etc. The use of the system
      for the spraying of an insecticide is in those areas where infestation and
      contamination by insects and the like is to be eliminated.
PAR  The system of FIG. 1 includes a header or main conduit 11 formed of copper
      tubing or the like which may be of any selected length in accordance with
      the extent of the area to be sprayed. As can be understood, one end 11a of
      the main conduit is arranged to be detachably connected by means such as
      an adapter 12 to the outlet 13a of a container and, in particular, an
      aerosol cylinder 13 containing a first pressurized fluid such as a
      selected mixture of an insecticide and a gaseous propellant in the well
      known manner. The other end 11b of the main conduit 11 is arranged to be
      suitably closed by means of a fitting or the like.
PAR  At least one branch conduit 14, which may be similarly constructed of
      copper tubing or the like, is arranged to be connected at one end 14a to
      the main conduit 11 in communication therewith, two of such conduits 14,
      14' being shown in FIG. 1 and having like numerals to identify like parts.
      As shown, the branch conduits 14, 14' have ends 14a and 14a' connected to
      the main conduit 11 in spaced relationship.
PAR  It should be understood that as many branch conduits as desired may be
      utilized depending on the extent of the area to be sprayed and the areas
      to be sprayed may be either open spaces or areas within enclosures such as
      enclosures 16, 16' shown in broken lines in FIG. 1 in association with the
      branch conduits 14, 14' respectively. The other ends 14b, 14b' of the
      conduits 14, 14' respectively are closed preferably by means of manually
      operated valves 17, 17' respectively. The valves 17, 17' are bleed valves
      for a purpose to be explained hereinafter and are normally maintained in
      the closed condition.
PAR  At least one normally closed, spray nozzle is positioned on each of the
      branch conduits and preferably a plurality of normally closed nozzles 18,
      18' are provided on the branch conduits 14, 14' respectively in spaced
      relationship in accordance with the extent of the area to be sprayed. It
      should be understood that the nozzles 18, 18' are similar in construction
      and that the description to follow will be directed to one of such
      nozzles.
PAR  Means are provided for opening the normally closed nozzles 18, 18' for
      spraying an area adjacent the nozzles and, in the preferred embodiment,
      the nozzles 18, 18' are solenoid valve operated each being provided with
      such a valve 21, 21' as shown best in FIG. 2. The solenoid valves 21, 21'
      are of conventional construction and, in the deenergized condition of the
      solenoid, normally interrupt the communication between the branch conduits
      14, 14' and the nozzles 18, 18'. Condition responsive means are provided
      for actuating the nozzle opening means or valves 21, 21'  for spraying the
      areas adjacent the nozzles 18, 18' and, in the specific embodiment,
      circuit means are provided which include main conductors 22 and branch
      conductors 23 for connecting the solenoids in each of the valves 21, 21'
      to an associated source of electrical power 24 (not shown).
PAR  As shown in FIG. 1, the main conductors 22 are provided with suitable
      junction boxes 26 by means of which the main conductors 22 are connected
      to each of the branch conductors 23, 23' which are connected to all of the
      solenoids in the valves of the nozzles connected to the branch conduits
      with which the respective branch conductors 23, 23' are associated. As
      shown in FIG. 2, the connection between the branch conductors 23, 23' and
      the valve solenoids 21, 21' is facilitated by the provision of junction
      boxes 28, 28' respectively.
PAR  In one embodiment, the condition responsive means preferably include timing
      means operatively associated with the nozzle opening means or solenoid
      actuated valves 21, 21' for periodically opening the nozzles 18, 18' for a
      selected timed interval to spray a specific quantity of the first
      pressurized fluid or dosage of insecticide within the adjacent areas. More
      specifically, a timer 31 of conventional construction is connected within
      the circuit means and, in the illustrated embodiment, between the main
      conductors 22 and the associated source of electrical power 24. As can be
      understood, the setting on the timer 31 determines when and for how long
      current will flow from the power source 24 to the solenoids of the valves
      21, 21'. Thus, with actuation of the solenoids of the valves 21, 21', the
      nozzles 18, 18' are actuated for a spraying operation for a selected timed
      interval in accordance with the precise amount of insecticide to be
      sprayed.
PAR  Preferably, a switch 32 is included in the circuit means for connecting the
      entire system to the associated source of electrical power 24 thereby
      bypassing the timer 31 and permitting the system to be manually operated.
      Where the system is adapted to spray a fire retardant or fire
      extinguishing fluid supplied by the container 13, condition responsive
      devices such as thermal relays T, T' are preferably provided within the
      enclosures 16, 16' respectively. The thermal relays T, T' may be connected
      by means of secondary branch conductors 38, 38', junction boxes 39, 39'
      and secondary main conductors 40 to switch 32. Thus the thermal relays T,
      T', when actuated and similarly to the manual switch 32, connect the
      entire system to the associated source of electrical power 24 and bypass
      the timer 31.
PAR  The main conduit 11 is also provided with a check valve 33 by means of
      which one-way flow only of the first pressurized fluid from the container
      13 to the branch circuits 14, 14' is obtained. Also, an on-off valve 34 is
      provided in the main conduit 11 adjacent the end 11a for closing the main
      conduit 11 to permit connection of a full container 13 when replenishment
      is to be accomplished.
PAR  In an installation of the spray system of the invention wherein the main
      conduit and/or branch conduits 14, 14' extend upwardly to such heights so
      as to position the nozzles 18, 18' at a substantial elevation, there is an
      attendant drop in pressure in the first pressurized fluid in the conduits.
      Accordingly, a supplementary source of a second pressurized fluid is
      included in the system of FIG. 1 to compensate for such a pressure loss.
      In the embodiment of FIG. 1, such supplementary source is a container 41
      having an outlet 41a which contains a second pressurized fluid such as
      CO2.
PAR  Conduit means are provided for communicating the supplementary source or
      container 41 with the interior of the aerosol container 13. More
      specifically, the conduit means include a conduit 42 having one end 42a
      suitably connected to the container outlet 41a. The conduit 42 preferably
      extends through the aerosol container upper wall 13b with its other end
      42b disposed above the level 44a of the first pressurized fluid or
      insecticide-gasious propellant mixture 44.
PAR  In the preferred embodiment, the second pressurized fluid in the container
      41 is CO2 and as the pressure of the CO2 in the container 41 may be as
      high as approximately 6000 psi, a pressure regulator 46 is provided in the
      conduit 42. As the pressure of the second pressurized fluid or
      insecticide-gaseous propellant mixture 44 in the aerosol container is
      generally approximately 90 psi, the regulator 46 is arranged to introduce
      CO2 into the interior of the aerosol container 13 at a pressure of
      approximately 100 psi.
PAC  OPERATION OF THE INVENTION
PAR  When the system of FIG. 1 is to be prepared for operation, and with the
      valve 34 in the closed position, a connection is made between the outlet
      13a of a full container 13 and the adapter 12 on the main conduit 11. The
      bleed valves 17, 17' as well as valve 34 are opened so that pressurized
      fluid such as the insecticide-gaseous propellant mixture flows from the
      container 13 through the main conduit 11 and into the branch conduits 14,
      14' toward the branch conduit ends 14b, 14b' respectively. With the bleed
      valves in the open position, air which may be entrapped within the branch
      conduits is therefore forced out and as soon as escaping fluid is
      detected, the valves 17, 17' are closed.
PAR  As the pressurized fluid or insecticide-gaseous propellant mixture 44 flows
      out of the container 13 into the main conduit 11 and subsequently into the
      branch conduits 14, 14', all of the conduits are filled with the mixture
      and the mixture in the conduits is maintained under equilibrium conditions
      with the mixture in the container 13. Thus, the entire system constitutes
      an aerosol-type container ready for operation. Under the control of the
      timer 31, all of the solenoids in the valves 21, 21' are simultaneously
      energized to simultaneously open all of the valves with spraying
      simultaneously for the timed interval through all of the nozzles 18, 18'.
PAR  The circuit means incorporated in the system of the invention also
      preferably includes switch means such as a switch 36 in branch circuit 23,
      switch 36' being provided for branch circuit 23'. A valve 37 is also
      provided in the branch conduit 14, valve 37' being provided in branch
      conduit 14' for interrupting the flow of the mixture into the conduits 14,
      14' respectively. Therefore, in the event that spraying in one or more
      selected areas is not desired, for instance, in enclosure 16, switch 36
      and valve 37 are moved to the off or closed positions for disconnecting
      conductors 23 and conduit 14 from the power source 24 and the main conduit
      11 respectively thereby eliminating that branch circuit from the spraying
      operation while the spraying operation is carried out in the other branch
      conduits.
PAR  In those installations wherein the conduits 11, 14, 14' extend to elevated
      levels thereby positioning the nozzles 18, 18' at such heights that a
      pressure drop incurs in the first pressurized fluid or mixture 44, the
      regulator 46 is opened to admit the second pressurized fluid or CO2 into
      the aerosol container 13. Thus, the CO2 applies an augmenting pressure to
      the mixture 44 at its surface 44a so that the mixture is sprayed from the
      nozzles 18, 18' at the proper pressure.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A distribution system for a combination of liquid and gas comprising:
PA1  a. a main conduit through which said combination may flow;
PA1  b. a plurality of branch conduits through which said combination may flow
      connected to said main conduit at one end and closed at the other end;
PA1  c. a plurality of spray nozzles connected on each of said plurality of
      branch conduits;
PA1  d. a plurality of valve means, one on each of said plurality of spray
      nozzles, operable to control flow of said combination through each of said
      plurality of spray nozzles;
PA1  e. flow control means for introducing said combination of a liquid and a
      gas into said main conduit and thereby to said plurality of branch
      conduits including a supply source, and for maintaining said combination
      of a liquid and gas in similar proportions in said main conduit and said
      plurality of branch conduits as it is in said supply source; and f. a
      booster source operative to compensate for pressure loss of said
      combination of liquid and gas throughout said distribution system.
NUM  2.
PAR  2. A distribution system according to claim 1 further comprising a pressure
      regulator located between said supply source and said booster source and
      operative to maintain a pre-determined pressure in said distribution
      system.
NUM  3.
PAR  3. A distribution system according to claim 1 wherein said flow control
      means further comprises a check valve on said main conduit located near
      said supply source whereby flow of said liquid back into said supply
      source is prevented.
NUM  4.
PAR  4. A distribution system according to claim 1 wherein said plurality of
      branch conduits are closed at said other end by a normally closed valve
      which is operable to be opened when said combination of a liquid and a gas
      is introduced into said main conduit and said plurality of branch conduits
      by said flow control means whereby any air or vapor trapped within said
      main conduit or said plurality of branch conduits may be expelled
      therefrom, thereby permitting a similar proportion of said combination of
      liquid and gas to be established throughout said distribution system.
NUM  5.
PAR  5. A distribution system according to claim 1 further comprising a timing
      means controlling said plurality of valve means and thereby controlling
      flow of said combination of liquid and gas through each of said plurality
      of spray nozzles.
NUM  6.
PAR  6. A distribution system according to claim 3 wherein said plurality of
      branch conduits are closed at said other end by a normally closed valve
      which is operable to be opened when said combination of a liquid and a gas
      is introduced into said main conduit and said plurality of branch conduits
      by said flow control means whereby any air or vapor trapped within said
      main conduit or said plurality of branch conduits may be expelled
      therefrom, thereby permitting a similar proportion of said combination of
      a liquid and a gas to be established throughout said distribution system.
NUM  7.
PAR  7. A distribution system according to claim 5 wherein said flow control
      means further comprises a check valve on said main conduit located near
      said supply source whereby flow of said liquid back into said supply
      source is prevented.
NUM  8.
PAR  8. A distribution system according to claim 7 wherein said plurality of
      branch conduits are closed at said other end by a normally closed valve
      which is operable to be opened when said combination of a liquid and a gas
      is introduced into said main conduit and said plurality of branch conduits
      by said flow control means whereby any air or vapor trapped within said
      main conduit or said plurality of branch conduits may be expelled
      therefrom, thereby permitting a similar proportion of said combination of
      a liquid and a gas to be established throughout said distribution system.
NUM  9.
PAR  9. A distribution system according to claim 1 wherein said flow control
      means further comprises a plurality of trap means located in the interior
      of said plurality of branch conduits and operative to prevent the
      flow-back of said mixture of liquid and gas.
NUM  10.
PAR  10. A distribution system according to claim 8 wherein said plurality of
      valve means comprises a plurality of solenoid actuated valves, a plurality
      of circuit means for connecting said plurality of solenoid actuated valves
      to a source of electrical power, and wherein said timing means is located
      in said plurality of circuit means for periodically energizing said
      plurality of solenoid actuated valves in order to allow flow of said
      combination of liquid and gas to said plurality of nozzles.
NUM  11.
PAR  11. A distribution system according to claim 10 wherein said plurality of
      circuit means includes a plurality of switches operatively associated with
      all of the plurality of solenoid actuated valves in each of said plurality
      of branch conduits for disconnecting the plurality of solenoid actuated
      valves in a selected branch conduit from said source of electrical power
      and a valve in each of said plurality of branch conduits for interrupting
      the flow of said combination of liquid and gas between a selected branch
      conduit and said main conduit.
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ABST
PAL  A terminal capable of being secured to a flat wire to make electrical
      contact with the conductor in the wire. The terminal is secured to the
      wire by pressing the wire between adjacent parts of the terminal so that
      electrically conductive barbs on the terminal pierce the insulation on the
      wire to contact the conductor.
PAL  A pair of terminals capable of being secured to a flat wire having two
      spaced conductors so that each terminal in the pair makes electrical
      contact with one of the conductors in the wire. The terminals are coupled
      to each other by a weakened portion. While coupled, the terminals define a
      generally U-shaped member so that the wire can be confined between the
      legs of the U while it is being secured to each of the terminals. The
      terminals are secured to the wire by pressing it between adjacent parts of
      each terminal so that electrically conductive barbs on each terminal
      pierce the insulation on the wire to contact their respective conductors.
      The terminals are separated from each other at the weakened portion.
PARN
PAC  RELATED PATENT APPLICATIONS
PAR  This patent application is a continuation-in-part of U.S. patent
      application Ser. No. 404,086 filed Oct. 5, 1973, in the name of Gustaf
      Rudolph Lawson, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to terminals and more specifically to terminals
      which are insulation-piercing and capable of being secured to flat, one or
      two-conductor lead-in wires, such as those utilized to connect a
      television receiver and an antenna, and to the conductor therein. Such
      wires are characterized by a relatively flat layer of insulation of
      predetermined width with the conductors disposed therein.
PAR  2. Description of the Prior Art
PAR  It has generally been found that the best and most reliable means of
      terminating an antenna wire has heretofore been through the use of
      automated machinery at the manufacturing stage. This means has initially
      required the removal of a portion of the flat insulating material between
      the conductors which are located within the marginal portions of the wire.
      After the insulation is stripped from the end of each remaining marginal
      portion of the wire to expose the conductor therein, a ring or spade
      terminal is secured to each exposed conductor.
PAR  It is often found, however, that the television owner needs to make a
      termination himself if, for example, the pre-installed terminal fails, the
      wire needs to be replaced or shortened, or additional receivers are placed
      on the same antenna. The means of termination described hereinabove,
      besides requiring several preparatory steps, is not well suited for use on
      location should the need arise. Removing and stripping the insulation from
      these wires without special tools is usually very difficult because the
      conductors comprise gathered strands of fine wire which can be easily
      damaged. To properly solder or crimp a terminal to the exposed conductor
      also requires special tools which the owner may not have.
PAR  It is, therefore, not infrequent that an owner will use a knife to remove
      the insulation but, in so doing, will accidentally cut the conductor and
      have to begin again. When the insulation is eventually removed, he will
      simply wrap the conductors around the respective receiving screws on the
      television receiver which are then tightened down directly on the
      conductors. However, since the wire is not supported, repeated movement of
      the receiver or the wire eventually causes one or both exposed conductors
      to fail to require the whole procedure to be repeated.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, an object to provide an insulation-piercing termination
      device for a flat, one or two-conductor, lead-in wire.
PAR  It is another object to provide a termination device of the type described
      which can be easily installed with the use of a pair of pliers or the like
      while insuring proper electrical contact with the conductors.
PAR  It is a further object to provide a termination device of the type
      described which can be secured directly to the wire to provide strain
      relief to limit the possibility of conductor failure without stripping the
      insulation of the wire.
PAR  It is still a further object to provide a termination device of the type
      described which has a configuration which allows the terminated conductors
      to be spaced-apart for independent electrical connection to a receiver.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one presently preferred embodiment of the
      invention including the two-conductor wire to which it is capable of being
      secured.
PAR  FIG. 2 is a view of the embodiment shown in FIG. 1 as seen along line 2-2
      with one terminal connected to its corresponding conductor.
PAR  FIG. 3 is a plan view of the preferred embodiment as secured to the wire.
PAR  FIG. 4 is a plan view like that of FIG. 3 with the terminals separated.
PAR  FIG. 5 is a perspective view of another form of the invention illustrated
      in FIG. 1.
PAR  FIG. 6 is a perspective view of still another form of the invention
      illustrated in FIG. 1.
PAR  FIG. 7 is a perspective view of another preferred embodiment of the
      invention including a one conductor flat wire to which it is capable of
      being secured.
PAR  FIG. 8 is a perspective view of another form of the invention illustrated
      in FIG. 7.
PAR  FIG. 9 is a perspective view of still another form of the invention
      illustrated in FIG. 7.
PAR  FIG. 10 is a perspective view of still another preferred embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  As shown in FIG. 1, one preferred embodiment of the invention, in the form
      of a termination device 10, generally includes a pair of terminals 12, 14
      rigidly joined by a pre-weakened section 16 therebetween. The preferred
      device 10 is stamped and formed from electrically conductive sheet metal
      to be capable of receiving and being secured to, a flat, insulated,
      two-conductor lead-in wire 18. The wire 18 comprises a layer of insulation
      of a predetermined width X and includes marginal portions 20, 22 which
      respectively include therein the conductors 24, 26.
PAR  Each terminal 12, 14, respectively includes a plate-like members 28, 28'
      which are each joined to a second plate-like member 30, 31' by a
      deformable hinge 32 therebetween. A description of the terminal 12 will be
      equally applicable for the terminal 14. In the preferred device 10, the
      members 28, 30 of the terminal 12 extend generally perpendicularly with
      respect to each other and the hinge 32 includes two portions 34 with an
      opening 36 therebetween. The arrangement of the portions 34 and opening 36
      in this embodiment is such that an outside force applied to the members
      28, 30 causing them to move together will result in deformation which will
      generally be confined to the hinge 32 because of its smaller
      cross-sectional area.
PAR  To provide the insulation-piercing feature of the preferred device 10, the
      member 28 includes an array of conductive elements such as barbs 38
      projecting from its surface generally toward the member 30. Significant
      features of the array of barbs 38 will be discussed in detail hereinbelow.
PAR  Extending co-planarly from each member 28, 28' is a spade-type connecting
      portion 40 which portions 40 are joined by the pre-weakened section 16 so
      that the entire device 10 has a rigid configuration prior to deformation
      of the hinges 32.
PAR  When applying the device 10 to the wire 18, the wire 18 is cut to provide
      an end 42. The end 42 is aligned with the device 10 so that the wire 18
      generally overlies the members 28, 28' without extending over the
      connecting portions 40 as shown in FIG. 1. The wire 18 is then positioned
      laterally between the hinges 32 and placed against the barbs 38 as
      generally shown at the right in FIG. 2.
PAR  It should be observed that the center barb in each set of barbs may be set
      relatively close to its respective hinge. This will insure the center barb
      will contact the conductor if the wire is not centrally located on the
      terminal. Thus, in addition to weakening the hinge, gap 36 also enables
      the center barb to be formed near the hinge without interferring with
      plate-like member 30.
PAR  The distance between the hinges, shown at Y, is slightly larger than the
      width X of the wire 18. As a result, the wire 18 is retained within the
      device 10 with its lateral movement restricted by the generally U-shaped
      cross-section of the device 10 as formed by members 28, 28', 30, 30' and
      the hinges 32.
PAR  There are several reasons for restricting the lateral movement of the wire
      18 with respect to the device 10. As shown in FIG. 2, it is through the
      deformation of the hinge 32 that the terminal 12 is secured to the wire 18
      and its barbs 38 make electrical contact with its respective conductor 24.
      The deformation is caused by forcing the members 30 and 28 together, such
      as through the use of a pair of pliers (not shown). The member 30 is
      angularly displaced along the general path indicated at Z, and the wire 18
      is forced in a direction A. If it were not restricted by the terminal 14
      or a similar, rigid alignment element providing this function, it would be
      moved from its desired location between the members 28, 30. The wire 18
      must be maintained between the members 28, 30 until the hinge 32 is
      sufficiently deformed to cause the members 28, 30 to resiliently grip the
      wire therebetween.
PAR  Furthermore, failure to retain the wire against unrestricted movement in
      the direction A would allow the conductor 24 to move sufficiently from
      alignment with the array of barbs 38 so that even if the wire were secured
      between the members 28, 30, proper electrical contact with the conductor
      24 would not be assured. The array of barbs 38 is designed to insure
      proper contact with the conductor 24 if it is maintained by an alignment
      element within a limited range of lateral positions during deformation of
      the hinge 32. Within this limited range, the insulation of the wire 18
      will be pierced by the barbs 38 until the conductor 24 makes initial
      contact with one of the barbs 38. The conductor 24 then is capable of
      general lateral movement with respect to this initial barb 38 as the
      entire array further penetrates the wire. Consequently, the conductor 24
      tends to follow the path of least resistance and seeks a final position
      between laterally adjacent barbs 38. The barbs 38 have a height, shape and
      lateral dispersement, as shown in FIG. 2, to provide multi-contact with
      the conductor 24 so positioned therebetween without causing damage to the
      conductor 24 during the penetration which would interfere with its
      conductive function. Further, the array of barbs relieve stresses at the
      terminal which could cause separation of the wire and the terminals during
      use.
PAR  With the terminal 12 secured to the wire 18, as shown in FIG. 2, it
      obviously serves as an alignment element for the terminal 14. However, it
      should be apparent that either of the terminals 12 or 14 could be first
      secured to the wire 18 as the other terminal 14 or 12 provides the
      alignment function.
PAR  When the preferred device 10 is fully secured to the wire 18, as in FIG. 3,
      the terminals 12 and 14 are still mechanically and electrically joined by
      the pre-weakened section 16. With the section 16 positioned beyond the end
      42 of the wire 18 and a gap 44 provided between the members 28, 28', the
      center 46 of the wire 18 is accessible to a knife or similar cutting
      device. Furthermore, when a knife is used to cut along the center 46 for
      eventual separation of the terminals, the gap 44 being defined by the
      members 28, 28' allows a good starting cut to protect against the
      accidental cutting of either conductor 24, 26.
PAR  As shown in FIG. 4, with the wire 18 cut along the center 46 a sufficient
      distance from the end 42, the wire 18 creates no resistance for the
      separation of the terminals 12, 14 by the intentional failure of the
      pre-weakened section 16. The electrically and mechanically separated
      terminals 12, 14 may then be spaced-apart as needed to be individually
      connected to their respective receiving screws.
PAR  It should further be noted that when the device is terminated to some types
      of wire as shown in FIG. 3, the insulation includes characteristics which
      cause it to be resiliently extruded into the gap 44. With the insulation
      so extruded, this type of wire offers no resistance to the separation of
      the terminals by the intentional failure of the pre-weakened section 16
      prior to the wire being cut. With the terminals structurally separated
      first, the relaxation of the insulation allows the terminals to be
      sufficiently displaced to allow a pair of scissors to be directed to the
      gap 44 for cutting of the wire along the center 46. When the device is to
      be used with insulated wire of this type, the longitudinal location of the
      pre-weakened section with respect to wire, as described hereinabove, is
      not as significant since the intentional failure occurs before cutting.
PAR  Referring to FIGS. 5 and 6, termination devices 10A and 10B are
      illustrated. These termination devices are virtually identical in every
      respect to termination device 10 illustrated in FIG. 1. Accordingly, those
      parts of termination devices 10A and 10B which are identical to
      corresponding parts of termination device 10 are identified by the same
      reference numeral as used in FIG. 1 followed by the letter A or B
      respectively.
PAR  In termination device 10A, plate-like members 30A and 30'A are curved so
      that their distal ends 48 and 48' overlie members 28 and 28'A. With this
      arrangement the plates 30A and 30'A surround the wire so that it is not
      only restrained against lateral movement, but it is also retained against
      separation from members 28A and 28'A. Further, the likelihood of crushing
      members 30A and 30'A as they are being secured to the wire is
      substantially less than the likelihood of crushing corresponding members
      30 and 30' since the surface of each of members 30A and 30'A near their
      distal ends are substantially parallel to the surface of members 28A and
      28'A.
PAR  In termination device 10B plate-like member 30B and 30'B are generally
      planar, but they form an acute angle with respect to members 28B and 28'B.
      This form of terminal has substantially the same advantages as the
      terminal 10B.
PAR  Termination devices 10A and 10B may be secured to the two-conductor flat
      wire in the same way that termination device 10 is secured thereto.
      Therefore, the description of the techniques for securing termination
      devices 10A and 10B to the wire will not be repeated.
PAR  Occasionally, it may be necessary to apply a terminal to a flat wire having
      a single conductor. Such occasions may arise if a two conductor flat wire
      has been cut along its length to provide two separate wire ends.
PAR  In this event, the terminals illustrated in FIGS. 1, 5 and 6 may be
      separated at their pre-weakened portions 16, 16A and 16B, and then only
      one of the terminals 12 or 14 need be used as desired. Using a single
      terminal broken from the pair may present some difficulty in aligning the
      conductor in the wire with the array of barbs 32 since there is no
      retaining means for aligning the wire therewith.
PAR  The embodiments of the invention illustrated in FIGS. 7-10 show single
      terminals that deal with this problem. Thus, referring to FIG. 7, a
      termination device 50, which includes one terminal 52 is illustrated. The
      device 50 may be stamped and formed from electrically conductive sheet
      metal in the manner described above so that it can receive and be secured
      to a flat, insulated one conductor lead-in wire 54 of predetermined width.
PAR  The terminal 52 includes plate-like members 60 and 62 which are joined to
      each other by a deformable hinge portion 64 disposed therebetween.
PAR  The members 60 and 62 may extend in generally perpendicular relation with
      respect to each other with a hinge portion 64 disposed therebetween.
PAR  The hinge is comprised of two members 66 with an opening 68 disposed
      therebetween. The opening 68 substantially reduces the amount of material
      at the hinge so that the deformation of the plate members is generally
      confined to the hinge area.
PAR  An array of conductive elements such as barbs 70 are disposed along one of
      the plate-like members 60 and 62 and extend generally toward the other
      member. The barbs have generally the same shape and the same configuration
      as barbs 38 discussed earlier. However, that barb configuration may not
      engage the conductor if the wire is not centered on the terminal. This may
      be avoided by giving the center barb a larger diameter than the outer
      barbs.
PAR  Extending in generally coplanar relation to one of the plate-like members
      62 is a connecting portion 72 which is generally the same as connecting
      portion 40, described earlier.
PAR  In order to simplify the handling of the wire prior to the members being
      secured thereto, a retaining means 74 which comprises two elements 76
      which may be separated by a gap 78 are provided along the edge of
      plate-like member 62 which is spaced from the hinge 64. Gap 78 enables the
      diameter of the center barb to be substantially the same as the distance
      between plate-like member 62 and retaining means 76.
PAR  As seen in the drawing, connecting portion 72 extends from member 62 in the
      same direction as hinge 64 so that when the edge of wire 54 lies along the
      hinge (FIG. 7) it is in alinement with connecting portion 72.
PAR  If preferred, the retaining means 74 may be a unitary elongated member. The
      retaining means 74 is substantially coextensive with the member 62 and
      extends generally perpendicularly above plate-like member 60 to a height
      which is about equal to the thickness of the flat wire 54 so that when
      plate-like member 62 is secured over the wire, the wire is confined
      thereby.
PAR  Referring to FIGS. 8 and 9, termination devices 50A and 50B are
      illustrated. These termination devices are virtually identical in every
      respect to termination device 50 illustrated in FIG. 7 and corresponding
      parts of termination devices 50A and 50B are identified by the same
      reference numeral as used in FIG. 7 followed by the letters A or B
      respectively.
PAR  In termination device 50A, plate-like members 60A and 62A are generally
      planar. They form an acute angle with respect to each other.
PAR  In termination device 50B, plate-like member 62B is curved so that its
      distal end overlies member 60B and the surface of member 62B near its
      distal end is substantially parallel to the surface of member 60B.
PAR  The advantage of having the plate-like members disposed at an acute angle
      with respect to each other or by having one of the plate-like members
      curved have been fully discussed above.
PAR  In FIG. 10, a termination device 80 comprising a terminal 82 is
      illustrated. This device is similar in many respect to the devices 50, 50A
      and 50B just described. In this device, plate-like member 84 and 84' are
      connected to plate-like member 86 by hinge portions 88 in a manner similar
      to that described above. Members 84 and 84' are generally shaped as
      complimentary right triangles. They are supported by the hinge portions in
      complimentary relation to each other so that when hinges 88 are deformed
      and they are folded over member 86 to secure the wire, they lie along side
      each other thereby enclosing the end of the wire and insuring electrical
      contact between the barbs and the conductor in the wire.
PAR  While there has been shown and described certain preferred embodiments of
      the invention, it will be obvious to those skilled in the art that changes
      and modifications may be made therein without departing therefrom. For
      example, if the pair of terminals were joined by a nonconductive section
      rather than the pre-weakened section, the connecting portions could be
      extended to a predetermined spaced-apart position corresponding to the
      relative positions of their respective receiving screws. The device could
      be secured to the wire and be completely serviceable without physically
      separating the terminals or cutting the wire. Accordingly, the scope of
      the invention should not be limited by the foregoing description, but,
      rather, only by the scope of the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pair of terminals capable of being secured to a television antenna
      wire or the like wherein said wire comprises a layer of substantially flat
      insulation of predetermined width having two spaced conductors therein so
      that each of said terminals is electrically connected to one of said
      conductors wherein, each of said terminals being substantially a mirror
      image of the other and comprising a pair of plate-like members, each of
      said pairs comprising first and second plate-like members, a deformable
      hinge disposed between said first and second members in each of said pairs
      for maintaining said members of each pair in fixed angular relation with
      respect to each other prior to deformation of said hinges, means for
      piercing the layer of insulation and contacting the conductors in the
      wire, said means comprising an array of insulation piercing, electrically
      conductive elements coupled to at least one of said members in each of
      said pairs and extending generally toward the other member in said pair,
      electrically conductive connecting means mechanically coupled to one of
      said members and said array of electrically conductive elements in each of
      said pairs for connection with external conductive members, means for
      releasably coupling said first and second pairs to each other so that said
      pairs define a generally U-shaped cross-section with one member in one of
      said pairs being coplanar with a corresponding member in the other pair,
      said members cooperating to form the base of said U and the other member
      in each of said pairs cooperating to form the legs of said U, the distance
      between said legs being slightly larger than the predetermined width of
      the wire, the two pairs of members thus cooperating to form a single
      locating area for receiving the antenna wire so that the wire can be
      received therebetween while its lateral movement is restricted thereby to
      maintain the conductors in alignment with their corresponding array of
      electrically conductive elements, said legs positioning said wire while
      the wire is pressed between said first and second members in each of said
      pairs and said arrays of electrically conductive elements pierce the layer
      of insulation comprising the wire to make electrical contact with their
      corresponding conductor while said terminals are coupled to each other.
NUM  2.
PAR  2. A pair of terminals as defined in claim 1 wherein the adjacent edges of
      said member defining the base of said U are spaced from each other to
      define an access opening to enable a cutting member to be inserted
      therebetween to facilitate cutting said wire between the conductors
      therein prior to the separation of said terminals.
NUM  3.
PAR  3. A pair of terminals as defined in claim 1 wherein said members in each
      pair that defines a leg of said U is at an acute angle with respect to the
      other member in that pair.
NUM  4.
PAR  4. A pair of terminals as defined in claim 1 wherein said member in each
      pair that defines a leg of said U is curved so that the distal end of each
      curved member overlies the other member in that pair.
NUM  5.
PAR  5. A pair of terminals as defined in claim 1 wherein said member in each
      pair that defines a leg of said U is substantially perpendicular to the
      other member in that pair.
PATN
WKU  039374041
SRC  5
APN  5847389
APT  1
ART  313
APD  19750609
TTL  Drain declogging device
ISD  19760210
NCL  5
ECL  1
EXP  Ward, Jr.; Robert S.
NDR  1
NFG  5
INVT
NAM  Johnson; Arthur L.
STR  4921 3rd St.
CTY  San Francisco
STA  CA
ZIP  94124
CLAS
OCL  239567
XCL  239DIG13
XCL  239568
XCL    4256
XCL  134166C
XCL  134167C
XCL  141368
EDF  2
ICL  B05B  114
ICL  B05B  118
ICL  B08B  906
FSC  239
FSS  DIG. 13;548;289;567;568;602
FSC  134
FSS  166 C;167 C;168 C;169 C
FSC  141
FSS  290;310;312;311;368-370;372;382;386;388;390;391;392
FSC    4
FSS  255;256
UREF
PNO  72348
ISD  18671200
NAM  Wheeler
OCL  239568
UREF
PNO  539422
ISD  18950500
NAM  Ebert
XCL  141368
UREF
PNO  2055801
ISD  19360900
NAM  Perry
XCL    4256
UREF
PNO  2188960
ISD  19400200
NAM  Schubring
OCL    4256
UREF
PNO  2466182
ISD  19490400
NAM  Peeps
OCL  239DIG.13
UREF
PNO  2673986
ISD  19540400
NAM  Schaefer
OCL    4255
UREF
PNO  2711279
ISD  19550600
NAM  Day et al.
XCL  141368
UREF
PNO  3535161
ISD  19701000
NAM  Gutrich
XCL  134167C
FREF
PNO  1,409,744
ISD  19681000
CNT  DT
OCL  134167C
LREP
FR2  Tauchen; Kurt A.
ABST
PAL  A drain clearance device comprising a length of flexible hose having at one
      of its ends means for connecting it to a source of water under pressure
      and at the other end a nozzle of elliptic contour longitudinally thereof
      and of a size to fit into a drain pipe. Said nozzle has four
      circumferentially spaced, slot-shaped orifices in the flanks of its
      rounded front end that are adapted to emit flat jets of water under
      increased pressure forwardly at an oblique angle against the inner surface
      of the drain pipe to dislodge and flush away any foreign matter that may
      have accumulated on the wall of the pipe and impede the free flow of water
      through the pipe. Intermediately of its ends the hose carries slidably
      mounted thereon means that may be manipulated to close the space around
      the hose to block back flow of water to the entrance opening of the drain
      during operation of the device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to drain pipes intended to carry away waste
      materials in liquid suspension. Such waste materials whether solid or
      semi-solid, may adhere to the inner surface of the drain pipes and may in
      time impede and even block the flow of water through the pipe. This is
      especially true for bathroom and kitchen drains.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide an effective method and means
      for declogging bathroom and kitchen drains.
PAR  It is another object of the invention to provide a drain declogging means
      that is easy to operate without danger of back flow which may flood and
      contaminate the entrance of the drain that is to be cleared.
PAR  Still another object of the invention is to provide a drain declogging
      device of the type referred to, that is of simple and inexpensive
      construction.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention I provide a length of flexible hose at one
      end with means for connecting it to a water outlet and at the other end
      with a nozzle of elliptic contour longitudinally thereof having four
      narrow slot-shaped circumferentially spaced orifices in the flanks of its
      forward end which are arranged to emit four blade-shaped jets of water
      under high pressure forwardly at an oblique angle against the inner
      surface of the drain pipe into which it is inserted, to dislodge and flush
      away any waste material that adheres to the inner surface of the drain
      pipe; and intermediately of its ends I mount slidably upon the hose means
      for blocking back flow of water in the drainpipe around the hose during
      operation of the device. Said back flow blocking means have preferably the
      form of two complementary hemispheres of a yieldably resilient material,
      such as sponge rubber, the flat section surface of one being provided with
      a centrally located semiglobular protuberance which fits into a
      semiglobular cavity or recess provided in the central area of the flat
      surface of the other hemisphere.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the goose neck portion of a drain pipe into
      which the drain declogging device of my invention has been inserted, with
      parts broken away to expose the declogging device within the drainpipe;
PAR  FIG. 2 is a side elevation of the nozzle at the front end of the drain
      declogging device of my invention;
PAR  FIG. 3 is a longitudinal section through the nozzle shown in FIG. 2;
PAR  FIG. 4 is a front elevation of the nozzle illustrated in FIGS. 2 and 3; and
PAR  FIG. 5 is a perspective of the nozzle taken from a point in front and
      laterally of the nozzle and showing its interior passages in phantom lines
     .
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  In FIG. 1 the references numeral 10 identifies the goose neck portion of a
      drain pipe. Partly inserted into the pipe is a length of flexible hose 12
      which is part of the drain declogging device of my invention. The leading
      end of the hose 12 is inserted into and penetrates the tubular entrance
      passage 14 of a nozzle 15 of elliptic shape. Said nozzle may be made of
      metal or a suitable plastic material and may be secured to the hose 12 by
      suitable means, such as the screw shown at 16 in FIGS. 1, 2, 3 and 5, or
      by one of the well known, firmly adhesive Epoxy resins. The passage 14
      extends to or beyond the center line x -- x of the nozzle 15, and from
      four cardinal points of its inner end it branches into four passages 18a,
      18b, 18c and 18d (FIG. 5) that slant outwardly and forwardly toward the
      flank area of the rounded front surface 19 of the nozzle where they form
      four narrow slot-shaped exit ports or orifices 20a, 20b, 20c and 20d,
      respectively. These orifices and the passages that lead to them should be
      narrow i.e., of limited height in a direction normal to the intended flow
      of water passing and exiting through them, but may be of substantial width
      as shown in FIGS. 2, 4 and 5.
PAR  The opposite and free end of the hose 12 is provided with suitable fittings
      22 of conventional design for connecting it to a suitable water outlet
      such as a tap indicated in phantom lines at 24 or a garden hose. When the
      hose 12 is connected to a source of water under pressure, the stream of
      water entering the nozzle 15 is split into four narrow diverging branches
      that rush toward the forward end of the nozzle where they issue through
      the slot-shaped orifices 20a, 20b, 20c and 20d in four divergent
      blade-shaped jets as shown in FIG. 1, that are directed obliquely against
      inner surface of the drainpipe. Due to the thinness of the jets in a
      direction at right angles to the direction of the flow of water and the
      resultant increase in the velocity and power of the issuing jets of water,
      they hit the inner surface of the drain pipe and/or any waste matter 25
      adhering thereto with increased force and carve such foreign matter from
      the surface of the drain pipe, break it up and flush the fragments
      forwardly through the drain pipe and thus unblock the pipe.
PAR  Since a clogged drain pipe, before fully unblocked by the device of my
      invention, may cause the water emitted by the nozzle 15 to back up and
      flow exteriorly of nozzle and hose 12 back to the inlet of the drain pipe
      minimizing the effect of the device of my invention and causing water and
      waste material to spill into and contaminate a wash basin, a bath tub,
      kitchen sink or the like, I provide means for preventing such back flow
      and thus maintaining the full effectiveness of the device. For this
      purpose I mount two complementary hemispheres 26 and 28 (FIG. 1) of
      resiliently yieldable material, such as sponge rubber, upon the hose
      behind the nozzle, i.e., in the region between the nozzle 15 and the
      fitting 22 in such a manner that they may slide snugly upon the hose in a
      forward or backward direction. The flat surface 30 of one of said
      hemispheres, preferably the leading one (in the direction of the flow of
      water through the hose 12) has a semiglobular cavity 32 while the flat
      surface 34 of the other is provided with a semiglobular protuberance 36 of
      a size to fit into the cavity of the former. During operation of the
      device when part of the hose and the nozzle on its front end are within
      the drain pipe 10, leading hemisphere 28 is slid down on the hose till it
      covers the entrance opening 38 of the drain pipe to block back flow of
      water around the hose, whereupon the trailing hemisphere 26 is slid
      downwardly on the hose 12 until its semiglobular protuberance 36 fits into
      the cavity 32 in the flat surface of the leading hemisphere 28. The second
      or trailing hemisphere 26 with its protuberance 36 limits back flow of
      water along the hose through the aperture 40 in the leading hemisphere
      through which the hose passes.
PAR  The drain clogging device of my invention is simple, inexpensive and
      effective. Due to the flexibility and length of the hose, it may be used
      to declog obstructions that lie in curved portions of the drain such as
      the "goose neck" traps that are commonly employed in drains, or
      obstructions that are located remote from the entrance opening 38 of the
      drain. The thin knife-blade like jets of water which its nozzle emits at
      great force disintegrate any obstructions on the walls of the drain and
      force its fragments to move on. The device of the invention is easy to
      operate effectively even by an unskilled person, it is not dangerous, it
      will cause no damage to the drain pipe nor is it likely to cause pollution
      of wash basins, bath tubs, sinks and the like due to back flow.
PAR  While I have described my invention with the aid of a particular embodiment
      thereof it is not limited to the constructional details shown and
      described by way of example which may be departed from without departing
      from the spirit and scope of my invention. Thus, the nozzle at the end of
      the hose may be provided with more than four peripherally located
      slot-shaped orifices to direct five or more knife-blade like jets against
      the inner wall of the drain pipe and any obstructing foreign matter
      accumulated thereon. I have found, however, that the provision of less
      than at least four such orifices materially reduces the effectiveness of
      the device.
CLMS
STM  I claim:
NUM  1.
PAR  1. A drain-declogging device comprising a length of flexible hose of a size
      to fit into a drain pipe, having at one end thereof means for attaching it
      to a source of water under pressure and at the other end a nozzle of
      elliptical contour having in one of its short sectors an entrance passage
      adapted to receive the respective end of said hose and reaching to a
      central area of said hose, and extending obliquely outwardly from said
      passage to the outer surface of the flank area of the opposite short
      sector of said nozzle a plurality of circumferentially spaced flat
      passages terminating in slot-shaped orifices, and slidably engaged over
      the center portion of said hose intermediately of its ends, means for
      blocking back flow of water in said drain around and exteriorly of said
      hose.
NUM  2.
PAR  2. A drain declogging device according to claim 1 having four
      circumferentially equi-spaced orifices located in the flank area of the
      front surface of said nozzles.
NUM  3.
PAR  3. A drain declogging device according to claim 1 wherein said back-flow
      blocking means comprises a hemispherical leading section of resiliently
      yieldable material having its semiglobular surface located to face said
      nozzle.
NUM  4.
PAR  4. A drain declogging device according to claim 3 wherein said leading
      hemispherical section has a planar trailing surface and said trailing
      surface has a semiglobular depression.
NUM  5.
PAR  5. A drain declogging device according to claim 4 wherein said back flow
      blocking means comprises a trailing section having a planar leading
      surface, and forwardly projecting from said leading surface a protuberance
      adapted to fit into the cavity in the trailing surface of said leading
      section.
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PAL  A system for making black powder comprising a jet mill into which potassium
      nitrate, carbon and sulfur, plus any other desired additive, are inserted,
      the particles being mixed, pulverized and ground in a vortex of gaseous
      fluid while the vortex is moved through a curvilinear path in the mill,
      the smaller, lighter particles being centrifugally separated from the
      larger heavier particles and then exhausted from the mill, the mill being
      constructed to decelerate the particles during initial mixture and to
      thereafter accelerate them through the curvilinear path, the system also
      including a second jet mill into which are introduced the particles
      exhausted from the first mill plus an additional coating material, the
      entire mixture being caused to tumble and roll slowly in the second mill
      to effect improved smoothing and coating.
PARN
PAR  This is a division of application Ser. No. 425,938 filed Dec. 18, 1973 now
      allowed.
BSUM
PAR  This invention relates to the pulverization, mixing, grinding, coating, and
      polishing of the components of black powder, and more particularly relates
      to such treatment by the use of "jet" or "fluid energy" mills.
PAR  Black powder consists essentially of an oxidizing agent such as potassium
      nitrate (KNO.sub.3), charcoal and sulfur, with the optional addition of
      specific additives for specific purposes, as, for example, wood flour
      which is used to slow the burning for use in fuses or the like.
PAR  In the usual preparation of the black powder, the three essential raw
      materials are first pulverized separately, then mixed and ground together,
      this mixing and grinding constituting what is called "incorporation".
      After the incorporation step, resulting in the production of what is
      called "meal black powder", this meal powder is compacted, then
      disintegrated, then sieved and finally polished, the polishing consisting
      of rounding and smoothing the particles by abrasion (called "glazing") and
      then "finishing" which constitutes further smoothing by abrasion during
      which time a coating of finely pulverized carbonaceous material such as
      graphite is applied to the particles.
PAR  These various steps were heretofore accomplished in separate mills, the
      pulverization taking place in ball mills, needle mills or hammer mills and
      the grinding and mixing taking place in other ball mills or in stamping or
      wheel mills. These mills were used because they were adaptable to small
      batches and were relatively slow. This was considered necessary because
      the fine grinding of the carbon or charcoal made it more reacitve and more
      subject to explosion. Slower grinding in these mechanical mills generated
      less heat and smaller batches provided less explosive material to lessen
      the danger of explosion. Furthermore, mixing the charcoal and sulfur
      spearately and then inserting the potassium nitrate, provided less time
      for the fully explosive mixture in the mill.
PAR  The aforesaid process was commercially disadvantageous because of the time
      consumed in the painstaking procedure -- usually about 6 to 12 hours or
      even longer -- for the grinding of each batch during the incorporation
      step.
PAR  It was then proposed to overcome the difficulties and time consumption of
      the old process by eliminating the mechanical mills and substituting
      so-called "jet" or "fluid energy" mills, the same type of "jet" mills
      being used both for pulverization and incorporation and for polishing.
PAR  "Jet" or "fluid energy" mills utilize the particles themselves as the
      abrading and grinding means. This is accomplished by passing a stream of
      high velocity gaseous fluid through a curvilinear path. The particles are
      passed into the whirling stream of gas where they are engaged in a vortex
      action in which they collide and pulverize each other. At the same time
      they are whirled through the curvilinear path together with the gaseous
      stream. During this whirling action, the smaller, lighter particles are
      centrifugally separated from the larger, heavier particles and
      centrifugally exhausted from the mill while the heavier particles are
      returned for further pulverization with fresh material. It is a
      characteristic of these "jet" mills that a certain amount of heat energy
      is absorbed by the gaseous fluid during passage through the nozzles
      because of expansion of the gas, so that a cooling effect is obtained
      despite the heat generated by the pulverization and grinding.
PAR  The aforesaid proposed method attempted to utilize the inherent cooling
      effect of the"jet" mills to speed up the process by pre-mixing the three
      essential components prior to insertion into the mill and then
      continuously passing a stream of the premixed composition through the
      mill, thereby avoiding the necessity of slow grinding and the use of small
      batches. It was supposed that the incorporation step could take place in
      the completely dry state because the meal black powder prepared in this
      manner had no significant dusting and, therefore, it was not necessary to
      use moisture to bind the dust and increase compressibility, nor was it
      believed that water was necessary for safety. It was proposed to
      optionally add water to the cyclone dust collector which received the meal
      black powder after incorporation, but even this was not considered really
      necessary, nor was there any conception of the amount of water to be added
      or in what manner.
PAR  Although the above-described jet mill process was a distinct improvement
      over the old use of mechanical mills insofar as speeding up the process
      was concerned, the danger of explosion was still siginficant because of
      the dry state of the atmosphere during incorporation, due to the
      compressed gas expansion, such dry state increasing the possibility of
      sparking because of static electricity. It was, further, apparently not
      realized that the bulk of the cooling effect in jet mills was due not so
      much to expansion of the gases but to the evaporation of moisture, if any,
      in the mill. The evaporation of the moisture, being an endothermic
      process, absorbs the heat produced by the grinding. Another thing not
      apparently realized was that the same type of jet mill cannot be
      satisfactorily used for both incorporation and polishing since the
      grinding effect necessary for the incorporation step would reduce the
      particles to useless dust during the polishing step and this would be so
      even though the load in the mill is increased and the pressure or velocity
      of the gaseous fluid is decreased. In fact, if the velocity of the gaseous
      fluid is reduced too much, the centrifugal action of the mill is
      deleteriously affected.
PAR  It is one object of the present invention to overcome the disadvantages of
      both the original method of producing black powder and the formerly
      proposed jet mill process by providing a process and a system for
      practicing such process which permits rapid production by the use of jet
      mills, but which does so in a completely safe manner and a manner to
      provide a completely satisfactory and improved product.
PAR  Another object of the present invention is to provide a process of the
      aforesaid type which is relatively simple and easy to use.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following description when read in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a generally schematic view of a jet mill system embodying the
      present invention, said system being utilized for the pulverization and
      incorporation steps used in the production of black powder.
PAR  FIG. 2 is a generally schematic view of a jet mill system embodying the
      present invention, said system being utilized for the polishing step.
DETD
PAR  In accordance with the present invention, it has been found that in order
      to eliminate any possibility of static electricity sparking, there must be
      sufficient moisture in the mill to provide a relative humidity (RH) of
      between about 85-95 percent. On the other hand, an overabundance of free
      moisture causes adhesion of the particles resulting in aggolmeration. Such
      agglomeration interferes with satisfactory grinding. The introduction of
      the water together with the raw feed is also not satisfactory since this
      induces localized adhesion of the particles even before the grinding takes
      place and hinders the grinding. It is, therefore, necessary not only to
      provide the proper amount of moisture to obtain a substantially constant
      RH value under variable temperature and pressure conditions, but the
      moisture must be introduced into the mill in the proper manner. In other
      words, as the temperature of the air changes for the same pressure and
      other operating conditions, in order to retain an RH of 85-95 percent in
      the atmosphere of the mill, the quantity of water added must also change;
      the higher the temperature, the more water must be added into the mill.
PAR  In addition to the above, in accordance with the present invention, the
      water is introduced into the mill in the form of a fine spray mist with
      the particles of water or other coolant preferably in a size range of
      about 0.01 to 10 microns. The amount of water entering the mill should be
      automatically metered in accordance with varying temperatures and
      pressures in the mill to retain 85-95 percent RH. This metering can be
      effected by any standard control means which may include a valve device,
      the opening of which is varied in accordance with a thermostat device set
      in a proper area of the mill. Such heat-controlled valves are not, per se,
      part of the present invention, but any standard type may be used.
PAR  The water is dispersed into the fine mist by any desired means such as by a
      continuous stream of high-pressure air causing fine atomization of the
      water. This water mist or spray is directed into an incoming stream of
      potassium nitrate which is fed into the mill separately from the carbon
      and sulfur feed. The water, in addition to being dispersed into a fine
      mist, is preferably heated to a temperature higher than ambient, most
      preferably to a temperature between about 70.degree. to 100.degree.C. This
      is done to permit more potassium nitrate to dissolve in the water mist,
      because potassium nitrate is sparingly soluble in cold water but easily
      soluble in hot water. In this respect, 100 grams of water will dissolve
      246 grams of KNO.sub.3 at 100.degree.C, whereas at 20.degree.C it will
      dissolve only 20 grams.
PAR  The collision of the water particles in the mist with the potassium nitrate
      particles dissolves at least a portion of the potassium nitrate and
      disperses the remainder so that there is created a spray of potassium
      nitrate, both dissolved and dispersed, which is directed toward the fed
      stream of carbon and sulfur mixture. As the potassium nitrate-water spray
      passes toward the carbon-sulfur mixture, the spray is slowed down by an
      expanded portion in the downstack part of the mill, so that, upon impact,
      the mixing of the three components and the adsorption of the potassium
      nitrate on the carbon and sulfur is effected over a period of time
      sufficient to complete the mixture and adsorption. The more potassium
      nitrate in solution, the better, because the solution is not only more
      easily adsorbed onto the carbon but is also more easily absorbed thereinto
      to effect an impregnation of the carbon.
PAR  The mixing of the potassium nitrate and carbon-sulfur feed does not take
      place until just about the time that pulverization and grinding begins.
      This is because charcoal (carbon) becomes highly activated at the instant
      of breakage into fine nascent particles. This activation is especially
      high immediately upon breakage of the carbon particles while the broken
      surfaces are still rough and channeled, and therefore present greater
      areas of adsorption and retention of other materials. This reactivity is
      rapidly reduced as the surfaces of the carbon particles begin to heal or
      smoothen out.
PAR  In addition to the above, the carbon is preferably introduced in a chilled
      state, lower than ambient temperature, and, most preferably, lower than
      0.degree.C. For example, the carbon may be pre-cooled to very low
      temperatures in liquid air or nitrogen. There are at least two reasons for
      this: (a) carbon is much more absorptive when cold than when warm, for
      example, a piece of charcoal which will absorb 18 times its volume of
      oxygen at 0.degree.C, will absorb 230 times its own volume at
      -185.degree.C. (the temperature of liquid air); and (b) the cold carbon
      and sulfur mixture will dissipate the heat resulting from the use of warm
      water in the spray directed against the dispersed potassium nitrate and
      from the heat generated by the grinding action. Though cooling is effected
      by the gas expansion itself, this further cooling action has been found
      most desirable.
PAR  Although the spray has been described as water so as to perform the double
      function of moisture additive and potassium nitrate dispersant and
      solvent, it is possible to add the water by other means and to use any
      other desired fluid in the spray. In this respect, the fluid may be a
      coolant material where it is not desired to obtain any great degree of
      solution of the potassium nitrate.
PAR  The mixture, together with whatever additives are required, is then
      pulverized, mixed and ground in the usual manner in the jet mill and the
      meal is passed therefrom into a cyclone collector or the like. From there
      it passes to a hopper where any additional moisture which may be required
      is added. The mixture then drops onto a conveyor where it is compacted. It
      is then disintegrated and sieved in the usual manner.
PAR  The product is now ready for polishing. The polishing is effected in
      another jet mill, but not the same type as used for the incorporation.
      This polishing mill is somewhat similar to the first one but is somewhat
      reversed in that is has an expanded portion in the upstack part of the
      mill, that is, in the part of the mill downstream from the part in which
      admixture of the components takes place. This is to permit the particles
      of the mixture to slow down and tumble over each other at the same time
      that they continue to travel around the mill. This permits smoother
      glazing and more satisfactory coating of the particles, which are the
      aspects of this polishing operation.
PAR  The components used in the polishing step are (a) the product of the
      incorporation, compacting, disintegration and sieving described above, and
      (b) graphite or the like. The polishing operation, as described above,
      comprises rounding and smoothing the particles by abrasion with each other
      (glazing) and further smoothing and simultaneous coating with graphite or
      the like (finishing). Both operations are carried out simultaneously in
      the jet mill used for this purpose.
PAR  The powder from the first mill and the graphite are introduced into the
      mill by adjacent feed means and then passed through a first portion of the
      mill where low-pressure, low velocity air streams entrain them and cause
      glazing, after which they pass through the expanded portion of the upstack
      where finishing takes place. The finished particles are then centrifugally
      exhausted from the mill to a cyclone collector, from where they pass to a
      hopper as a finished product.
PAR  Referring now in greater detail to the drawings wherein similar reference
      characters refer to similar parts, there is shown in FIG. 1 a jet or fluid
      energy mill, gnerally designated 10, comprising an inlet section 12, an
      upstack 14, a classification section 16, an exhaust duct 18 and a
      downstack 20. The exhaust duct 18 is connected to an exhaust outlet on the
      inner periphery of the mill between the classification section 16 and the
      downstack 20.
PAR  The inlet section 12, upstack 14 and classifier section 16 all preferably
      combine to constitute a "tractrix" or antifriction, constant acceleration
      curveture, such as disclosed in U.S. Pat. No. 3,648,936, dated Mar. 14,
      1972, to permit most efficient operation and to obviate undue wear of the
      mill. The downstack 20 is made of expanded shape for the purpose of
      decreasing the velocity of the particles to permit more efficient mixing
      thereof and a greater time for adsorption and absorption of the potassium
      nitrate into the carbon and, to a lesser extent, the sulfur particles.
PAR  The mill 10 operates in the general manner of such mills, having a
      tengential inlet nozzles 22 leading from a manifold 24 into the inlet
      section 12.
PAR  The nozzle tips are preferably provided with non-friction plastic liners
      such as nylon or the like, to decrease the possibility of generation of
      static electricity.
PAR  The manifold 24 is connected to a source of high pressure gaseous fluid,
      such as air, through a valve 26. The high pressure air, entering through
      inlets 22, each of a somewhat different tangential angle, creates a vortex
      within the inlet section 12 because of the impact of the different streams
      of air but, at the same time, the vortex is propelled through the upstack
      14 because of the tangential angles of the inlets. Raw feed particles
      entering through inlets hereinafter described, are entrained in the vortex
      and pulverize and grind each other at the same time that these particles
      are carried by the air through the upstack 14 and into the classification
      section 16. During the passage, the lighter particles are centrifugally
      separated from the heavier particles, the lighter particles passing along
      the radially inner wall of the mill and the heavier particles along the
      radially outer wall. This classification is completed in the
      classification section 16, and, during their descent toward the downstack
      20, the lighter particles pass through the exhaust outlet to the duct 18
      from where they pass to a cyclone dust collector 28. The heavier particles
      return through the downstack 20 to the inlet section 12, being admixed
      during this travel with fresh raw feed.
PAR  The raw feed comprises as indicated previously, three essential components,
      namely potassium nitrate, carbon (charcoal) and sulfur. The carbon and
      sulfur may be fed into the mill separately or in pre-mixed admixture, the
      latter being preferred. As indicated in the drawing, a mixture of carbon
      and sulfur is fed into the mill through a hopper 30, the particles of the
      mixture being propelled into the mill by a stream of gaseous fluid, such
      as air, under pressure, such gaseous fluid being shown as supplied by a
      conduit 32. The conduit 32 is connected by a valve 34 to two separate,
      alternatively utilized conduits, indicated at 36 and 38 respectively. The
      conduit 36 leads into the manifold 24 and utilizes the same high pressure
      air (usually at room temperature) as is passed through the inlets 22. The
      conduit 38 is connected to a source (not shown) of chilled fluid which may
      be a cold gas, or which may be liquid air, nitrogen or the like.
PAR  The potassium nitrate is inserted separately into the mill, and whereas the
      carbon-sulfur mixture is inserted through hopper 30 situated below the
      downstack, the potassium nitrate is inserted through a hopper 40 situated
      above the downstack. The potassium nitrate is propelled into the mill by
      high pressure gaseous fluid supplied by a conduit 42. The conduit 42 is
      connected through a valve 44 to the manifold 24.
PAR  Both the inlets from hoppers 30 and 40 are preferably provided with Venturi
      passages in order to increase the velocity of their respective fluids.
PAR  The inlet from hopper 40 is directed at a downward angle so that the fed
      potassium nitrate moves angularly into the downstack. At the opposite side
      of the downstack is an inlet duct 46 connected to a source of warm water
      (not shown), the water being preferably at a temperature of between about
      70.degree. to 100.degree.C. The inlet end 48 of the duct 46 is offset so
      that the water issuing therefrom is propelled into impact with a stream of
      high pressure air or the like issuing from a duct 50 connected to a source
      of high pressure air or the like, which may be the manifold 24 or any
      other desired source. The high pressure air, upon impact with the water,
      atomizes the water and projects a fine spray or mist angularly down toward
      impact with the potassium nitrate particles issuing from the hopper 40. As
      described above, this warm water spray not only wets the potassium nitrate
      particles but dissolves a substantial portion thereof while dispersing the
      remainder on the spray. The heated spray of potassium nitrate is slowed
      during passage through the expanded downstack and mixes intimately with
      the carbon-sulfur mixture, the warm spray being readily adsorbed and
      absorbed on the carbon particles which are particularly activated as they
      are simultaneously pulverized.
PAR  In ordinary circumstances, the carbon-sulfur mixture is fed into the mill
      by high pressure air or the like directed from the manifold 24 through
      conduits 36 and 32. However, if greatly increased absorption is required,
      the carbon-sulfur mixture is fed by either chilled or liquid gas directed
      from a source thereof through conduits 38 and 32. The use of chilled fluid
      is also effective in cooling the heated temperature caused by the
      introduction of the heated potassium nitrate spray.
PAR  Both the use of the chilled or liquid gas for the carbon-sulfur feed and
      the hot water spray for the potassium nitrate feed are optional, although
      the use of one or both is much preferred in order to obtain the most
      satisfactory product with the least danger.
PAR  When the mixture passes through the duct 18 into the collector 28, the
      gaseous fluid passes from the collector 28 through a duct 51 into filter
      52 from where clean gas is exhausted through a duct 54 while residual
      powder passes through conduit 56 to a receiver 58. The receiver 58 also
      receives the separated solids from collector 28. The solid mixture passes
      to a rotary valve 60 through which the mixture is dropped onto a conveyor
      62. While on the conveyor 62, the mixture is compacted by a compactor 64.
      The compacted mass then passes to a disintegrator and sieve for grading
      the powders, which mechanisms are indicated generally at 66.
PAR  Any additives, such as wood flour or the like, may be introduced into the
      mill either in admixture with the carbon and sulfur or through a separate
      feed inlet.
PAR  It may sometimes be desirable to incorporate additional moisture into the
      mixture in receiver 58. This is accomplished through a duct 68 and gas
      nozzle 70 similar to those shown at 46 and 50.
PAR  The incorporated product produced by the system of FIG. 1 is now introduced
      into the system shown in FIG. 2 for polishing. The polishing system
      comprises a jet or fluid energy mill, generally designated 100, which is,
      in many respects, similar to the mill 10 in that it has an inlet section
      102 provided with tangential gaseous fluid inlets 104, an upstack 106, a
      classification section 108, a downstack 110 and an exhaust duct 112.
      However, low pressure, rather than high pressure air is passed through the
      inlets 104. A hopper 114, having a high pressure fluid conduit 116 for
      propelling the material into the mill, is provided below the exhaust duct
      112, this hopper being used for insertion of the incorporated mixture into
      the mill 100. A second similar hopper 118 having a high pressure fluid
      conduit 120 is provided below the hopper 114, this hopper 118 being used
      for the introduction into the mill of finely divided graphite.
PAR  In contrast to the mill 10, the upstack 106 of the mill 100, although still
      preferably provided with the tractrix configuration, has an expanded
      portion while the downstack 110 is relatively narrow. By means of this
      construction, as the mixture passes through the upstack, the particles are
      not only moving relatively slowly due to the low pressure air, but are
      further slowed down by the expanded upstack 106. As a result, the
      particles tumble and roll over each other, as indicated by the arrows in
      FIG. 2. This not only prevents excessive grinding while permitting
      rounding and smoothing, but increases the coating action of the graphite
      on the incoporated particles.
PAR  The product which passes from exhaust duct 112 into a cyclone collector 122
      is then freed from gaseous fluid, which flows upwardly through duct 124,
      and passes down into receiver 126 from where it passes through rotary
      valve 128 into a container 130 for the finished product.
PAR  Although the above process and apparatus is preferred, especially with
      regard to the separate insertion of the potassium nitrate and the
      carbon-sulfur mixture, it is possible to introduce all three components
      together above the expanded downstack portion 20 of the mill 10, since the
      expanded downstack mill will still act to slow the movement of the
      particles sufficiently to obtain a good mixture and the relatively short
      time in the mill will somewhat alleviate the danger of explosion.
PAR  It is to be noted that the mills and all other components of the system
      should be electrically grounded in order to avoid electrostatic sparking
      and the consequent danger of explosion during the processing.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In a system for producing black powder from a mixture comprising
      potassium nitrate, carbon and sulfur, a mill of curvilinear shape having
      an inlet section, an upstack section leading from said inlet section, and
      a classifier section connecting said upstack section to a downstack
      section, said downstack section leading into said inlet section, all of
      said sections being in fluid connection with each other, a plurality of
      gaseous fluid nozzles connected to a source of high pressure gaseous
      fluid, said nozzles leading tangentially into said inlet section, feed
      means for said potassium nitrate, carbon and sulfur, said feed means
      leading into said mill adjacent said downstack, said downstack having at
      least a portion thereof expanded relative to the remainder of said mill,
      and an exhaust outlet from the inner peripheral wall of said mill between
      said classifier section and said downstack section, and a feed means for
      the carbon and sulfur, the feed means for the potassium nitrate being
      provided separately from the feed means for the carbon and sulfur, the
      feed means for the potassium nitrate being upstream from said expanded
      portion of said downstack section and the feed means for the carbon and
      sulfur being downstream from said expanded portion.
NUM  2.
PAR  2. The system of claim 1 wherein a fluid spray means is provided in said
      mill with the spray outlet in opposed position relative to the outlet of
      the feed means for the potassium nitrate to direct a fluid spray into
      impact with the potassium nitrate as it issues from its feed means.
NUM  3.
PAR  3. The system of claim 2 wherein said spray means is connected to a source
      of water heated to a temperature above ambient.
NUM  4.
PAR  4. The system of claim 1 wherein a cooling means is provided to cool the
      carbon to a temperature below ambient prior to insertion of said carbon
      into said mill.
NUM  5.
PAR  5. The system of claim 1 wherein a second mill is provided to further
      process the product produced in the first mill, said second mill also
      being of curvilinear shape with an inlet section, an upstack section, a
      classifier section and a downstack section, all said sections being in
      fluid communication with each other, a plurality of gaseous fluid nozzles
      connected to a source of low pressure gaseous fluid, said nozzles leading
      tangentially into the respective inlet section, an exhaust outlet from the
      inner peripheral wall of said second mill, and feed means adjacent said
      downstack section for the product processed by said first mill, said
      upstack section having at least a portion thereof expanded relative to the
      remainder of said second mill.
NUM  6.
PAR  6. The system of claim 5 wherein a second feed means is provided adjacent
      said downstack section of said second mill for the introduction into said
      second mill of a coating material.
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ABST
PAL  An agitator mill with a grinding container, an agitator shaft rotatable
      therein, a cylinder mounted on the lower face of the grinding container,
      internally connected thereto, and containing at least a portion of a
      charge of grinding elements, and a piston movable in the cylinder so as to
      vary the packing in or the density of the grinding elements in the
      grinding container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Material to be ground wet or to be dispersed in agitator mills is normally
      conveyed by a feed pump from below into a preferably cylindrical and very
      narrow grinding container and after it passes through the grinding zone it
      is removed at the upper end of the grinding container. A charge of
      grinding elements, which generally consists of approximately spherical
      grinding elements of steel, glass, ceramic or similar materials, is
      retained in the grinding container by means of a separation device; e.g.,
      a screen or an annular slit. The material which is sufficiently ground or
      dispersed generally flows out through a lateral opening above the
      separation device.
PAR  The desired degree of fineness or dispersion of the material subjected to
      grinding is obtained on the one hand through a suitable arrangement or
      shape of the agitator mill and, on the other hand, through the selection
      of a certain charge of grinding elements, wherein the grinding is adjusted
      by the amount and size of the grinding elements, and through the
      regulation or control of the time-of-stay of the ground material in the
      grinding container, for which purpose the conveying power of the feed pump
      can be variable; e.g. by means of an infinitely variable gearing.
PAR  With the object of possibly varying the charge of grinding elements and
      also the density of packing of the grinding elements in the grinding
      container during the operation, there has been proposed in the prior art
      an agitator mill of the type described in British Pat. No. 1,314,789,
      whose piston, which can be displaced for the purpose of varying the
      density of packing of the grinding elements, has a piston rod or operation
      spindle which projects from the cylinder at the end extending away from
      the grinding container and is guided with possible axial displacement at
      such an end. In an embodiment of that agitator mill which comprises the
      cylinder mounted on the lower face of the grinding container, the inlet of
      the material to be ground is arranged approximately at the level of the
      lower end of the agitator shaft laterally on the grinding container. In
      another embodiment comprising the cylinder mounted on the side wall of the
      grinding container in the vicinity of its bottom, the inlet of the
      material to be ground is arranged in the botton of the grinding container
      coaxially with the agitator shaft. The axis of the cylinder extends in
      both cases at a right angle to the axis of the inlet for the material to
      be ground. Accordingly, there is the danger that the charge of the
      grinding elements may plug up the inlet for the material to be ground, if
      it is forced by the piston from the cylinder into the grinding container
      after the agitator shaft starts rotating. Indeed, in the case of the
      agitator mill of the prior art one could conceive the arrangement of the
      cylinder and the inlet for the material to be ground side by side on the
      bottom of the grinding container; however, this is possible only in the
      case where the cylinder possesses a considerably smaller diameter than the
      grinding container, which is again associated with the disadvantage that a
      considerable portion of the charge of the grinding elements may not be
      able to drop into the cylinder. The possibility of arranging both the
      cylinder and also the inlet for the material to be ground side by side on
      the side wall of the container is opposed by the fact that the flow of the
      material subjected to grinding passing through the inlet of the material
      to be ground into the grinding container would necessarily carry along a
      considerable portion of the grinding elements contained in the cylinder
      from the cylinder into the grinding container, even before the agitator
      shaft starts running, which is also the case where the axes of the
      cylinder and the inlet for the material to be ground extend at right
      angles to each other.
PAR  Meanwhile, the above discussed agitator mill possesses in relation to
      previously known mills the substantial advantage that at least a portion
      of the charge of the grinding elements passes into the cylinder when the
      piston is retracted. The said portion of the charge is thus removed from
      the grinding container so that even in the case where the grinding
      container is completely filled with the material to be ground the agitator
      shaft can be set in rotation with a driving power that is not
      substantially above the level of normal operating power since owing to the
      reduction in the charge of grinding elements in the grinding container the
      initial break-away torque of the agitator shaft is low.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to develop further an agitator mill of the
      type described above, in order to avoid with low structural expenditures
      the danger of plugging up the inlet for the material to be ground, while
      retaining and possibly intensifying the advantages found therein.
PAR  The present invention solves the problem of the prior art apparatus in that
      the piston is guided on a hollow guide rod that is attached in the
      cylinder and simultaneously forms the inlet for the material to be ground.
PAR  In the agitator mill of the present invention, the direction in which the
      grinding elements are forced by the piston, from the cylinder into the
      grinding container, corresponds to the direction of flow of the material
      to be ground in the inlet for such material. Therefore, the grinding
      elements displaced by the piston do not exhibit the tendency of plugging
      up the inlet for the material to be ground. On the other hand, the
      material to be ground which passes through the inlet for such material
      into the grinding container cannot flush out the grinding elements from
      the cylinder, as long as the piston is in its retracted position.
      Consequently, the filling of the cylinder with the grinding elements is
      guaranteed until the elements are displaced by the piston into the
      grinding container, after the agitator shaft starts running.
PAR  In a preferred embodiment of the invention, the end of the guide rod which
      faces the agitator shaft, or a sleeve bolted or screwed thereon, defines a
      narrow annular inlet gap together with the lower end of the agitator
      shaft, or a disk attached thereon, in an interchangeable manner. This
      arrangement is associated with the advantages, on the one hand, that the
      material to be ground flows in through the inlet for such material and is
      distributed uniformly through the inlet gap in every direction radial in
      regard to the cylinder. Accordingly, it cannot form a flow in the grinding
      container which could assume a direction in the grinding container leading
      toward the cylinder. On the other hand, the grinding elements cannot reach
      the inlet for the material to be ground when the inlet gap possesses
      suitable narrow dimensions.
PAR  A particular advantage may be obtained in this connection by providing the
      guide rod and/or the sleeve bolted thereto or screwed thereon with a
      possibility of axial displacement, so that the width of the annular gap
      can be varied.
PAR  Also, in the preferred embodiment of the invention, spokes may attach the
      end of said guide rod means which faces said agitator shaft to said
      grinding container.
PAR  The invention is preferably applied to an agitator mill of the type wherein
      the cylinder is arranged coaxially with the grinding container, since this
      arrangement possesses the advantage that in any case the grinding elements
      cannot be thrown by the agitator shaft directly against the wall of the
      cylinder. When a hollow guide rod for the piston is employed in accordance
      with the invention as inlet for the material to be ground, there is
      obtained the additional advantage that the grinding elements also cannot
      be thrown by the agitator shaft directly against the opening of the inlet
      for the material to be ground. In the case where the cylinder is arranged
      coaxially with the grinding container, a further development of the
      invention provides that the spokes be joined into a spoked-ring by means
      of an external ring, which is arranged between the lower face of the
      grinding container and the upper face of the cylinder, and an inner ring,
      which centers the guide rod. On the one hand, this greatly facilitates the
      mounting of a cylinder with the guide rod of the invention, on the
      grinding container, and even on grinding containers of existing older
      agitator mills. On the other hand, the spoked-ring separates the cylinder
      from the grinding container in such a manner that the movement of the
      ground material and of the charge of grinding elements produced by the
      agitator shaft in the grinding container is not transmitted to the
      grinding elements contained in the cylinder or is transmitted at most to a
      quite negligible extent, so that the wall of the cylinder is spared and
      sealed effectively in relation to the piston even after longer periods of
      operation.
PAR  Where there is provided a sleeve bolted to or screwed on the guide rod, it
      is attached to the inner ring of the spoked-ring, preferably in an
      interchangeable manner, and the guide rod is mounted on the end of the
      cylinder extending away from the agitator shaft, with the possibility of
      turning, and is provided with a head that is accessible for a wrench
      applied from the lower side of the cylinder. This arrangement of the
      invention provides the possibility of varying the inlet gap by turning the
      guide rod from the outside. If the head of the guide rod is mounted
      without a possibility of axial displacement on the end of the cylinder
      which is facing away from the agitator shaft, the axial position of the
      sleeve is changed in connection with elastic deformation of the
      spoked-ring, when the guide rod is turned, which changes the distance
      between the upper face of the sleeve and the lower face of the agitator
      shaft, or a disk attached thereto, thus changing the width of the inlet
      gap.
PAR  In addition, the head of the guide rod can be also guided, with the
      possibility of axial displacement, on the end of the cylinder which faces
      away from the agitator shaft and is fixed in axial direction only through
      its thread-connection to the sleeve. When the guide rod is turned in this
      case, its end facing the agitator shaft can be allowed to project from the
      sleeve to a smaller or greater extent, so as to vary also in this manner
      the inlet gap, which is limited in this case by the above-mentioned end of
      the guide rod itself.
PAR  As in an embodiment of the agitator mill of the prior art, the cylinder may
      be subjected to the action of a liquid under pressure on its side facing
      away from the grinding container, in accordance with a further development
      of the invention, it is advantageous in this case to store the liquid
      under pressure in a pressure container which is equipped with a
      compressed-gas cushion and a liquid-level indicator, the inner
      corss-section of the pressure container corresponding at least
      approximately to the inner cross-section of the cylinder reduced by the
      cross-section of the guide rod. On a liquid-level indicator on the
      pressure container there can be read the position of the piston in the
      cylinder and, therewith, also the degree to which the grinding container
      is filled with grinding elements.
PAR  Also in the present invention, in the preferred embodiment, the inner
      diameter of the cylinder is preferably at least approximately as large as
      the inner diameter of the grinding container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A complete understanding of the invention may be had from the following
      description of a particular embodiment of the invention, reference being
      made to the accompanying drawings in which:
PAR  FIG. 1 is a side elevation of an embodiment of the along mill of the
      present invention;
PAR  FIG. 2 is a vertical partial sectional view on an enlarged scale alone line
      II--II of FIG. 1; and
PAR  FIG. 3 is a horizontal sectional view along the line III--III of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to the over-all view shown as a side elevation of an
      agitator mill in FIG. 1, there are illustrated the main components
      comprising the said apparatus. A housing 12 comprises the framework for
      the over-all apparatus and includes a housing cap 14, an agitator shaft 16
      journelled in housing cap 14, a grinding container 18 at the lower end of
      agitator shaft 16, a cylinder 20 attached to the lower face of grinding
      container 18, and a pressure container 22.
PAR  An electric driving motor (not shown) is located in the housing 12,
      probably most conveniently in section 24. The electric driving motor is
      connected through an infinitely variable gearing, located in housing cap
      14, through a coupling, located in a hinged coupling housing 26 for easy
      accessibility thereto, in a detachable manner, to agitator shaft 16. From
      its coupling in housing 26 agitator shaft 16 extends through a packing box
      28 that is attached to a cover 30 of grinding container 18. Grinding
      container 18 is supported on roller-legs 32 and may be detached and moved
      away from main housing 12 when agitator shaft 16 is uncoupled from its
      infinitely variable gearing and when the pipes connected to cylinder 20
      are likewise uncoupled.
PAR  The pipes connected to cylinder 20 consist of a feed pipe to feed material
      to be ground into grinding container 18, which pipe is not illustrated but
      which is connected to a pipe elbow 34 on the lower side of cylinder 20 as
      illustrated in FIGS. 1 and 2. Also among such pipes is pressure pipe 36
      which connects the interior of cylinder 20 to a pressure container 22
      through a manometer 38, a first shutoff valve 40, a coupling 42, and a
      second shutoff valve 44. Pressure container 22 contains a hydraulic fluid
      that is subjected to the pressure of an air cushion. The air cushion is
      produced by a compressed air network 46, to which pressure container 22 is
      connected through a shutoff valve 48 and a pressure reducing valve 50. The
      level of hydraulic fluid in pressure container 22 is read in liquid level
      indicator 52.
PAR  Between packing box 28 and lid 30 of grinding container 18, an outlet 54 is
      located. The finely ground and/or dispersed ground material can flow
      through the outlet 54 into a collecting container or into a discharge pipe
      that can likewise be uncoupled if necessary for movement of container 18.
      Two arms 56 project from grinding container 18. These arms 56 are attached
      to housing 12 as long as grinding container 18 is situated in its
      operational position as illustrated in FIG. 1.
PAR  FIG. 2 is an axial section through cylinder 20 on an enlarged scale and
      shows only the lower end of agitator shaft 16 and grinding container 18.
PAR  Agitator shaft 16 is equipped with numerous agitator elements 58 of which
      only two are illustrated. An interchangeable disk 60 is attached at the
      lower end of agitator shaft 16. The disk 60 acts as a limit on an inlet
      gap 62 in the upper direction.
PAR  Grinding container 18 possesses a doubly cylindrical side wall 64 with the
      cavity between the double walls traversed by a flow of water. The cavity
      has a lower face wall 66.
PAR  An outer ring 68 of a spoked-ring is attached to lower face wall 66. The
      spoked-ring has at least three spokes 72 welded to outer ring 68 and to an
      inner ring 70. A sleeve 74 is inserted into inner ring 70 from below in an
      upward direction, its annular upper face defining the lower portion of
      inlet gap 62 in the downward direction. At its lower end, sleeve 74 is
      provided with a flange which is attached to inner ring 70 by means of
      bolts or screws. Sleeve 70 is thus held in an accurate manner coaxially in
      relation to grinding container 18.
PAR  An upper flange 76 of cylinder 20 is firmly attached by means of screws or
      bolts to outer ring 68. A bottom 80 of cylinder 20 is firmly attached also
      by screws or bolts to a lower flange 78 of cylinder 20. A pressure chamber
      84 is provided between cylinder bottom 80 and a piston 82 guided in
      cylinder 20, with pipe 36 ending in chamber 84. A plurality of return
      springs 86 are attached to the lower face of piston 82, displaced at
      uniform angular intervals in relation to one another. Each of the springs
      86 are attached at their lower end by a bolt 88, which bolt 88 extends
      transversely through the lower end of a tubular spring housing 90 attached
      by its flange from below to cylinder bottom 80.
PAR  A tubular guide rod 94 with a hollow center extends axially through
      cylinder bottom 80 and through a guide sleeve 92 arranged centrally in
      piston 82 and up through cylinder 20, the upper end of guide rod 94 being
      screwed into sleeve 74. At its lower end guide rod 94 is provided with an
      enlarged head 96 which is admitted from below partly into a countersunk
      position in cylinder bottom 80 and partly extending into a clamping ring
      98 attached to cylinder bottom 80. Head 96 is firmly clamped between
      cylinder bottom 80 and clamping ring 98. Pipe elbow 34 is welded to
      clamping ring 98. Since, on the one hand, pipe elbow 34 is to be coupled
      to a feed pipe to feed in the material to be ground and, on the other
      hand, it is attached firmly to tubular guide rod 94 through clamping ring
      98, guide rod 94 is employed not only for guiding piston 82 but also as an
      inlet for the material to be ground.
PAR  If clamping ring 98 is detached or unscrewed, from cylinder bottom 80, head
      96 of guide rod 94 is free and can be engaged by a wrench. If guide rod 94
      is rotated, it is screwed more or less into sleeve 74. However, since the
      guide rod 94 is fixed axially through cylinder bottom 80, on the one hand,
      and on the other hand, through clamping ring 98, after it is again screwed
      on or otherwise attached, any turning of guide rod 94 makes a vertical
      adjustment of sleeve 74 which is held against rotation. Within the narrow
      limits in which a change in the inlet gap 62 is of importance, such a
      vertical displacement is made possible either through elastic deformation
      of spokes 72 or by the sleeve 74 possessing a certain axial play with
      respect to inner ring 70. Accordingly, inlet gap 62 can be changed simply
      by detaching clamping ring 98 and turning guide rod 94.
PAR  The agitator mills of the type of the present invention generally use
      grinding elements with a diameter having a size of about 0.2 to 3 mm. In
      British Patent No. 1,314,789, previously mentioned, the size of 1.5 to 3
      mm is indicated on page 1, line 70, however, from other previously
      published material it results, for instance, that such agitator mills can
      also operate with substantially smaller grinding elements. The size of
      annular gap 62 illustrated in the present invention in FIG. 2 is
      preferably adjusted such that the grinding elements are prevented from
      dropping into the hollow guide rod 94 when the supply of material to be
      ground is interrupted. Annular gap 62 is therefore adjustable preferably
      between a smallest height of about 0.1 mm and a largest height of about 2
      mm. Hence it is useful to provide that the spokes are so elastic that
      their inner ends may be bent from a neutral position by about one
      millimeter each in a downward or upward direction. When the agitator mill
      of FIG. 2 has a normal size, a bending of spokes 72 by 1 mm in a downward
      direction or an upward direction does not create any difficulties when the
      spokes are, for instance, made of steel.
PAR  Within cylinder 20 the purpose of the space above piston 82 is to receive a
      certain portion of the charge of the grinding elements of the agitator
      mill, depending on the position of piston 82, and to remove in this manner
      such a portion of the charge of the grinding elements from grinding
      chamber 100, wherein agitator shaft 16 is operating, so as to facilitate
      in this manner the starting of agitator shaft 16 at the beginning of the
      operation.
PAR  The inner cross-section of cylinder 20, reduced by the cross-section of
      guide rod 94, correspond at least approximately to the inner cross-section
      of pressure container 22. The amount of fluid under pressure which is
      totally available in pressure container 22, pressure pipe 36, and chamber
      84 of cylinder 20 remains constant during a displacement of piston 82 and
      is of such a magnitude that the level of liquid seen in liquid level
      indicator 52 corresponds to the distance between piston 82 and its upper
      end position.
PAR  In the standstill condition of the agitator mill, piston 82 preferably
      occupies its lower end position illustrated in FIG. 2, wherein at least
      part of the charge of grinding elements provided to operate in the
      grinding container 18 is contained in cylinder 20 so that the grinding
      container 18 itself contains only a remaining portion of the charge of
      grinding elements, or does not contain any grinding elements at all.
      Agitator shaft 16 is rotated by its drive motor, previously mentioned. As
      soon as the agitator shaft 16 has reached a specific speed valves 40 and
      44 are opened allowing a fluid under pressure to flow from the container
      22 through pressure pipe 36 into the pressure chamber 84 below piston 82.
      This grandually presses piston 82 upwardly so that it in turn gradually
      presses the grinding elements contained in cylinder 20 between the spokes
      72 into the grinding space 100 of the grinding container 18. As soon as
      the grinding space 100 has received a sufficient amount of grinding
      elements, the material to be ground is pumped through pipe elbow 34,
      hollow guide rod 94 and annular gap 62 into the grinding space 100. The
      finished ground and possibly suspended ground material is discharged from
      the agitator mill continuously through outlet 54. During continuous
      operation piston 82 normally remains in its upper end position or at least
      in a position which is substantially above its lower end position.
PAR  If piston 82 is to be lowered again, for instance, to facilitate the
      processing of material to be ground having little viscosity, the pressure
      reducing valve 50 is adjusted such that the pressure in the container 22
      is reduced. If necessary, shutoff valve 48 is closed completely and the
      pressure reducing valve 50 is adjusted to a pressure in the proximity of
      atmospheric pressure. Springs 68 are then in a position to draw piston 82
      downwardly thus urging fluid from chamber 84 below piston 82 back into
      container 22.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to what is shown in the drawings and
      described in the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An agitator mill comprising
PA1  a grinding container,
PA1  an agitator shaft rotatable therein,
PA1  a charge of grinding elements contained in said grinding container,
PA1  a cylinder mounted at the lower portion of said grinding container and
      opening into said grinding container, containing,
PA1  piston means displaceable in said cylinder,
PA1  and hollow guide rod means attached in said cylinder for guiding said
      piston means and simultaneously forming the inlet for material to be
      ground in the agitator mill,
PA1  said cylinder receiving at least a portion of said charge of grinding
      elements, and thus reducing the packing density of said charge of grinding
      elements in said grinding container, when said piston means is in its
      lowermost position.
NUM  2.
PAR  2. The agitator mill of claim 1, further characterized by
PA1  the end of said hollow guide rod means facing said agitator shaft and the
      lower end of said agitator shaft defining a narrow annular inlet gap
      therebetween.
NUM  3.
PAR  3. The agitator mill of claim 2, further characterized by
PA1  a disk attached on said lower end of said agitator shaft defining the upper
      part of said narrow annular inlet gap.
NUM  4.
PAR  4. The agitator mill of claim 2, further characterized by
PA1  a sleeve screwed onto said end of said guide rod means facing said agitator
      shaft defining the lower part of said narrow annular inlet gap.
NUM  5.
PAR  5. The agitator mill of claim 1, further characterized by
PA1  spokes attaching the end of said guide rod means which faces said agitator
      shaft to said grinding container.
NUM  6.
PAR  6. The agitator mill of claim 5, further characterized by
PA1  said cylinder mounted coaxially with said grinding container,
PA1  said spokes forming a spoked-ring having an outer ring and an inner ring
      connected by said spokes,
PA1  said outer ring located between the lower face of said grinding container
      and the upper face of said cylinder,
PA1  said inner ring connected on said guide rod means to center said guide rod
      means.
NUM  7.
PAR  7. The agitator mill of claim 6, further characterized by
PA1  a sleeve attached on said inner ring of said spoked-ring in an
      interchangeable manner and screwed onto the end of said guide rod means
      facing said agitator shaft,
PA1  said guide rod means having a head on the end away from said agitator shaft
      protruding below the bottom of said cylinder, and mounted for turning on
      said cylinder bottom.
NUM  8.
PAR  8. The agitator mill of claim 1, further characterized by
PA1  means to subject said piston means to fluid pressure on its side facing
      away from said grinding container,
PA1  said fluid pressure means including
PA2  a pressure container for storing said fluid having a liquid level indicator
      and a compressed gas connection attached thereto,
PA2  the inner cross-section of said pressure container corresponding
      substantially to the inner cross-section of said cylinder reduced by the
      cross-section of said guide rod means.
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ABST
PAL  An improved energy and shock absorber is provided using one standard
       off--shelf textile material for all the strap components having the same
      configuration and composition and varying only in length. Such a design
      enables the shock absorber to be fabricated and/or repaired economically
      and expeditiously at any installation or facility that has available a
      commercial sewing machine. The magnitude of shock absorption can be varied
      without the need for any research and development effort, and by operating
      personnel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to strap shock absorbers designed primarily for
      parachutes, but it is to be understood that the invention apparatus can be
      used for any purposes for which it is found applicable.
PAR  The use of shock absorber webbing for parachutes and other uses is well
      established in the energy and shock absorption art. For the most part,
      such prior art shock absorber systems are composed of supplemental straps
      of special sizes and material to provide a sequential and intermittent
      breaking to absorb the shock force to a safe level to be handled by the
      basic strap. An example of the prior art shock absorber system is U.S.
      Pat. No. 3,302,973. This type of construction requires an inventory of
      special straps, and fabrication and repair of the shock absorber system is
      impractical at most field installations. In addition, the supplemental
      straps are dependently secured together to the basic strap at a common
      point enhancing the possibility that repetitive tearing of the straps will
      degrade the shock absorber system.
PAR  Other prior art shock absorbers employ stitch-rupturing textile systems
      which by experience provide inconsistent and nonrepeatable results. This
      construction is represented by the U.S. Pat. Nos. 2,352,036 and 3,563,498.
PAC  SUMMARY OF THE INVENTION
PAR  The novel energy and shock absorber is fabricated with tear straps made of
      the same standard, commercially available strap material, such as webbing.
      All the tear strap components have an identical cross-sectional
      configuration, differing only in length. The basic strap may or may not be
      made of the same material as the tear straps. Such an arrangement makes it
      possible to construct and repair the absorbers at field, land, and
      shipboard installations, utilizing conventional sewing machines by
      relatively unskilled operators.
PAR  In the several illustrated modifications, it should be noted that at least
      one end of each strap is anchored independently by a looped portion to one
      of the load clevis fittings, with the straps oriented in side-by-side
      relationship for a portion of the length thereof. The only variation in
      the various straps is in length, being graduated so as to provide a
      successive parting of the straps to produce a graduated attenuation of the
      shock forces continuously throughout the shock absorbing period. The
      length of the straps are predetermined so that the tensile load force on
      one strap is applied initially to the next longer strap to ensure a
      continuous and smooth force transfer.
PAR  The unique construction of the shock absorber enables the degree of shock
      absorption to be readily varied by choosing the desired number of
      rupturable straps, making the absorber versatile in use for many different
      applications.
PAR  Although the shock absorbers illustrated are adapted for parachute systems,
      it is obvious that they may be employed in any system requiring shock
      force attenuation.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  An important object of this invention is to provide a shock absorber having
      tear members constructed of the same commerically available material and
      cross-sectional configuration, and a corollary object is to enable the
      shock absorber to be fabricated by a conventional sewing machine by
      relatively inexperienced operators.
PAR  Another principal purpose is to construct a shock absorber that will have
      greater integrity in that the ends of the tear members are independently
      anchored to their respective fittings.
PAR  Still another important object is to provide a shock absorber which is
      relatively simple in construction; easy to understand; and easy on which
      to conduct periodic maintenance inspections thereon.
PAR  A further object is to provide a shock absorber which can be easily
      modified by adding or eliminating tear members for adaption to different
      load forces.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top perspective view of a five-strap member shock absorber
      illustrated assembled in a relaxed condition.
PAR  FIG. 2 is a diagrammatic illustration of the shock absorber of FIG. 1 with
      the straps members extended in a stretched-out condition prior to the
      application of a load force to be absorbed.
PAR  FIGS. 3-9 diagrammatically illustrate the progressive application of the
      force to the absorber strap members as they are successively broken to
      absorb the applied forces.
PAR  FIG. 10 is a top perspective view of a second modification of the
      five-strap member shock absorber shown in a relaxed condition.
PAR  FIG. 11 is a diagrammatic illustration of the shock absorber of FIG. 10
      with the strap members extended in a stretched-out condition prior to the
      applications of the force to be absorbed.
PAR  FIGS. 12-16 diagrammatically illustrate the progressive application of the
      force to the absorber strap members as they are successively broken to
      absorb the applied force.
PAR  FIG. 17 is a diagrammatic illustration of a third modification of the novel
      shock absorber utilizing seven-strap members.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings where like reference numerals refer to similar
      parts throughout the Figures there is shown in FIG. 1 one embodiment of
      the novel shock absorber 10 in which four tear strap members 12, 14, 16,
      and 18 are employed. The fifth strap 20 is a basic strap which remains
      unbroken if the particular applications require such integrity. The
      precise number of tear members utilized in the shock absorber will vary,
      depending on the particular application and the magnitude of the shock
      force to be attenuated. The opposite ends of each tear members are
      connected by integral loops in the strap ends to conventional clevis-type,
      load attaching fittings 22 and 24. The looped ends in the respective
      straps are closed by stitching 25 or the like. An important consideration
      in this invention is that each of the tear straps 12 to 18 are constructed
      of the same identical basic material, varying only in length. Basic strap
      20 may or may not be made of the same material as the tear straps.
      Accordingly, the shock absorbers can be designed and fabricated of
      materials, such as webbing, which are readily available at any
      installation or facility having available commercial sewing machines, even
      at advanced bases, and by operators having only basic skills.
PAR  The length of each tear strap are sized to include but are not limited to
      the following operational and textile requirements and characteristics:
      working speed; textile elongation and rupturing properties; force overlap
      between members; and forces limitations of the retarded load.
PAR  The excess strap material in each strap member is packaged by folding,
      which folds are temporarily secured by suitable tacking 27 that is broken
      by the applied load force to enable the respective straps to be elongated
      until broken.
PAR  Another important consideration is the arrangement of independently
      securing at least one end of each of the tear strap members and the basic
      strap to the respective clevis fitting 22 or 24 with the straps in
      lateral, side-by-side arrangement. Thus each strap is secured to the
      respective clevis fitting independently of the other to enhance the
      integrity of the absorber system. In addition, such arrangement simplifies
      visual inspection of the system. Attaching the ends of the tear straps by
      looped ends is a simple and effective means, and underscores the important
      feature of the invention of making the absorber system capable of being
      easily and readily fabricated with conventional sewing machines and
      available personnel without special training.
PAR  FIG. 2 diagrammatically illustrates shock absorber 10 of FIG. 1 with each
      strap in a fully stretched-out relaxed position showing the graduated
      length of the respective strap members. FIG. 3 diagrammatically
      illustrates the packaged configuration of the straps members as in FIG. 1
      before the application of the applied force. The slack in straps 14 to 20
      is represented graphically by waved lines 21.
PAR  FIGS. 4 to 9 illustrate the sequential operation of the individual strap
      members when the load force is applied, as indicated by arrows 27. In FIG.
      4 tear strap 12, the shortest length strap, is the first and only member
      under the tensile force, and has elongated to the desired length (any
      percentage of the maximum elongation) before rupturing. However, it should
      be noted that the next longer strap 14 with all of its slack dissipated,
      is starting to stretch and is beginning to absorb part of the load force.
      This feature of the invention is important in effecting a smooth force
      transfer, and occurs throughout the operational sequences as will be
      described. Notice that as the distance between clevis fittings 22 and 24
      increase, the magnitude of the slack in strap members 16 to 20
      correspondingly decrease by rupturing of tacking lines 27.
PAR  In FIG. 5, the applied force has caused strap member 12 finally to rupture,
      and the entire applied force is transferred to the next strap 14, which as
      noted before is partially tensioned.
PAR  The above described sequence of straining the shorter strap, and of
      transferring the load to the next longer strap already under tension, upon
      the rupture of the former strap is repeated in FIGS. 6, 7, 8, and 9. In
      FIG. 9 all the tear straps 12 to 18 have ruptured and the attenuated load
      is finally transferred to basic strap 20, which in this specific
      application is structurally able to assume the load to maintain the
      integrity of the system. Thus, an important feature of the invention is
      that the applied load force has been absorbed in sequential steps by the
      four tear straps, the load having transferred between the respective tear
      members in a smooth and continuous manner.
PAR  FIG. 10 illustrates a second modification of the invention shock absorber
      30 suitable for use in an application where space at one end of the system
      is limited. A diagrammatic fully stretched-out side elevation of absorber
      30 is illustrated in FIG. 11. As in FIG. 1, absorber 30 is also
      represented as a five-strap absorber with four tear strap members 32, 34,
      36, and 38, and a basic strap member 40, should one be required. Shock
      absorber 30 differs in that all of the tear members may be of identical
      length, although they need not be, however, their effective length
      gradually varies depending on the location on the basic strap 40 that one
      common end of each tear strap is secured, such as by stitching 42. As
      shown in FIG. 11 one end of each of the tear straps are secured to both
      sides of the basic strap 40 at alternately spaced positions, and are
      broken in that same sequence. The opposite common ends of the individual
      tear straps 32 to 38 have looped ends anchored to clevis fitting 44, as is
      the basic strap. The other end of basic strap, and only that strap, is
      secured to clevis fitting 46 by a looped end.
PAR  FIG. 11 diagrammatically illustrates shock absorber 30 in a fully
      stretched-out condition not connected to the load. FIG. 12 illustrates the
      shock absorber of FIG. 11 packaged for attachment to the load through the
      clevis attachments 44 and 46, but, prior to the application of the load
      force. FIG. 13 shows the shock absorber system functioning with tear strap
      member 32 subject to tension under load force 29 and elongated to the
      desired length (any desired percentage of the maximum elongation) before
      rupturing, part of the load force being taken up by strap 34 which has
      begun to stretch.
PAR  In FIG. 14 strap 32 has finally ruptured, transfering the entire load to
      strap 34. FIGS. 15 and 16 indicate similar situations with the successive
      rupturing of straps 34, 36, and 38 until only basic strap 40 remains
      intact in a stretched-out position when it assumes the entire load (not
      illustrated).
PAR  FIG. 17 represents a third modification of the novel shock absorber 50
      showing a seven-strap system of which 52 to 62 are tear straps, and 64 is
      the basic strap, if continuity is required in the particular installation.
      This embodiment is similar to the shock absorber in FIG. 10 in that only
      one common end of each tear strap is anchored to clevis fitting 66, with
      the other common end of each tear strap secured by stitching 68 to the
      basic strap. The opposite end of only basic strap 64 is secured to the
      other clevis fitting 70. However, shock absorber 50 differs from shock
      absorber 30, in that the former comprises three pairs of tear straps, one
      end of the straps in each pair, i.e. 52 and 54, being anchored by
      stitching at the same point on opposite sides of the basic strap. Each
      pair of tear straps are anchored at staggered locations along the basic
      strap 64 from clevis 70. The straps of each pair being of unequal and
      preselected length, with the respective straps of each pair on the same
      side of the strap being the same length. This arrangement ensures that the
      active tear strap under tension and about to break, has transferred a
      portion of the load force to the tear strap next in length prior to its
      breaking. This modus operandi of obtaining a smooth transfer of the load
      is the same throughout the various embodiments. Thus, in the operation of
      shock absorber 50 in FIG. 17, tear strap 52 is first to be tensioned and
      when substantially stretched, tear strap 54 will be partly tensioned to
      share the load with strap 52. When tear strap 52 finally breaks, the full
      load will be assumed by the pretensioned tear strap 54. When tear strap 54
      is substantially stretched, tear strap 56 will be partly tensioned, and
      the sequence continues until all the tear straps have broken and the full
      reduced load force is safely assumed by basic strap 64.
PAR  The three illustrated embodiments of the novel shock absorber can be easily
      manufactured from the same webbing material by conventional sewing
      machines and without specially qualified personnel. Most important, the
      individual tear straps being independently anchored, ensures a more
      reliable shock absorbing system. This reliability is further enhanced by
      the technique of pretensioning the tear strap next to be broken, enabling
      the gradual transfer of the load successively from one tear strap to the
      other. This results in a smoother operating shock absorbing system which
      further enhances its reliability.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shock absorber comprising a pair of spaced load attaching fittings;
PA1  a plurality of elongate tear members extending between and having their
      ends operatively connected between said fittings;
PA1  all of said tear members being made of the same material having equal
      cross-sections and predetermined physical characteristics;
PA1  said tear members extending for a portion of their length substantially in
      a common plane, in lateral side-by-side relationships;
PA1  said tear members each being progressively longer in effective parting
      length;
PA1  the effective lengths of said tear members being constructed so that a
      tensile force between said fittings is applied to at least two adjacent
      tear members simultaneously causing the force to be transferred between
      the tear members smoothly and continuously as the tear members are
      successively parted.
NUM  2.
PAR  2. The shock absorber of claim 1 wherein a continuous and uninterrupted
      basic elongated member is connected at each end to a corresponding
      fitting.
NUM  3.
PAR  3. The shock absorber of claim 2 wherein the length of the tear members are
      of a selected predetermined length in association with the basic elongate
      member so that the shock forces applied to one of the tear members are
      applied initially to the next longer tear member prior to the parting of
      the former tear member ensuring a continuous and smooth force transfer
      successively to each tear member throughout the operation of the absorber.
NUM  4.
PAR  4. The shock absorber of claim 2 wherein the excessive length in each tear
      member is detachably bundled together to be readily unravelled by said
      force, and all of said tear members in a relaxed condition are effectively
      the same length.
NUM  5.
PAR  5. The shock absorber of claim 4 wherein said basic elongated member has a
      greater tensile strength than the tear members.
NUM  6.
PAR  6. The shock absorber of claim 5 wherein both ends of each tear member are
      individually connected to the respective fittings through a looped
      portion.
NUM  7.
PAR  7. The shock absorber of claim 2 wherein said basic member extends the
      entire distance between said fittings, said basic member being made of
      different material than the tear members and the remaining tear members
      being shorter in length, another end of each tear member being secured to
      an intermediate point on the basic member.
NUM  8.
PAR  8. The shock absorber of claim 7 wherein the tear members are progressively
      shorter in length than the basic member.
NUM  9.
PAR  9. The shock absorber of claim 3 wherein said basic member extends the
      entire distance between said fittings, and the remaining tear members are
      arranged in pairs, secured at one of the ends to spaced points on the
      basic member, the other ends of the tear member in each pair being
      attached to the basic member at the same location.
NUM  10.
PAR  10. The shock absorber of claim 9 wherein one tear member of each pair are
      of the same size, and are different in length from the other tear member
      in each pair.
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ABST
PAL  The blade arrangement for meat cutters is such that the blades are mounted
      on a shaft in a form-locking manner and extensive continuous adjustment of
      the blades is possible while the blades remain firmly supported. With this
      arrangement the structure which secures the blades can bear extremely
      large forces at high shaft revolutions. The arrangement includes a driven
      shaft on which form-locking disks are mounted and between which a blade
      group is disposed. The blades of the blade group include a flange head
      which are guided in a radial direction on fixed guide surfaces on at least
      one of the disks. The flange heads of each blade of at least one blade
      group have one or more outer edges and one or more straight edge regions
      forming an opening. A guide bar is provided for the outer edges and a pin
      is provided for each opening.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a blade arrangement for a meat cutter
      comprising a driven shaft on which disks are disposed adjacent to each
      other in a form-locking manner and wherein a blade group, preferably
      comprising two identical blades, is disposed between each pair of adjacent
      disks and the disks are braced together in the axial direction of the
      shaft, the flange head of each blade being guided in a radial direction on
      rigid guide surfaces of at least one of the adjacent disks.
PAR  With blade arrangements of this type, preferably two and possibly more
      identical blades are disposed in a common plane between two disks in such
      a way that this group of blades is balanced with respect to the axis of
      rotation of the shaft and at least two groups of blades are provided.
      During operation the blades are subject to extremely high stresses which
      increase as the r.p.m. of the blade shaft increases. Modern meat cutters
      frequently operate with rates of revolution in excess of 6,000 r.p.m. The
      maximum cutting radii of the blade arrangement can be very extensive, for
      example, 320 mm. These values are obviously only provided by way of
      example.
PAR  The blades were previously screwed onto the disks and a straight groove was
      formed by milling in the front side of the disk for guide purposes. As the
      effective guide length of the groove guiding the flange head of a blade is
      reduced during grinding as a result of the necessary displacement of the
      flange head, the support for the blade in the groove deteriorates, thereby
      restricting adjustment possibilities. It has also been found that as a
      result of the extremely powerful stresses acting on the flange heads
      during operation they tore very easily as they were generally considerably
      weakened by the three longitudinal slits for the securing screws.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is a principal object of the invention to provide an
      improved blade arrangement which permits relatively extensive continuous
      adjustment of the blades while they remain firmly supported and wherein
      the blade securing means can bear extremely large forces at high shaft
      revolutions.
PAR  To achieve this object a blade arrangement of the type described initially
      is designed in such a way that the edges of the flange head of each blade
      in at least one group of blades which are guided by the guide faces
      constitute one or more outer edges of the flange head and one or more
      straight edge regions of at least one opening in the flange head and that
      the guide means for the outer edge or edges in the flange head are formed
      by a least one bar projecting beyond an adjacent disk and the guide means
      for the straight edge region or regions of the opening are formed by at
      least one pin which engages in the opening.
PAR  Other objects, features and advantages of the present invention will be
      made apparent from the following detailed description of preferred
      embodiments thereof provided with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a blade group consisting of two blades, the blades
      of which are guided on a disk disposed in a form-locking manner in
      accordance with a first embodiment.
PAR  FIG. 2a is a partial sectional view through the embodiment according to
      FIG. 1 on an enlarged scale along the line 2--2.
PAR  FIG. 2b is a partial section according to FIG. 2a, but of a second
      embodiment.
PAR  FIG. 3 is a partial sectional view on an enlarged scale through the
      embodiment according to FIG. 1 along the line 3--3.
PAR  FIG. 4 is a variant of the section shown in FIG. 1.
PAR  FIG. 5 is a plan view according to FIG. 1, but of a third embodiment and on
      a reduced scale.
PAR  FIG. 6 is a plan view according to FIGS. 1 and 5, but of a fourth
      embodiment.
PAR  FIG. 7 is a partial section through the embodiment according to FIG. 6 on
      an enlarged scale along the line 7--7 and showing the preceding and
      following disks in the axial direction with their respective blade groups.
PAR  FIG. 8 is a variant of another part of FIG. 1, and
PAR  FIG. 9 is a side view of a disk according to a fifth embodiment.
DETD
PAR  In the drawings, identical parts bear identical reference numbers.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The blade groups 10 represented in FIGS. 1, 5 and 6 each consist of two
      identical plane blades 11, the flange heads 9 of which are guided in a
      straight line on a round disk 12 by means of two bars 13 and two pins 14
      in such a way that the blades can be continuously displaced outwards in
      the direction of arrow A, that it, in diametrically opposite directions,
      for adjustment purposes, by grinding down the relevant bar or bars. This
      type of adjustment is always necessary when the blade cutting surfaces 15
      have become worn. In addition, this also facilitates engagement and
      displacement of the individual blade groups disposed in series in the
      axial direction, the individual blades being of identical size such that
      the circles of rotation of the individual blades can be varied and can be
      adapted to the keys of the meat cutter which are curved on their bottom
      side.
PAR  The disk 12, which is shown, is form-lockingly disposed on a hexagonal
      shaft 16 which may be constructed in a manner known per se and thus does
      not need to be described in detail. It is necessary to point out that on
      one side of the disk and blade arrangement it possesses a thread and on
      the other side a flange such that the blade and disk arrangement can be
      pressed onto the flange of the shaft by means of a nut screwed onto the
      shaft thread, possibly interposing a covering disk. This enables the
      blades to be gripped between the disks.
PAR  In the embodiments represented in FIGS. 1, 5 and 6, each blade 11 comprises
      a single opening 29 for a round pin 14 which is formed on the disk 12 or
      which is disposed in a form-locking, rigid manner in the disk 12. Owing to
      this single opening which is designed to allow adjustment of the blade,
      the blade flange head is only minimally weakened. At the blade, the pin 14
      possesses a cross-sectional profile which is obtained as a result of its
      original circular cross-section having been ground flat on the two
      opposite parallel sides. These ground guide surfaces of the pin 14 are
      disposed opposite the longitudinal sides of the opening 29 with friction
      bearing play. The opening 29 in each blade 11 has a U-shaped
      cross-sectional profile, the relatively narrow strip-shaped region 30 of
      the flange head 9 internally limiting the arms of the "U" engaging in a
      groove 31 extending at right angles to the longitudinal sides of the
      opening 29 and resting against the base of the groove 31. The side of the
      pin 14 facing away from the groove 31 is at least as far from the edge of
      the opening 29 as the groove 31 is deep, the mean distance between this
      edge of the opening 29 and the front face of the strip-shaped region 30
      corresponding to at least the diameter of the pin 14. Each blade 11 which
      is placed on the disk 12 is engaged by a pushing movement at right angles
      to the axis of the disk in the groove 31 of the pin 14, such that a
      movement of the blade 11 in the axial direction of the disk also results
      in the disk 12 being displaced in this direction. The pin 14 comprises a
      second groove 32 parallel to the groove 31 and opposite thereto. This
      second groove is constructed in the same manner as the first groove 31.
      The grooves 31 and 32 are especially important for supporting the blades
      during displacement of the individual disks with a blade group and for
      assembly or mounting thereof. While the downwardly directed blade 11 with
      its tip, which is not represented in FIG. 1, is engaged by its region 30
      in the groove 31, the blade 11 with its upwardly directed tip engages in
      the groove 32 by the force of gravity.
PAR  In this way, not only is the assembly operation facilitated and rendered
      less dangerous but by engaging the blades which generally consist of at
      least two blades, on the pins, and thus on the disk, the blades can
      simultaneously be used as a handle or lever which enables the disks to be
      removed more easily from the shaft during dismantling. In the past,
      considerable difficulties have often arisen when removing the disks from
      the shaft. The pins may also possess a rectangular cross-section.
PAR  In the variant represented in FIG. 8 which only comprises one blade 11, the
      rectangular pins 14 extend as far as the multi-sided inner recess of the
      disk 12, the groove 32 extending over the entire width and the groove 31
      over part of the width of the pin 14 to which the bar 30 of the blade
      flange head 9 is adjacent. In conformity with the construction of the
      pins, the opening 29 in the flange head 9 is open on its narrow side.
PAR  As is apparent from FIG. 7, the pins 14 project beyond the flange heads 9
      and penetrate a recess 34 extending over the entire thickness of the
      adjacent disk 12', the shape of the recess 34 corresponding to the shape
      of the pin 14. In this way, the pins 14 are retained in a form-locking
      manner in the adjacent disk 12' and are preferably inserted into the
      recess 34 in a slide-fitting manner. The recesses 34 have the same
      cross-sectional shape as the pins 14. The length of the pins 14 is such
      that they practically pass completely through the adjacent disk 12 or are
      only terminated on its other front face, against which is disposed the
      adjacent blade 11'. As is also apparent from FIG. 7, the disk 12'
      comprises a recess 35 in which a pin 14" of a disk 12" is held in a
      form-locking manner. The recesses 34 and 35 are identical and are
      angularly displaced in four blade groups 10 comprising two blades 11 which
      are displaced about 60.degree.. Part of the shock load acting on the
      blades via the pins is thereby not only transmitted to the associated disk
      but is transmitted in a uniform manner to the adjacent disk. As a result,
      it is impossible to subject the blade arrangement according to the
      invention to higher loads as the load is transmitted to the shaft in a
      uniform manner at various points and all the disks which are arranged in
      series in the axial direction are rigidly connected together by the pins
      which are retained therein in a form-locking manner.
PAR  In the embodiment according to FIG. 1, each blade 11 possesses three
      parallel, straight outer edges 17, 18, and 19 on its flange head 9. These
      outer edges are located on the same narrow side of the blade, this narrow
      side being the one facing the flange head of the adjacent blade. The outer
      edges 17, 18 and 19 are advantageously disposed as represented in FIG. 1.
      The parallel outer edges 17 and 18, which are offset with respect to each
      other, are adjacent to the inner edge of the blade while the outer edge 19
      is adjacent to the rear end 37 of the cutting edge 16 and in the
      embodiment represented is flush with a plane fact 20 of the multi-sided
      shaft 16.
PAR  The outer edge 17 adjoins the inner bladeedge 36 and is guided on a
      relatively short guide surface 21 of a pin 22 of the bar 13 which projects
      beyong the flange 9 in an axial direction in a form-locking manner in a
      recess of an adjacent disk. The outer edge 18 adjoins at right angles an
      abutment edge 23 of the flange head 9 which is directed at right angles to
      the guided outer edge 17. The two blades 11 in a blade group 10 are
      disposed on the disk 12 in such a way that there is a gap 24 of, for
      example, 1/10 mm in width between the outer edge 19 of the one blade 11
      and the outer edge 18 of the other blade 11 in a particular blade group
      10, or of the surface of the bar 13 which is flush with this outer edge 18
      and which faces away from the guide fact 21. In this way each blade 11 is
      only guided on its guide faces intended for this purpose. The gap 24
      between the blades 11 in a particular blade group should be so small that
      practically no small pieces of meat can be deposited therein.
PAR  Each bar 13 is disposed in a form-locking manner in a groove of the disk 12
      which is arranged in the direction of alignment, and the part 26 of the
      bar 13 which is inserted in the groove in the disk can be rigidly
      connected to the disk 12, for example, by means of a slide-fitting
      arrangement or by means of adhesive. The outer edge of the part 26 of the
      bar 13 which is inserted in the groove is flush with the adjacent
      circumferential surface of the disk 12. The pin 22 is integral with the
      end region of the part 26 of the bar 13 adjacent to the circumference of
      the disk 12. The outer face of the pin 22 is also flush with the
      circumferential surface of the disk.
PAR  A second part 27 integral with the end of the part 26 of the bar 13
      adjacent to the shaft 15 projects downwards at right angles from the end
      of the part 26. This part 27 engages in a form-locking manner in a hole 28
      passing through the disk 12 and the bar 13 is thus very firmly anchored in
      the disk. In this way, the bard 13 are always held firm in the disk 12
      during operation of the meat cutter even when they are subject to powerful
      centrifugal forces.
PAR  According to the first embodiment represented in FIGS. 1 and 2a, each
      abutment edge 23 of the blade flange head 9 is provided at the free end of
      an arm 38 which is integral with the flange head 9. The free front end of
      the arm 38 which forms the abutment edge 23 is adjacent to, or very close
      to an abutment face 39 of the pin 22 of the re relevant bar 13, such that
      the abutment fact 39 always supports or at least, under unfavorable
      circumstances, assists the relevant blade against the centrifugal forces
      acting thereon.
PAR  The guided outer edge 17 and the arm inner edge 41 which merge into one
      another in a semi-circular fashion limit a slit 42. The outer edge of the
      arm 38 is flush with the outer edge 18 of the flange head 9. The abutment
      fact 39 is disposed at right angles to the guide edges 17 and 18--which is
      particularly advantageous.
PAR  In the second embodiment represented in FIG. 2b each abutment edge 23 of
      the blade flange head 9 is formed by a narrow side surface connecting the
      two straight outer edges 17, 18, and extending at right angles to the
      same, thur eliminating the slit 42 provided in the flange head 9 in FIG.
      1, in a manner not represented. The rectangular abutment face 39 which is
      used to support the abutment edge 23 of the flange head 9 is formed, in
      this embodiment, by the front end of a plug-in part 43 facing towards the
      shaft 16. Outside of the pin 22, this plug-in element 43 has a rectangular
      cross-section and its other pin-type end 44 which preferably has a
      circular cross-section is inserted in a form-locking and releasable manner
      in a complementary recess 46 in the pin 22 of the bar 13. The bar 13 thus
      has exactly the same form in this second embodiment as in the first
      embodiment with the exception that a recess 46 is provided in the pins 22
      for the plug-in part 43. To adjust the blades, the associated plug-inparts
      43 are ground down on the surfaces 39 in the same way as the bars 30 (FIG.
      1). As the plug-in parts 43 can be readily removed from the bars 13 and
      disks 12, the grinding down of these parts presents no problem. In the
      embodiment shown in FIG. 1, to adjust the blades, the bars 30 and also the
      bars 38 are ground down by the requisite amount.
PAR  In many cases it is advantageous if the abutment face 39 does not possess a
      plane surface, but is graduated as represented in a variant in FIG. 4,
      such that the abutment surface 39 of the arm 38 is adjacent to the
      staggered part which is displaced with respect to the edge of the disk.
PAR  It is also advantageous for the bar 13 or the removable plug-in part 43 to
      be constructed in such a way that the abutment fact 39 is the base of a
      groove which is provided in the relevant bar 13 or plug-in part 43 or
      which is formed by a recess in the bar 22 or the plug-in part 43 and the
      adjacent upper surface of the disk. This groove results in that the
      relevant plug-in part 43 or the bar 13 and the pin 14 overlap the
      particular blade flange head and thus improve the attachment of the blades
      to the disk before the disks are braced together. An embodiment is
      represented by the perforated lines in FIG. 2a, wherein the extention 7 of
      the pin 22 of the bar 13 located on the upper side of the blade flange
      head 9 and represented by the perforated lines overlaps the blade flange
      head, such that the abutment face is formed by the base of a groove 7'.
PAR  Two bore holes 47 and 48 are provided in the disk 12 for each blade 11 in a
      blade group 10. These bore holes 47 and 48 pass through the disk 12 and
      possess an enlargement 49 on their ends facing away from the associated
      blade flange heads 9 and facing towards an adjacent blade group. The bore
      hole 47 is disposed in a region of the disk 12 which is left free by the
      slit 42 when the appropriate new blade 11 is inserted. On the other hand,
      the bore hole 48 is disposed close to the opening in the disk 12 provided
      for the shaft 16 and when a new blade is inserted, it is partially or
      totally covered by the blade flange head (FIGS. 2a, 2b). Screwed stop pins
      51 are designed to be inserted in a form-locking manner in the bore holes
      47, 48, the heads 52 of these pins being sunk in the enlargement 49. Pins
      of this type are inserted in either the bore holes 47 or the bore holes
      48. Each pin 51 is provided with an inner thread in which a screw 43 may
      be inserted, the head 54 of which is eccentrically disposed with respect
      to the axis of the thread part of the groove 53, as represented in FIG. 3.
      When the blades 11 are new, screwed stop pins are only screwed into the
      bores 47 and, before the blades are applied, the screws 53 are loosely
      screwed therein. The bore 47 is disposed in such a way that after the
      relevant blade 11 is inserted, the head 54 can be turned until it presses
      against the inner arm edge 41, thus pressing both the outer edge 17 aainst
      the guide face 21 of the bar 13 and also the one longitudinal side of
      recess 29 of the flange head 9 against the pin 14. Each blade 11 is braced
      on the disk in this way and secured so that it can be carried and/or the
      disk with the blades secured thereon can be mounted without the blades
      being displaced relative to the disk 12. If the blades 11 in a particular
      group 10 have already been ground down to such an extent and adjusted so
      that the arched base of each slit 42 very nearly presses against the screw
      head 54 and could prevent it from being turned, the screwed stop pins 41
      and their associated screws 53 are transposed in the bores 48 which are
      freed by adjustment of the blades 11 and the eccentric heads 54 now press
      against the edges of the blades disposed at a distance from the shaft 16
      and brace these between them and the abutment surfaces 39 so that they are
      also held fast on the disk. The grooves 31 of the pins 14 also help keep
      the blades firm on the disk 12 before they are combined with the other
      disks as they prevent axial displacement of the blades when the screws 53
      are tightened.
PAR  Securing screws 51, 53, of this type can obviously also be provided in the
      embodiment according to FIG. 2b and the blades can also be designed in
      such a way that even with new blades the screw heads 54 press against the
      narrow sides of the blade flange heads 9 disposed opposite the shaft 16.
PAR  The embodiment represented in FIG. 5 differs from the embodiment according
      to FIG. 1 in the construction and arrangement of the bars 13 and of the
      straight outer edges on the flange head 9 of each blade 11, which, in this
      case, possesses two parallel straight outer edges 17, 19, which are offset
      with respect to each other and guided on the bars 13 provided with
      parallel guide surfaces and extending from the inner edge to the outer
      edge of the disk 12, the guided outer edges 17, 19, thus also extending
      from the shaft 16 to the edge of the disk 12. The bars 13 thus possess no
      abutment faces and the pins 14 do not possess grooves so that the
      strip-from region 30 is disposed directly adjacent to the outer edge of
      the particular pin 14.
PAR  The embodiment represented in FIG. 6 differs from the embodiment shown in
      FIG. 5 in that the flange heads 9 again have a ledge forming a transverse
      abutment edge 23 which carries over the outer edge 17 to a second outer
      edge 18 disposed parallel to the edge 17 and ending in the rear region 37.
      Between the end of the first outer edge 17, which, in this case as in the
      case of the outer edge 19 is not flush with a plane face 20 of the shaft
      16 and the abutment edge 23 extending at right angles to the outer edges
      17 and 18, a slit 42 is provided in the flange head 9, this slit being
      very narrow, extending parallel to the second outer edge 18 and being
      about half as long as the same. In this case, the slit 42 limits with the
      second outer edge 18 a stri-form region 38 which is relatively narrow and
      the frong face of which forms the transverse abutment edge 23. The bars 13
      are constructed in a similar manner, their edges facing the inner
      hexagonal edge of the disk 12 being flush with a plane side face 20 of the
      inner hexagon.
PAR  The bars 13 of the embodiment shown in FIGS. 5 and 6 advantageously also
      project in the manner of the pins 22 beyond the flange heads 9 of the
      plane blades 11 and engage in a form-locking manner in a recess of an
      adjacent disk.
PAR  If a plurality of disks 12, each comprising a blade group 10, are disposed
      in series in an axial direction, disks 12 comprising bars 13 and a blade
      group 10 can be disposed both according to the embodiments represented in
      FIGS. 1 and 6. The advantage of this is that the individual blade groups
      10 which disposed in series can be displaced with respect to each other
      about an angle which is less than the partial angle of a hexagonal section
      of 60.degree.. It is also possible to provide more blade groups 10 than
      the number of edges on the multi-sided shaft 16, all the blade groups 10
      being angularly displaced with respect to each other and none of the
      blades 11 being flush with each other in the axial direction.
PAR  According to another embodiment represented in FIG. 9, when a plurality of
      disks are arranged in series in the axial direction, the first leading
      disk 12 in the direction of movement of the meat, and thus in the axial
      direction, may be conical, with its diameter increasing in the direction
      of movement of the meat. Its front fact which faces away from the cone 60
      and is adjacent to the flange heads 9 of a blade group 10 remains
      unchanged--which is important for good support. The cone 60 of the leading
      disk 12 in a blade arrangement produces a wider passage between the disk
      and the key of the meat cutter at the counterblades, thus reducing the
      likelihood of the meat being jammed. Accordingly, the meat reaches the
      counterblades more easily and is drawn in more readily, that is, it passes
      to the following group of blades more rapidly which improves the cutting
      process. As jamming of the meat decreases, the meat cutter is cooled more
      readily as, when increased jamming occurs, there is also a greater
      quantity of meat in front of the blades, preventing the arrangement from
      cooling down.
PAR  Numerous variants of the invention are permissible. For example, instead of
      a hexagonal shaft, a shaft having a different outer profile--other than a
      circular profile can be provided, for example, a groove and tongue
      profile. The features described in the specification can also be provided
      individually for each blade. The blade arrangement according to the
      invention also permits the use of disks having an extremely small
      diameter. This reduces the weight of the disks and thus of the device as a
      whole and thus facilitates travel through the meat.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A blade arrangement for meat cutters comprising a driven shaft on which
      form-locking disks are disposed adjacent to each other, a blade group,
      preferably comprising two identical blades being disposed between adjacent
      disks, and the disks being braced together in the axial direction of the
      shaft and the flange head of each blade being guided in a radial direction
      on fixed guide surfaces on at least one of the adjacent disks,
      characterized in that the edges of the flange heads of each blade of at
      least one blade group which are guided by the guide surfaces consist of
      one or more outer edges of the flange head and one or more straight edge
      regions of at least one opening in the flange head and in that the guide
      means for the outer edge in question or the particular outer edges of the
      flange head is formed by at least one bar projecting beyond an adjacent
      disk and the guide means for the straight edge region or regions of the
      opening consists of at least one pin engaging in the opening.
NUM  2.
PAR  2. A blade arrangement as claimed in claim 1, wherein the pin forms an
      abutment for the blade flange head which limits displacement of the blade
      in the outward guide direction.
NUM  3.
PAR  3. A blade arrangement as claimed in claim 1, wherein the pins project
      beyond the flange heads of the blades of the relevant blade group and
      engage in a form-locking manner in recesses of the adjacent disk.
NUM  4.
PAR  4. A blade arrangement as claimed in claim 1 wherein the opening in the
      flange head has a U-shaped mean cross-section, the strip-form region of
      the flange head limiting the arms of this U on the inner side being
      designed to abut against the pin.
NUM  5.
PAR  5. A blade arrangement as claimed in claim 1, characterized in that the pin
      comprises at least one retaining cam for the associated blade and
      preferably two retaining cams disposed on opposite sides of the pin.
NUM  6.
PAR  6. A blade arrangement as claimed in claim 5, wherein the pin comprises a
      groove in which a strip-shaped region of the blade flange head engages
      with slight play and rests against the base of the groove, the strip-form
      region being limited by a U-shaped mean cross-section of the opening in
      the flange head.
NUM  7.
PAR  7. A blade arrangement as claimed in claim 1 wherein a stop is provided for
      the blade flange head on a guide bar or the bar itself forms a stop such
      that the abutment limits the displacement of the blade in the outward
      guide direction.
NUM  8.
PAR  8. A blade arrangement as claimed in claim 1, wherein the flange head of
      the blade comprises on its end adjacent to the inner blade edge, an outer
      edge guided on a bar.
NUM  9.
PAR  9. A blade arrangement as claimed in claim 1, wherein the flange head of
      the blade comprises on its end adjacent to the inner blade edge an
      abutment extending at right angles to the direction of alignment, this
      abutment edge facing away from the driven shaft and being arranged
      immediately opposite or a slight distance from an abutment surface facing
      towards the shaft, this abutment face being immobile relative to the disk,
      at least in an outward direction.
NUM  10.
PAR  10. A blade arrangement as claimed in claim 9, wherein the abutment edge of
      the blade flange head is the front edge of an arm of the blade flange head
      extending generally parallel to the guided outer edge, a slit bordering
      the inner edge of the arm.
NUM  11.
PAR  11. A blade arrangement as claimed in claim 9, wherein the abutment face
      consists of a face of the bar.
NUM  12.
PAR  12. A blade arrangement as claimed in claim 9, wherein the spacing between
      the abutment face and the adjacent circumferential region of the disk is
      smaller than the spacing from the driven shaft.
NUM  13.
PAR  13. A blade arrangement as claimed in claim 9, wherein the abutment face is
      a face of a plug-in part which is inserted into the bar in a form-locking,
      releasable manner.
NUM  14.
PAR  14. A blade arrangement as claimed in claim 1, wherein clamping means are
      provided on the disk, these clamping means pressing the blade flange heads
      against alignment faces and/or abutment faces by the action of forces
      acting in the blade plane, to clamp the blades on the disk, for transport
      or assembly purposes.
NUM  15.
PAR  15. A blade arrangement as claimed in claim 14, wherein each clamping means
      consists of a screwed stop pin and a screw which is screwed into the same,
      one of the screw heads being non-round or eccentric to the screw axis and
      the screwed stop pin being inserted in a form-locking manner in the
      continuous bore hole in the disk.
NUM  16.
PAR  16. A blade arrangement as claimed in claim 14, wherein at least two bore
      holes receiving the screwed stop pin in an alternate manner are provided
      in the disk for each blade, one of these bore holes being disposed in a
      part of the disk which, in the case of new blades, in not yet covered by
      the flange head of the blade and at least another bore hole being disposed
      in such a way that the flange head of a new blade covers it at least
      partially, but it is no longer covered by the blade flange head
      afterrepeated grinding of the blade.
NUM  17.
PAR  17. A blade arrangement as claimed in claim 1, wherein the leading disk in
      the direction of movement of the meat increases its diameter in this
      direction of movement, preferably in a conical manner.
PATN
WKU  039374092
SRC  5
APN  4595777
APT  1
ART  242
APD  19740410
TTL  Electric drive for fiber or thread winding machines and method of
      operating winding machines
ISD  19760210
NCL  11
ECL  1
EXP  Gilreath; Stanley N.
NDR  5
NFG  10
INVT
NAM  Muller; Artur
CTY  Karlsruhe
CNT  DT
ASSG
NAM  Industrie Werke Karlsruhe Augsburg AG
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730416
APN  2319128
CLAS
OCL  242 18R
XCL  242 18DD
XCL  242 43R
EDF  2
ICL  B65H 5402
ICL  B65H 5440
FSC  242
FSS  18 R;18 DD;18 CS;18.1;43;45
UREF
PNO  2509250
ISD  19500500
NAM  Roberts
OCL  242 45
UREF
PNO  2752105
ISD  19560600
NAM  Keith
OCL  242 45
UREF
PNO  2763824
ISD  19560900
NAM  Bacheler
XCL  242 18.1
UREF
PNO  3193209
ISD  19650700
NAM  Hambach
OCL  242 18R
UREF
PNO  3235191
ISD  19660200
NAM  Engelman et al.
OCL  242 18.1
UREF
PNO  3615060
ISD  19711000
NAM  Jenny
XCL  242 26
UREF
PNO  3638872
ISD  19720200
NAM  Jennings
OCL  242 18.1
LREP
FRM  McGlew and Tuttle
ABST
PAL  An apparatus for driving winding devices, such as bobbins and their
      associated thread guide changers at constant proportional speeds,
      particularly fiber and thread winders, comprises a drive motor which has a
      rotatable shaft with an armature winding and a commutator connected to
      said armature winding for direct current connection from a DC supply to
      the armature, and which also includes a plurality of slip rings connected
      to the armature so that a symmetrical polyphase alternating current
      voltage is applied to the rings during the operation of the motor. The
      motor shaft is adapted to be connected either to a friction roller for
      surface driving of a bobbin or directly to a bobbin shaft for rotating the
      bobbin shaft. A synchronous motor having a rotatable shaft is connected to
      rotate a thread guide or traverse system and it is powered by power
      supplied from the slip rings to the synchronous motor. During operation of
      the drive motor, the slip rings deliver AC voltage at a frequency which is
      directly proportional to the mechanical rotational speed of the drive
      motor shaft so that the traverse system is driven at a speed constantly
      proportional to the speed of rotation of the drive motor shaft. The method
      involves the use of a modified DC motor connected to supply an AC voltage
      at slip rings thereon during its operation and comprises rotating the
      motor to drive a winding shaft and connecting the slip rings of the motor
      to supply an output voltage to a synchronous motor to drive a second shaft
      at a constant proportional speed to the winding shaft.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates in general to the construction of drives for winding
      machines and, in particular to a new and useful apparatus and method for
      electrical drive of a rotatable winding shaft and a rotatable traverse
      system roller so that they are driven at uniformly proportional constant
      speeds, and to a method of applying a modified DC motor and AC generator
      for driving winding devices.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention relates to an electric drive for winding devices
      operating at constant speeds, particularly for winders of synthetic fibers
      or the like. In the manufacture and further treatment of synthetic fibers,
      permanently increasing performances are required which, as a rule, can be
      obtained only by increased speeds. This results from requirements to
      further rationalize the manufacturing methods and also to largely replace
      handwork by automatic devices. To meet such requirements, relatively heavy
      demands are made on the drives and on the winding technique. As far as the
      technological properties of the material is concerned, a high degree of
      flexibility is expected. The present invention is primarily directed to
      the problem of creating preliminary driving conditions complying with
      increased winding speeds, a higher flexibility of the material, and the
      automation of the operations.
PAR  In the manufacture or treatment of synthetic fibers, the winding process
      may be characterized substantially in that the thread is fed from the
      spinning section at a constant speed and, consequently, spooled or wound
      up also at a constant speed. In conventional machines, the winding speeds
      are of the order of about 1000 to 2000 m/min; in high speed spinning
      processes, the speeds are between 2000 and 4000 m/min. In the future,
      requirements for winding speeds of the order of 6000 to 9000 m/min are to
      be expected permitting the manufacture of finished stretched threads of
      synthetic fiber in a direct process.
PAR  The following two driving systems are commonly used for the winding of
      threads of synthetic fiber at constant speeds:
PAL  1. Axially driven winders
PAR  In these devices, the bobbin is driven directly from the spool-axis side.
      The rotational speed of the bobbin must be decreased as a function of the
      increasing diameter thereof to obtain and keep a constant winding speed.
PAL  2. Surface driven winders
PAR  In this system of driving, the bobbin is driven by means of a friction
      cylinder rotating at a constant circumferential speed. Both of the winding
      systems have certain well known properties and, as may be expected,
      different advantages and disadvantages.
PAR  For forming self-supporting packages on a tube, which are generally called
      cheeses, a traverse system is needed for reciprocating the thread or
      threads transversely along the tube so as to finally obtain a cylindrical
      roll.
PAR  In the axially driven winders, basically two possibilities of transversely
      reciprocating the thread are given. The first possibility is to drive the
      carrier shaft of the bobbin through a transmission known in itself, off
      the drive of the winding machine. A "precision bobbin" is thereby
      obtained. It is understood, however, that a fixed proportion must be
      provided between the speed of the traverse system and the bobbin so that,
      with the decreasing speed of the bobbin, the operational speed of the
      changer is also reduced. The other possibility is given by the fact that,
      in some cases, a "scramble winding" is desired. Such a winding is obtained
      by keeping a constant speed of the traverse recirpocating motion of the
      thread during the entire period of winding. For this purpose, the traverse
      system is driven by a separate and usually additional driving mechanism.
PAR  In axially driven winders for precision winding, the traverse system is
      driven by means of a mechanical transmission off the carrier shaft of the
      bobbin. This transmission usually comprises either a mobile toothed belt
      or a cardan shaft because, in such cases, with the increasing diameter of
      the bobbin, the changer must be moved away from the bobbin axis. In view
      of the requirement to transmit speeds in the range of 1000 to 6000 rpm,
      such transmissions are relatively expensive and susceptible to troubles.
      Also, such transmissions produce undesirable oscillations. Mobile belt
      drives, on the other hand, produce oscillations of the mobile rollers due
      to the belt fluttering.
PAR  Another drawback peculiar to the known axial winders is that they
      practically do not permit a "scramble winding", i.e., a winding in which
      the changer is driven separately because this would require a
      substantially different design. For this reason, and also for lack of
      space, an axially driven winder suitable for both the "precision winding"
      and the "scramble winding" has not yet been designed. As a rule, the axial
      winders are used only for "precision windings".
PAR  A further shortcoming of the known axial winders is that at the start of
      the winding, i.e., while the thread or threads are set to the empty bobbin
      tube, the circumferential speed of the tube is not equal to the linear
      feeding speed of the thread. This frequently results in repeated attempts
      to set the thread or to position the yarn on the bobbin tube, which are
      usually ineffective because the thread breaks even at slight differences
      of speed. If the initial speed of the bobbin tube is too high, the thread
      tears, and if the tube speed is too low, the thread breaks. The
      explanation of this phenomenon is to be seen in the fact that the length
      difference which is not drawn off becomes entangled and causes a rupture
      of the thread. Thus, it is relatively difficult to adjust an exact speed
      of the tube. In addition, the bobbin drive is a variable speed drive and
      is designed mostly as a thread-tension controlled device. Such a device is
      effective only after an equilibrium of forces has been established between
      the thread and the control mechanism. This presupposes an initial winding
      of the thread effected for some seconds. The thiner the thread and higher
      the speed, the more difficult and uncertain becomes the feeding in of the
      thread.
PAR  To remedy these disadvantages, solutions have been considered to impart the
      desired speed to the bobbin tube at the start of the winding operation. To
      this end, it is necessary to drive the bobbin axis during the starting
      period by means of a synchronous motor having a frequency which
      corresponds exactly to the feeding speed of the threads. However, despite
      the additional expenses, the starting of the winding operation by means of
      a clutch remains unsatisfactory even in this arrangement because, upon
      putting the auxiliary drive out of action, a drop of the tube speed, even
      if minor, cannot be prevented, so that, after a successful start, the
      thread finally breaks again.
PAR  A considerable drawback of the known axial winders is also that a separate
      drive with an additional speed regulating device is necessary for each
      bobbin carrier. Such variable speed drives are usually supplied with
      direct current. They substantially comprise a variable speed DC motor, an
      electric speed regulator with a controllable rectifier, and the speed
      control device which, in its turn, includes a hunting arm control or a
      thread speed measuring and transmitting device.
PAR  In order to meet the recently usual requirements for substantially higher
      weights of the packages, as well as for more threads in one station (once
      two, now four to eight bobbins) and higher speeds, a simple bobbin carrier
      shaft and a corresponding drive are no more sufficient. It is necessary to
      associate each spinning section with two to four complete winding units,
      each with separate variable speed control drives, even though all threads
      of a spinning section are fed in simultaneously, and to also
      simultaneously comply with the same initial conditions. A mechanical
      interconnection of the bobbin drives must be left out of consideration. A
      common drive of two to four bobbins is desirable, however, in order to
      save costs and is even necessary in view of the requirements of
      automation.
PAC  SUMMARY OF THE INVENTION
PAR  As already mentioned above, the present invention is based on the problem
      of providing preliminary conditions, in particular, for electric drives,
      in order to better comply with the requirements concerning higher winding
      speeds, a greater flexibility of the material, and a higher degree of
      automation.
PAR  In considering these requirements, the present invention starts from
      electric-motor-driven winding devices, particularly for winding synthetic
      fibers or the like, operating at constant speeds and comprising a
      double-current, i.e., a DC-AC machine which, in itself, is well-known. In
      axially driven winders, this double-current machine is substituted for the
      usual otherwise variable speed DC motor and in surface driven winders, as
      well as for feed rollers, it is substituted for a synchronous motor. With
      both kinds of current, the double-current machine operates both as a motor
      and a generator. In a preferred embodiment of the invention, the
      double-current machine substantially comprises a variable-speed DC motor
      whose armature shaft, in addition to the commutator, carrier several slip
      rings symmetrically connected thereto so that a symmetrical
      speed-proportional AC voltage is applied to the slip rings, with a
      frequency corresponding to the mechanical rotational speed of the shaft,
      the AC voltage having two, three or six, but preferably three, phases.
PAR  In view of the considered field of application, attention is directed
      primarily to a double-current machine for use in axially driven winders.
      In accordance with the invention, the machine is designed so that a
      mains-powered driving motor is connected to the line through a rectifier
      controlled by a speed-control equipment. The motor drives a bobbin
      carrier, if necessary, through an interposed transmission, and for driving
      the traverse system, the polyphase alternating voltage from the terminals
      is applied to a synchronous motor driving the traverse system directly, or
      through a variable-speed transmission.
PAR  According to a development of the invention, a throw-over switch is
      provided between the driving motor and the synchronous motor, permitting
      the drive of the synchronous motor for the traverse system either off of
      the driving motor or from a separate AC power supply.
PAR  In conformity with this switching arrangement, a further feature of the
      invention may be seen in that, while the synchronous motor is driven by
      the driving motor, a precision winding is obtained on the bobbin, and
      while the synchronous motor is supplied directly from the line, a scramble
      winding is produced.
PAR  It is common to these two possibilities that after the DC motor driving the
      bobbin carrier has been accelerated to normal speed, the DC current supply
      is temporarily cut off by means of a special switch and instead, external
      line voltage is applied to the slip rings input of the motor, whereupon,
      after the winding operation has started, a new actuation of the switch
      restores the supply of the driving motor with DC current.
PAR  According to a further development of the invention, the controllable
      rectifier cooperating with the variable-speed control members
      simultaneously supplies a plurality, preferably two, bobbin carriers or
      winders running in angular synchronism, and either the driving motor of a
      first winder is DC operated, while the driving motors of further winders
      are powered with polyphase voltage from the first driving motor, or all of
      the driving motors of the bobbin carriers are supplied with the
      controllable DC current, their polyphase outputs being connected in
      parallel and balance resistors being provided in their armature voltage
      lines.
PAR  In still another embodiment of the axial-drive variant of the invention, a
      controllable rectifier cooperating with the variable speed control members
      supplies a single main driving motor designed as a double-current machine,
      and individual driving motors are provided for each winder, the said
      motors being driven in angular synchronism by the polyphase voltage
      produced in the main driving motor.
PAR  In accordance with the basic inventive idea, the proposed solution is also
      applied to the surface-drive variant of the invention and to the drive of
      feed rollers. To this end, the drive cylinders are driven by motors which
      are designed as double-current motors, the supply of DC current serves to
      the acceleration of the drive cylinders to normal speed and after reaching
      this speed, the driving motors may be switched over by means of two
      parallel switches to an external polyphase power supply having the
      corresponding frequency. The synchronously running motors are provided, in
      accordance with the invention, with means, such as resistors, for
      adjusting the excitation to the optimum operational conditions. The
      driving motor, designed as a synchronous motor, may be uased as a DC power
      source for supplying a DC motor serving to drive the changer of the
      traverse motion.
PAR  Accordingly, it is an object of the invention to provide an apparatus for
      driving winding devices, such as a winding shaft or a winding drum for
      winding a bobbin, at a constant proportional speed in respect to an
      associated thread guide traverse system which comprises a drive motor
      having a rotatable shaft with an armature winding and a commutator
      connected to said armature for DC connection to a power source and a
      plurality of slip rings connected to the armature so that they provide a
      connection for a symmetrical polyphase AC voltage during the operation of
      the drive motor and wherein a synchronous motor is connected to the slip
      rings and is operated during the rotation of the drive motor shaft to
      drive the bobbin to effect the operation of a thread traverse system.
PAR  A further object of the invention is to provide a method of driving a
      rotatable bobbin shaft and a thread guide of a traverse system for the
      movement of the thread for delivery to the bobbin in proportional constant
      speed operation using a drive motor for the driving of the bobbin and a
      synchronous motor for the driving of the traverse system, which comprises
      operating the drive motor from a DC voltage source and in a manner such
      that it delivers the synchronous polyphase AC output voltage and operates
      the traverse system by driving it through a synchronous motor which is
      operated from the output voltage of the drive motor.
PAR  A further object of the invention is to provide an apparatus for driving
      winding shafts and like which is simple in design, rugged in construction
      and economical to manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a schematic elevational view of a thread winding device in
      accordance with the prior art;
PAR  FIG. 2 is an elevational view of a drive motor for use in a winding device
      constructed in accordance with the invention;
PAR  FIG. 3 is a schematic elevational view of a winding device in accordance
      with the invention; and
PAR  FIGS. 4 through 10 are views similar to FIG. 3 of other embodiments of the
      invention.
DETD
PAC  DESCRIPTION OF THE PRIOR ART DEVICE OF FIG. 1
PAR  According to FIG. 1, which shows a diagram of a drive arrangement known in
      the prior art, a DC motor A serving as a drive for the winder, is powered
      through a controllable rectifier B, from an AC line C in a well-known
      manner. The speed control device D is supplied, for example, with electric
      quantitites E corresponding to the measured value of the thread tension
      and controlling the rectifier B. The DC motor A, on the one hand, drives
      directly or through an appropriately dimensioned transmission, the shaft F
      of a bobbin holder H carrying the winding tube G and, on the other hand, a
      traverse system M of the traverse motion, through transmission members K
      (for example, a gearing, chains, or the like) and a cardan shaft L. By
      means of the traverse system M, the thread is reciprocated along the
      winding tube G so that a bobbin N is produced having rectangular edges.
PAR  The cardan shaft L or another mobile transmission member is necessary for
      driving a cylinder O assuring a constant spacement of the traverse system
      M from the bobbin surface.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in particular, the invention as embodied therein
      in FIGS. 2 and 3, comprises an axial winder for winding thread on a bobbin
      13 and which is of a type similar to that shown in the prior art showing
      of FIG. 1.
PAR  In accordance with the invention, the winding device comprises a drive
      motor, generally designated 4, which is dissimilar from the drive motor A
      of the prior art shown in FIG. 1, and comprises a combined DC motor and AC
      generator which comprises the usual commutator 15 for connecting an
      armature 17 to a source of direct current and, in addition, it includes
      slip rings, in this instance 3, which are mounted on the same shaft 18 as
      the armature 17. The slip rings 16 are connected to the armature winding
      17 in a manner such that a symmetrical polyphase alternating current
      voltage is supplied to the rings 16. Thus, the DC motor is changed into a
      double current machine which is a DC motor and an AC synchronous
      generator. The operating conditions are determined only by the mechanical
      torque at the shaft 18.
PAR  Referring to the various embodiments shown in FIGS. 2 to 10, motor 4 has
      terminal box 19 with terminals which are connected to the commutator
      brushes provided for the DC current. The terminals in a box 20 are
      connected to the slip ring brushes and, consequently, comprise the
      polyphase output. The polyphase AC voltage which, during the operation of
      the machine is applied to slip rings 16 (FIG. 2), is characterized by a
      frequency directly proportional to the mechanical rotational speed of
      shaft 18. Therefore, the DC voltage and the AC voltage are in a fixed
      proportion to each other.
PAR  The diagram of FIG. 3 shows how the cardan shaft L used in the prior art
      for the mechanical drive of the traverse system M (FIG. 1) becomes
      superfluous by using an extended DC control motor 4 (FIG. 2). Extended DC
      motor 4 is connected by its DC terminals 19, through a controllable
      rectifier 2 and control 5 having an input 6, to an external power supply
      1. In consequence, shaft 18 (FIG. 2) of DC motor 4 drives bobbin holder 8,
      carrying winding tube 9. A synchronous motor 21 (FIG. 3) is coupled
      through a transmission to the thread traverse system which includes a
      driving shaft of a thread guide 12. Synchronous motor 21 is connected to
      AC terminals 20 of extended DC motor 4. Due to this, synchronous motor 21
      runs in angular synchonism with driving motor 4 of the bobbin holder, and
      accordingly, the cardan drive L, shown in FIG. 1, and having the already
      described drawbacks, can be omitted.
PAR  FIG. 4 shows that it is possible at any time to produce bobbins with either
      a precision winding or a scramble winding with the axially driven winder.
      A switch 23 is provided for this purpose and, in the figure, the switch is
      in the position precision winding. Upon switching into the indicated
      opposite position, synchronous motor 21 for driving traverse system 12 is
      powered from a separate AC line 22. The speed of the traverse motion
      produced by the traverse system is then given by the frequecy of this
      supply current. This frequency is constant and independent of the winding
      diameter of the bobbin 13.
PAR  The use of the extended motor 4 for the driving of an axial winder also
      eliminates the shortcoming of the bobbin driving motor A of FIG. 1,
      namely, of having no definite rotational speed at the start of the winding
      operation and the winding speed at the beginning is insufficient.
PAR  To this end and as shown in FIG. 5, a switch 24 is provided which, upon a
      DC acceleration of the winder to normal speed for example immediately
      after the bobbin change, is shortly actuated for setting the thread to the
      tube. Thereby, the supply of direct current into the motor is interrupted,
      the driving motor 4 now works as a synchronous motor, and is powered from
      the AC line 25. The frequency in this line 25 corresponds exactly to the
      optimum setting speed. In considering this adaptation, the same supply
      line may be used for driving the drive cylinders (all 30, 30' of FIG. 9)
      serving to feed the thread in. As soon as the setting of the thread to
      bobbin tube 9 has been terminated, switch 24 is brought into its rest or
      initial position, whereupon, the thread-tension or speed control provided
      on the winder takes over.
PAR  The arrangment according to FIG. 6 eliminates a further drawback inherent
      in the known axial winders, namely, the necessity given by the design and
      arrangement of providing a plurality of winders for a single spinning
      section, each with its own speed control and controllable rectifier.
PAR  The invention solution shown in FIG. 6 permits the use of a single
      variable-speed drive for driving a plurality of winding stations equal in
      number to the number of threads which can simultaneously be set to the
      tubes. The solution is represented for two winding stations. Driving motor
      4 of winder W is powered from AC supply line 1 and is speed-controlled.
      The synchronous polyphase output 20 supplying synchronous motor 21 of
      changer 12 is, in this case, also the power source for main driving motor
      4 of winder W' and the respective synchronous motor 21' of traverse system
      12'. Naturally, the power output of motor 4, associated with the winder W
      must be correspondingly dimensioned.
PAR  FIG. 7 shows a variant of the circuit arrangement in which a plurality of
      winders is supplied from a common variable-speed DC source 2, 5, 6 without
      the necessity of dimensioning the driving motors 4, 4', etc. for a higher
      power output. The driving motors 4, 4', etc. are connected by their DC
      terminals in parallel to terminals 19, 19', etc. and analogously, by their
      polyphase AC terminals, to terminals 20, 20', etc. To prevent a flow of
      not negligible equalizing currents resulting from the differences in
      machines 4, 4', etc., adjustable resistors 26, 26', etc. are provided for
      establishing the balance. The arrangement according to FIG. 7 is very
      inexpensive.
PAR  FIG. 8 shows a circuit arrangement based on the use of an extended
      variable-speed AC driving motor 4 having no power output at the shaft 18
      (cf. FIG. 2), as a rotary converter. In this solution, a synchronism
      between a plurality of winders can be obtained so that a plurality of
      driving motors is simultaneously supplied, at their AC terminals, from
      terminals 20 of an electric motor 27 of the type, for example, as that of
      the driving motor 4 which is designed and controlled as a DC machine and
      also acts as an AC generator. The motor 27 functions as a converter and
      supplies motors 4 and 4' and 21 and 21' which are connected for
      synchronous operation.
PAR  In such a case, it is not necessary to supply motors 4, 4' driving the
      winders with direct current but instead, they can be designed as pure
      synchronous motors. For the same reason, DC terminals 19, 19', etc. of the
      winder driving motors can be omitted since motors 4, 4', etc. are powered
      only through terminals 20, 20', etc.
PAR  The inventive idea explained in connection with the different variants of
      an arrangement for axially driven winders can obviously also be applied to
      surface-driven winders.
PAR  A surface-driven winder for constant speed may be characterized in that a
      cylinder drives the wound surface of the bobbin by frictional contact at a
      constant speed. To obtain an exact synchronism between the individual
      winding stations, the cylinder is driven by a synchronous motor. The
      advantage of such a winder lies substantially in the fact that precise and
      defined conditions are created at the start of the winding operation as to
      the rotational speed, with the exception of unavoidable slipping between
      the driving cylinder and the bobbin.
PAR  The advantages of the known surface-driven winders, however, are
      accompanied by a number of disadvantages mostly concerning the technical
      particularities of the drive. Thus, for example, synchronous motors can be
      started only with additional means such as starter cages, damper cages,
      etc. Depending on the type, the motors require starting currents ten to
      twenty times higher relative to the rated value. Also, for a synchronous
      start, the motors must execute a speed jump between the asynchronous and
      synchronous speed. The required standard size of a synchronous motor is
      determined by the starting torque. For the performance in service, small
      output motors are usually sufficient. The necessary ten- to twenty-fold
      starting current endangers the life of the motors primarily in cases where
      because of a faulty winding, for example, the driving cylinder is
      subjected to several starting operations in short consecutive intervals.
      The windings of such motors can be protected against burning through under
      overload, only with the aid of relatively expensive electrical control
      means. In using the extended DC motor or double-current motor in
      accordance with the invention, however, these and other difficulties can
      be eliminated.
PAR  FIG. 9 shows such a circuit arrangement. The motor 4 is accelerated to
      normal speed by means of a central DC source or of a controllable
      rectifier 2, 5, 6 through a resistor 32 (32') limiting the current in the
      armature. After this operation, the supply is switched over from the DC
      line to the synchronous AC line 32 by means of switch 31 (31'). Then,
      motor 4 operates as a synchronous motor and it drives a rotatable drive
      cylinder 30.
PAR  Since motor 4, supplied from the AC line, operates as a separately excited
      synchronous motor, its power factor can be adjusted to the optimum value.
      The use of such a motor offers important economic advantages. First, at
      least for the bobbin drive, the otherwise necessary reverse of the ten- to
      twenty-fold starting current for the DC power supply becomes superfluous.
      Further, the additional possibility of adjusting the power factor results
      in lower costs of installation which is economically appreciable
      particularly if static frequency changers are used for the supply. Another
      important advantage is obtained by the use of a motor modified in
      accordance with the invention, namely, that with the armature of the
      motor, the gyrating mass of the driving cylinder can be braked down
      quickly and without overloading the motor.
PAR  The advantages mentioned in respect of the inventive DC motor apply also to
      the drive cylinders 30, 30'. Since, in operation, the drive cylinders are
      substantially idling gyrating masses, the inventive possibility of their
      acceleration to nominal speed by direct current and subsequent connecting
      to the AC line for synchronous running has an equally favorable effect as
      the further inventive possibility of using the armature voltage for their
      braking.
PAR  The use of the motor in accordance with the invention also increases the
      economy of the plant because as a rule, winding machines operate twenty
      four hours a day. The advantage lies in that the inventive motors permit
      an optimum adjustment for any mode of operation, speed and other
      conditions, and at the same time, results in a minimization of the losses.
PAR  The known surface-driven winders permit only a scramble winding.
      Consequently, for driving a traverse system, they need a special AC
      circuit in addition. To eliminate so-called pattern faults, another
      "fault" must be superimposed to the AC voltage. In big manufacturing
      machines in which 20 to 50 spinning or winding stations operate
      conjointly, additional costs for a special supply line powering the
      changers is perhaps economically acceptable. In pilot plants, however,
      with only a small number of winding stations, it is desirable to manage
      without an additional AC supply circuit. This is easily possible by
      operating a driving motor 4 as shown in FIG. 10 in accordance with the
      invention as a synchronous motor and by using the direct current voltage
      produced at the terminals 19 for driving a DC motor 34 for the changer 12.
      The adjustment of such a motor to the appropriate speed is effected by
      means of resistors connected in the excitation of the motor 34. A
      corresponding disturbance due to a periodical change of the resistors is
      limited to a small range of about 5% to 10%. FIG. 10 shows a diagram of
      such a drive. The drive-cylinder motor 4 is powered with alternating
      current 33 supplied at the terminals 20. The direct current produced at
      the terminals 19 powers DC motor 34 which drives changer 12.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for driving winding devices, such as a device for winding
      thread on a bobbin using a thread traverse system for moving the thread
      backwardly and forwardly as the bobbin is revolved, comprising a drive
      motor having a rotatable shaft with an armature winding, a commutator
      connected to said armature winding for connecting the winding to a source
      of direct current and a plurality of slip rings connected to said armature
      winding so that a symmetrical polyphase alternating current voltage is
      produced at the rings during rotation of said shaft, means on said shaft
      for driving the bobbin, and a synchronous motor having a rotatable
      synchronous motor shaft connected to rotate the thread traverse system and
      being connected to said slip rings for receiving a polyphase alternating
      current output voltage from said drive motor which, during operation of
      said drive motor, has a frequency directly proportional to the mechanical
      rotational speed of said drive motor shaft whereby the traverse system is
      driven at a speed constantly proportional to the speed of rotation of said
      drive motor shaft.
NUM  2.
PAR  2. An apparatus for driving winding devices, as claimed in claim 1, wherein
      said means on said drive motor shaft for driving the bobbin comprises a
      bobbin carrier, rectifier means connected to said drive motor for
      supplying DC current to said commutator, said synchronous motor shaft
      being directly connected to the traverse system.
NUM  3.
PAR  3. An apparatus for driving winding devices, as claimed in claim 1,
      including an AC current supply, rectifier means between said AC current
      supply and said commutator, and a connection between said AC current
      supply and said slip rings and said synchronous motor including a switch
      for connecting said synchronous motor selectively to said slip rings and
      to said AC current supply.
NUM  4.
PAR  4. An apparatus for driving winding devices, as claimed in claim 1,
      including an AC power main line, a rectifier between said power main line
      and said commutator for supplying DC voltage to said commutator, a first
      connection from said AC power line extending to the connection between
      said slip rings and said synchronous motor, and switch means in the
      connection between said rectifier and said commutator and said first
      connection for selectively and alternately connecting said drive motor to
      said DC rectifier means and to said AC circuit.
NUM  5.
PAR  5. An apparatus for driving winding devices, as claimed in claim 4,
      including a second connection between said AC power main line and said
      synchronous motor and a second switch in said second connection for
      selectively connecting said synchronous motor to said slip rings and to
      said second connection.
NUM  6.
PAR  6. An apparatus for driving winding devices, as claimed in claim 1,
      including an AC power source, a connecting line from said AC power source
      to said commutator having a rectifier therein for delivering DC voltage to
      said commutator, and wherein there are a plurality of synchronous motors
      each having a synchronous motor drive shaft connected to a traverse system
      and each being connected to said slip rings.
NUM  7.
PAR  7. An apparatus for driving winding devices, as claimed in claim 6,
      including a second drive motor having its slip rings connected to the
      output slip rings of said first drive motor and to each of said
      synchronous motors.
NUM  8.
PAR  8. An apparatus for driving winding devices, as claimed in claim 1, wherein
      said drive motor comprises a single main drive motor, and including a
      plurality of additional drive motors, said main drive motor having its
      slip rings connected in parallel to each of said additional drive motor
      slip rings, and a synchronous motor associated with each of said
      additional motors and connected to the slip rings thereof.
NUM  9.
PAR  9. An apparatus for driving winding devices, as claimed in claim 1, wherein
      there are a plurality of said drive motors, each having a drive motor
      shaft with a friction drive cylinder for the surface driving of the
      bobbin, an AC power source, a rectifier between said power source and the
      commutators of said driving motors for supplying direct current to the
      commutators and switch means for selectively connecting said slip rings to
      said alternating current power source and disconnecting said commutators
      in order to permit the machines to be supplied with direct current to
      accelerate them to an operating speed and to operate with alternating
      current after being brought up to speed.
NUM  10.
PAR  10. An apparatus for driving winding devices, as claimed in claim 9,
      including means in the connection of said motors for permitting adjustment
      of their excitations to vary their operating speeds.
NUM  11.
PAR  11. A method for rotating a thread winding shaft at a constant rotational
      speed in proportion to a rotatable part of a thread traverse system, using
      a combined AC-DC motor generator device including an armature connected to
      a communtator for a DC connection and connected to a slip ring for an AC
      connection and using a seperate drive motor for the thread traverse
      system, comprising supplying alternatively and selectively AC or DC power
      to said combined AC-DC motor generator through the respective AC or DC
      connection, rotating the winding shaft by the combined AC-DC motor
      generator at a predetermined speed, generating a power at the connection
      which is not connected to the supply power, selecting a drive motor for
      the traverse system corresponding to the generated power, and delivering
      the generated power to the drive motor to drive the motor of said traverse
      system, at a speed in proportion to the power generated and in order to
      drive said traverse system at a speed proportional to the speed of
      rotation of said winding shaft.
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PAL  A method of and means for controlling internal tension in web rolls during
      winding thereof onto cores with the aid of winding drums, comprises
      partially winding the web rolls between the winding drums and a rider
      roll, backing off the rider roll from the web rolls after they have
      attained partial diameter, and during continuance of the winding of the
      web rolls to full diameter applying load-relieving lift to the web rolls
      through their cores. A lifting device is correlated with the operation of
      a winder.
BSUM
PAR  This invention relates to the art of winding web rolls, more particularly
      paper rolls, and is especially directed to improving the quality of paper
      rolls of large diameter.
PAR  Rolls of sheet or web material, and more particularly paper, are commonly
      wound in a winder comprising a pair of winding drums which drive the web
      rolls under a variable position rider roll controlling the pressure in the
      nips between the winding drums and the web roll in order to control
      compactness of the web rolls. The rider roll is gradually eased from the
      web rolls as the web rolls increase in diameter and weight because the
      increasing weight of the web rolls contributes to maintaining adequate
      tension in the nips. After the size of the rolls has developed to a
      calculable weight, however, there is increasing tension to the extent that
      unless great care is exercised internal forces may develop in the roll
      causing breaks at weaker areas of the web. Various and sundry web
      tensioning devices have been proposed to alleviate this problem. Such
      devices have required sophisticated tension monitoring and control systems
      which are costly to install and to maintain and require relatively careful
      and accurate adjustments for optimun results.
PAR  An important object of the present invention is to overcome the foregoing
      and other disadvantages, shortcomings, deficiencies, inefficiencies, and
      problems and to provide new and impoved method of and means for
      controlling internal tension in web rolls and more particularly heavy
      paper rolls.
PAR  Another object of the invention is to control web tension in the winding of
      rolls in a winder in which the rolls are rotated while riding on winding
      drums.
PAR  A further object of the invention is to provide a new and improved method
      of and means for controlling internal tension in web rolls by compensating
      for increasing weight of the rolls while they are wound on winding drums.
PAR  Still another object of the invention is to provide a new and improved
      method of and means for controlling internal tension in web rolls
      permitting larger sizes of rolls to be wound safely in and with existing
      winding apparatus.
PAR  Yet another object of the invention is to provide new and improved means
      which can be easily and conveniently installed in existing winders for
      controlling internal tension in web rolls.
PAR  To the attainment of the foregoing objects, the present invention provides
      a method of controlling internal tension in web rolls during winding
      thereof onto cores with the aid of winding drums, comprising partially
      winding the web rolls between the winding drums and a rider roll, backing
      off the rider roll from the web rolls after the web rolls have reached
      partial size, and during continuance of the winding to full diameter
      applying roll relieving lift to the web rolls through their cores. In one
      form apparatus for this purpose comprises means in the form of lifting
      devices applying lift to the roll cores adjacent to the ends of the rolls.
DRWD
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel concepts embodies in the disclosure, and in which:
PAR  FIG. 1 is a schematic side elevational view of a winder embodying features
      of the invention;
PAR  FIG. 2 is a fragmentary elevational view taken substantially in the plane
      of line II--II of FIG. 1;
PAR  FIG. 3 is an enlarged vertical sectional detail view taken substantially in
      the area III of FIG. 2; and
PAR  FIG. 4 is an enlarged fragmentary horizontal sectional plan detail view
      taken substantially along the line IV--IV of FIG. 1.
DETD
PAR  On reference to FIG. 1, winder 10 is depicted schematically comprising a
      supporting frame 11 within which is supported a pair of winding rolls or
      drums 12 suitably driven in a common direction of rotation as indicated on
      parallel axes disposed in a horizontal plane and with the adjacent
      perimeters of the winding rolls spaced apart at least far enough to pass
      freely a web 13 of material such as paper delivered from a suitable source
      such as a reel or paper making machine (not shown) and traveling under and
      over one of the drums 12 to be wound by the winding drums into one or more
      tightly wound web rolls 14. In a preferred arrangement, a plurality of the
      web rolls 14 are adapted to be wound simultaneously in the winder 10 from
      a source web of ample width for the purpose slit before reaching the
      winder 10 by any suitable slitting apparatus (not shown) to provide the
      length of rolls desired. Newsprint rolls may range in length from ten
      inches to forty inches and the winder may be from 300 to 400 inches wide
      to permit a maximun number of rolls to be wound in each winding operation.
      In the winder 10, it is desirable according to the present invention to
      wind the rolls up to 60 to 72 inches in diameter.
PAR  As the start of a winding operation, the web strips are attached at their
      starting ends to tubular cores 15 (FIGS. 1, 2 and 3) placed initially in
      the trough opening upwardly between the winding drums 12. A rider roll 17
      is moved onto the cores 15 to apply nip pressure of the cores 15 against
      the winding drums 12 sufficient to assure non-slip driving of the cores 15
      and the developing web rolls 14 in the relatively high speed rotation of
      the winding drums 12. Pressure loading of the rider roll 17 is suitably
      maintained by means including a rider roll beam 18 which is suitably
      guided for vertical travel between a pair of horizontal spaced frame beams
      19 and 20. Suitable means for controlling raising and lowering of the
      rider roll beam 18 include cable means 21 trained over pulley means 22
      mounted in the upper portion of the frame 11, and suitable driving and
      control means (not shown) and which may be of a type known for this
      purpose.
PAR  Continuously as each of the web rolls 14 is wound, pressure at the nips 23
      with the winding drums 12 must be maintained to assure tight winding of
      the web sheet in the roll. However, as the roll gets bigger and heavier
      the weight of the roll causes the nips 23 to get bigger, which, if
      unrelieved, progressively increases tension in the wound web as the size
      of roll increases until the rupture point is reached. Up to a certain
      weight nip pressure relief is obtained by gradually decreasing the load of
      the rider roll 17 from an initial maximun pressure load at the start of
      the winding operation, to a zero load relationship at the point at which
      the weight of the web roll 14 is sufficient to maintain adequate nip
      pressure of its own dead weight. For example, with newsprint a web roll
      diameter of about thirty inches attains a self loading weight at the nips
      23 sufficient to maintain a desired web tension. Therefore, as the size of
      roll gradually increases from core diameter to the 30 inch diameter, the
      rider roll pressure load is progressively reduced to compensate for the
      increasing web roll weight. However, beyond the 30 inch diameter, the
      increasing web roll weight progressively builds up the load at the nips
      23, with indentation of the winding drum perimeter into the web roll as
      the weight increases with consequent rapid buildup of lineal tension in
      the sheet and development of damaging internal tension in the web roll.
PAR  According to the present invention, after the web roll 14 has reached a
      size in the winding operation where the roll weight equals the desired
      tensioning load at the nips 23, so that the rider roll 17 is released from
      loading the web roll, continuous high speed winding of the web roll to a
      desired maximum size, that is full diameter, is continued while achieving
      a substantially optimum lineal web tension as a continuation of the web
      tension attained by aid of the rider roll in the first stage of web roll
      winding. This desirable result is attained by applying load relief lifting
      to the web rolls 14 through their cores 15. For this purpose, the winder
      10 is provided with means comprising lifter devices 24 constructed and
      arranged to apply load-relieving lift to the web rolls 14 through the
      cores 15.
PAR  Each of the lifters 24 is constructed and arranged to be capable of
      applying lift to the outer ends of the endmost of the web rolls 14 in an
      aligned series and also to the adjacent ends of the contiguous rolls in
      the series. Desirably all of the lifters are of a standarized construction
      and therefore description of one of the lifters 24 will suffice for all
      that may be employed in the winder 10 regardless of its size. Each of the
      lifters 24 is of generally C-shape in side elevation, comprising a
      preferably hollow tubular inverted L-shaped frame 25 provided with a short
      head arm 27 projecting forwardly from a downwardly extending longer arm 28
      located in suitable clearance relation along the backside of the winder
      frame 11 and in unattached relation thereto. At its forward end, the short
      head arm 27 is mounted in suspended relation on the lower end of means for
      lowering and raising the lifter for operation, desirably comprising a
      fluid operated rectilinear actuator such as a pneumatic cylinder 29
      pivotally attached on its upper end portion by means of a pivot 30 to a
      bracket 31 and extending downwardly and having a reciprocable piston rod
      32 suitably coupled at its lower end to the forward end of the lifter arm
      27. On its lower end portion, the vertical lifter arm 28 carries rigidly
      fixed thereto a forwardly extending lifting arm 33 in the form of a
      vertical plate which has in balanced relation below the piston rod 32 an
      upwardly opening front end lifting hook 34. The thickness of the lifting
      arm 33 is sufficiently less than the spacing between fairly closely
      adjacent web roll ends, as best seen in FIGS. 2 and 3, to be freely
      received between such ends.
PAR  In order to permit the use of individual tubular members as the cores 15 of
      the web rolls 14, such as the conventional cardboard core cylinders
      commonly employed for this purpose, and yet enable lifting of the web
      rolls 14 by means of the lifters 24, and more particularly the lifting
      hooks 34 thereof, hook-engageable shaft adapter means in the form of
      coupling plugs 35 are provided. In a desirable construction, each of the
      adapter shaft plugs 35 is provided with means to engage with and provide a
      lifting coupling for either end of one of the web rolls 14 or in both of
      the adjacent ends of contiguous web rolls, as shown in FIG. 3. To this
      end, a load bearing stub shaft 37 has opposite end portions of a length to
      extend a limited but significant distance into one of the cores 15.
      Desirably, the shaft 37 is stepped toward each end from a center portion,
      having reduced diameter end portions 38 on which are mounted bevel ended
      respective plugs 39 adapted to be received fairly closely but slidably
      within the end portion of one of the cores 15. Each of the plugs 39 may be
      secured as by means of a pin 40 to its shaft portion 38 and against a
      locating shoulder 41 at juncture of the shaft portion 38 with an
      intermediate diameter stepped portion 42 of the shaft about which is
      engaged one end portion of a tubular rider sleeve 44 which bridges between
      the plugs 39 and is accommodated within respective clearance recesses 45
      which open toward one another. A lifter receiving gap between the adjacent
      ends of the plugs 39 is defined by respective radially outwardly extending
      stop flanges 47 on the inner ends of the plugs 39 for engaging the
      contiguous ends of the cores 15 and thereby maintaining them in suitable
      spaced relation. To receive and maintain the lifting element, that is the
      hook 34, in substantially centered relation in the gap between the flanges
      47, the rider 44 is provided with an annular outer peripheral groove 48
      having sidewalls which taper toward the bottom of the groove which is of
      substantially the same width as the thickness of the hook 34.
PAR  At the start of a winding operation cycle, suitable lengths of the cores 15
      are placed in the trough of the winding rolls 12 and coupled together in
      end-to-end relation by means of the shaft adapter plug assemblies 35, with
      one of the adapter assemblies 35 plugged into each opposite end of the
      core assembly. Assembling of the core sections 15 and the adapters 35 may
      be effected directly in the winding roll trough, or the entire length of
      core sections 15 and adapters 35 may be preassembled and placed in the
      winding roll trough to conserve down time between winding cycles. The
      latter procedure would be preferred where the winder 10 is in on-stream
      relation to a paper making machine, but would not be as important where
      the winder 10 is merely in receiving relation to a web reel supply
      station. Then the leading end of the desired width of the webs are
      attached to the core sections 15 and with the rider roll 17 pressing down
      against the cores 15 with adequate winding pressure, the winding operation
      proceeds by powered rotation of the winding drums 12. As winding of the
      web roll 14 on each of the cores 15 proceeds, the rider roll 17 maintains
      progressively slackening roll winding pressure as the web roll diameter
      and thus weight increases until the web roll weight itself provides the
      proper pressure at the nips 23 for uniform lineal web tension during
      winding. The rider roll 17 then backs off and maintains a slightly spaced
      position relative to the perimeter of the expanding web roll 14, serving
      then as merely a safety restraint against any possible tendency for the
      web roll 14 to displace from the winding rolls 12 during high speed
      winding.
PAR  Until the web roll winding progresses to zero pressure demand from the
      rider roll 17, each of the lifters 24 remains inactive. Prior to start of
      a winding operation, each of the lifters 24 is properly oriented with
      respect to the length of web rolls to be accommodated, that is one each of
      the lifters 24 is located at the respective opposite ends of the string of
      coupled cores whereby to be selectively engageable with the respective
      shaft adapters 35 at such ends, and others of the lifters 24 are
      positioned for selective engagement with each of the shaft adapters 35
      between the several core sections. To facilitate accurate individual
      adjustments of the lifters 24 along the width of the winder 10, means are
      provided for mounting the supporting brackets 31 of the lifters adjustably
      on the winding frame 11 such as on a beam 50 extending along the top of
      the frame 11. Releasable means connecting each of the brackets 31 to the
      beam 50 comprise T-bolts 51 engaged in complementary T-shaped slots 52 in
      rails provided along the beam 50. By loosening the bolts 52, the brackets
      31 and thereby the lifter 24 can be moved incrementally along the winder
      10 into the desired position. To facilitate such adjustment of the lifter
      24, shifting means may be provided such as a handwheel 53 for driving a
      pinion 54 along a rack 55 carried by the beam 50. Thus, with the bolts 51
      loosened, manipulation of the handwheel 53 will adjust the lifter 24 into
      the accurate selected position along the winder 10, at which position the
      lifter can then be fixed by tightening the bolts 51.
PAR  By reason of its generally C-shape, the lifter 24 normally tends to swing
      by gravity into lifting position. Means are therefore provided for
      shifting the lifter 24 to a non-lifting, inactive position when it is not
      needed, more particularly when the lifting arm 33 would interfere with
      loading a core assembly into position on the winding rolls 12, and
      clearance for operation of the rider roll 17 is necessary. For this
      purpose, a control yoke 57 (FIGS. 1 and 4) is provided to engage slidably
      with the leg 28 of the lifter at the inner side of the lifter frame 25.
      For relatively frictionless sliding engagement with the lifter frame leg
      28, the inside surfaces of the yoke 57 are desirably lined with suitable
      anti-friction plastic material such as nylon or tetrafluoroethylene. Means
      for actuating the yoke 57 conveniently comprise a fluid actuator 59 such
      as a pneumatic piston and cylinder unit having a reciprocable piston rod
      60 fixed to the yoke 57 and a cylinder 61 which is mounted adjustably on
      the adjacent frame beam 20. Means for adjustably securing the cylinder 61
      along the beam 20 comprise a T-groove rail 62 within which one or more
      T-bolts 63 are engaged for securing a bracket 64 rigid with the cylinder
      61. Through this arrangement, the controlling yoke 67 can by loosening the
      bolts 63 be adjusted along the winder 10 concurrently with adjustment of
      the associated lifter 24. In the adjusted position tightening of the bolts
      63 locks the yoke 57 for operation in the adjusted position of the lifter
      24.
PAR  At the beginning of a winding cycle, the actuator 59 operates to drive the
      yoke 57 outwardly to swing the lifter 24 about the head end pivot 30 to
      shift the lifting arm 33 into full clearance backed away relation to the
      rider roll 17. At the same time, the lifting cylinder 29 operates to drop
      the lifter frame 25 to a lowered position as shown in the double dot dash
      outline in FIG. 1 wherein the lifter arm 33 is poised for movement into
      lifting engagement with the associated shaft adapter 35 when the size of
      the web roll 14 has developed sufficiently to increase its weight to a
      value at which the winding pressure at the nips 23 needs relief. For
      example, such weight may be attained in a newsprint paper roll at about 30
      inch diameter. Thereupon, the actuator 59 is operated to retract the
      control yoke 57, permitting the lifter 24 to swing inwardly until the
      lifter arm 33 is in position as indicated in dash outline in FIG. 1
      wherein the lifting hook 34 is engageable with the rider sleeve 44 of the
      associated shaft adapter 35. At this time, the cylinder actuator 29
      operates to apply a lifting force through the piston rod 32 on the lifter
      24 correlated to the progressively increasing diameter and weight of the
      web roll 14 to maintain optimum winding pressure at the nips 23. Any
      suitable means for effecting operation of the actuators 29 and 59
      including suitable electro-pneumatic circuitry, including load cell means
      and other desirable controlling means permitting automatic or manually
      controlled operation may be provided. Such means are readily available and
      need therefore not be more particularly described. Lifting progresses
      proportionally as the diameter and weight of the web roll 14 increases
      while the lifter 24 follows the upward progress of the cores 15 of the
      increasing diameter web rolls, coming into a stop as shown in the full
      line position in FIG. 1 when the maximum diameter of the web roll 14 has
      been reached and the winding is brought to a halt by stopping the winding
      rolls 12. At this point, the lifter 24 is dropped sufficiently to
      disengage it from the associated adapter shaft 35, as for example to the
      lowered position indicated by dot dash outline in FIG. 1, and the
      completed web roll 14 is ejected from the winder 10.
PAR  Means for ejecting the completed web rolls 14 from the winder 10 comprise
      an ejector beam 65 which may be suitably mounted in normally clearance
      relation to the winding space within the winder frame 11. On completion of
      the web roll 14, the ejector 65 is adapted to be actuated as by means of a
      suitable actuator 67 to dump the finished web rolls 14 from the winder 10
      in the direction of the indicating arrrow, away from the disengaged
      lifters 24, thereby clearing the winder 10 for a repeated winding cycle.
PAR  It will be understood, of course, that all of the lifters 24 associated
      with the winder 10 are operated in unison in all phases of the winding
      cycle in which the lifters are employed. In the operating and control
      circuitry, the lifting force applied by the respective actuators 29 will
      be monitored and controlled for uniformity of action and lifting
      throughout the length of the coupled cores 15. At the opposite ends of the
      series of web rolls 14, the respective lifter actuators 29 will, of
      course, be required to lift only about half the load that the actuators 29
      for lifters 24 located between any two adjacent web rolls will be required
      to lift. Such differential in lifting forces is easily attained by
      conventional fluid actuator controls.
PAR  From the foregoing it will be appreciated that pursuant to the present
      invention substantially larger web rolls can be satisfactorily wound and
      thus more end product tonnage provided with less downtime between winding
      cycles. More intensive use of winder and associated equipment is attained.
      Therefore significant production economies are effected.
PAR  It will be understood that variations and modifications may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of controlling internal lineal tension in web rolls during
      winding thereof about cores with the aid of winding drums, comprising:
PA1  partially winding the web rolls between nips at the winding drums and a
      rider roll which acts through the web rolls to provide controlled
      tensioning load to said nips until the weight of the web rolls themselves
      provides sufficient self-loading on the nips for lineal tensioning of the
      webs in the rolls;
PA1  then releasing the rider roll from the web rolls; and
PA1  during continuance of winding the web rolls to full desired diameter
      applying load relieving lift to the web rolls through their cores to
      maintain the web tensioning load at said nips at a substantially optimum
      value as web load weight increases.
NUM  2.
PAR  2. A method according to claim 1, comprising inserting shaft adapter means
      into end portions of the web roll cores, and applying the load relieving
      lift to said shaft adapters.
NUM  3.
PAR  3. A method according to claim 1, comprising proportionately increasing
      load relieving lift force relative to progressively increasing weight of
      the web rolls.
NUM  4.
PAR  4. A method according to claim 1, including at full diameter of the web
      rolls terminating said load relieving lift and ejecting the web rolls from
      said drums.
NUM  5.
PAR  5. A method according to claim 1, comprising initially laying web roll
      cores into a trough provided by the winding drums, starting web material
      onto the cores while the rider roll applies tensioning load to the cores
      and started web material toward the nips at the winding drums, and after
      the web rolls have reached said self-loading weight applying lifting
      devices to core shaft means carried by the cores in thereby applying the
      load relieving lift to the cores.
NUM  6.
PAR  6. Apparatus for controlling internal lineal tensioning in web rolls during
      winding thereof about cores, comprising:
PA1  winding drums on which the web rolls are in nip engagement;
PA1  a rider roll which imposes lineal web tensioning load on the web rolls
      toward said nips until the web rolls are partially wound and the weight of
      the web rolls themselves provide self-loading of the nips to maintain the
      lineal tension;
PA1  means for releasing the rider roll from the web rolls when the web rolls
      have attained self-loading weight; and
PA1  means operating during continuance of the winding of the web rolls on the
      drums for applying load relieving lift to the web rolls through their
      cores to maintain the web tensioning load at said nips at a substantially
      optimum value until the web rolls have attained full sized diameter and
      weight.
NUM  7.
PAR  7. Apparatus according to claim 6, including shaft adapter means to be
      inserted into end portions of the web roll cores, said relieving means
      being applied to said shift adapter means to effect the load relieving
      lift.
NUM  8.
PAR  8. Apparatus according to claim 6, including means operating with said load
      relieving lift applying means to proportionately increase the lifting
      force relative to progressively increasing weight of the web rolls during
      winding.
NUM  9.
PAR  9. Apparatus according to claim 6, wherein said load relieving lift
      applying means are arranged to terminate load relieving lift when the web
      rolls have attained full diameter, and means for ejecting the full
      diameter web rolls from said drums.
NUM  10.
PAR  10. Apparatus according to claim 6, comprising core shaft means connecting
      the cores so that the cores can be initially laid into a trough provided
      by the winding drums and the web material started onto the cores while the
      rider roll applies tensioning load to the cores and the started web
      material toward the nips at the winding drums, and said load relieving
      lift applying means being operable from an inactive position to engage
      said core shaft means after the web rolls have reached a self-loading
      weight for thereafter applying load relieving lift to the cores through
      said shaft means.
NUM  11.
PAR  11. Apparatus according to claim 6, wherein said lifting means comprise a
      generally vertically swinging device including a lifting arm, means for
      supporting the arm, and means for operating said device.
NUM  12.
PAR  12. Apparatus according to claim 11, wherein said operating means comprise
      means for actuating the device in a vertical direction.
NUM  13.
PAR  13. Apparatus according to claim 11, wherein said operating means include
      means for swinging the device relative to said web rolls.
NUM  14.
PAR  14. Apparatus according to claim 11, including adapter shaft means for
      engagement in the end portions of the web roll cores and having engagement
      areas thereof exposed at the ends of the cores, and said lifting arm
      having a hook terminal portion engageable selectively in lifting relation
      with the engagement area of one of the adapter shaft areas.
NUM  15.
PAR  15. Apparatus according to claim 11, including means for effecting
      adjustments of the lifting device along the supporting means to
      accommodate variable lengths of web rolls.
NUM  16.
PAR  16. A winder apparatus for simultaneously winding a slit web onto a
      plurality of adjacent rolls on a common axis comprising in combination:
PA1  axially extending shaft means for core means for receiving a plurality of
      webs and winding them onto a plurality of rolls;
PA1  and support means engageable with the shaft means between adjacent rolls
      for applying a vertical force thereto preventing downward deflection of
      the shaft means and preventing interference between adjacent rolls due to
      downward deflection of the axis.
NUM  17.
PAR  17. A winder apparatus for simultaneously winding a slit web onto a
      plurality of adjacent rolls on a common axis constructed in accordance
      with claim 16, wherein said support means includes means extending
      diametrically inwardly from externally of the rolls and between the ends
      of the rolls for engagement with the shaft means.
NUM  18.
PAR  18. A winder apparatus for simultaneously winding a slit web onto a
      plurality of adjacent rolls on a common axis constructed in accordance
      with claim 16, and including a vertical force applying means connected to
      said support means operative to apply a variable force increasing with the
      diameter and weight of the roll.
NUM  19.
PAR  19. The method of winding a slit web into a plurality of adjacent rolls on
      a common axis comprising the steps:
PA1  winding adjacent strips of a web onto adjacent rolls on a common axis;
PA1  and applying a vertical support force to the axis between the rolls by
      engagement with the axis between the rolls by a support means applying a
      vertical force preventing downward deflection of the axis so that the
      rolls remain parallel and interference therebetween is avoided.
NUM  20.
PAR  20. The method of winding a slit web into a plurality of adjacent rolls on
      a common axis in accordance with the steps of claim 19, wherein the force
      applied increases proportionately to the size and weight of the rolls.
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ABST
PAL  A tape roll hold-down device for retaining a roll of tape upon a mounting
      post includes a transversely extending support surface for engaging and
      supporting the underside of a hub of a roll of tape. The support post
      extends upwardly through the plane of the support surface and carries a
      pivotable toggle mounted upon a pivot pin extending transversely of the
      post. The toggle includes a pair of wedge portions whereby the toggle can
      be first pivoted transversely of the axis of the support post and then
      thrust in a wedging manner between the pivot pin and the adjacent surface
      of the tape roll hub. In releasing the toggle in one embodiment, it needs
      merely to be thrust beyond the edge of the opening in the hub so that
      lifting the hub will pivot the distal end of the toggle upwardly and the
      pivoting end downwardly into the opening of the hub as the hub is lifted.
      Another embodiment takes advantage of upwardly protruding surface portions
      on the side face of the hub for engaging and upwardly camming the toggle
      member so as to move the pivoted end of the toggle member into the hole in
      the hub.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to devices for retaining elongate, pliant ribbon
      material formed as a roll of film, paper tape, magnetic recording tape or
      the like, all hereinafter referred to simply as a roll of tape, mounted
      upon a support post. This invention is particularly useful in providing a
      tape roll hold-down device for magnetic tape recording machines.
PAR  Heretofore, great numbers of different types of hold-down devices have been
      marketed, each claiming certain advantages and most all including certain
      disadvantages as known.
PAR  One particularly annoying disadvantage of most hold-down devices is found
      in their usual need to be decoupled from the mounting spindle or other
      rotational element in order to mount the roll of tape to the rotating
      element or support post. This singular deficiency obviously leads to
      inadvertent loss of such hold-down devices by personnel using the
      equipment.
PAR  It is further to be appreciated that these hold-down devices are employed
      by personnel operating the equipment who are both left-handed and
      right-handed. However, many of such devices are manufactured for people
      who are right-handed. This obviously causes some limited frustration and
      loss of efficiency by left-handed personnel operating this equipment.
PAR  Finally, it is a great advantage to make devices of this kind in as simple
      a manner as possible for the personnel using them in order to increase
      efficiency.
PAR  Accordingly, the present invention provides a hold-down construction which
      can operate both left-handed and right-handed, comprises a single
      construction with no parts to be mislaid or otherwise lost, and simply
      employs a wedge for attaching a roll while supplying sufficient force to
      maintain a tight mounting.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  In general, there has been provided a tape roll hold-down device for
      securing a roll of tape, film, or other pliant elongate ribbon, to a
      support surface including a mounting post adapted to receive thereon a
      roll of tape of a type including a hub having a mounting opening formed
      centrally thereof and extending between the opposite side face surfaces of
      the hub. The opening permits the roll to be passed over said post to
      permit a side face surface of said hub to engage the support surface.
      Means for securing the hub to the support surface includes an elongate
      toggle opening formed substantially in the plane of a diameter of the
      mounting post, the axis of the mounting post lying substantially in the
      aforementioned plane. An elongate toggle member is disposed within the
      toggle opening and formed with a slot therein. Further, pivot means
      cooperate with the slot for supporting the toggle member within the toggle
      opening. The displacement between one end of the slot in the toggle member
      and the adjacent peripheral extremity of the toggle member is less than
      the displacement between the pivot axis and the nearest edge of the
      mounting opening of the hub. This permits the toggle member to pivot to a
      position sufficiently aligned with the post so as to pass the hub of a
      roll of tape thereover and onto the post to a position permitting the
      toggle member to lie crosswise of the post and against the outer side
      surface of the hub. At this point, the toggle member can be moved in a
      crosswise direction so as to locate a portion of the toggle member on
      opposite sides of the post simultaneously.
PAR  In a preferred embodiment, the crosswise movement of the toggle member
      wedges a portion of the toggle between the pivot axis and a side surface
      of the tape roll hub.
PAR  In general, it is an object of the present invention to provide an improved
      tape roll hold-down device.
PAR  It is another object of the present invention to provide means for tightly
      wedging a hub of a roll of tape into a seated position for operation.
PAR  It is a further object of the invention to provide a simple tape roll
      hold-down device operable by movement of a toggle member in each of two
      opposite directions of finger movement.
PAR  Yet another object of the invention is to provide a tape roll hold-down
      device employing a toggle member including a slot located therein for
      engaging a pivot means with an axis extending transversely to the axis of
      a support post.
PAR  An additional object of the invention is to provide a tape roll hold-down
      device of a type whereby a toggle is employed for hold-down and release
      movements crosswise of the axis of a support post and whereby, during
      release operation, after laterally positioning the toggle, the tape roll
      can merely be lifted from the support post to remove the roll from the
      machine.
PAR  Yet another object of the invention is to provide a tape roll hold-down
      device with a toggle member for retaining a roll of tape together with
      means for readily releasably holding the toggle aligned axially of the
      support post to assist in loading a roll onto the post and with means for
      yieldingly holding the toggle transversely to the support post.
DRWD
PAR  These and other objects of the invention shall become more readily evident
      from the following detailed description of preferred embodiments when
      considered in conjunction with the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a diagrammatic perspective view, partially cut away, of a tape
      roll hold-down device according to the invention;
PAR  FIG. 2 shows a side elevation view of FIG. 1 with portions shown in section
      for clarity;
PAR  FIG. 3 shows an enlarged detail view of a portion of FIG. 2;
PAR  FIG. 4 shows a side elevation view of another embodiment of the invention
      shown in a loading condition and with portions partially in section for
      clarity;
PAR  FIG. 5 shows the embodiment of FIG. 4 in a loaded and tightly secured
      position;
PAR  FIGS. 6, 7 and 8 are views showing a sequence of movements of the toggle
      member during release of a roll; and
PAR  FIG. 9 shows a diagrammatic perspective view according to another
      embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A hold-down assembly 10 retaining a roll of tape 11 in a tightly clamped
      position is shown in FIG. 1. The roll of tape 11 includes a hub 12 upon
      which a length of recording tape or film or other pliable ribbon 13 is
      wrapped, all of which are hereinafter referred to merely as "tape."
PAR  As disclosed herein, a mounting post 14 in the form of a rotatable spindle
      is mounted for rotation within bearings, such as the top bearing 16,
      comprising an inner race secured to spindle 14 and an outer race secured
      to a mounting plate or other fixture (not shown). Ball bearings or other
      bearing elements are disposed between the inner and outer races of these
      bearings to permit post 14 to rotate.
PAR  Post 14 supports a transversely extending flange-like support member 17
      formed with a seating surface or support surface 18 for engaging the
      adjacent one 19 of the two side face surfaces 19, 21.
PAR  An elongate toggle opening 22 substantially in the plane of a diameter of
      post 14 is formed with the axis of post 14 lying substantially in the
      plane of opening 22. Pivot means in the form of pin 23 extends across
      toggle opening 22 substantially normal to the confronting faces 24
      thereof.
PAR  An elongate toggle member 26 is disposed within toggle opening 22 and
      formed with a slot 27 therein. Pivot pin 23 passes through slot 27 so as
      to permit toggle member 26 to be slidably moved transversely of the axis
      of post 14. Also upon locating pivot pin 23 at the left end (FIG. 3) of
      slot 27, toggle member 26 can be pivoted both clockwise and
      counterclockwise about pin 23 to a transversely extending position
      relative to the axis of post 14.
PAR  The pivoting end 27a of slot 27 is disposed sufficiently close to the
      pivoting end 26a of toggle member 26 to permit the outer periphery of end
      26a to be positioned (FIG. 3) to swing into opening 15 upon lifting the
      distal end 26b.
PAR  Thus, the displacement between the periphery of end 26a and pivot pin 23 is
      less than the shortest radius 35 from pin 23 to the edge of opening 15 in
      hub 12 so as to permit toggle member 26 to pivot about pin 23 to a
      position aligned with post 14. In this position, hub 12 passes thereover
      onto the upper end of post 14.
PAR  Pivot pin 23 lies sufficiently above support surface 18 so as to permit
      toggle member 26 to be pivoted to lie crosswise of the axis of post 14 and
      against the outer side face surface 21 of hub 12 has been seated onto
      surface 18. Movement of toggle member 26 in a direction crosswise of post
      14 serves to dispose portions of member 26 on opposite sides of the axis
      of post 14 simultaneously and thereby retain hub 12 upon post 14.
PAR  Means for yieldingly holding toggle member 26 in a readily releasable
      position aligned axially of post 14 so as to aid in placing hub 12 over
      the bifurcated end 14a of post 14 includes a notch 28 formed in the
      exterior end surface of the pivoting end 26a of toggle member 26. Notch 28
      cooperates with means forming a readily releasable, resilient detent
      assembly 29 in post 14 movable into and out of the notch as toggle member
      26 is moved either clockwise or counterclockwise from its axially aligned
      disposition.
PAR  Thus, a resilient detent assembly 29 comprises a spring 31 disposed within
      a bored hole 32 located axially of post 14 and containing a metal detent
      ball 33.
PAR  Notch 28 is flanked by and formed between a pair of rounded surfaces 34
      whereby as toggle member 26 approaches something on the order of
      30.degree. from the axis of post 14, these surfaces in conjunction with
      the spring-loaded ball detent 33 serve to carry toggle member 26 into an
      extension of the axis of post 14. Similarly, as toggle member 26 is
      pivoted clockwise or counterclockwise from its axial position relative to
      post 14, the spring-loaded ball 33 and the surfaces 34 cooperate to swing
      toggle member 26 downwardly into a transverse orientation and to retain
      member 26 in such orientation.
PAR  From the foregoing, it will be readily evident that the operation of the
      embodiment shown in FIGS. 1, 2 and 3 proceeds as now to be described.
PAR  Initially, toggle member 26 is manually disposed axially of post 14 whereby
      hub opening 15 can pass downwardly to a seated position upon support
      surface 18 of member 17.
PAR  At that position, toggle member 26 can be moved manually clockwise or
      counterclockwise and, as shown in FIG. 1, toggle member 26 has been moved
      counterclockwise to the left. Subsequently, toggle member 26 can be pushed
      crosswise of the axis of post 14 until portions of toggle member 26 are
      disposed on both sides of hub opening 15.
PAR  In many instances, the foregoing arrangement would be satisfactory to
      retain a roll mounted upon a spindle as, for example, in moving picture
      apparatus and the like, but in certain tape recording embodiments, it has
      been found desirable to mount hub 12 tightly upon support surface 18.
      Accordingly, toggle member 26 includes a wedge-shaped portion 26c disposed
      on each side of slot 27.
PAR  Thus, the two wedge-shaped portions 26c are each defined between slot 27
      and an adjacent side edge of toggle member 26 whereby, with toggle member
      26 laid against the outer side face surface 21 of hub 12, subsequent
      movement of toggle member 26 crosswise of the axis of post 14 serves to
      drive a wedge portion 26c thereof between pivot pin 23 and the outer side
      face surface 21. Wedge portions 26c are thicker than the clearance between
      pivot pin 23 and side face surface 21 when seated on surface 18 so that
      the wedge portion 26c can urge the opposite side face surface 19 of hub 12
      tightly against support surface 18.
PAR  To remove tape roll 11 from post 14, toggle member 26 is simply pushed to
      its unwedged position until the rounded ends 34 of toggle member 26 have
      been moved substantially within a radius 35 extending from pin 23 to the
      hearest edge of hub mounting opening 15 (FIG. 3). In that position, a tape
      roll can be lifted and at the same time toggle member 26 will be drawn
      upwardly to a detented, axially extending position permitting tape roll 11
      to be readily removed.
PAR  Movement of the extremity of surfaces 34 need not be fully within radius 35
      since surfaces 34 serve to cam toggle member 26 laterally as they strike
      the edge of opening 15.
PAR  Thus, one end 27a of slot 27 terminates sufficiently close to the adjacent
      end 26a of toggle member 26 to permit end 26a to be positioned to swing
      into opening 15 of hub 12 merely upon lifting of toggle member 26 (as by
      merely lifting the roll of tape or otherwise).
PAR  According to another embodiment, means are provided for camming toggle
      member 26 upwardly at its distal end 26b in response to crosswise movement
      in releasing toggle member 26.
PAR  Thus, toggle member 26 is rounded on its outer end 26b and adapted to
      engage an upwardly directed surface portion, such as the rim 36 protruding
      upwardly from the outer side face surface 37 and extending around the
      peripheral edge margin of hub 44 so as to engage and lift the radially
      outer end 26b of toggle member 26 in response to crosswise movement of
      toggle member 26 toward its unwedged position such aas shown in FIGS. 6
      and 7.
PAR  Due to the dimensions of toggle member 26 and the location of rim 36, the
      lifting movement provided by the foregoing camming action can only occur
      when toggle portion 26a has been moved substantially within radius 35.
      Thus, the upward camming of portion 26b serves to dispose the pivoting end
      26a in a position relative to opening 45 in hub 44 so that subsequent
      lifting of the roll of tape causes the edge of opening 45 to engage toggle
      member 26 (FIG. 8) and move same sufficiently for removal of hub 44
      therefrom.
PAR  According to another embodiment of the invention as shown in FIG. 9, a
      toggle member 46 is mounted within an elongate toggle opening 47 formed
      within a mounting post 48 of a type carrying a support element
      therearound. The function and operation of toggle member 46 and detent 49
      are the same as described above but with the added advantage that the
      toggle member need not be the endmost portion of post 48. As shown in FIG.
      9, it is readily evident that toggle member 46 lies in a fully protected
      location within opening 47. Relieved portions 51 are cut into opposite
      sides of post 48 to permit easy manual access to member 46.
PAR  In the embodiment in FIG. 9, detent 49 can be located in the upper end of
      post 48.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for holding a roll of tape to a support surface comprising a
      mounting post disposed to extend away from said surface and adapted to
      receive thereon a roll of tape of a type including a hub having a mounting
      opening formed centrally thereof for receiving said post therethrough, an
      elongate toggle opening formed substantially in the plane of a diameter of
      said post, the axis of said post lying substantially in said plane, an
      elongate toggle member disposed within said toggle opening and formed with
      an elongate slot therein, pivot means cooperating with said slot for
      supporting said toggle member within said toggle opening, the displacement
      between one end of said slot and the adjacent peripheral extremity of said
      toggle member being less than the displacement between the axis of said
      pivot means and the nearest edge of said mounting opening to permit said
      toggle member to pivot to a position sufficiently aligned with said post
      to pass said hub thereover and onto said post to a position permitting
      said toggle member to lie crosswise of said post and against the outer
      side face surface of said hub on opposite sides of said post
      simultaneously.
NUM  2.
PAR  2. A device according to claim 1 in which said toggle member is formed to
      include a wedge portion defined between said slot and a side edge of said
      toggle member, said wedge portion being movable in a direction crosswise
      of said post between the axis of said pivot means and the outer side face
      surface of said hub to force said hub against said support surface.
NUM  3.
PAR  3. A device according to claim 1 wherein the pivoting end of said slot is
      disposed sufficiently close to the pivoting end of said toggle member to
      permit the outer periphery of the pivoting end of the toggle member to be
      positioned to swing into said opening of said hub upon lifting the distal
      end of said toggle member.
NUM  4.
PAR  4. A device according to claim 1 further comprising means for readily
      releasably holding said toggle member aligned with the axis of said post.
NUM  5.
PAR  5. A device according to claim 1 in which said toggle member includes on
      its outer end an inclined surface portion adapted to engage an upwardly
      directed surface portion protruding from the first named said side face
      surface so as to engage and lift the outer end of said toggle member in
      response to said crosswise movement of said toggle member toward said
      retracted position, said lift serving to dispose the inner end of said
      toggle member in a position relative to said opening in said hub to permit
      lifting of said roll to cause the edge portion of said opening to engage
      said toggle member and move same sufficientyl for removal of said roll
      therefrom.
NUM  6.
PAR  6. A device according to claim 1 in which said post includes a bifurcated
      distal end portion forming said toggle opening through which said toggle
      member moves, said toggle member extending sufficiently beyond the end of
      said post when aligned therewith to permit the distal end of the toggle
      member to be manually moved clockwise and counterclockwise about the axis
      of said pivot means.
NUM  7.
PAR  7. In combination a length of tape wrapped about a hub to form a roll
      thereof, said hub including a mounting opening formed centrally thereof
      and extending through opposite side face surfaces of said hub, means
      forming a support surface for engaging one of said side face surfaces and
      supporting said hub therefrom, an elongate toggle opening formed
      substantially in the plane of a diameter of said post, the axis of said
      post lying substantially in said plane, an elongate toggle member disposed
      within said toggle opening and formed with an elongate slot therein, pivot
      means cooperating with said slot for supporting said toggle member within
      said toggle opening, the displacement between one end of said slot and the
      adjacent peripheral extremity of said toggle member being less than the
      displacement between the axis of said pivot means and the nearest edge of
      said mounting opening to permit said toggle member to pivot to a position
      sufficiently aligned with said post to pass said hub thereover and onto
      said post to a position permitting said toggle member to lie crosswise of
      said post and against the outer side face surface of said hub on opposite
      sides of said post simultaneously.
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ABST
PAL  This invention pertains to a segmented expanding sleeve for an expanding
      mandrel or chuck in which air or hydraulic fluid is fed to and into a
      resilient tube or tubes arranged in a longitudinal or in a helical manner.
      This tube or these tubes are carried by and in grooves formed in the body
      and when pressurized air or fluid is fed into the tube means the tube or
      tubes are expanded in a controlled manner to outwardly move a plurality of
      like-linked leaf members or segments. Each leaf member has one
      longitudinal edge formed with a keyhole-type groove and the other edge of
      each leaf is formed with a tongue member having an enlarged outer portion.
      In an assembled condition the tongue member of one leaf is mounted in the
      keyhole groove of the next adjacent leaf and these tongue and groove
      arrangements provide an outer limit to the expansion. Resilient inner
      tying members extend between leaf members and retain and draw the leaf
      members into an inner limit against the body of the chuck. Usually one or
      more of these leaf members are mounted on pins carried in the body. These
      pins transmit the torque from the outer leaf members to the core member
      and vice versa.
BSUM
PAC  CROSS REFERENCE TO RELATED PATENT APPLICATIONS AND/OR PATENTS
PAR  To the extent applicable the present invention contains information as
      shown in U.S. Pat. No. 3,825,167 as issued on Mar. 23, 1974 and in U.S.
      Pat. No. 3,917,187 which was filed on July 12, 1974 as my application Ser.
      No. 488,160.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  With reference to the classification of art as established in the U.S.
      Patent Office, this invention pertains to the general Class of "Winding
      and Reeling" (Class 242) and more particularly to the subclass of
      "contractible or expansible -- with inflatable means" (subclass 72B).
PAR  2. Description of the Prior Art
PAR  Expanding chucks and mandrels are, of course, well known in the art and in
      particular expanding mandrels or chucks which use hydraulic fluid or air
      to expand segments. Such a device is particularly shown and described in
      my U.S. Pat. No. 3,825,167 and in U.S. Pat. application Ser. No. 488,160
      as filed on July 12, 1974 and now U.S. Pat. No. 3,917,187. Many expanding
      mandrels and chucks have the expanding leaf members retained by one or
      more fixed members. In my application Ser. No. 488,160, above identified,
      an attempt has been made and actually has been achieved in which the
      complete peripheral surface providing the carrying and driving portion of
      the expanding mandrel or chuck are outwardly and inwardly moving leaf
      segments longitudinally arranged. However, it has been found that leaf
      segments so arranged usually occupy either one-third or one-fourth of the
      circumference and, hence, are limited in the range of sizes for the
      mandrels used. For most mandrels the leaf segments must be manufactured to
      accommodate a particular size of mandrel of chuck. Such a design, although
      effective, has required an extensive outlay of material since a
      multiplicity of sizes is required to service industry. In the expanding
      mandrel or chuck shown in Ser. No. 488,160 it is also required that in
      order to derive an equal pressure on the expanding leafs the tube must be
      helically wound. In the present invention both a helically wound tubing or
      a longitudinally arranged tubing may be utilized. The interlocked,
      longitudinal segments which are a series of like metal extrusions are
      simply cut to length from a long extrusion length. The contemplated
      longitudinal segments, as reduced to practice, have a pitch length of
      one-sixteenth pi, one eighth pi or one-quarter pi. In this way mandrel
      diameters up to one inch may be provided in increments of 1/16 inch on
      diameter by using segments which are one-sixteenth of pi (0.196 inches).
      Mandrels from one inch to two and seven-eighths diameter employing
      segments that are one-eighth pi (0.393 inches and from three inches up
      diameter, one-quarter pi segments (0.785 inches). As formed, leaf segments
      have one longitudinal edge formed as a tongue with an enlarged rounded
      end. The other edge is formed with an arcuate T-groove. The undersurface
      portion of each of the longitudinal segments is provided with two
      longitudinal grooves in which protruding portions of rubber strips are
      fitted. These mounted rubber strips act as tension members and also as a
      chafing strip and resilient cushion for protecting the tubing which is
      mounted in the grooves as the expanded tubing is pushed outwardly against
      the leaf members.
PAC  SUMMARY OF THE INVENTION
PAR  This invention may be summarized at least in part with reference to its
      objects.
PAR  It is an object of this invention to provide, and it does provide, an outer
      drive sleeve for expanding mandrels or chucks which by increasing or
      decreasing the multiplicity of like outer leaf members provides an
      assembly which accommodates a given range of sizes. Each like leaf has a
      tongue member formed along one edge of the leaf and a mating receiving
      groove along the other edge of the leaf. The underside of each leaf member
      has at least two longitudinal grooves providing retaining means in which
      tongue portions of rubber understrips are mounted. These rubber
      understrips provide tension means to draw the leaf members to and toward
      the body of the mandrel. The torque transmitted to and from the outer
      expanded sleeve may be transmitted to the body by one or more pins passing
      through the leaf member and into the body.
PAR  It is a further object of this invention to provide an outer drive sleeve
      for an expanding mandrel or chuck in which a plurality of like leaf
      members is serially connected at its edges in a tongue and groove
      arrangement with a small amount of play provided in this joining means for
      expansion. The like leaf segments are formed so that their connected pitch
      length is either one-sixteenth, one-eighth or one-quarter of pi times one
      inch. All leaf members of this sleeve are expanded to engage and support
      the core or spool being driven. The expanded sleeve provides the complete
      peripheral drive and support surface.
PAR  In brief, the expanding mandrel or chuck includes an outer drive sleeve
      composed of a plurality of like leaf segments. These leaf segments are
      preferably extruded metal members cut to a desired length. The pitch
      length of the segments are preferably made as a fraction of pi times one
      inch, ie. one-sixteenth, one-eighth and one-quarter pi times one inch. A
      tongue member is formed along one edge, this tongue has an enlarged outer
      end of circular cross section. The other edge of the leaf member has a
      retaining groove with its inner portion enlarged to receive and retain the
      enlarged circular edge portion of the tongue member of a connected
      adjacent leaf. Each leaf has two grooves extending longitudinally along
      its undersurface. In these grooves are mounted tongue portions of rubber
      strips. These strips provide tension means by which the attached leaf
      members are drawn toward and to the body of the mandrel. The mandrel may
      employ either one helically wound tube or one or more longitudinally
      arranged resilient tubes which are inflated to achieve expansion of the
      drive sleeve.
PAR  In addition to the above summary the following disclosure is detailed to
      insure adequacy and aid in understanding of the invention. This
      disclosure, however, is not intended to cover each new inventive concept
      therein no matter how it may later be disguised by variations in form or
      additions of further improvements. For this reason there has been chosen a
      specific embodiment of the expanding outer drive sleeve employing like
      leaf segments serially connected with tongue and groove edges and having
      rubber strips to provide tension to draw the strips to a retracted
      condition. These strips are adopted for multiple assembly and showing a
      preferred means for assembly and operation.
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PAR  This specific embodiment has been chosen for the purposes of illustration
      and description as shown in the accompanying drawings wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents a side view of a typical expanding mandrel with a portion
      broken away and shown in section to show a preferred construction of the
      expanding sleeve;
PAR  FIG. 2 represents a sectional view taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 represents an isometric view of a body member in which the groove
      for the tubing is a spiral groove;
PAR  FIG. 4 represents a fragmentary enlarged view showing a portion of the body
      tubing and a portion of the outer expansible sleeve drive with this drive
      sleeve in its unexpanded condition;
PAR  FIG. 5 represents a fragmentary enlarged sectional view of FIG. 4 with the
      tubing expanded to push the outer drive sleeve to its expanded condition,
      and
PAR  FIG. 6 represents a sectional view of a typical outer drive sleeve leaf,
      which leaf extrusion and rubber tension members have a longer pitch length
      than the sleeve members shown in FIGS. 4 and 5.
DETD
PAR  In the following description and in the claims various details are
      identified by specific names for convenience. These names, however, are
      intended to be generic in their application. Corresponding reference
      characters refer to like members throughout the figures of the drawings.
PAR  The drawings accompanying this specification disclose certain details of
      construction for the purpose of explanation but it should be understood
      that structural details may be modified without departure from the concept
      of the invention and that the expanding outer sleeve may be incorporated
      in other forms than shown.
PAC  Description of the Preferred Embodiment of FIGS. 1 through 5
PAR  Referring now to the drawings and in particular to FIGS. 1 through 5 there
      is seen a member body 10 having a through supporting bore 12 which may be
      mounted upon a shaft, not shown. This body 10 is depicted in FIGS. 1 and 3
      as having a helical groove 14 between which is provided supporting ribs or
      walls 16. In this groove 14 is carried a rubber tubing 18. The body 10 has
      enlarged end portions 20 and 22. The expanding portion of the outer sleeve
      or drive portion of this expanding mandrel extends between end portions 20
      and 22 and includes a series of leaf members 24. These leaf members have
      one edge formed with a retaining groove having an enlarged arcuate
      undercut 26 which opens to the side. The other edge of the leaf is formed
      with an extending tongue 28. The tongue has an enlarged outer edge which
      is substantially circular in cross section. In an assembled condition the
      tongue 28 of one leaf is mounted in the groove 26 of the next adjacent
      leaf. The underside of leaf member 24 has two longitudinal grooves and as
      depicted each is substantially a circular configuration with a slightly
      reduced entryway which is open at the underside. These grooves are
      identified as 30 and 31. Extending between the groove 30 of one leaf and
      the groove 31 of an adjacent leaf is rubber expanding member 40. Each
      rubber member 40 has upwardly extending circular tab members 42 and 44.
      Tabs 42 and 44 are mounted in grooves 30 and 31 to cause a tension to be
      applied by the rubber member to draw the leaf members toward each other.
      To transmit the torque to and from the body 10 to the outer leaf members
      there is provided one or more drive pins 50 which drive pins are
      preferably a tight fit in the leaf member 24 and are a sliding fit in the
      body member 10 although a reverse fit arrangement may be provided.
PAC  Alternate Construction of a Leaf Member and Rubber Retaining Member as seen
      in FIG. 6
PAR  Referring next and finally to FIG. 6, there is shown an alternate
      configuration of a leaf and rubber retaining member. Leaf member 124 shown
      is very much like leaf member 24, above described, but is made with a
      longer pitch length. Tongue 128 is made a little longer than tongue 28 and
      in a like manner groove 126 is made to accommodate the longer tongue 128.
      The rubber strip 140 is also longer and the tab portions 142 and 144 are
      made to slide into and be retained by the grooves 131 and 132 formed in
      the underside of the leaf 124.
PAC  Use and Operation of the Expanding Sleeve Assembly
PAR  The expanding sleeve of this invention utilizes interconnected leaf
      segments of like configuration. Preferably these segments are made as
      fractional increments of pi so that by utilizing a multiplicity of
      segments of like size an established size range is provided. By adding or
      subtracting a leaf very close steps in diametrical increments are
      available. For example, assuming that the expanding sleeve of FIGS. 1 and
      2 are shown in an enlarged size and that the pitch length of one leaf
      segment is one-sixteenth of pi times one inch, the resulting pitch length
      is 0.196 inches and this provides a diametrical incremental change of one
      sixteenth of an inch for each leaf added or subtracted. If the shaft
      diameter desired is to be one-half inch minimum then eight leaf segments
      are used. These eight segments, with the pre-established play in the
      tongue and groove, when expanded accommodate all core sizes from one-half
      to nine-sixteenths of an inch or a slight amount more. If the next desired
      size diameter is nine-sixteenths of an inch, nine segments would be
      utilized. A contemplated maximum of sixteen segments are utilized to
      provide a one inch mandrel. To reduce the number of segments and change
      the curvature of the leaf, mandrels from one inch to two and seven-eighths
      inches in diameter are contemplated and the pitch length of the extrusions
      will be one-eighth of pi or 0.393 inches in pitch length. For a given
      diameter it is only necessary to divide the diameter by one-eighth to get
      the number of leaf members required. For example, if a two inch diameter
      mandrel was desired then the two inches would be divided by one-eighth
      resulting in a use of sixteen leaf segments. In a like manner, when the
      diameter of the mandrel is three inches or greater it is anticipated that
      the pitch length of the leaf member will be one-quarter times pi, times
      one inch, or a pitch length of approximately 0.785 inches. For example, if
      the expanding mandrel is to be three and one-half inches in diameter then
      the three and one-half inches are divided by one-quarter with a resulting
      fourteen leaf segments required for the expanding sleeve portion.
PAR  It is, of course, not necessary that the segments be a precise fraction of
      pi since other pitch lengths may be utilized. However, this utilization of
      pi times one inch divided by one-quarter, one-eighth or one sixteenth
      gives a ready means for providing mandrel size changes in either
      sixteenths, eighths or quarter inch on diameter.
PAR  From a practical viewpoint, it is assumed that the leaf member is an
      extrusion of metal or semirigid plastic which conventionally has a
      longitudinal, outwardly facing, tooth profile portion to give a biting or
      engaging action where desired. One longitudinal edge of the leaf has the
      extending tongue portion portion 28 formed with an enlarged outer edge
      having a circular cross-sectional portion. The other edge is made with a
      groove portion which has a reduced outer entranceway which retains the
      enlarged portion of the tongue. The enlarged inner portion of the groove
      is formed with a sufficient clearance so that the tongue will have twenty-
      to thirty-thousandths of an inch or more play when mounted in the groove
      26.
PAR  In order to urge and draw the serially connected segments to their minimum
      diameter rubber tension strips 40 are employed. On these strips the
      extending tabs 42 and 44 are made to slidably mount in the undergrooves of
      the leaf members. The rubber strips extend from one leaf member to the
      next leaf member so as to bridge the gap or space between the adjacent
      leaf members. In its mounted condition each rubber member is stretched a
      small degree so as to provide a determined tension to urge the leaf
      members together.
PAR  Whether the body 10 has a spiral groove or whether it has a longitudinal
      groove or a combination thereof is really of no consequence. The outer
      expanding sleeve combination requires no fixed guide and retaining means
      for the leaf. A full outer expansion is achieved with nearly any tube
      arrangement and the force applied results in a sleeve that is more-or-less
      self-centering. The pins 50 are contemplated to provide the torque drive,
      as shown in FIG. 2. These pins may be a slide fit in holes formed in the
      body 10. When this occurs the pins are made a tight fit in the leaf member
      and in the portion of rubber through which they pass. As a tight fit, the
      pins are prevented from falling out as the expanded mandrel is opened and
      closed. It is to be noted that the inner rubber member, in addition to
      providing the biasing means to draw the leaf members together, also acts
      as a chafing strip to prevent the unwanted wear and pinching of the rubber
      tubing 18 as it is expanded to move the leaf segments outwardly.
PAR  To provide the desired expanding outer sleeve in a size range from one-half
      inch to sizes greater than six inches it is contemplated that this size
      range will be provided using only three extrusions and three rubber strips
      which are also made by an extrusion process. The length of the leaf
      segments of the mandrel is determined according to the requirements of the
      installation and the body member 10 is also made accordingly. After the
      length of the leaf members is determined they are cut from a stock of
      extrusions. They are then connected by sliding the tongue of one leaf into
      the groove of an adjacent leaf and when the desired number of leaf members
      have been assembled the desired tubular assembly is provided. The rubber
      strips are then slid into the undergrooves and by these strips the mandrel
      is drawn tightly together. With the tubing 18 deflated this outer
      expanding mandrel sleeve with the rubber tennsion members in place is then
      slid into place onto the body 10. The torque to be transmitted is
      determined and accordingly the needed several pins 50 are then inserted
      through the holes in the selected sleeve and into the body 10. If the
      torque to be transmitted is light, it is possible that the use of the pins
      50 may be eliminated. This occurs because the expansion of the rubber tube
      provides a friction of the tube to the rubber sleeve strips. This friction
      is then used to transmit or transfer the torque to and from the tubing 18
      which is retained in the grooves of the body to the tension strips.
PAR  The simplicity of the present invention provides many advantages in the
      expanding mandrel art. Like leaf segments and like rubber tension members
      may be stored in long lengths until a requirement for an expanding mandrel
      using this particular size leaf member and rubber member is received. At
      that time the body is made. The body, of course, is a simple unit to
      provide and may be readily machined by a lathe and/or milling machine. In
      this manner the time required to produce an expanding mandrel from stock
      parts as well as the cost is greatly reduced.
PAR  It is to be noted that the rubber tension members may have their tab
      portions arranged so that two end tabs of adjacent rubber members may mate
      and be mounted in a single undergroove provided in a leaf member. This
      arrangement may be particularly desirable on the leaf member based on the
      one-sixteenth fractional part of pi. The arrangement of the rubber tension
      member and the underside grooves lend themselves to many arrangements and
      it is only necessary that the outer leaf member assembly be urged to its
      minimum diameter and against this bias the expanding tube moves the leaf
      members outwardly. The leaf member may or may not have an outwardly
      directed tooth profile depending upon its intended use. Leaf member having
      both tooth and smooth surfaces are commercially used. Modifications of the
      tooth, when used, may be made to accommodate particular spool or core
      requirements.
PAR  Terms such as "left," "right," "bottom," "top," "front," "back," "in,"
      "out" and the like are applicable to the embodiments shown and described
      in conjunction with the drawings. These terms are merely for the purposes
      of description and do not necessarily apply to the position in which the
      leaf members and associated rubber tension members may be constructed or
      used.
PAR  While a particular embodiment of this expanding sleeve has been shown and
      described it is to be understood the invention is not limited thereto and
      protection is sought to the broadest extent the prior art allows.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circumferential sleeve assembly which is mounted in and on an
      expanding mandrel, spool shaft and the like and which provides a core
      support for said mandrel, and in which the expansion means for the sleeve
      assembly is at least one resilient tube carried by a body member and in
      which there is provided means for selectively feeding and releasing air,
      fluid and the like from said resilient tube, said mandrel and sleeve
      assembly including: (a) a body member; (b) at least one resilient tube
      carried in and by said body member; (c) end member means carried by said
      body member, said end member means providing confining limits for the
      tubing and also establishing the overall length of the body member; (d) a
      circumferential sleeve assembly carried by the body member and between the
      limits established by the confining end members, this sleeve assembly
      further including; (d1) a multiplicity of serially connected leaf members,
      each leaf member having one longitudinal edge formed as a tongue whose
      outer portion is enlarged to provide a greater thickness than the portion
      connecting the tongue to the leaf member, and with the other longitudinal
      edge of the leaf member formed with a retaining groove whose outer
      entryway is narrower than the enlarged outer portion of the tongue, said
      entryway freely passing said connecting portion of the tongue, the
      resulting assembly of a tongue of one leaf member into a retaining groove
      of an adjacent leaf member providing a retention of the tongue in the
      groove with the capturing of the enlarged portion preventing dislodgement
      while providing a determined amount of play, this assembled tongue in a
      groove permitting limited movement of adjacent leaf members toward and
      away from each other; each leaf member also having at least one
      undergroove formed therein and extending with the longitudinal extent of
      the leaf member, said undergroove disposed to extend inwardly from the
      undersurface of the leaf member when the leaf member is in an assembled
      condition, and (d2) a multiplicity of elastic tension member strips, each
      having a base portion and from this base portion there is integrally
      attached extending tab portions which are shaped and sized for retentive
      mounting in the undergrooves of the leaf members, said elastic strips in a
      mounted condition extending from one leaf member to an adjacent member
      with one of the tabs in the undergroove of one leaf member and the other
      tab in an undergroove of an adjacent leaf member, said elastic tension
      member when in mounted condition being slightly stretched so as to draw
      toward each other the leaf members to which they are secured, the
      connected leaf members of a sleeve assembly being positioned over the
      resilient tube so that when said tube is expanded the leaf members are
      urged outwardly by the expansion of the tube and with an outward
      diametrical limit being established by the play of the tongue in the
      groove, and when the pressure in the tube is decreased the stretched
      elastic tension members draw the leaf members toward and to the body
      member.
NUM  2.
PAR  2. A circumferential sleeve assembly as in claim 1 in which each leaf
      member has two undergrooves each of which has its entryway through that
      inner surface supported by the body member and with the width of this
      entryway being narrower than at least a portion of the interior of the
      undergroove.
NUM  3.
PAR  3. A circumferential sleeve assembly as in claim 1 in which the tongue
      formed along the longitudinal edge of the leaf member has the enlarged
      portion formed as a somewhat circular cross section, and in which the
      retaining groove in and along the opposite longitudinal edge is formed
      with an enlarged and larger recess having a somewhat circular cross
      section which is similar and compatible with the enlarged portion of the
      tongue.
NUM  4.
PAR  4. A circumferential sleeve assembly as in claim 1 in which at least a
      portion of the exterior surface of the leaf member is formed with
      serrations providing tooth-like projections adapted to engage the inside
      surface of a core mounted thereon, this engagement of the tooth-like
      projections occurring as and when the expanding of the sleeve assembly is
      made.
NUM  5.
PAR  5. A circumferential sleeve assembly as in claim 1 in which grooves are
      formed in the body member, said grooves providing retaining and
      positioning means for that portion of the resilient tube which is inflated
      to cause the leaf members to be moved outwardly.
NUM  6.
PAR  6. A circumferential sleeve assembly as in claim 5 in which the torque to
      and from the leaf members is derived from operations on a workpiece
      carried on said mandrel, said torque being transmitted from and
      transferred to the body member by pins which pass through snugly fitting
      holes in the leaf members and into snugly fitting holes in the body
      member, the pins being placed so as to avoid engagement with and damage to
      the resilient tube.
NUM  7.
PAR  7. A circumferential sleeve assembly as in claim 5 in which the elastic
      tension members when in mounted condition in the undergrooves of the leaf
      members as well as providing the desired tension to urge these leaf
      members toward each other also provide a buffer sheath which is a
      substantially complete tubular sleeve-like member disposed between the
      outwardly facing surface of the resilient tube and the undersurface of the
      leaf members.
NUM  8.
PAR  8. A circumferential sleeve assembly as in claim 1 in which the effective
      width of the assembled leaf member is one-sixteenth pi times one inch,
      this leaf member also having a curve adapted for a core whose inner
      diameter is generally one inch or less in diameter.
NUM  9.
PAR  9. A circumferential sleeve assembly as in claim 1 in which the effective
      width of the assembled leaf member is one-eighth pi times one inch, this
      leaf member also having a curve adapted for a core whose inner diameter is
      generally from one to three inches in diameter.
NUM  10.
PAR  10. A circumferential sleeve assembly as in claim 1 in which the effective
      width of the assembled leaf member is one-quarter pi times one inch, this
      leaf member also having a curve adapted for a core whose inner diameter is
      generally greater than three inches.
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PAL  A dual frame trailer for the carrying of cable reels is specifically
      advantageous in that it may carry large weights on a simple structure and
      may be manually loaded. The trailer structure comprises: (a) an axle
      between a set of wheels; (b) a main frame comprising: (1) a wishbone or
      yoke shaped structure comprising two rails parallel at their rear
      extremities and converging and joined at their forward extremities and
      normally being in an approximately horizontal plane; (2) stationary
      upright members depending upwardly from each of said rear extremities,
      each having (3) a reel bar mounting means attached at each upper end of
      the stationary upright support member, each support member further
      characterized as having an aperture for the accommodation of a pin at a
      point lower than reel bar support, and (4) braces each extending from the
      upper part of the reel bar support to said rail to form a triangle with
      said support and the main frame being pivotally attached at each rear
      extremity to opposite ends of the axle, and (c) a rocker frame comprising
      a pair of identically shaped frames lying in parallel vertical planes
      opposing one another and connected by means of bracing rails and each
      identically shaped frame pivotally attached at one angle to said axle in
      opposing relationship to one another at each end of said axle and each
      pair of identically shaped frames having reel bar support means at
      opposing ends of each identical frame, the upper most rail of each of the
      identical frames having an aperture for the accommodation of a pin for
      connecting to the main frame when the aperture is in alignment with a
      corresponding aperture in each of the support members of the main frame.
BSUM
PAR  As pointed out by Garnett, U.S. Pat. No. 3,379,392, wire rope, power
      transmission lines, telephone cables and like cables are often of a
      substantial length and are ordinarily wound upon flanged spoollike reels
      which may be quite large and heavy. When necessary to pay out cable, the
      reel is usually mounted and supported upon a horizontal shaft so it may
      rotate as the cable is pulled therefrom. For field use, a wheeled trailer
      may be adapted to carry and support a reel upon a shaft, so that the reel
      will not have to be taken off the trailer when the cable is to be paid
      from it.
PAR  Similarly, large reels are used for stringing the signal carrying and
      support cables in the cable television industry and various problems
      encountered in other industries are similarly encountered in this
      industry. In addition, there are various difficulties that arise related
      to the transportation and support of cable reels that are unique to the
      television cable industry. A suitable trailer for transportation and
      support of cable reels must be able to carry reels of varying diameters
      and weights and must be able to do so in a balanced relationship.
      Furthermore, the trailer because of certain governmental regulations must
      be of a restricted length and width. Finally, and most importantly, a
      suitable trailer must be easily loadable, preferably manually loadable.
PAR  The present invention is directed to a trailer structure for the carrying
      of cable reels providing for secure reel mounting while in transport on
      the trailer and being a relatively simple structure and yet being
      surprisingly effective for the handling of reels in transportation, in
      stringing, and particularly in loading.
PAR  J. Van Vorst, U.S. Pat. No. 1,895,217, is an early patent relating to a
      reel carrier having two longitudinally spaced upwardly projecting lugs
      setting on a wheeled wagon-type structure. Reel shafts may set on the top
      end of the projecting lugs. I. G. Stemm, et al., U.S. Pat. No. 2,635,827,
      relates to a reel sled for supporting a plurality of reels having a brake
      means to control the reel location. Haskell, et al., U.S. Pat. No.
      2,703,218 is concerned with the prelashing of a cable through its
      supporting strand and is directed to a method and means which comtemplates
      the feeding of the cable and the strand from suitable reels, lashing a
      wire around the cable as it is pulled up into position on the pole line,
      and applying suitable back tension to the cable and strand during the
      operation to assure the right amount of tension and sag in the completed
      run. The patent does show an apparatus characterized by a single chassis
      for the carrying of a single reel and having certain tension applying
      means. T. R. Hall, U.S. Pat. No. 2,780,419, similarly shows a single
      chassis frame for the carrying of a single reel having a hydraulic brake
      means and a hydraulic lift means. The necessity of having an hydraulic
      lift means emphasizes one advantage of the present invention and points
      out one of the problems existing in the cable reel art; that is, the
      problem of loading large and heavy reels onto simple structures of the
      type contemplated. The Hall patent solves the problem by providing a
      hydraulic lift mechanism. The present invention is particularly
      advantageous in that the subject trailer may be manually loaded as
      hereinafter described. Anrig, U.S. Pat. No. 2,867,390, shows a spool
      trailer having a carrier member for the spools and means operatively
      connected to the same for raising and lowering reels on the carrier
      members. Fleischer, et al., U.S. Pat. No. 3,063,584 simiarly shows a reel
      loading and unloading means. Garnett, U.S. Pat. No. 3,073,574, teaches a
      piece of equipment used for wire stringing that permits rope, as it is
      played out, to be moved back and forth parallel to the reel shaft to
      assure proper stringing of the line. It should be noted that many of the
      features shown in these described patents are incorporable into the
      present invention without changing the essential novel features of this
      invention. Garnett, U.S. Pat. No. 3,379,392, teaches a single yoke shaped
      main frame having a certain type of rocker beam pivotally connected at
      each side of the main frame to provide for the raising and lowering of the
      reelward end of the trailer. Parsen, U.S. Pat. No. 3,764,031, describes a
      trailer assembly that may be converted for carrying other types of mobile
      equipment.
PAR  The present invention relates to a unique dual independent frame trailer
      structure for carrying cable reels. The structure comprises: (a) an axle
      between a set of wheels; (b) a main frame comprising: (1) a wishbone or
      yoke shaped structure comprising two rails parallel at their rear
      extremities and converging and joined at their forward extremities and
      normally being in an approximately horizontal plane; (2) stationary
      upright members depending upwardly from each of said rear extremities,
      each having (3) a reel bar mounting means attached at each upper end of
      the stationary upright support member, each support member further
      characterized as having an aperture for the accommodation of a pin at a
      point lower than reel bar support, and (4) braces each extending from the
      upper part of the reel bar support to said rail to form a triangle with
      said support and the main frame being pivotally attached at each rear
      extremity to opposite ends of the axle, and (c) a rocker frame comprising
      a pair of identically shaped frames lying in parallel vertical planes
      opposing one another and connected by means of bracing rails and each
      identically shaped frame pivotally attached at one angle to said axle in
      opposing relationship to one another at each end of said axle and each
      pair of identically shaped frames having reel bar support means at
      opposing ends of each identical frame, the upper most rail of each of the
      identical frames having an aperture for the accommodation of a pin for
      connecting to the main frame when the aperture is in alignment with a
      corresponding aperture in each of the support members of the main frame.
      The dual independent frame trailer structure is further characterized in
      that when the main and rocker frames are disconnected and both are tipped
      forward for the receiving of a cable reel, the reel bar support means of
      each stationary upright support member may be level with each of the
      uppermost rails of the rocker frame to facilitate loading of reels onto
      said trailer structure.
DRWD
PAR  The foregoing described and additional features of the trailer of this
      invention will become apparent from the description which follows taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the dual indepedent frame trailer structure
      illustrating the novel features of this invention. The Figure shows the
      rocker frame as two substnatially triangular shaped frames.
PAR  FIG. 2 is a rear elevational view of the trailer of FIG. 1.
PAR  FIGS. 3, 4, 5 and 6 are side elevational views of a trailer similar to that
      of FIG. 1. These Figures show the sequence of loading the trailer of the
      invention.
PAR  FIG. 7 is a sectional view taken on a side elevation of the two independent
      frames that make up the trailer of the invention.
PAR  FIG. 8 is an enlarged sectional detail view of the axle connection between
      the main frame and the wheels of the trailer.
PAR  FIG. 9 is a detail view of one of the forward mounting brackets.
DETD
PAR  The trailers of the figures are exemplary of the reel carrying units of the
      present invention. To this end they include a first main frame 11 and a
      rocker frame 12 which will be described infra and a set of wheels 13 and
      14 attached to a cross brace member 15 to form the axle of the wheels. The
      main frame 11 may be pivoted around the axis formed by the cross brace
      member 15. Further, the main frame is in the shape of a yoke or wishbone
      and comprises two rails 16 and 17, parallel at their rear extremities and
      converging and joined at their forward extremities. Longitudinal brace
      member 18 runs from the point of convergence to cross brace member 15. The
      frame further comprises cross brace members 19, 20 and 21 and hitch 22
      supported on a hitch brace structure 23. Stationary upright members 24 and
      25 depend upwardly from each of the rear extremities and are supported by
      diagonal braces 26 and 27. Reel bar mounting brackets 28 and 29 are
      horizontally disposed and have pin means 30 and 31 for securing the bar 32
      of mounted reel 33.
PAR  The second rocker frame 12 comprises a pair of substantially triangular or
      otherwise shaped frames 34 and 35 each respectively braced by ground stand
      support members 36 and 37 and structural brace members not numbered. Each
      triangular frame in concert with the other is pivotally attached to the
      first frame by means of pins 38 and 39. The frames are described as
      substantially triangular in shape but they may be of any shape so long as
      they form a frame for carrying reels at opposing ends on either side of
      the pivotal attachment to the first frame. The top rails 41 and 42 of each
      triangular frame may extend beyond the point of intersection with the
      other rails forming the frame as shown. Each top rail has a hook indicated
      42a and 42b and a Ushaped reel bar mounting bracket at or near each end of
      the rail and indicated 43, 44, 45 and 46 in the drawings. These brackets
      are vertically deposed and are used for carrying bars 47 and 48 of mounted
      reels 49 and 50. The bars 47 and 48 are secured to the mounting brackets
      by means of pins 51, 52, 53 and 54 (not shown).
PAR  In one embodiment of the present invention as shown in the drawings, the
      first frame is provided with pin securing means 55 and 55a which may be
      aligned with apertures 56 (not shown), 56a and 57 (not shown) and 57a on
      the second frame so that one frame may be secured to the other in various
      positions for loading as will be described.
PAR  The following description is exemplary of the operation of trailers of the
      present invention. With reference to the drawings, particularly FIGS. 3, 4
      and 5, a center reel 33 is first loaded by tipping the rocker frame 12
      rearward and locking with the main frame 11 by means of pins through
      securing means 55 and 55a and apertures 57 and 57a. The entire trailer is
      then tilted rearward until the hooks 42a and 42b clear the bar of the reel
      to be loaded and the rocker frame 12 is resting on ground stand support
      member 37 as shown in FIG. 3. The trailer is then tilted forward to catch
      the reel bar by means of hooks 42a and 42b and then further tilted forward
      so that the reel rolls up the top rails 41 and 42 of the rocker frame 12
      to nestle in the reel bar mounting bracket 28 and 29. The reel is secured
      to the brackets 28 and 29 by means of pin members 30 and 31. The entire
      trailer is then tilted forward till it rests on the yokeshaped section of
      the main frame 11.
PAR  The locking pins are withdrawn from securing means 55 and 56 and apertures
      55a and 56a and the rocker frame 12 is swung out of the way and the second
      reel 49 is rolled in on the forward section of the main frame 11 and
      positioned so as to allow the rocker to be tilted forward and down to
      "scoop up" reel 49. Reel bar 47 is positioned with the reel bar mounting
      brackets 43 and 44. See FIG. 4. The rocker frame 12 is raised slightly so
      that reel bar 47 fits within the brackets 43 and 44 and may be secured
      thereto by pins 51 and 52. In this position the rocker frame 12 may again
      be locked with the main frame 11 by means of pins through securing means
      55 and 55a and apertures 57 and 57a.
PAR  At this point, the reel 50 is rolled into position near the rear of the
      already loaded center reel 33 taking care to center the reel 50 in the
      space available between the rearward portion of the elevated top rails 41
      and 42 of the rocker frame 12. The entire trailer is then tilted rearward
      by raising the front portion of the main frame so that the rear mounting
      brackets 45 and 46 pass beneath the bar 48 of reel 50. See FIG. 5. The
      forward section of the trailer is lowered until the brackets 45 and 46
      engage the bar 48 which is secured thereto by means of pins 53 and 54. The
      frames are disengaged from one another at 55 and 55a and 57 and 57a and
      the rocker frame is tilted forward until locking pins can be inserted
      through 55 and 55a and 56 and 56a to secure the frames to one another so
      that the entire trailer may be rocked to a position where the top rails 41
      and 42 of the rocker frame are substantially horizontal and the stationary
      upright members 24 and 25 are substantially vertical and perpendicular to
      the top rails 41 and 42. See FIG. 6. The entire unit in this position is
      17 balanced with only a slight weight bias forward. It has been found that
      so loaded the trailer may be easily handled and may be towed without
      difficulty.
PAR  In summary the advantages of the trailer of the present invention are as
      follows:
PAR  Reels may be loaded from the ground level by the trailer itself, being
      manipulated by manpower only and not requiring additional mechanical
      devices.
PAR  The loaded trailer may be maintained in a balanced condition of equal
      weight distribution so as to be stable during towing as well as in static
      positions on the job site.
PAR  The trailer overcomes the problem of extreme difference in diameters and
      widths of reels that must be loaded.
PAR  Simplicity in construction and overall lightness of the trailer enables
      greater payload to be carried within weight limitations for licensing
      purposes.
PAR  The trailer may be constructed of square and rectangular tubing of varying
      cross sections of wall thicknesses. All members of the trailer may be
      stressed and gusseted to provide extra strength needed for the cantilever
      reel spindle placements. Heavy wall reel spindles may be located in deep
      yokes provided with safety locking pins. Rings may be welded on the reel
      spindles to control side movement and to locate the reels laterally.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dual frame rocker trailer for the carrying of cable reels supported by
      reel bars, of varying size and weight comprising:
PA1  A. a main frame having an attached set of wheels and comprising; (i) a
      yoke-shaped structure comprising two rails parallel at their rear
      extremities and converging and joined at their forward extremities and
      being in a substantially horizontal plane; (ii) stationary upright members
      depending upwardly from each of said rear extremities, each having (iii) a
      reel bar mounting means attached at each upper end of the stationary
      upright support member; and
PA1  B. a rocker frame comprising a pair of connected, substantially
      triangular-shaped rail frames lying in parallel vertical planes and
      opposing and parallel to one another; pin means pivotally connecting an
      angled portion of each of said triangular -shaped rail frames to said main
      frame at or near the locations where said stationary upright members
      depend upwardly from each of said extremities, and each of said
      substantially triangular-shaped rail frames having reel bar support means
      at opposing ends and further characterized in that each stationary upright
      support member of the main frame has an aperture at a point lower than the
      reel bar support, and the rail opposite said angled portion of pivotal
      attachment of each of the substantially triangularshaped rail frames
      further characterized as having a plurality of apertures; said dual frame
      rocker trailer further including pins for attaching said rocker frame to
      said main frame in a plurality of positions by passing said pin through
      each of the apertures of the upright support members and through an
      aperture of the rail opposite the angled portion of pivotal attachment of
      the substantially triangular-shaped rail frame, and said main frame
      further may be disconnected from said rocker frame and said rocker frame
      tipped forward or backward so that the reel bar mounting means at each
      upper end of said stationary upright support member becomes aligned in a
      level position with a respective rail opposite the angled portion of
      pivotal attachment of said rocker frame for the receiving of a cable reel
      bar in loading.
NUM  2.
PAR  2. The trailer of claim 1 wherein said main frame further comprises braces
      extending from the upper part of said upright support member to said rails
      of said yoke-shaped structure.
NUM  3.
PAR  3. The trailer of claim 1 wherein said reel bar mounting means located at
      the upper end of said stationary upright support members are disposed
      substantially horizontal for the receiving of the bar of a cable reel in
      loading.
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ABST
PAL  A dolly for carrying reels of wire to a construction site for on-site use
      thereof without removal thereof from the dolly is provided. A carriage bed
      is provided having a pair of wheels rotatably mounted on the underside of
      one end thereof, and a pair of supporting legs fixedly connected to the
      opposite end of the underside thereof. On the bed are a plurality of
      rotatably mounted turntables and the reel for a predetermined a gauge of
      wire may be releasably mounted on each turntable thereof. Each turntable
      includes a substantially centrally located upstanding spindle registrable
      with the axial channel provided in the wire wrapped reel. A supplementary
      spindle section may be releasably connected to each spindle upstanding on
      the turntable for carrying top-heavy reels or stacking reels one on the
      other. On the carriage bed at a predetermined location thereon, a wire
      guide may be connected for picking up slack in unreeled wire and for
      facilitating on-site simultaneous use of more than one wire. The carriage
      bed may include an accessory bin for storing tools and the like which may
      be used on-site in connection with an electrical installation. Fixedly
      connected to the underside of the carriage bed is a pair of spaced aligned
      collars and slidably mounted in the pair of collars is a telescoping
      handle for use in moving the dolly to the desired construction site.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a construction for a wire dolly, and more
      particularly to a dolly for carrying reels of wire to a construction site
      for on-site use thereof, without removal thereof from the dolly.
PAR  Electrical installations at construction sites usually require simultaneous
      input of plural gauged and color coded wire in various insulated conduits.
      The commercially available wire employed is conventionally supplied in
      bulk on spools. The length of these spools varies with the quantity and
      gauge of wire wrapped thereon, but the diameter thereof is generally
      constant.
PAR  For maximal efficiency and optimal job performance, efficient means for
      transporting wire, and empty spools thereof, to and from a work site must
      be provided. The wire transporter should preferably be compact, mobile
      over rough terrain, and light weight. For increasing on the job
      productivity, it is desirable that the spools of coiled wire be easily
      loaded on the transporter and payed out therefrom at the use site without
      fouling.
PAR  The instant invention therefore provides a novel wire dolly construction
      which includes all of these advantages. The wire dolly includes a compact,
      light weight, mobile carriage bed on which reels of coiled wire are
      releasably mounted and wire thereon may be payed out at the use site
      without fouling.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a dolly for carrying
      reels of wire to a construction site for on-site use thereof without
      removal thereof from the dolly is provided which includes a carriage bed
      having a pair of wheels rotatably mounted on the underside of one end
      thereof, and a pair of supporting legs fixedly connected to the opposite
      end of the underside thereof. On the bed are a plurality of rotatably
      mounted turntables and the reel for a predetermined gauge of wire may be
      releasably mounted on each turntable thereof. Each turntable includes a
      substantially centrally located upstanding spindle, registrable with the
      axial channel provided in the wire wrapped reel.
PAR  A supplementary spindle section may be releasably connected to each spindle
      upstanding on the turntable for carrying top-heavy reels or stacking reels
      one on the other. On the carriage bed at a predetermined location thereon,
      a wire guide may be connected for picking up slack in unreeled wire and
      for facilitating on-site simultaneous use of more than one wire.
PAR  The carriage bed may include an accessory bin for storing tools and the
      like which may be used on-site in connection with an electrical
      installation. Fixedly connected to the underside of the carriage bed is a
      pair of spaced aligned collars and slidably mounted in the pair of collars
      is a telescoping handle for use in moving the dolly to the desired
      construction site.
PAR  Accordingly, it is an object of this invention to provide a wire dolly
      having a novel construction.
PAR  Another object of the invention is to provide a wire dolly for transporting
      reels of coiled wire for on-site use thereof at electrical installations.
PAR  A further object of the invention is to provide a wire dolly which pays out
      wire loaded thereon, without fouling among plural wires payed out
      therefrom.
PAR  Still another object of the invention is to provide a novel wire dolly
      which is compact, light weight and mobile for facile accessibility into
      hatchways and crawl spaces found at installation sites.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is an isometric perspective view of one dolly embodiment constructed
      in accordance with the instant invention;
PAR  FIG. 2 is a sectional view of the embodiment shown in FIG. 1, taken along
      line 2--2 thereof; and
PAR  FIG. 3 is a fragmentary detail of an alternative construction for a
      turntable of the type employed on the dolly carriage bed for paying out
      coiled wire therefrom.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIGS. 1 and 2, a dolly 10 constructed in accordance with
      the instant invention includes a carriage 11 having a pair of wheels 12
      and 12' rotatably journalled in one end thereof, and a pair of upstanding
      legs 14 and 14' fixedly connected to the other end thereof. Carriage 11
      includes a substantially rectilinear bed 15 provided with a continuous
      upturned peripheral flange 16 for removably mounting an overfitting cover
      plate 17 thereon.
PAR  To the underside of bed 15, a pair of substantially aligned braces 18 and
      18' are fixedly connected. An axle 20, 21 is journalled in opposed
      downturned flanges 22, 23 of respective braces 18, 18' and wheels 12, 12'
      are respectively freely rotatably journalled thereon. In substantial
      alignment, one with the other, and with a respective wheel 12, 12'
      upstanding legs 14, 14' are fixedly connected to the underside of the
      opposite end of bed 15. Wheels 12 and 12' are ground engaging and bed 15
      is thereby movable thereon. In an at rest position, bed 15 is
      substantially transversely positioned on wheels 12, 12' and leg supports
      14, 14'. For moving bed 15, bed 15 is uplifted for disengaging legs 14,
      14' from the ground.
PAR  Upstanding on the topside surface of bed 15 are bearing supports 24, 24',
      25 and 25' having respective ends fixedly connected to bed 15 and opposed
      free ends on which respective turntables 26, 26', 27 and 27' are freely
      rotatably journalled. Concentric and upstanding on each turntable is a
      respective spindle 28, 28', 29 and 29' for removably mounting a plurality
      of wire wrapped spools 30 thereon. For stabilizing turntables 26, 26', 27
      and 27' on their respective bearing supports and for facilitating rotation
      thereon, respective pairs of ball bearings 30, 30' are mounted on the
      topside surface of bed 15 in substantially frictionless casings 31, 31'
      whereby each respective pair thereof frictionally engages diametrically
      opposed underside ends of each respective turntable.
PAR  Overfitting cover plate 17 is provided with a complementary downturned
      peripheral flange 32 which marginally overlaps corresponding flange 16 of
      bed 15. Areas of cover plate 17 overlying the location of respective
      turntables 26, 26', 27 and 27' are apertured to accommodate the
      turntables. The number of apertures, of course, corresponds to the number
      of turntables rotatably mounted on bed 15. Each aperture 33, 33', 34 and
      34' provided in cover plate 17 is substantially concentric relative to a
      corresponding bearing support 24, 24', 25 and 25' therefore. In each of
      the concentric apertures 33, 33', 34 and 34', a corresponding turntable
      26, 26', 27 and 27' is rotatably registered. While it is necessary that a
      head space between the exterior perimeter of each turntable and the
      corresponding interior perimeter of each aperture therefore be provided
      for free rotation of the turntables, these head spaces are minimized so
      that wire unreeled from spools 30 does not fall therethrough.
PAR  Cover plate 17 is foreshortened relative to the length of carriage bed 15
      for defining an accessory bin area in dolly 10. A rear transverse edge 35
      of cover plate 17 overlies the top edge 36 of a substantially vertical
      standard 37 mounted rearwardly on the topside of carriage bed 15. As best
      seen in FIG. 2, a freely accessible storage bin area for tools and the
      like is therefore provided on bed 15 between standard 37 and the rearward
      transverse section of flange 16.
PAR  Spools 30 are of conventional construction and are provided with axial
      channels 38 therethrough which are correspondingly registrable on a
      spindle provided on the respective turntables 26, 26', 27 and 27', as best
      seen in FIG. 2. As thus mounted on the turntables, spools 30 are
      correspondingly rotatable therewith and a wire 39 of predetermined gauge
      and color code may be rotatably unreeled therefrom. To maintain spool 30
      stable on the turntable, for instance turntable 27 as best seen in FIG. 2,
      against the tensile force exerted thereon by unreeling wire 39 therefrom,
      a supplementary spindle section 40 may be releasably mounted on the parent
      spindle 29. Additionally, supplementary spindle section 40 may be
      releasably mounted on the parent spindle for the purpose of providing a
      spindle mounting for a second spool 30 of coiled wire, the second spool 30
      being aligned on the top of the first underlying spool. For the purpose of
      mounting supplementary spindle 40 on a parent spindle section, it is
      provided with a peg 41 extending from the downward end thereof and the
      corresponding parent spindle section, for instance spindle 29 is provided
      with an upwardly opening recess 42 in the top end thereof for receiving
      peg 41 whereby respective ends of the interface between spindle section 29
      and supplementary spindle 40 are aligned.
PAR  An apertured guide member 43 is perpendicularly mounted at about the
      mid-point of the front end of cover plate 17. The apertures extend
      widthwise through guide member 43 and are in substantial parallel
      alignment. The number of apertures provided in guide member 43
      substantially corresponds to the number of turntables provided in dolly
      10. The free end of a coiled wire 39 is introduced through a discrete
      aperture provided in guide member 43 and wire rotatably unstrung from
      spool 30 is unreeled therethrough to the use site. The strand of wire from
      each spool in use is introduced into a corresponding aperture therefor in
      guide 43 so as to avoid tangling among wire strands which are
      simultaneously unstrung for installation, for instance in an electrical
      conduit. Additionally, it is found that the provision of an apertured
      guide member 43 for unreeling the wire strands prevents back lash of wire
      on the spool thereof which may ordinarily occur by the application of
      uneven pressure for unreeling the coiled wire.
PAR  Aligned and mounted on the underside of bed 15 are a pair of collars 44 and
      44'. Collars 44 and 44' are substantially located along the line provided
      by a plane bisecting dolly 10 lengthwise. Both collars are in spaced
      relationship relative to each other for supporting telescoping handle 45
      which is slidably connected in respective collars 44, 44'. The rearward
      end 46 of the telescoping handle is expanded for determining the distance
      which handle 45 telescopes forwardly in respective collars 44, 44'.
      Expanded end 46 is provided with a diameter which abuts collar 44' without
      passing therethrough. In a period of non-use, handle 45 may be telescoped
      rearwardly for substantially underlying bed 15. For manually transporting
      dolly 10 to a use site, handle 45 may be telescoped forwardly until
      expanded end 46 thereof abuts collar 44'.
PAR  Referring now to FIG. 3, an alternative means for rotatably unwinding
      coiled wire 39 from spool 30 is shown. Instead of the turntable-bearing
      support assembly as seen in FIGS. 1 and 2, a bearing pile 47 is mounted on
      the topside surface of bed 15 in substantially concentric relationship
      with the corresponding aperture, for instance aperture 34, provided in
      cover plate 17. A spindle 48 is rotatably journalled in bearing pile 47,
      and spool 30 may be mounted thereon.
PAR  The size of the dolly may, of course, be adjusted according to the number
      of rotatable spool mountings provided therein. While apparent, it is
      observed that legs 14, 14' may be replaced by a second pair of wheels,
      however, if that modification is made, it is desirable to provide the
      dolly with a wheel brake for stabilizing the position thereof, as desired.
      While apertured guide member 43 substantially prevents back lash of wire
      on to the spool, it is also within the scope of the invention to provide
      each spool with a drag brake to further assure that a back lash does not
      occur and for assuring that wire 39 is not inadvertently unreeled from its
      spool. Other modifications within the scope of the invention, may occur to
      the art-skilled.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dolly for carrying spools of wire to a construction site for on-site
      use thereof without removal thereof from the dolly comprises a carriage
      including a carriage bed, at least one turntable rotatably mounted on said
      carriage bed, means for releasably mounting a spool of coiled wire on said
      at least one turntable, an overfitted cover plate releasably overlying
      said carriage bed, said overfitted cover plate having at least one
      aperture therein in which said at least one turntable is registered, said
      overfitted cover plate being foreshortened relative to the length of said
      carriage, and an accessory bin being defined between said foreshortened
      end of said overfitted cover plate and a corresponding end of said
      carriage for storing installation equipment and the like.
NUM  2.
PAR  2. The dolly as claimed in claim 1 including handle means for moving said
      carriage.
NUM  3.
PAR  3. The dolly as claimed in claim 2 wherein said handle means comprises a
      handle bar telescopable under said carriage bed, a pair of aligned collars
      in spaced relationship relative to each other being fixedly connected to
      said carriage for supporting said handle bar, said handle bar being
      slidably connected to said collars.
NUM  4.
PAR  4. The dolly as claimed in claim 1 wherein said carriage includes a pair of
      ground engaging wheels in spaced relationship relative to each other, said
      pair of wheels being rotatably journalled in one end of said carriage.
NUM  5.
PAR  5. The dolly as claimed in claim 1 wherein said carriage includes a pair of
      upstanding legs in spaced relationship relative to each other, said legs
      being fixedly connected to an end of said carriage.
NUM  6.
PAR  6. The dolly as claimed in claim 1 wherein said mounting for said at least
      one turntable comprises a bearing support having an end fixedly connected
      to said carriage bed and another free end on which said at least one
      turntable is rotatably journalled.
NUM  7.
PAR  7. The dolly as claimed in claim 1 wherein said at least one turntable
      comprises a bearing surface of a bearing pile mounted in said carriage
      bed.
NUM  8.
PAR  8. The dolly as claimed in claim 1 wherein said means for releasably
      mounting said spool of coiled wire on said at least one turntable
      comprises a spindle section being registrable in a central axial channel
      provided in a conventional spool.
NUM  9.
PAR  9. The dolly as claimed in claim 8 including a supplementary spindle
      section releasably connectable to said spindle section provided on said
      turntable.
NUM  10.
PAR  10. The dolly as claimed in claim 1 including an apertured wire guide
      member perpendicularly mounted on said overfitted cover plate, a free end
      of wire coiled on said spool being threaded through an aperture thereof
      for thereby guiding the release of wire from said spool.
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ABST
PAL  A downrigger that has a swivelled head to be mounted anywhere on the boat
      for use in trolling. The line extends over a reel mounted on a pedestal,
      which reel is provided with a locking device for holding it in a desired
      position and yet is released automatically in the event of a snag in the
      line. An automatic drag is applied to the rim of the reel with provisions
      for adjustment to enable the operator to adjust the speed at which he
      desires to let the sinkers go down to the desired depth by tightening or
      loosening the tension on the spring adjustment. A line guard is mounted on
      the pedestal in position to prevent the line from unwinding off the reel.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to improvements in downriggers of the type used for
      trolling.
PAR  Most downriggers provided heretofore are bolted to the base plates in
      secure positions on a boat. In some instances, different models are
      provided, one for mounting on the rear and another for location on the
      side of the boat. The line is customarily wound on a reel, but no
      satisfactory provision has been made for locking the reel while allowing
      it to be released in event of snagging of the line and thus have caused
      the line to break and sometimes become lost.
PAR  Where a drag has been provided heretofore it is usually of a pressure type
      design which has to be released when the sinker is being raised so that
      the operator does not have to work against the weight of the sinker plus
      the drag and then readjust it each time the sinker is being lowered into
      the water. Other objectionable features have been found in prior
      downriggers as used heretofore.
PAR  One object of this invention is to obviate these objections and to improve
      the construction of the downrigger trolling equipment.
PAR  Another object of the invention is to provide for the swivelling of the
      base of the reel or pedestal supporting the same so as to enable this to
      be mounted in any desired position on the boat.
PAR  Another object of the invention is to improve the locking of the reel in a
      set position during trolling so as to hold the sinker securely at the
      desired depth and yet to provide for its release automatically in case of
      a snag in the line.
PAR  A further object of the invention is to improve the drag which applies
      pressure to the reel and to release automatically when the reel is
      reversed.
PAR  These objects may be accomplished, according to one embodiment of the
      invention, by providing a base for mounting on the boat with means for a
      swiveled connection between the base and the mounting pedestal for the
      reel so as to enable the reel to be turned in any desired direction with
      respect to the base, thus providing for location either on the rear of the
      boat or on a side. The extension rod which guides the line is mounted in
      the base portion of the pedestal and there is provision for locking
      adjustment between the pedestal and the base of the downrigger so as to
      hold it securely in the desired position.
PAR  The reel may be locked in a secure position against turning when it is
      desired to hold the sinker securely at a desired depth and yet may be
      released automatically in case of a snag of the line. This release will
      also cause a clicking action to alert the operator.
PAR  An automatic drag controls the rotation of the reel to enable the operator
      to adjust the speed at which he desires to let the sinker go down to the
      desired depth by tightening or loosening the tension on the spring
      adjustment provided. This drag is so positioned as to be released
      automatically in the event of reversal of rotation of the reel.
PAR  A line guard is also provided to prevent the line from unwinding off the
      reel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This embodiment of the invention is illustrated in the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view of the downrigger in operative position;
PAR  FIG. 2 is a side elevation thereof;
PAR  FIG. 3 is a top plan view thereof;
PAR  FIG. 4 is a vertical cross section through the downrigger on the line 4--4
      in FIG. 2;
PAR  FIG. 5 is a detail cross section through the automatic drag on the line
      5--5 in FIG. 2;
PAR  FIG. 6 is a detail cross section through the swivel mount on the line 6--6
      in FIG. 2; and
PAR  FIG. 7 is a vertical cross section through the swivel mount on the line
      7--7 in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF DISCLOSURE
PAR  The downrigger comprises a base 1 capable of being secured effectively to a
      desired part of a boat. This base may be mounted either on the rear or a
      side of the boat and used alternately in different positions. The base 1
      has an upstanding pin 2 mounted thereon and may be cast as a part of the
      cast metal base, as illustrated particularly in FIGS. 4, 6 and 7.
PAR  Seated upon the base 1 is a pedestal, generally indicated at 3. The
      pedestal 3 comprises a support portion 4 and upstanding sides 5 forming
      supporting brackets. The support 4 has a central opening 6 therein
      receiving the pin 2 and forming a swiveled connection for the pedestal 3
      on the base 1 so as to allow the pedestal to be rotated around the upright
      central axis of the pin 2. The pedestal may be locked in a secure position
      with respect to the base 1 by a locking screw 7, shown in FIGS. 6 and 7,
      which is threaded through a side of the support 4, with a pointed end 8 in
      position to engage selectively in one of a series of circumferentially
      spaced recesses 9 formed in the adjacent portion of the pin 2.
PAR  By loosening the pin 7, the pedestal 3 can be swiveled around the axis of
      the pin 2 and then the pin retightened by engaging the pointed end 8
      thereof in one of the recesses 9, thus holding the pedestal securely
      against turning movement during operation of the downrigger.
PAR  The support 4 may be provided also, if desired, with locking pins 10
      slidably inserted through ears 11 on opposite sides of the pedestal 3. The
      pins 10 are in positions to enter openings 12 spaced apart in an arc on
      each lateral side of the base 1. The pins 10 can be withdrawn from the
      respective openings 12 to permit the swiveling of the pedestal and then
      reinserted to lock the pedestal in secure adjusted position with respect
      to the base. These locking pins may be used alternately with the locking
      screw 7 or in addition thereto as found desirable.
PAR  The support 4 also has a recess 13 in the side thereof opposite from the
      locking pin 7 into which an end of an extension rod 14 is inserted and
      secured in any desired manner, as shown in FIGS. 6 and 7. The extension
      rod 14 extends outward from the base 1, as shown in FIGS. 1 and 2, and may
      be of a desired length. The outer end of the extension rod 14 supports a
      pulley 15, preferably by means of a swiveled connection 16. This tip
      structure is preferably of heavy duty type so as to hold the line
      securely, permitting the pulley 15 to swing about the axis of the
      extension rod 14 and to guide the line effectively, thereby preventing it
      from slipping off under any condition. The line extending thereover is
      indicated at 17 in FIGS. 1 and 2 and is adapted to support a sinker 18,
      indicated in FIG. 1, and appropriate hook structures as found desirable.
PAR  The line 17 extends inward to a reel 19 mounted on a shaft 20. The shaft 20
      is journaled in suitable bearings in the upper ends of the brackets 5 of
      the pedestal 3.
PAR  A handle 21 is secured to the shaft 20 for rotation of the reel in winding
      up the line. The handle is detachably mounted on the end of the shaft 20,
      as indicated at 22, so that it can be removed for storage and to free the
      end of the shaft for future additional attachments such as a motor for the
      purpose of reeling in the sinker so that the hands are free for other
      purposes.
PAR  The reel 19 is preferably formed of cast construction with a central web,
      as indicated in FIG. 4, and with surrounding rims 23 thereon, at least one
      of which is knurled, as indicated in FIG. 5.
PAR  A suitable locking device is provided to hold the reel in a set position
      and to be released automatically in case of a snag in the line. This
      locking device preferably includes a series of openings 24 in one of the
      side walls of the reel 19 spaced apart about the axis of the shaft 20.
      Each of the openings 24 is formed of cone shape, as illustrated in FIG. 4,
      and receives therein a bevelled end 25 on a pin 26 which is slidably
      mounted in one of the upstanding brackets 5.
PAR  The pin 26 extends laterally through the bracket, with a hand knob 27 on
      the outer end thereof. A bushing 28 surrounds the intermediate portion of
      the pin 26, being secured at one end in the adjacent bracket 5. A helical
      spring 29 is sleeved over the pin 26, with one end thereof anchored to the
      outer end of the bushing 28 and the opposite end anchored to the pin 26.
      Thus, the spring 29 normally tends to urge the pin 26 inwardly toward the
      reel 19 and when its inner end 25 is engaged in one of the openings 24
      will lock the reel in a set position. This locking action, however, is
      automatically released in the event of a snag in the line which will cause
      the reel to rotate, thus forcing the pin out of the opening due to the
      bevelled connection therebetween.
PAR  As the reel continues to rotate, the engagement successively of the inner
      end of the pin with the other openings 24 will cause a clicking sound to
      alert the operator to the danger involved with respect to the line.
PAR  An automatic drag is also provided, as shown in FIG. 5. This drag includes
      a wheel 30 having an O-ring 31 of rubber or rubber-like material on the
      periphery thereof in position for bearing relation against the knurled rim
      23 of the reel. The wheel 30 is mounted on the inner end of a shaft 32
      which is slidably mounted in a support arm 33 so as to move axially
      therethrough.
PAR  A friction surface 34 is interposed between one side of the wheel 30 and
      the adjacent side of the support arm 33. A disc of brake lining material
      may be used for the friction surface 34, being secured rigidly to the side
      of the arm 33 in position for friction bearing relation against a side of
      the wheel 30 when the shaft moves axially toward the arm. In this
      position, the O-ring which forms the rim of the wheel is in position to
      bear against the knurled surface on the rim 23 of the reel.
PAR  The shaft 32 carries on its opposite end an adjusting wheel 35 screw
      threaded on the end of the shaft. Interposed between the inner face of the
      adjusting wheel 35 and the adjacent side of the support arm 33 is an
      helical spring 36, thus tending to move the shaft 32 axially in a
      direction to move the rim of the wheel 30 to a position where it will
      engage the rim of the reel 19, which is the position shown in FIG. 5.
PAR  The spring 36 bears at the opposite ends on washers 37, one of which is in
      pressure engagement against a side of the support arm 33 and the other
      against a side of the wheel 35. The axial movement of the shaft 32 is
      controlled by a slot 38 engaged by a screw 39 which is threaded through
      the end portion of the support arm 33, thus allowing axial movement of the
      shaft 32, but preventing rotation of the shaft.
PAR  As shown in FIGS. 1 and 2, the support arm 33 extends in an oblique
      position from the wheel 30 to the pedestal 3. The inner end of the support
      arm 33 is pivotally mounted at 40 on the upper end of one of the pedestal
      brackets, capable of swinging motion with respect thereto so as to hold
      the wheel in proper position to apply the desired drag on the reel. This
      enables the operator to adjust the speed at which he desires to let the
      sinker go down to the desired depth by tightening or loosening the tension
      on the spring 36 by rotation of the adjusting wheel 35. This needs to be
      done only once for any specific weight of the sinker.
PAR  The engagement of the drag is automatic, bearing against the knurled rim on
      the reel as the downward motion of the rubber drag wheel engages the rim.
      The depending relation of the arm 33, offset in its pivotal mounting 40
      from the axis of the mounting shaft 20 on which the reel is mounted,
      causes the drag wheel to be held at the proper angle to apply drag on the
      reel until the reel is reversed in direction when the drag will be
      automatically released.
PAR  As the reel rotates in a counterclockwise direction, the drag wheel will be
      raised automatically and will not apply drag pressure to the periphery of
      the reel. The downward motion of the reel will cause its rim to engage the
      drag wheel cushioned by the rubber ring on its periphery. The braking
      force of the drag wheel will permit the operator to slow down the reel
      sufficiently in order to let the weight down at any desired speed. By
      reversing the motion of the reel or bringing up the weight, the drag wheel
      is lifted and thus disengages from the reel, permitting the operator to
      bring up the weight without working against the braking force of the drag
      wheel.
PAR  A depth counter is indicated generally at 41, mounted on the upper end of
      one of the pedestal side brackets 5 in position and at such an angle that
      the operator can see the depth of the line in almost any position at which
      the sinker is located at the moment.
PAR  A line guard is shown at 42 extending over the reel 19 across the periphery
      thereof, as shown in FIGS. 1 and 2. This line guard is in the form of a
      small rod which is turned downward to provide a support member 44 for
      holding the line guard spaced from the periphery of the reel and extending
      across the latter. The support member 44 is mounted in the upper end of
      one of the brackets 5 of the pedestal, as will be apparent from FIG. 4.
PAR  The use of the downrigger will be apparent from the foregoing explanation.
      It has several improved and advantageous features which make it more
      desirable and practical for use than other downriggers that have been
      provided heretofore, some of which have been pointed out.
PAR  While the invention has been illustrated and described in one embodiment,
      it is recognized that variations and changes may be made therein without
      departing from the invention as set forth in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An outrigger type trolling equipment, comprising a pedestal, a reel
      adapted for winding a line thereon, means journaling the reel on the
      pedestal for turning movement about an axis, said reel having a plurality
      of conical openings in a side thereof spaced circumferentially around the
      axis, and a pin slidably mounted on the pedestal having a conical end
      portion in position to engage selectively in the conical openings for
      releasably locking the reel against turning movement of its axis by
      surface to surface contact between the conical end portion and a conical
      opening, and resilient biasing means between the pedestal and the slidably
      mounted pin for allowing automatic disengagement of the conical pin end
      portion from the selected conical opening upon excess turning force being
      applied to the reel.
NUM  2.
PAR  2. An outrigger type trolling equipment, comprising a pedestal, a reel
      adapted for winding a line thereon, means journaling the reel on the
      pedestal for turning movement about an axis, said reel having a rim, a
      drag wheel having a friction surface in position to bear upon the rim of
      the reel, an elongated arm supporting the drag wheel at one end thereof,
      and means pivotally mounting the opposite end of the arm on the pedestal
      for swinging movement of the arm about an axis spaced from the axis of the
      reel, said axis of swinging movement being operably positioned to cause
      the drag wheel to bear with increased pressure on the wheel when the wheel
      is rotated to unwind the line and to cause the drag wheel to release
      pressure on the wheel when the wheel is rotated to wind the line.
NUM  3.
PAR  3. An outrigger type trolling equipment, according to claim 2, including a
      friction surface beside the drag wheel in position to be engaged thereby,
      and means for yieldably urging the drag wheel against the friction
      surface.
NUM  4.
PAR  4. An outrigger type trolling equipment according to claim 3, including
      means for adjusting the tension of the yieldable means.
NUM  5.
PAR  5. An outrigger type trolling equipment, according to claim 2, including a
      shaft mounted in the arm and supporting the drag wheel on one end thereof,
      a brake surface interposed between the arm and the drag wheel in position
      for engagement by the latter, and a spring bearing at one end against the
      arm and at the opposite end against the shaft tending to move the drag
      wheel against the brake surface.
NUM  6.
PAR  6. An outrigger type trolling equipment according to claim 2, including a
      line guard extending over the reel, and means mounting the line guard on
      the pedestal beside the reel.
NUM  7.
PAR  7. An outrigger type trolling equipment comprising a flat plate-like base
      having an upstanding pin thereon, a pedestal including a support having a
      pair of upstanding brackets on the support, a reel journaled on the
      upstanding brackets for rotation about an axis and for winding of a line
      thereon, a central bottom opening in the support surrounding the pin and
      journaling the support on the pin for swivelling movement of the reel and
      line with respect to the base, a drag wheel having a friction surface in
      position to bear upon the rim of the reel, an elongated arm supporting the
      drag wheel at one end thereof for turning movement about an axis, and
      means pivotally mounting the opposite end of the arm on one of the
      upstanding brackets for swinging movement of the arm about an axis spaced
      from the axis of the reel, said axis of swinging movement being operably
      positioned to cause the drag wheel to bear with increased pressure on the
      wheel when the wheel is rotated to unwind the line and to cause the drag
      wheel to release pressure on the wheel when the wheel is rotated to wind
      the line.
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ABST
PAL  A reel on which seat belts are stored about a rotatable shaft. The reel
      includes spring means for retracting the belt and a ratchet tooth gear
      fixed for rotation with the shaft. Upon rapid unreeling of the belt off of
      the shaft, means which may be inertia responsive activates a pair of
      lockbars to engage the ratchet tooth gear and stop its rotation. Each
      lockbar includes a pawl tip and when one of the pawl tips is radially
      aligned with one of the tooth tips on the gear, the other of the pawl tips
      is aligned midway between a pair of adjacent gear teeth. When the lockbars
      are moved into engagement with the ratchet tooth gear, the combination of
      the two pawl tips and their orientation with respect to the teeth of the
      gear assures that at least one of the tips will be in proper position to
      engage the tooth gear should the other tip break off or not engage upon
      contact with the gear. Differential lever means may be provided for moving
      the pawl tips into engagement with the gear. This latter means thus forces
      one of the pawl tips into engagement with the gear should a first pawl tip
      slip or otherwise not engage.
PARN
PAR  This is a division, of application Ser. No. 353,211, filed Apr. 20, 1973.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to inertia reels; and, more particularly, to
      inertia-actuated reels of the type upon which a belt or strap is stored.
PAR  2. Description of the Prior Art
PAR  It is well known to the prior art to use inertia reels for restraining and
      positioning an occupant of a seat on an airplane or in a vehicle or the
      like. Such reels are adapted to unreel the belt or strap to permit the
      occupant to lean forward or perform other limited activities. However,
      during a sudden deceleration of the vehicle or sudden forward movement by
      the occupant, such reels are adapted to restrain further unreeling
      therefrom for positive retention of the occupant to prevent injury
      thereto.
PAR  In certain inertia reel devices, spools form part of the device on which
      surplus belt or strap webbing is stored under spring torsion. The
      restraint system of these devices is normally such that any extending
      webbing is subject to tension forces at the instant of vehicle impact or
      the like (which results in a sudden deceleration of the vehicle). In order
      to restrain the occupant of such vehicles, the unreeling of further
      webbing is prevented by locking the spool to the frame of the device.
PAR  This locking may be achieved by the engagement of a pawl with a ratchet
      wheel torsionally connected to the spool. The pawl may be urged into
      engagement by a mechanism which either senses deceleration of the vehicle
      in the emergency which results, or by the movement of the webbing from the
      spool as the occupant is thrown forward. In either case, the spool is
      spinning at the time the pawl is to engage with the ratchet wheel.
PAR  In such cases, the first contact between the pawl and the tooth of the
      ratchet may be tip to tip. At the time this contact occurs, shortly after
      vehicle impact, the spool is accelerating rapidly, and the kinetic energy
      of the occupant provides a considerable potential to place heavy loads
      through the belt and the ratchet wheel on to the pawl. If the radial
      engagement of the pawl with the ratchet tooth is small, the tooth tip may
      shear and propel the pawl violently out of engagement. The sudden release
      of belt tension when this happens, and the continuing forward movement of
      the occupant relative to the vehicle, causes the spool speed to increase
      even further, and time intervals between the ratchet teeth passing the
      pawl tip become too short for subsequent engagements to take place. In
      such cases, the result is catastrophic in that the restraint system
      totally fails to function.
PAR  In U.S. Pat. Nos. 2,923,492 and 3,386,683, to Walpole et al. and Howland,
      respectively, it is suggested to use a series of latching pawls to engage
      a toothed wheel attached to and rotating with the spindle of a winding
      drum. The multiple pawl structure of both patents is substantially the
      same and, in both cases, the pawls are located so that they engage the
      teeth of the toothed wheel. Thus, in FIG. 3 of Walpole, et al., for
      example, the inertia operated pawls 42 are in cocked position (Col. 3, 11
      62-65). FIG. 5 shows the inertia pawls 42 in released position. The
      uppermost pawl 42 has its tip engaging one of the teeth of wheel 40. At
      the same time, the lowermost pawl 42 is in position to engage a succeeding
      tooth on wheel 40. However, if the uppermost pawl 42 were to engage the
      outer tip of its respective wheel tooth, the lowermost pawl 42 might be
      too close to its respective wheel tooth to engage it in time should the
      uppermost pawl fail to engage. Thus, the Walpole et al. system might fail
      if the tip of the tooth of the ratchet wheel is broken off when contacted
      by its respective pawl tip.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a restraint system for an
      inertia reel or the like which will operate effectively to lock a rapidly
      accelerating spool in the frame of such reels to prevent unreeling of
      further seat or belt webbing therefrom.
PAR  It is a further object of this invention to provide a safeguard for such
      systems in the form of a pair of locking pawls so that if one of the pawls
      fails to properly engage the teeth of the ratchet gear, the other pawl is
      favorably placed to so engage the gear.
PAR  It is a still further object of this invention to carry out the foregoing
      objects using a differential system so that if one pawl should ricochet
      out of engagement with the gear, the differential system automatically
      will provide extra impetus to engage the other pawl.
PAR  These and other objects are preferably accomplished by providing an inertia
      actuated reel on which seat belts are stored about a rotatable shaft. The
      reel includes spring means for retracting the belt and a ratchet tooth
      gear fixed for rotation with the shaft. Upon rapid unreeling of the belt
      off of the shaft, inertia responsive means activates a pair of lockbars to
      engage the ratchet tooth gear and stop its rotation. Each lockbar includes
      a pawl tip and when one of the pawl tips is radially aligned with one of
      the tooth tips on the gear, the other of the pawl tips is aligned midway
      between a pair of adjacent gear teeth. When the lockbars are moved into
      engagement with the ratchet tooth gear, the combination of the two pawl
      tips and their orientation with respect to the teeth of the gear assures
      that at least one of the tips will be in proper position to engage the
      tooth gear should the other tip break off or not engage upon contact with
      the gear.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical view, partly in section, of an inertia actuated reel
      in accordance with the invention;
PAR  FIG. 2 is a side view of the reel of FIG. 1 showing the belt fully extended
      therefrom;
PAR  FIG. 3 is a cross-sectional view of a portion of the mechanism of the reel
      of FIGS. 1 and 2;
PAR  FIG. 4 is a view similar to FIG. 3 showing the engagement of the ratchet
      gear of the reel of FIGS. 1 and 2 by the lockbars of FIG. 3;
PAR  FIG. 5 is a cross-sectional view of a modification of the means for locking
      the ratchet gear of the reel of FIGS. 1 through 4;
PAR  FIG. 6 is a cross-sectional view of a further modification of the means for
      locking the gear of the reel of FIGS. 1 through 4;
PAR  FIG. 7 is a partial vertical view of another modification of the means for
      locking the gear of the reel of FIGS. 1 through 4; and
PAR  FIG. 8 is a view taken along the lines VIII--VIII of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawing, an inertia reel 10 in accordance
      with the invention is shown as having a frame 11 and a ratchet wheel 12
      fixedly secured and coaxially attached to a main shaft 13 (see also FIG.
      2). Webbing 14 winds and unwinds about shaft 13 so that it can be
      selectively retracted from and wound into the reel 10 as is well known in
      the art.
PAR  Shaft 13 is journalled for rotation within frame 11 by means of bearings
      15, 16 disposed on each end of shaft 13 and rotatably mounted within frame
      11.
PAR  As can be seen in FIG. 2, webbing 14 is in its fully extended position and
      passes through a guide 17 having a roller 18 therein (see the dotted lines
      in FIG. 2) for reducing the friction on webbing 14, which may be of nylon
      or other suitable material, as it is pulled therethrough. A cover 19 may
      be pivotally connected to guide 17 so that the reel 10 may be enclosed by
      cover 19 when webbing 14 is retracted therein. The free end of webbing 14
      terminates in a connector 20 for connecting webbing 14 to a complementary
      locking member (not shown) which may be mounted to the vehicle or form a
      portion of a similar webbing arrangement.
PAR  Referring once again to FIG. 1, a conventional spring cup assembly 21 is
      shown on one side of frame 11. Assembly 21 is to be understood as housing
      therein a suitable torsion spring 22 or the like interacting between the
      shaft 13 and frame 11 to normally wind in or retract the webbing 14. A
      suitable arrangement which may be used is disclosed in U.S. Pat. No.
      3,074,761 to Ryan.
PAR  A guide flange 23 is disposed between the inside of frame 11 and webbing 14
      so that a guide is formed between flange 23 and ratchet wheel 12 as it is
      pulled out of frame 11. A support member 24 extends across the reel 10
      between the sides forming frame 11 as shown. Flange 23 may also include
      suitable spaced gear teeth thereon.
PAR  As particularly contemplated within the present invention, locking means
      for locking ratchet wheel 12 are provided. In the exemplary embodiment,
      such locking means comprises a pair of elongated lockbars 25, 26 mounted
      on frame 11 (see also FIG. 3). As shown in FIG. 2, the sidewall 27 of
      frame 11 includes a pair of openings 28, 29. As can be seen by comparing
      FIGS. 1 and 2, lockbars 25, 26 are longer than the overall width of frame
      11 and may have reduced ends 49a, 51a, respectively, extending out of
      openings 28, 29 (the openings in the opposite sidewall 30 of flange 11 are
      not visible in FIG. 2). The novel features of lockbars 25, 26 will be
      described in more detail further hereinbelow.
PAR  A bracket member 31 extends across the bottom of frame 11 between sidewalls
      27, 30. As can be seen in FIG. 2, a back plate 24a, having a mounting
      flange 32 with an aperture 33 therein, is also mounted on frame 11 between
      sidewalls 27, 30 as shown for mounting reel 10 at any desired location of
      a vehicle or the like. A housing 34 is mounted on bracket member 31 by any
      suitable means, such as by slots 35 therein which receive the bifurcated
      end of bracket member 31 as clearly shown in FIG. 3.
PAR  As particularly contemplated within the present invention, differential
      lever means are provided for moving the lockbars into position to engage
      ratchet wheel 12. In the exemplary embodiment, such differential lever
      means comprises a toggle member 36, which, as shown in FIG. 3, includes a
      pair of spaced, generally upwardly and outwardly extending arms 37, 38
      integral with a base portion 39. The housing 34 includes a generally
      axially extending aperture 40 for receiving therein a downwardly extending
      button member 41 integral with the underside of base portion 39. As can be
      seen in FIG. 3, button member 41 is tapered, as at surface 42, on the
      underside thereof for reasons to be discussed further hereinbelow.
PAR  The differential lever means for locking ratchet wheel 12 also includes a
      weighted element 47 having an actuator 43 fixedly secured within an
      axially extending aperture 44 in element 47. Actuator 43 carries an
      enlarged head portion 45 at the upper end thereof which is retained within
      housing 34 by means of bracket member 31 as shown in FIG. 3. The upper
      surface of head portion 45 is depressed to form a concave cavity 46. As
      shown in FIG. 3, the tapered surface 42 of button member 41 sits in cavity
      46 and, as will be explained shortly, moves thereon when element 47 is
      shifted. Finally, housing 34 includes undercut portions 34a at the top
      thereof so that lockbars 25, 26, which are in engagement with arms 37, 38
      of toggle member 36, are movable into a slotted opening 40a in housing 34.
      A pin 40b (shown in dotted lines) may be integral with member 36 and
      movable in opening 40a.
PAR  As shown in FIGS. 3 and 4, lockbar 25 may be generally rectangular in
      cross-section with end 48 rounded off as shown and the other end 49
      tapering generally to a point. In like manner, lockbar 26 may be rounded
      off at the end 50 adjacent the tapered end 49 of lockbar 25 and tapered to
      a point at the end 51 remote from its rounded-off end 50. Referring once
      again to FIG. 2, the openings 28, 29 are generally triangular with
      rounded-off apices for receiving the respective rounded-off ends 48, 50 of
      lockbars 25, 26. The reduced ends 49a, 51a of lockbars 25, 26 are thus
      movable within their respective openings 28, 29 along the sides opposite
      the apices and retained by the walls forming openings 28, 29.
PAR  Each of lockbars 25, 26 includes a pair of spaced locking pawls 25', 26' so
      located with respect both to each other and to wheel 12 on reel 10 that
      when one pawl tip (i.e., the tapered ends 49, 51) is radially in line with
      a ratchet tooth tip, the other pawl tip is situated midway between too
      ratchet tooth tips. This is clearly shown in FIG. 4 where a portion of
      ratchet wheel 12 is shown. When pawl tip 51 is radially in line with tooth
      tip 52 of ratchet wheel 12, the other pawl tip 49 is situated generally
      midway between ratchet tooth tips 52 and 53. When it is required to lock
      ratchet wheel 12 and thus shaft 13, the pawls 25', 26' are simultaneously
      urged into engagement by the two points or arms 37, 38 of toggle member
      36. The third point on the member 36, i.e., button member 41, may be
      actuated by the movement of element 47 which is in effect a vehicle
      deceleration sensing pendulum. That is, when element 47 is shifted or
      moved due to rapid vehicle deceleration, head portion 45 of actuator 43
      rocks button member 41 within cavity 46 to thus move toggle member 36
      within opening 40a as clearly illustrated in FIG. 4.
PAR  When member 41 is thus activated to lock ratchet wheel 12, a tip-to-tip
      contact may occur as described hereinabove at one locking pawl. That is,
      if wheel 12 is rotating in the direction of the arrow, the tips 51 of
      lockbars 26' may engage tooth 52 of wheel 12 (and also the teeth of flange
      23, not visible). However, should the tip-to-tip contact fail or break,
      the other lockbar 26 is in position for engagement with the tooth 52. That
      is, pawl tips 49 of pawls 25' are automatically opposite a space between
      the teeth 52 and 53 of wheel 12 and thus favorably placed to engage the
      next succeeding tooth of wheel 12 (i.e., tooth 52). Furthermore, if one
      pawl tip should slip or ricochet out of engagement, it will, through means
      of the differential level or toggle member 36, automatically provide extra
      impetus to engage the other pawl tip. Thus, the lever means forces the
      second tip into engagement with the teeth of wheel 12 should the first tip
      slip or richochet out of engagement.
PAR  The aforementioned differential lever means for providing the third point
      of movement for lockbars 25, 26 may vary. For example, as shown in FIG. 5,
      the point of engagement of wheel 12 by the pawls 25', 26' may be at the
      top thereof rather than the bottom as described hereinabove with respect
      to FIGS. 1 through 4. In this embodiment, wherein like numerals refer to
      like parts of FIGS. 1 through 4, the head portion 58 of actuator 43 need
      not have an upper cavity (as cavity 46). The upper surface 59 thereof
      bears against the lower surface 60 of a reversing lever 61. A pair of
      pawls 62, 63, having tapered pawl points 64, 65, respectively, are fixedly
      connected to lever 61. This may be accomplished by providing a bracket
      member 66 fixedly connected to the upper surface 67 of lever 61 and having
      pawl 62 secured thereto. Pawl 63 may be fixedly secured by pin 68 to a
      curved end portion 69 of lever 67 as shown.
PAR  The lever 61 may be held within frame 11 by any suitable means with
      openings, similar to openings 28, 29, provided therein for pawls 62, 63 as
      described hereinabove with respect to FIGS. 1 through 4.
PAR  It is to be understood that when lever 61 is moved by element 47, i.e., by
      the engagement of head portion 58 with the surface 60 thereof, the lever
      61 moves to pivot pawls 62, 63 into engagement with the teeth of ratchet
      wheel 12 (and of course flange 23, not visible). As shown in FIG. 5, pawl
      tip 65 is about to engage tooth 54 of wheel 12 while pawl tip 64 is
      generally midway between teeth 54 and 55 as previously described.
PAR  Referring now to FIG. 6 wherein like numerals once again refer to like
      parts of FIGS. 1 through 4, the means for locking ratchet wheel 12 may
      include a bellcrank lever 71 carrying pawls 72, 73 on each arm 74, 75
      thereof. Pawls 72, 73 are configured as previously described and also
      include tapered pawl tips 76, 77 respectively. Any suitable means may be
      provided for securing pawls 72, 73 (which may be portions of suitable
      lockbars as discussed hereinabove) to bellcrank lever 71, such as by
      providing a slot 78 in arm 74, which slot 78 receives therein a pin 79. A
      bracket member 80 is fixedly secured to pin 79 and pawl 72 is connected
      thereto by any suitable means. The other pawl 73 is fixedly secured to a
      pin 82 carried by the other arm 75. The point-to-point contact of pawl
      tips 76, 77 with the teeth of ratchet wheel 12 is clearly shown in FIG. 6.
      Thus, tip 77 is radially aligned with tooth 56 while tip 76 is generally
      midway between the teeth 56 and 57.
PAR  Any suitable means may be used for imparting motion to lever 71. Thus, a
      slot 83 may be provided in the main body portion 84 of lever 71. A plate
      85 may be movable within slot 83 and adapted to engage the sides forming
      slot 83. Plate 85 may be webbing sensitive, i.e., responsive to rapid
      unreeling of webbing 14 from shaft 13 as is well known in the seat belt
      art. Thus, as plate 85 is moved, lever 71 is moved to thus move the pawl
      tips 76, 77 of pawls 72, 73 into engagement with the teeth of ratchet
      wheel 12 (and flange 23) all as previously described. The various elements
      described hereinabove with respect to FIG. 6 may be mounted in frame 11 in
      any suitable manner with openings, similar to openings 28, 29 located for
      accommodating the lockbars of pawls 72, 73.
PAR  As shown in FIGS. 7 and 8, a final alternative means for locking ratchet
      wheel 12 is shown. A cup 86 is mounted on the side of frame 11 opposite
      spring cup assembly 21. Again, like numerals refer to like elements of
      FIGS. 1 through 4. A split ring clutch 87 extends about the periphery of
      cup 86 as shown. Clutch 87 includes an inwardly extending protuberance 88
      (see FIG. 7) for reasons to be described shortly and a spider-like washer
      clutch 90 is retained within frame 11 between cup 86 and the interior of
      reel 10. A mounting plate 91 may be used to secure the cup 86 and clutches
      87, 90 in position on frame 11.
PAR  A pair of lockbars 92, 93 (similar to the lockbars previously described)
      having pawls with tips 94, 95 are mounted on frame 11 below ratchet wheel
      12. A pawl spring is associated with each lockbar 92, 93. Thus, spring 96
      has one end secured within a cut-out portion 97 of frame 11, then extends
      about a two-piece lever arm 98 (see also FIG. 8) carrying lockbar 93. In
      like manner, a second pawl spring 99 is secured at one end within an
      opening 100 in frame 11, then extends about a two-piece second lever arm
      101 carrying lockbar 92.
PAR  The aforementioned protuberance 88 extends into an aperture 102 of lever
      arm 101. Arm 89 of clutch 90 includes an extension portion 103 (see also
      FIG. 7) which extends into an aperture 104 formed in arm 98.
PAR  It is to be understood that conventional inertial means may be connected to
      cup 86 for determining sudden extension of webbing 14 and thus rotating
      cup 86. Force of rotation of cup 86 is then transmitted through clutches
      87, 90 to lockbars 92, 93 which are rotated against the tension of springs
      96, 99 and engage the teeth of ratchet wheel 12. If the pawl tips 94, 95
      are positioned so that, if one pawl tip hits the tip of one of the teeth
      of wheel 12 thereby preventing that pawl tip from engaging its respective
      ratchet wheel tooth, the other pawl tip will be free to engage one of the
      other teeth. That is, as shown in FIG. 8, pawl tip 95 is about to engage
      tooth 56 while pawl tip 94 is about midway between teeth 53 and 54. When
      lockbars 92, 93 are moved to the dotted line position, as previously
      described, the tips 94, 95 will engage the teeth of ratchet wheel 12 in
      the manner described hereinabove with respect to FIGS. 1 through 6. It is
      to be understood that all of the foregoing discussions relating to the
      engagement of wheel 12 are also applicable to the engagement of guide
      flange 23.
PAR  It can be seen from the foregoing that an emergency locking system has been
      described for use with seat belt systems or the like. Dynamic failure
      usually encountered in such systems is minimized by the use of a
      differential mechanism which moves a pair of locking pawls into locking
      engagement with the ratchet wheel of the system. The use of a pair of
      pawls actuated by such mechanisms makes for a more reliable seat belt
      systems.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reel for storing a belt or the like thereon comprising:
PA1  a frame having a shaft journalled for rotation thereon;
PA1  a belt having one end connected to said shaft and adapted to be wound about
      said shaft;
PA1  spring means associated with both said shaft and said frame to revolve said
      shaft in a direction retracting said belt about said shaft;
PA1  a ratchet tooth gear circumferentially mounted on said shaft and rotatable
      therewith, said ratchet tooth gear having a plurality of spaced teeth
      thereon extending in the direction opposite the direction of revolution of
      said shaft by said spring means; and
PA1  means mounted on said frame for stopping the rotation of said shaft in the
      direction opposite the direction of revolution of said shaft by said
      spring means, said means including a pair of lockbars mounted on said
      frame, each of said lockbars having a pawl tip movable from a first
      position out of engagement with said ratchet tooth gear in a direction
      generally normal to the axis of rotation of said gear to a second position
      in engagement therewith, said pawl tips in said second position being
      spaced such that when the pawl tip of one of said lockbars is generally
      radially aligned with one of the teeth of said ratchet tooth gear the
      other of said pawl tips of the other of said lockbars is aligned midway
      between a pair of adjacent gear teeth of said ratchet tooth gear, said
      means mounted in said frame including differential lever means operatively
      engaging said lockbars for moving said lockbars between said first and
      second positions, said lever means having first and second portions
      thereon engaging each of said lockbars and a third portion thereon, and
      means associated with said frame operatively engaging said third portion
      to actuate said lever means in a manner whereby said lever means moves
      said lockbars between said first and second positions, said last-mentioned
      means moving to a lever means actuating position in response to inertia
      acting on said lastmentioned means, and said differential lever means
      including a reversing lever having each of said lockbars fixedly mounted
      thereon, said third position being the underside of said lever, said
      inertia responsive means including a weighted member having an integral
      upper head portion, the upper surface of which bears against the underside
      of said lever for moving said lever when said weighted member is moved
      between positions actuating said lever means.
NUM  2.
PAR  2. A reel for storing a belt or the like thereon comprising:
PA1  a frame having a shaft journalled for rotation thereon;
PA1  a belt having one end connected to said shaft and adapted to be wound about
      said shaft;
PA1  spring means associated with both said shaft and said frame to revolve said
      shaft in a direction retracting said belt about said shaft;
PA1  a ratchet tooth gear circumferentially mounted on said shaft and rotatable
      therewith, said ratchet tooth gear having a plurality of spaced teeth
      thereon extending in the direction opposite the direction of revolution of
      said shaft by said spring means; and
PA1  means mounted on said frame for stopping the rotation of said shaft in the
      direction opposite the direction of revolution of said shaft by said
      spring means, said means including a pair of lockbars mounted on said
      frame, each of said lockbars having a pawl tip movable from a first
      position out of engagement with said ratchet tooth gear in a direction
      generally normal to the axis of rotation of said gear to a second position
      in engagement therewith, said pawl tips in said second position being
      spaced such that when the pawl tip of one of said lockbars is generally
      radially aligned with one of the teeth of said ratchet tooth gear the
      other of said pawl tips of the other of said lockbars is aligned midway
      between a pair of adjacent gear teeth of said ratchet tooth gear, said
      means mounted in said frame including differential lever means operatively
      engaging said lockbars for moving said lockbars between said first and
      second positions, said lever means having first and second portions
      thereon engaging each of said lockbars and a third portion thereon, and
      means associated with said frame operatively engaging said third portion
      to actuate said lever means in a manner whereby said lever means moves
      said lockbars between said first and second positions, said last-mentioned
      means moving to a lever means actuating position in response to inertia
      acting on said last-mentioned means, said differential lever means
      including a bellcrank lever having spaced arms with each of said lockbars
      fixedly mounted thereon.
NUM  3.
PAR  3. A reel for storing a belt or the like thereon comprising:
PA1  a frame having a shaft journalled for rotation thereon;
PA1  a belt having one end connected to said shaft and adapted to be wound about
      said shaft;
PA1  spring means associated with both said shaft and said frame to revolve said
      shaft in a direction retracting said belt about said shaft;
PA1  a ratchet tooth gear circumferentially mounted on said shaft and rotatable
      therewith, said ratchet tooth gear having a plurality of spaced teeth
      thereon extending in the direction opposite the direction of revolution of
      said shaft of said spring means; and
PA1  means mounted on said frame for stopping the rotation of said shaft in the
      direction opposite the direction of revolution of said shaft by said
      spring means, said means including a pair of lockbars mounted on said
      frame, each of said lockbars having a pawl tip movable from a first
      position out of engagement with said ratchet tooth gear in a direction
      generally normal to the axis of rotation of said gear to a second position
      in engagement therewith, said pawl tips in said second position being
      spaced such that when the pawl tip of one of said lockbars is generally
      radially aligned with one of the teeth of said ratchet tooth gear the
      other of said pawl tips of the other of said lockbars is aligned midway
      between a pair of adjacent gear teeth of said ratchet tooth gear, said
      means mounted in said frame including a cup rotatably mounted on said
      frame, and clutch means operatively connected to said cup and rotatable
      therewith, said clutch means including extension members thereon
      operatively engaging a pair of pawl control arms, each of said arms having
      one of said lockbars fixedly secured thereto, and resilient means
      associated with each of said arms for biasing said lockbars in a direction
      out of engagement with the teeth of said ratchet tooth gear.
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ABST
PAL  Yarn tensioning apparatus particularly suitable for receiving essentially
      tensionless yarn and giving it a generally uniform output tension level
      includes friction surfaces across which the yarn is drawn to progressively
      raise the tension level and work out tangles. The tension surfaces are
      long, so that, in passing transversely over them, the yarn may take a
      variety of paths to accommodate the abrupt fluctuations associated with
      tangle release events. Near the output, a member having a friction nose at
      one end is pivoted at its opposite end and includes a curved intermediate
      portion that may swing down to contact a yarn engaging portion of a
      friction pin; the arrangement being such that an increase in yarn tension
      causes movement of the member relative to the pin in a direction to
      produce tension-reducing effects, and vice versa.
BSUM
PAC  BACKGROUND AND FIELD OF THE INVENTION
PAR  This invention relates generally to a tensioner for yarn. More
      specifically, the invention relates to the progressive tensioning of a
      yarn from an essentially stress free condition to a condition of generally
      uniform tension.
PAR  Yarn tension devices are needed in many textile applications and a great
      variety of them have been used heretofore. In general, a yarn tension
      device includes some means for applying a retarding force to a linear
      movement of the yarn. Frequently in the past such retarding forces have
      for example been provided by friction surfaces and the present invention
      also is concerned with a yarn tension apparatus having friction surfaces
      for engaging a moving yarn.
PAR  Although the invention in some of its broader aspects may be applicable to
      various yarn tensioning needs in the textile field, it includes features
      of particular significance in connection with the task of elevating the
      tension level of a yarn from essentially zero to some substantial level
      suitable for winding the yarn onto a package. Such applications are
      particularly difficult ones from a number of aspects, and the apparatus
      must include a combination of features in order to be satisfactory.
PAR  On the one hand, the output yarn tension level must be generally uniform if
      the yarn is to be handled by conventional take-up or winding equipment.
      The conventional take-up machines usually are themselves provided with
      yarn tension devices of some sort but these typically are not intended to
      function efficiently in instances where there are very large tension
      variations in the output yarn. Hence, for an application where yarn is
      being removed from, for example, a pile and delivered to a winding
      machine, the interposition of an extra tensioning system is necessary in
      order that the yarn input to the winding machinery may occur at a
      generally uniform tensions level.
PAR  On the other hand, attainment of a reasonably uniform tension level must
      not interfere with the practical requirements imposed by the need to
      obtain high production rates. That is, the apparatus must be so
      constructed as to minimize down time and to operate at high linear yarn
      feed rates. Various known devices which seem, on a theoretical basis,
      appropriate for producing output tension uniformity, fail to accommodate
      satisfactorily these practical factors and they are not suitable for use
      in the type of commercial application for which the present invention has
      proved especially beneficial. For an example of such a device, reference
      may be made to U.S. Pat. No. 2,331,261.
PAC  OBJECTS AND SUMMARY OF PREFERRED FORMS OF THE INVENTION
PAR  It is a particular object of the invention to provide a novel apparatus for
      uniformly tensioning a yarn in which the frictional surfaces are
      completely exposed and, therefore, readily accessible and which may thus
      be easily and conveniently threaded whenever necessary.
PAR  It is another object of the invention to provide an apparatus for uniformly
      tensioning a yarn in which the frictional surfaces are arranged to
      automatically catch and hold a yarn in the event the yarn breaks so as to
      prevent the yarn from slipping through the apparatus back into the source
      of the yarn.
PAR  It is yet another object of the invention to provide a novel apparatus for
      uniformly tensioning a yarn which can accommodate a large degree of
      lateral wandering of the yarn and which can effectively work tangles out
      of a tensionless yarn.
PAR  An apparatus for progressively converting a yarn from an initial
      essentially stress free condition to a final condition of essentially
      uniform tension according to a preferred embodiment of the invention
      intended to accomplish at least some of the foregoing objects includes a
      friction pin having a surface portion over which the yarn may be drawn and
      a control cooperating with the pin in a novel manner. The control
      preferably is in the form of a plate-like structure mounted for swinging
      movement about an axis parallel to the pin and including a yarn guide nose
      on the opposite side of the pin from the pivot axis. Between the pivot
      axis and the yarn guide nose, the control is provided with a curved
      section overlying the yarn contacting portion of the friction pin. The
      arrangement is such that a yarn may easily be threaded over the ends of
      the pin and control, into the space therebetween. When no tension is
      applied, as for example during a shut-down or after a yarn break in the
      processing equipment downstream from the tension device, the curved
      portion of the control plate tends to pinch or clamp the yarn against the
      friction surface to restrain the yarn against backward movement. However,
      when excessive tension develops during running conditions, the yarn
      tension tends to move the control away from the friction pin in such a way
      as to reduce the angle of contact both between the yarn and the pin and
      between the yarn and the friction nose of the control. This reduced
      contact has the effect of reducing drag forces on the yarn and
      compensating or counteracting the excessive tension condition. In this
      way, generally uniform tension in the output yarn is maintained under a
      variety of conditions.
PAR  The effectiveness of the friction pin and control arrangement is augmented
      in a particular preferred embodiment by the presence of other tensioning
      elements which exert desirable control effects upon yarn moving toward the
      zone of coaction between the friction pin and the control. These
      additional tensioning elements are especially advantageous in
      installations where kinky yarn must be removed from a loose pile, because
      they operate to work out tangles progressively and smoothly.
DRWD
PAC  THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      with reference to the detailed description to follow of a preferred
      embodiment thereof wherein like reference numerals have been applied to
      like elements in which:
PAR  FIG. 1 is a side elevational view of an embodiment of the invention showing
      the general relation between a yarn and elements of the invention;
PAR  FIG. 2 is a partial end elevational view of the embodiment shown in FIG. 1;
PAR  FIG. 3 is an enlarged side elevational view of a portion of the embodiment
      shown in FIG. 1 showing the yarn in engagement with an arc of a friction
      pin; and
PAR  FIG. 4 is an enlarged side elevational view of a portion of the embodiment
      shown in FIG. 1 illustrating a yarn in engagement with a larger arc of a
      friction pin.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, a preferred embodiment of the invention can be
      seen to be comprised of a stanchion 10 carrying a plurality of tensioning
      means which are interposed between a suitable yarn source or reservoir 12
      and a guide roll 14 from which the yarn is drawn to conventional take-up
      means (not shown). The reservoir 12 may contain a loose, unwound supply of
      a yarn 16 in an essentially stress free condition. The reservoir may take
      any suitable form. For instance, a receptacle commonly referred to as a
      J-box might be used, and it may be helpful to visualize the walls 18 in
      FIG. 1 as the walls of an outlet end portion of a J-box forming a source
      of tensionless yarn.
PAR  The take-up means is entirely conventional and need not be described here.
      The take-up means provide the force by means of which the yarn 16 is drawn
      around and over the tensioning means affixed to the stanchion 10.
PAR  In passing from the reservoir 12 to the idler roll 14, the yarn engages and
      is frictionally resisted by a series of tensioning means. As an
      essentially stress free length 19 of the yarn 16 passes from the reservoir
      12 it first encounters and engages a first tensioning means 20 in the form
      of an elongated, smooth, cylindrical first friction pin which is rigidly
      and orthogonally cantilevered from the stanchion 10. It will be noted that
      the length of the arc 22 contacted by the yarn 16 depends upon the
      direction from which the yarn 16 approaches the pin 20. By virtue of this
      engagement of the first friction pin 20 by yarn 16 the passage of the yarn
      is frictionally resisted and a first magnitude of tension somewhat less
      than the desired uniform tension is introduced into the length 23 of the
      yarn 16. The engagement of the pin 20 by the yarn and the passage
      therearound also assists in guiding the yarn to a second tensioning means
      24.
PAR  The second tensioning means 24 is located above and laterally offset from
      the first friction pin 20 in a direction away from the laterally facing
      arc 22 of the first pin. The second tensioning means is similar to the
      first tensioning means and is comprised of a smooth, cylindrical, second
      friction pin 24 which is rigidly and orthogonally cantilevered from the
      stanchion 10. By virtue of the engagement of the second friction pin by
      the yarn 16 as it passes around the arc 26, the passage of the yarn 16 is
      frictionally resisted and a second magnitude of tension greater than the
      first magnitude of tension but less than the desired uniform tension is
      introduced into the length 27 of the yarn 16. The contact with the second
      friction pin 24 also serves to guide the passage of the yarn to a third
      tensioning means 28.
PAR  The third tensioning means 28 is located in the upper portion of the
      stanchion 10 above the first friction pin 20. The third tensioning means
      can be seen to be comprised of a smooth, cylindrical, third friction pin
      28 which is rigidly and orthongonally cantilevered from the stanchion 10.
      After passing from the second friction pin 24 the yarn 16 tangentially
      engages the third friction pin, passes over it, and is directed
      tangentially away. The arc of contact 30 between the friction pin 28 and
      the yarn 16 is variable and faces in a generally upward direction. By
      virtue of the engagement of the friction pin 28 by the yarn 16 the passage
      of the yarn over the friction pin is frictionally resisted and a third
      magnitude of tension greater than the second magnitude of tension but less
      than the desired uniform tension is introduced into the length 31 of the
      yarn 16.
PAR  From the third friction pin the yarn 16 advances around a fourth tensioning
      means 32. The fourth tensioning means is a friction nose, preferably in
      the form of a segment of a generally cylindrical surface which is engaged
      around a variable arc thereof 34 by the yarn 16. By virtue of the
      engagement between the yarn 16 and the variable arc 34 of the friction
      nose 32, the passage of the yarn around the friction nose is frictionally
      resisted and a fourth magnitude of tension greater than the third
      magnitude of tension and equal to the desired uniform tension is
      introduced into the length 35 of the yarn 16. Then as the yarn 16 passes
      from the reservoir 12 around and over the tensioning means to the idler
      roll 14, it is progressively tensioned from an initial stress free
      condition to a final condition of generally uniform tension.
PAR  In this regard it will be recalled that the arcs of contact 30 and 34 were
      referred to as variable arcs. The lengths of the arcs of contact 30 and 34
      between the yarn 16 and the third friction pin 28 and the friction nose 32
      vary in relation to the tension in the yarn portion 31. As the tension at
      31 increases, the lengths of the arcs of contact 30 and 34 decrease. Thus,
      the occurrence of increased tension is accompanied automatically by an
      effect which tends to reduce tension and restore the preexisting tension
      level.
PAR  The variations in the lengths of the arcs of contact 30 and 34 between the
      yarn 16 and the third friction pin and the friction nose is accomplished
      through an arc varying means 36. The arc varying means can be seen to
      include an elongated base 38 which is rigidly and orthogonally
      cantilevered from a point of the upper portion of the stanchion 10 below
      the third friction pin, above the second friction pin and laterally
      displaced from both pins. An elongated planar stem 40 is coextensively and
      pivotally connected to a lateral portion 42 of the base 38, parallel to
      the longitudinal axis of the base. The pivotal connection preferably is
      established by a leaf spring type assembly, for example, an arcuate means
      44 is rigidly, coextensively, and tangentially connected to the elongated
      planar stem 40 and forms a generally arcuate connecting member which fits
      over and partially around the third friction pin. In conjunction with the
      friction nose 32 mentioned earlier, the arcuate means or connection member
      44 serves to direct the yarn from its initial tangential contact with the
      third friction pin over the variable arc of contact 30 with the pin to a
      point of final tangential contact. From this final point of contact, the
      yarn is conducted tangentially away from the pin in a direction generally
      not coinciding with the direction in which the yarn initial contacts the
      pin.
PAR  The friction nose 32 is rigidly and coextensively connected to an end of
      the arcuate connecting member 44 opposite the point at which the
      connecting member is tangentially connected to the elongated planar stem
      40. The movable portion of the arc varying means 36, i.e., the planar stem
      40, arcuate connecting member 44 and friction nose 32, can for convenience
      be referred to as arm 46. The arm 46 is biased pivotally against the third
      and fourth magnitudes of tension by the weight of the unit and by spring
      forces from the leaf spring means used to connect the arm 46 to the base
      38, or other suitable biasing means. It is preferred that the mass of the
      arm 46 is kept as low as is feasible in order to minimize inertia effects
      which tend to promote bouncing of the arm. The biasing force normally
      desired is a light one such that normal yarn tensions will be sufficient
      to keep the arcuate member 44 from pressing the yarn against the pin 28.
PAR  Variations in the orientation of the movable arm 46 of the arc varying
      means 36 cause variations in the lengths of the arcs of contact 30 and 34
      between the yarn and the third friction pin 28 and the friction nose 32 to
      compensate for fluctuations in tension levels. For example, if the tension
      should increase slightly, the arm 46 will pivot slightly upward, the
      length of the arcs 30 and 34 will decrease, and the tension will again
      decrease. Similarly, if the tension decreases, the arm 46 will pivot down,
      the length of the arcs 30 and 34 will increase, and the tension will
      increase again.
PAR  It will also be noted that the danger of a free end of the yarn falling
      back into the reservoir or other source is minimized by virtue of the fact
      that if the yarn should break, it will be caught between the arcuate
      connecting member and the third friction pin. By preventing the yarn from
      falling back into the source the end of the yarn will not be lost and the
      operator may be spared a possibly protracted search.
PAR  From FIG. 2, it will be observed that the ends of the various tensioning
      components 20, 24, 28, and 36 opposite the face 48 of the stanchion are
      unobstructed. This arrangement simplifies threading of the yarn 16 into
      place whenever necessary without any need for threading the yarn axially
      through an eyelet or the like. An operator need not even locate the actual
      yarn end in order to thread up the apparatus, because he can very simply
      slide a mid-portion of the yarn length laterally into place over the
      unobstructed free ends of the components and into contact with the
      friction surfaces on the first, second, and third friction pins and the
      friction nose. Such a simple threading procedure requires a minimum of
      time and skill.
PAR  FIG. 2 also shows the substantial width of zone over which the yarn path
      may vary during use of the apparatus. The stanchion 10 has a vertically
      extending, essentially planar surface 48 from which the first, second, and
      third friction pins and the elongated base of the arc varying means are
      rigidly and orthogonally cantilevered. As illustrated, the pins and the
      base are relatively long. In addition, it should be apparent that the
      elongated planar stem 40, the arcuate connecting member 44, and the
      friction nose 32 which comprise the arm 46 are essentially coextensive
      laterally with the length of the base 38 and the third friction pin 28.
      Thus, because of the elongated nature of the pins, base, and arm, the yarn
      16 is free to wander along the length of the friction pins as it is drawn
      from the reservoir without the uniformity of tension ultimately developed
      in the yarn being adversely affected.
PAR  This freedom to wander is particularly significant in connection with the
      handling of tensionless yarns that may have loose tangles therein. Such
      tangles are best removed by gentle working actions at a plurality of
      points and, as has been explained above, this type of action is provided
      by the present invention wherein the yarn is progressively tensioned from
      an essentially stress free condition to a condition of generally uniform
      tension by the passage of the yarn over the friction pins and the friction
      nose. A tangle moving upwardly through the system may fall apart at any
      one of a plurality of levels, and when it does, there is a sudden
      disturbance to the system which promotes lateral and other displacements
      of the yarn. The illustrated structure is well suited for the handling of
      such irregularities.
PAC  SUMMARY OF MAJOR ADVANTAGES
PAR  It will be appreciated that in providing an apparatus for uniformly
      tensioning a yarn according to the present invention, certain significant
      advantages are obtained.
PAR  In particular, the unique posture and configuration of the friction
      surfaces of the invention allow it to be quickly and conveniently
      threaded.
PAR  In addition, the arrangement and relation between the friction surfaces
      ensures that the yarn will not fall back into the source should the yarn
      break.
PAR  A further advantage resides in the fact that the elongated configuration of
      the friction surfaces affords complete freedom for the yarn to wander as
      it is being drawn from the source.
PAR  In describing the invention, reference has been made to a preferred
      embodiment. However, those skilled in the art and familiar with the
      disclosure of the invention will recognize that certain additions,
      deletions, substitutions, or other modifications may be made within the
      purview of the invention as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Yarn tensnion apparatus through which yarn from a reservoir where the
      yarn is in an essentially tension free condition may be drawn to release
      tangles and to establish a tension level sufficient for winding of theyarn
      onto a package, comprising
PA1  support means;
PA1  a stationary elongated friction member fixed to said support means and
      protruding outwardly therefrom, said member having an unobstructed free
      end over which a mid-portion of a length of yarn may be passed to dispose
      the yarn in contact with and leading transversely across a friction
      surface extending longitudinally of said member, said friction surface
      being curved transversely about the longitudinal axis of said member and
      having a longitudinal extent sufficient to permit substantial migrations
      of the yarn along the friction surface during tangle release events
      without the yarn passing off the unobstructed free end of the friction
      member; and
PA1  a control member mounted on said support means for swinging movement about
      an axis spaced from but parallel to the longitudinal axis of said friction
      member, said control member having an unobstructed free end opposite said
      support means and including
PA2  a longitudinally elongated, transversely curved portion adapted to swing
      toward said curved friction surface of said friction member to press a
      yarn portion against such surface when tension is released, so as to
      engage said yarn portion between said curved portion and said friction
      surface to inhibit accidental unthreading of the yarn from between said
      friction member and said control member by yarn movement along the length
      of the yarn, and
PA2  a yarn guide portion spaced from said curved portion on the side thereof
      opposite the pivot axis, said yarn guide portion including a
      longitudinally elongated guide surface about which the yarn may pass in a
      direction such that an increase in yarn tension tends to swing said
      control member away from said friction member to reduce the length of the
      arc of frictional contact between the yarn and said friction surface and
      thereby effect a tension reduction tending to compensate for said tension
      increase,
PA1  said curved portion of said control member and said yarn guide portion of
      said control member being fixed relative to each other so that any
      movement of said yarn guide portion results in movement of said curved
      portion.
NUM  2.
PAR  2. Yarn tensioning apparatus for progressively converting a yarn from an
      initial essentially stress free condition to a final condition of
      generally uniform tension as said yarn passes upwardly from a yarn source
      toward yarn take-up means, said yarn tensioning apparatus comprising:
PA1  a stanchion having at least one vertically disposed, essentially planar
      surface;
PA1  first tensioning means for initially tensioning the yarn from said yarn
      source from the initial essentially stress free condition to a first
      magnitude of tension less than the magnitude of the generally uniform
      tension of said final condition of the yarn, said first tensioning means
      including:
PA2  a single, smooth, cylindrical first friction pin rigidly and orthogonally
      cantilevered from a lower portion of said planar surface, a generally
      laterally facing arc of said first friction pin being engaged by the yarn
      and passage of the yarn around said first friction pin being frictionally
      resisted and guided thereby;
PA1  second tensioning means for tensioning the yarn from the first magnitude of
      tension to a second magnitude of tension greater than the first magnitude
      of tension but less than the magnitude of the generally uniform tension of
      the final condition of the yarn, said second tensioning means including
PA2  a single, smooth second friction pin rigidly and orthogonally cantilevered
      from said essentially planar surface above and laterally offset from said
      first friction pin in a direction away from said laterally facing arc of
      said first friction pin, a generally laterally facing arc of said second
      friction pin being engaged by the yarn and the passage of the yarn around
      said friction pin being frictionally resisted and guided thereby;
PA1  third tensioning means for tensioning the yarn from the second magnitude of
      tension to a third magnitude of tension greater than the second magnitude
      of tension but less than the magnitude of the generally uniform tension of
      the final condition of the yarn, said third tensioning means including
PA2  a single, smooth, cylindrical third friction pin rigidly and orthogonally
      cantilevered from an upper portion of said planar surface above said first
      friction pin, a variable, generally upwardly facing arc of said third
      friction pin being engaged by the yarn and the passage of the yarn over
      said third friction pin being frictionally resisted and guided thereby;
PA1  arc varying means for varying the length of the arc of said third friction
      pin engaged by the yarn, said arc varying means including
PA2  an elongated base rigidly and orthogonally cantilevered from a point on
      said essentially planar surface below said third friction pin, above said
      second friction pin, and laterally displaced from said third friction pin,
PA2  an elongated planar stem pivotally connected to said elongated base
      parallel to the longitudinal axis of said elongated base, and
PA2  arcuate means connected to said planar stem and forming a generally arcuate
      surface which extends from said connection with said planar stem over and
      partially around said third friction pin and the yarn engaging said third
      friction pin; and
PA1  fourth tensioning means for tensioning the yarn from the third magnitude of
      tension to a fourth magnitude of tension equal to the generally uniform
      tension of the final condition of the yarn, said fourth tensioning means
      being connected to an end of said arcuate means opposite said planar stem
      and comprising a generally arcuate frictionally surface which is variably
      engaged by the yarn in passing from beneath said arcuate means, said
      fourth tensioning meansn being biased against the tension of the final
      condition of the yarn to automatically alter the arcs of contact of said
      yarn with said third and fourth tensioning means in response to tension
      variation, and said arcuate means being swingable into clamping
      cooperation with said third friction pin in the absence of tension in the
      yarn beyond said fourth tensioning means.
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ABST
PAL  A retractable dog leash having a spring loaded wheel for rewinding a
      portion of the leash which has extended therefrom. Disposed at one axial
      portion of the wheel is a circular member having a plurality of recesses
      disposed circumferencially. A blocking member is selectively positioned in
      engagement in one of the recesses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention relates to dog leashes and particularly of the
      type which rewind the leash which has been payed out to a dog. Such
      apparatus has been heretofor known to be relatively bulky and did not
      facilitate great control by the user thereof.
PAR  Accordingly it is the primary object of the invention to provide apparatus
      which enables the user thereof to control the passage of the leash on and
      off of the reel therein.
PAR  It is still another object of the invention to provide apparatus which is
      simple and inexpensive to manufacture and which is compact and therefore
      easy for the operator to carry.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a perspective view showing a user and a dog in addition to the
      apparatus in accordance with the invention;
PAR  FIG. 2 is a side elevational view of the apparatus in accordance with the
      invention;
PAR  FIG. 3 is a sectional view taken through the line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken through the line 4--4 of FIG. 3; and
PAR  FIG. 5 is a sectional view also taken through the line 4-4 of FIG. 3 and
      showing an ultimate position of the apparatus therein.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1, 2 and 3 there is shown one form of the invention
      innerly designated by the numeral 10. The apparatus includes a generally
      cylindrical casing 12 having at one end a strap for engagement with the
      wrist of the user extending from a passageway 16. At the opposite end of
      the casing 10 is a cord 18 which most commonly will be nylon. Nylon
      material is particularly desirable because of its high strength to bulk
      ratio, durability, and elasticity. The latter characteristic is
      particularly desirable if a large dog is being walked.
PAR  The cord 18 is carried within the casing 10 on a reel 20 having at axially
      space extremities thereof ratchet wheels 22, 24. The ratchet wheel 22, 24
      are fixed to the axis 26 of the reel and rotate therewith. The ratchet
      wheel 22 has disposed circumferencially about the edge thereof a plurality
      of recesses 30 which are best shown in FIGS. 4 and 5.
PAR  As is best seen in FIGS. 4 and 5 elongated shaft 32 is carried within a
      portion of the casing 12 for reciprocal movement toward and away from the
      circumference of the ratchet wheel 22. A spring 34 is provided for urging
      the shaft 32 toward the circumference of 22. A button 36 is fixed to
      member 32 and extends through a slot 36 in the casing 12 so that it may be
      selectively urged toward or away from the ratchet wheel 22. It will be
      seen that because of the spring loading provided by spring 34 that the
      member 32 will be urged into blocking relationship with the ratchet wheel
      22 if it is not manually retracted. This is particularly desirable since
      the operator will wish to not only limit the amount of cord that can be
      released at any one time, but also the amount that can be withdrawn into
      the casing 12 at any time. The requirements will vary with the conditions
      peculiar to the area in which the dog is being walked as well as other
      factors peculiar to the dog and the person walking the dog. A coil spring
      38 is disposed at one axial extremity of the reel 20 to provide the
      desired rotary action to place the cord 18 on the reel. It will be
      understood that various alternative arangements are possible including the
      use of a hollow shaft 26 in which the coil spring may extend at one axial
      extremity of the shaft 26 in engagement with the housing 12 to the other
      extremity of the shaft 26 where it is in contact with the shaft itself.
      This alternative is desirable to insure that an adequate number of coils
      are provided. It is still another alternative which will be apparent to
      those skilled in the art to use a coiled spring like device such as that
      which was first disclosed about 1967 and which was widely acclaimed as
      providing a unique spring apparatus. The apparatus of that type could be
      used by means of connecting one end to the axis or shaft 26 and the
      opposite end thereof in radially spaced relationship thereto at the casing
      12. The construction in accordance with that type of spring device or a
      concentrical spring disposed within the shaft 26 will permit the product
      to be manufactured with a relatively small diameter casing 12. It is
      believed that casings as small as 3" may be feasible.
CLMS
STM  Having thus described the invention, what is claimed as new is:
NUM  1.
PAR  1. A retractable dog leash comprising a housing elongated in a longitudinal
      direction; an aperture at one end of said housing communicating from the
      interior to the exterior of said housing; a reel journalled within said
      housing for rotation about an axis generally perpendicular to said
      longitudinal direction; a cord wound about said reel and having a free end
      passing through said aperture; means on the free end of said cord for
      attaching said cord to a dog collar; first spring means coupled to said
      reel for torqueing said reel in a direction for winding said cord thereon;
      a ratchet wheel coupled fixedly to said reel coaxial therewith, said
      ratchet wheel having a plurality of recesses about its periphery; an
      elongated longitudinally directed member mounted slideably within said
      housing radially of said ratchet wheel, said elongated member having an
      end facing said ratchet wheel configured for engagement with one of said
      recesses for blocking rotation of said reel; second spring means for
      urging said elongated member into engagement with said ratchet wheel; a
      longitudinally elongated slot in a side of said housing; and a shaft
      projecting perpendicularly and fixedly from said elongated member and
      through said slot to enable moving said elongated member out of engagement
      with said ratchet wheel.
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ABST
PAL  A spool for transporting a fishline comprised of a hub member which has a
      central opening intended to be received on a spindle of a machine for
      winding line on the spool and to be received on an eye or guide of a
      fishing rod when the line is to be transferred to a reel attached to a
      fishing rod, and an outer annular member which actually carries the line
      and is received on the hub member. The hub member and the annular member
      both have a drum and flanges at the ends thereof. When the line is to be
      wound on the spool the flanges of the members are co-planar with one
      another and are maintained in place by cooperating ribs on the flanges of
      the hub member. By exerting an axial force on one of the members, the
      flanges on the hub member slide along the passage in the hub member drum
      to a position where a groove is provided, the annular member being able to
      rotate freely on the hub member at this position for unwinding the line.
      Alternately, notches and frangible tongues are provided on the flanges for
      maintaining the members against relative rotation initially. The frangible
      tongues can be fractured by exerting a relative axial force on the members
      thus freeing the members for relative rotation.
BSUM
PAR  The present invention relates to a spool adapted to carry a threadlike
      strand, in particular a fishline, before it is transferred to the reel of
      a fishing rod.
PAR  Up to now fishline has been sold in lengths of 25 to 100 meters on plastic
      spools. The transfer of the fishline from the carrier spool to the reel
      requires the assistance of another person, i.e. one holding the carrier
      spool on a spindle which is usually a pencil and the other turning the
      crank handle of the reel onto which the fishline is wound. Without someone
      else's assistance, the transfer is effected by leaving the spool of
      fishline on the ground; the fishline unreels in turns which at the time of
      casting the line may cause snarlng of the fishline, a problem which is
      well-known to fishermen.
PAR  An aim of the invention is to enable the user to unwind the spool of
      fishline without this problem and without the assistance of another person
      on the use of means other than the fishing rod and reel.
PAR  This result is obtained without unacceptable increases in the production
      cost of the fishline by modifications of the equipment or modus operandi
      of winding the fishline on the reel.
PAR  The spool according to the invention is comprised of two parts:
PA0  1. an outer annular member adapted to actually carry the fishline;
PA0  2. a central hub member which may be secured to some support surface and
      which provides the spindle on which the annular member can rotate without
      appreciable friction.
PAR  Means are provided for limiting or arresting the axial displacement of the
      annular member along the axis of the hub member, and other means for
      fixing the annular member on the central member when the fishline is wound
      on the spool by the manufacturer which are inoperative during the
      unreeling of the spool.
PAR  Preferably, the annular member is formed as a hollow cylindrical drum with
      flat flanges at the ends thereof, each flange having at least one central
      aperture which communicates with the interior of the drum through which
      the hub member may pass. The passage formed by the openings in the flanges
      and the interior surface of the drum has at least two generally circular
      portions of different diameters, the diameters being determined without
      taking into account the presence of grooves or female portions, and
      removable ribs or male portions which may be provided.
PAR  The hub member which is preferably fabricated at least in part of elastic
      material comprises at least two generally circular portions of different
      diameters, these diameters also being determined without taking into
      account the presence of grooves or female portions and removable ribs or
      male portions which may be present.
PAR  The largest diameter portion on the hub member is smaller than the largest
      diameter portion in the passage on the annular member, but it is greater
      than the other diameter portions of the passage or in the vicinity thereof
      so that the allowance therebetween corresponds to a friction fit. When the
      largest diameter portion on the hub member is brought into alignment with
      the largest diameter portion of the passage in the annular portion, the
      diameters of the other portions of the hub member are smaller than those
      of the corresponding portions of passage in the annular member so that the
      hub member can rotate with respect to the annular member without
      appreciable friction. When the hub member is displaced axially with
      respect to the annular member from the position in which its largest
      diameter portion is in alignment with the largest diameter portion in the
      passage of the annular member, there is a point at which if the
      displacement is effected at least in a certain direction the movement is
      arrested or at least held up by substantial forces of friction.
PAR  Nevertheless, the scope of the invention includes the possibility of
      interchanging the roles of the annular member and the hub member, for
      example, if the smallest diameter portion of the passage in the annular
      member is made greater than the smallest diameter portion of the hub
      member but it is less than the diameter of another of the portions of the
      hub member or if it is the vicinity thereof the allowance therebetween
      corresponds to a friction fit.
PAR  Likewise, a groove may be replaced by a rib and vice versa without going
      beyond the scope of the invention.
PAR  According to a particular embodiment of the invention, the fixing of the
      hub member against rotation relative to the annular member for winding the
      fishline on the annular member is obtained by providing a single
      non-circular portion on the hub member, in particular tongues or notches,
      and a corresponding non-circular portion on the annular member, in
      particular notches or tongues.
PAR  According to an embodiment, the tongues are not intended to be fractured or
      removed and the diameters of the hub member and the annular member are
      calculated so that when the tongues are received in the notches, the hub
      is able to be displaced with respect to the annular member only insofar as
      it can overcome tight frictional contact. A displacement of the hub member
      by axial translation with respect to the annular member is overcoming the
      resistance due to the force of friction enables the position to be reached
      in which the largest diameter portion of the passage in the annular
      member, preferably a groove in the inner surface of the drum, where the
      hub member is freely rotatable with respect to the annular member; the
      force required to effect this displacement is rather great so that it is
      not produced inadvertently.
PAR  Such an embodiment is especially suited for small diameter spools. For
      larger diameter spools, the deformation due to the force exerted radially
      by the fishline as well as the dimensional variations in the material are
      such that it is difficult to maintain the tightness of the frictional
      contact of the hub member in the passage of the annular member within
      sufficiently accurate limits.
PAR  In such a case, another embodiment is preferred in which the diameters of
      the hub member and the annular member are chosen so that the hub member
      remains in a position in which it can rotate freely with respect to the
      annular member the members being fixed with respect to each other during
      the winding of the line on the spools by tongues received in grooves, the
      shape and size of which are calculated so that the rotational movement of
      the hub member is transmitted to the annular member and so that before the
      unwinding of the line from the spool they are broken off or fractured by a
      rather small force without needing a tool, but which is large enough so
      that this does not occur inadvertently.
PAR  In an embodiment which will be discussed hereinbelow, the tongues or male
      portions are integral with the hub member and the notches or female
      portions are formed in the annular member; however, without going beyond
      the scope of the invention, the tongues or male portions could be integral
      with the flange of the annular member and the grooves or female portions
      could be formed in the periphery of the hub member.
DRWD
PAR  The invention will be explained in greater detail with reference to two
      non-limiting examples corresponding to each of the embodiments described
      hereinabove and illustrated in the accompanying drawings, in which:
PAR  FIG. 1 shows a perspective view of the members of the spool of a first
      embodiment;
PAR  FIG. 2 shows a front view of the same spool ready to receive a fishline;
PAR  FIG. 3 shows a view in axial cross-section, the hub member being assumed to
      be inclined;
PAR  FIG. 4 shows a front view of the hub member of the spool of the first
      embodiment;
PAR  FIG. 5 shows an axial cross-section of the hub member;
PAR  FIG. 6 shows a side view of the spool of the first embodiment in unreeling
      position with the annular member shown in cross-section;
PAR  FIG. 7 shows a front view, half in section, of the annular member of the
      second embodiment of the spool;
PAR  FIG. 8 shows a cross-sectional view of the same annular member;
PAR  FIG. 9 shows an enlarged detail of the detent means of FIG. 7;
PAR  FIG. 10 shows a front view, half in section, of the hub member of the spool
      of the second embodiment;
PAR  FIG. 11 shows a cross-sectional view of the same hub member; and
PAR  FIG. 12 shows a rear view, half in section, of the same hub member.
DETD
PAR  Like elements have the same reference numerals throughout the drawings.
PAR  The spool, shown in FIGS. 1-6 by way of a first non-limiting example,
      comprises two separable parts or members, an outer annular member C for
      storing and carrying the fishline before unwinding and a central hub
      member M fitted inside the annular member.
PAR  The annular member C comprises a cylindrical drum 1 on which the fishline
      is wound and two lateral circular flanges 2 and 3 at the ends of the drum
      1. Openings 4 and 5 are provided in the central area of the flanges 2 and
      3 and are adapted to receive corresponding portions of the hub member M,
      the dimensions of the openings 4 and 5 being less than the inner diameter
      of the drum 1.
PAR  In the illustrated embodiment of FIGS. 1-6, openings 4 and 5 are formed by
      three sectors of a circle of the same diameter alternating with three
      sectors of a circle having a smaller diameter, the larger diameter sectors
      being disposed directly opposite the smaller diameter sectors and vice
      versa. The inner surface of the drum 1 has a circular groove 6 midway
      between the flanges 2 and 3; this groove provides an essential function of
      the present spool which will be discussed hereinbelow.
PAR  The hub member M comprises a hollow cylindrical drum 7 and flanges 8 and 9,
      the shape of the flanges being adapted to the openings 4 and 5 in the
      flange of the annular member. The hub member M is formed of elastic
      material. The radius of the outer edge of the larger diameter portions of
      the flanges 8 and 9 is substantially equal to the radius of the
      corresponding parts of the openings 4 and 5 in the flanges 2 and 3. These
      outer edges of the larger diameter portions of the flanges 8, 9 are
      provided with outwardly projecting ribs 10 making the overall radial
      dimension of these sectors slightly greater than the corresponding
      portions of the openings in the flanges of the annular member. The
      thickness of the rib 10 is slightly less than half the width of circular
      groove 6 in the annular member. The axial dimension of the hub member M is
      substantially equal to that of the annular member C. The drum 7 of the hub
      member is hollow and is open to the surroundings through two openings 11,
      12 formed in the flanges 8, 9. These openings 11, 12 are generally
      circular in shape and have a pair of diametrically opposed radial slots
      15, 16, the radial slots 15, 16 of the flange 8 being perpendicular to the
      radial slots 15, 16 of the flange 9.
PAR  The operation of the novel spool according to the invention is as follows:
      the spool is delivered to the user with the fishline, wound on the drum 1
      of the annular carrier member C between the two flanges 2 and 3, the hub
      member M being in position inside the annular member and the flanges of
      the hub member and the annular member being co-planar and maintained in
      position by the detent means formed by the elastic ribs 10 which are
      compressed by the fact that their diameters, are greater than that of the
      corresponding portions of the openings of the annular member.
PAR  For use, pressure is exerted against the hub member for example, by one's
      thumbs in order to displace the hub member along its axis relative to the
      annular member. The ribs 10 slide along the inner surface of the drum 1
      until they reach the groove 6 into which they expand.
PAR  At this point, the pressure exerted on the hub member is released, the ribs
      10 return to their normal shape as their diameters are less than the
      diameters of the closed end of the groove 6; the annular member C can then
      rotate on the hub member without appreciable friction. It is simply
      necessary to secure the hub member M to some kind of support, preferable a
      section of the fishing rod, the shape and the dimensions of the openings
      11, 12 being calculated to adapt thereto, and an unwinding mechanism is
      thus obtained which can transfer the fishline from the spool to the reel
      without snarling or causing any other problem.
PAR  If desired, the ribs 10 formed on the outer edges of the other flange of
      the hub member could be inserted into the groove 6 in another annular
      member. It is also possible to insert the ribs 10 on the flange of the hub
      member of a third spool into the groove 6 of the annular member of the
      first spool. Indeed, as mentioned hereinabove, the thickness of the rib 10
      is slightly less than half the width of the groove 10 in which it is
      inserted. Accordingly, it is possible to unwind several spools on which a
      single continuous line is wound.
PAR  It may be noted that the particular shape of the opening 4, 5 annular
      member and in the flanges 8, 9 of the hub member is not an essential
      feature when unwinding the spool. It is, however, useful before being sold
      to the user when the line is wound on the spool, because it enables a
      force to be exerted on the annular member through the hub member which
      permits the winding of the line under suitable tension.
PAR  The spool, shown in FIGS. 7-12 by way of a second non-limiting embodiment,
      also comprises two separable parts or members, a hub member M and an
      annular carrier member C. The annular member C comprises, as in the first
      embodiment, a hollow cylindrical drum 1 and two circular flanges 2, 3, at
      the ends of the drum and having openings 4, 5 therein. The openings are of
      generally circular configuration with four notches 20 of small dimensions,
      the depth of the notches being less than the thickness of the flanges. The
      inner surface of the drum 1 has a wide circular rib 21 whose function will
      be explained below.
PAR  The hub member M comprises a hollow cylindrical drum 7 and flanges 8, 9.
      The flanges 8, 9 are generally circular in configuration and, have four
      frangible tongues 22 corresponding to the dimensions of the notches 20.
PAR  If the line is thick, the required length is wound around two spools
      arranged side by side. An axially outwardly extending collar 24 having an
      opening 12 of a first spool is inserted into an opening 11 in a second
      spool (not shown). The tongues 22 are received in the notches 21, securing
      the hub member M relative to the annular member C against relative axial
      displacement as well as relative angular displacement. When the spool is
      to be used, pressure is exerted axially on the hub member, for example, by
      the user's thumbs, so as to fracture the tongues 22 along one of the
      flanges of the hub member. Thereafter it is preferable to exert a force in
      the opposite direction to fracture the frangible tongues along the other
      flange of the hub member to ensure freedom of rotation. If this precaution
      is not taken, the annular member could be arrested during its rotation by
      the unfractured tongues if these tongues 22 were once again to enter the
      notches 20.
PAR  The interior of the drum 7 communicates with the exterior through the
      opening 11 in its flange 8 and through the opening 12 in the flange 9.
PAR  The opening 11 is intended to secure the hub member M on a support and is
      of circular configuration with diametrically opposed toothlike formations
      23 for increasing flexibility and improving the gripping contact.
PAR  The opening 12 is intended for fastening the spool on the spindle of the
      machine for winding the line on the spool and is hexagonal to correspond
      to the cross-section of the spindle on the machine. The collar 24
      increases the stability of the spool during the winding on of the line and
      makes it possible to fix two spools together which are to carry one single
      line.
PAR  The collar 24 is cylindrical in shape and has an outer diameter
      substantially equal to that of the circular part of the opening 11 and
      therefore is able to be inserted with a friction fit into the opening 11
      of another similar spool.
PAR  The operation of the spool is as follows: the spool is delivered to the
      user with the line wound on the drum 1 between the flanges 2 and 3. The
      hub member is freed by fracturing the frangible tongues as mentioned
      above. It is simply necessary to pass the opening 11 of the hub over a
      support for unwinding the line. The support is preferably the eye and
      guide of the fishing rod for which the line is intended; the diameter of
      the opening 11 is calculated in accordance therewith, i.e. it is
      ordinarily hardly less than 22 mm, this dimension corresponding to the
      diameter of the first eyes or guides of the thinnest casting rods now in
      use. If the user has a larger or thicker rod, since the diameter thereof
      will be narrower towards the end diminishing to a diameter less than 20
      mm, an eye or guide will necessarily be found with a diameter
      corresponding to the spool.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spool for line comprising an annular member and a hub member, said
      annular member including a hollow core and a pair of axially spaced
      radially outwardly directed peripheral flanges between which line is
      adapted to be wound and unwound, said hub member being housed
      substantially entirely within said hollow core, and frangible means
      interlocking said annular member and said hub member together for
      simultaneous unified rotation about an axis of rotation of said hub member
      in an unbroken condition of said frangible interlocking means and
      providing free relative rotation between said annular member and said hub
      member in a broken condition of said frangible interlocking means.
NUM  2.
PAR  2. The spool as defined in claim 1 wherein said frangible interlocking
      means are defined by at least a single frangible tongue of one of said
      members engaged in a notch of a remainder of said members.
NUM  3.
PAR  3. The spool as defined in claim 1 wherein said hub member includes means
      for attaching said hub member non-rotatably to the eye of a fishing rod.
NUM  4.
PAR  4. The spool as defined in claim 1 wherein said hub member includes an
      axially outwardly directed projection, noncircular aperture means in said
      axial projection for nonrotationally securing said hub member to a winding
      spindle for winding line upon said annular member when said frangible
      means are unbroken, and said hub means further includes circular aperture
      means for receiving therein an axial projection of another like hub member
      whereby a single unbroken length of line can be wound upon an annular
      member associated with each hub member.
NUM  5.
PAR  5. The spool as defined in claim 1 wherein said hub member includes an
      axially outwardly directed projection, noncircular aperture means in said
      axial projection for nonrotationally securing said hub member to a winding
      spindle for winding line upon said annular member when said frangible
      means are unbroken, said hub means further includes circular aperture
      means for receiving therein an axial projection of another like hub member
      whereby a single unbroken length of line can be wound upon an annular
      member associated with each hub member, said hub member being formed of
      two parts, said axial projection and associated noncircular aperture being
      formed in one of said parts, and said circular aperture means being formed
      in another of said parts.
NUM  6.
PAR  6. The spool as defined in claim 2 wherein said hub member includes means
      for attaching said hub member non-rotatably to the eye of a fishing rod.
NUM  7.
PAR  7. The spool as defined in claim 2 wherein said hub member includes an
      axially outwardly directed projection, noncircular aperture means in said
      axial projection for nonrotationally securing said hub member to a winding
      spindle for winding line upon said annular member when said frangible
      means are unbroken, and said hub means further includes circular aperture
      means for receiving therein an axial projection of another like hub member
      whereby a single unbroken length of line can be wound upon an annular
      member associated with each hub member.
NUM  8.
PAR  8. The spool as defined in claim 2 wherein said hub member includes an
      axially outwardly directed projection, noncircular aperture means in said
      axial projection for nonrotationally securing said hub member to a winding
      spindle for winding line upon said annular member when said frangible
      means are unbroken, said hub means further includes circular aperture
      means for receiving therein an axial projection of another like hub member
      whereby a single unbroken length of line can be wound upon an annular
      member associated with each hub member, said hub member being formed of
      two parts, said axial projection and associated noncircular aperture being
      formed in one of said parts, and said circular aperture means being formed
      in another of said parts.
NUM  9.
PAR  9. The spool as defined in claim 6 wherein said hub member includes an
      axially outwardly directed projection, noncircular aperture means in said
      axial projection for nonrotationally securing said hub member to a winding
      spindle for winding line upon said annular member when said frangible
      means are unbroken, and said hub means further includes circular aperture
      means for receiving therein an axial projection of another like hub member
      whereby a single unbroken length of line can be wound upon an annular
      member associated with each hub member.
NUM  10.
PAR  10. The spool as defined in claim 9 wherein said hub member includes an
      axially outwardly directed projection, noncircular aperture means in said
      axial projection for nonrotationally securing said hub member to a winding
      spindle for winding line upon said annular member when said frangible
      means are unbroken, said hub means further includes circular aperture
      means for receiving therein an axial projection of another like hub member
      whereby a single unbroken length of line can be wound upon an annular
      member associated with each hub member, said hub member being formed of
      two parts, said axial projection and associated noncircular aperture being
      formed in one of said parts, and said circular aperture means being formed
      in another of said parts.
NUM  11.
PAR  11. The spool as defined in claim 1 wherein said frangible interlocking
      means are disposed at inner and outer peripheral surfaces of said
      respective annular member and hub member, and means for limiting relative
      axial movement between said annular member and said hub member after the
      breaking of said frangible interlocking means.
NUM  12.
PAR  12. The spool as defined in claim 1 wherein said frangible interlocking
      means are defined by at least a single frangible tongue of one of said
      members engaged in a notch of a remainder of said members located at
      axially opposite ends of said spool.
NUM  13.
PAR  13. The spool as defined in claim 11 wherein said axial movement limiting
      means includes a pair of axially spaced radially outwardly directed
      flanges of said hub member having sandwiched therebetween a radially
      inwardly directed bead of said annular member.
NUM  14.
PAR  14. The spool as defined in claim 13 wherein said frangible interlocking
      means are defined by at least a single frangible tongue of one of said
      members engaged in a notch of a remainder of said members located at
      axially opposite ends of said spool.
NUM  15.
PAR  15. A spool for line comprising an annular member and a hub member, said
      annular member including a hollow core and a pair of axially spaced
      radially outwardly directed peripheral flanges between which line is
      adapted to be wound and unwound, said hub member being housed
      substantially entirely within said hollow core, and resilient means
      directly interlocking said annular member and said hub member together for
      simultaneous unified rotation about an axis of rotation in a stressed
      condition of said resilient interlocking means and providing free relative
      rotation between said annular member and said hub member in an unstressed
      condition of said resilient interlocking means.
NUM  16.
PAR  16. The spool as defined in claim 15 wherein said resilient interlocking
      means are defined by at least a resilient tongue of one of said members
      radially frictionally engaged against an opposing surface of a remainder
      of said members in said stressed condition.
NUM  17.
PAR  17. The spool as defined in claim 15 wherein said hub member includes means
      for attaching said hub member non-rotatably to an eye of a fishing rod.
NUM  18.
PAR  18. The spool as defined in claim 15 wherein said hub member includes
      axially opposite end walls, axially aligned circlar aperture means in said
      end walls, a pair of diametrically opposed notches in each end wall
      opening into its associated aperture means, and the pair of notches in one
      end wall being angularly offset from the pair of notches in the other of
      the end walls.
NUM  19.
PAR  19. The spool as defined in claim 16 wherein said resilient tongue projects
      radially outwardly of said hub member and said opposing surface is defined
      by a radially inwardly opening notch of said annular member.
NUM  20.
PAR  20. The spool as defined in claim 16 including means for limiting relative
      axial movement between said annular member and said hub member in the
      unstressed condition of said resilient interlocking means.
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ABST
PAL  The level wind apparatus includes a pair of parallel spooling shafts
      mounted in a frame and connected to each other for rotation in opposite
      directions. Both of the shafts have the same square thread profile with
      the same pitch and in the same direction. The shafts are positioned with
      the thread crest of one shaft in overlying relation with the thread root
      or spiral cam track of the other shaft. The spooling shafts are connected
      to each other for rotation at the same peripheral speed in opposite
      directions. In one embodiment opposing pin members are alternately
      positioned in the spiral cam tracks or threads of the respective shafts
      and control the direction of movement of a cable guide bracket that is
      suitably mounted on a horizontal shaft parallel to the pairs of threaded
      spooling shafts. The movement of one pin out of the thread or cam track
      and the movement of the other pin into the thread or cam track is
      controlled by the end thread in each of the shafts that is half pitch and
      has an inclined portion that tapers to zero depth. The tapered portion of
      the thread urges the pin out of the thread or cam track of one spooling
      shaft while the other pin is moved into the cam track of the other
      spooling shaft. Another embodiment includes a single pin member that is
      positioned in the thread or cam track of one spooling shaft and upon
      rotation moves to the end of that shaft where it is urged by the inclined
      end thread into the cam track of the other spooling shaft to move in the
      opposite direction. In another embodiment the strand or cable is
      positioned in the thread or cam track and moves transversely upon rotation
      of the shafts and the cable reverses the direction of transverse movement
      when it reaches the end of the shaft and is transferred into the cam track
      or thread of the other shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a level wind apparatus for distributing a
      flexible strand along more than one length of transverse and more
      particularly to level wind apparatus having a pair of spooling shafts.
PAR  2. Description of the Prior Art
PAR  Level wind devices for winding flexible strands on a spool by distributing
      the flexible strand along more than one length of the spooling device are
      known. Substantially all of the level wind devices include a double
      threaded spooling shaft. For example, U.S. Pat. Nos. 2,134,369, 1,875,467,
      890,213, 1,632,875 and 2,962,906 all disclose a double threaded spool
      shaft with a follower device that reverses direction at the ends of the
      double threaded spooling shaft. There is also disclosed in U.S. Pat. No.
      1,935,385 an endless chain and sprocket device to move the cable bracket
      transversely and distribute cable on a spool. The double threaded spooling
      shaft is expensive to manufacture and requires complex floating follower
      that reverses direction of traverse at the ends of the spooling shaft.
      There is a need for a simple level wind device that does not require a
      double threaded spool shaft and is inexpensive to manufacture and reliable
      in operation.
PAC  SUMMARY OF THE INVENTION
PAR  This hereinafter described invention relates to a level wind device for
      distributing a flexible strand along more than one length of traverse that
      includes a pair of spooling shafts. The spooling shafts are supported in
      parallel spaced relation to each other and are connected for rotation in
      opposite directions. Each of the spooling shafts has a generally
      cylindrical outer surface with a thread formed therein with a preselected
      pitch. The thread forms a spiral cam track in the outer surface of the
      shafts. A strand distributing means includes means positioned in one of
      the cam tracks of one of the spooling shafts that is operable upon
      rotation of the spooling shafts to move longitudinally in one of the cam
      tracks in a first direction to the end of the cam track and thereafter
      move in the other cam track of the other spooling shaft in the opposite
      direction to the end of the other cam track.
PAR  The cam tracks have inclined end portions to facilitate transfer of the
      means positioned in one cam track into the other cam track. The spooling
      shafts are preferably positioned in substantially abutting relation with
      the cylindrical outer surface of one spooling shaft positioned in
      overlying relation with the spiral cam track of the other spooling shaft.
PAR  In one embodiment the cable guide assembly includes a transversely movable
      yoke member with a pair of pins. The pins are arranged to be alternately
      positioned in the cam tacks of the pair of spooling shafts. In another
      embodiment the flexible strand is positioned in the spiral cam track.
PAR  Accordingly, the principal object of this invention is to provide level
      wind apparatus that does not require a double threaded spooling shaft.
PAR  Another object of this invention is to provide a level wind apparatus in
      which the threads of the spool shafts reverse the direction of the strand
      guide bracket.
PAR  These and other objects of this invention will be more completely disclosed
      and described in the following specification, the accompanying drawings
      and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in front elevation of one embodiment of my improved level
      wind apparatus.
PAR  FIG. 2 is a top plan view of the level wind apparatus illustrated in FIG. 1
      with the strand guide bracket support shaft partially omitted to
      illustrate the pair of adjacent spooling shafts.
PAR  FIG. 3 is a fragmentary view in side elevation and in section illustrating
      the pin members that are positioned in the cam tracks or threads of the
      adjacent shafts.
PAR  FIG. 4 is a view in section taken along the line IV--IV of FIG. 2
      illustrating the inclined surface of the end thread.
PAR  FIG. 5 is a view in section taken along the line V--V of FIG. 2
      illustrating the inclined portion of the end thread at the opposite end of
      the distributor screw shaft.
PAR  FIG. 6 is a view in front elevation of another embodiment of my improved
      level wind device in which a vertically movable pin is arranged to be
      positioned in the threaded or cam track portions of both of the spooling
      shafts.
PAR  FIG. 7 is a view in side elevation and in section of the embodiment
      illustrated in FIG. 6 and is taken along the line VII--VII of FIG. 6.
PAR  FIG. 8 is a view in front elevation of another embodiment of my invention
      in which the flexible strand or cable is arranged to ride in the thread or
      cam tracks of the respective spooling shafts to distribute the flexible
      strand over more than one length of traverse.
PAR  FIG. 9 is a view in side elevation and section taken along the line IX--IX
      of FIG. 8 illustrating the flexible strand riding in the cam tracks of the
      respective spooling shafts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings and particularly to FIGS. 1 - 5 there is
      illustrated an embodiment of my level wind apparatus that is generally
      designated by the numeral 10. The level wind apparatus 10 is arranged to
      be associated with a driven spool or reel and is suitably connected
      thereto by means of chain sprockets and/or gears, as is illustrated in
      U.S. Pat. Nos. 2,134,369 and 1,875,467, to revolve the spooling shafts at
      the same ratio as the spool or cable. With this arrangement the shaft
      rotates through one revolution for each revolution of the spool or reel.
PAR  The level wind apparatus includes a base member 12 suitably secured to a
      frame or support member 14 associated with the reel (not shown). A pair of
      spaced upstanding brackets 16 and 18 are secured to the base member 12 and
      are rigidified adjacent there upper portion by a guide bar 20 that is
      positioned in bracket 16 and secured to bracket 18 by means of nut 22. The
      brackets 16 and 18 have pairs of aligned apertures 24, 26, 28 and 30
      therethrough in which there are rotatably positioned a pair of spooling
      shafts 32 and 34. The shaft 32 has a first end portion 36 of reduced
      diameter that extends through aperture 24 in bracket 16 and has a sprocket
      38 connected thereto outboard of the bracket 16. The spooling shaft 32 has
      an opposite end portion 40 of reduced diameter that extends through the
      aperture 28 in bracket 18 and has a gear 42 connected thereto on the
      outboard side of bracket 18.
PAR  The other spooling shaft 34 has an end portion 44 of reduced diameter that
      is journaled in the aperture 26 in bracket 16 and an opposite end portion
      46 that extends through aperture 30. A gear 48 is connected to end portion
      46 of spooling shaft 34 and is arranged to mesh with the gear 42 connected
      to the end of the other spooling shaft 32. With this arrangement rotation
      of spooling shaft 32 by means of drive through sprocket 38 rotates
      spooling shaft 32 in one direction; as, for example, in a clockwise
      direction, at a preselected speed and through gears 42 and 48 rotates the
      other spooling shaft 34 in the opposite direction at the same peripheral
      speed as spooling shaft 32. The spooling shafts 32 and 34 preferably have
      the same major diameter and are positioned in closely adjacent relation to
      each other. Both of the spooling shafts 32 and 34 have a thread formed
      therein of the same pitch. The thread is preferably a square thread with
      the thread forming cam tracks 50 in the respective shafts. The thread or
      cam tracks 50 in both of the spooling shafts 32 and 34 are conventional
      right-hand square threads that may be easily formed on bar stock in a
      conventional threading machine. The cam tracks 50 in both spooling shafts
      32 and 34 have the same minor diameter and major diameter. For
      convenience, the thread root 52 and thread sidewalls will be referred to
      as cam tracks and the thread crest 54 will be referred to as the outer
      planar peripheral surface of the spooling shafts 32 and 34. The spooling
      shafts 32 and 34 are so dimensioned that the outer peripheral surface or
      crest between the threads of spooling shaft 32 is positioned in overlying
      relation with the thread root 52 or cam track 50. The cam track 50
      terminates adjacent the end portion of the shaft in inclined root portions
      56 and 58 that mesh into the outer peripheral surface 54 of the respective
      shafts. The cam tracks 50 on the other shaft also terminate in the
      inclined portions 56 and 58. Although the inclined portions 56 and 58 are
      illustrated in FIGS. 4 and 5 as integral with the spooling shaft 34, it
      should be understood that spiral inserts having the configuration of the
      inclined portions 56 and 58 could be secured to the thread root 52 of the
      respective shaft to permit the threads or cam tracks 50 to be rapidly
      formed on the spooling shafts without forming the inclined portions 56 and
      58.
PAR  A cable guide assembly generally designated by the numeral 60 has a pair of
      sidewalls 62 and 64 with an arcuate support portion 66 therebetween. The
      upper portions of the sidewalls 62 and 64 are connected to each other by a
      transverse bolt 68 and provide an opening 70 between the sidewalls 62 and
      64 above the support portion 66. As is illustrated in FIG. 3, a strand of
      cable 72 is positioned in the opening 70 and is moved transversely with
      the cable guide assembly 60. The cable guide assembly body portion 60 has
      a longitudinal bore 74 therethough and is axially positioned on the shaft
      20 for sliding transverse movement across the level wind apparatus. The
      side walls 62 and 64 have a pair of aligned apertures therethrough to
      facilitate positioning the cable guide assembly 60 on the pair of spooling
      shafts 32 and 34. The cable guide assembly 60 has a spooling shaft rider
      portion 76 that is secured to the sidewalls 62 and 64 and has a pair of
      longitudinal bores therethrough aligned with the apertures in the
      respective sidewalls 62 and 64. The cable guide assembly 60 has the
      spooling shafts 32 and 34 extending through the respective bores in the
      shaft rider block 76 to permit transverse movement of the cable guide
      assembly on the respective spooling shafts 32 and 34. The spooling shaft
      rider block 76 has a longitudinal slot 78 extending therethrough (FIG. 3)
      and a pair of vertical recessed portions 80 and 82. A U-shaped drive yoke
      generally designated by the numeral 84 has a horizontal body portion 86
      and a pair of depending end portions 88 and 90. The depending end portions
      88 and 90 have threaded apertures 92 and 94 therein. Threaded pins 96 and
      98 are positioned in the respective apertures 92 and 94 and have end
      portions 100 and 102 that are arranged to alternately be positioned in the
      respective cam tracks 50 of the spooling shafts 32 and 34. The body
      portion 86 of drive yoke 84 is arranged to slide in slot 78 of the
      spooling rider block 76 to permit movement of the respective pin end
      portions into and out of the cam tracks 50 of spooling shafts 32 and 34.
      There are a pair of detents 104 and 106 in the upper surface of the drive
      yoke body portion 86 to receive ball members 108 and 110 that are urged
      downwardly within the bracket body portion 66 by means of springs 112 and
      114. With this arrangement, the ball member 108 is urged downwardly into
      detent 104 when the pin end portion 100 extends into the cam track 50 of
      spooling shaft 34 and the ball member 110 is arranged to be positioned in
      detent 106 when the pin end portion 102 is in the cam track 50 of spooling
      shaft 32.
PAR  The foregoing described level wind apparatus 10 operates in the following
      manner. Rotation is provided for the spooling shafts 32 and 34 through the
      sprocket 38. The spooling shafts 32 and 34 rotate in opposite directions
      at the same peripheral speed because of the meshing gears 42 and 48
      drivingly connecting the respective shafts. When the cable guide assembly
      60 is positioned as illustrated in FIGS. 1 and 2 the pin end portion 100
      extends into the cam track 50 of spooling shaft 34 as is illustrated in
      FIG. 3. Rotation of the spooling shafts 32 and 34 by means of sprocket 38
      moves the cable guide assembly 60 transversely from the position
      illustrated in FIG. 1 along the spooling shafts toward the sprocket 38.
      The pin end portion 100 in cam track 50 of spooling shaft 34 follows the
      thread of the spooling shaft 34 and through its connection to the cable
      guide assembly 60 moves the cable guide assembly therewith to guide the
      strand or cable 72 transversely across the level wind as the cable is
      wound onto the spool or reel (not shown). As the cable guide assembly 60
      approaches the opposite end of the spooling shaft 34 the pin end portion
      100 moves along the inclined surface 58 of thread root 52 and is urged out
      of the cam track 50 by the inclined surface 58. Simultaneously, the pin
      end portion 102 rides down a similar inclined portion 58 of spooling shaft
      32 that is rotating in the opposite direction and moves into the cam track
      50 of spooling shaft 32. Continued rotation of the spooling shafts 32 and
      34 causes the cable guide assembly 60 to move transversely toward the
      opposite ends of the spooling shafts 32 and 34 on which the gears 42 and
      48 are connected. While moving transversely the cable guide assembly 60
      distributes the strand or cable along the reel as a single layer until the
      cable guide assembly reaches the opposite ends of the spooling shaft
      threaded portions. At the end of the threaded portions of shafts 32 and 34
      the pin end portion 102 rides up an inclined surface 56 and moves out of
      the cam track 50 of spooling shaft 32 while the pin end portion 100 moves
      down a similar inclined portion 56 into the cam track 50 to again move the
      cable guide assembly 60 transversely across the level wind mechanism. It
      should be understood that the spooling shafts 32 and 34 have their end
      portions suitably journaled in bearings within the vertical brackets 16
      and 18 and suitable journals may also be provided for the cable guide
      assembly 60 longitudinal bore 74 and the bores in the rider block 76.
PAR  The embodiments illustrated in FIGS. 6 - 8 have a substantial number of
      similar parts which will be referred to by similar numbers to the same
      parts illustrated and described in the embodiments of FIGS. 1 - 5.
PAR  The embodiments illustrated in FIGS. 6 and 7 include the spooling shafts 32
      and 34 journaled in side brackets 16 and 18 in vertical relation to each
      other. The drive gears 42 and 48 are positioned in both of the side
      members 18 and the sprocket 38 is connected to the end portion of spooling
      shaft 34 outboard of the vertical bracket 18. The spooling shafts 32 and
      34 are positioned in parallel relation to each other similar to that
      previously described with the thread crest portion 54 in overlying
      relation with the cam track 50 of the other spooling shaft. The cable
      guide assembly generally designated by the numeral 120 has a pair of
      transverse bores 122 and 124 therethrough. A pair of rods 126 and 128 are
      secured to the brackets 16 and 18 on opposite sides of the spooling shafts
      32 and 34. The cable guide assembly 120 has the rods 126 and 128 extend
      through the respective bores 122 and 124 so that the cable guide assembly
      120 is slidably positioned on the respective rods 126 and 128 for
      controlled transverse movement. The cable guide assembly 120 has a
      longitudinal bore 130 through which the strand or cable 72 extends. The
      bore 130 is sized to permit the cable 72 to slide therethrough.
PAR  The cable guide assembly 120 has a pair of vertical front and rear walls
      132 and 134 illustrated in FIGS. 6 and 7. The walls 132 and 134 are
      arranged in spaced relation to each other and have elongated vertical
      slots 136 and 138 therein. An actuator pin 140 extends between the
      sidewalls 132 and 134 in the respective slots 136 and 138 and is arranged
      to move or slide vertically in the respective slots. The pin 140 has head
      portions 142 and 144 that maintain the pin within the slots 136 and 138
      and permit vertical movement therein. The pin 140 is arranged to extend
      downwardly into the cam track 50 of the respective spooling shafts 32 and
      34 as is illustrated in the figures. The spooling shafts 32 and 34 have
      the opposed inclined surfaces 56 and 58 on the respective end portions of
      the cam tracks 50 to move the pin upwardly out of one cam track and into
      the cam track of the other spooling shaft.
PAR  The embodiment illustrated in FIGS. 6 and 7 of the level wind apparatus
      operates in the following manner. With the pin 140 in the cam track 50 of
      spooling shaft 34 rotation of the spooling shafts 32 and 34 transfers the
      cable guide assembly 120 by the pin 140 following the cam track 50 in
      spooling shaft 34. When the pin 140 reaches the end of the cam track 50 on
      spooling shaft 34 it climbs the inclined surface 58 and the inclined
      surface 58 on spooling shaft 32 permits the pin 140 to move into the cam
      track 50 of spooling shaft 32 so that upon further rotation of the
      spooling shafts 32 and 34 the pin 140 follows the spiral cam track 50 to
      move the cable guide bracket 120 in an opposite direction toward the gears
      42 and 48. At the end of the cam track 50 on spooling shaft 34 the pin 140
      follows the inclined surface 56 and returns to the cam track 50 on
      spooling shaft 34.
PAR  Referring to the embodiment illustrated in FIGS. 8 and 9, it is possible
      with the pair of spooling shafts 32 and 34 to omit entirely a cable
      bracket and to utilize the cam tracks 50 as the traverse means for the
      cable. The strand or cable 72 is threaded through a cam track in one of
      the spooling shafts 32 or 34 as illustrated in FIGS. 8 and 9. Rotation of
      the spooling shafts traverses the cable by having the cable follow the
      spiral cam track 50 in the spooling shaft 34. Thereafter, when the cable
      has traversed to the end of the spiral cam track 50 of spooling shaft 34
      the inclined surface 58 transfers the cable to the spiral cam track 50 of
      spooling shaft 34. Since the spooling shafts 32 and 34 are rotating in the
      opposite directions the cable follows the spiral cam track 50 in spooling
      shaft 32 to traverse the level wind apparatus in the opposite direction.
PAR  According to the provisions of the Patent Statutes, the principal,
      preferred construction and mode of operation of the invention have been
      explained and described as have what is now considered to represent its
      best embodiments. It should be expressly understood, however, that the
      invention is not necessarily limited to the particular embodiments
      disclosed therein, but may be variously practiced within the scope of the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A level wind device for distributing a flexible strand along more than
      one length of traverse comprising,
PA1  a pair of spooling shafts, said spooling shafts positioned in substantially
      abutting relation,
PA1  means to support said shafts in parallel relation to each other,
PA1  means to rotate said spooling shafts in opposite directions,
PA1  each of said spooling shafts having a cylindrical outer surface with a
      thread formed therein having a preselected pitch, each said thread forming
      a spiral cam track in a respective shaft cylindrical outer surface,
PA1  strand distributing means including a yoke member positioned over both of
      said spooling shafts with depending end portions for transverse movement
      relative to said spooling shafts,
PA1  said yoke member depending end portions having pin members extending
      inwardly toward said spooling shafts and arranged to be alternately
      positioned in a respective one of said cam tracks so that upon rotation of
      said spooling shafts said strand distributing means with one of its pin
      members engaging a respective one of said cam tracks moves longitudinally
      of one of said spooling shafts in a first direction to the end of said
      respective cam track and thereafter said yoke member moves transversely to
      said spooling shafts and positions said other pin member in the other of
      said cam tracks of the other of said spooling shafts and moves said strand
      distributing means longitudinally in the opposite direction to the end of
      said other cam track,
PA1  a rider block having a pair of longitudinal bores therethrough and a pair
      of transverse bores opening into said longitudinal bores,
PA1  said spooling shafts extending through said longitudinal bores,
PA1  said pin members slidably positioned in said transverse bores, and cam
      track means for moving said pin member positioned in one of said cam
      tracks out of said one cam track and said other pin member into the cam
      track of the other said spooling shafts.
NUM  2.
PAR  2. A level wind device for distributing a flexible strand along more than
      one length of traverse as set forth in claim 1 in which said yoke member
      includes,
PA1  a body portion slidably positioned on the upper surface of said rider
      block.
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PAL  Asynchronous high-speed film transport apparatus wherein supply and take-up
      reels have opposite ends of an elongated film wound thereupon. A pair of
      drive motors one for each reel is selectively operable to rotate the reels
      respectively to move film along a path from one reel to the other. First
      and second film vacuum chambers are associated respectively with the
      supply and take-up reels, each chamber being arranged to hold a loop of
      film, the chambers being positioned adjacent the film path between the
      reels. Means are connected to the drive motors for producing movement of
      the film and sensing means are provided for maintaining a predetermined
      loop of film in each of the chambers during film movement. Between the
      first vacuum chamber and a read/record station is a first clamp for the
      film and a storage device for controlling the film advance, the storage
      device including a movable member for controlling the length of a frame. A
      second film clamp is positioned opposite the read/record station. Before
      frame advance, the second film clamp is closed and the first clamp is
      opened. Film is then pulled from the film loop formed in the supply reel
      vacuum chamber by applying air pressure and/or vacuum to the film in the
      storage device. At the same time, the movable member in the storage
      device, or film advance cavity, is positioned to provide the desired film
      advance distance. During film advance, the first clamp is closed and the
      second clamp is opened. Film is then pulled from the film advance cavity
      into the take-up free film loop by vacuum in the take-up film loop cavity
      and/or applied pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In accordance with the desire to be able to drive magnetic tape or film at
      high speeds both in the forward and reverse directions, the prior art has
      designed machines which are capable of feeding record film through a
      read/write station at very high speeds with the ability to reverse
      direction of the film feed in very short periods of time, all without
      imposing any excessive stresses on the film. In general, these machines
      have the film wound around rotating capstans used to draw the film from
      vacuum columns and feed it past the read/write station. A position sensor
      is placed in each vacuum column which is responsive to the position of the
      respective film loop for maintaining a relatively stable position of its
      film loop within the column. These film loop sensing means are generally
      spaced at predetermined maximum and minimum positions. Thus, as the
      capstan withdraws film from one vacuum column and the total length of the
      film stored therein is reduced to the predetermined minimum, control means
      associated with the film loop sensitive means initiates rotation of the
      related reel at some acceleration rate to feed film into the vacuum
      column. As soon as the film exceeds the predetermined maximum length, the
      loop sensitive means located at this predetermined maximum position
      instructs the associated control means to brake the reel to a stop. During
      this time, the film leaving the drive capstan is directed past the
      read/record station and into the other vacuum column. When the film
      therein reaches a predetermined maximum length, its associated film loop
      sensing means instructs the associated control means to initiate rotation
      of its related reel to remove the excess film from the vacuum column by
      winding it onto the take-up reel. Likewise, if the film loop length is
      reduced to the predetermined minimum, associated control means brakes the
      take-up reel to terminate the winding operation.
PAR  When sudden reversals of the direction of film travel are required, such
      when the machine is required to switch from a forward drive to a rewind
      operation, the vacuum loops yield or take-up film practically
      instantaneously since the inertia of the film in the path from vacuum loop
      to vacuum loop over the read/record station is extremely low. After the
      initial very short interval of time, tension is restored to the film and
      the supply and take-up reels both return to normal operation.
PAR  Although the machines described hereinabove perform well when the film or
      tape is driven at continuous high speeds, a problem still remains when it
      is desired to have, in addition to the continuous features described
      hereinabove, a non-continuous or intermittently driven system having a
      variable film advance control. For example, in the computer output
      microfilm (COM) systems utilizing electron beam recording (EBR),
      characters are written directly onto unexposed film. As set forth
      hereinabove, the unexposed film is drawn into the vacuum chamber and a
      page, or frame, is written one character at a time onto the film. After
      the information is written by the electron beam, the film is incremented
      and the next page written. When viewed by a microfilm reader, the
      information on each frame appears exactly as it would on a regular printed
      page.
PAR  Typically, the standard output format from a computer is 132 characters per
      line and 64 lines per page. However, applications exist where more than
      132 characters per line and 64 lines per page would be desirable. Although
      some COM systems provide this capability, the techniques generally involve
      complex mechanical and/or electronic components and the added cost of this
      feature as a COM system option generally makes the option unattractive.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides asynchronous high-speed pneumatic film
      transport apparatus which includes supply and take-up reels about which
      opposite ends respectively of an elongated film may be wound, a pair of
      drive motors one for each reel selectively operable to rotate the reels
      respectively to move film along a path from one reel to the other, first
      and second film vacuum chambers associated respectively with said supply
      and take-up reels, each chamber arranged to hold a loop of film, the
      chambers being positioned adjacent the film path between the reels, means
      connected to the drive motors for producing movement of the film and
      including means for maintaining a predetermined loop of film in each of
      the chambers during film movement. Between the first vacuum chamber and a
      read/record station is a first clamp for the film and a storage device for
      controlling the film advance, the storage device including a movable
      member for controlling the length of a frame. A second film clamp is
      positioned opposite the read/record station. Before frame advance, the
      second film clamp is closed and the first clamp is opened. Film is then
      pulled from the film loop formed in the vacuum chamber by applying air
      pressure and/or vacuum to the film in the storage device. At the same
      time, the movable member in the storage device, or film advance cavity, is
      positioned to provide the desired film advance distance. During film
      advance, the first clamp is closed and the second clamp is opened. Film is
      then pulled from the film advance cavity into the take-up free film loop
      by vacuum in the take-up vacuum chamber and/or applied positive pressure.
PAR  The film storage loops constantly readjust their length automatically and
      independently of the film advance procedure set forth hereinabove. The
      apparatus is therefore capable of operating completely asynchronously at
      very high cycling rates with extremely short film advance times.
PAR  It is an object of the present invention to provide an improved
      asynchronous high-speed pneumatic film transport apparatus.
PAR  It is a further object of the present invention to provide asynchronous
      high-speed pneumatic film transport apparatus which includes means for
      controlling the film advance distance.
PAR  It is still a further object of the present invention to provide
      asynchronous high-speed pneumatic film transport apparatus which is
      reliable, economical, allows rapid reversal in the direction of film
      movement and enables film advance to be automatically controlled.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      features thereof reference is made to the following description which is
      to be read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a front elevational view, with parts in section, of an
      asynchronous pneumatic film transport apparatus embodying the present
      invention; and
PAR  FIG. 1(a) is a block diagram of apparatus for controlling the distance of
      film advance.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the film supply reel 10 is mounted on drive
      spindle 12 and has thereon a coil of unexposed, unsprocketed microfilm 14.
      In the forward direction film 14 passes through an exposure station which
      includes a lens 16 and is wound on take-up reel 18 which is mounted on a
      drive spindle 20. The supply reel spindle 12 and take-up reel spindle 20
      are driven by motors 22 and 24 respectively in either direction, said
      motors being generally of the servo type. Upon selecting the direction of
      rotation of these motors, the spindles on the associated reels coupled
      thereto may be caused to reel or unreel film from the coil thereon.
PAR  Film from reel 10 is driven into vacuum column 26 and then to read/record
      station 16 by rotating drive capstans 28 and 30. The vacuum provides the
      necessary suction to keep the film in contact with the capstans and pinch
      rollers, or idlers 29, maintain the film taut between sections of the film
      transport apparatus. Each of the vacuum drive capstans 28 and 30 is
      capable of rotating in either of two directions in response to the manner
      in which a motor is connected to it by an electromagnetic clutch which is
      not shown. A pair of film loops are shown disposed in each of the vacuum
      columns 26 and 32. As film 14 leaves reel 10, it passes over guide idler
      34, down into vacuum column 26, up around drive capstan 28 past stop means
      (described hereinafter) down around drive capstan 30 into vacuum column 32
      and up over guide idler 36 to take-up reel 18.
PAR  Vacuum chambers 26 and 32 include sensors 38 and 40 and 42 and 44,
      respectively. The sensors sense the position of the film loop ends in
      their associated chamber. Control circuits 46 and 48 are responsive to the
      outputs of their associated sensors.
PAR  When the film loop end rises above an upper sensor 38 or 42 in chambers 26
      and 32, respectively, the associated control circuit causes the reel
      associated with the chamber to rotate in a direction to feed film into the
      chamber. When the film loop drops below a lower sensor 40 or 44, the
      associated control circuit causes the reel associated with the chamber to
      rotate in a direction to withdraw film from the chamber. When the loop end
      is between a pair of sensors, the associated reel is electrodynamically
      braked by means not shown.
PAR  The details of the supply reel and take-up reel motor control circuits, the
      associated rewind circuits etc. have not been shown since means to
      accomplish these functions are well known in the prior art and do not form
      part of the present invention.
PAR  A vacuum pump 50 supplies an appropriate vacuum to chambers 26 and 32 via
      conduits 52 and 54, respectively.
PAR  The present invention is directed to the elements shown between rotating
      drive capstans 28 and 30. A film clamp 56 and its associated platen 58
      serves to clamp the film 14 at predetermined times in the film travel as
      will be described hereinafter. Storage chamber, or cavity, 60 which stores
      the film during its advance, is shown with associated vacuum pump 62 for
      providing a vacuum in the storage chamber. A movable member 64, such as a
      shoe, is moved in the direction shown by arrows 65 in chamber 60 in
      response to appropriate control signals as will be described hereinafter.
      The film 14, after exiting chamber 60 passes through read/record station,
      shown in the figure as a lens, to drive capstan 30. A film clamp 66
      travels in the direction indicated by arrow 67 in response to appropriate
      control signals.
PAR  The asynchronous pneumatic film transport apparatus of the present
      invention operates in the following manner:
PAR  As set forth hereinabove, the supply free storage loop in chamber 26 is
      maintained by vacuum sensors 38 and 40 located in the side of the chamber.
      Signals from the vacuum sensors drive the film supply spool torquer motor
      22 via motor control means 46 which unwinds unexposed film 14 which is
      drawn into the supply free storage chamber by vacuum. The position of the
      film in chamber 32 controls the take-up reel torquer motor 24 and operates
      in a similar manner.
PAR  Before frame advance, film clamp 66 is closed and clamp 56 is opened. Film
      14 is then pulled from the loop in vacuum chamber 26 by applying air
      pressure and/or vacuum to the film stored in storage chamber 60. At the
      same time, movable member 64 in storage chamber 60 is positioned to
      provide the desired film advance distance. During film advance, clamp 56
      is closed and clamp 66 is opened. Film 14 is then pulled from the storage
      chamber 60 into the chamber 32 by vacuum therein.
PAR  The film storage loops in chambers 26 and 32 constantly readjust their
      lengths automatically and independently of the above-described film
      advance procedure. The system described hereinabove is therefore able to
      operate completely asynchronously at very high cycling rates with
      extremely short film advance times.
PAR  Film clamps 56 and 66 are forced to move in the direction of arrows 57 and
      67, respectively, by the operation of solenoids, not shown in the drawing.
      The operation of the solenoids whereby film clamps are alternately
      operated before and after film advance may be done manually or
      automatically. The movable member 64 is controlled as follows. Referring
      to FIG. 1(a), a comparator circuit 70 is coupled to the input of an
      amplifier 72, the output thereof driving servo motor 74. The output shaft
      76 of servo motor 74 is coupled to a mechanical device 78, such as a rack
      and pinion, the rack formed on the movable member 64, which converts the
      rotary motions of shaft 76 into a linear motion. The output of device 78
      is coupled to member 64. The position of member 64 is electrically sensed
      as the signal is coupled to one input of comparator circuit 70 via lead
      80. The other input to the comparator circuit 70 on lead 82 corresponds to
      the desired film advance distance, calibrated relative to the position of
      member 64. The desired film advance is determined and the tap on
      potentiometer 84 is set to correspond to this value. By virtue of the
      operation of the feedback arrangement shown in FIG. 1(a), member 64 is
      moved in the direction of arrow 65 until it is positioned to the desired
      value. Other techniques may be utilized to position member 64 including a
      manual micrometer adjustment, a pneumatic servo system, etc.
PAR  The variable film advance distance is determined by the position of member
      64 since the film 14 is forced by vacuum to follow the contour of member
      64 between the bottom of chamber 60 and the bottom of member 64.
PAR  In the situation, wherein film 14 is to be utilized in a COM system, a CRT
      being used as the recording member, lens 16 passes the image on the face
      of the CRT onto unexposed film 14. The invention, as described
      hereinabove, provides a relatively simple and inexpensive technique for
      adjusting the film frame to correspond to the CRT output.
PAR  If the film 14 has recorded information thereon, the present system may
      also be utilized to view this information. In this case, appropriate
      projection devices are positioned at station 16 and read via a standard
      microfilm reader, the reader, if so desired, having the capability of
      providing a hard copy of the viewed information. It should be noted that a
      magnetic tape, video tape, etc., may be utilized in lieu of film 14.
PAR  In summary, the present invention provides for high speed advances of
      unsprocketed film in an asynchronous manner utilizing a pneumatic-advance,
      pneumatic feed technique with film advance automatically controlled.
PAR  While the invention has been described with reference to its preferred
      embodiment, it will be understood by those skilled in the art that various
      changes may be made and equivalent substitutes for elements thereof
      without departing from the true spirit and scope of the invention. In
      addition, many modifications may be made to adapt a particular situation
      or material to the teachings of the invention without departing from its
      essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an asynchronous high-speed film transport apparatus which includes
      supply and take-up reels about which opposite ends respectively of an
      elgonated film may be wound, a pair of drive motors one for each reel
      selectively operable to rotate the reels respectively to move film along a
      path from one reel to the other, a read/record station being positioned
      between said first and second reels, first and second film vacuum chambers
      associated respectively with said first and second reels, each chamber
      arranged to hold a loop of film, the chambers being positioned adjacent
      the film path between the reels, means connected to the drive motors for
      producing movement of the film and means for maintaining a predetermined
      loop of film in each of the chambers during film movement, the improvement
      comprising:
PA1  means for providing variable-width frames of film for predetermined film
      advance positioned between said first and second vacuum chambers along the
      film transport path,
PA1  first film clamp means located between the first vacuum chamber and said
      frame providing means,
PA1  second film clamp means positioned at the opposite side of said frame
      providing means,
PA1  said first and second clamp means and said frame providing means being
      operated in a manner such that successive frame-by-frame movement of said
      film is provided relative to said read/record station,
PA1  said frame providing means includes a movable member which is positioned
      adjacent one surface of the film to vary the amount of film in said frame
      providing means in response to a signal which corresponds to a desired
      amount of film advance, and further includes means for applying a
      substantially uniform pressure on the other surface of the film in said
      frame providing means and said pressure-applying means cooperates with
      said movable member to define each predetermined frame width for film
      advance.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said film is microfilm.
NUM  3.
PAR  3. The apparatus as defined in claim 1 wherein said pressure-applying means
      is a vacuum acting on the surface of said film opposite said movable
      member.
NUM  4.
PAR  4. In an asynchronous high-speed film transport apparatus which includes
      supply and take-up reels about which opposite ends respectively of an
      elongated film may be wound, a pair of drive motors, one for each reel
      selectively operable to rotate the reels respectively to move film along a
      path from one reel to the other, a read/record station being positioned
      between said first and second reels, first and second film vacuum chambers
      associated respectively with said first and second reels, each chamber
      arranged to hold a loop of film, the chambers being positioned adjacent
      the film path between the reels, means connected to the drive motors for
      producing movement of the film and means for maintaining a predetermined
      loop of film in each of the chambers during film movement, the improvement
      comprising:
PA1  a film storage chamber positioned between said first and second vacuum
      chambers along the silm transport path for providing predetermined frames
      of film,
PA1  first film clamp means located between the first vacuum chamber and said
      storage chamber,
PA1  second film clamp means positioned at the opposite side of said storage
      chamber,
PA1  said first and second clamp means and said storage means cooperating in a
      manner such that successive frame-by-frame movement of said film is
      provided relative to said read/record station, and
PA1  means included in said storage chamber for providing variable frame widths
      for film advance,
PA1  said means for providing variable frame widths comprises a movable member
      which is positioned adjacent one surface of the film to vary the amount of
      film in said chamber in response to a signal which corresponds to a
      desired amount of film advance, and further includes means for applying a
      substantially uniform pressure on the other surface of the film in said
      chamber and said pressure-applying means cooperates with said movable
      member to define each predetermined frame width for film advance.
NUM  5.
PAR  5. The apparatus as defined in claim 4 wherein said pressure-applying means
      is a vacuum acting on the surface of said film opposite said movable
      member.
NUM  6.
PAR  6. A method of transporting film asynchronously in a high-speed film
      transport apparatus which includes supply and take-up reels about which
      opposite ends respectively of an elongated film may be wound, a pair of
      drive motors, one for each reel selectively operable to rotate the reels
      respectively to move film along the path from one reel to the other, a
      read/record station being positioned between said first and second reels,
      first and second film vacuum chambers associated respectively with said
      first and second reels, each chamber arranged to hold a loop of film, the
      chambers being positioned adjacent the film path between the reels, means
      connected to the drive motors for producing movement of the film and means
      for maintaining a predetermined loop of film in each of the chambers
      during film movement, comprising the steps of:
PA1  providing a storage chamber positioned between said first and second vacuum
      chambers along the film transport path, said chamber including a movable
      member which is positioned to vary the amount of film in said chamber in
      response to a signal which corresponds to a desired amount of film advance
      such that variable frame widths of film are defined,
PA1  clamping the film at the egress side of said chamber prior to film advance,
PA1  positioning said movable member in relation to one surface of the portion
      of film in said chamber for a predetermined amount of film advance,
      applying a substantially uniform pressure in relation to the opposite
      surface of the portion of the film in said chamber to cooperate with the
      position of said movable member such that variable frame widths of film
      may be selected for film advance, and
PA1  unclamping the film at the egress side of said chamber and clamping the
      film at the entry side of said chamber for film advance.
PATN
WKU  039374220
SRC  5
APN  4205189
APT  1
ART  246
APD  19731130
TTL  Magnetic tape recording and reproducing machines
ISD  19760210
NCL  7
ECL  1
EXP  Mautz; George F.
NDR  2
NFG  7
INVT
NAM  Kato; Tomomi
CTY  Tokyo
CNT  JA
ASSG
NAM  Sansui Electric Co., Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19721201
APN  47-137576[U]
CLAS
OCL  242204
XCL  242 754
XCL  242210
EDF  2
ICL  G11B 1522
ICL  B65H 2532
FSC  242
FSS  204;203;202;208;209;201;54.1 R;75.4;75.44;210;198;199;200
UREF
PNO  2974891
ISD  19610300
NAM  Waldhauer
OCL  242203
UREF
PNO  3545766
ISD  19701200
NAM  Osborn
OCL  242204
FREF
PNO  1,121,827
ISD  19620100
CNT  DT
OCL  242204
LREP
FRM  Carothers and Carothers
ABST
PAL  A brake mechanism in a magnetic tape recording and reproducing machine in
      which a magnetic tape is transported from one reel to the other reel
      comprising brake drums corresponding to two reels, brake shoes, means for
      securing the brake shoes and means for pressing the brake shoes to
      respective brake drums. Two micro-switches are provided for detecting the
      displacement of the respective means for securing the brake shoes in the
      direction of the rotation of the respective brake drums caused by the
      friction between the brake shoes and the brake drums in the operation of
      the brake mechanism.
PAL  The two micro-switches are used for controlling a circuit giving D.C.
      current to stator windings of two electric motors for driving respective
      reels so that the rotors of both motors may be subjected to
      electromagnetical braking. The two micro-switches are also used for
      prohibiting the machine from starting until the tape transportation is
      perfectly stopped after operation of the brake mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to magnetic tape recording and reproducing machines,
      and, more particularly, to braking in such machines.
PAR  As is well known, a magnetic tape recording and reproducing machine
      comprises a rotating supply shaft for carrying a supply reel thereon, a
      rotating take-up shaft for carrying a take-up reel thereon, means for
      rotating the supply and take-up shafts, a magnetic head assembly for
      writing and reading information signals on and from a magnetic tape
      passing thereon, information input and output circuit means, means for
      maintaining the tape transporting speed constant and braking means to stop
      the rotation of the rotating supply and take-up shafts when the tape
      transporting is desired to be stopped.
PAR  A known braking mechanism is, a so called block brake mechanism, which
      comprises a brake drum carried on each rotating shaft for carrying a reel
      and a friction block which is pressed onto a peripheral surface of the
      brake drum upon braking.
PAR  There is known, a so called band brake mechanism which comprises a brake
      drum carried on each rotating shaft for carrying a reel and a band around
      the drum which binds the drum upon braking.
PAR  Another known brake system is an electromagnetic brake system, wherein D.C.
      current is supplied to the stator windings of the electric motor means for
      driving the supply and take-up reels.
PAR  In the play mode, tape transporting is stopped instantaneously when the
      brake mechanism is operated, because the tape transporting speed is slow.
      But when the machine is used in the rewinding mode or in the fact winding
      mode, it takes a time until the tape transporting stops after the brake
      mechanism is operated. It is very desirable to reduce the time from the
      operation of the brake mechanism to the stop of the tape. This stop time
      has been sufficiently reduced in the above mentioned known brake
      mechanisms for smaller reels, but has not yet been sufficient for larger
      reels.
PAR  In known magnetic tape recording and reproducing machines, the operator can
      start the machine or stop it arbitrarily. If he starts the machine in the
      play mode before stopping of the tape transporting has been effected after
      operating the brake mechanism to stop its rewinding, the tape may be
      broken. Accordingly, it is preferable to prohibit the machine from
      starting instantaneously after operating the same for stopping and until a
      complete stop of the tape has been achieved.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide a braking system for a
      magnetic tape recording and reproducing machine which is provided with
      means for detecting the time lapse from the initial operation of the brake
      mechanism to a completed stop of the tape transportation and a direction
      of the tape transportation in the braking operation.
PAR  Another object of the invention is to provide magnetic tape recording and
      reproducing machines wherein the required time elapsed from the initial
      operation of the brake mechanism to the complete stop of the tape
      transportation is sufficiently reduced.
PAR  Still another object of the invention is to provide magnetic tape recording
      and reproducing machines which have means for prohibiting restarting of
      the machine after operation for stopping the machine until a complete stop
      of the tape transportation has been accomplished.
PAR  The other objects and features of this invention will be clearly understood
      from following descriptions in connection with embodiments of this
      invention in reference to the annexed drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a diagrammatic plan view of a magnetic tape recording and
      reproducing machine,
PAR  FIG. 2 shows a perspective view of an embodiment in which this invention is
      applied to a known brake mechanism of the block brake type for magnetic
      tape recording and reproducing machines,
PAR  FIG. 3 shows a plan view of another embodiment in which this invention is
      applied to another known brake mechanism of the band brake type,
PAR  FIGS. 4A-4C show sequence operational plan views of one embodiment of the
      present invention for explaining the operation of different embodiments of
      this invention, and
PAR  FIG. 5 is a schematic diagram showing an electric circuit of an embodiment
      used in combination with the brake mechanism illustrated in FIGS. 2, 3 and
      4A.
DETD
PAC  DETAILED EXPLANATION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the magnetic tape recording and reproducing machine
      illustrated comprises a rotating supply shaft 1, a rotating take up shaft
      2, an erazing head 3, a write head 4, a read head 5, a capstan roller 6, a
      pinch roller 7, recording circuit 8, reproducing circuit 9, and a speaker
      10.
PAR  A supply reel 11 and a take-up reel 12 are carried on the rotating supply
      shaft 1 and on the rotating take-up shaft 2, respectively and they are
      rotated together with their respective shafts. The tape 13 is transported
      between the reels. In the recording or reproducing mode, the tape
      transporting speed is maintained constant under the control of the capstan
      roller 6 and the pinch roller 7, and the tape engages with heads 3, 4 and
      5 so that the functions of information recording or reproducing may be
      performed.
PAR  Because magnetic tape recording and reproducing machines are well known in
      the prior art in their structure and operation, further descriptions are
      not necessary and are omitted for the simplicity of the description.
PAR  An important feature in magnetic tape recording and reproducing machine is
      a braking system.
PAR  When the transportation of the tape is stopped, it is required that neither
      great tape tension or tape slack result. Therefore the braking system is
      so arranged that the braking strength on a shaft on a side of the reel
      from which a tape is being drawn out is greater than that on the other
      shaft on the other side of the other reel to which the tape is rolled up
      on.
PAR  FIG. 2 shows a known braking system of the block brake type, which
      comprises two brake drums 21 and 22, which are carried on and fixed to
      rotating shafts 1 and 2 respectively, a bar 23 disposed in parallel with a
      plane containing the axes of shafts 1 and 2, opposite end portions of
      which respectively face peripheral surfaces of drums 21 and 22, two block
      brake shoes 24 and 25 fixed to respective end portions of the bar 23, a
      spring means 26 to press the shoes 24 and 25 against the peripheral
      surfaces of the brake drums 21 and 22, and a limiter means 27 for limiting
      the motion of the bar 23 to a predetermined extent in the direction of the
      length of the bar.
PAR  In the braking system of FIG. 2, the braking strength on a shaft 1 on the
      supply side where reel 11 is located and from which a tape is drawn out is
      greater than that on the other shaft 2 on the other or take-up side where
      the other reel 12 on which the tape is rolled up, because the shoes 24 and
      25 are moved together with the bar 23 in the direction of brake drum
      rotation (toward the right in FIG. 2), so that one shoe 24 serves to cut
      into the surface of drum 21 to thereby develop greater braking strength
      than the other shoe 25.
PAR  FIG. 3 shows another known braking system, which comprises two brake drums
      31 and 31' secured to and carried on rotating shafts 1 and 2 respectively,
      two brake bands 32 and 32' respectively disposed around brake drums 31 and
      31', two band shoes 33 and 33' fixed to respective brake bands 32 and 32'
      and respectively facing peripheral surfaces of brake drums 31 and 31',
      fixtures 34 and 34' fixing one end of the respective brake bands 32 and
      32', levers 35 and 35' pivotally supported at points 36 and 36', pivot
      means 37, 37'connecting the other ends of brake bands 32 and 32' to
      respective levers 35 and 35', solenoids 38 and 38' having plungers 39 and
      39' connected to one end of levers 35 and 35' respectively, and spring
      means 40 and 40' connected to the other ends of levers 35.
PAR  Spring means 40 and 40' are each fixed at one end to fixture means 41 and
      41'.
PAR  As can be clearly understood from FIG. 3, pivot means 37 and 37' are
      between supporting points 36 and 36' and one end of levers 35 and 35'
      connected to plungers 39 and 39', and the arrangement of parts are
      symmetrical as between the supply side and the take-up side.
PAR  When solenoids 38 and 38' are not energized, levers 35 and 35' are turned
      about supporting points 36 and 36' by spring means 40 and 40' to draw
      brake bands 32 and 32' so that band shoes 33 and 33' may be pressed on the
      peripheral surfaces of brake drums 31 and 31'. Thus the rotation of drums
      31 and 31' is stopped.
PAR  When the drum 31 rotates in the counterclockwise direction (in FIG. 3) or
      the tape is being drawn from the supply reel, brake shoe 33 and brake band
      32 are displaced in the counterclockwise direciton by the friction between
      the shoe 33 and the drum 31 when energization of solenoid 38 is broken, so
      that the drum 31 may be more strongly bound by the shoe 33. Accordingly,
      in the brake system in FIG. 3, the braking stength on a shaft 1 on the
      side of the machine from which tape is drawn is greater than that on the
      other shaft 2 on the other side where the other reel is located and upon
      which the tape is rolled.
PAR  In the known braking systems as above described in connection with FIGS. 2
      and 3, the time elapsed from the press of the shoe to the brake drum to
      the stop of the tape transportation is not constant, but increases with
      the use of the greater reels or larger amount of tape rolled on the reels
      and with higher speeds of tape transportation.
PAR  But it is desired that the tape transportation may be stopped in the
      shortest possible time after the operation of the brake mechanism. It is
      also desired that the restart of the machine is prohibited until the tape
      transportation is completely stopped, because, if the operator may start
      the machine before the tape transportation is perfectly stopped, the tape
      may be subjected to abnormally high tension thereby subjecting it to
      breakage.
PAR  The apparatus of this invention obtains information signal concerning the
      time at which the operation of the brake system takes place to the time
      the tape transportation stops and the direction of the tape
      transportation, to actuate by the signal another braking system such as an
      electromagnetic brake to reduce the stop time required to completely stop
      the tape transportation, and, furthermore, to actuate by the signal, means
      to suppress starting of the machine.
PAR  To this end, two micro-switches M.sub.1 and M.sub.2 are used together with
      a known brake mechanism.
PAR  In FIG. 2, micro-switches M.sub.1, M.sub.2 are provided and according to
      this invention, to detect the displacement of the bar 23 in its
      longitudinal direction.
PAR  As predescribed, the bar 23 is displaced, for example, to the right (in
      FIG. 2) when the tape transportation from the left reel (or supply reel)
      to the right reel (or take-up reel) is intended to be stopped, so that the
      micro-switch M.sub.1 is switched on, with the other micro-switch M.sub.2
      being maintained in the off condition. When the tape transportation is
      perfectly stopped, the bar 23 is returned by the tension of the spring 26
      in its longitudinal direction so that the micro-switch M.sub.1 is switched
      off.
PAR  In case the direction of the tape transportation is in the reverse, the
      micro-switch M.sub.2 is operated by the bar 23 with the micro-switch
      M.sub.1 being maintained off.
PAR  Thus, the information concerning the direction of the tape transportation
      can be electrically obtained by the operative status of the two
      micro-switches M.sub.1 and M.sub.2, and the time elapsed from the
      operation of the brake mechanism to the stop of the tape transporting can
      be obtained as the time when either of the two micro-switches M.sub.1 and
      M.sub.2 is maintained on.
PAR  This invention can also be applied on the known band brake system
      predescribed in connection with FIG. 3. Two micro-switches M.sub.1 and
      M.sub.2 are arranged so that they may detect the excess of the rotational
      displacement of the respective levers in the direction which permits the
      respective brake bands to bind the respective brake drums, as shown in
      FIG. 3.
PAR  As predescribed, the excess rotational displacement of the lever 35 results
      from the friction between the brake drum 31 and the brake shoe 33 when the
      tape transporting from the left reel (or supply reel) to the right reel
      (or take-up reel) is intended to be stopped, so that the micro-switch
      M.sub.1 is switched on. The other lever 35', then, is not subjected to the
      excess rotational displacement, so that the micro-switch M.sub.2 is
      maintained off. When the tape transportation is stopped, excess rotational
      displacement of the lever 35 is released and, therefore, the micro-switch
      M.sub.1 is switched off.
PAR  In case the tape is transported in the reverse direction, the micro-switch
      M.sub.2 is switched on upon initial operation of the braking system.
PAR  Accordingly, the information concerning the direction of tape
      transportation and the time elapsed from the operation of the brake
      mechanism to the complete stop of the tape transportation can be obtained
      from the operative status of the two micro-switches.
PAR  FIGS. 4A-4C show views for explaining the operation of another embodiment.
      In the drawings, the brake mechanism for one of two spaced rotating shafts
      is not shown for simplification and because the brake mechanism of the
      other shaft may be arranged similarly or opposite but symmetrically. And
      similar parts as in FIG. 3 are indicated by the same reference.
PAR  The lever 35 is pivotally supported at one end portion at a point 36 and
      connected to the plunger 39 at the other end portion. The plunger 39 and
      the associated solenoid 38 are arranged so that the energization of the
      solenoid 38 may cause the lever 35 to turn on the support point 36 towards
      the brake drum 31. The tension spring 40 is connected to the lever 35 so
      that it causes rotation of the lever 35 on the support point 36 in the
      direction of rotation of the brake drum 31. An additional lever 41 is
      pivotally supported at its center position on a pin 42 fixed on the lever
      35 at a point near the support point 36. The additional lever 41 is
      connected to an additional tension spring 43 at its one end portion
      opposite to the support point 36 in reference to the pin 42, and the
      spring 43 is fixed to the fixture 44 secured to the lever 35. An arm 45 is
      secured on the lever 41 at a position between the center position and the
      one end portion connected with the tension spring 43 and, extends
      therefrom in the lateral direction. A micro-switch M.sub.1 is so arranged
      that it may engage with and be switched on by the arm 45 when the lever 41
      rotates against the tension of the additional spring 43.
PAR  The brake band 32 extends around the circumference of the brake drum 31,
      one end of which is connected to the end of the additional lever 41
      opposite to the other end connected to the additional spring, with the
      other end of the band 32 connected to the end portion of the lever 35, as
      shown by 37, which is opposite to the support point 36.
PAR  Referring to FIG. 4B, the status of brake is shown as not in operation, or
      the solenoid 38 is energized, and the brake drum 31 is rotating
      counterclockwise as illustrated by the arrow.
PAR  Upon operation of brake system, energizing of the solenoid 38 is released
      to permit the lever 35 to turn counterclockwise on the support point 36 by
      the tension of the spring. So that the brake shoe 33 is pressed to the
      peripheral surface of the brake drum 31, which is, therefore, braked, as
      shown in FIG. 4B. Then the brake band 2 is displaced counterclockwise by
      small displacement .DELTA. .gamma. caused by the friction between the
      brake drum 31 and the brake shoe 33, to cause the additional lever 41 to
      rotate against the tension of the additional spring 43, as shown in FIG.
      4C, so that the micro-switch M.sub.1 is switched on by the arm 45.
PAR  When the tape transportation is stopped and, therefore the brake drum 31 is
      stopped, the displacement of the brake band is terminated due to the
      elimination of the friction between the brake drum 31 and the brake shoe
      33 so that the micro-switch M.sub.1 is switched off.
PAR  In the situation of reverse rotation of the drum 31, the micro-switch
      M.sub.1 is maintained off because the additional lever is not rotated
      against the tension of spring 43.
PAR  Therefore the brake system described in connection with FIGS. 4A-4C
      provides a function to detect the information concerning the time elapsed
      from the operation of the brake mechanism to the stop of the tape
      transportation and the direction of the tape transportation by the
      operative conditions of the micro-switches.
PAR  FIG. 5 shows an electric circuit illustrating an embodiment in which
      micro-switches M.sub.1 and M.sub.2 are used to control the operation of
      the additional brake system and means for suppressing the start of the
      machine in play mode.
PAR  An electric motor EM.sub.1 is provided for driving the supply reel shaft 1
      and is rotated clockwise (viewing the drawing of FIG. 1) when energized.
      Another electric motor EM.sub.2 is for driving the take-up reel shaft 2
      and is rotated counterclockwise (viewing the drawing of FIG. 1) when
      energized. Each electric motor EM.sub.1 and EM.sub.2 is a condenser motor
      having a main windings ML.sub.1 and ML.sub.2, an auxiliary windings
      L.sub.2 and L.sub.2 and a capacitor C.sub.1 and C.sub.2.
PAR  When switch S.sub.1 is turned on, the electric motor EM.sub.1 is rotated
      with higher torque than the other electric motor EM.sub.2, so the tape is
      rewound to the supply reel (11 in FIG. 1) from the take-up reel (12 in
      FIG. 1) with the desired tension.
PAR  On the other hand, when switch S.sub.2 is turned on, the motor EM.sub.2 is
      rotated with higher torque than the motor EM.sub.1 so that the tape is
      rolled up on the take-up reel from the supply reel in the fast mode.
PAR  In the play mode, the switch S.sub.3 is turned on, and both motors EM.sub.1
      and EM.sub.2 are slowly rotated, the torque of the motor EM.sub.2 being
      greater than that of the other motor EM.sub.1 so that the tape is slowly
      transported from the supply reel to the take-up reel, with a constant
      speed by the control of the known capstan drive (not shown).
PAR  Two switches SW.sub.1 and SW.sub.2 are operative contacts of the
      micro-switches M.sub.1 and M.sub.2, respectively, which are provided for
      the brake mechanism in accordance with this invention as shown in FIGS. 2,
      3 or 4. When the machine is operated from the fast mode to the stop mode,
      the switch S, is turned off and, at that time, for example, solenoids 38
      and 38' (FIG. 3) are released to permit brake shoes 33 and 33' to
      respectively press brake drums 31 and 31'. Since brake drums 31 and 31'
      are rotating counterclockwise in FIG. 3 in the fast mode, the micro-switch
      M.sub.1 is turned on, as understood from the predescriptions. Accordingly
      the switch SW.sub.1 (in FIG. 5) is turned on. DC current is supplied to
      the main windings ML.sub.1 and the auxiliary windings L.sub.1 of the motor
      EM.sub.1 through the closed switch SW.sub.1 and the main windings ML.sub.2
      and the auxiliary windings L.sub.2 of the motor EM.sub.2 through the
      switch SW.sub.1 and the variable resistor VR.sub.2. Thus rotors (not
      shown) of both electric motors EM.sub.1 and EM.sub.2 are suppressed from
      rotation namely, electromagnetic braking is effected. The D.C. current
      supplied to the motor EM.sub.1 is higher in its level that the other motor
      EM.sub.2. Accordingly the supply reel (11 in FIG. 1) is braked more
      strongly than the other take-up reel (12 in FIG. 1) so that tape tension
      may be maintained until the tape transportation is stopped.
PAR  When the tape transportation is perfectly stopped, the micro-switch M.sub.1
      or its switch contact SW.sub.1 is turned off as predescribed so that the
      supply of the DC current to both motors is stopped.
PAR  When the machine is stopped while in the rewinding mode such that switch
      S.sub.1 is turned off, the switch contact SW.sub.2 of the micro-switch
      M.sub.2 is turned on and the rotors of both electric motors EM.sub.1 and
      EM.sub.2 are electromagnetically braked with the rotor of the motor
      EM.sub.2 being braked more strongly than that of the other motor EM.sub.1.
PAR  When the machine is stopped while in the play mode, the switch S.sub.3 is
      turned off and the other operations are similar to those when which occur
      when is made in the fast mode.
PAR  According to the embodiment of FIG. 5, the electromagnetic brake is
      provided to stop the reel rotation in addition to the mechanical brake.
      Therefore the time elapsed from the operation of the brake mechanism to
      the full stop of the tape transportation is reduced with tape tension
      being maintained.
PAR  In FIG. 5, again, a relay RY.sub.1 is connected to the variable resistor
      VR.sub.2. The operating contacts SW.sub.3 are connected to the circuit of
      play switch S.sub.3. When the relay RY.sub.1 is energized, the contact
      SW.sub.3 is turned off, so that the machine is not started in the play
      mode even if the switch S.sub.3 is operated to be turned on. The relay
      RY.sub.1 is energized when either the switch SW.sub.1 or the other switch
      SW.sub.2 is energized. Accordingly, it prohibits the machine to be started
      in the play mode after the operation of brake mechanism before the stop of
      the tape transporting.
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STM  I claim:
NUM  1.
PAR  1. A brake mechanism for a rotatable shaft for carrying a tape reel in a
      magnetic tape recording and reproducing machine comprising AC electric
      motor means to drive said shaft, mechanical brake means operable to brake
      said rotatable shaft, DC electric current supply means, switch means
      adapted to detect displacement of said brake means caused by the braking
      friction between said brake means and said shaft while said shaft is
      rotating and thereby feed a DC current from said DC current supply means
      through the windings of said AC motor means to electromagnetically brake
      the same.
NUM  2.
PAR  2. The brake mechanism of claim 1 including second switch means operable in
      response to the detection by said switch means of displacement to isolate
      said motor means from its power supply.
NUM  3.
PAR  3. A magnetic tape recording and reproducing machine comprising a rotatable
      supply shaft D.C. current supply means for carrying a supply reel, a
      rotatable take-up shaft for carrying a take-up reel, AC electric motor
      means for respectively driving said supply and take-up shafts, and brake
      mechanisms to stop each rotating shaft which each include a brake drum
      fixed on the respective rotating shaft and a brake shoe positioned for
      pressing on the peripheral surface of the brake drum, and characterized in
      that each of said brake mechanisms further consists of support means
      carrying its respective brake shoe, micro-switch means for detecting
      displacement of the respective support means caused by the braking
      friction between the brake shoe and the corresponding brake drum while the
      corresponding shaft is rotating, said micro-switch means operable to feed
      a DC electric curent from said DC current supply means to the windings of
      said AC electric motor means which is in driving engagement with the shaft
      braked with displacement of said support means to electromagnetically
      brake said shaft.
NUM  4.
PAR  4. The magnetic tape recording and reproducing machine of claim 3 including
      an electromagnetically operated switch operable in response to the
      actuation of said micro-switch means by displacement of said support means
      to isolate said AC electric motor means from its electrical power supply.
NUM  5.
PAR  5. A magnetic tape recording and reproducing machine comprising a rotatable
      supply shaft for carrying a supply reel, a rotatable take-up shaft for
      carrying a take-up reel, a supply shaft AC electric motor and a take-up
      shaft AC electric motor for respectively driving said supply and take-up
      shafts, a D.C. current supply source and a pair of brake mechanisms to
      stop each of said rotating shafts respectively which each include said
      brake drum fixed on the respective rotating shaft and a brake shoe carried
      by a brake band operable for pressing said brake shoe on the peripheral
      surface of the brake drum, and characterized in that each of said brake
      mechanisms further consists of micro-switch means for detecting
      displacement of the respective brake band caused by the braking friction
      between the brake shoe and the corresponding brake drum while the
      corresponding shaft is rotating, said micro-switch means operable to feed
      a DC electric current from a DC current supply source to the windings of
      the one of said AC electric motors corresponding to the one of the band
      brake mechanisms wherein said displacement exists to electromagnetically
      brake the corresponding shaft.
NUM  6.
PAR  6. The magnetic tape recording and reproducing machine of claim 5 wherein
      each of said brake mechanisms further includes a first lever pivotally
      supported at one end portion, a second lever pivotally supported
      intermediate its ends on said first lever with one end thereof elastically
      connected to said first lever, the other end of said second lever
      connected to one end of said brake band and the other end of said brake
      band being connected to the other end of said first lever such that
      braking may be obtained by pivoting said first lever, said micro-switch
      means being disposed so as to be closed by the pivotal rotation of said
      second lever caused by said displacement of said band in opposition to
      said elastic connection.
NUM  7.
PAR  7. The magnetic tape recording and reproducing machine of claim 5 including
      an electromagnetically operated switch operable in response to the
      actuation of either of said micro-switch means by said displacement of
      said band to isolate both of said AC electric motors from their electrical
      AC power supply.
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ABST
PAL  A system for controlling the attitude of a vehicle along three-axes is
      provided with a simple momentum wheel of one degree of freedom and several
      jets so as to enable correction of attitude error and dampen nutation
      action of the vehicle. The jets are controlled by means of a two channel
      control circuit terminating in logic gates that select the particular jet
      required to make the error correction. One of the channels is responsive
      to the polarity or sign of a voltage provided as input thereto whereas the
      other channel is responsive to threshold voltage levels provided to it,
      both channels being responsive to inputs from a low pass filter. The
      threshold voltage levels are adjusted by feedback correction paths
      provided in that particular portion of the control circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is in the field of control systems for spacecraft, aircraft,
      satellites, missiles and other movable vehicles requiring attitude
      control, such control being along one, two or three axes of attitude of
      the control vehicle.
PAR  Generally, attitude control is gyroscopically controlled in one or more
      directions by means of a rotating wheel of substantial mass and rotational
      speed to stabilize the attitude of the vehicle in a predetermined
      direction. The large moments of inertia thereby produced, inhibit to a
      large extent, rapid correction of attitude when needed since torques or
      forces must be developed to counteract the effect of these moments.
      Gimbaling systems provide capability, in the rotating wheel stabilizer, to
      obtain more than one degree of freedom of stabilization. However, the more
      degrees of freedom sought to be obtained by these gyro stabilizers the
      greater the complexity thereof, and a priori, the greater the
      unreliability of such a control system. A reliable and relatively simple
      system would be required considering that certain applications of these
      attitude control systems may be in orbital or galaxy investigation
      vehicles that may require many years of operative life. Most of the
      control system types described by the prior art are either dependent upon
      gravitational action of the earth or other celestial bodies or upon their
      geomagnetic fields, if these exist. Thus far, at least in the solar
      system, only two such bodies exhibit geomagnetic fields, and hence the
      prior art control systems are unsuitable for a vehicle whose objectives
      and requirements are as extensive as the one described in the instant
      specification.
PAR  The types of gyro systems hereinabove described are exemplified by U.S.
      Pat. Nos. 3,452,948; 3,582,019; 3,188,639; 3,638,883; 3,741,500;
      3,171,612; 3,105,657; 3,424,401; 3,493,194 and 3,567,155.
PAR  A control system, other than those above identified by the referenced
      patents, is exemplified by U.S. Pat. No. 3,291,419 which utilizes the
      earth's magnetic field by using magnetometer devices as sensors. The
      obvious disadvantage of this system, as mentioned previously, is that it
      is limited to control systems that depend upon a celestial body which has
      a magnetic field, and few of such bodies are known to possess such field.
      Additionally, this system is also mechanically and electrically complex
      and possesses a high degree of unreliability.
PAR  A system used to control aircraft by thrust producers is exemplified by
      U.S. Pat. No. 2,943,822. This system also employs gyroscopic mechanisms,
      used to control several degrees of freedom, such as a vertical gyro and a
      directional control gyro, in addition to propulsion units to offset
      gravitational effects. This patent is a hybrid between gyro and thrust
      control and is also very complex mechanically and electrically, and thus
      has a high degree of built-in unreliability and is unsuitable for the
      purposes intended by the instant specification.
PAR  A fluid proportional thrust system is depicted in U.S. Pat. No. 3,612,442.
      Attitude control is achieved in the moving vehicle of this system by the
      use of vortex amplifying devices to modulate continuous gas flow through
      the several thrustors in response to electrical or fluidic control
      systems. One of the obvious disadvantages of this system is that constant
      use of fuel is required to maintain control thus limiting severely the
      mission period allocated to that vehicle as well as the distances traveled
      from the point of launch.
PAR  Another hybrid control system utilizing a spring body and thrustors is
      characterized by U.S. Pat. No. 3,511,452. The system illustrated by this
      patent depends upon revolutions of a reaction wheel in a suitable housing
      energized by a plurality of pulses. Jets are also provided for controlling
      the vehicle rotational speed. The reaction wheel is counter-rotating with
      respect to the spin rotator of the vehicle and the reactor wheel speed is
      maintained constant. The combination of reaction wheel and spin rotator to
      obtain control of several degrees of freedom also results in a complex
      control system which does not have the capability of compensating for
      vehicle or spacecraft nutation motion either created internally by
      operation of the system or due to outside influences, in addition to being
      unreliable and not suitable for missions of long duration.
PAR  In conventional prior art systems, the effect of the minimum impulse bit
      available from thrustors is to induce a limit cycle in the spacecraft
      nutation. To hold the nutation-caused attitude (pointing error) within
      bounds of roll and yaw limits requires frequent jet firings. For example
      jet firing would be required about every 240 seconds to hold the pointing
      error within allowable deadband tolerances. While the fuel penalty for
      such frequent jet firings is small, the fact that such frequent firings
      are required from a cold start is very detrimental to thrustor reliability
      if, for example, monopropellant hydrazine thrustors are employed.
PAR  One system employing jet thrustors and momentum wheels in current
      development attempts to resolve some of the problems stated in the
      preceding paragraph. It attempts to accomplish this by reducing the wheel
      momentum to as low a value as possible so as to make the nutation period
      as long as possible. This minimizes the frequency of jet firings. Such
      system also uses a very low thrust jet device. Reduction in the minimum
      impulse though accomplished, is acquired at the expense of an increase in
      the nutation period. The thrustors employed are hydrazine dissociation
      types in which the fuel in cold gas form is stored, such thrustors being
      effectively of the cold-gas type. The specific impulse for this type of
      system, as well as the thrust level, is very low in the order of 80
      millipounds. As a result, to effect adequate correction or reorientation
      of the vehicle, another propulsion system added to the system above
      described is needed to obtain the higher thrust levels required.
PAR  A number of theoretical papers relating to equations of motion and
      generally touching on three-axes control for synchronous-orbit type
      communication satellites have been recently written, the most important of
      which is entitled "Attitude Stabilization of Synchronous Satellites
      Employing Narrow-Beam Antennas" by Dougherty, Lebsock and Rodden, AIAA
      paper number 70-457, Third Communications Satellite Conference at Los
      Angeles, California, April 6-8, 1970. The purely theoretical treatment of
      equations of motion developed in this paper is thought to be necessary to
      tie in with the instant specification. Consequently, the equations therein
      were modified, to the extent required by exigencies of the instant
      application, in the section of this specification entitled, "Theoretical
      Development and Equations of Motion," hereinbelow.
PAR  Insofar as all prior art is concerned, it may be stated in summation that
      no known three-axes control systems have been developed capable of being
      operated at synchronous altitudes, the prior art systems generally being
      based on dual spin technology for providing attitude control. Though
      three-axes control systems dependent upon magnetic torquers have been used
      to provide control moment, these are not suitable for the system used
      herein for reasons already stated.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an objective of this invention to provide a control system
      in a vehicle for attitude control thereof in any of three-axes orientation
      that utilizes only one rotatable momentum wheel in one degree of freedom
      and to provide the other degrees of freedom necessary to correct motion
      error by means of periodically pulsing jet thrustors.
PAR  It is another objective of this invention to reduce the large moments of
      inertia created by conventional momentum wheels, particularly wherein such
      momentum wheels are utilized for stabilizing the vehicle along three
      defined axes of orientation.
PAR  It is still another objective of this invention to provide a control system
      that is relatively independent in its operation upon gravitational or
      geomagnetic fields of other celestial bodies.
PAR  It is yet another objective of this invention to provide an attitude
      control system for the vehicle so that the vehicle is capable of operation
      at synchronous altitudes.
PAR  It is a further objective of this invention by means of accomplishing the
      aforementioned objectives to reduce the complexity of the vehicle attitude
      control system and thereby improve its reliability of operation so as to
      make feasible missions of long duration.
PAR  It is yet a further objective of the instant system to provide means for
      eliminating the limit cycle problem which besets three-axis vehicles
      employing momentum bias.
PAR  Briefly, the instant specification, in overcoming the objectionable
      limitations of the prior art, employs a combination of a
      variable-threshold signal level scheme to control the frequency of jet
      firing as a function of the size of the nutation error to be corrected,
      and introduces time delay into the jet firing commands to phase the jet
      firings properly so as to null the nutation error. What is actually done,
      is to damp the nutation error to the point where the error is small enough
      to fall not only within the deadband, but within the capture capability of
      the torquer device.
PAR  Accordingly, a three axes attitude control system for a vehicle is provided
      having a fixed momentum wheel with one degree of freedom and offset
      control jets. The vehicle with this control system is capable of operation
      at synchronous altitudes. Stable damping of nutation action of the vehicle
      insofar as the yaw component is achieved in the process of correcting the
      offset jet angle in the first quadrant of one of the coordinate axes
      planes by orbital coupling. Also stable damping of nutations of the
      vehicle with respect to the roll axis is achieved within the roll error
      deadband without incurring a steady-state limit cycle at the nutation
      frequency.
PAR  This system provides control to the vehicle utilizing a time-delay type
      control circuit employing shift registers having a total delay of
      three-fourths the nutation period and provides for threshold adjustment of
      one of the channels of the control circuit at the half-nutation period
      which results in a steady-state placement of the roll error near the null
      position of the spacecraft with minimal jet activity, to conserve fuel.
PAR  Briefly, mechanization involves a control system that utilizes the
      spacecraft roll attitude signal to generate control jet pulses which null
      the roll pointing error and dampen nutation action of the vehicle due to
      stored pitch axis momentum. Output signals from an earth horizon sensor on
      the vehicle is filtered by means of low pass spectral shaping to remove
      noise components. The filter output signals are sampled to determine if
      the error is larger than the deadband of one channel of the control
      circuit. If the error magnitude is larger than the deadband a jet pulse
      command is sent through a threshold pulse bit delay register in said one
      channel. A sign or polarity pulse bit is provided simultaneously to
      another channel of the control circuit having another delay register.
      Approximately fifteen stages or elements are used in each shift register
      to achieve a total jet pulse delay of three-fourths of the spacecraft
      nutation period. This delay results in proper phasing of the jet pulse
      relative to the nutation cycle of the spacecraft so that nutation damping
      is obtained along with precession due to roll error. To prevent excessive
      jet pulsing at small magnitudes of roll error the threshold pulse bits
      present in the first ten stages of the register in said one channel are
      fed back to widen the deadband. This feedback linearizes the pulse
      frequency versus roll error and in addition provides for an optimal
      two-pulse jet sequence separated by one-half of the nutation period. This
      controller achieves stable nutation damping over the full range of
      nutation amplitudes and places the error within the deadband without the
      use of additional nutation damping devices. Weight economy is realized by
      the elimination of auxiliary damping devices, not required in the instant
      system. Jet activity following deadband capture is reduced to near zero
      due to elimination of the steady-state limit cycle normally associated
      with jet pulsing. This results in improved lifetime reliability as well as
      propellant savings. Because of the inherent time delay character of the
      controller circuit heavy filtering of the sensor output and reduction of
      jet activity due to absence of sensor noise is obtained.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective schematic view of a spacecraft for the purpose of
      showing the attitude control components and the vectors describing the
      spacecraft orientation.
PAR  FIG. 1a is a pattern diagrammatic view of effects for positive large
      nutation damping amplitudes of the spacecraft.
PAR  FIG. 1b is a pattern diagrammatic view of effects for positive nutation
      damping where large nutation amplitudes may be involved and for avoiding
      steady state limit cycle behavior.
PAR  FIG. 1c shows roll aquisition results obtained for the instant system
      utilizing analog computer simulation.
PAR  FIG. 1d shows nutation damping results obtained for the instant system
      utilizing analog computer simulation.
PAR  FIG. 2 is an electrical block schematic showing the attitude control
      circuit utilized in this invention.
PAR  FIG. 2a is a schematic of an exclusive binary logic OR gate usable to
      replace an AND gate and an inverter gate of FIG. 2.
PAR  FIG. 3 is a response curve of logic levels in one of the channels of the
      attitude control circuit.
PAR  FIG. 4 is a response curve of the logic levels in the other of the channels
      of the attitude control circuit.
PAR  FIG. 5 is a mechanization schematic of the several components utilized in
      FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAC  Theoretical Development and Equations of Motion
PAR  The symbols and their definitions used in connection therewith are given in
      Table A, and the logic of a portion of the electronic system is defined by
      Truth Table B. Equations of motion are also provided hereinbelow. In the
      theoretical discussion that follows reference will be made to symbols
      defined in Table A, to Truth Table B and to the equations. All equations
      of motion are written with respect to the orbital reference frame in FIG.
      1.
TBL                TABLE A                                                     
     ______________________________________                                    
     SYMBOLIC DEFINITIONS                                                      
     ______________________________________                                    
     B           Transformation matrix from                                    
                 inertia to body coordinates                                   
     G           Gravity gradient torque (lb.-ft.)                             
     H.sub.N     Nominal wheel momentum (lb.-ft.-sec.)                         
     H.sub.x,H.sub.y,H.sub.z                                                   
                 Roll, pitch, and yaw components                               
                 of control angular momentum                                   
                 respectively (lb.-ft.-sec.)                                   
     I.sub.x     Roll moment of inertia (slug-ft.sup.2)                        
     I.sub.y     Pitch moment of inertia (slug-ft.sup.2)                       
     I.sub.z     Yaw moment of inertia (slug-ft.sup.2)                         
     I.sub.bit   Jet impulse bit                                               
     M.sub.xc,M.sub.zc                                                         
                 Control moments about roll and                                
                 yaw axes respectively (lb.-ft.)                               
     M           Is magnitude of the control                                   
                 moment comprising M.sub.xc and M.sub.zc                       
     P           The nutation period of the vehicle                            
     T.sub.x,T.sub.z                                                           
                 External roll and yaw disturbance                             
                 torques respectively (lb.-ft.)                                
     t           Time (sec)                                                    
     .alpha..sub.J                                                             
                 Jet torque offset angle                                       
     .phi.       Roll Euler angle (radians)                                    
     .theta.     Pitch Euler angle (radians)                                   
     .psi.       Yaw Euler angle (radians)                                     
     .omega..sub.o                                                             
                 Orbit rate (rad/sec)                                          
     .omega..sub.1,.omega..sub.2                                               
                 Natural frequencies (rad/sec)                                 
     .omega..sub.x,.omega..sub.y ,.omega..sub.z                                
                 Roll, pitch, and yaw body rates                               
                 respectively (rad/sec)                                        
     .omega..sub.n                                                             
                 Nutation frequency                                            
     .tau.       Low pass filter shaping time constant                         
     N           Number of stages in delay registers                           
                 46 and 66                                                     
     N.sub.1     Nutation amplitude prior to jet pulsing                       
     N.sub.2     Nutation amplitude after jet pulsing                          
     .DELTA.N    Precession of vehicle due to jet pulse                        
     .beta.      Deadband half width                                           
     T.sub.LC    Limit cycle period                                            
     T           Sample period provided by circuit 30                          
                 of FIG. 2                                                     
     X           Roll vector in direction of flight                            
                 of vehicle, perpendicular to                                  
                 Euler angle .phi.                                             
     X'          Jet torquing vector                                           
     Y           Pitch vector, perpendicular to                                
                 Euler angle .THETA.                                           
     Z           Yaw vector, perpendicular to                                  
                 Euler angle .psi.                                             
     (.sup..)    Time derivative with respect to                               
                 inertial coordinates                                          
     (.sup...)   Second time derivative with                                   
                 respect to inertial coordinates                               
     (.sup.o)    Time derivative with respect to                               
                 body coordinates                                              
     ( )         All underscored symbols are vectors                           
     ______________________________________                                    
TBL                                    TABLE B                                 
     __________________________________________________________________________
     TRUTH TABLE                                                               
             ZONES AS REFERRED TO FIGS. 3 and 4                                
             I II III IV                                                       
     __________________________________________________________________________
     Detector 42                                                               
             0 0  1   1                                                        
     Detector 62                                                               
             1 0  0   1                                                        
     EQUATIONS OF MOTION                                                       
     __________________________________________________________________________
             I.sub.x .omega..sub.x                                             
                      H.sub.x                                                  
     H = H.sub.B + H.sub.W =                                                   
             I.sub.y .omega..sub.y                                             
                   +  H.sub.y - H.sub.N                                        
             I.sub.z .omega..sub.z                                             
                      H.sub.z          (1)                                     
     T + G = H = H.sub.B + H.sub.W + .omega..sub.B .times. (H.sub.B            
     + H.sub.W)                        (2)                                     
            I.sub.x .omega..sub.x + (I.sub.z - I.sub.y).omega..sub.y .omega..su
            b.z + .omega..sub.y H.sub.z - .omega..sub.z (H.sub.y - H.sub.N)    
     T + G =                                                                   
            I.sub.y .omega. .sub.y + (I.sub.x - I.sub.z).omega..sub.x .omega..s
            ub.z + H.sub.y + .omega..sub.z H.sub.x - .omega..sub.x H.sub.z     
            I.sub.z .omega..sub.z + (I.sub.y - I.sub.x).omega..sub.x .omega..su
            b.y + .omega..sub.x (H.sub.y - H.sub.N) - .omega..sub.y H.sub.x    
                                       (3)                                     
             sin .phi.                                                         
                 cos .phi.                                                     
                     cos .sup.2 .theta.(I.sub.y - I.sub.z)                     
     G = -3.omega..sub.o.sup.2                                                 
             sin .theta.                                                       
                 cos .theta.                                                   
                     cos .phi.(I.sub.x - I.sub.z)                              
             sin .phi.                                                         
                 sin .theta.                                                   
                     cos .theta.(I.sub.y - I.sub.x)                            
                                       (4)                                     
     .phi.    cos .theta.                                                      
                  sin .phi.                                                    
                      sin .theta.                                              
                           cos .phi.                                           
                               sin .theta.                                     
                                    .omega..sub.x                              
           1                                                                   
     .theta.                                                                   
         =    o   cos .phi.                                                    
                      cos .theta.                                              
                          -sin .phi.                                           
                               cos.theta.                                      
                                    .omega..sub.x                              
           cos .theta.                                                         
     .psi.    o   sin .phi.                                                    
                           cos .phi.                                           
                                    .omega..sub.z                              
                  sin .psi.                                                    
              +.omega..sub.o                                                   
                  cos .psi. cos .theta.                                        
                  sin .psi. cos .theta.                                        
                                       (5)                                     
     M.sub.xc + T.sub.x = I.sub.x .phi. + (a + .omega..sub.o H.sub.N).phi. +   
     (b + H.sub.N).psi. - .omega..sub.o H.sub.z                                
     M.sub.yc + T.sub.y = I.sub.y .theta. + d.theta. + H.sub.y                 
     M.sub.zc + T.sub.z = I.sub.x .psi. + (c + .omega..sub.o H.sub.N).psi. -   
     (b + H.sub.N).phi. + .omega..sub.o H.sub.x                                
     where                                                                     
          a = 4.omega..sub.o.sup.2 (I.sub.y - I.sub.z)                         
          b = -(I.sub. x - I.sub.y + I.sub.z).omega..sub.o                     
          c = .omega..sub.o.sup.2 (I.sub.y - I.sub.x)                          
          d = 3.omega..sub.o.sup.2 (I.sub.x - I.sub.z)                         
                                       (6)                                     
     H.sub.N &gt;&gt; max [I.sub.x .omega..sub.o, I.sub.y .omega..sub.o, I.sub.z     
     .omega..sub.o ]                   (7)                                     
     M.sub.xc + T.sub.x = I.sub.x .phi. + .omega..sub.o H.sub.N .phi. +        
     H.sub.N .psi.                                                             
     M.sub.zc + T.sub.z = I.sub.z .psi. + .omega..sub.o H.sub.N .psi. -        
     H.sub.N .phi.                     (8)                                     
        T.sub.z                                                                
     .psi..sub.SS =                    (9)                                     
        .omega..sub.o H.sub.N                                                  
        T.sub.z max                                                            
     H.sub.N =                         (10)                                    
        .omega..sub.o .psi. max                                                
         H.sub.N                                                               
     .omega..sub.1 .congruent.                                                 
            ; and .omega..sub.2 .congruent. .omega..sub.o                      
                                       (11)                                    
        .sqroot. I.sub.x I.sub.z                                               
     M.sub.xc + T.sub.x = .omega..sub.o H.sub.N .phi. + H.sub.N .psi.          
     M.sub.zc + T.sub.z = .omega..sub.o H.sub.N .psi. - H.sub.N .phi.          
     where                                                                     
          M.sub.xc = M cos .alpha..sub.J and                                   
          M.sub.zc = -M sin .alpha..sub.J                                      
                                       (12)                                    
     sin .alpha..sub.J .psi. + .omega..sub.o cos .alpha..sub.J .psi. =         
     (T.sub.x sin .alpha..sub.J + T.sub.z cos .alpha..sub.J)/H.sub.N           
                                       (13)                                    
     M.sub.xc = I.sub.x .phi. + H.sub.N .psi.                                  
     M.sub.zc = I.sub.z .psi. - H.sub.N .phi.                                  
                                       (14)                                    
     .DELTA..phi. = .phi..sub. c - .phi.                                       
                                       (15)                                    
         8.beta.                                                               
     T.sub.LC =                                                                
         .beta.                                                                
     where                                                                     
          T.sub.LC is the limit cycle period                                   
          .beta. is the deadband halfwidth                                     
          .beta. is the rate imparted by a jet                                 
           minimum impulse bit         (16)                                    
     I.sub.bit 1 &lt; .lambda..phi..sub.on H                                      
     I.sub.bit is the jet impulse bit                                          
     1 is the length of moment arm of the vehicle                              
     .lambda. is a function of .tau., t.sub.d and .alpha..sub.J, where         
      .tau. is filter 20 time constant, and                                    
      t.sub.d is the jet pulse time delay                                      
     H is the pitch axis momentum bias                                         
     .phi..sub.on is the minimum half deadband threshold                       
      level, is also approximately equal to                                    
      N Nper equation (21)             (17)                                    
            kfP                                                                
     .phi. = .phi..sub.on  1 +                                                 
            2                                                                  
     f is the jet firing frequency                                             
     k is the gain parameter that influences                                   
      the time response for initial roll                                       
      errors below saturation value                                            
     P is the nutation period          (18)                                    
              kP                                                               
     .phi..sub.sat = .phi..sub.on  1 +                                         
              2T                                                               
     where                                                                     
          .phi..sub.sat is error corresponding to                              
                       1                                                       
     maximum jet frequency f =                                                 
                         , where                                               
                       T                                                       
     T is the sample period provided by                                        
     clock control circuit 30 as in FIGURE                                     
     2.                                (19)                                    
     .omega..sub.n .tau. = 1                                                   
     where                                                                     
          .omega..sub.n = nutation frequency and is also                       
     2.pi.                                                                     
     .tau. = low pass filter shaping time                                      
      constant                         (20)                                    
     N.sub.2                                                                   
         .sup.2                                                                
               .DELTA. N                                                       
                   .sup.2                                                      
                       .DELTA. N                                               
          = 1 +     - 2  cos .delta.                                           
     N.sub.1   N.sub.1 N.sub.1                                                 
     where                                                                     
          N.sub.1                                                              
             is the nutation amplitude prior                                   
             to jet pulsing                                                    
          N.sub.2                                                              
             is the nutation amplitude after                                   
             jet pulsing                                                       
          .DELTA.N                                                             
             is the precession due to the jet                                  
             pulse                                                             
          .delta.                                                              
             is the interior angle between                                     
             .DELTA.N and N.sub.1.                                             
              where                                                            
                  .delta.                                                      
                      in FIG. 1a representing                                  
                      small signal delay, is                                   
                      .alpha..sub.J + .mu. + .gamma.                           
                  .mu.                                                         
                      being the dead zone                                      
                      variable delay and is                                    
                      0 &lt; .mu. &lt; 90.degree.                                    
                  .gamma.                                                      
                      being the controller                                     
                      fixed delay and is                                       
                      &gt;0                                                       
                  .alpha..sub.J,                                               
                      as before defined,                                       
                      is 0&lt;.alpha..sub.J &lt;90.degree.; and                      
                  .delta.                                                      
                      in FIG. 1b representing                                  
                      large signal delay is                                    
                      360 - (.alpha..sub.J + .mu. + .gamma.)                   
                                       (21)                                    
     .gamma..sub.S = sensor 10 lag                                             
     .gamma..sub.F =                                                           
         tan.sup.-.sup.1 .omega..sub.n .tau.                                   
         which is filter 20 lag.                                               
        .omega..sub.n T                                                        
     .gamma..sub.T =                                                           
        2                                                                      
     which is lag contributed by switching                                     
     of sampling switch 30.                                                    
     .gamma..sub.D = .omega..sub.n T N                                         
     where N is the number of stages in                                        
     shift registers 46 and 66, herein                                         
     15 stages.                        (22)                                    
     __________________________________________________________________________
PAR  Referring to FIG. 1, coordinate axes definition of spacecraft 1 is shown as
      it relates to an internal axis momentum wheel 2 as it rotates in a plane
      perpendicular to pitch vector Y of the spacecraft, which is also
      perpendicular to the plane of pitch Euler angle .theta.. Angle .phi.
      defines the roll Euler angle rotation of the spacecraft about the X vector
      which X vector defines the direction of flight of the spacecraft. Angle
      .psi. defines the yaw Euler angle of the spacecraft about the Z vector,
      which Z vector is pointed towards the earth in this illustration. Vectors
      X, Y and Z are orthogonal with respect to each other. Earth horizon sensor
      10 is mounted on the spacecraft in a place perpendicular to vector Z.
PAR  The total angular moments may be written as the sum of body and wheel
      contributions including the wheel bias, which may be mathematically stated
      by equation (1).
PAR  Identifying the gravity gradient torques separately, Euler's equations are
      stated by equations (2) or (3).
PAR  For circular orbits (of interest at synchronous altitude), the gravity
      gradient torque is, in terms the Euler rotations .phi., .theta., and
      .psi., stated by equation (4).
PAR  The Euler and body rates of .phi., .theta., and .psi. are related by
      equation (5).
PAR  Solving Eq. (5) to eliminate body rates from equation (3), and adding the
      results of equation (4) thereto yields the desired non-linear equations of
      motion of the spacecraft.
PAR  For small angles, the non-linear equations developed herein, may be reduced
      to a set of linear, constant-coefficient differential equations, in terms
      of the roll, pitch, and yaw angles, and the three components of
      incremental angular momentum of the wheel, .phi., .theta., .psi., H.sub.x,
      H.sub.y, H.sub.z respectively. For such small angles, linearized form of
      these equations may be represented by equation set (6).
PAR  In the following treatment, it is assumed that the wheel spin axis
      coincides with the pitch axis, so that H.sub.x =H.sub.z =0.
PAR  The linearized pitch dynamics are uncoupled from roll and yaw and are
      independent of the bias momentum H.sub.N. Only the coupled roll and yaw
      equations are considered in the following analysis.
PAR  The bias angular momentum is chosen to greatly increase the coupling of the
      roll and yaw dynamics. Since yaw errors are not observable, it is
      desirable to increase the yaw coupling into the roll dynamics to permit
      indirect control of yaw. This is accomplished by using a large value of
      bias angular momentum so that the gyroscopic coupling (H.sub.N .psi.) of
      yaw rate into the roll dynamics is significant. This results in the
      condition expressed by equation (7).
PAR  Consequently the coupled roll/yaw equations can be written approximately as
      expressed by equations (8).
PAR  The approximate value of the bias angular momentum and the general form of
      the roll and yaw momentum controller can be determined by considering the
      uncontrolled roll/yaw equations, where M.sub.xc =M.sub.zc =0. First note
      that in the steady state the yaw offset due to a constant yaw torque is
      given by equation (9).
PAR  This represents the unobservable constant of integration of the yaw
      equation of motion. This offset is uncontrollable but can be limited to an
      acceptable value by adjusting the bias momentum. When the M.sub.xc and
      M.sub.zc terms are used to control the roll/yaw dynamics, the additional
      coupling will result in an additional steady-state yaw offset due to a
      constant roll torque. It will be shown later that the additional yaw
      offset due to a roll torque is small and, consequently, equation (10) can
      be used to size the bias momentum.
PAR  The uncontrolled roll/yaw dynamics can be shown to have natural frequencies
      approximated in equation (11). The high frequency term .omega..sub.1
      represents the nutation motion of a gyroscope, whereas the low frequence
      term .omega..sub.2 is orbit rate motion and is due to the rotation of the
      orbit frame with respect to inertial space. The uncontrolled torque-free
      motion is a nutation or high frequency coning of the spin axis about a
      fixed direction in inertial space. The fixed inertial direction appears to
      rotate at orbit rate with respect to the orbit reference frame.
PAR  An approximate constraint on design range for .alpha..sub.J may be shown by
      considering only low frequency motion wherein roll attitude is maintained
      near zero through pulsing of the offset jets such that roll error is
      driven to zero.
PAR  For long period motion the second derivative terms .psi. and .phi. may be
      taken as zero. Long periods of motion may be expressed by equations (12).
PAR  Although the attitude correction takes place as a series of jet pulses, it
      is appropriate to consider with long term motion, that the control is
      continuous and that this control results in continuous nulling of roll
      attitude so that we may take .phi. = .phi. = 0. There thus results from
      equation (12), equation (13) describing yaw motion.
PAR  Equation (13) defines stability where .alpha..sub.J is only in the first or
      third quadrants. Under the equivalence of equation (13), with correction
      for polarity, we shall consider only the condition when o&lt;.alpha..sub.J
      &lt;90.degree..
PAR  Considering the short period version represented by equations (8), short
      term period equations are obtained by taking .omega..sub.o = 0 and T.sub.X
      =T.sub.z =0, the result of which is shown by equations (14).
PAR  Equations (14) will be taken as representing the dynamic model to be
      controlled, which is discussed in terms of structure, function and
      mechanization hereinbelow, in this specification.
PAR  Referring to FIGS. 1, 1a and 1b and considering the requirements to be met
      by the instant system it must be recognized that it is well know that
      single axis attitude control systems without stored momentum using only
      reaction jets can operate only in a limit cycle mode. This is due to the
      difficulty achieving reliable jet pulsing below the minimum impulse bit
      level. A steady state condition for such control system, with
      substantially zero disturbance torque, provides double-sided jet pulsing
      within the deadband. A typical limit cycle period thereof is defined by
      equation (16). The relationship between the parameters of equation (16),
      taking into consideration variation in deadband, indicates a trade between
      pointing accuracy and lifetime jet activity which becomes more favorable
      to each as the minimum impulse bit is reduced. Minimum impulse bit in turn
      is often dictated by thrust and moment arm sizing for fast time response
      and jet minimum on time limitations.
PAR  This situation is greatly changed in the present invention by the presence
      of stored momentum within the spacecraft by means of momentum wheel 2. For
      example, in a pitch momentum bias system with a component of jet impulse
      torque applied about yaw axis Z, the roll error is nulled by a series of
      jet pulses which precess the total spacecraft momentum such that the spin
      vector is in the local horizontal plane. As jet pulsing results in
      spacecraft nutation about the inertial momentum vector, it is necessary
      that a jet torque be applied about roll axis X, and that proper phasing of
      the jet pulses relative to the nutation cycle be employed to assure jet
      nutation damping.
PAR  This invention presents a momentum bias jet controller which achieves roll
      attitude nulling. The control system is one that is related to a steady
      state behavior which does not exhibit limit cycle behavior. Such control
      system results in a large reduction of jet activity over the mission
      lifetime with attendant jet reliability improvement.
PAR  The overall system provides torque pulses to null the roll sensor output
      using the offset jets. The residual yaw error is subsequently nulled
      through orbital coupling. Stable yaw nulling requires offset angle
      .alpha..sub.J to be in the first quadrant, namely between zero and ninety
      degrees.
PAR  The sensor used herein provides an output which is first filtered to remove
      high frequency noise components and prevent jet activity when the actual
      roll error is within deadband 2.beta.. Since the overall phase lag through
      the controller is high, it is possible to use high filter time constants
      and significantly reduce the RMS noise. Filter time constants in the order
      of ten percent of the nutation period are realizable. Thus, for example,
      for a nutation period of 250 seconds, a filter time constant of 25 seconds
      would result. Sensor noise figures are typically based on a time constant
      of one second, so that a factor of five in RMS noise reduction can be
      achieved.
PAR  The filtered error signal is next passed through the deadband element which
      determines if positive or negative jet pulsing is required. The error is
      sampled at a period which is at least an order of magnitude below the
      nutation period. This is necessary to minimize the uncertainty of the time
      of deadband crossing which contributes a random phase error to jet
      pulsing. For example, with a sample period of one-twentieth of the
      nutation period, a maximum pulse phase lag error of 18.degree. is
      possible. However, this may be offset by loop phase adjustment of
      9.degree. lead so that the uncertainty is distributed evenly about the
      design point.
PAR  The deadband threshold is adjusted based on sampling history within the
      prior half nutation period. Thus, the deadband is widened by either
      positive or negative jet pulse samples. Negative jet pulse samples are
      electronically reversed in the control system so they appear as positive
      samples to the sampling means therein. For small errors, this produces jet
      pulses which are separated by half the nutation period. Such a separation
      results in minimum residual nutation. For large errors, the deadband
      adjustment results in increased jet pulsing frequency and thereby gives
      faster time response. The maximum pulsing frequency is equal to the sample
      frequency or twenty pulses per nutation cycle.
PAR  The sample consists of two binary bits of information. The threshold bit
      indicates if the deadband threshold, whether positive or negative, has
      been exceed. The sign bit indicates the sign of the error signal. These
      bits are input for the two-shift registers which act to delay jet pulsing
      so that proper phasing is obtained between the nutation cycle and the jet
      control pulse. The first ten bits of the threshold register adjust the
      deadband to achieve the derived rate of behavior as discussed in the
      preceeding paragraph.
PAR  The signal and threshold bits are combined at the output of the shift
      register to pulse the appropriate positive or negative control jet for a
      fixed pulse width if the threshold bit is equal to binary logic ONE. The
      jet torquing axis is defined by vector X and in general produces a roll as
      well as a yaw torque. The offset angle, .alpha..sub.J, denotes the angle
      between the roll axis and the jet torquing axis. Although most efficient
      roll control is obtained at .alpha..sub.J = 90.degree. (pure yaw torque)
      the requirements of yaw control through orbital coupling dictate a reduced
      offset angle, typically less than 30.degree..
PAR  The deadband threshold is selected as a compromise between minimizing
      pointing error and maximizing jet impulse bit. The steady state limit
      cycle may be avoided by satisfying a criteria of the form stated by
      relationship (17) under title of "Equations of Motion," hereinabove.
      Transient data obtained, indicates that .lambda. .apprxeq. 1.
PAR  For roll errors outside the deadband, the jet firing frequency, f, varies
      according to relationship (18) up to the maximum value of f. Thus the gain
      parameter k influences the time response for initial roll errors below the
      saturation value .phi..sub.sat defined by equation (19). A value of unity
      may be selected for k. It does not appear desirable to decrease k greatly
      below unity (to 0.1 for example) as this could result in unwanted multiple
      firings due to sensor noise when the roll error is near the deadband.
PAR  For convenience of analysis, the design constraint as stated by equation
      (20) is imposed on the low pass filter time constant .tau.. This permits
      approximation of the filter as a pure phase delay at nutation frequency,
      .omega..sub.n. Analog computer simulation as necessary to determine a
      realistic upper bound for .tau..
PAR  Nutation damping considerations are used to determine the total time delay
      between error sampling and jet pulsing. The need for proper jet pulse
      phasing with the nutation cycle is illustrated in FIGS. 1a and 1b showing
      projection of the total spacecraft momentum vector and the pitch axis on
      the celestial sphere. These are denoted by points M.sub.1 , M.sub.2 and Q.
      Prior to jet firing, the spacecraft is nutating about the inertially fixed
      momentum vector M.sub.1. Jet firing precesses the momentum vector to
      M.sub.2 and results in a new nutation amplitude. Jet damping results if
      the nutation amplitude is decreased by the jet pulse. The nutation before
      and after are related by the law of cosines for the triangle M, QM.sub.2
      as stated by equation (21). In equation (21) it is show that .DELTA.N is
      the precession due to the jet pulse and .delta. is the acute angle
      .angle.QM.sub.1 M.sub.2. This relation defines a region of acceptable
      firing angles to achieve N.sub.2 &lt;N.sub.1. At large amplitudes
      (N.sub.1&gt;&gt;.DELTA.N) such range is bounded by .vertline..delta..vertline.&lt;
      90.degree.. As the nutation amplitude decreases, the range of acceptable
      .delta. decreases. Thus, at N.sub.1 =.DELTA.N/2, the acceptable range of
      firing angle collapses to zero so that jet damping below this amplitude is
      not possible. At N.sub.1 =.DELTA.N a more realistic range of
      .vertline..delta..vertline.&lt;60.degree. achieves positive damping. It may
      be anticipated that .phi..sub.on .apprxeq..DELTA.N is a reasonable first
      approximation for relating torque bit to roll deadband. The interior
      angle, .delta., relates the relative phase of jet pulsing to the nutation
      phase. Zero nutation phase is defined at maximum yaw attitude. As can be
      seen from FIG. 1a, .delta. has three components: .alpha..sub.J is the jet
      offset angle, .mu. is the phase lag due to finite deadband, and .gamma.
      are fixed, .mu. will vary with nutation amplitude. At small nutation
      amplitudes, .mu. approaches 90.degree. and with positive .alpha..sub.J and
      .gamma., an undesireable steady state limit cycle results. Positive
      .alpha..sub.J is required for static stability and positive .gamma. is
      present due to the need for lag shaping to filter the roll sensor output.
PAR  FIG. 1b however illustrates the merits of the jet controller used in
      connection with FIG. 1. Using a large signal delay permits both the use of
      lag filtering and the nominal phasing of jet pulses for maximum damping.
      Thus a steady state limit cycle is avoided with a system having high noise
      rejection. Given .alpha..sub.J the design may be specified by selecting
      .gamma. which represents the sum of electronic phase lags from the sensor
      input to the control jets; the phase lags being stated by expressions
      (22), as related to the control circuit shown in FIG. 2.
PAR  Design of .gamma. is selected as a compromise to obtain good damping at
      large and small nutation amplitudes. Referring to FIG. 1b, it is seen that
      .mu. varies from zero at large nutation amplitudes to 90.degree. at small
      amplitudes which are comparable to the deadband. Maximum damping,
      corresponds to .delta. = 360.degree. for these limiting cases, which is
      obtained for .gamma. as follows. For the case of large amplitudes, the
      optimum .gamma. = 360 - .alpha..sub.J, and for the case of small
      amplitudes the optimum .gamma. = 270 - .alpha..sub.J. For preliminary
      design .gamma. will be taken as the average of these limiting values. Thus
      .gamma. = 315.degree. - .alpha..sub.J. This value results in 45.degree.
      phase lead from the optimum at large nutation and hence results in
      decreased damping by a factor of 1/.sqroot.2. A similar loss of damping
      occurs at low amplitudes due to phase lag from the optimum. Phase
      stability margins are narrower at low amplitude due to the decreased
      damping range of .delta.. Thus a more optimized design would possibly
      weight the small amplitude case more heavily.
PAR  Referring to FIG. 1c showing roll acquisition and FIG. 1d showing nutation
      damping, the spacecraft transient response and control performance exhibit
      the following parameters as obtained by analog computer simulation:
TBL  Jet Offset Angle .alpha..sub.J                                            
                             = 30 degrees                                      
     Roll Deadband    .phi..sub.on                                             
                             = 0.03 degrees                                    
     Jet Pulse Precession Angle                                                
                      .DELTA.N                                                 
                             = 0.015 degrees                                   
     Nutation Period  P      = 240 seconds                                     
     Sampling Time by Means 30                                                 
                      T      = 12 seconds                                      
     Delay Stages in Registers                                                 
                      N      = 15                                              
     46 and 66                                                                 
     Feedback Gain Constant                                                    
                      k      = 1.0                                             
                                            .gamma..sub.s                      
     Sensor Time Constant                                                      
                       T.sub.S                                                 
                             = 1 second, which is                              
                                            .omega..sub.n                      
                                            .gamma..sub.f                      
     Filter 20 Time Constant                                                   
                      .tau..sub.F                                              
                             = 8 seconds, which is                             
                                            .omega..sub.n                      
PAR  FIG. 1c shows the roll nulling response to an initial roll error of
      0.5.degree.. The error is placed within the deadband with negligible
      steady state nutation. In FIG. 1d, an initial nutation is damped by the
      jet controller to a steady state nutation within the deadband. In the case
      shown, a steady disturbance torque causes periodic jet corrections as the
      roll error drifts outside the deadband. In both cases, a residual yaw
      error occurs. This is nulled through orbital coupling due to the offset of
      the jets.
PAC  MECHANIZATION OF THEORETICAL DEVELOPMENT AND EQUATIONS OF MOTION
PAR  Referring to FIGS. 1, 2, 2a, 3 and 4, infrared sensor 10 is mounted on
      spacecraft 1 which is oriented to have a field of view of the earth
      directed along yaw Z, for scanning across the horizon of the earth, and
      for comparing the secant of the chord of the angle made by axis Z with
      respect to a reference chord on the earth, the reference chord angle
      ranging between 35.degree. and 55.degree., and being typically 45.degree..
      Earth horizon sensor 10 is oriented orthogonal to the Z axis, measures the
      error in roll angle .phi. as defined by equation (15), where .DELTA..phi.
      is the angular change of roll attitude with respect to the reference
      chord, and is a negative change if the error is above the reference chord,
      or a positive change, if the error is below the reference card,
      .phi..sub.c is the commanded roll angle supplied by the spacecraft, and
      .phi. is the actual roll angle with respect to such reference chord. Such
      sensors are known in the art and need not be discussed in detail.
PAR  It should be noted that one momentum wheel 2 is utilized in spacecraft 1
      rotating at angle .theta., perpendicular to the pitch axis vector Y,
      together with jet thrustors 80 and 90 to be hereinafter discussed. It is
      possible to utilize several momentum wheels to perform the same function
      performed by said one momentum wheel, in which case their wheels will have
      one degree of freedom each and rotate in the same plane.
PAR  Low pass filter 20 is connected by means of hard wire cable 11 to output of
      sensor 10. Such filter is responsive to the output of sensor 10. The
      highest frequency being passed by filter 20 is about 0.033 Hz, designed so
      as to discriminate against noise components in the measured roll error,
      which generally are found at frequencies greater than 0.033 Hz.
PAR  Sence or sign polarity detector 42 is responsive to filter 20 output.
      Positive or negative voltage outputs from low pass filter 20 are also fed
      to a converter at 61 that converts the positive or negative voltages to
      absolute values so that these absolute values are detected by detector 62.
PAR  The output of detectors 42 and 62, are fed to normally open switch
      contactor pairs 32 and 34 respectively, of sampler control mechanism 30,
      which sampler control mechanism provides sampling clock control as at 31
      at a sampling rate of about 1/20th of the nutation cycle period of the
      spacecraft, causing closure of contact pairs 32 and 34 every 15 seconds
      for a predetermined period of time. Clock binary sample timing control
      device 30 provides the requisite timing rate automatically to satisfy the
      requirements of this system and provides pulses at the requisite rates as
      voltage inputs to limiters 44 and 64.
PAR  Sample timing clock 31 that periodically operates switches 32 and 34
      simultaneously provides the requisite sampling rates for turning these
      switches on and off during the sampling period. Periodic timers such as 30
      are well known in the art and need not be discussed in detail. But it
      should be stated at this time that it is the action of periodic operation
      of switches 32 and 34 for a fixed predetermined period of time that gives
      rise to pulses as inputs to limiters 44 and 64 respectively, since the
      output signals of sensor 10 and filter 20, are basically of non-pulse
      characters.
PAR  Limiters 44 and 64 are capable of automatically adjusting the voltage level
      outputs therefrom to either 0 or 5 volts even if voltage inputs to these
      limiters exceed the 5 volt levels. Voltage levels 0 and 5 volts correspond
      respectively to binary values ZERO and ONE, and these binary values will
      be referred to from here on and in Truth Table B, hereinbelow used to
      identify the binary outputs from these detectors, and shown in the section
      of this specification entitled "Theoretical Development and Equations of
      Motion." Inputs provided detector 42 as one ordinate, and outputs
      therefrom as another ordinate is displayed in FIG. 3 in binary logic form
      as a ZERO or ONE. Input level in terms of both positive and negative
      voltages are provided to converter 61 and hence output levels from
      detector 62 in terms of binary logic values of ZERO and ONE are shown in
      FIG. 4. It is noted that the period within zones II and III when a binary
      ZERO level will obtain from detector 62 output is referred to as the
      deadband, and this deadband will be widened in response to roll correction
      signals as hereinabove described.
PAR  Detector 42 will provide an output at binary logic level ONE in zones III
      and IV as shown in FIG. 3 when a signal is provided thereto from filter
      20. When filter 20 output signal is negative, the logic level will be at
      binary ZERO in zones I and II. Output signals from detector 42 will be
      present during sampling periods when control device 30 causes closure of
      switches 32 and 34, and provides pulse inputs to limiters 44 and 64 which
      are absent at other times when control sampler 30 is inoperative, that is
      when switch contact pairs 32 and 34 are open.
PAR  Detector 62 will provide an output at binary logic level ONE in zones I and
      IV as viewed in FIG. 4, when signals are provided thereto by converter 61.
      When the roll error is negative, binary ONE logic will be present in zone
      I, and when the roll error is positive binary ONE logic will be present in
      zone IV. When a small signal is received from filter 20, binary logic ZERO
      level will be exhibited within zones II and III, as seen in FIG. 4.
PAR  When positive or negative threshold values are detected by means of
      detector 62 in combination with inputs thereto by converter 61, the output
      from detector 62 will be fed to switch contact pair 34 of timing control
      sampler 30.
PAR  A summary of the binary bit logic in terms of outputs from detectors 42 and
      62 and hence also for limiters 44 and 64 respectively, may be readily seen
      from examination of Truth Table B in the section hereinabove entitled
      "Theoretical Development and Equations of Motion."
PAR  Shift registers 46 and 66 are respectively fed by outputs provided by
      limiters 44 and 64. These registers provide the requisite time delay of
      this system and also intermediate storage of binary bits of information
      provided as inputs thereto. These registers are
      serial-input-parallel-output types, which are conventional in the art and
      need not be discussed in detail. These registers each have 15 storage
      elements so that at their outputs from their respective last storage
      elements 46.15 and 66.15 respectively there will be provided three-fourths
      of the spacecraft nutation period time delay at elements 46.15 and 66.15.
PAR  Shift operation within registers 46 and 66 between elements 46.1 . . . .
      46.15 and 66.1 . . . . 66.15 respectively, is obtained at sample times of
      the sampling clock control 31 by providing connection of control 31 to
      registers 46 and 66 by means of cable 35. Such shift operation occurs
      immediately prior to the time when samples are taken at switches 32 and 34
      thereby providing capability of shifting the information within each
      register and enabling new information fed to the inputs of the registers
      to be handled by such registers.
PAR  Therefore when there is a logic ONE in region IV, there will be present
      information in pulse form at switch 32 which indicates that it is
      desirable to fire the positive jet 80, and hence the information will be
      propagated through limiter 44 and register 46 and be provided at 47 as an
      input to AND gate 72 of logic network 70. But AND gate 72 requires another
      bit of information to be provided by the presence of a logic ONE at
      threshold switch contacts 34, the pulse representing said logic signal
      being propagated through limiter 64 and register 66 to ultimately provide
      the other input to AND gate 72 for activating positive jet 80. But
      simultaneously, a logic ONE input will be provided to AND gate 74 from the
      output of register 66 at 67. Remembering that the output from register 46
      provides a binary logic ONE in zones III and IV due to action of detector
      42, which output is ultimately fed through limiter 44 and register 46 at
      47 to inverter 73 to provide an output to AND gate 74, so that when a
      binary ONE is present at the output of register 46, a binary ZERO will be
      present as the other input to AND gate 74 thereby inhibiting any signal
      from passing through gate 74 and preventing operation of negative jet 90.
      This operation thus far described inhibits threshold signals to one of the
      jets, such as jet 90, because if there was no inhibit action, there would
      be undesirable simultaneous jet action from both jets with a zero net
      correction resulting. It should also be noted that inverter 73 and gate 74
      may be replaced by an exclusive logic OR gate 74' with same results as
      shown in the truth table. It is desirable to provide inhibit action by as
      little as one pulse feeding register 66, but at most by 10 pulses that
      correspond to one-half the nutation period of the spacecraft. Therefore,
      outputs will be provided from each of the storage elements 66.1 . . . .
      66.10 of register 66. These outputs are provided as inputs to adder 68,
      well known in the art, that sums pulse outputs provided by elements 66.1 .
      . . . 66.10. These pulses are equally weighted to maintain simplicity of
      summing and computing functions.
PAR  When at least one of the pulses will be provided as outputs from elements
      66.1 . . . . 66.10 to adder 68, the adder will provide the summed values
      of the outputs from elements 66.1 . . . . 66.10, best describable as a
      staircrase voltage level pattern, as input to threshold adjust circuit 69.
      The output of circuit 69 provides an adjustment voltage level as an input
      to detector 62. This voltage level corresponds to angular widths
      proportionate to the widths of regions II and III as viewed in FIG. 4. For
      example if the staircase pattern consists of only one step, then regions
      II and III will double in width, if it consists of two steps these regions
      will triple in width, and so on. Threshold output control circuits are
      well known in the electronic art and need not be detailed herein.
PAR  The effect of widening regions II and III is to inhibit further jet pulsing
      for small .DELTA..phi. errors and to prevent overcorrection because of the
      delay, principally in register 66, but also in register 46, because both
      registers are required to provide outputs for activation of gates 72 and
      74, and thereby designate proper activity of either jets 80 or 90. The
      feedback pulse provided from adder 68 output and threshold adjust 69
      output inhibits further pulses from appearing at switch contacts 34 to
      prevent overcorrection of attitude of the spacecraft.
PAR  It is to be noted that under certain circumstances above mentioned, there
      will be a binary ZERO level insofar as input to switch contacts 34 is
      concerned in regions II and III. In such case, there will be a logic ZERO
      as one input to AND gate 72, and jet 80 will be inhibited from operation.
      There will also be provided logic ZERO and ONE as inputs to AND gate 74,
      thus inhibiting jet 90 from being activated. Additionally, there will be
      no outputs from elements 66.1 . . . . 66.10, and hence no signals passing
      through adder 68 and threshold adjust control 69, so that under this
      condition there will be no need for providing a threshold adjustment
      signal as input to detector 62. It is obvious that in this mode of
      operation, jets 80 or 90 will be inoperative.
PAR  When either gates 72 or 74 have two binary ONE inputs thereto, there will
      be provided as outputs therefrom binary ONE signals. These signals are
      designed to be present in this configuration for a period of approximately
      50 milliseconds constituting the delay time through registers 46 or 66, so
      that jets 80 or 90, according to the above described logic, will be pulsed
      for a 50 millisecond time duration to provide angular precession or
      correction of the angular momentum vector H.sub.N of the spacecraft so as
      to null out the roll error. Angle .alpha..sub.J, is the angle between axes
      X and X', where X' is the torquing axis effected by operation of jets 80
      or 90. It should be noted that the angular momentum vector also has a yaw
      component and such yaw errors as appear are ultimately corrected by virtue
      of operation of the jets in correcting for roll, as hereinabove described.
PAR  Due to activation of jets 80 or 90, as hereinabove described, a nutation
      motion about the spacecraft momentum vector is created. This is
      objectionable if it is in the direction the spacecraft is pointed.
      Therefore, it is desirable to damp out such nutation motion. The first
      pulse appearing at switch 34 creates the nutation motion ultimately by
      virtue of firing jets 80 or 90.
PAR  In order to damp out the self-created nutation action, another pulse
      appearing at switch 34, which other pulse is one-half the nutation period
      removed in time from the first pulse, is propagated through register 66.
      This system also responds to the second pulse so that this second pulse if
      directed through adder 68 and threshold adjust control circuit 69 into
      detector 62 operates to widen regions II and III, as viewed in FIG. 4. The
      widening of these regions prevents further pulses from exciting detector
      62 so that no further pulses are propagated through register 66. This
      second pulse also passes through register 66 to provide logic ONE inputs
      to gates 72 and 74 which together with pulses from output of register 46
      provide action of jets 80 or 90 as hereinabove described. It has been
      found experimentally and analytically that the only requirement for
      damping out the nutation motion due to the first correction pulse is to
      provide another pulse spaced apart one-half the nutation period with
      respect to the first pulse. The second pulse is automatically provided by
      virtue of sensor 10 sensing the nutation error.
PAR  It is obvious that when detector 62 operates partially out of zones II and
      III, that the first pulse will be required to make a correction. Since it
      is known that a second pulse space one-half the nutation period from the
      first pulse will be required for the damping action, such pulse is
      provided immediately upon sensing of the roll error generated by the
      nutation action of the spacecraft.
PAR  Nutation occurring other than by reason of injection of the aforesaid first
      pulse, can also be damped by this system. This type of nutation also
      results in a larger .DELTA..phi. which will cause the roll error signal
      passing through filter 20 to swing across between zones I and IV of FIGS.
      3 and 4, due to the larger magnitude of such signal. This will result in
      outputs from detectors 42 and 62 at switches 32 and 34 and provide logic
      signals through both shift registers, gates and inverters to provide
      signals to operate jets 80 or 90 periodically and alternately at one-half
      nutation periods so as to continue damping until the external nutation
      error is removed. The three-fourths time delay provided by registers 46
      and 66 from elements 46.15 and 66.15 respectively, is to enable proper
      phasing relative to the nutation cycle with respect to a zero roll angular
      reference.
PAR  It should be noted that each jet activation period results in a roll
      correction definable in terms of approximately one-half the width of
      regions II or III.
PAR  Referring to FIG. 5, a block mechanization schematic shown therein, in
      particular shows component portions of the circuit of FIG. 2 in greater
      detail. The part numbers in FIG. 5 correspond to part numbers in FIG. 2
      for easy identification and comparison. Since components such as detectors
      42 and 62, absolute value of voltage converter 61, and limiters 44 and 64
      are shown in the textbook entitled "Analog Computer Techniques" by
      Johnson, second edition, pages 185-189, copyright 1963 by McGraw Hill
      Company, New York, it is not necessary to go beyond the block schematic
      level as shown in FIG. 2 herein, nor is discussion of design of such
      components necessary.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An attitude control system for providing multiple axes control to a
      vehicle, comprising in combination:
PA1  a plurality of jet thrustors spaced from each other at predetermined
      locations at the outer periphery of the vehicle;
PA1  an electronic control circuit including shift registers and a logic network
      connected to said jet thrustors for periodically imparting activation of
      any of the thrustors so as to correct offset of the vehicle attitude with
      respect to a predetermined direction; and
PA1  a rotatable momentum wheel within said vehicle having a single degree of
      freedom, said wheel being independent in its rotational action of the
      attitude of the vehicle, said electronic control circuit being
      non-responsive to rotational action of said wheel.
NUM  2.
PAR  2. The invention as stated in claim 1, wherein said electronic control
      circuit comprises:
PA1  a low pass filter;
PA1  a first control circuit responsive to signal output from said filter for
      sensing the polarity of the signal output; and
PA1  a second control circuit responsive to signal output from said filter for
      providing threshold control of said signal output.
NUM  3.
PAR  3. The invention as stated in claim 2, including a horizon sensor connected
      to the input of said low pass filter for sensing the roll error of the
      vehicle with respect to a preselected reference.
NUM  4.
PAR  4. The invention as stated in claim 2, including sampler control means,
      electrically connected to the shift registers, for periodically passing
      signals through the first control circuit and through the second control
      circuit at a predetermined sampling rate.
NUM  5.
PAR  5. The invention as stated in claim 4, wherein the first control circuit
      comprises:
PA1  a first detector connected to the filter;
PA1  a first limiter periodically connected by means of the sampler control
      means to the first detector; and
PA1  a first of said shift registers connected to said first limiter and to the
      sampler control means.
NUM  6.
PAR  6. The invention as stated in claim 5, wherein said first shift register
      comprises fifteen storage elements and the output of said first shift
      register is at the fifteenth-in-sequence of activation of the storage
      element of the first shift register.
NUM  7.
PAR  7. The invention as stated in claim 4, wherein the second control circuit
      comprises:
PA1  a converter connected to the filter for providing absolute values of
      voltage outputs therefrom;
PA1  a second detector connected to the output of the converter;
PA1  a second limiter periodically connected by means of the sampler control
      means to the second detector; and
PA1  a second of said shift registers connected to said second limiter and to
      the sampler control means.
NUM  8.
PAR  8. The invention as stated in claim 7, wherein said second shift register
      comprises fifteen storage elements.
NUM  9.
PAR  9. The invention as stated in claim 8, wherein the output of said second
      shift register is at the fifteenth-in-sequence of activation of the
      storage elements of said second shift register.
NUM  10.
PAR  10. The invention as stated in claim 8, including:
PA1  an adder connected to the first-ten-in-sequence of operation of the storage
      elements of the second shift register; and
PA1  a threshold adjust circuit connected to the output of said adder and to the
      input of said second detector.
NUM  11.
PAR  11. The invention as stated in claim 2, wherein said logic network
      comprises a pair of binary AND gates and an inverter in series with one of
      the inputs of one of the AND gates, each of the outputs of said gates
      being connected to a corresponding one of said jet thrustors.
NUM  12.
PAR  12. The invention as stated in claim 2, wherein said logic network
      comprises a binary AND gate and an exclusive OR gate, each of the outputs
      of said gates being connected to a corresponding one of said jet
      thrustors.
NUM  13.
PAR  13. A method for providing multiple axes vehicle control employing a
      plurality of jet thrustors, a momentum wheel, and an electronic control
      circuit which includes shift registers and a logic network, comprising in
      combination the steps of:
PA1  introducing time delay into commands by storing and shifting limited signal
      levels through said electronic control circuit to fire any of the jet
      thrustors for nulling nutation errors in said vehicle; and
PA1  precessing the vehicle and adjusting wheel momentum vectors for nulling the
      pointing error of the vehicle.
NUM  14.
PAR  14. The invention as stated in claim 13, including the step of controlling
      the frequency of firing of any of the jet thrustors as a function of the
      magnitude of the nutation of the vehicle.
NUM  15.
PAR  15. The invention as stated in claim 14, wherein the steps of controlling
      the frequency of firing and introducing time delay, damps the nutation
      error to the point where the error is small enough to fall within the
      deadband of the electronic control circuit.
NUM  16.
PAR  16. The invention as stated in claim 14, wherein the steps of controlling
      the frequency of firing and introducing time delay, damps the nutation
      error to the point where it is small enough to fall within the capture
      capability of a torquer device for reorienting said vehicle.
NUM  17.
PAR  17. The invention as stated in claim 14, including the step of filtering
      signal inputs to said electronic circuit.
NUM  18.
PAR  18. The invention as stated in claim 17, including the further steps of:
PA1  sensing the polarity of the filtered signals; and
PA1  controlling the threshold level of said filtered signals.
NUM  19.
PAR  19. The invention as stated in claim 18, including the further step of
      logically selecting the particular one of the jet thrustors to be
      initiated in accordance with the results obtained from the steps of
      sensing the polarity and controlling the threshold level.
NUM  20.
PAR  20. The invention as stated in claim 17 including the step of sensing the
      horizon of a body spaced apart from said vehicle with respect to a
      preselected reference on said body prior to the step of filtering.
NUM  21.
PAR  21. The invention as stated in claim 18, including the step of sampling at
      a predetermined rate the sensed and threshold controlled signals.
NUM  22.
PAR  22. The invention as stated in claim 21, including the further step of
      limiting the levels of the sampled signals.
NUM  23.
PAR  23. The invention as stated in claim 13, wherein the steps of controlling
      the frequency of firing of any of the jet thrustors and introducing time
      delay into commands provides for correction of the roll error angle of
      said vehicle.
NUM  24.
PAR  24. The invention as stated in claim 1, wherein the plurality of jet
      thrustors and electronic circuit provides damping of the nutation motion
      of the vehicle and correction for any roll angle error of said vehicle.
NUM  25.
PAR  25. The invention as stated in claim 23, wherein the steps of controlling
      the frequency of firing and introducing time delay into commands includes
      variation in the deadband in the electronic control circuit.
NUM  26.
PAR  26. The invention as stated in claim 24, wherein the firing of any of the
      jet thrustors produces variation in the deadband width of the electronic
      circuit.
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ABST
PAL  The wings of an electromotorically drive aircraft have span wise extending
      central wing cases whose interior serves as battery cells. Load bearing
      transverse walls take up bending stresses reacted into such walls by tops
      and bottoms of such central wing case. These tops and bottoms may
      constitute the electrodes of the battery. Leading and trailing
      edge-profile completing wing cases are secured, possibly releasibly
      secured, to the transverse walls of the central wing case.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in electrically powered
      aircraft, propelled by electromotorically driven propellers or the like.
PAR  The use of electric motors for driving the propellors of an aircraft poses
      the problem of a very unfavorable weight to power ratio, because the
      weight of the batteries or fuel cells generating the necessary electrical
      energy is very high, particularly when compared with other fuel for the
      same propulsion power.
PAR  Known accumulators e.g. with lead electrodes are very heavy which is a
      significant drawback for use in aircraft. However, one must consider that
      in some instances electric motor propulsion is better than conventional
      engines. For example, unmanned military patrol aircraft may well be
      equipped with electric motor. Such a craft is designed for low speeds and
      has high aspect ratio wings.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to reduce the weight of the power
      source in electrically powered aircraft, and to particularly improve the
      power output to weight ratio of such an aircraft so that pay load can be
      increased and its economy will improve accordingly.
PAR  In accordance with the preferred embodiment of the present invention, it is
      suggested to construct a central portion of each wing as self-supporting,
      aerodynamic load bearing wing case whose interior serves as battery or
      fuel cell. Such a case has transverse walls extending in the direction of
      the respective wing span and over the entire height of the wing at that
      location. Profiled tops and bottoms following the stream/lined wing
      profile, as designed for producing aerodynamic lift, cover and seal that
      central wing case. This is particularly important if this central wing
      case is filled with rather corrosive electrolytic liquid. Tops and bottoms
      are connected to the respective transverse walls so that forces can be
      transferred and the central wing case acts as a spar.
PAR  The top and bottom of a central wing case may constitute themselves the two
      different electrodes in which instance they are covered with an
      electrically insulating skin. Alternatively, the electrodes are separately
      introduced in which instance tops and bottoms are made of electrically
      insulating material. The transverse walls are made of insulating material
      in either case.
PAR  The transverse walls have either double T or U shaped configuration, and
      leading and trailing edge defining wing cases are secured thereto, to
      establish the wing profile, together with the respective top and bottom of
      a central wing case. If those additional cases are removable, the
      transverse walls of the central case will be exposed e.g. for cooling
      during battery re-charge.
PAR  It can thus be seen, that the construction parts of the batteries
      constitute load bearing construction parts of the aircraft and as such do
      not subtract from the pay load. This is particularly an improvement over
      aircraft with batteries in the fuselage, and without incorporation in the
      load bearing structure.
PAR  The advantage of the invention is particularly prevalent for aircraft with
      high aspect ratio wings. The stress on the wing is actually reduced,
      particularly as set up by bending strain and transverse forces, because of
      the added and distributed weight of the electrolytic liquid. The fuselage
      is now available for more pay load.
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PAC  DESCRIPTION OF THE INVENTION
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 illustrates somewhat schematically an aircraft wing with view into
      its interior;
PAR  FIG. 1a is a cross-section taken along line xx of FIG. 1;
PAR  FIG. 2 is in the essence an enlargement of the view of FIG. 1a;
PAR  FIG. 3 is a modification of the view of FIG. 2; and
PAR  FIG. 4 is a perspective view of an electromotorically driven aircraft.
DETD
PAR  Turning now to the detailed description of the drawings, reference is made
      first to FIG. 4 showing an aircraft 21 with wings 1 containing electrical
      storage cells 2. The aircraft has two engines constructed as electric
      motors 22 for driving propellers 24. The motors 22 are mounted on top of
      the wings by means of struts 23. Mounting the motors in that fashion
      provides some load relief for the wings and reduces engine noise.
PAR  The hatched zone in the wings is occupied by the electrical energy sources
      2, whereby the dotted lines denote transverse walls inside of the wing
      case. This energy source in each wing is basically a closed case
      constituting directly a portion of the wing case, and can be termed a
      central wing case as to each wing.
PAR  Profiled cases 3 and 4 are attached to the central wing case to complete a
      wing profile. One can also say that the electrical energy source 2 in a
      wing constitutes a load bearing spar construction. Aerodynamic forces are
      transmitted from the profile cases 3 and 4, to the case 2 via the
      connecting joints 5, as shown in FIG. 2.
PAR  Turning now to further details of FIG. 2, the electrical energy casing is
      constructed from double T bars or spars 14 and 15 which serve as
      transverse walls of the central wing case. These walls 14, 15 constitute
      load bearing parts of the wing structure. They are made of electrically
      nonconducting material and transverse forces and bending moments are
      reacted into these elements 14, 15 as they arise.
PAR  Walls extending parallel to the vertical plane of symmetry of the aircraft
      may additionally be provided and constitute part of the rib structure.
      Such walls partition the casing into individual cells.
PAR  Each central wing case has a top and a bottom constructed in this instance
      as electrodes 8 and 9. These electrodes have inwardly and span wise
      extending ribs, and they are secured to the cross bars of the respective
      T's of each spar 14, 15. The interconnection is made through bolting and
      riveting and must be fluid tight, for sealing the interior of these
      resulting central wing case.
PAR  The electrodes 8 and 9 extend in the longitudinal extension of the wings.
      Anode plates 10 are secured to electrodes 8 and cathode plates 11 are
      secured to electrodes 9. The points of connection are denoted by numeral
      13 and refer to positive connectors so that they can take up any
      mechanical tension inserted upon the covers 8 and 9. This way, anode and
      cathode plates serve as stiffening elements for ribbed top 8 and bottom 9
      of each wing case.
PAR  The space between the electrodes, i.e., the interior of the central wing
      case is filled with electrolytic liquid 12. The electrical connectors are
      not shown, they lead from anodes and cathode via cable to the motors 22.
PAR  One can construct these batteries as regular lead batteries or as
      nickel-cadmium batteries. The electrolytic liquid may be sulfuric acid or
      potash lye. Either liquid is quite corrosive so that the joints 16 must be
      constructed for tight sealing.
PAR  The electrodes 8 and 9 are covered with insulation, 6 and 7 respectively,
      constituting part of the skin of the wing and being flush with the contour
      of front and all wing casings 3, 4. The electrodes 8, 9 do not cover the
      wing case continuously along the span of the wing, if the battery is
      divided into cells by ribs which run parallel to the vertical plane of
      symmetry of the craft. The electrodes 8, 9 are divided (electrically)
      accordingly, but mechanically interconnected along the span of the wing.
PAR  The leading and trailing edge defining, profiled wing cases 3 and 4 are
      respectively connected (bolted or riveted) to the flanges or cross bars of
      carrier bars and spars 14, 15 at the locations 5. Alternatively, one could
      provide here for releasable, fold back connections so that the cases 3 and
      4 can be readily removed for full access to central casing - battery 2.
      Such access is desirable when the battery is recharged with a high current
      and must be cooled. Folding back or otherwise removing at least one of the
      cases 3 and 4 exposes the respective transverse wall of the central case
      of a wing and permits ready heat exchange to a coolant to remove heat
      developed by ohmic losses in the battery when recharged.
PAR  The wing cases 3 and 4 are constructed from metal or nonmetallic material
      as required for the aircraft, which is independent from the use of the
      central wing portion as battery. As can be seen in FIG. 2, the insulating
      skin 6 and 7 is interposed between the connection to spars 14, 15,
      particularly for separating cases 3 and 4 from electrode plates as also
      connected to transverse walls and spars 14, 15.
PAR  FIG. 3 shows a modification, wherein only the casing for the battery is
      constructed as wing case without inclusion of the electrodes in the
      supporting structure. The central wing case has two U-shaped profiles
      serving as spar elements and top and bottom of the central wing case is
      provided for by means of plates 17, 18 with inwardly extending stiffening
      ribs.
PAR  These four elements 17, 18, 19, 20 are interconnected at 16 by means of
      rivets, bolts or the like to establish a closed and liquid tight sealed
      case. Specifically, top 17 and bottom 18 of the central wing case are
      connected to the legs of the U of the two transverse spars 19, 20, whereby
      the bottom of the U in each instance constitutes the transverse wall
      proper.
PAR  These elements 17 through 20 are preferably made of glass fiber reinforced
      plastic. Wing cases 3 and 4 are then made of the same material. When made
      from such or similar material, the craft can hardly be detected by radar.
      The connection of cases 3 and 4 to the central case is made to the leg
      portions of the U of the profiles 19, 20.
PAR  The wing will additionally include load bearing walls which extend parallel
      to the vertical plane of symmetry of the craft. These walls provide
      additional stiffening to the wing.
PAR  The electrodes 10 and 11 are not connected to the casing in a manner that
      aerodynamic forces are taken up or reacted into them. Rather, the
      electrode system as such is separated from the load bearing battery case
      17, 18, 19, 20.
PAR  Turning back for the moment to FIG. 2, one can readily see that the central
      casing as such can readily be continued to the wing tip; it is, however,
      not advisable to fill far out portions of the wing with liquid as the
      lever arm action would be very high.
PAR  The invention is not limited to the embodiments described above but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrically powered aircraft having wings and fuselage and at least
      one electric motor for driving a propeller or the like for obtaining
      propulsion for the craft and having battery means as an electrical power
      source, the improvement comprising, of load bearing central wing cases for
      each wing, having transverse walls extending over the entire height of a
      wing in each instance and spaced apart in the direction of flight, each
      case further having profiled top and bottom plates secured to the
      transverse walls in liquid tight sealing manner, and for reaction and
      transfer of forces between the top and bottom plates, and the walls of the
      respective case;
PA1  electrode plates in said central wing case which is filled with
      electrolytic liquid to draw electric power therefrom; and
PA1  leading and trailing edge defining wing cases respectively secured to said
      transverse walls to complete a wing profile together with outer surfaces
      of the top and bottom plates.
NUM  2.
PAR  2. An aircraft as in claim 1, said top and bottom plates constituting two
      different electrodes from which electrode plates extend in a vertical
      direction, the top and bottom plates being covered with insulating
      sheeting.
NUM  3.
PAR  3. An aircraft as in claim 1, said top and bottom plates and said
      transverse walls being made of electrically insulated materials.
NUM  4.
PAR  4. An aircraft as in claim 1, said transverse walls being double T bars,
      the said edge defining cases and said top and bottom plates being
      respectively connected to cross bar parts of the T's.
NUM  5.
PAR  5. An aircraft as in claim 1, said transverse walls being of U shaped
      profile, wherein the bottom of a U defines the respective transverse wall
      and the legs of a U have one of the top plate and one of the bottom plate
      as well as the edge defining cases connected thereto, one of the latter
      cases per U shaped profile.
NUM  6.
PAR  6. An aircraft as in claim 1, wherein at least one of said edge defining
      cases is removable for exposure of the respective transverse wall to
      obtain enhanced cooling of the central cases during recharge of the
      battery.
NUM  7.
PAR  7. An electrically powered aircraft having wings and fuselage and at least
      one electric motor for driving a propeller or the like for obtaining
      propulsion for the craft and having battery means as an electrical power
      source, the improvement comprising of load bearing central wing cases as
      parts of the wings being constructed as battery cells, each wing case
      having transverse walls extending over the entire height of a wing in each
      instance and spaced apart in the direction of flight, each case further
      having top and bottom plates secured to the transverse walls in liquid
      tight sealing manner and for reaction and transfer of forces between the
      top and bottom plates, and the walls of the respective case;
PA1  electrode plates in said central wing case which is filled with
      electrolytic liquid to draw electric power therefrom; and
PA1  leading and trailing edge defining wing cases respectively secured to said
      transverse walls to complete a wing profile together with outer surface
      structure of the tops and bottoms.
NUM  8.
PAR  8. An electrically powered aircraft as in claim 7, wherein the said wing
      cases have walls which form the spar of the aircraft to which the leading
      and trailing edge defining cases for the wings are secured.
NUM  9.
PAR  9. An electrically powered aircraft as in claim 7, wherein said central
      wing cases each have top and bottom plates following and defining the
      overall wing contour together with said edge defining cases and being
      constructed as electrodes.
NUM  10.
PAR  10. An electrically powered aircraft as in claim 7, said top and bottom
      plates being covered with an electrically insulating skin, continuing the
      contour and profile of the edge defining cases.
NUM  11.
PAR  11. An electrically powered aircraft as in claim 7, wherein plates are
      secured to the electrodes for extension into the interior of the central
      casing and constituting stiffening for the electrodes.
NUM  12.
PAR  12. An electrically powered aircraft as in claim 9, said walls constructed
      as electrically nonconducting double T bars.
NUM  13.
PAR  13. An electrically powered aircraft as in claim 8, said walls constructed
      as electrically nonconductive U profiled bars, with electrically
      nonconductive top and bottom plates connected thereto for completing the
      central cases, as self-supporting cases which are liquid tight sealed
      constitute load bearing constructions, said edge defining cases being
      secured to the legs of the respective bars.
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ABST
PAL  A method of forming an airplane wing and a resulting article of manufacture
      where a wing structural member is provided which is composed of a plastic
      foam layer sandwiched between opposing paper sheets. A substantial portion
      of one of the paper sheets is removed from the plastic foam through
      application of water to pulpify one of the paper sheets and then stripping
      such from the plastic foam layer. The resulting structural member is then
      formed into a predetermined contour after compression of the foam layer in
      the leading edge region of the wing. Rib elements may be secured to an
      internal surface of the wing and the trailing edges are tapered prior to
      securement of the trailing wing edges throughout the wing extended length.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to a method of forming airplane wings and the
      resulting article of manufacture. Further, this invention relates to
      methods of forming airplane wings from a structural member composed of
      plastic foam sandwiched between opposing paper sheets. In particular, this
      invention pertains to methods of forming airplane wings utilizing
      structural elements of plastic foam and paper sheets which may be easily
      contoured into an aerofoil shape.
PAR  2. Prior Art
PAR  Airplane wings and methods of forming the same for use in model aircraft
      are well known in the art. In some prior wing constructions, such have
      been made of foam material having a fiberglass coating. Such wing elements
      have been found to be often times structurally deficient and incapable of
      withstanding the static and dynamic loads imparted to the wing during use.
      Further, in some prior wings of this type, the wing surfaces are
      deformable upon contact.
PAR  Other prior wings have been constructed utilizing foam core having outer
      surfaces composed of veneer, vinyl, cardboard, and balsa. However, such
      prior wing sections have been found also to be sometimes structurally
      deficient during use. Other wings in prior use are commonly referred to as
      built-up wings composed of structural elements covered with various
      fabrics or Mylar. However, such wing members are often fragile and do not
      provide a continuous hardened surface between structural rib elements
      forming the wing. In some cases, prior wing members have been made of
      honeycomb structural elements to provide a light and structurally
      sufficient member, however, such wing elements have been found to be
      relatively difficult and expensive to construct.
PAC  SUMMARY OF THE INVENTION
PAR  A method of forming an airplane wing which includes the step of providing a
      planar structural member composed of plastic foam between opposing paper
      sheets. A substantial portion of one of the paper sheets is removed from
      the plastic foam. The structural member is then formed into a
      predetermined contour and opposing ends of the structural member are
      secured each to the other to form the airplane wing in a desired aerofoil
      contour.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a completed airplane wing;
PAR  FIG. 2 is a perspective view of a planar structural member having been cut
      to a predetermined contour;
PAR  FIG. 3 is a perspective view of the structural member having one of the
      paper sheets substantially removed from the foam layer;
PAR  FIG. 4 is an end view of the structural member being compressed in a
      leading wing edge region;
PAR  FIG. 5 is an end view of the wing structural member being bent into a
      substantially V-shaped contour;
PAR  FIG. 6 is a perspective view of a rib element;
PAR  FIG. 7 is an elevational view of the structural member having a rib element
      attached to an internal surface thereof;
PAR  FIG. 8 is an elevational view of the structural member having the trailing
      edges tapered by a roller; and,
PAR  FIG. 9 is an elevational view of the wing section after securement of the
      trailing edges.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown airplane wing 10 which extends in
      longitudinal direction 12 and is adapted to be mounted to the side of a
      fuselage of an airplane having an interface along wing surface 14. The
      method of forming a resultant airplane wing 10 article of manufacture as
      will be described in the following paragraphs, provides for an airplane
      wing design which has high structural integrity, low weight and is
      economical to manufacture. The resulting wing 10 may be used in the
      construction of model aircraft to produce an aerofoil member which is
      capable of withstanding both static and dynamic structural loading
      inherent to the airplane structure as well as the stresses imposed when in
      flight.
PAR  The initial step in forming airplane wing 10 is shown in FIG. 2 where
      planar structural member 18 is provided. Structural member 18 is generally
      composed of a plastic foam layer 20 which is sandwiched between opposing
      paper sheets 22 and 24. In general, structural member 18 includes plastic
      foam layer 20 composed of an open cell plastic foam having an upper and
      lower surface which is secured to paper sheets 22 and 24. Sheets 22 and 24
      are generally formed of a hard clay coat paper. This type of structural
      member 18 is well known in the art and is commonly referred to as
      Featherweight Mounting Board and is also commercially purchaseable under
      the name Foam Core. One such type of structural member 18 comprising
      polystyrene foam layer 20 and paper laminate sheets 22, 24 used in forming
      wing 10 is produced by Monsanto Chemical Co., Plastics Division, St.
      Louis, Missouri. Structural members 18 are generally commercially
      available in rectangularly contoured segments. Thus, the initial step of
      providing planar structural member 18 includes the step of establishing a
      planar contour of airplane wing 10. This may be achieved by cutting a
      standard rectangular segment of member 18 to a predetermined flattened
      contour of airplane wing 10 which would result in a predetermined aerofoil
      contour after completion of the construction of wing 10, as is shown in
      FIG. 9.
PAR  The next succeeding step in forming the wing 10 is shown in FIG. 3 where a
      substantial portion of paper sheet 22 is removed from an upper surface of
      plastic foam layer 20. In this step, structural member 18 may be placed on
      a flattened surface for interfacing with lower paper sheet surface 24.
      Upper paper sheet 22 may then be removed from layer 20 through a number of
      well known techniques. One such technique used successfully is through
      milling sheet 22 from layer 20. In this step, a milling head or other
      suitable milling device is gradually lowered into contact with an upper
      surface of sheet 22. The milling head may then be lowered while being
      moved cyclically throughout the contour of planar structural member 18.
      Similarly, the milling head may be maintained relatively stationary while
      member 18 is movably actuated. In any case, the milling head or other
      scraping device is gradually lowered to provide a general wearing away or
      tearing of sheet 22 until a substantial portion thereof has been removed
      from layer 20.
PAR  Other dry methods of removing sheet 22 include use of a grinding wheel,
      manual scraping tool such as a chisel, sandpaper or other devices relying
      on frictional engagement of the removing tool with sheet 22. As in the
      case of utilizing the milling operation, the important concept is that a
      substantial portion of sheet 22 be removed from layer 20.
PAR  In another embodiment of the invention water is applied to upper paper
      sheet layer 22 in order to pulpify paper sheet surface 22. In general, the
      water applied to structural member 18 in this step is heated and is
      maintained above room temperature, although such is not necessarily
      critical to the inventive concept as is herein detailed. Surface 22 may be
      rubbed with a water impregnated member such as a sponge or some like
      device. Once upper paper sheet 22 is visually observed to be in a
      pulpified state, it is stripped from plastic foam layer 20. The stripping
      step may be accomplished manually or through some apparatus which causes
      increased rubbing of the now pulpified upper paper sheet 22. At the
      completion of the stripping step, a substantial proportion of paper sheet
      22 is seen to have been removed from upper surface 26 of plastic foam
      layer 20. As seen in FIG. 3, this may result in small portions of paper
      sheet 22 remaining attached to upper surface 26. However, in general, the
      remaining paper sheet 22 covers substantially less than one-half of the
      surface area of upper plastic foam layer surface 26. Thus, at the end of
      this step, a substantial portion of paper sheet 22 has been removed from
      plastic foam layer 20 as is shown in FIG. 3.
PAR  A flattened leading edge wing region width 28 is established, as is shown
      in FIG. 4, such that wing 10 may be subsequently bent to form wing leading
      edge 30 as is shown in FIGS. 7-9. Roller 32, extending in longitudinal
      direction 12 throughout the extension of wing 10 is compressively
      interfaced with upper surface 26 of foam layer 20 in a vertically downward
      direction as is shown by directional arrow 34. Roller 32 is movably
      actuated in reversible transverse direction 16 throughout width 28 in
      order to depress foam layer 20 throughout the leading edge region defined
      by width 28. Although not important to the inventive concept, a one inch
      diameter roller has been successfully utilized in practice. Further,
      compression loads of 10-25 pounds have been successfully utilized in
      compressing the foam layer 20 in this step of the overall process. Thus,
      at the conclusion of the application of pressure, through actuation of
      roller 32, or some like apparatus, layer 20 is seen to be slightly
      compressibly deformed or depressed and pliable in the area of wing leading
      edge 30.
PAR  After being compressed, structural member 18 is bent around leading edge
      region 30 into a substantially V-shaped contour as is shown in FIG. 5.
      This bending or contouring of member 18 may be accomplished manually or
      through application of a die member about which wing 10 is shaped. In
      order to provide structural integrity to the completed wing 10, rib
      elements 36 may be contoured in predetermined fashion and mounted to
      member 18. Rib elements 36 are geometrically contoured to interface with
      surface 26, of foam layer 20 in a manner determined by the overall
      aerofoil shape of the finally completed wing section as shown in FIG. 9.
      Rib elements 36 may be formed of a laminate of plastic foam layer 20
      between opposing paper sheets 22 and 24 being composed of the same
      material as structural member 18. Thus, rib elements 36 would
      substantially have a width approximately twice that of structural member
      18. Further, regarding the laminate interface, opposing sheets 24 may be
      contact cemented each to the other in order to form a more secure rib
      element 36. Additionally, in order to provide the ability to utilize spar
      elements in wing 10, spar cut out regions 38 may be formed in the laminate
      rib elements 36. As is seen in FIG. 7, rib elements 36 may then be contact
      cemented to upper surface 26 of structural member 18. Although not of
      critical importance, the contact cement used generally has a water base
      such that foam layer 20 is not dissolved during the cementing operation.
      In general, ribs 36 are rocked into place in order to accommodate the
      curvature of the lower surface of each rib element 36.
PAR  In another embodiment of the present invention, rib slots may be formed in
      layer 20 of structural member 18 for accommodation of ribs 36. The rib
      slots would pass in direction 16 and be displaced each from the other by a
      predetermined distance in direction 12 through the longitudinal extension
      of wing 10. Each of the slots have a width substantially equal to but
      slightly in excess of the width of rib elements 36. Thus ribs 36 may be
      inserted in respective rib slots and cemented, glued or otherwise bonded
      or mounted within structural member 18 in predetermined fashion to provide
      the appropriate contour of wing 10.
PAR  Wing trailing edges 40 are then tapered into a contour as shown in FIG. 8
      along tapered trailing edge contour 42. The tapering of trailing edges 40
      may be accomplished through actuation of an inclined roller 44 in
      longitudinal direction 12 as is shown. In this manner the trailing edge
      region of wing 10 is compressively deformed prior to the securement of
      edges 40 along tapered contour 42 as is shown in FIG. 9. Finally, opposing
      trailing edges 40 are secured in longitudinal direction 12, each to the
      other, as is shown in FIG. 9 by application of contact cement or through
      some like mechanism. Thus, airplane wing 10 as shown in FIG. 1 is formed
      by the method steps as illustrated in FIGS. 2-9. The resulting article of
      manufacture provides for airplane wing 10 composed of plastic foam layer
      20 having at least one paper sheet 24 secured to a surface of layer 20.
      The combined plastic foam layer 20 and paper sheet 24 is contoured into a
      predetermined aerofoil shape to form a wing leading edge 30 and a pair of
      trailing wing edges 40 with the trailing wing edges 40 being securely
      fastened each to the other along a longitudinal extension 12 of the
      airplane wing 10.
PAR  In another embodiment of the invention, after compressively deforming
      trailing edges 40, it has been found advantageous to secure edges 40 along
      contour 42 through the application of heat to produce a weld effect. In
      this embodiment of the present invention, heated rollers, hot iron, or
      other heating elements contact the upper surface of paper sheet 24 above
      and/or below the compressively deformed trailing edges 40. The heating
      elements are passed in longitudinal direction 12 throughout the extension
      of wing 10. The temperature of the heating elements in actual practice
      have been found to approximate a temperature of 400.degree.F. However such
      is not important to the inventive concept with the exception that the
      heating element be of a sufficiently high temperature to melt foam layer
      20 in the area of the trailing edges compressively deformed foam layer, as
      well as the temperature being lower than the combustion temperature of
      paper sheet 24. In this manner, opposing foam layers in the neighborhood
      of trailing edges 40 melt into each other substantially along contour 42.
      It is to be understood that in like manner, as has been described, rib
      elements 36 may be welded into rib slots through the application of
      heating elements to paper surface 24 and the passage of such in direction
      12.
PAR  It is to be understood that wing 10 may be formed to have a pleasing visual
      effect through the application of a clear lacquer applied to lower paper
      sheet 24 prior to the bending step. Further, indicia or other designs 46
      may be silk screened or otherwise placed on the surface of paper sheet 24
      in a manner desired by the user.
PAR  While the invention has been described with certain specific embodiments
      thereof, it will now be understood that further modifications will suggest
      themselves to those skilled in the art, and it is intended to cover such
      modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming an airplane wing including the steps of:
PA1  a. providing a planar structural member composed of plastic foam between
      opposing paper sheets;
PA1  b. removing a substantial portion of one of said paper sheets from said
      plastic foam to form an inner surface of said airplane wing composed of
      said plastic foam and said paper sheet;
PA1  c. establishing a leading edge region of said wing extending a
      predetermined transverse distance with respect to a longitudinal extension
      of said structural member;
PA1  d. compressing said leading edge region throughout said longitudinal
      extension of said planar structural member;
PA1  e. shaping said structural member into a predetermined contour; and,
PA1  f. securing opposing ends of said structural member each to the other to
      form said airplane wing.
NUM  2.
PAR  2. The method of forming an airplane wing as recited in claim 1 where the
      step of providing a planar structural member includes the step of
      establishing a planar contour of said airplane wing.
NUM  3.
PAR  3. The method of forming an airplane wing as recited in claim 2 where the
      step of establishing a planar contour is followed by the step of cutting
      said structural member to said contour of said airplane wing.
NUM  4.
PAR  4. The method of forming an airplane wing as recited in claim 1 where said
      plastic foam is formed of open cell plastic foam.
NUM  5.
PAR  5. The method of forming an airplane wing as recited in claim 4 where said
      paper sheets are formed of hard clay coating paper.
NUM  6.
PAR  6. The method of forming an airplane wing as recited in claim 1 where the
      step of removing one of said paper sheets includes the step of
      frictionally engaging said paper sheet to be removed throughout a contour
      of said planar structural member.
NUM  7.
PAR  7. The method of forming an airplane wing as recited in claim 6 where the
      step of frictionally engaging said paper sheet includes the step of
      milling said paper sheet from said plastic foam.
NUM  8.
PAR  8. The method of forming an airplane wing as recited in claim 6 where the
      step of frictionally engaging said paper sheet includes the step of
      grinding said paper sheet from said plastic foam.
NUM  9.
PAR  9. The method of forming an airplane wing as recited in claim 1 where the
      step of removing one of said paper sheets includes the step of applying
      water to a surface of at least one of said paper sheets.
NUM  10.
PAR  10. The method of forming an airplane wing as recited in claim 9 where the
      step of applying water includes the step of providing heated water to be
      applied to said surface of said paper sheet.
NUM  11.
PAR  11. The method of forming an airplane wing as recited in claim 10 where the
      step of applying water includes the step of sponging said heated water
      over said surface of said paper sheet.
NUM  12.
PAR  12. The method of forming an airplane wing as recited in claim 10 where the
      step of applying water includes the step of rubbing said surface of said
      paper sheet with a water impregnated member.
NUM  13.
PAR  13. The method of forming an airplane wing as recited in claim 12 where the
      step of rubbing includes the step of pulpifying at least a portion of said
      paper sheet having said heated water applied thereto.
NUM  14.
PAR  14. The method of forming an airplane wing as recited in claim 13 where the
      step of pulpifying is followed by the step of stripping a substantial
      portion of said paper sheet from said plastic foam.
NUM  15.
PAR  15. The method of forming an airplane wing as recited in claim 1 where the
      step of compressing includes the step of applying pressure to said leading
      edge region on a surface of said structural member having said substantial
      portion of said paper sheet removed from said plastic foam.
NUM  16.
PAR  16. The method of forming an airplane wing as recited in claim 15 where the
      step of applying pressure includes the step of compressing said plastic
      foam in said leading edge region.
NUM  17.
PAR  17. The method of forming an airplane wing as recited in claim 16 where the
      step of compressing includes the step of bending said structural member
      around said leading edge region, said surface of said structural member
      having said substantial portion of said paper sheet removed forming an
      interior surface of said wing.
NUM  18.
PAR  18. The method of forming an airplane wing as recited in claim 1 where the
      step of shaping said structural member is followed by the step of adding
      structural integrity to said formed structural member.
NUM  19.
PAR  19. The method of forming an airplane wing as recited in claim 18 where the
      step of adding structural integrity includes the step of contouring at
      least one rib member for attachment to an internal surface of said
      structural member having a substantial portion of said paper sheet removed
      from said plastic foam.
NUM  20.
PAR  20. The method of forming an airplane wing as recited in claim 1 where the
      step of securing opposing ends includes the step of tapering said opposing
      ends of said structural member to form a pair of longitudinally extending
      tapered edges.
NUM  21.
PAR  21. The method of forming an airplane wing as recited in claim 20 where the
      step of tapering is followed by the step of fastening said tapered edges
      each to the other throughout said longitudinal extension.
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ABST
PAL  A tetrahedral kite having a sail formed by a pair of sheets of rhombus
      shape that lie facewise against one another and are joined together along
      their edges. The middle of the rhombus-shaped sail is folded about an edge
      of the tetrahedral kite frame so that the sail portions one either side of
      the middle line cover one surface of the tetrahedron, the edges of the
      sail being held by struts of the kite frame that lie sandwiched between
      the two sheets of the sail along the edges thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to kites.
PAR  One type of kite which flies in a stable manner and which utilizes a frame
      of minimum weight and complexity is a kite of largely triangular shape,
      and particularly one which has a tetrahedral shape. The advantages of
      kites of tetrahedral shape, including those containing four or sixteen
      tetrahedral sails arranged to form large tetrahedral-shaped structures,
      were related by Alexander Graham Bell at the beginning of this century.
      While such kites have many theoretical advantages, their widespread use
      depends upon the provision of kites of such shape which can be
      manufactured at low cost and easily assembled by the user.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the present invention, a tetrahedral
      kite is provided whose components can be manufactured at low cost and
      which can be assembled with a minimum of effort into a kite that flies
      easily and stably. The kite includes a frame having struts arranged along
      the edges of a tetrahedral geometric figure and held together by
      connectors positioned at the four apexes of the figure. Two surfaces of
      the tetrahedral figure are covered by a sail which is originally of a
      diamondlike rhombus shape. The middle line of the sail is folded around
      one of the struts so that sail portions on either side of the middle cover
      a different face of the geometric figure. The sail is formed by two sheets
      of thin plastic positioned facewise against each other and joined together
      along the four edges of the sheets. The sail is mounted on the frame by
      inserting four struts of the frame between the sheets, so that each of
      these struts lies against an edge of the sail but sandwiched between the
      sheets thereof. The struts have a non-square rectangular cross-section and
      are held by connectors of corresponding rectangular arms that minimize the
      possibility of improper assembly. The tetrahedral kite structures are
      normally assembled into a kite containing four or sixteen identical
      tetrahedral structures.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a four-cell tetrahedral kite's structure
      constructed in accordance with one embodiment of the invention;
PAR  FIG. 2 is a perspective view of a single-cell tetrahedral kite, which also
      forms one cell of the structure of FIG. 1;
PAR  FIG. 3 is a plan view of the sail of the kite of FIG. 2, and showing the
      shape of cutout patterns useful therewith;
PAR  FIG. 4 is a plan assembly view showing how the struts are installed in the
      sail of FIG. 3 after cutouts have been formed in the sail;
PAR  FIG. 5 is a plan view of the structure of FIG. 4 after the struts have been
      installed;
PAR  FIG. 6 is a view taken on the line 6--6 of FIG. 5;
PAR  FIG. 7 is an exploded perspective view of the kite of FIG. 2, showing a
      final stage in the assembly thereof;
PAR  FIG. 8 is a partial perspective view showing a connector and strut of the
      structure of FIG. 7;
PAR  FIG. 9 is a perspective view showing the manner in which the kite of FIG. 1
      is flown; and
PAR  FIG. 10 is a perspective view showing the manner in which a sixteen cell
      tetrahedral kite of the invention is flown.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a tetrahedral kite 10 which is formed by four
      tetrahedral structures or cells. The kite 10 can be launched from the
      ground by means of a bridle 20 which includes a flying string 22 that is
      pulled towards the incoming direction of the wind. Once the kite is
      airborne it will fly in the orientation shown in FIG. 9, in a stable
      manner and without a kite tail.
PAR  FIG. 2 illustrates one kite section or cell 12 of the kite of FIG. 1, the
      structure 12 being capable of flying as a kite by itself, although the
      stability is generally not as good as a multi-cell kite of the type shown
      in FIG. 1. The single cell kite 12 includes a frame 24 composed of six
      elongated members or struts 26 arranged along the edges of a tetrahedral
      geometric figure and joined together by four connectors 28 that are
      positioned at the apexes of the tetrahedral figure. The kite also includes
      a sail 30 that covers two sides or surfaces of the tetrahedral figure. The
      sail 30 is formed of a double thickness of plastic which is wrapped about
      two faces of the geometric figure, which enables low cost production of
      the sail and ease in mounting it on the frame of the kite.
PAR  A better understanding of the kite can be gained by considering the manner
      in which the kite is assembled from a kit. A kit portion for producing the
      single cell kite 12, includes one sail 30, six struts 26, and four
      connectors 28. Actually, four of such kit portions are generally provided
      in order to construct the four cell kite of FIG. 1. FIG. 3 illustrates the
      shape of the sail 30 when it is laid out flat. The sail includes two
      sheets 32, 24 (FIG. 6) of thin plastic material such as polyethylene,
      which are joined together along their edges 30e. The sail and the two
      sheets 32, 24 thereof are in the form of a diamond-shape rhombus.
PAR  The sail 30 may be supplied in the form illustrated in FIG. 3, in which
      case it is necessary to trim the sail by forming cutouts at the corners
      36, 38, 40 and 42. Two patterns 44, 46 are provided in the kit to
      facilitate the making of the cutouts. One pattern 44 has straight sides 48
      extending at an angle of 120.degree.,  to match the intersection angle at
      one corner of the sail. This pattern 44 is curved along another side 50
      about an axis point 52 which lies at the intersection of the sail sides.
      The other pattern 46 is of simple triangular shape. The pattern 44 is
      utilized at the two areas 36, 38 which lie at the top and bottom of the
      center portion of the sail 30. In order to minimize tearing of the sail,
      strips of adhesive tape 54 may be applied by the kite user near the cutout
      areas of the sail.
PAR  After the cutouts have been formed, four struts 26a, 26b, 26c, and 26d are
      installed in the manner shown in FIG. 4. Each strut is inserted between
      the sheets 32, 34 of the sail, so that the strut lies against an edge of
      the sail where the two sheets thereof are joined together. After
      insertion, the struts are positioned in the manner illustrated in FIGS. 5
      and 6.
PAR  The sail and strut assembly of FIG. 5 is next bent or folded along the
      center line 60 of the sail to the configuration illustrated in FIG. 7. The
      four connectors 28u, 28v, 28w and 28x then may be installed between the
      two connectors 28u and 28w, while a second additional strut 26f is
      installed in extension between the connectors 28v, 28x. The strut 26f is
      positioned behind the middle or fold line 60 of the sail, within the fold
      of both sheets 32, 34 of the sail (i.e., not sandwiched between the
      sheets). Accordingly, the strut 26f will contact only the innermost sheet
      32 of the double-walled sail and will not contact the other sheet 34
      thereof.
PAR  The use of a double-walled sail and particularly one which is wrapped about
      one edge of the tetrahedral figure to cover two surfaces thereof, enables
      low cost production and assures good strength with a minimum of weight and
      complexity. Sails of the form shown in FIG. 3 can be easily produced from
      a double-walled roll of material which is heat sealed along opposite edges
      thereof, by merely cutting the roll with a heated die that seals the
      sheets together at the cut. Suitable rolls of double walled material are
      commercially available as rolls of flattened integral or heat sealed
      tubing. The attachment of the edges of the sail to the struts of the frame
      is accomplished in a simple manner, and with the stresses in the sail
      evenly distributed along the length of the struts. Attachment to only four
      struts is required because of the fact that the middle of the sail is
      folded around one edge of the tetrahedral frame.
PAR  In order to assure proper assembly of the kite, the struts 26 are formed
      with a non-square rectangular cross-section and the arms or spokes 74 of
      each connector 28 are correspondingly formed. As illustrated in FIG. 8,
      each strut is of hollow rectangular construction, the rectangular
      cross-section being non-square. The struts are of a resilient material and
      the sides of the rectangle are curved inward to assure a tight fit. Each
      connector such as 28v has six elongated spokes 74 of rectangular
      cross-section radiating from a central portion 76, each spoke being
      receivable in the end of a strut such as 26f. Actually, only three spokes
      74m, 74n, 74p are required to join the three strut ends at an apex of a
      tetrahedron, but three additional spokes 74q, 74r, 74s are provided in
      order to enable the same connector to be used to hold to the struts of
      another adjacent tetrahedron when constructing a multi-cell kite such as
      that shown in FIG. 1.
PAR  When a person assembles the kite frame 24, it is possible that he will try
      to use the wrong spokes of a connector to hold together the struts of one
      tetrahedron cell. He should use either the set of spokes 74m, 74n, 74p
      which are at an angle of 60.degree. from one another, or the set 74q, 74r,
      74s which are similarly at 60.degree. from one another. The use of
      non-square rectangular connector spokes and struts minimizes the chance of
      confusion because it eliminates the number of possible orientations of the
      connector after it has been attached to one strut. If, instead, the struts
      and connector spokes were of round or square cross-section, then a person
      could install the spoke 74p into strut 26f without quickly becoming aware
      of his mistake. With spoke 74p installed in strut 26f, it might appear
      that the other two spokes of the set are 74n and 74s, even though the
      angle between 74n and 74s is 90.degree. instead of 60.degree. (i.e. one
      spoke is only 30.degree. out of alignment). This could lead to damage if a
      person attempts to bend a strut to enter a connector spoke.
PAR  Instead of utilizing a round or square cross-section, the connector of the
      present invention utilizes an elongated, or non-square retangular
      cross-section to prevent the type of mistake described above. With the
      non-square rectangular cross-section, installation of spoke 74p into strut
      26f can be accomplished only by a connector orientation which clearly
      indicates that there is a mistake. In such an orientation resulting from
      rectangular spoke 74p being installed in strut 26f, it is clear that one
      strut of the tetrahedron cannot be received into any of the spokes because
      the spokes closest to alignment with it (74m and 74q) are 90.degree. out
      of alignment from the required spoke orientation (instead of only
      30.degree.). Thus, the invention allows the use of identical struts and
      connectors throughout the kite, with minimal confusion in assembly of the
      kite. Of course, it is also possible to utilize another cross-sectional
      shape so long as it requires more than a 90.degree. rotation to bring the
      cross-sectional shape into coincidence with its pattern prior to the
      rotation. A circular cross-section is brought into coincidence after any
      rotation while a square is brought into coincidence after 90.degree., so
      that neither of these should be used. A non-square rectangle requires a
      180.degree. rotation so it can be used. A shape such as a non-square
      parallelogram which has symmetry after rotation of 180.degree. and only
      after rotation of 180.degree. is preferred, inasmuch as it allows the use
      of a single connector type throughout the kite while minimizing confusion
      in assembly. Such later symmetry may be referred to as two-fold symmetry,
      and is obtained by other shapes such as I beam shape. A shape with only
      mirror symmetry, but no rotational symmetry (e.g. requires 360.degree.
      rotation to come into coincidence), such as an isosceles triangle which is
      not equilateral, or a trapezoid, can also be utilized to permit a single
      connector type to be utilized throughout the kite while minimizing
      confusion in assembly.
PAR  A four cell tetrahedron kite of the type illustrated in FIG. 1, may be
      constructed by first constructing the single cell kite of FIG. 2 and then
      adding additional cells onto it. Before the kite can be flown, however, it
      is also necessary to attach the bridle 20. The bridle 20 is constructed
      using three strings. As shown in FIG. 1, a first of the strings 80 is
      formed with a loop 82 at its center and with opposite ends 84, 86 tied to
      connectors 28x, 28v that lie along a common imaginary line 88 about which
      the sails of two kite 12, 14 are folded, the imaginary line 88 being a
      common edge of the two sail-covered surfaces of the kite 12 and of the two
      sail-covered surfaces of the kite 14. A second harness string 90 extends
      through the loop 82 of the first string and has opposite ends 92, 94 tied
      to connectors 28u, 28w that lie opposite the fold line 88. The length of
      the second string 90 is chosen so that when the loop 82 is pulled and the
      first string 80 is taut, the second string 90 also becomes taut. The
      flying string 22 has one end tied to the loop 82 and has another end held
      by the person flying the kite, the flying string typically being extremely
      long to enable the kite to be flown at a high altitude.
PAR  The kite of FIG. 1 may be launched by positioning it on the ground in the
      manner shown in FIG. 1 and pulling the flying string 22 into the wind.
      After the kite becomes airborne, it normally flies in the orientation
      shown in FIG. 9. The kite structure can be built up into a sixteen cell
      kite of tetrahedral shape, which is shown at 100 in FIG. 10, this figure
      showing the orientation of the kite in normal flight.
PAR  Thus, the invention provides a kite structure of high strength to weight
      ratio, and which can be manufactured at low cost and readily assembled by
      a user. The invention provides a kite of tetrahedral design which utilizes
      a sail constructed of two sheets disposed facewise against one another and
      joined together around their edges. This facilitates attachment to the
      framework of the kite without the need for separate fasteners and the
      like, inasmuch as it permits struts of the framework to be attached by
      merely inserting the struts between the sheets so they lie against the
      edges of the joined sheets. The sail may be constructed in a substantially
      diamond shape, and it is utilized to cover two sides or faces of the
      tetrahedral geometric figure by folding the middle of the sail about one
      edge of the framework. The framework may be constructed of a number of
      identical struts and identical connectors, with minimal confusion, by
      utilizing non-square rectangular struts and corresponding connectors. Of
      course, solid struts can be used that fit into hollow connector spokes or
      sockets instead of the reverse construction which has been illustrated
      herein. A simple bridle arrangement is provided which utilizes three
      strings. One harness string has a loop at its middle while the second
      harness string extends largely perpendicular to the first one and through
      the loop. A flying string which extends to a person at the ground is
      connected to the loop of the first harness string. This arrangement is
      simple to construct and it provides a good distribution of forces to the
      frame of the kite while also tending to keep the kite flying in a stable
      manner.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently, it is intended
      that the claims be interpreted to cover such modifications and equivalents
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A tetrahedral kite comprising:
PA1  a frame having struts of a rigid material arranged along the edges of a
      tetrahedral geometric figure; and
PA1  a sail covering a pair of surfaces of said tetrahedral figure;
PA1  said sail having a substantially diamond shape, having four edges, with a
      middle portion folded about one of said struts and having first and second
      sail portions integral with the middle portion and lying on either side of
      said middle portion and over said pair of surfaces of the tetrahedral
      figure, said sail including two sheets positioned facewise against each
      other, substantially in contact over their entire surface and joined
      together along their edges, one of said struts extending between the
      sheets along an edge where the sheets are joined together.
NUM  2.
PAR  2. The tetrahedral kite described in claim 1 wherein:
PA1  said frame includes four corner connectors joining the ends of said struts
      together; and
PA1  said diamond-shaped sheet has four edges respectively held to different
      struts, and said sheet has cut-outs at its four corners for preventing
      interference with the connectors.
NUM  3.
PAR  3. The tetrahedral kite described in claim 2 wherein:
PA1  the cut-outs at the top and bottom of the middle portion are curved
      substantially about an axis lying at an imaginary intersection of adjacent
      edges of the sheet.
NUM  4.
PAR  4. The tetrahedral kite described in claim 1 wherein:
PA1  said kite defines a four-cell tetrahedron, and includes struts arranged
      along the edges of second, third and fourth additional tetrahedral
      geometric figures to form second, third and fourth frames, respectively,
      said first named, second, third and fourth frames held together in a
      four-cell tetrahedron framework in which each of the frames lies adjacent
      to a different apex of the four-cell tetrahedron framework;
PA1  each of said four frames having a substantially diamond-shaped sail lying
      over a pair of surfaces thereof and having a middle portion folded around
      one of the struts thereof.
NUM  5.
PAR  5. A kit for constructing a tetrahedral kite comprising:
PA1  six struts of a rigid material and of equal length;
PA1  four connectors, each constructed to hold the ends of three struts together
      so the struts radiate from the apex of a tetrahedral geometric figure; and
PA1  a substantially rhombus-shaped sail, having four edges, said sail including
      two sheets positioned facewise against each other, substantially in
      contact over their entire surfaces and joined together along their edges,
      with each edge of the sail having a length approximately as great as the
      length of each strut, so that the middle of the sail can be folded about
      one edge of said tetrahedral figure to allow the sail to cover two
      surfaces of said figure, whereby an edge of said sail can be held to a
      strut merely by projecting the strut between the sheets so that the strut
      lies immediately inside an edge of said sail.
NUM  6.
PAR  6. The kit described in claim 5 including:
PA1  at least one cut-out pattern for indicating the shape of a cutout to be
      made at either end of the folded-over portion of the sail, said pattern
      including means defining straight lines extending at an angle of more than
      90.degree. from each other for lying along a pair of edges of the sheet
      and a curved line joining the straight lines for indicating the line along
      which the sail is to be cut.
NUM  7.
PAR  7. In a tetrahedral kite which includes four tetrahedral kite sections,
      each kite section having a sail covering a pair of surfaces thereof which
      have a common edge, and with the common edges of first and second kite
      sections lying on a common imaginary line, the improvement of a bridle for
      said kite comprising:
PA1  a first harness string with a loop formed at the middle thereof, said loop
      lying in front of said common imaginary line, and the ends of said first
      string tied to spaced portions of the kite;
PA1  a second harness string with a middle portion extending through said loop
      in said first string and extending substantially perpendicular to said
      first string, said second string having end portions tied to spaced
      portions of the kite, said second string being of a length that results in
      it being pulled taut when the first string is pulled taut by forces
      applied at the loop thereof; and
PA1  a flying string attached to said loop of said first string.
NUM  8.
PAR  8. The improvement described in claim 7 wherein:
PA1  one of said harness strings has opposite ends tied to the two apexes of
      said first kite section which lie on said common imaginary line, and the
      other harness string has opposite ends tied to the other two apexes of
      said first kite section.
NUM  9.
PAR  9. A tetrahedral kite comprising:
PA1  a frame having struts of a rigid material arranged along the edges of a
      substantially tetrahedral geometric figure;
PA1  a sail extending along first and second surfaces of the tetrahedral figure;
PA1  said sail including a pair of sheets substantially in contact over their
      entire opposing surfaces and joined together along their edges, a
      plurality of said struts extending between the sheets along the edges of
      the sail, said sail extending in a fold about one of said struts which
      forms an edge that is common to both said first and second surfaces, with
      said strut lying within the fold of both sheets of the sail and against
      the innermost sheet at the fold, said sail, when laid flat, forms a
      four-sided figure;
PA1  a first harness string with a loop formed at the middle thereof, said loop
      lying in front of said common imaginary line, and the ends of said first
      string tied to spaced portions of the kite;
PA1  a second harness string with a middle portion extending through said loop
      in said first string and extending substantially perpendicular to said
      first string, said second string having end portions tied to spaced
      portions of the kite, said second string being of a length that results in
      it being pulled taut when the first string is pulled taut by forces
      applied at the loop thereof; and
PA1  a flying string attached to said loop of said first string.
NUM  10.
PAR  10. A tetrahedral kite comprising:
PA1  a frame having struts of a rigid material arranged along the edges of a
      substantially tetrahedral geometric figure;
PA1  a sail extending along first and second surfaces of the tetrahedral figure;
PA1  said sail including a pair of sheets substantially in contact over their
      entire opposing surfaces and joined together along their edges, a
      plurality of said struts extending between the sheets along the edges of
      the sail, said sail extending in a fold about one of said struts which
      forms an edge that is common to both said first and second surfaces, with
      said strut lying within the fold of both sheets of the sail and against
      the innermost sheet at the fold, said sail, when laid flat, forms a
      four-sided figure with four corner portions; and,
PA1  connectors for holding said struts together in a framework, each connector
      including a center portion and a plurality of elongated spoke means
      radiating from the center portion for engaging the ends of said struts, a
      first set of three spoke means angled at 60.degree. from one another and a
      second set of three spoke means angled at 60.degree. from one another, all
      of said spoke means having the same predetermined cross-sectional shape
      which can be brought into coincidence with itself after rotation, only by
      a rotation of more than 90.degree., whereby to minimize the number of
      possible orientations of a connector on a strut end and thereby facilitate
      assembly of the kite.
NUM  11.
PAR  11. The kite of claim 10 wherein each of the corner portions is cut away to
      leave an opening through which the ends of two struts extend, said cutaway
      portions being curved substantially about an axis lying at the imaginary
      intersection of adjacent edges of said sail.
NUM  12.
PAR  12. A kit for constructing a tetrahedral kite comprising:
PA1  six struts of a rigid material and of equal length;
PA1  four connectors, each constructed to hold the ends of three struts together
      so the struts radiate from the apex of a tetrahedral geometric figure,
      each connector including a center portion and a plurality of elongated
      spoke means radiating from the center portion for engaging the ends of
      said struts, a first set of three spoked means angled at 60.degree. from
      one another and a second set of three spoke means angled at 60.degree.
      from one another, all of said spoke means having the same predetermined
      cross-sectional shape which can be brought into coincidence with itself
      after rotation, only by a rotation of more than 90.degree., whereby to
      minimize the number of possible orientations of a connector on a strut end
      and thereby facilitate assembly of the kite; and
PA1  a substantially rhombus-shaped sail, having four edges, said sail including
      two sheets positioned face-wise against each other substantially in
      contact over their entire opposing surfaces and joined together along
      their edges, with each edge of said sail having a length approximately as
      great as the length of each strut so that the middle of the sail can be
      folded around one edge of said tetrahedral figure to allow said sail to
      cover two surfaces of said figure, whereby an edge of said sail can be
      held to a strut merely by projecting the strut between the sheets so the
      strut lies immediately inside an edge of said sail.
NUM  13.
PAR  13. The kit of claim 12 wherein each of the corner portions is cut away to
      leave an opening through which the ends of two struts extend, said cutaway
      portions being curved substantially about an axis lying at the imaginary
      intersection of adjacent edges of said sail.
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ABST
PAL  In a railroad interlocking, a cab signal transmitter is coupled to the
      rails at each exit location and at such other locations as are necessary
      to supply continuous cab signal energy to trains traversing any possible
      route through the interlocking. Where train shunts prevent the reception
      of cab signal energy, wire loops laid adjacent the rails carry the cab
      signal energy for train pickup. Each rail coupled transmitter is finally
      activated to supply energy when a train occupies an associated track
      section. However, the control circuit network for each transmitter also
      checks, as pertinent for the established route, that a route has been
      established and the approaching train authorized to traverse that route,
      that any succeeding track sections along the route are unoccupied, that
      the transmitter for a preceding section has been activated, and that
      transmitters for opposing or conflicting routes are not active. A loop
      transmitter is activated if the corresponding track stretch is included in
      the established route, the preceding transmitter is active, and the
      succeeding section is unoccupied. Thus, a train which overruns an entry
      signal receives no cab signal energy since neither a route nor train
      authority has been established. For similar reasons, a train which
      inadvertently enters a conflicting route receives no cab signal energy
      intended for the authorized train. Finally, if an insulated joint at the
      interlocking limits fails, a train waiting outside these limits cannot
      receive cab signal energy intended for a train traversing an established
      route.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My invention pertains to cab signal control circuits for railroad
      interlockings. More specifically, this invention relates to control
      circuits for controlling the fail-safe application of cab signal energy to
      the several track sections within a railroad interlocking.
PAR  One goal of cab signal control systems for trains is to maintain a
      continuous signal or control condition, of whatever type is appropriate,
      on board the train as it passes through crossovers and other types of
      railroad interlockings. It is frequently difficult to provide cab signal
      energy in the rails fed toward an oncoming train in crossover layouts as
      the train wheel and axle units tend to shunt out the cab signal energy
      because of the complex track circuit connections necessary in order to
      maintain continuous train detection. In other words, because of the
      necessity of continuously detecting the train passing through the
      interlocking, dead spots are sometimes created in the cab signal energy
      supply. Otherwise, if circuit compromises are made, dead spots in the
      continuous detection of single cars within the interlocking may occur. An
      associated problem is the prevention of the failure of an insulated joint
      marking the limits of the interlocking from leaking improper cab signal
      energy to a train waiting outside the interlocking limits. A corresponding
      problem is to prevent supplying, to a train which may have inadvertently
      overrun an interlocking home signal, the cab signal energy intended for
      another train being routed through the interlocking or crossover location.
      Obviously, either one of these conditions can create an unsafe operating
      situation in the movement of the trains. Thus, special attention is paid
      to preventing such reception of improper cab signal energy by a train
      under these fault conditions.
PAR  Accordingly, an object of my invention is an improved cab signal control
      circuit arrangement for railroad interlockings.
PAR  Another object of the invention is cab signal circuits for railroad
      interlockings in which energy is transmitted to the train to control the
      signals only when a train occupies the associated track section within the
      interlocking.
PAR  Also an object of the invention is cab signal control circuits for railroad
      interlockings which prevent the supply of cab signal energy to a train
      halted outside the interlocking limits under any track circuit fault
      condition.
PAR  Still another object of my invention is a cab signal control circuit
      arrangement for a railroad interlocking which inhibits the transmission of
      cab signal energy through a faulty insulated joint at the interlocking
      limits by withholding the application of such energy until an authorized
      train occupies the corresponding track section.
PAR  A further object of the invention is control circuits for a railroad
      interlocking system which apply cab signal energy only as a train occupies
      each track section along its authorized route.
PAR  Another object of the invention is a cab signal energy network which
      inhibits the supply of such energy to a train inadvertently occupying an
      unauthorized route in a railroad interlocking.
PAR  A still further object of the invention is a control circuit network for a
      railroad interlocking which prevents a train inadvertently occupying the
      interlocking from receiving cab signal energy transmitted to a train
      following an authorized route.
PAR  A still further object of my invention is a control circuit network for a
      railroad interlocking which supplies cab signal energy to preset sections
      along an established route only as a train authorized to traverse that
      route successively occupies such sections in proper sequence.
PAR  Other objects, features, and advantages of my invention will become
      apparent from the following specification when taken in connection with
      the accompanying drawing and the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  In practicing my invention, a cab signal transmitter is coupled to rails at
      each end of each track section. These transmitters are activated to supply
      cab signal energy through the rails only when the section is part of an
      established route and the authorized train occupies that section at its
      entrance end. Such an established route may, of course, include more than
      one track section so that more than one cab signal transmitter may be
      involved in supplying energy into the rails as the train moves along the
      route. The arrangement also provides, at selected locations, wire loops
      positioned adjacent to the rails to carry cab signal energy to assure that
      there is no dead section in the reception of such energy by the train
      moving along its route. In this specific illustration, a simple crossover
      interlocking between two main tracks is provided with only one wire loop
      used along a portion of the crossover track where cab signal energy in the
      rails is shunted out under various conditions by the wheel-axle units of
      the train and is thus not adequately received.
PAR  Each cab signal transmitter is controlled or activated by a corresponding
      normally deenergized cab signal relay. Each track section thus has two
      such relays associated therewith. Each cab signal control relay is
      energized normally by a circuit network which checks for train occupancy
      of the associated section, the establishment of a route, that the opposite
      direction cab signal relay has not been activated, and that a conflicting
      track section or route, where pertinent, is not occupied. Train occupancy
      of each section is detected by the release of the corresponding track
      circuit relay when the train is actually occupying the associated track
      section. The establishment of a route is determined by checking that the
      signal control relay is activated to clear the entry or home signal. If
      the transmitter is one supplying energy to a succeeding section along a
      route, the circuit for the associated actuating relay also checks that the
      immediately preceding approach section transmitter control relay has
      picked up. This completes the determination that the route was established
      and that the train is successively occupying the track sections along that
      route. In the specific illustration of a crossover, the preceding approach
      section may be the crossover track section for which a special detector
      track circuit is provided. The crossover is also provided with a wire loop
      adjacent to the rails for cab signal energy. The transmitter for the
      crossover section loop is energized by a circuit network which checks that
      a crossover route has been established and which is completed only when
      the initial cab signal control relay for that route picks up. Reviewing
      quickly, each cab signal transmitter control relay becomes energized, to
      activate its associated transmitter, by a circuit network which checks in
      some fashion that a route including that track section was established,
      that the train is occupying the corresponding section, has sequentially
      moved through the various sections along the route, and that no
      conflicting cab signal transmitter has been previously energized or
      activated.
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PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  I shall now describe in greater detail a specific embodiment of my
      invention illustrated in the accompanying drawing and then define the
      novel features thereof in the appended claims.
PAR  The single drawing FIGURE is a partly schematic, circuit diagram
      illustrating the cab signal control circuits embodying my invention as
      associated with a simple railroad interlocking layout.
DETD
PAR  In the illustrated circuit network, a source of direct current energy is
      supplied for the operation of the relays and to selectively activate the
      cab signal transmitters. A specific source is not shown since any one of
      several conventional types may be used with equal results. However,
      connections to the positive and negative terminals of this direct current
      source are designated by the references B and N, respectively, where they
      appear in the drawing. The terminals BX and NX shown in the upper left
      designate the opposite terminals of an alternating current source which is
      used, as will be more fully explained, to supply energy for a special
      track circuit.
PAR  In the upper left, in schematic form, a small railroad interlocking is
      illustrated which comprises a crossover between two main tracks. Each
      track and the crossover is illustrated by a conventional two-line
      representation to show the two rails. The outer limits of this
      interlocking are fixed by insulated joints which are illustrated in a
      conventional manner to form insulated track sections 3T and 7T in the
      lower and upper main track stretches, respectively. A wayside home or
      entry signal is located at each pair of insulated joints marking the outer
      limits of the interlocking for that track. These signals, illustrated by
      conventional symbols, are designated 2G and 4G for section 3T and 6G and
      8G for section 7T. Each end of the crossover track is connected to the
      main track by a switch which is designated simply by the insulated rods
      shown between the points of the corresponding switch and referenced 5WA
      for the switch within section 3T and 5WB for the switch within section 7T.
      Trains normally move on the right-hand track for their direction of
      movement, that is, to the right (North) through section 3T and to the left
      (South) through section 7T, as controlled by signals 2G and 8G
      respectively. Reverse traffic moves are controlled through each section or
      for crossover moves by either signal 4G or signal 6G.
PAR  The switches of the crossover are assumed to be controlled from a single or
      centralized operating position and their condition is indicated by the
      switch correspondence relays 5NWC and 5RWC. These relays indicate not only
      the actual switch position, that is, normal or reverse, but also that the
      switch position corresponds with that selected by the interlocking
      operator. The control circuits for these switch correspondence relays are
      not specifically illustrated since several conventional arrangements may
      be used. However, to designate their association with the switches, dotted
      lines connect the designated switch rods with each of these correspondence
      relays. Specifically, relay 5NWC will be energized and picked up when each
      switch of the crossover is lined for normal movements along the main track
      and such positions are desired by the system operator. Under these
      conditions, relay 5RWC is released. Relay 5RWC will be energized and
      picked up when both switches of the crossover are positioned in their
      reverse position for train movement through the crossover in accordance
      with the operation or route selected by the interlocking operator. Under
      these conditions, relay 5NWC will be released. If the crossover switches
      are not both in the same position and/or if the position does not agree
      with that selected by the interlocking operator, both relays will be
      released. Conversely, both relays cannot be picked up simultaneously.
PAR  Track sections 3T and 7T are each provided with a track circuit for the
      detection of trains. Preferably, although not necessarily, these are
      conventional direct current track circuits. Since train detection in this
      manner is very conventional, only the track relay is shown connected to
      the rails by a dotted line, the remainder of such track circuits being
      well known. Track relays 3TR and 7TR are therefore coupled to the rails of
      sections 3T and 7T, respectively, and are normally picked up when no train
      is occupying any portion of the track sections. Conversely, when a portion
      of a train is within the outer limits of the interlocking in either
      section, the corresponding track relay 3TR or 7TR releases to indicate and
      register the occupancy. It is to be noted that various bond wire
      connections are made between the rails of section 3T and the rails of the
      crossover track to detect the occupancy of a portion of the crossover by a
      train as though it were actually occupying section 3T. These are
      conventional track circuit arrangements to extend the train detection to
      fouling points of the crossover rails. Similar connections, not
      illustrated, may be made to section 7T.
PAR  However, to assure that there will be no loss of detection of a train
      moving through the crossover and for cab signal controls, a special track
      section XT is formed by insulated joints within the crossover track. Track
      section XT is provided with a series track circuit which is supplied with
      energy by a track transformer TT, the primary of which is energized by the
      alternating current source designated by the terminals BX and NX. Track
      relay XTR of this track circuit is energized, because of the series nature
      of the track arrangement, only when a train occupies the crossover and the
      switches are correspondingly lined for such a reverse movement. In other
      words, the circuit for relay XTR can be traced from the lower terminal of
      the secondary winding of transformer TT through the winding of relay XTR
      and over front contact a of relay 5RWC, which is picked up when the
      switches are reversed by the operator, through the rail connection to the
      upper rail of section XT; thence through the wheel-axle shunts of the
      train occupying the section to the lower rail and by that rail connection
      to the upper terminal of the secondary of transformer TT. When relay XTR
      picks up, the closing of its front contact a completes a stick circuit
      arrangement which bypasses front contact a of relay 5RWC in the pickup
      circuit. It will be obvious, therefore, that the track circuit for section
      XT is effective to initially detect a train only when a route is lined
      through the crossover but that the detection of the train will continue if
      a car is inadvertently left in the crossover and switches are returned to
      their normal position, since its stick circuit will hold relay XTR
      energized. When relay XTR picks up, the closing of its front contact b
      completes a circuit between terminals B and N including the winding of a
      repeater relay XTP which thus follows directly the action of relay XTR. It
      will be noted, however, that a resistor shunt is connected across the
      winding of relay XTP to slightly delay its release when the relay winding
      is deenergized.
PAR  A separate cab signal transmitter is coupled to the rails at each end of
      sections 3T and 7T, which of course are the exit points for all routes
      through the illustrated interlocking. However, this type of connection of
      the cab signal transmitter only at the exit points is not necessarily true
      in a more complicated interlocking layout. These transmitters are shown by
      conventional blocks since they will be of a selected type from any of the
      various known arrangements to match the cab signal or speed control system
      in actual use. For convenience in showing control circuitry, equivalent
      blocks representing the same transmitters, and using the same reference
      characters, are shown to the right of the track diagram together with the
      specific control circuits. The control of these transmitters will be
      discussed subsequently. To prevent any loss in cab signal reception by a
      train moving through the interlocking due to its wheel and axle shunts,
      particularly in the crossover rails, a wire loop is laid adjacent and
      parallel to the rails in the crossover, corresponding substantially to the
      length of section XT. This wire loop is illustrated by a dotted line and
      shown as being inside the rails but this positioning is a matter of
      choice. Cab signal energy is supplied to the cab signal loop by a
      transmitter LT similar to those previously discussed. This transmitter,
      shown by a conventional block, is also again illustrated in the lower left
      with its specific control circuits.
PAR  Another set of relays not previously discussed are the signal control
      relays H, each numerical prefix corresponding to the wayside signal which
      that relay directly controls. No control circuits are shown for these
      signal relays but an explanatory note in the drawing designates the
      conditions under which each is energized. Such operation and the control
      circuits therefor are well known and understood in the art and the note is
      sufficient information for an understanding. Obviously, the pairs of
      relays 2H-4H and 6H-8H cannot simultaneously be picked up since opposing
      movements would then be authorized. With the crossover lined for a
      movement between the main tracks, only a single one of the H relays can be
      picked up since any other move would be in conflict with the crossover
      move. Although not specifically designated in the drawing, each signal
      control relay H is provided with a small amount of slow release time in
      order to allow the completion of other circuit actions when these relays
      are deenergized and release.
PAR  Each rail cab signal transmitter is controlled by an individual one of the
      cab signal actuating relays CS. For example, transmitter T3N at the right
      end of section 3T is activated when front contact c of relay 3NCS closes.
      Likewise, transmitter T7S at the left end of section 7T is energized and
      transmits cab signal energy into the rails when front contact c of relay
      7SCS closes. In discussing the control circuits for the relays CS, it may
      be noted that there is one such relay for each exit location from this
      simple interlocking arrangement shown but a more complicated interlocking
      may include other CS relays.
PAR  Considering first relay 7NCS, an energizing circuit may be traced from
      terminal B over back contact a of relay 7TR, front contact a of relay 6H,
      front contact b of relay 3TR, back contact b of relay 7SCS, and the
      winding of relay 7NCS to terminal N. When relay 7NCS is energized, it
      closes its front contact a to bypass front contact a of relay 6H in the
      previously traced circuit to provide a stick circuit holding relay 7NCS
      energized after the train enters track section 7T. An alternate circuit
      uses front contact a of relay 5NWC in multiple with front contact b of
      relay 3TR to energize relay 7NCS. This latter path is effective when a
      main track move through section 7T has been established and a parallel
      move is occurring through track section 3T at the same time, which is
      permissible in the interlocking layout. In the circuit for relay 7NCS, the
      front contact of relay 6H checks that a route has been established through
      the interlocking and the entering or home signal for that route cleared.
      In other words, for a train to exit at the right end of section 7T, signal
      6G at the left end of the track section must be clear. Back contact b of
      relay 7SCS assures that the opposing direction cab signal transmitter is
      not energized. Front contact a of relay 5NWC, closed when switch 5WB is in
      its normal position, checks that no interference with a train moving in
      the other main track can occur so that front contact b of relay 3TR may be
      open. Otherwise, occupancy of section 3TR is checked and entered into the
      circuit for relay 7NCS. It is to be noted, of course, that the circuit for
      relay 7NCS is not completed until the train occupies section 7T, causing
      the release of the corresponding track relay 7TR to close its back contact
      a. When the train thus accepts signal 6G and occupies section 7T, relay 6H
      will release. However, the slow release characteristic of this relay
      allows sufficient time for front contact a of relay 7NCS to close so that
      the stick circuit is completed to maintain the relay energized before the
      signal control relay releases.
PAR  The circuit network for relay 7SCS which controls cab signal energy for
      movement in the other direction through section 7T is of somewhat
      different form. The principal path begins again at back contact a of relay
      7TR and thence includes front contact a of relay 8H, to check that a route
      has been established from right to left through section 7T and the signal
      8G cleared, and back contact b of relay 7NCS to assure that cab signal
      energy for an opposite direction move is not being supplied through the
      track section. When relay 7SCS picks up, it closes its own front contact a
      which bypasses front contact a of relay 8H so that relay 7SCS will remain
      energized when the train enters the track section. When a move is to be
      made from signal 4G through section 3T and the crossover to exit from
      section 7T, relay 7SCS is energized over an alternate circuit path which
      includes back contact a of relay 7TR, front contact a of relay XTP which
      closes when the train occupies the crossover, and front contact d of relay
      3SCS which is previously closed as the train initially enters the route,
      and thence over back contact b of relay 7NCS to the winding of relay 7SCS.
      Once again, when front contact a of relay 7SCS closes, it bypasses the
      series circuit through front contact a of relay XTP and front contact d of
      relay 3SCS. It is to be noted that the winding of each CS relay is shunted
      by a resistor to slightly retard the release of the relay contacts when
      the winding is deenergized. In the last traced circuit, this feature holds
      front contact d of relay 3SCS closed for a sufficient period until back
      contact a of relay 7TR closes, the necessity of which will appear shortly.
PAR  The circuit network for relay 3SCS compares with that just traced for relay
      7NCS while the circuit paths for relay 3NCS compare with those for relay
      7SCS. For example, the principal circuit for relay 3SCS includes front
      contact a of relay 4H and front contact b of relay 7TR with an alternate
      circuit over front contact b of relay 5NWC bypassing the contact of relay
      7TR. This circuit network further includes back contact b of relay 3NCS
      and is completed by back contact a of relay 3TR when a train enters track
      section 3T at signal 4G. Front contact a of relay 3SCS provides a stick
      circuit which bypasses front contact a of relay 4H. In the network for
      relay 3NCS, the principal circuit path includes back contact a of relay
      3TR, which provides a final closure of the network, front contact a of
      relay 2H, and back contact b of relay 3SCS. Front contact a of relay 3NCS
      then provides a stick circuit path bypassing front contact a of relay 2H.
      The alternate circuit for relay 3NCS, when a crossover move originating at
      signal 6G is to be made, includes back contact a of relay 3TR, front
      contact b of relay XTP, front contact d of relay 7NCS, and thence back
      contact b of relay 3SCS. Under these circumstances, front contact a of
      relay 3NCS bypasses the series circuit through front contact b of relay
      XTP and front contact d of relay 7NCS to provide the stick or holding
      energy path. In this last traced crossover circuit, front contact d of
      relay 7NCS checks that the train has previously entered the interlocking
      and that cab signal energy was provided while it moves through the portion
      of section 7T. Front contact b of relay XTP checks that the train has
      entered the crossover, i.e., that it is proceeding in succession through
      the sequential sections of the established route.
PAR  It was previously noted that front contact c of each CS relay closes to
      energize or activate the corresponding cab signal transmitter. For
      example, when front contact c of relay 7NCS closes, it energizes
      transmitter T7N which then supplies cab signal energy into the rails of
      section 7T. However, such cab signal energy is supplied only when a train
      passes the interlocking limits and moves into section 7T in its route
      through the interlocking. The loop cab signal transmitter LT is energized
      over one of two circuit paths. A first includes front contact e of relay
      3SCS, front contact c of relay 7TR, and front contact b of relay 5RWC.
      Obviously, this last contact checks that the crossover is lined for a
      movement between the two main tracks while the other contacts check first
      that cab signal energy has already been supplied when the train entered
      section 3T and that section 7T is unoccupied. The second circuit also
      includes front contact b of relay 5RWC for the same purpose and, in
      addition, front contact c of relay 3TR to assure that section 3T is not
      occupied and front contact e of relay 7NCS which checks that cab signal
      energy was properly applied when the train entered section 7T en route to
      the crossover. It will be noted that the cab signal loop is thus supplied
      with energy as soon as the train enters either one of the main track
      sections headed for the crossover route and the energy is removed as soon
      as that train has passed over the crossover into the other main track
      section.
PAR  I shall now describe briefly the operation of this control circuit
      arrangement, first assuming that a northbound train is to move through
      section 3T, i.e., from left to right. To establish this movement, the
      interlocking operator assures that the crossover switches are in their
      normal position and then clears signal 2G to authorize the train movement.
      Since this train will exit the interlocking at the location of transmitter
      T3N, it is this transmitter which must be energized to supply energy for
      cab signal train control. The circuit for relay 3NCS is prepared by the
      closing of front contact a of relay 2H when the operator clears signal 2G.
      The circuit further checks at back contact b of relay 3SCS that the
      opposite direction cab signal energy is not being supplied. When this
      train accepts signal 2G and passes it to enter section 3T, relay 3TR
      releases to complete the circuit for relay 3NCS which then picks up to
      activate transmitter T3N to supply cab signal energy. The stick circuit
      for relay 3NCS is completed prior to the release of relay 2H so that the
      supply of cab signal energy is maintained as the train moves through the
      section. When the train completely clears section 3T so that relay 3TR
      again picks up, transmitter T3N is turned off by the release of relay
      3NCS. Obviously, an equivalent operation occurs for a supply of cab signal
      energy by transmitter T7S when a train is authorized to move from right to
      left (southbound) through section 7T. Under this movement, relay 7SCS
      picks up when the train occupies section 7T and activates the
      corresponding transmitter. It may be further noted that if a train should
      inadvertently run by either signal 2G or 8G when they have not been
      cleared for a train movement, no cab signal energy can be supplied since
      the circuit for the corresponding CS relay was not prepared at front
      contact a of relay 2H or relay 8H, respectively, prior to the train
      passing the uncleared (stop) signal.
PAR  I shall now assume that a northbound train is to move through the
      interlocking over the crossover, entering at signal 6G and exiting the
      interlocking at the location of signal 4G. The operator establishes the
      route by reversing the crossover switches to line the crossover for
      movement between the main tracks and clears signal 6G to authorize the
      train movement. It is to be noted that, during this movement, cab signal
      energy will have to be supplied by different transmitters over different
      portions of the established route. Initially, transmitter T7N will supply
      energy followed by transmitter LT providing energy into the crossover cab
      signal loop. Finally, as the train moves through the final portion of the
      route, transmitter T3N must be activated to supply energy for that portion
      of the route within section 3T. Initially, a circuit is prepared for
      energizing relay 7NCS by the closing of front contact a of relay 6H,
      providing that front contact b of relay 3TR is closed to check that
      section 3T is completely unoccupied by any train. This is necessary since
      front contact a of relay 5NWC is open with the crossover lined for a
      reverse movement. It will be noted that, if this were a straight through
      movement on section 7T, the closed front contact a of relay 5NWC would
      eliminate the necessity for checking that section 3T was unoccupied by a
      train.
PAR  When this train accepts signal 6G and occupies section 7T, the release of
      relay 7TR to close its back contact a completes the circuit for relay 7NCS
      which picks up and closes its front contact c to activate transmitter T7N.
      Relay 7NCS also closes its front contact a to complete a stick circuit to
      hold the relay energized after relay 6H releases. Further, the closing of
      front contact e of relay 7NCS completes the circuit for energizing loop
      transmitter LT since front contacts c of relay 3TR and b of relay 5RWC are
      also closed. Thus, as soon as the train enters section 7T, the cab signal
      loop within the crossover rails is also supplied with cab signal energy.
      When the train enters the crossover and occupies section XT, relay XTR
      picks up, since front contact a of relay 5RWC is already closed, and
      completes a stick circuit which will hold relay XTR energized as long as
      any portion of the train continuously occupies section XT. Relay XTP is
      also energized by this action and picks up to close its front contact b.
      This prepares the circuit for energizing relay 3NCS over the circuit path
      further including front contact d of relay 7NCS. The closed condition of
      front contact d of relay 7NCS assures that cab signal energy has already
      been supplied to this train and that it is thus following a proper and
      authorized route through the interlocking while front contact b of relay
      XTP checks that the train has entered the actual crossover section.
PAR  As this train passes the insulated joint midway through the crossover so
      that it in effect occupies section 3T, relay 3TR releases. This completes
      the circuit for relay 3NCS by the closing of back contact a of relay 3TR.
      Relay 3NCS thus picks up, turns on transmitter 3TN, and completes its
      stick circuit to hold energized after relay 7NCS releases. This latter
      action occurs shortly, since the opening of front contact b of relay 3TR
      deenergizes relay 7NCS, but with sufficient delay to assure the pick up of
      relay 3NCS. Obviously, the release of relay 7NCS turns off transmitter T7N
      while the opening of front contact c of relay 3TR interrupts the circuit
      for energizing transmitter LT and the cab signal energy is removed also
      from the cab signal loop in the crossover. However, the stick circuit for
      relay 3NCS holds this relay energized and thus transmitter T3N turned on
      while the train continues to move to the exit point at signal 4G.
      Transmitter T3N remains energized until the train completely clears
      section 3T and relay 3TR picks up to open its back contact a. Obviously,
      an equivalent operation occurs if the train is moving from signal 4G
      through the crossover to exit at signal 6G. Under these conditions,
      transmitter T3S, loop transmitter LT, and transmitter T7S must be
      energized at the proper times to provide cab signal energy for the move.
PAR  If a train inadvertently enters the crossover route from the opposite end,
      that is, moving past signal 4G with the route lined for a move from signal
      6G, no cab signal energy can be supplied since relay 3SCS cannot be
      energized with front contact a of relay 4H remaining open. If, after the
      crossover route from signal 6G is established but prior to the actual
      entry of the train into the interlocking, a second train inadvertently
      overruns signal 2G (not cleared), relay 3NCS cannot pick up since its
      circuit network is open at front contact b of relay XTP, since section XT
      is not occupied, while the parallel connection over front contact a of
      relay 2H remains open with the signal not cleared. Also, with relay 7NCS
      not yet energized, since the first train has not entered section 7T, the
      parallel circuit path is open at another point. For the same reason, a
      second train, waiting outside the interlocking at signal 2G for the first
      train crossing over to clear the interlocking, cannot inadvertently
      receive cab signal energy intended for the crossover train if an insulated
      joint at signal 2G fails. This is true since transmitter T3N is not
      activated until the first train enters section 3T, at which instant its
      wheel-axle units shunt such energy away from the distant end of section 3T
      at signal 2G. Therefore, under these conditions and similarly for other
      routes, a second train cannot steal the cab signal energy intended for a
      first train, whether or not the first train is present within the
      interlocking, in spite of an inadvertent overrun or an insulated joint
      failure. Thus, no unsafe cab signal indication can be created by an
      insulated joint failure or by inadvertent conflicting moves through the
      interlocking arrangement by simultaneously moving trains. It is also noted
      that, if a second train does inadvertently enter the route, the release of
      various track relays in response to this inadvertent occupation of a track
      circuit will interrupt the prepared circuits for the various CS relays so
      that no cab signal transmitter could be turned on even though the intended
      train simultaneously accepted its cleared signal.
PAR  Therefore, the circuits embodying my invention provide a fail-safe
      arrangement for supplying cab signal energy to an interlocking layout. The
      cab signal energy transmission prepared for an authorized train moving
      through the interlocking cannot be received by a second train which may
      inadvertently enter the interlocking over a conflicting route not
      established or which may be waiting immediately outside the interlocking
      limits when an insulated joint at that location has failed. Obviously, the
      illustrated network for the simple interlocking can be expanded to provide
      the same safety features for a more complicated layout in a well known and
      obvious manner. Thus, a simple, efficient, and economic arrangement is
      provided by which cab signal energy can be supplied to trains moving
      through railroad interlockings.
PAR  Although I have herein shown and described but a single cab signal control
      circuit arrangement for interlockings embodying my invention, it is to be
      understood that various changes and modifications may be made therein
      within the scope of the appended claims without departing from the spirit
      and scope of my invention.
CLMS
STM  Having now described the invention, what I claim as new and desire to
      secure by letters patent, is:
NUM  1.
PAR  1. A cab signal control arrangement for railroad interlockings comprising
      in combination,
PA1  a. an interlocking control system connected for establishing routes and
      authorizing train movements through said interlocking,
PA1  b. occupancy detection means connected to rails at selected points for
      individually detecting the train occupancy of prefixed track sections
      within said interlocking,
PA1  c. a plurality of cab signal transmitters coupled to the rails at selected
      locations within said interlocking and operable when activated for
      transmitting cab signal control energy through the rails of an associated
      track section, and
PA1  d. a control circuit means coupled to each cab signal transmitter and
      controlled by said interlocking control control system, by said occupancy
      detection means, and by other cab signal transmitter control means for
      selectively activating the associated transmitter only when a train is
      authorized to traverse an established route, any remaining advance section
      of the route is unoccupied, any preceding transmitters along the route
      have been activated, and the train has occupied the corresponding section.
NUM  2.
PAR  2. A cab signal control arrangement as defined in claim 1 which further
      includes,
PA1  a. a cab signal wire loop positioned adjacent the rails of a preselected
      stretch of track within said interlocking,
PA1  b. another cab signal transmitter connected for transmitting energy when
      activated through said loop, and
PA1  c. a control circuit network coupled to said other transmitter and
      controlled by said interlocking control system, said track occupancy
      detector means, and the plurality of cab signal transmitter control means
      for activating said other transmitter only when said preselected track
      stretch is included in an established route, the preceding section cab
      signal transmitter has been activated, and the succeeding track section is
      unoccupied.
NUM  3.
PAR  3. A cab signal control arrangement as defined in claim 2 in which,
PA1  a. said interlocking comprises a crossover between two main tracks with one
      track section in each main track and one section in said crossover,
PA1  b. said preselected track stretch is within said crossover track,
PA1  c. said plurality of cab signal transmitters comprises one at each main
      track exit,
PA1  d. said control circuit means for each transmitter comprises an actuating
      means and an energizing circuit therefor, each actuating means coupled for
      activating the corresponding transmitter when energized,
PA1  e. the energizing circuit for the actuating means of the transmitter at a
      first exit end of one main track includes in series,
PA2  1. a contact closed when a train is authorized entry at the other exit of
      said one main track,
PAR  2. a contact closed when the associated track section is occupied,
PA2  3. a contact closed when the transmitter at the second exit end of said one
      track is not activated, and
PA2  4. contacts in parallel, one closed when the other main track section is
      unoccupied, the second closed when the established route includes only
      said one main track section, and
PA1  f. the energizing circuit for the actuating means of the transmitter at the
      second exit end of said one main track includes in series,
PA2  1. said contact closed when the associated track section is occupied,
PA2  2. a contact closed when said transmitter at said first exit end is not
      activated, and
PA2  3. two parallel paths comprising a contact closed when a train is
      authorized entry at said first exit end in parallel with a contact closed
      when said crossover track is occupied in series with a contact closed when
      the transmitter at the second exit end of the second main track has been
      activated.
NUM  4.
PAR  4. A cab signal control arrangement as defined in claim 3 in which,
PA1  a. energizing circuits for the actuating means for the first and second
      exit end transmitters of said other main track section are equivalent to
      said energizing circuits for the actuating means of said second and first
      exit end transmitters, respectively, of said one main track section.
NUM  5.
PAR  5. A cab signal control arrangement as defined in claim 4 in which said
      control circuit network for said other cab signal transmitter includes,
PA1  a. a contact closed only when said crossover track is part of an
      established route and in series with
PA1  b. a first circuit path comprising in series a contact closed when said
      other main track section is unoccupied and a contact closed when said
      actuating means for said first exit end transmitter of said one main track
      section is energized, and
PA1  c. a second circuit path connected in parallel with said first circuit path
      and including in series a contact closed when said one main track section
      is unoccupied and a contact closed when said actuating means for the
      second exit end transmitter of said other main track section is energized.
NUM  6.
PAR  6. In a railroad interlocking control system, through which interlocking
      move trains equipped with cab signal control apparatus, the combination
      comprising,
PA1  a. a cab signal energy transmitter coupled to the rails at the exit end of
      each possible route through said interlocking for supplying cab signal
      control energy to a train traversing the route toward the exit end,
PA1  b. each route including one or more train detector sections,
PA1  c. other cab signal transmitters coupled to rails of selected stretches
      within the interlocking layout for also supplying cab signal energy to
      trains traversing established routes,
PA1  d. an actuating means for each cab signal transmitter coupled to activate
      the associated transmitter when energized,
PA1  e. a separate energizing circuit for each transmitter actuating means
      jointly controlled by said interlocking control system, said train
      detection sections, and other transmitter actuating means, for activating
      the associated transmitter only when a route is established including the
      associated exit or stretch of track, a train occupies the associated
      detection sections of that route in sequence, and other transmitters
      associated with conflicting routes are not activated.
NUM  7.
PAR  7. A control system as defined in claim 6 in which,
PA1  a. the established route includes a first detector section, a crossover
      section, and an exit section, each provided with means for detecting train
      occupancy of the section,
PA1  b. the exit transmitter supplies cab signal energy only when a train is
      detected which previously occupied said first section,
PA1  c. said first section receiving cab signal from an associated transmitter
      only when a train authorized to traverse the established route enters said
      first section,
PAL  and which further includes,
PA1  d. a wire loop positioned adjacent the rails of at least a portion of said
      crossover section to couple with the cab signal apparatus of trains
      traversing said route,
PA1  e. another transmitter coupled to said loop for supplying cab signal energy
      to train apparatus when activated,
PA1  f. an actuating circuit connected for activating said loop transmitter only
      when the transmitter associated with said first section has been activated
      and said exit section is unoccupied.
NUM  8.
PAR  8. A control system as defined in claim 7 in which,
PA1  a. the energizing circuit for the first section transmitter actuating means
      includes in series,
PA2  1. a contact closed when the established route entry signal authorizes a
      train movement through that route,
PA2  2. a contact closed when the opposite direction transmitter actuating means
      is not energized,
PA2  3. a contact closed when said exit section is unoccupied, and
PA2  4. a contact closed when the first section becomes occupied,
PA1  b. the energizing circuit for the exit section transmitter actuating means
      includes in series,
PA2  1. a contact closed when said first section actuating means is energized,
PA2  2. a contact closed when a train is detected occupying said crossover
      section,
PA2  3. a contact closed when the train occupies said exit section, and
PA2  4. a contact closed when the opposite direction exit section transmitter
      actuating means is not energized, and
PA1  c. said actuating circuit for said loop transmitter includes,
PA2  1. a contact closed when the route through said crossover section is
      established,
PA2  2. another contact closed when said first section actuating means has been
      energized, and
PAR  3. a contact closed when the exit section is unoccupied.
NUM  9.
PAR  9. A cab signal control arrangement, for use with a railroad interlocking
      control system operable for establishing selected routes including one or
      more detector track sections through a railroad interlocking, comprising
      in combination,
PA1  a. a cab signal energy transmitter coupled to the rails at each exit point
      of said interlocking for supplying cab signal energy through said rails
      when activated at selected times,
PA1  b. a multi-circuit control network for each transmitter coupled for
      selectively activating the associated transmitter and including,
PA2  1. at least one contact closed when an interlocking route is established
      with its exit at the associated transmitter rail couplings,
PA2  2. a contact closed when the opposite direction transmitter is not
      activated,
PA2  3. a contact closed when the track section including the associated exit
      end is occupied by a train, and
PA2  4. one or more contacts responsive to train detection in other track
      sections included in the established route,
PA1  c. a circuit path coupled for activating the associated transmitter being
      completed only when a train authorized to traverse the established route
      and having occupied any preceding sections occupies the section including
      the associated exit end.
NUM  10.
PAR  10. A cab signal control arrangement as defined in claim 9 which further
      includes,
PA1  a. a cab signal loop positioned adjacent a preselected stretch of rails
      within said interlocking,
PA1  b. another cab signal transmitter connected for transmitting energy when
      activated through said loop to trains,
PA1  c. another multi-circuit network connected for selectively activating said
      other transmitter and including,
PAR  1. a contact closed only when said stretch is part of an established route,
PA2  2. contacts responsive to the occupancy condition of succeeding track
      sections in either direction along an established route including said
      stretch,
PA2  3. contacts responsive to the activation of preceding transmitters along
      said established routes including said stretch,
PA1  d. a selected activating circuit path through said other network being
      completed to activate said other transmitter when a preceding transmitter
      is activated to supply cab signal energy for a train authorized to
      traverse a route including said stretch and the succeeding section is
      unoccupied by a train.
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PAL  A single relay serves to register route request selections for both traffic
      directions over each track route through a railroad interlocking layout.
      This single route request relay is jointly controlled by the route
      selection push buttons for both directions, the actuated push button being
      also repeated by a traffic direction relay. The route request relay pick
      up checks that no conflicting route request is active, and that the same
      or opposing route is not already established and locked. The route request
      and direction repeater relays are held by stick circuits to store the
      request until the route is locked. A single relay serves to provide the
      clear and lock function for all possible traffic routes originating at
      each entry point into the interlocking. Each clear and lock relay responds
      to the registry of a route request originating at that location but also
      checks, in accordance with the route switch positions, that the opposing
      approach lock relay is still picked up, that the involved track sections
      within the interlocking are unoccupied, and the absence of cab signal
      energy for an opposing train within the interlocking. The clear/lock relay
      selects and enables the clearing of the correct route entry signal,
      releases the route request storage, and locks the established route
      against any opposing route requests. Cancellation of a route request or a
      locked route with cleared signal is provided, with separate actions as the
      approach track is or is not occupied. Cancellation of a locked route and
      cleared signal requires the usual time delay to assure that an approaching
      train stops short before a conflicting move is authorized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My invention relates to a route interlocking control system for railroads.
      More specifically, the invention relates to a system in which a single
      route request relay controls both directions of traffic through a railroad
      interlocking along each possible track route and a single route locking
      relay for each entrance location to the interlocking locks up each
      possible route originating at that entry point, when established, and
      selects and enables the clearing of the proper entry signal.
PAR  In developing interlocking control systems for rapid transit railroads, it
      is desirable to reduce the operations required of the system operator in
      controlling the routing of trains. Thus a route type interlocking control
      system, requiring the operation of only one selector or circuit controller
      device to establish each route, is preferable. It is also desirable to use
      a minimum amount of apparatus in any interlocking control system. In other
      words, a specific route interlocking system should be designed to use the
      fewest number of relays possible to accomplish the stated purpose and
      provide all specified features. One possible manner of conserving relays
      in such a system is to use only one relay to request and initiate the
      establishment of traffic in either direction over each possible track
      route or lineup through the interlocking. A second possible point of
      saving is to use a single relay to lock all possible routes originating
      from a specific entry point when requested and aligned and to also control
      or enable the selection and clearing of the entry signal at the
      established entrance end of the lined route. By accomplishing these two
      points, additional savings are then possible in the apparatus involved in
      the various indication circuits and secondary control networks.
PAR  Accordingly, an object of my invention is an improved interlocking control
      system for rapid transit railroads.
PAR  Another object of the invention is a route interlocking control system
      using only one route request relay for establishing either direction of
      traffic along each possible track route through an interlocking layout.
PAR  Still another object of the invention is a control system for a railroad
      interlocking requiring only a single push button to select each desired
      route and a single relay to register a request for the desired route or at
      other times for the identical opposite route through the track layout.
PAR  A further object of my invention is an improved railroad route interlocking
      control system using a single route request relay for either traffic
      direction along each possible track route through the interlocking and a
      single clear and lock relay at each possible entrance to the interlocking
      to lock up any established route originating at that entry point and to
      enable the clearing of the proper signal authorizing the train to traverse
      the established route.
PAR  Yet another object of the invention is a route type interlocking control
      system for railroads in which a single route request relay serves both
      directions for each track routing, a single clear and lock relay serves
      all routes originating at each entry location, and separate route
      cancellation controls are provided for the approach clear and occupied
      conditions of the established route.
PAR  Other objects, features, and advantages of my invention will become
      apparent from the following specification when taken in connection with
      the accompanying drawings and appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  At the control location of an interlocking system which embodies my
      invention, a control machine including a track diagram of the interlocking
      layout and a control device console or panel is provided. This console
      includes a selector switch or push button type circuit controller for each
      route through the interlocking layout, a specific route cancel switch for
      each entry location, and common cancel switches to select between the
      occupied and clear condition of the approach track to the route being
      cancelled. The operation of the route selection device, actually shown as
      a push button, actuates a route request relay and a direct repeater of the
      selector device. The same route request relay is also actuated if the
      selector push button for the route in the exact opposite direction through
      the same track lineup is activated but a different repeater relay is
      provided for each selector push button device. Each repeater relay in
      effect designates the entry and/or exit points of the desired route, that
      is, the direction in which the train will move through the route selected.
      The circuit network for each request relay checks whether or not a
      conflicting route has also been requested. It further checks whether the
      same or exactly opposite route is already cleared and locked and the
      absence of any cancellation action. The actuated route request relay
      together with the specific push button repeater relay, that is, the
      selector device repeater, select the route clearing and locking relay
      which locks the route and enables the clearing of the entry or home signal
      to authorize a train movement through the established route. The circuit
      network for each clear and locking relay checks the opposing approach lock
      relay, the switch positions for the requested route, and the route
      occupancy conditions. The actuated clear and lock relay selects the entry
      or home signal to be cleared in accordance with the position of the
      switches included in the established route and enables the circuit network
      for that signal to display a proceed indication. This signal clearing
      network further checks, although not specifically shown, the advance
      traffic conditions along the established route and its extended pathway
      beyond the interlocking.
PAR  Thus the system operator selects or activates a route request push button
      which selects the route request relay applicable for both directions
      through the desired track route. In addition, a push button repeater relay
      unique for the activated route selection push button is energized to
      designate the traffic direction through the selected route. These actions
      do not complete if a conflicting route has just been selected and is in
      the process of being established or if the opposite or same route is
      already cleared and locked. Under certain conditions, if a conflicting
      route had been previously requested and is now cleared and locked, the
      present route request may be stored by the route request relay pending
      system reset to conditions which will allow the full route to be
      established and cleared. When the route request is registered and a
      specific route direction recorded, a clear and lock relay at the entrance
      of that route is energized and then holds in the picked up position. This
      action can occur only after a check is made that the opposite direction
      approach locking network has not been previously activated. This approach
      locking check is made in a manner determined by the route lineup, that is,
      by the position of the switches throughout this established route. The
      clear and lock relay selects, also in accordance with the switch
      positions, the specific signal to be cleared to authorize the train
      movement. At any any point in the operation, and even after the route has
      been established and locked with the signal cleared, the route and signal
      may be cancelled by the operator. This action is initiated by the
      operation of a specific route cancellation push button and one of two
      common route cancellation devices, depending upon whether the approach to
      the established route is clear or occupied. Since the route operator has
      knowledge as to the condition of the route approaches, the specific route
      cancellation button and the selected common system button which he
      operates will be in accordance with the known track conditions. If the
      route is already cleared and locked, as is normal a time delay is enforced
      after the cancellation request before a new route conflicting in any
      portion can be established.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Before describing in detail the specific arrangement of my invention and
      defining the novelty in the appended claims, reference is made to the
      accompanying drawings in which:
PAR  FIG. 1 is a partly schematic, partly circuit diagrammatic illustration of a
      control console and route request network of a route interlocking control
      system embodying my invention.
PAR  FIG. 2 is also, in part, a schematic diagram of a simple railroad
      interlocking, to which the invention is applied, showing the track
      circuits and signal locations, and with a circuit diagram portion
      illustrating the route locking and signal clearing circuits which
      cooperate with the route request circuits of FIG. 1.
PAR  FIG. 3 is a circuit diagram of the route cancellation control network which
      is part of the inventive system illustrated in the other drawings.
PAR  FIG. 4 is a circuit diagram of the approach locking circuits for the route
      interlocking control system of FIGS. 1 and 2.
DETD
PAR  In each of the drawings, similar references designate similar parts of the
      apparatus. In these drawings, in general the relay contacts are shown in a
      vertical column above or below the symbol designating the relay winding.
      In each of such relays, the movable portion or the armature of a contact
      structure moves upward when the relay is energized to close against front
      contacts. When the relay windings are deenergized and any slow release
      period has expired, such relay armatures move to their lower position,
      that is, release, and close against the back contacts to complete the
      circuits there. However, for convenience in the drawings, certain contacts
      of some relays are shown on drawing figures other than that in which the
      conventional symbol for the relay winding and its control circuits are
      illustrated. Where contacts are thus remotely shown, they are designated
      by a reference the same as that applied to the relay winding symbol plus a
      lower case letter reference unique, for that relay, to that specific
      contact. All relay contacts are designated by a unique lower case letter
      reference whether or not they are shown in direct association with the
      winding symbol. For the system of my invention as illustrated, a source of
      direct current energy is provided for operating the various relays. Since
      the use of such direct current energy sources is conventional and any one
      of several types may be used, no specific illustration of the direct
      current energy source is shown. The positive and negative terminals of
      this energy source are designated, however, by the references B and N,
      respectively, wherever appearing in any of the drawings.
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to FIG. 1, across the top in schematic representation is shown a
      control machine layout for a route interlocking control system. At the
      left is a simple track diagram of the controlled interlocking, which is a
      crossover between two main tracks, each shown by a single line
      representation. The entry and exit points are designated by the numerals
      2, 4, 6, and 8, while the crossover 5 has switches at each designated 5WA
      and 5WB. This simple type of interlocking arrangement is sufficient to
      illustrate the features of my invention. Although not here shown for the
      sake of simplicity, it is well understood that various indications may be
      displayed as part of the track diagram, such as track occupancy
      conditions, switch positions and signal aspects, and established routes.
      Since the display of such indications is conventional in interlocking
      control systems, they are not here illustrated but the manner in which
      they may be provided will become obvious as the description proceeds. At
      the right, the dot-dash rectangle represents the control console or panel
      of the system. Each smaller solid square within the outer box designates a
      push button selector device with the designating numbers corresponding to
      the entry/exit points in the interlocking illustration.
PAR  In a left column, under the heading "CANCEL", are four push buttons
      representing each of the four entry points into the interlocking. The
      selected one of these push buttons is activated when it is desired to
      initiate the cancellation operation of a route originating at that entry
      point, whether already established through the interlocking or merely
      requested. Two additional push buttons under the same heading are the
      approach clear push button AC and the approach occupied push button AO.
      One of these common push buttons must be operated jointly with a route
      cancellation button to achieve the desired operation. They are selectively
      operated as the approach to the established route is clear or occupied,
      that is, the AC or AO push button. In the right hand portion of the
      control panel, under the title "SELECTION,"  are the push buttons which
      are operated when it is desired to establish a route through the
      interlocking. In the horizontal lines or rows, each of these buttons is
      numerically designated to show the exit point for a route from the
      corresponding entrance point designated by the cancel button. In other
      words, in the top row, the route selection push button 4 represents and is
      operated when it is desired to establish a route from the entry point 2 to
      the exit point 4 of the interlocking. Push button 4 and only push button 4
      is operated to set up this desired route. It will be noted that, if it is
      desired rather to establish a route from entry point 4 to exit point 2,
      the push button 2 in the same row as the cancel button 4 will be operated.
PAR  The specific route selection push buttons corresponding to the selection
      portion of the control panel are shown by conventional circuit symbols in
      a vertical column at the right of the drawing. Each of these push buttons
      is of the spring return, push type having two normally open contacts a and
      b. Each of these push buttons is designated by the reference RPB with a
      combined numerical suffix designating the points between which the route
      is to be established. As an example, the uppermost push button is
      designated as RPB6-8 and is the push button activated when it is desired
      to establish a route from entry point 6 to exit point 8 in the
      interlocking. As another example, the lowest push button is designated
      RPB6-4 and designates that device operated when a route from point 6 to
      point 4 is to be established.
PAR  Each associated pair of route push buttons, that is, for selecting routes
      from opposite ends of the same track route lineup through the
      interlocking, controls a single route request relay RR. There are three
      such relays, each further defined by a numerical suffix which designates
      the ends of the track route lineup in numerical order but with no regard
      to route or traffic direction. Thus route request relay RR6-8 is
      associated with the track route between points 6 and 8 regardless of the
      direction of traffic movement. The energizing circuit for each route
      request relay, completed when one of the corresponding route push buttons
      is activated, further checks as to whether or not a conflicting route
      request is simultaneously being processed and whether or not a route has
      been established and locked from either end of the track lineup involved.
      The circuit also includes provisions for cancelling the route during the
      period when it is being established. For example, tracing the circuit
      network for relay RR6-8, one finds that it extends from terminal B of the
      local source over back contact b of an approach occupied cancellation
      relay FU1, back contact b of an approach clear cancellation relay NR1,
      back contacts c of the clear and lock relays 6CL and 8CL associated with
      each end of the corresponding track route, and back contact d of route
      request relay RR4-6, which is associated with a conflicting route, thence
      through the winding of relay RR6-8 and over contact a of push button
      RPB6-8 or contact a of push button RPB8-6 to terminal N. When relay RR6-8
      is energized and picks up, the closing of its front contact a completes a
      stick circuit connection to terminal N which bypasses contact a of
      whichever associated push button RPB was operated.
PAR  Each route push button has a direct repeater relay PBP energized over
      contact b of that push button. Each repeater relay has a stick circuit
      which includes its own front contact a and front contact b of the
      associated route request relay. As an example, relay PBP6-8 is energized
      over front contact b  of push button RPB6-8 when this contact is closed
      and then is retained energized over a stick circuit including front
      contact b of relay RR6-8. Each repeater relay has a numerical suffix in
      its reference which corresponds to that of the associated push button.
      These repeater relays define the traffic direction, that is, the entrance
      to exit direction for the established route designated by the energized
      route request relay RR. The purpose of this designation of direction will
      become apparent shortly. It is also to be noted that, under certain
      conditions, when a route relay is energized but, because of an established
      conflicting route, the completion of the route establishment cannot be
      carried forward, the stick circuit for the route relay retains the route
      request stored until such time as the route establishment is possible.
PAR  Referring now to FIG. 2, across the top is a schematic diagram of the track
      layout within the interlocking, each track being designated by a
      conventional single line symbol. Two main tracks and a crossover
      connecting between them are illustrated, corresponding to the track
      diagram on the control machine (FIG. 1). This diagram also illustrates the
      track sections within and in approach to the interlocking limits,
      conventional symbols being used to designate the insulated joints which
      define the outer limits of the interlocking, separate the sections, and,
      at the middle of the crossover, insulate the one main track from the
      other. Thus in the lower track, there are shown the insulated track
      sections 2T, 3T, and 4T, 3T being within the limits of the interlocking.
      In the upper track are the track sections 6T, 7T, and 8T. Track sections
      3T and 7T, which are within the interlocking limits, are normally defined
      as detector track sections while those track sections, shown only in part
      outside the joints designating the interlocking limits, are known as
      approach track sections. Because of the insulated joint midway in the
      crossover, a portion of this track is included in each of the detector
      track sections. Each illustrated track section is provided with a track
      circuit, although only the connections of the track relay to the rails are
      illustrated by a conventional dotted line. It may be assumed that the well
      known and conventional direct current track circuits are used in each
      section. The track relay is energized and in its picked up condition when
      no train is occupying any portion of the corresponding track section. For
      example, for detector track section 3T, including that portion of the
      crossover which is part of the detector track section, relay 3TR is picked
      up when this section is completely unoccupied by any train.
PAR  The two switches 5WA and 5WB which connect the crossover track to each of
      the main tracks are conventionally shown. These switches are positioned as
      required by the control apparatus in the manner to be discussed shortly.
      Two switch correspondence relays 5NWC and 5RWC are provided to check the
      actual switch position against that which is desired or designated by the
      control apparatus. In other words, one or the other of these relays is
      energized and picked up as the switches are respectively in their normal
      and reverse positions, if that actual position corresponds to that
      requested for the established route. Such correspondence relays are
      conventional in interlocking arrangements and the conventional dotted line
      indicates the control or check by apparatus as to the actual switch
      position. Obviously only one of these relays is properly picked up at a
      time. Thus when main track routes are lined, relay 5NWC is energized and
      picked up while relay 5RWC is energized when the switches assume their
      reverse positions when a route using the crossover has been established.
      As will be discussed further, no actual controls for the switch apparatus
      from the interlocking control equipment are shown since such control is
      conventional and it will be understood by those versed in the interlocking
      art.
PAR  Wayside signals are designated at each entry point into the interlocking by
      conventional symbols. Such signals are known as entry or home signals and
      when displaying a proceed indication authorize a train to pass that signal
      and enter the route established through the interlocking to move to the
      exit end and beyond. Since both signals 4G and 6G at locations 4 and 6,
      respectively, control either a main track or a crossover move, such
      signals are illustrated as two arm signals with the upper or A arm
      controlling the main line move and the lower or B arm controlling the move
      over the crossover. Signals 2G and 8G control only main line moves and
      thus a single arm only is illustrated. For convenience in the description,
      each of the signals is illustrated as a two position signal which displays
      either a proceed or a stop indication. Obviously more indications may be
      displayed by any of these signals, depending upon the advance traffic
      conditions, as may be desired by the complete and overall traffic control
      system.
PAR  FIG. 2 also illustrates the control circuit networks for the clear and lock
      relays CL, one of which is associated with each entry point into the
      interlocking. Each such CL relay checks that a requested route is clear
      and may be established, locks the route if such conditions exist, and
      enables the clearing of the corresponding entry signal. The clearing and
      locking of a route is initiated by the corresponding route request relay
      but it is the circuit for the entry relay CL which checks that the
      opposite direction cab signal has not been applied and that the opposite
      direction approach locking stick relay is not released to indicate the
      immediate approach of a train. The circuit for each relay CL also checks
      that proper switch positions exist, depending upon the route requested,
      and that the initial detector track section is clear. Provision is made in
      each CL relay circuit for cancellation of the route even though it has
      been established and the signal cleared.
PAR  Near the center of the FIG. 2 drawing, a single relay symbol represents the
      cab signal energy control relays for this interlocking which are generally
      designated by the reference CS with a prefix comprising a number
      corresponding to the detector section and a letter indicating the train
      direction. For purposes of this discussion, trains move in a north or
      south direction through the interlocking, northbound trains moving to the
      right. Thus, below the single relay winding designated N/SCS are four back
      contacts, each designated in accordance with the train direction and the
      track section associated therewith. The specific control circuits for the
      cab signal energy control relay CS are disclosed in a copending patent
      application filed Jan. 24, 1975 in the name of Kenneth G. Buzzard, Ser.
      No. 543696, for Cab Signal Control Circuits for Railroad Interlockings,
      the two copending applications having the same assignee. Very briefly,
      when a train authorized to move through the interlocking enters a detector
      track section, the detection of its occupancy causes the associated cab
      signal control relay for that direction to pick up to apply cab signal
      energy to the rails from the other end to actuate the cab signal or speed
      control equipment on the train. Thus, back contact a of relay 7NCS is
      opened in response to the entry of a train into section 7T moving in a
      northward direction past signal 6G. If this train is moving through the
      crossover, relay 3NCS will also be energized and pick up to open its back
      contact a when the train moves through the crossover so that continuous
      cab signal energy is applied. Reference is made to the cited copending
      application for a better understanding of this control circuitry and the
      relay operation, it being sufficient here to know that, as long as the
      back contacts of these CS relays are closed, no opposing train movement
      exists within the interlocking limits.
PAR  By way of example, a first circuit for relay 6CL can be traced from
      terminal B over back contact d of relay FU1, back contact d of relay NR1,
      front contact a of relay 7TR, front contact a of relay 5NWC, front contact
      b of approach lock relay 8AS, back contact a of relay 7SCS, the winding of
      relay 6CL, front contact e of relay RR6-8, and front contact b of relay
      PBP6-8 to terminal N. This circuit is effective, of course, when a route
      request for a move from signal 6 to exit location 8 has been registered
      and the various track and cab signal energy conditions are proper. When
      relay 6CL picks up, its front contact a completes a stick circuit to
      terminal N which bypasses the front contacts of relays RR6-8 and PBP6-8.
      It is also to be noted that it is front contact b of relay PBP6-8 which
      determines or designates that the route direction is from 6 to 8 and that
      relay 8CL is not to be energized by this route request. The second circuit
      for relay 6CL, if the requested route is from location 6 to location 4,
      includes the previously mentioned contacts d of relays FU1 and NR1 and
      front contact a   of relay 7TR, thence brancing over front contact b of
      relay 5RWC, since the crossover switches must be reversed, front contact b
      of approach lock relay 4AS, the previously mentioned back contact a of
      relay 7SCS, and the winding of relay 6CL, thence extending over front
      contact f of relay RR4-6 and b of relay PBP6-4. The latter two contacts
      are then bypassed by the stick circuit of relay 6CL which locks up the
      established route and holds the route locked until it is cancelled or a
      train accepts the cleared signal as will be shortly described.
PAR  The stick circuit for relay 6CL is interrupted when track section 7T is
      occupied so that relay 7TR releases to open its front contact a. Relay 7TR
      is supplied with a front contact repeater relay 7TP which is normally
      energized over the obvious circuit including front contact b of relay 7TR.
      Relay 7TP is also deenergized when section 7T is occupied but, having slow
      release characteristics as indicated by the downward pointing arrow at its
      contact a, holds back contact a open for a predetermined period after the
      relay winding is deenergized. The closing of this back contact a of relay
      7TP eventually bypasses the open front contact a of relay 7TR so that
      relay 6CL may be reenergized for a call-on train movement while the
      interlocking route is still occupied. This is a restricted speed train
      movement to close up upon the preceding train occupying the advance track
      section. Relay 6CL is also deenergized if either of the cancellation
      relays FU1 or NR1 is energized and picks up to open the corresponding back
      contact d. It is to be noted that relays RR6-8 and PBP8-6 may be
      energized, while a first train moving from location 6 to location 4 is
      occupying the interlocking, and thus store a new route request. However,
      relay 8CL cannot be energized, even though back contact a of relay 7TP is
      closed, since the circuit for relay 8CL will be open at front contact a of
      relay 5NWC and also for a time at back contact a of relay 7NCS. A similar
      circuit network also controls relays 4CL and 2CL but since the operation
      of this network will be obvious by reference to the preceding description
      and the circuit diagrams, a full explanation is not herein included.
PAR  Each CL relay prepares a circuit for clearing the corresponding signal when
      a route is locked up. Such circuits check as appropriate the switch
      position to select the proper entry signal for the established route. For
      example, when relay 6CL is energized to lock up a route from 6 to 8, the
      circuit is prepared for eventually clearing signal 6GA which includes
      front contact b of relay 6CL and front contact b of relay 5NWC. If the
      crossover is reversed so that relay 6CL is locking up a route from
      location 6 to location 4, the signal preparation circuit includes front
      contact b of relay 6CL as before but now front contact a of relay 5RWC and
      thus prepares the circuit for signal 6GB. In each of these circuits
      prepared by relay 6CL at its front contact b, the dotted portion beyond
      the front contact of the switch correspondence relay designates, in a
      conventional manner, the usual advance traffic and track section occupancy
      checks which are necessary in order that the proper proceed indication
      will be displayed on the corresponding signal. Relay 8CL controls directly
      the single arm of signal 8G, no selection by contacts of the switch
      correspondence relays being required although a safety check of the locked
      up normal switch position would be included in the conventional part of
      the signal circuit. Similar circuit networks for signals 4GA and 4GB for
      routes entering at location 4 and the single circuit for signal 2G are
      controlled, respectively, by relays 4CL and 2CL in a similar manner.
PAR  Turning now to FIG. 3, the route cancellation relays and their control
      circuits are shown in circuit diagram arrangement. As previously
      indicated, there are two types of cancellation relays with the relays NR
      being used to cancel routes when track sections in approach to the route
      entrance are unoccupied by any approaching train. Conversely, the
      cancellation relays FU are used to cancel routes when these approach track
      sections are occupied by an approaching train. Two pairs of such relays
      exist, one for each of the main tracks. It will be noted, of course, in
      FIG. 1, that all four relays are involved in the cancellation arrangement
      for route request relay RR4-6 which, involving the crossover in either
      direction, also involves portions of each main track. One reason for
      separating the cancellation proceedings depending upon these two approach
      conditions is so that, if desired, a record can be made of the number of
      times that a route is cancelled or taken away while the train for which it
      was originally established is already in the approach track section.
PAR  At the left of FIG. 3 is a column of conventional spring return push button
      symbols which correspond to the block form of push buttons shown in the
      upper right of FIG. 1 in the vertical column under the CANCEL notation.
      Each of these cancel push buttons CPB, with a numerical suffix
      corresponding to the route entry point, is of the conventional spring
      return type whose single normally open contact is closed only when the
      push button is actuated. In the center of this drawing figure are two
      similar symbols designating the general cancellation push buttons ACPB and
      AOPB, corresponding to the approach clear and approach occupied
      conditions, respectively. Each of these spring return push buttons has two
      normally open contacts which are closed simultaneously when the push
      button is actuated. As previously indicated, cancellation of a route, when
      established or during the time when it is being requested, requires the
      operation not only of the push button corresponding to the entry point but
      one or the other of the common push buttons depending upon the condition
      of the approach track section.
PAR  If a route from location 6 to location 4 is being established or is already
      established so that relay 6CL is picked up, a circuit for energizing relay
      NR1 to cancel this route when the approach track section 6T is unoccupied
      is traced from terminal B over contact a of push button CPB6, which will
      be closed to actuate a cancellation action, front contact a of relay 6TR,
      since the corresponding track section is not occupied, contact a of push
      button ACPB, closed also in actuating the cancellation action, and through
      the winding of relay NR1 to terminal N. The closing of front contact a of
      relay NR1 establishes a stick circuit for holding this relay energized,
      when the push buttons are released, which is supplied from terminal B,
      under the assumed circumstances, over front contact h of relay RR4-6 or
      front contact e of relay 6CL. It will be noted that other parallel
      connections to terminal B for this same relay stick circuit may be
      completed over front contact e of relay 8CL or front contact g of relay
      RR6-8 so that relay NR1 is effective to cancel routes other than the one
      previously assumed.
PAR  If track section 6T is already occupied so that relay 6TR has released, the
      circuit beginning at contact a of push button CPB6 extends over back
      contact a of relay 6TR, contact a of push button AOPB, which will be the
      one actuated under the existing track occupancy conditions, and the
      winding of relay FU1 to terminal N. When this relay picks up, its front
      contact a completes a stick circuit which has the same possible sources of
      energy as that described for relay NR1, the stick circuit arrangement
      being common for either cancellation relay of this pair. If cancel push
      button CPB8 is involved with an established route entering at location 8,
      either relay NR1 or FU1 is also energized, the circuits differing only in
      including front or back contact a of relay 8TR, respectively. Similar
      circuits exist for cancellation relays NR2 and FU2 involving contacts of
      cancel push buttons CPB2 and CPB4, contacts of track relays 2TR and 4TR,
      and the other contact b on the common push buttons ACPB and AOPB. The
      operation of these circuits will be obvious from an inspection of the
      circuit diagram of FIG. 3 when taken in connection with the previous
      description. It is to be noted that relays NR2 and FU2 have a common stick
      circuit arrangement including, in multiple, front contacts of relays 2CL,
      4CL, RR2-4, and RR4-6.
PAR  In FIG. 4 are illustrated the circuit networks for the approach lock relays
      AS. There is one such relay for each of the approach track sections to the
      illustrated interlocking, each specifically designated by a corresponding
      numerical prefix. Each AS relay is normally energized by a stick circuit.
      For example, this stick circuit for relay 6AS, completed at its own front
      contact a, further includes back contact f of relay 6CL. When a route is
      cleared and locked up and a proceed signal therefore enabled, the
      corresponding AS relay releases. In this specific example, when relay 6CL
      picks up to clear and lock a route originating at location 6, relay 6AS is
      deenergized because its stick circuit is opened and this relay releases.
      Once released, an AS relay may be reenergized and picked up in one of two
      ways. Normally this is accomplished by the passage of a train past the
      proceed signal into the interlocking and the clearing of the approach
      track section. The second manner includes a time delay period and is used
      if the operator cancels, that is, releases, the route and thus returns a
      proceed signal to stop. For example, relay 6AS is reenergized when the
      circuit including back contact f of relay 6CL, front contact b of relay
      6TR, and back contact c of relay 7TR is completed. This occurs when a
      train authorized to enter the interlocking at location 6 has proceeded
      past signal 6G to occupy section 7T and has cleared the approach track
      section 6T. As was previously described, when relay 7TR releases upon
      occupancy of the corresponding section, relay 6CL is also deenergized and
      releases. When relay 6AS, thus energized, picks up, it completes its
      previously traced stick circuit. It will be noted that the energization of
      relay 6AS thus occurs only when the train is still occupying the detector
      track section but has cleared the approach track section at the location
      at which it enters the interlocking.
PAR  When a route is cancelled and a proceed signal is taken away, the time
      delay period required for resetting the approach lock relays involves one
      or the other of the time element relays TE1 and TE2. Each of these relays
      is of the type which provides a delay period between the time of
      energizing the relay winding and the closing of its front contacts. This
      period may be on the order of one or a few seconds up to as much as a
      minute or more in elapsed time. The delay period is normally preset and
      adjusted in accordance with the requirements of the particular arrangement
      in which used. If a route entering the interlocking at location 6 is
      cancelled so that relay 6CL is released, the closing of its back contact f
      completes the circuit for energizing relay TE1, this circuit further
      including back contact a  of relay 6AS and the winding of relay TE1. At
      the expiration of the preset timing period for time element relay TE1, its
      front contact a closes to complete a circuit which bypasses the contacts
      of track relays 6TR and 7TR in the usual energizing circuit for the
      winding of relay 6AS. This latter relay, thus energized over the time
      element relay front contact, picks up and completes its stick circuit in
      the usual manner. The opening of back contact a or relay 6As deenergizes
      relay TE1 which releases. When relay 6AS picks up, it closes front
      contacts in various clear and lock relay circuit networks shown in FIG. 2
      in order to allow the clearing and locking of a route other than that
      originally established.
PAR  Actually the time delay provided by relay TE1 will be selected to allow an
      approaching train to stop short of signal 6G when this signal is taken
      away and the route cancelled, or to allow the train to overrun the signal,
      if insufficient space remains for the train to stop, and occupy section 7T
      without any danger to any conflicting movements. In other words, once a
      route is established and the entering signal cleared, the cancellation of
      the route and the taking away of the signal cannot allow its immediate
      replacement by another established route and clear signal until any train
      approaching the original proceed signal has had time to stop, either clear
      of or occupying the interlocking so that no unsafe condition exists.
      Similar circuit networks, of course, are provided for the other approach
      lock relays 8AS, 2AS, and 4AS, each including the appropriate contacts of
      approach and detector track relays and the clear and lock relays. It will
      be noted that relay TE1 has a second front contact b which is involved in
      the time delay pickup for relay 8AS whereas relay TE2 controls the time
      delay pickup for the approach lock relays 2AS and 4AS for the other main
      track.
PAR  I shall now describe the operation of the apparatus when establishing a
      route for a train to move through the interlocking and for the reset after
      the train occupies and then clears the various track sections. For
      purposes of the description, it is assumed that a train approaches the
      interlocking along the upper track through approach section 6T and that
      this train is to be transferred over the crossover to the lower track and
      to recede from the interlocking through section 4T. The interlocking
      operator actuates route push button RPB6-4 shown in FIG. 1. Since all
      track conditions and other associated apparatus are considered to be in a
      normal position, as illustrated, the closing of contact a on push button
      RPB6-4 completes the circuit for energizing route request relay RR4-6. The
      circuit also includes back contacts d of relays 4CL and 6CL to check that
      no other traffic route is presently established which is the same as or
      opposes the desired route, i.e., uses the same track route. Back contacts
      c, in series, of all the cancellation relays check that no cancellation is
      in progress. The circuit also includes back contacts c of the other route
      request relays to assure that simultaneous action for conflicting routes
      is not occurring. Relay RR4-6, thus energized, picks up and completes its
      stick circuit at its front contact a which bypasses the contact of the
      route push button so that it may now be released. Contact b of push button
      RPB6-4, when closed, energizes repeater relay PBP6-4 which closes its
      front contact a to complete a stick circuit also including front contact b
      of relay RR4-6. The stick circuit for relay PBP6-4 assures that this relay
      remains energized to record the traffic direction desired through the
      requested route. Thus, upon the release of push button RPB6-4, the route
      request and the direction of movement remain registered in the apparatus
      through the provision of the stick circuits. This route registry may be
      indicated in the track diagram shown in the upper left of FIG. 1 by some
      distinctive indication, normally flashing lights along the desired route.
      However, since these indications are relatively conventional and well
      known, the specific circuits for controlling the lights are not shown.
PAR  Assuming that the crossover switches, as controlled by the route request,
      have positioned to line the route through the crossover, that is, the
      switches have been moved to their reverse positions, a circuit is then
      completed for energizing clear and lock relay 6CL. It will be remembered
      that, when the switches reverse their position, relay 5RWC becomes
      energized as soon as both switches occupy their reverse positions, as that
      corresponds to that position requested, while normally energized relay
      5NWC releases since the switches are no longer normal. The circuit for
      relay 6CL then includes, as previously traced, front contact a of relay
      7TR, front contact b of relay 5RWC, front contact b of relay 4AS which
      indicates that the opposing route is not cleared and locked nor its entry
      signal cleared, back contact a of relay 7SCS to assure that no southbound
      cab signal energy has been applied, and front contacts f and b of relays
      RR4-6 and PBP6-4, respectively, to check the route request and traffic
      direction.
PAR  Relay 6CL picks up, completing a stick circuit at its front contact a which
      bypasses the circuit path over front contact f of relay RR4-6 and front
      contact b of relay PBP6-4. The opening of back contact d of relay 6CL
      interrupts the stick circuit for relay RR4-6 and this relay shortly
      releases. This release is slowed by the diode snub on the winding of relay
      RR4-6 so that relay 6CL will have time to complete its pickup action
      before front contact f of relay RR4-6 opens. Relay PBP6-4 is then
      deenergized and also releases. The closing of front contact b of relay 6CL
      with front contact a of relay 5RWC already closed enables or prepares the
      circuit for clearing signal 6GB. The corresponding opening of back contact
      f of relay 6CL interrupts the previously described stick circuit for
      approach lock relay 6AS which now releases. This completes the
      establishment and lockup of a desired route from location 6 to location 4
      and enables the clearing of the corresponding signal in accordance with
      the advance traffic conditions recorded in the conventional portions of
      the signal control circuit. The release of relay 6AS also interrupts the
      circuit for relay 8CL and the circuit over front contact c of relay 5RWC
      by which relay 4CL might be energized. Thus release of approach lock relay
      6AS prevents the clearing of any opposing signal to signal 6GB which is
      now displaying a proceed indication.
PAR  With the approaching train in section 6T, relay 6TR releases and its front
      contact b further interrupts the pickup circuit for relay 6AS. When this
      train accepts and passes signal 6GB displaying a proceed indication and
      occupies section 7T, relay 7TR releases. The opening of front contact a of
      this latter relay interrupts the stick circuit for relay 6CL which also
      releases. Obviously relay 7TP is deenergized when front contact b of relay
      7TR opens. This repeater relay, having slow release characteristics, holds
      its back contact a open for a brief period. When this delay period has
      expired, the closing of back contact a of relay 7TP will allow the
      operator to request a similar route and display a call-on indication at
      signal 6G so that a second train may close up if desired. As the train
      proceeds through the crossover into section 3T, relay 3TR releases,
      followed, at the end of a slow release period, by the release of relay
      3TP. The release of relay 3TR has no real effect at this time on the
      circuits for relays 4CL and 2CL other than to further interrupt the pickup
      circuits. However, since back contact a of relay 3TP will shortly close,
      these additional circuit interruptions are of a relatively short duration.
PAR  When the rear of this train clears section 6T, relay 6TR picks up, closing
      its front contact b in one energizing circuit for relay 6AS. Since back
      contact f of relay 6CL and back contact c of relay 7TR are already closed,
      relay 6AS picks up and completes the usual stick circuit including back
      contact f of relay 6CL so that relay 6AS is restored to its normal
      condition. The closing of front contacts b and c of relay 6AS do not,
      however, complete any circuits for relays 8CL and 4CL, respectively, since
      such pickup circuits are open at other points. When the train clears
      section 7T so that relays 7TR and, shortly, 7TP pick up, the operator may
      then request, if desired, a new route from location 6 to 8 or in the
      opposite direction since the circuit for relay RR6-8 is now complete to
      the contacts of the associated push buttons RPB. Likewise, the circuits
      for 6CL and 8CL are now prepared, except for contacts of relay 5NWC, since
      relay 6AS is picked up and relay 7NCS has now released. When the train
      clears section 3T, that is, the rear end passes beyond signal 4G, relay
      3TR and then relay 3TP pick up. The control system is now restored to
      normal, that is, no routes are established through the interlocking.
PAR  It is now assumed that, prior to the train for whom the route from location
      6 to location 4 was established occupying section 6T, the route is to be
      cancelled for any one of various reasons. For example, it is desired to
      hold the train short of the interlocking or it is necessary to clear for
      another train to avoid its delay. The operator, knowing that section 6T is
      not occupied, activates cancel push buttons CPB6 and ACPB on the console.
      Referring to FIG. 3, this action closes the contacts a of these two push
      buttons and, since front contact a of relay 6TR is still closed, completes
      the circuit for energizing relay NR1. Relay NR1 picks up, closing its
      front contact a to complete a stick circuit which further includes at this
      time front contact e of relay 6CL. The opening of back contact c of relay
      NR1 interrupts the stick circuit for relay RR4-6 if the establishment of
      the route has proceeded no further than registry by this relay. If the
      route is established and locked, the opening of back contact d of relay
      NR1 interrupts the stick circuit for relay 6CL. Assuming that the route
      was completely established and relay 6CL energized, the opening of its
      stick circuit causes relay 6CL to release to cancel the route lockup and
      interrupt the circuit by which signal 6GB was held clear. Signal 6GB thus
      returns to its stop indication. Meanwhile, the closing of back contact f
      of relay 6CL completes the circuit, since back contact a of relay 6AS is
      also closed, to energize relay TE1. This relay begins to run its time
      period, at the close of which it picks up to close its front contact a and
      complete the alternate circuit for energizing relay 6AS. This latter relay
      picks up, completing its normal stick circuit, and holds. At this point,
      the interlocking is reset to its normal condition and another route may be
      established and another signal cleared with complete safety.
PAR  If section 6T is occupied by the approaching train when it is decided to
      cancel the route, the operator actuates push buttons CPB6 and AOPB. This
      completes the circuit at contacts a of these two push buttons over back
      contact a of relay 6TR for energizing relay FU1. This relay picks up,
      closing its front contact a to complete the stick circuit which at this
      point includes front contact e of relay 6CL. If the system is so designed,
      the pick up relay FU1 will register that a route has been cancelled and a
      signal taken away from an approaching train. The pick up of relay FU1 will
      interrupt, at its back contact c, the circuit for relay RR4-6, if not
      already released, and also, at its back contact d, the circuit for relay
      6CL. As before described, the release of relay 6CL releases the route
      lock, interrupts the circuit holding the signal clear, and causes the
      energization of relay TE1. Relay 6As thus cannot pick up until its
      alternate circuit is completed by the closing of front contact a of relay
      TE1 at the end of the slow pickup period of this latter relay. This is
      particularly important, when a route is cancelled with the train already
      on the approach track section, since it prevents the establishment of
      another conflicting route and the clearing of another signal for a second
      train until the already approaching first train either stops short of the
      signal, here signal 6G now displaying stop, or overruns the signal because
      of insufficient stopping distance. Under this latter condition, the first
      train will have occupied section 7T and thus block the establishment of
      any other route prior to the time that relay 6AS picks up. This feature
      assures fail-safe operation of the interlocking control system.
PAR  During the time that the route from 6 to 4 is cleared and locked, that is,
      relay 6CL is picked up and relay 6AS is released, a route from 2 to 4 or
      from 4 to 2 may be stored by energizing route request relay RR2-4. This
      operation is initiated by actuating push button RPB2-4 or RPB4-2 to
      energize relay RR2-4. It is noted that the circuit includes back contacts
      b of relays FU2 and NR2, back contacts c of relays 4CL and 2CL which are
      both closed, back contact c of relay RR4-6 which is now closed since that
      route is locked up and route registry released, the winding of relay
      RR2-4, and either contact a of push button RPB2-4 or contact a of the
      opposite push button RPB4-2. In either case, relay RR2-4 picks up, closing
      its front contact a to complete a stick circuit which bypasses the contact
      of whichever push button was operated. Either relay PBP2-4 or PBP4-2 will
      also be energized and held by the obvious stick circuit. However, the
      energizing circuit for relay 2CL is presently open at front contact  c of
      relay 5NWC since a crossover route is established and the switches are
      still in their reverse positions. One circuit for relay 4CL is open at the
      same front contact c of relay 5NWC while the reverse route circuit is open
      at front contact c of relay 6AS. Thus neither of the clear and lock relays
      can be energized at this time and, because of the stick circuit, relay
      RR2-4 remains picked up and the route request stored.
PAR  After this first train moves from location 6 to location 4 and clears the
      limits of the interlocking, relay 2CL, for example, can then pick up after
      the switches 5W position to their normal positions in response to the
      stored route request. Assuming that the train is waiting in section 2T,
      the circuit for relay 2CL will include back contacts d of the cancellation
      relays FU2 and NR2, front contact a of relay 3TR which closes as soon as
      the first train clears the interlocking limits, front contact c of relay
      5NWC closed as soon as the switches are positioned normal, front contact c
      of relay 4AS, closed since signal 4G is not cleared and relay 4CL is not
      picked up, and back contact a of relay 3SCS since no cab signal energy is
      being applied for a southbound train move. The circuit is completed over
      front contact e of relay RR2-4 and front contact b of relay PBP2-4. The
      stick circuit for relay 2CL is completed when front contact a of that
      relay closes, bypassing the latter two contacts of the route request and
      push button repeater relays in the usual manner. The pick up of relay 2CL
      opens its back contact f to release relay 2AS and prepares a circuit at
      its front contact b for signal 2G. The aspect displayed by signal 2G will
      depend upon the traffic conditions in advance of section 3T, that is, the
      location of the preceding train. It is to be noted, however, that only a
      route that is partially conflicting with an established route and
      primarily originating in the other of the two main tracks can be requested
      and stored. Parallel routes can be simultaneously established at any time.
PAR  An arrangement embodying my invention this provides an improved route
      interlocking control system. This improved system requires only a single
      route request relay for each possible track route or lineup through the
      interlocking, supplemented by a pair of traffic direction relays, one to
      designate each traffic direction along that route. At the same time, a
      single clear and lock relay only is required at each entrance point to the
      interlocking. This relay checks each possible traffic route that can be
      requested from that entry point to determine if it is clear and may be
      established, to then lock up the route, and to enable the operation of the
      proper entry signal to permit the movement of a train. These operations
      are done in an efficient manner and with economy due to fewer number of
      required relays while at the same time safety of the system is not
      sacrificed.
PAR  Although I have herein shown and described but a single specific route
      interlocking control system embodying the arrangement of my invention, it
      is to be understood that various changes and modifications therein within
      the scope of the appended claims may be made without departing from the
      spirit and scope of my invention.
CLMS
STM  Having now described the invention what I claim as new and desire to secure
      by letters patent, is:
NUM  1.
PAR  1. A route control system for a railroad interlocking, which interlocking
      comprises a plurality of track routes within prefixed outer limits
      selectable for train movements, each track route including one or more
      track sections each with a train occupancy detector, comprising in
      combination,
PA1  a. a single route request means for each track route operable for
      registering a traffic route request for either direction of traffic
      through the corresponding track route,
PA1  b. a control network for each route request means operable for selecting
      one or the other traffic direction through the associated track route and
      connected for operating the associated route request means to register the
      traffic route request,
PA1  c. a direction registry means for each track route controlled by said
      control network for operating to a first or a second condition as said one
      or the other traffic direction through the associated track route is
      requested,
PA1  d. a route locking means associated with each entry point of said
      interlocking and coupled for locking, when activated any requested traffic
      route originating at that point, and
PA1  e. an activating circuit network for each route locking means controlled by
      each associated route request means, the corresponding direction registry
      means, said occupany detectors, and opposing route locking means for
      activating the associated locking means when an originating traffic route
      request is registered, the corresponding track route sections are
      unoccupied, and no opposing traffic route is established.
NUM  2.
PAR  2. A route control system as defined in claim 1 in which,
PA1  a. each route request means coupled for initiating the establishment of the
      corresponding track route when a route request is registered, and
PA1  b. each route locking means also coupled for selecting, when activated, a
      control circuit to enable the display of a signal indication in accordance
      with the associated locked traffic route to authorize a train to traverse
      the established traffic route.
NUM  3.
PAR  3. A route control system as defined in claim 2 in which each control
      network is further controlled by,
PA1  a. the route locking means for both the requested traffic route and the
      opposite traffic route through the corresponding track route, and
PA1  b. the route request means for each conflicting track route,
PA1  c. each control network being inhibited from operating the associated route
      request means to register a traffic route request when the same or the
      opposite traffic route is established or a conflicting route request
      exists.
NUM  4.
PAR  4. A route control system as defined in claim 3 in which each control
      network comprises,
PA1  a. a circuit controller device for each direction of traffic through the
      associated track route, selectively operable to close at least two
      different circuit paths when a traffic route request is a activated,
PA1  b. a first circuit network including in multiple a first circuit path of
      each associated circuit controller device and connected for operating the
      associated single route request means to register a traffic route request
      for either direction, and
PA1  c. a second circuit network including a second circuit path of each
      associated circuit controllers, further controlled by the corresponding
      route request means, and connected to the associated direction registry
      means for registering and holding the selected traffic direction for the
      registered route request,
PA1  d. each first circuit network also including contacts controlled by the
      route locking means for the traffic routes selected by the associated
      circuit controllers and by the route request means for each conflicting
      route for inhibiting the registry of a route request if either traffic
      route is already locked or if a conflicting route request is registered.
NUM  5.
PAR  5. A route control system as defined in claim 4 in which, each first
      circuit nework further includes a stick circuit path controlled by the
      associated route request means for holding a registered traffic route
      request when the associated circuit controller is deactivated until the
      corresponding traffic route can be locked.
NUM  6.
PAR  6. A route control system as defined in claim 5 in which,
PA1  a. each route request means is a single route request relay controlled by
      the associated first circuit network and energized to register a traffic
      route request through the corresponding track route,
PA1  b. each direction registry means comprises a pair of relays, one for each
      traffic direction through the associated track route and singly energized
      by the associated second circuit network as one or the other traffic
      direction is requested,
PA1  c. each route locking means is a single relay energized to lock each
      traffic route originating at the corresponding entry point, and
PA1  d. the activating circuit network for energizing each route locking relay
      includes,
PA2  1. a contact closed when the corresponding track route is completed,
PA2  2. an occupancy detector contact closed when the first section of the track
      route is unoccupied,
PA2  3. another occupancy detector contact closed when other portions of the
      track route are unoccupied, and
PA2  4. multiple circuit paths each comprising a contact closed when a traffic
      route request originating at that entry point is registered and a contact
      closed by the corresponding direction registry relay.
NUM  7.
PAR  7. A route control system as defined in claim 3 which further includes,
PA1  a. a circuit controller device for each traffic route, selectively operable
      to enable preselected circuit connections,
PA1  b. each circuit controller coupled by one of its associated circuit
      connections for enabling the control network of the corresponding single
      route request means to register the request for the track route required
      by the selected traffic route,
PA1  c. each circuit controller also coupled by another of its associated
      circuit connections to the corresponding control network for enabling the
      registry of the selected traffic direction through the registered
      requested route.
NUM  8.
PAR  8. A route control system as defined in claim 3 which further includes,
PA1  a. an approach lock means associated with each track section in approach to
      each interlocking entry point, coupled for registering the locking of a
      traffic route through said interlocking originating at that entry point,
      each approach lock means responsive to the entry of train onto said route
      for restoring to its non-registering condition,
PA1  b. each approach lock means coupled into the activating circuit for the
      route locking means associated with each traffic route exiting the
      interlocking at the entry point corresponding to that particular approach
      lock means, for inhibiting the locking of an opposing traffic route when
      said particular approach lock means is registering the locking of a route
      originating at said particular entry point.
NUM  9.
PAR  9. In a control system for a railroad interlocking which includes a
      plurality of different track routes, each route including one or more
      train detector sections with train occupancy detector means, the
      combination comprising,
PA1  a. a single route request relay for each of said track routes through said
      interlocking,
PA1  b. a pair of direction registry relays associated with each route request
      relay, one for registering each traffic direction along the corresponding
      track route,
PA1  c. a selector means for each traffic direction along each track route
      operable to select a desired traffic route through said interlocking,
PA1  d. a route registry circuit network coupled to each route request relay and
      controlled by the selector means for each traffic direction along the
      corresponding track route for actuating the associated route request relay
      to register and store a route request to establish the coresponding track
      route in the selected direction when no other conflicting route request
      relay is actuated,
PA1  e. a direction registry circuit network controlled by each selector means
      and coupled to the corresponding direction registry relays for actuating
      the registry of the desired direction of traffic through the corresponding
      track route,
PA1  f. a single clear and lock relay at each entry point into said interlocking
      coupled for locking, when activated, any requested and established traffic
      route through said interlocking originating at the corresponding point,
      and
PA1  g. a control circuit network for each clear and lock relay controlled by
      said route request relays, other clear and lock relays, and preselected
      train occupancy detector means for activating the associated clear and
      lock relay when a corresponding route request is registered, no
      conflicting route is locked, the selected route is established, and no
      train is detected by said selected occupancy detector means.
NUM  10.
PAR  10. An interlocking control system combination as defined in claim 9 in
      which,
PA1  a. each route request relay is also coupled to the interlocking control
      system for initiating, when actuated, the establishment of the
      corresponding track route,
PA1  b. each clear and lock relay is further coupled for enabling the control of
      an associated entry signal selected in accordance with the established
      route to authorize a train movement through the established traffic route.
NUM  11.
PAR  11. An interlocking control system combination as defined in claim 10 in
      which,
PA1  each route registry circuit network is also controlled by the clear and
      lock relays corresponding to each entry point of the associated track
      route and by selected other route request relays corresponding to
      conflicting routes for inhibiting the registry of a route request if the
      same or the opposing route is already locked or a request for a
      conflicting route is registered.
NUM  12.
PAR  12. An interlocking control system combination as defined in claim 11 in
      which,
PA1  a. each selector means is a circuit controller operable for closing at
      least two circuit paths when actuated,
PA1  b. each route request circuit network includes in multiple a first circuit
      path of the selector circuit controller for each traffic direction in the
      corresponding route for enabling the registry of a route request when
      either circuit controller is actuated,
PA1  c. each route request circuit network also includes a stick circuit path
      bypassing said circuit controller circuit paths for holding a route
      request registry after a circuit controller becomes non-actuated,
PA1  d. each direction relay is controlled by a second circuit path of the
      selector circuit controller corresponding to the traffic direction
      registered by that relay, and
PA1  e. each direction relay is held actuated by a stick circuit controlled by
      the associated route request relay for retaining a traffic direction
      registry while the route request is registered.
NUM  13.
PAR  13. An interlocking control system combination as defined in claim 12 which
      further includes,
PA1  a. a route cancellation controller associated with each entry point of said
      interlocking and operable to an active condition for initiating a
      cancellation of each route originating from that entry point,
PA1  b. each cancellation controller coupled to the route request network for
      each route originating at the associated entry point for interrupting,
      when activated, a route request registry prior to the locking of that
      route,
PA1  c. each cancellation controller also coupled to the control circuit network
      for the clear and lock relay associated with that entry point for
      cancelling when activated any route locked by that relay.
NUM  14.
PAR  14. An interlocking control system combination as defined in claim 13 in
      which each clear and lock relay control circuit network includes,
PA1  a. a detector contact closed when the initial track section along the
      requested route is unoccupied,
PA1  b. a train responsive contact closed when other sections of said requested
      route are also unoccupied,
PA1  c. a contact closed only when the associated track route is complete,
PA1  d. a contact closed when the associated cancellation controller is
      non-activated,
PA1  e. one or more circuit paths in multiple, each including,
PAR  1. a contact closed when a route request involving a track route from that
      entry point is registered,
PA2  2. a contact closed when the registered traffic direction designates a
      traffic route originating at the associated entry point, and
PA1  f. a stick circuit path connected to bypass the multiple circuit paths for
      holding the route locked when the route request registry is terminated by
      the locking action.
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ABST
PAL  A system for each car of a railway train for detecting a hot journal box or
      boxes on the car by utilizing the heat of the overheated journal box to
      produce electrical current which, when a sufficient degree is transmitted
      through appropriate electrical devices to an explosive bolt placed in the
      brake pipe, causes the bolt to be exploded and thereby open a vent in the
      brake pipe to atmosphere to effect a brake application on the train. The
      sound of the escaping air from the brake pipe is used to determine the
      particular car on which the overheated journal box is located.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Overheated journal boxes on a railway vehicle in a train may cause the axle
      to freeze against rotation and possibly result in derailment of the train.
      Present systems for detecting overheated journal bearings are usually
      wayside oriented, thereby providing only a periodic check of the journal
      boxes on the cars as the train passes specific locations at which the
      wayside detection equipment is located. Moreover, brakeinduced wheel heat
      may influence wayside detecting devices and cause a false indication
      accompanied by unnecessary train delays while attempting to locate the hot
      journal box.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a simplified, low-cost,
      vehicle-mounted detection system for sensing an overheated axle journal
      bearing, capable of effecting an automatic application of the brakes when
      such an overheated bearing is detected, and providing means for
      immediately locating the car on which the overheated bearing is.
PAR  Briefly, the invention comprises respective thermocouples associated with
      each of the axle journals of a railway car and connected in parallel
      relation to a capacitor. Heat of the axle journal or bearing is converted
      to an electrical current which is transmitted to the capacitor. When the
      voltage potential of the current thus supplied to the capacitor exceeds
      the threshold level of a zener diode connected to the capacitor, said
      diode breaks down to provide conducting means via which such current is
      transmitted to an explosive device connected to the brake pipe. The
      explosive device is thus detonated to cause a vent in the brake pipe to be
      opened to atmosphere, thereby, in well known manner, automatically
      effecting a brake application on the train. The car having the overheated
      journal can be easily located by the sound of escaping air from the
      opening in the brake pipe made by the exploding bolt.
DRWD
PAR  The single FIGURE drawing is a schematic view of the apparatus for
      detecting hot journal boxes on any car of a railway train.
DETD
PAC  DESCRIPTION & OPERATION
PAR  Each of the cars of a train is intended to be equipped with the apparatus
      shown in the drawing, which comprises a plurality of thermocouples 1, 2,
      3, 4, 5, 6, 7, and 8, shown symbolically and associated with each of the
      journal boxes of each of the axles on a railway car, in this case, four
      axles or eight journals. Thermocouples 1 through 8 are connected in
      parallel relation in an electrical circuit comprising conductors 9 and 10
      and in which an explosive type member or bolt 11 having an electrically
      responsive detonating head 12 is serially connected.
PAR  Bolt 11 is so disposed as to normally block an atmospheric vent or
      passageway 13 opening into a brake pipe 14, thereby preventing escape of
      fluid pressure from said brake pipe to atmosphere.
PAR  A capacitor 15 interposed in an interconnecting conductor 16 is connected
      between conductors 9 and 10 in parallel relation to detonating head 12 and
      a zener diode 17 which is serially interposed in conductor 9 between
      capacitor 15 and said detonating head.
PAR  As is well known to those skilled in the art, zener diode 17 maintains the
      electrical circuit open until the potential across capacitor 15 attains a
      value at which the voltage supplied thereby to said diode exceeds the
      voltage breakdown threshold of the diode, whereupon said diode causes the
      circuit to be closed to allow electrical current to flow to detonating
      head 12 of explosive bolt 11.
PAR  In operation, each of the thermocouples 1 through 8, in well known manner,
      is responsive to heat generated by the respective journals, with the train
      in motion, to generate electrical current characterized by a voltage
      commensurate with the degree of heat. If one or more of the journals heats
      up to and in excess of a certain degree considered dangerous to continued
      running of the train, such heat causes the respective thermocouples
      associated with the overheated journal or journals to establish a
      potential across capacitor 15 sufficient for causing breakdown of zener
      diode 17 and thereby supply of electrical current to detonating head 12,
      which thereby causes bolt 11 to be exploded.
PAR  When bolt 11 has been exploded, passageway 13 is unblocked and brake pipe
      14 is thereby vented to atmosphere. With brake pipe 14 vented to
      atmosphere and a consequent reduction of fluid pressure therein, a brake
      application on the train is automatically effected in well known manner.
PAR  The car having the overheated journal or journals can readily be located by
      locating the sound of escaping pressure through passageway 13.
PAR  It should be apparent that the flow capacity of passageway 13 determines
      the rate at which fluid pressure reduction is effected in brake pipe 14
      when bolt 11 is exploded, and therefore said flow capacity may be
      preselected to provide either a service brake application or an emergency
      application, as desired.
CLMS
STM  Having now described the invention what I claim as new and desire to secure
      by letters patent, is:
NUM  1.
PAR  1. Apparatus for detecting overheated axle journals on a railway car having
      a brake pipe, said apparatus comprising:
PA1  a. an explosive member interposed in and for normally blocking a passageway
      via which the brake pipe may be vented to atmosphere;
PA1  b. a detonating element carried by said explosive member and responsive to
      an energy charge for effecting explosion of the explosive member;
PA1  c. generating means carried by the axle journal and responsive to heat
      produced by said journal during rotation of the axle for generating an
      energy charge of a degree commensurate with the degree of prevailing
      journal heat; and
PA1  d. transmitting means for transmitting said energy charge to said
      detonating element when the energy charge so generated exceeds a certain
      preselected degree.
NUM  2.
PAR  2. Apparatus for detecting overheated axle journals, as set forth in claim
      1, wherein said energy charge comprises an electrical current.
NUM  3.
PAR  3. Apparatus for detecting overheated axle journals, as set forth in claim
      2, wherein said generating means comprises respective thermocouples
      carried by each of the axle journals for generating said electrical
      current.
NUM  4.
PAR  4. Apparatus for detecting overheated axle journals, as set forth in claim
      3, wherein said transmitting means includes an electrical circuit for
      transmitting said electrical current from said thermocouples to said
      detonating element.
NUM  5.
PAR  5. Apparatus for detecting overheated axle journals, as set forth in claim
      4, wherein said thermocouples are connected in parallel relation to each
      other in said circuit.
NUM  6.
PAR  6. Apparatus for detecting overheated axle journals, as set forth in claim
      4, wherein said transmitting means further comprises:
PA1  a. a zener diode interposed serially in said circuit between said
      thermocouples and said detonating element; and
PA1  b. a capacitor connected in said circuit to said thermocouples and in
      parallel relation to said zener diode and said detonating element.
NUM  7.
PAR  7. Apparatus for detecting overheated axle journals, as set forth in claim
      6, wherein said zener diode is characterized by a voltage breakdown
      threshold of a predetermined degree.
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ABST
PAL  Apparatus is provided for controlling the speed of a vehicle, especially
      vehicles of a railway train, wherein acceleration-imparting mechanisms
      associated with the wheels are adjusted on an individual basis by
      comparison of tangential speed and desired speed by the use of sensors to
      maintain the tangential speeds of the wheels equal to each other, and
      equal to a predetermined value. The technique may be employed in either
      the braking or the propulsion mode of operation, or in both modes, and
      allows commanded rates of vehicle acceleration to be realized to the
      greatest possible extent.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This invention relates to a co-pending application Ser. No. 302,415, filed
      Oct. 31, 1972, now abandoned in favor of continuation application Ser. No.
      483,843, filed June 21, 1974. This is a division of application Ser. No.
      337,990, filed Mar. 5, 1973, now Pat. No. 3,887,239.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In general, the systems used to control the friction brakes on vehicles, be
      they railway trains, aircraft or automobiles, carry out braking commands
      by applying to the friction elements forces sized to the command.
      Selection of the relationship between the command an the resulting braking
      force involves assumptions regarding those factors, such as the
      coefficient of friction of the braking elements and the adhesion of the
      wheels, which affect vehicle motion. Therefore, the braking force levels
      are chosen on an assumed average performance. As a result, under any given
      set of conditions, some wheels may be braked too much and others may be
      braked too little. Because of this, only approximate correspondence
      between commanded acceleration and actual acceleration is afforded.
PAR  The adverse effects of the assumptions involved in the design of the
      traditional brake system are manifest in various forms, e.g. excessive
      stopping distances, excessive wheel wear resulting from slip, and the
      creation of flat spots on the wheels or the complete loss of steering
      control resulting from locked or sliding wheels. In an effort to improve
      performance, various refinements has been proposed. One involves weight
      sensing apparatus which reduces the braking forces on a localized basis as
      the load borne by the wheel, and consequently its adhesion, is reduced.
      Another type of refinement is the wheel slip control which releases and
      then reapplies individual brakes when slipping of the associated wheel is
      detected. A third remedial measure consists of a torque feedback system
      which is intended to linearize the relationship between the commanded
      force (or pressure) applied to the friction element and the friction force
      developed between this element and its cooperating braking part. While
      these expedients do improve performance, all are complex and increase
      substantially the cost of manufacturing and maintaining the system.
      Moreover, and more important, this auxiliary apparatus performs an
      override of reaction role and thus is incapable of deriving from each
      wheel all of the braking effort which its localized adhesion will support.
      Therefore, even with the auxiliary equipment, the system still affords
      stopping distances much longer than the theoretical minimum.
PAR  One object of this invention is to provide an improved braking scheme which
      affords stopping distances much shorter than those heretofore attainable,
      precludes wheel sliding and minimizes slipping, and does not require
      auxiliary devices of the type mentioned above. According to this invention
      the braking command controls the tangential velocities of the wheel
      treads, and the forces applied to the braking elements are controlled
      indirectly on an individual basis and as required to maintain equal the
      tangential speeds of all wheels. With this scheme, all of the wheels are
      compelled to accelerate at the same identical rate determined exclusively
      by the command; consequently, all of the variables, such as vehicle
      weight, coefficient of friction of the braking elements, and localized
      adhesion values, which influence motion of the vehicle are inherently and
      completed compensated. As a result, the actual acceleration of the vehicle
      is rendered independent of these conditions, and no apparatus need be
      provided to detect and correct specifially for them. In situations where
      local track or road conditions at a wheel are such that the commanded rate
      or retardation or acceleration cannot be supported, the wheel will simply
      cease to contribute to the total braking or accelerating effort, and its
      share of this effort will be apportioned among the remaining wheels. In no
      event will such a wheel slide, i.e., lock-up, and it can slip, i.e.,
      rotate at a tangential speed less than vehicle speed, only in cases where
      all, or most, of the wheels on the vehicle are in a similar adhesionless
      state. This would be an extremely rare occurrence in the case of railway
      service, but it could happen in the case of an automobile or an aircraft.
      However, even in those applications, steering capability would be
      considerably better than under the sliding condition which the
      conventional system would create, and each wheel will be available
      immediately to again contribute braking effort as soon as it encounter
      ground conditions which provide the adhesion needed to support the
      commanded acceleration.
PAR  The basic principle of the invention is independent of the sense of vehicle
      acceleration, and therefore may be employed in the propulsion as well as
      the braking mode of of operation. This application of the new scheme is of
      particular importance in the case of railway rapid transit service, where
      all the axles of the individual cars are equipped with traction motors,
      because it affords an effective way of furnishing higher acceleration
      rates without jerks or wheel spin than heretofore possible. Furthermore,
      when these motors are used as dynamic brakes, the invention inherently
      modulates the friction brake as needed to offset changes in the
      effectiveness of the dynamic brake, and thus obviates inclusion of
      auxiliary brake-blending devices.
PAR  Regardless of whether the acceleration-imparting mechanisms associated with
      the wheels are friction brakes or propulsion motors or both, the preferred
      form of the invention uses a master command signal in the form of a
      variable frequency electrical signal. This signal is transduced by
      synchronous motors to provide, for each acceleration-imparting mechanism,
      rotary motion of an input shaft at a velocity proportional to the
      frequency. This input motion is compared to the motion of a feedback shaft
      which is driven at an angular velocity proportional to the tangential
      speed of the tread of the associated wheel, and an actuating mechanism
      adjusts the acceleration-imparting mechanism as required to maintain
      synchronized each pair of input and feedback shafts. The angular
      displacement of each input shaft is proportional to the cumulative cycles
      of the master signal, and the corresponding displacement of the feedback
      shaft is proportional to the linear travel of the wheel. Therefore, since
      the shafts are maintained synchronized within a small control range, it
      follows that this version of the invention not only affords the desired
      speed control, but also allows the distance traveled by the vehicle to be
      regulated by merely controlled the total number of cycles of the master
      signal. Obviously, this feature makes the invention particularly
      attractive for use in automatic train control systems.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Several embodiments of the invention are described herein with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram showing that portion of a combined braking
      and propulsion control system carried by the control car of a typical
      rapid transit passenger train.
PAR  FIG. 2 is a sectional view of one of the adhesion control valves.
PAR  FIG. 3 is an enlarged sectional view of the valving elements of an adhesion
      control valve.
PAR  FIG. 4 is a sectional view, in diagrammatic form, of one of the wheel
      sensors.
PAR  FIG. 5 is a schematic diagram of the complete hydraulic brake circuit for
      one of the trucks in the FIG. 1 system.
PAR  FIG. 6 is a schematic diagram showing an alternative arrangement of the
      emergency brake control apparatus.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  As described herein, the invention is employed to control both the braking
      and the propulsion of a rapid transit passenger train which consists of a
      plurality of cars. It is assumed that each car has two trucks, and that
      each truck has a pair of independently driven axles. Except for the master
      signal generator, which is needed only on the control car, it will be
      understood that the disclosed system employs identical equipment on all
      cars.
PAR  Referring to FIG. 1, the speed-controlling equipment carried by the control
      car may be divided into the following main groups:
PA1  a. a mster signal generator 11 which supplies to a trainlined control wire
      12 an electrical signal having a frequency which represents desired train
      speed;
PA1  b. positive and negative acceleration-imparting means associated with each
      of the four axles 13, 14, 13a and 14a, and including a traction motor 15
      equipped with a conventional speed controller 16, and a pair of caliper
      type disc brake units 17 and 18;
PA1  c. a controller 19 for each axle which serves to control the associated
      acceleration-imparting devices as required to maintain a predetermined
      relationship between the tangential speed of treads of the wheels 21 and
      the frequency of the master signal;
PA1  d. a source 22 of hydraulic fluid under pressure for the two controllers 19
      of each truck; and
PA1  e. emergency brake control apparatus 23 for the four disc brake units of
      each truck which acts independently of controllers 19 and supplies the
      brake units with motive fluid at a pressure modulated in accordance with
      the weight carried by the truck.
PAR  Master signal generator 11 includes means, represented simply by a battery
      24 and a manually adjustable potentiometer 25, for developing a variable
      control voltage representing desired train speed, and apparatus such as a
      tachometer generator 26 which is driven by a sensor wheel 27 which engages
      the tread of one of the wheels 21 and produces a feedback voltage which
      varies directly with actual train speed. These two voltages are delivered
      via lines 28 and 29, respectively, to rate control unit 31 which compares
      them and develops on line 32 an output voltage which varies directly with
      the difference between the inputs. This output and the input signal on
      line 28 are supplied to a master frequency controller 33 which furnishes
      to control wire 12 a master signal whose frequency changes at a rate
      proportional to the magnitude of the control voltage on line 32 and which,
      under steady state conditions, is proportional to the desired speed signal
      on line 28. In a representative case, the components of generator 11 are
      so designed that the master frequency varies linearly with the voltage
      signal on line 32 from a minimum rate corresponding to a train
      acceleration of 0.5 miles per hour second to a maximum rate corresponding
      to a train acceleration of 3.5 miles per hour per second, and that said
      maximum rate is produced at all differences between desired and actual
      speed greater than 20 miles per hour.
PAR  The master signal on control wire 12 is delivered to a converter 34 on each
      car which translates it into 3-phase power at a corresponding frequency
      and delivers same as an input signal to the four controllers 19 carried by
      the car. Each of these controllers 19 includes a pair of hydraulic brake
      cylinders 35 and 36 incorporated in disc brake units 17 and 18,
      respectively, a third hydraulic actuator 37 which serves to adjust the
      setting for traction motor controller 16, and an adhesion control valve 38
      which includes rotary input and feedback shafts 39 and 41, respectively,
      and serves to control the pressures in the three cylinders just mentioned
      as required to maintain synchronism between the shafts 39 and 41. Input
      shaft 39 is driven by a synchronous motor 42 which is supplied by
      converter 34, and thus rotates at a speed proportional to the frequency of
      the master signal on control wire 12. Feedback shaft 41, on the other
      hand, is driven through a torque-transmitting connection 43 by a sensor
      wheel 27 which engages the trend of one of the wheels 21 carried by the
      associated axle 13, 14, 13a or 14a. Therefore, the angular velocity of the
      feedback shaft is proportional to the tangential speed of the tread (i.e.,
      the speed of the train). The drive connections to shafts 39 and 41 are
      equipped with slip clutches 44 and 45, respectively, in order to limit the
      torques applied to the shafts and thereby preclude damage to the
      components of valve 38 in the event of malfunction.
PAR  Referring to FIGS. 2 and 3, each adhesion control valve 38 comprises a body
      containing an inlet port 46 connected with the source 22 via a conduit 47,
      a pair of service ports 48 and 49 which are connected, respectively, with
      brake cylinders 35 and 36 and with cylinder 37 via conduits 51 and 52, and
      a pair of exhaust ports 53 and 54 which are connected with a hydraulic
      reservoir 55 incorporated in the source 22 for the associated truck. Fluid
      flow to and from the service ports is controlled by a pair of cooperating,
      reciprocable valving elements in the form of a sleeve 56 and a spool 57.
      The valve sleeve is formed with three axially spaced radial passages 58,
      59 and 61 which are in continuous communication with ports 46, 48 and 49,
      respectively, and has interior spaces 62 and 63 at opposite ends of spool
      57 which are in continuous communication with exhaust ports 53 and 54,
      respectively. Valve spool 57, on the other hand, is formed with a pair of
      control lands 64 and 65 which coact with the passages 59 and 61,
      respectively, to control flow therethrough. It will be noticed in FIG. 3
      that these lands are wider than the associated passages, and that the
      overlap X at the inner margin of each passage is slightly greater than the
      overlap Y at the outer margin. When sleeve 56 is in the illustrated lap
      position relative to spool 57, lands 64 and 65 overlie passages 59 and 61,
      respectively, and therefore preclude flow to and from the service ports 48
      and 49. As the spool moves to the left relatively to the sleeve, land 65
      opens a path from passage 61 to sleeve space 63, to thereby connect
      service port 49 with exhaust port 54, and then land 64 opens a path from
      passagee 58 to passage 59 to thereby connect inlet port 46 with service
      port 48. Similarly, relative movement of the sleeve and spool in the
      opposite direction enables land 64 to first vent service port 48 to
      exhaust port 53, and then causes land 65 to open a supply path from inlet
      port 46 to service port 49.
PAR  Valve spool 57 is reciprocated by a two-piece rod 66, one end of which is
      coupled to input shaft 39 through a spline connection 67, and the other
      end of which is coupled to feedback shaft 41 through a threaded connection
      68. The parts define a mechanical differential which shifts rod 66 to the
      left or the right depending upon whether input shaft 39 lags or leads
      feedback shaft 41. The range of motion of rod 66 is defined by a pair of
      pins 69 and 71 which are carried by shafts 39 and 41, and, for precise
      control of vehicle speed, it is essential that a small phase difference
      between the shafts will shift the rod full stroke. At present, it is
      considered acceptable to give the threads in connection 68 a pitch which
      accomplishes such translation of the rod during 40.degree. deviation of
      wheel tread travel (i.e., a wheel travel of .+-. 40.degree. will move the
      rod from the illustrated central position to the limit in eigher
      direction). The reciprocatory motion of rod 66 is transmitted to valve
      spool 57 through a pair of ball bearings 72 and 73, which, as shown in
      FIG. 3, are held on counterbores formed in the ends of the spool by a
      shoulder on one of the rod sections and a snap ring fitted into the mating
      rod section. The use of a bearing type of thrust connection is desirable
      because it permits relative rotation between the rod 66 and spool 57, and
      thereby prevents seizure between the spool and the sleeve at the high
      rotary speeds (e.g. speeds on the order of 2000 to 5000 r.p.m.) which rod
      66 may encounter during service.
PAR  The valve sleeve 56 of each adhesion control valve 38 is biased to the
      illustrated central position with respect to the valve body by a pair of
      centering springs 74 and 75, which act upon its ends through flanged
      sleeves 76 and 77, respectively, and is shifted in opposite directions
      from that position by a pair of fluid pressure actuators. One actuator
      includes a cylinder 78 which is in continuous communication with sleeve
      passage 59 and a piston 79 which reacts against the valve body, and it
      serves to move sleeve 56 to the left from the central position. The other
      actuator includes a similar cylinder 81 and piston 82, but it responds
      continuously to the pressure in sleeve passage 61 and acts to shift sleeve
      56 to the right from the central position. The actuators 78, 79 and 81, 82
      and the centering springs 74 and 75 afford follow-up motion to sleeve 56
      in response to the pressure at service ports 48 and 49 and act to maintain
      the sleeve in the lap position relative to spool 57. Therefore, since the
      displacement of spool 57 is proportional to the phase difference between
      shafts 39 and 41, it follows that valve 38 acts to graduate the pressure
      at one or the other of the service ports 48 and 49 directly in accordance
      with the relative movement between the shafts. The rate of change of
      pressure is determined by the rates of springs 74 and 75, and, in a
      representative embodiment, the springs are so selected that the pressure
      rises from 0 to 1000 p.s.i. as spool 57 is moved full stroke in either
      direction from the central position. As indicated above, the direction in
      which spool 57 moves from central position depends upon the sense of the
      phase difference between the shafts 39 and 41 and determines which of the
      service ports 48 and 49 is pressurized. In particular, service port 48
      will be pressurized, and valve 38 will control brake units 17 and 18, when
      shaft 39 lags shaft 41, whereas service port 49 will be pressurized, and
      valve 38 will control the actuator 37 for the traction motors, when the
      input shaft leads the feedback shaft.
PAR  As shown in FIG. 4, the drive connection 43 for the feedback shaft 41 of
      each adhesion control valve 38 is enclosed in an elongated housing 83
      which, at one end, is mounted for pivotal movement on an extension 84 of
      the valve body and is held in place by a retainer 85, and at its opposite
      end carries bearings which support the axle 86 of sensor wheel 27. The
      drive train itself includes a pair of shafts 87 and 88, and two sets of
      bevel gears; shaft 87 being driven by axle 86 through the gears 89 and 91,
      and shaft 88 being connected with feedback shaft 41 by a spline coupling
      92 and being driven by shaft 87 through gear 93 and one or the other of a
      pair of meshing gears 94 and 95. Gear 93 is coupled to shaft 87 through
      the slip clutch 45 mentioned earlier, and each of the associated gears 94
      and 95 is coupled to shaft 88 through a oneway overrunning clutch 96 or
      97. These overrunning clutches act in reverse senses so that the drive
      connection 43 always rotates shaft 41 in the same direction regardless of
      the direction of rotation of sensor wheel 27 (i.e., regardless of the
      direction of travel of the car). Sensor wheel 27 must follow very closely
      the vertical movement of the associated car wheel 21, for otherwise
      correspondence between the angular velocity of feedback shaft 41 and the
      tangential speed of the wheel tread cannot be maintained. Therefore, the
      weight of sensor wheel 27 and the components of drive connection 43 should
      be minimized, and housing 83 should pivot freely on body extension 84. It
      should also be realized that, for optimum control over vehicle speed, the
      gear train in drive connection 43 must afford step-up action because this
      makes insignificant the car wheel displacement corresponding to the
      control range of valve 38 (i.e., the phase difference between shafts 39
      and 41 which causes the valve to increase output pressure from zero to the
      maximum).
PAR  Referring to FIG. 5, the source 22 of hydraulic fluid of the two
      controllers 19 of each truck comprises a fixed delivery pump 98 which is
      driven by an electrical motor 99 and is arranged to draw fluid from
      reservoir 55 and deliver it under pressure to a discharge passage 101
      which leads to supply conduit 47. Discharge passage 101 contains a check
      valve 102, and, at the downstream side of this valve, it communicates with
      a gas charged, piston type accumulator 103. An actuator 104, which
      responds to accumulator pressure, controls the power circuits 105 for
      drive motor 99, and, in combination with check valve 102, serves as a
      means for automatically loading and unloading pump 98 in accordance with
      the requirements of the accumulator. For reasons of safety, the
      accumulator should have a capacity sufficient to permit a reasonable
      number of brake applications after failure of pump 98 or its drive motor
      99, and should be kept at least half charged at all time during normal
      operation. In the illustrated embodiment, it is suggested that the
      accumulator be precharged with gas to a pressure of 1200 p.s.i. and have a
      capacity sufficient to handle twenty brake applications, and that actuator
      104 start and stop motor 99 at accumulator pressures of 1550 and 1700
      p.s.i., respectively. The source 22 also includes a filter 106 in both the
      inlet and discharge lines of the pump, and a high pressure relief valve
      107 which precludes development of damaging pressures in the event
      actuator 104 fails to shut off the pump at the intended pressure level.
PAR  It will be noted in FIGS. 1 and 5 that hydraulic fluid supplied by source
      22 may be delivered to each of the associated sets of brake cylinders 35
      and 36 via two paths one including supply conduit 47, adhesion control
      valve 38 and conduit 51, and the other including a portion of conduit 47,
      a branch conduit 107, the emergency brake control apparatus 23, and
      conduit 108. In each case, a double check valve 109 selectively connects
      the brake cylinder line 111 with conduit 51 of the first path or conduit
      108 of the second path depending upon which of the last mentioned conduits
      is at the higher pressure. The first delivery path incorporates a manually
      operated valve 112 which normally connects the inlet ports 46 of the two
      adhesion control valves 38 with source 22, but affords a vent position in
      which those inlet ports are connected with reservoir 55. This valve,
      therefore, permits manual release of the brakes in cases where, because of
      a malfunction, the valving elements 56 and 57 of one or both of the
      associated adhesion control valves 38 are held in the relative position in
      which they connect service port 48 with inlet port 46. In contrast, the
      emergency brake control apparatus 23 of the second delivery path allows
      the brakes to be applied in cases where malfunction causes the valving
      elements of the adhesion control valves to improperly assume the relative
      position in which service port 48 is vented to reservoir 55 via exhaust
      port 53. Emergency control 23 includes a regulator valve 113 which is
      adapted to deliver fluid from source 22 to an output conduit 114 at a
      pressure dependent upon the load carried by the truck with which it is
      associated, and a solenoid actuated emergency selector valve 115 which
      serves to connect conduit 108 with either reservoir 55 or the output
      conduit 114.
PAR  The pressure regulator 113 employed in the emergency brake control
      apparatus comprises a movable spool 116 formed with a pair of lands 117
      and 118 separated by a peripheral groove 119, and an internal passage 121
      which establishes continuous communication between groove 119 and an
      outlet chamber 122 with which conduit 114 is connected. Spool 116 has
      supply and exhaust positions in which, respectively, passage 121 connects
      chamber 122 with conduit 107 and reservoir 55, and an intermediate lap
      position in which lands 117 and 118 close both of these connections. A
      coil compression spring 123 biases spool 116 toward the illustrated supply
      position, and the force developed on end surface 124 by the output
      pressure chamber 122 shifts the spool upward to the other positions.
      Spring 123 has an adjustable seat 125 which is moved in the
      spring-compressing direction by a diaphragm 126 which responds to the
      pneumatic pressure in the air spring 127 of the associated truck.
      Therefore, the bias exerted by the spring, and consequently the output
      pressure in chamber 122, increases and decreases with the load carried by
      the truck. This modulating action of regulator 113 minimizes sliding of
      the wheels during emergency brake applications. However, it will be noted
      that modulation of the output pressure in the downward sense is limited by
      reason of the fact that seat 125 abuts the cap 128 of regulator 113, and
      thus retains a prescribed preload in spring 123, when air spring pressure
      reaches a predetermined low level. This arrangement insures that the
      emergency control 23 will furnish a braking pressure adequate for an empty
      car in the event air spring pressure is dissipated as a result of a leak
      or other malfunction.
PAR  It should be noted here that the adhesion control valves 38 automatically
      modulate brake cylinder pressure exactly as required to take account of
      all factors which influence train motion during a brake application.
      Therefore, in the preferred hydraulic circuit of FIG. 5, these valves are
      supplied with fluid at a pressure high enough to utilize to the greatest
      extent practical the retarding potential afforded by wheel-rail adhesion.
      In other words, the weight modulated supply pressures are utilized only
      during emergency brake applications. However, it must be realized that, if
      the normal modulating action of an adhesion control valve 38 is impaired
      in a way that results in fully supply pressure being applied to brake
      cylinders 35 and 36, the wheels will lock-up and slide. If this risk is
      considered intolerable, the system may employ the supply circuit of FIG.
      6, wherein the adhesion control valves 38 receive the modulated output of
      regulating valve 113. However, since this alternative permits the
      regulating valve to override the adhesion control valves even under normal
      operating conditions, it does prevent the system from affording the full
      braking effort which it is capable of providing and which rail-wheel
      adhesion will support.
PAR  Precise speed control action demands very quick system response, and this,
      in turn, means that the volume of hydraulic fluid which must be moved
      during a control cycle be kept to a minimum. In view of this, the brake
      apparatus must incorporate slack adjusters which offset the effect of wear
      on shoe clearance, and thereby prevent such wear from increasing the flow
      demands of the brake cylinders. The illustrated embodiment (see FIG. 5)
      employs a double-acting hydraulic slack adjuster 129 for each set of brake
      cylinders 35 and 36 which is interposed between the line 111 and the brake
      cylinders and which is constructed in accordance with the teachings in my
      co-pending application Ser. No. 302,415, filed Oct. 31, 1972, now
      abandoned in favor of continuation application Ser. No. 483,843, filed
      June 21, 1974. Each slack adjuster comprises a stepped cylinder 131
      containing a reciprocable, differential area piston 132 which divides the
      cylinder into a pair of working spaces 133 and 134. The working space 133
      at the larger diameter end of cylinder 131 is connected with line 111, and
      the smaller diameter space 134 is connected with cylinders 35 and 36.
      Extending through piston 132 is a transfer passage 135 which is controlled
      by a combined transfer and relief valve 136. This valve may be opened by a
      predetermined differential (e.g. 12 p.s.i.) between the pressures in the
      working spaces, to thereby permit escape of fluid from space 134, or it
      may be opened by a mechanical actuator 137, to thereby permit fluid flow
      into space 134. During a brake application, the fluid under pressure
      delivered to working space 133 shifts piston 132 toward space 134 and
      displaces oil from the latter into brake cylinders 35 and 36. If existing
      shoe clearance is greater than desired, piston 132 will reach the end of
      this stroke before the brakes are applied, actuator 137 will open valve
      136, and the additional oil needed to take-up clearance and set the brakes
      will be transferred from space 133 to the brake cylinders through passage
      135. On the other hand, if clearance is less than desired, the shoes will
      contact the disc before piston 132 reaches the limit of its application
      stroke, the pressure in space 134 will rise above that prevailing in space
      133 as a result of the area differential of piston 132, and the
      differential pressure will open valve 136. When this happens, oil will be
      transferred from space 134 to space 133 through passage 135 as needed to
      allow piston 132 to complete its stroke. Thus, in each case, piston 132
      comes to rest in its limiting position. Consequently, when the brakes are
      released, cylinders 35 and 36 always will retract a uniform distance
      proportional to the stroke of piston 132, and a specified shoe clearance
      will be maintained. The relief action of valve 135 also is a desirable
      feature because it allows shoe clearance to be intentionally increased as
      required for shoe replacement by manually retracting the cylinders with a
      pry bar. This procedure, of course, cannot be carried out unless the
      elements 56 and 57 of the associated adhesion control valve 38 are in the
      position in which service port 48 is vented to reservoir 55, but that
      condition can be satisfied easily by manually lifting sensor wheel 27 from
      the tread of car wheel 21 and rotating it by hand until valve spool 57 is
      shifted to the required position.
PAC  OPERATION OF ILLUSTRATED EMBODIMENT
PAR  In order to start a train equipped with the FIG. 1 system, the operator
      sets potentiometer 25 of master signal generator 11 to the position
      corresponding to desired train speed, thereby causing controller 33 to
      apply to trainlined control wire 12 a master signal whose frequency
      increases from zero at a rate determined by the output voltage developed
      by unit 31. This signal causes the converters 34 to apply power to the
      synchronous motors 42, so the latter now rotate the shafts 39 of the
      adhesion control valves 38 relatively to the feedback shafts 41 in a sense
      that causes valve spool 57 to move to the right in FIG. 2 relatively to
      the associated sleeve 56. This action connect service ports 49 and 48 with
      inlet port 46 and exhaust port 53, respectively, and thus effects venting
      of brake cylinders 35 and 36 and pressurization of the associated actuator
      37 for the traction motor controller 16. These controllers, therefore,
      start traction motors 15 and cause them to accelerate the train.
PAR  During the initial acceleration period, there are three interrelated
      reactions of the system equipment which deserve attention. First, in
      response to the rising pressure at each service port 49, the associated
      actuator 37 increases the current setting of the traction motor controller
      16, and thereby causes motor torque to increase. Second, this same rising
      pressure is sensed by follow-up actuator 81, 82 and, in response thereto,
      it moves valve sleeve 56 toward lap position against the bias of centering
      spring 75. Third, in response to motion of the train, the sensor wheels 27
      accelerate feedback shafts 41 toward the angular velocity of the input
      shafts 39. The net effect of these reactions is to cause train speed to
      increase at a rate corresponding to the rate of change of the frequency of
      the master signal applied to control wire 12. As the train accelerates
      toward the selected speed, the output of tachometer 26 increases, the rate
      voltage developed by unit 31 decreases, and controller 33 reduces the rate
      of change of the frequency of the master signal. Because of this, the
      train is caused to accelerate at a decreasing rate as the desired speed is
      approached, and jerks are minimized.
PAR  When the train reaches the desired speed, controller 33 will have
      established a master frequency proportional to the voltage on line 28, the
      input and feedback shafts 39 and 41 will be rotating at equal angular
      velocities corresponding thereto, and the follow-up actuators 81, 82 of
      valves 38 will have moved sleeves 56 into lap positions relative to the
      coacting spools 57. Since all of the wheels are rotating at the same
      tangential speed, and this speed is determined solely by the master
      frequency on control wire 12, it follows that train speed will correspond
      to the selected setting of potentiometer 25. If this setting is increased,
      controller 33 will again raise master frequency at a rate dictated by unit
      31, the speed of synchronous motors 42 will increase, and the adhesion
      control valves 38 will raise the pressures in actuators 37 as needed to
      equalize the angular velocities of input and feedback shafts 39 and 41. As
      before, the train will accelerate at a decreasing rate as its speed
      approaches the selected new level. When that speed is attained, all of the
      input and feedback shafts 39 and 41 will be rotating at an angular
      velocity corresponding to the new frequency, and the valving elements 56
      and 57 of all of the valves 38 will be in lap position.
PAR  If, when the train is operating in the propulsion mode, local rail
      conditions do not provide the adhesion necessary to support the tractive
      effort of a particular wheel 21, that wheel will accelerate momentarily
      and cause the feedback shaft 41 of the associated adhesion control valve
      38 to lead input shaft 39. This relative movement of the shafts will cause
      valve spool 57 to shift away from lap position relative to spool 56 in a
      direction which opens an exhaust path from service port 49 to exhaust port
      54. As a result, the pressure at actuator 37, and consequently, the speed
      of the associated traction motor 15, will be reduced until the speeds of
      shafts 39 and 41 are brought into synchronism. This action precludes
      spinning of the offending wheel 21. This wheel, however, now contributes
      nothing to the total tractive effort, and therefore train speed
      momentarily will tend to lag the commanded speed. This transient will
      immediately cause the other adhesion control valves 38 to increase the
      pressures at their actuators 37 as needed to enable the remaining traction
      motors to keep the train moving at the speed corresponding to the
      prevailing master frequency. As soon as the adhesion necessary to support
      tractive effort by the inactive wheel is restored, that wheel will
      immediately become active and provide such effort. Of course,
      reestablishment of traction will be followed by a transient period in
      which the adhesion control valve 38 for the previously inactive wheel 21
      will increase the pressure at its actuator 37, and the remaining adhesion
      control valves 38 will effect offsetting decreases in the pressures at
      their actuators. From this discussion it should be evident that the system
      serves automatically to prevent spinning of a wheel or a group of wheels,
      which cannot support the commanded tractive effort and to apportion the
      lost contribution of the inactive wheel or wheels among the remaining
      wheels. Of course, if the number of active wheels is so small that their
      individual tractive efforts are increased beyond the limit which adhesion
      can support, spinning of all wheels could occur. However, since such a
      condition requires that all, or at least most, of the wheels of the train
      are on slippery rail, the risk that it will be encountered is very small.
      And, even if it were encountered, spinning could only occur at the desired
      controlled speed called for by the master control frequency, which could
      not be vastly different from actual train speed, rather than taking place
      in runaway fashion as with present control systems.
PAR  In order to effect a service (i.e., non-emergency) application of the
      brakes, the engineer manipulates potentiometer 25 in a direction to reduce
      the voltage on line 28 and thereby cause controller 33 to decrease the
      frequency of the master signal. As before, the rate of change of frequency
      is determined by the output voltage of unit 31. The change in master
      signal frequency effects a corresponding decrease in the speed of
      synchronous motors 42, and thus causes the feedback shafts 41 to lead
      momentarily their input shafts 39. As a result, the spool 57 of each
      adhesion control valve will be shifted to the left in FIG. 2 relative to
      sleeve 56 to thereby, first, vent actuators 37, and reduce to zero the
      power output of traction motors 15, and then open a supply path from inlet
      port 46 to service port 48. Now, fluid under pressure is delivered to
      brake cylinders 35 and 36, the brake units 17 and 18 reduce wheel speed,
      and follow-up actuator 78, 79 becomes effective to move sleeve 56 toward
      lap position. As in the propulsion mode, the pressure at the active
      service port of each valve 38 will be automatically graduated as required
      to maintain the angular velocities of shafts 39 and 41 equal. As a result,
      train speed is forced to change at the rate dictated by the rate of change
      of master signal frequency. After the train reaches the speed
      corresponding to the new setting of potentiometer 25, the tangential
      speeds of the wheels will decrease slightly below the desired speed, and
      the feedback shafts 41 of valves 38 will commence to lag the input shafts
      39. In response to this condition, the valve spools 57 will be shifted to
      the right relative to the sleeves 56 in FIG. 2 and, in sequence, effect
      dissipation of brake cylinder pressure and re-pressurization of actuators
      37. Therefore, the brakes will be released, and traction motors 15 will
      again deliver power to the wheels. As before each adhesion control valve
      38 will graduate the pressure at actuator 37, and thus control the
      associated traction motor 15, as needed to maintain the angular velocities
      of its input and feedback shafts 39 and 41 equal. In short, the system
      will keep the train moving at the speed corresponding the new steady state
      frequency of the master signal.
PAR  In cases where the operator wishes to bring the train to a stop, he merely
      moves the wiper of potentiometer 25 to its zero voltage position. In this
      case, controller 33 reduces the master frequency to zero, and each
      adhesion control valve 38 changes the pressure in the associated brake
      cylinders 35 and 36 as needed to compel the wheels 21 to slow to a stop in
      step with the decrease in master frequency. As in the case of any
      commanded change in train speed, the rate of change of master frequency
      decreases to a predetermined minimum as the target speed (i.e., the speed
      commanded by potentiometer 25) is approached; therefore the train will
      come to rest smoothly without jerks cause by slack action on the couplings
      between cars or by changes in the coefficient of friction of the shoes.
      When the train stops, the spool 57 of each adhesion control valve will be
      in a position to the left of the central position illustrated in FIG. 2,
      follow-up actuator 78, 79 will have moved sleeve 56 to the lap position
      relative to the spool, and each of the brake cylinders 35 and 36 will be
      maintained at the pressure level it required during the terminal portion
      of the preceding acceleration period. Thus, the brakes 17 and 18 will be
      applied.
PAR  If, during a brake application, one of the car wheels 21 should tend to
      slip, the feedback shaft 41 of the associated adhesion control valve 38
      will momentarily lag the input shaft 39, and spool 57 will be moved from
      the lap position relative to sleeve 56 in a direction to open the exhaust
      path from service port 48 to exhaust port 53. This action reduces brake
      cylinder pressure, and as a result, equalizes the angular velocities of
      the shafts 39 and 41. Therefore, the wheel 21 will be kept rotating at the
      speed corresponding to the master frequency although it, of course, will
      not contribute to the total retarding effort since, under the assumed
      conditions, its adhesion is insufficient to support the commanded rate of
      acceleration. In a manner similar to that described earlier with respect
      to the propulsion mode, the system now will automatically change (in this
      case increase) the output pressures of the other adhesion control valves
      38 as needed to apportion the acceleration-imparting effort of the
      inactive wheel among the remaining wheels. Thus, except in the very
      unusual situation wherein all, or most, of the wheels 21 of the train are
      on slippery track which is incapable of supporting the commanded
      acceleration, no slipping of any wheel will occur. Moreover, since the
      system keeps the wheels rotating even though they fail to contribute to
      the retardation effort, lock-up and sliding can never occur. When adhesion
      is restored at the offending wheel 21, feedback shaft 41 will immediately
      commence to lead input shaft 39, thereby causing valve spool 57 to shift
      relatively to sleeve 56 and increase the pressure at service port 48 as
      required to keep the speeds of the two shafts synchronized. In other
      words, as soon as the local slippery condition abates, wheel 21
      immediately will again contribute to the total retardation effort. At this
      time, of course, the system will act to reduce slightly the pressures in
      the remaining cylinders 35 and 36 as required to exactly offset the effect
      on train motion of restoration of adhesion at the previously inactive
      wheel 21.
PAR  It should be observed that the traction motors 15 used in the FIG. 1 system
      normally will be equipped with dynamic braking circuits so that the
      motors, acting as generators, will contribute at least a portion of the
      total retardation effort during the braking mode. The disclosed system
      automatically compensates for the action of such an auxiliary brake by
      merely modulating the efforts of the friction brakes 17 and 18 as needed
      to ensure that the total braking effort causes the wheels to accelerate in
      accordance with the commanded decrease in master frequency.
PAR  Although the illustrated system employs an on-board generator 11 to produce
      and control the master signal in accordance with the wishes of the
      engineer, it should be evident that various other arrangements may be
      employed. For example, the master signal may be produced at a trackside
      site and transmitted to receiving equipment on the train. Another
      alternative uses only the braking portion of the illustrated system and
      operates it in response to a conventional P-wire signal. In this case, the
      system would include apparatus which establishes a master frequency
      corresponding to train speed when P-wire current is a maximum, and which
      reduces that frequency to zero at a variable rate which depends upon the
      selected reduction in P-wire current. In this connection, the braking
      system of the invention may be the only friction braking apparatus, or it
      may serve as a slip control for a conventional brake. In the last
      mentioned alternative, the adhesion control valves 38 would be supplied
      with the hydraulic output of the primary brake equipment which response to
      P-wire current, rather than the output of a constant pressure source 22,
      and would serve merely to modulate the pressure at which that fluid is
      delivered to the brake cylinders as needed to prevent the wheels 21 from
      slipping.
PAR  It shouls also be observed that the disclosed system inherently provides a
      convenient scheme for controlling the distance traveled by the train. This
      attribute stems from the fact that, except for the small control range of
      the adhesion control valve 38, the positions of the input and feedback
      shafts 39 and 41 are maintained synchronized. Since the displacement of
      the input shaft 39 is proportional to the number of cycles of power
      received by the associated synchronous motor 42, and the displacement of
      the feedback shaft 41 is proportional to the translation of the associated
      wheel 21 along the track, it follows that the position of the train, or
      the distance it has traveled, is directly proportional to the cumulative
      number of cycles and can be monitored by merely counting the cycles of the
      master signal.
PAR  Having thus described a method and apparatus for controlling the speed of a
      vehicle as a preferred embodiment of the present invention, it is to be
      understood that various modifications and alterations may be made to the
      specific embodiment shown without departing from the spirit or scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle control system having a motor and brakes for providing
      tractive power and braking selectively for at least one wheel of a vehicle
      and apparatus governing the motor and brakes in accordance with sensing
      desired and actual vehicle speeds wherein the improvement comprises;
PA1  a. adhesion control valve means having an input fluid supply port, a first
      output fluid pressure port for governing brakes of the wheel and a second
      output fluid pressure port for governing tractive power of the motor,
PA1  b. the adhesion control valve means having coaxial input shafts at opposite
      ends thereof rotated in the same direction in accordance with sensed
      actual and desired speeds respectively for the wheel of the vehicle,
PA1  c. the adhesion control valve means comprising differential sensing means
      for sensing whether rotation of the desired speed shaft is lagging or
      leading the actual speed shaft and in accordance therewith for selecting
      output fluid pressure to be applied to the first or second output ports
      respectively, and
PA1  d. the differential sensing means being operable to deliver an output fluid
      pressure proportional to the angular velocity difference in rotation of
      the two input shafts.
NUM  2.
PAR  2. A vehicle control system according to claim 1 wherein the adhesion
      control means has spool valve means for selectively lapping and opening
      passages from the supply port to the first and second output ports and
      means is provided for movement of the spool valve means axially in
      accordance with an angular velocity difference in the rotation of the
      input shafts.
NUM  3.
PAR  3. A vehicle control system according to claim 2 wherein the differential
      sensing means comprises an axially operable sleeve coaxial with the spool
      valve means and biased to an intermediate position having means for
      governing fluid pressure output of the adhesion control valve means in
      proportion to the angular velocity difference in rotation of the input
      shafts.
NUM  4.
PAR  4. A vehicle control system according to claim 3 wherein the sleeve
      comprises an axial bore and piston operable therein for pressurizing fluid
      applied to a selected output port in accordance with the extent of angular
      velocity difference in the rotation of the input shafts
NUM  5.
PAR  5. A vehicle control system according to claim 4 wherein the fluid is
      pressurized by actuation of one or the other of biasing springs at the end
      of the sleeve bearing upon the piston.
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ABST
PAL  This invention concerns a positioning device for a transport vehicle,
      constrained to travel along a track. These transport vehicles are
      propelled by linear motor propulsion. Along the track are positioning
      points typically located at stations for entering and exiting the vehicle.
      Associated with the means for linear motor propulsion, stationary in the
      track at the positioning points are two switches, means to detect the
      velocity of the vehicle and a logic control circuit, so that acceleration,
      deceleration and zero strength excitation signals can be applied to the
      linear motor in the vehicle so as to cause the vehicle to come to rest at
      the positioning point. The apparatus controls a vehicle travelling in
      either direction along the track.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The invention relates to a positioning device for transport vehicles
      constrained to travel along a track and which are propelled by a linear
      motor drive.
PAR  2. Description of the Prior Art:
PAR  Prior art positioning devices for these vehicles are shown in the journal
      Elektrie, vol. 24, No. 10, 1970, pp. 358-361. Shown therein are
      asynchronous linear motors, used to propel track - constrained vehicles in
      both directions. The inducing primary parts of the linear motors are
      stationarily placed along the track for the pulse-wise acceleration and
      positioning of the vehicles. On each vehicle, there is mounted a secondary
      part in the form of laminated ferromagnetic material on which are placed
      bars of high electric conductivity spaced as the pole pitch spacing of the
      stationary primary part. Provided at positioning points where a vehicle is
      to be brought to a stop with specified accuracy are four switching means
      which sense different vehicle positions relative to the positioning point.
      These switching means are operated successively as a function of travel
      direction and are coupled with a logic circuit in such a manner that upon
      the vehicle's arrival in the positioning area an actuation of the first
      two switching means direction information is stored and a travelling field
      excitation opposing the vehicle direction and travel is sent to the
      vehicle windings. Upon the additional actuation of the third switch
      another pulse of travelling field excitation is sent lasting a fraction of
      the duration of the reverse excitation in order to safely avoid a reversal
      of the travel direction of the vehicle before it reaches the positioning
      point. However, the kinetic energy of the vehicle entering the positioning
      area at the slowest travel velocities must be sufficient to actuate a
      fourth switching means which actuates a DC field in the primary part which
      under ideal conditions brings the vehicle to the positioning point without
      oscillation.
PAR  Because in practice the various vehicles will reach the positioning areas
      at differing speeds because of different cargoes i.e., masses, and
      different line conditions, an approach without oscillation is not likely
      because of the above-mentioned pulsed reversed current braking action. The
      transport vehicles often will overshoot the positioning point with greater
      or lesser residual velocity and release the first switching means so
      instead of a DC field braking action a new opposing travelling field
      excitation occurs. When this happens, the travel direction of the vehicle
      reverses and all four switching means are again actuated leading to
      another DC field excitation. If the travel vehicle overshoots the
      positioning point in the opposite direction again releasing the fourth
      switching means, a travelling field excitation in the original travel
      direction takes place. This alternating of travelling field excitation and
      DC field excitation continues until the oscillating motion of the vehicle
      comes to rest at the positioning point. The number, magnitude and duration
      of these oscillations greatly depends on the vehicle mass and the friction
      of the vehicle on the track.
PAR  It is an object of this invention to achieve, while saving switching means,
      a reduction of the number of field excitation changes and vehicle
      oscillations even though the masses of the vehicles and the frictional
      forces may differ greatly.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention this object is achieved by the provision of two
      switching means and a vehicle measuring device associated with a
      stationary linear motor part in the positioning area and connected to an
      exicter selection circuit so that during actuation of one of the two
      switching means an accelerating, decelerating or zero travelling field
      excitation is applied depending on the travel speed, and at a DC field
      excitation is applied independent of the vehicle speed if both switching
      means are actuated simultaneously. The magnitude and/or the duration of
      the travelling field excitation is dependent on the measured vehicle speed
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a tracked vehicle propelled by a linear induction motor at a
      positioning point.
PAR  FIG. 2 shows a speed-distance diagram for three different initial speeds as
      a vehicle approaches a position point P from left to right.
PAR  FIG. 3 shows means for applying accelerating and decelerating AC and DC
      fields to a vehicle depending on the position of switches which are closed
      or open depending on the position of the vehicle and the velocity of the
      vehicle.
PAR  FIG. 4 shows separate DC windings in conjunction with travelling field
      windings of a primary part of a linear induction motor attached to a
      vehicle.
PAR  FIG. 5 shows an arrangement of conducting bars implanted in the stationary
      part of a linear induction motor.
PAR  FIG. 6 shows an optimum width of conductor bars placed in a stationary part
      of a linear inductor motor.
PAR  FIG. 7 shows parallel connection of measuring devices and switches at
      several positioning points to a common excitation logic circuit.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Linear motors can be constructed in a variety of ways. They may be
      asynchronous or synchronous. Primary windings may be stationary in the
      track or they may be placed on the vehicle itself. The primary windings
      may be on one or both sides of the induced secondary windings. Secondary
      windings, if on the vehicle, should be in the form of inductor laminations
      in parallel rows. If the secondary windings are stationary along the track
      they should be in the form of a continuous rail of ferromagnetic material
      but having rows of conducting material perpendicular to the track in the
      positioning area.
PAR  The preferred embodiment of the positioning system will be described
      wherein the primary windings are placed on the vehicle while the
      stationary part of the motor is a ferromagnetic rail or bar laid
      continuously in the track. FIG. 1 shows a transport vehicle 10 which has
      attached thereto an inducing primary part 7 and travels over the secondary
      part 6 while maintaining an air gap between the primary part 7 and the
      secondary part 6. Secondary part 6 is laid continuously along the
      transport path. On either side of a positioning point P the secondary part
      6 has an area 4 of conducting material of a width proportional to the pole
      width of the primary windings. In order to achieve stabilization of the
      transport vehicle with respect to the positioning point P, separate DC
      field winding of the primary part are excited. The area 4 is placed in a
      part 6a, which is designed in the form of a movable mounted friction
      member. The movable part 6a may be moved vertically by the increased
      magnetic attraction of DC excited windings in primary part 7 thereby
      making contact with a brake lining 11 on the underside of primary part 7
      so as to achieve an additional mechanical braking effect.
PAR  FIG. 2 shows a velocity-distance diagram for a positioning system in which
      there are placed on both sides of and spaced some distance away from the
      positioning point P position sensors 100 and 200 respectively, for sensing
      the presence of the vehicle within a position area. A velocity-measuring
      device 3 is provided which measures the vehicle velocity when a transport
      vehicle is in the positioning area between a and d which is equivalent to
      the area 4 shown in FIG. 1. Although the diagram in FIG. 2 is constructed
      showing vehicles travelling from left to right, it should be realized that
      the positioning system works in an equivalent manner for vehicles
      travelling from right to left.
PAR  FIG. 3 shows switches 1 and 2, which are controlled by positioning sensors
      100 and 200 (not shown) and the velocity-measuring device 3 connected to
      an excited selection circuit 12 which controls the travelling field
      excitation and/or the DC field excitation of the primary part 7 of the
      vehicle in the positioning areas of secondary part 6 having associated
      therewith the individual positioning point P.
PAR  If a transport vehicle 10 as shown in FIG. 1 reaches the left boundary a
      (FIG. 2) of the positioning area at a maximum speed v.sub.I thereby
      actuating position sensor 100 which controls switch 1 and causing the
      velocity-measuring device 3 to measure the vehicle velocity, the polarity
      of the travelling field excitation of the primary part 7 is reversed by
      the exciter selection circuit 12 and a reverse current strength depending
      on the vehicle velocity is applied to the primary field windings until
      vehicle velocity is decreased to the value v.sub.O within the section a/b.
      Then the excitation of the primary part is changed so that the vehicle
      velocity decreases to a lower value v.sub.U. If the velocity falls below
      v.sub.U and accelerating primary field excitation is applied until the
      speed v.sub.U is achieved. The briefly accelerated vehicle 10 reaches the
      section b/c at a speed slightly above v.sub.U where both positioning
      sensors 100 and 200 are actuated by the vehicle which closes both switches
      1 and 2 thereby causing the exciter selection circuit to apply a DC field
      excitation of the primary part which stops the transport vehicle 10 at the
      positioning point P with very slight oscillation.
PAR  If the vehicle 10 enters the section a/b at a lower travel speed v.sub.II
      the reverse current acceleration is reduced accordingly until the speed
      reaches v.sub.O. The vehicle then reaches positioning point P in the same
      way as was discussed above.
PAR  A low velocity case is shown for a vehicle speed v.sub.III which is lower
      than v.sub.U and which results in the exciter selection circuit 12 applied
      a correspondingly strong acceleration travelling field excitation to the
      primary windings upon the closing of switch 1 until the speed v.sub.U is
      reached, whereupon the excitation of the primary part is terminated. This
      process may repeat if the travel speed falls below v.sub.U. The vehicle
      reaches point P under DC field excitation to the primary part.
PAR  If the travel speed v.sub.O increases due to extraneous effects, the
      vehicle may go past section b/c and switch 1 will be opened. This causes a
      travelling field excitation opposite to the direction in which the vehicle
      was originally travelling to be temporarily applied until both switches 1
      and 2 are again actuated and the vehicle is stopped at positioning point P
      by excitation of the DC field.
PAR  The number and magnitude of the position oscillations can be minimized or
      even eliminated entirely by properly designing the width of section a/b
      and c/d and the magnitude of the acceleration or deceleration travelling
      field excitation as a function of the travel speed for section b/c. A
      reduction in the field strength required of the DC windings can be
      achieved by either providing a separate DC winding 8 shown in FIG. 4 with
      a larger pole pitch than that of the travelling field winding 9 of the
      primary part 7 or by making the pole pitch .tau..sub.p length, which is
      equivalent to the space b/c of FIG. 2, of the travelling field winding of
      the primary part 7 an integral multiple of the pole pitch .tau..sub.psec
      of the secondary part 6 according to FIG. 5.
PAR  A stronger braking force can be obtained by making the width of
      copper-filled gaps 4 (FIG. 6) between the pole teeth 5 of the secondary
      part 6 larger than one-half of the pole pitch .tau..sub.p of the primary
      part 7.
PAR  With the arrangement of the primary part in the vehicle as described, the
      vehicle is driven continuously between the various positioning points P
      avoiding unduly great differences in entering speeds into the individual
      positioning areas. Differing entering speeds as described in FIG. 2 are
      unavoidable due to the differing line sections and cargoes carried.
PAR  Switches 1 and 2 and the velocity-measuring device 3 at the several
      positioning points P of FIG. 3 may be connected in parallel and applied to
      a common exciter control circuit 12 as shown in FIG. 7. The switching
      means may be mechanically actuated switches or of transistor design. A
      tachometer may be provided as the velocity-measuring device. Speed may
      also be measured inductively by a photocell or a Hall probe.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Positioning apparatus for tracked transport vehicles having a primary
      alternating current linear motor windings and separate direct current
      windings located in the vehicle and stationary linear motor parts of a
      ferromagnetic bar within the position area having a position point
      therein, said bar having rows of conducting material placed in an
      orientation perpendicular to the track and spaced a distance from one
      another as the pole pitch spacing of the primary winding, comprising:
PA1  means for sensing the position of the vehicle as it approaches the
      positioning point from either direction on the track within the position
      area;
PA1  switching control means responsive to said position means for closing one
      or two switches depending on the position of the vehicle within the
      position area;
PA1  means for measuring the vehicle velocity while said vehicle is within said
      position area;
PA1  excitation control circuit means responsive to said velocity measurement
      and said switch positions for applying an accelerating, decelerating or
      zero strength excitation to said primary alternating current linear motor
      windings if either one or the other of said two switches are closed and
      for applying a direct current field excitation to said separate direct
      current windings regardless of said velocity measurement if both of said
      switches are closed simultaneously.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the direct current windings on said
      vehicle have a greater pole pitch than that of the alternating current
      linear motor windings.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the ratio of the pole pitch of the
      primary windings to the spacing between conductors in said ferromagnetic
      secondary part is an integral ratio.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the width of the conductor material in
      said ferromagnetic secondary part is greater than half the pole pitch of
      the primary alternating current linear motor windings.
NUM  5.
PAR  5. The positioning apparatus of claim 1 wherein the secondary part is
      vertically movable and the underside of said primary part of said vehicle
      has attached thereto a brake lining.
NUM  6.
PAR  6. A vehicle propulsion and positioning system for tracked vehicles having
      a propulsion system with primary alternating current linear motor windings
      and separate direct current windings in said vehicles and a secondary part
      having a continuous homogeneous ferromagnetic bar along the entire length
      of the track except for multiple position areas along the track wherein
      the said stationary part is a ferromagnetic bar having a position point
      therein said bar, having rows of conducting material placed in an
      orientation perpendicular to the track and spaced a distance from one
      another as the pole pitch spacing of the alternating current primary
      winding comprising at each position area:
PA1  means for sensing the position of the vehicle as it approaches the
      positioning point from either direction on the track within the position
      area;
PA1  switching control means responsive to said position means for closing one
      or two switches depending on the position of the vehicle within the
      position area;
PA1  means for measuring the vehicle velocity while said vehicle is within said
      position area;
PA1  excitation control circuit means responsive to said velocity measurement
      and said switch positions for applying an accelerating, decelerating or
      zero strength excitation to said  primary alternating current linear motor
      windings if either one or the other of said two switches are closed and
      for applying a direct current field excitation to said separate direct
      current windings regardless of said velocity measurement if both of said
      switches are closed simultaneously.
NUM  7.
PAR  7. The propulsion and positioning of claim 6 wherein the switching control
      means in the velocity measuring means for each of said multiple
      positioning areas are connected in parallel to a single excitation control
      circuit means.
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ABST
PAL  This invention relates to a vehicle control system in which a vehicle
      travels along a fixed trackway, the trackway having one or more divergent
      portions at which it divides into two or more alternative routes. A
      plurality of transponders or beacons are positioned adjacent the trackside
      in advance of each of the divergent portions to pass information to
      control equipment on the vehicle relating to the running characteristics
      of one of the alternative routes. A directional radio transmitter is
      positioned adjacent the divergent portions to transmit information to a
      receiver linked to the control equipment carried by the vehicle to enable
      the control equipment to identify the particular transponder or beacon
      relating to the route to be followed at the divergent portion and to act
      upon the appropriate information passed from that transponder or beacon.
BSUM
PAR  In the use of transponders or beacons for transmitting speed control or
      other information from a trackway to a vehicle, certain problems arise on
      the approach to diverging junctions. If the two or more routes leading
      away from the junction are different in their characteristics, say for
      example they are to be traversed at differing speeds, then some method
      must be provided to ensure that the information passed to the vehicle is
      appropriate for the route that is about to be traversed.
PAR  A way of achieving this desired state is to provide transponders or beacons
      which provide the necessary information to the vehicle and which are
      switched remotely in and out of circuit by means of a cable connected to
      the control center. This method has the disadvantage that if the beacons
      or transponders are required to be placed at some distance before the
      junction, as is often required in railway operations, long and expensive
      control cable runs are required. In addition it is well known that if it
      is possible to make the beacons or transponders as sealed units without
      any outside connections, a significantly greater degree of reliability can
      be achieved.
PAR  The object of the present application is to provide a system for ensuring
      selection of appropriate beacons or transponders to the route in question.
      The system may in addition be used to denote changes in trackway
      information such as a stop or change speed signal for cases other than
      junctions.
PAR  According to the present invention, there is provided a vehicle control
      system in which a vehicle travels along a fixed trackway, the trackway
      having one or more divergent portions at which the trackway divides into
      two or more alternative routes, a plurality of transponders or beacons
      positioned adjacent the trackside in advance of each of said divergent
      portions and each adapted to pass information to control equipment on said
      vehicle relating to the running characteristics of one of said alternative
      routes, a directional radio transmitter positioned adjacent said divergent
      portions and adapted to transmit information to a receiver linked to the
      control equipment carried by said vehicle to enable said central equipment
      to identify the particular transponder or beacon relating to the route to
      be followed at said divergent portion, and to act upon the appropriate
      information passed from said transponder or beacon.
DRWD
PAR  A preferred embodiment of the present invention will now be described with
      reference to the accompanying drawings in which:-
PAR  FIG. 1 is a diagrammatic plan view of a trackway junction;
PAR  FIG. 2 is a diagrammatic illustration of the apparatus according to the
      present invention;
DETD
PAR  As shown in FIG. 1 a railway vehicle 1 travelling along a trackway 2 is
      approaching a junction in the track at which the track divides to provide
      three alternative possible routes 2a, 2b and 2c. A series of transponders
      or beacons 3a, 3b, 3c are positioned adjacent the track 2, each of which
      is adapted to receive a triggering signal and to emit a signal containing
      information regarding the running characteristics of one of the three
      possible routes 2a, 2b or 2c.
PAR  A microwave receiver 4 on the vehicle 1 receives a signal from a
      directional microwave transmitter 5 at the track junction, which
      identifies the route about to be traversed by the vehicle and thus informs
      the control equipment carried by the vehicle as to which one of the
      transponders or beacons 3 is appropriate to the route about to be
      traversed.
PAR  FIG. 2 shows in more detail the method of working of the vehicle and
      trackside equipment. The directional microwave transmitter 5 at the
      trackside is modulated by information relating to the identity of the
      route in question. This may be achieved in the case of railway operation
      by using the position of the points to switch a switching means 10 to an
      appropriate read-only memory 6a, 6b or 6c containing digital information
      so as to be connected to the transmitter 5. Each of the read-only memories
      6a-6c contain information as to the identity of one of the routes to be
      followed and, consequently, of; one of the transponders or beacons 3a-3c
      and this information is transmitted to the receiver 4. Switching means 10
      is operatively coupled to and operated by route setting mechanism and/or
      speed restriction signalling mechanism 11, such as the mechanisms
      disclosed in "Principles of Power Point Control and Detection," Institute
      of Railway Signal Engineers and "British Railway Signalling," G. M.
      Kitchenside and A. Williams, Ian Allan, London, respectively;
PAR  The output of receiver 4, is compared or matched with transponder
      identifying signals, which are emitted by each of the transponders 3 and
      identify the particular transponder which emits the running information
      for a particular route. This comparison is performed in a comparator 8,
      adapted to compare the route identifying signal and the transponder
      identifying signal and pass the running information from the transponder,
      when the transponder identifying signal agrees with the route identifying
      signal, to the control or display means 9, for automatically or manually
      operating the vehicle in accordance with the instructional running
      information. Suitable digital comparators for this purpose are described
      in "Electronic Digital Techniques," P. M. Kintner, McGraw Hill, 1968, pp.
      159-162. The transponder identifying signal is received by transponder
      interrogator 7, which sends out signals which trigger the transponders 3
      and receives the transponder identifying signals and the instructional
      running signals from the transponders and passes said signals to the
      comparator 8 for appropriate operation thereon.
PAR  A directional transmission means is used so as to prevent the vehicle from
      continuing to receive that particular transmission once it has passed the
      junction.
PAR  Failure to detect a microwave transmission corresponding to one of the
      transponder identities will result in a failure condition being disclosed
      and if required the vehicle brakes will automatically be applied.
      Provision can be made for this automatic brake application to be
      over-ridden by the vehicle driver to enable the vehicle to proceed.
PAR  The system according to the invention can be extended to apply additionally
      to situations in which the information to be passed to the vehicle by the
      individual transponder or beacons 3a-3c, is in the form of a speed
      restriction for the length of track ahead. In this way the vehicle is
      informed of the appropriate speed at which it should proceed, which speed
      will vary in dependence upon the presence of proceeding vehicles on the
      track for example, or to ensure that the vehicle is travelling at the
      correct speed for a junction to be encountered in the course of the next
      few miles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle control system, wherein said vehicle travels along a single,
      first trackway, defining a first route, which thereafter diverges to form
      a plurality of second trackways, defining a plurality of alternate routes,
      comprising; a plurality of transponders or beacons disposed adjacent said
      first trackway in advance of the point of divergence of said second
      trackways, equal in number to the number of said second trackways and each
      adapted to be triggered to emit a signal containing information peculiar
      to the operating characteristics along one of said second trackways;
      transmitter means disposed adjacent said second trackways and adapted to
      emit a plurality of individual signals equal in number to the number of
      said second trackways and each identifying a particular one of said second
      trackways; receiver means mounted on said vehicle and adapted to
      operatively communicate with said transmitter and receive said trackway
      identifying signals when said vehicle is at a location along said first
      trackway adjacent said transponders; control equipment mounted on said
      vehicle, operatively coupled to said receiver to receive the output signal
      thereof and adapted to operatively communicate with said transponders,
      when said vehicle is at said location along said first trackway adjacent
      said transponders, to receive an identifying signal, identifying the one
      of said second trackways said vehicle is to travel along, from said
      receiver, to send a triggering signal to the one of said transponders
      which emits a matching signal and a signal containing information peculiar
      to the operating characteristics along said identified one of said second
      trackways and to compare said identifying signal with said matching
      signal, and to utilize the information peculiar to the operating
      characteristics along said identified one of said second trackways
      received from said triggered transponder.
NUM  2.
PAR  2. A system in accordance with claim 1 wherein the transmitter means
      includes storage means, adapted to individually store each of the signals
      identifying each of the second trackways, a transmitter adapted to emit
      said identifying signals and switch means adapted to selectively transmit
      each of said stored identifying signals from said storage means to said
      transmitter.
NUM  3.
PAR  3. A system in accordance with claim 2 wherein the storage means includes a
      plurality of read-only memories, equal in number to the number of the
      second trackways.
NUM  4.
PAR  4. A system in accordance with claim 2 wherein the switch means is
      operatively coupled to and operated by a route setting mechanism.
NUM  5.
PAR  5. A system in accordance with claim 2 wherein the switch means is
      operatively coupled to and operated by a speed restriction signalling
      mechanism.
NUM  6.
PAR  6. A system in accordance with claim 1 wherein the control equipment
      includes a transponder interrogator adapted to emit the transponder
      triggering signal and to receive the signal containing information
      peculiar to the operating characteristics along one of the second
      trackways which is emitted by the triggered transponder.
NUM  7.
PAR  7. A system in accordance with claim 1 wherein each of the transponders is
      also adapted to emit a matching signal matching the signal, emitted by the
      transmitter, which identifies a particular one of the second trackways and
      the control equipment includes a comparator adapted to compare said
      trackway, identifying signal from said transmitter with said matching
      signal from the transponder.
NUM  8.
PAR  8. A system in accordance with claim 7 wherein the comparator is also
      adapted to transmit the signal containing information peculiar to the
      operating characteristics of a particular one of the second trackways from
      the triggered transponder to a display means for operating the vehicle
      mannually.
NUM  9.
PAR  9. A system in accordance with claim 7 wherein the comparator is also
      adapted to transmit the signal containing information peculiar to the
      operating characteristics of a particular one of the second trackways from
      the triggered transponder to a control means for automatically operating
      the vehicle.
PATN
WKU  039374335
SRC  5
APN  4264800
APT  1
ART  355
APD  19731220
TTL  Support arrangements for turbomachines
ISD  19760210
NCL  16
ECL  1
EXP  Schultz; William H.
NDR  2
NFG  3
INVT
NAM  Portaleoni; Libero
CTY  Kollbrunn
CNT  CH
ASSG
NAM  Brown Boveri-Sulzer Turbomaschinen Aktiengesellschaft
CTY  Zurich
CNT  CH
COD  03
PRIR
CNT  CH
APD  19730104
APN  66/73
CLAS
OCL  248 19
XCL  248DIG1
EDF  2
ICL  F16M 1300
FSC  248
FSS  2;17;19;DIG. 1
UREF
PNO  1527635
ISD  19250200
NAM  Doran
OCL  248  2
UREF
PNO  1533156
ISD  19250400
NAM  Baumann
OCL  248 19
UREF
PNO  1678968
ISD  19280700
NAM  Allen
XCL  248 19
UREF
PNO  1682317
ISD  19280800
NAM  Allen
OCL  248 19
UREF
PNO  2761639
ISD  19560900
NAM  Horn
OCL  248 17
UREF
PNO  3764098
ISD  19731000
NAM  Dickinson
OCL  248  2
UREF
PNO  3781733
ISD  19731200
NAM  Heim
OCL  248DIG.1
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  The lower half of the turbomachine casing is mounted so as to retain the
      casing half in a set horizontal plane despite thermal expansions and
      contractions. To this end, the support arrangement at one end of the
      casing half includes vertically disposed rods which have a coefficient of
      thermal expansion less than that of the casing as well as covers which are
      secured to the casing and rest on the rods in order to transfer the weight
      of the casing to the rods. When heated, the rods expand upwardly while the
      covers expand downwardly. The two expansion effects cancel each other so
      that the plane of the lower casing half is maintained set.
BSUM
PAR  This invention relates to support arrangements for turbomachines. In this
      specification the term "turbomachine" is intended to cover turbines,
      rotodynamic pumps, and rotodynamic compressors.
PAR  It is desirable for the axis of the casing of a turbomachine to remain
      fixed in vertical position despite changes in the temperature of the
      turbomachine. In many constructions, for example, variations in the
      position of the axis may cause the relatively small labyrinth clearances
      in the dummy or thrust-balancing pistons or glands to be upset, where the
      bearings of the turbomachine are supported separately from the casing,
      while if the bearing housings are integral with the casing, difficulties
      may occur in the input or output shaft coupling.
PAR  According to the present invention, a turbomachine includes a support
      arrangement including vertically-extending rods to each of which a part of
      the weight of the turbomachine is transferred at a point near the
      horizontal median plane of the turbomachine, the coefficient of thermal
      expansion of the material of the rods being less than that of the material
      of the turbomachine casing, and the support arrangement also being
      arranged to define the longitudinal position of the adjacent part of the
      turbomachine.
PAR  By appropriately selecting the materials and dimensions of the rods and the
      casing, it can be arranged that the axis of the casing remains in
      substantially the same place despite changes in temperature.
PAR  The support arrangement may be such that the weight of the turbomachine is
      transferred to the rods at points above the horizontal median plane of the
      turbomachine. Preferably the coefficient of thermal expansion of the rods
      is not more than one-third of that of the casing of the turbomachine.
PAR  Where the casing of the turbomachine is split along the horizontal median
      plane, the lower half of the casing may be provided with lugs having
      apertures through which the rods extend, and the weight of the
      turbomachine may be transferred to the rods by covers secured to the upper
      surfaces of the lugs and resting on the upper ends of the rods.
      Conveniently the covers are vertically adjustable relative to the lugs.
PAR  Preferably the turbomachine includes at least one guide member extending
      downwards from one of the lugs, the coefficient of thermal expansion of
      the guide member being substantially the same as that of the turbomachine
      casing. The or each guide member may be a sleeve surrounding the
      associated rod. Preferably also there is associated with each rod a
      sliding member which supports the rod on a base member, the sliding member
      being constrained to slide only in the horizontal direction transverse of
      the turbomachine. The turbomachine may be so arranged that horizontal
      movements are transmitted by the or each guide member to the associated
      sliding member. This arrangement ensures that the the loads on the rods
      are purely vertical, so that the rods cannot be tilted.
PAR  The position of the turbomachine casing in the transverse horizontal
      direction may be defined by a connection in the vertical median plane of
      the turbomachine.
DRWD
PAR  The invention may be carried into practice in various ways, but one
      embodiment will now be described by way of example, with reference to the
      accompanying drawings, in which:-
PAR  FIG. 1 is a diagrammatic plan view of the delivery end of a turbomachine
      with the upper half of the casing removed, showing part of the support
      arrangements for the casing;
PAR  FIG. 2 is a section on the line II--II of FIG. 1 to an enlarged scale, and
      also shows part of the upper half of the casing; and
PAR  FIG. 3 is a section on the line III--III of FIG. 2.
DETD
PAR  FIG. 1 shows the delivery end of the bottom half 1 of a turbomachine
      casing, including a volute 2. The joint face of the bottom half 1 is
      horizontal and contains the axis of the rotor of the machine when this is
      in place. The bottom half 1 of the casing is supported at the delivery end
      by two lugs 5 which form part of the casing and are supported on a bed
      plate 6 through two bearing blocks 7. The bearing blocks 7 are so arranged
      that the bottom half of the casing can slide on the blocks 7 in the
      horizontal direction normal to the axis of the turbomachine i.e. sideways.
      The position of the turbomachine in the horizontal direction relative to
      the bed plate 6 is fixed by a T-shaped member 4 which is secured to the
      bed plate 6, and which engages in a forked projection 8 provided on the
      bottom half 1 of the casing below the axis of the turbomachine. The
      arrangement is such that only forces directed horizontally and normal to
      the axis of the turbomachine can be transferred from the projection 8 to
      the member 4; all other forces are transferred through the lugs 5.
PAR  The other end of the turbomachine is supported in a broadly similar manner,
      but since its longitudinal position is fixed by the bearing blocks 7, the
      lugs at the other end of the machine are supported by horizontally
      resilient supports of conventional design.
PAR  The arrangement of the connections between the lugs 5 and the bearing
      blocks 7 will now be described in greater detail.
PAR  The weight of the turbomachine is transferred from each lug 5 to the
      associated bearing block 7 by a rod 10, which is made of a material having
      a very low coefficient of thermal expansion for example, of a coefficient
      not more than one-third of that of the turbomachine casing. The rod 10
      bears on the block 7 by way of various intermediate elements 11 - 13 which
      will be described in detail hereinafter and which are mounted in a recess
      14 in the block 7.
PAR  The plane 16 of the top end of the rod 10 is some distance above and
      parallel to the plane of the joint face 9 of a lug 5 and bottom casing
      half 1. To this end, a cover 17 made of a material having the same
      coefficient of thermal expansion as the material used for the turbomachine
      casing is secured by screws 18 to the lug 5 and is formed on the underside
      with a recess 19 which receives the rod 10. The separation between the
      plane 16 and the plane of the joint face 9 can be varied to some extent by
      means of shims 20 which are disposed between the cover 17 and the lug 5.
      The shims 20 thus position the plane 9 at a particular level, for example
      relative to a rotor supported on separate bearing blocks. During
      operation, the increase in the distance between the planes 9 and 16 due to
      thermal expansion can be made to cancel out the corresponding increase in
      the length of the rod 10, so that there is substantially no displacement
      of the plane 9. That is, when heated, the rod 10 expands upwardly, as
      viewed in FIG. 2, from the sliding member 11. Thus, the cover 17 and plane
      16 become displaced upwardly. The upward displacement of the cover 17
      would also move the plane 9 upwardly, however, because of the thermal
      expansion of the cover 17 the plane 9 moves downwardly relative to the
      plane 16. In this way, the downward displacement of the plane 9 caused by
      the cover 17 cancels the upward displacement of the plane 9 caused by the
      rod 10.
PAR  A sleeve 21 made of a material having the same heat expansion coefficient
      as the material used for the turbomachine casing is fitted in the lug 5,
      and surrounds the rod 10. The sleeve 21, which extends downwardly into a
      bore in a sliding member 11, has various tasks. The sleeve 21 serves to
      prevent horizontal backlash from occurring between the lug 5 and the rod
      10 when thermal expansion or contraction occurs. Also, the sleeve 21
      receives the thrusts axial of the turbomachine and transmits them to the
      bearing block 7; the sleeve 21 also transmits transverse movements of the
      lug 5, so that the transverse movement of the bearing system takes place
      in a plane perpendicular to the machine axis. Consequently, all force
      components which act other than vertically are kept away from the
      weight-bearing rod 10, which always remains in a vertical position so that
      the plane 16 of the top surface always remains horizontal.
PAR  The rod 10 is supported on the sliding member 11 and the transverse forces
      applied to the sleeve 21 are transmitted to the sliding member 11 mounted
      in the recess 14 in the block 7. The member 11 rests on a slipper 13
      secured in the recess 14 by screws 23; a low-friction insert 12
      facilitates the transverse movements described. As FIG. 3 shows, the
      recess 14 and the insert 12 are so devised that the member 11 is free to
      move transversely. However, the member 11 is located axially of the
      turbomachine by spacer elements 24 which are secured to the side edges as
      shown. The axial position of the member 11 can be adjusted by means of
      shims 25.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In combination with a turbomachine having a casing split along a
      horizontal median plane, a lower half of said casing having a plurality of
      lugs extending therefrom, each lug having an aperture therethrough; a
      support arrangement for defining the axial position of said lower casing
      half including vertically extending rods, each rod being disposed within
      an aperture of a respective lug and having a coefficient of thermal
      expansion less than that of said casing and covers secured to an upper
      surface of said lugs and resting on said rods to transfer the weight of
      said turbomachine casing to said rods.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein said covers are
      vertically adjustable relative to the lugs.
NUM  3.
PAR  3. The combination as set forth in claim 1 in which the cofficient of
      thermal expansion of the rods is not more than one-third of that of the
      casing of the turbomachine.
NUM  4.
PAR  4. The combination as set forth in claim 1 including at least one guide
      member extending downwards from one of said lugs, the coefficient of
      thermal expansion of said guide member being substantially the same as
      that of said turbomachine casing.
NUM  5.
PAR  5. The combination as set forth in claim 4 in which each guide member is a
      sleeve surrounding the associated rod.
NUM  6.
PAR  6. The combination as set forth in claim 1 which further includes a base
      member and a sliding member supporting each respective rod on said base
      member, said sliding member being constrained to slide only in the
      horizontal direction transverse of said turbomachine.
NUM  7.
PAR  7. The combination as set forth in claim 6 in which the position of the
      sliding member can be adjusted in the direction axial of the turbomachine.
NUM  8.
PAR  8. The combination as set forth in claim 6 which further includes a sleeve
      surrounding each respective rod and secured in a respective lug, said
      sleeve being slidably received in a respective sliding member whereby said
      sleeve transmits horizontal movements of said casing to said sliding
      member.
NUM  9.
PAR  9. The combination as set forth in claim 6 which further includes an
      intermediate layer of a low coefficient of friction between said sliding
      member and base member.
NUM  10.
PAR  10. A support arrangement for supporting a turbomachine casing on a
      bedplate comprising
PA1  a bearing block having a recess therein;
PA1  a sliding member slidably mounted in said recess of said bearing block for
      sliding in a horizontal plane,
PA1  a vertical sleeve mounted on said sliding member, and
PA1  a vertical rod supported on said sliding member within said sleeve, said
      rod having a top surface in a horizontal plane located above said sleeve
      to receive at least a portion of the weight of a turbomachine casing.
NUM  11.
PAR  11. In combination with a turbomachine casing and a bedplate; a support
      arrangement comprising
PA1  a bearing block mounted on said bedplate and including a recess therein;
PA1  a sliding member slidably mounted in said recess of said bearing block for
      sliding in a horizontal plane;
PA1  a vertical sleeve fitted in said casing and having a coefficient of thermal
      expansion equal to the coefficient of thermal expansion of said casing,
      said sleeve being mounted in said sliding member for transmitting axial
      thrusts and transverse movements of said casing to said sliding member;
      and
PA1  a vertical rod supporting on said sliding member with said sleeve, said rod
      having a top surface in a horizontal plane located above said sleeve to
      receive at least a portion of the weight of said casing.
NUM  12.
PAR  12. The combination as set forth in claim 11 wherein said casing has a
      bottom half having an upper horizontal joint face defining a median plane
      of said casing and said top surface of said rod is located near said
      median plane.
NUM  13.
PAR  13. The combination as set forth in claim 11 wherein said rod has a
      coefficient of thermal expansion no more than one-third of said
      coefficient of said casing.
NUM  14.
PAR  14. In combination with a turbomachine casing having a lower casing half
      having a joint face in a first horizontal plane and at least one lug
      extending therefrom; a bed plate; and a support arrangement for
      maintaining said joint face in said plane during thermal expansion, said
      support arrangement including a cover secured to said lug and having a
      recess, and a vertical rod having an upper surface abutting against said
      cover within said recess of said cover and in a second horizontal plane
      spaced above said first horizontal plane to receive at least a portion of
      the weight of said casing, said rod passing through an aperture in said
      lug to transmit the weight of said casing to said bed plate.
NUM  15.
PAR  15. In combination with a turbomachine casing having a lower casing half
      having a joint face in a first horizontal plane and at least one lug
      extending therefrom; a bed plate; and a support arrangement for
      maintaining said joint face in said plane during thermal expansion, said
      support arrangement including a cover secured to said lug and having a
      recess, a vertical rod having an upper surface within said recess of said
      cover and in a second horizontal plane spaced above said first horizontal
      plane to receive at least a portion of the weight of said casing, said rod
      passing through an aperture in said lug to transmit the weight of said
      casing to said bed plate and at least one bearing block on said bed plate
      and a sliding member slidably mounted on said bearing block in a
      horizontal plane, said rod being supported on said sliding member.
NUM  16.
PAR  16. The combination as set forth in claim 8 in which the position of the
      turbomachine casing in the transverse horizontal direction is defined by a
      connection in the vertical median plane of the turbomachine.
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ABST
PAL  A chair base utilizing a hub assembly supported by wire rod sets extending
      laterally outward from the hub and secured in caster sockets at their
      outer ends.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to chair bases and particularly to pedestal
      type chair bases in which a hub assembly is supported by a plurality of
      legs extending radially outwardly therefrom. Typically, casters or glides
      are positioned in the ends of these radially outwardly extending legs.
PAR  The outwardly extending legs in such bases are typically made of tubular
      steel of a generally rectangular lateral cross section. The prior art
      patent to Schachtel U.S. Pat. No. 2,044,021 does disclose a base using
      tubes of a generally circular cross section. The loads placed on the legs
      in such bases are extremely severe and accordingly, strength is a very
      significant factor.
PAR  To my knowledge, no one has heretofore made a pedestal type chair base
      employing wire rods. To be sure, chair legs have been made of wire rod,
      but such legs have been of the type found on stacking chairs wherein the
      wire rod extends straight down from the bottom of the chair seat generally
      at each of the four corners thereof. Wire rod has also been used to define
      outwardly extending wire legs on such prior art devices as display stands
      or Christmas tree stands. However, no prior art wire rod structure has
      been devised which is sufficiently strong to serve as a pedestal type base
      for chairs where the loads imposed are quite heavy.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  The present invention comprises a pedestal type wire rod chair base which
      is strong enough to withstand the loads imposed on the radially outwardly
      extending wire sets which define the legs of the base. Each of the
      plurality of wire rod sets which extends outwardly from the hub assembly
      includes a first wire rod extending outwardly from generally the bottom of
      the hub assembly and a second wire rod extending generally diagonally
      outwardly and downwardly from the hub assembly at a point located above
      the first rod. The two rods are then secured together at their ends in a
      caster socket assembly.
PAR  Preferably, the hub assembly comprises an inner and an outer tube and the
      upper diagonally extending wire rod actually extends through an aperture
      in the outer tube and bears against the inner tube. In another aspect of
      the invention, the caster socket assembly includes an elongated slot, open
      through the bottom of the assembly, in which the ends of the wire rod are
      joined in adjacent, side-by-side relationship for convenient welding
      across the bottom of the caster assembly.
PAR  These and other objects, features and advantages of the invention will be
      more fully understood and appreciated by reference to the written
      specification and appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the wire rod chair base;
PAR  FIG. 2 is a side elevational view of the hub assembly detached from the
      chair base of FIG. 1 with a partial vertical cross section therein;
PAR  FIG. 3 is a partial cross-sectional view of the chair base taken along
      plane III--III of FIG. 1;
PAR  FIG. 4 is a partial cross-sectional view of the chair base taken along
      plane IV--IV of FIG. 1;
PAR  FIG. 5 is an elevational view of the caster socket assembly detached from
      the chair base of FIG. 1;
PAR  FIG. 6 is a cross-sectional view of the caster socket assembly taken along
      plane VI--VI of FIG. 5;
PAR  FIG. 7 is a side elevational view of each wire rod set joined with a caster
      socket assembly as detached from the chair base of FIG. 1; and
PAR  FIG. 8 is a top plan view of the wire rod set and caster socket assembly of
      FIG. 7; and
PAR  FIG. 9 is a side elevational view of an alternate embodiment of the caster
      socket assembly of the chair base.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings and specifically to FIG. 1, wire rod chair base 1
      includes a hub assembly 10 which is supported by wire rod support sets 20
      which in turn are secured to caster socket assemblies 30. As is readily
      apparent in FIG. 1, casters 33 or the like may be mounted onto caster
      socket assembly 30 so as to provide mobile floor mounts for chair base 1.
PAR  Hub assembly 10 is shown in FIG. 2 and includes a cylindrical inner or hub
      tube 12 and an outer tube 11 which acts to surround and mask inner tube
      12. Inner tube 12 includes a flattened portion at the top and is capable
      of receiving a chair or the like and acting as a mounting pedestal or
      spindle bearing tube for the chair. The bottom portion of inner tube 12 is
      similarly broadened as is the top portion of the tube so as to engage the
      inner wall of outer tube 11.
PAR  Outer tube 11 is generally cylindrical in shape and comprises four equally
      spaced sets of holes 11a and 11b. Holes 11a are slightly above the middle
      of the tube, while corresponding cylindrical holes 11b along the bottom of
      the tube. As shown in FIG. 2, inner tube 12 is rigidly secured to and is
      held in spaced relation within order tube 11 by welds at its top portion
      and by welds at its lower portion. Of course, other suitable means besides
      welds may be used to secure inner tube 12 within outer tube 11.
PAR  Referring back to FIG. 1, each wire rod support set 20 includes an upper
      rod 21 and a slightly shorter lower rod 22. The rods 21 and 22 may be made
      of any number of conventional rod materials and may also be painted or
      metallic plated so as to improve their appearance. The rods are made of
      sufficiently strong material so as to enable them to support the weight of
      a chair and the occupant thereof attached to base 1.
PAR  As shown in FIGS. 1, 3, and 4, wire rods 21 and 22 extend into and are
      rigidly attached to hub assembly 10. Specifically, each lower rod 22 is
      inserted through outer tube 11b and fixedly attached to outer tube 11 and
      inner tube 12 by welds or other suitable means.
PAR  Each upper rod 21 extends through holes 11a  in outer tube 11 and abuts or
      bears against inner tube 12. Rod 21 is fixedly attached to outer tube 11
      also be welds. As is apparent in FIG. 3, the edge of rod 21 bears against
      or abuts inner tube 12 so that as weight is applied to inner tube 12 by a
      chair and its occupant, rod 21 acts to brace against inner tube 12.
PAR  Caster socket assemblies 30 in FIGS. 1, 5-8 and 9 are generally circular in
      shape and each includes slotted portion 31 and aperture 32 therein.
      Slotted portion 31 as seen in FIG. 5 is elongated in shape and extends
      horizontally about a third of the way through caster socket assembly 30
      (FIG. 6). Slot 31 is capable of receiving rods 21 and 22 in a side by side
      arrangement (FIG. 8). Aperture 32 extends vertically upward from the
      bottom of housing 30 and is circular in shape; however, it does not extend
      completely through the top of the housing. Thus, aperture 32 is capable of
      slidably receiving and securing casters therein as in FIG. 1 or other
      suitable floor mounts as desired.
PAR  As is best shown in FIGS. 1, 7, and 8, each upper rod 21 and each lower rod
      22 is inserted into slot 31 and may be fixedly attached therein by
      conventional means as desired, i.e., welding, screws etc. As is readily
      apparent in the figures, the lower portion of upper rod 21 is bent so as
      to horizontally extend into slot 31 so that caster socket housing 30 may
      be generally parallel to lower rod 22 maintaining the horizontal plane of
      caster socket housing 30 in general parallel alignment with lower rod 22.
PAR  Slot 31 in caster socket is horizontally elongated so that the ends of wire
      rods 21 and 22 fit thereinto in side by side relationship. Also, slot 31
      is open at its bottom at opening 31a. Opening 31a is narrower in width
      than the combined width of rods 21 and 22 placed side by side so that they
      cannot slip out through opening 31a  during assembly. However, opening 31a
      is sufficiently large, about three-eighths of an inch, that the juncture
      of abutting rods 21 and 22 is accessible for welding. In assembly, a weld
      31b is run across the bottom of caster socket 30 at opening 31a to hold
      the ends of rods 21 and 22 in caster socket 30 and to hold them together
      (FIG. 7).
PAR  In the alternate embodiment of the caster socket assembly 30 shown in FIG.
      9, assembly 30 is formed of an upper portion 30a threaded onto a lower
      portion 30b by thread portion 30c therebetween. Lower portion 30b
      comprises the above described horizontal slotted portion 31 into which are
      fitted upper and lower rods, 21 and 22. Both upper portion 30a and lower
      portion of caster socket housing 30 include vertical slot 32 for slidable
      insertion of casters 33 or the like which include caster pintles 33a which
      is in internal contact with the top of upper portion 30a. When it is
      desired to level chair base 1, each caster socket assembly 30 may have
      upper housing 30a rotated upward or downward so as to adjust the height of
      the caster 33 with respect to lower housing 30a and thus rods 21 and 22
      inserted therein. Thus, providing a means for leveling base 1.
PAR  As is readily apparent in the above description, chair base 1 of the
      present invention may comprise as many wire rod support sets 20 used in
      conjunction with hub assembly 10 and caster assemblies 30 as desired. In
      the embodiment shown, however, four wire rod support sets are preferred.
PAC  OPERATION
PAR  A chair or the like may be attached to chair base 1 by insertion or
      otherwise appropriate mounting of the chair onto inner tube 12 of hub
      assembly 10. When weight is placed onto the chair or the like, compressive
      forces are exerted against upper rod 21 by inner tube 12 which in turn
      exerts force against caster assembly 30. Leg assembly 30 correspondingly
      is forced outward and pulls lower rod 22 so as to exert tension force
      thereon. By this combination of compressive and tensive forces on the wire
      rods 21 and 22, hub 10 is supported in spaced relation between caster
      socket assemblies 30 and acts to support the chair inserted therein.
PAR  It will be understood that various changes in the details, materials,
      steps, and arrangements of parts which have been herein described and
      illustrated in order to explain the nature of the invention, may be made
      by those skilled in the art within the principle and the scope of the
      invention as expressed in the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A wire rod pedestal type chair base comprising:
PA1  a hub assembly; and
PA1  a plurality of wire rod support sets supporting said hub assembly, each set
      including a first rod element attached at one end to and extending
      laterally and generally horizontally outward from said hub assembly and a
      second rod element attached at one end to a portion of said assembly above
      the point at which the first rod is attached and extending diagonally
      downward therefrom;
PA1  a caster socket assembly for each wire rod set secured to the other ends of
      said first and second wire rods for receiving casters whereby said base
      rests on the floor; said hub assembly including an inner tube and an outer
      tube which masks said inner tube, said first rod element extending through
      and being rigidly attached to said outer tube and said second rod element
      extending through and being secured to said outer tube, and abutting
      against said inner tube to provide support.
NUM  2.
PAR  2. The wire rod chair base of claim 1 further including a means for rigidly
      and securedly adjoining said first and second rod elements along a portion
      thereof remote from said hub.
NUM  3.
PAR  3. The wire rod chair base of claim 1 wherein said chair base includes four
      wire rod support sets.
NUM  4.
PAR  4. A wire rod pedestal type chair base comprising:
PA1  a hub assembly; and
PA1  a plurality of wire rod support sets supporting said hub assembly, each set
      including a first rod element attached at one end to and extending
      laterally and generally horizontally outward from said hub assembly and a
      second rod element attached at one end to a portion of said assembly above
      the point at which the first rod is attached and extending diagonally
      downward therefrom;
PA1  a caster socket assembly for each wire rod set secured to the other ends of
      said first and second wire rods for receiving casters whereby said base
      rests on the floor;
PA1  means for rigidly and securedly adjoining said first and second rod
      elements along a portion thereof remote from said hub; said means for
      joining and rigidly securing said first and second rod elements comprises
      said caster socket assembly, said caster socket assembly including a
      slotted portion capable to receiving the said ends of said first and
      second rod elements therein.
NUM  5.
PAR  5. The wire rod chair base of claim 4 in which said slotted portion of said
      caster socket comprises a horizontally elongated slot, said ends of said
      first and second rod elements being positioned within said slot in a
      horizontally adjacent relationship; said slot being positioned near the
      bottom of said caster socket and including an opening through the bottom
      of said caster socket whereby said ends of said first and second rod
      elements can be secured to one another and to said caster socket by weld
      means on the bottom of said caster socket extending across said opening.
NUM  6.
PAR  6. A wire rod, pedestal type chair base comprising: a hub assembly; a
      plurality of wire rod support sets supporting said hub assembly, each set
      including a first rod attached at one end to said hub assembly and
      extending laterally and generally horizontally outwardly from said hub
      assembly and a second rod attached at one end to said hub assembly at a
      point above said first rod and extending generally diagonally downwardly
      and outwardly therefrom; a caster socket assembly for each wire rod set
      including an elongated slot therein, the ends of each of said first and
      second wire rods being mounted immediately adjacent one another in said
      elongated slot.
NUM  7.
PAR  7. The wire rod chair base of claim 6 in which said elongated slot is
      oriented generally horizontally so that said ends of said first and second
      wire rods are positioned horizontally adjacent one another; said slot
      being located generally adjacent the bottom of said caster socket and
      including an opening downwardly through the bottom of said caster socket;
      weld means on the bottom of said caster socket extending across said
      opening whereby said ends of said first and second wire rods are secured
      to said caster socket and to each other.
NUM  8.
PAR  8. The wire rod chair base of claim 7 in which said opening is narrower in
      width than the width of both of said horizontally adjacent ends of said
      first and second wire rod but is sufficiently large that the juncture
      between said adjacent ends of said first and second wire rods is readily
      accessible to said weld means.
NUM  9.
PAR  9. A wire rod chair base comprising:
PA1  a hub assembly;
PA1  a plurality of wire rod support sets, each wire rod support set including a
      first rod element attached to and extending laterally and generally
      horizontally outward from a lower portion of said hub assembly and a
      second rod element attached to a higher portion of said hub assembly and
      extending diagonally downward therefrom; a caster socket means for
      adjoining and rigidly securing said first and second rod elements at their
      outer end portions from said hub assembly, said caster socket means
      further including adjustment means thereon for selectively raising and
      lowering a caster mounted therein relative to said ends of said rod
      elements; said caster socket means for adjoining and rigidly securing said
      wire rod elements at their outer end includes portions from said spindle
      upper and lower housings, said housings including a threaded portion
      therebetween to allow relative up and down movement of said housings with
      respect to each other, said lower housings including a slotted portion
      capable of receiving said first and second rod elements therein, and both
      of said portions including an aperture therein for slidably receiving
      casters of the like said aperture only partially extending through said
      upper housing and the top of the caster pintle engaging the top of said
      upper housing whereby when it is desired to raise and lower said rod
      elements with respect to said casters, said upper housing may be displaced
      with respect to the lower housing by rotating the upper housing with
      respect to the lower housing along the threaded portion therebetween so as
      to raise and lower said rod elements with respect to the casters.
NUM  10.
PAR  10. The wire rod chair base of claim 9 wherein said hub assembly includes
      an inner tub and an outer tube which masks said inner tube, said first rod
      element extending through and being rigidly attached to said outer tube
      and said second rod element extending through and being secured to said
      outer tube and abutting against said inner tube to provide support.
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ABST
PAL  A combined page holder and book support is disclosed herein having a shaped
      base formed with a pair of cut-outs along a selected end of the base and
      an elongated slot along the central longitudinal axis opening at the other
      end of the base. A pair of tab members are pivotally carried on the
      selected end of the base and rotate in and out of the respective cut-outs.
      A U-shaped support member is pivotally carried at the sides of the base
      and constitute a back for supporting an open book while the tab members
      constitute a pair separator. A brace is pivotally carried on the base and
      rotates into and out of the elongated slot. The brace detachably engages
      with the U-shaped member so as to support in an angular relationship to
      the base.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to page holders and book supporting devices and,
      more particularly, to a novel page holder and book holder having means for
      forcibly separating the pages of a book as well as for supporting when the
      book is open.
PAR  2. Description of the Prior Art
PAR  In the past, page holding devices have been employed when a person reading
      a book desires to lay the book down with assurance that the open pages
      will not become turned over so that the reader loses his place. Such an
      event could readily happen when a person is reading while sitting
      out-of-doors where a breeze could easily blow over some of the pages of
      the book. Another occasion is present in the case of cook books. Both
      hands of the cook must be used for following the various cooking
      procedures while the selected page of the book must be maintained open.
      Also, unless a book has been opened and closed repeatedly through
      extensive use, the book binding generally is self-biasing so that the
      pages of the book will have a tendency to close or turn over when the book
      covers are separated. This situation occurs quite commonly when the books
      are new and the book binding relatively fresh and somewhat rigid.
PAR  Attempts have been made to provide a combined page holder and book support.
      However, conventional page holders tend to incorporate a plurality of
      parts such as springs, fasteners, levers and the like, which are not only
      bulky but which extend beyond the perimeter of the book so as to be
      cumbersome and awkward. Furthermore, many of the prior art devices include
      parts with rough edges or sharp corners that have a tendency to damage,
      cut or obscure the printing on the pages intended to be separated.
PAR  Another problem resides in storage of bulky book supporting and holding
      devices. In order to support a book, a substantial base and back support
      must be provided which is generally tall and wide which is a difficult
      construction to carry from place to place or to store in a relatively
      limited storage place.
PAR  Therefore, a need has long existed to provide a simple page holder and book
      support which is economical to manufacture and assemble and which will not
      damage either the pages of the book or deface or obscure the printing
      thereon and which is easy to carry about or to store.
PAC  SUMMARY OF THE INVENTION
PAR  The difficulties and problems encountered with conventional page holders
      and open book supports are obviated by the present invention which
      provides a shaped base having pivoted U-shaped support holding the back of
      an open book and a clip portion for retaining the wire on the book binding
      and a pair of pivoting tab members constituting a page separator for
      forcibly spreading the opposite and opposing page portions of the book.
PAR  In one form of the invention, the device has a first position which is
      upright and ready for use and a second position which is folded into a
      flat condition for storage or carrying purposes. The device includes a
      base having a yoke-like support pivoted thereon and a brace removably
      disposed to extend between the support and the base so as to place the
      support at an angle to the base. Tab means pivotally carried on the base
      serving as a page separator and a limit stop means is cooperatively
      carried to limit movement of the base and the support when rotated in the
      second or flat position.
PAR  Therefore, it is among the primary objects of the present invention to
      provide a novel page holder and book support device which is simple to
      manufacture, economical in cost and which is neither bulky nor cumbersome
      to assemble and operate.
PAR  Another object of the present invention is to provide a novel page
      separator and book support readily assembled and disassembled and adapted
      to provde tab means for bearing against the exposed leaves of an open book
      so as to operate effectively, regardless of how far reading of the book
      has progressed.
PAR  Still another object of the present invention is to provide a novel page
      separator and book support which folds upon itself for storage purposes
      and readily unfolds to provide both a support and a page separator which
      will not tear or damage either the pages, the print or the book binding.
PAR  A further object of the invention resides in providing a novel book holder
      and page separator combination that is foldable between an upright usable
      position and a folded, flat position for storage.
PAR  Another object resides in providing a novel book holder having built-in
      page separator means which may be constructed from a kit by relatively
      unskilled persons for educational and training purposes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may be understood by
      reference to the following description, taken in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a front perspective view of the novel page holder and book
      support device of the present invention illustrated in a typical procedure
      for retaining pages of a book in an open position as well as supporting
      the book;
PAR  FIG. 2 is a rear perspective view of the device shown in FIG. 1;
PAR  FIG. 3 is a front perspective view of the device illustrated in its flat or
      folded position for storage or carrying purposes;
PAR  FIG. 4 is a reduced rear perspective view of the device in its flat or
      folded position;
PAR  FIG. 5 is a top plan view of the device in its flat or folded position; and
PAR  FIG. 6 is a perspective view of typical dowel pin employed as frictional
      pivot such as for rotatably mounting the page separator tabs.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the two sides or leaves of a book cover are indicated
      in broken lines by numerals 10 and 11, respectively, which are connected
      by any usual backing 12 and binding 13 in which the inner edges of pages
      14 of the book are connected into securement therewith which may comprise
      sewing stitches of suitable cord in accordance with conventional practice.
      The binding 13 may, of course, operate as the usual "back" for the book
      and, when the book is laying open, a space sometimes occurs between the
      back 12 and the binding 13 carrying the inner edges of the folios.
PAR  The novel page separator and book holder of the present invention comprises
      a device having a base 15 which movably mounts a yoke-like book support
      member 16. Member 16 is U-shaped and includes legs 17 and 18 which
      straddle the base 15 and the respective legs are pivotally attached to the
      base by means of a pivot connection such as pivot 20. It is to be
      particularly noted that the legs 17 and 18 are pivoted on the side of base
      15 and that the pivot connections 20 are located a short distance from the
      extreme end or edge marginal region of the base 15. This construction is
      important so that when the member 16 is pivoted to its upright position as
      shown in FIGS. 1 and 2, the extreme terminating ends of the legs 17 and 18
      define a pair of feet indicated by numerals 21 and 22 respectively which
      serve to support the front end of the base 15. As shown more clearly in
      FIG. 2, the base includes an elongated slot 23 which may be occupied by a
      brace 24. The brace 24 is pivotally mounted on the base 15 by means of a
      pivot connection 25. One end of the brace 24 includes a notch 26 which
      detachably engages with the arched or top of the yoke member 16 so as to
      support the book support member 16 at an angle with respect to the base
      15. The opposite end of brace 24 from its end formed with notch 26
      provides a foot 27 that cooperates with the pair of feet 21 and 22 to
      serve as a triangular support for the base 15 as well as the entire
      device.
PAR  The page separator means of the present invention is provided by a pair of
      pivotal tab members 30 and 31 which are pivotally connected to the base 15
      at the edge marginal region of the selected end of the base constituting
      the front of the device. When the tab members 30 and 31 are pivoted
      upwardly as shown in FIG. 2, a book may rest on the base 15 against the
      support member 16 and the pages of the respective books are held in place
      by engagement of the tab members 30 and 31 with the respective leads. It
      is to be noted that base 15 includes cavities 32 and 33 which are
      configured to correspond to the shape of the tab members 30 and 31
      respectively. Therefore, it is important to note that when the tab members
      30 and 31 are pivoted into the respective cavities and brace member 24 is
      pivoted into its receiving cavity 23, the device may assume a storage
      position or condition as that shown in FIG. 3.
PAR  In FIG. 3, the storage configuration for the device is illustrated which
      assumes a flat package for shipment, transportation or storge purposes. In
      addition to the tab members and brace being inserted into their respective
      cavities, it is noted that the base 15 has a peripheral shape or
      configuration which is identical to the cavity provided on the yoke member
      16 so that the yoke member may be pivoted into a flat and coplanar
      relationship with respect to the remainder of the storage assembly. In
      FIG. 3, it can be seen that the device is fully folded and that a stop
      means is provided for limiting the pivotal relationship of support member
      16 with respect to base 15. The limit stop means takes the form of a
      transverse rod 35 engaging with the bottom of a transverse slot 36 formed
      in the base 15. A co-extensive slot is similarly provided in brace 24 and
      is indicated by numeral 37 so that the rod 35 may extend across the base
      15.
PAR  Referring now to FIG. 4, the rear side of the device is illustrated where
      it can be noted that the slot 36 on the front side does not extend through
      the base. By this means, a stop is provided for rotating movement of the
      member 16 with respect to the base 15. It is also illustrated that both
      front and backsides of the device when in a folded or flat condition
      constitutes a top and bottom surface which are substantially co-planar
      with respect to each side of the device and that no projections,
      protrusions or other elements outwardly project from either the top or
      bottom sides.
PAR  Referring now to FIG. 5, a top plan view of the book holder and page
      separator of the present invention is illustrated and it can be seen that
      a plurality of pivot connections are provided for the respective parts and
      components. For example, brace 24 is pivoted on the base 15 by means of a
      dowel pivot 25. The legs 17 and 18 of the yoke support member 16 are
      pivotally secured to the sides of the base 15 by pivots 20 and 20' while
      the tab members 30 and 31 are pivoted to the base 15 via dowel pivots 40
      and 41 respectively. In FIG. 6, a typical dowel pivot is illustrated for
      rotably mounting the tab members 30 and 31. For example, pivot 40 is
      illustrated as having a tapered forward end 42 that is initially inserted
      through the base and then through the respective tab member back into the
      base. The other periphery of the dowel pin 40 includes a spiral groove 43
      into which a suitable powder or glue is sometimes placed. However, in the
      present application the grooves remain open. Construction in this manner
      provides a tight fit so that rotation of the tab members is under
      yieldable friction and the tab members will stay in place when manually
      pivoted to a desired location.
PAR  Thus, it can be seen that the page holder and book support device of the
      present invention provides a means for adequately supporting the book and
      separating the pages while in use and at the same time provides a device
      which folds into a convenient flat construction for storage or carrying
      purposes. In the first position, as shown in FIGS. 1 and 2, the device is
      upstanding and the book support member 16 is rotated on its pivot 20 so
      that the notch 26 on brace 24 may be inserted against the edge of the
      cavity for support on the base 15. The book may be now opened to a
      selected page and the back of the book placed against the support member
      16. Next, the tabs 30 and 31 are rotated out of their respective cavities
      so as to engage with the open pages of the book and the tab members will
      press against the pages so as to maintain the book in its open condition.
      The device as well as the book are supported on a supporting surface by
      means of a triangular base composed of the pair of feet 21 and 22 in
      combination with the brace foot 27. When it is desired to store the
      device, the book is removed from the device and the member 16 is rotated
      in a forward direction to disengage notch 26 with the rear edge and so
      that the brace 24 can be pivoted on pivot 25 to occupy the slot 23. Next,
      the support member 16 is rotated rearwardly until rod 35 engages with the
      bottom of the slots 36 and 37 to arrest further rotational movement of the
      support member. Next, the tab members 30 and 31 are rotated into their
      respective cavities and the device is now in condition for storage.
PAR  While particular embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from this invention in its
      broader aspects and, therefore, the aim in the appended claims is to cover
      all such changes and modifications as fall within the true spirit and
      scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A book support and holder for supporting a book in its open condition to
      separate or divide the pages comprising the combination of:
PA1  a base having a predetermined configuration;
PA1  a U-shaped member having a cavity corresponding in shape to said base
      predetermined configuration and being pivotally carried adjacent a
      selected end of said base so as to rotate between a first position
      substantially angularly disposed with respect to said base and a second
      position substantially flat and coplanar with respect to said base;
PA1  a brace pivotally carried on said base for releasably engaging with said
      U-shaped member in said first position;
PA1  a pair of tab members pivotally carried along said selected base end and
      said base provided with a pair of cavities for receiving said tab members
      when said U-shaped member is in said second position; and
PA1  said tab members and said U-shaped member cooperating to support and hold
      the book and papers open when said U-shaped member is in said first
      position.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said brace is an elongated
      member having one pivoted on said base at its end opposite to said
      selected end and said base includes a slot having a shape to receive said
      brace when said U-shaped member is in said second position.
NUM  3.
PAR  3. The invention as defined in claim 2 including stop means cooperating
      between said base and said U-shaped member for resting said base within
      said U-shaped member cavity in said second position.
NUM  4.
PAR  4. The invention as defined in claim 3 wherein said stop means includes a
      transverse slot provided in said base extending across said base and a rod
      carried on said U-shaped member across said U-shaped member cavity and
      said rod cooperating with said slot to arrest movement of said U-shaped
      member with respect to said base.
NUM  5.
PAR  5. The invention as defined in claim 4 wherein said pivotal tab members
      include dowel pins for pivot connection with said base and said dowel pins
      are formed with a spiral groove and provide a yieldably frictional fit.
NUM  6.
PAR  6. The invention as defined in claim 5 wherein said U-shaped member
      includes a pair of feet and said brace includes a foot so as to provide a
      triangular support for said base when said U-shaped member is in said
      first position.
NUM  7.
PAR  7. The invention as defined in claim 6 wherein said brace includes a notch
      provided in its free end for detachably engaging with said U-shaped
      member.
NUM  8.
PAR  8. The invention as defined in claim 7 wherein said U-shaped member is in
      the form of an arch with legs on each side terminating in said pair of
      feet and pivot connections for rotatably securing said legs to said base
      at a distance away from said selected base end.
NUM  9.
PAR  9. The invention as defined in claim 8 wherein said second position
      constitutes a flat condition having a substantially constant thickness for
      the book support and holder such as for storage and said first position
      constitutes an in-use condition with said base resting on said pair of
      feet and said brace foot.
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ABST
PAL  Disclosed is an anchoring apparatus for use in anchoring structures to the
      ground by use of elongated flexible straps. The anchoring apparatus has a
      lower ground engaging portion for attaching the apparatus to the ground; a
      threaded shaft extending from the lower portion; and an upper portion
      attached to the threaded shaft for attaching the straps to the apparatus.
      In one embodiment, the upper portion is provided with one or more heads,
      each of which has first and second flanges which extend at an angle with
      respect to each other. One of these flanges is provided with a bore
      through which the head is attached to the shaft by means of a threaded
      fastener. The other of these flanges is provided with means for attaching
      a strap thereto. In this embodiment, the attachment means comprise an
      elongated slot in the other flange with a flat-sided bar attached to
      extend across the slot. In another embodiment, a round knurled pin is used
      in place of the flat-sided bar. In a third embodiment, two parallel
      elongated slots are provided in the second flange. In a fourth embodiment,
      the upper portion is U-shaped and is attached to the shaft at its base and
      is held in place by a threaded fastener. At least one pair of aligned
      bores is provided in the parallel legs of the U-shaped upper portion. A
      flat-sided pin is positioned in each of the bores. Each of the bores is
      provided with a protrusion which will prevent rotation of the pin in one
      direction. A clamp is provided on the pin for attaching the strap thereto.
PARN
PAR  This is a division of application Ser. No. 298,861, filed Oct. 19, 1972 now
      U.S. Pat. No. 3,830,457.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in apparatus used to anchor
      structures and the like, and more particularly to a new and improved
      anchoring apparatus wherein a plurality of tensioning straps can be
      releasably attached to an anchor and wherein each of the straps can be
      individually tensioned as desired.
PAR  In the installation of structures such as mobile homes, portable buildings
      and the like, it has been a common practice to anchor these structures in
      place for purposes of safety. To accomplish this, anchoring apparatus are
      embedded in the ground and the structures are attached to these apparatus
      by means of flexible metal straps or the like. Although these systems have
      operated to effectively hold such structures in place, considerable
      difficulty has been experienced in attaching the straps to the anchor and
      the subsequent tensioning of the straps.
PAR  The general purpose of the present invention is to provide an improved
      anchoring apparatus which has all the advantages of similarly employed
      prior art anchoring apparatus and heads, yet provides an improved
      apparatus in which the straps can be individually tensioned as desired. To
      attain this, the present invention contemplates the use of a combination
      of an improved anchorhead with means for independently attaching a
      plurality of straps and the like thereto and an improved anchor with means
      for allowing the attachment of these improved anchorheads thereto and for
      individually tensioning the straps attached to each head.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the provision of an improved
      anchoring apparatus.
PAR  Another object of the present invention is the provision of an improved
      anchoring apparatus to which a strap can be simply and easily attached.
PAR  A further object of the present invention is to provide an improved
      anchoring apparatus in which the tension forces in the straps can be
      easily adjusted.
PAR  Yet another object of the present invention is the provision of an improved
      anchoring apparatus in which a plurality of straps can be attached to the
      apparatus and can be independently tensioned.
PAR  Still another object of the present invention is the provision of an
      improved anchoring apparatus which is simple and inexpensive to install
      and manufacture.
PAR  Other objects and many of the attendant advantages of the present invention
      will be readily understood by those of ordinary skill in the art as the
      same becomes better understood by reference to the following detailed
      description when considered in connection with the accompanying Drawings,
      in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial elevational view of one end of an object resting on
      foundation blocks and anchored in place by an improved anchoring apparatus
      of the present invention thereon;
PAR  FIG. 2 is an enlarged rear perspective view of the device shown in FIG. 1;
PAR  FIG. 3 is an enlarged front perspective view of the device shown in FIG. 1;
PAR  FIG. 4 is a partial section of the device taken on line 4--4 of FIG. 2,
      looking in the direction of the arrows;
PAR  FIG. 5 illustrates a partial section of the frame of the structure showing
      the attachment of the strap thereto;
PAR  FIG. 6 is a perspective view of the strap buckle used to attach the strap
      to the frame of the structures;
PAR  FIG. 7 is a sectional view similar to FIG. 4 of a second embodiment of the
      improved anchoring apparatus;
PAR  FIG. 8 is a sectional view similar to FIG. 5 of a third embodiment of the
      improved anchoring apparatus;
PAR  FIG. 9 is a side elevation view of a fourth embodiment of the improved
      anchoring apparatus of the present invention;
PAR  FIG. 10 is a front elevation view of the device illustrated in FIG. 9;
PAR  FIG. 11 illustrates a partial section of the device taken on line 11--11 of
      FIG. 10 looking in the direction of the arrows;
PAR  FIG. 12 is a perspective view of the strap clamp used to attach the strap
      to the anchor; and
PAR  FIG. 13 is a section of the device taken on line 13--13 of FIG. 10, looking
      in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the Drawings wherein like reference characters designate
      like or corresponding parts throughout the several views there is shown in
      FIG. 1 a typical portable building structure 10 which is supported on
      foundation blocks 12 and is anchored in place by anchoring apparatus
      assemblies 14 and straps 16 and 18. In FIG. 1 a system for anchoring a
      structure is shown with straps 18 attached to the frame of the structure
      and strap 16 attached between two separate anchoring assemblies 14 and
      passing over the top of the structure. For purposes of the description of
      this invention, the anchor assembly is shown anchoring a portable building
      structure 10. It is to be understood, of course, that the anchor assembly
      could be used to anchor other types of structures such as mobile homes,
      camp trailers, airplanes, portable signs and the like.
PAR  The lower portion 15 of the anchoring apparatus assembly 14 is embedded in
      the ground and is shown for purposes of illustration as being rotated
      90.degree. from its normal installed position. This lower portion 15 is
      constructed from a plate 17 which is rigidly attached to one end of an
      elongated threaded shaft 26. Guides 19 are attached on each side of the
      plate 17. The guides can be, as in the present embodiment, constructed
      from hollow tubing which is welded flush against the side of the plate at
      an angle with respect to the shaft 26. These guides 19 are of a size to
      receive drive pins 21 therein, which are in turn driven into the ground to
      attach the lower portion 15 to the ground.
PAR  Although two anchor assemblies are illustrated in FIG. 1 for anchoring the
      portable building 10, it is to be understood that more or less assemblies
      could be utilized as is dictated by the size of the structure to be
      anchored and the anticipated loads thereon.
PAR  As is shown in FIG. 1, each of the anchor assemblies are attached to the
      ground and have straps 16 and 18 attached thereto. In the present
      embodiment, strap 16 extends over the building 10 and is attached to both
      of the anchoring apparatus assemblies 14 by means of right angle
      anchorheads 20. The straps 18 have one end attached to the frame of
      building 10 at 22 and the other end attached to anchors 14 by anchorheads
      24.
PAR  This connection of the straps 18 to the frame at 22 utilizes a strap buckle
      50 which is illustrated in detail in FIGS. 5 and 6. This strap buckle 50
      is shown in FIG. 5 attaching the strap 18 to the frame member 52. The
      buckle 50 is shown in detail in FIG. 6 as comprising a flat
      rectangular-shaped plate with front or rear parallel elongated slots 54
      and 56, respectively. To attach the strap 18 to the frame member 52, one
      end 58 of the strap 18 is inserted through the front slot 54. The other
      end 60 of the strap is then inserted through the rear slot 56, and wound
      around the extension 62, over the end 60 and is inserted through the front
      slot 54. The strap 18 is then wound around the frame member 52 over the
      buckel 50 and through the front slot 54, as shown.
PAR  Anchorheads 20 and 24 can be seen in detail in FIGS. 2, 3 and 4. The
      anchorhead 20 is provided with two flanges 28 and 30 which extend at right
      angles to each other. The flange 28 is provided with a clearance bore 32
      through which the shaft 26 extends when the head 20 is attached to the
      anchor. A suitable fastener such as a hexagonal nut 34 is threaded onto
      the shaft 26 to hold the head 20 thereon. The other flange 30 is provided
      with a slot-like opening 36 of a size to allow the insertion of the strap
      16 therethrough. Attached to the flange 30 adjacent the opening 36 is a
      flat-sided bar 38 which extends completely across one side of the opening
      36 to divide the opening. By constructing the flange 30 in this manner the
      strap 16 can be inserted through the opening 36 around the bar 38 and back
      through the opening 36 to attach the strap to the head 20, as shown.
PAR  As can best be seen in FIG. 4, the relative length of the strap can be
      adjusted by correctly positioning the strap around the bar 38 until the
      strap 16 is tensioned. Thereafter, the initial tension in the strap will
      compress the loose end thereof at 40 and hold the same in position without
      the necessity of additional fasteners or clamps.
PAR  In a likewise manner, the anchorhead 24 is provided with two flanges 42 and
      44 which intersect each other at an angle greater than 90.degree. to
      accommodate the connection of the strap 18 to the frame member 52 of the
      building 10. The flange 42 is identical in construction to the flange 30
      and the flange 44 is identical in construction to the flange 28. Strap 18
      is attached to the head 24 in the same manner as strap 16 was attached to
      the head 20 and flange 44 is attached to shaft 26 by means of threaded
      fastener 46.
PAR  In operation, the anchoring apparatus assemblies 14 are first anchored to
      the ground adjacent the building 10 by means of drive pins 21. The heads
      20 and 24 are then attached to shaft 26 by means of fasteners 34 and 46,
      respectively. The straps 18 are attached to the anchorheads 24 as
      previously described and the strap 16 is passed over the building 10 and
      attached to the anchorheads 20 in the same manner. Thereafter, the
      fasteners 34 and 46 are rotated to apply the desired amount of tension to
      each of the straps 16 and 18.
PAR  For purposes of description, the angles between the respective flanges of
      the anchorheads have been shown as two specific values. It is believed
      apparent, of course, that these angles could vary to accommodate various
      mounting situations in which the straps extend at other angles than are
      shown.
PAR  The bar 38 is shown as being of rectangular shape. It is to be understood,
      of course, that other shapes could be used such as those shown in FIGS. 7
      and 8. In FIG. 7, anchorheads 66 and 68 are shown. These heads 66 and 68
      are identical in construction with anchorheads 20 and 24, respectively,
      except that knurled pins 70 are attached to the heads in place of bars 38
      to attach the straps to the heads.
PAR  In FIG. 8, a third embodiment is shown with anchorheads 76 and 78. These
      heads 76 and 78 are identical in structure to heads 20 and 24, except that
      the bar 38 is removed and two elongated parallel slots 80 and 82 are
      provided in each of the heads. The straps are attached to the heads by
      inserting one end of each strap through the slot 82 and then through a
      slot 80, as shown.
PAR  The straps in the configuration shown in FIGS. 7 and 8 are held in place
      and adjusted in tension as has been previously described with respect to
      the configuration shown in FIGS. 2 and 3.
PAR  Turning now to FIGS. 9, 10, 11, 12, and 13, another embodiment 81 of the
      anchorhead is shown attached to a shaft 26. This anchorhead 81 has a
      U-shaped body 83 with parallel extending spaced flanges 84 and 86, which
      are joined together by portion 88. The portion 88 is provided with a bore
      90 which is sized to allow the shaft 26 to be inserted therethrough and
      attached to the head 81 by means of a threaded fastener 92. It is
      envisioned, of course, that other means of attaching the shaft 26 to the
      head 80 could be used such as welding or the like.
PAR  In the embodiment illustrated, each flange 84 and 86 is provided with
      aligned upper and lower irregular-shaped openings 94 and 96, respectively,
      extending therethrough. These irregular openings 94 and 96 are each
      identical in shape and are provided with a circular portion 98 and off set
      straight-sided notch portion 100 as shown in FIG. 13. Upper and lower
      straight-sided pins 102 and 104, respectively, are inserted through the
      upper and lower aligned irregular openings 94 and 96, respectively. The
      pins 102 and 104 are of such a size that they will rotate within the
      circular portion 98 of the openings 94 and 96. The pins are also of the
      size that they will slip into the notch portion 100 and will be prevented
      from rotating in a clockwise direction as seen in FIG. 9. One edge 106 of
      the notch portion 100 is tangent to the circular portion 98 so that the
      pin will be allowed to rotate in a counter-clockwise direction as shown by
      arrow 108 in FIG. 13.
PAR  Each of the pins 102 and 104 is provided with a strap clamp 110. This strap
      clamp 110 is shown in detail in FIG. 12 and has a U-shaped body with two
      parallel extending flanges 112 and 114, each of which is provided with a
      flat-sided opening 116. These openings 114 and 116 are of a size to
      receive the pin 104 therein. When the clamp 110 is mounted on the pin, a
      slot 118 is formed between the clamp 110 and one side of the pin. This
      slot 118 is of a size to allow the insertion of either the strap 16 or 18
      therethrough for attaching the straps to the respective pins. Each of the
      pins 102 and 104 can be provided with portions 120 which are attached to
      the pins to hold the pins in axial position on the anchorhead 81.
PAR  The operation of the anchorhead 81 is as follows: First the pins 102 and
      104 and the strap clamp 110 are assembled on the anchorhead 81. The
      anchorhead is then attached to the shaft 26 by fastener 92 once the anchor
      is embedded into the ground. Thereafter, one end of the straps 16 and 18
      are attached respectively to pins 102 and 104 by inserting the same
      through the slots 118 formed between the respective pins and the strap
      clamps 110. Thereafter, a ratchet, wrench, or the like is utilized to
      engage one end of the pin 102 and rotate the same in the direction of
      arrow 108 to reel the strap 116 around the pin 102, thus tensioning the
      strap as desired. Once the desired amount of tension is attained in the
      strap 16, the wrench or ratchet is released from the end of the pin, thus
      allowing the pin to be pulled by the tension in the strap 16 up into the
      notch portion 100. The pin 102 will then be held in position against
      rotation in a clockwise direction. The above procedure is then repeated
      for pin 104 whereupon the anchorhead is attached to the straps 16 and 18.
      Thereafter, the fastener 92 can be adjusted to provide additional tension
      in the straps 16 and 18.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced by those of ordinary skill in the art other than as specifically
      described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for use in anchoring to the ground an object that is
      supported above the ground comprising:
PA1  two flexible straps engaging and extending from said object;
PA1  an anchor body positioned on the ground;
PA1  means for attaching said anchor to the ground;
PA1  an elongated shaft extending from said anchor body;
PA1  two anchorheads axially positioned on said shaft;
PA1  means on each of said anchorheads for releasably attaching each of said
      anchorheads to one of said straps; and
PA1  means on said shaft for releasably attaching each of said anchorheads to
      said shaft and for independently tensioning each of said straps.
NUM  2.
PAR  2. An apparatus for use in anchoring a pair of elongated metallic anchoring
      straps extending from a trailer or the like, comprising:
PA1  an anchor body having a plurality of inclined sockets, a plurality of
      separate elongated anchors extending through said sockets for engaging the
      ground, an elongated threaded shaft extending from said body; and
PA1  a pair of anchorheads, means on each of said anchorheads for releasably
      attaching one of said straps to one of said heads so that the initial
      tension in said strap can be adjusted, said heads each having an opening
      through which said shaft extends, a pair of threaded fastener means for
      axially positioning each of said heads on said shaft whereby each strap
      can be tensioned to the desired amount by adjusting said fasteners.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said means on said head for releasably
      attaching a strap comprises said body having an opening extending through
      said head, said opening being of a size to allow said strap to extend
      therethrough, and a bar fixed to the head and extending across one side of
      said opening.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said bar means comprises a circular
      cross-section pin with a knurled exterior surface.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said bar means comprises an elongated
      flat-sided pin.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said means for attaching includes a
      plurality of inclined anchor pin sockets rigidly affixed to said anchor
      body and a plurality of anchor pins slidably mounted within said sockets
      for securing said anchor body to the ground.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said object is a trailer and wherein
      one of said straps engages and extends from the undercarriage of said
      trailer and the other of said straps engages and extends from the
      superstructure of the trailer.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said flexible straps are elongated
      metallic anchoring straps.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said elongated shaft is threaded.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said means for tensioning each of said
      straps comprise threaded fastener means for axially positioning each of
      said anchorheads on said shaft.
NUM  11.
PAR  11. The apparatus of claim 2 wherein said anchor body is supported on the
      ground, thereby facilitating removal of the apparatus upon the relocation
      of the object or the like.
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PAL  Disclosed is an anchoring apparatus for use in anchoring structures to the
      ground by use of elongated flexible straps. The anchoring apparatus has a
      lower ground engaging portion which is embedded in the ground below ground
      level, and an internally-threaded fastener is provided on the
      ground-engaging portion. A threaded shaft is releasably attached to the
      fastener of the ground-engaging portion. An upper portion is attached to
      the threaded shaft for attaching the straps to the shaft. The upper
      portion is provided with two anchorheads. Each head has first and second
      flanges extending at an angle with respect to each other. One of the
      flanges is provided with a bore through which the shaft extends. The other
      of the flanges is provided with an elongated slot with a flat-sided bar
      attached to extend across the slot.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  The present application is a continuation-in-part of application Ser. No.
      454,004, entitled "Anchoring Apparatus", filed March 22, 1974, for Ned L.
      Stewart.
BSUM
PAR  The present invention relates to improvements in apparatus for use in
      anchoring structures, and the like, and more particularly, to a new and
      improved anchoring apparatus which can be dismanteled to remove the
      portions extending above ground surface so that the wheels of the vehicle
      may pass thereover without damage thereto.
PAR  In the installation of structures, such as mobile homes, portable
      buildings, and the like, it has been a common practice to anchor these
      structures in place for purposes of safety. To accomplish this, anchoring
      apparatus are embedded in the ground and the structures are attached to
      these apparatus by means of flexible metal straps, and the like. Although
      these systems have operated to effectively hold such structures in place,
      considerable difficulty has been experienced in removing these anchors
      from the ground so that the structures can be moved. In particular, these
      anchors, if left in the ground, project above the ground and can damage
      the wheels of a vehicle used to move the structure.
PAR  Therefore, the general purpose of the present invention is to provide an
      improved anchoring apparatus which has all the advantages of
      similarly-employed prior art anchoring apparatus, and yet provides an
      improved apparatus which can be easily disassembled to remove the portions
      projecting above the surface of the ground. To attain this, the present
      invention contemplates the use of a combination of an improved drive-type
      anchorhead which has a socket portion thereon for receiving a threaded
      shaft which can be attached thereto. The threaded shaft can be removed
      when it is desired to move a vehicle over the embedded portion.
PAR  The objects and many attendant advantages of the present invention will be
      readily understood by those of ordinary skill in the art as the same
      becomes better understood by reference to the following detailed
      description when considered in connection with the accompanying Drawings
      in which:
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a mobile home anchored in place by the
      improved anchoring apparatus of the present invention;
PAR  FIG. 2 is a section view taken on line 2--2 of FIG. 1, looking in the
      direction of the arrows;
PAR  FIG. 3 is a section view illustrating the lower portion embedded in the
      ground with the drive anchors in place therein;
PAR  FIG. 4 illustrates one embodiment of attaching a strap to the frame of the
      present invention;
PAR  FIG. 5 illustrates a second embodiment of attaching a strap to the frame of
      the mobile home;
PAR  FIG. 6 is a detailed view of the anchorhead of the present invention; and
PAR  FIG. 7 is a detailed view of the strap buckle of the present invention
      utilized to attach the strap to the frame of the mobile home.
PAC  DETAILED DESCRIPTION
PAR  Referring now to the Drawings, wherein like reference characters designate
      like or corresponding parts throughout the several views, there is
      illustrated in FIG. 1, a mobile home 10 anchored in place by the improved
      anchors 12 of the present invention. As can be seen, three anchors are
      illustrated on one side of the mobile home 10 and it is to be understood,
      of course, that an equal number of anchors 12 will be present on the
      opposite side. The anchors 12 are each provided with two heads 14 and 16
      used to attach steel straps 18 and 20, respectively, to the mobile home.
      The strap 18 is attached to the upper head 14 and extends over the top of
      the mobile home 10 and is connected to similar anchor 12 on the opposite
      side of home 10. The strap 20 is connected to the frame of the mobile
      home, as will be hereinafter described in detail. A skirt 22 is provided
      around the mobile home to enclose a space under the mobile home.
PAR  The details of the anchor 12 are best illustrated in FIGS. 2 and 3. The
      anchor 12 has a lower portion 30 embedded in the ground and used to attach
      the anchor to the ground. A threaded shaft 32 is removably connected to
      the lower portion 30 and extends vertically in an upward direction.
      Anchorheads 14 and 16 are attached to the shaft 32, as will be hereinafter
      described. In FIG. 2, the mobile home 10 is shown with the I-beam 34 of
      the frame resting on foundation block 36. The strap 20 is connected to the
      I-beam 34 and the anchorhead 16. The strap 18 is connected to anchorhead
      14 and passes over the top of the mobile home 10.
PAR  The anchorhead 14 is illustrated in detail in FIG. 6. In this Figure, it
      can be seen that the anchorhead has a first flanged portion 38 and a
      second flanged portion 40. A bore 42 is provided in the flanged portion 38
      and is of a size to allow the shaft 32 to extend therethrough. The flange
      40 is provided with an elongated slot 44 extending therethrough with a bar
      46 attached to the flange to extend across one side of the slot. In the
      head 14, the flanges 40 and 38 are orientated at right angles to each
      other. The anchorhead 16 is similar in construction except that the two
      flanges thereof are orientated at a different angle corresponding to the
      direction in which the strap 20 extends toward the beam 34.
PAR  The two anchorheads 14 and 16 are attached, as shown in FIG. 2, to shaft 32
      by means of nuts 48. The straps 18 and 20 are attached to the respective
      anchorheads by inserting the strap through the slot 44 and around the bar
      46 and back through the slot, as illustrated in FIG. 2.
PAR  In FIG. 7, the buckle 60 is illustrated in detail as comprising a flat
      plate with a pair of spaced slots 62 and 64 therein. The use of the buckle
      60 in attaching the strap 20 to the beam 34 of the frame is illustrated in
      FIG. 2. The extending end 66 of the strap 20 is first laid across the top
      of the I-beam 34 and then inserted through  the slots 62 and 64. The strap
      20 is then wrapped back around the buckle 60 and through slot 64 around
      the I-beam 34 and back through the slot 64 to extend down to an anchorhead
      16.
PAR  According to a particular feature of the present invention, the lower
      portion 30 of the anchor is embedded in the ground as illustrated in FIG.
      3. The lower portion 30 of the anchor comprises a pair of tubular portions
      70 and 72 welded together with their center lines at 90.degree. to each
      other and at 45.degree. to the ultimate extension of the shaft 32. A nut
      74 is welded between the tubular portions 70 and 72 by weld 76. The nut is
      of a size to receive in threaded engagement, the shaft 32 with the center
      line of the shaft in a line 45.degree. to the center line of the tubes 70
      and 72. A pair of pointed stakes 78 and 80 can be driven, respectively,
      into the tubular portions 70 and 72. It is important to note that the
      tubular portions 70 and 72 are embedded in the gound with the upper
      surface 82 and the nut 74 being flush with the surface of the ground so
      that when a vehicle is passed over the anchor with the shaft 32
      disconnected, there is no protruding portion which could damage the wheels
      of the vehicle.
PAR  In FIGS. 4 and 5, alternate embodiments for attaching the strap 20 to the
      frame member 34 are shown. In FIG. 4, the connection member 90 similar in
      construction to anchorhead 16 is shown attaching the strap 20 to the frame
      34. Member 90 has a pair of flanges as described with reference to
      anchorhead 14. The connecting member 90 is attached to the I-beam 34 by
      welding 92.
PAR  A similar embodiment is illustrated in FIG. 5 with a connection member 100
      illustrated attaching the strap 20 to the frame member 34. In this
      embodiment, the connection member 100 is similar in construction to
      connection member 90 except that a bore 102 is formed in the connection
      member so that a nut and bolt assembly 104 can be used to rigidly attach
      the member 100 to the frame member.
PAR  Thus, it can be seen that the present invention discloses an improved
      anchor which can be disassembled to eliminate any protrusions above the
      surface of the ground to allow free passage of the mobile home or any
      towing vehicle thereover without damage to the tires or the vehicle.
PAR  It is to be understood, of course, that the foregoing disclosure relates
      only to preferred embodiments of the present invention and that numerous
      alterations and modifications can be made therein without departing from
      the spirit and scope of the invention as set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An anchoring apparatus comprising:
PA1  a body portion for embedding in the ground, said body portion comprising a
      pair of elongated hollow guides for receiving elongated drive anchors
      therein and a threaded socket provided on the upper portion of said body
      for positioning said socket flush with the ground surface, wherein said
      hollow guides are attached at an angle with respect to each other;
PA1  an elongated threaded shaft for releasably engaging said threaded socket;
      and
PA1  anchorhead means for attaching a strap to said threaded shaft.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the centers of said hollow guides are
      at right angle to each other.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said anchorhead means comprises a rigid
      head with first and second flanges, a bore in one of the flanges with said
      shaft extending therethrough, and a fastener engaging said shaft to limit
      axial movement of said head therealong.
NUM  4.
PAR  4. The apparatus of claim 1 additionally comprising a second anchorhead
      means for attaching a second strap to said shaft.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said socket and said guides are welded
      together.
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PAL  A flexible, distensible mold for use in fabricating art forms and
      utilitarian articles, and for use with the aid of air pressure
      differential enlargement of the shaping cavity, is provided with closeable
      slits extending from at least a portion of the shaping cavity partly into
      the mold wall, and cooperating slits extending from the outer wall of the
      mold into a position which is adjacent to and overlapping the internal
      slits. With these improved molds a withdrawal bore of the shaping cavity
      can be greatly enlarged and the side walls can be greatly extended with
      lower air pressure differentials than would be otherwise necessary. This
      invention provides a hinging action in the expansion of the side wall
      which utilizes the flexibility of the mold material to expand the
      withdrawal bore.
BSUM
PAR  Flexible, distensible molds can be used to shape art forms as well as
      utilitarian articles such as hardenable foundry sand mixes for the
      production of cores and molds. After a hardenable mixture is placed in a
      shaping cavity and hardens at least to some extent, the shaping cavity of
      flexible, distensible molds can be enlarged by air pressure differential
      to such an extent that the shaped article with undercut regions, for
      example, can be withdrawn from the flexible molds.
PAR  Patents relating to such molds include U.S. Pat. No. 2,124,871 C. L. Beal
      and U.S. Pat. No. 3,776,663 to Putzer.
PAR  Continued development in connection with the use of flexible, distensible
      molds, as such, for example in the production of foundry cores, has
      uncovered several serious problems. For example, it has been found
      difficult to faithfully reproduce the dimensions of a pattern when
      flexible, distensible material is used to make the mold, because the
      weight of the material being shaped such as, for example, hardenable sand
      mixes, causes so much distension to the stretchable mold material that the
      "distension" becomes appreciable "distortion". In many foundry
      applications, for example, the standards for performance are so strict
      that the core's dimension must be true within 1/32-inch or less.
PAR  One approach taken to stabilize the dimension of the cavity during filling
      with foundry sand results in molds being made from flexible, distensible
      material having relatively thick walls. This, in turn, has led to other
      problems, particularly in connection with removal of the resulting shaped
      article from the mold by air pressure differential. Many articles have a
      body portion which is of substantially greater thickness in diameter than
      that portion of the article which is formed in the neck or filling channel
      of the mold. These articles are often extremely difficult to withdraw
      through the relatively small diameter bore of the neck of the mold even
      after air pressure differential is applied. Inasmuch as the presently
      contemplated mold for increasing the size of the cavity relies upon the
      forces generated by an air pressure differential between the exterior and
      interior of the mold, the vacuum soon becomes an unattractive method for
      opening or enlarging mold cavities in molds which require very thick walls
      to stabilize the dimensions of the cavity, if one were to rely only on
      prior technology.
PAR  In accordance with the present invention the flexible, distensible,
      elastomeric molds are provided with closed, openable slits extending
      radially outwardly from at least portions of the shaping cavity only
      partly through the mold wall. In accordance with the present invention
      cooperating outer slits extending radially inwardly to a position in close
      proximity to and overlapping with the inner slits are also provided. Thus,
      provision of slits in accordance with the present invention keeps the
      walls of the mold impermeable to the passage of air therefrom, and allows
      the mold to be used as described hereinafter in conjunction with vacuum
      pots and other air pressure differential means for cavity enlargement for
      easy removal of the shaped articles therefrom. Instead of relying only
      upon the distensibility of the elastomeric material from which the mold is
      made, the present invention enables the flexibility of the material to
      come into play to provide a hinging action for increasing the withdrawal
      bore diameter. Thus molds constructed in accordance with this invention
      particularly molds having relatively thick portions of the walls thereof
      have been found to allow for relatively easy extraction of patterns and
      hardenable shaped article such as shaped foundry sand articles, from the
      mold cavity. The slits, in accordance with the present invention, provide
      a double hinging action. The slits are "closed" when the material is "at
      rest", and these slits open wide during the application of pressure
      differential to provide the mold cavity enlargement far beyond that which
      is achieved in connection with the mere stretching of the walls by
      distension of the relatively thick, flexible wall cavity at any given
      pressure differential. In addition, the slits extending radially inwardly
      from the outer surface also open during the extension and the relatively
      thin portion of the wall which is located between the cooperating slits
      hinges at both slits to allow for an increase in circumference as a
      consequence of the flexure.
DRWD
PAR  The invention and particularly preferred embodiments thereof are described
      hereinafter with the aid of the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a mold in accordance with the present
      invention;
PAR  FIG. 2 is a horizontal elevational, cross-sectional view taken along the
      lines 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken approximately along the lines 3--3
      of FIG. 2;
PAR  FIG. 4 is an elevational side view of a pattern for use in producing molds
      in accordance with the present invention;
PAR  FIG. 5 is a side view of a pattern for use in producing the outer slits of
      the molds of the embodiment illustrated in FIGS. 1-3;
PAR  FIG. 6 is a side view of an article shaped in accordance with the use of
      the molds of the present invention made with the pattern shown in FIG. 4;
PAR  FIGS. 7-12 are fragmentary enlarged, cross-sectional views taken along the
      lines 7--7 of FIG. 2 illustrating various alternative constructions and
      the operations of the configuration during expansion of the shaping
      cavity.
PAR  FIG. 7 shows a structure not in accordance with the present claimed
      invention in which the mold wall has a slit extending partly through the
      mold wall from the shaping cavity;
PAR  FIG. 8 shows the approximate condition of the mold wall of FIG. 7 upon
      enlargement of the mold cavity as a consequence of air pressure
      differential;
PAR  FIGS. 9-12 illustrate embodiments in accordance with the present invention;
PAR  FIG. 9 shows a mold wall having a slit extending partly through the mold
      wall from the shaping cavity and a second slit extending radially inwardly
      from the exterior of the mold wall and overlapping the first internal
      slit;
PAR  FIG. 10 shows the configuration of the wall upon expansion of the
      withdrawal bore by air pressure differential;
PAR  FIG. 11 shows an embodiment in which slits extend radially inwardly along
      either side of the inner slit;
PAR  FIG. 12 shows the configuration of the wall upon expansion of the
      withdrawal bore diameter;
PAR  FIGS. 13 and 14 are cross-sectional diagramatic illustrations using a view
      line along a vertical mid-section plane, of a mold-vacuum box assembly
      utilizing the mold shown in FIG. 1; and
PAR  FIG. 14 is the assembly shown in FIG. 10 showing the relative position of
      elements of the mold as shown in FIG. 13 after vacuum is applied.
PAR  FIG. 15 is a top view of the assembly illustrated in FIG. 14.
DETD
PAR  In the accompanying drawings a flexible, distensible mold in accordance
      with the present invention is generally indicated by the numeral 16. Mold
      16 is made of a flexible, distensible, elastomeric material and is of
      integral construction. Much literature and numerous patents describing the
      manufacture of flexible molds from elastomeric material, and a particular
      material used does not constitute part of the invention and is not
      discussed herein for that reason. Mold 16 includes a top portion 17
      including a radially extending flange portion 19. A shaping cavity 21
      includes a relatively wide body portion 23 and a relatively narrow neck
      portion 25 which extends upwardly through top 17. Mold 16 also includes a
      plurality of slits 27, 28, 29 and 30 which extend between shaping cavity
      21 and respective enlarged marginal channels 33, 35. Rounded enlarged slit
      channels 33, 35, 42, 46, 46' increase the working life of the molds, by
      assisting in the arresting of slit propagation.
PAR  Respective walls 27', 27", 28', 28", 29', 29" and 30', 30" of slits 27, 28,
      29 and 30 abut against one another when the mold is "at rest" as shown in
      FIG. 1. It is noted the cross-section along the line 2--2 of FIG. 1
      extends through slits 27, 29 which extend to marginal channel 33 and at
      respective slits 28, 30 extends to marginal channel 35. It will be
      apparent from a consideration of FIG. 5 that the marginal channel 33, 35
      extend downwardly through vertical legs 41, 43 and transversely through
      horizontal portion 45. Channel 35 is similarly constructive. Thus the
      slits, 27, 28, 29 and 30 extend generally radially outwardly of the
      shaping cavity 21 to the vertical legs, e.g. 41, 43 of the channels 33, 35
      and generally axially downwardly from the cavity to the horizontal
      portions e.g. 25 of channels 33, 35. The portions of slits 27, 28, 29 and
      30 which extend from the bottom of cavity 21 can be viewed in FIG. 3
      through shaping cavity opening 25. It is noted that when the mold is in
      its "at rest"  configuration, slits 27, 28, 29 and 30 are "closed". That
      is, the walls thereof abut each other and the hardenable material being
      shaped does not enter slits 27, 28, 29 and 30.
PAR  Mold 16, in accordance with the present invention, also includes a pair of
      slits 36 on either side of each of the respective inner slits 27, 28, 29
      and 30, and each of the respective outer slits 36 are substantially
      identical and, consequently, only one slit will be described in detail,
      and specific numeral reference to the slits 36 side walls, etc. will not
      be made for the purpose of simplifying the description. Slit 36 extends
      only partly through the wall of the mold 16, as shown in FIG. 2 and ends
      in enlarged marginal channel 37. Thus the construction of slit 36 is
      similar to the construction of slits 27, 28, 29, and 30, in the preferred
      embodiment, inasmuch as the termination in an enlarged marginal portion is
      concerned. It will be appreciated from a consideration of FIG. 3, for
      example, that slits 36 extend radially inwardly along side inner slits 27,
      28, 29, and 30, and slits 36 and marginal portions 37 extend only partly
      part way through the wall of the mold 16. The cooperation of slits 36 with
      inner slits 27, 28, 29, and 30 will be discussed in connection with FIGS.
      7-12.
PAR  A pattern for the use in the fabrication of the mold in accordance with the
      present invention is illustrated in FIG. 4 and generally indicated by the
      numeral 44. Pattern 44 includes a body portion 21' which corresponds to
      the shape of the shaping cavity 21. Pattern 44 includes radially outwardly
      extending fins, for example, 27'" and 29'" corresponding to slits 27, 28,
      29 and 30, the fins extending radially outwardly and axially downwardly to
      connect with marginally enlarged portions, for example, 33', and 35'
      corresponding negatively to the shape of channels 33 and 35. The pattern
      44 is used to shape the cavity position 21 of mold 16 as illustrated in
      FIG. 1 in the well known and customary manner by immersing the pattern 44
      in a hardenable polymerizable elastomeric liquid material which hardens to
      provide the pattern 44 embedded in the mold material. Upon the removal of
      pattern 44 from the solidified mold material, mold 16 results. A pattern
      38 for forming slits 36 and marginal portions 37 is illustrated in FIG. 5.
      Pattern 38 includes a film portion 36' having a partial marginal portion
      37' which is enlarged respective to film portion 36.
PAR  When the shaping cavity 21 is filled with a hardenable mixture such as, for
      example, a hardenable foundry sand mixture, a shaped foundry article such
      as core 45 which is illustrated in FIG. 6 results.
PAR  The cooperation of the inner slits 27, 28, 29, and 30 with outer slits 36
      is illustrated with the aid of the drawings in FIGS. 7 through 12. The
      structures of FIGS. 7 and 8 are not in accordance with the present
      invention but provide a basis for better appreciating the present
      invention. FIG. 7 shows a portion of a wall 39 of flexible distensible
      material having a slit 40 extending partly therethrough from shaping
      cavity 44, which slit 40 terminates radially outwardly in an enlarged
      portion 42. The change in configuration of wall 39 which takes place as a
      consequence of the differential pressure expansion of cavity 44 is
      illustrated with the aid of FIG. 8. It is noted that the slit 40 opens
      widely whereby the walls of slit 40 contributes in part to the
      circumferential dimension of cavity 44, and wall 39 is stretched most
      severely in the region of enlarged portion 42. Thus, although the walls of
      slit 40 can be regarded as "pivoting" or "hinging" to the open position
      shown in FIG. 8, it is apparent this result is the consequence of
      distension of the flexible distensible material from which wall 39 is
      made. This enlargement of the shaping cavity 44 does not utilize to
      advantage the inherent flexibility of the material from which wall 39 is
      made.
PAR  In accordance with the present invention, however, as illustrated in FIGS.
      9-12, it will be appreciated that the inherent flexibility of the material
      from which wall 39 is made is utilized to assist in the increasing of the
      size of cavity 44 under differential air pressure. As illustrated in FIG.
      9, and in accordance with the present invention, a first slit 46 is
      provided in wall 39, which slit 46 extends from the outer surface 49 of
      wall 39 partway through wall 39. Slit 46 terminates at its inner extreme
      in enlarged portions 47. Thus, a strip 52 of flexible distensible material
      is positioned in wall 39 between overlapping portions of slit 40 and slit
      46. FIG. 10 illustrates the change in configuration which occurs as
      shaping cavity 44 is expanded due to air pressure differential. It will be
      appreciated as a result of consideration of FIG. 10 that slit 40 can open,
      as illustrated in FIG. 10 without subjecting wall 39 to substantial
      distension. Under positive differential pressure in cavity 44 strip 52
      pivots away from opposite abutting portions of wall 39 at either side of
      strip 52 as indicated by the arrows marked A and A' in FIG. 10. In
      addition, strip 52 and the portions of wall 39 at which strip 52 is
      attached can undergo some distension, and, indeed, these portions 52 which
      will be subjected to the greatest deformation upon continued enlargement
      of the cavity 44.
PAR  It is preferred that the thickness of band 52, that is the distance between
      adjacent closed slits 40, 46 be less than the thickness of the mold wall
      39 in the region of the associated inner slit 40. It is also preferred
      that the thickness of bands 52, 52' be smaller than the length of the
      band, that is, the length of overlap of slits 40, 46.
PAR  It will be appreciated that as a result of consideration of FIGS. 9 and 10
      that, in accordance with the present invention, the flexibility of the
      material from which wall 39 is made is utilized, in conjunction with the
      distensibility of the material, to facilitate the enlargement of cavity 44
      under differential air pressure. A particularly preferred embodiment of
      the present invention is illustrated with the aid of FIGS. 11 and 12. In
      FIG. 11 wall 39 has been provided with an additional outer slit 46'
      extending from the outer surface 49 partly through wall 39 and terminating
      at the radially inward extreme in an enlarged portion 47'. It is noted
      that slit 46' is positioned at the opposite side of slit 40 from slit 46.
      Thus, a second strip 52'  is provided at the other side of slit 40. FIG.
      12 shows the configuration of wall 39 when shaping cavity 44 is expanded
      as described hereinbefore. Strips 52, 52' hinge away from each other as
      well as from adjacent abutting portions of wall 39, to form the V
      configuration as shown in FIG. 12. Thus, it will be appreciated from
      consideration of FIGS. 10 and 12 that the cavity 44 and in particular the
      circumferential dimension of the cavity 44 is greatly increased as a
      consequence of the flexing of the wall strips 52, 52' rather than as a
      consequence of sheer distension of the entire wall material.
PAR  It will also be appreciated from a consideration of FIGS. 9-12, inclusive,
      that both the inner slits 40 and the outer slits 46, 46' extend only part
      way through wall 39 and the chamber 44 is maintained as an air tight
      compartment due to the positioning of the slits, and due to the fact that
      these slits, 40, 46, 46' only extend partway through the wall 39. It is
      appreciated as a consequence of consideration of FIGS. 10 and 12 that
      strips 52, 52' are relatively thin and stretch relatively easily as
      compared to the portions of wall 39 having no slits therein. In the
      preferred embodiment, both bands 52, 52' are thinner than wall 39 with the
      region between the bands. It is also preferred that the thickness of bands
      52, 52' be less than the length of overlap of slits 40 and 46 or of slits
      40 and 46'.
PAR  Thus, in accordance with the present invention we provide an integral
      flexible distensible mold having a wall portion defining a shaping cavity
      therein, the wall of the shaping cavity including a closed openable slit
      extending from at least a portion of the wall of the shaping cavity and
      only partly through the wall portion of the mold, and, in addition, the
      wall portion includes a closed openable slit extending from the outer
      surface of the mold partly through the mold wall at such a position and to
      an extent that a relatively thin band 52 of flexible distensible wall
      material is positioned between the inner and outer slits.
PAR  In a particularly preferred embodiment of the present invention outer slits
      are provided at both sides of the inner slits. The number of inner slits
      27, 28, 29, 30 and 40 which are provided is not critical and depend
      primarily on the degree of undercut of particular structures in the
      shaping cavity and on the extent to which the shaping cavity must be
      enlarged to remove the shaped article therefrom. In the embodiment
      illustrated in FIGS. 1-6, four internal slits 27, 28, 29, and 30 are
      provided and outer slit 36 are provided only in the regions of an
      undercut, that is, at the region of a particularly thick portion of the
      mold 16.
PAR  FIGS. 13, 14, and 15 illustrate the cooperation of a mold in accordance
      with the present invention with a vacuum pot, to cause expansion of
      shaping cavity 21 as a result of air pressure differential.
PAR  In FIG. 13 a mold 16 is shown positioned within vacuum pot 60 to provide an
      annular air space 61 between body portion 20 and side walls 62 of pot 60.
      Vacuum pot 60 is equipped with a conduit 64 communicating with space 61,
      and connected to conventional air pump for withdrawing air from space 61.
      Flange 17 cooperates with and rests upon wall 62 to provide an annular air
      seal therebetween. A hardenable foundry sand mix 65 is packed in cavity 21
      and allowed to harden. Air is evacuated, at least in part, from air space
      61 causing a positive differential air pressure in cavity 21, causing the
      shaping cavity 21 to enlarge substantially as body portion 20 moves closer
      to pot wall 62, as illustrated in FIG. 14. Also the mouth 25 is enlarged
      substantially to allow enlarged portions 23' of the sand shaped 65 to be
      withdrawn through mouth 25. FIG. 15 is a top view of the configuration
      shown in FIG. 14 illustrating the nature of the opening of the slits to
      provide the enlarged mouth 25 for withdrawal of sand shaped article 65.
PAR  The illustrated embodiments have been shown for illustrative purposes only
      and it is to be understood that, given the disclosure herein, many
      variations and combinations can be made without departing from the spirit
      and scope of the present invention. For example, an embodiment using four
      internal slits is illustrated, but one or more internal slits can be
      utilized and the numbers of slits which are provided can be responsive to
      the needs of the particular mold cavity. Also, in accordance with the
      present invention, it is not necessary that slits 27, 28, 29 and 30 extend
      around the entire periphery of the enlarged body portion 20 but, instead,
      can extend radially from portions of shaping cavity 21. Thus, for example,
      slits 27, 28, 29 and 30 could extend from the neck portion 25 radially to
      a distance approximately at the radially extent of the enlarged body
      portion of cavity 21, with corresponding outer slits provided in the
      adjacent portions of the mold body portion 20. In an alternative
      embodiment, the slits can extend only from the enlarged body portions or
      from backdrafts at thick wall portions within the body portion and can
      extend in directions other than in the illustrated axial or radial
      directions, with corresponding outer slits.
PAR  In accordance with the present invention the shaping cavity of a thick
      walled flexible, distensible mold can be enlarged at lower differential
      gas pressures, using the inherent flexibility of the mold material, so
      that greater enlargement can be achieved with less distention of the
      walls.
PAR  In fact, thicker walled molds permit relatively longer length bands 52, 52'
      and thus provide greater increase in cavity size with fewer inner slits
      before substantial wall distension is required.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an integral, flexible, distensible mold having a body portion
      including a wall defining a shaping cavity therein, the improvement
      comprising: a closed, openable first slit to said wall, said first slit
      extending from at least a portion of the wall from the shaping cavity and
      only partly through the wall portion of the mold; and a second slit in
      said wall, said second slit extending from at least a portion of the outer
      surface of body portion and inwardly only partly through the wall of the
      mold; said first and second slit defining a strip of flexible, distensible
      material therebetween, the slits including an enlarged marginal portion
      thereof at the inner edges thereof.
NUM  2.
PAR  2. The mold of claim 1 in which said strip is substantially thinner than
      the thickness of the wall in the region of said first slit.
NUM  3.
PAR  3. A flexible, distensible mold having a wall defining a shaping cavity;
      said mold having a first closed, openable slit extending radially
      outwardly into said wall from said shaping cavity, which first slit
      extends from the top to the bottom of said cavity, said slit extending
      only partly through the wall of said mold; said mold also having a second
      slit, said second slit extending from at least the outer surface of said
      mold inwardly only partly through said mold; said second slit and said
      first slit defining therebetween a strip of flexible, distensible wall
      material, said strip being thinner than the thickness of the wall in the
      region of said first slit, the slits including enlarged marginal portions
      thereof at the radial extremes thereof.
NUM  4.
PAR  4. A flexible, distensible mold having a radially extending flange portion
      at the top thereof, and having a body portion depending from said flange
      portion, and a shaping cavity extending through the top portion and into
      the body portion, said mold having a closed, openable first slit through
      at least a portion of the mold, said first slit extending from at least a
      portion of the shaping cavity and only part way through the mold, said
      mold having a second slit through at least a portion of the mold, said
      second slit extending from at least a portion of the outer surface of the
      mold, and inwardly only part way through the mold, said first and second
      slits defining therebetween a flexible, distensible, integral strip, the
      slits terminating internally with an enlarged portion thereof.
NUM  5.
PAR  5. The mold of claim 4 in which said band is thinner than the thickness of
      the mold wall in the region of the first slit.
NUM  6.
PAR  6. In an integral, flexible, distensible mold having a body portion
      including a wall defining a shaping cavity therein, the improvement
      comprising: a closed, openable first slit to said wall, said first slit
      extending from at least a portion of the wall from the shaping cavity and
      only partly through the wall portion of the mold; and a second slit in
      said wall, said second slit extending from at least a portion of the outer
      surface of body portion and inwardly only partly through the wall of the
      mold, said first and second slit defining a strip of flexible, distensible
      material therebetween and in which mold there is provided two of said
      second slits on opposite sides of said first slits.
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ABST
PAL  A thermally operated valve utilizes a member which is moved in accordance
      with the pressure of a gas within a chamber containing an adsorbent carbon
      material formed from a compound of carbon and a non-carbon component
      wherein the non-carbon component has been removed leaving a porous
      structure with cavities of sufficient size to receive and adsorb the gas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The application relates to thermally operated valves and in particular, to
      valves utilizing temperature expansion of a gas to move a valve closing
      member.
PAR  2. Description of the Prior Art
PAR  The prior art, as exemplified by U.S. Pat. No. 2,627,911, No. 2,787,130 and
      No. 3,405,999, contains many thermally operated valves including valves
      utilizing gas charges with adsorbent activated carbon materials, such as
      activated charcoal, for operating valve closing members. Attempts to
      manufacture such activated adsorbent material containing valves in
      quantity have generally met with failure; activated carbon materials
      generally do not produce sufficient increase in volume or pressure change
      per degree change in temperature to warrant the added cost of the carbon
      materials; and different batches of activated materials exhibit widely
      varying adsorbent properties which make reliable manufacture of valves to
      be operated at a predetermined temperature impractical. Some valves
      require a significant degree of movement of a valve closing member to
      operate properly, particularly flame responsive valves in gas fired
      appliances and only liquid-vapor actuators, such as mercury actuators,
      could produce the amount of pressure or volume change per degree of
      temperature change necessary to produce sufficient valve member movement;
      however, such liquid vapor valves are limited to operation at temperatures
      near the boiling point of the liquid.
PAR  Also, the prior art, as exemplified in U.S. Pat. No. 1,744,735, No.
      3,258,363; No. 3,442,819; No. 3,516,791 and publication (USSR Academy of
      Science, M. M. Dubinin, "Thermal Treatment and Microporous Structure of
      Carbonaceous Adsorbents" Proceedings of the Fifth Conference on Carbon,
      Volume 1, 1962, pages 81-87), contains many adsorbent carbon materials
      including decomposed polyvinylidene chloride and polyvinylidene fluoride.
      Adsorbent carbon materials are widely used in removing contaminants, or
      the like, from gases or liquids. Polyvinylidene chloride and
      polyvinylidene fluoride, in particular, have been recognized for their
      "molecular sieve" property, that is, their ability to adsorb certain
      gaseous materials which have small molecular sizes while being incapable
      of adsorbing other gaseous materials which have larger molecular sizes.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is summarized in that a thermally operated valve includes a
      valve seat, a valve member for closing and opening the valve seat, means
      forming an enclosed chamber, an adsorbent carbonaceous material in the
      chamber, a charge of gas in the chamber, means responsive to the pressure
      of the gas in the chamber for moving the valve member relative to the
      valve seat, and said adsorbent carbonaceous material being a decomposed
      compound of carbon and a non-carbon component wherein the non-carbon
      component has been removed leaving a porous structure with cavities of
      sufficient size to receive and adsorb the gas.
PAR  An object of the invention is to construct a valve which can be reliably
      manufactured in quantities to operate at a selected temperature within a
      wide range of temperatures.
PAR  Another object of the invention is to replace valves utilizing mercury
      vapor pressure for operating a valve member.
PAR  It is also an object of the invention to construct a valve which is
      responsive to a flame at a temperature above present flame operated
      valves.
PAR  An additional feature of the invention is the provision of a spring means
      biasing a valve moving member against the gas operating pressure such that
      the valve member has substantially all of its movement within a narrow
      range of temperatures.
PAR  Other objects, features and advantages of the invention will be apparent
      from the following description taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram of a burner system with a cross section view of a flame
      valve in an open position in accordance with the invention.
PAR  FIG. 2 is a similar view of a portion of the burner system of FIG. 1
      illustrating the valve in a closed position.
PAR  FIG. 3 is a cross section view of a valve actuator in the system shown in
      FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIG. 1, the invention is embodied in an oven burner
      system including a plural flow rate thermostat control device 10 which is
      operated by a temperature sensor 12 and interposed between a source (not
      shown) of gaseous fuel and a conduit 14 to a plural rate pilot burner
      indicated generally at 16. The control device 10 is any valve, such as is
      described in U.S. Pat. No. 3,405,999, which selectively supplies, in
      response to the sensor 12, a high rate flow of fuel and a low rate flow of
      fuel to the conduit 14. A flame sensing bulb 18 is mounted on the pilot
      burner 16 in the path of a portion of the high rate flame which is
      deflected by an angularly disposed deflector 20. The flame sensing bulb 18
      is connected through a capillary or tube 22 to a valve actuator member,
      indicated generally at 24, mounted within a plate portion 25 of a housing
      26 of a flame valve indicated generally at 27.
PAR  The valve 27 has an inlet 28, an outlet 29 and a valve seat 30
      communicating between the inlet 28 and the outlet 29. The outlet 29
      communicates through a conduit 22 to a main burner 34. A valve member 38
      is biased upward by a compression spring 40 surrounding a valve stem 41
      which is slidably mounted within a recess 42 in the housing 26. A plunger
      48 extending from the valve actuator 24 engages a lever 50 having one end
      pivotally mounted at pivot point 52 on a support member 53 in the housing
      26. The other end of the lever 50 is bifurcated and extends between
      flanges 56 and 58 mounted on the valve stem 41 of the valve member 38. A
      compression spring 62 extends between an extending tab 64 on the lever 50
      and a tab 66 on the support member 53 such that it applies less upward
      force on the lever 50 when in the lower position, FIG. 1, than in the up
      position, FIG. 2.
PAR  The actuator 24, as shown in FIG. 3 has a support member 70 with a threaded
      portion 72 and a flange portion 73 through which a bore 75 extends. A
      flexible metal diaphragm 74, such as a 0.127 millimeter (0.005 inch) thick
      sheet of 301 stainless steel, is secured by suitable means, such as a
      spacer 76 and a seam weld, to the periphery of a flat face of the flange
      portion 73 of the support 70 to form a chamber 78 which communicates with
      the tube 22 suitably secured in the bore 75. A charging tube 80 is secured
      in a bore 81 of the support member 70 communicating into the chamber 78.
      The plunger 48 has a head portion 82 which is biased by nonlinear spring
      means, such as a washer-like or nearly-flat frusto-conical spring 84,
      known as a Belleville spring. The outer periphery of the spring 84 is held
      by an annular retainer 86 suitably secured to the flange portion 73 of the
      support member 22 such as by welding. The left side, as viewed in FIG. 3,
      of the outer periphery of the spring 84 is engaged by a lip 85 of the
      retainer 86. The right side of the inner periphery surrounding an opening
      through which the plunger 48 extends engages a shoulder 87 of the plunger
      48. The spring 84 is formed from a suitable metal having elastic or spring
      properties within the range of operation and has an apex which extends to
      the right, as viewed in FIG. 3.
PAR  As used herein, the term "spring rate" or "force differential coefficient"
      refers to the incremental amount of additional force required to produce
      an additional incremental deflection per such incremental deflection of a
      spring. For a linear spring where the deflection is equal to the applied
      force times a constant, the force differential coefficient is equal to the
      constant throughout the range of operation of the spring.
PAR  The spring 84 has a force per deflection which is non-linear, wherein a
      portion of its range of deflection has a low spring rate or a force
      differential coefficient which is substantially less than that of a linear
      spring. The retainer 86 is positioned on the support member 70 such as to
      set the operational range of the spring 84 into the portion of its range
      of deflection where the spring 84 has a low spring rate or force
      differential coefficient which is substantially less than that of a linear
      spring throughout the range of movement of the plunger 48.
PAR  The bulb 18 and tube 22 are made from a suitable high temperature or flame
      resistance metal, such as stainless steel 304, Incoloy 800 and the like,
      to withstand a flame without building up desposits of unburned fuel. The
      bulb 14 forms a chamber 88 containing a porous carbonaceous material 90
      which has gas adsorbent properties. The chambers 90 and 78, and the tubes
      12 and 40 contain a charge or quantity of gas, such as a noble or
      monatomic gas selected from helium, neon, argon, krypton or xenon. Other
      gases which are non-reactive at the temperature of use can be employed so
      long as the gases have a molecular size which is readily adsorbed by the
      carbonaceous material 90. The particular gas used is selected by
      considering the cost and the desired pressure or volume change per degree
      temperature change, which pressure or volume change increases directly
      with the molecular weight of the gas; for example, xenon produces a
      greater pressure or volume change per degree temperature change than
      krypton.
PAR  The adsorbent carbon material 90 is made from granules of a compound
      containing carbon and a non-carbon component by removing the non-carbon
      component to leave a carbonaceous skeletal structure having cavities of
      sufficient size to receive and adsorb substantial quantities of the gas.
      Preferably, the compound is a synthetic polymer having volatile
      components, such as hydrogen and a halogen, which can be driven off by
      heat leaving a carbonaceous skeletal structure which is porous. Suitable
      synthetic polymers are polyvinylidene chloride or polyvinylidene fluoride.
      Polyvinylidene chloride or polyvinylidene fluoride are formed into
      adsorbent carbons by carbonizing or pyrolytic decomposition in a purifying
      atmosphere, such as a vacuum or a purging flow of inert gas. Carbonizing
      is performed by heating to a temperature less than the melting point but
      greater than the temperature at which decomposition can be initially
      observed. For Saran 113, a copolymer containing about 90% polyvinylidene
      chloride purchased from DOW Chemical Company, Midland Michigan,
      carbonizing is performed at a temperature in the range from 138.degree.C
      (280.degree.F) to 177.degree.C (350.degree.F). The duration of heating
      required for complete carbonization of the synthetic polymer is dependent
      upon the size of the granules of the synthetic polymer and the temperature
      employed. Along with utilizing a predetermined temperature and duration
      for a certain size of granular synthetic polymer, observation of a
      reduction in gas being removed by a vacuum system or the gas being evolved
      from the granular material can be used to determine when the polymer is
      completely carbonized. During carbonization, the non-carbon components,
      that is hydrogen and the halogen, are volatilized and removed from the
      synthetic polymer structure leaving a carbon skeletal structure which is
      highly porous. After the synthetic polymer is carbonized, the carbonized
      polymer can be subjected to a higher temperature up to about 1510.degree.C
      (2750.degree.F) to outgas hydrogen and halogen gases which have been
      adsorbed. Outgassing can be completed in a short duration, for example 15
      minutes.
PAR  In manufacture of the flame valve 27 and actuator 24, the granular
      adsorbent carbon material 90 is placed within the chamber 88 in the bulb
      18. The bulb 18, the tubes 22 and 80, the support member 70, the diaphragm
      74, the spacer 76, the plunger 48, the spring 84, and the retainer 86 are
      assembled with the retainer 86 holding the spring 84 against the diaphragm
      74 in its range of deflection where the spring 84 has a spring rate less
      than the spring rate of a linear spring. The assembled actuator 24 is then
      assembled in the plate 25 which is assembled with the rest of the valve
      27. The unsecured end of the tube 80 is open and is connected to an
      evacuating and gas charging apparatus. The bulb 18 is heated and evacuated
      to outgas air adsorbed by the carbon material 90. The temperature of the
      bulb 18 is then adjusted to a predetermined setting-temperature or
      immersed in a minimum flame at which the valve is to be opened. Then a
      charge of gas is supplied to the tube 80 until the valve is opened by
      movement of the plunger 48 and lever 50. At this point the open end of the
      tube 80 is sealed and the flame valve 27 is completed.
PAR  In operation of the system shown in FIG. 1 the thermostat control device
      10, in response to a temperature sensed by the sensor 12, supplies either
      a low pressure gaseous fuel or a high pressure gaseous fuel to conduit 14
      operating the pilot valve 16 to produce a low rate flame as shown in FIG.
      2 or a high rate flame as shown in FIG. 1. A portion of the high rate
      flame is deflected by the deflector 20 against the sensing bulb 18 causing
      the plunger 48 to advance against the lever 50 pivoting the lever 50
      against the force of the spring 62 to engage the flange 56 to lower the
      valve member 38 against the force of the spring 40. With the valve member
      38 lowered, it disengages or opens the valve seat 30 allowing fuel to flow
      to the main burner 34 where it is ignited by the high rate pilot flame. At
      the low rate of operation, the flame from the pilot burner 16 extends
      upwardly and does not impinge upon the flame sensing bulk 18, resulting in
      the plunger retracting to allow the lever and valve member 38 to move
      upward under the forces of the springs 62 and 40 to close the valve seat
      30 and stop the flow of fuel to the main burner 34.
PAR  Referring to FIG. 3, heating the bulb 18 by the deflected portion of the
      high rate flame heats the carbonaceous material 90 within the bulb 18 and
      releases adsorbed gas as well as increasing the kinetic energy of
      non-adsorbed gas producing an increase in the pressure within the chambers
      78 and 88 and the tubes 22 and 80 until the force exerted by the diaphragm
      74 on the plunger 84 reaches the set range of the spring 84. Further
      increase in the temperature of the bulb 90 results in release of
      additional gas from the absorbent material 90 and increased kinetic energy
      which is transformed into volume change in the chamber 78 and movement of
      the plunger 48 opening the valve 27 with a positive and rapid motion.
      Thereafter, further increase in pressure in the chamber 78 produces little
      additional movement of the plunger 48. Conversely at the termination of
      the flame impinging upon the bulb 18, the bulb 18 cools causing a decrease
      in the kinetic energy of the gas as well as adsorption of gas by the gas
      adsorbent material 90 resulting in a decrease in the pressure in the
      chamber 88 and 78 and tubes 22 and 80 until the force of the diaphragm on
      the plunger 48 is less than the bias force of the spring 84 whereupon the
      plunger 48 retracts with a rapid motion allowing the valve member 38 to
      close under the force of the springs 40 and 62.
PAR  The present flame valve is believed to be an acceptable replacement for
      existing mercury liquid-vapor operated flame valves. Prior art gas charged
      flame valves, including those containing activated carbon materials could
      not produce the rapid opening or closing of a valve in response to
      initiation or termination of flame impingement; which rapid opening or
      closing could be accomplished by mercury above or below its vaporization
      temperature. The unactivated carbonized synthetic polymer 90 has
      substantially greater volume or pressure change per degree temperature
      change than activated materials, particularly when employed with one of
      the heavier noble gases, krypton and xenon; thus making possible the rapid
      opening and closing of a flame valve by a gas charged actuator.
PAR  While the structural distinctions or properties of the carbonized synthetic
      polymer that cause its' improved pressure or volume change per degree
      temperature change and hence the improved valve structure can not be
      visually observed, various theories of the structural properties have been
      formulated by observation of other properties of the carbonized polymer.
      Activated carbons, such as activated charcoal, have pores or cavities
      which are funnel-shaped or cone-shaped; whereas the carbonized synthetic
      polymer has cavities which are slit-like or have substantial portions with
      relatively uniform width throughout the depth of such portions. In making
      activated carbons, the eroding or activation process produces the
      funnel-shaped cavities; activating or eroding carbonized synthetic polymer
      with steam or the like will substantially deteriate and eventually destory
      the improved volume or pressure change per degree temperature change of
      adsorbed gas in the carbonized synthetic polymer. The slit-like cavities
      of the carbonized synthetic polymer are believed to result from the
      production of the cavities by removing or volatilizing the non-carbon
      components of the polymer while in a solid state.
PAR  It is also theorized that the width or diameter of the cavities or pores or
      their inlets, substantially effects the adsorbent properties of the carbon
      material. Using a Kelvin method of measuring pore size it has been
      determined that the pore size of carbonized polyvinylidene chloride ranges
      from 10 to 15 angstroms in width or diameter, while the diameter of pores
      in activated charcoal ranges from 15 to 200 angstroms with an average pore
      size much larger than 17 angstroms. An average cavity or inlet width in
      the range generally from about 9.2 angstroms to about 17 angstroms and
      preferably from 12 to 15 angstroms in the carbonized synthetic polymer
      produces the improved volume or pressure change per degree temperature
      change. The cavity size of carbonized polymer can be reduced by heating in
      the range from 1510.degree.C (2750.degree.F) to 2205.degree.C
      (4000.degree.F). A brief activation with steam, carbon dioxide, or the
      like can be employed to enlarge the cavities.
PAR  Van der Waal's forces are theorized as being the main attractive force
      resulting in adsorption of gas molecules. The width of the cavities in the
      carbonized synthetic polymer being slightly larger than two diameters of
      the monatomic molecules of noble gas results in increased Van der Waal's
      forces within the cavities due to the closeness of several crystalline
      faces, carbon lattice structures, or walls in the cavities. Also, the Van
      der Waal's forces are generally greater for larger molecules which results
      in the heavier monatomic gases having a greater volume or pressure change
      per degree of temperature change than the lighter monatomic gases. Since
      Van der Waals' forces are attributed to weak dipoles, the carbon lattice
      arrangement produced by the carbonization of a synthetic polymer may have
      a stronger dipole than other atomic crystalline structures. The apparent
      Van der Waal's forces, as judged by internal pressure change per degree of
      temperature change of the carbonized synthetic polymer, are approximately
      1.8 times that of activated carbon.
PAR  Another structural distinction is found in the number of cavities in a unit
      weight of the adsorbent carbon material. Carbonized polyvinylidene
      chloride as measured by a BET method has a surface area of 1200 square
      meters per gram whereas activated charcoal has a surface area in the range
      of 500 to 1000 square meters per gram. The surface area is believed to be
      proportional to the number of pores. The formation of pores or cavities by
      removing the non-carbon components of a carbonaceous compound leaving a
      skeletal carbon structure is believed to result in a more porous structure
      than that formed by eroding or activating cavities in a carbon material.
PAR  One advantage of using a noble gas is that the noble gases will maintain
      their pressure for longer durations of time than more reactive gases. It
      has been observed there is substantially less diffusion of the noble gases
      into metal than for more reactive gases; thus the use of a noble gas
      results in less leakage of gas from the valve actuator 24 and bulb 18 by
      diffusion through the walls producing a longer lasting and more reliable
      thermally operated valve.
PAR  The utilization of a gas charged carbon adsorbent actuator in a flame valve
      has the advantage of increased life expectancy over mercury charged
      actuators. The carbon and gas actuator may be operated at higher
      temperatures without mercury bulb corrosion as occurs in mercury charged
      actuators.
PAR  Another advantage of using an adsorbent unactivated carbon is the
      uniformity that can be achieved in manufacturing thermally operated
      valves. Different batches of carbonized polyvinylidene chloride produced
      in different process runs have substantially identical adsorption
      properties, whereas different batches of activated charcoal vary widely in
      adsorption properties; thus the thermally operated valve employing an
      unactivated carbonized compound makes possible the practicle manufacture
      of large quantities of dependable valves which utilize adsorbent carbon
      and gas.
PAR  The utilization of the non-linear spring 84, biased against the pressure of
      the gas in the chamber 78 and set in a low spring rate range of operation,
      also contributes to the rapid reliable operation of the valve 27. When the
      pressure in the chamber 78 produces a force on the plunger 48 within the
      operational range of the spring 84, a slight change of pressure within the
      chamber 78 produces a significant change in the position of the plunger
      48, thus, a substantial majority of an increase or decrease in the kinetic
      energy of the gas in the bulb 18 due to a change in temperature is
      converted into a volume change in the chamber 78 and opening or closing of
      the valve member 38 rather than into pressure change within the chambers
      78 and 88 and tubes 22 and 80.
PAR  Additionally, the operational movement of the plunger 48 and the closing
      and opening of the valve 27 is substantially limited to a preselected
      operational range of temperatures which is set to sense the impingement of
      the flame. It is advantageous that this operational range can be set
      anywhere within a wide range of temperatures which is not possible with
      the prior art liquid-vapor actuated valves.
PAR  With springs having sufficiently negative spring rates, substantially all
      of the movement of the plunger 48 occurs upon an increase to a selected
      temperature or upon a decrease to a selected temperature. The difference
      between the temperature at which the plunger 48 advances and the
      temperature at which the plunger 48 retracts can be selected by selecting
      the magnitude of the negative spring rate producing a rapid-acting valve
      operated by the force from gas pressure in the channer 78.
PAR  Since many modifications, changes in detail and variations can be made to
      the present embodiment, it is intended that all matter in the foregoing
      description and shown in the drawings be interrupted as illustrative and
      not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. A thermally operated valve comprising
PA1  a valve seat,
PA1  a valve member for closing and opening the valve seat,
PA1  means forming an enclosed chamber,
PA1  an adsorbent carbonaceous material in the chamber,
PA1  a charge of gas in the chamber,
PA1  means responsive to the pressure of the gas in the chamber for moving the
      valve member relative to the valve seat, and
PA1  said adsorbent carbonaceous material being formed from a synthetic polymer
      selected from the group consisting of polyvinylidene chloride and
      polyvinylidene fluoride by removing the hydrogen and halogen components
      from the synthetic polymer to leave a porous carbonaceous skeletal
      structure with cavities, and
PA1  said charge of gas including molecules which have a width smaller than the
      width of the cavities such that the molecules are readily adsorbed and
      desorbed in the cavities upon decrease and increase, respectively, of
      temperature.
NUM  2.
PAR  2. A thermally operated valve as claimed in claim 1 wherein
PA1  the adsorbent carbonaceous material is formed by a process including the
      steps of subjecting the synthetic polymer to a purifying atmosphere and
      heating the synthetic polymer while subjected to the purifying atmosphere
      to a temperature above the decomposition temperature of the synthetic
      polymer but below the melting temperature of the synthetic polymer to form
      cavities at sites of volatilized components of sufficient size to receive
      molecules of the gas.
NUM  3.
PAR  3. A thermally operated valve as claimed in claim 1 wherein the valve
      member moving means includes
PA1  a plunger movable in response to gas pressure in the chamber; and
PA1  spring means biasing the plunger against the gas pressure throughout the
      range of movement of the plunger,
PA1  said spring means having a force differential coefficient which is less
      than the force differential coefficient of a linear spring throughout the
      range of movement of the plunger.
NUM  4.
PAR  4. A thermally operated valve as claimed in claim 1 wherein
PA1  the adsorbent carbonaceous material has cavities with substantially uniform
      inlets in the skeletal structure of a size large enough to allow entrance
      and adsorption of monatomic gas in the cavities but small enough to retain
      substantial quantities of absorbed gas, and
PA1  the charge of gas consists essentially of a monatomic gas.
NUM  5.
PAR  5. A thermally operated valve comprising
PA1  a housing having an inlet and an outlet with a valve seat interposed
      between the inlet and the outlet;
PA1  a valve member for closing the valve seat;
PA1  a sensing bulb having a chamber;
PA1  an adsorbent carbonaceous material in the chamber;
PA1  a charge of gas in the chamber;
PA1  means responsive to the pressure of the gas in the chamber for moving the
      valve member relative to the valve seat;
PA1  said adsorbent carbonaceous material having cavities wherein a substantial
      majority of the cavities have inlets which have a width in the range of
      about 9.2 to 17 angstroms;
PA1  said gas charge including gas molecules having widths which are smaller
      than the widths of the substantial majority of cavities so as to be
      readily adsorbed and desorbed in the cavities upon decrease and increase,
      respectively of temperature.
NUM  6.
PAR  6. A thermally operated valve as claimed in claim 5 wherein
PA1  the average width of the inlets of the cavities in the adsorbent
      carbonaceous material is within the range of about 12 angstroms to 15
      angstroms, and
PA1  the charge of gas is a noble gas selected from helium, neon, argon, krypton
      and xenon.
NUM  7.
PAR  7. A thermally operated valve as claimed in claim 5 wherein the charge of
      gas consists essentially of a monotomic gas.
NUM  8.
PAR  8. A thermally operated valve comprising
PA1  a housing having an inlet and an outlet with a valve seat interposed
      between the inlet and the outlet;
PA1  a valve member for closing the valve seat;
PA1  a sensing bulb having a chamber;
PA1  an adsorbent carbonaceous material in the chamber;
PA1  a charge of gas in the chamber; and
PA1  means responsive to gas pressure in the chamber for moving the valve member
      relative to the valve seat;
PA1  said adsorbent carbonaceous material being porous with cavities wherein a
      substantial majority of the cavities have substantially uniform widths in
      the range of about 9.2 to 17 angstroms throughout portions of the depths
      of the cavities; and
PA1  said charge of gas including gas molecules having widths which are smaller
      than the widths of the substantial majority of cavities so as to be
      readily adsorbed and desorbed in the cavities upon decrease and increase,
      respectively, of temperature.
NUM  9.
PAR  9. A thermally operated valve as claimed in claim 8 wherein the charge of
      gas consists essentially of a monatomic gas.
NUM  10.
PAR  10. A thermally operated valve as claimed in claim 8 wherein the cavities
      have depths which are substantially greater than their widths.
NUM  11.
PAR  11. A thermally operated valve as claimed in claim 8 wherein the average
      width of the cavities in the carbonaceous material is in the range of 12
      to 15 angstroms.
NUM  12.
PAR  12. A thermally operated valve as claimed in claim 11 wherein the charge of
      gas is selected from the group consisting of helium, neon, argon, krypton
      and xenon.
NUM  13.
PAR  13. A thermally operated valve comprising
PA1  a housing having an inlet and an outlet with a valve seat interposed
      between the inlet and the outlet;
PA1  a valve member for closing the valve seat;
PA1  a sensing bulb having a chamber;
PA1  porous carbonaceous granules in the bulb, formed by substantially complete
      pyrolytic decomposition of synthetic polymer granules containing
      polyvinylidene chloride in a purifying atmosphere at a temperature in the
      range of 138.degree.C to 177.degree.C;
PA1  a charge of gas in the chamber, selected from the group consisting of
      helium, neon, argon, krypton and xenon; and
PA1  expandable and retractable means responsive to the gas pressure in the
      chamber for moving the valve member relative to the valve seat.
NUM  14.
PAR  14. A thermally operated valve as claimed in claim 13 wherein the
      expandable and retractable means includes
PA1  a support member having a flat face,
PA1  a diaphragm secured to the flat face,
PA1  a plunger having a shoulder portion,
PA1  a nearly flat frusto-conical spring with the shoulder portion engaging the
      inner periphery of the spring, and
PA1  means on the support member for holding the outer periphery of the spring
      to bias the plunger against the diaphragm.
NUM  15.
PAR  15. A thermally operated valve as claimed in claim 14 wherein there is
      included,
PA1  a spring biasing the valve member toward the valve seat,
PA1  a lever pivoted at one end in the housing and having means engaging the
      valve member at the other end of the lever,
PA1  said plunger engaging the lever at a point intermediate the one and other
      ends such as to open the valve member when the plunger is advanced by an
      increase in gas pressure in the chamber.
NUM  16.
PAR  16. A flame responsive valve comprising
PA1  a valve seat,
PA1  a flame sensing bulb positioned in the path of a flame,
PA1  gas pressure responsive means for moving the valve member relative to the
      valve seat,
PA1  a tube connecting the pressure responsive means to the flame sensing bulb,
PA1  a quantity of granular adsorbent material in the flame sensing bulb,
PA1  said adsorbent material formed by pyrolytic decomposition of polyvinylidene
      chloride to form a porous carbonaceous structure with cavities of
      sufficient size to receive and adsorb monatomic molecules of gas,
PA1  a charge of gas in the flame sensing bulb, tube and gas pressure responsive
      means, said charge of gas being selected from krypton and xenon.
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ABST
PAL  This invention relates to a positive displacement adjustable volume pumping
      and dispensing system used to supply measured amounts of viscous material.
      The system includes a pneumatically or hydraulically driven submersible
      adjustable volume piston-type pump, and a combination two-section
      pinch-off aspirator valve that is connected to the pump. The pinch-off
      section of the valve is used to dispense the metered amount of fluid to
      the aspirator section of the valve and the aspirator section of the valve
      prevents drip from the nozzle after the material is dispensed as well as
      aids in advancing the material to a dispensing nozzle.
BSUM
PAR  The present invention is an inexpensively manufactured dispensing system
      that includes a convenient and easy means to dispense a measured amount of
      viscous material such as epoxy resin or other similar materials to a
      manufactured part without dripping the material on either the conveyor
      used to carry the part from one work station to another, or on the next
      part to be processed. In the present invention, the system is used to fill
      the inside of an electrical thermal switch to hold the contacts in the
      switch body and also to provide insulation for the contacts. It is
      understood that the invention could be used whenever a metered amount of
      viscous material is to be dispensed.
PAR  As shown and described, the present invention includes a pump to dispense a
      metered amount of epoxy resin to a valve having a nozzle at one end and
      means within the valve to control the metered amount of material dispensed
      from the pump and which valve further includes an aspirator or suction
      mechanism that functions to create a suction in the nozzle to prevent drip
      from the nozzle onto the conveyor or the next part upon the metered amount
      being dispensed to the part to be filled. The aspirator function conserves
      material and maintains a clean work area.
PAR  Prior art metering pumps are, as an example, used to meter fluid to
      automobile windshields or the like, as is typically shown in Horton U.S.
      Pat. No. 2,153,519. Such a pump does not include a valve means to dispense
      the proper amount of material required to fill a cavity on a part and
      prevent drip of the dispensed material. A similar prior art valve patent
      is typically shown in Comb U.S. Pat. No. 2,786,642. The valve shown in
      Comb is primarily used in refrigerants and does not show a means for
      dispensing a measured amount of material or preventing drip from the
      valve.
PAR  It is therefore an object of this invention to provide a system that
      dispenses a metered amount of viscous material through a nozzle without
      any drip from the nozzle after the material has been dispensed.
PAR  It is a further object of this invention to provide a metering pump that
      includes adjustment means thereon and means to assure the pump chamber is
      filled after a pump stroke.
PAR  It is a further object to provide a pump that is simple in construction and
      which is readily adapted for placement on a container of the material to
      be dispensed to retain the pump on the container without the requirement
      for additional holding means.
PAR  It is a further object to provide a pump that can be easily adapted for use
      with a valve that is a combination two-section pinch-off and aspirator
      valve, one section being the pinch-off section and the other section being
      the aspirator section and which further has a dispensing nozzle thereon.
PAR  It is a further object to provide a combination pinch-off and aspirator
      valve that aids the pump in dispensing the material through the interior
      of the valve to the nozzle.
PAR  It is still a further object to provide a combination pinch-off and
      aspirator valve that is operated by fluid means whereby the aspirator
      section of the valve operates in sequence with the pinch-off section of
      the valve to prevent drip from the nozzle after the material has been
      dispensed to the part to be filled.
DRWD
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein a preferred embodiment of the present invention is
      clearly shown.
PAR  FIG. 1 is a view of the system, showing the pump in partial section with
      the combination pinch-off aspirator valve attached thereto shown in side
      elevation, a schematic of the conveyor with a part to be filled being also
      shown.
PAR  FIG. 2 is a cutaway section view of the combination two-section pinch-off
      aspirator valve to more clearly show the internal parts and the operation
      thereof.
PAR  FIG. 3 is a section through line 3--3 of FIG. 1, showing the cylinder and
      inlet port in more detail.
DETD
PAR  Referring specifically to FIG. 1, 10 refers to the pump assembly that is
      placed on top of a container 12 which contains a viscous material such as
      an epoxy resin and is seated or held in a fixed position thereon by means
      of flange 14. The flange is constructed large enough and heavy enough to
      hold the pump in a stationary position on the container. A support member
      16 is attached to and supported on flange 14 by means of a plurality of
      legs 18 and 20, a horizontal plate member 22 being attached to the support
      member. This arrangement and construction provides a support member for
      the air cylinder 24.
PAR  Air cylinder 24, a commercially available power source, is secured to the
      horizontal plate member 22 by welding. The air cylinder 24 includes a
      piston rod 28 that extends through the cylinder and has a flexible
      coupling 30 at one end, the end closest to flange member 14. A stroke
      adjustment mechanism 32 is located at the opposite end and includes an
      adjustable plate 34. Plate 34 is threadedly connected to a threaded
      portion 36 on the piston and can thereby be moved up and down on piston 28
      to provide for stroke adjustment. Nuts 38 lock and hold the plate 34 in
      the proper position. The length of the stroke is set by adjusting plate 34
      up or down on the piston rod 28, with the distance between plate 34 and
      plate 40 on top of the air cylinder, being the actual stroke length. Plate
      34 bottoms on plate 40 at the end of the stroke.
PAR  Attached to flexible coupling 30 by any convenient means such as bolts and
      the like is a second flexible coupling 42 having a shaft 44 integral
      therewith. Coupling 42 provides for a flexible union between the piston
      rod 28 on the air cylinder and the shaft 44 that extends into the
      container 12. A metering piston 46 is threadedly attached to shaft 44 and
      by use of the threaded connection, an additional or a finer metering
      adjustment is achieved by extending or retracting the metering piston.
PAR  A pump cylinder 50 is attached to a valve housing 52, with the assembly
      being attached to the flange 14 by any suitable means such as depending
      support means 54,56 that can be welded to flange 14 and the valve housing.
      The leg means could be constructed of bolts that fit into the valve
      housing and pass through holes in the flange 14 and which are held in a
      permanent position by nut means (not shown). Valve housing 52 containing
      an inlet check valve 62 and an outlet check valve 64 the operation of
      which will be more fully explained hereinafter.
PAR  Pump cylinder 50 as best shown in FIG. 3 has a plurality of openings 58 cut
      or drilled into the cylinder to permit the material in which the pump is
      placed to pass through the openings into a center section 60 to assure
      that the center section 60 is completely filled at all times prior to the
      pump stroke of the piston. This construction assures that there are no
      voids or air pockets in the pump cylinder prior to the pump stroke, due to
      inadequate or inadvertent operation of the inlet check valve 62.
PAR  A hose 70 conveys the material to be dispensed from the pump, on each pump
      stroke, to the top of the combination two-section pinch-off aspirator
      valve 74. Valve 74 has a dispensing nozzle 78 attached thereby by means of
      a tube 80. A four-way fluid operated control valve 82 is attached to valve
      74 by any convenient flexible hose or coupling means 84. As shown, the
      four-way valve 82 is a conventional four-way air valve that controls the
      air into and out of valve 74, the operation of which will be more fully
      explained in connection with the operation of aspirator valve 74. An air
      supply is provided to the four-way valve, through hose 86.
PAR  Referring specifically to FIG. 2, valve 74 is made up of a pair of sleeves
      88,90 having ports 92,94, respectively therein. A screw type fitting 96,98
      is provided in each port to which the air supply hoses 84 and 85 are
      connected. Sleeve members 88,90 are held together in axial alignment by
      bolt means 100. Mounted above and below the sleeve members are a pair of
      end cap members 102,104. The sleeve members 88 and 90 together with the
      end cap members 102,104 form the valve housing having a centerbore
      therethrough from end to end. Cap members 102 and 104 can be bolted or
      welded to the sleeves 88,90.
PAR  A metal support tube 106 is positioned within the centerbore and extends
      from the inlet opening 71 to the outlet opening 75 in the valve housing.
      The outside diameter of tube 106 adjacent the area of port 96 is smaller
      than the outside diameter of the section of the tube above and below it.
      This smaller or narrower diameter tube section 107 has a plugged section
      112 intermediate its ends with a first plurality of openings 110 located
      above section 112 and a second plurality of openings 114 below section
      112. This section of the valve in the general area of port 92 is referred
      to as the pinch-off section.
PAR  A plurality of openings 118 are also provided in the lower portion of the
      metal support tube 106 adjacent the area of port 94, this lower portion
      116 being smaller in outside diameter than the outside diameter those
      sections of tube 106 above and below it. This section of the valve is
      referred to as the aspirator section
PAR  A soft, resilient tubing 120 is held in place around the support tube 106
      by a plurality of O-rings 122 that fit into the generally notched-out
      portions 124 in sleeves 88,90 and caps 102,104 to provide for a seal
      between and at the ends of the pinch-off and aspirator sections and a
      means of retaining the tubing on the metal support tube. The small
      diameter sections 107 and 116 of support tube 106 in which the openings
      110,114, and 118 are located create an annular space between the support
      tube and the surrounding resilient tubing.
PAR  In operation, the air cylinder power source drives piston rod 28 downwardly
      which in turn drives shaft 44 and metering piston 46. Piston 46 moves
      downwardly into the filled pump cylinder 50 to push or displace the
      metered amount of material in section 60 through outlet check valve 64 and
      hose 70 into the valve 74, the metered amount of material being a function
      of the length of the stroke of the piston and the area 53 in the valve
      housing. It is to be understood that to initially dispense the proper
      amount of material, it is necessary for the pump to operate several times
      in order to fill the system, prior to any material being dispensed after
      which the metered or measured material to be dispensed moves through hose
      70 down through the metal support tube 106. During the pump stroke, no air
      is applied to port 92 which is instead vented to atmosphere to thereby
      relax the tubing adjacent port 92 to allow the material to move through
      the pinch-off section of the valve, through openings 110 around the closed
      center section 112 and into openings 114, to move down the center tube
      past openings 118. During the pump stroke, air however is applied to the
      aspirator section of the valve through port 94 to force the soft resilient
      tubing into contact with the lower small diameter section 116 on the
      support tube 106 and to put this section in position for aspiration to
      prevent drip of the viscous material out of the 106 and nozzle 78.
PAR  On the return or fill stroke, and as the piston moves upwardly toward the
      top of the stroke, the cylinder 50 and the valve chamber 53 is filled
      through the inlet check valve 62 and the inlet ports 58 as previously
      described. The outlet ball check valve is closed during the return or fill
      stroke of the piston. As the piston begins the fill or return stroke, air
      is applied to port 92 to move the resilient tubing into contact with the
      small diameter section 107 on the support tube 106 to close or pinch-off
      communication between the openings 110 and 114 and thus isolate the
      aspirator section. At the same time, the air previously applied to port 94
      is vented to atmosphere through the four-way check valve to allow the
      resilient tubing to naturally expand away from the small diameter section
      116 and openings 118 thereby effecting an expanding annular chamber
      between the tubing and section 116 as shown in FIG. 2 to thus create a
      suction on the openings 118 in the lower or aspirator section of the valve
      which prevents any material from dripping from the nozzle 78 by suctioning
      material out through openings 118 and thereby away from the nozzle. The
      pump stroke and fill stroke operation is continued in timed sequence with
      the movement of a conveyor to place the parts to be filled beneath the
      nozzle.
PAR  The invention as shown and described is a simple, easily constructed system
      that provides a submerged pump and a pinch-type valve means for dispensing
      a measured amount of generally viscous material to a production part or
      assembly that is moved in timed sequence by a conveyor and which system
      includes aspirator means in the valve to prevent dripping of the material
      from the dispensing nozzle to assure accurate volumetric delivery and
      clean materials handling equipment, parts, and work station after being
      dispensed and the conveyor is operating to move another part to be filled
      under the nozzle. The embodiment shown in this invention is used to
      dispense a viscous material on switches in a similar manner to that of
      potting but is a much more effective and cleaner means than potting.
PAR  While the embodiments of the invention as herein disclosed constitute a
      preferred form, it is to be understood that other forms could be adopted.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combination two-section pinch-off aspirator valve for dispensing a
      measured amount of material, said valve comprising: a housing having inlet
      and outlet openings; a support tube within said housing extending between
      said inlet and outlet openings; said support tube having a closed section
      a distance below the inlet opening to divide the support tube into an
      upper and lower section; said support tube also having a first plurality
      of openings in spaced relation around said support tube above and below
      said closed section to connect the upper and lower sections of the support
      tube; said support tube further including a second plurality of openings
      in the lower section thereof in spaced relation around said support tube a
      distance below said closed section; said support tube being smaller in
      diameter in the area of the first and second plurality of openings in said
      support tube; a resilient tube means positioned about said support tube
      and cooperating with said support tube defining a passage around the
      periphery of said support tube closed section and defining a chamber
      around the periphery of said support tube at said second plurality of
      openings; said housing having a first air inlet port that surrounds the
      resilient tube means adjacent the passage at said first plurality of
      openings in said support tube, and a second air inlet port that surrounds
      the resilient tube means adjacent the chamber at said second plurality of
      openings in said support tube, whereby the resilient tube means flexes out
      of said smaller diameter area in said support tube by air being exhausted
      from said first inlet port opening the passage around said closed section
      in the first plurality of openings in said support tube to dispense a
      measured amount of material to the lower section of the support tube while
      air is applied to the second air inlet port to force said resilient tube
      to close the chamber at said second plurality of openings in said support
      tube, air then being applied to said first inlet port to close the passage
      around said first plurality of openings in said support tube to stop the
      flow of material to the lower section of said support tube, and the at the
      same time air being vented from said second inlet port, whereby the
      resilient tube moves away from the second plurality of openings in said
      support tube opening said chamber creating a suction in the lower section
      of said support tube suctioning material out through said second plurality
      of openings into said chamber thereby preventing drip from said valve.
NUM  2.
PAR  2. A non-drip valve assembly for dispensing an accurately measured amount
      of fluid from an adjustable pump, said valve assembly comprising: a
      housing having an inlet and an outlet fluidly connected by a valving
      passage; tube means within said passage, said tube means having an
      intermediate closed section to divide the tube means into a first section
      between the closed section and the inlet and a second section between the
      closed section and the outlet; a first plurality of openings in said tube
      means upstream and downstream of said closed section; a second plurality
      of openings in the second section of the tube means downstream of said
      closed section and said first plurality of openings; resilient tube means
      surrounding said tube means in said valving passage; seal means between
      the housing and said resilient tube means upstream of the first openings,
      intermediate said first and second openings and downstream of said second
      openings, said resilient tube means being peripherally spaced from the
      surfaces of the valving passage in the area of the first and second
      plurality of openings and being normally spaced from said openings
      cooperating with said tube means defining a fluid directing passage around
      the periphery of said tube means closed section and defining a fluid
      receiving chamber around the periphery of said tube means at said second
      plurality of openings; a first inlet port in the housing communicating
      with the valving passage adjacent the fluid directing passage at said
      first plurality of openings; a second inlet port in the housing
      communicating with the valving passage adjacent the fluid receiving
      chamber at said second plurality of openings; valve means for alternately
      applying fluid pressure at said first and second ports to allow the
      resilient tube means to engage said closed section closing said fluid
      directing passage upon application of pressure and unseal the openings
      upon removal thereof whereby a measured amount of fluid will be dispensed
      between said first and second sections when the first air inlet port is
      not pressurized and said second port is pressurized to seal said resilient
      tube means against the second plurality of openings closing said fluid
      chamber, pressure being alternately applied to said ports to close said
      fluid directing passage and seal the first plurality of openings in said
      tube means to stop the flow of material to said second section, and at the
      same time venting from said second inlet port through said valve means
      whereby the resilient tube means moves away from the second plurality of
      openings opening said fluid receiving chamber to create a suction in said
      second section suctioning fluid through said second plurality of openings
      into said fluid receiving chamber thereby preventing drip from said valve
      assembly.
NUM  3.
PAR  3. A two section pinch-off aspirator valve for dispensing an accurately
      measured amount of viscous material from a container as delivered by an
      adjustable stroke pump comprising: a housing; inlet and outlet openings in
      said housing; said inlet means being fluidly connected to said container,
      a support tube within said housing extending between the inlet and outlet
      openings; said support tube having a closed section a distance below the
      inlet opening to divide the support tube into a lower and upper section;
      said support tube having a first plurality of openings above and below
      said closed section to connect the upper section to the lower section,
      said support tube having a second plurality of openings in the lower
      section; resilient tube means surrounding said support tube; said support
      tube being smaller in diameter adjacent said first and second plurality of
      openings in said support tube; said support tube and said resilient tube
      means cooperating defining a passage around the periphery of said support
      tube closed section and defining a chamber around the periphery of said
      support tube at said second plurality of openings; said housing having a
      first air inlet port adjacent said first plurality of openings in said
      support tube which surrounds said resilient tube means adjacent the
      passage around said support tube closed section and said openings, and a
      second air inlet port that surrounds said resilient tube means adjacent
      the chamber around the periphery of said support tube and said second
      plurality of openings; a nozzle secured to said support tube to dispense
      the viscous material; valve means to exhaust air from said first inlet
      port to allow the resilient tube means to move away from the smaller
      diameter areas in said support tube to open said passage and the first
      plurality of openings in said support tube and dispense a measured amount
      of material to the lower section of the support tube while air is applied
      by said valve means to the second air inlet port to force said resilient
      tube to close the chamber and the second plurality of openings in said
      support tube, and air being applied by said valve means to said first
      inlet port to close the passage and the first plurality of openings in
      said support tube to stop the flow of material to the lower section of
      said support tube, and at the same time air being vented from said second
      inlet port through said valve means whereby the resilient tube moves away
      from the second plurality of openings in said support tube opening said
      chamber to create a suction in the lower section of said support tube
      suctioning material through the second plurality of openings into said
      chamber to thereby prevent drip from said nozzle.
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ABST
PAL  A rotary valve having a segmental sphere type rotary plug cooperating with
      sealing means and featuring a slide-in cage arrangement for ease of
      machining and assembly, and wherein said rotary plug is locked into said
      cage type insert by means of cylindrical guide bushings which can be
      removed only after the cage type insert is retracted from the valve
      housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to valves used for the control of liquids or gases
      and which opening or closing action is dependent on a rotary valve stem
      motion caused manually or by automatic actuating means. More specifically,
      my invention relates to so-called ball valves, featuring usually a
      spherical plug with a cross-bore located between a pair of plastic seal
      rings and rotable over a 90.degree. quadrant between the open and closed
      position.
PAR  For high pressure service, these highly polished and precision ground balls
      or spheres have to be supported by journal bearings located externally of
      the sphere and within the surrounding housing. Such construction, in turn,
      requires housings made of two separate halves either screwed or welded
      together. The cost of producing such relatively complicated housings and
      balls with forged or cast-on bearing stubs is high. The main objective of
      my invention is therefore to retain a one-piece housing and to eliminate
      the use of a difficult to machine completely spherical ball plug which, in
      turn, enables the placement of the required journal bearings inside the
      housing bore, thereby effecting great cost savings.
PAR  Another object of my invention is the provision of an insert type trim
      arrangement, allowing quick removal of all functional parts from the
      housing for better servicing and speedy assembly. A type of insert type
      ball or butterfly valve has been known and is described in U.S. Pat. No.
      3,636,972. However, the described construction is featuring a valve
      assembly inserted within a housing and in the process providing a cavity
      between said insert and housing bore to enable circulation of a heating or
      cooling fluid around the inner valve assembly. Furthermore, while U.S.
      Pat. No. 3,636,972 shows an embodiment (FIG. 6 or FIG. 7) indicating a
      butterfly valve with an eccentric vane, which shows some remote similarity
      with my invention, there is no indication of how valve stems 324 or 322
      can be removed from the one-piece tubular valve body 312, i.e. the patent
      indicates an un-workable design. My invention, on the other hand, teaches
      the use of removable bearing bushings which effectively lock the plug
      bearing stubs in position, once the valve is assembled, thereby completely
      eliminating the use of pins, screws or other fastening devices, which
      could become dislodged during service and thereby greatly impair the
      reliability of such a valve.
PAR  Yet, another object of my invention is the use of a flexible plastic seal,
      which is fluid pressure actuated and which is backed-up by a stainless
      steel sealring, which comes into play, in case the plastic seal is
      destroyed, thereby providing additional fire safety.
PAR  Other objects and advantages will be readily apparent from the following
      detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical, sectional view of a valve constructed in accordance
      with my invention, with the valve being illustrated as part of a fluid
      system and assembled between a pair of mating flanges.
PAR  FIG. 2 is a sectional view taken along lines 2--2 of FIG. 1, and wherein
      the valve is shown with the plug in the open position (as indicated by
      dashed lines in FIG. 1), and wherein the view of the mating flange is
      omitted.
PAR  FIG. 3 is an external view of the cage 12 supporting the valve plug and
      journal bearings 21, indicated in FIGS. 1 and 2, for added clarity.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail and particularly FIG. 1, the invented
      valve indicated by reference character 4 is clamped between two mating
      pipe flanges 5 by means of tie-rods 6, constituting parts of a fluid
      carrying piping system. Gaskets 7 prevent external leakage of the fluid.
      Valve 4 consists of a tubular housing 8 which, in smaller sizes, can
      conveniently be made out of steel bar stock. Said housing has flat
      opposite ends which match and seal against gaskets 7 and a bore 9 which
      extends lengthwise through the housing 8 and is provided with two counter
      bores 10 and 11. The latter extending through the major portion of the
      length of the housing and containing within a cage 12, of which the
      radially outwardly extending flange 13 abutts against the terminating face
      of counter bore 10. The latter counter bore 10 facing towards the high
      pressure or inlet side of the valve also contains a slidingly engaged ring
      member 14, having a conical bore 15 defining at its reduced diameter 16 a
      valve orifice. A circularly cross-sectioned snap-ring 17, made from
      suitably hardened spring wire, engages with a circular groove 18 cut
      radially outward into a counter bore 10 and with an opposing rectangular
      groove 19 cut into ring member 14 to retain the latter during times, where
      valve 4 is not clamped between flanges. Circular groove 18 is sufficiently
      shallow to allow snap-ring 17 to disengage whenever moderate force is
      applied on cage 12, and thereby allow disassembly of the internal valve
      parts.
PAR  Referring back to cage 12, which is preferredly cast out of iron and has a
      cup shape or cradle style cross-section, more clearly shown in FIG. 2.
      Each side of the cradle has a cross-bore 20 located perpendicular to but
      on the same level as the longitudinal valve axis and containing within a
      pair of guide bushings 21, made from bronze or other suitable bearing
      material, which support, in turn, a rotable valve plug 22; the latter
      consisting of a pair of bearing stubs 23, of which one is slotted to
      accept the male tongue 24 of a drive shaft 25, separated by a ribbed
      center stud 26, which is supporting a spherically machined head 27
      connected by two arms 28. As shown in FIG. 2, drive shaft 25 is guided
      within a bearing bushing 29 supported by a steel neck 30, suitably
      fastened to housing 8. An O-ring seal 31 located in a groove cut into the
      thickened portion 32 of drive shaft 25 prevents external leakage of
      pressurized fluid from the valve interior. Finally, a lever 33 is
      connected onto drive shaft 25 to rotate plug 22 manually. However, it
      should be understood that such rotation can just as well be performed by
      some automatic actuating device such as pneumatic cylinders without
      departing from the spirit and scope of my invention.
PAR  The position of the valve plug 22, as shown in FIG. 2, is that of valve 4
      in the wide-open position. However, when plug 22 is rotated 90.degree., as
      shown in FIG. 1, the head portion 27 is blocking valve orifice 16 and, at
      the same time, engages with its spherical periphery a thin metallic
      circular sealring 34 which is clamped between ring member 14 and flange 13
      of cage 12. Head portion 27 also engages with another sealring 35, made
      from a corrosion and heat resistant plastic material, contained within a
      recess 36 of ring member 14. The depth of this recess is slightly
      shallower than the thickness of sealring 35 to allow a certain amount of
      controlled compression, in order to prevent leakage by the recessed face
      of ring member 14. Both sealrings 34 and 35 have an inside diameter
      roughly corresponding with the diameter of the valve orifice 16 and about
      equal to the distance between the sealrings and the axis of the bearing
      stubs. However, the diameter is slightly smaller than the correspondingly
      engaging spherical head diameter of plug 22, thereby causing some minute
      deflection of both seals towards the up-stream side of the valve and, in
      turn, providing a certain pre-load towards the plug to aid in the sealing
      effort. An undercut 37 in ring member 14 allows space for this deflection.
      Fluid pressure difference between the high and low pressure sides of the
      valve acts on the ringshaped area formed between the diameter at the
      interface between seals and plug head 27 on the one side and a larger
      support diameter 38 of cradle 12. It is therefore apparent that the
      pre-load of the gasket is increased and sealing therefore made more
      effective, the higher the fluid pressure differential becomes.
PAR  The metallic sealring will still be effective, in case an external fire
      should destroy the primary plastic sealring, thus providing added
      reliability.
PAR  Once assembled, cage 12, plug 22, and guide bushings 21 can easily be slid
      into and out of housing 8, as long as plug 22 is in the open-position,
      i.e. tongue 24 is in the horizontal position. However, once inside the
      housing 8, plug 22 should be retained permanently within cradle 12 to
      assure proper performance of the valve. Prior state of the art valves of
      this type employ removable valve shafts, which are drilled and pinned to
      the valve plug. Such methods proved very cumbersome, since it made
      subsequent dis-assembly for repair or maintenance extremely difficult and,
      on the other hand, caused safety hazards, since pins could become loose in
      service and interfere with the operation of the valve. On the other hand,
      removable shafts require a greatly thickened hub, i.e. sufficient wall
      thickness has to be added to the shaft diameter, thereby blocking the
      through flow passage of the valve and, in turn, greatly diminish its flow
      capacity.
PAR  In my invention, on the other hand, both bearing stubs are simple to
      machine end portions of a common plug casting having a streamlined center
      stud 26 to provide minimum fluid resistance in the open valve position.
      Referring to FIG. 3, cage 12 has milled slots 39 of which the width
      indicated as "l" is only slightly larger than the diameter of bearing
      studs 23, thereby permitting the insertion of plug 22 through the open top
      part of cradle 12, once the latter is removed from housing 8. However,
      when guide bushings 21 are inserted at the same time (in the direction of
      the bearing stub axis) into cross bores 20 and over said bearing stubs,
      then it is no longer possible to remove plug 22 from cradle 12, since the
      diameter of cross bores 20, indicated as "d" in FIG. 3, is substantially
      larger than the width "l" of slot 39. Bushings 21 are, in turn, prevented
      from sliding out of cross bores 20 by tongue 24 on one side and the inner
      wall of housing 8 on the other side, thereby providing a very reliable but
      safe retaining system for plug 22.
PAR  While the invention has been illustrated in a preferred configuration,
      allowing the installation of the valve between a pair of companion
      flanges, it should be understood nevertheless, that a pair of flanges
      could be added to housing 8 to aid in the installation or, that housing 8
      could be provided with pipe threads on either end to permit a screwed pipe
      connection. Furthermore, ring member 14 could be attached by external
      flange means to housing 8 without departing from the scope of my
      invention, as defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary valve comprising:
PA1  a. a tubular housing having a longitudinal central bore extending
      throughout its length;
PA1  b. an inlet and outlet end formed in said housing;
PA1  c. a counter bore formed in said housing and extending from the inlet end
      of said housing towards a stop shoulder, providing at that point a reduced
      cross-section;
PA1  d. a cradle shaped cage assembly removably placed within said housing bore
      and having a raised diameter portion slidingly engaging the counter bore
      of said housing and abutting the stop shoulder within said housing;
PA1  e. a bore or passage extending throughout the central length of the cradle
      shaped cage;
PA1  f. a ring member guiding closely and being retained by suitable means
      within said housing and having a central bore defining a valve orifice;
PA1  g. one or more sealing rings suitably retained between the terminating face
      of the raised diameter portion of said cage facing the valve inlet on one
      side and one terminating surface of the engaged ring member within said
      housing on the other side and having an inner diameter essentially equal
      to that of the valve orifice;
PA1  h. a pair of openings located perpendicularly to the longitudinal valve
      axis and within the walls of said cradle shaped cage, each consisting of a
      circular bore intersected by a vertical slot communicating with the upper
      open portion of the cage and having a width substantially less than the
      diameter of said circular bore;
PA1  i. a rotating plug tiltingly engaged within said cage and consisting of two
      circular bearing stubs which slidingly fit through said vertical slots of
      the cradle shaped cage, separated and connected with each other by a
      central hub and said plug having a spherical head portion suitably
      connected to the hub, said head portion engaging and cooperating with the
      inner bore of said sealingrings in the closed valve position;
PA1  j. a pair of guide bushings slidingly engaged over said bearing stubs and
      within said circular bores located perpendicularly to the longitudinal
      valve axis within said cage, thereby effectively retaining the rotating
      plug within the cage;
PA1  k. means to engage one of said bearing stubs and to tiltingly move the
      rotating plug.
NUM  2.
PAR  2. A rotary valve of claim 1, wherein said means to tiltingly move the
      rotating plug comprises a drive shaft radially inwardly penetrating
      through said housing, and wherein said drive shaft engages by means of
      tongue and groove with one of the two bearing stubs of said valve plug.
NUM  3.
PAR  3. A rotary valve of claim 1, wherein one of said sealrings is made of
      thin, flexible metal sheet having an inside diameter slightly less than
      the corresponding diameter of said spherical head portion to provide some
      deflection and preloading of said sealring.
NUM  4.
PAR  4. A rotary valve of claim 1, wherein a second sealring is placed within a
      recess of said ring member, and wherein the depth of said recess is
      slightly shallowe than the thickness of the second sealring to allow for a
      controlled amount of compression for the prevention of leakage past the
      sealring and the ring member.
NUM  5.
PAR  5. A rotary valve of claim 1, wherein said means to retain the ring member
      within the housing comprises a snap-ring cooperating with a shallow groove
      cut radially outwardly into said housing and an opposite deeper groove
      within the periphery of said ring member.
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ABST
PAL  In a knife gate valve, an elastomer O-ring is held in an annular groove in
      a face of a valve seat by cotter pins having their eyes embedded in the
      O-ring and their shanks extending through the valve seat and clinched
      over. The eyes are adhered to the O-ring by vulcanization of the O-ring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In gate valves for use with very hot liquids such as, for example, boiling
      wort from a lautering tank, a great difficulty has been encountered in
      effectively adhesively securing an elastomer O-ring seal to a valve seat,
      because the high temperatures tend to loosen the bond between the seal and
      the seat. The problem is compounded when the seat is stainless steel,
      because the adhesive material does not adhere to stainless steel as
      readily as it does to mild steel. Thus, adhesive bonds have not been
      satisfacotry.
PAC  Summary of the Invention
PAR  A synthetic elastomer O-ring is held in a seated position on a face of a
      valve seat by fastener elements having head portions embedded in the
      O-ring and shank portions extending through bores in the valve seat.
PAR  It is therefore, an object of the invention to provide an improved gate
      valve adapted to handle hot liquids.
PAR  Another object of the invention is to provide a gate valve having an O-ring
      sealing member securely held in a sealing position on a stainless steel
      valve seat member.
PAR  A further object of the invention is to provide a gate valve wherein an
      O-ring is held in position on a valve without any adhesive between the
      O-ring and the valve seat.
PAR  Another object of the invention is to provide a gate valve in which an
      O-ring is held in seated position on a valve seat by fasteners having
      heads embedded in the O-ring and shanks slidable in bores in the valve
      seat.
PAR  Another object of the invention is to provide a gate valve in which eyes of
      cotter pins are embedded in an elastomeric O-ring which is vulcaized to
      the eyes.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is an end view of an improved gate valve forming one embodiment of
      the invention;
PAR  FIG. 2 is an enlarged, fragmentary sectional view taken along line 2--2 of
      FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary, sectional, perspective view of a portion
      of the gate valve of FIG. 1; and
PAR  FIG. 4 is an enlarged, fragmentary, sectional view of a portion of the gate
      valve of FIG. 1.
DETD
PAR  Referring now in detail to the drawings, there is shown therein an improved
      gate valve forming one embodiment of the invention and including a body
      assembly 10, a knife gate 12, and a yoke 14. A handwheel 16 may be turned
      to raise and lower the gate between an open position and a closed
      position, the gate being shown in its closed position in which an arcuate
      cam 18 presses the gate into sealing engagement with an O-ring 20 (FIGS.
      2-4). The O-ring is maintained by a plurality of parallel cotter pins 22
      in a seated position and sealingly engaging an arcuate groove 24 in an
      annular valve seat 26. The 0-ring 20 is preferably of a synthetic
      elastomeric material, one suitable material being an ethylene-propylene
      diene sold under the trademark "NORDEL". The cotter pins 22 are of
      stainless steel and have eyes 28 embedded in and vulcanized to the O-ring.
      That is, the O-rings are molded over the eyes or heads of the cotter pins,
      and are vulcanized to adhere to the eyes, the material filling the
      openings in the eyes. Shanks 30 of the cotter pins extend through bores 32
      in the seat 26 and are freely slidable therein. End portions 34 of the
      cotter pins are bent over to secure the O-ring snugly seated in the groove
      24, no substantial seating pressure being exerted on the O-rings by the
      cotter pins.
PAR  The gate 12, the annular valve seat 26, the cam 18, and a liner 39 are of
      stainless steel. The liner 39 is secured in place by a raised weld face 40
      at either side of the valve body. Each face is provided by forming a
      stainless steel weld over the area designated for the face, with the weld
      extending up against the adjacent edge of the liner to secure it in place.
      Thereafter, the weld material is ground to provide a proper flat surface.
      This stainless steel construction is used in a line handling a food
      product, such as, for example, boiling hot wort from a lautering tank.
PAR  When the gate 12 is closed to contain liquid, the gate is pressed against
      rounded sealing bead portion 50 of the O-ring 20 to press the O-ring
      against the bottom of the groove 24 to form a very effective seal. The
      O-ring is molded, and has a substantially rectangular seating portion
      formed by base 52 and sides 54 which have a slight draft to facilitate
      molding. That is, the O-ring is slightly wider at its base 52 than it is
      at the start of the bead 50. The eye of the cotter pin being filled with
      the elastomeric material of the O-ring, serves as an excellent anchoring
      head. The eye lies in a plan substantialy parallel to and midway between
      the sides 54 of the O-ring.
PAR  The cotter pins 22 are spaced around the O-ring and their shanks 30 extend
      parallel to each other and the longitudinal centerline of the valve 26.
      The eye portions 28 lie circumferentially in the O-ring, as shown best in
      FIG. 4. Except for the cotter pins, the O-ring is completely free of the
      groove 24. That is, the O-ring is not adhered to the groove and seals
      against the walls of the groove merely as the result of pressure on the
      O-ring.
PAR  While the gate valve is very well suited to handle hot fluids, such as,
      boiling wort, it obviously has high utility in other applications. The
      cotter pins, with their head or eye portions adhered to the embedding
      portions of the O-ring, have solved the previously very troublesome
      problem of holding the O-ring in the groove in the valve seat.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a gate valve,
PA1  an annular seat member having a plurality of holes therein spaced
      therearound,
PA1  an O-ring,
PA1  and a plurality of fastener members having head portions embedded in the
      O-ring and also having shank portions extending into the holes and secured
      to the seat member.
NUM  2.
PAR  2. The gate valve of claim 1 wherein the head portions are eyes and the
      material of the O-ring fills the eyes.
NUM  3.
PAR  3. The gate valve of claim 2 wherein the fastener members are cotter pins.
NUM  4.
PAR  4. The gate valve of claim 3 wherein the cotter pins have shanks slidable
      in the holes and end portions clinched over.
NUM  5.
PAR  5. The gate valve of claim 4 wherein the seat member has an annular groove
      in which the O-ring seats.
NUM  6.
PAR  6. The gate valve of claim 5 wherein the groove is of a substantially
      rectangular transverse cross-section, the O-ring having a base portion
      substantially complementary to and fitting into the groove.
NUM  7.
PAR  7. The gate valve of claim 3 wherein the holes are parallel to one another.
NUM  8.
PAR  8. The gate valve of claim 7 wherein the O-ring is of vulcanized material
      vulcanized to the eyes of the cotter pins.
NUM  9.
PAR  9. The gate valve of claim 7 wherein the cotter pins have eyes lying in a
      plane transverse to the longitudinal axis of the O-ring.
NUM  10.
PAR  10. In a gate valve,
PA1  a pair of parallel annular members,
PA1  a gate member slidable between the members,
PA1  an annular valve seat sealed to one of the annular members and having an
      annular groove in one face thereof, and a plurality of parallel bores
      extending from the groove to the opposite face of the valve seat,
PA1  an O-ring seated in the groove,
PA1  and a plurality of fastener members having heads embedded in the O-ring and
      shanks slidable in the bores.
NUM  11.
PAR  11. The gate valve of claim 10 wherein the fastener members are cotter
      pins.
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ABST
PAL  A jack or lift with a special fixture is provided for raising or lowering
      heavy and unusually shaped parts, such as crankcase and transmission
      guards for heavy-duty vehicles, such as track-type vehicles. The fixture
      on the jack engages the guard with a novel gripping or coupling
      arrangement for positively engaging the guard at two points. The gripping
      or coupling arrangement is vertically and horizontally adjustable to
      accommodate for different sized parts. A slope adjusting member is
      provided on the lift remote from the fixture to provide the third point of
      a three point support.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to lifting equipment and, more particularly, to a
      fixture for lifting equipment for use with heavy, unusually shaped parts.
PAR  2. Description of the Prior Art
PAR  In the heavy equipment field, such as track-type vehicles for earthmoving
      and the like, it is necessary to remove the crankcase guard or the
      transmission guard, or the like, to perform certain types of service on
      the vehicle. The guards and accumulated gravel and debris can weigh up to
      4,000 pounds and are located beneath the vehicle in a relatively small
      work space which makes it difficult and dangerous to disconnect and remove
      same. Conventional floor jacks are either of insufficient capacity or are
      too unstable to handle the heavy, irregularly shaped guards or parts.
      Current linkage-type jacks are not able to adjust for a sloping part or to
      accommodate for the different load concentrations and, therefore, are
      subject to tipping or dumping the load.
PAR  Another prior art lift arrangement that has, of necessity, been used is a
      crane and cable sling. Unfortunately, cranes are not always available,
      cannot be tied up too long holding the part and are difficult and
      complicated to use even when available.
PAC  SUMMARY OF THE INVENTION
PAR  Hydraulically or electrically actuated lift or jack assemblies are
      commercially available and operate on a linkage principle such as to
      provide a large lifting capacity along a longitudinally oriented lift head
      supported on a stable platform. To the lift head of these assemblies is
      attached my novel fixture which includes a transverse box beam carried by
      one end portion of the lift head with outwardly adjustable members which
      support at the outer ends thereof vertically disposed coupling members.
      The lift head has a vertically adjustable slope accommodating member
      located at the end portion thereof remote from the box beam. The spaced
      coupling members and the remote vertically adjustable slope accommodating
      member form a three point support for a part to be supported on the lift
      assembly.
PAR  The spaced coupling members are horizontally and vertically adjustable so
      that a hook element and clamping bolt of each coupling member can be
      engaged with the part to hold and stabilize one end of the part. The slope
      adjusting member is moved into engagement with the other end of the part
      to support the part at a predetermined slope and orientation.
PAR  The part can now be disconnected, lowered and moved out of the way so
      repair or maintenance can be performed on the vehicle upon which the part
      had been installed. At the appropriate time, the lift assembly, with the
      part carried thereon, can be moved back into position so that upon
      actuating the lift, the lift head and fixture will raise the part and,
      with minor maneuvering, the part can be aligned with and reassembled to
      the member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The details of construction and operation of the invention are more fully
      described with reference to the accompanying drawings which form a part
      hereof and in which like reference numerals refer to like parts
      throughout.
PAR  In the drawings:
PAR  FIG. 1 is a front perspective view of a crawler tractor, shown somewhat in
      phantom, with the improved jack or lift assembly in one position beneath
      said tractor;
PAR  FIG. 2 is an isometric view showing structural details of the jack or lift
      assembly with the fixture and slope accommodating means thereon;
PAR  FIG. 3 is a top plan view of the lift fixture with parts broken away and in
      section; and,
PAR  FIG. 4 is an end or front view of the lift fixture as viewed looking in the
      direction of the lines IV--IV of FIG. 3 with parts broken away or in
      section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings and, in particular, to FIGS. 1 and 2, a crawler
      tractor or track-type vehicle 10 is shown somewhat in phantom as viewed
      looking up from below with the track assemblies 12, 14 supporting a main
      frame 16 through a transversely extending front equalizer bar 18.
      Protecting the engine crankcase, the transmission, and the like, from
      damage during use are heavy-duty guards 20 which are bolted or otherwise
      secured to the main frame 16. In order to provide service to the
      crankcase, to the transmission, or the like, it is necessary to unbolt and
      remove the guards 20. After the service has been completed, the guards 20
      must be replaced and rebolted in place. Each guard 20 and the accumulated
      gravel and other debris can weigh up to 4,000 pounds at the time of
      removal and, since the height of the space where the guard is located is
      low and the shape of the guard is irregular or unusual, it is almost
      impossible to use conventional jacks to remove and to lower the guard.
PAR  A low profile jack 22 is provided with an improved guard securing, quick
      attaching coupling means or fixture 24 and slope adjusting screw 26 for
      engaging the guard 20 as it is unbolted and lowered from the main frame
      16. The low profile jack 22 is similar to a commercially available jack
      described in U.S. Pat. No. 3,598,366, dated Aug. 10, 1971 and assigned to
      the Milwaukee Hydraulic Products Corporation of Milwaukee, Wisconsin. The
      jack 22 is mounted on a base 28 which has a pair of parallel spaced apart
      U-shaped channels 30,32 which form the two sides of the base and which are
      held apart by the spaced cross bars 34,36. A box-shaped container 38 is
      attached to the front end portions of the U-shaped channels 30,32. A pair
      of large diameter, fixed rollers 40 are attached by means of brackets 42
      to the rear lower end portions of the angle irons with a pair of rollers
      44 attached by swivel brackets 46 to the front end portions of the
      channels 30,32. When desired, the front rollers 44 may be locked in place
      using any one of the well-known wheel locking arrangements.
PAR  Three vertically extending, equally spaced apart plates 48, 50, 52 are
      anchored to the cross bars 34,36 between the U-shaped channels 30,32.
      Pivoted between the plates 48 and 50 is the lower end of a cylinder 54
      which has a piston (not shown) therein for driving a piston rod 56
      outwardly from the end of the cylinder. A similar cylinder 58 is pivotally
      mounted between the plates 50 and 52 at a position spaced from the pivotal
      connection of the first cylinder 54, which cylinder 58, likewise, has a
      piston (not shown) connected to a piston rod 60 for driving said rod
      outwardly from the cylinder 58. A lift head 62 extends parallel to the
      plates 48,50,52 in the base 28 and has the end of the rod 56 of the
      cylinder 54 pivotally attached to the front end thereof with the end of
      the rod 60 of the other cylinder 58 pivotally connected thereto at a point
      spaced rearward thereof. A pump 64 is carried by the base 28 and has a
      handle 66 for use in moving the jack from place-to-place. The handle 66 is
      also connected to the pump, to serve as an actuator for the pump. The
      container 38 serves as a fluid reservoir for the hydraulic fluid for the
      pump 64. Pumping the handle 66 will actuate the pump 64, pumping fluid
      into the cylinders 54 and 58 for moving the piston rods 56,60 outward from
      the cylinders. A valve (not shown) on the pump 64 will serve, when
      actuated, to permit the fluid in the cylinders 54,58 to return to the
      box-shaped container or reservoir 38 thereby lowering the lift head 62 to
      a collapsed position on the base 28.
PAR  Pivotally connected to the plate 48 are the spaced apart ends of the
      parallel links 68 which have their other ends pivotally connected to a
      cross bar 70 and to the lower ends of a second pair of parallel links 72.
      The other ends of of links 72 are pivotally connected to the flange on the
      side of the lift head 62. Likewise, one end of the parallel links 74 are
      pivotally connected to the plate 52 with the other ends pivotally
      connected to the cross bar 76 and to the lower ends of the parallel links
      78 which links in turn have the other ends pivotally connected to the
      opposite flange of the lift head 62. The lower sets of links form parallel
      linkages on each side of the pair of cylinders 54,58. Likewise, the upper
      links form parallel linkages which are connected to the lift head. With
      the valve on the pump 64 in the open position, the lift head 62 and the
      parallel linkage arrangements and cylinders, will all be collapsed and
      will form a low profile arrangement with respect to the base 28.
      Essentially, the structure just described with respect to the parallel
      linkages, the cylinders 54,58 and the ability of the lift head 62 to be
      collapsed into a low profile arrangement with respect to the base, is all
      as described in the above referred to U.S. Pat. 3,596,366. The orientation
      of the lift head 62 with respect to the base 28 in the present device
      provides for the lift head to be parallel to the lengthwise main channels
      30,32 of the base 28 so that the lift head 62 extends longitudinally with
      respect to the base instead of at right angles thereto as provided for in
      the above referred to patent.
PAR  As best shown in FIGS. 2, 3 and 4, attached to the forward part of the lift
      head 62 is the improved, quick attaching coupling means or fixture 24
      which comprises a box channel 80 welded or otherwise secured at its
      midportion to the forward end portion of said lift head 62 so that the
      axis of the box channel is at right angles to the axis of the lift head
      62. A vertical partition 82 extends longitudinally of the box channel to
      divide the channel into two, substantially identical, rectangular-shaped
      chambers 84,86. A pair of oppositely extending support bars 88,90, each
      having a rectangular shape in cross section, are slidably disposed in the
      rectangular chambers 84,86, respectively, in the box channel. One support
      bar 88 extends out of the one end of the box channel 80 with the other
      support bar 90 extending out the other end of the support channel.
PAR  The outer end portion of each support bar 88,90 has a vertically disposed
      opening 92 therethrough in which is adjustably positioned a vertically
      extending telescopic coupling member 94,96, respectively. Each coupling
      member 94,96 has a tubular-shaped sleeve 98 which has a plurality of
      axially spaced apart openings 100 formed therethrough. An opening 102 is
      formed through the walls of the opening 92 in the ends of each support bar
      88,90 so that a pin 104 can be inserted through the opening 102 in the bar
      88 or 90 and through the aligned openings 100 in the sleeve 98 so as to
      hold the sleeve 98 in a fixed position with respect to the support bar. By
      removing the pin 104, the sleeve can be raised or lowered and the pin
      reinserted in the appropriate aligned openings. Slidably disposed in each
      tubular-shaped sleeve 98 is a telescopic rod 106 which has aligned
      openings 108 therethrough. A pin 110 is passed through the openings 100 in
      the tubular sleeve 98 and through the openings 108 in the rod 106 so as to
      position the end of the rod 106 with respect to the support bar.
PAR  Welded, or otherwise secured, to the top end of the rod 106 is a
      horizontally disposed rectangularly-shaped block member 112 which has one
      end portion 114 projecting in overhanging relationship with respect to the
      support bar 88 or 90. The end portion 114 of the block 112 has a threaded
      opening 116 through which is threaded a clamp bolt 118. The exposed end of
      the bolt 118 projects above the block. A lock nut 120 is provided on the
      bolt for locking the bolt in a fixed position with respect to the block
      112. An L-shaped hook element 122 is secured to the block and has one leg
      124 extending above and parallel to the block with the outer end portion
      in substantial alignment with the exposed end of the clamp bolt 118. Each
      support bar 88,90 has a vertically extending telescopic coupling member
      94,96 with the hook element 122 and block 112 arrangement with the clamp
      bolt 118 threaded through the block so as to grip the edge of a guard 20
      between the bolt 118 and the leg 124 of the hook element 122.
PAR  Since the support bars 88,90 are axially slidable relative to the box
      channel 80, any position of the coupling members 94,96 relative to each
      other can be easily obtained. The height of the coupling portions of the
      coupling members 94,96 with respect to the lift head 63 can be effected by
      removal of either or both of the pins 104,110 whereupon the sleeve 98
      and/or the rod 106 of the coupling member can be extended or retracted
      prior to repinning at the desired height.
PAR  The opposite end portion or remote end portion 125 of the lift head 62 has
      several axially spaced apart threaded openings 126,128,130 extending
      therethrough. Although three openings are shown, it is contemplated that
      more or less openings can be provided depending on the type and style of
      loads to be worked upon with the lift. The threaded slope adjusting screw
      26 is threaded through one of the openings 126,128,130 so that the
      projecting end of said screw 26 projects the desired distance above the
      plane of the lift head 62. A handle 134 is provided on the screw 26 to
      assist in turning the screw. A lock nut may be provided on the screw so as
      to lock the screw in any desired extended position. The adjusting screw 26
      can be threaded through any one of the several openings in the lift head
      so as to provide the third point of a three point support for the guard,
      or the like, being lifted and supported by the jack or lift arrangement.
      The slope adjusting screw 26 is adapted to engage the remote end of the
      element being lifted, such as a guard 20, so that the guard is held on the
      jack at the same angle that it would normally have with respect to the
      main frame of the track-type vehicle. Maintaining the slope of the guard
      will assist in removing the guard from the frame and aligning the guard
      with the studs or bolt holes during reassembly.
PAR  In operation, the retaining bolts for the guard are loosened sufficiently
      to allow the hook elements 122 of the coupling members 94,96 to pass
      between the upper surface of the guard and the lower surface of the main
      frame of the vehicle. The jack is positioned below the guard and by
      actuating the pump, the jack is raised until the lift had 62 and box
      channel 80 are in general alignment with the guard. The coupling members
      94,96 are adjusted axially outward with respect to the lift head 62 and
      are raised and pinned in the position with the hook elements 122 above the
      lip of the guard and with the blocks 112 and clamp bolts 118 below the lip
      of the guard. Each clamp bolt 118 can be threaded so as to grip the edge
      of the guard between the bolt 118 and the hook element 122. In some cases,
      the end of the threaded bolt may be extended into one of the bolt holes in
      the lip of the guard so as to further stabilize the guard relative to the
      lift. The slope adjusting screw 26 is placed in the proper opening 126,128
      or 130 so as to align with the rear end portion of the guard whereupon the
      screw is turned until the end of the screw 26 contacts the bottom of the
      guard so as to provide the third point of a three point support for the
      guard. The guard is now positioned at an angle or level depending upon its
      normal position of assembly with the main frame. At this point, the
      remaining bolts can be removed from the guard and the main frame so as to
      release the guard completely from the main frame.
PAR  The valve on the pump 64 is then released so as to permit the jack or lift
      to lower the guard from the main frame. The jack and the guard can then be
      wheeled from beneath the vehicle while the appropriate service is
      performed on the vehicle. The guard can be cleaned and serviced in a
      conventional manner. At the appropriate time, the jack with the guard 20
      mounted thereon is repositioned below the main frame and by actuating the
      pump such as by pumping the handle 66, the guard is raised into position
      relative to the main frame. By maneuvering the jack, the guard is aligned
      with the proper position relative to the main frame and then by inserting
      bolts through the openings in the lip of the guard, the guard is loosely
      reassembled on the main frame. With the guard supported by the bolts, but
      spaced from the frame at least the distance equal to the diameter of the
      hook element 122, the coupling members 94,96 are removed, the jack is
      lowered and then the appropriate arrangements are made to completely
      secure the guard 20 in position on the vehicle.
PAR  The horizontal and vertical adjustment of the coupling members 94,96 on the
      fixture on the lift head 62 makes it possible to adjust the clamping means
      thereon for ready attachment to the edges of the guards or other elements
      on the vehicle that are to be lowered or raised. By adjusting the slope
      adjusting screw 26 in the appropriate opening, the slope of the guard can
      be accommodated for so that in the raising and lowering of the guard, it
      is maintained in the proper orientation with respect to the main frame of
      the vehicle which assists in assembling and disassembling the guard from
      the vehicle.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a jack having a base, a lift head, a pair of parallelogram linkages
      pivotally mounted on said base and on said lift head, a pair of hydraulic
      actuators pivotally connected at one end to said base and at the other end
      to said lift head, said pivoted connections of said actuators to said base
      and to said lift head being at spaced apart locations, the axis of each
      ram lying parallel to the plane of the adjacent parallelogram linkage and
      crossing each other in spaced apart relationship, pump means for raising
      said lift head and valve means associated with said pump for lowering said
      lift head, in combination with a fixture having a box beam mounted at its
      midportion to one end portion of said lift head and extending
      perpendicular to the axis of said lift head, support bars projecting from
      the opposite ends of said box beam, vertically extending telescopic
      coupling members carried by the outer end portions of said support bars,
      means on each coupling member for gripping a work load, and a slope
      adjusting means on said lift head at the end of said head spaced from said
      fixture whereby said means for gripping the work load may be secured to
      the edges of the work load and the slope adjusting means is moved into
      contact with a remote point of said work load prior to lowering said work
      load.
NUM  2.
PAR  2. In a jack as claimed in claim 1 wherein said means on each coupling
      member for gripping a work load comprises a block carried by said coupling
      member, a hook element carried by said block and having a portion lying
      parallel to and spaced from a portion of said block, and a clamp bolt
      threaded through said block and having an end extending toward the plane
      of said portion of the hook element and adapted to grip a work load
      therebetween.
NUM  3.
PAR  3. In a jack as claimed in claim 1 wherein said slope adjusting means
      comprises a threaded member threaded through an opening in said lift head.
NUM  4.
PAR  4. In a jack as claimed in claim 1 wherein said support bars are extendable
      and retractable relative to said box beam.
NUM  5.
PAR  5. A jack having a base, means on said base for raising and lowering a lift
      head, a fixture having a box beam mounted at its midportion of said lift
      head and extending perpendicular to the axis of said lift head, oppositely
      extendable support bars projecting from the opposite ends of said box
      beam, vertical coupling members carried by the outer end portions of said
      support bars, clamp means carried by the upper end portions of said
      coupling members, and a slope adjusting means threaded through said lift
      head at the end of said lift head spaced from said fixture whereby said
      clamp means is secured to the edges of an element and the slope adjusting
      means is moved into contact with a remote point of said element prior to
      removing and lowering said element.
NUM  6.
PAR  6. A jack as claimed in claim 5 wherein said clamp means includes a block
      carried by said coupling member, a hook element carried by said block and
      having a portion spaced from and overlying said block and a clamp bolt
      threaded through said block and generally aligned with said portion of the
      hook element.
NUM  7.
PAR  7. A jack as claimed in claim 5 wherein said coupling members are
      vertically extendable for raising and lowering the clamp means carried
      thereby.
NUM  8.
PAR  8. In a jack having a base, means on said base for raising and lowering a
      lift head, means for moving said jack from one location to another, a
      fixture mounted to one end portion of said lift head and extendable
      perpendicular to the axis of said lift head, support bars projecting from
      the opposite ends of said fixture, vertically extendable coupling members
      carried by the outer end portions of said support bars, a block carried by
      and extending at a right angle to the upper end of each coupling member, a
      hook element carried by said block and having a portion overlying said
      block, a clamp means threaded through each block and extending toward said
      overlying portion of the hook element, and a slop adjusting screw threaded
      through said lift head at the end of said head spaced from said fixture
      whereby said hook elements and clamp means are secured to the edges of an
      element and the slope adjusting means is moved into contact with a remote
      point of said element prior to removing and lowering said element.
NUM  9.
PAR  9. In a jack as claimed in claim 8 wherein each said coupling member
      included a tubular member and a telescoping rod slidably received in said
      tubular member, means engaging the tubular member and the rod to lock the
      two relative to each other and means engaging between the support bar and
      the tubular member for locking the tubular member relative to the support
      bar.
NUM  10.
PAR  10. In a jack having a base with casters connected to the bottom corners
      thereof, a pair of spaced apart channel-shaped tracks carried by said base
      and extending front to rear of said base, a pair of parallelogram
      linkages, a lift head, said linkages being pivotally connected to said
      base and to said lift head, a pair of hydraulic cylinder means, each
      cylinder means being pivotally connected at one end thereof to said base
      and at the other end thereof to said lift head, said pivoted connections
      to said base and to said lift head being at spaced apart locations, the
      axis of each cylinder lying parallel to the plane of the adjacent
      parallelogram linkage and crossing the axis of the other cylinder in
      spaced apart relationship, pump means for raising said lift head and valve
      means associated with said pump for lowering said lift head, in
      combination with a fixture having a channel means mounted at its
      midportion to one end portion of said lift head and extending
      perpendicular to the axis of said lift head, oppositely extendable support
      bars slidable in and projecting from the opposite ends of said channel
      means, vertically projecting coupling members carried by the outer end
      portions of said support bars, a hook element and a block carried by and
      extending at right angles to the upper end of each coupling member, a
      clamp bolt threaded through each block and extending toward said hook
      element, and a slope adjusting screw threaded through said lift head at
      the end of said head spaced from said fixture whereby said hook elements
      and clamp bolts may be secured to the forward edges of an element and the
      slope adjusting screw may be moved into contact with a remote point of
      said element to removing and lowering said element.
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PAL  The invention concerns mixers having a mixing screw moved within a mixing
      receptacle both about the axis of rotation of the screw and also along a
      generally epicyclic path within the mixing receptacle, all movements of
      the screw being imparted from a single power location which permits for
      the provision of a satisfactory outlet location for material from the
      receptacle.
BSUM
PAR  This invention relates to a mixer and more particularly to a mixer capable
      of accomplishing thorough and rapid mixing of mixture ingredients, liquid
      and/or solid, fed thereto.
PAR  U.S. Pat. No. 3,338,562. describes a mixer which comprises a receptacle of
      inverted hollow conical form with an axis of symmetry and having an outlet
      towards the lower apex thereof A conveying screw is rotatable about its
      own axis to move material within the receptacle and, in operation of the
      device, is moved to follow a path, within the receptacle, with a motion
      including both rotational and radial components with respect to the axis
      of symmetry of the receptacle.
PAR  In the prior proposed mixer, two driving motors are provided, one driving
      motor serving to rotate the conveying screw about its own axis, the other
      driving motor being adapted to drive a driving arm and a screw arm to
      constrain the screw to follow a path within the receptacle with a motion
      including both rotational and radial components with respect to the axis
      of symmetry of the receptacle.
PAR  In the prior proposed mixer, the material mixed within the receptacle is
      removed therefrom through an outlet provided with a closable door and
      located in one side wall of the container adjacent the lower apex thereof,
      the outlet being provided with a chute or spout.
PAR  The prior proposed mixer thus suffers from the disadvantage that two motors
      need be provided. Similarly the prior proposed mixer suffers from the
      disadvantage that, on opening the closable door provided at the outlet,
      most but not all the material within the mixer will pass from the mixer,
      and a portion of the material in the mixer will remain in the mixer, thus
      contaminating any further different material introduced to the mixer.
PAR  Such prior proposal, because the axial rotation of the screw was effected
      from the base of the screw, was provided with a universal coupling at the
      base of the receptacle and such coupling, because of its location wholly
      within the material, often become damaged or seriously worn rapidly where
      abrasive ingredients were being mixed.
PAR  It is an object of the present invention to provide an improved mixer in
      which at least one of the former disadvantages is obviated or reduced.
PAR  According to this invention, there is provided a mixer comprising at least
      one mixing receptacle having an axis of symmetry and having at least one
      conveying screw rotatable about its own axis and rotatable epicyclically,
      said mixer comprising a motor adapted to drive a first rotary member about
      an axis of rotation, a second rotary member being mounted for rotation
      with an axis of rotation radially spaced from the axis of rotation of the
      first rotary member, the second rotary member supporting one end of said
      conveying screw at a point radially spaced from the axis of rotation of
      the second rotary member, means being provided for rotationally driving
      said second rotary member, and said conveying screw from said motor.
PAR  According to one feature of this invention the receptacle of the mixer may
      be provided with a conical or part conical receptacle, the apex of the
      cone locating a universal joint for the lower end of the screw and a ring
      valve extending at least partially around said universal joint, said ring
      valve being located at, or close to, the lowermost point of said
      receptacle.
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PAR  In order that the invention may be more readily understood, and so that
      further features thereof may be more readily appreciated, a mixer in
      accordance with this invention will now be described by way of example and
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a part sectioned vertical medial sectional view through the mixer
      in accordance with this invention; and
PAR  FIG. 2 is an enlarged fragmentary vertical medial sectional view through
      the lower outlet end portion of the mixer of FIG. 1.
DETD
PAR  In this embodiment, the mixer comprises an inverted hollow conical mixing
      receptacle 1 provided with an inlet 2 at the upper end thereof and an
      outlet 3 at the lower apex thereof. Mounted within the receptacle is a
      conveying screw 4 comprising a central main shaft 5 having secured thereto
      a spiral flange 6. The conveying screw 4 is secured at the base of the
      receptacle and is driven rotationally about its own axis and epicyclically
      by means of an electric motor 7 provided on the upper portion of the
      receptacle.
PAR  This motor 7 is mounted substantially vertically adjacent and above the
      side wall of the receptacle 1 on an upper cover 8 of the receptacle 1. The
      cover 8 in this instance is sealed and is secured to the receptacle 1 to
      enable the receptacle to be pressurised. Gearing, to be described
      hereinafter, for driving the mixing screw is mounted on the upper cover.
PAR  Mounted on a driving shaft 9 of the motor is a gear wheel 10 adapted to
      rotate an intermediate gear wheel 11 which is mounted for rotation on ball
      bearings. This intermediate gear wheel 11 engages an externally toothed
      slewing ring 12 which is mounted on ball bearings secured to the upper
      cover of the receptacle, the slewing ring 12 being secured to a first
      rotary member 13 which is adapted and positioned to rotate substantially
      about the axis of symmetry of the receptacle, i.e. the central vertical
      axis of the conical receptacle 1. This first rotary member 13 is generally
      circular and has mounted thereon at a position radially spaced from the
      axis of rotation thereof a downwardly depending hollow support member 14
      which is rotatably mounted on the first rotary member 13 by means of
      roller bearings 15. The downwardly depending support member 14 has rigidly
      secured thereto a horizontally extending second rotary member 16 which is
      adapted to rotate about the axis of the downwardly depending support
      member 14. The second rotary member carries, at a position radially spaced
      from the axis of rotation thereof, a second hollow downwardly depending
      support member 17 which has a first vertical rotatable support shaft 18
      mounted rotatably therein by roller bearing 19. This first vertical
      rotatable shaft 18 is secured by means of a universal joint 20 to the
      upper end of the mixing screw shaft 5. Mounted on the upper cover 8 of the
      receptacle 1 is a housing 21 having a downwardly depending hollow stem 22
      which carries two radially extending tooth gear wheels 23, 24, mounted one
      above the other. The first rotary member 13 is supported by a bearing 25
      that extends into hollow stem 22.
PAR  The gear wheel 24 is adapted to engage with a first planetary gear 26 which
      is rigidly secured to downwardly depending hollow support member 14. The
      upper gear wheel 23 (which is of larger diameter) engages with a planetary
      gear 27 which is secured to a second vertical rotary support shaft 28
      which is rotatably mounted within hollow support member 14 and which is
      adapted to rotate a further drive gear 29 mounted within the second rotary
      member 16. This gear 29 engages with yet another gear 29a provided at the
      top of the first vertical support shaft 18 connected to the universal
      joint 20 of the upper end of the drive screw 1.
PAR  The lower end of the drive screw shaft 5 is mounted in a universal joint
      having a centering ball 30 mounted within a plurality of sealing rings 31,
      this ball 30 being bored diametrically, in which bore the shaft 5 rides.
PAR  In operation of the mixer, when the electric motor 7 is activated, drive
      shaft 9 rotates the gear wheel 10 which rotates the intermediate gear
      wheel 11 which in turn rotates the slewing ring 12 of the first rotary
      member 13. As the member 13 rotates, the first downwardly depending
      support member 14 is driven around the axis of rotation of the first
      rotary member 13 and the first planetary gear 26, which is for epicyclic
      screw movement, engages with the lower fixed gear 24 and thus the first
      downwardly depending support member rotates 14 with respect to the first
      rotary member 13, thus rotating the horizontally extending second rotary
      member 16.
PAR  Similarly, as the first rotary member 13 rotates the second planetary gear
      27, which is for the mixing screw drive, engages with the upper fixed gear
      23 and the second vertical shaft 28 passing through the first downwardly
      depending support member 14 rotates, thus rotating the further drive gear
      29 which in turn rotates the gear 30 and the vertical shaft 18 connected
      to the upper end of the conveying screw shaft 5. Thus the conveying screw
      1 is rotated about its own axis and by rotation of the second rotary
      member traces out a circular path with respect to the first rotary member
      13. However, as the first rotary member 13 is itself rotating, the actual
      path of the mixing screw is a generally epicyclic path.
PAR  In utilising this embodiment of the invention, only one motor is utilised
      for driving the conveying screw both in rotation about its own axis and
      through an epicyclic path.
PAR  As described hereinbefore, the lower end of the conveying screw shaft 5 is
      mounted in a universal joint. This universal joint is supported by a
      cylindrical hollow housing 32, the centering ball 30 being supported by
      the interior of the periphery of the open upper end of hollow housing 32,
      the hollow housing being supported by a solid web 33 which is secured to
      one side wall of an outlet chute 34. The hollow housing 32 is provided
      with an aperture 35 communicating with the outlet chute 34, which is
      located immediately under the receptacle of the conical mixer.
PAR  The seal between the receptacle 1 and the outlet 34 is provided by a ring
      valve which comprises a valve member 36 which surrounds the hollow housing
      32 and which is provided with a seal on the inner periphery thereof which
      engages with the outer surface of the hollow housing. The outer peripheral
      surface of the valve member is chamfered. A valve seat 37 in the form of
      an annular member is secured to the base of the receptacle 1 of the mixer,
      the inner periphery of the annular member being chamfered to engage with
      the valve member 36 of the ring valve.
PAR  The ring valve member 36 is moved towards and away from the seat 37 in a
      vertical direction by means of an externally threaded drive shaft 38 which
      passes through an internally threaded boss 39 on one wall of the chute 34
      and which is provided with a seal to ensure that any substances passing
      from the receptacle are retained within the chute and do not pass along
      the shaft 38. The drive shaft 38 is secured to a drive disc 40, and three
      rods 41 connect the drive disc to the valve member 36. The drive shaft 38
      is provided with a drive wheel 42 to enable the ring valve to be manually
      moved from an open position to a closed position and vice versa.
PAR  In operation of the device, the ring valve is first moved to a closed
      position and the mixing receptacle is filled with material to be mixed.
      The conveying screw is then rotated to mix the material as hereinbefore
      described and subsequently the ring valve is lowered to open valve thus
      enabling mixture contained within the receptacle 1 to pass through the
      opened valve in the base of the mixer, past the housing 32 containing the
      lower universal joint and through the outlet chute 34 to outlet 3. It
      should be noted that the hole 35 in the housing 32 supporting the
      universal joint communicates with the outlet chute so that, should any
      material contained within the mixer pass the centering ball 30 and the
      seals of the lower universal joint, this material will pass through the
      hole communicating with the outlet chute and will pass through the outlet
      chute when the material contained within the mixing receptacle is
      discharged therefrom. Subsequent to the material being discharged from the
      mixing receptacle, the ring valve would again be moved to a closed
      position. It is envisaged that, if the conveying screw is rotated in an
      appropriate direction, material contained within the receptacle may be
      encouraged to flow out through the outlet chute.
PAR  The ring valve is located at the lowermost point of the receptacle, thus
      enabling the receptacle to be completely emptied easily.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a mixer comprising a mixing receptacle having an
      axis of symmetry, a top at one end of the axis and an outlet end at an end
      of the axis opposite to the one end; a conveying screw in the receptacle,
      the conveying screw being rotatable about its axis and epicyclically, and
      having an end adjacent the one end of the axis and an opposite end
      adjacent the opposite axis end for conveying mixed material to the outlet
      end of the receptacle; and a universal joint coupling the opposite end of
      the conveying screw to the outlet end of the receptacle; a drive for the
      conveying screw mounted at the top of the receptacle, the drive including
PA1  1. a motor,
PA1  2. a first rotary member arranged to be driven by the motor about an axis
      of rotation,
PA1  3. a second rotary member mounted for rotation with an axis of rotation
      radially spaced from the axis of rotation of the first rotary member,
PA2  a. the second rotary member supporting and rotating the end of the
      conveying screw adjacent the one axis end at a point radially spaced from
      the axis of rotation of the second rotary member; and
PA1  4. means coupling the second rotary member to the motor to be driven
      thereby, rotation of the first and second rotary members by the motor
      causing the conveying screw to be rotated about its axis and
      epicyclically.
NUM  2.
PAR  2. In the combination of claim 1, the mixing receptacle being conical and
      narrowing from the top to the outlet end.
NUM  3.
PAR  3. In the combination of claim 1, the outlet end of the mixing receptacle
      defining an outlet opening coaxial with the axis of symmetry, and further
      comprising a ring valve mounted in the opening, and means for operating
      the ring valve to assume an open and closed position.
NUM  4.
PAR  4. In the combination of claim 3, further comprising a mounting for the
      universal joint in the outlet opening, the ring valve being comprised of
      an annular valve member mounted on and sealingly surrounding the mounting,
      and an annular valve seat mounted on the outlet end of the mixing
      receptacle, the annular valve member and valve seat being coaxial with the
      axis of symmetry, and the operating means moving the valve member axially
      in relation to the valve seat to assume a selected one of the positions.
NUM  5.
PAR  5. In the combination of claim 4, the mounting being a housing having a top
      end in the outlet opening and carrying the universal joint, and a bottom
      end defining a discharge opening, and an outlet chute attached to the
      outlet end of the mixing receptacle and coaxially surrounding the outlet
      opening and the housing, the ring valve operating means being mounted in
      the chute for operation from the outside thereof, and any conveyed mixed
      material passing through the universal joint into the housing being
      received through the discharge opening in the outlet chute.
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ABST
PAL  A process and apparatus for obtaining the emulsification of two or more
      nonmiscible liquids is disclosed. The process includes the step of passing
      at least one of the liquids through a passive device in the flow path of
      the liquid. The passive device in its preferred form is so dimensioned
      that the liquid passes through a first section of decreasing
      cross-sectional area wherein the pressure for the liquid decreases below
      its Clausius-Calpeyron pressure for the temperature of the liquid thus
      resulting in the formation of bubbles in the liquid. The liquid containing
      bubbles then passes through a section of uniform cross-sectional area
      wherein the bubbles fully develop. Thereafter, the bubbles are permitted
      to violently contract and expand in a mixture of the two or more
      nonmiscible liquids to obtain the desired emulsification. A passive
      apparatus for obtaining the above is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has been known for some time that the burning characteristics of certain
      liquid fuels, such as common No. 2 heating oil, can be substantially
      ameliorated by emulsifying the oil with water. To this end, various
      mechanical oscillators have been designed and proposed to obtain the
      violent mixing action between the oil and water necessary to obtain the
      desired emulsion. One such device comprises an ultrasonic cavitator which
      agitates the oil and water mixture at a frequency of twenty thousand Hz in
      order to obtain the required agitation necessary to produce the desired
      emulsion. Such oscillators, while operating satisfactorily in some
      environments, are neither economically nor technically feasible for a
      multitude of other environments.
PAR  In view of the above, it is the principle object of the present invention
      to provide an improved process and apparatus for the emulsification of two
      or more nonmiscible liquids. A specific object of the present invention is
      to provide such a process and apparatus which may be incorporated into
      existing, automotive heating and power plant facilities with a minimum of
      expense or downtime. A further object is to provide such a process and
      apparatus which is completely passive and requires no external excitation
      power.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other beneficial objects and advantages are attained in
      accordance with the present invention which provides a process for
      obtaining the emulsification of two or more nonmiscible liquids utilizing
      the step of causing cavitation of one or more of the liquids by passing
      the one or more liquids through a passive device in the flow path of the
      one or more liquids. The passive device includes a first section so
      dimensioned that the pressure for the one liquid decreases below its
      Clausius-Clapeyron pressure thereby tending to form bubbles. The bubble
      bearing liquid is then passed through to a second section of the device
      wherein the two or more nonmiscible liquids are mixed while the bubbles
      violently contract and expand with sufficient cavitation so as to produce
      the desired emulsion. Passive solid particles (such as powdered coal used
      to enrich the oil-water emulsion) or nonpassive solid particles that
      sublimate may be introduced with the nonmiscible liquids so as to form a
      suspension with the resultant emulsion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side elevational view of a passive cavitating device for use in
      accordance with the process of the present invention;
PAR  FIG. 2 is a schematic flow diagram for a system utilizing the present
      invention; and,
PAR  FIG. 3 is a view similar to FIG. 1 including means for allowing for varying
      mass flow with constant upstream pressure.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As stated, the present invention relates to a process and apparatus for
      emulsifying two nonmiscible liquids. The following description will be
      directed specifically at the emulsification of a mixture of a fuel such as
      gasoline or oil and water although it should be understood from the outset
      that the present invention can be applied to the emulsification of other
      nonmiscible liquids as well.
PAR  Referring to FIG. 1, a venturi 10 capable of producing the desired
      cavitation action necessary for emulsification of oil and water is
      depicted. The venturi includes a section 12 having a converging pressure,
      a section 14 having a diverging passage and a throat 16 having a constant
      passage interposed between the two sections. An inlet 18 defines an
      entrance to the venturi 10 through the converging section and an outlet 20
      defines an exit from the venturi through the diverging section 14. The
      venturi sections may be round in cross-section to facilitate connection
      with other pipes 21 of a system although this is not necessary.
PAR  Both the oil and water may be fed into venturi 10 through inlet 18 or just
      the oil or water may be fed through the inlet. In the latter case, the
      other of the nonmiscible liquids is introduced into the diverging section
      14 or throat 16 of the venturi as will be described forthwith.
PAR  The outlet end 22 of the converging section 12 of the venturi is designed
      so that there is a pressure drop in the liquid which flows through this
      section sufficient to evaporate the liquid. The convergent section 12
      should thus be designed so that the pressure of one or more of the
      nonmiscible liquids decreases below its equilibrium pressure for the
      liquid temperature. This pressure is dictated by the Clausius-Clapeyron
      relationship for the liquid for the temperature at which the liquid flows
      through the venturi and for some practical applications, the temperature
      of the liquid may be considered as room temperature.
PAR  The decrease in pressure of a fluid flowing through a convergent pipe is
      related to the ratio of the areas at the inlet and outlet ends.
      Accordingly, convergent section 12 of the venturi may be designed to
      obtain a sufficient pressure drop to obtain evaporation of one or more of
      the liquids. The decrease in pressure of the liquid(s) below its (their)
      vapor pressure(s) results in evaporation of the liquid(s) resulting in the
      formation of the initial stages of bubbles.
PAR  Under conditions of thermodynamic equilibrium, bubble formation should
      appear instantly at the outlet 22 of convergent section 12. However,
      thermodynamic equilibrium does not exist in the real world and tests have
      shown that a relaxation time is necessary for bubbles to be produced.
      Accordingly, section 16 which is a constant diameter throat is provided.
      In the throat section the process of evaporation of the oil and/or water
      advances to produce a large number of small bubbles in the liquid (or
      liquids). The bubbling liquid then flows into the divergent section 14 of
      the venturi through the outlet 24 of the throat section 16. In addition,
      all the nonmiscible liquids of the emulsion not passed through the first
      section of the venturi are introduced into the second section through a
      suitable inlet. In the divergent section the bubbles contract and expand
      as the pressure increases. The successive oscillations of the bubbles
      cause large stresses in the liquid mixture which tears the components of
      the liquid stream up into ligaments and due to surface tension, utlimately
      into smaller droplets. The disruptive forces on the oil and water of the
      mixture produces the desired emulsion.
PAR  As stated, both the oil and water components of the desired resultant
      emulsion may be introduced into the venturi through the inlet 18 to the
      convergent section 12. The design of the convergent section outlet 22 may
      be such as to produce a pressure drop below the critical
      Clausius-Clapeyron pressure for both the water and oil components or just
      the water or oil component.
PAR  Alternately, just the oil or water component may be passed through the
      venturi convergent section with the other component introduced downstream
      through an opening 26 so that the violent mixing resulting in the desired
      emulsion can be produced in the divergent section 14 of the venturi.
      Additionally, if desired, passive solid particles, such as powdered or
      granular coal, can be introduced with the oil and water components to
      further improve the utility of the resultant fuel. To this end, the
      introduction of powdered coal (100-300 sieve) into emulsified No. 2, 4 or
      6 heating oil has been suggested to improve the utility of the fuels.
      Also, active solid particles (such as particles of dry ice) can be
      introduced to sublimate and thereby produce bubbles for subsequent
      cavitation of the nonmiscible liquids.
PAR  In FIG. 2, a schematic representation of a system incorporating the present
      invention is depicted. In this system, oil and water are fed to a mixing
      valve 32 through pipes 34 and 36 respectively. The mixture then flows
      through pipe 38 to a pump 40 which feeds burner 44 through pipe 48. In
      line with pipe 48 there is provided a passive, cavitating device 10 as
      described above. This results in an oil-water emulsion flowing from the
      outlet of the passive device 10 through pipe 48 and into burner 44 in a
      conventional manner.
PAR  In a successful practice of the present invention, No. 2 fuel oil was
      emulsified with water by passing both the water and oil through a venturi
      at the rate of approximately 7 gallons per hour. The venturi converging
      section was 0.250 inch long, the diverging section was 0.500 inch long and
      the throat was 0.500 inch long. The diameter of the converging section
      inlet was 0.187 inch, the diameter of the throat was .020 inch and the
      diameter of the diverging section outlet was 0.187 inch. The resulting
      emulsion was 70% oil and 30% water. The size of the droplets were between
      2 and 12 microns.
PAR  In FIG. 3 a venturi 50 similar to that shown in FIG. 1 is depicted. Venturi
      50 is provided with a pintle 52 which can be moved axially into and out of
      the converging section of the venturi to permit the minimum flow area into
      the venturi to be varied. This permits the upstream mass flow through the
      venturi to be varied at constant pressure. Such variation may be
      necessary, for example, to accommodate start up or peak level flow which
      may vary significantly from steady state flow.
PAR  It is important to the present invention and should be emphasized that the
      emulsification of the two or more nonmiscible liquids results solely as a
      result of one or more of the nonmiscible liquids flowing through a passive
      cavitation device. No external power is necessary to produce the desired
      cavitation. There are no parts to break down, become worn, or in other
      ways to malfunction.
PAR  While only one embodiment of my invention is disclosed in the foregoing, it
      should be appreciated that other passive devices such as a cavitating
      airfoil and/or wedge may be designed which could provide the pressure
      decrease and increase necessary for cavitation to obtain emulsification in
      accordance with my invention. Further, while the invention was described
      in the particular environment of emulsifying oil and water, it should be
      appreciated that other nonmiscible liquids, such as gasoline and water,
      two nonmiscible fuels, etc., have similarly been emulsified. Accordingly,
      the scope of my invention should not be limited to the described
      embodiment but rather should be determined by the following claims.
CLMS
STM  Having thus described the invention, what I claim is:
NUM  1.
PAR  1. A process for obtaining the emulsification of two or more nonmiscible
      liquids comprising the steps of:
PA1  reducing the pressure of at least one of said liquids below its
      Clausius-Clapeyron pressure;
PA1  maintaining said liquid at said reduced pressure for a finite time period
      until bubbles form; and,
PA1  permitting said bubbles to violently contract and expand in the presence of
      said two or more nonmiscible liquids.
NUM  2.
PAR  2. The process in accordance with claim 1 wherein: said pressure is reduced
      by passing said liquid through a passage of decreasing cross-sectional
      area;
PA1  said pressure is maintained by passing said liquid through a passage of
      constant cross-sectional area; and,
PA1  said bubbles are permitted to violently contract and expand by passing said
      liquid through a passage of increasing cross-sectional area.
NUM  3.
PAR  3. The process in accordance with claim 1 including the step of introducing
      the remainder of said two or more nonmiscible liquids into said passive
      device at a point downstream of said first section.
NUM  4.
PAR  4. The process in accordance with claim 1 comprising the additional step of
      introducing particles of solid material into said passive device suspended
      in said one or more liquids.
NUM  5.
PAR  5. The process in accordance with claim 4 wherein said solid particles are
      of a size of between 100 and 300 sieve.
NUM  6.
PAR  6. The process in accordance with claim 4 wherein said solid particles are
      formed of a material capable of sublimating.
NUM  7.
PAR  7. The process in accordance with claim 1 wherein said nonmiscible liquids
      include a hydrophobic fuel and another of said nonmiscible liquids
      comprises water.
NUM  8.
PAR  8. A process for obtaining the emulsification and combustion of two or more
      nonmiscible liquids including a combustible fuel comprising the steps of:
PA1  reducing the pressure of at least one of said liquids below its
      Clausius-Clapeyron pressure by passing said liquid through a passage of
      decreasing cross-sectional area;
PA1  maintaining said liquid at said reduced pressure for a finite time period
      until bubbles form by passing said liquid through a passage of constant
      cross-sectional area;
PA1  permitting said bubbles to violently contract and expand in the presence of
      said two or more nonmiscible liquids by passing said liquid through a
      passage of increasing cross-sectional area whereby to form a combustible
      emulsion; and,
PA1  feeding said emulsion to a combustion device whereby to effect combustion
      of said emulsion.
NUM  9.
PAR  9. A passive device for effecting the emulsification of two or more
      nonmiscible liquids, said device comprising a venturi having a converging
      section, an inlet into said converging section for introducing at least
      one of said nonmiscible liquids into said venturi, an outlet from said
      converging section, said converging section being so dimensioned that the
      pressure of said one liquid decreases below its Clausius-Clapeyron
      pressure at said outlet when said liquid passes through said converging
      section thereby tending to form bubbles in said one liquid; a diverging
      section of said venturi downstream of said converging section outlet, said
      diverging section being dimensioned to permit said bubbles to violently
      contract and expand; and a throat section of constant diameter extending
      between said converging and diverging sections, said throat having a
      constant diameter equal to that of the converging section outlet.
NUM  10.
PAR  10. The device in accordance with claim 9 wherein one of said second and
      throat sections includes inlet means therein for receiving the remainder
      of said nonmiscible liquids.
NUM  11.
PAR  11. The device in accordance with claim 9 further comprising means for
      varying the minimum area of said inlet so that variable mass flow can be
      achieved.  being
NUM  12.
PAR  12. A passive device for effecting the emulsification and combustion of two
      or more nonmiscible liquids, said device including a venturi having a
      converging section, an inlet into said converging section for introducing
      at least one of said nonmiscible liquids into said venturi, an outlet from
      said converging section, said converging section being so dimensioned that
      the pressure of said one liquid decreases below its Clausius-Clapeyron
      pressure at said outlet when said liquid passes through said converging
      section thereby tending to form bubbles in said one liquid; a diverging
      section of said venturi downstream of said converging section outlet, said
      diverging section being dimensioned to permit said bubbles to violently
      contract and expand; and a throat section of constant diameter extending
      between said converging and diverging sections, said throat having a
      constant diameter equal to that of the converging section outlet; a
      combustion device and means interconnecting the outlet of said venturi
      diverging section with said combustion device.
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ABST
PAL  An apparatus for the mixing of building materals includes a cylindrical
      mixing-container having front and rear sides, provided with mixing tools
      made up of two carrier arms extending radially outwards from respective
      front and rear sides, and displaced from each other by 180.degree., two
      helically-shaped mixing tools supported by respective carrier arms and
      extending at an angle towards the center of the mixing container and two
      separately rotatable mixing tools disposed on separate respective shafts
      ahead of the respective carrier arms.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to an apparatus for the mixing building materials,
      particularly of cement, and includes a cylindrical container having
      rotatable mixing-tools.
PAC  BACKGROUND OF THE INVENTION
PAR  A vat-mixer having a single mixing shaft carrying a partitioned helicoid
      band and blade holders with blades disposed above that band is known.
      (British Pat. No. 888,041). The helically-shaped band is required to
      transport the material to be mixed from the center of the container to its
      front and rear sides, while the blades are charged with returning that
      material from those front and rear sides to the partitioned part of the
      helically-shaped band in the center of the mixing shaft.
PAR  The helicoid band-segments and the blades are therefore disposed at
      respective inclined positions toward each other in respective halves of
      the shaft. It has been assumed that four mixing zones will be formed
      within the mixing container which will be traversed in opposite directions
      by the material to be mixed, and that the resulting mixing streams will be
      mutually overlapping as a result of the different blade attitudes as
      viewed by respective outgoing and incoming mixing streams at the point of
      their reversal.
PAR  In practice it has, however, been shown that the expected separation of the
      mixing stream into four separate streams which were to have flowed
      pairwise via the two halves of the shaft in opposite directions and which
      were to have overlapped at the center of the shaft, did not take place to
      the desired extent. The material to be mixed has rather tended to dam up
      at the center of the shaft at the point of partition of the helicoid band
      and a uniform exchange of material from one side to the other did not take
      place at a sufficient rate.
PAR  Another vat-mixer having a single shaft is known having an inner helix
      attached to one set of carrier arms and outer blades attached to another
      set of carrier arms. The inner helix is formed to convey the material to
      be mixed from one side of the container to the opposite side thereof, and
      the outer blades are helically-shaped and oppositely disposed to each
      other to convey the material to be mixed in the opposite direction.
      (German Auslegeschrift 1,459,258).
PAR  In a mixer of this type, therefore, only two mixing streams exist, and an
      exchange of material takes place more quickly than in a four-zone mixer.
      The experience with a mixer of the aforesaid type and its simplified
      construction are reasons why the two-zone mixer has proved itself in the
      technique of preparing concrete.
PAR  Only as the centralization of concrete preparation has progressed as a
      result of increased use of transport concrete and a concurrently necessary
      enlargement of the mixer, which frequently required a storage capability
      of 3000 liters in central concrete preparation-plants, has it been shown
      that even the proven two-zone mixer has technical, economic and size
      limitations. Mixers of this storage capability can no longer produce
      precisely guided and to all intents and purposes superimposed mixing
      streams, as is the case with mixers having a storage capability of up to
      1500 liters. Larger two-zone mixers are additionally required to operate
      at too great a power, since the loaded mixer should be capable of being
      brought up to speed quickly. In practice the power needed for such an
      operation is almost never required, but the drive must be designed for
      that power, and this in turn has meant an increase in both manufacturing
      and operating costs.
PAR  The introduction of new concrete types requiring light admixtures for the
      production of prefabricated parts caused additional problems for mixing
      techniques. Here it is essential that a large amount of conventional
      admixtures, such as sand and gravel, be uniformly mixed with foamed
      plastic or expanded clay in a way as not to damage any sensitive particles
      of the light admixtures. Known mixers for conventional heavy cement are
      mostly unsuitable for such a task.
PAC  Object of the Invention
PAR  It is therefore an object of our invention to devise an apparatus for
      mixing of building materials having the advantageous properties of a
      vat-mixer, but which is equally suitable for the preparation of heavy as
      well as light concrete and which obviates the disadvantages of mixers of
      known kinds.
PAC  Brief Summary of the Invention
PAR  Radially projecting rotatable carrier arms extend from each side of a
      mixing container and support respective helically-shaped mixing arms
      extending at an angle towards the center thereof; furthermore, respective
      shafts passing through each side of the container support respective
      additional mixing-tools ahead of the respective carrier-arms.
PAR  The drive for the carrier and mixing arms associated therewith employs a
      forcibly synchronized drive system using either a single motor or dual
      motors, each respective motor being connected to a respective carrier arm
      respective chain or sprocket wheels in a manner to appropriately offset
      one carrier arm from another.
PAR  Two additional mixing tools are, however, driven independently by either
      two separate electric or hydraulic motors, and can therefore be made to
      rotate independently from each other at an equal or mutually opposite
      sense of rotation and at equal or unequal speeds as is considered most
      advantageous for different mixing components.
PAR  The additional mixing tools can also assume different shapes, i.e. be
      fork-, blade-, helically, or kneadably shaped and be easily exchangeable,
      such an exchange not being obstructed by any other shaft disposed in the
      mixing container.
PAR  Two sweeping blades, as viewed in the sense of rotation of respective
      carrier arms are disposed ahead thereof to keep the front and rear sides
      of the mixing container clean.
PAR  The inner surfaces of the mixing container, the carrier arms, the operating
      surfaces of the mixing arms and the additional mixing-tools are provided
      with replaceable protective tiles made of hard materials, although it is
      sufficient if an additional coating of hard material is welded onto the
      additional mixing tools.
PAR  Actual experiments with a mixer of a capacity of 2000 liters according to
      our invention have shown that the particular advantage of the mixer is the
      elimination of the shaft previously passing through the entire mixer, and
      the replacement thereof with additional mixing-tools. That previously used
      central shaft obviously caused the formation of a dead space in its
      immediate vicinity during the mixing process and the adhesion of mixing
      material to, or the formation of a film thereof around the shaft. This
      critical space is now occupied by the additional mixing tools, which
      prevent any agglomeration of material or the formation of a dead space as
      far as the mixing process is concerned.
PAR  Even extremely dry mixtures, such as premixed concrete consisting only of
      sand and a high quality cement and which is processed with a water-cement
      factor in the range of only 0.18 to 0.25 can be satisfactorily
      homogenized.
PAR  This also applies to light concrete containing a high proportion of foamed
      synthetic plastic, the process having the additional advantage that the
      synthetic-plastic particles are preserved and not ground down.
PAR  Since even the manufacture of conventional heavy concrete does not cause
      any difficulties in a mixer of the above-described type, but results in a
      shorter mixing time and greater homogeneity, a mixer having a large
      capacity and suitable for the manufacture of all currently available
      concrete types has therefore been created by our invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood with reference to the accompanying
      drawing in which:
PAR  FIG. 1 shows a perspective view of the mixer according to the invention in
      partial section;
PAR  FIG. 2 is a fragmentary section of FIG. 1 in the direction of II -- II;
PAR  FIG. 3 is a section of housing 1 of FIG. 1, only the drive for carrier arms
      5 and 6 being shown; and
PAR  FIG. 4 corresponds to FIG. 3, only a portion of housing 1 and the drive for
      additional mixing tools 9 and 10 being shown, but with the drive for
      carrier arms 5 and 6 removed.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  A drum-shaped mixing container 2 is horizontally disposed in a machine
      housing 1. Rotatable carrier-arms 5 and 6 extending radially outwards and
      mounted on respective front and rear sides 3 and 4 of a mixing container 2
      are offset from each other by 180.degree.. Carrier arms 5 and 6 support
      helically-shaped mixer arms 7 and 8 which extend from respective sides 3
      and 4 of housing 1 at an angle of approximately 30.degree. towards the
      center of mixing container 2. Axially ahead of carrier arms 5 and 6 extend
      respective rotatable mixing tools 9 and 10 within a space not covered by
      rotating mixing arms 7 and 8.
PAR  Mixing arms 7 and 8 are driven by respective motors 11 and 12 via
      respective chains 14, sprocket wheels 15, hollow roller-bearings 16 and
      carrier arms 5 and 6, motors 11 and 12 being synchronized by a coupling
      13. Additional rotatable-mixing tools 9 and 10 which may be fork-, blade-,
      helically, or kneadably shaped, are driven independently by respective
      motors 17 and 18 via respective chains 19 and 20, sprocket wheels 21 and
      shafts 22 supported within respective bearings 16 at respective selectable
      velocities and directions of rotation.
PAR  Each of the additional mixing tools 9 and 10 can be separately and
      independently driven at respective arbitrary numbers of revolutions per
      minute. As viewed in the direction of motion 23, respective blades 24 and
      25 are disposed ahead of carrier arms 5 and 6 sweeping over respective
      sides 3 and 4 of mixing container 2.
PAR  Carrier arms 5 and 6, the inner surfaces of mixing container 2 and the
      operating surfaces of mixing arms 7 and 8 are provided with replaceable
      tiles 26 protecting those carriers and surfaces from wear. Additional
      mixing tools 9 and 10 are provided with a coating of hard material.
PAR  Mixing container 2 is formed in its top sides with an opening 27 for
      feeding material thereinto, and on its bottom side with an opening 28 for
      draining material therefrom.
PAR  In another advantageous version of our invention mixing container 2 can
      also be arranged to be driven in a direction opposite from the direction
      of motion of mixing arms 7 and 8.
CLMS
STM  We claim:
NUM  1.
PAR  1. A concrete mixing apparatus for the mixing of materials including a
      cylindrical-mixing container having front and rear sides provided with
      mixing tools comprising:
PA1  two carrier arms extending radially outwards from said respective front and
      rear sides and displaced from each other by 180.degree.;
PA1  two elongated helically-shaped mixing tools each supported by a respective
      one of said carrier arms at one end only of the tool and extending from
      said respective front and rear sides at an angle towards the center of
      said mixing container, said helically-shaped mixing tools each having a
      free unsupported end reaching toward the opposite side but terminating
      just beyond the center of said container and short of the opposite arm;
PA1  two shafts penetrating said respective front and rear sides; and
PA1  two rotatable mixing tools disposed ahead of said respective carrier arms
      on said respective shafts.
NUM  2.
PAR  2. An apparatus as defined in claim 1 wherein said helically-shaped mixing
      tools are fork-shaped and mutually interchangeable.
NUM  3.
PAR  3. An apparatus as defined in claim 1 further comprising two blades
      disposed ahead of said respective carrier arms in the direction of motion
      thereof and sweeping respective front and rear sides of said container.
NUM  4.
PAR  4. An apparatus for the mixing of materials including a cylindrical mixing
      container having front and rear sides provided with mixing tools
      comprising:
PA1  two carrier arms extending radially outwards from said respective front and
      rear sides and displaced from each other by 180.degree.;
PA1  two helically-shaped mixing tools supported by said respective carrier arms
      and extending from said respective front and rear sides at an angle
      towards the center of said mixing container;
PA1  two shafts penetrating said respective front and rear sides;
PA1  two rotatable mixing tools disposed ahead of said respective carrier arms
      on said respective shafts; and
PA1  a coupling and a first pair of drive motors synchronized and positively
      locked to each other by said coupling and driving said carrier arms and
      said helically-shaped mixing tools.
NUM  5.
PAR  5. An apparatus for the mixing of materials including a cylindrical mixing
      container having front and rear sides provided with mixing tools
      comprising:
PA1  two carrier arms extending radially outwards from said respective front and
      rear sides and displaced from each other by 180.degree.;
PA1  two helically-shaped mixing tools supported by said respective carrier arms
      and extending from said respective front and rear sides at an angle
      towards the center of said mixing container;
PA1  two shafts penetrating said respective front and rear sides;
PA1  two rotatable mixing tools disposed ahead of said respective carrier arms
      on said respective shafts; and
PA1  a pair of drive motors, each motor of said pair of motors driving said
      respective rotatable mixing tools independently at respective selectable
      velocities and directions of rotation.
NUM  6.
PAR  6. An apparatus for the mixing of materials including a cylindrical mixing
      container having front and rear sides provided with mixing tools
      comprising:
PA1  two carrier arms extending radially outwards from said respective front and
      rear sides and displaced from each other by 180.degree.;
PA1  two helically-shaped mixing tools supported by said respective carrier arms
      and extending from said respective front and rear sides at an angle
      towards the center of said mixing container;
PA1  two shafts penetrating said respective front and rear sides;
PA1  two rotational mixing tools disposed ahead of said respective carrier arms
      on said respective shafts; and
PA1  replaceable protective tiles and a coating of hard material, said mixing
      container and said mixing arms having respective inner and operating
      surfaces, said carrier arms and said inner and mixing surfaces being
      selectably provided with said replaceable protective tiles and said
      coating of hard material.
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ABST
PAL  The invention is concerned with an injection molding apparatus in which
      thermoplastic material mixed with an expanding agent is kept in a plastic
      state below the reaction temperature of the agent and is passed generally
      continuously through an inter-connecting passage to a transfer cylinder;
      by flowing through the passage, the mass is heated above the reaction
      temperature and the built-up pressure prevents foaming of the
      thermoplastic until it is injected into a mold.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Injection molding apparatus for making structural foam plastic is shown in
      German Pat. No. 1,932,437 in which an inter-connecting passage is
      surrounded by heating coils for heating up the plastic mass. Intense
      heating is achieved by use of an inner body which is also equipped with
      heating coils and so enlarges the heating surface available to the plastic
      masses. To make the product homogenous, the plastic flow takes place
      through jets or the cross-section of the flow area is of meander shape. In
      practice, it has been shown that a more intense heating is desirable;
      also, with respect to homogenizing, further mixing is desirable.
      Furthermore, experience has proved that meander-shaped flow passages are
      expensive because of their complicated design; in addition, jet passages
      require a high pressure differential to produce flow of the plastic mass.
      These and other difficulties experienced with the prior art devices have
      been obviated in a novel manner by the present invention.
PAR  It is, therefore, an outstanding object of the invention to provide
      injection molding apparatus in which relatively simple parts are used, so
      that, without large pressure-drop and influence on mixing, intense heating
      is possible.
PAC  SUMMARY OF THE INVENTION
PAR  This task is solved in such a way that a device of the described kind has
      an inter-connecting passage equipped with motor-driven rotating body which
      is surrounded by a narrow housing and the thermoplastic mass is pressed
      through the gap formed between the rotating body and the housing with an
      axial component of motion. It has been discovered to be practical to use
      the gap with a thickness less than 2 mm. In many cases, it was found of
      advantage to make the gap less than 1 mm or even as small as 0.6 mm. The
      rotating body and the surrounding housing are equipped with grooves
      running across their circumferences. It has been found to be of advantage
      to equip the housing with heating elements. It is also desirable, in
      addition, to equip the rotating body with heating elements and a
      commutator ring, the latter assisting in the rotation and serving for
      electrical contact.
PAR  The rotating body is of cylindrical form, at least intermediate of its
      length. The end surfaces of the rotating body can be pointed, preferably
      conical.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by the
      reference to one of its structural forms, as illustrated by the
      accompanying drawing, in which:
PAR  FIG. 1 is a somewhat schematic vertical sectional view of an injection
      molding machine embodying the principles of the present invention,
PAR  FIG. 2 is a vertical sectional view of a modified form of the machine, and
PAR  FIG. 3 is an electrical schematic diagram of controls used in the machine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, a screw-type extruder 1 has a cylinder 3, which
      is heated by heating sleeves 2 and is equipped with a supply hopper 4 for
      a plastic mass mixed with a blowing or expanding agent. A motor 5 mounted
      by means of a flange to the extruder drives the screw 6 which is
      positioned within the cylinder 3. The plastic mass within the supply
      hopper is pushed in the direction of the screw axis and is melted and
      plasticized within the heated cylinder 3. The temperature of the cylinder
      3 is, however, kept so low that the plastic mass is plasticized but the
      expanding agent within does not react.
PAR  The plasticized mass is pushed by the extruder into an intermediate housing
      10 having an inter-connecting canal 7 which is heated by a heating sleeve
      8 to such a degree that the plastic mass passing through it is heated
      above the reaction temperature of the blowing agent. Large heating
      surfaces, close contact of the plastic mass with the surfaces, and
      constant mixing of the plastic mass is achieved by equipping
      inter-connecting canal 7 with a treatment body such as a rotatable
      symmetrical body 9. The treatment body is surrounded by the housing 10
      leaving only a small distance between them, so that between the rotating
      body 9 and the housing 10, a gap 11 of small width is formed. The rotating
      body 9 is mounted on an upwardly-extending shaft 12 which is driven by a
      motor 13. A downwardly-extending shaft at the lower end of the body 9 is
      carried in a bushing 32 carried in a spider which allows passage of the
      plastic mass. The shaft 12 is equipped with a commutator ring 14 which
      forms a contact with the rotating body and heating elements 15 arranged
      within the rotating body. The motor 13, ring 14, and the shaft 12 are
      supported on a table 27 adjustably carried on the housing 10 by means of a
      cluster of screws.
PAR  The heated, plasticized material flows through a non-return valve 16 into
      an accumulator 17, kept under constant temperature by a heating sleeve 18
      and protected from heat losses by insulation 19. The accumulator is closed
      off by a piston 20, which is operated by a hydraulic drive cylinder 21.
      The front side of the transfer cylinder or accumulator contains an outlet
      canal 22 leading to a nozzle 23 equipped with a controllable closure. The
      closure is designed in such a way that it can clean the nozzle 23 with
      compressed air which is available. For injection molding of a body, the
      nozzle 23 is positioned in the tool nozzle 24 of a mold 25, the closure of
      the nozzle is opened, and the hydraulic drive cylinder 21 placed under
      pressure until the predetermined amount of plastic mass is transferred
      into the mold 25.
PAR  During operation, the extruder cylinder 3 is heated in such a way that its
      temperature has a rising gradient from the supply funnel 4 towards its
      exit. The mass of blowing agent and plastic granules supplied by the
      supply funnel 4 are moved along by the screw 6 and heated, molten, mixed,
      plasticized, and homogenized. The adjustment of the heating sleeve 2 is
      selected by a variable resistor 26 in such a way that at the exit of the
      cylinder 3 is produced a complete plasticized mass of the supplied
      thermoplastic, but the reaction temperature of the blowing agent is not
      yet reached. By selecting the blowing agent with readily-controllable
      reaction temperature, the heating of the extruder cylinder 3 is adjusted
      in such a way that the exit temperature stays so low that even partial
      reaction of the blowing agent is prevented. In this way, the breaking-out
      of gases at the rear of already reactive drive media is definitely
      prevented, and the screw can be selected with respect to its length and
      pitch exclusively for the task of plasticizing.
PAR  A further heating of the thermoplastic above the reaction temperature of
      the blowing agent is made during its passage through the inter-connecting
      passage 7. By the use of the treatment body 9, the flowing stream is
      formed in accordance with the width of the gap and a relatively large
      heating surface is achieved with guarantees of good heat transfer. The gap
      is selected of such a small width (practically, a fraction of a
      millimeter) that by the counter-movement of the two limiting walls, namely
      the inside wall of the housing and the outside wall of the rotating body,
      the plastic material layer is contacted in its entire thickness and is
      made turbulent within the gap. The actual movement of the plastic mass is
      a combination of an axial component which activates the through-flow in
      combination with a second component in the circumferential direction,
      brought about by the relative rotation. An additional stream component is
      achieved through turbulence.
PAR  This turbulence increases the action of the heated surfaces since a new
      mass is always being brought into contact with these surfaces. The
      homogeneity achieved at the extruder exit is not influenced, because of
      the steady turbulence and mixing; temperature differences in comparable
      stream areas of the mass cannot exist. The friction losses thus created
      are in this case of advantage. They create additional heat for the plastic
      mass flowing through the inter-connecting passage. A further advantage is
      that, because of the turning of the rotating body, a movement of the
      plastic mass in circumferential direction is always achieved, so that for
      the required axial flow movement only a small resistance is created. The
      gap designed in accordance with this invention (with opposite-moving
      border areas rotating transversely of the flow direction) results in only
      a small pressure differential during flow-through, so that the built-up
      pressure at the exit of the extruder relative to that in the accumulator
      cylinder is very small. This makes it easier to increase pressure there to
      the required amount to prevent foaming. Furthermore, it is considered
      favorable to heating that the plastic mass flow not axially through the
      tube-shaped gap 11, but be forced by the component in the circumferential
      direction to flow spirally through the gap. This type of flow increases
      its speed which increases the residence time which in turn permits the
      heat flow necessary for the heating by relatively low temperature
      differences so that no danger of over-heating of the plastic mass may
      occur.
PAR  This invention permits the individual parts to fit into the whole aggregate
      to provide for its partial task. For example, the accumulator cylinder
      serves only for measuring a charge and to maintaining the pressure
      necessary to prevent foaming. The extruder serves exclusively for the
      function of plasticizing, for homogenizing, and for transporting the
      thermoplastic mass. The heating necessary to bring the temperature of the
      plastic mass above the reaction temperature of the mixed-in blowing agent
      is brought about exclusively within the inter-connecting passage 7 and
      directly in the gap 11 which not only provides the desirable large surface
      for the heat transfer, but, in addition, through the turning of the
      rotating body, produces a constant mixing of the plastic mass and
      introduces also an additional movement in the circumferential direction.
      By this, not only is the desired temperature achieved, but at the same
      time with constant mixing of the plastic mass, the homogeneity is
      increased, so that a practically complete homogeneous injection mass ready
      for use is created in the accumulator.
PAR  The extruder motor 5 is provided with a speed-adjusting means 28, while the
      motor 5 is provided with a similar speed-adjusting means 29. A limit
      switch 30 is associated with the accumulator piston 20 and serves to
      initiate a timer 31 connected to both speed-adjusting means. The switch
      acts through relays located in the means 28 and 29 to shut off their
      respective motors, but the timer 31 allows the motors 5 and 13 to continue
      in operation on predetermined time after the extruder reaches a certain
      point.
PAR  The motor 13 is provided with an additional timer 34 which is selectively
      made operative by a switch 33. When in operative condition it acts to
      decelerate the motor during starting and stopping. Thus, the motors 13 and
      5 can be started and stopped at different times according to the operators
      wishes, the three-position switch 35 assisting in a selection of the mode
      of operation.
PAR  FIG. 2 is a sectional view of the wall of transfer cylinder 101 which is
      equipped with a recess for inserting a support element 102 of a check
      valve. The valve body 103 has the shape of a sphere. A foot 104 of a
      housing 105 is under stress against the wall of the transfer cylinder 101
      and contains a sealing seat for the valve body 103. The housing 105 is
      connected at its side to an extruder 107 which is equipped with a worm
      gear 106 for bringing about the introduction of the plasticized drive
      media mixed with plastics.
PAR  Within the housing 105 is located a rotating body 108 whose conical portion
      109 lies in opposition to a conical surface 110 of the hollow housing, so
      that between them is formed a relatively small gap 111. To the conical
      portion 110 is attached a cylindrical section 112. The free end 113 of the
      rotation body 108 is equipped with a number of protrusions 114 which are
      separated by ring grooves 133 and axis-parallel grooves, especially
      longitudinal grooves which are displaced relative to each other in such a
      way so that also the protrusions 14 are arranged in displacement relative
      to each other. Their free face areas are considered always part areas of
      the cylindrical section 112 and are guided by this cylindrical section 12
      to permit the rotation well as axial displacement for a support of the
      free end 13 of the rotatable body.
PAR  The base of the conical area 9 of the rotating body 108 is reduced by a
      flat conical transitional surface 115 to the diameter of shaft 116 which
      is guided by a support 117 equipped with labyrinth packings and arranged
      within a pipe sleeve 118. This pipe fitting contains also an inlet passage
      119 through which the plasticized plastic is guided from the extruder to
      the gap 111. This passage cooperates with the transition surface 115 in
      such a way that, in the vicinity of the base of the conical surface 109,
      the desired gap thickness is achieved. The pipe sleeve 118 is also
      equipped with a threaded bore 120 in which an adjusting spindle 121 is
      guided. In a pot-type upper part of the adjusting spindle 121 are kept two
      thrust bearings which surround a collar 123. This collar is shrunk to the
      shaft 16 to permit axial displacement without turning. In addition, on an
      insulating body, tow drag rings 124 are arranged on the shaft 116 which,
      in connection with the fact that these drag pieces 125 rest on the drag
      rings 124, are able to feed electrical power to a cable 126 which leads to
      electric resistance bodies 127 arranged and going through a bore of the
      rotation body 108.
PAR  Also mounted on the pipe sleeve 118 are guide rods 128 on which is
      displaceably supported a bridge 129 which is connected to a hydraulic
      motor 130 for driving the rotation body 108. Above the hydraulic motor is
      a tachometer 131 which is also connected to the shaft 116. The housing 105
      is surrounded by a heating coil 132 through which it may be heated.
PAR  During operation of this device, the granular plastic is transported
      forward within the extruder 107 by means of the transport device 106 and
      by the heating of the extruder it is melted and plasticized. The plastic
      mass which is heated close to the reaction temperature of a foaming media
      is pressed into the gap 111 through the entrance area 119 of the pipe
      sleeve 118 leading to the conical area 109 and the gap 111 formed by the
      rotating body 108 and conical section 110 of the housing 105. During this
      operation, the plastic mass will be heated above the reaction temperature
      of the foaming media. This heating can be changed by adjustment and at
      least partially brought about by resistance heating by the heating element
      127 as also by the heating collar 132. For the heat transfer are available
      the relatively large inside areas of the housing 105 as well as the
      outside area of the rotation body 108. Local overheating, as well as cold
      areas of the plastic mass which are not in contact with the walls, is
      prevented by a good mixing which is effected within the opening by the
      rotation of the rotation body. It was found to be important that, during
      the rotation within the gap 111, the plasticized plastic which fills it
      create shear forces which have to be overcome though the momentum of the
      hydraulic motor 130; also this added mechanical work effects considerably
      a temperature rise of the plasticized plastic mass. This added mechanical
      heat may be exactly defined with regard to work and especially in its time
      limits. In case the flow of the plasticized plastic mass is interrupted
      during periodic stoppages, then the hydraulic motor 130 can be switched
      off at the same time (or after a predetermined time period) so that the
      additional heat in form of mechanical energy is interrupted immediately
      and without important thermal inertia.
PAR  By rotating the adjusting spindle 121 it may be axially displaced within
      its threaded bore. By means of the thrust bearing 122 and the collar 123,
      the adjusting spindle determines the axial adjustment of the rotation body
      108. In case the body is displaced downwardly by the spindle 121, then the
      free end of the rotation body penetrates with its guiding cams 114, deeper
      into the cylindrical section 112 of the housing. The conical area 109 is
      displaced in the axial direction relative to the conical section 110 and,
      by displacement, the gap 111 formed between them is reduced. By adjusting
      the spindle 121, therefore, the gap 111 can be adjusted to a desired
      thickness. In case a plastic mass is used which has a higher temperature
      or viscosity, then the pressure differential may be reduced within the
      opening by turning the adjusting spindle 21 outwardly and so enlarging the
      gap. Basically, the pressure differential can also be reduced by the
      increase of the rate of revolution of the body 108. This operation,
      however, is accompanied by an increase of the added heat efficiency. By
      the free selection of the width of the gap 111 and the speed of the
      rotation body induced by the hydraulic motor 130, the pressure
      differential within the gap, mixing and homogenizing of the plastic mass
      and also the mechanical heat transfer by rotation may be selected at an
      optimum relationship. In the example shown, the axial displacement of the
      central adjusting spindle 121 determines the width of the gap 111.
PAR  FIG. 2 shows a design example in which the hydraulic motor 130 and the
      guarding tachometer 131 is mounted on a vertically displaceable bridge
      129. The motor and the speedometer could also be mounted stationary, in
      which case the shaft 116, with which the motor is connected through a
      coupling, which may transfer the torsional momentum, but also permits
      axial displacement of the shaft relative to each other. On the other hand,
      it is also possible to omit the thrust bearing special collar 123 of the
      shaft 116 and to displace the hydraulic motor 130 through its bearing
      where the axial displacement of the shaft 116 is initiated.
PAR  It has been proven to be of special advantage to have the drive of the
      rotation body 108 act through a drive and to provide an electric motor in
      place of a hydraulic motor.
PAR  It has proven especially to be of advantage to make the support of the free
      end 113 of the rotation body 108 with opposed displaceably arranged cams.
      Already by through-flow through the gap 111, the plasticized plastic mass
      is not only heated above the reaction temperature of the foaming additive,
      but at the same time through turbulence is also homogenized within the
      opening. By out-flow from the opening of the plasticized plastic mass
      through the grooves 133 formed by the cams 114, an additional mixing of
      the plastic mass is achieved, so that a complete homogenized mass is
      guided to the transfer cylinder 101.
PAR  The shown design of the free end of the rotation body 108 has proved useful
      when the rotation body is not driven, but the drive is switched off. This
      can be the case at times during a short operating phase when a heating of
      the plastic mass by mechanical energy is not desired. Also, the plastic
      mass flowing through the grooves of the free ends and through several
      divisions, and the flowing together of the mass by turbulence and change
      of flow direction, causes homogenization, so that in the transfer cylinder
      a uniform homogenized plasticized plastic mass is maintained and so a
      pre-conditioning treatment is given to achieve a high quality of the cast.
      Also, in the case of an omitted drive or switched-off drive, it has been
      proven useful to fit the gap 111 to the corresponding conditions; in this
      case, mainly the amount of flow-through, the viscosity and the desired
      temperature rise, and the design of the cylindrical housing section 112
      incorporating the supports to be displaced and the cams 114 in the housing
      will result in the desired high homogenity.
PAR  The heating and melting of the plastic mass inside the extruder and further
      heating of the plastic mass within gap 111 presents essentially a common
      problem. In case the transport of the plasticized mass into the transfer
      cylinder is suddenly interrupted or brought to a halt, then the plastic
      masses in the area of the walls could be overheated or at least brought to
      the higher temperature as desired. For observation of these different
      occuring temperatures, thermocouples 137 and 138 are mounted in the
      housing 105 in such a way that the thermocouples extend into the hollow
      spaces of the housing and so are in direct contact with the plasticized
      plastic mass, consequently measuring their temperature. For further
      observation a pressure connection 136 is located following the gap 111. In
      a number of cases, it could be desirable to deviate from the construction
      shown in FIG. 2 and the pressure connection could be arranged ahead of the
      gap 111.
PAR  The thermocouples permit not only the reading of the corresponding
      temperature relationships, but permit also automatic control of the amount
      of heat added to the plastic mass passing through the gap 111. They also
      permit the control or adjustments of the axial position of the rotation
      body 108 and, therefore, the opening between it and the housing.
PAR  The controls shown in FIG. 3 provide a control device 129 ahead of which is
      arranged a theoretical value indicator 140, with which the desired
      temperature is predetermined with which the plasticized plastic mass is to
      enter the transfer cylinder 101. The thermocouple 137 is a true value
      indicator attached to the control device 139. To achieve a sensitive
      control, then not only the adjustable true value is considered, but in
      addition there is arranged a predetermined variable value to the control
      device 139 which indicates the temperature at the entrance with the
      thermocouples 138. As an adjusting member, a device 141 is arranged after
      the control device 139 to determine the speed of the hydraulic motor 130
      driving the rotation body 108 of FIG. 2.
PAR  The outlet of this device is directed through a switch 142 to a connection
      143, which acts on a relay valve where there is a hydraulic motor or is
      able to activate the control of an electrical motor. A close tolerance of
      the controllable revolutions is activated by a basic control circuit to
      which the tachometer 131 is attached. In the example shown in FIG. 3 the
      control device 139 is equipped with a further control member, a relay 144,
      which drives its contacts 145 and 146 through connections 147 and 148,
      thus influencing the activation of the heat resistance coil 127 as well as
      the heating collar 132.
PAR  In front of the control device 149 is arranged a device 150 for indicating
      the theoretical control device which shall predetermine the highest
      permissible temperature on the extruder exit. This also is transferred
      into a control circuit of the control device 139. As a true value-relay, a
      thermocouple 138 is arranged before the amplifier device. After the
      control device 149 follows a control member 152 as adjust member which
      acts upon a control motor 153 which is able to make the axial displacement
      of the rotation body 108 of FIG. 2. The control motor can also be designed
      as an electric motor engaging a gearing arranged on the adjusting spindle
      121. There is also the possibility that the control member 152 be designed
      as a relay valve to act on an hydraulic cylinder which engages the bridge
      129 and so is able to displace the control motor 130 with the shaft 116 in
      the axial direction.
PAR  During operation, the desired final temperature of the plasticized mass
      guided towards the transfer cylinder 101 can be predetermined with the
      control device 139. This control device which receives the temperature
      through thermocouple 137 takes the actual temperature on the exit of the
      opening and activates a controlled heating collar 132 and the sensitive
      controllable motor 130. Upon a lowering of the temperature, the
      revolutions of the motor are increased until the desired temperature
      introduced by the mechanical energy is achieved. The temperature variation
      still present at the exit of the extruder will be considered as a variable
      and checked with the thermocouple 138 to permit the final control of the
      desired values within close tolerances. The control of the rate of
      revolution of the motor 130 is supported in such a way that the control
      member in the design example does not act as a control member but will
      receive the control through the tachometer 131. The heating circuits could
      be equipped with thermocouples and changed to control circuits. At the
      same time the control device 139 will receive as a predetermined signal,
      the maximum permissible entrance value from the relay 150 with the sensed
      temperature given through thermocouple 138; in case this predetermined
      value is achieved or exceeded, then the added heat is reduced or switched
      off.
PAR  The control device 149 is supplied with the maximum permissible temperature
      through the theoretical value relay 150 at the exit of the extruder.
      Furthermore, the theoretical value relay 151 determines the practical
      adjustable value of gap 111 through the control device 149. In case the
      entrance temperature detected by the thermocouple 138 is impermissibly
      high, then the control which is activated by the theoretical value relay
      151 becomes active and the adjusting member 152 enlarges the gap 111 by
      correspondingly activating the adjusting motor. Through the enlarging of
      the gap, the build-up of pressure is prevented. With low transport flow
      and large gear-worm revolutions of the extruder, a heating which is
      independent of added heat can be additionally achieved within the
      extruder. The undersirably high heating of the plasticized plastic,
      especially by longer retardation, could lead to undersirable
      disintegration or changes of its structure. Through axial displacement of
      the rotation body 108 in the gap 111, such jamming occurrences are
      definitely interrupted and undesirable heating by the mechanical energy of
      the extruder is prevented.
PAR  In practice, the machines for the fabrication of plastic mold bodies in
      injection moldings are often operated only intermittently. Generally, the
      filling of the transfer cylinders 101 extend over the total length of the
      working cycle at least during the filling operation of the mold; however,
      the continuous flow will be interrupted by a check valve and/or by
      switch-off of the extruder. By extreme long deforming time and
      consequently long cycles, it has been proven favorable in addition to
      extend this switch-off over the required measurement necessary for the
      injection procedure and so, during the filling of the transfer cylinders,
      to receive a stronger transport flow. In these cases, it has been proven
      to be of advantage (through each phase of the cycle-indicating devices or
      the devices for reproducing the degree of filling of the transfer
      cylinder) to influence the control device and the switch-off for such
      interruption of further heat energy flow. In the design example, the motor
      130 may be switched off by opening a switch 142, so that such additional
      heat flow can be switched off immediately. As support, the heating coil
      and the heating collar may be interrupted by the relay 144 or by opening
      of one of the switches of contact 145 and 146. This switch-off is not only
      done through the control device itself, but through the programmed control
      of the device. It has been proven to be of advantage that the switch-off
      and also the switch-on for resumption of the transport be operated under
      pre-action. The time interval between switch-off of the heating and the
      adjustment of the transport can be chosen larger than the time interval
      between switch-on of the heating and start of the transport. In the case
      of heat introduction by the motor 130, the pre-action times can be kept
      considerably smaller than with the undesirable inertia-effected heating
      through heat resistance and, if necessary, a pre-action by operating of
      the motor can be completely eliminated.
PAR  The invention can be varied further; the design as shown in the drawing has
      the same steep angle for the conical areas 109 of the rotation body 108
      and also the surrounding conical section 110 of the housing. These angles
      may differ in small values, so that the width of the formed gap 111 over
      the length of the conical area 109 results in small increases or
      decreases. The surface of the rotation body 108 and of the housing 105 can
      be equipped with longitudinal grooves in the conical area 109 or in the
      conical section 110. Further variations result when these longitudinal
      grooves run somewhat at an angle or slightly have the form of a screw
      shape line thread. These grooves may be designed with unequal flanks and
      may be closed off towards the free end.
PAR  In the example shown, the collar 123 is shrunk to the shaft 116 and
      additionally secured against turning forces by a spring. This collar can
      also be made integral with the shaft 116; the shaft 116 can be made out of
      one piece together with the rotation body 108 or can be connected with it.
      Furthermore, it is evident that the collar 123 forming a ring-shape body,
      could be put under stress with a ring nut against a collar on the shaft
      16. This bracing could be effected through a piece of pipe and the ring
      nut can be arranged on the other side of the collars carrying the drag
      rings 124, so that this collar is also included in the bracing. Purposely,
      the drag pieces 125 are connected to the bridge 129 or are arranged on
      their own gliding guide pieces on the guide bars 128.
PAR  It has been proven to be of advantage to equip the circumference of the
      adjusting spindle with penetrations to make the insertion of tools easier
      or equip the adjusting spindle with grooves for easier adjustment. It was
      found to be of advantage to equip the spindle with an arresting device or
      stop which permits the arresting of the adjusting spindle in the always
      desired position.
PAR  The support 117 is selected, as is the labyrinth gasket forming ring
      grooves 134, in such a way that only very small leakage losses are
      apparent. By this method, an extended dwelling of the plastic mass to be
      transported is prevented so that through longer dwelling under higher
      temperature, the plastic mass disintegrates. Also, during collar or
      material replacement, the plastic mass of a previously-transported mixture
      cannot reach the transfer cylinder, but is slowly and surely directed to
      the outside.
PAR  The invention permits the design of a device for fabrication of plastic
      mold bodies in injection molds in such a way that the mass which is to be
      sprayed and stored in the transfer cylinder is always kept with the same
      temperature without undesirable pressure drop and high homogenity and also
      during strong spontaneous changing flow rates.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. Injection molding apparatus, comprising
PA0  a. a screw-type extruder driven by a motor, the extruder having a housing
      containing heating elements,
PA0  b. an accumulator having a cylindrical chamber whose axis is spaced from
      the extruder, the accumulator having a loading piston lying in the
      chamber, the accumulator also having a wall containing heating elements,
PA0  c. an intermediate housing extending between the extruder and the
      accumulator, the walls of the housing defining a treatment chamber being
      provided with heating means, and
PA0  d. a treatment element lying in the treatment chamber to define a thin
      annular passage therebetween,
PA1  the end of the treatment chamber and the end of the treatment element
      adjacent the accumulator being provided with generally pointed surfaces,
      and the element being axially adjustable in the treatment chamber to
      accurately determine the thickness of the passage therebetween.
NUM  2.
PAR  2. Injection molding apparatus as recited in claim 1, wherein the treatment
      element is provided with a heating element.
NUM  3.
PAR  3. Injection molding apparatus as recited in claim 1, wherein the treatment
      element is mounted for rotation about the axis of the annular passage, and
      a motor is connected to the element for the rotation thereof.
NUM  4.
PAR  4. Injection molding apparatus as recited in claim 3, wherein a first means
      is provided to control the speed of the extruder motor, a second means is
      provided to control the speed of the treatment element, a limit switch is
      associated with the accumulator piston, and electrical circuitry
      connecting the first means, the second means, and the limit switch to shut
      off the motors when the accumulator is being unloaded, the circuitry
      including a timer which may operate to cause the motors to shut off for a
      predetermined time when the accumulator reaches a certain point.
NUM  5.
PAR  5. Injection molding apparatus as recited in claim 4, wherein the said
      circuitry includes an additional timer, one of said timers being effective
      for shutting off the extruder motor, while the other of said timers is
      effective to shut off the motor of the treatment element allowing cutting
      off the motors at and/or for different times.
NUM  6.
PAR  6. Injection molding apparatus as recited in claim 4, wherein the said
      electric circuitry is connected further on with at least one of the said
      heating elements switching such heating element in timed relation with
      shutting off the motor of the treatment element.
NUM  7.
PAR  7. Injection molding apparatus as recited in claim 6, wherein said electric
      circuitry includes timing means effecting a predetermined time shifting
      between switching said heating elements and shutting off the motor of the
      treatment element.
NUM  8.
PAR  8. Apparatus for the fabrication of plastic-foam bodies with injection
      moldings having an extruder by which the thermoplastic mixed with an
      expansion media is plasticized below the reaction temperature of the media
      and is introduced continuously to a transfer cylinder through a connecting
      canal, having a rotating body independent of the extruder surrounded
      closely by a housing, having a motor by which the rotating body is driven
      and by which the thermoplastic mass is pressed with an axial component
      through a thin gap formed between the rotating body and the housing,
      having means whereby the thermoplastic during passing is heated above the
      reaction temperature, and having means whereby the built-up pressure
      within the transfer cylinder prevents a foaming of the plastic mass until
      it is injected into the mold,
PA1  characterized by the fact that the rotating body (108) and the surrounding
      housing (105) are formed with conical surfaces over at least the portions
      which form the aforementioned gap (111) and that the rotating body is
      mounted on an adjustable support so that the axial relationship between
      the body and the housing can be changed to adjust the gap.
NUM  9.
PAR  9. Apparatus according to claim 8,
PA1  characterized by the fact that the shaft (116) of the rotation body (108)
      is equipped with a fixed collar (123) which is rotatably carried in a
      support (122) which is capable of being adjusted axially relative to the
      housing.
NUM  10.
PAR  10. Apparatus according to claim 8,
PA1  characterized by the fact that the motor (130) or its driving gear is also
      carried in the support (122).
NUM  11.
PAR  11. Apparatus according to claim 8,
PA1  characterized by the fact that the shaft (116) which drives the rotating
      body (108) is connected with the driving motor through a coupling, which
      is axially displaceable on the shaft (116).
NUM  12.
PAR  12. Apparatus according to claim 8,
PA1  characterized by the fact that the housing (115) in its conical section
      (110) is joined with a cylindrical section (112) in which is guided a
      cylindrically-shaped free end (113) of the rotating body (108).
NUM  13.
PAR  13. Apparatus according to claim 12,
PA1  characterized by the fact that piercings on the free end are designed as
      ring- and axis-parallel grooves (133) and the free end (113) is divided
      into cams (114) whose face areas with a cylindrical section (112) fit a
      cylindrical shell.
NUM  14.
PAR  14. Apparatus according to claim 8,
PA1  characterized by the fact that the cones (109) of housing (105) and the
      rotating body (108) form the gap (111) reducing themselves towards the
      side of the rotation body located opposite the shaft (116).
NUM  15.
PAR  15. Apparatus according to claim 8,
PA1  characterized by the fact that the cones of the housing (105) and rotating
      body (108) forming the gap (111) have the same angle.
NUM  16.
PAR  16. Apparatus according to claim 8,
PA1  characterized by the fact that the cones of the housing (105) forming the
      gap (111) differ somewhat in their angles.
NUM  17.
PAR  17. Apparatus according to claim 8,
PA1  characterized by the fact that the base of the gap (111) which limits the
      cone (109) of the rotating body (108) reduces itself conically and
      streamline-body-shaped towards the diameter of its shaft (116).
NUM  18.
PAR  18. Apparatus according to claim 17,
PA1  characterized by the fact that the housing surrounds the reducing part
      (105) in a funnel-shaped manner and with a larger cross section in the
      direction of the shaft (116).
NUM  19.
PAR  19. Apparatus according to claim 18,
PA1  characterized by the fact that the inlet area (119) is formed in a
      replaceable fitting (118) carried in the housing.
NUM  20.
PAR  20. Apparatus according to claim 8,
PA1  characterized by the fact that the axial adjustment between the housing
      (105) and the rotating body (108) is determined by a disc which is fixed
      relative to the body and is mounted to be axially adjustable relative to
      the housing.
NUM  21.
PAR  21. Apparatus according to claim 8,
PA1  characterized by the fact that the axial adjustment between the housing
      (105) and the rotating body (108) is determined by screw connections
      threadedly engaged by the body and pressing against the housing.
NUM  22.
PAR  22. Apparatus according to claim 8,
PA1  characterized by the fact that the axial adjustment that exists between the
      housing (105) and the rotating body (108) is determined by an adjusting
      motor operating on a screw.
NUM  23.
PAR  23. Apparatus according to claim 8,
PA1  characterized by the fact that the housing (115) in which between the
      housing and the rotation body (108) is formed the gap (111) is equipped
      with thermocouples (137, 138) whose test points determine the temperature
      which exists in the housing.
NUM  24.
PAR  24. Apparatus according to claim 8,
PA1  characterized by the fact that the housing (105) in which between the
      housing and the rotation body is formed the gap (111) are equipped with
      pressure indicators (136).
NUM  25.
PAR  25. Apparatus according to claim 8,
PA1  characterized by the fact that a control device is provided to determine
      the temperature of the transfer cylinder (1) for the introduced plastic
      mass, that following the control device (139) is provided an adjusting
      member (141) which regulates the speed of the motor driving the rotation
      body (108) and that a relay is provided with a thermocouple (137) located
      following the gap (111).
NUM  26.
PAR  26. Apparatus according to claim 25,
PA1  characterized by the fact that a thermocouple (138) located before the gap
      (111) operates with a control device (139) to indicate the presence of
      trouble.
NUM  27.
PAR  27. Apparatus according to claim 26,
PA1  characterized by the fact that following the control device (139) are
      provided control members including switch members (144, 145, 146), which
      determine the operation of the heating elements (127), 137).
NUM  28.
PAR  28. Apparatus according to claim 27,
PA1  characterized by the fact that ahead of the control device (149) is
      arranged a control member (152) serving as control member for the
      adjusting motor (153) to the device for axial adjustment of the rotating
      body (108) and thermocouple (138) is arranged ahead of the gap (111) as a
      control range relay and, when exceeding predetermined entrance
      temperatures, the width of the gap (111) will be increased by
      predetermination by a theoretical value relay (151).
PATN
WKU  039374483
SRC  5
APN  4715438
APT  1
ART  325
APD  19740520
TTL  Apparatus for hardening steel pipes
ISD  19760210
NCL  4
ECL  1
EXA  Bell; Paul A.
EXP  Lake; Roy
NDR  2
NFG  6
INVT
NAM  Fujii; Yoshihisa
CTY  Wakayama
CNT  JA
INVT
NAM  Fujiwara; Akio
CTY  Wakayama
CNT  JA
ASSG
NAM  Sumitomo Metal Industries Limited
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730521
APN  48-57585
CLAS
OCL  266  6S
XCL  134170
XCL  148153
XCL  266  3R
XCL  266  4S
EDF  2
ICL  C21D  162
ICL  C21D  914
FSC  134
FSS  24;64;170;199;122;167 C;168 C
FSC  148
FSS  153
FSC  266
FSS  3 R;4 S;6 S;4 R;6 R
UREF
PNO  2616437
ISD  19521100
NAM  Secor
OCL  266  6S
UREF
PNO  3062227
ISD  19621100
NAM  Soderberg
OCL  134170
UREF
PNO  3507712
ISD  19700400
NAM  Scott
XCL  266  4S
UREF
PNO  3675908
ISD  19720700
NAM  Amend
OCL  266  6S
UREF
PNO  3804390
ISD  19740400
NAM  Jennings et al.
OCL  266  4S
UREF
PNO  3807714
ISD  19740400
NAM  Hollyer
OCL  266  4S
LREP
FRM  Watson, Cole, Grindle & Watson
ABST
PAL  This invention relates to an apparatus wherein the setting angles of
      cooling water jetting orifices and an outer quenching head and an inner
      quenching head are made 30.degree..+-.10.degree. in the pipe advancing
      direction with the pipe axis, and the number of jetting orifices of the
      inner quenching head are greater for purposes of higher density for the
      front 1/3 of the length of the head and lower for purposes of lower
      density for the rear 2/3 of the length of the head.
PAL  Further, the first contact point of inner quenching water within the inner
      surface of the pipe is so set as to be delayed by 20 to 150mm. from the
      first contact point of quenching water with the outer surface of the pipe,
      the outer quenching being carried out when the steel pipe heating
      temperature is above the A.sub.3 transformation point and the inner
      quenching is carried out when the temperature of the inner surface of the
      pipe is just below the A.sub.1 transformation point.
PAR  As both heads have a fixed angle, water or steam will not enter the
      unquenched part and the quenching velocity and the hardness of the
      cross-section of the steel pipe will be improved.
BSUM
PAR  This invention relates to improvements in an apparatus for hardening steel
      pipes by jetting quenching water on the inner surface and the outer
      surface of a steel pipe, and defines a hardening apparatus wherein a
      martensite crystal structure homogeneous over the entire thickness of the
      pipe is obtained quickly and positively with a limited amount of quenching
      water.
PAR  The hardening of steel pipes with quenching water has been conventionally
      carried out by arranging an outer quenching head having many quenching
      water jetting orifices on the inner peripheral surface, and a cylindrical
      inner quenching head having many quenching water jetting orifices on the
      outer peripheral surface so that the quenching water jetted inwardly and
      outwardly may contact the same relative parts on the inner surface and the
      outer surface of the steel pipe while jetting the quenching water
      simultaneously out of both quenching heads simultaneously with the
      movement of the steel pipe.
PAR  It is known that, in such method of quenching a pipe simultaneously from
      the inner and outer surfaces, as compared with quenching only the outer
      surface, the quenching velocity is higher, the hardening effect is
      superior and a hardened steel pipe of a more stabilized quality is
      obtained.
PAR  An object of the present invention is to provide an apparatus so improved
      that the quenching velocity and hardening effect may be increased.
PAR  In a conventional hardening apparatus, inner and outer quenching heads are
      provided with many jetting orifices so that quenching water may be jetted
      always at right angles. However, in such case, more quenching water than
      is required will be used, therefore it is not economical, a large amount
      of steam generated by quenching water fills the unquenched part and causes
      a fluctuation of the surface hardness, and there has been a problem that a
      homogeneous hardness is hard to obtain over the entire cross-section of
      the steel pipe. In order to eliminate such defects, the present invention
      is characterized in that quenching water jetting orifices of an outer
      quenching head and an inner quenching head are made to have an angle of
      30.degree..+-.10.degree. in the pipe advancing direction with the pipe
      axis, the number of jetting orifices of the inner quenching head being
      arranged to be high to effect a high density for the front 1/3 of the
      length of the head and to be low in number to effect a low density for the
      rear 2/3 of the length of the head. A conical body preventing water at the
      time of quenching from entering the unquenched part is provided in the
      head part of the inner quenching head so that water may be prevented by
      this conical body from being reversed by the pressure of steam generated
      in quantities. The inner and outer quenching heads are so arranged that
      the first contact point of the inner quenching water with the inner
      surface may be delayed by 20 to 150 mm. from the first contact point of
      the outer pipe surface quenching water with the outer surface, and the
      inner surface of the steel pipe is quenched at a temperature just below
      the A.sub.1 transformation point. Thus the effective hardening of the
      inner surface of the pipe will be possible with a limited very small
      amount of quenching water and an excellent effect will be developed in
      hardening steel pipes.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view showing an embodiment of the present
      invention;
PAR  FIG. 2 is a vertically sectioned front elevational view taken substantially
      along II-II of FIG. 1;
PAR  FIG. 3 is an enlarged vertically sectioned view showing the outer quenching
      head and the inner quenching head of FIG. 1;
PAR  FIG. 4 is detail view showing the angle of inclination of a quenching water
      jetting orifice;
PAR  FIG. 5 is a graph showing examples of quenching velocities of steel pipes
      with the use of the present invention and in conventional practice; and
PAR  FIG. 6 is a graph showing the hardness of the cross-section of a steel pipe
     .
DETD
PAR  In FIG. 1, 1 is an outer quenching head integrally mounted on a fitting
      base 3 fixed near a steel pipe 26 of a spirally feeding apparatus (not
      illustrated). Quenching water jetting orifices 4 of this outer quenching
      head are provided at fixed intervals with an angle .alpha. of
      30.degree..+-.10.degree. in the pipe advancing direction with the pipe
      axis as shown in FIG. 4. The reasons for jetting quenching water at such
      an angle .alpha. are to maintain a correlation with an inner quenching
      head and to prevent quenching water from flowing back to the unquenched
      part. As shown in FIG. 3, an inner quenching head 2 is provided with a
      conical body 5 at the tip to prevent quenching water from flowing back and
      steam generated at the time of quenching from flowing into the unquenched
      part. Quenching water jetting orifices 6 are so arranged as to be greater
      in number so as to effect a higher water jetting density for the front 1/3
      of the length of the head and lower in number so as to effect a lower
      water jetting density for the rear 2/3 of the length of the head. The
      setting angle of said jetting orifices is made 30.degree..+-.10.degree.
      rearwardly in relation to the pipe axis so that the quenching water of the
      inner quenching head may be jetted first at a high density and then at a
      low density. The reason for dividing the amount of jetted quenching water
      in such manner is that, as both inner and outer quenching heads are
      immovable and the pipe proceeds rearwardly to be successively quenched, if
      quenching head 2 is rather short, no problem will arise if orifices 6
      thereof are equally spaced. However, when head 2 is of a reasonable length
      as relatively shown in FIG. 3, the first quenched part may be oversprayed
      with a consequent loss of water if orifices 6 are arranged for the same
      density jetting from head 2. Therefore, if the quenching water is jetted
      first at a high density and then at a low density, the amount of the
      quenching water may be small and a favorable quenching will be able to be
      made.
PAR  The above mentioned inner quenching head 2 is fitted to a boom 7 which is a
      long tubular conduit. Said boom is mounted to a movable stand 10 as at 11,
      the stand being mounted on cross members 9' of a carriage 8 which is
      movable along the direction of the conduit axis. Carriage 8 is mounted on
      rails 9 and has a rope 15 extended over two sets of pulleys 13 and 14
      arranged on a floor, the rope being secured at its respective ends to a
      front axle 16 and a rear axle 17 of the carriage wheels. The carriage is
      movable forwardly and rearwardly in the direction of the conduit axis by
      means of a normal and reverse motor 18 mounted on one of the pulley
      bearings so that the relative positions of the inner quenching head 2 and
      outer quenching head 1 may be adjusted at a high precision. Needless to
      say, the above mentioned adjusting means is not limited only to a pulley
      system. A vertical plate 19 is fixed at the forward end of stand 10 so
      that the movable stand 10 and the vertical plate 19 may be moved together.
      Vertically disposed rails 22 are secured to the front surface of plate 19,
      and a base plate 23 is mounted for vertical movement along rails 22. A
      boom gripper opening and closing cylinder 21, having a boom gripper 20, is
      fixedly secured to plate 23 so as to be vertically movable together
      therewith along rails 22. Said base plate 23 is supported by a boom
      elevating and lowering cylinder 24 fixed to the upper part of vertical
      plate 19. A boom height adjusting cylinder 25 is fitted to the back
      surface of the vertical plate. A rod 28 of boom height adjusting cylinder
      25 is disposed in contact at one end with the outer periphery of boom 7 so
      as to prevent boom 7 from moving upwardly. As the upward and downward
      movements of the steel pipe are regulated respectively by rod 28 and
      gripper 20, cylinders 24 and 25 act to center inner quenching head 2 and
      also to hold boom 7 for a fixed period.
PAR  In operation, boom 7 is held at a fixed height by means of boom gripper
      opening and closing cylinder 21, elevating and lowering cylinder 24 and
      height adjusting cylinder 25. Then, inner quenching head 2 is inserted
      into outer quenching head 1 by means of carriage driving motor 18 and is
      so positioned that the first contact point of the jetted quenching water
      with the inner surface may be delayed by 20 to 150 mm. from the first
      contact point of the quenching water with the outer surface. Such position
      of the inner quenching head is properly determined by the outer diameter,
      thickness and feeding velocity of the steel pipe. The heated steel pipe 26
      comes out of a furnace, passes through the outer quenching head 1 and
      passes over inner quenching head 2. In such case, when the steel pipe
      enters the quenching range, it must be at a temperature at which a
      transformation to a desired uniform crystallographical structure occurs,
      that is, a temperature not lower than the A.sub.3 transformation point.
      Thus, when the steel pipe comes into the quenching range, first the
      quenching water will be jetted out of the outer quenching head to quench
      the outer surface and, when the inner surface temperature lowers to be
      just below the A.sub.1 transformation point, the quenching water will be
      jetted out of the inner quenching head 2. This quenching water jetting
      time difference is set on the basis of experimental data values obtained
      in advance so as to conform to the thickness, outer diameter and feeding
      velocity of the steel pipe. When the quenching commences, the boom gripper
      opening and closing cylinder 21 will be opened, the base plate 23 and rod
      28 will be elevated by the boom elevating and lowering cylinder 24 and
      boom height adjusting cylinder 25 and the holding of the boom 7 will be
      released. On the other hand, the boom will become free but will be
      positioned in the center of the steel pipe by the pressure of the
      quenching water jetted out of the head and the rollers 27 near the nozzle.
      During quenching, the quenching water of both inner and outer quenching
      heads will be jetted rearwardly at an angle of 30.degree..+-.10.degree.
      with the pipe axis. The quenching water will be prevented by the action of
      conical body 5 in the head part of the inner quenching head from flowing
      into the unquenched part by the pressure of steam. Therefore, there will
      be no temperature change by the back flowing quenching water and steam and
      a stabilized quenching will always be able to be made.
PAR  In the present invention, as mentioned above, the inner surface is quenched
      by jetting quenching water first at a high density and then at a low
      density. According to this method, an effective quenching can be made with
      a limited small amount of quenching water. This can be proved with the
      graphs shown in FIGS. 5 and 6. That is to say, FIG. 5 shows examples of
      the quenching velocities of steel pipes. As is evident from said graph, it
      is found that, in the case of quenching inner and outer surfaces in the
      present invention, the quenching velocity is increased to be more than
      twice as high as in conventional practice. Accordingly, as shown in FIG.
      5, the hardness of the cross-section of a thick walled steel pipe when
      quenched which fluctuated by HRC .apprxeq. 14 before was improved even to
      HRC .apprxeq. 2. Thus a steel pipe of a very stable high quality in any
      position was obtained.
PAR  After the steel pipe comes completely out of the heating furnace and is
      completely quenched, the carriage is retreated by the driving normal and
      reverse motor 18 so that inner quenching head 2 may be released from the
      steel pipe. Then, the boom gripper opening and closing cylinder 21,
      retracted upwardly so as not to interfere with the advance of the steel
      pipe, is lowered by the elevating and lowering cylinder 24 above it so
      that boom 7 is gripped and held with by gripper 20. In such position, the
      movable stand 10 is moved laterally along the rails 9 so that inner
      quenching head 2 may be positioned out of the pipe feeding path. Then, the
      quenched steel pipe is advanced to the next step.
PAR  As explained above, in the present invention, the quenching water jetting
      angles of both inner and outer quenching heads are set to be at an angle
      of 30.degree..+-.10.degree. rearwardly with respect to the pipe axis, the
      quenching water jetting orifices of the inner quenching head are so
      arranged as to be high in density for the front 1/3 of the length of the
      head and low in density for the rear 2/3 of the length of the head, and a
      conical body which prevents quenching water from flowing back and steam
      from flowing into the unquenched part is provided at the forward end of
      the head. Accordingly, the inner surface of the steel pipe can be
      effectively quenched with a limited very small amount of quenching water,
      the quenching water can be saved, and the quenching characteristics are
      very excellent as evident from the graphs in FIGS. 5 and 6. A tempered
      martensite structure high in the anti-sulfide corrosion breakability is
      therefore positively obtained for the inner surface of the pipe and a
      great effect is developed in the production of quenched steel pipes of a
      high quality.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for hardening steel pipes, comprising an inner quenching
      head mounted for movement in a longitudinal direction of the pipe, an
      outer quenching head fixedly mounted on a base member, said quenching
      heads having quenching water jetting orifices inclined at angles of
      30.degree. .+-. 10.degree. to an advancing direction of the pipe axis, a
      water supply boom fixed to said inner quenching head, means for moving
      said boom in the longitudinal direction of the pipe, means for holding and
      centering said inner quenching head along the longitudinal axis of the
      pipe, said moving means comprising a movable stand and a carriage means
      for movement parallel to the longitudinal axis of the pipe, said boom
      being connected to said moving means, and said stand having means thereon
      for bearing against said boom for moving same in a direction at right
      angles to the pipe axis.
NUM  2.
PAR  2. An apparatus for hardening steel pipes according to claim 1, wherein
      said inner quenching head includes a conical body provided at the forward
      end thereof, said quenching water jetting orifices of said inner quenching
      head being so arranged adjacent said conical body for the jetting of a
      high density of quenching water and being further arranged at a distance
      from said conical body for the jetting of a low density of quenching
      water, the ratio of said high density to said low density being 2 to 1.
NUM  3.
PAR  3. An apparatus for hardening steel pipes according to claim 1, wherein
      said carriage means is mounted on rails and has a rope extended about two
      sets of pulleys arranged on a floor and secured at both ends respectively
      to front and rear axles of said carriage so as to be driven by a normal
      and reverse motor provided on a bearing of one of said pulleys.
NUM  4.
PAR  4. An apparatus for hardening steel pipes according to claim 1, wherein
      said centering and holding means comprises a cylinder for opening and
      closing a gripper provided thereon for gripping said boom, a boom
      elevating and lowering cylinder supporting said opening and closing
      cylinder and a boom height adjusting cylinder for elevating and lowering a
      rod provided thereon for preventing the upward movement of the boom.
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ABST
PAL  Apparatus for atomizing and injecting fuel into a furnace, such as a blast
      furnace, in which two concentric tubes form a dual passage injection
      apparatus, the discharge end of the outer tube extending beyond the
      discharge end of the inner tube to form an atomization chamber. The
      central passageway conducts liquid fuel to its discharge end and the
      annular passageway conducts an atomizing fluid to its discharge end. A
      spray nozzle is mounted on the discharge end of the inner tube and has a
      plurality of atomizing passages inclined toward the longitudinal axis of
      the concentric tubes whereby the liquid fuel is atomized completely within
      the length of the outer tube.
BSUM
PAR  This invention relates to lances for injecting atomized liquid fuel into a
      metallurgical furnace. More particularly, this application relates to an
      injection lance for injecting atomized liquid hydrocarbon fuels into the
      tuyeres of a blast furnace.
PAR  Recently, the high cost of metallurgical coke and its limited supply have
      resulted in the use of supplemental fuels being used to produce additional
      heat in the blast furnace. A majority of the supplemental fuels used are
      liquid hydrocarbons, such as oil or coal tar. Normally, an injection lance
      is installed through the sidewall of a furnace blowpipe a short distance
      behind a tuyere. The liquid fuel is injected into the hot-blast air stream
      and burns in the tuyere raceway within the furnace. The combustion
      products are mostly carbon monoxide and hydrogen.
PAR  If the injected fuel does not combust in the tuyere raceway, the fuel will
      crack in the furnace and form carbon soot. Supplemental fuel that does not
      combust in the raceway is not effective in satisfying process requirements
      in that neither energy of combustion nor reducing gas are generated. Some
      soot can be elutriated in the furnace off-gases which creates a pollution
      problem. Some soot can react with the slag in the furnace which creates
      burden movement problems.
PAR  Atomization of liquid fuels to micron-sized particles promotes complete
      combustion of these liquid fuels in the raceways. Improved fuel combustion
      permits more supplemental fuel to be injected into the blast furnace and
      results in reduced usage of metallurgical coke in the blast furnace
      process.
PAR  Heretofore, liquid fuel injection was accomplished by merely injecting fuel
      into the tuyere with a simple lance comprising a straight section of pipe.
      Almost no fuel was atomized when the straight pipe lance was employed as
      the fuel entered the hot-blast stream in a cylindrical pattern and did not
      break into a spray. In an attempt to obtain an increase in fluid fuel
      velocity and turbulence, Mulkey in U.S. Pat. No. 3,583,644 teaches the
      employment of a stainless steel ball-bearing restriction means in the
      fluid fuel injection nozzle. This resulted in a form of pressure
      atomization of the fluid fuel. However, the high pressure drop required
      for good pressure atomization can cause plugging of the lance since the
      opening of the nozzle has been greatly reduced, and coking of the fuel can
      occur in the lance from the heat of the surrounding hot blast.
PAR  We have invented a two-tube lance which atomizes substantially all liquid
      fuel prior to its injection into the tuyere raceways of a blast furnace.
PAR  It is the primary object of our invention to provide an apparatus for
      atomizing and injecting supplemental liquid fuels into a metallurgical
      furnace to reduce the amounts of primary fuel required in the
      metallurgical operation involved.
PAR  It is another object of our invention to provide a liquid fuel injection
      device for a metallurgical blast furnace, which device is not subject to
      plugging from the action of coking the liquid fuel flowing therethrough.
PAR  It is also an object of our invention to provide a device for atomizing
      liquid fuel substantially completely prior to the exit of such liquid fuel
      from the discharge end of the device.
PAR  It is a further object to provide a device which need not be removed during
      furnace backdrafting.
DRWD
PAR  These and other objects will become more apparent after referring to the
      following specification and the appended drawings in which:
PAR  FIG. 1 is a partially sectioned side elevation view of our invented fuel
      atomization and injection device.
PAR  FIG. 2 is a sectional elevation view of our spray nozzle on a larger scale
      than FIG. 1.
PAR  FIG. 3 is a righthand end view of the device of FIG. 1.
PAR  FIG. 4 is an elevational view of the fuel atomization and injection device
      of the present invention assembled in the hot blast pipe of a blast
      furnace.
DETD
PAR  Our invention, as depicted in the drawings, includes in assembly with a
      blast furnace blow pipe B an outer tube 10, and an inner tube 12 spaced
      from and substantially concentric with the outer tube to form an annular
      space 14 between the tubes. Tee 16 connects steam inlet 18 with annular
      space 14. A spray nozzle 20, best shown in FIG. 2, has interior threads 22
      to receive the threaded end 24 of inner tube 12. The bore 26 of the spray
      nozzle is substantially identical with the internal diameter of the inner
      tube 12. The diameter of the discharge face of the spray nozzle is the
      same as the internal diameter of the outer tube 10, as shown in FIG. 3.
      Spray nozzle 20 contains a plurality of atomizing ports 28 in its
      discharge face. The port-containing portion of the spray nozzle may be a
      frusto-conical section. The centerline of each port intersects the
      longitudinal axis of the spray nozzle (and inner and outer tubes) forming
      an angle A therewith. The discharge end of the outer tube extends from 1/4
      inch to 2 inches farther than the discharge face of the spray nozzle
      forming an atomization chamber 30 in the end of the outer tube. The
      injection device when installed in a furnace normally passes through a
      stand-pipe seal 32.
PAR  The annular spacing between the inner tube 12 and the outer tube 10 is
      maintained by the relative support provided each tube by tee 16 and by the
      proper seating of spray nozzle 20 on the inner tube 12 and within the
      outer tube 10.
PAR  In operation, liquid fuel flows through the central passageway 34 of the
      inner tube discharging through central port 26 of spray nozzle 20. An
      atomizing fluid enters annular space 14 through inlet 18 and passes
      through atomizing ports 28 impining on the liquid fuel atomizing it within
      chamber 30. Inasmuch as the atomizing fluid, which is normally steam,
      flows in the annular passageway 14, it provides an insulating layer
      between the fuel and the hot-blast air of the tuyere, preventing the
      liquid fuel from reaching coking temperatures while flowing in the lance.
      This insulation quality prevents plugging of the nozzle. The lance cooling
      quality imparted by the steam also makes it unnecessary for the fuel
      injection lance to be removed from the tuyere during furnace backdrafting.
PAR  Although the angle A between the jets of atomizing fluid and the centerline
      of the inner tube, which is also the centerline of the liquid fuel stream
      exiting the inner tube 12, may vary from about 30.degree. to about
      60.degree., it has been found that the optimum atomizing angle A is
      45.degree..
PAR  The atomization chamber 30 may vary from 1/4 inch to 2 inches in length.
      The optimum chamber length appears to be about 1/2 inch to obtain the
      proper fuel flow rate.
PAR  Good fuel atomization is achieved when our invented apparatus is operated
      at a ratio of atomizing fluid to fuel equal to or greater than one pound
      per gallon. This fluid to fuel ratio gives a velocity ratio of at least 35
      to 1. The atomizing fluid velocity can vary from 20 to 50 times that of
      the fuel velocity. the atomizing fluid velocity is determined as it exits
      the atomizing port 28. Although increased fuel atomization is obtained as
      the atomizing fluid to liquid fuel velocity ratio is increased, the
      velocity ratio cannot exceed forty, or the injection plume will impinge on
      the opposite sides of the blowpipe and the tuyere. If it comes into
      contact with the water-cooled tuyere, it can coalesce and run out of the
      furnace between the tuyere and the tuyere cooler. Also, the fuel will
      accumulate in the tuyere which results in its blockage.
PAR  It is readily apparent from the above that we have invented an apparatus
      for atomizing and injecting liquid fuel into a furnace which achieves
      better liquid fuel atomization than devices used heretofore; which
      apparatus is not subject to plugging; and which apparatus atomizes liquid
      fuel substantially completely prior to discharging the fuel into a
      metallurgical furnace.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid fuel injector for atomizing liquid fuel prior to admixture with
      hot air introduced into a blast furnace through a hot blast pipe, said
      apparatus comprising:
PA1  a. a cylindrical outer tube penetrating said hot blast pipe with its
      discharge end in open communication with the interior of said pipe;
PA1  b. an inner tube concentrically disposed in said outer tube in spaced
      relation from the wall thereof;
PA1  c. said outer and inner tubes cooperating to define concentric axial and
      annular passages through said apparatus;
PA1  d. a spray nozzle attached to the discharge end of said inner tube and
      having an outer peripheral edge contiguous with the inner surface of said
      outer tube to separate said annular passage from said axial passage;
PA1  e. said spray nozzle being axially spaced from the discharge end of said
      outer tube to define a cylindrical atomization chamber adjacent thereto;
PA1  f. a cylindrical axial opening through said nozzle connecting said axial
      passage with said atomization chamber;
PA1  g. a plurality of circumferentially spaced atomizing openings through said
      nozzle in radially spaced relation to said axial opening, said atomizing
      openings connecting said annular passage with said atomization chamber;
PA1  h. means for supplying liquid fuel to said axial passage, and
PA1  i. means for supplying atomizing fluid to said annular passage.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said atomizing openings are
      inclined with respect to the longitudinal axis of said axial opening at an
      angle of between 30.degree. and 60.degree..
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said angle is 45.degree..
NUM  4.
PAR  4. Apparatus according to claim 1 in which said atomization chamber is from
      1/4 inch to 2 inches in longitudinal extent.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein the length of said atomization
      chamber is about 1/2 inch.
NUM  6.
PAR  6. Apparatus according to claim 1 in which said atomizing fluid is steam.
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ABST
PAL  A gas-spring comprises a two-part piston assembly, with an outer piston
      which slides axially between two stops with respect to the piston rod, a
      damping passageway, and a valve seat on the piston rod against which the
      sliding piston seats.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to gas springs, and, more particularly, to gas
      springs consisting essentially of a housing made of a cylindrical tube and
      a piston rod mounted coaxially for an axial movement past a seal in said
      housing, such rod supporting one guide piston and one damping piston, with
      asymmetric damping, the piston rod projecting out of one end of the
      housing and acting as a compressing cylinder, with at least one constantly
      open damping bore and at least one passageway being provided in the
      guiding and damping pistons, such passageway being open when the piston
      rod moves in one direction and closed when the piston rod moves in the
      other direction.
PAC  BACKGROUND OF THE INVENTION
PAR  In gas springs of this type, a great many guide and damping pistons are
      known, which are of such design that differently constructed guide and
      damping pistons are required for different housing diameters or different
      piston rod diameters.
PAR  This approach has many obvious disadvantages. Thus, many sizes of pistons
      must be fabricated, each size having an outer diameter corresponding to
      the inner diameter of a different cylinder. Besides providing increased
      cost of manufacture due to the necessity of making so many different sizes
      of pistons, there are additional warehousing problems and quality control
      problems.
PAR  Other problems in these gas springs have included an overly complex
      construction, occasional difficulties maintaining good guidance of the
      sliding piston within the cylinder, and occasional problems from binding
      of the piston rod causing leakage of gas from the cylinder.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, an object of the invention to overcome defects in the
      prior art, such as indicated above.
PAR  It is another object to provide for improved gas springs.
PAR  Another object of the invention is to construct a gas spring of the type
      described above such that the guide and damping pistons can be inserted
      with only minor changes, even for different housing or piston rod
      diameters.
PAR  The objects are achieved according to the invention by providing a guide
      and damping piston means consisting of a sliding piston mounted coaxially
      on the piston rod between two stops and axially displaceable along the
      internal wall of the housing in a guiding fashion, and a valve body
      fastened axially on the piston rod at least in the direction of the
      internal chamber of the housing, serving as a stop for the sliding piston,
      with the valve body and sliding piston being in contact with each other
      via corresponding valve seat surfaces and with at least one passageway
      being provided in the sliding piston behind the matching valve seat
      surface.
PAR  With the design of the guide and damping pistons according to the present
      invention, a reliable, asymmetric damping is achieved. If the diameter of
      the housing is changed, only the outside diameter of the sliding piston
      need be changed. If the piston rod diameter changes, only the segment of
      the piston rod which supports the sliding piston and the valve housing
      need be brought to the corresponding size. Since the sliding piston has a
      relatively large axial length with respect to other, conventional sliding
      pistons, i.e., the known plate-shaped pistons, particularly good guidance
      is ensured. In addition, automatic assembly is possible, since only parts
      mounted concentrically with respect to the piston rod axis are provided
      and no springs are used and so there is no need for automatic guiding
      devices.
PAR  The second stop for the sliding piston can be provided in a particularly
      simple fashion by a retaining ring which fits into an annular groove in
      the piston rod. By this means, the assembly is likewise considerably
      simplified. When the second stop is in an expanded segment of the bore of
      the internal bore of the sliding piston, especially when the sliding
      piston is formed by a retaining ring, it is ensured that the sliding
      piston will not strike the fastening element of the piston rod seal when
      the piston rod is fully extended.
PAR  If, according to a further advantageous feature of the invention, the valve
      body is fastened axially with respect to the internal space of the housing
      by a retaining ring which fits into an annular groove in the piston rod,
      on the one hand the assembly of the valve body is simplified and on the
      other hand, especially in comparison to riveting of the piston, bending of
      the piston rod is reliably prevented, which also means that leakage of the
      housing in the vicinity of the piston rod seal is reduced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further advantages and features of the invention follow from the
      description of sample embodiments based on the drawings.
PAR  FIG. 1 shows a gas spring according to the invention, in lengthwise
      section;
PAR  FIG. 2 shows the guide and damping pistons of the gas spring according to
      FIG. 1 on an enlarged scale;
PAR  FIG. 3 shows a guide and damping piston in modified form, likewise on an
      enlarged scale, in a lengthwise section; and
PAR  FIG. 4 is a cross-section along section line IV--IV in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  The gas springs shown in the drawing consist essentially of a tubular or
      cylindrical housing 1, which is long with respect to its diameter, and is
      therefore slender; the housing is preferably made of a drawn steel tube. A
      piston rod 2, acting as a compressing piston, is mounted coaxially in
      housing 1, the piston rod also having a cylindrical cross section. The
      axis of the piston rod therefore coincides with the axis 3 of housing 1.
      The housing is sealed by means of a known multiple-lip seal 4 at the end
      (at the top of the drawing) from which the piston rod emerges from housing
      1; the seal 4 has its lips 5 resting against the absolutely smooth surface
      of piston rod 2. The outer circumference 6 of lip seal 4 also effects a
      seal against the internal wall 7 of the housing 1, so that an absolutely
      tight closure of the housing 1 at the end from which the piston rod 2
      emerges is achieved by this seal, which is of homogeneous construction and
      is therefore not protected.
PAR  At its end face, which rests against the internal chamber 8 of housing 1,
      the lip seal 4, whose length is approximately equal to its outside
      diameter, is fastened axially in place within the housing 1 by means of a
      cylindrical annular holding element 9. The diameter of the bore 9' of the
      fastening element is somewhat larger than the diameter of piston rod 2, so
      that the rod 2 does not contact and is not guided in the fastening element
      9. The fastening element 9 has a radially recessed annular groove shaped
      depression 10 on its outside circumference which is in contact with
      internal wall 7 of the housing 11; a snap ring 11, i.e., an elastically
      deformable ring, is associated with and rests within the depression 10.
      The internal wall 7 of the housing 1 is provided with a corresponding
      annular groove, likewise recessed radially, into which snap ring 11 also
      fits.
PAR  The axial lengths of recess 10 and annular groove 12 are the same and of
      such size that snap ring 11 has practically no axial play when located
      within the recess 10 and the annular groove 12, so that the fastening
      element 9 is held in housing 1 with no axial play. The radial depth of
      annular recess 10 is at least as great as the radial width of snap ring
      11, so that the snap ring can elastically deform and retreat completely
      into the recess 10 when the fastening element 9 is shoved into housing 1;
      then, when the recess 10 and the annular groove 12 line up radially, the
      ring 11 snaps into the annular groove 12 under elastic expansion, thus
      producing a permanent connection between the fastening element 9 and the
      housing 1 at this point.
PAR  In the illustrative embodiment shown in FIGS. 1 and 2, the seal 4 is
      fastened axially at its outer end face by a similar, somewhat cylindrical
      annular guide element 13. This guide element 13 has its internal bore 14
      fitting tightly against piston rod 2, so that piston rod 2 is guided
      radially in the guide element 13, and so that no contamination can enter
      the seal 4 from the outside. The guide element 13 is made preferably of a
      thermoplastic, i.e., elastic plastic, with good sliding characteristics
      with respect to steel, e.g., a polyolefin or PTFE or the like.
PAR  The guide element 13 is mounted axially in the housing in theoretically the
      same fashion as the fastening element 10. An annular recess 15 is provided
      on the cylindrical outer circumference of the guide element 13, the radial
      depth of such recess 15 being at least equal to the annular width of a
      snap ring 16 associated with this recess, the snap ring 16 being likewise
      practically free of axial play in the recess. The snap ring 16 fits into
      an annular groove 17 in the internal wall 7 of the housing. This annular
      groove 17 is different from the annular groove 12 by the fact that its
      side wall, resting against internal chamber 8 of the housing 1, is tapered
      outwardly from the bottom of the annular groove in the form of a truncated
      cone, so that a tapered surface 18 is formed to facilitate assembly of the
      device.
PAR  The internal wall 7 of the housing 1 has a similar taper 19' at its edge
      19, which taper expands toward such edge also to facilitate assembly. The
      housing 1 is not plastically deformed in the entire area of the seal or
      over its length, i.e., it has a cylindrical outside surface which is
      completely rectilinear. The guide element 13 is formed in such fashion
      that it covers the edge 19 of the housing 1 with a shoulder 20, so that a
      clean and smooth closure of the gas spring is effected at this end.
PAR  The axial spacing of fastening element 9 and guide element 13 is such that
      the seal 4 is compressed axially to a desired degree, so that it is
      pressed radially by virtue of its elastic properties with a desired preset
      tension, on the one hand against the internal wall 7 of the housing 1 and
      on the other hand with its lips 5 against piston rod 2. The seal 4
      consists of an elastic material, preferably polyurethane known by the
      registered trademark of "Vulkollan".
PAR  At the free end face of the fastening element 9, an annular shock absorber
      36 made of rubber is provided, which prevents a hard impact of a sliding
      piston 22 against the fastening element 9 when the piston rod travels
      outwardly from the housing 1.
PAR  A guide piston 21 is mounted on the inner end of piston rod 2, such piston
      21 consisting primarily of the sliding piston 22 and a valve body 23. The
      sliding piston 22 is made in a cylindrically annular shape and rests with
      its outer surface 24 against the internal wall 7 of the housing 1 with a
      small amount of play. Its internal bore 25 is coaxial with the piston rod,
      which it likewise accepts with a slight amount of play. On its side facing
      the seal 4 and the chamber 8a, the bore 25 has an increased bore section
      26, whose diameter is sufficiently large to accept a retaining ring 27,
      which fits into a corresponding annular groove 28 on the piston rod 2. In
      the bore section 29 of the internal bore 25 which rests against the piston
      rod 2, several axially parallel passages 30 are provided, which terminate
      in the expanded section 26 of the bore.
PAR  At the end of the sliding piston 22 which terminates in the internal
      chamber 8b of the housing 1, an expansion in the shape of a truncated cone
      is provided which serves as a valve seat 31, against which the valve body
      23 can rest with an appropriate valve seat surface 32. When the valve body
      23 and the sliding piston 22 with its valve seat surfaces 31 and 32 are in
      contact, the passages 30 are closed. In addition, an additional diagonal
      damping bore 33 is provided in the sliding piston 22, which is not closed
      by valve body 23, and therefore permanently links the chambers 8a and 8b,
      in the housing 1, which are on both sides of guide piston 21.
PAR  The valve body 23 is fastened axially on the piston rod 2 in the direction
      of the internal chamber 8 of the housing 1 by means of a retaining ring 35
      in an annular groove 34 on the piston rod to prevent the valve body 3 from
      sliding down off the piston rod 2. In addition, it is advantageously
      mounted without radial play on piston rod 2.
PAR  The housing 1 is closed at the end opposite the seal 4 in such a fashion
      that the edge 37 of the housing is flanged and fastened in a gas-tight
      manner coaxially with a threaded pin 38, so that a closure element 39 of
      any form desired, such as an eye or an element in the shape of spherical
      segments, can be fastened by means of a corresponding threaded bushing 40.
      At the opposite free end of piston rod 2 a closure element 41 is fastened
      in a similar fashion. By providing spherical-segment-shaped closure
      elements 39, 41, it is ensured that no bending moments can be transmitted
      to the housing 1 or the piston rod 2, so that leakage of the seal 4 is
      prevented at this end as well, which might be caused by uneven radial
      stress.
PAR  The assembly and method of operation of the gas spring is as follows:
PAR  Beginning at the end of the piston rod 2 located in the internal chamber 8
      of the housing, the guiding element 13 with snap ring 16 is first threaded
      onto the piston rod, followed by the lip seal 4 (not yet prestressed),
      then the fastening element 9 with the snap ring 11 and finally the shock
      absorber 36. The sliding piston 22, followed by the valve body 23, is slid
      onto the piston rod 2, with the two parts being pushed until the sliding
      piston 22 is located at the transition from the expanded bore segment 26
      to the narrowed bore segment 29 at the retaining ring 27. Then the
      retaining ring 35 is snapped into annular groove 34.
PAR  This pre-assembled unit is then inserted into the housing 1 from the outer
      end 19, so that snap ring 11 is pushed into the recess 10 in the retaining
      element 9 by the taper 19' so that it does not protrude beyond the outside
      circumference of the fastening element 9. When this snap ring 11 comes to
      the first annular groove 17, it snaps into it. Because of the tapered
      surface 18, however, the fastening element can be pushed further, since
      snap ring 11 is again compressed by the tapered surface 18. When it comes
      to the next annular groove 12, it snaps into it permanently. When the
      guide element 13, with simultaneous axial compression of lip seal 4, is
      slid sufficiently far into the housing that recess 15 and annular groove
      17 line up, the snap ring 16 also snaps into this annular groove, so that
      the guide element is likewise protected permanently against axial sliding
      outwardly. The internal chamber 8 of the housing 1 is then filled in known
      fashion with compressed gas.
PAR  When the piston rod is pushed into the internal chamber 8 of the housing 1,
      the sliding piston 22, under the influence of the force of the gas and
      likewise the force of friction against internal wall 7 and outside surface
      24 of the sliding piston, rises from valve body 23 until its internal edge
      normally defining the base section 26 rests against the retaining ring 27.
      This allows gas to flow from the housing cavity 8b through the passage 33
      and between the valve seat surfaces 31 and 32 through passages 30 and the
      expanded bore section 26 into the chamber 8a.
PAR  On the other hand, if the release of stress from piston rod 2 causes the
      latter to be pushed out of the housing 1, the sliding piston 22 with its
      valve seat 31 is pressed against valve seat surface 32 of valve body 23,
      so that passages 30 are closed and gas can only flow through damping bore
      33. The gas spring therefore exerts a greater damping effort when the
      piston rod travels outwardly than when the piston rod is shoved into the
      housing.
PAR  In the sample embodiment according to FIG. 3, a piston rod 2 is shown with
      a larger diameter than in the sample embodiments shown in FIGS. 1 and 2.
      In this case, a pin 42, which has the diameter of the piston rod in FIGS.
      1 and 2, is screwed into the inner end of piston rod 2. The connection
      formed by the transition from piston rod 2 to pin 42 now serves as a stop
      for the sliding piston 22, so that the retaining ring 27 and annular
      groove 28 of the FIG. 1 embodiment can be omitted.
PAR  On the outside surface 24 of the sliding piston 22, in either embodiment,
      lubricating grooves 44 can be provided so that the friction between
      sliding piston 22 and the internal wall 7 of housing 1 can be reduced to a
      minimum.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to what is shown in the drawings and
      described in the specification.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a gas spring having a housing formed by a cylindrical tube and a
      piston rod which acts on compressing piston and is mounted coaxially in
      said housing, said piston rod supporting a guide and damping piston means
      with asymmetric damping, said rod protruding from one end of the housing
      and being provided with a seal, said guide and damping piston means having
      at least one constantly open damping passageway and at least one
      passageway which is open when the piston rod travels in one direction and
      closed when the piston rod travels in the other direction, the improvement
      wherein:
PA1  said guide and damping piston means comprises a sliding piston coaxial with
      said piston rod and displaceable axially along said rod between two stops,
      said sliding piston resting in a guiding fashion on the internal wall of
      said housing, and
PA1  a valve body on said piston rod and maintained from coming off the end of
      said piston rod, said valve body facing the internal chamber of the
      housing and serving as one of said two stops for said sliding piston,
PA1  said valve body and said sliding piston having complementary corresponding
      valve seat surfaces, and said passageway open when said piston rod travels
      in one location and closed when said piston rod travels in said other
      direction being located in said sliding piston behind its complementary
      valve seat surface.
NUM  2.
PAR  2. A gas spring according to claim 1, wherein the second of said stops
      comprises a fastening ring retained in an annular groove on said piston
      rod.
NUM  3.
PAR  3. A gas spring according to claim 1, wherein the second of said stops
      comprises an expanded segment of said sliding piston.
NUM  4.
PAR  4. A gas spring according to claim 1, wherein said valve body is maintained
      from coming off the end of said piston rod by a retaining ring which fits
      into an annular groove in said piston rod.
NUM  5.
PAR  5. A gas spring according to claim 1, wherein said complementary
      corresponding valve seat surfaces are frustroconical in shape.
NUM  6.
PAR  6. A gas spring comprising a housing formed by a cylindrical tube and a
      piston rod which acts as a compressing piston, mounted coaxially in said
      housing, supporting a guide and damping piston with asymmetric damping,
      said rod protruding from one end of the housing while being provided with
      a seal, with at least one constantly open damping passageway and at least
      one passageway which is open when the piston rod travels in one direction
      and closed when the piston rod travels in the other direction being
      provided in the guide and damping pistons,
PA1  the guide and damping pistons consisting of a sliding piston coaxially
      displaceable between two stops, resting in a guiding fashion on the
      internal wall of said housing and a valve body fastened axially at least
      to the piston rod in the direction of the internal chamber of the housing
      and serving as a stop for the sliding piston, with the valve body and
      sliding piston being connected by matching corresponding valve seat
      surfaces, and in which at least one passageway is provided in the sliding
      piston behind the matching valve seat surface, said last mentioned
      passageway corresponding to said one passageway which is open when the
      piston rod travels in one direction and closed when the piston rod travels
      in the other direction.
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ABST
PAL  A holder includes a first clamp and a second clamp, the first clamp having
      a first extension and the second clamp having a second extension, and
      gripping means having an opening defined therein for receiving the first
      and second extensions. The opening within the gripping means is of
      variable size so as to permit rotation of the first and second clamps when
      the opening is not constricted and to prevent rotation of either the first
      or second clamps when the opening is constricted, means also being
      provided to vary the size of the opening within the gripper means.
      Frictionless washers are interposed between the gripping means and the
      clamps and the extensions are spaced from each other, even when assembled,
      so as to facilitate the angular adjustment of the clamps and the
      workpieces held thereby, the stable support of the device nevertheless
      being maintained due to the interaction between the gripping means and the
      clamp extensions.
PARN
     CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a Continuation application of Application Ser. No. 390,346 filed
      Aug. 22, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates generally to a holder and more particularly
      to a holder which includes two clamps which operate independently of each
      other and which may be rotated with respect to each other and locked in a
      desired position.
PAR  2. Description of the Prior Art:
PAR  Although numerous clamping or holding devices are known, there appears to
      be a substantial need for a clamping or holding device which is able to
      hold more than one workpiece and wherein the workpieces are easily
      angularly adjustable with respect to each other while being stably
      supported by the holding device.
PAR  While some conventional holding devices are able to simultaneously support
      more than one workpiece, such devices suffer from various disadvantages,
      such as, for example, the fact that means are not provided for permitting
      the workpieces to be angularly adjusted with respect to each other whereby
      the circumstances under which such devices are capable of being utilized
      are necessarily limited, or while other types of devices may in fact
      include means permitting such angular adjustability, the devices include
      additional structure which is quite complex for adequately supporting the
      workpieces and the adjustable structure thereof. Such additional structure
      of course renders the assembly of the devices substantially difficult and
      the manufacture of such devices considerably expensive.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved holding device.
PAR  Another object of the present invention is to provide an improved holding
      device which is quite simple in structure, easy to assemble, and quite
      inexpensive to manufacture.
PAR  Still another object of the present invention is to provide an improved
      holding device which is able to support a plurality of workpieces.
PAR  Yet another object of the present invention is to provide an improved
      holding device wherein the supported workpieces may be angularly adjusted
      with respect to each other and subsequently fixed in a predetermined
      angular disposition relative to one another.
PAR  Yet still another object of the present invention is to provide an improved
      holding device wherein the angular adjustment of the workpieces is readily
      facilitated yet the stable support of the workpieces is always maintained.
PAR  The foregoing objectives are achieved according to the present invention
      through the provision of the holding device which includes a first and
      second clamp, the first clamp having a first extension and the second
      clamp having a second extension, and gripping means having an opening
      defined therein for receiving the first and second extensions. The opening
      within the gripping means is of variable size so as to permit rotation of
      the first and second clamps when the opening is not constricted and to
      prevent rotation of either the first or second clamps when the opening is
      constricted, means also being provided to vary the size of the opening
      within the gripper means. Frictionless washers are interposed between the
      gripping means and the clamps and the extensions are spaced from each
      other, even when assembled, so as to facilitate the angular adjustment of
      the clamps and the workpieces held thereby, the stable support of the
      device nevertheless being maintained due to the interaction between the
      gripping means and the clamp extensions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features, and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings, in which like reference
      characters designate like or corresponding parts throughout the several
      views, and wherein:
PAR  FIG. 1 is an isometric exploded view of the holder of the present
      invention; and
PAR  FIG. 2 is a side elevation view partly in cross-section of the central
      portion of the holder in fully assembled form.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and more particularly to FIG. 1 thereof, the
      holder of the present invention is shown as comprising two oppositely
      disposed clamps 10 and 46 which may be identical, as shown, or
      alternatively, this need not be the case. Clamp 10 is substantially
      U-shaped and comprises portions 12, 14 and 16 with portions 12 and 16
      being generally perpendicular to surface 14. In a like manner, portions
      48, 50 and 52 comprise substantially U-shaped clamp 46 with portions 48
      and 52 being generally perpendicular to surface 50.
PAR  With reference to clamp 10, a threaded rod 24 having a head 28 and a manual
      grip 26 is disposed within a threaded opening, not shown, within portion
      or leg 16 while a threaded rod 54 having a head 56 and a manual grip 58 is
      similarly disposed within a threaded opening 60 provided within member 48.
PAR  As is evident from FIG. 1, an object may thus be securely held between head
      28 and the interior surface of member 12 by applying pressure thereto as a
      result of threadedly rotating rod 24. In like manner, another object may
      also be held between head 56 and the interior surface of member 52 by
      applying pressure thereto as a result of rotation of rod 54.
PAR  Integrally mounted to the exterior surface of member 14 is an axially
      extending disc-type extension 17 which is comprised of a radially
      extending planar surface 18 and a perimetrical surface 20, the surfaces
      meeting at a rounded edge interface 22. Similarly, extension 62 is
      integrally mounted to the exterior surface of member 50.
PAR  A dowel 32 is centrally located within surface 18 of extension 17 and
      protrudes therefrom in an axial direction. Dowel 32 is adapted to be
      received within an opening 72 provided within extension 62 and functions
      to align extension 17 with extension 62.
PAR  A split ring 34 includes a threaded bore 36 within one end thereof and a
      non-threaded bore, not shown, aligned therewith at the other end of the
      split ring and centrally defined within split ring 34 is an opening 63
      which is comprised of annular sections 64 and 66 and an annular groove 68
      interposed between sections 64 and 66.
PAR  With reference now being made to FIG. 2, extensions 17 and 62 are
      circumscribed by split ring 34 and this, of course, requires that split
      ring 34 be constructed of a material that is somewhat flexible. A threaded
      rod 40 is disposed within the non-threaded bore, not shown, and the
      threaded bore 36 within split ring 34 so as to threadedly engage the
      latter bore and thereby permit rotation of a handle 42 and rod 40 relative
      to ring 34 in order to constrict the ring 34 and alter the size of opening
      63 defined by split ring 34. A relatively frictionless nylon washer 38 is
      interposed between control handle 42 and split ring 34 in order to
      facilitate rotation of control handle 42 with respect to split ring 34.
PAR  As best shown in FIG. 2, opening 63 is comprised of annular sections 64 and
      66 and an annular groove 68, sections 64 and 66 being inclined at an angle
      of approximately 15 degrees toward groove 68, and in order to provide a
      complimentary fit between ring 34 and extensions 17 and 62, it is noted
      that the side surfaces of extensions 17 and 62 are similarly inclined at
      approximately 15.degree., extensions 17 and 62 having the configuration of
      a truncated cone. It is also to be noted that within the assembled
      position, end surface 18 of extension 17 does not abut or contact the end
      surface, not numbered, of extension 62, even when the ring 34 is fully
      tightened.
PAR  Rotation of clamp 10 about the central axis of extension 17 is facilitated
      by the provision and interdisposition of a relatively frictionless annular
      nylon washer 30 between the annular shoulder portion of member 14 defined
      about extension 17 and between split ring 34 and similarly, rotation of
      clamp 46 about the central axis of extension 62 is likewise facilitated by
      the provision of a relatively frictionless, annular nylon washer 44
      similarly interposed between split ring 34 and the annular shoulder
      portion of member 50 defined about extension 62. It is readily apparent
      therefore that the two clamps are held in fixed relative positions as a
      result of the pressure brought to bear upon and between the shoulder
      portion of member 14, nylon washer 30, ring 34, nylon washer 44, and the
      shoulder portion of member 50, yet the clamps are readily adjustable when
      split ring 34 is slightly enlarged due to the disposition of washers 30
      and 44 as well as the space or gap defined between end surface 18 of
      extension 17 and the end surface, not numbered, of extension 62.
PAR  As noted heretofore, dowel 32, which is integrally attached to extension 17
      and which is adapted to be disposed within opening 72 defined within
      extension 62, maintains clamps 10 and 46 in accurate alignment while
      nevertheless permitting rotation with respect to each other. In addition,
      extension 17 and 62 with their angled surfaces are maintained in alignment
      by means of the complimentarily angled surfaces 64 and 66 of split ring
      34. It is quite easy to lock clamps 10 and 46 in their desired relative
      angular position, once such position has been attained, by constricting
      the circular opening defined by split ring 34 as a result of rotating
      control handle 42 so as to cause the split portions of split ring 34 to be
      drawn toward each other.
PAR  Thus, it may be seen from FIGS. 1 and 2 that the holder of the present
      invention provides a very effective means for uniting two clamps so that
      they are freely rotatable with respect to each other but which are
      nevertheless stably maintained in alignment with each other and which are
      able to be securely locked in a predetermined position at a predetermined
      angular relationship with respect to each other.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is to be understood therefore
      that within the scope of the appended claims the present invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. Holding means comprising:
PA1  a first clamp having a first extension means integrally formed therewith;
PA1  a second clamp having a second extension means integrally formed therewith;
PA1  variable sized means for rotatably gripping said first and second extension
      means whereby said first and second clamps are rotatably secured together
      so as to be angularly adjustable with respect to one another when said
      variable sized means is of a first size, and for fixedly gripping said
      first and second extension means whereby said first and second clamps are
      fixedly secured together at a selected angular position with respect to
      one another when said variable sized means is of a second size which is
      smaller than said first size;
PA1  said first and second extensions and said variable sized means being
      axially aligned;
PA1  said first and second extensions being spaced apart from each other by said
      variable sized means so as to define a gap therebetween when said
      variable-sized means is either of said first or second size;
PA1  a first washer interposed between said variable-sized means and said first
      clamp;
PA1  a second washer interposed between said variable-sized means and said
      second clamp; and
PA1  means for varying said size of said variable sized means
PA1  whereby the adjustability of said holding means and said clamps relative to
      one another is facilitated by said washers and said gap defined between
      said extensions, yet said clamps are stably supported with respect to each
      other by said variable sized gripping means.
NUM  2.
PAR  2. Holding means in accordance with claim 1 wherein:
PA1  said variable sized means is a split ring, said split ring having a
      threaded bore at one end and a non-threaded bore at the other end, and a
      threaded rod is disposed within said threaded and non-threaded bores which
      when tightened constricts the opening of said split ring.
NUM  3.
PAR  3. Holding means in accordance with claim 2 wherein:
PA1  said opening of said split ring is defined by means of annular sections,
      said first and second extensions each having substantially the shape of a
      truncated cone and being simultaneously disposed within said annular
      sections.
NUM  4.
PAR  4. Holding means in accordance with claim 3 wherein:
PA1  said annular sections comprise two angled halves; and
PA1  said first and second extensions are similarly angled so as to permit said
      first and second extensions to be complimentarily disposed within and with
      respect to said two angled halves within said opening.
NUM  5.
PAR  5. Holding means in accordance with claim 3 wherein:
PA1  said annular sections comprises two angled halves with each half inclined
      at an angle of substantially 15.degree.; and
PA1  said first and second extensions are similarly inclined at an angle of
      substantially 15.degree. so as to permit said first and second extensions
      to be complimentarily disposed within and with respect to said two angled
      halves within said opening.
NUM  6.
PAR  6. Holding means in accordance with claim 5 further comprising:
PA1  a dowel rididly affixed to said first extension; and
PA1  an opening defined within said second extension for receiving said dowel,
PA1  whereby said clamps are maintained aligned with respect to each other.
NUM  7.
PAR  7. Holding means in accordance with claim 1 wherein:
PA1  said first and said second washers are nylon.
NUM  8.
PAR  8. Holding means in accordance with claim 7 wherein said first and second
      clamps each comprise:
PA1  a first surface, a second surface and a third surface, said first and third
      surfaces being substantially perpendicularly disposed to said second
      surface;
PA1  a threaded opening defined within said first surface; and
PA1  a threaded rod passing through said threaded opening so that an object may
      be clamped between said rod and said third surface.
NUM  9.
PAR  9. Holding means in accordance with claim 8 wherein:
PA1  said second surface of said first clamp is integral with said first
      extension; and
PA1  said second surface of said second clamp is integral with said second
      extension.
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ABST
PAL  Method and apparatus for forming continuous form sets comprising one or
      more individual form sheets joined to linearly attached bottom sheets in
      overlying relationship, the bottom sheets being processed from a
      continuous web supply and advanced sequentially through a processor with
      intermittent, unidirectional motion, the individual form sheets being
      secured to each bottom sheet in synchronism with the bottom sheet motion
      in aligned, overlying relationship at one or more form set assembly
      stations, the assembled form sets being folded and collected synchronously
      with the processing and assembly operations. Individual stock material
      supplies in the form of continuous length rolls or otherwise are provided
      in association with each assembly station, there being a stock supply for
      each individual form sheet in each form set, each form sheet of each set
      being cut from its own supply and accelerated towards its respective
      assembly station to enable the intermittent joining of individual form
      sheets to the bottom sheets while the stock supply is continuously and
      uninterruptedly fed to the sheet cutter. Suitable perforating, printing,
      glue line applying, indexing and advancing means are provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Manufacturing of continuous form sets, also called "chain-sets" or
      "snap-band sets" is usually carried out in four separate operation stages,
      namely:
PAR  1. PRINTING AND PROCESSING OF INDIVIDUAL FORM SHEETS;
PAR  2. COMPILING AND GLUING THE INDIVIDUAL FORM SHEETS TO OBTAIN INDIVIDUAL
      FORM SETS;
PAR  3. PROCESSING A CONTINUOUS BOTTOM FORM SHEET, INVOLVING USUALLY PRINTING
      AND PERFORATING THE BOTTOM SHEET TO PROVIDE INDEXING/ADVANCING HOLES AND
      FOLD/TEAR LINES; AND
PAR  4. ASSEMBLING AND GLUING UP THE PREPARED INDIVIDUAL FORM SETS ALONG THE
      CONTINUOUS BOTTOM FORM SHEETS IN A LONGITUDINALLY SPACED MANNER.
PAR  Each operation stage utilizes one special machine and one or more
      operators. The plurality of machines consumes much space, as does the need
      for storage of intermediate products. The efficiency of the above recited
      process usually will be less than one fourth of the average efficiency of
      one of the machines used in such a process, since a great deal of time is
      consumed in loading and unloading the intermediate products between the
      machines.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has as its objective overcoming the disadvantages
      associated with the known prior art process for making continuous form
      sets. The invention comprises a process and apparatus for continuously
      carrying out in one system the manufacture of continuous form sets which
      comprise one or more individual form sheets secured to linearly attached
      bottom sheets in overlying relationship, the bottom sheets being processed
      from a continuous web supply and advanced through the processor with
      intermittent unidirectional motion. The continuous bottom sheets may be
      processed in any desired manner including printing and perforating. The
      individual form sheets are themselves processed and advanced to one or
      more form set assembly stations where they are aligned in registry with
      each bottom sheet and joined thereto and to each other in overlying
      relationship.
PAR  The individual form sheets themselves are preferably processed from
      individual roll stock supplies, a supply being provided for each
      individual form sheet in a set, the processing operation including
      selectively printing, perforating, cutting to size and applying glue lines
      to desired individual sheets as they are fed to their respective assembly
      stations. For example, two assembly stations may process a pair of
      individual form sheets from their individual stock supplies, whereby a
      form set comprising four individual form sheets and a respective bottom
      sheet is obtained. If the form sets are made up from writing paper and
      carbon paper stock, the individual form sheet next adjacent the bottom
      sheet is carbon stock and has applied thereto along opposite surfaces
      thereof a glue line for enabling its being secured to the bottom sheet and
      for securing the next above individual form sheet to the form set
      assembly. Glue lines are provided on carbon sheets at each assembly
      station whereby the individual form sheets are secured to the bottom sheet
      and to each other throughout the form set assembly. Of course, if
      "carbonless" transfer sheets are used, then a glue line would only need to
      be provided on opposite surfaces of the individual form sheet next
      adjacent the bottom sheet and alternate form sheets thereabove to obtain
      the assembled, joined form sets.
PAR  The individual form sheets are advanced to each assembly station in
      synchronism with the intermittent advancing motion of the joined, bottom
      form sheets whereby the individual form sheets are attached to their
      respective bottom form sheet while the latter is at rest in the respective
      assembly station.
PAR  The invention further contemplates a system whereby the individual roll
      stock supplies which ultimately become the individual form sheets in the
      assembled form sets are continuously fed uninterruptedly to a cutter means
      which cuts individual form sheets to size from their respective stock
      supply and an accelerating means for advancing the cut sheets towards
      their respective assembly stations whereby they may be intermittently
      joined to their respective bottom sheets without requiring interruption of
      the continuous feed motion of the individual stock supplies to the cutting
      means. Moreover, as suggested above, a preliminary assembly of pairs of
      individual form sheets may be carried out in advance of their being fed to
      their respective assembly stations whereby two or more individual form
      sheets may be advanced in overlying, aligned relationship to their
      respective assembly station for joining with a bottom sheet.
PAR  The invention further contemplates the placement of the individual sheet
      processing and advancing means towards either side of the assembly line
      along which the joined bottom sheet are advanced. This results in great
      economy of space since the assembly stations may then be located closely
      together along the assembly line without crowding the individual form
      sheet processing apparatus.
DRWD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Description of the Drawings
PAR  FIG. 1 is a schematic elevational view of continuous form sets being
      assembled;
PAR  FIG. 2 is a plan view of FIG. 1;
PAR  FIG. 3 is a schematic elevation view of the apparatus of this invention
      used to produce the continuous form sets;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary view showing the individual form sheets processing
      and advancing means shown in FIG. 4 in an enlarged scale; and
PAR  FIG. 6 is a view taken along line 6--6 of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference of FIG. 1, continuously joined bottom form sheets 010 are
      advanced to a first assembly station A where individual form set sheets
      111,112 are supplied in overlying relationship to the bottom sheet 010.
      The bottom sheet is next advanced to assembly station B where additional
      individual form set sheets 211,212 are joined to the first assembled form
      sheets 111,112. The bottom form sheet 010 is advanced in the direction of
      the illustrated arrows which corresponds to the longitudinal direction of
      the bottom form sheet 010 for purposes of this description. The advancing
      motion of the bottom sheet 010 is intermittent and unidirectional in the
      direction of the arrows, meaning that the bottom sheet 010 is advanced
      stepwise and is at rest between the stepwise movement. The individual form
      sheets 111,112,211,212 are joined to the bottom sheet or the previously
      assembled individual sheets at respective assembly stations while the
      lower sheet 111,211 of the form sheets is normally provided with a glue
      line G on opposite surfaces thereof along a top edge, whereby both the
      sheet 111 and the sheet 112 may be secured to each other and to the bottom
      sheet when they are joined to the latter in the first assembly station A.
      The alternate sheet 211 is also provided with a similar glue line G
      whereby all of the assembled sheets will be secured together when they are
      joined in their respective assembly stations.
PAR  As seen in FIG. 2, the bottom sheet 010 has been processed to provide
      individual bottom sheets which are intermittently advanced to the assembly
      stations A and B. The bottom sheets 010 have been provided with indexing
      and advancing holes 011 along one or two longitudinal edges thereof and
      further have been transversely provided with fold lines in the form of
      perforations P.sub.1. It will be evident from FIG. 2 that the individual
      form sheets 111,112,211,212 also have been provided with perforated tear
      lines P.sub.2 extending transversely across the form set. In this
      instance, it is contemplated that the sheets of the form set shown will be
      made up from "carbonless" or NCR type transfer paper, and therefore no
      carbon paper transfer sheets are needed in the form set. However, or any
      other form of transfer paper alternate sheets such as 111 and 211 could
      comprise carbon paper sheets in which instance the provision of
      perforations P.sub.2 in the individual form sheets may be selectively
      altered to meet the requirements of the particular form sets being
      produced. As can be observed in FIG. 2, the distances S between transverse
      fold lines P.sub.1 comprises a longitudinal extent of each bottom sheet,
      with the fold line comprising the edgewise juncture between the bottom
      sheets of each form set.
PAR  Obviously, the construction of the form sets may be altered such as, for
      example, one sheet only could be joined to a respective bottom sheet at
      each assembly station and, as another example, any number of assembly
      stations could be utilized to obtain the desired number of individual form
      sheets in a form set. The preferred embodiment is that illustrated in
      FIGS. 1 and 2 wherein a pair of individual form sheets are supplied to
      each assembly station A and B.
PAR  It is further contemplated within the scope of this invention that the
      individual form sheets will be supplied to assembly stations A and B from
      alternate directions as indicated by the arrows applied to the individual
      form sheets 112, 212 in FIG. 2. As will be made clearer below, the reason
      for this alternate supply of individual form sheets to their respective
      assembly stations is to enable a more compact arrangement of the
      individual form sheet processing and advancing apparatus, whereby the
      apparatus may be more closely spaced along the longitudinal direction of
      the bottom sheet, since the alternate arrangement of apparatus will enable
      the assembly stations to be located closely together while still enabling
      adequate room between the individual form sheets processing and advancing
      apparatus to enable proper inspection and maintenance of the equipment
      without overcrowding.
PAR  Obviously, for purposes of this description, the bottom sheets 010 are
      shown longer in their longitudinal dimension compared to their transverse
      dimension, but it should be understood that this is for illustrative
      purposes only and that it is contemplated as being within the scope of the
      present invention that the bottom sheets 010 and the individual form set
      sheets 111,112,211,212 could extend in a longer direction transversely
      than in the longitudinal direction, or could even be square.
PAR  Referring now to FIG. 3, the method and apparatus by which the bottom form
      sheets 010 are processed and advanced through the assembly stations to
      receive the individual form sheets thereon will be described. As seen in
      FIG. 3, continuous, elongated raw web material 002 is supplied from a roll
      001 and passes through guide rollers 020 into a bottom sheet processing
      unit 030. The bottom sheet processing station 030 may include, for
      example, a hole punch unit comprising punch and anvil members 031,032
      which provide indexing and advancing holes 011 (see FIG. 2) along one or
      more edges of the web material 002. Additional operations may be carried
      out on the web material 002 to result in the forming of individual bottom
      sheets 010 continuously joined edgewise along fold lines P.sub.1 (see FIG.
      2). A tray 033 may be provided to collect the punchings removed from web
      material 002. A first indexing and advancing means 040 includes means for
      engaging holes 011 in bottom sheets 010 for advancing said sheets
      positively and precisely in an intermittent, unidirectional manner into a
      web or bottom sheet guide 050 which guides the continuously joined bottom
      sheets 010 through the assembly stations to the second indexing and
      advancing means 060. The indexing and advancing means 060 operates
      synchronously with the indexing and advancing means 040 and the bottom
      sheet processing station 030 and the assembly stations A and B all operate
      synchronously with the intermittent advancing motion of the bottom form
      sheets 010. That is to say, certain operations may be applied to the
      bottom form sheets while they are at rest between intermittent advance
      movements. This will depend to a certain extent on the nature of the
      operation to be performed on the bottom sheets. For example, if the bottom
      sheet processing station 030 included a roller press machine for
      imprinting bottom sheets 010, such a printing operation would, as is
      conventional, be carried out while the sheet was in motion. On the other
      hand, a reciprocating punch and anvil means such as shown at 031,032 would
      require that the bottom sheet be at rest for accomplishing the hole
      punching operation. In any event, the individual form sheets are joined to
      their respective bottom sheets in the assembly stations A and B while the
      bottom sheet is at rest in its respective assembly station. The
      continuously joined bottom sheets are advanced to a folding mechanism 070
      and thereafter collected in zig-zag relationship in container 080. The
      folding mechanism 070 folds the bottom sheets along their fold lines
      P.sub.1 in a well known zig-zag manner. Suitable adjusting means are
      provided in the indexing and advancing means such as 040 and 060 to enable
      the increments of movement of web material 002 to be varied for obtaining
      different increments of length between fold lines P.sub.1 to thereby alter
      the longitudinal dimension of the bottom sheets 010 in accordance with
      desired design criteria of the assembled form sets.
PAR  It will be noted from FIG. 2 that preferably, the transverse dimension of
      the raw material 002 which is processed into the individual bottom sheets
      010 is the same as the transverse dimension of the bottom sheet. It should
      be clear that the most efficient processing of individual bottom sheets is
      obtained when the raw web material 002 conforms as closely as possible to
      the desired end form of the joined bottom sheets 010.
PAR  With reference to FIG. 4, there is illustrated a representative arrangement
      of a form set assembly station A which shows the end view of web guide 050
      and the bottom form sheets 010 being advanced therethrough in stepwise
      manner. The web guide 050 is provided with side edges 051,052, the purpose
      of which will be described below. For each individual form sheet to be
      assembled to a bottom sheet, there is provided a continuously advanced
      length of stock material which may be supplied from a roll. In this
      instance, individual form sheets 111,112 are provided with their own
      supply of stock material 102,104 from rolls 101,103, respectively.
      Preferably, the transverse dimension of stock material 102,104 extending
      into the paper as viewed in FIG. 4 will correspond to the longitudinal
      dimension of the individual form sheets as viewed in FIG. 2. A set of
      rotary printing devices 130,131 and 140,141 is provided for rotary
      printing with wrap-around letter press forms 132,142 which are supplied by
      the inking devices 133,143. The printing cylinders 130,131,140,141 are
      driven continuously with a uniform circumferential speed whereby each
      rotation of the printing cylinders may imprint a single individual form
      sheet on said stock material 102,104 as the material passes through the
      printing process. Feed rolls 153,154 continuously advance the stock
      material 102 from the press rollers to individual form sheet cutoff means
      150,151 which cut individual form sheets to size from stock material
      102,104.
PAR  The individually cut sheets then travel between conveyor belts 160,165 and
      170,175 which accelerate and advance the individual cut sheets to a chain
      gripper unit 190 which advances the sheets to the assembly station A. The
      leading edges of the cut individual form sheets 111,112 engage suitable
      gripper fingers 195 on advancing chain 191 in such a manner that a pair of
      sheets 111,112 is gripped substantially simultaneously by gripping fingers
      195, at which point the sheets are aligned and advanced to the assembly
      station in overlying, aligned relationship. At a suitable instant, gripper
      fingers 195 are released in their respective assembly stations to release
      sheets 111,112 over the web guide 050 and between the edges 051,052.
PAR  The inclined edge 052 will serve to guide the free edges of sheets 111,112
      onto the bottom sheet 010 and a straight vertical edge 051 of the web
      guide will insure registration of the sheets 111,112 with the bottom sheet
      010. It should be observed that the acceleration of the individual form
      sheets by means of conveyors 160,165, 170,175 enables the individual form
      sheets to be periodically advanced to their respective assembly stations
      and intermittently joined to a bottom sheet while the bottom sheet is at
      rest, all without requiring any interruption to the feed rate of the stock
      material 102,104 to certain portions of the individual form sheet
      processor, i.e., the printer and perforator.
PAR  With reference to FIGS. 5 and 6, the processing and advancing of an
      individual form sheet is shown in greater detail. The stock material 102
      is imprinted between rollers 130,131 and fed by driven feed rollers 153,
      154 through the cutting means comprising a driven knife drum 150 operating
      against a counter-knife 151. The circumferential speed of the feed rolls
      153,154 is equal to that of the cutting drum 150 and the printing
      cylinders 130, 131, 140 and 141. The leading edge of the stock material
      102 constitutes also the leading edge of the individual form sheet 111
      after it has been cut from the stock material and this leading edge as
      shown in FIG. 5 is advanced a predetermined distance between conveyor
      belts 160,165 prior to the cutoff of the sheet 11 from the stock material
      102. The conveyor belts 160,165 pass over driving and guide rollers
      161,163,166 and 168. Located between these guide and drive rollers are a
      pair of idler rollers 162,167 having a nip that is closely spaced whereby
      conveyor belts 160,165 are urged against each other at the nip with a
      desired force. On the other hand, rollers 161,166 are spaced apart a
      suitable amount to enable the leading edge of individual form sheet 111 to
      be introduced between the belts 160,165 with a minimum amount of advancing
      force being applied to the sheet 111. As sheet 111 is progressively
      advanced between the conveyor belts 160,165 by the drive rollers 153,154
      prior to the cutoff of the individual sheet 111 from the stock 102, an
      increasing amount of advancing force is applied to the sheet 111 in a
      frictional manner, the advancing force progressively increasing as the
      sheet 111 is fed further between the conveyor belts 160,165. Thus, at the
      moment of cutoff of sheet 111 from stock material 102 by cutter blade 150,
      the conveyors 160,165 which have already frictionally engaged at least a
      portion of sheet 111 proceed to advance a sheet completely through the
      conveyor and into engagement with gripping fingers 195 on the gripper
      advance mechanism 190. The rollers 162,161 of course, are suitably spaced
      from the cutter 150,151 so as to obtain the desired movement of sheet 111
      from the cutter to the gripper finger 195. The operation of the printing
      rollers 130,131, the feed rollers 153,154, the cutter 150,151, the
      conveyor belts 160,165, and the sheet advancing gripper unit 190 are all
      synchronized with the advancing movement of the bottom form sheet 010.
      Moreover, the advancing of sheet 111 by conveyor 160,165 is carried out at
      an accelerated rate with respect to the input feeding motion of stock
      material 102 to the cutter blade 150. This enables the stock material 102
      to be continuously fed to the cutter 150 at predetermined, continuous rate
      of motion while the sheets 111, after being cut from the stock material
      102, may be rapidly advanced in an accelerated manner to their respective
      assembly station whereby each sheet may be periodically joined to the
      bottom sheet 010 while the bottom sheet is at rest, all without
      interrupting the continuous feed rate of stock material 102 to the cutter
      150.
PAR  The glue line G (FIG. 1) is selectively applied to appropriate individual
      form sheets by means of two opposite dispenser jet systems 180, 181 which
      are controlled by a control system (not illustrated) which could comprise
      a timing wheel or cam system in combination with an appropriate
      microswitch and control circuitry. The timing or cam wheel could be driven
      by a cam shaft driven synchronously, for example, with the drive shaft of
      the cutter mechanism 150. Such a cam could bear one notch or cam on its
      periphery so as to actuate a microswitch in synchronism with the advancing
      movement of a sheet 111 whereby control of the dispensers 180,181 could be
      achieved to allow the timed flow of glue along the top edge of the sheet
      111 on opposite surfaces thereof. The flow of glue, of course, would be
      interrupted between the passages of individual form sheets between the
      glue dispensers 180,181. It should be noted that the provision of a
      differently contoured cam element or a cam driven at some multiple speed
      with respect to the cutter 150 could provide a dotted line gluing
      operation in combination with dispensers 180,181. Controllable gluing
      devices comprising manifold types of timing wheels and microswitches are
      available, for example, from Messrs. W. Hesselmann, Rosenheim, located in
      the Federal Republic of Germany. Such devices are readily available to
      those skilled in the art and the gluing device itself is considered to be
      conventional for purposes of this description. The glue or adhesive is
      preferably of the conventional rapid-setting cold adhesive material. The
      glue supply tank may be arranged higher than the glue dispensers whereby
      the force of gravity may effect the flow of adhesive to the dispensers,
      although this is a matter of choice.
PAR  FIG. 6 illustrates the arrangement of the feed rollers 153,154 and further
      illustrates an arrangement for providing tear line perforations P.sub.2
      (FIG. 2) along the top edge of individual form sheets 111,112,211,212. As
      seen in FIG. 6, the bearings of the feed rolls are divided into movable
      parts and fixed parts 157,158, respectively. Spring biasing means 157A,
      constantly urge the upper rollers 153 into engagement with the lower
      roller 154. Drive power is supplied via the common gearing 159. The upper
      rollers are assembled on a shaft 153A and the lower roller 154 is
      assembled on a shaft 154A. The perforations P.sub.2 of the top margins of
      form sheets 111, etc. may be obtained by means of circular perforation
      knives at any suitable place where the moving web is fed around a driven
      guide roll; for example, at cylinder 130, at feed roll 154 or at idler
      roll 167. The preferred manner of providing perforations P.sub.2 is to
      perform the perforation operation by means of a driven circular
      perforation knife 155 mounted on shaft 153A of the upper feed roll 153 in
      FIG. 6. The knife 155 is urged to an axial sense along shaft 153A by means
      of a spring 155A against a lower counter roll 156, which is provided with
      a hardened and smooth cutting edge on its peripheral area. The counter
      roll 156 is mounted as illustrated on lower shaft 154A and cooperates with
      the upper cutting blades 155 whereby as sheet 111 is fed between the drive
      rollers 153,154, the top edge of the sheet extends beyond the perforating
      wheel 155 whereby the perforations P.sub.2 may be applied across the sheet
      111 as it passes through the drive rollers 153,154
PAR  As seen in FIG. 4, an individual form sheet processing means sheet 112 is
      substantially a duplicate of the processing means for sheet 111 as already
      described with the exception of the glue dispensing system 180, 181. It
      should be noted that while bottom sheet 111 was being prepared from stock
      material 102, upper sheet 112 was simultaneously and synchronously being
      prepared from material 104 which was lead through the printing rollers
      140,141 supplied with ink by means of rollers 143 and thereafter advanced
      by means of driven rollers 153,154 to the cutter 150,151. An upper
      conveyor system comprising conveyor belts 170,175 passing over driving and
      guide rollers 171,173,176, 178 advances the individually cut sheets 112 in
      an accelerated manner to the gripper fingers 195. Additional idler rollers
      172,177 between the conveyors 170,175 function in the same manner as idler
      rollers 162,167 associated with the lower conveyor belts 160,165.
PAR  The individual form sheets advanced by the lower processing unit, after
      selectively printing, perforating, cutting to size and application of glue
      lines, are fed from conveyor belts 160,165 into the opened gripper fingers
      195 of the chain gripper unit 190 (FIGS. 4 and 5). Here they meet the
      simultaneously and synchronously prepared form sheets 112 of the upper
      processing unit. The control of the gripper fingers 195 is performed in a
      conventional manner by a stationary cam and cam follower arm which
      actuates the gripper elements. As indicated above, the sheets 111,112 are
      advanced to the assembly station by means of the gripper fingers 195 in
      overlying registered relationship. Normally, the absorption of moisture by
      the glue material from the atmosphere and from the joined sheet material
      will speed the setting of the glue material and the process of adhering
      the uncoated sheet 112 and the uncoated bottom sheet 010 with the glue
      line containing sheet 111. The actual joining process of all the sheets
      begins when the respective sheets are placed in contact with each other
      and continues during the further processing and assembling operation while
      the sheets are in contact with one another.
PAR  With reference to FIg. 3, it should be appreciated that the process of
      unwinding the raw web material 002 from the supply roll 001 and feeding
      the web to the punching unit 030 may be improved by providing the roll 001
      with a separately driven motor (not illustrated)) which is controlled by a
      conventional web tensioning unit in combination with the advancing and
      indexing means 040,060. This will stabilize the web tension and unburden
      the advancing and indexing means, including the guide holes 011 in the
      bottom sheet 010 during the advancing movement of the bottom sheet 010.
      Specific technical details of the roller drives, web guiding and
      tensioning means, punching and printing units are not considered to be a
      material part of this invention and it is contemplated that such elements
      may be conventional parts obtainable in the trade.
PAR  If required, the odd number of individual form sheets per set can be
      processed without altering the general construction of the apparatus. To
      carry this out, at one assembly station, one of the individual form sheet
      processing units preferably the upper sheet unit will not be supplied with
      paper and its respective gluing dispenser 180,181 will be closed. The one
      processed individual form sheet will thereby replace a pair of individual
      form sheets at its respective position in the assembled form set.
PAR  If for some reason individual form sheets have been prepared externally of
      the apparatus of this invention, for example, when it is desired to
      process partially carbon coated sheets, the present system can be modified
      by replacing the stock material supplies 102,104 with individual sheet
      stacks and sheet feeding means which may stepwise feed individual sheets
      into the printing devices 130,131 and 140,141. Operating thusly, the
      corresponding rotary transverse cutters 150,151 may be utilized to provide
      additional alignment of the individual sheets by (not illustrated)
      replacing the lower knives with slotted metal sheets which serve as a
      guide for the individual form sheets, and the rotary upper knives may be
      replaced by metal rake sheets which slightly dip into the slots. This
      modifies the transverse cutters into rotary alignment stops which improves
      alignment of the individual sheets when they are forerunning a small
      amount, in a similar manner as when individual sheets are severed from
      stock material 102,104. The preferred manner of using the present
      invention will be feeding the assembly stations from continuous stock
      material 102,104, since this naturally precludes the occurrence of a
      failure of the sheet feeding means or the inadvertent feeding of double
      sheets to the processor. It also eliminates the necessity for utilizing
      expensive appliance for detecting malfunctions in the sheet feeding system
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for making continuous, linearly attached form sets including
      individual form sheets attached in overlying relationship to a continuous
      bottom form sheet at spaced intervals along the length of the bottom form
      sheet, the method comprising:
PA1  supplying and advancing a continuous, elongated raw web material to a
      bottom form sheet processing station with intermittent unidirectional
      movement, the web material being advanced through said processing station
      by indexing and advancing means through suitable increments of length
      corresponding to the desired lengthwise dimension of an individual form
      set, and being at rest between each intermittent movement;
PA1  processing said raw web material to form continuous, joined bottom form
      sheets, said processing operation being carried out synchronously with
      said raw web material advancing movement;
PA1  advancing said bottom form sheets contemporaneously with said raw web
      material advancing movement from said processing station sequentially to
      and through at least a pair of form set assembly stations;
PA1  supplying registered overlying pairs of individual form sheets periodically
      to each of said form set assembly stations;
PA1  assembling a first of said pair of individual form set sheets in overlying
      relationship with said bottom form sheets at a first assembly station
      while said bottom sheet is at rest at said first assembly station;
PA1  assembling a second of said pairs of individual form set sheets in
      overlying relationship with said first pair of individual form set sheets
      at a second assembly station while said bottom sheet is at rest at said
      second assembly station;
PA1  securing said assembled pairs of individual form set sheets to each other
      and to said bottom sheet to form continuous form sets linearly secured to
      each other through said joined bottom form sheets.
NUM  2.
PAR  2. The process recited in claim 1 further including applying glue lines to
      the lowermost sheet of each pair of individual form sheets supplied to
      said assembly stations along both surfaces of one edge area of each
      lowermost sheet prior to supplying said lowermost sheet to its respective
      assembly station, whereby attachment of the individual form sheets to the
      bottom sheets and to each other will be effected along glue lines on said
      lowermost sheets.
NUM  3.
PAR  3. The process recited in claim 1 further including the steps of processing
      each sheet of said overlying pairs of individual form sheets from
      individual, continuous stock supplies, the processing of each individual
      form sheet including at least cutting said individual sheets to size from
      said continuous stock supplies and applying a glue line to appropriate
      individual form sheets prior to advancing said individual form sheets to
      said assembly stations; and registering a pair of individual form sheets
      in overlying relationship while advancing said sheets to their respective
      assembly stations.
NUM  4.
PAR  4. The process recited in claim 3 further including, during the processing
      of said individual form sheets, the step of linearly accelerating each
      individual form sheet after it has been cut to size from its stock supply
      in the direction of its advancement towards its respective form set
      assembly station, whereby the processing operations performed on each
      individual form sheet prior to its being cut to size may be carried out
      uninterruptedly at a desired continuous rate of motion of said supply
      stock, while said individual form sheet is periodically advanced to its
      respective assembly station in synchronism with the intermittent advancing
      motion of said continuous bottom form sheet.
NUM  5.
PAR  5. The process recited in claim 4 further including supplying said assembly
      stations with said pairs of individual form sheets in opposite, transverse
      directions with respect to the longitudinal dimension of said joined
      bottom sheets, whereby the processing apparatus for said individual form
      sheets may be located on opposite sides of said bottom form sheets at each
      of said assembly stations.
NUM  6.
PAR  6. A method for making continuous, linearly attached form sets including
      individual form sheets attached in overlying relationship to a continuous
      bottom form sheet at spaced intervals along the length of the bottom form
      sheet, the method comprising:
PA1  supplying and advancing a continuous, elongated raw web material to a
      bottom form sheet processing station with intermittent unidirectional
      movement, the web material being advanced through said processing station
      by indexing and advancing means through suitable increments of length
      corresponding to the desired lengthwise dimension of an individual form
      set, and being at rest between each intermittent movement;
PA1  processing said raw web material to form continuous, joined bottom form
      sheets, the processing operation being carried out synchronously with said
      raw web material advancing movement;
PA1  advancing said bottom form sheets contemporaneously with said raw web
      material advancing movement from said processing station sequentially to
      and through a pair of form set assembly stations;
PA1  supplying a single individual form set sheet periodically to the first of
      said pair of form set assembly stations and registered overlying pairs of
      individual form set sheets periodically to the second of said pair of form
      set assembly stations;
PA1  assembling said single individual form set sheet in overlying relationship
      with said bottom form sheets at the first of said pair of assembly
      stations while said bottom sheet is at rest at the first assembly station;
PA1  assembling said pairs of individual form set sheets in overlying
      relationship with said first individual form set sheet at the second of
      said pair of assembly stations while said bottom sheet is at rest at said
      second assembly station; and
PA1  securing said individual form set sheets to each other and to said bottom
      sheet to form continuous form sets linearly secured to each other through
      said joined bottom form sheets.
NUM  7.
PAR  7. Apparatus for making continuous, linearly attached form sets comprising
      edgewise joined bottom form sheets having overlying individual form sheets
      attached thereto, the apparatus comprising:
PA1  means for supplying a continuous, elongated raw web material;
PA1  means for advancing said web material with intermittent, unidirectional
      movement through suitable increments of length corresponding to a desired
      longitudinal dimension of an individual form set;
PA1  means for processing continuously edgewise joined bottom form sheets from
      said advanced web material synchronously with said web advancement motion;
PA1  at least a first form set assembly station, and means for advancing each of
      said joined bottom sheets from said bottom sheet processing means
      sequentially to said first assembly station synchronously with the said
      processing of said bottom sheets;
PA1  means for processing and periodically supplying at least first individual
      form sheets to said first assembly station, said assembly station
      including means for aligning an individual first form sheet with each of
      said bottom sheets in overlying registration, with each first individual
      form sheet being joined to its respective bottom sheet at said assembly
      station in registered, overlying relationship while said bottom sheet is
      at rest between advancing motions; each joined individual sheet and bottom
      sheet comprising at least a portion of a form set;
PA1  at least one additional form set assembly station;
PA1  means for advancing said form set portions from said first assembly station
      to said additional assembly station synchronously with said advancing
      motion of said bottom sheets;
PA1  means for processing and periodically supplying successive individual form
      sheets to said additional assembly station, said additional assembly
      station including means for aligning each of said second successive form
      sheets with a first individual form sheet in overlying relationship on a
      bottom sheet, each of said successive form sheets being joined to a first
      individual form sheet in said additional assembly station while its
      respective underlying bottom sheet and first form sheet are at rest
      between advancing motions; and
PA1  means for advancing said assembled form set portions from said second
      assembly station synchronously with the said advancing motion of said
      bottom sheets.
NUM  8.
PAR  8. Apparatus for making continuous, linearly attached form sets comprising
      edgewise joined bottom form sheets having overlying individual form sheets
      attached thereto, the apparatus comprising:
PA1  means for supplying a continuous, elongated raw web material;
PA1  means for advancing said web material with intermittent, unidirectional
      movement through suitable increments of length corresponding to a desired
      longitudinal dimension of an individual form set;
PA1  means for processing continuously edgewise joined bottom form sheets from
      said advanced web material synchronously with said web advancement motion;
PA1  at least a first form set assembly station and means for advancing each of
      said joined bottom sheets from said bottom sheet processing means
      sequentially to said first assembly station synchronously with the said
      processing of said bottom sheets;
PA1  means for processing and periodically supplying first groups of individual
      form sheets to said first assembly station in synchronism with said bottom
      sheet advancing motion, said assembly station including means for aligning
      said individual form sheets in said first groups with each other and with
      one of said bottom sheets, all in overlying relationship with respect to
      each other; the individual form sheets in each group being secured to each
      other and each group of individual form sheets being secured to a
      respective bottom sheet in overlying relationship while said bottom sheet
      is at rest between advancing motions to make at least a first assembled
      form set portion;
PA1  at least one additional form set assembly station;
PA1  means for advancing said first assembled form set portions from said first
      assembly station to each additional assembly station synchronously with
      said advancing motion of said bottom sheets;
PA1  means for processing and periodically supplying successive groups of
      individual form sheets to each additional assembly station synchronously
      with the advancement of first assembled form set portion;
PA1  means for aligning the individual form sheets in each of said successive
      groups with each other and with a previously assembled form set portion in
      overlying relationship, each successive group of individual form sheets
      being joined to an underlying group of form sheets at each individual form
      set assembly station; and
PA1  means for advancing said bottom sheet and joined individual form sheets
      from said additional assembly station synchronously with the said
      advancing motion of said bottom sheets.
NUM  9.
PAR  9. Apparatus for making continuous, linearly attached form sets as recited
      in claim 8, further wherein there are an even number of individual form
      sheets in each of said first and successive groups, the individual form
      sheet next adjacent to the bottom sheet being provided with glue lines on
      opposite surfaces thereof to secure said adjacent individual form sheets
      to said bottom sheet and the next overlying individual form sheet in said
      first assembly station; and each alternate individual form sheet also
      being provided with glue lines on opposite surfaces thereof to secure the
      individual form sheets of each group to each other.
NUM  10.
PAR  10. Apparatus for making continuous, linearly attached form sets as recited
      in claim 8, further wherein each of said individual form sheet processing
      and advancing means is located on alternate sides of the longitudinal axis
      of said joined bottom form sheets at each of said assembly stations.
NUM  11.
PAR  11. Apparatus for making continuous, linearly attached form sets as recited
      in claim 8, further wherein said means for processing each of said first
      and successive groups of individual form sheets includes at each assembly
      station individual form sheet continuous stock material supplies
      equivalent in number to the number of individual form sheets in each of
      said groups, and further including means for cutting to size each
      individual form sheet from its respective continuous stock material prior
      to the said supply of each of said individual form sheets to its
      respective assembly station.
NUM  12.
PAR  12. A process for making continuous linearly attached form sets including
      individual form sheets attached in overlying relationship to a continuous
      bottom form sheet at spaced intervals along the length of the bottom form
      sheet, the process comprising:
PA1  supplying and advancing a continuous, elongated, raw web material through a
      bottom form sheet processing station with intermittent unidirectional
      movement, the web material being advanced through said processing station
      by indexing and advancing means through suitable increments of length
      corresponding to the desired lengthwise dimension of an individual form
      set, and being at rest between each intermittent movement;
PA1  processing said raw web material to form continuous, joined bottom form
      sheets, the processing operation being carried out synchronously with said
      raw web material advancing movement;
PA1  advancing said bottom sheets synchronously with said raw web material
      advancing movement from said processing station to and through at least a
      first form set assembly station;
PA1  supplying first individual form sheets periodically to said first form set
      assembly station and securing said individual first form sheets to said
      bottom sheets in overlying relationship at said assembly station;
PA1  sequentially advancing said bottom form sheets through at least a second
      form set assembly station;
PA1  periodically supplying individual succeeding form sheets to said second
      form set assembly station;
PA1  assemblying at least one succeeding individual form sheet in overlying
      relationship with said first individual form sheet at said second assembly
      station, including joining said succeeding individual form sheet to said
      first individual form sheet;
PA1  each form set assembly operation being carried out while said bottom sheet
      is at rest; whereby said individual form sheets are joined to said bottom
      form sheets as said bottom sheets are intermittently advanced through said
      assembly stations, the combination of individual overlying form sheets and
      an underlying bottom form sheet forming at least a portion of an
      individual form set, each individual form set being linearly attached to
      an adjacent form set through said joined bottom form sheets.
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ABST
PAL  Banking machines for dispensing paper currency require a document transport
      for accurately and reliably delivering a single bill or piece of currency
      from a storage bin to a customer. The document transport includes a feeder
      unit for delivering single pieces of currency from a stack to a pair of
      separator rollers and past a double document detector. Upon detection of
      more than one document passing through the separator rollers, a clutch is
      energized to cause one of the rollers to rotate in a direction opposite
      the other to separate the several bills and allow only the top one to be
      forwarded into a flat belt transport. As a piece of paper currency passes
      through the flat belt transport, spaced detectors produce a signal that
      indicates an overlapping or trailing document condition. This overlapping
      or trailing condition is measured by the spacing of detectors in the flat
      belt transport. Further, positioned along the flat belt transport is a
      second double document detector that again responds to more than one
      document passing therebetween. If either an overlapping document
      condition, a trailing document condition, or a double document condition
      is sensed in the flat belt transport, a divert gate operates to divert all
      documents from the flat belt transport into a retaining bin. Should the
      divert gate fail to operate in time to divert a document, the transport
      belt stops to restrict further document delivery.
BSUM
PAR  This invention relates to a document transportation system, and more
      particularly to a document transport system for moving document singly.
PAR  Document or sheet feeding systems have employed many different mechanisms
      and devices designed to restrict simultaneous feeding or conveying of two
      or more documents. Except for the basic fixed throat size separators which
      may be found in numerous document transport systems, most separating
      mechanisms can be classified as counter rotation devices. Such devices use
      a constantly rotating friction roller which serves to effect the
      separation of multiple documents and is situated in the region of a pile
      of articles or documents. A restraining member follows the friction roller
      at a distance which is shorter than the length of a document, and a guide
      member is arranged opposite to the restraining member at a distance of
      less than the thickness of two documents, in which, joined with the
      restraining member prevents the simultaneous passage of more than one
      document. The counter rotation devices are positioned downstream from the
      restraining member and engage the face of a document in a direction
      opposite to the document travel. If there are overlapping documents
      passing along the guide member containing these counter rotation devices,
      they act on the overlapping document restricting movement of one document
      and allowing the other to continue through the guide member. Finally,
      downstream of this "reversely rotating" double roller, there is also
      provided a plurality of conveyor rollers which form the conveyor path.
PAR  Many presently available counter rotation roller transport mechanisms
      continuously drive the rollers in the opposite direction thereby requiring
      a high torque drive to assure document transportation of a single
      document. This high torque requirement also results in a rapid wearing of
      the counter rotating rollers which require accurate preloading to assure
      reliable document separation. A further shortcoming of prior transport
      systems is that many, while separating overlapping documents, will not
      prevent the transportation of both documents through the system. In a
      currency bill dispenser, it is not only essential to prevent double
      document transport but also to eliminate the transporting of a second
      document after separation of overlapping documents.
PAR  A feature of the present invention is to provide a document transport
      system wherein there is an initial separation of overlapping documents to
      return one document to the supply stack and the second document into a
      transport system. This initial separation of documents is completed at a
      separator roller pair wherein one of the rollers is moved counter to the
      other only upon detection of an overlapping or double document condition.
      During a single document delivery one of the separator rollers is driven
      in a direction of a transport belt mechanism and the other roller moves
      freely.
PAR  Another feature of the present invention is to monitor a document moving
      through a belt transport for evaluation of an overlapping document
      condition. When two spaced sensors both respond to a document presence a
      condition exists where overlapping documents are moving through the
      transport system. Signals from the spaced sensors actuate a divert
      mechanism into the path of the advancing documents for deflection into a
      capture bin.
PAR  Still another feature of the present invention is to provide increased
      reliability of double document detection by multiple check stations.
      Downstream of a pair of separator rollers and in a belt transport system,
      a second double document detector responds to more than one document
      moving through the belt transport. When multiple document movement is
      detected, the divert mechanism is also actuated into the path of the
      advancing document to divert it into a capture bin.
PAR  The document feeding mechanism forming the subject matter of the present
      invention is adapted for any use wherein it is desired to move a document
      at a time from a supply stack. The mechanism is particularly adapted to
      operate in a banking machine dispensing paper currency wherein accurate
      and reliable single document delivery is mandatory. However, it is to be
      understood that the feeding mechanism forming the present invention is
      adaptable to operate in other environments, such as, but not limited to,
      delivery of postal articles or documents of financial transactions such as
      cancelled checks.
PAR  In accordance with the present invention, a document transport system for
      individually transporting documents from a stack to a remote distribution
      station includes a pair of separator rollers rotating to move a document
      in the direction of the distribution station. The document is removed from
      the stack and delivered to the pair of separator rollers. At the separator
      rollers, a detector responds to more than one document that enters between
      the rollers. This detector generates a signal to actuate a drive to rotate
      one of the rollers in a direction opposite from the other for separating
      more than one document passing through the roller pair.
PAR  Further, in accordance with the present invention, a document is delivered
      into a flat belt transport that includes a detector arrangement responsive
      to more than one document moving through the transport. This detector
      arrangement provides signals to a divert gate to divert the transported
      documents in the flat belt transport to a capture bin from the
      distribution station.
PAR  For a more complete understanding of the invention and its advantages,
      reference may now be had to the following description taken in conjunction
      with the accompanying drawings.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is a schematic of the document transport of the present invention
      including an initial double document separation at a separator roller pair
      and subsequent double document detection and document diverting into a
      capture bin;
PAR  FIG. 2 is a right side view of a document transport constructed in
      accordance with the present invention;
PAR  FIG. 3 is a left side view of the document transport of FIG. 2;
PAR  FIG. 4 is a front view of a document transport in accordance with the
      present invention looking from the delivery station;
PAR  FIG. 5 is a cutaway view of the document transport of FIGS. 2-4;
PAR  FIG. 6 is a sectional view of a document transport of the present invention
      illustrating a vacuum document pickup;
PAR  FIG. 7 is a cutaway view of the vacuum pickup assembly of FIG. 6; and
PAR  FIG. 8 is a sectional view of the document transport of the present
      invention showing the transport path for a document through a separator
      roller pair and subsequently through a flat belt transport.
DETD
PAR  Referring to FIG. 1, documents to be dispensed through the transport
      system, such as paper currency, are maintained in a stack 10 on an
      elevator platform 12 within a housing 14, shown schematically. By means of
      control circuitry (not shown) the platform 12 is incrementally raised to
      maintain the top document of the stack 10 immediately below a picker
      platform 16. This incremental raising of the platform 12 is accomplished
      by means of an elevator actuator 18 coupled through a flexible belt 20 to
      the platform 12.
PAR  To deliver a document from the top of the stack 10 to the transport system,
      the picker platform 16 is provided with a suction cup pickup 22 coupled by
      means of a flexible line 24 through a solenoid operated valve 26 to a
      vacuum pump 28. The picker platform 16 is rotated from the position shown
      by a platform solenoid 32 and with a vacuum applied to the suction cup
      pickup 22 only the top document is lifted from the stack 10. The picker
      platform 16 is connected to the platform solenoid 32 through linkages 34
      and 36 and a converting link 37. The picker platform 16 moves up and
      forward by means of a lift arm 29 pivoted at a point 31. The path of
      travel of the platform 16 is determined by a roller 30 moving in an
      L-shaped slot 33. At the upper extent of its travel the platform 16
      actuates a switch 27 to control the valve 26.
PAR  As the top document is lifted from the stack 10 by the picker platform 16
      it is delivered to a separator roller pair including an upper roller 38
      and a lower roller 40. The upper separator roller 38 is driven in a
      direction indicated by the arrow 82 and is in frictional engagement with a
      normally freely rotating lower separator roller 40. A document delivered
      from the stack 10 is fed to the nip of the roller pair 38 and 40 that
      feeds it into a flat belt transport 42.
PAR  The flat belt transport 42 consists of an upper continuous flat belt 44 in
      surface contact with a lower continuous flat belt 46. A document fed into
      the flat belt transport 42 from the separator rollers 38 and 40 is
      frictionally engaged between the two flat belts 44 and 46 to be
      transported along a path as indicated by the arrows 48 and 50 to a remote
      distribution station 52. The upper flat belt 44 and the lower flat belt 46
      are guided to establish the transport path of the arrows 48 and 50 by
      means of guide rollers 54-60.
PAR  A drive motor 62 is coupled to the guide rollers by means of a timing belt
      64 to provide rotation of each of the rollers in a direction as indicated
      by the respective arrows. Intermediate between the discharge end of the
      flat belt transport 42 and the remote distribution station 52 is a divert
      gate 66 pivotally mounted on an axis 68 and including an actuator arm 70.
      The actuator arm is coupled to a divert gate solenoid 72.
PAR  Located at the separator rollers 38 and 40 is a first double detector 74,
      typically, a light emitting source, such as a light emitting diode, on one
      side of the document path and a light responsive means, such as a
      phototransistor, on the opposite side of the document path that responds
      to a condition when more than one document is delivered by the picker
      platform 16 to the separator rollers 38 and 40. When more than one
      document is detected as passing between the rollers 38 and 40, the roller
      40 is energized to rotate in the direction of the arrow 84 to return one
      document to the stack 10 while the roller 38 continues to feed one
      document to the flat belt transport 42.
PAR  Immediately downstream of the detector 74 is a detector station 76 that
      responds to the movement of a document therethrough. The detector station
      76 has a fixed path distance from a second detector station 78 immediately
      ahead of the guide rollers 54 and 60. This detector station 78 also
      responds to the movement of a document therethrough. By properly spacing
      the stations 76 and 78, overlapping or trailing documents passing through
      the flat belt transport 42 are detected. When a single document is passing
      through the transport 42, as the leading edge of the document is sensed at
      the station 78 the trailing edge will be downstream of the station 76. If
      both the stations 76 and 78 respond to the presence of a document, then a
      signal is generated indicating an overlapping document condition. This
      signal actuates the divert gate solenoid 72 to rotate the divert gate 66
      into the path of the documents exiting from the flat belts 44 and 46.
PAR  Also located within the flat belt transport 42 is a double detector station
      80 that responds to the simultaneous passage of two documents
      therethrough. Upon the detection of more than one document passing the
      station 80, a signal is also generated to the divert gate solenoid 72 to
      rotate the divert gate 66 into the path of the documents. Documents
      diverted by the gate 66 are delivered to a capture bin 67. In operation of
      the document transport of FIG. 1, the drive motor 62 and the vacuum pump
      28 are energized. Energizing the drive motor 62 puts the flat belt
      transport 42 into motion and energizing the vacuum pump 28 provides a
      negative pressure at the solenoid valve 26. Next, the solenoid valve 26 is
      energized along with a clutch to couple the separator roller 38 to the
      drive motor 62 to cause rotation thereof in the direction of the arrow 82.
      Also energized at this time is the platform solenoid 32 to rotate the
      picker platform 16 up and forward in a path as determined by the slot 33.
PAR  A document is picked up by the picker platform 16 and inserted into the nip
      of the separator rollers 38 and 40. If more than one document is picked
      up, the double detector 74 senses the double thickness and generates a
      signal to energize a clutch to couple the roller 40 to the drive motor 62
      to rotate this roller in the direction of the arrow 84. This causes the
      lower separator roller 40 to propel the extra document backwards toward
      the stack 10. Thus, the separator rollers 38 and 40 provide a first
      selection process for delivering only a single document to the remote
      distribution station 52.
PAR  As the platform 16 reaches its upward extent of travel, the switch 27 is
      actuated to deenergize the solenoid valve 26 to disconnect the vacuum pump
      28 from the suction cup pickup 22.
PAR  A single bill transported through the separator rollers 38 and 40 is fed to
      the flat belt transport 42 and frictionally gripped between the belts 44
      and 46 to be transported in the direction of arrows 48 and 50. When the
      leading edge of the document is detected at the detector station 76, a
      signal is generated to deenergize the separator rollers 38 and 40 thereby
      causing these rollers to stop rotation.
PAR  With the continuous movement of the flat belts 44 and 46 by the drive motor
      62, the document is transported in the direction of the arrows 48 and 50.
      When the trailing edge of a document passes the detector station 76 a
      signal is generated to deenergize the platform solenoid 32. This returns
      the picker platform 16 to a position such that the suction cup pickup 22
      rests on the top document in the stack 10.
PAR  As a document passes the double detector 80 a check is made to determine if
      more than one document is moving through the flat belt transport 42. The
      double detector 80 is not, however, enabled until after a document passes
      the detector station 76. This is a subsequent multiple document check in
      addition to the check completed at the double detector 74. If multiple
      documents are detected at the detector 80, a signal is generated to
      energize the divert gate solenoid 72 to rotate the divert gate 66 into the
      dotted line position to cause a document to be diverted in the direction
      of the arrow 86 into a capture bin.
PAR  For the normal condition where only one bill is detected at the double
      detector 80 the document continues to advance through the flat belt
      transport 42. Subsequently, the leading edge of the document is detected
      at the detector station 78. When a document is detected at the station 78
      and a document is simultaneously detected at the station 76 the indication
      is that overlapping or trailing documents are moving through the flat belt
      transport 42. The distance between the detector stations 76 and 78 is
      slightly greater than the length of a document in the stack 10. An extra
      document in the flat belt transport 42, trailing the first document,
      causes both detector stations 76 and 78 to generate a signal that is
      combined to energize the divert gate solenoid 72. The divert gate 66 is
      rotated about the shaft 68 to cause the documents in the flat belt
      transport 42 to be diverted in the direction as indicated by the arrow 86.
PAR  For the condition where only a single document is moving through the flat
      belt transport 42, the divert gate 66 remains in the position illustrated
      and the document exits from the transport 42 into the remote distribution
      station 52. When the trailing edge of the document passes the detector
      station 78, a signal is generated to deenergize the drive motor 62 and the
      vacuum pump 28. The entire system is now at rest ready for a subsequent
      command to again dispense a document from the stack 10 to the distribution
      station 52.
PAR  Referring to FIGS. 2-8, there is shown an actual embodiment of the present
      invention for transferring paper currency from a storage bin to a remote
      distribution station. The transportation system is included within a
      housing having a right side support plate 92 to which is mounted a gear
      motor 94 for driving a flat belt transport and separator rollers.
PAR  As best shown in FIGS. 4 and 5, the embodiment of FIGS. 2-8 comprises a
      dual distribution system for delivering paper currency from storage bins
      96 and 98 to remote distribution stations 90 and 100, respectively. The
      gear motor 94 supplies power for both of the parallel transportation
      systems.
PAR  Coupled to the output shaft of the gear motor 94 is a timing belt 102 (on
      the inside of the side plate 92) engaging a timing wheel (not shown) on a
      drive shaft 104. The drive shaft 104 extends through both parallel
      transportation systems. Also driven from the drive shaft 104 is a timing
      belt 106 for driving the clutch assemblies 108 and 110 for the separator
      rollers, to be described, associated with the storage bin 96.
PAR  The drive shafts for the clutch assemblies 108 and 100 extend through the
      side plate 92 to drive pulleys 114 and 116, respectively, in engagement
      with the belt 106. A tension pulley 118 (FIG. 8) is mounted to the side
      plate 92 by means of a spring loaded shaft 120.
PAR  A drive gear carries by the clutch assembly 110 engages a timing belt 122
      that encircles an idler roller 124 mounted to the side plate 92 and then
      engages a drive gear 126 coupled to the shaft supporting a separator
      roller 128. Also in the loop of the timing belt 122 is an idler roller 130
      mounted to the side plate 92.
PAR  For the clutch assembly 108, a drive gear 132 engages a timing belt 134
      encircling a drive pulley 136 mounted to the shaft of a lower separator
      roller 138. A tension roller 140 rides against the outer surface of the
      timing belt 134 and is mounted to the side plate 92 by means of a spring
      loaded shaft 142.
PAR  With reference to the left hand transportation system, the drive shaft 104
      supports a drive pulley (not shown) engaging a timing belt 144 passing
      around drive gears for clutch assemblies 146 and 148. A tension roller
      rides against the timing belt 144 and is mounted to a side plate 150 by
      means of a spring loaded shaft 152.
PAR  Coupled to the drive shaft of the clutch assembly 148 is a drive pulley 154
      engaging a timing belt 156 that encircles an idler pulley 158 to power a
      drive pulley 160 coupled to the supporting shaft 162 of the upper
      separator roller (not shown) for the left hand transportation system. Also
      in the path of the timing belt 156 is an idler pulley 164 supported on a
      spring loaded shaft 166.
PAR  On the output shaft of the clutch assembly 146 is mounted a drive pulley
      168 for powering a timing belt 170 in engagement with a drive pulley 172
      coupled to the drive shaft of the lower separator roller (not shown) of
      the left hand transportation system.
PAR  Engaging the timing belt 170 is an idler pulley 174 mounted to the side
      plate 150 by means of a spring loaded shaft 176.
PAR  Also driven by the drive shaft 104 is a drive pulley 178 engaging a timing
      belt 180 encircling a drive pulley 182 mounted to a shaft 184. The shaft
      184 extends through both transportation systems and supports the forward
      upper guide roller of the flat belt transport for each side.
PAR  Referring specifically to FIG. 8, showing the right hand transportation
      system, the shaft 184 supports a guide roller 186 which is encircled by an
      upper flat belt 188 of a flat belt transport 190. The path of the belt 188
      includes a guide roller 192 mounted on a shaft supported by the side plate
      92. The path of the flat belt 188 also includes a guide roller 194 mounted
      to a spring loaded shaft 196 to the side plate 92. This roller provides a
      continuous tension on the flat belt 188. Next, the flat belt 188 encircles
      an input guide roller 198 and then to a guide roller 200 that is common to
      both the upper flat belt 188 and a lower flat belt 202. The guide roller
      200 is mounted to a spring loaded shaft 204.
PAR  For the lower flat belt 202, a guide roller 206 is mounted immediately
      below the roller 186 on a spring loaded shaft 208. Next, the flat belt 202
      encircles an idler roller 210 mounted on spring loaded shaft 212 supported
      on the side plate 92. The flat belt 202 then passes around an input guide
      roller 214 immediately below the guide roller 198 to form the entrance of
      the flat belt transport 190.
PAR  Although shown separated in FIG. 8, the flat belts 188 and 202 are in
      contact between the input guide rollers 198 and 214 and the output guide
      rollers 186 and 206. Movement is imparted to the flat belt transport 190
      by driving the shaft 184 through the timing belt 180 and the gear motor
      94.
PAR  The separator roller arrangement and flat belt transport for the left side
      transportation system is similar to that illustrated in FIG. 8 for the
      right side. An upper output guide roller is supported on the shaft 184 to
      drive the upper and lower flat belts of the left side system. The
      separator rollers are driven from the drive gears 160 and 172, as
      explained.
PAR  Each of the side-by-side transportation systems includes an elevator for
      lifting a stack of documents to be transported through the flat belt
      transport. For the right side, an elevator motor 216 is supported on the
      inner surface of the side wall 92 with a drive shaft 218 supporting a
      motor pulley 220. The motor pulley 220 drives a timing belt 222 passing
      around to an idler pulley 224. Coupled to the timing belt 222 is an
      elevator assembly 226 including a platform 228. The elevator assembly is
      guided in its movement along the side wall 92 by means of guide rollers
      230-236 to assure a stable movement of the platform 228.
PAR  With reference to FIG. 3, a similar elevator assembly 238 is provided for
      the left side. This elevator assembly 238 is powered by an elevator motor
      240 having an output shaft supporting a motor pulley 242. The motor pulley
      242 drives a timing belt 244 having an upper extent of travel set by an
      idler pulley 246. An elevator platform (not shown) similar to the platform
      228 is provided for the left side as part of the elevator assembly 238.
PAR  By operation of the elevator motors 216 and 240, the top document of a
      stack is positioned to be moved into the nip of the separator rollers for
      each independent transporation system. To lift the top document into the
      nip of the separator rollers a vacuum pump 248 provides a negative
      pressure; it is attached to the side plate 92 by means of a bracket 250.
      Also supported by the bracket 250 is a motor 252 for driving the vacuum
      pump 248 through a coupling 254. Vacuum is supplied to each side of the
      transportation system by means of a flexible hose 256 that extends through
      the side plate 92 and connected to the inlet port of the solenoid valve
      258. The output port of the solenoid valve 258 is coupled to a flexible
      line 260 leading to the suction cup pickup for the right side system. A
      similar solenoid valve (not shown) is provided for the left side system
      and has a flexible line 262 connected to the suction cup pickup for the
      left side.
PAR  Referring to FIGS. 6 and 7, the flexible line 260 extends through a center
      plate 264 to be connected with suction cup pickups 266 and 268. The
      flexible line 262 extends through the center plate 264 to be coupled to
      suction cup pickups of the left side system including the suction cup
      pickup 270. The suction cup pickups are supported by a picker platform 272
      common to both sides of the system. Formed as part of the picker platform
      272 is an actuating arm 174 having one end connected to an operating lever
      276 by means of a pivoted connecting link 278. The operating lever 276 is
      pivoted on a shaft 280 and is coupled to a platform solenoid 282 by means
      of a connecting link 284. The operating lever 276 is biased into the
      position shown by means of a spring 286 supported on the center plate 264
      by a bracket 288.
PAR  Actuating the solenoid 282 rotates the operating lever 276 clockwise about
      the shaft 280 to cause the picker platform 272 to be lifted by means of
      lift arms 290 and 291 (see FIGS. 2 and 3) pivotally connected to the side
      plates 92 and 150, respectively, by means of a shaft 292. The lift arm 290
      is pivotally connected to the platform 272 by a shaft 294 and the lift arm
      291 is connected to the platform by a shaft 295. The shaft 294 moves in a
      guide slot 296 of the side plate 92 and the shaft 295 moves in a guide
      slot 297 of the side plate 150.
PAR  To guide the movement of a platform 272 guide rollers 298 and 299 are
      mounted to the leading edge of the platform 272. These guide rollers move
      in L-shaped slots 300 and 301 in the side plates 92 and 150, respectively.
      The slots 300 and 301 define the movement of the platform 272 to lift a
      document from a stack from either the right side or the left side into the
      nip of the respective separator rollers. A document is lifted only if the
      appropriate solenoid valve applies a vacuum to the suction cup pickup.
PAR  To provide a smooth operation for the lifting motion of the picker platform
      272 a dashpot 302 is connected thereto by means of a connecting link 304.
      This dashpot minimizes bounce and jitter during movement of the platform
      272.
PAR  As a document is lifted into the nip of the separator rollers by the picker
      platform 272, the motion of the platform interrupts a switch 306 for the
      upward travel, a switch 308 is actuated by a downward movement of the
      platform. Actuating the switches 306 and 308 generates signals to the
      solenoid valve to control the suction cup pickups.
PAR  As shown in FIG. 8, for the right side system, a document passing through
      the separator rollers 128 and 138 moves through a double detector 310 to
      control energization of the clutch assembly 108. A similar operation is
      provided for the left side system wherein a double detector responds to
      document movement between the separator rollers to control the
      energization of the clutch assembly 146.
PAR  For the right side system, as a document enters the flat belt transport 190
      it passes an optical switch 312 which corresponds with a pickup station
      76. The optical switch 312 controls the energization of the clutch
      assembly 110 for the right side. With regard to the left side system, a
      document moving through the flat belt transport therefor interrupts an
      optical switch 314 that controls energization of the clutch assembly 148.
PAR  A document moving through the right side system then passes a double
      detector 316 that corresponds to the detector station 80 of FIG. 1. A
      similar double detector is provided for the left side system. Downstream
      of the double detector of each side of the transport system is an optical
      switch that corresponds to the detector station 78 of FIG. 1. For the
      right side system, an optical switch 318 is attached to the side wall 92
      and for the left side an optical switch 320 is attached to the side wall
      150. The optical switch 318 functions with the optical switch 312 to
      monitor overlapping or trailing documents in the flat belt transport 190.
      Similarly, the optical switch 320 functions with the optical switch 314 to
      monitor overlapping or trailing documents in the flat belt transport for
      the left side.
PAR  Considering the right side, the optical switches 312 and 318 and the double
      detector 316 provide signals to control a divert solenoid 322 mounted to
      the side plate 92 by a bracket 324. The solenoid 322 is coupled to a
      divert arm 326 connected to a shaft 328 that extends through the side
      plate 92 to support a divert gate 330. When in the position shown in FIG.
      8, the divert gate 330 allows a document transported through the flat belt
      transport 190 to be delivered to the remote distribution station 90 over a
      transition plate 332. Energizing the solenoid 322 rotates the divert arm
      326 to in turn rotate the divert plate 330 clockwise and a document
      transported through the flat belt transport 190 is directed into a capture
      bin 334 for storage and later retrieval. As the divert gate 330 is rotated
      into the divert position, it strikes an operating lever 336 to control a
      microswitch 338. The microswitch 338 provides a closure signal to monitor
      operation of the right side system.
PAR  With reference to the left side system, the optical switches 314 and 320
      and a double detector provide signals to control a divert solenoid 340
      supported on the side plate 150 by a bracket 342. The solenoid is
      connected to a divert arm 344 supported on a shaft 346 that extends
      through the side plate 150 and provides a pivotal support for a divert
      gate (not shown) for the left side system.
PAR  The operation of the left side divert is similar to that shown in FIG. 8.
      When in the normal position, a document delivered by the left side system
      is transported over a transition plate 348 to the remote distribution
      station 100. When a divert condition exists, a document delivered to the
      transporation system is directed into a capture bin 350. Operation of the
      divert gate for the left side system actuates a microswitch 352, again to
      provide a closure signal for a system monitoring operation.
PAR  Operationally, the embodiment of FIGS. 2-8 is as described previously with
      reference to FIG. 1. Multiple checks are made throughout the sequence of
      operation of the transport system to detect multiple or overlapping
      document delivery. Either condition will produce a mode of operation to
      prevent more than one document from being delivered to either of the
      remote distribution stations.
PAR  While only one embodiment of the invention, together with modifications
      thereof, has been described in detail herein and shown in the accompanying
      drawings, it will be evident that various further modifications are
      possible without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a document transport system for transporting documents from a stack
      to a remote distribution station, comprising in combination:
PA1  a pair of separator rollers rotating to transport a document to the
      distribution station;
PA1  means for driving one of said rollers in a direction to transport a
      document to the distribution station;
PA1  means for mounting the second roller of said pair to normally rotate freely
      in the same direction as said other roller;
PA1  means for removing a document from the stack for delivery to said pair of
      separator rollers;
PA1  means at the separator rollers to detect when more than one document moves
      through said rollers and generate a double detection signal; and
PA1  means responsive to said signal to couple the second of said rollers to
      said means for driving to rotate the rollers of said pair in opposite
      directions.
NUM  2.
PAR  2. In a document transport system as set forth in claim 1 wherein said
      means responsive to the double detection signal includes a clutch to
      connect said means for driving to said second roller to drive the second
      roller in a direction opposite from the first roller.
NUM  3.
PAR  3. In a document transport system as set forth in claim 1 including means
      responsive to the passing of a document through said separator rollers to
      de-energize said means for driving.
NUM  4.
PAR  4. In a document transport system as set forth in claim 1 wherein said
      means at the separator rollers includes a light emitting source positioned
      on one side of the document path and a light responsive means disposed to
      receive energy from said source on the opposite side of the document path
      to generate a detection signal to said means responsive to the detection
      of more than one document.
NUM  5.
PAR  5. In a document transport system as set forth in claim 4 wherein said
      light emitting source is a light emitting diode and said light responsive
      means includes a photo transistor.
NUM  6.
PAR  6. In a document transport system for transporting documents from a stack
      to a remote distribution station, comprising in combination:
PA1  A pair of separator rollers rotating to transport a document to the
      distribution station;
PA1  means for driving one of said rollers in a direction to transport a
      document to the distribution station;
PA1  means for mounting the second roller of said pair to normally rotate freely
      in the same direction as the other roller;
PA1  means for removing a document from a stack for delivery to said pair of
      separator rollers;
PA1  means at the separator rollers to detect when more than one document moves
      through said rollers and generate a double detection signal;
PA1  means responsive to said signal to couple the second of said rollers to
      said means for driving to rotate the rollers of said pair in opposite
      directions;
PA1  an upper and lower transport belt positioned to transport a document
      therebetween as delivered from said separator rollers to the distribution
      station;
PA1  detector means positioned along the document path through said transport
      belts to detect when more than one document moves through said belt; and
PA1  divert means responsive to the detection of more than one document moving
      through said belts to divert the transported documents from the
      distribution station.
NUM  7.
PAR  7. In a document transport system as set forth in claim 6 wherein said
      divert means includes:
PA1  a divert gate pivotally mounted to be rotated into the path of a document
      from said transport belts to the distribution station; and
PA1  drive means energized when more than one document enters between said belts
      to rotate said divert gates into the document path.
NUM  8.
PAR  8. In a document transport system as set forth in claim 6 wherein said
      detector means includes a light emitting source positioned on one side of
      the document path and a light responsive means disposed to receive energy
      from said source on the opposite side of the document path to generate a
      detection signal to said divert means.
NUM  9.
PAR  9. In a document transport system as set forth in claim 6 including means
      disposed along the document path through said transport belts and
      responsive to the passing of a document through said separator rollers to
      de-energize said means for driving.
NUM  10.
PAR  10. In a document transport system as set forth in claim 6 wherein said
      means responsive to more than one document through the separator rollers
      includes a clutch to connect said means for driving to said second roller
      to drive the second roller in a direction opposite from the first roller.
NUM  11.
PAR  11. In a document transport system as set forth in claim 6 wherein said
      detector means includes means responsive to document length to detect when
      more than one document moves through said transport belts.
NUM  12.
PAR  12. In a document transport system as set forth in claim 11 wherein said
      detector means further includes means responsive to overlapping documents
      to detect when more than one document moves between said transport belts.
NUM  13.
PAR  13. In a document transport system for transporting documents from a stack
      to a remote distribution station, comprising in combination:
PA1  a pair of separator rollers rotating to transport a document in the
      direction of the distribution station;
PA1  means for driving one of said rollers in a direction to transport a
      document to the distribution station;
PA1  means for mounting the second roller of said pair to normally rotate freely
      in the same direction as the other said roller;
PA1  means for removing a document from the stack for delivery to said pair of
      separator rollers;
PA1  means at the separator rollers to detect when more than one document moves
      through said rollers and generate a double detection signal;
PA1  means responsive to said signal to couple the second of said rollers to
      said means for driving to rotate the rollers of said pair in opposite
      directions;
PA1  an upper and lower transport belt positioned to transport a document
      therebetween from said pair of separator rollers to the distribution
      station;
PA1  a first detector station positioned along said transport belt to detect the
      movement of a document and generate a document signal;
PA1  a second detector station positioned along said transport belt downstream
      of said first detector stationed a distance greater than the length of a
      document to also generate a document signal; and
PA1  divert means responsive to the document signals from said first detector
      station and said second detector station to divert the transported
      document from the distribution station.
NUM  14.
PAR  14. In a document transport system as set forth in claim 13 including a
      double document detector positioned along the document path through said
      transport belts to generate a double document signal to actuate said
      divert means to divert the transported documents from the distribution
      station.
NUM  15.
PAR  15. In a document transport system as set forth in claim 13 wherein said
      divert means includes:
PA1  a divert gate pivotally mounted to be rotated into the path of a document
      from said transport belt to the distribution station; and
PA1  drive means energized by simultaneous document signals from the first and
      second detector stations and also energized by the double document signal.
NUM  16.
PAR  16. In a document transport system as set forth in claim 13 including means
      for driving said transport belts in a direction to transport a document to
      the distribution station.
NUM  17.
PAR  17. In a document transport system as set forth in claim 16 including means
      responsive to the document signal from said second detector station to
      de-energize said means for driving said transport belts.
NUM  18.
PAR  18. In a document transport system as set forth in claim 13 wherein said
      means responsive to the passage of more than one document through said
      transport rollers includes a clutch to connect said means for driving to
      said second roller to drive the second roller in a direction opposite from
      the first roller.
NUM  19.
PAR  19. In a document transport system as set forth in claim 13 including means
      responsive to the document signal from said first detector station to
      de-energize said means for driving.
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ABST
PAL  A recirculator feeds document sheets in order from a supply stack to the
      viewing window of a copier and back to the supply stack for as many times
      as desired to make a number of collated copies of a multi-page document.
      The recirculator is arranged above the copier window and has a sheet
      circulation path that is generally triangular. The supply stack is
      inclined along one side of the triangle, a second side of the triangle
      extends from the bottom of the supply stack across the copier window, and
      the third side extends from the copier window back up to the top of the
      supply stack. The device removes sheets successively from the bottom of
      the supply stack and advances them forward in order across the copier
      window and back up to the top of the supply stack.
BSUM
PAC  THE INVENTIVE IMPROVEMENT
PAR  There are two basic ways of making multiple copies of a multi-page
      document. One way is to make the desired number of copies of each page of
      the document in succession, and then collate the copies, and the other is
      to make one copy of each sheet of the document in successive order for as
      many times as required to make the desired number of copies which are
      automatically collated, because the copies are made in the same order as
      the document sheets. For the latter method, there have been several
      suggestions for feeding sheets successively from a supply stack to a
      copier window and back to the supply stack, and the invention involves
      recognition of some of the problems and complexities of such devices. For
      example, most suggestions for recirculating the sheets of a document
      involve reversing the sheets or switching them between alternative paths,
      and reliable mechanisms for this become very complex.
PAR  The invention involves realization of a simpler and more expedient way of
      structuring a sheet recirculator for reliably feeding sheet around a
      recirculation path that crosses the copier window of a copying machine.
      The invention aims at simplicity, economy, versatility, and reliability in
      recirculating the sheets of a document for copying purposes.
PAC  SUMMARY OF THE INVENTION
PAR  The inventive device is for feeding document sheets in order from a supply
      stack to the viewing region of a copier and back to the supply stack. It
      includes apparatus arranged above the viewing region of the copier for
      forming a sheet circulation path that is generally triangular in vertical
      cross section. The supply stack is supported at an incline along a first
      side of the path, and a second side of the path extends from the lower
      region of the first side across the viewing region of the copier. A third
      side of the path extends from the viewing region upward to the upper
      region of the supply stack. Feeding means successively remove the bottom
      sheet of the supply stack from the lower region of the supply stack and
      advance the removed sheets successively in order into the second side of
      the path, and this is synchronized with the operations of the copier for
      copying the sheets in the viewing region. The copied sheets are then
      advanced successively in order from the second side of the path to the
      third side of the path and are then placed successively in order over the
      top sheet of the supply stack. One preferred arrangement for advancing the
      sheets is a pair of belts on opposite sides of the sheets and means for
      starting and stopping the belts, and another preferred arrangement is
      continuously driven rollers with a sheet-stopping and starting mechanism
      between the rollers for arresting the sheet at the copier window.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a partially schematic, front elevational view of a preferred
      embodiment of the inventive recirculator arranged over a copier;
PAR  FIG. 2 is a partially schematic, elevational view of the recirculator of
      FIG. 1 with the housing removed;
PAR  FIG. 3 is a partially schematic, fragmentary view of an alternative platten
      for the recirculator of FIG. 2;
PAR  FIG. 4 is a fragmentary plan view of a preferred embodiment of a belt for
      the recirculator of FIG. 2;
PAR  FIG. 5 is a partially schematic, elevational view of another preferred
      embodiment of the inventive recirculator with the housing removed;
PAR  FIGS. 6 and 7 are partially schematic, fragmentary views of a sheet
      removing mechanism for the recirculator of FIG. 5; and
PAR  FIG. 8 is a partially schematic, fragmentary view of an alternative sheet
      remover for the recirculator of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  The inventive sheet recirculator 15 operates with a copier 10 having a
      copier window 11 providing a viewing region where sheets can be copied.
      Many different kinds of copiers have a relatively unobstructed viewing
      window, either flat or curved, and usually at the top of the copier where
      sheets are placed and copied. The inventive sheet recirculator 15 is
      preferably shaped to rest on top of copier 10 above viewing region 11 as
      illustrated, and preferably operates during the copier dwell interval
      between scanning of one sheet and readiness to scan again, for advancing
      sheets in succession into viewing region 11. For example, page one of a
      document is positioned over window 11 by recirculator 15, copier 10 cycles
      to make a copy of page one, and in the dwell interval before copier 10 is
      ready to make a second copy, recirculator 15 moves page one beyond window
      11 and positions page two over window 11. Between each cycle of copier 10,
      recirculator 15 takes away a copied sheet and provides a succeeding sheet.
      Copier 10 then makes successive copies without interruption, and
      recirculator 15 positions pages successively in order for as many
      recirculations of the pages of the original document as required to make
      the desired number of copies. The copy pages are in the same order as the
      document pages and are repeated successively for as many copies of the
      document as desired. Copier 10 and recirculator 15 are stopped when
      sufficient copies are made, with the copies collated and ready for use.
PAR  Present copiers scan a document sheet that is motionless at the viewing
      window and use a light-and-lens system that moves relative to the
      document. The inventive recirculator allows the document to be moved past
      a fixed light-and-lens system at the viewing window to simplify both the
      copier and the recirculator. The recirculator then provides a steady rate
      of feeding speed for the document and is synchronized with the copier so
      that the document is scanned by a fixed light-and-lens system within the
      copier, and documents are advanced successively at whatever speeds the
      copier is able to accept them. The recirculator is then simpler in using a
      continuous drive, and the copier is also simpler in not having to move a
      light source and lens system. The inventive recirculator applies to either
      type of copier operation.
PAR  The recirculation of sheets of a document occurs around a circulation path
      that is generally triangular in elevation as shown by the arrows in FIG.
      1. A supply stack 12 of the sheets of the document is arranged along a
      first side of the triangle between a back guide 13 and a front guide 14 so
      that the sheets of stack 12 are supported on an incline and are generally
      above viewing window 11. Sheets are removed one at a time in succession
      from the bottom of supply stack 12 and are fed around the lower left
      corner of the triangular path and into viewing position over window 11 on
      a second side of the path. Each sheet is either stopped over window 11 for
      long enough to allow copier 10 to make a copy, or passes over window 11 as
      copier 10 operates, and then the copied sheets are advanced around the
      lower right corner of the triangular path, upward along a third side of
      the path to the upper region of the supply stack where the sheets are
      dropped in succession onto the top of stack 12. The incline of stack 12
      lets each successive sheet slide back down on top of the stack so that the
      recirculation proceeds simply and automatically with no reversal of motion
      or switching between paths. Recirculator 15 operates in synchronization
      with copier 10 so that copier 10 cycles along at its usual rate, and
      recirculator 15 provides sheets in the proper succession so that copies
      are automatically collated.
PAR  One preferred form of recirculator 15, as schematically illustrated in FIG.
      2, uses a pair of belts for advancing sheets 16 from stack 12 around the
      triangular path. Both belts are preferably formed of resin material with
      inner belt 17 being substantially opaque and outer belt 18 being
      substantially transparent. Outer belt 18 passes over supply stack 12, and
      inner belt 17 passes under supply stack 12, and belts 17 and 18 travel
      together along the second side of the path over copier window 11 and up
      the third side of the path to the top of the supply stack 12.
PAR  A motor 19, preferably arranged in a rear region of recirculator 15, is
      connected through an electrically controlled clutch and brake 20 to a
      drive belt 21 driving pulley 22 at the top of the triangular path. Motor
      19 runs continuously, and clutch and brake 20 engages and disengages at
      the proper times to drive belt 21 for advancing feed belts 17 and 18 in a
      start-and-stop movement synchronized with copier 10. Clutch and brake 20
      is not used for continuous drive of belts 17 and 18 for a copier 10 that
      copies a moving sheet. A pulley 23 turning with pulley 22 drives a belt 24
      that extends around pulleys 25 and 26 behind feed belts 17 and 18 so that
      every time pulley 22 rotates, belt 24 moves, and when pulley 22 stops,
      belt 24 stops. In turn, pulley 25 drives a pin drum 27 having pins 28 that
      retractably extend through edge perforations 29 (FIG. 4) in feed belts 17
      and 18 for advancing the feed belts. Perforations 29 are preferably spaced
      to fit standard computer paper and computerpaper drives, and pin drive 27
      can be formed and operated in any of several generally known ways. Belts
      17 and 18 may require static eliminators and dust-removing pads or
      brushes, but these are generally known and can be applied as desired.
PAR  Belt 24 also extends around pulley 26 driving a friction feed device formed
      of a roller 30 cooperating with a contiguous roller 31 which can be either
      fixed or connected to roller 30 by coupling gears 32 to rotate counter to
      roller 30. Either way, devices 30 and 31 combine to provide a friction
      feed engaging and advancing the bottom sheet of stack 12 whenever pulley
      26 is driven by belt 24. Several forms of friction feeders are generally
      known, and their details can be varied in several ways. The objective,
      however, is feeding the bottom sheet only from stack 12 each time
      recirculator 15 is advanced, and to insure accuracy in this, a
      double-sheet sensor 33 is arranged along the path of sheet travel between
      the friction feeder and copier window to detect any feeding of more than a
      single sheet and to stop the operation of recirculator 15 if this occurs.
      For continuous drive of belts 17 and 18, an intermittent drive of a
      friction feeder synchronized with copier 10 is preferred for spacing the
      sheets at proper intervals to fit the cycle time of copier 10.
PAR  Outer belt 18 passes straight over supply stack 12 between roller 22 and a
      tension roller 34, and inner belt 17 is guided under supply stack 12 by
      idler roller 36 and a tension roller 35. Belts 17 and 18 meet at a nip in
      the region of tension roller 35 and travel together until they separate on
      passing over upper roller 22.
PAR  Above copier window 11 and inside of inner belt 17 is a fixed plate 37 and
      an inflatable diaphragm or bladder 38 that is filled and emptied under
      control of valve 39 for pressing inner belt 17, a document sheet 16, and
      outer belt 18 tightly against copier window 11 during the interval when
      the copy is being made. A sensor 40, which can be optical-electric or
      mechanical-electric, senses the arrival of the leading edge of a sheet 16
      over copier window 11, and control 41 responds to this to stop the belt
      drive by disengaging the clutch and applying the brake of device 20.
      Bladder 38 is then inflated by air pump 42 under control of valve 39 to
      hold the sheet of the proper position for copying. Recirculator 15 remains
      motionless in this position until copier 10 finishes scanning sheet 16,
      and this is detected by sensor 43 that is preferably an optical-electric
      sensor producing a signal for control 41. When copier 10 finishes scanning
      document 16, bladder 38 is deflated through valve 39, and recirculator 15
      is advanced until the next sheet reached the copier window as detected by
      sensor 40.
PAR  Recirculator 15 is loaded by placing sheets 16 of a document stack 12 in
      between back guide 13 and front guide 14 either by sliding stack 12
      edgewise into recirculator 15, or by pulling out a sheet-receiving tray or
      a drawer including guides 13 and 14. The loaded sheets 16 rest against
      drum 31 of the friction feed, or a stop can also be used to set the
      position for the lower edges of the sheets 16 in stack 12. Copier 10 is
      put in operation, and recirculator 15 is turned on to advance the bottom
      sheet from stack 12 around roller 30 and into the nip between belts 17 and
      18 in the region of tension roller 35 and to move sheet 16 up to sensor 40
      which then stops recirculator 15 to allow copier 10 to cycle. Copier 10
      makes a copy of sheet 16 which is viewed through transparent outer belt 18
      held tightly against copier window 11 by inflated bladder 38. When copier
      10 finishes scanning sheet 16 as detected by sensor 43, recirculator 15 is
      started up to advance the bottom sheet of stack 12 up to sensor 40, and
      move the copied sheet around pin drum 27 and up the third side of the path
      toward upper roller 22. Another copy cycle is made, and as sheet after
      sheet advances, each copied sheet is returned to the top of supply stack
      12 as its trailing edge drops away from upper roller 22 where belts 17 and
      18 separate. The incline of stack 12 is sufficient so that the sheet
      slides back down to rest against drum 31 like the other sheets already in
      stack 12.
PAR  Belt 18 can have indicia 44 maked along a margin or elsewhere to provide a
      brand name identification, or any other desired identification for copies,
      and use of belt 18 allows many possibilities for deliberate visual effects
      in copies, such as the effect provided by perforations 45 that both
      lighten the mass and inertia of belt 18 and give the copies a faint
      patterned effect. Copies for a certain department or a particular customer
      or for a specific project can be identified by using appropriate indicia
      on belt 18. Also, standard computer-paper perforations 29 and pin drive 27
      allow computer paper to be fed through recirculator 15 for copying in a
      manner similar to the copying of sheets 16.
PAR  FIG. 3 shows an alternative to bladder 38 for holding sheet 16 and belts 17
      and 18 tightly against the window 11 of copier 10. A pair of rocker arms
      46 and 48 are mounted on pivots 47 and joined to a movable platen 49
      arranged over inner belt 17. A solenoid 50 makes shaft 51 reciprocally to
      turn rocker arm 46 and raise and lower platen 49. On signals from control
      41, solenoid 50 moves shaft 51 to the left to raise platen 49 and allow
      advance of belts 17 and 18 carrying sheet 16, and when a new sheet 16 is
      properly positioned over copier window 11, solenoid 50 moves shaft 51 to
      the right as illustrated to lower platen 49 to hold belts 17 and 18 and
      document 16 firmly against window 11 for copying. Other devices can also
      be used for pressing the belts and the document sheet against the copier
      window during the time the sheet is scanned, and guides or rollers are
      preferred for holding continuously moving belts in the proper position for
      copying while sheets are moving.
PAR  Recirculator 60, as schematically illustrated in FIGS. 5-8 accomplishes the
      same general result as recirculator 15 relative to copier 10 but uses a
      different sheet advancing mechanism. Generally, this if formed of
      continuously driven rollers and guides that advance sheets whenever the
      sheets engage the rollers, the drive rollers cooperate with a feeding
      mechanism for starting each sheet in motion, a stop device stops each
      sheet at copier window 11 for copying, and a start device starts the
      copied sheet moving into engagement with a drive roller after the sheet is
      scanned. The path around recirculator 60 is also generally triangular and
      in the same general form as the path used in recirculator 15. Also, the
      start-and-stop mechanisms can be omitted for a continuous feed
      recirculator for copying while sheets are moving.
PAR  Supply stack 12 of sheets 16 is similarly positioned in a holder tray 51
      having a stop 52 along its lower end. Motor 53 drives pulley 54
      continuously with belt 55, and another belt 56 extends around a pulley 57
      that it turns with pulley 54 so that belt 56 drives pulleys 58 and 59,
      which in turn drive rollers 62 and 63. Belt 56 is preferably arranged at
      the rear of recirculator 60 so as not to interfere with travel of sheets
      16.
PAR  An edge guide 61 preferably formed as a U-shaped channel extends along the
      third side of the triangular path from roller 63 to roller 54 for guiding
      one edge of the sheets 16, and rollers along the feed path are generally
      angled slightly toward guide 61 to hold sheets 16 against guide 61 similar
      guide channel (not shown) preferably guides the sheets over copier window
      11. By means of a belt 64 from pulley 59, roller 65 is driven against a
      contiguous roller 66 for moving sheets along the third side of the feed
      path. Another belt 67, also driven by pulley 59, drives a start roller 68
      for moving copied sheets out of a position over copier window 11.
PAR  The feeding of the bottom sheet from supply stack 12 for starting a sheet
      on a course of travel around recirculator 60 is best shown in FIGS. 6-8,
      and is described below. Once a sheet is removed from stack 12 and placed
      in engagement with continuously driven roller 62, the sheet is pulled out
      of the supply stack 12 and advanced into the second side of the path along
      edge guide 61 until the sheet moves into the proper position over copier
      window 11. The leading edge of the sheet is stopped in the proper position
      by a stop 69, and the sheet is held flat against copier window 11 by resin
      sheets 70 and 71 that overlap and serve as a platten.
PAR  The trailing edge of the sheet is pushed against stop 69 by a continuously
      driven roller 72 mounted on a bracket 73 that is adjustable in the
      direction of the arrows by means of a bolt 74 clamping bracket 73 to a
      fixed arm 75. Roller 72 is coupled to another roller 76 through a
      connecting arm 77, and a belt 78 passing around pulley 58 and rollers 72
      and 76 drives roller 72 continuously. Such an arrangement allows roller 72
      to be positioned along the path of travel of a sheet by adjusting bracket
      73 so that when the trailing edge of the sheet passes beyond the reach of
      roller 72, the leading edge of the sheet engages stop 69. The
      adjustability of roller 72 thus accommodates different lengths of sheets
      16. Resin sheet 70 is attached to bracket 73 and moves along with bracket
      73, and resin sheet 70 extends loosely under another resin sheet 71. A
      paper sheet 16 advanced by roller 72 slides under resin sheets 70 and 71
      which simply rest on paper sheet 16 to hold sheet 16 flat against copier
      window 11.
PAR  A cam system 79 on a cam shaft 80 is driven through one complete
      360.degree. rotation by rotation control device 81 for each operating
      cycle of recirculator 60. Cam shaft 80 preferably extends along the width
      of recirculator 60 and contains several cams for accomplishing all the
      operations necessary to synchronize recirculator 60 with copier 10.
      Rotational control device 81 is presently available in several forms, such
      as the PSI brand incremental rotation control package from Bulletin A-16
      of September 1970, and can drive cam shaft 80 in one complete rotation
      with very little error and with no accumulated error. A sensor 82
      positioned in the region of copier window 11 is preferably an
      optical-electric sensing device to determine when the scanning of a sheet
      16 is completed by copier 10. This is signaled to a control 83 that
      operates rotation device 81 to rotate cam shaft 80 one complete
      revolution, and cams on shaft 80 control all the operations necessary for
      removing another sheet from stack 12 and advancing the copied sheet away
      from copier window 11.
PAR  One cam 84 on shaft 80 is tracked by a follower 85 on a rocker arm 86
      mounted on a pivot 87 for raising and lowering the operating end 88 of arm
      86. When end 88 is raised, another arm 89 carrying start roller 68 and
      mounted on pivot 90 is lifted up against the bias of spring 91 to lower
      stop 69 to the position illustrated in FIG. 5 for stopping the leading end
      of a sheet 16 in a proper position over copier window 11. When sheet 16 is
      completely scanned by copier 10 as detected by sensor 82 and cam shaft 80
      is rotated, cam 84 releases rocker arm 86 to allow lower end 88 to pivot
      downward under the bias of spring 91 to lift stop 69 clear of the path of
      the copied sheet 16 and to lower start roller 68 into engagement with the
      copied sheet. Roller 68 then drives the sheet away from copier window 11
      and into engagement with continuously driven roller 63 which advances the
      copied sheet on its way up the third side of the path to upper roller 54
      and back to the top of the supply stack 12. Rocker arm 86 then returns to
      the position illustrated in FIG. 5 so that stop 69 stops the leading end
      of the succeeding sheet advanced into the second side of the path after
      removal from the bottom of supply stack 12.
PAR  FIGS. 6 and 7 show one preferred way of removing the bottom sheet 16 from
      supply stack 12. The support plate 51 for supply stack 12 is mounted on a
      pivot 92 so that its lower end in the region of stop 52 can be moved up
      and down relative to continuously driven roller 62. Roller 62 is
      preferably a series of wheels spaced along an axial shaft 93, and a series
      of fixed suction cups 95 are arranged between the wheel sections of roller
      62. Suction cups 95 are evacuated under control of a vacuum valve 96
      controlling the air flow to pump 97 and operated by a cam on cam shaft 80
      so that when cam shaft 80 rotates, vacuum valve 96 opens to evacuate
      suction cups 95 and hold the bottom sheet 16 of supply stack 12 in the
      plane of a tangent to drive roller 62.
PAR  Another cam 98 on cam shaft 80 rotates to engage plate 51 and pivot supply
      stack 12 upward to the position shown in FIG. 7, leaving bottom sheet 16
      held down by suction cups 95. Cam 98 is also tracked by a follower 99 on a
      rocker arm 100 that engages another rocker arm 101 pivotally mounted on
      shaft 93 and carrying a nip roller 102 that moves around the circumference
      of drive roller 62 from the position of FIG. 6 to the position of FIG. 7.
      This moves nip roller 102 in under supply stack 12 to press bottom sheet
      16 from the position held by suction cups 95 into engagement with
      continuously driven roller 62. This pulls sheet 16 from the bottom of
      supply stack 12 and advances it around the lower left corner of
      recirculator 60 and into the second side of the recirculation path over
      copier window 11. A sensor 103 detects any double-sheet removal and stops
      the recirculator.
PAR  Another alternative for removing the bottom sheet 16 from supply stack 12
      is shown schematically in FIG. 8. Support plate 51 and abutment 52 for
      supply stack 12 are fixed above continuously driven roller 62, and suction
      cups 104 are mounted on arm 105 supported on pivot 106. Arm 105 carries an
      arm 107 bearing a follower 108 that is raised and lowered by a cam 109 on
      cam shaft 80 so that suction cups 104 pivot up to engage the bottom sheet
      of stack 12 and then pivot back down to the region of the circumference
      drive roller 62 where the bottom sheet is pressed against drive roller 62
      by nip roller 102 which moves as previously described. This is similar to
      the embodiment of FIGS. 6 and 7, except that the supply stack is
      stationary and suction cups 104 pivot, rather than suction cups being
      fixed and supply stack 12 being raised. Either way, the bottom sheet is
      moved downward relative to supply stack 12, and room is provided for nip
      roller 102 to move up over the bottom sheet and press it against
      continuously driven roller 62 that withdraws the bottom sheet from stack
      12 and advances it into the second side of the circulation path.
PAR  With either of the sheet removing mechanisms of FIGS. 6-8, each cycle of
      operation of recirculator 60 removes the bottom sheet from supply stack 12
      and advances it around drive roller 62 and up to drive roller 72 which
      pushes the trailing edge of the sheet under plattens 70 and 71 until the
      leading edge of the sheet engages stop 69. All this preferably occurs
      within the dwell time of copier 10 between scanning a previously copied
      sheet and becoming ready to make a new scan for a new copy. When the scan
      is completed for the advanced sheet as detected by sensor 82, cam shaft 80
      rotates through another revolution to repeat the same cycle, which
      includes raising stop 69 and lowering start roller 68 to advance the
      copied sheet away from the copier window and back up the third side of the
      path over upper roller 54 and onto the top of supply stack 12. While this
      is happening, another sheet is removed from the bottom of the stack and
      advanced over copier window 11. The various cams on shaft 80 are related
      to each other so that the previously copied sheet is out of the way and
      stop 69 is returned to the lower position before the leading edge of a
      succeeding sheet reaches stop 69. In effect, recirculator 60 removes a
      sheet from stack 12 and advances it to stop 69 quickly during the
      intercopy dwell time of copier 10, and also advances a previously copied
      sheet back to the top of the supply stack during the same intercopy
      interval so that copier 10 can cycle continuously without interruption and
      make successive copies of sheets 16 as previously explained.
PAR  There are many ways that cams, feed rollers, drive belts, control systems,
      and other devices can be arranged in recirculator 60 for accomplishing the
      desired results, and those skilled in the art will readily see ways that
      the general concepts of the invention can be varied. Different ways of
      removing the bottom sheet from the supply stack can be combined with
      different ways for advancing the sheet around the triangular path once it
      is removed from the supply stack, and many generally known sheet-handling
      and feeding devices can be used in various ways within the general concept
      of the inventive recirculator.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for feeding document sheets in order from a supply stack to
      the viewing region of a copier and back to said supply stack, the
      improvement comprising:
PA1  a. means arranged above said viewing region for forming a circulation path
      for said sheets, said path being generally triangular in vertical cross
      section;
PA1  b. means for supporting said supply stack at an incline along a first side
      of said path;
PA1  c. a second side of said path being arranged to extend from the lower
      region of said first said of said path across said viewing region;
PA1  d. a third side of said path being arranged to extend from said second side
      of said path upward to the upper region of said supply stack;
PA1  e. means for successively removing the bottom sheet of said supply stack
      from said lower region of said supply stack;
PA1  f. means for advancing said removed sheets successively in order into said
      second side of said path;
PA1  g. means for synchronizing said advance of said removed sheets with
      operations of said copier for copying said sheets in said viewing region;
PA1  h. means for advancing said copied sheets successively in order from said
      second side of said path through said third side of said path;
PA1  i. means for advancing said copied sheets successively in order to
      superposed relation over the top sheet of said supply stack; and
PA1  j. said means for advancing said removed sheets and said copied sheets
      comprises a pair of endless belts, drive means for said endless belts, and
      outer one of said belts is substantially transparent, an inner one of said
      belts is substantially opaque, said inner belt passes under said supply
      stack, said outer belt passes over said supply stack, and said belts
      travel together through said second and third sides of said path.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said synchronizing means is arranged
      for advancing said removed sheets into said viewing region during a dwell
      interval between copy cycles of said copier.
NUM  3.
PAR  3. The apparatus of claim 1 including perforations along the edges of said
      belts and wherein said drive means includes a pin drive.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said removing means is a friction feed
      synchronized with said copier.
NUM  5.
PAR  5. The apparatus of claim 1 including releasable means for pressing said
      sheets and said belts toward said copier in said viewing region.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said pressing means is an inflatable
      bladder.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said pressing means is a movable
      platen.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said means for moving said sheets into
      said supply stack includes means for separating said belts above said
      upper region of said supply stack.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said synchronizing means is arranged
      for advancing said removed sheets into said viewing region during a dwell
      interval between copy cycles of said copier.
NUM  10.
PAR  10. The apparatus of claim 9 including releasable means for pressing said
      sheets and said belts toward said copier in said viewing region.
NUM  11.
PAR  11. The apparatus of claim 10 including perforations along the edges of
      said belts and wherein said drive means includes a pin drive and said
      removing means is a friction feed synchronized with movement of said
      belts.
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ABST
PAL  Apparatus for feeding individual sheets from a hopper, including a rotating
      prefeed member positioned near the exit end of the hopper and having
      projections for repeatedly beating the next sheet to be fed from the stack
      of sheets, to help separate the sheets and to urge the next sheet out of
      the hopper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to paper feeding mechanisms.
PAR  A relatively slow but highly reliable paper feeding mechanism is required
      in one type of facsimile transmitter which has a hopper for holding stack
      of sheets and which feeds the sheets one at each time into a scanner. The
      hopper can be oriented in a largely vertical direction, and rollers at the
      bottom of the hopper can engage one sheet at a time to feed it to the
      scanner. A paper feeding mechanism of this general type is described in
      detail in U.S. Pat. No. 3,545,742 issued Dec. 8, 1970 to the assignee of
      the present patent application. One type of problem that sometimes arises
      with this type of feeding mechanism is that a pair of sheets may tend to
      stick together, which can prevent the bottommost sheet from dropping
      against a feed roller, or which can cause two sheets to be fed even though
      a separation roller is provided to reduce this possibility. Sheets can
      tend to stick together where there is a high humidity or where the sheets
      have a static electric charge as where they are Xerox or other
      electrostatic type copies. A simple device that reduces the possibility of
      sheets sticking together so as to prevent the feeding of no sheet or the
      feeding of two sheets at once, would increase the reliability of the
      feeding mechanism.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the present invention, a simple
      mechanism is provided which helps to maintain the sheets in a stack
      separated from one another and which also helps to feed the sheets out of
      the hopper and into sheet-engaging rollers. The mechanism includes a
      rotating prefeed member which has projections for repeatedly beating the
      sheets in a hopper. The prefeed member is utilized in conjunction with a
      paper feeding mechanism which includes a hopper oriented at a slight
      incline from the vertical and having a narrowing lower portion or throat
      through which sheets fall and where they are grasped by feed rollers. The
      hopper has a lower side plate, and the periphery of the prefeed member
      extends through a slot formed in the lower side plate at a location near
      the throat of the hopper. As a result, the beating action tends to bend
      the sheets which have partially passed through the throat, to help
      separate them, and it also urges the lowermost sheet downwardly into the
      feed rollers. The prefeed member can be formed with a square cross-section
      so that the corners of the square form projections for beating the sheets.
      In another arrangement, the prefeed member has four rubber blades that
      deflect against the sheets as the prefeed member rotates.
PAR  The novel features that are considered characteristic of this invention are
      set forth with particularity in the appended claims. The invention will
      best be understood from the following description when read in connection
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional side view of a feed mechanism constructed in
      accordance with the present invention;
PAR  FIG. 2 is a view taken on the line 2--2 of FIG. 1; and
PAR  FIG. 3 is a sectional side view of a feed mechanism constructed in
      accordance with another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 illustrate a portion of a facsimile transmitter which
      includes a frame 10 with a hopper 12 for receiving a stack of sheets of
      paper. Each of the sheets carries an image, and the sheets are fed one at
      a time along a path past a scanning aperture 14 where the image is read
      and transmitted. The paper feeding mechanism includes a pair of feed
      rollers 16 positioned near the bottom of the hopper, which rotate
      intermittently in the direction of arrow 18 to feed individual sheets out
      of the hopper. A pair of reverse rollers 20 are positioned opposite the
      feed rollers so that a nip 23 is formed between them to receive sheets.
      The reverse rollers, however, rotate continuously in the direction of
      arrow 22 to help separate the sheets so that only one sheet at a time is
      fed out of the hopper. As each sheet is fed by the feed rollers 16, the
      sheet passes around a pair of guides 24 and onto a belt 26 that rotates on
      a pair of belt rollers 25, 27 and which carries the sheet past the
      scanning aperture 14. As soon as the sheet passes between a pair of
      contacts 28, 30 to indicate that the leading edge of the sheet has reached
      the belt and is engaged between the belt and a pressure roll 32, the feed
      rollers 16 are no longer driven, although they are allowed to idle or be
      freely turned as the rearward portion of the sheet is pulled across them.
PAR  The facsimile transmitter is left unattended for extended periods of time
      while the sheets are individually moved past the scanning aperture,
      inasmuch as it typically requires about three minutes to transmit the
      image on each sheet. One of the problems that sometimes arises is that the
      sheets in the stack may tend to stick together, so that two or more sheets
      may be fed together past the feed rollers 16. The reverse rollers 20
      rotate in a direction to tend to move any sheet of paper which starts to
      pass by it, back into the hopper 12. The reverse rollers 20 are preferably
      constructed of a material with a lower coefficient of friction on paper
      than the feed rollers 16 on the paper, but with a coefficient greater than
      that between two sheets of paper. The reverse roller 20 rotates slowly but
      continuously in the indicated direction to return any sheet that slips
      thereby back into the hopper. While the reverse roller helps to prevent
      double feeding, double feeding of sheets still occurs. This can occur, for
      example, when the sheets have electrostatic charges which may result when
      the sheets are electrostatic copies, or where the sheets have been stored
      in an area of high humidity so that the moisture may tend to stick them
      together.
PAR  In accordance with the present invention, a prefeed member 40 is provided
      which helps to keep the sheets separated so that one and only one sheet at
      a time is fed through the machine. The prefeed member 40, which is mounted
      on a rotatable shaft 42, is of square cross-sectional shape, so that it
      forms four projections 44 at the corners of the square. The prefeed member
      is mounted so that these projecting portions 40 extend into the hopper and
      against a lowermost sheet 46 therein at a position up-path from the feed
      rollers 16. As the prefeed member rotates, it slowly deflects or "beats"
      the stack of sheets, and particularly the lowermost sheet thereof. This
      slow beating action causes a repeated bending of the stack of sheets,
      which tends to cause a slight sliding of the sheets on one another. This
      bending of a stack of sheets is the type of action generally recommended
      when a stack of sheets is laid in a copier or other sheet-using device, to
      help minimize sticking of the sheets to one another. The continuously
      rotating prefeed member 40 serves to perform this bending action while the
      sheets are in the hopper so that even if the machine operates in a region
      of high humidity, any sticking sheets tend to be repeatedly separated. The
      prefeed member 40 also helps to feed the lowermost sheet 46 of the stack
      into the feed rollers 16, as the corners of the prefeed member brush
      against the sheet.
PAR  The hopper 12 includes a pair of side plates 50, 52 between which the stack
      of sheets is confined, with the uppermost side plate having a bent lower
      end 54 that forms a throat area 56 through which the sheets pass before
      they reach the feed rollers 16. The lower side plate 50 is formed with an
      aperture 58 through which the projecting portions of the prefeed member 40
      can extend, so that the stack of sheets can be bent by the prefeed member
      while the stack is in the hopper. In order to encourage feeding, the
      hopper 12 is oriented in a primarily vertical direction. However, the
      hopper, and particularly the lower side plate 50 thereof, is oriented at
      an angle A of at least a few degrees, and normally less than 45.degree.,
      away from the vertical in order to encourage the next sheet 46 to lie
      against the side plate 50 through which the prefeed member projects. It
      may be noted that the prefeed member 40 lies near the bottom of the stack
      holder, at a position immediately above the throat 56. This helps to
      encourage bending of the sheets, because when the prefeed member 40 moves
      against the sheets, the sheets cannot merely move away, but are forced to
      bend because the bottom 54b of the bent upper plate at the throat 56 backs
      up the sheets.
PAR  The facsimile scanner includes two motors indicated at 60 and 62, which
      drive the various rotating elements of the machine. One of the motors 60
      rotates continuously and is coupled by a transmission belt 64 to sprockets
      that are fixed to the shafts of various elements, including a sprocket
      fixed to the shaft 42 of the prefeed member 40, the shaft 66 on which the
      reverse rollers 20 are mounted, and a shaft 68 which is fixed to one of
      the belt rollers 25. The other motor 62 is coupled by a belt to a sprocket
      on the shaft 72 of the feed rollers 16. The motor 62 is energized only
      when a sheet lies between the contact 28, 30, which indicates that a new
      sheet is ready to be received on the belt 26 and at the scanning aperture
      14. Thus, the prefeed member 40 continuously rotates to beat the sheets in
      the stack holder to minimize the possibility of sticking and to repeatedly
      urge the bottommost sheet towards the feed rollers, so that whenever a new
      sheet is required, a single sheet is provided for immediate grasping by
      the feed roller.
PAR  FIG. 3 illustrates another embodiment of the invention wherein the prefeed
      member 80 includes four resilient blades 82 mounted on a support 84 that
      is rotatably driven in the same manner as the prefeed member 40 described
      above. The support 84 has four edges, and each blade 82 is mounted on a
      different one of the edges. Each blade extends away from the support by a
      distance d much greater than the thickness of the blade, so that the blade
      can readily bend to prevent damage to the stack of sheets in the hopper.
      The blades 82 are preferably constructed of an elastomeric material such
      as rubber, so that they have a high friction against the paper sheets to
      urge them towards the feed rollers 20, a high flexibility to readily bend,
      and a low hardness to minimize the possibility of tearing the sheets in
      the hopper. The blades are mounted so they extend away from the support
      primarily in a circumferential direction and opposite to the direction of
      rotation; that is, so that each blade extends along an imaginary line,
      such as line 88 for blade 82a, that does not pass close to the axis of
      rotation 86 or even through the shaft 42. This allows each blade to
      contact the bottommost sheet along a large length of the blade, to provide
      a large contact area.
PAR  Thus, the invention provides an improved sheet feeding apparatus which
      minimizes the possibility of sheets sticking to one another, which could
      lead to the feeding of double sheets or of no sheet, and which also helps
      to feed sheets into subsequent feed rollers that then move the sheet out
      of the stack. This is accomplished by beating means which repeatedly
      deflects the next sheet to be fed so as to bend the stack of sheets to
      encourage relative sliding and therefore separation, and which also urges
      the next sheet towards the feeding rollers. The stack holder is oriented
      at an angle of at least a few degrees from the vertical so that the next
      sheet to be fed lies on a bottom side plate of the holder, and the prefeed
      member extends through a slot near the lower end of the bottom side plate
      so that it extends into the region normally occupied by the stack of
      sheets. The prefeed member is a rotatably mounted element with at least
      one projection for beating the stack of sheets as the member rotates. The
      stack holder is formed with a narrowing or throat portion at its lower
      end, and the prefeed member is rotatably mounted immediately above this
      throat area, to provide a substantial bending of the sheets as it beats
      the lowermost sheet of the stack.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and equivalents
      may readily occur to those skilled in the art and consequently, it is
      intended that the claims be interpreted to cover such modifications and
      equivalents.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for feeding individual sheets from a stack comprising:
PA1  a hopper having a lower side plate (50) extending at an angle of at least a
      few degrees and less than 45.degree. from the vertical and having a slot
      near its lower end, said hopper having an upper plate with a lower end
      (54) which extends towards said lower plate but which has an end (54b)
      spaced therefrom to form a throat (56) at the bottom of the hopper through
      which only a portion of the sheets of a full hopper can pass;
PA1  feed roller means (16) positioned below said throat and activatable to move
      individual sheets along a predetermined feed path leading from said hopper
      means;
PA1  a prefeed member (40) with at least one projection, said prefeed member
      being rotatably mounted with its projection passing through said slot in
      said lower side plate to beat against a bottom sheet in the hopper;
PA1  said prefeed member located immediately above said throat (56) to lie
      substantially opposite said lower end (54) of the upper plate, whereby the
      prefeed member tends to bend primarily the few sheets that have passed
      through the throat rather than uniformly bending the entire stack of
      sheets.
NUM  2.
PAR  2. The apparatus described in claim 1 wherein:
PA1  said prefeed member includes a support having a plurality of blades of
      elastomeric material extending therefrom to form said projection, each
      blade extending primarily circumferentially and extending away from the
      support in a direction opposite to the direction of rotation of the
      prefeed member.
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ABST
PAL  An article stacking apparatus for stacking flat randomly shaped articles
      and the like including a movable article transporter, inclined slides
      located beneath the transporter, and containers having three sides and an
      open top located at the lower end of the slides. The transporter, slides
      and the containers are uniquely configured to minimize the impact velocity
      of the article with the slide and to permit the random articles to be
      placed in a stack that has two flush sides. Elevators are provided for
      adjusting the height of the containers in accordance with the height of
      the stack, and sensors are provided which detect the height of the stack
      and feed appropriate signals to an elevator control circuit which controls
      the elevators.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Automatic article stacking apparatus have been typically employed in the
      past to sort such articles as letter mail. One such apparatus is known by
      the name "Letter Sorting Machine" (LSM). In the letter sorting machine,
      the letters are individually transported in an upright or vertical
      attitude within separate compartments in a carrier. The carrier
      compartment configuration resembles that of a file drawer. It contains
      several vertical separators located on a uniform pitch of about two
      inches. Each compartment of the carrier has a hinged floor which is
      capable of independent operation as a trap door. One compartment will
      contain only one piece of mail. The individual carriers are pulled or
      caused to be moved serially in a continuous train in such a manner that
      the direction of motion is substantially normal to the principal plane of
      the compartments. The path of the carrier is such that it takes it over a
      drop point corresponding to each destination for certain letters. At a
      predetermined time, a control system causes a programmed release of the
      trap door of a compartment and the associated piece of mail.
PAR  After its release through the compartment trap door the mail piece
      accelerates in free fall while maintaining the forward velocity imparted
      to it by the carrier. This mail piece, which has both a forward and
      downward velocity component, then impacts with a short curved slide and
      immediately descends down the slide into a small receiving compartment
      with a sloped floor that is provided for accumulating and stacking
      successively arriving pieces of mail. The arriving piece of mail is
      initially arrested by contact with that wall of the receiving compartment
      which is opposite the end of the chute. After the mail piece contacts the
      wall of the compartment, it drops on top of whatever mail has previously
      accumulated in the compartment. Commonly, the floor of the compartment is
      located on a slope which is directly downward and away from the end of the
      chute and as a consequence, this causes the leading edge of successive
      pieces of mail to remain in contact with the down stream portion of the
      wall to thereby obtain a flush condition on one face of the stack.
PAR  In a typical case, the stack will accumulate up to a level which is
      slightly below the end of the chute and at this point the stack will block
      the beam of a photosensor. The photosensor will then cause a conventional
      alert signal to be generated to alert personnel in the area to remove the
      full stack of mail. Removal of the full stack of mail is usually easily
      accomplished by grasping the stack in one or both hands since the stack
      height is usually manageable and the mail usually consists of relatively
      uniform pieces which are less then eleven by six inches in size.
PAR  There are a number of deficiencies with this previously described prior art
      system that is in current use. In this prior art system there is an
      unnecessarily severe impact between the article and the slide, involving
      not only the inevitable vertical velocity component due to the gravity
      induced transfer but also a forward or horizontal velocity component
      imparted by the transport carrier motion. Furthermore, in this prior art
      apparatus after the articles have been stacked the edges of the articles
      are flush only along one side of the stack rather than two sides.
      Consequently, in order for letter mail thus accumulated to be subsequently
      separated one piece at a time from the top of the stack by automated means
      typically used in mail processing systems, the mail must be "edged", that
      is, manually manipulated or introduced into a vibrating environment so as
      to achieve a flush edge condition on two sides of the stack. This step
      represents additional expense in the processing operation.
PAR  Furthermore, since the edges of the articles in this prior art apparatus
      are only flush on one side of the stack, this places some definite
      limitation on the range of random size articles that can feasibly be
      stacked without very troublesome procedures that will be required for a
      subsequent edging operation. For instance, when the article dimensions are
      less than half the corresponding compartment dimensions a succession of
      such articles may initially fail to stack one upon the top of the other
      but rather will fall side by side. If this occurs, subsequent vibratory
      efforts to edge such articles in a stack exhibiting such a condition will
      have indifferent success without the reconstruction of the stack piece by
      piece. Furthermore, should any of these articles be loose-leaved such as
      magazines or newspapers or the like, vibratory edging efforts are not only
      likely to fail but in fact may lead to damage of the leaves of the
      articles.
PAR  In addition, since the subject prior art apparatus provides a resulting
      stack which has the edges of the articles flush on only one side, this
      places an inherent limitation on the randomness of the article size that
      can be accommodated in the same stack as well as a limitation on the
      height of the stack that can be handled, without the resulting stack
      instability leading to an unacceptable risk of deshevelment, collapse and
      article damage.
PAR  The article stacking apparatus of the present invention overcomes these
      disadvantages associated with prior art systems and provides an article
      stacking apparatus that has reduced article impact velocity and which
      results in a stack of articles which has two flush edges without any need
      for additional edging operations.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention relates to article stacking apparatus and more particularly
      to article stacking apparatus which passively stack the articles.
PAR  It is an object of the present invention to provide an article stacking
      apparatus which reduces the possibility of damage to the article which is
      to be stacked.
PAR  It is an object of the present invention to provide an article stacking
      apparatus which reduces the impact velocity of the article which is to be
      stacked.
PAR  It is an object of the present invention to provide an article stacking
      apparatus which is capable of simultaneously handling a population of
      relatively flat articles of varying sizes.
PAR  It is an object of the present invention to provide an article stacking
      apparatus which is capable of stacking articles such as looseleaf
      documents, magazines and the like.
PAR  It is an object of the present invention to provide an article stacking
      apparatus which is passive in nature and has few moving parts.
PAR  It is also an object of the present invention to provide an article
      stacking apparatus which reduces the likelihood for the need for edging of
      the stack.
PAR  It is also an object of the present invention to provide an article
      stacking apparatus which provides a stack of articles in which the edges
      of the articles along two faces of the stack are substantially flush.
PAR  It is also an object of the present invention to provide an article
      stacking apparatus which creates positive stability in the stack of
      articles as the articles accumulate.
PAR  It is also an object of the present invention to provide an article
      stacking apparatus which has provisions for maintaining uniform stacking
      dynamics as the articles accumulate.
PAR  It is also an object of the present invention to provide an article
      stacking apparatus which is capable of producing a stable stack of
      comparatively great height.
PAR  It is also an object of the present invention to provide an article
      stacking apparatus which has provisions for rapid removal of a full stack
      from the stacking apparatus.
PAR  The present invention provides an article stacking apparatus which includes
      means for impacting with moving articles which are to be stacked. The
      impact means has an inclined slide and the article stacking apparatus also
      has means located adjacent to the lower end portion of the slide surface
      for receiving articles which have impacted with the impacting means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be hereinafter more fully described with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the article stacking apparatus of the
      present invention;
PAR  FIG. 2 is a side elevational view of the structure illustrated in FIG. 1
      but also showing a transporter tthat forms part of the prsent invention;
PAR  FIG. 3 is a sectional view of the slide which forms part of the invention
      taken on the line 3--3 in FIG. 2;
PAR  FIG. 4 is a sectional view of the slide taken on the line 4--4 in FIG. 2;
PAR  FIG. 5 is a schematic diagram of the parameters associated with the upper
      portion of the slide of the article stacking apparatus illustrated in FIG.
      2; and
PAR  FIG. 6 is a schematic diagram of the parameters associated with the lower
      portion of the slide of the article stacking apparatus illustrated in FIG.
      2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIGS. 1 through 4, the article stacking apparatus
      invention which is designated generally by the number 10 has a plurality
      of slides 11 and 12. Each slide 11 and 12 has an upper planar portion 13
      or 14 which is inclined to the horizontal and a respective lower portion
      15 and 16 which twists progressively through a small angle crosswise to
      the principal direction of inclination. The stacking apparatus 10 also has
      a plurality of containers or collector trays 17, one of which is located
      at the lower end of each of the slides 11 and 12 and a plurality of
      elevators 18, one for each tray 17, which position and maintain the tray
      at the proper height for optimum stacking dynamics relative to article
      trajectory from the appropriate slide to the tray. A photoelectric article
      stack height sensor 19 and a light source 20 are also provided for each
      tray 17 to provide a control reference for operation of the appropriate
      elevator 18; and an upper elevation limit switch 21 and a lower elevation
      limit switch 22 are provided for each tray 17 to define maximum and
      minimum levels for the elevator platform 23 upon which the tray rests. An
      override switch 24 is provided for each elevator 18 to cause the elevator
      to ascend directly from its lower to its upper limit. The elevators 18,
      the associated upper and lower limit switches 21 and 22 and the
      photoelectric sensor and its light source 20 for sensing the surface of
      the stack are in themselves known in the art and hence are not described
      in detail.
PAR  The article stacking apparatus 10 also includes a movable article
      transporter 25 which drops articles individually on a predetermined slide
      11 or 12. The transporter 25 has compartments such as the compartments 26,
      27 and 28 and these compartments have the respective hinged trap door
      floors 29, 30 and 31. Each sidewall 32, 33, 34, 35, 36 and 37 of these
      compartments makes substantially an angle .alpha. with the vertical plane
      and the entire transporter 25 is adapted to move in the direction
      indicated by the arrow along a path that will place the compartments
      substantially above the slides 11 and 12.
PAR  The compartmentation in the transporter 25 resembles to a degree that found
      in a file drawer in which many vertical separators exist, with one
      compartment allocated per individual article. The compartments are ordered
      serially with respect to the direction of motion and the compartments are
      located so that their major planes are substantially crosswise to the
      direction of motion, except for the previously mentioned angle .alpha..
      While the compartment configuration is similar to that of an LSM carrier,
      it is generally larger, so as to accept, for example, relatively flat
      articles of the size of magazines, folded newspapers, circulars, large
      envelopes, etc. Where loose-leaved articles such as magazines and similar
      documents are processed, their single bound edges will initially rest on
      the compartment trap door and will subsequently lead article motion in all
      dynamic phases of the stacking operation. This provision will preclude the
      possibility of leaf flutter leading to jamming, disruption of stacking, or
      article damage.
PAR  As illustrated in FIG. 1, each collector tray 17 is a foursided, box-like
      container which is open at the top and has walls 38, 39 and 40 on three
      sides. Each collector tray 17 also has a rectangular-shaped base 41 whose
      grooved interior floor surface 42 defines an overall flat bearing surface
      for the stack of articles. The interior floor surface 42 slopes relative
      to the exterior underside of the tray base 41 which rests on the elevator
      platform 23. Consequently when the tray 17 stands in its normal upright
      configuration on its base, the interior floor surface 42 is sloped in a
      direction which is substantially at a diagonal relative to the rectangular
      base outline. As illustrated, the angle of the slope is substantially (
      .gamma. + .pi./2) from the vertical (or .gamma. from the horizontal) in a
      direction which runs substantially from a corner 43 at the open side down
      to a low point at the diagonally opposite corner 44. This slope causes
      successive articles of the stack during buildup to rest against the two
      adjacent walls 38 and 40 on the downward sides of the sloping floor
      surface 42, thereby to achieve positive stack stability regardless of the
      height of the stack.
PAR  This provision for a flush, dihedral condition on two adjacent faces of the
      stack simultaneously guarantees a controllable location, as well as
      orientation, for each article within its nominal plane in a stack. This is
      particularly significant in the case of a random population of flat
      articles whose principal dimensions of length and width vary widely. The
      benefits obtained from such an oriented stack relate to enhancement of
      subsequent automated pick-up and removal of articles, one-by-one, from the
      stack, by means known in the art which are not shown since it does not
      form part of this invention, that require a predictable location for each
      article.
PAR  The three walls 38, 39 and 40 of the collector tray 17 are sloped slightly
      outward, from the vertical in such a manner that the resulting internal
      draft angle permits stacking of the trays for storage when they are empty
      or otherwise not in use. As illustrated in FIG. 2, the side walls 38 and
      39 which must guide the articles during free fall have sloped upper edges
      45 to clear the slide, such as the slide 12, above them.
PAR  As best illustrated in FIG. 1, the interior floor 42 contains several deep,
      parallel grooves 46. The purpose of the grooves 46 is to accommodate a
      stack retrieval fixture that is shaped in the form of a fork. The tines of
      such a fork, which is not a part of the subject invention and is not shown
      herein, would be sized to be inserted from the open side of the tray below
      the stack surface, and thereby nest entirely in the grooves, to permit the
      entire stack of articles to be subsequently raised out of the tray on the
      fork.
PAR  As illustrated in FIGS. 1 and 2, in order to provide for sensing the
      location of the top surface of the accumulating stack of articles
      substantially vertical slots 47 and 48 are provided in the respective side
      walls 38 and 39 of the tray 17. These slots 47 and 48 are located parallel
      and opposite to each other, near the intersecting corners with the third
      or rearward tray wall 40. These slots 47 and 48, as illustrated in FIG. 1,
      provide optical line-of-sight access across the interior of the tray by
      the photoelectric height sensor 19 and its light source 20.
PAR  The signal from the sensor 19 is transmitted on the lead 49 to an elevator
      controlcircuit 50 which generates an output on the lead 51 to control the
      appropriate elevator 18. A similar signal would also be transmitted on the
      lead 52 to the other elevator 18. However, the sensor 19 and its light
      source associated with that elevator have been omitted for clarity. A tray
      full indicator 53 for providing an indication when a tray 17 is full of
      articles is also connected to the elevator control circuit 50.
PAR  As illustrated in FIG. 1 the slides 11 and 12 are skewed or have their end
      portions pointed to the alternate sides of the transporter 25. This
      achieves a "herringbone"-like configuration for many successive slides and
      thereby results in a high slide density per unit length of the transporter
      25. This is achieved by staggering the locations of successive stacks
      along two rows parallel to, and on opposite sides of, the transporter
      path. This permits the chute pitch to be half that for the case where the
      stacks are arranged in a single row. It will, of course, be appreciated
      that this feature is optional and that a single row of stacks can be used.
      The geometry of the slide surface itself is best described in terms of (1)
      its centerline or a line of its surface midway between its sides, and (2)
      the cross-sections of the slide, perpendicular to the centerline, taken at
      the location indicated by the lines 3--3 and 4--4 illustrated in FIG. 2
      which are shown in FIGS. 3 and 4. As illustrated in FIG. 2, the angle of
      the centerline with the horizontal is .phi.. As illustrated in FIG. 3 all
      slide cross-sections down to the location of section 3--3, which occurs
      just below all impact points for articles which dropped from the
      transporter 25 are parallel to the horizontal. However, as illustrated in
      FIG. 4, beginning at a point just below the location of section 3--3 and
      proceeding down to the location of section 4--4, the slide cross-section
      twists uniformly and progressively through an angle .beta., or so that the
      bottom of the slide makes an angle .beta. with the horizontal at the end
      of the slide.
PAR  As illustrated in FIG. 5, an article 54 exiting through the bottom opening
      of a compartment of the transporter 25 would not drop vertically but would
      rather slide out, along the plane of the compartment cant and, hence, with
      an acceleration vector component relatively opposite to that of the
      carrier motion. With appropriate values for the cant angle from the
      vertical .alpha., the length of the article l, and its coefficient of
      friction f.sub.c with the wall of the compartment, the net horizontal
      velocity change may attain the same absolute magnitude, but of opposite
      sense, as that of the transporter 25. At this instance, the absolute
      motion of the article in the line of transporter motion is zero. If this
      instant coincides with that when the article 54 just clears the
      compartment, then all accelerative forces in the line of transporter 25
      motion will cease, and the article will drop vertically until impact with
      the chute. The attitude of the article during this final phase will be at
      an angle .alpha. with the vertical, or somewhat less, depending on
      rotation experienced by the article due to gravity during progressive
      emergence from the compartment.
PAR  The following series of dynamic equations describe this case:
EQU  - V.sub.T = V.sub.A .sub.- X                               (1)
EQU  = V.sub.A sin .alpha.                                      (2)
EQU  = .sqroot.2 a S .cndot. (sin .alpha.)                      (3)
EQU  = .sqroot.2 a l .cndot. (sin .alpha.)                      (4)
EQU  = .sqroot.2 g (cos .alpha. - f.sub.c sin .alpha.)l .cndot. (sin .alpha.)
      (5)
PAR  The symbols in the above equations are defined as follows:
PA1  V.sub.T The forward velocity of the transporter
PA1  V.sub.A The velocity of the article relative to the transporter in the
      plane of the canted compartment .alpha. at the instant of the final exit
PA1  V.sub.A.sub.-X The horizontal velocity component V.sub.A
PA1  a The acceleration on the article while in the compartment, measured
      parallel to the sliding plane
PA1  f.sub.c The coefficient of friction between the article and the compartment
      wall
PA1  S The distance the article has slid in the .alpha. plane from its initial,
      or rest, position
PA1  l The length of the article, i.e., its dimension as measured parallel to
      the canted profile of the compartment. At the instant of exit, S.sub.2 =l
PA1  g Acceleration due to gravity (386 in/sec.sup.2 = 32.2 ft/sec.sup.2)
PAR  Trigonometric manipulation of above equation (5) yields an equation in the
      form:
      ##EQU1##
      When the values for previously defined symbols f.sub.c, l, and V.sub.T are
      specified and the value for g is introduced, then this equation (6) can be
      solved manually for .alpha. by means of synthetic algebraic division, or
      other algebraic means well known to the art, embracing standard computer
      programs. This solution will yield up to five extraneous roots, or
      non-applicable values, which result, as it is well known, from the
      algebraic manipulations (involving squaring) of the previous equation (5)
      to reach the present form in equation (6). The extraneous values can be
      identified by successively substituting each root obtained into the
      previous equation (5). The root for which equation (5) is found valid is
      the required value for .alpha..
PAR  This demonstrates that, given a population of articles with length l and
      frictional coefficient f.sub.c, then there exists for a specified
      transport velocity V.sub.T a unique compartment cant angle .alpha., for
      which the net forward velocity of the article at the time of final exit
      can be entirely eliminated. Having established this fact, it is now
      possible to proceed to the demonstration of a more general hypothesis
      associated with velocity compensation, namely, that for a unique set of
      values for l, f.sub.c, .phi., V.sub.T, together with the corresponding
      dictated value for .alpha. by equation (6), the impact velocity of the
      article with the slide V.sub.I1 will be less than that for the case where
      .alpha. is zero, V.sub.I2, which is the case defining the state-of-the-art
      systems. These two cases are presented side by side in FIG. 5, wherein it
      is assumed that the vertical distance between the transport and
      distribution compartment and the slide corresponds to simultaneity of the
      following events: (1) final emergence from the compartment, and (2) impact
      with the slide. In terms of the hypothesis concerning impact velocities in
      the two cases, it will therefore, be necessary to show, using the
      nomenclature shown in FIG. 5, that
EQU  V.sub.I2 - V.sub.I1 .gtoreq. O                             (7)
PAL  This expresses impact velocity in terms of the terminal velocity component
      normal to the slide plane in each case. As shown in FIG. 5, the difference
      between impact velocities becomes:
EQU  V.sub.I2 - V.sub.I1 = [V.sub.X2 sin .phi. + V.sub.Y2 cos .phi.] - [V.sub.X1
      sin .phi. + V.sub.Y1 cos .phi.]                           (8)
PAL  By definition,
EQU  V.sub.X1 = V.sub.T - V.sub.AX                              (9)
EQU  = O                                                        (10)
PAL  Thus, the above equation (8) reduces to
EQU  V.sub.I2 - V.sub.I1 = V.sub.X2 sin .phi. + V.sub.Y2 cos .phi. - V.sub.Y1
      cos .phi.                                                 (11)
PAL  Since
EQU  V.sub.Y2 = .sqroot.2 g l                                   (12)
PAL  and since
EQU  V.sub.Y1 = .sqroot.2 g l .cndot. .sqroot.cos .alpha. - f.sub.c sin .alpha.
      .cndot. cos .alpha.                                       (13)
PAL  and since finally,
EQU  V.sub.X2 = V.sub.T                                         (14)
PAL  the equation (11) can re re-expressed in the form
EQU  V.sub.I2 - V.sub.I1 = V.sub.T sin .phi. + cos .phi. .sqroot.2 g l [1 -
      .sqroot.cos .alpha. f.sub.c sin .alpha. .cndot. cos .alpha.](15)
PAR  Inspection of the above equations (13) and (15) shows that the former will
      have a maximum value, and hence that the latter will have a minimum value,
      for f.sub.c = 0. That is, the maximum vertical velocity and, hence, the
      maximum impact velocity for Case 1 will then occur, corresponding to which
      the above equation (15) becomes,
EQU  V.sub.I2 - V.sub.I2 = V.sub.T sin .phi. + cos .phi. .sqroot.2 g l [1 - cos
      .alpha..sup.3/2 ]                                         (16)
PAL  Noting the trigonometric fact that when n &gt; o,
EQU  cos .alpha..sup.n &lt;1                                       (17)
PAL  Hence, the bracketed factor in the second right hand term in the above
      equation (16) must be positive. Furthermore, by the convention established
      in originally defining the equation (8) relative to establishing the sense
      of a "positive" impact,
EQU  cos .phi. &gt;0                                               (18)
EQU  .sqroot.2 g l = V.sub.Y2 &gt; 0                               (19)
EQU  V.sub.T &gt; 0                                                (20)
EQU  sin .phi. &gt; 0                                              (21)
PAR  On the basis of equations (16) through (19), the second right hand term in
      equation (15) must be positive. Furthermore, equations (20) and (21)
      require that the first right hand term in equation (15) be positive.
      Hence, it is thereby shown that
EQU  V.sub.I2 - V.sub.I1 &gt; 0,                                   (22)
PAL  proving for the most critical case, i.e., where f.sub.c = 0, that the
      original hypothesis, as identically stated in equation (7), is true.
PAR  In the course of demonstrating the above hypothesis, an important
      additional fact was also demonstrated relative to the terminal vertical
      velocity components, V.sub.Y1 and V.sub.Y2, initially defined in equations
      (12) and (13) and subsequently isolated for direct comparison in the
      bracketed right hand factor in equation (15). Specifically, it was shown
      by equations (16) and (17) that, for the initially assumed condition of
      simultaneity of emergence from the compartment and contact with the slide,
      that
EQU  V.sub.Y2 &gt; V.sub.Y1                                        (23)
PAR  Further examination of equations (12), (13) and (15), will show, moreover,
      that the arguments leading to the above equation holds for all article
      slide distances S where
EQU  0 &lt; S &lt; l                                                  (24)
PAR  It will be appreciated that this fact reveals a significant option relative
      to provision of velocity compensation for a population of articles having
      random lengths. It is seen from equation (3) that the horizontal velocity
      compensation vector V.sub.A.sub.-X varies as the square root of the
      distance travelled down the slide by the article(s). Assume that a
      specific distance S.sub.1 is fixed for S, corresponding to the minimum
      article length, whereby
EQU  V.sub.A .sub.- X = -V.sub.T                                (25)
PAL  and that, moreover, impact with the slide occurs prior to complete exit
      from the compartment for all cases where
EQU  l &gt; S.sub.1                                                (26)
PAL  In this case, it is then necessary to demonstrate, by mathematical means
      well known to the art in differential equations, that clearance exists
      between the thickness of the article and the compartment clear space to
      insure that ultimate exit occurs without binding of the article while it
      is in simultaneous sliding contact with both the compartment and with the
      slide. Given values for slide angle .phi., frictional coefficient f.sub.c
      ; article thickness; compartment opening dimension; and transport
      velocity, this analysis will lead to definition of a maximum article
      length, l .sub.max, that can be accommodated. To put this another way, an
      article population can now be accommodated where lengths vary from S.sub.1
      to l .sub.max. To increase the upper limit of this range, one of the
      "fixed" values above must be changed accordingly; i.e., V.sub.T must be
      reduced, the compartment opening must be increased etc.
PAR  The objectives in permitting article impact involving long article lengths
      to occur prior to complete emergence from the compartment are twofold. The
      first objective is to eliminate the dispersion of article impact points
      associated with variable free fall trajectories and, hence, obtain the
      shortest possible slide length. The second objective is to reduce the
      vertical impact vector between the article and the slide by virtue of
      minimizing the drop height. This is seen to be feasible since the limiting
      constraint is now associated with the pre-determined slide distance
      S.sub.1, rather than the maximum article length, l .sub.max.
PAR  Each slide, as noted previously, is an inclined, partially twisted surface
      with a principal inclination to the horizontal of Its sides, as
      illustrated in FIG. 1, are bounded by short, upright walls, somewhat as on
      a childrens' playground slide, to guide a descending article into the
      collector tray 17. (These sides are omitted from FIGS. 2, 5 and 6 for the
      sake of clarity). The slides 11 and 12 are supported by structure of a
      conventional design, known to the art, which has been omitted from the
      drawings for clarity. The maximum angle of crosswise tilt .beta., located
      at its lower end of each slide 11 and 12 is small and is substantially
      10.degree.. The purpose of the tilt, as indicated in FIG. 6, is to guide
      articles descending off the slide to impact the tray wall at approximately
      the same point relative to one corner of the stack. The reasons involved
      will be identified subsequently.
PAR  The minimum profile slope angle of the slide with the horizontal .phi. will
      be governed by the minimum gravity vector required to maintain motion of
      the article after impact with the slide 11 or 12. This depends on the
      coefficient of kinetic friction between the slide and the articles, which
      in turn involves the slide surface material, as well as that of the
      articles. By standard physics theory, for a given expected frictional
      coefficient f.sub.s, it is necessary that
EQU  .phi. .gtoreq. tan.sup.-.sup.1 f.sub.s                     (27)
PAL  where .phi. is the angle said slide surface makes with the horizontal plane
      and f.sub.s is the anticipated coefficient of dynamic friction between the
      articles to be stacked and said slide surface. The width of the slide is
      established by the maximum corresponding article dimension, plus a nominal
      allowance for clearance. An additional slide parameter is its length. The
      slide length m can be considered to be divided in two parts: (1) e, that
      portion above the point of article impact, and (2) d, that below the point
      of impact. The maximum length of the upper portion e, illustrated in FIG.
      5 is defined by the expression
      ##EQU2##
      The first term of the right hand side of equation (28) is the
      trigonometric solution for PR in the triangle PQR by the law of sines,
      where
      ##EQU3##
      The second term in equation (28) defines the clearance required for the
      vertical protrusion h, of the tray doors in the transport and distribution
      compartments below the lower extremity of the compartment surface in
      contact with the article.
PAR  The role of the lower portion of the slide d, is associated with the
      required terminal velocity of an article as it leaves the lower end of the
      slide. This relationship is defined by
EQU  V.sub.t = V.sub.i + .sqroot.2 g (sin .phi. - f.sub.s cos .phi.)
      .cndot..sqroot.d                                          (31)
PAL  or
      ##EQU4##
      where, in addition to g, .phi. and f.sub.s defined above the other symbols
      have the following definitions:
TBL  V.sub.t                                                                   
         Terminal article velocity, measured in plane of slide                 
     V.sub.i                                                                   
         Initial article velocity, measured in plane of slide                  
         immediately after initial impact                                      
     d   Length of slide measured from point of impact to                      
         lower end                                                             
PAL  It will be noted that in the originally defined case for transfer of an
      article from a transport compartment to the slide, the horizontal
      component of impact velocity is zero (equations 9 and 10) while the
      vertical component is, repeating equation (13) here,
EQU  V.sub.YI = .sqroot.2 g l .cndot. .sqroot.cos .alpha. - f.sub.c sin .alpha.
      .cndot. cos .alpha.                                       (33)
PAL  The component of this velocity vector parallel to the slide plane is,
      therefore,
EQU  V.sub.Y1 sin.phi.=.sqroot.2 g l .cndot..sqroot.cos .alpha. - f.sub.c sin
      .alpha. .cndot. cos .alpha. sin .phi.                     (34)
PAL  Ignoring impact energy losses,
EQU  V.sub.i = V.sub.Y1                                         (35)
PAL  It is therefore, possible to re-express equation (32) in the form:
      ##EQU5##
PAR  After impact with the slide, an article must achieve, by the time it
      reaches the end of the slide, the velocity which will produce the
      necessary stacking trajectory. The criterion here is that the leading edge
      of each article contact the forward collector tray wall prior to
      contacting the top surface of the stack (FIG. 6). This provision will
      preclude the possibility of impact with the aft edges of previously
      arriving articles near the top of the stack, thereby disheveling these
      articles and compromising proper stacking dynamics of subsequently
      arriving articles. Achievement of this criterion is simultaneously a
      function of (1) the articles' terminal velocity vector V.sub.t ; (2) the
      vertical distance between the extended plane of the slide and the top of
      the stack, measured at the forward wall of the tray; and (3) the
      horizontal displacement between the lower edge of the slide and the
      collector tray's forward wall.
PAR  The third listed parameter is essentially equal to or slightly greater than
      the maximum length l.sub.max of the article population to be stacked,
      since the article should be clear of the slide by the time it impacts with
      the tray. This leaves parameters (1) and (2) above as the controllable
      variables in achieving the required dynamics of stacking. The greater the
      terminal velocity vector V.sub.t, the less the above defined vertical
      displacement parameter need be, since the elapsed time prior to impact
      will be less, and the article will have correspondingly less time to fall
      vertically in this time. In this context, the tradeoff involved, is one
      between (1) increasing the length of the portion of slide that governs
      terminal velocity V.sub.t according to equation 31, and (2) lowering the
      stack surface relative to the slide to permit greater vertical drop
      distance .delta. to the stack from a hypothetical straight line trajectory
      at angle .phi. (see FIG. 6). Generally speaking, minimizing this drop
      height, defined by a relatively flat article trajectory, will maintain
      optimum stability of the article in free fall relative to flutter and
      sailing; and it is, therefore, desirable to provide the article with
      sufficient terminal velocity to achieve this condition.
PAR  Because this condition may be significantly influenced by the aerodynamic
      response of some thin articles, involving such parameters as, stiffness,
      weight and edge condition, experimental verification of the value chosen
      for .delta. is desirable. Once .delta. is then specified, the required
      value for V.sub.t may be determined in the same experiments or else by
      methods known to the art of differential equations. This value may be then
      introduced into equation 36, the expression previously derived for the
      length of slide downstream of the point of impact. With the value for
      V.sub.t in view of the foregoing, it is apparent from equations (28) and
      (36) that the entire length of the slide, m, is determined substantially
      according to the formula
      ##EQU6##
PAR  In order to use the article stacking apparatus 10, the elevators 18 would
      be placed in their up or unloaded positions through the use of the manual
      override switch 24 and a tray 17 would then be placed upon each elevator
      platform 23. The article transporter 25, with its compartments full of
      articles to be stacked, would then be placed in motion by suitable means
      known in the art and would be directed in a path that would take it over
      the upper end portions 13 and 14 of the respective slides 11 and 12. At an
      appropriate location the trap doors, such as the door 29 illustrated in
      FIG. 2, would be opened by means known in the art and the article in the
      compartment associated with that trap door would then drop away from the
      transporter 25 and strike the appropriate slide 11 or 12. From there the
      article would slide along the slide and pass into the appropriate tray
      where it would become part of a stack of articles in the manner previously
      described.
PAR  In order to control the incremental descent of the elevator 18 the location
      of the top of the stack is sensed optically by a photo sensor beam from
      the light source 20 which penetrates the tray 17 through the pair of
      previously described slots. When the sensor beam is unbroken, the elevator
      18 is inoperative. When the beam is broken by the presence of a newly
      arrived article, the elevator 18 is caused to be lowered by the elevator
      control 50 until the beam is again clear. As previously indicated the
      initial position of the elevator 18, when the tray 17 is empty, is at
      maximum travel height, at which point the sensor beam is slightly above
      the level of the tray's interior floor surface 42, as viewed through the
      pair of slots in the walls. As a stack begins to form, causing the beam to
      be blocked, the signal created thereby from the sensor 19 actuates the
      elevator drive, causing it to lower the elevator until the beam is again
      clear.
PAR  When the stack height reaches very nearly to the top of the collector tray
      walls, the elevator 18 will have descended to a point where a lower
      elevator limit switch 22 is activated. This event prevents further descent
      of the elevator 18 through means well known to the art. This switch 22 at
      the time may also be used to activate the visual or audial "tray full"
      indicator 53 alerting personnel to replace the full tray 17 with an empty
      one. The limit switch signal may also be communicated to the transport
      control system, to inhibit further article drops at the slide where the
      full tray condition exists until the tray replacement is made. The
      electrical control circuits used in all cases involve means known in the
      art.
PAR  Finally, when the tray 17 has been replaced, activation of the manual
      override switch by personnel causes the elevator 18 to re-ascend to a
      point where the upper limit switch 21 halts further travel. Actuation of
      the manual switch also terminates the personnel indicator signal described
      above. The upper limit position corresponds to the earlier defined
      "initial" position, where the sensor beam is just above the interior floor
      of the tray 17. Activation of the upper limit switch 21 simultaneously
      removes any inhibit override to the transport system identified above, and
      article drops to the slides 12 and 13 immediately resume.
PAR  It will be observed that removal of the stack of articles in a tray 17,
      followed by introduction of any empty tray 17 involves a relatively rapid
      operation, compared to the case where no collector tray is used, and only
      the articles themselves are removed. In the former case the stability of
      the stack is maintained during removal of the tray and during all
      subsequent transporting and handling of the tray while in its upright
      condition. When only the stack itself is removed, maintaining its original
      stability and coherency, particularly where a population of random-sized
      articles are involved, is uncertain. Not only is there higher risk of
      stack dishevelment and dropping and damage of articles, but the care and
      time required of personnel to avoid these events are thereby increased.
PAR  It will be appreciated that the elevator control logic described here is
      illustrative of many possible procedures that may be adopted for operation
      of the basic configuration. In particular, the manual tray replacement
      procedure hypothesized here can be readily abandoned in favor of a
      completely automated system, since the associated mechanisms to perform
      this role are within the state-of-the-art.
PAR  Although the invention has been described in considerable detail with
      reference to a preferred embodiment, it will be understood and appreciated
      that variations may be made within the spirit and scope of the invention
      as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Article stacking apparatus comprising means for impacting with moving
      articles which are to be stacked, said impact means having an inclined
      surface with a lower end portion, means located adjacent to the lower end
      portion of said slide surface for receiving articles which have impacted
      with said impacting means and article transport means for transporting the
      articles which are to be stacked over said impact means, said article
      transport means having inclined walls upon which the articles are adopted
      to rest and wherein the angle .alpha. that the surface of the walls upon
      which the articles are adapted to rest makes with the vertical plane is
      implicity determined substantially from the following equation,
      ##EQU7##
      where the specific value for .alpha., of six possible roots, is determined
      by selecting the one value which substantially satisfies the following
      equation,
EQU  V.sub.T = .sqroot.2gl (cos .alpha. - f.sub.c sin .alpha.) .cndot. sin
      .alpha.
PAL  where l is the dimension of the article measured in a substantially
      vertical direction with the article in its expected position resting
      against the surface of said wall, f.sub.c is the expected dynamic
      coefficient of friction between the article and said inclined wall slide
      surface, g is the acceleration due to gravity, and V.sub.T is the expected
      forward velocity of said transport means.
NUM  2.
PAR  2. Article stacking apparatus comprising means for impacting with moving
      articles which are to be stacked, said impact means having an inclined
      surface with a lower end portion and means located adjacent to the lower
      end portion of said slide surface for receiving articles which have
      impacted with said impacting means, said article receiving means
      comprising a container with a bottom portion and an open top portion, said
      container having an inclined inner bottom surface inclined downward
      substantially toward one inner corner of said container and having at
      least two sides which slope in an outward direction from the bottom
      portion to the top portion of said container.
NUM  3.
PAR  3. The article stacking apparatus of claim 2 wherein said container has an
      opening in at least one wall thereof and further comprising means for
      detecting the level of stacked articles through the opening in the wall of
      said container.
NUM  4.
PAR  4. The article stacking apparatus of claim 3 further comprising means for
      adjusting the vertical position of said container in response to said
      level detecting means.
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ABST
PAL  This sheet feeder apparatus is provided with pick-up heads for the sheets
      which heads are tiltable in at least one plane or in two planes
      automatically during the operation of the apparatus to properly align
      and/or stretch the sheets as they are picked-up from a stack and advanced
      for further handling. Thus, the pick-up heads are supported on support
      blocks and spring biased whereby the biasing forces tend to pull a sheet
      into proper alignment and/or to stretch a sheet without damaging the
      sheet.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  My copending application Ser. No. 443,820, filed Feb. 19, 1974 also relates
      to a Sheet Feeder Apparatus.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a sheet feeder apparatus and more specifically to
      the structural arrangement of the suction pick-up heads for such a sheet
      feeder apparatus which are employed for lifting a sheet, for example a
      sheet of paper, from a stack. The pick-up heads are supported for a
      tilting movement in at least one direction, preferably in two directions,
      namely in the direction of feed advance and/or in the direction extending
      perpendicularly to the direction of feed advance whereby the respective
      tilting axes are arranged at right angles relative to each other.
PAR  Conventionally, the suction pick-up heads were supported on a cross rod in
      a tilting manner so that the pick-up nozzles with a picked up sheet
      secured thereto would perform an upward stroke slanted in the forward
      direction. In this manner, the leading edge of a picked up sheet, which is
      supposed to be aligned with a respective stop rail, is moved through a
      substantially linear upward movement whereby the sheet is to be picked up
      precisely as a basis for its precise feeding and before it is taken up by
      the conveyor suction heads.
PAR  German Pat. No. 1,098,012 discloses a feeder arrangement in which the
      pick-up heads are supported on a cross bar by means of support blocks, the
      angular position of which is adjustable relative to the longitudinal
      extension of the cross bar. The adjustment of the angular position of the
      suction heads in this prior art disclosure is possible only when the
      machine is not operating, because clamping screws must be released prior
      to the adjustment whereupon the clamping screws must be tightened again.
      The adjustment in the stationary position is possible about different
      tilting points or axes, for example, to tilt the respective suction head
      in the feed advance direction and in a direction extending perpendicularly
      thereto. The adjustment in the reference is intended to assure the proper
      stretching of the sheet material, especially flexible sheet material,
      during the pick-up movement and to avoid interference between the sheet
      being lifted and the sensing blowing means which sense the height of the
      stack.
PAR  German Pat. No. 832,896 discloses a sheet lifter apparatus in which the
      motion of the pick-up heads is controlled by cam and cam follower means.
      At least one member of these cam and cam follower means is adjustable by
      hand, even during the operation of the machine. However, this adjustment
      is not one which takes place automatically and continuously in responds to
      the particular operating condition prevailing at any one instant.
PAR  East German Pat. No. 80,719 discloses an apparatus for the adjustment of
      the suction heads during the operation of the machine for the purpose of
      varying the position where the suction head contacts the top sheet of a
      stack. For example, if the sheets have a line of perforations, for
      instance along the margin, the adjustment of the suction head is to avoid
      that they contact the sheet in the area of the perforation. To this end
      both suctions heads are adjusted simultaneously.
PAR  The disadvantage of adjusting the angular position of the suction heads
      during the time when the machine is not operated is seen in that it causes
      substantial down times during which the machine is not productive.
      Besides, repeated adjustments may be necessary in order to achieve the
      desired position of the suction heads suitable for a particular working
      condition or type of sheet material. Besides, the change of the material,
      for example, as to thickness and sheet size and the material quality will
      require readjustments and respective further down times of the machine.
PAR  Even the adjustment of the position of the suction heads by hand during the
      operation of the machine is not entirely satisfactory, since it does not
      provide an automatic adjustment, so that readjustments will be necessary
      from time to time, especially where the type, quality and/or size of the
      sheet material to be handled has been changed.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the above, it is the aim of the invention, to achieve the
      following objects, singly or in combination:
PAR  to support the suction pick-up heads in a sheet feeder apparatus in such a
      manner that their angular position relative to the feed advance direction
      and/or to a direction perpendicularly thereto is automatically adjustable
      during the operation of the machine without the need for an operator;
PAR  to provide means which will assure an automatic alignment of the sheets,
      even if any particular sheet should not be properly aligned on the stack;
PAR  to provide means which will automatically stretch a sheet during the
      operation of the machine and without any action on the part of the
      operator; and
PAR  to support the suction pick-up heads in such a manner that they will adjust
      their position individually but in unison and simultaneously in order to
      timely feed or pick-up a sheet and to align its leading edge in parallel
      to any alignment markers of the apparatus, so that the pick-up heads will
      follow a curved movement during the separation or lifting of a sheet
      whereby such curved movement may even resemble a slanted curve and whereby
      the continuous adjustment may take place automatically in the feed advance
      direction or longitudinally and/or in a direction perpendicularly to the
      feed advance direction.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a suction head for a sheet
      feeder apparatus for separating or lifting of a sheet from a stack,
      wherein the lifting or pick-up suction heads are controlled in their
      movement by a cross bar. The suction heads are adjustable in the feed
      advance direction or rather in a plane extending in the feed advance
      direction and substantially vertically as well as in a direction
      perpendicularly to the feed advance direction or rather in a plane
      extending substantially vertically and perpendicularly to the feed advance
      direction, whereby the respective tilting axes extend at right angles to
      each other. For this purpose, the invention provides a tilting support
      block for each suction pick-up head. The support blocks are tiltably
      secured to a frame structure, whereby in one embodiment each support block
      provides two tilting axes extending at right angles to each other. Each
      suction head has a downwardly facing end to which the suction nozzle is
      secured and an upwardly facing end to which one end of an adjusting rod is
      secured. Said tilting axes are located intermediate the ends of the
      respective suction head. The opposite end of the adjusting rod extends
      through guide means secured to the frame structure or housing and is
      provided with a thread on which a knurled nut or screw is rotatable to
      bear against a fixed point, for example said guide means for the adjusting
      rod. Compression spring means are located between the upper end of the
      suction head and the guide means so as to urge these two elements away
      from each other. The length of the adjusting rod and thus the bias of the
      respective compression spring means may be adjusted by rotation of the
      respective nut. The position of the adjusting rod may be itself adjusted
      by a respective adjustment screw against the force of a compression spring
      so that again the bias of that spring is adjustable. Thus, the
      longitudinal adjustment of the length of the adjusting rod will control
      the automatic yielding and thus adjustment of the suction head in the feed
      advance direction and the adjustment of the position of the adjusting rod
      will control the automatic adjustment of the respective suction head in
      the direction extending perpendicularly to the feed advance direction.
      According to another embodiment of the invention, the support means are
      arranged in such a manner that one pick-up or suction head is adjustable
      in the direction of the feed advance whereas the other suction head is
      adjustable in a direction extending perpendicularly to the feed advance
      direction. The adjustment in the feed advance direction may be
      accomplished automatically against the force of adjustable bias springs as
      in the above embodiment. The adjustment in the direction perpendicularly
      to the feed advance direction is accomplished by a piston cylinder
      arrangement connected to a suction pump. The piston is exposed to the
      atmosphere with its outwardly facing surface which is connected through
      tension spring means to the upper end of the pick-up head. A lower tension
      spring connects the respective pick-up head to a fixed point below the
      tilting axis. The lower tension spring tends to hold the pick-up head in
      the vertical position. Suction is applied to the cylinder through a
      control valve mechanism which is operated by the main drive shaft of the
      apparatus, whereby the application and removal of suction is synchronized
      with the operation of the machine. The stiffness of the upper tension
      spring is such that it will yield in response to the proper stretching of
      a sheet whereby damage to the sheet is avoided and the spring will yield
      to the extend necessary for the piston to complete its stroke.
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PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood, it will now be
      described, with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a somewhat schematic side view of one embodiment of the apparatus
      according to the invention and showing especially the means for an
      adjustment of the suction heads in the feed advance direction as well as
      in a direction extending perpendicularly to the feed advance direction;
PAR  FIG. 2 is a front view partially in section through the apparatus
      illustrated in FIG. 1;
PAR  FIG. 3 is also a view in the same direction as in FIG. 2 however, showing
      the details of the adjusting means for an adjustment in the direction
      extending perpendicularly to the feed advance direction;
PAR  FIG. 4 is a view similar to that of FIG. 1, however, omitting the cross
      adjustment means; and
PAR  FIG. 5 is a view similar to that of FIG. 2, however, illustrating a
      different embodiment for the automatic adjustment of the right hand
      suction head in a direction extending across the feed advance direction
      and for the adjustment of the left hand suction head in the feed advance
      direction.
DETD
PAC  DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
PAR  Referring first to FIGS. 1 and 2, there is shown a frame structure or
      housing 3 having side walls 1 and 2. Support blocks 4 and 5 are tiltably
      secured to the respective side walls 1 and 2. The bearing blocks 4 and 5
      are secured, for example, by tongue and groove means 6 and 7 to sleeve
      bearings 6' and 7' whereby a tilting movement in the feed advance
      direction, as indicated by the double arrow A, is possible.
PAR  Further, each suction head 10 and 11 is secured to its respective bearing
      or support block for tilting about a holding pin 8 or 9. Thus, the suction
      heads are also tiltable in a direction extending perpendicularly to the
      feed advance direction or rather in a plane extending perpendicularly to
      the feed advance direction as shown by the double arrow B.
PAR  The upper end of each suction head 10, 11, forms a fork 14, 15 in which is
      movably secured one end of a respective adjusting rod 18 and 19, for
      example, by means of bolts l6 and 17. The adjusting rods 18 and 19 extend
      substantially longitudinally along the respective side walls 1 and 2 of
      the suction head housing or frame structure whereby the free end of each
      adjusting rod extends through an aperture 20 of a guide piece 21, 22,
      preferably secured to the respective side wall of the housing. The guide
      rod extends with a substantial tolerance and thus freely through the
      respective guide piece 21 or 22 and is provided at its outer free end with
      a threading on which there is screwed a knurdled adjusting screw or nut
      23, 24 bearing against the housing or against the guide piece 21, 22.
      Adjustment of the nut 23, 24 will tilt the respective suction head 10, 11
      in the direction of the arrow A. Compression spring means 25, 26 are
      arranged on the respective adjustment rod 18 or 19 to urge the upper end
      of the fork 14 and thus of the respective suction head away from the guide
      piece 21, 22. During the operation of the machine, the spring means will
      constantly urge the respective suction head to tilt in the feed advance
      direction. For providing a tilting adjustment in the direction B across
      the feed advance direction, lever members 17, 28 are arranged intermediate
      the ends of the adjustment rods 18, 19 whereby these rods extend through
      respective holes in the lever members 27, 28. The lever members bear with
      their lower end against the respective side wall of the housing and the
      upper free end of each lever member is provided with a threaded hole
      through which an adjustment screw 29, 30 extends which also bears against
      the side wall. The adjustment of these screws, preferably also knurled
      screws 29, 30 is effective against the force of respective compression
      springs 31, 32 arranged in the corresponding suction head and bearing
      against the opposite housing wall or rather against the portion of the
      corresponding support block secured to the housing wall. Set screws 75 may
      be provided in the pick-up heads for adjusting the bias of the compression
      springs 31, 32.
PAR  As shown in FIG. 3, adjustment of the screws 29 and 30 lightly shifts the
      corresponding lever members 27, 28 and thus also the corresponding
      adjustment rods 18, 19 and with these rods the suction heads 10, 11 with
      their respective pick-up nozzle 12 and 13 to move into the dashed dotted
      position shown in FIG. 3. Preferably, locking means are provided in the
      form of springs 33 which cooperate with the grooves in the knurled
      circumference of the screws 29, 30. The springs are secured to the
      corresponding lever members 27, 28.
PAR  In order to assure that the suction heads 10, 11 will lift or pick-up the
      sheets without any trouble, the extent of the tilting motion in both
      directions is limited. For example, by means of respective stops.
PAR  The cross rod 34 raises the nozzles 12, 13 in response to the rotation of
      the drive shaft 35, actuating the cross rod 34 by means of appropriate cam
      and cam followers, as described in more detail in my above mentioned
      copending application, whereby simultaneously controlled suction air is
      applied to these suction nozzles 12, 13. As soon as the lifting operation
      by the nozzles 12, 13 is accomplished, the sheet is taken up by the
      advance suction heads 36, 37 for transport in the feed advance direction,
      for example to feed these sheets into a printing press or into any other
      sheet handling apparatus.
PAR  FIGS. 4 and 5 illustrate an embodiment wherein one suction head 10' is
      adjustable only in the feed advance direction A and wherein the other
      suction head 11' is adjustable only in the direction B extending across
      the feed advance direction. For this purpose, the support member of the
      suction head 10' is a tilting axis 3' secured to the side wall 1 of the
      housing 3. The upper or free end 46 of the suction head 10' is forked and
      connected to an adjustment rod 18 which extends substantially horizontally
      along the respective side wall 1 and with its opposite end with
      substantial tolerance and thus freely through a guide piece 21. The outer
      end of the adjusting rod 18 is provided with threads 49 carrying an
      adjusting nut 23 substantially as described above with reference to FIG. 1
      except that in FIG. 4 the means for the cross adjustment are omitted. A
      spring 25' on the rod 18 urges the head 10' away from the guide piece 21
      and thus the nut 23 against the guide piece 21. This type of construction
      with the compression spring 25' assures that sheets 43, one edge of which
      is not precisely aligned with the stop rail 42, will nevertheless be
      precisely straightened out during the pick-up movement of the
      corresponding pick-up head. Thus, even if the sheets on the stack 44 are
      out of alignment with the stop rail 42, they will be properly aligned by
      the lifting movement as taught by the present invention.
PAR  Referring especially to FIG. 5, the suction head 11' is supported for an
      automatic tilting movement in the direction B extending across the feed
      advance direction. For this purpose, a support block 56 is rigidly secured
      to the side wall 2. A tilting bolt 57 forming the tilting axis for the
      suction head 11' secures the suction head 11' to the support block 56 for
      the tilting movement in the direction B, whereby the pick-up nozzle 13' is
      also tiltable in that direction along with its head. A cylinder 51 is
      secured to the side wall 2 above the head 11'. The inner end of the
      cylinder 51 is connected through a hose 50 to a suction pump 65 by means
      of a control valve 61 having a valve plug 66 which is rotated by the main
      drive shaft 35 of the apparatus.
PAR  A piston 53 is arranged in the space 52 of the cylinder 51. The cylinder 51
      has an open end facing outwardly relative to the wall 2 so that the
      respective surface of the piston 53 is exposed to the atmosphere. The
      piston 53 is connected to the upper end of the suction head 11' by means
      of a spring 54 preferably secured to an arm 55 extending upwardly from the
      suction head 11' above its pivot axis 57. The operation of the spring 54
      is such that the suction head 11' will take up a substantially vertical
      position when no suction is applied to the cylinder 51 whereby the piston
      53 rests against a ring 58 so to speak in its starting position. To this
      end, there is also provided a further spring 60 connecting the suction
      head 11' below its tilting axis 57 to a fixed point, for example, in the
      housing 3 whereby a stop member 59 limits the inward pull of the tension
      spring 60 to hold the suction head 11' in said vertical position when it
      is in its rest position.
PAR  The upper tension spring 54 is dimensioned with due regard to the control
      of the entire system in such a manner that it will yield only after a
      lifted sheet 43 has been stretched to the desirable extent. The extent to
      which the tension spring 54 will yield after sufficient stretching has
      been accomplished is such that the piston 53 may complete its stroke. This
      feature according to the invention assures that independently of the
      nature of the sheet material being handled, a constant stretching of the
      sheet material is accomplished whereby the stetching force is
      automatically controlled by the limited stiffness of the spring 54 without
      overstretching a sheet 43 whereby wrinkling and damage to the sheet is
      avoided.
PAR  The control valve 61 is secured to the side wall 1 of the housing and the
      conduit hose 50 connects the cylinder 51 to the port 62 of the control
      valve 61. A pump 65 continuously applies suction to the control valve
      through the conduit 63 connected to the port 64 of the control valve 61. A
      control plug 66 is rotatably supported in the control valve 61 and rotated
      by the main drive shaft 35 of the sheet feeder apparatus. The plug 66 has
      a control groove 67 which successively admits suction to the cylinder 51
      in synchronism with the operation of the apparatus due to the drive by
      such shaft 35. Thus, the suction is applied to the cylinder 51 each time
      when the suction nozzles 12', 13' have picked up a sheet 43 from the stack
      44 whereby the piston 53 moves to the left and the suction nozzle tilts
      outwardly or to the right as viewed in FIG. 5 to thereby stretch the
      picked up sheet to the extend permitted by the force of the tension spring
      60.
PAR  The application of suction to the cylinder 51 by the control groove 67 in
      the valve plug 66 is interrupted as the plug 66 rotates to cause the
      return of the suction head 11' into its starting position after the sheet
      43 has been taken over by the feed advance suction heads 36, 37.
      Simultaneously, the pick-up nozzles 12', 13' jump down onto the stack 44
      to pickup a new sheet.
PAR  A limit valve 68 is preferably arranged in the conduit hose of pipe 50 in
      order to adjust or control the intensity of the suction air applied to the
      cylinder 51. If desired, the regulating valve 68 may also be secured to
      the housing of the control valve 61.
PAR  Although the invention has been described with reference to specific
      example embodiments, it is to be understood, that it is intended to cover
      all modifications and equivalents within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a sheet feeder apparatus for transferring sheets in a transport
      direction, said feeder apparatus having a frame structure, sheet pick-up
      means including at least one pick-up head, means for adjustably securing
      said sheet pick-up means to said frame structure, and adjusting means
      operatively connected to said adjustable securing means, the improvement
      wherein said adjustable securing means comprise a support block, first
      means pivoting said support block to said frame structure for rotation
      about a first fixed horizontal axis extending transversely of the
      transport direction, further means pivoting said pick-up head intermediate
      its ends to said support block for rotation about a second axis extending
      in a plane normal to said first axis, said adjusting means comprising an
      adjusting rod having a threaded end and an opposite end, said opposite end
      being secured to an upper end of said pick-up head, guide means secured to
      said frame structure, said adjusting rod extending through said guide
      means with said threaded end extending out of said guide means, an
      adjusting nut on said threaded end of said adjusting rod, and spring means
      on said adjusting rod urging said upper end of said pick-up head away from
      said guide means and thus the adjusting nut against the guide means.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said support block with said
      first pivoting means is tiltable in a first plane extending substantially
      vertically in said transport direction, whereby rotation of said adjusting
      nut tilts said support block in said first plane, said support block and
      said further means being pivotable in a second plane extending
      substantially vertically and perpendicularly to said transport direction,
      said adjusting rod means extending with play through said guide means,
      said adjusting means further comprising a lever member having a hole
      intermediate its ends, said adjusting rod extending through said hole in
      the lever member, said lever member having a first free end bearing
      against said frame structure and a second free end with a threaded hole
      through said second free end, and an adjusting screw extending through
      said threaded hole and bearing against the frame structure whereby
      rotation of said adjusting screw shifts the position of said adjusting rod
      to thereby tilt said pick-up head in said second plane.
NUM  3.
PAR  3. The apparatus according to claim 2, wherein said adjusting screw
      comprises a knurled head with grooves in its circumference, and spring
      means secured against rotation and engaging said grooves to lock said
      adjusting screw against undesired rotation.
NUM  4.
PAR  4. The apparatus according to claim 2, wherein the length of said threaded
      end of the adjusting rod is limited to limit the tilting adjustment in
      said first plane, and wherein said adjusting screw has a threading of
      limited length to limit the tilting adjustment in said second plane.
NUM  5.
PAR  5. The apparatus according to claim 2, further comprising compression
      spring means located in said pick-up head below said further pivot means
      and bearing against said frame structure to bias said pick-up head against
      the adjustment of said adjusting screw.
NUM  6.
PAR  6. The apparatus according to claim 5, further comprising a set screw in
      said pick-up head for adjusting the bias of said compression spring means.
NUM  7.
PAR  7. The apparatus according to claim 6, comprising an integral structural
      unit including said support block with its pivotable means, said
      compression spring means and the set screw, said pick-up head, said
      adjusting rod with its guide means and its adjusting nut, said spring
      means and said lever member with its adjusting screw, said apparatus
      further comprising means for mounting said structural unit to said frame
      structure.
NUM  8.
PAR  8. In a sheet feeder apparatus for transferring sheets in a transport
      direction, said sheet feeder apparatus having a frame structure, sheet
      pick-up means including first and second pick-up heads, first and second
      means for adjustably securing said first and second sheet pick-up means
      respectively to said frame structure, and first and second adjusting means
      operatively connected to said first and second adjustable securing means
      respectively; the improvement wherein said first adjustable means
      comprises a first support block, first means pivoting said first support
      block to said frame structure for rotation about a first fixed horizontal
      axis, means affixing said first pick-up head to said first support block,
      said first adjusting means comprising an adjusting rod having one end
      secured to said first pick-up head, and means for moving said adjusting
      rod to tilt said first pick-up head about said first axis in a first plane
      extending substantially vertically and in said transport direction, said
      second adjustable securing means comprising a second support block, means
      mounting said second support block on said frame structure, means pivoting
      said second pick-up head intermediate its ends to said second support
      block for rotation about a second axis, whereby said second pick-up head
      is tiltable in a second plane extending substantially vertically and
      perpendicularly to said transport direction, and said second adjusting
      means comprising control means operatively coupled to said second pick-up
      head for tilting said second pick-up head in said second plane.
NUM  9.
PAR  9. The apparatus according to claim 8, wherein said first support block and
      said second support block prevent tilting of the corresponding pick-up
      head in the respective opposite direction.
NUM  10.
PAR  10. The apparatus according to claim 8, wherein said control means comprise
      a cylinder secured to said frame structure above said second support
      block, a piston in said cylinder, first tension spring means, and means
      connecting said first tension spring means to said piston and to the
      second pick-up head above its tilting axis, suction pump means, conduit
      means connecting said cylinder to said pump means, said piston having a
      surface exposed to the atmosphere, said conduit means including control
      valve means for sequentially applying suction to said cylinder
      synchronously with the picking-up of a sheet by said pick-up heads, and
      further spring means connecting said second pick-up head below its tilting
      axis to said frame structure to pull the second pick-up head toward the
      frame structure against the force of said first tension spring means,
      whereby the second pick-up head is held in a substantially vertical rest
      position.
NUM  11.
PAR  11. The apparatus according to claim 10, wherein said control valve means
      comprise a housing and a valve plug therein which opens the conduit means
      for the application of suction to said cylinder synchronously with the
      picking-up of a sheet by said pick-up heads whereby the second pick-up
      head is tilted about its tilting axis in said second plane out of the
      vertical rest position.
NUM  12.
PAR  12. The apparatus according to claim 10, further comprising a stop member,
      said further tension spring means pulling said second pick-up head against
      said stop member.
NUM  13.
PAR  13. The apparatus according to claim 10, wherein said first spring means
      comprises a stiffness just sufficient to properly stretch a picked-up
      sheet, said first spring means yielding just sufficiently to permit the
      completion of the stroke of the respective piston after the completion of
      the stretching of a picked-up sheet.
NUM  14.
PAR  14. The apparatus according to claim 10, wherein a suction intensity
      control valve is arranged in said conduit means.
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ABST
PAL  In a rotary transfer mechanism for transferring items from a dispenser
      station to receiver station including a stationary sun gear, a carriage
      rotatable with respect to the sun gear and having a planetary gear meshed
      with an idler gear which is meshed with the sun gear and pick-off arm
      means connected to and rotatable with the planetary gear, the improvement
      wherein the gear ratio of stationary gear with respect to planetary gear
      is 3:2 and the radial extent of the pick-off arm from the axis of the
      planetary gear is twice the pitch center distance between the stationary
      gear and the planetary gear. This provides movement of the pick-off arm to
      and from the dispenser station and receiver station in an arcuate path
      with the suction cup of the pick-off arm remaining outwardly directed with
      respect to the axis of the sun gear in all of its travel along a
      predetermined path.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to rotary transfer mechanism. In particular, this
      invention relates to a rotary transfer mechanism suitable for use as a
      carton dispenser or coupon placer or the like.
PAC  PRIOR ART
PAR  Rotary transfer mechanisms which employ a pick-off arm with a suction cup
      which is moved in a generally hypotrochoidal path between a dispenser
      station and a receiver station are known. A typical example of an
      apparatus of this type is described in U.S. Pat. No. 2,915,308, dated Dec.
      1, 1959, Julius C. Matzen. In this apparatus, the path of travel of the
      pick-off arm is illustrated as extending inwardly of the axis of rotation
      of the pick-off gear during movement between the dispenser station and the
      receiver station. It follows that the items carried by the transfer
      suction cups must be sufficiently small to pass between the various arms
      and support shafts of the mechanism. Because of the gear ratio of the
      planetary gears with respect to the sun gear, it will be apparent that the
      planetary gears rotate relatively rapidly in response to rotation of the
      housing about the sun gear. It follows that the pick-off mechanism carried
      by the planetary gears also moves rapidly so that an apparatus of this
      type is not particularly well suited for the transfer of items other than
      light-weight coupons.
PAR  A further example of the prior art is illustrated in U.S. Pat. No.
      3,302,946, dated Feb. 7, 1967, P. L. Anderson. This device provides a
      rotary coupon placer mechanism similar to that of Matzen with the
      exception that it employs a chain drive in place of the gear transmission
      of Matzen. Again, the pick-off arms which carry the coupons from the
      dispenser station to the receiver station are rotatably driven along an
      arcuate path which is directed inwardly towards the central axis.
PAR  In both the Matzen and Anderson devices the gear ratio, sun gear to
      planetary gear, is considerably in excess of 3:2 and the pitch center, sun
      gear to planetary gear, is greater than the radial extent of the pick-off
      arm. It has been found that by employing a 3:2 gear ratio of sun gear to
      planetary gear and a pitch center, sun gear to planetary gear, which is
      equal to half the radial extent of the pick-off arm from the axis of the
      planetary gear, there is provided an apparatus in which the outer end of
      the pick-off arm follows an arcuate path between the dispenser station and
      the receiver station which is described outwardly of the axis of the
      planetary gear with respect to the axis of the sun gear. With this
      mechanism, the articles which are transferred are not drawn inwardly of
      the rotating mechanism in moving from the dispenser station to the
      pick-off station and consequently large items such as knock-down carton
      blanks may be transferred. Furthermore, by reason of the fact that the
      pitch centers of the sun gear with respect of the planetary gear is less
      than the radial extent of the pick-off arm, the entire drive train for the
      same length of arcuate movement along the transfer path is much more
      compact so that the velocity of the major portion of the mass of the
      mechanism of the present invention is considerably less than that of the
      comparable Matzen and Anderson mechanisms.
PAC  SUMMARY OF INVENTION
PAR  According to an embodiment of the present invention there is provided a
      rotary transfer mechanism having a dispenser station and a receiver
      station disposed equidistant from a central axis, carriage means mounted
      on said frame for rotation about a central axis, stationary gear means
      mounted on said frame in axial alignment with said first axis and disposed
      adjacent said carriage, idler gear means mounted for free rotation of said
      carriage means in meshed engagement with said stationary gear means for
      rotation about said stationary gear in response to rotation of said
      carriage about said central axis, third gear means mounted on said
      carriage in meshed engagement with said idler gear to be rotatably driven
      by said idler gear about said central axis in response to rotation of said
      carriage about said central axis, transfer means mounted on said carriage
      for rotation with respect to said second axis with said third gear means,
      said transfer means including pick-off arm means projecting radially from
      said second axis, said pick-off arm means having an outer arm projecting
      into said dispenser station and receiver stations in response to rotation
      of said carriage means and drive means for rotatably driving the carriage
      about the said first axis to cause said transfer means to move in a path
      which extends into and out of said dispenser station and said receiver
      station in sequence, the improvement wherein the gear ratio of said
      stationary gear with respect to said third gear is 3:2 and the radial
      extent of said pick-off arm means from said second axis equals twice the
      pitch center of distance between said stationary gear and said third gear
      means.
DRWD
PAC  PREFERRED EMBODIMENT
PAR  The invention will be more clearly understood after reference to the
      following detailed specification read in conjunction with the drawings
      wherein:
PAR  FIG. 1 is a partially sectioned pictorial view of a rotary transfer
      mechanism according to an embodiment of the present invention;
PAR  FIG. 2 is an end view illustrating the transfer mechanism in an operative
      position to remove an item from the dispenser station;
PAR  FIG. 3 is an end view illustrating the transfer mechanism in an operative
      position to discharge an item into the receiver station, and
PAR  FIG. 4 is an end view illustrating a modified transfer mechanism.
DETD
PAR  With reference to the drawings, the reference numeral 10 refers generally
      to a rotary transfer mechanism according to an embodiment of the present
      invention. The transfer mechanism of the present invention may be used in
      a coupon placing apparatus as illustrated in FIG. 1 of the drawings or in
      a carton opening device wherein knocked-down cartons are withdrawn from a
      carton storage station, opened and deposited onto a continuously moving
      conveyor.
PAR  In the embodiment of the invention illustrated in FIG. 1 the rotary
      transfer mechanism is mounted in a frame 12 which supports a coupon
      storage magazine 14 and a coupon receptacle conveyor 16. The transfer
      mechanism includes a pair of stub shafts 18 which are rigidly secured with
      respect to the frame 12 by means of mounting brackets 20. Rotation of the
      stub shafts 18 with respect to the mounting brackets 20 is prevented by a
      suitable key 22 and locking cup screws 24. A first sun gear 26 is rigidly
      mounted adjacent the outer end of a first of the stub shafts 18 and a
      second sun gear 28 is mounted at the outer end of the other stub shaft 18.
      The sun gears 26 and 28 are fixed with respect to the shafts 18 so that
      they are stationary. The shafts and sun gears 26 and 28 are axially
      aligned on a central axis 30. A first carriage member 32 is mounted for
      rotation on the first stub shaft 18 and a second carriage member 34 is
      mounted for rotation on the second stub shaft 18. Each of the carriage
      members 32 and 34 are in two halves which are bolted together in a
      position extending about their respective stub shafts 18. A drive sprocket
      36 is mounted for rotation on the first stub shaft 18 and is rigidly
      secured with respect to its adjacent carriage member 32 by means of
      mounting screws 38. The sprocket 36 is rotatably driven by means of a
      chain 40 from a suitable drive means (not shown) such as an electric motor
      and the like which is synchronized with respect to the longitudinal
      movement of the conveyor 16. Rotation of the drive sprocket 36 results in
      rotation of the first carriage member 32 with respect to the first stub
      shaft 18. An idler gear 42 is mounted for free rotation of a shaft 44
      which is keyed to the lug 46 which projects outwardly from the main body
      of the first carrier member 32. Similarly an idler gear 48 is mounted for
      rotation on shaft 50 which is rigidly mounted on lug 52 which is an
      integral part of the second carriage member 34.
PAR  A shaft 54 is mounted for rotation at one end in the first carriage member
      32 and at the other end in the second carriage member 34 about a second
      axis 56; a third gear 58 is keyed to the shaft 54 adjacent the first
      carriage member 32 and a similar third gear 60 is keyed to the shaft 54
      adjacent the second carriage member 34. The shaft 54 is rotatably driven
      with respect to the carriages 32 and 34 in response to rotation of the
      third gears 58 and 60 in use. A circular disc member 62 is rigidly secured
      with respect to the shaft 54 for rotation therewith.
PAR  A pair of pick-off arms 64 are mounted on and project outwardly from the
      circular disc member 62 on diametrically opposite sides of the disc 62.
      Suction cups 66 are mounted at the ends of the shafts 64. The suction cups
      66 have a vacuum passage 68 opening therethrough communicating with the
      hollow interior of the arms 64 and through convenient venting passages
      (not shown) in the disc 62 to communicate with flexible hose members 68.
      The other ends of the hose members 68 are connected to a vent disc 70
      which is slidably mounted on shaft 54 for longitudinal movement with
      respect thereto. Disc 70 is held in contact with a free floating disc 72
      by means of a bracket 74, carriage shafts 76 and springs 78. The purpose
      of this venting mechanism is to permit the continuously rotating suction
      cups to be connected to a stationary vacuum source and in this respect any
      suitable mechanism for achieving this purpose may be used in place of that
      illustrated in FIG. 1. It will be understood that annular passages are
      formed in the abutting faces of discs 70 and 72 which provide the timing
      of the application of the vacuum required at the suction cups 66 and 68 to
      achieve the required transfer and release of the article which is being
      transferred. The disc 72 is connected to a suitable source of vacuum by
      means of a flexible hose 80.
PAR  As previously indicated, a receiver conveyor 16 extends through the
      receiver station. The receiver conveyor 16 has a plurality of article
      receiving compartments 82 mounted at spaced intervals along the length
      thereof to receive the articles which are transferred from the dispenser
      station. A hold-down bar 84 serves to retain the coupons within the
      receivers 82 after they have been discharged by the suction cups.
PAR  As previously indicated, the mechanism of the present invention may also be
      used to advantage in a carton opening device wherein cartons are removed
      in a knocked-down configuration from the dispenser station and opened to a
      sleeve-like configuration by contact with a suitable striker carried by
      the conveyor mechanism and thereafter deposited to a suitable receptacle
      on the receiving station conveyor.
PAR  As shown in FIGS. 2 and 3 of the drawings, rotation of the carriage member
      32 in the direction of the arrow A causes rotation of the idler gear 42 in
      the direction of the arrow B which drives the third gear 26 in the
      direction of the arrow C so that the shaft 54 and disc 62 are also
      rotatably driven in the direction of the arrow C.
PAR  I have found that I can cause the suction cups to move along the path D, in
      the direction of the arrows indicated, in response to rotation of the
      carrier 32, in the direction of the arrow A, by selecting a sun gear 26 to
      third gear 58 ratio of 3:2 and by providing a pitch center length X
      between the centers of sun gear 26 and third gear 58 which is equal to
      half of the radial length from the suction cup 66 to the center of the
      third gear 58. As shown in FIG. 3 of the drawings, when the pitch center
      between gears 60 and 28 is equal to X, the radial extent of the pick-off
      arm 64 is equal to 2X. With this relationship, it will be noted that the
      suction cups 66 in passing along the path D are continually oriented so as
      to be outwardly directed with respect to the central axis 30 so that
      relatively large items such as cartons may be moved from the dispenser
      mechanism to the receiver station without difficulty. By reason of this
      mechanism, a very high speed transfer can be achieved without establishing
      any large mass of rotating members spaced at substantial distances from
      the center of rotation as in the case of the devices of the prior art.
PAR  I have found that by employing the gear ratios described above and the
      pitch centers and arm radiuses previously described, it is possible to
      move the suction cups along the path D without any looping of the path at
      its outer end so that there is no lateral movement or scuffing between the
      suction cup and the dispenser station which could otherwise prevent
      accurate seating of the suction cup on the surface of the items which are
      to be removed from the dispenser.
PAR  It will be apparent that the gears 48 and 60 are driven by rotation of the
      shaft 54 so that the gear ratios are not important to the operation of the
      transfer mechanism. I have found, however, that if the gear 28 and gear 60
      are of a 1:1 ratio, the gear 60 may be rigidly secured with respect to the
      disc 72, the gear 60 being free to rotate on shaft 54. The gear 60 will
      serve to retain the disc 72 in the stationary position with the discharge
      nipple extending upwardly therefrom for all positions of the shaft 54 with
      respect to the central axis 30.
PAR  From the foregoing it will be apparent that the present invention provides
      improvements in a rotary transfer mechanism which considerably simplify
      the structure of the rotary transfer mechanism and provide a simple and
      rugged structure which does not include any substantial proportion of its
      mass disposed at a substantial distance from its central axis of rotation.
      Furthermore, the transfer mechanism is capable of causing the suction cup
      devices to follow a perfect hypotrochoidal path while maintaining the
      suction cups in a position in which they are outwardly directed with
      respect to the central axis of rotation for all rotational positions of
      the transfer mechanism.
PAR  In the embodiment illustrated in FIG. 4 of the drawings the pick-off arm 64
      has been modified to include a finger member 100 which is secured to the
      arm 64 by means of a collar 102 in a position such that the outer end of
      the finger 100 will strike the leading blank in the storage station after
      the suction cup 66 has engaged the blank so that an upper edge of the
      blank is moved rearwardly to facilitate the withdrawal of the blank from
      the storage station in use. This modification is particularly useful when
      blanks such as knocked-down carton blanks are being withdrawn from a
      storage station.
PAR  The advantages of the present invention will be apparent to those skilled
      in the art without departing from the scope of the invention.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A rotary transfer mechanism for transferring items from a dispenser
      station to a receiver station which is circumferentially spaced
      120.degree. in a first angular direction from the dispenser station in an
      arc generated about a central axis, the transfer mechanism comprising; a
      frame having a carriage member mounted for rotation thereon about said
      central axis, a stationary gear mounted on the frame in axial alignment
      with said central axis and disposed adjacent said carriage, idler gear
      means mounted for free rotation on said carriage in meshed engagement with
      said stationary gear means for rotation about said stationary gear means
      in response to rotation of said carriage about said central axis, third
      gear means mounted on said carriage in meshed engagement with said idler
      gear means to be rotatably driven by said idler gear means about a second
      axis in response to rotation of said carriage about said central axis, a
      transfer head means mounted on said carriage for rotation about said
      second axis with said third gear means, said transfer head means
      including, a pair of diametrically opposed pick-off arms projecting
      radially from said second axis, each of said pick-off arms having a
      pick-off head at the radially outer end thereof, drive means for rotatably
      driving the carriage about said central axis in a direction opposite to
      said first angular direction, the radial distance from the pick-off heads
      to the second axis being twice the pitch center distance between the
      stationary gear and the third gear, whereby rotation of said carriage
      about said central axis as aforesaid in the direction opposite to said
      first angular direction causes movement of said pick-off head in said
      first angular direction along an arcuate path which extends between said
      dispenser station and said receiver station, said arcuate path having a
      concave curvature in the direction towards said second axis such that the
      article which is transferred is rotated upon itself through an arc of no
      more than 120.degree..
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ABST
PAL  Sorting apparatus has vertically adjustable sheet receiving and feeding
      vacuum chamber and traveling belt mechanism which directs successive
      sheets to a receiver having vacuum chamber and traveling belt conveyor
      mechanism for transporting sheets to or past vertically spaced trays.
      Fingers are shiftable to and from positions to deflect sheets from the
      transport conveyor and cause sheets to enter the trays. The receiving and
      feeding mechanism and the receiver are separable at the vertical plane of
      the fingers between the fingers and the vertically extended traveling
      belts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Sheet sorting machines have heretofore involved the transport of successive
      sheets from an input location to a bank of trays at which the sheets are
      sucessively directed into the trays by fingers which are disposed in the
      path of the sheets.
PAR  Such machines have long been desired for use, for example, with a variety
      of high speed dry copying machines. Differences in configuration and
      operation of the copying machines has necessitated in most cases, that the
      sorting machine be designed for use with a specific copying machine. A
      major factor has been the different elevations at which the copy paper is
      discharged from different makes of copying machines.
PAR  The construction of the pick off fingers and accessability to the machine
      for service, say in the event of paper jamming in the finger region, have
      also posed problems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a sorting machine which is compact,
      efficient, easy to install in association with a wide variety of copying
      machines, and simple to operate and service.
PAR  More particularly, the sorting machine of the present invention has a novel
      paper transport. Conveyor belts are driven about a vacuum chamber having
      openings arranged to cause the sheets of paper to be held against the
      conveyor belts, a section of the vacuum chamber being vertically
      adjustable over a range of elevations enabling the paper inlet to the
      sorter to be adjusted to the necessary elevation adapting the sorter to
      use with a wide variety of copying machines.
PAR  The adjustable input conveying portion or section of the sorting machine
      and the receiver portion or section thereof, are mounted on a common base
      for movement towards and away from a copying machine, or other source of
      sheets to be sorted, as well as towards and away from one another. Thus
      not only can the sorter machine be moved as a whole away from the copying
      machine, or other source, but more importantly, the machine separates at
      the interface of the conveying section and the receiving section to
      facilitate access to the pick off finger region in the event of a paper
      jam at the critical location where the paper is removed from the conveyor
      and diverted to a receiver tray. The invention also provides novel pick
      off finger means for diverting sheets to the trays from the transport
      means, the fingers being constructed to be disposed in the path of a sheet
      and to deflect the sheet accurately towards the tray. To enable rapid
      sorting, the fingers are normally in an "open" position for engagement by
      an oncoming sheet, and are actuated to a "closed" position at which the
      fingers closely interfit to form a substantially plane surface comfronting
      the conveyor belts without rough edges, which might tend to hang up a
      paper sheet.
PAR  This invention possesses many other advantages, and has other purposes
      which may be made more clearly apparent from a consideration of the form
      in which it may be embodied. This form is shown in the drawings
      accompanying and forming part of the present specification. It will now be
      described in detail, for the purpose of illustrating the general
      principals of the invention; but it is to be understood that such detailed
      description is not to be taken in a limiting sense.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the sorting machine disposed adjacent to a
      typical copying machine shown in broken lines;
PAR  FIG. 2 is an enlarged view, as taken on the line 2--2 of FIG. 1, with
      portions broken away;
PAR  FIG. 3 is a vertical section as taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a vertical section as taken on the line 4--4 of FIG. 1;
PAR  FIG. 5 is a fragmentary top plan as seen on the line 5--5 of FIG. 1;
PAR  FIG. 6 is a fragmentary horizontal section as taken on the line 6--6 of
      FIG. 3;
PAR  FIG. 7 is a fragmentary vertical section as taken on the line 7--7 of FIG.
      3;
PAR  FIG. 8 is a detail view in section as taken on the line 8--8 of FIG. 6;
PAR  FIG. 9 is an enlarged fragmentary detail view showing the finger
      arrangement and mode of operation; and
PAR  FIG. 10 is a side elevation showing the manner in which the transport
      section and receiving section are separable.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in the drawings, a sorting machine S, made in accordance with the
      invention, comprises a base support 1 adapted to be placed adjacent to a
      source of sheets to be sorted, such as a copying machine C, shown in
      broken lines in FIG. 1, so that sheets can be supplied to a transport
      section T of the sorter and carried to the receiver section R of the
      sorter.
PAR  The base 1 includes a main frame 2 having side rails 3 on which slide means
      4 (FIG. 4) support the receiver section R for movement away from the
      transport section T, as seen in FIG. 10 upon release of latch means 5
      (best seen in FIG. 3), which normally hold the sections together during
      operation. The slide means 4 also support the transport section T and the
      receiver section R for movement as a unit, when the latch means 5 are
      engaged, towards and away from the copier or source C on the fixed base 1.
PAR  The transport section T has within a suitable case a vacuum chamber V
      defined by the side walls of the case, a rear wall 6 and an adjustable
      vacuum chamber section 7 which is adapted to be shifted vertically to
      dispose an inlet member 8 at a selected elevation. This enables the
      transport section to be associated with copiers or other sources which
      have sheet supply outlets at different elevations.
PAR  The rear wall 6 is affixed between the side walls 9 of the case and the
      vertically adjustable section 7 of the vacuum chamber includes an upper
      plate or wall 10, which is suitably pivotally mounted between the side
      walls 9, at a point above the rear wall 6, for movement throughout a range
      of positions, including the full line and broken line positions of FIG. 3.
      An articulated lower wall 11 of the adjustable chamber section 7 is
      connected to the upper walls 10 at 12 and is pivotally connected at 13 to
      the rear wall 6, the wall 11 having a pivotal joint 14 between the
      connections 12 and 13 to enable the upper wall 10 to be moved through its
      range of adjustment.
PAR  A shaft 15 is disposed beneath the front side of the plate 10 and has
      pinions 16 at its ends engaged with equalizing racks 17 vertically
      supported in the case, whereby the inlet 8 is maintained in horizontal
      relation throughout its range of movement.
PAR  The top wall 10 and the rear wall 6 of the vacuum chamber V have suitable
      perforations or slots 18, and a side wall 9 has perforations or openings
      19 whereby air is drawn into the chamber V through the perforations 18 and
      from the chamber through the perforations 19 by a suitable fan 20 driven
      by an electric motor M. The side wall of the housing provides a vertically
      extended chamber 21 exhausted by the fan 20 to cause the evacuation of the
      chamber V.
PAR  Extended about the chamber V is a number of laterally spaced sheet
      transporting belts 22. These belts extend in slightly spaced relation to
      the chamber walls about a front roller 23 revolvable about the shaft 15 at
      the paper inlet 8, a top roller 24 at the upper end of the top wall 10, a
      lower drive roller 25, beneath the chamber V, an idler roller 26, and a
      pair of tensioning rollers 27 mounted on a pivotal support 28 which may be
      biased to maintain tension on the belts 22 while enabling the chamber
      section 7 to be vertically adjusted. The belts 22 are driven by means of a
      drive belt 29 extending about a pulley 30 on the shaft of motor M, and the
      blet drive roller 25.
PAR  Accordingly, it will be seen that a sheet of paper supplied to the inlet 8
      will be transported on the belts 22, while being held against the belts by
      reason of the reduced air pressure in the chamber V, upwardly along the
      upper wall 10 and then downwardly along the inner wall 6.
PAR  Sheets are picked off of the belts along the inner wall 6 by finger means F
      and directed into one of a suitable number of trays 30, depending upon the
      number of sheets to be sorted.
PAR  The finger means F comprise a plurality of vertically spaced finger units
      mounted upon horizontal shafts 31, each of which, as seen in FIG. 8, is
      rockable by a suitable solenoid 32 havings its armature 33 connected with
      a crank 34 fixed on the shaft 31. The solenoid 32 is adapted to actuate
      the finger units between open and closed positions. In the open position,
      the finger units direct a paper sheet carried by the belts 22 into a tray
      30, and in the closed position these finger units allow a sheet to pass by
      for engagement with a lower open finger unit. In the preferred form, the
      solenoids are such that the fingers are normally open and are acutated to
      the closed position.
PAR  The respective finger units F comprise a body 35 of molded plastic fixed on
      a rock shaft 31 so as to be pivotal with the shaft, as seen in FIG. 9,
      between the open and closed positions. Extending upwardly from the body 35
      is a plurality of laterally spaced fingers 36. The respective bodies 35
      have laterally spaced notches or recesses 37 into which the fingers of a
      subjacent unit project when the fingers are closed, whereby the
      interfitting fingers and bodies afford an over-all substantially smooth,
      flat, vertical surface, without corners or rough edges, so that a sheet
      traveling downwardly on the belts will not impinge upon or become jammed
      with the closed finger units. The fingers 36 have a curved sheet engaging
      surface extending downwardly and inwardly towards a tray 30 to the end of
      an extension 39 providing an undersurface 40 projecting from the body 35.
      The respective finger bodies are positioned above the adjacent edge of a
      tray 30, so that when the fingers are closed, the surface 40 overlies the
      tray 30. When the fingers are open, the upper ends extend into the spaces
      between the belts on which the paper is carried. Accordingly, when a sheet
      S, as seen in FIG. 9, moves downwardly with the belts 22, the finger tips
      deflect the leading edge of the sheet from the belts and cause the sheet
      to be curved toward the tray and upwardly to clear any paper stacked in
      the tray. The sheets in the tray are prevented from curling upwardly by
      the overlapping undersurface 40 of the fingers.
PAR  As seen in FIG. 6, each tray is mounted on an end wall 42 and on posts 43
      of the receiver section and is indented at each side to enable removal of
      a stack of sheets S from either side through housing openings 44. The
      trays are adapted to receive sheets of different sizes by means of
      adjustable stop rods 45 which depend from support arms 46 having pinions
      47 engaged with horizontal racks 48 supported at the top of the housing.
      The rods depend through elongated slots 49 in the trays, so as to be
      adjustable towards and away from the finger means F by rotation of an
      operating knob 50, as seen in FIG. 7.
PAR  If desired wing side guides 52 may be pivotally mounted on the frame and
      moved to and from adjusted laterally spaced positions for centering a
      stack of sheets on the tray.
PAR  Suitable electrical controls are provided, including a selector switch 53
      (FIG. 5) to select the number of sheets to be sorted. Such controls may be
      enclosed in a box, such as the box 54 shown in FIG. 3, or elsewhere.
      Preferably, however, the machine is responsive to a sheet of paper being
      supplied to the inlet means 8 from the copier or source C. Accordingly, as
      seen in FIG. 3, a paper sensor 55 is provided at the paper inlet, say in
      the form of a photo electric cell adapted to turn the sorter on when a
      sheet is supplied to the inlet and to hold the machine on for a period of
      time. Under control of the selector switch 53, the fingers are adapted to
      be successively closed from top to bottom by control means 54, which may
      be a simple stepping switch, activated by each sheet of paper entering a
      tray and detected by sensor means such as a photo electric cell 56 located
      above the fingers.
PAR  From the foregoing it will be apparent that the invention provides a
      versatile sorting apparatus applicable to a wide range of sources of paper
      sheets to be sorted, the machine being simple to manufacture and operate
      as well as easy to service.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a sorting machine having walls defining a vacuum chamber, sheet
      carrying belts movable about said chamber, and receiver means for
      successively receiving the sheets from said belts in sorted relation, the
      improvement wherein said walls and belts have portions pivotal about a
      horizontal axis and provide a vertically adjustable sheet input section
      about which said belts move, whereby said machine is adapted to receive
      sheets from a source of selected height.
NUM  2.
PAR  2. In a sorting machine as defined in claim 1, means for vertically
      adjusting said vertically adjustable section.
NUM  3.
PAR  3. In a sorting machine as defined in claim 1, tensioning means for said
      belts adjustable responsive to adjustment of said vertically adjustable
      section to maintain uniform tension on said belts.
NUM  4.
PAR  4. In a sorting machine as defined in claim 1, tensioning means for said
      belts adjustable responsive to adjustment of said vertically adjustable
      section to maintain uniform tension on said belts, and roller means
      slightly spacing said belts from said chamber.
NUM  5.
PAR  5. In a sorting machine as defined in claim 1, control means including
      sensor means carried by said vertically adjustable section to detect the
      presence of a sheet on said section to activate the machine.
NUM  6.
PAR  6. In a sorting machine as defined in claim 1, said receiver means
      including a plurality of trays, and finger means associated with each tray
      for removing successive sheets from said belts and directing said sheets
      to said trays.
NUM  7.
PAR  7. In a sorting machine as defined in claim 1, said receiver means
      including a plurality of trays, and finger means associated with each tray
      for removing successive sheets from said sheets and directing said sheets
      to said trays, said finger means being normally disposed to remove an
      oncoming sheet from said belts and being adjustable to a position enabling
      the passage of a sheet.
NUM  8.
PAR  8. In a sorting machine as defined in claim 1, said receiver means
      including a plurality of trays, and finger means associated with each tray
      for removing successive sheets from said sheets and directing said sheets
      to said trays, said finger means being normally disposed to remove an
      oncoming sheet from said belts and being adjustable to a position enabling
      the passage of a sheet, and including control means for causing actuation
      of successive fingers to the latter position when a sheet enters a tray.
NUM  9.
PAR  9. In a sorting machine as defined in claim 1, said vertically adjustable
      section including input means for a sheet, an upper wall mounted for
      pivotal movement and an articulated lower wall connected with said upper
      wall.
NUM  10.
PAR  10. In a sorting machine having walls defining a vacuum chamber, sheet
      carrying belts movable about said chamber, receiver means for successively
      receiving the sheets from said belts in sorted relation, said receiver
      means including a plurality of sheet receiver trays, and finger means
      actuatable between open and closed positions for picking off successive
      sheets from said belts and directing said sheets into said trays; the
      improvement wherein said finger means comprise fingers having bodies
      supporting said fingers in side by side spaced relation, said bodies
      having notches in side by side spaced relation therein, means supporting
      said bodies with said fingers disposed in said notches of an adjacent body
      when said fingers are closed to provide a sheet confining smooth path
      between said belts and said finger means, and said fingers having arcuate
      surfaces for directing said sheets from said path inwardly and upwardly
      with respect to said trays when said fingers are open.
NUM  11.
PAR  11. In a sorting machine as defined in claim 10, said fingers having a
      surface opposed to a sheet in said tray, when said fingers are closed, to
      prevent curling of the trailing edge of a sheet in a tray.
NUM  12.
PAR  12. A sorting machine comprising: a receiver having a plurality of
      vertically spaced trays, sheet transporting means for moving sheets
      successively to said receiver; finger means successively openable to
      deflect sheets from said transporting means into said trays, drive means
      for said transporting means, and actuator means for said finger means,
      said sheet transporting means comprising a vacuum chamber, fan means for
      evacuating said chamber, said chamber having an upper horizontal
      perforated wall and a vertical perforated wall pivotally interconnected
      for angular adjustment of said upper wall, and lower and side walls
      between said upper and vertical walls enabling said angular adjustment,
      sheet drive belts extending continuously about said upper, said vertical
      and said lower walls in transversely spaced relation, means for driving
      said belts to transport sheets thereon with said sheets held against said
      belts by external pressure, said vertical wall extending past said trays,
      and said finger means being operable to remove sheets from said belts
      along said vertical wall to deflect said sheets into said trays.
NUM  13.
PAR  13. A sorting machine as defined in claim 12, including first support means
      for said trays and said fingers, second support means for said transport
      means, a base for said support means, and means shiftably supporting said
      first and second support means for movement between adjacent cooperative
      relation of said receiver and said transporting means and spaced relation
      therebetween.
NUM  14.
PAR  14. A sorting machine as defined in claim 12, including first support means
      for said trays and said fingers, second support means for said transport
      means, a base for said support means, and means shiftably supporting said
      first and second support means for movement between adjacent cooperative
      relation of said receiver and said transporting means and spaced relation
      therebetween, and latch means for connecting said support means together
      for movement together on said base towards and away from a source of
      sheets.
NUM  15.
PAR  15. A sorting machine as defined in claim 12, wherein said finger means
      include finger elements transversely spaced with respect to said belts,
      and having end portions extensible towards said vertical wall between said
      belts for deflecting a sheet from said belts and said vertical wall.
NUM  16.
PAR  16. A sorting machine as defined in claim 12, including tensioning means
      for maintaining uniform tension on said belts throughout the range of
      adjustment of said upper wall.
NUM  17.
PAR  17. A sorting machine as defined in claim 12, including control means
      responsive to the entry of a sheet into said transport means to initiate
      operation of said drive means for said transporting means and said
      actuator means for said finger means.
NUM  18.
PAR  18. A sorting machine as defined in claim 12, including means at opposite
      sides of said upper wall for maintaining the latter in a horizontal
      disposition transversely thereof throughout the range of angular
      adjustment.
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ABST
PAL  Two cultivators, in combination, form an assembly with a first implement
      having fixed soil penetrating members and a second cultivator has rotatary
      soil working members with tines that intensely work the soil broken by the
      first cultivator. Each cultivator has a corresponding coupling member at
      the forward portion of its frame and each coupling member is connectable
      to the lifting hitch of a conventional tractor independently of the other
      implement. Alternatively, the coupling members can be interlinked to one
      another with pivotable arms so that each cultivator is independently
      movable with respect to one another for a limited extent in vertical
      directions. A supporting roller can be positioned to the rear of the
      second cultivator.
BSUM
PAR  This invention relates to combinations of two soil cultivating implements.
PAR  In most known combinations of two soil cultivating implements, those
      implements are restricted to use in the combination and cannot be employed
      individually. Moreover, the use of a mould-board or disc plough is nearly
      always necessary before employing such known combinations if a soil
      consistency suitable for use as a seed bed is to be obtained without still
      further cultivating work. The present invention seeks to overcome, or at
      least reduce, these disadvantages of known soil cultivating implement
      combinations.
PAR  According to one aspect of the invention, there is provided a combination
      of two soil cultivating implements, wherein each implement has a frame
      with a coupling member by which it can be operatively connected to a
      tractor or other vehicle independently of the other implement of the
      combination, and wherein one implement is a cultivator having soil working
      tines whose positions are substantially fixed relative to its frame, and
      the other implement is a rotary harrow comprising at least one tined soil
      working member or rotor arranged to revolve about a vertical or
      substantially vertical axis during operation.
DRWD
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made, by way of example, to
      the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a combination in accordance with the invention of
      two soil cultivating implements connected to the rear of an agricultural
      tractor,
PAR  FIG. 2 is a side elevation of the combination of FIG. 1, and
PAR  FIG. 3 is a section, to an enlarged scale, taken on the line III--III in
      FIG. 1.
DETD
PAR  Referring to the accompanying drawings, the combination of two soil
      cultivating implements which is illustrated comprises, at the front with
      respect to the intended direction of operative travel of the combination
      which is indicated by an arrow A in FIGS. 1 and 2 of the drawings, a
      cultivator 1. The cultivator 1 has a frame which comprises two beams 2
      that extend substantially horizontally parallel to one another in spaced
      apart relationship in the direction A, both beams being transverse to the
      direction which has just been mentioned and normally substantially
      perpendicular thereto. The two frame beams 2 are both of hollow formation
      and have a polygonal cross-section which, it is preferred, should be
      square (see FIG. 3). With this preferred construction, the two beams 2 are
      both disposed in such a way that, as seen in cross-section (FIG. 3), one
      diagonal between opposite corners of each beam extends substantially
      vertically while a perpendicular diagonal between the other two corners
      thereof extends substantially horizontally. The opposite lateral ends of
      the front and rear frame beams 2 are interconnected by substantially
      vertically disposed strips 3 that extend substantially parallel to the
      direction A. The two beams 2 are further interconnected, at regular
      intevals between the two strips 3, by supports 4, of which there may be
      four, said supports 4 also extending substantially horizontally parallel
      to one another and to the direction A.
PAR  Each of the frame beams 2 is provided with a corresponding row of regularly
      spaced apart soil working tines 5 which tines are rigidly secured to the
      beams 2. The tines 5 of the two rows are staggered laterally across the
      cultivator in such a way that, when the cultivator 1 is viewed from the
      rear in the direction A, the tines 5 of the two rows are seen to lie
      alternately between each other in regularly spaced apart relationship.
      Each rigid tine 5 extends downwardly from its point of connection to the
      corresponding frame beam 2 and is arcuately curved forwardly with respect
      to the direction A in such a way that a point formed at its lowermost and
      foremost end with respect to said direction is orientated forwardly. As
      can be seen in FIGS. 2 and 3 of the drawings, each regularly curved tine
      tapers gently from its uppermost root to its lowermost pointed tip and is
      thus of progressively narrowing width considered from root to tip.
PAR  A substantially central region of the leading frame beam 2 with respect to
      the direction A is provided with a coupling member or trestle 6 of
      generally triangular configuration constructed and arranged for connection
      to the three-point lifting device or hitch of an agricultural tractor or
      other operating vehicle in the manner which can be seen in outline in
      FIGS. 1 and 2 of the drawings. Strengthening bars 7 that diverge
      downwardly, and rearwardly with respect to the direction A, from the top
      of the coupling member or trestle 6 have their lowermost and rearmost ends
      rigidly secured to the top of the rear frame beam 2 at locations spaced to
      opposite sides of the center of that beam. The second soil cultivating
      implement of the combination is a rotary harrow 8 that is located behind
      the cultivator 1 with respect to the direction A. The rotary harrow 8 has
      a hollow box-shaped frame portion 9 that extends substantially
      horizontally transverse, and normally substantially perpendicular, to the
      direction A in which frame portion a plurality, such as 12, of vertical or
      substantially vertical shafts 10 are rotatably mounted in a single row in
      regularly spaced apart relationship. The lowermost ends of the shafts 10
      that project from beneath the frame portion 9 carry corresponding tined
      soil working members or rotors 11. The rotary shafts 10 are spaced apart
      from one another by distances which it is preferred should be
      substantially 25 centimeters and each of them is provided, inside the
      hollow frame portion 9, with a corresponding straight- or spur-toothed
      pinion 12, the teeth of each pinion 12 being in mesh with those of the or
      each of its neighbours in the manner which is indicated in outline in FIG.
      1 of the drawings. Each of the soil working members or rotors 11 comprises
      a substantially horizontally disposed support rigidly secured by its
      center to the lowermost end of the corresponding shaft 10, said support
      being provided with substantially vertically disposed sleeve-like tine
      holders at its opposite ends in which holders fastening portions of rigid
      soil working tines 13 are received, active or soil working portions of
      said tines 13 extending downwardly beneath the holders and into the soil
      during operation, as illustrated in FIG. 2 of the drawings.
PAR  The opposite lateral sides or ends of the frame portion 9 carry vertically
      disposed and substantially sectorshaped plates 14 and arms 16 are turnable
      upwardly and downwardly alongside the plates 14 about the common
      substantially horizontal axis of pivots 15 located at the top and front of
      the plates 14 with respect to the direction A, said common substantially
      horizontal axis that has just been mentioned being transverse, and
      normally substantially perpendicular, to the direction A. The arms 16
      extend rearwardly from the pivots 15 with respect to the direction A and a
      supporting member in the form of a ground roller 18 is rotatably mounted
      in bearings 17 carried at the downwardly inclined rearmost ends of the
      arms 16. The axis of rotation of the ground roller 18 extends parallel or
      substantially parallel to a substantially horizontal line joining the axes
      of rotation of all of the shafts 10 and thus transverse, and normally
      substantially perpendicular, to the direction A. Curved rows of holes 20
      are formed alongside the rearmost edges of the plates 14 with respect to
      the direction A, all of said holes 20 being equidistant from the common
      substantially horizontal axis defined by the pivots 15. The arms 16 are
      formed with single holes that are located at the same distance from the
      axis which has just been mentioned and horizontal locking pins 19A are
      provided for entry through the holes in the arms 16 and chosen holes 20 to
      maintain the arms 6, and thus the ground roller 18, in a corresponding
      angular setting about the common substantially horizontal axis defined by
      the pivots 15. It will be apparent from FIG. 2 of the drawings that the
      setting which is chosen is a principal factor in controlling the depth of
      penetration of the tines 13 into the soil during operation.
PAR  The front of the frame portion 9 of the rotary harrow 8 with respect to the
      direction A is provided, substantially centrally across its width, with a
      coupling member of trestle 19 whose foot comprises two upright plates 20A
      that are horizontally spaced apart from one another in a direction
      transverse, and normally substantially perpendicular, to the direction A.
      The relatively remote surfaces of the two plates 20A carry horizontally
      aligned pins 21 and the apex of the coupling member or trestle 19, which
      is of generally triangular configuration, carries two parallel and
      vertically disposed coupling plates 23 that are spaced apart from another
      in the same direction as the plates 20A by a much shorter distance. It
      will be apparent that the coupling member or trestle 19 is constructed and
      arranged to enable it to be connected directly to the three-point lifting
      device or hitch of an operating tractor or other vehicle but, when the
      rotary harrow 8 is used as part of the combination which is being
      described, the pins 21 are pivotally engaged with the uppermost and
      rearmost ends of arms 22 whose leading ends are pivotally coupled to
      substantially horizontally aligned pins at the foot of the coupling member
      of trestle 6 of the cultivator 1 (see FIG. 2 of the drawings). An arm 24
      whose length is adjustable has its leading end pivotally mounted between
      coupling plates 25 at the apex of the coupling member or trestle 6 and its
      rearmost end pivotally mounted between the fronts of the two coupling
      plates 23 at the apex of the coupling member or trestle 19. The pivotable
      arms 22 and 24 allow the rotary harrow 8 to move upwardly and downwardly
      independently of the cultivator 1 without any significant tilting since,
      as seen in side elevation (FIG. 2), they establish a parallelogram linkage
      between the coupling member or trestle 6 and the coupling member or
      trestle 19. As previously mentioned, the arm 24 can be adjusted in length
      as may be required, such adjustment being known per se.
PAR  Locations near the apex of the coupling member or trestle 19 are connected
      by downwardly and rearwardly, with respect to the direction A, divergent
      strengthening bars 26 to locations at the top and rear of the frame
      portion 9 that are spaced apart from one another laterally of the intended
      direction of operative travel A. One of the center pair of shafts 10 has
      an upward extension into a gear box 27 that is mounted on top of the frame
      portion 9. The shaft extension in question is in driven connection with a
      forwardly projecting rotary input shaft 29 of the gear box 27 by way of
      bevel pinions (not visible) contained within the gear box 27 and by way of
      a changespeed gear 28 mounted at the rear of the gear box 27. It is not
      necessary to describe the construction and operation of the change-speed
      gear 28 in detail but, briefly, it is furnished with interchangeable
      and/or exchangeable toothed pinions and will give different transmission
      ratios between rotary shafts in the gear box 27 in dependence upon the
      particular pinion arrangement that is selected. Thus, various speeds of
      rotation of the soil working members or rotors 11 can be selected without
      changing the input speed of rotation applied to the shaft 29. The leading
      splined or otherwise keyed end of the rotary input shaft 29 is placed in
      driven connection with the power take-off shaft of the operating
      agricultural tractor or other vehicle by way of an intermediate telescopic
      transmission shaft 30 that is of a construction which is known per se
      having universal joints at its opposite ends. As can be seen in the
      drawings, the shaft 30 extends through the generally triangular coupling
      members or trestles 6 and 19 and over the top of the frame of the
      cultivator 1. The two supports 4 of the frame of the cultivator 1 that are
      nearest to the center thereof carry depending hook-shaped stops 31 which,
      as will be evident from FIG. 3 of the drawings, prevent the arms 22
      turning downwardly about their pivotal connections with the foot of the
      coupling member or trestle 6 beyond angular settings that are limited by
      the blocking bottoms of said stops 31. Thus, the three-point lifting
      device or hitch of the agricultural tractor or other operating vehicle can
      be raised to bring both the implements 1 and 8 to a position suitable for
      inoperative transport thereof without the arms 22 and 24 turning
      downwardly too far about their pivotal connections with the coupling
      member or trestle 6.
PAR  In the use of the soil cultivating implement combination that has been
      described, the combination is moved over the ground in the direction A so
      that the rigid tines 5 of the leading cultivator tear up large lumps of
      soil which, subsequently, are substantially uniformly crumbled by the
      tines 13 of the immediately following rotary harrow 8, the soil working
      members or rotors 11 of said harrow 8 being rotated from the power
      take-off shaft of the operating tractor or other vehicle by way of the
      transmission which comprises the shaft 30, the shaft 29, the gear box 27,
      the change-speed gear 28 and the pinions 12. The ground roller 18
      compresses the worked soil to some extent and breaks up any lumps of soil
      that may still remain. The result is a substantially flat gently
      compressed but well crumbled soil surface which is generally usable as a
      seed bed without further cultivating operations.
PAR  The combination which has been described above is particularly useful for
      working heavy soil that has become excessively hardened by drought
      conditions. The use of a plough prior to the use of the combination is not
      necessary and it will be noted that, since both of the implements 1 and 8
      can be connected independently to the three-point lifting device or hitch
      of an operating agricultural tractor or other vehicle, the use of such
      implements is not restricted to the combination and either implement can
      be used entirely indepenently of the other when required. Since the
      cultivator 1 is located closely behind the operating tractor or other
      vehicle in the use of the combination, the extent of the projection of the
      whole combination rearwardly of said tractor or other vehicle when the
      three-point lifting device or hitch thereof is raised to bring the
      combination to an inoperative transport position is not sufficient to
      cause the three-point lifting device or hitch to be loaded to an excessive
      extent nor is the steering of the tractor or the operating vehicle
      adversely affected to any significant extent.
PAR  Although various features of the combination which has been described
      and/or that is illustrated in the accompanying drawings will be set forth
      in the following claims as inventive features, it is emphasised that the
      invention is not necessarily limited to those features and that it
      includes within its scope each of the parts of the combination that has
      been described and/or that has been illustrated in the accompanying
      drawings both individually and in various combinations.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A soil-cultivating assembly comprising a combination of two cultivating
      implements positioned one behind the other, each of said implements having
      a frame and a coupling member for independent and alternative connection
      to one another and to a prime mover, a first implement being positioned as
      a leading implement and having tines rigidly fixed to a corresponding
      frame and a second implement having rotatable soil-working tined members
      that revolve about upwardly extending axes, driving means for revolving
      said soil-working members and said driving means being in driving
      engagement with a power take-off of the prime mover, the coupling members
      of said two implements being interconnected with a three-point lifting
      device of the prime mover, the front of the frame of said leading
      implement having its corresponding coupling member positioned for
      connection to the three-point lifting device of the prime mover, arm means
      being provided, between the rear of said coupling member and the coupling
      member of the said second implement for linking said respective coupling
      members, said arm means comprising upper arm means and lower arm means,
      stop means being positioned adjacent said lower arm means to limit
      movements of same.
NUM  2.
PAR  2. A combination as claimed in claim 1, wherein said two implements have
      trestle coupling members mounted on their respective frames that are
      substantially similar to one another.
NUM  3.
PAR  3. A combination as claimed in claim 1, wherein said leading implement
      comprises two rows of soil-working tines that are located one behind the
      other with respect to the direction of operative travel.
NUM  4.
PAR  4. A combination as claimed in claim 3, wherein, when the implement is
      viewed from the rear in its direction of operative travel, alternate tines
      are located in said two rows.
NUM  5.
PAR  5. A combination as claimed in claim 3, wherein the tines of said first
      implement are inclined downwardly and forwardly, with respect to the
      direction of operative travel, towards their tips.
NUM  6.
PAR  6. A combination as claimed in claim 1, wherein said driving means includes
      a drive transmission to each soil-working member including a transmission
      shaft which extends over the frame of said first implement for connection
      to the power take-off of the prime mover.
NUM  7.
PAR  7. A combination as claimed in claim 6, wherein a supporting member is
      secured to the rear of said second implement and said supporting member
      engages the ground.
NUM  8.
PAR  8. A combination as claimed in claim 7, wherein said supporting member is a
      roller that is turnable about a horizontal axis, the said roller extending
      across substantially the entire working width of the combination.
NUM  9.
PAR  9. A combination as claimed in claim 8, wherein said supporting member
      extends substantially parallel to a line joining the axis of rotation of
      said soil-working members.
NUM  10.
PAR  10. A combination as claimed in claim 7, wherein vertically adjusting means
      is connected to said supporting member to change the latter's position
      with respect to the frame of said second cultivator.
NUM  11.
PAR  11. A combination as claimed in claim 1, wherein the said arm means is
      pivotally connected to both the said coupling members.
NUM  12.
PAR  12. A combination as claimed in claim 1, wherein said second implement is
      connected to the three-point lifting device of the prime mover via arms
      that are pivotally connected to the coupling member of said first
      implement, said arms extending rearwardly from that coupling member with
      respect to the direction of operative travel.
NUM  13.
PAR  13. A soil cultivating assembly comprising a combination of two cultivating
      implements positioned one behind the other, each of said implements having
      a frame and a coupling member, a first implement having fixed tines on its
      corresponding frame and at its coupling member secured at the forward
      portion of that frame for direct connection to a three-point lifting
      device of a prime mover, the rear of that frame having means for
      connection to the coupling member of a second implement, the coupling
      members of said implements being linked to one another by an upper arm
      means and a lower arm means, said lower arm means extending beneath the
      frame of said first implement and stop means being positioned adjacent
      said lower arm means to limit the movements of same, said second implement
      having rotatable soil working members and driving means connected to said
      members.
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ABST
PAL  An arrangement of a harness, hoist and handles for the variable tension
      ring exerciser is disclosed. The harness includes a pair of small rings
      secured to two diametrical sides of a belt securable around the lower
      portion of the torso of a person and a pair of Y-shaped straps securable
      around thighs of the person wearing the harness. The end of the first
      branch of the first Y-shaped strap is secured to the belt of the harness
      at a proximity to the first small ring, to which end means of securing the
      stem of the first Y-shaped strap is attached. The end of the second branch
      of the first Y-shaped strap is secured to the belt intermediate the first
      small ring and the middle point of the rear half of the belt. The second
      Y-shaped strap including means of securing its stem is similarly secured
      to the belt in the vicinity to the second small ring. The hoist includes a
      pair of elongated structural members having cross section of a channel,
      within the grooves of which channels a plurality of sheaves are rotatably
      secured in a series aligned along the length of each elongated structural
      member. This pair of elongated structural members are linked to one
      another by a pair of ropes repeatedly engaging various pairs of sheaves,
      each of which pairs of sheaves includes the first sheave belonging to one
      elongated structural member and the second sheave belonging to the other
      elongated structural member. The longer of two elongated structural
      members includes a pair of pulleys suspended from two ends of that member,
      respectively. The handle is formed by three segments of tubular rods
      threaded in series by a rope, which rope is tied to form a closed loop
      resulting a triangular ring with three sides formed by three segment of
      tubular rods.
PAR  The present invention relates to a harness, hoist and handles for pulling a
      person up in midair himself, and more particularly, to a harness, hoist
      and handles used in constructing a variable tension ring exerciser
      invented by this inventor.
PAR  The variable tension ring exerciser is an exercising apparatus including a
      pair of ring-shaped handles, a hoist suspended in mid air and a harness
      securable around the lower torso of the exercising person. The pair of
      handles are secured to the ends of two ropes suspended from the hoist,
      respectively, each of which ropes engages each of a pair of pulleys
      included in the hoist. The harness is connected to the hoist by means of a
      pair of ropes extending from two diametrical sides of the belt included in
      the harness. With this arrangement, a pulling force exerted on both
      handles by the exercising person lifts him off the ground and suspends in
      midair, which enables him to perform a variety of airborne exercises. The
      tensions exerted on the pair of ropes connected to the handles created by
      the body weight of the exercising person can be varied by changing the
      combination of the sheaves engaged by those ropes, which sheaves are
      included in the hoist. It may be understood that the variable tension ring
      exerciser can be also used for exercising without making the exercising
      person airborne.
PAR  The variable tension ring exerciser is one of a few exerciser, which
      enables noneathletes to perform aerial exercises. It provides fun and
      exercise for those untalented and unskilled as well as for those
      experienced in physical exercises. As an exercising apparatus for average
      people, the variable tension ring exerciser must be easy and comfortable
      to use. The harness used in the variable tension ring exerciser must
      provide a confortable support for lifting the exercising person. The hoist
      used in the variable tension ring exerciser must operate smoothly under
      all possible loading conditions arising from the various phases of
      exercising. The handles used in the variable tension ring exerciser must
      provide a sure and comfortable grip. Yet all of these elements of the
      variable tension ring exerciser can be manufactured easily and
      inexpensively, which is an essential condition to make the variable
      tension ring exerciser available to average people.
PAR  It is therefore a primary object of the present invention to provide a
      harness for the variable tension ring exerciser, which harness is
      comfortable to wear.
PAR  Another object of the present invention is to provide a harness for the
      variable tension ring exerciser, which harness permits the maximum freedom
      for the body movements.
PAR  Still another object of the present invention is to provide a harness for
      the variable tension ring exerciser, which harness includes a pair of
      Y-shaped straps securable around the thighs.
PAR  Yet another object of the present invention is to provide a harness for the
      variable tension ring exerciser, which harness is easy and inexpensive to
      manufacture.
PAR  A further object of the present invention is to provide a light weight
      hoist for the variable tension ring exerciser, which hoist operates
      smoothly under all possible loading conditions arising from various phases
      of exercising.
PAR  Still further object of the present invention is to provide reliable and
      inexpensive hoist for the variable tension ring exerciser.
PAR  Yet further object of the present invention is to provide a handle for the
      variable tension ring exerciser, which handle is inexpensive to
      manufacture and yet provides a comfortable and sure grip.
PAR  These and other objects of the present invention will become apparent to
      those skilled in the art as the description thereof proceeds.
DRWD
PAR  The present invention may be described with greater specificity and clarity
      with reference to the following drawings, in which:
PAR  FIG. 1 illustrates an isometric view of the variable tension ring exerciser
      employing the harness, hoist and handles of the present invention.
PAR  FIG. 2 illustrates the cross section of the hoist taken along line 2--2, as
      shown in FIG. 1.
PAR  FIG. 3 illustrates the cross section of the hoist taken along line 3--3, as
      shown in FIG. 1.
PAR  FIG. 4 illustrates a cut out view showing the pivotably mounted pulleys
      included in the hoist.
PAR  FIG. 5 illustrates the cross section of the handle taken along plane 5--5,
      as shown in FIG. 1.
PAR  FIG. 6 illustrates the isometric view of the left-half of the harness.
PAR  FIG. 7 illustrates the isometric view of the right-half of the harness.
PAR  FIG. 8 illustrates a perspective view of a pad attachable to the belt
      included in the harness.
PAR  FIG. 9 illustrates a perspective view of a pad attachable to the thigh
      strap included in the harness.
PAR  FIG. 10 illustrates an isometric view of a shoulder strap usable in
      conjunction with the harness.
PAR  FIG. 11 illustrates a shoulder harness of the present invention usable in
      conjunction with the variable tension ring exerciser.
PAR  FIG. 12 illustrates a various combinations of wearing harnesses of the
      present invention.
DETD
PAR  Referring to FIG. 1, there is shown the variable tension ring exerciser
      invented by this inventor, in which exerciser the harness, hoist and
      handles of the present invention are incorporated. The harness 1 securable
      around the lower torso of the exercising person is suspended from a
      elongated structural member 50 by means of a pair of ropes 17 and 18. The
      lower end of rope 17 is secured to a ring 12 attached to one side of belt
      14 included in harness 1 while its upper end is secured to an eye bolt 39
      affixedly secured to elongated member 50 near one extremity 37. The lower
      end of rope 18 is secured to a ring 13 attached to the other side of belt
      14 while its upper end is secured to an eye bolt 40 affixedly secured to
      elongated structural member 50 near other extremity 38. The handles 19 and
      20 are attached to the lower ends of ropes 27 and 28, respectively. The
      rope 27 is suspended from pulley 29 as that rope engages that pulley. The
      rope 28 engages pulley 30 and is suspended therefrom. The pulleys 29 and
      30 are pivotably secured to an elongated structural member 62 near its two
      extremities 35 and 36, respectively. The elongated structural member 62 is
      securable horizontally to an over handing structure such as a beam, a
      branch of tree, etc., by means of ropes, wires or bolts engaging eye bolts
      53 and 54 affixedly attached to elongated member 62 near two extremities
      35 and 36, respectively. The elongated structural members 50 and 62 are
      linked to one another by ropes 27 and 28 engaging a plurality of sheaves
      disposed along two elongated structural members. With this arrangement of
      harness 1, handles 19 and 20 and hoist composed of elongated structural
      members 50 and 62 including a plurality of sheaves, it may be understood
      that the exercising person can lift himself off ground by pulling both
      handles with a force equal to a fraction of his body weight. The tensions
      on ropes 27 and 28 can be adjusted from a fraction of the body weight to
      the equal of body weight by varying the combinations of sheaves engaged by
      ropes 27 and 28.
PAR  One of the most efficient and economic way of constructing the hoist
      included in the variable tension ring exerciser is to use a pair of
      elongated structural member 50 and 62 having cross section of a channel.
      In FIG. 2 there is shown the cross section of elongated structural members
      50 and 62 taken along line 2-2, as shown in FIG. 1. The plurality of
      sheaves 41, 42, 43, 44, 45, 46, 47, 48, disposed within the groove of
      elongated structural member 50, and sheaves 55, 56, 57, 58, 59, 60
      disposed within the groove of elongated member 62 are rotatably secured to
      each elongated structural members, as each of the holes disposed at the
      center of those pulleys is engaged by a cylindrical rod such as a bolt or
      rivet laid across the channel and secured to both walls of the channel at
      both extremities of that rod. Such arrangement of mounting sheaves is
      shown in FIG. 2 where the cross sections of sheave and rod 63 engaging the
      hole disposed at the center of sheave 60 is illustrated. Referring to FIG.
      1, the spare length 51 of rope 27 and 52 of rope 28 left after engaging
      plurality of sheaves are first tied to a rod 61 secured across the channel
      of elongated structural member 62 at the middle point thereof and then
      tied to rod 49 similarly secured to elongated structural member 50. The
      arrangement of rods 49 and 61 secured to elongated members 50 and 62,
      respectively, is illustrated in FIG. 3, which figures shows the cross
      section of two elongated structural members taken along line 3--3, as
      shown in FIG. 1. With spare lengths of ropes 51 and 52 simultaneously tied
      to the middle points of elongated members 50 and 62 as shown in FIG. 1, it
      may be understood that the exercising person is restrained from falling
      all the way down to the ground even when he releases both handles 19 and
      20 accidentally. The length of elongated member 62 is made longer than
      that of elongated member 50 to prevent extremities 37 and 38 of elongated
      member 50 from interfering with the motion of ropes 27 and 28.
PAR  For a facile and smooth operation of the variable tension ring exerciser
      shown in FIG. 1, it is necessary to suspend pulleys 29 and 30 from two
      extremities 35 and 36 of elongated structural member 62, respectively, in
      such a way that pulleys 29 and 30 are pivotable about the points of
      attachments 33 and 34, respectively, over a sizable solid angle and that
      pulleys 29 and 30 are rotatable about eye bolts 31 and 32, respectively,
      which eye bolts secures those pulleys to elongated structural member 62.
      The arrangement of suspending pulleys 29 and 30 from two extremities 33
      and 34 of elongated structural member 62, respectively, is further
      illustrated by a cut out view shown in FIG. 4. The pulley assembly
      including sheave 30 is constructed of a narrow segment of channel 68 and a
      sheave 30 rotatably secured within the groove of the segment of channel 68
      by means of a rod 69 engaging the hole disposed at the center of sheave
      30. The lower end of eye bolt 32 rotatably engages a hole 66 disposed on
      the base of segment of channel 68. A nut 67 engaging the lower end of eye
      bolt 32, which nut is welded or jamed to that eye bolt, restrains eye bolt
      32 from disengaging from hole 66. The eye 65 of eye bolt 32 is engaged by
      a rod 34 secured across the channel of elongated structural member 62 near
      its extremity 36, which rod 34 has diameter sizably smaller than the
      diameter of eye 65 of eye bolt 32. With this arrangement, it may be
      understood that pulley assembly including sheave 30 is permitted to rotate
      relative to eye bolt 32 about the axis of that eye bolt and to pivot about
      rod 34 over a sizable solid angle. The pulley assembly including sheave 29
      are similarly constructed and similarly secured to elongated structural
      member 62 near extremity 35.
PAR  In FIG. 5, there is illustrated the cross section of handle 20 taken along
      plane 5--5, as shown in FIG. 1. A tubular rod 22 is sandwiched between a
      pair of segment of tubes 24 and 26 as they are threaded in series by rope
      28. The end 73 of rope 28 is tied to that rope to form a triangular ring
      with three sides formed by tubular rods 22, 24 and 26. The length and
      diameter of tubular rod 22 have to be sufficiently large to provide a
      comfortable hand grip. The length of tube 24 and 26 have to be
      sufficiently long to provide a cavity within the ring large enough for the
      movement of hand through that cavity. The pair of tubes 24 and 26 restrain
      the hand grip 22 from sliding along the looped portion of rope 28 and thus
      aids to provide a firm hand grip. The handle 19 is similarly constructed.
PAR  The harness 1 shown in FIG. 1 can be disassembled into left half 74
      illustrated in FIG. 6 and right half 88 illustrated in FIG. 7. The left
      half 74 of harness 1 includes a segment of belt 75, a ring 13 secured to
      bolt 75 at the middle point thereof by means of the first branch 7 of
      Y-shaped strap 3, which branch of that strap is threaded through ring 13
      and secured to belt 75 at both sides of ring 13 by means such as stitches
      77 and 78. The branch 7 of Y-shaped strap 3 is folded into the inverted
      V-shape as that branch of that strap is threaded through ring 13. The end
      of Y-shaped strap 3 can be secured to the end of branch 7 of that strap by
      means of buckle 11 attached to end 79 of that branch of the strap. A
      fastener such as the pull-and-tighten type used in the parachute harness
      may be used instead of buckle 11. The end of second branch 9 of Y-shaped
      strap 3 is secured to belt 75 intermediate ring 13 and the rear end 83 of
      that belt. A pair of fastening means such as buckles 84 and 85 attached to
      the front end 82 of belt 75 respectively receive and secure the pair of
      straps 94 and 95 attached to the front end 91 of belt 89 included in the
      right half 88 of harness 1, which half is illustrated in FIG. 7. A pair of
      fastening means such as buckles 92 and 93 attached to the rear end 90 of
      belt 89 respectively receive and secure the pair of straps 86 and 87
      attached to the rear end 83 of belt 75. The right half 88 of harness 1
      includes belt 89, ring 12 and Y-shaped strap 2 having a pair of branches 8
      and 6, stem 4 and buckle 10, which elements are assembled in a manner
      similar to those elements included in left half 74 of the harness. With
      these arrangements of both halves of the harness, the configuration of the
      assembled harness shown in FIG. 1 is symmetric with respect to a
      hypothetical plane bisecting the harness into the right and left halves.
PAR  Referring to FIG. 1 again, the means 15 including buckles 84 and 85 and
      straps 94 and 95 (see FIGS. 6 and 7) for adjusting and securing the length
      of the front half of belt 14 and the means 16 including buckles 92 and 93
      and straps 86 and 87 (see FIGS. 6 and 7) for adjusting the length of the
      rear half of belt 14 enables the exercising person to secure harness 1
      around his lower torso in such a way that rings 12 and 13 become located
      precisely at two diametrical sides of the lower torso. The pair of
      Y-shaped straps 2 and 3 aid in securing harness 1 firmly to the lower
      torso of the exercising person and yet permit maximum freedom for the body
      movements as branches 8 and 9 of the Y-shaped straps help to keep the
      Y-shaped straps secured around the thighs at their very roots. When a
      person does exercise in the upright position, the Y-shaped straps 2 and 3
      provide the major support in sustaining his weight. When a person does
      exercise in the prone or supine position, belt 14 provides the major
      support in sustaining the body weight of the exercising person. The
      Y-shaped straps 2 and 3 provide a particularly comfortable support as
      those straps form a basket-life support for the hip of the exercising
      person.
PAR  Individuals with soft skins needs extra paddings for the harness to protect
      the hip bones from the belt included in the harness as well as to protect
      the fleshes on the thighs from the thigh strap of the harness. In FIG. 8,
      there is shown a pad 96 attachable to the belt of the harness near rings
      12 or 13 by threading belt 75 of the left half of the harness or by
      threading belt 89 of the right half of the harness through slit 97. There
      is shown in FIG. 9 a pad 98 attachable to stem 4 or stem 5 of the Y-shaped
      thigh straps by threading stem 4 or stem 5 through slit 99 disposed along
      pad 98. The synthetic sponges and fluffy fabrics such as blanket materials
      are excellent for padding. In FIG. 10, there is shown a shoulder belt 100
      usable in conjunction with harness 1 shown in FIG. 1. The length of
      shoulder belt 100 can be adjusted and secured by means of buckle 101. A
      pair of snaps 102 and 103 attached to two ends of shoulder belt 100,
      respectively, are made to engage rings 12 and 13 attached to the belt of
      the harness, respectively. A pair of snaps secured to the lower ends of
      ropes 17 and 18 may be used to connect those ropes to rings 12 and 13
      attached to the belt included in the harness, as illustrated in FIGS. 6
      and 7. Such arrangements enables to disconnect the exercising person from
      the exerciser without taking off the harness.
PAR  In FIG. 11, there is shown a harness 104 including a pair of padded rings
      105 and 106 securable around the shoulders of the exercising person. The
      diameters of these padded rings can be adjusted as snaps 107 and 108
      engage various pairs of holes disposed along the straps attached to the
      ends of padded portion of those rings. The front end 113 and the rear end
      115 of strap 112, which strap is threaded through snap 108, are secured to
      the lower front quarter and lower rear quarter of padded ring 105,
      respectively. The length of strap 112 can be adjusted and secured by means
      of buckle 117. The padded ring 106 includes strap 111 similarly secured to
      that padded ring and threaded through snap 107. The straps 111 and 112
      restrain the pair of padded rings from sliping off from the shoulders of
      the person wearing harness 104. The ropes 119 and 120 secured to snaps 107
      and 108, respectively, can be secured to eye bolts 39 and 40 attached to
      elongated structural member 50, respectively (see FIG. 1), as each rope is
      threaded through the eye of the appropriate eye bolt and then fastened to
      the fastener attached to that rope. The fasteners 121 and 122 provide also
      means of adjusting and securing the lengths of ropes 119 and 120,
      respectively.
PAR  In FIG. 12, there is shown four exercising persons wearing various
      combinations of harnesses and accessories. The combined use of bottom
      harness 1 and top harness 104 is particularly useful for therapeutic
      application. By adjusting the lengths of ropes 119 and 120 suspending top
      harness 104 relative to the lengths of ropes 17 and 18 suspending bottom
      harness 1 (see the second person from right), the force exerted on the
      backbone of the exercising person can be varied from a tension to a
      compression. It may be understood that the variable tension ring exerciser
      is an effective apparatus for training invalids to move their body. When
      the eye bolts 53 and 54 are connected to a pair of rollers permitted to
      roll along a pair of elevated rails aligned parallel to one another,
      respectively, the variable tension ring exerciser becomes an excellent
      apparatus for training invalids to walk. The harness of the present
      invention provides the comfort and freedom necessary for such a use of the
      variable tension ring exerciser.
PAR  While the principles of the invention have now been made clear in an
      illustrative embodiment, there will be immediately obvious to those
      skilled in the art many modifications of structure, arrangements,
      proportions, the elements, materials and components used in the practice
      of the invention which are particularly adapted for specific environments
      and operating requirements without departing from those principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hoist usable for lifting and suspending an exercising person in midair
      in doing aerial exercises, said hoist comprising:
PA1  a. a first elongated structural member having a cross section of a channel,
      said first structural member including:
PA2  1. a first pulley suspended from one extremiety of said first structural
      member;
PA2  2. a second pulley suspended from the other extremity of said first
      structural member; and
PA2  3. a plurality of sheaves disposed within the channel of said first
      structural member in series and rotatably secured to said first structural
      member; whereby, said sheaves are rotatable about axis normal to the
      channel walls of said first structural member;
PA1  b. a second elongated structural member having a cross section of a
      channel, said second structural member having a length shorter than the
      length of said first structural member, said second structural member
      including;
PA2  1. a plurality of sheaves disposed within the groove of said second
      structural member in series and rotatably secured to said second
      structural member; whereby, said sheaves are rotatable about axis normal
      to the channel walls of said second structural member;
PA2  2.
NUM  2.
PAR  2. a first means of securing a first rope to one extremity of said second
      structural member; and
PA2  3. a second means of securing a second rope to the other extremity of said
      second structural member;
PA1  c. a third rope having a first handle attached to one end of said third
      rope and the other end secured to one of said structural members, said
      third rope engaging said first pulley and various pairs of said sheaves,
      each of said pairs of sheaves including a sheave belonging to said first
      structural member and another sheave belonging to said second structural
      member; whereby, pull of said first handle moves said pair of structural
      members toward one another with a force greater than said pull exerted on
      said first handle; and
PA1  d. a fourth rope having a second handle attached to one end of said fourth
      rope and the other end secured to one of said structural members, said
      fourth rope engaging said second pulley and various pairs of said sheaves,
      each of said pairs of sheaves including a sheave belonging to said first
      structural member and another sheave belonging to said second structural
      member; whereby, pull of said second handle moves said pair of structural
      members toward one another with a force greater than said pull exerted on
PAR   said second handle. 2. The combination as set forth in claim 1 wherein
      said first structural member includes means of securing said hoist to an
      over hanging structure.
NUM  3.
PAR  3. The combination as set forth in claim 2 wherein a fifth rope having one
      end secured to the middle of said first structural member and the other
      end secured to the middle of said second structural member limits the
      separation of said pair of structural members to a desired distance.
NUM  4.
PAR  4. The combination as set forth in claim 3 wherein said sheaves are
      multiple sheaves.
NUM  5.
PAR  5. The combination as set forth in claim 3 wherein said sheaves are simple
      sheaves.
NUM  6.
PAR  6. The combination as set forth in claim 5 wherein a harness is connected
      to said hoist, said harness comprising:
PA1  a. a belt securable around the lower torso of a exercising person, said
      belt including;
PA2  1. a first means of adjusting and securing the length of the front half of
      said belt;
PA2  2. a second means of adjusting and securing the length of the rear half of
      said belt;
PA1  b. a first ring secured to said belt intermediate said first and second
      means of adjusting and securing the length of said belt; whereby, said
      first rope extending from one extremity of said second structural member
      can be secured to said first ring;
PA1  c. a second ring secured to said belt diametrically to said first ring;
      whereby, said second rope extending from the other extremity of said
      second structural member can be secured to said second ring;
PA1  d. a first Y-shaped strap securable around one thigh of an exercising
      person, said first Y-shaped strap including;
PAR  1. a first branch secured to said belt in the vicinity of said first ring;
PA2  2. a second branch secured to said belt intermediate said first ring and
      said second means of adjusting and securing the belt length; and
PA2  3. a third means of securing the free end of said first strap to said belt,
      said third means of securing disposed in the vicinity of said first ring;
PA1  e. a second Y-shaped strap securable around the other thigh of an
      exercising person, said second Y-shaped strap including;
PA2  1. a first branch secured to said belt in the vicinity of said second ring;
PA2  2. a second branch secured to said belt intermediate said second ring and
      said second means of adjusting and securing the belt length; and
PAR  3. a fourth means of securing the free end of said second strap to said
      belt, said fourth means of securing disposed in the vicinity of said
      second ring.
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ABST
PAL  An exercising device employing the principle of isotonic exercise in
      conjunction with isometric exercise to improve and develop the muscular
      and bone structure of various parts of the human body. In two embodiments
      of the invention, the apparatus includes a first class lever which is
      pivotably mounted on a supporting structure in a manner which permits the
      lever to operate against a force resisting spring. The spring is capable
      of sudden disengagement from the lever thereby permitting the lever to
      travel freely under the influence of the applied operator force. The
      travel of the lever is positively impeded by a striking block which
      imparts an impact to the operator through the lever. In a third
      embodiment, the apparatus includes a biforcated third class lever having a
      spring mounted between the frame and the lever. The spring is brought into
      the greatest tension when the lever is in line with the spring and the
      spring's resistance is removed when the lever is rotated beyond the in
      line position with the spring. Once beyond the in line position, the
      spring tension aids the operator's force causing the lever to impact
      against an impact block. The invention thus provides a brief period of
      isotonic exercise instantaneously followed by a period of isometric impact
      exercise in the form of an impact.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to exercising apparatus and more
      particularly to apparatus which include a spring for exercising the limbs.
PAR  2. Description of the Prior Art
PAR  Exercising apparatus which employ either isotonic exercise or isometric
      exercise are well known and conventional. Examples of isometric impact
      exercise devices in the prior art include conventional punching bags and
      the like, which permit exercise in the form of an impact to the operator.
      Other impact devices include the type utilizing a movable object
      constrained with a frame which is held by the operator. The impact is
      realized when the moving object strikes the frame and is transmitted to
      the operator. Devices of this type are disclosed in U.S. Pat. Nos.
      2,871,017 and 3,545,121.
PAR  Isotonic exercise apparatuses are of the type which usually incorporate
      force resisting devices in the form of springs or suspended weights.
      Examples of this type of apparatus include the conventional barbell,
      elastic stretch devices similar to that disclosed in U.S. Pat. No.
      3,662,602, and various static exercise devices of the type disclosed in
      U.S. Pat. Nos. 3,690,655 and 3,598,405.
PAR  However, there are very few, if any, exercising apparatuses in the prior
      art which combine both isotonic exercise and isometric impact exercise in
      a single device. In addition, many of the singular variety of exercising
      devices are expensive, too large for small apartments, not easily
      transported, and usually not adjustable.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of the present invention provides a unique structure upon
      which exercises can be performed to develop and strengthen the musculate
      and bone structures of the limbs. The apparatus combines isometric impact
      exercising with isotonic exercising in order to obtain the benefits of
      both types of exercise. More particularly, the apparatus of the present
      invention includes a lever operable against a force resisting means up to
      a predetermined force, whereupon the lever is released from the force
      resisting means and allowed to travel freely until it engages a travel
      restricting means which impedes the travel of the lever. The operation of
      the lever against the force resisting means provides a period of isotonic
      exercise which is followed by the operation of the lever against the
      travel restricting means which provides a period of isometric impact
      exercise. In one embodiment of the invention, the strength of the force
      resisting means and the point of lever disengagement can be adjusted,
      thereby making both the strength and the duration of the isotonic exercise
      variable. Similarly, the period of free travel and the elasticity of the
      travel restricting means could be adjustable thereby making the strength
      and duration of the isometric impact exercise variable.
PAR  It is therefore an object of the invention to provide an improved
      apparatus, which although simple in construction, permits the user to
      exercise and develop the extremities of the body through the combination
      of isometric impact exercise with isotonic exercise. While the apparatus
      is designed primarily to exercise the limbs of the body, in doing so it
      will tend to strengthen and develop other parts of the human body such as
      the thorax or the abdomen.
PAR  A further object of the present invention is the provision of an exercise
      apparatus which may be used in limited quarters and which is simple and
      inexpensive.
PAR  These and other objects and advantages of the present invention will be
      discussed in, or apparent from, a consideration of the presently preferred
      embodiments set forth in the specification and claims hereinbelow.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of one embodiment of an exercising
      machine in accordance with the invention.
PAR  FIG. 2 is a fragmentary plan view of a trip mechanism used to release the
      lever from the force resisting spring.
PAR  FIG. 3 is a perspective view of a dual lever embodiment of an exercising
      machine in accordance with the invention, used to exercise both arms or
      both legs.
PAR  FIG. 4 is a top plan view of a further embodiment of an exercising machine
      in accordance with the invention.
PAR  FIG. 5 is a side elevation view of the embodiment shown in FIG. 4.
PAR  FIG. 6 is a top plan view of yet another embodiment of the invention.
PAR  FIG. 7 is a side elevational view of the embodiment shown in FIG. 6.
PAR  FIG. 8 is a perspective view showing two exercising devices of the
      embodiment shown in FIGS. 6 and 7 mounted in a folding stand.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and particularly to FIGS. 1 and 2 thereof,
      there is shown an exercising machine generally designated 10 in accordance
      with the invention. Exercising machine 10 includes an elongated skeleton
      frame 12 having an inner vertical support member 13 extending between the
      top and bottom of frame 12. Pivotably attached to the mid portion of
      support member 13 at a pivot point or fulcrum 14 is a first class lever
      15. One end of lever 15 extends longitudinally beyond frame 12 and has a
      handle 16 rigidly mounted thereon. The other end, denoted 18, of lever 15
      terminates with a vertically inclined beveled surface located on the
      underside thereof.
PAR  Exercising machine 10 further includes an adjustable force resisting means
      such as a coil compression spring 20 concentrically mounted on a vertical
      supporting rod 24 which in turn is mounted on frame 12 proximate to end 18
      of lever 15. The upper end of rod 22 is threaded and carries a pressure
      adjusting nut 24 which engages the upper end of spring 20 and can be
      positioned to increase or decrease the compression of spring 20. The other
      end of rod 22 has a collar 26 integrally mounted thereon and provided with
      a vertically inclined beveled surface 28. Concentrically mounted on rod 22
      for rotational and axial movement is a cam 30, the lower end of which is
      provided with a beveled surface 32 which mates with and slidably engages
      beveled surface 28 of collar 26. The bottom of spring 20 engages with the
      upper surface of cam 30 so that upon axial movement of cam 30, spring 20
      is compressed against the pressure adjusting nut 24.
PAR  Cam 30 also comprises a forward boss 34 and a rearward boss 36 extending
      substantially coaxially in a forward and rearward direction respectively.
      Rearward boss 36 extends rearwardly a sufficient amount so that it can be
      engaged with end 18 of lever 15 and upon rotation of lever 15 about
      fulcrum 14 will be raised axially upwardly thereby compressing spring 20.
PAR  The forward end of frame 12 is provided with a vertical slot 38 and a dog
      40 rigidly mountable and vertically adjustable within slot 38. Dog 40
      comprises a rearwardly extending portion 42, a forwardly extending screw
      portion 44 integral with portion 42, and a mounting nut 46. Portion 42 of
      dog 40 is provided with a vertically beveled plane for engaging a
      contra-beveled plane on boss 34 of cam 30 when cam 30 is vertically lifted
      to the height of dog 40.
PAR  At the rearward end of frame 12 is an impact block 48 integrally mounted on
      frame 12 at a vertical height not greater than the height of fulcrum 14.
      Impact block 48 extends in a transverse direction a distance sufficient so
      as to prevent any downward movement of lever 15 beyond the vertical height
      of block 48. In the embodiment depicted in FIG. 1, the vertical height of
      impact block 48 is the same as the vertical height of fulcrum 14 so that
      lever 15 will be substantially horizontal when it engages impact block 48.
PAR  In operation, exercising machine 10 is actuated by pressing in a downward
      direction against handle 16, thereby rotating lever 15 about fulcrum 14 in
      a clockwise direction. End 18 of lever 15 engages rearward boss 36 of cam
      30 and upon continued clockwise rotation of lever 15 displaces cam 30
      upwardly against the compressional force of spring 20. Eventually, as cam
      30 is moved vertically upward about rod 22, forward boss 34 will engage
      dog 40 and continued upward movement of cam 30 will cause rotation thereof
      through the action of the contra-beveled surfaces on forward boss 34 and
      portion 42 of dog 40. At the point where cam 30 has been rotated
      sufficiently to disengage from end 18 of lever 15, the resisting force of
      the spring is removed and lever 14 is rapidly rotated downwardly until it
      engages with a sudden impact on impact block 48. This impact is
      transmitted to the operator through handle 16. As mentioned above, the
      compression of spring 20 can be adjusted with pressure adjusting nut 24
      creating, for a greater compression, a greater impact delivered to the
      operator when lever 15 strikes impact block 48. In addition, the amount of
      free travel of lever 15 can be adjusted by the vertical positioning of dog
      40 in a slot 38. Therefore, it can be seen that any combination of
      compression force and impact force can be obtained by varying the
      compression of spring 20 and the vertical travel of lever 15 after
      disengagement with cam 30.
PAR  Once lever 15 has been disengaged from cam 30, it can be easily reset by
      rotating handle 16 in an upward direction. When end 18 of lever 15 engages
      the upper portion of rearward boss 36, the cam surface on end 18 will
      rotate cam 30 out of engagement therewith, thereby permitting end 18 to be
      positioned below cam 30. If desired, rearward boss 36 of cam 30 can be
      provided with a vertical contra-beveled surface to the beveled surface of
      end 18.
PAR  FIG. 3 depicts a two lever exercising machine 50 in accordance with the
      present invention. Each lever system of exercising machine 50 is identical
      to single lever exercising machine 10 and therefore exercising machine 50
      need not be described in greater detail.
PAR  A further embodiment of the present invention also employing a first class
      lever is depicted in FIGS. 4 and 5. A bifurcated lever 60 is pivotably
      mounted at a middle portion thereof to a frame 62 by a pin 64. Lever 60
      comprises a handle 66, and two elongated members 68 and 70 rigidly mounted
      in a parallel arrangement to one end of handle 66 with bolts 72. Two
      connecting links 74 and 76 are pivotably mounted at pivot points 77 at one
      end thereof to members 68 and 70 respectively and are pivotably mounted to
      a crossbar 78 at the other end at a pivot point 79. The adjustable force
      resisting means comprises a coil spring 80 removably connected at one end
      to pin 64 and removably connected at the other end to an longitudinally
      extending threaded rod 82. Rod 82 extends through a longitudinally
      extending bore 84 in crossbar 78 and is threaded into an internal bore 86
      in a tension adjusting bolt 88. Bolt 88 is slidably mounted in frame 62
      and abuts crossbar 78 at one end. The other end of bolt 88 includes a
      knurled knob 90.
PAR  Located above members 68 and 70 of lever 60 is a first impact block 92
      which is supported by frame 62. Impact block 92 is struck by lever 60 upon
      the counterclockwise rotation thereof. Located vertically below impact
      block 92 is a second impact block 94 which is struck by members 68 and 70
      on the clockwise rotation of lever 60.
PAR  The embodiments of the invention shown in FIGS. 4 and 5 provides exercise
      to the operator upon both upward and downward rotation of handle 66. The
      operation of the exercising device is as follows. Assuming that lever 60
      is located in its uppermost rotational position with members 68 and 70
      abutting inpact block 94, pivot points 77 are located vertically below
      spring 80. The rotation of lever 60 about the fulcum point located at pin
      64 is against the spring tension of spring 80 until pivot points 77 are
      vertically aligned with spring 80. Continued downward rotation of lever
      handle 66 moves pivot points 77 above spring 80, as shown in FIG. 5, and
      the spring tension restraining downward movement of lever 60 is changed to
      a spring tension aiding the downward movement. Thus, the spring force is
      added to the operator's force applied at handle 66 and members 68 and 70
      are rapidly rotated into contact with impact block 92. The impact force is
      thereupon transferred through lever 60 to the operator providing him with
      isometric impact exercise. It is noted that during the downward movement
      of lever 60 tension adjusting bolt 88 moves longitudinally with respect to
      frame 62 and links 74 and 76 rotate about pivot point 79.
PAR  The tension in spring 80 is adjusted by the rotation of tension adjusting
      bolt 88 which changes the position of threaded rod 82 within internal bore
      86 of bolt 88.
PAR  A third embodiment of the present invention is shown in FIGS. 6 through 8
      in which a third class lever is employed. A biforcated lever 100 has a
      fulcrum point 102 located at one end thereof, a handle 104 on which an
      operator applies a force, and a transverse pin 108 located between fulcrum
      102 and handle 104 and to which a force resisting means can be attached.
      Lever 100 further comprises arms 110 and 112 which are attached at one end
      thereof to handle 104 and extend substantially colinearly therefrom. The
      exercising device of this embodiment further comprises a frame 114 which
      includes gusset plates 116 and 118 extending parallel from a back plate
      120. Attached to the upper corners of gusset plates 116 and 118 are arms
      110 and 112 respectively. Frame 114 further encludes an impact block 122
      mounted on the front end of frame 114 a vertical distance below and a
      longitudinal distance from fulcrum 102.
PAR  The force resisting means comprises a coil spring 124 which is pivotably
      mounted at one end to transverse pin 108 and which is mounted at the other
      end to a hook shaped pin 126. Pin 126 is mounted on back plate 120 of
      frame 114 at a vertical distance substantially equal to the vertical
      distance of fulcrum 102 and is retained in place by a winged nut 128. As
      can be readily seen, the tension on spring 124 can be adjusted by
      adjusting winged nut 128.
PAR  The operation of the embodiment of the invention shown in FIG. 6 through 8
      is substantially the same as the operation of the embodiment of the
      invention shown in FIGS. 4 and 5. It is further noted that a second impact
      block can be mounted on Frame 114 vertically above impact block 122 so
      that the exercising device can be used by rotating lever 100 in either an
      upward or a downward direction.
PAR  FIG. 8 depicts two exercising devices mounted in respective frames which
      are hinged together. With this particular type of device, an operator can
      exercise both limbs at the same time.
PAR  Other variations and modifications to an exercising device in accordance
      with the present invention should be obvious. Some of these modifications
      can include having a vertically adjustable impact block, having a
      horizontally or longitudinally adjustable impact block, and having an
      impact block which does not absolutely impede the downward motion of the
      operating lever. The latter type impact block can, for example, be mounted
      on a shock absorbing means and would therefore transmit to the operator a
      smaller impact that would extend over a longer period of time than the
      impact imparted by impact blocks depicted in the drawings. In addition,
      the fulcrum of the operating levers can be positionable in either a
      vertical or a longitudinal direction to provide further adjustments for
      the exercising device. In the presently preferred embodiments of the
      invention, both first and third class levers have been depicted, however,
      it should be obvious that an exercising device having a second class lever
      could be provided with obvious variations being made to the supporting
      frames.
PAR  It is noted that the figures depict embodiments of the present invention
      designed for exercising the arms and wrists. However, with obvious
      alterations or modifications, a device according to the present invention
      can be changed for exercising the legs and feet.
PAR  Although the invention has been described in detail with respect to an
      exemplary embodiment thereof, and some possible variations of the
      presently preferred embodiment have been described, it will be understood
      by those of ordinary skill in the art that still further variations and
      modifications may be effected within the scope and spirit of the invention
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An exercising and development apparatus for use with the limbs of an
      operator employing the principle of isotonic exercise combined with the
      principle of isometric impact exercise, comprising:
PA1  a force resisting means
PA1  a lever for operating against said force resisting means, said force
      resisting means having a resistance selected such that the amount of force
      necessary to be applied to said lever by the operator thereof to overcome
      said resistance provides the limbs of the operator with isotonic exercise;
PA1  means for adjusting the force of said force resisting means;
PA1  means for releasing said lever from said force resisting means, and
PA1  a travel restricting means for impeding the travel of said lever upon
      release from said force resisting means, said travel restricting means
      being located with respect to said lever so as to permit said lever to
      travel rapidly upon release of said force resisting means therefrom and so
      as to apply to the limbs of the operator isometric impact exercise when
      said lever strikes said travel restricting means.
NUM  2.
PAR  2. The exercising apparatus as claimed in claim 1 wherein said lever is a
      first class lever operatively engaging said force resisting means at one
      end of said lever, and said lever comprises a force applying end, a
      central fulcrum and a force engaging end.
NUM  3.
PAR  3. The exercising apparatus as claimed in claim 2 wherein said force
      resisting means comprises a compression spring and a movable member
      engaging said spring at one end thereof for compressing said spring when
      moved and wherein said one end of said lever engages and moves said
      movable member.
NUM  4.
PAR  4. The exercising apparatus as claimed in claim 3 wherein said force
      resisting means further comprises a shaft concentrically mounted inside
      said spring and said and an adjustable member engaging the other end of
      said spring for adjusting the compression of said spring.
NUM  5.
PAR  5. The exercising apparatus as claimed in claim 4 wherein said movable
      member is movable both axially along and rotationally about said shaft and
      comprises a first boss for engaging said one lever end and a second boss,
      and wherein said releasing means comprises a trip latch for engaging said
      second boss after a predetermined axial movement of said movable member
      and for rotating said movable member out of engagement with said lever,
      thereby releasing said lever from said force resisting means.
NUM  6.
PAR  6. The exercising apparatus as claimed in claim 5 wherein said one lever
      end has a transversely inclined bevel on the side opposite the movable
      member engaging side, said bevel for rotating said movable member upon the
      resetting of said lever.
NUM  7.
PAR  7. The exercising apparatus as claimed in claim 6 wherein the side of said
      movable member opposite the spring engaging side comprises an axially
      extending beveled surface and wherein said force resisting means further
      comprises a fixedly mounted collar having a contra-beveled surface
      engaging said beveled surface of said movable member for resetting the
      angular position of said movable member after said movable member has been
      rotated.
NUM  8.
PAR  8. The exercising apparatus as claimed in claim 2 wherein said travel
      restricting means positively impedes the travel of said lever upon release
      from said force resisting means.
NUM  9.
PAR  9. The exercising apparatus as claimed in claim 8 wherein said travel
      restricting means is located between the force applying end and the
      fulcrum of said lever.
NUM  10.
PAR  10. Apparatus as set forth in claim 2 wherein said force resisting means is
      a coil spring concentrically mounted on a threaded rod having a nut
      capable of adjusting compression on said coil spring, said lever is a
      first class lever engaging said force resisting means through a cam
      concentrically mounted on said threaded rod, said cam engaging an
      oppositely beveled cam to cause rotation of said first cam in order to
      disengage said lever from the force resisting spring, and an impact block
      located to positively impede the travel of said lever after disengagement
      from the force resisting spring.
NUM  11.
PAR  11. Apparatus as set forth in claim 1 for exercising the limbs of an
      operator and further comprising a frame on which said lever, said force
      restricting means, said releasing means and said travel restricting means
      are mounted; and a second lever with corresponding force restricting
      means, and releasing means and travel restricting means also mounted on
      said frame, thereby permitting exercising of both limbs of the operator.
NUM  12.
PAR  12. The exercising apparatus as claimed in claim 1 wherein said lever is a
      biforcated first class lever having a first, force applying end, a
      centrally disposed fulcrum, and a second end for operating against said
      force resisting means, said lever comprising a handle portion and two
      elongate members rigidly connected to said handle portion and extending
      therefrom substantially parallel to each other, and wherein said force
      resisting means comprises a spring and means for connecting said spring to
      said second end of said lever between said elongate members such that upon
      rotation of said lever in a first direction said lever is initially
      opposing the force of said spring, said lever is in line with said spring,
      and finally said lever is aiding the force of said spring.
NUM  13.
PAR  13. The exercising apparatus as claimed in claim 12 wherein each said
      elongate member of said lever comprises a first link rigidly connected at
      a first end to said handle portion and a second link pivotably connected
      at a first end thereof to the other end of said first link, and wherein
      said spring comprises an extensible coil spring connected at a first end
      thereof to the other end of said second link.
NUM  14.
PAR  14. The exercising apparatus as claimed in claim 13 wherein the fulcrum of
      said lever is located at said first link and wherein other end of said
      coil spring is connected to said fulcrum at a location between said pair
      of first links.
NUM  15.
PAR  15. The exercising apparatus as claimed in claim 14 wherein said lever
      further comprises a transverse cross bar pivotably connected to the other
      ends of said second links, said cross bar having a bore extending in a
      generally longitudinal direction completely therethrough; and wherein said
      force resisting means is adjustable and further comprises means for
      adjusting the force, said force adjusting means comprising a threaded rod
      which extends completely through said bore and a knob having a threaded
      bore into which a first end of said rod extends in positionable threaded
      engagement therewith, said first end of said spring being connected to the
      other end of said rod.
NUM  16.
PAR  16. The exercising apparatus as claimed in claim 12 wherein said travel
      restricting means positively impedes the travel of said lever and is
      located so as to be struck by said elongate members.
NUM  17.
PAR  17. The exercising apparatus as claimed in claim 16 wherein said travel
      restricting means comprises two members, one located above said elongate
      members, and one located below said elongate members.
NUM  18.
PAR  18. The exercising apparatus as claimed in claim 1 wherein said lever is a
      third class lever comprising a force applying end, a central force
      engaging portion, and a fulcrum located at the other end.
NUM  19.
PAR  19. The exercising apparatus as claimed in claim 18 wherein said force
      resisting means comprises a tension spring pivotably mounted at one end
      thereof to said central portion of said lever.
NUM  20.
PAR  20. The exercising apparatus as claimed in claim 19 and further comprising
      a frame, and wherein said lever is biforcated and comprises a handle and
      two leg members connected at one end thereof to said handle, the other end
      of each said leg member being pivotably connected to said frame, said
      spring being pivotably connected between said leg members.
NUM  21.
PAR  21. The exercising apparatus as claimed in claim 19 and further comprising
      means for adjusting the spring tension of said spring.
NUM  22.
PAR  22. The exercising apparatus as claimed in claim 18 wherein said exercising
      apparatus further comprises a biforcated frame having a first section
      pivotably connected to a second section, said sections being substantially
      the same.
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ABST
PAL  A swing for both arcuate and rotational motion has a disc platform for
      passengers and multiple, congruently attached support strands adapted for
      securing to a horizontal support member. The bight of a strand passes
      around the support member such that two free ends of the strand may pass
      through the disc to locks to adjustably secure the ends to the disc. The
      strand pairs are fixed to the horizontal support member at spaced
      positions on the member congruent with the position of the strands on the
      disc. The disc is provided with a peripheral rim having top and bottom
      walls. Extending through the walls are a plurality of spaced apart
      vertical apertures. The lower wall is provided with a depression placed
      adjacent each aperture. Extending across the depression and spaced from
      the bottom of the depression is a rigidly attached lock bar. The disc
      platform is swingedly attached to the support by passing each end of each
      strand pair through a vertical aperture and each end is then passed
      between the bottom of the depression and the lock bar and anchored at that
      point.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to amusement devices and more particularly to
      amusement swings for use by children of all ages. The swing is one of
      man's oldest amusement devices and many swing variations have been
      developed through the centuries. Variations are still being developed as
      exemplified by U.S. Pat. No. 3,130,969 issued Apr. 28, 1964 to R. W. Groth
      and U.S. Pat. No. 3,145,990 issued to W. E. Prouty Aug. 25, 1964. Such
      swings are adapted to suspension by chain, rope or other lines in
      accordance with the load to which they will be subjected. Attempts have
      been made to develop swings that not only move in an arc under the
      suspension member but which may rotate and gyrate as they swing. Previous
      swings of the "twist-up" type have not been able to take full advantage of
      the force of gravity because of the strand arrangement at the support
      point. I have invented a congruent suspension twist swing which not only
      gives the amusing arcuate, rotational and revolving motions but which
      enables users to benefit from the full gravitational force to achieve high
      speed spin down and repeated up and down twist cycles by merely
      pre-twisting the strands one time.
PAC  SUMMARY OF THE INVENTION
PAR  The invention contemplates a swing to be supported from a horizontal
      support, which may be either an extending tree limb or a metallic or
      wooden support frame, said swing being capable of both arcuate and
      rotational motion. The swing comprises a rider support disc having an
      upstanding peripheral rim and vertical perforations through the rim and
      disc for anchoring support strands. Means for attaching the strands at
      spaced positions about the horizontal support member combine with means
      for adjustably securing each opposite end of a strand pair adjacent the
      vertical perforations through which the strands pass in the disc. The ends
      of the strands are congruent at the disc with the strand pattern where
      they are fixed to the horizontal support member. A plurality of strand
      pairs may be utilized.
PAR  In a preferred embodiment the strand end anchor comprises a downwardly
      opening cup in the disc bottom across which a lock bar extends. When the
      bight of the strand of a pair is secured to the horizontal support member
      the position of the disc both as to horizontal attitude and to height
      above the ground surface may be adjusted by the amount of strand end
      passed around the lock bar and between the disc bottom and the remainder
      of the strand that has passed through the vertical perforations. The lock
      is secure because stress upon the strand tends to impress upon the end
      passed beneath the strand so that the more stress on the strand the
      tighter the lock.
PAR  Additional alternate means of securing the strand bight to the horizontal
      support member may comprise a horizontal plate perforated at its periphery
      and means to secure the plate to the limb or other support such that the
      strand pairs may be located in spaced positions with respect to the
      support congruent with the position of the strand ends with respect to the
      disc.
PAR  All of the elements of the inventive combination may be commercially
      obtained or fabricated by accepted manufacturing technique. The swing of
      the invention is simple to install, easy to operate and affords great
      amusement because of its versatility of motion. A foot rest rim may be a
      part of the inventive combination as a safety measure and a structural
      reinforcement.
PAR  These and other advantages of the invention are apparent from the following
      detailed description and accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a swing in accordance with the invention
      supported by a tree limb;
PAR  FIG. 2 is a fragmentary bottom plan view showing the strand end lock of the
      invention;
PAR  FIG. 3 is a fragmentary sectional elevation taken along line 3--3 of FIG.
      2;
PAR  FIG. 4 is a view similar to FIG. 2 with the strand end shown in locked
      position;
PAR  FIG. 5 is a schematic plan view of an alternate embodiment of the invention
      employing a strand-securing plate;
PAR  FIG. 6 is a view similar to FIG. 5 showing an alternate embodiment of the
      invention employing six support strands;
PAR  FIG. 7 is a fragmentary elevational view of an alternate embodiment of the
      invention employing a support member plate;
PAR  FIG. 8 is a fragmentary sectional elevation taken along line 8--8 of FIG.
      7;
PAR  FIG. 9 is a fragmentary elevation of the embodiment of FIG. 1 showing the
      "twisted up" position of the swing;
PAR  FIG. 10 is a fragmentary elevational view of a further alternate embodiment
      of the invention employing a central support divider;
PAR  FIG. 11 is a fragmentary transverse section taken along line 11--11 of FIG.
      10; and
PAR  FIG. 12 is a fragmentary elevational section taken along line 12--12 of
      FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the various Figures the like elements are identified by like reference
      numbers.
PAR  FIGS. 1 through 4 show a twist swing 11 in accordance with the invention
      and comprising a circular user platform or disc 12 having a floor 13 and
      an upraised peripheral rim 14. The platform has a central drain hole 16.
PAR  A plurality of cirumferentially spaced vertical perforations 17, 17A, 17B,
      17C, 17D, 17E, 17F and 17G extend through the rim. FIG. 3 best shows the
      location of the vertical perforations 17 with respect to the disc.
PAR  As can be seen from FIG. 2, platform or disc floor 13 is surrounded by rim
      14 which extends both above and below the platform. Perforations 17 are
      seen to flare outwardly at 19 at the bottom end of each perforation. The
      flare eliminates the sharp edge which otherwise results as the cylindrical
      perforation emerges at the bottom surface 21 of the rim.
PAR  The disc platform 12 is supported from a horizontal support member, which
      in the embodiment of FIG. 1 is a tree limb 23, by two pairs of support
      strands 25, 26. Each strand pair is a continous strand which is shown in
      FIG. 1 as a rope or cable the central bight 28 of which is looped about
      the tree limb in a plurality of securing loops 29. Strand pair 25
      comprises strand 31, 32, while strand pair 26 comprises strands 33, 34.
      Strands 33, 34 pass through perforations 17C and 17E respectively, while
      strands 31, 32 pass respectively through perforations 17A, 17G. The
      utilized perforations for each pair are thus on a chord of the circle of
      the disc, making the strand pattern at its ends congruent with the strand
      pattern of spacing at the support member or limb 23.
PAR  It has been found that a disc with a diameter of approximately 60 inches
      suspended from a horizontal member approximately 15 feet above the ground
      gives a satisfying amusement ride. The energy needed to twist the strand
      pairs 25, 26 about each other as shown in FIG. 9 is within the power of
      the average small child. As the resilience of the strands and the downward
      gravitational pull affect the unwinding of the pairs of strands, the
      rotation of the disc increases in speed such that when the strand pairs
      are completely unwound there is sufficient momentum to rewind the pairs,
      thus lifting the users of the swing and conditioning the strands in the
      configuration of FIG. 9 for a secondary unwinding and descent. Experience
      has shown that as many as five secondary rotations may thus be obtained
      from the single initial twisting of the strands about each other.
PAR  This benefit is believed due to the spacing of the strand pairs at the
      horizontal member. The resultant of the gravitational pull is enhanced by
      this spacing rather appreciably above that obtained when a single point of
      suspension is used.
PAR  There are times when the strands stretch due to weather changes or slight
      fatigue and it is necessary to adjust the secured lengths of the strand
      ends at the bottom of the disc. Such adjustment is easily accomplished
      with the apparatus of the invention when there is no load on the disc
      platform. In FIGS. 2, 3 and 4 the lock element of the disc is shown. The
      lock comprises a peripheral boss 36 which extends inwardly from the rim
      14. The boss is generally semi-cylindrical in configuration and has a
      central aperature 37 across which a radial lock bar 38 extends. Aperature
      37 is preferably cylindrical in configuration and is bridged by a radial
      lock bar 38, such that a strand end such as the end 34A may be passed
      beneath the bar within the aperature and then back between itself and the
      adjacent bottom surface of the lock.
PAR  When the disc has no load strand end 34A is movable with respect to the
      lock bar 38 so as to adjust the effective length of the strand with
      respect to the support to change or restore the horizontal attitude of the
      disc or its heights above the ground.
PAR  FIGS. 5 and 6 show schematically alternative embodiments of the invention
      wherein a circular plate 41 acts to secure the strand pair to the
      horizontal support member (not shown). In FIG. 5 a swing similar to that
      shown in FIG. 1 is supported by means of strand pairs 31, 32 and 33, 34
      which pass through perforations 44, 45 and 46, 47 in the plate 41 such
      that the effective anchor points of the individual strands are congruently
      situated at their anchor points with the points at which the strands pass
      through the disc. In each strand situation the bight 28 of the strand
      passes along the top of the plate and then through the opposed
      perforation. Wedges or knots (not shown) may prevent slippage.
PAR  In FIG. 6 a similar plate 41 secures 3 strand pairs which are fixed to the
      disc 12 at equally spaced peripheral points and are congruently secured to
      the plate 41 in the manner described with respect to the embodiment of
      FIG. 5. Again the support member is now shown.
PAR  While 4 and 6 strand embodiments have been illustrated, the invention does
      not preclude support strands of 8 or more in number. Selection of the
      number strands depends upon the strength of the strand the design load
      anticipated.
PAR  The embodiment of FIG. 5 is more clearly illustrated in the fragmentary
      views of FIG. 7 and 8 wherein a horizontal support member 48 supports a
      plate 41. Plate saddles 51, 52 make contact between the plate and support
      member 48. The plate is further anchored to the support member by means of
      straps 54, 55 each of which has an end loop 57 linked to conventional
      eye-bolts 58 which pass through elongate apertures 61 in the plate to be
      secured by conventional nut and washer combinations 63. The position of
      the eye bolts in their penetration of the securing plate may thus be
      adjusted to accommodate varying horizontal member sizes.
PAR  As in the previously described embodiment of FIG. 5 the strands 31 through
      34 pass across the top of the plate and the position of the bight is
      secured both by the frictional contact of the portion 28 and the passage
      of the strands through the aperatures 44 through 47 of the plate.
PAR  FIGS. 10 through 12 illustrate a further alternate embodiment of the
      invention in which three strand pairs support the user disc (not shown).
      As can be seen in FIG. 10 the bights 28 and 64 of the three strand pairs
      25, 26 and 65 respectively are supported on a horizontal support member
      48. Pairs 25 and 26 are wrapped in bight strands 29 directly about the
      horizontal support member. However, the securing strands 29 of strand pair
      65 are wrapped not only around the horizontal support member but about an
      arcuate and segmented separator saddle 71. The separator saddle serves to
      preserve the space along the support member between the various strand
      bights. It may also be used for strand pairs other than the central pair
      of a 6-strand support system to increase the effective diameter of the
      support member and thus afford more securing friction for fixing the
      strands to the horizontal support member.
PAR  FIG. 11 which is taken along the line 11--11 of FIG. 10, shows a plurality
      of saddle segments 73 which are substantially identical. Each saddle
      segment is wedge-shaped in cross-section and has a concave outer surface
      74 integrally formed with sidewalls 75, 76 which connect to an innerwall
      77 adapted to contact the horizontal support member. The walls 74-77
      define a cavity 78. The wedges are each made of a resilient material such
      as rubber or rubberlike plastic materials, resiliency being aided by the
      presence of the cavity.
PAR  As can be seen from FIG. 12, each of the sidewalls 75, 76 have a pair of
      spaced aperatures 79 through which a tie cord 81 is threaded to unite the
      segments into the saddle 71. The cords' ends may be tied or otherwise
      secured by a knot 82 as shown in FIG. 11. Each segment further has an end
      wall 84 and the segments may be molded in halves or by a blow molding
      technic as is conventional.
PAR  The apparatus of the invention can be seen to be easily adapted to a
      variety of horizontal support members from tree limbs to conventional
      playground equipment and installation is simple whether the bight of the
      strand pairs is secured directly about a limb or secured to the limb or
      other support member by means like plates 41. The installation of the
      apparatus is therefore well within the capability of the average user.
PAR  Modifications within the scope of the invention other than those shown in
      the exemplary drawings and described in the foregoing specification will
      occur to those skilled within this art. I therefore desire that the
      invention be measured by the appended claims rather than by the
      illustrative description and drawing of this disclosure.
CLMS
STM  I claim:
NUM  1.
PAR  1. A swing to be supported from a horizontal support member for both
      arcuate and rotational motion and comprising a rider support disc, a
      peripheral rim on the disc, said rim having top and bottom walls, a
      plurality of substantially vertical apertures extending through said walls
      of said rim of said disc, a plurality of support strands, means for fixing
      the strands at spaced positions about the horizontal support member, a
      semi-spherical depression in said bottom wall of the disc adjacent each
      vertical aperture in said wall, a lock bar across the hollow defined by
      the semi-spherical depression, and a radially intruding boss on the disc
      containing said bar and said hollow, each semi-spherical depression and
      lock bar cooperating to adjustably secure each opposite end of a strand
      passing through a vertical aperture to said disc, the ends of said strands
      being congruently arranged with respect to the disc as the strands are
      arranged with respect to the horizontal support member.
NUM  2.
PAR  2. A swing in accordance with claim 1 wherein the means fixing the strands
      to the horizontal support member comprises several loops of each strand
      around said horizontal support member.
NUM  3.
PAR  3. A swing in accordance with claim 1 wherein the means for fixing the
      strands to the horizontal support member comprises a plate, having a
      plurality of spaced apart apertures therein, said plate being secured to
      said support by at least one attachment member, said apertures defining
      means for separating the strands with respect to the plate.
NUM  4.
PAR  4. A swing in accordance with claim 1 wherein the means for fixing the
      strands to the horizontal support member comprises a plurality of like
      wedge segments each having an arcuate inner wall, a compound curving outer
      wall, and radial side walls, an aperture in said side walls and being
      aligned when the segments are joined in a side by side relationship, and a
      flexible securing line passing through said apertures sequentially to
      secure the wedge segments together about said support member.
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ABST
PAL  A ball is slidably mounted on a horizontally extending track which is
      supported by a tripod. The tripod has an upwardly extending post and a
      support arm which is adjustably attached to the post and extends
      transversely therefrom. The support arm is adjustably attached to the
      track to support the same. An upper rail is spaced above the track and
      extends parallel thereto to form an open ended bat guideway. The ball is
      mounted on a carriage which slides within the guideway and is spring
      biased to normally hold the ball in the open end of the guideway. The
      position of the ball and orientation of the guideway with respect to a
      batter can be easily adjusted to be disposed at any desired position
      within an individual batter's strike zone by the adjustments on the tripod
      and support arm. When the bat is properly swung, it hits the ball squarely
      and knocks the ball down the guideway to the end of the track, where the
      ball carriage strikes a resilient bumper. The bat moves through the
      guideway without touching its boundaries and then leaves the guideway. The
      ball subsequently returns to the open end of the guideway under the
      influence of the spring biasing means. If the ball is not hit squarely, it
      will not travel all the way to the end of the track. If the bat is swung
      at the wrong angle, it will contact the track or the upper rail, thereby
      giving the batter notice of an improper swing. If the swing is grossly
      incorrect, the bat may miss the ball and the guideway entirely and strike
      resilient bumpers at the open end of the guideway. At least one leg of the
      tripod support is preferably wheeled so that the apparatus may be easily
      moved from place to place.
BSUM
PAC   BACKGROUND OF THE INVENTION
PAR  This invention improves on batting practice apparatus such as disclosed in
      U.S. Pat. Nos. 2,818,255 to L. J. Ponza; 2,985,452 to W. A. Trippet and
      3,386,733 to A. F. Russo et al.
PAC  SUMMARY OF THE INVENTION
PAR  The physical structure of the invention is summarized in the foregoing
      Abstract of the Disclosure.
PAR  With the batting apparatus of this invention, the better stands in any
      position that is comfortable for him and begins his swing. The important
      consideration here is point of impact and follow through.
PAR  Some of the main points of interest of this invention are, as confidence of
      batter increases in the art of swinging the bat at the ball and through
      the guides the weight of the ball can be increased so that the force with
      which he hits at the ball can be ever increased, thereby developing also a
      powerful follow-through. In the science of hitting a baseball the most
      important practice aspect is repetition. With this invention the batter
      can position his body in relationship to the unit so that he may practice
      hitting any pitch he wishes repeatedly until he has that pitch mastered
      and then his reflexes are preconditioned to react to that pitch and any
      other he chooses to practice on. This is called preconditioned reflex
      action and is the single most important skill a batter can possess. A very
      limited number of ball players possess this skill naturally, however, the
      great majority do not and not until now was it possible to teach that
      skill with the batting practice apparatus of this invention.
PAR  This invention is unique in that the ball can be struck by a batter from
      his normal and comfortable stance and offers sufficient resistance to the
      bat so that the batter is given a challenge to contend with. When the
      batter becomes proficient enough to strike the ball with confidence so
      that the ball travels along the rail away from him and the bat passes
      through the unit guides, the ball may then be weighted by pressure springs
      or any other method so that the power of the follow-through may be
      developed in the same way as a weight lifter develops strength through
      repetition and added weights and this same repetitious action can be
      practiced at any level and any position with relationship to inside or
      outside swings. The theory at this juncture is that a perfectly level
      swing, contrary to popular belief, is not the most desirable swing.
      However, the position of the bat, horizontal to the ground, at point of
      impact with the ball, is the most desirable level. After sufficient
      practice, this invention helps the batter keep the level of the bat
      constant and more level than the normal swing, thereby increasing the
      percentage of line drive hits to all fields and minimizing the importance
      of timing.
PAR  After the ball is struck properly, it slides along the rail in the
      direction that a normal baseball would travel if it were hit by a bat in
      the same position. The ball always returns to its original position after
      the batter has hit it properly and followed through. If the ball is hit
      improperly it only travels a short distance and then returns to its
      original position, simulating the travel of a normal baseball if it is not
      hit solidly and properly. Therefore, the batter knows at once if he is
      hitting a ball properly in any area of his own personal strike zone. At
      this point he can swing at the ball repeatedly until he perfects every
      area of his swing in his own individual strike zone.
PAR  The apparatus of this invention is not designed to make all batters swing
      the same way. It is designed to let every batter develop his own style and
      learn to hit the ball properly with his own style. That is how the
      apparatus of this invention differs from any other type of batting
      equipment. It takes into account that every one is an individual.
PAR  One object of this invention is to provide apparatus for teaching a batter
      to swing a bat and develop a preconditioned reflex action adapted to the
      batter's own individual stance and style.
PAR  Another object of this invention is to provide batting practice apparatus
      which can be easily adjusted to place a stationary ball at any desired
      position within a batter's individual strike zone.
PAR  Another object of this invention is to provide batting practice apparatus
      which can be easily adjusted to change the height and angular orientation
      of a guideway through which a bat may be swung.
PAR  A further object of this invention is to provide batting practice apparatus
      which includes both a guideway through which a bat may be swung and a ball
      slidably mounted within the guideway to be struck by the bat.
PAR  An additional object of this invention is to provide batting practice
      apparatus which is portable and may be easily moved from place to place.
PAR  Another object of this invention is to provide batting practice apparatus
      which is simple and sturdy in structure and reliable in operation.
PAR  Other objects, advantages, and features of this invention will become
      apparent to those skilled in the art from the description hereof.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the invention.
PAR  FIG. 2 is a longitudinal sectional view of the structure which slidably
      supports the ball in FIG. 1 and forms the bat channel.
PAR  FIG. 3 is a cross sectional view taken on the line 3--3 of FIG. 2.
PAR  FIG. 4 is a detail side view of the arm which supports the structure shown
      in FIGS. 2 and 3.
PAR  FIG. 5 is a top view of the apparatus disclosed in FIGS. 1-4 as it is used
      for batting practice.
PAR  FIG. 6 is a cross-sectional view taken on the line 6--6 of FIG. 2.
PAR  FIG. 7 is a detail longitudinal sectional view of the mounting sleeve shown
      in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  Referring to FIG. 1, a ball 10 is slidably mounted on a horizontally
      extending track 12 which is adjustably supported by a support arm 14. The
      support arm 14 is in turn adjustably supported by a tripod 16 which
      includes three metal legs 18, 20 and 22. In this particular embodiment,
      post 24 is rectangular in shape, but it may be cylindrical if desired.
      Post 24 is tilted at an angle A to the vertical and slopes toward leg 22,
      which is heavier than the other two legs 18 and 20 to provide support for
      post 24. A pair of wheels 26 are preferably journaled to the end of leg 22
      for conveniently moving the apparatus from place to place. Disks or skids
      28, 30 and 31 are attached to the ends of legs 18, 20, and 22 to prevent
      the ends of legs 18, 20, and 22 from digging into the ground and serve as
      shock absorbers. Gussets 32 and 34 are welded between post 24 and legs 18
      and 20 respectively to help support legs 18 and 20. The angle A at which
      post 24 is inclined to the vertical is selected to provide adequate
      clearance between post 24 and a bat which is swung at the apparatus, as
      described hereinafter, and to provide for stability of the unit.
PAR  The means by which support arm 14 is adjustably attached to post 24 is best
      shown in FIGS. 4 and 7. Referring to FIGS. 4 and 7, a hollow, rectilinear
      sleeve 36 is slidable up and down post 24 and can be fixed in place at any
      desired height on post 24 by a set screw 38 which applies pressure to
      plate 39 (FIG. 7) to prevent sleeve 36 from slipping. Set screw 38 has a
      knurled head 40 that is of a size to be easily grasped by the thumb and
      fingers. A hollow, cylindrical sleeve 42 is welded to one side of sleeve
      36. Cylindrical sleeve 42 is substantially larger in diameter than support
      arm 14 and contains a plurality of resilient clamping rings or washers 44
      which are spaced between the outside surface of support arm 14 and the
      inside surface of sleeve 42. A fixed abutment ring 46 is welded to support
      arm 14 and bears against one end of the adjacent resilient clamping
      washers 44. A movable abutment ring 48 is mounted adjacent to the opposing
      ends of resilient clamping washers 44 and may be moved toward and away
      from the fixed abutment ring 46 by a clamping screw 50 which engages a
      threaded plug 52 in the end of support arm 14. When screw 50 is tightened,
      it squeezes the resilient clamping washers 44 between the fixed abutment
      ring 46 and the movable abutment ring 48. This causes the resilient
      washers 44 to expand radially both inwardly and outwardly and to
      resiliently clamp the inner surface of sleeve 42 against the outer surface
      of support arm 14. When screw 50 is loosened, it allows the resilient
      clamping washers 44 to contract radially and free support arm 14 for
      rotation about the axis 54. When the support arm 14 is in the desired
      position, it may be clamped in position by tightening screw 50 as
      described above.
PAR  At its other end, support arm 14 is bent at right angles and extends along
      an axis 56 (FIGS. 1 and 2) which is substantially parallel to the track
      12. This end of arm 14 enters the interior of a clamping mechanism which
      includes a hollow cylindrical sleeve 58, a fixed abutment ring 60, a
      plurality of resilient clamping washers 62, a movable abutment ring 64,
      and a clamping screw 66 which engages a threaded plug 68 in the end of
      support arm 14. This clamping mechanism operates in the same manner as the
      previously described clamping mechanism and serves to clamp the track 12
      at any desired angular orientation about axis 56.
PAR  The track 12 includes a hollow, rectilinear housing 70 which is slotted at
      72 (FIG. 3) to allow a ball carriage 74 to project therethrough. A rear
      end plug 76 (FIG. 2) and a front end plug 78 are attached to the two ends
      of housing 70. A lower cylindrical rail 80 is supported at its ends by the
      end plugs 76 and 78. The ball carriage 74 slides back and forth on lower
      rail 80 as described hereinafter.
PAR  The upper portion of ball carriage 74 includes a hollow cylindrical sleeve
      82 which is filled with a resilient material 83, such as rubber. A
      threaded rod 84 is embedded in the resilient material 83 and extends
      axially therethrough and outwardly therefrom to the right in FIG. 2. The
      resilient material 83 is preferably bulged outwardly at 86 toward the ball
      10 to better absorb the shock of the ball 10 being struck. A conically
      shaped shield 88 is engaged on rod 84 by screw threads and bears against
      the bulged portion 86 to distribute the force of the struck ball 10
      against bulged portion 86. The ball 10 is preferably made of a resilient
      material such as rubber and has a hollow, cylindrical, threaded tube 90
      embedded therein to mount the ball 10 on the rod 84. A semispherical plate
      92 is rigidly attached to the end of tube 90 to prevent the end of the
      tube from cutting through the ball 10 when it is struck by a bat. Plate 92
      transmits the force of the bat to tube 90 which is screwed onto the
      exposed end of threaded rod 84. From rod 84, the force is transmitted to
      conical shield 88 and from there to the resilient material 83, which
      deforms to absorb the shock.
PAR  The lower portion of ball carriage 74 includes two bushing sleeves 94 which
      are slidably engaged with the lower rail 80. Resilient washers 96 are
      fitted over bushing sleeves 94 to act as resilient fasteners to secure a
      sleeve 98 on the bushing sleeves 94. A support plate 100 is welded to the
      top of sleeve 98 and is attached by means of bolts 102 to the upper
      portion of ball carriage 74. When ball 10 is struck by a bat, the force is
      communicated to the bottom of ball carriage 74 and causes bushing sleeves
      94 to slide along rail 80. Resilient material 83 and 96 and clamping rings
      44 and 62 and resilient feet 28, 30 and 31 cushion the shock of the bat
      impact and protect the assembly from shock damage.
PAR  A cord 104 is attached at one end of a lug 106 on the bottom of sleeve 98.
      Cord 104 is threaded around a first set of pulleys 108 which are attached
      to housing 70 and a second set of pulleys 110 which are attached to the
      end of an expansion spring 112. Pulleys 110 and expansion spring 112 are
      enclosed by a hollow tube 114 which acts as a guide and noise deadener.
      When ball 10 is struck by a bat, ball carriage 74 slides down lower rail
      80 and draws cord 104 toward the left-hand side of FIG. 2. This causes
      spring 112 to expand and develops a spring biasing force tending to return
      ball carriage 74 to its rest position which is illustrated in solid lines
      in FIG. 2. When the ball carriage 74 reaches the left-hand end of lower
      rail 80 in FIG. 2, it bumps against a resilient bumper 116 which stops
      ball carriage 74 and absorbs the shock of stopping. The ball carriage 74
      is then drawn back toward its original position by the force of expanded
      spring 112. When ball carriage 74 reaches its rest position, a resilient
      bumper 118 on the end of sleeve 98 contacts the end wall 78, thus stopping
      ball carriage 74 again and absorbing the shock of stopping.
PAR  The fixed end of spring 112 is hooked in an opening in a lug 120 which is
      T-shaped at its bottom end and extends through a slot 121 in the bottom of
      housing 70 (FIG. 6) and can be clamped in any fixed position along slot
      121 by a thumb screw 123. This allows the force exerted by spring 112 on
      ball carriage 74 to be varied by varying the position at which lug 120 is
      clamped by thumb screw 123 along the slot 121.
PAR  An upper rail 122 is attached at 124 and 126 to the housing 70 of track 12
      and extends in spaced parallel relation to track 12 thereabove. The upper
      slotted surface 124 of housing 70 and upper rail 122 comprise means
      defining a linear guideway 125 through which a bat may pass. The ball 10
      is normally positioned in the open front end of the guideway and resilient
      bumpers 126 and 128 are fitted on the ends of track 12 and upper rail 126
      by suitable fastening means. Resilient bumpers 126 and 128 protect the
      open front end of the structure and absorb the shock when the bat strikes
      the front end of the structure.
PAR  Before the batting practice apparatus of this invention is used, it is
      adjusted to place the ball 10 and guideway 125 in a predetermined position
      in the individual batter's strike zone. The position depends upon whether
      the batter wishes to practice swinging at high balls or low balls or balls
      in the center of the strike zone. The height of ball 10 and guideway 125
      are adjusted by loosening knurled knob 40 (FIG. 4), sliding sleeve 36 to
      the desired height, then retightening screw 50. The angle of guideway 125
      about axis 56 (FIG. 1) is adjusted by loosening screw 66 (FIG. 2), moving
      the track 12 to the desired angle, then retightening screw 66. These
      simple adjustments place the ball 10 at any desired position in the
      individual batter's strike zone with guideway 125 tilted at any desired
      angle relative to axes 54 and 56. The batter then addresses the batting
      practice apparatus and swings a bat 130 at ball 10 as shown in FIG. 5. As
      will be noted in FIG. 5, the guideway 125 is much shorter than the length
      of the batter's natural swing. This is important because it allows the
      batter to stand in a natural position and start his swing in a natural way
      before the bat 130 enters the guideway 125. If the bat 130 strikes ball 10
      squarely, it will cause ball 10 to move all the way to the end of lower
      rail 80. The bat then passes through guideway 125 until it is clear of
      guideway 125 as indicated by the dashed lines in FIG. 5. If the bat 130 is
      swung at the proper angle, it will pass through guideway 125 without
      touching the boundaries thereof. However, if the angle of the swing is
      incorrect, the bat 130 will contact either the upper surface 124 of
      housing 70 or the lower surface of upper rail 122. This gives the batter
      notice that he is swinging incorrectly. If the ball 10 is not hit
      squarely, it will not go all the way to the rear end of the lower rail 80,
      but will rather fall short by an amount which depends upon the force of
      the blow to ball 10 and the spring constant of spring 112. The size of
      spring 112 may be selected according to circumstances to meet the
      requirements of a particular application. In general, the spring constant
      of spring 112 will be selected to be of such magnitude as to permit ball
      10 to travel all the way to the rear end of lower rail 80 when it is
      struck squarely by the batter with a normal swing.
PAR  The amount of force exerted by spring 112 on ball carriage 74 depends upon
      the position of lug 120 along slot 121. (See FIG. 6.) This position can be
      adjusted manually by means of thumb screw 123 to increase or decrease the
      force on ball carriage 74 as desired. During batting practice, the force
      is gradually increased as the swing becomes grooved to develop a powerful
      follow-through.
PAR  If the batter does not strike ball 10 squarely, he will be able to tell
      that he has struck the ball incorrectly by the feel of the impact with the
      ball and by the fact that the ball does not slide all the way to the rear
      end of lower rail 80. The batter may then repeat the swing until he has it
      correct and then repeat the correct swing over and over to groove it into
      his muscular memory. The ball 10 and guideway 125 may then be readjusted
      to a different position in the batter's strike zone for further practice.
      If, in the course of practice, the batter's swing is grossly incorrect, he
      may miss the open front end of guideway 125 entirely and hit the resilient
      bumpers 126 and 128, whose outer surfaces 127 and 129 are preferably
      tapered at a 45.degree. angle in such direction as to direct the bat away
      from the batting practice apparatus.
PAR  In FIG. 5 a typical starting position of the bat 130 is shown at 131. The
      position of the bat as it meets the ball 10 is shown at 132. Subsequent
      positions of the bat after it leaves the guideway 125 are shown at 133 and
      134. The position of the bat at the end of the follow-through is shown at
      135. The batter's natural swing extends in an arc from bat position 131 to
      bat position 135, almost a complete circle. The bat is within the guideway
      125 for only a short arc, on the order of about ten per cent of the full
      swing. Thus the guideway does not interfere with the batter's swing and
      follow-through.
CLMS
STM  I claim:
NUM  1.
PAR  1. Batting practice apparatus comprising a linear track, means supporting
      said linear track, a rail spaced laterally of said track and extending
      parallel thereto, said track and rail comprising means forming a bat
      receiving guideway open at its front end through which a bat may be swung,
      a ball, means slidably supporting said ball for movement along said track
      within said guideway, means normally urging said ball toward the open
      front end of said guideway and means for limiting the movement of said
      ball toward said open front end of said guideway, said means supporting
      said linear track comprising a post, a support arm adjustably attached to
      said post and extending transversely therefrom, and means attaching said
      support arm to said track for supporting the same.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said post is tilted at an angle
      to the vertical.
NUM  3.
PAR  3. The apparatus defined in claim 2 wherein said support means further
      comprises a tripod having three legs, said post being tilted toward one
      leg of the tripod and wherein said one leg is larger than the other two
      legs of the tripod to better support said tilted post.
NUM  4.
PAR  4. The apparatus defined in claim 1 and further comprising at least one
      wheel journaled to said support means for moving the apparatus from place
      to place.
NUM  5.
PAR  5. The apparatus defined in claim 1 wherein said track includes a hollow
      rectilinear housing having a slotted top, and a second rail mounted within
      said housing under said slotted top, a ball carriage slidably mounted on
      said second rail and projecting upwardly through the slotted top of said
      housing, and resilient means attaching said ball to said ball carriage for
      slidably supporting the ball with respect to the housing, said ball
      carriage including a plate projecting upwardly through the slotted top of
      said housing and a hollow cylindrical sleeve attached to the top of said
      plate, and wherein said means attaching said ball to said ball carriage
      includes a cylinder of resilient material within said cylindrical sleeve
      and a threaded rod embedded at one end in said resilient material and
      attached at its other end to said ball.
NUM  6.
PAR  6. The apparatus defined in claim 5 wherein said ball is made of resilient
      material and wherein a threaded tube is embedded in said ball, said
      threaded tube being of such dimensions as to receive said threaded rod and
      being threaded thereon, and further comprising a plate on one end of said
      tube to prevent the tube from cutting through said ball when the ball is
      struck by a bat.
NUM  7.
PAR  7. Batting practice apparatus comprising a linear track, means supporting
      said linear track, a rail spaced laterally of said track and extending
      parallel thereto, said track and rail comprising means forming a bat
      receiving guideway open at its front end through which a bat may be swung,
      a ball, means slidably supporting said ball for movement along said track
      within said guideway, means normally urging said ball toward the open
      front end of said guideway and means for limiting the movement of said
      ball toward said open front end of said guideway, said means supporting
      said linear track including an upwardly extending post, a first sleeve
      slidably mounted on said post, a threaded bore in said first sleeve for
      receiving a set screw and clamping plate to hold said first sleeve at any
      desired height on said post, a second sleeve rigidly attached to said
      first sleeve and extending transversely thereto, a supporting arm passing
      through said second sleeve and projecting sideways therefrom, means for
      resiliently clamping said supporting arm in said second sleeve, the end of
      said supporting arm which is opposite said second sleeve being bent at an
      angle of approximately 90.degree., a third sleeve rigidly attached to the
      bottom of said linear track, the end of said supporting arm which is
      opposite said second sleeve being positioned within said third sleeve, and
      means for resiliently clamping said support arm in said third sleeve.
NUM  8.
PAR  8. The apparatus defined in claim 7 wherein said means for resiliently
      clamping said supporting arm in said second sleeve comprises a plurality
      of resilient washers positioned between said supporting arm and said
      second sleeve, abutment means at one axial end of said plurality of
      washers for limiting the axial movement thereof, and means at the other
      axial end of said plurality of washers for applying axial pressure thereto
      to cause radial enlargement thereof, thereby resiliently clamping said
      supporting arm in said second sleeve.
NUM  9.
PAR  9. The apparatus defined in claim 8 wherein said means for resiliently
      clamping said supporting arm in said third sleeve comprises a second
      plurality of resilient washers positioned between said support arm and
      said third sleeve, fourth abutment means at one axial end of said second
      plurality of washers for limiting the axial movement thereof, and means at
      the other axial end of said second plurality of washers for applying axial
      pressure thereto to cause radial enlargement thereof, thereby resiliently
      clamping said support arm in said third sleeve.
NUM  10.
PAR  10. Apparatus for teaching a batter to swing a bat and develop a
      preconditioned reflex action adapted to the batter's individual stance and
      style, said apparatus comprising a bat swing guideway adapted to receive
      the ball hitting end of a bat swung by the batter, said guideway having an
      open front end, means for adjustably supporting said guideway at various
      levels and inclinations for matching the natural swing path for the
      particular batter using the apparatus so that the guideway will intercept
      the bat during swinging motion of the bat by the batter, a ball in said
      guideway and means slidably supporting the ball for movement along said
      guideway after impact with the bat, and means resisting movement of the
      ball along the guideway to develop the batter's follow-through.
NUM  11.
PAR  11. The apparatus of claim 10 in which the means resisting movement of the
      ball along the guideway is adjustable, thus to permit gradually increasing
      such resistance as the batter's swing is perfected.
NUM  12.
PAR  12. The apparatus of claim 11 in which said means comprises a spring, a
      spring anchor, and means for adjustably attaching the anchor to the
      guideway.
NUM  13.
PAR  13. The apparatus of claim 12 and further comprising a linear track and a
      rail extending parallel thereto, the lower boundary of said guideway being
      formed by the upper surface of said track and the upper boundary of said
      guideway being formed by the lower surface of said rail, a ball carriage
      slidably mounted on said linear track, means attaching said ball to said
      ball carriage, said spring being attached at one end to said ball carriage
      and being attached at its other end to said spring anchor, and means
      adjustably attaching said spring anchor to said linear track whereby the
      force exerted by said spring on said ball carriage may be adjusted.
NUM  14.
PAR  14. The apparatus of claim 13 wherein the upper surface of said linear
      track is slotted and wherein said ball carriage is slidably mounted in
      said slot in the upper surface of said linear track, said linear track
      being hollow and said spring being mounted within said linear track, the
      lower surface of said linear track being slotted and said spring anchor
      being shaped to extend through said slot in the lower surface of said
      track, and a thumb screw attached to the bottom of said spring anchor for
      adjustably securing said spring anchor to the slotted bottom of said
      track.
NUM  15.
PAR  15. The apparatus of claim 10 wherein said means supporting said guideway
      includes an upwardly extending post, a first sleeve slidably mounted on
      said post, a threaded bore in said first sleeve for receiving a set screw
      to hold said first sleeve at any desired height on said post, a second
      sleeve rigidly attached to said first sleeve and extending transversely
      thereto, a supporting arm passing through said second sleeve and
      projecting transversely therefrom, means for resiliently clamping said
      supporting arm in said second sleeve, the end of said supporting arm which
      is opposite said second sleeve being bent at an angle of approximately
      90.degree., a third sleeve rigidly attached to the bottom of said
      guideway, the end of said supporting arm which is opposite said second
      sleeve being positioned within said third sleeve, and means for
      resiliently clamping said support arm in said third sleeve.
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ABST
PAL  A training device for assisting a trainee in stroking a tennis racquet in
      such manner that the head of the tennis racquet does not shift in a
      vertical plane below the wrist of the trainee and, as such, always remains
      above the wrist of the trainee in such vertical plane. This training
      device comprises a harness which is secured to the body of the trainee and
      a cord which extends from the harness to the racquet. The opposite end of
      this cord is removably attached to the racquet at a point which is
      intermediate the head portion and the handle of the racquet. In this way,
      the trainee will always maintain his wrist below the head of the racquet
      and, in addition, the cord is adjustably sized so that it may be used to
      limit the forward and backward swing of the racquet in any stroking
      thereof by the trainee.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to certain new and useful improvements in
      game training devices, and, more particularly, to tennis game training
      devices of the type which are adapted to maintain proper stroking of a
      tennis racquet by means of a device which is adapted to be worn by the
      player and which is also adapted to be secured to a tennis racquet.
PAR  It is well known that proper form and control of a tennis racquet in any
      game of tennis is primarily dependent upon the stroking of the tennis
      racquet by the player. Moreover, in the normal game of tennis, certain
      parameters are critical in order to achieve proper control in operation of
      the tennis racquet. First of all, it has been established that it is
      necessary for the tennis player to maintain the head of the tennis racquet
      at least parallel to or above the player's wrist during all stroking
      movements of the tennis racquet. Secondly, it has been established that it
      is necessary for the tennis player to turn away from the net in order to
      move the tennis racquet to a proper position to engage the tennis ball.
      Thirdly, it is important for the tennis player to maintain the correct
      distance between the arm of the player and the body portion in order to
      achieve this proper stroking. Fourthly, it has also been established that
      it is necessary to limit the backward and forward movement of the tennis
      racquet in any stroking operation.
PAR  Due to the fact that the game of tennis has become a very popular sport and
      recreational pastime, there have been many technical articles and books
      written by professionals, or the so-called "alleged professionals," with
      regard to improvement in the game of tennis. However, these articles and
      books are effective only to the extent that they teach the tennis player,
      in literary form, with respect to proper movement of a tennis racquet.
      Nevertheless, each of these literary articles suffers from the very
      substantial disadvantage that they do not aid the tennis player once this
      player or trainee is actually engaged in a game of tennis or in a training
      exercise on a tennis court.
PAR  One of the principal problems involved in the training of the tennis game
      trainee is that a tennis game trainee may have read such literary articles
      and, in fact, may have been instructed by a trainer, although the
      instruction obtained from the trainer or these articles is of limited
      value when the trainee attempts to actually practice the techniques which
      are taught. One of the primary problems involved is that the stroking of
      the tennis racquet in proper game form deviates from normal body movement.
      Moreover, the trainee in the game of tennis finds great difficulty in
      achieving the necessary stroking movement which would aid in the ability
      to play the game of tennis by such trainee.
PAR  The present invention obviates these and other problems in the provision of
      a tennis game training device which assists a trainee in proper stroking
      of a tennis racquet. Normally, the tennis racquet will include a head
      portion capable of engaging a tennis ball and a handle portion which is
      secured to this head portion and is capable of being grasped by the
      trainee. Moreover, this tennis game training device will include a harness
      which is adapted to be worn by the trainee and a cord extends from the
      harness for removable attachment to the racquet. The cord is adjustably
      sized of a length sufficient to permit the player or trainee to stroke the
      tennis racquet with relatively free arm and body movement, but which
      nevertheless prevents the wrist of the trainee from being located in a
      vertical plane above the head of the tennis racquet when stroking the
      same.
PAR  It is, therefore, the primary object of the present invention to provide a
      game training device which assists a trainee in stroking a racquet of the
      type which engages a playing ball, in order to achieve optimum stroking
      movement thereof.
PAR  It is also an object of the present invention to provide a game training
      device of the type stated which comprises a harness adapted to be worn by
      the trainee as well as a cord which extends from the harness and is
      removably secured to the tennis racquet in order to obtain limited but yet
      sufficient movement of the tennis racquet during a stroking operation by
      the trainee thereof.
PAR  It is a further object of the present invention to provide a game training
      device of the type stated which is capable of effectively aiding in the
      limiting of the forward and backward swing of a tennis racquet in any
      stroking thereof by the player.
PAR  It is another object of the present invention to provide a game training
      device of the type stated in which the cord thereof is utilized to aid the
      trainee in maintaining his arm at a correct distance from the body.
PAR  It is another salient object of the present invention to provide a tennis
      training device of the type stated which is durable in its construction,
      capable of being manufactured at a relatively unit cost, and which is
      highly reliable in its operation.
PAR  With the above and other objects in view, my invention resides in the novel
      features of form, construction, arrangement, and combination of parts
      presently described and pointed out in the claims.
PAC  GENERAL DESCRIPTION
PAR  Generally speaking, the present invention resides in a game training device
      which assists a trainee in learning correct stroking of a tennis racquet
      for the game of tennis. In this case, the device of the present invention
      comprises a harness which is adapted to fit around the body of the trainee
      and includes a cord having a clamp at its outer end. The clamp is adapted
      to be attached removably to the tennis racquet, either at the throat
      portion which connects the handle of the tennis racquet to the head rim or
      otherwise to the head rim itself.
PAR  The harness includes a second loop which is designed to extend around the
      neck portion of the trainee and a first loop which is designed to extend
      around the shoulder portion of the trainee. Each of these loops is
      adjustable so as to conform to the size of the trainee. Moreover, the cord
      is similarly adjustable so that it can be either shortened or lengthened
      in such manner that the tennis racquet can be held and stroked in the
      desired position. When the cord is maintained at sufficient length, the
      wrist of the trainee is always held at a position either parallel to or
      below the head of the tennis racquet in order to conform to desired tennis
      stroking requirements. Moreover, this device also requires the trainee to
      turn the torso of the body sufficiently inasmuch as the forward and
      backward swing is somewhat limited, due to the device of the present
      invention.
PAR  The cord which connects the harness to the tennis racquet is formed of a
      material which is somewhat resilient but which is yet fairly inextensible.
      In addition, the cord aids the trainee in maintaining his arm at a correct
      distance from the torso of the body.
PAR  The present invention may also be described as a method for assisting a
      trainee in stroking a tennis racquet. The method comprises the attaching
      of a harness to the trainee with a cord connected to the harness. The free
      end of the cord is attached to the tennis racquet. The length of the cord
      is then adjusted between the harness and racquet so that the wrist of the
      trainee is always parallel to or below the head of the racquet when the
      trainee strokes the racquet.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Having thus described the invention in general terms, and the objects
      achievable thereby, reference will now be made to the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view of a game training device constructed in
      accordance with and embodying the present invention;
PAR  FIG. 2 is a schematic view showing a tennis player or tennis game trainee
      utilizing the apparatus of the present invention; and
PAR  FIG. 3 is a vector diagram showing the operation of the device of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now in more detail and by reference characters to the drawings
      which illustrate a preferred emobdiment of the present invention, A
      designates a tennis game training device which may be utilized with a
      player or so-called "trainee" T. In each case, the trainee T will utilize
      the device A in connection with a conventional tennis racquet R comprising
      an elongated handle 10 which integrally merges into a head portion 12.
      Moreover, this head portion 12 is provided with an annular rim 14
      supporting a quadrilaterally located arrangement of strands forming a net
      16, and which is designed to engage a tennis ball (not shown). In
      addition, the tennis racquet 12 will be provided with a grip portion or
      so-called "grip" 18 on the outer end of the handle 10 which is adapted to
      be grasped by the player. In this case, the grip could adopt a variety of
      forms, and usually is formed of a tape or a similar substance wrapped
      around the surface of the handle which provides a non-slip surface.
PAR  The apparatus A of the present invention generally comprises a harness
      including a first loop 20 which is adapted to extend around the arm of the
      trainee and to be located over the shoulder portion thereof. The loop 20
      is formed by a relatively cylindrical strap 22 which is provided with a
      size adjustment means in the form of a buckle 24 and an opposed terminal
      end 26. The terminal end 26 is adapted to be received by the buckle 24 in
      order to adjust the size of the loop 20 to the proper overall
      circumferential length. In this way, the loop 20 can be sized to fit
      around the shoulder portion of the trainee.
PAR  Riveted, or otherwise rigidly secured, to the loop 20 is a second loop 28
      which is similarly formed of a belt or strap 30 which is somewhat
      semi-cylindrical in nature and is designed to extend around the neck of
      the trainee. In like manner, this loop 28 is provided with second
      adjustment means in the form of a buckle 32 and an opposed terminal end
      34. Moreover, the terminal end 32 is designed to be connected to the
      buckle 30 in any of a plurality of positions in order to provide the
      proper overall size of the loop 28. Consequently, it can be observed that
      the harness A can be worn by a wide variety of people.
PAR  The straps 22 and 30 may be formed of any suitable material such as
      leather, or various other synthetic resin materials, e.g. vinyl plastics
      normally used in the manufacture of leather and synthetic leather goods.
      In each case, in order to aid the comfort of the wearer or trainee, each
      of the loops 22 and 28 are porvided on their interior surface with felt
      paddings, or similar type of resilient padding, 36 which aids in the
      comfort of the wearer of the harness A. However, it should be recognized
      that any form of flexible or resilient padding material could be used.
      Moreover, any means for adjusting the size of the various loops 20 and 28
      could also be utilized in place of the buckles heretofore described.
PAR  Extending outwardly from the harness, in the manner as illustrated in FIGS.
      1 and 2 of the drawings, is a connecting cord 38 and which includes a
      relatively inextensible strap 40 formed of leather, or other form of
      synthetic resin material of the type described above. Thus, the strap 40
      is similar in construction to and uses the same materials used in the
      construction of the loops 20 and 28 of the harness. The strap 40 is
      secured to the harness through a buckle 42 which is adjustably sized in
      order to conform to the size and the ability of the wearer or trainee. In
      this respect it should be recognized that the buckle 42 could be located
      anywhere along the length of the strap 40.
PAR  Secured to the outer end of the strap 40 is a somewhat elastic loop 44
      which, in turn, carries a removably actuated clamp 46. Generally, the
      elastic loop 44 provides just the desired amount of flexibility so that
      the device does not introduce difficulty in swinging or otherwise
      maneuvering the racquet. In other words, the loop 44, which is fairly
      non-elastic, is still sufficiently elastic to allow additional movement if
      the stroke so requires.
PAR  The clamp 46 is preferably of the type which includes a pair of fingers 48
      which are spring-biased to engage an object, such as a tennis racquet
      handle 10 or the head frame 14. Moreover, the clamp 46 includes a pair of
      opposed arms 50 which may be squeezed together in order to release the
      fingers 48 from the engaging position. Moreover, the fingers 48 are
      provided with foam-like pads 52 on the interior surfaces thereof in order
      to prevent any abrasion or scratching of the tennis racquet R.
PAR  The training device of the present invention is highly unique in that it
      enables a trainee to swing a tennis racquet R in a desired movement with
      respect to the body of the trainee. In this respect, it can be observed
      that the harness is fitted upon the body in such manner that the loop 28
      extends around the neck portion of the trainee, and the loop 20 extends
      around the shoulder portion of the trainee. Again, each of these loops 20
      and 28 are adjustably positioned by means of the buckles 24 and 32 in
      order to conform to the size of the trainee. Moreover, the length of the
      connecting strap 40 is also adjustable so as to properly position the
      tennis racquet.
PAR  When the trainee engages the handle 10 of the tennis racquet R, it can be
      observed that the cord 38 limits the downward movement of the head 12. In
      this way, it can be observed that the trainee must always position the
      head 14 either parallel to or above his wrist, since the cord 38 restrains
      lower movement of the head 12. A somewhat schematic vector diagram showing
      the use and operation of the apparatus A is more fully illustrated in FIG.
      3, and in which case, the arm of the trainee T, the cord 38 and the handle
      10 form the three sides of a triangle. It can be observed that in this
      case, the downward movement of the head 12 is limited by the cord 38.
PAR  Thus, by further reference to FIG. 3, it can be observed that an axis
      a.sub.1, passing longitudinally through the tennis racquet handle 10,
      represents a first position of the racquet R. In this case, the grip 18 is
      below the head 12. The handle can be shifted so that it adopts a position
      designated by the axis a.sub.2. In this case, the cord 38 shifts outwardly
      to the position designated as 38'. Moreover, the arm of the trainee will
      shift from a position designated as b.sub.1 to b.sub.2 in the manner as
      illustrated in FIG. 2. In any event, the cord 38 prevents the racquet R
      from being shifted to a position where the head 12 is located below the
      wrist of the trainee.
PAR  The device of the present invention is also highly effective in limiting
      the forward and backward swing of the tennis racquet R, since it
      effectively restrains the movements in each direction. Again, this is
      highly desirable in that it prevents the trainee from overswinging in both
      the forward and backward direction. Moreover, because of the fact that the
      device A restrains movement in this manner, it forces the trainee to turn
      sufficiently in order to swing the racquet R to a position where it is
      capable of engaging a tennis ball. In addition, when the trainee learns to
      keep the cord 38 in a fairly taut condition, he simultaneously learns to
      hold the tennis racquet R at a correct distance in such manner so that the
      arm is located at a correct distance from the torso of the body.
PAR  In this respect, the length of the cord can be adjusted in order to permit
      the practicing of any particular stroke. Thus, for example, the device of
      the present invention is primarily useful in practicing either forehand
      stroking, backhand stroking or valley stroking. Generally, the angle
      between the forearm and the handle of the tennis racquet will vary
      depending on the type of stroking. For a typical forearm stroke, the angle
      may be as great as 180.degree., whereas for typical volley stroking, the
      angle may be in the range of 90.degree. and the typical backhand stroking
      would provide for a desired angle between these two limits. The user of
      the device will merely establish the proper length of the cord for the
      particular type of stroke being practiced. In many cases the training
      professional or trainor will usually determine the proper length of the
      cord for the trainee to practice such selected strokes.
PAR  The device of the present invention is also highly effective in preventing
      the trainee from reaching out for the tennis ball or otherwise prematurely
      starting the stroke. Thus, due to the fact that the cord somewhat limits
      the possible movement of the arm of the trainee, the trainee is
      constrained to wait for the proper arrival of the tennis ball and, in
      addition, forces the trainee to turn the torso side of the body toward the
      net in order to more fully face the tennis ball.
PAR  Notwithstanding any of the above, it can be observed that the device A does
      not physically restrain the movement of the trainee so that the trainee is
      still capable of moving sufficiently in order to manipulate the various
      portions of the body in conformity with desired tennis game form.
PAR  Thus, there has been illustrated and described a novel tennis game training
      device which restrains the tennis player in omvement of a tennis racquet
      in such manner that proper form is maintained and which therefore fulfills
      all of the objects and advantages sought therefor. It should be recognized
      that many changes and modifications can be made in the form, construction,
      arrangement and combination of parts without departing from the nature and
      principle of the invention. Therefore, all such changes and modifications,
      as well as various other uses and applications of the subject device can
      be made without departing from the nature and principle of the invention.
      Therefore, all such changes and modifications and other uses and
      applications are deemed to be covered by the invention which is limited
      only by the following claims.
CLMS
STM  Having thus described my invention, what I desire to claim and secure by
      letters patent is:
NUM  1.
PAR  1. A tennis training device for assisting a trainee in stroking a tennis
      racquet having a head capable of engaging a ball and a handle capable of
      being grasped by a trainee; said training device comprising: a harness for
      securement to the body of a trainee, said harness comprising only first
      and second body loops, said second loop sized and shaped to extend across
      the chest, over the shoulder of the arm opposite the racket holding arm
      and across the back of the body of a trainee; said first loop being sized
      and shaped to extend around the shoulder of said racket holding arm of a
      trainee and said second loop being attached at its ends to said first loop
      at opposite points thereon; a cord extending from said first loop towards
      said racket, an attachment means on one end of said cord to secure said
      cord to a tennis racket at a point intermediate the portion of a head
      engaging a ball and the portion of the handle grasped by a trainee.
NUM  2.
PAR  2. The tennis training device of claim 1 further characterized in that said
      cord is substantially non-elastic and of a length to prevent the head of a
      tennis racquet when stroking same from being located below a wrist of the
      trainee.
NUM  3.
PAR  3. The game training device of claim 1 further characterized in that said
      attachment means comprises a clamp member.
NUM  4.
PAR  4. The tennis training device of claim 1 further characterized in that said
      first and second loops are each provided with their own individual
      adjustment means to adjust the sizes of the first and second loops to
      conform to the size of a trainee.
NUM  5.
PAR  5. The tennis training device of claim 1 further characterized in that a
      portion of said cord is comprised of a first section which is somewhat
      resilient but yet substantially inelastic and inextensible, a second
      section which is slightly elastic and slightly extensible to permit
      movement of a tennis racquet, and adjustment means is associated with said
      cord to adjust the overall length thereof.
NUM  6.
PAR  6. The tennis training device of claim 1 further characterized in that the
      attachment means is a manually operable clamp attachment means which
      removably secures the cord to a tennis racquet.
NUM  7.
PAR  7. The tennis training device of claim 1 further characterized in that said
      cord has a length of such size to permit a trainee to swing at a ball
      without locating the head of a tennis racquet below the point of grasping
      of the handle by a trainee.
NUM  8.
PAR  8. The training device of claim 1 further characterized in that said cord
      is adapted for attachment to a racquet at the point where the handle
      connects to the head.
NUM  9.
PAR  9. The training device of claim 1 further characterized in that said cord
      is adapted for attachment to the head of a racquet.
NUM  10.
PAR  10. A tennis training device for assisting a trainee in stroking a tennis
      racquet having a head capable of engaging a ball and a handle capable of
      being grasped by a trainee; said training device comprising: a harness
      adapted to be secured to the body of a trainee, said harness comprising
      only first and second body loops, said second loop extendable across the
      chest, over the shoulder of the arm opposite the racket holding arm and
      across the back of the body of a trainee; said first loop being extendable
      around the shoulder of said racket holding arm of a trainee and said
      second loop being attached at its ends to said first loop at opposite
      points thereon; a cord extending from said first loop towards said racket,
      and attachment means on one end of said cord to secure the cord to a
      tennis racket at a point intermediate the portion of a head engaging a
      ball and the portion of the handle grasped by the trainee, said cord being
      substantially non-elastic and of a length to prevent the head of a tennis
      racket when stroking same from being located below the wrist of a trainee.
NUM  11.
PAR  11. The tennis training device of claim 10 further characterized in that
      said attachment means is a clamp member.
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ABST
PAL  A kit for laying out in simulation form one or more holes of golf for the
      purpose of studying and then subsequently playing each such hole for the
      minimum score for the golfer's ability wherein each simulated hole is
      provided by a first sheet having markings thereon to designate increments
      of distance from a golf green disposed thereon. A golf tee area disposed
      on the first sheet at a preselected distance from the green and natural
      hazards are also disposed on the first sheet between the tee area and the
      golf green to simulate the hazards the golfer might encounter when playing
      that particular hole of golf. A smaller, transparent sheet having markings
      designating increments of distance from a point on the smaller sheet is
      disposed on the first sheet with the point of the smaller sheet at the
      golf tee area and with its incremental markings being directed in a
      desired direction toward the golf green.
PARN
PAR  This application is a continuation application of its copending parent
      patent application, Ser. No. 406,643, filed Oct. 15, 1973, now abandoned,
      which, in turn, is a continuation application of its copending parent
      application, Ser. No. 220,045, filed Jan. 24, 1972, now abandoned.
BSUM
PAR  This invention relates to a kit for laying out one or more holes of a golf
      course in a simulating manner so that the golfer can not only plan in
      advance the playing of that particular golf course with a stroke and club
      plan commensurate with the golfer's ability but also to provide means for
      the golfer to record his round of golf for a more accurate later study
      thereof to enhance self improvement in the playing of golf.
PAR  It is well known from the book, Situation Golf, by Arnold Palmer and
      published by McCall Publishing Company of New York in 1970, that the
      author stresses the fact that before the golfer actually tees off on a
      particular hole of golf, he should have a full battle plan for the hole
      worked out in his mind in order to best score in a manner that takes in
      the ability of the golfer. In fact, such book sets forth nine holes of
      simulated golf play and how each hole should be played by a golfer with a
      low handicap, a medium handicap and a high handicap.
PAR  Therefore, it is a feature of this invention to provide means wherein a
      golfer can utilize the strategy conveyed in such book to lay out a round
      of golf that that player normally plays in a simulated manner and with
      which that player can thereafter make adjustments in his game to fit his
      battle plan for that particular course so as to practice the teachings set
      forth in the aforementioned book, Situation Golf.
PAR  In particular, one embodiment of this invention provides a standardized
      first sheet having concentric arcs disposed thereon and respectively being
      described from a point on the sheet to designate increments of distance
      from that point. The golfer can place a simulated golf green at that point
      to represent the golf green for a particular hole of golf that he desires
      to play. The golfer also disposes a golf tee area on the sheet at a
      preselected distance from the point thereon as well as well as disposes
      pieces representing natural hazards on the sheet between the tee area and
      the golf green so as to simulate that particular hole of golf. A smaller,
      transparent sheet having concentric arcs described from a point on the
      smaller sheet to designate increments of distance from that point is
      placed on the first sheet with the point of the smaller sheet on the golf
      tee area and with its incremental means directed in a desired "drive" or
      first shot direction toward the golf green. Such smaller sheet is then
      marked on by the golfer to designate a desired first shot area from the
      tee area when the golfer should place his first shot in order that
      succeeding shots, also laid out on the assembled sheets, will conform to
      the ability of that golfer in playing that particular hole to the best of
      his natural ability and with as little shot trouble as possible.
PAR  Such completed and assembled sheets can then be disposed as a unit into a
      transparent envelope or pocket means so that the simulated hole of golf
      can be readily viewed therethrough. Such covered sheets can then be
      utilized during the actual playing of the round of golf for reference
      purposes and/or for record keeping purposes so that when that particular
      hole is actually played, the golfer can mark on the outer covering sheet
      the various shots, ball positions and clubs utilized in playing that
      particular hole of golf so that the same can be later studied at his
      leisure for better perfecting his golf game and perhaps for changing his
      battle plan for that particular hole of golf. Alternately, such covered
      and assembled sheets can be utilized in a duplicating machine to provide a
      copied sheet therefrom and which can also be marked upon when the golfer
      plays that particular hole to record the various shots taken, etc. for
      later study and later permanent record-keeping purposes. For example, by
      keeping such a permanent record of each round of golf played for a year
      will indicate the best possible battle plan of that golfer for the
      following year, etc.
PAR  Therefore, it is an object of this invention to provide means for
      simulating a hole of golf that a golfer will actually play in a manner
      that the golfer can pre-plan his strategy for playing such hole of golf.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a plan view of the assembled sheets of this invention disposed in
      a transparent pocket means and representing a particular hole of golf that
      a golfer will subsequently play.
PAR  FIG. 2 is a reduced plan view of one of the sheets for forming the
      combination illustrated in FIG. 1.
PAR  FIG. 3 is a smaller view of another sheet utilized in forming the
      combination of FIG. 1.
PAR  FIG. 4 is a perspective view of the sheet of FIG. 2 having a golf green and
      a golf tee area disposed thereon as well as an outline of the fairway of
      the hole of golf that is to be depicted or simulated thereon.
PAR  FIG. 5 is a view similar to FIG. 4 and illustrates the second sheet of FIG.
      3, as well as means representing natural hazards for the particular hole
      of golf, being disposed on the sheet of FIG. 4. In addition, the planned
      shots for the hole of golf are laid out on the assembled sheets in FIG. 5.
PAR  FIG. 6 is a view similar to FIG. 5 and illustrates the assembled sheets of
      FIG. 5 being inserted in a transparent covering member.
PAR  FIG. 7 is a view similar to FIG. 6 and illustrates the assembled sheets
      fully received within the pocket member and with the pocket member having
      markings disposed thereon representing an actual playing of the hole of
      golf simulated by the sheets.
DETD
PAR  While this invention is particularly adapted for laying out an actual hole
      of golf that a golfer is to play, it is to be understood that the various
      features of this invention can be utilized singly or in any combination
      thereof to lay out holes of golf that are yet to be in existence for
      practicing battle plan techniques or for other purposes.
PAR  Referring now to FIG. 1, the golf hole layingout kit of this invention has
      been utilized to produce a unit 9 that is a completed simulation of a
      particular hole of golf and comprises an outer transparent covering
      envelope or pocket member 10 having disposed therein a first sheet means
      11 on which the simulated hole of golf is provided and is generally
      indicated by the reference numeral 12. The hole of golf 12 comprises a
      simulated golf green 13 disposed on the sheet 11 and having as its center
      a point 14 provided on the sheet 11. A golf tee off area 15 is disposed on
      the sheet 11 in a preselected position from the point 14 of the sheet 11
      for representing the golf tee area of the golf hole 12. A plurality of
      members simulating natural hazards, such as trees 16 and traps 17, are
      disposed on the sheet 11 in positions that most represent the actual
      hazards of the hole being depicted or simulated by the golf hole 12 of
      FIG. 1.
PAR  The sheet 11 has a plurality of preformed arcs 18 provided thereon in
      concentric manner and each being described from the point 14 on the sheet
      11 to designate incremental distances from the point 14 and being of a
      number that would cover the distances for better than 90% of the holes of
      golf in actual existence.
PAR  A second sheet 19 of transparent material has a plurality of arcs 20 formed
      thereon in a concentric manner and each being described from a point 21
      formed on the sheet 19 so as to represent incremental distance from the
      point 21.
PAR  As illustrated in FIG. 1, the sheet 19 is laid on the sheet 11 in such a
      manner that the point 21 of the smaller sheet 19 is disposed in a desired
      location on the tee area 15 and with the incremental distances 20 thereon
      being disposed outwardly from the tee area 15 in a desired first shot
      direction for that particular golfer. If desired, the sheet 19 can
      actually have a straight line means 22 formed thereon for representing the
      path of a "drive" or first shot from the tee off area 15 as illustrated.
PAR  If desired, the sheet 11 can have a free hand marking or cut-out means
      disposed thereon to designate an outline 23 of the fairway that is
      provided by the hole of golf 12 as illustrated.
PAR  In addition, a fact sheet 24 can also be disposed on the sheet 11 in an
      out-of-the-way manner from the hole of golf 12 and on which can be
      recorded pertinent facts that the golfer should review before actually
      playing the hole of golf so as to minimize trouble that the golfer might
      encounter. For example, such fact sheet could remind the golfer that
      because the fairway is slightly rising from tee area to green he should
      use a lower number club than that which he would normally be expected to
      be utilizing for a particular shot. Also, such fact sheet could contain
      the same type of information that the book, Situation Golf, provides for
      the simulated holes therein and considered as "Pertinent Facts" therein.
PAR  After the sheets 11 and 19 have been assembled together in the manner
      illustrated in FIG. 1, the golfer can then mark thereon in any appropriate
      manner the shot path that that particular golfer should follow to use his
      ability in trying to par or score his best for such hole. Such battle plan
      can be provided on its assembled sheets by various marking pencils, etc.
PAR  For example, the hole 12 illustrated in FIG. 1 is a par 5 hole and the
      golfer is of average ability so that a first marking 25 is provided for
      his desired drive of slightly more that 225 yards straight down the
      fairway. The golfer then locates a marking 26 where it would be most
      strategic for his second shot to be played in order to avoid what hazards
      he might encounter while still giving the golfer the best possible
      approach shot for his ability so as to reach the green 13 on this third
      shot.
PAR  Such previously described unit 9 for simulating the hole of golf 12, or any
      other hole of golf can easily be formed by the golfer using the standard
      sheet 11 of FIG. 2 which has the incremental arcs 18 formed thereon and
      being appropriate labeled by incremental numbers 27 in any appropriate
      manner.
PAR  As illustrated in FIG. 4, such sheet 11 has the golf green 13, tee area 15
      and fairway designation 23 disposed thereon in initially laying out the
      golf hole 12.
PAR  Thereafter, the golfer places the golf hazards 16 and 17 and second sheet
      19 on the first sheet 11 of FIG. 4 in the manner illustrated in FIG. 5.
      The battle plan of the best way to play that hole of golf is then marked
      thereon in the manner previously described.
PAR  Thereafter, the assembled sheets of FIG. 5 that depict the desired hole of
      golf are slipped into a transparent envelope or covering pocket member 10
      as illustrated in FIG. 6 along with the fact sheet 24 to form the
      completed unit 9 illustrated in FIGS. 1 and 7.
PAR  However, in FIG. 7 the unit 9 is actually used by itself when playing the
      hole of golf depicted thereon so that the golfer has marked the particular
      ball's course and strokes by suitable markings 28 on the outer surface 29
      of the covering 10 in the manner illustrated in FIG. 7 for later study or
      recording purposes.
PAR  For example, the outer covering 10 can be formed of transparent material
      that is readily marked by a certain type of marking member, such as a felt
      pen or the like, and which can be easily cleaned off for later reuse
      thereof.
PAR  Alternately, the user may take the unit 9 of FIG. 1 as a "master" and
      through the use of a Xerox machine or the like form a plurality of copy
      sheets therefrom for permanent marking thereon as the particular hole of
      golf is played so that throughout a particular year the golfer can see
      what improvement he has made throughout the year in scoring on a
      particular hole and also whether he is playing the hole in the manner that
      he best believes that he should be attacking such hole.
PAR  While only one hole of golf has been previously described as being formed
      from a kit of this invention, it is to be understood that a person could
      be provided in kit form or book form a plurality of sheets 11, a plurality
      of sheets 19, a plurality of sheets having the hazards 16 and 17, as well
      as other hazards, in predetermined cut out form or for the user's desired
      cut out configurations, and sheets for the golf greens 13 and tee areas 15
      so that the same can either be cut from such sheets or punched therefrom
      and be disposed on the sheets 11 in a desired manner to produce 18 holes
      of simulated golf holes or more as desired. Of course, such kit would
      include 18 pocket members or just nine pocket members so that two holes
      could be utilized at each pocket member 10 in a back-to-back relation.
PAR  The sheets 11 could be formed with a green background and the various
      hazards, golf greens and tee areas could be formed with other distinct
      colorings either natural or in a manner to quickly call to the golfer's
      attention that a certain area is really to be avoided as the same has been
      constantly his downfall, etc. Also, such members that are to be
      subsequently disposed or the sheets 11 could be secured thereon in a
      permanent manner or in a readily removable manner so as to be
      rearrangeable, if desired.
PAR  Thus, it can be seen that this invention provides means wherein a golfer
      can lay out one or more golf holes that he normally encounters and from
      which he can plan his attack of the hole or holes in a manner to best suit
      his ability and from such information actually keep records of his golf
      rounds for any desired purpose.
PAR  Also, such golf hole units 9 of this invention can be utilized to record
      more than one players actual playing of the golf hole for later discussion
      purposes, such as for rehashing of a round of golf, etc.
PAR  While the form of the invention now preferred has been described as
      required by the patent statutes, other forms may be utilized all coming
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of playing strategy golf actually or vicariously comprising the
      steps of using a sheet member having uniformally spaced apart increments
      of distance thereon extending away from a readily discernible location
      thereon in sufficient directions from said discernible location that said
      sheet member can readily accommodate proportionally accurate layouts of
      the widely varying holes played by golfers, including holes having a
      dogleg to the right of the tee area and a dogleg to the left of the tee
      area with said increments of distance extending to said tee area, and
      laying out, on said sheet member and over said increments of distance
      thereon, the characteristics of a particular hole to be played actually or
      vicariously by the golfer by disposing means on said sheet member at said
      readily discernible location to represent the golf green of said hole,
      disposing means on said sheet member at the appropriate distance from said
      readily discernible location to represent the golf tee area of said hole,
      disposing means on said sheet member between said tee area representation
      and said green representation to represent the locations of the landmarks
      and hazards of said hole that could be encountered by the golfer in
      playing said hole, determining from said laid out sheet member or a copy
      thereof the first strategic shot path that the golfer could follow with
      his particular golf playing abilities or vicarious abilities to reach a
      first desired strategic location in attempting to reach the green of said
      hole in a minimum number of strokes for those said abilities, and playing
      a first golf ball shot actually or vicariously in an attempt to reach said
      first strategic location, whereby on reaching the area of said first
      played golf ball shot, said increments of distance and the relationship of
      said landmarks and any noted hazards yet to be encountered enable said
      golfer to readily predetermine any additional strategic golf ball shot
      paths that could be followed actually or vicariously to reach successive
      strategic locations from which subsequent actual or vicarious shots could
      be taken to reach the green of the hole being played with a minimum member
      of strokes for the golfer's actual or vicarious ability.
NUM  2.
PAR  2. A method as set forth in claim 1 and including the step of recording on
      one of said laid out sheet member and said copy thereof the golf shots
      taken when playing that golf hole actually or vicariously.
NUM  3.
PAR  3. A method as set forth in claim 1 and including the step of covering one
      of said laid out sheet member and said copy thereof with a transparent
      sheet means.
NUM  4.
PAR  4. A method as set forth in claim 3 and including the step of recording on
      said covering transparent sheet means the golf shots taken when playing
      that golf hole actually or vicariously.
NUM  5.
PAR  5. A method as set forth in claim 3 wherein said step of covering comprises
      the step of placing said one of said laid out sheet member and said copy
      thereof in a transparent pocket-like member.
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ABST
PAL  An improved billiard ball is provided comprising a major portion and a
      minor portion together forming a solid, spherical body. The minor portion
      is preformed with inclined surfaces which define an interlock adapted to
      cooperate with associated surfaces of the major portion to form a
      mechanical bond between the major and minor portions after the major
      portion is formed about the minor portion. When the minor portion is
      molded in the shape of a bracelet, a slit may be provided therein to
      relieve stresses caused by shrinkage during cooling.
PARN
PAR  This is a continuation of application Ser. No. 412,965, filed Nov. 5, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to billiard balls and in particular to an
      improved method of making a molded billiard ball utilizing thermoset
      resins and the product thereof.
PAR  The game of billiards and its several variations have been played and
      enjoyed for hundreds of years. Prior to the Civil War, all billiard balls
      were made of ivory. About that time, the demand for ivory became much
      greater than the supply and the principal domestic importer and
      distributor of billiard balls offered a reward of $10,000 to anyone who
      developed a high quality ball made out of anything other than ivory. As a
      result, the plastic composition billiard ball was developed.
PAR  Over the years many improvements were made in the art of manufacturing
      billiard balls. The major improvement came shortly after World War II with
      the introduction of the cast resin billiard ball. The casting method
      produces an extremely high quality ball, but entails a rather expensive
      manufacturing process. There was also developed an injection molding
      method of forming billiard balls utilizing expanded thermoplastic
      injection molding techniques. The injection molding method entails a
      shorter manufacturing process than the cast resin process but does not
      produce a ball of the caliber of a cast ball because of internal voids and
      the lack of other quality characteristics caused by the use of
      thermoplastic resins in this process. The internal voids in an injection
      molded thermoplastic ball unbalances the ball as a result of which it will
      not interact with other balls in a precisely predictable fashion and will
      not roll straight or true even on a good quality table. For this reason,
      all quality billiard balls have been formed by the expensive cast resin
      technique heretofore.
PAR  The familiar billiard ball set consists of 16 balls; one all white (the cue
      ball), eight of various solid colors with a pair of opposed white inserts
      bearing numbers (the 1-8 balls), and seven white balls with stripes of
      varying colors bearing numbers on the stripes (the 9-15 balls).
PAR  It is the principal object of the present invention to provide an improved
      numbered billiard ball having the high quality of conventional cast resin
      balls and some of the cost savings of injection molded balls.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other beneficial objects and advantages are attained in
      accordance with the present invention by providing a billiard ball
      comprising a major portion and a minor portion which together form a
      solid, spherical body. The minor portion comprises an insert of the same
      formulation as the major portion and includes surfaces thereon defining a
      mechanical interlock adapted to cooperate with associated surfaces of the
      major portion in forming a secure mechanical bond between the major and
      minor portions after the major portion of the ball is molded about the
      insert. The interlock includes two surfaces on opposite sides of a
      diameter which are inclined toward each other. The major portion when
      formed shrinks into tight engagement with these inclined surfaces to form
      a tight mechanical bond.
PAR  The present invention also contemplates a method of manufacturing a
      billiard ball of the type described above which includes the step of
      forming the minor portion of a cured plastic resin so as to include
      therein a pair of opposed interlocks. The minor portion is then placed in
      a spherical mold cavity and additional plastic resin of the same
      formulation but of a different color is added to the mold whereafter the
      mold is subjected to heat and pressure. The ball is then removed from the
      mold and permitted to cool causing the additional plastic resin, which
      comprises the major portion of the finished ball, to shrink against the
      minor portion thereby forming a tight mechanical bond with the minor
      portion interlock.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is disclosed in the accompanying drawings wherein:
PAR  FIG. 1 is a block diagram depicting the manner of manufacturing the
      improved billiard balls of the present invention;
PAR  FIG. 2 is a perspective view of the minor portion insert for a "solid"
      billiard ball in accordance with the present invention;
PAR  FIG. 3 is a perspective view of a "solid" billiard ball in accordance with
      the present invention depicting, in phantom, the minor portion insert in
      position;
PAR  FIG. 4 is a sectional view along reference lines 4--4 of FIG. 3 in the
      direction indicated by the arrows;
PAR  FIG. 5 is a perspective view of a minor portion insert for a "striped"
      billiard ball in accordance with the present invention;
PAR  FIG. 6 is a perspective view of a "striped" billiard ball in accordance
      with the present invention;
PAR  FIG. 7 is a sectional view taken along reference lines 7--7 of FIG. 6 in
      the direction indicated by the arrows; and
PAR  FIG. 8 is a sectional view taken along reference lines 8--8 of FIG. 6 in
      the direction indicated by the arrows.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is illustrated in the accompanying drawings wherein
      similar components bear the same reference numeral throughout the several
      views. As stated, there are two types of numbered billiard balls, the 1-8
      balls which are solid with two white circles centered approximately
      180.degree. apart from each other and the 9-15 balls which are white and
      carry a colored stripe or band that encircles the circumference of the
      ball. An identifying number is positioned in the white circles of the 1-8
      balls and similarly there are two white circles centered approximately
      180.degree. apart from each other on the colored stripe of the 9-15 balls
      with an identifying number lying within each of these circles. The 1-8
      balls which hereinafter will be referred to as being a "solid" ball, are
      depicted in FIGS. 2 through 4. The 9-15 balls which hereinafter will be
      referred to as being a "stripe" ball are illustrated in FIGS. 5 through 8.
PAR  Referring first to FIGS. 2 through 4, there is shown a solid ball 10 in the
      form of a solid, spherical body comprising a major portion 12 and minor
      portion 14. Both the major and minor portions are formed of the same
      thermosetting plastic resin material although colored differently. In this
      connection, the minor portion is usually white and the major portion, a
      color.
PAR  Referring to FIG. 2, it can be seen that the minor portion 14 comprises an
      elongated shaft or rod 16 having enlarged cap portions 18 at either end. A
      tapering surface 20 extends between the ends of shaft 16 and caps 18.
      Referring briefly to FIG. 4, it can be seen that the minor portion 14
      extends along a diameter of the ball with the tapered surfaces 20
      extending about the diameter so that portions of the tapering surface are
      on opposite sides of the diameter.
PAR  The tapering surface 20 of the minor portion defines an interlock which
      cooperates with the associated surfaces of the major portion to form a
      mechanical bond between the major and minor portions. That is, the major
      and minor portions are securely held to one another along the entire
      length of the interlock by the physical inability of the major and minor
      portions to move with respect to one another due to the interference of
      the interlock. It should also be noted that the insert 14 extends through
      the major portion 12 so that the cap portions 18 both extend to and form a
      portion of the surface of the final, solid, spherical billiard ball. These
      cap portions form the white circles on which a numeral between 1 and 8 can
      be positioned in a manner which will be described in more detail
      forthwith.
PAR  A "stripe" ball 22 in accordance with the present invention is depicted in
      FIG. 6. As with the solid ball, the stripe ball comprises a major portion
      24 and minor portion 26 which forms an insert for the major portion to
      complete the spherical body of the final billiard ball. The minor portion
      26 is depicted in FIG. 5 and, as shown, comprises a bracelet-shaped member
      having an outer surface 28, an inner surface 30 and a pair of opposed side
      walls 32 extending between the inner and outer surfaces. The bracelet is
      formed of a cured thermosetting plastic resin of the same formulation as
      the major portion except that the major portion is now white and the
      bracelet, a color. A pair of holes 34 extend completely through the
      bracelet approximately 180.degree. apart from each other. In addition, a
      central opening 36 extends through the bracelet from side wall to side
      wall. A slit 35 may be provided in the bracelet as shown to relieve
      stresses caused by shrinkage during cooling. The slit relieves any
      tendency of the material to crack during cooling. If cracks do occur they
      will be in the area of the slit and will be covered by the major portion
      so as not to be visible.
PAR  Referring to FIG. 8, it can be seen that a pair of recesses 36 extend
      toward each other from the side walls 32 intermediate the inner and outer
      surfaces. In addition, an inclined surface 40 extends between the inner
      surface 30 and the base of each recess 36 in a dove-tail manner in
      section, as shown. The inclined surfaces 40 extend about a diameter
      through the billiard ball and forms an angle of 60.degree. with the
      diameter. Thus, portions of the inclined surface are opposite each other.
      As with the solid ball, the inclined section 40 of the stripe ball defines
      a mechanical interlock which cooperates with associated surfaces of the
      major portion to form a firm mechanical bond between the major and minor
      portions which prevents any relative movement between the two.
PAR  It should also be noted that holes 34 extending through the bracelet
      terminate in a tapered section 42 which extends to the outer surface. The
      tapered section 42 is inclined at an angle of approximately 45.degree. to
      the central diameter extending between the opposed holes. The tapered
      portions 42 form an additional mechanical interlock which cooperates with
      associated surfaces of the major portion to mechanically bond the major
      and minor portions to one another.
PAR  The method of forming the improved billiard balls of the present invention
      is set out in FIG. 1. Accordingly, as a first step, the minor portion
      (insert 14 or bracelet 26) is formed of a cured thermosetting plastic
      resin as shown in block 44. The minor portion may be machined or molded
      although the latter procedure is the most desirable because of the short
      time required and hence the economics involved. Immediately after molding
      the minor portion and while it is still plastic it is placed in the cavity
      of a spherical mold and the mold is closed as represented by block 46. Hot
      plastic resin of the same formulation as the minor portion is then
      introduced into the mold and dispersed by means of heat and pressure to
      flow around the insert and completely fill the mold cavity as shown in
      block 48. The mold is then left closed under heat and pressure for a
      predetermined period of time to enable the raw resin to cure and thereby
      shrink around the insert to form a ball. This step is represented by block
      50. Pouring the major portion while the minor portion is still hot and
      plastic helps relieve stresses and thus the danger of cracks while the
      ball cools.
PAR  The next step of the process is represented by block 52. In this step the
      mold is opened after the curing cycle is completed and the ball is removed
      from the mold and set aside to cool. During the cooling process further
      shrinkage of the material occurs whereby the mechanical bond between the
      major and minor portion is formed. The final step in the formation of the
      billiard ball is illustrated in block 54. In connection hereto each ball
      has numerical indentations on opposite sides of the ball which have been
      molded into the major portion of the striped balls and the minor portion
      of the solid balls in step 50 and  step 44 respectively. In step 54 the
      indentations on one side of the balls are filled with a black resin and
      then partially cured to prevent running while the opposite indentations
      are filled. Thereafter the numbers on both sides are completely cured. In
      the next operation, the balls are rough-ground to remove excess material
      and then ground on a centerless fine grinder to produce the final
      spherical shape and size. As a final process, the balls are buffed and
      then packed and shipped.
PAR  Thus, in accordance with the above, the aforementioned objects are
      effectively attained.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A billiard ball comprising: a major portion formed of a thermosetting
      plastic and a minor portion of thermosetting plastic together forming a
      solid spherical body; said minor portion comprising a bracelet having
      surfaces thereon defining a mechanical interlock adapted to cooperate with
      associated surfaces of said major portion in forming a mechanical bond
      between said major and minor portions, said bracelet having an outer
      surface, a substantially flat inner surface, a pair of opposed circular
      openings extending through the bracelet perpendicular to the bracelet
      axis, each of said openings extending on opposite sides of a diameter of
      said ball from said inner surface toward said outer surface to a first
      position and then flaring out at a taper from said first position to said
      outer surface, a pair of sides connecting said inner and outer surfaces, a
      pair of recesses intermediate said inner and outer surfaces formed by a
      pair of diametrically opposed surfaces extending toward each other from
      said sides, and said interlock comprises two surfaces extending between
      said opposed surfaces and said flat surface inclined toward each other and
      converging away from the center of the ball.
NUM  2.
PAR  2. The billiard ball in accordance with claim 1 wherein said minor portion
      insert is formulated of the same thermosetting plastic as said major
      portion.
NUM  3.
PAR  3. The billiard ball in accordance with claim 1 wherein said major and
      minor portions are of different colors.
NUM  4.
PAR  4. The billiard ball in accordance with claim 1 wherein the taper from said
      first position to said outer surface is at 45.degree..
NUM  5.
PAR  5. A billiard ball comprising: a major portion formed of a thermosetting
      plastic and a minor portion of thermosetting plastic together forming a
      solid spherical body; said minor portion comprising a bracelet having
      surfaces thereon defining a mechanical interlock adapted to cooperate with
      associated surfaces of said major portion in forming a mechanical bond
      between said major and minor portions, said bracelet having an outer
      surface, a substantially flat inner surface, a pair of opposed circular
      openings extending through the bracelet perpendicular to the bracelet
      axis, each of said openings extending on opposite sides of a diameter of
      said ball from said inner surface toward said outer surface and flaring
      out at a taper to said outer surface, a pair of sides connecting said
      inner and outer surfaces, a pair of recesses intermediate said inner and
      outer surfaces formed by a pair of diametrically opposed surfaces
      extending toward each other from said sides, and said interlock comprises
      two surfaces extending between said opposed surfaces and said flat surface
      inclined toward each other and converging away from the center of the
      ball.
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ABST
PAL  A nunchaku having two spaced apart rod-like elements or handle members,
      each element being formed of a plastic insert molded in a body portion
      which forms the balance of the element. The plastic insert, which is
      formed on nylon 6/6, has two spaced apart generally parallel apertures
      extending from one exterior sidewall of the element to the other exterior
      sidewall, the insert being disposed in one end of the element. The balance
      of the element is formed of high density polypropylene which is molded
      about the insert, the body portion having better impact resistance than
      the insert, and the insert, which receives a cord to secure one element of
      the nunchaku to another element of the nunchaku, having better wear
      resistance and greater strength than the high density polypropylene. Each
      element of the nunchaku is made by holding the plastic insert between
      intersecting surfaces in the mold cavities of each of two mold halves when
      the mold halves are brought together into their closed operative position,
      and by injection molding high density polypropylene, which has a lower
      melt temperature than the insert, about end surfaces and selected
      sidewalls of the insert.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application relates to a nunchaku of the type shown in U.S. Design
      Patent application Ser. No. 533,546 filed Dec. 17, 1974 and entitled
      DESIGN FOR A NUNCHAKU. A related application is U.S. Patent application
      Ser. No. 533,515 filed Dec. 17, 1974 and entitled METHOD OF MAKING A
      MOLDED ASSEMBLY AND A NUNCHAKU MADE IN ACCORDANCE WITH SAID METHOD.
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to an improved construction of an
      element or handle member of a nunchaku, and to a manner of making the
      improved element.
PAC  BACKGROUND OF THE INVENTION
PAR  A nunchaku is an ancient martial arts weapon originally developed in
      Okinawa. Nunchakus are used today by many practitioners of martial arts
      such as karate. The nunchakus which are used today are generally made of
      two rod-like elements or handle member which are interconnected by either
      a cord or by a chain. Each of the elements is conventionally made of a
      hard wood such as rock maple and usually has an overall length of 12 or 14
      inches (30.5 or 35.5 millimeters) and has a diameter of from 1 to 1 and
      1/4 inches (2.54 to 3.2 mm.). It has recently been proposed to make the
      elements of nunchakus of materials other than wood, and the aforementioned
      Design Patent application Ser. No. 533,546 shows a cord-type nunchaku in
      which the elements are made entirely of high density polypropylene.
      Application Ser. No. 533,515 shows a chain type nunchaku also formed
      principally of high density polypropylene.
PAR  It has been found when making the plastic elements of the type shown in the
      Design Patent application Ser. No. 533,546 that a number of matching
      operations must be performed on each of the elements. Thus, with the
      design shown in the aforementioned Design Patent application it is
      necessary to drill or otherwise form two parallel spaced apart apertures
      which extend in a direction transverse to the principal axis of the body
      of the element, to form grooves in the elements of the nunchaku, each
      groove extending between associated ends of the pair of spaced apart
      apertures, the grooves being for the purpose of receiving portions of the
      cord which interconnects one element of the nunchaku to another, and also
      to further drill a longitudinally extending aperture from one end of the
      element, the longitudinally extending aperture being adapted to intersect
      an intermediate portion of the closest aperture of the pair of spaced
      apart apertures, the purpose of the longitudinally extending aperture also
      being to receive portions of the cord which is used to interconnect the
      two elements of a nunchaku.
PAR  The foregoing method has several disadvantages. One disadvantage is
      obviously the required machining of the molded elements. Furthermore, it
      has been found when molding the elongated rod-like elements that
      occasionally voids will be found within the molded element. If such a void
      exists in the area between the pair of spaced apart holes and the grooves,
      the remaining material, if any, will not have sufficient strength for the
      desired application, and therefore that particular element will have to be
      scrapped. Further, it has been found that high density polypropylene,
      which is the desired material because of its non brittle character and its
      good solvent resistance, along with its relatively low cost, does not have
      the desired strength. Thus, that area which lies between the grooves and
      the pair of spaced apart apertures is occasionally subjected to very high
      forces during the use of the nunchaku and it is desirable that this area
      be formed of a material having high strength characteristics. Furthermore,
      it is also desirable that the surface area which surrounds the
      longitudinally extending aperture have high wear characteristics so that
      this surface will not become unduly worn during the operation of the
      nunchaku.
PAC  OBJECTS AND SUMMARY OF THIS INVENTION
PAR  It is a principal object of the present invention to provide an improved
      element of a nunchaku which has a principal body portion with good impact
      resistance and good resistance to solvents, a longitudinally extending
      cord receiving aperture surrounded by material having good wearing
      characteristics, and that portion which is disposed between a pair of
      spaced apart apertures and a pair of spaced apart grooves having high
      strength characteristics.
PAR  It is a further object of the present invention to provide a method of
      making an improved element of a nunchaku wherein machining operations are
      substantially reduced and improved structural characteristics are
      achieved.
PAR  The foregoing objects are accomplished by providing a plastic insert made
      of nylon 6/6, the insert being provided with a pair of spaced apart
      transversely extending apertures and grooves extending between the ends of
      the apertures, by positioning the insert in mold cavities of two mold
      halves, and then by injection molding high density polypropylene into the
      mold cavity to substantially encapsulate said plastic insert.
PAR  The foregoing objects and other objects and advantages of this invention
      will be apparent to those skilled in the art after a consideration of the
      following detailed description taken in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a nunchaku made in accordance with the principals
      of the present invention.
PAR  FIG. 2 is an enlarged sectional view taken generally along the line 2 -- 2
      in FIG. 1.
PAR  FIG. 3 is a sectional view taken generally along the line 3 -- 3 in FIG. 2.
PAR  FIGS. 4, 5, and 6 are respectively side, end, and top views of the plastic
      insert which is incorporated into an element of a nunchaku.
PAR  FIG. 7 is a view of a portion of a mold half having a cavity which has
      received the plastic insert shown in FIGS. 4 through 6.
PAR  FIG. 8 is a sectional view taken generally along the line 8 -- 8 in FIG. 7,
      another mold half being shown in phantom lines.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, a nunchaku is indicated generally at 10, the
      nunchaku including two spaced apart rod-like or generally cylindrical
      handle member or elements 12, the elements being interconnected by a cord
      14. The cord is threaded through a pair of generally parallel spaced apart
      apertures 16, 18 in one end of each of the elements of a nunchaku, the
      cord also passing through a longitudinally extending aperture 20 which
      extends from one end 22 of the elements to the adjacent aperture 16 of the
      pair of parallel spaced apart apertures. The end portion of the nunchaku
      adjacent said one end 22 is also provided with a pair of recessed areas or
      grooves 24 which extend from one end of one of the pair of generally
      parallel spaced apart apertures 16, 18 to the adjacent end of the other
      aperture, and portions of the cord are adapted to lay within these grooves
      so that the cord does not project materially above the surface of the
      element of the nunchaku. The structure thus far described is generally
      conventional and is found in nunchakus where the elements are made of wood
      or entirely of one form of synthetic material. As has been brought out
      above, in these prior art construction after the element has been formed
      to its exterior shape the apertures are subsequently drilled within the
      element and the grooves are also formed by machining the surface of the
      element. This manner of making an element of a nunchaku requires
      additional machining operations and may also result in a nunchaku having
      less than the desired optimum properties. The present invention, described
      below, substantially eliminates these disadvantages.
PAR  In accordance with the principles of this invention each handle member or
      element of a nunchaku is formed of two parts, one being a plastic insert
      and the other being a body portion which forms the balance of the
      structure of the nunchaku, the body portion being molded about the plastic
      insert. By employing differing forms of materials the elements of the
      nunchaku can be constructed of materials having more suitable
      characteristics for each of its component parts than if only a single
      material were employed. Thus, in the practice of this invention the
      plastic insert is made of a relatively hard plastic having good wearing
      characteristics so that the cord which passes through the longitudinally
      extending aperture 20 will not unduly wear the surface about the aperture.
      Furthermore, it is essential that the portion 26 of the plastic insert
      which lies between the apertures 16 and 18 and the grooves 24 be,
      relatively speaking, quite strong so that this portion 26 does not distort
      or break during the use of the nunchaku. In this connection it should be
      observed that very high forces may be exerted upon the portion 26 by the
      cord 14 pulling in a direction from the portion 26 towards the end 22 of
      the element. The balance of the structure of each of the elements of the
      nunchaku should be capable of withstanding very high impacts without
      shattering. In addition, the balance of the structure should have good
      solvent resistance so that the surface of the remainder of the body
      portion does not become corroded from body oils or the like.
PAR  It has been found that such a nunchaku can be constructed by utilizing
      nylon 6/6 in the plastic insert and high density polypropylene for the
      remainder of the body portion of each of the elements. Thus, high density
      polypropylene, which has a lower melt temperature than nylon 6/6, can be
      injection molded about a nylon insert.
PAR  In a preferred embodiment which is shown in the accompanying drawings, the
      plastic insert, which is generally indicated at 27, is provided with first
      and second opposed end surfaces 28, 30, respectively, opposed exterior
      sidewalls 32, 34, and opposed interior sidewalls 36, 38. The exposed
      exterior sidewalls 32, 34 extend between the first and second end surfaces
      28, 30 and are called exterior sidewalls as these sidewalls are exposed
      when the principal body portion of the structure of the element has been
      molded about the plastic insert. The opposed interior sidewalls extend
      between the exterior sidewalls 32, 34 and the first and second end
      surfaces 28, 30 and are called interior sidewalls as these surfaces are
      disposed within the interior structure of the element of the nunchaku when
      the principal body portion has been molded about the plastic insert 27.
      Each of the exterior sidewalls 32, 34 is formed principally of two
      intersecting surfaces 32a, 32b or 34a, 34b as can best be seen from FIG.
      5. The plastic insert 27 is also provided with a generally cylindrical
      extension which extends away from the first end surface 28, the generally
      cylindrical extension 40 being generally concentric with the axis of the
      element 12. The extension 40 may be tubular as shown in the various
      Figures, or alternatively it may be solid. If it is solid it must
      subsequently be drilled to provide it with the longitudinally extending
      aperture 20. The plastic insert is provided with parallel apertures 16, 18
      which extend from one of the opposed exterior sidewalls 32 to the other
      opposed exterior sidewall 34. In addition the plastic insert 27 is
      provided with a pair of opposed grooves 24 each of which extends from one
      end of one of the parallel apertures 16, 18 to the associated end of the
      other of the parallel apertures 16, 18.
PAR  The plastic insert 27 is formed by injection molding in a suitable mold so
      that parallel apertures 16, 18 and grooves 24 are molded within the
      insert. The mold may also be so designed so that the longitudinally
      extending aperture 22 is also simultaneously molded within the plastic
      insert, however, the mold for the plastic insert may be so designed so
      that the longitudinally extending aperture 20 is formed by a subsequent
      machining operation.
PAR  In accordance with the principles of this invention the nylon insert 27 is
      imbedded within one end of a principal body portion, indicated generally
      at 42, which is molded about the plastic insert.
PAR  The manner of making the element of the nunchaku will now be described.
      However, it should first be observed that the element is preferable
      octagonal in cross-section. When molding the element of the nunchaku two
      mold halves will be employed, one of the mold halves being shown in
      section in FIG. 8, and the other mold half 46 being shown in phantom lines
      in FIG. 8. Each of the mold halves is provided with a mold cavity 48. The
      mold cavities are so designed that when the two mold halves 44, 46 are in
      their mating, closed, operative position, somewhat schematically
      illustrated in FIG. 8, the mold cavities will define the shape of the
      structure of the element 12. Each of the mold cavities is defined by four
      of the eight sides which define the octagonal surface of the element 12.
      Thus, each mold cavity is provided with surfaces 50, 52, 54, and 56. The
      sidewall surfaces 32a, 32b and 34a, 34b of the insert 27 correspond in
      part to the surfaces 52, 54. The insert 27 is placed within one of the
      mold halves with either the surfaces 32a, 32b or the surfaces 34a, 34b in
      contact with the surfaces 52, 54, the intersecting surfaces 52, 54
      cooperating with the surfaces of the exterior sidewall of the insert 27 to
      position the insert. The end of the cylindrical extension 40 remote from
      the first end surface 28 may either abut against a vertical wall 58 of the
      mold, or be disposed within a semi-cylindrical cutout portion (no number)
      in the manner shown in FIG. 7. The initial positioning of the insert is
      done when the mold halves are in their open inoperative position. The mold
      halves are then moved from their open position to their closed position
      schematically illustrated in FIG. 8. When the mold halves are in their
      closed position the plastic insert 27 will be firmly clamped in its
      desired position by the intersecting surfaces 52, 54 of each of the mold
      cavities. High density polypropylene is then injection molded into the
      mold cavity 48 to form the principal body portion, the polypropylene
      flowing about the interior sidewalls 36, 38 of the plastic insert, about
      the first and second end surfaces 28, 30, and also about the surface of
      the generally cylindrical extension 40 (with the exception of the end 60
      which is remote from the first end surface 28). In this manner the plastic
      insert is imbedded within the principal body portion with the exception of
      the oppesed exterior sidewalls 32, 34 and the end 60 of the cylindrical
      extension 40.
PAR  If the generally cylindrical extension 40 was initially provided with the
      longitudinally extending aperture 20, the element of the nunchaku is now
      complete. However, if the cylindrical extension were not provided with the
      aperture 20, it is necessary to drill out this aperture to complete the
      element. The elements are then threaded together by the cord 14 in a
      conventional manner to complete the nunchaku.
PAR  While a preferred mode of forming a molded element of a nunchaku is set
      forth above in addition to a disclosure of the element made in accordance
      with the preferred mode of the invention, it is to be understood that
      various other alternative modes could be employed in the practice of this
      invention and that the invention is not to be limited to the particular
      details, shown and described above, but that, in fact, widely differing
      means may be employed in the practice of the broader aspects of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A handle member a nunchaku, said handle member comprising:
PA1  an insert having first and second end surfaces, opposed exterior sidewalls
      extending between said opposed end surfaces, opposed interior sidewalls
      extending between said opposed end surfaces and said opposed exterior
      sidewalls, and a tubular portion which extends away from said first end
      surface, said insert further being provided with a pair of generally
      parallel spaced apart apertures extending through said insert from one of
      the exterior sidewalls to the other exterior sidewall; and
PA1  an elongated generally cylindrical principal body portion molded about said
      insert and extending away from the second end surface of said insert, said
      principal body portion being formed of a plastic having a lower melt
      temperature than said insert, the parts being so arranged and constructed
      that the exterior sidewalls of said insert and the end of the tubular
      portion remote from the first end surface of the insert are exposed.
NUM  2.
PAR  2. The handle member set forth in claim 1 wherein said principal body
      portion is formed of a plastic having better impact resistance than said
      plastic insert.
NUM  3.
PAR  3. The handle member set forth in claim 1 wherein said plastic insert has
      better wear characteristic than said principal body portion.
NUM  4.
PAR  4. The handle member set forth in claim 1 wherein said plastic insert is
      provided with a groove in each of its exterior sidewalls extending between
      associated ends of the pair of spaced apart apertures.
NUM  5.
PAR  5. The handle member set forth in claim 4 wherein said plastic insert is
      formed of nylon 6/6 and said principal body portion is formed of high
      density polypropylene.
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PAL  A basketball game using magnetically attracted members which are moved by a
      magnetic actuator disposed on one or both surfaces of the gameboard under
      the control of one or more players in which the members are moved. The
      members are moved to hit a resilient ball against a projection, which also
      may be resilient, so that the ball can be lofted toward a raised basket.
      Access to certain areas in front of the basket is restricted by an arcuate
      guard on one of the top or bottom surfaces.
BSUM
PAR  This invention relates to amusement games and games of skill and more
      particularly to games which are played by one or more players in a
      competitive fashion. In accordance with the invention, a variety of games
      are disclosed in which the player or players moves an actuator disposed on
      the upper and/or lower surface of the gameboard. The gameboard has therein
      one or more members or objects which are to be moved. The actuator and the
      member each have a piece of material which is mutually magnetically
      attractive so that when an actuator is disposed adjacent a member the two
      pieces of material will attract each other and the member will be moved as
      the player moves the actuator.
PAR  In accordance with the invention, various types of games are disclosed
      including a boxing game with a simulated ring, a fencing game, a football
      game, a racing game and a basket-ball game. In the case of the basketball
      game, a simulated basketball court is provided having baskets at each end.
      One player manipulates his team member to hit a ball to make it, in turn,
      hit a projection to cause the ball to jump into the air towards the
      basket. The opposing player moves his men to try to block shots and
      perform other defensive maneuvers.
PAR  It is therefore an object of the present invention to provide various types
      of games having one or more members located within a gameboard which are
      moved by the control of an actuator disposed on the gameboard, the member
      and the actuator each having mutually magnetically attractive material
      thereon.
PAR  A further object is to provide a variety of games having members which are
      moved by a player manipulating an actuator, including boxing, basketball
      and football and racing.
PAR  Yet a further object is to provide a basketball game having team members
      which are moved by a player controlling an actuator to cause a ball to hit
      a projection to make the ball rise in the air toward a basket.
DRWD
PAR  Other objects and advantages of the present invention will become more
      apparent upon reference to the following specification and annexed
      drawings, in which:
PAR  FIG. 1 is a cross-sectional view of one embodiment of my invention showing
      a boxing game;
PAR  FIG. 2 is a top view of another embodiment of the invention used for
      playing football;
PAR  FIG. 3 is a cross-sectional view of the embodiment of FIG. 2 taken along
      lines 3--3 of FIG. 2;
PAR  FIG. 4 is a top view of another embodiment of the invention for racing
      cars;
PAR  FIG. 5 is a cross-sectional view taken along lines 5--5 of FIG. 4;
PAR  FIG. 6 is a top view of a further embodiment of the invention showing a
      basketball game; and
PAR  FIG. 7 is a cross-sectional view taken along lines 7--7 of FIG. 6;
DETD
PAR  Referring to FIG. 1, the first of my games utilized to simulate a boxing
      match includes upper and lower flat plate members 10 and 12 which are
      supported in spaced relationship by vertical pieces 15 serving as legs for
      the gameboard. One or more of the sides between the plates are preferably
      left open. At the least the top plate 10 is of transparent material, such
      as glass or plastic, whose upper surface is smooth. The outer surface of
      lower plate 12 is also smooth and plate 12 can also be made of transparent
      material, although this is not absolutely necessary. Plates 10 and 12 are
      of a non-magnetic material. The gameboard is supported on lower plate 12
      by legs 15 mounted adjacent the edge of the bottom plate. The central area
      of the bottom of the gameboard is left clear.
PAR  Located within the interior of the gameboard is a simulated boxing ring
      formed by the plurality of upstanding posts 18. The posts 18 extend only
      part way between the upper and lower plates 10 and 12 and other members
      used to support the two plates. The posts 18 are arranged to provide a
      square boxing area in the shape of a boxing ring. Tied to, or suspended
      from the posts 18 are a plurality of "ropes" 19 corresponding to the ropes
      employed in the boxing ring. It is preferred that an elastic material,
      such as rubber or plastic, be utilized for the ropes 19 to give additional
      action to the game.
PAR  Located within the boxing ring area are a pair of boxers 20 and 22 which
      are made of plastic, rubber, or any other suitable material to have the
      general shape of humans. The boxers 20 and 22 are shown in the classic
      boxing pose with extended arms. The height of each of the boxers is less
      than the spacing between the two plates so that each boxer can fall over
      and, also, to reduce sliding friction.
PAR  An actuator 26 is shown disposed, one on the upper plate 10 and the other
      on the lower plate 12. Each of the actuators includes an elongated stick
      27 to be held and manipulated by a player of the game. If desired, the
      actuators can be simple, peg-like members. Boxer 20 has mounted on top of
      its head a piece of material 28 which is mutually attracted by lines of
      magnetic force to another piece of material 30 mounted on the end of the
      actuator. For example, the piece 28 can be of magnetic material, that is a
      permanent magnet, and piece 30 of ferromagnetic steel, or a magnet of
      opposite polarity to that of the actuator. A piece 28 is located adjacent
      the feet of boxer 22. As should be apparent, the two members 28 and 30 are
      mutually magnetically attracted so that when an actuator 26 is moved by
      the player the boxer will move along with it. Since one player uses the
      top surface and the other the bottom, the moves of each are obscured from
      each other and they will not interfere.
PAR  The game is played by having two players, or one player, manipulate the two
      actuators 26 and thereby move the boxers. These are moved in such a way so
      that the boxers fight with each other and/or perform defensive manuevers.
      A boxer can be turned by turning its actuator to hit with either the right
      or the left hand or to duck the puchhes of the other boxer. The movement
      of the boxer is limited by the ropes 19 thereby effectively simulating an
      actual boxing match. A knockdown occurs when one player manipulates his
      boxer to hit the other in such a way as to separate the two magnetic
      pieces 28, 30 and cause the first mentioned boxer to fall over. The player
      whose boxer was knocked down can reach through the ropes and stand him
      upright again.
PAR  An arrangement similar to that of FIG. 1 can be used for fencing. Here, the
      ropes 19 can be dispensed with. The boxers would now be in the shape of
      fencers and carry a pointed member corresponding to a sword. A "touch"
      would occur when one fencer's sword engaged the other fencer or knocked
      him down. The player whose fencer was knocked down can reach in through an
      open side to stand him up again.
PAR  FIGS. 2 and 3 show another embodiment of the invention utilized for playing
      football. Here, the gameboard includes upper and lower plates 40 and 42,
      at least the upper plate of which is transparent. These plates are also
      suspended around the periphery by side members 14 and end members 16.
PAR  The lower plate 42, which also can be transparent has painted or stenciled
      thereon the various yard markings and sidelines 46 and the end zone areas
      47 corresponding to a football field. Goal posts 48 are located in the end
      zone areas and are fastened either to the top plate 40, the bottom plate
      42 or suspended between both plates. The gameboard also has mounting legs
      (not shown) at its edges to leave a clear central area beneath the playing
      zone.
PAR  A plurality of tem members 50, hereafter called teams A and B, are located
      in the space between the two plates 40 and 42. Each of the members 50 is
      of generally circular shape and can have, for example, the face of a
      football player painted thereon or uniforms painted thereon. If desired,
      the upper portion of each member 50 can be shaped to have features of a
      football team member. The members 50 can be of any suitable material, for
      example, plastic or wood.
PAR  As in the case of the embodiment of FIG. 1, actuators 26 are provided for
      each of the upper and lower plates. In this case, there are a pair of
      actuators for each of the upper and lower plates. Each of the members 50
      of team A has a mutually magnetically attractive piece 28 at its upper end
      and each of the players 50 of team B has a similar piece 28 at its lower
      end.
PAR  A "football" 52 of non-magnetic material is provided. The football has a
      base or pedestal 52a and the ball itself is attached to a stem 52b.
      Pedestal 52a has a flat bottom so it can glide over the inner surface of
      the bottom plate.
PAR  The game players manipulate the actuators 26 to achieve action simulating a
      football game. As shown, for example, in FIG. 2, the members 50 of team A
      are aligned in kick-off formation and those of team B in kick-off return
      formation. The game starts by having a member of team A manipulate his
      actuator 26 to "kick" the football 52 by moving one of the A members 50
      towards it and hitting it. The ball 52 is "received" by a B team member
      who will run it back toward team A's goal 48 by moving the actuator
      adjacent the B member to carry the ball along with it. The B member having
      the ball is tackled when he is hit by an A member as the actuator for the
      A member is manipulated and/or the football 52 is hit and toppled over by
      an A team member.
PAR  For ensuing plays, the members of the team are lined up in the appropriate
      offensive and defensive formations. A run is simulated by having a member
      carry the ball along with it as the member is moved. A pass is simulated
      by moving a member to hit the ball to have it travel a distance toward
      another offensive team member, a back or an end, who has previously been
      moved into position. This can be accomplished by having the game player on
      offense manipulating the two actuators. A pass is completed if the ball
      "thrown" by one member hits the other member of the same team. The
      defensive game player can manipulate his two actuators to have two of this
      team members attempt to stop the run, block the pass, tackle another
      member, etc. The B member having the ball is tackled when he is hit by an
      A member as the actuator for the A member is manipulated and/or the ball
      52 is toppled over.
PAR  If the footballl game is played by toppling the ball over, then either one
      or more of the sides of the gameboard can be left open, so the ball can be
      righted, or the top plate can be hinged to one of the side supports.
PAR  FIGS. 4 and 5 show still a further embodiment of the invention which is
      used for racing pieces which can simulate cars, boats, dogs, horses, or
      humans. In this case, cars are illustratively shown and upper and lower
      plates 60 and 62 have located therebetween a plurality of obstacles of
      different shapes. A plurality of tracks, illustratively shown as four
      tracks in two pairs 63 and 64 are used. Each track is as wide as a
      respective car 65 or 66 painted or stencilled on the bottom plate 62.
PAR  Each player of the game has a pair of actuators. One player uses two
      actuators on the top plate and the other uses two on the bottom plate.
      Each of the cars 65 and 66 has a mutually magnetically attractive piece 28
      on either the top or bottom thereof. Each player controls two cars by
      moving his trip actuators on one of the plates.
PAR  The players play the game by each trying to maneuver his cars in the
      respective pair of tracks 63 or 64 from start to finish. Each player can
      manipulate his car to try to bump the other car into an obstacle 61.
PAR  FIGS. 6 and 7 show still a further embodiment of the invention which is
      used for playing basketball. Here, the upper and lower plates 80 and 82
      are supported by side pieces 83 and end pieces 84. There are also legs for
      mounting the gameboard to leave the central area totally open. A basket 87
      is mounted on a backboard 88 which is in turn attached to the upper plate.
      if desired, the backboards could be attached to the lower plate. The
      backboard is spaced out from the wall 84 by a width at least as great as
      one player. The lines and areas simulating a basketball court are painted
      or stencilled on the bottom plate.
PAR  Located in front of each of the baskets 87 and spaced therefrom on the
      lower plate 82 is a semi-circular raised obstruction 89 having a concave
      central section 90 which tapers inwardly from a raised front edge 91 to be
      flush with the surface of the bottom board. The ends 93 of each
      obstruction 89 is spaced from the respective end piece 84 by a distance at
      least as great as the maximum width of a team member 100. A resilient
      member 95, for example a tubular rubber bumber 95, is placed around the
      front edge 91 of each section 89. A ridge 106 can be formed on the inner
      surface of the upper plate. Ridge 106 can have the same shape as
      obstruction 90 but be spaced therefrom more towards the center of the
      court. A similar ridge 107 is formed closer into the basket, above the
      concave area 90. Both ridges are designed to contact the top of the team
      members so that they cannot move in front of the basket.
PAR  A basketball 102 is used which is inserted into the playing area through an
      opening 103 in the side wall which is preferably closed by a removable
      plate (not shown). The basketball is of rubber or other suitable material
      with a lot of bounce. The material used in the so-called SUPER-BALL can be
      used.
PAR  As before, the members 100 of two teams are provided and are of generally
      cylindrical shape. These can be distinguished by different colors. The
      players 100 are of generally cylindrical shape having a height slightly
      less than that of the space between the upper and lower plates 80 and 82.
      The members of team A each have a magnetically attractive piece 28 at the
      top thereof and those of the team B have a piece 28 at the bottom. As
      before, actuators 26 are used with the respective magnetically attractive
      pieces 30. The game can be played with each player having one or two
      actuators. In the latter case, both actuators of a player are used on the
      same plate.
PAR  The game proceeds with the one player manipulating his respective actuators
      26 to move his team members to hit the ball 102 and cause it to go into
      the basket. The player on defense moves his team members to try to block
      this. The player on offense moves his team members to strike the ball 102
      with sufficient speed so that it will hit the bumper 95 and bounce
      upwardly into the basket 87. The ball can bounce off of the backboard 88.
      If the basket is missed, causing a rebound, the ball will fall into
      section 89 and move down the concave area 90 into the space between the
      end wall 84 and the section's rear edge 93. A member of either team can be
      moved into this space to clear out the ball or to bring the ball back into
      play from "out of bounds" when a basket has been made. The ball can be
      passed from one team member to the other.
PAR  The player on defense attempts to manipulate his team members to block
      passes between the members of the other team, to block shots. The team
      members can be positioned by the players to attempt to obtain the best
      offensive and defensive advantage.
PAR  In some cases, where the ball 102 is sufficiently resilient, the bumper 95
      can be dispensed with.
PAR  In the football game of FIGS. 2 and 3 and the basketball game of FIGS. 6
      and 7, the team members are shown as being of generally cylindrical shape,
      at least in the lower area thereof which is to strike the ball. This is
      desirable since an impact area of each team member is presented to the
      ball at all angular orientations of the members. This speeds up the action
      of the game since the game players do not have to turn the actuators.
PAR  In the case of the various games using team members, that is, the football
      game of FIGS. 2-3 and the basketball game of FIGS. 6-7, it should be
      understood that the team members can be of any suitable shape, e.g.
      cylindrical, triangular, square or paraboloid. Any other suitable
      irregular shape also can be used. The principal requirement is that a team
      member present an impact force to the object being struck, the ball or
      football, at any angular orientation of the team member with respect to
      the object.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A basketball game comprising
PA1  a game board formed of upper and lower plates, means for holding said
      plates in a spaced relationship to define a game area therebetween,
PA1  means in said game area defining a simulated basketball court, said means
      including a basket at each end of said court which is raised from the
      surface of the bottom plate,
PA1  a plurality of team members disposed within said game area,
PA1  actuator means disposed and movable over the outer surface of one of said
      plates, mutually magnetic attractive means on said actuator means and on
      said team members so that said team members are moved and carried along as
      the actuator means is moved,
PA1  a ball of resilient material,
PA1  a projection extending upwardly from said bottom plate in front of each
      basket for engagement by the ball as it is moved by being hit by a moving
      team member under the control of said actuator means, and resilient means
      adjacent said upwardly extending projection to further assist in
      projecting the ball upwardly toward the basket when it hits the
      projection.
NUM  2.
PAR  2. A basketball game as in claim 1 further comprising means on the inner
      surface of one of said plates to limit the freedom of travel of the team
      members in the area of the basket.
NUM  3.
PAR  3. A basketball game as in claim 1 wherein said upwardly extending
      projection is of a generally semi-circular shape in front of each basket.
NUM  4.
PAR  4. A basketball game as in claim 1 wherein said plurality of team members
      comprise a plurality of each first and second team members, said mutaully
      attractive magnetic means located adjacent the top of said first team
      members and the bottom of said second team members, and a respective
      actuator means disposed on the outer surface of each of said top and said
      bottom plates.
NUM  5.
PAR  5. A basketball game comprising
PA1  a game board formed of upper and lower plates, means for holding said
      plates in a spaced relationship to define a game area therebetween,
PA1  means in said game area defining a simulated basketball court, said means
      including a basket at each end of said court which is raised from the
      surface of the bottom plate,
PA1  a plurality of team members disposed within said game area,
PA1  actuator means disposed and movable over the outer surface of one of said
      plates, mutually magnetic attractive means on said actuator means and on
      said team members so that said team members are moved and carried along as
      the actuator means is moved,
PA1  a ball,
PA1  a projection extending upwardly from said bottom plate in front of each
      basket for engagement by the ball as it is moved by being hit by a moving
      team member under the control of said actuator means, one of said ball and
      said projection including resilient material so that the ball is projected
      upwardly toward the basket when it hits the projection, each said upwardly
      extending projection being arcuate in shape and extending in front of and
      to each side of a respective basket and having at least one opening
      through which a team member can pass in towards the basket.
NUM  6.
PAR  6. A basketball game as in claim 5 wherein said ball is of resilient
      material.
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ABST
PAL  A game footbag has a tough, flexible cover partly filled with predominantly
      parallel small discs to form a thick disc or flattened sphere to be kicked
      vertically repeatedly to keep it in the air as long as possible.
BSUM
PAR  This invention relates to a game footbag, and has for an object thereof the
      provision of a tough, durable, slow action footbag.
PAR  Another object of the invention is to provide a durable, easily deformed
      footbag that can be kicked substantially vertically much more easily than
      a ball.
PAR  A further object of the invention is to provide a loosely packed, easily
      deformed bag adapted to be kicked.
PAR  Another object of the invention is to provide a flattened spherical ball
      having a tough, flexible outer cover and filling elements at least to a
      large extent of discs predominantly parallel to each other.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a partially sectional, perspective view of a game footbag forming
      one embodiment of the invention; and,
PAR  FIG. 2 is a partially sectional top plan view of the game footbag of FIG. 1
     .
DETD
PAR  Referring now in detail to the drawings, there is shown therein a game
      footbag forming a specific embodiment of the invention and which is to be
      used in games in which the object is to keep the footbag in the air by
      kicking it substantially vertically whenever it nears the ground. As a
      practical matter, this requires the footbag to be substantially
      non-resilient and readily deformable or partially collapsible so that it
      is not too fast and so that good control as to direction is provided.
PAR  The footbag includes a tough, easily deformed, flexible cover or bag 10 and
      filling discs 12 comprising small, tough non-brittle discs partially
      filling the bag, preferably to about two-thirds full. The footbag has the
      shape of a flattened sphere or thick disc with a rounded periphery, being
      somewhat like a common, double-sided powder puff in shape.
PAR  The cover is preferably quite thin, elkhide or split leather, and is made
      up of two discs 14 and 16 having inside stitching 18 except for a short
      section of outside stitching 20 made last to enable the bag to be turned
      right side out and filled after the inside stitching has been made. If
      desired, in place of the outside stitching a short, lightweight zipper may
      be used, or inside stitching may be substituted for the outside stitching
      and a slit provided in the central portion of one of the discs to permit
      the bag to be turned right side out and filled, the slit then being closed
      by stitching, a lightweight zipper or other closure means.
PAR  The filler discs 12 tend to stack and lie parallel to each other and
      parallel to the substantially flat sides of the cover. The discs 12 slide
      easily so that the bag can easily, partially collapse edgewise when given
      a somewhat edgewise kick. This enables the kicker to kick the bag
      substantially in the direction that he moves his foot regardless of
      whether the kicking foot engages the bag partially edgewise during the
      kick. Commonly available plastic buttons preferably all or at least
      predominantly of the same size work excellently as the filler discs 12.
      For a diameter of the bag of two inches, the diameters of the small discs
      should be from about one-quarter inch to one-half inch, this bag
      preferably weighing from about 1 to 11/2 ounces, and being about
      three-quarters of an inch in thickness. For a bag of a diameter of 5
      inches, the filler discs should have diameters of from about one-quarter
      inch to about three-quarters of an inch, the thickness of the bag being
      about 13/8 inches and the weight preferably being from 21/2 to 33/4
      ounces.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a partially collapsible footbag,
PA1  a hollow, flexible cover normally in the general shape of a flattened
      sphere of a predetermined diameter,
PA1  and filler material at least primarily of a multitude of hard, smooth,
      small discs of a diameter or diameters no greater than a small fraction of
      the diameter of the flattened sphere and lying generally parallel to each
      other and parallel to the flat sides of the cover, the discs being
      slidable relative to each other and the cover and only partially filling
      the cover.
NUM  2.
PAR  2. The footbag of claim 1 wherein the filler material fills the bag about
      two-thirds of its capacity.
NUM  3.
PAR  3. The footbag of claim 2 wherein the small discs are predominantly of the
      same size and have a diameter a small fraction of the diameter of the
      cover.
NUM  4.
PAR  4. The footbag of claim 3 wherein the cover is of a flexible leather or
      leatherlike material.
NUM  5.
PAR  5. The footbag of claim 4 wherein the cover comprises two discs stitched
      together along an inside seam.
NUM  6.
PAR  6. The footbag of claim 4 wherein the diameter of the small discs is from
      about one-eighth to about one-quarter of the diameter of the cover.
NUM  7.
PAR  7. The footbag of claim 1 wherein the small discs are of plastic material.
NUM  8.
PAR  8. The footbag of claim 7 wherein the small discs are tough plastic
      buttons.
NUM  9.
PAR  9. The footbag of claim 8 wherein the buttons fill the cover to about
      two-thirds of its volume.
NUM  10.
PAR  10. The footbag of claim 7 wherein the small discs fill the cover to about
      two-thirds of its volume.
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PAL  Two substantially identical standard chessboards are provided in parallel
      alignment such that the squares on one board are vertically aligned with
      the squares on the other board. The two boards, conveniently termed upper
      and lower boards, are sufficiently spaced to permit the placement of
      chessmen on the lower board. Two sets of conventional chessmen are also
      provided, along with two sets of additional chessmen, the conventional
      chessmen and the additional chessmen, under the preferred rules of the
      game, being initially positioned on opposing boards, and then, in the
      progress of the game, moving between and on both boards in a predetermined
      manner to capture chessmen of the opposing player. The upper board is
      transparent, permitting easy visual inspection of the location of the
      chessmen on the lower board so that the game may be conveniently played.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the game art, and more specifically
      concerns a new chess game.
PAR  The conventional game of chess is played on a two-dimensional game board of
      alternating dark and light squares, with two players. After mastering the
      basic game, however, a player often desires variations which are more
      complicated or include more than two players. The present invention is
      directed toward a chess game which accommodates the conventional two
      players, but which includes a second conventional chess board constructed
      to be used in conjunction with the original board and additional chessmen
      to provide a new chess game of increased complexity.
PAR  Accordingly, a general object of the present invention is to provide a new
      chess game.
PAR  Another object of the present invention is to provide such a chess game
      which includes a conventional chess board and conventional chessmen.
PAR  It is a further object of the present invention to provide such a chess
      game which may be quickly mastered by one who knows the basic rules of
      conventional chess.
PAR  It is yet another object of the present invention to provide such a chess
      game which uses at least two chess boards and wherein the chessmen move
      between the boards.
PAR  It is a still further object of the present invention to provide such a
      chess game which includes additional chessmen for each player.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a multi-level chess game is provided which
      includes two chess boards, the chess boards being spaced vertically away
      from each other. Two conventional sets of standard chessmen are provided,
      with each conventional set including a king, a queen, two knights, two
      bishops, two rooks, and eight pawns, the two conventional sets of standard
      chessmen furthermore being initially positioned in standard fashion on one
      of the two chess boards. Two additional sets of standard chessmen are also
      provided, with each of the additional sets consisting of: (1) at least one
      additional royalty piece, chosen from the group consisting of: queen,
      bishop, rook, and knight; and, (2) a minimum of one additional pawn and at
      least the same number of additional pawns as there are queen and rook
      royalty pieces in each of said additional sets, each of said additional
      sets being initially positioned on the other chess board.
PAR  More specifically, and preferably, the two chess boards are substantially
      identical, with one chess board being substantially transparent.
      Furthermore, each additional set of standard chessmen provided will
      preferably include only two royalty pieces, the royalty pieces being
      selected from the group consisting of queen, rook, bishop and knight, and
      with the additional set of standard chessmen further including only two
      pawns.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more thorough understanding of the invention may be obtained by a study
      of the following detailed description taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is an exploded view showing the double-decked two-board arrangement
      of the preferred embodiment.
PAR  FIG. 2a is an isometric view showing a portion of the two boards of FIG. 1,
      and in particular, the transcendent moves of the pawn.
PAR  FIGS. 2b through 2f are views similar to that of FIG. 2a showing the
      transcendent moves of the rook, bishop, knight, queen and king,
      respectively.
PAR  FIG. 3a is an isometric view of a portion of a chess board and showing the
      moves on each board of the additional chessman jerraden.
PAR  FIGS. 3b through 3d are views similar to that of FIG. 3a showing the moves
      on the respective boards of the additional chessmen shade, karma and
      prana, respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, lower game board 12 and upper game board 14 are shown
      in an exploded view for purposes of clarity of explanation. In use, they
      are spaced apart from one another a sufficient distance to permit the
      placement of chessmen on lower game board 12. Each board is substantially
      square and has displayed thereon a total of 64 identically-sized squares
      15 arranged into eight rows and eight columns, referred to as ranks and
      files, of alternating colors of white and black or any other two
      contrasting colors. This is, of course, identical to the arrangement of a
      conventional chessboard. The boards 12 and 14 are spaced apart a
      predetermined distance by identical spacers 16, 18, 20 and 22, the boards
      being removably secured at each corner thereof to the opposite ends of the
      spacers. The two boards are thus rigidly spaced apart from one another and
      provide sufficient support for placement and movement of the chessmen
      thereon. The spacers 16, 18, 20 and 22 are typically solid elongated
      cylinders, having projecting end portions 23 of smaller diameter than the
      remainder of the cylinder, which engage identical openings 25 located in
      the corners of the boards. Each spacer includes a shoulder portion 27
      where the end portion meets the remainder of the spacer so that the boards
      12 and 14 may be securely positioned at predetermined points along the
      length of the spacers.
PAR  Since the spacers 16, 18, 20 and 22 are substantially equal in length, the
      two game boards 12 and 14, when secured therewith, will be in parallel
      planes spaced apart a predetermined distance from each other. Boards 12
      and 14 are furthermore so arranged that the respective playing squares of
      the playing surface of the lower board 12 are vertically aligned with the
      playing squares of the upper board 14, the squares on the lower board thus
      opposing the squares on the upper board. Furthermore, the boards are
      identically oriented, such that, when lower board 12 is horizontal, the
      playing surfaces of boards 12 and 14 are aligned if viewed directly from
      above the upper board 14.
PAR  In play, the board structure 24, comprising boards 12 and 14, and spacers
      16, 18, 20 and 22, is oriented horizontally. The upper board 14 is
      transparent, with a slight shading provided in those squares which are
      designated dark, the transparency of the upper board 14 facilitating the
      viewing of the chessmen present on the lower board 12 during the progress
      of the game, as well as the playing of the game and movement of the
      chessmen between boards.
PAR  Provided with the board structure 24 are a plurality of chessmen, a
      substantial number of which are identical to standard chessmen. Each
      player has the following conventional chessmen: a king, a queen, two
      bishops, two knights, two rooks, and eight pawns. In addition to these
      standard chessmen, however, each player has four additional pieces, 30,
      32, 34, and 36. Preferably, the conventional chessmen are initially
      positioned in the standard manner on the lower board 12, while the four
      additional chessmen are initially positioned on the upper board 14 in the
      squares ordinarily occupied by the king, queen, the king's pawn and the
      queen's pawn. The additional chessmen provided for each player form an
      important part of the preferred embodiment of the present invention. With
      the addition of the second board and the provision that the individual
      chessmen may move between boards, the respective kings are significantly
      more vulnerable to attack. The additional chessmen are provided to
      strengthen the defensive capability of each player and for strong initial
      protection of the king. This results typically in longer and more
      unpredictable games.
PAR  In the preferred embodiment, the additional chess pieces move in a manner
      similar to but not identical with selected conventional pieces. It is
      within the scope of the invention, however, that at least the additional
      chessman initially positioned in the king's position, and preferably the
      chessman positioned in the queen's position as well, be selected from the
      group of chessmen comprising the queen, the bishop, the rook, and the
      knight, commonly referred to as "royalty" chessmen. The addition of the
      royalty piece initially placed in the king's position provides the strong
      defensive capability desirable to balance the increased offensive
      capability inherent in the game. The royalty piece initially positioned in
      the queen's position provides protection for the player's queen and
      increases the king's protection, thereby forming a strong initial defense
      against capture of one's king from the other board. Since the two
      additional royalty pieces are capable of wide-ranging individual moves,
      two protective pieces similar to pawns in movement are provided initially
      in the queen's pawn and king's pawn positions, respectively.
PAR  Thus, as the game commences, each player has a standard set of chessmen
      arranged in the standard manner on the lower board 12 and the four
      additional chessmen 30, 32, 34, and 36 arranged as shown on the upper
      board 14, although the chessmen on the two boards could be interchanged if
      desired.
PAR  Under the preferred rules of the game, each of the standard chessmen moves
      and captures with respect to the board on which it is initially positioned
      (e.g., board 12) in standard fashion. Thus, a pawn may move two spaces
      forward on its first move and one space forward thereafter or capture on
      the forward diagonals; a rook may move any number of open spaces along the
      rank or file passing through the square on which it is positioned; a
      bishop may move any number of open spaces along the diagonals passing
      through the square on which it is positioned; a knight's move includes two
      spaces along either a rank or file passing through the square on which it
      is initially positioned, and then one additional space at right angles
      thereto; a queen may move any number of open spaces either in a rank or
      file or along a diagonal passing through the square on which it is
      initially positioned; and the king may move one space in directions
      similar to that of the queen.
PAR  The conventional chessmen may also, however, move between boards 12 and 14,
      referred to as the transcendent move. In showing the transcendent moves of
      the various chessmen in the drawings, the chessmen are shown moving from a
      position on one board shown by solid lines in the direction of the arrows
      to its correct position on the other board, shown by dashed lines.
      Furthermore, the board on which the chess piece is located when the
      transcendent move is initiated is referred to as the "original" board, and
      the other board is the "opposite" board.
PAR  The pawn may transcend between boards only to capture an opponent's piece,
      with the exception of its first move. In its transcendent move, referring
      to FIG. 2a, the pawn moves directly vertically between boards 38 and 40 to
      capture a piece occupying the corresponding opposing space on the opposite
      board. Thus, the pawn 44 may transcend, for instance, from square 46 on
      board 38 to square 48 on board 40, or, for instance, from square 50 on
      board 40 to square 52 on board 38. On its initial move, the pawn has the
      opportunity of either directly transcending between boards to capture or
      occupy (e.g., from square 54 of board 38 to square 59 on board 40), or it
      may advance one square on the board on which it is positioned (e.g., from
      square 54 to square 56) and then transcend to the opposing square 58 on
      the opposite board without capturing. Under the preferred rules of the
      game, the pawn may move "through" a piece on square 56 enroute to square
      58.
PAR  In its transcending move, referring to FIG. 2b, the rook 60 moves one
      square (to one of the squares 62, 63, 64 or 65) on its rank or file on the
      original board, shown as board 67 in FIG. 2b) and then moves vertically to
      the opposing square (68, 70, 72 or 74) on the opposite board, where it
      captures an opponent's chessman located in that square. Under the
      preferred rules, the rook may move through other chessmen on the original
      board during its transcending move.
PAR  The bishop's transcending move, referring now to FIG. 2c, permits movement
      thereof for one square (to one of the squares 102, 104, 106 or 108 on
      board 100) along its diagonals and then directly vertically to the
      opposing square 112, 114, 116 or 118 on the opposite board 101 for either
      capture of an opponent piece or occupation. In a similar fashion, the
      bishop may move from board 101 to board 100. The bishop may move through
      chessmen from either side present on the original board during its
      transcending move.
PAR  In its transcending move, referring to FIG. 2d, the knight 80 moves two
      squares (to one of the squares 82, 84, 86 or 88) on its rank or file on
      board 90, and then moves directly vertically to the opposing square 92,
      94, 96 or 98 on the opposite board 91. In a similar manner the knight may
      move from board 91 to board 90. The knight may capture an opponent's
      chessman which is located in the opposing square and has the capability of
      making the transcending move through pieces from both sides on the
      original board.
PAR  In its transcending move, referring to FIG. 2e, the queen 120 may move one
      square (to one of the squares 122, 124, 126, 128, 130, 132, 134, or 136)
      on board 138 in its rank, file or along its diagonals, and then directly
      vertically to the opposing square 142, 144, 146, 148, 150, 152, 154, or
      156, on the opposite board. In similar fashion, the queen 120 may
      transcend from board 158 to board 138. The queen may capture the piece in
      the square to which it moves or may occupy it, and moves through chessmen
      from both sides on the original board.
PAR  The transcending move of the king 160, referring now to FIG. 2f, permits
      movement thereof directly vertically between boards 162 and 164. For
      instance, the king may move from square 166 on board 164 to the opposing
      square 168 on the opposite board 162. The transcending move of the king
      permits capture of an opposing piece on, or occupation of, squares on the
      opposite board.
PAR  As noted above, four new chessmen are preferably provided for each player,
      referred to in this application, for purposes of explanation, as shade,
      jerraden, karma and prana. For clarity of explanation, the initial
      position of the new chessmen is on the upper board. The pieces may, of
      course, be known by other names. Under the preferred rules of the new
      game, each of the four new chessmen moves in a particular manner (more
      fully explained in the following paragraphs) which is different from but
      which resembles the moves of certain standard chessmen. However, it is not
      necessary in order to practice the invention that the four additional
      chessmen move precisely as specified in the preferred embodiment. As an
      example, two of the pieces, karma and prana, which are initially
      positioned in the queen's and king's squares on the upper board, could be
      conventional royalty pieces chosen from the group comprising the queen,
      the rook, the bishop, and the knight. Any one of those chessmen initially
      positioned in the karma and prana positions will provide the offensive and
      defensive capability necessary to accomplish the purposes of the present
      invention.
PAR  Additionally, jerraden and shade, which initially occupy the queen's pawn
      and king's pawn positions on the upper board have moves which in total are
      novel. However, for the purposes of the present invention, jerraden and
      shade could be conventional pawns, or have other moves similar thereto, as
      long as the moves which shade and jerraden have provide an initial defense
      for the prana and karma pieces.
PAR  Jerraden initially occupies the king's pawn position of each player on the
      upper board 14. Although jerraden could be a standard pawn it is provided
      with unique moves in the preferred embodiment so as to provide maximum
      protection for the chessmen in the king and queen position. Referring to
      FIG 3a, jerraden 130 moves two squares (to one of the squares 132, 134,
      136 or 138) in its rank or file or may move one square (to one of the
      squares 140, 142, 144, or 146) on any of its diagonals. The movements of
      jerraden on both boards are the same, although jerraden can only capture
      an opposing chessman on the board on which jerraden is initially
      positioned (upper board), or during its transcending move. Furthermore,
      jerraden can be captured only when it is on the upper board or by a
      transcending move from an opponent when it is on the lower board. The
      transcending move of jerraden is similar to that of the rook, shown in
      FIG. 2b. Under the preferred rules, jerraden is permitted to move through
      other chessmen on both boards, although other chessmen may move through
      jerraden during a transcending move or when jerraden is on the lower
      board.
PAR  Shade initially occupies the queen's pawn position on the upper board.
      Referring to FIG. 3b, shade 189 can move two squares (to one of the
      squares 170, 172, 174 or 176) in its diagonals or one square (to one of
      the squares 180, 182, 184 or 186) in its rank or file on either the upper
      or lower board. Shade captures only on the upper board (the initial
      position board) or as a result of a transcending move. Shade may not be
      captured on the lower board except as a result of a transcending move from
      a chessman of the opposing player. The transcending move of shade 189 is
      similar to that of the transcending move of the conventional bishop,
      described above with respect to FIG. 2c. As with jerraden, shade is
      permitted to move through other chessmen on both boards under the
      preferred rules, and other chessmen may move through shade during a
      transcending move or when shade is on the lower board.
PAR  Karma initially occupies the queen's position on the upper board. Referring
      to FIG. 3c, karma 199 moves and captures on the upper board 200 as a
      conventional queen while on the lower board 201 moves and captures as a
      conventional bishop. Karma's transcending move is identical to the
      transcending move of the conventional queen, shown in FIG. 2e and
      described above, as it moves one space on its diagonals or on its rank or
      file on the original board, and then directly vertically to the opposing
      square on the opposite board, where it may capture or occupy.
PAR  Prana initially occupies the king's position on the upper board. Referring
      to FIG. 3d, prana 210 moves and captures as a queen on the upper board 212
      while on the lower board 214 it moves and captures as a rook. The
      transcending move of prana is also identical to the transcending move of
      the conventional queen, shown in FIG. 2e, in that it may move one square
      along its diagonals or in its rank or file on the original board, and then
      directly vertically to an opposing square on the opposite board, where it
      may capture or occupy.
PAR  In play, the players conventionally take turns, with the primary goal of
      the game being to capture the opposition's king.
PAR  By providing a double-decked board arrangement wherein at least two
      conventional chessboards are provided in stacked fashion (one above the
      other), and with the conventional chessmen being permitted to move via
      transcending moves between boards, a significant amount of variation is
      introduced into the conventional chess game. The addition of the extra
      board provides a significant increase in possible variations of offensive
      tactics. The additional pieces, however, notably the royalty pieces
      initially positioned in the king's and queen's position on the upper
      board, provide the required defensive capability to balance the increased
      offensive capability provided by the two boards. The combination results
      in a more complex chess game, and frequently a lengthier, more varied,
      chess game with many more strategic permutations possible than in standard
      chess, although still permitting the sudden victories which characterize
      standard chess.
PAR  A primary beneficial result achieved by the new chess game is that it
      permits the average amateur chess player to introduce, in a relatively
      easy manner, a significant amount of offensive and defensive variations
      into his particular manner of play without the necessity of years of study
      and play, such as would typically be required to correspondingly increase
      one's capability in conventional chess. Thus, the present chess game
      allows the chess player who enjoys chess as an avocation to significantly
      increase the variations in and complexity of the chess game he plays,
      without requiring a corresponding amount of sophistication in his playing
      ability.
PAR  It should be understood that many of the preferred moves of the additional
      individual chessmen may be altered in some fashion, without departing from
      the spirit of the invention. For instance, the additional chessmen
      initially provided in the king's and queen's positions on the upper board
      may be any one of the royalty pieces, or may have a unique combination of
      moves as described in the preferred embodiment. It is desirable, however,
      that these two additional pieces have a significant amount of defensive
      capability, and, also, that additional pieces be provided to initially
      protect them from capture on the first move of the opposing side.
      Additional chessmen could also be provided on the upper board, making the
      game more complex. It should also be understood that other changes and
      modifications of the expanded chess game described above may be
      incorporated in the preferred embodiment without departing from the spirit
      of the invention--which is defined by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-level chess game for three-dimensional play, comprising:
PA1  first and second but no more than two chess boards;
PA1  means for spacing said chess boards vertically away from each other;
PA1  two conventional sets of standard chessmen, each of said conventional sets
      including a king, a queen, two knights, two bishops, two rooks, and eight
      pawns, each of said conventional sets being initially positioned in
      standard fashion on said first chess board; and
PA1  two additional sets of standard chessmen, each of said additional sets
      consisting of:
PA2  1. at least one additional royalty piece, chosen from the group consisting
      of: queen, bishop, rook and knight; and
PA2  2. a minimum of one additional pawn and at least as many additional pawns
      as there are queen and rook royalty pieces in each of said additional
      sets, each of said additional sets being initially positioned on said
      second chess board.
NUM  2.
PAR  2. The game of claim 1, wherein at least one of said chess boards is
      substantially transparent.
NUM  3.
PAR  3. The game of claim 1, wherein said chess boards are substantially
      identical.
NUM  4.
PAR  4. The game of claim 1, wherein each of said additional sets of standard
      chessmen includes at least two royalty pieces and at least two pawns.
NUM  5.
PAR  5. The game of claim 4, wherein at least one of said royalty pieces is a
      queen.
NUM  6.
PAR  6. The game of claim 5, wherein each of said additional sets includes at
      least as many pawns as royalty pieces.
NUM  7.
PAR  7. The game of claim 6, wherein each of said additional sets includes
      exactly as many pawns as royalty pieces.
NUM  8.
PAR  8. The game of claim 1, wherein the game includes only standard chessmen.
NUM  9.
PAR  9. The game of claim 1, wherein all of said additional royalty pieces in
      each of said additional sets are identical.
NUM  10.
PAR  10. The game of claim 9, wherein all of said additional royalty pieces in
      each of said additional sets are queens.
NUM  11.
PAR  11. A multi-level chess game for three-dimensional play, comprising:
PA1  first and second, but no more than two, substantially identical chess
      boards, one of said chess boards being substantially transparent;
PA1  means for spacing said two chess boards vertically away from each other;
PA1  two conventional sets of standard chessmen, each of said conventional sets
      including a king, a queen, two knights, two bishops, two rooks, and eight
      pawns, each of said conventional sets being initially positioned in
      standard fashion on said first chess board; and
PA1  two additional sets of standard chessmen, each of said additional sets
      consisting of:
PAR  1.  two additional royalty pieces, each additional royalty piece being
      chosen from the group consisting of: queen, bishop, rook and knight, at
      least one of said additional royalty pieces being a queen; and
PA2  2. two additional pawns, each of said additional sets being initially
      positioned on said second chess board.
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ABST
PAL  A puzzle is disclosed that is comprised of a plurality of cards that
      partially overlap each other so that, when completely assembled, the
      combined exposed portions provide a picture; the non-exposed portions
      provide areas for assembly information. The matching of the assembly
      information is a guide to assemble the puzzle. In one form, a card holder
      can be used to facilitate the positioning of the cards. In another form,
      the cards simply attach to each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to puzzles that are assembled by matching
      assembly information on adjacent cards and, more particularly, to the type
      of puzzle in which a picture is formed through the correct responses to a
      quiz or set of quiz-like associations.
PAR  Numerous puzzles and games provide people of all ages with many hours of
      entertainment, but provide very little if any educational experience.
      However, educational experience gained from memorizing facts, reading
      flash cards or rote learning of any kind often involves mind-numbing drill
      which can destroy interest and motivation for learning. Furthermore,
      educational experience of this type usually requires outside assistance
      for direction, encouragement and grading.
PAR  Although teachers have long recognized the usefulness of drill, drill as
      such has been downgraded in many educational circles because it is
      associated with old-style, authoritarian methods, and because it often
      fails to stimulate interest in the learner. This invention takes into
      account both the usefulness of drill and the importance of interest
      arousal. This invention can serve the repetitive function of drill, but it
      can also serve to stimulate and to motivate the learner by providing a
      sense of accomplishment and pleasure as the picture takes shape and
      finally is completed when all the correct associations have been made.
PAR  The principal object of this invention is to provide a novel puzzle that
      has the combined benefits of being educational, entertaining,
      self-teaching and self-correcting. The puzzle can be made to give
      educational experience on any subject such as math, history, language,
      sports, literature, etc. and on any achievement level. The formation of a
      picture through the correct responses to a quiz or matching of quiz-like
      associations provides entertainment. Self-teaching is achieved through the
      process of reading, thinking, searching among alternatives and responding
      without outside assistance. Self-correction occurs when the incorrect
      formation of the picture is observed, thus indicating incorrect responses
      to the educational material.
PAR  Several known picture and quiz-type puzzles require apparatus to
      accommodate part of the quiz and response information, in addition to the
      puzzle pieces. U.S. Pat. No. 1,701,557 (D. Clinch et al, Feb. 12, 1929)
      requires a column of questions or instructions on a separate folder, in
      addition to the puzzle pieces. U.S. Pat. No. 2,481,109 (M. C. Grace, Sept.
      6, 1949) requires a set of cards that contain information, in addition to
      the puzzle pieces. Tray Puzzles (currently manufactured by Ideal School
      Supply Co.) require an answer tray, in addition to the puzzle pieces.
PAR  Accordingly, one object of this invention is to provide apparatus which
      incorporates all quiz and response information or quiz-like information on
      the puzzle pieces. This has the advantage of simplifying the apparatus
      over these previously known puzzles.
PAR  U.S. Pat. No. 3,171,214 (A. Sutherland, Mar. 2, 1965) describes a method
      that includes all quiz and response information on the puzzle pieces, but
      this method provides an area no larger than the picture segments. This
      greatly restricts the amount of quiz and response information necessary
      for educational value, particularly for puzzles comprising a large number
      of pieces.
PAR  Accordingly, another object of this invention is to provide a considerably
      larger area on each puzzle piece than the picture segment; the area does
      not decrease for puzzles comprising a large number of pieces. This enables
      the quiz and response information or quiz-like information to be in the
      form of pictures, sentences, paragraphs and brief stories, which can
      greatly expand and improve the educational value.
PAR  Still another object of this invention is to provide a puzzle that is
      simple and economical to produce. This makes it possible for more people
      to afford this type of educational puzzle over other known educational
      puzzles.
PAR  Another important advantage of this invention is the ease of handling and
      storing the puzzle pieces, since they are in the form of cards (similar to
      ordinary playing cards). This would appeal to the people who enjoy the
      manipulating of playing cards.
PAR  Although this puzzle is ideally suited for one person, several people can
      play as a cooperative or competitive game. Each player can be assigned to
      assemble a particular portion of the puzzle or points can be awarded to
      the player who finds the correct match.
PAR  These and other objects and advantages of this invention will be more
      readily apparent from a consideration of the summary and the description
      of the several forms of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  One form of apparatus based on this invention comprises a plurality of
      cards and a card holder. The cards are designed to partially overlap each
      other, when placed on the card holder, so that exposed portions of the
      cards form a picture. The cards also contain assembly information which is
      used as a guide to assemble the puzzle.
PAR  The card holder provides a series of open slots to receive the cards
      individually. The slots and the cuts extending from the slots are designed
      to position and releasably hold the cards substantially flat against each
      other so that exposed picture segments can be easily viewed. The lower
      edge of each slot is also the upper edge of a tab which is forced to raise
      slightly when a card is inserted. The pressure of the tab against the
      inserted card acts to hold the position of the card. Cuts extending from
      both sides of the base of each tab automatically provide a stop as each
      card is inserted.
PAR  The cards can be made similar to ordinary playing cards as to size,
      material and thickness. A tab is provided at the bottom of each card as a
      means to insert the card into a slot in the card holder.
PAR  The cards can be divided into three classes: the "beginning cards," the
      "middle cards" and the "end cards." The face of each card displaying the
      picture segment will hereafter be referred to as the top side.
PAR  The top side of each "beginning card" is divided into two areas; one area
      contains the picture segment and the other area contains the assembly
      information. The underside of each "beginning card" contains start
      information.
PAR  The top side of each "middle card" is also divided into two areas; one area
      contains the picture segment and the other area contains the assembly
      information. The underside of each "middle card" contains assembly
      information.
PAR  The entire top side of each "end card" contains a picture segment and the
      underside contains assembly information.
PAR  The inspection of the picture segments is not intended to be used as a
      means to assemble the puzzle, but only to indicate mistakes. The puzzle is
      to be assembled by matching assembly information located on the cards,
      which can be in the form of any suitable associations of letters, words,
      phrases, sentences, paragraphs, brief stories, pictures, symbols,
      numerals, clues and any combination thereof. For example, in the brief
      story and picture categories, the descriptions of various species of birds
      as to size, color, habits, locale, etc. can be matched to pictures in
      color of the various birds.
PAR  Picture segments that do not visually align, in form and color, to adjacent
      picture segments, indicate that an improper association between the
      assembly information has been made. A mistake can be immediately noted so
      that one will not assume a correct response has been made. This will
      prevent confusion that can result from discovering errors after a period
      of time, and then unlearning what was thought to be true.
PAR  The puzzle is assembled as follows:
PAR  The "beginning cards" are inserted into the top row of slots of the card
      holder. The marking "START 1," "START 2," "START 3," etc. on the underside
      of each "beginning card" is matched to the marking "START 1," "START 2,"
      "START 3," etc. on the face of the card holder respectively. The picture
      segment and assembly information on the top side of each "beginning card"
      is now displayed.
PAR  The remaining "middle cards" and "end cards" are now shuffled to minimize
      logical order.
PAR  The assembly information on the underside of each card is now read and
      compared to the assembly information displayed on the "beginning cards".
      When a likely match is found, the "middle card" is inserted into the slot
      immediately below the slot occupied by the "beginning card." This "middle
      card" covers the assembly information on the "beginning card," and now
      displays new assembly information. If a correct match has been made, the
      form and color of the picture segments will align. The assembly
      information on the top side of a correctly positioned "middle card" can
      now be used.
PAR  As the assembly information is matched, the cards are inserted into the
      card holder, one immediately below the other, until all cards are in
      place.
PAR  In another form, based on this invention, the apparatus comprises only a
      plurality of cards. The cards are designed to partially overlap each
      other, when attached to each other, so that exposed portions of the cards
      form a picture. The cards also contain assembly information which is used
      as a guide to assemble the puzzle, exactly as described in the first form
      of this invention.
PAR  A tab is provided at the top of each "middle card" and each "end card" for
      a means to insert the card into an opening in any "beginning card" or
      other "middle card". Cuts formed in the face of each "beginning card" and
      each "middle card" provide the means for forming the opening during
      assembly of the puzzle. The cuts are also designed to position and
      releasably hold the cards substantially flat against each other so that
      exposed picture segments can be easily viewed.
PAR  A tab immediately above the opening in each "beginning card" and each
      "middle card" is forced to raise slightly when a card is inserted. The
      pressure of the tab against the inserted card acts to hold the position of
      the cards with respect to each other.
PAR  The puzzle is assembled in columns, starting with each "beginning card." As
      described in the first form of this invention, it is intended for the
      puzzle to be assembled only by matching related assembly information. When
      all columns are completely assembled, they are placed next to each other
      to form the entire picture.
PAR  In one modification, the widths of several cards can be increased so that
      they are common to two or more columns. This will hold the columns
      together and provide increased areas for the assembly information. This
      would be particularly useful for assembly information consisting of
      pictures.
PAR  A modification can also be made to the tab at the top of each "middle card"
      and each "end card". This will lock the cards together to prevent the
      cards from slipping with respect to each other while the puzzle is being
      assembled. Each tab is also designed to enable the cards to be easily
      unlocked from each other.
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PAR  In the drawings:
PAR  FIG. 1 is a front view of the card holder.
PAR  FIG. 2 is a side view of the card holder.
PAR  FIG. 3 is a perspective view of a portion of the card holder.
PAR  FIG. 4 is a perspective view of a portion of a modified form of the card
      holder.
PAR  FIG. 5 is a front and rear view of a "beginning card."
PAR  FIG. 6 is a front and rear view of a "middle card."
PAR  FIG. 7 is a perspective view of two cards inserted into a portion of the
      card holder.
PAR  FIG. 8 is a front and rear view of an "end card."
PAR  FIG. 9 is a perspective view of a partially assembled puzzle.
PAR  FIG. 10 is a perspective view of several loose cards to complement the
      puzzle in FIG. 9.
PAR  FIG. 11 is a front and rear view of a "beginning card" for a puzzle
      consisting only of cards.
PAR  FIG. 12 is a front and rear view of a "middle card" for a puzzle consisting
      only of cards.
PAR  FIG. 13 is a perspective view of three cards attached to each other for a
      puzzle consisting only of cards.
PAR  FIG. 14 is a front and rear view of an "end card" for a puzzle consisting
      only of cards.
PAR  FIG. 15 is a front view of a modified form of several attached cards.
PAR  FIG. 16 is a front view of two cards having modified tabs for locking the
      cards together.
PAR  FIG. 17 is a front view of two cards being unlocked from each other.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  A front view on the entire card holder is shown in FIG. 1. The card holder
      consists of a front layer 10 which is bonded to a rear layer 11 as shown
      in FIG. 2. Heavy paper, cardboard, plastic or the like are suitable
      materials for both layers 10 and 11. The cards are held entirely by the
      front layer 10. The front layer 10 is relatively thin which can be
      approximately twice the thickness of ordinary playing cards. The rear
      layer 11 provides a space directly below each slot and adds strength to
      the card holder.
PAR  All cuts made in the face of the card holder which include the formation of
      the slots and the cuts extending from the slots will hereafter be referred
      to as face cuts.
PAR  The front layer 10 provides a series of identical slots and face cuts
      extending from the slots which are arranged in five columns and six
      horizontal rows. Face cuts 12 and 13 represent the upper edge and the
      lower edge of any slot in the front layer 10. "START 1," "START 2," "START
      3," "START 4" and "START 5" are printed over the columns as shown in FIG.
      1.
PAR  The number of columns and rows can vary according to the intended
      difficulty of the puzzle. For preschool children, a card holder providing
      only one column of three slots can be sufficient. For adults, a card
      holder providing 10 columns and 10 rows of slots would make a challenging
      puzzle.
PAR  The construction of a typical slot and the face cuts extending from the
      slot is best shown in FIG. 3. All face cuts are entirely through the front
      layer 10. Face cuts forming the left edge 14 and the right edge 15 of a
      typical slot extend to meet perpendicular face cuts 16 and 17
      respectively. The lower edge 13 of a typical slot is also the upper edge
      of a tab formed by face cuts 13, 14 and 15.
PAR  All tabs formed from face cuts 13, 14 and 15 will hereafter be referred to
      as face tabs. The point where face cuts 14 and 16 meet and the point where
      face cuts 15 and 17 meet define the base of a typical face tab. Thus, face
      cuts 16 and 17 are located on each side of the base of a typical face tab
      and extend away from each other.
PAR  A tab located on the bottom edge of each card, hereafter referred to as an
      edge tab, will fit between face cuts 14 and 15. In assembling the puzzle,
      this will provide a guide to accurately locate the inserted card
      horizontally, and face cuts 16 and 17 automatically provide a stop to
      accurately locate the inserted card vertically. This facilitates the
      accurate locating of the cards, so that the picture segments will properly
      align.
PAR  The construction of the rear layer 11 is best shown in FIG. 3, where a
      portion of the front layer 10 is graphically cut away. A rectangular space
      18 is provided directly below each slot to provide space for the edge tab
      while the card is being inserted into the slot.
PAR  Since the cards are held entirely by the front layer 10, it is possible to
      eliminate the rear layer 11 with some sacrifice to the rigidity of the
      card holder. Simply holding the card holder in one hand will provide space
      below the slots. Resting the card holder on a soft surface, such as a rug,
      will permit the insertion of the edge tabs.
PAR  In many instances it is convenient to assemble the puzzle on a smooth hard
      surface, such as a table top. A card holder formed of a single layer 19
      can be designed to provide space below the slots as shown in FIG. 4. Space
      is provided below all slots by raising the sheet material 19 above the
      table top. A tab 20 above each slot is curved to extend below the plane of
      the sheet material 19. This will maintain the necessary space below all
      slots.
PAR  Another modification to the cuts is also shown in FIG. 4. The face cuts
      forming the left edge and the right edge of the slot can be extended below
      the perpendicular face cuts as shown by face cuts 21 and 22. These face
      cuts act to hold the center position of the inserted card.
PAR  The cards can be made similar to ordinary playing cards as to size,
      material and thickness. All cards are identical in shape, including the
      edge tab at the bottom of each card. The edge tabs provide the means to
      insert the cards into the slots in the card holder.
PAR  The cards can be divided into three classes: the "beginning cards," the
      "middle cards" and the "end cards." Only one side of each card displays a
      picture segment. The face displaying the picture segment is referred to as
      the top side.
PAR  FIG. 5 shows both the top side and the underside of a typical "beginning
      card" 23. The top side of "beginning card" 23 is divided into two areas;
      the area in the top portion contains the picture segment 24 and the area
      in the lower portion contains the assembly information 25. The underside
      of the "beginning card" 23 contains information 26 which says "START 3."
      In assembling the puzzle, this card should be placed in the third column
      and top row to cover the information "START 3" printed on the card holder.
      The edge tab 27 is shown at the bottom of the card.
PAR  FIG. 6 shows both the top side and the underside of a typical "middle card"
      28. The top side of the "middle card" 28 is divided into two areas; the
      area in the top portion contains the picture segment 29 and the area in
      the lower portion contains the assembly information 30. The edge tab 32 is
      shown at the bottom of the card. In assembling the puzzle, the assembly
      information 31 on card 28 can be correctly matched to the assembly
      information 25 on card 23; card 28 is then placed in the third column and
      second row to cover the assembly information 25 on card 23. Assembly
      information 30 on card 28 is now displayed.
PAR  FIG. 7 shows how the form of the picture segment 24 aligns with the form of
      the picture segment 29 when card 28 is positioned on the card holder
      immediately below card 23. The face tab formed by the edges 13, 14 and 15
      is forced to raise to a distance no greater than the thickness of the
      inserted card 28. The pressure of the face tab against the inserted card
      28 acts to hold the position of the card 28 substantially flat against
      card 23. The edges 16 and 17 connect the raised face tab to the plane of
      the front layer 10 of the card holder. This automatically provides a stop
      to accurately locate the inserted card 28.
PAR  FIG. 8 shows both the top side and the underside of a typical "end card"
      33. The entire top side of the "end card" 33 contains a picture segment 34
      and the underside contains assembly information 35. The edge tab 36 is
      shown at the bottom of the card.
PAR  The start information printed on the card holder and the underside of the
      "beginning cards" is used as a guide to correctly locate the first card of
      each column on the card holder. A plurality of puzzles can be made to have
      the same start information contained on the "beginning cards," but having
      different assembly information contained on the "middle cards" and "end
      cards." In this way one card holder can be standard for a plurality of
      puzzles with assembly information covering a plurality of subjects. Thus,
      additional puzzles can be purchased without the expense of additional card
      holders. If the manufacture and sale is not intended to include additional
      puzzles, then assembly information consistent with the assembly
      information on the "middle cards" and "end cards" can be used as the start
      information.
PAR  The overall formation of a partially solved puzzle is best shown in FIG. 9.
      Several loose cards not yet placed on the card holder in FIG. 9 is shown
      in FIG. 10. This puzzle is designed for 30 cards: five "beginning cards,"
      20 "middle cards" and five "end cards." There are five "beginning cards",
      fourteen "middle cards" and three "end cards" correctly in place. The
      assembly information displayed on the underside of card 38, shown in FIG.
      10, can be correctly matched to assembly information on the top side of
      card 37, shown in FIG. 9. In assembling the puzzle, card 38 should now be
      turned over to expose the top side, and then placed on the slot
      immediately below the slot already occupied by card 37. Card 38 will then
      display new assembly information and add a picture segment to the overall
      formation of the picture.
PAR  As the assembly information is matched, the cards are inserted into the
      card holder, one immediately below the other. An "end card" in the bottom
      row indicates that a column is complete. There is no definite order as to
      which column is completed first, second, third, etc. When all cards are
      correctly in place, the picture will be complete and no assembly
      information will be exposed.
PAR  Although the card holder facilitates the positioning of cards, particularly
      for children under the age of ten years old, I have found that the card
      holder can be completely eliminated by attaching the cards to each other.
      This will reduce the manufacturing cost, since the entire puzzle comprises
      only a plurality of cards. FIGS. 11 through 14 shows one form of puzzle
      designed for attaching the cards to each other.
PAR  The cards can be made similar to ordinary playing cards as to size,
      material and thickness. With respect to the picture segments and the
      assembly information, the cards can be divided into three classes, exactly
      as described in the form consisting of a plurality of cards and a card
      holder.
PAR  FIG. 11 shows both the top side and the underside of a typical "beginning
      card" 39. The top side contains a picture segment 40 and the assembly
      information 41. The underside contains start information which says "START
      3". In assembling the puzzle on a table top, card 39 will be the first
      card of the third column. It is not necessary to place the columns next to
      each other until all columns are completely assembled.
PAR  All "beginning cards" and "middle cards" are provided with cuts identical
      to cuts 42, 43, 44, 45 and 46. These cuts will also be referred to as face
      cuts. Face cuts 42, 43 and 44 are provided to form a face tab. The point
      where face cuts 43 and 45 meet and the point where face cuts 44 and 46
      meet define the base of a typical face tab. Face cuts 45 and 46 are
      located on each side of the base of a typical face tab and extend away
      from each other.
PAR  An edge tab located on the top edge of each "middle card" and "end card"
      will fit between face cuts 43 and 44. In assembling the puzzle, this will
      provide a guide to locate the inserted card horizontally, and face cuts 45
      and 46 automatically provide a stop to accurately locate the inserted card
      vertically. This facilitates the accurate locating of the cards with
      respect to each other, so that the picture segments will properly align.
PAR  FIG. 12 shows both the top side and the underside of a typical "middle
      card" 47. The top side contains a picture segment 48 and assembly
      information 49. The underside contains the assembly information 50. Edge
      tab 51 is shown at the top of card 47.
PAR  FIG. 13 shows how the form of the picture segments align when three cards
      are attached to each other. The "middle card" 52 shows the typical face
      cuts 42 through 46. When attaching the next card to the column, the three
      cards can be held in one hand; then by bending the lower portion of card
      52 downward, the edges formed by face cut 42 will separate. This will
      provide an opening to insert an edge tab under the face tab formed by face
      cuts 42, 43 and 44.
PAR  FIG. 14 shows both the top side and the underside of a typical "end card"
      53. The entire top side contains a picture segment 54 and the underside
      contains assembly information 55. The edge tab 56 is shown at the top of
      card 53.
PAR  Starting with each "beginning card," the puzzle is assembled in columns. If
      several people participate, each person can be assigned to assemble one or
      more columns. When all columns are completely assembled, they are placed
      next to each other to form the entire picture.
PAR  FIG. 15 shows a modified form of four attached cards. Cards 57 and 58 are
      twice the width of card 5, and card 60 is three times the width of card
      59. An entire row can consist of only one extended card. By extending the
      width of several cards to be common to two or more columns, the columns
      will be held together. The area provided for the assembly information is
      increased proportionally to the increased width of each card.
PAR  For puzzles comprizing a large number of cards, it is helpful to lock the
      cards together. This will prevent the cards from separating from each
      other while adding additional cards to a column.
PAR  FIG. 16 shows a modified form of the edge tab 67 designed for locking the
      cards 61 and 62 together. The width A of the edge tab 67 located at the
      top of card 62 is greater than the width B of the face tab 68 in card 61.
      Cuts 63 and 64 are extended inwardly from the ends of edge tab 67 and will
      be referred to as edge cuts.
PAR  When the edge tab 67 at the top of cards 62 is fully inserted beneath the
      face tab 68 of card 61, the cards will lock together. Edge cut 63 will
      coincide with face cut 65 and edge cut 64 will coincide with face cut 66.
      The stresses within the material surrounding these cuts, cause the edges
      formed by these cuts that coincide to partially overlap each other --
      thus, locking the cards together.
PAR  Cards 61 and 62 can be easily unlocked from each other by sliding card 62
      to the left and then rotating card 62 clockwise as shown in FIG. 17. The
      two cards can now be separated by sliding card 62 to the right and
      downward.
PAR  As can be seen, an educational puzzle is provided which allows each
      participant to apperceive new knowledge as well as delight in an
      entertaining experience. A picture is formed as cards with picture
      segments thereon are correctly matched with other cards by an existing
      informational relationship. Although general assembly information in many
      forms can be used in assembling the puzzle, this invention contemplates
      the use of educational information as a preferred form of assembly
      information. In such case, the correct relationships must be determined
      between cards having educational information thereon in order to correctly
      assemble the puzzle.
PAR  In one form of the invention, the cards have a tab formed on one edge that
      allows placement of the cards in a card holder to thus hold the cards in
      the correct position. In another form, the cards have a tab and cuts
      formed therein so that the cards may be interfitted to form the completed
      picture. The disclosed puzzle will provide hours of entertainment as well
      as affording an educational experience without outside assistance.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A puzzle comprising a plurality of cards adapted to be arranged in a
      predetermined pattern in the completed form of a puzzle, location means on
      each of said cards providing for the disposition of said cards in said
      predetermined pattern in properly located positions of said cards, said
      cards being overlapped in said located positions thereof so that the
      combined exposed portions thereof form a picture, the non-exposed
      overlapped portions of the cards including information useable as a guide
      in the assembly of the puzzle.
NUM  2.
PAR  2. A puzzle according to claim 1 wherein said location means comprises an
      edge tab formed on a selected edge of each of said cards.
NUM  3.
PAR  3. A puzzle according to claim 2 wherein said plurality of cards is divided
      into three groups, a first group comprising beginning cards having a top
      side divided into two selected portions and an underside, one of said
      portions of said top side having a picture segment thereon and the other
      portion having assembly information thereon, said underside of said
      beginning cards having start information thereon, the second group
      comprising middle cards having a top side like said top side of said
      beginning cards, and an underside having assembly information thereon, and
      a third group comprising end cards having a top side with a picture
      segment thereon and an underside with assembly information thereon.
NUM  4.
PAR  4. A puzzle according to claim 2 further including a card holder having a
      plurality of openings formed in a predetermined pattern therein to
      accommodate said tabs in said predetermined pattern of said cards.
NUM  5.
PAR  5. A puzzle according to claim 4 wherein said openings comprise a plurality
      of slots formed in said card holder.
NUM  6.
PAR  6. A puzzle according to claim 5 further including face cuts in said card
      holder forming a plurality of face tabs, each of said face tabs having a
      base and a free edge formed by a selected edge of one of said slots, and
      further including face cuts located on each side of the base of said face
      tabs and extending away from each other to thereby releasably hold said
      cards in a properly located substantially flat position.
NUM  7.
PAR  7. A puzzle according to claim 4 wherein said openings comprise a plurality
      of slots formed in said card holder, and wherein said card holder is
      formed of two layers, a front layer having said slots formed therein and a
      rear layer having openings formed therein in alignment with said slots to
      accommodate said edge tabs.
NUM  8.
PAR  8. A puzzle according to claim 7 further including face cuts in said front
      layer of said card holder forming a plurality of face tabs, each of said
      face tabs having a base and a free edge formed by a selected edge on one
      of said slots, and further including face cuts located on each side of the
      base of said face tabs and extending away from each other to thereby
      releasably hold said cards in a properly located substantially flat
      position.
NUM  9.
PAR  9. A puzzle according to claim 4 wherein said card holder is formed of
      single layer construction and wherein said openings comprise a plurality
      of slots formed in said card holder, each of said slots having a curved
      selected edge extending below the plane of said card holder, and face cuts
      in said card holder forming a plurality of face tabs, each of said face
      tabs having a base and a free edge formed by an edge directly opposite to
      said first mentioned selected edge of said slots, and further including
      face cuts located on each side of the base of said face tabs and extending
      away from each other to thereby releasably hold said cards in a properly
      located substantially flat position.
NUM  10.
PAR  10. A puzzle according to claim 1 wherein said locating means comprises an
      edge tab located on a selected edge of predetermined ones of said cards
      and further including face cuts formed in selected ones of said cards to
      provide openings during assembly so that said edge tabs may be inserted
      into said openings to provide for the disposition of said cards in said
      predetermined pattern.
NUM  11.
PAR  11. A puzzle according to claim 10 wherein said face cuts in each of said
      cards form a face tab, each of said face tabs having a base, and including
      face cuts located on each side of said base and extending away from each
      other to thereby releasably hold said cards together in a properly located
      substantially flat position.
NUM  12.
PAR  12. A puzzle according to claim 11 wherein the width of the base of each of
      said face tabs is shorter than the width of each of said edge tabs, edge
      cuts formed in each of said edge tabs extending inwardly from the ends
      thereof to be coincident in the assembled form with said face cuts located
      on each side of the base of said face tabs to thereby provide for
      releasably locking said cards together in a properly located substantially
      flat position.
NUM  13.
PAR  13. A puzzle according to claim 11 wherein said plurality of cards is
      divided into three groups, the first group comprising beginning cards
      having said face cuts formed therein, a second group of cards comprising
      middle cards having said edge tab formed thereon and said face cuts formed
      therein, and a third group comprising end cards having said edge tab
      formed thereon.
NUM  14.
PAR  14. A puzzle according to claim 13 wherein said plurality of cards
      comprises a top side and an underside, beginning cards having their top
      side divided into two portions, one portion having a picture segment
      located thereon and the other portion having assembly information thereon,
      the underside of said beginning cards having start information thereon,
      middle cards having a top side similarly divided as said beginning cards
      and having an underside with assembly information thereon, said end cards
      having a picture segment located on its top side and having assembly
      information located on its underside.
NUM  15.
PAR  15. A puzzle according to claim 14 wherein said plurality of cards are
      formed into various widths, said widths being multiples of the width of
      said narrowest card so that a plurality of said cards can be commonly
      interfitted to a wider card to thus provide a greater area upon which
      assembly information may be located.
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PAL  A mechanism for use in teaching a user the proper golf swing to employ. The
      mechanism is in the form of a platform on which a golf tee and ball may be
      placed, with an erect rod fastened to the base, the upper end of which is
      mounted to a circular band of a size to fit freely, without contact, about
      the body of the user while swinging a golf club on the platform to drive
      the golf ball off the tee. The inside of the band is fitted with contact
      switches which actuate an alarm signal when touched by the body of the
      user, indicating that the user's body was not in balance during the golf
      swing.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention is a mechanism for use in teaching a user the proper golf
      swing to employ.
PAR  The mechanism is in the form of a platform on which a golf tee and ball may
      be placed, with an erect rod fastened to the base, the upper end of which
      is mounted to a circular band of a size to fit freely, without contact,
      about the body of the user while swinging a golf club on the platform to
      drive the golf ball off the tee.
PAR  The inside of the band is fitted with contact switches which actuate an
      alarm signal when touched by the body of the user, indicating that the
      user's body was not in balance during the golf swing.
PAR  The device may be employed on a golf driving range and designed for use by
      both right and left-handed golfers by the use of two tee-off positions,
      and by the mounting of the erect rod and attached band in either of two
      sockets fitted in the base.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the invention in use;
PAR  FIG. 2 is a plan view of the invention;
PAR  FIG. 3 is a sectional view of the base member and erect rod; and
PAR  FIG. 4 is a perspective view of the circular band.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-4
      illustrate the invention which consists of a horizontal base platform 11
      on which is mounted a tee 12 and golf ball 13, with a vertical support rod
      14 mounted on the opposite side, from the golf tee, to the base platform
      11. A horizontal circular belt 15 is fastened to the top of support rod
      14, with belt 15 of a size and shape to surround a player 21 in the act of
      hitting ball 13, without touching the player 21.
PAR  Contact switches 23 are mounted inside of the belt 15 to turn ON when
      touched by the body of the player 21, with said switches 23 connected to a
      source of power and to an alarm indicator such as a light bulb 27 mounted
      adjacent to the tee 12.
PAR  Support rod 14 may be fastened to the base platform 11 by means of a
      removable socket 28 so that support rod 14 may be mounted in a similar
      socket 28 on the opposite side of the platform 11, when a left-handed
      player utilizes the tee 12 L and observes the alarm signal light 27 L.
PAR  The diameter of belt 15 is set so that a correct golf swing by the player
      21 will result in his body remaining out-of-contact with belt 15, while an
      incorrect movement of the body 21 during the golf swing will result in
      contacting belt 15 and a contact switch 23 and the lighting of alarm
      signal lamp 27.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A mechanism for teaching a golfer to swing properly comprising a
      horizontal platform containing a golf tee-off position near one edge of
      the platform and a vertical rod mounted near an opposed edge of the
      platform, said rod joining a circular belt of a size to fit about the
      waist of a golfer driving a ball from the tee-off position, without
      touching said golfer's waist said belt fitted with electrical switches one
      of which is turned ON when the belt contacts the golfer, said switches
      connected to an alarm signal that indicates the contact.
NUM  2.
PAR  2. The combination as recited in claim 1 in which the alarm signal is a
      light bulb mounted adjacent to the tee-off position.
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ABST
PAL  Golf clubs are provided with polyurethane inserts on the striking face.
      These golf clubs have been found to have advantage over standard golf
      clubs in that a golf ball hit with these clubs travels a greater distance,
      all other conditions being equal.
PARN
PAR  This is a continuation of application Ser. No. 122,753, filed Mar. 10, 1971
      and now abandoned.
BSUM
PAR  The present invention relates to an improvement in golf clubs known as
      "woods." "Woods" comprise a shaft, a club head block and usually an insert
      on the striking face of the club head block. The improvement of the
      present invention comprises a polyurethane insert on the striking face of
      the golf club. When all other conditions remain the same the golf club
      with the polyurethane insert will drive a golf ball further than a
      standard golf club.
PAR  In the game of golf it is usually desired to get the greatest possible
      distance with the golf clubs known as "woods." While many changes have
      been made in golf balls in order to increase the distance they will
      travel, the applicants have discovered a change which can be made in the
      golf club in order to increase the distance which the golf ball will
      travel. Heretofore, many different materials have been tried for insert in
      golf club heads, including ivory, steel, aluminum and many different
      plastic compositions. In choosing the insert, current thinking is that it
      should be as hard as possible so that no dynamic losses of energy take
      place when the insert impacts the ball. Commonly used materials today for
      the insert are laminated phenolics which are quite hard materials as is
      exemplified by the fact that they usually have a Rockwell hardness from
      about M90-120 for typical golf club inserts.
PAR  The applicants have now discovered that it is not always necessary to use a
      hard material for the insert and that, in fact, there is advantage in
      using polyurethane which is a relatively soft material with a Shore D
      hardness up to about 80. Quite surprisingly, the resilience of the
      polyurethane seems to impart additional energy to the golf ball rather
      than causing losses of energy as was previously thought to be true of
      relatively soft materials.
PAR  The polyurethanes which were useful in the practice of the present
      invention are the urethane pre-polymers made from polyesters or polyethers
      with diisocyanates. Although any diisocyanate may be employed, the
      preferred diisocyanates are 2,4 tolylene diisocyanate (TDI), 4,4'
      diphenylmethane diisocyanate (MDI), and 3,3' dimethyl 4,4' biphenylene
      diisocyanate (also known as 3,3' dimethyl 4,4' biphenyl diisocyanate)
      (TODI). The polyether part of the pre-polymer is preferably a polyalkylene
      ether glycol having an average molecular weight of less than 1,000 and
      having from about four to about eight carbon atoms in the alkylene group.
      Best results have been obtained with polytetramethylene ether glycol. The
      preferred polyesters in the pre-polymer are polycondensation products of
      linear dicarboxylic acids and dihydric alcohols which yield a polyester
      with alcoholic hydroxy terminal groups. Best results have been obtained
      with the polycondensation product of diethylene glycol and adipic acid.
PAR  The pre-polymer is cured with either a polyol or an amine-type curing
      agent. The polyol curing agents may be either di-functional,
      tri-functional or tetra-functional but best results have been achieved
      with the tri-functional and tetra-functional polyol curing agents.
      Examples of polyol type curing agents useful in the practice of the
      present invention are triisopropanol amine (TIPA) and trimethylol propane
      (TMP). Best results have been obtained with the TMP. As to the amine-type
      curing agents, there must be at least two amine groups present and best
      results have been obtained with aromatic diamines. Typical amine-type
      curing agents which are useful in the practice of the present invention
      are: 3,3' dichlorobenzidene; 3,3' dichloro, 4,4' diamino diphenyl methane
      (MOCA); N,N,N',N' tetrakis (2-hydroxy propyl) ethylene diamine (sold by
      Wyandotte under the trade name Quadrol); and Curalon L which is Uniroyal
      Inc.'s brand name for a mixture of aromatic diamines.
PAR  In forming the insert of the present invention the pre-polymer and the
      curing agent are mixed in an equivalent weight ratio of 1:1 .+-. 20% and
      best results have been obtained with an equivalent weight ratio of 1:1
      .+-. 10%. The amount of curing agent to be added is computed in the
      following formula:
      ##EQU1##
      wherein: C = the parts of curing agent to be employed per 100 parts of
      prepolymer;
PA1  E.sub.I = the equivalent weight of the isocyanate linkage in the prepolymer
      (which will be 42.0);
PA1   %I = the percentage by weight of available isocyanate in the prepolymer;
      and
PA1  E.sub.C = the equivalent weight of the curing agent (determined by dividing
      the molecular weight of the curing agent by the number of sites available
      for curing).
PAL  The above formula will result in an equivalent weight ratio of 1:1 for
      curing agent to prepolymer. The amount of curing agent may then be varied
      up to 20 percent in either direction. A computation according to the above
      formula is given in Example 1.
PAR  As a general rule the pre-polymer and the curing agent are thoroughly mixed
      at a temperature ranging from ambient to 250.degree.F. and then are formed
      into the shape of an insert as by open casting, compression molding,
      transfer molding or other known techniques. The insert is then cured and
      this is typically at from about 200.degree.F. to about 300.degree.F. for
      about 1 to about 24 hours. The curing time can be decreased in known
      manner by using catalysts (e.g., stannous octoate where the polyol-type
      curing agent is used).
PAR  While the polyurethane insert has been described with respect to particular
      pre-polymers and curing agents, it has been found that a polyurethane
      insert having the advantages of the present invention will always be
      obtained if the pre-polymer and curing agent are selected to yield a
      compound with the following physical properties: tensile strength from
      about 1,500 to about 8,000 psi as measured by ASTM Standard D 412,
      hardness from about 40 to about 75 on the Shore durometer D scale
      according to ASTM Standard D 2240, elongation from about 50% to about 300%
      as measured by ASTM Standard D 412, rebound value on a Bashore
      Resiliometer as measured by ASTM Standard D 2632-67, above about 17 and
      preferably from about 33 to about 48.
DRWD
PAR  These and other aspects of the present invention may be more fully
      understood with reference to the drawing and illustrative examples as set
      out hereinbelow.
DETD
PAR  In the drawing is shown a standard golf club 10 with shaft 12 (not
      completely shown), club head block 14, insert 16 and screw attachment
      means 18. The club head shaft 12 may be made of any standard material such
      as steel, aluminum, fiberglass or the new light-weight alloys. The club
      head block 14 may likewise be made of any standard material such as
      aluminum or wood, and the preferred club head block is made of persimmon
      wood. The plastic insert 16 according to the present invention is made of
      polyurethane as described in the specification. The insert in the
      preferred embodiment is a truncated triangle about 1/4 inch thick but the
      insert may be in any shape desired, and may cover the entire face of the
      club head if desired. Excellent results are obtained when the insert is
      from about three-sixteenth inch to about seven-sixteenth inch thick. The
      insert 16 is firmly secured to the club head block 14 by any means
      although the preferred means comprises an adhesive between the club head
      block and the insert and also screw attachment means 18 as shown in the
      drawing. While the club head face is shown with grooves therein, these
      grooves are not essential to obtain the improved distance imparted by the
      polyurethane inserts of the present invention. The completed club head may
      be coated with a finish in conventional manner.
PAR  The following are representative examples of polyurethane inserts made in
      accordance with the present invention:
PAC  EXAMPLE 1
PAR  100 parts of Adiprene 315 pre-polymer was admixed with 14 parts of
      triisopropanol amine, which was the curing agent. Adiprene 315 is Dupont's
      trademark for a urethane pre-polymer which is a product of a
      polytetramethylene ether glycol and tolylene diisocyanate. The amount of
      curing agent to be added was computed from the formula:
      ##EQU2##
      wherein: C = the parts of curing agents to be employed per 100 parts of
      pre-polymer;
PA1  E.sub.I = the equivalent weight of the isocyanate linkage in the
      pre-polymer and is 42.0;
PA1  90 I = the percentage by weight of available isocyanate in the pre-polymer
      and is 9.25 %; and
PA1  E.sub.C = the equivalent weight of the curing agent. The molecular weight
      of triisopropanol amine is 191.27. Since there are three sites available
      for curing, the equivalent weight of the curing agent is 63.76.
PAR  Substituting these values in the formula,
      ##EQU3##
      As stated hereinbefore, the mole ratio of the pre-polymer to the curing
      agent is 1:1 .+-. 20%. Therefore, the parts of triisopropanol amine which
      can be added per 100 parts of Adiprene 315 is about 11.2 parts to about
      16.8 parts. In the present example, 14 parts of the curing agent were
      employed.
PAR  After the pre-polymer and the curing agent were thoroughly admixed at
      250.degree.F., the product was cast to a thickness of about one-quarter
      inch. The cast product was then press cured for 15 minutes at
      230.degree.F. removed from the mold and oven cured for 3 hours at
      230.degree.F. The cast products was then cut into the shape of an insert
      for a wooden type golf club, and the insert was shaped essentially as
      shown in the FIGURE The golf club with the polyurethane insert was then
      compared to a golf club with the polyurethane insert except for the
      inserts themselves. In a number of tests on a golf ball driving machine,
      golf balls hit with the club having the polyurethane insert traveled
      further than golf balls hit with the same golf club having a phenolic
      insert. This increased distance was from 1-5 yards on a 250 yard drive.
PAC  EXAMPLE 2.
PAR  A polyurethane insert was made in accordance with Example 1 except that
      11.2 parts of triisopropanol amine were used per 100 parts of Adiprene
      315. Comparable results were obtained.
PAC  EXAMPLE 3
PAR  A polyurethane insert was made in accordance with Example 1 except that
      16.8 parts of triisopropanol amine were used per 100 parts of Adiprene
      315. Comparable results were obtained.
PAC  EXAMPLE 4
PAR  A polyurethane insert was made in accordance with Example 1 from 100 parts
      of Adiprene 315 and 29.4 parts of 3,3' dichloro 4,4' diamino diphenyl
      methane. When the polyurethane insert was tested in a golf club, there was
      significant improvement in yardage as compared to a comparable club having
      a phenolic insert.
PAC  EXAMPLE 5
PAR  In this case 100 parts of Adiprene 315 were cured with 9.85 parts of
      trimethylol propane according to the method taught in Example 1.
      Comparable results to those given in Example 1 were obtained.
PAC  Example 6
PAR  A polyurethane insert was formed from 100 parts of Adiprene LD 955 and was
      cured with 16.1 parts of N,N,N',N' tetrakis (2-hydroxypropyl) ethylene
      diamine according to the procedure of Example 1. Comparable results to
      those given in Example 1 were obtained.
PAC  EXAMPLE 7
PAR  In this example a pre-polymer which is a product of a glycol adipic acid
      ester and tolylene diisocyanate was used. 100 parts of the pre-polymer was
      cured with 29.6 parts of 3,3' dichloro 4,4' diamino diphenyl methane
      according to the method of Example 1. When the polyurethane insert was
      tested in a golf club, comparable results to those of Example 1 were
      obtained.
PAC  EXAMPLE 8
PAR  A polyurethane insert was formed from 100 parts of the pre-polymer of
      Example 7 cured with 33.1 parts of Curalon L (Uniroyal Inc.'s brand name
      for a mixture of aromatic diamines) according to the method of Example 1.
      When the polyurethane insert was compared to a phenolic insert as in
      Example 1, a significant increase in yardage was obtained.
PAC  EXAMPLE 9
PAR  A polyurethane insert was made with 100 parts Adiprene 315 and 33 parts of
      Curalon L according to the method of Example 1. Comparable results to
      those of Example 1 were obtained.
PAC  EXAMPLE 10
PAR  A polyurethane insert was formed from 100 parts of Adiprene 315 cured with
      27.8 parts of dichlorobenzidene according to the method of Example 1. When
      the polyurethane insert was compared to a phenolic insert, a significant
      improvement in distance was obtained.
PAC  EXAMPLE 11
PAR  A polyurethane insert was made in accordance with Example 1 from 100 parts
      of Adiprene L-315 and 16.45 parts of N,N,N',N'-tetrakis(2-hydroxypropyl)
      ethylene diamine (a tetrafunctional polyol). This insert had a hardness
      value on the Shore D scale of 50. When this polyurethane insert at a
      thickness of one-quarter inch was used in a golf club, the same as the
      golf club with the phenolic insert of Example 1, it was found that the
      insert of the present invention gave an average improvement of 9.46 yards
      in a statistically significant number of tests.
PAC  EXAMPLE 12
PAR  A polyurethane insert was made in accordance with Example 1 from 100 parts
      of Adiprene L-315 and 24.5 parts of 4,4'-methylene-bis-2-chloroaniline.
      This insert had a hardness value on the Shore D scale of 70. When this
      polyurethane insert at a thickness of one-quarter inch was used in a golf
      club, the same as the golf club with the phenolic insert of Example 1, it
      was found that the insert of the present invention gave an average
      improvement of 11.64 yards in a statistically significant number of tests.
PAC  PHYSICAL PROPERTIES
PAR  All of the polyurethane inserts of Examples 1-10 had physical properties
      within the following limitations:
PA1  Tensile strength from about 1,500 to about 8,000 p.s.i. as measured by ASTM
      Standard D 412;
PA1  Hardness from about 40 to about 75 on the Shore Durometer D Scale according
      to ASTM Standard D 2240;
PA1  Elongation from about 50% to about 300% as measured by ASTM Standard D 412;
PA1  Rebound value on a Bashore Resiliometer as measured by ASTM Standard D
      2632-67, above about 17.
PAR  It will be understood that it is intended to cover all changes and
      modifications of the preferred embodiments of the invention, herein chosen
      for the purpose of illustration, which do not constitute departures from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a golf club comprising a shaft and a club head, the improvement which
      comprises a polyurethane striking plate of about 1/4 inch thickness and a
      hardness of from about 40 to about 75 on the Shore Durometer D Scale
      according to ASTM Standard D 2240 affixed to the striking face of the club
      head, said polyurethane being a cured reaction product of components
      consisting essentially of a prepolymer consisting essentially of a
      polytetramethylene ether glycol combined with toluene diisocyanate and
      having about 9.5% free isocyanate, and a curing agent for the prepolymer
      selected from the group consisting of tetrafunctional polyols and
      4,4'-methylene-bis-2-chloroaniline, and wherein the prepolymer and the
      curing agent are in an equivalent weight ratio of about 1:1 for the
      tetrafunctional polyols and about 1.2:1 for the
      4,4'-methylene-bis-2-chloroaniline.
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ABST
PAL  A golf game apparatus constructed and equipped for the playing of a game
      which lends itself to a handicap system whereby players of varying
      abilities can compete on a handicap adjusted scoring basis. The apparatus
      has a golf tee disposed at one end, a vertical target disposed at the
      opposite end for segregating balls on a directional accuracy basis and, a
      ball receiver for receiving and classifying balls gravitating from the
      vertical target. Scoring of each ball hit is provided by a numerical
      representation of directional accuracy. For playing the game, each player
      hits a predetermined number of balls with both wood and iron clubs in a
      prearranged sequence into the vertical target. This game can be extended
      to include also floor targets which can be disposed forward of each
      vertical target. For scoring purposes, these floor targets with associated
      controls have provisions for classifying and providing a numerical
      representation of all balls hit therein with short range irons. Scores of
      each shot taken are displayed on a counter situated on a score table
      located at each golf tee area.
PARN
PAR  This is a division of application Ser. No. 204,890, filed Dec. 6, 1971, now
      U.S. Pat. No. 3,784,207.
BSUM
PAR  Presently lacking are golfing facilities which place emphasis on golfing
      accuracy. Therefore, the aim of this invention is to provide golfers with
      a golf facility that will aid in developing golfing accuracy.
PAR  Accordingly, other objects of this invention are as follows:
PAR  To provide a golf game facility adaptable for use either indoors or
      outdoors.
PAR  To provide a golf game apparatus which can be installed in a building to
      provide year-round recreation.
PAR  To provide a golf game apparatus which lends itself to the playing of a
      variety of competitive type golf games.
PAR  To provide an apparatus for competitive type golf games which utilize wood,
      long iron, medium iron, and short iron clubs.
PAR  To provide an apparatus for competitive type golf games adaptable to a game
      rating such as men's and women's par, so that golfer handicaps can be
      established.
PAR  To provide an apparatus for competitive type golf games adaptable to league
      and tournament play.
PAR  To provide a golf game apparatus having means for providing the score of
      every shot hit from the golf ball tee.
PAR  To provide a game scoring system that can be adapted with a score
      projection unit to display player scoring for spectator viewing.
DRWD
PAR  These objects and other objects of this invention should be discerned and
      appreciated from the description and claims taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 shows a schematic plan view of a typical golfing apparatus.
PAR  FIG. 2 shows an enlarged side elevation view of a typical vertical target
      and ball receiver arrangement with side of said ball receiver partly cut
      away.
PAR  FIG. 3 shows an enlarged plan view of the ball receiver.
PAR  FIG. 4 shows an enlarged plan view of a typical floor target.
PAR  FIG. 5 shows an enlarged elevation view, in section, taken on line 3--3 of
      FIG. 4.
PAR  FIG. 6 depicts the golf tee and targets in conjunction with a functional
      schematic block diagram of the control circuitry utilized in the invention
     .
DETD
PAR  In explaining the invention in detail, it can be discerned that this
      invention is capable of many embodiments of which the preferred is herein
      described and illustrated in the associated drawings.
PAR  In order to utilize the disclosed golf game apparatus, it is apparent that
      a supply of golf balls and standard commercially available golf clubs are
      required.
PAR  There are many variations of competitive type games that can be played
      within the said apparatus. The preferred game arrangement allows the
      player to perform by hitting a plurality of balls toward a vertical target
      with both wood and iron clubs. Also, if required, the player can hit a
      plurality of pitch or chip shots toward a floor target with a short range
      iron club. Competing players can hit said balls in a variety of
      predetermined sequence arrangements, according to preference, to favor
      either medal or match play.
PAR  The vertical and floor targets will have both center and off-center areas.
      For accuracy scoring, balls hit into the center zone can be accorded a
      score of one, balls hit into the off-center zones can be accorded a score
      of two, and all other stroked balls can be accorded a score of three. In
      essence, balls hit into the center of the vertical target represents a
      ball hit straight down the fairway. Balls hit either to the right or left
      in the off-center portions of said target will represent balls that have
      been either sliced, hooked, pushed, or pulled. The floor target represents
      a green toward which players can pitch or chip balls with the intent of
      coming as close to the flagstick as possible. Balls hit into the center
      portion will indicate a very good shot to the green. Balls hit into the
      off-center portion will indicate that the player has hit within the
      perimeter of the green. Balls not hitting into either of said target areas
      indicate that the player has missed the green and has hit an undesirable
      shot which will usually lead to trouble on most golf courses.
PAR  It is to be discerned that the above cited scores can be displayed on a
      counter situated at a score table located adjacent to each golf tee. Said
      scores can in turn be recorded by players onto a score sheet positioned on
      said score table. A score projector unit attached to said table can then
      be used to project said scores from said score sheet onto a screen for
      spectator viewing.
PAR  The invention comprises a conventional type golf tee 10 with either manual
      or automatic teeing. Said golf tee 10 is fixedly positioned intermediate
      boundary lines 11, 11 and to surface of ground floor 12. Posts 15, 15 are
      fixedly anchored with respect to ground floor 12 and in line with
      substantially parallel boundary lines 11, 11.
PAR  At a fixed distance from golf tee 10 of golf lane 18, is substantially
      vertical target 19 and ball receiver 20. The vertical target 19 consist of
      target backstop 21 and upright baffles 22, 22. Said baffles are disposed
      vertically with their planes oriented substantially perpendicular with
      respect to said target backstop 21 to establish center and off-center
      target areas. Therefore, adjacent to the center target area both to the
      right and the the left, will be what is known as the off-center target
      areas. Center and off-center areas of said discrete vertical target are
      coextensive with center and off-center sections of said in-line discrete
      ball receiver 20. The plurality of vertically suspended baffles 22, 22 are
      tautly and fixedly mounted between overhang supports 25, 25 and top edges
      of side pieces 26, 26 and partitions 27, 27 of said ball receiver as shown
      in FIGS. 2 and 3. The said baffles 22, 22 are fabricated from a material
      such as reinforced plastic sheet. Said overhang supports 25, 25 are
      disposed in sets of four directly over and in vertical alignment with the
      side pieces 26, 26 and partitions 27, 27 of said ball receiver 20. All
      overhang supports 25, 25 are fixedly mounted to structural tie means 41
      which is fixedly mounted with respect to the tops of posts 15, 15. The
      target backstop 21 is fabricated from a material such as reinforced
      plastic sheet and is securely fastened by conventional means between cable
      23 and the top of rear piece 24 of said ball receiver 20. Cable 23 is
      fixedly mounted between tops of posts 15, 15. There are four baffles per
      vertical target 19 and all are suspended and properly secured in close
      proximity with respect to backstop 21.
PAR  Ball receiver 20 is fixedly mounted to ground floor 12 between posts 15, 15
      of golf lane 18 as shown in FIGS. 1 and 2. By referring to FIGS. 2 and 3
      it can be discerned that said ball receiver 20 resembles a rectangular
      structure with an open top to serve as a ball entrance. Internally, said
      ball receiver 20 is divided into three sections by partitions 27, 27 which
      are fixedly mounted in a substantially vertical manner and extending from
      top of said rectangular like structure to inclined ramp 40. The center
      section lies between partitions 27, 27 and the off-center sections lie
      between said partitions and side piece 26. Center chute 28 is fixedly
      mounted between partitions 27, 27 and inclined downwardly toward front
      mask 29. Also, said chute 28 is of such size as to provide opening 30 for
      passage of golf balls. Fixedly mounted to sides of partitions 27, 27 is a
      ball detection means such as photoelectric components 31 and 32 which are
      disposed to detect the passage of balls through said opening 30 by use of
      light rays 33. The off-center ball receiver sections contain chutes 34, 34
      which slope downwardly toward rear piece 24 of said ball receiver 20. Said
      chutes 34, 34 are of such size as to allow passage of golf balls through
      openings 35, 35. Fixedly mounted to side pieces 26, 26 is a ball detection
      means such as photoelectric unit components 36 and 37 which utilizes light
      rays 38 underneath openings 35, 35 to detect balls passing through said
      openings. Underneath chutes 28 and 34 is an inclined ramp 40 which compels
      balls to discharge out from within the ball receiver 20 through opening 39
      located at the bottom of front mask 29.
PAR  Floor target 43 is fixedly mounted with respect to ground floor 12 within
      lane 18 and disposed in front of said ball receiver 20. Said floor target
      is constructed of two upright annulus ring walls 44 and 45 and made of a
      material such as plastic. The cited annulus rings are maintained in place
      with respect to each other by the annulus cushion 47 which is tightly
      fitted between said annulus walls as shown in FIGS. 4 and 5. Within the
      center annulus ring 45 is a tightly inserted disc type cushion 46
      containing a centrally positioned insert 48 fixedly associated with
      respect to said cushion for the purpose of supporting flagstick 49 in a
      substantially vertical manner. Cushions 46 and 47 are fabricated from a
      material such as flexible foam plastic with a sheet covering of a material
      such as flexible plastic covered cloth. Said cushions 46 and 47 are
      fabricated with an inclined top surface 50 to allow balls hit into said
      target to roll out through the openings 51 and 52 located in annulus walls
      44 and 45. It should be discerned that if said floor 12 is inclined, said
      surface of cushions 46 and 47 need not be fabricated with said inclined
      top surface. Openings 51 and 52 are positioned at the lowest point of
      inclination of both cushions 46 and 47 and are of such size as to allow
      balls to roll freely through. Ball detection means such as photoelectric
      unit components 53 and 54 are fixedly mounted on wall of outer annulus
      ring 44 and positioned adjacent to opening 51 as shown in FIG. 4. This
      arrangement will allow light rays 55 to project horizontally across
      opening 51 for the purpose of detecting the passage of balls. Also, ball
      detection means such as photoelectric unit components 56 and 57 are
      fixedly mounted on wall of inner annulus ring 45 and positioned with
      respect to opening 52 so that light rays 58 will project horizontally
      across said opening 52.
PAR  If game scoring is not automated, a player or scorer must observe the
      trajectory of every ball hit toward the targets, in order to record the
      established target score. If game scoring is automated, it is not
      essential to observe the ball trajectory. Detection means are provided to
      assist in the scoring of each shot. Ball hit into the vertical target 19
      are classified after falling downwardly, within the confinements of the
      backstop 21 and baffles 22, into the various sections or compartments
      within the ball receiver 20. The function of the backstop 21 is to dampen
      the impact of the propelled balls so that rebound will be negligible. The
      upright baffles 22 are intended to define the target areas and aid in
      segregating balls propelled within the said target areas. Balls hit into
      the center target area will drop into the center compartment of the said
      ball receiver. In so doing, the ball will roll down center chute 28 and
      through opening 30 where the light rays 33 are broken thus classifying the
      ball and indicating a directional accuracy score of one. Balls hit within
      either the right or left off-center areas of target 19 will drop into the
      right or left compartment respectively. In so doing, the ball will roll
      down chute 34 and through opening 35 to break the light rays 38 thus
      classifying the ball and indicating a directional accuracy score of two.
      Balls leaving openings 30 and 35 will drop down onto inclined ramp 40 and
      discharged out of said ball receiver 20 through opening 39.
PAR  Balls propelled within the floor target 43 are classified directly in the
      following manner. If the ball hits within the target area of cushion 46,
      the ball will roll downward and through opening 52. In so doing, the ball
      breaks the light rays 58 thus classifying the ball as having hit the
      center portion of the target and therefore an accuracy score of one will
      be alloted. If the ball hits within target area of cushion 47 the ball
      will roll downwardly within the annulus cushion and emerge through opening
      51. In so doing, the ball breaks the light rays 55 thus classifying the
      ball as having hit within the off-center target area and the accuracy
      score of two will be indicated. If the ball misses target 43 completely an
      accuracy score of three will be alloted. The prime function of the said
      cushions 46 and 47 is to act as damping means to prevent balls propelled
      into said floor targets from rebounding out.
PAR  With reference to the block diagram of FIG. 6, the photoelectric and
      acoustic sensing system, the counter, the control relay, the latch relays,
      the time delay, the pulsers, and the D.C. power supply are standard
      commercially available components. Said cited components can be
      substituted for by equivalent devices classified as fluidic, electronic,
      electromechanical, etc. to yield a control system equivalent to that
      depicted and described herein.
PAR  The pulser or pulsing means for providing a preset number of pulses, is to
      be construed as a device which upon receiving an input start signal
      provides a preset number of output control pulses.
PAR  Acoustic sensing unit consists of the acoustic transducer and the acoustic
      controls.
PAR  Photoelectric sensing unit consists of the light source, and the
      photoelectric control.
PAR  Directional accuracy determining and indicating means for the vertical
      target is to be construed as any means functional in providing a numerical
      representation based on which discrete zone of a plurality of target zones
      was hit by a propelled ball. One possible means, as herein disclosed
      includes the use of pulsers, counter, vertical target baffles, ball
      receiver with associated ball detection means, and ancillary control
      devices such as depicted in FIG. 6.
PAR  Accuracy determining and indicating means for the floor target as herein
      disclosed includes such functionally associated components as pulsers,
      counter, vertical annulus walls, ball detection means, and ancillary
      control devices such as depicted in FIG. 6.
PAR  Ball halting means is to be construed as the vertical target and/or the
      floor target.
PAR  The target switching means in conjunction with the control relay is used as
      a selection means to either engage or disengage the vertical and floor
      targets into or from the control system. The said switching means can
      exist as pushbuttons when the system is not completely automatic. When
      automatic, said switching means can exist as relay contacts controlled by
      a programmer which dictates the golf shot sequencing mode of operation.
      This means that when balls are being hit toward the vertical target, the
      floor target will be deactivated and vice versa.
PAR  With reference to FIG. 6, which shows the controls set on the vertical
      target mode of operation, it can be discerned that when the ball is
      dislodged from the golf ball tee 9 the acoustic transducer picks up the
      sound of impact and transmits the signal to the acoustic controls which in
      turn operates to emit an output pulse from terminal 60. Said pulse will be
      conveyed to the indicating device or counter to reset it to a zero count.
      Now, after the ball hits said target 19 and gravitates into the ball
      receiver 20 the directional accuracy score will be provided dependent on
      which zone of said target was hit. If the center zone was hit, light
      source 31 in conjunction with photo sensor 32 will operate to send a
      signal through the contacts of the control relay to activate the
      photoelectric controls 66 which provides one pulse through terminal 67 to
      said counter to advance it one count such that the counter will display a
      score of 1 for the golf shot. If instead, the off-center zone was hit,
      light source 36 in conjunction with photo sensor 37 will operate to send a
      signal through the contacts of the control relay to cause the
      photoelectric controls 68 to emit a pulse to activate pulser No. 1. Said
      pulsing means or pulser, such as an electromechanical single cycle
      multi-cam programmer timer, will in turn emit two pulses from terminal 69
      to said counter to advance it two counts such that said counter will
      display a score of 2 for the golf shot.
PAR  If the floor target is put into operation by the target switching means,
      the control relay will operate to switch all of its contacts such as to
      disengage the vertical target from the circuit and engage the floor target
      into the circuit. Now, with the controls set on the floor target mode of
      operation, it can be discerned that when a ball is dislodged from said tee
      9 the acoustic controls will operate to emit an output pulse from terminal
      60. Said pulse will be conveyed to the counter to reset it to a zero
      count, and through the contacts of the control relay to terminal 71 of
      latch relay No. 1 to effectuate the closing of its normally open contacts
      for conveyance of power therethrough to terminal 72 of the time delay.
      Also, said pulse will be conveyed to terminal 73 of said time delay to
      initiate its operation, and to terminal 75 of latch relay No. 2 to return
      its contacts to the closed condition when previously actuated open. After
      activation, said time delay such as an electromechanical single cycle
      multi-cam timer will emit a pulse from terminal 74 to activate the pulsing
      means or pulser No. 2 if the ball dislodged from said tee 9 does not enter
      said floor target within a specified time. For example, if no ball enters
      said floor target within say 5 seconds, pulser No. 2 will operate to emit
      three pulses from terminal 70 to said counter to register a count of 3
      therein. However, if a ball enters the center portion of said floor target
      within said 5 second time limit, light source 57 in conjunction with photo
      sensor 56 will operate to send a signal through the contacts of the
      control relay to activate the photoelectric controls 66 which provides one
      pulse through terminal 67 to said counter to register an accuracy score of
      1 for said golf shot. Meanwhile, since said ball has hit within said floor
      target within said  5 seconds, a pulse will be provided to the release
      coil of latch relay No. 1 to cause the return of its contacts to the
      normally open condition for termination of power to terminal 72 of said
      time delay. This essentially means that said time delay is de-activated
      since no pulse will be emitted from terminal 74 to activate pulser No. 2
      after said 5 second time interval. Also, said pulse from terminal 67 will
      be conveyed to latch relay No. 2 to open its normally closed contacts,
      thus de-activating photo sensor 54 so that it will not cause operation of
      photoelectric control 68 when a ball hit into said center zone 46 finally
      rolls out through opening 51 of said annulus wall 44. If instead, the
      off-center portion of said target 43 is hit, light source 53 in
      conjunction with photo sensor 54 will operate to send a signal through the
      contacts of the control relay to activate the photoelectric controls 68 to
      emit a pulse to pulser No. 1. Activation of said pulser will provide two
      pulses through terminal 69 for conveyance to said counter to register an
      accuracy score of 2 for the golf shot. Since the ball has hit within said
      floor target, pulser No. 2 will be de-activated in the same manner as
      described above for balls hit within the center zone of said target. It is
      to be noted that power is provided to light source 31 and 36 when the
      upright target is in operation, and to the light source 53 and 57 when the
      floor target is in operation.
PAR  It is to be discerned that when the floor target mode of operation is in
      affect, subsequent operation of the apparatus will follow the same cycle
      of operation such as explained above for each ball dislodged from said tee
      9.
CLMS
STM  Having thusly described the invention, the following is claimed:
NUM  1.
PAR  1. A golf game apparatus, comprising a golfing lane having a golf ball tee
      disposed at one end from which golf balls are hit, ball halting means
      disposed at the opposite end for halting balls propelled from said tee,
      and accuracy determining and indicating means functionally associated with
      said tee and said ball halting means for automatically displaying a
      numerical accuracy representation for each ball hit from said tee; said
      accuracy determining and indicating means include pulsing means for
      providing a preset number of pulses representative of which area of said
      halting means is hit, and a remotely interconnected numeric indicating
      device operative in receiving and translating said pulses to provide a
      numeric display of said accuracy representation.
NUM  2.
PAR  2. The invention as defined by claim 1, wherein said ball halting means is
      further characterized as being an upright target.
NUM  3.
PAR  3. The invention as defined by claim 2, wherein said accuracy determining
      and indicating means is further characterized as including upright baffles
      mounted such as to separate said upright target into discrete zones.
NUM  4.
PAR  4. The invention as defined in claim 3, wherein said accuracy determining
      and indicating means is further characterized as including a ball receiver
      disposed adjacent to said upright target.
NUM  5.
PAR  5. The invention as defined by claim 4, wherein said accuracy determining
      and indicating means is further characterized as including ball detection
      means disposed with respect to said ball receiver for providing
      classifying information as to which zone of said target was hit.
NUM  6.
PAR  6. The invention as defined by claim 5, wherein said indicating device is
      further characterized as a counter.
NUM  7.
PAR  7. The invention as defined by claim 6, wherein said ball halting means is
      further characterized as including a horizontally disposed target.
NUM  8.
PAR  8. The invention as defined in claim 7, wherein said horizontally disposed
      target is further characterized as a floor target having upright annulus
      walls therewithin for establishing center and off-center zones.
NUM  9.
PAR  9. The invention as defined by claim 8, wherein said floor target is
      further characterized as including ball detection means for providing
      classifying information as to which zone of said target was hit.
NUM  10.
PAR  10. The invention as defined by claim 9, wherein said center and off-center
      zones of said floor target are further characterized as containing
      cushions functional as damping means for preventing balls propelled into
      said target from rebounding out.
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ABST
PAL  A sound reproducing apparatus includes a device for producing an output
      signal proportional to the rotary angle of a rotary shaft which rotates in
      association with the pickup arm of a phonograph apparatus, and includes a
      motor speed control circuit for driving a turntable in response to the
      output signal and a reference signal which is determined from monitoring
      the position of the sound track on a disc record. The postion detecting
      device is able to detect the amount of eccentricity of the disc record or
      the spindle of the turntable and the invention improves the wow
      characteristics of phonograph apparatus caused by eccentricity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a sound reproducing apparatus
      for a disc type record medium, and more particularly to a sound
      reproducing apparatus for a disc type record medium which is suitable for
      reproduction of sound from a disc record having eccentricity.
PAR  2. Description of the Prior Art
PAR  Generally speaking, in a disc record medium such, for example, as a record
      and the like, at times the center of the spiral sound track groove is not
      in coincidence with the central bore of the record. Also, sometimes the
      center bore of the record disc does not coincide with the rotational axis
      of the spindle of a turntable.
PAR  A wow results in such cases in the output signal which deteriorates the
      sound quality. Tests have shown that if the center of a record disc is
      shifted by, for example, 0.2 mm, wow of 0.134% occurs on the outer
      periphery of the disc record and wow of 0.402% occurs on the inner
      periphery of the record disc (which is 50mm in radius).
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a sound reproducing
      apparatus for a disc type record medium which is free from the drawbacks
      of the prior art.
PAR  Another object of the invention is to provide a sound reproducing apparatus
      for a disc type record medium suitable for reproduction of sound from a
      disc record which has eccentricity.
PAR  A further object of the invention is to provide a sound reproducing
      apparatus for a disc type record medium in which the change of rotational
      angle of the tone arm is detected to control the speed of rotation of the
      turntable in a record player to avoid the drawbacks of the prior art.
PAR  A still further object of the invention is to provide a sound reproducing
      apparatus for a disc type record medium in which the angle change of the
      tone arm supporting rotational shaft is detected and controls a speed
      servo motor in response to the detected output.
DRWD
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view for showing the main part of an example
      according to the present invention;
PAR  FIG. 2 is a circuit diagram used in the example shown in FIG. 1;
PAR  FIGS. 3A through 3E and 4A through 4E, inclusive, are graphs and waveform
      diagrams used for the explanation of the example of the invention;
PAR  FIG. 5 is a perspective view for showing the main parts of another example
      according to the invention; FIG. 6 is an enlarged view for showing a part
      of that shown in FIG. 5;
PAR  FIG. 7 is a circuit diagram used in the example shown in FIG. 5; and
PAR  FIGS. 8A through 8C and 9A through 9C, inclusive, are graphs and waveform
      diagrams used for the explanation of the example shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A first example of the present invention will be described with reference
      to FIGS. 1 and 2. In FIG. 1, a support board 1 of a record player has a
      turntable 2 and spindle 3. A disc record medium, such as a record disc 4,
      is mounted on the turntable. A pickup arm mechanism 5 includes a pickup
      arm 6. A rotary shaft 7 is mounted substantially perpendicular to and
      supports the pickup arm 6. A bearing 8 is mounted in board 1 and
      rotationally supports the rotary shaft 7. A cartridge 9 is attached to the
      free end of the pickup arm 6.
PAR  A detecting device 10 is mounted so as to detect the changes of the
      rotation angle of the pickup arm 6 while the cartridge traces the spiral
      groove or modulation groove formed on the record disc 4. The speed of a
      motor, which drives the turntable 2 and which will be described later, is
      controlled by the output of the detecting device 10.
PAR  The detecting device 10 consists of two semi-circular shaped discs 10a and
      10b made of metal plate. Plate 10a is attached to the rotary shaft 7 and
      forms a rotor. Plate 10b is fixed to a support and forms a stator. Plates
      10a and 10b form a variable capacitor. Thus, the changes in the angular
      velocity of the rotary shaft 7 can be detected as a change in capacitance
      of the variable capacitor. In other words, the changes of the rotation
      angle of the rotational shaft 7, which is proportional to the distance
      that the cartridge 5 travels on the record disc 4 from its outer periphery
      to its inner periphery, is detected as capacity changes of the capacitor
      formed by the two semi-circular plates 10a and 10b.
PAR  FIG. 2 is a circuit diagram in block used with the reproducing apparatus
      shown in FIG. 1. The detecting device 10 which is the variable capacitor
      formed of two semi-circular plates 10a and 10b in FIG. 1 is connected to
      an oscillator 11 and controls its oscillation frequency. The output
      terminal of the oscillator 11 is connected to the input terminal of a
      frequency discriminator or detector 12. The output of detector 12 is
      connected to the input terminals of a high pass filter 13 and to a low
      pass filter 14, respectively. The pass band frequency of the high pass
      filter 13 is selected as 0.56 Hz for a long play record (L.P.) of 331/3
      r.p.m. The output terminal of the high pass filter 13 is connected to the
      input terminal of a variable gain amplifier 15. The output terminal of the
      low pass filter 14 is connected to the gain control terminal of variable
      gain amplifier 15. The output terminal of amplifier 15 is connected to a
      speed servo circuit 40.
PAR  The speed servo circuit 40 consists of a frequency generator 21 which may
      produce pulse signals, which are proportional to the rotational speed of
      drive motor 20 which drives the turntable 2. A frequency discriminator or
      detector 22 is connected to and detects the output pulses from the
      frequency generator 21. A reference DC voltage source 17 supplies an input
      to adder 16 which receives the output of amplifier 15. A comparator 18
      receives the output signal from the adder 16 and the output of frequency
      discriminator 22. A DC amplifier 19 is controlled by the output signal
      from the comparator 18 and supplies an output to control the speed of
      rotation of motor 20. In practice, the speed servo circuit 40 is well
      known, and the speed servo circuit 40 is formed so that the rotation speed
      of motor 20 can be controlled by the setting of reference DC voltage
      source 17.
PAR  In this case, the output signal from the variable gain amplifier 15 is
      superimposed on the reference DC voltage source 17 in adder circuit 16.
PAR  In operation, let it be assumed that the center of the spiral groove on the
      record disc 4 coincides with the center of the record disc 4 which means
      there is no eccentricity between them. In this case, as shown in FIG. 3A
      which is a plot, the oscillation frequency f (on the ordinate) of the
      output signal from the oscillator 11 changes linearly with the rotation
      angle of the pickup arm 6 and rotary shaft 7 from the outer periphery of
      record disc 5 to its inner periphery. The rotation angle .theta. is
      plotted on the abscissa. Accordingly, as shown in FIG. 3B, the output
      voltage V.sub.1 (on the ordinate) from the frequency discriminator 12
      changes linearly with the rotation angle .theta. and hence the high pass
      filter 13 produces no output voltage V.sub.2 (on the ordinate), as shown
      in FIG. 3C, while the output voltage V.sub.3 (on the ordinate) from the
      low pass filter 14 changes linearly, as shown in FIG. 3D. Accordingly,
      since the high pass filter 13 produces no output signal, the variable gain
      amplifier 15 produces no output signal V.sub.4 (on the ordinate), as shown
      in FIG. 3E. Therefore, the adder circuit 16 is supplied only with the
      output from the reference DC voltage source 17 and hence the motor 20 is
      driven at a fixed predetermined speed.
PAR  When an eccentricity exists in the record 4 or spindle 3, the velocity of
      the pickup arm 6 does not change linearly from the periphery of record
      disc 4 to its inner limit and the arm moves from the outer periphery to
      the inner limit of record disc 4 with an amplitude variation corresponding
      to the amount of eccentricity on every revolution of record disc 4.
      Accordingly, the oscillation frequency f of the output signal from the
      oscillator 11 consists of a DC component and an AC component superposed on
      each other, as shown in FIG. 4A. Hence, the output signal V.sub.11 from
      the frequency discriminator 12 is as shown in FIG. 4B. The output signal
      V.sub.11 shown in FIG. 4B is filtered by the high pass filter 13 to obtain
      signal V.sub.12 shown in FIG. 4C which contains only the AC component.
      This AC component is supplied to the variable gain amplifier 15. The
      signal V.sub.11 is filtered by the low pass filter 14 to obtain signal
      V.sub.13 shown in FIG. 4D which contains only the DC component. This
      signal is supplied to the control terminal of the variable gain amplifier
      15. Thus, the variable gain amplifier 15 produces an output signal
      V.sub.14 which is shown in FIG. 4E. In this case, the reason why the
      output signal from the amplifier 15 is increased in amplitude with an
      increase in .theta. is that the eccentricity has a greater effect the
      inner limit of record disc 4 than it does on the outer periphery thereof.
      The adding circuit 16 is supplied with the output signal from the
      amplifier 15 shown in FIG. 4E and controls the rotational speed of motor
      20 in response to the output signal from the amplifier 15. In other words,
      when eccentricity exists in the record disc 4, the tracking speed of the
      cartridge 9 on the record disc 4 at the reproducing point changes in
      response to the waveform shown in FIG. 4E.
PAR  Accordingly, the adding circuit 16 is supplied with the signal from the
      amplifier 15 in a direction so as to cancel this effect. The rotation
      speed of motor 20 is changed in response to the eccentricity signal; and
      hence, the tracking speed of the cartridge 9 at the reproducing point on
      the record disc 4 is kept constant and wows which would have been caused
      by eccentricity will be eliminated.
PAR  As apparent from the above description, with the present invention since
      wows caused by eccentricity of records are eliminated, the reproduced
      sound will have superior fidelity.
PAR  Another example of the invention will be described with reference to FIG.
      5. In FIG. 5, reference numerals for elements the same as those of FIG. 1
      indicate the same elements, and their description will be omitted.
PAR  The novel feature of the example shown in FIG. 5 is that a signal
      proportional to the rotation angle .theta. of the pickup arm 6 or rotaty
      shaft 7 is provided by a photoelectric apparatus. A shutter plate 30 of
      sector or fan shape is attached at its apex to the rotary shaft 7 of
      pickup arm 6. A light source 31, which may be an electric lamp 31, is
      mounted on one side of shutter 30 and a photoelectric pick up 32 is
      mounted on the other side and aligned with lamp 31, with the shutter 30
      therebetween. The pickup 32 extends radially so that a variable output can
      be obtained which varies with the position of the shutter 30.
PAR  As shown in FIG. 7, the output signal from the photoelectric pickup element
      32 is applied to a current-voltage converter 34 and its output is applied
      through a band pass filter 35 to a DC amplifier 36. The output delivered
      to output terminal 37 from the amplifier 36 is fed to the adding circuit
      16 shown in FIG. 2. In FIG. 7, reference numeral 33 indicates a power
      supply for the lamp 31.
PAR  As shown in FIG. 6, the radius of shutter 30 changes exponentially from
      r.sub.1 to r.sub.2 (r.sub.1 &gt;r.sub.2) and when no eccentricity exists in,
      for example, the record 4, the converter 34 produces an output signal
      V.sub.21 which changes with the rotation angle .theta. as shown in FIG.
      8A. The band pass filter 35 produces no output V.sub.22 under these
      conditions as shown in FIG. 8B. Accordingly, the DC amplifier 36 produces
      no output signal V.sub.23 as shown in FIG. 8C and hence the motor 20 is
      driven at a constant speed.
PAR  On the other hand, when an eccentricity exists in, for example, the record
      4, the converter 34 produces a rippled output signal V.sub.31 which
      contains a DC component and an AC component superposed on each other and
      which changes .theta. as shown in FIG. 9A. In this case, the amplitude of
      the AC component increases as the pickup arm 6 moves from the outer
      periphery to the inner limits of the record 4. This variation is caused by
      the specific contour of shutter 30, especially its outer periphery, as
      shown in FIG. 6. Thus, in the example of FIG. 5, the variable gain
      amplifier 15 shown in the example of FIG. 1 can be omitted.
PAR  The reason why the condition (r.sub.1 &gt; r.sub.2) is satisfied in this case
      in that since the effect of eccentricity or wow is greater at the inner
      limits of the sound track of record 4 than at the outer periphery thereof,
      the change in tracking speed of cartridge 9 caused by the eccentricity is
      made to be greater as the cartridge 9 approaches the inner limit of the
      sound track on record 4.
PAR  The DC component of the output from the converter 34 is eliminated by the
      band pass filter 35 as shown by signal V.sub.32 in FIG. 9B and hence the
      DC amplifier 36 produces an output signal V.sub.33 as shown in FIG. 9C.
      The output signal delivered to the output terminal 37 from the amplifier
      36 is applied to the adder circuit 16 shown in FIG. 2 in opposite polarity
      to control the rotational speed of motor 20 in response to the
      eccentricity of the record 4 and consequently to keep the tracking speed
      of cartridge 9 from varying on the record 4. Thus, wows will not be
      generated.
PAR  In addition to the above examples, a magnetosensitive element, by way of
      example, could be used to produce an electrical signal proportional to the
      rotation angle .theta. of pickup arm 6 or rotary shaft 7 to obtain the
      same effect.
PAR  Thus, this invention provides means for detecting the rate of change of the
      angular position of the tone arm and/or the tone arm supporting shaft; and
      if this rate of change which is angular velocity remains constant, no
      eccentricity exists. However, if the angular velocity varies, this
      indicates eccentricity and the variation is detected and used to control
      the drive motor of the turntable so as to eliminate audio signal errors.
PAR  It will be apparent that many modifications and variations could be
      effected without departing from the sprit or scope of the novel concepts
      of the present invention and accordingly the scope of the invention should
      be determined by the appended claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a reproducing apparatus for a disc type record medium having a pickup
      arm, a rotary shaft rotatably supported and said pickup arm mounted
      thereon, and a turntable having a spindle adapted to rotate a disc type
      record medium which is scanned by a pickup on said pickup arm, comprising:
PA1  a. first means producing an output signal proportional to the instantaneous
      angular position of the pickup arm, the output signal including a
      component proportional to the eccentricity of the record medium or the
      spindle;
PA1  b. second means receiving the output of said first means and detecting said
      component proportional only to the eccentricity of the record medium or
      the spindle and producing an output signal proportional thereto;
PA1  c. third means for controlling the rotational speed of the turntable in
      response to the output signal of the second means, and wherein said first
      means comprises a variable capacitor associated with said rotary shaft, an
      oscillator whose oscillating frequency is controlled by the angular
      position of the variable capacitor, and a detector supplied with the
      output signal of said oscillator and producing a control signal having a
      component proportional to the eccentricity of the record medium or the
      spindle; and said second means comprises a filter circuit for detecting
      said component in the output signal of said detector, and a variable gain
      amplifier receiving the output of said filter means and increasing the
      amplitude of said component proportional to the angular position of the
      pickup arm.
NUM  2.
PAR  2. A reproducing apparatus for a disc type record medium according to claim
      1 wherein said third means includes a motor for driving said turntable,
      and an automatic speed control circuit for said motor which receives an
      input from said variable gain amplifier.
NUM  3.
PAR  3. A reproducing apparatus for a disc type record medium according to claim
      2, wherein said automatic speed control circuit includes a frequency
      generator for detecting the angular velocity of said motor, an FM detector
      receiving the output of said frequency generator and converting frequency
      shifts of said frequency generator into a DC voltage, a reference voltage
      source and a comparator comparing the DC voltage of said FM detector and
      an output of said reference voltage source, and the output signal of said
      comparator connected to said motor to control the angular velocity of the
      motor.
NUM  4.
PAR  4. In a reproducing apparatus for a disc type record medium having a pickup
      arm, a rotary shaft rotatably supported and said pickup arm mounted
      thereon, and a turntable having a spindle adapted to rotate a disc type
      record medium which is scanned by a pickup on said pickup arm, comprising:
PA1  a. first means producing an output signal proportional to the instantaneous
      angular position of the pickup arm, the output signal including a
      component proportional to the eccentricity of the record medium or the
      spindle;
PA1  b. second means receiving the output of said first means and detecting said
      component proportional only to the eccentricity of the record medium or
      the spindle and producing an output signal proportional thereto;
PA1  c. third means for controlling the rotational speed of the turntable in
      response to the output signal of the second means, and wherein said first
      means comprises a shutter connected to said rotary shaft, a light source
      and a photo-electric pickup element mounted on each side of said shutter
      opposite each other, and an output signal of said photo-electric pickup
      element supplied to said second means.
NUM  5.
PAR  5. A reproducing apparatus for a disc type record medium according to claim
      4 wherein said shutter is shaped that the radius decreases proportional to
      the angular position of the pickup arm.
NUM  6.
PAR  6. Apparatus for eliminating distortion in the output of the audio of a
      record player having eccentricity between a record and the turntable
      comprising; motor means driving said turntable, a pickup arm with means
      for following the sound track on said pickup arm, a shaft rotatably
      supported by said record player and said pickup arm supported by said
      shaft, signal means mounted on said record player for detecting changes in
      angular velocity of said shaft caused only by eccentricity between said
      record and said turntable, a motor control circuit supplying a
      substantially constant drive voltage, adder means receiving the output of
      said motor control circuit and said signal means and supplying an input to
      said motor means to vary its speed as a function of the output of said
      signal means, and including a feedback loop including means detecting the
      instantaneous velocity of said motor means, and a combining means
      receiving the output of said detecting means and combining it in opposite
      sense to the output of said adder means.
NUM  7.
PAR  7. Apparatus for eliminating distortion in the output of the audio of a
      record player having eccentricity between a record and the turntable
      comprising; motor means driving said turntable, a pickup arm with means
      for following the sound track on said pickup arm, a shaft rotatably
      supported by said record player and said pickup arm supported by said
      shaft, signal means mounted on said record player for detecting changes in
      angular velocity of said shaft caused only by eccentricity between said
      record and said turntable, a motor control circuit supplying a
      substantially constant drive voltage, adder means receiving the output of
      said motor control circuit and said signal means and supplying an input to
      said motor means to vary its speed as a function of the output of said
      signal means, and wherein said signal means includes a capacitor with a
      pair of plates with one mounted on said shaft and the other on said record
      player, a variable frequency oscillator receiving the output of said
      capacitor and its frequency controlled thereby, a high pass filter, a low
      pass filter; said filter receiving the output of said oscillator, and a
      variable gain amplifier receiving the output of said high pass filter and
      the output of said low pass filter connected to the gain control of said
      variable gain amplifier.
NUM  8.
PAR  8. Apparatus according to claim 7 including a detector connected between
      said variable frequency oscillator and said high and low pass filters.
NUM  9.
PAR  9. Apparatus for eliminating distortion in the output of the audio of a
      record player having eccentricity between a record and the turntable
      comprising; motor means driving said turntable, a pickup arm with means
      for following the sound track on said pickup arm, a shaft rotatably
      supported by said record player and said pickup arm supported by said
      shaft, signal means mounted on said record player for detecting changes in
      angular velocity of said shaft caused only by eccentricity between said
      record and said turntable, a motor control circuit supplying a
      substantially constant drive voltage, adder means receiving the output of
      said motor control circuit and said signal means and supplying an input to
      said motor means to vary its speed as a function of the output of said
      signal means, and wherein said signal means includes a fan shaped shutter
      with its apex mounted to said shaft and formed with a radius continuously
      varying at a constant rate, photo-electric means mounted on the opposite
      sides of said shutter and producing an electrical signal with an A.C.
      component proportional to eccentricity between said record and turntable
      and a band pass filter receiving the output of said photo-electric means.
PATN
WKU  039374777
SRC  5
APN  4281640
APT  1
ART  243
APD  19731226
TTL  Mechanical seal system
ISD  19760210
NCL  11
ECL  1
EXP  Rothberg; Samuel B.
NDR  2
NFG  6
INVT
NAM  Gyory; Emeric J.
CTY  Park Ridge
STA  IL
ASSG
NAM  Borg-Warner Corporation
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  277 25
XCL  277 65
XCL  277134
XCL  277 67
EDF  2
ICL  F16J 1516
FSC  277
FSS  25;65;134;3;27;67
FSC  308
FSS  36.4
UREF
PNO  1539941
ISD  19250600
NAM  Gentry
XCL  277 25
UREF
PNO  2556393
ISD  19510600
NAM  Holben
OCL  277134
UREF
PNO  2844418
ISD  19580700
NAM  Audemar
XCL  277134
UREF
PNO  3068801
ISD  19621200
NAM  Murray
XCL  277  3
UREF
PNO  3236529
ISD  19660200
NAM  Heim
XCL  277 67
UREF
PNO  3246901
ISD  19660400
NAM  Wickli
OCL  277  3
UREF
PNO  3395645
ISD  19680800
NAM  Vilet
XCL  277 65
UREF
PNO  3468548
ISD  19690900
NAM  Webb
OCL  277 13
UREF
PNO  3472169
ISD  19691000
NAM  Dyke et al.
XCL  277 25
UREF
PNO  3746350
ISD  19730700
NAM  Mayer
XCL  277134
FREF
PNO  1,264,949
ISD  19720200
CNT  UK
OCL  277 25
FREF
PNO  1,270,762
ISD  19720400
CNT  UK
OCL  277134
LREP
FR2  Geppert; James A.
ABST
PAL  A sealing system for a rotatable shaft positioned in a passage extending
      through a housing where both static and dynamic sealing are achieved to
      prevent fluid leakage along the shaft from the liquid side to the air side
      of the seal. The system includes a helix formed either on the shaft or on
      the wall encompassing the shaft to provide a viscous shear pump forming a
      hydrodynamic seal, and a temporary face seal is provided at the air side
      end of the helix and adapted to effectuate sealing under static conditions
      and to diminish face seal contact upon rotation of the shaft.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a mechanical seal system to prevent fluid
      leakage along a shaft extending through a housing, and more particularly
      to a sealing system for a shaft in a housing providing a temporary face
      seal under static conditions and a non-contacting dynamic seal operative
      upon rotation of the shaft.
PAR  Numerous prior seal constructions have been developed attempting to provide
      an effective sealing means for the prevention of fluid leakage between a
      rotating shaft and the housing therefor. Such sealing devices fall into
      the catagories of continuous contact seals, labyrinth-type seals and
      hydrodynamic seals. Of concern in the present invention is the sealing of
      low to medium pressure liquid around high speed shafts where the shaft is
      rotating at a speed of over 5000 revolutions per minute. The opposing
      requirements of such a system are minimum or no leakage and minimum torque
      or wear versus maximum life. These requirements can be ideally reconciled
      by the present seal system.
PAR  Among the objects of the present invention is the provision of a mechanical
      seal system having a non-contracting hydrodynamic seal to initiate and
      sustain fluid flow in a direction opposite to the direction of leakage
      along a shaft in a housing during rotation thereof. The hydrodynamic seal
      is in the form of a helix or screw element which is formed either on the
      rotating shaft or on the cylindrical wall surrounding the shaft and
      provides the solution to the requirement of minimum or no leakage, no
      wear, and long life. These functions, however are provided only under
      dynamic conditions where the helix performs as a viscous shear pump above
      the minimum shaft speed necessary for this type of seal. In the absence of
      these operational conditions, leakage would occur through the helix pump
      clearance.
PAR  Another object of the present invention is the provision of a mechanical
      seal system utilizing a temporary contact or face seal to prevent leakage
      along the shaft under generally static conditions when the hydrodynamic
      seal becomes partially or fully inoperative. This temporary seal includes
      a stationary face ring mounted in the housing and a rotating face seal
      flexibly attached to and rotating with the rotatable shaft. The rotary
      face seal is spring-loaded and hydrostatically balanced so as to be urged
      toward the stationary face ring and provide sealing contact therewith. The
      seal is also equipped with an unloading device activated as a result of
      rotation of the shaft to retract the rotary face seal as the helix-induced
      flow approaches and then effects fluid sealing.
PAR  Further objects are to provide a construction of maximum simplicity,
      efficiency, economy and ease of assembly and operation, and such further
      objects, advantages and capabilities as will later more fully appear and
      are inherently possessed thereby.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial vertical cross sectional view of a first embodiment of
      mechanical seal system with the temporary face seal in operative sealing
      position.
PAR  FIG. 2 is an enlarged cross sectional view of the temporary face seal
      portion of FIG. 1.
PAR  FIG. 3 is a partial vertical cross sectional view of the embodiment of FIG.
      1 with the shaft rotating and showing the face seal retracted.
PAR  FIG. 4 is a partial vertical cross sectional view of an alternate
      embodiment of seal system.
PAR  FIG. 5 is an enlarged cross sectional view of the temporary face seal
      structure of FIG. 4.
PAR  FIG. 6 is a cross sectional view similar to FIG. 4, but with the face seal
      retracted upon shaft rotation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to the disclosure in the drawings wherein are
      shown illustrative embodiments of the present invention, FIGS. 1 to 3
      disclose one embodiment of a mechanical seal system for a shaft 10 mounted
      for rotation in the cylindrical bore 12 of a housing 11, where leakage
      between the liquid side 13 and the air side 14 is to be prevented by the
      use of a fluid sealing system. The housing 11 includes a shoulder 15 in
      the stepped cylindrical bore 12, and a cylindrical sleeve 16 is positioned
      within the bore 12 and has a radial flange 17 that abuts the shoulder 15.
      The flange 17 is suitably secured, as by a liquid-tight friction fit,
      within the bore 12 and provides a dividing wall between the liquid side 13
      and the air side 14.
PAR  The flange 17 is so positioned that the majority of the sleeve 16 extends
      into the liquid side 13 with only a short sleeve portion 18 extending into
      the air side 14. The shaft 10 is provided with an integral helix 21 on the
      exterior surface thereof which has a thread configuration to pump liquid
      toward the liquid side 13 upon rotation of the shaft in the direction of
      the arrow A (FIG. 3). This helix stops short of the end 19 of the short
      sleeve portion 18 and extends substantially to or beyond the opposite end
      22 of the sleeve. The sleeve is provided with a plurality of
      circumferentially spaced radial openings 23 located adjacent the flange 17
      on the liquid side 13.
PAR  The helix 21 on the shaft 10 provides a non-contacting hydrodynamic seal
      utilizing the principle of a viscous shear pump with the liquid on the
      liquid side 13, which liquid may be oil. A narrow clearance is provided
      between the outer periphery 24 of the helix and the cylindrical interior
      surface 25 of the sleeve 16 to provide minimum leakage, no wear and long
      life of the seal under dynamic conditions.
PAR  The sleeve end 19 is provided with a recess 26 to receive a stationary seal
      ring 27 formed of a suitable material, such as carbon graphite, which is
      retained in position by a retaining ring 28 suitably secured to the sleeve
      end 19. Behind the seal ring 27 in an extension of the recess 21 is an
      O-ring 29 acting to aid in the sealing characteristics of the ring 27. The
      ring 27 is provided with a flat annular sealing face 31 to be engaged by a
      rotary seal ring 32.
PAR  The rotary sealing ring 32, as more clearly seen in FIG. 2, includes an
      annular housing 33 of a generally U-shape in cross section with an open
      end 34 facing the sealing face 31. The housing has a generally cylindrical
      enlargement 35 on the exterior surface of the housing at the open end 34,
      and an annular reciprocable sealing ring body 36 having a circumferential
      flange 37 thereon is received in the housing 33 with the flange 37 located
      in the enlargement 35. A plurality of relatively light compression springs
      38 are positioned in rearwardly opening recesses 39 in the ring 36 and
      extend to abut the rear wall 41 of the housing 33, and an O-ring 42 is
      positioned in a circumferential groove 43 in the outer periphery of the
      ring body 36 to seal the ring body in the housing.
PAR  The inner periphery of the ring body is formed with a plurality of
      circumferentially spaced longitudinally extending channels or grooves 44
      which provide communication between the space defined by the shaft 10 and
      the sleeve 16 communicating with the liquid side 13 and the rear end 45 of
      the ring body 36 within the housing 33; some of the grooves receiving
      antirotational ribs (not shown) formed to extend inwardly from the housing
      33. As the springs 38 are necessarily relatively weak, the liquid pressure
      of the liquid area 13 is also present in the housing 33 and acts on the
      rear end 45 of the ring body 36 to provide a hydrostatic force to urge the
      ring body against the face 31 of the stationary ring seal 27.
PAR  The ring body 36 is provided with a flat sealing face 46 formed of a
      hard-faced metal, such as tungsten carbide, adapted to be yieldably biased
      against the flat seal face 31 to provide a temporary static seal and
      prevent leakage of fluid from the liquid side 13 to the air side 14.
      Pivotally mounted on pins 47 received in pairs of ears 48 formed on the
      enlargement 35 are a plurality of circumferentially spaced bell cranks 49,
      each having a radially inwardly extending arm 50 received in a notch 51
      betweeen the ears 48 and adapted to engage the front surface 52 of the rib
      37, and a generally horizontally oriented arm 53 that is considerably
      longer than the arm 50 and terminates in an enlarged end 54.
PAR  When the system is in the static state, the relatively light springs 38
      tend to urge the reciprocable seal ring body 36 to the left, as seen in
      FIG. 1, so that the hard sealing face 46 engages the flat sealing face 31
      of the stationary ring 27. Also, the pressure of the liquid from the
      liquid side 13 of the seal is communicated along the shaft 10 and through
      the channels 44 to the interior of the housing 33. As the hydrostatically
      unbalanced area of the rear end 45 of the ring body 36 is approximately
      the same as the area of the contacting sealing faces 31 and 46, a
      hydrostatic force is created to urge the sealing ring body 36 against the
      stationary sealing ring 27 and provide a static seal preventing leakage of
      the liquid to the air side 14.
PAR  When rotation of the shaft 10 is initiated in the direction of arrow A, the
      rotary seal ring 32 has sliding contact with the stationary seal ring 27
      to retain the sealing contact. As the speed of rotation increases, the
      viscous shear pump action of the helix 21 begins to move liquid along the
      shaft toward the liquid side 13. Also, centrifugal acceleration created by
      rotation of the housing 33 begins to act on the mass of the enlarged ends
      54 of the bell cranks 49 to urge the enlarged ends radially outward
      relative to the housing 33.
PAR  When the shaft speed reaches approximately 5000 revolutions per minute, the
      helix-induced flow of liquid provides complete fluid sealing along the
      shaft 10, and the rotating face contact pressure is reduced to zero due to
      the centrifugal force acting on the enlarged ends 54 to move the ends
      outward, as more clearly shown in FIG. 3. This movement causes rotation of
      the bell cranks 49 about the pivot pins 47 so that the arms 51 act on the
      rib 37 to retract the seal ring body 36 against the force of the springs
      38 and retract the sealing face 46 off of the seal ring 27 in the
      direction of the arrow B (FIG. 3).
PAR  Furthermore, the action of the helix 21 draws liquid from the housing 33
      behind the seal ring body 36 through the channels 44 to change the
      hydrostatic balance therein. The flow of liquid in the direction of the
      arrows C also causes fluid from the exterior of the sleeve 16 to be drawn
      through the radial openings 23 into the helix pump and creates a
      relatively continuous flow of fluid therein during rotation of the shaft.
      When the shaft rotation decreases, the hydrodynamic sealing action
      decreases but the face seal again has the faces 31, 46 engaging to provide
      the sealing function as the system approaches a static condition.
PAR  FIGS. 4 through 6 disclose an alternate embodiment of the mechanical seal
      system wherein like parts have the same reference number followed by an a.
      The system includes a rotatable shaft 10a in a housing 11a where the
      hydrodynamic sealing portion is identical to that shown in FIGS. 1 through
      3, including the sleeve 16a in the housing having a stationary seal ring
      27a at the air side 14a and a plurality of radial openings 23a
      communicating with the liquid side 13a. The shaft 10a has a helix 21a in
      non-contracting position with respect to the interior cylindrical surface
      25a of the sleeve 16a. The shaft 10a is altered to provide one or more
      passages 55 in the shaft body extending between angled outlets 56 in or
      adjacent the forward edge of one turn of the helix to the left of the
      radial openings 23a, as seen in FIG. 4, and radially extending outlets 57
      spaced to the right of the rear end of the helix 21a.
PAR  The stationary seal ring 27a is positioned in a recess 26a in the end 19a
      of the sleeve 16a and retained therein by a suitable retaining ring 28a.
      Facing the flat sealing face 31a is a reciprocable ring body 36a mounted
      for reciprocable movement relative to the shaft 10a in a housing 33a to
      provide the rotary seal ring 32a; the ring body 36a having a radial flange
      37a. In this embodiment, the housing 33a is press-fitted onto the shaft
      10a to rotate therewith. The seal body has recesses 39a for compression
      springs 38a and the channels 44a on the inner periphery thereof to allow
      liquid pressure communication from the liquid side 13a to the area behind
      the seal body 36a.
PAR  The shaft 10a includes a press-fitted sleeve 58 forming a shoulder 59
      spaced rearwardly of the radial outlets 57. Encompassing the housing 33a
      and the seal ring body 36a is a stepped generally cylindrical member 61
      having a radially inwardly extending flange 62 slidably mounted over the
      sleeve 58 and having an annular groove 63 receiving an O-ring 64; the ring
      body 36a being press-fitted into the member 61.
PAR  Under static conditions, the combination of the hydrostatic pressure of the
      fluid passing through the channels 44a acting on the hydrostatically
      unbalanced area of the rear end 45a of the receiprocable ring body 36a,
      and the force of the springs 38a provides a hermetic closure between the
      seal faces 31a and 46a. When the shaft begins to rotate in the direction
      of the arrow A (FIG. 6), the helix 21a performs the function of a viscous
      shear pump to move the liquid between the shaft and sleeve toward the
      liquid side 13a, and the liquid is drawn through the openings 23a in the
      direction of arrows C.
PAR  As the shaft speed approaches 5000 rpm., the movement of fluid through the
      openings 23a causes an increase in pressure in the helix area and in the
      angled outlets 56, the passages 55 and the radial outlets 57 to cause
      fluid to enter the space 65 as indicated by arrows D. The increase in
      pressure in the space 65 between the housing 33a and the member 61 causes
      movement of the member 61 and the ring body 36a to the right in the
      direction of the arrow E as seen in FIG. 6. The movement of liquid by the
      helix also reduces the hydrostatic pressure, and the sealing force on the
      ring body 36a within the housing 33a to enhance the motion of the ring
      body against the force of the springs. Thus, when the hydrodynamic seal
      created by the helix become effective, the seal body 36a is retracted to
      part the sealing faces 31a, 46a; movement being limited by the flange 37a
      contacting the housing 33a. The liquid drawn through the radial openings
      23a provides a continuous path of circulation so that liquid is always
      present in the helix and acts to build up pressure in the passages 55.
PAR  Although in the above described embodiments, the helix 21 or 21a has been
      shown as integrally formed on the exterior surface of the rotating shaft
      10 or 10a, this invention also contemplates the formation of the helix on
      the interior surface of the sleeve 16 or 16a opposite a smooth cylindrical
      shaft, and the viscous shear pump action would be equally effective for
      this arrangement of parts. The liquid could be any substantially viscous
      material, such as oil utilized to lubricate any high speed shaft bearings,
      such as turbines, turbocompressors, high speed automobile engines and the
      like.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sealing device for use between a pair of relatively rotating members,
      one of said members having an opening extending therethrough and receiving
      said other member therein, comprising a viscous shear pump defined between
      said members to provide a hydrodynamic seal therebetween, said
      hydrodynamic seal having dissimilar fluids on opposite sides thereof, an
      annular cylindrical sleeve positioned within said one member and
      encompassing said other member and having a radial flange sealingly
      engaging the interior wall of the one member and separating the dissimilar
      fluids, said hydrodynamic seal being formed between the other member and
      the sleeve, said sleeve having a plurality of radial openings therein
      communicating with the hydrodynamic seal and terminates in an annular
      rearward end, a stationary annular face ring supported by said rearward
      sleeve end to define a boundary between said dissimilar fluids, a rotary
      seal ring encompassing said other member to rotate therewith and
      reciprocable axially relative thereto toward and away from sealing contact
      with said face ring, resilient means yieldably urging said rotary seal
      ring against said face ring, and means operative upon relative rotation of
      said members to urge said rotary seal ring away from said stationary face
      ring.
NUM  2.
PAR  2. A sealing device as set forth in claim 1, in which said hydrodynamic
      seal comprises a helix formed on the surface of the other member and
      extending axially substantially between the ends of the sleeve, said
      sleeve having a cylindrical interior surface cooperating with but not
      contacting said helix to form the viscous shear pump.
NUM  3.
PAR  3. A sealing device for use between a pair of relatively rotating members,
      one of said members having an opening extending therethrough and receiving
      said other member therein, comprising a viscous shear pump defined between
      said members to provide a hydrodynamic seal therebetween, said
      hydrodynamic seal having dissimilar fluids on opposite sides thereof, a
      stationary annular face ring mounted in said one member to define a
      boundary between said dissimilar fluids, a rotary seal ring encompassing
      said other member to rotate therewith and reciprocable axially relative
      thereto toward and away from sealing contact with said face ring, said
      rotary seal ring including an annular housing open at the end facing said
      stationary face ring and adapted to rotate with said other member and an
      annular seal ring body received within and axially reciprocable relative
      to said housing, resilient means acting between said housing and said seal
      ring body to yieldably urge said rotary seal ring against said face ring,
      and means operative upon relative rotation of said members to urge said
      rotary seal ring away from said stationary face ring.
NUM  4.
PAR  4. A sealing device as set forth in claim 3, in which said seal ring body
      has a plurality of circumferentially spaced longitudinal grooves formed on
      the inner periphery thereof and communicating between said last-mentioned
      housing and said hydrodynamic seal, a contact face at the end of the ring
      facing the stationary face seal, and an opposite end surface within the
      last-mentioned housing of substantially equal area with the contact face,
      the fluid pressure in the hydrodynamic seal acting on the contact face and
      the opposite end of the seal body to provide a hydrostatic balance acting
      to urge the rotary seal body toward the stationary face seal.
NUM  5.
PAR  5. A sealing device as set forth in claim 4, in which said seal ring body
      is in sliding contact with the annular walls of said last-mentioned
      housing, and an O-ring positioned in an annular groove in the outer
      periphery of the seal ring body in sealing contact with said
      last-mentioned housing.
NUM  6.
PAR  6. A sealing device as set forth in claim 5, in which a circumferential
      flange is formed on the outer periphery of the seal ring body adjacent the
      open end of the last-mentioned housing, and said operative means includes
      one or more bell cranks pivotally mounted on the last-mentioned housing,
      each bell crank having one arm engaging the outer surface of the flange
      and the other arm terminating in an enlarged end.
NUM  7.
PAR  7. A sealing device as set forth in claim 6, in which said last-mentioned
      housing has a circumferential outwardly extending recess at the open end
      receiving and providing limited movement of said flange, the enlarged ends
      of the bell cranks providing a substantial mass adapted to be acted upon
      by centrifugal force created by the rotation of said other member to
      rotate the bell cranks and urge said seal ring body to a noncontacting
      position relative to the stationary seal ring.
NUM  8.
PAR  8. A sealing device as set forth in claim 5, in which said operative means
      includes one or more longitudinally extending passages formed in the shaft
      and extending between a first point in the hydrodynamic seal and a second
      point beyond the closed end of the housing, a shoulder formed on the other
      member and a cylindrical member slidably engaging the shoulder and
      receiving said rotary sealing ring therein.
NUM  9.
PAR  9. A sealing device as set forth in claim 8, in which said last-mentioned
      housing is press-fitted on said other member, and said seal ring body has
      a circumferential flange press-fitted in said cylindrical member and
      cooperating with said last-mentioned housing to limit axial movement of
      the cylindrical member and seal ring body.
NUM  10.
PAR  10. A sealing device as set forth in claim 9, in which said hydrodynamic
      seal comprises a helix formed on the surface of said other member and
      extending from adjacent said stationary face ring to a point spaced from
      said face ring.
NUM  11.
PAR  11. A sealing device as set forth in claim 10, in which the forward outlet
      of each passage is on the forward wall of a turn of the helix, such that
      rotation of the other member pumps fluid along the helix away from said
      stationary face ring and increases the pressure in the passages, which in
      turn causes retraction of the cylindrical member and seal ring body.
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ABST
PAL  A bakeable high pressure-vacuum seal is provided in which an inductile
      sealing element having a butterfly shaped crosssection with protruding
      sharp edges at each of the four corners, is sandwiched between two ductile
      sealing elements, the sandwiched assembly then being compressed between
      the surfaces of the flange elements of a high pressure or high vacuum
      vessel to coin the ductile sealing element into the surface of the
      inductile sealing element as well as the surfaces of the flange elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to high pressure-high vacuum seals and in
      particular to bakeable high pressure-high vacuum seals.
PAR  Basically, the high pressure-high vacuum seals of the prior art were of
      several configurations. One configuration employed a rectangular groove in
      one flange of the vessel in which an "O"-ring was placed and compressed.
      The "O"-ring was generally fabricated fron an organic material which did
      not permit operation at high temperature.
PAR  Other configurations used a hard sealing element of circular cross-section
      surrounded by a softer material which was compressed between the surfaces
      of the vessel flanges, however, such gaskets were not sufficiently strong
      to withstand high pressure when employed without a containment groove.
PAR  A further configuration used a sealing element having a sharp knife edge
      that imbeds itself into each of the flanges to create a seal. Such a seal,
      of course, causes permanent damages to the flanges and cannot be subjected
      to high temperature or pressures because of the forces imposed upon the
      narrow thickness of the gasket at the knife edge.
PAC  SUMMARY OF THE INVENTION
PAR  To withstand high pressure-high vacuum at high temperatures, the coining
      seal of the present invention comprises an inductile sealing element
      having a sealing surface with sharp edge protrusions on each side
      sandwiched between a pair of ductile sealing elements, which combination
      is compressed at high pressure between the surfaces of a vessel flange to
      coin its sealing surface into the ductile sealing element as well as coin
      the ductile sealing element into any irregularities in the flange
      surfaces.
PAR  It is, therefore, an object of the present invention to provide a high
      pressure-high vacuum sealing device.
PAR  It is a further object of the present invention to provide a high
      pressure-high vacuum sealing device that is bakeable.
PAR  It is another object of the present invention to provide a high
      pressure-high vacuum sealing device that can withstand large variations in
      temperature recycling.
PAR  It is still a further object of the present invention to provide a high
      pressure-high vacuum sealing device for use between a flange having planar
      surfaces.
PAR  These and other objects of the present invention will be manifest upon
      study of the following detailed description when taken together with the
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational cross-sectional view of a typical coining seal of
      the present invention as it appears in its compressed state between the
      flanges of a pressure vessel.
PAR  FIG. 2 is an exploded elevational cross-sectional view of the coining seal
      of FIG. 1.
PAR  FIG. 3 is a plan view of a partial cut-away view of a typical coining seal
      of the present invention.
PAR  FIG. 4 is an exploded elevational cross-sectional view of a second
      embodiment of the coining seal of the present invention.
PAR  FIG. 5 is an exploded elevational cross-sectional view of a third
      embodiment of the coining seal of the present invention.
PAR  FIG. 6 is an exploded elevational cross-sectional view of a fourth
      embodiment of the coining seal of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, the coining seal 10 of the present invention
      comprises, basically, a first inductile sealing element 11 sandwiched
      between a second ductile sealing ductile sealing element 12 and a third
      ductile sealing element 14, with the assembled seal 10 compressed between
      vessel flanges 16 and 17.
PAR  A more detailed view of coining seal 10 of the present invention prior to
      compression is illustrated in the exploded view of FIG. 2 in which
      inductile sealing element 11 is shown in cross-section and defines a
      butterfly shape having sharp edges at the four outer corners, in
      particular inner sharp edges 18a and 18b, and outer sharp edges 18c and
      18d. With reference to FIG. 2, first inductile sealing element 11
      comprises a first sealing surface 20 in which a first groove 21 is
      disposed longitudinally along surface 20 with the outer edge of groove 21
      defining inner sharp members 18a and outer edge members 18b. The
      designation "inner" and "outer" refers to the position of the section 2--2
      of FIG. 3 and the area inside seal 10 to the right and outside seal 10 to
      the left.
PAR  In a like manner, on the opposite side of sealing element 11 is second
      sealing surface 23 in which a second groove 24 is disposed longitudinally
      along surface 23 to define inner sharp edge member 18b and and outer sharp
      edge member 18d.
PAR  It will be noted that inner surface 26 which defines one side of edge
      member 18a and 18b, respectively, facing away from sealing element 11, is
      arranged to be generally perpendicular to sealing elements 12 and 14 as is
      outer surface 28 which also defines one side of edge members 18c and 18d,
      respectively.
PAR  A second embodiment of the coining seal inductile member 110 of the present
      invention is illustrated in FIG. 4 comprising an inductile sealing element
      111 having a first sealing surface 120 in which a first groove 121 is
      disposed longitudinally along surface 120 with the outer edges of groove
      121 raised above surface 120 to define a pair of protruding sharp edge
      members 118a and 118c.
PAR  It will be noted that outward facing surfaces 126a and 126d of edge members
      118a and 118c, respectively, are disposed generally perpendicular to first
      ductiles sealing element 112.
PAR  In a like manner on the opposite side of inductile member 111 of the
      embodiment illustrated in FIG. 4, is second sealing surface 123 in which a
      second groove 124 is disposed longitudinally along surface 123 with the
      outer edges of groove 124 raised above surface 123 to define a pair of
      protruding sharp edge members 118b and 118d.
PAR  Again it will be noted, in a manner similar to the side previously
      described, the outward facing surfaces 126b and 126d of edge members 118b
      and 118d, respectively, are disposed generally perpendicular to second
      ductile seal 114.
PAR  A third embodiment of the coining seal of the present invention is
      illustrated in FIG. 5 in which ductile sealing elements 212 and 214 define
      wires which are placed in grooves 220 and 224, respectively, of inductile
      sealing element 211.
PAR  A fourth embodiment of the coining seal of the present invention is
      illustrated in FIG. 6 in which ductile sealing elements 312 and 314 are
      originally cast and electroformed into grooves 320 and 324, respectively,
      of inductile sealing element 311. As can be seen from the drawing, for
      both FIGS. 5 and 6, the volume of ductile sealing elements 212 and 214
      (FIG. 5) and 312 and 314 (FIG. 6) if greater than the volume of grooves
      220, 224 and 320 and 324, respectively, so that the sharp edges of the
      four corners of inductile sealing elements 211 and 311 do not come in
      contact with, but are spaced apart from flanges 30 and 31 as also, for
      example, illustrated in FIG. 1.
PAR  As can be seen from FIG. 3, inductile sealing element 10 can be of any
      shape with ductile sealing elements 12 and 14 adapted to match the shape
      of sealing element 11 but wider than element 11 to permit sharp edge
      members 18a, 18b, 18c, and 18d to be coined or embedded in ductile sealing
      elements 12 and 14 as shown in FIG. 1.
PAR  Sealing elements 12 and 14, as can be seen from FIG. 3, are initially flat
      strips of a ductile material.
PAR  A typical inductile sealing element 11 can be fabricated from any hard
      metal with successful results obtained using 316 stainless steel. An
      ordinary machine surface, typically 16-32 finish, has been found to
      perform satisfactorily.
PAR  The typical width of inductile sealing element 11 is 0.2 centimeters (cm)
      and a maximum thickness of about 0.2 cm. and with a thickness at the
      bottom of grooves 21 and 23 of approximately 0.125 cm. and a groove bottom
      angle of 139.degree. which would result in a groove depth of about 0.037
      cm.
PAR  Second and third ductile sealing elements 12 and 14 are fabricated from any
      relatively soft, with respect to stainless steel, material, typically
      copper. Soft aluminum will also perform satisfactorily although at a lower
      temperature.
PAR  For a coining seal using an inductile sealing element 11 of the deminsions
      noted above, ductile sealing elements 12 and 14 would be typically 0.0381
      cm. thick with a width of approximately 1.25 cm.
PAR  To install the coining seal 10 of the present invention, element 11, 12 and
      14 are assembled as shown in FIG. 2 and compressed together between
      flanges 16 and 17 as shown in FIG. 1.
PAR  Flange bolts 33 are tightened to cause sufficient compressive force to be
      applied to seal assembly 10 to cold flow the ductile material of seals 12
      and 14, into grooves 21 and 24 as well as any irregularities in surfaces
      30 and 31 of flange members 16 and 17, respectively. Flanges 16 and 17, of
      course, must be thick enough so that they will not bend or warp during
      compression of coining seal assembly 10.
PAR  Typically, bolt pressures (force) along the seal will be about 3000 lbs per
      inch along the seal.
PAR  For a seal having a width of 0.2 cm., coining pressures would be of the
      order of 37,500 lb/sq. in. along the seal.
PAR  A typical flange using a 10 cm. diameter coining seal 10 should be about
      2.54 cm. thick with 0.794 cm. bolts spaced 2.54 cm. center-to-center.
PAR  Such a seal configuration has been operated at 420.degree. C for 250 hours
      at a vacuum of approximately 10.sup.-.sup.7 Torr without leakage including
      recycling to room temperature.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bakeable high pressure-vacuum seal to be compressed between two planar
      surfaces comprising
PA1  a first generally inductile sealing element having a first sealing surface
      defining a first pair of protruding sharp edges and a second sealing
      surface defining a second pair of protruding sharp edges,
PA1  a second generally ductile sealing element adapted to match the shape of
      said first sealing element and be compressed against said first sealing
      surface engaging both sharp edges of said first pair of protruding sharp
      edges, and
PA1  a third generally ductile sealing element adapted to match the shape of
      said first sealing element and be compressed against said second sealing
      surface engaging both sharp edges of said second pair of protruding sharp
      edges,
PA1  a second and third sealing elements being disposed between said two planar
      surfaces and compressed together thereby.
NUM  2.
PAR  2. The bakeable high pressure-vacuum seal as claimed in claim 1 wherein
      said first pair of protruding sharp edges comprises
PA1  first inner and first outer edge member,
PA1  said second pair of protruding sharp edges comprises
PA1  second inner and second outer edge members,
PA1  said inner sharp edge members having their sides facing away from said
      first sealing element disposed generally perpendicular to said ductile
      sealing elements, and
PA1  said outer sharp edge members having their sides facing away from said
      first sealing element disposed generally perpendicular to said ductile
      sealing elements.
NUM  3.
PAR  3. The bakeable high pressure-vacuum seal as claimed in Claim 1 wherein
PA1  the cross-section through said first sealing element taken from the high
      pressure to low pressure side is butterfly shaped having sharp edges at
      the four outer corners.
NUM  4.
PAR  4. A bakeable high pressure-vacuum seal adapted to be compressed between
      two planar surfaces comprising
PA1  a first generally inductile sealing element having first and second sealing
      surfaces disposed on opposite sides of said first sealing element
PA1  means defining a first groove having its two outer edges defining generally
      equal height protruding sharp edges disposed longitudinally along said
      first sealing surface,
PA1  means defining a second groove having its two outer edges defining
      generally equal height protruding sharp edges disposed longitudinally
      along said second sealing surface,
PA1  a second generally ductile sealing element adapted to match the shape of
      said first sealing element and be compressed against said first sealing
      surface the volume of said second sealing element being greater than the
      volume of said first groove,
PA1  a third generally ductile sealing element adapted to match the shape of
      said first sealing element and be compressed against said second sealing
      surface the volume of said third sealing element being greater than the
      volume of said second groove,
PA1  said three sealing elements being disposed between said two planar surfaces
      and compressed together whereby said protruding sharp edges are spaced
      apart from said planar surfaces.
NUM  5.
PAR  5. The bakeable high pressure-vacuum seal as claimed in claim 4 wherein
PA1  said first and second grooves define V-shaped grooves having a pair of
      protruding sharp edges.
NUM  6.
PAR  6. The bakeable high pressure-vacuum seal as claimed in claim 5 wherein
      said pair of protruding sharp edges comprise
PA1  inner and outer sharp edge members,
PA1  said inner sharp edge members having their sides facing away from said
      first sealing element disposed generally prependicular to said second and
      third sealing elements.
PA1  said outer sharp edge members having their sides facing away from said
      first sealing element disposed generally perpendicular to said second and
      third sealing elements.
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ABST
PAL  A dolly to facilitate the manual moving and positioning of trailers and
      other vehicles incorporating ratchet mechanisms to provide a high
      mechanical advantage for moving the vehicles. The ratchet mechanism can be
      selected to drive in the forward or reverse direction through a ground
      engaging wheel. A drive disc is mounted for rotation with the ground
      engaging wheel and is engaged by pawls from drive and holding ratchet
      mechanisms. The holding ratchet mechanism is mounted on the frame of the
      device and the drive ratchet mechanism is mounted on a yoke carrying an
      actuating handle. The mechanisms also permit coasting in the selected
      direction only. A brake, mounted on the yoke and controlled by a mechanism
      on the handle, functions to lock the wheel relative to the yoke. This
      allows the wheel to be rotated relative to the pawls, releasing
      locked-in-position pawls. Other selected modes may be used to lock the
      wheel in position to act as a brake or disengage the wheel completely to
      allow free movement.
PARN
PAC  REFERENCE TO OTHER APPLICATIONS
PAR  This application is a continuation-in-part of previously filed application
      Ser. No. 239,557, filed Mar. 30, 1972 and now abandoned which is entitled,
      "Dolly for Moving and Positioning Vehicles."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There frequently arises a need for the movement of relatively heavy
      vehicles, such as house trailers, boat trailers, and aircraft from one
      position to another, for example, in positioning a trailer. It is often
      difficult, if not impossible, for an individual to move such a vehicle
      unassisted. Additionally, it is difficult to control the direction of
      movement. As a result of this need, a number of devices have been
      provided, that may be utilized with such vehicles to enable the manual
      positioning and movement of the vehicles with reduced effort and improved
      control.
PAR  Some of these devices incorporate a ground engaging belt or chain, or
      utilize elaborate gear driving mechanisms, all of which are likely to
      become fouled with dirt and other foreign matter. Additionally, many of
      those devices do not protect against roll back or provide for adequate
      steerage control.
PAR  Prior art devices incorporating drive mechanisms, while affording adequate
      mechanical advantage to move the vehicle, are excessively bulky and of
      complex and expensive construction.
PAR  It is therefore desirable to have an apparatus for moving and positioning
      vehicles that enables a single operator to move a heavy vehicle, and at
      the same time maintain precise directional control, especially if such an
      apparatus also provides for holding the vehicle against roll back on a
      grade and for emergency and parking brake capability.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an apparatus that utilizes a single wheeled dolly to
      support the vehicle tongue weight, with a pivotal mounting for steering
      and a multi-mode ratchet mechanism that may be utilized to induce movement
      of the vehicle in either direction by repetitive oscillations of the
      actuating handle. The movements are induced with a high mechanical
      advantage, and therefore can normally be accomplished by a single
      operator. Two ratcheting mechanisms are incorporated to provide three
      basic modes of operation. The first mode of operation is ratchet induced
      movement of the vehicle in the forward or reverse direction. The second
      mode enables free wheeling wherein the ratcheting mechanism is disengaged,
      for movement of the vehicle over level terrain or for the moving of light
      loads. A brake mechanism aids in controlling the movement in this mode.
      Still another mode is a brake mode where the vehicle is stopped or locked
      from moving, which is accomplished by the ratchet mechanism. Also in the
      latter mode, the brake mechanism can be used to release the ratchet
      mechanism from the locked position, where the tongue thrust against the
      ratchet mechanism is sufficient to require such aid, and as for example
      where there are twisting moments as may be stored in tandem wheel vehicles
      or where the vehicle is on an incline.
PAR  The apparatus comprises a single dolly wheel rotatably mounted on the forks
      of the frame. The frame is secured to the vehicle through a pivot socket
      which receives a cylindrical member from the vehicle and permits pivoting
      movement of the wheel with respect to the vehicle, without the necessity
      of elaborate bearings. A yoke is also mounted through forks on the frame
      for pivotal movement with respect thereto. The yoke carries the driving
      ratchet mechanism whereas the holding ratchet mechanism is mounted on the
      frame. A stop is mounted on the yoke to contact the frame fork at extremes
      of yoke rotation, thereby limiting the arc of rotation and providing for
      lock-up in the braked mode.
PAR  In an exemplary embodiment of the ratchet mechanisms of the invention, both
      ratchet mechanisms are arranged to present pawls for engagement with the
      outer periphery of a drive means, or drive disc. Two elongated pawl
      members are arranged in radially spaced apart relationship, and connected
      to a helical spring comprising the pawl selector. The pawl selector is
      held in a selected position by selector positioning means comprising a tab
      on the exterior of the yoke or frame, whereby the pawl selector may be
      positioned on either side of the tab or received centrally thereon.
PAR  While the exemplary embodiments incorporate a separate drive disc and wheel
      it is to be understood that it is within the scope of the invention to
      utilize the wheel as a drive disc.
PAR  The drive means comprises a sprocket or disc having a plurality of
      substantially triangularly shaped teeth around its circumference, so that
      the end of the selected pawl member engages a substantially
      perpendicularly related surface of the drive means, and thereby forces the
      drive means and the wheel connected thereto into rotation, when the
      actuating handle is moved in that rotational direction. On the return
      stroke of the handle, the pawl member is forced against the spring bias
      over the crest of the sproket teeth to fall into position for the next
      stroke.
PAR  In an alternative embodiment for the ratchet mechanism, a pawl carrier is
      mounted for translation tangent to a toothless drive disc by guide means.
      The pawl carrier mounts, at opposite ends thereof, roller pawls. The pawls
      roll on a pawl rail mounted on the frame or yoke. A pawl selector causes
      either the first or second roller pawl to be translated into engagement
      with the drive disc effecting drive or holding pawl action by pinching the
      pawl roller between the pawl rail and drive disc.
PAR  With either embodiment of the ratchet mechanism, two ratchet mechanisms are
      provided. The first is a drive ratchet to induce rotation as described
      above and the second is a holding ratchet. The holding ratchet mechanism
      is mounted on the frame and positioned so that the holding pawl will be
      positioned to oppose rotation opposite to the selected drive direction. In
      this manner, the apparatus of the invention may be employed to move a
      vehicle up a grade, there being no necessity to hold the vehicle from
      rolling back down the grade.
PAR  The actuating handle and yoke also have a brake mechanism that functions to
      apply braking force against rotational movement of the wheel relative to
      the handle and yoke. This provides additional control of the movement of
      the dolly, such as when in the free-wheeling mode, and also permits
      rotational movement of the wheel directly with the movement of the handle.
      This allows the ratchet mechanisms to be released and changed, even though
      the weight of the vehicle is holding the ratchet mechanism in a given
      position.
PAR  It is therefore an object of the invention to provide a new and improved
      multi-mode dolly for vehicles.
PAR  It is another object of the invention to provide a new and improved
      multi-mode dolly for vehicles that requires relatively few moving parts.
PAR  It is another object of the invention to provide a new and improved
      multi-mode dolly for vehicles that has a reduced susceptibility to
      malfunctions caused by dirt or other contamination.
PAR  It is another object of the invention to provide a new and improved
      multi-mode dolly for vehicles wherein it is possible for a single operator
      to move heavy vehicles with precise positioning control.
PAR  It is another object of the invention to provide a new and improved
      multi-mode dolly for vehicles that provides steering and movement through
      a single actuator.
PAR  It is another object of the invention to provide a new and improved
      multi-mode dolly for vehicles that provides forward and reverse drive,
      free wheeling and braked modes of operation.
PAR  It is another object of the invention to provide a new and improved
      multi-mode dolly for vehicles that is compact and light in weight making
      it easy to handle and store.
PAR  It is another object of the invention to provide a new and improved
      multi-mode dolly for vehicles with alternative pawl mechanisms.
PAR  It is another object of the invention to provide a new and improved
      multi-mode dolly for vehicles that is relatively inexpensive to
      manufacture.
DRWD
PAR  Other objects and many attendant advantages of the invention will become
      more apparent upon a reading of the following detailed description
      together with the drawings in which like reference numerals refer to like
      parts throughout and in which:
PAR  FIG. 1 is a side elevation view of the dolly attached to a trailer tow bar.
PAR  FIG. 2 is an enlarged side elevation view taken from the other side of the
      dolly.
PAR  FIG. 3 is an enlarged sectional view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is an enlarged side elevation view, similar to a portion of FIG. 2,
      illustrating the ratchet action.
PAR  FIG. 5 is a side elevation view of an alternate ratchet structure.
PAR  FIG. 6 is a sectional view taken on line 6--6 of FIG. 5.
PAR  FIG. 7 is a side elevation view of a modified form of the dolly,
      incorporating a brake, the brake adjustment handle being cut away.
PAR  FIG. 8 is a partial bottom plan view of FIG. 7.
PAR  FIG. 9 is a side elevation view, partially cut away, illustrating the
      action of the brake used as a pawl.
PAR  FIG. 10 is a sectional view taken on line 10--10 of FIG. 9.
DETD
PAR  Referring now to the drawings, there is illustrated the vehicle dolly 10 of
      the invention. The dolly is mounted to a vehicle through the vehicle frame
      extension 26 and screw jack 25. The screw jack is utilized for raising and
      lowering the vehicle onto a support and includes jack handle 23 pivotally
      mounted on pin 27 for movement between the stowed position illustrated,
      and the operating position. The jack post 24 is a cylindrical extension of
      the jack screw 29 and is received within a pivot socket 22 on frame means
      12. The pivot socket is of a slightly larger diameter than the jack post
      and includes a locking screw 28 received in threaded fitting 31 whereby
      the apparatus may be retained on the jack screw prior to the screw being
      lowered to support the vehicle. When the dolly is supporting the vehicle,
      the locking screw 28 is rotated out of contact with the jack post to
      permit free pivoting movement between the jack post and pivoting socket.
PAR  Referring more particularly to FIG. 3, the frame 12 comprises a horizontal
      member 20 and two parallel frame forks 18 and 19. The frame forks carry a
      shaft 16 upon which a dolly wheel 14 is mounted for rotation. The shaft 16
      also receives, for pivotal movement, yoke 38 which has a cross member 37
      and two leg members 65 straddling the dolly wheel 14 and received on shaft
      16. The assembly of the frame, yoke, shaft and wheel is retained by a pair
      of cotter pins 21.
PAR  Wheel 14 has a two part hub 150 and tire 152 and rotates on bearings 154.
      The wheel has mounted for rotation therewith, the drive means 32. The
      drive means is secured to the wheel by a plurality of screw fasteners 33,
      and includes a plurality of teeth 82 around its periphery. The teeth in
      the embodiment of FIG. 2 are substantially triangular in configuration and
      have opposed substantially flat faces 85 and 87.
PAR  There is mounted on the frame and yoke, a pair of substantially similar
      ratchet mechanisms 63 and 67. The detailed construction of the mechanism
      is best illustrated in FIG. 4 which illustrates ratchet mechanism 63
      having a pair of elongated pawl members 68 and 70 that have teeth engaging
      surfaces 101 and 103. These pawls are positioned in a radially spaced
      apart relationship and have approximately right angular relationship in
      the instant embodiment. The pawls are secured to a shaft 64 that passes
      through the fork member 19 and is secured to a free end of a biasing means
      or coil spring 74 by nut 180. Thus the positioning of the helical spring
      by its positioning extension 76, will determine the initial positioning of
      the pawls. A selector positioning means in the form of a tab 78, is
      provided for positioning the helical spring, which in the instant
      embodiment, also comprises the pawl selector means. Referring to FIG. 2,
      movement of the pawl selector means 76 in the ratchet mechanism 67 in
      clockwise direction to the position illustrated in solid lines causes
      rotation of pawl 70 into position to engage a surface 85 of the drive
      means. Thus a clockwise pivotal movement of the yoke 38, induced through
      handle 42, will cause rotation of the dolly wheel by the force transmitted
      through pawl 70 to the drive means. Counterclockwise pivotal movement of
      the yoke 38, will cause the pawl 70 to be forced against the bias of
      spring 74 up and over the crest of the succeeding teeth, with the bias
      causing the pawl to drop into each intertooth space so that a power stroke
      may start with engagement of any tooth 82 by pawl 70. In this manner,
      small rotational drive increments may be obtained for precision
      positioning of the vehicle. Similarly, if the pawl selector 76 is lifted
      over the tab 78 and positioned on the opposite side of the tab 78, the
      ratchet mechanism 67 will be biased so that 68 will be in position to
      engage the drive means and will cause a counter-clockwise rotation of the
      dolly wheel during the upward stroke of the yoke 38 and handle 42.
PAR  The holding ratchet mechanism 63 operates in a similar manner, and because
      it is secured to the fixed frame member, it is utilized for maintaining
      the rotational position induced through the drive ratchet mechanism. That
      is, the pawl 70 may be rotated into position to contact the surface 85 of
      the teeth 82 on drive means 32, and during clockwise rotation of the drive
      means, and wheel, by downward clockwise movement of the handle and yoke,
      the pawl 70 will be forced against the bias of spring 74 up and over the
      crest of the succeeding teeth with the bias causing the pawl to drop into
      each intertooth space to be in position to engage surface 85 of the drive
      means and prevent counter-clockwise rotation of the drive means and wheel.
      Positioning the pawl selector 76 on the opposite side of tab 78 biases the
      ratchet mechanism 63 to prevent clockwise rotation of the drive disc.
PAR  The tab 78 for both the drive and holding ratchet mechanisms includes a
      central cylindrical notch 84 for the pawl positioning means. This position
      orients the pawls, so that neither of the pawls contact the teeth 82, as
      is illustrated in broken line position in FIG. 4 and therefore the wheel
      is free to rotate. This position would be utilized to eliminate the
      ratchet action and its associated noise, allowing the dolly to be used as
      a steered castor with free motion of the wheel in either direction.
PAR  The operation of the mechanism is initiated by positioning the drive pawl
      selector in a position opposite to the holding pawl selector. That is, the
      drive pawl selector is rotated to the counter-clockwise orientation while
      the holding pawl selector is in the clockwise orientation. A single stroke
      of the handle until stop 86 contacts the frame fork 18 will lock the
      entire dolly against any rotation of the wheel.
PAR  Referring now to FIG. 5, there is illustrated an alternative embodiment of
      the ratchet mechanism of the invention. The ratchet mechanism 120, there
      illustrated, comprises a pawl carrier 102, received in carrier guides 104.
      Roller pawls 106 and 108 are mounted for rotation on carrier 102 and roll
      on a pinch rail 160. The pinch rail is secured to the frame or yoke. In
      the instant embodiment both toothless drive discs 132 and the pinch rail
      have a wedge shaped outer or pawl contacting configuration to cooperate
      with the V-groove 164 in the roller pawls 106 and 108. The wedge -
      V-groove configuration produces a self-aligning mating of the several
      surfaces.
PAR  A selector spring 122 fixed at one end by connector 123 to the frame or
      yoke moves the carrier 102 through pivot connector 101. A pair of
      positioning pins 134 and 136 position free end of selector spring 122 to
      bias a selected pawl into contact between the disc 132 and rail 160. The
      ratchet effect is produced by a pinching action, whereby drive or holding
      force is transferred to the disc through the roller pawl. The action is
      continuous, that is, drive or holding force is produced with any relative
      movement and it is not necessary than an incremental distance be traversed
      prior to engagement as in toothed ratchets.
PAR  In using either embodiment described thus far, the device is secured to the
      jack shaft 24 of a vehicle, by inserting the jack shaft into the pivot
      socket 22, and securing it initially by locking mechanism 28. The tongue
      weight of the vehicle is placed on the apparatus through the jack shaft 24
      to allow the towing vehicle to be disconnected. The lock screw 28 is
      loosened to permit pivoting rotation of the apparatus with respect to the
      vehicle. If the load can be moved without ratcheting action, it is
      possible to pull or push the vehicle directly and use the apparatus of the
      invention for steering only. For this operation, both of the pawl
      selectors are placed in the central position, whereby the pawls would not
      engage the surface of the drive means. When ratcheting action is required,
      the pawls are selected to drive in the selected direction. It is then
      possible to utilize the large mechanical advantage of the apparatus, by
      successive oscillatory strokes of the handle, to precisely position the
      trailer in the desired location.
PAR  In a modified embodiment, see FIGS. 7 through 10, the dolly 10 is provided
      with a brake mechanism that functions through the handle 43 and yoke 39 to
      restrain rotation of the wheel 14 or to lock the wheel 14 relative to the
      yoke and handle. In this embodiment, the yoke 39 has a pivoting member 170
      to which is attached a rigid brake pad 188 having raised tread portions
      190. Mounted on the upper end of the handle 43 is a sleeve cap 178 that
      fits over the upper end of the tubular member 176. A threaded nut 181 is
      secured such as by welding or the like to the upper end of sleeve 176 and
      threadably receives stud 182 that is secured to the end of the sleeve cap
      178 and to rod 174. Rod 174 projects through alignment bushing 166 and
      through hole 168 in yoke 39 to contact the brake pad 188. Sleeve 176 fits
      into ferrule 172 and is held in position by screw 184 that passes through
      slot 186.
PAR  In operation of the brake mechanism, sleeve cap 178 is rotated driving the
      stud 182 and the connected rod 174 downwardly against brake pad 188,
      driving the brake pad on its pivotal support 170 against the tire or wheel
      14. This selectively applies brake pressure with considerable force that
      is held until relieved by rotating sleeve 178.
PAR  This brake mechanism can be used to lock the wheel 14 relative to yoke 39.
      Also it will be understood that when the wheel 14 is locked relative to
      the yoke 39, then the wheel can be rotated by the handle 43. This
      rotational force is imparted in coordination with the position of pawl 68.
      Normally it is not intended to rotate the wheel 14 by use of the brake
      mechanism, as this requires continual releasing and setting of the brake.
      However there are instances where it is desirable to rotate the wheel with
      the brake mechanism. Such instances arise, for example, where the wheel 14
      is being rotated through the drive mechanism up an incline and it is
      desirable to reverse the position of pawl 63 to allow the wheel to be
      rotated in the opposite direction. In this condition, while pawl selector
      76 may be moved, pawl 63 will be held in the same locked position against
      such reverse downhill movement of the wheel, because the entire weight of
      the vehicle as supported by the tongue is holding the pawl 63 in the
      locked position. This condition is illustrated in FIG. 7. Normally it is
      merely necessary to rotate the wheel axis 90.degree. and then move the
      wheel laterally to the incline to release the pawl 63 and allow the pawl
      63 to assume the position dictated by the pawl selector 76. However it is
      sometimes undesirable to have to rotate the wheel 14, such as where there
      may be an obstacle to movement of the handle 43. Thus it is advantageous
      to be able to use the brake mechanism to lock the wheel 14 relative to the
      yoke 39, and then move handle 43 and rotate the wheel 14 sufficiently to
      unlock the pawl 63, by removing the load from pawl 63 by rotation of
      sprocket 32 as for example in FIG. 7 in the counter-clockwise direction
      wherein pawl 63 will then respond to the resilient biasing of the pawl
      selector 76 and will move to the position wherein end 103 is then in
      contact with the teeth of the sprocket 32, as illustrated in FIG. 9. After
      pawl 63 has released, as illustrated in FIG. 9, the brake may then be
      released and normal operation of the dolly continued in movement of the
      wheel 14 in the opposite rotational direction.
PAR  A second advantage of the brake is that it can be used to apply
      proportional braking force to allow slow downhill coasting.
PAR  While the invention has been described in connection with its use in moving
      trailers, it is to be understood that the device is applicable to
      substantially any wheeled vehicle.
CLMS
STM  Having described my invention, I now claim:
NUM  1.
PAR  1. Apparatus for moving and positioning vehicles comprising:
PA1  frame means for attachment to a vehicle,
PA1  said frame means having an axle with a wheel rotatably mounted thereon,
PA1  a drive disc fixed to said wheel,
PA1  a U-shaped yoke with ends rotatably secured to said axle on opposite sides
      of said wheel, said yoke enclosing said wheel and drive disc,
PA1  handle means secured to said yoke at a connection located outside the
      circumference of said wheel for rotating said yoke,
PA1  drive pawl means on said yoke for selectively engaging said drive disc,
PA1  drive pawl selector means for resiliently positioning said drive pawl means
      to engage the said drive disc on alternate strokes of said yoke by said
      handle,
PA1  holding pawl means on said frame for selectively engaging said drive disc,
PA1  holding pawl selector means for positioning said holding pawl means to
      engage said drive disc and prevent rotation of said drive disc in one
      selected direction relative to said frame,
PA1  said drive and holding selector means respectively including means for
      positioning said drive and holding pawl means so that they do not engage
      said drive disc and thereby do not interfere with the free rotation of
      said wheel,
PA1  each of said pawl selector means including pawl biasing means for
      resiliently biasing said pawls into engagement with said drive disc,
PA1  and brake means for restricting movement of said wheel relative to said
      yoke.
NUM  2.
PAR  2. The apparatus of claim 1 wherein:
PA1  pivot socket means secured to said frame means for pivotally receiving an
      element secured to said vehicle.
NUM  3.
PAR  3. The apparatus of claim 1 further including:
PA1  stop means for limiting the arc of rotation of said U-shaped yoke.
NUM  4.
PAR  4. The apparatus of claim 1 wherein:
PA1  said brake means includes a brake pad pivotally connected to said yoke for
      selective pivoting movement into contact with said wheel,
PA1  and brake operating means for moving said brake pad into contact with said
      wheel and holding said brake pad against said wheel.
NUM  5.
PAR  5. The apparatus of claim 4 wherein:
PA1  said brake pad being positioned between the ends of said yoke,
PA1  said handle means comprising a hollow tube,
PA1  said brake operating means including a rod slidably positioned in said
      tube,
PA1  and means for moving said rod longitudinally in said tube to contact said
      brake pad.
NUM  6.
PAR  6. The apparatus of claim 1 including:
PA1  selector positioning means,
PA1  said selector positioning means for retaining each of said spring means and
      said pawl members in at least two selected positions thereby causing said
      forward or said reverse pawl member to engage said drive means,
PA1  said selector positioning means for retaining said spring means and said
      pawl members in a third position in which both of said pawl members are
      out of engagement with said drive means.
NUM  7.
PAR  7. Apparatus for moving and positioning vehicles comprising:
PA1  frame means for attachment to a vehicle,
PA1  said frame means having an axel with a wheel rotatably mounted thereon,
PA1  a drive disc fixed to said wheel,
PA1  a U-shaped yoke with ends rotatably secured to said axel on opposite sides
      of said wheel, said yoke enclosing said wheel and drive disc,
PA1  handle means secured to said yoke at a connection located outside the
      circumference of said wheel for rotating said yoke,
PA1  drive pawl means on said yoke for selectively engaging said drive disc,
PA1  drive pawl selector means for resiliently positioning said drive pawl means
      to engage the said drive disc on alternate strokes of said yoke by said
      handle,
PA1  holding pawl means on said frame for selectively engaging said drive disc,
PA1  holding pawl selector means for positioning said holding pawl means to
      engage said drive disc and prevent rotation of said drive disc in one
      selected direction relative to said frame,
PA1  said drive and holding selector means respectively including means for
      positioning said drive and holding pawl means so that they do not engage
      said drive disc and thereby do not interfere with the free rotation of
      said wheel,
PA1  each of said pawl selector means including pawl biasing means for
      resiliently biasing said pawls into engagement with said drive disc,
PA1  each of said drive and holding pawl means including forward and reverse
      pawl members,
PA1  said drive and holding pawl selector means each comprising a coil spring
      means,
PA1  said coil spring means comprising a coil spring secured at one end to said
      pawl members for movement with said pawl members and having a free
      opposite end for engaging the means for positioning said drive and holding
      pawl means.
NUM  8.
PAR  8. The apparatus of claim 7 including:
PA1  brake means for restricting movement of said wheel relative to said yoke.
NUM  9.
PAR  9. The apparatus of claim 7 wherein:
PA1  said drive disc comprises a disc having its circumference formed with pawl
      receiving surfaces.
NUM  10.
PAR  10. The apparatus of claim 9 wherein:
PA1  said disc is formed with a plurality of substantially triangularly shaped
      teeth.
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PAL  The skiing boot is connected to the ski by a separate soleplate, which in
      each of its forward and rear portions has at least one soleholder and to
      which the skiing boot is secured so as to be only arbitrarily adjustable.
      A plate holder is mounted on the ski and comprises a pivot bearing for the
      soleplate adjacent to the rear half of the latter. Adjacent to the rear
      end of the soleplate, the plate holder is provided with an element of a
      detent device, which in response to an overload in a vertical and/or
      horizontal direction releases the soleplate. Adjacent to the forward
      portion of the soleplate the plate holder is provided with a member for
      holding down the soleplate. The female detent element of the detent device
      is part of the plate holder. The male detent element of the detent device
      is provided on the soleplate. The soleplate is provided with raised side
      cheeks adjacent to the detent device. The male detent element, the spring
      acting on said male detent element, and the bracket for the rear
      soleholder are mounted on said side cheeks.
BSUM
PAR  The present invention relates to safety ski bindings in which the skiing
      boot is connected to the ski by a separate soleplate, which in each of its
      forward and rear portions has at least one soleholder and to which the
      skiing boot is secured so as to be only arbitrarily detachable, and a
      plate holder, which is mounted on the ski and adjacent to the rear half of
      the soleplate has a pivot bearing for the latter, and adjacent to the rear
      end of the soleplate is provided with an element of a detent device, which
      in response to an overload in a vertical and/or horizontal direction
      releases the soleplate, whereas the plate holder is provided adjacent to
      the forward portion of the soleplate with a member for holding down the
      soleplate.
PAR  Such safety ski bindings, which are known so far only from printed
      publications, possess considerable advantages over the commercially
      available safety ski bindings having a soleplate. For instance, the pivot
      bearing for the soleplate ensures that the same will not be clamped, e.g.
      when the ski moves through a depression. Besides, as the skiing boot is
      inserted into the binding the skiing boot is automatically secured to the
      soleplate so as to be only arbitrarily detachable there from. As a result,
      the skier need not manipulate the ski binding before starting.
PAR  On the other hand, the first-mentioned safety ski bindings which are known
      only from printed publications have the disadvantage that they involve a
      high structural expenditure, which adds to the size and weight of the
      binding and adversely affects the functional reliability and appearance
      thereof. This is probably the reason, why these safety ski bindings have
      not found commercial accpetance.
PAR  It is an object of the invention to avoid that disadvantage. In a safety
      ski binding in which the skiing boot is connected to the ski by a separate
      soleplate, which in each of its forward and rear portions has at least one
      soleholder and to which the skiing boot is secured so as to be only
      arbitrarily detachable, and a plate holder, which is mounted on the ski
      and adjacent to the rear half of the sole plate has a pivot bearing for
      the sole plate and adjacent to the rear end of the sole plate is provided
      with an element of a detent device, which in response to an overload in a
      vertical and/or horizontal direction releases the soleplate, whereas the
      plate holder is provided adjacent to the forward end of the soleplate with
      a member for holding down the soleplate, this object is accomplished
      according to the invention in that the female detent element of the detent
      device is part of the plate holder, the male detent element of the detent
      device is provided on the soleplate, the soleplate is provided with raised
      side cheeks adjacent to the detent device, and the male detent element,
      the spring acting on said male detent element, and the bracket for the
      rear soleholder are mounted on said side cheeks.
PAR  The structure will be both compact and particularly simple if the bracket
      for the soleholder is pivoted in the side cheeks of the soleplate and
      provided with a closing pedal and has at least one locking nose, which
      cooperates with a spring-loaded latch, which locks the soleholder in its
      locking position. The pivot of the leverlike male detent element of the
      detent device may be pivoted in the side cheeks of the soleplate and may
      serve also as a pivot for the latch. In a structural development of this
      concept of the invention, the latch consists suitably of a two-armed
      lever, whose second arm forms an abutment for at least one spring, which
      at its other end engages the bracket for the soleholder. The latch may be
      pivotally connected to an unlocking member for an arbitrary operation of
      the latch.
PAR  For the sake of functional reliability and of appearance the spring of the
      detent device is desirably accommodated in a housing which in its inner
      end wall has an aperture through which a push piece extends by which the
      spring acts on the male detent element.
PAR  Another feature of the present invention may be adopted even independently
      of the above-mentioned features of safety ski bindings and resides in that
      the housing of the spring-loaded detent device accommodates an adjusting
      device for changing the bias of the detent device, which adjusting device
      comprise an adjusting member, which carries a pivot pin for a lever
      through which the spring acts on the male detent element.
PAR  In a structural development of that concept of the invention the lever may
      be one-armed and have fixed points for engaging the spring and the male
      detent element. Besides, the adjusting member may consist of a pivoted
      lever and be pivotally movable by a power screw. In this case it will be
      desirable to use the free end of the pivoted lever as a pointer, which
      extends at least into an opening in a housing wall, which at the edge of
      said opening is provided with a scale.
PAR  Particularly in a safety ski binding which embodies the main feature of the
      present invention it will be desirable to arrange the bracket for one of
      the solholders so as to be longitudinally slidably held on the soleplate
      or baseplate by means of a slidable clamping member, which is connected by
      a power screw to the bracket. That design permits of a fast and simple
      adaptation of the ski bindings to boot soles differing in length. In an
      arrangment which has been found satisfactory, the slidable clamping member
      extends through a slot in the soleplate or baseplate and has side edge
      portions for engaging the longitudinal edges of the slot from below and at
      least one side edge portion of the slidable clamping member is provided
      with teeth which in the clamping position of said member mesh with mating
      teeth under the soleplate or base plate. Particularly with a view to the
      re-establishment of the toothed mesh after an adjusting operation it will
      be desirable to provide a retaining spring, which is mounted on the screw
      and holds the slidable clamping member in a clamping position even when
      the screw has been loosened. When the bracket for the sole-holder has been
      shifted and the teeth of one part are not in registry with the spaces
      between the teeth of the other part, a slight reciprocation of the bracket
      for the sole-holder will be sufficient to establish the proper relation in
      which the teeth come into mesh automatically.
DRWD
PAR  A safety ski binding which embodies the features of the invention will be
      described more fully hereinafter with reference to the accompanying
      drawings, in which
PAR  FIG. 1 is a longitudinal sectional view taken on line I--I of FIG. 2 and
      showing the safety ski binding according to the invention;
PAR  FIG. 2 is a top plan view showing the safety ski binding according to FIG.
      1;
PAR  FIG. 3 is a partly sectional view taken on line III--III of FIG. 1;
PAR  FIG. 4 is a partly sectional view taken on line IV--IV of FIG. 2 but with
      the soleholder unlocked; and
PAR  FIG. 5 is a bottom view showing the forward end portion of the soleplate.
DETD
PAR  The safety ski binding which embodies the present invention and is shown on
      the drawing is a so-called plate binding, in which the skiing boot 1,
      which is indicated in dash-dot lines only in FIG. 1, is held on the
      soleplate 4 by forward and rear soleholders 2 and 3, respectively. Whereas
      the skiing boot 1 can be only arbitrarily detached from the soleplate 4,
      the soleplate can be automatically released from device by which the
      soleplate is secured to the ski 5, and from the latter, in response to a
      force which acts not only for a short time and which exceeds a
      predetermined magnitude.
PAR  The plate holder comprises a pivot bearing for the soleplate 4. In the
      present case the pivot bearing comprises a pivot pin 6, which extends into
      a mating hole 7 in the soleplate. Adjacent to the rear end of the
      soleplate the plate holder comprises an element 8 of a detent device which
      releases the soleplate in response to an overload acting in a vertical
      and/or horizontal direction. Adjacent to the forward portion of the
      soleplate the plate holder has a member 9 for holding down the soleplate
      (see particularly FIG. 1). As is apparent from FIG. 2, the pivot pin 6 has
      a flange 10, which is secured to the ski 5 by two screws 11. Each of the
      portions 8 and 9 of the plate holder is also secured to the ski by two
      screws.
PAR  To facilitate the mounting of the plate holder on the ski 5, their three
      functionally required individual parts 6, 8, and 9 are held in a fixed
      position relative to each other by a preassembling plate 12 (see FIGS. 1,
      3, and 4). The parts are suitably mounted on the preassembling plate in
      the factory before the safety ski binding is packaged.
PAR  According to a feature of the present invention, the female detent element
      8 of the detent device is provided on the plate holder and consists, e.g.,
      of a centrally constricted roller, which is best shown in FIG. 3. This
      roller 8 is rotatably mounted on a transverse horizontal axle 14, which is
      mounted in a bracket 13, which is screw-connected to the ski 5. The male
      detent element of the detent device is mounted on the soleplate 4 and
      consists e.g., of a lever 15, which is substantially circular in
      cross-section and at its free end carries a roller 16. For mounting the
      element 15, the soleplate is provided with raised side cheeks 17, 18
      adjacent to the detent device (see FIGS. 1, 2, and 4). Between these side
      cheeks, the lever 15 is mounted on a horizontal axle 19, which extends
      transversely to the longitudinal direction of the plate. The lever 15 is
      acted upon by another lever 20 (see particularly FIGS. 3 and 4). The
      spring 22 of the detent device urges a mushroom-shaped member 21 against
      the free end of the lever 20. These parts are accommodated in a housing
      23, which is disposed between the side cheeks 17, 18 and has an outer end
      wall 24 abutted by the spring. The lever 20 is spring loaded upon the
      lever 15 to be yieldingly held thereagainst.
PAR  The bias on the male detent element consisting of the lever 15 may be
      changed by a change of the effective length of the lever arm of the lever
      20. For this purpose the housing 23 contains an adjusting member, which
      consists of a pivoted lever 25, which has attached thereto a pivot pin 26
      which engages one end of the lever 20. As shown in FIG. 3, the lever 25
      has a pivot point P on the housing. The pivoted lever 25 is pivotally
      movable by means of a power screw 27, which is mounted in the housing wall
      24 and is provided at its outer end with a slot for engagement by a
      screwdriver. A nut 29 is threaded on the screw and provided with a
      coupling member 30, which extends into a slot 31 in the pivoted lever 25
      so that the latter is pivotally moved in response to a rotation of the
      screw 27. The free end of the pivoted lever 25 extends through an opening
      32 in the housing wall 24 (see FIG. 2) and constitutes a pointer of a
      device for indicating the force required for a release of the safety ski
      binding. This indicating device has a scale at one edge of the opening 32.
PAR  The rear soleholder 3 is secured to a bracket 33, which is pivoted on a
      horizontal axle 34, which extends transversely to the longitudinal
      direction of the plate and is held in the side cheeks 17, 18 of the
      soleplate 4. The rear soleholder is adjustable in height for adaptation to
      soles differing in thickness. The bracket is substantially U-shaped (see
      particularly FIG. 2) and has a web which at that end which is the lower
      end in the drawings is provided with a closing pedal 35. The two legs of
      the bracket carry respective, mutually opposite locking cams 36, which
      cooperate with a latch 37, which locks the bracket 33 in the position in
      which the soleholder 3 is locked. The latch consists of a bell-crank lever
      and is also mounted on the axle 19 and has a central recess, which
      receives the bearing eye of the detent lever 15. That arm of the latch 37
      which extends upwardly in FIGS. 1 and 4 is provided at its free end with
      two locking noses, one of which is designated by the reference numeral
      37', which are respectively disposed before and behind the plane of the
      drawing, and a central transverse slot 38, which receives an unlocking
      member 39. The latter has a depression 40 for receiving the pointed end of
      a ski pole and is connected to the latch by a transverse pin 41, which
      extends through a slot 42 in the unlocking member. The other arm of the
      latch 37 is biased by two helical compression springs 43, which are
      symmetrically disposed with respect to the vertical center plane of the
      soleplate 4 and one of which is shown in FIG. 4. The upper end of each of
      these helical compression springs bears on the bracket 33 so that these
      springs are under initial stress.
PAR  The soleholder 3 and its bracket 33 are shown in locked position in FIG. 1
      and in an open position in FIG. 4. This position must be assumed by the
      binding before the skiing boot 1 can be inserted. As the skiing boot is
      inserted into the binding, the sole strikes on the closing pedal 35 so
      that the bracket 33 is pivotally moved about the axle 34. This movement is
      transmitted by the helical compression springs 43 to the latch 37, the
      locking noses of which initially engage at their end faces the locking
      cams 36 of the bracket 33. When the bracket has been swung down by the
      sole, the helical compression springs 43 cause the locking noses of the
      latch 37 to engage the locking cams 36 from above to lock the bracket 33
      against an upward pivotal movement. When the skiing boot has thus been
      automatically locked to the soleplate as the boot has been introduced into
      the binding, the boot can be released from the soleplate 4 only
      arbitrarily in that pressure is applied to the unlocking member 39, e.g.,
      by a ski pole.
PAR  Reference is now made to FIG. 1, in which the safety ski binding is shown
      in its locking position. When the unlocking member 39 is depressed, the
      pin 41 of the latch 37 and the latter are pivotally moved in a clockwise
      sense and the helical compression springs 43 are thus increasingly
      stressed as long as the locking cams 36 are engaged by the locking noses
      of the latch 37. When the locking noses have released the locking cams and
      the skiing boot is lifted, the helical compression springs 43 turn the
      bracket 33 to the position shown in FIG. 4 so that the skiing boot is
      released. When the unlocking member 39 has been released, it assumes the
      position shown in FIG. 4.
PAR  The forward soleholder 2 is also connected to the soleplate 4 by a bracket
      44, to which the soleholder is held so as to be adjustable in height for
      adaptation to soles differing in thickness. For adaptation to soles
      differing in length, the bracket is longitudinally slidably connected to
      the soleplate 4 by a slidable clamping member 45, and a power screw is
      provided to clamp the bracket in position. The slidable clamping member
      extends through a slot 46 in the soleplate 4 and has protruding
      longitudinal side edge portions for engaging the longitudinal edge
      portions of the slot 46 from below. The two longitudinal side edge
      portions of the slidable clamping member are provided with teeth and in
      clamping position mesh with mating teeth in a plate 47, which is provided
      on the soleplate 4, which is recessed on its underside (see particularly
      FIG. 5).
PAR  The power screw 48 has a head formed with a slot for engagement by a
      screwdriver and is mounted in the bracket 44 and threaded into a tapped
      hole of the slidable clamping member 45. The shank of the headed screw is
      surrounded by a helical compression spring 49, which is fully compressed
      in the clamping position shown in FIG. 1. For a longitudinal displacement
      of the bracket 44, the headed screw 48 must be loosened. In that case the
      teeth of the slidable clamping member 45 initially remain in mesh with the
      mating teeth on the underside of the soleplate 4 because the helical
      compression spring 49 expands. The teeth can be disengaged in that the
      headed screw 48 is forced down against the spring force. The bracket 44
      may now be pushed into engagement with the sole of the skiing boot 1 which
      has been introduced into the binding. The toothed mesh is re-established
      as the headed screw is released. If the teeth fail to mesh because the
      teeth of the slidable clamping member are not in registry with the spaces
      between the teeth of the plate 47, it will be sufficient slightly to
      reciprocate the bracket 44 in the longitudinal direction of the soleplate
      so that the teeth will mesh automatically as the prestressed helical
      compression spring 49 tends to pull the slidable clamping member upwardly.
      When the toothed mesh has been re-established, the headed screw must be
      tightened firmly.
PAR  It has been pointed out that FIG. 1 shows the safety ski binding in a
      condition ready for skiing, with the skiing boot held on the soleplate 4.
      When an upwardly directed force at right angles to the surface of the ski
      acts on the leg of the skier when skiing and thus acts on the soleplate
      and said force exceeds not only for a short time the bias on the male
      detent element 15, the latter will disengage the female detent element 8
      and the soleplate can separate from the ski 5. After such separation, the
      spring 22 and the member 21 maintain urging force on one end of the lever
      20 while the other end of lever 20 maintains contact with pin 26.
      Therefore, the lever 20 is yieldingly retained in seating engagement on
      the lever 15. Similarly, the soleplate is released from the ski in
      response to forces which act not only for a short time transversely to the
      longitudinal direction of the ski and exceed the bias on the male detent
      element. It will be understood that the soleplate will also be released
      from the ski in the case of diagonal falls when the force reaches a value
      which is dangerous to the skier's leg.
PAR  A retaining belt 50 is provided to maintain a loose connection between the
      soleplate 4 and the ski 5 after a safety release. One end of the belt 50
      is secured to an eye 51, which is mounted on the pivot 6 (FIG. 1). The
      other end of the belt 50 is secured to the plate 47 in the recessed
      soleplate 4. The soleplate is provided at its forward end with a hook 52,
      which engages an offset lug 53 of the holding-down member 9 from below. In
      the range in which the forward soleholder 2 is adjustable, the soleplate 4
      has a cross-member 54, which bears on the preassembling plate 12. The
      materials are properly selected to minimize the friction between the
      cross-member and the preassembling plate during the pivotal movement of
      the soleplate.
PAR  When the skier desires to re-enter the ski 5 when the soleplate 4 has been
      released after a fall, he can hook in the forward end of the soleplate and
      then depress the rear end of the soleplate so that the pivot pin 6 enters
      the hole 7, which is greatly enlarged at its lower end, and the male
      detent element 15 falls into the female detent element 8. Alternatively,
      when the soleplate 4 extends transversely to the ski 5, the skier may
      engage the pivot pin 6 with the hole 7 and then move the soleplate so that
      it extends parallel to the ski, whereafter the soleplate is hooked in at
      its forward end and locked by the detent device at its rear end.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety ski binding for a ski comprising:
PA1  a soleplate adapted to be mounted on the ski for connecting a skiing boot
      to the ski;
PA1  a first sole holder in a forward position on the ski;
PA1  a second sole holder mounted in rear position on the ski;
PA1  a plate holder adapted to be attached to the ski;
PA1  releasing means on the second sole holder comprising detent means operative
      in response to an overload condition to release the soleplate from the ski
      comprising a female detent element mounted on said plate holder, a male
      detent element mounted on said soleplate and a detent spring means acting
      on said male detent element forcing said male element into engagement with
      said female element, said spring means being adjustable to change the
      force of engagement between said male and female elements thereby
      adjusting said releasing means.
NUM  2.
PAR  2. A safety ski binding according to claim 1, including at least two side
      cheeks mounted on said soleplate and a bracket mounted on said side cheeks
      and further including a closing pedal on said bracket, at least one
      locking cam on said bracket, a spring-loaded latch having at least one
      locking nose cooperating with said locking cam to lock said second
      soleholder in a locking position.
NUM  3.
PAR  3. A safety ski binding according to claim 2, wherein said male detent
      element includes a pivot means pivotally connected in each of said side
      cheeks and serves as a pivotal connection between said spring-loaded latch
      and said side cheeks.
NUM  4.
PAR  4. A safety ski binding according to claim 2, characterized in that said
      spring-loaded latch further comprises a latch lever having two arms, one
      arm of which forms an abutment, and a lever spring mounted with one end
      engaging said bracket and the other end abutting said abutment of said
      two-armed latch lever.
NUM  5.
PAR  5. A safety ski binding according to claim 2 further including an unlocking
      member pivotally connected to said spring-loaded latch.
NUM  6.
PAR  6. A safety ski binding according to claim 1, further including a housing
      for said detent spring means comprising an inner end wall having an
      aperture defined therein and a push piece extending through said aperture
      by which said detent spring means acts on said male detent element.
NUM  7.
PAR  7. A safety ski binding according to claim 6, further including an
      adjusting device for changing the bias of the detent spring means, which
      adjusting device is mounted in the housing of said detent spring means and
      comprises an adjusting member, a pivot pin and an adjusting lever through
      which the detent spring means acts on said male detent element.
NUM  8.
PAR  8. A safety ski binding according to claim 7, wherein said adjusting lever
      is one-armed and has fixed points engaging said detent spring means and
      said male detent element.
NUM  9.
PAR  9. A safety ski binding according to claim 7, characterized in that the
      adjusting device further comprises a pivoted mounting lever and a power
      screw for adjusting said adjusting device.
NUM  10.
PAR  10. A safety ski binding according to claim 9, including a pointer on one
      end of said pivoted mounting lever extending into an opening in the
      housing wall and a scale on said housing adjacent the edge of said
      opening.
NUM  11.
PAR  11. A safety ski binding according to claim 2 wherein said bracket includes
      a slidable clamping member for longitudinally slidably holding one of said
      soleholders onto said soleplate and a clamping screw for connecting said
      slidable clamping member to said bracket.
NUM  12.
PAR  12. A safety ski binding according to claim 11, further including teeth on
      said soleplate and wherein said slidable clamping member extends through a
      slot in the soleplate and includes side edge portions for engaging the
      edges of the slot and including teeth on at least one side edge portion of
      said slidable clamping member for meshing with the teeth on said
      soleplate.
NUM  13.
PAR  13. A safety ski binding according to claim 11, further including a
      retaining spring mounted on said clamping screw for holding said slidable
      clamping member in a clamping position.
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ABST
PAL  A ski construction in which the ski runner slidingly supports an elongated
      plate, except at its adjustable front end which is fixed in normal use of
      the ski, the plate carrying toe and heel binding members, the plate being
      specially mounted to freely follow the runner in its rapid bending
      movements in use of the ski, and also adapted to alievate the stress and
      shock imposed on the ankle area of the skier when the front of the ski
      strikes an obstruction and the ski abruptly stops, as by striking a root
      obstruction, a body of hard ice hidden by snow, or packed snow, and this
      aliveation without changing the action of the binding members or their
      mutual set-spacing on the plate. For the latter function, the front end of
      the plate carries a row of teeth engaged by a worm carried by a shaft
      within a casing fixed to the runner, one end of the shaft having means for
      its manual rotation for adjustment of the plate, and a spring encircling
      the shaft and having its front end abutting the interior of the casing, so
      that when the ski is suddenly stopped by an obstruction, the forward
      strong thrust of the skier's leg moves the entire plate forwardly against
      the action of said spring, alievating shock on the ankle area.
BSUM
PAR  The objects of the invention are to provide a ski construction which by
      simple and effective combinations of elements will enable improved
      adjustments, on the ski runner, by an elongated plate carrying toe and
      heel binding members, toothed at its front end, the latter in a casing
      held by the runner, the casing receiving a manually operable shaft
      carrying a worm engaging said teeth, and the shaft being manually
      rotatable adjusts the elongated plate forwardly or rearwardly on the
      runner. The worm abuts a spring in the casing whereby a safety provision
      is provided by which, should the front end of the ski meet an obstacle,
      the continused foreward movement of the skier's binding-held ankle will be
      cushioned by forward movement of the elongated plate controlled by said
      spring. Said adjustment means is aided by the provision of means held by
      the runner for holding and guiding the elongated plate and which act
      without holding pressure on the plate.
DRWD
PAR  The invention will be described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a top plan view of a ski construction embodying the invention,
      its ends being broken away for purpose of illustration.
PAR  FIG. 2 is an elevational view taken at the side of the structure shown in
      FIG. 1.
PAR  FIG. 3 is a vertical sectional view taken on the lines 3--3, FIG. 1, of the
      member designated 11 in that Figure, but enlarged for clarity of
      illustration.
PAR  FIG. 4 is a transverse sectional view, taken on the line 4--4, FIG. 1, in
      comparison with the vertical longitudinal view of the preceding Figure, 3,
PAR  FIG. 5 is a longitudinal sectional view, taken vertically on the line line
      5--5 FIG. 1, and FIG. 6 is a trabsverse section taken on the line 6--6.
PAR  FIG. 7 is a top plan view of the elongated plate 1, which carries the boot
      heel and toe binding members shown in FIG. 1 and FIG. 2 but which are not
      shown in said FIG. 7.
PAR  FIG. 8 is a transverse section, broken away at its lower base of a ski
      runner, taken on the line 8--8, FIG. 1, and showing the strap hold-down
      for the elongated plate below the toe binder element shown in FIGS. 1 and
      2.
DETD
PAR  Referring to the drawings, it will be seen that the ski construction
      illustrated comprises a ski runner 2 and which may be of conventional
      material and form. Supported on the ski runner is an elongated plate 1,
      and which carries a forward toothed projection, which as hereinafter
      explained is an element of a longitudinal adjustment assembly for the
      plate. Slightly at the rear of the toothed projection which is indicated
      by the designated numeral 1x, is a toe binding member for the boot of a
      skier, followed by a boot abutment plate 15 for the sole of the boot.
      Following the latter member 15, is an adjustable boot heel binding member
      5 which may be of strong embodiment with a smooth lower surface enabling
      satisfactory forward and backward adjustment on the elongated plate 1 on
      which it rests, and normally is held down.
PAR  It will be seen by reference to FIGS. 1 and 2, that the heel binding member
      5 at its base is formed with narrow lateral butments 5.sup.X which are
      overhung by strap-like members 4 which abut the sides of elongated plate 1
      and which are secured to the ski runner 2 by screws 4a. Thus it is
      apparent that the rear end of the elongated plate, in the embodiment
      illustrated, is of the same width as that of the lateral abutments 5.sup.x
      of the heel binding member 5. Forwardly of the said heelbinding member it
      has an extension 3, and for the purpose of adjustably holding said
      extension onto the elongated plate 1, said extension is formed with an
      elongated row of round apertures, as shown in Fig. 1, adapted to receive
      one or a plurality of studs carried by a member 6 secured to the elongated
      plate 1, and said extension is springy and can be released from its stud
      holding condition whereupon the heel binding member 5 can be adjusted
      forwardly or backwardly to meet the needs of boots of various sizes.
PAR  Member 6, fixed to the elongated plate 1, as shown in Fig. 7 is a small
      plate having three upstanding short studs 6.sup.x adapted to enter the
      round holes 6.sup.xx of the front extension 3 of the heel binding member.
      Said extension 3 has opposite longitudinal slots which receive headed
      screws 7 threaded into elongated plate 1 via small plate 6, and the screw
      heads (or washers under them) engage the side walls of said slots.
PAR  By loosening said screws, said heel binder extension can be slightly raised
      to clear the studs, it preferably being springy, and positioned forwardly
      or backwardly. When this adjustment is made, screws 7 will be turned down
      to hold the heel binding member in its adjusted position on elongated
      plate 1.
PAR  It is desirable that the heel binding member extension be provided with a
      removable cover, preferably of snap-on form as of plastic material and as
      shown at 21, FIGS. 5 and 6.
PAR  The skier can readily move the space-adjusted heel and toe binding members
      simultaneously forwardly or rearwardly of the ski runner to a position
      most favorable with respect to slopes of various steepness, for example,
      this being done easily by turning the adjusting screw 12.sup.x, as by a
      small pocket tool effextive as a screw driver.
PAC  II
PAR  This specification will now describe the forward elements of the ski
      invention, and particuarly with respect to a safety feature which long has
      been needed, but not found in the various constructions in use prior
      hereto:
PAR  The safety cushioning members of the ski are as follows:
PAR  Reffering to FIG. 3 it will be seen that the toothed extension of the
      elongated plate 1, indicated at 1.sup.x is engaged by worm 10, the latter
      being fixed to a shaft 12.sup.x having a head which is slotted, as a
      screw. Forwardly the "screw" -shaft carries a spiral spring which at its
      front abuts a wall of a casing 11; and the casing, as shown in FIG. 1, has
      lateral projections receiving screws entering the runner 2, thereby
      holding the casing in fixed position. The shaft projects rearwardly of the
      casing so that it will be held when projected forwardly. When the "screw"
      -shaft is rotated the worm, being actuated will move elongated plate
      forwardly or rearwardly in accordance with the direction of rotation, and
      this can be done by a skier without removing the ski from his boot, and
      simply by use of a pocket tool having screw-driver action. The function of
      the said elements, in addition to adjusting the elongated plate on its
      runner, is as follows:
PAR  Many injuries to skiers are caused when a ski in fast movement strikes an
      obstruction generally hidden or partly hidden by snow or ice, and also
      when the obstruction is packed snow. In such case the ski has a sudden
      stop. In such case the force of the skier's momentum, with his boot
      tightly bound to the ski, throws immediate and usually severe stress on
      the skier's leg, fractures not being uncommon. By the present invention
      such quick and severe thrusts upon a skier's leg are cushioned, the thrust
      upon his toe-binding member overcoming the normal holding of the elongated
      plate 1 on the runner below it, with the result that plate 1 will be
      thrown forwardly, its toothed extension forcing the worm against the
      spring 14, with the required cushioning result.
PAR  The elongated plate 1 which carries the boot binding members is provided
      with elements holding the plate into contact with the upper surface of the
      ski runner, and guiding it against leteral movement. Thus at the rear of
      said elongated plate at 13 it is centrally and longitudinally slotted to
      receive a headed screw 12 FIG. 1 the slot being indicated at 13, FIG. 1.
      Toward the front of the ski the elongated plate is held down and guided by
      the strap-like formation of the worm casing 11 fastened down to the ski
      runner by screws 14 entering the longitudinal projections or "wings" of
      the casing. Also, the strap-like members 4 which overhang the lateral
      projections of the heel binding member, as indicated at 4, FIG. 1 and 2
      have like function, together with the strap 9 over the marginal edges of
      the elongated plate and held down to the ski runner by screws 9a. By such
      means the elongated plate is held down against endwise movement in normal
      use. except in desired adjustment thereof and in the automatic cushioning
      thrust on the plate as described above, said thrust being excessive.
PAR  It will be understood that various modifications in the form and
      arrangement of the illustrated elements may be made within the sporit of
      the invention and the claims herein, without departing therefrom. Also an
      important feature of the invention is that only the front end of the
      elongated plate is fixed to the runner. Thus the plate follows the rapid
      bends of the runner in use of the ski. As shown in FIG. 5 the screw 12
      entering the slot 13 of the plate 1 is restricted in down movement by a
      busing 12.sup.x, So that while it holds down and guides the plate so that
      the smooth under surface thereof meets the runner, the plate exerts no
      pressure thereon. Such is the pressure-free action of all the straps
      overlying the plate back of its worm adjusting combination.
CLMS
STM  Having described my invention, what I claim and desire to protect by
      Letters Patent, is as follows:
NUM  1.
PAR  1. In combination, a ski runner, an elongated plate mounted on the ski
      runner, and bodily movable thereon, toe and heel boot binding members
      carried by said elongated plate, means for adjusting one of said boot
      binding members forwardly or rearwardly on said elongated plate, teeth
      carried at the front of the elongated plate, a worm engaging said teeth
      and manually operable means for rotating said worm, whereby said elongated
      plate may be adjusted forwardly and rearwardly on the ski runner, and
      comprising a shaft carrying the worm, a casing affixed to the ski runner
      and in which the shaft and worm are mounted, one end of the shaft being
      exposed with a head adapted for manual rotation of the shaft and worm, and
      a spring member within the casing and engaged by the worm and abutting the
      front wall of the casing, whereby, when the front end of the ski runner
      abuts an obstruction, the stress and shock imposed on the ankle area of
      the skier by its continued forward movement when held by the bindings is
      alievated by cushioned forward movement of the elongated plate, and
      without changing the distance between the toe and heel members, or
      releasing their boot holding action.
NUM  2.
PAR  2. A ski construction in accordance with claim 1 in which the worm carries
      a screw-like shaft on which the spring is mounted, the casing for said
      worm being fastened at its sides to the margins of the ski runner, the
      casing having a rear aperture through which an extension of the screw-like
      shaft is projected, the front of the shaft being projected through a front
      aperture of the casing and the head thereof formed with means for its
      manual rotation, the elongated plate being formed with a longitudinal slot
      intermdiate the binding members, a bushing in said slot, a screw entering
      the bushing and engaging its top, whereby the screw is restricted against
      putting pressure on the top of the plate, the plate having a narrowed
      width at each end and also adjacent the rear of the toe binding member,
      said casing overlying the forward narrowed end, and two spaced strap
      members, each lying over one of said narrowed areas of the plate, and
      having their ends fasteded to the ski runner and guiding and holding down
      said plate in such manner that its smooth under surface meets the ski
      runner without pressure thereon and enabling the plate to follow rapid
      bends of the runner when the ski is in use and with consequent sliding
      movements of the plate rearwardly of its fixed front end area in normal
      use of the ski.
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ABST
PAL  A self-uprighting tow sled designed to upright itself after spills. This
      sled generally comprises a unitary pre-formed hull having certain
      geometric configuration characteristics. This sled is pulled by a tow
      means positioned in the front thereof and below the center of gravity of
      the sled. As a result of the cooperative relationship between the sled,
      its particular geometric configuration, and the towing forces being below
      the center of gravity, the sled can be overturned during pulling and it
      will automatically upright itself.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With the continuing popularity of snowmobiles, there has been an increasing
      need for sleds and the like which can be towed by such vehicles. However,
      conventional toboggans and other tow sled devices lack suitable
      maneuverability for towing behind what are normally regarded as very
      maneuverable vehicles, i.e. snowmobiles. Thus, if snowmobiles pull
      conventional toboggans and the like and make sharp turns, the toboggan
      will not be able to make such turns and will almost invariably capsize
      itself resulting in spilling passengers on the snow. Of course, this can
      pose an ever-present danger to passengers in a vehicle towed behind a
      snowmobile. Thus there is a real need for an extremely highly maneuverable
      tow sled which can be pulled behind the extremely highly maneuverable
      snowmobile. There is also a need for a maneuverable tow sled which is not
      prone to capsizing. Additionally, there is a need for a towable sled-type
      vehicle which when capsized will automatically upright itself without
      endangering the passengers riding therein. This invention fulfills these
      needs.
PAR  Accordingly, an object of this invention is to provide a simple unitary tow
      sled which has all of the maneuverability characteristics of the
      snowmobile that is pulling the sled.
PAR  Another objection of this invention is to provide a tow sled which will not
      easily be capsized.
PAR  Yet, another objection of this invention is to provide a tow sled which can
      be purposely capsized and which will automatically upright itself by
      rolling on the snow, thereby preventing possible injury to passengers
      therein.
PAR  A method of accomplishing these and other objects will become apparent from
      the following description of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a frontal perspective view of the tow sled of this invention.
PAR  FIG. 2 is a side view of the tow sled of FIG. 1.
PAR  FIG. 3 is a bottom plan view of the tow sled of FIG. 1.
PAR  FIG. 4 is a front elevational view of the tow sled of this invention.
PAR  FIG. 5 is a rear elevational view of the tow sled of this invention.
PAR  FIG. 6 is a view of a towed sled during a rollover.
PAR  FIG. 7 is a view of a towed sled during rollover as the sled is nearing its
      self-uprighting position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to tow sleds for vehicles such as snowmobiles which
      are designed to ride over a snow-covered surface. Snowmobiles are known to
      have extreme maneuverability and the tow sled of this invention has
      maneuverability characteristics at least equal to those of the snowmobile
      which is towing it. Thus, the tow sled does not have a tendency to capsize
      upon the towing vehicle making sharp turns. Additionally, and very
      importantly, because of the relationship between the geometric
      configuration of the tow sled and the position of the tow means thereon
      below the center of gravity thereof, the sled can be induced to capsize
      and will be self-uprighting. In other words, the sled can be capsized and
      it will automatically return to its upright position without the necessity
      of stopping the towing force. This surprising feature is an important part
      of this invention and is believed to be a result of the cooperative
      relationship between the shape of the tow sled and the position of the
      towing forces thereon.
PAR  The tow sled 10 is comprised of a preformed hull, having a front portion
      12, a rear portion 18, and oppositely disposed sides 14 and 16 and the
      bottom portion 20. The preformed hull can be made from a plastic, or
      metal, or any other suitable material. Preferably the preformed hull is of
      a light-weight, durable plastic, or fiberglas material.
PAR  As can be seen from the drawing, both the front portion 12 and the rear
      portion 18 are upwardly and laterally curved to provide a generally
      rounded or arcuate front and rear of the sled. As will be explained in
      more detail hereinafter, the rear portion 18 must dwell in a horizontal
      plane no higher than the plane in which the front portion dwells. As seen
      in FIGS. 1, 2 and 4, it is preferred that the rear portion 18 dwell in a
      plane inclined downwardly from the plane in which the front portion 12
      dwells. If the rear portion 18 dwells in a plane higher than the plane of
      the front portion 12, the sled will not be self-uprighting after it
      capsizes.
PAR  The sled side portions 14 and 16 are transversely curved from one side to
      the other as can be seen in the elevational end views of FIGS. 4 and 5.
      Thus a cross sectional view of this sled through its width as viewed from
      the position of FIG. 4 would be a somewhat U-shaped configuration.
PAR  Preferably, for safety reasons, the sled has oppositely disposed grasping
      bars 26 and 28 positioned on the interior upward portion of oppositely
      disposed side portions 14 and 16.
PAR  The bottom 20 of the tow sled has a plurality of runners protruding
      outwardly from the under side. Preferably these runners are a part of the
      unitary hull design and are impressed within the sled from the inside so
      that the runners protrude on the outer portion of the sled leaving visible
      cavities from the inside bottom portion of the sled. Runners 22 comprise a
      plurality of positioned runners. Preferably at least three runners are in
      a straight line parallel relationship extending from the front 12 of the
      sled toward the rear thereof. It is also preferable that these are
      positioned equal distances from the sides 14 and 16 of the sled. Spaced
      apart from runners 22 and curved outwardly therefrom are curved runners
      22A. Curved runners 22A can be curved at the front end thereof and can be
      straight or curved at the rearward end thereof. It is, however, important
      that curved runners 22A extend forwardly over most of the bottom side of
      front 12. Preferably they extend over the entire bottom side of front 12.
      As can be seen from FIG. 3 the curved runners 22A are on successively
      increasing curvatures as the runners move outwardly from the staight
      runners 22 towards the sides 14 and 16. Preferably there are at least four
      curved runners which exist in a spaced apart relationship with respect to
      each other, but, of course, there can be more or fewer if desired. The
      curved runners 22A allow the towed sled to be turned by the passengers
      leaning towards one side or the other to allow the curved runners to bite
      into the snow and turn the sled 10. Straight runners 22 allow the towed
      sled to be pulled in a straight-line relationship with respect to the
      towing vehicle without unduly swerving from one side to another. The upper
      edge of the preformed hull forming the tow sled of this invention is
      covered by a roll bar 30. Roll bar 30 is preferably generally circular in
      cross section and is important to the invention in that during rollovers
      or capsizing of the sled it prevents the edge of said sled from biting
      into the snow and thereby preventing the sled from uprighting itself.
PAR  The sled 10 is pulled by the towing vehicle by tow rope 24 which is secured
      to the sled by a tow means 24A, positioned in the front 12 of the sled
      below the center of gravity of the sled; but preferably means 24A is
      positioned sufficiently high on the front 12 of the sled so that the tow
      rope 24 will not ride directly on the snow. Tow means 24A can simply be an
      aperture positioned in the above identified location of the preformed hull
      through which a rope can be knotted. Alternatively, tow means 24A could be
      a protruding tab portion with a hole positioned therein for securing tow
      rope 24 thereto. However, the important feature is not the precise tow
      means employed, but the position of that tow means so that the towing
      forces will be exerted on the sled 10 at a position below the center of
      gravity thereof.
PAR  It has been surprisingly found that when the tow means of a sled having the
      particular configuration previously described herein, is positioned in the
      front of the sled in a position below the center of gravity thereof, the
      sled can be induced to capsize by transferring weight to one side thereof
      and surprisingly the sled will upright itself. It is believed that the
      sled uprights itself because of the cooperative relationship between the
      towing forces, the position of the towing means 24A, the roll bar 30, and
      the generally arcuate front edge 32 of front portion 12. As seen in FIG.
      6, when the sled is capsized part of roll bar 30 hits the snow, but
      because of the rotary motion involved during capsizing, and the arcuate
      front edge 32, as well as the position of the towing force and the towing
      means 24A, the sled continues its roll as shown in FIG. 7 and rolls back
      to an upright position. Passengers in the tow sled, if they desire, can
      actually induce capsizing and the sled will self-upright itself.
PAR  Certain dimensional aspects of this self-uprighting tow sled are worthy of
      mention. Preferably the depth of the sled is at least a minimum of 10
      inches. It is also preferred that the sled be at least 3 feet long. Most
      desirably the sled has a length-to-width ratio of two to one. When a
      length-to-width ratio of at least two to one has been employed this sled
      has been found to be most efficient from the standpoint of being
      self-uprighting.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tow sled designed to upright itself after spills, said sled
      comprising,
PA1  a preformed hull having front and rear portions, oppositely disposed sides
      and a bottom, said hull having a length
PA1  equal to approximately twice the width thereof,
PA1  said front portion being upwardly and laterally curved from said bottom to
      provide a generally rounded front portion having an upper forward edge
      which extends upwardly and forwardly,
PA1  said rear portion being upwardly and laterally curved from said bottom to
      provide a generally rounded rear portion, said rear portion having an
      upper rearward edge extending upwardly and forwardly and the forwardmost
      portion of which dwells in a horizontal plane no higher than the lowest
      horizontal plane in which the upper forward edge of said front portion
      dwells,
PA1  said sides being uniformly spaced apart from front to rear and transversely
      curved upwardly and outwardly from said bottom and having upper straight
      horizontal edges which merge with said upper rear and front edges,
PA1  a tow means positioned on said front portion below the center of gravity
      and closely adjacent said bottom whereby a towline may be connected to
      said tow means so that said towline is disposed substantially parallel to
      said bottom,
PA1  a roll bar means being secured to said upper edges of said front portion,
      said sides and said rear portion, said roll bar being substantially
      circular in cross section thereby preventing an edge catching on the
      ground when the sled is overturned,
PA1  a plurality of spaced apart runners being positioned on the outside surface
      of said hull, each of said runners having rearward and forward ends, the
      forward ends of said runners terminating at said upper edges, said runners
      comprising straight runners and curved runners, said straight runners
      being in a parallel relationship with respect to each other and positioned
      on opposite sides of said bottom along the longitudinal centerline of said
      sled, the forward ends of said straight runners terminating at said upper
      edge of said front portion, said curved runners being laterally outwardly
      positioned in spaced apart relationship from said straight runners, and
      said curved runners having straight portions merging into forwardly
      positioned outwardly curved portions terminating at the upper front and
      side edges, said hull inside surface includes elongated cavities opposite
      each runner, said opposing runners and cavities being of equal length,
      width and depth, and
PA1  elongated longitudinal extending grasping members being provided on the
      upper inside surface of the oppositely disposed side walls of said hull.
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PAL  A rudder-like device to add manuverability to toboggans and toboggan-like
      vehicles. The device incorporates a housing into which the rudder can be
      withdrawn for safety purposes. The housing also acts as a means of guiding
      the rudder and relieving the torque thereon due to the force of the snow.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the past, use of a toboggan has often resulted in hazardous safety
      conditions due to the fact that coventional toboggan designs have no
      provision for manuvering if an unexpected obstruction is encountered.
      Toboggans and similar vehicles, being supported by snow or snow-like
      material when in use, are able to utilize a steering mechanism similar to
      a boat rudder in that a rudder blade produces a torque on the toboggan
      when inserted into the snow at an angle to the direction of motion. Said
      torque then results in a steering action when the rudder is attached to
      the toboggan.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a means of guiding and housing a steering rudder
      for toboggans which can be introduced into the snow at an angle to the
      direction of toboggan motion. By providing a protective housing into which
      the rudder can be drawn, the maximum amount of safety is provided when the
      rudder is not being used. Also, by varying the amount that the rudder
      projects into the snow, one can control the degree to which the steering
      action takes place.
PAR  An object of the invention is to provide a device which adds steering
      ability to toboggans and toboggan-type vehicles.
PAR  A further object is to provide both left and right steering ability to said
      vehicles in a manually selectable manner.
PAR  It is also an object to provide means of automatically withdrawing said
      steering device into a protective shell for safety purposes.
PAR  These and other objects will be made apparent in the disclosure of the
      accompanying drawings and in the following specifications and claims:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the rudder assembly.
PAR  FIG. 2 is a side sectional view of the rudder assembly, being taken along
      the line 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 2, the TOBOGGAN RUDDER assembly is shown as comprising a
      shell indicated at 1, a rudder indicated at 2, a control knob indicated at
      3, a coil spring indicated at 4, and a snap ring indicated at 5.
PAR  Referring to FIG. 2, the rudder assembly, when mounted on a toboggan or
      similar vehicle, operates as follows with the indicated features:
PAR  The coil spring 4 acts to keep the rudder 2 which is attached to the
      control knob 3 in a recessed and thereby safe position when not in use.
      The control knob and rudder are retained by a snap ring 5, said snap ring
      fitting into slot 6 in the shell 1.
PAR  The steering action is executed by first turning the knob until the tab 7
      on the knob lines up with either slot 8 or 9 in the shell. The knob is
      then depressed thereby causing the rudder to protrude through a slot in
      the bottom of the toboggan and into the snow. The rudder, having a surface
      at an angle to the direction of vehicle motion, then results in a force
      that produces a turning action on the vehicle. The amount of turning
      action is controlled by the amount that the knob is depressed, thereby
      varying the amount of rudder area exposed to the snow.
PAR  When the knob is depressed with the vehicle in motion, there is a resulting
      torque on the rudder which would tend to return the knob to its neutral
      position. It is the purpose of tab 7 when in slot 8 or 9 to relieve this
      torque and allow ease of operation.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A device used for steering toboggans and like vehicles, said device
      being contained in a protective shell or housing mounted on a toboggan or
      an extension thereof entirely above the surface of snow and consisting of
      means for extending a steering element from a retracted position within
      said housing into the snow at an angle to the direction of vehicle motion,
      said steering element having a surface against which the snow exerts a
      force to produce steering action, wherein said device contains means for
      relieving the torque produced on the steering element by the forward
      motion of the vehicle, said relieving means consisting of a projection or
      tab and a slot into which said projection fits, said projection and slot
      being in combination between the housing and the steering element such
      that when the steering element is in its active position, that is, at an
      angle to cause left or right hand turning action, the projection is within
      the slot and acts to relieve the torque thereby allowing reduced size and
      effort on a knob or handle of the steering element.
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ABST
PAL  A motorized two-wheeled vehicle in which the fuel tank is supported by the
      frame beneath the seat and a hollow housing is mounted between the seat
      and the steering handle at a position above the engine. The housing has
      openable upper and side covers, and various parts can be contained in the
      housing such as an air cleaner for the carburetor of the engine, a fuel
      filler neck for the fuel tank, an auxiliary tank for the radiator, a
      casing for tools, and the like, etc.
BSUM
PAC  BACKGROUND
PAR  a. Field of the Invention
PAR  This invention relates to a motorized two-wheeled vehicle, such as, a
      motorcycle or the like.
PAR  B. Prior Art
PAR  It is well known in this type of vehicle that a fuel tank is provided on an
      upper portion of the frame of the vehicle body so as to be positioned
      between the driver's seat at its rear and the steering handle at its
      front. Originally, it was not always required for the fuel tank to be so
      disposed at the aforesaid position and it is considered that the tank may
      be transferred to any other position.
PAC  SUMMARY OF THE INVENTION
PAR  This invention contemplates that the space made by transferring the fuel
      tank from its present position to any other position can be utilized to
      provide a housing for accommodating various parts. Namely, according to
      the invention, in a motorized two-wheeled vehicle of the type in which the
      frame of the body having a front wheel and a rear wheel, is provided at
      its upper middle portion with the driver's seat and at its front portion
      with a steering handle, it is characterized in that a housing is fixed to
      the frame of the vehicle body between the seat and the steering handle
      such that various parts can be contained therein.
PAR  It is preferable, in principle, in this type of two-wheeled vehicle that
      the comparatively heavy parts such as the internal combustion engine and
      the fuel tank are mounted at the lower portion of the vehicle body so as
      to lower the position of the center of gravity of the vehicle body to
      improve the running stability thereof. To satisfy this requirement,
      according to the invention, the internal combustion engine is mounted
      below the frame housing and the fuel tank is mounted below the seat. In
      this case, the internal combustion engine is preferably of the vertical
      opposed or V type which laterally extends left and right so as to be
      substantially symmetrical, and a carburetor is mounted above the engine.
      The foregoing frame housing is preferably composed of at least one chamber
      having an upper cover which can be opened upwards and is permanently open
      at its lower surface. The housing can additionally be provided at its
      opposite side surfaces with left and right side chambers having respective
      left and right side covers which can be opened outwards. Contained in the
      housing are various parts, such as, an air cleaner connected to the intake
      side of the internal combustion engine, a fuel filler aperture at the
      front upper surface of the fuel tank, a subsidiary tank for a radiator for
      engine cooling, and a casing for tools or other articles, electric parts,
      and the like. It is also preferable in this case for the upper cover to be
      provided at both its side edges with engaging edges bent to project
      downwards so that when the side covers are closed and thereafter the upper
      cover is closed, the engaging edges may be brought in engagement from the
      outside with upper edges of the side covers. The upper cover can be
      provided with a locking means for locking the same in its closed position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view, partly in section, of one embodiment according to
      this invention,
PAR  FIG. 2 is a top plan view thereof, partly in section, and
PAR  FIGS. 3 and 4 are sectional views taken respectively along lines III -- III
      and IV -- IV in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, numeral 1 denotes a frame of the vehicle body of
      pipe frame type, and in almost the same manner as is conventional, the
      vehicle body frame 1 is provided with a front wheel 2, a rear wheel 3, an
      internal combustion engine 4 at its lower middle portion with a driver's
      seat 5 at its upper rear portion and a steering handle 6 at its front
      portion.
PAR  It has been conventional in this type of vehicle for the fuel tank to be
      disposed on the upper portion of the frame 1 between the seat 5 and the
      steering handle 6. According to this invention, however, a frame housing 7
      which is similar in shape to the conventional fuel tank is disposed at
      that position, at which the fuel tank has been hitherto disposed, and the
      fuel tank 8 is positioned within a space formed within the vehicle frame 1
      at a position below the seat 5.
PAR  The engine 4 is of a flat or V shape which laterally extends to the right
      and left so as to be substantially symmetrical, and a carburetor 9 is
      provided above the engine.
PAR  The frame housing 7 comprises a middle chamber 11 formed between a pair of
      left and right side plates or partitions 10, secured to a pair of left and
      frame side frome pipes 1a which constitute the vehicle body frame 1, and
      left and right side chambers 12 formed on the opposite outsides thereof.
      The middle chamber 11 has an upper cover 11a pivotably connected at its
      upper surface which can be opened upwards as shown in dotted lines in FIG.
      3, and an opening 11b on its bottom surface. The side chambers 12 have
      left and right side covers 12a pivotably mounted on both outside surfaces
      thereof which can be opened sidewards as shown in dotted lines in FIG. 4.
PAR  Various parts can be contained in the frame housing 7. Namely, as
      illustrated in the drawings, there are provided in housing 7, for
      instance, an air cleaner 13 connected to the upper portion of the
      carburetor 9, a fuel filler opening 14 formed in the front upper surface
      of the fuel tank 8, casing 15 for tools and other articles, a subsidiary
      tank 16 for a radiator, in the case where the engine 4 is cooled by water,
      and electric equipment 17 and the like.
PAR  The upper cover 11a is provided at both its side edges with engaging edges
      11c bent to project downwards, so that when the side covers 12a are closed
      and then the upper cover 11a is closed, the engaging sides 11c are in
      engagement from the outside with upper edges 12b of the side covers 12a.
      Thereby, the side covers 12a can be opened only when the upper cover 11a
      is brought to its open position. Additionally, the upper cover 11a can be
      provided, as desired, with a locking means (not illustrated) for locking
      it in its closed position. Thus, the locking means can also serve to lock
      the side covers 12a.
PAR  Thus, according to this invention, the frame housing is mounted on the
      vehicle body between the seat and the steering handle and is adapted for
      containing various parts, so that the housing can be opened at its upper
      surface and additionally at both its side surfaces whereby the driver can
      observe from a seated position the various parts in front of him and thus
      inspection, replacement, etc. of these parts can be easily and simply
      carried out. In further accordance with this invention, the engine and the
      fuel tank which are comparatively heavy are disposed at a lowered position
      on the frame of the vehicle body, so that the overall center of gravity of
      the vehicle body can be lowered and the driving stability thereby
      improved.
PAR  In further accordance with the invention, by forming the opposite side
      edges of the upper cover with the engaging edges cooperating with the
      upper edges of the side covers so that the side covers can be opened only
      when the upper cover is opened, the locking means can serve to lock all
      the covers and the construction can be simplified.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a motorized two-wheeled vehicle having a frame, a front wheel, a rear
      wheel, a driver's seat at the upper middle portion of the frame, a
      steering handle at the front portion of the frame, an internal combustion
      engine mounted on said frame, and a fuel tank mounted on said frame below
      said seat, an improvement comprising a housing secured to the frame
      between the seat and the steering handle at a location above the engine
      such that the engine is exposed therebeneath, said housing being adapted
      for enclosing various parts therein, said housing having at least one
      chamber with an upper surface, an upper cover pivotably mounted at said
      upper surface to be opened upwards, said housing being open at its bottom
      surface, said parts in said housing including an air cleaner connected to
      the internal combustion engine below said housing and introduced into the
      housing through the open bottom surface.
NUM  2.
PAR  2. A motorized two-wheeled vehicle as claimed in claim 1 comprising a fuel
      filler for said fuel tank introduced into said housing through said open
      bottom surface.
NUM  3.
PAR  3. A motorized two-wheeled vehicle as claimed in claim 1 wherein said one
      chamber is a middle chamber, said housing also having left and right side
      chambers on opposite lateral sides of the middle chamber, and respective
      side covers pivotably mounted at said side chambers to be opened
      sidewards.
NUM  4.
PAR  4. A motorized two-wheeled vehicle as claimed in claim 3 wherein said parts
      in said housing further include a fuel filler for the fuel tank, a
      subsidiary tank for a radiator of the engine, and a casing for tools or
      the like.
NUM  5.
PAR  5. A motorized two-wheeled vehicle as claimed in claim 3, wherein the upper
      cover has opposite side edges with engaging edges bent downwards so that
      when the side covers are closed and then the upper cover is closed, the
      engaging edges are brought into lateral engagement with upper edges of
      said side covers.
NUM  6.
PAR  6. A motorized two-wheeled vehicle as claimed in claim 1, comprising
      partition means secured to said frame and dividing said housing into a
      plurality of chambers.
NUM  7.
PAR  7. A motorized two-wheeled vehicle as claimed in claim 6, wherein said
      frame includes side frame members and said partition means comprises side
      plates secured to side frame members.
NUM  8.
PAR  8. A motorized two-wheeled vehicle as claimed in claim 1, wherein the
      internal combustion engine includes portions which extend laterally to the
      left and right of the frame, and a carburetor is provided above the
      engine.
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ABST
PAL  A collapsible luggage carrying device is provided having a triangular
      telescoping back portion and a triangular luggage supporting base section
      connected thereto. Both the back and the base include elongated tubular
      frame members diverging from a common apex and being interconnected by a
      generally transverse connecting and stabilizing bar which maintains the
      triangular shaped back and base portion in a rigid, expanded position for
      carrying luggage. The base may also include a plurality of sections
      telescoped together to thus provide an adjustable length for accommodating
      several pieces of luggage. The apex of both the upright back portion and
      the base are interconnected with a flexible strap to provide an enclosed
      rigid triangular supporting frame surrounding the articles being
      transported.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to portable luggage carrying devices which may be
      folded or collapsed into a compact unit.
PAR  2. Description of the Prior Art
PAR  While some prior art portable luggage carriers such as the Forman, U.S.
      Pat. No. 2,602,675 (1952) and the Forestier, French Pat. No. 1,509,040
      (1966) have provided portable luggage carriers which include telescoping
      portions which may be collapsed in one direction, there still remains the
      problem of further reducing the size of the collapsed unit in a second
      direction. Thus, it has been desirable to provide a luggage carrier which
      is stable and securely transports luggage and is constructed from frame
      members which could be fully folded or compacted into a size which could
      be conveniently carried by hand, in a purse or in a small suitcase or
      attache case. This invention provides such a luggage carrier.
PAR  Portable luggage carriers which may be collapsed for easy transport, such
      as Kazmark, U.S. Pat. No. 3,612,563 (1971), provide only a single upright
      which does not adequately support the luggage during transport.
PAC  SUMMARY
PAR  The nature of this invention deals with a highly portable luggage carrying
      device made of tubular metal components which are easily collapsed and
      folded into a portable, lightweight unit which may be easily carried by
      hand.
PAR  In the unfolded, or operative position, the luggage carrier provides a
      structurally rigid, triangular shaped, upright or back portion with two
      telescoping side legs or frame members extending from a common connecting
      point, or apex, which may include a handle for grasping the luggage
      carrier. The base, which supports the luggage, also has a triangular shape
      with a pair of side portions diverging from a pivotal connection, or an
      apex. Each side of the base is connected with an associated leg of the
      upright back portion. A collapsible cross brace forms a common base for
      the triangles of both the upright back portion and the base portion. This
      interconnected triangular geometry of the frame provides an inherently
      stable luggage carrier.
PAR  A flexible strap may be used to interconnect the apex of the triangular
      base with the apex of the triangular shaped upright. By connecting the
      back and base in such a manner a rigid triangular support structure
      encircles the luggage and eliminates the need for high strength hinges, or
      other reinforcing means, to absorb the cantilever loading which would
      otherwise occur at the connection of the side frames of the upright back
      with the legs of the base portion.
PAR  To collapse the luggage carrier, the transversely extending brace is
      collapsed thereby bringing together the bottom of each side frame member.
      The tubular members are then telescoped, and the base and back folded
      adjacent one another, thus providing a small, compact, and easily portable
      luggage carrier.
PAR  It is an object of the present invention to provide a lightweight, portable
      luggage transporting device having telescoping tubular support members and
      having a collapsible cross brace or strut which permits the unit to be
      further folded into a compact assembly which may be easily hand carried.
PAR  It is another object of the present invention to provide a portable luggage
      transporting device which may be unfolded to provide a rigid upright back
      portion and a pivotally connected base portion for the support and
      transport of luggage, and, the invention also provides a connecting member
      extending from the top of the upright back portion to the outermost
      portion of the base and encircling the luggage to thereby provide a
      reinforced triangle which will rigidly support luggage during transport
      and add to the inherent lightweight portable feature of the luggage
      carrying device by eliminating heavy, bulky hinges.
PAR  It is another object of the present invention to provide a collapsible
      luggage carrier having a telescoping upright or back portion pivotally
      connected to a telescoping base portion thereby providing a luggage
      carrier having both an adjustable upright section with an adjustable
      height and a luggage supporting base with an adjustable length.
PAR  It is another object of the invention to provide support wheels near the
      connection of the upright back portion and the attached base portion.
PAR  These and other objects of the invention will become apparent from
      reference to the following description, attached drawings, and appended
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the luggage carrier in the completely
      collapsed position;
PAR  FIG. 2 is a pictorial illustration of the luggage carrier as it appears
      when initially unfolded from the collapsed position of FIG. 1;
PAR  FIG. 3 is a pictorial of the luggage carrying device in the completely
      unfolded and extended position;
PAR  FIG. 4 is a side elevational view of the luggage carrier showing the
      appearance during transport of luggage and also showing, in phantom, how
      the base portion may be extended to accommodate several additional
      articles of luggage; and,
PAR  FIG. 5 is a partial sectional view showing the swaged connection for
      interconnecting telescoping tubular members.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing and in particular to the pictorial
      illustration of FIG. 3, it is noticed that the luggage carrier 10 of the
      present invention combines a triangular shaped upright or back portion 12
      with a lower or base portion 14 also having the basic triangular design.
      Structural advantages are derived from a triangular design which has
      inherent stability and provides a rigid luggage carrier which does not
      distort or wobble during movement and which may be easily folded into a
      convenient package for carrying in a purse or attache case.
PAR  A hinge unit 16 pivotally connects each tubular side member of the back 12
      with the associated leg of the base 14. The top of the back 12 provides an
      apex 18 which joins the two sides of the back portion in a pivotal
      connection. Likewise, the luggage receiving base 14 also includes a
      pivotal joint or apex 20 which interconnects the leg members of the base.
      At the apex 18 of the back portion, a pair of handle means 22 may be
      attached to permit the luggage carrier to be easily grasped. As disclosed
      in FIG. 1, the handles 22 are sandwiched atop apex 18 in such a manner as
      to be conveniently foldable into a position adjacent the tubular sides of
      the back 12 to eliminate an awkward extension which would make transport
      of the luggage carrier somewhat cumbersome.
PAR  The back or upright portion 12 has a pair of tubular side frame members
      which diverge downwardly and outwardly from the upper apex 18 and
      terminate at the associated hinge member 16. As noticed in FIGS. 1 and 4,
      the bottom telescoping tube may be pinned to the hinge unit 16 to form a
      pivotal connection therewith.
PAR  A crossbar or brace 24 interconnects the space ends of the tubular legs of
      the triangular shaped base. In this manner the crossbar 24 forms a common
      base or connecting member for the triangles of both the upright or back
      portion 12 and the associated base portion 14. Any convenient locking
      arrangement such as that designated by the numeral 25 may be used to
      maintain the pivotally interconnected portions of the crossbar 24 unfolded
      so as to insure the luggage carrier will be maintained in a rigid open
      position for the transport of luggage. The locking member 25 may be a
      separate tubular member which slips over portions of the crossbar, or, may
      be an integrally formed recess and dimple type of locking arrangement
      which is frequently used to lock pivotally interconnected flat metallic
      members such as those which are used to keep a suitcase or attached case
      in an open position.
PAR  As shown in the drawings, it is anticipated that the luggage carrier will
      include a plurality of wheels or other type of rollers to permit the
      carrier to be easily rolled when loaded with luggage. The wheels may
      include a pair of rear wheels 26 and an associated front wheel 27. As with
      any wheels or rollers which are used with this invention, there will no
      doubt be a requirement for an axle and associated bracket supporting
      arrangement. One type of wheel support is disclosed and indicated by the
      numeral 28 which will interconnect and support the wheel on the associated
      tubular frame member. As shown in FIG. 1, located above the wheel
      supporting member 28 of rear wheels 26 is the end part of crossbar 24
      which is sandwiched between the axle support 28 and a frame connecting
      member 30. The frame connecting member 30 is an auxiliary piece used to
      provide a reliable, compact connection between a tubular member and the
      wheel bracket 28.
PAR  The upright back triangular portion 12 has side members made up of three
      telescoping tubular sections 32, 34, 36. The lower tube section 32 has the
      largest diameter with the intermediate tube 34 and the upper tube 36
      having successively smaller diameters. The luggage receiving and
      supporting base 14 is shown with a pair of tubular, telescoping members
      32a and 34a. It is contemplated that the tubular members used in the
      upright portion could also be used in the base portion thus reducing the
      number of parts, lowering manufacturing costs, and reducing inventories.
PAR  The hinge 16 which interconnects the sides of the upright back portion 12
      with the associated legs of the base portion 14 may have a one piece
      construction as disclosed in the illustrations. The hinge 16 has a
      horizontally disposed hollow chamber for receiving the tubular leg 32a of
      the base 14 and also includes, at right angles thereto, a pair of spaced
      ears for receiving the lower portion of the lower telescoping tube 32
      which is connected with a pin to the hinge member 16. It is intended that
      the upright back 12 be rotatable to an over center, i.e., slightly beyond
      the vertical position. It is also contemplated that the hinge 16 will be
      hinged to the tube section 32 in such a manner as to provide a slight
      interference fit to thereby prevent inadvertent return of the upright back
      12 to a horizontal folded position if the luggage carrier is bumped during
      loading or unloading of luggage. In other words, if the back section 12 is
      rotated to an intermediate position it will be held by frictional braking
      of the hinge 16 engaging the lower tubular sections 32. With such a
      configuration, the tubular member 32, as illustrated in FIG. 1, may be
      rotated counterclockwise into a generally upright position whereby the
      tube 32 will bottom out or engage a stop portion of the hinge 16 to
      thereby prevent further counterclockwise rotation past the vertical stop
      position. Because of the large force which can be applied to this hinge
      connection 16, when a number of heavy articles of luggage are placed on
      the base 10, it is contemplated that this hinge connection could have a
      safety release to disengage the stop elements of tubes 32 and the
      associated hinge 16 when an undesirable level of forces is reached which
      could damage the hinge 16 or tubular frame elements connected thereto.
      Thus, after back portion 12 is rotated into the upright position as
      illustrated in FIG. 4 and luggage is placed on the base portion 14, if it
      is sought to tip the carrier and the strap 44 is not encircling the
      luggage 46 and thereby interconnecting the upright or back portion 12 with
      the base portion 14, an automatic release would occur before dangerously
      high forces would be applied to the hinge connection 16 and the associated
      tubular members 32 which could result in damage thereto. This release
      would indicate to the person using the carrier that it is necessary to use
      the strap because of the high load provided by the luggage.
PAR  One other design feature of the carrier is necessitated because of the
      relatively angular changes which occur as the carrier is expanded from the
      partially collapsed position of FIG. 2 into the fully expanded position of
      FIG. 3. As noticed in FIG. 2, the angle between the crossbar 24 and the
      lower telescoping tube 32 is much smaller than the associated angle
      between these two members when the carrier is fully expanded as shown in
      FIG. 3. This angular change must be taken into consideration when
      selecting a suitable hinge 16. Rotation may be allowed between the hinge
      16 and the tube 32a which is inserted into the open end of the hinge 16.
      Thus, the connection between the hinge 16 and the associated tube 32a is
      one which will allow relative rotation between the two members while still
      providing a secure connection between them. In the alternative, if
      manufacturing procedures find such an attachment objectionable, the hinge
      16 may be rigidly and nonrotationally attached to both tubular members 32
      and 32a resulting in the side legs of the base 14 undergoing a slight
      degree of rotation as the upright back 12 is expanded from the collapsed
      position to the fully expanded position. To accommodate such rotation of
      the tubular member 32a, the wheel connector 30 would then have to be
      attached to the tube 32a in a manner as to allow this relative rotation.
      If such rotation was not provided for, the rear wheels 26 would undergo a
      slight rotation or canting as the luggage carrier 10 is expanded from the
      folded to completely open, or operative position.
PAR  The connection between each of the tubular sections may be of any
      convenient form, but, in the interest of reducing the number of
      manufacturing operations, parts, and providing a low cost reliable luggage
      carrier, it is anticipated that a swaged connection will be used. This
      swaged connection, for example, will provide a reduced diameter 40 on the
      end of tube 32 which is to be slightly larger than the diameter of the
      body of the tubular member 34. Likewise, to permit the connection to
      efficiently interconnect the two tubular sections, the end of the tubular
      member 34 which is received within tube 32 would have a slightly enlarged
      diameter 42 designed for an interference fit with the reduced diameter 40
      of the end of the tube 32 thus to permit the tubes to engage each other
      and to be held securely. Of course a more elaborate connector could be
      used such as is commonly found in microphone stands which embody a tubular
      member having a slotted, tapered, threaded end portion adapted to be
      suqeezed onto the body of an inserted tubular member when a nut is
      tightened onto the end of the threaded tube.
PAR  Physically, the luggage carrier is intended to be formed from a plurality
      of interconnected plated, steel tube sections which will have sufficient
      strength to adequately support 100 pounds of luggage with a built in
      safety factor. Anodized aluminum alloy or other suitable material could be
      used.
PAR  Dimensionally the luggage carrier will occupy a volume of approximately 4
      .times.4 .times.18 inches in length when folded into the completely
      collapsed position illustrated in FIG. 1. This compact size will easily
      permit the luggage carrier to be carried in a carrying case, attache case,
      or small suitcase. After unfolding the luggage carrier to the position
      illustrated in FIG. 2, the overall height of the carrier would be
      approximately 21 inches and the length of the base portion 14 is
      contemplated as being approximately 12 inches in length. The 12 inch
      length of the base is provided to thereby accommodate standard size pieces
      of luggage. Likewise, in the expanded position of FIG. 2, the overall
      width of the luggage carrier extending across the cross brace 24 is
      anticipated to be approximately 18 inches. The length and the width of the
      triangular base is so provided as to easily accept both the standard size
      and small pieces of luggage. Additionally, the base may also include
      telescoping tubular members which will provide for extending the base as
      illustrated in FIG. 4 from a length of 12 inches to approximately 18
      inches in length thus permitting additional luggage to be transported.
PAR  When the upright, or back portion 12, is fully expanded into the position
      illustrated in FIGS. 3 and 4, the overall height will be approximately 36
      inches as is the height dictated by human engineering factors based on
      average sizes of anticipated users.
PAR  The luggage carrier of this invention is highly compact and transportable
      because not only do the frame members telescope into shortened lengths but
      the frame members also fold together to further reduce the size of the
      unit. This structurally sound unit is intended to have a lengthy useful
      life due to the reliable, simple design and the ease of folding and
      unfolding which occurs without causing extreme wear and the complete
      elimination of both delicate parts and strict adherence to dimensional
      tolerances. There is no mandatory sequence for folding or unfolding, thus
      further adding to the ease with which the unit may be utilized.
PAR  The features of the triangular design provided in this invention could be
      used to make a heavier duty carrier by merely increasing the size and
      strength of the components. Such a heavy duty carrier would be of the
      hand-truck type and would be very convenient and useful in such a use
      because of the strength and collapsible features. Of course such a carrier
      would be somewhat larger than the luggage carrier disclosed herein.
PAR  The foregoing description and drawings merely explain and illustrate the
      invention and the invention is not limited thereto, except insofar as the
      appended claims are so limited, as those skilled in the art who have the
      disclosure before them will be able to make modifications and variations
      therein without departing from the scope of the invention.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A portable luggage carrier comprising:
PA1  wheel means;
PA1  a frame including both a collapsible triangular upright back section
      adapted to extend upright, and, an attached triangular base platform
      portion adapted to extend horizontally and receive luggage for transport;
PA1  handle means mounted atop said back section;
PA1  hinge means providing for pivotal movement of the back section into a
      position adjacent to the base portion;
PA1  said upright back section including a pair of collapsible leg sections;
PA1  pivotal means joining said leg sections and said leg sections constructed
      to diverge downwardly and outwardly of said pivotal means;
PA1  said base portion including a pair of side members and joint means
      pivotally connecting said sides and said sides constructed to diverge
      outwardly of each other from said joint means; and,
PA1  connecting means constructed for positioning and holding both the diverging
      leg sections of the upright back portion and the diverging side members of
      the base portion, wherein said luggage carrier is movable from a collapsed
      position to both a partially extended and fully extended position;
PA1  said luggage carrier includes means mounting said wheel means and also
      includes movement compensating means operatively attached to said carrier
      to compensate for relative rotation between the leg sections of the
      upright back section and the side members of the base platform for the
      transport of luggage when said carrier is in the partially extended and
      fully extended position.
NUM  2.
PAR  2. The carrier of claim 1, wherein:
PA1  said connecting means includes crossbar means extending between at least
      one pair of diverging members of the luggage carrier frame;
PA1  said crossbar means also comprising a releasable locking member constructed
      to permit the diverging members to be moved from a diverging, operable
      position into a generally parallel position.
NUM  3.
PAR  3. The carrier of claim 1, wherein:
PA1  structural reinforcing and luggage restraining strap means are attached to
      the base portion and to the upright back section for structurally
      interconnecting said frame members to provide a luggage supporting
      triangle encircling the transported luggage.
NUM  4.
PAR  4. The carrier of claim 1, wherein:
PA1  said handle means include a movable handle portion which may be folded into
      a collapsed position.
NUM  5.
PAR  5. The carrier of claim 1, wherein:
PA1  said motion compensating means include connector means for attaching wheels
      to a portion of the base and having attaching means to permit relative
      rotation of the side members of the base portion within the attaching
      means as the luggage carrier is folded and unfolded; and,
PA1  said crossbar means constructed for positioning and holding the diverging
      frame members comprises a releasable member extending between the wheels
      and having means operatively connected to each wheel in such a manner as
      to prevent rotation of the wheels as the luggage carrier is folded and
      unfolded, thereby allowing the luggage carrier to be used when the upright
      back section is in an intermediate, partially collapsed configuration.
NUM  6.
PAR  6. The carrier of claim 1, and:
PA1  said frame members of the upright back section having a plurality of
      telescoping tubular members and including a lower tubular section
      connected to said hinge means, an intermediate tubular member of smaller
      diameter than the lower tubular member and positioned to telescope into
      the lower tubular member, and, an upper tubular member of smaller diameter
      than the intermediate tubular member and positioned to telescope into the
      associated intermediate tubular member; and,
PA1  each tubular member including at least one cooperating locking portion
      adapted to join with a locking portion of an associated tubular member
      when the tubular sections are extended from the collapsed position.
NUM  7.
PAR  7. The carrier of claim 6, wherein:
PA1  each side member of the lower base portion including a first tubular member
      pivotally attached to the associated hinge means and each side member also
      including a second tubular member of smaller diameter than the first
      tubular member and attached to telescope into first tubular member.
NUM  8.
PAR  8. The carrier of claim 6, wherein:
PA1  said lower tubular section of the upright back portion and the first
      tubular member of the lower base portion having substantially the same
      length and diameter and thereby being interchangeable to reduce the number
      of parts required for the luggage carrier; and,
PA1  said upright back portion and said lower base portion being collapsible by
      telescoping from a fully extended, operable position into a shortened
      position and thereafter said crossbar connecting member being collapsible
      to thereby bring the leg sections of the upright back and sides of the
      base portion into a collapsible position, and further, said base portion
      being rotatable into a position adjacent collapsed leg members of the
      upright portion to thereby completely collapse the luggage carrier for
      easy, portable transport.
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PAL  A structure for three wheeled vehicles such that when the front handle bars
      are turned either the frame will be tilted in the direction of the turn or
      the wheels will be tilted parallely into the direction of the turn by
      providing in one form a means for rotatably mounting the frame upon a
      solid rear axle of the vehicle and in a second form by providing means to
      shift a pair of independent rotatably mounted axles to permit the wheels
      to be directed into the direction of the turn. In either situation the
      turning of the handle bars and the front wheel controls the attitude of
      the frame or the attitude of the wheels such that the unit will more
      easily corner or turn and thus decrease the possibility of tipping over.
BSUM
PAC  AREA OF THE INVENTION
PAR  The present invention relates to a mechanism for tilting either the frame
      of a three wheeled vehicle or shifting the attitude of the rear wheels of
      a three wheeled vehicle to prevent or to decrease the tendency of the unit
      to overturn when rounding a corner.
PAC  BACKGROUND of the INVENTION
PAR  The applicant has found minimal background art regarding this invention
      with the exception of a U.S. Pat. No. 3,645,558 which provides a shifting
      frame mechanism for a three wheeled vehicle which shifting will occur upon
      the turning of the front wheel of the vehicle. In riding three wheeled
      vehicles, such as small tricycles, a child will often, even though the
      vehicle is relatively stable in its present condition, tend to, due to the
      forces involved, tip the vehicle outwardly as he turns a corner. The basic
      concept of applicant's invention is to eliminate or at least decrease this
      tipping probability by an automatic shifting of the frame of the vehicle
      or the rear wheels of the vehicle to counteract the forces that build when
      a corner is turned.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  The present invention provides a means for either providing a solid axle
      and pivotally mounting the frame of a tricycle or three wheeled vehicle
      thereon which frame will be rotated upon the axle when the front wheel is
      turned. In another form of the invention, the rear wheels of the vehicle
      are pivotally mounted upon the frame and these rear wheels will be shifted
      in vertical attitude when the front wheel is turned. In either instance a
      counteracting arrangement, either through a shift of the center of gravity
      or a counteracting friction force when the vehicle is turned as in turning
      a corner is provided.
PAR  The object of the invention is to provide a tip over control for three
      wheeled vehicles such as tricycles and the like.
PAR  Another object of the invention is to provide means for automatically
      tilting the frame of a three wheeled vehicle when the front wheel is
      turned as in rounding a corner.
PAR  It is a further object of the invention to provide a means for shifting the
      attitude of the rear wheels of a three wheeled vehicle upon turning of the
      front wheel thereof which attitude shifting will result in a counteracting
      force to the normal forces tending to overturn the vehicle.
DRWD
PAR  These and other objects and advantages of the invention will more fully
      appear from the following description made in connection with the
      accompanying drawings in which the same numeral is used to designate the
      same or similar parts throughout the several views, and in which:
PAR  FIG. 1 is a top plan view of a three wheeled vehicle upon which applicant's
      concept has been provided;
PAR  FIG. 2 is a side elevation taken from FIG. 1;
PAR  FIG. 3 is a rear elevation of the tricycle illustrated in FIG. 1 and
      showing in dotted lines the frame shifting capabilities of the first form
      of the invention;
PAR  FIG. 4 is a vertical cross section taken substantially along Line 4--4 of
      FIG. 1;
PAR  FIG. 5 is a vertical section taken substantially along Line 5--5 of FIG. 4
      and illustrating the first form of the invention in which the frame is
      provided in a tiltable manner;
PAR  FIG. 6 is a bottom plan view taken from FIG. 5;
PAR  FIG. 7 is a vertical section taken substantially along Line 5--5 of FIG. 4
      but illustrating a second form of the invention in which the wheel
      attitude is shifted; and,
PAR  FIG. 8 is a bottom plan view taken substantially from FIG. 7.
DETD
PAR  In accordance with the accompanying drawings, applicant's invention is
      installed upon a child's three wheeled tricycle generally designated 10
      which includes a frame structure 11 normally consisting of a unitary
      curved bar member extending from an upper neck 12 which provides a
      rotatable mounting for the front wheel assembly 13 and having handle bars
      14 extending upwardly therefrom with a foot rest and rear laterally
      extending frame structure 15 arranged on the lower portion of the bar
      member 11 which lower frame structure 15 normally provides a mounting
      arrangement for a pair of wheels 16, 17 arranged on an axle 18 mounted
      upon the laterally extending frame portion 15. The normal construction of
      a tricycle is well known in the art and it is commonly known that the
      frame member 11 is of a hollow construction and this will permit the
      passage of control members therethrough as are necessary with applicant's
      invention. Normally a three wheeled vehicle such as this tricycle will
      have its stability dictated by the skill of the rider but with applicant's
      modifications to such a vehicle, the skill of the rider, although being a
      factor in controlling the vehicle, will be aided by the shifting of the
      frame of the vehicle or by shifting of the attitude of the wheels of the
      vehicle.
PAR  In the first form of the invention, the frame of the vehicle is shifted
      whenever the front wheel is rotated. This particular structural situation
      is provided and illustrated in FIGS. 5 and 6 in which a solid rear axle 20
      is provided and the wheels (not shown) are mounted on the ends of this
      axle. The axle is mounted for rotation upon the rear frame member 15 by
      providing a first mounting plate 21 extending downwardly from the frame
      and providing an upwardly extending plate from the axle 20 with a pin
      member 23 rotatably joining the same such that the axle 20 will be free to
      pivot about this pin member 23. A second pair of pivotal mounts 24, 25 are
      arranged on the lower portion of the frame 15 and a pair of lever elements
      26, 27 are pivotally mounted therein through pin members 28, 29. These
      lever members 26, 27 are rotatably attached to the axle 20 at one end 26a,
      27a thereof to control the attitude of the frame with respect to the axle
      20.
PAR  Means for shifting this linkage 26, 27 arrangement and therefore the frame
      11 of the tricycle with respect to the rear axle 20 thereof takes the form
      of a pair of control cables 30, 31 which are attached to the inner ends
      26b, 27b of the links and which extend upwardly through the frame 11 to
      the front neck portion 12 thereof. At this neck portion, these cables are
      wound around the front fork upwardly extending member 14a and are secured
      thereto by a fastening device 14b to prevent slipage thereof. The idea and
      concept of this steering mechanism is to provide a certain amount of wraps
      of the cables 30, 31 about the neck portion 14a such that as the handle
      bars 14 are turned, one of the cables will wrap about this neck portion
      14a while the other cable will loosen, being unwrapped from this neck
      portion 14a. This motion will then draw one of the links 26 or 27 upwardly
      and this upward movement of one of the links will allow the other link to
      be moved downwardly and therefore the frame 15 be shifted upon the axle
      20. This particular shifting is illustrated in FIG. 3 where the frame 11
      has been illustrated as being tilted from its normal verticle position.
PAR  The second form of the invention is particularly illustrated in FIGS. 7 and
      8. Again, in these views, the laterally extending frame or foot rest 15
      structure is provided and the arcuate upwardly extending frame tube 11 is
      provided thereon. In this particular form a pair of mounting members 40,
      41 are provided on the frame 15 in outwardly spaced relation from the
      tubular frame section 11 and a pair of individual axle members 42, 43 are
      pivotally mounted on the mounting elements 40, 41. The wheels are mounted
      on axle portions 42a, 43a thereof and the inner ends 42b, 43b thereof are
      provided with attachment elements for attaching the control cables 30, 31
      thereto. In this particular form, when the front wheel assembly 13 is
      turned by the handle bars 14 the individual axles will be moved as shown
      in the dotted lines of FIG. 7 to shift the vertical attitude of the wheels
      attached to the axles 42a, 43a to tilt the same in the direction of the
      turn. The independent axles permit this type of shifting as compared to
      the solid axle structure as illustrated in FIGS. 5 and 6. In the form
      shown in FIGS. 7 and 8, the wheels will tilt with regard and with respect
      to the frame 15 rather than the frame 15 being tilted with respect to a
      pair of commonly mounted wheels.
PAR  Both forms of the invention are provided to provide a counteracting effect
      to the forces exerted when a child turns his tricycle such that a higher
      degree of stability is provided thereto. In either of the forms, the frame
      tilting and the wheel attitude is controlled strictly by the turning of
      the handle bars 14 and the control cables 30, 31 mounted thereabout which
      will permit one of the cables to be shortened while the other is being
      lengthened.
PAR  The objects of the invention are to provide a tip over control mechanism
      for three wheeled vehicles and although the illustrations are primarily
      directed to a child's tricycle, it should be obvious that these same
      principles could be applied to any three wheeled unit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tip over control for three wheeled vehicles, which vehicles include a
      front, rotatable steering wheel assembly, a frame assembly including a
      rearwardly positioned laterally extending frame portion, said control
      including:
PA1  a. a rear axle pivotally connected, for movement about the longitudinal
      axis of the vehicle generally centrally to the lateral frame portion
      permitting the frame to shift relative to said axle;
PA1  b. wheels rotatably mounted on the respective ends of said axle;
PA1  c. linkage means including cable means having its ends operatively attached
      respectively to said axle on laterally spaced portions thereof and having
      its midsection wrapped about the steering assembly whereby the effective
      length of the cable means from said midsection to one of its axle
      connections will be lengthened when the steering assembly is rotated in
      one direction while the effective length of said cable means from its
      midsection to the other of its connections is shortened whereby the frame
      is shifted with respect to said axle upon rotation of the steering
      assembly said linkage means including;
PA2  1. a pair of lever elements rotatably mounted at their midpoints to the
      laterally extending frame portion and spaced outwardly from said axle
      connection;
PA2  2. the outer ends of said levers being attached to said axle; and,
PA2  3. said cable means being connected to the inner ends of said levers.
NUM  2.
PAR  2. The structure set forth in claim 1 and said cable means including a pair
      of cables each having one end thereof attached to the steering assembly
      and having the other end operatively attached to said axle on laterally
      spaced portions thereof.
NUM  3.
PAR  3. The structure set forth in claim 2 and said cable passing interiorally
      of said frame assembly.
NUM  4.
PAR  4. A tip over control for three wheeled vehicles, which vehicles include a
      front, rotatable steering wheel assembly, a frame assembly including a
      rearwardly positioned laterally extending frame portion, said control
      including:
PA1  a. a pair of laterally and oppositely extending rear axle members rotatably
      connected respectively generally at their midpoints to laterally spaced
      portions of the laterally extending frame;
PA1  b. wheel members rotatably arranged on the outer ends of said axle members;
PA1  c. means for simultaneously controlling the position of said axles and
      thereby said wheels including linkage means extending from said rotatable
      steering wheel assembly to the inner ends of said levers to shift the same
      upon rotation of said wheel assembly.
NUM  5.
PAR  5. The structure set forth in claim 4 and said linkage means including
      cable means connected at one end thereof to said inner lever ends with the
      other end thereof connected to said steering wheel assembly for tightening
      of one of said cables when the steering assembly is rotated in one
      direction and loosening of the other cable simultaneously therewith.
NUM  6.
PAR  6. The structure set forth in claim 5 and said cable passing interiorally
      of said frame assembly.
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PAL  A tensioning device which also provides for damped return movement, such as
      for use in tensioning a vehicle safety belt comprises a casing, a main
      piston movable within the casing by high pressure gases issuing from a
      pyrotechnic charge, a rod firmly attached to the piston and carrying an
      attachment buckle for the belt, and a piston jamming mechanism for
      preventing movement of the piston in one direction but allowing damped
      movement thereof in the opposite direction. The jamming mechanism is
      actuated in response to displacement of an auxiliary piston included in
      the main piston structure away from its initial position where it is held
      by a frangible element designed to break when the pressure of the
      combustion gases exceeds a particular level. The main piston preferably
      works in an outer piston which is slidable in the casing and also provided
      with a jamming mechanism whereby two phases of damping are provided for.
BSUM
PAR  This invention relates to a linear mechanical tensioning device
      particularly, but not exclusively for use with safety belts installed in
      vehicles capable of travelling at high speeds, such as motor cars.
PAR  Numerous protection devices are known for ensuring the safety of people
      travelling in vehicles, and possibly the most effective protection is
      achieved by the systems employing inflatable cushions which are blown up
      by a very rapid supply of gas at high pressure with the damping of the
      person to be protected being achieved by expelling these gases into the
      passenger compartment of the vehicle, the cushion undergoing deformation
      due to the pressure of the said person and thus providing a large surface
      area of contact which prevents any localisation of force on the chest of
      the person being protected. The effectiveness of the protection provided
      by a simple safety belt is very poor because the person, thrown forwards
      by his own inertia, is held back only by two straps fixed rigidly to the
      chassis of the vehicle, and this provides only a restricted surface area
      of contact with a person and subjects the said person to a very high
      pressure due to the absence of damping. Some safety belts are equipped
      with devices which permit some discontinuous damping, for example by
      forming folds on the belt, the fastenings of the said folds rupturing and
      allowing the belt to unfold. Another disadvantage of safety belts resides
      in the fact that they require an initial adjustment to be made every time
      a different person uses the belt, and that they hinder the movements of
      the person wearing the strap. However, tensioning devices, like that
      described in French Patent Application No. 72/21,927 make it possible for
      the person to be protected to move freely, the belt coming into close
      contact with the person only at the instant of a collision irrespective of
      the initial adjustment of the belt. Since safety belts do not allow for
      effective damping, the known protection systems use a combination of such
      a belt with a mobile seat mounted on rails firmly fixed to the floor of
      the vehicle, a damping component, for example a hydraulic damper, making
      it possible for the seat to shift its position by a limited amount, and
      absorbing a large amount of energy to achieve effective damping.
PAR  In accordance with the present invention there is provided a tensioning
      device such as for use in tensioning a vehicle safety belt comprising a
      casing, a first piston axially movable in a cylinder defined within the
      casing, which piston is firmly fixed to an axially extending rod having
      means for attaching an element to be tensioned, means for supplying gas at
      high pressure to an expansion chamber defined between the first piston and
      a front end wall of the cylinder, whereby in use, the said gases cause the
      piston to travel in a first direction along the cylinder and exert a
      tensioning force on an element attached to the rod, an auxiliary piston
      included in the first piston structure and held in an initial position by
      a frangible element adapted to fracture when the pressure in the expansion
      chamber reaches a predetermined value, the pressure prevailing in the
      expansion chamber being communicated to the auxiliary piston via at least
      one permanently open passage way, and piston stopping means actuated in
      response to displacement of the auxiliary piston away from the initial
      position following fracture of the frangible element, to prevent movement
      of the first piston relative to the cylinder in the said first direction,
      but allow movement of the first piston relative to the cylinder in the
      opposite direction.
PAR  With such a tensioning device it is possible to achieve total damping of a
      person to be protected by dissipating a large amount of energy comparable
      to the energy dissipated by an inflatable cushion or by damping component
      on rails, and at the same time only put a safety belt in contact with the
      person to be protected when a collision takes place.
PAR  The tensioning device according to the present invention may serve as a
      component linking a safety belt to a fixed element of a chassis of the
      passenger compartment of a vehicle; for example, in the case of seat belts
      for protecting people sitting in the front of a motor car, it can be
      situated between the two seats and can form one of the three points of
      attachment of the belt of the strap.
PAR  In a preferred embodiment the piston stopping means comprises a jamming
      mechanism including a support surface, a plurality of elements in contact
      with the support surface and positioned between a portion of the first
      piston having a conical bearing surface and the inner surface of the
      cylinder, and an elastic retaining component for holding the elements in a
      position which permits free movement of the piston relative to the
      cylinder, the support surface being movable by the displacement of the
      auxiliary piston to jam the elements between the conical bearing surface
      and the inner surface of the cylinder to prevent movement of the first
      piston relative to the cylinder in said one direction.
PAR  The auxiliary piston may be positioned axially inside the first piston, the
      said auxiliary piston possessing two axially adjacent cylindrical parts of
      different diameters defining a radial shoulder which is subjected to the
      pressure of the gases in the expansion chamber via at least one
      permanently open orifice.
PAR  Alternatively, the auxiliary piston may be annular and positioned at the
      periphery of the first piston with the auxiliary piston being subjected to
      the pressure of the gases in the expansion chamber via at least one
      permanently open orifice.
PAR  The frangible element may be an integral part of the auxiliary piston which
      is split in two when the element fractures, with one portion of the
      fractured auxiliary piston actuating the piston stopping means.
PAR  The frangible element may alternatively be a separate member with movement
      of the entire auxiliary piston actuating the piston stopping means when
      the member fractures.
PAR  The means for supplying gas to the expansion chamber preferably comprises
      at least one annular pyrotechnic charge with a surface area of combustion
      which increases during combustion, and an ignition system therefore
      comprising a gas-free powder.
PAR  In a preferred embodiment the cylinder in which the first piston travels is
      provided by an outer piston itself slidable in the casing, the outer
      surface of the outer piston partially defining a first damping chamber,
      the outer piston including means for preventing movement of the outer
      piston relative to the casing in one direction of relative axial movement
      between the two, which direction corresponds to return movement of the
      outer piston to an initial position.
PAR  Additional pistons could be provided between the first piston and the
      casing to allow for additional damping.
DRWD
PAR  Some embodiments of the invention for use with vehicle safety belts are
      described below by way of example with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic cross-section of an entire tensioning device
      produced in accordance with a first construction and represented in an
      initial position;
PAR  FIG. 2 is a longitudinal cross-section through the device of FIG. 1, shown
      during a first damping phase;
PAR  FIG. 3 is a diagrammatic cross-section of an entire tensioning device of an
      alternative construction and represented during a second damping phase;
PAR  FIG. 4 is a detailed longitudinal cross-section of a tensioning device in
      an initial position;
PAR  FIG. 5 is a detailed longitudinal cross-section illustrating a central
      piston of alternative construction;
PAR  FIG. 6 is a detailed longitudinal cross-section illustrating a central
      piston of another construction;
PAR  FIG. 7 is a diagram representing the change in the pressure of the gases as
      a function of time; and
PAR  FIG. 8 is a diagram representing the change in the resisting force exerted
      on the belt, as a function of time, for a device constructed according to
      FIG. 6.
DETD
PAR  The tensioning device shown in FIGS. 1 and 2 comprises a buckle for
      attaching a belt, fixed to an axial rod 2 and a body 3, a casing 4 of
      which is, in use, firmly pivotally fixed to the chassis of a vehicle by an
      attachment plate 5. A first central piston 6 is firmly fixed to the rod 2
      and is slidable in a cylinder defined by an outer piston 7 which is
      slidable within the casing 4. In the initial position, before actuation of
      the device, the central piston 6 is in contact with a front end 8 of the
      outer piston 7 which is held inside the casing 4 by a frangible retaining
      component 9. A pyrotechnic charge 10 for generating gases at high pressure
      is located in a damping chamber 11 which communicates with an expansion
      chamber 12 via openings 13. The outer piston is equipped with a component
      14 for preventing relative movement between the outer piston and casing in
      one direction of travel of the piston 7. The component 14 is permanently
      in working condition and is arranged to prevent any backwards movement of
      the piston 7 (i.e. to the right as seen in FIG. 1 towards its initial
      position shown in FIG. 1, after the outer piston has travelled forwards to
      the left. The central piston has a component 15 for preventing relative
      movement between the central and outer pistons in one direction of travel
      of the central piston. A jamming mechanism of this component 15 is in a
      non-jamming condition in the initial position of piston 6, as shown in
      FIG. 1, and during initial displacement of the central piston backwards
      into the body which occurs when the pyrotechnic charge 10 is fired. The
      jamming mechanism is actuated when the pressure prevailing in the
      expansion chamber 11 reaches a predetermined value. At the predetermined
      pressure a frangible element 16 ruptures to allow an auxiliary piston 17
      to shift and actuate the jamming mechanism to prevent travel of the
      central piston 6 backwards relative to piston 7, but at the same time
      allow the piston to move relative to the outer piston towards its initial
      position. A mechanical pressure-limiting device is provided on the casing
      4 in the form of an external valve 18.
PAR  The embodiment illustrated in FIG. 3 is of the same construction as that of
      FIGS. 1 and 2 except that a residual compression chamber 19 is provided
      instead of a valve for limiting the pressure.
PAR  In the initial position (FIG. 1), the tensioning device has a length
      determined by the length of the casing 4 and the length of the attachment
      rod 2; the preferential jamming component 15 of the central piston 6 is
      not in an operating condition and the central piston can travel freely
      whilst the outer piston 7 is retained in the position shown by the
      frangible component 9 which may be, for example, an elastic ring with
      lugs. When a person to be protected puts on their safety belt, no
      adjustment is necessary and the belt is not in close contact with the said
      person, thus leaving him free to move. When a collision occurs, an
      electrical signal generated by an impact detector fires the pyrotechnic
      charge 10 which liberates a large volume of gas within a very short period
      of time. The gases at high pressure generated by the pyrotechnic charge
      which has a surface area of combustion which increases during combustion
      propel the central piston 6 backwards, and thus reduce the length of the
      device (the casing being firmly fixed to the chassis of the vehicle) to
      tighten the safety belt and bring it into close contact with the person to
      be protected. This will normally occur before the piston 6 reaches the end
      of its path, the position of the central piston 6 at the moment of contact
      being determined by the initial slack in the safety belt. The person
      thrown violently forwards by his own inertia as a result of the collision,
      exerts a large resisting force on the central piston and the backwards
      displacement of the piston slowed down or stopped. This limits the volume
      of the expansion chamber 12 and causes the pressure of the combustion
      gases to increase. When the pressure in the expansion chamber 12 reaches
      the predetermined limiting value, the auxiliary piston 17 which is
      subjected to the full pressure of the gases via passageways 20, ruptures
      the frangible element 16 and moves relative to the piston 6 to actuate the
      component 15 and thus prevent any further movement of the piston 6
      backwards. The component 15 allows the piston 6 to travel forwards, to the
      left as seen in the drawings, in order to effect a first damping phase
      (FIG. 2) which continues until the central piston 6 has returned to its
      initial position in contact with the front end 8 of the outer piston 7. A
      second damping phase commences with the fracture of the frangible elastic
      ring 9 which liberates the outer piston 7 which can then, under the effect
      of the force exerted on the belt by the person to be protected, travel
      forwards relative to the casing 4, compressing the gases at high pressure
      present in the daming chamber 11 as it moves. The consequential rise in
      pressure of the gases is limited by the calibrated valve 18 or in the FIG.
      3 embodiment, by the residual compression chamber 19.
PAR  The tensioning device shown in FIG. 4 is of the general construction
      illustrated diagrammatically in FIG. 3. The body comprises a casing 30
      having an annular cavity forming the residual compression chamber 19, and
      onto which there is screwed, firstly, a rear plate 21 equipped with a
      member 5 for pivotally attaching the device to a vehicle chassis, and
      secondly, a front plate 22 equipped with a frangible retaining component 9
      which is in the form of a ring carrying lugs which engage the outer piston
      7 and are adapted to shear. The outer piston possesses, in its rear
      portion, a component for preventing rightward movement of the piston
      relative to the casing and consisting of a conical bearing surface 23 and
      a number of balls 24 maintained in contact with the conical bearing
      surface by means of an elastic ring 25 which is held compressed by a
      support ring 26. The outer surface of the outer piston and the inner
      surface of the casing delimit the damping chamber 11 which contains, in
      its front portion, an annular pyrotechnic charge consisting of a main
      charge 27 produced from powder cylinders containing a multiplicity of
      perforations, and two rapid ignition devices 28, the firing wires 29 for
      which pass through the front plate 22 of the casing via a sealed passage.
      The front end 8 of the outer piston is in sealing contact with the rod 2
      which can slide freely therethrough, and with the central piston 6. The
      piston 6 includes a component which may be actuated to prevent rightward
      movement of piston 6 relative to the outer piston, including an auxiliary
      piston 17 and a jamming mechanism similar to that of the outer piston.
      Orifices of small cross-section 31 connect the residual compression
      chamber 19 to the damping chamber 11, whilst openings of large
      cross-section 13 connect the latter chamber to the expansion chamber 12
      and passageways 20 connect this expansion chamber to an annular surface 32
      on the auxiliary piston 17.
PAR  The casing may, for example, have an external diameter at the rear portion,
      75 mm, and overall length, 250 mm. The first value gives an indication of
      the scale of representation and will give a general idea of the size of
      the device. The main pyrotechnic charge 27 possesses an ignition lag of 4
      milliseconds and a duration of combustion of 15 milliseconds, and the
      pressure of the gases reaches approximately 80 kg/cm.sup.2 at the end of
      the combustion phase, the central piston 6 being considered in contact
      with the rear plate 21 of the outer casing. The active surface areas of
      the central piston 6 and of the outer piston are 8 cm.sup.2 and all the
      seals are resistant to high temperatures.
PAR  During operation, after the pyrotechnic charge has been fired from an
      electrical signal transmitted through the wires 29, the pressure increases
      very rapidly but smoothly and the increase is more rapid in the expansion
      chamber 12 than in the residual compression chamber by virtue of the
      relative sizes of aperatures 13 and 31. This brief local excess pressure
      makes it possible to displace the piston 6 and the rod 2 backwards more
      rapidly, the frangible retaining component 9 preventing any premature
      displacement of the outer piston 7. The central piston, propelled
      backwards, causes the safety belt to tighten. When the straps of the belt
      come into contact with the person to be protected the pressure of the
      gases increases more rapidly since movement of the piston 6 is opposed,
      and when this pressure reaches a pre-determined value the jamming
      component is actuated. This predetermined pressure can be set, for
      example, at 80 kg/cm.sup.2 and as soon as this limit is reached the
      pressure which is exerted on the annular surface 32 of the auxiliary axial
      piston 17 via the passageways 20 causes the lugs of the frangible element
      16 to fracture and the auxiliary piston 17 to move forwards. The piston 17
      carries a disc 33, the peripheral zone of which pushes a collection of
      balls 34 forwards, compressing the elastic ring 35, to jam these balls
      between the conical bearing surface 36 of the piston 6 and the inner
      surface of the outer piston 7. Operation of this jamming mechanism stops
      backwards displacement of the piston and only allows the forward
      displacement when the force exerted on the safety belt by the person to be
      protected is sufficient to overcome the force exerted on the piston 6 by
      the pressure of the combustion gases. This return movement of the piston
      towards its initial position leads to compression of the gases owing to a
      decrease in the volume of the expansion chamber, and the damping of the
      person to be protected is thus effected by using a belt retaining force
      which increases gradually. The outer piston 7 is still held by the ring 9
      and, since the initial damping phase takes place within a very short
      period of time, heat exchanges with the external medium are limited, and
      the compression of the gases is close to an adiabatic change. During
      return movement of the piston 6, the gases are forced back through the
      apertures 13 into the damping chamber 11 and when the front face of the
      central piston engages with the front end 8 of the outer piston, damping
      becomes discontinuous since the force applied to the attachment buckle by
      the safety belt must increase to shear off the lugs of the ring 9 and free
      the outer piston for forward movement. This forward movement of piston 7
      compresses the gases essentially adiabatically driving them back into the
      residual compression chamber 19 via orifices 31. Any return movement
      backwards of the outer piston when the damping of the person to be
      protected is complete, is prevented by the balls 24 jamming between the
      conical surface 25 and the inner surface of the casing.
PAR  The embodiment of FIG. 5 includes an outer piston 7a through the front end
      8a of which sealingly extends a rod 2a to which is screwed a central
      piston 6a having an annular member 37 delimiting an inner annular chamber
      38 which communicates with an expansion chamber 12a via three passageways
      20a (only one shown). The inner chamber 38 contains an auxiliary annular
      piston 39 which is held in position by lugs on a ring 40 and which is in
      contact with a collection of balls 34a which are urged against the annular
      piston by an elastic ring 35a which thereby prevents these balls from
      jamming between a conical bearing surface 36a of the central piston 6a and
      the inner surface of the outer piston 7a as long as the lugs of ring 40
      are not fractured, as wll occur when the pressure in the expansion chamber
      exceeds a predetermined value. The operation and undescribed
      constructional features of this embodiment are the same as in the earlier
      embodiments described above.
PAR  The tensioning device shown in FIG. 6 has a construction that will be
      readily understood from the following description of its operation. In the
      event of a collision, an electrical signal generated by an impact detector
      is transmitted to a pyrotechnic charge which generates gas or to a
      pyrotechnic charge which liberates a gas which is initially compressed,
      for example in the residual compression chamber. This gas at high pressure
      is conveyed into an expansion chamber 12b via aperatures 13b and the
      central piston 6b is propelled backwards and causes tightening of a safety
      belt attached to rod 2b. When the straps of the belt come into close
      contact with a person to be protected the pressure of the gases increases
      rapidly, and when this pressure reaches a predetermined value, for
      example, 80 kg/cm.sup.2, the force acting on annular surface 32b of an
      auxiliary piston 17b induces a tensile stress in frangible element 41,
      which is sufficient to cause the element to fracture. A rear portion 42 of
      the piston 6b, which has a conical end, is displaced backwards by the gas
      pressure and forces four control rods 43 out laterally. The rods 43 have
      tapering ends which cooperate with an annular element 44 to move the
      element forwards when the rods are moved outwards, to cause a collection
      of balls 34b to jam between a conical bearing surface 36b on the central
      piston 6b and the inner surface of the outer piston 7b, and elastic ring
      35b being compressed.
PAR  In all the tensioning devices described above, it is to be noted that when
      the central piston returns towards its initial position during the first
      phase of damping the person to be protected, the damping is due, on the
      one hand, to the work involved in compressing the combustion gases and, on
      the other hand, to the work involved in deforming the inner surface of the
      outer piston, since the balls tend to penetrate into this surface by
      pressing against the conical bearing surface of the central piston, this
      penetration being produced by the thrust either of an auxiliary piston as
      in FIG. 5 or of a mobile element driven by the auxiliary piston as in
      FIGS. 4 and 6. The damping due to this deformation can represent a large
      fraction of the total damping when the auxiliary piston has a large
      surface area subjected to the pressure of the gases.
PAR  In FIGS. 7 and 8, which give respectively the pressure and the resisting
      force exerted on the belt, as a function of time, the origins O correspond
      to the instant of firing the ignition powder, the instants T.sub.o
      correspond to the actuation of the jamming mechanism of the central
      piston, the instants T.sub.1 correspond to the central piston arriving at
      its initial position after the first damping phase and the instants
      T.sub.3 correspond to the end of the damping process. The indices of the
      particular values P.sub.n and F.sub.n indicated on the ordinates
      correspond to the indices of the time instants considered. The ordinates P
      (pressure) and F (force) are on a linear scale whilst the scale of time on
      the abscissae are logarithmic, the correspondence of the instants T.sub.n
      with the time base being only exemplary and depending essentially on the
      collision conditions which determined various conditions of operation.
      FIGS. 7 and 8 show the way in which the pressure and the resisting force
      change in a device produced in accordance with the example of FIG. 6, all
      the other components being identical to those of FIG. 4. In FIG. 7, the
      portion of curve A corresponds to the pressure which prevails in the
      damping chamber and the portion of curve B represents the pressure in the
      expansion chamber, the maximum difference .DELTA.P.sub.M determining the
      strengths of the frangible retaining elements such as the rings with lugs,
      which hold the outer piston during the initial displacement of the central
      piston backwards. In FIG. 8, the curve in a full line represents the way
      in which the force resisting slackening of belt due to the work done in
      compressing the gases and to the work done in deformation during damping
      changes, and the curve drawn in a broken line illustrates the way in which
      the resisting force due solely to the work done in compressing the gases
      changes. The sharp rise occurring at the instant T.sub.1 is due to the
      additional force required to shear the lugs of the frangible retaining
      element.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tensioning device for use in tensioning an element, such as a vehicle
      safety belt, comprising a casing, a cylinder having front and rear ends
      defined within said casing, a first piston axially movable within said
      cylinder, a rod firmly fixed to said first piston and having means for
      attaching said element to be tensioned, an expansion chamber defined
      between said first piston and said front end of said cylinder, means for
      supplying gas at high pressure to said expansion chamber to move said
      first piston in a first direction along said cylinder and exert a
      tensioning force on the element attached to said rod, an auxiliary piston
      included in the first piston structure, a frangible element for holding
      said auxiliary piston in an initial position and adapted to fracture when
      the pressure in said expansion chamber reaches a predetermined level,
      permanently open passage means communicating the pressure in said
      expansion chamber to said auxiliary piston, and piston stopping means
      actuated in response to displacement of said auxiliary piston away from
      said initial position following fracture of said frangible element, to
      prevent movement of said first piston relative to said cylinder in the
      said first axial direction, but allow movement of said first piston
      relative to said cylinder in the opposite direction.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said first piston has a conical
      bearing surface on said piston stopping means comprises a jamming
      mechanism including a support surface, a plurality of elements positioned
      between said bearing surface and the inner surface of said cylinder and in
      contact with said support surface, and elastic retaining means for holding
      said elements in a position which permits free axial movement of said
      first piston relative to said cylinder, said support surface being movable
      by said displacement of said auxiliary piston to jam said elements between
      said bearing surface and said inner surface of the cylinder.
NUM  3.
PAR  3. A device as claimed in claim 1 wherein said auxiliary piston is located
      axially within said first piston, said auxiliary piston includes two
      axially adjacent cylindrical parts defining a radial shoulder, and
      permanently open orifice means communicates the pressure prevailing in
      said expansion chamber to said shoulder.
NUM  4.
PAR  4. A device as claimed in claim 1 wherein said auxiliary piston is annular
      and located at the periphery of said first piston, and permanently open
      orifice means communicates the pressure prevailing in said expansion
      chamber to said auxiliary piston.
NUM  5.
PAR  5. A device as claimed in claim 1 wherein said frangible element is an
      integral part of said auxiliary piston, and said auxiliary piston is
      divided into two portions when said part fractures, with one of said
      portions being movable to actuate said piston stopping means.
NUM  6.
PAR  6. A device as claimed in claim 1 wherein said frangible element is
      separate from said auxiliary piston, and the whole of said auxiliary
      piston displaces upon fracture of said element to actuate said piston
      stopping means.
NUM  7.
PAR  7. A device as claimed in claim 1 wherein said means for supplying gas to
      said expansion chamber comprises an annular pyrotechnic charge located
      inside said casing, and means for igniting said charge.
NUM  8.
PAR  8. A device as claimed in claim 7 wherein said pyrotechnic charge has a
      surface area of combustion which increases during combustion of said
      charge.
NUM  9.
PAR  9. A device as claimed in claim 8 wherein said igniting means comprises a
      gas-free powder.
NUM  10.
PAR  10. A device as claimed in claim 1 wherein said cylinder is constituted by
      an outer piston which is axially movable within said casing, the outer
      surface of said outer piston partially defines a first damping chamber,
      and said outer piston has means for preventing movement of said outer
      piston relative to said casing in one axial direction of movement of said
      outer piston relative to the casing, which said direction corresponds to
      return movement of said outer piston to an initial position relative to
      said casing.
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PAL  A vehicle safety device comprising an inflatable occupant restraint bag
      which is comprised of at least two different materials, one having a range
      of permeability to the inflating fluid of the restraint bag which is
      different from the range of inflating fluid permeability of the other, and
      wherein the overall inflating fluid permeability of the restraint bag is
      within a given design range.
PARN
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention is a continuation-in-part of the co-pending application of
      Kenneth R. A. Wilson, Ser. No. 250,664, filed May 5, 1972.
BSUM
PAR  The invention generally relates to improvements in inflatable occupant
      restraint bags of the type disclosed in co-pending application Ser. No.
      101,253, filed Dec. 24, 1970, entitled "Vehicle Safety Device", and
      co-pending application Ser. No. 217,308, filed Jan. 12, 1972, and entitled
      "Vehicle Safety Device."
PAR  The primary object of this invention is the provision of an inflatable
      occupant restraint bag which is comprised of at least two different
      materials having different ranges of permeability to the inflating fluid
      of the restraint bag, and wherein the overall inflating fluid permeability
      of the restraint bag is within a given desired range. In the preferred
      embodiment of the invention, at least one of the materials of which the
      restraint bag is made has a substantially low or relatively zero inflating
      fluid permeability and another has a variable inflating fluid permeability
      which may increase and decrease in relation to fluid pressures within the
      restraint bag.
PAR  A further object is the provision of a method for determining the desirable
      area of the restraint bag to be comprised of the materials of differing
      ranges of inflating fluid permeability in order to provide a restraint bag
      having an overall inflating fluid permeability which falls within a given
      range.
PAR  It is within the scope of the invention to make the restraint bag of a
      combination of two, three, or more materials having differing ranges of
      inflating fluid permeability and wherein one or more of such materials may
      have a low or relatively zero inflating fluid permeability and one or more
      of such materials may have a variable inflating fluid permeability.
PAR  The term "fabric" is frequently used to describe the material or materials
      of occupant restraint bags even though such material is not within the
      usually understood meaning of fabric. That is, such material may be
      referred to as a "fabric", even though it may be comprised of a plastic
      film. Accordingly, the term "fabric", as used herein, is intended to
      include all materials suitable for use in making inflatable occupant
      restraint bags according to the invention.
PAR  Stretch fabric is suitable for use as the material of variable permeability
      of the restraint bag and reference will be frequently made herein as to
      use of stretch fabric as the material of variable permeability.
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description, taken in connection with the accompanying
      drawings, and in which drawings:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one type of vehicle safety device according
      to the present invention.
PAR  FIG. 2 is a graph showing the percentage of three different stretch
      fabrics, each of a given variable permeability, which may be used in
      relation to a base fabric of a given permeability to provide a restraint
      bag having a given overall permeability.
PAR  FIG. 3 is a graph showing a region of satisfactory overall permeability
      with respect to the total bag design area.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawings, wherein for the purpose of illustration is shown a
      preferred embodiment of the invention, and wherein similar reference
      characters designate corresponding parts throughout the several views, the
      letter A may generally designate an inflatable occupant restraint bag
      including fluid supply means B and impact bag means C.
PAR  Inflatable occupant bag A may be suitably mounted on a vehicle frame, as is
      well known in the art. Since the inflatable occupant restraint bag will be
      mainly used in automobiles, it is obvious that the type of mounting will
      be dependent upon the location in which the same is to be mounted. For
      instance, it may be mounted on the dashboard in the case of the front seat
      passenger side, possibly in combination with the steering wheel on the
      driver's side, and in various other positions as is appropriate,
      considering the size and type of vehicle in which the same is to be
      mounted.
PAR  Fluid supply means B preferably includes a fluid source 10 and a diffuser
      11, suitable sensor valve means (not shown) being provided. Such sensor
      valve means are well known in the art, and are operative on crash impact
      to permit fluid flow from fluid source 10 through diffuser 11 and into
      impact bag means C.
PAR  As previously described, impact bag means C may be made of a number of
      different types of fabrics or other materials, having differing ranges of
      permeability to the inflating fluid of the restraint bag. In the
      particular form shown in the drawings, impact bag means C is comprised in
      part of a base fabric or material 15 having a low or relatively zero
      inflating fluid permeability and, in part, of a material 16 having a
      variable inflating fluid permeability which increases and decreases in
      relation to the fluid pressures within the restraint bag, parts 17 thereof
      being reinforced for added strength. The portions 16 of variable
      permeability are preferably provided adjacent the sides of impact bag
      means C so that occupant impact thereagainst will not substantially impede
      fluid flow from the bag and through portions 16.
PAR  A woven stretch fabric in which the warp, weft, or both include stretch
      yarns may be used as the material of the occupant restraint bag having
      variable permeability with respect to the inflating fluid thereof. The
      denier used for the warp is not necessarily the same as the denier of the
      weft, and the specific denier used may be dependent upon the type and uses
      of the vehicle in which the same may be employed. The particular weave
      used may also be varied. If woven stretch fabric is used, it preferably
      has a virtually instantaneous recovery of at least 70% after elongation
      under normal operating conditions. A woven stretch fabric having a warp of
      high tenacity nylon and a weft of nylon-clad spandex fiber has been found
      to be suitable.
PAR  As shown in FIG. 3, the total or average permeability of the design area of
      the inflatable occupant restraint bag preferably has a flow profile, under
      impact conditions, at a vehicle velocity of substantially 30 miles per
      hour, and within the range of differential pressures to which such
      restraint bags will be normally subjected, which falls in a region of
      permeability/pressure plane bounded by the curves .lambda. = 114p and
      .lambda. = 16.6p, wherein .lambda. is the average or total fabric
      permeability of the design area of the inflatable occupant restraint bag
      in terms of cubic feet of fluid flow per square foot per minute and p is
      the differential pressure of fluid in the occupant restraint bag in terms
      of pounds per square inch gauge.
PAR  The base fabric portion of the bag may have a plastic coating applied
      thereto to make it almost totally impervious to fluid flow. Also, if
      desired, a fluid permeability plastic coating may be applied to the fabric
      of variable permeability in order to more closely regulate the
      permeability thereof.
PAR  In computation of average or total fabric permeability, the total design
      area of the bag is taken into account, including all reinforcement and
      doubler strips.
PAR  As shown in the graph of FIG. 2, permeability of the base fabric is
      preferably within the range of from zero to 67 cubic feet per minute per
      square foot at 1 p.s.i.g. and, considering use of a variable permeable
      fabric having a given permeability at 1 p.s.i.g., the percentage thereof
      to the total bag design area will vary according to both the permeability
      of the base fabric and the permeability of the variable permeable fabric
      thereof.
PAR  The permeability of the base fabric and of the fabric of variable
      permeability are, by necessity, a single number for each, at some selected
      arbitrary permeability that is written into the material or fabric
      specification. The reference pressure for permeability could obviously be
      selected from various available values of p.s.i.g. The value of 1 p.s.i.g.
      was selected as the reference pressure for the reason that the restraint
      bag at deployment and inflation has fully reached its designed shape,
      without any extensive stretch and distortion of irregular elements at
      edges and corners at this pressure. Also, most of the dumping of the high
      pressure inflating fluid has already occurred by the time that 1 p.s.i.g.
      appears in the bag, so the restraint bag is ready to accept occupant
      impact thereagainst.
PAR  Motor Vehicle Safety Standard 208, specified by the U.S. Government, sets
      forth certain particular performance requirements that must be met in
      providing an acceptable occupant restraint bag. By conducting various
      evaluations of restraint bags having components of variable permeability
      with respect to the inflating fluid thereof and plotting the maximum
      values of such evaluations against the total flow (.epsilon.
      .lambda..sub.i S.sub.i) of a standard size passenger restraint bag it was
      determined that optimal selection of a ratio of the material of variable
      permeability to the other material of the restraint bag should be such as
      to provide a restraint bag having a total flow within the range of:
EQU  1800&lt;.epsilon..lambda..sub.i S.sub.i &lt;2300 cubic feet per minute.
PAR  Test results show that the optimum total flow of the bag is substantially
      within the area of 2050 cubic feet per minute per square foot at 1
      p.s.i.g.
PAR  In the above formula, .epsilon..lambda..sub.i S.sub.i is the desired
      summation of flow through all pieces of material os which the bag is made
      (.lambda.S for each piece).
PAR  Assuming that a material of a given variable permeability is to be used in
      connection with a given base material, rather than a variety of materials
      of differing variable permeability, determination of the amount of the
      material of variable permeability to be used in relation to the total bag
      design area may generally be derived from:
EQU  .epsilon..lambda.S = .lambda..sub.1 S.sub.1 + .lambda..sub.2 S.sub.2
EQU  S.sub.1 + S.sub.2 + S.sub.3 = S.sub.Tot. .fwdarw.S.sub.2 = S.sub.Tot. -
      S.sub.1 - S.sub.3
PAL  wherein:
PA1  .lambda..sub.1 is the permeability of the material of variable
      permeability.
PA1  .lambda..sub.2 is the permeability of the base material of low or zero
      permeability.
PA1  S.sub.1 is the design area of the material of variable permeability.
PA1  S.sub.2 is the design area of the material of low or zero permeability.
PA1  S.sub.3 is the area made relatively impervious by the installation of
      reinforcing.
PA1  S.sub.Tot. is the total bag design area.
PA1  .lambda. is in terms of cubic feet per minute per square foot at 1 p.s.i.g.
PA1  S is in terms of square feet.
PAR  It thus follows that for a desired flow rate (.epsilon..lambda..sub.i
      S.sub.i) through the bag (which for the best effect should be within the
      range of 1800 &lt;.epsilon..lambda..sub.i S.sub.i &lt; 2300 cubic feet per
      minute), the ratio of material of variable permeability to the other
      material of the restraint bag can be found thus:
      ##EQU1##
PAR  Since .lambda..sub.1 and (S.sub.Tot. - S.sub.3) are known, the above
      expression permits determination of the required material area ratio,
      expressed as percentage of total bag area, as follows:
      ##EQU2##
PAR  In this formula, as previously indicated, .epsilon..lambda..sub.i S.sub.i
      is the desired summation of flow through all pieces of fabric of which the
      bag is made and .lambda..sub.1 is the permeability of one material of
      variable permeability for which it is desired to establish an area in
      terms of a percentage of the total bag design area. In the event that
      several materials of variable peremability are used, .lambda..sub.1 is the
      weighted average of such permeabilities. That is, assuming that two
      fabrics of variable permeability are to be used, one having a flow profile
      of 100 cubic feet per minute per square foot at 1 p.s.i.g. and the other
      having a flow profile of 200 cubic feet per minute per square foot at 1
      p.s.i.g., an equal amount of each fabric being used, then the weighted
      average permeability would be 150 cubic feet per minute per square foot at
      1 p.s.i.g. The weighted average of the fabrics of variable permeability
      may thus be readily computed, the permeability of each being known and the
      ratio of each to the other or others also being known.
PAR  As is obvious, when only a single material of variable permeability is
      used, then the weighted average of the material of variable permeability
      will be the same as the permeability of such material.
PAR  Likewise, when more than one material of variable permeability is used,
      S.sub.1 will comprise the combined area of such materials.
PAR  In a like manner, when more than one base fabric of a low or relatively
      zero permeability is used, than .lambda..sub.2 will be the weighted
      average of the permeability of the same, S.sub.2 comprising the combined
      area of such base fabric.
PAR  As indicated by the graph of FIG. 2, when the base fabric is substantially
      impermeable to inflating fluid flow, then the percentage of stretch fabric
      with respect to the total bag design area preferably comprises slightly
      over 25% in connection with a stretch fabric having a permeability of 240
      cubic feet per minute per square foot at 1 p.s.i.g.; slightly over 20% for
      a stretch fabric having a permeability of 300 cubic feet per minute per
      square foot at 1 p.s.i.g.; and slightly over 16% for a stretch fabric
      having a permeability of 375 cubic feet per minute per square foot at 1
      p.s.i.g.
PAR  As an example of computation according to the above formula, we will assume
      the selection of a stretch fabric having a permeability of .lambda..sub.1
      = 240 cubic feet per minute per square foot at 1 p.s.i.g.; a base material
      having a permeability of .lambda..sub.2 = 60 cubic feet per minute per
      square foot at 1 p.s.i.g.; that S.sub.Tot. = 33.12 square feet; S.sub.3 =
      3 square feet; and wherein .epsilon..lambda..sub.i S.sub.i is 2060 square
      feet per minute per square foot at 1 p.s.i.g. The percentage of stretch
      fabric that should be used in relation to the total bag design area can
      now be computed as follows:
      ##EQU3##
PAR  This gives the result that 4.3% of the total bag design area should be of a
      stretch fabric. For the given bag, this works out to be:
      ##EQU4##
PAR  Of course, the above figures are merely illustrative of a manner of
      computation according to our formula and the invention is in no way to be
      deemed restricted to these particular figures.
PAR  Various changes may be made to the form of the invention herein shown and
      described without departing from the spirit of the invention or the scope
      of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vehicle safety device adapted for attachment to a vehicle for
      protecting an occupant thereof during an accident, said vehicle safety
      device including impact bag means inflatable on crash impact by fluid flow
      thereinto, said impact bag means having a collapsed condition and an
      expanded operative condition for restraining movement of an occupant
      relative to the vehicle as the result of a crash impact, said impact bag
      means comprising in part a material from zero to low permeability with
      respect to the inflating fluid thereof and in part at least one other
      material having variable permeability which increases and decreases in
      relation to the fluid pressures within said impact bag means, certain
      areas of the bag being reinforced for added strength, and wherein the
      total flow rate of the inflating fluid through the material of the impact
      bag is within the range of 1800 &lt;.epsilon..lambda..sub.i S.sub.i &lt; 2300
      cubic feet per minute and wherein the area of the material of variable
      permeability is determined according to the formula:
      ##EQU5##
      wherein: .epsilon..lambda..sub.i S.sub.i is the desired summation of flow
      through all pieces of fabric (.lambda.S for each piece) and
PA1  .lambda..sub.1 is the weighted average of the permeability of the material
      of variable permeability,
PA1  .lambda..sub.2 is the weighted average of the permeability of the material
      of zero to low permeability,
PA1  S.sub.1 is the total of the design area of the material of variable
      permeability,
PA1  S.sub.2 is the total of the design area of material of zero to low
      permeability,
PA1  S.sub.3 is the area made relatively impervious by installation of
      reinforcing,
PA1  S.sub.Tot is the total bag design area,
PA1  all values of .lambda. are in terms of cubic feet per minute per square
      foot at 1 p.s.i.g,
PA1  and all values of S are in terms of square feet.
NUM  2.
PAR  2. A vehicle safety device as specified in claim 1 wherein
      .epsilon..lambda..sub.i S.sub.i is substantially 2050 cubic feet per
      minute at 1 p.s.i.g.
NUM  3.
PAR  3. A vehicle safety device as specified in claim 1 wherein the upper limit
      of .lambda..sub.2 is substantially sixty-seven cubic feet per minute per
      square foot at 1 p.s.i.g.
NUM  4.
PAR  4. A vehicle safety device adapted for attachment to a vehicle for
      protecting an occupant thereof during an accident, said vehicle safety
      device including impact bag means inflatable on crash impact by fluid flow
      thereinto, said impact bag means having a collapsed condition and an
      expanded operative condition for restraining movement of an occupant
      relative to the vehicle as a result of a crash impact, said impact bag
      means comprising in part a materail from zero to low permeability with
      respect to the inflating fluid thereof and in part another material having
      variable permeability which increases and decreases in relation to the
      fluid pressures within said impact bag means, certain areas of the bag
      being reinforced for added strength, wherein the total flow rate of the
      inflating fluid through the material of the impact bag is within the range
      of 1800 &lt;.epsilon..lambda..sub.i S.sub.i  &lt; 2300 cubic feet per minute and
      wherein the area of the material of variable permeability is determined
      according to the formula:
      ##EQU6##
      wherein: .epsilon..lambda..sub.i S.sub.i is the desired summation of flow
      through all pieces of fabric (.lambda.S for each piece),
PA1  .lambda..sub.1 is the permeability of the material of variable
      permeability,
PA1  .lambda..sub.2 is the permeability of the material of from zero to low
      permeability,
PA1  S.sub.1 is the design area of the material of variable permeability,
PA1  S.sub.2 is the design area of the material of from zero to low
      permeability,
PA1  S.sub.3 is the area made relatively impervious by installation of
      reinforcing,
PA1  S.sub.Tot. is the total bag design area,
PA1  all values of .lambda. are in terms of cubic feet per minute per square
      foot at 1 p.s.i.g.,
PA1  and all values of S are in terms of square feet.
NUM  5.
PAR  5. A vehicle safety device as specified in claim 4 wherein
      .epsilon..lambda..sub.i S.sub.i is substantially 2050 cubic feet per
      minute at 1 p.s.i.g.
NUM  6.
PAR  6. A vehicle safety device as specified in claim 4 wherein the upper limit
      of .lambda..sub.2 is substantially 76 cubic feet per minute per square
      foot at 1 p.s.i.g.
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ABST
PAL  A trailer for a motorcycle including a hitch formed of two parallel flat
      plates attached to the trailer by a hinge having a transversely disposed
      horizontal axis. Another flat plate is sandwiched between the two parallel
      plates and the plates are fastened together by a pin inserted through
      holes in the plates to form a hinge having a vertical axis. Tubular
      members are mounted to the motorcycle and receive extensions adjustably
      mounted to the inner flat plate to thereby attach the trailer to the
      motorcycle. The trailer also has a resilient suspension system for the
      trailer road wheel which is adjustable to compensate for various loads
      carried on the trailer and is formed in a manner such that wind acting on
      the top of the trailer acts to urge the trailer downwardly to thus
      stabilize the trailer when in use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  The invention relates to trailers to be towed behind two wheeled vehicles,
      especially those trailers having a single road wheel. In particular, the
      invention pertains to such a trailer provided with a novel hitch member to
      attach the trailer to a motorcycle, a novel adjustable trailer road wheel
      suspension system and means for urging the trailer downwardly while in
      use.
PAR  II. Description of the Prior Art
PAR  There are a number of prior art trailers adapted to be towed behind a
      motorcycle. One such prior art trailer incorporates a joint connecting the
      frame of the trailer with the towing motorcycle which includes two hinge
      axes, one of which is inclined upwardly and forwardly with respect to the
      road surface and the other of which is normally horizontal and also is
      perpendicular to the inclined hinge axis. In this device, when the towing
      motorcycle tilts as it does when in a turn, the forces transmitted to the
      trailer, which cause it to tilt with the motorcycle, are transmitted to
      and carried by the hinges of the joint connecting the trailer frame to the
      towing motorcycle. Depending on the weight being carried by the trailer,
      these forces could readily cause a distortion of the hinges, thus causing
      them to bind and thereby limiting their free pivoting movement about their
      axis, and in severe cases breaking the hinge.
PAR  Another prior art trailer includes a hitch incorporating two mutually
      perpendicular spindles, one spindle being disposed in the transverse
      horizontal plane of the trailer and the other being disposed in a vertical
      longitudinal plane of the trailer. Again, when the towing motorcycle is
      tilted from the vertical, as it will be in making a turn, the forces
      transmitted to the trailer to cause it to tilt with the motorcycle are
      carried entirely by the spindles. These forces can be great enough to
      deform the spindles, causing them to bend or even break.
PAR  A further prior art trailer includes a suspension system which is comprised
      generally of coiled springs disposed between a trailer bed and a frame
      upon which the trailer road wheel is mounted. These springs are
      illustrated as coil springs which are oriented to act as compression
      springs, i.e., they are loaded in the direction of their longitudinal
      axes.
PAR  Yet another prior art trailer teaches a road wheel suspension system having
      the road wheel mounted at one end of an arm, the arm being pivotally
      mounted between its ends to a frame of the trailer, and a coil spring
      disposed between the other end of the arm and the trailer frame. Again,
      the coil spring is deformable along its longitudinal axis by the forces
      being applied to it by the arm.
PAR  Further, none of these prior art trailer suspension systems are adjustable.
PAR  No prior art trailer known to me provides the combination and attributes of
      the present invention, viz. a trailer having a simple, inexpensive hitch
      member which transmits forces from the towing motorcycle to the trailer to
      cause the trailer to follow the maneuvers of the towing motorcycle without
      transmitting these forces to the hinge of the hitch and provides a trailer
      road wheel suspension system which is adjustable to provide various
      suspension system spring rates to accommodate various weights carried on
      the trailer. The trailer is also formed to utilize wind forces generated
      as the motorcycle is moving to urge the trailer downwardly and to thereby
      aid in keeping the trailer from bouncing and skipping about as it is being
      towed at high speeds or in high winds.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides a trailer hitch having two spaced apart flat
      plates connected to a trailer by a hinge having a transversely disposed
      horizontal axis. A single flat plate is slidably received between the two
      parallel flat plates and each of the flat plates has a hole disposed
      therethrough to receive a pin which forms a hinge having a vertical axis.
      Means are provided for removably attaching the trailer including the hinge
      assembly formed by the flat plates, to a motorcycle. When the motorcycle
      tilts, as it will when making a turn, the flat plates coact with each
      other to apply a force to the trailer to cause it to tilt in the same
      direction and to the same degree as the motorcycle but without applying a
      force to the pin forming the hinge. A two point tubular connection is
      provided between the hinge plates and the motorcycle. This combination
      provides sufficient rigidity and strength to provide good connection
      between the motorcycle and the trailer while the plates in combination
      with the vertical hinge provide a means permitting the trailer to bank
      with the motorcycle while still following the motorcycle as it is turning.
PAR  In addition, the trailer is equipped with an adjustable trailer road wheel
      suspension system which allows the spring rate of the suspension springs
      to be adjusted according to the weight being towed on the trailers. The
      suspension system includes a support having a hinge transversely disposed,
      having a horizontal axis and a pre-loadable adjustable torsion spring
      operatively associated with this rear wheel transversely disposed hinge
      axis. The body of the trailer is designed to translate the substantially
      horizontal wind forces to a vertical force against the top of the trailer
      to thereby urge the trailer downwardly against the road.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One embodiment of the present invention is illustrated in the accompanying
      drawings, wherein like numerals refer to like parts throughout the several
      views, and in which:
PAR  FIG. 1 is a perspective view of a motorcycle having a trailer of the
      present invention attached behind it;
PAR  FIG. 2 is a side elevational view of the trailer of FIG. 1 incorporating
      the hitch and adjustable trailer road wheel suspension system of the
      present invention;
PAR  FIG. 3 is a rear elevational view of the trailer of FIG. 2;
PAR  FIG. 4 is a top exploded view of the hitch of the present invention;
PAR  FIG. 5 is a perspective view of a trailer frame incorporating the hitch and
      suspension system of the present invention;
PAR  FIG. 6 is a perspective view of the suspension system of the present
      invention;
PAR  FIG. 7 is an enlarged fragmented perspective view of a portion of the
      suspension system illustrated in FIG. 6;
PAR  FIG. 8 is a sectional view of the trailer hitch taken substantially along
      line 8--8 of FIG. 5; and
PAR  FIG. 9 is a side view partially in section of the adjustable mounting means
      to attach a portion of the trailer hitch to a motorcycle.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to FIG. 1, the present invention provides a trailer hitch,
      generally indicated at 10, for attaching a trailer, generally indicated at
      12, to a motorcycle 14.
PAR  As can be seen in FIG. 2, the trailer 12 includes a frame 16 and a road
      wheel 18. The trailer also incorporates an adjustable trailer road wheel
      suspension system, generally denoted as 20. The structural attachment of
      the hitch 10 to the motorcycle 14 is schematically illustrated at 22.
PAR  FIG. 3 shows a rear view of the trailer 12 and the adjustable suspension
      system 20.
PAR  Now with reference to FIGS. 4 and 5, the trailer hitch 10 comprises a
      hinged section formed by two components. The first component is a first
      flat plate 24 and the second component is formed of two parallel spaced
      apart second and third flat plates 26, 28, respectively, which are
      attached to one end of the trailer frame 16. The second and third flat
      plates 26, 28 define a space 30 therebetween which slidably receives the
      first flat plate 24. The first flat plate 24 has a hole 32 therethrough
      generally perpendicular to its major flat surfaces, and each of the second
      and third flat plates 26, 28 also has a hole 34, 36, respectively,
      therethrough generally perpendicular to its major flat surfaces. In
      addition, the holes 34, 36 are coaxial with each other. A bolt 37 is
      received through the hole 32 and holes 34, 36 to connect the first flat
      plate 24 to the second and third flat plates 26, 28, thus forming a hinge
      having a vertically disposed axis about which the first and second
      components of the hitch 10 can pivot.
PAR  The hitch 10 further comprises symmetrical attachment means, generally
      denoted as 40 adjustably attached to the motorcycle on opposite sides
      thereof. With reference to FIGS. 4, 8 and 9, the attachment means 40
      includes two spaced apart elongated first members, such as hollow tubes
      42, which are fixed to bracket members 43 which in turn are each
      adjustably attached at one end to the first flat plate 24 by bolt 56, and
      two elongated second members, such as hollow tubes 44, which are each
      adjustably attached at one end to the motorcycle 14 on opposite sides
      thereof. The other end of each of the hollow tubes 42 is adjustably
      attached to a different one of the hollow tubes 44 near their other ends.
      The components of the attachment means 40 associated with the opposite
      sides of the motorcycle 14 and the first flat plate 24 are identical and
      are referred to by like numerals. While the following description refers
      to one hollow tube 42 and one hollow tube 44 on one side of the motorcycle
      14 for clarity, it holds true with reference to both tubes 42 and both
      tubes 44 also.
PAR  As can best be seen in FIG. 9, the hollow tube 44 includes holes 48 defined
      therethrough along its longitudinal axis, and the hollow tube 42 includes
      holes 46 defined therethrough along its longitudinal axis. The hollow tube
      42 axially slidably receives therein the hollow tube 44. The holes 46 in
      hollow tube 42 and the holes 48 in hollow tube 44 removably receive a
      hitch pin 50 to connect the tubes 42 and 44 together. The tube 44 could,
      of course, be a rod or it could receive the tube 42.
PAR  As can best be seen in FIG. 1, the hollow tube 42 is mounted to the
      motorcycle by a bracket 51 (FIG. 9) which is mounted to the frame of the
      motorcycle under or near the seat by a bolt 53 and by a shock absorber
      bolt 55. The trailer 12 is mounted to the motorcycle 10 by attaching the
      tubes 42 and 44 together.
PAR  As can best be seen in FIG. 4, a slotted hole 52 is defined in the first
      flat plate 24 generally transversely to the longitudinal axis of the
      trailer and a hole 54 is defined in the bracket 43 attached to the hollow
      tube 42. The bolt 56 is received through the slotted hole 52 in the first
      flat plate 24 and the hole 54 in the bracket 43 to adjustably connect them
      together. This permits accommodation of motorcycles of different widths.
PAR  FIGS. 5 and 8 illustrate the attachment means of the second and third
      plates 26, 28 to one end of the trailer frame 16 (FIG. 5). This attachment
      means includes a hinge 58 pivotally affixed to the trailer frame 16, with
      its pivotal axis horizontally disposed and transverse to the longitudinal
      axis of the trailer. The hinge 58 is affixed to the second and third flat
      plates 26, 28. The hinge 58 includes a transversely disposed tube 60
      affixed to the trailer frame 16, and a hollow tube 62 which axially and
      rotatably receives the tube 60. The second flat plate 26 and third flat
      plate 28 are attached as by welding to the hollow tube 62. The hinge 58
      allows the second and third flat plates 26, 28 to arcuately pivot about
      the axis of the hinge in the vertical longitudinal plane of the trailer
      frame as indicated on the line A-A of FIG. 8.
PAR  As can be best seen in FIGS. 5, 6 and 7, the adjustable trailer road wheel
      suspension system 20 for resiliently mounting the trailer road wheel 18 to
      the trailer is located at the other end of the frame 16 from the hitch 10.
      The road wheel 18 is rotatably mounted to one end of a support 64. The
      support 64 is operatively affixed at its other end to a swing arm 68
      pivotally affixed to the trailer frame 16, with its axis of rotation
      horizontally disposed transversely thereto so that the road wheel 18 can
      pivot in the vertical longitudinal plane of the trailer frame. The swing
      arm 68 includes a transversely disposed rod 70 affixed to the trailer
      frame 16, as by bolts (not shown) and a hollow tube 72 which axially and
      pivotally receives the rod 70. The support 64 is attached to the hollow
      tube 70 as by, for example, welding. The resilient components of the
      trailer road wheel suspension system 20 include two torsion springs 74,
      each axially disposed over opposite ends of the swing arm 68. First and
      second restraining means are associated with each of the torsion springs
      74. Because each torsion spring 74 and the first and second restraining
      means associated with each torsion spring are identical and are referred
      to by like numerals, the following description refers to one torsion
      spring 74 and its associated first and second restraining means for
      clarity and also holds true with reference to both torsion springs 74 and
      both first and both second restraining means also.
PAR  The first restraining means is a transversely disposed bar 76 affixed at
      its ends to the trailer frame 12 in front of the hinge rod 70 as by, for
      example, welding. The second restraining means is a bracket 78 (FIGS. 5-6)
      structurally affixed to the road wheel support 64 as by welding. The
      bracket 78 includes a plurality of notches 80 defined therein, each having
      one open end 81. As mentioned above, each torsion spring 74 is disposed
      axially over one end of the swing arm 68, with its longitudinal axis
      substantially coaxial with the longitudinal axis of the rod 70. One end of
      the torsion spring 74 forms a hook 82 which clampingly engages the bar 76
      and in so doing is restrained. The other end of the coil spring 74 forms a
      tang 84 which is selectively received in a selected one of the notches 80
      through its open end 81 in the bracket 78 and is restrained thereby. The
      coil spring 74 is torsionally preloaded to different selected loads by
      placing the tang 84 in different selected notches 80 because the other end
      of the coil spring 74 is restrained. The coil spring 74 is biased in a
      direction which resists an upward movement of the road wheel in
      relationship to the trailer.
PAR  The first plate 24 is adjusted with relationship to the motorcycle 14 by
      sliding the hollow tubes 42 axially with respect to the hollow tubes 44 as
      best seen in FIG. 9. When the appropriate holes 46 in the tube 42 line up
      with one of the appropriate holes 48 in the tube 44 to produce the desired
      space between the first flat plate 24 and the motorcycle 14, the pins 50
      are inserted through the holes 46, 48 in the hollow tubes 42, 44 to
      connect them together. The elongated slots 52 in the plate 24 permit the
      plate 24 to accommodate motorcycles of different widths.
PAR  To hitch the trailer 12 to the motorcycle 14, the tube members 44 are
      mounted to opposite sides of the motorcycle 10 and after the brackets 43
      of the tube members 42 have been properly spaced on the flat plate 24 by
      means of the slots 52 the tube members 42 are inserted over the tube
      members 44 and the hinge pins 50 are inserted to lock the tube members 42,
      44 together. The flat plates 24, 26, and 28 form a connection which
      permits pivotal movement in only the vertical axis. As the towing
      motorcycle 14 tilts or leans as it turns, especially during shallow high
      speed turns, the hitch 10 of the present invention causes the trailer 12
      to tilt or lean with the motorcycle by the interaction of the flat plates
      comprising the hitch 10 while allowing the trailer to pivot about the
      hitch. As the motorcycle 14 leans, the first flat plate 24 bears against
      the second and third flat plates 26, 28 transmitting a force thereto which
      causes the trailer 12 to lean with the motorcycle 14. The hitch 10 leaves
      the bolt 37, comprising the vertical hinge axis, free of those forces
      generated in the hitch which cause the trailer to lean with the
      motorcycle. If these forces were transmitted to the bolt 37, they could
      distort it, causing a binding between the bolt 37 and hitch 10 and
      preventing the trailer from pivoting about the hitch.
PAR  In addition, the hinge 58 with its transversely disposed horizontal axis
      allows the trailer and the motorcycle 14 to move relative to each other in
      the longitudinal vertical plane of the trailer as the motorcycle and
      trailer travel over undulating terrain.
PAR  The trailer road wheel suspension system can be adjusted to produce
      different predetermined spring rates of the torsion springs 74 to suit
      different weights carried on the trailer 12 by selectively placing the
      tang 84 in a different one of the notches 80. Moving the tang 84 from the
      lowermost notch to the higher notches in the bracket 78 requires an
      increasingly greater torsional load to be applied to the torsion spring.
      Because the end of the torsion spring having the hook 82 and the end of
      the torsion spring having the tang 84 are restrained, the torsion spring
      72 stores this torsional energy. The torsion spring 74 is thus biased to
      resist upward movement of the trailer load wheel 18 in the vertical
      longitudinal plane of the trailer. The greater the weight to be carried by
      the trailer, the greater the torsion springs 74 can be preloaded by merely
      moving the tang 84 to one of the notches 80 corresponding to a greater
      torsional loading of the torsion springs.
PAR  As can best be seen in FIGS. 1-3, a box 90 is mounted to the frame 16 and
      is provided with a smoothly contoured, generally flat upswept rear portion
      92 which acts to utilize the wind forces produced as the trailer is being
      towed to produce a downward force on the trailer. This downward force adds
      considerably to the stability of the trailer and aids in holding it to the
      road even when unloaded and in relatively high winds. Tail lights 94 are
      provided on the back of the box 90 and are adapted to be connected into
      the lighting system of the motorcycle in the conventional manner. A fender
      96 preferably extends outwardly from the rear of the box 90 to house a
      portion of the wheel 18.
PAR  Handles 98 are provided on each side of the frame 16 as can best be seen in
      FIGS. 1, 2 and 5 to aid in moving the trailer about when it is not
      attached to the motorcycle.
PAR  The foregoing detailed description is given primarily for clarity of
      understanding and no unnecessary limitations should be understood
      therefrom for modifications will be obvious to those skilled in the art
      upon reading this disclosure and may be made without departing from the
      spirit of the invention or the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A trailer adapted to be towed behind a motorcycle or the like, said
      trailer having a frame, a rotatably mounted road wheel, a hitch for
      removably attaching said trailer to said motorcycle, said hitch
      comprising:
PA1  a first plate having at least one hole disposed therein;
PA1  parallel, spaced apart second and third plates to slidably receive said
      first plate therebetween, each of said second and third plates having at
      least one hole disposed therein, said hole in said second plate being in
      line with said hole in said third plate, said first plate, said second
      plate and said third plate being disposed in a generally horizontal plane,
PA1  a pin extending through said hole in said second plate, said hole in said
      third plate and said hole in said first plate to form a hinge having a
      generally vertical axis about which said motorcycle and said trailer can
      pivot with respect to each other, so that when said motorcycle is tilted
      from the vertical said trailer will be tilted in the same direction and
      generally at the same angle by the coaction of said first, second and
      third plates so that said pin is free of forces applied to said hitch by
      the tilting of said motorcycle;
PA1  means to attach said hitch to said motorcycle;
PA1  means to attach said hitch to said trailer frame, said means comprising two
      elongated first members, means to attach each of said elongated first
      members at one of its ends to said first plate; two elongated second
      members, means to attach each of said second members at one of its ends to
      said motorcycle; means to attach the other end of each of said elongated
      first members to the other end of a different one of said elongated second
      members, said elongated first members being hollow tubes, said means to
      attach each of said elongated first members to said first plate comprising
      means defining at least one transversely disposed slot in said first
      plate, means attaching said elongated tubes to said first plate through
      said transversely disposed slots, said elongated second members being
      hollow tubes, each of said elongated second members being axially and
      slidably receivable in a different one of said elongated first members;
      and said means to attach each of said elongated first members to a
      different one of said elongated second members comprising a plurality of
      alignable holes in said first and second members and means insertable
      through said holes to lock said members together.
NUM  2.
PAR  2. The trailer as defined in claim 1, wherein said means to attach said
      hitch to said trailer frame comprises a first hinge having a horizontal
      axis disposed transversely to said trailer frame, said hinge being affixed
      to said hitch and to said trailer frame so that said trailer frame can
      move in a generally vertical plane relative to said motorcycle about the
      axis of said first hinge.
NUM  3.
PAR  3. The trailer as defined in claim 2, wherein said first hinge is affixed
      to said second plate, said third plate and to said trailer frame.
NUM  4.
PAR  4. The trailer as defined in claim 2, wherein said first hinge comprises a
      transversely disposed first rod structurally attached to said trailer
      frame; a transversely disposed hollow tube structurally attached to said
      second and third plates; and said first rod axially received in said
      hollow tube so that said hollow tube can rotate about said rod.
NUM  5.
PAR  5. The trailer as defined in claim 1 and including a box carried by said
      frame, said box having a smoothly contoured upstanding rear portion.
NUM  6.
PAR  6. A trailer adapted to be towed behind a motorcycle or the like, said
      trailer having a frame, a rotatably mounted road wheel, a hitch for
      removably attaching said trailer to said motorcycle, said hitch
      comprising:
PA1  a first plate, and parallel, spaced apart second and third plates to
      slidably receive said first plate therebetween,
PA1  means extending through said plates to form a hinge having a generally
      vertical axis about which said motorcycle and said trailer can pivot with
      respect to each other, so that when said motorcycle is tilted from the
      vertical said trailer will be tilted in the same direction and generally
      at the same angle by a coaction of said first, second and third plates so
      that said hinge means is free of forces applied to said hitch by the
      tilting of said motorcycle;
PA1  means to attach said hitch to said motorcycle;
PA1  means to attach said hitch to said trailer frame; said means comprising two
      elongated first members, means to attach each of said elongated first
      members at one of its ends to said first plate; two elongated second
      members, means to attach each of said second members at one of its ends to
      said motorcycle; means to attach the other end of each of said elongated
      first members to the other end of a different one of said elongated second
      members, said elongated first members being hollow tubes, said means to
      attach each of said elongated first members to said first plate,
      comprising each of said elongated second members being axially and
      slidably receivable in a different one of said elongated first members;
      and said means to attach each of said elongated first members to a
      different one of said elongated second members comprising means for
      locking said members together at different axial positions.
NUM  7.
PAR  7. The trailer as defined in claim 6 and in which said locking means
      include means for selectively positioning said elongated second members
      with respect to said elongated first members whereby the spacing between
      said motorcycle and said trailer can be varied.
NUM  8.
PAR  8. The trailer as defined in claim 6 and including means for adjustably
      varying the space between said elongated first members whereby to
      accomodate variances in the spacing between said elongated second members
      to accomodate motorcycles of different widths.
NUM  9.
PAR  9. The trailer as defined in claim 6 and including a box carried by said
      frame, said box having a smoothly contoured upstanding rear portion.
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ABST
PAL  A wheelchair having adjustability to suit several body sizes and
      deformities in that the width of the seat and back rest panels may be
      adjusted, the height of the seat and arm rests may be adjusted
      independently of one another, and the length of the seat may be adjusted.
BSUM
PAR  The present invention relates to a wheelchair and in particular to an
      invalid wheelchair which can readily be adapted to accomodate different
      sizes and shapes of occupant.
PAR  According to the present invention there is provided a wheelchair including
      a chassis comprising a pair of side frames and an adjustable
      interconnecting frame structure extending between said side frames; a set
      of ground wheels mounted on said chassis; a flexible seat panel extending
      between and attached to said side frames; a flexible back rest panel also
      extending between and attached to the side frames; and means for adjusting
      the length of the seat and back rest panels between their points of
      attachment to the side frames for varying the width of the seat of the
      chair to suit different widths of intended occupant.
PAR  Such a chair enables adjustability of the width of the seat and in this way
      the chair can be adapted for use by several different occupants.
PAR  Preferably additional degrees of adjustment are provided, for example
      adjustment of any one of the following dimensions: the horizontal distance
      between the back rest part and the front of the seat base; the height of
      the arm rests above the seat base; the height of the seat panel above the
      wheel hubs; and the vertical spacing between the foot rests and the seat
      panel.
DRWD
PAR  In order that the present invention may more readily be understood the
      following description is given, merely by way of example, reference being
      made to the accompanying drawings in which:
PAR  FIG. 1 is a front perspective view of a wheelchair in accordance with the
      present invention;
PAR  FIG. 2 is a side elevational view of the chair of FIG. 1;
PAR  FIG. 3 is a schematic view showing the adjustment features embodied in the
      chair;
PAR  FIG. 4 is an underneath plan view showing the seat panel with its
      adjustment means; and
PAR  FIG. 5 is a side elevational view showing the seat panel of FIG. 1 but in
      inverted configuration.
DETD
PAR  The chair shown in FIG. 1 consist of four wheels, the two main ground
      wheels 1 at the rear each being provided with the customary hand grip 2
      for propulsion purposes, and the front pair of wheels 3 being of the
      normal castoring type. The seat back consists of a fabric backrest panel 4
      extending across between two generally upright backrest support posts 5
      each having a hand grip 6 at the top. Similarly, the seat base consists of
      a panel 7 stretched between two horizontal lateral members 8 forming seat
      support posts.
PAR  The arm rests 9 are supported at the top of pillars 10 which are slidably
      received in the top ends of seat columns 11 and are lockable with respect
      thereto by means of a screw having a knurled handle, similar to 13, at one
      end and a locking pin at the other end to engage in an associated
      aperature in the arm rest support pillar, in order to enable adjustment of
      the arm rests 9 vertically relative to the seat support members 8.
      Similarly, the two seat columns 11 themselves are each slidably received
      in a socket 12a of a respective dog-leg shaped main chassis side frame
      member 12 and lockable by means of a screw having a knurled handle 13 at
      one end and a locking pin at the other end to engage in an associated
      aperture in the seat column.
PAR  The front castoring ground wheels 3 are carried at the front end of the
      main chassis members 12, and the main or rear ground wheels 1 are carried
      on stub-axles secured to the rear of the main chassis members 12.
PAR  The chassis of the chair includes two generally vertical side frames
      between which extends an interconnecting frame structure in the form of
      another telescopic tube 14 consisting of an outer tube 15 and a slidable
      inner tube 16 lockable by means of a locking pin 17a which can be
      positioned in any one of a set of apertures 17 of the outer tube 15 to
      engage in an aligned aperture in the inner tube 16, preferably threaded so
      that the locking pin can be screwed into position to retain it.
PAR  The two foot rests 18 are carried on support posts 19 each of which is
      slidable within a respective generally upwardly extending tube 20 having
      an array of apertures 21 to receive a suitable locking pin in the same
      manner as the locking arrangement for the length of the transverse
      telescopic tube assembly 14 of the chassis.
PAR  Adjustment of the fore and aft positioning of the seat back panel 4 is also
      possible since the two upright seat posts 5 are received near the rear of
      the horizontal seat support members 8 in a range of possible positions so
      that they can be released and repositioned in any one of the possible
      positions. In the preferred form of the chair this is allowed for by the
      provision of vertically extending sockets in the seat support members 8
      each socket being capable of receiving the associated seat post 5 in one
      of the desired positions of adjustment.
PAR  The wheelchair in accordance with the present invention thus incorporates
      five different degrees of adjustability to allow the same chair to be
      adjusted to accommodate various different sizes and shapes of the human
      body particularly bearing in mind that wheelchairs are often intended to
      be used for occupants having severely deformed bodies.
PAR  These degrees of adjustment are: (a) the vertical adjustment of the seat
      relative to the ground; (b) fore and aft adjustment of the seat back
      relative to the front of the seat base; (c) vertical adjustment of the arm
      rests relative to the seat base; (d) adjustability of the width of the
      chair and (e) vertical adjustability of the vertical spacing between the
      foot rests and the seat base.
PAR  The side elevational view of FIG. 2 shows two apertures 21a and which are
      intended to receive locking screws to hold the seat posts 5 in their
      appropriate sockets.  The vertical adjustability of the arm rests 9
      relative to the seat support members 8 can be more clearly seen with
      reference to FIGS. 2 and 3 rather than with reference to FIG. 1.
PAR  FIG. 3 shows more clearly the telescopic adjustment of the seat columns 11
      relative to the main chassis members 12 although the locking wheel 13 is
      omitted from FIG. 3 in order to preserve clarity of the drawings.
PAR  When the width of the chair is changed by adjustment of the length of the
      telescopic tube arrangement 14, the width of the seat back and base panels
      4 and 7, respectively, needs to be adjusted accordingly. In the preferred
      form of the invention this adjustment is allowed for by the fact that the
      ends of th panels 4, 7 pass round support members (either the seat posts 5
      or a support bar carried by the seat support members 8 but concealed from
      view in the Figures) and are then attached to the back of the main panel
      by means of press studs. In alternative arrangement the means of securing
      the ends to the back of the panel comprise Velcro (R.T.M.) strips.
PAR  If desired, more than one cross member may be incorporated on the chassis
      in which case the prevention of relative rotation between the two parts of
      the telescopic cross member 14 would not be so critical. In any case,
      where a single cross member 14 is used it is possible for the cross
      section of that member to be of a suitable form to prevent relative
      rotation between its outer and inner tube 15 and 16, respectively. For
      example, the cross member 14 may consist of a square section tube allowing
      simple sliding movement of the constituent parts.
PAR  Clearly the provision of two foot rests each independently adjustable
      vertically relative to the wheelchair chassis allows the chair to be used
      for severe deformities where, for example, the occupant's legs are of
      different lengths, or possibly also where the legs have different limited
      degrees of flexure possible.
PAR  As shown in FIGS. 4 and 5, which illustrate the means of fixing the seat
      panel 7 to the side frame members 12, the ends of the web 7 of the seat
      panel are folded around respective tubular seat support posts 25 fastened
      at their ends to the seat support members 8 and have rows of male press
      studs 26a and 28a which engage female press studs 26 and 28 of respective
      rows of similarly spaced studs. There is at each end of the panel 7 a
      further row 27 or 29, respectively of female press studs extending
      parallel to the first mentioned rows 26 and 28 and having a similar
      spacing between adjacent studs in the rows.
PAR  In this way each folded over end 30 of the panel 7 can be adjusted in
      position merely by disengaging studs 28, 28a and 26, 26a and instead
      engaging studs 26a, 28a with further studs 27, 29, respectively.
PAR  The back rest panel 6 is similarly adjustably fastened to its support posts
      5 and is of identical construction.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wheelchair including a chassis comprising spaced side frame means and
      adjustable interconnecting frame means extending between said side frame
      means; ground wheels mounted on said chassis; a flexible seat panel
      extending between said side frame means; means on said seat panel defining
      spaced attachment points for attaching said seat panel to both of said
      side frame means; a flexible back rest panel extending between and
      attached to the side frame means; means on said back rest panel defining
      spaced attachment points for attaching said back rest panel to both of
      said side frame means; and means for adjusting the length of said seat and
      back rest panels between their points of attachment to the side frames for
      varying the width of the seat of the chair to suit different widths of
      intended occupant.
NUM  2.
PAR  2. A wheelchair as set forth in claim 1, wherein the seat and back rest
      panels each comprise a web of flexible material and said attachment point
      defining means each comprise end portions of the material doubled over to
      form loops wherein said side frame means each include support posts around
      one of which the respective end of the seat panel may be folded and around
      the other of which the respective end of the back rest panel may be
      folded; and wherein means are provided for securing each doubled over
      material portion of the seat and back rest panels respectively to a
      different region of the same panel to adjust the length of the panel.
NUM  3.
PAR  3. A wheelchair as set forth in claim 2, wherein the said securing means
      comprise a row of press stud means along one end of each web and at least
      two further rows of co-operating stud means parallel thereto, spaced
      inwardly from the said one end.
NUM  4.
PAR  4. A wheelchair as set forth in claim 2, wherein both ends of the seat
      panel and both ends of the back rest panel have means for adjusting the
      position of the doubled over portion.
NUM  5.
PAR  5. A wheelchair as set forth in claim 1, wherein said adjustable
      interconnecting frame means comprises telescopically interfitting tube
      means with means for locking the interfitting tube means in any one of
      several configurations of different length, and means securing each end of
      the interfitting tube means to a respective side frame means.
NUM  6.
PAR  6. A wheelchair as set forth in claim 2, wherein the two seat panel support
      posts extend horizontally and means are provided for mounting each seat
      panel support post vertically movably on one of said side frames.
NUM  7.
PAR  7. A wheelchair as set forth in claim 6, and including arm rests carried by
      said side frames, and means for adjustably positioning said arm rests
      above said horizontal seat panel support posts, said arm rests being free
      of direct connection to said back rest support posts.
NUM  8.
PAR  8. A wheelchair as set forth in claim 7, wherein each arm rest comprises a
      generally horizontal arm support carried at the top end of an arm rest
      support pillar, said pillar being slidable vertically relative to a socket
      of a respective one of the side frames and lockable in a number of
      alternative positions relative to said socket.
NUM  9.
PAR  9. A wheelchair as set forth in claim 2, wherein the back rest support
      posts are mounted generally upright on said side frame means, and means
      are provided for adjusting said back rest support posts with respect to
      the side frame means in a direction longitudinally of the seat panel
      support members.
NUM  10.
PAR  10. A wheelchair as set forth in claim 1, including foot rest means carried
      by said side frame means, and means for adjusting the positioning of said
      foot rest means vertically relative to said chassis.
NUM  11.
PAR  11. A wheelchair as set forth in claim 10, wherein said foot rest means
      consists of two foot rests, foot rest support posts each carrying a
      respective foot rest, support tubes of the side frame means each slidably
      receiving a respective foot rest support post, and means for locking each
      support post in any one of a number of positions relative to its
      associated support tube.
NUM  12.
PAR  12. A wheelchair including a chassis, ground wheels carried by said
      chassis, arm rest means carried by said chassis at each side of the chair,
      a generally horizontal seat panel, seat panel support means extending
      horizontally along said chassis below each arm rest means for supporting
      said seat panel, means mounting said seat panel support means on said
      chassis for adjustable positioning in a vertical direction relative to
      said chassis, a generally vertical back rest panel, back rest support
      pillars extending generally upwardly from said seat panel support means,
      and means mounting said back rest panel support pillars on said seat panel
      support means of said chassis in one of several positions spaced in a
      horizontal direction along said seat panel support means said support
      pillar mounting means comprising a plurality of longitudinally spaced
      vertical sockets in said seat panel support means for securing said
      support pillars, and pillar engaging fastening means for securing said
      pillars therein.
NUM  13.
PAR  13. A wheelchair as set forth in claim 12, and including means for
      adjusting the position of said foot rest means in a vertical direction
      relative to said chassis.
NUM  14.
PAR  14. A wheelchair including a chassis; arm rest means carried by said
      chassis; seat panel support means extending horizontally along said
      chassis below each of said arm rest means; vertical tubular support means
      under each arm rest means and carrying said seat panel support means;
      means on each side of said chassis for slidably receiving said vertical
      tubular support means; means for locking said tubular support means in any
      one of several vertically spaced positions relative to said receiving
      means; a generally vertical arm rest support pillar under each arm rest
      means and carrying said arm rest, said arm rest support pillar being
      adapted to be slidably received in said tubular support means; means
      locking said arm rest support pillars in any one of a plurality of
      vertically spaced positions relative to said tubular support means; and a
      generally horizontal seat panel carried by said seat panel support means.
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ABST
PAL  A non-skid releasable sheet paper note pad including a sheaf of sheets of
      paper having a flat resilient member with a relatively high coefficient of
      friction secured to the bottom of the sheaf of paper. The flat resilient
      member has supports connected to the underside thereof adapted to support
      the pad on a surface for sliding movement thereon with the resilient
      member free of the surface, the support member having a low coefficient of
      friction relative to the resilient member. The resilient member is adapted
      to contact a surface when pressure of a writing instrument is made upon
      the pad thereby preventing the pad from slipping when written upon on a
      supporting surface.
BSUM
PAC  SUMMARY
PAR  The invention relates to an improvement in writing or note pads generally
      including a sheef of paper mounted on a flat backing member such as
      cardboard. When it is attempted to write on the top sheet of the pad
      placed on a supporting surface, the pad slides on the surface in the
      direction of the force of the writing instrument upon the pad unless, of
      course, the pad is held by the writer's other hand or the pad is in
      abutment with a stationary object.
PAR  To solve the above problem and provide a pad which does not slide across a
      surface when written upon, a pad is provided which has on the bottom
      thereof supports which have a low coefficient of friction to allow the pad
      to be easily slid across a surface. The pad further includes a resilient
      member having a high coefficient of friction relative to the support and
      which is interposed between the support and the paper and which is caused
      to contact the surface as a result of pressure of a writing instrument
      upon the pad whereby the pad does not slip upon a supporting surface when
      written upon. With no pressure upon the pad the same may be easily slid
      about a surface upon the supports.
DRWD
PAR  In the drawings forming part of this application:
PAR  FIG. 1 is a perspective view of a non-skid releasable note pad embodying
      the invention with portions thereof separated one from the other at the
      lower corner of the pad.
PAR  FIG. 2 is a bottom plan view of the pad.
PAR  FIG. 3 is a sectional view on the line 3--3 of FIG. 2.
PAR  FIG. 4 is an enlarged sectional view of a portion of the pad with a marking
      device shown in writing position on the pad whereby the non-skid feature
      is in play.
DETD
PAR  Referring to the drawings in detail, the non-skid releasable note pad A
      includes the conventional sheef of sheets of paper 10 and the flexible
      cardboard base 12 glued together across the end edges thereof as at 14.
      Further provided is the sheet of a substance in the form of a resilient
      deformable material 16 having a high coefficient of friction such as
      sponge rubber, "styrofoam" or the like which is attached to the bottom
      surface of the base 12 by cement or other suitable means.
PAR  Further provided is the pad support member 18 which is formed of a narrow
      strip of relatively thin, slippery material having a low coefficient of
      friction relative to that of the sheet 16. "Mylar," cellulose film or the
      like may be used. The support 18 is formed about the periphery of the
      sheet member 16 to form a marginal support for the pad which provides a
      maximum of area of the member 16 not in the marginal areas. The member 18
      is secured to the sheet 16 by glue or the like. Further included are the
      spaced supports 20 which are of the same material as member 18 and the
      same are secured to the bottom of the resilient material 16 by glue or
      other suitable means.
PAR  The support member 18 and the spaced supports 20 allow the pad to be slid
      across the surface of a desk or the like without the sheet 16 touching the
      surface upon which the pad is positioned. The support member 18 may be
      formed of a different configuration but which is preferably positioned
      adjacent the outermost edge of the sheet material 16. The supports 20 may
      be of different shapes and placement upon the number 16.
PAR  When pad A is written upon on a firm supporting surface such as S with a
      writing instrument such a P, the pressure of the writing instrument causes
      the sheet 16 to be depressed slightly but enough to contact the surface as
      at "X" and prevent the pad from slipping on the surfaces of the members 18
      and 20 as the writing instrument is caused to write across the pad.
CLMS
STM  I claim:
NUM  1.
PAR  1. A non-skid releasable paper note pad comprising in combination:
PA1  a. a sheef of sheets of paper for writing thereupon,
PA1  b. a flat deformable member secured to the bottom of the sheef of the
      paper, and having a relatively high coefficient of friction relative to
PA1  c. spaced support means of equal thickness carried by said flat deformable
      member on the under surface adjacent the ends and sides of the deformable
      member and extending therefrom to thereby support the pad for sliding
      movement upon the support means upon a supporting surface with the flat
      deformable member free of the supporting surface, said flat member
      deformed and in contact with a surface upon pressure of a writing
      instrument on the sheef of paper thereby preventing sliding movement of
      the pad upon a supporting surface during the act of writing thereon.
NUM  2.
PAR  2. The Device of claim 1 in which said support means is substantially
      marginal of the flat member.
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ABST
PAL  A specialized mailing instrument having an envelope portion and a cover
      portion adapted to overlie the envelope portion in a folded condition. The
      exterior of the cover has a space for addressee information and the
      reverse side has space for return information. Transfer means such as
      carbon contact paper, underlies the addressee panel so that information
      impressed on the addressee panel, including recipient acknowledgments, if
      requested by the sender, is transferred to the envelope portion and the
      enclosed document for verification. The cover is perforated for removal
      upon receipt and foldable with the return address showing for return and
      verification to the sender. A security window may be provided to permit
      inspection of the contents of the envelope. The instrument may be
      partially pre-printed for large volume users and may include a detachable
      notice of attempted mail delivery. The instrument is also suitably
      provided with identifying distinctive markings and appropriate instruction
      as to use. Another form of the invention is adapted for mailing of
      specialized documents such as checks and has a cover with appropriate
      cutouts exposing address information and postage placed on the enclosed
      document.
BSUM
PAR  The present invention relates to a system of verified communication and
      more particularly relates to a security mailing instrument having an
      envelope portion for containing a document and designed so that
      information as to mailing and receipt is recorded on the enclosed
      documents. Another aspect of the invention provides as part of the mailing
      instrument a portion which is adapted to be removed and returned to the
      sender as proof of receipt.
PAR  The prior art discloses a number of special purpose mailing instruments for
      various uses. Most of these special purpose instruments are to accommodate
      banking services. For example, U.S. Pat. No. 2,831,707 shows an envelope
      assembly having a flap portion adapted to overlie a check portion. The
      flap is provided with a window opening so that information on the check,
      such as the name and address of the payee, will be visible when folded and
      placed in the mail. The check portion has provision for insertion of a
      sheet of carbon paper and a stub beneath the check to reproduce the
      written material on a check for record purposes.
PAR  Numerous other patents may be found in the prior art which show combined
      letter-check envelope assemblies to reduce the time required to prepare
      and mail checks. The general prior art construction utilizes a window,
      such as described above with reference to the above-referred patent, so
      that information placed on the check in completing the instrument is
      transferred to a stub for record keeping purposes and with address
      information exposed when the envelope is folded.
PAR  In addition to expediting mailing procedure, a requirement for many mail
      users is proof of mailing and additionally the assurance that the letter
      or document mailed has properly reached its destination. A common means of
      determining proper delivery is the use of registered or certified mail.
      Certified and registered mail procedures which provide the sender with
      proof of mailing require the placement of a gummed, addressed receipt on
      the article or envelope. If the sender wants a returned receipt he must
      insert the sender's name and address on the return receipt card and
      endorse the front of the card requesting a return receipt. When the
      article is delivered to the addressee, the addressee must sign the
      attached stub which is removed by the postal employee and placed in the
      mail to the sender. The receipt of the signed stub by the sender is an
      acknowledgment of receipt of the article or letter by the proper
      addressee.
PAR  The present invention provides a mailing instrument which is economical and
      efficient and which can be used so that information placed on the envelope
      can be transferred or or reproduced on the enclosed document in a single
      operation. Further, the preferred embodiment of the mailing instrument of
      the present invention includes as an integral part, a removable portion
      which can easily be severed at time of delivery and placed in the mail
      addressed to the sender. The sender is thus provided with a receipt
      carrying the original address of the addressee, the postal stamp and
      cancellation and, if requested, the signature of the addressee. All of
      this information provides the sender with proof of mailing and receipt.
PAR  The present invention provides an integral mailing instrument having an
      envelope portion with a flap adapted to be sealed overlying the envelope
      portion. The flap has parallel perforations which define a removable tab
      portion. The addressee's name and address appear on the outer side of the
      tab. The inner side of the tab is addressed for return to the sender. A
      reporduction section underlies the addressee portion so that the addressee
      information and postage mark is transferred to the enclosed document.
      Space is provided for signature of the addressee upon receipt which is
      also transferred to the enclosed document. The tab is separated from the
      envelope assembly and folded for return to the sender with the return
      address information exposed.
PAR  The mailing instrument is preferably provided with distinctive identifying
      markings and appropriate instructions to the carrier as to use. The
      instrument may be partially preprinted for large volume users. A tab may
      be included carrying a notice of attempted mail delivery which can be
      detached and placed in the addressee's mail box.
PAR  Another embodiment of the present invention is adapted for mailing checks
      and legal documents with information on the document exposed through a
      cutout for mailing purposes. Another opening in the envelope is provided
      so that the postal cancellation is placed directly upon the enclosed
      document for record purposes.
DRWD
PAR  The mailing instrument of the present invention provides both the economy
      and efficiency of multiple purpose envelope arrangements and further
      provides the advantages of verified receipt without the requirement of
      present certification and registration procedures. The above and other
      advantages will become apparent from the following specification, claims
      and drawings, in which:
PAR  FIG. 1 is a plan view of one side of the communication assembly of the
      present invention;
PAR  FIG. 2 is a plan view of the opposite side of the assembly shown in FIG. 1;
PAR  FIG. 3 is a view of the assembly of the present invention in a sealed
      condition after the return tab portion has been removed with a portion of
      the envelope partly broken away to expose the contents of the assembly;
PAR  FIG. 4 is a view of the return tab portion of the envelope assembly after
      severance from the envelope;
PAR  FIG. 5 is a plan view similar to FIG. 1 showing another embodiment of the
      present invention;
PAR  FIG. 6 is a plan view showing the opposite side of the embodiment shown in
      FIG. 5; and
PAR  FIGS. 7 and 8 show still another embodiment of the present invention.
DETD
PAR  Referring to FIGS. 1 through 4, a first embodiment of the mailing
      instrument of the present invention is shown. The mailing instrument is
      generally designated by the numeral 10 and comprises a generally
      rectangular body 11 divided at transverse fold line 13 into an envelope or
      pouch portion 12 and cover portion 14. Pouch portion 12 is formed by outer
      sheet 15 and inner sheet 18 being joined at edges 19. A pocket 20 is
      formed between sheets 15 and 18 adapted for reception of a letter or other
      document. To facilitate insertion of such a document, outer sheet 15 has a
      conventional V-shaped edge 21. Sheets 15 and 18 may be affixed to one
      another adjacent fold line 13 or simply may be left unattached as
      documents will be held securely in pocket 20 by the fold line 13 when the
      instrument is assembled and sealed.
PAR  Cover portion 14 of the instrument is subdivided into adjacent areas 35 and
      36 by vertical fold line 26. A sealing flap 30 extends from the upper edge
      of portion 14 at fold line 31. Adhesive edge 32 is provided along one edge
      of flap 30 for sealing the instrument. Parallel spaced perforations 38 and
      40 extend transversely across the surface of cover panel 14. Area 35 has
      space for addressing the instrument. The name, address and zip code of the
      addressee can be inserted in the space generally designated 41. This can
      be placed on the panel by typing or can be printed in handwriting. The
      lower portion of area 35 carries line 43 which is provided for the
      signature of the addressee and date of receipt upon receipt by the
      addressee. Area 35 also has an area in the upper right hand corner
      designated 29 for placement of postage and recording the postal
      cancellation.
PAR  Left-hand area 36 has an area generally designated 48 for the return
      address of the sender. Tab 27 extends from the left side of area 36 and
      has adhesive surface 28 for sealing. Area 48 on area 36 may either be
      filled in by the sender or for large volume users of the instrument, may
      be preprinted with the name, address and zip code of the sender.
      Instructional information to the carrier can be provided in space 44 on
      area 36. The sender may indicate at this location whether he desires
      endorsement by the addressee upon receipt.
PAR  In the folded condition, areas 35 and 36 will be part of the exterior of
      the folded instrument. As will be explained in detail hereafter, upon
      proper delivery and endorsement by the addressee, if requested, the
      carrier will sever areas 35 and 36 from portion 14 by ripping along
      perforations 38 and 40. In order that the specialized mailing instrument
      of the present invention can be easily identified by the mail carrier,
      distinctive markings and colorings 47 are preferably provided on the
      surface of areas 35 and 36.
PAR  FIG. 2 shows the opposite side of portion 11 which forms the interior of
      the envelope in a folded condition. Area 46 which corresponds to the rear
      of area 36 carries a space for the sender's address. Large volume users
      may preprint this space with the proper address and zip code. Return
      postage is carried in the upper right-hand corner 49 of area 46. Again,
      large volume users may preprint this portion of the instrument carrying
      the identification of the postal permit. Left-hand interior area 45
      corresponds to the rear of area 35. Reproducing means 50 covers the rear
      of area 45 and forms part of a reproduction system which serves to
      transfer information impressed on the exterior of area 35 to the envelope
      portion 12. The inner side of sheet 18 of pouch portion 12 is formed with
      reproducing means 60 such as a reproducing coating. It will be seen, that
      any document within pocket 20 of the envelope will have a portion adjacent
      reproducing means 60 when the envelope is in a folded condition.
      Impression marking will be transferred by reproducing means 60 to the
      enclosed document. Reproducing means 50 and 60 may be any of a variety of
      image transferring media such as carbon or non-carbon reproduction paper.
      Alternatively a reproducing means could be placed only at 60, relying on
      the pressure of the exterior marking for transfer.
PAR  Parallel adhesive surfaces 33 and 34 extend across areas 45 and 46 adjacent
      perforations 38 and 40. These adhesive surfaces seal the cover and
      envelope portions to one another when the instrument is assembled. The
      adhesive is preferably protected with a peelable tape which is removed
      when the instrument is sealed. The adhesive surfaces 33 and 34 also insure
      the document within the envelope remains sealed after the return portions
      of the cover have been severed.
PAR  In use, areas 36 and 46 are completed with the insertion of the sender's
      name, address and zip code. As pointed out above, in the case of some
      users this information may be preprinted when the mailing instrument 10 is
      manufactured. Postage is placed at space 29 and return postage is applied
      at space 49 provided on area 46. The envelope is then doubled over and
      folded along line 13. The cover is then attached to the envelope by
      adhesive surfaces 33 and 34. Document 55 is inserted within pocket 20 of
      the envelope 12.
PAR  Document 55 is folded so that the exposed portion adjacent reproducing
      means 60 is a location where the sender desires the receipt information to
      be impressed. The sender then simply seals the envelope by folding flap 30
      over outer sheet panel 15 and moistening adhesive edge portion 32. The
      instrument is then appropriately filled in with the addressee's name and
      address in space 41 provided on area 35 and this information is, at the
      same time, transferred to the envelope and enclosed document 55. Postage
      is applied in the upper right-hand corner of area 35 and the assembly is
      placed in a postal letter box for delivery. Note that there is no
      requirement that the individual go to the post office for verification and
      registration procedures. Further, the postal department is not required to
      place identification numbers on the envelope and maintain a record of the
      document as is necessary with present procedures.
PAR  When the instrument is delivered to the addressee, the addressee, if
      requested by the sender as noted on area 36, will place his signature and
      date of receipt, along with any other desired information, at the
      appropriate space 43 on exterior area 35. Reproducing means 50 and 60 will
      transfer this information to the adjacent portion of the sealed envelope
      and document 55 therein. Similarly, the postage cancellation mark will
      have previously been transferred to the enclosed document by virtue of the
      reproducing means 50 and 60. Upon completion of the line 43 by the
      addressee, the letter carrier will note the instructions in space 44 on
      the outer surface of the envelope and will simply grasp the left-hand tab
      27 tearing areas 36 and 35 from the assembly, as best seen in FIG. 4.
      Areas 36 and 35 are folded back on one another along fold line 26 with
      area 46 on the exterior and sealed against one another with adhesive 28 on
      tab being affixed to the edge of area 35. The severed and folded cover
      panel is then dropped in the mail with the address of the sender and the
      postage appearing at area 46. The cover will be returned to the sender by
      the normal course of the mail. Area 35, accompanying the returned portion,
      contains the name and address of the recipient, the postal cancellation
      mark and, if requested by the sender, the date of receipt and signature of
      the recipient. Upon receipt of cover portion 14, the sender has proof of
      mailing and, if he requested it, has the acknowledgment and endorsement of
      the recipient as evidenced by the recipient's signature at line 43.
PAR  The distinctive markings 47 on the exterior of the envelope call to the
      attention of the letter carrier the specialized nature of the
      communication so that he will be alerted to the special handling
      requirements; obtaining the addressee's endorsement and severing and
      returning panels 35 and 36.
PAR  As seen in FIG. 3, document 55, which is retained by the addressee, carries
      an imprint of the identical information returned to the sender. Should a
      question arise about the date of receipt or the legitimacy of the
      document, the information on the document and the information on the cover
      in the possession of the sender can be compared.
PAR  FIGS. 5 and 6 show views of an alternate embodiment of the mailing
      instrument of the present invention and is generally designated by the
      numeral 70. In this embodiment, like numbers are used to identify elements
      similar or identical to those previously described and are distinguished
      by appended letters. Instrument 70 is comprised of a cover portion 14a and
      an envelope 12a. Envelope 12a is formed of a single sheet folded at edge
      73 to form sheets 15a and 18a sealed along marginal tabs 71. The envelope
      pocket opens at 75. The exterior of cover 14a is divided into areas 35a
      and 36a for addressee and return information. Similarly, interior area 46a
      is provided with space for insertion of return information and postage at
      49a.
PAR  As a security device, small window 56 is provided in one corner of sheet
      15a. Security window 56 is provided for the use of the recipient of the
      letter. The recipient may view the partial contents of the envelope to
      ensure that a document is, in fact, inserted in the envelope pocket. This
      is to prevent misuse and fraudulent use of the verified system of
      communication by the sender. In other respects, the construction and use
      of the embodiment 70 is the same or similar to that described with
      reference to FIGS. 1 and 2, and identical numbers with an appended "a" are
      used to identify those components.
PAR  As seen in FIG. 5, embodiment 70 also carries a tab 77 on the exterior side
      of envelope portion 12a. Tab 77 is detachable at perforations 78 and
      carries a legend 79 advising the addressee of attempted mail delivery. In
      the situation where the sender has requested addressee endorsement and the
      addressee is not available at time of delivery, tab 77 is severed and
      placed in the addressee's mailbox advising him that he may receive the
      letter at a designated postal station.
PAR  Informational area insert 83 can contain information as to the postal rates
      for the verified communication system. This is to assist the sender. For
      example, the postal rate may vary depending on the service requested by
      the sender; a higher rate being applicable when the addressee's
      endorsement upon receipt is required.
PAR  A somewhat different embodiment of the present invention is shown in FIGS.
      7 and 8 and is generally designated by the numeral 80. This embodiment
      incorporates some of the features of the embodiments of the foregoing
      figures but does not have provision for return notice to the sender. The
      present instrument is used primarily when the sender only requires that
      proof of posting be transmitted directly to the enclosed document.
      Embodiment 80 is formed from generally rectangular sheet 81 divided into
      cover section 82 and document section 84 along transverse fold line 86.
      The interior surface of document section 84 may be at least partially
      preprinted in a conventional manner for specialized uses. For example,
      section 84 may be preprinted as a check form showing the name of the bank
      in which the check is drawn and include spaces for the insertion of the
      date, the amount to be paid, the check drawers signature and other
      identification symbols. For other specialized applications document
      section 84 may be suitably preprinted including a lined portion 87 at a
      predetermined area in which the name and address of the addressee may be
      inserted. Three marginal edges of document sections 84 are provided with a
      layer of a pressure sensitive adhesive 88 of any suitable type. Typically,
      adhesive 88 would be of a glue on tape having a peelable protective
      covering which can be removed when it is desired to use the document.
      Cover section 82 of mailing instrument 80 is desirably apertured with
      openings 90 91 and 92. Opening 90 is located in document cover section 80
      so that it is directly alignable with address section 87 of document
      portion 84 when the portions are folded over in face-to-face engagement
      along fold line 86. Similarly, opening 91 is located to reveal the return
      address at 89.
PAR  Opening 92 occupies a position corresponding to the location where a stamp
      would be placed at the exterior side of cover 82 so that the postage stamp
      95 can be placed on document 84 and appear at opening 92 when the
      instrument is folded as seen in FIG. 7. Alternately, an ordinary letter or
      other document could simply be folded and be positioned on document
      section 84 with the name and the proper address of the addressee occupying
      a position viewable at 90 and the stamp appearing at 92. Instrument 80 is
      then folded along fold line 86 with cover section 82 being brought in
      overlying engagement with portion 84. It will be observed that the name
      and the address of the addressee, as seen in FIG. 7, will be completely
      visible through opening 90. The envelope is then sealed by removing
      protective covering on pressure sensitive adhesive portion 88. The
      instrument can be dropped in the mail and when the postal cancellation
      mark is applied with a stamp at location 95, the postmark will be placed
      directly on the exposed portion of document 84. Therefore, it will be
      appreciated that the embodiment 80 provides several advantages. The
      necessity of writing the name and address on the check or included
      communication and also on the envelope can, in most cases, be avoided.
      Further, the date of mailing, which in many situations may be of
      importance, can be printed directly on the included document and is
      available as evidence of date of mailing.
PAR  The embodiment 80 is particularly useful as a check mailing instrument with
      a voucher as seen. The lower check portion, when negotiated, returns to
      the drawer via his bank with the recipient's endorsement. The recipient,
      on the other hand, returns the voucher with date of mailing as evidenced
      by the postage cancellation at location.
PAR  The advantages of the mailing instrument of the present invention are
      numerous. The assembly of the present invention is an integral mailing
      instrument which can be easily adapted to the special requirements of the
      sender. There is no need to attach special stubs for return receipt or
      visit the post office to obtain registry of a letter. The postal service
      responsibility in handling letters or documents in the mailing assembly of
      the present invention is substantially reduced. The post office is not
      required to keep costly and voluminous records presently required for
      certified and registered mail handling.
PAR  Another important advantage of the invention is that the addressee's
      signature can be reproduced on the enclosed document when the mailing
      receipt is signed. This gives an added security feature since the document
      can be confirmed by a comparison of the style of signature on the return
      receipt and the document itself. Further security features include a
      visible window of a portion of the envelope assembly to permit the
      addressee to inspect the contents of the envelope at least to the extent
      to determine that a document is in fact enclosed. The sender has the
      advantage of receiving as part of his return receipt a portion of the
      original envelope on which the addressee's address is placed. The
      cancellation postmark is also returned to the sender and is also
      transferred to the enclosed document for matching and date confirmation
      purposes.
PAR  Thus, in view of the foregoing, it will be seen that the present mailing
      instrument provides a number of advantages over the prior art. The mailing
      instrument of the present invention may provide a signed, dated and
      properly addressed postmarked receipt, returned to the sender verifying
      proper receipt of the document. The enclosed document itself is provided
      with the same information for comparison and security purposes.
PAR  It will be obvious to those skilled in the art to make various changes,
      modifications, and alterations to the construction shown. It is intended
      that such changes are within the scope of the present invention and that
      the present invention be limited only by a fair interpretation of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mailing instrument comprising:
PA1  a body formed of sheet material separated by parallel spaced fold lines
      into an envelope portion, a cover portion, and a sealing flap portion;
PA1  said envelope portion having a pocket for receiving a document therein and
      a pressure-sensitive reproducing means on the interior of said pocket
      whereby information markings made on the exterior of said envelope will be
      likewise formed on said document when said document is in said pocket;
PA1  adhesive on one side of said flap portion;
PA1  said cover portion being positioned between said envelope portion and said
      flap portions, said cover portion being of a size to fold adjacent to and
      over one side of said envelope portion whereby said flap can be folded
      along the other side of said envelope portion and adhesively attached
      thereto thereby sealing said pocket for mailing;
PA1  pressure sensitive reproducing means on one side of said cover portion
      positioned coextensive with said reproducing means on the inside of said
      pocket when said cover portion is folded to said mailing position whereby
      markings made on said cover portion will be likewise formed on said
      envelope portion when said cover portion is folded to said mailing
      position;
PA1  adhesive material on said one side of said cover portion adjacent to said
      fold lines for attachment to said one side of said envelope portion when
      said cover portion is in said mailing position; and
PA1  a pair of spaced weakened tear lines extending across said cover portion
      between the side edges of said cover portion and positioned between said
      adhesive portions whereby the part of said cover portion between said tear
      lines may be detached from said instrument, an informational spaces on
      said other side of said cover portion between said tear lines adapted for
      addressee information and endorsement by the recipient whereby said
      reproducing means on said cover transfers said information written in said
      informational spaces to the envelope portion and said reproducing means on
      said pocket transfers said information to said document in said envelope
      portion and an information space on said one side of said cover portion
      between said tear lines adapted for return address information so that
      said detached part may be mailed back to the sender.
NUM  2.
PAR  2. The instrument as defined in claim 1 wherein said detachable part of
      said cover portion has a fold line which extends across said detachable
      part allowing said part to be folded, and an informational space on said
      detachable part for return addressor information which is exposed when
      said part is folded whereby the endorsement by the recipient can be
      returned to the sender.
NUM  3.
PAR  3. The instrument as defined in claim 1 additionally comprising an
      informational space on said cover portion between said tear lines adapted
      for Post Office cancellation information whereby said cancellation
      information is transferred to said cover and said document by said
      reproducing means.
NUM  4.
PAR  4. The instrument as defined in claim 1 additionally comprising a removable
      tab attached to said envelope portion, an informational space provided on
      said removable tab for inserting information relative to attempted
      delivery whereby said tab may be detached and left at the addressee's.
NUM  5.
PAR  5. The instrument as defined in claim 1 additionally comprising a
      transparent portion in said envelope portion whereby at least a portion of
      the contents of said envelope portion may be viewed.
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ABST
PAL  Labels for file folders that each has a self-adhesive backed surface and in
      a non-folded position has a front surface with a given letter of the
      alphabet printed on one half and the same letter of the alphabet printed
      on the other half at right angles to the first mentioned letter for
      permitting the label to be used either for top tab filing or end tab
      filing. In either case, with the label properly positioned on the file
      folder, and the file properly placed in a vertical position in a file
      cabinet, one letter will be upright on the desired side of the tab to
      which the label is adhered. Thirteen distinctive colors are keyed to the
      first 13 letters of the alphabet as a solid block, and the same 13 colors
      are used for the second half of the alphabet with strips (bands) through
      the colored portions of the labels. In a second form of the invention,
      each label has two occurrences of the same letter, but at right angles to
      one another, on the end portion thereof; and two occurrences of a
      different letter, but at right angles to one another, on the opposite end
      portion thereof together with an appropriate color band on the central
      portion of the label. Each end portion of the label is joined to the
      central portion along a perforated line to permit tearing off the
      respective letter (both occurrences) that is not to be used on the label.
      Again, with the second form of the invention, the label with the
      appropriate end portion torn off may be used for either top tab filing or
      end tab filing and have the desired letter in an upright condition.
BSUM
PAC   BACKGROUND OF THE INVENTION
PAR  Color coded labels for file folders.
PAR  In the prior art, for example Canadian Pat. No. 662,496, for each letter of
      the alphabet, two sets of labels would be required where it is desired to
      have letters in an upright position when files are in vertical positions
      and some of the files are to be used for top tab filing and others for end
      tab filing. As a result, more money has to be invested in supplies and
      more space provided for storage where the user utilizes both top tab and
      end tab filing, or a distributor has requests for supplying labels for
      both types of filing. Further, labels such as disclosed in the
      aforementioned Canadian patent are not suitable for having a name printed
      thereon. In order to minimize problems such as the above and still provide
      other advantages, this invention has been made.
PAC  SUMMARY OF THE INVENTION
PAR  A self-adhesive label having a first portion adherable to the front surface
      of the panel of a file folder and a second portion adherable to the back
      surface of the same panel; each portion bearing a given indicia that is at
      right angles to the same indicia on the other portion.
PAR  One of the objects of this invention is to provide a new and novel
      self-adhesive label adherable to a file folder and bearing given indicia
      wherein the label may be used on either a top tab file folder or an end
      tab file folder and have the indicia appear in a normal upright forwardly
      facing position when the file folder has been filed. In furtherance of the
      above object, it is a further object to provide labels having separate
      indicia on opposite end portions thereof and which may be used to display
      the desired one of the two different indicia in an upright condition on
      either end tab or top tab file folders when the file folders are properly
      filed. Still another object of this invention is to provide color coded
      file folder labels utilizing thirteen distinctive colors that
      distinctively code all 26 letters of the alphabet.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a file folder having a top tab and an end tab,
      the top tab having a label of the first embodiment of the invention
      thereon;
PAR  FIG. 2 is an end view of the file folder of FIG. 1;
PAR  FIG. 3 is a fragmentary end view of the file folder of FIG. 1 other than it
      shows the label on the end tab;
PAR  FIG. 4 is a fragmentary view of the folder of FIG. 1 that has a label of
      the second embodiment of the invention adhered to the end tab thereof and
      has one set of indicia separated therefrom;
PAR  FIG. 5 is a view similar to that of FIG. 4 other than that the label has
      the indicia shown in FIG. 4 removed therefrom and has the indicia thereon
      that was separated from the FIG. 4 label thereon;
PAR  FIG. 6 is a fragmentary view of the file folder having the same label as
      that shown in FIG. 5 with the label being utilized for top tab filing;
PAR  FIG. 7 is a fragmentary view of a file folder having the label of FIG. 4
      being utilized for top tab filing;
PAR  FIG. 8 is a fragmentary view that shows a series of labels of the second
      embodiment adhered to a backing sheet;
PAR  FIG. 9 shows a label of a second embodiment of the invention having second
      sets of indicia thereon; and
PAR  FIG. 10 shows the labels of the first embodiment that are color coded in
      accordance with this invention the center score lines being illustrated
      for only a few of the labels.
DETD
PAR  Referring to FIGS. 1 and 2, there is disclosed a file folder having a front
      panel 10 and a back panel 11 that is joined to the front panel along the
      field line 13. The back panel has a top tab portion 14 that extends
      further away from the fold line 13 than the terminal edge of panel 10 that
      is remote from and parallel to the fold line. Further, the back panel has
      an end tab portion 15 that as shown in FIG. 1, extends further to the
      right of the front panel than the right hand edge of the front panel. The
      top tab portion is provided with a plurality of score lines 16, 17 and 18
      while the end tab advantageously is provided with a plurality of score
      lines 19, 20 and 21.
PAR  Referring to FIG. 10, each label 25 of the first embodiment of this
      invention is provided with a central score line 26. The lower part 25A of
      the label has a first letter (alphabetic character) 27 printed
      perpendicular to the central fold line 26 while the upper half 25B of the
      label has the same letter, designated 28, printed horizontal to the fold
      line. That is, letters 27 and 28 are the same but are on opposite side of
      the fold line and perpendicular to one another. As a result, as shown in
      FIGS. 1 and 3, the same label can be used for either top tab or end tab
      filing with the letters always being in the proper upright position. In
      using labels 25 for top tab filing the back surface of part 25A is adhered
      to the front surface of tab portion 14 of panel 11 while the back surface
      of part 25B is adhered to the back surface of the tab portion 14 of the
      panel 11 and the fold line 26 extends parallel to and adjacent the free
      terminal edge of tab 14 that is parallel to the fold line 13. However, for
      end tab filing, the back surface of part 25B is adhered to the front
      surface of tab portion 15 while the back surface of part 25A is adhered to
      the back surface of tab 15 and the fold line 26 extends adjacent to the
      free terminal edge of tab portion 15 that is perpendicular to fold line
      13. As indicated in FIG. 10, thirteen distinctive colors are keyed to
      respective ones of the first thirteen letters of the alphabet with the
      coloring being in solid block other than for the two occurrences of the
      same letter printed thereon. Similarly, the same thirteen colors are
      utilized for the second half of the alphabet except that instead of having
      a solid color block other than for the letters, the labels for each of the
      letters of the second half of the alphabet has one or more white bands
      (strips) 40 extended thereacross perpendicular to the fold line of the
      respective label. As shown on FIG. 10, one form of color coding is as
      follows:
TBL  A      red           N        "   (white bands                            
     B      dark blue     O        "   through colors)                         
     C      dark green    P        "                                           
     D      light blue    Q        "                                           
     E      purple        R        "                                           
     F      orange        S        "                                           
     G      grey          T        "                                           
     H      dark brown    U        "                                           
     I      pink          V        "                                           
     J      yellow        W        "                                           
     K      light brown   X        "                                           
     L      lavender      Y        "                                           
     M      light green   Z        "                                           
PAR  Referring now to FIGS. 4-9, each of the labels of the second embodiment of
      the invention, generally designated 30, in a flat horizontal condition
      includes a fold line 31 extending the length thereof and has a first part
      30A transversely on one side of the fold line and a second part 30B
      transversely on the opposite side of the fold line. On one longitudinal
      end portion 30C of part 30B there is printed a first alphabetic character
      32 while on the opposite longitudinal end portion 30D there is printed a
      second alphabetic character 33. Further, the one end portion 30C of part
      30A has the same character 32 printed thereon, except that it is at right
      angles to the character printed on the one end portion of 30B while the
      opposite end portion 30D has character 33 printed thereon that is the same
      as that on 30B except at right angles thereto. As may be noted in FIG. 8
      the characters 32 which are at right angles to one another are on the same
      end portion of the label while the characters 33 are on the opposite end
      portion of the label. A perforated line 35 extends between the end portion
      of the label bearing the characters 32 and the central portion of the
      label while a second perforated line 36 separates the end portion of the
      label bearing the characters 33 from the central portion of the label.
      Additionally, as may be noted from FIG. 8, the end portion 30D is of a
      solid color other than for the characters 33 while a color band 37 of the
      same color as that of portion 30D is formed on the central part of a label
      to extend from part 30D part way toward the perforating line 35 and to
      have about a half thereof located on part 30B and the other half located
      on part 30A. To be mentioned is that the characters 33 are white while the
      characters 32 are of the same color as the color band 37.
PAR  Each of the central parts of parts 30A and 30B intermediate perforated
      lines 36 and 37 is of a length to have a desired name printed thereon to
      extend parallel to the fold line 31. Additionally, each of the labels 30
      is advantageosly releasably adhered to a release backing sheet 38 whereby
      a plurality of labels may be adhered to the backing sheet and rolled. As a
      result, the roll can be inserted into a typewriter and one label after the
      other have the appropriate name beginning with the one character typed
      thereon, or the labels removed from the backing sheet and placed in the
      typewriter for having names beginning with the other character printed
      thereon.
PAR  As an example of the color coding of the labels in the second embodiment,
      each of the alphabetical characters A through M may be of the same color
      as the color of the background on the label for the respective letters
      illustrated in FIG. 10 while the color band would be of the same colors.
      The letters N through Z would be printed on a colored background that is
      the same as the colored background (excluding white bands 40) as the
      corresponding letters of the first embodiment.
PAR  Thus, for example, the labels bearing the characters A and N on the front
      surface thereof would have the characters A in red on end portion 30C and
      the color band 37 in red on the central portion, end portion 30D in red,
      except for letters N, and the remainder of the surface of the label white.
      Similarly, for the characters B and O, the characters B would be dark blue
      and the color band on the same labels would be dark blue, and the letters
      O would be white on a dark blue background (see FIG. 9).
PAR  In utilizing the labels of the second embodiment wherein the last name of
      the person begins with A and the label is to be utilized for an end tab
      folder, the name is typed on the appropriate part of label 30A and the
      part 30D is severed from the remainder of the label at perforated line 36.
      Now, the remainder of the label which includes the indicia 32 has part 30A
      adhered to the front surface of tab 15 and the part 30B adhered to the
      back surface with the fold line parallel to and adjacent to the free
      terminal edge of tab 15 that is perpendicular to fold line 13. As a
      result, when the folder is in an upright condition, the character 32
      facing forwardly appears in an upright condition on the lower part of the
      label and the color band 37 on the upper part and extends around the free
      vertical terminal edge of tab 15 (see FIG. 4). If the remainder of the
      label bearing indicia A is to be utilized for top tab filing, then part
      30B is adhered to the front surface of tab 14 and part 30A is adhered to
      the back surface (see FIG. 7). Preferably, the right hand edge of the
      label as viewed in FIG. 7 is adjacent to the score line 18.
PAR  On the other hand, if the last name of the party begins with N, then part
      30C is separated from the remainder of the label along score line 35 and
      discarded. In such an event, the remainder of the label which bears
      character 33 has part 30A adhered to the front surface of the tab 14 and
      part 30B adhered to the back surface of tab 14, provided the remainder of
      the label is to be used for top tab filing such as shown in FIG. 6. If the
      remainder of the label bearing character 33 is to be used for end tab
      filing, then part 30B is adhered to the front surface of tab 15 and part
      30B adhered to the rear surface (see FIG. 5). As may be noted from FIGS.
      4-7, one label may be used for either one of two characters for either top
      tab or end tab filing, and when the file is upright the respective
      characters be upright when viewed from the front of the respective file.
PAR  When the labels are being used for end tab filing, preferably the bottom
      edge of the label secured to the end tab is closely adjacent the score
      line 21. At such time, with file folders properly in the file, the letter
      A on the appropriate file folder that is facing forwardly is at the same
      elevation as the letter N on the corresponding file folder. However, as
      may be noted from FIGS. 4 and 5, the color band 37 for the label on the
      file folder having A thereon is at a higher elevation than the color band
      on the file folder having N thereon. Further, the front surface of the
      lower part of the label on the file folder of FIG. 5 has a background
      color whereas in FIG. 4 the character itself is color coded.
PAR  Thus, for example, in using the second embodiment with the file folders in
      end tab filing in a vertical position in a vertical end tab filing
      cabinet, in the event that the file having the character N thereon is
      mixed in with a series of A files, due to the differences of elevation of
      the red color bands on the file folders, it would be very easily
      noticeable that the N file folder was placed in the wrong series of files.
      Likewise, in top tab filing if an N file folder were placed in with a
      series of A files, the color band of the N file would be offset from the A
      files and thereby quite easily noticeable. Of course, if the file with,
      for example, an N label were placed in a series of files with R labels,
      the difference in color of the color bands would make it apparent the N
      label file was misfiled.
PAR  In the event an N file folder bearing labels of the first embodiment of the
      invention were placed in with a series of A file folders, the N file
      folder white band 40 would stand out and thereby be readily noticeable. In
      this connection, it is to be noted for end tab filing the labels on the
      file folders are to be placed between score lines 19 and 20 while for tap
      tab filing the labels 25 are to be positioned between score lines 16 and
      17. This placement of the labels on the file folders is for the spotting
      of misfiled files. It is to be understood that the labels of this
      invention can be utilized with file folders other than the specific
      construction shown in FIG. 1. Further, it is to be understood that the
      labels could be of a type that do not have adhesive back surfaces;
      however, it is preferred that the labels have selfadhesive back surfaces.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use with either an end tab file folder or a top tab file folder, a
      file folder label in a flat horizontal condition having a central fold
      line, a first part on one transverse side of the fold line and a second
      part on the opposite transverse side of the fold line, said first part
      having a first character indicia thereon, and said second part having a
      first character indicia thereon that when the label is in a flat condition
      is oriented at right angles to the first character on the first part, the
      first and second part each having a first end portion, a central portion
      and second end portion, the first end portions being adjacent one another,
      the first end portions having the first character indicia thereon, the
      first part second end portion having a second character indicia thereon
      and the second part second end portion having a second character indicia
      thereon that is the same as the second character indicia on the first part
      second end portion and is oriented at right angles relative thereto.
NUM  2.
PAR  2. The article of claim 1 further characterized in that the orientation of
      the character indicia on the first end portion of the first part is
      180.degree. relative the orientation of the character indicia on the
      second end portion of the second part.
NUM  3.
PAR  3. The article of claim 1 further characterized in that the character
      indicia on the second end portions are of the same colors as the label
      surface of the first end portions having the first character indicia
      thereon that surrounds the first character indicia.
NUM  4.
PAR  4. The article of claim 1 further characterized by the surface of the first
      end portion having indicia thereon, other than for the indicia thereon is
      of a given color that contrasts to the color of the second end portions,
      other than for the indicia thereon.
NUM  5.
PAR  5. The article of claim 4 further characterized in that each of the central
      portions has a color band thereon of said given color that is
      substantially more remotely spaced from one of the first and second end
      portions than the other end portions, and that the second indicia are of
      said given color.
NUM  6.
PAR  6. The article of claim 5 further characterized in that first perforations
      are located at the juncture of the first end portions with the central
      portions for facilitating the separation of the first end portions from
      the central portions, and that second perforations are located at the
      juncture of the second end portions with the central portions for
      facilitating the separation of the second end portions from the central
      portions.
NUM  7.
PAR  7. For use with either an end tab file folder or a top tab file folder, a
      file folder label in a flat horizontal condition having a self-adhesive
      back surface, a central fold line, a first part on one transverse side of
      the fold line, a second part on the opposite transverse side of the fold
      line, first and second perforated lines spaced from one another to divide
      each part into a first end portion, a second portion and a central
      portion, the central portions being between the first and second
      perforated lines and the first parts being adjacent one another, the first
      part first end portion having a first character indicia thereon, the
      second part first and portion having a first character indicia thereon
      that is the same as the first character indicia on the first part first
      end portion and oriented at right angles thereto, the first part second
      end portion having a second character indicia thereon and the second part
      second end portion having a second character indicia thereon that is the
      same as the second character indicia on the first part and oriented at
      right angles thereto, the character indicia on the first part first end
      portion being oriented 180.degree. relative the orientation of the
      character indicia on the second part second end portion, the first and
      second perforated lines being provided to facilitate the separation of the
      first end portion from the central portions, and the central portions from
      the second end portions, respectively.
NUM  8.
PAR  8. The apparatus of claim 7 further characterized in that the character
      indicia on the second end portions are of the same color as the label
      surface of the first end portions surrounding the first character indicia,
      that the first indicia is of a different color than the second indicia,
      and that each of the central portions has a color band thereon adjacent
      the other, of the same color as the character indicia on the second end
      portions and substantially spaced from the first end portions.
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ABST
PAL  A bearing system for relatively rotatable liquid conduits such as a
      rotating sprinkler head mounted on a fixed riser, including a two-piece
      casing assembly for shielding operative parts of the bearing from
      intrusion of external dirt and water-borne abrasive material, while
      permitting leakage liquid within the casing assembly to bleed outwardly,
      thereby preventing excessive liquid pressure in the assembly. The
      illustrative system includes a bearing housing having a central vertical
      bore and a tubular spindle rotatably mounted in the bore and projecting
      thereabove for attachment to a sprinkler head. The system includes spaced
      upper and lower seals between the fixed and rotating parts, and an
      external helical spring for maintaining the seals under compression,
      thereby minimizing entry of outside dirt and water-borne abrasive material
      into the annular space between the spindle and bore. A protective casing
      assembly forms a chamber about the spring, and includes a lower cup-shaped
      annular case surrounding the lower portion of the spring and having a
      lower internal flange underlying the spring, and an upper annular cap
      surrounding the upper portion of the spring and case, and provided with an
      upper internal flange immediately overlying the spring, and a depending
      cylindrical sidewall in loose telescoping relation with the case sidewall
      and terminating downwardly in an inturned resilient feathered edge in
      light peripheral contact with the case sidewall for permitting bleeding of
      leakage water from the chamber. The feathered edge may be provided with
      one or more slits to facilitate the bleeding. The feathered edge thus
      functions as a check valve, operable at very low actuating liquid
      pressure.
BSUM
PAC  BACKGROUND AND FIELD OF THE INVENTION
PAR  The present invention relates generally to bearing systems for relatively
      rotatable conduits conducting a liquid, and more particularly to such a
      bearing system including a protective casing surrounding operative parts
      of the system to minimize entry of external dirt and other abrasive
      material, the casing including means permitting bleeding therefrom of
      leakage liquid which collects in the casing during use.
PAR  The invention finds particularly advantageous application with rotatable
      sprinklers widely used for irrigation purposes, and a preferred embodiment
      of the invention will be described in connection with such an application.
      However, it will be seen that the invention is not limited to such an
      environment, but can find application in other environments as well, where
      two relatively rotatable liquid-carrying conduits are connected together
      in an environment having dirt, dust and other abrasive material whose
      entry would be harmful to the operative parts of the bearing system.
PAR  A typical bearing construction of the type under discussion consists of a
      bearing housing having a cylindrical bore therethrough and an external
      upwardly directed annular shoulder. Rotatably mounted within the housing
      bore is a tubular spindle having a lower annular flange, the spindle upper
      end projecting above the bearing housing and being connected to an outlet
      member such as a sprinkler head. The outlet member is provided with an
      annular downwardly directed shoulder in coaxial alignment with the
      shoulder of the bearing housing. Annular seals are provided, including
      lower seal means between the spindle flange and the lower end of the
      bearing housing, and upper seal means abutting the annular shoulder of the
      outlet member.
PAR  Resilient means are provided for maintaining the upper and lower seal means
      under a predetermined amount of compression, typically including a helical
      spring which bears at its lower end against the upwardly directed annular
      shoulder of the bearing housing, and at its upper end against the annular
      seal means contacting the downwardly directed shoulder of the outlet
      member. It is found that external mud and dirt become encrusted on the
      helical spring, and abrasive particles of such dirt and mud can pass into
      the small annular clearance between the rotatable spindle and the fixed
      bore of the bearing, scoring and galling those otherwise smooth surfaces,
      and eventually binding the spindle against rotation.
PAR  In order to minimize entry of abrasive particles of mud, dirt and dust into
      the operative parts of the bearing system, it has been previously proposed
      to provide an annular cover in the form of an integral corrugated bellows
      of suitable material such as plastic, surrounding the spring. However,
      difficulties arise in the use of such a bellows because the internal seals
      of the bearing system inevitably leak, and pressurized liquid from the
      supply conduit collects within the annular chamber formed by the bellows.
      The force of this pressurized liquid effectively adds to the force of the
      spring itself, imposing much more thrust load on the rotating parts,
      particularly the upper seal, than was intended in design, eventually
      leading to binding of the parts. The strength of the spring is so chosen
      as to impose a predetermined optimum force on the relatively rotable seal
      components. Hence the spring should be unrestricted in its free
      longitudinal expansion to maintain that force despite manufacturing
      tolerances, and to gradually continue that expansion as the seals wear
      over their useful life.
PAR  In accordance with the present invention, there is provided an annular
      casing assembly surrounding the helical spring of the bearing system and
      forming effectively the outer wall of a chamber within which the spring is
      disposed. The casing assembly includes a lower annular case of suitable
      rigid material such as metal or a rigid plastic, having a smooth
      cylindrical outer wall and an inwardly extending lower flange underlying
      the helical spring. The casing assembly includes also an upper annular cap
      having an internal flange overlying the upper end of the helical spring,
      and a downwardly depending generally cylindrical sidewall spaced slightly
      outwardly from the outer sidewall of the annular case, the depending
      sidewall of the cap being provided at its lower end with an inturned
      feathered edge which lightly contacts the outer cylindrical sidewall of
      the case. The material of which the sidewall and feathered edge of the cap
      are formed is resilient and flexible, so that even a very slight liquid
      pressure within the annular space between the sidewalls of the cap and
      case will cause the feathered edge to move slightly outwardly away from
      direct contact with the case cylindrical sidewall. The small opening thus
      provided permits liquid collected in the chamber to bleed outwardly and
      downwardly, thereby preventing the building up of liquid pressure within
      the annular chamber formed by the casing assembly. When no liquid is in
      the annular chamber, the feathered edge of the cap remains in contact with
      the case sidewall, thus preventing entry of external abrasive material. In
      order to facilitate the opening movement of the feathered edge away from
      the case sidewall during bleeding, it may be desirable to provide one or
      more vertical slits in the lower portion of the sidewall of the cap,
      extending upwardly a short distance from the feathered edge.
PAR  It will accordingly be seen that the casing assembly, and more particularly
      the contact between the lowermost feathered edge of the cap and the
      cylindrical sidewall of the case, constitute in effect a check valve
      permitting outward and downward flow of liquid, but preventing flow of any
      material in the opposite direction.
PAR  It is accordingly a principal object of the present invention to disclose
      and provide a novel protective casing assembly for a bearing system
      connecting two relatively rotatable liquid conducting conduits. Other and
      additional objects and purposes are to provide a novel two-piece casing
      assembly for forming, with a bearing housing, an annular chamber for
      housing a helical spring; to provide such a casing assembly including
      check valve means for permitting bleeding exit of leakage water from the
      chamber, while barring entry of external abrasive material; to provide
      such a bleeding protective means which facilitates assembly during
      manufacture; and for other and additional purposes as will become clear
      from a reading of the following description of a preferred embodiment of
      the invention, taken in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical elevational view, partially in section, showing a
      bearing system in accordance with the present invention mounted on the
      upper end of a riser.
PAR  FIG. 2 is a side elevational view, partially in section, of the upper
      portion of the bearing system, showing the feathered edge of the casing
      assembly cap in its open position.
PAR  FIG. 3 is a sectional view looking downwardly on the arrows III--III of
      FIG. 1.
PAR  FIG. 4 is a lower perspective view of the casing cap of the invention.
PAR  FIG. 5 is a lower perspective view, similar to FIG. 4, showing a modified
      form of the casing cap, including slits provided in its lower portion and
      feathered edge.
DETD
PAC  DETAILED DESCRIPTION
PAR  A bearing system in accordance with the present invention is shown in FIG.
      1, mounted on the upper end of a vertically oriented riser indicated
      generally at 8, projecting upwardly from ground 9. Riser 8 is connected
      through conventional conduits, preferably underground, to a source of
      water under pressure, including conventional timing devices, valves and
      the like, which form no part of the present invention and hence not
      illustrated or described further.
PAR  The present bearing system includes a bearing housing indicated generally
      at 10, typically made of brass or an equivalent rigid material, and is
      provided with a lower externally threaded portion 12 which is threaded
      into the upper end of riser 8 as indicated. Bearing housing 10 is tubular,
      having formed therein throughout virtually its entire length a vertically
      oriented cylindrical bore 14 terminating downwardly in an enlarged
      counterbore 16 receiving therein an annular bearing seal member 18.
      Bearing housing 10 includes a conventional polygonal portion 20 for
      engagement with a wrench, and the upper portion of the bearing housing
      constitutes an elongated sleeve 22, the housing having an upwardly
      directed annular shoulder 24 at the juncture of portion 20 and sleeve 22.
PAR  Rotatably mounted within bearing housing 10 is a tubular spindle indicated
      generally at 30, made of a suitable rigid material such as steel and
      provided at its lower end with an out-turned annular flange 32 on which is
      mounted an annular seal member 34 in contact with seal member 18
      previously mentioned. The upper end of spindle 30 is threaded at 36, and
      is thereby attached to the lower portion of an outlet member indicated
      generally at 40 which may, for example, be a conventional sprinkler head.
      The outer cylindrical wall 38 of the spindle is spaced inwardly from bore
      14 by a small annular clearance 39. Outlet member 40 provides a downwardly
      directed annular shoulder 42 in vertical alignment with upwardly directed
      annular shoulder 24 of the bearing housing. An annular bearing seal 44 is
      in slidable contact with shoulder 42.
PAR  Resilient means are provided for urging spindle 30 upwardly relative to
      bearing housing 10, thereby to maintain under some compressive stress the
      lower and upper bearing seal means. Such resilient means are here shown as
      a helical spring indicated generally at 50, surrounding a central portion
      of bearing sleeve 22.
PAR  The casing assembly of the present invention constitutes the upper, lower
      and outer sidewalls of an annular chamber housing spring 50, the inner
      wall of the chamber being provided by the outer cylindrical wall of
      bearing sleeve portion 22. A cup-shaped case indicated generally at 54
      includes an integrally formed inwardly extending annular flange 56 resting
      upon annular shoulder 24 and an upwardly extending cylindrical wall 57
      surrounding the lower portion of spring 50 and having a smooth outer wall.
      Case 54 is desirably made of a rigid material such as light metal or,
      preferably, a suitable plastic material.
PAR  Above case 54 is a casing cap indicated generally at 60 and including an
      integrally formed inwardly extending flange 62, resting upon the upper
      coil of spring 50 and abutting upwardly the bearing seal 44. Casing cap 60
      also includes a downwardly depending generally cylindrical sidewall 64,
      which is arranged in loose telescoping relation with the upstanding
      sidewall 57 of case 54, thus forming a narrow annular clearance space 65
      between the sidewalls of the cap and case. The cap sidewall 64 terminates
      downwardly in an in-turned lip 66 of tapered, diminishing cross-section,
      terminating in a feathered edge 68 which is in light peripheral contact
      with the smooth outer cylindrical sidewall 57 of the case 54. The cap 60,
      and particularly the lower in turned tapered lip 66, is made of a
      flexible, resilient elastomer, which may be easily stretched slightly
      outwardly by the force of water or other liquid collected in the annular
      space 65 between the sidewalls of the case and cap.
PAR  In FIG. 2 the parts are shown under operative conditions, with the lower
      portion of cap sidewall 64 stretched outwardly, so that the lowermost
      feathered edge 68 of that sidewall is out of contact with sidewall 57 of
      case 54. Despite the presence of the lower seal means, including seal
      members 18 and 34, nevertheless some water will leak through that seal
      means from the interior of riser 8. As indicated by the arrow beneath FIG.
      2, such leakage water passes upwardly along the narrow annular clearance
      39 between the outer cylindrical wall 38 of spindle 30 and the bore 14 of
      bearing housing 10. In the upper portion of the bearing system, the
      leakage water continues across the top of bearing sleeve 22 and thence
      downwardly past bearing seal 44 and, continuing downwardly, into the
      annular chamber in which spring 50 is housed. Initially, such leakage
      water will fill the interior of case 54. When that volume has been filled
      with the leakage water, it will be seen that additional leakage water will
      fill the narrow annular space 65 between the sidewall of the cap and case,
      and that the force of that water causes the cylindrical sidewall 64 to
      distend, so that the parts assume the position shown in somewhat
      exaggerated relation in FIG. 2. Under these conditions, leakage water is
      permitted to bleed downwardly out of the annular space 65, thereby
      preventing the building up of liquid pressure within the annular chamber
      housing the spring 50. Typically, the bleeding water drips downwardly
      along the outer surfaces of the bearing housing 10 and riser 8, to be
      eventually absorbed in the ground immediately surrounding the riser.
PAR  The casing cap 60 is shown in greater detail in the perspective view of
      FIG. 4, and FIG. 5 shows an alternative form of the casing cap, there
      indicated generally at 61. Casing cap 61 is identical to casing cap 60,
      except in being provided with one or more vertically disposed slits 70 in
      the lower portion of the sidewall 64, extending downwardly to the
      feathered edge 68. Under some circumstances it may be desirable to provide
      such slits, in order to facilitate the opening of the passageway for
      leakage water to exit from the chamber housing spring 50, as above
      described.
PAR  Accordingly, there is here provided a bearing system including a casing
      assembly for protectively housing the helical spring of the bearing system
      in an annular chamber surrounding the bearing housing proper, and provided
      with check valve means fo ensuring bleeding exit of leakage water
      collecting in the chamber and for preventing external dirt and other
      material from entering into the operative parts of the system,
      specifically the annular space 39 between the relatively rotating parts.
PAR  Modifications and changes from the preferred forms of the invention
      hereinabove described and illustrated are within the contemplation of the
      invention, and are intended to be embraced within the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A longitudinally expansible casing assembly for shielding internal
      operative members from the entrance of external dirt comprising:
PA1  outer wall means forming a vertically oriented annular chamber surrounding
      the operative members and subject to gradual leakage of liquid thereinto,
      said outer wall means including an annular cup-shaped case having a
      generally cylindrical outer sidewall and an open top, and
PA1  an annular cap covering the open top of the case, including a downwardly
      depending sidewall disposed concentrically outwardly of the case sidewall
      in longitudinally expansible telescoping relation therewith, and check
      valve means for allowing liquid to bleed downwardly out of the chamber.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein the cap sidewall terminates
      downwardly in an inturned lip having a resilient feathered edge in light
      peripheral contact with the case sidewall, constituting said check valve
      means.
NUM  3.
PAR  3. The invention as defined in claim 2 wherein said operative members
      include resilient means under compressive stress, opposite ends of the
      resilient means bearing against said case and cap.
NUM  4.
PAR  4. The invention as defined in claim 2 wherein said operative members
      include a bearing system for first and second relatively rotatable liquid
      conduits comprising a bearing housing adapted to be connected to a first
      liquid conduit and provided with a cylindrical bore therethrough, and a
      tubular spindle rotatably mounted within the housing bore and adapted to
      be connected to a second liquid conduit.
NUM  5.
PAR  5. The invention as defined in claim 4 wherein the first liquid conduit
      constitutes a fixed source of liquid under pressure, and the second liquid
      conduit constitutes an outlet member.
NUM  6.
PAR  6. The invention as defined in claim 2 wherein said lip has formed therein
      a slit intersecting the feathered edge.
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ABST
PAL  A ring to be interposed between the adjoining ends of two lengths of
      cylinder barrel of a worm extruder, each length of which comprises an
      inner cylindrical member and an outer cylindrical member disposed
      concentrically therewith with a duct for flow of heating and/or cooling
      fluid provided between the cylindrical members, the ring having an inside
      diameter corresponding to the inside diameter of the inner cylindrical
      member end faces, having sealing rings therein, to abut and seal against
      the end faces of the cylindrical members and a covered in recess in its
      periphery for connection to a source of heating and/or cooling members,
      clamping means being provided to pull the outer cylindrical members into
      abutment with the ring.
BSUM
PAR  The invention relates to apparatus for connecting and sealing together two
      lengths of cylinder barrel of a worm extruder.
PAR  It has been proposed where two lengths of cylinder barrel each comprise an
      inner cylindrical member and, disposed concentrically therewith, an outer
      cylindrical member between which passages for flow of heating and/or
      cooling fluid are provided, for the two lengths to be connected and sealed
      together using a stuffing box packing disposed between the ends of the
      cylindrical members. This complicated stuffing box packing has the
      disadvantage that the passages for flow of heating and/or cooling fluid
      are discontinued in the region of the stuffing box packing. In this zone,
      the worm cylinder cannot therefore be maintained at a temperature in
      keeping with the requirements imposed by the material being processed. The
      consequences are a reduction in the quality of the extruded product.
PAR  A further disadvantage of the stuffing box packing arrangement is that,
      despite constant application of elastic pressure, the stuffing box packing
      cannot compensate rapidly enough for changes in diameter caused by rapid
      temperature changes, when the inner cylindrical member is thin-walled and
      the outer cylindrical member is thick-walled. Leaks occur which can cause
      faults in the heating and/or cooling arrangements.
PAR  According to the invention, there is provided apparatus for connecting and
      sealing together two lengths of cylinder barrel of a worm extruder, each
      length of cylinder barrel comprising an inner cylindrical member and an
      outer cylindrical member disposed concentrically there-around with a duct
      or ducts for heating and/or cooling fluid provided between the inner
      member and the outer member, the apparatus comprising a ring to engage
      between adjoining ends of the two lengths of cylinder barrel, the ring
      having an inside diameter which corresponds to the inside diameter of the
      inner cylindrical members, end faces to abut end faces of the outer and
      inner cylindrical members with sealing rings between the abutting faces,
      and a covered-in circumferential recess in its periphery which can be
      connected to a heating or cooling fluid system, and clamping means at the
      ends of the outer cylindrical members to clamp the ring between the outer
      cylindrical members.
PAR  Preferably, the inner cylindrical members project axially beyond the outer
      cylindrical members and the end faces of the ring which abut end faces of
      the inner cylindrical members are spaced a lesser distance apart than are
      the end faces of the ring which abut the outer cylindrical members.
PAR  Such apparatus can permit adequate heating and/or cooling at the position
      of connection of two lengths of cylinder barrel and indeed from end to end
      of the cylinder barrel, while always providing for an adequate sealing
      effect.
PAR  Even when there are different variations in diameter with respect to the
      inner and outer cylindrical members, due to different wall thicknesses,
      the apparatus can always retain an effective sealing action.
DRWD
PAR  The invention is diagrammatically illustrated by way of example in the
      accompanying drawing, which is a sectional view through two lengths of
      extruder barrel joined by apparatus according to the invention.
DETD
PAR  Referring to the drawing, two lengths of extruder cylinder barrel 1 and 51,
      only the mutually facing ends of which are shown, each have an outer
      cylindrical member 2, 52. Welded on the periphery of the end of the outer
      cylinder part 2, 52 are bored annular flanges 3, 53, only one of which is
      shown on each length of barrel. Fitted into the outer cylindrical member
      2, 52 is an inner cylindrical member 4, 54, the bore 5, 55 of which
      accommodates the extruder worm (not shown). The concentrically-disposed
      cylindrical members 2, 52 and 4, 54, are secured by pins 6, 56 against
      relative rotation.
PAR  The inner cylindrical member 4, 54 has, machined in its outer surface, a
      spiral duct 7, 57 for heating or cooling fluid which communicates through
      a radial bore 8, 58 in the outer cylindrical member 2, 52 and a connecting
      bore 9, 59 in the annular flange 3, 53, with a heating or cooling fluid
      system (not shown).
PAR  Disposed between the two lengths of barrel 1, 51 is an intermediate ring
      11, the inside diameter of which corresponds to the inside diameter of the
      inner cylinder parts 2 and 52. The ring 11 is stepped on its two end faces
      and carries a respective groove in each of stepped end faces formed
      thereby a sealing ring 12, 13, 14, 15. The ends of the outer and inner
      cylindrical members 2, 52 and 4, 54 abut the ring 11 and press against the
      sealing rings.
PAR  Recessed in the periphery of the ring 11 is a channel 16 which is
      covered-in by a welded-on cover plate 17. The recessed channel 16 can be
      fed with a heating or cooling fluid through a pipe connection 18, only one
      of which is shown, secured in the cover plate 17.
PAR  A clamping arrangement is provided to maintain a connection of the lengths
      of cylinder barrel and comprises bolts 19 passed through bores (not shown)
      in the annular flanges 3 and 53. Nuts 21, 22 on the bolt can be tightened
      to pull the lengths of cylinder barrel firmly against the ring 11.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for connecting and sealing together two lengths of a cylinder
      barrel of a worm extruder, each length of cylinder barrel comprising an
      inner cylindrical member and an outer cylindrical member disposed
      concentrically there-around with at least one duct for flow of temperature
      controlling fluid provided between said inner cylindrical member and said
      outer cylindrical member, said apparatus comprising a ring having end
      faces engaging between adjoining ends of said two lengths of cylinder
      barrel, said ring having an inner and outer periphery, said ring inner
      periphery having an inside diameter which corresponds to the inside
      diameter of said inner cylindrical members, said ring end faces abutting
      end faces of said outer and inner cylindrical members and sealing rings
      between the abutting faces, said ring being formed with a circumferential
      recess in its outer periphery, and means attached to the outer periphery
      of said ring covering said recess, means communicating with said recess
      which can be connected to a source of temperature controlling fluid, and
      clamping means at the ends of said outer cylindrical members clamping said
      ring sealingly between said outer and inner cylindrical members.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said inner cylindrical members
      project axially beyond said outer cylindrical members and the end faces of
      said ring which abut end faces of said inner cylindrical members are
      spaced a lesser distance apart than are the end faces of said ring which
      abut said outer cylindrical members.
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ABST
PAL  This invention relates to the art of pipe couplings and more particularly
      to a coupling that includes a first fitting to which one pipe is
      connected, a second fitting to which a second pipe is connected, a
      connector sleeve which releasably joins such fittings and a resilient
      member interposed between said fittings to substantially eliminate the
      transmittal of mechanical vibration from one of the pipes to the other
      pipe.
BSUM
PAR  As conducive to an understanding of the invention, it is noted that where
      couplings are provided and more particularly unions to connect two pipes
      together, where there is metal to metal contact of the elements of the
      union, mechanical vibration imparted to a pipe connected to one of the
      elements of the union will be transmitted through another element of the
      union to the other pipe. Such mechanical vibration, especially when
      transmitted to long lengths of connected pipes can build up relatively
      violent oscillations with consequent pulling away of the pipes from the
      walls to which they may be connected and breakage of the pipes.
PAR  In addition, where two pipes are connected by a union which has no
      flexibility, in the event one of the pipes is at an angle with respect to
      the other the rigid connection provided by such a union will cause a
      constant stress to be imparted to the pipes which could eventually cause
      breakage thereof, particularly if the pipes are subject to mechanical
      vibration.
PAR  It is accordingly among the objects of the invention to provide a coupling
      device for two pipes which has relatively few elements and which may
      readily be fabricated at low cost and which may readily be used to connect
      two pipes together with the use of a conventional pipe wrench and which
      will dependably minimize transmittal of mechanical vibration from one of
      the pipes to the other and will permit the connection of two pipes that
      are not exactly longitudinally aligned without undue stress being imparted
      to said pipes.
PAR  Accordingly to the invention these objects are accomplished by the
      arrangement and combination of elements hereinafter described and more
      particularly recited in the claims.
DRWD
PAR  In the accompanying drawings in which are shown one or more of various
      possible embodiments of the several features of the invention:
PAR  FIG. 1 is an exploded, longitudinal sectional view of the coupling
      according to one embodiment of the invention;
PAR  FIG. 2 is a longitudinal sectional view showing the coupling in assembled
      condition;
PAR  FIG. 3 is a view similar to FIG. 2 of another embodiment of the invention;
PAR  FIG. 4 is a perspective view of one of the fittings used in the embodiment
      of FIG. 3; and
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 4.
DETD
PAR  Referring now to the drawings as shown in FIG. 1, the flexible coupling
      comprises a fitting 11 in the form of a T in cross section having a base
      portion 12 and a reduced diameter stem portion 13 defining an annular
      shoulder 14 with respect to the base portion 12.
PAR  The T-fitting 11 has an axial bore 15 extending therethrough of enlarged
      diameter at its outer end as at 16 defining an annular shoulder 17. The
      enlarged diameter portion 16 is internally threaded to receive the
      correspondingly threaded end 18 of a pipe 19.
PAR  Encompassing the base portion 12 of the T-fitting 13 is a substantially
      cup-shaped member 21 of resilient material such as natural or synthetic
      rubber.
PAR  The side wall 22 of resilient member 21 is substantially cylindrical in
      cross section as shown in FIG. 1. The floor 23 of member 21 has an axial
      opening 24 of diameter substantially identical to the diameter of bore 15.
      The mouth of member 21 has an inturned annular flange 25 defining an axial
      opening 26 of diameter substantially equal to the outer diameter of stem
      portion 13.
PAR  The length of side wall 22 of resilient member 21 is such that when the
      base portion 12 of T-fitting 11 is inserted into the cavity defined by the
      side wall 22, the floor 23 and the flange 25 of the resilient member; the
      base portion 12 will be snugly engaged.
PAR  Associated with the T-fitting 11 and the encompassing resilient member 21
      is a connector 28 in the form of a sleeve 29 of inner diameter just
      slightly larger than that of the side wall 22 of member 21 so that it may
      readily encompass such side wall.
PAR  The sleeve 29 has an inturned annular flange 31 at one end which defines an
      axial opening 32 of diameter greater than the outer diameter of stem
      portion 13 and less than the outer diameter of base portion 12.
PAR  The sleeve 29 is of length such that it is positioned over the base portion
      12 and the encompassing resilient member 21 with the annular flange 31
      thereof seated on the annular flange 25, the end 33 of the sleeve will
      extend longitudinally beyond the outer surface 34 of floor 23 of resilient
      member 21.
PAR  As shown in FIG. 1, the bore 35 of sleeve 29 is of enlarged diameter as at
      36 at the end 33 thereof defining an annular shoulder 37, the latter in a
      transverse plane that is positioned longitudinally inwardly of the plane
      of the outer surface 34 of floor 23 of member 21. The periphery of the
      side wall 22 of member 21 adjacent the floor 23 is beveled inwardly as at
      38 for the purpose hereinafter to be described.
PAR  Coacting with the connector 28 is a clamp fitting 41 which is also T-shaped
      in cross section having a base portion 42 and a reduced diameter stem
      portion 43.
PAR  The clamp fitting 41 has an axial bore 44 extending therethrough of
      diameter illustratively the same as that of bore 15, the bore 44 being of
      enlarged diameter at its outer end as at 45 defining an annular shoulder
      46. The enlarged diameter portion 45 is internally threaded to receive the
      correspondingly threaded end of a pipe 47.
PAR  The base portion 42 has on its outer surface 48 an outstanding annular base
      49 and the periphery of base portion 42 is threaded as at 51 so that it
      may be screwed into the correspondingly threaded portion 36 of connector
      28.
PAR  To assemble the coupling shown in FIGS. 1 and 2, it is to be noted that
      after the resilient member 21 is mounted on base portion 12 and the
      connector 28 positioned over the resilient member 21 with the flange 31 of
      connector 28 resting on flange 25 of the resilient member, the outer
      surface 34 of floor 23 of the resilient member 21 will extend beyond the
      annular shoulder 37 of the connector member 28.
PAR  Thereupon, the threaded stem 13 of fitting 11, with the connector member 28
      thereon, is screwed onto the threaded end of pipe 19. The base portion 42
      of fitting 41, which has the threaded end of pipe 47 screwed into the
      threaded stem portion 43, is positioned in juxtaposition to the end 33 of
      connector member 28. The connector member is then rotated to screw onto
      the threaded periphery 51 of base portion 42.
PAR  As a result, as the base portion 42 of the clamp fitting 41 is screwed into
      the threaded portion 36 of connector 28, the annular boss 49 will first
      press into the outer surface of floor 23. The inward movement of the base
      portion 42 is limited by the abutment thereof against annular shoulder 37
      and hence the material of the floor 23 and flange 25 of resilient member
      21 will not be excessively compressed.
PAR  With the base portion 42 seated on annular shoulder 37, the floor 23 of the
      resilient member 21 will be compressed against the undersurface 52 of base
      portion 12 of T-fitting 11 and the flange 25 will be compressed between
      shoulder 14 and flange 31.
PAR  By reason of the gap G provided by the beveled portion 38 of the floor 23
      of resilient member 28, movement of the material therof under compression
      will be accommodated as shown in FIG. 2.
PAR  It is to be noted that the diameter of opening 32 is less than the diameter
      of base portion 12 of fitting 11. If for some reason force should be
      exerted against either or both of the pipes 19, 47 which would tend to
      pull them apart, even if such force was sufficient to cause the rigid
      flange 31 to shear the resilient flange 25, the flange 31 would abut
      against the top surface of base portion 12, which is of larger diameter
      than opening 32 so that the pipes 19, 47 would still remain connected.
PAR  With the construction above described it is apparent that two pipes 19 and
      47 can be connected with a substantial reduction in the transmittal of any
      mechanical vibration to which one of the pipes is subjected, to the other
      pipe.
PAR  This reduction in the transmittal of mechanical vibration is due to the
      fact that there is no rigid metal to metal connection between the two
      pipes but rather the connection is through the interposed resilient member
      21 as shown in FIG. 2.
PAR  Furthermore, even if the two pipes 19, 47 are not longitudinally aligned
      they still may be readily connected by the coupling 11 since lateral
      movement is permitted by the clearance 53 between the periphery 54 of
      flange 31 and the stem portion 13. As a result, if the pipe 19, for
      example, should be slightly tilted to the left (referring to FIG. 2) with
      respect to pipe 47, as the fittings 11 and 41 are joined by tightening of
      connector member 28, due to the resilient member 21, the base portion 12
      will readily tilt, the resilient material of member 21 readily absorbing
      such movement.
PAR  Although the cup shaped resilient member 21 may readily be mounted on the
      base portion 12 without need for bonding, it is within the scope of the
      invention to mold the base member 12 and cup shaped resilient member 21 as
      an integral unit.
PAR  To this end, in the embodiment shown in FIG. 3 to 5, in which corresponding
      elements have the same reference numerals primed, the base portion 12' has
      a plurality of circumferentially spaced columns of slots 61 therethrough
      extending from the outer periphery of the base portion into the bore 15'
      thereof.
PAR  When the resilient member 21' is molded integrally with the T-fitting 11',
      the slots 61 will be filled with the resilient material as at 62 and the
      inner or bore surface of the fitting 11' will have a layer or sleeve 63 or
      resilient material bonded thereto and formed integrally with the
      materially 62 in the slots and the layer 63 of resilient material bonded
      to the outer surfaces of the T-fitting 11'.
PAR  As a result of the method of forming the resilient member 21' shown in FIG.
      3, the latter will be securely anchored to the T-fitting 11' and any
      remote chance that excessive build-up of pressure in the bore 15' could
      cause extrusion of the resilient member 21' through the clearance 53'
      would be precluded.
CLMS
STM  Haums thus desribed my invention, what I claim as new and desire to secure
      by Letters Patent of the United States is:
NUM  1.
PAR  1. A pipe coupling comprising a first fitting having a base portion with a
      reduced diameter stem extending outwardly from one surface thereof for
      receiving a pipe end, and defining an annular shoulder at the root end of
      said stem, said fitting having an axial bore therethrough, a second
      fitting having a circular base portion threaded on its outer periphery,
      said second fitting having an axial bore, said second fitting including on
      the base portion thereof an annular bead closely surrounding said bore,
      said bead projecting in the direction of the axis of said fitting beyond
      the surface of said base portion, a pipe receiver portion on said second
      fitting, a cylindrical connector sleeve encompassing said base portion of
      said first fitting and having an inwardly extending annular flange at one
      end defining an opening of diameter less than the diameter of said base
      portion of said first fitting, and through which said stem extends,
      internal thread means formed on said other end of said connector sleeve
      adapted to receive said threaded outer periphery of said second fitting
      axially, displaceably to connect said second fitting and said sleeve, and
      a resilient, deformable member encompassing said base portion of said
      first fitting and having an axial bore aligned with and forming a
      continuation of the axial bores of said first and second fittings, said
      member including a cylindrical floor engaging said base portion of said
      second fitting, said floor including an annular recessed bevel portion of
      lesser diameter than the diameter of the remainder of said floor, said
      bevel portion, in the unstressed condition of said deformable member,
      being of lesser diameter than the inner diameter of said connector sleeve,
      increments of said bevel portion being pressed into engagement with said
      inner diameter of said sleeve and said bead being embedded into the body
      of said floor when said deformable member is compressed between said
      fittings.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said base portion of said
      first fitting includes at least one slot formed therethrough and said
      resilient, deformable member is molded in situ over said base portion.
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PAL  A composite seal for joining a down flow drain pipe to a shower pan has a
      drain fitting provided with a tapered rim overlying the shower pan and a
      packing nut for holding it in place. A flanged lower portion of the
      fitting forms an annular pocket around the drain pipe in which a series of
      three rings are stacked. The center ring has normally diverging annular
      sections which are forced together between the pipe and the flanged
      portion of the fitting thereby to seal the assembly.
BSUM
PAR  Various conventional expedients have heretofore been made use of for
      sealing the joint between the drain hole of a shower pan or bathtub and
      the drain pipe. Lead joints have been employed as also has been
      conventional packing. On some occasions resort has been had to resilient
      packing rings in the hope of being able to make up a satisfactory seal
      joint with greater ease and rapidity.
PAR  For the most part, objection to conventional sealing techniques has arisen
      by reason of the amount of time consumed in making the joint. Since
      plumbing time has much to do with the cost of an installation, seals and
      sealing techniques which require considerable expenditure of time are
      objectionable. Dependability of the joint is an additional necessity which
      means not only that the joint must provide a tight seal initially, but
      that the seal must continue to be tight over long periods of use.
PAR  Further still, prior art joints which when made of lead become
      semi-permanent, have their drawbacks when it becomes necessary to service
      the installation.
PAR  Lack of regularity in the outside diameter of commercial drain pipes makes
      it difficult to provide a dependable joint with conventional seals and
      especially those making use of preformed rings.
PAR  It is therefore among the objects of the invention to provide a new and
      improved drain jointing system which makes use of preformed rings of such
      character that they can be quickly and easily slipped into place whereby
      to form a dependable seal.
PAR  Another object of the invention is to provide a new and improved drain
      joint system wherein the preformed rings which make up the sealing portion
      of the joint are of such character that they can be used with drain pipe,
      the exterior diameter of which may vary somewhat, while at the same time
      providing a dependable joint.
PAR  Still another object of the invention is to provide a new and improved
      drain jointing system making use of preformed rings for effecting the seal
      which are simple and dependable in use and of such character that not only
      can the cost of sealing rings be kept to a relative minimum but also the
      cost of installation can be substantially minimized.
PAR  Still another object of the invention is to provide a new and improved
      drain jointing system which, although when made up forms a firm, tight and
      dependable seal, is of such character that should it ever become necessary
      to unmake the joint, disconnection is a quick and easy operation, leaving
      all parts intact for ready remaking when that becomes necessary.
PAR  Still further included among the objects of the invention is to provide a
      new and improved drain jointing system of such versatile character that
      seal rings of standard diameter can, with the simple addition of an extra
      resilient ring, be made to fit a drain pipe differing substantially in
      exterior dimension from the standard.
DRWD
PAR  With these and other objects in view, the invention consists in the
      construction, arrangement, and combination of the various parts of the
      device, whereby the objects contemplated are attained, as hereinafter set
      forth, pointed out in the appended claims and illustrated in the
      accompanying drawings.
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal sectional view of a typical installation of the
      drain jointing system.
PAR  FIG. 2 is an exploded perspective view of the sealing rings which are made
      use of.
PAR  FIG. 3 is a cross sectional view through the composite seal ring.
PAR  FIG. 4 is a fragmentary cross sectional view similar to FIG. 3 but where an
      additional ring is provided for fitting the seal ring to a drain pipe of
      smaller diameter.
DETD
PAR  In an embodiment of the invention chosen for the purpose of illustration,
      there is shown a drain pan 10 which may be the drain pan of a shower, tub
      or similar installation where water is to be drained off. The drain pan is
      provided with a drain hole 11 around which is a sunken recess 12. A
      conventional drain pipe 13, frequently as a practical matter consisting of
      a 2-inch drain pipe, has an outside circumference 14 which although
      supposedly uniform in diameter, at times varies appreciably from the
      nominal outside diameter.
PAR  An upper end 15 of the drain pipe is usually cut so that it is located
      slightly below the recess 12 of the drain pan 10. A conventional grille 16
      covers the drain hole and is provided with openings 17 through which the
      water passes to the interior of the drain pipe 13. A flange 18 on the
      grille is adapted to fit in a recess 19 of a tapered rim 20 on a fitting
      indicated generally by the reference character 21. The tapered rim 20 is
      of such size and dimension that it fits neatly within the recess 12 such
      that upper surfaces are flush with the surface of the pan 10.
PAR  To secure the fitting 21 to the pan 10, threads 22 are provided on the
      exterior of the wall 23 of the fitting. The threads accommodate a seal nut
      24 which when threaded into position is adapted to engage a washer 25
      which bears against a packing ring 26 by means of which a seal is made for
      the exterior of the fitting relative to the pan.
PAR  As is discernible in FIG. 1, the wall 23 of the fitting 21 is substantially
      larger in inside diameter than the outside diameter of the pipe 13 whereby
      to provide an annular cylindrical pocket 30. An inwardly directed rim 31
      on the fitting 21 forms a bottom for the pocket.
PAR  Of the three seals made use of in making up the drain jointing system and
      as shown in FIG. 2, a first stabilizing ring 32 is made as a split ring
      whereas a second stabilizing ring 33 is continuous. The split ring is
      advantageously made in that fashion so that should there be a variation in
      the outside diameter of the drain pipe 13, the split ring 32, being the
      ring used at the bottom of the pocket 30, can be readily slid into
      position. The split ring 32 and circumferentially continuous ring 33,
      serving as stablizing rings, are made of relatively firm synthetic plastic
      resin material. Although the ring 33 is circumferentially continuous and
      does of necessity have to fit over the outside diameter of the drain pipe
      13 which may vary in size, by reason of the fact that the ring 33 need not
      be pushed very far into the pocket 30, this can be accomplished even
      though the fit may be other than a comfortable sliding fit.
PAR  A seal ring indicated by the reference character 34 is composite initially
      its construction and consists of an outer wall section 35 and an inner
      wall section 36 joined together at one end of each by a bottom wall
      section 37. Adjacent inner surfaces 38 and 39 respectively of the outer
      wall section 35 and inner wall section 36 are initially spaced from each
      other as shown in FIG. 3 forming what may be described as a V-shaped
      space, in cross section. Extending inwardly from the outer wall section 35
      is a bead 40 which is at a location near the outer or free end of the
      outer wall section, and intially clear of the opposite inner wall section.
PAR  By reason of this biased relationship of the inner and outer wall sections,
      a free end 41 of the inner wall section is substantially smaller in
      diameter than the outside diameter of the smallest of the drain pipes 13
      which may be encountered.
PAR  When the drain jointing system is to be made up following the fastening of
      the fitting 21 to the pan 10 at a location around the drain pipe 13, the
      rings are inserted into the pocket 30 one at a time. It has been found
      advantageous in making up the jointing system to lubricate the rings with
      some available lubricant such as petroleum jelly, silicone or graphite
      grease, mineral oil or the like so that they can be slid readily into the
      pocket.
PAR  The split ring by reason of its character adjusts itself readily to
      whatever the dimension may be. When the seal ring is pushed into the
      pocket, the inner wall section 33 presses snugly against the outside
      surface of the drain pipe 13 and is pushed outwardly away from the pipe
      and toward the outer wall section 35, until the sections occupy
      substantially the relative position as shown in FIG. 1. This action has
      the effect of pressing the inner surface 39 of the inner wall section 36
      firmly against the most nearly adjacent portion of the bead 40, the bead
      40 therefore assisting in adding to the firmness of contact between the
      inner wall section 36 and especially its free end 41 with the drain pipe.
PAR  Following insertion of the seal ring 34 into the pocket, the
      circumferentially continuous stabilizer ring 33 is then pushed into
      position overlying the upper end of the seal ring. It is preferable to
      have the three rings stacked to a dimension such that when all three rings
      are in position in the pocket 30, the uppermost surface of the ring 33
      will lie below the top end 15 of the drain pipe 13.
PAR  This having been accomplished, the grille 16 can then be placed in the
      position shown, with pressure being applied, so that legs 42 are pushed
      down slightly on the stack of rings whereby to urge them snugly together
      in the position shown in FIG. 1. If preferred, buttons 43 may be provided
      on the legs 42 in order to make a friction fit of the grille when it is
      pushed into place so that it will remain in place until pried loose with
      some suitable conventional tool.
PAR  To dismantle the drain jointing system, no more is necessary than to remove
      the grille 16, then unscrew the seal nut 24 so that the fitting 21 can be
      pushed upwardly. By such upward pushing, the rings can be dislodged from
      the pocket 30 and the joint accordingly be unmade without mutilating any
      of the parts or without disturbing them in any fashion which might prevent
      their being reapplied to make up a dependable joint.
PAR  For those occasions where the outside diameter of the drain pipe 13 may be
      smaller than usual, an O-ring 45 may be inserted into the space between
      the outer and inner wall sections 35 and 36 as shown in FIG. 4. This has
      the effect of pushing the free end 41 of the inner wall section 36
      slightly further inwardly and also backing up the inner wall section 36
      with the mass of the O-ring so that a snug surface-to-surface seal will be
      made even though the drain pipe 13 may be of slightly smaller outside
      diameter. This is important in making it unnecessary to inventory a
      variety of different sizes of seal rings for nominally standard drain
      pipes.
PAR  The consistency of the seal ring 34 is resilient throughout both the outer
      and inner walls sections 35 and 36, the seal ring having what may be
      described as a character of firm flexibility. One or another of the
      available synthetic plastic resin materials may be employed such as, for
      example, Neoprene.
PAR  While the invention has herein been shown and described in what is
      conceived to be a practical and effective embodiment, it is recognized
      that departures may be made therefrom within the scope of the invention,
      which is not to be limited to the details disclosed herein but is to be
      accorded the full scope of the claims so as to embrace any and all
      equivalent devices.
CLMS
STM  Having described the invention, what is claimed as new in support of
      Letters Patent is:
NUM  1.
PAR  1. A sealing joint assembly for joining a drain pan with a drain pipe
      through a drain hole in said pan and comprising a fitting having an inside
      wall larger in diameter of the outside of the drain pipe whereby with the
      fitting in place forming an annular cylindrical pocket between said inside
      wall and the outside of the drain pipe and said fitting having an annular
      radially inwardly extending rim at one end of the fitting forming a bottom
      for said pocket, the improvement comprising, a first ring of synthetic
      plastic resin material at the bottom of said pocket, said first ring
      having a substantially solid cross sectional form, a seal ring of
      synthetic plastic resin material of resilient consistency in said pocket
      at a location above said first ring and a second ring of synthetic plastic
      resin material in said pocket at a location above the seal ring, said
      second ring having a substantially solid cross sectional form, said seal
      ring comprising spaced inner and outer wall sections and a bottom wall
      joining said inner and outer wall sections, said inner wall section being
      in initial position tilted diametrically inwardly away from the outer wall
      section to a position wherein the innermost portion of said inner wall
      section initially has a diameter smaller than the diameter of the outside
      of said drain pipe, and an annular bead on one of said wall sections at a
      location facing the other wall section having when assembled a relatively
      narrow annular line of engagement with said other wall section whereby to
      increase the sealing effect between said inner wall section and said drain
      pipe.
NUM  2.
PAR  2. A sealed joint as in claim 1 wherein the first ring is circumferentially
      split.
NUM  3.
PAR  3. A sealed joint as in claim 1 wherein the second ring is a
      circumferentially continuous ring.
NUM  4.
PAR  4. A sealed joint as in claim 1 wherein the annular bead is located in the
      outer wall section adjacent the free end thereof.
NUM  5.
PAR  5. A sealed joint as in claim 1 wherein the wall sections of the seal ring
      form a recess having a closed and an open end and there is a separate
      annular O-ring between the wall sections of the seal ring at a location
      between said bead and said closed end.
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PAL  A casing has a pair of shell sections which are hingedly movable relative
      to one another between an open and a closed position. A pair of elongated
      nozzles extends longitudinally of a parting line of the shell sections and
      is arranged side by side in the casing. A mounting member is provided in
      the shell sections extending normal to the elongation of the nozzles and
      connecting the latter. The shell sections are formed with recesses into
      which portions of the mounting member extend. Arcuate flanges are provided
      on the shell sections and are so configurated as to be concentric with the
      respective nozzles when the shell sections are in closed position, and to
      press a hose slipped onto such nozzle against the same. A tensioning
      arrangement is provided for drawing the shell sections together when they
      are in closed position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a coupling, and in particular to
      a hose coupling.
PAR  It is already known to provide hose couplings having a housing composed of
      two hingedly connected shell sections which, when they are in closed
      position, can be pressed together by a tensioning arrangement. The housing
      accommodates a nozzle onto which an end of a hose can be slipped, and the
      nozzle is provided with a shoulder. In the region of the shoulder, flanges
      of the shell sections press against the hose, urging the same into tight
      contact with the nozzle to prevent it from slipping off the same. The
      nozzle is mounted in the housing composed of the shell sections by a
      mounting member which has the additional purpose of maintaining a precise
      axial positioning of the nozzle relative to the flanges which are to
      engage the hose, so that the flanges will always press the hose against
      the nozzle at the most advantageous location, namely adjacent to the
      shoulder mentioned earlier.
PAR  The prior-art constructions of this type are suitable only for connecting a
      single hose which can carry a single flowable medium. However, they are
      double or twin hoses which carry two different flowable media in
      parallelism. The external appearance of these twin hoses does not
      necessarily indicate the duality of their internal construction, because
      usually the two hoses are integrated into a single element. Interiorly,
      however, they have two entirely separate passages of circular
      cross-section. This type of hose is for instance used in the welding
      applications for transporting two fluids simultaneously.
PAR  Heretofore the connection of such a twin hose to a rigid hose coupling, or
      the connection of the ends of two twin hoses with one another, was
      possible only by cutting the twin hose apart at the free end thereof, so
      that the two portions, each provided with one of the internal passages,
      could be physically moved apart to permit the connection to be
      established. In many instances this is not at all possible, and even where
      the possibility exists such a solution is, of course, most unsatisfactory.
      This is especially true because once such a cut has been made, a
      running-along of the cut, that is a separation of the two individual
      passages to an extent which is greater in axial direction of the twin hose
      than is desired, cannot be precluded.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, a general object of the present invention to overcome
      the disadvantages of the prior art.
PAR  More particularly, it is an object of the invention to provide a hose
      coupling which avoids the disadvantages mentioned above.
PAR  Still more particularly, it is an object of the invention to provide such
      an improved hose coupling which is simple and reliable in its operation,
      and relatively inexpensive to produce.
PAR  In keeping with these objects, and with others which will become apparent
      hereafter, one feature of the invention resides in a hose coupling which,
      briefly stated, comprises a casing having a pair of shell sections which
      are hingedly movable relative to one another between an open and a closed
      position. A pair of elongated nozzles is provided, extending
      longitudinally of a parting line of the shell sections and being arranged
      in side-by-side relationship. A mounting member is provided in the shell
      sections, extending normal to the elongation of the nozzles and connecting
      the latter. The shell sections are provided with recesses into which
      portions of the mounting member extend. Arcuate flanges are provided on
      the shell sections and are so configurated as to be concentric with the
      respective nozzles when the shell sections are in the closed position, and
      to press a hose slipped over such nozzle against the same. Means is
      provided for drawing the shell sections together when they are in the
      closed position, so as to press the flanges against the hose.
PAR  Constructed in accordance with the invention as outlined above, the hose
      coupling has an approximately elliptical configuration and the parting
      line constitutes the longer axis of the ellipse, whereas the portions of
      the mounting member which engage the shell sections extend in the
      direction of the shorter axis of the ellipse. The abutment faces of the
      flanges are so configurated that they are largely accommodated to the
      cross-sectional configuration of a dual or twin hose.
PAR  With this construction it is possible to connect twin hoses to the hose
      coupling without having to separate the two hoses of the unit, or without
      having to inflict any other damage on the same, as long as the transverse
      spacing between the twin hoses is the same as that between the nozzles
      which are arranged in side-by-side relationship. The transverse spacing of
      such twin hoses is standardized, so that the hose coupling can readily be
      manufactured for use with different types of twin hoses.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a cross-sectional view through an embodiment of the invention;
PAR  FIG. 2 is an end view of the embodiment in FIG. 1;
PAR  FIG. 3 is a longitudinal section through the embodiment in FIG. 1; and
PAR  FIG. 4 is a side view of the embodiment in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Discussing now the drawing in detail, which illustrates in FIGS. 1-4 a
      single exemplary embodiment of the invention, it will be seen that the
      hose coupling has a casing utlizing two shell sections 10 and 11. In the
      illustrated embodiment these shell sections are connected at their
      respective opposite ends by tension-lever arrangements. Two nozzles 12 and
      13 are connected to a mounting member 14; they are located in side-by-side
      relationship.
PAR  The shell sections 10 and 11 each have inwardly extending radial flanges
      10a and 11a whose position in axial direction of the casing is so selected
      that when the shell sections are in closed position they will press
      against the exterior of the twin hose (not shown) which has been slipped
      onto the nozzles 12 and 13, at a slight distance from the shoulders 12a
      and 13a of these nozzles. The flanges 10a and 11a are arcuately
      configurated, having portions which are approximately concentric to the
      nozzles 12 and 13 and a center portion which extends into the space
      between the nozzles 12 and 13. The configuration of these arcuate flanges
      is such that it is accommodated to the external contours of the
      conventional twin houses. Slot-shaped recesses or cutouts 15 are provided
      in the shell sections 10 and 11, and webs 14a of the mounting member 14
      extend through these cutouts 15. Arms 14b of the mounting member 14 retain
      the nozzles 12 and 13 which are embraced by them.
PAR  In that part of the flanges 10a which extends into the space between the
      nozzles 12 and 13, bores or holes 16 are provided which are in axial
      alignment with an elongated slot 17 of the member 14 and through which a
      pin (not illustrated) is extended. This assures that, although the member
      14 and the shell section 10 can be shifted radially relative to one
      another, a reliable connection between them is established and maintained
      at all times. The tension lever 18 of the one tension lever arrangement is
      pivoted to the shell section 10 by means of a pin or bolt 19. A further
      bolt 20 connects a spring 21 to the lever 18, the other end of which
      spring extends into and is retained in a recess 22 of the shell section
      11. The configuration of the end which extends into the recess 22 is so
      selected that even when the tension lever arrangement is in unstressed
      condition, the spring will not become disengaged from the recess 22. A
      cutout 23 is provided in the tension lever 18 which registers with the
      cutout 15 of the shell section 10 and through which one web 14a of the
      member 14 also extends. The same is true of the opposite tension lever
      arrangement which engages the opposite ends of the shell sections 10 and
      11 and whose components are identified with the same reference numerals as
      above.
PAR  FIG. 2 shows that the flange 10a of the shell section 10 is provided at the
      right-hand end of the latter with an inner extension 24 provided with an
      abutment surface which, seen in radially outward direction, extends behind
      a portion 25 formed on the flange 11a or on the shell section 11 and
      engages an associated abutment surface thereof. At the left side of FIG. 2
      the arrangement is the same, so that a similar extension 24 is provided,
      however here on the shell section 11, which engages behind a portion 25 on
      the shell section 10 or the flange 10a thereof. This arrangement assures
      that the shell section 10 cannot shift relative to the shell section 11 in
      the direction of the arrow 26 when the shell sections are in closed
      position. This is important because such a shifting might otherwise be
      caused by the forces exerted by the tension lever arrangements. The
      extensions 24 are located in the same plane as their respectively
      associated flanges 10a or 11a, so that the manufacture is simplified.
PAR  When a twin hose is to be coupled with the novel coupling, both of the
      tension lever arrangements are released and the shell sections 10 and 11
      move apart approximately uniformly in the directions of the webs 14a, but
      keep being connected at both ends by the springs 21. After the free end of
      the twin hose has been pushed onto the two nozzles, the tension lever
      arrangements are operated and the casing is closed again.
PAR  It is of course also possible to use, instead of nozzles 12 and 13 which
      each extend beyond the opposite sides of the member 14, nozzles which
      extend only from one end of the casing to the member 14. At the other side
      of the member 14 there may then be provided a cylindrical tubular portion
      communicating with the respective nozzle and onto which a rigid tube can
      be pushed which is provided with an annular flange that can be engaged by
      the flanges of the shell sections when the casing is closed, to prevent
      undesired pulling-off of the tube from the respective tubular connector.
PAR  It will be clear that in the arrangement according to the present invention
      the flanges 10a, 11a will always press against the twin hose in the region
      adjacent the respective shoulder 12a, 13a, because relative axial
      displacement of the nozzles and the shell sections is impossible. This is,
      of course, the most advantageous region for such engagement where the
      maximum pressure can be exerted upon the twin hose. On the other hand, a
      transverse adjustment is possible due to the fact that the member 14 is
      shiftable transversely relative to the shell section 10.
PAR  The webs 14a are advantageously so long that the guidance which is afforded
      to the member 14 by the shell sections when they are in closed position,
      will also remain effective when the shell sections are in open position.
      Of course, the configuration of the webs 14a could be different from what
      has been illustrated, and so could be the configuration of the recesses or
      cutouts into which they extend. The illustrated possibility has the
      advantage that a tilting and binding of the member 14 with the nozzles
      relative to the shell sections can be avoided, at least to a significant
      extent.
PAR  The webs 14a could be made shorter than illustrated, and the cutout in the
      tension lever 18 could be omitted. On the other hand, the pin could also
      be omitted if the webs are present as has been illustrated. The provision
      of the pin of course assures that a certain radial adjustment of the
      member 14 relative to the shell sections is possible, but an undesired
      complete separation from them is impossible.
PAR  If desired, only a single tension lever arrangement could be provided at
      one end of the casing. In that case, a pivot pin could be provided at the
      other end of the casing, extending in known manner through both of the
      shell sections to hingedly connect them together. The angle, through which
      the shell sections must be able to move in order to open sufficiently for
      admission of the free end of the twin hose, will of course depend upon the
      exterior diameter of the respective twin hose. Also, an excessive angle
      must be avoided because this makes the operation of the device more
      difficult and brings with it other disadvantages.
PAR  It is also possible to connect the shell sections at one end by providing a
      pivot bolt or pin on one of the shell sections, and providing the other
      shell section with a cooperating member extending through an opening and
      having at the inner side of the shell section an aperture through which
      the pin extends, and at the outer side a threaded portion onto which a nut
      is threaded. The member can of course also be retained in the hole in
      other ways rather than by being threaded and utilizing a nut. If a nut is
      used, however, this is advantageous because the position of the shell
      sections relative to one another, especially in the region of the other
      end where the tension lever arrangement is provided, can be adjusted by
      requisite turning of the nut. This also permits a desired opening angle to
      be set, and assures other advantages, for instance if for release or final
      connection (before the tension lever is opened or after it is moved to
      tensioning position) the nut is to be turned to facilitate such
      operations.
PAR  If two tension lever arrangements are used, as in the illustrated
      embodiment, this has the advantage, inter alia, that the configuration of
      the two shell sections can be identical. Moreover, the elimination of
      separate hinge means of course permits a less expensive construction.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      hose coupling, it is not intended to be limited to the details shown,
      since various modifications and structural changes may be made without
      departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      accordingly, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended
NUM  1.
PAR  1. A twin hose coupling, comprising a pair of elongated nozzles arranged
      side-by-side and having substantially parallel longitudinal axes; a casing
      including a pair of shell sections hingedly movable relative to one
      another between an open position and a closed position in which said
      nozzles are substantially coaxially accommodated in said casing, and each
      provided with a substantially centrally located recess; a mounting member
      in said casing extending normal to said axes and into said recesses and
      connecting said nozzles to one another; arcuate flanges provided on said
      shell sections and being coaxial with the respective nozzles when said
      shell sections are in said closed position, and to press a twin hose
      slipped over said nozzles against the same; and tension lever latch means
      provided at one circumferential end of said casing and having a tension
      lever which abuts one of said shell sections; and further comprising an
      additional tension lever latch provided at the opposite circumferential
      end of said casing and having an additional tension lever which abuts the
      other of said shell sections 9, means for drawing said shell sections
      together in said closed position so as to clamp the twin hose between said
      flanges and said nozzles.
NUM  2.
PAR  2. A coupling as defined in claim 1, wherein said mounting member is
      supported in said recesses for displacement substantially perpendicularly
      to said axes and radially of said casing.
NUM  3.
PAR  3. A coupling as defined in claim 2, said mounting member having web-shaped
      portions extending into said recesses and being received therein even when
      said shell sections are in said open position.
NUM  4.
PAR  4. A coupling as defined in claim 1, wherein said mounting member is
      provided with an elongated slot-shaped hole the elongation of which
      extends substantially normal to said axes; wherein said casing is provided
      with a pair of openings axially aligned with one another and with said
      hole; and further comprising a retaining pin extending through said
      openings and said hole for limiting the extent of movement of said
      mounting member with respect to said shell sections.
NUM  5.
PAR  5. A coupling as defined in claim 1, wherein both of said shell sections
      are of identical shape.
NUM  6.
PAR  6. A coupling as defined in claim 1, wherein said flanges of the respective
      shell sections have abutment surfaces which engage one another when said
      shell sections are in said closed position.
NUM  7.
PAR  7. A coupling as defined in claim 6, wherein the flanges of each shell
      section are provided at one circumferential end of said casing with an
      inner circumferentially elongated extension, and the respective other
      shell section is provided with an abutment which engages said extension
      from the exterior of said casing.
NUM  8.
PAR  8. A hose coupling, comprising a casing including a pair of shell sections
      which are hingedly movable relative to one another between an open and a
      closed position; a pair of elongated nozzles extending longitudinally of a
      parting line of said shell sections and arranged side-by-side; a mounting
      member in said shell sections, extending normal to the elongation of said
      nozzles and connecting the latter; a pair of recesses in said shell
      sections in which said mounting member is supported for displacement
      radially of said casing; arcuate flanges provided on said shell sections
      and being configurated so as to be concentric with the respective nozzles
      when said shell sections are in said closed position, and to press a hose
      slipped over such nozzles against the same; and means for drawing said
      shell sections together so as to press said flanges against said hose, and
      including a tensioning lever provided with a cutout and abutting one of
      said shell sections when the latter are in said closed position thereof,
      said mounting member partially extending into said cutout.
NUM  9.
PAR  9. A coupling as defined in claim 8, said casing comprising a pivot pin
      pivotally connecting said shell sections for said hinged movement thereof.
NUM  10.
PAR  10. A coupling as defined in claim 8, said casing comprising a pivot pin
      connected with one of said shell sections, and a cooperating member
      anchored in a hole of the other shell section and having an aperture
      through which said pivot pin extends.
NUM  11.
PAR  11. A coupling as defined in claim 10, wherein said cooperating member has
      one portion located outside said other shell section and provided with
      said aperture, and another threaded portion located inside said other
      shell section; and further comprising a nut threaded onto said other
      portion.
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ABST
PAL  A fluid receiving body and bracket assembly in which fluid pressure loads
      and external loads on the assembly are sustained by a bracket member
      embracing the body whereby shear forces on the body port areas are
      eliminated to thereby permit the body to be formed of a nonmetallic
      material having limited elongation and shear strength properties. A second
      bracket member telescopes over the first bracket member to lock the body
      therebetween in an assembled condition while the first bracket member
      includes means for fastening the assembly to a supporting object.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to valve bodies and the like and, more specifically,
      to an assembly for coupling a fluid line to a nonmetallic body.
PAC  PRIOR ART
PAR  Fluid receiving bodies for valves, manifolds, pressure responsive devices,
      and other like apparatus to which fluid lines are coupled are normally
      formed of metal to provide adequate mechanical strength. The particular
      metal or alloy chosen for a given application generally depends on service
      pressure, chemical properties of the fluid being handled, service
      environment, material cost, machineability or formability. Nonmetallic
      materials, and particularly rigid plastics, while generally providing
      corrosion resistance, formability, and low fabrication cost, have
      ordinarily not been used in the manufacture of housings or bodies because
      of their characteristic low shear strength. Relatively high shear stress
      often occurs at threaded ports or coupling points as a result of high
      pressures, external axial loading on a coupled line, or excessive torque
      applied to a threaded fitting. It has been attempted to avoid the problem
      of low mechanical strength of various plastics by providing metallic
      inserts in relevant areas of plastic bodies. While such composite
      structures may more readily withstand high shear forces at a coupling
      point, this approach is relatively expensive.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a bracket and fluid receiving body assembly in
      which bracket means in engagement with the body sustains the fluid
      pressure coupling load and normally expected externally applied loads.
      With the coupling and external loads transferred by the bracket means from
      critical coupling areas of the body, the required shear strength of the
      body material is advantageously reduced, thereby making possible the
      selection of nonmetallic materials for use in fabricating bodies. The
      bracket means, ideally, is arranged to embrace the body in a manner in
      which the body may be conveniently mounted to a supporting object through
      the bracket means without separate fastening provisions on the body.
PAR  In the preferred embodiment, the bracket means includes a pair of
      cooperating U-shaped members having their leg portions proportioned to
      telescope over one another, with the members facing each other. The inside
      dimensions of a first one of the bracket members generally correspond to
      those of a rectangular body, thereby permitting the body to be nested in
      the first member. The second bracket member is arranged to close off the
      open face area formed between the legs of the first member and thus
      capture the body between the members. Ideally, the first bracket member is
      relatively rigid and includes on at least one of its legs an open-ended
      slot for receiving a fluid conducting line extending from a port on an
      adjacent face of the body. The slot is arranged to engage a shoulder on
      the fluid line so that the line is maintained in sealing relation with the
      port. The legs of the other bracket member preferably are somewhat
      flexible to permit temporary expansion over the legs of the first member
      during initial assembly movement and clasping over the first member at the
      completion of the assembly. As disclosed, each body port is arranged to
      accomodate an O-ring seal on an end portion of a coupled line, thereby
      avoiding the introduction of shear forces to the port area.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of a bracket and fluid receiving body assembly
      embodying the principles of the invention.
PAR  FIG. 2 is an elevational view of the assembly of FIG. 1, partially in
      section, illustrating the parts of the assembly in a mated relationship.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An assembly 10 embodying the invention comprises a fluid receiving body 11
      and a pair of mating bracket members 12 and 13. The body or housing 11
      representing a valve body, manifold block, pressure transducer, or other
      like device, in which fluid is controlled, distributed, sensed, or
      otherwise employed, is a generally rectangular parallelepiped or block.
      The body 11 is made of nonmetallic material of limited mechanical strength
      in comparison to material commonly used for like bodies, such as cast
      iron, steel, aluminum, or brass. Suitable materials for forming the body
      11 include thermoplastic and thermosetting plastics, e.g., nylon, Teflon,
      polyethylene, polyvinyl chloride, poly(amide-imide)s such as that marketed
      under the trademark "Torlon" by Amoco Chemicals Corporation, acrylic
      epoxy, polyester, glass or similar crystalline substance, and particle
      filled and/or filament reinforced plastics.
PAR  The body 11 is provided with at least one port 16 for coupling a fluid
      conducting line 17 to the interior of the body. The port 16 is centrally
      located in a planar end face 18 of the body 11 and includes a cylindrical
      counterbore 19 terminating within the body at a radial shoulder or surface
      20 and an inner cylindrical bore 21. The inner bore or passage 21
      communicates with the interior of the body.
PAR  The illustrated fluid conducting line 17 is a cylindrical metallic tube
      which has been bumped or upset to form a radially extending peripheral
      flange 23. The radial flange 23 is spaced from an end 24 of the line 17 to
      provide a short cylindrical length 26 on which an elastomeric O-ring 27 is
      externally positioned. As illustrated, the flange 23 is dimensioned to
      freely pass into the bore 19, while the O-ring 27 is slightly compressed
      between the bore 19 and end portion 26 of the tube to provide a fluidtight
      seal between the bore and tube surfaces. The tube end portion 26 and the
      flange 23 are dimensioned such that the rear or outward face of the flange
      is coplanar with the body end face 18 when the end portion is in abutting
      contact with the radial shoulder 20 at the inner end of the bore 19.
PAR  A second port 25 is provided on an end face 28 opposite the first port 16.
      The port 25 includes a cylindrical counterbore 29, an inner radial face
      30, and an inner bore or passage 34. An associated fluid conducting line
      or tube 40 is shown, for the purposes of illustrating one variation of
      tube coupling from that shown at the port 16, with an end structure which
      provides a face seal against the inner radial port face 30. A radial
      flange 52 is welded or otherwise formed on the coupled end of the line 40.
      An annular concentric groove in the forward face of the flange 52 carries
      an elastomeric O-ring seal 53 in engagement with the inner radial face 30.
      The lines 17 and 40 are used to conduct fluid, either liquid or gas, to
      the interior of the body 11, where the fluid is sensed, controlled, or
      distributed by conventional means (not shown) forming no part of the
      present invention.
PAR  The bracket members 12 and 13 serve to mount the body 11 and maintain the
      lines 17 and 40 in coupled relationship with the body. The lower bracket,
      as viewed in the Figures, has a rectangular U-shaped configuration. A
      midportion or web 31 of the bracket has integral, upstanding legs 32 at
      opposite ends extending at right angles to the plane of the midportion.
      The bracket 12 is conveniently formed as a stamping of steel or other
      rigid metal sheet stock of a material gauge and strength adequate to be
      relatively inflexible under forces normally expected during joining of the
      members and during service. Each of the legs 32 has a pair of outwardly
      turned flanges 33 which serve to stiffen the legs and interlock with the
      upper bracket 13.
PAR  A fastener 35, in the form of a threaded bolt, projects through a hole in
      the bracket midportion 31 to provide means for securing the bracket 12 to
      an object on which the body 11 is to be mounted. A recess 36 is formed in
      a lower face 37 of the body 11 for reception of a head 38 of the fastener
      35. Alternatively, the fastener 35 may be projection welded on the outer
      surface of bracket 12 and may be unthreaded for reception of a holding
      clip.
PAR  An open-ended slot 39 is formed in the free end of the leg 32 associated
      with the body port 16. The width of the slot 39 is slightly larger than
      the outside diameter of the line 17 and somewhat less than the bore 19 and
      tube flange 23. Similarly, an open-ended slot 54 allows the opposite
      bracket leg 32 to straddle the line 40. The tube flange 52 is retained in
      the bore 29 by surface portions of the associated bracket leg 32
      surrounding the slot 54. The axial distance between a rearward surface 55
      of the flange 52 from the leading or inner surface of the O-ring 53 in an
      unconfined state is such that a predetermined axial compression of the
      O-ring against the radial surface 30 is developed as this rearward flange
      surface is engaged by the leg 32.
PAR  The upper bracket 13 has a rectangular U-shaped configuration, like that of
      the lower member 12, again with leg portions 41 integral with and
      extending perpendicularly to a midportion 42 of the bracket. The legs 41
      are spaced apart to telescope over the legs 32 of the lower bracket member
      12, and are dimensioned to slide between the leg flanges 33. Open-ended
      slots 43 and 44, corresponding to the lower slots 39 and 54, are provided
      at the body ports 16 and 25, each having a width sufficient to clear their
      respective lines 17 and 40. The free edges, designated 46, of the legs 41
      are turned inwardly to provide clasping surfaces 47 to engage the lower
      surface of the web 31. The edges 46 include beveled or camming surfaces 48
      adapted to spread their associated legs 41 over the opposite legs 32 of
      the body 12 during assembly. The upper bracket member 13 is ideally
      stamped of steel or other structural metal of a relatively light gauge to
      provide adequate flexibility for spreading of the legs 41 over the body 12
      during assembly of the members.
PAR  In coupling the lines 17 and 40, the line end portions, carrying the
      O-rings 27 and 53, are fully inserted in the body bores 19 and 29. The
      body 11 and tubes 17 and 40 are then positioned in the lower bracket 12,
      with the tubes extending through the slots 39 and 54. The upper bracket 13
      is then pushed over the lower bracket 12 and body 11 with the cam surfaces
      48 spreading the legs 41 until the inturned clasping surfaces 47 snap into
      engagement with the lower surface of the web 31. Engagement between the
      body recess 36 and fastener head 38 limits movement of the body 11 in a
      plane parallel to the planes of the bracket webs 31 and 42, as does
      engagement between the tube and bracket slots.
PAR  The axial fluid pressure loads on the lines 17 and 40, tending to separate
      the lines from the body 11, as well as any normal externally applied
      tensile loads on the lines, is sustained by interengagement between the
      associated bracket legs 32 and tube flanges 23 and 52.
PAR  Where a different number of ports than that illustrated is required, the
      body 11 may be so provided on either or both end faces 18 and 51, and the
      bracket members 12 and 13 may be provided with slots of suitable
      configuration. Of course, unlike the illustrated body 11, each port may be
      provided with a common type of coupling seal structure, e.g., all of the
      seal type illustrated at the port 16. From the foregoing, it may be
      understood that, in accordance with the invention, the body 11 is isolated
      from shear loading at its port areas by the bracket members 12 and 13.
      Hence, a suitable nonmetallic material of limited mechanical strength may
      be selected for fabrication of the body. The increased range of practical
      materials permits selection of a particular material which may be readily
      fabricated as by molding or die casting to finished form at great economy.
PAR  While I have described my invention in connection with specific embodiments
      thereof, it is to be clearly understood that this is done only by way of
      example, and not as a limitation to the scope of my invention as set forth
      in the objects thereof and in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly for coupling a fluid line, comprising a nonmetallic body,
      said body having means for receiving and sealing the end of a fluid line,
      and bracket means in engagement with said body, said bracket means
      including means for resisting forces tending to separate the line from the
      body, said bracket means including means integral with said force
      resisting means for mounting said body to said bracket means, said bracket
      means including snap connecting means for releasably securing said body to
      said bracket means, said bracket means comprising a pair of interengaged
      bracket members, said interengaging bracket members having complementary
      U-shapes, the legs of one of said members being arranged to telescope over
      the legs of the other.
NUM  2.
PAR  2. An assembly as set forth in claim 1, wherein one leg of a first of said
      members is adapted to engage a portion of the tube end to retain it in
      said body.
NUM  3.
PAR  3. An assembly as set forth in claim 2, wherein said one leg is slotted to
      receive said line.
NUM  4.
PAR  4. An assembly as set forth in claim 3, wherein the legs of one of said
      bracket members includes locking edges engageable with a web portion
      between the legs of the other bracket member.
NUM  5.
PAR  5. An assembly comprising a body for a valve or the like, said body having
      a configuration of a substantially rectangular parallelepiped, a port on a
      first face of the body including a tube end receiving bore, a second face
      on said body opposite said first face, a first rectangular U-shaped
      bracket in engagement with said body, said first bracket having a web
      portion and a pair of integral leg portions extending at opposite ends of
      the web portion perpendicularly to the plane of the web portion, said
      first bracket being dimensioned to embrace said body with said faces
      aligned with said legs, an open-ended slot in one of said first bracket
      legs adapted to straddle a tube extending outwardly from said body port,
      said first bracket being sufficiently rigid to permit the leg associated
      with said slot to retain a tube in coupled relation with said port by
      engagement of a radial shoulder on the tube, a second rectangular U-shaped
      bracket in engagement with said first bracket and said body, said second
      bracket having integral web and leg portions dimensioned to telescope over
      the first bracket with the body received between the first and second
      brackets, said second bracket having an open-ended slot in one leg
      corresponding to the slot of the first bracket whereby the second bracket
      is positionable over the body and the first bracket while a tube extends
      from said port through the first bracket slot, the free ends of the second
      bracket legs including inturned clasping surfaces adapted to lockingly
      engage the web of the first bracket when the second bracket is fully
      assembled on the first bracket.
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ABST
PAL  An annular member to be fitted around a small-diameter pipe has drawing
      means and pressing members. The drawing means connect the annular member
      to a large-diameter pipe, and the pressing members to the small-diameter
      pipe to thereby connect the small-diameter pipe and the large-diameter
      pipe together.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for fixedly interconnecting a
      large-diameter pipe and a small-diameter pipe communicating with each
      other with one end of the small-diameter pipe inserted in one end of the
      large-diameter pipe.
PAR  Various pipe connecting devices of this type have heretofore been known, of
      which those most widely used are so designed that an annular member fitted
      around a small-diameter pipe is fixedly connected to a large-diameter pipe
      by a plurality of bolts and nuts disposed in the axial direction of the
      pipes to be connected together, and a plurality of bolts positioned at
      right angles to the axial direction and screwed in the annular member are
      pressed against the outer peripheral surface of the small-diameter pipe
      from outside radially thereof to fixedly connect the annular member to the
      small-diameter pipe.
PAR  With such conventional construction, however, the annular member is
      connected and fixed to the small-diameter pipe merely by a plurality of
      bolts which are disposed around the small-diameter pipe in pressing
      contact with its outer peripheral surface. Thus the connection between the
      annular member and small-diameter pipe is low in strength, entailing the
      drawback that the two pipes are easily removable from each other when
      subjected to a relatively small force acting thereon to separate one from
      the other. Especially when a bend is positioned near the connection
      between two pipes, the fluid pressure within the pipe exerts on the
      connection a fairly great force which acts to separate one pipe from the
      other, so that the device of the conventional construction described is
      not reliable to use at such portion.
PAR  Further when two pipes are connected together or separated from each other,
      the annular member and large-diameter pipe must of course be connected
      together or separated from each other using bolts and nuts and, moreover,
      the annular member and small-diameter pipe must be connected together or
      separated from each other using additional bolts. The conventional device
      therefore has the drawback of necessitating a very troublesome procedure
      in connecting and disconnecting two pipes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention intendes to overcome the conventional drawbacks
      described above and to provide a pipe connecting device which is capable
      of connecting large and small pipes together effectively and reliably and
      by which the pipes can be connected and disconnected readily and easily.
PAR  The pipe connecting device according to this invention comprises a
      plurality of drawing means each having an engaging portion engageable with
      an outer peripheral projection on the large-diameter pipe, an annular
      member holding the drawing means and fittable around the small-diameter
      pipe, a plurality of pressing members interposed between the inner surface
      of the annular member and the outer surface of the small-diameter pipe and
      each having a wedge projection, and a retaining member for preventing
      removal of the pressing members from the annular member when the device is
      not in use, at least one of the inner peripheral surfaces of the annular
      member and the outer peripheral surface of each of the pressing members
      being in the form of a slanting surface for causing the pressing member to
      move toward the outer peripheral surface of the small-diameter pipe and to
      thereby force the wedge projection against the outer peripheral surface of
      the small-diameter pipe by the movement of the annular member toward the
      large-diameter pipe when the annular member is drawn toward the
      large-diameter pipe by the drawing means, the retaining member permitting
      relative movement between the annular member and the pressing members when
      the annular member is drawn toward the large-diameter pipe when the device
      is put to use.
PAR  When the drawing means are tightened up to draw the annular member toward
      the large-diameter pipe to thereby fixedly connect them together, the
      slanting surface causes the pressing members to move toward the outer
      peripheral surface of the small-diameter pipe, forcing the wedge
      projections of the pressing members into the outer surface of the
      small-diameter pipe, whereby the annular member and the small-diameter
      pipe are firmly fixed together. Thus the large and small pipes can be
      fixedly connected together simply by tightening up the drawing means,
      whereas the pipes can be separated from each other by loosening the
      drawing means. In this way, the pipes can be easily connected and
      disconnected with very slight effort.
PAR  Furthermore, even if the connection between the two pipes which are fixed
      togther should be subjected to a force acting to separate them from each
      other, the pressing members wedged into the small-diameter pipe tend to
      move with the small-diameter pipe, with the result that the slanting
      surface forces the pressing members progressively into the small-diameter
      pipe. Thus the force acting to disconnect the pipes is reversely utilized
      to assure the connection between the small-diameter pipe and annular
      member, so that the higher the force to separate the pipes, the higher the
      strength of the connection between the small-diameter pipe and the annular
      member. It is therefore possible to fixedly connect the large and small
      pipes firmly and reliably.
PAR  Although the two pipes can be connected together firmly by providing a
      plurality of pressing members to cause their wedge projections to be
      forced into the peripheral surface of the small-diameter pipe, the
      pressing members might possibly be removed from the annular member and
      lost when the device is not in use or the device itself may become more
      troublesome to handle, but such objections are ingeniously obviated by the
      present invention with the use of the retaining member which prevents
      removal of the pressing members from the annular member when the device is
      not in use. When the device is put to use, the retaining member permits
      relative movement between the annular member and the pressing members,
      allowing the pressing members to be wedged into the inner surface of the
      small-diameter pipe as desired when the annular member is drawn toward the
      large-diameter pipe. Thus the provision of the retaining member in no way
      adversely affects the connection between the two pipes.
PAR  An object of this invention is to provide a device which is capable of
      connecting large and small pipes together firmly and which is easy to
      handle in connecting and disconnecting the pipes.
PAR  Another object of this invention is to provide a device which is capable of
      connecting large and small pipes effectively although it is simple in
      construction.
PAR  Still another object of this invention is to provide a device which is
      simple and easy to manufacture.
PAR  Other objects and advantages of this invention will become apparent from
      the following description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a pipe connecting device according to this
      invention;
PAR  FIG. 2 is a view in section taken along the line II--II in FIG. 1;
PAR  FIG. 3 is a view in section taken along the line III--III in FIG. 1;
PAR  FIG. 4 is a front view showing a retaining member of the device; and
PAR  FIG. 5 is a view in section showing a modified example of the pipe to be
      connected.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to the preferred embodiments, the mode of practicing this
      invention will be described below. FIGS. 1 and 2 show a large-diameter
      pipe 1 for transporting various liquids and gases and a small-diameter
      pipe 2 inserted in and connected to one end of the large-diameter pipe 1.
      An annular sealing member 3 is interposed between the large and small
      pipes 1 and 2. The large-diameter pipe 1 has an enlarged diameter only at
      its one end for receiving the small-diameter pipe 2 as seen in FIG. 2, or
      may have a large diameter over the entire length thereof.
PAR  An annular member 4 made of cast iron has along its periphery four portions
      formed with holding bores 5 by which drawing means comprising bolts 6 and
      nuts 7 are supported on the annular member 4. Each of the bolts 6 is
      integrally formed at one end with an engaging portion 9 engageable with a
      projection 8 on the outer periphery of the large-diameter pipe 1, and has
      a slanting side surface 10, while the outer surface defining the holding
      bore 5 is in the form of a slanting surface 11 which is inclined in the
      same direction as the slanting surface 10 of the bolt 6, the slanting
      surfaces 10 and 11 being slidable relative to each other. Accordingly,
      when the nut 7 is tightened up to draw the annular member 4 toward the
      large-diameter pipe 1, the engaging portion 9 at the end of the bolt 6
      engages with and is forced onto the outer peripheral projection 8 on the
      large-diameter pipe 1.
PAR  Formed at four portions in the inner peripheral surface of the annular
      member 4 are recesses 12 in each of which a pressing member 13 is
      inserted. The pressing member 13 is made of cast iron and is integrally
      formed, on its inner side surface, with a wedge projection 14. The tip of
      the wedge projection 14 is treated by high-frequency quenching and
      therefore has higher hardness than the small-diameter pipe 2. Slanting
      surfaces 15 and 16 inclined in the same direction are provided as the
      inner peripheral surface of the recess 12 of the annular member 4 and as
      the outer surface of the pressing member 13 respectively, the construction
      being such that when the nut 7 is tightened up to draw the annular member
      4 toward the large-diameter pipe 1, the slanting surfaces 15 and 16 cause
      the pressing member 13 to move toward the outer peripheral surface of the
      small-diameter pipe 2, whereupon the wedge projection 14 is caused to be
      wedged into the outer peripheral surface of the small-diameter pipe 2.
PAR  A retaining member 17 serves to prevent the removal of the pressing members
      13 from the annular member 4 when the device is not in use. As seen in
      FIG. 4, the retaining member 17 is made of a wire bent to a circular shape
      and has opposite ends welded together. The annular retaining member 17 is
      arranged to be held in the wide grooves 18 formed in the inner surfaces of
      the pressing members 13 and narrow grooves 19 formed in the inner surface
      of the annular member 4.
PAR  To describe in greater detail, each of the grooves 19 in the annular member
      4 is defined by projections 20 provided on the opposite sides of the
      position where the retaining member 17 is to be inserted as seen in FIGS.
      1 and 3. The projections 20 are also formed integrally with the annular
      member 4 by casting. The groove 18 in each pressing member 13 has a
      suitable width in the axial direction of the large and small pipes 1 and 2
      to be connected together. The wire serving as the retaining member 17 is
      first inserted into the grooves 18 and 19, and the opposite ends of the
      wire are then welded together, whereby the retaining member 17 made of the
      wire is fitted and held in the wide and narrow grooves 18 and 19. The wide
      grooves 18 in the pressing members 13 permit relative movement between the
      annular member 4 and pressing members 13 as the annular member 4 is drawn
      toward the large-diameter pipe 1 when the device is put to use.
PAR  The operation of present device will now be described. When the
      small-diameter pipe 2 is to be connected to the large-diameter pipe 1, the
      annular member 4 is first fitted around the small-diameter pipe 2. Since
      the pressing members 13 are held to the annular member 4 by the retaining
      member 17, the annular member 4 can be mounted in place with ease. Thus
      there is no need to manually insert the pressing members 13 into the
      recessess 12 in the annular member 4 and to manually hold the members 13
      in this position state when mounting the annular member 4 on the
      small-diameter pipe 2. The mounting procedure can be followed easily,
      therefore. Furthermore when the device itself is transported, inadvertent
      removal of the pressing members 13 from the annular member 4 can be
      avoided, thus assuring easy handling.
PAR  The small-diameter pipe 2 with the annular member 4 thus fitted therearound
      is then inserted into the large-diameter pipe by suitable means. The
      engaging portions 9 at the ends of the bolts 6 are thereafter engaged with
      the outer peripheral projection 8 on the large-diameter pipe 1, and the
      nuts 7 are tightened up, causing the annular member 4 to be drawn toward
      the large-diameter pipe 1. At first during this process, the pressing
      members 13 are drawn together with the annular member 4. However, when the
      pressing members 13 are on longer capable of being drawn due to the
      contact of one end of each pressing member 13 with the end of the
      large-diameter pipe 1, the annular member 4 alone is thereafter advanced
      toward the large-diameter pipe 1. This movement causes the complementally
      contoured surfaces 15 and 16 to force the pressing members 13 to move
      toward the outer peripheral surface of the small-diameter pipe 2.
      Consequently, the wedge projections 14 on the pressing members 13 are
      forced into the outer surface of the small-diameter pipe 2, while the
      complementally formed surfaces 10 and 11 of the holding bores 5 and of the
      bolts 6 force the engaging portions 9 of the bolts 6 onto the outer
      peripheral projection 8 on the large-diameter pipe 2.
PAR  In this way, the annular member 4 is firmly connected to the small-diameter
      pipe 2 as well as to the large-diameter pipe 1. Even if the connection
      between the two pipes 1 and 2 thus connected is subjected to a force which
      acts to separate the pipes from each other, the pressing members 13 firmly
      wedge into the small-diameter pipe 2 and tend to move with the
      small-diameter pipe 2, with the result that the contacting surfaces 15 and
      16 force the pressing members 13 further into the small-diameter pipe 2,
      thereby strengthening the connection between the pipes 1 and 2. The small
      pipe 2 can be readily separated from the large pipe 1 simply by loosening
      the nuts 7.
PAR  Although the illustrated embodiment has the complemental surfaces 15 and 16
      formed respectively on the inner peripheral side of the annular member 4
      and on the outer peripheral side of each pressing member 13 to force the
      wedge projection 14 into the outer surface of the small pipe effectively
      when the annular member 4 is drawn, the present invention can be practiced
      by providing the slanting surface only on one of the members. The annular
      member 4 and pressing members 13 need not necessarily be made of cast
      iron, but if the annular member is made of cast iron with a number of
      projections 20 defining the grooves 19 in the annular member 4 as in the
      foregoing embodiment, the member can be made by casting with a reduced
      number of crosses or the subsequent step of forming the grooves 19 by
      cutting can be eliminated. The device therefore has the advantage of being
      easy to manufacture.
PAR  It is further possible to position the pressing members 13 simply on the
      inner side of the annular member 4 instead of forming the recesses 12 in
      the inner surface of the annular member 4 for receiving the pressing
      members 13. However, if the pressing members 13 are inserted in the
      recesses 12 in the inner surface of the annular member 4 as in the
      embodiment described, the substantially circular retaining member 17 is
      employable which is easy to make. The retaining member 17 need not
      necessarily be in the form of an endless ring but may alternatively be in
      the form of a split ring. A shear pin is also usable. Most preferably, the
      pipes 1 and 2 to be connected together are made of cast iron, but the
      present device is also applicable to pipes made of any other material.
PAR  FIG. 5 shows a modified example of the large-diameter pipe 1 to be
      connected which does not have the outer peripheral projection 8 formed
      integrally therewith. When the present device is used for such
      large-diameter pipe 1, a separate annular projection 8' corresponding to
      the foregoing outer peripheral projection 8 may be fitted around or
      secured to the large-diameter pipe 1. Thus according to this invention the
      outer peripheral projection 8 need not necessarily be formed integrally
      with the large-diameter pipe 1.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for interconnecting a large-diameter pipe and a small-diameter
      pipe inserted in one end thereof comprising a plurality of drawing means
      each having an engaging portion engageable with an outer peripheral
      projection on the large-diameter pipe, an annular member holding the
      drawing means and fittable around the small-diameter pipe, a plurality of
      pressing members interposed between the inner surface of the annular
      member and the outer surface of the small-diameter pipe and each having a
      wedge projection, said pressing members being inserted in recesses formed
      in the inner surface of said annular member, and a substantially circular
      ring-like retaining member for preventing removal of the pressing members
      from the annular member when the device is not in use, said circular ring
      being fitted in grooves formed in the inner surface of the pressing
      members and in grooves formed in the inner surface of the circular member,
      at least one of the inner peripheral surfaces of the annular member and
      the outer peripheral surface of each of the pressing members being in the
      form of a slanting surface for causing the pressing member to move toward
      the outer peripheral surface of the small-diameter pipe and to thereby
      force the wedge projection against the outer peripheral surface of the
      small-diameter pipe by the movement of the annular member toward the
      large-diameter pipe when the annular member is drawn toward the
      large-diameter pipe by the drawing means, said grooves and the retaining
      member being dimensioned to permit relative movement between the annular
      member and the pressing members when the annular member is drawn toward
      the large-diameter pipe when the device is put to use.
NUM  2.
PAR  2. The device as set forth in claim 1 wherein the pressing members and the
      annular member are made of cast iron, the tip of the pressing member being
      harder than the rest of said member and the groove in the annular member
      for receiving the ring is defined by a plurality of projections provided
      on the opposite sides of the position where the ring is inserted.
NUM  3.
PAR  3. The device as set forth in claim 2 wherein both the inner peripheral
      surface of the annular member and the outer peripheral surface of each of
      the pressing members are in the form of the slanting surface, both the
      slanting surfaces being inclined in the same direction, each of the
      drawing means comprises a bolt and a nut, and the engaging portion is
      formed at the end of the bolt, the bolt being inserted in a holding bore
      formed in the annular member, the holding bore thus retaining the drawing
      means on the annular member, the outer surface defining the holding bore
      and the side surface of the bolt being inclined in the same direction to
      provide slanting surfaces which are slidable relative to each other so
      that the engaging portion at the end of the bolt is engageable with the
      outer peripheral projection on the large-diameter pipe when the annular
      member is drawn toward the large-diameter pipe by the drawing means.
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ABST
PAL  A pipe coupling for coupling two pipe ends with annular flanges spaced from
      the end faces of the pipe ends comprises a plurality of part shells the
      adjacent ends of two of which are connected by a clamping lever lock and
      the remaining adjacent ends of which are flexibly connected together,
      means in the part shells for engaging behind the annular flanges on the
      pipe ends and a coupling sleeve slidable in the pipe ends between the
      flanges and having annular seals, sealing the pipe ends to the coupling
      sleeve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a pipe coupling for two pipe ends, which have an
      annular flange situated on each pipe end. Such a device may consist of at
      least two part shells flexibly interconnected, for example, by means of a
      connecting bolt and of a clamping lever lock, with engagement means, such
      as flanges, situated on the part shells and extending inwards radially,
      which engage behind the annular flanges when the device is closed, and
      with an intermediate member connecting the pipe end, which is sealed off
      with respect to each pipe end by means of an annular seal.
PAR  In a pipe coupling of this kind, the two pipe ends which are to be coupled
      are of identical structural form, which is advantageous as compared to
      other types of pipe couplings wherein one pipe end is constructed as a
      plug-in part and one pipe end as a socket part.
PAR  In a pipe coupling of the kind defined in the foregoing, the two pipe ends
      are constructed as socket parts in each case, that is to say of identical
      shape, whereas an intermediate member is ambilaterally constructed as a
      plug-in part, so that the pipe ends may be pushed on to the intermediate
      member. An annular seal is inset in each case in the internal surface of
      the pipe ends, whereby the seal required between the socket part and
      plug-in part is obtained.
PAR  To this end, the pipe ends have attachment members, which are initially
      machined as separate structural components, meaning that the annular
      flanges, the bearing surfaces for the flanges of the part shells and the
      internal circumferential grooves for the insertion of the annular seals,
      are produced by appropriate machining operations. It is only after
      completion of this production sequence that these pipe ends are
      interwelded with the actual pipe member. For this purpose, the end face of
      the pipe member and the end face of the pipe end which is to be attached
      must be cut very precisely and machined with care, because the welding
      seam which is to be formed between these end faces should not only have an
      adequate mechanical load-carrying capacity but should also be completely
      fluid etc. tight, so that a liquid or gaseous fluid cannot escape from the
      pipe duct.
PAR  The known form of embodiment has numerous disadvantages, whereof one
      consists in that the interwelding between the pipe ends of the
      corresponding pipe sections is relatively costly because of the great care
      required, and in that the welding seam nevertheless remains a source of
      risk within the pipe interior. It is disadvantageous moreover that
      difficulties frequently arise in the coating of the pipe ends with a
      protective layer, for example, during pot galvanizing, since this should
      in any event be performed prior to complete finishing of the pipe end, to
      avoid damaging the annular seal. A pot galvanizing operation is frequently
      also disadvantageous however, in the area of the annular groove receiving
      the joint, so that further difficulties are engendered by possible
      covering of the groove. Another disadvantage in this connection consists
      in that a protective layer of this kind is interrupted in the area of the
      welding seam, when the pipe end is being welded on.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to enable the construction of a pipe
      coupling said as that of the kind defined in the foregoing, in such manner
      that the welding seam required to join the structural component bearing
      the annular flanges and the actual pipe member is not situated in the
      actual pipe interior and that, moreover, all surfaces which may possibly
      be affected by pot galvanizing or the like, are associated with the
      intermediate member.
PAR  According to the invention, there is provided a pipe coupling for coupling
      two pipe ends having annular flanges spaced from end faces of said pipe
      ends comprising a plurality of part shells, a clamping lever lock for
      connecting adjacent ends of first and second part shells engagement means
      on said part shells for engagement behind said annular flanges of said
      pipe ends, means for flexibly connecting the remaining adjacent edges of
      said plurality of part shells, an intermediate member constructed as a
      coupling sleeve slidable onto said pipe ends between said annular flanges
      and defining annular recesses therein and annular seals positioned in said
      annular recesses defined by said coupling sleeve and each adapted to
      engage one of said pipe ends to seal said one of said pipe ends to said
      coupling sleeve.
PAR  Further according to the invention, there is provided a pipe coupling for
      coupling two pipe ends comprising annular flanges on each said pipe ends,
      spaced from end faces of said pipe ends, a plurality of part shells, a
      clamping lever lock for connecting adjacent ends of first and second part
      shells engagement means on said part shells for engagement behind said
      annular flanges of said pipe ends, means for flexibly connecting the
      remaining adjacent edges of said plurality of part shells, an intermediate
      member constructed as a coupling sleeve slidable onto said pipe ends
      between said annular flanges and defining annular recesses therein and
      annular seals positioned in said annular recesses defined by said coupling
      sleeve and each adapted to engage one of said pipe ends to seal said one
      of said pipe ends to said coupling sleeve.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in greater detail, by way of example,
      with reference to the drawings, in which:
PAR  FIG. 1 shows an elevation of the pipe coupling, partially in longitudinal
      cross-section, and
PAR  FIG. 2 an axial view of the device comprising partial sleeves, a clamping
      lever and coupling sleeve, partially as a cross-section corresponding to
      the line II--II on FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Basically, in a pipe coupling for two pipe ends with an annular flange on
      each, at least two part shells which are interconnected and provided with
      means for engaging behind the annular flanges and an intermediate member
      providing a sealed connection between the two ends, the invention proposes
      that the annular flanges are set back a short distance with respect to the
      end faces of the pipe ends, that the inter-mediate member is constructed
      as a coupling sleeve slidable on the pipe extremities, and that two
      annular seals are inset into the internal surface of the coupling sleeve,
      whereof each bears on a respective one of the pipe ends in each case.
PAR  In the form of embodiment proposed, the ends of the pipe section in
      question thus actually form a plug-in part, on to which the coupling
      member, constructed as a sleeve member is slid, whereas the annular joints
      internally situated within the sleeve member provide the sealing action
      required with respect to the pipe ends. No welding seam is situated within
      the interior of the pipe itself, because the annular flanges, set back
      from the end faces of the pipe ends, extremities may be fastened to the
      external surface of the pipe wall by a single welding seam, and this
      welding seam, may be produced in substantially simple manner, the quality
      of the welding seam not affecting the sealing of the pipe itself. It is
      unnecessary moreover for the pipe ends to be cut off in straight and
      precise manner, since these end faces are situated in the portion between
      the two annular seals and need not bear against each other; a gap of a few
      millimeters may even be allowed between these end faces.
PAR  Firstly, there is an important economic advantage for these reasons,
      because the production of a pipe coupling of this kind becomes
      substantially cheaper. Another advantage consists in that the pipe ends
      may, for example, be pot galvanized without any difficulty, together with
      the annular flanges fixed thereon, since all the structural parts which
      might be expected to be at risk thereby are associated with the
      intermediate member.
PAR  It is also proposed that each annular flange be a component of an annular
      base element which is inclined in the direction of the end face of the
      pipe end, starting from its fastening point on the pipe end, and that the
      annular flanges and the bearing surfaces for the flanges be situated in an
      outer radial portion of the base elements. It is accomplished thereby that
      the axial structural length of the part shells may be dimensioned as small
      as possible, so that the device as a whole acquires a compact and stable
      form. This applies even more, since it is appropriate to give the base
      elements themselves a particular minimum axial length, so that a skew-free
      fixing of these is possible prior to forming the welding seams.
PAR  As for the rest, the pipe coupling may be so dimensioned that the coupling
      sleeve leaves an axial clearance between the annular flanges or rather the
      base elements, when the device is closed. This renders it possible to take
      up dimensional variations caused by manufacturing tolerances or possible
      deformations moreover, which are produced by external action.
PAR  In the form described up to now, the intermediate member of the pipe
      coupling proposed represents a separate component which may be lost, as
      compared to the partial sleeves and the clamping lever closure which are
      all connected. It is already known that the intermediate member already
      described in connection with the prior art, may be connected by a radial
      fastening, through the connecting bolt, to the part shells and the
      clamping lever closure. In corresponding manner, this may be accomplished
      in the case of a pipe coupling in accordance with the invention, in that a
      radial fastener or holder having a suitable aperture is provided on the
      coupling sleeve and the connecting bolt connecting the part shells passes
      through the aperture.
PAR  It is known that an intermediate member connected in this way to the part
      shells may be fixed, with respect to these and in axial direction, in a
      definite axial position, by means of spacery sleeves slid over the
      connecting bolt, or the like. In the form of embodiment proposed however,
      the application of such distance sleeves is inappropriate because, in
      accordance with another proposal of the invention, the connecting bolt may
      extend in close proximity past the external peripheral surfaces of the
      annular flanges in order to obtain a maximum load-bearing capacity against
      tensile and bending stresses. The axial fastening may be obtained in this
      case, by means of spacing strips extending in axial direction, engaging
      over the joint arms of the part shells at both ends of the connecting
      bolt, and on which the fastener a holder bears in axial direction.
PAR  Referring now to the drawings, annular flanges 12 and 13 are fixed to the
      ends 10 and 11 of the pipes, one to each, at predetermined distance from
      the end face. The annular flanges 12 and 13 each have a base element 12a
      and 13a respectively, of which the internal diameter matches the external
      diameter of the cylindrical pipe wall. The base elements 12a and 13a are
      secured in each case on the pipe ends 10 and 11 by a welded seam 14 and 15
      respectively. Starting from this fastening point, the base elements 12a
      and 13a extend outwards a short distance in the direction of the end face
      of the corresponding pipe end 10 or 11 respectively, so that the annular
      flanges 12 and 13 extend respectively into the radial portion over a
      coupling sleeve 16.
PAR  The coupling sleeve 16 has an internal diameter matching the external
      diameter of the pipe ends 10 and 11. A radial securing element 17 is
      externally welded on at approximately the mid axial point of the coupling
      sleeve 16. The internal surface of the coupling sleeve 16 is provided with
      two annular grooves 18 and 19, into which is inserted an annular seal 20
      and 21 respectively. The axial length of the coupling sleeve 16 is such
      that an axial clearance is left between the coupling element and the two
      base elements 12a and 13a. An axial clearance is also present between the
      end faces of the pipe ends 10 and 11.
PAR  A device comprising three part shells 22, 23 and 24 and a clamping lever
      closure, the latter comprising a clamping lever 25 secured on the partial
      sleeve 24 by a connecting bolt 26, protects the two pipe extremities 10
      and 11 from being pulled apart in axial direction. A tensioning spring 27
      hooked into the part shell 22 is secured to the clamping lever 25 by means
      of a connecting bolt 28.
PAR  At both sides, the part shells 22, 23 and 24 have flanges 22a, 23a and 24a
      extending radially inwards which, when the device is closed, engage behind
      the annular flanges 12 and 13 and concomitantly bear on cylindrical
      bearing surfaces 12b and 13b respectively.
PAR  The part shells 22, 23 and 24 are interconnected by means of two connecting
      bolts 29 and 30. The connecting bolt 30 passes through an elongated
      aperture 31 in the securing element 17. The flanges 22a 23a and 24a of the
      partial sleeves 22, 23 and 24 extend into joint arms, of which the joint
      arms 22b 23b respectively are shown in FIG. 1. These arms the connecting
      bolt 30 passing through the elongated hole 31. Spacing strips 32 are
      positioned, moreover, at both ends of the connecting bolt 30, which strips
      32 engage over the joint arms 22b and 23b in axial direction and are then
      bent over in such manner that their ends extend approximately along and
      parallel to the connecting bolt 30. The spacing strips 32 are wider than
      the elongated hole 31 in the securing element 17, so that the spacing
      strips 32 can bear with their free end faces on the securing element 17 in
      the vicinity of the elongated hole 31. The coupling sleeve 16 is thereby
      held in axial direction with respect to the part shells 22, 23 and 24, so
      that the coupling sleeve 16 is retained in the axial position in which it
      must be situated for the closing of the device, even when the device is
      opened. The connecting bolts 29 and 30 extend directly outside the outer
      peripheral surfaces of the annular flanges 12 and 13, so that the bending
      stress exerted on the flanges 22a, 23a and 24a, if a tensile stress is
      applied to the pipe coupling, is relatively small.
PAR  During production, the annular flanges 12 and 13 are thus first pushed on
      to the pipe ends 10 and 11, and welded on at the approximate position as
      illustrated. A pot galvanizing operation of the pipe ends 10 and 11, or of
      the entire pipe sections, can then be carried out without endangering
      other parts of the pipe coupling. To connect the two pipe ends 10 and 11,
      these ends are pushed into the coupling sleeve 16 until this insertion is
      stopped by the coupling sleeve 16 or rather until the annular flanges 12
      and 13 are set so close beside each other that the part shells 22, 23 and
      24 of the device have their flanges 22a, 23a and 24a laid around the
      annular flanges 12 and 13. Following this, the tensioning spring 27 is
      hooked into the part shell 22 and the clamping lever 25 is placed in the
      position illustrated in FIG. 2, in which the part shells 22, 23 and 24
      firmly enflank the annular flanges 12 and 13 and thereby hold the two pipe
      ends 10 and 11 together in axial direction.
PAR  It will be appreciated that a larger number of part shells or only two part
      shells may be used. The function of the device is fundamentally unaffected
      thereby, even if a securing system such as the radial securing element 17
      is not incorporated.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modification changes and adaptations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A quick coupling for coupling two pipe ends comprising an annular flange
      secured on each of said pipe ends and spaced from the end faces of said
      pipe ends, a plurality of part shells, a clamping lever lock for
      connecting adjacent ends of a first and second of said part shells,
      engagement means on said part shells for engagement behind said annular
      flanges, means for hingedly connecting the remaining adjacent ends of said
      plurality of part shells, an intermediate coupling sleeve axially slidable
      on said pipe ends and between said annular flanges and having a pair of
      annular recesses therein, annular seals positioned in said annular
      recesses of said coupling sleeve and each adapted to engage one of said
      pipe ends to seal said one of said pipe ends to said coupling sleeve, said
      annular flanges each including an annular base portion spaced from said
      end face of said pipe end, a flange portion inclined from said base
      portion outwardly towards said end face of said pipe end, and a radial
      bearing surface for engagement by said engagement means of said part
      shells radially outwardly of said coupling sleeve.
NUM  2.
PAR  2. A pipe coupling as defined in claim 1, wherein said coupling sleeve
      comprises a sleeve axially spaced from said annular flanges in an
      assembled state of said coupling.
NUM  3.
PAR  3. A pipe coupling as defined in claim 1, and further comprising a radial
      securing element on said coupling sleeve and defining an aperture in said
      securing element and a connecting bolt forming said flexible connecting
      means for said part shells passing through said aperture defined by said
      securing element.
NUM  4.
PAR  4. A pipe coupling as defined in claim 3, and comprising a bolt forming
      said connecting bolt extending in close proximity to external surfaces of
      said annular flanges and spacing strips at each end of said bolt extending
      over adjacent ends of said part shells associated with said bolt,
      extending axially of said bolt and bearing against said securing element
      to hold it in axial position relative to said bolt.
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ABST
PAL  A dump box assembly of the type used for the handling of bulk material and
      mountable on a truck or trailer bed adapted to transfer solid bulk
      material from a dump box to a remote receiver. A dump box is pivotally
      assembled to a fixed upright support structure through a link assembly for
      elevated rotation from a relatively lower transport position to a
      relatively elevated, laterally displaced dumping orientation. Means are
      provided for the elevated rotation of the dump box about an axis parallel
      to and in proximity to an upper dumping edge of the dump box. The link
      assembly operates to further elevate and laterally displace the dumping
      axis of the dump box preparatory to the dumping sequence. A support rail
      is movable with the link assembly to a position to lend support to a
      discharge chute associated with the interior of the dump box assembly to
      guide the discharge of bulk material from the dump box.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  In the field of handling bulk material such as agricultural fertilizer,
      grains, forage and the like, the side dump box assembly finds utility.
      Typically, the side dump box assembly is mounted on a truck or trailer bed
      and includes a support frame and a side dump box pivotally assembled to
      the support frame for elevated rotation about an axis parallel to and in
      proximity to an upper side edge of the dump box. Means such as hydraulic
      cylinders are provided for rotatably elevating the dump box above the
      support frame to pivot it about the dumping axis and accomplish the
      dumping operation. See, for example, U.S. Pat. No. 3,633,971 to Berky.
PAR  The material in the dump box is transferred to a receiver, such a spreader,
      located alongside the truck or trailer accommodating the dump box. A
      purpose of the dump box assembly is to locate the dumping edge of the dump
      box over the receiver. It is thus necessary that the dumping edge of the
      dump box extend laterally beyond the bed of the truck or trailer and at an
      elevation above the receiver during dumping. Careful positioning of the
      receiver relative to the dump box is necessary. The receiver must be
      located in close proximity to dump box assemblies of the prior art due to
      inherent limitations in the elevations and lateral displacement of the
      axis of rotation of the dump box. It is desirable, therefore, in a dump
      box assembly to have means provided for elevation and lateral displacement
      of the axis of rotation of the dump box to alleviate the necessity of
      tediously positioning the receiver in proper proximity to the dump box
      assembly and for more complete filling of higher and/or wider receivers.
      At the same time, it is desirable to limit the degree of lateral travel of
      the center of gravity of the dump box assembly whereby it is maintained in
      a stable range over the center line of the bed supporting the dump box
      assembly.
PAC  SUMMARY OF THE INVENTION:
PAR  The invention relates to a dump box assembly mountable on the bed of a
      truck, trailer, or the like. The assembly includes a support frame
      securely mounted to the bed, and a dump box pivotally or rotatably
      assembled to the support frame through a link assembly. The dump box is
      rotatable relative to the support structure about an axis parallel and
      proximate to an upper dumping edge of a dumping side of the dump box to
      achieve relative elevation and lateral displacement of the dumping edge.
      Prior to the dumping sequence, the axis of rotation of the dump box is
      movable to an elevated and laterally displaced position.
PAR  The link assembly includes at least one and preferably two link members,
      each having one fixed end pivotally connected to the upper extremity of
      the support structure and a second free end pivotally connected to the
      dump box proximate the upper, dumping edge thereof to define the axis of
      rotation of the dump box. The link members are pivotal from a position
      with the free end extending downward from the upper extremity of the
      support structure to a position having the free end outwardly extended
      from the upper extremity of the support structure. Limit means limit the
      outward pivotal movement of the link members relative to the support
      structure. Means provided for the elevation of the dump box are operable
      first to pivot the link members of the link assembly from the downward
      projected orientation to the outward projected orientation, and then to
      elevate the dump box and rotate it about the dumping axis defined by the
      free ends of the link members.
PAR  In a preferred embodiment of the dump box assembly, a support rail is
      pivotable with the free ends of the link members to a position to lend
      support to a discharge chute extending from the dumping edge of the dump
      box.
PAR  An object of the invention is to provide a dump box assembly having a dump
      box pivotally mounted to a support structure for elevated rotation
      generally about an upper dumping edge thereof. A second object of the
      invention is to provide such an assembly wherein the dump box is pivotally
      assembled to the support structure through a link assembly. A further
      object of the invention is to provide such a dump box assembly wherein the
      link assembly is adaptable to move the axis of rotation of the dump box
      upward and laterally outward to allow remote dumping of material contained
      in the dump box. A further object of the invention is to provide such a
      dump box assembly wherein the center of gravity of the load being dumped
      varies minimally from the center line of the vehicle supporting the dump
      box assembly. Further objects of the invention will become apparent upon
      the following description.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a rear elevational view of the dump box assembly of the invention
      installed on the bed of a vehicle and in a lowered or transport position;
PAR  FIG. 2 is a rear elevational view of the dump box assembly of FIG. 1 in a
      raised position;
PAR  FIG. 3 is a rear elevational view of the dump box assembly of FIG. 1 in a
      fully elevated and rotated position;
PAR  FIG. 4 is an enlarged side elevational view of the dump box assembly of
      FIG. 1 viewed along the line 4--4 thereof;
PAR  FIG. 5 is an enlarged view of the link assembly of the dump box of the
      invention shown in FIG. 3; and
PAR  FIG. 6 is a top plan view of the limit means of the link assembly of FIG. 5
      taken along the line 6-6 thereof.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT:
PAR  Referring to the drawings, there is shown in FIGS. 1 and 4, the dump box
      assembly of the invention, indicated generally at 10, in a lowered
      position for transport and installed on the frame 11 of a vehicle 12
      supported by suspension and axle assembly 14 on which are mounted wheels
      15 engaging ground 16. Vehicle 12 may be a truck, a wagon, a trailer, or
      the like. In addition, dump box assembly 10 may be alone or may be one of
      a plurality of dump box assemblies installed in tandem on frame 11 of
      vehicle 12.
PAR  Dump box assembly 10 includes an upright support structure or frame 17 and
      a dump box 18. Support frame 17 includes a pair of upwardly inclined,
      elongated parallel struts 20, 21 located fore and aft of dump box 18 and
      frame members 19 secured to vehicle frame 11. Struts 20,21 are firmly
      secured at their lower ends as by welding to frame members 19 on the
      dumping side thereof and are upwardly and outwardly inclined therefrom.
      Each strut 20,21 is braced by a brace member 22 having a lower end affixed
      intermediately to the frame members 19 and an upper end secured to the
      upper end of the respective struts 20,21. As shown in FIG. 4, added
      strength and rigidity is imparted to support structure 27 by a pair of
      cross bars 24,25 connecting the respective upper and lower ends of struts
      20,21.
PAR  Dump box 18 includes front and rear walls 26,27 connected in box structure
      to a dumping side wall 28 and an opposite side wall 30 with a bottom wall
      31. In the upright position of FIG. 1, the top edges of front and rear
      walls 26,27 are downwardly inclined from the top edge of dumping side wall
      28 toward the top edge of opposite side wall 30 to define a canted top
      opening for ease in loading dump box 18 from the side of opposite side
      wall 30. Dumping side wall 28 has a relatively higher upper edge than
      opposite side wall 30 and is reinforced by a plurality of vertical ribs
      29.
PAR  A rear beam 31 is affixed to and extends along rear wall 27 proximate the
      upper edge thereof, having an outer end extending beyond dumping side 28
      of dump box 18. Likewise, a front beam 32 extends along and is affixed to
      the front wall 26 proximate the upper edge thereof, having an outer end
      extending beyond the dumping side 28 of dump box 18. As shown in FIG. 4, a
      longitudinal, horizontal side beam 33 extends along dumping side wall 28
      parallel to and slightly below the upper edge thereof. Side beam 33 is
      rigidly connected between the extended ends of the front beam 32 and rear
      beam 31 to add strength to dump box 18. The ends of beams 31 and 32 extend
      outward beyond side beam 33. A pair of feet 34 are secured to frame
      members 19 and make contact with the ribs 29 located on dumping side 28 to
      limit downward rotation of dump box 18 during the first phase of the dump
      cycle.
PAR  Dump box 18 is assembled to support structure 17 for elevated rotation
      relative thereto through front and rear link assemblies 37,38, according
      to the present invention. The extendible link assemblies 37,38 function to
      elevate and laterally displace the dumping axis of dump box 18 prior to
      the dumping sequence. Rear link assembly 38 includes a link member 39
      having a fixed end and a free or rotatable end, and being comprised of a
      pair of parallel arms 40,41. As shown in FIG. 4, the arms 40,41 are
      pivotally assembled at a fixed end to the top of rear strut 20 by a
      suitable nut and bolt assembly 43 to comprise a fixed end of link member
      39. The free ends of arms 40,41 are connected to one another by a
      horizontal, tubular sleeve 44 welded or otherwise rigidly secured between
      the free ends of the arms 40,41. The free end of link member 39 is
      pivotally assembled to dump box 18 at the outer end of rear beam 31. The
      outer end of rear beam 31 extends outward from side beam 33 to a position
      adjacent the free end of link member 39. The shank of a bolt 45 having a
      head 46 extends through the extended end of the rear beam 31, through the
      arms 40,41 and sleeve 40 of link member 39, and is secured by a nut 47.
PAR  Front link assembly 37 has a link member 49 with a fixed end and a free or
      rotatable end, and is comprised of a pair of parallel arms 50,51 having
      fixed ends pivotally connected to the top of forward strut 21 by a nut and
      bolt assembly 52 for coaxial rotation with link member 39 relative to
      support frame 17. A sleeve 54 rigidly connects the free ends of the arms
      50,51 to one another. Link member 49 is pivotally connected to dump box 18
      along an axis coincidental with the pivotal connection of the link member
      39 of link assembly 37 to dump box 18. A bolt 55 having a head 56 passes
      through the end of front beam 32 extended beyond the side beam 33, thence
      through the arm 51, the sleeve 54, and the arm 50. A nut 57 secures the
      bolt 55 in place. It thus may be seen that the dump box 18 is pivotable
      about an axis parallel to the side beam 33 and slightly laterally
      displaced therefrom. It is also apparent that pivotal movement of the link
      assemblies 37,38 is operable to move or displace the axis of rotation of
      the dump box 18.
PAR  Means to elevate and rotate dump box 18 include a pair of front and rear
      hydraulic cylinders 59,60 firmly secured to the frame members 19 at their
      lower ends by suitable clamp assemblies 61. Hydraulic cylinder 60 has a
      lower cylinder portion 62 and an upwardly extendible and retractable
      plunger or rod portion 63 equipped at the top thereof with a boss 64
      rotatably engaging a shank 66. Shank 66 is rigidly secured to dump box 18
      as by being welded to a bracket 67 secured to rear beam 31.
PAR  Forward hydraulic cylinder 59 likewise has a lower cylinder portion 68 and
      an upwardly extendible and retractable plunger or rod portion 69
      terminating in a boss 70 rotatably engaging a shank 72 which is rigidly
      secured to a bracket 73 extending from forward beam 32. A plurality of
      hydraulic fluid lines 74 are provided for the usual operation of the
      hydraulic cylinders in association with a remote hydraulic pump (not
      shown) which may be either standard equipment on the vehicle or may be a
      self-contained unit supplied expressly for use with the dump box assembly
      10.
PAR  Link members 49 and 39 of link assemblies 37,38 are adapted to be pivoted
      from a position with the free ends extending generally downward, as shown
      in FIG. 1, to a position having the free ends extended outward, as shown
      in FIG. 5. Means are provided to limit the pivotal movement of the free
      ends of link members 49 and 39 to the generally horizontal, outwardly
      directed position of FIG. 5. Such means include a toggle assembly 76
      having first and second hingedly connected toggle members 77,78. First
      toggle member 77 is pivotally connected at one end to the upper portion of
      brace 22 and hingedly connected at the other end to one end of the second
      toggle member 78. The other end of second toggle member 78 is pivotally
      connected to the free end of arm 40 of link assembly 38 as by pivotally
      engaging an outwardly extended lever 75 securely fastened to the outer end
      of arm 40.
PAR  Toggle members 77,78 of toggle assembly 76 are hingedly collapsible to an
      orientation as shown in FIG. 1 having the hinged ends extending downward
      from the free end of link member 39 and the upper end of brace 22. Upon
      rotation of the free end of link member 39, toggle members 77,78 hingedly
      rotate to a position in general linear alignment, as shown in FIGS. 5 and
      6. The end of second toggle member 78 adjoining the first toggle member 77
      is bifurcated and the end of toggle member 77 is located between the
      bifurcations of toggle member 78 and hingedly connected therein by hinge
      pin 79. Hinge pin 79 is selectively locatable in any pair of a plurality
      of aligned pairs of holes 80 in the bifurcated end of toggle member 78
      whereby the length of toggle assembly 76 is adjustable to limit rotational
      travel of link assembly 38. The shorter the toggle assembly 76, the
      greater the final dump angle of the box and the longer the toggle assembly
      76, the smaller the final dump angle of the box 18. As shown in FIG. 6, a
      strap 81 located across the bifurcations of second toggle member 78 at the
      end thereof adjoining first toggle member 77 prevents relative rotation of
      the first and second toggle members beyond the linear orientation shown in
      FIGS. 5 and 6. As shown in FIG. 5, a helical tension spring 82 is
      connected at one end to rear beam 31 and at the opposite end to the mid
      portion of first toggle member 77. Tension spring 82 is operable to bias
      the toggle assembly 76 toward the linear position when the dump box 18 is
      being raised.
PAR  Dump box 18 is equipped with a chute assembly 82 which covers a portion of
      the open top of dump box 18 in the closed position and which provides a
      discharge slide for bulk material in the open position. Chute assembly 82
      includes a chute slide 83 and perpendicular end walls 84 in snug outer
      engagement in the closed position with a portion of the upper edges of
      front and rear walls 26,27 to close a portion of the top of dump box 18.
      Hinge means 86 are provided between end walls 84 and the upper corner of
      front and rear walls 26,27 to hingedly connect the chute assembly 82 to
      the dump box 18. Opening and closure of the chute assembly 82 is
      controlled by a hydraulic cylinder 87 having a piston plunger 88 connected
      to an arm 89. Arm 89 is pivotally connected to and extends from an end
      wall 84 of the chute assembly. The cylinder portion 91 of hydraulic
      cylinder 87 is rigidly secured to dump box 18 whereby extension and
      retraction of the plunger 88 effects opening and closure of the chute
      assembly 82 relative to the dump box 18. The arm 89 is free to pivot in a
      small arc restricted by two spaced stops (not shown) which are secured to
      the chute end wall. This allows gravity to increase the range of chute 82
      rotation beyond what cylinder 87 can provide. The long chute 82 enhances
      the long reach of the unit. Chute 82 is arranged so material cannot flow
      out onto the chute and stop thereby upsetting the stability of the unit.
      Instead chute 82 is always at a dumping angle whenever material starts to
      flow from the box 27 onto the chute 82. As the box 18 continues to rotate
      in an upward direction, chute 82 comes in contact with a support rail 92
      attached to the outer ends of the link assemblies 37 and 38. The support
      rail 92 keeps the chute 82 at nearly a constant dumping angle as the box
      18 rotates. In other words, the support rail 92 does not let the chute 82
      dip downward to a greater than necessary dump angle thereby reducing chute
      reach.
PAR  In association with the link assembies 37,38, the support rail 92 operates
      to lend a measure of support to the chute slide 83 in the open position
      and to maintain a constant chute dumping angle during the dumping
      sequence. Support rail 92 includes a generally elongated, horizontal bar
      93 parallel to and spaced from side beam 33 on dumping wall 28. Ends 94 of
      support rail 92 curve inward from the bar 93 toward the sleeves 54,44 of
      link assemblies 37,38 respectively. The ends 94 are securely fastened as
      by welding to the sleeves 54,44 and are in linear alignment with the link
      members 49,39 of link assemblies 37,38, as shown in the drawings. Rail 92
      is thus rotatable with the link assemblies 37,38 from a generally
      downwardly directed position, as shown in FIG. 1, to an outwardly directed
      position, as shown in FIG. 2.
PAR  In use of the dump assembly 10 of the invention, dump box 18 is loaded with
      a bulk material such as fertilizer preparatory to transfer to a receiver
      such as a spreader as shown for example in U.S. Pat. No. 3,450,431. The
      load is carried in dump box 18 in the lowered, readily transportable
      position of FIG. 1 with the center of gravity of the load in a comfortably
      low and relatively central location over bed 11 of vehicle 12. The vehicle
      12 is maneuvered into dumping relationship relative to the remote
      receiver, or conversely, the receiver is located in proper position to
      receive material dumped from vehicle 12. The relative positioning of the
      receiver and the dump assembly 10 of the invention is not as critical as
      with those dump assemblies of the prior art.
PAR  Having maneuvered the vehicle 12 and the remote receiver into proper
      relative dumping and receiving relationship, hydraulic cylinders 59 and 60
      are actuated to initiate the dumping sequence. Upon initial actuation of
      the hydraulic system, hydraulic cylinder 87 opens the chute 84 and then
      the hydraulic cylinders 59,60 lift the dump box 18 to an orientation as
      that shown in FIG. 2. The plumbing or lines for the chute cylinder 87 is
      connected to the box cylinders 59 and 60 so that when the hydraulic system
      is activated the cylinder with the least resistance, i.e., cylinder 87,
      operates first. After cylinder 87 is fully extended, the box cylinders
      start to extend. The initial extension of the plunger rods of the
      hydraulic cylinders 59 and 60 is operable to rotate the links 49,39 of
      link assemblies 37,38 to a generally outward, horizontal position, as
      shown in FIG. 2. The link assemblies are rotated until the toggle assembly
      76 is fully extended, the toggle members 77 and 78 being linearly aligned,
      to limit further rotation of the link assemblies. Rail 92 is outwardly
      extended in position to receive slide 83 of chute assembly 82. The
      rotational travel of the link assemblies 37, 38 is operable to move the
      axis of rotation of dump box 18 upward and laterally outward toward the
      receiver. At the same time, dump box 18 has been elevated slightly and
      displaced slightly toward the dumping side thereof, but not yet rotated.
      The center of gravity of dump box 18 and its load is laterally displaced
      slightly toward the dumping side of the vehicle relative to the center
      line of vehicle 12.
PAR  Further extension of the rods 69,63 of hydraulic cylinders 59,60 initiates
      elevated rotation of dump box 18 about the rotational axis defined by the
      free ends of link assemblies 37,38. As elevated rotation of dump box 18
      progresses, material is continuously discharged through the chute assembly
      82 into the remote receiver. During such elevated rotation, the center of
      gravity of dump box 18 and the load carried therein shifts laterally away
      from the dumping side of vehicle 12, crossing the center of gravity of
      vehicle 12, and then passes through an upward arc and eventually again
      passes over the center line of vehicle 12 as dump box 18 approaches its
      uppermost, elevated position. In other words, during the entire dumping
      sequence, the center of gravity of the load carried in dump box 18 is held
      laterally within a comfortable range near the center line of the bed 11 of
      vehicle 12 to maintain a stable configuration.
PAR  As shown in FIG. 3, the rods 69,63 of the hydraulic cylinders 59,60 are
      extended until a maximum elevated-rotated position of dump box 18 is
      achieved wherein all of the bulk material is discharged. The axis of
      rotation of dump box 18 has been laterally displaced beyond the position
      achieved by dump box assemblies of the prior art wherein a greater degree
      of control over the location of discharge of the bulk material is
      achieved. The axis of rotation is also elevated to an extend whereby
      material may be discharged into receivers having relatively high walls.
PAR  Lowering of the dump box 18 is accomplished by retraction of the rods 69,63
      of hydraulic cylinders 59,60. When box 18 is lowered, the lower edge of
      beam 31 contacts a stop 93 secured to toggle member 78. This collapses the
      toggle assembly 76 and allows the box 18 to move to its rest or non-dump
      position, as shown in FIG. 1. Chute 82 is closed after the box 18 is in
      its rest position.
PAR  In the dumping of grain and forage from the box 18, it has been found that
      it is desirable to have an extra dump height rather than an outward reach.
      The toggle assembly 76 is provided with a greater length so that the
      rotating link assemblies 39 and 40 will rotate to an upwardly or near
      vertical position thereby raise the elevation of the box 18. The operation
      of the hydraulic lift cylinders 59 and 60 and the dumping of the box 18 is
      the same as heretofore explained. The toggle assembly 76 operates as a
      stop and also supports the link assemblies 37 and 38 near the end of the
      rotation of box 18.
PAR  While there have been shown and described a preferred embodiment of the
      invention, it will be apparent to those skilled in the art that various
      deviations may be had from the embodiment shown and described without
      departing from the scope and spirit of the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A dump box assembly mountable on the bed of a vehicle for transfer of a
      bulk material to a remote receiver, said dump box assembly comprising:
PA1  a support frame mountable on said vehicle bed;
PA1  a dump box located above said vehicle bed and having a dumping side
      defining an upper dumping edge;
PA1  at least one link assembly including a link member having a fixed end
      pivotally assembled to said support frame, and a free end pivotally
      movable between a first downwardly extended position relative to said
      support frame and a second outwardly extended position;
PA1  means to limit pivotal movement of said free end of said link member beyond
      said second extended position;
PA1  said free end of said link member being pivotally assembled to said dump
      box proximate the upper dumping edge thereof providing an axis for
      elevated rotation of said dump box about the free end of said link member,
      said dump box being located on said vehicle bed when said link member is
      in the first position, and movable to an elevated position about the
      vehicle bed when said link member is moved to the second position; and
PA1  elevating means operable to elevate said dump box and dump box axis to a
      position wherein the free end of said link member is in said second
      extended position, and then rotate said dump box about the free end of
      said link member in the second extended position.
NUM  2.
PAR  2. The dump box assembly of claim 1 wherein: said link assembly is a first
      link assembly located at one end of said dumping side wall and including a
      second link assembly located at the other end of said dumping side wall
      and having a second link member with a fixed end pivotally assembled to
      said upright support frame coaxial with said first link member, said
      second link member having a free end pivotally movable between a first
      extended position relative to said support frame and a second extended
      position toward a remote receiver, said free end of said second link
      member being pivotally assembled to said dump box along an axis
      coincidental with the pivotal assembly of the free end of said first link
      member with said dump box.
NUM  3.
PAR  3. The dump box assembly of claim 2 including: a chute assembly hingedly
      connected to said dump box for rotation about said upper dumping edge of
      the dumping side from a position closing a portion of the top of said dump
      box to a position providing a slide for discharge of bulk material from
      said dump box.
NUM  4.
PAR  4. The dump box assembly of claim 3 including: power means constituted as a
      hydraulic cylinder assembled between said chute assembly and said dump box
      to control opening and closure of said chute assembly relative to said
      dump box.
NUM  5.
PAR  5. A dump box assembly mountable on the bed of a vehicle for transfer of a
      bulk material to a remote receiver, said dump box assembly comprising:
PA1  a support frame mountable on said vehicle bed;
PA1  a dump box having a dumping side defining an upper dumping edge;
PA1  a first link assembly located at one end of said dumping side including a
      link member having a fixed end pivotally assembled to said support frame,
      and a free end pivotally movable between a first extended position
      relative to said support frame and a second extended position;
PA1  a second link assembly located at the other end of said dumping side wall
      and having a second link member with a fixed end pivotally assembled to
      said upright support frame coaxial with said first link member, said
      second link member having a free end pivotally movable between a first
      extended position relative to said support frame and a second extended
      position toward a remote receiver, said free end of said second link
      member being pivotally assembled to said dump box along an axis
      coincidental with the pivotal assembly of the free end of said first link
      member with said dump box;
PA1  means to limit pivotal movement of said free ends of said link members
      beyond said second extended position;
PA1  said free ends of said link members being pivotally assembled to said dump
      box proximate the upper dumping edge thereof providing an axis for
      elevated rotation of said dump box about the free ends of said link
      members, and
PA1  elevating means to elevate said dump box to a position wherein the free
      ends of said link members are in said second extended position, and to
      rotate said dump box about the free ends of said link members in the
      second extended position;
PA1  a chute assembly hingedly connected to said dump box for rotation about
      said upper dumping edge of the dumping side from a position closing a
      portion of the top of said dump box to a position providing a slide for
      discharge of bulk material from said dump box; and
PA1  an elongated support rail extending parallel to the dumping edge of said
      dump box and having ends integrally connected with said first and second
      link assemblies and rotatable with said first and second link assemblies
      to an outwardly extended position to support a portion of said chute
      assembly when said chute assembly is in the open position.
NUM  6.
PAR  6. The dump box assembly of claim 1 wherein: elevating means to elevate
      said dump box includes at least one hydraulic cylinder securable at one
      end to the support frame and secured at the opposite end to said dump box.
NUM  7.
PAR  7. A dump box assembly mountable on the bed of a vehicle for transfer of a
      bulk material to a remote receiver, said dump box assembly comprising:
PA1  a support frame mountable on said vehicle bed;
PA1  a dump box having a dumping side defining an upper dumping edge;
PA1  at least one link assembly including a link member having a fixed end
      pivotally assembled to said support frame, and a free end pivotally
      movable between a first extended position relative to said support frame
      and a second extended position;
PA1  means to limit pivotal movement of the free end of said link member beyond
      said second extended position including a toggle assembly having a first
      toggle member and a second toggle member pivotally connected to said first
      toggle member, said first toggle member being connected to said link
      assembly, and said second toggle member being pivotally connected to said
      support frame, said first and second toggle members being pivotally
      collapsible with said link assembly in said downwardly extended position,
      and linearly extendible with said link assembly in said outwardly
      extending position;
PA1  said free end of said link member being pivotally assembled to said dump
      box proximate the upper dumping edge thereof providing an axis for
      elevated rotation of said dump box about the free end of said link member;
      and
PA1  elevating means to elevate said dump box to a position wherein the free end
      of said link member is in said second extended position, and to rotate
      said dump box about the free end of said link member in the second
      extended position.
NUM  8.
PAR  8. The dump box assembly of claim 7 including: means to adjust the length
      of said toggle assembly in the linearly extended position.
NUM  9.
PAR  9. The dump box assembly of claim 1 wherein: the second extended position
      of the link assembly is directed outwardly toward a remote receiver.
NUM  10.
PAR  10. A dump box assembly mountable on the bed of a vehicle for transfer of a
      bulk material to a remote receiver, said dump box assembly comprising:
PA1  a support frame mountable on said vehicle bed;
PA1  a dump box located on said vehicle bed and having a dumping side defining
      an upper dumping edge;
PA1  said support frame including support members extending upwardly from said
      vehicle bed having upper ends proximate said upper dumping edge;
PA1  first and second link assemblies connecting the dump box and the support
      frame;
PA1  each link assembly including a link member having a fixed end pivotally
      assembled to the end of one of said support members, and a free end
      pivotally movable between a first downwardly extended position relative to
      said support members, and a second extended position toward a remote
      receiver;
PA1  said free end of each link member being pivotally assembled to said dump
      box proximate said upper dumping edge providing an axis for elevated
      rotation of said dump box defined by the free ends of said link members;
      and
PA1  elevating means operable to elevate said dump box and dump box axis to a
      position wherein the free ends of said link members are in said second
      extended position, and then rotate said dump box about the free ends of
      said link members in the second extended position.
NUM  11.
PAR  11. The dump box assembly of claim 10 wherein: the free ends of said link
      members are attached to said dump box proximate the upper dumping edge
      thereof, and including means to limit pivotal movement of the free end of
      one of said link members beyond said second extended position.
NUM  12.
PAR  12. A dump box assembly mountable on the bed of a vehicle for transfer of a
      bulk material to a remote receiver, said dump box assembly comprising:
PA1  a support frame mountable on said vehicle bed;
PA1  a dump box having a dumping side defining an upper dumping edge;
PA1  first and second link assemblies connecting the dump box and the support
      frame;
PA1  each link assembly including a link member having a fixed end pivotally
      assembled to said support frame, and a free end pivotally movable between
      a first downwardly extended position relative to said support frame, and a
      second extended position toward a remote receiver;
PA1  said dump box has a front wall and a rear wall, a front beam extended along
      said front wall proximate the upper edge thereof and extending outwardly
      from said dumping side; a rear beam extending along said rear wall
      proximate the upper edge thereof and extending outward from said dumping
      side; the free end of said first link assembly being pivotally connected
      to the outwardly extended portion of said front beam; and the free end of
      said second link assembly being pivotally assembled to the outwardly
      extended portion of said rear beam providing an axis for elevated rotation
      of said dump box defined by the free ends of said link members; and
PA1  elevating means to elevate said dump box to a position wherein the free
      ends of said link members are in said second extended position, and to
      rotate said dump box about the free ends of said link members in the
      second extended position.
NUM  13.
PAR  13. A dump box assembly mountable on the bed of a vehicle for transfer of a
      bulk material to a remote receiver, said dump box assembly comprising:
PA1  a support frame mountable on said vehicle bed;
PA1  a dump box having a dumping side defining an upper dumping edge;
PA1  first and second link assemblies connecting the dump box and the support
      frame;
PA1  each link assembly including a link member having a fixed end pivotally
      assembled to said support frame, and a free end pivotally movable between
      a first downwardly extending position relative to said support frame, and
      a second extended position toward a remote receiver;
PA1  said free end of each link member being pivotally assembled to said dump
      box providing an axis for elevated rotation of said dump box defined by
      the free ends of said link members;
PA1  elevating means to elevate said dump box to a position wherein the free
      ends of said link members are in said second extended position, and to
      rotate said dump box about the free ends of said link members in the
      second extended position; and
PA1  a chute assembly hingedly connected to said dump box for rotation about
      said upper dumping edge of the dumping side from a position closing a
      portion of the top of said dump box to a position providing a slide for
      discharge of bulk material from said dump box.
NUM  14.
PAR  14. The dump box assembly of claim 13 including: An elongated support rail
      extending parallel to the dumping edge of said dump box and having ends
      integrally connected with said first and second link assemblies and
      rotatable with said first and second link assemblies to an outwardly
      extended position to support a portion of said chute assembly when said
      chute assembly is in the open position.
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ABST
PAL  A slide-bolt type latch locking means is disclosed including a rotary
      member mounted on a shaft for engagement with a latch bolt to hold the
      latch bolt in locked condition; a rubber washer is compressed by the
      rotary latch lock and prevents rotation of the latch lock by vibration of
      the supporting member to maintain the latch lock in position but
      permitting manual rotation of the latch lock to permit unlocking of the
      latch-bolt. Another embodiment employs a rotary latch lock mounted on a
      slide bolt with a radial slot alignable with a fixed lug to permit
      movement of the slide bolt to an opened condition, a movement not possible
      when the slot is not aligned with the fixed lug; a compressible washer
      maintains the latch lock in any given position of rotation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is broadly in the field of latch devices and is more
      specifically directed to latching means that is resistant to undesired
      opening movement caused by vibration of the members on which the latching
      means is mounted.
PAR  Latch means for enabling retention of closures, cabinet doors and the like
      are employed in a wide variety of devices and embody a similar large
      number of structural designs. All such latch devices should desirably
      provide a reliable, easy to use latching function. Unfortunately, many of
      the prior known devices, while satisfactory for use on rigid, firm support
      members, have not provided satisfactory performance when mounted on access
      doors or the like of equipment such as washing machines in which the latch
      members are subjected to substantial continuous vibration. More
      specifically, many prior known latching devices employing slide bolt means
      mounted for movement between a locking position and an unlocked position
      tend to move toward the unlocked position under the influence of the
      vibrational forces to which they are subjected. The foregoing is true even
      in the case of slide-bolt members in which spring means are provided for
      biassing the slide-bolt toward a locked position.
PAR  While it is possible to solve the foregoing problem by the provision of
      relatively complex structures such as over-center toggle linkages and the
      like, no simple, inexpensive and easy to use solution to the problem has
      been proposed prior to the subject invention.
PAR  Therefore, it is the primary object of this invention to provide a new and
      improved latch means.
PAR  A more specific object of the invention is the provision of new and
      improved latch means having latch locking capability resistant to
      vibrational forces imparted to the latch means by the members on which the
      latch means is mounted.
PAR  A still further object of the invention is the provision of new and
      improved latch means that is economical to fabricate, easy to use and
      reliable in operation.
PAR  Achievement of the foregoing objects is enabled by the preferred
      embodiments of the invention through the provision of a rotary latch lock
      mounted in association with a slide-bolt component of the latch device.
      The rotary latch lock is supported on a stub shaft for rotation with a
      compressible washer also being mounted on the stub shaft and biassed
      against one side of the rotary latch lock to provide a frictional
      resistance to rotation of the latch lock member. The engagement of the
      compressible washer with the rotary latch lock serves to maintain the
      rotary latch lock in any desired position of rotation but permits the
      latch lock to be manually rotated to such a desired position without undue
      effort. The rotary latch lock comprises a disc member having a cylindrical
      outer surface portion about a substantial portion of its periphery and
      having a chordal surface defining the remaining portion of its periphery.
      The chordal surface is spaced closer to the axis of the rotary member.
PAR  Positioning of the rotary latch lock so that the chordal surface faces
      means extending from the slide-bolt enables the slide-bolt to move toward
      the rotary latch lock to an unlocking position. However, the rotary latch
      lock can be rotated to a second position in which the cylindrical surface
      faces the slide-bolt when the slide-bolt is in its locked position.
      Engagement of the cylindrical surface with the slide-bolt when the
      slide-bolt is in the locked position serves to prevent movement of the
      slide-bolt toward the unlocked position. Moreover, the friction washer
      engageable with the rotary latch lock serves to maintain the latch lock in
      any position of rotation so that vibration will not result in movement of
      the latch lock to permit the slide bolt to become unlocked under the
      influence of such vibrations.
PAR  In another embodiment of the invention, the rotary latch lock is mounted on
      the slide-bolt in a position adjacent a fixed bracket lug for rotation
      about a stub shaft. In this embodiment, an identical compressible friction
      washer engages the rotary latch lock to maintain the latch lock in any
      given position of rotation while permitting manual adjustment of the latch
      lock without undue effort. The outer surface of the rotary latch lock of
      the last-mentioned embodiment is cylindrical for the most part, but is
      interrupted by a radial slot of a width greater than the width of the stop
      lug. Rotation of the latch lock to a position in which the radial slot is
      aligned with the stop lug enables movement of the latch lock and the
      slide-bolt to an unlocked position. However, movement of the slide-bolt to
      a locked position and positioning of the rotary latch lock with the
      cylindrical surface facing the stop lug prevents movement of the
      slide-bolt to the unlocked position. The members will remain in the
      foregoing position due to the operation of the compressible washer
      engaging the rotary latch lock.
PAR  A better understanding of the manner in which the preferred embodiments of
      the invention achieve the objects of the invention will be enabled when
      the following written description is considered in conjunction with the
      appended drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the preferred embodiment of the invention
      illustrating the latch member components in a locked condition;
PAR  FIG. 2 is a perspective view of the latch members of FIG. 1 illustrating
      the latch member components in an unlocked condition;
PAR  FIG. 3 is a sectional view taken along lines 3--3 of FIG. 1;
PAR  FIG. 4 is a sectional view taken along the same lines as FIG. 3 but
      illustrating the parts in an unlocked condition as in FIG. 2;
PAR  FIG. 5 is an exploded perspective view of the latch lock components of the
      preferred embodiment;
PAR  FIG. 6 is a perspective view of another embodiment of the invention
      illustrating the component parts in a locked condition;
PAR  FIG. 7 is a perspective view of the embodiment of FIG. 6 illustrating the
      component parts in an unlocked condition;
PAR  FIG. 8 is a front elevation view of the embodiment of FIG. 6;
PAR  FIG. 9 is a sectional view taken along lines 9--9 of FIG. 8;
PAR  FIG. 10 is a perspective view of another embodiment of the invention
      illustrating the component parts in a locked condition;
PAR  FIG. 11 is a perspective view of the embodiment of FIG. 10 illustrating the
      component parts in an unlocked condition;
PAR  FIG. 12 is an elevational view of the embodiment of FIG. 10 illustrating
      the parts in a locked condition;
PAR  FIG. 13 is a sectional view taken along lines 13--13 of FIG. 12;
PAR  FIG. 14 is a front elevation view of another embodiment of the invention
      illustrating the component parts in a locked condition;
PAR  FIG. 15 is a front elevation view of the embodiment of FIG. 14 illustrating
      the component parts in an unlocked condition; and
PAR  FIG. 16 is an exploded perspective view of the slide-bolt and latch lock
      components of the embodiment of FIG. 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is initially invited to FIG. 1 of the drawings which illustrates
      the preferred embodiment of the invention, generally designated 10,
      mounted on a door or panel member 20 supported by a hinge 22 on a housing
      24. A keeper 26 is fixedly attached to an upper portion 28 of the housing
      and a slide-bolt guide means 30 is fixedly attached to the door or panel
      20.
PAR  A slide-bolt 32 is mounted for axial reciprocation in the slide-bolt guide
      means 30 with a slide-bolt actuator 34 being fixedly connected to the
      lower end of the slide-bolt 32 as best shown in FIG. 2. Slide-bolt
      actuator 34 is larger than the opening in the slide-bolt guide 30 and the
      upper surface 36 consequently serves as a stop for limiting the extent of
      upward movement which the slide-bolt 32 is capable of achieving.
      Additionally, it should be noted that the slide-bolt actuator 34 also
      includes a forwardly facing open slot S as shown in FIG. 2 which is
      provided for receipt of an actuator rod or the like employed on doors or
      panels using latch members of this type.
PAR  Slide-bolt 32 is capable of movement between an extended or locking
      position illustrated in FIG. 1 and a retracted or unlocking position
      illustrated in FIG. 2. In the extended position, the upper end of the
      slide-bolt is received within the keeper 26 in a well-known manner while
      in the retracted position, the slide-bolt end is fully enclosed and
      received within the slide-bolt guide 30 as shown in FIG. 2.
PAR  Latch lock means for maintaining the slide-bolt in a locked or extended
      position is provided below the slide-bolt actuator 34 and comprises a
      rotary latch lock 40 mounted on a stub shaft 42 for rotation in a manner
      to be discussed. Stub shaft 42 is supported by a U-shaped bracket member
      44 including a spanner portion 46 and mounted on the door or panel member
      20 as best shown in FIG. 1. A compressible vibration damping means
      consisting of a compressible washer 48 formed of material such as neoprene
      having a hardness of approximately 60 durometer is mounted on the stub
      shaft 42 and received in a cylindrical recess 50 on the outer face of the
      rotary latch lock member 40 as shown in FIG. 3. A metal washer 52 engages
      the outer face of the compressible washer 48 under the influence of a
      retainer nut 54 so that the washer 48 is slightly compressed and serves to
      provide resistance to rotation of the rotary latch lock 40 in an obvious
      manner. However, the rotary latch lock 40 is capable of manual rotation as
      desired.
PAR  Rotary latch lock 40 has a first outer peripheral surface 56 concentric
      about the axis of stub shaft 42 and the opening in the latch lock through
      which the stub shaft passes and which comprises a cylindrical surface. The
      remainder of the peripheral surface of the rotary latch lock 40 comprises
      a second peripheral surface 58 which is a planar chordal surface with
      respect to the cylindrical surface 56 and which is obviously more closely
      spaced to the axis of stub shaft 42 than is the cylindrical surface 56.
      Two manually engageable actuator protrusions 59 for enabling rotation of
      latch lock 40 extend outwardly from the front face of member 40.
PAR  When the rotary latch lock 40 is positioned with the cylindrical surface 56
      engaging the lower face 37 of the slide-bolt actuator 34, it is impossible
      for the slide-bolt 32 to move from the locked position as illustrated in
      FIGS. 1 and 3. On the other hand, when the rotary latch lock 40 is
      positioned with the chordal surface 58 facing the lower face 37 of
      actuator 34, the slide-bolt 32 can move to its retracted or unlocking
      position illustrated in FIGS. 2 and 4. When the slide-bolt is held in the
      locking position of FIGS. 1 and 3, vibrational forces do not have any
      rotational effect on the latch lock 40 and the slide-bolt consequently
      remains locked regardless of the influence of such vibrational forces.
      However, the latch lock 40 can be easily rotated by manual gripping of
      protrusions 59 to enable an unlocking movement of the latch bolt to the
      position illustrated in FIGS. 2 and 4.
PAR  The embodiment illustrated in FIGS. 6-9 is similar to the embodiment of
      FIGS. 1-5 with the latch components comprising a keeper 60 mounted on a
      fixed panel component 62, a slide-bolt guide 64 supporting a slide-bolt 66
      for axial reciprocation. The slide-bolt guide 64 has a slot 68 in its
      outer face through which a lug 69 extends. The lug 69 is in facing
      relation to a rotary latch lock 40 identical to the rotary latch lock of
      the first embodiment. The rotary latch lock 40 is mounted on a U-shaped
      bracket 44 identical to the first bracket 44 extending transversely across
      the slide-bolt guide 64 and supporting the rotary latch lock 40 in exactly
      the same manner. It will be apparent that positioning of the rotary latch
      lock 40 with its cylindrical surface 56 facing the lug 69 as in FIGS. 6
      and 8 will serve to retain the slide-bolt 66 in a locked position as thus
      illustrated in said figures. The rotary latch lock is held in position by
      a compressible washer in exactly the same manner and employing exactly the
      same construction as that illustrated in FIG. 5.
PAR  FIG. 7 illustrates the rotary latch lock in a position permitting the
      slide-bolt 66 to be moved to its unlocked position.
PAR  Turning now to FIGS. 10-13, it will be noted that these figures illustrate
      another embodiment of the invention including a keeper 72 mounted on a
      fixed panel 73 for receiving the outer end of a slide-bolt 74 mounted for
      reciprocation in a slide-bolt guide means 75 fixed to the face of a
      movable door or panel 76. A slot is provided in the outer face of the
      slide-bolt guide 75 in a manner essentially identical to the slot provided
      in the slide-bolt guide 64 of the last-discussed embodiment, and a support
      lug 78 extends outwardly from the slide-bolt 74 for providing support on
      its outer end for an actuator knob 80. A rotary latch lock 40 identical to
      the previously discussed latch lock is supported on an identical U-shaped
      bracket and is mounted below the actuator knob 80 and can be rotated to
      the position illustrated in FIG. 12 for holding the slide-bolt 74 in a
      locked condition. Alternatively, the latch lock 40 can be rotated to the
      position illustrated in FIG. 11 for permitting the slide-bolt 74 to move
      to its unlocked position. Since the rotary latch lock 40 of the embodiment
      of FIGS. 10-13 is mounted in an identical manner to the previously
      discussed latch locks, the compressible washer associated therewith serves
      to retain the latch lock in any position of rotation in which it is
      occupying.
PAR  Turning now to FIGS. 14-16, it will be noted that these figures illustrate
      another embodiment of the invention which constitutes a modification of
      the device illustrated in FIGS. 10-13. The last embodiment employs a
      keeper 72 mounted on a fixed panel 73 in conjunction with a movable door
      or closure 76 on which a slide-bolt guide 75 containing a slide-bolt 74 is
      mounted. The parts of the last embodiment discussed in the preceeding
      sentence having the same reference numerals as the parts in the
      last-discussed embodiment are identical to the like numbered parts of the
      last-discussed embodiment of FIGS. 10, etc.
PAR  However, the embodiment of FIGS. 14-16 employs a latch lock member 84
      mounted for positionable rotation on a stub shaft bolt 86 extending
      through the slot in the outer face of the slide-bolt guide 75. A slot 88
      extends inwardly radially from the outer periphery of the latch lock 84
      and is of a sufficient width to be received over a stop lug 90 extending
      outwardly from a spanner portion 100 of a U-shaped bracket plate 102
      fixedly connected to the movable door or panel member 76. When the latch
      lock 84 is in the position illustrated in FIG. 14, its outer cylindrical
      peripheral portion 85 engages the stop lug 90 to prevent the slide-bolt
      from moving to the unlocking position. However, rotation of the latch lock
      84 to the position illustrated in FIG. 15 in which the slot 88 is aligned
      with the stop lug 90 permits the movement of the slide-bolt to the
      unopened position. The latch lock 84 is mounted as shown in FIG. 16 with a
      spacer 104 engaging a washer 49 and a washer 52 engaging a compressible
      washer 48 which is identical to the previously discussed washer member
      bearing the same designator. Consequently, the rotary latch lock 84 tends
      to remain in any given position in which it is rotationally positioned,
      but can be manually rotated for enabling an unopening of the slide-bolt
      74. Latch lock 84 can also be provided with protrusions like members 59 if
      desired.
PAR  While numerous modifications of the subject invention will undoubtedly
      occur to those of skill in the art, it should be understood that the
      spirit and scope of the invention is to be limited solely by the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A latching means resistant to accidental opening such as caused by
      vibration of the means on which the latching means is mounted, said
      latching means comprising a slide-bolt, actuator means extending outwardly
      from said slide-bolt, guide means supporting said slide-bolt for axial
      movement between an extended or locking position and a retracted or
      unlocked position, a rotary latch lock means mounted on said actuator
      means for movement along a path of movement therewith, means mounting said
      rotary latch lock on said actuator means for rotation about an axis
      perpendicular to the axis of said slide-bolt, a fixed stop lug mounted in
      the path of movement of said rotary latch lock, compressible vibration
      damping means clampingly engaged between said actuator means and said
      rotary latch lock for resisting rotation of said latch lock for holding
      said rotary latch lock in any rotary position of adjustment
      notwithstanding the vibrations of the means on which the latching means is
      mounted while permitting manual rotary adjustment of said rotary latch
      lock to another position of rotational adjustment, said rotary latch lock
      including a first peripheral surface comprising a portion of a cylinder
      and a second peripheral surface portion in a chordal plane with respect to
      said portion of a cylinder positioned radially inwardly from said first
      peripheral surface so that positioning of said second peripheral surface
      portion in facing relation to said stop lug enables said slide-bolt to
      move to its retracted position while positioning of said first peripheral
      surface in facing relation to said stop lug when said slide-bolt is in
      said locking position results in engagement of said first peripheral
      surface with said stop lug to prevent movement of said slide-bolt toward
      said unlocked position wherein said stop lug is mounted on support means
      comprising a U-shaped bracket plate fastened to and extending outwardly
      from means on which said guide means supporting said slide-bolt is mounted
      with said U-shaped bracket plate including a spanner portion extending
      transversely across and spaced outwardly from said slide-bolt, said stop
      lug extending outwardly from said spanner portion, said second peripheral
      surface of said rotary latch lock comprising the bottom of a generally
      rectangular slot extending inwardly from said first peripheral surface and
      dimensioned to matingly fit over said stop lug when aligned therewith.
NUM  2.
PAR  2. The invention of claim 1 wherein said actuator means comprises bolt
      means extending outwardly from said slide-bolt, said bolt means having an
      axis parallel to the axis of said stop lug.
NUM  3.
PAR  3. The invention of claim 2 wherein said compressible vibration damping
      means comprises a washer member having an axial opening through which said
      actuating means extends, said washer member being in a compressed
      condition to resist rotational movement of said latch lock.
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ABST
PAL  The main housing is an exact size for insertion in the conventional door,
      is adjustable for door thickness and allows conventional hole cutting and
      preparation. This housing is cylindrical, and has two sides with working
      parts built in one side, each side having an external or internal
      threading to be screwed together. Only one screw is used in installation
      to connect the two inside and outside sliding recessed plates together.
PAL  The latch is retracted by means of a wheel and rod following a cam track,
      aided by a spring positioned in the latch housing. The track is V-shaped
      and in the latch housing wall, the wheel and rod traveling down one side
      thereof after a pull is enacted, or the other side thereof after a push is
      enacted. The wheel is connected to the latch bolt by the rod.
PAL  From the opposite end of the latch the latch bolt is inserted into the
      hollow pinion housed in the main housing to react to the push and pull.
PAL  The latch bolt is projected by springs built in the external threading side
      of the main housing, one spring being attached to the supporting brace and
      pinion, the other spring being attached to the standing structure and
      pinion.
PAL  The entire Push and Pull Door Latch is locked in place when the face plate
      is inserted and screwed.
BSUM
PAC  BRIEF SUMMARY
PAR  The principal object of the invention is to provide a handsome door set
      with a push and pull sequence eliminating the knob as a protruding
      structure from the door and promoting an easier way to operate a latch.
      With little exertion, a push or pull from any side opening the door in one
      finger movement even to allow one with full hands to open a door with an
      elbow. This invention has a minimum number of parts and can be easily
      assembled.
PAR  In carrying out the invention at least one sliding plate with a recess in
      it's outer face having a handle means disposed across said recess, each
      sliding plate, being separately constructed members, sliding thereof,
      having a peripheral wall around the perimeter of each said sliding plate
      extending in the direction of its insertion into the main housing. If two
      said sliding plates, they being inserted from opposite sides, thereby the
      two being transversely opposed from one another, one or two said sliding
      plates acting as a plunger, each said sliding plates being directly
      transversely connected to racks, and sliding together with said racks
      thereof, said racks being parallel and doubly transversely connected at
      both ends thereby, appearing in the form of a square or a rectangular
      shape.
PAR  The latch bolt and the hollow pinion are in a direct connection, from the
      opposite end of the latch of the latch bolt into the open end of the said
      pinion, the pinion is hollow and acts as a sleeve to the latch bolt in a
      fit which will allow it to slide in or out with the turning of the pinion.
      To allow both the turning and the transverse, sliding in and out, a key
      and a keyway association between the latch bolt and said pinion is
      incorporated into their connection. When said pinion is turning, the latch
      bolt will slide into the said pinion through means of the cam of the latch
      housing, thereby retracting and projecting the latch bolt.
PAR  The said pinion is supported by the supporting brace through means of a
      turret, the said turret being attached to the closed or walled end of the
      said pinion, the said brace is in turn attached in a vertical or upright
      position in the external threaded side of the main housing.
PAR  The cam of the latch housing is a part of the latch housing and has a two
      sided V shape track, having a full circumference in order to be connected
      and become part of the latch housing, the latch housing being stationary
      and not moving in any direction with the latch bolt rod and wheel. One
      important factor in the construction of the cam of the latch housing is
      that it be constructed of plastic material and thereby connected to the
      latch housing to become one, said cam shown as 14 only in FIG. 5, by means
      of the said cam, as a separate plastic member of the latch housing
      slipping over the said latch housing perimeter tightly, because the said
      cam must be a secure part of the latch housing in order to absorb the
      turning and transverse action of the said latch bolt, wheel and rod.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS
PAR  FIG. 1 shows an exploded view of the embodiment of the main housing and the
      inside and outside sliding recessed plates.
PAR  FIG. 2 shows the complex in a top view bracketed with the door, catch and
      door frame included.
PAR  FIG. 3 shows a sectional veiw, viewed from front looking into the external
      threaded side of the main housing showing only the circumference of the
      external threads of that part.
PAR  FIG. 4 shows a sectional view of the latch housing and cam including the
      latch bolt, and face plate.
PAR  FIG. 5 shows a perspective view of the cam of the latch housing shown here
      as one member showing also the keyway of the hollowed pinion and the latch
      bolt as the key thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing and in particular to FIGS. 1, 2 and 3, the main
      housing is made up of two sides, the external threaded side 2, screws
      together with the internal threaded side 1, the external threading being
      2A, the internal threading being 1A, the external threaded side 2 harbors
      a hollow pinion 5, the supporting brace 6, and the standing structure 7,
      the said brace 6, supports the hollowed pinion by means of the turret 6A,
      allowing the said hollowed pinion 5, to turn right or left in acting as a
      pinion with the racks 8. In the form as shown here the outside sliding
      recessed plate 3, harbors the said racks 8, in a connection not detachable
      from the outside of that said sliding plate. The said outside sliding
      plate 3, slides into the external threaded side of the main housing 2,
      while the said racks 8, teeth mesh with the engraved gears 12, of the
      hollow pinion 5, also in the form as shown here. The inside sliding
      recessed plate 4, slides in from the opposite side into the internal
      threaded side 1, of the main housing both said sliding plates 3 and 4,
      being oppositely faced and thereby connected by a screw 13, to the said
      racks 8, through the hole 9, in the racks 8, placed in the center of its
      said transverse connection screwing and attaching the racks 8, of the said
      outside sliding plate 3, to the said inside sliding plate 4, of the
      opposite side thereof. The said racks 8, being two parallel sided racks,
      spaced apart, and double transversely connected at both consecutive ends
      showing from above in the form of a rectangular, or a square shape
      depending on the needed length of the racks 8, pertaining to the thickness
      of the door 19. In the particular form shown and discussed here the said
      racks 8, act as a structural connection between the said sliding plates 4,
      and 3.
PAR  With reference in particular to FIGS. 1, 2, 3, and 5, the hollow pinion 5,
      turns as both the said sliding plates 3 and 4, slide inward and outward in
      the push and pull sequence, the said pinion 5, being hollow, one end open,
      one end closed thereof. From the open end, the said pinion 5, and its
      hollow circumference is a running fit to the external perimeter of the
      latch bolt 18, the said pinion 5, shown here having a keyway or groove
      here called a keyway 25, running parallel to the hollowed area of the said
      pinion 5. The latch bolt 18, shown here being the stud, having one or more
      small parallel sided pieces running along the latch bolt 18, surface and
      protruding therefrom, here known as a key 22. The said latch bolt 18, and
      the said pinion 5, are in a direct connection from the opposite end of the
      latch 16, of the latch bolt 18, into the open end of the hollowed area of
      the said pinion 5. The latch bolt 18, because of this association, can
      transversely slide in and out of the said pinion 5, retracting and
      projecting the latch 16, while turning with the said pinion 5.
PAR  The racks 8, teeth, mesh with the engraved gears 12, of the hollowed pinion
      5, enabling the left spring 20 to return both said sliding plates 3, and
      4, back to their original positions, after a push from the said outside
      sliding plate 3. The right spring 21, will same as above return the
      hollowed pinion back to the original position, bringing both said sliding
      plates 3, and 4, back to their original positions, after a push from the
      said inside sliding plate 4. In the process the latch 16, has both
      retracted and then projected under the power of said spring 20, or 21,
      depending on a push or pull.
PAR  with reference to FIGS. 1, 2, 3, and 5, the hollowed pinion 5, and the
      latch bolt 18, begins to transversely slide into the said painion 5,
      hollowed area more deeply, enacting the wheel 24, and rod 23, into
      following the V shaped track 26, as the latch bolt 18, is merging into the
      said hollowed pinion 5, the latch 16, is retracting, into the latch
      housing and cam 14, better seen in FIG. 4. As shown in FIG. 4, a spring
      29, of the latch housing helps in pushing the wheel 24, and rod 23, up one
      of the sides of the V shape track 26, depending on a push or pull, at the
      same time urging the latch bolt 18, into the hollowed pinion 5, as it is
      turning. The cam of the latch housing shown in FIG. 5, as 14, is a
      separate part of the latch housing 14, and has a full circumference, same
      as the latch housing, in order to be connected thereof, becoming a
      permanent part of the latch housing. The cam of the latch housing shown in
      FIG. 5 as 14, is stationary and does not move in any direction with the
      latch bolt 18, wheel 24 and rod 23. It is an important factor that the cam
      is inexpensive in construction, to achieve this desire, the cam is to be
      constructed of plastic material. The said cam is connected to the latch
      housing, by slipping over the said latch housing perimeter tightly. The
      said cam must be a secure part of the latch housing, in order to absorb
      the turning, and transversal sliding action of the latch bolt 18, wheel 24
      and rod 23.
PAR  With reference to FIG. 1, the handle means 11, disposed over the recess
      area of each of the one or more sliding recessed plates here shown as 3,
      and 4, is to be used by a finger in the pulling, and or thumb in the
      pushing, of the said sliding plates 3 and 4. Each said sliding plate 3 and
      4, have a peripheral wall extending in the direction of its insertion.
      This peripheral wall has cuts in it for the supporting brace 6, and the
      standing structure 7, to slide into during the push and pull sequence, the
      cuts existing at the top and bottom areas of the said standing structure
      7, and supporting brace 6. This giving strength to each said sliding
      plates 3, and 4, plus giving protection to the racks 8, in a forceable
      unappropriate turning or an over forceful pushing or pulling, of each said
      sliding plate 3 and 4. The molded or so reinforced hole 17, is for the
      screw 13, to meet the racks 8, firmly for a strong connection. The
      standing structure 7, is shown in FIG. 1 having a hole allowing the latch
      bolt 18, to pass through to allow its insertion into the hollowed pinion
      5.
PAR  As introduced earlier in the Detailed Descriptions, the hollowed pinion 5,
      is supported by the supporting brace 6, through means of a turret, 6A,
      which is attached to the closed end or walled end of the said pinion 5,
      the said brace 6, is attached in an upright or vertical position in the
      external threading side 2, of the main housing.
PAR  As shown in FIG. 4, the V shape track 26, in being a V shape, allows the
      wheel 24, and rod 23, to react to a push or pull, as the latch bolt 18,
      turns, in doing so another turret 28, of the latch housing, allows it to
      do so, but not beyond the point where interference with the function of
      the cam spring 29, would result.
PAR  When closing the door 19, after this Push and Pull Door Latch has been
      enacted the latch 16, when scraped upon the catch 31, the said latch 16,
      is forced to retract into the latch housing and cam 14, then through power
      of a spring 30, shown in FIG. 4, the latch 16, is projected out again to
      hold the door 19, in the closed position to the door frame 32.
PAR  In reference to FIG. 4, the face plate 27, is fastened first to the latch
      housing and cam 14, by means of an insertion stem 27A, positioned on the
      face plate 27, to be inserted into the receiver and casing 15, following
      arrow, this so called casing 15, is attached to the latch housing and cam
      14, to allow a one screw attachment through the hole 27 B, to complete
      this end of installation, and to hold the said latch housing secure in the
      use of this Push and Pull Door Latch.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a push and pull door latch, the combination of; a main housing, two
      sliding plates each with a recess in its outer face having a handle means
      disposed across said recess, each sliding plate being mounted within said
      main housing and being a separately constructed member having a peripheral
      wall extending in the direction of its insertion into the main housing,
      each being inserted from opposite sides, thereby the two being
      transversely opposed from one another, said sliding plates each acting as
      a plunger, a latch bolt operating gear rack disposed between said sliding
      plates, each said sliding plate being directly transversely connected to
      opposite ends of said rack and slidable together with said rack.
NUM  2.
PAR  2. In a latch, the combination of a latch bolt housing, a latch bolt and a
      hollow pinion open at one end, the end of the latch bolt opposite the
      latch carrying end extending into the open end of the said pinion, the
      hollow pinion acting as a sleeve in a running fit to the latch bolt, the
      said latch bolt and pinion having a key and keyway association in their
      said connection providing means for said latch bolt to transversely slide
      in or out of said pinion while turning with said pinion, the latch bolt
      housing and latch bolt including cooperative cam means whereby turning of
      the pinion and thus the latch bolt results in retracting and projecting
      the latch bolt.
NUM  3.
PAR  3. A combination as defined in claim 2, wherein said hollow pinion is
      closed at its other end and is supported by a supporting brace through
      means of a turret, being attached to the closed end of the said pinion.
NUM  4.
PAR  4. A combination as defined in claim 2, wherein said cam means of the latch
      housing is part of the latch housing, having a two sided V-shape track.
NUM  5.
PAR  5. A combination as defined in claim 2, wherein said cam means of the latch
      housing according to the invention, is constructed of plastic material.
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ABST
PAL  A hood locking device for vehicles for locking the hood over the engine
      compartment to prevent theft of the vehicle or of engine parts. It
      includes a main housing mountable inside the compartment by adjustable
      rods and brackets to fit most cars or trucks, there being an upper locking
      post securable to the hood and having a locking finger on its lower end
      which extends inside the main housing when the hood is lowered. The main
      housing has an elongated locking bar with an El shaped foot at its lower
      end, and being pivoted intermediate its ends. An electromagnet is
      energized from the car battery to swing the elongated locking bar for its
      upper end to engage with the locking finger to lock the hood. A modified
      form has the magnetic means energized to unlock the hood.
BSUM
PAC  ELECTRIC HOOD LATCH FOR VEHICLES
PAR  This invention relates to improvements in locking devices for vehicle hoods
      and the like.
PAR  An object of the invention is to provide a novel and improved locking
      device for portions of vehicles, such as their hoods, especially to
      prevent theft.
PAR  Another object of the invention is to provide a novel and improved hood
      locking device in which electrical means and cooperating mechanical means
      are used for operating the lock.
PAR  A further object of the invention is to provide a novel and improved hood
      locking device for vehicles, in which there is one lock portion which is
      permanently attached to the hood, and a latching mechanism which is
      permanently attached to the vehicle body or chassis, so that when these
      two portions are mutually engaged with each other, the hood is securely
      locked against opening by unauthorized persons.
PAR  Still another object of the invention is to provide a novel and improved
      hood locking device in which there is a locking mechanism housing secured
      to the vehicle frame, chassis or other fixed portion under the hood, with
      a movable latch member inside the housing for movement into and out of
      locking engagement with a bar member carried by the hood which extends
      inside the housing on closing of the hood, and electromagnetic means in
      the housing for engaging the latch member with the bar member to lock the
      hood.
PAR  Still a further object of the invention is to provide a novel and improved
      hood locking device which is formed of few parts, and can be made at low
      cost by mass production methods for use in most motor vehicles.
DRWD
PAR  The above and other objects and advantages of the invention will become
      apparent from the following description of a preferred embodiment thereof,
      as illustrated in the accompanying drawings.
PAR  FIG. 1 is a sectional elevational view of the locking mechanism in
      engagement with the hood of the vehicle.
PAR  FIG. 2 is a sectional elevational view of a modified form of the locking
      mechanism in engagement with the hood.
PAR  FIG. 3 is a side elevational view of the locking mechanism housing as
      attached to the motor vehicle body or chassis.
PAR  FIG. 4 is a top plan view of the locking mechanism housing as attached to
      the vehicle body or chassis.
PAR  FIG. 5 is a block and schematic diagram showing a form of the invention in
      which the electromagnet locks the hood.
PAR  FIG. 6 is a block and schematic diagram of a form of the invention in which
      the electromatic means unlocks the hood.
DETD
PAR  In connection with the use of motor vehicles, it has been found that where
      the hood over the engine compartment is easily opened, or even left
      unlocked, the vehicle is subject to being stolen, or engine parts removed
      from under the hood. On many cars, there is only a simple hand operated
      latch under the front end of the hood, which anyone can release to unlock
      the hood. While this is a convenience for a service station attendant to
      lift up the hood to add water to the radiator and transmission oil, it may
      account for the great many thousands of cars that are stolen every year.
PAR  Once they can open the hood, many thieves are adept at starting the car by
      jumping the ignition even though the ignition key has been removed.
      Further, they also can and do steal the battery, radio and other parts for
      resale to fences. The present invention is intended to prevent thieves or
      other unauthorized persons from opening the hood, and is so designed as to
      be used on most modern vehicles, without alteration of the car itself.
PAR  In order to understand clearly the nature of the invention, and the best
      means for carrying it out, reference may be had to the drawings, in which
      like numerals denote similar parts throughout the several views.
PAR  As shown there is a vehicle hood 10 which is commonly hinged over the
      engine compartment of the car body 12. A locking bar 14 is secured to the
      hood 10 by bolts 15 at one end with its shank portion 16 depending from
      the hood so that when the hood is lowered to close it, the shank 16
      extends through the opening 17 in the roof portion 18 of the locking
      mechanism housing 20A or 20B, shown respectively in FIGS. 1 and 2.
PAR  The housings 20A and 20B are similar in construction, and have side walls
      21 and 22, and floor wall 23 to form an interior chamber 24. As shown in
      FIGS. 1 and 2, the locking bar 14 is EL shaped at the bottom to form a
      finger 25. To lock the hood, it is necessary to engage this locking
      finger, and this is done as seen in FIG. 1, by means of the upright detent
      or latch bar 26 which is pivotally supported on fixed pivot pin 27
      supported in a wall of the chamber 24, so that the latch bar 26 can swing
      from its full line position against the stop plate 28, to the broken line
      unlocked position shown at 26B of FIG. 2.
PAR  The latch bar 26 has a hole 29 formed through its enlarged upper end
      portion 30 to receive the locking finger 25, and thus to lock the hood
      against upward movement. The latch bar 26 also has a right angle extension
      foot 31 at its base, from which is suspended an iron or steel metal swing
      plate 32 by a wire or rod. An electromagnet 33 has its terminals 34
      connected by wires to receive electric current from the battery 35 of the
      vehicle or from other batteries used for the locking device.
PAR  The electromagnet 33 being located beneath the swing plate 32, the action
      is that when the magnet is activated the metal plate is pulled down, and a
      small downward movement of the plate 32 produces a wide swing of the
      vertical bar 26 near its top end, moving the vertical bar 26 over and
      around the detent foot 25 of the depending bar 14. The latch bar 26 is
      designed so that it is top-heavy, and the metal stop 28 prevents it from
      reaching the absolute vertical. When the electromagnet is deactivated, the
      vertical bar 26 falls of its own weight out of the vertical, disengaging
      from foot 25 and releasing the hood to be opened. As seen in FIG. 1, a
      spring 40 may also be installed to aid in the falling of the bar 26 to the
      unlocked position.
PAR  FIG. 2 shows a modified form of the invention in which the upright latching
      bar 26B has a right angle extension leg 41 on its upper end instead of the
      apertured portion of the bar shown in FIG. 1, and this will overlap the
      angle base 25 of the depending bar 14 coming from the hood of the car. In
      this arrangement, the latching bar 26B is pivoted on fixed pivot pin 42,
      so it can move from full line locked position against stop plate 43 to its
      broken line unlocked position shown in the view.
PAR  A metal iron or steel swing plate 45 is suspended from the lower leg 46 of
      latching bar 26B in position to be attracted and pulled down on activation
      of the electromagnet 47 which is connected by wires from its terminals to
      the car battery through appropriate switches or as described below. In
      this form, the electromagnet unlocks the hood when it is energized, the
      spring 49 biasing the bar 26B counterclockwise as seen.
PAR  As seen in FIG. 5, the current to the electromagnet is controlled by the
      ignition switch and a two resistor switch. When the ignition is on, the
      current flows through the ignition and returns to the battery. When the
      ignition is off, the current switches to the hood lock by means of the two
      resistor switch. In the two resistor switch, the resistance in the main
      circuit leading to the ignition is slightly less than the resistance in
      the circuit leading to the hood lock.
PAR  The advantage of this system is that the hood is automatically locked as
      soon as the ignition is turned off, making the system convenient, and
      immune to the forgetfulness of the operator. Another advantage is that the
      system can't be disabled because the two resistor switch and wiring are
      under the locked hood. A third advantage is that the lock only works when
      the current is applied. If the vehicle's battery goes dead for some
      reason, the hood is automatically unlocked since there would be no current
      to keep it locked.
PAR  If desired, the lock can be slightly changed so that the lock is unlocked
      when the current is applied to the electromagnet. This is done as shown,
      by using a spring to keep the vertical bar in the vertical position. When
      the current is applied, the vertical bar is pulled out of the vertical.
PAR  As shown, a toggle switch 55 can be placed between the ignition and the
      electromagnet, so that the lock can only be unlocked when the ignition and
      the toggle switches are on. If desired, a bar connected to the vertical
      bar and extending through the mechanism housing can be added so the
      vertical bar can be pulled aside by hand if the battery is dead and there
      is no current to unlock the lock. This mode of operation is not
      recommended, however, since the lock can also be unlocked by hand by a car
      thief, thus defeating the purpose of the lock.
PAR  Referring now to FIGS. 3 and 4, the hood lock is mounted as follows. The
      locking mechanism housing 20 has two collars 60 and 61 which are attached
      to a plate 62, which is attached to the body of the car in the engine
      compartment. The upper collar 60 is attached to the plate 62 by a tie bar
      64 attached to the middle of the plate. The tie bar is attached to the
      plate and collar by two joints that allow the bar to swivel up and down.
      The second collar 61 has two bolts 66 protruding from the sides. The bolts
      fit into two bars 68 that are attached to the plate 62 at a ninety degree
      angle as seen in FIG. 3, and the two bars have an opening 69 the length of
      the bar and the width of the bolts. The collar can be slid along the
      length of the bar and locked into position by tightening a wing nut 70 on
      the bolt. The collars are tightened around the locking mechanism housing
      by a screw 71 in front of the collars. When the screw is turned it pulls
      the two edges of the collars tightly around the locking mechanism housing.
PAR  The top bars 14 are attached to the hood as explained and shown. This
      mounting arrangement allows the locking mechanism and top hooked bar
      attached to the hood to be adjusted so they can be properly joined in
      various car and truck models.
PAR  While a specific description of the invention has been set forth herein, it
      is understood that various changes may be made in size, shape, materials
      and arrangement without departing from the spirit and scope of the
      invention as claimed.
CLMS
STM  Having herein described the invention, what is claimed as new is:
NUM  1.
PAR  1. A locking device for a vehicle hood and the like, which comprises:
PA1  a. a main locking mechanism housing having a plurality of walls, a main
      chamber therein, and an entrance opening formed in one of said walls;
PA1  b. anchoring means for securing said housing to an interior of a hooded
      vehicle compartment;
PA1  c. a movable elongated latch bar member contained in said housing, said
      movable elongated latch bar member having an enlarged upper end making
      said bar member slightly top heavy, said latch bar member pivoted
      intermediate said enlarged upper end and a lower end;
PA1  d. a locking bar post securable at its upper end to said vehicle hood, said
      bar post of an EL shape to form a latching finger at its lower end, said
      locking bar post and said latching finger extensible through said entrance
      opening into said main chamber;
PA1  e. a latching means carried on said enlarged upper end of said latch bar
      member for releasably lockingly engaging with said latching finger of said
      locking bar post for holding the same against being unlocked when said
      latch bar member is moved into locking position; and
PA1  f. electromagnetic means contained in said housing beside said lower end of
      said bar member.
NUM  2.
PAR  2. The construction of claim 2, and wherein said enlarged upper end of said
      bar member has an opening formed therein for engaging over and around said
      latching finger of said bar post, for holding said finger in locked
      position when said bar member is moved into locking position.
NUM  3.
PAR  3. The construction of claim 2, and wherein said elongated latch bar member
      comprises an EL shaped lower foot portion at its lower end, a swing
      ferrous metal plate suspended from said lower foot portion, said
      electromagnetic means connectable to a source of electricity for
      attracting said metal plate on being energized, to draw said lower foot
      portion toward said electromagnetic means and to swing and rotate said
      entire elongated latch bar member counterclockwise for locking engagement
      of its upper end with said latching finger to lock the hood.
NUM  4.
PAR  4. The construction of claim 3, and comprising spring means for biasing
      said elongated latch bar member toward disengagement with said latching
      finger for aiding disengagement upon deactivation of said electromagnetic
      means.
NUM  5.
PAR  5. The construction of claim 2, and wherein said elongated latch bar member
      comprises an EL shaped latching lever on its upper end portion for
      engaging with said latching finger on swinging rotation of said elongated
      latch bar member toward said latching finger, said elongated latch bar
      member comprising an EL shaped lower foot portion, a ferrous metal swing
      plate suspended from said lower foot portion, electromagnetic means
      connectable to a source of electricity for attracting said swing plate to
      rotate said elongated latch bar member clockwise out of locking engagement
      with said latching finger on activation of electromagnetic means, for
      unlocking said hood.
NUM  6.
PAR  6. The construction of claim 1, and comprising a plurality of holding
      collars for holding and encircling said housing means, wall plate means
      engageable with a wall of said vehicle compartment, first rod means
      pivotally secured at one end to said wall plate means and at the other end
      to an upper one of said holding collars, and slide plate means extending
      from said wall plate means and having an elongated slot overlying a side
      of said lower holding collar, and bolt means extending from said holding
      collar and through said slot for adjustably positioning said collar.
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ABST
PAL  A security pin for installation between a door jamb and a door to prevent
      unauthorized entry through the door, when locked, by removal of the door
      hinge pins.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Building codes require entrance door to swing outwardly for occupant safety
      in the event of fire, or other emergencies requiring an expeditious egress
      from the building. In order that these doors can be swung outwardly, it is
      necesssary that the door hinge pins be disposed on the side of the door
      facing the outside. As a result, the hinge pins are accessible from the
      outside and can be easily removed, whereby the unauthorized removal of the
      door, even when locked, can be easily accomplished.
PAR  In order to prevent the unauthorized removal of locked, outside-opening
      door, it has been proposed to provide pins between the door jamb and the
      edge of the door. Such an arrangement is disclosed in U.S. Pat. Nos.
      1,391,304 to Dowling dated Sept. 20, 1921; and 2,797,432 to Gakle dated
      July 2, 1957.
PAR  The door security pin of the present invention is an improvement over the
      security pins employed heretofore, in that the instant security pin is
      constructed and arranged to be installed on existing doors by a person,
      relatively unskilled in carpentry, such as the do-it-yourself homeowner.
      The security pin of the present invention includes a threaded portion
      adapted to be inserted into the door jamb, a body portion having polygonal
      faces adapted to be engaged by a suitable tool for turning the threaded
      portion into the door jamb, a shoulder between the body portion and the
      threaded portion to limit the insertion of the pin into the door jamb, and
      an impression portion on the end of the body portion for forming an
      indentation in the edge of the door for aligning the longitudinal axis of
      the pin with the hole to be drilled in the edge of the door. A bushing is
      also provided for insertion into the drilled hole in the edge of the door
      and adapted to receive the body portion of the pin.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an outside-opening type door with the
      security pins of the present invention mounted in operative position
      between the door jamb and the edge of the door;
PAR  FIG. 2 is a side elevational view of one embodiment of the security pin of
      the present invention;
PAR  FIG. 2a is an end view taken along line 2a--2a of FIG. 2;
PAR  FIG. 3 is a side elevational view of another embodiment of the security pin
      of the present invention;
PAR  FIG. 3a is an end view taken along line 3a--3a of FIG. 3;
PAR  FIG. 4 is a side elevational view of a bushing adapted to be inserted into
      a bore drilled in the edge of the door; and
PAR  FIG. 4a is a view taken along line 4a--4a of FIG. 4.
DETD
PAR  Referring to the drawings, and more particularly to FIG. 1 thereof, the
      security pins of the present invention designated generally by reference
      numeral 1, are adapted to be mounted between a door jamb 2 and the edge of
      a door 3 pivotally connected to the jamb by hinges 4. The door, being an
      outwardly swinging type, has the hinges and the associated hinge pins
      disposed on the side of the door facing the outside. It is well known that
      these types of doors, without the security pins, can be readily unhinged
      by removing the hinge pins from the hinges, whereby access to the locked
      building may be obtained. By employing security pins, the normal opening
      and closing of the door is not impeded, and if the hinge pins should be
      removed in an attempt to open a locked door, the security pins retain the
      inner edge of the door in the locked position.
PAR  The details of the construction of one embodiment of the security pin of
      the present invention is shown in FIGS. 2 and 2a and comprises a threaded
      portion 5, a body portion 6 having polygonal faces 6a adapted to be
      engaged by a suitable tool for turning the threaded portion into the door
      jamb 2. The threaded portion is of a reduced diameter as compared to the
      body portion to thereby form a shoulder 6b for limiting the insertion of
      the pin into the door jamb, and the free end of the body portion is
      pointed as at 6c to provide an impression portion whereby an indentation
      can be formed in the edge of the door for aligning the longitudinal axis
      of the pin with the hole to be drilled into the edge of the door when
      installing the security pins, to be described more fully hereinafter.
PAR  Another embodiment of the security pin is shown in FIGS. 3 and 3a wherein
      the polygonal faces 7 are formed interiorly of the body portion 6, rather
      than on the external surface thereof as in the embodiment of FIG. 2, to
      thereby form a socket for receiving the end of an Allen wrench whereby the
      pin can be threaded into the door jamb. The impression portion of the pin
      is provided by a small magnetic ball adapted to be inserted into the
      socket 7 and having a portion protruding therefrom for engaging the edge
      of the door to form an indentation therein.
PAR  Referring to FIGS. 4 and 4a, a cylindrical bushing 9 having a flange
      portion 9a is provided for insertion into the hole drilled into the door
      edge to reinforce the hole.
PAR  To install the security pins of the present invention, with the door in the
      open position, the pins are threaded into the hinge side of the door jamb
      by means of a suitable wrench until the shoulder 6b abuts the face of the
      door jamb. The door is then moved toward the closed position until the
      point 6c or ball 8 forms an impression in the door edge to thereby locate
      the longitudinal axis of the security pin. A hole is then drilled at the
      impression point and a bushing 9 is inserted therein. When the door is
      moved to the fully closed position, the body portion 6 of each security
      pin will enter the cylindrical bushing 9.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A security pin installed between the hinge side of a door jamb and a
      door edge, comprising a threaded portion inserted into the door jamb, a
      body portion integrally connected to the threaded portion, said threaded
      portion being of a reduced diameter to thereby form a shoulder between the
      body portion and the threaded portion for limiting the insertion of the
      pin into the door jamb, polygonal surfaces provided on said body portion
      adapted to be engaged by a suitable tool to facilitate the insertion of
      the threaded portion of the pin into the door jamb, and a pointed portion
      on the free end of the body portion for forming an indentation in the edge
      of the door to thereby facilitate the alignment of the longitudinal axis
      of the pin with a hole to be formed in the edge of the door at the point
      of indentation, a hole formed in the edge of the door, said hole being
      positioned in alignment with the pointed end of the pin, whereby during
      the normal opening and closing of the door, the body portion of the pin is
      respectively removed from and inserted into the hole.
NUM  2.
PAR  2. A security pin for installation between the hinge side of a door jamb
      and a door edge, comprising a threaded portion adapted to be inserted into
      the door jamb, a body portion integrally connected to the threaded
      portion, said threaded portion being of a reduced diameter to thereby form
      a shoulder between the body portion and the threaded portion for limiting
      the insertion of the pin into the door jamb, polygonal surfaces provided
      on said body portion adapted to be engaged by a suitable tool to
      facilitate the insertion of the threaded portion of the pin into the door
      jamb, an impression portion on the free end of the body portion for
      forming an indentation in the edge of the door to thereby facilitate the
      alignment of the longitudinal axis of the pin with a hole to be formed in
      the edge of the door at the point of indentation; said impression portion
      comprising a socket formed in the free end of the body portion and a ball
      removably mounted in said socket; and a hole formed in the edge of the
      door, said hole being positioned in alignment with the free end of the
      pin, whereby during the normal opening and closing of the door, the body
      portion of the pin is respectively removed from and inserted into the
      hole.
NUM  3.
PAR  3. A security pin according to claim 1, wherein the polygonal surfaces are
      provided on the outer surface of the body portion.
NUM  4.
PAR  4. A security pin according to claim 2, wherein the polygonal surfaces are
      provided in the socket formed interiorly of the body portion.
NUM  5.
PAR  5. A security pin according to claim 1, wherein a bushing is inserted
      within the hole formed in the door edge for receiving the body portion of
      the pin.
NUM  6.
PAR  6. A security pin according to claim 2, wherein a bushing is inserted
      within the hole formed in the door edge for receiving the body portion of
      the pin.
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ABST
PAL  A disposable padlock which cannot be opened by a key but whose locking
      effect can only be nullified by the use of sufficient force to deform the
      padlock. A shackle is automatically engaged when inserted into a body
      portion of the padlock. Engagement members mounted in the body portion are
      biassed to engage recesses in limbs of the shackle in such a way that the
      padlock will deform before the shackle will be removed by the application
      of force. Means may be provided for preventing rotation of the limbs of a
      sheared shackle engaged by the body portion.
BSUM
PAR  This invention has reference to padlocks and has for its object to provide
      a padlock for use when a high degree of security is required.
PAR  Recent trends in the transport of large consignments of goods are towards
      the use of bulk containers which can be sealed for shipment via road (TIR
      vehicles), rail, air or sea. One of the problems with the use of such
      containers has been the difficulty of providing suitable locks for the
      containers for security during shipment. The difficulties in ensuring that
      keys for opening such locks cannot be obtained by unauthorised persons
      have given rise to locks which are expensive and still do not ensure that
      undetected unauthorised access to the container cannot be effected. This
      latter point creates problems as between supplier and customer as to
      discrepancies between the original and final contents of the container.
PAR  According to this invention there is provided a keyless disposable padlock
      comprising a body portion having two substantially parallel bores, a
      shackle having two limbs capable of insertion into the respective bores of
      the body portion, and means located within the body portion for
      automatically engaging said limbs, when they are inserted into said bores,
      so as to lock the limbs unretractably within the bores whereby the padlock
      cannot be opened without damaging one or more component parts of the
      padlock.
PAR  Preferably said shackle limbs are provided with recesses and said engaging
      means includes movable projections biassed to enter said recesses
      automatically when the limbs are inserted into the limb-receiving bores,
      the arrangement of the projections and the recesses being such that
      movement of the limbs along the limb-receiving bores is inhibited.
PAR  In a preferred embodiment, the body portion has a cross-bore extending
      between, and partially intersecting with, the limb-receiving bores, the
      cross-bore housing two engagement members (for example, balls) biassed
      apart by means of a spring between them so that said engagement members
      tend to adopt respective positions in which each engagement member
      projects partially into one of the associated limb-receiving bores, the
      limbs of the shackle being such as to push the engagement members together
      as the shackle is fitted into the body portion, and subsequently to
      receive the engagement members in recesses in the limbs whereby the limbs
      are trapped in the body portion.
PAR  In another embodiment the body portion has a further, blind bore, a plunger
      located therein, the plunger having an annular bevelled or tapered face, a
      cover for said blind bore, a helical compression spring introduced between
      the cover and plunger, balls fitted in apertures in the body and bearing
      on the said bevelled or tapered face and sleeves axially slidable in the
      two limb receiving bores, the construction being such that in priming the
      body portion to secure the limbs of the shackle the sleeves are positioned
      to retain the balls against the said tapered or bevelled face to hold the
      plunger in the position wherein the spring is under compression and when
      the limbs of the shackle are introduced into the bores the sleeves are
      displaced to clear the balls whereupon the plunger forces the balls into
      engagement with the recesses in the limbs of the shackle and thereafter
      prevents their retraction from the body portion so that the shackle is
      thus locked in the body portion. A still further feature of this
      embodiment consists in retaining the cover in the padlock body by means of
      a pin, introduced through aligned holes in the cover and in the body
      portion, the withdrawal of the pin being obstructed by the limbs of the
      shackle, when inserted in the body portion.
DRWD
PAR  Embodiments of this invention will now be described, by way of examples
      only, with reference to the accompanying drawings wherein:
PAR  FIG. 1 is a sectional view of a first embodiment of padlock according to
      this invention;
PAR  FIGS. 2a to 2c are front and side sectional views of the body portion of
      the padlock shown in FIG. 1 and an end view of a securing pin for use with
      the body portion respectively;
PAR  FIGS. 3a and 3b are respectively front and side elevations of the shackle
      of the padlock shown in FIG. 1;
PAR  FIGS. 4a to 4c are elevations of a modified form of the body portion shown
      in FIG. 2, illustrating respective stages in the manufacture of the body
      portion;
PAR  FIGS. 5a to 5c are respectively a side elevation of a shackle and plan
      views from underneath of a body portion of a third embodiment of padlock;
PAR  FIGS. 6 and 7 are respectively a sectional elevation of a body portion and
      a front elevation of a shackle of a fourth embodiment of padlock; and
PAR  FIG. 8 is a sectional elevation of the body portion and shackle shown in
      FIGS. 6 and 7 and fitted together to form a locked padlock.
DETD
PAR  Referring to FIGS. 1 to 3b, a first embodiment of disposable padlock
      comprises a body portion 2 into which is fitted a shackle 3.
PAR  The body portion 2 is a rectangular-sided block having two limb-receiving
      bores 4, 5 and a cross-bore 6 extending between, and partially
      intersecting with, the bores 4 and 5. The ends of the cross-bore 6 are
      sealed by means of covers 7 held in the body portion by means of hardened
      steel pins P of split circular cross-section (FIG. 2c). The covers 7 hold,
      within the cross-bore, two engagement members in the form of balls 8
      biassed apart by means of a coil spring 9. The length of the sealed
      cross-bore is such that with the balls 8 at their furthest apart positions
      they project partially into the bores 4 and 5. If required, a dummy
      key-hole K may be provided but is preferably omitted.
PAR  The shackle 3 is generally U-shaped with two limbs 10, 11 respectively
      having bevelled tips 12, 13, recesses 14, 15 and flats 16, 17.
PAR  Thus when the shackle is pushed into the body portion, the bevelled tips
      12, 13 enable the balls 8 to be pushed together to compress the spring 9.
      When the recesses 14, 15 are level with the cross-bore 6 the balls 8 move
      into, to engage, the recesses, so that the limbs of the shackle are
      trapped in the bores 4 and 5, the forces exerted on the balls 8 by trying
      to pull the shackle out of the body portion having substantially no
      components tending to force the balls together.
PAR  There is a danger that, when the shackle is cut, the construction of the
      ball-and-recess locking arrangement allows the shackle limbs to be
      separately rotated to press the balls 8 back into the bore 6 so that the
      limbs can be removed from the body portion and a new shackle substituted.
      While this may be an advantage from the point of view of economy (since
      the body portion can be re-used) it is a disadvantage from the poinot of
      view that it facilitates unauthorised removal of the padlock once the
      shackle has been sheared in one place and, more importantly, it allows a
      substitute shackle to be fitted to the body portion. This last point is of
      importance since it is desirable that, if a padlock has been interfered
      with, it should be readily apparent. Although the shackle can be marked
      for identification, it is easier to mark the body portion so that it is
      preferred for the shackle limbs to be permanently locked in the body
      portion whereby substitution of the shackle alone is prevented.
      Substitution of the padlock can then be rendered apparent by suitably
      marking the body portion.
PAR  To prevent rotation of the separated shackle limbs in the limb receiving
      bores two hardened steel blocking pins 18 of split circular cross-section
      are inserted in aligned, separate bores 19 and across the bores 4 and 5 as
      shown in broken lines in FIGS. 1 and 2 so as to engage the flats 16, 17
      and block rotation of the shackle limbs when the balls 8 engage the
      recesses 14, 15. Each of the bores 19 is open to one face only of the body
      portion so that the pins cannot be tapped out and their hardening and
      shape prevent drilling out.
PAR  Since the purpose of the pins 18 is effectively to prevent the body portion
      being re-used, only one of the pins 18 may be provided since a substitute
      shackle could not be used if one of the limb-receiving bores were blocked.
PAR  It is to be noted that if the shackle is inserted back to front into the
      body portion the pins 18 limit such insertion to the extent that, at the
      limit, the action of the balls 8 will be to reject the shackle from the
      body portion due to the taper of the shackle limb ends. Therefore, the
      shackle cannot be retained in the body portion when back to front unless
      restraining means such as tape is used. Thus although the application of
      such restraint enables the provision of a convenient package of the
      shackle and body portion, it is made difficult to insert the shackle into
      the body portion in such a way that the padlock appears to be locked when
      it is not locked.
PAR  Clearly other means may be provided instead of the pins 18 as, for example,
      in the modified body portion 2' shown in FIGS. 4a to 4c described below.
PAR  Referring to FIGS. 4a to 4c the metal body portion 2' is formed as an
      extrusion with the limb-receiving bores 4', 5' formed as part of the
      extrusion process. The cross-bore 6 is then formed by drilling through the
      body portion from one side to the other. The bores 4' and 5' are then
      reamed to obtain a suitably clean and polished finish. Thus far, the body
      portion 2' could be used as the body portion 2 described above merely by
      sealing one pair of adjacent ends of the limb-receiving bores by means of
      cylindrical plugs.
PAR  As a further modification cylindrical plugs 104', 105' having extensions
      100, 101 of D-shaped cross-section are then sweated in place at the ends
      of the bores 4' and 5' and hardened steel pins 18' of split-circular
      cross-section are inserted to secure the plugs 104', 105' in place (FIG.
      4c). The other parts of the padlock are the same as for the embodiment
      shown in FIGS. 1 to 3.
PAR  Thus, when the shackle 3 is inserted into the body portion to be engaged by
      the balls 8 the flat portions of the extensions 100, 101 lie adjacent the
      flats 16, 17 respectively to block rotation of the shackle limbs in the
      bores 4', 5'. Clearly, this modified form of padlock provides advantages
      over that shown in FIGS. 1 to 3 as regards manufacturing costs.
PAR  Referring to FIGS. 5a to 5c, there is shown a further modified form of the
      padlock in which the body portion 202 is formed as an extrusion as for the
      body portion 2' shown in FIGS. 4a to 4c except in that the limb-receiving
      bores 204, 205 are now of generally D-shaped cross-section. Also the
      shackle 203 has flats 216, 217 which extend over the portions of the
      shackle limbs that engage the bores 204, 205, so that these shackle limb
      portions are complementally shaped in cross-section with respect to the
      bores 204, 205. Thus the shackle limbs are inherently non-rotatable within
      the bores 204, 205 so that there is no need to provide separate means such
      as the plugs 104', 105' or the pins 18. Thus if it is desired to close one
      end of each limb-receiving bore then a small plastics cap C is sufficient
      although a more substantial cylindrical plug may be provided. It is to be
      noted that the limb receiving bores 204, 205 can be left open at both
      ends, if desired.
PAR  Referring to FIGS. 6 to 8 yet another embodiment of disposable padlock is
      formed by a block 10 which is of rectangular-sided formation but may be of
      any other suitable formation. The body has two parallel limb-receiving
      bores 11 and 12 closed at their lower ends and between said bores is a
      central bore 13 of larger diameter likewise closed at its lower end.
      Within the central bore is a plunger which has a downwardly and inwardly
      bevelled or tapered face 14a and below and above its bevelled face are
      cylindrical faces 15 and 15a respectively.
PAR  This plunger is downwardly biassed by a helical compression spring 16
      introduced between the plunger and a top cover 17 which closes the central
      bore. The cover is retained in position by means of a pin 18 inserted
      through aligned holes in the block and cover. It will be noted that the
      ends of the pin do not project into the bores 11 and 12.
PAR  Between the central and the two limb-receiving bores are circular apertures
      in which are inserted steel balls 19 and inserted in the bores and axially
      slidable therein are two sheet sleeves 20.
PAR  The shackle is of U formation, its two limbs 11a and 12a being parallel and
      being such that they can be introduced into the bores 11 and 12. Further
      the said limbs have opposed recesses 21 which receive the balls as shown
      in FIG. 8.
PAR  It is necessary that the block together with the components be primed to
      receive the shackle and to do this the sleeves 20 must be so positioned
      that they hold the balls within their apertures. The plunger is then
      biased by compressing the spring and holding the spring under compression.
      This is done by depressing the cover 17 and inserting the pin through the
      aligned holes in the cover and in the block. That is, the block may then
      be said to be primed.
PAR  In using the padlock the shackle is fitted to engage the parts to be
      padlocked together and its two limbs introduced into the bores 11 and 12.
      The introduction of the limbs of the shackle pushes the sleeves 20 clear
      of the balls and thereafter the spring biased plunger pushes the balls
      into the recesses in the two limbs. The shackle cannot be withdrawn
      because the balls now bear on cylindrical part 15a  of the plunger above
      the bevel thereof and the cover cannot be detached because it is held in
      place by the pin and the withdrawal of the pin is obstructed by the limbs
      of the shackle.
PAR  With all the padlocks described above, the body portion is preferably
      finished in such a way as to conceal the location of the covers 7, plugs
      104', 105', cover 17 and any other closures required to seal apertures
      formed during manufacture.
PAR  In each embodiment the method of detaching the padlock is to destroy it by
      cutting the shackle and, by forming the shackle of a suitable hard metal,
      the unauthorised cutting thereof can be made a difficult and time
      consuming operation. Further the shackle would be difficult to detach
      since it would have to be disengaged from the parts locked together by the
      padlock. Certainly, once damaged by the cutting of the shackle, the
      original padlock could not be made to appear as it it had not been
      interfered with, making detection of such interference more likely.
PAR  The padlocks described above are to be so dimensioned, and made of such
      materials, that the locking effect of the padlock can only be nullified by
      damaging the padlock, preferably most readily done by shearing of the
      shackle.
PAR  In particular, the padlock shown in FIGS. 1 to 3 can be made so as to
      inhibit the effects of externally applied magnetic forces on the
      engagement members (balls 8 in FIG. 1). To counteract such magnetic
      forces, the shackle can be made of ferromagnetic material and/or the
      engagement members can be made of non-ferromagnetic material. In addition
      the spring between the engagement members can be made strong enough to
      resist practically available magnetic forces acting on the engagement
      members and/or the body portion 2 can be made of a magnetic shielding
      material.
PAR  During tests of the padlocks described above it has been found that pulling
      forces upwards of 10,200 lbs force have been required to destroy a padlock
      made of selected materials and having hardened steel shackles and that the
      shackle ruptures rather than its limbs being removed from the
      limb-receiving bores of the body portion. The latter effect is achieved by
      making the recess-engaging balls of high quality steel more resistant to
      shearing than the material of which the rest of the padlock is made and
      also by designing the padlock so as to minimise the force components
      tending to push the balls out of the recesses in the shackle when trying
      to pull the shackle from the body portion. Said forces components are zero
      or negative so that the balls cannot be pushed from the recesses merely by
      pulling on the shackle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A keyless disposable padlock comprising a body portion having two
      substantially parallel bores, a shackle having two limbs capable of
      insertion into the respective bores of the body portion, a cross-bore in
      the body portion partially intersecting with at least one of the bores and
      having its cross-section eccentric relative to the bore which it
      intersects, engaging means in the cross-bore, means biassing the engaging
      means to a position in the partial intersection of the cross-bore and at
      least one of said bores, at least one limb of the shackle for insertion
      into at least one intersected bore havingn a portion arranged to be
      engaged by the engaging means automatically when the limb is inserted into
      the bore so that the engaging means lies trapped in said partial
      intersection between the engaged limb of the shackle and the opposite wall
      of the cross-bore, the engagement by the engaging means preventing
      movement of at least one limb along at least one of said bores whereby the
      padlock cannot be opened without damaging at least one of the component
      parts of the padlock.
NUM  2.
PAR  2. A padlock according to claim 1 wherein the cross-bore partially
      intersects with, and is eccentric relative to, both of said bores, and
      both limbs of the shackle have portions defining recesses arranged to be
      engaged automatically on insertion of the limbs into the bores by
      engagement members of the engaging means.
NUM  3.
PAR  3. A padlock according to claim 2 wherein the shackle ruptures when
      subjected to a force that tends to remove the shackle from the body
      portion and that is of lesser magnitude than the force required to
      overcome the resistance to movement of the limbs of the shackle along said
      bores due to said engagement by the engaging means.
NUM  4.
PAR  4. A padlock according to claim 2 wherein said biassing means provides
      resilient bias and said shackle limbs have respective tapered end portions
      such that when the limbs are inserted into said limb-receiving bores said
      tapered portions engage said engagement members to produce force
      components acting on the engagement members causing the latter to move
      against said resilient bias until they clear the limb-receiving bores
      sufficiently to allow complete insertion of the shackle limbs so that said
      engagement members can then return to their associated intersections to
      engage the shackle limbs.
NUM  5.
PAR  5. A padlock according to claim 2 wherein means are provided for preventing
      rotation of the shackle limbs in the limb-receiving bores when the shackle
      is sheared to separate said limbs.
NUM  6.
PAR  6. A padlock according to claim 5 wherein said rotation preventing means
      includes blocking means extending into at least one of the limb-receiving
      bores and flats formed on the shackle limbs so that said flats engage said
      blocking means to prevent rotation of the shackle limbs when the shackle
      is locked in the body portion.
NUM  7.
PAR  7. A padlock according to claim 6 wherein said blocking means comprise at
      least one hardened steel pin fixedly mounted in an associated blind bore
      parallel and spaced from said cross-bore.
NUM  8.
PAR  8. A padlock according to claim 6 wherein said body portion and said
      limb-receiving bores are formed simultaneously by extrusion said
      limb-receiving bores each having a non-circular cross-section which
      complementally fits the portion of the associated shackle limb that is
      provided with said flat.
NUM  9.
PAR  9. A padlock according to claim 6 wherein said body portion and said
      limb-receiving bores are formed simultaneously by extrusion, means being
      provided for sealing the open ends of the limb-receiving bores at one of
      the sides of the body portion, said sealing means includes a pair of plugs
      having portions for engaging the flats of the shackle limbs to prevent
      rotation of the latter when they are inserted into the ends of the
      limb-receiving bores opposite the sealed ends.
NUM  10.
PAR  10. A padlock according to claim 4 wherein said biassing means provides
      resilient bias and said shackle limbs have respective tapered end portions
      such that when the limbs are inserted into said limb-receiving bores said
      tapered portions engage said engagement members to produce force
      components acting on the engagement members causing the latter to move
      against said resilient bias until they clear the limb-receiving bores
      sufficiently to allow complete insertion of the shackle limbs so that said
      engagement members can then return to their associated intersections to
      engage the shackle limbs, and blocking means, extending into at least one
      of the limb-receiving bores and arranged to be engaged by at least one of
      the shackle limbs in such a way that rotation of the latter is inhibited,
      prevent said shackle being fully inserted back-to-front into said body
      portion, the engagement members and shackle being such that said
      back-to-front shackle is not subject to any retaining force exerted by the
      engagement members.
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ABST
PAL  A vehicle body and bumper assembly comprising a vehicle body having rigid
      side panels. A vehicle bumper is supported by an energy absorber in spaced
      relationship to the vehicle body for movement longitudinally of the latter
      upon impact. The bumper extends across the width of the body and has
      curved end portions terminating substantially in alignment with the side
      panels, the end of each curved end portion being spaced from the adjacent
      end of a side panel. A bridging panel bridges the space between each
      curved end portion and the side panel aligned with the latter. Each bumper
      curved end portion is movable during energy absorbing movement of the
      bumper into engagement with and along the inner side of the bridging
      panel.
PAL  Preferably, the bridging panel comprises a flexible elastomeric panel
      adapted to flex outwardly as the bumper curved end portion abuts its inner
      side. Also, the bridging panel includes a molding supported externally of
      the body side panel and extending toward the bumper curved end portion,
      the molding being constructed and arranged to accommodate outward flexing
      movement of the flexible panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Current Federal Motor Vehicle Safety Standards require that the front
      bumper of the vehicle be able to absorb a 5 mile per hour impact without
      damage to the vehicle panels and structural members. To accomplish this,
      the bumpers are mounted on energy absorbing devices which permit the
      bumpers to move longitudinally of the vehicle body under impact. The
      movement is on the order of 4 to 5 inches and provision must be made for
      accommodating this movement by spacing the bumper at least a distance from
      the body panels equal to the stroke of the bumper support mechanism. To
      close the gap between the bumper and body panels, an elastomeric sight
      shield is provided which substantially covers the gap between the bumper
      and body members except for the gap between the curved end portions of the
      bumper and the body side panels.
PAR  From an aesthetic viewpoint, it is desirable that the curved end portions
      of the bumper present a streamlined or flush appearance with the body side
      panels, i.e., the fender portions of the vehicle body. This was recognized
      by U.S. Pat. No. 2,062,328 issued Dec. 1, 1936 to W. L. Morrison for
      "Bumper Device for Automobiles." This patent discloses a construction and
      arrangement in which the curved end portions were connected to spaced ends
      of the fenders by vertical extensions or panels of the sight shield, the
      latter being a flexible member.
PAR  It is an object of the present invention to provide a vehicle body and
      bumper assembly designed to stroke inside the fender or body side panel,
      thereby displacing a flexible body panel and body molding, if present, on
      the panel exterior without creating vehicle damage.
PAR  It is a further object to provide four molding alternatives, i.e., a bowed
      molding, a hinged molding, a spring loaded molding and a flexible molding.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a vehicle body and bumper assembly
      comprising a vehicle body having rigid side panels. A vehicle bumper is
      supported by an energy absorbing means in spaced relationship to the
      vehicle body for movement of the latter upon impact. The bumper extends
      across the width of the body and has curved end portions terminating
      substantially in alignment with the side panels, the end of each bumper
      curved end portion being spaced from the adjacent end of a side panel. A
      bridging means, preferably a flexible elastomeric panel, bridges the space
      between each bumper curved end portion and the side panel aligned with the
      latter. Each bumper curved end portion is movable during energy absorbing
      movement of the bumper into engagement with and along the inner side of
      the bridging means.
PAR  The bridging means, as a flexible elastomeric panel, is adapted to flex
      outwardly as the bumper curved end portion abuts the inner side of the
      panel. The bridging means also preferably includes a molding means
      supported externally of the body side panel and extending toward the
      bumper curved end portion, the molding means being constructed and
      arranged to accommodate outward flexing movement of the flexible panel.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other objects and features of this invention will appear in the following
      description and appended claims, reference being had to the accompanying
      drawings forming a part of this specification wherein like reference
      characters designate corresponding parts in the several views.
PAR  FIG. 1 is a perspective view of the front end of a vehicle embodying the
      vehicle body and bumper assembly of the present invention;
PAR  FIG. 2 is a view in part similar to FIG. 1 illustrating the vehicle body
      and bumper system upon impact of a stationary object by the bumper.
PAR  FIG. 3 is an exploded view of the components of the vehicle body and bumper
      assembly;
PAR  FIG. 4 is a section view taken substantially on the line 4--4 of FIG. 2;
PAR  FIG. 5 is a section view taken substantially on the line 5--5 of FIG. 2;
PAR  FIGS. 6, 7 and 8 are section views in part similar to FIG. 5 illustrating
      further embodiments of the body side moldings forming a component of the
      vehicle body and bumper assembly embodying the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and particularly to FIGS. 1 to 3, inclusive,
      there is illustrated, by way of example, a vehicle 10 having a vehicle
      body and bumper assembly, generally designated 11, embodying the present
      invention. The body 12 of the vehicle 10 has rigid side panels 13 which in
      the modern vehicle function as the fenders covering the running wheels 14.
PAR  A pair of spaced energy absorbing devices 15 are attached to the vehicle
      frame or underbody. The particulars of the energy absorbing devices 15
      form no part of the present invention, but reference may be made to U.S.
      Pat. No. 3,794,367 issued Feb. 26, 1974 to John M. Slessor for an
      "Elastomeric Energy Absorber" for an exemplification of such devices. The
      energy absorbing devices 15 support a bumper 16 in spaced relationship to
      the vehicle body 12 for movement longitudinally of the latter impact, such
      as upon impact with a barrier or pole 17 or another vehicle (see FIG. 2).
PAR  The bumper 16 extends across the width of the vehicle body 12 and has
      curved end portions 18 which curve rearwardly and terminate substantially
      in alignment with the side panels 13. In normal relationship of the bumper
      16 to the vehicle body 12, the end 19 of each curved end portion 18 is
      spaced from the adjacent end 21 of each side panel 13. The space between
      the bumper 16 and body structure is substantial. As disclosed in the
      elastomeric energy absorber U.S. Pat. No. 3,794,367, the energy absorber
      member could achieve a stroke of 6 inches, a substantial distance in
      excess of the stroke required to sustain and absorb a 5 M.P.H. impact. The
      space or gap between the body and bumper must accommodate the stroke of
      the energy absorber. To avoid an unsightly appearance, the space or gap is
      filled by an elastomeric flexible sight shield 22. The sight shield has a
      horizontal center portion 23, a curved end portion 24 complementary to the
      curvature of the bumper curved end 18 and a depending vertical panel 25.
      The vertical panel 25 is complementary in shape to the depending section
      26 of the vertical panel 13 on each side of the vehicle body 12 and is a
      width, in the longitudinal direction, great enought to bridge or fill the
      space or gap between the panel 13 end 21 and the bumper end 19. The sight
      shield is bolted or held to body panel flanges by fasteners such as
      indicated at 27 in FIG. 4, the body flanges and sight shield marginal
      portion being provided with a series of aligned apertures 28 and 29,
      respectively, to receive the fasteners 27.
PAR  Cooperating with the flexible panel 25 to bridge the gap or space between
      the rigid panel 12 end 21 and the end 19 of the curved end portion 18 of
      the bumper 16, is a molding strip, generally designated 31. The molding
      strip 31 is externally secured to the rigid panel 13 by fasteners received
      in apertures 32 in the panel. The molding strip 31 may take any one of the
      several embodiments illustrated in FIGS. 5 to 8, inclusive. Before
      describing the features of the several embodiments of the molding strips,
      reference will be made to FIG. 4. FIG. 4 illustrates the effect of the
      flexible panel 25 of movement of the bumper 16, and more particularly the
      curved end 18 of the latter, longitudinally of the vehicle body. The
      bumper end 18 moves inside of the flexible panel 25 causing the latter to
      be flexed outwardly from its normal position in which it lies
      substantially in the plane of the body rigid side panel 13.
PAR  The end portion of the molding strip 31 overlying the flexible panel 25 is
      also caused to move outwardly as the panel 25 is flexed. FIGS. 5 to 8,
      inclusive, disclose several embodiments of the molding strip 31 adapted to
      accommodate the movement of the flexible panel 25.
PAR  In FIG. 5 the molding strip 31a comprises a base member 32 of rigid
      aluminum, the base member 32 having two sections 32a and 32b which are
      separated at 33 substantially in alignment with the end 21 of the rigid
      panel. A unitary vinyl rub strip 34 is adhesively or mechanically attached
      to the base member 32 and is notched on its underside at 35 to provide a
      plastic hinge.
PAR  As shown in FIG. 5, when the bumper curved end portion 18 causes the
      flexible panel section 25 to flex outwardly, the molding strip 31a also
      flexs about the plastic hinge 35 to accommodate the movement of the panel
      section 25.
PAR  The base member 32 is illustrated as being secured to the rigid panel 13 of
      the vehicle body by a mechanical fastener 36.
PAR  The FIG. 6 embodiment of the molding strip comprises a flexible molding
      strip 31b that is either stamped, cold formed or vacuum formed from a
      bright flexible sheet. The sheet is either aluminum foil co-extruded with
      cellulose acetate butyrate or co-extruded with surlyn. It may be a vacuum
      metallized mylar sheet bonded to clear polycarbonate. The base layer 37 of
      the co-extrusion receives the mechanical fasteners 38 to attach the
      molding strip to the body side panel section 25.
PAR  In FIG. 7 the molding strip 31c comprises a rigid aluminum base section 39
      having a unitary vinyl rub strip 41 adhesively or mechanically secured to
      the base section. The molding strip 31c is secured to the rigid side panel
      13 of the vehicle body by a spring-loaded mechanical fastener comprising
      an elongated stud 42 adapted to project through an aperture 43 in the body
      side panel 13. A compression spring 44 is trapped between the underside of
      panel 13 and a retention nut 45.
PAR  In operation, as the panel 25 is flexed outwardly as the curved end portion
      18 of the bumper 16 passes inside of the panel, the molding strip 31c is
      lifted off the rigid body side panel 13. This is permitted by the
      compressibility of the fastener spring 44.
PAR  The FIG. 8 molding strip 31d comprises a thin stamped aluminum base section
      46 made of an aluminum alloy permitting some degree of flexure. A vinyl
      rub strip 47 is adhesively or mechanically fastened to the base section
      46. A mechanical fastener 48 secures the molding strip 31d to the panel
      section 13.
PAR  As the flexible panel 25 flexes outwardly as the bumper curved end portion
      18 passes on the inside, the molding strip 31d bows outwardly to
      accommodate the panel 25 movement.
PAR  It is to be understood this invention is not limited to the exact
      constructions illustrated and described above but that various changes and
      modifications may be made without departing from the spirit and scope of
      the invention as defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vehicle body and bumper assembly comprising:
PA1  a vehicle body having rigid side panels,
PA1  a bumper,
PA1  and energy absorbing means extending between the vehicle body and the
      bumper supporting the latter in spaced relationship to the vehicle body
      for movement longitudinally of the latter upon impact,
PA1  the bumper extending across the width of the body and having curved end
      portions terminating substantially in alignment with the side panels,
PA1  each bumper curved end portion having its end spaced from the adjacent end
      of a side panel,
PA1  bridging means bridging the space between each bumper curved end portion
      and the side panel aligned with the latter,
PA1  each bumper curved end portion being movable during energy absorbing
      movement of the bumper into engagement with and along the inner side of
      the bridging means,
PA1  the bridging means comprising a flexible elastomeric panel adapted to flex
      outwardly as the bumper curved end portion moves along the inner side
      thereof,
PA1  and a molding means supported externally of the body side panel and
      extending toward the bumper curved end portion,
PA1  the molding means being constructed and arranged to accommodate outward
      flexing movement of the flexible panel.
NUM  2.
PAR  2. A vehicle body and bumper assembly, according to claim 1, in which:
PA1  the molding means comprises a base member having elongated rigid base
      sections longitudinally separated from each other,
PA1  a unitary elastomeric strip extending substantially the length of the rigid
      base sections and providing a hinge therebetween,
PA1  and fastening means securing the base section on one side of the hinge to
      the body side panel.
NUM  3.
PAR  3. A vehicle body and bumper assembly according to claim 1, in which:
PA1  the molding means comprises an elongated rigid base member and an
      elastomeric strip extending the length of the latter,
PA1  and a spring-loaded fastening means securing the base member to the body
      side panel,
PA1  the fastening means permitting the base member to move angularly out of the
      plane of the body side panel upon outward flexure of the flexible panel.
NUM  4.
PAR  4. A vehicle body and bumper assembly, according to claim 1, in which:
PA1  the molding means comprises a flexible molding strip that is either
      stamped, cold formed or vacuum formed from a bright flexible sheet,
PA1  the sheet being either aluminum foil co-extruded with cellulose acetate
      butyrate or co-extruded with surlyn;
PA1  or a vacuum metallized mylar sheet bonded to clear polycarbonate,
PA1  and fastening means securing at least a portion of the molding strip
      overlying the body side panel to the latter.
NUM  5.
PAR  5. A vehicle body and bumper assembly according to claim 1 in which:
PA1  the molding means comprises an elongated flexible base member and an
      elastomeric strip extending the latter,
PA1  the flexible base member being adapted to bow outwardly from its point of
      attachment to the side panel upon outward flexure of the flexible panel,
PA1  and fastening means securing at least a portion of the base member
      overlying the body side panel to the latter.
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ABST
PAL  An animal feces collecting device is used to scoop up animal feces from the
      ground or catch the feces as it is falling from the animal. The animal
      feces device comprises an open top cylinder shaped container having a
      communicating disposable plastic bag. A telescoping handle assembly is
      affixed to a longitudinal sidewall of the cylinder shaped container. A
      circular shaped disc top cover is hingeably mounted to the open end of the
      cylinder shaped container.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My present invention relates to a unique and novel device for scooping up
      animal feces from the ground.
PAR  It is known from U.S. Pat. Nos. 3,431,008; 3,659,891; 3,757,737; and
      3,792,687 that collecting devices have been employed but these
      aforementioned patents are of complicated design involving paddle
      assemblies for knocking the feces into a container, or a harness device
      affixing to the animal, unnecessarily complicated handle assemblies, or
      they fail to provide a method to seal the collecting unit.
PAR  It is an object of my present invention to provide a collecting unit having
      a communicating disposable plastic bag.
PAR  Another object of my present invention is to provide a means of sealing the
      collecting unit, when the collecting unit is not in use.
PAR  A further object of my present invention is to provide a means of
      controlling the sealing means via the handle assembly.
PAR  A still further object of my present invention is to provide a means of
      vertical height adjustment of the vertically held handle assembly.
PAR  Yet another object of my present invention is to provide a means whereby
      the animal feces can be caught while the animal is defecating.
PAR  An advantage of my invention is that it provides an animal feces collecting
      device of uncomplicated design and low manufacturing cost.
PAR  Briefly, my invention comprises an animal feces collecting device is used
      to scoop up animal feces from the ground. The animal feces device
      comprises an open top cylinder shaped container having a communicating
      disposable plastic bag. A telescoping hand assembly is affixed to a
      longitudinal sidewall of the cylinder shaped container. A circular shaped
      disc top cover is hingeably mounted to the open end of the cylinder shaped
      container. A means is provided for opening and closing the disc top cover.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 illustrates a side perspective view of the invention;
PAR  FIG. 2 illustrates a side cross sectional view of the invention;
PAR  FIG. 3 illustrates a side cross sectional view of the bag mounting
      mechanism of the invention; and
PAR  FIG. 4 illustrates a perspective view of the invention in use.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 4
      shows an animal feces collecting device 10 used to scoop up animal feces
      16 from the ground as well as catch the animal feces, while the animal is
      defecating. FIGS. 1-2 show the animal feces collecting device 10 which
      comprises an open top cylinder shaped container 11 used as the scooping
      means. A flat circular disc top cover 12 is hingeably 13 mounted to the
      open end top circular edge 14 of the container 11. A hollow tube 15 is
      tangentially mounted onto an outside longitudinal sidewall 17 of the
      container 11, wherein the hollow tube 15 is perpendicular to the
      longitudinal height of the container 11. The handle assembly 18 of the
      animal feces collecting device 10 comprises a handle section 19
      telescopically communicating with a tube engaging section 20, wherein the
      free end 21 of section 20 is slidably mounted into a second free end 22 of
      tube 15. A first 23 and second 24 aligned eyehooks are mounted onto
      section 20 and tube 15. A third 25 and fourth 26 aligned eyehooks are
      mounted onto opposite sides of the top surface 27 of top cover 12. A
      string 28 is tied to the fourth eyehook 26, threaded through the third
      eyehook 25 on top cover 12, threaded through the second eyehook 24 on
      hollow tube 15, and tied to the first eyehook 23 on section 20. As the
      handle assembly 18 is slid back and forth within tube 15, tension is
      applied and released from the string 28 causing the top cover 12 to open
      and close on the top circular edge 14 of container 11. The closed end of a
      plastic bag 29 is inserted into container 11, wherein the open end 30 of
      the plastic bag 29 is folded back over edge 14 of container 11 forming an
      outer cuff 31 on the top longitudinal periphery 32 of container 11 as
      shown in FIG. 3. An elastic band 33 is placed onto the cuff 31 of the bag
      29 holding the bag 29 within the container 11. Referring back to FIG. 4,
      as the handle assembly 18 is held in a vertical plane, the container 11
      with bag 29 engages the ground 34 so that the container 11 can be used to
      scoop up the animal feces 16 from the ground 34. The cover 12 is closed
      after scooping so that the feces 16 can be transportated in container 11.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. An animal feces collecting device adapted to scoop animal feces from the
      ground, which comprises:
PA1  a. a cylindrically shaped container having an open top end and an outside
      longitudinal surface;
PA1  b. a hollow tube affixed tangentially to said outside longitudinal surface;
PA1  c. a tube engaging section slidably mounted into said hollow tube;
PA1  d. a handle section telescopically communicating with said tube engaging
      section;
PA1  e. a flat circular disc top cover hingably mounted to an open top end of
      said container;
PA1  f. a first eye hook affixed to said tube engaging section;
PA1  g. a second eye hook affixed to said hollow tube;
PA1  h. Third and fourth aligned eye hooks affixed to a top surface of said
      cover;
PA1  g. a string tied to said fourth eye hook, threaded through said second and
      third eye hooks, and tied to said first eye hook, said tube engaging
      section sliding back and forth within said hollow tube causing said cover
      to open and close upon said container.
NUM  2.
PAR  2. An animal feces collecting device as recited in claim 1, which further
      comprises:
PA1  a. an open end plastic bag inserted into said open end of said cylinder
      shaped container;
PA1  b. said open end of said plastic bag folded back over said open end of said
      cylinder shaped container forming a cuff along a top longitudinal
      periphery of said cylinder shaped container; and
PA1  c. an elastic band engaging said cuff of said plastic bag.
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PAL  A pair of coupled chopsticks for grasping food is disclosed. The coupling
      intermediate each of the chopsticks is formed by a pair of coil springs.
      Each of the coil springs includes arms extending therefrom, each arm of
      each coil spring being attached to one of the chopsticks. A clamp secures
      the two coil springs to each other in axial alignment. The axis of the
      pair of coil springs represent the point about which the chopsticks pivot.
      The arms of the coil springs maintain the chopsticks aligned within the
      same plane. Thereby, one end of the pair of chopsticks can be squeezed
      together to grasp food without having the pair of chopsticks become
      skewed.
BSUM
PAR  The present invention relates to cutlery, and more particularly, to hand
      manipulated eating utensils.
PAR  Eating utensils, particularly as used in the Western world, are generally
      confined to knives, forks, and spoons. These utensils permit a diner to
      cut the food and convey it to his mouth after spearing or ladling it. In
      the Orient, a fourth type of eating utensil, chopsticks, have been used
      for centuries. By correctly manipulating the chopsticks it is possible to
      grasp, rather than spear or ladle, the food. For some foods, particularly
      vegetables, the juices are not expelled with the attendant loss of flavor
      in conveying the vegetable to the diner's mouth. Chopsticks are also
      particularly well suited for grasping small pieces of meat and dipping
      them into a sauce before they are eaten. Where pieces of meat are
      deep-fried to form a crust about the piece of meat to retain the juices
      therein, chopsticks are particularly well suited to grasp the piece of
      meat without piercing the crust and permitting the fluids to flow
      therefrom. As a result, the diner may enjoy the full flavor of the food.
PAR  Chopsticks are usually formed of bamboo, ivory or stainless steel. Being
      essentially two disconnected sticks, a certain degree of skill is required
      to manipulate them properly. For this reason, most of the people within
      the Western world have never used chopsticks except on rare occasions as a
      lark. In order to make chopsticks more acceptable to those persons not
      trained from childhood to use chopsticks, several devices have been
      developed. U.S. Pat. No. 2,997,328 discloses a pair of chopsticks
      connected to one another by means of a coil spring. This device does not
      satisfy the objective of requiring a low skill level by the user as the
      chopsticks are free to pivot with respect to each other in two planes,
      which planes are normal to one another. Further, the chopsticks cannot be
      easily laterally movable with respect to one another. Because of these
      deficiencies, a level of skill, commensurate with that required for a
      plain pair of chopsticks is necessary. U.S. Pat. No. 3,186,749 teaches a
      pair of chopsticks resiliently attached to one another by means of a
      curved planar spring member. The spring member is intended to permit the
      chopsticks to pivot with respect to each other in a first plane and
      probably accommodates some lateral movement between the chopsticks. A
      disadvantage of this device is that the chopsticks may pivot with respect
      to each other in a second plane, which second plane is normal to the first
      plane. The restraint against pivotal movement in the second plane is a
      function of the structural rigidity of the single attachment point on each
      chopstick.
PAR  From the above discussion, it becomes apparent that of the known attempts
      in developing a pair of coupled chopsticks, several problem areas have not
      been solved. Namely, the known devices do not necessarily restrain nor
      inhibit pivotal movement between the two chopsticks to a single plane. In
      addition, lateral movement, necessary for the proper manipulation of the
      chopsticks, is not specifically accommodated.
PAR  It is therefore a primary object of the present invention to provide a set
      of coupled chopsticks.
PAR  Another object of the present invention is to provide a set of coupled
      chopsticks delimiting pivotal movement between the chopsticks to one
      plane.
PAR  Still another object of the present invention is to provide a set of
      coupled chopsticks adapted to accommodate lateral movement between each of
      the chopsticks.
PAR  Yet another object of the present invention is to provide a geometrically
      elegant set of coupled chopsticks.
PAR  A further object of the present invention is to provide a spring biased
      coupling for mated eating utensils.
PAR  A still further object of the present invention is to provide a
      mechanically simple coupling disposed intermediate a pair of chopsticks.
PAR  A yet further object of the present invention is to provide an inexpensive
      set of coupled chopsticks.
PAR  These and other objects of the present invention will become apparent to
      those skilled in the art as the description thereof proceeds.
DRWD
PAR  The present invention may be described with greater specificity and clarity
      with reference to the following figures:
PAR  FIG. 1 illustrates a perspective view of the present invention.
PAR  FIG. 2 illustrates an exploded view of the coupling of the present
      invention.
PAR  FIG. 3 illustrates the assembled coupling of the present invention.
PAR  FIG. 4 illustrates a modification of the means for securing the chopsticks
      to the coupling.
PAR  FIG. 5 illustrates the pivotal movement of the present invention.
PAR  FIG. 6 illustrates the lateral movement of the present invention.
PAR  FIG. 7 illustrates another embodiment of the present invention.
DETD
PAR  Referring to FIG. 1, there is shown a set of coupled chopsticks 1 having
      chopsticks 2 and 3 connected to one another by coupling 4. Each of the
      chopsticks 2 and 3 may be made from bamboo, ivory, stainless steel, or
      other material depending upon cost factors and intended durability and
      strength. Further, the chopsticks may be circular in cross-section, as is
      normal or they may be of other cross-sectional configuration depending
      upon aesthetic as well as practical requirements. Usually they are tapered
      with ends A and C being the gripping portions and of smaller
      cross-sectional area than butt ends B and D. As the chopsticks are usually
      grasped off center and toward ends B and D, the tapering configuration
      aids in obtaining proper balance and hence more facile utilization of the
      set of chopsticks.
PAR  Coupling 4 is formed by a pair of coil springs 5 and 6 axially aligned with
      and secured to one another by clamps such as clamps 19 and 20. Coil spring
      5 is formed with one or more coils, the ends of which extend therefrom as
      arms 7 and 8. Arms 7 and 8 extend from opposite sides of the coil in
      essentially the same direction but are not parallel to one another.
      Similarly, coil spring 6 is formed of one or more coils having the ends
      thereof extending in essentially the same direction of either side of the
      coil and represented by arms 9 and 10. As with arms 7 and 8, arms 9 and 10
      are not parallel with one another.
PAR  Ends 11 and 12 of arms 7 and 8 are fixedly secured to chopsticks 2 and 3,
      respectively. The point of attachment is represented by fillets 15 and 16.
      Similarly, the ends 13 and 14 of arms 9 and 10 are secured to chopsticks 2
      and 3, respectively. The points of attachment are represented by fillets
      17 and 18. The points of attachments 15, 16, 17 and 18 are located upon
      corresponding chopsticks 2 and 3 such that the center of coils 5 and 6,
      representing the pivot point between the chopsticks, is located off center
      of the chopsticks and toward ends B and D. Thus, the exact points of
      attachment of coupling 4 to chopsticks 2 and 3 is essentially a function
      of the length of arms 7, 8, 9 and 10.
PAR  The two coil springs 5 and 6 may be simply laid atop one another and thence
      clamped together. Or, as shown in FIG. 2, the coil springs 5 and 6 may be
      entwined by passing arm 7 through the center of coil spring 6 and thence
      axially aligning the coil springs. The clamps 19 and 20 may be simply
      curved pieces of sheet metal which pieces are crimped to retain the coil
      springs adjacent one another. Other modifications, such as a pair of
      circular flanged plates disposed on either lateral side of the joined coil
      springs 5 and 6 and secured to one another by a weld or a nut and bolt,
      may be used. The ends 11 and 12 of arms 7 and 8 may be bent with respect
      to the remaining portion of the corresponding arms in order to insure a
      parallel relationship between the ends and the surface of the
      corresponding chopsticks. Such a parallel relationship will enhance the
      attachment and strength of the bond between the ends and the corresponding
      chopsticks. Similarly, ends 13 and 14 of arms 9 and 10 may also be bent
      with respect to the corresponding arms to render these ends parallel to
      the surface of the corresponding chopsticks.
PAR  The assembled coupling 4 is shown in FIG. 3. By inspection, it may be seen
      that arms 7 and 8 form an angle of greater magnitude than the angle formed
      by arms 9 and 10. With this arrangement, an imaginary line drawn adjacent
      ends 11 and 13 would intersect a second imaginary line drawn adjacent ends
      12 and 14. These two imaginary lines, representative of chopsticks 2 and
      3, respectively, indicate that the ends A and C of the chopsticks are
      biased further apart than ends B and D. The resulting configuration is
      then shown in FIG. 1.
PAR  For chopsticks made of material which would prevent a direct and physical
      attachment, as shown by fillets 15, 16, 17 and 18 in FIG. 1, the structure
      as shown in FIG. 4 may be employed. Each of arms 7, 8, 9 and 10 terminate
      in a coil (such as coils 21, 22, 23 and 24, respectively). These coils are
      dimensioned to frictionally engage the corresponding chopsticks. In
      example, coils 21 and 22 engage chopstick 2 and coils 23 and 24 engage
      chopstick 3. With this configuration, coupling 4 is readily usable with
      chopsticks made of ivory, wood, or other products not readily attachable
      to the metallic arms of the coupling.
PAR  The operation of the present invention will be described primarily with
      reference to FIGS. 5 and 6. Chopstick 3 of the coupled pair of chopsticks
      1 is grasped between the thumb and the second finger with ends A and C
      pointing away from the hand. The portion of chopstick 2 generally adjacent
      coil spring 4 rests upon the side of the hand adjacent the V formed
      between the base of the thumb and the hand. The forefinger rests upon the
      outer surface of chopstick 2 intermediate coupling 4 and end A. By
      depressing the forefinger, chopstick 2 tends to pivot about coupling 4
      until end A contacts end C and restrains further pivotal movement. On
      release of pressure by the forefinger, chopsticks 2 and 3 will pivot in
      the reverse direction and ends A and C will spread apart. The dashed lines
      shown in FIG. 5 represent the positions of the elements of the set of
      coupled chopsticks 1 when ends A and C are in contact with one another.
      The solid lines represent the quiescent state of the set of coupled
      chopsticks 1. The coil springs clamped together and forming coupling 4
      permits ready pivotal movement of the chopsticks about the axis of the
      coil springs but inhibit any other pivotal movement. Thus, the user may
      employ the present invention with ease by simply depressing his forefinger
      to grasp particles of food and releasing the pressure applied by his
      forefinger when the food is to be released. He need not be overly
      conscious about ends A and C being skewed when attempting to grasp the
      food as the coupling 4 prevents such skewing.
PAR  For those skilled in the use of chopsticks, small lateral movement of the
      chopstick in addition to pivotal movement is quite common. With the
      present invention, the flexibility and resilience of coupling 4 permits
      such lateral displacement, as shown by dotted lines in FIG. 6. It is
      therefore apparent that the present invention permits those unskilled in
      the art of eating with chopsticks to use them effectively and without
      frustration. Yet, the present invention doesn't detract from not inhibit
      the use of chopsticks in the nor of those skilled and proficient in their
      use.
PAR  Not only may coupling 4 be used with chopsticks to permit the eating of
      foods in accordance with the time honored Oriental custom, but it also
      suggests adaptation for use in connection with other eating implements. In
      FIG. 7 there is shown a pair of handles 25 and 26 connected to one another
      by means of coupling 4. The ends of handles 25 and 26 may include enlarged
      parts 27 and 28. Parts 27 and 28 have their interior edges serrated by
      serrations 29 and 30, respectively. When handles 25 and 26 are brought
      together as shown by the dotted lines in FIG. 7, parts 27 and 28 form a
      relatively wide surface. This surface may be used to convey food, or, if
      the parts 27 and 28 are dipped, the resulting cuplike surface may be used
      to ladle food. In addition, parts 27 and 28 may be used in the manner of a
      set of coupled chopsticks to grasp food. Parts 27 and 28 may be also used
      in the manner of a fork to spear food when serrations 29 and 30 are fine.
      Thus, with modifications of the ends of handles 25 and 26, a multipurpose
      eating utensil may be constructed in accordance with the teachings of the
      present invention.
PAR  While the principles of the invention have now been made clear in an
      illustrative embodiment, there will be immediately obvious to those
      skilled in the art many modifications of structure, arrangement,
      proportions, the elements, materials, and components used in the practice
      of the invention which are particularly adapted for specific environments
      and operating requirements without departing from those principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A food handling utensil for grasping food particles, said utensil
      comprising in combination:
PA1  a. a pair of elongated member;
PA1  b. a flexible coupling disposed intermediate said members for maintaining
      said members in essentially the same plane;
PA1  c. said coupling including:
PA2  1. a first coil spring having a first pair of arms extending therefrom;
PA2  2. a second coil spring having a second pair of arms extending therefrom;
      and
PA2  3. means for attaching said first and second coil springs to one another in
      axial alignment disposing said arms like quatrefoil.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein one arm of said first
      coil spring is secured to said one elongated member and the other arm of
      said first coil spring is secured to said other elongated member.
NUM  3.
PAR  3. The combination as set forth in claim 2 wherein one arm of said second
      coil spring is secured to said one elongated member and the other arm of
      said second coil spring is secured to said other elongated member.
NUM  4.
PAR  4. The combination as set forth in claim 3 wherein said pair of elongated
      members comprise a pair of chopsticks.
NUM  5.
PAR  5. The combination as set forth in claim 3 including an enlarged section
      generally parallel to pivoting plane disposed one end of each of said
      members, said enlarged sections mating one another to form a common
      surface.
NUM  6.
PAR  6. The combination as set forth in claim 5 wherein the mating edges of said
      enlarged sections are serrated.
NUM  7.
PAR  7. The combination as set forth in claim 6 wherein each said enlarged
      section is dished, whereby said mated enlarged sections form a ladle.
NUM  8.
PAR  8. The combination as set forth in claim 7 wherein the extremity of each
      said enlarged section is pointed; whereby, said separated enlarged
      sections form a fork.
NUM  9.
PAR  9. The combination as set forth in claim 1 wherein the arms of said
      combination of said first and second coil springs are aligned on single
      plane.
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ABST
PAL  A mortar tool for grasping a bead of mortar and placing it on top of the
      course of bricks or blocks being laid. The device includes a pair of
      opposed elongate jaws which are spring biased to open position and have
      handles or a pistol grip for closing the jaws to retain mortar therein.
      The device is then moved to engage the top of a course of bricks or blocks
      and with attached guides is aligned therewith and the handle or pistol is
      then released to open the jaws to deposit the bead of mortar onto the
      work.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The present invention relates to the brick laying and block lying art and
      is directed to a tool for depositing a bead of mortar on the top of the
      laid course.
PAC  SUMMARY OF THE INVENTION
PAR  The present device includes a pair of jaws which are spring biased to open
      position and are closed by squeezing handles or a pistol grip to retain a
      bead of mortar therein. After the tool is brought to the proper position
      utilizing guides attached thereto the handles are released to open the
      jaws and deposit the bead of mortar on top of the course of blocks or
      bricks.
PAR  The primary object of the invention is to provide a mortar tool which will
      accurately and evenly deposit a predetermined bead of mortar on top of a
      course of blocks or bricks. Up to date it is done by trowel to pick up
      mortar and lay it evenly on a block without dropping, which requires skill
      and experience, but with this invention even a novice or "do it
      yourselfer" could pick up mortar with ease, accuracy and speed by simply
      dipping the tool into the mortar a predetermined distance. The mortar tool
      can be made as long as a cement block or longer and a level bubble may be
      attached to the tool to make it easier to observe if the block or mortar
      is laid level.
PAR  Other objects and advantages will become apparent in the following
      specification when considered in the light of the attached dawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the invention;
PAR  FIG. 2 is an end elevation of the invention;
PAR  FIG. 3 is a transverse cross-section taken along the line 3--3 of FIG. 1
      looking in the direction of the arrows;
PAR  FIG. 4 is an enlarged cross-sectional view similar to FIG. 3 showing the
      jaws in in an almost closed position, the jaws being perfectly flush when
      fully closed;
PAR  FIG. 5 is an end elevational view of a cinder block having the bead of
      mortar placed thereon;
PAR  FIG. 6 is a front elevation of a modified form of the invention;
PAR  FIG. 7 is an end elevation of the device illustrated in FIG. 6 with the
      jaws in opened position;
PAR  FIG. 8 is a view similar to FIG. 7 illustrating the jaws in an almost
      closed position; and
PAR  FIG. 9 is an enlarged transverse cross-section taken along the line 9--9 of
      FIG. 6 looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail wherein like reference characters
      indicate like parts throughout the several figures the reference numeral
      10 indicates generally a mortar tool constructed in accordance with the
      invention.
PAR  The mortar tool 10 includes a generally flat jaw 11 having a lip 12
      integrally formed on the lower edge thereof and extending at a slight
      angle thereto only when open, as a means of allowing mortar to flow out
      easier since it offers no resistance when open. An outwardly flared back
      13 is integrally formed along the upper edge of the jaw 11, as a means of
      reinforcement.
PAR  An ear 14 is integrally formed on one end of the jaw 11 and extends
      perpendicularly thereto oppositely of the lip 12 and the back 13. A second
      ear 15 is integrally formed on the opposite end of the jaw 11 and extends
      parallel to the ear 14. A generally U-shaped wire handle 16 has its
      opposite ends integrally secured to the jaw 11 intermediate the ears 14,
      15. The handle 16 is inwardly offset at 17 as can be clearly seen in FIG.
      4.
PAR  A generally rectangular jaw 18 is positioned in opposed relation to the jaw
      11 and has a lip 19 integrally formed on the lower edge thereof and
      extending at a slight angle thereto. A back 20 is integrally formed on the
      upper edge of the jaw 18 and extends outwardly therefrom at an angle. An
      ear 21 is integrally formed on one end of the jaw 18 and extends
      perpendicularly thereto oppositely of the lip 19 and the back 20. An ear
      22 is integrally formed on the opposite end of the jaw 18 and extends
      parallel to the ear 21.
PAR  The ears 14, 21 and the ears 15, 22 are pivotally mounted on pivot pins 23,
      24 respectively to mount the jaws 11, 18 for pivotal movement with respect
      to each other. A generally U-shaped handle 25 has its free ends secured to
      the interface of the jaw 18 and extends upwardly and inwardly therefrom
      being angularly offset as can be seen in FIG. 4. The handle 25 has a
      length slightly less then the handle 16 so that it may be interfitted
      therewith.
PAR  A pair of coil springs 26 are fitted between the jaws 11, 18 and have their
      terminal ends 27 extending through holes in the jaws 11, 18 adjacent the
      lips 12, 19 so that lips 12, 19 are spring biased outwardly away from each
      other, thus allowing mortar to descent when open, but when fully closed
      both jaws and ears come together. Ears 14 and 21, 15 and 22 are so
      designed as shown in FIGS. 2 and 3 that when in a closed position retain
      the mortar.
PAR  A pair of guide members 28 are secured to the jaw 18 and have a depending
      guide finger 29 exending below the lip 19 to engage the side of the block
      30 as can be seen in FIG. 1 to maintain the alignment of the tool 10
      therewith. The reinforcement leaf hinge 32 is secured to the jaw 11 and a
      leaf hinge 34 is secured to the jaw 18, the leaves 32 and 34 are connected
      for pivotal movement by a pivot pin 35 extending there through and the
      pivot pins 23, 24 and 35 are arranged in axial alignment. The hinge leaves
      32 and 34 are arranged intermediate the opposie ends of tool 10. The pair
      of guide members are actually a gage to space evenly and align the mortar
      parallel to the block which also guides and levels the mortar, since it
      can be observed by looking at the level bubble 33 mounted on the top in
      the center of the jaw 11.
PAR  In the use and operation of the tool 10 the handles 16, 25 are released so
      that the jaws 11, 18 can open to the position illustrated on FIGS. 2 and
      3. In this position the tool 10 is pressed downwardly into a supply of wet
      mortar and the handles 16, 25 are grasped and moved toward each other to
      completely close the jaws 11, 18. The position illustrated in FIG. 4 shows
      the jaws are not fully closed, but when fully closed both jaws and ears
      come together. Ears 14 and 21, 15 and 22 are so designed as shown in FIGS.
      2 and 3 so that they retain the mortar when in a closed position. The
      outwardly extending lips will be in parallel relation when in closed
      position. The tool 10 is then moved with the lips 12, 19 engaging the top
      of a block 30 and the guide fingers 29 engaging the side of the block 30.
      In this position the handles 16, 25 are released and the jaws 11, 18 open
      depositing a bead of mortar 31 on top of the block 30. The operation is
      continued until sufficient beads 31 have been placed along the course to
      permit the next course to be laid.
PAR  Referring now to FIGS. 6 through 9 a modified mortar tool is indicated
      generally at 50 which is basically the same except for the handle.
PAR  The tool 50 includes a generally rectangular jaw 51 having a lip 52
      integrally formed on its lower edge and extending angularly with respect
      thereto. A back 53 is integrally secured to the upper edge of the jaw 51
      and extends angularly outwardly therefrom.
PAR  An ear 54 is integrally formed on one end of the jaw 51 and extends
      perpendicularly thereto oppositely of the lip 52 and the back 53. An ear
      55 is integrally secured to the opposite end of the jaw 51 and extends
      parallel to the ear 54. A pistol grip handle 56 is rigidly secured to a
      bracket 57 carried by the jaw 51 and back 53.
PAR  A generally rectangular jaw 58 is positioned in opposed relation to the jaw
      51 and has a lip 59 integrally formed on the lower edge thereof extending
      angularly outwardly away from the lip 52. A generally rectangular back 60
      is integrally formed along the upper edge of the jaw 58 as a reinforcement
      and extends angularly outwardly therefrom oppositely of the back 53.
PAR  An ear 61 is integrally formed on one end of the jaw 58 and extends
      perpendicularly therefrom oppositely of the lip 59 and the back 60. An ear
      62 is integrally formed on the opposite end of the jaw 58 and extends
      perpendicularly thereto parallel to the ear 61. The ears 54, 61 are
      secured together for pivotal movement by a pivot pin 63 and the ears 55,
      62 are secured together for pivotal movement by a pivot pin 64. A hinge
      leaf 65 is secured to the jaw 51 and a hinge leaf 66 is secured to the jaw
      58. The leaves 65, 66 are connected for pivotal movement by a pivot pin 67
      extending therethrough. The pivot pins 63, 64, and 67 are arranged in
      axial alignment. The hinge leafs 65, 66 are arranged intermediate the
      opposite ends of the tool 50 as a means of reinforcement.
PAR  A grip member 68 is pivotally mounted in the pistol grip 56 on a pivot pin
      69 and a spring 70 in the pistol grip 56 normally urges the grip member 68
      downwardly away from the pistol grip 56. A bracket 71 is secured to the
      inner face of the jaw member 58 and extends inwardly therefrom. A link 72
      connects the bracket 71 with the grip member 68 so that pivotal movement
      of the grip member 68 will pivot the jaw member 58 about the pivot pins
      63, 64 and 67 drawing the jaws 51, 58 together. Upon release of the grip
      member 68 the spring 70 will cause the grip member 68 to swing downwardly
      moving the jaws 51, 58 apart. A pair of oppositely disposed guide members
      73 are secured to the jaw 51 and have depending guide finges 74 integrally
      formed thereon.
PAR  The pair of guide members are actually a gage to space evenly and align the
      mortar parallel to the block which also guides and levels the mortar,
      since it can be observed by looking at the level bubble 75 mounted on the
      top in the center of the jaw 51.
PAR  The tool 50 is used in the identical manner to the tool 10 with the
      exception of the jaws 51, 58 which are moved by the pistol grip 56 and
      grip member 68 instead of the handles 16, 25.
PAR  Having thus described the preferred embodiments of the invention it should
      be understood that numerous structural modifications and adaptations may
      be resorted to without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mortar tool comprising a pair of elongated generally rectangularly
      shaped, accurately spaced apart jaws, mating hinge means at the remote
      ends of each of said rectangularly shaped jaws and at the center portions
      thereof, a pair of guides having integral depending guide fingers secured
      to one of said jaws, spring loaded means normally urging said jaws apart,
      and hand activated means for moving said jaws together to hold mortar.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said jaws each have an outwardly
      extending integral lip along the lower edge thereof, to prevent mortar
      from escaping when in a closed parallel related position.
NUM  3.
PAR  3. A device as claimed in claim 2 wherein each of said jaws has an
      outwardly extending integral back member extending along the upper edge
      thereof as a reinforcement.
NUM  4.
PAR  4. A device as claimed in claim 3 wherein the hand activated means for
      moving said jaws together comprises a handle member secured to each of
      said jaws with said handle members crossed to close said jaws as the
      handle members are drawn together.
NUM  5.
PAR  5. A device as claimed in claim 3 wherein the means for moving said jaws
      together comprises a pistol grip secured to one of said jaws, a grip
      member pivotally secured to said pistol grip, and means extending from
      said grip member to the other of said jaws for moving said jaws together
      upon moving said grip member toward said pistol grip comprising a bracket
      attached to one of said jaws, and a link connecting said bracket to said
      grip member, whereby squeezing of said grip member will cause said link to
      act through said bracket to pivotally move said one jaw toward the other
      jaw.
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ABST
PAL  A lightweight grab stick incorporates a hand grip with trigger pull action.
      The support column and swing leg are of channel form and the trigger rod
      is connected to a control link member. The tips of the support column and
      swing leg are flattened to provide gripper jaws. The control link member
      is pivoted at triangularly spaced points respectively to the support
      column, the trigger rod and a pull rod which is connected to the swing
      leg. The control link and swing leg are on opposite sides of the support
      column and the pull rod protects through the support column. A guide
      prevents lateral motion of the swing leg.
PARN
PAR  This is a continuation of application Ser. No. 413,195, filed Nov. 6, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Grabsticks for picking up litter as used by personnel on public grounds
      such as state parks and the like should be capable of picking up a wide
      range of litter as for example jars and cans which represent rather large
      articles and ranging down to very small objects such as matches and the
      like. These devices should also be of lightweight construction and should
      require a minimum of physical effort on the part of the user firmly to
      grip the object being picked up and should otherwise be convenient to use
      and of effective and efficient operation.
PAR  BRIEF SUMMARY OF THE INVENTION
PAR  It is therefore of primary concern in connection with the present invention
      to provide an improved type of grab stick which is of light weight, is
      fully effective to pick up a wide range of litter and which incorporates a
      pistol grip type of action which makes the device easy to operate and to
      manipulate.
PAR  Essentially, the present invention incorporates a grab stick in which a
      support column is provided with a pistol grip type of member at its upper
      end and a trigger-like pull rod assembly which is characterized by its
      ease of action and firm gripping mechanical connection to the swing leg of
      the grab stick. The grab stick incorporates a channel-shaped support
      column in which the lower end of the column is flattened to provide a
      gripping jaw portion of large surface area. The swing leg is attached to
      the support column on the side opposite to the pistol grip and likewise is
      of channel configuration flattened at its end to provide the cooperative
      gripper jaw portion. A control link member is pivotally connected to the
      support column and has triangularly related pivotal connections
      respectively to the trigger pull rod, the support column and to a pull rod
      which projects through the support column into pivotal connection with the
      swing leg. The arrangement is detailed in design such that a spring acting
      between the support column and the control link member normally positions
      the swing leg in wide open position and causes the control link to seat
      against the support column. The triangular disposition of the pivot points
      effects a minimum of trigger movement between the full open and full
      closed positions of the gripper jaws and effects a positive gripping
      action.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING FIGURES
PAR  FIG. 1 is a perspective view showing the preferred embodiment of grab stick
      according to the present invention;
PAR  FIG. 2 is a rear elevational view of the lower end of the grab stick as is
      indicated by section lines 2--2 in FIG. 1; and
PAR  FIG. 3 is a longitudinal section of the assembly shown in FIG. 2 as
      indicated by the section lines 3--3 in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As will be seen by reference to FIG. 1, the grab stick according to the
      present invention consists essentially of a support column indicated
      generally by the reference character 10 and provided at its upper end with
      a laterally protecting pistol grip portion 12 and presenting at its lower
      end a gripper jaw portion 14. Associated with the pistol grip portion 12
      is a trigger 16 which operates a control line 18 and the latter of which
      is connected through a pull rod 20 to the swing leg assembly indicated
      generally by the reference character 22. The swing leg assembly is
      pivotally connected at 24 to the support column and its lower end presents
      a gripper jaw portion 26 cooperative with the aforementioned gripper jaw
      portion 14 of the support column.
PAR  The swing leg 22 is of channel shaped configuration presenting the bight
      portion 28 and the parallel legs 30 and 32 and the gripper jaw portion 26
      thereof is formed by flattening this channel configuration as shown so
      that its tip 34 presents a wide gripping jaw and is mildly curved as is
      evident from FIG. 3 so as to conform more readily to various objects to be
      picked up and to provide when closed a relatively narrow gripping area
      engagement with the gripper jaw portion of the support column.
PAR  The support column is also of channel configuration to present the bight 36
      and the parallel legs 38 and 40 and it, too, is flattened at its lower end
      to present the gripper jaw portion 14, substantially as is shown. However,
      the flattened area of the gripper jaw portion 14 of the support column is
      of somewhat lesser axial length than is the flattened portion 34 of the
      swing leg so as to be of somewhat greater rigidity than is the gripper jaw
      portion of the swing leg. This permits the flattened gripper extremity or
      tip of the swing leg to flex flatwise against the gripper jaw tip 42 of
      the support column.
PAR  The opposed surfaces of the gripper jaw portions 14 and 26 preferably are
      provided with pads 44 and 46 of roughened, resilient material adhesively
      contacted thereto so as to provide for a firmer grip on the objects being
      picked up.
PAR  The trigger is in the form of an elongate rod 48 formed into a loop 50 at
      its upper end, which loop as well as the pistol grip portion 12 may be
      coated with resilient material 52, as shown. The pull rod 48 and the tip
      54 of the trigger loop are guided within suitable openings in an L-shaped
      bracket 56 secured to the inner surface of the bight 36 of the support
      column and secured in place by a suitable fastener such as that indicated
      by the reference character 58. The lower extremity of the trigger pull rod
      48 is pivotally connected to the control link 18 and the pivotal
      connections between the control link 18 and the support column 10, between
      the control link 18 and the trigger pull rod 48, and between the control
      link 18 and the pull rod 20 are, as indicated by reference characters A, B
      and C disposed in triangular relation. These pivot points and the lengths
      of the pull rod 20 in conjunction with the location of the pivot point 24
      of the swing leg 22 are detailed in design so that in the full line
      position shown in FIG. 3 which is the extremity of swing leg opening
      position, a line passing through the points A and B is at an angle of not
      more than 135.degree.  with respect to the axis of the support column 10
      and such that when the trigger rod is fully retracted, a line passing
      through the pivot point C and the pivot point D between the other
      extremity of the pull rod 20 and the swing leg 22 lies closely adjacent to
      the pivot point A, in which position the gripper jaws will be firmly
      interengaged. This arrangement allows a powerful gripping action
      throughout the range of operation and, at the same time, achieves this
      through a minimum of travel of the trigger assembly.
PAR  A torsion spring 60 is disposed in the bights 36 and 62 of the support
      column 10 and the control link 18 normally to urge the swing leg 22 to the
      full open position as is shown in FIG. 3.
PAR  The control link preferably is constructed of a deep channel member whose
      legs 66 and 68 are essentially triangularly shaped and which are disposed
      between the legs 38 and 40 of the support column in close adjacency to the
      inner sides thereof as shown in FIG. 2. The control link is fastened
      pivotally between legs 38 and 40 of the support column by a member 70,
      which in the preferred embodiment comprises a pivot pin which passes
      through apertures in legs 66 and 68, is suitably widened at the outer
      edges of the support column legs 38 and 40, and around the central portion
      of which pin is wrapped the coil of the torsion spring 60. Two other
      pivotal members 72 and 74 receive the respective ends of the trigger rod
      48 and the pull rod 20 and pivotally connect them to the control link. The
      member 72 is provided with a transverse smooth bore receiving the end of
      the trigger pull rod 48 in a slip fit. Member 48 is secured in place by
      means of an end cap screw and/or an allen head set screw. The pivot member
      74 is provided with a smooth transverse bore to receive the end of the
      pull rod 20 in a "slip" fit. The pull rod 20 may be secured in said bore
      by means such as a set-screw provided in one end of the pivot member 74
      located along its main axis. A similar type of connection member 80 is
      provided for the opposite end of the pull rod 20. In any event, in the
      preferred embodiment, the opposite ends of the member 74 effect a stop
      action against the edges of the legs 38 and 40 to establish the wide open
      position of the swing arm 22 as reflected by the spring 60 so that the
      control link member 18 normally bears against the support column under the
      action of the spring 60.
PAR  A member 82 suitably mounted on the support column 10 provides both
      mounting for the swing leg 22 and guidance for said leg during use so as
      to avoid significant lateral motion thereof. The member 82 in the
      preferred embodiment comprises a short channel-shaped member, the upper
      leg 84 of which has been curved around the pivot pin 24 in the swing leg
      22, providing mounting of the swing leg in an offset relationship
      sufficiently far from bight 36 so as to allow the gripper jaw portions 34
      and 42 to engage in the fully closed position. The member 82 is slightly
      less wide than the distance between the legs 30 and 32 of the swing leg,
      and the lower leg 66 of said member forms a finger-like projection which
      is straddled by flanges 30 and 32 of the swing leg 22 to provide a guide
      for limiting motion of said swing leg perpendicular to its intended plane
      of motion. The position of the finger guide 86 near the pivot 24 allows
      effective function of the guide throughout the swing of the swingleg 22 in
      spite of the limitation in length imposed on the guide 86 by the necessity
      of allowing complete closure of gripper jaw portions 34 and 42. The
      leading edge of the finger guide 86 may be suitably curved or faceted so
      as to provide smooth engagement of the swing leg 22 around the guide 86 as
      closing is initiated from a fully open position.
CLMS
STM  What is claimed is: 9
NUM  1.
PAR  1. A grab stick for picking up litter comprising in combination an
      elongated support column having a laterally projecting hand grip portion
      at its upper end and a gripper jaw portion at its lower end, an elongated
      swing leg pivotally connected at its upper end by a first pivot to said
      support column on that side thereof opposite to said hand grip portion and
      adjacent a lower end of said support column, said elongated swing leg
      having a gripper jaw portion at its lower end for swinging toward and away
      from the gripper jaw portion of said support column between respective
      closed and opened clamping positions, a control link member pivotally
      connected at one end thereof by a second pivot to said support column on
      that side of the support column from which said hand grip portion
      projects, a pull rod projecting through said support column and pivotally
      connected by a respective third and fourth pivots at its opposite ends to
      said swing leg and to said control link member, a trigger rod pivotally
      connected by a fifth pivot to said control link member between said second
      and fourth pivots and extending therefrom to terminate in a finger grip
      immediately below said hand grip portion, spring means for swinging said
      swing leg normally to its opened position to seat said control link member
      against said support rod, imaginary lines between said second and third
      pivots, said second and fourth pivots and said third and fourth pivots in
      said opened position of said gripper jaw setting-off a triangle of a
      predetermined height as measured by an imaginary line from said second
      pivot normal to the imaginary line between said third and fourth pivots,
      and said predetermined height being appreciably lessened in said closed
      position of said gripper jaw whereby said second, third and fourth pivots
      are brought closer to linear alignment to produce high clamping force in
      response to trigger rod movement.
NUM  2.
PAR  2. The grab stick as defined in claim 1 wherein said support column and
      said swing leg each are of channel configuration and wherein the gripper
      jaw portion of each constitutes a flattened portion of such channel
      configuration.
NUM  3.
PAR  3. The grab stick as defined in claim 2 wherein the channel configuration
      of said support column presents a bight and a pair of legs, and said
      control link member is pivotally connected to said support column between
      said legs.
NUM  4.
PAR  4. The grab stick as defined in claim 3 wherein the pivotal connection at
      the fourth pivot between said pull rod and said control link member
      provides a stop to limit the open position of said swing leg with respect
      to said support column.
NUM  5.
PAR  5. The grab stick as defined in claim 4 wherein said control link member
      comprises a channel-shaped member with legs which are essentially
      triangularly shaped and said second, fourth and fifth pivots being
      disposed essentially at the apices thereof.
NUM  6.
PAR  6. The grab stick as defined in claim 1 wherein said support column is of
      channel configuration presenting a bight and a pair of legs, and said
      control link member being pivotally connected at said second pivot to said
      support column between said legs.
NUM  7.
PAR  7. The grab stick as defined in claim 1 wherein the pivotal connection at
      the fourth pivot between said pull rod and said control link member
      provides a stop to limit the opened position of said swing leg with
      respect to said support column.
NUM  8.
PAR  8. The grab stick as defined in claim 7 wherein said control link member
      comprises a channel-shaped member with legs which are essentially
      triangularly shaped and said second, fourth and fifth pivots being
      disposed essentially at the apices thereof.
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ABST
PAL  An apparatus for inserting and removing both control rods and fuel elements
      from holes in a nuclear reactor has a vertically and horizontally
      displaceable support pivotally carrying a head which has a pair of grabs
      on its opposite ends, one of which is formed as a pair of pawls adapted to
      lock on the collar at the end of a fuel element and lift this element and
      the other of which is adapted to engage within a group of control rods to
      unlock them from their respective fuel elements and grip them so that they
      can be lifted from the respective fuel element. To this end the housing
      having the two grabs is provided with a small pneumatic cylinder whose
      piston is displaceable against spring force in one direction and is
      connected to both of the grabs so that on displacement in this direction
      it opens both of the grabs, the spring therefore serving to hold these
      grabs closed should pneumatic pressure fail. The grab head is pivotal on
      the support about a horizontal axis on pins serving as the pivot for this
      head and provided with pinions meshing with racks that can be displaced up
      and down so as to rotate the head through 180.degree., thereby aligning
      either of the grabs with a respective object. In addition locking means is
      provided so as to hold this head in either of these positions, thereby
      preventing it from tilting and dropping a group of control rods or a fuel
      element.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an apparatus for grabbing and lifting
      differently shaped elongated objects. More particularly this invention
      concerns an apparatus for inserting control rods and fuel elements into
      respective holes in a nuclear reactor and withdrawing them therefrom.
PAC  BACKGROUND OF THE INVENTION
PAR  In order to change the control rods and fuel elements in a nuclear reactor
      a device is known having a pair of side-by-side grabs, one adapted to fit
      and lock onto the top of the fuel element and the other adapted to lock
      onto the top of a group of control rods. This arrangement allows the
      adjustment of a reactor by remote control in that this double grab is
      mounted on the end of a traditional arm operated by remote control with
      various servo motors.
PAR  The principal disadvantage of such a device is that it is extremely
      expensive. A separate set of controls, actuators, motors, sensors and the
      like is necessary for each of the grabs; thus the expense if elevated. In
      addition, such a device is relatively bulky and has a limited service life
      due to its extreme complexity.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      apparatus for inserting differently shaped elongated objects into and
      withdrawing same from respective holes.
PAR  Another object is the provision of an improved double grab usable both to
      pick up and to set down control rods and fuel elements in a nuclear
      reactor.
PAR  Another object of this invention is the provision of such a double grab
      which is relatively simple and inexpensive to manufacture.
PAR  A further object is to provide a double grab of the above-described general
      type which has a long service life.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a grab
      having a head pivotally mounted on a vertically and horizontally
      displaceable support. This head has a pair of opposite sides on each of
      which is provided a respective grab, one adapted to engage and lock on the
      top of a fuel element and the other adapted to engage and lock on the top
      of a group of control rods. Means is provided for pivoting the head on the
      support between a pair of positions corresponding to alignment of a
      respective grab with a respective object. Thus the overall size of the
      device is reduced considerably, as the operator need merely turn the head
      of the grab over in order to change its function.
PAR  In accordance with yet another object of this invention the pivotal head is
      provided with a single actuator displaceable against spring force in a
      single direction and connected to both of the grab means such taht on
      displacement in this direction against the spring force it opens both of
      these grabs. This single actuator therefore operates both of the grabs and
      the overall cost and complexity of the pickup device is considerably
      lessened.
PAR  The operating element of this actuating means is according to the present
      invention a fluid-operated cylinder whose piston is displaceable in a
      direction which causes grab formations on the grabs to release the
      respecitve objects by means of fluid pressure and is urged constantly in
      the other direction by a spring. Thus any failure of fluid pressure cannot
      cause the grabs to drop their respective objects, a situation which could
      be extremely dangerous and costly in a nuclear reactor.
PAR  In accordance with yet another feature of this invention the grab head is
      generally elongated, having one of the grabs on each of its ends, and is
      pivotal about a horizontal axis perpendicular to the longitudinal axis of
      the grab head. The grab is provided at its pivot with means for rotating
      it through 180.degree. so as to be able to bring either of its ends into a
      downwardly facing position for engagement of the complementary formation
      thereon with the top of a control rod assembly or a fuel element. This
      pivoting means comprises in accordance with the present invention a pinion
      carried on the grab head at the rotation axis thereof and a rack which is
      in mesh with the pinion and displaceable so as to rotate the head.
PAR  According to yet another feature of this invention means is provided for
      locking the grab head in either of its two positions, that is in the
      position with one grab facing downwardly and the other upwardly and vice
      versa. This locking means comprises a locking element engageable with the
      upper ends of the grab head so as to lock this grab head pivotally. The
      locking element engages in a pair of slots and is normally urged
      downwardly toward the grab head into the upwardly directed slots that are
      provided on each end thereof. Fluid pressure can displace the locking
      element away from these slots so that once again a failure of fluid
      pressure will not cause the locking element to release so that the head
      can wobble and perhaps drop its load. In accordance with features of this
      invention sensors are provided to detect the position of the operating
      elements of both the locking mechanism and the actuating mechanism. These
      sensors give outputs which indicate that the grab head is locked pivotally
      in place and that the grabs are in the locking or closed positions.
PAR  The pickup assembly according to the present invention is relatively
      compact and has a very simple mechanism. It is operated by remote control
      with relative ease, as only three controls need be provided; the orienting
      arrangement which determines which grab is facing downwardly toward the
      control rods or fuel elements, the pressurization apparatus for the
      operating member of these grabs, and the pressurization apparatus for the
      piston operating the locking mechanisms that holds the grab head rigidly
      in place. Otherwise this entire assembly is mounted on a support
      constituted by the end of the conventional pickup cat or arm of a nuclear
      power plant.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become more
      readily apparent from the following, reference being made to the
      accompanying drawing in which:
PAR  FIG. 1 is a vertical longitudinal section through the apparatus according
      to the present invention;
PAR  FIG. 2 is a section taken along line II -- II of FIG. 1;
PAR  FIG. 3 is an elevational view taken in the direction of arrow III of FIG.
      1; and
PAR  FIG. 4 is a section taken along line IV -- IV of FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  A vertical support tube 1 is horizontally displaceable by remote control
      over the entire control-rod and fuel-element area of a nuclear reactor. A
      vertically displaceable grab head 2 is carried within the tube 1 and
      guided therein by means of guide rollers 3 (see FIG. 4) which are arranged
      within the tube 1 in pairs so as to ride on opposite angles rails 4
      carried on the corners of the square-section head 2. Secured to the
      square-section lower end 5 of the head 4 is a pair of flat brackets 6
      which extend down parallel to each other and are each formed at their
      lower ends with bores in which are received bushings 7 defining a
      horizontal axis 8.
PAR  Hollow pivot pins 9 carried on a housing or support head 10 are journaled
      in the bushings 7 and the center of gravity of the head 10 and the
      mechanism therein which will be described below lies substantially on this
      axis 8 for easy pivoting of this head 10 about the axis 8.
PAR  Each of the pins 9 is provided with a respective pinion 11 meshing with a
      respective rack 12 vertically guided on a respective bracket 6 by means of
      a respective guide tube 13. Each of the racks 12 carries a respective fork
      14 in which can engage a respective arm 15 carried on the lower end of a
      respective rod 16. These rods 16 are guided by eyes 17 on support tube 1
      and can both be vertically displaced within these eyes 17 and rotated
      about their own axes. It should be clear that vertical displacement of the
      rods 16 with their arms 15 engaged in forks 14 will vertically displace
      the racks 12 and thereby rotate the housing 10 about axis 8 by means of
      the pinions 11.
PAR  The housing 10 is of generally square cross section and is provided on its
      one end with four like fingers 18 each lying along one side of the housing
      10 and on its other end with four similar such fingers 19. The fingers 18
      and 19 are all formed with respective central slots 20 of generally square
      shape but formed at their outer ends with outwardly diverging surfaces 21.
      The structure described hitherto is all centered on or symmetrical about a
      vertical central axis 22 of the apparatus.
PAR  The head or housing 10 is centrally formed with a chamber in which is
      axially reciprocal a piston 23 provided on one side with a piston rod 24
      and on the other side with a piston rod 25. A yoke 26 in the form of a
      metal plate is secured to the one piston rod 24 and tension springs 27
      serve to pull this yoke toward the piston, thereby displacing the piston
      23 into the upper position shown in FIG. 1. Two pairs of gripper pawls 28
      are provided in the lower part of hollow housing 10, pivoted in pairs on
      two parallel rods 29 lying in a plane orthogonal to the axis 22 and
      parallel to the axis 8. Two pairs of links 30 pivoted at 31 on the yoke 26
      and on respective pawls 28 below the pivots 29 thereof serve to operate
      these pawls. Thus as the piston is moved downwardly (see FIG. 2) the pawls
      will be displaced apart, whereas when moved upwardly into the normal rest
      position these pawls will be drawn together at their lower ends. The lower
      foot-like ends of the pawls 28 are engageable in holes 32 formed in a
      collar 33 of a fuel-element head 34. This collar 33 is of square section
      and is provided with upstanding fingers 35 adapted to engage within the
      fingers 19 of the housing 10 until the upper ends of the fingers 35 rest
      against a shoulder 36 formed within these fingers 19. Thus the housing 10
      can be brought down and mated with the head 33, with the pawls 28 locking
      into the openings 32 and rigidly securing the housing 10 to the fuel
      element.
PAR  Means is provided to prevent the head or housing 10 from tipping. This
      means comprises a transverse locking element 37 having pin-like ends 38
      received in respective axially elongated and diagonally opposite slots 39
      formed in the brackets 6. The piston rod 40 of a piston 41 slidable in a
      chamber within the support 5 is urged downwardly by a spring 42 so as to
      press wedge-like surfaces 44 (See FIG. 2) into the upper diverging ends of
      the slots 20, thereby locking the entire housing tightly against
      displacement about its axis 8. A line 43 is provided for feeding air under
      the piston 41 so as to lift the locking element 37 and allow pivoting of
      the housing 10.
PAR  In addition the housing 10 is formed with an axially centered cylindrical
      sleeve 45 in which is slidable the piston rod 25 which is formed with an
      outwardly open groove 47 alignable with a group of balls 46 or a split
      ring which projects beyond the outer surface of the sleeve 45 when the
      piston is in the position illustrated in FIG. 1, but which lie within the
      projection of the outer surface of the sleeve 45 when the piston is
      lowered and these balls 46 can engage within the groove 47.
PAR  Air is fed to the compartment above piston 23 through a conduit 48 and to
      the compartment below through a conduit 49. Respective swivel joints 50
      and 51 are connected to respective feed lines 52 and 53 extending up
      through the housing tube 1 to the remote-control station. A position
      detector 54 having an end 55 engageable with the edge of the yoke 26 is
      connected via a signal line 56 to a protecting sleeve 57 mounted slightly
      off-center in one of the pins 9 so that this signal line 56 forms a slight
      loop at the axis 8. Again this line 56 leads off to the remote-control
      station so that the operator can be sure that the pawls 28 are in proper
      position. Similarly the piston 41 is provided as shown in FIG. 1 with an
      upwardly extending piston rod 60 surrounded by the spring 42 and provided
      at its upper end with a sensor body 59 engageable in the lower position of
      the piston 41 with a sensor switch 58 again connected to the
      remote-control station so that the operator there can determine that the
      housing 10 is locked in place.
PAR  FIGS. 1 and 2 show the gripper arrangement in that position in which it is
      used to draw a fuel element out of its respective hole or place such a
      fuel element in a hole. To this end the tool with its housing 10 has been
      rotated by the racks 12 and the pinions 11 into the position of FIG. 1 in
      which the pawls 28 can grab the fuel-element head 34, with the elongated
      housing 10 aligned perfectly with the axis 22. In this position the
      assembly is locked in place by the wedge-like ends of the transverse
      locking element 37 which are engaged in the slits 20 of two diametrically
      opposite fingers 18 so that their surfaces 44 lie on the surfaces 41 of
      these fingers. In this position the air line 43 is not under pressure so
      that the spring 42 presses the piston 41 down. Similarly the line 52 is
      not pressurized while the line 53 is so that the force of springs 27 and
      air pressure below the piston 23 serve to lift the yoke 26 up and draw the
      lower ends of the pawls 28 together.
PAR  The downwardly directed fingers 19 of the tool embrace the upwardly
      directed fingers 35 of the fuel-element head. The gripper arms 28 are in
      the locking position in which their hook-like ends fits into the holes 32.
PAR  The fuel element is released by pressurizing the line 52 and allowing
      pressure to bleed out from underneath the piston in line 53. This will
      press the piston downwardly against the force of springs 27 and spread the
      ends of the pawls 28 apart so as to release the head of the fuel element.
PAR  If it is then desired to withdraw a group of control rods from a fuel
      element the head must be turned over about the axis 8. To this end the
      line 43 is pressurized to lift the piston 41 and free locking element 37
      from the fingers 19. Then the rods 16 are rotated to bring their arms 15
      into engagement with the forks 14 and these rods are lifted so as to
      rotate the entire assembly through 180.degree.. When the rotation
      operation is completed the pressure is released from line 43 so as to
      allow the locking element 37 again to engage between the surfaces of the
      slots 20 thereby again locking the housing 10 in place. Once the housing
      is locked in place the operator will see by means of a control lamp
      connected to the switch 58 that this operation is completed.
PAR  Once again the housing 10 is brought down over the top of a fuel element
      and engaged over the heads 34 thereof. As shown in FIG. 3 this time
      however the sleeve 45 is engaged within an upwardly extending collar 63
      carried on a plate 62 interconnecting a group of control rods 61. Before
      the housing 10 is dropped into this position the piston 23 is moved down
      against the force of springs 27 so that the balls 46 may fall into the
      groove 47 and allow tight fitting of this sleeve 45 within the sleeve 63
      of the control rods. Then the opposite chamber of the piston is
      pressurized or at least the pressure is relieved so as to allow the
      springs 27 to pull the piston down and press the balls 46 out into a
      corresponding groove formed on the inside of the sleeve 63.
PAR  At the same time the end of the piston rod 25 depresses a rod 64 urged
      upwardly in the sleeve 63 by means of a spring 65 and formed at its lower
      end with an outwardly open groove 66 in which are engageable a group of
      balls 67 also engageable in an inwardly open groove 68 of the lower
      extension of the tube 63. When depressed the balls 67 slip into the groove
      66 and allow the control rods 61 to be withdrawn from the fuel element by
      the plate 62 secured to the tube 63.
PAR  The assembly according to the present invention allows a single device to
      be used both to place and withdraw fuel elements and to place and withdraw
      control rods in a nuclear reactor. The same actuating mechanism (piston
      23) is used for gripping both of these different types of objects, and the
      same locking means (element 37) is used to secure the housing 10 in
      position no matter which of the grabs 25 or 28 is used. As a matter of
      fact the direction of displacement of the piston 23 is the same whether it
      is serving to operate the mechanism or grasping a control rod or that for
      grasping a fuel element, and the springs 27 serve to urge this piston 23
      in the actuating direction so as to prevent a fuel element or a group of
      control rods from being dropped due to sudden accidental loss of air
      pressure. Only two sensors are needed to give outputs showing that the
      entire device is functioning properly and the mechanism is generally so
      simple that the service life is virtually indefinite.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for inserting differently shaped elongated objects into and
      withdrawing same from respective holes, said apparatus comprising:
PA1  a vertically displaceable support;
PA1  a head pivotally mounted on said support and having a pair of sides;
PA1  grab means on one side of said head having a formation complementarily
      shaped for locking on an object of a predetermined shape;
PA1  grab means on the other side of said head having a formation
      complementarily shaped for locking on an object of another different
      predetermined shape; and
PA1  means for pivoting said head on said support between two positions each
      corresponding to alignment of a respective grab means with a respective
      object.
NUM  2.
PAR  2. The apparatus defined in claim 1, further comprising actuating means in
      said head operable for locking said grab means on the respective object.
NUM  3.
PAR  3. The apparatus defined in claim 2 wherein said actuating means includes a
      single operating element operatively connected to both of said formations
      and displaceable in a locking direction for locking said formations on the
      respective objects and in an opposite releasing direction for
      disconnecting said formations from the respective objects.
NUM  4.
PAR  4. The apparatus defined in claim 3 wherein one of said objects is a fuel
      element used in a nuclear reactor and the other of said objects is at
      least one control rod used in a nuclear reactor, one of said formations
      being complementarily shaped to fit such a fuel element and the other
      being complementarily shaped to fit such a control rod.
NUM  5.
PAR  5. The apparatus defined in claim 4 wherein said operating element is a
      piston, said actuating means including means for displacing said piston in
      said releasing direction with fluid pressure and spring means for urging
      said piston constantly in said locking position.
NUM  6.
PAR  6. The apparatus defined in claim 5 wherein said head is elongated and
      pivotal about a transverse horizontal axis on said support, said grab
      means being provided on opposite ends of said head.
NUM  7.
PAR  7. The apparatus defined in claim 6 wherein said acutating means includes a
      fluid conduit extending from said head along said axis.
NUM  8.
PAR  8. The apparatus defined in claim 6, further comprising means in said
      support for locking said head in said two positions relative to said
      support.
NUM  9.
PAR  9. The apparatus defined in claim 8 wherein the locking means includes at
      least one locking element engageable against said ends of said head, an
      operating member connected to said locking element and displaceable in one
      direction to press said locking element clampingly against said head and
      in another direction to bring said locking element out of engagement with
      said head and allow pivoting thereof, fluid-operated pressure means for
      displacing said operating member in said one direction, and spring means
      for continuously urging said locking element in the other direction.
NUM  10.
PAR  10. The apparatus defined in claim 9, further comprising sensor means for
      detecting the position of said operating element and having an output line
      passing out of said head immediately adjacent said axis.
NUM  11.
PAR  11. The apparatus defined in claim 6 wherein said head is provided with
      pins lying on said axis and journaled in said support, said means for
      pivoting including a pinion mounted on at least one of said pins and a
      rack slidable on said support and meshing with said pinion.
NUM  12.
PAR  12. The apparatus defined in claim 6 wherein one of said grab means
      includes a plurality of pawls pivoted on said head and having links
      connected to said piston for outward displacement of said pawls on
      displacement of said piston in said releasing direction.
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ABST
PAL  A pipe guide head for well pipe racking apparatus has plural slides
      defining different sizes of pipe receiving guide openings, extensible from
      retracted positions within the body to extended positions for receiving
      pipe, each slide being connected with a lever arm pivoted on the body to
      close the lever arm across the pipe opening upon extension of the slide
      and open the lever upon retraction of the slide. Fluid pressure operated
      actuators are connected with the slides to extend and retract them.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the drilling of wells, such as oil and gas wells, it is desirable to
      rack the stands of drill pipe and drill collars in racking means in the
      derrick or beneath the floor of the derrick. Such racking apparatus
      necessitates the movement of successive pipe stands between racked
      positions and a position at the center of the derrick, and the pipe must
      be transferred between such positions by suitable supporting means
      engageable beneath the usual shoulder provided by the tool joint or
      coupling end of the pipe.
PAR  To conserve space in the rack, the pipe is racked in close, side by side
      relation in sequence, by pipe lifting and positioning means such as that
      disclosed in U.S. Pat. No. 3,561,811, granted Feb. 9, 1971, or in the
      companion application for U.S. Patent Ser. No. 526,207, filed Nov. 22,
      1974. In either case, the pipe is supported in a head which engages
      beneath the upset or shoulder of the tool joint to support the pipe and
      move it during the racking and unracking operations.
PAR  In order to constrain the pipe against swinging in the derrick and to
      position the pipe with respect to the rack and the center of the derrick a
      positioning guide means may be employed, for example, as disclosed in the
      aforesaid companion application Ser. No. 526,207. Such positioning guide
      means must accommodate a variety of pipe sizes, such as drill pipe and
      larger drill collars, as well as, at other times different sized drill
      pipe and drill collars.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved guide head for pipe rackers of
      the type referred to above, wherein the pipe receiving openings are formed
      in slide plates shiftable to and from pipe receiving positions. Retainer
      arms are actuated to and from pipe retaining positions with respect to the
      slides in response to movement of the slides, whereby the opening and
      closing action is sure and rapid.
PAR  More particularly, the head has a body structure adapted to be mounted on a
      positioning arm, as disclosed in the aforementioned application for
      patent. Within the body, a pair of slide plates are reciprocable between
      retracted positions and extended positions. The slide plates have pipe
      receiving openings defined by arcuate edge walls adapted to form an inner
      arcuate guide surface substantially conforming to the size of the pipe.
      Closure arms, or levers are pivotally mounted on the body and have free
      ends swingable to and from positions confronting the slide plates to
      provide outer pipe engaging guide surfaces. The other ends of the levers
      are connected to the slides, so that actuation of the levers is responsive
      to movement of the slide and the overall opening and closing of the guide
      is rapid.
PAR  This invention possesses many other advantages, and has other purposes
      which may be made more clearly apparent from a consideration of forms in
      which it may be embodied. These forms are shown in the drawings
      accompanying and forming part of the present specification. They will now
      be described in detail, for the purpose of illustrating the general
      principles of the invention; but it is to be understood that such detailed
      descriptions are not to be taken in a limiting sense, since the scope of
      the invention is best defined by the appended claims.
DRWD
PAC  BRIEF DESCRIPTIONS OF THE DRAWINGS
PAR  FIG. 1 is a side elevation, with a portion of the body broken away, of a
      guide head for pipe rackers embodying the invention;
PAR  FIG. 2 is a horizontal section, as taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a horizontal section, as taken on the line 3--3 of FIG. 1;
PAR  FIG. 4 is transverse section, as taken on the line 4--4 of FIG. 1; and
PAR  FIG. 5 is a fragmentary view generally corresponding with FIG. 3, but
      showing the upper slide in its extended condition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in the drawings, the guide head comprises a hollow, rectangular
      body B having a rear end wall 1 and side walls 2 and 3 suitably joined to
      or formed with the rear wall 1. Top and bottom walls 4 and 5 are secured
      to the side walls by fasteners 6. The rear wall 1 is configured for
      attachment to the support 7, shown in broken lines in FIGS. 1-3, such as
      the positioning arm of the aforementioned companion application, so as to
      be shiftable laterally and towards and away from the center of a well
      drilling derrick. The side walls 2 and 3 of the body are formed with or
      provided with longitudinally extended parallel ribs 8 and 9 forming
      vertically spaced tracks or guides 10 and 11 for receiving a pair of guide
      plates or slides 12 and 13. Upper slide 12 has an arcuate pipe receiving
      opening defined by an arcuate edge wall 14 of a size, say, adapted to
      receive a drill collar of relatively large diameter. Lower slide 13 has an
      arcuate pipe receiving opening defined by an arcuate edge wall 15 of a
      size, say, to receive a drill pipe of relatively small diameter. Each of
      the slides 12 and 13 is adapted to be shifted in its tracks between a
      retracted position between the side walls of the body and an extended
      position projecting forwardly from the open front end of the body.
PAR  Accordingly, the slide 12 is connected by a pin 16 with the rod 17 of a
      double acting pressure operated actuator 18 having a cylinder 19 connected
      with a pressure source through the usual fittings 20, 21. The acuator 18
      is anchored to the rear wall 1 of the body in blocks 22 secured to the end
      wall 1 by fasteners 23. Correspondingly, the slide 13 is connected by a
      pin 24 with the rod 25 of a double acting, pressure operated actuator 26
      having its cylinder 27 anchored to the end wall 1 by blocks 28 and
      fasteners 29. Fluid connections 30, 31 are provided to supply and exhaust
      fluid to and from the cylinder 27, as customary.
PAR  Associated with the slide 12 is a lever arm or retainer 32 constituting
      means actuatable in response to extension and retraction of the slide 12
      for retaining a pipe in the pipe opening, as seen in FIG. 5, or releasing
      the pipe. Correspondingly, a lever arm or retainer 33 is associated with
      the slide 13 and is actuatable between the closed position of FIGS. 2 and
      3 retaining the pipe in the slide opening, and the open position of FIG.
      5, responsive to extension and retraction of the slide 13.
PAR  This lever arm or retainer 32 is pivotally mounted between its ends on a
      pin 34 which extends vertically between lever support ears 35 and 36
      welded or formed on the body side wall 2 and projecting outwardly
      therefrom. A connector 37 is fastened to the slide 12 by fasteners 38 and
      projects outwardly through an elongated slot 39 in the side wall 2. A link
      40 is pivotally connected by a pin 41 with the connector 37 and by a pin
      42 to an actuating arm 43 of the lever 32, at one side of the pivot pin
      34. At the other side of the pivot pin 34, the lever 32 has an arched free
      end or arm portion 44 adapted to move to the position of FIG. 5, closing
      the gap at the front of the slide 12 when the slide 12 is extended by the
      actuator 18. With the lever 32 in the closed position, the pipe is
      retained between the slide 12 and the lever arm 32.
PAR  Likewise, the lever arm or retainer 33 is pivoted on the pin 34 between the
      support ear 36 and a lower support ear 45 welded or formed on the body
      wall 2, and has an actuator arm 46 connected by a pin 47 with a link 48
      which is in turn connected by a pin 49 with a connector 50 secured to the
      slide 13 by fasteners 51. The connector 50 extends through an elongated
      slot 52 in the body side wall 2, so that extension of the slide 13 to the
      position of FIG. 3 actuates the lever 33 to dispose its free arm 53 in
      position to confine the pipe within the pipe opening 15 of the slide 13.
      Retraction of the slide opens the lever 33, as seen in FIG. 5.
PAR  Since the motion of the slides 12 and 13 and the levers 32 and 33 are
      combined, the lever action is quick. Moreover, since the rod end of the
      actuators 18 and 26 is connected to the slide the actuating motion is
      quick. Thus, when desired, the head can be quickly opened and closed as
      the pipe, guided by the head, is raised and lowered and enlargements on
      the pipe, such as tool joints and protective collars can readily pass
      through the head during the racking and unracking of pipe.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pipe guide head for well pipe racking apparatus comprising: a hollow
      body having means at one end for connection with a supporting and
      positioning structure, guide means at the other end of said body for
      receiving and guiding a length of pipe, said guide means including a slide
      plate, means reciprocably supporting said slide plate for extension and
      retraction with respect to said body, actuator means associated with said
      body and said slide plate for reciprocating said slide plate, said slide
      plate having a pipe receiving opening in its end, retainer means mounted
      on said body and movable between an open position and a closed position
      for retaining a pipe in said opening, and linkage means associated with
      said slide plate and said retainer means for moving said retainer means to
      said open position in response to retraction of said slide plate and for
      moving said retainer means to said closed position in response to
      extension of said slide plate.
NUM  2.
PAR  2. A pipe guide head as defined in claim 1, wherein said retainer means
      comprises a lever arm pivoted between its ends on said body and having an
      actuator arm and a pipe retainer arm at opposite sides of its pivotal
      mounting, and said linkage means includes a link connecting said actuator
      arm with said slide plate.
NUM  3.
PAR  3. A pipe guide head as defined in claim 1, wherein said retainer means
      comprises a lever arm pivoted between its ends on said body and having an
      actuator arm and a pipe retainer arm at opposite sides of its pivotal
      mounting, and said linkage means includes a link connecting said actuator
      arm with said slide plate, and said actuator means comprises double acting
      fluid pressure operated actuator cylinder means connected between said
      slide plate and said body.
NUM  4.
PAR  4. A pipe guide head as defined in claim 1, wherein said retainer means
      comprises a lever arm pivoted between its ends on said body and having an
      actuator arm and a pipe retainer arm at opposite sides of its pivotal
      mounting, and said linkage means includes a link connecting said actuator
      arm with said slide plate, and said actuator means comprises double acting
      fluid pressure operated actuator means having a rod connected to said
      slide plate and a cylinder connected to said body.
NUM  5.
PAR  5. A pipe guide head as defined in claim 1, wherein said retainer means
      comprises a lever arm pivoted on said body and having an actuator arm and
      a pipe retainer arm, and said linkage means includes a link connecting
      said actuator arm to said slide plate.
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ABST
PAL  A head for use in a well pipe racking system has a support plate for drill
      collars and a slide shiftable to and from positions for supporting drill
      pipe. A retaining lever is pivoted for movement between a position for
      retaining the drill collars and drill pipe in the head and an open
      position. The lever is reversible to swing to opposite sides of the head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the drilling of wells, such as oil and gas wells, it is desirable to
      rack the stands of drill pipe and drill collars in racking means in the
      derrick or beneath the floor of the derrick. Such racking apparatus
      necessitates the movement of successive pipe stands between racked
      positions and a position at the center of the derrick, and the pipe must
      be transferred between such positions by suitable supporting means
      engageable beneath the usual shoulder provided by the tool joint or
      coupling end of the pipe.
PAR  To conserve space in the rack, the pipe is racked in close, side by side
      relation in sequence, by pipe lifting and positioning means such as that
      disclosed in U.S. Pat. No. 3,561,811, granted Feb. 9, 1971, or in the
      companion application for U.S. Pat. Ser. No. 526,207, filed Nov. 22, 1974.
      In either case, the pipe is supported in a head which engages beneath the
      upset or shoulder of the tool joint to support the pipe and move it during
      the racking and unracking operations. A claw or retaining arm is operable
      to confine the pipe within the head and is pivotable to an open position
      to one side of the head to release the pipe. However, as the head is
      shifted laterally in the derrick to move pipe to and from racked
      positions, the claw or retaining arm precludes close racking of the pipe
      on one side, that is the side on which the claw or arm swings to the open
      position, because the claw or arm limits the proximity of the head to an
      adjacent pipe.
PAR  Accordingly, it has been the practice in the use of the pipe racking
      apparatus of the type disclosed in the above identified Pat. No.
      3,561,811, either to rack pipe in widely spaced relation or to change
      lifting heads, depending on the direction in which the pipe is being
      racked, one head having a claw opening to one side and the other head
      having a claw opening to the other side.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a pipe supporting or lifting head for use in
      racking well pipe, including drill pipe and heavier drill collars, in
      which the claw or arm does not interfere with racking the pipe in closely
      adjacent vertical relation.
PAR  More particularly, the head of the present invention has a pipe retaining
      claw or lever arm which is pivotally mounted in a central location of the
      head, so as to be reversible to swing to either side of the head. The
      actuator cylinder for shifting the claw or arm between the open and closed
      positions is pivotally mounted on the center of the head so as to be
      connectable with the claw or arm in its alternate positions.
PAR  In order to enable the head to support either drill pipe or larger drill
      collars, the head has a plate providing a recess or seat for drill pipe
      and another plate providing a recess or plate for receiving drill collars,
      the drill pipe receiving plate being shiftable from a retracted position
      to a drill pipe supporting position.
PAR  In accordance with the invention, there is provided a pipe supporting head
      for well pipe racking apparatus including a body having side walls, means
      providing a pipe-receiving aperture between said side walls and open at
      one end of said body, arcuate, pipe-supporting means carried by said body
      at the inner end of said aperture, a claw member, first pivot means
      mounting said claw member on said body for pivotal movements between an
      open position, in which said claw member is retracted from said aperture
      to permit a pipe to enter said aperture and be supported by said
      pipe-supporting means, and a closed position, in which said claw member
      engages a pipe supported by said pipe-supporting means to retain the pipe
      within said aperture, a portion of said claw member projecting laterally
      outside of one only of said side walls, extensible and contractible
      actuator means for pivoting said claw member between said positions, said
      actuator means including second pivot means connecting one end of said
      actuator means to said body, and third pivot means connecting the other
      end of said actuator means to said claw member at a location offset from
      said first pivot means, said pipe-supporting means, said first pivot means
      and said second pivot means being aligned longitudinally of said body and
      centrally of said side walls, said claw member and said actuator means
      being selectively arrangeable in said body to enable said claw member to
      pivot on said first pivot means from said open position to said closed
      position in a given sense, and, optionally, in the opposite sense.
PAR  This invention possesses many other advantages, and has other purposes
      which may be made more clearly apparent from a consideration of forms in
      which it may be embodied. These forms are shown in the drawings
      accompanying and forming part of the present specification. They will now
      be described in detail, for the purpose of illustrating the general
      principles of the invention; but it is to be understood that such detailed
      descriptions are not to be taken in a limiting sense, since the scope of
      the invention is best defined by the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view partly in vertical section, with parts shown in elevation,
      showing a pipe racker head embodying the invention;
PAR  FIG. 2 is a top plan of the head of FIG. 1 with parts broken away on the
      line 2--2 of FIG. 1, and showing in full lines the claw closed on a drill
      pipe, the claw being shown in broken lines in the open position;
PAR  FIG. 3 is a horizontal section, as taken on the line 3--3 of FIG. 1, with
      parts shown in elevation; and
PAR  FIG. 4 is a vertical section, as taken on the line 4--4 of FIG. 1, showing
      the reversible pivot for the claw.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in the drawings, the racker head of the present invention comprises
      a body structure B having side walls 1 to which a top wall 2 is removably
      secured by fasteners 3. An end wall 4 is welded or otherwise secured
      between the side walls 1 to provide rigidity, and a cross brace 5 may also
      be welded between the side walls 1. In order to support the head on a
      support structure, such as a positioning arm or lifting assembly 6,
      adapted to move the head during pipe racking operations, the body B has a
      transverse pin 7 extending through the side walls 1 and engageable in
      slots 8 in supporting brackets 9 of the support structure 6. Retainers 10
      are secured to the brackets 9 by fasteners 11 to hold the pin 7 in place.
      Within the body B, the side walls 1 have horizontal shoulders 12 on which
      a drill collar support plate 13 is secured by fasteners 14. This plate 13
      has an arcuate recess defined by an arcuate wall 15, adapted to receive a
      drill collar and support the drill collar on the edge of the wall 15, at
      the enlarged joint end of the drill collar. The plate 13 can be replaced
      by plates adapted to support a range of drill collar sizes, as is well
      known.
PAR  The side walls 1 are also provided with horizontal slots or grooves 16 for
      receiving a slide plate 17 which is adapted to support a drill pipe when
      extended, as shown. The slide plate 17 is also retractable to allow a
      drill collar to be supported by the plate 13. As best seen in FIG. 1, the
      slide plate 17 has a recess defined by an arcuate wall 18 for receiving a
      drill pipe P and supporting the pipe on a shoulder 19 of a tool joint box
      20. As best seen in FIG. 3, the slide plate 17 is removably secured to
      actuator means 21 for reciprocating the plate 17 between retracted and
      projected positions. The actuator means 21, as shown, is in the form of a
      double acting fluid pressure operated actuator cylinder 22 having a rod
      23. The cylinder 22 is connected to the body end wall 4 by ears 24 secured
      to the end wall 4 by fasteners 25, the ears receiving support pins 26 on
      the end of the cylinder 22. The actuator rod 23 is connected to the slide
      plate 17 by means of a connector plate 27 fastened by a screw 28 to the
      rod 23, the plate being fastened to the slide 17 by screws 29, so that
      plates having different sizes of pipe receiving recesses can be installed
      in the head.
PAR  In order to retain the pipe P in the head, an arcuate claw or arm C is
      mounted on a pivot pin 30 and is actuatable by actuator means 31 between
      the closed position and the open position, respectively shown in full
      lines and broken lines in FIG. 2. The pivot pin 30 has a head 32 by which
      the pin is removably connected to the top wall 2 of the body B by
      fasteners 33, and the shank of the pin 30 extends downwardly into the
      plate 13. The claw C has a mounting portion 34 pivoted on the pin 30 and
      extends arcuately outwardly through a slot 35 in a side wall of the body,
      so that the free end 36 of the claw is adapted to move from the retracted
      position, shown in broken lines in FIG. 2 to the closed position, shown in
      full lines, at which the pipe P is confined in the pipe opening defined by
      the arcuate wall 18.
PAR  The actuator means 31 for moving the claw between its opened and closed
      positions is a double acting, fluid pressure operated actuator cylinder 37
      having a rod 38 pivotally connected by a pin 39 to the claw C in spaced
      relation to the claw pivot pin 30. The cylinder 37 is pivotally anchored
      by a pin 40 to a plate 41 mounted between the side walls of the body.
      Closing movement of the claw C is limited by stop lugs 42 welded on the
      claw and engageable with the side wall 1, as seen in FIG. 4.
PAR  From the foregoing, it is apparent that the head is adapted, in use, to
      receive a pipe, either drill pipe or larger drill collar, and support the
      pipe on either the support plate 13 or the slide plate 17, and the pipe is
      confined by the claw C, until the claw is pivoted to its open position. In
      its open position the claw projects outwardly to one side of the body and
      constitutes an obstruction which would limit the space between racked
      pipe. However, the claw C is pivoted at the center of the body as is the
      actuator cylinder 37. Accordingly, the claw is reversible upon removal of
      the pivot pin 30 and the actuator connecting pin 39 and the body has a
      slot 35a in its side wall opposite the slot 35 to accommodate the claw C
      in its alternate position.
PAR  While the head has been described above as being constructed to enable
      reversal of the claw or arm C, it will be understood that left and right
      hand heads can be made up of the corresponding components, but with the
      claws installed in opposite directions on the pivot pin 30. Moreover, it
      will be noted that since the rod 38 of the actuator cylinder 37 is
      connected intermediate the ends of the claw C, the claw is pushed forcibly
      to the closed position by pressure applied to the full cross sectional
      area of the piston of the actuator cylinder, and the claw is quickly
      opened by application of fluid to the smaller volume rod end, through the
      usual fluid connections.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pipe-supporting head for well pipe racking apparatus comprising: a
      body having side walls, means providing a pipe-receiving aperture between
      said side walls and open at one end of said body, arcuate, pipe-supporting
      means carried by said body at the inner end of said aperture, a claw
      member, first pivot means mounting said claw member on said body for
      pivotal movements between an open position, in which said claw member is
      retracted from said aperture to permit a pipe to enter said aperture and
      be supported by said pipe-supporting means, and a closed position, in
      which said claw member engages a pipe supported by said pipe-supporting
      means to retain the pipe within said aperture, a portion of said claw
      member projecting laterally outside of one only of said side walls,
      extensible and contractible actuator means for pivoting said claw member
      between said positions, said actuator means including second pivot means
      connecting one end of said actuator means to said body, and third pivot
      means connecting the other end of said actuator means to said claw member
      at a location offset from said first pivot means, said pipe-supporting
      means, said first pivot means and said second pivot means being aligned
      longitudinally of said body and centrally of said side walls, said claw
      member and said actuator means being selectively arrangeable in said body
      to enable said claw member to pivot on said first pivot means from said
      open position to said closed position in a given sense, and, optionally,
      in the opposite sense.
NUM  2.
PAR  2. A pipe-supporting head as defined in claim 1, wherein said first pivot
      means comprises a pivot pin and means mounting said claw member on said
      pivot pin, and including means for removably mounting said pivot pin on
      said body.
NUM  3.
PAR  3. A pipe-supporting head as defined in claim 1, wherein said actuator
      means comprises a double-acting, fluid pressure operated actuator cylinder
      means.
NUM  4.
PAR  4. A pipe-supporting head as defined in claim 3, wherein said cylinder
      means has a cylinder element comprising said one end of said actuator
      means and a rod element comprising said other end of said actuator means,
      and said third pivot means is adapted to removably connect said rod
      element to said claw member.
NUM  5.
PAR  5. A pipe-supporting head as defined in claim 1, wherein said side walls
      are provided, respectively, with elongated slots enabling said claw member
      to project through a respective slot.
NUM  6.
PAR  6. A pipe supporting head as defined in claim 1, wherein said pipe
      supporting means has a support plate secured to said body and having a
      pipe receiving arcuate opening defined by a pipe supporting edge of said
      plate, and a slide plate in said body and also having a pipe receiving
      arcuate opening defined by a pipe supporting edge of said slide plate, and
      actuator means for shifting said slide plate between a retracted position
      beneath said support plate and an extended position projecting past said
      support plate, whereby said plates are selectively operable to support a
      pipe confined in one of said pipe receiving openings by said claw member.
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ABST
PAL  An open ended extension compartment is fitted to the rear end of a vehicle
      having a rear door frame by first releasably securing a rigid mounting
      ring in the vehicle door frame and then securing the periphery of the open
      end of the compartment to the mounting ring. The vehicle door remains
      hinged to the vehicle and may be employed as an access door for the
      interior of the compartment.
BSUM
PAR  This invention relates to detachable motor vehicle extension compartments
      for vans and similar vehicles and to methods and apparatus for mounting
      the compartments on the vehicle.
PAR  It is known to provide detachable extension compartments on pick-up trucks
      for the purpose of enclosing the otherwise open body of the truck and to
      provide detachable carriers on the tops of various vehicles, including
      vans and recreational vehicles. It is also known to extend the useable
      interior space of a vehicle body with various knock-down extensions
      usually constructed of flexible fabric in order that the extension may be
      folded into a non-use position.
PAR  The present invention contemplates a quite different system in which a body
      extension is fitted to the frame of a doorway in a vehicle in a special
      way requiring only a simple modification of the door frame which does not
      interfere with the normal function of the door or doors when the body
      extension is not in place. The system has its primary utility in providing
      additional interior space at the rear end of a van or other vehicle having
      a door or doors which swing about a generally vertical hinge axis,
      although the principles of the system may be applied to any vehicle door
      frame.
PAR  The mounting arrangement includes a rigid mounting structure, usually in
      the shape of a complete or partial ring or picture-frame, which is
      detachably secured to the inner surfaces of the door frame after the door
      or doors have been fully opened. The mounting structure carries a coupling
      assembly which is attachable to the open end portion of the extension
      compartment in a manner to pull the latter horizontally into tight
      engagement with the vehicle body or with the mounting structure or with
      both.
PAR  Ordinary the vehicle door is not removed from the vehicle when the
      extension compartment is attached, and in one embodiment of the present
      invention the vehicle door is employed as a side door for the compartment.
      In this embodiment the compartment is manufactured with a side door frame
      adjacent the open end of the compartment. The vehicle door closes and
      opens this door frame when swinging between approximately 180.degree. and
      90.degree. from its original closed position.
PAR  Alternatively the vehicle door may fit into a blind door frame in the
      exterior of the extension compartment or into a slot extending into the
      side wall of the compartment in a direction parallel to the longitudinal
      axis of the vehicle.
PAR  In a further embodiment the door or doors of the vehicle may be removed
      before mounting the extension compartment although this arrangement is not
      as convenient for the vehicle owner because it requires not only the work
      of detaching the doors but also the necessity of storing the doors when
      not in use.
PAR  The compartment may be fitted interiorly with any desired equipment so as
      to serve, for example, as a kitchen or lavatory or dog kennel.
      Alternatively the compartment may merely be employed as additional space
      for storage.
DRWD
PAR  The invention will be further understood from the following more detailed
      description of several embodiments of the invention, taken with the
      drawings in which:
PAR  FIG. 1 is a perspective view of a van having mounted thereon a rearwardly
      projecting extension compartment embodying the principles of the
      invention;
PAR  FIG. 2 is a schematic end view of a mounting ring embodying the principles
      of the invention;
PAR  FIG. 3 is a schematic side view of the mounting ring shown in FIG. 2;
PAR  FIG. 4 is a fragmentary view on an enlarged scale of a portion of FIG. 2;
PAR  FIG. 5 is a fragmentary view on an enlarged scale of a portion of FIG. 3;
PAR  FIG. 6 is a schematic fragmentary view illustrating a modified form of
      mounting ring;
PAR  FIG. 7 is a schematic side elevational view of a modified form of extension
      compartment;
PAR  FIG. 8 is a sectional view taken on the line 8 -- 8 of FIG. 7; and
PAR  FIG. 9 is an enlarged cross-sectional view of a portion of the mounting
      frame illustrating part of the telescoping section thereof.
DETD
PAR  FIG. 1 illustrates a typical motor van 10 of conventional construction
      fitted with an extension compartment 12 constructed according to the
      present invention. The van includes two rear doors each of which swings
      outwardly about a generally vertical axis located laterally of the
      longitudinal axis of the van 10. The right hand door is illustrated at 14
      as being supported from the body of the van by upper and lower hinges 16
      and 18.
PAR  The extension compartment 12 includes a rear box-like portion having an
      open forward end 13 which fits against the rear of the vehicle body so
      that the vehicle door frame provides communication between the interior of
      the box-like portion and the interior of the vehicle. The rear door 14 of
      the vehicle is shown as being in an approximately 90.degree. open position
      with respect to the vehicle door frame, and in this position it resides
      within a door frame 20 in a side wall 22 of the compartment 12 so as to
      provide access from outside. The door 14 includes a conventional handle
      and door latch assembly 24 which cooperates with complementary features in
      the compartment door frame 20 so as to releasably latch the door 14 in a
      closed position in a conventional manner. Opening of the door 14 relative
      to the compartment 12 is effected by swinging the door 14 about the hinges
      16 and 18 to, for example, a position about 180.degree. open with respect
      to the vehicle door frame.
PAR  In the illustrated embodiment the compartment 12 also includes a forwardly
      extending hollow portion which rests on top of the vehicle. A strap 26
      releasably secured to a gutter 28 on the vehicle may be employed to hold
      this portion of the compartment in place. Access may be by way of a door
      30 hinged at 32 for swinging movement about a generally horizontal axis.
      The rear of the compartment 12 may be provided with conventional features
      such as brake lights 34 and a bumper 36. Windows 38 may be provided where
      desired.
PAR  The compartment 12 is releasably secured to the rear end of the vehicle by
      means of a mounting ring 40 illustrated schematically in FIGS. 2 and 3.
      The mounting ring 40 is a rigid annular structure which is releasably
      secured in the door frame of the vehicle and which in the illustrated
      embodiment is also releasably secured to the compartment 12. In some
      constructions it may be desirable for the mounting ring 40 to be a
      permanent part of the compartment 12, but in either event the connection
      between the ring 40 and the compartment 12 must provide for slight
      relative movement between the two structures in a direction generally
      parallel to the axes of the openings in the ring 40 and in the forward end
      of the compartment 12.
PAR  As shown in FIGS. 2 and 4 one means for releasably connecting the mounting
      ring 40 to a vehicle door frame 42 includes a plurality of spring-loaded
      latch pins 44 carried by the ring 40 and insertable into bushings 46
      provided in the door frame 42. The bushings 46 may be mounted by first
      drilling holes 48 of appropriate size in the door frame 42, inserting the
      bushings 46 in the holes 48 and permanently securing the bushings to the
      frame 42 with screws 50. Each latch pin 44 resides in a hole in the
      mounting ring 40 and is normally biased by a spiral spring 52 into the
      extended position shown in FIG. 4 so that its outer end projects into its
      respective bushing 46. In the illustrated embodiment the outer end of the
      spring 52 is secured in a radial hole in the latch pin 44 and the inner
      end bears against a plate 54 which is secured to the ring 40 by screws 56.
      Manual retraction of a pin 44 is effected by grasping and pulling a pull
      ring 58 attached to the inner end of the pin 44. Any conventional locking
      feature (not shown) may be provided for releasably holding the pin 44 in a
      retracted position.
PAR  A suitable connection between the mounting ring 40 and the extension
      compartment 12 is illustrated in FIGS. 3 and 5. As shown, the connection
      includes a plurality of rotatable studs 60 each journalled at 62 in a hole
      in the ring 40. The studs 60 are generally parallel to the axis of the
      opening in the ring 40 and project from the ring 40 in a rearward
      direction with respect to the vehicle 10, that is in a direction toward
      the extension compartment 12. The forward end of each stud 60 is provided
      with a crank handle 64 which is accessible from the interior of the
      vehicle 10 when the mounting ring 40 is latched in the vehicle door frame
      42 by the latch pins 44. The outer end of each stud 60 is adapted to
      threadedly engage a tapped hole in a boss 66 on the forward end of the
      compartment 12. Upon rotation of the studs 60 by means of the cranks 64
      the compartment 12 is drawn to the left as viewed in FIG. 3 so that the
      open end of the compartment 12 tightly engages the rear end of the vehicle
      10. An annular resilient gasket 68 may be provided between the compartment
      12 and the vehicle 10.
PAR  The mounting ring 40 may be constructed in any suitable manner so long as
      it possesses the strength and rigidity to support the compartment. In the
      illustrated embodiment the ring 40 is constructed of four metal box
      members 72, 74, 76, 78 welded at 70. If desired each box member may be in
      the form of telescopic inner and outer box members so as to provide for
      adjustment of the vertical and horizontal dimensions of the ring 40. For
      example, the vertical members 76 and 78 may each be formed in two
      telescoping sections 76a and 76b as illustrated in FIG. 9. The horizontal
      members 72 and 74 may be formed similarly.
PAR  FIG. 6 illustrates a mounting ring 40' having an outer face contoured so as
      to be compatible with differences between the shape of the ring 40 and a
      vehicle door frame 42.sup.1. Some vehicle door frames are bevelled as
      shown at 82 in FIG. 6.
PAR  In the preferred embodiment direct access to the compartment 12 from
      outside is provided by a side doorway which can be closed by one of the
      doors of the vehicle 10, as shown at 14 in FIG. 1. If it is not desired to
      have access to the compartment through the rear doorway of the vehicle 10,
      the side walls of the compartment may be provided with retaining means for
      holding the rear doors of the vehicle in a 90.degree. open position. FIGS.
      7 and 8 illustrate a modified compartment 12.sup.1 having one side wall 84
      fitted with a dummy door frame 86 for receiving a vehicle rear door and
      the opposite side wall 88 fitted with a slot 90 for receiving the other
      vehicle rear door.
PAR  The procedure for mounting the compartment 12 or 12.sup.1 on a vehicle 10
      has been generally described above. First, the rear doors of the vehicle
      10 are opened but not removed. It may be necessary to remove or modify the
      door stop devices, if present, so as to permit opening to about
      180.degree. from the closed position. Then the mounting ring 40, with the
      latching pins 44 in their retracted positions, is inserted into the
      vehicle door frame following which the pins 44 are released so as to move
      outwardly into the bushings 46 in the door frame. The bushings 46 will
      have been installed previously, and they do not interfere with the normal
      operation of the rear doors. Next the compartment 12 is raised to the
      proper elevation and moved horizontally toward the rear end of the vehicle
      10 in a direction along the longitudinal axis of the vehicle 10 until the
      threaded ends of the studs 6 engage the bosses 66 on the open end of the
      compartment. An operator inside the vehicle rotates the studs 60 by means
      of the cranks 64 thereby pulling the open end of the compartment 10 into
      tight engagement with the rear of the vehicle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For a wheeled vehicle having a door frame, a forwardly opening enclosure
      including a pair of spaced side walls, a top wall and a bottom wall, and
      means for releasably securing said enclosure to the vehicle with its
      forward open end opening into the vehicle through its door frame including
      a generally rectangular mounting frame having top, bottom and spaced side
      members connected one to the other, and means for releasably securing said
      mounting frame to the door frame with the mounting frame disposed
      substantially concentrically within the vehicle door frame and with the
      sides, top and bottom frame members adjacent corresponding margins of the
      door frame, a seal for sealing between said enclosure and the vehicle when
      the enclosure is secured to the vehicle, means carried by said frame and
      said enclosure for releasably securing said enclosure and said frame one
      to the other including cooperating fastening elements carried by said
      frame and said enclosure for displacing said enclosure toward said vehicle
      with the seal between said enclosure and the vehicle thereby sealing the
      enclosure to the vehicle, one of the side walls of said enclosure
      including a door frame adjacent the open end thereof, said enclosure being
      located relative to the vehicle such that the enclosure door frame
      receives a door of the vehicle when the vehicle door is opened to extend
      substantially parallel to and in substantially coplanar relationship with
      said one side wall.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said releasing means for securing
      said frame to the vehicle include a plurality of elements carried by said
      frame movable in the plane containing said frame into and out of
      securement with the door frame.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said elements comprise pins
      having end portions which project laterally and externally of said frame
      for engagement in corresponding openings formed in the vehicle door frame,
      said pins being mounted for movement in said plane for withdrawal of the
      projecting end portions thereof to a location substantially flush with the
      outer margins of said frame.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said pins are spring biased for
      movement into their extended positions, and means carried by said pins for
      withdrawing the end portions thereof from engagement with the vehicle
      frame and against the bias of said spring.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said cooperating elements include
      a screw carried by one of said frame and said enclosure and a threaded
      boss carried by the other of said frame and said enclosure, and means
      including a handle for rotating said screw when threadedly engaged with
      said boss for displacing said enclosure toward the vehicle.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said cooperating elements include
      a screw carried by one of said frame and said enclosure and a threaded
      boss carried by the other of said frame and said enclosure, and means
      including a handle for rotating said screw when threadedly engaged with
      said boss for displacing said enclosure toward the vehicle.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein each of said side, top and bottom
      frame members is comprised of two sections with one section telescopically
      receivable in the other section whereby the horizontal and vertical
      dimensions of the frame are adjustable to accommodate the frame to
      different vehicle frame sizes.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein one of the side walls of said
      enclosure includes a slot having an open end opening toward the vehicle
      for receiving a door of the vehicle when the vehicle door is pivoted to
      lie substantially parallel to the one side wall.
NUM  9.
PAR  9. For a wheeled vehicle having a door frame, a forwardly opening enclosure
      including a pair of spaced side walls, a top wall, and a bottom wall, and
      means for releasably securing said enclosure to the vehicle with its
      forward open end opening into the vehicle through its door frame including
      a generally rectangular mounting frame having top, bottom and spaced side
      members connected one to the other, and means for releasably securing said
      mounting frame to the door frame with the frame disposed substantially
      concentrically within the vehicle door frame and with the sides, top and
      bottom frame members adjacent the corresponding margins of the door frame,
      said means for releasably securing said frame to the vehicle including a
      plurality of elements carried by said frame and movable in the plane
      containing said frame into and out of securement with the vehicle door
      frame, and means carried by said frame and said enclosure for releasably
      securing said enclosure and said frame one to the other, one of the side
      walls of said enclosure including a door frame adjacent the open end
      thereof, said enclosure being located relative to the vehicle such that
      the enclosure door frame receives a door of the vehicle when the vehicle
      door is opened to extend substantially parallel to and in substantially
      coplanar relationship with said one side wall.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said elements comprise pins
      having end portions which project laterally and externally of said frame
      for engagement in corresponding openings formed in the vehicle frame, said
      pins being mounted for movement in said plane for withdrawal of the
      projecting end portions thereof to a location substantially flush with the
      outer margins of said frame.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein said pins are spring biased for
      movement into their extended positions, and means carried by said pins for
      withdrawing the end portions thereof from engagement with the vehicle
      frame and against the bias of said spring.
NUM  12.
PAR  12. Apparatus according to claim 10 wherein each of said side, top and
      bottom frame members is comprised of two sections with one section
      telescopically receivable in the other section whereby the horizontal and
      vertical dimensions of the frame are adjustable to accommodate the frame
      to different vehicle frame sizes.
NUM  13.
PAR  13. Apparatus according to claim 10 wherein one of the side walls of said
      enclosure includes a slot having an open end opening toward the vehicle
      for receiving a door of the vehicle when the vehicle door is pivoted to
      lie substantially parallel to the one side wall.
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ABST
PAL  An underground mining apparatus and more particularly an underground mining
      apparatus having improved protective canopy means extending partially
      thereover.
BSUM
PAR  Underground mobile mining apparatus known in the art has commonly included
      thereon a control station which in practice is occupied by an operator who
      actuates control means located therewithin as required to control the
      apparatus during mining operations. Such control stations have often
      included rigid protective canopy means which extend thereover to shield
      the operator from hazards such as a mine roof collapse or the like.
PAR  Although protective canopies known in the prior art have generally served
      the purposes for which they were designed they have nonetheless been
      subject to certain undesirable shortcomings. For example some mining
      machines have included canopy structures which extended to a substantially
      greater vertical height than the rest of the mining machine thus limiting
      machine utility, particularly in the case of very low slung and compact
      machines which are intended to provide access to restricted mine areas for
      such purposes as mining very thin seams of mineral. The inclusion of a
      fixed canopy structure extending above such machines substantially negates
      the advantages of a low slung and compact machine design. Additionally, in
      the prior art the machine operator has customarily been positioned within
      the control station with his head and shoulders extending above the top of
      the machine base to afford him an unobstructed view of the ongoing machine
      operation under his control. Prior adjustable and fixed protective canopy
      structures therefore have not adequately protected the machine operator
      inasmuch as collapse of the canopy under excessive loading could seriously
      injure the operator.
PAR  The present invention provides an improved protective canopy and operator
      seat arrangement for an underground mining apparatus which remedies the
      difficulties mentioned hereinabove and which additionally provides a
      variety of operating positions for the machine operator.
DRWD
PAR  These and other objects and advantages of the present invention are more
      fully specified in the following description and illustrations in which:
PAR  FIG. 1 illustrates in top plan view a mining apparatus including a
      protective canopy constructed in accordance with the principles of the
      present invention;
PAR  FIG. 2 illustrates the protective canopy of the present invention
      substantially as seen from line 2--2 of FIG. 1; and
PAR  FIG. 3 illustrates selected operating positions of the protective canopy.
DETD
PAR  There is generally indicated at 10 in FIG. 1 an underground mining
      apparatus having a cab structure 16 including a protective canopy 60
      constructed in accordance with the principles of the present invention.
      Apparatus 10 is shown for purposes of illustration as being a conventional
      kerf cutting machine although it will be apparent that canopy 60 is
      adaptable for use with various other types of underground mining equipment
      such as drills or continuous miners as well as with surface mining
      equipment and other mobile machines.
PAR  Inasmuch as the cutter 10 is well known in the art and in any case a
      detailed description thereof is not necessary for an understanding of the
      present invention, detailed description thereof is not provided herein.
      Suffice it to note in this regard that cutter 10 includes a conventional
      elongated cutter bar 12, and a generally rectangular mobile base 14 which
      adjustably carries the cutter 12 adjacent the forward end thereof in the
      customary manner. The base 14 includes: rubber tired traction wheels 19
      which are connected as by drive chains 15 to suitable traction motors 21
      carried rearwardly adjacent the wheels 19; and rubber tired steering
      wheels 18 spaced rearwardly from the wheels 19 whereby cutter 10 is
      rendered movable over a surface and more particularly is rendered
      maneuverable in an underground mine to be selectively positionable
      adjacent a mine face to cut horizontal kerfs therein at any desired
      location intermediate the mine floor and ceiling, and additionally to cut
      vertical shear-kerfs at any desired location intermediate adjacent mine
      ribs or side walls.
PAR  As will be seen by reference to FIGS. 1 and 2, cab 16 comprises a generally
      rectangular box-like body 20 suitably and rigidly affixed adjacent one
      vertical side wall 8 of base 14 such as by weldments (not shown) so as to
      extend laterally outwardly therefrom intermediate the wheels 18 and 19. As
      shown, body 20 includes: a flat horizontally disposed lower or floor
      portion 22; an upper or roof portion 24 spaced upwardly from floor 22; a
      forward end wall 42 which extends vertically intermediate portions 22 and
      24 adjacent the respective forward ends thereof; an upper transverse
      support member 47 affixed adjacent roof portion 24 intermediate the
      longitudinal ends thereof and adapted to provide rigid support therefor;
      and forward and rearward lower transverse support members 44 and 46,
      respectively, affixed adjacent longitudinally spaced portions of floor 22
      and adapted to provide rigid support therefor. The support afforded by
      members 47, 44 and 46 may be augmented by respective gusset plates 48, 50
      and 52 rigidly affixed thereto as shown or by any other suitable
      structural refinement.
PAR  The cab 16 further comprises: an inner wall portion 54 which extends
      vertically intermediate the laterally innermost sides of portions 22 and
      24 adjacent the base 14 and is formed by a portion of the vertical side
      wall 8 of base 14 to which the cab 16 is affixed; an outer side opening 56
      located adjacent the laterally outermost side of cab 16 and extending
      sufficiently in all directions within the vertical plane of such outermost
      side as to permit substantially unobstructed entry to and egress from cab
      16 by an operator or passenger; and a space 28 housed by the cab 16
      vertically intermediate portions 22 and 24 and laterally intermediate wall
      portion 54 and opening 56. The space 28 includes a contoured seat 32
      carried therewithin in a manner to be described hereinbelow, and may
      include suitable controls 40 which as shown are carried adjacent wall
      portion 54 so as to be accessible by an operator sitting in seat 32 to
      control operation of the cutter 10.
PAR  The roof portion 24 includes: a rigid forward portion 58 which extends
      longitudinally intermediate wall 42 and support 47 and is rigidly affixed
      thereto; and the rigid canopy portion 60 located rearwardly adjacent
      portion 58 and pivotally secured adjacent support member 47 as by a pivot
      pin 64 passing laterally through overlapping tongue or lug portions 66 and
      70, respectively, of canopy 60 and member 47 whereby the canopy 60 is
      rendered pivotal intermediate a lower horizontal position corresponding to
      the plane of roof portion 58 and an upper position pivoted generally
      upwardly from such lower position. The canopy 60 is formed from
      substantial and rigid material such as thick steel plate and has bars 80
      (FIG. 1) or heavy screening 82 covering a viewing port 78 to protect the
      operator in the event of a mine roof collapse or like event.
PAR  Suitable and well known extensible hydraulic cylinder assemblies 34 (FIG.
      2) extend generally vertically intermediate a rearward end portion of
      canopy 60 and a support member 88 rigidly affixed rearwardly adjacent
      member 46 as by weldments (not shown) and supported as by a gusset 90.
      Assemblies 34 preferably are spaced laterally apart and are pivotally
      affixed adjacent respective longitudinal ends thereof to the canopy 60 and
      the member 88 in the position described as by respective laterally
      disposed upper and lower pivot pins 84 and 86. In practice fluid power is
      supplied to the assemblies 34 from any suitable source (not shown) to
      render canopy 60 movable intermediate its extreme uppermost and lowermost
      positions by controlled extension and retraction of the assemblies 34 and
      to further render the canopy 60 positionable at any position intermediate
      its extreme positions.
PAR  The contoured seat 32 includes: a lower forward portion 70 having laterally
      spaced rollers 36 which are adapted to support seat 32 thereat by means of
      rolling engagement upon floor 22 intermediate supports 44 and 46; and an
      upper rearward head support and shield portion 72 pivotally secured to a
      rearward end portion of canopy 60 as by pivot pins 74 coupling generally
      rearwardly extending laterally spaced lug portions 92 of seat portion 72
      to mating lugs 94 of canopy 60 (FIG. 2). Alternatively, the seat portion
      72 may be pivotally coupled to canopy 60 by means of the pin 84 (FIG. 3).
      It will be apparent from the description hereinabove and by reference to
      FIG. 3 that as canopy 60 is moved intermediate its uppermost and lowermost
      positions by actuation of assemblies 34 the seat 32 moves intermediate a
      relatively upright position and a fully reclining position in the
      following manner.
PAR  An operator 76 enters the cab 16 via opening 56 and seats himself in seat
      32 facing forwardly such that his buttocks rest on seat portion 70, his
      head is supported and shielded from behind by seat portion 72 and his back
      is supported by the portion of seat 32 extending intermediate portions 70
      and 72. The operator's legs extend forwardly of seat 32, his knees bending
      upwardly over support 44 and his feet resting against forward wall 42
      outwardly adjacent the motor 21. During normal operation the position of
      the operator 76 is as shown by solid lines in FIG. 3. Seat 32 is in a
      relatively upright position and canopy 60 is fully raised, also as
      indicated by solid lines in FIG. 3, such that the operator 76 has a clear
      view of the machine operation through viewing port 78 and the controls 40
      are readily at hand.
PAR  As noted hereinabove, the canopy 60 is designed to protect the operator 76
      from harm in the event of a mine roof collapse or like event and will
      ordinarily do so without moving to a lower position inasmuch as the
      assemblies 34 act to cushion the impact loading of such a roof collapse.
      However, in the event the canopy 60 is forced downwardly by excessive
      loading thereupon, for example to the position indicated at 60', the
      canopy movement will lower the seat 32 to a reclining position within
      space 28 as indicated at 32' by lowering the seat head support portion 72
      and thereby causing the seat forward end portion 70 to roll forwardly on
      floor 22 by means of rollers 36. Consequently, in response to lowering of
      the canopy 60 the operator 76 will escape harm by automatically assuming a
      reclining position within space 28 as indicated at 76'. At the canopy
      position 60' the assemblies 34 are fully retracted and therefore act as
      solid links to provide additional support for canopy 60.
PAR  Of course, it may be desirable under some circumstances to position the
      canopy 60 at a selected intermediate position by means of a suitable
      control included among controls 40, for example to negotiate a restricted
      passage in the mine. In this case the operator 76 would assume a partially
      reclining position in response to movement of the canopy 60, for example
      the position indicated at 60", whereat his view through port 78 would be
      partially but not completely obstructed and he would thus be able to
      continue limited machine operation. At numerous intermediate positions
      (not shown) between the canopy positions 60 and 60" to which the canopy 60
      may be moved by actuation of assemblies 34 the operator 76 retains a
      substantially unobstructed view through port 78 and is capable of
      maintaining substantially full and normal machine operation. Any of such
      positions may be selected by the operator at will for maximum comfort and
      ease of operation.
PAR  By virtue of the structure described hereinabove an improved and safer
      adjustable protective canopy is provided which automatically adjusts the
      posture of the machine operator in response to movement of the canopy
      thereby affording the operator maximum visibility and comfort during
      normal operation and maximum safety in the event of a mine roof collapse
      or similar dangerous circumstance. Additionally, the present invention
      provides a variety of operating positions with the canopy partially
      lowered including positions which allow the machine to be negotiated
      through or operated in restricted mine areas not accessible by machines
      with fixed canopy structures.
PAR  Notwithstanding reference hereinabove to a specific embodiment, it is to be
      understood that the present invention may be modified in various ways
      without departing from the broad spirit and scope thereof. For example:
      seat 32 may be of various forms and may be suspended from canopy 60 in
      numerous ways such as by elongated pivotal links extending intermediate
      canopy 60 and seat 32 and secured thereto by pivot pins disposed adjacent
      the opposing ends of such links; cylinders 34 may be compound cylinders
      having a plurality of coaxially aligned extensible portions or may include
      a relief valve in the extension side thereof to lower the canopy 60
      automatically under excessive loading; and the like.
PAR  These and other modifications having been envisioned and anticipated it is
      requested that the invention be interpreted broadly and limited only by
      the scope of the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mobile machine comprising: a chasis; a canopied occupant positioning
      assembly carried by said chassis; said positioning assembly including an
      occupant support portion and an overlying rigid canopy portion and being
      adapted to receive an occupant therewithin and to orient such occupant to
      face in a forward direction; said canopy portion being pivotally connected
      adjacent one peripheral portion thereof to said chassis and connected
      adjacent an opposite peripheral portion thereof with said support portion;
      said one peripheral portion being spaced from said opposite peripheral
      portion in said forward direction; and adjusting means communicating
      between said assembly and said chassis for selectively adjusting the
      overall height of said occupant positioning assembly.
NUM  2.
PAR  2. A mobile machine as specified in claim 1 wherein one end of said support
      portion is supported by said chassis and is adapted to slide therealong in
      response to the selective height adjustment of said adjusting means.
NUM  3.
PAR  3. A mobile machine as specified in claim 2 wherein said adjusting means is
      pivotally connected to said chassis adjacent one end thereof and to said
      positioning assembly adjacent the other end thereof with said last
      mentioned pivotal connection being adjacent the other end of said support
      portion.
NUM  4.
PAR  4. A mobile machine as specified in claim 1 wherein said positioning
      assembly is selectively adjustable between a first position wherein said
      canopy portion extends diagonally upwardly from said chassis and a second
      position wherein said canopy portion extends generally parallel to said
      chassis.
NUM  5.
PAR  5. A mobile machine as specified in claim 4 wherein said opposite
      peripheral portion of said canopy lies no higher than the upper extremity
      of said chassis when said positioning assembly is in said second position.
NUM  6.
PAR  6. A mobile machine as specified in claim 1 wherein said canopy portion
      includes at least one occupant viewing opening therein.
NUM  7.
PAR  7. A mobile machine as specified in claim 1 wherein said chassis includes a
      portion adapted to support and protect an occupant's lower limbs.
NUM  8.
PAR  8. A mobile machine as specified in claim 1 wherein said support portion is
      adapted to support an occupant's trunk, neck and head.
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PAL  In this chair, the hardware has means to hold the seat against backward
      movement, while allowing movement of the seat up and down and forwardly.
      The headrest and legrest are projected when going from upright to T.V.
      position and the headrest and legrest remain in projected position when
      going from T.V. position to fully reclined position and from fully
      reclined position back to T.V. position; and they are retracted when going
      from T.V. position back to upright position.
BSUM
PAR  This invention relates to recliner lounger T-cushion chairs with
      projectible headrest and legrest, and to hardware therefor.
PAR  An object of this invention is to provide in a chair of the character
      described, hardware which will prevent the seat from moving back when
      going from upright position while allowing the seat to tilt up and down
      and move forwardly when going between T.V. position and fully reclined
      position.
PAR  Another object of this invention is to provide in a chair of the character
      described, hardware for projecting a legrest and a headrest when going
      from upright to T.V. position and allowing the seat to swing up and
      forward and the backrest to tilt further back, when going from T.V. to
      fully reclined position.
PAR  Another object of this invention is to provide in a chair of the character
      described, hardware having means to permit the backrest to drive the
      legrest and the headrest when moving from upright to T.V. to fully
      reclined positions, and in which the motion of the headrest depends on
      rotation of the back mounting link about its pivotal connection to the arm
      mounting link.
PAR  Yet another object of this invention is to provide a strong, rugged and
      durable chair and hardware of the character described, which shall be
      relatively inexpensive to manufacture and assemble, which shall be
      comfortable to use, easy to manipulate and yet practical and efficient to
      a high degree.
PAR  Other objects of this invention will in part be obvious and in part
      hereinafter pointed out.
PAR  The invention accordingly consists in the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter described and of which the
      scope of invention will be indicated in the following claims.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a side elevational view of a chair and hardware therefor,
      embodying the invention and shown in upright position; and
PAR  FIG. 2 is a side view of the hardware of FIG. 1, but shown in fully
      reclined position.
DETD
PAR  Referring now in detail to the drawing, 10 designates a chair embodying the
      invention and comprising a chair frame 11 having a base frame 12, a seat
      frame 13 and a backrest frame 14.
PAR  The base frame 12 comprises a bottom frame portion 15 supported on four
      corner legs 16, and further comprising parallel right and left side bars
      17, parallel right and left side arms 18 provided with right and left arm
      rests 19, and a cross bar 20.
PAR  The seat frame 13 has right and left side bars 21, a front cross-bar 22 and
      a rear cross-bar 23.
PAR  The backrest frame 14 comprises side walls 25 connected by a lower
      cross-bar 26 and a top cross-bar 27. The front edges 28 of the side walls
      25 are inclined upwardly and rearwardly, in the upright position of the
      chair, as shown in FIG. 1.
PAR  In the drawing, dot-dash line 30' designates the upholstery of the seat
      frame 13 and dot-dash line 31' designates the upholstery of the backrest
      frame 14. The seat frame is made for a T-cushion having front, usual side
      extentions in front of the arm rests. Thus the seat cannot move
      rearwardly, but it can and does move forwardly and back to normal position
      (upright position of the chair), as well as up and then down.
PAR  Fixed to each of the inner sides of the side arms 18 of the base frame 11
      is an arm mounting link or member 30. When considering the hardware of
      each side of the chair before attachment to the chair, member 30 is a
      link. The hardware for the right and left sides of the chair are similar
      and symmetrically disposed to each other. Therefore the hardware for one
      side of the chair, only, will be described. The hardware shown is at the
      right side of the chair (to a person sitting in the chair), and is seen
      when facing the chair from the left side of the chair.
PAR  Said arm mounting link 30 comprises an arm 30a which inclines forwardly and
      upwardly. Extending from the rear of arm 30a is a downwardly inclined
      portion 30b dipping to an apex portion 30c. Extending from the apex
      portion 30c is a rearwardly and upwardly inclined portion 30d, and from
      which a steeply upwardly inclined portion 30e extends rearwardly to a
      height above the seat frame 13 and to a point somewhat forward of the rear
      cross-bar 23 of the seat frame. Arm 30e is located outside of the seat
      frame 13. Arm 30a carries a stop pin 31 for the purpose hereinafter
      appearing. At the upper end of arm 30e is a pivot pin 32. Pivoted to said
      pivot pin 32 is a back mounting link 33 fixed to the inside of a side wall
      25 of the backrest frame 14. Said back mounting link 33 has an arm 33a
      which is inclined steeply downwardly and forwardly, in the upright
      position of the chair, as illustrated in FIG. 1, being in such position
      substantially parallel to and registering with arm 30e of the arm mounting
      link 30 and also located outside of the seat frame 13. In the fully
      reclined position of FIG. 2, arm 33a is inclined at a lesser angle to the
      horizontal than in FIG. 1. Extending from the upper end of arm 33a, said
      back mounting link is formed with a downwardly and rearwardly inclined
      portion 33b. Extending upwardly and rearwardly from the lower end of
      portion 33b is a portion 33c, from the upper end of which there extends an
      arm 33d projecting upwardly and rearwardly, in the fully reclined position
      of FIG. 2.
PAR  Pivoted to the lower end of arm 33a of the back mounting link 33, as on
      pivot 34, is one end of a toggle connector link 35. The upper end of the
      toggle connector link 35 is pivoted, as at 36 to a toggle bar 36a near the
      rear end of said bar. Said toggle bar 36a extends rearwardly of the pivot
      36 and terminates in a rear edge 37 adapted to contact an inner edge 33e
      of a notch in the forward edge of portion 33a of the back mounting link
      33, when the chair is in the fully reclined position of FIG. 2, to limit
      rearward movement of the toggle bar. In upright position of the chair,
      said toggle bar 36a is nearly horizontal, and extends forwardly of pivot
      36. In such position the forward end of the toggle bar is disposed
      rearwardly of the front end of the base frame, and said bar is at a level
      below the seat frame 13. At the front end of the toggle bar 36a is a pivot
      pin 38.
PAR  Attached to the outside of side bar 21 of the seat frame is a seat link 40.
      The front end of the seat link 40 is located just rearwardly of front seat
      frame bar 22 and somewhat therebelow. The rear end of the seat link 40 is
      disposed forwardly of the pivot 36 on toggle bar 36a, in the upright
      position of the chair, as shown in FIG. 1.
PAR  interconnecting a pivot pin 42 at the rear end of the seat link, with a
      pivot pin 43 on the toggle bar 36a, disposed forwardly of the pivot pin
      36, is a rear pivot link 44, disposed in substantially a vertical
      direction, in the upright position of the chair. A front pivot link 45 is
      pivoted at an intermediate portion thereof on the pivot pin 38, which is
      located at the front end of the toggle bar 36a. Said front pivot link 45
      has a downwardly extending arm 45a and an upwardly extending arm 45b and
      tilts upwardly and rearwardly in the fully reclined position of the chair.
      Arm 45a is somewhat longer than arm 35b.
PAR  Pivoted to the seat link 40, as on pivot 47 located rearwardly of the front
      end of said seat link, is one end of a legrest or ottoman actuator link
      48. The upper end of arm 45b of the front pivot link 45, is pivoted, as on
      pivot 49 to an intermediate portion of the legrest actuator link 48.
PAR  Pivoted to the front end of the seat link 40, as on pivot pin 50, is one
      end of an ottoman or legrest guide link 51. Pivoted to a portion of link
      48 just below pivot pin 49, as on pivot pin 52, at one end thereof, is an
      ottoman or legrest drive link 53. The other end of said legrest drive link
      53 is pivoted, as on pivot 54, to the legrest guide link 51, closer to the
      pivot 50 than to the outer end of said guide link. Pivoted to the lower
      end of the legrest actuator link 48, as pivot pin 55, is one end of an
      ottoman or legrest idler link 56. The other end of said legrest idler link
      56 is pivoted, as by pivot pin 57, to one end of an ottoman or legrest
      control lever 58, which, in the fully reclined position of the chair,
      crosses the ottoman or legrest guide link 51 and is pivoted thereto, as by
      pivot pin 60. In the fully reclined position of the chair, the ottoman
      control lever 58 has an arm 58a which inclines rearwardly and downwardly.
      Said control lever 58, in said fully reclined chair position, has an
      upwardly extending arm 58b, from the upper end of which an arm 58c extends
      forwardly. At the junction of arms 58b, 58c is an anchor pin 62, connected
      by a coil extension spring 63, to an anchor pin 64 at the lower end of the
      ottoman guide link 51.
PAR  Pivoted to lever 51, near anchor pin 64, as on pivot pin 66, is one end of
      an ottoman or legrest support lever 67. The outer end of lever 67 is
      pivoted, as on pivot pin 68, to the upper end of an ottoman or legrest
      bracket 69.
PAR  Pivoted to the outer end of arm 58c of the ottoman or legrest control lever
      58, as on pivot pin 70, is one end of an ottoman or legrest intermediate
      lever 71 which crosses the support lever 67 and is interpivoted thereto as
      by pivot pin 72. Pivoted to the outer end of said intermediate lever 71,
      as on pivot pin 73, is one end of an ottoman or legrest support link 74,
      the outer end of which is pivoted, as by pivot pin 75, to the other end of
      the ottoman or legrest bracket 69. Any suitable ottoman or legrest 76 may
      be mounted on the brackets 69 at the right and left sides of the chair. In
      the fully reclined position of the chair, the legrest brackets 69 are
      substantially horizontal, and the legrest is extended. In the upright
      position of the chair, the legrest is retracted, and the legrest bracket
      is in vertical position.
PAR  Pivoted to the lower end of arm 45a of the front pivot lever 45, as on
      pivot pin 80, is the forward end of a carrier link 81. In the fully
      reclined position of FIG. 2, said carrier link 81 has a front arm 81a
      inclined slightly rearwardly and downwardly. Extending from the rear end
      of arm 81a, is an upwardly and rearwardly inclined arm 81b, which in the
      position of FIG. 2, terminates above the toggle bar 36a. Extending
      downwardly and rearwardly from the upper end of arm 81b is an arm 81c,
      from the rear end of which there extends rearwardly an arm 81d. At the
      junction of arms 81a, 81b of carrier link 81 is a pivot pin 83, to which
      is pivoted the lower end of a seat control link 84, which in the FIG. 2
      position of the chair, inclines upwardly and rearwardly and is pivoted at
      its upper end, as on pivot pin 85, to the seat link between the pivot pins
      47 and 42. At the junction of arms 81b and 81c of carrier link 81, is a
      pivot pin 86. Pivot pin 86 is connected to a pivot pin 87 on the forward
      end of arm mounting link, by a main link 88.
PAR  Pivoted to a pivot pin 90 at portion 30c of the arm mounting link 30, is a
      bellcrank 91. Said bellcrank 91 has an arm 91a extending upwardly from
      pivot pin 90, in the upright position of the chair, and an arm 91b
      inclined upwardly and rearwardly from said pivot pin, in said position of
      said chair. The upper end of arm 91b of bellcrank 91 is pivoted, as by pin
      92, to the rear end of arm 81d of the carrier link 81.
PAR  At the upper end of arm 91a of bellcrank 91 is a pivot pin 94. Pivoted to
      said pivot pin 94, is the front end of a headrest actuator link 95. Said
      headrest actuator link 95 has an arm 95a, the front end of which is
      pivoted to said pivot pin 94 and which, in the upright position of the
      chair is substantially horizontal.
PAR  Inclined upwardly from the rear end of arm 95a, is an arm 95b carrying a
      pivot pin 96 at its upper end. In the upright position of the chair, pivot
      pin 96 is located near the rear of the chair back 14, at substantially the
      height of the seat frame.
PAR  Interconnecting the pivot pins 96 and 32 is a headrest control link 98
      carrying a pivot pin 99 medially the ends thereof. Pivoted to said pivot
      pin 99 and inclined upwardly and rearwardly, is a headrest lower connector
      link 100. At the rear, upper end of connector link 100, is a pivot pin
      101.
PAR  Pivoted to the back mounting link 33, near the junction of portions 33b,
      33c of said mounting link, as on pivot pin 102, is a headrest crank link
      103, which is pivoted, above pivot pin 102, to the pivot pin 101. Pivoted
      to the upper end (looking at FIG. 2) of link 103, as on pivot pin 104, is
      the lower end of upper headrest connector link 105.
PAR  Pivoted to the back mounting link 33, at the junction of arms or portions
      33c, 33d of said mounting link, as on pivot 107, is one end of a headrest
      driver link 108. The upper end of the upper connector link 105 is pivoted,
      as by pivot pin 110, to the headrest driver link 108, close to the pivot
      pin 107. The outer end of link 108 is pivoted, as on pivot pin 112, to the
      lower end of headrest bracket 113. The upper end of headrest bracket 113
      is pivoted as on pivot pin 114 to the outer end of a headrest idler link
      115, the inner end of which is pivoted, as on pivot pin 116, to the upper
      end of the back mounting link 33.
PAR  In the fully reclined position of the chair, links 108 and 115 are inclined
      rearwardly and upwardly and the headrest is projected. In the upright
      position of the chair, said links 108 and 115 are inclined downwardly and
      rearwardly and the headrest is retracted.
PAR  Fixed to the headrest brackets 113 at the right and left sides of the chair
      is a cross backboard 117 extending up above the headrest brackets 113, and
      fixed to the inside of the upper end of said backboard is a headrest 118.
PAR  In the upright position of the chair, the headrest is disposed within the
      backrest, with the upper end of the headrest at the upper end of the
      backrest.
PAR  In the projected position of the headrest with the chair in T.V. and fully
      reclined positions, the headrest 118 is disposed up and beyond the upper
      end of the backrest, as shown in FIG. 2 of the drawing.
PAR  Fixed to arm or portion 33b of the back mounting link 33 is a stop pin 120
      adapted to contact an upper edge of headrest control link 98 to limit
      movement between said headrest control link and said back mounting link,
      when moving from upright to T.V. position and from T.V. position to fully
      inclined position.
PAR  Pivoted to arm 30d of the arm mounting link 30, as at 121, is a sequence
      link 122. Said sequence link 122 has a longitudinal slot 123 radial with
      respect to pivot pin 121.
PAR  Pivoted to pivot pin 43 is one end of a sequence throwout lever 125. In the
      upright position of the chair said sequence throwout lever 125 has an arm
      125a inclined downwardly and forwardly as illustrated in FIG. 1. Extending
      rearwardly from the lower end of arm 125a is an arm 125b projecting
      rearwardly and inclined downwardly. At the junction of arms 125a, 125b is
      a pivot pin 127, pivoting said sequence throwout lever to said carrier
      link 81 at the junction of arms 81c and 81d of said carrier link. On arm
      125b is a pin 125c slidably received in slot 123. In the upright position
      of the chair, pivot pins 127 and 121 are coaxial. This relationship is
      retained when moving the chair from upright to T.V. positions. When moving
      from T.V. position to fully inclined position, pivot pin 127 rises to the
      position shown in FIG. 2.
PAR  In the upright position of the chair sequence link 122 projects downwardly
      and rearwardly from the pivot pin 121. Also in the upright position of the
      chair pin 125c is at the forward or upper end of slot 123.
PAR  During movement from upright to T.V. position, the toggle bar 36a moves
      forwardly causing link 44 to rotate in a clockwise direction, moving the
      seat link forwardly and tilting the front of the seat somewhat upwardly.
PAR  On the toggle link 36a is a stop pin 130 adapted to contact an edge 131 of
      sequence throwout lever 125, in the upright position of the chair. The
      rear edge 37 of the toggle bar 36a contacts an edge 33e of arm 33a of the
      back mounting link 33 if the occupant attempts to close the legrest in the
      full reclined position of the chair thus preventing retraction of the
      legrest.
PAR  On the ottoman or legrest link 56 is a stop pin 56a adapted to contact an
      edge 135 on arm 58a of ottoman or legrest control lever 58 to stop the
      legrest linkage in extended position.
PAR  When going from upright to T.V. position, the sequence link is rotated
      about its pin 121 in a counter-clockwise direction by pin 125c on arm 125b
      of the sequence throwout lever 125. During such movement, both the
      sequence throwout lever 125 and the sequence link 122 rotate about coaxial
      pivot pins 127 and 121 respectively.
PAR  When the chair reaches the T.V. position, the sequence link is inclined
      upwardly and rearwardly. When in this position, pin 127 is then free to
      move by virtue of slot 123 in an upward and forward direction determined
      by the four bar linkage comprising the carrier link, bellcrank, arm
      mounting link and main link so that the seat link through its connections
      to the toggle bar and toggle bar through its connections with the carrier
      link, may move to the fully reclined position. The fully reclined position
      can thus be achieved only upon first going to T.V. position.
PAR  A T-cushion chair particularly a low back chair with projectible headrest
      is desireable in living room furniture. In a T-cushion chair, the seat
      cannot move backward because the seat engages the front ends of the side
      arms.
PAR  Since the seat cannot be permitted to move backward, in operating the
      chair, the chair hardware or mechanism embodies means to hold the seat
      link in place against backward movement. The seat herein can move up and
      down when going between upright T.V. positions. It moves forward and up
      when going from T.V. to fully reclined position.
PAR  From upright position, to go to T.V. position, the occupant pushes back on
      the backrest. There are double, four bar linkages in the present
      mechanism.
PAR  A third, four bar linkage comprises the main lever 88, the carrier link 81,
      the bellcrank 91 and the arm mounting link or member 30.
PAR  The first two, four bar linkages are:
PA1  1. seat link 40, ottoman or legrest actuator link 48, and front pivot lever
      45, toggle bar 36a, and rear pivot link 44
PA1  2. toggle bar 36a, front pivot lever 45, carrier link 81 and sequence
      throwout lever 125.
PAR  These first two four bar linkages work together to expel or project the
      ottoman or legrest, and the seat control link 84 acts to prevent rearward
      motion of the seat link 40 while allowing the seat link to move first up
      and then down.
PAR  During movement of the chair from T.V. to fully reclined positions, the
      back mounting link 33 swings back. The back mounting link does the driving
      all the way from upright to T.V. to fully reclined positions.
PAR  The motion of the headrest 118 on rotation of backmounting link 33 about
      its pivotal connection 32 to the arm mounting link 30.
PAR  The bellcrank 91 does not rotate when the chair goes from upright to T.V.
      positions. The headrest actuator link 95 is pivoted at one end on pivot 94
      to the ballcrank 91 and at its other end by pivot pin 96 to the headrest
      control link 98, which in turn, is pivoted to the back mounting link 33 at
      its pivotal connection 32 to the arm mounting link 30.
PAR  During movement from upright to T.V. positions, the upper end of the back
      mounting link 33 swings backwards to carry the pivot 102 of the headrest
      crank 103 to the back mounting link 33, down, to swing the headrest crank
      103 about its pivot 101 to the lower head rest connector 100 to swing the
      four bar linkage of the headrest, up, to project the headrest 118.
PAR  The pivot point 101 of the lower headrest connector link 100 to the
      intermediate point on headrest crank 103 is held stationary, vertically,
      thereby resulting in rotation of the headrest crank 103 about said pivot
      to raise the headrest through the connection of the upper headrest
      connector link 105 from the headrest crank 103 to the headrest driver 108
      (causing elevation of the four bar headrest linkage to the projected
      position of the headrest 118).
PAR  In the projected or elevated position of the headrest bracket 113, the
      pivotal centers, 104, 110 of the upper headrest connector link 105 to the
      headrest driver link 108, and to the headrest crank 103, and the pivotal
      connection 102 of the headrest crank 103 to the back mounting link 33, are
      in a vertually straight line, which results in a locked headrest in
      projected position.
PAR  Movement of about one-half inch of the pivot 90 of the lower headrest
      connector 100 to the headrest control link 98 relative to the backmounting
      link, results in about 12 inches of movement of the headrest bracket 113
      in a generally vertical direction.
PAR  The reason that this straight line three pivot point relationship is
      advantageous is because pressure downwardly on the top of the headrest 118
      will be resisted by a strut like construction, to avoid destruction of the
      linkage below that connection. This is necessitated by the 24 to 1 ratio
      (approximately) of the driving system to the headrest projection system,
      which would impose a great pressure on the drive portion of the linkage if
      there were not the straight line arrangement of these three pivot points.
PAR  A safety stop pin 120 on the back mounting link 33, to be engaged with the
      headrest control link 98, limits movement of the headrest control link
      relative to the back mounting link 33, to prevent going beyond this
      straight line three pivot point arrangement. This is desireable because
      without it (a) the headrest would retract, and (b) the strength gained by
      the straight line strut arrangement would be destroyed.
PAR  After the headrest is up and in T.V. position, it is no longer desirable
      for the headrest 118 to move relative to the back mounting link 33, when
      going from T.V. to fully reclined position. In order to do that, the
      headrest actuator link 95 is connected to the bellcrank 91 and also the
      headrest control link 98. As the chair goes from T.V. to fully reclined
      position, the bellcrank 91 rotates to move the pivotal point 94 of
      bellcrank 91 to the headrest actuator link 95, forwardly, to move the rear
      end of the headrest actuator link downwardly thereby swinging the headrest
      control link 98 down, at approximately the same angular velocity as the
      back mounting link is rotated, so that they both move through about the
      same angle and stay together to maintain the elevated position of the
      headrest with respect to the back mounting link 33, and so that the
      backrest and the headrest move together as a unit during such motion.
PAR  Thus, the sequencing which prevents rotation of the bell-crank while going
      from upright to T.V. positions, and permits rotation of the bellcrank from
      T.V. to fully reclined position, also prevents rotation of the headrest
      control link 98, from upright to T.V. thereby causing elevation of the
      headrest, and permitting rotation of the headrest control link from T.V.
      to fully reclined, and which, as described above, retains the relativity
      of the back mounting link and the headrest from T.V. to fully reclined.
PAR  The sequence mechanism thus has a dual function.
PAR  The toggle bar 36a strikes the back mounting link 33 at a notch, when
      trying to retract the ottoman, with the chair in fully reclined position,
      to prevent the linkage from operating out of sequence.
PAR  It is desired not to collapse the legrest linkage without first going from
      fully reclined to T.V. position. The reason is that if that is done
      (collapse of the ottoman in fully reclined position) the linkage will be
      operated out of sequence and cause damage to the mechanism, or trap the
      occupant in the chair, because the occupant could then be in an awkward
      position.
PAR  If that could be done, the occupant has to get out of the chair and
      manually reopen the linkage and then move back to T.V. position first and
      thereafter to upright position.
PAR  It will thus be seen that there is provided a device in which the several
      objects of this invention are achieved and which is well adapted to meet
      the conditions of practical use.
PAR  As various possible embodiments might be made of the above invention, and
      as various changes might be made in the embodiment above set forth, it is
      to be understood that all matter herein set forth or shown in the
      accompanying drawings is to be interpreted as illustrative.
CLMS
STM  I claim:
NUM  1.
PAR  1. Hardware for a T-cushion chair comprising a seat link, an arm mounting
      link, a back mounting link pivoted to the arm mounting link and movable
      from upright position to T.V. and fully reclined positions, a toggle bar,
      a toggle bar connector link pivotally connected to said back mounting link
      and also pivoted to said toggle bar near the rear end of said toggle bar,
      a rear pivot link pivotally connected to said toggle bar, and to said seat
      link adjacent the rear end of said seat link, a front pivot link pivoted
      adjacent the front end of the toggle bar, a link pivoted to said front
      pivot link above the pivotal connection of said front pivot link to said
      toggle bar, to said seat link closer to the front end of the seat link
      than to the rear end of said seat link, said back mounting link having an
      arm projecting downwardly from its pivotal connection to said arm mounting
      link to its pivotal connection to said toggle bar connector link, said arm
      of said back mounting link swinging forwardly upon swinging the upper end
      of said back mounting link forward from upright to T.V. position, to move
      the toggle bar forwardly.
NUM  2.
PAR  2. The combination of claim 1, said link which is pivoted to said front
      pivot link and to said seat link, comprising a legrest actuator link, a
      legrest bracket, and legrest linkage connecting said legrest bracket with
      said legrest actuator link and seat link to project said legrest bracket
      upon swinging the upper end of said back mounting link from upright
      position to T.V. position.
NUM  3.
PAR  3. The combination of claim 1, said front pivot link having an arm
      extending downwardly below its pivotal connection to said toggle bar, a
      carrier link pivoted at one end to the lower end of said arm of said front
      pivot link, a seat control link pivotally connected to said carrier link
      and to said seat link, and a main link pivotally connected to said arm
      mounting link and to said carrier link.
NUM  4.
PAR  4. The combination of claim 3, a sequence link pivoted to said arm mounting
      link, said sequence link being formed with a slot radial relative to the
      pivotal connection of said sequence link to said arm mounting link, a
      sequence throwout lever pivoted to said toggle bar, and to said carrier
      link and carrying a pin slidable in the slot of said sequence link.
NUM  5.
PAR  5. The combination of claim 4, the pivotal connection of said rear pivot
      link to said toggle bar, and of said sequence throwout link to said toggle
      bar, being a common pivotal connection.
NUM  6.
PAR  6. The combination of claim 5, the pivotal connection of said sequence link
      to said arm mounting link, and the pivotal connection of said sequence
      throwout link to said carrier link being coaxial in the upright position
      of said back mounting link.
NUM  7.
PAR  7. The combination of claim 6, said sequence link projecting downwardly and
      rearwardly in the upright position of said back mounting link, and said
      pin on said sequence throwout lever being disposed at the end of the slot
      of said sequence link closest to the pivotal connection of said sequence
      link to said arm mounting link, in the upright position of the back
      mounting link.
NUM  8.
PAR  8. The combination of claim 7, and a stop pin on said toggle bar adapted to
      contact an edge of said sequence throwout lever, in the upright position
      of said back mounting link.
NUM  9.
PAR  9. The combination of claim 1, said front pivot link having an arm
      extending downwardly below its pivotal connection to said toggle bar, a
      carrier link pivoted at one end to the lower end of said arm of said front
      pivot link, a seat control link pivotally connected to said carrier link
      and to said seat link, and a main link pivotally connected to said arm
      mounting link and to said carrier link, a bellcrank pivoted mediately the
      ends thereof, to said arm mounting link, said bellcrank having a pair of
      arms, the rear end of said carrier link being pivoted to one arm of said
      bellcrank, a headrest actuator link pivoted to another arm of said
      bellcrank, a headrest control link pivoted, at one end, to said back
      mounting link and pivoted to the other end of said headrest actuator link,
      a headrest bracket forming part of a four bar linkage with a portion of
      said back mounting link, and means controlled by said headrest control
      link, to project and retract said headrest bracket four bar linkage.
NUM  10.
PAR  10. The combination of claim 9, said four bar linkage comprising said
      headrest bracket, an idler link connecting the upper end of said headrest
      bracket to said back mounting link, a headrest driver link connecting the
      lower end of said headrest bracket to said back mounting link, said means
      to project and retract said headrest bracket, comprising a lower headrest
      connector link pivoted to an intermediate portion of said headrest control
      link, a headrest crank pivoted at one end to said back mounting link, said
      lower headrest connector link being pivoted to said headrest crank, and an
      upper headrest connector link pivoted at one end to said headrest crank
      and at its other end to said headrest driver link.
NUM  11.
PAR  11. The combination of claim 10, the pivotal connection of said lower
      headrest connector link to said headrest crank being closer to the pivotal
      connection of said headrest crank to said back mounting link than to the
      pivotal connection of said headrest crank to said upper headrest connector
      link.
NUM  12.
PAR  12. The combination of claim 11, and the pivotal connection of said upper
      headrest connector link to said headrest driver link, being closer to the
      pivotal connection of said headrest driver link to said back mounting link
      than the pivotal connection of said headrest driver link to said headrest
      bracket.
NUM  13.
PAR  13. The combination of claim 12, the pivotal connections of said upper
      headrest connector link to said headrest driver link and to said headrest
      crank, and the pivotal connection of said headrest crank to said back
      mounting link, being substantially in a straight line, in the T.V.
      position of said back mounting link.
NUM  14.
PAR  14. The combination of claim 1, said front pivot link having an arm
      extending downwardly below its pivotal connection to said toggle bar, a
      carrier link pivoted at one end to the lower end of said arm of said front
      pivot link, a seat control link pivotally connected to said carrier link
      and to said seat link, and a main link pivotally connected to said arm
      mounting link and to said carrier link, a bellcrank pivoted mediately the
      ends thereof, to said arm mounting link, said bellcrank having a pair of
      arms, the rear end of said carrier link being pivoted to one arm of said
      bellcrank, a headrest actuator link pivoted to another arm of said
      bellcrank, a headrest control link pivoted, at one end, to said back
      mounting link and pivoted to the other end of said headrest actuator link,
      a headrest bracket forming part of a four bar linkage with a portion of
      said back mounting link, and means controlled by said headrest control
      link, to project and retract said headrest bracket four bar linkage, said
      link which is pivoted to said front pivot link and to said seat link,
      comprising a legrest actuator link, a legrest bracket, and legrest linkage
      connecting said legrest bracket with said legrest actuator link and seat
      link to project said legrest bracket upon swinging the upper end of said
      back mounting link from upright position to T.V. position.
NUM  15.
PAR  15. The combination of claim 1, a legrest bracket, and legrest linkage
      connecting the legrest bracket with said seat link and with said means, to
      project said legrest bracket upon moving said back mounting link from
      upright position to reclined position, a headrest bracket, and headrest
      linkage connecting said headrest bracket with said back mounting link and
      with said means, to project said headrest bracket as said back mounting
      link swings back from upright position to reclined position, and to
      retract said headrest bracket as said back mounting link swings back from
      reclined position to upright position, and to retract said headrest
      bracket as said back mounting link swings back from reclined position to
      upright position, said toggle bar and said arm of said back mounting link
      having means adapted to contact one another in the fully reclined position
      of said back mounting link to prevent retraction of the legrest linkage
      when the back mounting link is in fully reclined position.
NUM  16.
PAR  16. The combination of claim 1, said front pivot link having an arm
      extending downwardly below its pivotal connection to said toggle bar, a
      carrier link pivoted at one end to the lower end of said arm of said front
      pivot link, a seat control link pivotally connected to said carrier link
      and to said seat link, and a main link pivotally connected to said arm
      mounting link and to said carrier link, a bellcrank pivoted mediately the
      ends thereof, to said arm mounting link, said bellcrank having a pair of
      arms, the rear end of said carrier link being pivoted to one arm of said
      bellcrank, a headrest actuator link pivoted to another arm of said
      bellcrank, a headrest control link pivoted, at one end, to said back
      mounting link and pivoted to the other end of said headrest actuator link,
      a headrest bracket forming part of a four bar linkage with a portion of
      said back mounting link, and means controlled by said headrest control
      link, to project and retract said headrest bracket four bar linkage, the
      pivotal point of said headrest actuator link to said bellcrank being moved
      forwardly and downwardly upon going from T.V. position to fully reclined
      position, and the pivotal connection of said headrest actuator link to
      said headrest control link, downwardly, as the backmounting link is
      rotated rearwardly and downwardly, to maintain the elevated position of
      the headrest bracket with respect to the back mounting link and so that
      the back mounting link and headrest bracket move together substantially as
      a unit during the movement of the hardware from T.V. position to fully
      reclined position.
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ABST
PAL  The present wheel chair has a hydraulic jack for raising and lowering a
      seat. The frame of the chair has spaced opposite sides and a
      jack-supporting horizontal platform at the bottom. At the back, the frame
      of the chair is open above this platform so that the user enters and
      leaves the chair (getting on and off the seat) from the back.
BSUM
PAR  This invention relates to a wheel chair which is open at the back to
      facilitate the ingress and egress of a handicapped or disabled person. The
      chair has a horizontal seat which can be raised and lowered vertically
      under the manual control of the user. The seat is operated by a hydraulic
      jack mounted on a platform below the seat.
PAR  A principal object of this invention is to provide a novel and improved
      wheel chair which makes it easier for a disabled person to get in and out
      of the chair, such as from a bed, a bathtub, shower, or toilet seat, or a
      conventional chair.
DRWD
PAR  These and other objects and advantages in one embodiment of the invention
      are described and shown in the following specification and drawings, in
      which:
PAR  FIG. 1 is a right side elevation of the chair in greatly reduced scale.
PAR  FIG. 2 is a top plan view of the chair shown in FIG. 1.
PAR  FIG. 3 is a rear end elevation of the chair shown in FIG. 1.
PAR  FIG. 4 is a cross sectional side elevation of the chair, taken through
      section line 4--4, FIG. 2.
DETD
PAR  Referring to FIGS. 1-4, the frame of the mobile chair is generally
      rectangular having parallel spaced wood or sheet metal side members 1 and
      2 with inward extending sides 3 and 4 integral therewith and outward
      extending left and right extensions 5 and 6 for securing a pair of like
      caster wheel assemblies 7 thereto. A horizontal rear platform 8 is secured
      to the side members 1 and 2 on right angle flanges 9 and 10. A horizontal
      platform footrest 11 having a concave inner central contour is secured to
      the front portion of sides 3 and 4 spanning opposite side members 1 and 2.
PAR  Referring to FIGS. 2 and 3, a hydraulic jack assembly 12 of known design is
      secured to platform 8 by well known means and the plunger of the hydraulic
      jack is adapted to raise a padded seat assembly 13 vertically from a
      lowermost idle position to an adjustable height, illustrated by dotted
      lines in FIGS. 3 and 4, by the reciprocation of an associated hydraulic
      pump 14 which is operated by piston 15, to be hereinafter described. The
      jack assembly has a release valve V of known design, which is operable by
      a gear 16 to permit the slow return of the seat 13 down to normal rest
      position. Gear 16 is operated by a rack gear 17 slidably secured on
      platform 8 and controlled by means to be hereinafter described. The seat
      13 remains horizontal while being raised and lowered vertically. A table
      assembly 18 is secured to opposite upper horizontal sides 3 and 4, as
      shown in FIGS. 2, 3, and 4, which includes a recessed utility tray 19.
PAR  Each of a pair of front traction wheel assemblies 20-20 has a chain
      sprocket 21 of predetermined diameter and pitch secured on the inside of
      each front wheel coaxial therewith with the wheels journalled for rotation
      about an axle 22 which is supported by a pair of pillow blocks 23 secured
      to the horizontal under side of each side 3 and 4, respectively. A pair of
      handoperated wheel assemblies 24 having six angular offset spokes are
      secured for manual rotation in bearings 25 on side members 1 and 2 in
      predetermined spaced relation to the outside surface of side members 1 and
      2 and in coaxial relation and positioned for convenient grasp by the hands
      of the user, as illustrated in FIG. 1. Each hand wheel has a circular rim
      26 of substantially circular cross section and may include an elastomer
      covering for secure hand gripping. Each hand wheel has a sprocket 27 of
      predetermined diameter and pitch secured coaxial therewith on the inside
      surface of each wheel. An endless chain 28, preferably the roller type, is
      engaged with mating sprockets 21 and 27 on each side member of the chair
      which provides the means for rotation of the hand wheels to independently
      rotate each front wheel 20, as desired by the user.
PAR  It is understood that the ratio of sprockets on the hand wheel and the
      traction wheel may be varied to obtain a desired ratio of torque to suit
      the capabilities of the user.
PAR  Referring to FIGS. 1, 2, and 4, a first handle or control knob 29 is
      secured in a depressed cavity in the uppermost side 4 which is attached to
      a first elongated rod 30 adapted for the manual reciprocation of a central
      lever 31 secured to a transverse shaft 32 which is journalled in a bearing
      33 which will oscillate a second lever 34 which is connected to a link 35
      for operating the pump piston 15, better shown in FIG. 4. It is therefore
      apparent that the reciprocation of knob 29 will operate jack assembly 12
      and raise seat assembly 13 accordingly.
PAR  Referring to FIG. 2, a second handle 36 on the upper side of side 4 is
      connected to the upper end of a vertical second, elongated, rod-like
      member or shaft 37 which shaft is journalled for partial rotation and
      carries a piston 38 on its lower end for reciprocating the rack gear 17 a
      predetermined distance for operating the valve V in the hydraulic jack
      assembly for permitting the seat to lower from an upward position.
PAR  Referring to FIGS. 1, 3, and 4, an independent brake lever 39 is journalled
      for rotation on each side of the frame near the top edge for convenient
      operation by each hand of the user. Each brake lever has an internal arm
      40 which is pivotally connected by a long link 42 to a short, horizontal,
      laterally outwardly extending arm 41, which is located directly behind the
      lower end of link 42, as shown in FIG. 1. This short arm 41 carries a
      cylindrical brake member 43, which is immediately behind the corresponding
      front wheel and is frictionally engageable with this wheel to lock it
      against rotation. The long link 42 is pivoted at 42a (FIG. 1) to the
      corresponding side member 1 or 2 of the chair frame, at a location a short
      distance above the lower end of this link.
PAR  When the handle 39 is pivoted counterclockwise from the position shown in
      FIG. 1 to a raised position, the linkage arrangement just described
      retracts the brake member 43 to a positioned spaced behind the
      corresponding front wheel 20, so that this wheel is free to turn. When the
      handle 39 is pivoted down from this brake-retracting position clockwise to
      the position shown in FIG. 1, the just-described linkage forces the brake
      member 43 forward into braking engagement with the back of the
      corresponding front wheel. Thus it is apparent that when each lever 39 is
      in its upper off position the chair is free to be propelled in a forward
      or reverse direction and steered at the option of the user. When each
      lever is moved in a down position the opposite hand wheel will provide for
      a close turn of the chair and when both hand levers 39 are in the down
      position the traction wheels will be locked against movement.
PAR  It is to be noted that the seat is equipped with a pair of sockets 44 for
      slidably receiving a pair of parallel pins 45 which are positioned in the
      outside lower edge of a removable backrest assembly 46.
PAR  FIGS. 3 and 4 illustrate a convenient placement for a socket 47 with holes
      48 for pins 45 for retaining a removable backrest assembly 46 when not in
      use by convenient transfer from the seat assembly 13 to the socket 47, as
      illustrated in dotted lines in FIG. 4.
PAR  In operation and under the assumption that the rear side of the chair is
      moved into rear transfer position with respect to a bed or chair with the
      user in a sitting position and the brake levers 39 both moved downward to
      lock the chair in immobile position, then by adjustment of the seat in the
      chair by the operation of the knob 29 or lever 36 the user may be moved
      feet first on opposite sides of the seat until he is seated thereon with
      his feet on a footrest 11. He may then release the brakes by raising both
      levers 39 to their off position and then manually rotate the drive wheel
      assemblies 24 in a forward direction which wheels also may be used for
      accurately steering the chair while in motion. Having reached a desired
      destination, the brake lever 39 may be moved downward which will lock the
      chair against immobility. It is now apparent that the user may adjust the
      seat for the most comfortable position and the table and tray may be used
      for whatever purpose desired.
PAR  It will be evident that the present wheel chair facilitates the entry of
      the user onto the seat, or the user's removal from the seat, in a
      relatively comfortable and advantageous manner because of the fact that
      the frame of this chair is open at the back end.
PAR  It is to be understood that certain modifications in construction are
      intended to come within the scope and teachings of the above construction.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. In a wheel chair having:
PA1  a chair frame with spaced, opposite sides; means at the front of said frame
      extending between and rigidly interconnecting said sides;
PA1  and front and back wheels operatively connected to the frame at each side
      to provide a rolling support for the frame;
PA1  a rigid horizontal platform extending between said sides at the bottom of
      the frame;
PA1  a seat jack mounted on said platform and extending upward therefrom between
      said sides of the frame, said jack having an operating member movable
      between a retracted, lowered position and an extended, raised position; a
      horizontal seat operatively connected to said operating member of the jack
      to be vertically raised and lowered while being maintained horizontal;
PA1  said chair frame being open at the back between said sides above said
      platform for the entry and withdrawal of the user to and from the seat at
      the back of the chair frame;
PA1  and mechanical actuator means for the jack operatively coupled at the lower
      end thereof to said operating member of the jack to selectively control
      the latter's operation for raising and lowering the seat, said actuator
      means extending up from said jack and terminating at the upper end thereof
      in handle means located for operation by the occupant of said seat;
PA1  the improvement wherein said mechanical actuator means comprises:
PA2  a first elongated rod-like member operable in one direction for operating
      said jack to raise the seat, a first handle on the upper end of said first
      rod-like member;
PA2  and a second elongated rod-like member operable in one direction for
      actuating said jack to lower the seat, and a second handle on the upper
      end of said second rod-like member.
NUM  2.
PAR  2. A wheel chair according to claim 1, wherein said jack is a hydraulic
      jack.
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PAL  Mineral values are recovered in situ by generating a leaching agent in the
      formation containing the mineral to be recovered.
BSUM
PAR  The invention of this application generally relates to the recovery of
      mineral values from subterranean formations or strata and particularly to
      the recovery of mineral values which are soluble in sulfuric acid.
PAR  Numerous methods of recovering mineral values from strata are known. These
      mineral values are recovered from the ore by a variety of methods which
      shall be generally referred to herein as solubilizing. These methods
      generally solubilize or dissolve the desired mineral value by solvent
      action, by a chemical conversion to a more soluble form, by chemical
      reaction with an agent in a carrier fluid, or by changing the conditions
      in the strata or source materials so that the desired mineral value is
      mobilized and can be suspended in a carrier fluid.
PAR  The process of this invention can be generally applied to any strata or
      source material containing mineral values soluble in sulfuric acid. Known
      processes of solubilizing such mineral values require high volumes of
      solubilizing fluid and displacement fluids for even modest recovery.
PAR  The invention of this application provides a simple process which can be
      used to recover substantially all of the desired minerals using in situ
      solubilizing methods and in situ generation of the solubilizing agent. The
      process of this invention avoids the loss of high mineral concentration
      liquor in stagnant areas of the stratum.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that a highly efficient process for leaching mineral
      values from a stratum by in situ leaching can be accomplished by
      generating the leaching reagent or solubilizing agent in situ; that is,
      generating the leaching agent in the leaching fluid after the fluid has
      contacted or saturated the stratum to be leached. As initially injected,
      the leaching liquid does not have a leaching reagent concentration
      sufficient to leach a significant quantity of the mineral value from the
      stratum. The leaching reagent is generated in situ in the leaching fluid
      after the fluid has contacted the stratum. In previous methods, a high
      concentration of leaching reagent was required in the leaching fluid to
      leach and keep the mineral value dissolved in the fluid which swept
      through the stratum. This formed a region of high mineral concentration in
      the leading portion of the fluid which was eventually trapped in the
      stagnant areas of the flow pattern. Thus much of the mineral values were
      lost, wasting both leaching agent and mineral values.
PAR  By this invention, there is provided a simple process for recovering
      mineral values from a source material such as a subterranean stratum in
      high yield using a relatively low intial volume of sulfuric acid and low
      volumes of sweep or displacement fluids. This is a process for recovering
      mineral values from a stratum leachable by a fluid containing a leaching
      or solubilizing reagent comprising injecting into said stratum to contact
      said mineral value a leaching fluid which contains said leaching reagent
      at a concentration insufficient to substantially leach said mineral value,
      said fluid containing a means for generating the leaching reagent in situ
      in said stratum; generating said leaching reagent in situ in said stratum
      to produce a concentration of leaching reagent sufficient to leach the
      desired mineral value contacted in said stratum; leaching said contacted
      mineral value; recovering from said stratum said leaching fluid containing
      said leached mineral value in a manner to recover a major portion of said
      leached mineral value with the concentration of said leached mineral value
      in the recovered leaching fluid being relatively uniform throughout the
      fluid recovery cycle.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a diagrammatic, vertical section view showing an injection well 1
      connecting with stratum 8 containing the desired mineral values and
      production well 3.
PAR  FIGS. 2 and 3 are plan views illustrating a typical five-spot well pattern
      showing an injection well 1 and production wells 2, 3, 4, and 5. FIGS. 1
      and 2 illustrate the stagewise flow pattern which develops during a
      typical displacement process.
DETD
PAR  This invention involves the use of a biological agent such as bacteria to
      produce in situ the sulfuric acid leaching agent in sufficient strength to
      solubilize the desired mineral value.
PAR  The features of conventional leaching processes can be used as described in
      known references in view of this disclosure. Features of these known
      processes can also be combined or modified by one skilled in the art in
      view of this disclosure. Typical processes are described in the following
      references: "Solution Mining of Uranium" by Anderson et al. in the January
      1968 Mining Congress Journal at page 20; "Uranium Dividends from Bacterial
      Leaching" by MacGregor in the March 1969 Mining Engineering at page 54;
      "Factors Influencing Application of Bacterial Leaching to a Canadian
      Uranium Ore" by Harrison et al. in the December 1966 Technical Bulletin
      TB85 of the Canadian Department of Energy, Mines, and Resources; "Mining
      in Situ by Nature's Easy Way" in the October 1967 Engineering Mining
      Journal at page 75; Physical Principles of Oil Production by Muskat
      published in 1949 by McGraw-Hill Book Company of New York; U.S. Pat. Nos.
      2,818,240 to Livingston; 2,954,218 to Dew; 3,113,617 to Oakes; 3,113,618
      to Oakes; 3,130,960 to Martin; 3,199,586 to Henderson; 3,266,889 to
      Duncan; 3,268,288 to Goren; 3,302,711 to Dilgren; 3,305,353 to Duncan;
      3,309,141 to Fitch; 3,278,233 to Hurd; 3,347,661 to Mayling; 3,455,679 to
      Mayling; and 3,607,232 to Duncan. These references describe secondary
      recovery methods, leaching fluid, leaching agent, and means for generating
      leaching agent. Conventional methods are applicable to this invention in
      view of this disclosure which cover features of injecting fluid into a
      stratum, controlling the flow of said fluid, recovery of said fluid, and
      treatment of said recovered fluid. These features are discussed by some of
      the references listed herein. These references and others are discussed
      and listed in a paper, In Situ Leaching of Uranium, by Sievert et al.
      presented at the Fall 1970 Meeting of the Society of Mining Engineers of
      AIME at St. Louis. This paper describes some problems of in situ leaching
      which are solved by the invention of this application.
PAR  The process of this invention is applicable to any mineral value which can
      be leached or solubilized from source material or strata by a sulfuric
      acid leaching fluid, for example, carnotite. The leaching agent can
      operate by solvent action, by chemical combination with the desired
      mineral value, by chemical conversion of the mineral value to a form
      soluble in the leaching fluid, or by changing conditions which make the
      mineral value soluble. The carrier fluid can be any fluid which will
      sustain bacterial life while the leaching agent is being generated in
      situ. The carrier fluid is preferably a weakly acid aqueous solution or
      dispersion. The leaching agent can be used with additives which promote
      generation of the leaching agent in the leaching fluid, modifies the
      relationship between the leaching agent and leaching fluid, promotes
      leaching, or modifies any feature of the in situ leaching process
      according to conventional methods in view of this disclosure. Typical
      additives include surfactants, emulsifiers, and salts such as ferric
      chloride and ferric sulfate.
PAR  A critical feature of the process of this invention is the absence of
      leaching agent in a concentration sufficient to substantially leach a
      significant portion of the desired mineral value during the injecting step
      in which the leaching fluid with the means for generating the leaching
      agent is placed in the ore stratum. Some leaching of the mineral values
      can occur as the leaching fluid is injected into the stratum and swept
      through the ore bed, but the leaching agent concentration should be low
      enough so that accumulation of a significant portion of the desired
      mineral value in the leading boundary edge of the leaching fluid phase as
      it sweeps through the stratum should not be significant. The leaching
      agent concentration can be maintained at a low value by any method which
      gives a sufficient time delay between the introduction of the leaching
      fluid with generating means into the formation and the time required for
      the leaching fluid with generating means to flow through the stratum to
      the extent desired. For example, this time delay can be accomplished by
      using a chemical or biological generating means to produce the leaching
      agent which has a reaction rate which gives the necessary time delay
      between introduction of the leaching fluid into the stratum and attainment
      of the concentration necessary for efficient leaching. A two-step
      injection process can also be used whereby one reactant or a biological
      agent such as bacteria is introduced into the stratum and is in contact
      with or adsorbed into the strata. Other reactants or catalysts for the
      chemical reaction or nutrients for the bacterial reaction or the bacteria
      themselves are introduced in a second portion of the leaching fluid to
      initiate the generating step and produce the leaching agent in close
      proximity to the desired mineral value which is to be leached. A
      generating process is preferred which does not require injection of
      nutrients or reactants during the generating step or the leaching step so
      that the concentration of mineral value in the leaching fluid will be
      substantially uniform throughout the strata.
PAR  During the recovery step, the leaching fluid can be recovered from the
      strata by any one of numerous conventional methods such as are described
      in Muskat or the other references listed. One recovery method uses a
      single well drilled from the surface to a subterranean stratum containing
      the desired mineral value in which the leaching fluid and generating means
      are injected into the stratum which is under a natural hydrostatic
      pressure and recovered by displacement of the leaching fluid after the
      leaching operation by the natural hydrostatic pressure. Conventional flow
      patterns between two or more wells communicating with the subterranean
      stratum such as a five-spot flow pattern, a seven-spot flow pattern, as
      well as modifications and combinations thereof, can be used. Stratum, as
      used herein, includes one or more subterranean formations or layers of
      mineral ore as naturally deposited. The means for generating the leaching
      agent, as used herein, includes all necessary nutrients and initiators to
      produce the leaching agent or any necessary intermediates. Consists
      essentially of, as used herein, includes the process steps and features
      set forth herein and excludes only those which would substantially change
      the process or any feature thereof but does not exclude modifications,
      combinations, or equivalents which can be substituted for any one or more
      of the steps or features of the process.
PAR  Several methods are available for injecting leach fluid into a formation
      and controlling the flow pattern. FIG. 1 of the drawings shows an
      injection well 1 drilled into a producing formation 8 from which mineral
      values are to be recovered. For purposes of illustration, casing is set in
      well 1 well into the mineral-bearing zone 8 and is fixed in place in
      accordance with conventional practice. A production well 3 spaced from the
      injection well 1 a distance determined by the volume, time, hydrostatic,
      and economic factors is drilled into the oilbearing formation 8, and
      casing is set in accordance with conventional practice.
PAR  Packers 9 and 10 are set in wells 1 and 3 and tubing run through the
      packers. Leach fluid 13 is delivered through the tubing into formation 8.
      Leach fluid 14 containing the solubilized mineral flows from formation 8
      into well 3, and the leach fluid is lifted to the surface.
PAR  In FIG. 2 of the drawings, an injection well 1 is used in the formation 8.
      Spaced from the injection well 1 are production wells 2, 3, 4, and 5.
PAR  Mineral values are produced from the formation by pumping a leach solution
      into injection well 1. The solution 13 flows outwardly through the
      formation 8 and is produced through wells 2, 3, 4, and 5 through which the
      mineral-containing leach fluid is lifted to the surface. The wells
      illustrated in FIGS. 2 and 3 of the drawings are arranged in a five-spot
      flood pattern.
PAR  FIG. 2 shows a stagewise leaching or displacement of fluids in a formation
      forming a high concentration boundary layer 14 in the initial stage, 16 in
      the intermediate stage, and 18 in the final stages. Stagnant area 20 is
      shown in FIG. 2. The leaching fluid or sweep fluid 13 used to displace the
      high concentration boundary layer 14 is shown in FIGS. 1 and 2 in the
      initial stage with leading edge 11 and trailing edge 12. In FIG. 2, the
      leaching fluid is shown as 15 in the intermediate stage and as 17 in the
      final stage preceding fluid breakthrough of the flowing fluid into the
      producing wells.
PAR  FIG. 3 shows the flow pattern and leach fluid concentration for the process
      of this invention. The leach fluid 19 is at relatively uniform
      concentration throughout the stratum between the producing wells in the
      final stage immediately preceding breakthrough into the producing wells 2,
      3, 4, and 5. With subsequent displacement, the leach fluid 19 of FIG. 3
      maintains the same flow pattern. The low flow area (corresponding to area
      18 in FIG. 2) and relatively stagnant area 20 do not contain the boundary
      layer of high mineral concentration, which is found in conventional
      practice and which results in a substantial loss of leached mineral or
      requires large volumes of displacement fluid to sweep the flow areas 20
      and 18 (18 not shown in FIG. 3).
PAR  Biological agents which can be used for a preferred process of this
      invention include bacteria which operate on the ferrous-ferric ion cycle.
      A preferred bacteria produces ferric ion which acts as an oxidizing agent
      and which is particularly useful for oxidizing an orecontaining uranium
      mineral value to make the uranium mineral values soluble. Bacteria such as
      Ferrobacillus ferrooxidans and Thiobacillus ferrooxidans, thioparus,
      concretivorus, and neopolitanus which produce sulfuric acid are preferred
      for the process of this invention. The leaching reagent and leaching
      conditions must be selected and matched to be sure the components which
      would retard or poison the desired reaction are avoided. For example, some
      components will interfere with some types of bacteria used to generate the
      leaching agent. Anaerobic bacteria are preferred for the biological
      process of this invention to avoid the necessity of supplying oxygen in
      the leaching fluid. A leaching agent generating process is preferred which
      derives a substantial part of the reactants or nutrients required from the
      mineral or stratum being leached.
PAR  A preferred recovery method involves the steady production of the leaching
      fluid rich in the desired mineral value from the strata at a uniform rate.
      This recovery can be accomplished by displacing the mineral-rich leaching
      fluid by a natural hydrostatic pressure or by injection of a displacement
      or sweep fluid following the leach fluid between two or more wells
      communicating with the strata at spaced locations. The substantially
      uniform concentration of leached mineral value in the leach fluid
      throughout the strata makes it possible to produce or recover the leached
      mineral in high efficiency with a relatively low volume of leaching fluid
      and displacement fluid in one cycle. The uniform concentration low volume
      recovery process of this invention avoids the substantial loss of leached
      minerals by stagnation in high concentration boundary layers, by wide
      variation in concentration, and by reducing the volume of leaching fluid
      or displacement fluid required to recover the leached mineral.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for recovering a mineral value from a stratum leachable by a
      fluid containing a leaching agent comprising:
PA1  a. injecting into said stratum to contact said mineral value a medium
      capable of generating a leaching agent in said stratum, said medium
      consisting essentially of a carrier fluid, a surfactant and a biological
      agent;
PA1  b. generating said leaching agent by action of said biological agent in
      situ in said stratum to produce a leaching agent concentration sufficient
      to leach the mineral value in said stratum;
PA1  c. leaching said mineral value with said leaching agent; and
PA1  d. displacing and recovering said fluid containing leached mineral value.
NUM  2.
PAR  2. The process of claim 1 wherein said biological agent operates on the
      ferrous-ferric ion cycle.
NUM  3.
PAR  3. The process of claim 1 wherein said biological agent is selected from
      the group consisting of the genera Ferrobacillus and Thiobacillus.
NUM  4.
PAR  4. The process of claim 1 wherein said mineral value is uranium.
NUM  5.
PAR  5. The process of claim 1 wherein said stratum is a subterranean stratum
      having at least one injection well for introduction of said fluid and at
      least one recovery well for recovering said fluid containing leached
      mineral value, said recovery well being spaced from said injection well.
NUM  6.
PAR  6. The process of claim 1 wherein said medium contains nutrients for said
      biological agent, and said biological agent is anaerobic bacteria.
PATN
WKU  039375218
SRC  5
APN  4214501
APT  1
ART  313
APD  19731203
TTL  Self-purging pneumatic conveying apparatus and varied means of operation
ISD  19760210
NCL  9
ECL  1
EXA  Nase; Jeffrey V.
EXP  Blunk; Evon C.
NDR  12
NFG  29
INVT
NAM  Reuter; Brian R.
CTY  Houston
STA  TX
ASSG
NAM  Consolidated Engineering Company
CTY  Houston
STA  TX
COD  02
RLAP
COD  72
APN  98567
APD  19701216
PSC  01
PNO  3776599
RLAP
COD  82
APN  822126
APD  19690506
PSC  01
PNO  3549206
RLAP
COD  82
APN  686018
APD  19671128
PSC  03
RLAP
COD  82
APN  518353
APD  19660103
PSC  01
PNO  3355211
CLAS
OCL  302  3
XCL   34 60
XCL   34221
XCL  302 53
XCL  432 58
EDF  2
ICL  B65G 5300
FSC   34
FSS  60;61;218;221
FSC  302
FSS  3;53
FSC  432
FSS  58
UREF
PNO  1538115
ISD  19250500
NAM  Hoving
XCL  302  3
UREF
PNO  2716289
ISD  19550800
NAM  Lauck
XCL   34221
UREF
PNO  3355221
ISD  19671100
NAM  Reuter
OCL  302 53
UREF
PNO  3408746
ISD  19681100
NAM  Reynolds et al.
XCL   34221
UREF
PNO  3425503
ISD  19690200
NAM  Bullivant et al.
OCL   73141R
UREF
PNO  3727985
ISD  19730400
NAM  Reuter
XCL  302 53
UREF
PNO  3776599
ISD  19731200
NAM  Reuter
XCL  302 53
FREF
PNO  1,111,404
ISD  19560200
CNT  FR
OCL   34221
ABST
PAL  The disclosure, for classification, is to a pressure vessel with fill valve
      admitting thereinto material to drop into a perforate diaphragm to be
      transferred, vacuum pulling in the material upon the perforate membrane or
      diaphragm, to upstand thereabove, the gas plenum below the diaphragm
      having activating gas inlet valve means communicating therewith and opened
      at intervals temporarily to break the vacuum. When a batch of material has
      been drawn in, the fill valve and the vacuum (and air break) valves are
      automatically closed, the activating gas inlet valve is opened to admit
      activating gas, as compressed air, to pass upwardly through diaphragm and
      activate the material to a highly flowable state. A discharge valve is
      then opened to let the pressurized material flow out through a discharge
      line to point of transfer. As the pressure in material plenum drops, the
      discharge valve is closed, the activating gas valve is closed, and a purge
      valve in a by-pass line, around the discharge valve, is opened, and
      residual pressure purges the residual material as this pressure falls
      substantially to atmospheric, for a succeeding cycle to begin. The
      disclosure is also to pressure vessels where the material drops onto the
      diaphragm via gravity when the fill valve opens, such vessels also being
      mounted on load cells equipped to emanate a pressure signal in
      correspondence with the weight of material admitted into the pressure
      vessel. Also, the disclosure is to pressure vessels equipped with
      circuitry controlled drier apparatus. Additionally, for all forms,
      variations of circuitry are shown whereby various steps may be controlled
      by at least one of pressure, time, level probe position, weight and limit
      switch position.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 98,567,
      filed Dec. 16, 1970 now U.S. Pat. No. 3,776,599, which is a
      continuation-in-part of application Ser. No. 822,126, filed May 6, 1969,
      now U.S. Pat. No. 3,549,206, which is a continuation-in-part of Ser. No.
      686,018, filed Nov. 28, 1967, now abandoned, which is a
      continuation-in-part of Ser. No. 518,353, filed Jan. 3, 1966, now U.S.
      Pat. No. 3,355,211. Other related application are Ser. No. 868,078, now
      U.S. Pat. No. 3,632,173, which is a continuation-in-part of Ser. No.
      822,126, now U.S. Pat. No. 3,549,206 and Ser. No. 214,668, now U.S. Pat.
      No. 3,727,985.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The inventions relate generally to various fluid flow pump combinations
      based upon the cycle of material deposit through fill valve on diaphragm,
      pressurized gas passage through perforate diaphragm to activate material,
      discharge of pressurized material down discharge line, purge of residual
      material by residual pressure through a by-pass line around closed
      discharge valve, pressurized gas valve also being closed; and the
      re-opening of fill valve at start of a succeeding cycle as the vessel
      pressure falls substantially to atmospheric pressure.
PAR  It is a primary object of the invention to provide a pressure vessel
      automatically operable on successive fill, activate, discharge and purge
      step cycle, in which the material is drawn in through the fill valve to
      deposit under vacuum pull upon the diaphragm, with the vacuum being
      studiedly interrupted at predetermined brief time intervals.
PAR  It is also an object of the invention to provide a fluid flow pump of the
      class described in U.S. Pat. No. 3,355,221, in which the vessel is
      supported by a load cell type scale with a compressed air signal from the
      tare weight adjusted load cell controlling fill valve operation.
PAR  It is another object of the invention to provide a fluid flow pump of the
      class described, in which the closure of the fill valve may be actuated by
      material level effect upon a probe disposed above the diaphragm and of at
      least one of vibration sensitive, revolved blade stoppage, and air gap
      occlusion types.
PAR  It is a further object of the invention to provide a fluid flow pump of the
      class described, equipped with material drying apparatus to dry material
      prior to discharge, and in which the pressure vessel is supported by a
      tare weight adjusted scale connected to actuate fill valve closure by a
      pressure signal reflecting batch weight.
PAR  It is yet another object of the invention to provide a fluid flow pump of
      the class described equipped with material drying apparatus to dry
      apparatus prior to discharge, and in which the pressure vessel is equipped
      with an agitator.
PAR  It is still a further object of the invention to provide pressure vessels
      of the various types, as basic fluid flow pump, vacuum filled pressure
      vessel, and drier equipped pressure vessels, as hereinabove described,
      which are supported by tare weight adjusted scale means, as a load cell
      type scale, by suspension therefrom.
PAR  Also it is a further object of the invention to provide fluid flow pump
      pressure vessels of the various types hereinabove disclosed in which
      circuitry changes may be made to accomplish various steps by various
      means, as fill valve closure by level probe position, discharge valve
      opening by a timer, discharge valve and activating gas valve closure and
      purge valve opening by timer, fill valve opening by timer, discharge valve
      opening by load cell signal, discharge valve and activating gas valve
      closure and purge valve opening by load cell signal, fill valve opening by
      load cell signal, fill valve closure by pressure fluid signal from the top
      of the pressure vessel, and activating gas valve opening by fill valve
      operator limit switch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other and further objects will be apparent when the specification herein is
      considered in relation to the drawings, in which the figures of the
      continued part of the application are first described, as follows:
PAR  FIG. 1 is an elevational view, partially diagrammatic, showing the parent,
      fluid flow pump form of the invention;
PAR  FIG. 2 is an electrical diagram of circuitry and apparatus employed in the
      operation of the form of the invention shown in FIG. 1.
PAR  FIG. 3 is an isometric view, partially diagrammatic, of a vibration type
      level sensor or probe, employable as an alternative means of controlling
      or safeguarding fill valve closure in the various forms of the invention
      shown, or to be shown herein;
PAR  FIG. 4 is a sectional elevational view, including apparatus diagram, of a
      preferred form of fluid flow pump, as shown in FIG. 1, in which the
      material to be transferred is drawn into the pump or vessel by vacuum;
PAR  FIG. 5 is an electric diagram of circuitry for operating the vacuum filled,
      fluid flow pump shown in FIG. 4;
PAR  FIG. 6 is an elevational view, partially diagrammatic, showing
      substantially the invention of FIGS. 1 and 2, but adapted to weigh
      material being handled on a load cell and to reflect a weight responsive
      pressure signal therefrom to actuate closing of the fill valve;
PAR  FIG. 7 is an isometric view of a fluid flow pump, as shown in FIG. 6,
      mounted to be weighed on a preferred type of load cell, which emits a
      weight responsive pressure signal to actuate fill valve closure;
PAR  FIG. 8 is a plan view of the fluid flow pump shown in FIG. 7;
PAR  FIG. 9 is an isometric, development view, of parts indicated in FIGS. 7 and
      8, for removably connecting the fluid flow pump to the scaffold or
      mounting frame shown in such figures;
PAR  FIG. 10 is a sectional elevational view, partially diagrammatic, through a
      load cell shown isometrically below the fluid flow pump in FIG. 6;
PAR  FIG. 11 is an electrical diagram of the apparatus and circuitry shown in
      FIGS. 6-10, inclusive;
PAR  FIG. 12 is an elevational view, partially diagrammatic, of a fluid flow
      pump as shown in FIGS. 1 and 6, as suspended from a load cell that is
      rigidly supported above floor level to receive material from a hopper, all
      rigidly supported from floor level;
PAR  FIG. 13 is an elevational view, part in section, of a pressure vessel,
      partially diagrammatical, which discloses a material drying and conveying
      embodiment of the invention;
PAR  FIG. 14 is a sectional bottom view, looking upward along line 14--14 of
      FIG. 13;
PAR  FIG. 15 is an electrical diagram of the apparatus and circuitry as employed
      in the actuation of the apparatus, including drying apparatus actuating
      circuitry interposed between steps for fluid flow pump function actuation;
PAR  FIG. 16 is a small scale elevational view of a form of the invention
      including a load cell suspended fluid flow pump equipped with drying
      apparatus;
PAR  FIG. 17 is an isometric view, partially diagrammatic, of a rotated paddle
      or knife type level sensor or probe, employable preferably in place of the
      level sensor shown in FIG. 3, or shown in FIGS. 1 and 6, to be hereinbelow
      described, as an alternative means of controlling or safeguarding fill
      valve closure;
PAR  FIG. 18 is a fragmentary sectional elevational view, partially
      diagrammatic, showing the rotated paddle type probe connections, including
      connections within the sensor housing;
PAR  FIG. 19 is an electrical diagram of the circuitry for the form of sensor or
      probe shown in FIGS. 17 and 18;
PAR  FIG. 20 is an elevational view, part in section, of an air gap type level
      sensor or probe, employable alternatively in place of the level sensor or
      probe shown in FIGS. 1, 3, and 6.
PAR  FIG. 21 is a diagrammatical view of apparatus, circuitry, and connection
      means therefor, as entailed in operation of the air gap type level probe
      or sensor shown in FIG. 20;
PAR  FIG. 22 is a fragmentary circuit diagram showing circuitry for any of the
      aforesaid pressure vessels altered for discharge valve opening by time
      actuated circuitry;
PAR  FIG. 23 is a fragmentary circuit diagram showing circuitry for any of the
      aforesaid pressure vessels altered for discharge valve and gas inlet valve
      closing and purge valve opening by time actuated circuitry;
PAR  FIG. 24 is a fragmentary circuit diagram, showing circuitry for any of the
      aforesaid pressure vessels altered for fill valve opening by time actuated
      circuitry;
PAR  FIG. 25 is a fragmentary circuit diagram showing circuitry for any of the
      aforesaid pressure vessels altered for opening the discharge valve by a
      fluid pressure signal actuated responsive to material and gas weight in
      pressure vessel;
PAR  FIG. 26 is a fragmentary circuit diagram showing circuitry for any of the
      aforesaid pressure vessels altered for closing the discharge valve and the
      gas inlet valve for opening the purge valve by a fluid pressure signal
      actuated responsive to material and gas weight in pressure vessel;
PAR  FIG. 27 is a fragmentary circuit diagram showing circuitry for any of the
      aforesaid pressure vessels altered for opening the fill valve by a fluid
      pressure signal actuated responsive to depletion of material and gas
      weight in pressure vessel; the diagram also indicating that an early such
      signal actuated from a different source, the top of the pressure vessel,
      may serve alternatively for closing the fill valve;
PAR  FIG. 28 is a fragmentary circuit diagram showing circuitry involved in
      opening the gas inlet valve by a time cycle only after closing the fill
      valve by limit switch action; and
PAR  FIG. 29 is a fragmentary circuitry diagram, showing any of the level probes
      shown in FIG. 3, in FIGS. 17-19, and in FIGS. 20-21, serving in any of the
      hereinabove described pressure vessel operative structures, to close the
      fill valve upon receipt of batch load.
DETD
PAC  DESCRIPTION OF THE INVENTIONS--STRUCTURES AND CIRCUITRY
PAR  Referring now to the drawings, FIGS. 1, 2 and 3 of the parent application,
      in which like reference numerals are applied to like elements in the
      various views, a material container, housing, pump or activator 10 is
      shown in FIG. 1 comprised of a shell 11 incuding a cylindrical main body
      11a with upper end closed by a top comprised of a spherical segment or
      dome 12a and a bottom comprised of a spherical segment or lower closure
      12b, the container being constructed after the general manner of
      conventional pressure vessels and designed with safety factors, to
      withstand the highest pressures that may be developed therein.
PAR  The pressure vessel or container 10 is supported on legs 14 which upstand
      from a conventional base or grout, not shown. A gas permeable membrane or
      diaphragm 13 separates the container into an upper, or material plenum 15,
      and a lower, or gas plenum 16.
PAR  The dome 12a has an inlet flange or neck 17 connected centrally into the
      top thereof with an inlet gate valve or fill valve 18 being mounted
      thereon. A flexible nipple 19 is shown connecting the fill valve 18 with a
      discharge flange 20 from a hopper 21, the nipple 19 being shown as a
      flexible member for carrying out an optional function, to be hereinbelow
      described.
PAR  A valve operator 23 is shown diagrammatically, as disposed to open and
      close the gate valve 18, a piston 23a being shown provided in the valve
      operator 23, with instrument air admissible under the piston 23a through a
      conduit 23b to open the fill valve, and with instrument air being
      admissible through a conduit 23c above the piston 23a to close the fill
      valve. Obviously, the conduits 23b and 23c must be in a closed compressed
      air circuit with a pressurized reservoir, or otherwise selectively
      supplied with compressed air, to carry out their respective functions.
PAR  A compressed gas conduit 25 is shown connected into the lower end closure
      12b of the shell or pressure vessel 11 and such compressed gas inlet line
      25 has a gas inlet valve 26 therein, which is shown connected to be opened
      and closed by a valve operator 27, constructed and equipped in
      correspondence with the valve operator 23.
PAR  Also, a discharge outlet pipe 28 extends downwardly through the dome 12a to
      terminate in a pick-up end 28a disposed slightly above the gas permeable
      or air permeable membrane 13. A valve 29 is shown connecting this
      discharge outlet pipe 28 with a discharge conduit 30, disclosed as having
      a flexible nipple 31 therein downstream from a purge line connection
      nipple 32, the flexible nipple 31 being for an alternative purpose to be
      hereinbelow described.
PAR  The discharge valve 29 is shown operated by a valve operator 33, which is
      indicated as being constructed, and as having connections thereto, in
      correspondence with the fill valve operator 23.
PAR  A purge line 34 extends between the purge line connection nipple 32 and the
      material plenum or chamber 15 and has a purge valve 35 therein to control
      its opening and closing, a valve operator 36 being shown connected to the
      purge valve 35 for this purpose, such valve operator 36 being constructed,
      and having connections in correspondence with the fill valve operator 23.
      However, it may be pointed out, in this regard, that the purge valve 35
      should be a normally open valve, whereas the fill valve 18, gas inlet
      valve 26, and discharge valve 29 are normally closed valves.
PAR  Additionally, the support body 37 for a safeguarding vibratory paddle 38,
      operative on the tuning fork principle, is shown connected into the
      cylindrical body 11a of the shell 11, the material sensitive paddle 38
      being indicated in dotted lines in FIG. 1 as extending within the housing
      10 near the top thereof, such paddle being operative to actuate the valve
      operator 23 to close the fill valve 18, as will be hereinbelow described.
PAR  An insulative cord 39, having therein the electrical conduits to the paddle
      38, extends from the paddle support body 37 to a control box 40, to be
      hereinbelow described, and shown mounted on the exterior of the activator
      shell body 11a.
PAR  As shown in FIG. 2, a positive line 41 and a negative line 42 extend from a
      source of electrical power, the positive line 41 having three parallel
      lines 41a, 41b and 41c branching therefrom with the line 41a service when
      manual control is to be used as will be hereinbelow described with the
      line 41b serving as a neutral third positive conductor and with the line
      41c service as the positive conductor when automatic control is to be
      employed. A three-way switch, indicated generally by reference numeral 44,
      is provided to control the selection of automatic or manual control, as
      desired, and as shown, the switch 44 indicates that automatic control has
      been selected, the conductors 41b, 41c thus being closed and the conductor
      41a being open.
PAR  A conductor 45 extends from the conductor 41c, and a pushbutton switch 45a
      is shown in FIG. 2 as closing circuit in this conductor, the conductor 41c
      continuing to a junction with three parallel circuits including the
      circuit of a variable time delay relay 46, the circuit 47 for a solenoid
      48 which operates the fill valve operator 23 shown in FIG. 1, and the
      circuit of an indicator light 49 which may be designated as a green light
      for illustrative purposes.
PAR  The conductor 45 continues as the conductor 45a and has contacts 51a
      therein of a double acting pressure actuated switch 50, such contacts 51a
      being normally closed at atmospheric pressure and opening upon increase of
      pressure in the gas plenum 16. The conductor 45c continues from the
      contacts 51a to a junction with a conductor 45b having therein the
      normally closed relay contacts 56a of a latching relay 52, the conductor
      45b terminating at its connection to the negative power line 42.
PAR  A parallel circuit 53 extends from the neutral or central positive
      conductor 41b, to the junction of the conductors 45a, 45c, such parallel
      circuit also including therein the contacts 51b of the aforesaid pressure
      actuated switch 50, such contacts 51b being normally open at atmospheric
      pressure and closing upon increase of pressure in the aforesaid gas plenum
      16. The circuit 53 also has therein an indicating light 54, designated as
      a yellow light for indicating purposes, as will be hereinbelow described.
PAR  Another parallel circuit 55a, 55 from the positive conductor 41b has the
      switch 46a therein which is closed by the variable delay relay 46 at the
      end of its preselected cycle, the circuit 55 also having therein the coil
      52a of the latching relay 52, and the circuit 55 being continued by the
      circuit 45a, as aforesaid. The circuit 55, as thus closed, energizes the
      latching relay coil 52a to open the normally closed relay contacts 56a to
      break the aforesaid parallel circuits 46, 47, 49 and 55, and upon the
      solenoid circuit 47 being de-energized, the solenoid 48 retracts and moves
      the valve operator 23 to close the fill valve 18, both valve operator and
      fill valve being shown in FIG. 1.
PAR  The latching relay 52 is of the well known type, which, when its coil 52a
      is energized, it actuates conventional switching means which opens the
      normally closed contacts 56a, and pulls closed the normally open contacts
      56b in a parallel circuit 57 extending from the negative conductor 42, in
      manner that the latching relay mechanism latches against any movement
      except that which may be imparted to the switching means to pull open the
      normally open contacts 56b, which can only be effectuated by the
      energization of the latching relay coil 52b, to be hereinbelow described
      as to operation.
PAR  The normally open contacts 56b are disposed in a circuit 57 from the
      negative power line 42, and which branches into four parallel circuits:
      58, including a fixed time delay relay of the thermal delay type; a
      circuit 59 which includes the coil for operating a solenoid 60 connected
      to actuate the valve operator 27, shown in FIG. 1, to open and close the
      compressed gas inlet valve 26; a circuit which includes the light 61
      therein, which is designated as a blue light, for purposes of
      illustration; and a circuit 62 including the coil for operating a solenoid
      63 connected to actuate the valve operator 36, shown in FIG. 1, to open
      and close the purge valve 35.
PAR  A circuit 57a continues from the junction of the circuits 59, 61 and 62,
      and has a switch 64 therein which is closed by the fixed time delay relay
      58 when its circuit has been closed for its fixed period of time, while a
      circuit 57b continues from the junction of the circuit 57a and the fixed
      time delay relay circuit 58, to the aforesaid neutral or positive
      conductor 41b.
PAR  Also, a circuit 57c continues from the junction of the circuits 59, 61 and
      62 with the circuit 57, and branches into: a circuit 65 including the coil
      which operates a solenoid 66 which actuates the valve operator 33, shown
      in FIG. 1, to open and close the discharge valve 29; a circuit including a
      light 67 therein, which is designated as a red light, for purposes of
      illustration; and a circuit having a relay 68 therein; a circuit 57d
      continues from the positive side junction of the circuits 65, 67 and 68,
      and branches into a circuit 57e having a normally open pressure actuated
      switch 69 therein, to be hereinbelow described, the positive side
      connection being completed with the conductor 41c; and into a circuit 57f
      having a pair of contacts 70 therein operated by the relay 68, and
      terminating by connection with the neutral or positive conductor 41b. A
      pushbutton switch 71 is shown in FIG. 2 closing the circuit 41c adjacent
      its connection to the circuit 57e.
PAR  Additionally a circuit 72b, 72a connects the positive or neutral conductor
      41c with the negative power line or conductor 42; the circuit 72b having
      in series therein a pair of contacts 74, (operated by the relay 68
      substantially simultaneously with its operation of the contacts 70 in the
      circuit 57f), and a normally closed, pressure sensitive switch 73, as will
      be hereinbelow described; latching relay coil 52b which operates to break
      circuit closed by the hereinabove described relay contacts 56b.
PAR  The gas, as compressed air, which activates and transports the material
      which enters the container, shell, or pressure vessel 11, arrives from its
      source, as a compressor or pressurized reservoir, and passes, shown in
      FIG. 1, through a strainer 83 and a globe valve 84 on its way to being
      regulated as to the pressure at which it is to be supplied. Thus the gas
      is first measured by a high pressure gauge 85 in the top of a gauge pipe
      85a which upstands from the main gas line 25 through which the strained
      gas passes on downstream. A smaller sized by-pass line 25a extends between
      the gauge pipe 85a and the aforesaid pressure regulating valve 86 in the
      main conduit 25, and has a pilot regulating valve or regulator 87 therein,
      thus to permit a finer and more responsive control of the pressurized gas
      on its way to the pressure vessel 11. A by-pass line 87a conveys the
      reduced pressure gas from the pilot regulator 87, and connects with an
      upstanding gauge pipe 88 above the main conduit 25, a low pressure gauge
      89 being mounted on top of the gauge pipe 88 to indicate the lowered
      pressure of the gas.
PAR  A conduit 90 extends from the lower closure 12b to conduct pressurized gas
      from the gas plenum 16 to the control box 40, there to bear upon and cause
      actuation of the pressure sensitive switch 50, operative as hereinabove
      described, and to bear upon and cause actuation of pressure sensitive
      switches 69 and 73, to be further described as to operation hereinbelow.
PAR  Such switch actuating gas, from within the pressure vessel 11, enters the
      conduit 90 and passes through a strainer 91 therein, and on the panel box
      40, a gauge 92 being provided to indicate the pressure of the actuating
      gas as it passes downstream of the strainer 91 on its way to the panel box
      pressure sensitive switches, as aforesaid. The instrument air required by
      the pressure sensitive switches, as contradistinguished from the actuating
      air or gas, and any other air or gas required to actuate any of the
      apparatus, as that shown in FIG. 2, or as that required to operate the
      valve operators shown in FIG. 1, may be brought to the panel box 40
      through a conduit 93 for selective distribution. Also, the power
      conductors 41, 42, from a source of electrical power, as a 60 cycle, 115
      A.C. voltage source, may be brought to the panel box 40 through an
      insulated conductor cord 95.
PAR  A conventional fuse 96 is provided in the positive power line 41, indicated
      as comprising the conventional fuse strip 96a, and in a parallel circuit
      therewith, the conventional resistance 96b and indicating light 96c.
PAR  Also, a "fail-safe" or safeguarding, material sensitive, frequency change
      actuated, control assembly 37 is provided to insure the closing of the
      fill valve 18 in case the variable time delay relay 46 may not function to
      close the time-out switch 46a at the end of the time cycle period
      selected, as indicated diagrammatically in FIG. 2, and as shown partially
      diagrammatically and in greater detail in FIG. 3.
PAR  The fail-safe circuit 75 is shown extending from a point on the conductor
      55 between the time-out switch 46a and the latching relay coil 52a, and is
      continued to a solids state relay housing 98, there to be connected to the
      junction between a conduit 75a to the normally open side of a relay switch
      97, and a circuit 76 which extends to the positive conductor power line
      41a, the circuit 76 having the push-button switch 77 therein, to be
      hereinbelow described. Normally, the relay switch 97 closes contact
      between a grounded conductor 97a (and thus the negative power line side
      42), and a conductor means 99 between the relay switch 97 and the negative
      terminal of a coil 82 in the control housing 37.
PAR  The coil 82, within the housing 37, energizes a plunger or armature, not
      shown, in manner that it normally vibrates 120 cycles per second to impart
      vibration at this frequency to the tuning fork tine 38a which is connected
      to the paddle or vibrator 38. Thus normally the tine 38b also vibrates
      with the paddle 38 at 120 cycles per second. The vibrations of the tine
      38b are imparted to an armature, not shown, which normally actuates a
      second coil 81, at an imparted voltage, at 60 cycles per second frequency.
PAR  An induction coil, not shown, is imposed across the terminals of the coil
      81 within the plug so disposed with relation to the switch 97 that this
      switch may be shifted when the differential between the line voltage and
      the imparted voltage achieves a certain value, as is the case when
      material entering the container or activator 10 extends at such an angle
      of repose to interfere with, reduce, or stop the vibrations of the paddle
      38.
PAR  When the aforesaid induction coil across the terminals of the coil 81 thus
      shifts the switch 97 to close circuit from the neutral or positive side
      conductor 41b, by way of the conductor 78, the coil 82, and the conductor
      99, through the switch 97, as thus shifted, and by way of conductors 75a,
      75, 55 (including the latching relay coil 52a), and on through the
      conductor 45c, the closed switch contacts 51a, and the circuit 45b
      (including the latching relay closed contacts 56a), to the negative power
      line 42. The energization of the latching relay coil 52a in the circuit 55
      results in the latching relay breaking the circuit 45b by shifting open
      the contacts 56a, whereby the solenoid winding 47 is de-energized to
      actuate the solenoid 48 to operate the valve operator 23 to close the fill
      valve 18.
PAR  Obviously the quicker the fail-safe switch 97 is operated after a failure
      of the variable time delay relay 46 to close the time-out switch 46a, the
      less the material from the hopper 21 can overfill the container 10, and
      the closer the delivered batches of material may be controlled to deliver
      a desired lesser volume per batch.
PAR  Also, it is obvious that the variable time delay relay 46 may be omitted
      entirely, together with its time-out switch 46a, and in this case the
      frequency control device 37 alone can be relied upon to actuate the valve
      operator 23 to close the fill valve 18.
PAR  On occasion it may be desirable to operate the filling and evacuation of
      the container 10 by manual control of the sequence of steps, rather than
      automatically, as hereinabove described. For such occasion, it may be
      considered that the variable time delay relay 46 and its timing out switch
      46a are immobilized. Then a circuit 101 is provided, parallel with the
      circuit 45, to extend from the positive conductor 41a and to connect with
      the circuit 45 between the pushbutton 45a and the circuit junction 46, 47,
      49. Also, in this case there also serves the aforesaid circuit 76 from the
      circuit 41a to the junction of circuits 75, 75a, and having the pushbutton
      77 therein; also the circuit 102, parallel with the circuit 57e and
      connected thereinto between the pushbutton 71 and the normally open
      pressure sensitive switch 69; also the positive power circuit 41a is
      extended to connect with the junction of the circuits 72a, 72b, and to
      have the pushbutton 103 therein.
PAR  Thus, with the three-way switch controlling the parallel conductor lines
      41a, 41b and 41c turned from the position shown in FIG. 2, in manner that
      the conductors 41a, 41b are closed, the conductor 41c thus being left
      open. Beginning with the container 10 empty and at atmospheric pressure,
      the pushbutton 45a may be pushed downwardly and held to close the circuit
      101. The circuit 47 is thus energized so that the solenoid 48 actuates the
      valve operator 23 to open the fill valve 18. Then, the pushbutton 45a may
      be released from closing the circuit 101, thus breaking circuit through
      the solenoid coil 47 so that the solenoid 48 actuates the valve operator
      23 to close the fill valve 18.
PAR  With a batch of material delivered into the container 10 in amount
      determined by the length of time the pushbutton 45a has closed the circuit
      101, activation of the material may be started, after the pushbutton 45a
      has been released, by manipulating the pushbutton 77 to close the circuit
      76. Circuit is thus closed through the circuit 75, the circuit 55
      including the latching relay coil 52a, and to the negative power line side
      42, by way of circuit 45c, closed contacts 51a of the pressure sensitive
      switch 50, and the circuit 45b, including the latching relay closed
      contacts 56a therein. This energizes the latching relay coil 52a to
      operate the latching relay 52 to break the contacts 56a and close the
      contacts 56b.
PAR  Circuit is thus closed to the fixed time delay relay 58, which actuates the
      "Time out" switch 64 to close the solenoid coil circuit 59, thus to
      actuate the valve operator 27 to open the compressed air valve 26; also
      the solenoid coil circuit 62 is closed whereby the solenoid 66 actuates
      the valve operator 36 to close the purge valve 36.
PAR  Then, the operator of the apparatus may observe the gauge 92, and when the
      pressure indicates that the vessel is ready to discharge, or when the
      operator appreciates that a proper time interval after the opening of the
      gas inlet or compressed air valve 26 has taken place, the pushbutton 71
      may be pushed to close the circuit 102, the normally open, pressure
      sensitive switch 69 being closed by the pressure that has built up in the
      vessel.
PAR  Thus, as aforesaid, the armature 65 may move to set in operation the
      opening of the discharge valve 29, while circuit is closed to operate the
      second relay 68 so that it closes the circuit 57f, and closes the contacts
      74 to partially close the circuit 72b. Discharge may thus continue as long
      as the pushbutton 71 is held closing circuit 102, or even if the operator
      may now release the pushbutton 71, since in this case the circuit
      continues completed through the contacts 70 in the circuit 57f, even after
      the pressure has fallen enough to cause the pressure sensitive switch 69
      to open.
PAR  Thus to purge the vessel 10 after the pushbutton 71 has been released, or
      thereafter, or at any time, with the three-way switch 44 turned to manual
      operation (41a, 41b closed), it is only necessary to push the pushbutton
      103 to close circuit with the circuit 72a to energize the latching relay
      coil 52b, which, when energized, operates, as aforesaid, to close the
      circuit 45b and to break the circuit 57, whereby the purge valve 35 is
      opened and the compressed air valve 26 and discharge valve 29 are closed.
      Then, as the purge pressure diminishes the normally closed, pressure
      sensitive switch 73 opens, and as the pressure falls further to
      substantially atmospheric pressure, the contacts 51a of the pressure
      sensitive switch 50 close, and the pushbutton 45a may again be pushed to
      close the circuit 101 to admit material into the container 10.
PAR  Respective conduits 23b, 33b and 36b connect into the respective fill,
      compressed gas, materials delivery and purge valve operator cylinders, 23,
      27, 33 and 36, under the respective piston heads 23a, 27a, 33a and 36a,
      and respective conduits 23c, 27c, 33c and 36c connect into such cylinders
      above the respective piston heads therein. Thus, as shown in FIG. 1,
      conductor cords or sleeves 23d, 27d, 33d and 36d for the respective
      conduits for the respective valve operator cylinders aforesaid, are
      provided to extend from the control or panel box 40, where conventional
      instrument air, as from the instrument air conduit 93, may pass through
      respective conventional solenoid actuated valves, not shown, as operated
      by the aforesaid solenoids 48, 60, 66 and 63, to admit the operative air,
      gas or fluid, selectively into the conduits 23b or 23c; into the conduits
      27b or 27c; into the conduits 33b or 33c; and into the conduits 36b  or
      36c; selectively to open or close the aforesaid fill valve 18, compressed
      gas valve 26, materials delivery valve 29 and purge valve 35.
PAR  As shown in FIG. 2, a light 49 is in circuit parallel with the solenoid
      circuit 47 and the variable time delay relay circuit 46, and thus the
      light 49 is on when the fill valve 18 is open; also a light 61 is in a
      circuit parallel with the solenoid circuit 59 which actuates the valve 26
      which admits the material activating compresses gas, and with the solenoid
      circuit 62 which closes the purge valve; and also a light 67 is in a
      circuit parallel with the solenoid circuit 65 which actuates the opening
      of the materials delivery valve 29. Additionally, a light 54 is shown in a
      circuit 53 which is complete when the latching relay 52 is actuated to
      close the contacts 56a while the pressure within the container is still
      high enough to maintain closed the contacts 51b of the pressure sensitive
      switch 50. Thus, this occurs after the purge valve 35 has been re-opened
      by opening of the latching relay contacts 56b, to permit the purging of
      the container by the residual pressure therein until such pressure drops
      to substantially atmospheric so that the pressure sensitive switch 50 is
      actuated to open the contacts 51b and close the contacts 51a, thereby
      breaking the circuit 53 which contains the light 54 therein.
PAR  The lights 49, 61, 67 and 54 may have selectively differently colored
      bulbs, as, respectively, green, blue, red and amber, thus to indicate,
      respectively, that filling, activating, discharging and purging are taking
      place.
PAR  The respective valve operators 23, 27, 33 and 36 may be used to operate the
      respective fill valve 18, compressed gas delivery valve 26, material
      delivery valve 29 and purge valve 35, as shown, but it is often not
      necessary, in the case of light duty installations, and/or in the case of
      the valves 26, 29 and 35, that special valve operators be required for
      their operation. In such cases the solenoids 60, 66 and 63 may thus be
      connected directly to the respective valves 26, 29 and 35 to effectuate
      their operation.
PAR  As to the gas permeable membrane 13, shown in FIG. 1, this may be variously
      constituted to carry out various requirements. The membrane 13 may be a
      flexible diaphragm as of a heavily woven cloth, as of cotton, or of a
      synthetic or plastic cloth as of nylon or Dacron. Also instead of being
      flexible the membrane may be rigid or substantially rigid. Thus it may be
      of woven metal, or of non-corrosive woven metal, such as stainless steel,
      to combat corrosion. Also it may be of a porous ceramic, also to avoid
      corrosion, as well as to provide a stable membrane. An additional
      advantage in their being selectivity in the synthesis of the membrane
      resides in the fact that a wider range of materials can be handled to pass
      through the membrane under the most advantageous conditions where this
      selectivity is available.
PAR  Also, as to the fail-safe feature of the vibrating paddle 38, the
      sensitivity of this feature is such that it can be regulated to operate
      almost instantaneously as a container first starts to overfill, so that
      the relay 52a is energized to operate the latching relay 52 immediately
      the variable time delay relay 46 fails to function.
PAR  Additionally, as set forth hereinabove, the vibratory paddle 38 may be used
      instead of the variable time delay relay 46, as the primary functional
      element to actuate the closure of the fill valve 18. In such case the
      sensitivity of the paddle 3 to adjustment, can determine the promptness of
      sensitivity to material to close the relay switch 97.
PAR  A fluid flow pump 360 is disclosed in FIGS. 4 and 5, equipped with
      apparatus that enables it to be filled by vacuum. As shown the pump or
      pressure vessel 360 is not mounted upon a load cell, as in forms of
      invention to be hereinbelow considered. Rather, in the disclosure shown in
      FIGS. 4 and 5, the simplest or basic form of the invention is shown,
      wherein a fluid flow pump or pressure vessel is adapted to be filled by
      the pull of vacuum applied beneath the perforate diaphragm or membrane
      that divides the pressure vessel into a material plenum above the
      diaphragm and a gas plenum therebelow.
PAR  The fluid flow pump 360 comprises a pressure vessel that may be variously
      termed a material container, housing, or activator defined by a shell 361
      that includes a cylindrical main body 361a with upper end closed by a
      domed top or modified spherical segment 362a and lower end closed by a
      corresponding concave bottom or modified spherical segment 362b. The
      housing is thus constructed after the manner of conventional pressure
      vessels, and designed with safety factors to withstand the highest
      material activating pressures or the highest pulls of vacuum that may be
      imposed therewithin.
PAR  In the form of invention shown the pressure vessel 360 would be supported
      by conventional legs, not shown, to upstand above the floor, or above a
      firm base or grout. The gas permeable membrane or diaphragm 363,
      substantially V-shaped in cross-section in FIG. 4, divides the interior of
      the vessel into a material plenum 365 thereabove, and a gas and vacuum
      plenum 366 therebelow.
PAR  The gas and vacuum plenum 366 is shown divided into a left and right chamer
      366a and 366b, respectively, by a vertical, diametrically extending
      divider plate 364, and optionally, the plenum 366 may be subdivided into
      further chambers by radially extending divider plates, as may be obviously
      appreciated. A vacuum pull valve 367a, 367b, is shown connected to pull
      from the uppermost parts of the respective left and right chambers 366a,
      366b, and also vacuum break of air inlet valves 368a, 368b, are shown
      installed to break vacuum by admitting air upwardly into the lower, inner
      portions of the respective chambers 366a, 366b.
PAR  A nipple 369 is shown extending from the vessel top 362a, with a material
      inlet or fill valve 370 mounted on the outer end thereof, and with a
      flexible hose or pick-up conduit 371 extending outwardly from the fill
      valve 370 selectively to source of material supply. For instance such a
      hose or pick-up conduit 371 may be connected into the under side of a
      railroad car, or into any other kind of bin, container or hopper not
      disposed in immediate adjacency with the fluid flow pump 360.
PAR  A valve operator 373 is shown diagrammatically, as disposed to open and
      close the fill valve 370, a gate valve in construction, with a piston 373a
      being shown in the valve operator 373, and with instrument air being
      admissible through a conduit 373b to open the fill valve, and with
      instrument air being admissible through a conduit 373c outwardly of the
      piston 373a to close the fill valve. The piston rod 373d which carries the
      piston 373a and actually opens and closes the gate of the fill valve 370,
      is shown extending outwardly of the cylinder of the valve operator 373,
      with an insulated cam 373e being provided on the outer end of the piston
      rod 373d to close a normally open limit switch 374a in a circuit 374, to
      be hereinbelow described. Obviously the conduits 373b, 373c, must be in a
      closed compressed air circuit with a pressurized reservoir, or otherwise
      selectively supplied with compressed air, to carry out their respective
      functions.
PAR  The respective vacuum pull valves 367a, 367b, and the respective air inlet
      or vacuum break valves 368a, 368b, are shown in FIG. 4 equipped to be
      opened and closed by respective valve operators 375, 376, 377, 378, having
      respective pistons 375a, 376a, 377a, and 378a, therein, with closed
      compressed air circuit conduits 375b, 376b, 377b, and 378b, letting
      compressed air behind the respective pistons to open the respective valves
      to which the respective pistons are shown connected, and with closed
      compressed air circuits 375c, 376c, 377c, and 378c, letting compressed air
      into the outer ends of the respective valve operator cylinders to close
      their respective valves. A left vacuum pull conduit 379a extends from the
      valve 367a to the left end of a tee 379e and a right vacuum pull conduit
      379b extends from the valve 367b to the right end of the tee 379c, with a
      vacuum blower valve 380 being connected to the central leg of the tee
      379c, thereby to control the outlet from a blower 381, thus to place the
      respective conduits 379a, 379b, under vacuum. The vacuum blower valve 380
      is indicated as being opened and closed by a valve operator 382 having a
      piston 382a therein, with closed compressed air circuit conduit 382b
      letting compressed air behind the piston 382a to open the valve 380, and
      with closed compressed air circuit conduit 382c letting compressed air
      into the outer end of the valve operator cylinder to close the valve 380.
PAR  After the pressure vessel 360 has been filled to a predetermined level,
      (weight, or for a predetermined time), by drawing in material through the
      fill valve 370 by the suction of vacuum pulling downwardly through the
      perforate diaphragm 363, the vacuum and air valves hereinabove described
      may be closed, as will be described hereinbelow, and then compressed air
      may be admitted into the gas plenum sections 366a, 366b, to pass upwardly
      through the perforate diaphragm or membrane sections 363a, 363b, to
      activate the pulverulent material to a highly flowable, pressurized state.
PAR  The compressed air, which activates and transports the material which
      enters the container or pressure vessel material plenum 365, arrives from
      its source, as a compressor or pressurized reservoir, and passes through a
      strainer 383 and a globe valve 384 on it s way to being regulated as to
      the pressure at which it is to be supplied. Thus, the gas is first
      measured by a high pressure gauge 385 in the top of a gauge pipe 365a
      which upstands from the main gas or compressed air line 390, through which
      the strained gas passes on downstream. A smaller sized by-pass line 390a
      extends between the gauge pipe 385a and a pressure regulating vavle 386
      through which passes the strained gas in the main compressed air line 390.
      A pilot regulating valve or regulator 387 in the by-pass line 390a permits
      finer and more responsive control of the pressurized gas on its way to the
      pressure vessel 360. A by-pass line 387 conveys the reduced pressure gas
      from the pilot regulator 387 to a gauge pipe 388 that upstands from the
      main gas or compressed line 390 downstream from the pressure regulating
      valve 386. A low pressure gauge 389 mounted on top of the gauge pipe 388
      indicates the lowered pressure of the gas.
PAR  Downstream from the aforesaid gauge pipe 388 there is successively provided
      in the main gas conduit 390, first a globe valve 391, then a valve
      operator controlled valve 392, then a protective globe valve 393, after
      which the compressed air or gas conduit 390 extends to the central leg of
      a tee 390b from the opposed ends of which branch lines 390c and 390d
      connect into the respective left and right gas plenum chambers 366a, 366b.
      The gas inlet control valve 392 is operated by a piston 394a disposed
      within the cylinder of the valve operator 394, with closed compressed air
      circuit conduit 394b letting compressed air behind the piston 394a to open
      the valve 392, and with compressed air circuit conduit 394c letting
      compressed air into the outer end of the valve operator cylinder to close
      the valve 380.
PAR  A discharge outlet pipe 395 is shown extending angularly downwardly through
      the dome 362a, to which it may be affixed, as by welding, and the lower
      part of the discharge pipe 395 is shown extending vertically and
      terminating slightly above the inverted apex of the perforate membrane or
      diaphragm sections 363a, 363b. Above, and to the right of the vertical
      axis of the pressure vessel 360, the discharge pipe 395 terminates
      upwardly in a discharge valve 396, with a connection nipple 397 being
      shown installed at the outer or material exit end of the valve 396. From
      the upper end of the connection nipple 397 the discharge conduit 398
      extends to a point of delivery, not shown, to which the successive batches
      of material delivered into the pressure vessel material plenum 365, are
      successively delivered.
PAR  A valve operator 400 is shown for operating the discharge valve 396, with a
      piston 399a having compressed air admitted therebehind through a
      compressed air conduit 399b to open the discharge valve 396, and with
      compressed air being admitted through a conduit 399c into the outer end of
      the valve operator cylinder to close the discharge valve.
PAR  A purge line 401 extends from communication with the interior of the
      material plenum near the top thereof to the connection nipple 397, thus
      downstream of the discharge valve 396. A purge valve 402 is provided in
      the purge line 401, and the purge line is operated by a valve operator
      403, with compressed air being admitted behind a piston 403a therein, by
      way of a conduit 403b, to open the purge valve, and with a conduit 403c
      admitting compressed air into the outer end of the valve operator cylinder
      to close the purge valve 402. As the purge valve 402 requires a special
      arrangement of apparatus to carry out its millions in the fluid flow pump
      entailing filling the pump by the pull of vacuum, such arrangement will be
      hereinbelow described with relation to the control instrument panel 407,
      to be described hereinbelow in detail.
PAR  As hereinabove described with relation to the operation of the various
      forms of invention hereinabove described, and for applicability to the
      forms of invention to be described hereinbelow, positive and negative
      power line conductors 405, 406, within an insulated cord 404, have
      connected thereacross, within the panel box 407, FIG. 4, the respective
      solenoid windings or circuits that operate the valve stems of conventional
      four-way valves within the panel 407. Thus alternately, as the solenoid
      circuits are energized and de-energized, as the case may be, respective
      four-way valve stems are turned from disposition to direct instrument air
      into top of respective valve operator cylinder to close a respective valve
      in cycle, the bottom of the cylinder exhausting, and to direct instrument
      air into bottom of respective valve operator cylinder to open the
      respective valve in cycle, the top of the cylinder exhausting. Such
      solenoid circuits are shown in the diagram of FIG. 5, including the two
      solenoid circuits for the aforesaid purge valve, and such two circuits,
      included in the panel box 407, FIG. 4, are further indicated
      diagrammatically in FIG. 4, in their relation to a spool valve within the
      panel box 407, to be hereinbelow described.
PAR  The instrument air that enters the panel box or panel 407 by means of a
      main compressed air conduit 408, has conduits in parallel extending
      therefrom to each respective four-way valve, with exhaust opposite, and
      with respective opposed compressed air conduits extending from the
      four-way valve along an axis at right angles to the instrument air-exhaust
      axis, out of the panel box 407 to the respective tops and bottoms of the
      respective valve operators. The immediately hereinabove described opposed
      conduits are not shown extending from the panel box 407, in order not to
      clutter FIG. 4, but such a pair of conduits extends from such panel box to
      each respective conduit shown in FIG. 4 as extending from the opposite
      ends of the cylinders of the eight respective valve operators 373, 375,
      376, 377, 378, 382, 394, and 400.
PAR  The problem presented in the closing of the purge valve 402, to be
      hereinbelow described in detail, is that this valve is to remain closed
      after a first solenoid circuit 409 closes it has to be de-energized. Thus
      a spool valve 410 has to be provided, with one end 411 of the valve stem
      412 comprising the armature for the solenoid circuit 409, and with the
      opposite end 413 of the valve stem 412 comprising the armature for a
      second solenoid circuit 414.
PAR  A spring 415 attached to the left end of the valve stem 412, is shown
      diagrammatically as representative of a force that acts to pull the valve
      stem 412 to the left, against the rightward movement caused by either
      solenoid circuit 409 or 414 being energized. At the same step in circuitry
      when the solenoid circuit 409 is de-energized, the circuitry demands that
      the solenoid circuit 414 is energized, thus maintaining the spool valve
      stem 412 still held to the right, and thus the instrument air remains
      directed to the outer end of the valve operator 400 to keep the purge
      valve 402 closed.
PAR  Then, in the course of circuitry, when the left solenoid circuit 414 has to
      be de-energized to open the purge valve 402, by directing instrument air
      408a into the inner end of the valve operator 400, this can be
      accomplished, as the right solenoid circuit 409 is still de-energized, so
      that the spring 415 may contract and draw the valve stem 412 to the left.
      The spool valve 410 and its porting with relation to its valve stem 412 is
      disclosed by diagrams in FIG. 4 and is of a well known, conventional
      construction.
PAR  For purposes of comparison one of the conventional four-way valves on a
      parallel instrument air line 408b is shown adjacent the diagrammatical
      showing of the spool valve 410 that operates the purge valve 402. the
      conduits 375b, 375c, from the valve operator 375 that operates the left
      vacuum pull valve 367a, are thus shown extending to opposite sides of the
      aforesaid four-way valve on an axis of 90.degree. to the axis of the
      instrument air line 408b.
PAR  Opposite the instrument air inlet into the four-way valve, an exhaust port
      EXH. is shown, and diagrammatically, a handle that shifts porting in the
      four-way valve, is shown extending at 45 degrees to the left for
      connection to the left end of an armature for the energized solenoid
      winding 420 that extends across between the positive main power line
      conduit 405 and the negative or cold main power line conduit 406. Thus
      upon being energized the armature has been moved to the left, shifting the
      four-way valve handle to the left, thus placing the instrument air line
      408b in communication with the conduit 375b into the inner end of the
      cylinder of the valve operator 375 to open the vacuum pull valve 367a, the
      upper end of the valve operator cylinder thus have been enabled to
      evacuate air via conduit 375c to the exhaust EXH. As to circuitry it
      should be noticed at this point that the right or upper spool valve shift
      solenoid winding 409 and the left or lower spool valve winding 414, are
      shown connected across the power circuits 405, 406.
PAR  A dotted line around the spool valve 410 and four-way valve shown by way of
      illustration and comparison, indicates that these items and their
      environment are within the panel 407 shown to smaller scale as affixed to
      the right side of the pressure vessel 360. As aforesaid, the remaining
      seven four-way valves within the panel 407 for shifting the direction of
      instrument air into the cylinders of the respective valve operators 373,
      376, 377, 378, 383, 394 and 400 are not shown, and being conventional,
      these conduits and the related four-way valve and solenoid winding
      connections to power lines, are not shown in FIG. 4, in order not to
      clutter this view with obvious repetitive conventional details, however,
      it is stated categorically that these details, including their solenoid
      winding circuits, will be shown in the diagram of FIG. 5, to be
      hereinbelow described, as represented by the respective reference numerals
      applied to solenoid (windings), thus to avoid unnecessary showing of
      further and repetitive corresponding conventional details in FIG. 4.
PAR  A contentional relief valve 416 is shown in the top or dome 362a as a
      required safety feature, as in case of over-pressurizing the vessel during
      activation. Also a small line 417 is shown extending from communication
      with the gas plenum section 366b, and containing a strainer 418 therein,
      the line 417 extending into the panel box 497 for pressure switch
      actuation, as will be hereinbelow described. A gauge 419 is shown
      connected into a tee in the line, to render indicia of pressure.
PAR  The dotted line at an elevation above diaphram 363 represents material 421
      that fills the pressure vessel material plenum 365, as drawn, in through
      the fill valve 370 by vacuum. When the material reaches the elevation of
      the revolved blade 422a of the rotated blade type level probe 422, the
      interposing of material against the revolving of the blade 422a, stops its
      further rotation and closes a switch in a circuit, there resulting the
      energization of the first coil of a latching relay, thus breaking the
      circuit of the level probe motor which has been revolving the blade during
      the fill cycle. A conductor cord 422b is shown extending from the motor
      and switch housing 422c, and this cord 422b extends to the panel 407. As
      indicated in FIG. 4, the cord 422b has conductors 422d, 422c and 422f
      therein, which within the panel connect, respectively, first to a
      conductor 424a, FIG. 5, from the positive power line 405; the second to
      the negative power line 406; and the third to the first latching relay
      coil 425b. FIG. 5, to be further described hereinbelow, with a further
      detailed description of the level probe 422 also to be set forth
      hereinbelow. As an alternative usage such level probe 422 may be employed,
      not in the operative circuitry as a first functional part thereof, but as
      a safeguard, or fail-safe, correspondingly as hereinabove described with
      relation to the level probe of FIG. 3, as in cases where the operation of
      the first latching relay coil to close the fill valve, is set, first to
      function at the end of a timer circuit.
PAR  As an alternatively operative feature, functioning in parallel with the
      level probe 422, a manometer switch unit 423 is shown in FIG. 4, installed
      at a proper functional elevation across a manometer tube 423a with lower
      inlet into the gas plenum 366 below the diaphragm 363 and with upper inlet
      into the material plenum above the highest probable level to which
      material may ever be expected to rise therein. A conduit 423b extends from
      the unit housing 423c to the panel box 407, and connects within the panel
      box to a switch operative responsive to the pressure differential between
      the material plenum above the material and the gas plenum below the
      diaphragm. This switch is in a circuit parallel with the level probe
      switch of the revolved blade type level probe immediately hereinabove
      described in general. The pressure differential at which the aforesaid
      manometer switch within the panel box is to close, is predetermined to be
      in comparable proximity with the material level disposition of the
      revolved blade 422a. Thus these are in parallel, and one safeguards the
      other, as will be hereinbelow further described in the description of the
      circuitry of FIG. 5.
PAR  Referring now to FIG. 5, a positive power line conductor 405 is shown with
      a master switch 405a therein to be turned on to start the panel box
      circuitry within the panel box 407, FIG. 4, to start a cycle of opera.
      From the conductor 405 three parallel extending circuits 424a, 424b, 424c,
      first include therein, respectively, the first latching switch 425b of a
      latching relay 425; the second latching switch 425c thereof; and a switch
      426a, latched in by the relay 426, to be hereinbelow described, a normally
      open, pressure sensitive switch 427 closed at the start of the purge
      cycle, to be hereinbelow described, and disposed nearest to the negative
      power conductor 406, the second relay coil 425d of the aforesaid latching
      relay 425.
PAR  A normally open pressure sensitive switch 428, in the circuit 424a, closes
      contact with a purge light circuit 429 which includes the amber purge
      light A therein, and connects to the negative power conductor 406, the
      switch 428 shifting to close circuit in the circuit 424a when the pressure
      fluid within the pressure vessel, as reflected thereto through the small
      instrument air conduit 417, FIG. 4, drops to approximately 0.5 p.s.i. at
      the end of the purge cycle.
PAR  From the aforesaid level probe housing 422c, the conductor cord 422b is
      indicated in FIG. 5 as extending for connection into the panel box 407.
      The level probe housing 422c and the conductor cord 422b, shown in dotted
      lines, enclose all of the circuitry and apparatus disclosed in FIG. 5 that
      is not contained within the panel box 407. Within the level probe horning
      422c, a circuit 422f extends from the positive side of the level probe
      motor 422h, and a switch 422g therein is closed when the revolutions of
      the motor 422h are stopped as the blade 422a is stalled as the material
      brought in through the fill valve reaches predetermined height in the
      pressure vessel. From the switch 422g the circuit 422g therein including
      the first relay coil 425a and terminating by connection into the main
      power negative conductor 406.
PAR  Also from the positive terminal of the level probe motor 422h, a circuit
      422d extends within the conductor cord 422b, and inside the panel box 407
      connects with the aforesaid circuit 424a from the positive side power line
      405. And also, from the negative terminal of the level probe motor 422h, a
      circuit 422e extends within the conductor cord 422b, and inside the panel
      box 407 connects into the main power negative conductor 406.
PAR  The circuit 424a, from the positive side of the circuitry, discloses nine
      parallel circuits extending therefrom toward the negative power circuit
      406. These circuits are successively, from top to bottom of the drawing
      sheet, a circuit 430 having a fill light, or green light G therein; a
      circuit 431 including the blower switch BS for starting the vacuum blower
      motor 381, FIG. 4, also two normally closed overload pressure switches
      431a, 431b, set to open at two successively higher stages of overload;
      also a circuit including the armature windings of the solenoid 432 which
      turns the four-way valve that directs instrument air to the valve operator
      382, FIG. 4, that opens the vacuum blower valve 380; also a circuit
      including the armature windings of the solenoid 433 which turns the
      four-way valve that directs instrument air to the valve operator 373 that
      opens the fill valve 370, FIG. 4; also a circuit 434 including a time
      delay relay TDR therein having a cam timer therein set operative when such
      circuit 434 is energized to control the spaced apart openings of the air
      valves 368a, 368b, FIG. 4, to be hereinbelow described; also a circuit 435
      having parallel extending therefrom, control circuits 435a and the
      aforesaid circuit 420, for opening and closing of the respective left air
      valve 368a, and the left vacuum valve 367a, as aforesaid, with further
      description to be set forth hereinbelow; also a circuit 436 having
      parallel extending control circuits 436a and 436b, therefrom, for opening
      and closing the respective left air valve 368b and left vacuum valve 367b,
      with further description to be set forth hereinbelow; also a circuit
      including a normally open switch 423d, operable upon pressure differential
      between upper part of material plenum 365 and the gas plenum 366, as from
      the manometer 423, hereinabove described; and also a circuit including the
      hereinabove described windings of the solenoid 409, FIG. 4, for actuating
      closure of the purge valve 402 before the development of vacuum fill; this
      circuit connecting with the circuit 422f including the first relay coil
      425a therein, and connecting into the main negative power circuit 406.
PAR  Alternatively employable timer circuitry 437 may be employed to control the
      fill cycle, with such a timer circuit 437 being shown extending in
      parallel with the hereinabove described parallel circuits, FIG. 5, between
      the positive side conductor 424a, and the negative side 406 of the main
      power line. The timer 437 is activated after the second relay coil 425d is
      operated to shift the latching relay 425 to close the relay switch 425b,
      and when the pressure sensitive switch 428 closes to start to fill cycle.
      The timer 437 is set to close a switch 437b in a circuit 437a that
      connects with or takes the place of the circuit 422f, shown in FIG. 5 as
      including the first relay coil 425a of the latching relay 425. Thus, when
      the time 437 times out, at the end of a predetermined time cycle, the
      switch 437b is closed so that the first relay coil 425a is energized to
      open the latching relay switch 425b, close the latching relay switch 425c,
      thus introducing activation of the material 421 that has been drawn in by
      vacuum through the fill valve into the material plenum during the vacuum
      fill cycle.
PAR  Whether the aforesaid latching relay shift discussed immediately
      hereinabove, may be effected by at least one of the closure of the
      manometer switch 423d and the closure of the level probe switch 422g, or
      by the closure of the time-out switch 437b, the closure of the circuit
      424b is with the purpose of setting in motion the apparatus that is to
      accomplish the opening of the gas or compressed air admission valve 392,
      the protective globe valve 393 downstream from the compressed air inlet
      valve 392 being normally left open. With the compressed air valve 392
      open, compressed air may pass into the gas plenum 365, thence to pass
      upwardly through the diaphragm 363 to activate the material drawn in by
      vacuum to upstand from the diaphragm 363 within the material plenum 365.
PAR  Three circuits 374a, 374b, and 374c, each extend from the positive side
      connected conductor 424b, (that includes the second latching relay switch
      425c), with the first circuit 374a having therein, first, a limit switch
      374, and thereafter, three parallel extending circuits 438a, 438b, and
      438c, each connected to the negative side power line 406, the circuit 438a
      including the windings of a solenoid which operates a four-way valve to
      direct instrument air to the valve operator 394 to open the compressed air
      or gas inlet valve 392; second a circuit 438b including the activating
      light, or blue light B therein; and third, the circuit 414 that, as
      aforesaid, includes the windings of the solenoid which employs the left
      end 413 of the spool valve shaft 412 as armature, thus to keep the spool
      valve shaft 412 urged to the right to keep instrument air directed to the
      purge valve operator 403 in manner to keep the purge valve 392 closed.
PAR  The second circuit 374b has therein a relay operated switch 426b and in
      series therewith, and each connected to the negative side power line 406,
      three parallel extending circuits 439a, 439b, and 439c, with the circuit
      439a including the discharge light or red light B therein; with the
      circuit 439b including the windings of a solenoid which operates a
      four-way valve to direct instrument air to the valve operator 400 to open
      the discharge valve 396; and with a circuit 439c that includes the coil of
      a control relay 426 therein that latches in the discharge cycle, when
      energized, by closing the aforesaid switches 426a and 426b.
PAR  The third circuit 374c contains therein a normally open pressure sensitive
      switch 430 that closes when the pressure in the highly pressurized
      pressure vessel attains a certain predetermined maximum high valve, the
      instrument air that operates this switch 430 being conveyed thereto
      through the small conduit 417, hereinabove described, 25 p.s.i. being
      designated as a maximum high pressure for actuating closure of the switch
      430.
PAR  Considering FIGS. 4 and 5 together, the operation of the pressure vessel is
      apparent. With the master switch 405a closed, and the pressure within the
      pressure vessel 360 at substantially atmospheric, so that the pressure
      sensitive switch 428 closes circuit through the positive side conductor
      424a. The respective parallel circuits 422d, 422e, 430, 431, 432, 433,
      434, 435, 436, and 409 are energized, respectively to start the LPM motor
      422h revolving the probe blade 422a; to turn on the green light G
      indicative that vacuum fill is in process; to start the vacuum blower 381;
      to open the fill valve 370; to start the time delay relay TDR turning the
      cam timer which opens the air valves 368a, 368b, approximately one out of
      every seven seconds; to open the left vacuum valve 367a, and to open and
      close the left air valve, 368a, responsive to time delay relay time cam
      action; to open the right vacuum valve 367b and to open and close the
      right air valve 368b responsive to time delay relay time cam action; and
      to close the purge valve 402.
PAR  As the material is drawn into the material plenum 365, it builds up on the
      perforate diaphragm 363 (363a, 363b) until it reaches the elevation of the
      revolving blade 422a, to stall this blade from turning, thus to close the
      level probe switch 422g, (or until the pressure differential between the
      upper material plenum 365 and gas plenum 366, (366a, 366b) closes the
      manometer switch 423d in the panel box 407). In either case, regardless of
      which event occurs first, circuit is closed through the first latching
      relay coil 425a, via 422f, 422g, 422d, (or via 422f, 423d) to the positive
      side conductor 424a, and the relay coil 425a operates to break or unlatch
      the latching relay switch 425b, thus breaking all of the aforesaid
      energized circuits.
PAR  The breaking or unlatching of the right or upper latching relay switch 425b
      results in the closing or latching of the left or lower latching relay
      switch 425c so that the closing of the fill valve 370 by the fill valve
      operator 373 closes the limit switch 374 in the circuit 374a, thus
      energizing the respective parallel circuits 438a, 438b, and 414. Thus the
      compressed air or gas valve 392 is opened, and blue activate light B is
      turned on, and the solenoid 414 is energized to keep the purge valve 402
      closed.
PAR  As the activating gas or compressed air builds up pressure in the pressure
      vessel, that pressure is reached, say approximately 25 p.s.i., to close
      the pressure sensitive switch 430 in the circuit 374c, thus energizing the
      respective circuits 439a, 439b, and 426. Thus the red or discharge light R
      is turned on; the discharge valve 396 is opened; and the control relay 426
      (for latching in discharge) is energized.
PAR  The control relay 426 then acts to close the switch 426b in the circuit
      374b, and the switch 426a in the circuit 424c. Thus, when the pressure in
      the pressure vessel 360 first begins to fall under discharge, the pressure
      sensitive switch 430 re-opens to break the circuit 374c. However, since
      the circuit 374b has been closed by the control relay 426 having closed
      the switch 426b, the red light R remains on the discharge valve 396
      remains open, and discharge continues until the pressure in the pressure
      vessel 360 drops to say 18 p.s.i. at which time the normally opened
      pressure switch 427 in the circuit 424c closes. Since the aforesaid
      control relay 426 has previously closed the switch 426a, the circuit 424c,
      including the second latching relay coil 425d, is energized.
PAR  Note that the aforesaid switch 427, being closed at lower pressures, and
      opened at higher pressures, was first closed, (but with the control relay
      operated switch 426a open), from the beginning of relay shift to close
      latching relay switch 425c until the pressure vessel pressure came under
      activation exceeding say 18 p.s.i., at which time it had opened. Thus it
      had remained open during the last part of activation, and during the
      opening of the discharge valve 396, and the operation of the control relay
      426, and until the end of the discharge cycle. But since the control relay
      had previously closed the switch 426a, when the switch 427 re-closed as
      the pressure fell to say 18 p.s.i., set to start the purge cycle. As the
      second latching relay coil 425d may now be energized to shift right, the
      purge cycle may now start.
PAR  When the latching relay switch 425c is now unlatched, the circuits 374a,
      374b and 374c are broken, and the de-energization of the solenoids 438a
      and 414, and of the solenoid 439b respectively, permits the closing of the
      compressed air or gas inlet valve 392 and the opening of the purge valve
      402, and the closing of the discharge valve 396. Thus the purge cycle may
      start, with the residual material in the pressure vessel being blown out
      through the purge valve 402, and by-passed back into the discharge line
      398, downstream of the closed discharge valve 396, until the pressure
      falls to say 0.5 p.s.i. to permit the aforesaid pressure sensitive switch
      428 in the circuit 424a, to close, thus to start a succeeding fluid flow
      pump cycle, as hereinabove described.
PAR  The advantages of the vacuum filled fluid flow pump 360 are obvious.
      Especially, the pump may be installed on a portable mount and taken with
      ease to the location of various materials to be evacuated from containers,
      other than from fixed hoppers. For instance such a portable pump may be
      taken to the location of material in railroad cars, and with suitable
      compressors, vacuum blowers, and sources of electricity provided the
      flexible fill conduit 371 may be disposed under a railroad car suitably
      through the conventional trap door thereof. Also, the discharge conduit
      398, also a flexible conduit, may be directed to deliver into suitable
      conveyances for the further transport of the materials.
PAR  A popular embodiment of the invention is shown in FIGS. 6-12, in which the
      pump 10, shown in FIG. 6, is mounted on a load cell 240 and adapted to
      transfer a batch of material when the batch weight entering the pump
      attains a predetermined weight. The load cell 240 is thus adapted to
      reflect weight in terms of pressure and thus the time delay relay 46 shown
      in FIG. 2 is replaced in the circuitry shown in FIG. 11 by the symbol PS
      indicating that the switch 46a is closed responsive to pressure.
PAR  The form of scale termed a load cell 240 shown in FIGS. 6-12, has a number
      of advantages which will be set forth hereinbelow. Functionally and
      primarily such a load scale registers a very small displacement under
      great weight, with the displacement being capable of accurately responding
      to minute displacements, and with the load cell being the subject of
      accurate calibration of the pressure fluid signals it imparts.
PAR  The load cell is, in essence, a pneumatic weight transmitter comprising a
      weight measuring instrument or scale 240, on which a fluid flow pump or
      pressure vessel 10, FIG. 6 or 250, FIG. 7, may be point mounted, in manner
      to be hereinbelow described. A frame 241 is shown in FIG. 7 upon a base
      242, which seats on the floor or shop level 243, as of a plant or
      business. The frame 241 of structural angles is comprised of upper runners
      241a, uprights 241b, and lower runners 241c affixed to the base 242.
      Channels 244a, 244b extend across between two opposed runners, and support
      a base plate 245 on which the load cell 240 is mounted.
PAR  The fluid flow pump 250 shown in FIG. 7 above the load cell 240, has
      balanced connection to the frame 241, balance being obtained as will be
      set forth. Lugs, as the lug 244, FIG. 7, are connected to the respective
      uprights centrally thereof, and successively around the frame in swastika
      pattern. Also four channels 251, in diametrically opposed pairs, are
      connected to the pressure vessel shell to extend radially outwardly
      therefrom, with directions of the channels facing in the same way, or in
      swastika fashion. Then the threaded end of each eyebolt 245a is passed
      outwardly through its respective lug 244, and has a nut 246 threaded
      thereon. See FIGS. 8 and 9 with relation to FIG. 7.
PAR  A connection bolt 247 has its threaded end passed in outward direction
      through a bore 248a in the outer end of a connection plate or strap 248
      and then through the eye of the eyebolt 245, then through a washer 249 to
      have the nut 246 threaded upon the outer end of the connection bolt 247. A
      similar bolt 247 has its threaded end passed inwardly through a bore 248b
      in the inner end of the strap 248, then through the eye of a slightly
      shorter eyebolt 245a, then through a washer 249 to have the nut 246
      threaded upon the inner end of the bolt 247. The threaded end of the
      shorter eyebolt 248a is passed through a bore in the flange of the
      respective channel, and a nut 246 threaded upon the end of the eyebolt to
      complete the assembly. As may be seen, the pressure vessel 250 is thus
      assembled, with relation to the frame 241 in manner that adjustment to
      equalize any eccentricity of assembly, and inequalities of strains, as
      transmitted to the various frame elements.
PAR  The load cell 240, FIG. 10, includes as housing 252, a top or assembly
      hold-down ring 252a, a tare weight and damper chamber plate 252b, a vent
      chamber plate 252c and a control chamber plate 252d. An upper diaphragm or
      flexible member 253a has its peripheral area confined between the plate
      252b and the assembly ring 252a. Inwardly of the ring 252a, and
      concentrically spaced therefrom, an anvil or assembly hold-down plate 254a
      seats over the central area of the upper diaphragm 253a, with the central
      area of the upper diaphragm being supported underneath, as will be
      hereinbelow described. An anvil or cover disc 255a is installed upon the
      plate 254a by machine screws 256 with a central boss 257a thereon having a
      recess 258a centrally therein to receive a lower segment of a sphere or
      ball 259. The plate 254a and disc 255a together comprise the anvil 254.
PAR  The lower surface of the pressure vessel or fluid flow pump 250, FIG. 7, is
      indicated as being substantially flattened in FIG. 8 over a limited
      distance, whereby to receive an upper or connection plate or disc 255b
      thereagainst for connection to the bottom of the pressure vessel 250 as by
      machine screws 256. Such disc 255b has a central boss 257b thereon, having
      a recess 258b centrally therein, downwardly facing, to receive an upper
      segment of the sphere or ball 259. With this construction, in view of the
      relatively small size of the ball 259 with relation to the pressure
      vessel, it may be said that the pressure vessel 250 has substantially
      balanced, point supported contact on the load cell 240; this being true
      especially in view of the adjustably balanceable manner by which the
      pressure vessel 240 may be connected to the frame 241, as aforesaid.
PAR  A central diaphragm of flexible member 253b has its peripheral area
      confined between the plate 252b and the vent chamber plate 252c. A flange
      260 shown in FIG. 10 as having substantially the same outer diameter as
      the hold-down plate 254a bears upwardly against the upper diaphragm 253a.
      Such flange 260 provides centrally, a downwardly facing, centrally
      recessed boss 260a to receive loose fitted into the recess 261 an upper
      spring retainer cup 263a.
PAR  The hold-down plate 254a has a central recess 254b downwardly therein, and
      is centrally bored, as is the upper diaphragm 253a, and also the flange
      260, to receive the assembly rod 265 therethrough. Within the recess 254b
      a large assembly nut 262 is threaded upon the upper end threaded portion
      265a of an assembly rod or stud 265, with a lock nut 266a being threadable
      upon the threaded portion 265a to bear in locking relation upon the upper
      surface of the adjustably positionable aforesaid assembly nut 262.
PAR  The tare weight and damper chamber plate 252b has a large central bore
      therethrough and is counterbored thereabove, upwardly to the same diameter
      as the inner diameter of the hold-down ring 252a, thereby providing a
      measureable annular area of upper diaphragm 253a to be exposed to the tare
      weight adjustment fluid pressure to be hereinbelow described as provided
      in the damper and tare weight adjustment chamber 263.
PAR  The upper spring retainer cup 263a, slidable upon the stud or rod 265, is
      borne upwardly to seat in the boss recess 261 by the spring 264 which
      bears downwardly within a lower spring retainer cup 263b which is
      adjustably threadable upon the lower threaded portion 265b which of the
      assembly rod stud 265.
PAR  A bearing ring 267 below the lower spring retainer cup 263b receives the
      stud 265 therethrough, the stud 265 passing centrally through the central
      diaphragm 253b. Thus outwardly of the ring 267 and inwardly of the bore
      through the plate 252b there is provided a measurable annular area of
      central diaphragm 253b that is subject to the tare weight adjustment fluid
      pressure to be hereinbelow described. A retainer of lock nut 266b is
      threadable upon the stud lower threadable portion 265b to retain the
      bearing ring or washer 267 against the central diaphragm 253b. An
      adjustment air passage 268 (right) is shown passing radially through the
      plate 252b to communicate with the chamber 263 and a corresponding radial
      passage 268 (left) is shown plugged with a closure plugged fitting 269,
      but which may be employed to serve additionally or alternatively with the
      passage 268 (right). The admission of adjustment air or fluid into the
      chamber 263, and the control thereof, will be described hereinbelow.
PAR  The vent chamber plate 252c is bored centrally to the same diameter as the
      plate 252b thereabove, and has a lower counterbore therein, whereby the
      aforesaid bore and counterbore provide a vent chamber 270. A spool 271,
      having upper and lower flanges 271a, 271b, thereon of the same diameter as
      the outer diameter of the washer or bearing ring 267, is provided to
      occupy the vent chamber 270, with the lower portion of the stud 265
      threadably extending downwardly therethrough. The lower flange 271b of the
      spool 271 bears centrally upon a lower flexible diaphragm 253c which has
      its peripheral area retained between the vent chamber plate 252c and the
      control chamber plate 252d therebelow.
PAR  An annular upper bearing ring 272a, of slightly lesser outer diameter than
      the vent chamber counterbore, of substantially greater inner diameter than
      the spool flange diameters, and of slightly lesser thickness than the
      depth of the vent chamber counterbore, is shown concentrically disposed in
      the vent chamber 270 to bear upon the lower diaphragm 253c, and is
      preferably affixed thereto, as by glue or industrial cement. Between the
      inner periphery of the bearing ring 272a and the spool flange periphery, a
      measurable annular area of the lower diaphragm 253c, is provided that is
      subject to vent chamber, usually atmospheric, pressure thereabove, and to
      control chamber fluid pressure therebelow, to be hereinbelow described.
PAR  Radial vent passages 273 are shown in the vent chamber plate 252c for
      communicating the vent chamber 270 with ambient or atmospheric air. The
      load cell housing or body is indicated as being assembled by flat head
      machine screws 274 passed downwardly successively through ring 252a,
      diaphragm 253a, plate 252b, diaphragm 253b, plate 252c, diaphragm 253c,
      and plate 252d, with at least the lower, threaded portion of the screw
      being theadably engageable down into the control chamber plate 252d, and
      preferably threadably engageable through all or most of the parts
      thereabove.
PAR  The lower or control chamber plate 252d has lowermost a centrally threaded
      bore to receive an externally threaded valve seat member 275 therein, and
      thereabove three successively larger counterbores are provided, together
      to comprise the control valve chamber 276. The uppermost counterbore in
      the plate 252d is of substantially the same diameter as the diameter of
      the vent chamber counterbore immediately above the lower diaphragm 253c.
PAR  An annular, lower bearing ring 272b, corresponding in dimension with the
      upper ring 272a, and thus of thickness less than the depth of the
      uppermost counterbore in the control chamber plate 252d, is disposed
      concentrically within the uppermost control chamber plate counterbore, as
      by affixing to the underside of the diaphragm 253c, as by industrial
      cement or glue. Inwardly of the ring 272b, and centrally under the
      diaphragm 253c there is disposed a guide cup 277 having upwardly a flanged
      head 277a of the same diameter as the spool flange on the upper surface of
      the diaphragm 253c, thereabove. The lower end of the stud 265, which
      passes centrally through the diaphragm 253, is threadably engaged
      centrally downwardly to terminate in the guide cup head 277a, thus to
      bring the upper surface of the flange head 277a to bear in assuredly
      assembled relationship against the under surface of the aforesaid
      diaphragm 253c.
PAR  It can thus be seen that any weight placed on the load cell 240, as by the
      pressure vessel 250 thereabove, in empty state is to batch material, but
      with all operative apparatus and accessories thereon, as they reflect in
      weight, constitutes tare weight. Obviously this tare weight will tend to
      cause the upper diaphragm 253a to flex or yield downwardly, and by virtue
      of the assembly of elements within the load cell body or housing to the
      assembly rod or stud 265, a corresponding movement tendency is transmitted
      through to the central diaphragm 253b and the lower diaphragm 253c. Tare
      weight adjustment thus may be described as pressurizing the chamber 263 to
      cause the upper diaphragm 253a to move up a degree under tare weight so
      that only material weight or batch weight produced motion registers in the
      control or net weight chamber 276.
PAR  To accomplish such pressurization of the chamber 263, an adapter nipple 278
      is shown threaded into the outer end of the fluid passage 168 (right) to
      have a tare control device or fitting 279 mounted thereonto which receives
      compressed air into the side thereof opposite the nipple 278 through an
      inlet nipple 280a. The tare control 279 comprises a regulator which may be
      immediately or remotely operated or controlled to place the compressed air
      inlet in communication with the chamber 263 to permit the introduction of
      compressed air thereinto to offset the tare weight, as aforesaid, so that
      only the weight of the net or material batch load may be reflected by the
      net load or control chamber 276, as will be hereinbelow described.
PAR  A valve element 281 has a lower face that seats upon the upper or inner
      surface of the valve seat 275 normally to occlude a bleed hole or relief
      passage through an orifice fitting 286 that is indicated in FIG. 10 as
      having been press-fitted centrally through the valve element 275. The
      upper part of the valve element 281 comprises a cup or spring retainer in
      which seats a control spring 282, the upper end of the spring 282 bearing
      upwardly against the under surface of the flange head or flange 277a
      comprising the upper member of the aforesaid guide element 277 in the
      lower portion of which bears slidably the upper portion or spring retainer
      cup of the valve element 275.
PAR  As shown in FIG. 10 a source of pressure fluid supply, as compressed air,
      arrives through a conduit 280, and branches at a tee 280b, with part to
      pass via a nipple 280c, through a union 280d, a nipple 280e, and elbow
      280f to the aforesaid inlet nipple 280a, into the tare control fitting
      279. From the central or intersecting leg of the tee 280b, a nipple 280g
      connects into a flow regulator fitting 283 of simple and conventional
      design having the function of controlling or regulating the flow of
      pressure fluid that passes therefrom through an externally threader
      adapter member 283a via an inlet passage 284a, into the load cell control
      chamber 276.
PAR  Leading from the control chamber 276, on the opposite side thereof from the
      inlet passage 284a, there is shown in FIG. 10 an outlet passage 284b, with
      an adapter fitting 235 threaded into the outer end thereof, and with a
      rubber tubing 286 connected onto the outer end of the adapter fitting 285,
      to transmit the pressure fluid signal responsive to net load measured by
      the control chamber 276, as will be hereinbelow described. Noticeably in
      this regard, the orifice 285a through the adapter fitting 285 is
      substantially smaller in diameter than the passage 284b, and than the
      passage or conduit through the rubber tubing 287. Thus the adapter fitting
      285 may be termed as choke adapter.
PAR  Any impact that otherwise might be imparted to the anvil 254, as by the
      rapid filling of the pressure vessel 250 with batch material, is
      adequately and forcefully opposed or dampened by the spring 264, thereby
      protecting the upper diaphragm from rupture anywhere along the annular
      area 287 where internal fluid pressure is opposed by the weight on the
      anvil 254 thereabove. Also, any downward movement imparted to the upper
      diaphragm area 287, (by way of the tare weight adjustment chamber 263, as
      pressurized to neutralize tare weight), on to the central diaphragm area
      288, is not transmitted on to the lower diaphragm area 289, and to the
      control chamber therebelow, because the vent chamber 270 below this
      diaphragm area 288 is vented to atmosphere, as through the passageways
      273.
PAR  Thus any downward movement caused by batch weight or net load build-up in
      the pressure vessel 250 is only transmitted from anvil 254 via the
      connecting rod or stud 265 to the diaphragm 253c, including its area 289.
      Responsive to this downward urging under batch weight or net load impulse,
      the flange head 277a compresses the control spring 282, and the guide
      member 277 moves downwardly upon the valve element 281, thereby decreasing
      the volume of free, effective space for fluid flow between control chamber
      inlet and outlet.
PAR  The pressure fluid that flows through the flow regulator 283 into the
      chamber 276 builds up pressure therein, since the fluid enters much faster
      than it can escape through the choke passage 285a, and normally with fill
      valve closed, is at say 3 p.s.i. Excess fluid, tending to raise pressure
      in the chamber 276, being bled off through the bleed passage 286. Upon
      fill valve opening, as the volume of the chamber 276 is decreased under
      batch load, the pressure in the chamber 276 reaches a pressure that
      balances the net load, batch weight, or weight not neutralized by tare
      weight adjustment. Then the pressure remains constant and any excess air
      will lift the valve seat 281 against the pressure of the spring 282, and
      let the excess air escape through the orifice fitting 286. Since the load
      cell 240 has its control chamber plate 252d adapted usually for
      installation flat upon a mounting plate 245, as shown in FIG. 7, the under
      surface of the plate 252d has radially extending grooves 288a, 288b, shown
      therein in FIG. 10, so that any air that escapes through the orifice
      fitting or nozzle orifice 286 into the central space below the valve seat
      member 286, may further escape through the grooves 288a, 288b, to the
      atmosphere.
PAR  The intensity of the fluid pressure signal that is transmitted through the
      conduit or flexible tubing 287, as to a pressure sensitive switch 46a,
      FIG. 11, bears linear relationship to net load or material weight, and
      such a switch 46a may be calibrated to close and set in motion fill valve
      closure when a predetermined batch weight has been deposited in the
      pressure vessel. Thus load cells of the type hereinabove described may be
      used, not only with the circuitry for the pressure vessels hereinabove
      described, but with circuitry for types of pressure vessels to be
      hereinbelow described, and in other usages. In all cases it may be used
      where it may be desired to effectuate fill valve closure responsive to the
      build up of a predetermined net load or batch weight on the diaphragm of
      the pressure vessel.
PAR  The circuitry of FIG. 2 and of FIG. 11 agree in every detail except that it
      may be noticed that in FIG. 11 the switch 46a is closed by the fluid
      pressure actuation of PS. This closure is by the load cell 240, FIGS. 6
      and 10, which exerts a fluid pressure through the conduit 287 that passes
      to the instrument panel 40, FIG. 6, in correspondence with the
      pre-determined net weight of material that flows through the fill valve to
      actuate the load cell. On the other hand, in FIG. 2, the switch 46a is
      shown closed by operation of the timer 46. In either case the circuit
      closure effected results in the latching relay shifting position to close
      the fill valve. In the circuitry of both FIG. 2 and of FIG. 11 the level
      probe 37 is indicated as a fail safe or safety feature, as by broken line
      circuits 78, 75a.
PAR  Referring now to FIG. 12, a fluid flow pump type pressure vessel 460 is
      shown, with the salient feature about this installation being that a fixed
      platform 461 supports a load cell 240, a platform 462 has an anvil upper
      part 255b mounted centrally thereunder to seat on a lower anvil part 255b
      comprising the uppermost member of the load cell 240 that is included in
      the load cell parts supported by the lower or fixed platform 461.
PAR  From the under side of the upper platform four stanchions or support pipes
      463, symmetrically disposed from the vertical axis through the pressure
      vessel 460, are indicated as passing guidably through holes 464 through
      the lower platform 461 with the pipes or strong connection rods or
      stanchions 463 being thus spaced from the aforesaid vertical axis that
      they extend in line of contact against the pressure vessel 460 and may be
      affixed thereto, as by welding. In this manner, the mounting of the
      pressure vessel 460 is in the balance with, and in co-axial vertical
      alignment with the vertical axis of the load cell 240 on which the weight
      of the pressure vessel 460 and of its associated and attached structures,
      bears in suspension. In FIG. 22 the left uprights 465a, that upstand, as
      from the factory floor, are shown connected to the left end of the lower
      or fixed platform 461. Also, central uprights 465b are shown as having the
      right end of the lower or fixed platform 461 connected thereto.
PAR  Consequently, nuts and bolts 466, above the respective upright posts or
      stanchions 463, indicate that an assured method of assembly may include
      providing studs at the top of each stanchion 463, to extend through
      appropriately located holes, concentrically about the vertical axis
      through the upper platform 462, with the nuts being threaded upon the
      upper ends of the bolts 466 to complete assured aligned and balanced
      assembly of pressure vessel with relation to platforms 461, 462. As the
      connections are then thus made the pressure vessel 460 will, of course,
      have to be supported by a temporary, removable supporting or lifting
      means, from below.
PAR  Spaced from the right of the central uprights 465b are shown right uprights
      465c, both uprights 465b, 465c, being taller than the left uprights 465a,
      to support a hopper support frame 468 for a materials hopper 470. A bottom
      flange of the hopper 470 has an upper fill valve 469 connected thereto,
      with a flexible conduit section 471 connected therebelow. Then a lower
      fill valve 472, is shown connected below the flexible conduit section 471,
      with a downspout 473 extending downwardly and to the left from the lower
      fill valve 472 for connection into the top of the pressure vessel 460.
PAR  A suitable spacer and centering nipple or cap may be provided on top of the
      pressure vessel 460, or centrally under the lower platform 461, or for
      both lower platform and pressure vessel, thus for room for any apparatus
      that may be disposed on the upper part of the pressure vessel 460, under
      the lower platform 461, such as discharge valve and purge valve and their
      valve operators, or relief values and the like. Illustrative of this
      feature, the uprights 465a, 465b, 465c, the stanchions 463, and the
      downspout 473 are shown broken. Also, the above enumerated apparatus may
      extend through suitable apertures in the lower platform 461, thus also
      permitting easier access for service from the lower platform 461, (or from
      the upper platform 462), as need be.
PAR  Noticeably in FIG. 12, there can be allowed ample room for all of the
      apparatus including activating air, and piping necessary to complete
      operation of the pressure vessel 460 for any of the various types of
      usages hereinabove described. Also, the panel box 474 is indicated as
      being readily accessible as to an operator standing at factory floor
      level.
PAR  As hereinabove described, two fill valves 469, 472, are required to hold
      the weight of the material in the hopper from being imposed for tare
      weight adjustment, correspondingly while as shown in FIG. 6, the fill
      valve 469, 472 should be connected through their valve operator conduits
      in manner that the upper fill valve 469 closes just a trifle sooner than
      the lower fill valve 472. The disclosure of FIG. 12 purposely omits
      showing complete apparatus and piping, since all necessary, and obvious,
      for the various types of pump usages that can be made from the platform
      and hopper dispositions of FIG. 12, have been fully disclosed, and in full
      detail hereinabove.
PAR  Material drying and conveying apparatus is shown in FIGS. 13-16, that
      comprises essentially the apparatus of a fluid flow pump 10, FIGS. 1-2,
      and additionally includes a load cell and apparatus for a drying stage
      preceding discharge. Thus the description of this form of the invention
      has employed the same reference numerals that correspond with elements of
      the fluid flow pump 10, hereinabove described with relation to FIGS. 1-2,
      and that correspond with elements of the load cell hereinabove described
      with relation to FIGS. 6-12. Thus new reference numerals are only assigned
      to the newly added apparatus for the drying stage or stages.
PAR  Thus a material container, housing, pump or activator 10 is shown in FIG.
      13 comprised of a shell 11 including a cylindrical main body 11a with
      lower end closed by a bottom comprised of a spherical segment or lower
      closure 12b, the container being constructed after the general manner of
      conventional pressure vessels, and designed with safety factors, to
      withstand the highest pressures that may be developed therein.
PAR  The pressure vessel or container 10 seats upon a load cell 240 with its
      base 245 seated upon a frame 241 to which the fluid flow pump or vessel 10
      is connected in manner corresponding with that shown in FIGS. 7-9. A gas
      permeable membrane or diaphragm 13, sloped at substantially 13.degree., as
      indicated, separates the container into an upper, or material plenum 15,
      and a lower, or gas plenum 16. The dome or top closure 12a has an inlet
      nipple or neck 17 connected centrally into the top 12a with a lower fill
      valve 18 being shown mounted thereon. The top flange of the fill valve 18
      is shown as having the lower flange of a flexible nipple 19 connected
      thereto with the upper flange thereof being shown connected to an upper
      fill valve 18a, to be further described.
PAR  Above the upper fill valve 18a a connection nipple 19a upstands, and its
      top flange has the discharge flange 20 of the hopper 21 connected thereto.
      Correspondingly as shown in FIG. 6 for the hopper 200, the hopper 21 is
      supported by separate scaffolding 194. Also it should be noted that the
      lower and upper fill valves 18a, 18, are shown as operated by separate
      valve operators 23 and 23d, with the respective valve closing conduits
      23c, 23f, being joined by a common instrument air conduit 23j, and with
      the respective valve opening conduits 23b, 23g, that let in instrument air
      behind the respective pistons 23a, 23e, are joined by a common instrument
      air conduit 23h; also a resiliently downwardly urged seated check valve
      23k is shown in the conduit 23b. This insures that the lower fill valve 23
      closes after the upper fill valve 23d, so that the weight of hopper and
      load does not have to be compensated by tare weight adjustment of the load
      cell 240; this adjustment having been hereinabove described.
PAR  A hot drying gas conduit 107 is shown connected into the lower end closure
      12b of the shell or pressure vessel 11 below the high side of the membrane
      13, and such hot drying gas inlet line 107 has a drying gas valve 26
      therein, which is shown connected to be opened and closed by a valve
      operator 27, constructed and equipped as conventional valve operators
      hereinabove described. Also, a discharge outlet pipe 28 extends downwardly
      through the dome 12a to terminate in a pick-up end 28a disposed slightly
      above the low side of the gas permeable or air permeable membrane 13, a
      valve 29 is shown connecting this disclosure outlet pipe 28 with a
      discharge conduit 30. The discharge valve 29 is shown operated by a valve
      operator 33, which is indicated as being constructed, and as having
      connections thereto, in correspondence with the fill valve operator 23.
PAR  A purge line 34 extends between the discharge conduit 30, downstream of the
      discharge valve 29, to the material plenum or chamber 15 and has a purge
      valve 35 therein to control its opening and closing, a valve operator 36
      being shown connected to the purge valve 35 for this purpose, such valve
      operator 36 being constructed, and having connections in correspondence
      with the fill valve operator 23. However, it may be pointed out, in this
      regard, that the purge valve 35 should be a normally open valve, whereas
      the fill valve 18, gas inlet valve 26, and discharge valve 29 are normally
      closed valves.
PAR  Additionally, the support body 37 for a safeguarding vibratory paddle 38,
      operative on the tuning fork principle, is shown connected into the
      cylindrical body 11a of the shell 11, the material sensitive paddle 38
      being indicated in dotted lines in FIG. 13 as extending within the housing
      10 near the top thereof, such paddle being operative to actuate the valve
      operator 23 to close the fill valve 18, as will be hereinbelow described.
PAR  An insulative cord 39, having therein the electrical conduits to the paddle
      38, extends from the paddle support body 37 to a control box 40, to be
      hereinbelow described, and shown mounted on the exterior of the activator
      shell body 11a.
PAR  A vent valve 31 is shown connected into the dome 12a in FIG. 13 and
      operated by a valve operator 32 which is constructed, and has connections
      thereto, in correspondence with the fill valve operator 23. Also a
      solenoid operated blast air valve 104 is shown connected into the dome 12a
      oppositely of the vent air valve connection, with blast air, to be
      hereinbelow described, being supplied to the valve 104 through a blast air
      conduit 105. Additionally, a solenoid operated, transfer or moving air
      valve 106 is connected into the shell bottom 12b or gas plenum chamber 16,
      a conduit 25 being connected to supply moving air to the valve 106. Also,
      the shell segment 12b is shown having a drain valve 108 connected into the
      bottom thereof. Also, a conventional manhole 109 is shown provided in the
      side of the shell cylinder 11a.
PAR  The neck or nipple 17 which supports the fill valve 18, and by means of
      which the valve 18 is connected to communicate through the top of the dome
      12a, extends downwardly into the shell or vessel 11 as indicated in FIG.
      13. A series of equally angularly spaced apart, radially extending support
      rods or bars 110 have their inner ends connected to the nipple 17 and are
      connected at their outer ends to the inner surface of the shell 11a, as
      best seen in FIG. 14. At a spaced distance below the suspension bars 110 a
      baffle plate 111 extends across the shell 11a and has a central enlarged
      opening 112a therein into which is connected the lower end of a central
      perforated sleeve 112 of frusto-conical shape, the upper end of the sleeve
      112 being affixed to the outer periphery of the lower end of the nipple
      17.
PAR  A ring of round or eliptical holes or openings 113 is provided in the
      baffle plate 111, the holes being equally angularly spaced apart, and such
      holes receive therein the lower ends of perforate filter sleeves 114 to be
      affixed to the baffle plate 111. The filter sleeves 114 are of reduced
      cross-sectional area upwardly and the top of each sleeve 114 is connected
      upwardly to a respective suspension bar 110 as best indicated in FIG. 13.
      The filter sleeves 114 may be of woven metal cloth, perforate glass or
      perforate plastic of such porosity to admit the processing gas or air to
      pass therethrough while entraining or stopping the passage of the process
      material. A suitable handhole 115 is shown provided in FIG. 13 for access
      to the filter sleeves 114 and central sleeve 112. It should also be noted
      in the bottom view of FIG. 14 that the relative positions of the blast air
      inlet 104a and the vent air outlet 31a are discernable.
PAR  Also, in FIG. 13, respective conduits 33b, 36b, 27b, 32b, and 23j via 23b
      and 23f, connect into respective materials delivery, purge, hot drying
      gas, vent, and fill valve operator cylinders, respectively 33, 36, 27, 32,
      and 23 and 23d, under respective piston heads 33a, 36a, 27a, 32a, and 23a
      and 23e, and respective conduits 33c, 36c, 27c, 32c, and 23k, via 23e and
      23g, connects into such cylinders above the respective piston heads
      therein. Thus, as shown in FIG. 13, conductor cords or sleeves 33d, 36d,
      27d, 32d, and 23m for the respective conduits for the respective valve
      operator cylinders aforesaid, are provided to extend from the control or
      panel box 40, where conventional instrument air, as from the instrument
      air conduit 93, may pass through respective conventional solenoid actuated
      valves, not shown, as operated by the aforesaid solenoids 66 and 63, and
      solenoids 126 and 136 and 48, shown in FIG. 15, and to be hereinbelow
      described, these five solenoids admitting operative air, gas or fluid,
      respectively into the conduits 33b or 33c; into the conduits 36b or 36c;
      into the conduits 27b or 27c; into the conduits 32b or 32c; and into the
      conduits 23j, or 23k; selectively to open or close the aforesaid materials
      delivery valve 29, purge valve 35, hot drying gas valve 26, vent valve 32,
      and fill valves 18 and 18a.
PAR  As shown in FIG. 15, a light 49 is circuit parallel with the solenoid
      circuit 47, and thus the light 49 is on when the fill valve 18 is open;
      also a light 61 is in a circuit parallel with the solenoid circuit 59
      which actuates the valve 106 which admits the material activating gas, and
      with the solenoid circuit 62. which closes the purge valve; and also a
      light 67 is in a circuit parallel with the solenoid circuit 65 which
      actuates the opening of the materials delivery valve 29. Additionally, a
      light 54 is shown in a circuit 53 which is completed when the latching
      relay 52 is actuated to close the contacts 56a while the pressure within
      the container is still high enough to maintain closed the contacts 51b of
      the pressure sensitive switch 50.
PAR  As shown in FIG. 15, a positive line 41 and a negative line 42 extend from
      a source of electrical power, the positive line 41 having three parallel
      lines 41a, 41b, and 41c branching therefrom with the line 41a serving when
      manual control is to be used as will be hereinbelow described with the
      line 41b serving as a neutral third positive conductor and with the line
      41c serving as the positive conductor when automatic control is to be
      employed. A three-way switch, indicated generally by reference numeral 44,
      is provided to control the selection of automatic or manual control, as
      desired, and as shown, the switch 44 indicates that automatic control has
      been selected, the conductors 41b, 41c, thus being closed and the
      conductor 41a being open.
PAR  A conductor 45 extends from the conductor 41c, and a push-buttom switch
      45a, is shown in FIG. 15, as closing circuit in this conductor, the
      conductor 45 continuing to a junction with two parallel circuits including
      the circuit 47 for a solenoid 48 which operates the fill valve operators
      23, 23d in FIG. 26, and the circuit of an indicator light 49 which may be
      designated as a green light for illustrative purposes.
PAR  The conductor 45 continues beyond the parallel circuits 47, 49, as the
      conductor 45c and has contacts 51a therein of a double acting pressure
      actuated switch 50 with its contacts 51a being normally closed at
      atmospheric pressure and opening upon increase of pressure in the gas
      plenum 16. The conductor 45c continues from the contacts 51a to a junction
      with a conductor 45b having therein the normally closed relay contacts 56a
      of a latching relay 52, the conductor 45b terminating at its connection to
      the negative power line 42.
PAR  A parallel circuit 53 extends from the neutral or central positive
      conductor 41b, to the junction of the conductors 45c, 45b, such parallel
      circuit also including therein the contacts 51b of the aforesaid double
      acting pressure actuated switch 50. Such contacts 51b being normally open
      at atmospheric pressure and closing upon increase of pressure in the
      aforesaid gas plenum 16. The circuit 53 also has therein an indicating
      light 54, designated as a yellow light for indicating purposes, as will be
      hereinbelow described.
PAR  Another parallel circuit 55 from the positive conductor 41b has the
      pressure sensitive switch 46a therein which is closed by the pressure
      sensitive signal transmitted thereto through the conduit 287 from the load
      cell control chamber 276, FIG. 10, the circuit 55 also having in series
      therein the coil 52a of the latching relay 52. The circuit 55, as thus
      closed, energizes the latching relay coil 52a to open the normally closed
      relay contacts 56a to break the aforesaid parallel circuits 47, 49 and 55,
      and upon the solenoid circuit 47 being de-energized, the solenoid 48
      retracts and moves the valve operators 13 and 13d to close the fill valves
      18 and 18a, both valve operators and fill valves being shown in FIG. 13.
PAR  The latching relay 52 is of the well known type, which, when its coil 52a
      is energized, it actuates conventional switching means which opens the
      normally closed contacts 56a, and pulls closed the normally open contacts
      56b in a parallel circuit 57 extending from the negative conductor 42, in
      manner that the latching relay mechanism latches against any movement
      except that which may be imparted to the switching means to pull open the
      normally open contacts 56b. This can only be effectuated by the
      energization of the latching relay coil 52b, to be hereinbelow described
      as to operation.
PAR  The apparatus for handling a material not requiring drying will be first
      described, for purposes of clarity, and with its operation understood, the
      apparatus for interjecting the drying processes will then be described,
      and the relationship to the activating, full discharging and purge
      discharging apparatus and steps set forth therewith.
PAR  The circuit 57, hereinabove referred to, has the aforesaid latching relay,
      normally open contacts 56b therein, and adjacent thereto, in direction of
      the positive conductor 41b, a manual throw switch 60 is connected into the
      circuit 57, so that when the switch 60 is manually or selectively disposed
      to connect the circuit 57 with a continuation circuit 57a, the apparatus
      is set to handle a material which does not require a drying process before
      delivery for subsequent handling. Thus the four circuits: 57b, and then
      59, 61 and 62, to be hereinbelow described, are joined to the circuit 57a,
      the circuit 57b being continued by the circuit 57c to the positive
      conductor 41b.
PAR  From the junction of the circuits 57b, and 57c, a circuit 64a having a
      switch 64 therein, continues as the circuit 64b to the negative side
      junction of the aforesaid circuits 59, 61 and 62. A fixed time delay relay
      58 of the thermal delay type, in the circuit 57b, operates for its time
      interval, when the circuit 57a is closed, and closes the switch 64 whereby
      the solenoid 59a in control box 40 releases air from the tube 127 to open
      the moving air inlet valve 106 whereby the circuit including the light 61,
      blue to indicate activation, is closed, and whereby the circuit 62
      actuates the solenoid 63 to close the purge valve 35; see FIGS. 26, 27 and
      28.
PAR  Also, a circuit 57d continues from the junction of the circuits 57b, 59, 61
      and 62 with the circuit 57a, and branches into: a circuit 65 including the
      coil which operates a solenoid 66 which actuates the valve operator 33,
      shown in FIG. 1, to open and close the discharge valve 29; a circuit
      including a light 67 therein, which is designated as a red light, for
      purposes of illustration; and a circuit having a relay 68 therein; from
      the positive side junction of the circuits 65, 67 and 68, there extends a
      circuit 57e (having a normally open pressure actuated switch 69 therein,
      to be hereinbelow described), with its positive side connection being
      completed with the conductor 41c; and there also extends from such
      junction a circuit 57f having a pair of contacts 70 therein, operated by
      the relay 68, and terminating by connection with the neutral or positive
      conductor 41b. a pushbutton switch 71 is shown in FIG. 3 closing the
      circuit 41c adjacent its connection to the circuit 57e.
PAR  Additionally, a circuit 72b, 72a connects the positive or neutral conductor
      41c with the negative power line or conductor 42; the circuit 72b having
      in series therein a pair of contacts 74, (operated by the relay 68
      substantially simultaneously with its operation of the contacts 70 in the
      circuit 57f), and a pressure sensitive switch 73 which functions as will
      be hereinbelow described. Then, the circuit 72a, with which the circuit
      72b connects, has therein the latching relay coil 52b which operates to
      break circuit closed by the hereinabove described relay contacts 56b.
PAR  The gas, as compressed air, which activates and transports the material
      which enters the container, shell, or pressure vessel 11, arrives from its
      source, as a compressor or pressure header 25h, as shown in FIG. 13, and
      enters conduit 25 to pass through a strainer 83 and a globe valve 84 on
      its way to being regulated as to the pressure at which it is to be
      supplied. Thus the gas is first measured by a high pressure gauge 85 in
      the top of a gauge pipe 85a which upstands from the main gas line 25
      through which the strained gas passes on downstream, and to the transfer
      gas valve 106.
PAR  A smaller sized by-pass line 25a extends between the gauge pipe 85a and the
      aforesaid pressure regulating valve 86 in the main conduit 25, and has a
      pilot regulating valve or regulator 87 therein, thus to permit a finer and
      more responsive control of the pressurized gas on its way to the pressure
      vessel 11. A by-pass line 87a conveys the reduced pressure gas from the
      pilot regulator 87, and connects with an upstanding gauge pipe 88 above
      the main conduit 25, a low pressure gauge 89 being mounted on top of the
      gauge pipe 88 to indicate the lowered pressure of the gas.
PAR  A conduit 90 extends from the lower closure 12b to conduct pressurized gas
      from the gas plenum 16 to the control box 40, there to bear upon and cause
      actuation of the pressure sensitive switch 50, operative as hereinabove
      described, and to bear upon and cause actuation of pressure sensitive
      switches 69 and 73, to be further described as to operation hereinbelow.
PAR  The switch actuating gas, which must be taken from within the pressure
      vessel 11, enters the conduit 90 and passes through a strainer 91 therein,
      and on to the panel box 40, a gauge 92 being provided to indicate the
      pressure of the actuating gas as it passes downstream of the strainer 91
      on its way to the panel box pressure sensitive switches, as aforesaid. The
      instrument air required by the pressure sensitive switches, as
      contradistinguished from the actuating air or gas, and any other air or
      gas required to actuate any of the apparatus, as that required to operate
      the valve operators shown in FIG. 13, may be brought to the panel box 40
      through a conduit 93 for selective distribution.
PAR  Also, the power conductors 41, 42, from a source of electrical power, as a
      60 cycle, 115 A.C. voltage source, may be brought to the panel box 40
      through an insulated conductor cord 95. A conventional fuse 96 is provided
      in the positive power line 41, indicated as comprising the conventional
      fuse strip 96a, and in a parallel circuit therewith, the conventional
      resistance 96b and indicating light 96c.
PAR  The operation of the apparatus shown in FIGS. 13, 14, and 15, may be set
      forth in a sequence, and partially by way of reiteration, with the
      composite switch contacts 51a and the latching relay contacts 56a closed,
      the switch 45a may be manually closed whereby the solenoid 48 actuates its
      associated valve operators 23 and 23d to open the fill valves 18, 18a, for
      the material plenum 15 to receive material therein until the weight
      pressure signal responsive pressure sensitive switch 46a closes at which
      time the relay 52a of the latching relay is energized to break the
      latching relay contacts 56a being closed.
PAR  The switch arm 60 closes circuit with the circuit 57a, and the fixed time
      delay relay 58 is energized so that the switch 64 is closed and the
      solenoid 59 actuates its associated valve operator to open the activating
      air or gas valve 106 to let gas, such as compressed air, into the gas
      plenum 16 to pass through the membrane 13 and into the material plenum 15
      to start pressurizing the vessel or activating the material to be
      transferred. Also, as this occurs, the circuit 62, having therein the
      switches 62a, 62b on either side of the solenoid windings 62, are disposed
      in circuit closed position. Thus the energized solenoid windings 62
      actuate the solenoid 63 to actuate the valve operator 36 to close the
      purge valve 35. The entering gas thus pressurizes the vessel 10 and
      activates the material until that pressure is attained which will close
      the normally open pressure actuated switch 69 whereby the solenoid 65 is
      actuated to move its associated valve operator 33 to open the discharge
      valve 29. Also the relay 68 is energized to close the normally open switch
      70 and the normally open switch 74.
PAR  Discharge then continues until the pressure dropped to open the pressure
      sensitive switch 69, then to close the pressure sensitive switch 73, thus
      completing circuit to the latching relay coil 52b which is energized to
      open the latching relay contacts 56a, thereby to close the latching relay
      contacts 56b whereby the windings of the discharge control solenoid 66, of
      the activating air control solenoid 59a, and of the purge control solenoid
      63 are de-energized, so that discharge valve 29 and air supply valve 26
      are closed and the purge valve 55 is opened. The vessel then purges itself
      until the pressure falls substantially to atmospheric to close switch
      contacts 51a and open switch contacts 51b, thus returning the apparatus to
      initial status.
PAR  On occasion it may be desirable to operate the filling and evacuation of
      the container 10, FIG. 13, by manual control of the sequence of steps,
      rather than automatically, as hereinabove described. For such occasion, it
      may be considered that the load cell signal transmitting conduit 287 may
      be closed. Then a circuit 101, FIG. 15 is provided, parallel with the
      circuit 45, to extend from the positive conductor 41a and to connect with
      the circuit 45 between the pushbutton 45a and the circuit junction 47, 49.
      Also, in this case there also serves the aforesaid circuit 76 from the
      circuit 41a to the junction of circuits 75, 75a, and having the pushbutton
      77 therein; also, the circuit 102, parallel with the circuit 57e and
      connected thereinto between the pushbutton 71 and the normally open
      pressure sensitive switch 69; also, the positive power circuit 41a is
      extended to connect with the junction of the circuits 72a, 72b, and to
      have the pushbutton 103 therein. Manual operation may now proceed as
      hereinabove described.
PAR  Thus, this occurs after the purge valve 35 has been reopened by the
      latching relay contacts 56b, to permit the purging of the container by the
      residual pressure therein until such pressure drops to substantially
      atmospheric so that the pressure sensitive switch 50 is actuated to open
      the contacts 51b and close the contacts 41a, thereby breaking the circuit
      53 which contains the light 54 therein.
PAR  The lights 49, 61, 67 and 54 may have selectively differently colored
      bulbs, as, respectively, green, blue, red and amber, thus to indicate,
      respectively, that filling, activating, discharging and purging are taking
      place. See earlier description.
PAR  Respective valve operators 23 and 23d, 27, 33, 32, and 36, FIG. 13 are
      shown used to operate the fill valves 18 and 18a, hot drying gas delivery
      valve 26, material delivery valve 29, vent valve 32 and purge valve 35;
      however, it is often not necessary, in the case of light duty
      installations, and/or in the case of the valves 26, 29, 31, 35, that
      special valve operators be required for their operation. In such cases the
      solenoids 60, 66 and 63, and the vent valves solenoid, to be hereinbelow
      described, may thus be connected directly to the respective valves 26, 29,
      35, and 31 to effectuate their operation. In this regard, notice that no
      valve operator is shown in FIG. 13 for operating the activating gas, or
      material moving valve 106, described hereinabove as opened and closed by
      the energization and de-energization of the solenoid windings 59, FIG. 15,
      as aforesaid. However a valve operator could be used to carry out this
      function with instrument air from conduits leaving the panel box 40 via
      the tube 127 being employed in such valve operator, where the tubing
      connection 127 at the top of the valve 106, FIG. 13 would be
      representative of the connection of the valve operator piston rod to such
      valve 107.
PAR  The level probe 37, FIG. 13 is represented by its vibratory paddle 98 as
      being of the frequency sensitive type, with conductor cord 39 extending to
      the panel 40. In the diagram of FIG. 13, the reference numeral 37 is thus
      employed to represent a switch closed by paddle vibration stoppage by
      contact with filling material, the conductors 39 connecting the switch 37
      in parallel with the weight sensitive switch 46a. This typical level probe
      (FIG. 3); as well as other types, may serve as a fail safe measure, also
      as alternatively functioning with, or as functioning in place of, the
      pressure sensitive switch 46a.
PAR  In order to carry out a preliminary drying of material preparatory to
      activating it and pressurizing it for discharge, as this invention
      entails, additional apparatus and circuitry is provided for use with the
      apparatus and circuitry hereinabove described. Such additional inventive
      circuitry and apparatus supports and controls the admission and cut off of
      drying air through the drying air valve 26, the venting of the container
      10 during selective cycles through the vent valve 31, and the admission of
      cut off of filter cleaning blast air through the air blast valve 104, the
      valves 26, 31 and 104 being shown in relation to the container 10 in FIG.
      13.
PAR  Thus the double pole, single throw switch 60, shown in FIG. 15, may be
      manually switched from closing circuit between the conductors 57 and 57a,
      as shown in FIG. 15, to the dotted line position to close circuit between
      the aforesaid conductor 57, and a conductor 116 from which a series or
      succession of parallel circuits extend to a conductor 118. The conduit or
      conductor 118 in turn connects with a conductor 64c which connects with
      the junction of the conductors 64a, 64b, hereinabove described, the
      conductor 64c in turn being connected to the neutral or positive side
      conductor 41b, as aforesaid. The circuit or conductor 64c has a double
      pole, single throw switch 119 therein which is mechanically closed by the
      closing of the fill valve 18, this operation being indicated
      diagrammatically in FIG. 15 by a heavy dotted line connecting the switch
      119 and the solenoid 48 which operates the fill valve operator 23 shown in
      FIG. 13.
PAR  A timer 120 of the well known "Eagle" tyle is provided in a circuit between
      the conductors 116, 118, which is adjusted to run for a predetermined
      time, at the end of which time it closes a normally open switch 117 across
      the conductors 57a, 116, and opens a normally closed switch 121 in the
      conductor 118.
PAR  A motor 122, which actuates the timer 120, is in circuit parallel
      therewith, as shown in FIG. 15. Thus the motor 122 can be connected to run
      the timer 120 for the predetermined duration of the whole drying period. A
      light 123, which may be designated as a white light, is in circuit
      parallel with the timer circuit 120 and its motor circuit 122 to indicate
      that the drying process is in progress.
PAR  A solenoid winding circuit 124, in parallel with the circuits 120, 122, 123
      has a normally closed switch 125 therein; the solenoid winding 124
      actuating the aforesaid solenoid 126 which actuates the valve operator 27
      to open the hot drying gas valve 26. Also a solenoid winding circuit 128,
      extends from the conductor 116 and includes a normally closed switch 135
      therein, the circuit 128 terminating at a contact 130, to be hereinbelow
      described. The solenoid winding 128 when energized, actuates a solenoid
      129, to release air in a tube 142 to permit the filter blast air valve 104
      to open.
PAR  Also, a timer circuit 131 extends from the conductor 116 parallel to the
      circuit 128 and terminates at the contact 130, the timer 131 serving the
      purpose of timing the brief opening of the air blast valve 104 between
      intervals of drying, as will be hereinbelow described.
PAR  Additionally a timer circuit 132 from the conductor 116 includes the timer
      132 therein and a normally closed switch 133 therein adjacent its
      connection to the conductor 118. Between the timer 132 and the normally
      closed switch 133, the pivot of a normally open switch 134 is connected
      into the circuit 132, which in closed position completes circuit to the
      contact or junction 130 of the circuits 128 and 131. The timer 132 serves
      the purpose of timing the drying interval between successive opening of
      the blast air valve 104, the drying air entering continuously through the
      valve 106 between those brief instances when the blast air valve 104
      opens.
PAR  Also, the additional circuitry and apparatus comprised by the invention
      includes a solenoid winding circuit 136 between the conductors 116, 118,
      and also a relay circuit 137, parallel thereto. The circuit 136 actuates a
      solenoid 138 which in turn actuates the valve operator 32 which controls
      the opening and closing of the vent valve 31, shown in FIG. 13.
PAR  The Eagle timer 120 is set, as aforesaid, to run for the duration of the
      preselected and preset drying cycle and then "times out" to close the
      normally open switch 117 and to open the normally closed switch 121. The
      Eagle timer cycle is divided into a number of sub-cycles, during each of
      which the drying air is delivered for an interval and then for an instant
      the drying air is shut off and blast air enters the top 12a of the shell
      to blow reversely through the filters 114 and through the central filter
      112 to blow any material grains or particles impinged on the inner
      surfaces thereof back into the material plenum 15. Thus, in each sub-cycle
      the drying air timer 132 times out to open the normally open switch 125 to
      break the solenoid circuit 124, whereby the solenoid 126 closes the drying
      air valve 26, the timer 132 at the same time closing the normally open
      switch 134 to start the blast air timer 131 and to close the blast air
      solenoid circuit 128, whereby the solenoid 129 opens the blast air valve
      104.
PAR  The timer 131 then runs to time out to open the normally closed switch 135
      to the solenoid winding 128 whereby the solenoid 129 opens the blast air
      valve 104 and opens the double pole, single throw or relay switch 133,
      thus breaking the circuit to both timers. Both the timer 131 and the timer
      132 may now reset, the timer 131 taking power off the normally closed
      switch 135 to permit the solenoid circuit 128 to be restored and taking
      power off the relay switch 133, allowing it to open. Also, the timer 132
      takes power off the normally open switch 134, permitting it to open, and
      takes power off the normally closed switch 125 in the solenoid winding
      circuit 124, allowing this normally closed switch 125 to close, whereby
      the solenoid 126 may open the drying air valve 26. With the timers 131 and
      132 both reset, the drying air valve 26 is opened for its sub-cycle of
      drying air delivery, followed by discontinuation for filter air back
      blast, as aforesaid.
PAR  When the drying air-blast air sub-cycles have been repeated for a total
      amount of time equal to the time for which the Eagle or control timer 120
      has been set, this timer times out, opening the switch 121 and closing the
      switch 117, as aforesaid. During the drying process the relay 137 has been
      energized to move the respective switches 62a, 62b in contact with the
      respective contacts 64d, 64e, thus keeping the winding 62 of the solenoid
      63 energized whereby the solenoid 63 has held the valve operator 36 in
      purge valve closing position. At the end of the drying process the relay
      137 is de-energized to switch the switches 62a, 62b into the position
      shown in FIG. 15, thus to complete the purge solenoid winding circuit 62
      to the switch 64, which is closed to begin the activation and transfer of
      material steps, as hereinabove described, the purge valve 35 thereby
      remaining closed after the switch 64 is closed, until it opens to start
      the purge step.
PAR  The closing of the switch 117 throws the apparatus directly into the
      activation and transfer step, while breaking circuit to the apparatus
      functioning in the drying cycles, and this apparatus and circuitry remains
      inactive until the next closing of the fill valve 18 mechanically closes
      the shift switch 119. Then with the switch 117 closed, the apparatus
      immediately embarks into the steps of activating the material, discharging
      it, purges the vessel, and returning to initial conditions, as hereinabove
      described.
PAR  By a skillful combination of circuitry and apparatus the processing may be
      carried out with both uniformity and alacrity, and within the fineness of
      detail permitted by the many features through which adjustment may be
      made. The materials processed, for instance, may cover a wide range of
      pharmaceutical components, plastics, foods, and the like, which enter with
      various proportions of moisture therein. The physical form of the material
      handled may be granular, crystalline, or powdered, as examples, in micron
      size particles up to from 10 to 20 mesh. The diaphragm separating the gas
      and material plenums should best be of 200 mesh woven, stainless steel, or
      of porous ceramic. Fineness of the membrane may be controlled by employing
      successive layers thereof. As to the angle at which the membrane may be
      installed, this may be varied by virtue of the type of material used, and
      by the moisture content, and the slope may range from 5.degree. to say
      15.degree.. Also, the filter requirements may vary, it having been found
      that filters which provide a total filtering area in 15 to 1 ratio to the
      bed area of material is a satisfactory ratio, but this ratio may vary, as
      say from 20 to 1 to 10 to 1.
PAR  Illustrative of the complicity of pump combinations that can be
      accomplished with structural arrangement of elements associated with
      suspension from load cell, as illustrated by FIG. 12, a fluid flow pump
      460a is shown in FIG. 16, suspended by a load cell 240 and with elements
      of arrangement disclosed in FIG. 12 being assigned the same reference
      numerals in FIG. 16. The fluid flow pump 460a shown in FIG. 16, is
      represented as containing drying apparatus therein with all necessary
      operating apparatus in appropriate disposition. Correspondingly the
      salient features of arrangement for such a specialized type of machine are
      indicated, partially, diagrammatically, but as they affect adaption of the
      basic structural arrangements shown in FIG. 12.
PAR  As shown in FIG. 16, a valve controlled, hot drying air auxiliary line may
      be connected onto the discharge line 328a to admit hot drying air or gas,
      or blast gas at intervals to keep the material that otherwise would stack
      up in the discharge 328a, dried and in a degree of suspension.
PAR  As to circuitry, that shown generally in FIG. 15 may serve, as indicated.
      Thus in this view it is indicated in dotted lines that the unlatching or
      breaking of circuit by the first latching relay switch 562 may close a
      switch 233 to complete circuit to negative 42 in a circuit 232 that
      includes the agitator drive motor 321 therein. Such circuit 232 is
      indicated as having a manual or push button switch 230 therein on the
      positive side of the agitator motor 231. The disclosure of FIG. 16 is
      injected as demonstrative or special inventive combinations that evolve
      from the basic fluid flow pump, and its cycle, whereby changes, as
      demonstrated by FIG. 16, may be developed to cover the handling,
      processing and transfer onwardly of material, of various particle size,
      and for various industrial usages,
PAR  A revolved blade type level probe 422, as shown in FIGS. 17-19, may also be
      used in place of the type of level probe shown in FIG. 3, or in place of
      any other types of level probes, including any to be hereinbelow
      described. In FIGS. 17-19, the housing 422c is shown as including an
      outer, primarily switch enclosing housing section 440, which has an
      externally threaded enlarged flange 440a designed for threaded engagement
      in, and to shoulder against the outer end of the housing section 441 for
      the aforesaid level probe motor 422g. The motor housing section 441
      includes a reduced diameter, externally threaded portion 441a, on the side
      opposite the switch housing section 440, for engagement in the shell of a
      pressure vessel.
PAR  The motor 422g within the motor housing 441 therefor, is shown as having a
      positive terminal outlet 441c and a negative terminal 441d with an outlet
      fitting 441c being provided in the housing 441 through which conductors
      from both terminals may extend, and on through a common conductor cord. A
      switch box 422j for the micro-switch 422h is shown in FIG. 18 as mounted
      within the switch housing 440 by three mounting screws 440b, 440c and
      440d, which also serve, within the switch box 422j as the positive post,
      common post and negative post, respectively, of the micro-switch housing
      422j.
PAR  In FIG. 18 the switch member 422h, pivoted on the positive post 440b, is
      indicated as urged closed against the common post 440c as by a spring
      422k, and in this position the circuit 422f, FIG. 19, is open. In the
      meantime circuit through the LPM motor from the conductor 422d on positive
      side, through the motor windings, not shown, to the conductor 422e on the
      negative side, is closed and the paddle or blade 422a is rotated by the
      motor 422g.
PAR  The spring member 422k has such relation to the speed of the shaft of the
      motor, that as long as the motor rotates the blade 422a, the swing micro
      or switch member 422h stays closed against the common post 440c. However,
      the micro-switch member 422h, incorporated with a conventional toggle
      action, should be able to kick loose from contact with the neutral post
      440c, at the instant the blade or paddle 422a begins to stall or founder
      in its revolutions against material rising in the gas plenum 365. Thus the
      designed contraction of the spring 422k, as the motor shaft slows down,
      combined with the built-in toggle action also resulting in the
      micro-switch or swing member 422h, kicking over further to compress, or to
      let the spring 422k contract, results in the swing member 422h closing
      against the negative post 440d.
PAR  As has been set forth hereinabove, in pumps where level probe stoppage is
      designed as the main, and primary means for actuating fill valve closure,
      the load, or latching relay first coil 425a in the circuit 422f, is
      energized when level probe blade rotation is stopped by material, and
      circuit 422f, through switch member 422h, is completed to circuit 422f,
      therebelow, which contains the latching relay coil 425a, just adjacent to
      the negative power line 406.
PAR  In FIGS. 18 and 19, a light LG, light green, is in circuit extending from
      the common post 440c to ground, thus to stay on all the time the pressure
      vessel is filling, and to go off when the micro-switch member 422h shifts
      to the negative contact or post 440d. Also, in FIGS. 18 and 19, a light P,
      pink or purple, is in circuit extending from the negative side post 440d
      to ground, thus to stay off all the time the pressure vessel is filling,
      and to go on when the micro-switch member 422h shifts to the negative
      contact or post 440.
PAR  The diagram of FIG. 19 shows the wiring diagram to be identical with the
      circuitry described with relation to FIG. 18. Additionally the level probe
      422c may be applied in relation to the environment to various pressure
      vessel structures as in place of the level probe usage indicated in FIGS.
      1-3, inclusive. That is, the circuit 422d is indicated as being in
      parallel with the adjacent, hereinabove described circuits 430, 431, and
      432, each of which extends between the positive side connected circuit
      424a and the negative side power circuit 406, the circuit 430 containing
      the green fill light therein, the circuit 431 containing the vacuum blower
      starter therein, and the circuit 432 containing therein the solenoid
      windings for the solenoid that operates the four-way valve that directs
      instrument air to open the vacuum blower.
PAR  A form of level probe is shown in FIGS. 20 and 21 which requires less
      circuitry, and which may serve with bulk density of materials of a minimum
      of 15 pounds per cubic foot, minimum particle size of 20 mesh, with
      preferred 115 volt, 60 cycle, 15 amperes alternating current electricity.
      Such as air gap type level probe 442 is shown in FIG. 20 as comprising a
      bellows box housing 443 and a micro-switch housing 444. The micro-switch
      housing 444 includes an externally threaded, enlarged flange 444a which is
      designed for threaded engagement in, and to shoulder against the outer end
      of the bellows box housing 443. Oppositely the housing 443 has a reduced
      diameter boss 443a to shoulder against a vessel with which the level probe
      442 is to be assembled, as at a predetermined elevation above the
      diaphragm corresponding with that elevation it is desired for the material
      to rise in the vessel. A still further reduced, externally threaded,
      hollow part 443b extends concentrically from the boss 443a and through a
      bore in the pressure vessel shell and included with the shell, a lock
      washer, not shown, may be installed about the part 443b to bear against
      the inner surface of the shell, with a nut 443c, threaded upon the
      threaded part 443b to complete assembly. A rigid tube 445a is shown
      extending inwardly into the vessel through the lowermost area of the
      opening through the part 443b, and a corresponding rigid tube 445b is
      shown extending inwardly through the uppermost area of the opening through
      the part 443b, together such tubes 445a, 445b, at a predetermined distance
      within the pressure vessel from the part 443b, one spaced above the other,
      enter into the outer end or face of a receiver 446, which may be termed an
      air gap providing block or probe.
PAR  Instrument air enters through a conduit 449, passed through suitable
      adapter fitting means 454, into the interior of the bellows box housing
      443, and a reduced diameter flexible tubing 445c, which may extend as from
      a venturi tube or choke orifice provided within the adapter fitting means
      454, is passed through the interior of the housing 443, and through a
      suitable bore therein, as through the boss 443a, to continue as the
      hereinabove described tube 445a. The receiver or probe block 446 is of
      modifed, inverted U-shape in construction, to form an outer leg 446a
      through which extends the outer end portion of the tube 445a, with a
      discharge nozzle shaped nose 445d projecting slightly into the air gap 447
      provided between the probe block or receiver outer leg 446a and inner leg
      446b.
PAR  The hereinabove upper disposed tube 445b extends through the receiver or
      probe block 446 and is recurved therein to project outwardly from the
      inner leg 446b into the air gap 447. The slight projection 445c of the
      tube 446b into the air gap is disposed directly oppositely, of, or in
      co-axial extension of the nozzle 445d. Noticeably this projection is
      concave, or could be slightly flared or streamlined better to receive high
      velocity air directed thereinto across the air gap 447 from the nose or
      nozzle 445d.
PAR  Within the housing 443 is disposed the bellows box 448 which is pressurized
      slightly above atmospheric pressure around the bellows 449, the inside of
      which is in communication with the tube 445b which passes sealably through
      the bellows box 448 prior to connection therewithin to the bellows, as
      aforesaid. The outer end of the box 448 has a bellows connected contact
      point 450a passed therethrough and through an inner wall of a micro-switch
      housing or bracket 451. Within the housing 451 the end of the bellows
      connected contact point 450a confronts a housing mounted contact point
      450b that is mounted in manner to be positioned by the point 450a to close
      or let open a micro-switch, not shown, but carried by the bracket or
      housing 451.
PAR  The heads of three machine screws are seen on the forward or outer wall of
      the bracket or micro-switch housing 451, to serve as posts 452a, 452b,
      452c, which serve, respectively, for positive conductor, common, and
      neutral (or negative) conductor connections. Two conductors designated
      433a (positive), and 433 (neutral), are shown extending through a common
      outlet boss 443d, FIG. 20.
PAR  FIG. 21 shows diagrammatically the air gap type level probe with its
      several operative parts arranged in sequence of operation from the right
      to the left of the upper part of the diagram, and with the apparatus
      operative in association therewith shown in alignment therebelow.
PAR  Instrument air starts from an AIR SUPPLY, as a compressor, to pass through
      a strainer or filter F, and through a V Reg, to be fed into a pressure
      vessel to activate the material therein, and with part passing to an
      instrument air location or SOURCE, as through a small tubing to a panel
      box. From this SOURCE the instrument air, at pressure to operate the air
      gap level probe 442, passes through conduit 447 and tubing 445c, FIG. 20,
      not shown in FIG. 21, and passes out the air nozzle 445d at velocity to
      extend straight across the AIR GAP into the shaped inlet 445e of the
      RECEIVER (tube 445b through block 446). Thence the compressed air passes
      within the tube 445b, into the bellows box 448 and from the tube 445b
      enters the interior of the bellows 449. As long as the flow across the air
      gap (445d to 445c) is not interrupted, as should be the case during the
      greatest part of the fill cycle, the force of the air in the bellows 449
      is enough to keep it urged outwardly, thus to urge the stop bar 449a,
      across the outer end of the bellows 449, against the inner face of the
      outer wall of the bellows box 448.
PAR  As the bellows connected, hollow contact point or plunger rod 450a, also
      connected to the stop bar 449a, is thus urged to maximum outwardly extent,
      it forces the micro-switch bracket or housing mounted, insulated contact
      point or plunger rod 450b to urge the arm 453a of the micro-switch 453,
      pivoted on the neutral or negative post 452c, to maximum outwardly
      extents. At such maximum outwardly extent the switch arm 453a closes
      contact with the positive contact post 452a and circuit is completed, as
      from a positive side conductor 424a, through the post 452a, switch arm
      453a, post 452c, circuit 433 containing solenoid windings for operating
      fill valve opening valve operator 373, and on to the negative power line
      circuit 406. Consequently by this arrangement, the closing of circuit to
      open the fill valve can take place by level probe actuation. Alternately
      fill valve closure may be independent of level probe actuation, or in
      parallel therewith, where these operations start in parallel by the
      closing of the positive side conductor circuit 424a by the pressure
      sensitive switch 428, as the purge cycle ends.
PAR  Now, as the material rises in the materials plenum of the pressure vessel,
      if in size above the minimum particle size necessary to interrupt the AIR
      GAP, the intensity of the air blast across the AIR GAP that enters the
      inlet 445e into the tube or passage 445b will be diminished so that the
      pressure within the bellows 449 drops off, while the air pressure upon the
      exterior of the bellows within the bellows box 448 remains unaffected. As
      a consequence the bellows is contracted, so the contact point or plunger
      450a may retract. The bellows 449 when under the uninterrupted blast of
      AIR GAP crossing air, has urged the switch arm 453a to close circuit
      against the positive contact post 452a, and against the pull of a spring
      453b. Then, as the hollow plunger 450a retracts, the plunger 450b at first
      follows it inwardly, as the spring draws the arm 453a out of contact with
      the positive post 452a until the switch arm 453a contacts the common post
      452b as a stop collar 453 c on the plunger 450b contacts the inner surface
      of the wall of the switch housing 453.
PAR  As the circuit 433a, 433, is thus broken, the solenoid windings 433 are
      de-energized to switch the four-way valve handle 90.degree. to the right
      in FIG. 21, thus to place instrument air conduit 408b in communication
      with the conduit 373c, to the outer end of cylinder of the fill valve
      operator 373, thus to close the FILL VALVE. The fill valve operator
      cylinder, under the pistion 373a, can evacuate through the conduit 373b
      and exhaust through the FOUR-WAY VALVE. Note that in regard to FOUR-WAY
      VALVE operation, a symbolical designation indicates that the solenoid
      armature for the solenoid windings 433 is operatively connected to the
      handle of the FOUR-WAY VALVE.
PAR  A feature to be noted in FIG. 21 is an O-ring seal 448a, at the inner end
      of the bellows block 448, around the receiver or air gap air conduit 445b,
      thus to keep the air within the bellows box 448 from leaking out, whereby
      the bellows 449 remains under a constant predetermined pressure above
      atmospheric. It is also a feature for observation that the contact point
      or plunger 450a is hollow and communicates with the interior of the
      bellows 449, and that when the bellows contracts and the outer end of the
      plunger 450a disengages contact with the plunger 450b, the bellows 449 may
      purge itself of any impurities brought in with the air that has first
      blown across the material first rising into the AIR GAP.
PAR  It is pointed out, that this type of level probe, which is generally
      subject to usage under conditions set forth hereinabove, but not limited
      to such usages, may be employed for fail safe or safe guarding fill valve
      closure, as well as for the primary purpose of closing the fill valve.
PAR  Also, returning now to the basic circuitry of FIG. 2, as modified for
      better wiring practice by shifting the latching relay coils and switches
      toward the "hot" or positive side of the circuitry without in any way
      changing function, various minor modifications of wiring may be made,
      whereon the demands of usage may call for a change in the means or factor
      controlling any special cyclic step in the basic fluid flow pump cycle, or
      in any of the more involved cycles which include the fluid flow pump basic
      cyclic steps.
PAR  Considering FIG. 22, a timer circuit 475 is shown in parallel with the
      circuit 57a, conventionally having a switch 64, closed by timer after the
      latching relay 52 shifts right at the end of the filling and fill valve
      closing cycle. This circuit 475 is indicated as closing a switch 476 at a
      predetermined time after the activating air valve opening is actuated by
      energization of the solenoid windings 59, thus the switch takes the place
      of the pressure sensitive switch 69, FIG. 2, in circuit 57e, 57d, and
      actuates the opening of the discharge valve by energizing the solenoid
      windings 65 to actuate the opening of the discharge valve, not as a
      function of pressure, but as a FUNCTION OF TIME, controlling the period of
      activation.
PAR  Now considering FIG. 23, the switch 73 is circuit 72b (that closes when the
      pressure in the pressure vessel, under discharge, drops to say 18 p.s.i.,
      to introduce the purge cycle), is shown as having, in circuit 72b, a
      switch 477 substituted therefor that is closed by actuation of a timer
      circuit 478 in series with the switch 70 in the circuit 52f, and set
      operative at the same time the solenoid winding 65 is energized to actuate
      opening of the discharge. Thus by this means the discharge cycle duration
      is controlled, not as a function of pressure, but as a FUNCTION OF TIME.
PAR  Referring now to FIG. 24, the opening of the fill valve, at the end of the
      purge cycle, is shown obtained by the injection of a timer circuit 479 in
      the circuit 45b which contains the first latching relay switch 56a therein
      which is closed when the latching relay 52 shifts right, beginning the
      purge cycle. At this point the pressure sensitive switch 51b closes as the
      pressure vessel pressure has fallen, say below 18 p.s.i., and circuit is
      completed from positive to negative side, by way of circuit 45a, 45b, with
      the re-latched relay switch 56a and the timer circuit 479 therein, and
      thence via circuit 55, with the now closed pressure switch 51 and purge
      light 54 therein, to the negative power line circuit 42. The timer circuit
      479 thus can be set to time out before the purge light circuit switch 51b
      opens, at say 0.5 p.s.i pressure vessel pressure, and thus closes a switch
      480, (substituted in the circuit 45c for the pressur sensitive switch
      51a), to carry circuit to parallel circuits, one including the solenoid
      windings 47 that actuate the closing of the fill valve. Thus the closing
      of the fill valve can be controlled, not as a function of pressure (by
      switch 51a), but as a FUNCTION OF TIME.
PAR  In FIG. 25 an arrangement is shown whereby the normally open pressure
      sensitive switch 69 that closes the circuit 57e, 57d, to start the
      discharge cycle, is replaced by a pressure sensitive switch 481 operative
      by a pressure fluid signal from the control chamber of a load cell 240.
      The conduit 287 that transmits the signal thus extends from the load cell
      to the panel box, where the control circuitry is located. The pressure
      switch 481 is set to close responsive to the intensity of a signal that
      reflects full batch weight plus the additional small fraction of weight
      above batch weight that is representative of the weight of air or gas that
      is required to pressurize the batch weight for discharge. The closure of
      the circuit 57e, 481, 57d, results in the energization of the solenoid
      windings 65 that actuates the opening of the discharge valve. As occurs
      conventionally, the control or latching in relay 68 latches in the
      discharge cycle by closing the switch 70 in the circuit 57f, so that when
      the intensity of the signal in the conduit 287 drops off as discharge
      begins, the discharge valve remains opened, as aforesaid. Thus the
      discharge cycle may be controlled, not as a function of pressure, but as a
      FUNCTION OF WEIGHT.
PAR  Also, the fluid pressure signal responsive to net weight effective in a
      load cell 240 may be employed, as shown in FIG. 26, to let a pressure
      sensitive switch 482, (that is substituted in place of the pressure
      sensitive switch 73, shown in FIG. 2), close as the weight of load cell
      affecting material and activating air drops under discharge to a
      predetermined amount. As the switch 482 closes to close circuit 72b, 72a,
      (the switch 74 having previously been closed by the control or latching in
      relay 68), the second latching relay coil 52b is energized to open the
      latching switch 56b, whereby the discharge and activating air valve close,
      and the purge valve opens. Thus the discharge cycle, with the circuitry
      just disclosed, is not controlled as a function of pressure, but as a
      FUNCTION OF WEIGHT.
PAR  In FIG. 27, a load cell 240 is shown with conduit 287 extending to the
      position of a pressure sensitive switch 483 that takes the place of the
      normally closed pressure sensitive switch 51a, that opens after the fill
      cycle and stays open until the pressure in the pressure vessel drops to
      say 0.5 p.s.i., or to substantially atmospheric pressure at the end of the
      purge cycle. The intensity of the pressure fluid signal from the load cell
      control chamber bearing against the pressure sensitive switch 483,
      diminishes during the discharge and purge cycles. When the second or left
      latching relay coil 52b has been energized at the start of the purge
      cycle, to shift right and unlatch the left or second latching relay switch
      56b, the first or right latching relay switch 56a has been latched, so
      during the purge cycle circuit has been completed through the circuit 45a,
      45b, and 55, (with switch 51b closed at pressures above say 0.5 p.s.i. and
      purge light 54 therein) to the negative main power line circuit 42. Then,
      at the end of the purge cycle, as the pressure in the pressure vessel
      drops to say 0.5 p.s.i. or substantially atmospheric, the intensity of the
      weight responsive pressure fluid signal imparted to the newly substituted,
      pressure sensitive switch 483, diminishes, as the batch load is
      substantially all transferred on down the discharge line. Thus the switch
      483 is permitted to close whereby circuit is completed through the
      solenoid windings 46 to actuate the opening of the fill valve.
      Consequently by this substitution, the opening of the fill valve cannot be
      said to result as a function of pressure, but as a FUNCTION OF WEIGHT.
PAR  As indicated in FIG. 27, a branch conduit 287a may extend from a tee 287b
      in the load cell signal conduit 287, to the switch 46a in the circuit 55a
      that includes the latching relay first or right coil 52a that is energized
      at the end of the fill cycle. Thus this switch may be converted from a
      switch 46a that closes at the end of a time cycle as originally indicated
      in FIG. 2, to a switch 482 that closes when the intensity of the load cell
      weight signal builds up to that commensurate with the predetermined batch
      weight that is to be deposited within the pressure vessel before the fill
      valve is closed. By this means the closing of the fill valve can be said
      to be converted to a closure effected not as a function of time, but to a
      closure effected as a FUNCTION OF WEIGHT.
PAR  FIG. 28 is a circuit diagram indicative of the use of the valve operator
      23, FIG. 1, as a means of closing circuit resulting in opening the
      activating valve 26 assuredly not before full closure of the fill valve
      18. This feature has been hereinabove described as for instance, as
      applicable to the closure of the vacuum filled pump fill valve, FIGS. 19
      and 20, but this feature can be employed to close circuit leading to the
      opening of the compressed air or activating gas inlet valve in any form of
      fluid flow pump structure. In the particular form shown in FIG. 37 it is
      indicated that a delay may be desired, even after the fill valve has been
      fully closed.
PAR  As shown in FIG. 28, the piston rod for the piston 23a of the valve
      operator 23 that closes the fill valve, is shown as having a forward
      extension 484 thereon that passes sealably through the outer end of the
      valve operator cylinder. Outwardly of the outer end of the cylinder, an
      insulative closure cam 485 is attached to piston rod extension 484 in a
      precalculated location. Thus, when the piston rod extension 484 is in fill
      valve closed position, the cam 485 will have urged the switch arm 486 to
      close a circuit 487 that is shown in FIG. 28 as including a timer 488 in
      series therein. In this case the circuit 487 is in parallel with a circuit
      57a, 59, FIG. 2, which includes the timer actuated switch 64 therein, and
      the solenoid windings 59 of the solenoid 60 which actuates the opening of
      the compressed air or gas inlet or activating valve 26, FIG. 1.
      Optionally, the limit switch LSI may be in series circuit with the
      solenoid windings 59, as indicated in dotted lines in FIG. 2, such
      arrangement being employed when it may not be desired to impose a further
      time delay after fill valve closure, before actuating the opening of the
      air valve 26. This feature is indicated in FIG. 28 by dotted lines that
      would place the limit switch LSI in series with the second latching switch
      56b of the latching relay 52, such switch 56b being closed by operation of
      the first latching relay coil 52a at the end of the fill cycle. Under any
      arrangement the assurance that the fill valve is fully closed before
      actuation of the air or activating valve opening is first a FUNCTION OF
      LIMIT SWITCH POSITION AT FILL VALVE CLOSURE.
PAR  Referring finally to FIG. 29, a normally open switch 490, which may be of
      the vibrated paddle, air gap, revolved blade or any other type of level
      probe types, is shown in the circuit 55a in series with the first relay
      coil 52a of the latching relay 52. Thus when the level of material in any
      type of fluid flow pump reaches level probe or sensor level during the
      fill cycle, as the level probe means of sensing is interrupted by
      material, the switch 490 closes to close the circuit 55a.
PAR  Upon closure of the circuit 55a the first latching relay coil 52a is
      energized to unlatch, open or break open the circuit 45b containing the
      first or right latching relay latch switch 56a, thus to break circuit
      through the solenoid windings 47 which, when deenergized, actuate the
      closing of the fill valve 18. When the level probe is relied upon solely
      to cause fill valve closure, the arrangement is as indicated in the
      circuit 55a, FIG. 28. If a level probe is to serve as an alternative
      feature, or as a fail safe or safeguarding feature for assuring fill valve
      closure, then a circuit 55b in parallel with the level probe, may contain
      another means of setting in motion fill valve closure may be employed, as
      the switch 46a closed by the timing out of the timer 46, FIG. 2.
PAR  The improvements claimed are all predicated on the original fluid flow pump
      apparatus and cycle circuitry, with the invention herein disclosed being
      predicated on various novel re-arrangements of circuitry, especially the
      service of a new load cell in various combinations of usage, with the load
      cell also being claimed per se as a sub-combination invention. Especially
      the inventions disclose a unique method and apparatus for suspending
      various modifications of the basic fluid flow pump upon a load cell
      whereby access to all associated parts is more readily obtained. The
      application is completed by the appended claims, not submitted in undue
      multiplicity, but to cover the various patentably distinct combinations
      entailed is this comprehensive disclosure of a wide range of improvements.
CLMS
STM  I claim:
NUM  1.
PAR  1. Material transporting apparatus comprising a pressure vessel including a
      gas permeable diaphragm bridging the lower part of said vessel above the
      bottom thereof and dividing it into a material plenum thereabove and a gas
      plenum therebelow, a fill valve controlled inlet conduit to admit flowable
      material through the top of said vessel into said material plenum to
      upstand from said diaphragm, vacuum valve means controlling vacuum line
      communication between the pressure vessel below the diaphragm and the
      suction side of a vacuum pump, thus to apply vacuum pull through said
      diaphragm to draw in material from a supply source through an open fill
      valve in said pressure vessel into said material plenum, air valve means
      communicating into said pressure vessel below said diaphragm to break the
      vacuum most briefly at briefly spaced apart intervals, a valve controlled,
      pressurized gas conduit into said gas plenum, a discharge valve controlled
      discharge conduit from said plenum, a purge valve controlled by-pass
      conduit with purge valve disposed in communication with the upper part of
      said material plenum and to connect into said discharge conduit downstream
      of said discharge valve, automatically operable means including circuitry
      sequentially operable to open said fill valve, to open said vacuum valve
      means, interruptedly to open said air valve means, to close said fill
      valve means, and said purge valve, also said vacuum valve means, and said
      air valve means, to open said pressurized gas valve, to open said
      discharge valve whereby gas pressurized materials are discharged through
      said discharge conduit, then to start a following handling of a batch of
      material said circuitry being operable to close said discharge valve, and
      to open said purge valve, later to open said fill valve and said vacuum
      valve means and said air valve means.
NUM  2.
PAR  2. Material transporting apparatus as claimed in claim 1, in which said gas
      plenum is divided into at least two sections, and in which said vacuum
      valve means and said air valve means each include a respective valve
      communicating with a respective section, and in which said circuitry
      includes time delay relay means controlling respective vacuum valve
      opening and closing and air valve interruption.
NUM  3.
PAR  3. Material transporting apparatus as claimed in claim 1, in which said
      automatically operable means includes a valve operator for operating said
      fill valve, and in which said circuitry includes at least one of a timer
      means and a limit switch to actuate the opening of said pressurized gas
      conduit.
NUM  4.
PAR  4. Material transporting apparatus as claimed in claim 1, in which said
      circuitry includes level probe means immobilized by material interruption
      of at least one of vibration of a frequency sensitive paddle, the passage
      of pressurized fluid across an air gap, and the revolution of a revolved
      blade.
NUM  5.
PAR  5. Material transporting means as claimed in claim 1, in which said fill
      valve is closed by at least one of a signal emanated by a load cell, a
      circuitry included manometer switch, and a timer means.
NUM  6.
PAR  6. Material transporting means as claimed in claim 1, in which said
      circuitry provides at least one of timer means and a limit switch closed
      upon fill valve closure, to actuate the opening of said gas conduit valve.
NUM  7.
PAR  7. Material transporting means as claimed in claim 1, in which said fill
      valve controlled, inlet conduit is subjected to the pull vacuum downwardly
      through said perforate diaphragm to draw fill material into said pressure
      vessel, and in which the pull of vacuum is broken at intervals lasting
      only a fraction of vacuum pull interval.
NUM  8.
PAR  8. Material transporting apparatus as claimed in claim 1, in which said
      fill valve is closed by at least one of a vibrated paddle, rotated paddle,
      and air gap level probe interruption.
NUM  9.
PAR  9. Material transporting apparatus as claimed in claim 1, in which said
      fill valve is closed by at least one of a vibrated paddle, rotated paddle,
      and air gap level probe interruption.
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ABST
PAL  Apparatus for continuous feeding of granular material with sharp corners to
      a conveyor pipe line through which a compressed-gas carrier flows,
      includes a vertical cylindrical chamber with a bottom having a central
      discharge opening connecting with the pipe line and a top having a
      charging inlet for the material, means in the chamber at different levels
      acting to alternately lift and release successive portions of the material
      preventing the grains from interlocking and forming clumps due to their
      sharp corners. Also, means are provided for feeding the material to the
      discharge opening into the pipe line and stirring it while feeding through
      this opening. Other features are included.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  To convey granular material with sharp corners through a pipe line via a
      compressed-gas carrier, requires the material to be fed to the gas stream
      as discrete granules through a relatively small opening, for metering,
      which can be blocked if the fed material becomes entangled or lumpy. Such
      trouble is inherent in the case of granular material having sharp corners,
      the sharp corners causing the granules to interlock. Such blockage
      prevents continuous uniform feeding of the material into the gas stream
      carrier flowing through the conveyor pipe line.
PAR  Such granules particularly tend to form lumps when compressed together as
      they must be to force them into the conveyor pipe line, as by providing a
      supply of the granular material above the pipe line for gravity feeding.
PAR  A supply of such granular material with the granules flowing freely,
      carried by the compressed-gas carrier, is desirable for various purposes,
      such as use in connection with sand-blasting techniques. For example,
      contaminated surfaces of nuclear reactor components may be cleaned by this
      technique, using sharp cornered granules of B.sub.2 O.sub.3, the lumping
      problem described above being in this instance complicated by the fact
      that such granules are hydroscopic, increasing the tendency for the
      granules to clump together and form lumps which cannot be continuously fed
      into a compressed-gas carrier flowing through a conveyor pipe line.
      However, other materials also cause trouble, examples being sharp cornered
      granules of boron carbide, carborundum, quartz and metallic particles such
      as chips resulting from machining operations.
PAR  The object of the present invention is to provide an apparatus for
      satisfactorily feeding such granular material into a gas-carrier stream
      flowing through a conveyor pipe line.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention the above object is attained by an
      apparatus comprising a vertical cylindrical chamber with a bottom having a
      central discharge opening connecting with the pipe line and a top having a
      charging inlet for the material. This chamber when charged with the
      material provides a supply for continuous feeding, this material being, of
      course, granular material having sharp corners and inherently tending to
      clump or form lumps capable of blocking the discharge opening which must
      be relatively small as required to provide a properly metered flow of
      material into the gas stream.
PAR  A number of blades positioned at different levels inside of the chamber
      rotate in horizontal planes about an axis concentric with respect to the
      chamber. At the different levels these blades may have different lengths
      but at least some of them should extend close to the inside wall of the
      chamber. These blades have upper surfaces which are inclined with respect
      to their rotative direction so that they provide a means in the chamber at
      the different levels therein, for alternately lifting and releasing
      successive portions of the material in the chamber. Both vertical and
      rotative outward agitation is involved, this positively preventing the
      granules from interlocking together or otherwise forming clumps or lumps
      which cannot flow gravitationally through the bottom discharge opening
      into the pipe line.
PAR  Furthermore, the discharge opening itself is provided with a vertical
      spindle which extends through the opening and into the pipe line, this
      spindle having vertically extending ribs and when rotated, continuously
      stirring the flow of discrete granules through the discharge opening,
      preventing any tendency to form small lumps or clumps while the material
      flows through the discharge opening.
PAR  To assure a proper feed of the material to the discharge opening, rotative
      blades, also rotating in horizontal planes about an axis concentric to the
      chamber wall, are positioned close to the chamber's bottom, these blades
      being formed as a single level, such as by comprising blades radiating in
      the same level, and their leading sides are shaped to force the granules
      towards the discharge opening.
PAR  The pressure in the chamber is equalized with that of the compressed-gas
      carrier in the conveyor pipe line by a branch pipe connecting with the
      conveyor pipe line upstream from the discharge opening through which the
      carrier material flows, and also connecting with the upper portion of the
      chamber. The charging inlet of the chamber may be fashioned as a
      upstanding tube which when containing the granular material is adequate to
      block the escape of the compressed gas through the inlet.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawing provides a single view, partly in vertical section
      and partly in elevation, and illustrates the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Having reference to the above drawing, the vertical cylindrical chamber 1
      is firmly mounted by support legs 2 above the conveyor pipe line 3 through
      which the stream of compressed-gas carrier flows from right to left. The
      top of this chamber has the vertical upstanding charging inlet 4 reaching
      high enough so that when charged with the material the escape of the
      carrier gas is prevented. The top of the chamber 1 also mounts a
      heavy-duty bearing assembly 5 and electric motors 6 and 7 for driving the
      rotative components within the chamber. For this purpose, a solid shaft 8
      is concentrically extended down through the chamber with its top
      projecting above the chamber's top and belt driven by the motor 7. Also, a
      tubular shaft 9 encircles the solid shaft 8 with its upper end likewise
      extending upwardly to the top of the chamber and belt driven by the motor
      6. The heavy bearing assembly 5 supports the two shafts in cantilever
      fashion.
PAR  The blades 10 are shown as radiating from and carried by the tubular shaft
      9. The lower one of these blades is spaced above the bottom of the chamber
      1, the blades forming a series which extends upwardly in the form of sets
      of diametrically extending blades, the series of blades, starting at the
      top and bottom ones, having lengths first reaching out to almost but not
      quite touch the inside of the cylindrical wall of the chamber 1 and
      progressively decreasing in length until at the vertical center of the
      series the blade tips are spaced a substantial distance from the inside of
      this chamber wall.
PAR  Relative to the direction the blades are driven by the motor 6, each blade
      has a sharp leading edge and an upper surface 10a which inclines so as to
      lift up the material in the chamber 1 as the blade passes through this
      material. Each lifted portion of material falls after being lifted by the
      blade. Each blade may comprise a vane which is twisted appropriately to
      provide the lifting effect. Some rotative stirring and outward thrusting
      of the material is involved but the action most effective is the
      successively occurring alternate lifting and falling of the portions of
      the material successively worked on by the rotating blades. Each blade
      effects an action alternating lifting and releasing successive portions of
      the material. It is in this way that the material charged in the chamber
      is kept in a flowable condition in spite of its inherent tendency to clump
      or bunch and otherwise interlock to prevent it flowing.
PAR  The discharge opening 11 which connects with the inside of the top of the
      pipe line 3 is concentrically located in the bottom chamber 1. The bottom
      end of the tubular shaft 9, also concentric with the chamber, terminates
      shortly above the bottom of the chamber to leave a space through which the
      material may pass to feed through the discharge opening 11, and this
      bottom end is provided with blades 10b which have no material upwardly
      lifting effect, but, instead, have leading faces shaped so that with
      rotating they feed the material forcibly to the upper end of the opening
      11.
PAR  To prevent clumping or bunching and to safely maintain a free flow of the
      material through the opening 11, the lower end of the shaft 8 mounts the
      vertical spindle 11a which extends through this opening 11 and downwardly
      for a substantial distance within the pipe line 3. This spindle 11a is
      provided with vertical ribs 11b throughout its length which engage and
      continuously stir the material flow through the opening 11 and into the
      pipe line 3.
PAR  In the above fashion the free flowing granular material comprising the
      sharp cornered granules, is not only kept free from bunching or clumping
      within the chamber 1 to provide a free flowing supply for continuous
      feeding, but the granules are also kept in this condition while flowing
      through the opening 11 and being dispersed within the compressed-gas
      carrier flowing through the pipe line 3.
PAR  A supply bin 12 for the material is shown above the apparatus of the
      present invention and in which a supply of the material may be maintained.
      The drawing shows the parts of the present invention substantially
      accurately to scale relative to each other but the bin 12 may be of larger
      dimensions than indicated rather schematically by the drawing. When
      feeding hydroscopic material such as the B.sub.2 O.sub.3 granules, this
      bin may be supplied with a device 13 for drying or keeping dry the
      material in the bin, such as by absorbing any water from the material.
      There are many well-known devices suitable for this purpose. For example,
      the device may be of the prior art molecular sieve type which absorbs the
      moisture and which when saturated with the moisture can regenerate by
      heating, normally effected electrically under the control of temperature
      and timing devices automating the servicing required.
PAR  The motors 6 and 7 may be of the type incorporating reduction gearing. The
      apparatus shown with the parts accurately scaled relative to each other in
      the drawing, has been actually reduced to practice. In this instance the
      chamber 1 was 700 mm high, the material handled being the B.sub.2 O.sub.3
      sharp cornered granules fed to the gas stream carrier and carried along
      thereby in the conveyor pipe line 3 for possible use for working off
      contaminated surfaces of nuclear reactor components by sand blasting
      techniques.
PAR  The blades 10 and 10b were driven by the motor 6 to obtain blade rotating
      speeds in the order of 65 rpm, while the spindle 11a was driven by the
      motor 7 to obtain rotative speeds varying from 8 to 160 rpm. The granules
      were continuously fed into the compressed gas carrier stream as discrete
      particles which were carried along as such by the carrier gas stream.
PAR  To prevent the gas pressure in the conveyor pipe line 3 from resisting the
      downward flow of the material through the discharge opening 11, on the
      upstream side of this opening a branch pipe line 15 interconnects the
      conveyor pipe line 3 and the upper portion of the chamber 1, thus
      equalizing the gas pressures within the chamber 1 and in the pipe line 3.
      This means that the chamber 1 operates under the carrier gas pressure and
      must be designed accordingly as required to resist this pressure. The
      charging inlet 4 may be made high enough to provide a column of charging
      material of enough weight to overcome the internal pressure within the
      chamber 1. If this is not done, the supply bin 12 must perform this
      function or be provided itself with compressed gas.
PAR  Throughout the foregoing, the carrier material has been described as
      compressed gas. Normally this would be compressed air flowing through the
      conveyor pipe line 3 at high enough velocity to carry along the discrete
      granules fed by the apparatus into the pipe line 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for continuously feeding granular material having sharp
      corners to a conveyor pipe line through which a compressed gas stream
      carrier flows, said apparatus comprising a vertical cylindrical chamber
      with a bottom having a central discharge opening connecting with said pipe
      line and a top having a charging inlet for said material, and means in
      said chamber for at different levels therein alternately lifting and
      releasing successive portions of said material therein, the first-named
      means comprising rotative blades positioned at said different levels and
      having upper surfaces which are inclined with respect to the rotative
      direction of said blades, the apparatus including a bottom blade in the
      bottom of said chamber and which is rotative concentrically with respect
      to said discharge opening and having side surfaces shaped with respect to
      this bottom blade's rotative direction to feed said material to said
      discharge opening, said apparatus having means for stirring said material
      while it feeds through said discharge opening into said pipe line, said
      stirring means comprising a rotative vertical spindle having vertical ribs
      and extending through said discharge opening and into said pipe line, said
      spindle connecting with a vertical drive shaft extending upwardly and
      concentrically through said chamber and its top, and said blades being
      mounted by a tubular shaft encircling said drive shaft and also extending
      upwardly through said chamber and its top, said shafts extending above
      said chamber's top, for rotative driving thereof.
NUM  2.
PAR  2. The apparatus of claim 1 including means for interconnecting said
      conveyor pipe line and the upper portion of said chamber to equalize the
      gas pressure in said line and chamber, said charging inlet being tubular
      and extending upwardly so that when filled with said material the escape
      of said gas therethrough is at least to some extent blocked by said
      material.
PATN
WKU  039375234
SRC  5
APN  5284759
APT  1
ART  315
APD  19741129
TTL  Proportioning brake control device with bypass
ISD  19760210
NCL  31
ECL  1
EXA  Butler; Douglas C.
EXP  Blix; Trygve M.
NDR  2
NFG  4
INVT
NAM  Ayers, Jr.; David T.
CTY  Birmingham
STA  MI
INVT
NAM  Doerfler; Roger E.
CTY  Detroit
STA  MI
INVT
NAM  Stelzer; William
CTY  Milford
STA  MI
ASSG
NAM  Kelsey-Hayes Company
CTY  Romulus
STA  MI
COD  02
RLAP
COD  71
APN  393132
APD  19730830
PSC  03
CLAS
OCL  303  6C
XCL  188349
EDF  2
ICL  B60T 1300
FSC  303
FSS  6 C;6 R;84
FSC  188
FSS  349;151 A
FSC  137
FSS  110
UREF
PNO  3314235
ISD  19670400
NAM  Stelzer
XCL  303  6C
UREF
PNO  3480333
ISD  19691100
NAM  Stelzer
OCL  303  6C
UREF
PNO  3586384
ISD  19710600
NAM  Falk
OCL  303  6C
UREF
PNO  3695730
ISD  19721000
NAM  Ayers, Jr.
OCL  303  6C
UREF
PNO  3708211
ISD  19730100
NAM  Bueler
OCL  303  6C
UREF
PNO  3727987
ISD  19730400
NAM  Shellhause
OCL  303  6C
UREF
PNO  3737603
ISD  19730600
NAM  Kish et al.
XCL  303  6C
UREF
PNO  3768869
ISD  19731000
NAM  Bueler et al.
OCL  303  6C
UREF
PNO  3817584
ISD  19740600
NAM  Huston et al.
OCL  303  6C
ABST
PAL  A device for varying the proportion of brake pressure delivered to the
      front and rear brakes of a vehicle, and including a differential area
      piston for decreasing the proportion delivered to the rear brakes between
      the first and second inlet pressures, and an additional valve assembly
      actuatable in response to a predetermined pressure differential between
      the fluid pressure delivered to the piston and the fluid pressure
      delivered thereby to the rear brakes so as to establish a decreasing
      pressure differential between the pressure delivered to the front and rear
      brakes.
PARN
PAC  CROSS REFERENCE TO RELATED PATENTS
PAR  This is a continuation of application Ser. No. 393,132, filed Aug. 30,
      1973, now abandoned.
BSUM
PAR  Present invention is related generally to the invention disclosed in U.S.
      Pat. No. 3,695,730, issued Oct. 3, 1972, and assigned to the assignee of
      this application.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  1. The field of the invention
PAR  Proportioning devices for vehicle hydraulic brake systems.
PAR  2. Description of the Prior Art
PAR  It is well known that the proportion of a vehicle's weight that is borne by
      the front and rear wheels of the vehicle changes as the vehicle is braked.
      In particular, during the braking operation, the weight borne by the rear
      wheels of a vehicle decreases while the weight borne by the front wheels
      increases. The change in weight is dependent upon the magnitude of the
      deceleration of the vehicle, and in recognition of this phenomena, various
      proportioning devices or valves have heretofore been proposed that are
      responsive to master cylinder outlet pressure and which serve to limit the
      brake pressure applied to the rear wheels upon attainment of a
      predetermined master cylinder outlet pressure. In the event of a front
      line failure or extreme brake fade at the rear wheels, it has also
      heretofore been proposed to bypass the proportioning device so that the
      brake pressure delivered to the brakes at the rear wheels is not in any
      way inhibited, thus assuring that the rear brakes have adequate line
      pressure to stop the vehicle.
PAR  In the design of vehicular brake systems, the front and rear brake systems
      are designed to reach a point of lock-up at some predetermined pressure
      ratio. In the case where a vehicle brake system incorporates disc-type
      brakes on the front wheels and drum brakes on the rear wheels, a typical
      "lock-up" point might be approximately 1200 PSI at the front brakes and
      approximately 800 PSI at the rear brakes. Due to the difference in fade
      characteristics between disc and drum type brakes (drum type brakes
      tending to fade at a considerably faster rate than disc brakes), under
      prolonged braking conditions which result in brake fade, the fluid
      pressure at which the rear brakes will lock up is considerably greater
      than the fluid pressure at which the front wheel disc brakes will lock up
      under the same braking conditions. Consequently, it is desirable that a
      decreasing offset or pressure differential between the pressures delivered
      to the front and rear brakes is established above the normal pressure at
      which the proportioning valve performs its proportioning or fluid
      modulation operation, whereby to achieve, at a predetermined rate,
      equalization of the fluid pressure delivered to the front and rear brakes.
      It is accordingly a general object of the present invention to provide a
      new, improved proportioning device which is adapted to be inserted between
      the master cylinder and a rear brake cylinder of a vehicular braking
      system for controlling the brake pressure applied to the rear wheels above
      a first predetermined master cylinder outlet pressure, and additional
      means is provided for controlling the pressure differential between the
      pressures delivered to the front and rear brakes above a second
      predetermined brake fluid inlet pressure, whereby to accommodate for the
      differential fade characteristics between the front and rear brakes of the
      vehicle.
PAR  It is another object of the present invention to provide a new and improved
      proportioning device, as above described, that may be operatively
      associated with a bypass valve arrangement which functions to communicate
      master cylinder pressure directly to the rear brake cylinders in the event
      of a failure of the front brakes of the associated vehicle.
PAR  It is another object of the present invention to provide a new and improved
      proportioning device, as above described, that is adapted to utilize
      readily available components, which is simple in operation and will have a
      long and effective operational life.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of a proportioning device according to the
      principles of the present invention;
PAR  FIG. 2 is a view similar to FIG. 1 and illustrates a slightly modified
      embodiment of the present invention;
PAR  FIG. 3 is a graph illustrating the proportioning of the brake pressure to
      the front and rear wheels provided by the devices shown in FIGS. 1 and 2;
      and
PAR  FIG. 4 is an enlarged fragmentary view of a portion of the proportioning
      device shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the drawings and in particular to FIG. 1
      thereof, a brake control device 10, in accordance with one preferred
      embodiment of the present invention, is shown generally in operative
      association with a dual master brake cylinder 12 of an associated
      vehicular brake system, the master cylinder 12 being actuable in a
      conventional manner by means of a suitable foot-operated brake pedal 14.
      The master cylinder 12 is connected to the control device 10 by means of
      supply conduits 16 and 18 which are communicable in the manner hereafter
      to be described with the housing 20 of the control device 10. The
      associated brake system includes a pair of rear wheel drum brake
      cylinders, representatively designated by the numeral 22, which are
      communicable via conduit 24 with the housing 20. Additionally, the brake
      system includes a pair of front wheel brake cylinders, generally
      designated by the numeral 26, which are typically of the disc type and are
      communicable with the housing 20 by means of suitable conduits 28. In
      order to accommodate for the braking pressure required to actuate the disc
      brakes at the front wheels of the vehicle and the drum brakes at the rear
      wheels of the vehicle, the control device 10 may be provided with a
      metering valve assembly, representatively designated by the numeral 30,
      and which is preferably of the construction and operation of the metering
      valve shown in U.S. Pat. No. 3,480,333, issued Nov. 25, 1969, and assigned
      to the assignee of this application, which patent is incorporated by
      reference in the descriptive portion of this specification.
PAR  Referring now in detail to the control device 10, as shown in FIG. 1, the
      housing 20 is provided with an elongated longitudinally extending bore,
      generally designated by the numeral 32 and communicable at the opposite
      ends thereof with the conduits 24, 26. The bore 32 is also communicable
      via lateral fluid passages 34 and 36 with the conduit 16 and 18 and hence
      with the master cylinder 12. Disposed within the bore 32 is a detent
      member, generally designated by the numeral 38, that is disposed
      interjacent a pair of longitudinally slidable piston members 40 and 42 and
      is cooperable with an electrical indicating switch 44. As described in the
      aforementioned U.S. Pat. No. 3,480,333, the switch 44 is operable to
      provide an indication of a failure in either the front or rear brake
      systems of the associated vehicle which results in a differential pressure
      condition within the bore 32 at the opposite ends of the pistons 40, 42.
      In the event of a failure of either of the brake systems, the detent
      member 38 will be biased longitudinally within the bore 32, resulting in
      actuation of the electrical switch 44, as described in detail in the
      aforementioned U.S. Pat. No. 3,480,333.
PAR  The brake control device 10 includes a proportioning valve assembly,
      generally designated by the numeral 46, which is disposed within a
      proportioning valve chamber 47 arranged at generally right angles to the
      axis of the bore 32. The valve assembly 46 is preferably of a construction
      and operation similar to the proportioning valve shown in U.S. Pat. No.
      3,423,936, issued Jan. 28, 1969, and assigned to the assignee of this
      application, which patent is also incorporated by reference in the
      descriptive portion of this specification. While a detailed understanding
      of the operation and construction of the proportioning valve assembly 46
      can be obtained from the aforementioned U.S. Pat. No. 3,423,936, briefly,
      the valve assembly 46 is constructed and operates as follows.
PAR  As shown in FIG. 1, the chamber 47 is communicable via an upwardly inclined
      fluid flow passage 48 with a counterbore 50 formed around the interior of
      the bore 32, which counterbore 50 communicates the inlet passage 34 with
      the passage 48. The upper end of the chamber 47 is communicable via an
      upwardly extending fluid flow passage 52 with another counterbore 54
      formed around the interior of the bore 32. Disposed interiorly of the
      chamber 47 is a generally vertically reciprocable piston member 56 which
      is acted upon by means of a helical coil spring 58 that extends around the
      piston 56. A fluid seal 60 is disposed circumjacent the lower end of the
      piston 56, while the upper end thereof is provided with a valve head 62
      which is cooperable with an annular valve member 64 disposed within the
      upper end of the chamber 47. The proportioning valve assembly 46 normally
      provides a fluid path between the passages 48 and 52 until the fluid
      pressure delivered to the housing 20 from the master cylinder 12 attains a
      predetermined level. At that time, the valve head 62 will close against
      the valve member 64. The level of pressure at which this occurs is
      dependent upon the force of the spring 58 compared to the effective areas
      of the piston 56 acted upon by the pressure in the passage 48 and the
      pressure in the passage 52. During the lower ranges of applied brake
      effort, the pressures acting on the piston produce a downward force on the
      piston 56 which is insufficient to overcome the force of the spring 58;
      however, as the pressures increase, the valve head 62 will close against
      the valve member 64. After the valve head thus closes, the fluid pressure
      in the passage 48 will be increased by the master cylinder 12, and the
      increased level of fluid pressure will act against the piston 56 in a
      manner so as to produce an upwardly directed force on the piston 56
      assisting the spring 58 and tending to reopen or move the valve head 62
      away from the valve member 64 to deliver at least a portion of this
      increased fluid pressure to the passage 52 and hence to the rear brakes of
      the associated vehicle. The piston 56 will continue to modulate and thus
      proportion the flow of fluid to the rear brakes of the vehicle as the
      master cylinder pressure continues to increase, and the ratio of the
      pressures is determined by the relationship of the areas on the piston 56
      which are exposed to the fluid pressures in the passages 48 and 52.
PAR  In accordance with the principles of the present invention, the brake
      control device 10 is provided with an additional valve assembly, generally
      designated by the numeral 66, which is disposed within the bore 32 of the
      housing 20 directly above the proportioning valve assembly 56. The valve
      assembly 66 includes an annular spool member 68 which comprises a
      generally cylindrically shaped body 70 that is coaxially located within
      the bore 32 at a position in general longitudinal alignment with the
      counterbore 50 and is spaced generally radially inwardly therefrom. The
      spool member 68 is formed with a central bore 72 which is partially closed
      at the right end thereof by means of a radial wall 74 defining a reduced
      diameter central bore 76. As illustrated, the piston 42 is slidably
      disposed within the bore 72 and is intended to function in a manner
      hereinafter to be described in providing a bypass by which fluid may be
      communicated directly from the passage 34 to the outlet of the control
      device 10, thereby circumventing or bypassing the proportioning valve
      assembly 46 in the event of a failure in the front wheel brakes of the
      associated brake system.
PAR  The valve assembly 66 also comprises an annular sleeve member, generally
      designated by the numeral 80, which is disposed within the bore 32
      directly adjacent the right end of the spool member 68. The sleeve member
      80 is formed with an annular recess 82 around the outer periphery thereof
      within which an o-ring sealing member 84 is disposed, the sealing member
      84 providing a fluid-tight seal between the inner periphery of the bore 32
      and the outer periphery of the sleeve member 80, as will be apparent. The
      sleeve member 80 is formed with a central bore 86 located coaxially of the
      bore 32 and which is in turn formed with first and second annular
      counterbores 88 and 90 that define a radial face 92 therebetween. The
      sleeve member 80 is also formed with one or more generally radially
      extending bores 94 which communicate the interior thereof with the
      counterbore 54 for purposes hereinafter to be described.
PAR  Disposed directly adjacent the radial face 92 is an annular cup-like seal,
      generally designated by the numeral 96. The seal 96 has a first portion 98
      which is engageable with the adjacent end of the spool member 68 and
      another portion 100 which is engageable with the radial face 92 and with a
      generally radially outwardly extending annular shoulder 102 formed around
      the outer periphery of an elongated hollow cylindrical piston member,
      generally designated by the numeral 104, which is longitudinally
      reciprocally disposed within the bore 32 and in particular, within the
      sleeve member 80. As shown, the piston member 104 is disposed coaxially of
      the bore 32 and is formed with an elongated central bore 106 which extends
      the entire length thereof and communicates the interior of the bore 72 of
      the spool member 68 with an outlet passage 108 defined in an end fitting
      110 suitably mounted within the right end of the housing 20. The passage
      108 is formed with a counterbore 112 within which an o-ring sealing member
      114 is disposed, the sealing member 114 providing a fluid-tight seal
      between the inner periphery of the counterbore 112 and the outer periphery
      of the adjacent end of the piston member 104. The opposite (left) end of
      the piston member 104 is formed with at least one radially extending bore
      or passage 116 communicating the central bore 106 thereof with the central
      bore 86 of the sleeve member 80. At a position generally intermediate the
      opposite ends thereof, the piston member 104 is formed with a generally
      radially extending shoulder 118 which functions in a manner hereinafter to
      be described.
PAR  Disposed adjacent the right end of the sleeve member 80 is a second annular
      sleeve member, generally designated by the numeral 120. The member 120 is
      formed with a central bore 122 within which the adjacent portion of the
      piston member 104 is slidably received. The outer periphery of the sleeve
      member 120 is formed with an annular recess 123 within which an o-ring
      sealing member or the like 124 is disposed, the member 124 sealingly
      engaging the inner periphery of the counterbore 54. Directly adjacent the
      sealing member 124, the housing 20 is formed with a vent passage 126 which
      communicates at its outer end with the atmosphere and at the inner end
      with an o-ring valve element 128. The valve element 128 normally closes
      the vent passage 126 but is movable a sufficient amount to permit the
      interior of the bore 32 to be communicable with the atmosphere.
PAR  Disposed directly adjacent the right end of the sleeve member 80 is an
      annular o-ring sealing element 130 which is adapted to sealingly engage
      the outer periphery of the piston member 104 the sealing member 130 being
      directly adjacent an annular retaining ring 132, with both the ring 132
      and the sealing member 130 being located within an annular counterbore 134
      formed in the left end of the sleeve member 120. Arranged circumjacent the
      right end of the piston member 104 is a helical coil spring, generally
      designated 136, which has the left end thereof bearing against the
      shoulder 118 of the piston member 104. The opposite (right) end of the
      spring 136 bears against a generally radially inwardly extending shoulder
      138 formed at the right end of the sleeve member 120. An annular crossbore
      or passage 140 is formed in the sleeve member 120 directly adjacent the
      shoulder 138 and communicates the interior thereof with the portion of the
      bore 32 adjacent the member 128 and vent passage 126. As will hereinafter
      be described in detail, the spring 136 normally functions to resiliently
      urge the piston member 104 toward a position wherein the shoulder 102
      sealingly engages the sealing member 96, thus blocking a fluid flow path
      from the inlet passage 34, counterbore 50, around the sealing member 96,
      counterbore 86 and bore 106 to the outlet passage 108. When the piston
      member 104 is thus sealingly engaged with the sealing member 96, a flow
      path is provided from the outlet passage 52 of the proportioning valve
      chamber 47 to the counterbore 54. From the counterbore 54, fluid is free
      to flow through the radial bore 94 of the sleeve member 80 into the bore
      86 defined interiorly thereof. From the bore 86, fluid may flow through
      the bore 116 in the piston member 104 and then longitudinally along the
      bore 106 to the outlet passage 108 and thereafter to the rear brake
      system.
PAR  With reference to FIG. 3, the axis of the abscissa indicates front wheel
      cylinder pressure, while the axis of the ordinate indicates rear wheel
      cylinder pressure. With the brakes released, pressure will be at zero (the
      intersection of the abscissa and ordinates), and upon the generation of
      braking pressure due to depression of the pedal 14 and actuation of the
      master cylinder 12, pressure increases occur equally in the front and rear
      wheel at a 1:1 ratio, as indicated by the line I in FIG. 3, up to the
      point A at which time the proportioning valve assembly 46 closes. From
      point A to point B in FIG. 3, the relationship between the front and rear
      wheel cylinder pressures changes progressively, as indicated by the line
      II between points A and B in FIG. 3. It will be noted that the rate of
      increase in pressure in the front wheel cylinders is substantially greater
      than the rate of increase in pressure in the rear wheel cylinders. Line
      III in FIG. 3 indicates the front and rear wheel cylinder pressures under
      an ideal braking operation, and the control device 10 of the present
      invention is intended to approximate such ideal distribution.
PAR  Referring now in detail to the overall operation of the brake control
      device 10 of the present invention, and in particular, to the operation of
      the device as graphically depicted between the points B and C in FIG. 3,
      the components of the device 10 normally occupy their respective positions
      shown in FIG. 1, that is, when the brake pedal 14 is released. The brakes
      are applied by depressing the pedal 14 to operate the master cylinder 12
      which results in fluid flow through the conduits 16, 18 into the passages
      34, 36, respectively. With regard to the flow to the front wheel brake
      cylinders 26, the fluid from the passage 36 is communicated to the
      cylinders 26 via the conduits 28 and/or any metering valve assembly, such
      as the assembly 30, which may be provided in the brake system. Fluid which
      is introduced into the passage 34 will follow a route through the
      counterbore 50, passage 48 and be proportioned by the proportioning valve
      assembly 46, and the proportioned fluid will be communicated via the
      passage 52 into the counterbore 54. This fluid, as above described, will
      then follow a flow path to the discharge or outlet passage 108 and be
      communicated via the conduits 24 to the rear wheel brake cylinders 22. As
      previously mentioned, up to point A, the brake cylinder pressures, both
      front and rear, will increase at a 1:1 ratio. Thereafter, the ratio of the
      pressures communicated to the front and rear brake cylinders will be as
      indicated along the line II in FIG. 3 to the point B. At point B, the
      pressures acting on the piston member 104 will result in the member 104
      being biased to the right against the resistance of the spring 136. When
      this occurs, a flow path is provided from the counterbore 50, around the
      sealing member 96 and into the bore 106 of the piston member 104, from
      where fluid is communicated directly to the outlet passage 108, thus
      circumventing the proportioning valve assembly 46. The piston member 104
      will thereafter result in a fluid modulation of the brake pressures from
      the point B to the point C in FIG. 3 in a manner hereinafter to be
      described.
PAR  Prior to initiation of a proportioning cycle, when the piston member 104 is
      disposed in its closed position shown in FIG. 1, the pressure in the
      passage 34 leading from the master cylinder 12, herein represented as
      P.sub.I, acts upon an area A.sub.2 which is the crosssectional area of the
      piston member 104 at the position designated in FIG. 1. Assuming that the
      pressure at the outlet of the valve 56, i.e., in passage 52, is
      represented as P.sub.pr, the effective area exposed to the pressure
      P.sub.pr is the difference between the areas A.sub.2 and A.sub.1 and is
      represented as A.sub.4. The area acted upon by the difference in pressure
      between P.sub.I and P.sub.pr is represented as the area A.sub.3 which is
      defined as the difference between A.sub.5 and A.sub.6, where A.sub.5 is
      the area defined by the effective diameter of the seal 96 engaging the
      shoulder 102 and A.sub.6 is the area defined by the mean sealing diameter
      of the seal 96 engaging the adjacent end of the spool member 68 (see FIG.
      4).
PAR  Assuming that the master cylinder pressure at point A is equal to P.sub.s1
      and that the proportioned pressure in passage 52 at point B is equal to
      P.sub.s2, i.e., P.sub.pr is equal to P.sub.s2, and further assuming that
      the proportioning ratio Pr, which is constant, and is defined as
      .DELTA.P.sub.s1 (out)/.DELTA.P.sub.s1 (in), then the general equation for
      P.sub.pr at any inlet pressure is represented:
EQU  P.sub.pr = P.sub.s1 + P.sub.r (P.sub.I - P.sub.s1)         (1)
PAL  The forces acting upon the piston member 104 are as follows. A force equal
      to (A.sub.4 .times. P.sub.pr) acts upon the piston 104 to bias the same
      toward the right in FIG. 1. The term (A.sub.4 .times. P.sub.pr) can be
      rewritten as A.sub.4 [ P.sub.s1 + P.sub.r (P.sub.I - P.sub.s1)].
      Additionally, a pressure equal to the difference between the inlet and
      proportioned pressures, i.e., difference between P.sub.I and P.sub.pr,
      acts upon the area A.sub.3 to bias the piston 104 toward the right. This
      force can be written as A.sub.3 (P.sub.I - P.sub.pr), or as A.sub.3
      {P.sub.I - [P.sub.s1 + P.sub.r (P.sub.I - P.sub.s1)]}. The final force
      acting upon the piston 104 is the spring force F.sub.s which acts in the
      opposite direction to the first two mentioned forces stated above. In
      combining all of the forces acting upon the piston member 104 when the
      piston 104 will be shifted from its position shown in FIG. 1 to the
      position permitting fluid to flow directly from the inlet passage 34 to
      the outlet passage 108, the basic equation is as follows:
EQU  F.sub.s = A.sub.4 P.sub.pr + A.sub.3 (P.sub.I - P.sub.pr)  (2)
PAL  Prior to point A, the spring force F.sub.s is sufficiently high so that the
      piston 104 does not move. Subsequent to point A, both P.sub.I and P.sub.pr
      increase in accordance with the relationship depicted by Line II; however,
      since the difference between P.sub.I and P.sub.pr is increasing and acting
      against A.sub.3, and also since P.sub.pr is increasing and acting against
      A.sub.4, the resistance of the spring F.sub.s will eventually be overcome,
      resulting in the piston 104 being unseated, i.e., shifted to the right.
      This unseating occurs at point B, or when the equation (2) is satisfied.
      After point B, the proportioning piston 56 will be biased to its downward
      or closed position since the pressure in the passage 52 will be in excess
      of the spring force of the spring 58. Accordingly, fluid will cease to
      pass through the proportioning valve assembly 46. When the piston 104
      shifts to the right, a flow path is provided from the counterbore 50
      around the cup seal 96 and into the interior of the passage 106, from
      where the fluid is communicated to the rear brake cylinders 22.
PAR  Between points B and C, in FIG. 3, the forces acting on the piston member
      104 are as follows: the spring 136 exerts the force F.sub.s upon the
      member 104 and urges the same toward the left in FIG. 1. This force
      F.sub.s is opposed by a first rightwardly directed pressure force P.sub.pr
      (A.sub.2 -A.sub.1) and by a second rightwardly directed pressure force
      A.sub.3 (P.sub.I - P.sub.pr). Accordingly, the following relationship
      exists for the piston member 136 between points B and C:
EQU  F.sub.s = A.sub.3 (P.sub.I - P.sub.pr) + P.sub.pr (A.sub.2 -A.sub.1) (3)
PAL  and at any point along the line IV, this relationship must be satisfied so
      that the piston member 136 is in equilibrium.
PAR  When viewed incrementally, the piston member 136 can be considered to
      modulate in a step-like manner, since with each incremental increase in
      the pressure P.sub.I for the master cylinder 12, the term (P.sub.I -
      P.sub.pr) in equation (3) will get smaller, which is due to the fact that
      along line IV, P.sub.pr increases at a faster rate than P.sub.I. When
      sufficient pressure has been communicated from the inlet passage 34 to the
      passage 106, P.sub.pr will be equal to P.sub.I, at which time the term
      P.sub.I - P.sub.pr will be equal to zero and equation (3) will become:
EQU  F.sub.s = P.sub.pr (A.sub.2 -A.sub.1)                      (4)
PAL  Equation (4) is the condition or relationship at which line IV, leading
      from point B to point C, intersects Line I, which is the blend back point
      and after which time the brake pressure delivered to the front and rear
      brake systems will again be at a 1:1 ratio.
PAR  Referring now to FIG. 2, a modified embodiment of the present invention is
      shown wherein the control device 10 is provided with a valve assembly 150
      which is of a slightly different construction than the aforedescribed
      valve assembly 66, but which generally functions to accomplish the same
      function as the assembly 66, i.e., of controlling the ratio of the fluid
      pressures delivered to the front and rear brakes in the manner depicted
      between the points B and C in the graph of FIG. 3. Generally speaking, the
      valve assembly 150 is disposed within a bore or chamber 152 located
      directly to the right of the associated proportioning valve assembly 46.
      In place of the above described valve assembly 66, the bore 32 is provided
      with an elongated spool or plug member, generally designated by the
      numeral 154, and provided with a coextensive longitudinal bore 156. The
      bore 156 is communicable at one end with the conduits 24 and hence with
      the rear brakes of the associated vehicle. The spool member 154 is formed
      with a transverse crossbore 158 which is communicable with an enlarged
      diameter counterbore 159 formed within the bore 32. The counterbore 159 is
      in turn communicable with the passage 52 at the outlet of the
      proportioning valve assembly 36, as above described. The counterbore 159
      is also communicable with a downwardly inclined fluid passage 160 formed
      in the housing 20 and communicable at its lower end with the bore or
      chamber 152 within which the valve assembly 150 is located. The left end
      of the spool member 154 is formed with an enlarged diameter counterbore
      164 which is analogous to the bore 72 in the aforedescribed spool member
      68 and is adapted to accommodate or receive the right end of the piston
      member 42, as illustrated. Suitable sealing means in the form of o-rings
      or the like 166 are provided around the outer periphery of the spool
      member 154 for sealingly engaging the inner periphery of the bore 32, as
      will be apparent.
PAR  The valve assembly 150 includes a cylindrically shaped valve member 168
      which comprises a main body section 170 formed with an annular recessed
      area 172 within the left end thereof. Disposed within the area 172 is a
      sealing element 174 which is adapted for sealing engagement with a sealing
      face 176 defined at the left end of the bore or chamber 152. Upon
      engagement of the sealing element 174 with the face 176, fluid flow
      through a flow passage 178 communicating the chamber 152 with the chamber
      47 is blocked. The valve member 168 is formed with a radial shoulder 180
      against which bears one end of a helical coil spring 182. The spring 182
      extends circumjacent the right end of the valve element 168 and has the
      opposite end thereof bearing against the inner end of a plug or closure
      member 184 which is threadably received within the outer end of the bore
      or chamber 152, as illustrated. The plug member 184 is formed with an
      internal blind bore 186 which is adapted to slidably receive an outwardly
      projecting stem portion 188 of the valve member 168. An o-ring sealing
      member 190 is provided interiorly of the blind bore 186 and adapted for
      sliding sealing engagement with the stem portion 188. The plug 184 is also
      formed with a vent passage 192 which is adapted to communicate the
      interior of the blind bore 186 with the atmosphere.
PAR  The valve assembly 150 operates in generally the same manner as the
      aforedescribed valve assembly 66, as does the associated proportioning
      valve 46. More particularly, the proportioning valve assembly 46 operates
      to modulate or proportion the fluid from point A to point B in FIG. 3.
      Assuming that the fluid pressure from the master cylinder is represented
      as P.sub.in and that the proportioned fluid passing from the outlet
      passage 52 into the bore 156 of the valve assembly 46 is represented as
      P.sub.out, the basic equation for the valve assembly 150 is as follows:
EQU  P.sub.in (A.sub.a) = P.sub.out (A.sub.a - A.sub.b) + F.sub.s(5)
PAL  In this equation, A.sub.a is equal to the mean sealing area of the sealing
      element 174, while the area A.sub.b is equal to the area of the stem
      portion 188 of the valve member 168 which is exposed to atmosphere (via
      the passage 192). F.sub.s represents the force of the spring 182. Equation
      (5) may be rewritten as (P.sub.in - P.sub.out) A.sub.a + P.sub.out
      (A.sub.b) = F.sub.s. Prior to point A, P.sub.in is equal to P.sub.out and
      furthermore, the only pressure force acting in opposition to the spring
      force F.sub.s is P.sub.out (A.sub.b). Prior to point A, this pressure
      force P.sub.out (A.sub.b) is less than the spring force F.sub.s and hence
      equation (5) becomes P.sub.out (A.sub.b) &lt; F.sub.s. Accordingly, prior to
      point A, the valve member 168 is biased under the influence of the spring
      182 to the left, whereby the sealing element 174 closes the passage 176.
      As the inlet pressure P.sub.in increases, a force opposing the spring
      force F.sub.s builds up in the amount of P.sub.out (A.sub.b) which equals
      P.sub.in (A.sub.b). The force of the spring F.sub.s is sufficiently high
      so that the valve member 168 remains in the closed position up to point A.
      After point A, since P.sub.in and P.sub.out are no longer equal, the
      equation for the valve member 180 can be represented as:
EQU  P.sub.in (A.sub.a) &lt; P.sub.out (A.sub.a - A.sub.b) + F.sub.s(6)
PAL  Accordingly, as the pressure increases after point A, both P.sub.in and
      P.sub.out increase. As will be appreciated, P.sub.in tends to bias the
      valve member 168 toward the right, while P.sub.out tends to bias the valve
      member 168 in concert with the spring 182 toward the left in FIG. 2. The
      force on the valve member 168 due to the pressure P.sub.in increases at a
      faster rate than the force on the valve member 168 due to the pressure
      P.sub.out, and hence there is a net force increase in opposition to the
      spring 182. Accordingly, a force builds up against the spring 182 and
      eventually will cause the valve member 168 to shift to the right to open
      the bore 178, whereupon fluid pressure will pass directly from the chamber
      47 to the chamber 152. The unseating or opening of valve member 168 occurs
      at point B, and the equation for the valve member 168 at point B can be
      stated as follows:
EQU  (P.sub.in - P.sub.out) A.sub.a + P.sub.out A.sub.b = F.sub.s(7)
PAL  After point B, fluid ceases to pass through the proportioning valve
      assembly 46 which becomes closed, as described in connection with the
      first embodiment of the control device 10 of the present invention.
      Accordingly, from point B to point C in FIG. 3, the forces acting on the
      valve member 168 are as follows: the spring 182 exerts the force F.sub.s
      against the member 168 and urges the same toward the left in FIG. 2. This
      force F.sub.s is opposed by a rightwardly directed pressure force P.sub.in
      A.sub.a and is assisted by a pressure force P.sub.out (A.sub.a - A.sub.b),
      with the result that the following relationship exists for the valve
      member 168 between points B and C in FIG. 3.
      ##EQU1##
      This can be rewritten as:
EQU  F.sub.s = P.sub.in A.sub.a -  P.sub.out (A.sub.a - A.sub.b) (9)
PAL  or:
EQU  F.sub.s = A.sub.a (P.sub.in - P.sub.out) + P.sub.out A.sub.b(10)
PAL  At any point along the line IV equation (9) must be satisfied for the valve
      member 168 to be in equilibrium. As described in connection with the
      operation of the apparatus shown in FIG. 1, the piston member 168 will
      modulate in a step-like manner, since with each incremental increase in
      the pressure P.sub.in, the term (P.sub.in - P.sub.out) A.sub.a  in
      equation (10) becomes smaller, since P.sub.out increases at a greater rate
      than P.sub.in and eventually P.sub.out will equal P.sub.in at which time
      equation (10) will become:
EQU  F.sub.s = P.sub.out A.sub.b                                (11)
PAL  This, of course, is the condition or relationship when line IV intersects
      line I, which is the point of blend back and after which time the brake
      pressure delivered to the front and rear brake systems will be at a 1:1
      ratio.
PAR  It will be noted that in both of the embodiments hereinabove described, at
      such time as a failure occurs in the front brake system, a direct flow
      path is provided from the inlet passage to the outlet passage, thus
      assuring that maximum fluid pressure is delivered to the rear brakes to
      compensate for any reduction in the performance of the front brakes of the
      vehicle due to either a partial or complete failure thereof.
PAR  While it will be apparent that the preferred embodiments illustrated herein
      are well calculated to fulfill the objects above stated, it will be
      appreciated that the present invention is susceptible to modification,
      variation and change without departing from the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for a dual brake system including a master cylinder and front
      and rear brake actuators,
PA1  said device being located in said system between said master cylinder and
      said rear brake actuator and including,
PA1  a housing having a first bore, a fluid inlet adapted to receive fluid from
      said master cylinder and a fluid outlet through which fluid is adapted to
      be displaced to said rear brake actuator, said inlet being communicable
      with one portion of said first bore and said outlet being communicable
      with another portion of said first bore,
PA1  first valve means actuatable in response to fluid pressure at said inlet in
      excess of a first predetermined pressure for decreasing the transmission
      of fluid pressure from said inlet to said outlet,
PA1  said first valve means being disposed in a second bore different from said
      first bore,
PA1  second valve means having a first area exposed to the fluid pressure at
      said outlet and a second area different from said first area exposed to
      the fluid pressure at said inlet and actuatable in response to a
      predetermined pressure differential between said inlet and said outlet to
      provide a flow path circumventing said first valve means and permitting
      fluid to flow directly from said inlet to said outlet,
PA1  said second valve means being disposed in said first bore and movable
      longitudinally therein to provide said direct flow path, and
PA1  bypass means in said first bore for sensing a predetermined pressure
      condition in an ancillary brake system for providing a direct flow path
      from said inlet to said outlet and bypassing said first and second valve
      means.
NUM  2.
PAR  2. The invention as set forth in claim 1 wherein said first valve means
      comprises a proportioning valve.
NUM  3.
PAR  3. The invention as set forth in claim 2 wherein one of said areas of said
      second valve means is exposed to the outlet pressure from said
      proportioning valve.
NUM  4.
PAR  4. The invention as set forth in claim 1 which includes means resiliently
      biasing said second valve means toward a position blocking said flow path.
NUM  5.
PAR  5. The invention as set forth in claim 1 wherein said first valve means has
      a first total area exposed to fluid pressure at said inlet and a second
      total area exposed to fluid pressure at said outlet, and wherein the ratio
      of said first and second total areas is established so as to provide
      movement of said valve means in response to fluid pressure at said inlet.
NUM  6.
PAR  6. The invention as set forth in claim 5 wherein said second total area is
      greater than said first total area of said first valve means.
NUM  7.
PAR  7. The invention as set forth in claim 1 which includes means within said
      bore resiliently biasing said second valve means toward said inlet.
NUM  8.
PAR  8. The invention as set forth in claim 1 wherein the larger of said areas
      is exposed to fluid pressure at said inlet, and wherein a portion of said
      second valve means is exposed to the atmosphere.
NUM  9.
PAR  9. The invention as set forth in claim 1 wherein said another portion of
      said bore is communicable with one side of said first valve means.
NUM  10.
PAR  10. The invention as set forth in claim 9 which includes spring means
      resiliently biasing said second valve means toward said portion of said
      bore communicable with said first valve means.
NUM  11.
PAR  11. The invention as set forth in claim 1 wherein said first valve means
      comprises a proportioning valve having a valve member movable along a
      first axis and wherein said second valve means comprises a valve element
      movable along an axis different from said first mentioned axis.
NUM  12.
PAR  12. The invention as set forth in claim 11 wherein the inlet of said second
      valve means comprises the outlet of said proportioning valve.
NUM  13.
PAR  13. The invention as set forth in claim 11 wherein the inlet of said second
      valve means is communicable with the inlet of said proportioning valve.
NUM  14.
PAR  14. The invention as set forth in claim 1 wherein said first valve means
      comprises a first proportioning valve and said second valve means
      comprises a second proportioning valve.
NUM  15.
PAR  15. The invention as set forth in claim 1 wherein the axis of said second
      bore is substantially perpendicular to the axis of said central bore.
NUM  16.
PAR  16. A device for a dual brake system including a master cylinder and front
      and rear brake actuators,
PA1  said device being located in said system between said master cylinder and
      said rear brake actuator and including,
PA1  a housing having a fluid inlet adapted to receive fluid from said master
      cylinder and a fluid outlet through which fluid is adapted to be displaced
      to said rear brake actuator,
PA1  a first modulating valve assembly having an inlet communicable with said
      fluid inlet and an outlet communicable with said fluid outlet,
PA1  said first valve assembly being adapted for movement in response to fluid
      pressure at said fluid inlet for decreasing the transmission of fluid
      pressure from said fluid inlet to said fluid outlet,
PA1  a second modulating valve assembly having a valve member with a first area
      exposed to the fluid pressure at said outlet of said first valve assembly
      and a second area exposed to the fluid pressure at the inlet of said first
      valve assembly,
PA1  means defining a first flow path from said fluid inlet to the inlet of said
      first valve assembly and from the outlet of said first valve assembly
      through said second valve assembly and finally from said second valve
      assembly to said fluid outlet,
PA1  said valve member of said second modulating valve assembly being actuatable
      in response to a predetermined fluid pressure differential between said
      inlet and outlet of said first valve assembly to provide a second flow
      path at least partially different from said first flow path for
      communicating fluid directly from said fluid inlet to said fluid outlet,
      and
PA1  bypass means for sensing a predetermined pressure condition in an ancillary
      brake system for providing a direct flow path from said fluid inlet to
      said fluid outlet and bypassing said first and second valve assemblies.
NUM  17.
PAR  17. The invention as set forth in claim 16 wherein said first modulating
      valve assembly includes differential area means adapted for movement in
      response to fluid pressure at said fluid inlet for decreasing the
      transmission of fluid pressure from said fluid inlet to said fluid outlet,
      and which includes resilient means for applying a force to said
      differential area means for preventing movement of said differential area
      means and consequent decreasing the transmission of fluid pressure thereby
      below a first predetermined fluid level at said fluid inlet, said
      resilient means yielding to allow movement of said differential area means
      to decrease the transmission of fluid pressure from said fluid inlet to
      said fluid outlet above said first predetermined fluid pressure level.
NUM  18.
PAR  18. The invention as set forth in claim 16 which includes means resiliently
      biasing said valve member of said second valve assembly toward a position
      blocking said second flow path.
NUM  19.
PAR  19. The invention as set forth in claim 16 wherein said housing is formed
      with a bore, wherein said fluid inlet is communicable with one portion of
      said bore and said fluid outlet is communicable with another portion of
      said bore, wherein said second valve assembly is disposed in said bore and
      is movable longitudinally therein to open and close said second flow path.
NUM  20.
PAR  20. The invention as set forth in claim 19 which includes means within said
      bore resiliently biasing said second valve means toward said fluid inlet.
NUM  21.
PAR  21. The invention as set forth in claim 20 wherein said first valve
      assembly includes a valve member having first and second areas exposed to
      said fluid inlet and said fluid outlet and wherein the larger of said
      areas is exposed to fluid pressure at said outlet.
NUM  22.
PAR  22. The invention as set forth in claim 16 wherein said housing is formed
      with a bore, wherein said second valve means is disposed in said bore, and
      wherein a portion of said bore is communicable with said fluid outlet and
      another portion of said bore is communicable with one side of said first
      valve assembly.
NUM  23.
PAR  23. The invention as set forth in claim 22 which includes spring means
      resiliently biasing said valve member of said second valve assembly toward
      said portion of said bore communicable with said first valve assembly.
NUM  24.
PAR  24. The invention as set forth in claim 23 wherein said first valve
      assembly comprises a proportioning valve having a valve member movable
      along a first axis and wherein said valve member of said second valve
      assembly is movable along an axis different from said first mentioned
      axis.
NUM  25.
PAR  25. A device for a dual brake system including a master cylinder and front
      and rear brake actuators,
PA1  said device being located in said system between said master cylinder and
      said rear brake actuator and including,
PA1  a housing having a central longitudinal bore and a second bore different
      from said central bore,
PA1  said housing having a fluid inlet and a fluid outlet, said inlet adapted to
      receive fluid from said master cylinder and being communicable with one
      portion of said central bore, and said outlet adapted to displace fluid to
      said rear brake actuator and being communicable with a second portion of
      said central bore,
PA1  first proportioning valve means actuatable in response to fluid pressure at
      said inlet in excess of a first predetermined pressure for decreasing the
      transmission of fluid pressure from said inlet to said outlet,
PA1  said first proportioning valve means being disposed in said second bore and
      being movable longitudinally therein,
PA1  second proportioning valve means being disposed in said central bore and
      being movable longitudinally therein,
PA1  means defining a first flow path from said fluid inlet to the inlet of the
      first proportioning valve means and from the outlet of said first
      proportioning valve means through at least part of said second
      proportioning valve means and finally to said fluid outlet,
PA1  said second proportioning valve means actuatable in response to a
      predetermined pressure differential between said inlet and said outlet to
      provide a second flow path at least partially different from said first
      flow path and circumventing said first proportioning valve means and
      permitting fluid to flow directly from said inlet to said outlet,
PA1  bypass means for sensing a predetermined pressure condition in an ancillary
      brake system for providing a direct flow path from said fluid inlet to
      said fluid outlet and bypassing said first and second proportioning valve
      means, and
PA1  said bypass means being disposed in said central bore and being movable
      longitudinally therein in substantial coaxial relationship with said
      second proportioning valve means.
NUM  26.
PAR  26. The invention as set forth in claim 25 wherein the axis of said second
      bore is perpendicular to the axis of said central bore.
NUM  27.
PAR  27. The invention as set forth in claim 25 which includes means resiliently
      biasing said second proportioning valve means toward a position blocking
      said second flow path.
NUM  28.
PAR  28. The invention as set forth in claim 25 wherein said first proportioning
      valve means has a first total area exposed to fluid pressure at its inlet
      and a second total area greater than said first total area exposed to
      fluid pressure at its outlet, and wherein the ration of said first and
      second total areas is established so as to provide movement of said first
      proportioning valve means in response to fluid pressure at its inlet.
NUM  29.
PAR  29. The invention as set forth in claim 25 which includes means within said
      central bore resiliently biasing said second proportioning valve means
      toward said inlet.
NUM  30.
PAR  30. The invention as set forth in claim 25 wherein said second
      proportioning valve means has a third total area exposed to fluid pressure
      at its outlet and a fourth total area larger than said third total area
      exposed to fluid pressure at its inlet.
NUM  31.
PAR  31. The invention as set forth in claim 25 wherein the inlet of the second
      proportioning valve means is communicable with the inlet of the first
      proportioning valve means.
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ABST
PAL  In an anti-skid pneumatic braking system for vehicles a brake is applied by
      air from a first reservoir and the braking effort modulated by air from a
      second reservoir. The brake is connected to the second reservoir through
      two normally closed diaphragm valves in series, the first valve opened by
      air supplied to the brake from the first reservoir when the brake is
      applied and the second valve opened by air supplied from the second
      reservoir in skid conditions. Additionally a third normally closed
      diaphragm valve can be connected across the diaphragm of the brake
      actuator and is opened in skid conditions.
BSUM
PAR  This invention relates to a pneumatic braking system for vehicles, of the
      kind in which air from a pressurized reservoir is supplied to one side of
      a diaphragm of a brake actuator on application of the brake and means are
      provided for reducing the differential pressure across the diaphragm when
      a signal is received from skid sensing means.
PAR  According to the present invention a pneumatic braking system of the kind
      set forth comprises a second air reservoir connected to the second side of
      the diaphragm of the brake actuator through at least two normally closed
      valves, a first valve which is opened when the brake is applied and a
      second valve which is opened in response to a signal from the skid sensing
      means, the outlet of one valve being connected to the inlet of the other
      valve.
PAR  Preferably air supplied to the brake actuator from the first reservoir
      under the control of a brake applying valve actuates the first valve. Air
      from the second reservoir under the control of a solenoid valve may
      actuate the second valve, the solenoid valve being energized by the skid
      signal.
PAR  When the skid signal is cancelled the air on the second side of the
      diaphragm of the brake actuator is exhausted to increase the differential
      pressure across the diaphragm.
PAR  Preferably the second valve, controls an exhaust port connected to the
      second side of the diaphragm, the port being open when the valve is shut
      and shut when the valve is open. The size of the exhaust port may be
      restricted to control the rate at which the differential pressure across
      the diaphragm is restored.
PAR  Thus no air from the first reservoir is wasted in skid conditions.
PAR  In a modified form, the system may additionally comprise a normally closed
      third valve which is opened in response to a skid signal to connect the
      first side of the diaphragm to the second side and to cut off the supply
      of air to the first side of the diaphragm. Reducing the pressure on the
      first side of the diaphragm shortens the time the system takes to respond
      to a skid signal. Connecting the two sides of the diaphragm enables air
      from the second reservoir to re-pressurize the first side of the diaphragm
      while the skid signal persists, thus mitigating the loss of air from the
      first reservoir during skid conditions.
PAR  It is preferred to include a balance valve across the diaphragm of the
      brake actuator, the balance valve exhausting air from the second side of
      the diaphragm in the event that the pressure on the second side exceeds
      the pressure on the first side of the diaphragm.
PAR  For use in the first form of the system it is convenient to include the
      first and second valves in a single assembly and for the second form it is
      convenient to include the second, third valves and the solenoid valve in a
      single assembly.
DRWD
PAR  Two pneumatic braking systems according to our invention are illustrated as
      examples in FIGS. 1 and 2 of the accompanying drawings.
DETD
PAR  FIG. 1 shows a first air reservoir 1 and a second air reservoir 2 connected
      to a common supply line 3 through non-return valves 4. A brake applying
      treadle valve 5 operated by the driver allows air from reservoir 1 to
      pressurize the space 6 on one side of diaphragm 3 of a brake actuator 8. A
      diaphragm operated balance valve 9 is connected between space 6 and space
      10 on the second side of diaphragm 7.
PAR  A valve assembly 11 includes two diaphragm valves 12 and 13 in a valve
      block 14. A common diaphragm 15 is clamped between upper and lower parts
      of the block 14 and mating recesses in the two parts form diaphragm
      chambers 16 and 17 for valves 12 and 13 respectively. The diaphragm in
      chamber 16 carries an axial spindle 18 which extends through a passage 19
      leading from the chamber 16 to a recess 20 closed by a plug 21. The ends
      of the spindle 18 are guided in the block 14 and the plug 21. A valve
      member 22 on the spindle 18 is biassed to engage with a seating 23 at the
      lower end of passage 19 by a spring 24 acting between the block at the
      upper end of the passage and the connection between the spindle and the
      diaphragm. An inlet port 25 leads into recess 20 and is connected to
      reservoir 2, and a port 26 leading into chamber 16 above diaphragm 15 is
      connected to the line from reservoir 1 downstream of treadle valve 5.
PAR  Valve 13 need not be described in detail since it has the same construction
      as valve 12 except that the valve head 22 is adapted to co-operate with a
      second seating 28 around a third or exhaust port 29 in the plug 21. The
      inlet to valve 13 is formed by a transverse passage 30 interconnecting the
      two passages 19, this passage 30 also forming the outlet from valve 12. To
      enable the passage 30 to be drilled it extends to the exterior of block 14
      where it is closed by a plug 31. An outlet port 32 of valve 13 is
      connected to space 10 in the brake actuator 8. A port 33 leading into the
      chamber 17 above the diaphragm is connected to reservoir 2 through a
      solenoid valve 34 which is opened by a signal from skid sensing means 35.
PAR  In operation treadle valve 5 is operated and air is allowed into space 6 of
      brake actuator 8 to move diaphragm 7 to the right to apply the brake. At
      the same time high pressure air enters chamber 16 through port 26 to act
      on diaphragm 15 and open valve 12 allowing air from reservoir 2 to enter
      the inlet of valve 13 through port 25, passage 19 and passage 30. If,
      during the brake application, a skid signal is received from skid sensing
      means 35, solenoid valve 34 is energized and pressurized air enters
      chamber 17 through port 33 to act on diaphragm 15 and open valve 13,
      closing port 29 and allowing air from reservoir 2 into space 10 of brake
      actuator 8. This reduces the differential pressure across diaphragm 7 and
      it moves to the left relieving the braking force. When the skid signal is
      cancelled, valve 13 closes connecting space 10 to exhaust port 29,
      increasing the differential pressure across diaphragm 7 and so increasing
      the braking force. The size of exhaust port 29 is chosen to throttle the
      release of air from space 10 and so control rate of increase of the
      braking force.
PAR  The advantage of this system over systems which dump air from space 6 of
      the brake actuator 8 on a skid signal is that no air is dumped from the
      main reservoir 1 during operation of the skid sensing means. Furthermore
      no air can be lost from the secondary reservoir 2 should the skid sensing
      means operate accidentally when the brakes have not been applied since
      valve 12 only opens when the brakes have been applied.
PAR  The system of FIG. 2 is similar to that of FIG. 1 and the same reference
      numerals have been used for equivalent integers. The main difference is
      that valve 12 has been separated from valve 13 which is now included in an
      assembly together with a third diaphragm valve 36 and the solenoid valve
      34. Valve 12 now has an outlet port 37 connected to the inlet port 38 of
      valve 13. The outlet port 39 of valve 36 is connected to space 10 of brake
      actuator 8 via balance valve 9, in inlet port 40 is connected to the space
      6 via balance valve 9, and the third port 41 is connected to the treadle
      valve 5. Valve 36 is also biassed to the closed position.
PAR  Solenoid valve 34 is located between valves 13 and 36 so that when valve 34
      operates, air from reservoir 2 can operate both valves 13 and 36
      simultaneously. Balance valve 9 is connected across valve 36 to ensure
      that no air is trapped in space 10.
PAR  The operation of this system is the same as the system of FIG. 1 except
      that on a skid signal valve 36 opens, interrupting the supply of air from
      reservoir 1 to space 6 and interconnecting spaces 6 and 10 of the brake
      actuator. When this occurs the differential pressure across diaphragm 7 is
      reduced very rapidly, relieving the braking force. Also air is supplied to
      spaces 6 and 10 from reservoir 2 building up the pressure to its original
      value. Thus the air dumped from reservoir 1 to space 10 is replaced by air
      from reservoir 2.
PAR  The advantage of this system over the system of FIG. 1 is the shorter
      response time to a skid signal. The advantage of this system over a system
      which only interconnects opposite sides of the diaphragm on a skid signal
      is that at least some of the main air supply which is dumped, is replaced
      from a secondary supply.
PAR  In both the systems of FIGS. 1 and 2 the addition of skid sensing and
      control means does not rely on use of air from the main reservoir 1 and
      thereform the security of the main braking supply is safeguarded.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pneumatic braking system for vehicles comprising a diaphragm brake
      actuator, a first reservoir for pressurized air connected through a brake
      applying valve to one side of the brake actuator for applying the brake, a
      second reservoir for pressurized air, a normally closed first valve having
      its inlet connected to said second reservoir, a normally closed second
      valve having its inlet connected to the outlet of said first valve and its
      outlet connected to the second side of said actuator, means for opening
      the first valve in response to opening of the brake applying valve, skid
      sensing means, and means for opening the second valve in response to a
      signal from the skid sensing means, whereby pressurized air is supplied to
      the second side of the brake actuator from the second reservoir when the
      brake has been applied and a skid signal received.
NUM  2.
PAR  2. A braking system as in claim 1 wherein the first valve is responsive to
      air pressure downstream of the brake applying valve.
NUM  3.
PAR  3. A braking system as in claim 2 wherein a normally closed solenoid valve,
      which is energized by a signal from the skid sensing means, controls a
      supply of air from the second reservoir and the second valve is responsive
      to air pressure downstream of the solenoid valve.
NUM  4.
PAR  4. A braking system as in claim 3 wherein the first and second valve each
      have a diaphragm carrying a valve member spring biassed into engagement
      with a seating between inlet and outlet, the space above the diaphragm in
      the first valve being connected to a line between the first reservoir and
      the brake actuator downstream of the brake applying valve, and the space
      above the diaphragm in the second valve being connected to the second
      reservoir through the solenoid valve.
NUM  5.
PAR  5. A braking system as in claim 4 wherein the valve member of the second
      valve is adapted, when the valve is opened, to engage a second seating
      between the outlet and an exhaust port.
NUM  6.
PAR  6. A braking system as in claim 5 wherein the first and second valves are
      included in a single assembly having a common passage forming the outlet
      of the first valve and the inlet of the second valve.
NUM  7.
PAR  7. A braking system as in claim 6 wherein the first and second valves have
      a common diaphragm clamped between two parts of the valve assembly, mating
      recesses in the two parts forming a diaphragm chamber for each valve.
NUM  8.
PAR  8. A braking system as in claim 5 wherein the inlet and outlet of a third
      valve, being a double-seat diaphragm valve similar to the second valve,
      are respectively connected to the first and second sides of the diaphragm
      of the brake actuator, the third port is connected to the line between the
      first reservoir and the brake actuator downstream of the brake applying
      valve, and the space above the diaphragm is connected to the second
      reservoir through the solenoid valve.
NUM  9.
PAR  9. A braking system as in claim 8 wherein the solenoid valve is located
      between the second and third valves in a single valve assembly.
NUM  10.
PAR  10. For the braking system of claim 8, a valve assembly comprising two
      double seat diaphragm valves arranged with the axes of the diaphragms in
      alignment and separated by a solenoid valve, the outlet of the solenoid
      valve opening into the space above the diaphragm in each of the diaphragm
      valves.
NUM  11.
PAR  11. For the braking system of claim 5, a valve assembly comprising a single
      seat diaphragm valve and a double seat diaphragm valve located with the
      axes of the diaphragms side-by-side, a common diaphragm for both valves
      being clamped between two parts of the assembly, and a common passage in
      the assembly forming the outlet of the single seat valve and the inlet of
      the double seat valve.
NUM  12.
PAR  12. A braking system as in claim 1 wherein the second valve includes a
      normally open exhaust port connected to the second side of the diaphragm
      of the brake actuator, the exhaust port being closed when the valve is
      opened.
NUM  13.
PAR  13. A braking system as in claim 1 wherein the size of the exhaust port is
      restricted thereby controlling the rate at which the differential pressure
      across the diaphragm is restored on cancellation of a skid signal.
NUM  14.
PAR  14. A pneumatic braking system for vehicles comprising a diaphragm brake
      acutator, a first reservoir for pressurized air connected through a brake
      applying valve to one side of the brake actuator for applying the brake, a
      second reservoir for pressurized air, a normally closed first valve having
      its inlet connected to said second reservoir, a normally closed second
      valve having its inlet connected to the outlet of said first valve and its
      outlet connected to the second side of said actuator, means for opening
      the first valve in response to opening of the brake applying valve, skid
      sensing means, and means for opening the second valve in response to a
      signal from the skid sensing means, whereby pressurized air is supplied to
      the second side of the brake actuator from the second reservoir when the
      brake has been applied and a skid signal received, and a normally closed
      third valve which is opened in response to a skid signal to connect the
      first and second sides of the diaphragm of the brake actuator and to cut
      off the supply of air from the first reservoir to the first side of the
      diaphragm.
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ABST
PAL  An anti-wheel skid brake control system including a control circuit for
      providing an impulse-like control current in accordance with which
      electro-magnetic control valves are operated to either release or reapply
      brake pressure in an intermittent fashion. The impulse-like control
      current displays a predetermined pulse form that may vary in duration and
      interval with different stages of a digital counter whose output is
      continuously monitored by a decoding logic network. The variable,
      impulse-like control current provides for a gradual change in the brake
      pressure during the final stage of brake release or reapplication during a
      wheel skid to accordingly avoid overshooting of the brake release or
      reapplication pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an anti-wheel skid brake control system of
      the type wherein an electronic controlling device subject to signals
      representative of the behavior of a particular wheel of a railway vehicle
      or automotive type truck, for example, provides control of
      electro-magnetic modulating valves via which braking pressure is regulated
      to control a wheel skid. The modulating valves, under the influence of the
      electronic controlling device, apply and release brake pressure in a
      cyclical fashion during the period a vehicle is operating in a low
      adhesion environment in an attempt to maintain vehicle retardation as
      close as possible to the skid point. It is well known, however, that in
      releasing brake pressure in response to a skidding wheel, the rate of
      release at a point where the wheel skid is substantially corrected may be
      so great as to overshoot the actual pressure capable of bringing the wheel
      skid under control. The resulting excess pressure reduction, of course,
      causes an unnecessary loss of brake effort during the interim until a
      subsequent reapplication of brake pressure is initiated. Likewise, the
      rate of reapplication of brake pressure following correction of the wheel
      skid may be so great at the time brake effort is restored to a level just
      short of the adhesion limit sufficient to cause wheel skid that the
      reapplication pressure will overshoot the adhesion limit and cause another
      wheel skid. This will result in excessive cycling of the brake pressure
      with the result of reduced brake efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly the object of the present invention to provide an
      improved anti-wheel skid brake control system of the above described type
      which will regulate brake pressure during the final stage of brake release
      and reapplication in order to reduce the rate of change of braking
      pressure and accordingly achieve a brake pressure curve adaptable to the
      given vehicle brake system, type of vehicle, etc.
PAR  It is a further object of this invention to modify the brake pressure curve
      to obtain a stepped portion in which the modulating valves, during either
      a brake application or release, are intermittently pulsed to a lap
      condition in which no change in the brake pressure occurs.
PAR  Still another object of the invention is to effect such intermittent
      operation of the modulating valves by generating an impulse-like waveform
      whose successive pulses and/or pulse intervals are of different duration.
PAR  In accordance with the present invention, there is provided an electronic
      control device including a pulse generator that emits a constant pulse
      frequency to a digital counter subject to application and release signals
      obtained from a signaling device. A decoding logic network is subject to
      one of the application and release signals for selecting the appropriate
      one of an application and release modulator valve connected to the output
      of the logic network, which network is conditioned in accordance with the
      outputs provided by the counter to vary the duration and/or interval of
      the impulse signal supplied by the decoding network to the selected
      application or release modulator valve. This is accomplished by the logic
      of the decoding network which constantly interrogates and decodes the
      counter status during a wheel skid condition so as to reduce the rate of
      brake pressure release and subsequent reapplication, especially near the
      end of the period such brake pressure modulation is occurring.
PAR  Other objects and advantages of the present invention will become apparent
      from the following more detailed description when considered with the
      accompanying single FIGURE drawing showing a block diagram of the
      anti-wheel skid system according to the invention.
PAR  Associated with a vehicle wheel to be monitored for wheel skid is a sensor
      unit 1 which scans the wheel to monitor the wheel speed in a well known
      manner. For example, sensor unit 1 may comprise a tach-generator device
      which monitors the wheel speed by use of a wheel driven gear tooth passing
      through a magnetic field to cause generation of an a.c. voltage frequency
      is proportional to the rotational velocity of the gear tooth and thus the
      speed of the wheel. The resulting wheel speed signal in the form of an
      a.c. frequency is passed to a conventional signaling device 2, which
      generates brake release and reapplication signals according to the rate of
      change of the speed signal.
PAR  While different forms of signal device 2 may be employed, one well known
      form is that of a differentiator whose parameters may be selected so that
      the brake release signal is produced when the wheel being monitored
      exceeds a predetermined rate of deceleration. It will be understood, of
      course, that the frequency signal produced by sensor unit 1 representative
      of wheel speed must be first converted into a d.c. voltage suitable for
      use by the differentiator, the magnitude of which voltage is proportional
      to the frequency signal.
PAR  By way of an example of a differentiator and frequency to voltage converter
      suitable for use as signaling device 2, reference may be had to U.S. Pat.
      No. 3,482,887 granted Dec. 9, 1969, and assigned to the assignee of the
      present invention. A review of this patent will show that the circuits
      represented by blocks 9, 13 and 17 are recognized in the art as
      conventional and should therefore require no further explanation.
      Signaling device 2 is therefore shown in block form for the sake of
      clarity.
PAR  The brake release signal emitted by signaling device 2 when wheel 1 exceeds
      a predetermined rate of deceleration is connected to an input control port
      3 of a conventional digital counter 5, which is supplied with a constant
      frequency impulse signal from a conventional pulse generator 6. The brake
      reapplication signal from signaling device 2 is connected to a control
      input 4 of counter 5 and occurs in the absence of the brake release
      signal. Therefore, the brake reapplication signal may be simply obtained
      by means of an inverter gate to which the brake release signal is
      connected so that the brake reapplication signal at input 4 is present
      only when the brake release signal is absent. The output stages of the
      digital counter, which may be several in number, each reflect a logic "1"
      or logic "0" output condition to form a binary code representative of the
      number of input pulses received by counter 5. These code signals are
      connected to the inputs 7 of a decoder 9 having a control input 8 to which
      the brake reapplication signal generated at the output of signaling device
      2 is connected. Decoder 9 comprises logic circuitry programmed to produce
      an impulse-like control current at either of its outputs 11 or 12. The
      decoder output 11 or 12 having the impulse-like control current is
      selected according to the logical condition of the reapplication signal
      present at input 8. The magnitude of this pulsed or stepped control
      current waveform alternates between preselected maximum and minimum
      values, the duration of which alternations varies as the counter code
      signal at input 7 of the decoder passes through different count ranges, as
      more fully explained hereinafter with reference to the table on page 5. An
      output 11 of decoder 9 is connected to the solenoid of an electro-magnetic
      modulator valve 13, while the other output 12 of decoder 9 is similarly
      connected to a modulator valve 14. These modulator valves 13 and 14 are
      energized by a stepped or pulsed control current transmitted via outputs
      11 and 12 to provide for the release and reapplication of brake pressure
      in the event of a wheel skid.
PAR  When a brake pressure release or reapplication signal is present during a
      wheel skid cycle, the digital counter 5 is activated to continuously
      indicate the number of pulses emitted by pulse generator 6 in the form of
      the binary code signals that are then fed to decoder 9, where they are
      decoded in order to obtain an indication of the different stages of
      advancement of the counter and thereby obtain different duration pulses
      and pulse intervals forming the stepped or pulsed control current
      depending upon the number of input pulses registered.
PAR  The presence or absence of a signal at control input 8 of decoder 9
      establishes which one of the outputs 11 or 12 provides control of the
      respective modulator valves 13 or 14 in accordance with the pulsed or
      stepped control current generated. If a signal is present at control input
      4, then this logical "1" signal also acts via the control input 8 of
      decoder 9 to set up the logic thereof so that pulsed or stepped control
      current generated by decoder 9 appears at output 11, for example. When a
      signal is present at control input 3 of counter 5, however, it can be
      assumed that the signal at input 4 is absent, so that the signal appearing
      at control input 8 of decoder is in the form of a logical "0", 9, with the
      result that the pulsed or stepped control current appears at output 12.
      Thus, both modulator valves are controlled in a pulsed or stepped fashion
      during a wheel skid control cycle responsive to a brake release or
      reapplication signal to vary the rate of brake pressure release or
      reapplication.
PAR  It is to be understood that the different pulse counts determining the
      length of a pulse and pulse interval may be selected to include any
      desired number of pulses emitted by the pulse generator so that a
      different pulse count for successive pulses and pulse intervals is
      possible to vary the pulsed or stepped waveform of the control current to
      the modulator valves, accordingly.
PAR  For the purpose of further illustration, the following table shows an
      example of different ranges of pulse signals from pulse generator 6 and
      the corresponding pulse or pulse interval of the controlling current,
      which vary in duration depending upon the number of pulses in the
      respective range of pulses monitored by decoder 9. In the control current
      column of the table, the numeral "1" indicates the presence of a pulse and
      the numeral "0" indicates the absence of a pulse or a pulse interval.
TBL  ______________________________________                                    
     Impulse Signals  Controlling Current                                      
     ______________________________________                                    
      1-15            1                                                        
     16-20            0                                                        
     21--33           1                                                        
     34-39            0                                                        
     40-48            1                                                        
     ______________________________________                                    
PAR  The initial pulse of the control current waveform to be generated occurs by
      reason of decoder 9 emitting a current signal for a duration corresponding
      to the time required for counter 5 to receive 15 impulses of pulse
      generator 6. For a consecutive period determined by the time required to
      count the following 4 impulses of pulse generator 6, that is pulses 16-20,
      the logic of decoder 9 causes the control current to be interrupted so
      that a pulse interval exists. Between the next impulses 21-33
      corresponding to 12 impulses of pulse generator 6, decoder 9 again
      generates a current signal. During the time between the next impulses
      34-39 corresponding to 5 impulses of pulse generator 6, the control
      current is again terminated and subsequently restored during the following
      impulses 40-48 corresponding to 8 impulses of pulse generator 6.
PAR  From the foregoing example, it will be seen that a succession of pulses and
      pulse intervals of control current, each of a different time duration, is
      formed to provide the stepped or pulsed control current waveform, in
      response to which energization of the modulator valves 13 or 14 is
      controlled. More specifically, the stepped or pulsed control current
      waveform consists of successive pulses of decreasing time duration and
      pulse intervals of increasing time duration so as to be characterized by a
      variable waveform period, as represented by the waveform shown in the
      drawing at the output of decoder 9. In response to this control current
      waveform, the appropriate modulator valve 13 or 14 is intermittently
      operated for progressively shorter durations, while the delay between
      intermittent operation is progressively increased. For example, if
      excessive wheel deceleration is monitored by sensor 1 and detected by
      signaling device 2 in accordance with the foregoing explanation, a brake
      release signal is emitted by signaling device 2 and supplied to input 3 of
      counter 5 in the form of a logical "1". Since the reacceleration signal is
      the inverse of the brake release signal, input 4 of counter 5 and input 8
      of counter 9 see a logical "0" signal. The decoder 9 includes circuitry
      connected to output 11 which is enabled to emit the impulse-like control
      current to modulator valve 13 to effect a release of brake pressure, such
      release occurring at a progressively decreased rate in accordance with the
      invention, as previously explained.
PAR  With the reduction of brake pressure at the excessively decelerating wheel
      accomplished, the wheel can be expected to resume normal rotation by
      spinning up to synchronous speed. As this occurs, the brake release signal
      emitted by signaling device 2 disappears, while concurrently the
      reapplication signal arises in the form of a logical "1".
PAR  The decoder circuitry connected to output 12 is enabled, in this case, to
      emit the impulse-like control current to modulator valve 14 to effect a
      restoration of brake pressure, which again occurs at a progressively
      decreased rate in accordance with the invention.
PAR  It should be obvious to those skilled in the art that decoder 9 may be
      arrranged with simple AND gate logic and inverter gates to enable the
      impulse-like control current to be supplied to the appropriate modulator
      valve, as determined by the logical condition prevailing at input 8 of
      decoder 9. It will therefore be apparent that the result of this control
      current waveform of unique character is a decreased rate of brake pressure
      modulation as the brake pressure approaches the point at which the wheel
      deceleration or acceleration is brought under control, thereby avoiding
      excessive brake pressure modulation accompanied by overshooting the proper
      pressure and consequent instability of the control system.
PAR  By providing a pulse generator capable of producing different pulse
      frequencies, a preselected pulse shape for a given value range of pulses
      may be stretched out or compressed.
CLMS
STM  Having now described the invention what we claim as new and desire to
      secure by letters patent is:
NUM  1.
PAR  1. An anti-wheel skid brake control system for a vehicle comprising:
PA1  a signaling means for evaluating the dynamic behavior of a wheel of said
      vehicle and providing brake pressure release and reapplication signals
      when certain chosen conditions of wheel rotation have been detected;
PA1  b valve means for controlling modulation of fluid brake pressure; and
PA1  c control circuit means for providing an impulselike control signal to
      effect intermittent operation of said valve means in response to either
      one of said release and reapplication signals being provided, said control
      circuit means comprising:
PA2  i a pulse generator for emitting a predetermined impulse frequency;
PA2  ii a digital counter driven in accordance with the impulse frequency of
      said pulse generator; and
PA2  iii decoding means for interrogating the output of said digital counter and
      emitting said impulse-like control signal so as to vary the duration of
      respective pulses of said control signal according to different pulse
      ranges of said impulse frequency, said control signal being characterized
      by a waveform displaying a predetermined irregular pulse pattern.
NUM  2.
PAR  2. The system as recited in claim 1, further characterized in that the
      intervals between pulses of said control signal vary according to
      different pulse ranges of said impulse frequency.
NUM  3.
PAR  3. The system as recited in claim 2, further characterized in that
      successive pulses of said control signal decrease in duration and said
      pulse intervals increase in duration as said output of said counter
      increases to thereby decrease the intermittent operation of said valve
      means so long as either one of said release and reapplication signals is
      present.
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PAL  An anti-skid and brake control system for use on an aircraft wherein the
      output signals from standard anti-skid circuitry are combined with the
      signals from a brake pedal transducer to create braking signals. The
      braking signals are applied to current controlled hydraulic valves for
      regulation of the application and release of brake pressure. The brakes
      utilized are dual cavity brakes with corresponding cavities of all brakes
      being interconnected to the same hydraulic line. Shut-off valves are
      interposed in the hydraulic lines and are operative to enable the brake
      valves to regulate brake pressure when either brake pedal of the aircraft
      has been depressed a fixed amount. Biasing circuitry is presented to
      affect the brake signal in such a manner as to overcome a dead band within
      the response characteristics of the brake valves utilized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Presently there exist numerous types of anti-skid systems combined with
      brake control apparatus for achieving effective and reliable braking
      action on a moving vehicle. The aircraft industry requires such systems so
      as to achieve optimum braking action upon an aircraft during its braking
      procedure on the runway. Heretofore, such systems have been mechanical or
      hydraulic in nature requiring a mechanical or hydraulic linkage between
      the braking pedals and the metering valves. Being of hydraulic-mechanical
      nature, such systems have been bulky in construction, susceptible to
      failure of mechanical parts, and inherently messy due to hydraulic
      leakage. Further, presently available systems utilize two separate and
      distinct valves, one being the metering valve and the other an anti-skid
      valve to control braking. Such construction is inherently expensive due to
      the presence of two valves and further adds to the potentials for failure.
PAR  Consequently, it is an object of the invention to present an anti-skid
      system and brake control device whereby much of the trouble with
      mechanical linkage and hydraulic interconnections of presently utilized
      systems may be alleviated.
PAR  Still another object of the invention is to present an anit-skid system and
      brake control device wherein a single valve per brake may be utilized for
      both braking and anti-skid purposes.
PAR  Yet another object of the invention is to present an anti-skid system and
      brake control device wherein anti-skid signals and brake pedal signals may
      be combined and applied to a valve driver for exciting a single valve.
PAR  Still a further object of the invention is to present an anti-skid system
      and brake control device which is reliable in operation, relatively
      inexpensive to construct and maintain, and readily adaptable for
      implementation with state of the art elements.
PAR  These objects and other objects which will become apparent as the detailed
      description proceeds are achieved by an anti-skid system and brake control
      device for use on a vehicle having at least two wheels and having
      anti-skid circuitry connected to said wheels for providing anti-skid
      signals indicative of skidding activity and further having brake pedal
      transducers for producing pedal signals indicative of the degree of brake
      pedal depression, comprising: rectifiers connected to the transducers for
      producing a D. C. level from the associated pedal signals; differencing
      circuits connected to the rectifiers and anti-skid circuits and producing
      brake signals indicative of the difference between the pedal and anti-skid
      signals; brake valve means connected to each of said wheels; and valve
      driving means interconnected between said differencing circuit and said
      brake valve for regulating the application and release of brake pressure
      according to said brake signals.
DRWD
PAR  For a complete understanding of the structure and techniques of the
      invention, reference should be had to the following detailed description
      and accompanying drawings wherein:
PAR  FIG. 1 is a block diagram of the hydraulic system of the invention;
PAR  FIG. 2 is a graphical illustration of the response characteristics of the
      brake valve utilized in the system;
PAR  FIG. 3 is a schematic block diagram of a braking circuit according to the
      invention; and
PAR  FIG. 4 is a detailed schematic of the circuitry of FIG. 3.
DETD
PAR  Referring now to the drawings and more particularly FIG. 1 it can be seen
      that the hydraulic system of the invention is designated generally by the
      numeral 10. A pressure source 12 is adapted for passing hydraulic fluid
      under pressure through check valves 14 to pressure accumulators 16. The
      check valves 14 are, of course, interposed for purposes of inhibiting
      pressure leakage back through the line to the pressure source 12 in case
      of its failure. The accumulator 16 is provided for guaranteeing the
      presence of sufficient pressure within the hydraulic system to achieve
      safe braking action in the case of failure of the source 12.
      Interconnected between the check valves 14 and associated accumulators 16
      are two way shut-off valves 18, 20 which are respectively connected to
      hydraulic lines 26, 28, both of which pass through brake valves 22, 24 and
      feed hydraulic brakes 30, 32. In the system shown, there are only provided
      two brakes, a left brake 30 and a right brake 32, indicating that a two
      wheeled vehicle is being discussed. Of course, the structure of the
      invention could be expanded to include braking systems for vehicles having
      any number of wheels.
PAR  As will be further elaborated upon hereinafter the shut-off valves 18, 20
      are interconnected in such a way that they are actuated simultaneously.
      The brakes 30, 32 are of the dual cavity type such that one cavity of each
      is supplied via line 26 while the other cavity of each is supplied via
      line 28. Consequently, the failure of either of the valves 18, 20 or the
      portion of the system associated therewith, will only result in a
      dimunition of the braking efficiency of the brakes 30, 32 and will not
      result in a complete failure thereof. Thus, a particular safety feature of
      the invention is the provision for this redundancy within the hydraulic
      system.
PAR  As will yet further be elaborated upon, the actuation of the valves 18, 20
      merely enables the brake valves 22, 24 by applying pressure thereto; such
      brake pressure being metered to the brakes 30, 32 under pilot control of
      the brake valves.
PAR  The response characteristics of the valves 22, 24 and their respective
      brakes 30, 32 is shown in FIG. 2. As can be seen, the response
      characteristics shown herein are of such nature that the brake pressure
      applied is directly related to the current applied to the valve. However,
      since the function is not linear, given increases in current do not result
      in directly proportional increases in brake pressure. This is clearly
      shown by the current increases i taken at two points along the curve
      wherein different increases in pressure are realized; to wit, .DELTA.P1
      and .DELTA.P2.
PAR  With an understanding of the hydraulic system of FIG. 1 and the brake
      control response characteristics of FIG. 2, reference should now be had to
      FIG. 3 wherein a schematic block diagram of the circuitry of the invention
      is shown. It should be appreciated that this Figure represents a diagram
      of only the left brake of the invention and that a similar system would be
      utilized for the right brake of the two wheeled vehicle under
      consideration. The brake pedals of the aircraft are connected to linear
      variable differential transformers, the left brake being connected to the
      LVDT 40. As is well known to those skilled in the art, the output of the
      LVDT 40 is an AC voltage which is of an amplitude linearly proportional to
      the force applied to the brake pedal, or the pedal movement. At a zero
      force application, there is no output from the LVDT 40 since the
      secondaries thereof are standardly connected in a phase-opposition
      relationship. The output of the LVDT 40 is passed to a rectifier and
      filter circuit 42 where a DC voltage having a slight ripple associated
      therewith is created having a DC amplitude directly proportional to that
      of the output of the LVDT and consequently being linearly proportional to
      the force applied to the left brake pedal. The DC output from the
      rectifier 42 is then applied to a differencing or subtract circuit 44
      wherein it is combined with anti-skid signal from a standard anti-skid
      circuit. Consequently, the subtract or differencing circuit 44 modifies
      the braking signal in accordance with the skidding activity of the wheel
      as monitored by anti-skid circuitry. Of course, during normal operation
      and taxiing maneuvers, there would be no anti-skid signal present and the
      output of the element 44 would be that received from the rectifier 42.
PAR  The output of the differencing circuit 44 is then applied to a signal
      conditioner 48 wherein the signal is shaped for eventual application to
      the brake valve. However, if the response characteristics of the brake are
      as those shown in FIG. 2, the element 48 may be dispensed with and the
      output of the circuit 44 be applied directly to a current valve driver 50.
      It is only necessary to include the structure of the element 48 if the
      pressure-current response characteristic of the valve is not as shown in
      FIG. 2. If such is not the case, the provision of a signal conditioning
      circuit is well within the scope of one skilled in the art to implement.
PAR  Since the functioning of the brake valve of an aircraft must most generally
      be temperature insensitive, it is most preferable that the brake valve of
      this system be current rather than voltage dependent. Consequently, the
      valve driver 50 is presented to receive the signal from the circuit 44 (or
      the circuit 48 if necessary) to convert the voltage signal to a current
      drive signal for eventual application to the valve 22.
PAR  Also receiving the output of the rectifier 42 is a threshold detect and
      amplifier circuit 46. As will be further discussed hereinafter this
      circuit is adjusted such that an output is emitted therefrom when the
      output of the rectifier 42 indicates that the associated brake pedal has
      been depressed an amount equivalent to a nominal percentage of full pedal
      travel. In the instant invention, this value has been selected at 6
      percent. When the pilot has depressed the pedal 6 percent of the full
      pedal travel, the output of the rectifier 42 is sufficient to cause an
      output from the threshold detect and amplifier 46 so as to trigger the
      shut-off valve 18. A circuit similar to that shown in FIG. 3 is provided
      for the right brake also and it can been seen that the output of the
      rectifier 42 is similarly applied to a threshold detect and amplifier
      circuit associated with the right brake. Similarly, as is shown in FIG. 3,
      the threshold detect and amplifier 46 receives a signal from the rectifier
      associated with the right brake. Consequently, both shut-off valves 18, 20
      as shown in FIG. 1 are open when either of the brake pedals is depressed
      an amount equivalent to 6 percent of maximum brake pedal travel. With the
      valves 18, 20 so actuated the brake valves 22, 24 are enabled for
      appropriate braking activity.
PAR  As should further be noted from FIG. 3, there is a redundancy of circuitry
      provided with each of the left and the right brakes. The elements 40a-50a
      correspond identically in function with the elements 40-50 discussed
      directly hereinabove. Indeed, the left brake pedal has associated
      therewith two LVDT's (40, 40a) each of which emits a signal proportional
      to brake pedal travel. The circuit 40a-50a operates identically as the
      circuit 40-50 just discussed. A switch 34 is operatively selectable by the
      pilot for enabling either of the circuits 40-50 or 40a-50a to control the
      braking activity of the vehicle. If the pilot finds that one of the
      circuits appears to be malfunctioning, he may, via switch 34, select the
      redundant circuit for his braking efforts. This structure provides further
      safety redundancy within the system.
PAR  Referring now to FIG. 4, an appreciation of the preferred electronic
      structure of the invention may be had. The level shift circuit 60, not
      shown in FIG. 3, is utilized on those aircraft wherein a negative voltage
      source is not available. Specifically, for the embodiment under
      consideration, the aircraft is assumed to have only a 28 volt DC supply
      available therein and hence a level shift is necessary to cause the signal
      to be referenced to a positive voltage rather than ground with the
      reference then being compensated for at the output of the system since the
      brake valves are designed to operate with respect to a ground reference.
      The specific characteristics of the level shift 60 will be brought out
      hereinafter but suffice it to say that the anti-skid signal from an
      appropriate anti-skid device is applied to the subtract circuit 44 after
      its reference is appropriately shifted.
PAR  The rectifier 42 has a 1:1 isolation transformer at the input end thereof
      which is connected to the brake pedal LVDT or transducer. The transformer
      T1 is utilized in the normal manner for isolating the input signal from
      noise that might otherwise be coupled into the input signal thus
      distorting the same. The secondary of the transformer T1 is connected to a
      precision rectifier circuit which includes the amplifier A3. Such
      rectifiers are operative to receive and rectify low voltage input signals
      such as those produced by the pedal LVDT's at low pedal force. The diode
      CR1 is interconnected between the negative input and the output of the
      amplifier A3 to clamp the positive half cycle of the input thereto such
      that the precision rectifier 42 operates only upon the negative half of
      the input cycle as a half wave precision rectifier. The capacitor C1 is
      interposed for purposes of filtering the output DC level and is chosen
      with due consideration given to a trade-off between ripple factor and
      pedal response time. Of course, the output frequency of the brake pedal
      transducer or LVDT is of such nature as to cause the response time
      considerations to be of minor concern.
PAR  The output from the rectifier 42 and the anti-skid signal are combined in
      the subtract circuit 44. This circuit again is of a generally standard
      nature utilizing a differencing amplifier A2 producing an output therefrom
      representative of the difference between the anti-skid signal and the
      brake pedal position signal. The voltage divider comprising resistors R17
      and R18 is utilized for purposes of scaling the output of the amplifier A2
      for application to the valve driver 50. Of course, if there is no
      anti-skid signal, the output of the subtract circuit 44 is representative
      solely of the output of the rectifier 42.
PAR  The output of the subtract circuit 44 is applied through the amplifier A4
      to the base of the transistor Q1. The emitter of the transistor Q1 is
      connected to ground through the zener diode VR5. The presence of this
      zener diode inhibits conduction gating of the transistor Q1 until the
      input to the base thereof exceeds the zener voltage combined with the
      emitter drop. The amplifier A4 is connected with a feedback through the
      resistor R22 to operate in the linear mode. An output signal from the
      subtract circuit 44 is amplified by the amplifier A4 to turn on the
      transistor Q1 which in turn turns on the transistor Q2 to pass the valve
      driving current through the resistor R21. The current from the valve
      driver 50 is, by virtue of the linear mode operation of the amplifier A4
      and the utilization of the transistors Q1 and Q2 for driving the valve via
      resistor R21, insensitive to temperature changes and variations. The
      capacitors C3, C4, C6 and C7 are provided within the valve driver circuit
      to prevent instability therein due to the inductance of the valve being
      driven.
PAR  The threshold detect and amplifier circuit 46 receives the output of the
      amplifier A3 of the rectifier circuit 42. This signal is applied through
      diode CR3 to a similar circuit for the right brake control elements and
      similarly, a signal is received from such right brake circuitry and
      applied to the input of the amplifier A5 through the resistor R25. The
      output of the amplifier A3 of the rectifier 42 is applied through the
      diode CR4 to this same point. Consequently, the input to the amplifier A5
      and the voltage level of the capacitor C5 is equivalent to the higher
      voltage level of the output of the rectifiers 42 of the right and left
      brake circuits. Thus the amplifier A5 of the threshold detect and
      amplifier circuit 46 receives at the positive input thereof a voltage
      level indicative of a greater degree of depression of the two brake pedals
      of the aircraft. With resistors R25 and R27 appropriately selected to
      provide a voltage divider, the amplifier A5 may be caused to turn on when
      the voltage at the positive input thereof is at a preselected level. In
      the instant invention this level is calibrated, with respect to the
      biasing of the negative input of the amplifier A5, to turn the amplifier
      A5 on when either of the brake pedals is depressed 6 percent of maximum
      pedal depression. The diode CR5 and resistor R29 provide a hysteresis
      latch effect for operation of the amplifier A5 for purposes of alleviating
      instability. With the amplifier A5 on, the transistor Q4 is gated on to
      open one of the two-way shut-off valves 18 or 20 of the system. The other
      is turned on via CR3 and the threshold detect and amplifier section of the
      circuit for the right brake. With these shut-off valves open, the
      hydraulic system of the invention is operative to receive braking control
      via the pilot's application and release of pedal pressure and the
      resultant control of the brake valves 22, 24. Again, the zener diode VR2
      connects the emitter of the transistor Q4 to ground in order to inhibit
      the gating of the transistor Q4 until the amplifier A5 has been turned on.
      Such function is similar to that of the zener diode VR5 as discussed
      hereinabove.
PAR  The power supply circuit 70 of the invention is provided to operate from a
      28 volt DC supply voltage which is assumed to provide power for the
      aircraft utilizing the invention. Of course, value changes within the
      structure of the circuitry 70 could be made to cause the same to operate
      from any of numerous voltage sources. As can be seen, the aircraft supply
      voltage is connected to the power supply 70 through a resistor R30 and
      zener diode VR4. These elements are presented to prevent the voltage from
      exceeding a preselected level: in other words, noise peaks are clipped
      thereby. The 28 volt supply feeds through a constant current diode CR6 and
      a 10 volt zener diode VR3 to ground. There is thus supplied to the
      positive input of the operational amplifier A7 a steady 10 volt level. The
      output of this amplifier drives the transistor Q3 into conduction; the
      collector of the transistor Q3 being supplied by the 28 volt source. The
      emitter of transistor Q3 is fed back via R32 to the negative input of the
      amplifier A7 and thus stabilization is achieved when the junction between
      the voltage divider resistors R32, R31 is at 10 volts. This is achieved
      when the emitter of the transistor Q3 is at a 15 volt level as shown.
PAR  The 15 volt power supply is then applied to the positive input of the
      amplifier A6 through the voltage divider comprising R39, R33. There is
      thus applied to the positive input a 4 volt level and, since the amplifier
      A6 has the output thereof fed back to the negative input, stabilization
      occurs when the output of the amplifier is at a steady 4 volts. Resistors
      R35, R36, R37 and R38 are then selected for appropriate interconnection
      between the 15 volt and 4 volt supplies and ground to achieve 5 volt and 2
      volt reference points. Since the 4 volt and 15 volt supplies are
      relatively stable by virtue of their mode of generation, the 2 volt and 5
      volt supplies are similarly stable and sufficient for purposes of desired
      use. The voltages created within the power supply circuit 70 are used for
      biasing of the various amplifiers of the system and for providing an
      appropriate offset (4 volts) for the signals generated.
PAR  As mentioned hereinabove the level shift circuit 60 is provided since the
      anti-skid signal available from the anti-skid circuit operates about a
      ground reference.
PAR  Further, operational amplifiers A1, A2, A3, A4, and A5 must not give
      distorted output signals, yet they must operate from a single power
      source, which is 28 VDC. It is therefore necessary to utilize a scheme
      whereby all signals within the circuit are referenced to a DC level that
      is a few volts above ground potential. Four volts are used in this
      preferred circuit such that zero signal from any amplifier is 4 VDC. The
      anti-skid signal however is zero VDC for zero signal as it is received at
      the input terminal of the circuit of FIG. 4. Hence, the level shift
      circuit is necessary so that the anti-skid signal can be superimposed on 4
      VDC to give, for example, 7 volts at the output of A1 when an anti-skid
      signal of 3 volts is across R15. In addition to shifting the level of the
      anti-skid signal the level shift circuit is biased by 2 volts on R2 and by
      5 volts on R3 so as to have 3 volts rather than 4 volts on the output of
      A1 when the anti-skid signal is zero. This provides a quiescent valve
      current that is sufficient to overcome the dead band of the valve as shown
      in FIG. 2, so that the brake operation starts at the end of the dead band
      rather than at zero current.
PAR  The voltage divider of R14, R15 and the zener diode VR1 are provided to
      scale and limit the amplitude of of the anti-skid signal as the same is
      applied to the input of the amplifier A1. If a full brake release signal
      is received from the anti-skid system, the circuitry as shown is operative
      to limit the amplitude of this signal so as not to exceed the limit of the
      signals operative with the remaining circuitry of the system. In other
      words, R14 and R15 of the circuitry of the positive input of the amplifier
      A1 are set so as to scale the anti-skid signal whereas VR1 is to limit a
      full dump anti-skid signal.
PAR  Thus it can be seen that the objects of the invention have been achieved by
      the structure presented hereinabove. A system utilizing a single brake
      valve for each wheel may receive braking signals from both anti-skid
      circuitry and the brake pedals to achieve optimum braking action. While in
      accordance with the Patents Statutes only the best mode and preferred
      embodiment of the invention has been presented and described in detail, it
      is to be understood that the invention is not limited thereto or thereby.
      Consequently, for an appreciation of the scope and breadth of the
      invention reference should be had to the following claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An anti-skid system and brake control device for use on a vehicle having
      at least two wheels and having anti-skid circuitry connected to brakes on
      each of said wheels for producing anti-skid signals indicative of skidding
      activity and further having brake pedals connected to brake pedal
      transducers for producing pedal force signals indicative of the degree of
      brake pedal depression, comprising:
PA1  rectifiers connected to the transducers for producing a DC signal from the
      associated pedal signals;
PA1  differencing circuits connected to the rectifiers and anti-skid circuits
      for producing brake signals indicative of the difference between the pedal
      force and anti-skid signals;
PA1  current controlled brake valve means connected to brakes on each of said
      wheels;
PA1  valve driver circuit means interconnected between said differencing circuit
      and said brake valve means for regulating the application and release of
      brake pressure according to said brake signals; and
PA1  wherein said brakes are dual cavity brakes, having first and second
      cavities, and a first hydraulic line interconnecting the first cavity of
      all brakes with a hydraulic pressure source, and a second hydraulic line
      interconnecting the second cavity of all brakes with said hydraulic
      pressure source, each hydraulic line having a shut-off valve positioned
      between said hydraulic pressure source and the respective cavities, and
      further including threshold detection circuit means interconnected between
      said rectifiers and the shut-off valves for effecting the application of
      hydraulic pressure to the brake cavities when either of the brake pedals
      is depressed beyond a particular amount.
NUM  2.
PAR  2. The anti-skid system and brake control device as recited in claim 1
      wherein each said rectifiers is a precision rectifier comprising an
      isolation transformer receiving a pedal force signal and driving a
      half-wave rectifier.
NUM  3.
PAR  3. The anti-skid system and brake control device as recited in claim 1
      wherein said brakes have a dead band in which increases of current to the
      valve means results in no increase of brake pressure and wherein said
      differencing circuit includes biasing means to present a quiescent output
      to the valve driving circuit means to overcome said dead band.
NUM  4.
PAR  4. A brake control system for use on an aircraft having at least two
      wheels, one on each side of the aircraft, each wheel having an
      electrically controlled hydraulic valve connected to a brake for such
      wheel, all wheels on the same side of the aircraft being controllable by
      the same brake pedal and each wheel having anti-skid circuitry associated
      therewith to produce anti-skid signals indicative of skidding activity of
      the wheel comprising:
PA1  a brake pedal transducer connected to each pedal and producing a pedal
      signal corresponding to the degree of depression of said pedal;
PA1  first circuit means, including a differencing circuit, connected to said
      brake pedal transducers for receiving said pedal and anti-skid signals and
      producing a brake signal as a function thereof;
PA1  valve driver means connected to said first circuit means and to said
      hydraulic valves for controlling application and release of brake pressure
      to the brakes;
PA1  second circuit means connected to said transducers for opening shut-off
      valves in hydraulic lines between hydraulic pressure sources and the
      hydraulic valves to enable such hydraulic valves to regulate brake
      pressure when either brake pedal has been depressed a fixed amount; and
PA1  wherein a level shift circuit is provided for biasing the differencing
      circuit to superimpose the anti-skid signal on a DC level before the
      application thereof to the differencing circuit.
NUM  5.
PAR  5. The brake control system as recited in claim 4 wherein said first
      circuit means comprises a precision rectifier and a differencing circuit,
      the rectifier receiving the pedal signals and creating a corresponding DC
      signal and the differencing circuit creating said brake signal as a
      function of the difference between the pedal and anti-skid signal levels.
NUM  6.
PAR  6. The brake control system as recited in claim 4 when said first circuit
      means further includes a precision rectifier receiving the pedal signals
      and creating a corresponding DC signal.
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ABST
PAL  A fluid pressure relay valve particularly for the electro-pneumatic control
      of vehicle brakes has a piston displaceable within a valve housing to
      define a control chamber on one side of the piston and on the other side
      of the piston there is a second chamber which is connected to the braking
      device. The pressure within the control chamber is controlled by inlet and
      outlet solenoid valves. The piston actuates valve means for controlling
      the pressure in the second chamber by venting the chamber or by connecting
      the chamber to a source of fluid pressure. An additional volume of
      pressure medium is connected to the control chamber for the purpose of
      increasing the pressure in the control chamber subsequently to the release
      of the signal "hold the pressure." The increase in pressure is to a
      predetermined level which is a function of a controlled lowering of
      pressure in the additional volume.
BSUM
PAR  The present invention relates to a fluid pressure relay valve, more
      particularly, to such a valve for the electro-pneumatic control of vehicle
      brakes.
PAR  It has been known to provide such a fluid pressure relay valve comprising a
      control chamber one side of which is defined by a piston which actuates
      inlet and outlet valves for controlling the action of the pressure medium
      in a valve chamber which is connected to a braking device or some other
      device which is to be operated. The pressure within the chamber is
      controlled as a function of control pressure supplied into a control
      chamber. The pressure in the control chamber is controlled by solenoid
      inlet and outlet valves.
PAR  Electro-pneumatic systems including blocking devices such as brakes have
      the inherent disadvantage of considerable undercontrol. Undercontrol
      occurs because of a lag in response of the braking valve after a signal
      has been released to lower the pressure in a brake cylinder wherein the
      brake cylinder pressure is decreased to a level lower than that
      contemplated. This lower level of pressure is actually a loss in pressure
      and results in a longer braking distance i.e., distance in which a braked
      vehicle is stopped, because of this braking power.
PAR  It is therefore the principal object of the present invention to provide a
      novel and improved fluid pressure relay valve which avoids the
      undercontrol of control pressure.
PAR  It is a further object of the present invention to provide such a fluid
      pressure relay valve particularly for electro-pneumatic control of vehicle
      brakes wherein excessive lowering of the pressure in the brake cylinder is
      avoided subsequent to the release of a "hold the pressure" signal and the
      brake is released only to the extent as indicated by a control signal for
      ending the decrease of pressure.
PAR  According to one aspect of the present invention a fluid pressure relay
      valve for the electro-pneumatic control of vehicle brakes may comprise a
      housing having a control chamber therein with the pressure in the control
      chamber being controlled by inlet and outlet solenoid valves. A piston is
      displaceable within the control chamber and defines one wall of the
      control chamber. There is a second chamber on the other side of the piston
      and connected to a braking device. First and second valve means are
      actuable by the piston for controlling the pressure in the second chamber
      by venting the pressure from the chamber and for connecting the chamber to
      a source of pressure medium. Connected to the control chamber is an
      additional volume of pressure medium for the purpose of increasing the
      pressure in the control chamber to a predetermined level by a regulated
      lowering of the pressure in the additional volume subsequent to a "hold
      the pressure" signal. The lowering of pressure in the additional volume
      may be accomplished by a throttle valve or a check valve. The decrease in
      pressure in the additional volume is preferably regulated by the control
      pressure, which is the pressure in the control chamber. The pressure can
      also be lowered by being controlled by the pressure of the brake cylinder.
      The level of pressure to which the pressure of the control chamber is
      raised is determined by the pressure in the control chamber and the
      pressure in the additional volume upon release of the "hold the pressure"
      signal.
DRWD
PAR  Other objects and advantages of the present invention will be apparent upon
      reference to the accompanying description when taken in conjunction with
      the following drawings, which are exemplary, wherein;
PAR  FIG. 1 is a sectional view through a relay valve of the present invention
      comprising a throttle between the additional volume and the control
      chamber;
PAR  FIG. 2 is a view similar to that of FIG. 1 but of a modification of the
      relay valve wherein a throttle check valve is provided between the
      additional volume and the control chamber; and
PAR  FIGS. 3 and 4 are graphs showing the relationship of pressure with respect
      to time for clarifying the description of the operation of the relay
      valves of FIGS. 1 and 2, respectively.
DETD
PAR  Proceeding next to the drawings wherein like reference symbols indicate the
      same parts throughout the various views a specific embodiment and
      modification of the present invention will be described in detail.
PAR  As may be seen in FIG. 1, the fluid pressure relay valve of the present
      invention comprises a housing 1 in which there is provided a control
      chamber 2 a surface of which is formed by a control piston 3 which is
      guided for displacement within the control chamber by means of a central
      extension 4 slidably received within a recess 5. A spring 6 acts upon the
      extension 4 to load the extension. A space 8 is formed in the housing 1
      above the extension 4. Pressure within the space 8 is exhausted through a
      bore 7 passing through extension 4 and through the piston 3.
PAR  In this particular embodiment the control piston 3 comprises a flexible
      diaphragm having a reinforced bead or edge 9 which is clamped in grooves
      between a housing part 10 in which the control chamber 2 is formed and a
      central annular housing element 11.
PAR  Attached to the underside of the annular housing element 11 is another
      housing component 12 which is provided with a connection 13 leading to an
      air reservoir as a source of pressure medium and also provided with a
      central opening 14 in which is positioned a tubular insert 15. The insert
      15 has an inner tubular section 16 within which is slidably received and
      sealed against pressure losses a tubular valve element 17 which is
      displaceable in the axial direction of the tubular insert 16 and extends
      through a central opening 18. The opening 18 provides for communication
      between connection 13 and a chamber 19 which is defined on one end thereof
      by the piston 3 and on the other end thereof by the annular housing
      element 11 and housing part 12.
PAR  While not shown in the drawing, there is a connection from chamber 19 to
      the brake cylinder which also is not shown.
PAR  The valve element 17 has a central external flange upon which is mounted a
      packing ring 20 which together with a valve seat 21 formed on the housing
      part 12 defines a first valve 20,21. In its closed position this valve
      closes the connection from the air reservoir through connection 13 to
      chamber 19.
PAR  On the end of the valve element 17 facing the piston 3 a packing ring 22 is
      inserted in a groove to define a valve surface 23 which coacts with a
      valve seat 24 to define a second valve 23,24. When this second valve is
      open, the chamber 19 is vented to the atmosphere through the hollow valve
      element 17 and the tubular insert 15 and, as a result, the brake cylinder
      connected to the chamber 19 is also evacuated.
PAR  A spring 25 has one end resting on a portion of the tubular insert 15 and
      the other end acts upon a flange or shoulder on the valve element 17 so as
      to load the valve element in the closing direction of valve 20,21. When
      valve 23,24 is closed, the piston 3 will continue to act against the valve
      element 17 to open valve 20,21.
PAR  The control chamber 2 is connected through a passage 26 in the housing
      component 10 to a component which is not shown in the drawings but can be
      connected into a unit with the relay valve and in which there are provided
      two solenoid valves. A solenoid inlet valve supplies air into the control
      chamber at a control pressure and a solenoid outlet valve evacuates the
      control chamber.
PAR  When a signal "lower the pressure of the brake cylinder" is emitted by, for
      example, an anti-skid control device, the solenoid outlet valve will be
      opened to evacuate the control chamber through passage 26 and the open
      solenoid outlet valve. The solenoid inlet valve will remain closed during
      this operation.
PAR  When a signal "increase brake cylinder pressure" is emitted, the solenoid
      inlet valve will be opened while the solenoid outlet valve will be closed.
      Through the open inlet valve, compressed air will be introduced into the
      control chamber from a reservoir that is not shown in the drawing and
      through a brake valve of the motor vehicle, the brake valve also not being
      shown and may flow through nozzle 29 into the volume 28. In this manner,
      the volume 28 will always be refilled during normal braking conditions.
PAR  The control chamber 2 is connected through a passage 27 in the housing part
      10 to an additional volume 28 and a nozzle 29 is inserted into the passage
      27.
PAR  If the solenoid outlet valve should be opened at a time t.sub.1 in response
      to a signal "lower the pressure" the pressure P in control chamber 2 after
      a certain lag or delay would drop along a curve I shown with a dashed line
      in the diagram of FIG. 3, if an additional volume 28 is not provided. At
      time t.sub.2, valve 23,24 is opened for venting the brake cylinder
      simultaneously with closing of valve 20,21. This lowering of pressure in
      the brake cylinder is illustrated by the curve III in FIG. 3.
PAR  At a time t.sub.3, a signal "hold the pressure" is released. There is a
      short lapse of time prior to the closing of the solenoid outlet valve
      during which time the lowering of the control pressure in chamber 2
      continues until a constant control pressure is established. In the absence
      of the additional volume 28, the pressure of the brake cylinder would drop
      to a pressure corresponding to the constant control pressure as shown by
      that portion of curve III drawn in a dashed line.
PAR  A further lowering of the pressure in the brake cylinder is stopped by the
      closing of valve 23,24 under the action of spring 6 only when the same
      pressure is established on both sides of the piston 3. The pressure
      difference .DELTA.P between the required or designed reference pressure of
      the brake cylinder at time t.sub.3 and the pressure as actually obtained
      in the brake cylinder is designated here as undercontrol.
PAR  It is apparent that the longer the delay to the opening of valve 23,24 and
      the closing of valve 20,21 subsequently to the release of the signal
      "lower the pressure," then the greater will be the undercontrol .DELTA.P.
PAR  By controlling the connection of the additional volume 28 to the control
      chamber 2, according to the present invention the undercontrol may be
      established at a substantially lower value of .DELTA.P'. When the control
      chamber 2 is evacuated in order to lower the control pressure therein,
      compressed air flows from additional volume 28 through nozzle 29 into the
      control chamber 2 so that the pressure in the additional volume 28 is
      throttled and decreases along the curve II while the pressure in the
      control chamber 2 remains substantially unthrottled along the curve I. As
      a result, subsequently to the signal "hold the pressure" a mixed pressure
      indicated at IV is established in the control chamber 2 and this mixed
      pressure is higher than the control pressure would be without the
      connection of the additional volume 28. Thus, there is obtained an
      undercontrol .DELTA.P' which is substantially less than the undercontrol
      .DELTA.P as obtained without the additional volume. Accordingly, the
      pressure within the brake cylinder is maintained at a higher level adapted
      to the required pressure at the time t.sub.3. This means that a
      considerable quantity of pressure of compressed air is saved and the
      braking force will drop below the required or desired valve to a very
      small extent which can be adjusted. It is therefore apparent that the
      undercontrol .DELTA.P' is a function of the pressure in the control
      chamber and the pressure in the additional volume after the release of the
      signal "hold the pressure."
PAR  It is further pointed out that the greater the magnitude of the additional
      volume 28 the higher will be the level of the resulting mixture of
      pressures in the control chamber and additional volume. Also, the better
      the adaptation of the pressure curve in the additional volume to the drop
      of pressure in the brake cylinder the smaller will be the undercontrol.
      The pressure curve in the additional volume can be adapted to the pressure
      drop in the brake cylinder by a suitable selection of the nozzle 29 in the
      case of a large additional volume. The limits of such additional volume
      are determined on one hand by the cross-sectional area of the outlet of
      the solenoid outlet valve which is open to lower the pressure in the
      control chamber and on the other hand by the portion of the total volume
      which is still effective. The conditions can be readily established in
      such a manner that only a very low undercontrol is obtained and this
      undercontrol may be only slightly below the pressure of the brake cylinder
      subsequent to the release of the signal "hold the pressure." A certain
      overcontrol may be of interest in particular applications.
PAR  It is therefore apparent from the above described embodiment of the
      invention that the object of the invention is obtained when the mixture of
      pressures is obtained in the fastest possible time and this will occur
      when the additional volume is relatively large.
PAR  The modification of the relay valve as shown in FIG. 2 has a structure and
      operation which correspond generally to the relay valve of FIG. 1 as
      described above. Accordingly, the description of the valve of FIG. 2 can
      be limited to the essential differences therebetween.
PAR  As in FIG. 1, additional volume 28 is connected to control chamber 2
      through a passage 27 in which there is installed a throttle check valve 30
      indicated in the drawing by a schematic representation of a spring resting
      on fixed abutments in passage 27 and urging a spherical valve element
      having a bore therethrough against a valve seat in the passage 27. After a
      controlled lowering of pressure, the throttle check valve 30 opens after
      the pressure in the control chamber has been lowered rapidly to a
      predetermined value as a result of which an unthrottled drop of pressure
      occurs between the additional volume 28 and the control chamber 2.
      Additional volume 28 is connected through a pipe 31 and a passage 31' to a
      passage 32 in a component 33 flanged onto housing part 10 of the relay
      valve for the purpose of having mounted therein solenoid inlet and outlet
      valves 34 and 35. The passage 32 also communicates with the passage 26 to
      the control chamber 2 as described with the relay valve in FIG. 1.
PAR  The outlet valve 34 is mounted in a venting passage 36 which is used for
      evacuating or venting control chamber 2 via the passages 26 and 32. To
      vent the control chamber, the solenoid outlet valve 34 is switched from
      its closed position as shown in FIG. 2 into a position to close off
      passages 31,31' from duct 32. At the same time, solenoid inlet valve 35 is
      switched from its open position to its closed position (as shown in the
      drawing to close off the charging passage 37 from passage 32). In order to
      admit compressed air into the control chamber 2 via passages 37, 32 and
      26, solenoid inlet valve 35 is opened and outlet valve 34 is moved in
      position to close venting passage 36. The compressed air then flows to the
      control chamber 2 through the brake valve of the motor vehicle (which
      valve is not illustrated) and through passages 37, 32 and 26. At the same
      time, there will occur an unthrottled equalization of pressure with the
      additional volume through passages 31 and 32.
PAR  The diagram of FIG. 4 illustrates the pressure characteristics of the relay
      valve of FIG. 2 on lowering of pressure and subsequent maintaining of
      pressure after the emission of the corresponding signals. If a signal for
      lowering the pressure of the brake cylinder is released at time t.sub.1,
      outlet valve 34 will open exhaust passage 36 and will shut off passage 31.
      The relatively smaller volume of the control chamber 2 is rapidly
      exhausted unthrottled through ducts 26,32, and 26 until time t.sub.2
      according to the curve Ia. The pressure difference thus attained with
      respect to the brake cylinder pressure in chamber 19 will bring about a
      rapid reaction of piston 3 to open valve 23,24 as a result of which the
      brake cylinder will be exhausted in accordance with curve III. Further
      exhausting of the control chamber until the release of the signal "hold
      the pressure" at time t.sub.3 will then drop off along the curve Ib shown
      in a dashed line.
PAR  When pressure is reduced at the time t.sub.2, the pressure in the control
      chamber is already lowered to such an extent that the closing force of
      check valve 30 is overcome and compressed air from the additional volume
      28 is rapidly introduced and, at this particular time, largely unthrottled
      into control chamber 2. The decrease of pressure in the additional volume
      28 is indicated by the curve II. After release of a "hold the pressure"
      signal, an undercontrol .DELTA.P" is attained by means of a rapid
      equalization of pressures in the control chamber 2 and the additional
      volume 28 by means of pipe 31, passage 31', solenoid outlet valve 34 (in
      the position shutting off passage 36 and releasing the connection between
      passages 31' and 32) passage 32 and the passage leading to control chamber
      32. The magnitude of such undercontrol is even less than the undercontrol
      of FIG. 3. The mixture or equalization of pressure thus obtained in the
      control chamber 2 is designated at IV.
PAR  An important feature of the relay valve of FIG. 2 is the effect of check
      valve 30 which provides the possibility of a rapid reaction of piston 3
      and, at a relatively small additional volume, extensive adaptation of the
      pressure curve of the lowered pressure of the control chamber to the
      pressure of the brake cylinder in order to obtain a small undercontrol. It
      is thus possible to obtain an undercontrol which is only slightly less
      than the required pressure in the brake cylinder at the time t.sub.3 at
      the release of the signal "hold the pressure." Because of the throttle
      valve in the check valve 30, the pressure in the additional volume is
      decreased on release of the "hold the pressure" signal at a time when the
      pressure in the control chamber has already been decreased to zero so that
      a reduced overcontrol is obtained. However, such an unavoidable
      overcontrol can be readily limited to a level at which the valve for
      exhausting the brake cylinder no longer reacts.
PAR  Since it is advantageous that at the time t.sub.2 there is a relatively
      large pressure difference between the pressure in the control chamber and
      the pressure in the additional volume in order to provide for a quick
      action of the check valve, such a pressure difference should not be too
      great at the time t.sub.3 in order to avoid an overcontrol. Such
      overcontrol may lead to the reaction of the valve. The throttle connection
      of the check valve may be replaced by a connection to a piston by means of
      a piston rod which is not shown in the drawings and which is subjected
      advantageously to the control pressure for the purpose of controlling a
      pressure responsive hold-back effect of the check valve. As a result, it
      is possible to control in a particular and predetermined manner the
      lowering of pressure in the additional volume.
PAR  It is pointed out that the additional volume 28 may be constructed
      integrally with the housing of the relay valve. If a hold-back effect in
      accordance with the modification of FIG. 2 is not required for a faster
      reaction of the check valve, the throttle check valve of FIG. 2 may be
      replaced by a throttle valve as shown in FIG. 1. A check valve 38 may also
      be advantageously employed in a passage between conduit 37 and passage 26
      in order to achieve a rapid braking action.
PAR  The use of the check valve in the connection between the additional volume
      and the control chamber permits achieving the rapid introduction of
      compressed air into the control chamber after a partial rapid decrease of
      the control pressure by the use of a relatively small additional volume.
      The pressure equalization between the additional volume and the control
      chamber is brought about through an unthrottled passage. The check valve
      produces not only a faster establishing of the mixed or equalized pressure
      through the absence of a nozzle in the passage leading to the control
      chamber but also permits the formation of a higher mixed pressure because
      of the hold-back effect of the check valve.
PAR  The cross-sectional area of the solenoid outlet valve 36 may be determined
      in such a manner that a particular venting curve or characteristic is
      obtained on venting the total volume produced from the additional volume
      and the control chamber volume. This initially produces a rapid exhausting
      of the relatively small control chamber through the cross-sectional area
      of the solenoid outlet valve on appearance of a "hold the pressure"
      signal. As a result, the required pressure difference between the control
      pressure and the brake cylinder pressure is obtained rapidly and this in
      turn produces a very small lapse of time for the connection.
PAR  The use of a throttle check valve is advantageous that in the case of a
      high hold-back effect of the check valve an overcontrol in the lower
      pressure range may be avoided or kept at a low level. In place of a
      throttle check valve there can also be used a check valve controlled by
      the control pressure with its hold-back effect being controlled not only
      by a certain force of a spring but also additionally or solely by the
      pressure of a pressure medium and preferably by the pressure in the
      control chamber. For this purpose, the check valve may be connected to a
      piston in a chamber which is subjected to the control pressure.
PAR  Thus it can be seen that the present invention has disclosed a fluid
      pressure relay valve wherein the magnitude of undercontrol is
      significantly reduced. Further, this reduction is achieved by a relatively
      simple structure which is capable of reliable operation over long periods
      of time.
PAR  It will be understood that this invention is susceptible to modification in
      order to adapt it to different usages and conditions, and accordingly, it
      is desired to comprehend such modifications within this invention as may
      fall within the scope of appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid pressure relay valve for the electro-pneumatic control of
      vehicle brakes comprising a housing having a control chamber therein,
      inlet and outlet solenoid valve means connected to said control chamber
      for controlling the control pressure therein, a piston displaceable within
      said control chamber and defining one wall of said control chamber, there
      being a second chamber on the other side of said piston connected to a
      braking device, first and second valve means actuable by said piston for
      venting said second chamber and for connecting said second chamber to a
      source of pressure medium, and means defining an additional volume of
      pressure medium connected to said control chamber for increasing the
      pressure in said control chamber to a predetermined level by a lowering of
      the pressure in said additional volume means subsequently to a "hold the
      pressure" signal.
NUM  2.
PAR  2. A fluid pressure relay valve as claimed in claim 1 and means in the
      connection of said additional volume means to said control chamber for
      regulating the decrease of pressure in said additional volume means.
NUM  3.
PAR  3. A fluid pressure relay valve as claimed in claim 1 and means for
      regulating the drop of pressure in said additional volume means by the
      pressure in said control chamber.
NUM  4.
PAR  4. A fluid pressure relay valve as claimed in claim 2 wherein said
      regulating means comprises a throttle valve.
NUM  5.
PAR  5. A fluid pressure relay valve as claimed in claim 2 wherein said
      regulating means comprises a check valve which is opened at a
      predetermined reduced pressure in said control chamber, and unthrottled
      connection between said additional volume means and said control chamber
      and controlled by said solenoid outlet valve.
NUM  6.
PAR  6. A fluid pressure relay valve as claimed in claim 5 wherein the
      cross-sectional area of said solenoid outlet valve is dependent upon the
      characteristic curve between the volume of said control chamber and the
      volume of said additional volume means.
NUM  7.
PAR  7. A fluid pressure relay valve as claimed in claim 5 wherein said check
      valve comprises a throttle check valve.
NUM  8.
PAR  8. A fluid pressure relay valve as claimed in claim 5 wherein the closing
      force of said check valve is overcome by the pressure in said control
      chamber.
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ABST
PAL  A track-type vehicle, such as a crawler tractor, comprises a pair of
      endless tracks mounted on either side thereof. Each of the tracks is
      entrained over a drive sprocket at its rearward end and over an idler at
      its forward end. The idler comprises a hub having a plurality of arcuate
      rim segments releasably attached on an annular flange thereof to define
      annular, track-engaging bearing surfaces. Each of the segments may be
      attached to the idler at a circumferentially disposed tongue and groove
      arrangement and an elastomeric cushioning and noise damping means may be
      disposed between each segment and the flange. One or more of the segments
      may be replaced in situ by merely moving the vehicle to expose the same.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The idlers employed to support the forward ends of endless tracks of
      track-type tractors are subjected to severe impact loads and to a high
      rate of wear during tractor operation. The problems occasioned thereby are
      extensively discussed in U.S. Pat. No. 3,771,843, assigned to the assignee
      of this application. Replacement of such an idler requires dismantling of
      the endless track and thus necessitates a substantial "downtime" of the
      vehicle. In addition, various governmental regulations require a
      substantial suppression of the noise level normally prevalent during
      tractor operation.
PAC  SUMMARY OF THIS INVENTION
PAR  An object of this invention is to provide an economical, durable and
      non-complex idler construction for a track-type vehicle which is readily
      serviceable without having to dismantle the endless track thereof. The
      idler comprises a hub having an annular flange on the periphery thereof
      and a plurality of arcuate segments circumferentially disposed on the
      flange to define a continuous rim having track bearing surfaces thereon
      and fastening means releasably attaching each of the segments to the hub.
PAR  In the preferred embodiment of this invention, an annular elastomeric
      cushioning means is disposed between the segments and the flange to absorb
      shock loads and to reduce the noise level of the endless track during
      operation thereof. The segments may be replaced sequentially in situ by
      moving the vehicle to expose one of the segments, replacing such segment
      and thereafter again moving the vehicle to rotate the idler to expose
      another replaceable segment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of a track-type tractor employing a first
      segmented and cushioned idler embodiment of this invention in each of the
      track assemblies thereof;
PAR  FIG. 2 is an enlarged side elevational view of such idler;
PAR  FIG. 3 is an enlarged sectional view of the idler, taken in the direction
      of arrows III--III in FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 3, but inverted and illustrating a second
      idler embodiment of this invention; and
PAR  FIGS. 5 and 6 are views similar to FIG. 3, but illustrating third and
      fourth idler embodiments of this invention, respectively.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a track-type tractor 10 comprising a pair of endless
      track assemblies 11 (one shown) mounted on either side thereof. Each track
      assembly comprises an endless track 12 entrained about a drive sprocket 13
      at the rearward end thereof and about a first idler embodiment 14 at a
      forward end thereof. The drive sprocket and idler are rotatably mounted on
      a sub-frame 15 having a plurality of track rollers 16 rotatably mounted
      thereon along with a pair of carrier rollers 17 in a conventional manner.
PAR  Referring to FIGS. 2 and 3, idler 14 comprises a hub 18, adapted for
      rotation about a central axis X thereof, having an annular flange 19
      integrally formed on the periphery thereof. A plurality of arcuate
      segments 20 are circumferentially disposed on the flange to define a rim
      having substantially continuous track bearing surfaces thereon. Such
      surfaces may be defined by a centrally disposed and raised annular chain
      guide 21 having a pair of recessed annular bearing surfaces disposed on
      either side thereof. Each segment is keyed to a periphery of flange 19 by
      a tongue and groove arrangement comprising an arcuate pilot flange 22
      extending radially inwardly towards rotational axis X of the idler and
      disposed in a like-shaped slot 23 formed in the flange of the hub.
PAR  Each segment is releasably attached to the hub by fastening means,
      preferably comprising three circumferentially disposed bolts 24 extending
      radially inwardly towards axis X and threadably attached to the hub. First
      and second bolts are disposed adjacent to respective circumferential ends
      of segment whereas the third bolt is disposed intermediate the ends
      thereof. The heads of the bolts are each disposed in a recess 25 formed in
      chain guide 21 to prevent such bolt heads from interfering with the
      entrainment of the track assembly thereover.
PAR  Referring to FIG. 2, each segment has a circumferential length subscribed
      by an arc defined by an included angle A equalling three hundred and sixty
      degrees divided by the number of segments. In the preferred embodiments of
      this invention such angle constitutes 60.degree. to thus provide six
      segments for the rim. The segmented construction of the rim facilitates
      expeditious replacement of one or more segments in situ, without
      necessitating dismantling of endless track assembly 11.
PAR  In particular, should it become necessary to replace a worn or damaged
      segment 20 in FIG. 1, the workman need only release three bolts 24, remove
      such segment and replace it with a new one. The method of this invention
      contemplates moving the vehicle either rearwardly or forwardly along its
      longitudinal axis to dispose another replaceable segment at an exposed
      access opening 26 of the endless track assembly. The above enumerated
      procedure may be repeated to replace as many segments as is necessary.
PAR  FIGS. 4-6 each illustrate three additional idler embodiments wherein
      identical numerals are used to depict corresponding constructions.
      Numerals depicting modified constructions in FIGS. 4-6 are each
      accompanied by a letter "a, "b" or "c". It should be understood that the
      FIGS. 4-6 idlers substantially conform to the FIGS. 1-3 idler, except for
      the modified constructions hereinafter described.
PAR  Referring to FIG. 4, a second idler embodiment 14a comprises a hub 18a
      having an annular flange 19a formed integrally on the periphery thereof.
      The cylindrical outer surface of the flange abuts the cylindrical
      undersides of a plurality of circumferentially disposed and rim-defining
      arcuate segments 20a, releasably attached thereon by bolts 24a.
PAR  Referring to FIG. 5, a third idler embodiment 14b comprises a hub 18b
      having a plurality of circumferentially disposed segments 20b releasably
      attached on the periphery of a flange 19b thereof by bolts 24b to define
      an annular rim thereon. Each segment has a radially inwardly extending
      pilot flange 22b formed thereon to extend radially inwardly to terminate
      short of a bottom wall defining a slot 23b, formed in the hub, to thus
      provide a circumferential clearance 27 therebetween. Two pairs of
      circumferentially extending recesses 28 and 29 are formed in the hub's
      flange and the segment, respectively, to retain elastomeric cushioning
      means 30 comprising a apair of elastomeric (e.g., rubber or plastic)
      strips therein.
PAR  A clearance 31 is defined on each outboard end of the idler, between
      annular flanges 32 and 33 of the hub's flange and the segment,
      respectively. Strips 30 function to absorb impact loads imposed on the
      idler during vehicle operation and also aid in suppressing the noise level
      of the endless tracks. Clearances 27 and 31 cooperate with the strips to
      permit slight reciprocal movement of the segment on shanks of bolts 24b
      which are provided with a sufficient clearance by a mounting bore 34,
      formed through the segment, to permit the same.
PAR  Referring to FIG. 6, a fourth idler embodiment 14c comprises a hub 18c
      having a pair of laterally spaced and radially disposed disc-shaped plates
      35. The plates are each secured at its periphery to an underside of a
      cylindrical flange 19c by an annular weld 36. An annular flange 37 is
      formed internally on flange 19c to accurately position plate 34 thereat
      and to provide a backup means for weld 36.
PAR  A unitary and circumferentially extending elastomeric cushioning means or
      strip 30c is sandwiched between flange 19c and a plurality of
      circumferentially disposed segments 20c to completely cover the same. A
      plurality of bolts 24c extend through strip 30c and are each releasably
      attached to a boss 38, secured centrally to an underside of flange 19c.
      Elastomeric cushioning means 30c functions in a manner similar to
      cushioning means 30, employed in the above-described FIG. 5 embodiment. It
      should be understood that a similar cushioning means could be also
      utilized in conjunction with the FIGS. 1-3 and FIG. 4 embodiments.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a track-type vehicle of the type having a pair of endless tracks
      mounted on either side thereof and wherein a forward end of each of said
      tracks is entrained about an idler disposed for rotation about an axis
      thereof, the improvement wherein said idler comprises a hub having an
      annular flange on the periphery thereof, a plurality of arcuate segments
      circumferentially disposed on said flange about said axis to define a rim
      having substantially continuous annular bearing surfaces on the periphery
      thereof and fastening means releasably attaching each of said segments to
      said hub, said fastening means comprising a plurality of circumferentially
      spaced bolts extending radially inwardly towards said axis, through each
      of said segments and threadably attached to said hub.
NUM  2.
PAR  2. The vehicle of claim 1 wherein the circumferential length of each of
      said segments is subscribed by an arc defined by an included angle
      equalling three hundred and sixty degrees divided by the total number of
      said segments.
NUM  3.
PAR  3. The vehicle of claim 2 wherein said included angle is sixty degrees.
NUM  4.
PAR  4. The vehicle of claim 1 wherein said annular bearing surfaces are defined
      on either side of a raised, annular chain guide formed circumferentially
      about said segments.
NUM  5.
PAR  5. The vehicle of claim 1 wherein three of said bolts releasably attach
      each of said segments to said hub.
NUM  6.
PAR  6. The vehicle of claim 5 wherein first and second bolts are each disposed
      adjacent to a respective circumferential end of each segment and a third
      bolt is circumferentially disposed intermediate the ends of such segment.
NUM  7.
PAR  7. The vehicle of claim 1 wherein a head of each of said bolts is disposed
      in a recess formed in a raised annular chain guide formed on said rim.
NUM  8.
PAR  8. The vehicle of claim 1 wherein each of said segments comprises an
      arcuate pilot flange extending radially inwardly from such segment towards
      said axis and disposed in a like-shaped slot formed on a periphery of the
      flange of said hub.
NUM  9.
PAR  9. The vehicle of claim 1 wherein peripheral surfaces of said segments and
      the flange of said hub are cylindrical.
NUM  10.
PAR  10. The vehicle of claim 1 further comprising elastomeric cushioning means
      disposed between said segments and the flange of said hub.
NUM  11.
PAR  11. The vehicle of claim 10 wherein each of said segments comprises an
      arcuate pilot flange extending radially inwardly from such segment towards
      said axis and disposed in a like-shaped slot formed on a periphery of the
      flange of said hub and wherein said elastomeric cushioning means comprises
      a pair of arcuate strips disposed on either side of said pilot flange.
NUM  12.
PAR  12. The vehicle of claim 11 wherein each of said strips is disposed in a
      mating recess formed in each respective segment and the flange of said
      hub.
NUM  13.
PAR  13. The vehicle of claim 11 wherein outboard ends of each of said segments
      are each spaced radially outwardly slightly from an underlying end of the
      flange of said hub to define a clearance thereat and wherein a radially
      inner end of the pilot flange of each segment terminates short of a wall
      defining a bottom of said slot to define a clearance therebetween.
NUM  14.
PAR  14. The vehicle of claim 10 wherein said cushioning means comprises a
      unitary strip of elastomeric material at least substantially covering an
      outer periphery of the flange of said hub, said fastening means projecting
      radially inwardly through said strip.
NUM  15.
PAR  15. The vehicle of claim 1 wherein said hub comprises a pair of laterally
      spaced and radially disposed plates secured to an underside of the flange
      thereof.
NUM  16.
PAR  16. The vehicle of claim 15 further comprising a plurality of
      circumferentially disposed bosses secured to an underside of the flange of
      said hub, intermediate lateral ends thereof, and wherein each of said
      fastening means comprises a bolt threadably mounted in a respective one of
      said bosses.
NUM  17.
PAR  17. A track-type vehicle idler disposed for rotation about an axis thereof
      comprising a hub having an annular flange on the periphery thereof, a
      plurality of arcuate segments circumferentially disposed on said flange
      about said axis to define a rim having continuous annular bearing surfaces
      on the periphery thereof, elastomatic cushioning means disposed between
      each of said segments and the flange of said hub and fastening means
      releasably attaching each of said segment to said hub.
NUM  18.
PAR  18. The idler of claim 17 wherein the circumferential length of each of
      said segments is subscribed by an arc defined by an included angle
      equalling three hundred and sixty degrees divided by the total number of
      said segments.
NUM  19.
PAR  19. The idler of claim 18 wherein said included angle is sixty degrees.
NUM  20.
PAR  20. The idler of claim 17 wherein said annular bearing surfaces are defined
      on either side of a raised, annular chain guide formed circumferentially
      about said segments.
NUM  21.
PAR  21. The idler of claim 17 wherein said fastening means comprises a
      plurality of circumferentially spaced bolts extending radially inwardly
      towards said axis, through each of said segments and threadably attached
      to said hub.
NUM  22.
PAR  22. The idler of claim 21 wherein three of said bolts releasably attach
      each of said segments to said hub.
NUM  23.
PAR  23. The idler of claim 22 wherein first and second bolts are each disposed
      adjacent to a respective circumferential end of each segment and a third
      bolt is circumferentially disposed intermediate the ends of such segment.
NUM  24.
PAR  24. The idler of claim 23 wherein a head of each of said bolts is disposed
      in a recess formed in a raised annular chain guide formed on said rim.
NUM  25.
PAR  25. The idler of claim 18 wherein each of said segments comprises an
      arcuate pilot flange extending radially inwardly from such segment towards
      said axis and disposed in a like-shaped slot formed on a periphery of the
      flange of said hub.
NUM  26.
PAR  26. The idler of claim 17 wherein peripheral surfaces of said segments and
      the flange of said hub are cylindrical.
NUM  27.
PAR  27. The idler of claim 17 wherein each of said segments comprises an
      arcuate pilot flange extending radially inwardly from such segment towards
      said axis and disposed in a like-shaped slot formed on a periphery of the
      flange of said hub and wherein said elastomeric cushioning means comprises
      a pair of arcuate strips disposed on either said positioning flange.
NUM  28.
PAR  28. The idler of claim 27 wherein each of said strips is disposed in a
      mating recess formed in each respective segment and the flange of said
      hub.
NUM  29.
PAR  29. The idler of claim 27 wherein outboard ends of each of said segments
      are each spaced radially outwardly slightly from an underlying end of the
      flange of said hub to define a clearance thereat and wherein a radially
      inner end of the pilot flange of each segment terminates short of a wall
      defining a bottom of said slot to define a clearance therebetween.
NUM  30.
PAR  30. The idler of claim 17 wherein said cushioning means comprises a unitary
      cylindrical strip at least substantially covering an outer periphery of
      the flange of said hub, said fastening means projecting radially inwardly
      through said strip.
NUM  31.
PAR  31. The idler of claim 17 wherein said hub comprises a pair of laterally
      spaced and radially disposed plates secured to an underside of the flange
      thereof.
NUM  32.
PAR  32. The idler of claim 31 further comprising a plurality of
      circumferentially disposed bosses secured to an underside of the flange of
      said hub and wherein each of said fastening means comprises a bolt
      threadably mounted in a respective boss.
NUM  33.
PAR  33. A track-type vehicle idler disposed for rotation about an axis thereof
      comprising a hub having an annular flange on the periphery thereof, a
      plurality of arcuate segments circumferentially disposed on said flange
      about said axis to define a rim having continuous annular bearing surfaces
      on the periphery thereof and fastening means releasably attaching each of
      said segments to said hub, each of said segments comprising an arcuate
      pilot flange extending radially inwardly from such segment towards said
      axis and disposed in a like-shaped slot formed on a periphery of the
      flange of said hub.
NUM  34.
PAR  34. A track-type vehicle idler disposed for rotation about an axis thereof
      comprising a hub having an annular flange on the periphery thereof, a
      plurality of arcuate segments circumferentially disposed on said flange
      about said axis to define a rim having continuous annular bearing surfaces
      on the periphery thereof and fastening means releasably attaching each of
      said segments to said hub, said hub further comprising a pair of laterally
      spaced and radially disposed plates secured to an underside of the flange
      thereof.
NUM  35.
PAR  35. The idler of claim 34 further comprising a plurality of
      circumferentially disposed bosses secured to an underside of the flange of
      said hub and wherein each of said fastening means comprises a bolt
      threadably mounted in a respective boss.
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PAL  A track-type vehicle comprises a plurality of articulated track shoes each
      comprising a pair of downwardly converging sidewalls terminating at the
      grouser extending the full width thereof. The sidewalls define a V-shaped
      trough-like configuration and a track link is releasably attached thereto.
      A pair of parallel lugs are formed on the upper ends of the sidewalls.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  Track-type tractors must often traverse "soft" soils, such as peat and
      volcanic ash, which gives rise to floatation and traction problems.
      Various modification to the track shoes have been proposed to improve the
      floatation and traction capabilities of the tractor by reducing the unit
      load on each track shoe. Such modifications usually constitute increasing
      the size and varying the shape of the track shoe. For example, U.S. Pat.
      No. 3,278,244, assigned to the assignee of this application, discloses
      such an improved track shoe. The prior art is further exemplified by U.S.
      Pat. Nos. 219,452; 1,139,009; 1,142,195; 1,192,423; and 1,265,388; as well
      as British Pat. No. 818,523.
PAR  Such prior art track shoes are normally expensive to manufacture and may
      tend to fail due to the high internal stresses and impact loads imposed
      thereon during operation ever harder underfootings, such as rock. In
      addition, the magnitude of the shear loads imposed on bolts, utilized to
      secure track links to the track shoes, are oftentimes sufficient to cause
      failure thereof. Also, the lateral ends of such track shoes are normally
      constructed to inhibit turning of the tractor and tend to churn the soil
      to inhibit the tractive effort thereof. Furthermore, the track shoes are
      normally constructed and arranged to entrap contaminants therein which
      tend to reduce the service life of the track shoes and their attendant
      structures.
PAC  SUMMARY OF THIS INVENTION
PAR  An object of this invention is to overcome the above, briefly described
      problems by providing an economical and self-cleaning shoe which exhibits
      a high degree of floatation and traction capabilities when traversing soft
      soils and further exhibits a high degree of structural integrity when
      traversing harder underfootings. The track shoe comprises a pair of
      sidewalls which extend downwardly in converging relationship to form an
      unobstructed trough-like configuration having V-shaped cross section
      throughout the entire width of the track shoe. The preferred track shoe
      embodiment of this invention, when viewed in top plan, has sidewalls which
      further extend laterally in converging relationship at each lateral end of
      the track shoe. Lower ends of the sidewalls terminate at a common grouser
      which extends the entire width of the track shoe and an upper end of each
      of the sidewalls has a generally horizontally disposed lug formed thereon
      which also extends the entire width of the track shoe. A link means is
      attached intermediate the lateral ends of the track shoe to pivotally
      interconnect a plurality of track shoes together to form an endless track
      assembly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of a portion of an endless track assembly
      employing a plurality of low ground pressure track shoes of this invention
      thereon;
PAR  FIG. 2 is a front elevational view of a track shoe having a pair of links
      attached thereon;
PAR  FIG. 3 is a perspective view of the FIG. 2 track shoe and links;
PAR  FIGS. 4-6 are enlarged sectional views taken in the direction of arrows
      IV--IV, V--V and VI--VI, respectively, in FIG. 2;
PAR  FIG. 7 is a bottom plan view of the FIG. 2 track shoe;
PAR  FIG. 8 is a cross sectional view similar to FIG. 6, but showing a
      modification of the FIGS. 1-7 track shoe;
PAR  FIG. 9 is a top plan view of the FIG. 8 track shoe and attached links,
      taken in the direction of arrows IX--IX in FIG. 8 and reorientated
      90.degree.; and
PAR  FIGS. 10 and 11 are view similar to FIGS. 8 and 9, respectively, but
      showing a further modification of the FIGS. 1-7 track shoe.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 partially illustrates an endless track assembly 10 for a track-type
      tractor comprising a plurality of low ground pressure track shoes 11
      pivotally interconnected in a conventional manner by pin and bushing
      assemblies 12. Referring to FIGS. 2-6, each track shoe comprises a pair of
      sidewalls 13 and 14 extending downwardly in converging relationship to
      form an unobstructed trough-like configuration having a V-shaped cross
      section throughout the entire width of the track shoe. The sidewalls
      respectively comprise major intermediate wall portions 15 and 16 and minor
      end wall portions 17 and 18.
PAR  The track shoe may be roll formed to comprise substantially uniform wall
      thicknesses and thereafter crimped at each end thereof as will be
      hereinafter more fully described. As shown in FIG. 3, the sidewalls
      further extend laterally in converging relationship at each lateral end of
      the track shoe, when viewed in top plan. Such construction is effected
      during the above-mentioned crimping operation which further defines
      triangularly shaped and substantially flat portions 19-22 formed at the
      corners of the rectangular track shoe.
PAR  During the preceding roll forming operation, a pair of lugs 23 and 24 are
      also formed on the upper ends of the sidewalls. Pursuant to the crimping
      operation, and each flat 19-22 is thus disposed between a respective
      sidewall and lug. As shown in FIG. 1, lugs 23 and 24 of adjacent track
      shoes function to continuously overlap each other during tractor
      operation.
PAR  Reffering to FIG. 4, wall portions 17 and 18 of sidewalls 13 and 14,
      respectively bridge flat portions 19 and 21 together and converge
      downwardly and laterally outwardly to define first included angles a
      therebetween which diminish in magnitude towards an end of the track shoe.
      As shown in FIGS. 5 and 6, major wall portions 15 and 16 converge
      downwardly to define a substantially constant angle b therebetween which
      is, preferably at least approximately 80.degree.. In the embodiment shown,
      such angle is obtuse and closely approximate 100.degree. and angle a
      diminishes laterally outwardly from angle b to approximately 60.degree. in
      FIG. 4.
PAR  Sidewalls 15 and 16 terminate at a common grouser 25 formed at a lower apex
      end of the sidewalls to extend the entire width of the track shoe, as
      shown in FIGS. 2 and 7. The grouser is preferably disposed approximately
      under a respective pivot means 12 (FIG. 1) and comprises a straight
      mid-portion 26 which is at least substantially parallel relative to lugs
      23 and 24. An end portion 27 of the grouser, at each lateral end of the
      track shoe, diverges upwardly towards the lugs at an acute angle c,
      preferably less than 10.degree., relative to mid-portion 26. In addition,
      the lateral width W.sub.1 of grouser portion 27 is preferably selected
      from the range of from 25% to 50% of the length L.sub.1 of the track shoe.
PAR  Referring to FIG. 6, link means constituting a pair of laterally spaced
      track links 28 straddle sidewalls 13 and 14 between lugs 23 and 24. Each
      link is directly attached to track shoe 11 intermediate its lateral ends
      by a releasable attachment or fastening means 29, preferably comprising a
      single bolt means, i.e., a nut and bolt. The link has an access opening 30
      formed transversely therethrough to accommodate the nut as well and a pair
      of bearing surfaces 31 and 32 formed thereunder to engage wall portions 15
      and 16, respectively, in close abutting relationship therewith. Such
      abutting surfaces absorb substantially all of the operating loads imposed
      on the track shoe during vehicle operation, i.e., shear loads imposed on
      fastening means 29 are substantially eliminated. It should be further
      noted that a pair of notches 33 are preferably formed on lug 24 to
      eliminate any possible interference thereat with the track links of an
      adjacent shoe.
PAR  FIGS. 8 and 9 and FIGS. 10 and 11 illustrate modifications of the
      above-described track shoe with attached links. Identical numerals
      appearing in FIGS. 8-11 depict corresponding constructions with numerals
      appearing in FIGS. 8 and 9 being accompanied by an a and those appearing
      in FIGS. 10 and 11 being accompanied by a b. As shown in FIGS. 8 and 10,
      an included angle b between the sidewalls of the respective track shoes is
      at least substantially constant, e.g., 80.degree., throughout the entire
      widths of such track shoes.
PAR  FIGS. 8 and 9 disclose a track shoe 11a having a pair of laterally spaced
      links 28a each attached to the track shoe by attachment means comprising a
      support member in the form of a separate flat plate 34 and a pair of bolts
      29a each threadably attached to a nut (not shown). The flat plate is
      rectangular to have its sides straddle sidewalls 15a and 16a of the track
      shoe and secured thereto by a pair of laterally extending and parallel
      welds 35 and 36. An oblong aperture 37 and a pair of circular apertures 38
      are formed through sidewall 15a to provide access to the heads of bolts
      29a. A circular aperture 39 is formed through plate 34 to provide an
      enlarged opening between links 28a to provide egress of entrapped dirt and
      the like therethrough from the internal cavity of the track shoe when the
      links engage a drive sprocket (not shown).
PAR  FIGS. 10 and 11 illustrate a track shoe 11b having a pair of laterally
      spaced links 28b each releasably attached thereto by attachment means
      comprising pairs of bolts 29b and 40 and a support member in the form of a
      separate bearing block 34b. Bolts 40, releasably attaching the bearing
      block to the track shoe, have their heads exposed exteriorly of sidewalls
      15b and 16b. Each bearing block has a pair of converging bearing surfaces
      41 and 42 formed thereon to abut like-shaped inner surface portions of
      sidewalls 15b and 16b of the track shoe, respectively.
PAR  An outer side of bearing surface 41 is preferably relieved at 43,
      throughout a distance d, to reduce the amount of initial contact between
      the bearing surface and sidewall 15b. Such relief will insure a
      substantial bearing contact between the bearing block and the sidewall
      upon securance thereof by bolts 40. In particular, the sidewall might be
      slightly distorted during its roll forming and heat treatment operations
      and, therefore, relief d aids in assuring intimate contact thereat.
CLMS
STM  We claim:
NUM  1.
PAR  1. An endless track assembly for a track-type vehicle comprising a
      plurality of pivotally interconnected ground engaging track shoes,
PA1  each track shoe comprising a pair of downwardly converging sidewalls
      forming an open-ended, trough-like construction having a V-shaped cross
      section throughout the entire width thereof, end portions of said
      sidewalls extending laterally in converging relationships at each lateral
      end of said track shoe when viewed in top plan,
PA1  a common grouser portion formed at lower apex ends of said sidewalls to
      extend the entire width of said track shoe,
PA1  generally horizontally disposed first and second lugs each formed on an
      upper end of a respective one of said sidewalls to extend the entire width
      of said track shoe, the first lug of one track shoe overlapping the second
      lug of an adjacent track shoe in overlapping relationship therewith,
PA1  link means disposed intermediate the lateral ends of each of said track
      shoes and straddling said sidewalls between said first and second lugs,
PA1  pivot means pivotally connecting each end of each of said link means to an
      end of an adjacent link means, and
PA1  attachment means attaching each of said link means to a respective one of
      said track shoes.
NUM  2.
PAR  2. The track assembly of claim 1 wherein at least substantial portions of
      the sidewalls of each of said track shoes are disposed to define an
      included angle therebetween which at least approximates eighty degrees.
NUM  3.
PAR  3. The track assembly of claim 1 wherein each of said track shoes further
      comprises a triangularly shaped and substantially flat portion disposed at
      each corner of said track shoe between a respective sidewall and lug.
NUM  4.
PAR  4. The track assembly of claim 1 wherein first included angles between the
      end portions of said sidewalls are acute, adjacent lateral ends of said
      track shoe, and substantially less than a substantially constant second
      included angle between intermediate sidewall portions, disposed between
      said end portions.
NUM  5.
PAR  5. The track assembly of claim 4 wherein said first included angles
      diminish laterally outwardly from said second included angle to at least
      approximately sixty degrees and wherein said second included angle at
      least approximates eighty degrees.
NUM  6.
PAR  6. The track assembly of claim 4 wherein the grouser portion for each track
      shoe comprises a straight mid-portion formed at the lower ends of said
      intermediate sidewall portions and laterally disposed end portions formed
      at the lower ends of the end portions of said sidewalls to diverge
      upwardly towards said lugs at an acute angle relative to said mid-portion,
      when said track shoe is viewed in front elevation.
NUM  7.
PAR  7. The track assembly of claim 6 wherein said acute angle is less than ten
      degrees.
NUM  8.
PAR  8. The endless track assembly of claim 1 wherein an included angle between
      the sidewalls of each of said track shoes is at least substantially
      constant throughout the entire width of said track shoe.
NUM  9.
PAR  9. The track assembly of claim 1 wherein each of said link means comprises
      a pair of converging bearing surfaces abutting respective sidewalls of a
      respective track shoe in substantial bearing contact therewith and wherein
      said attachment means constitute fastening means releasably and directly
      attaching said link means to said track shoe.
NUM  10.
PAR  10. The track assembly of claim 9 wherein said link means constitute a pair
      of laterally spaced links each having said bearing surfaces formed
      thereon.
NUM  11.
PAR  11. The track assembly of claim 10 wherein said fastening means constitutes
      a single bolt means releasably attaching each of said links to said track
      shoe.
NUM  12.
PAR  12. The track assembly of claim 1 wherein each of said attachment means
      comprises a separate support member disposed to straddle sidewalls of a
      respective track shoe and fastening means releasably attaching said link
      means to said support member.
NUM  13.
PAR  13. The track assembly of claim 12 wherein said support member constitutes
      a flat plate having each side thereof welded to a respective sidewall.
NUM  14.
PAR  14. The track assembly of claim 13 further comprising means forming a
      substantially large opening through said plate to expose an internal
      cavity of said track shoe.
NUM  15.
PAR  15. The track assembly of claim 12 wherein said support member constitutes
      a bearing block releasably attached to said track shoe, said bearing block
      comprising a pair of converging bearing surfaces abutting respective
      sidewalls of said track shoe in substantial bearing contact therewith.
NUM  16.
PAR  16. The track assembly of claim 15 further comprising means normally
      forming a relief on a side of at least one of said bearing surfaces to
      normally slightly separate such bearing surface from such respective
      sidewall thereat.
NUM  17.
PAR  17. The track assembly of claim 15 wherein said bearing block is releasably
      attached to said track shoe by at least one releasable bolt means
      projecting through each of the sidewalls thereof and threadably attached
      to said bearing block.
NUM  18.
PAR  18. The track assembly of claim 12 further comprising means forming an
      access opening through a sidewall of each of said track shoes to expose
      said fastening means.
NUM  19.
PAR  19. A ground engaging track shoe adapted for use in a track assembly of a
      track-type vehicle comprising
PA1  a pair of downwardly converging side walls forming an unobstructed
      trough-like construction having a V-shaped cross section throughout the
      entire width of said track shoe and further extending laterally in
      converging relationship at each lateral end of said track shoe when viewed
      in top plan,
PA1  a common grouser portion formed at lower apex ends of said sidewalls to
      extend the entire width of said track shoe,
PA1  a generally horizontally disposed lug formed on an upper end of each of
      said sidewalls to extend the entire width of said track shoe and
PA1  a triangularly shaped and substantially flat portion disposed at each
      corner of said track shoe between a respective sidewall and lug.
NUM  20.
PAR  20. The track shoe of claim 20 wherein a straight mid-portion of said
      grouser portion is at least substantially parallel relative to said lugs
      and each laterally disposed end portion thereof diverges upwardly towards
      said lugs at an acute angle relative to the straight mid-portion of said
      grouser, when said track shoe is viewed in front elevation.
NUM  21.
PAR  21. The track shoe of claim 20 wherein said acute angle is less than ten
      degrees.
NUM  22.
PAR  22. The track shoe of claim 20 wherein each of said sidewalls has a
      substantially constant wall thickness throughout its entire width.
NUM  23.
PAR  23. A ground engaging track shoe for use in a track assembly,
PA1  each track shoe comprising a pair of downwardly converging sidewalls having
      upper and lower ends forming an open-ended, trough-like construction of
      generally V-shaped cross section,
PA1  a grouser portion formed at an apex of the lower ends of said sidewalls
      comprising a straight mid-portion substantially parallel with the upper
      ends throughout the entire width of said shoe with the outer end portions
      of said grouser diverging upwardly at an acute angle relative to the
      midportion, and
PA1  a triangularly shaped and substantially flat portion disposed at each
      corner of said track shoe between a respective side and upper end.
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ABST
PAL  An endless track assembly for a track type vehicle comprises a plurality of
      symmetrical track links each having a track shoe clamped thereon by a
      plurality of hook or U-bolts. Upon release of the bolts, the track link
      may be reversed and the track shoe reattached to an opposite side thereof
      by the bolts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional track type vehicles, such as crawler tractors, are adapted for
      heavy duty work during various construction and earthworking operations.
      Each endless track assembly thereof comprises a pin and bushing assembly
      for pivotally connecting each pair of adjacent links and track shoes
      together. The bushings, which further function as drive lugs adapted to
      engage the teeth of a drive sprocket, are subjected to wear and require
      periodic repair or replacement. The servicing of such bushings is time
      consuming and necessitates rather expensive repair or replacement
      procedures normally including complete dismantling of the track
      assemblies.
PAR  Various reversible track links, having bolt holes formed transversely
      therethrough, have been proposed to overcome such problems. The formation
      of such holes in the track links increases manufacturing costs and reduces
      the structural integrity of the track links. In addition, the area of the
      rail surface of the track links, adjacent to the holes, tends to deform or
      break to render the holes unusable and/or to damage such rail surface.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to overcome the above briefly described
      problems by providing an economical and non-complex reversible track link
      assembly for track-type vehicles adapted to provide a new bearing surface
      on a drive lug attached to a track link thereof upon reversal of the track
      link. The track link assembly further comprises a track shoe attached on a
      lower rail surface thereof by a clamping means engaging a clamping surface
      formed on the track link. The clamping means may comprise at least one
      hook or U-bolt having an upper clamping end thereof engaged over the
      clamping surface of the track link.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects of this invention will become apparent from the following
      description and accompanying drawing wherein:
PAR  FIG. 1 is a partially sectioned side elevational view of a portion of an
      endless track assembly comprising a plurality of interconnected track link
      assemblies of this invention;
PAR  FIGS. 2 and 3 are sectional views taken in the direction of arrows II--II
      and III--III in FIG. 1, respectively; and
PAR  FIG 4 is a sectional view, similar to FIG. 3, illustrating a modification
      of the track link assembly.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1-3, a plurality of interconnected track link assemblies
      10 are adapted to form an endless track assembly of a track-type vehicle,
      such as a crawler tractor. Each pair of adjacent track link assemblies are
      connected together by a pin 11 and annular bushing 12 in a conventional
      manner to form the endless track assembly. In operation, bushings 12
      further function as drive lugs upon their engagement with the teeth of a
      conventional drive sprocket (not shown) of the tractor.
PAR  Each track link assembly comprises a track link 13 which is symmetrical in
      configuration about a longitudinal axis thereof to adapt it for reversal
      purposes, hereinafter described. The track link defines substantially flat
      upper and lower parallel rail surfaces 14 and 15, respectively, and has a
      pin and bushing assembly mounted on each longitudinal end thereof. A pair
      of longitudinally spaced apertures 16 are formed transversely through the
      link to each define a pair of upper and lower notched-out clamping
      surfaces 17 and 18 on the link.
PAR  Upper rail surface 14 is adapted to engage track rollers mounted on the
      suspension system of the tractor (not shown) whereas a standard track shoe
      19 is disposed on lower surface 15 of the track link. In this embodiment
      of the invention, the track shoe is attached to the link by a pair of
      longitudinally spaced clamping means in the form of hook bolts 20.
      Referring to FIG. 3, each of the bolts comprises a shank 21 which entends
      upwardly through a suitable bore formed through the track shoe and is
      attached thereto by a nut 22 threadably mounted on a lower end thereof to
      abut a bottom surface of the track shoe.
PAR  The shank is disposed on a side of the track link and has an upper clamping
      end 23 formed integrally therewith. The clamping end engages clamping
      surface 18 and extends transversely through aperture 16. The clamping end
      terminates at a bent portion 24 disposed in hooked relationship over
      clamping surface 18 to engage a side of the track link.
PAR  Upon undue wearing of one side of bushing 12 by its continuous engagement
      with the teeth of the tractor's drive sprocket (not shown), as indicated
      by phantom line 25, the endless track assembly is initially disconnected
      at its conventional master track link (not shown). Bolts 20 are then
      removed to release a respective track shoe 19 from each of the track link
      assemblies. The track shoe is then reattached on rail surface 14 to
      provide a new and unused sprocket engaging bearing surface on bushing 12
      and rail surface 15. The endless track assemblies are then each suitably
      reinstalled on the tractor by reconnecting the master track links thereof,
      subsequent to a flopping-over of each track assembly.
PAR  FIG. 4 discloses a second track link assembly embodiment 10a wherein
      identical numerals depict corresponding constructions, but with numerals
      depicting modified constructions being accompanied by an "a." This
      embodiment essentially differs from the FIGS. 1-3 embodiment in that each
      of the clamping means comprises an inverted square bend U-bolt 20a. Each
      bolt comprises a pair of parallel shanks 21a each extending downwardly
      through a bore formed through a track shoe 19a and attached thereto by a
      nut 22.
PAR  The shanks extend downwardly from an upper clamping end 23a of the bolt
      which, in turn, extends transversely through aperture 16. The clamping end
      fully straddles clamping surface 18 of the track link to lock it in
      position on the track shoe. The above described procedure for reattaching
      the track shoe on rail surface 15 is substantially the same. In the event
      that rail surface 14 shows uneven wear, such surface can be suitably
      machined to a flat condition to match the inner flat surface of the track
      shoe.
CLMS
STM  I claim:
NUM  1.
PAR  1. A track link assembly for an endless track assembly of a track type
      vehicle comprising
PA1  a track link defining upper and lower rail surfaces hereon,
PA1  means forming a clamping surface on said track link,
PA1  a track shoe disposed on said lower rail surface, and
PA1  clamping means engaging said clamping surface for releasably attaching said
      track shoe to said track link comprising
PA1  a bolt having a shank thereof extending upwardly through said track shoe
      and disposed on a side of said track link and an upper clamping end
      engaging said clamping surface and a nut threadably mounted on a lower end
      of the shank of said bolt and disposed in abutting relationship with a
      bottom surface of said track shoe.
NUM  2.
PAR  2. The track link assembly of claim 1 further comprising a pin and bushing
      assembly mounted in each longitudinal end of said track link.
NUM  3.
PAR  3. The track link assembly of claim 1 wherein a pair of said clamping means
      releasably attach said track shoe to said track link.
NUM  4.
PAR  4. The track link assembly of claim 1 wherein said link is substantially
      symmetrical about a longitudinal axis thereof and said upper and lower
      surfaces are each substantially flat and disposed in parallel relationship
      relative to each other.
NUM  5.
PAR  5. The track link assembly of claim 1 wherein said clamping surface is
      defined by an aperture formed transversely through said track link.
NUM  6.
PAR  6. The track link assembly of claim 5 wherein said clamping means comprises
      a hook bolt having the upper clamping end thereof extending transversely
      through said aperture in hooked relationship over said clamping surface.
NUM  7.
PAR  7. The track link assembly of claim 5 wherein said clamping means comprises
      an inverted U-bolt having the upper clamping end thereof extending
      transversely through said aperture in straddled relationship over said
      clamping surface, said U-bolt further comprising a pair of said shanks
      extending downwardly from said clamping end and disposed on either side of
      said track link.
NUM  8.
PAR  8. The track link assembly of claim 2 wherein a pair of said track links
      are each attached to said track shoe by a pair of said clamping means and
      a said pin and bushing assembly connects the longitudinal ends of said
      track links together.
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ABST
PAL  A telescoping drawer slide section for 2-member slides or mechanism to
      afford full extension. The slide section is of extruded plastic or other
      suitable material. There is a flange extending longitudinally along one
      edge of the slide section, said flange having openings therein for screws
      or the like for fastening the slide section to the side of a drawer, it
      being understood that there is a slide mechanism for each side of the
      drawer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to telescoping ball bearing drawer slides
      and relates more particularly to a drawer slide section for 2-member
      slides to permit full extension.
PAR  2. Description of the Prior Art
PAR  To achieve full extension of a drawer, if one assumes that the drawer depth
      is the same depth as the cabinet depth and that therefore the slide length
      is practically the length as the drawer depth, one requires a minimum of
      three telescoping slide sections to achieve full extension of the drawer,
      which means that the rear point of the drawer which is in line with the
      furthest rear point of the slide would need to be slightly to the front of
      the slide length or stationary slide section length as fully extended.
PAR  Therefore, a 2-member slide under the above circumstances could only extend
      the drawer somewhere 3/4 maximum because the last quarter of the sliding
      section needs to be contained within the stationary slide section and thus
      that portion of the drawer depth would not be fully extended.
PAR  A 3-section slide mechanism is substantially more expensive to manufacture
      than a 2-member slide. Also, there is a problem in providing means for
      removing a drawer from the slide mechanisms and replacing same.
PAC  SUMMARY OF THE INVENTION
PAR  A telescoping slide mechanism providing full extension and including inner
      and outer slide members and a slide section slidable on the outer slide
      member. The slide members comprise what is termed a 2-member slide and the
      slide section is extruded of plastic or other suitable material said slide
      section being attached to the side of a drawer of a desk, cabinet or the
      like, there being a slide mechanism for each side of the drawer.
PAR  The 2-member slide mechanism has an outer slide member and an inner slide
      member. The outer slide member has a longitudinally extending center wall
      along each side of which there is an outwardly and laterally extending
      ball race that is concavo-convex in cross-section with the concave
      surfaces facing inwardly so that said surfaces are oppositely arranged
      relative to each other and are spaced about laterally relative to the
      length of the center wall. At the inner end of the outer slide member,
      there is a flange tilted laterally at an angle substantially normal to the
      plane of the bottom wall and in a normal direction to the ball races. The
      flange is not long as the width of the bottom wall to leave clearance
      space at each end for the ball races of the inner slide member. At its
      other end, the outer slide member has a similar flange which serves as a
      stop. Thus, the flanges provide stop means at the respective ends of the
      outer slide member. Adjacent the outer end, the outer slide member has
      oppositely arranged notches in the ball races and the bottom wall is
      provided with reinforcing and strenghtening ridges. Spaced from the inner
      end of the outer slide member are stops on the ball races of said outer
      slide member. The inner slide member also has a bottom wall and along the
      longitudinally extending sides are side edges or laterally turned
      arcuately shaped ball races arranged with the concave surfaces facing
      laterally outwardly for operable release with the ball races of the outer
      slide member. The inner end of the inner slide member is open and
      intermediate the ends of the inner slide member is a stop of sound
      muffling material which engages the first mentioned stop of the outer
      slide member to limit extension of the slide members relative to each
      other.
PAR  The mounting means for the slide also includes a resilient butterfly type
      of mounting. One of the mounting means for mounting the slide mechanism to
      the drawer comprises a butterfly type of mounting which is attached to the
      inner slide member and which has a free part which extends laterally
      beyond the outer slide member. This butterfly mounting is resilient and is
      spaced from the adjacent surface outwardly of the inner slide member a
      sufficient distance to clear the adjacent edge portions of the plastic
      slide section. These edge portions curve over the ball races of the outer
      slide member and slidingly engage same to thereby slidably retain the
      slide section on the outer slide member. There are also bumper stop means
      of resilient sound absorbing and material carried by the ball retainer
      which engage stops on the slide muffling members to limit sliding movement
      of the slide members. This sound deadening stop not only muffles sound and
      functions as a stop for the slide members in the extended position, but,
      also absorbs shock when it engages stop means on the slide members. There
      are ball bearings in the ball races of the slide members and disposed
      between said slide members is a ball retainer.
PAR  The slide section comprises a longitudinally extending wall with arcuate
      longitudinally extending edge portions which curve about the respective
      ball races of the outer slide member for retaining the slide section
      thereon but which permit longitudinal sliding movement of the slide
      section on the outer slide member. An upstanding longitudinally extending
      flange runs adjacent the upper edge of the slide section and has openings
      for screws or the like for attaching the slide section to the sides of a
      drawer. Intermediate the ends of the slide section, there is an opening in
      the upper curved edge portion and adjacent the opening, there is a latch
      comprising a lever pivoted to the longitudinally extending flange with one
      end of the lever heavier than the other. This end of the lever has a block
      of suitable sound muffling material and said block is adapted to enter the
      opening in the upper arcuate part and into the upper notch of the ball
      race of the outer slide member. Because the end of the lever carrying the
      block is heavier than the other end, the block moves through the opening
      in the adjacent arcuate part and when the slide section is moved outwardly
      to a point whereat said opening aligns with the upper notch of the outer
      slide member, the block drops into said notch and prevents further outward
      sliding movement of the slide section. The latch may be raised to remove
      the block from said notch to permit the slide section to be moved
      outwardly and, if desired, removed from the outer slide member. The slide
      section may be replaced on the outer slide member and as it is moved
      inwardly, the block will drop into the notch but is so contoured that it
      will be raised out of the notch when the inner end of said notch is
      reached, thus permitting full telescoping of the slide section on the
      outer member. However, telescoping of the slide section on the outer slide
      member is limited by engagement of the inner end of the slide section with
      the stop on the upper ball race of the outer slide member.
PAR  Support of the drawer against sagging is insured by having a larger number
      of balls support the outer member in the extended position than in prior
      slides. However, as only part of the ball retainer and balls are engaged
      with the inner slide members in the extended position, the remaining balls
      remain exposed in the outer member. These latter balls come into action
      when the slide is telescoped so that all the balls in the slide will be
      engaged or functioning to give even more support to the outer member and
      prevent sagging of the front end of the drawer.
PAC  OBJECTS AND ADVANTAGES OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a slide
      section of plastic or other suitable material for sliding attachment to a
      2-member slide to afford full extension of the slide and the drawer.
PAR  Another object of the invention is to provide a latch for the slide section
      which only engages at the point where the extension, as chosen for the
      drawer, is reached.
PAR  A further object of the invention is to provide a latch of this character
      that may be readily released manually to permit the slide section to be
      pulled from the slide mechanism.
PAR  A still further object of the invention is to provide a slide section that
      may be easily slipped onto the outer slide member of the 2-member slide
      mechanism.
PAR  Another object of the invention is to provide a latch for the slide section
      which will operate automatically to permit the slide section to be fully
      slid onto the outer slide member but which will automatically latch when
      the slide section is pulled outwardly to a pre-selected extension point.
PAR  Still another object of the invention is to provide stiffening or
      reinforcing means for that part of the outer slide member having a notch
      or notches for the latch.
PAR  A further object of the invention is to provide for stiffening rib means on
      the inner side of the slide section for proper breathing of the straddling
      slide section around the intermediate slide member.
PAR  A further object of the invention is to provide a ball retainer which is
      partially exposed and where the stationary slide member will pass through
      the ball bearings at full extension.
PAR  A still further object of the invention is to provide a mechanism of the
      present character having a large number of balls supporting the outer
      member in the extended position of the slide and with previous ball
      retainers. As only part of the ball retainer and balls are engaged with
      the inner member in the extended position, the remaining are exposed in
      the outer member and come into action when the slide is telescoped.
PAR  A further object of the invention is to provide an arrangement of this
      character whereby when the slide members are telescoped, all the balls
      will be engaged giving more support to the outer member and so preventing
      sag of the front panel of the drawer.
PAR  A still further object of the invention is to provide a resilient sound
      deadening bumper of rubber or other suitable material which is mounted on
      the ball retainer and functions as a stop in the extended position.
PAR  Another object of the invention is to provide a resilient stop attached to
      the ball retainer in an exact relationship so that a stationary member
      will hit one end of the rubber stop and the moving slide member will hit
      the other end of the stop and thus provide a sound muffling engagement
      with no metal to metal contact and where no direct load or shock is
      carried by the metal ball retainer.
PAR  Still another object of the invention is to provide a rubber stop or other
      resilient material that is mounted on the ball retainer and absorbs shock,
      that is, a no load or shock stop is carried at all times by the ball
      retainer and is mounted thereon for absorbing such shocks.
PAR  Still another object of the invention is to provide breathing brackets
      arranged to provide clearance between the mounting surface of the
      stationary section and the straddling curvature of the drawer mounted
      plastic section which have to transverse along the length of the
      stationary section.
PAR  The characteristics and advantages of the invention are further
      sufficiently referred to in connection with the following detailed
      description of the accompanying drawings, which represent one embodiment.
      After considering this example, skilled persons will understand that many
      variations may be made without departing from the principles disclosed and
      I contemplate the employment of any structures, arrangements or modes of
      operation that are properly within the scope of the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Referring to the drawings which are for illustrative purposes only:
PAR  FIG. 1 is a side elevational view of the side mechanism which includes the
      slide members of the ball bearing telescoping slide mechanism which
      includes outer and inner slide members, ball retainer and slide section
      for a 2-member slide, the slide mechanism being in the telescope position;
PAR  FIG. 2 is a partial side elevational view thereof with the slide members
      and ball retainer in an extended position;
PAR  FIG. 3 is a similar view of a portion of the mechanism;
PAR  FIG. 4 is an enlarged fragmentary view showing the lead in for the slide
      section;
PAR  FIG. 5 is an enlarged sectional view taken on line 5--5 of FIG. 1;
PAR  FIG. 6 is an enlarged sectional view taken on line 6--6 of FIG. 2;
PAR  FIG. 7 is an enlarged sectional view taken on line 7--7 of FIG. 1;
PAR  FIG. 8 is an enlarged sectional view taken on line 8--8 of FIG. 2;
PAR  FIG. 9 is an enlarged fragmentary top plane view of one end of the inner
      slide member;
PAR  FIG. 10 is an enlarged perspective view of a cabinet with the present
      invention installed therein and showing 2 positions of the drawer slide
      mechanisms and also showing a drawer in the removed position;
PAR  FIG. 11 is an enlarged view of the circled position of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, there is shown a slide mechanism, indicated
      generally at 20, embodying the present invention. It is to be understood,
      of course, that there are two slide mechanisms for a desk or other drawer,
      one at each side of the drawer. Since the slide mechanisms are the same, a
      description of one such mechanism will be sufficient.
PAR  Each slide mechanism comprises a pair of slide members, an outer member
      indicated generally at 22, and an inner slide member, indicated generally
      at 24. There is a ball retainer operably disposed between the outer and
      inner slide members, said ball retainer being indicated generally at 26.
PAR  The slide mechanism further includes a slide section, indicated generally
      at 28. The slide section 28 is attached to the side of the drawer and one
      of the slide members is attached or secured to the adjacent side of that
      portion of the desk defining the drawer opening, there being sufficient
      clearance for the slide mechanism between the side of the drawer and the
      adjacent side or parts of the desk defining the drawer opening.
PAR  With the slide section secured to the side of the drawer, the inner slide
      member 24 is secured to the adjacent part or wall of the desk defining the
      drawer opening. Slide members 22 and 24 are generally channel chaped and
      formed of sheet metal by stamping, these parts being made with great
      accuracy. The slide section 28 is made of any suitable material such as
      plastic or the like although it may be made of metal. This slide section
      is extruded.
PAR  The outer slide member 22 has a longitudinally extending center wall 30
      which may be termed the bottom of the channel. Along each side edge of the
      bottom 30, there is an outwardly and laterally extending ball race 32 that
      is concavo-convex in cross section with the concave surfaces facing
      inwardly so that said surfaces are oppositely arranged relative to each
      other and are spaced apart laterally relative to the length of the wall
      30.
PAR  At one end of the outer member 22, there is a flange 34 that is turned
      laterally at an angle substantially normal to the plane of the bottom wall
      30 and in a normal direction to the ball races 32. This flange is at the
      inner end of the outer slide member 22 so as to leave clearance space at
      each end of the flange for the ball races of the inner slide member when
      the device is assembled as described hereandafter but which serves as a
      stop.
PAR  At its other end, the outer member 22 is provided with a flange 36 that is
      turned laterally at a substantially normal angle to the plane of the
      bottom wall 30 and in a direction normal to the ball races 32. This flange
      serves as a stop. Thus, the flanges 34 and 36 provide stop means at the
      respective ends of the outer slide member.
PAR  Spaced longitudinally from the flange 36, the outer slide member has
      oppositely arranged notches 38 and 40 cut primarily from the respective
      ball races and the bottom wall 30 of the outer slide member is provided
      with ridges 42 pressed inwardly from the bottom wall 30 to provide
      reinforcing and strenghening means in the location or region of said
      notches 38 and 40. Spaced longitudinally from the flange 34, the outer
      slide member has hook or tongue-like stops 44 cut from the tops of the
      respective ball races of said outer slide member and extending outwardly
      therefrom.
PAR  An inner slide member 24 also has a bottom wall, indicated generally at 46,
      and along the longitudinally extending sides or side edges of which are
      laterally turned ball races 48 which are oppositely arranged and arcuate
      in cross section with the concave surfaces arranged oppositely respective
      adjacent ball races 32 of the outer slide member, said races 48 being
      spaced from said adjacent races 32.
PAR  One end of the inner slide member 24, has a flange 50 turned inwardly at an
      angle normal to the bottom wall 46. The opposite end of member 24 is open.
      The purpose of flange 50 is to engage flange 36 of the slide member to
      limit movement of the inner slide member toward the adjacent end of the
      outer slide member. It is to be noted that there is a pad 52 of sound
      muffling material secured to the inner side of the flange 36 to eliminate
      the noise of metal hitting metal, said pad being of any suitable material
      such as felt, rubber, or any suitable material.
PAR  The slide mechanism is provided with resilient mounting means for
      attachment to a part of a desk, cabinet or the like, said mounting means
      to accommodate to manufacturing tolerances and to insure proper alignment
      of the slide mechanism and drawer said mounting comprising a pair of ears
      54 lanced from the bottom wall 46 of the inner slide member. Each ear has
      a free end part 56 which is spaced from the plane of the bottom wall 46 of
      the inner slide member and is provided with openings 58 for screws or the
      like whereby the slide mechanism is attached to said desk part or cabinet
      part. Because of the spacing of the free end parts 56 of the ears, which
      are resilient, the slide will accommodate itself to any variances which
      might occur because of manufacturing variations.
PAR  The mounting means for the slide also includes a resilient butterfly type
      of mounting indicated generally at 60.
PAR  This butterfly has a generally U-shaped part 62 with the arms thereof
      extending longitudinally outwardly. Between the arms, there are a pair of
      parts 64 spaced from the respective arms and inclined toward each other
      with the free ends of said parts connected together by a cross part 66.
      From the inner edge of said cross part, there is a tongue 68 which is spot
      welded or otherwise suitably secured to the bottom 46 of the inner slide
      member. Parts 64 are inclined away from the bottom 46 of the inner slide
      member so that the U-shaped part is spaced from the free edges of the
      adjacent ball races of the outer slide member.
PAR  At the inner side of the bottom 46 of the inner slide member and adjacent
      the flange 50, is a bumper 70 of sound muffling material which may be
      resilient, for example, the bumper may be of rubber, plastic or the like.
      There is a U-shaped metal cover 74a straddling the bumper 70 on the ball
      retainer and this cover and bumper are secured to the bottom wall 74 of
      the ball retainer by a rivet or eyelet 72 which extends through openings
      provided therefore in the cover, the bottom wall 74 of the ball retainer,
      and the bumper. There are two dimples 75 pressed inwardly from the bottom
      wall 74 of the ball retainer adjacent the rear end of the bumper to keep
      the bumper lined up longitudinally with the ball retainer axis.
PAR  Slide members 22 and 24 are arranged so that there open sides face each
      other and disposed between said members in the space between the parallel
      bottom walls 30 and 46 of the outer and inner slide members respectively,
      is the ball retainer 26. Ball retainer 26 comprises a longitudinally
      extending wall 74 and a plurality of longitudinally spaced flanges 76
      normal to the longitudinally extending wall 74 and provided with openings
      therein for reception of ball bearing 80, said openings being smaller than
      the diameters of the ball bearings 80. These bearings are positioned at
      the outer sides of the flanges 76 and retain the balls in the ball races
      32 and 48 of the outer and inner slide members. Respective flanges 76 may
      have one or more of the openings for the balls. Wall 74 is parallel to the
      walls 30 and 46 of the outer and inner slide members and is adapted to
      part spaced from the wall 30 of said outer slide member. When the slide
      members are telescoped, the flange 50 engages the padded flange 36 of the
      outer slide member and when the slide members are extended, the bumper 70
      on the ball retainer engages the flanges 34 and 51 of the outer and inner
      slide members. When the slide members are thus extended, the inner end of
      the ball retainer extends beyond the adjacent end of the inner slide
      member so that part of the entire length of the ball retainer provides
      support for that part of the outer slide member projecting outwardly of a
      desk, cabinet or the like, leaving a section of the ball retainer exposed.
PAR  In the telescoped position of the slides, the entire length of the ball
      retainer provides support for the outer member. Thus, a relatively long
      ball retainer may be used and will hold the outer slide member and the
      drawer attached thereto against sagging.
PAR  The slide section 28 may be of any suitable material such as a stiff
      plastic and said section may be extruded. Section 28 comprises a
      longitudinally extending wall 82 with arcuate longitudinally extending
      edge portions 84 and 86 respectively which curve about the respective ball
      races of the outer slide member. These edge portions retain the slide
      section on the outer slide member but are slidable thereon so that the
      slide section 28 may be slid longitudinally on the outer slide member.
      Section 28 also includes an upstanding longitudinally extending flange 88
      which runs adjacent the edge portion 86. This flange has a plurality of
      openings for reception of screws 90 whereby the slide section is secured
      to a desk, drawer or the like.
PAR  Intermediate the ends of the slide section, there is an opening 92 in the
      edge portion 86 and adjacent said openings, there is a latch, indicated
      generally at 94. Latch 94 comprises a body portion which has an opening 98
      for a rivet 100 and about the opening 98, the flange is pressed toward the
      latch as indicated at 102 to provide a recess 104, there also being a boss
      106 about the opening 98 to space the body 96 of the lever from the
      adjacent surface of the flange 88. On rivet 100, there is a washer 108 and
      the adjacent rivet end is overturned as at 110. In this arrangement, the
      overturned end of the rivet and the washer are received in the recess 104
      so as not to project beyond the outer face of said flange 88. The body of
      latch 94 has an extension 112 that is off-set toward the adjacent side of
      the flange 88 and terminates in retaining flange 114 turned normal to the
      extension 112, a block 116 of sound muffling material is provided with a
      slot in which the retaining flange is disposed, said plug being of sound
      muffling material such as a suitable plastic or the like.
PAR  At the upper edge of the extension 112 of the latch, there is a
      longitudinally extending flange 119 normal to said extension and turned
      away from the flange 88 to provide means for raising the latch to move it
      to the unlatched position. Block 116 has a rounded or cam inner lower
      corner 118 so that when the slide section is moved inwardly onto the outer
      slide member, the latch will automatically move upwardly to permit the
      slide section to be moved to its inward position. The other edge of the
      block is adapted to engage the outer end of the notch 38 as shown in the
      drawings to limit outward movement of the slide section on the outer slide
      member, it being noted that the block drops through the opening 92 when
      the slide section is moved outwardly. Reverse movement of the slide member
      causes the latch to move upwardly of the release position when the slide
      section is moved inwardly on the outer slide member. It is to be noted
      that the portion of the longitudinally outwardly of the rivet is heavier
      than that portion at the opposite side of said rivet so that the latch
      lever will automatically move to the latching position when the slide
      section is moved outwardly.
PAR  The inner end of the slide section is inclined downwardly and outwardly, as
      at 120 so that when it is replaced on the outer slide member, the arcuate
      extending portion 86, is first rested on the upper ball race of the outer
      slide member and aids in supporting the drawer to which the slide member
      is attached when replacing the drawer on the slide mechanisms. Also, at
      the lower end of the arcuate, extending portion 84 has a downwardly turned
      end portion or lip 122 to insure easy and smooth replacing of the slide
      section.
PAR  On the inner side of the wall 82 of the slide section, are a pair of
      parallel slightly raised ridges 124 which slightly space the wall 82 from
      the adjacent side of the outer slide member and reduce friction. These
      ridges act as stiffining ribs and at the same time provide clearance for
      the proper elastic "breathing" of the straddling section around the outer
      slide member and they further accummulate some tolerances which is very
      important so that the part does not get stuck when moving.
PAR  Referring to FIG. 10, there is shown a desk indicated generally at 126
      having drawer openings for drawers indicated generally at 128, 130 and
      132. Drawer 128 is shown as in the fully extended position and drawer 130
      is shown with the slide in the 3/4 extended position. Drawer 132 is
      disconnected from the assembly of outer and inner slide members and ball
      retainers. It is to be noted that the inner slide members are secured to
      adjacent portions of the desk while the outer slide members are movable
      longitudinally thereof from a fully telescoped portion to a fully extended
      position. The slide mechanism for drawer 130 have been moved outwardly.
      The slide sections are in the telescope position relative to the outer
      slide members. When the drawer has been further pulled outwardly, as
      drawer 128, the slide sections are pulled outwardly relative to the outer
      slide members to a position whereat the latch block has dropped through
      the opening 92 of the slide section and into the notch 38 of the outer
      slide member thereby preventing the drawer from being pulled outwardly an
      additional amount. In order to remove the drawer from the outer slide
      members, the latches 94 are raised to the unlatched position by the
      operator's fingers lifting the flanges 119. The drawer and the slide
      sections 28 are then pulled outwardly a further distance so that the slide
      sections clear the outer slide members 22 of the slide mechanisms. The
      drawer is then freely removed from the outer slide sections. When it is
      desired to replace the drawer, the forward ends of the arcuate extending
      portions 86 of the slide sections are placed on the ball races of the
      outer slide members and the drawer pushed inwardly. Because of the rounded
      or cam shaped inner lower corner of the blocks of the latches, the slide
      section may be fully telescoped onto the outer slide member and the slide
      members telescoped as the drawer is moved further inwardly. It is to be
      understood, of course, that the drawer may then be moved entirely within
      the drawer opening to the normal closed position.
PAR  The invention and its attendant advantages will be understood from the
      foregoing description and it will be apparent that various changes may be
      made in the form, construction and arrangement of the parts without
      departing from the spirit or scope thereof or sacrificing it material
      advantages, the arrangement hereinbefore described being merely by way of
      example and I do not wish to be restricted to the specific form shown or
      uses mentioned except as defined in the accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A telescoping ball bearing slide mechanism, comprising:
PA1  an outer slide member of generally channel-shape and having a
      longitudinally extending bottom wall and oppositely arranged ball races
      along the side edges of said bottom wall, said ball races being concave in
      cross section and facing each other;
PA1  an inner channel-shape slide member having a longitudinally extending
      bottom wall and oppositely facing ball races along the side edges thereof,
      said ball races being concave in cross section and facing outwardly the
      inner slide member being operably disposed within the outer slide member,
      said inner slide member being attachable to a part defining a drawer
      opening;
PA1  ball bearings disposed in adjacent races of the respective outer and inner
      slide members;
PA1  a ball retainer operably disposed between the outer and inner slide members
      for retaining the ball bearings operably in the races;
PA1  means for limiting extension of said slide members relative to each other;
PA1  means for limiting telescoping of said slide members relative to each
      other;
PA1  a slide section of generally U-shape in cross section comprising a
      longitudinally extending bottom wall and edge portions along the side
      edges of said bottom wall, said edge portions being arcuate in cross
      section and curved about the outer side of the ball races of the outer
      slide member, said slide section being slidable on the outer slide member;
PA1  and stop means for limiting telescoping movement of the slide section
      relative to the outer slide member.
NUM  2.
PAR  2. The invention defined by claim 1, wherein the stop means for limiting
      telescoping movement of the slide section relative to the outer slide
      member comprises an ear on one of the ball races of the outer slide
      member.
NUM  3.
PAR  3. The invention defined by claim 1, including resilient means on the inner
      slide member for mounting the slide mechanism to a part of a drawer
      opening, said resilient means including a resilient butterfly mounting
      having a transverse part extending beyond the arcuate edge portions of the
      slide section, said transverse part being spaced from said arcuate
      portions of said slide section to provide clearance therefor.
NUM  4.
PAR  4. The invention defined by claim 1, including longitudinally extending
      ribs on the inner side of the bottom wall of the slide section.
NUM  5.
PAR  5. The invention defined by claim 1, including means limiting extension of
      the slide section relative to the outer slide member.
NUM  6.
PAR  6. The invention defined by claim 5, wherein said limiting means comprises
      a releasable latch.
NUM  7.
PAR  7. The invention defined by claim 6, wherein the slide section has a
      longitudinally extending flange, there being an opening in the arcuate
      portion adjacent the flange in generally the same plane as the bottom wall
      of said slide section, and said latch comprises a latch lever pivoted to
      the flange of said slide section, said lever being pivoted closer to one
      end than the other end so that said other end is longer, a block attached
      to the longer end of said latch lever and adapted to extend through the
      opening in the adjacent arcuate edge portion of the slide section, there
      being a notch in the ball race of the outer slide member in line with the
      block and adapted to receive said block and prevent further extension of
      the slide section.
NUM  8.
PAR  8. The invention defined by claim 7, includes at least one longitudinally
      extending rib in the bottom wall of the outer slide member and adjacent
      the notch in the ball race for reinforcing and strengthening wall of the
      bottom outer slide member.
NUM  9.
PAR  9. The invention defined by claim 7, wherein the longitudinally extending
      flange of the slide section has a plurality of longitudinally spaced
      openings.
NUM  10.
PAR  10. The invention defined by claim 8, wherein the block on said lever is of
      sound muffling material.
NUM  11.
PAR  11. The invention defined by claim 6, wherein the latch means automatically
      operates to limit extension of the slide section and automatically permits
      telescoping of the slide section.
NUM  12.
PAR  12. The invention defined by claim 11, wherein said block has a cam portion
      at the inner side engageable with the inner end of the notch in the ball
      race of the outer slide member for effecting the release of the latch when
      the slide section is moved inwardly on the outer slide member.
NUM  13.
PAR  13. The invention defined by claim 7, wherein there is a second notch in
      the opposite ball race, said second notch being opposite the first
      mentioned notch.
NUM  14.
PAR  14. The invention defined by claim 13, including stops on the ball races of
      the outer slide member adjacent the inner end thereof.
NUM  15.
PAR  15. The invention defined by claim 13, wherein the bottom wall of the outer
      slide member has a plurality of ribs extending longitudinally adjacent the
      respective notches of the ball races of the outer slide member.
NUM  16.
PAR  16. The invention defined by claim 7, wherein the latch lever is secured to
      the longitudinally extending flange of the slide section by rivet means
      extending through said flange, said flange having a recess at the inner
      side thereof for reception of the adjacent end of the rivet, the depth of
      said recess being at least as great as that portion of the rivet received
      therein.
NUM  17.
PAR  17. The invention defined by claim 1, wherein the inner end of the slide
      section is inclined downwardly and outwardly whereby the inner end of the
      upper arcuate edge portion of the slide section, may be placed on the
      outer slide member when said inner end of the slide section is initially
      disposed on the outer slide member.
NUM  18.
PAR  18. The invention defined by claim 17, wherein the inner end of the lower
      arcuate edge portion of the slide section has an inwardly and downwardly
      extending lip.
NUM  19.
PAR  19. The invention defined by claim 13, including outwardly and upwardly
      inclined tongues lansed from the ball races of the outer slide member
      adjacent the inner end thereof to provide stop means for the slide
      section.
NUM  20.
PAR  20. A telescoping ball bearing slide mechanism, comprising:
PA1  an outer slide member having a longitudinally extending bottom wall and
      oppositely arranged ball races along the side edges thereof;
PA1  an inner slide member having a longitudinally extending bottom wall and
      ball races along the side edges thereof for cooperation of the respective
      adjacent ball races of the outer slide member;
PA1  ball bearings disposed in adjacent races of the respective outer and inner
      slide members;
PA1  a ball retainer operably disposed between the outer and inner slide members
      for retaining the balls in said races;
PA1  a slide section having a longitudinally extending bottom wall and arcuate
      edge portions along the side edges thereof for slidable reception on the
      ball races of the outer slide member;
PA1  stop means limiting telescoping and extension of the slide members relative
      to each other;
PA1  means limiting telescoping movement of the slide section on the outer slide
      member;
PA1  and means limiting extension of said slide section on said outer slide
      member.
NUM  21.
PAR  21. The invention defined by claim 20, wherein the means limiting extension
      of the slide section on the outer slide member is releasable to permit
      removal of the slide section from the outer slide member.
NUM  22.
PAR  22. The invention defined by claim 1, wherein the inner end of the ball
      race is short of the inner end of the outer slide member when the slide
      members are fully extended.
NUM  23.
PAR  23. A telescoping ball bearing slide mechanism comprising:
PA1  an outer slide member of generally channel-shape and a longitudinally
      extending bottom wall and oppostely arranged ball races along the side
      edges of the bottom wall, said ball races being concave in cross section
      and facing each other;
PA1  an inner channel-shape slide member having a longitudinally extending
      bottom wall and oppostely facing ball races along the side edges thereof,
      said ball races being concave in cross section and facing outwardly, the
      inner slide member being operably disposed within the outer slide member,
      said inner slide member being within the outer slide member and being
      attachable to a part defining a drawer opening;
PA1  ball bearings disposed in adjacent races of the respective outer and inner
      slide members;
PA1  a ball retainer operably disposed between the outer and inner slide members
      for retaining the balls operably in the races;
PA1  means for limiting extension of the slide members relative to each other;
PA1  means for limiting telescoping of said slide members relative to each
      other;
PA1  a slide section of generally U-shape in cross section comprising a
      longitudinally extending bottom wall, and edge portions along the side
      edges of said bottom wall, said edge portions being generally arcuate in
      cross section and curved about the outer sides of the ball races of the
      outer slide member, said slide section being slidable on the outer slide
      member;
PA1  an ear on the highest part of the upper ball race of the outer slide member
      for engagement by the inner end of the slide section to limit telescoping
      movement thereof;
PA1  a longitudinally extending flange upstanding along the top of the slide
      section, said flange having openings for reception of means for attaching
      the slide section to a drawer;
PA1  a latch lever pivotly mounted to the inner side of the flange of the slide
      section, and heavier at one end than at the other;
PA1  pivot means for pivotly mounting said latch lever, the outer end of said
      pivot means being recessed within the plane of the outer side of the
      flange of the slide section;
PA1  a block of sound muffling material attached to the heavier end of said
      lever, the adjacent arcuate edge portion of the slide section having an
      opening through which the block is adapted to extend;
PA1  the upper ball race of the outer slide member having a notch adjacent the
      outer end of the outer slide member and in line with the path of movement
      of the block and adapted to receive said block upon slidable movement of
      the slide section;
PA1  said block when in said notch, limits outward movement of the slide section
      but it is provided with a cam surface at the inner side whereby engagement
      with the inner end of the notch effects raising and unlatching of the
      latch, the operation of said latch automatically limiting outward movement
      of the slide section and automatically releasing said latch upon inward
      movement of the slide section;
PA1  the bottom wall of the outer slide member having at least one
      longitudinally extending reinforcing rib adjacent the notch in the ball
      race;
PA1  the inner end of the slide section being inclined downwardly and outwardly;
PA1  a downwardly and inwardly extending lip at the lower end of the lower slide
      section;
PA1  and resilient mounting means on the bottom wall of the inner slide member,
      said mounting means including a resilient butterfly part having a
      transverse portion spaced from the bottom wall of the slide member and
      from the arcuate side edge portions of the slide section when the latter
      is adjacent said butterfly part.
NUM  24.
PAR  24. The invention defined by claim 23, wherein there are a pair of notches
      arranged oppositely each other in the respective ball races of the outer
      slide member, (making the slide) whereby the slide may be used on either
      side of the drawer.
NUM  25.
PAR  25. The invention defined by claim 20 wherein stop means limiting extension
      of the slide members relative to each other comprises a resilient stop
      mounted on the ball retainer and absorbing shock.
NUM  26.
PAR  26. The invention defined by claim 25, wherein the stop means limiting
      extension of the slide members relative to each other for providing a
      sound muffling engagement with no metal to metal contact and no direct
      load or shock carried by the metal of the ball retainer.
NUM  27.
PAR  27. The invention defined by claim 26, wherein there is a metal U-shaped
      cover straddling the bumper on the ball retainer, said bumper and cover
      being secured to the ball retainer.
NUM  28.
PAR  28. The invention defined by claim 27, wherein said U-shaped cover and
      bumper are secured to the ball retainer by eyelet through aligned openings
      provided therefore in said cover bumper and ball retainer.
NUM  29.
PAR  29. The invention defined by claim 28, wherein there is means on the inner
      side of the ball retainer and adjacent to the bumper for keeping the
      bumper lined up longitudinally with the ball retainer axis.
NUM  30.
PAR  30. The invention defined by claim 29, wherein said means for keeping the
      bumper lined up with the axis of the ball retainer comprises a pair of
      projections on the inner side of the ball retainer.
NUM  31.
PAR  31. The invention defined by claim 20, wherein only part of the ball
      retainer and balls are engaged with the inner member in the extended
      position for supporting the outer member in the extended position of the
      slide and all of the balls function to support the outer slide member when
      the slide is telescoped so as to provide full support for the outer member
      and prevent sag of the front end of the drawer.
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ABST
PAL  Novel recirculating roller bearings for the longitudinally moveable
      mounting of an element on a planar bearing surface comprising a bearing
      body with at least one straight race section, a return section parallel to
      the said race section, two preferably semicylindrical end deflecting
      sections connecting the ends of the parallel return section and race
      section to form a closed circulating track and a plurality of rollers in
      said circulating track, the improvement comprising retaining elements for
      successive pairs of rollers engaging circumferential grooves in the race
      edges.
BSUM
PAC  STATE OF THE ART
PAR  Recirculating roller bearing are already known in various embodiments and
      dimensions and are used for supporting machine parts which cover long
      linear displacement paths with reversal of the direction of motion as is
      the case, for example, in tool tables in grinding machines. The
      requirements for reliable operation and the life expectancy of the rollers
      can only be met, however, with the known embodiments under certain
      operating conditions or under severe conditions only with bearings up to a
      certain size.
PAR  With higher operating speeds and/or accelerations or when changing to
      bigger roller bearings of the above type, the known design has, on the one
      hand, the disadvantage that inertia forces from the radial acceleration in
      the deflecting sections and the linear acceleration and deceleration
      respectively in a reversal of the movement which increase
      disproportionally with the size, can brace the rollers and the interposed
      restraining elements in a manner to hinder the operation. Due to the
      resulting pressures, the rollers are hindered in their natural rolling
      movement and slide in the end zones of the race so that not only damages
      to the latter, but also to the rollers, are unavoidable which can lead to
      a premature failure of the bearings. On the other hand, it is necessary
      that the rollers represent with the bearing body an assembled single unit
      during shipping and in the unassembled state of the roller bearing to
      simplify handling during the assembly. In roller bearings of the known
      type, there is the difficulty, however, that the end play of the pitch
      circle of the ring of rollers and interposed retaining elements must be
      exactly tuned to ensure both a reliable retention of the rollers and a
      sufficiently large performance play.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to a recirculating bearing wherein the
      reaction of the interial forces existing in the deflecting sections and
      appearing during a reversal of motion direction does not effect the
      rollers.
PAR  It is a further object of the invention to provide a novel recirculating
      bearing provided with reliable roller retention means which can be
      economically made with large tolerances in the pitch circle end play.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel recirculating roller bearing of the invention for the
      longitudinally moveable mounting of an element on a planar bearing surface
      is comprised of a bearing body with at least one straight race section, a
      return section parallel to the said race section, two preferably
      semi-cylindrical end deflecting sections connecting the ends of the
      parallel return section and race section to form a closed circulating
      track and a plurality of rollers in said circulating track secured by
      retaining elements between successive rollers, said retaining elements
      engaging circumferential grooves in the race shoulders or flanges, the
      improvement comprising successive pairs of rollers are arranged in a rigid
      retaining element to prevent the rollers from falling out and the
      successive retaining elements bear loosely on one another without a mutual
      connection.
PAR  In this construction, two successive rollers are arranged in a rigid
      retaining element which prevents the rollers from falling out, and
      successive retaining elements bearing are arranged loosely on one another
      without mutual connection. Such a design has the advantage that the
      inertia forces appearing during operation of the roller bearing are
      absorbed by the loose bearing retaining elements, and jamming of the
      rollers is avoided. The retaining elements of the invention also prevent
      the rollers from falling out so that elaborate tuning of the pitch circle
      end play is avoided.
PAR  In another embodiment of the invention, it is suggested that the rollers be
      held on all sides in the retaining element. Such a design has the
      particular advantage that each pair of rollers are already joined with the
      retaining element to form a unit during the assembly of such a roller
      bearing so that the assembly is substantially facilitated. A further
      expedient of the invention provides that the rollers have planar end faces
      and are guided with narrow play between parallel plane faces of the race
      borders in order to avoid skewing.
PAR  According to another embodiment of the invention, it is possible that the
      rollers are guided with narrow play in the retaining elements to avoid
      skewing, and that the retaining elements in turn engage with narrow play
      the circumferential grooves of the race borders to ensure that the rollers
      are guided exactly axes parallel even in the return section and in the
      deflecting sections respectively. This prevents canting of the rollers and
      thus sliding friction between the rollers and the race in all race
      sections, and particularly the entrance conditions into the load bearing
      race section are improved.
PAR  According to another feature of the invention, the circumferential region
      is preferably designed so that the rollers are guided at least in partial
      regions of the return section and/or the adjoining deflecting sections by
      the retaining elements with narrow play in a right angle to the respective
      race section. Due to this measure, the rollers always remain in contact
      with the race in a reversal of the movement which results in a further
      improvement of the entrance into the load bearing race section.
PAR  Another feature of the invention provides that the distance of roller axes
      of two rollers arranged in a retaining element is approximately equal to
      the distance of the roller axes of two adjacent rollers which are arranged
      in adjacent retaining elements bearing on one another in play free manner.
      Such an arrangement has the effect that there is always a constant number
      of rollers in the load bearing race section so that a substantially
      uniform spring constant and thus a smooth run of the part to be supported
      is obtained in this region.
PAR  According to another embodiment of the invention, the projections of the
      retaining elements engaging the circumferential grooves of the race
      borders have guide faces which cooperate with the circumferential grooves
      so that the rollers are lifted from the race before entering the
      deflecting section. Another embodiment of the invention provides that the
      rollers are substantially supported at least in the roller axes. This has
      the advantage that the rollers do not come in contact with the entrance
      edge of this section before entering the deflecting section, so that
      damage to this edge and to the rollers, which could lead to failure of the
      roller bearing is impossible.
PAR  According to another feature of the invention, the end faces of the
      retaining elements which are in contact with each other are provided with
      friction-reducing means. Such a design prevents damage to the races which
      could be caused by the metal abrasion on the faces of the retaining
      elements which are in contact with each other.
DRWD
PAR  Referring now to the drawing:
PAR  FIG. 1 is a partial longitudinal section through a roller bearing of the
      invention taken along with line I-I in FIG. 2.
PAR  FIG. 2 is a cross section of the said bearing and
PAR  FIG. 3 illustrates a retaining element equipped with rollers taken in a
      perspective view.
DETD
PAR  The roller bearing of FIGS. 1 and 2 consists of bearing body 1, which forms
      the supporting race section 2 and the return section 3, the side elements
      4 with the semi-cylindrical deflecting sections 5 and which are connected
      in suitable manner with the bearing body 1, for example, by means of
      screws, and a plurality of cylindrical rollers 6 rolling therein which are
      guided at their end face on race borders 7.
PAR  As can be seen particularly from FIGS. 1 and 3, two successive rollers 6
      are each arranged in a rigid retaining element 8, made for example, of
      sheet metal, which guides the rollers 6 by means of the lugs 9 adapted to
      the outside contour of the rollers 6 and a cross bar 10 arranged between
      the rollers 8 to keep the rollers parallel to each other and to prevent
      them from falling out. The successive retaining elements 8 bear loosely on
      each other in the area of lugs 9 without mutual connection and are held
      slidingly with stirrup-shaped guide faces 12 surmounting the end faces 11
      of the rollers in grooves 13 provided in the bearing body 1 and the side
      elements 4 respectively. To guide the rollers 6 with narrow play in the
      area of the return section 3, a cover plate 14 is arranged in this region.
PAR  If inertia forces appear in a reversal of the direction of motion of the
      roller bearing moving in longitudinal direction on race 15 of element 16,
      these are absorbed by the retaining elements 8 without reaction on the
      rollers 6. Due to the axis-parallel guidance of the rollers to each other
      in a retaining element 8, the entrance conditions to the load bearing race
      are substantially improved when the rollers 6 move from one race section
      to another.
PAR  Various modification of the apparatus of the invention may be made without
      departing from the spirit or scope thereof and it is to be understood that
      the invention is not intended to be limited only as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A recirculating roller bearing for the longitudinally moveable mounting
      of an element on a planar bearing surface comprising a bearing body with
      at least one straight race section, a return section parallel to the said
      race section, two preferably semi-cylindrical end deflecting sections
      connecting the ends of the parallel return section and race section to
      form a closed circulating track and a plurality of rollers in said
      circulating track secured by retaining elements between successive
      rollers, said retaining elements engaging circumferential grooves in the
      race shoulders or flanges, the improvement comprising successive pairs of
      rollers are arranged in a rigid retaining element to prevent the rollers
      from falling out and the successive retaining elements bear loosely on one
      another without a mutual connection.
NUM  2.
PAR  2. The bearing of claim 1 wherein the rollers are held on all sides by the
      retaining element.
NUM  3.
PAR  3. The bearing of claim 1 wherein the rollers have planar end face and are
      guided with narrow play between plane parallel faces of the race edges to
      prevent skewing.
NUM  4.
PAR  4. A bearing of claim 1 wherein the rollers are guided with narrow play in
      the retaining element to prevent crossing and the retaining elements are
      engaged circumferential grooves in the race with narrow lateral play.
NUM  5.
PAR  5. A bearing of claim 1 wherein the rollers are guided at least in partial
      regions of the return section and/or the end sections by the retaining
      elements with narrow play at a right angle to the race section.
NUM  6.
PAR  6. A bearing of claim 1 wherein the distance of the rollers axes of the
      pair of rollers in a retaining element is approximately equal to the
      distance of the roller axes of two adjacent rollers arranged in play free
      adjacent retaining elements bearing on one another.
NUM  7.
PAR  7. A bearing of claim 1 wherein the retaining element projections engaging
      the circumferential grooves have guide faces which cooperate with the said
      grooves so that the rollers are lifted from the race when entering the
      deflecting end section.
NUM  8.
PAR  8. A bearing of claim 7 wherein the said guide faces are arranged so that
      the rollers are substantially supported at least in the roller axes.
NUM  9.
PAR  9. A bearing of claim 1 wherein the end faces of the retaining elements in
      contact with each other are provied with friction reducing means.
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ABST
PAL  An axially controllable magnetic bearing apparatus provides radial
      stiffness force control between a rotor and stator. The bearing includes a
      pair of axially spaced air gaps defined by corresponding pairs of annular
      pole pieces of the rotor and stator. Permanent magnets carried by the
      rotor generate constant axial bias fluxes in each of the air gaps. A pair
      of coils, disposed to axially excite the air gaps with variable flux, are
      driven in a manner so that the sum of the total fluxes in each of the air
      gaps is varied to change the radial stiffness between the bearing rotor
      and stator. Axial force between the rotor and stator is produced by
      exciting the two coils to vary the difference of the total air gap fluxes.
      The pair of coils are driven in a bridge circuit by pulse-width modulated
      signals. The radial stiffness force of the bearing is varied in response
      to a control system for radially damping the bearing rotor and/or for
      shifting the vibrational resources of the bearing to avoid a vibrational
      resonance condition.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to magnetic bearings. In
      particular, the present invention relates to a magnetic bearing wherein
      the same magnetic bearing air gaps are excited for both axial and radial
      force control.
PAC  BACKGROUND OF THE INVENTION
PAR  To overcome the problems of bearing friction in relatively large spinning
      structures, a pair of magnetic bearings have been used to suspend or
      levitate the ends of the axis of a spinning rotor relative to a stator by
      magnetic forces or flux concentrated in relatively narrow air or vacuum
      gaps between the bearing rotor and stator. These bearings can be
      particularly useful in a spacecraft environment to mount such devices as
      mechanically despun antennas. While axially controllable magnetic bearings
      have been used in combination with axial position sensors in a control
      loop necessary to provide axial stiffness of the suspended rotor location,
      constant rotor radial stiffness has been an inherent aspect of such axial
      bearings. For example, in the copending application of Phillip A. Studer,
      Ser. No. 100,637, filed Dec. 22, 1970, and assigned to the same assignee
      as the present invention, a single coil is provided to produce a
      differential flux in two axially aligned gaps for axial force or position
      control while a constant, permanent magnet produced, bias flux in the
      axially aligned gaps produces a constant radial stiffness.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a magnetic bearing
      having the capability of both axial and radial force control.
PAR  It is a further object of the present invention to provide a magnetic
      bearing having means for radially damping the bearing.
PAR  It is a still further object of the present invention to provide a magnetic
      bearing having means for changing the vibrational resonant frequency of
      the bearing.
PAC  SUMMARY OF THE INVENTION
PAR  As in prior art magnetic bearing structures, an axial magnetic bearing is
      provided with a pair of axially spaced air or vacuum gaps separating the
      rotor and the stator, which gaps are defined by pairs of corresponding
      facing annular pole pieces of the rotor and stator. The present invention
      differs from prior art magnetic bearing structures in providing a separate
      low reluctance path for each of a pair of separate coils that separately
      excite or vary the magnetic flux in each of the gaps. By exciting the two
      coils in a manner such that as the sum of the total flux levels in the two
      air gaps varies, radial stiffness between the stator and rotor axis is
      controlled. In contrast, exciting the same two coils in a manner whereby
      the difference between the total fluxes in the gaps varies, provides
      control for axial forces between the stator and rotor, with resulting
      axial position control. The radial stiffness or force tending to align the
      rotor and stator axes increases as the average of the total fluxes
      increases. The net axial force is such as to shift the rotor to narrow the
      air gap having the greater flux density, the magnitude of the force being
      essentially proportional to the difference in magnetic flux in the two
      gaps. To simultaneously vary both the axial and radial forces, means are
      provided for exciting the two coils with two pulse width modulated current
      pulse trains, the difference between the pulse widths controlling one of
      the forces and the sum of the pulse widths controlling the other force.
DRWD
PAR  Other objects, features and advantages of one main embodiment of the
      present invention will be apparent upon a perusal of the following
      description in conjunction with the appended drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a one-half cross-sectional view through the axis of the magnetic
      bearing including coils N.sub.1 and N.sub.2. The various parts of the
      bearing may be completely visualized by rotating the cross-section about
      the bearing axis.
PAR  FIG. 2 is an electrical schematic diagram of a power bridge circuit for
      driving the coils N.sub.1 and N.sub.2 in response to control voltages.
PAR  FIGS. 3A through 3H are aligned timing diagrams indicating the generation
      of the control voltages for the power bridge of FIG. 2 as derived by the
      circuit of FIGS. 4A and 4B.
PAR  FIGS. 4A and 4B are electrical schematic diagrams of a control circuit,
      drawn in two parts for ease of understanding, for controlling the bridge
      circuit of FIG. 2.
PAR  FIG. 5 is a system block diagram of a control loop utilizing a pair of the
      magnetic bearings of FIG. 1 and including two types of radial stiffness
      control.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to FIG. 1, the magnetic bearing 10 comprises a radially
      overlapping outer stator 12 and inner rotor 14 which are normally held
      coaxially aligned with each other, and with a bearing axis 16 that forms a
      center line of non-magnetic shaft 28 to which the remainder of the rotor
      is bonded. Control for the relative radial and axial forces between stator
      12 and rotor 14 is provided by magnetic forces concentrated in four spaced
      apart axial gaps 20, 22, 24 and 26 defined between interleaved portions of
      the rotor and stator.
PAR  Four distinct magnetic circuits, characterized by toroidal rotating flux
      paths .phi..sub.1 - .phi..sub.4, exist which cross various of the axial
      gaps. The two circuits, characterized by fluxes .phi..sub.1 and
      .phi..sub.2, are driven constantly in opposite rotational senses by
      aligned annular permanent magnets 6 and 8, respectively, which are axially
      magnetized in opposite directions. Magnets 6 and 8 are axially spaced
      apart and form a part of rotor root central cylinder portions 32. The
      circuit characterized by .phi..sub.1 includes magnet 6 and serially
      excited lefthand axial gaps 20 and 22 while the circuit characterized by
      .phi..sub.2 includes the permanent magnet 8 and serially excited righthand
      axial gaps 26 and 24. The permanent magnets 6 and 8 provide equal and
      opposite bias fluxes, .phi..sub.1 in the lefthand gaps 20 and 22 and
      .phi..sub.2 in the righthand gaps 29 and 26 which alone result in a
      constant radial stiffness. If the rotor should be radially eccentrically
      displaced from the stator by some disturbing force, the reluctance of each
      of the paths .phi..sub.1 and .phi..sub.2 increases, tending to decrease
      the magnitude of fluxes .phi..sub.1 and .phi..sub.2. As a result, a
      radially directed restoring force inherently results which tends to
      restore the magnetic flux to a maximum by decreasing the reluctance.
PAR  As in the prior art, it is necessary to sense the axial displacement of the
      rotor and vary the difference between the magnetic fluxes in the gaps on
      the right and lefthand sides in accordance with the sensed displacement
      which is transformed into an input signal for a control loop providing
      axial stiffness. To this end, as taught in previously cited copending
      application, Ser. No. 100,637, a single magnetic coil for variably
      serially exciting the lefthand gap 22 and the righthand gap 24 with a flux
      to aid one of the bias fluxes and to buck the other could produce the
      necessary axial force. However, in accordance with an aspect of the
      present invention, two axially spaced, separately excited annular coils or
      windings N.sub.1 and N.sub.2 carried by stator 12 are provided, instead of
      a single winding, to provide sufficient freedom to vary the radial
      stiffness as well as providing the usual axial force.
PAR  Coil N.sub.1 is wound on stator 12, nominally coaxially with axis 16, to
      produce a rotating magnetic flux .phi..sub.3 which passes through interior
      lefthand gap 22 to the exclusion of the other gaps 20, 24, and 26, while
      coil N.sub.2 is wound on the stator about axis 16 to produce a rotating
      flux .phi..sub.4 which passes through interior righthand gap 24 to the
      exclusion of the other gaps. The coils N.sub.1 and N.sub.2, which
      preferably have the same number of turns, are respectively excited by
      currents I.sub.1 and I.sub.2. The fluxes .phi..sub.3 and .phi..sub.4 are
      respectively directed counterclockwise and clockwise when the currents
      I.sub.1 and I.sub.2 are positive. If equal positive currents I.sub.1 and
      I.sub.2 are applied to the coils N.sub.1 and N.sub.2 the flux .phi..sub.3
      aids the flux .phi..sub.1 in gap 22 and the flux .phi..sub.4 aids the flux
      .phi..sub.2 in gap 24. As a result the total fluxes in gaps 22 and 24 are
      equally increased and an increased radial stiffness force results. If
      equal negative currents I.sub.1 and I.sub.2 are applied, the fluxes
      .phi..sub.3 and .phi..sub.4 being respectively directed clockwise and
      counterclockwise tend to buck the fluxes .phi..sub.1 and .phi..sub.2 in
      the interior gaps 22 and 24. As a result, the total flux in interior gaps
      22 and 24 is decreased and the radial stiffness is decreased. If equal
      currents I.sub.1 and I.sub.2 are applied so that I.sub.1 is positive and
      I.sub.2 is negative, both fluxes .phi..sub.1 and .phi..sub.2 are directed
      counterclockwise. As a result, .phi..sub.3 aids .phi..sub.1 in gap 22
      while .phi..sub.4 bucks .phi..sub.2 in gap 24. In that case, the radial
      stiffness is not substantially affected because the sum of the total
      fluxes in the interior gaps remains constant. Instead, an axial force is
      exerted between the rotor 14 and stator 12 in a direction tending to
      narrow gap 22 by axial relative movement of the rotor 14 and stator 12,
      since that gap has a greater total flux than gap 24. Similarly, applying
      equal currents I.sub.1 and I.sub.2 with I.sub.2 positive, I.sub.1 negative
      results in a force tending to narrow the gap 24.
PAR  It should thus be apparent that both axial and radial forces are controlled
      in response to the currents I.sub.1 and I.sub.2. In particular, the sum of
      the currents I.sub.1 and I.sub.2, and consequently of the fluxes
      .phi..sub.3 and .phi..sub.4, controls the radial stiffness force while the
      difference between the currents I.sub.1 and I.sub.2, and consequently the
      fluxes .phi..sub.3 and .phi..sub.4, controls axial force.
PAR  The magnetic circuits will now be fully described. The stator 12 comprises
      an outer root low reluctance cylindrical portion from which three radially
      inwardly extending low reluctance annular portions 36, 38 and 40 project.
      The central portion 38 terminates in a broad radially facing pole piece
      38a, while the two end portions 36 and 40 each terminate in a pair of
      axially opposed axially facing sharp pole pieces 36a and 36b and 40a and
      40b, respectively. The extensions 36 and 40 are radially interleaved
      between three low reluctance radial outwardly directed annular rotor
      extensions 42, 44 and 46 from root cylinder portion 32 to define the four
      axial gaps 20, 22, 24 and 26. Rotor end extensions 42 and 46 terminate in
      axially inwardly directed sharp pole pieces 42a and 46a, respectively,
      facing opposite pole pieces 36a and 40b to respectively define exterior
      axial gaps 20 and 26. Rotor central extension 44 terminates in two opposed
      axially outwardly facing sharp pole pieces 44a and 44b, respectively,
      facing opposite pole pieces 36b and 40a to respectively define the
      interior axial gaps 22 and 24. In addition, between the axial pole pieces
      44a and 44b, rotor extension 44 terminates in a radially facing pole piece
      44c facing opposite stator radial pole piece 38a to define the radial gap
      48. The sharp axial pole pieces are each formed of a plurality of radially
      thin concentric cylindrical walls 50 providing a large flux density and
      therefore a large change in axial gap reluctance for a small radial
      displacement or eccentricity. The pole pieces 38a and 44c for the radial
      gap are broad enough to provide a low flux density bridge for the fluxes
      .phi..sub.3 and .phi..sub.4.
PAR  Magnet 6 is located on the lefthand side of the rotor between rotor radial
      extensions 42 and 44 and produces flux .phi..sub.1 which flows through
      those radial extensions and serially through the pole pieces for lefthand
      gaps 20 and 22. Similarly, magnet 8 is located on the righthand side
      between rotor radial extensions 44 and 46 and produces flux .phi..sub.2
      which flows through those extensions and serially through the pole pieces
      for righthand gaps 26 and 24. Coil N.sub.1 is fixedly secured to the
      stator and located on the lefthand side between stator extensions 36 and
      38 and produces flux .phi..sub.3 which flows through a portion of the root
      cylinder 34, through those two extensions and radially through the pole
      pieces for the interior lefthand axial gap 22 and the central radial gap
      48. Similarly, coil N.sub.2, located on the righthand side of the stator
      between inward extensions 38 and 40, produces flux .phi..sub.4 which flows
      through a portion of the root cylinder 34 and serially through the pole
      piece pairs 40a, 44b and 44c, 38a for the interior right-hand axial gap 24
      and the radial gap 48.
PAR  The leads 50 and 52 of the coils N.sub.1 and N.sub.2, respectively from
      which the currents I.sub.1 and I.sub.2 flow into the coils are
      electrically connected together at point 54 and a control voltage V'.sub.B
      is applied thereto. Control voltages V'.sub.A and V'.sub.C are
      respectively applied to the other leads 56 and 58 of coils N.sub.1 and
      N.sub.2. Control voltages V'.sub.A, V'.sub.B, V'.sub.C which drive the
      currents I.sub.1 and I.sub.2 to simultaneously produce both the desired
      radial stiffness and axial force are derived from the power bridge circuit
      60 of FIG. 2. The power bridge 60 (FIG. 2) comprises three sets 61a, 61b
      and 61c of series complementary power transistors 62 and 63 connected
      across a d.c. voltage source of E volts. The coils N.sub.1 and N.sub.2 are
      respectively connected across different pairs of common transistor
      collectors 64a, 64b and 64c for each set wherein at any given time only
      one of the transistors of each set conducts for controlling the direction
      of the currents I.sub.1 and I.sub.2. The voltage signals V'.sub.A,
      V'.sub.B, and V'.sub.C which are derived from the common transistor
      collectors 64a, 64b and 64c, respectively, are periodically switched
      between E volts and zero volts in response to control signals V.sub.A,
      V.sub.B and V.sub.C respectively coupled to the transistor base electrodes
      for each set. The PNP transistor 62 emitters 65 are connected to the
      positive side of the supply while the emitters 66 of the NPN transistors
      are connected to the, preferably grounded, negative side of the supply.
      Normally reverse biased damper diodes 67 shunt the collector, emitter
      terminals of the power transistors to provide a current path for
      transients encountered in switching the coil currents.
PAR  Essentially, only the output power transistors of the bridge circuit 60 are
      shown and it is assumed that appropriately biased voltages of the proper
      amplitude, having the general voltage variations V.sub.A, V.sub.B and
      V.sub.C which are inverse to the two-level signals of FIGS. 3D through 3F
      are supplied by driver transistors to the bases 68 and 70 of transistors
      62 and 63 such that when any of the control variations V.sub.A, V.sub.B or
      V.sub.C are at the higher of the two voltage levels, the associated
      transistor 62 is cut off while the associated transistor 63 is saturated
      and when any of the control variations is at the lower level the
      associated transistor 62 is saturated and the associated transistor 63 is
      cut off. Thus, for example when voltage V.sub.B is at a relatively high
      level the associated collector voltage V'.sub.B is at a low level (zero),
      while when the voltage V.sub.B is at a relatively low level the collector
      voltage V'.sub.B is at a high level (E). Thus for simplicity, it is
      convenient to observe that the variation of V'.sub.B is the inverse of the
      variation of V.sub.B. V'.sub.A and V.sub.A, V'.sub.C and V.sub.C are
      similarly related.
PAR  FIGS. 3A through 3F are plots of the various waveforms derived from the
      circuits of FIGS. 4A and 4B for driving the power bridge 60 while FIGS. 3G
      and 3H indicate the resultant pulse train coil voltages V'.sub.B -
      V'.sub.A and V'.sub.B - V'.sub.C. In FIG. 4A, a reference square wave
      analog signal V.sub.R (FIG. 3A) derived from control oscillator 61 in FIG.
      5 and its negative -V.sub.R are respectively integrated by integrators 70
      and 72 to produce triangular waves V.sub.e and V.sub.f that are phase
      displaced 180.degree.. V.sub.e and V.sub.f are respectively compared with
      separate, d.c. input command signals V.sub.axial and V.sub.radial having
      magnitudes and polarities indicative of the amount and direction of axial
      force and radial stiffness to be applied between the bearing members 12
      and 14. In response to the comparison, there are derived coil voltage
      pulse trains having a frequency of twice the reference square wave
      V.sub.R.
PAR  An overview of the operation of the circuits is helpful. It should be noted
      that a digital square wave R (FIG. 3B) which is in phase with V.sub.R is
      also supplied from control oscillator 61. The digital signal R is the
      logical inverse of R. As will be noted the two triangular waves V.sub.e
      and V.sub.f cross each other and zero volts simultaneously twice each
      cycle of V.sub.R and R, once at the center 70 of the positive portion of
      V.sub.R and portion where R equals logical one and once at the center 72
      of the negative portion of V.sub.R or portion where R equals logical zero.
      As can be observed the period of time "t.sub.r " between the point 70 and
      the points 74a and 74b (to the left and right of 70 and 72) where
      V.sub.radial crosses either V.sub.e or V.sub.f is proportional to the
      radial signal, the constant of proportionality being related to the slope
      of the triangular wave signals V.sub.e and V.sub.f. Similarly the times
      "t.sub.a " between the point 70 and the intersection of V.sub.axial with
      either V.sub.f or V.sub.e at points 76a and 76b (to the left and right of
      70 or 72) is proportional to the axial signal for the same reasons.
PAR  The three synchronous overlapping collector voltage pulse trains V'.sub.A,
      V'.sub.B, V'.sub.C of FIGS. 3D through 3F are derived by driving the power
      bridge 60 with appropriate analog signals. V.sub.A, V.sub.B, and V.sub.C
      are derived from the inverse of the logic outputs A, B, and C from logic
      circuitry 80b (FIG. 4B). V'.sub.A is a pulse train of pulse width T.sub.1
      where V'.sub.A is at voltage E during the period of time between the
      reference point 78, where both the signals V.sub.e and V.sub.f are at an
      extremum, and the next point 76a where V.sub.axial intersects either
      V.sub.e or V.sub.f, V'.sub.A is zero volts during other times. V'.sub.B is
      at voltage E during the period of time T.sub.2 between reference point 78
      and the next V.sub.radial intersecting point 74a, and V'.sub.C is E volts
      during the period of time T.sub.3 between reference point 78 and the
      second occurring V.sub.axial intersection point 76b. As is further
      apparent, voltage is applied to coil N.sub.1 only during the time when
      V'.sub.A and V'.sub.B are different and in a direction determined by which
      is at E volts. Thus, during time T.sub.N.sbsb.1 between points 76a and 74a
      since T.sub.1 is zero and T.sub.2 is E volts the voltage V'.sub.B -
      V'.sub.A (FIG. 3G) is in the positive direction while during other times
      the voltage is zero. Thus, the average current of the pulse train I.sub.1
      is proportional to T.sub.N.sbsb.1. Similarly, during the time
      T.sub.N.sbsb.2 between points 74a and 76b, where V'.sub.C is E volts and
      V'.sub.B is zero volts. The voltage V'.sub.B - V'.sub.C is in the negative
      direction (FIG. 3H) during T.sub.N.sbsb.2 while during other times the
      voltage is zero. The average current is therefore negative and
      proportional to T.sub.N.sbsb.2. As can be readily observed from FIGS.
      3A-3H, the sum of T.sub.N.sbsb.1 and T.sub.N.sbsb.2 is twice t.sub.a and
      the difference of T.sub.N.sbsb.2 and T.sub.N.sbsb.1 is twice t.sub.r.
      Thus, the sum and difference of the averages of currents I.sub.1 and
      I.sub.2 are seen to be proportional to the V.sub.axial and V.sub.radial
      signals.
PAR  In further understanding the operation of the pulse width modulation
      technique it is interesting to note that if both V.sub.axial and
      V.sub.radial are zero no current flows, since each of V'.sub.A, V'.sub.B
      and V'.sub.C are symmetrical square waves and if only V.sub.radial is zero
      V'.sub.B is a symmetrical square wave.
PAR  The logic signals A, B, and C, are derived by first deriving logic signals
      a, a, b, b, c and d in control circuitry 80a of FIG. 4A by comparing
      V.sub.axial and V.sub.radial with V.sub.e and V.sub.f in comparators 74,
      76, 77 and 79. The logic signals b and b are derived from comparator 77
      which compares V.sub.e and V.sub.axial such that b equals logical one and
      b equals logical zero only when V.sub.e is greater than V.sub.axial. The
      logic signals a and a are similarly derived from comparator 79 which
      compares V.sub.f and V.sub.axial. Logic output c, derived from comparator
      74 is logical one when V.sub.e is less than V.sub.radial, and logic signal
      d is logical one when V.sub.f is less than V.sub.radial. Since the signals
      V.sub.e and V.sub.f exchange roles in alternate half cycles (in FIG. 3C,
      compare points 70 and 72), it is reasonable to expect the signals a and c
      will respectively exchange roles with the signals b and d, every half
      cycle, since the corresponding symbols only differ in their dependence on
      either V.sub.e or V.sub.f. In FIGS. 3B to 3F it is observed that time
      T.sub.1 is equal to the time for which both a is logical one (V.sub.f &gt;
      V.sub.axial) and R is logical one in the first half cycle of R
      characterized by point 70 but for the next half cycle of R characterized
      by point 72 the time T.sub.1 is equal to the time for which both b is
      logical one and R is a logical one (R is a logical zero). Similarly the
      time T.sub.2, in the first half cycle, is the time for which c is a
      logical one and R is logical one, while in the second half cycle T.sub.2
      is the time for which both d is a logical one and R is a logical one.
      Furthermore, T.sub.3, in the first half cycle is the time for which both b
      is a logical one (V.sub.axial &gt; V.sub.e) and R is a logical one, while
      T.sub.3 in the second half cycle is the time for which both a is a logical
      one (V.sub.axial &gt; V.sub.f) and R is a logical one.
PAR  The logic circuitry 80b of FIG. 4B performs the required logic operations
      to the signals a, a, b, b, c, d, R and R for producing the logic driving
      signals A, B, C of FIGS. 3D through 3F. Circuitry 80b consists of three
      separate identical logic gate combinations 82, each having four inputs 90,
      92, 94, 96 and an output 98 for deriving one of the driving signals. Each
      of the gate combinations 82 is composed of three interconnected NAND gates
      86 or other suitable gates arranged such that the output on line 98 is
      equal to that obtained by: (1) ANDing the input signals on lines 90 and
      92; (2) ANDing the input signals on lines 94 and 96; and then (3) ORing
      the results of the two AND operations to arrive at the output on line 98.
      The two AND operations provide means for deriving the various pulse train
      widths T.sub.1 -T.sub.3 separately for the first and second half cycles
      characterized by points 70 and 72 while the OR operation provides means
      for combining the corresponding separate half cycle pulse trains.
PAR  FIG. 5 is a block diagram schematic indicating the magnetic bearing 10 in a
      control loop for both radial and axial control. As should be apparent from
      that figure, in actuality two magnetic bearings 10 are used to support the
      ends of a utilization device 100, to be mounted for rotation. Utilization
      device 100 is attached fixedly to each of the shafts 28 emerging from each
      magnetic bearing 10. The control power bridge 60 shown in FIG. 5 is
      essentially the same power bridge as in FIG. 2, with the understanding
      that the coils N.sub.1 and N.sub.2 are located in each of the magnetic
      bearings 10. The outputs of the bridge 60 are the voltages V'.sub.A,
      V'.sub.B and V'.sub.C which are transmitted on lines 110a and 110b to each
      of the magnetic bearings for driving the coil currents. The control
      circuits 80a and 80b, of FIGS. 4A and 4B, are fed by the axial command
      signal V.sub.axial on line 112 and by the radial stiffness command signal
      V.sub.radial on line 114. The control circuit is also fed by control
      oscillator 61 with signals R, R, V.sub.R, and -V.sub.R on lines 116. The
      control circuits 80a and 80b derive signals V.sub.A, V.sub.B, V.sub.C on
      lines 118 which are fed to the power bridge 60.
PAR  The axial loop includes the magnetic bearings and conventional axial sensor
      119 which transduces the amount of axial movement of the bearing rotors 14
      to an electrical signal in sensor output line 122. Axial sensor 119 may be
      of any type generally used in conjunction with prior art magnetic bearings
      such as an optical sensor or a magnetic sensor, for example a magnetic
      resistor for sensing changes in the flux density in a magnetic bearing
      axial gap. The output error signal from the axial sensor on line 122 is
      fed to an axial loop filter 120 which contains the appropriate dynamic
      response shaping or compensating networks for stabilizing the axial servo
      loop. The output 112 of the axial loop filter 120 is the signal
      V.sub.axial which essentially is a force command to the magnetic bearings
      10 driving the control circuits 80a and 80b.
PAR  The radial circuit is configured to incorporate radial stiffness control
      into two main control loop functions. Each of the two main control loop
      functions may be mechanized without the other and are shown together only
      for convenience. In one function the ability to control radial stiffness
      is used to damp any radial motion of the bearing 10. Therein, radial
      position sensors 130 sense the magnitude of the radial eccentricity of the
      magnetic bearing rotor 14 with respect to the stator 12. It should be
      apparent to those skilled in the art that suitable position sensors 130
      such as an optical sensor positioned to view the rotor shaft 28 or a
      system of magneto resistor sensors embedded in a bearing radial gap are
      well known. Preferably, there is one such sensor associated with each
      magnetic bearing 10 supporting the utilization device. Position sensors
      130 derive a signal proportional to the radial eccentricity of the bearing
      rotors 14 which are fed to a radial loop filter 132 via line 134. Loop
      filter 132 includes a differentiator for producing a damping signal on
      loop filter output line 136. The loop filter output passes through a
      summing device 138 which couples the damping signal to the control circuit
      input on line 114.
PAR  In the other function for radial stiffness control, a tachometer 140
      transduces the angular velocity of the rotor 14 and the tachometer output
      signal is connected to a window comparator 142 via line 144. The window
      comparator provides means for selectively switching the radial stiffness
      of the bearings 10 and consequently the vibrational resonances of the
      bearing/utilization device combination. The vibrational resonances which
      are dependent on both radial stiffness and angular velocity are switched
      to avoid a vibrational resonance condition. The window comparator output
      on line 146 is fed to the summing device 138 to form a second component of
      the radial stiffness control signal V.sub.radial on line 114. The output
      of window comparator 142 is a bilevel signal having one of two discrete
      levels dependent on the magnitude of the tachometer signal on line 144,
      either a zero level or a high level. With a zero output level, the radial
      stiffness of the bearings is determined by the bias fluxes .phi..sub.1 and
      .phi..sub.2 while with a high output level fluxes .phi..sub.3 and
      .phi..sub.4 are generated to aid the bias fluxes and to thereby increase
      the radial stiffness. The output of window comparator is at a relatively
      high level when the tachometer signal is within a window straddling an
      angular velocity where a vibrational resonance would exist if the output
      were zero. Increasing the radial stiffness and thereby moving the angular
      velocity for resonance above the window obviates the existence of a
      resonance condition.
PAR  Having described one main embodiment of the invention, it should be
      apparent that numerous modifications may be made within the spirit and
      scope of the invention. Therefore, it is intended the details of the main
      embodiment be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An axially servoable magnetic bearing having a controllable radial
      stiffness comprising:
PA1  a bearing rotor having a pair of axially spaced, axially facing annular
      pole pieces;
PA1  a bearing stator generally coaxially disposed with respect to the rotor,
      said stator having a corresponding pair of axially spaced, axially facing,
      annular pole pieces, each stator pole piece facing an opposite
      corresponding one of the rotor pole pieces so as to define first and
      second axially spaced annular axial are gaps between the rotor and stator;
      and
PA1  controllable magnetic flux generating means for independently varying
      magnetic flux through each of the two airgaps.
NUM  2.
PAR  2. The apparatus of claim 1 in combination with control means for exciting
      the flux generating means in a manner for varying the sum of the total
      fluxes in the two air gaps in order to vary the radial stiffness and for
      varying the difference in the total fluxes for axially shifting the
      bearing rotor.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the flux generating means comprises a
      pair of axially spaced coils coaxial with the rotor, each coil positioned
      to produce flux in a corresponding one of the two air gaps.
NUM  4.
PAR  4. The apparatus of claim 3 where the flux generating means includes means
      for generating constant bias fluxes through each of the two air gaps.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the means for generating constant bias
      fluxes includes an additional pair of annular axial air gaps defined by
      additional corresponding annular pole pieces of the rotor and stator.
NUM  6.
PAR  6. The apparatus of claim 3 wherein the first and second coils are excited
      by coil currents, the control means including means for exciting the two
      coils with pulse width modulated current pulse trains.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the first and second coils each have a
      pair of terminals, one of each pair being connected together to form three
      terminals for the two coils, the means for exciting the two coils with
      pulse-width modulated current pulse trains including means for exciting
      the three driving terminals with three synchronous overlapping voltage
      pulse trains.
NUM  8.
PAR  8. The apparatus of claim 7 wherein the control means is responsive to an
      axial signal and a radial signal and includes means for generating a
      triangular wave signal and means for comparing the radial signal and the
      axial signal with the instantaneous amplitude of the triangular wave
      signal.
NUM  9.
PAR  9. The apparatus of claim 8 wherein the control means includes means for
      generating a second triangular wave signal inverted from the first
      mentioned triangular wave signal and means for comparing the radial signal
      and the axial signal with the instantaneous amplitude of the second
      triangular wave signal.
NUM  10.
PAR  10. The apparatus of claim 1 in combination with means for sensing the
      angular velocity of the rotor and means for varying the radial stiffness
      in response to the sensed angular velocity.
NUM  11.
PAR  11. The apparatus of claim 1 in combination with means for sensing the
      radial eccentricity of the bearing rotor response to the sensed
      eccentricity.
NUM  12.
PAR  12. An axially servoable magnetic bearing having a controllable radial
      stiffness comprising:
PA1  a bearing rotor having four axially spaced annular pole pieces and a
      radially facing annular pole piece;
PA1  a bearing stator generally coaxially disposed with respect to the rotor,
      said stator having corresponding four axially spaced, axially facing pole
      pieces, a radially facing annular pole piece, each stator pole piece
      facing an opposed corresponding one of the rotor pole pieces so as to
      define four axially spaced annular gaps and a radial gap between the rotor
      and stator;
PA1  coil means for exciting in series the radial gap and a first of the axial
      gaps;
PA1  coil means for exciting in series the radial gap and a second of the axial
      gaps;
PA1  permanent magnetic means for constantly exciting in series the first and a
      third of the gaps; and
PA1  permanent magnetic means for constantly exciting in series the second and a
      fourth of the axial gaps.
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ABST
PAL  A plurality of semi-circular flat springs are sequentially disposed between
      shoes and a base plate of a tilting shoe type thrust bearing to reduce the
      axial resonant frequency of a propulsion system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to thrust bearings and more particularly to tilting
      shoe type thrust bearings having a low resonant frequency when subjected
      to periodical axial loading.
PAR  Frequently, propeller shafts of new ships are subjected to serious
      longitudinal or axial vibration as inadvertently the critical speed of the
      shaft is such that the longitudinal vibration occurs near the full power
      operating speed of the shaft.
PAR  Hydraulic resonant chambers have been utilized to lower the overall
      stiffness of the thrust bearings by a factor of 4 or 5, thus dropping the
      longitudinal critical speed about 50 percent and lowering the critical
      speed to a value not frequently used and to one at which the load,
      stresses and propeller excitation values are greatly reduced. While
      hydraulic resonance changers are effective to reduce the longitudinal
      stiffness of the thrust bearing, they have experienced operational
      problems due to galling of the pistons and cylinders resulting in the
      cylinders and piston rods sticking or freezing. Hydraulic resonance
      changers are also expensive and require complex hydraulic circuitry to
      automatically equilibrate the propeller thrust.
PAC  SUMMARY OF THE INVENTION
PAR  A tilting shoe type thrust bearing having a plurality of tilting shoes
      disposed in a circular array wherein each shoe has a load bearing
      button-shape portion, when made in accordance with this invention,
      incorporates the following improvements which comprise a plurality of
      arcuate spring segments disposed to provide axial support for the shoes,
      at least one of the arcuate spring segments having a plurality of surfaces
      cooperatively associated and aligned with the load bearing button shaped
      surfaces on the shoes, and a plurality of spacers or integral lugs
      disposed between adjacent arcuate spring segments. The spacers between one
      set of spring segments are intermediately disposed with respect to the
      button shaped portions and the spacers between another set of arcuate
      spring segments are disposed in alignment with the button shaped portions
      thereby equally distributing the load over the array of shoes, reducing
      the stiffness of the thrust support structure of the bearing and thus
      reducing the frequency at which the bearing will resonate, when subjected
      to periodic axial forces during operation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and advantages of this invention will become more apparent from
      reading the following detailed description in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a partial sectional view of a Kingsbury or other type of tilting
      shoe thrust bearing made in accordance with this invention;
PAR  FIG. 2 is a partial sectional view taken on line II--II of FIG. 1;
PAR  FIG. 3 is a partial sectional view taken on line III--III of FIG. 1; and
PAR  FIG. 4 is an elevational view of a pair of arcuate spring members forming a
      ring.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, and in particular to FIG. 1 and 2,
      there is shown a shaft 1 having a thrust collar 3 extending radially
      therefrom to form a pair of generally parallel annular planar bearing
      surfaces 4.
PAR  A double acting Kingsbury or other type of tilting shoe thrust bearing 5
      having a plurality of spherically mounted tilting shoes 7 which are
      disposed in a circular array so as to engage the planar bearing surfaces 4
      of the thrust collar 3.
PAR  The shoes or pads 7 have a planar face 9 formed from a suitable bearing
      material such as babbitt and a hardened insert forming a spherical shaped
      boss or button 11 on the side opposite the planar face 9.
PAR  A plurality of arcuate spring members 13A, B and C are sequentially
      disposed adjacent the array of tilting shoes 7. As shown best in FIGS. 3
      and 4, each spring member 13 comprises two semi-circular spring segments
      having two generally parallel planar surfaces 14. The ends of each segment
      have a step or connecting means 15 which cooperates with the end of the
      mating segment to form a continuous annular ring. The connecting means 15
      are necessary to allow assembly of the spring members 13 over the body of
      the shaft 1, which is usually provided with integral flanged couplings at
      each end.
PAR  The arcuate spring member 13A has a plurality of bosses, buttons or other
      surfaces 17, which are cooperatively associated with the spherical shaped
      bosses 11 on the shoes 7 to provide pivotal or tilting movement of the
      shoes, in conformity with the known principles of the movement of said
      shoes due to the formation of a wedge shaped oil film developing between
      the babbitted surface 9 of the shoe 7 and the planar bearing surface 4 of
      the collar 3 when the bearing is operated with a proper supply of oil.
PAR  Spacers or lugs 19 are disposed between the adjacent spring members 13. The
      number of spacers 19 between adjacent rings being equal to the number of
      shoes 7. The spacers 19 between one set of adjacent rings 13A and 13B
      being intermediately disposed with respect to the bosses 11 or 17 and
      spacers 19 between the other set of adjacent rings 13 being disposed in
      alignment with the bosses 11 or 17. A base ring 23 having a U-shaped
      cross-section formed in half segments is disposed to encircle the spring
      members 13 and spacers 19. Spacers 19 are also disposed between the
      arcuate spring member 13C and the base ring 23. These spacers 19 are also
      intermediately disposed with respect to the bosses 11 and 17.
PAR  The spacers 19 are preferably fastened or attached to or are integral with
      one of the arcuate members so that their position generally remains fixed
      with respect to the bosses 11 or 17.
PAR  The steps or connecting means 15 are disposed midway between spacers 19 or
      spaces 19 and bosses 11 and 17 for when so disposed the bending moment at
      the connecting means 15 is zero.
PAR  The base ring 23 is disposed in a housing 25, which is rigidly mounted to
      resist thrust appled by the shaft through the thrust bearing.
PAR  A filler piece 27 of the desired thickness is disposed between the housing
      25 and the base ring 23 to adjust the end play within the bearing.
PAR  An oil seal 29 such as a bronze or elastomer ring or other type of sealing
      means is disposed adjacent the shaft to retain oil within the housing
      during operation.
PAR  The disposition of the bosses 11 and 17, the spacers 19, and the location
      and disposition of the connection between segments 15 cooperate to
      automatically equilize the pressure between the shoes 7 and the planar
      surface 4 on the collars 3 in order to compensate for variations in the
      shoes 7 and their disposition and to also substantially reduce the
      longitudinal or axial stiffness of the thrust bearing, thereby lowering
      its critical speed or resonant frequency so that the critical speed of the
      bearing will be well below the normal operating speed and occur within a
      speed range in which the loads, stresses and propeller exertation values
      are greatly reduced. Thus, a resonant changer is provided which can be
      easily adapted to various operating conditions and is economical to
      produce and maintain.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tilting shoe type thrust bearing having a plurality of tiling shoes
      disposed in a circular array, each shoe having a load bearing portion, the
      improvement comprising a plurality of arcuate spring segments disposed to
      form an annular ring which provides axial support for said shoes, said
      annular ring having a plurality of surfaces cooperatively associated and
      aligned with said load bearing surfaces on the shoes, a plurality of
      spacers disposed adjacent said annular ring, said spacers being
      intermediately disposed with respect to said load bearing surfaces, and on
      the side opposite thereof thereby equally distributing the load over the
      array of shoes and reducing the stiffness of said bearing and thus
      reducing the frequency at which the bearing will resonate when subjected
      to periodic axial forces during operation.
NUM  2.
PAR  2. A tilting shoe type thrust bearing as set forth in claim 1, wherein the
      arcuate spring members are semi-circular whereby two arcuate spring
      members cooperate to form a complete annular ring.
NUM  3.
PAR  3. A tilting shoe type thrust bearing as set forth in claim 2, wherein the
      ends of the semi-circular arcuate spring segments have interlocking means
      cooperatively associated to support the thrust load as it is applied
      thereto.
NUM  4.
PAR  4. A tilting shoe type thrust bearing as set forth in claim 2, wherein a
      plurality of complete annular rings are sequentially disposed with spacers
      between adjacent rings.
NUM  5.
PAR  5. A tilting shoe type thrust bearing as set forth in claim 2 and further
      comprising a base ring disposed so as to be generally continuously
      supported to accept thrust loading applied thereto.
NUM  6.
PAR  6. A tilting shoe type thrust bearing as set forth in claim 5 and further
      comprising a plurality of spacers disposed between said base ring and the
      adjacent annular ring.
NUM  7.
PAR  7. A tilting shoe type thrust bearing as set forth in claim 6, wherein
      there are three annular rings sequentially disposed between the shoes and
      the base ring.
NUM  8.
PAR  8. A tilting shoe type thrust bearing as set forth in claim 7, wherein the
      number of spacers between any two adjacent portions is equal in number to
      the number of shoes.
NUM  9.
PAR  9. A tilting shoe type thrust bearing as set forth in claim 4 wherein
      spacers are disposed between adjacent annular rings, said spacers between
      one pair of annular rings being intermediately disposed with respect to
      said load bearing surfaces and said spacers between another pair of
      annular rings being disposed in alignment with said load bearing surfaces.
PATN
WKU  039375358
SRC  5
APN  4127129
APT  1
ART  316
APD  19731105
TTL  Bearing wheel assembly
ISD  19760210
NCL  7
ECL  1
EXA  Bertsch; Richard A.
EXP  Song; Robert R.
NDR  2
NFG  6
INVT
NAM  Ladin; Eli M.
CTY  Ann Arbor
STA  MI
ASSG
NAM  Federal-Mogul Corporation
CTY  Southfield
STA  MI
COD  02
CLAS
OCL  308191
XCL  308111
EDF  2
ICL  F16C 1302
FSC  308
FSS  191;190;215;111;112;210
FSC  301
FSS  111;112;122
UREF
PNO  1035421
ISD  19120800
NAM  Coppins
OCL  308191
UREF
PNO  1243929
ISD  19171000
NAM  Frauham
OCL  308191
UREF
PNO  1754892
ISD  19300400
NAM  Hughes
OCL  308191
UREF
PNO  3157442
ISD  19641100
NAM  Gaubatz
OCL  308191
UREF
PNO  3594051
ISD  19710700
NAM  Wells
OCL  308191
UREF
PNO  3807817
ISD  19740400
NAM  Black
OCL  309190
LREP
FR2  Hess; Robert F.
ABST
PAL  A wheel bearing assembly is disclosed. The assembly includes component
      parts which are randomly assembled, supported by a housing member and
      mounted on a vehicle axle. The assembly includes a pair of race members
      providing an inner and outer raceway, a cage providing a multiplicity of
      pockets and individual ball bearing elements received in the pockets.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to an improved bearing assembly. The assembly
      is particularly adapted for mounting a hub on a vehicle axle.
PAC  BACKGROUND OF THE INVENTION
PAR  Bearing assemblies of one form or another are used in the mounting of
      wheels on the axle of vehicles which are either self-powered or pulled,
      such as trailers of the mobile home variety. Bearing assemblies adapted
      for use in both of these environments heretofore have been found to be
      high precision items of manufacture and consequently of relatively high
      cost. This has been found to be the case even though the bearing assembly
      is required to function only over a relatively short distance of travel
      from a site of manufacture to final home site. Such limited use is not
      such a warrant incorporation of a high precision unit in wheel mounting.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention provides a low cost bearing assembly of the angular
      contact bearing type. The bearing assembly is self-contained, as well as
      non-separable under ordinary circumstances. The component parts may be
      randomly assembled. That is to say during assembly no concern is paid to
      match mating the several component parts.
PAR  The bearing assembly aside from forming a relatively low cost item, permits
      a more economical wheel mounting which takes advantage of the lack of a
      need for many of the more expensive design features of conventional
      bearings such as large amounts of high alloy steel, close machining
      tolerances, precision matching of component parts or "match mating" as it
      is referred to in the art, seal and grease packing around the shaft or
      axle within the vicinity of the inner bearing assembly, and the like. In
      this latter regard, the assembly housing, in cooperation with the shaft or
      axle acts as a labyrinth shield or seal.
PAR  In view of the above it is a first aspect of the present invention to
      provide a low cost bearing assembly designed to withstand the rigors of
      operation under load over a short distance of several thousand miles as
      opposed to conventional bearings which are designed to carry similar loads
      for many thousands of miles. The present invention is particularly
      designed for use with factory built mobile homes which in normal
      circumstances are transported from factory to home site over the
      relatively short distance of several hundred miles. According to this
      aspect the assembly includes a plurality of components which may be
      unmatched and randomly assembled. These components are retained by a
      housing. The assembly includes a pair of race members having raceways that
      are concave in the facing direction. A cage having a plurality of pockets
      is positioned between the race members. The cage provides a plurality of
      pockets for receipt and predetermined spacing of individual balls. The
      cage, including the pockets are sized in conventional manner such that the
      balls project outwardly of the pockets to provide a surface for contacting
      with the raceways. A housing having a cylindrical portion is press fitted
      on a lip of the outer race member. An inward flange of the housing forming
      a bore which is smaller than the outer diameter of the inner race member
      prevents the component parts from falling apart.
PAR  As a further aspect of the present invention the housing flange, in
      cooperation with the shaft or axle, provides a labyrinth shield or seal.
      In this connection, the inner diameter of the flange is such to provide
      only a small clearance between the bore and the shaft.
PAR  As a further aspect the present invention provides a new mounting for the
      outer bearing assembly. In this connection, the hub and shaft, providing
      more than a mere receptacle for the bearing assembly, cooperate with a nut
      and comprise essential bearing components. The balls and shaft, hub and
      nut are coordinated so that the angle of contact between the balls and the
      raceway surface is adjustable, by varying the geometrical relationship of
      the parts as in conventional design practice, between angles of 5.degree.
      and a maximum of 55.degree. representing the practical limits for aligning
      maximum radial and thrust load carrying capacity, respectively.
PAR  There has thus been outlined rather broadly the more important features of
      the present invention in order that the detailed description thereof that
      follows may be better understood and in order that the present
      contribution to the art may be better appreciated. There are, of course,
      additional features of the present invention that will be described
      hereinafter and which will form the subject of the claims appended hereto.
      Those skilled in the art will appreciate that the conception upon which
      this disclosure is based may readily be utilized as a basis for the
      designing of other structures for carrying out the several purposes of the
      invention. It is important, therefore, that the claims be regarded as
      including such equivalent constructions as do not depart from the spirit
      and scope of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the present invention, reference may be had
      to the following description taken in connection with the accompanying
      drawings, in which:
PAR  FIG. 1 is an elevational view, partially in cross-section, illustrating the
      bearing assembly of the present invention in mounted disposition on a
      shaft to support a hub;
PAR  FIG. 2 is an exploded perspective view of the bearing assembly;
PAR  FIG. 3 is a view in cross-section of the inner race member;
PAR  FIG. 4 is a view in cross-section of the outer race member;
PAR  FIG. 5 is a top plan view of the cage member; and
PAR  FIG. 6 is a view in cross-section as seen along the line 6--6 in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates an operational environment of the present invention in
      bearing assemblies. The bearing assembly will be more particularly
      described in connection with the illustrations of FIGS. 2-6. In the Figure
      an inner and outer bearing assembly 10 and 12, respectively, is disposed
      around a shaft 14 to support a hub 16, for movement.
PAR  In mounting the components the inner bearing assembly first is disposed
      around the shaft 14 and in supporting abutment with the surface 15 of the
      shaft. The hub 16 is supported for movement on the bearing assembly. The
      hub also provides a supporting surface 17 against which the outer race
      member of the bearing assembly resides. Both the surfaces 15 and 17 are
      designed with radii of curvature in proportion to the diameter of the
      balls. Furthermore, as explained below, the respective race members are of
      uniform thickness so that the inner and outer radii of the curvature of
      each is proportional and concentric to the respective surface 15 or 17 and
      thus providing the race member with the structural backup necessary to
      carry the load being transmitted to the race members. These radii of
      curvature are important in that bearing capacity, rigidity, stress
      capacity and angle of contact are either directly or indirectly dependent
      thereon as is commonly known to those of ordinary skill in the art. The
      outer and smaller bearing 12 next is received on the shaft and within the
      hub. The hub during this interval of time is bearing on the inner bearing
      assembly. Finally, a nut 18 is threadedly received on the shaft to secure
      the outer bearing assembly. As may be appreciated, the nut is provided
      with a surface 19 which, likewise, has a radius of curvature that is
      designed in proportion to the diameter of the individual balls. The design
      of the outer bearing race members is likewise coordinated with the hub in
      the same manner as stated above respecting the inner bearing assembly so
      that unlike the ordinary hub/shaft arrangement which functions merely as a
      receptacle for the bearing assembly, the structure of the hub, shaft and
      nut in the present invention are utilized as essential bearing components.
PAR  The balls and shaft, hub and nut are coordinated to result in an angle of
      contact between 5.degree. and 55.degree. for high radial and thrust load
      carrying capacity. In this connection, the nut is a preload mechanism. The
      preload force is obtained by virtue of the clearance space designed to be
      maintained between the stepped shoulder 21 at the threaded end of axle
      shaft 14 and the inner end 23 of nut 18 when the bearing assembly is in
      its fully assembled condition.
PAR  The bearing assembly 10 (and the bearing assembly 12 which is of like
      construction although of slightly smaller dimension) includes an inner
      race member 22, a cage 24 disposed therebetween and including a plurality
      of individual balls 26. The individual balls are received in pockets 28
      which are equidistantly spaced around the annulus of the cage 24. This
      entire bearing subassembly is held in place by housing 30 which retains
      the components in assembled condition. The housing is formed by a
      cylindrical portion 32 and a stepped portion forming a shoulder 34. The
      stepped portion connects the cylindrical portion to an annular flanged
      portion 36 which projects toward the axis of the bearing assembly. The
      flange is dimensioned to provide a small clearance between its bore and
      the surface of shaft 14.
PAR  The cylindrical portion 32 is dimensioned to provide a tight fitting
      engagement when received over the annular lip 38 on the outer race 22. It
      is preferred that the respective parts be designed such that each outer
      race member may be press fitted by hand into secured engagement with its
      respective housing member. The shoulder 34 formed by the stepped portion
      of the housing determines the full extent of receipt of the housing on the
      race. To this end, the shoulder will abut against the end surface of the
      race. The annular flange in cooperation with the shaft acts as a labyrinth
      shield or seal. To this end, the bearing assembly obviates the need of a
      special seal and grease packing as is customary with other bearing
      assemblies of the prior art.
PAR  Both the inner and outer race members 20, 22 may be formed of steel,
      stamped to the configuration as shown in the figures and treated to a
      Rockwell hardness of from 50 to about 60. Preferably, the hardness will be
      55. Housing 30 can also be formed by stamping. Because stamping of the
      race members is made possible there are no subsequent surface finishing
      operations required to be performed as would otherwise be conventional
      practice. The surface finish and quality can be preselected by selective
      choosing of metal sheet material.
PAR  The thickness of the race members is uniform throughout each race member
      and is preferably in the order of magnitude of 15% to 18 percent of the
      ball diameter. As a means of comparison, the thickness of a race member
      for a conventional bearing for carrying loads of the same magnitude as the
      present invention is designed to support would be a minimum of 25 percent
      of the ball diameter size. Accordingly, the savings in material alone is a
      significant factor favoring my invention over the other designs presently
      in use. In addition, however, because of the substantial thickness of
      material these conventional race members must be formed by either forgoing
      or machining, and both such methods of fabrication are more expensive than
      stamping.
PAR  As is apparent from the figures the race members 20 and 22 provide raceways
      40 and 42 which are concave toward one another.
PAR  Cage 24 may be formed of metal, such as steel, or plastic, such as nylon.
      Thus, the cage may comprise a molded item or it may be stamped or machined
      as desired. The cage will display a small degree of resilience for the
      purposes of receiving the several balls 26 in the pockets 28. It is
      preferred, of course, that the balls 26 be made of conventional SAE 5010
      steel. This degree of resilience also permits some flexure of the assembly
      due to loading and misalignment without fracture. However, the cage is of
      necessary rigidity to provide close tolerance in operation. The cage may
      provide a plurality of, for example, twelve pockets which are
      equidistantly spaced circumferentially about the annulus.
PAR  The bearing assemblies are mounted in the manner described and as
      illustrated in FIG. 1. Thus, the inner race member of inner bearing
      assembly 10 abuts against the shaft and inner race member of outer bearing
      assembly 12 abuts against nut 18 while the outer race members of both
      bearing assemblies abut against the hub. The shaft and hub both provide
      arcuate faces to accommodate the race members.
PAR  From the foregoing, it will be seen that in accordance with the present
      invention there is provided a bearing assembly which provides advantages
      not heretofor obtained and overcomes the disadvantages in certain uses of
      the prior art high precision assemblies.
PAR  Having described the invention with particular reference to the preferred
      form thereof, it will be obvious to those skilled in the art to which the
      invention pertains, after understanding the invention, that various
      changes and modifications may be made therein without departing from the
      spirit and scope of the invention as defined by the claims appended hereto
     .
CLMS
STM  Having described the invention, I claim:
NUM  1.
PAR  1. A bearing assembly comprising,
PA1  an inner race member, an outer race member, and a plurality of balls
      therebetween,
PA1  said race members each providing a central bore for receipt around a shaft
      and interior concave raceway surfaces facing one another for supporting in
      bearing contact the plurality of balls, said race members each being
      formed of steel of substantially uniform thickness and having a Rockwell
      "C" hardness of from about 50 to about 60, and providing exterior convex
      surfaces adapted for supporting said race members in juxtaposition to
      complementary concave surfaces on a hub, said shaft, and a preload nut
      mechanism, respectively, the thickness of each race member being in the
      order of not less than 10 percent nor more than 25 percent of the diameter
      of said balls,
PA1  an annular cage element including a plurality of equidistantly spaced
      pockets, one of each of said plurality of balls being received by each
      pocket, the dimension of said pockets and said balls being such that
      opposed surface portions of each ball extend outwardly and inwardly of its
      retaining pocket, said cage element being received between said race
      members in order to space said race members by bearing contact of said
      opposed surfaces of said balls and said raceways,
PA1  and a housing means received on one of said race members for retaining the
      race members, cage and balls as a single assembly.
NUM  2.
PAR  2. The bearing assembly of claim 1 wherein said housing includes a skirt
      portion and a radially directed annular portion, said annular portion
      having a bore which is smaller than the bore of the other of said race
      members.
NUM  3.
PAR  3. The bearing assembly of claim 1 wherein said cage element is formed of
      resilient material to accommodate positioning of said balls in said
      pockets.
NUM  4.
PAR  4. In combination, inner and outer antifriction bearing assemblies mounted
      on an elongated shaft for supporting a hub for relative rotation with
      respect to said shaft,
PA1  said shaft including a threaded portion at one end and a circumferential
      concave surface spaced therefrom,
PA1  said hub having a pair of spaced circumferential concave surfaces,
PA1  said inner bearing assembly means including an inner race member and an
      outer race member and interposed ball bearing means therebetween, said
      inner bearing assembly received on said shaft and supported by
      intercooperation of an outer surface on said inner race member which is
      complementary to said shaft concave surface,
PA1  said hub being received around said shaft and supported by intercooperation
      of an outer surface on said outer race member which is complementary to
      one of said hub concave surfaces,
PA1  an outer bearing assembly means including an inner race member and an outer
      race member and interposed ball bearing means therebetween, said outer
      bearing assembly being received on said shaft adjacent said threaded
      portion,
PA1  said hub supported by said outer race member of said outer bearing assembly
      by intercooperation of an outer surface on said outer race member of said
      outer bearing assembly which is complementary to the other of said hub
      surfaces,
PA1  said inner and outer race members of each bearing assembly being formed of
      steel of substantially uniform thickness and having a Rockwell "C"
      hardness of from about 50 to about 60, the thickness being in the order of
      not less than 10 percent nor more than 25 percent of the diameter of said
      balls,
PA1  and a nut, said nut being threaded on said shaft to secure said outer
      bearing assembly.
NUM  5.
PAR  5. The combination of claim 4 wherein said nut includes a concave surface
      at its driven end, said nut surface intercooperating with a complementary
      surface on said inner race member of said outer bearing assembly.
NUM  6.
PAR  6. The combination of claim 5 wherein the radius of curvature of the
      several surfaces are coordinated to the result in an angle of contact
      between said ball bearing means and said inner and outer race members of
      from about 5.degree. to about 55.degree. for high radial and thrust load
      carrying capacity.
NUM  7.
PAR  7. The combination of claim 4 wherein each said bearing assembly means
      includes a housing, said housing including a skirt portion and a radially
      directed annular portion, said skirt portion being received on the
      respective said outer race member, and said annular portion having a bore
      which provides slight clearance with said shaft defining a seal between
      bearing assemblies.
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ABST
PAL  Radial and axial bearing devices in which loads are transmitted from a race
      through circularly disposed rotating elements which are positioned
      relative to the race by a second and possibly a third set of rotating
      elements which in turn are held in position by retainers, which also
      constitute the other bearing race. All of these elements are in rolling
      contact with one another, so friction is minimized. Some of the devices
      are simply bearings, others are capable of rolling contact speed changes,
      and yet others are capable of rolling contact oscillatory motion and
      torque transmission through gear teeth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In typical ball or roller bearings, loads are transmitted from one bearing
      race through a series of rolling elements to a second bearing race. These
      rolling elements are in sliding contact with each other or with a cage,
      and the resulting friction is undesireable in that it causes wear and
      necessitates the provision of lubrication and internal clearances. In some
      bearings sliding friction is eliminated by providing one or two additional
      sets of rolling elements, as in U.S. Pat. No. 116,795 issued to B. C.
      Baker, U.S. Pat. No. 413,446 issued to R. W. Hent and U.S. Pat. No.
      3,365,254 issued to A. L. Nasvytis; but these bearings are either
      excessively complex or their rotating elements move at excessive speeds.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides axial and radial load, rolling contact bearing
      devices including a bearing race, major rotating elements engaging the
      inner surface of this bearing race, minor rolling elements for positioning
      the major rolling elements, and retainers for positioning at least the
      minor rolling elements. The retainers also function as a second bearing
      race. All of these elements are in rolling contact with each other.
PAR  In some embodiments there is a central shaft, but it does not contact the
      rolling elements. In other embodiments there is no central shaft. The
      contact between the rolling elements may be either rolling point contact
      as a ball riding on a flat surface, or rolling line contact as a cylinder
      rolling on a flat surface. By providing major rolling elements of
      different sizes, eccentric rotation of the outer race can be obtained.
      Each set of rolling elements may be comprised of two or more elements.
      Where more than two rolling elements are used, the major rolling elements
      may be provided with axial extensions which roll on one side of a
      retaining ring, and the minor rolling elements may be provided with axial
      extensions which ride on the other side of the same retaining ring. Torque
      can be transmitted between the rotating elements by permitting radial
      loads to be transmitted between elements in rolling contact and torque
      loads to be transmitted through gears at each rolling contact which is
      required to transmit torque.
PAR  Accordingly, it is an object of the present invention to provide an
      improved rolling contact bearing without sliding friction.
PAR  Another object of the invention is to provide a rolling contact bearing
      wherein there are zero clearances between components, thus providing for
      exact centering of rotating elements with zero displacement due to
      clearances.
PAR  A further object of the invention is to provide a rolling contact device
      wherein speed ratios between rotating elements ranging from infinitely
      small to infinitely large can be obtained without sliding friction and
      without clearance between the elements of the device.
PAR  Another object of the invention is to provide oscillatory or crank motion
      between elements which are in rolling contact only.
PAR  A still further object of the invention is to provide a rolling contact
      device including gears affixed to its elements to transmit torque loads.
DRWD
PAR  Other objects of this invention will appear from the following description
      and appended claims, reference being had to the accompanying drawings
      forming a part of this specification wherein like reference characters
      designate corresponding parts in the several views.
PAR  FIG. 1 is a vertical sectional view of a radial load rolling contact
      bearing using two sets of rolling elements each consisting of two rolling
      elements in accordance with one embodiment of the invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1 and looking in
      the direction of the arrows;
PAR  FIG. 3 is a vertical sectional view of a device similar to FIG. 1 in which
      rollers are utilized instead of balls;
PAR  FIG. 4 is a vertical sectional view of a radial load rolling contact
      bearing utilizing two sets of rolling elements each consisting of more
      than two rolling elements in accordance with another embodiment of the
      invention;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a vertical sectional view of a rolling contact bearing similar to
      FIG. 4, but in which a different geometry of rolling elements is utilized;
PAR  FIG. 7 is a vertical sectional view taken along the line 7--7 of FIG. 6;
PAR  FIG. 8 is a vertical sectional view of a rolling contact device similar to
      FIG. 3, but in which speed changes are obtained;
PAR  FIG. 9 is a vertical sectional view of still another rolling contact device
      for obtaining speed changes in accordance with another embodiment of the
      invention;
PAR  FIG. 10 is a vertical sectional view of a radial load rolling contact
      device wherein oscillatory or a crank motion is obtained;
PAR  FIG. 11 is a vertical sectional view of a rolling contact device similar to
      FIG. 4, but in which gearing is utilized for positioning the secondary
      rollers and for transmitting torque;
PAR  FIG. 12 is a vertical sectional view of an axial load rolling contact
      bearing using two sets of rolling elements each consisting of twelve
      rolling elements in accordance with another embodiment of the invention;
PAR  FIG. 13 is a vertical sectional view of the left portion of a device
      similar to FIG. 12 but with slightly different geometry of the minor
      rolling elements and retaining rings;
PAR  FIG. 14 is a vertical sectional view of the left portion of a device
      similar to FIG. 12 but wherein the elements are in rolling line contact
      rather than rolling point contact;
PAR  FIG. 15 is a vertical sectional view of the left portion of a device
      similar to FIG. 12 except that three series of rolling elements are
      utilized;
PAR  FIG. 16 is a vertical sectional view of combination radial load and axial
      load bearing intermediate between the devices of FIGS. 4 and 12;
PAR  FIG. 17 is a vertical section view of a device similar to that of FIGS. 6
      and 7 except that the retainers are part of the outer race and one series
      of rolling elements is replaced with balls;
PAR  FIG. 18 is a vertical section view of the upper part of a device similar to
      that of FIG. 17, but with the rolling elements rearranged;
PAR  FIG. 19 is a vertical section view of the upper part of a device
      intermediate between those of FIGS. 16 and 17; and
PAR  FIG. 20 is a vertical section view of a rolling contact bearing with radial
      and axial load capabilities, and wherein one set of rolling elements has
      its alternate elements aligned in opposite directions.
DETD
PAR  Before explaining the present invention in detail, it is to be understood
      that the invention is not limited in its application to the details of
      construction and arrangement of parts illustrated in the accompanying
      drawings, since the invention is capable of other embodiments and of being
      practiced or carried out in verious ways. Also, it is to be understood
      that the phraseology or terminology employed herein is for the purpose of
      description and not of limitation.
PAC  DETAILED DESCRIPTION
PAR  Turning now to FIGS. 1 and 2, there is shown a rolling contact radial load
      bearing 10 including an outer race 11 which contacts two balls 12 on its
      inner periphery. Balls 12 are held radially outwards against race 11 by
      the radially inward action of two spools 13. Spools 13 are held radially
      inward by two grooved retaining rings 14, one of which is integral with
      central shaft 15 and the other of which is bolted to axial extension 16 of
      central shaft 15. Axial extension 16 does not contact balls 12 or spools
      13. There are a total of eight contacts within bearing 10, and each of
      these is a rolling point contact; sliding friction is not present. It
      should be noted that the inner periphery of race 11 is spherical to
      accommodate slight axial loads and angular misalignment between race 11
      and shaft 15. Note that the axis of each spool 13 lies radially outward of
      the plane 2--2 through the axes of balls 12.
PAR  The bearing 20 of FIG. 3 is similar to bearing 10 of FIG. 1 except it has
      no central shaft and rollers are utilized rather than balls. The bearing
      20 includes a rotatable outer race 21 which contacts and rides on two
      cylindrical rollers 22. Rollers 22 are held against outer race 21 by two
      smaller rollers 23, the opposite ends of which ride on the inner periphery
      of retaining rings 24 and 25. The larger retaining ring 24 is pressed into
      the left end 26a of platform 26, and the smaller retaining ring 25 is
      pressed into the right end 26b of platform 26. Snap rings 27 prevent axial
      displacement. All contact is rolling line contact without sliding
      friction, and there is no central shaft.
PAR  Rolling contact bearing 30 depicted in FIGS. 4 and 5 is similar in concept
      to bearing 10 of FIGS. 1 and 2. In it, outer race 31 contacts a set of
      three large rollers 32 on its inner periphery. Rollers 32 are held in
      position by radially inward pressure from a second set of three smaller
      rollers 33 interposed between them. Note that the axis of each roller 33
      lies radially outward of a plane between the axes of adjacent rollers 32.
      Rollers 33 are prevented from moving radially inwards by their contact
      with rollers 32 and are prevented from moving radially outwards by axial
      terete extensions 33a which roll along the inner periphery of the two
      rings 34. To preclude rollers 33 and rings 34 from shifting radially as a
      group, rings 34 are held in position by terete axial extensions 32a from
      both ends of rollers 32 which roll along the outer periphery of rings 34.
      One ring 34 is integral with shaft 35 and the other ring 34 is fastened to
      a central extension of shaft 35. Snap rings 36 fit into grooves on rollers
      32 to preclude axial shifting.
PAR  It should be noted that rings 34 are at all times in rolling-contact with
      rollers 32 and 33, provided the dimensions of these components are
      according to this formula:
      ##EQU1##
      32L = the overall diameter of roller 32 and 32s = the diameter of its
      axial projections, 33L = the maximum diameter of roller 33 and 33S = the
      diameter of its axial projections, 34.sub.o - outer diameter of ring 34
      and 34.sub.i = inner diameter of ring 34.
PAR  One major variation of this device would be to use four or more rollers 32
      and an equal number of rollers 33. Another variation would be to eliminate
      the central shaft joining the two rings 34. Yet another variation would be
      to use spools instead of rollers 32 and 33 to provide rolling point
      contact.
PAR  Rolling contact bearing 40 shown in FIGS. 6 and 7 is similar to bearing 30
      of FIGS. 4 and 5. It differs from it in that rolling point contact is
      depicted instead of rolling line contact, and in that the positioning of
      the smaller rollers is different and the action of the ring is different,
      as will be described. Outer bearing race 41 contacts a set of five large
      rollers 42 on its inner periphery. Rollers 42 are held in position by
      radially outward pressure from a second set of five smaller rollers 43
      interposed between them. Note that the axis of each roller 43 lies
      radially inward of a plane between the axes of adjacent large rollers 42.
      Rollers 43 are prevented from moving radially outwards by their contact
      with rollers 42 and from moving radially inwards by axial terete
      extensions 43a which roll on inner hubs 44a of retaining rings 44. To
      preclude rollers 43 and rings 44 from shifting radially, they are held in
      position by terete axial extensions 42a of rollers 42 which roll along the
      inner periphery 44b of rings 44. Ring 44 is on one end integral with shaft
      45; the other ring 44 is fastened to a central extension of shaft 45.
      There will be rolling contact at all points of contact if the previously
      cited formula is used; but in device 40, 44.sub.i = hub diameter of ring
      44 and 44.sub.o = diameter of inner periphery of ring 44.
PAR  A variation of this device would be to use a different number of rollers
      42, using this same number of rollers 43. Another variation would be to
      eliminate the central shaft joining the two rings 44; or a variation using
      rolling line contact as in device 30 would be possible. In a further
      variation of device 40 rolling elements 42 and 43 would be transposed;
      that is, concave rollers 43 would roll against the outer race and rollers
      42 would be located radially inwards of them with their axial extensions
      42a in rolling contact with inner hub 44a.
PAR  In FIG. 8 a speed change device 50 using rolling point contact will be
      seen. Large ring 51 has grooves on its inner periphery in which two large
      spools 52 roll. Likewise, small ring 53 has grooves on its inner periphery
      in which two small spools 54 rotate. Spools 52 and 54 are held radially
      outwards against their respective rings by radially inward action of two
      rollers 55 which have grooves of proper diameters to insure contact
      therewith. Rollers 55 are contained in a radially inward position by rings
      56a integral with end supports 56, which in turn are affixed to base 57.
      There is no central shaft. With the depicted dimensions, ring 53 will
      rotate at twice the speed of ring 51. Larger speed ratios can be obtained,
      but a principal advantage of this device is that very small yet precise,
      speed changes can be obtained with rolling friction, no sliding friction.
      As the groove diameter of ring 51 approaches that of ring 53 and the
      groove diameter of spool 52 approaches that of spool 54, the speed ratio
      between rings 51 and 53 decreases to zero.
PAR  FIG. 9 depicts another speed change device 60, this time using rolling line
      contact and with the capability of speed ratios from less than 1:2 to
      theoretically infinity. Device 60 is essentially what would be obtained by
      holding ring 53 of FIG. 8 stationary and permitting all other components
      to rotate. Returning now to FIG. 9, ring-shaped support 61 is stationary
      on platform 61a and has two small rollers 62 rolling along its inner
      periphery. Snap rings 62a in grooves in small rollers 62 also ride in
      grooves in support 61 and long rollers 65 to preclude axial slippage.
      Rotating ring 63 has an integral shaft and has an inner periphery upon
      which two large rollers 64 roll. Snap rings 64a in grooves in large
      rollers 64 preclude axial slippage. Two long rollers 65 press radially
      inwards between small rollers 62 and between large rollers 64. Long
      rollers 65 are held radially inwards at their thinner ends by rotating
      ring 66 and at their thicker ends by rotating ring 67, in which a snap
      ring 67a is provided to preclude axial slippage. With the depicted
      dimensions rotating ring 67 will rotate at over twice the speed of
      rotating ring 67 will rotate at over twice the speed of rotating ring 63.
      As the inside diameter of ring 63 increases and the thinner diameter of
      long rollers 65 increases (with a corresponding reduction in the diameter
      of large rollers 64), the angular velocity of ring 67 increases,
      theoretically to infinity.
PAR  FIG. 10 depicts device 70 wherein oscillatory or crank motion is obtained,
      all moving parts being in rolling line contact. Ring-shaped support 71 is
      stationarily affixed to base plate 72, and contacts three rollers 73 on
      its inner periphery. Rollers 73 are prevented from moving axially by snap
      ring 74. Axially in their middle, rollers 73 have a reduced diameter
      against which retaining ring 75 presses radially outwards to hold rollers
      73 outwards against support 71. Three long rollers 76 act radially inwards
      between rollers 73 to also hold them radially outwards against support 71.
      Rollers 76 also have a reduced central diameter which rolls against the
      inside of retaining ring 76 and thus cannot move radially outwards. It
      will be seen that elements 71 through 76 operate the same as the elements
      of FIGS. 4 and 5, except that instead of using two retaining rings 34
      acting at the ends of the six rollers in device 30, in device 70 a central
      retaining ring 76 holds the six rollers in position.
PAR  All three rollers 76 extend to the left in FIG. 10, where they contact ring
      77 which rotates with them in rolling line contact. Idler roller 78 is
      centrally located between rollers 76 and contacts them at their left ends.
      Though not necessary to the operation of the device, roller 78 does help
      to hold rollers 76 in position and reduce their internal bending stress.
      Snap rings 76a on rollers 76 preclude axial slippage.
PAR  Two of the three rollers 76 are extended to the right in FIG. 10, where
      they are in rolling line contact with a large roller 79 and a small roller
      80. Crank 81 contacts rollers 79 and 80 on its inner periphery and has
      lipped edges to preclude axial movement. Snap rings 76b and 76c are also
      provided. Crank 81 has the same inside diameter as support 71 and thus
      does not rotate but only oscillates eccentrically due to the action of
      rollers 79 and 80 and the displacement from center of the two extended
      rollers 76. Hence, crank 81 as drawn will remain perpendicular to base
      plate 72 and will not swing as a pendulum or as the crank in a typical
      reciprocating pump or engine. Ring 82 contacts the right ends of two of
      the rollers 76 to help hold them in position and snap ring 76d precludes
      axial movement.
PAR  It should be noted that all three rollers 76 could have been extended to
      the right, in which event two small, equal rollers 80 and one large roller
      79 would provide osciallatory motion and the oscillatory displacement
      would have been reduced. Also a greater number than three each of rollers
      73 and 76 could be employed. It should also be noted that by adding
      another set of rollers radially between the left ends of rollers 76 and
      ring 77, ring 77 can be caused to rotate at twice the oscillatory rate of
      crank 81, which would make it useful in certain pump/engine applications.
PAR  FIG. 11 depicts another rolling-contact device 90 which is quite similar to
      device 30 in that there are three large rollers and three small rollers.
      However, it will be seen that instead of using retaining rings to hold the
      smaller rollers in position, gearing serves as retaining means. Thus, in
      FIG. 11, ring 91 contacts three large rollers 92 on its inner periphery.
      Three small rollers 93 with axes lying in the plane between the axes of
      adjacent large rollers 92, are prevented from moving radially inward or
      outwards by integral gears 95 at one of their ends which mesh with gears
      94 which in turn are integral with or fastened to adjacent ends of rollers
      92. Gear teeth 96 are provided on the inner periphery of ring 91 adjacent
      and meshing with gear teeth 94. Ring 91 in the figure containes 96 teeth;
      roller 92-36 teeth; and roller 93-16 teeth, but many other combinations of
      teeth numbers are possible. The left end of device 90 is quite similar to
      that of FIG. 10. Ring 97 has axial extensions of the three rollers 93
      rolling along its inner periphery which have retaining rings 93a and a
      central roller 98 which rolls on the radially inward parts of rollers 93.
PAR  It will be seen that devices 10, 30 and 90 are simply rolling contact
      bearings whereas devices 50, 60 and 70 serve additional functions which
      include transmission of a certain amount of torque at many of the rolling
      contact lines. In many applications such line contact will be adequate to
      transfer the torque without slippage, particularly if negative clearance
      or press-fit installation is used. In applications where there is
      sufficient torque present to cause slippage, coaxial gears affixed to or
      integral with the elements in rolling contact at the locations of torque
      stress with it carry the stress torque load, just as the gears 94 and 95
      through their action keep rollers 93 in position in device 90. When such
      gearing is used, all radial loads will be transmitted through the lines of
      rolling contact and all torque loads will be transmitted through bending
      forces on the teeth of the gears.
PAR  The same concepts used in the previously described radial load bearing
      devices are also applicable to axially oriented bearing devices as will
      now be shown.
PAR  Rolling contact bearing 100 as shown in FIG. 12 is an axial load bearing
      wherein upper bearing race 101 contacts balls 102 which are interposed
      between rollers 103 and contact their broad central portions. The
      orbicular ends 103a and 103b of rollers 103 contact retainer rings 104a
      and 104b respectively. Rings 104a and 104b are integral with lower bearing
      race 104 and slope in opposite directions to preclude radial movement of
      rollers 103.
PAR  FIG. 13 depicts rolling contact bearing 110 which is similar to device 100
      except that ends 113a and 113b of rollers 113 contact retainer rings 114a
      and 114b on surfaces which are in line with each other. Radial
      displacement of rollers 113 is precluded by positioning balls 112 in such
      a way that their points of contact with upper race 111 and rollers 113 is
      aligned perpendicularly to surfaces 114a and 114b of lower race 104.
PAR  FIG. 14 depicts a device 120 which is similar to device 100 except that
      line contact roller bearings are provided. Upper race 121 contacts the two
      wide portions of rollers 122, while end 122a is in rolling point contact
      with upper race 121 to preclude radially outward movement of rollers 122.
      The narrow central portion of rollers 122 is in rolling line contact with
      the broad central portion of rollers 123, whose two narrow portions are in
      rolling line contact with retainer rings 124a and 124b of lower race 124.
PAR  FIG. 15 depicts rolling contact device 130 with upper race 131 which is in
      contact with an upper series of 24 two-ended rollers 132. A middle series
      of 24 interposed balls 133 which contact the central portions of upper
      rollers 132 also contact the central portions of each of the 24 rollers
      134 of a lower series of rollers, which in turn and in contact with lower
      race 134, which may be identical in shape to upper race 131.
PAR  All of the bearing devices described thus far have been either essentially
      radial load or essentially axial load. Combination rolling contact
      radial-axial load devices are quite practical. In bearings subjected to
      small axial loads, minor modifications to the structure of devices 10, 30,
      40 and 90 may be effected. Such modifications would consist of changing
      the shape of the minor and/or major rolling elements so that they or the
      locus of their portions which contact the outer race, forms a truncated
      cone. Thus the retaining rings at each side of the bearing would of
      necessity be of different diameters.
PAR  Likewise, when radial loads are small, minor changes to axial load bearings
      100, 110, 120 and 130 will accommodate them in addition to the major axial
      loads.
PAR  Where radial and axial loads are essentially equal, the axes of the rolling
      elements will most preferably be about 45.degree. from the axis of the
      bearing. Device 40 is probably best suited to this application. By tilting
      its rolling elements 45.degree., it obtains the inherent stability of an
      axial rolling contact bearing and thus the retaining rings no longer need
      to contact the major series of rollers. FIG. 16 depicts such a combination
      load bearing 140 and it will be noted that it bears structural
      similarities to both device 40 and to device 100. In device 140, outer
      race 141 contacts balls 142 which are interspersed between and contact the
      broad portions of rollers 143. The rounded ends of rollers 143 contact
      retaining rings 144a and 144b which in turn are integral with an inner
      race 144.
PAR  Rolling contact bearing 150 of FIG. 17 is similar to device 40 of FIG. 7,
      except that the retainer rings are attached to the outer race and balls
      are used instead of rollers as the radially outward set of rolling
      elements. Device 150 includes outer race 151, which contacts balls 152,
      which in turn are in rolling contact with inner race 154. Retaining rings
      151a and 151b are intergral with outer race 151 and contact terete axial
      extensions of rollers 153 to hold them radially outwards.
PAR  FIG. 18 depicts another device 160 which is similar to that of FIG. 17
      except that the two sets of rolling elements are interposed and terete
      axial extensions have been added to the balls. Device 160 is composed of
      outer race 161, which is in rolling contact with spools 162, which have
      balls 163 interposed between them. Balls 163 roll in a shallow groove in
      inner race 164 and have axial extensions which roll on the outer periphery
      of retaining rings 161a and 161b and are held radially outward thereby.
PAR  In the device 170 of FIG. 19, the outer race 171 contacts balls 172 which
      are interspersed between and contact the broad portions of rollers 173.
      The rounded ends 173a and 173b of rollers 173 contact retaining rings 171a
      and 171b. Ring 171a is affixed to outer race 171 and retaining ring 171b
      is intregral with outer race 171. The device 170 is intermediate between
      those of FIGS. 16 and 17.
PAR  FIG. 20 shows another rolling contact bearing 180 which obtains the
      inherent stability of axial bearings, such as device 100, in a manner
      which not only is stable under radial loads, but which will also permit
      the bearing to accept axial loads from either direction. In conventional
      bearings, two separate bearings are required for this purpose. Loads are
      transmitted from race 181, which may have a curved race or be V-notched as
      depicted, through major rolling elements 182 which are spherical and roll
      in race 181, to the narrow concave portions of the bowling-pin-shaped
      secondary rolling elements 183 whose axes lie alternately 45.degree. one
      way from the axis of the bearing and then 45.degree. the other way. The
      other race 184 has two concave rounded portions on its inner periphery to
      accommodate loads transmitted through the broad ends of rollers 183 and
      has retainers 184a and 184b for the small ends of rollers 183 to ride
      upon. Retainer 184a may be integral with race 184 or may be threaded in a
      manner such as that depicted to be removable and adjustable.
PAR  In all of the above described embodiments, it may be noted that one set of
      rolling elements, whether balls, rollers or spools, are major load
      transfer elements. The other rolling elements, whether balls, rollers or
      spools, are minor idling elements which also transfer the loads. The minor
      rolling elements are supported by retainers in the form of rings without
      contacting a central shaft. The retainers also act as an inner race.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rooling device comprising:
PA1  a bearing race having at least one circularly oriented surface,
PA1  first rotating means,
PA1  said first rotating means including at least two rotating elements in
      rolling contact with said circularly oriented surface of said bearing
      race,
PA1  second rotating means for positioning said first rotating means relative to
      said circularly oriented surface of said first bearing race,
PA1  said second rotating means including at least two generally roller-shaped
      rotating elements alternately interposed between said rotating elements of
      said first rotating means to prevent their mutual contact and engaging the
      same in rolling contact,
PA1  and two circular retainer rings respectively engaging the opposite ends of
      said generally roller-shaped rotating elements in rolling contact and
      holding the same in position,
PAR  said retainer rings also functioning as the only bearing races for said
      second rotating means.
NUM  2.
PAR  2. The rolling contact device as claimed in claim 1 in which:
PA1  the first-named bearing race is radially outwards of said first and second
      rotating means,
PA1  said generally roller-shaped rotating elements each have an axis lying
      radially outside a plane through the axes of two first-named rotating
      elements adjoining the same,
PA1  and said retainer rings exert radially inward pressure on said generally
      roller-shaped rotating elements for positioning said first rotating means
      radially outwards against the first-named bearing race.
NUM  3.
PAR  3. The rolling contact device as claimed in claim 2 in which said device
      includes axial extension of at least two elements of one of the rotating
      means, said axial extension being in rolling contact with a third rotating
      means for transferring loads and rotary motion, said third rotating means
      including at least two rotating elements which are held in position
      against said axial extensions by their rolling contact with a further
      race.
NUM  4.
PAR  4. The rolling contact device as claimed in claim 3 including means for
      holding said further race stationary.
NUM  5.
PAR  5. The rolling contact device as claimed in claim 3 in which said
      additional rotating elements have different diameters for causing said
      further race to oscillate.
NUM  6.
PAR  6. The rolling contact device as claimed in claim 5 including means for
      holding said first named race stationary.
NUM  7.
PAR  7. The rolling contact device as claimed in claim 3 in which both further
      race and said first-named race are rotatable, and said device is capable
      of acting as a speed change device.
NUM  8.
PAR  8. A rolling contact device according to claim 2, wherein said rotating
      elements of said first rotating means are balls, and said generally
      roller-shaped rotating elements are spools with concave peripheries
      engaging the balls.
NUM  9.
PAR  9. A rolling contact device according to claim 2, wherein said rotating
      elements of both rotating means are cylindrical.
NUM  10.
PAR  10. The rolling contact device as claimed in claim 1 in which:
PA1  the first-named bearing race is radially outwards of said first and second
      rotating means,
PA1  said generally roller-shaped rotating elements each have an axis lying
      radially inside a plane through the axes of two first-named rotating
      elements adjoining the same,
PA1  and said retainer rings exert radially outward pressure on said generally
      roller-shaped rotating elements for positioning said first rotating means
      radially outwards against the first-named bearing race.
NUM  11.
PAR  11. The rolling contact device as claimed in claim 1 in which the
      first-named rotating elements include balls.
NUM  12.
PAR  12. The rolling contact device as claimed in claim 1 in which the
      first-named rotating elements include rollers.
NUM  13.
PAR  13. The rolling contact device as claimed in claim 12, wherein said
      retainer rings present radially outwardly-facing bearing races in rolling
      contact with the ends of said rollers, and radially inwardly-facing
      bearing races in rolling contact with the ends of said generally
      roller-shaped rotating elements.
NUM  14.
PAR  14. The rolling contact device as claimed in claim 1 in which said races
      are generally plunar for transmission of axial loads, and said first and
      second rotating means are located between said planar races.
NUM  15.
PAR  15. The rolling contact device as claimed in claim 14 in which said
      retaining rings are integral with one of said races.
NUM  16.
PAR  16. The rolling contact device claimed in claim 14 in which said device
      includes a third rotating means positioned between said second rotating
      means and second named race.
NUM  17.
PAR  17. The rolling contact device as claimed in claim 14 in which at least one
      of said retainer rings is at an angle to the axes of said generally
      roller-shaped rotating elements to prevent their radial displacement.
NUM  18.
PAR  18. The rolling contact device as claimed in claim 1 in which said device
      further includes a central shaft connected to said retainer rings and free
      of contact with either of said rotating means.
NUM  19.
PAR  19. The rolling contact device as claimed in claim 1 including snap rings
      to prevent axial displacement of elements of said device with respect to
      each other.
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ABST
PAL  A plastic molded refrigerator pan and window assembly in which the front
      wall of the pan includes a large opening within which is disposed a
      separable snap-engaging clear plastic panel. The engagement is provided by
      upper and lower channels provided in the respective edges of the panel
      which engage opposing sides of the front wall adjacent the edge of the
      opening. Because of the generally unsupported and flexible nature of the
      front wall along the upper edge of the opening, the panel engaging
      structure includes tab portions of varying height which in certain areas
      snap into the respective opposing channel and at other areas require
      sufficient forceful displacement of the top of the wall to seat the tab in
      the flange so that unintended disengagement is prevented even at the most
      flexible area of the panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to refrigerator pans of the type generally used to
      store food in a refrigerator and more particularly to a plastic molded
      refrigerator pan having a clear panel in the front wall for viewing into
      the pan.
PAR  2. Description of the Prior Art
PAR  Refrigerator pans of the general nature of the present invention including
      plastic molded pans are well known in the art. However, it is generally
      required to pull the pans forward of their storage position to view their
      contents unless they are constructed of a clear material such as plastic
      or, have a separate window in the front face.
PAR  The main disadvantage of a pan that is completely transparent resides in
      the fact that it is easily scratched, especially over those surfaces that
      have sliding contact with other parts of the refrigerator, and thereby
      becomes generally unattractive.
PAR  The alternative structure of a transparent panel in the forward wall
      permits either an integrally molded panel or a separately molded panel
      that can be welded or glued to the front wall either of which is generally
      expensive in its fabrication and also requires a completely new pan to
      replace it should it become scratched or damaged. Or, a removable clear
      panel can be used to permit viewing, the molding and assembly of which is
      relatively inexpensive and also permits the panel to be easily replaced if
      damaged without requiring the whole pan to be replaced.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a plastic molded refrigerator pan with a
      separately molded clear plastic panel received over an opening in the
      front wall of the pan. The panel is relatively easily inserted and locked
      into place by cooperating interengaging edges of the opening received in
      channels in opposing edges of the panel. To this end, tabs are provided
      along the upper horizontal edge of the opening generally adjacent an
      integrally molded handle of the pan. The tab generally adjacent the center
      of the opening is greater in height than tabs adjacent the sides, with the
      height generally related to the amount of flexure of the flexible upper
      portion of the front wall in that this portion is not supported
      therebehind by other pan structure as are the sides and bottom of the
      front wall. The tabs are tapered to permit camming the upper channel of
      the panel into proper engagement by upward and rearward displacement of
      the shorter tabs, whereas the portion of the edge having the tab with
      greatest height must in addition be somewhat manually twisted to permit
      engagement of the tab into the channel, which movement generally insures
      that unintended disengagement is prevented.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the refrigerator pan and panel assembly of
      the present invention;
PAR  FIG. 2 is an elevational front view of the pan showing the opening in the
      front panel;
PAR  FIG. 3 is a cross-sectional elevational view taken along lines III--III of
      FIG. 1; and
PAR  FIG. 4 is a view similar to FIG. 3 with the upper portion of the front wall
      of the pan flexed for receipt of the panel during assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the refrigerator pan 10 of the present invention is
      preferably molded of a suitable plastic and comprises generally a planar
      wall structure such as a back wall 12, front wall 14, and opposed side
      walls 16. The bottom 18 of the pan is contoured so as to fit on the bottom
      wall of a refrigerator which itself has a similar contour to accommodate a
      machine compartment as is well known in the art. The front wall 14
      includes an integrally molded forwardly projecting handle 20 comprising a
      generally inverted "L" configuration with the foot 21 thereof providing a
      forwardly extending flange and the leg 22 providing a downwardly extending
      gripping lip.
PAR  As seen in FIG. 1 the front wall 14 has a generally clear panel 24 mounted
      to cover a substantial portion thereof and permitting viewing into the
      pan. The present invention is primarily directed to the structure for
      releasably retaining the separately molded clear plastic panel 24 within
      the appropriately sized opening 25 of the front wall.
PAR  Referring now to FIG. 2, it is seen that the front wall 14 defines an
      opening 25 over a substantial portion thereof resulting in a generally
      narrow peripheral frame comprising opposing side framing flanges 26, 28 a
      lower horizontal framing flange 30 and an opposed upper horizontal framing
      flange 32. It is to be noted that all framing flanges except for the upper
      horizontal flange 32 are adjacent, and integral with, rearwardly extending
      wall structure of the pan; however, in that the pan has an open top, there
      is no rearwardly extending wall ingetral with this upper flange 32. Thus
      with the upper flange being unsupported therebehind, and also integral
      with the handle, it is evident that flange 32 provides the least
      resistance to the deflections resulting from external forces, such as
      pulling or lifting by the handle, which deflection will normally result in
      the greatest displacement of the front wall at or near the center of the
      upper flange.
PAR  Still referring to FIG. 2, it is seen that, in the preferred embodiment,
      three tab members 34, 36, 38 extend downwardly into the opening from the
      edge of the upper framing flange 32. Two tabs 34, 36 are disposed
      generally adjacent the side flanges whereas the remaining tab 38 is
      generally centrally located. Tab 38, for reasons to be subsequently
      explained has a greater height then either of the other tabs which, in
      this instance, are generally equal in height. Except for the tabs, the
      remaining edges of the framing flanges bounding the opening are generally
      flat across the thickness thereof.
PAR  Referring now to FIG. 3 in conjunction with FIG. 1 to describe the clear
      panel 24, it is seen that for the most part the panel is planar and
      bounded along its edges by a generally arcuate bead 40 on its forward
      face, that in the assembled position, overlies the marginal edges defining
      the opening 25. Similar beads 42 and 44 extend along the upper and lower
      edges of the rear face of the panel 24 respectively. (Although not shown,
      such rearwardly facing beads do not exist along the vertical edges of the
      panel.) Along the lower edge of panel 24 the opposing (i.e. front and
      rear) beads 40, 44 define therebetween a channel 46 extending across the
      length of the panel and having a width slightly greater than the thickness
      of the wall 14.
PAR  The rearwardly facing bead 42 along the top edge of the panel is seen to be
      shorter in cross section than the opposing rearwardly facing bead 44 and
      also defines an arcuate surface. However, as before, the opposed beads 40,
      42 define therebetween a channel 48 having a width slightly greater than
      the thickness of the front wall. Also, it is to be noted that the height
      of the rear bead 42 along the top edge, when the panel is properly
      disposed with the lower flange 30 of the wall received within the lower
      channel 46 of the panel, is such that it passed through the opening 25
      without interference with the edge of the upper flange 32. However, in
      those areas where the tabs 34, 36, 38 extend into the opening, there is
      interference engagement between the tabs and the rear bead 42. To this
      end, the forwardly facing surface of each tab 34, 36, 38 is tapered to
      provide a rearwardly downwardly extending surface (as at 50) that, as the
      panel 24 is moved into position, contacts the rounded surface of the rear
      bead 42. These surfaces cooperate to cam the upper flange 32 sufficiently
      upwardly and outwardly to permit passage of the panel to a substantially
      vertical position wherein the shorter tabs 34, 36 snap into the channel 48
      of the panel.
PAR  However, because of the height of the middle tab 38 and also because of the
      increased flexure of the flange 32 in this central area, there is not
      sufficient opposing forces between the engaging cam surfaces 50 and 42 to
      elevate the flange sufficiently to permit the center tab to be so engaged.
      Thus, the forward flange 32 must be manually flexed i.e. twisted as shown
      in FIG. 4, to attain sufficient alignment of the central tab 38 with the
      channel 48 for a snap engagement. It is noted from FIG. 4, the twisting is
      in a direction opposite to the type of twisting induced in the front
      flange when the pan is carried by the handle 20. Thus, the disengaging
      action requiring the same type of twisting as the engagement, is, under
      normal conditions, not associated with the normal use of the pan.
PAR  Referring again to FIG. 3, the two separate heights of the tabs (38 vs. 34,
      36) are shown, only to illustrate the receipt of the tabs within their
      respective channels. It is therein clearly illustrated that tab 38 being
      at the center of the flange 32 where the flange permits the maximum
      deflection, has a greater height than the tabs 34, 36 adjacent the sides.
      As previously stated, the height of each tab is generally related to the
      corresponding relative deformation or deflection of the adjacent flange
      area to accommodate the deflection in this area whenever the pan might be
      supported by the handle under heavily loaded conditions without separating
      the engaging tabs and the channels out of the locking engagement. Thus,
      the greatest deflection being permitted at generally the center of the top
      flange, the tab in this area has a height greater than any of the other
      tabs and greater than the normal deflection of this area under most
      circumstances.
PAR  It is apparent that although three separate tabs are shown, a single tab of
      ever increasing height towards the center could also be utilized to
      accomplish the same result. In such instance the upper channel 48 would be
      continuous across the length of the panel. However, in the preferred
      embodiment the tabs are received in corresponding separate or partitioned
      portions of the channel, with the back bead 42 occasionally joined to the
      front bead 40 by supporting or strengthening partitioning walls 52
      extending therebetween and properly spaced along its length.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A plastic molded refrigerator pan and window assembly wherein said pan
      includes a generally planar front wall having an opening across a
      substantial area thereof and thereby bounded by opposed upper and lower
      horizontally extending framing flanges integral with opposed vertical side
      framing flanges, and a generally transparent molded plastic panel
      generally coextensive with said opening and including a forwardly facing
      peripheral bead generally overlapping the edge of said opening and first
      and second inwardly facing bead means;
PA1  said first inwardly facing bead means extending along at least a portion of
      the bottom of said panel in juxtaposition with opposite portions of said
      forwardly facing bead to define therebetween a channel at the lower edge
      of said panel for receipt therein of the edge of the lower framing flange;
PA1  said second inwardly facing bead means extending along at least a portion
      of the top of said panel in juxtaposition with opposite portions of said
      forwardly facing bead to define therebetween a channel at the upper edge
      of said panel; and
PA1  tab means extending downwardly from the edge of said upper framing flange,
      at least in areas generally adjacent each side and generally midway
      therebetween, said tab means having a downwardly inwardly tapered surface
      and wherein said middle tab has a height greater than the other of said
      tab means to the extent that as said panel is inserted by effecting the
      lower channel and edge engagement and moving said panel to a vertical
      position by passing said second inwardly facing bead means through said
      opening, said bead means and said other of said tab means cooperate to cam
      said other of said tab means upwardly to permit engagement of said tabs in
      said upper channel whereas the greater height of said tab adjacent the
      midway position requires said upper flange to be somewhat manually twisted
      for sufficient alignment between the upper channel and said tab means for
      said tab means to be seated within said channel thereby with the release
      of said twisting force, locking said panel in position.
NUM  2.
PAR  2. Structure according to claim 1 wherein said front wall includes an
      integrally molded handle extending thereacross generally adjacent said
      upper framing flange and wherein said twisting force is in a direction
      opposite twisting forces introduced into said upper framing flange when
      said pan is manually lifted or pulled by said handle.
NUM  3.
PAR  3. Structure according to claim 2 wherein said second inwardly extending
      bead has an arcuate profile for contacting said tab means to facilitate
      said camming action.
NUM  4.
PAR  4. Structure according to claim 3 wherein said second inwardly extending
      bead is free to pass the edge of the upper framing flange except for said
      tab means extending therefrom.
NUM  5.
PAR  5. Structure according to claim 4 wherein said tab means includes at least
      three distinct tab members extending from said edge of said upper framing
      flange for receipt in the upper channel of said panel.
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ABST
PAL  A sealed roller bearing having a double row of tapered rollers is
      disclosed. The bearing is insertable into and retainable within a rigidly
      mounted pillow housing such as a block casting or the like, such that the
      orientation of the bearing or flange is independent from the orientation
      of the housing. This self-aligning bearing is replaceable, without
      removing the housing from its mounting, and the dimensions of the bearing
      and housing are such that the assembly can be installed in place of
      existing non-self-aligning or fixed housings without modification of the
      installation site. Generally the fixed housing-bearing assemblies are
      small, compact and of relatively few parts. The assembly disclosed is
      compact, small and of relatively few parts, yet is fully self-aligning.
PARN
PAR  This application is a division of our copending application Ser. No.
      393,084, filed Aug. 30, 1973 which in turn is a division of application
      Ser. No. 267,307 filed June 29, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Housings with roller bearings are well known. Generally, there are two
      types of these assemblies. The fixed type contains a fixed position roller
      bearing assembly which is capable of handling only slight shaft
      misalignment. These units are usually compact, of relatively few parts,
      and require only a minimum of space. A second type is known as a
      "self-aligning" and permits greater shaft misalignment. Self-aligning
      units are usually more complex, larger, require a greater number of parts,
      and are generally more expensive.
PAC  THE INVENTION
PAR  We propose a double row of tapered rollers assembled into an integral,
      sealed unit which can be installed in and/or removed from a fixed rigid
      housing without disturbing the mounting of the housing itself; and which
      is self-aligning with respect to the housing when installed and retained
      therein. The housing is generally a casting, such as a pillow block or a
      flange block as is generally known in the art.
PAR  The bearing comprises: (1) two groups of truncated conical rollers. The
      rollers in each group are equally spaced in a circle and oriented so that
      the apeces of all the cones formed by projecting the surfaces of the
      rollers meet at a single point. The envelope generated by the centerlines
      of the rollers in each group are itself a right circular cone. The two
      conical groups are oriented relative to each other so that their axes lie
      on a common line with their apeces pointing away from each other. The
      large ends of the rollers of one group are adjacent to but spaced from the
      large ends of the rollers in the other group; (2) two roller retainers,
      one for each group of rollers. Each retainer is of such size and shape as
      to fit between the races without impeding relative rotary motion
      therebetween, and each contains perforations disposed to receive the
      rollers and space them circumferentially equally in their operational
      orientation without substantially impeding the rotary of revolutionary
      motions of said rollers; (3) an inner race having an inside diameter
      disposed to receive and support a shaft having substantially the same
      diameter as said inside diameter, and having an outside configuration
      comprising two conical raceways. The axis of symmetry of each raceway
      coincides with the axis of symmetry of the other and also with the axis of
      the inside diameter of the race. Each raceway is disposed to receive the
      conical rollers of one of the groups of rollers in theoretical line
      contact when operationally oriented. The inner race has two surfaces, each
      located axially outward from one of the raceways, providing space for
      installation of sealing means; and extensions beyond one or both of the
      sealing surfaces to accommodate means for securing the inner race to the
      shaft; (4) means at one or both ends of the inner race to secure the inner
      race to the shaft and prevent rotary and/or axial motion therebetween; (
      5) an outer race made from at least two pieces, each having at its inside
      surface a truncated conical raceway disposed to receive the rollers of one
      of the groups in theoretical line contact. Each outer race piece has at
      its outer surface a truncated spherical configuration whose center falls
      on the axis of the inner conical surface. The orientation of the two
      pieces of the outer race relative to each other is such that when both
      conical inner raceways are simultaneously positioned relative to their
      groups of rollers in proper operational orientation, the projections of
      the two spherical outer surfaces are substantially coincident. One or both
      of the outer race halves are provided with a hole through which lubricant
      can be introduced into the bearing unit. Each race half is provided with a
      surface located at the small end of the roller raceway which extends
      axially outward therefrom to provide space and a support surface for the
      sealing means previously mentioned; and (6) sealing means disposed in the
      annular space between said inner and outer races axially outward from the
      said roller raceways. The sealing means is configured to prevent escape of
      lubricant and/or immission of contaminants without substantially impeding
      the relative rotary motion between the races.
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PAC  THE DRAWINGS
PAR  FIG. 1 is a side elevation of split pillow block with a bearing unit
      therein;
PAR  FIG. 2 is a top view of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the split pillow block taken on line
      3--3 of FIG. 1 with one embodiment of a bearing unit constructed according
      to this invention;
PAR  FIG. 3A is an elevational view of the outer race means shown in FIG. 3.
PAR  FIG. 3B is an exploded view of the outer race means shown in FIG. 3.
PAR  FIG. 3C is a view showing the outer race means of the FIG. 3B embodiment
      assembled.
PAR  FIG. 4 is a side elevation of a pillow block with a loading slot for
      inserting a bearing and illustrated with a bearing being loaded therein;
PAR  FIG. 5 is a sectional view taken on line 5--5 of FIG. 4 showing the bearing
      in operating position;
PAR  FIG. 6 is a cross-sectional view of a pillow block taken on line 6--6 of
      FIG. 4 with the bearing in operating position.
PAR  FIG. 7 is a side elevation of a third type of pillow block with a bearing
      therein;
PAR  FIG. 8 is a sectional view taken on line 8--8 of FIG. 7 showing the bearing
      in full lines;
PAR  FIG. 9 is a cross-sectional view taken on line 9--9 of FIG. 7 showing the
      bearing in full lines;
PAR  FIG. 10, is a sectional view through another embodiment of a roller-bearing
      according to this invention;
PAR  FIG. 11 is a view taken on line 11--11 of FIG. 10; and
PAR  FIGS. 12, 13, 14 and 15 are sectional views through other embodiments of
      roller bearings according to this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference is now made to the drawings and especially FIGS. 1, 2, 4, 5, 7
      and 8. Here are illustrated three general types of pillow block housings
      in which the bearings of this invention can be used. Before describing the
      bearings in detail, the various general types of pillow block housings
      will be described. It should be understood that there may be modifications
      of each housing type and it should be understood that the bearings can be
      used with other types of housings, such as flange blocks and the like;
      this does not imply that the bearings to be described will not operate
      equally as well with the modfied housings.
PAR  FIGS. 1 and 2 illustrate a split block housing, generally identified as 10,
      split along a plane passing through a cavity or socket 12 and generally
      parallel to the base of the housing and also to the surface on which the
      housing is mounted, such that the longitudinal axis of the shaft to be
      supported will pass through the plane at the center of the socket 12 to
      receive a bearing C and so as to have a base 14 and a top 16. The parts 14
      and 16 are joined by bolts 18 extending from the base 14 through the top
      16. Nuts 20 are used to tighten the parts and to retain them assembled.
      The base 14 is provided with elongated openings 22 for receiving bolts
      (not shown) by which the block is fixed to a support. The openings 22
      permit lateral adjustment as is required for accommdating a shaft (now
      shown) to which the bearing C is connected.
PAR  To remove or install a bearing C, the top part 16 is removed and the
      bearing is lifted from the base 14. Another bearing is inserted to seat in
      the base 14, the top 16 is then replaced and is bolted to the base 14.
PAR  Using a split block housing provides ease of installation and replacement
      of bearings. However, a split block housing may be bulkier and more
      expensive to manufacture then other types which will be described.
PAR  Another type of pillow block housing is illustrated in FIGS. 4 and 5. This
      type comprises a one piece block member 30 having its base portion
      provided with elongated openings 32 for receiving bolts 34 by which the
      block is attached to a support, the openings 32 being elongated to provide
      for lateral adjustment of the block position. The block member 30 is
      provided with a spherical socket or cavity 36 of such dimension to
      properly receive a bearing C. To permit the insertion of a bearing, the
      block is formed with a loading slot 38 having cylindrical ends of a radius
      at least as large as the spherical radius of the bearing and a width at
      least as wide as the outer race assembly of the bearing. The loading slot
      extends from a center plane of the block member 30 axially to one open end
      of the socket 36. A bearing is inserted or removed from this type of block
      by turning the bearing, so that its axis is perpendicular to the axis of
      the block (as seen in FIG. 4) and the plane of the bearing perpendicular
      to its axis is parallel to the plane of the loading slot. The bearing is
      then inserted or removed through the slot. The bearing is inserted in the
      housing until the center of its spherical surface coincides with the
      center of the spherical socket of the housing and it is then rotated until
      its axis is parallel and coincident with the axis of the block.
PAR  At times, depending on the particular design of the assembly, there may be
      disadvantages in using the loading slot block housing in that the length
      of the inner race of the bearing is limited. In a similar manner the
      amount of block material retaining the bearing on the loading side of the
      housing may be diminished as compared with other types of housings. In
      some applications, there are no disadvantages or they rate nil.
PAR  A third type of pillow block housing is illustrated in FIGS. 7 and 8. Here
      the block member 40 is provided with elongated slots 42 by which it can be
      bolted to a support for lateral adjustment and is bored to form a
      spherical seat 44 and a cylindrical bore, 46, the diameter of the bore 46
      being at least as large as the largest diameter of the spherical surface
      of a bearing. An adapter ring 48 having an outside diameter substantially
      equal to the diameter of the bore 46 and an inside spherical surface 49
      similar to that of the surface 44 is inserted in the bore 46 to retain the
      bearing in position. The adapter ring may be formed so as to be shimmed or
      wedged into position to accommodate variations in the size of parts
      measured parallel to the longitudinal axis of the shaft. A split, snap
      ring 50 fitting into slot 52 formed in the block holds the adaptor ring
      and the bearing in place. To insert or replace a bearing requires removal
      of the ring 50, removal of the adaptor ring 46, and the insertion of a
      bearing. The adaptor ring and snap ring must then be replaced. If shimming
      or wedging of the adaptor ring is required, it is accomplished prior to
      the assembly of the snap ring 50.
PAR  The construction just described can be modified by providing a housing such
      as a block casting with a cylindrical bore. In such a construction, a pair
      of adaptor and snap rings are used to retain the bearing in position, one
      at each end of the block or bearing. This construction provides additonal
      adjustment by the use of shims and/or wedges in positioning the adaptor
      rings and thus the bearing.
PAR  In each of the types of pillow blocks described, the top portion of the
      housing is drilled and tapped at 54 to receive a conventional lubrication
      fitting 56 through which lubricant is introduced between the bearing and
      the block. A locating pin, such as the pin 120 in FIGS. 10 and 11 to
      locate the bearing relative to the housing can be used, if desired. Such a
      pin keeps the hole in the bearing in alignment with the hole in the
      housing to insure a continuous path for introduction of lubricant.
PAR  Each bearing C, to be described, will fit into each of the housing types
      described. Also, each bearing is substantially the same in some respects.
      The main difference between the bearing types is the outer race
      construction. Thus, in the description which follows, the same reference
      characters will be used for like parts.
PAR  The bearing C in all figures is identified as 60 and comprises two groups
      of truncated conical rollers 62, 64, the rollers in each group being
      equally spaced in a circle with the large ends of the rollers of one group
      being adjacent to but spaced from the large ends of the rollers in the
      other group. There are two roller retainers 66, 68, one for each group of
      rollers, and each of such size and shape as to fit between the inner and
      outer races 70, 72, respectively, without impeding relative rotary motion
      therebetween. Each retainer contains perforations 74 disposed to receive
      the rollers and space them circumferentially equally to their operational
      orientation without substantially impeding the rotary or revolutionary
      motions of said rollers. The inner race 70 has an inside diameter 76
      disposed to receive and support a shaft (not shown) of substantially the
      same diameter and has an outside configuration comprising two conical
      raceways, 78, 80 with axes that coincide with each other and also with the
      axis of the inside diameter. The raceways 78, 80 are disposed to receive
      the conical rollers of the aforesaid two groups in theoretical line
      contact when operationally oriented. The inner race 70 and the outer race
      72 include surfaces 82, 84 respectively, each located axially outward from
      one of the raceways to provide space for installation of sealing means 86
      between the races 70, 72, and the inner race has extensions 90 beyond one
      or both of the sealing means to accommodate means 92 for securing the
      inner race 70 to the shaft and prevent rotary and/or axial motion
      therebetween. The extensions 90 may be slotted or otherwise configured at
      94, if desired. The sealing means 92 which are disposed in the annular
      space between the inner and outer races 70, 72, axially outward from the
      rollers are configured to prevent escape of lubricant and/or immission of
      contaminants without substantially impeding the relative rotary motion
      between the said races.
PAR  Each illustrated bearing 60 has its outer race 72 made from at least two
      pieces, 96, 98 (FIG. 3), 96A, 98A (FIG. 10), 96B, 98B (FIG. 12), 96C, 98C
      (FIG. 13) 96D, 98D (FIG. 14) and 96E, 98E (FIG. 15). Each piece or part
      has at its inside surface a truncated conical raceway 100, 102 disposed to
      receive the rollers of one of the aforesaid groups of rollers in
      theoretical line contact, and each piece or part has at its outer surfaces
      104, 106 a truncated spherical configuration whose center falls on the
      major axis of the inner conical surface of the housing. The orientation of
      the two pieces of the outer race relative to each other is such that when
      both conical inner raceways are simultaneously positioned relative to
      their groups of rollers in proper operational orientation, the projections
      of the two spherical outer surfaces 104, 106 are substantially coincident.
      One or both of the outer race halves are provided with a hole 108 through
      which lubricant can be introduced into the chamber 110 of the bearing, and
      each race half is provided with the surface 84 located at the small end of
      the roller runway and extending axially outward therefrom to provide space
      and support for the sealing means 86 previously described.
PAR  FIGS. 3, 3A, 3B and 3C show two identical race halves, 96, 98 each having a
      plurality of axially extending tongues 112 and gaps 114 between the
      tongues, the angular extent of the tongues and gaps being substantially
      equal so that when the two halves are assembled together, the tongues on
      each half will fit into the gaps in the other half with a substantially
      surface-to-surface fit along surfaces 116 at the sides of the tongues. By
      virtue of such fit, the axes of the two halves will substantially
      coincide, being both parallel and concentric. The embodiment of the race
      halves illustrated here shows two tongues and two gaps, but this is by way
      of example and not restrictdion; any member of tongues and gaps that can
      be practially fabricated can be used. Regardless of the number of tongues
      decided upon, at least one of them must be provided with a slot or hole
      108 through which lubricant can be introduced into the cavity between the
      races. If the race halves are identical, then there will also be a slot
      108 in the mating half that will serve no purpose.
PAR  In a slightly different embodiment of the present invention, not shown in
      the drawings, the slot 108 can be located with its axial centerline
      coinciding with one of the mating surfaces 116, so that surface 116 would
      be supplanted by half of the slot 108. By proper orientation of the two
      halves at assembly, the two half slots would become a whole slot for
      introduction of lubricant.
PAR  FIGS. 3B and 3C show the two race halves 96, 98 which assembled together to
      make the outer race 72. The fit between the race halves is intended to
      range from surface-to-surface to a slight interference, thus assuring that
      the surfaces 116 are positively in contact. The axial length of the
      tongues 112 is such that when the outer race halves are assembled over a
      roller inner race assembly having the shortest permissible length and
      smallest permissible outside diameter, the surfaces 122 at the ends of the
      tongues of either outer race half will touch the surfaces 124 at the
      bottoms of the gaps of the other race half. Thus, it will always be
      possible to push the two outer race halves together until each is in
      contact with a circle of rollers while both circles of rollers are also in
      contact with the inner race 70. During the assembly process, the outer
      race halves are pushed together until the condition just described exists,
      and then are separated by a predetermined distance, known as "bench end
      play". This predetermined distance can vary depending on the end use of
      the bearing. With the outer race halves in this position relative to each
      other, they can be welded together along the contacting surfaces 116 by
      known welding processes.
PAR  FIGS. 10 and 11 show a bearing in which the outer race 72 is made up of two
      pieces 96A, 98A, which are joined by being screwed together by means of
      the mating threads 130, 132. After assembly, the pin 120 positioned in a
      hole 134 through which lubricant is introduced into the bearing cartridge,
      prevents the race assembly from coming unscrewed. The hole 134 is formed
      from an opening 136 in part 96A and a slot 138 in part 98A. If the number
      of openings 136 differs by one from the number of slots 138, then there
      will be, by application of the Vernier principle, many possible angular
      orientations of the race halves relative to each other where a retaining
      pin 120 can be inserted, thereby providing adjustment of the axial spacing
      between the raceways and their fit relative to the rollers. Race halves
      96A, 98A can also be prevented from becoming unscrewed by gluing the
      thread together with a known chemical bonding agent.
PAR  FIGS. 12 and 13 show outer race assemblies each composed of two outer race
      halves 96B, 98B or 96C, 98C respectively, which, while they have identical
      conical roller raceways 100, 102 and identical spherical outer surfaces
      104, 106, are dissimilar in the regions where they fit together. In these
      embodiments, in one outer race half of each assembly, the surface of the
      internal conical raceway is extended to and beyond the center of the
      assembly while the outside surface is turned down about half its thickness
      to a cylindrical surface 140. In the other outer race half of each
      assembly, the outer spherical surface is extended to and beyond the center
      of the assembly and the inside surface is bored out about half its
      thickness to a cylindrical surface 142 of substantially the same diameter
      as the cylindrical surface of the mating race half. The cylindrical fit
      between the parts must be such that the said parts can readily be
      assembled while maintaining mutual concentricity.
PAR  The differences between the outer race assemblies are in the means for
      holding them together after assembly. In the assembly of FIG. 12, the
      outer race half 96 B is provided with a plurality of holes 144 extending
      radially and positioned over the cylindrical interface between the race
      halves. The holes are tapped to receive set screws 146. The set screws 146
      do not project radially outward beyond the spherical surface of the outer
      race and are therefore very short in relation to their diameter. To
      provide sufficient socket to permit adequate tightening, the wrench socket
      in each set screw may extend through the screw. The outer race half is
      provided with one radially extending hole 148, through the cylindrical
      surface, similar to that described in the FIG. 10 embodiment, the hole
      being located about on the centerline of the ultimate outer race assembly
      and having a diameter slightly smaller than the sealing diameter of the
      set screws. When the outer race halves are assembled, they are angularly
      oriented, so that the hole 148 in the outer race half is aligned with one
      of the set screw holes in the outer race half; thus by virtue of the hole
      and the wrench socket extending all the way through the set screw, a path
      is provided for introduction of lubricant into the chamber between the
      outer and inner race and the set screw seals the lubricant introduction
      hole 148. Axial spacing of the outer race halves is established as
      previously described, after which the spacing is maintained by tightening
      down the set screws.
PAR  In FIG. 13 of the drawing, the two race halves 96C and 98C are glued
      together using a suitable adhesive, with or without the help of an
      interference or shrink fit between the parts. As before, a hole or slot
      150 is provided in the assembled race for the introduction of lubricant. A
      pin or the like 152 plugs the hole 150; if fits loosely or is fluted, so
      that lubricant can be introduced with the pin in place.
PAR  The two outer race halves 96D and 98D of outer race assembly 72 shown in
      FIG. 14 are joined by a plurality of radially oriented dowel pins 152
      inserted through holes 154 in both race halves. The holes 154 are
      fabricated into each race half prior to initial assembly. Dowel pins 152
      are pressed into the mating holes 154 to hold the outer race halves
      together and maintain proper spacing and alignment. The holes may be the
      same diameter and used with straight dowels; or stepped dowels may be used
      with the holes in one half being smaller than the holes in the other half.
      At least one of the dowels should have a hole through it through which
      lubricant can be introduced into the chamber between the inner and outer
      races.
PAR  In FIG. 15 of the drawing the outer race assembly is made up of two
      identical race halves 96E, 98E. The race halves are joined by being butt
      welded while they are held in a fixture to assure mutual concentricity.
      The various components are assembled for proper fit (i.e. correct bench
      end play), or to attain correct clearance, one or both of the race halves
      are made too thick and are finished to proper size for assembly.
PAR  Another form of outer race assembly is similar to that previously described
      with respect to FIG. 14 in that the race halves are identical to each
      other and a spline is used to hold them together. The spline may be a
      solid ring that is a press fit into grooves in the race halves either at
      its I.D. or at its O.D. or both, or may be split ring that is a press fit
      in the slots by virtue of being thicker than the width of one or both
      slots.
PAR  It is desirable in all of the bearings described heretofore that the hole
      provided in the outer race of the bearing for the introduction of
      lubricant be of such a configuration that it can readily be plugged, so
      that such a bearing, if to be used as a replacement in an existing
      housing, can be factory lubricated and shipped and/or stored without
      losing lubricant. The plug is removable for inserting the locating pin and
      is configured for the introduction of additional lubricant, as is needed,
      by usual means through the lubricant fitting in the block.
CLMS
STM  We claim:
NUM  1.
PAR  1. A self-aligning roller bearing assembly for use with a housing adapted
      to be fixed to a support and with a central opening therethrough to
      receive said assembly, which opening is defined by an arcuate surface,
      said roller bearing assembly comprising:
PA1  a pair of rows of rollers;
PA1  an inner race having a cylindrical opening for receiving and supporting a
      shaft;
PA1  the inner race having a pair of raceways, each having surfaces adapted to
      contact the rollers of a row; and
PA1  an outer race;
PA1  said outer race being formed of a pair of substantially like members united
      by an adhesive;
PA1  each member of said outer race having an interior raceway, each said
      raceway having surfaces adapted to contact the rollers of a row, and an
      outer arcuate surface adapted to engage the arcuate surface of said
      housing to permit relative arcuate movement therebetween when said
      assembly is inserted as a unit therein, said assembly being removable as a
      unit and being self-aligning to accommodate shaft misalignment with
      respect to said support when in use in said housing because of the
      relative movement between said outer race and said housing.
NUM  2.
PAR  2. In combination with a housing adapted to be fixed to a support and
      having a central opening therethrough defined by an arcuate surface, a
      self-aligning roller bearing assembly comprising:
PA1  a pair of rows of rollers;
PA1  an inner race having a cylindrical opening for receiving and supporting a
      shaft;
PA1  the inner race having a pair of raceways, each to contact the rollers of a
      row; and
PA1  an outer race;
PA1  said outer race being formed of a pair of substantially like members united
      by an adhesive;
PA1  each member of said outer race having an interior raceway to contact the
      rollers of a pair, and an outer spherical surface engaging the arcuate
      surface of said housing to permit relative arcuate movement therebetween;
PA1  said bearing assembly being insertable and removable as a unit with respect
      to said housing, and because of the relative arcuate movement between said
      outer race and said housing being self-aligning to accommodate shaft
      misalignment with respect to said support.
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ABST
PAL  A bearing assembly has a shaft extended through a double cup with opposed
      tapered raceways machined directly into the cup and shaft. A row of
      tapered rollers is positioned between each pair of raceways, and the
      rollers of each row are mounted in opposition and substantially on apex.
      Expulsion of the rollers is prevented by annular rib rings which are
      press-fitted over the shaft and embrace the shaft at the large diameter
      ends of the tapered raceways thereon. The shaft has grooves which underlie
      the rib rings and enhance the holding power of the rings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to bearings and more particularly to a
      bearing assembly for a shaft in a housing.
PAR  The typical tapered roller bearing arrangement used between a shaft and a
      surrounding housing includes two bearings, each with a cup or outer race,
      a cone or inner race, and tapered rollers between the cup and cone. The
      bearings are positioned such that the tapers of their raceways and rollers
      project in opposite directions so that one bearing can be adjusted against
      the other by moving either the cup or cone of the one bearing in the axial
      direction. The adjustment is usually effected by turning an adjusting nut
      against the back face of one of the cones.
PAR  Bearing arrangements of the foregoing nature require many machining
      operations on the shaft as well as on the cone and consequently are
      expensive. Moreover, adjustment is a relatively time consuming procedure.
PAC  SUMMARY OF THE INVENTION
PAR  One of the principal objects of the present invention is to provide a
      bearing assembly for mounting a shaft in a housing with a minimum amount
      of bearing components. Another object is to provide a bearing assembly
      having a minimum amount of machined surfaces. A further object is to
      provide a bearing assembly which is easily and quickly assembled and
      adjusted. An additional object is to provide a bearing assembly which is
      extremely reliable and durable. Still another object is to provide a
      tapered roller bearing assembly in which the tapered rollers are retained
      in the axial direction by press-fitted thrust rib rings, and wherein the
      bearing assembly is adjusted by moving the rib rings axially. Yet another
      object is to provide a bearing assembly which is an integrally sealed and
      lubricated package. These and other objects and advantages will become
      apparent hereinafter.
PAR  The present invention is embodied in a bearing assembly having an outer
      race, a shaft extended through the outer race, and rolling elements
      between the shaft and outer race. The rolling elements are confined in the
      axial direction by a rib ring press-fitted over the shaft. The invention
      also consists in the parts and in the arrangements and combinations of
      parts hereinafter described and claimed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which form part of the specification and
      wherein like numerals and letters refer to like parts wherever they occur:
PAR  FIG. 1 is a sectional view of a water pump provided with the bearing
      assembly of the present invention;
PAR  FIG. 2 is an enlarged sectional view of the bearing assembly in FIG. 1; and
PAR  FIG. 3 is a sectional view of an apparatus used to adjust the bearing
      assembly.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, A represents a bearing assembly used in a
      typical application which in this case is a water pump W (FIG. 1)
      including a housing 2 having an impeller cavity 4 at one end and a bore 6
      at its other end. The bore 6 contains the bearing assembly A which broadly
      speaking includes a double cup 10, a shaft 12 extended through the double
      cup 10, and tapered rollers 14 between the cup 10 and the shaft 12 to
      enable the shaft 12 to rotate easily in the housing 2. One end of the
      shaft 12 carries an impeller 16 which rotates in the impeller cavity 4 of
      the housing 2, while the other end is fitted with a V-belt pulley 18 to
      transmit the power required to operate the water pump.
PAR  Turning now to the bearing assembly A (FIG. 2), as previously noted it
      includes the double cup 10, the shaft 12, and the tapered rollers 14
      between the cup 10 and shaft 12. The outer surface of the cup 10 is
      cylindrical and is slightly larger in diameter than the bore 6 of the
      housing 2 so that an interference fit exists between the two. The cup 10
      is pressed into the bore 6 and is retained in place by the friction of the
      interference fit. On its inside surface, the cup 10 is provided with a
      pair of tapered raceways 20 which are oriented such that their large
      diameter ends are at the opposite outer ends of the cup 10.
PAR  The shaft 12 extends through the cup 10 and has tapered raceways 22 located
      opposite to the raceways 30 on the cup 10. The raceways 22 are machined
      directly into the shaft 12, which is hardened in the vicinity of them. The
      tapered rollers 14 are arranged in two rows located between the raceways
      20 and 22. Moreover, the rollers 14 are substantially on apex, that is for
      all intents and purposes for each row, the cone defined by raceway 20 and
      the cone defined by the raceway 22 have their apexes located at one point
      along the axial centerline of the shaft 12 and the cones defined by the
      individual rollers of each row have their apexes at that same point. As a
      result, pure rolling contact exists between the rollers 14 and the
      raceways 20 and 22 of the cup 10 and shaft 12, respectively.
PAR  At the small diameter ends of the shaft raceways 22, the shaft 12 is
      provided with roller retention ribs 24 which are positioned adjacent the
      small diameter ends of the rollers 14. At the large diameter ends of the
      shaft raceway 22, the shaft 12 has ground cylindrical surfaces 26, the
      diameters of which are maintained within close tolerances.
PAR  Each cylindrical surface 26 is interrupted by a circumferential groove 28
      which opens outwardly therefrom and is positioned such that a portion of
      the surface 26 is on each side of it. The intersection of each cylindrical
      surface 26 and the groove sidewall located closest to the raceway 22 is
      somewhat chamfered, while the intersection of each cylindrical surface 26
      and the groove sidewall located furthest from the raceway 22 is retained
      as sharp as possible. The grooves 28 should be between 0.003 and 0.010
      inches deep and preferably 0.005 inches deep. These grooves should also be
      between 0.030 and 0.050 inches wide in the axial direction. These
      dimensions pertain only to shaft diameters less than 1.000 inch.
PAR  The cylindrical surfaces 26 merge into cylindrical sealing surfaces 29 at
      broken or beveled corners 30, and the sealing surfaces 29 are slightly
      smaller in diameter than the surfaces 26. The sealing surfaces 29 in turn
      merge into reduced end portions 31 which are still smaller in diameter.
      The impeller 16 is mounted on one reduced end portion 31 and the pulley 18
      is on the other.
PAR  To prevent the rollers 14 from being expelled from the annular space
      between the cup 10 and the shaft 12, thrust rib rings 32 are press-fitted
      over the cylindrical surfaces 26, and the axial positions of these rings
      32 determines the adjustment of the entire bearing assembly A. For
      example, the rings 32 may be positioned such that the bearing assembly A
      is provided with "clearance", in which case the shaft 12 may be moved both
      radially and axially with respect to double cup 10. By moving the rib
      rings 32 closer together, eventually a condition of "preload" is reached,
      in which case the rollers 14 are in effect compressed between the raceways
      20 and 22 and no radial or axial play exists in the bearing A. Normally,
      the bearing assembly A will be operated with slight clearance.
PAR  Irrespective of whether the bearing assembly A is operated with clearance
      or preload, the thrust rib rings 32 span the grooves 28, that is each ring
      32 embraces the cylindrical surface 26 on which it is positioned on each
      side of the groove 28 in that surface. The inside surfaces of each rib
      ring 32 is cylindrical and its diameter is slightly less than the diameter
      of the cylindrical surface 26 which it embraces so that an interference
      fit exists between the two. This interference fit should be between 0.006
      and 0.008 inches for shaft diameters less than 1.000 inch. In pressing the
      rib rings 32 over the cylindrical surface 26 the direction of advance
      should be from the broken corners 30 toward the raceways 22 so that the
      sharp edge of the groove 28 is covered first and then the chamfered edge.
      Thus, the sharp edge of the groove 28 is positioned to retain the rib ring
      32 and prevent it from working off of the shaft 12 under the expulsion
      forces applied to the rollers 14. The rib rings 32 should be formed from
      high quality hardened steel. The inside diameter of the rib rings 32 is
      greater than the diameter of the sealing surfaces 29 so those surfaces are
      not scratched by the rings 32 when the rings 32 move over them.
PAR  Correct spacing is maintained between adjacent rollers 14 of each row by a
      cage 34. Grease or some other lubricant is retained within the annular
      space between the cup 10 and shaft 12 by seals 36 which are fitted into
      inwardly opening grooves in the cup 10. The seals 36 have elastomeric seal
      elements which embrace the cylindrical sealing surfaces 29 of the shaft 12
      outwardly from the rib rings 32. The cylindrical surfaces 29 embraced by
      the seals 36 are of a slightly smaller diameter than the cylindrical
      surfaces 26 embraced by the rib rings 32 to insure smooth sealing surfaces
      unscratched by the interference fit of the rib rings 32.
PAR  The assembly of the bearing assembly A is normally undertaken before the
      bearing assembly is installed in the housing 2, although this is not
      absolutely necessary. To assemble the bearing assembly A, one of the
      thrust rib rings 32 is passed over the reduced portion 31 and sealing
      surface 29 at that end of the shaft 12 which is expected to carry the
      heaviest loading, that is the reduced portion 31 on which the pulley 18 is
      mounted. The thrust rib ring 32 is then positioned against the somewhat
      beveled corner 30 at the intersection of surfaces 29 and 26 and is
      thereafter pressed over the cylindrical surface 26 to its final position
      wherein it bridges the circumferential groove 28 in the surface 26. The
      final position of the first installed thrust rib 32 is where it locates
      the tapered rollers 14 which bear against it such that those rollers 14
      run precisely on apex, that is the cones defined by rollers 14 of the row
      have their apexes at the same point along the axial centerline of the
      shaft 12. Hence, true rolling contact will exist between the rollers 14
      and the raceways 20 and 22 at that end of the bearing assembly A which
      carries the heaviest loading, that is the end on which the pulley 18 is
      mounted.
PAR  After the first rib ring 32 is pressed onto the shaft 12, a set or row of
      rollers 14 is positioned against that ring 32 and the shaft raceway 22
      adjacent to it. The cage 34 for the roller set is installed prior to or at
      this time. With the first set of rollers 14 and its cage 34 in place
      against the shaft 12, the shaft 12 is inserted through the double cup 10
      until the rollers 14 come against one of the raceways 20 of the cup 10.
PAR  Once the first set or row of rollers 14 is in place between its respective
      raceways 20 and 22 on the cup 10 and shaft 12, the second set or row of
      rollers 14 along with its cage 34 is positioned between the raceways 20
      and 22 at the other end of the bearing assembly A, whereupon the second
      rib ring 32 is pressed onto the other cylindrical surface 26 and advanced
      toward the large diameter ends of the rollers 14 in the second set. The
      second rib ring 32 may or may not be moved to its final position at this
      time. Of course, the position of the second rib ring 32 determines the
      adjustment of the bearing, and if the rib ring 32 is moved to its final
      position, contraction of the double cup 10 during installation in the
      housing bore 6 must be taken into account at this time. In other words,
      the bearing assembly A must be initially adjusted with a slight amount of
      end play in excess of that desired in the final bearing setting so as to
      compensate for the reduction of end play occasioned by the subsequent
      contraction of the cup 10 due to the interference fit between the double
      cup 10 and the bore 6 of the housing 2. On the other hand, the second rib
      ring 32 may be moved over cylindrical surface 26 enough to hold the
      bearing assembly A together, while being sufficiently away from its final
      position to require further advance for adjustment purposes. With the
      bearing assembly A in this condition, the double cup 10 is pressed into
      the bore 6 of the housing 2, and this of course causes the cup 10 to
      contract. Thereafter, the bearing assembly A is adjusted by moving the
      second thrust rib ring 32 to its final position.
PAR  Irrespective of whether the bearing assembly A is adjusted before or after
      the double cup 10 is installed in the bore 6 of the housing 2, the
      adjustment may be carried out in accordance with the adjustment procedures
      set forth in U.S. patent application Ser. No. 237,462, filed Mar. 23,
      1972, of William E. Harbottle, entitled Method for Adjusting Tapered
      Roller Bearings and For Assembling Devices Employing Such Bearings as
      Journals. In particular, the adjustment is made be first positioning those
      ends of the cup 10 and shaft 12 located closest to the first installed rib
      ring 32 against separate supporting members 40 and 42, respectively (FIG.
      3), both of which are spring loaded and urged upwardly. The relative
      positions of the supporting members 40 and 42 are such that a clearance
      exists between the first installed set of rollers 14 and its raceways 20
      and 22. The supporting member 42 against which the shaft 12 is positioned
      rotates slowly so that the rollers 14 roll along their raceways 20 and 22
      while the adjustment is carried out. Once the cup 10 and shaft 12 are so
      supported, a downwardly directed axial force is applied to the cup 10 at
      its opposite end and this force moves the cup 10 downwardly against the
      spring load on its supporting member 40. After a short distance the
      rollers 14 of the first installed row seat against their raceways 20 and
      22 so that the downwardly directed force is transmitted through the
      rollers 14 of the first set to the shaft 12, causing the shaft 12 to move
      downwardly against its spring load. In time, the support member 40 for the
      cup 10 bottoms out against a fixed reference surface 44 and with the force
      still applied the support member 42 is locked or otherwise held in a fixed
      axial position with respect to the reference surface 44. Thereafter, the
      force is released and the spring load on support member 40 for the cup 10
      moves back to its initial position, carrying the cup 10 with it. This
      creates a known clearance between the rollers 14 of the first or lower
      bearing and the raceways 20 and 22 for that bearing, the axial component
      of that clearance being equal to the distance between the cup supporting
      member 40 and the reference surface 44.
PAR  Once the known clearance is established, the second thrust rib 32 is
      pressed further over its cylindrical surface 26 toward the raceway 22
      adjacent to that surface, while the shaft 12 is retained in the fixed
      axial position by its supporting member 42. In time, the advancing rib
      ring 32 engages the rollers 14 of the second or upper set which are seated
      against their raceways 20 and 22. When this occurs, the continued
      advancement of the second rib ring 32 causes the cup 10 and the supporting
      member 40 for it to move downwardly against the spring load on the
      supporting member 40. As a result, the clearance a between the supporting
      member 40 for the cup 10 and the reference surface 44 decreases. This
      clearance a equals the axial component of the clearance between the
      rollers 14 of the first set and its raceways 20 and 22. When the clearance
      a reaches the prescribed value for the bearing assembly A, the force on
      the second rib ring 32 is released. At this point, the rollers 14 of the
      second set may not be precisely on apex, but they will be close enough to
      be within tolerances acceptable for tapered roller bearings. Since the
      first rib ring 32 is precisely positioned at the end where the heaviest
      loading is taken, the effects of off apex operation at the opposite
      lightly loaded end will be minimized.
PAR  After the bearing assembly is adjusted and pressed into the bore 6 of the
      housing 2, the seals 36 are installed in the ends of the cup 10, and the
      impeller 16 and pulley 18 are installed on the reduced end portions 31 of
      shaft 12.
PAR  After the bearing assembly A has operated for 24 hours or more it has been
      found that it takes considerably more force to remove the thrust ribs 32
      from their cylindrical surfaces 26 than would have been necessary to
      remove them immediately after installation or any time prior to operation.
      Indeed, the removal force is about 40 to 50 percent greater after about 24
      hours of operation. It is believed that the dynamic forces generated by
      the rollers 14 as they bear against the thrust rib rings 32 and cyclic
      shaft deflection tend to work or deform the thrust rib rings 32 into the
      circumferential grooves 28. The deformation is believed to be both elastic
      and plastic. Thrust rib rings 32 which have been pressed off of their
      shafts 12 after operation exhibit discernible ridges in the areas which
      were formerly opposite the grooves 28. Moreover, metal particles remained
      in the grooves 28, indicating shearing of the thrust ribs 32 during
      removal. The inside surfaces of the rib rings 32 when removed from an
      uninterrupted cylindrical surface have a mirror finish indicating
      microscopic working of the rib ring 32 against the cylindrical shaft
      surface 26.
PAR  This evidence of working on cylindrical surfaces 26 and 32 which yields
      microscopic wear helps account for the embedding phenomina experienced
      when the grooves 28 are present because this wear allows relaxation of the
      unworn metal directly opposite the groove 28 into the groove 28. A bearing
      assembly with no grooves 28 in its cylindrical surfaces 26 requires less
      force to remove the rib rings 32 after operation than would have been
      required prior to operation if the bearing has been operated at least 24
      hours. For bearing assemblies of equivalent size, it takes somewhat more
      force to remove the rib ring 32 from a surface without the groove 28 than
      with the groove 28 prior to operation, but the force necessary to remove
      the rib rings 32 after initial operation is substantially greater with
      groove 28 than without it.
PAR  Thus, the presence of the grooves 28 beneath the thrust ribs 32
      significantly increase the holding power of the thrust ribs 32 so the
      chances of the ribs 32 walking off the shaft 12 in operation are greatly
      reduced.
PAR  This invention is intended to cover all changes and modifications of the
      example of the invention herein chosen for purposes of the disclosure
      which do not constitute departures from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bearing assembly comprising a cup having a tapered raceway; a shaft
      extended through the cup and having a tapered raceway located opposite to
      the cup raceway, the shaft also having a substantially cylindrical surface
      located adjacent to the large diameter end of the tapered raceway, the
      diameter of the cylindrical surface and the diameter of the large end of
      the tapered raceway being substantially equal; tapered rollers fitted
      between and contacting the raceways; and an annular thrust rib ring
      press-fitted over the cylindrical surface of the shaft and positioned
      opposite the large diameter ends of the rollers to maintain the rollers in
      the correct axial position with respect to the shaft.
NUM  2.
PAR  2. A tapered roller bearing according to claim 1 wherein the shaft has a
      circumferential groove which opens out of the cylindrical surface and is
      covered by the rib ring with the rib ring being spaced from the base of
      the groove.
NUM  3.
PAR  3. A tapered roller bearing according to claim 2 wherein the rib ring spans
      the groove and contacts and embraces the cylindrical surface of the shaft
      on each side of the groove.
NUM  4.
PAR  4. A tapered roller bearing according to claim 3 wherein the groove is at
      least 0.003 inches in depth.
NUM  5.
PAR  5. A tapered roller bearing according to claim 2 wherein the raceway is
      machined directly into and forms an integral part of the shaft.
NUM  6.
PAR  6. A bearing assembly according to claim 1 wherein the raceways and the
      rollers are configured and positioned such that the rollers are
      substantially on apex.
NUM  7.
PAR  7. A bearing assembly comprising: an outer race having an inwardly
      presented raceway; a shaft extending through the outer race and having an
      outwardly presented raceway located thereon opposite to the raceway of the
      outer race, the shaft having an outwardly opening depression located
      axially beyond the raceway on the shaft; rolling elements located between
      and contacting the raceways; and a rib ring encircling the shaft at the
      depression therein, the rib ring extending over the depression while being
      spaced from the base of the depression; the rib ring being located against
      the rolling elements to axially position the rolling elements between the
      raceways, the rib ring further being sized for a tight interference fit
      with the shaft.
NUM  8.
PAR  8. A bearing assembly according to claim 7 wherein the raceways and the
      rolling elements are configured and positioned such that they are capable
      of accommodating both thrust and radial loadings; and wherein the rib ring
      is positioned to prevent the rolling elements from being expelled under
      loading.
NUM  9.
PAR  9. A bearing assembly according to claim 8 wherein the depression is a
      circumferential groove in the shaft; wherein the shaft is cylindrical on
      each side of the groove; and wherein the inner surface of the thrust rib
      is also cylindrical and embraces the cylindrical surface of the shaft on
      both sides of the groove.
NUM  10.
PAR  10. A bearing assembly according to claim 7 wherein the shaft has a
      cylindrical surface which leads up to the depression so that the
      depression opens out of the cylindrical surface, the cylindrical surface
      being located on the opposite side of the depression from the raceway on
      the shaft; and wherein the shaft embraces the cylindrical surface.
NUM  11.
PAR  11. A bearing assembly according to claim 10 wherein the depression opens
      out of the cylindrical surface along a sharp edge and the rib ring extends
      over and covers the sharp edge.
NUM  12.
PAR  12. A bearing assembly according to claim 11 wherein the depression is an
      annular groove at least 0.003 inches in depth.
NUM  13.
PAR  13. A bearing assembly according to claim 11 wherein the raceways and the
      rollers are tapered and configured such that the rollers are substantially
      on apex; and wherein the rib ring is positioned opposite to and contacts
      the large diameter ends of the rollers to prevent the rollers from being
      expelled from the space between the raceways.
NUM  14.
PAR  14. A bearing assembly comprising a cup having two tapered raceways on it;
      a shaft extended through the cup and having two tapered raceways located
      opposite to the raceways of the cup whereby two sets of opposed tapered
      raceways exist in the bearing assembly; tapered rollers arranged in two
      rows, with the rollers of one row being between and contacting the
      raceways of the one set and the rollers of the other row being between and
      contacting the raceways of the other set, the tapered rollers of the one
      row being directed in the opposite direction from the tapered rollers of
      the other row; and annular thrust rib rings pressfitted over the shaft and
      positioned opposite the large diameter ends of the rollers in each row to
      maintain the rollers in the correct axial position with respect to the
      shaft, whereby the adjustment of the bearing assembly is dependent on the
      axial positioning of the thrust rib rings.
NUM  15.
PAR  15. A bearing assembly according to claim 4 wherein the shaft has annular
      grooves around which the thrust ribs extend.
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PAL  The present invention relates to the construction of a slide connecting two
      bodies.
PAL  A male member is fixed to the first body whilst a female member is fixed to
      the second body, whilst bolts for attaching the ring gear to the said
      first body are arranged to the right of the latter.
PAL  The invention is more particularly applicable to the construction of
      "roller rings" on a public works vehicle having a pivoting turret.
BSUM
PAR  Numerous devices exist for guiding the relative displacement of two
      members, comprising a slide placed between the said two members.
PAR  As an example it is pointed out that a roller ring placed between the
      chassis of a public works vehicle having a pivoting turret and the said
      turret has such a slide, whereby one element thereof is fixed to the
      turret and the other element is fixed to the chassis.
PAR  It has been noted, however, that the constructions according to the prior
      art have several disadvantages.
PAR  Thus, firstly one element of the slide is fixed to an adapter in offset
      manner relative to the core of the member corresponding to the said
      element, permitting the fitting of attaching bolts on the side of the said
      core.
PAR  Moreover the spacing of the attaching bolts fron the elements on their
      respective members must be limited, if not the resulting overhang may
      cause larger stresses in the slide, thereby compromising the satisfactory
      operation of the said slide.
PAR  After limiting the said spacing it is then noted that the bolt shafts are
      positioned in such a way relative to one of the members that it becomes
      impossible to use an automatic tightening tool because there is no space
      for the head of the said tool.
PAR  In short the existing arrangements result in often difficult and long
      assembly conditions, consequently they are also costly.
PAR  The invention serves to eliminate these disadvantages, which occur not only
      relative to the design of roller rings.
PAR  To this end it has for its object a device for the guidance of two bodies
      relative to one another, comprising a slide with a female member and a
      male member contained within the said female member, being supported on
      the latter, a row of elements for fixing one of the members to one of the
      bodies and another row of elements for fixing the other member to the
      other body, whereby those rows are substantially parallel and spaced by a
      given distance limited by the assembly regulations which must be observed
      in order to obtain a satisfactory guidance, whereby the fixing elements of
      at least one of the said rows each comprises a threaded rod and at least
      one nut cooperating with the said rod.
PAR  At the position of each of the said threaded rods a recess is made in the
      body corresponding to the said row of threaded rods issuing, in order to
      permit the introduction of the nut or nuts into the recess, into one face
      of the said body which is perpendicular to the fixing face of the member
      fixed to the said body, is delimited by a volume of material wherein is
      provided an orifice issuing into the fixing face and containing the nut or
      nuts, the said orifice permits the introduction of the end of the threaded
      rod into the recess but prevents the removal of the nut or nuts from the
      recess via the fixing face.
PAR  Advantageously rollers are positioned between the male and female members.
PAR  Finally according to a preferred application the two bodies comprise
      respectively the chassis and the turret pivoting on the said chassis of a
      public works vehicle, whilst one of the members is integral with a
      circular crown gear which orients the turrent relative to the chassis,
      whereby then the guidance device constitutes the roller ring of the
      vehicle.
DRWD
PAR  The invention will be better understood and secondary characteristics and
      advantages thereof can be gathered more clearly from the following
      description of a roller ring according to the invention, with reference to
      the drawings, wherein show:
PAR  FIG. 1 an elevation of a hydraulic shovel equipped with a roller ring
      according to the invention.
PAR  FIG. 2 a radial section of the roller ring of the shovel of FIG. 1.
PAR  FIGS. 3 and 4 sections along the lines III--III and IV--IV respectively of
      FIG. 2.
DETD
PAR  The hydraulic shovel according to FIG. 1 comprises a caterpillar chassis 1,
      a turret 2 which pivots on chassis 1 about a vertical axis 3 and a working
      gear 4 of the type constituted by a jib, a beam and a bucket and which is
      articulated on turret 2 about horizontal axis 5.
PAR  A cylindrical jib post 6 integral with chassis 1 is directed upwardly and
      is provided in its upper portion with a crown gear 7 which is integral
      therewith. Another cylindrical jib post 8 is integral with turret 2 and
      oriented downwardly and rotates precisely on post 6, so as to effect the
      fixing of turret 2 on chassis 1. In known manner the member 9 of a
      hydraulic engine for regulating the orientation of turret 2 relative to
      the chassis is fixed to the said turret, whilst a pinion 10 is fixed to
      the output shaft 11 of the engine and meshes with crown gear 7.
PAR  FIG. 2 shows the mounting in rotary manner of post 8 on post 6. This is
      effected by means of a slide comprising a male member 12 forming an
      integral part of the vertical inner face of crown gear 7 and two annular
      rings 13a, 13b which are assembled by bolts with threaded rods 14 and nuts
      15 with jib rod 8 and whereby each is provided with a circular slot 16a,
      16b wherein is introduced the male member 12. The rollers 17a of a first
      group are placed between the upper face 12a of member 12 and the
      horizontal face of slot 16a, whilst the rollers 17b of a second group are
      placed between the lower face 12b of member 12 and the horizontal face of
      slot 16b. Rollers 17a, 17b have horizontal shafts. Moreover small rollers
      18 are placed between the vertical face 12c of member and a vertical face
      19 delimiting a housing provided in ring 13a, whereby rollers 18 have
      vertical shafts and ensure a satisfactory centering of rings 13a, 13b
      relative to member 12 or, in other words, post 8 of turret 2 relative to
      crown gear 7.
PAR  Crown gear 7 is fixed to post 6 by means of a row of bolts arranged
      parallel to the row of rods 14. These bolts in fact comprise threaded rods
      20 and a nut 21 arranged at either end of a rod. It should be noted that
      the rods 20 are located to the right of jib post 6, recesses being made by
      milling at places in the said post and issuing by vertical lateral faces
      6a, 6b of this post, permitting the introduction of a nut 21. Furthermore
      each recess communicates with the horizontal face 6c for fixing crown gear
      7 on jib post 6 by an orifice 23 permitting the passage of the
      corresponding rod 20 whilst maintaining nut 21 in the recess.
PAR  The same arrangement is adopted for rods 14 and nuts 15 fixed to one of
      their ends, whereby the rods 14 are positioned to the right of jib post 8
      and pass through orifices 24 communicating with recesses 25, wherein are
      provided nuts 15. Finally a lipped joint 26 is provided between crown gear
      7 and annular ring 13a.
PAR  The proposed arrangement is advantageous in several respects. It firstly
      makes it possible to position the rods 14 and 20 to the right of jib posts
      8 and 6, whereby the said posts mechanically stressed under optimum
      conditions for the strength of the materials.
PAR  Moreover this arrangement makes it possible to obtain a free space 27 above
      nuts 21 external of post 6, which is not always possible in the prior art
      arrangements where the row of rods 14 is positioned alongside post 8,
      which is located between rods 14 and rods 20. As the distance D between
      rods 14 and 20 must always be below a given value in order to ensure
      satisfactory operating conditions for rollers 17a, 17b, post 8 was located
      in space 27, (according to the prior art) space 27 being particularly
      small. The freeing of this space as a result of the invention makes it
      possible to use an automatic tightening tool for bolts 21. This is
      important because as a result on a high power shovel it is possible to
      reduce the roller ring assembly time, from the previous 2 days to one-half
      a day.
PAR  Finally the positioning of rods 14 and 20 to the right of their respective
      jib post makes it unnecessary to secure to the said posts additional
      members forming knee brackets for fixing the rods. Thus, the proposed
      arrangement leads to saving in material and in weight of the complete
      turret rotation control assembly, comprising the roller ring in its fixing
      configuration to the vehicle provided therewith.
PAR  The adoption of screw -- nut assemblies also makes it particularly easy to
      replace worn or broken parts. Moreover, the invention can obviously also
      be applied on the one hand to slides not equipped with rollers and on the
      other to randomly shaped slides, i.e. not circular.
PAR  The invention is not limited to the embodiments described and represented
      but can instead cover all variants thereof coming within the scope of the
      invention, thus for example the recesses 22 and 25 can be produced by
      moulding.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for the guidance of two bodies relative to one another,
      comprising a slide with a female member and a male member contained within
      the said female member, being supported on the latter, a row of elements
      for fixing one of the members to one of the bodies and another row of
      elements for fixing the other member to the other body, whereby those rows
      are substantially parallel and spaced by a given distance limited by the
      assembly regulations which must be observed in order to obtain a
      satisfactory guidance, whereby the fixing elements of at least one of the
      said rows each comprises a threaded rod and at least one nut cooperating
      with the said rod, wherein at the position of each of the said threaded
      rods a recess is made in the body corresponding to the said row of
      threaded rods issuing, in order to permit the introduction of the nut or
      nuts into the recess, into one face of the said body which is
      perpendicular to the fixing face of the member fixed to the said body, is
      delimited by a volume of material wherein is provided an orifice issuing
      into the fixing face and containing the nut or nuts, the said orifice
      permits the introduction of the end of the threaded rod into the recess
      but prevents the removal of the nut or nuts from the recess via the fixing
      face.
NUM  2.
PAR  2. A device according to claim 1, wherein the rollers are positioned
      between the male and female members.
NUM  3.
PAR  3. A device according to claim 1, wherein the two bodies comprise
      respectively the chassis and the turret pivoting on the said chassis of a
      public works vehicle, whilst one of the members is integral with a
      circular crown gear which orients the turret relative to the chassis,
      whereby then the guidance device constitutes the roller ring of the
      vehicle.
NUM  4.
PAR  4. A device according to claim 2, wherein the two bodies comprise
      respectively the chassis and the turret pivoting on the said chassis of a
      public works vehicle, whilst one of the members is integral with a
      circular crown gear which orients the turret relative to the chassis,
      whereby then the guidance device constitutes the roller ring of the
      vehicle.
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ABST
PAL  The thrust race comprises circumferentially spaced tabs on the outer flange
      with cutouts located circumferentially adjacent each side of each tab.
PAL  The thrust race is formed from sheet metal. Annular blanks are blanked in
      the sheet metal, the cutouts are made on the outside perimeter of the
      annular blank, the tab between each pair of cutouts is formed, and the
      annular blank then removed from the flat sheet metal. The outer portion of
      the annular blank is bent to form an axially extending outer flange having
      a plurality of circumferentially spaced tabs extending inwardly from the
      flange toward the bore of the thrust washer with cutouts located
      circumferentially adjacent each side of each of the tabs.
BSUM
PAR  This invention relates to thrust bearings. More particularly, this
      invention is a new thrust race and new method of making a thrust race.
PAR  Briefly described, the thrust race comprises a member with a substantially
      circular outside periphery and a axially extending outer flange. A
      plurality of circumferentially spaced pairs of cutouts are provided on the
      flange.
PAR  Briefly described, our new method of making a thrust race comprises
      providing a plurality of circumferentially spaced pairs of cutouts in the
      sheet metal. A member having a substantially circular outside perimeter is
      blanked from the sheet metal. The outside perimeter has the cutouts. The
      outside portion of the blank is bent over to form an axially extending
      flange.
PAR  By making the cutouts before forming the flange, a reduction of compressive
      stress in the flange during the forming of the flange is obtained. Thus,
      buckling of the tab section is prevented. Buckling of the tab section was
      often a problem in making the outer flange of a thrust race, particularly
      a long-flanged thrust race.
DRWD
PAR  The invention as well as its many advantages may be further understood by
      reference to the following detailed description and drawings in which:
PAR  FIG. 1 is a plan view illustrating our new method;
PAR  FIG. 2 is a view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view taken along lines 3--3 of FIG. 1;
PAR  FIG. 4 is a perspective view of one preferred embodiment of our new thrust
      washer;
PAR  FIG. 5 is a perspective view of a second preferred embodiment of our new
      thrust washer; and
PAR  FIG. 6 is a sectional elevational view, on an enlarged scale, showing the
      use of our new thrust washer as one of two washers in a bearing.
PAR  Like parts are referred to by like numbers in the various figures.
DETD
PAR  FIG. 1 illustrates a preferred embodiment of our new method. A piece of
      sheet metal 10 is fed into a progressive die, and all of the steps are
      formed in a single machine (not shown). Small circular holes 12 are
      provided in the flat sheet metal to receive pegs or pins (not shown) for
      alignment of the flat sheet in the successive machine stations. A circular
      hole 13 is punched into the sheet metal at a first station. Also, at this
      station, a plurality of circumferentially spaced apart relief holes 14 are
      pierced into the flat sheet metal. Relief holes 14 are radially spaced the
      same distance from circular hole 13.
PAR  In a next stage of the progressive die, a plurality of circumferentially
      spaced pairs of cutouts 16 are pierced in the sheet metal 10. The cutouts
      may be fully circular if desired for making the punches and dies or they
      may be any other desired shape. A relief hole 14 is positioned between the
      cutouts of each pair so that each pair of cutouts straddle a relief hole.
      In some thrust races there will be no relief hole 14.
PAR  In the next station annular blanks 18 having a circular outside periphery
      20 are produced in the flat sheet metal 10. The blank is pressed back into
      the sheet 10 to be carried to the next station.
PAR  At a next station in the progressive die, the tabs 22 are formed (see FIG.
      1 and FIG. 3). The tabs 22 are formed by pressing a die having
      protuberances of a predetermined shape against the side of the annular
      blank 18. The thus formed tabs 22 subsequently become the tabs on the
      outer flange of our new thrust washer.
PAR  At the final stage, the annular blank 18 is removed from the flat sheet
      metal 10 leaving the circular hole 24. The outside of the annular blank 18
      is bent over to form the axially extending flange.
PAR  Though FIG. 1 illustrates our new method of making a thrust washer, in
      actual practice a plurality of holes 13 will be made at one station, a
      plurality of blanks 18 made at the other station, etc. Also, various types
      of projections may be formed instead of the formed tabs 22 shown in FIG.
      1. For example, so called "lanced tabs" or end stake projections may be
      used, in which cases the step of forming the relief hole 14 will be
      eliminated. It is not necessary to use a progressive die in a single
      machine to manufacture this part. It is possible to use several individual
      dies in one or several machines to achieve the same results.
PAR  The new thrust race is shown in FIG. 4. It comprises an annular member 26
      and an outer flange 28 formed from the annular blank 18 of FIG. 1. The
      cutouts 16 on each side of each tab 22 facilitate the insertion of a cage
      or second thrust race under the tabs.
PAR  In the embodiment of FIG. 5, a disc 29 is provided in place of annular
      member 26 in FIG. 4. This embodiment can be used in cases where a shaft
      does not have to extend through it.
PAR  FIG. 6 is an example of a thrust bearing including our new thrust race. The
      thrust bearing includes a thrust race with an annular portion 30 and an
      inner flange 32 in addition to our new thrust race. A roller cage 34 is
      positioned between the two thrust races.
PAR  It is to be clearly understood that the new thrust race may be used with
      just a cage and roller assembly or with various other cage and roller and
      thrust race configurations, or with low-friction thrust bushings.
CLMS
STM  We claim:
NUM  1.
PAR  1. A thrust race comprising: a member having a substantially circular
      outside periphery with an axially extending outer flange, said flange
      having circumferentially spaced projections with two cutouts for each
      projections one of said two cutouts located adjacent each side of each
      projection to facilitate the insertion of another member under the
      projections.
NUM  2.
PAR  2. A thrust race in accordance with claim 1 wherein there are at least
      three circumferentially spaced projections.
NUM  3.
PAR  3. A thrust race in accordance with claim 2 wherein said member is annular.
NUM  4.
PAR  4. A thrust race in accordance with claim 3 wherein the cutouts are in the
      shape of circular sectors.
NUM  5.
PAR  5. A thrust race in accordance with claim 2 wherein said member is a disc.
NUM  6.
PAR  6. A thrust race in accordance with claim 5 wherein said cutouts are in the
      shape of circular sectors.
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ABST
PAL  An electrical brush contact for use in an electrical circuit requiring the
      conduction of electrical energy between relatively moving objects, said
      contact having a contactor block mounted on one of said objects and a
      block engaging brush mounted on the other object, said brush providing a
      stud disposed adjacent to the path of relative movement of the block, a
      helical spring mounted on the stud having an anchored end and an opposite
      end, and a plurality of wire bristles mounted on said opposite end of the
      spring and substantially tangentially extended therefrom for block
      engagement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an electrical brush contact and more
      particularly to such a contact which has improved resilience, greater
      durability and improved dependability.
PAR  The applicant is the owner of U.S. Pat. No. 3,252,135 on a Pressure
      Monitoring Apparatus, which discloses a system for the remote indication
      of tire pressures on automotive vehicles during movement of the vehicles.
      That apparatus of the patent employs a bellows which is mounted on a wheel
      and which is capable of expansion and contraction in response to tire
      pressure changes to activate a signal device visible to a vehicle operator
      when the tire pressure falls below a predetermined level. An electrical
      circuit is utilized which includes a stationary brush having one end
      rigidly mounted on the vehicle and an opposite end which makes
      intermittent contact with a contactor block 62 mounted on and rotating
      with a wheel so as to complete the circuit between the rotating wheel and
      the vehicle.
PAR  The contact of the present invention was invented in the solution to
      certain problems encountered by the Pressure Monitoring Apparatus and is
      conveniently described in relation thereto although not limited to such
      illustrative environment. As disclosed in the patent, each wheel rotation
      caused a closing and an opening of a brush contact. Such actuation results
      in fatigue and contact failure due to distortion or breakage.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      electrical brush contact adapted reliably to complete and interrupt a
      circuit from a rotating circuit component to a non-rotating component.
PAR  It is another object to provide such a contact which resists deformation
      and breakage by protracted operation.
PAR  A further object is to provide such a contact capable of economical
      manufacture.
PAR  An additional object is to provide a contact which reacts cooperatively
      with a rotating member to conduct a pulse current.
PAR  A still further object is to provide a contact which allows intermittent
      electrical contact with a rotating member.
PAR  These and other objects and advantages will become more fully apparent upon
      reference to the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an electrical brush contact embodying the
      principles of the present invention mounted on portions of an automotive
      vehicle which are fragmentarily represented.
PAR  FIG. 2 is an enlarged section taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary top plan view of the contact shown in
      FIG. 1 together with an illustrative electrical circuit which is
      schematically represented.
PAR  FIG. 4 is a side elevation of a mounting plate of the invention of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in greater detail to the drawing, an environment for the present
      invention illustratively includes a wheel 10, shown in FIG. 1, rotatably
      mounted by an axle 13 having a housing 14. The wheel and axle constitute
      portions of an automotive vehicle not fully shown. A rotational direction
      corresponding to the forward movement of the vehicle is shown by the arrow
      15. The wheel includes a rim 16 and an inflated pneumatic tire 17 mounted
      thereon. An elongated leaf spring 18 is disposed above and orthogonal to
      the axle and is mounted on the axle housing by encircling shackles 19. As
      a mounting facility for a portion of the present invention to which
      specific reference will be made, a U-bolt 20 with a crosspiece 21 is
      secured by nuts 22 around the spring forward of the axle.
PAR  As described, the present invention resulted as an improvement to the
      Pressure Monitoring Apparatus of U.S. Pat. No. 3,252,135 which provides an
      indication to a vehicle operator when the pressure in his tires has fallen
      below a predetermined level. The entire monitoring apparatus is not fully
      described herein but is completely described in the designated patent. It
      includes means in the form of a tire pressure detector to close a circuit
      on the wheel 10 when and if the tire pressure falls below a predetermined
      level, the wheel circuit being electrically connected to circuitry
      elsewhere on the vehicle by contact means which intermittently connects
      with the rotating wheel. The present invention relates only to an
      improvement in that contact means.
PAR  A portion of the monitoring apparatus is shown in FIG. 2 mounted on wheel
      10 but is not part of the present invention, being included herein for
      clarity. The tire pressure detector 23, shown in FIG. 2, is mounted on the
      rim 16 in pneumatic communication with the inflated tire 17. A wire 24
      electrically connects the detector 23 with a grooved contactor block 25
      disposed on the periphery of the rim 16 adjacent to the axle housing 14
      and serves as a contact rotating with wheel 10 which intermittently is
      connected to a non-rotating contact, next described.
PAR  Mounted on the crosspiece 21 is an embodiment of the present invention, an
      electrical brush contact, shown generally at 28, disposed to serve as the
      aforementioned non-rotating contact cooperating with the rotating block
      25. A flat elongated bracket 30 of insulating material is mounted on the
      crosspiece 21 parallel with the spring 18 in spaced relation to the rim 16
      and secured to the crosspiece by any suitable means, such as a bolt 31 and
      a nut 32. The crosspiece 21 preferably has an elongated slot 34 therein
      through which the bolt 31 extends to accommodate adjustment of the bracket
      toward and from the wheel. An elongated stud or pivot pin 35 is mounted on
      the top of the bracket 30 extending axially upwardly therefrom and
      protruding downwardly through the bracket 30. The pin is conveniently
      secured in position by a nut 36 screw-threadably mounted thereon and
      tightened upwardly against the bracket 30. A terminal 37 is axially
      mounted on the pin and secured by nut 36. A conductor wire 38 is connected
      to the terminal.
PAR  A helically coiled spring 42 circumscribes and is mounted on the pin 35.
      The spring has a lower end 43 anchored to the bracket 30 and a free end 44
      extended toward the wheel when the spring is relaxed. A clamp 45 is
      connected to the free end of the spring. A brush consisting of a plurality
      of electrically conductive elongated wire bristles 57 of spring steel or
      the like is secured at one end thereof to the clamp and has an opposite
      end disposed in the path of travel of the contactor block 25. When the
      brush engages the block an electrical circuit is completed between the
      rotating and non-rotating members 10 and 14. The spring 42 serves as a
      resilient mount for the bristles, allowing flexing in the forward
      direction as the block 25 meets and passes beyond the bristles 57 in its
      rotary pattern thereby preventing deformation and damage to the bristles.
      A stop 60 is mounted atop the bracket 30 and secured by a screw 62 and a
      nut 64, adjacent to the pin 35 and rearwardly thereof in relation to the
      direction of wheel rotation. The stop is adapted to limit rearward pivotal
      movement of the clamp 45 and bristles 57.
PAR  The wire 38 connects the pivot pin 35, and hence the bristles 57, to a
      non-revolving electrical circuit 70, shown schematically in FIG. 3. The
      circuit includes terminals 71 representing possible connections to devices
      on other wheels of the automotive vehicle which would be connected in
      parallel with the electrical system shown for wheel 10. All such
      interconnections are fed into one side of a transformer primary 72 having
      a corresponding secondary 73 which is connected to a neon bulb 74 located
      within view of the vehicle operator and adapted for excitation by passage
      of a fluctuating current through the transformer primary inducing a
      voltage therein which is increased in the secondary to a level adequate to
      excite the bulb. A voltage source 75 is connected through a switch 76 to
      the other side of the transformer primary 72 providing a current path
      through the primary 72. When the block 25 is in contact with the bristles
      57 and switch 76 is closed there is a completed circuit from one side of
      the circuit, disposed on the wheel 10 to the voltage source 75 through the
      brush contact 28 of the instant invention. Current flow through primary 72
      and the resultant excitation of bulb 74 ensue when and if the circuit on
      the wheel 10 is connected to ground, as will later be discussed.
PAC  OPERATION
PAR  The operation of the described embodiment of the present invention is
      believed to be clearly apparent and is summarized briefly at this point.
      The bracket 30 is first positioned in proper spaced relation to the rim 16
      to provide periodic contact between block 25 and bristles 57 as the wheel
      10 is rotated. The wire 38 extending from pin 35 below bracket 30 is
      connected to the circuit 70. The Pressure Monitoring Apparatus is adjusted
      to close the wheel circuit to ground at a desired pressure. The operator
      determines that the switch 76 is closed, thus providing electrical
      continuity between the grounded side of the voltage source 75 and the
      bristles 57. As the vehicle is moving the bristles intermittently contact
      block 25 providing intermittent continuity to the wheel circuit which is
      open until the tire pressure has dropped below the desired level.
PAR  In the event that tire pressure falls below the desired level, the detector
      22 on the wheel 10 closes. Since the bristles 57 provide intermittent
      contact to the block 25, a completed circuit exists with every revolution
      of the wheel with a duration corresponding to the time for which contact
      is maintained between the bristles and the block. The intermittent
      continuity allows a transient current to flow through primary 72 inducing
      a voltage therein. The primary voltage is stepped up in the secondary 73
      to a level adequate to excite bulb 74, which lights during the period of
      the transient current. Thus the neon bulb 74 is caused to flicker on and
      off with each wheel rotation as the bristles 57 contact rotating block 25
      thus creating a highly visible signal for the operator. When the operator
      observes the flashing bulb he is alerted to take proper action as by
      stopping the vehicle and inspecting or replacing the tire.
PAR  The contact of the block 25 with the bristles 57 causes the bristles to
      flex in the direction of the rotation of wheel 10 and also to tighten
      spring 52. When the block 25 has rotated beyond the area of contact with
      the bristles the latter snap back into the ready position shown in FIG. 1.
      As best seen in FIG. 2, the block is concave to gather or bunch the
      bristles when engaged therewith. As indicated in FIG. 1, the concavity is
      arcuately elongated concentrically of the wheel. The stop 60 serves to
      limit the rearward travel of the clamp 55 and bristles 57. The resiliency
      inherent in the bristles and spring along with the action of the stop and
      the disposition of the bristles enable the bristles to maintain their
      original shape for a prolonged period and represents an improved method of
      making electrical contact with a rotating body. In actual operation, the
      contact has proved much more dependable and durable than those previously
      known for the purpose.
PAR  Although the invention has been herein shown and described in what is
      conceived to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of the
      invention.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. A brush contact comprising a pin, a helical spring mounted in
      circumscribing relation on the pin and having opposite ends, means
      mounting one end of the spring in fixed relation to the pin, and brush
      means mounted on the opposite end of the spring and extended transversely
      from the pin substantially tangentially of the helical spring.
NUM  2.
PAR  2. In a system having an electrical circuit for use on a vehicle having a
      wheel rotatably mounted thereon with a portion of the circuit and a
      contactor mounted on the wheel, and the remainder of the circuit mounted
      non-rotatably on the vehicle, a brush contact adapted to make intermittent
      contact with the contactor as the wheel rotates so as to connect rotating
      and non-rotating components of the circuit comprising a pin mounted on the
      vehicle adjacent to the wheel, a helical spring mounted in circumscribing
      relation on the pin having one end anchored on the vehicle and an opposite
      free end, and a brush of bristles mounted on the free end of the spring
      and extended substantially tangentially of the spring into the path of
      travel of the contactor during wheel rotation.
NUM  3.
PAR  3. The system of claim 2 in which the contactor is elongated concentrically
      of the wheel and is transversely concave to bunch the bristles engaged
      therewith.
NUM  4.
PAR  4. In the system of claim 2, the convolutions of the spring being in such
      direction that engagement of the bristles with the contactor tends to
      tighten the spring, and a stop mounted adjacent to the pin engageable with
      the free end of the spring to limit movement of the bristles in the
      direction tending to open the spring.
NUM  5.
PAR  5. In a tire pressure sensing apparatus for use on a vehicle having a wheel
      rotatably mounted on the vehicle with a contactor mounted on said wheel
      wherein the sensing device includes an electrical circuit having some
      components on the rotating wheel and non-rotating components elsewhere on
      the vehicle; an electrical brush contact adapted to make intermittent
      contact with the contactor including a plurality of elongated electrically
      conductive wire bristles disposed in substantially normal relation to the
      plane of the wheel; a clamp securing together a common end of the
      bristles; a mounting bracket mounted on said vehicle in spaced
      relationship to said wheel; a pin disposed on said mounting bracket in
      substantially parallel relation to the plane of the wheel; a spring
      circumscribing the pin with one end connected to and supporting the clamp
      and the other end connected to the non-rotating components disposed to
      enable the wire bristles to engage the contactor when opposite thereto;
      and a stop borne by the mounting bracket whereby the contactor makes
      periodic contact with the bristles as the wheel rotates, the spring
      allowing the bristles to be pivoted in the direction of the contactor
      motion and the stop serving to limit spring motion in the opposite
      direction.
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PAL  An assembly including a support plate carrying a contact member on each
      face. A power cord terminal has an electrically-conductive pin projecting
      through aligned holes in the support plate and contact members, and an
      electrically-conductive ring surrounding the pin and insulated from it. A
      spring cooperates with the pin to press the ring against one of the
      contact members and electrically connect the pin to the other contact
      member.
PAR  This invention relates to an electrical swivel contact assembly which
      permits relative rotation between interconnected electrical terminals
      while permitting flow of electricity between the terminals.
PAR  The invention will be described in connection with an electrically-heated
      curling iron. However, it is to be understood that the invention may be
      used advantageously with other hand-held electrical appliances, and other
      types of electrically-powered apparatus.
PAR  When a curling iron is used, it is rotated about its longitudinal axis in
      order to coil hair around it. This rotation of the curling iron causes the
      electrical cord supplying electricity to it to become twisted. As time
      goes on, the twisted electrical cord becomes both an inconvenience and a
      danger. Therefore, it has been suggested in the past that curling irons
      include electrical swivel contact assemblies which permit rotation of the
      curling iron without twisting of the electrical cord. However, such swivel
      contact assemblies have been complex and expensive, both in the initial
      cost of materials and the cost of assembly.
PAR  It is, therefore, an object of the present invention to provide an
      electrical swivel contact assembly which is very simple, inexpensive, and
      easy to assemble.
PAR  It is another object of the invention to provide a swivel contact assembly
      in which one pair of relatively moving contacts is spring biased into
      engagement, the other pair of relatively moving contacts being
      electrically connected through the spring which provides the bias.
PAR  A further object of the invention is to provide a swivel contact assembly
      in which two contact members are mounted on a single support plate adapted
      to be fixed within the housing of an electrical appliance, these contact
      members being cooperable, respectively, with two coaxial
      electrically-conductive elements presented by a power cord terminal.
PAR  It is an additional object of the invention to provide such a swivel
      contact assembly wherein the power cord terminal and its
      electrically-conductive elements are rotatable with respect to the support
      plate and contact members which it carries, while good electrical contact
      is maintained between the electrically-conductive power cord elements and
      the two contact members, respectively.
PAR  Additional objects and features of the invention will be apparent from the
      following description, in which reference is made to the accompanying
      drawings:
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PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of an electrically-heated curling iron,
      as an example of the type of appliance with which the present invention
      may be employed;
PAR  FIG. 2 is an exploded perspective view of an electrical swivel contact
      assembly according to the present invention; and
PAR  FIG.3 is a fragmentary view, on an enlarged scale, of the end of the
      curling iron handle where the electrical power cord enters the handle, one
      half of the handle being removed to show the interior.
DETD
PAR  The curling iron shown in FIG. 1 comprises a handle 10 made of plastic or
      other insulated material, and a tubular metal barrel 11, containing an
      electrical heating element (not shown), projecting from one end of handle
      10. Clamping means 12, pivoted to handle 10 and operable by lever 13,
      serves to hold the end of a lock of hair to be curled. After the end of
      the lock of hair is clamped, the curling iron is rotated about the
      longitudinal axis of handle 10 and barrel 11 so as to coil the hair around
      the barrel and clamp. On handle 10 is a switch 14 for energizing and
      deenergizing the heating element within barrel 11. Handle 10 is made in
      two parts joined along a longitudinal line of separation and held together
      by screws 15.
PAR  An electrical power cord 18 extends from the end of handle 10 opposite
      barrel 11 and is provided at its free end with the usual plug (not shown)
      for insertion into an electrical receptacle to provide electrical power to
      the curling iron. Power cord 18 contains two electrically-conductive wires
      19 and 20 which are electrically insulated from each other. At its end
      which joins handle 10, power cord 18 is provided with a terminal including
      a molded plastic part having an enlarged section 21, a reduced diameter
      section 22, a flange 23, and an angle body portion 24. Body portion 24
      extends snugly but rotatably through a hole in the end of handle 10
      surrounded by a boss 25.
PAR  Handle 10 is formed with an interior wall 28 having a hole 29 of diameter
      slightly larger than the diameter of power cord terminal section 22, but
      smaller than the diameters of flange 23 and enlarged section 21. As a
      result of the cooperation between wall 28 and section 22, the power cord
      terminal is free to rotate with respect to handle 10, but it cannot move
      longitudinally with respect to the handle.
PAR  Projecting from the inner end of enlarged section 21 is an electrically
      conductive pin 30 surrounded by an electrically conductive ring 31 which
      also projects from the inner end of section 21. The pin and ring are
      electrically insulated from each other by suitable insulative material 32.
      Pin 30 projects beyond ring 31, and is electrically connected to one of
      the wires in power cord 18, say wire 19. Ring 31 is electrically connected
      to the other wire in power cord 18, say wire 20.
PAR  Handle 10 is formed with two spaced-apart internal annular ridges 35.
      Fitted between ridges 35 is a support plate 36 of insulator material.
      Plate 36 is formed at its periphery with a notch 37 which accommodates an
      internal projection (not shown) in handle 10, the cooperation of notch and
      projection preventing relative rotation between support plate 36 and
      handle 10. Thus, support plate 36 is held stationary with respect to
      handle 10. Plate 36 has a central hole 38, two slots 39 and 40, and a
      notch 41 formed in a straight portion of the plate periphery.
PAR  Arranged against one face 44 of support plate 36 is an electrical contact
      member 45 in the form of a metal washer. Contact member 45 is provided
      with two diametrically projecting right-angle-bent fingers 46 and 47 which
      fit snugly in slots 39 and 40, respectively, in support plate 36. In this
      way, contact member 45 is prevented from rotating with respect to support
      plate 36. Finger 47 is extended to define a tab 48 having an aperture 49
      for connecting contact member 45 to an electrical conductor 50 within
      handle 10.
PAR  Arranged against the other face 53 of support plate 36 is another contact
      member 54, also in the form of a metal washer. Contact member 54 is
      provided with a radially-projecting right-angle-bent finger 55 which fits
      snugly within notch 41 in support plate 36, and thereby prevents relative
      rotation between the support plate and contact member 54. Contact member
      54 is also provided with a tab 56 having an aperture 57 for connecting
      contact member 54 to another electrical conductor 58 within handle 10.
PAR  The hole 61 in contact member 45, the hole 38 in support plate 36, and the
      hole 62 in contact member 54 are all aligned, and pin 30 of the power cord
      terminal passes through the aligned holes. A fastener 63 is mounted on pin
      30 near its free end. In this example, fastener 63 is of the type which
      can be pushed on to pin 30 by moving it toward the left in FIG. 3, but
      which cannot be moved to the right with respect to pin 30 once it has been
      pushed on to the pin. A helical coil compression spring 64 surrounds pin
      30 and bears at one end against fastener 63 and at the other end against
      contact member 54.
PAR  Spring 64 and fastener 63 serve two functions. First, the spring force
      operating on pin 30 through fastener 63 tends to urge the power cord
      terminal toward the right in FIG. 3 with respect to support plate 36. In
      this way, ring 31 is pressed against contact member 45. The pressure is
      such that good electrical contact is maintained between ring 31 and member
      45, but relative rotation between these two parts is permitted. Secondly,
      spring 64 and fastener 63, both of which are made of
      electrically-conductive material, form an electrical connection between
      pin 30 and contact member 54. Thus, good electrical contact is maintained
      between pin 30 and contact member 54, but relative rotation between these
      two parts is permitted.
PAR  It will be appreciated, therefore, that by means of the swivel contact
      assembly of the present invention, wires 19 and 20 in power cord 18 are
      electrically connected to conductors 58 and 50 respectively, within handle
      10, while relative rotation between the wires and conductors is permitted.
      As a result, when handle 10 is rotated about its longitudinal axis, during
      use of the curling iron, the power cord terminal rotates with respect to
      the handle, and prevents the power cord 18 from becoming twisted.
PAR  The invention has been shown and described in preferred form only, and by
      way of example, and many variations may be made in the invention which
      will still be comprised within its spirit. It is understood, therefore,
      that the invention is not limited to any specific form or embodiment
      except insofar as such limitations are included in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical swivel contact assembly comprising:
PA1  a. a support plate having a hole,
PA1  b. two electrical contact members, one of said contact members being
      arranged against each face of said support plate, and each of said contact
      members having a hole aligned with the holes in said support plate and the
      other contact member,
PA1  c. a power cord terminal having an electrically-conductive pin surrounded
      by an electrically-conductive ring, said pin and ring being electrically
      insulated from each other, and said pin projecting beyond said ring and
      through the aligned holes in said support plate and contact members, and
PA1  d. resilient means for pressing said ring against one of said contact
      members and for electrically connecting said pin to the other of said
      contact members.
NUM  2.
PAR  2. An electrical swivel contact assembly as defined in claim 1 wherein said
      resilient means includes an electrically-conductive fastener secured to
      said pin and an electrically-conductive spring extending between said
      fastener and said other contact member.
NUM  3.
PAR  3. An electrical swivel contact assembly as defined in claim 2 wherein said
      spring is a helical coil spring surrounding said pin.
NUM  4.
PAR  4. An electrical swivel contact assembly as defined in claim 1 including
      means for preventing relative rotation between said contact members and
      said support plate.
NUM  5.
PAR  5. An electrical swivel contact assembly as defined in claim 4 wherein said
      rotation-preventing means includes a finger projecting from each of said
      contact members toward said support plate, and an aperture in said support
      plate for snugly accommodating each of said fingers.
NUM  6.
PAR  6. An electrical swivel contact assembly as defined in claim 1 wherein the
      diameter of the hole in said one contact member is larger than the
      diameter of said pin so that said pin can pass through said hole without
      engaging said one contact member.
NUM  7.
PAR  7. An electrical swivel contact assembly as defined in claim 1 including
      means for connecting an electrical conductor to each of said contact
      members.
NUM  8.
PAR  8. An electrical swivel contact assembly as defined in claim 7 wherein said
      connecting means includes an apertured tab projecting from each of said
      contact members.
NUM  9.
PAR  9. An electrical swivel contact assembly as defined in claim 1 wherein the
      swivel contact assembly is adapted for use in an electrical appliance
      having a housing, and means for preventing relative rotation between said
      support plate and the housing.
NUM  10.
PAR  10. An electrical swivel contact assembly as defined in claim 9 wherein
      said power cord terminal includes means cooperating with the appliance
      housing for preventing relative longitudinal movement between said
      terminal and the housing while permitting relative rotation between said
      terminal and the housing.
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ABST
PAL  An electric current supply conduit comprising a metal support rail of
      substantially U-shaped cross-section forming an open longitudinal channel.
      The support rail is provided with longitudinally extending current
      conductors fastened at the opposite side walls of the support rail. The
      ends of the current conductors are bent to project angularly, preferably
      perpendicularly with respect to the longitudinal direction of the support
      rail inwardly into said open channel of the support rail.
BSUM
PAR  The present invention relates to an electric current supply conduit
      comprising a metal support rail forming an open longitudinal channel and
      longitudinally extending current conductors fastened at the support rail,
      whereby a coupling element can be removably inserted in the end of the
      support rail in order to make contact between contact fingers of the
      element and the ends of the current conductors.
PAR  Several similar types of current conduit are already known. The current
      conductors in these types are usually located on both side walls of an
      open longitudinal channel in a U-shaped support rail through the
      intermediate of insulating plastics strips. Supply conduits have been
      manufactured in certain standard lengths from which the required supply
      conduit systems have been constructed at the installation site, by means
      of specially designed couplers. The ends of the standard lengths have been
      so prepared at the factory that the plastics insulation strips extend
      approx. 5-15 mm beyond the end of the metal support rail and the current
      conductors likewise extend another 5-15 mm beyond the ends of the plastics
      insulating strips. The ends of the conductors thus fit directly into the
      couplers being used.
PAR  It is almost impossible to cut and prepare a ready made supply conduit on
      site without damaging the insulation strips or the current conductors.
      However, it would be most desirable for the supply conduits to be
      delivered in only a few standard lengths from which the required lengths
      could then be cut to fit the supply conduit system.
PAR  The simplest solution here would be that the supply conduits could be cut
      perpendicularly to their lengths and the couplers attached directly to the
      end of the supply conduit in this way cut. The thickness of the insulating
      strip in current supply conduits is, however, generally so small that the
      length of the leakage path between the conductors and the rail over the
      cut surface of the insulating strip, i.e. the uninsulated distance from
      the conductors to the support rail along the cut surface of the
      insulation, would be too short at the ends of supply rails cut
      perpendicularly.
PAR  In one known design of current supply conduit this problem has been solved
      by leaving an air gap between the insulation strip and the support rail.
      When terminating rails or joining them together, an insulating piece,
      projecting from the coupler or the terminating plug, is inserted in this
      gap. The length of the leakage path is thus increased by the length of the
      insulating piece. The insertion of separate insulating pieces may,
      however, be easily forgotten, which may cause a serious risk.
PAR  In another known design a solution of the leakage path problem has been
      attempted by cutting off a desired length at the end of each current
      conductor so as to increase the distance of the end of the current
      conductor from the end of the cut current supply conduit. Cutting off the
      current conductors embedded in the insulating strips inside the current
      conduit is, however, highly troublesome and almost unexceptionally causes
      damage to the plastics insulating strip.
PAR  An object of the present invention is to eliminate the said disadvantages
      and to provide a supply conduit which can be easily cut to required
      lengths on site and the ends of which can by simple operations be made
      suitable for being connected at the same time as the leakage path can be
      increased sufficiently.
PAR  This aim is achieved by means of a current supply conduit in accordance
      with the invention, which is characterized in that the current conductors
      are at least at one end bent into an angle so as to project into the said
      open channel of the support rail.
PAR  One advantage of the supply conduit in accordance with the invention is
      that the supply conduit can be cut by sawing the support rail including
      the insulation strips and current conductors perpendicularly in two and
      that the leakage path of the current conductors, i.e. the distances of
      their cut ends from the cut end surface of the metallic support rail, can,
      nevertheless, be made long enough without having to use separate
      insulating parts or without the current conductors having to be shortened
      by cutting off a certain length from them. This has been achieved so that
      the ends of the current conductors, after the support rail has been cut to
      desired length, have been bent away from the end surface of the support
      rail, preferably into a position perpendicular to the longitudinal
      direction of the current conductors. Such bending of the ends of the
      current conductors can be done easily by means of a simple tool without
      any risk of the bending damaging the plastics insulation strip.
PAR  Another subject of the invention is a coupling element for an electric
      current supply conduit in accordance with the invention, which element
      comprises a body that can be removably inserted in the said open channel
      at the end of the support rail, which body is provided with contacts for
      connecting the current conductors. This coupling element is characterized
      in that the contacts have been arranged so as to be resilient in a
      longitudinal plane perpendicular to the bottom of the support rail. Such a
      coupling element can be designed as a coupling box, supply box, or as a
      contact piece for the supply conduit. In the coupling element the contacts
      can be made plier-like so that the ends of the current conductors are
      clamped between contact tongues. In this way the contacts do not press the
      current conductor against the plastics insulating strip, which would be
      less desirable out of reasons of safety, should the plastics become softer
      out of some reason.
PAR  Further subjects of the invention are a method and a tool for preparing the
      supply conduit in accordance with the invention, and they are
      characterized in what is presented in claims 11 and 13, respectively.
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PAR  The invention will be described more closely below under reference to the
      attached drawings, wherein
PAR  FIG. 1 is a perspective view of a favourable embodiment of a current supply
      conduit in accordance with the invention,
PAR  FIG. 2 shows the supply conduit as viewed from below,
PAR  FIG. 3 shows a section along the line III--III in FIG. 2,
PAR  FIG. 4 is a perspective view of an embodiment of the coupling element in
      accordance with the invention as designed as a coupling box,
PAR  FIG. 5 also shows a coupling element, as designed as a contact piece,
PAR  FIG. 6 also shows a coupling element, as designed as a X coupling box,
PAR  FIG. 7 also shows a coupling element, as designed as a supply box, and
PAR  FIGS. 8 and 9 show an embodiment of the tool suitable for the preparation
      of the supply conduit in accordance with the invention at the beginning
      and at the end of the bending operation, respectively, with the supply
      conduit being shown partly as a section.
DETD
PAR  The current supply conduit shown in FIGS. 1 to 3 comprises a metallic
      support rail 1, acting as a support construction and being, for example,
      an extruded aluminium section. The support rail has a U section and forms
      a longitudinal open channel 2 for the insertion of the current connecting
      plug. The two side walls 3, 4 of the support rail are provided with
      longitudinal plastics insulating strips 5, in whose longitudinal grooves
      current conductors 6, for example of copper, are embedded. Such a supply
      conduit and a connecting plug designed for same are described, for example
      in the Finnish Pat. No. 40,644.
PAR  According to the invention, the end 7 of each current conductor is bent so
      as to be positioned in substantially the same level A, perpendicular to
      the longitudinal direction of the support rail (FIG. 2), which plane is at
      a distance B (FIG. 2) inwards from the cutting surface 8 of the support
      rail. Thus the ends of the current conductors extend mutually parallelly
      towards each other and project from the insulating strips 5 into the open
      channel 2 of the support rail.
PAR  It is noticed that in this way the supply conduit can be cut off through
      the support rail, insulating strips and current conductors and the ends of
      the current conductors be bent perpendicularly to the longitudinal
      direction of the current supply conduit at both ends of the supply
      conduit.
PAR  FIG. 4 of the drawings shows a coupling box suitable for a current supply
      conduit of the type described above, which box is intended for coupling
      two supply conduits together end to end. Here the coupling box 9 in
      principle consists of two combined coupling elements of opposite
      directions 10, the said element comprising a parallellopiped-shaped body
      11 provided with a number of contact socket holes 12, which are in pairs
      open towards one end face 13 and towards one side face 14 or 15,
      respectively, as comes out from FIG. 4. Each socket hole is provided with
      a contact 16, which is fastened resiliently onto the body 11 so that the
      plier-shaped contact tongues of the contact spring in planes parallel to
      the side faces 14, 15 of the body.
PAR  The coupling box is intended to be pushed halfway into the end of the
      support rail of the supply conduit so that the side faces 14, 15 of the
      body are parallel with the side walls 3, 4 of the support rail and the
      resilient fastening plate 19 fastened to the body is parallel with the
      bottom wall 17 (FIG. 3) of the support rail. The depth of the contact
      holes 12 is here dimensioned so as to substantially correspond to the
      bending distance B (FIG. 2) of the current conductors.
PAR  The bottom wall of the support rail is provided with longitudinal guide
      grooves 18 for insertion of the fastening plate 19. The coupling box can
      be fastened to the support rail of the two supply conduits to be coupled
      together by means of screws threaded into the holes 19' at the ends of the
      fastening plate 19. Both coupling pieces of the coupling box may be
      provided with a projection or any other stopper that tosses against the
      end of the current conductor unless the end of the current conductor has
      been bent into an angle in the way described above. In this way it is
      possible to prevent the coupling box from being inserted into the supply
      conduit if one or more current conductors have not been bent.
PAR  In order to make sure that the coupling element can be inserted in the
      support rail in one correct position only, the inside surface of the
      bottom wall 17 of the support rail 1 is provided with a recess 17', which
      makes the inside surface asymmetrical. By also designing the corresponding
      surface section of the coupling element as asymmetrical, it is achieved
      that the coupling element can be inserted in the guide grooves 18 only
      with a certain one of its ends heading, which produces correct connections
      with the current conductors.
PAR  FIG. 5 shows a contact piece 20 in principle comprising a coupling element
      10 of the type described above, to the contacts 16 of which connectors 21
      projecting from the body have been fastened.
PAR  FIG. 6 shows an X coupling box 22 assembled out of contact pieces 20 in
      accordance with FIG. 5, whereby the connectors 21 of the contact pieces
      have been removably inserted into corresponding socket holes of a separate
      center block 23. The center block may be of the type described in the
      Finnish Patent Application No. 2491/71.
PAR  FIG. 7 shows a supply box 24 in principle comprising a coupling element 10
      of the type described above, which element is fastened to a contact box 25
      that is provided with connectors for connecting with an outside source of
      electricity, which connectors have been connected to the contacts 16 of
      the coupling element 10.
PAR  FIGS. 8 and 9 show a tool 26 in accordance with the invention for bending
      the ends of the current conductors. The tool comprises a flat body 27, one
      end of which is provided with a slit 28, the width of which substantially
      corresponds to the diameter of the current conductor 6 and the depth of
      which corresponds to the desired bending length B (FIG. 2) of the end 7 of
      the current conductor. One branch 29 of the slit 28 ends at a sharp point
      30. The branch 29 is related to a curved recess 31, the radius of which
      substantially corresponds to the depth of the slit.
PAR  After the supply conduit has been cut off, the point 30 of the branch 29 is
      inserted in the groove of the insulating strip 5 underneath the current
      conductor 6 until the end of the current conductor presses against the
      bottom of the slit 28 and the cutting surface 8 of the support rail is
      pressed against the bottom of the recess 31. Hereafter the body is turned
      in the direction of the arrow C so that the bottom edge 32 of the recess
      31 glides along the cutting surface 8 of the support rail until the end 7
      of the current conductor has been bent by about 90.degree. projecting into
      the longitudinal channel 2 of the support rail. The tool can then be
      easily removed from the current conductor. This procedure is carried out
      for each end of current conductor at both ends of the support rail.
PAR  The drawings and the related specification are only intended to illustrate
      the idea of the invention. In its details the current supply conduit in
      accordance with the invention may show even considerable variation within
      the patent claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An electric current supply arrangement comprising, in combination, a
      metal support rail forming an open longitudinal channel and longitudinally
      extending current conductors fixed in their longitudinal direction
      fastened at the support rail, and a coupling element removably inserted in
      the end of the support rail to make contact between contact fingers of the
      element and the ends of the current conductors, the ends of said current
      conductors being bent perpendicularly to the longitudinal direction of
      said conductors so as to extend parallelly towards each other.
NUM  2.
PAR  2. An electric current supply arrangement comprising, in combination, a
      metal support rail forming an open longitudinal channel and longitudinally
      extending current conductors fixed in their longitudinal direction
      fastened at the support rail, and a coupling element removably inserted in
      the end of the support rail to make contact between contact fingers of the
      element and the ends of the current conductors, said current conductors
      being at least bent into an angle at one end so as to be positioned
      inwardly with respect to their longitudinal axis, said bent ends located
      at equal distances inside the end surface of said support rail.
NUM  3.
PAR  3. An electric current supply arrangement comprising, in combination, a
      metal support rail forming an open longitudinal channel and longitudinally
      extending current conductors fixed in their longitudinal direction
      fastened at the support rail, and a coupling element removably inserted in
      the end of the support rail to make contact between contact fingers of the
      element and the ends of the current conductors, said current conductors
      being at least bent into an angle at one end so as to be positioned
      inwardly with respect to their longitudinal axis, the bottom section of
      said support rail has opposite longitudinal guide grooves for fastening
      the coupling element to the support rail.
NUM  4.
PAR  4. An electric current supply arrangement comprising, in combination, a
      metal support rail forming an open longitudinal channel and longitudinally
      extending current conductors fixed in their longitudinal direction
      fastened at the support rail, and a coupling element removably inserted in
      the end of the support rail to make contact between contact fingers of the
      element and the ends of the current conductors, said current conductors
      being at least bent into an angle at one end so as to be positioned
      inwardly with respect to their longitudinal axis, the inside surface of
      the bottom of said support rail having means which permits the coupling
      element to be inserted in the support rail in a predetermined position.
NUM  5.
PAR  5. An electric current supply arrangement comprising, in combination, a
      metal support rail forming an open longitudinal channel and longitudinally
      extending current conductors fixed in their longitudinal direction
      fastened at the support rail, and a coupling element removably inserted in
      the end of the support rail to make contact between contact fingers of the
      element and the ends of the current conductors, said current conductors
      being at least bent into an angle at one end so as to be positioned
      inwardly with respect to their longitudinal axis, said coupling element
      having contacts for connecting said current conductors, said contacts
      being resilient in a longitudinal plane perpendicular to the bottom of
      said support rail.
NUM  6.
PAR  6. An arrangement as defined in claim 5 wherein said contacts are embedded
      in a body substantially of the shape of a parallellopiped, each contact
      having a contact socket hole in said body and opening towards one end
      surface and towards one side surface of the body.
NUM  7.
PAR  7. An arrangement as defined in claim 6 wherein said contacts are
      plier-shaped contact tongues.
NUM  8.
PAR  8. An arrangement as defined in claim 5 wherein said coupling element has a
      resilient fastening plate dimensioned so as to fit and glide in the
      longitudinal guide grooves fitted into said support rail.
NUM  9.
PAR  9. An arrangement as defined in claim 5 including contact holes with
      projecting connectors, said coupling element being at its end facing away
      from said contact holes with said projecting connectors.
NUM  10.
PAR  10. An arrangement as defined in claim 5 including contact holes coupled to
      another coupling element, said coupling element being at its end facing
      away from said contact holes coupled to another coupling element.
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PAL  A separable waterproof electrical connector for a plurality of pairs of
      axially interconnectable cylindrical electrical terminals coupled to the
      ends of insulated wires, each terminal having an annular external recess
      in its cylindrical peripheral surface.
PAL  The connector comprises a pair of elongated, rigid, non-conductive
      elastomeric, tubular members having generally complementary end portions
      fitted one into the other. A soft elastomeric sealing sleeve is
      concentrically interposed between the interengaged end portions to prevent
      the passage of moisture therebetween. Releasable clamping means on the
      exterior of the tubular member end portion hold the latter in engagement.
PAL  Each elastomeric tubular member has an interior partition wall extending
      laterally of its longitudinal axis in juxtaposition to the interengaged
      end portions. Each partition wall has a plurality of axially extending
      apertures therethrough that are equally spaced around the longitudinal
      axis of the tubular members. The electrical terminals are seated in the
      apertures.
PAL  A portion of the wall of each aperture comprises an axially extending
      cantilevered locking member hinged at one end to the partition wall and
      having a detent spaced from its hinged end. The detent is adapted to
      engage the external recess on the terminal seated in a respective aperture
      to prevent axial displacement of the latter. Each partition wall has an
      axially extending cavity communicating with the locking members. A
      displaceable plug means is seated in the partition cavity in abutting
      relation to the locking member to hold the detents on the latter in the
      respective terminal recesses.
PAL  A grommet is seated in the tubular member outwardly of the partition wall
      through which the insulated wires extend. The grommets are in sealing
      engagement with the interior walls of the tubular members and the
      insulated wires in watertight relation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The need for completely waterproof electrical connectors, particularly in
      automobiles, is the result of the recent trend towards the use of
      electronic circuitry which requires high insulation resistance between
      individual circuits. In the past, electrical connectors have been used
      with various degrees of dust proofing, splash proofing and waterproofing.
      The earlier designs were primarily for protection against corrosion of the
      electrical terminals which could cause failure in a somewhat long term.
      With the advent of electronic circuits in the automobile in more recent
      years, it has become imperative to insure that no conductive fluid, such
      as salt water, forms a conductive circuit between adjacent terminals
      within the connector body. The ingress of conductive fluid from road
      splash, for example, into a connector containing high impedance circuits,
      can cause immediate catastrophic failure of a system such as a breakerless
      ignition system.
PAR  It is an object of the present invention to provide a completely waterproof
      electrical connector. The improved connector embodying the present
      invention is adapted to use electrical terminals of the type shown in U.S.
      Pat. No. 3,482,207 issued Dec. 2, 1969 to T. M. Cairns entitled
      "Electrical Terminal". The improved connector has antecedents in the
      electrical connector disclosed in U.S. Pat. No. 3,601,760 issued Aug. 24,
      1971 to T. M. Cairns for "Electrical Connector".
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a separable waterproof electrical
      connector for holding and insulating a plurality of pairs of axially
      interconnectable cylindrical electrical terminals coupled to the ends of
      insulated wires, each terminal having an annular external recess in a
      cylindrical peripheral surface.
PAR  The connector comprises a pair of elongated, rigid, non-conductive
      elastomeric, tubular members having generally complementary end portions
      fitted one into the other. A soft elastomeric sealing sleeve is
      concentrically interposed between the interengaged end portions to prevent
      the passage of moisture therebetween. Releasable clamping means on the
      exterior of the tubular member end portions holds the latter in engagement
      with each other.
PAR  Each elastomeric tubular member has an interior partition wall extending
      laterally of its longitudinal axis in juxtaposition to the interengaged
      end portions. Each partition wall has a plurality of axially extending
      apertures therethrough equally spaced around the longitudinal axis of the
      tubular members. The electrical terminals are seated in the axially
      extending apertures.
PAR  A portion of the wall of each aperture comprises an axially extending
      cantilevered locking member hinged at one end to the partition wall and
      having a detent spaced from is hinged end engaged with the external recess
      on the terminal seated in the respective aperture to prevent axial
      displacement of the terminal relative to the aperture in which it is
      seated. Each partition wall has an axially extending cavity communicating
      with the locking members. A displaceable plug means is seated in the
      partition cavity in abutting relation to the locking members to hold the
      detents on the latter in the respective terminal recess.
PAR  A grommet means is seated in the tubular member outwardly of the partition
      wall through which the insulated wires extend. The grommet means is in
      watertight engagement with the interior walls of the tubular members and
      the insulated wires passing through the grommet means.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Further features and advantages of the present invention will be made more
      apparent as this description proceeds, reference being had to the
      accompanying drawings wherein:
PAR  FIG. 1 is a side elevation of a complete connector assembly embodying the
      present invention.
PAR  FIG. 2 is an end elevation of the connector assembly taken from the left
      end as viewed in FIG. 1;
PAR  FIG. 3 is a vertical section of the connector assembly;
PAR  FIG. 4 is an end elevation of the male connector of the connector assembly;
PAR  FIG. 5 is a vertical sectional view on the line 5--5 of FIG. 4.
PAR  FIG. 6 is an end elevation of the female connector of the connector
      assembly; and
PAR  FIG. 7 is a section view on the line 7--7 of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, there is shown a connector assembly
      generally designated 10. The connector assembly 10 comprises a male
      connector or connector block 11 having interfitting engagement with a
      female connector or connector block 12. As will be more fully described,
      the connector block 11 and 12 are adapted to receive a plurality of pairs
      of terminals 13 and 14 (see FIG. 3) coupled to the ends of insulated wires
      15-16, respectively. Each terminal has an annular external recess 17 on
      its cylindrical peripheral surface 18-19.
PAR  In FIG. 3, the terminal 13 is shown axially interconnected with the
      terminal 14. The terminal 13 having an axially extending cavity 21
      receiving the pointed end 22 of the terminal 14. The opposite ends 23 of
      the terminals are crimped to the conductors 24 within the insulation of
      the insulating wires 15-16.
PAR  Although there are some differences in size and proportions, the terminals
      13-14 in design and function are substantially similar to the male and
      female terminals disclosed in U.S. Pat. No. 3,482,207 and reference is
      made to that patent for further details of construction.
PAR  The connector block 11-12 comprising the connector assembly 10 are
      generally elongated, rigid, nonconductive elastomeric tubular members. The
      details of the connector block 11 will be described with reference to
      FIGS. 4 and 5.
PAR  The connector block 11 has a generally cylindrical stepped body as
      indicated at 25 and 26, the body portion 25 comprising substantially the
      right half of the connector block as viewed in FIG. 5 and the body portion
      26 the left half. The body portion 25 has a cylindrical cavity 27
      extending to a depth indicated by the line 28 beyond which the cavity is
      partitioned by axially extending crossed ribs 29 to the depth of a
      partition wall 31 separating the body into its two half portions 25-26.
PAR  The body portion 26 has a plurality of axially extending apertures 32, in
      the preferred embodiment shown as four. The apertures 32 extend from the
      outer edge 33 of the body portion 26 through the partition wall 31. The
      apertures 32 are only a full circle where they go through the partition
      wall 31. To the left of the partition wall, as viewed in FIG. 5, the
      apertures 31 are more in the nature of semicylindrical recesses open
      toward the center of the connector block 11. As best seen in FIG. 3, the
      apertures 31 provide a retention seat for the terminals 13. A portion of
      the wall of each aperture 31 on its open side is formed by an axially
      extending cantilevered locking member 34. Each locking member 34 is
      integrally hinged at 35 to the partition wall 31 and extends axially
      outwardly toward the open end of the body portion 26. Intermediate the
      ends of each locking member 34 the latter is provided with an upstanding
      detent 36. The detent 36 is adapted to snap into the recess 17 on the
      terminal 13, for a purpose to be explained.
PAR  As best seen in FIG. 4, between the apertures 31 and the locking members 34
      the body portion 26 is provided with axially extending slots 37, the slots
      intersecting at the center of the connector block 11.
PAR  A square peg 38 projects axially from the partition wall 31 toward the open
      end 33 of the body portion 26 at the intersection of the slots 32. The
      square peg 38 is adapted to act as a pilot to receive a finned removable
      plug 39. The fins (not visible) on the plug 39 are complementary to the
      cross slots 37 and are slidably therein. When the plug 39 is in position
      (see FIG. 3), the base 41 of each locking member 34 abuts the central body
      portion 42 of the plug 39. The locking member is thus held against flexure
      in a direction to permit disengagement of the locking member detent 36
      from the terminal recess 17.
PAR  The body portion 26 of the connector block 11 is surrounded by a shell 43
      having side walls 44 and a base wall 45. The side walls 44 are curved to
      form an arch over the body portion 26, see FIG. 4.
PAR  Reference is now made to FIGS. 6 and 7 for the details of construction of
      the connector block 12. The connector block 12 also is substantially
      tubular in shape and has a cylindrical cavity extending inwardly of each
      end, that is, a cavity 46 extending inwardly from the right end as viewed
      in FIG. 7 and a cavity 47 extending inwardly from the left end. The
      cavities are separated by a relatively thick partition wall 48.
PAR  The cavity 47 extends uninterruptedly to a depth indicated by the line 49.
      Toward the partition 48 the cavity is axially partitioned by axially
      extending cross ribs 51. The cavities 46-47 are in communication through a
      plurality of axially extending apertures 52 corresponding in number and
      position with the apertures 32 in the connector block 11. The apertures
      are a full circle only where they penetrate the end 53 of the partition
      wall 48. For a substantial part of their length they form semi-cylindrical
      recesses open toward the center of the connector block 12. The apertures
      52 provide a retention seat for the terminals 14, see FIG. 3. As in the
      case of the connector block 12, a portion of each wall of the retention
      aperture 52 is formed by an axially extending cantilevered locking member
      54. Each locking member 54 is integrally hinged at 55 to the partition
      wall 48 and extends axially outwardy toward the cavity 46 and the
      connector block 12. Intermediate its ends each locking member 54 is
      provided with an upstanding detent 56.
PAR  The detents 56 correspond to the detents 36 of the locking member 35 of the
      previously described connector block 11. Each detent 56 is adapted to
      engage a recess 17 in the terminal 14, see FIG. 3.
PAR  As best seen in FIG. 6, between the apertures 51 and the locking members
      54, the partition wall 53 is provided with slots 57, the slots
      intersecting at the center of the connector block 12. A square peg 58
      projects into the center of the slots 57 to function as a pilot for a
      removable plug 59, similar to the plug 39 used with the connector block
      11. The fins of the plug 59 (not visible) are complementary to the cross
      slots 57. When the plug is in position (see FIG. 3), the base 61 of each
      locking member 54 is abutted by the central body portion 62 of the plug.
      The locking member is thus held against flexing in a direction to permit
      disengagement of the locking member detent 56 from the terminal recess 17.
PAR  The right end 62 of the connector block 12 is squared off at its lower
      corner 63. The right end 62 of the connector block 12 is complementary in
      shape to the left end of the connector block 11 as viewed in FIG. 4 and is
      adapted to telescopically fit into the latter, as seen in FIG. 3. Because
      of the shape of the telescoping end portions of the connector blocks 11
      and 12, they can only be fitted together in one relative position whereby
      they act as a pilot insuring alignment of the respective pairs of
      terminals 13-14 in a predetermined relationship.
PAR  A pair of releasable clamp devices are utilized to hold the connector
      blocks 11-12 in engagement as shown in FIGS. 1 and 3. Each clamp device
      comprises an axially extending finger-like member 64 hinged at 65 to the
      connector block 11 at diametrically opposite sides of the latter. The
      sides to which the member 64 are hinged are slotted at 65 and 66,
      respectively, with each member 64 extending the length of its adjacent
      slot. Each member 64 has a lateral wing or extension 67 of somewhat
      greater width at its distal end 68.
PAR  The connector block 12 on its upper and lower external surfaces at its end
      62 has keeper devices 69. Each keeper device 69 comprises a pair of spaced
      upstanding ribs having inclined ramp surfaces 71 and 72 at its respective
      leading and trailing edges.
PAR  When the two connector blocks 11-12 are telescopically assembled, see FIG.
      3, the distal end 68 of each clamping member 64 rides up the ramp 71 on
      the keeper device 69 and snaps over the latter thereby yieldingly holding
      the connector blocks in assembled relationship. To disassemble the
      connector blocks, sufficient axial pressure in a separation direction must
      be applied to pull the connector blocks apart. The distal ends 68 of the
      clamping members 64 are adapted to ride up the reverse slope ramp 72 on
      the keeper ribs 69 in response to such axial pressure.
PAR  An important feature of the present invention is the sealing of the
      chambers in which the terminals 13 and 14 are housed when in assembled
      relation. With reference to FIG. 7, it will be noted that the cavity 46 in
      the connector block 12 has an internal recess 73 in is wall. This recess
      73 is a retention device which concentrically positions and holds an
      elastomeric sealing sleeve 74 (see FIG. 3). The sleeve 74 has an external
      rib 75 which in assembled position fits within the recess 73. The sleeve
      74 also has a plurality of internal and external peripheral rings 76. When
      the body portion 26 of the connector block 11 is forced into the sleeve 74
      after the latter is positioned in the cavity 46 of the connector block 12,
      the rings 76 functions as O-rings under compression and prevent flow of
      fluids into the interior of the connector blocks 11 and 12 from the
      telescopic portions thereof.
PAR  The connector blocks 11 ans 12 are further sealed at each end by grommets
      77. The configuration of the grommets is best seen in FIG. 5. Each grommet
      is a soft elastomeric material of cylindrical shape and has a plurality of
      hour glass apertures 78 extending axially. The number of apertures depends
      upon the number of pairs of terminals to be used and in the present
      disclosure is shown as two. The aperture 78 yieldably receive the
      insulated wires 15-16 with a water-tight grip. The grommets 77 are
      positioned at the bottom of the respective cavities 27 in connector block
      11 and 47 in connector block 12. That is, they are inserted in the
      cavities as far as they can be until they abut the respective ribs 29 and
      51 at the bottom of the cavities. The assembly of the connector blocks
      11-12 and the insulated wires 15-16 involves the following: The grommets
      77 must be slipped over the terminal ends 13-14 of the pairs 15 or 16 of
      the insulated wires. The sealing sleeve 74 must be positioned within the
      cavity 46 in the connector block 12. The terminals 13 and 14 on the
      respective pairs of insulated wires 15-16 must then be inserted into the
      connector blocks 11-12.
PAR  To arrive at the relationship shown in FIG. 3, the terminals 13 are
      inserted into the cavity 27 of the connector block 11 and aligned with the
      vertical apertures 32. The terminals 13 are then forced into the apertures
      to a depth which is signaled by the detent 36 on the locking member 34
      snapping into the recess 17 on the terminal body 18. The grommet 47 is
      then forced into the cavity 27 to a depth at which it abuts the ribs 29.
PAR  Similarly, the terminals 14 are inserted into the aperture 52 of the
      connector block 12 through the cavity 47 end of the latter. The detents 56
      on the locking members 54 signal when the proper position of the terminals
      14 is reached in the connector block. Again, the grommet 77 is positioned
      within the cavity 47 to seal the latter.
PAR  The two connector blocks are now ready for final assembly. The tip or
      pointed ends 21 of the terminals 14 project a substantial distance ahead
      of the partition wall 48 of the connector block 12. The ends of the
      terminals 13 are substantially flush with the end or outer edge 33 of the
      body portion 26 of the connector block 11.
PAR  The assembly of the connector blocks 11-12 involves the alignment and
      insertion of the end 62 of the connector block 12 into the connector block
      shell 43, the body portion 26 of the connector block 11 into the sealing
      sleeve 74 in the cavity 46 and connector block 12, and the terminal 14
      pointed end 22 into receiving cavity 21 on the terminal 13. With these
      parts in axial alignment, the connector blocks are moved axially
      relatively to one another sufficiently to have the external clampong
      members 64 and 68 ride up and over the ramp 71 on the keeper devices 69 to
      yieldably lock the connector blocks 11 and 12 together.
PAR  The connector blocks may be disassembled by the application of axial force
      in a direction to pull them apart. The force that has to be applied is
      much grater than would be encountered under normal operating conditions,
      e.g., such as vibratory forces acting on the connector.
PAR  It is to be understood this invention is not limited to the exact
      construction illustrated and described above, but that various changes and
      modifications may be made without departing from the spirit and scope of
      the invention as defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A separable waterproof electrical connector for a plurality of pairs of
      axially interconnectable cylindrical electrical terminals coupled to the
      ends of insulated wires,
PA1  each terminal having an annular external recess in its cylindrical
      peripheral surface,
PA1  the connector comprising:
PA1  a pair of elongated, rigid nonconductive elastomeric, tubular members
      having generally complementary end portions, fitted one into the other,
PA1  a soft elastomeric sealing sleeve concentrically interposed between the
      interengaged end portions to prevent the passage of moisture therebetween,
PA1  the soft elastomeric sleeve having an external retention ring engageable
      with a groove in one of the tubular members to hold the sleeve in place in
      the one member upon axial separation of the tubular members,
PA1  and a plurality of internal and external integral circumferential sealing
      rings on the sleeve compressible between the abutting tubular member
      surfaces,
PA1  releasable clamping means on the exterior of the tubular member end
      portions holding the latter in engagement,
PA1  each elastomeric tubular member having an interior partition wall extending
      laterally of its longitudinally axis in juxtaposition to the interengaged
      end portions thereof,
PA1  each partition wall having a plurality of axially extending apertures
      therethrough equally spaced around the longitudinal axis of the tubular
      members,
PA1  the electrical terminals being seated in the apertures,
PA1  a portion of the wall of each aperture comprising an axially extending
      cantilevered locking member hinged at one end to the partition wall and
      having a detent spaced from its hinged end engaged with the external
      recess on the terminal seated in the respective aperture to prevent axial
      displacement of the terminal,
PA1  each partition wall having an axially extending cavity communicating with
      the locking members,
PA1  displaceable plug means seated in the partition cavity in abutting relation
      to the locking members to hold the detents on the latter in the respective
      terminal recesses, and
PA1  grommet means seated in the tubular member outwardly of the partition wall
      through which the insulated wires extend,
PA1  the grommet means being in watertight engagement with the interior walls of
      the tubular members and the insulated wires.
NUM  2.
PAR  2. A separable waterproof electrical connector according to claim 1, in
      which:
PA1  the releasable clamping means comprises at least a pair of diametrically
      opposite cantilevered locking levers extending axially exteriorly on one
      of the tubular members,
PA1  the distal ends of the levers being engageable with cam means on the
      exterior surface of the other of the tubular members.
NUM  3.
PAR  3. A separable waterproof electrical connector according to claim 2, in
      which:
PA1  the grommet means has internal integral sealing ribs gripping the
      insulation of the insulated wires.
NUM  4.
PAR  4. A separable waterproof electrical connector according to claim 3, in
      which:
PA1  the partition wall cavity comprises a plurality of slots intersecting at
      the tubular member axis,
PA1  the slots being equal in number to the apertures, and
PA1  the displacement plug means has locating fins received within the slots
      with body portions between the fins in abutting engagement with the
      locking members to prevent flexure in a direction transversely of the
      tubular member axis.
NUM  5.
PAR  5. A separable waterproof electrical connector for a plurality of pairs of
      axially interconnectable cylindrical electrical terminals coupled to the
      ends of insulated wires,
PA1  each terminal having an annular external recess in its cylindrical
      peripheral surface,
PA1  the connector comprising:
PA1  a pair of elongated, rigid nonconductive elastomeric, tubular members
      having generally complementary end portions, fitted one into the other,
PA1  a soft elastomeric sealing sleeve concentrically interposed between the
      interengaged end portions to prevent the passage of moisture therebetween,
PA1  releasable clamping means on the exterior of the tubular member end
      portions holding the latter in engagement,
PA1  each elastomeric tubular member having an interior partition wall extending
      laterally of its longitudinally axis in juxtaposition to the interengaged
      end portions thereof,
PA1  each partition wall having a plurality of axially extending apertures
      therethrough equally spaced around the longitudinal axis of the tubular
      members,
PA1  the electrical terminals being seated in the apertures,
PA1  a portion of the wall of each aperture comprising an axially extending
      cantilevered locking member hinged at one end to the partition wall and
      having a detent spaced from its hinged end engaged with the external
      recess on the terminal seated in the respective aperture to prevent axial
      displacement of the terminal,
PA1  each partition wall having an axially extending cavity communicating with
      the locking members,
PA1  the partition wall cavity comprising a plurality of slots intersecting at
      the tubular member axis,
PA1  the slots being equal in number to the apertures,
PA1  displaceable plug means seated in the partition cavity in abutting relation
      to the locking members to hold the detents on the latter in the respective
      terminal recesses,
PA1  the displaceable plug means having locating fins received within the slots
      with body portions between the fins in abutting engagement with the
      locking members to prevent flexure of the latter in a direction
      transversely of the tubular member axis,
PA1  and grommet means seated in the tubular member outwardly of the partition
      wall through which the insulated wires extend,
PA1  the grommet means being in watertight engagement with the interior walls of
      the tubular members and the insulated wires.
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ABST
PAL  An electrical connector is described for connecting a multiple flying lead
      to a printed circuit board without the need for a separate socket. The
      connector includes board-engaging portion for directly engaging on
      inwardly or outwardly opposed board edges and making electrical contact
      with conductors thereon. One- or two-part connector bodies are described,
      and polarising means are included in each type.
PARN
PAR  This is a division of application, Ser. No. 291,020, filed Sept. 21, 1972,
      and now U.S. Pat. No. 3,850,493.
BSUM
PAR  This invention relates to a multiway connector for a printed circuit board.
PAR  It is commonly required to connect various sections of a piece of
      electronic equipment together by means of multiway flying leads which
      engage detachably with the sections of the equipment. Conventionally the
      leads terminate at a socket or plug engageable with corresponding plugs or
      socket respectively on the equipment. When a printed circuit is to be
      connected to such a flying load, this requires the attachment of a plug or
      socket member to the printed circuit.
PAR  According to the present invention, there is provided a multiway connector
      for a printed circuit board comprising two board-engaging portions movable
      relative to one another in a direction generally parallel to the eventual
      plane of a printed circuit board when engaged by the connector, whereby
      the connector may be engaged with two suitably spaced opposed edge
      portions of a printed circuit board, and a plurality of contact members
      engageable with conductors on the board. Preferably the two board-engaging
      portions in use make resilient engagement with the corresponding printed
      circuit board. Conveniently the two board-engaging portions are formed on
      a connector body made of synthetic plastics material, which itself
      provides resilient bias to ensure the resilient engagement of the
      board-engaging portions with the corresponding printed circuit board. In
      one embodiment of the invention, the body is U-shaped and the end of each
      limb carries a respective one of the board-engaging portions.
PAR  Each of the board-engaging portions may comprise a slot, with the contact
      members arranged in at least one of the slots.
PAR  Polarising means may be provided to ensure correct orientation of the
      connector relative to a corresponding printed circuit board. When the
      board-engaging portions take the form of slots, the polarising means may
      comprise an extended inter-contact partition in one of the slots,
      co-operable with a notch formed in the corresponding printed circuit
      board. If each slot is formed with a polarising partition, neither set of
      contacts can engage the conductors of the printed circuit board if the
      connector is presented to the printed circuit board in the wrong
      orientation.
PAR  The contact members are conveniently of the snap-in type.
DRWD
PAR  The invention will now be explained in greater detail with reference to the
      accompanying drawings, of which:
PAR  FIGS. 1A, 1B and 1C are end elevations of a connector according to the
      invention in three stages of attachment to a printed circuit board,
PAR  FIG. 2 is a side elevation of the connector of FIG. 1,
PAR  FIG. 3 is a plan view of the connector of FIGS. 1 and 2,
PAR  FIG. 4 is a section taken on the line IV--IV of FIG. 3,
PAR  FIG. 5 is a view of a portion of a printed circuit board apertured to
      receive the connector of FIGS. 1 to 4,
PAR  FIG. 6 is a top plan view of a contact suitable for use in the connector of
      the invention,
PAR  FIG. 7 is a side view of the contact of FIG. 6,
PAR  FIGS. 8, 9 and 10 are views of a second embodiment of the invention
      corresponding to FIGS. 1A, 2 and 3 above, and
PAR  FIG. 11 is a section of one component moulding of the second embodiment,
      taken on the line A--A in FIG. 8.
DETD
PAR  As shown in the drawings, a 10-way connector is provided with a generally
      U-shaped body 1, whose limbs are formed with rectangular box-like carrying
      portions 2a and 2b respectively. The outwardly facing sides of the two
      limbs are slotted at 3a and 3b respectively, and a lug 4 is integrally
      moulded at the centre of the bight of the U.
PAR  Each of the contact-carrying portions is formed with five contact-carrying
      slots 5, and each slot accommodates a snap-in contact 6 for enabling a
      corresponding lead 7 to be connected to a corresponding conductor on a
      printed circuit board B.
PAR  The body of the connector is moulded from resilient, semi-rigid plastics
      material, and the bight portion is sufficiently resilient to enable the
      two contact carrying portions 2a and 2b to be squeezed together manually
      as shown in FIG. 1B to an extent sufficient to enable both portions to be
      passed simultaneously into an aperture in the board B, after which the
      pressure may be released to allow the connector body to revert towards its
      natural unstressed shape and assume the position shown in FIG. 1C with the
      slots 3a and 3b engaging over the corresponding opposed edge portions of
      the aperture in the board and the contact 6 in position to engage
      conductor strips on the board.
PAR  Turning now to FIGS. 2, 3 and 4, the detailed structure of the connector
      body 1 can be seen. Each contact-carrying slot 5 is of generally elongated
      rectangular form, and is widened at 8 to accommodate the body of the
      corresponding contact 6. The contact-carrying slots 5 are separated from
      one another by dividers 9 or 9'. The dividers 9 are shaped to define the
      slots 3a and 3b as indicated in the left-hand part of FIG. 4, while the
      dividers 9' are not so shaped, and act as polarising means as will be
      described below. Each divider, whether of the type 9 or 9', is grooved at
      10 to co-operate with latching means on the adjacent contact.
PAR  FIG. 5 illustrates a fragment of a printed circuit board B formed with an
      aperture 11 for engagement by the connector described above. The board
      carries on its under face a set of spaced parallel conductor strips, of
      which five, shown by hatched regions in FIG. 5, are intersected by the
      aperture 11. Thus ten contact strip portions terminate at the opposed
      edges of the aperture 11 and can be engaged by the ten contact members 6
      of the connector 1. It will be noted from FIG. 2 that the divider type 9'
      is shown lying between the second and third contact positions in the
      connector, and the aligned divider on the other limb of the connector,
      although not shown, is also of this type. To accommodate these dividers
      9', the board B is slotted at 12 between the second and third conductor
      strip portions on either side of the aperture 11, counting from the same
      end in each case. Thus, the connector can only be completely engaged with
      the printed circuit board when it is aligned with the dividers 9' against
      the slots 12, since otherwise the dividers 9' would engage with the edge
      of the aperture 11 and prevent the limbs of the U-shaped connector body
      from being moved by the resilient bias of the bight portion to bring the
      contacts 6 into engagement with the conductor strips on the board. When,
      however, the connector is correctly aligned, the dividers 9' intermesh
      with the slots 12, while the slots 3a and 3b intermesh with the remainder
      of the opposed edge portions of the board, and the position illustrated in
      FIG. 1C is achieved.
PAR  The contacts used in the illustrated embodiment are of the kind illustrated
      in FIGS. 6 and 7. Each contact consists of an elongated base portion 13
      formed with conventional insulation gripping portion 14 and crimp-on
      connecting portion 15, and the contact has a mounting portion, for
      engagement in the portion 8 of a contact slot in the connector, and
      comprising a first upstanding wall portion 16 and a second, cantiliver arm
      17 extending obliquely across the base portion 13 to terminate in a
      sharply out-turned tab 18. When the contact 6 is fully inserted in a slot
      5 in the connector, this tab 18 locates in the corresponding groove 10 to
      locate and retain the contact. The contact-making part of the contact 6 is
      carried on the base 13 by means of an upstanding arm 19 extending from the
      end of the base remote from the portion 14, and comprises a generally
      U-shaped member having opposed limbs 20 formed with contact protuberances
      21 which engage on opposite faces of a printed circuit board, the distance
      between the limbs 20 having been selected in relation to the thickness of
      the board so that the resilience of the bight connecting them ensures
      contact pressure.
PAR  It will be seen that the illustrated embodiment enables direct connection
      of a set of flying leads 7 with a printed circuit board without the need
      for special plug or socket members wired to the conductors on the board,
      or separate securing devices.
PAR  Since the pairs of contact limbs 20 engage on either side of the printed
      circuit board, it is possible for the connector to be engaged with a
      printed circuit board from eithe face, if required.
PAR  Although the embodiment described above is designed so that the connector
      engages within an aperture in a printed circuit board, it is equally
      possible to produce a connector in which the contacts are disposed to face
      inwardly and which can thus be engaged over the oppositely facing edges of
      a strip or tongue of board after flexing of the arms outwardly away from
      each other. It will be clear from the details of the accompanying drawings
      how the rearrangement of the contact assemblies can be effected. In such a
      modification, the correct orientation of the connector can be ensured in
      the same manner as for the illustrated embodiment, and once again, such a
      connector would be capable of engagement from either side of a printed
      circuit board.
PAR  An alternative construction has been produced particularly for use in
      situations where high ambient temperatures may cause the central bight of
      the U-shaped moulding to lose its resilience. This is illustrated in FIGS.
      8-11 and will be seen to consist of a pair of identical mouldings, 1' of
      resilient, semi-rigid plastics material. Each moulding 1' is provided with
      a contact carrying portion 22, having a board-engaging slot 23, similar to
      the corresponding parts 2 and 3 of the first embodiment. The upper end of
      the moulding, as viewed in FIG. 8 is formed with a cable-engaging part 24
      which will be described in greater detail below, and an integral tab 25 is
      provided to enable the moulding 1' to be assembled with a second,
      identical moulding as illustrated. For this purpose, as illustrated in
      FIG. 11, the tab 25 is formed with a stud 26 and a circular hole 27,
      disposed symmetrically about its centre. It will be seen from FIG. 8 that
      the mating faces of the tabs 25 are spaced from the adjacent faces of the
      parts 24 so that the latter are spaced apart when the two mouldings 1'
      have been assembled together by snapping engagement of the studs 26 in the
      holes 27.
PAR  It will be appreciated that since the two parts of the assembly are
      identical, it is not possible to make full use of polarising arrangements
      without some modification to the basic moulding. In the illustrated
      examples, polarising keys may be inserted into the moulding as required.
      It will be noted that the inter-contact partitions 28 are slotted, as
      shown at 28a, to receive such polarising keys 29, one of which is shown in
      position in the partition to which the reference numeral 28 is directed in
      FIG. 9. The key is a rectangular slip of plastics material. By inserting a
      second key in the opposite bank of contacts, full polarisation of the
      connector relative to an aperture in a printed circuit board is possible.
PAR  As in the case of the first embodiment, contact members are attached to the
      ends of the individual leads of a cable and inserted in the slots 30,
      which correspond to the slots 5 of the first embodiment. As mentioned
      above, the upper part 24 of each moulding 1' provides cable guiding means.
      This takes the form of a set of five slots 31, aligned with the slots 30,
      and defined along their front face, as viewed in FIG. 9, by a relatively
      thin web 32 of the moulding, which is slit at 33 down the center of the
      corresponding slots 31. In use, a contact is snapped into its slot 30 in a
      similar manner to that disclosed with reference to the first embodiment,
      and the corresponding lead will then lie in the region of the exposed face
      of the web 32. The lead is then pressed against the upper (as viewed in
      FIG. 9) edge of the web, and as a result of the flexibility of the latter,
      will pass through the slit 33. Each lead in the finished assembly will
      thus enter the open end of the corresponding slot 31, emerge from the slot
      through the slit 33 at a position determined by the way in which pressure
      was applied, and terminate at the corresponding contact. In this way, the
      entry of the leads into the connector is effected in a neat manner and
      also the upper end of the part 24 of the connector is free from exposed
      leads. The advantage of this will be seen from the following description
      of the fitting of the connector to a printed circuit board.
PAR  As in the case of the first embodiment, application to an aperture in a
      printed circuit board is achieved by squeezing together the
      contact-carrying portions of the assembled connector and passing them into
      the corresponding aperture. The deformation of the connector takes place
      by bending of the tabs 6 about the region of the stud interengagement 26,
      27, and release of the pressure permits an initial recovery of shape
      sufficient to retain the connector in mechanical engagement with the
      board. Full mechanical engagement with the board is obtained by squeezing
      together the two parts 24 of the assembly, which forces the board engaging
      slots 23 outwardly and into the required engagement. It will be
      appreciated that the user may readily grip the upper ends of the parts 24
      for this purpose since they are not obstructed by the leads which, as
      described above, are disposed within the slots 31 at this point. The gap
      between the two adjacent faces of the parts 24 permits a degree of
      overtravel of the parts 24 as they are squeezed together which is
      sufficient to ensure full travel of the slots 23 outwardly and into
      engagement with the edges of the printed circuit board.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination, a printed circuit board having opposed edge portions and
      face portions and the face portions having conductors thereon; and a
      multiway connector comprising a body portion of an electrically insulative
      material having two board-engaging portions moveable relative to one
      another in a direction generally parallel to the plane of the printed
      circuit board, and receiving therein respective edge portions of the
      board, and a plurality of contact members mounted in the body portion of
      the connector and comprising contact making portions extending to the
      board-engaging portions and each contact making portion having opposed
      spaced apart limbs on each side of the board and at least one of the limbs
      in engagement with the conductors on at least one face portion of the
      board.
NUM  2.
PAR  2. The combination as claimed in claim 1 in which the body is U-shaped and
      the end of each limb of the U carries a respective one of the
      board-engaging portions.
NUM  3.
PAR  3. The combination as claimed in claim 1 in which polarising means are
      provided to ensure correct orientation of the connector relative to the
      printed circuit board.
NUM  4.
PAR  4. The combination as claimed in claim 1 in which the contact members are a
      snap fit in the connector.
NUM  5.
PAR  5. The combination as claimed in claim 1 in which the two board-engaging
      portions make resilient engagement with the printed circuit board.
NUM  6.
PAR  6. The combination as claimed in claim 5 in which the two board-engaging
      portions are formed on a connector body made of synthetic plastics
      material, which itself provides resilient bias to ensure the resilient
      engagement of the board-engaging portions with the printed circuit board.
NUM  7.
PAR  7. The combination as claimed in claim 1 in which each board-engaging
      portion comprises a slot, and the contact members are arranged in at least
      one of the slots.
NUM  8.
PAR  8. The combination as claimed in claim 7 in which polarising means are
      provided, said polarising means comprising an inter-contact partition in
      one of the slots.
NUM  9.
PAR  9. The combination as claimed in claim 8 in which said partition is an
      integral part of said connector.
NUM  10.
PAR  10. The combination as claimed in claim 8 in which said partition is a
      separate member assembled with said connector.
NUM  11.
PAR  11. The combination as claimed in claim 8 in which each board-engaging slot
      is provided with a polarising partition.
NUM  12.
PAR  12. The combination as claimed in claim 1 having a body comprised of two
      similar mouldings.
NUM  13.
PAR  13. The combination as claimed in claim 12 in which the body of the
      connector is U-shaped, each limb of the U being constituted by one of said
      identical mouldings.
NUM  14.
PAR  14. The combination as claimed in claim 13 in which the two mouldings
      engage by way of respective flexible tabs extending from the base of the U
      centrally of the limbs thereof.
NUM  15.
PAR  15. The combination as claimed in claim 14 in which the two mouldings
      further comprise respective manually graspable lever portions extending
      from the base of the U away from the limbs thereof, in mutually spaced
      relation, thereby enabling the board-engaging portions to be urged apart.
NUM  16.
PAR  16. The combination as claimed in claim 14 in which each tab is formed,
      symmetrically of a median line, with a stud and a socket complementary
      thereof.
NUM  17.
PAR  17. The combination of claim 1 wherein the means for engagement comprises a
      slot in each board-engaging portion for engaging therein the respective
      edge portions, and the contact members mounted on the board-engaging
      portions present in each slot the contact making portions for engaging a
      conductor on the face of the printed circuit board.
NUM  18.
PAR  18. The combination of claim 17 further comprising a generally U-shaped
      body portion being flexible at least in the bight portion of the U; and
      wherein the limbs of the U comprise the slotted board engaging portion.
NUM  19.
PAR  19. The combination of claim 18 wherein the slots on each board-engaging
      portion are outwardly facing with respect to each other and the edge
      portions of the printed circuit board are inwardly facing.
NUM  20.
PAR  20. The combination of claim 18 wherein the slots on each board-engaging
      portion are inwardly facing each other and the edge portions of the
      printed circuit board are outwardly facing.
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ABST
PAL  A plug and socket connector is disclosed having releasable locking means to
      prevent unintentional disconnection. The locking means comprises spring
      catches preferably formed from flat resilient material and they are fitted
      in a recess or respective recesses in a shell which forms part of one of
      the connector portions. An environmental seal is provided by locating the
      catches in the recess or recesses. Other catches are disclosed which are
      formed in a solid tubular member.
BSUM
PAR  This invention relates to a connector having male and female portions
      securable by releasable fastening means. The connector can be used, for
      example, for joining tubes or for joining pins and sockets in an
      electrical connector.
PAR  Precision electrical connectors are known having a slidable sleeve or push
      button which is actuable to release a catch to disengage the plug and
      socket portions. These connectors are made from many precision parts, some
      of which require many accurate machining operations. Therefore, the
      manufacturing costs of such connectors are high. The principle object of
      the present invention is to reduce the manufacturing cost of such a
      connector without foregoing the precision of construction necessary for
      reliable operation.
PAR  A further problem arising in such electrical connectors is that of
      providing a satisfactory seal between the engaged plug and socket
      portions. It is always desirable to prevent the ingress of foreign matter
      but it is also often desirable to prevent the ingress of gases or perhaps
      even liquids. A further object of the invention is to provide a connector,
      having releasable fastening means, which is environmentally sealed when
      its plug and socket portions are joined.
PAR  It will be understood that the diameters of cylindrical connector portions
      are often standardized, for example, according to the DIN system. A
      disadvantage of some known connectors having releasable fastening means is
      that a large proportion of the space within the connector is used to
      accommodate a catch and an inner shell for providing an environmental
      seal. Thus, as the space within the connector body is reduced for
      accommodating pins or sockets, the overall size of the connector,
      particularly the diameter of the cylindrical portion, may need to be
      increased to accommodate the same number of pins. Preferred embodiments of
      the invention seek to reduce this disadvantage by providing a construction
      and method of assembling a connector which helps to conserve the overall
      size of the connector particularly when an environmental seal is required.
PAR  The invention achieves its principal object by providing a male connector
      portion comprising concentric outer and inner shells and at least one
      detent or spring catch preferably formed from a flat sheet of resilient
      material., the inner shell having a recess in its outer surface in which
      said detent or spring catch is fitted and the outer shell having an
      opening therein through which a flexible portion of said detent or spring
      catch extends, said flexible portion being deflected for disengaging said
      male portion from a corresponding female portion by sliding the outer
      shell relative to the inner shell.
PAR  As the detent or spring catch is not part of the inner shell it can be
      formed more easily manufactured independently under optimum conditions.
      When made from flat resilient material such as beryllium copper which is
      worked for example, by stamping, manufacturing costs are much further
      reduced because many machining operations are avoided. Moreover the spring
      catch can be replaced, at low cost, in order to repair or service the
      connector. The preferred flat resilient material is beryllium copper
      because it retains its resiliency over a long period. It would not be used
      when the spring catch or catches are machined from solid material because
      of the expense and machining problems. In the latter case, brass is often
      used but this material loses its resiliency with continued use.
PAR  Preferably, said detent or spring catch is in the form of a strip which is
      bent to give the general outline of an elongated portion coextensive with
      two sides of a triangle. Such a strip is freely supported at its ends
      above the recess in the inner shell.
PAR  An environmental seal is provided in a connector having a male portion in
      accordance with the invention because the inner shell is not pierced by
      any machining operations. A resilient seal can be provided between the
      nose of the male portion and a corresponding abutment in the female
      portion to improve the seal; such a connector can be made gas tight.
PAR  preferably, the maximum clearance beneath said flexible portion of the
      detent or spring catch, between it and the floor of the recess, is
      substantially equal to the extension of said deflectable portion above the
      outer surface of the outer shell. In some embodiments where a plurality of
      detents or spring catches are formed in an integral sleeve, the sleeve is
      first fitted in the outer shell and the inner shell is then inserted into
      this sub-assembly.
PAR  It is preferred to fit two or three detents or spring catches in the male
      portion which are equidistantly spaced about the circumference of the
      inner shell. According to one embodiment of the invention, this can be
      simply achieved by pressing a continuous element from the flat resilient
      material, which element is formed into two or three spring catches in the
      form of a circular band with arms projecting therefrom.
DRWD
PAR  Embodiments of the invention will now be described with reference to some
      of the accompanying drawings, in which:
PAR  FIG. 1 shows a schematic longitudinal section through a plug portion of a
      known connector,
PAR  FIG. 2 shows a schematic longitudinal section through a plug portion of
      another known connector incorporating an internal shell to provide an
      environmental seal,
PAR  FIG. 3 shows a schematic longitudinal section through a plug portion of an
      embodiment according to the invention,
PAR  FIG. 4 is an enlarged view of part of the plug portion shown in FIG. 3,
PAR  FIGS. 5A - 5D schematically illustrate the stages in the production of a
      connector portion as shown in FIG. 1,
PAR  FIG. 6 is a longitudinal section through part of a connector according to
      the invention,
PAR  FIG. 7 is a perspective view of a detent or spring catch for use in the
      embodiment of FIG. 6,
PAR  FIGS. 8-13 respectively illustrate further embodiments, detents or spring
      catches of the present invention,
PAR  FIG. 14 is a longitudinal sectional view of another embodiment of the
      invention, and
PAR  FIGS. 15 and 16 are schematic, part sectional views of further embodiments
      of the invention which are modifications of the connector portion shown in
      FIG. 3.
DETD
PAR  Referring to FIG. 1, the known plug portion 1 generally comprises an outer
      shell 2 coaxial with an inner shell 3. Portion 4 of the inner shell 3 is
      machined, as described below, to define integral resilient arms 5 each
      bounded by saw cuts or slits 6. An end or catch portion 7 of each arm 5
      extends through a corresponding aperture 8 in shell 2. Each catch portion
      7 has an inclined face 9 for abutting the edge of a portion 10 of shell 2.
      Shoulders 11 and 12 are spaced by a gap which permits axial movement of
      shell 2 relative to shell 3 whereby catch portion 7 is depressed (by shell
      portion 10) towards the axis of the inner shell 3. Catch portions 7 engage
      an annular recess in a socket portion (not shown) of the completed
      connector.
PAR  Referring to FIGS. 5A - 5C, inner shell 3 is produced by machining tubular
      portions 50, 51 so as to define a flange 52. As shown in FIG. 5B, portions
      of flange 52 are machined away to leave gaps 53. Four wedge-shaped
      protuberances 54 remain after this machining operation. FIG. 5C shows how
      axial and transverse saw cuts 6 are then made adjacent each protuberance
      54. Finally, FIG. 5D shows how each protuberance 54 (or the end portion 7
      of FIG. 1 which is part of the arm 5) is deformed upwardly so as to
      provide an outward bias for urging the protuberance through the aperture 8
      in the outer shell 2.
PAR  It will be appreciated that the manufacturing costs of the connector
      portion described above is increased by the multiplicity of machining
      operations and the need to deburr the metal and to remove sharp edges.
      Moreover, cuts or slits 6 allow ingress of gases or foreign matter to the
      interior of inner shell 3.
PAR  The catches of plug portion 15 shown in FIG. 2 are similarly made but, in
      this case, an environmental seal is provided. An outer shell 16 is coaxial
      with an inner shell 17 and a tubular sleeve 18. Sleeve 18 provides an
      environmental seal and has a flange 19 with a shoulder 20 for locating the
      leading end of shell 16. A recess 21 of triangular section is deep enough
      to accommodate the thickness of a catch portion 22 of a resilient arm 23.
      This is because the inner shell 17 is fitted to the sleeve 18 before this
      sub-assembly is inserted in the outer shell 16.
PAR  Comparing the cross-sections of connector portions 1 and 15, it will be
      seen that the internal diameter d of each is the same. Diameter d is
      maintained in connector portion 15 only at the expense of incresing the
      diameter of the inner shell and outer shell to allow for the depth c. Both
      the provision of sleeve 18 and the increased size of the inner and outer
      shells increase the manufacturing costs.
PAR  Embodiments of the invention will now be described.
PAR  The male connector portion shown in FIG. 3 comprises an outer shell 31
      coaxial with an inner shell 31'. At least one detent or spring catch 32 is
      formed as a tubular member either by machining a solid stock or by forming
      flat sheet material. An inclined face 33 of each spring catch 32 projects
      through an aperture 34 and is abutted by a rim 35 of the outer shell 31
      when the outer shell is moved axially to the right of the drawing. The end
      of each catch 32 is received in a respective recess 36 better seen in the
      enlarged view of FIG. 4. An out-turned flange 37 abuts a shoulder 38 to
      prevent rearward movement of the catches 32 and a tang or tooth (not
      shown), located between each catch 32 and extending from the flange end of
      the tubular member towards the leading end of the connector, is located in
      a respective recess or groove to prevent rotation of the tubular member.
      Alternatively, the forward or downturned edge of the spring catch 32 is
      extended to abut and be located in a recess or groove in the inner shell;
      such an arrangement again providing more positive locating and preventing
      rotation of the tubular member.
PAR  Referring to FIG. 4, the extension f of the catch portion 33 above the
      outer shell 31 is substantially the same as the maximum clearance f
      between the underside of the catch 32 and the deepest part of the recess
      36. The components shown in FIG. 3 are assembled by first fitting tubular
      member having catches 32 within the outer shell 31 so that the catches
      extend through apertures 34 and then fitting the inner shell 31' within
      the outer shell 31. A comparison of the cross-sectional views on the
      lefthand side of FIGS. 1, 2 and 3 will illustrate the differences in the
      shell diameters. For example, diameter e of connector portion 30 is only
      slightly less than the internal diameter d of conductor portion 15 whereas
      the external diameters of portions 30 and 15 are vastly different.
PAR  FIG. 6 shows an assembled connector in accordance with the invention. The
      connector comprises a male portion 70 and a female portion 71.
PAR  The female portion 71 comprises an annular sleeve 72 having a flange 73
      which can be abutted by a locking nut 74, threadably engaging sleeve 72,
      to provide for panel-mounting. Sleeve 72 houses a plurality of pin and
      socket members 76 and 77 located in a plug of insulating material 78. The
      pin and socket members 76, 77 are connected to pins 79 provided with
      sockets to receive soldered conductors.
PAR  The male portion 70 comprises an outer shell 80 and an inner shell 81. The
      inner shell houses a corresponding plurality of pin and socket members 82,
      83 in an insulating plug 84. Pin and socket members 82, 83 are connected
      to pins 85 which have sockets to receive soldered conductors. Means (not
      shown) may be included in the male portion 70 for clamping a cable of
      which individual conductors are soldered to pins 85.
PAR  Inner shell 81 includes either a plurality of recesses or an annular recess
      87. Recesses or recess 87 locate a plurality of releaseable spring
      catches. The catches are separate when a plurality of individual recesses
      87 are provided and are formed integrally, in a band, when an annular
      recess 87 is provided.
PAR  As shown in FIG. 7, spring catches are formed from flat resilient material
      and have a body portion from which an uplifted portion or detent 89. The
      material is preferably beryllium copper sheet and the spring catches may
      be formed by stamping. The whole detent 89 is formed arcuately with a
      smaller radius of curvature than the body portion to strengthen it against
      axial stress caused when one of its edges engages a corresponding wall of
      recess 73 during actuation to release the catch.
PAR  The uplifted portion or detent 89 extends through a corresponding opening
      75 in the leading end of outer shell 80. Each uplifted portion 89 is
      biased by its own resislience, i.e., it is prestressed, to extend through
      the respective opening 75. Outer shell 80 is axially slidable on inner
      shell 81 and, when outer shell is displaced to the right of the drawing,
      the uplifted portions 89 are depressed and are disengaged from an annular
      recess 87 in the female portion 71. The male and female portions 70, 71
      can thus be separated. On the other hand, if an axial force is exerted on
      the inner shell 81, for example, by tugging on a cable joinded to pins 85,
      separation of the portions 70, 71 is prevented by the engagement between
      each uplifted portion 89 and the annular recess 87.
PAR  It will be noted that the inner shell is not pierced by machine cuts and
      therefore it acts as an improved environmental seal. By providing a
      resilient seal between the nose of inner shell 81 and a corresponding
      inner flange 90 within female portion 71, the connector can be made
      gas-tight.
PAR  In view of its arcuate form, the uplifted portion 89 can exert a strong
      resistance against the outer shell when moved to disengage the connector
      portion.
PAR  FIG. 8 shows a detent or spring catch 101 which is an improvement in the
      latter respect. Detent 101 is made from a flat sheet of resilient material
      and has a substantially E-shape as shown. A resilient tongue 102 is
      attached to, and bounded on each of two sides, by resilient arms 103, 104.
      The free ends of arms 103, 104 straddle a recess or hollow in the inner
      shell of, for example, the male connector portion and the catch part 105
      of the detent extends through an opening in the outer shell 95 as shown in
      FIG. 9. The catch part 105 has a sloping portion 107 and a downturned
      portion 106 forming two sides of a triangle. Preferably, a lower edge 96
      partly defining the aperture in the outer shell 95 for smoothly engaging
      the sloping portion 107 of the catch 105. When the catch 105 is deflected
      downwardly, deflection is resisted by resilience of the tongue 102 and to
      some extent by elastic deformation or bowing of arms 103, 104.
PAR  A plurality of detents 101 can be formed separately or integrally in a
      band. When formed separately, they may be fitted in an annular recess
      together with circumferential spacers. The detents 101 are either curved
      when fitted to such an annular recess or are formed of a curved shape as
      shown in FIG. 10. This curvature is responsible for the bowing of arms
      103, 104 when the catch part 105 is deflected.
PAR  FIG. 10 shows a differently configured catch which is bent back to form
      sloping portion 108 and a downturned portion 109.
PAR  In the embodiment shown in FIGS. 11 and 12, a wedge-shaped protuberance 112
      is lifted up from a tongue 111.
PAR  FIG. 13 shows how a plurality of detents are integrally formed before being
      configured into an annular band.
PAR  FIG. 14 shows a preferred embodiment in which a pllurality of separate
      detents 120, which may be formed from resilient strip material, are
      located in an annular recess in an inner shell 122. In section, the
      annular recess 121 has a shallow triangular shape and the ends support the
      free ends of detents 120. A catch part 123 of each detent 120 extends
      through a respective opening 124 in a leading end of an outer shell 125.
      When outer shell 125 is moved axially to the left of the drawing, the
      catch part 123 is deflected downwardly as shown by arrow 126 in order to
      disengage the illustrated male connector portion from a complimentary
      female portion. The female portion (not shown) preferably includes an
      annular recess which is engaged by the catch parts 123 of the male portion
      when the portions are joined.
PAR  FIGS. 15 and 16 illustrate respective embodiments which are modifications
      of the device shown in FIG. 3. Only one half of the relevant part of the
      connector portion is illustrated in FIGS. 16 and 17 in order to simplify
      the drawings.
PAR  Referring to FIG. 15, a resilient arm 130 (bounded by slits or cut out
      portions) is located in a recess 131 in an inner shell 132. An outer shell
      133 surrounds the inner shell and includes an aperture 134 through which a
      catch part 135 of the arm 130 extends. The tubular member including arms
      130 includes a downturned tooth 136 which engages an upstanding ridge 137
      more positively to secure the tubular member during operation.
PAR  A similar embodiment is shown in FIG. 16, the same reference numerals
      identifying the same parts. In this case, ridge 137 is replaced by a
      recess 138 and the rear end of the tubular member 139 is turned outwardly
      to define a flange.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a quick-release connector having interengageable male and female
      connector portions, said male connector portion including an outer shell
      having openings therethrough, an inner shell concentric with said outer
      shell and having external recesses therein, and a plurality of spring
      catches, each of said catches having a portion projecting through a
      respective one of said openings in said outer shell for locking engagement
      with said female portion, and said outer shell being axially slidable
      relative to said inner shell to deflect said portions of said catches to
      cause disengagement from said female connector portion, the improvement
      comprising the provision of a plurality of separately formed spring
      catches which are independent of each other and of said inner shell, each
      of said spring catches being located in a recess in said inner shell, each
      of said catches being in the form of a flat strip of resilient material,
      and each strip being freely supported at its ends in said recess in said
      inner shell whereby, when said portion of each catch is deflected, said
      strip thereof is deformed by bowing between said freely supported ends.
NUM  2.
PAR  2. The improvement according to claim 1 wherein each strip is configured to
      have the general outline of an elongated portion coextensive with said
      portion which projects through the respective opening in said outer shell,
      said elongated portion being configured to resist deformation.
NUM  3.
PAR  3. The improvement according to claim 2 wherein each of said portions of
      said strips which project through said respective openings are configured
      to have in elevation the general outline of two sides of a triangle, one
      side of said triangle extending substantially perpendicular to the
      longitudinal axis of said outer shell so as to provide positive abutment
      with an edge of said outer shell defining a respective one of said
      openings therein, which edge partly defines said opening.
NUM  4.
PAR  4. A male connector portion for a quick release connector of the type
      having interengageable male and female connector portions, said male
      connector portion comprising an outer shell having openings therethrough,
      an inner shell concentric with said outer shell and having a locating
      recess in the outer surface thereof, and a plurality of spring catches,
      said catches each being formed as a flat sheet of resilient material, each
      catch being defined by an uplifted detent portion bounded at least at
      opposite sides thereof by axially extending base portions, each detent
      portions projecting through a respective one of said openings for locking
      engagement with a female portion, and said outer shell being axially
      slidable relative to said inner shell for deflecting said detent portions
      of said catches inwardly to cause disengagement of said detent portions
      from a female connector portion, said base portion of each of said spring
      catches being transversely arcuately configured to accommodate the
      curvature of said locating recess in said inner shell, said detent
      portions also being transversely arcuately configured with a smaller
      radius of curvature than that of said base portions whereby said detent
      portions resist said deflection.
NUM  5.
PAR  5. A male connector portion according to claim 4 wherein said detent
      portions are in the form of tongues projecting from a substantially
      rectangular opening in said base portion, each tongue having a root, and a
      region on each side of the root of each of said tongues adjacent
      corresponding corners of said rectangular opening being apertured.
NUM  6.
PAR  6. A male connector portion according to claim 5 wherein each of said
      spring catches is formed independently of one another and of said inner
      shell, and said locating recess is in the form of a plurality of recesses
      in said inner shell, each receiving one of said spring catches.
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PAL  This invention relates to a device for splicing two wires together whereby
      such splice can be disconnected and the device reused. More particularly
      the invention provides a single elongated housing of insulating material
      and a one piece contact strip encased therein. The strip contains a spring
      member and apertured frames which receive the wire conductors. Upon
      forcing depressed steps on the strip into slots in the housing the
      apertures are deformed into electrical and mechanical contact with the
      conductors. The spring member retains the force thereon until release by
      means of a releasing tool.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior art devices similar to the one disclosed herein are generally of the
      type wherein a free end of a strip of conductive material extends
      obliquely in towards the center of the housing in which it is positioned.
      The free end can rotate over a limited arc and further is generally longer
      than the height of the housing. As a wire is pushed into the housing from
      an opened end the free end of the strip is pushed or rotated out of the
      way but as the wire is then backed off a short distance, the free end is
      dragged along with its edge biting into the wire. Releasing the wire from
      this type of prior art splice device requires some degree of dexterity.
      First the wire must be pushed back into the housing as far as it can be. A
      tool such as a screwdriver is then inserted in between the wire and free
      end of the strip of metal. While the edge is thus held out of the way, the
      wire is withdrawn.
PAR  Accordingly, the object of the present invention is to provide a device for
      splicing two wires together which is easy to manipulate yet provides a
      positive electrical contact.
PAR  Another object of the present invention is to provide a device for splicing
      electrical wires together which provides a positive mechanical retention.
PAR  Yet another object of the present invention is to provide a device which is
      simple to use and is economical.
PAR  These and other objects, advantages and novel features of the present
      invention will be readily apparent from the following description of the
      preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially sectionalized perspective drawing illustrating the
      preferred embodiment constructed in accordance with the principles of the
      present invention;
PAR  FIG. 2 is a cross-sectional view along the longitudinal axis of the device
      of FIG. 1 showing the insertion of wires therein; and
PAR  FIG. 3 is the same view as FIG. 2 with respect to the device further
      showing the wire locked or retained in the housing and the means for
      releasing them.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 device 10 is shown in its simplest form; i.e., a single mold
      housing 12 and a single continuous contact strip 14. Those knowledgeable
      in the art will readily recognize that the unit designated as device 10
      can be formed into different configurations or expanded into
      multi-cellular modules, all without departing from the spirit and intend
      of the claims appended hereto.
PAR  Housing 12 must be of an insulating material; preferably it is molded using
      a nylon sold under the trademark "ZYTEL 101" by the DuPont Company.
PAR  With reference to both FIGS. 1 and 2, the housing is elongated with both
      ends 16 opening into passageway 18 extending throughout. A pair of ports
      20 located on the top wall 22 of the housing give access to the passageway
      at predetermined distances inwardly from either end 16.
PAR  The interior floor 24 of housing 12 is symmetrically irregular to provide
      means for securing contact strip 14 therein and also to provide structural
      means for the strip to removably splice and retain the wires. More
      specifically, the means for securing contact strip 14 in the housing
      includes inwardly extending recesses 26, one adjacent to each end 16. As
      is obvious from the drawings, the vertical walls into which the recesses
      are molded are provided by simply increasing the vertical dimension of
      passageway 18 in the vicinity of each end 16.
PAR  A pair of slots 28 crossing floor 24 are located generally on either side
      of an imaginary line (not shown) bisecting the housing into two equal
      halves. The location of each slot is offset inwardly from an overlying
      port 20. The outside wall 30 of each slot is beveled so that the base of
      the slots are wider than are the openings.
PAR  Contact strip 14 is preferably stamped and formed from a coplanar sheet of
      conductive material such as beryllium copper. Any other conductive
      material having like resiliency may also be used.
PAR  Contact strip 14 is elongated with both ends 32 bent down and inwardly to
      form hooks 34. These hooks are received in recesses 26 in floor 24 of the
      housing.
PAR  The portion of contact strip 14 inwardly from each end is bent upwardly to
      form frames 36 having the shape of an equilateral triangle; i.e., the two
      walls, outside wall 38 and inside wall 40, slope away from each other at
      45.degree. relative to the apex 42. Each wall contains an aperture 44;
      each aperture being concentric with the other.
PAR  The center portion of contact strip 14 is formed into a semi-circular
      spring member 46. Intermediate the spring member and each triangle frame
      36 a horizontally flat depressed step 48 is provided in the contact strip.
PAR  Dimensionally the steps 48 generally correspond in width to that of the
      openings of slots 28. Another critical dimension involved herein is that
      the length of contact strip 14 from the tip of one hook 34 to another
      prior to being positioned in the housing is equal to the length of floor
      24 from one recess 26 to the other.
PAC  UTILIZATION OF THE PREFERRED EMBODIMENT
PAR  Two wires 50 which are to be electrically joined via device 10 have their
      outer insulating jackets removed to expose a short length of conductor 52.
PAR  With reference to FIG. 2, the exposed conductors 52 are inserted into
      either end 16 of housing 12 and through apertures 44 in contact strip 14
      until the ends thereof abut spring member 46. Inwardly directed pressure
      is applied on the wires until the steps 48 slide into slots 28. Referring
      to FIG. 3, the inwardly directed pressure exerted on spring member 46
      places it in compression which biases the steps 48 against the beveled
      outside walls 30 of slots 28, thereby retaining them in the slots.
      Concurrently the triangle frames 36 are collapsed inwardly and downwardly
      distorting the geometry of the apertures 44 so that the edges of the walls
      defining them cut into conductors 52 establishing good electrical contact.
      In addition, the collapsed frames 36 in cooperation with the retained
      steps 48, secure the wires 50 in device 10 against appreciable tension.
PAR  To release a wire from device 10 a screwdriver 54, or other like tool, is
      inserted into passageway 18 via port 20. The tip 56 of the screwdriver
      pries up on spring member 46 forcing the step 48 out of slot 28. Frame 36
      regains its non-stressed geometry and the wire can be easily withdrawn.
PAR  Small gauge wire which may not have sufficient ridgity to push on spring
      member 46 can be spliced by using a screwdriver 58 to push down on the
      wire and contact strip 14 thereby forcing step 48 into a locking position
      in slot 28.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as some modifications will be obvious to those skilled in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for electrically splicing two conductors together, which
      comprises:
PA1  a. a housing of insulating material and having an opened passageway
      throughout its length, said passageway floor having a pair of spaced apart
      slots;
PA1  b. a contact strip stamped and formed from a conductive material positioned
      in the passageway, said strip having a centrally disposed spring member
      and a pair of generally triangular shaped frames, one on either side of
      the spring member with a depressed step inbetween; and
PA1  c. apertures located in each wall defining said frames,
PAL  said contact strip adapted to receive a wire in each frame and upon forcing
      the steps into the slots with the spring member removably retaining such
      therein, the apertures are deformed with the edges thereof gripping the
      conductors thereby achieving an electrical splice between the two wires.
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PAL  An improved slotted beam type electrical contact for engaging stranded wire
      is disclosed. The subject contact includes an insulation displacement
      feature which obviates the need for stripping the end of wire. It also
      assures good electrical and mechanical connection with the individual
      strands of the wire, regardless of the stranding or the lay of the
      strands, by the arrow head shape of the slot. The beams are retained in
      contact with the strands of wire by locking legs which, after the
      engagement of a stranded wire conductor therein, are deformed to prevent
      subsequent spreading of the beams.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  The Field Of The Invention
PAR  The present invention relates to an improved insulation piercing contact
      for use with stranded wire and in particular to a slotted beam type of
      contact which will assure a rigid closure of the contact at the completion
      of the wire engaging operation.
PAC  The Prior Art
PAR  There are a number of well known slotted beam type contacts presently
      available in the market place and well described in the related prior art.
      Most of these known slotted beam contacts have an inherent problem in that
      the beams are formed by a pair of rigid, substantially parallel cantilever
      members. When a wire or a conductor formed by a plurality of stranded
      wires is inserted into the slotted beam, one of two things usually
      happens. If the beam legs are sufficiently rigid, the sides of the beams
      bite into the wire. This is generally acceptable in the case of solid wire
      but is generally unacceptable for stranded wire since such a bite could
      case severing of one or more of the wire strands thereby decreasing the
      mechanical and electrical effects of the contact. If the cantilever legs
      of the slotted beam are not excessively rigid, they can flex outwardly
      when a wire is inserted therein to produce the undesirable effect of not
      having adequate pressure to form good mechanical connection with the wire.
      This is particularly noticeable with stranded wire since any untwisting or
      loosening of the stranded bundle could result in the conductor becoming
      separated from the contact, thereby losing all mechanical and electrical
      connection therewith.
PAC  SUMMARY OF THE INVENTION
PAR  The subject electrical contact is of the slotted beam type and is designed
      for engaging insulated stranded wire conductors by piercing the insulation
      to electrically and mechanically engage the metallic wire strands enclosed
      therein. The contact has a conductor engaging portion and a portion
      mateable with other electrical contacts. The conductor engaging portion
      includes a base with a pair of beam members extending normal to the base
      and defining an arrow head shaped wire receiving slot therebetween, a pair
      of arched leg members spaced outwardly of the beam members and connected
      between the base and the free end of the beam members. The base, each
      arched leg member and the related beam member constitute a four-sided
      geometric figure which, after insertion of a wire into the slot, is
      deformed into a substantially triangular figure, by straightening the leg
      members whereby the beam members are retained in a closed condition.
PAR  It is therefore an object of the present invention to produce an improved
      electrical contact of the insulation displacing slotted beam type which
      will provide good mechanical and electrical engagement with stranded wire.
PAR  It is a further object of the present invention to produce an improved
      electrical contact having arched leg members which are deformed upon
      assembly of the contact with a wire to assure that the slotted beam
      portion of the contact remaining in gripping engagement with the wire.
PAR  It is a further object of the present invention to produce an electrical
      contact which will not require prestripping of the wire to be engaged
      therein, but will provide insulation piercing connection therewith
      regardless of the stranding or lay of strands forming the wire.
PAR  It is yet another object of the present invention to produce an improved
      electrical contact of the slotted beam type which will strip insulation
      from a conductor, contain strands forming the conductor, and, upon closure
      of the beams, cause cold flow of the strands while deforming arch shaped
      legs to assure closure of the beams with a minimum of spring back.
PAR  It is a still further object of the present invention to produce an
      improved electrical contact of the slotted beam type which may be readily
      and economically manufactured.
PAR  The means for accomplishing the foregoing and other objects and advantages,
      which will be apparent to those skilled in the art, are set forth in the
      following detailed description of a preferred embodiment taken with
      reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of an embodiment of the subject
      electrical contact together with conductors and a representative housing;
PAR  FIGS. 2-5 are diagrammatic end views showing the steps of insertion of a
      conductor into the subject contact and the subsequent closure thereof;
PAR  FIG. 6 is an exploded perspective view of a tool for assembling the subject
      contact onto associated conductors;
PAR  FIG. 7 is a longitudinal vertical section through the tool of FIG. 6;
PAR  FIG. 8 is a horizontal section taken along line 8--8 of FIG. 7; and
PAR  FIG. 9 is a vertical section taken along line 9--9 of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the following description like parts will be identified with like
      reference numerals throughout the sequence of drawings. Turning now to
      FIG. 1, the subject contact is generally noted by reference numeral 10 and
      includes a contact mateable portion 12 and a conductor engaging portion
      14. The contact mateable portion 12 has been schematically represented by
      a simple blade projecting from the main body 16 of the contact. It is to
      be understood that this mateable portion can be of any of the well known
      pin or receptacle configurations and can include mounting means such as
      step 20 or locking lances (not shown). The conductor engaging portion 14
      is here shown with a wire engaging portion 22 and an insulator engaging
      portion 24 serving for strain relief. The main body 16 includes a base 26
      with a pair of beam members 28, 30 extending upwardly therefrom. The beams
      define therebetween an arrowhead shaped opening 32 which is closed at the
      bottom and terminated at the top by insulation displacing projections 34,
      36. To the outside of each of the beam members 28, 30 there is located an
      arched leg member 38, 40 the lower ends of which are integral with the
      base 26 and the upper ends which are attached to the upper ends of the
      beam members 28, 30. The strain relief portion 24 is spaced rearwardly of
      and parallel to the conductor engaging slotted beam portion 22. The strain
      relief portion includes a pair of beam members 42, 44 defining an
      insulation engaging slot 46 therebetween. The second slot 46 is of
      somewhat greater dimension than the slot 32 and is adopted to grasp the
      insulation 48 of the conductor 50 without piercing the insulation to
      engage the stranded wires 52 therein. The upper ends of beams 42, 44 are
      connected to the upper ends of beams 28, 30 by bridge members 54, 56,
      respectively, while their lower ends are integral with rear base member
      58. Base member 58 is provided with a mounting shoulder 60.
PAR  The embodiment of the housing 62 which has been illustrated is simply
      representative of a housing which will suitably receive the embodiment of
      the subject contact described above. The housing 62 includes a base
      portion 64 having a plurality of profiled contact receiving passages 66
      extending therethrough. Each passage has a forward aperture 68 through
      which the mating portion 12 of the contact extends and a step 70 against
      which the step 20 abuts. The body receiving portion 72 of the passage has
      a narrowed rear exit 74, defined by shoulders 76 and transverse channels
      78, 80 interconnecting the passages. Each contact is mounted in the
      housing with blade 12 extending through aperture 68, steps 20 and 70
      engaging and shoulders 60, 76 engaging. Arched legs 38, 40 can extend into
      the transverse channel 78 to either side of each passage.
PAR  The sequential steps of insertion of a wire into the subject contact will
      be described with reference to FIGS. 2 to 5. In FIG. 2, the contact is
      shown in the open condition with a stranded wire conductor 50 positioned
      thereabove. In FIG. 3, the conductor 50 has been moved downwardly into the
      contact with the projections 34, 36 having pierced the insulation 48 and
      stripped it from the bundle of stranded wires 52. The stranded bundle is
      received in the slot 32 as shown. The upper ends of the beam members 28,
      30 are brought together, in the manner shown in FIG. 4, by pressure
      directed inwardly against the upper ends of the beams as noted by the
      arrows. It will be seen that during this motion the strands 52 are
      compressed and to a certain extent cold flow to form a good mechanical and
      electrical connection at this point. With certain types of materials it is
      also possible to achieve cold welding of the strands and contact by this
      movement. The continued locking of the contact is effected by pressure
      against the arched legs 38, 40, as noted by arrows in FIG. 5 to
      substantially straighten the legs to assume a generally triangular
      configuration defined by a portion of the base 26, the related beam member
      28, 30 and associated now straightened leg 38, 40. Since it is well known
      that a triangle is the most rigid of geometric figures, it will be quite
      clear that the straightening of the arched leg to form this triangle will
      produce a very rigid configuration in which any resilient opening of the
      closed contact is substantially prevented.
PAR  The arrow head shape of slot 32 serves an important function during the
      attachment of the subject contact to a stranded wire conductor. The slot
      profile allows some of the strands to move all the way to the bottom of
      the arrow tip while the rest of the strands are pushed below the
      projections 34, 36. These projections hold the strands down and, as the
      beams are driven together, prevent egress of the strands from the slot.
      Thus the strands are compacted and compressed during the beam closing
      action until substantially no air gaps remain between the separate
      strands. The slot is, of course, sized according to the size of the
      conductor so that neither cutting of the strands nor a loose engagement
      with the conductor will occur.
PAR  A tool suitable for assembly of the above described contact with a
      conductor is shown in FIGS. 6 to 9. The tool is comprised essentially of
      three members, namely the block or housing 82, the face plate 84, and the
      crimp blade 86. The block 82 is adapted to be mounted on suitable tooling,
      not shown, by conventional means, also not shown, but schematically
      represented by bore 88. The block includes a channel 90 extending
      longitudinally therethrough and a second passage 92 extending transversely
      therethrough spaced from the crimping end of the block. A wire engaging
      holding member 94 depends downwardly into the forward portion of the
      channel 90 giving it somewhat of an M shape configuration which projects
      slightly from the face of the block. A mounting stud 98 also extends
      forwardly of the face 96 of the block. The edges of the face 96 are
      profiled to form steps 100, 102. The face plate 84 has four integral leg
      portions 104, 106, 108 and 110 which engage in steps 100, 102. The rear
      face 112 of the face plate engages upon the end of mounting stud 98 to
      hold the face plate 84 fixed to the block with faces 96 and 112 spaced
      apart to provide ample room for the reciprocal movement of the ram 86
      therebetween. The face plate 84 is also provided with an aperture 114
      through which a bolt, not shown, is passed to threadingly engage the stud
      98 to secure the face plate on the block. The face plate 84 also includes
      a front channel 116 which projects slightly to the rear of face 112, in
      the manner of channel 94. The ram 86 includes a central aperture 118
      through which the stud 98 passes. A pair of laterally extending arms 120,
      122 project outwardly from either side of the ram and extend beyond the
      block 82 between the legs 104, 106, 108, and 110. These arms are attached
      to a drive mechanism, not shown, which will effect the reciprocal movement
      of the ram. The ram further includes a pair of downwardly depending leg
      members 124, 126 which have therebetween a cam web 128. The cam web 128 is
      somewhat thinner than the remainder of the ram 86 and will ride over the
      channels 94, 116. As best seen in FIG. 9, the cam web 128 has a channel
      shape base portion defined by wall 130 and walls 132, 134 extending
      normally therefrom. A pair of walls 136, 138 connect with the walls 132,
      134 respectively and are flared outwardly diverging from the base 130. The
      bottom ends of the walls 136, 138 include smooth arced portions 140, 142
      tapering over to the side legs 124, 126 respectively.
PAR  The above described tool is used with connection with an anvil or base, not
      shown. The conductor 50 is fed through the channel 90 to extend beyond the
      face plate 84. A contact 10 according to the present invention is inserted
      into the channel above an anvil, not shown. The tool is driven downwardly
      so that the projection 94 drives the conductor initially into the slots
      32, 46 with the projections 34, 36 preforming the above described
      insulation displacement stripping of the insulation from the wire strands.
      The ram 86 is subsequently driven downwardly with the side walls 136, 138
      making initial contact with the upper ends of the beams 28, 30 to drive
      them toward one another, as shown in FIG. 4. The continued downward
      movement of the ram causes the inclined walls 136, 138 to engage and at
      least partially straighten the arched legs 38, 40, as shown in FIG. 5.
      This straightening of the arched legs establishes the above discussed
      triangular configuration and the desired rigidity of the assembled
      contact.
PAR  The present invention has been described in relation to a single preferred
      embodiment of the contact and tooling suitable for the assembly thereof
      with stranded wire. It is to be understood that the present invention may
      be subject to many modifications and changes without departing from the
      spirit or essential characteristics thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical contact comprising:
PA1  a metallic member having a conductor engaging portion and a mateable
      contact engaging portion,
PA1  said conductor engaging portion comprising a base, a pair of spaced beam
      members extending from said base, a protrusion near the free end of each
      said beam member directed towards the protrusion on the opposite beam
      member, said protrusions and beam members defining therebetween an arrow
      head shaped slot, and a pair of arched legs, each leg connected between
      said base and the free end of one of said beam members to define therewith
      a quadrilateral whereby said beam members are held together against
      resilient deflection away from a conductor inserted into said slot by
      substantially straightening said arched legs to form a triangle with said
      base and beam members.
NUM  2.
PAR  2. An electrical contact according to claim 1 wherein said protrusions
      serve to pierce and displace insulation from an insulated conductor
      inserted therein.
NUM  3.
PAR  3. An electrical contact according to claim 1 wherein said mateable contact
      engaging portion comprises:
PA1  a male pin.
NUM  4.
PAR  4. An electrical contact according to claim 1 wherein said mateable contact
      engaging portion comprises:
PA1  a female receptacle.
NUM  5.
PAR  5. An electrical contact according to claim 1 further comprising strain
      relief means parallel to and spaced from said conductor engaging portion,
PA1  said strain relief means comprising a pair of parallel spaced beam members
      joined together at one end and a pair of bridge members each joining the
      free end of one of said beam members to the free end of a corresponding
      conductor engaging beam member, said strain relief beam members defining
      therebetween a slot having dimensions substantially the same as the outer
      dimensions of the conductor inserted therein whereby the insulation of
      said conductor will be grasped but not pierced by said strain relief beams
      as they are bent together.
NUM  6.
PAR  6. An electrical contact according to claim 1 further comprising:
PA1  means fixedly mounting said contact in a connector housing.
NUM  7.
PAR  7. An electrical contact according to claim 6 wherein said contact mounting
      means comprises:
PA1  locking lances engageable with detents in said housing.
NUM  8.
PAR  8. An electrical contact according to claim 6 wherein said contact mounting
      means comprises:
PA1  shoulders engageable with like shoulders in said housing.
NUM  9.
PAR  9. An electrical contact according to claim 6 wherein said contact mounting
      means comprises:
PA1  steps engageable with like steps in said housing.
NUM  10.
PAR  10. An improved electrical contact of the slotted beam type comprising:
PA1  a unitary metallic member stamped and formed from a continuous strip of
      metal and including a conductor engaging portion and a mateable contact
      engaging portion,
PA1  said conductor engaging portion including a base, a pair of spaced beam
      members extending from said base with inwardly directed protrusions near
      the upper ends of said beam members and with said members defining a
      substantially arrow head shaped slot therebetween, and an arched shaped
      leg outwardly positioned of each said beam members integrally attached at
      opposite ends to said base and the free end of the respective beam member
      to form a quadrilateral therewith whereby upon straightening of said
      arched leg a substantially triangular configuration is formed resulting in
      a rigid closed slotted beam.
NUM  11.
PAR  11. The electrical contact according to claim 10 wherein:
PA1  said mateable contact engaging portion is a male pin.
NUM  12.
PAR  12. The electrical contact according to claim 10 wherein:
PA1  said mateable contact engaging portion is a female receptacle.
NUM  13.
PAR  13. The electrical contact according to claim 10 further comprising:
PA1  locking means adapted to fixedly mount said contact in an associated
      connector housing.
NUM  14.
PAR  14. The electrical contact according to claim 10 further comprising:
PA1  strain relief means including a pair of beam members joined together at one
      end defining a slot therebetween which is substantially the same width as
      the outer diameter of the conductor to be received therein, and a pair of
      bridge members each connecting the free end of one of said strain relief
      beam members to the free end of the corresponding conductor engaging beam
      member, whereby when said conductor engaging beams are driven together
      said strain relief beams tightly engage but do not pierce the insulator
      sheath of said conductor.
NUM  15.
PAR  15. The electrical contact according to claim 14 wherein said strain relief
      means is parallel to and spaced from said conductor engaging portion.
NUM  16.
PAR  16. An electrical connector comprising:
PA1  a housing having a plurality of contact receiving passageways therein, and
PA1  a like plurality of contacts each mounted in a respective passageway of
      said housing, each said contact comprising an integral metal member having
      a conductor engaging portion and a mateable contact engaging portion, said
      conductor portion comprising a base, a pair of beam members extending from
      said base defining therebetween a slot having an arrow head configuration,
      and a pair of arched legs each connected between said base and the free
      end of a respective beam member to define a quadrilateral which, upon
      substantial straightening of said arched leg, becomes a triangle resisting
      separation of said beam members.
NUM  17.
PAR  17. A method of engaging a stranded wire conductor with an electrical
      contact of the slotted beam type having a pair of beams extending from a
      base defining an arrow head shaped slot therebetween and a pair of arched
      legs each connected between said base and the free end of a respective
      beam to define a quadrilateral, comprising the steps of:
PA1  inserting said conductor into said slot with the narrow opening thereof
      performing an insulation piercing and displacing operation,
PA1  driving the free ends of said beams together to substantially close the
      opening of said arrow head shaped slot to prevent egress of said strands,
      by
PA1  substantially straightening said arched legs to form a triangle with said
      beams and said base whereby resilient outward displacement of said beams
      is prevented.
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PAL  A conductor terminal block and a mounting member therefor having provision
      for detachably holding one or more blocks snugly but detachably assembled
      to one or both faces of the mounting member. As shown, each block includes
      a pair of threaded studs to which conductors can be clamped. The one-piece
      mounting member is molded of resilient non-conductive material and
      includes a pair of resilient latches to which a respective terminal block
      can be snugly assembled. A tool serves to deflect the latches and release
      any block independently of the others. The conductor terminal connecting
      capacity is readily expandable upon need by adding one or more terminal
      blocks and one or more terminal block mounting members.
BSUM
PAR  This invention relates to conductor terminal blocks, and more particularly
      to an improved block construction and to a mounting member therefor to
      which one or more blocks can be snapped into assembled position when and
      as needed to meet operating requirements.
PAR  The use of electrical equipment of a wide variety of types presents a need
      for expandable terminal block accessories to which the ends of conductors
      can be securely but separably joined together. In this manner, different
      sub-assemblies can be readily interconnected or separated from one another
      for replacement and servicing. Initially, a given installation may have
      need for only a limited number of terminal blocks. Expansion of the
      equipment or the addition of other subassemblies or auxiliaries
      necessitates expansion of the terminal block facilities.
PAR  Various proposals have been made heretofore to meet these and the like
      requirements, but these are subject to various shortcomings and
      deficiencies avoided by the improved construction constituting the present
      invention. For example, prior terminal facilities utilize blocks of
      complex design having numerous parts requiring assembly and manipulation.
      Likewise the supports heretofore provided for multiple terminal blocks are
      subject to serious shortcomings. For example, the individual blocks are
      not readily added or removed without first detaching other blocks in the
      assembly whereas those mounting facilities having this capability are
      subject to other disadvantages.
PAR  In view of the foregoing shortcomings and deficiencies of prior
      constructions, there is provided by this invention a simple, rugged,
      one-piece terminal block and a simple, rugged, one-piece mounting member
      to which one or several of the blocks can be quickly assembled by snap-in,
      snapout retainers. Typically, the mounting member is designed to hold
      three terminal blocks against each of its opposite faces. Each block is
      held snugly and securely in place irrespective of the number of blocks
      present at any time. The terminal block, molded from non-conductive
      material, includes a pair of latch accommodating openings whereas the
      one-piece molded mounting member includes a pair of resilient latch
      members snugly seatable against the detent surfaces of the block. When one
      or more blocks are in assembled position they are held firmly against
      movement in all directions until and unless a manipulating tool is applied
      to the latches to release them.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved simplified conductor terminal block adapted to be held assembled
      to a mounting member by cooperating resilient latches.
PAR  Another object of the invention is the provision of a one-piece terminal
      block in which a pair of threaded conductive studs are embedded and
      including integral keeper lugs for the conductors and detent surfaces
      engageable by resilient latching tangs.
PAR  Another object of the invention is the provision of a one-piece terminal
      block mounting member having provision for the snap-in, snap-out retention
      thereon of one or more terminal blocks against one or both faces thereof.
PAR  Another object of the invention is the provision of a terminal block
      mounting member molded in one piece and including integral threaded studs
      for securing the mounting member to a support.
PAR  These and other more specific objects will appear upon reading the
      following specification and claims and upon considering in connection
      therewith the attached drawing to which they relate.
DRWD
PAR  Referring now to the drawing in which a preferred embodiment of the
      invention is illustrated:
PAR  FIG. 1 is a side elevational view showing a cable splice assembly utilizing
      the invention terminal block and mounting member therefor to interconnect
      conductors of the main cable to service cables;
PAR  FIG. 2 is a fragmentary view on an enlarged scale of the invention;
PAR  FIG. 3 is a cross-sectional view on an enlarged scale taken along line 3--3
      on FIG. 2; and
PAR  FIG. 4 is a cross-sectional view on an enlarged scale taken along line 4--4
      on FIG. 2.
DETD
PAR  Referring initially more particularly to FIG. 1, there is shown an
      illustrative embodiment of the invention in a typical one of its many
      operating environments. This operating environment comprises a ready
      access cable splice facility, designated generally 10, as used in large
      numbers to interconnect groups of customer telephone service cables to a
      main telephone cable. In accordance with conventional practice, the main
      cable 11 is suspended from a messenger cable 12 by means including the
      brackets 13,13 at the opposite ends of the ready access splice facility
      10. For a more detailed description of this splice facility reference may
      be had to U.S. Pat. No. 3,654,584, granted to George W. Gillemot and John
      T. Thompson on Apr. 4, 1972. Such an assembly includes a supple split
      tubular housing 15 of inverted U-shape in cross-section. This housing
      embraces the splice connections and adjacent portion of the cable entering
      the splice assembly, its longitudinal lower edges being formed with
      grooves 16 snugly embracing the base 17 of the splice housing. The sides
      of housing 15 are held assembled to the edges of base 17 as by spring
      clips 18 or by other suitable means.
PAR  The phone subscriber service cable comprises a pair of conductors 20 which
      must be separably connected in circuit with a pair of main cable
      conductors 21. Since it is frequently necessary to change the pair of main
      cable conductors connected to a particular subscriber for one reason or
      another, it is undesirable to make a permanent splice between service
      cable conductors 20,20 and the main cable conductors 21,21. Instead, the
      ends of each conductor are provided with a terminal lug 40 which is
      clamped to one of the threaded studs of the invention terminal block in a
      manner which will be described presently.
PAR  The invention terminal block, designated generally 25, as here shown,
      comprises a rectangular thick block of non-conductive material. A
      generally rectangular mounting member, designated generally 26, has
      provision for supporting three of these blocks against each of its
      opposite faces or a total capacity of six terminal blocks. It will be
      understood that the mounting member can be designed to accommodate a
      smaller or a larger number of blocks as desired.
PAR  Mounting member 26 is molded in one piece from suitable high-strength,
      tough, resilient, plastic material. Its main body comprises a thin web 28
      surrounded by a peripheral flange 29 projecting from either face of web
      28. This flange has a height somewhat less than the thickness of blocks
      25. Molded integral with and projecting from one longitudinal side of the
      mounting member are a pair of threaded studs 30 for use in securing the
      mounting member to some support. As here shown, studs 30 extend through
      the base 17 of the splice housing and are anchored to this member by nuts
      31.
PAR  Projecting outwardly from the opposite sides of web 28 are two rows of
      L-shaped latching tangs 35,35. The tangs in each row are not directly
      opposite one another but those in one row are located between those in the
      opposite row on the same face of the mounting member. Thus, referring to
      FIG. 2 and to the terminal block 25 at the right hand end of mounting
      member 26, it will be noted that the two latching tangs 35 holding that
      block to the mounting member are located in diagonally opposite corners of
      the block. This design serves a purpose which will become apparent
      presently in connection with a description of the blocks. It will be noted
      that the shorter legs at the outer ends of the tangs lie generally
      parallel to web 28 but that the inner surface of the shorter legs are
      acutely inclined to the plane of the web and serve as camming surfaces for
      a purpose to be explained presently.
PAR  Each terminal block 25 is molded in one piece from suitable high strength
      resilient non-conductive material, such as a suitable plastic. Each
      comprises a rectangular thick main body having a pair of conductor
      clamping studs 38,38 projecting from one face with their base ends fixedly
      embedded in the block. These studs are located along a diagonal line
      between a pair of opposite corners. Stated differently, studs 38 are
      offset to either side of both median bisectors of the block. Each stud is
      provided with a clamping nut 39 for clamping the terminal lugs 40,40 of
      conductors 20 and 21 to the studs.
PAR  Referring more particularly to FIGS. 3 and 4, it will be understood that
      each of the terminal blocks preferably includes pairs of keeper conductor
      lugs 41,41 projecting outwardly from the outer face of the block. Keeper
      lugs 41 are L-shaped and resilient and cooperate in holding a conductor
      and its terminal lug 41 against rotation about the axis of studs 38. It
      will be understood that the gap between the shorter legs of keepers 41 is
      somewhat less than the diameter of the terminal lug or the conductor to be
      held captive. The outer corners of these shorter legs are bevelled and aid
      in flexing the keepers away from one another as the conductor is pressed
      downwardly past the ends of the shorter legs. Once the conductor is
      pressed past these shorter legs the keepers resume their normal position
      and hold the conductor captive until forcibly withdrawn. It will be
      observed that there are a pair of keeper lugs 41 on the diametrically
      opposed sides of each of studs 38.
PAR  Each terminal block includes a pair of diagonally opposed openings 45
      passing entirely through the block and each accommodating one of the
      latching tangs 35. Openings 45 are slightly wider than the width of the
      tangs 35 and each has a specially designed ledge or detent surface
      engageable with the shorter leg of these tangs, the details of this
      surface being best shown in FIG. 3. Each opening 45 has an inclined
      sidewall 46 engageable with the end of the shorter leg of the latching
      tangs to deflect these tangs while a mounting block is being assembled to
      mounting member 26. Each also includes an inclined detent surface 47
      complemental to the adjacent inclined surface of the shorter leg of tangs
      35. When engaged, these two surfaces lock the block in assembled position
      and snugly seated against web 28 of mounting member 26.
PAR  From the foregoing description it will be evident that any desired number
      of mounting members 26 may be secured to any suitable supporting member by
      studs 30 and clamping bolts 31. Each mounting member accommodates six
      terminal blocks any one of which may be assembled to or removed from the
      mounting member independently of any other block. The assembly operation
      is accomplished simply by aligning the openings 45 of a selected block
      with a related pair of locking tangs 35. The terminal block is telescoped
      over this pair of tangs and pressed toward web 28 of the mounting member.
      As this occurs the tangs 35 are deflected by camming surfaces 46 until the
      shorter legs of these tangs can snap into locking engagement with the
      inclined detent surfaces 47. The block is now firmly assembled and, as is
      clear from FIGS. 3 and 4, held securely against movement in any direction.
      Any block may be removed by deflecting the tangs out of seating engagement
      with detent surfaces 47. For example, the bit of a screwdriver can be
      inserted against the end of the shorter leg of the tang and twisted or
      pivoted in a direction to disengage each of a pair of the latches
      whereupon the block can be lifted away from the mounting member.
PAR  While the particular snap-in, snap-out terminal block and mounting member
      therefor herein shown and disclosed in detail is fully capable of
      attaining the objects and providing the advantages hereinbefore stated, it
      is to be understood that it is merely illustrative of the presently
      preferred embodiment of the invention and that no limitations are intended
      to the detail of construction or design herein shown other than as defined
      in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A terminal block having a foursided generally cubical main body of
      non-conductive material,
PA1  a pair of threaded studs fixed thereto and projecting from one face thereof
      adjacent a respective diagonally related first pair of corners of said
      main body,
PA1  a pair of openings through said main body positioned inwardly of the sides
      thereof and adjacent a diagonally related second pair of corners of said
      main body,
PA1  said openings each having a detent surface below said one face and facing
      outwardly and adapted to seat a latching tang entering the opening from
      the face opposite said one face to hold said terminal block detachably
      assembled with said oppposite face snugly against a mounting member for
      said terminal block, and
PA1  nut means on each of said threaded studs for holding a conductor assembled
      to each of said studs,
PA1  said pair of studs and said pair of openings being symmetrically positioned
      on said one face such that said terminal block has the same mounting
      configuration when upside down whereby said terminal block may be mounted
      on said mounting member in a first upright position and in a second
      reversed position.
NUM  2.
PAR  2. A terminal block as defined in claim 1 characterized in that the main
      body of said terminal block includes pairs of closely spaced L-shaped
      conductor keepers molded integral with said main body, said keepers being
      resilient and provided with hooked ends deflectable away from one another
      as a conductor is pressed therebetween and thereafter cooperating to hold
      the conductor captive.
NUM  3.
PAR  3. A terminal block as defined in claim 2 characterized in that said main
      body is provided with separate pairs of said L-shaped keepers located
      close to the diametrically opposed sides of each of said studs.
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PAL  An insulated electrical connection block, comprising a housing which
      encloses interconnected sleeve-shaped contact means, the contact means
      comprising a pair of abutting conductive sheets formed with respectively
      opposed radial grooves to define the sleeve-shaped contact means. The
      housing is formed in two cover-shaped halves which provide recesses
      adjacent the outer ends of the contact means.
BSUM
PAR  The present invention relates to a connection block comprising, in an
      insulating housing with a main supporting surface, a plurality of mutually
      connected sleeve-shaped contact means adapted to receive pin-shaped
      contact elements through corresponding receiving apertures in the housing.
PAR  The object of the invention is particularly to provide a connection block
      of the kind indicated above, which is especially suitable for use in
      school laboratory work in physics and electronics.
PAR  According to the invention all the contact means are together formed by two
      abutting conductive sheets having in their opposed surfaces mutually
      opposite depressions extending from the edges of the sheets towards the
      central portions thereof and completing each other to form said
      sleeve-shaped contact means.
PAR  The invention will now be described in more detail below with reference to
      the attached drawings,
DRWD
PAR  FIG. 1 is an elevation view of one embodiment of the connection block of
      the present invention.
PAR  FIG. 2 is a plan view of the connection block.
PAR  FIG. 3 is a plan view of a contact sheet which may be included as part of
      the contact means in the connection block illustrated in FIGS. 1 and 2.
PAR  FIG. 4 is an elevation view of a contact means which consists of two of the
      contact sheets of FIG. 3.
PAR  FIG. 5 is a bottom plan view showing the interior of one half of the
      housing adapted to enclose the contact means of FIGS. 3 and 4.
PAR  FIG. 6 is an elevation view of the one half of the connection block housing
      illustrated in FIG. 5.
PAR  FIG. 7 is a top plan view of the one half of the connection block housing
      illustrated in FIGS. 5 and 6.
PAR  FIG. 8 is an elevation view of a stacked assembly of three connection
      blocks of the kind illustrated in FIGS. 1 and 2.
PAR  FIG. 9 is a schematic diagram of a circuit arrangement utilizing connection
      blocks according to the present invention.
DETD
PAR  The connection block 2 as illustrated in FIG. 1 and 2 comprises a round
      body of insulating material, e.g., plastic. The body has two parallel main
      support surfaces 4 and 6 and a circular mantle (edge portion) surface 8.
      In the body, forming a housing for the connection block, mutually
      connected contact sleeve means are encapsulated. The mutual connections
      between the contact sleeve means are provided in the manner described
      below. Entrance apertures 14 in the mantle surface 8 lead to one each of
      the contact sleeve means. The external ends of the contact sleeve means
      are each terminated at a distance from the mantle surface 8 in a recess
      16. The recess 16 is intended for the reception of the end of the
      insulating grip sleeve of a plug-in contact means, the contact pin of
      which is to be inserted into the corresponding contact sleeve means.
      Accidental contact with voltage carrying parts is prevented by the fact
      that the contact sleeve means thus do not reach the mantle surface of the
      plate.
PAR  In the embodiment as illustrated in FIGS. 3 and 4 the contact members
      included in the connection block according to the invention are all
      together comprised of two abutting contact sheets 18 and 20, respectively.
      Each contact sheet has eight radially extending grooves, or depressions,
      22 and 24, respectively. Said grooves are located opposite to each other,
      when the sheets are in their correct mounted position, to form eight
      contact sleeve means. The contact sheets 18 and 20 may consist of brass
      and may preferably be surface treated, e.g., silver-coated.
PAR  It is easily understood that the embodiment according to FIGS. 3 and 4
      presents substantial advantages by comprising only two parts, the shape of
      which is easily obtained by a few simple stamping and punching operations.
PAR  During production the sheets are thus stamped and punched so that the eight
      grooves, of semi-cylindrical cross-section, are obtained. In the centre of
      the sheet a hole 26 is stamped, whereafter the edges of said hole are
      pressed downwards to form a narrow cylindrically shaped portion 28. The
      object of the cylinder shaped portion 28 is to prevent the sheets from
      adhering to each other during the surface treatment, which may be
      performed in a bath with a rotating drum.
PAR  The housing adapted for the enclosure of the two sheets is composed of two
      cover-shaped halves, one of which is illustrated in FIGS. 5 through 7.
      Each cover has a bottom 30 and a peripheral edge 32. In the edge 32 eight
      semicircular notches 34 are provided. Each notch 34 is surrounded by a
      corresponding semi-circular recess 36 in the external side of the edge 32.
      When the two cover halves are assembled opposing notches 34 and recesses
      36 together form holes and recesses, corresponding to apertures 14 and
      recesses 16 of FIG. 1, for the reception of contact pins.
PAR  At each notch 34 a pair of pressure pins 38 are provided in the bottom of
      each cover, said pins serving, in cooperation with opposite pressure pins
      in the other cover half, to press the two sheets 18 and 20 enclosed
      between the cover halves, against each other in the area of the grooves 22
      and 24. Due to the fact that said pins are located at each side of the
      grooves in a sheet said pins also serve as guides for the sheets during
      assembly of the connection block.
PAR  Each cover presents a guide stud 40 and a diametrically opposite guide hole
      42 in the edge thereof, which during assembly of the covers serve to guide
      the covers relative each other.
PAR  The cover may present a pattern 44 at the external side thereof, as
      illustrated in FIG. 7.
PAR  FIG. 8 illustrates, as an example, a three-phase connection block. The
      connection block shown comprises three combined sub-blocks 2 situated
      above each other. In this manner the contact members form three levels,
      which are electrically insulated from each other. Said levels may also be
      provided with colour markings according to standards for the phases R, S
      and T and, if required, for a zero connection, if there is also a fourth
      level.
PAR  In the example illustrated in FIG. 9 of a connection diagram, A.sub.1  and
      A.sub.2, indicate ammeters, V.sub.1  and V.sub.2  voltmeters and R.sub.1
      -R.sub.4  resistors. The apparatus arrangement according to this
      connection diagram may be realized by means of six connection blocks 2
      located at one each of the junction points in the connection diagram. It
      is easily understood from the example illustrated in FIG. 9 that the
      connection block according to the invention brings pedagogic advantages in
      the form of improved surveyability by directly corresponding to the
      junction points of the connection diagram. As mentioned above, in
      addition, it provides improved safety against injury through electrical
      accidents.
PAR  It should be understood that the present invention is not restricted to the
      embodiments illustrated and described but may be modified within the scope
      of the attached claims.
PAR  While the connection block according to the invention has been said above
      to be especially suitable for school purposes, it should be evident that
      there are a plurality of other fields of application, as will be
      understood by a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A connection block comprising an insulating housing,
PA1  said housing defining a plurality of apertures around the peripheral edge
      portions thereof,
PA1  a plurality of mutually interconnected sleeve-shaped contact means enclosed
      by said housing and each positioned and adapted to receive a pin-shaped
      contact element through one of said plurality of apertures in said
      housing,
PA1  said plurality of interconnected contact means being integrally formed
      together by two abutting conductive sheets having respectively opposed
      grooves to define individual sleeveshaped contact means,
PA1  said housing comprising two cover-shaped parts,
PA1  said cover-shaped parts each including pressure means between the inside
      portion of each of said cover-shaped parts and the adjacent conductive
      sheet for maintaining said conductive sheets pressed against each other.
NUM  2.
PAR  2. A connection block as claimed in claim 1, wherein
PA1  the conductive sheets abut one another at common plane surfaces.
NUM  3.
PAR  3. A connection block as claimed in claim 2, wherein
PA1  the grooves in said conductive sheets extend radially outwardly from the
      central portion thereof.
NUM  4.
PAR  4. A connection block as claimed in claim 3 wherein
PA1  the grooves in said conductive sheets extent radially outwardly at equal
      angular spacings about the central portions thereof.
NUM  5.
PAR  5. The connection block as claimed in claim 3 wherein
PA1  said means for maintaining the conductive sheets pressed together comprise
      pressure pins formed on the inside portions of said cover-shaped parts,
PA1  said pressure pins also serving as rotational positioning means for the
      portions of said conductive sheets forming said grooves.
NUM  6.
PAR  6. The connection block as claimed in claim 3 wherein
PA1  the outer surfaces of said housing are shaped to nest with housings of
      additional similar connection blocks so as to make said housings stackable
      with one another.
NUM  7.
PAR  7. A connection block as claimed in claim 3 wherein
PA1  the outer periphery of each of said conductive sheets is round in plan
      view.
NUM  8.
PAR  8. The connection block as claimed in claim 7 wherein
PA1  the outer edges of said conductive sheets are substantially completely
      enclosed within said housing to prevent accidental contact therewith.
NUM  9.
PAR  9. The connection block as claimed in claim 1 wherein
PA1  said two conductive sheets are substantially identical.
NUM  10.
PAR  10. The connection block as claimed in claim 1 wherein
PA1  said two conductive sheets with opposed grooves define contact pin sockets
      substantially independent from the interior shape of said housing.
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ABST
PAL  A terminal insulator comprising a tubular component formed from flexible
      insulating material. In one axial region the wall of the component is
      formed with slits which define a displaceable flap integral with the
      remainder of the component. The flap is such that displacement thereof
      produces in said axial region of the component an aperture, the remainder
      of said region defining a shroud. The component further includes an
      additional axial region which is unaffected by said slits and so defines
      an unbroken collar. A method of manufacturing such a terminal insulator
      and a terminal assembly utilising such an insulator are also disclosed.
BSUM
PAR  This invention relates to insulators for use particularly, but not
      exclusively, with terminal posts.
PAR  An insulator according to the invention comprises a tubular component
      formed from flexible insulating material, the wall of one axial region of
      said tubular component being formed with slits which define therein a
      displaceable flap such that displacement of the flap relative to the
      remainder of the component produces in said axial region an aperture, and
      the remainder of said region defines a shroud, said component including a
      further axial region which is unaffected by said slits, and so defines an
      unbroken collar.
PAR  In a second aspect the invention resides in a method of manufacturing a
      terminal insulator comprising starting with a length of flexible,
      insulating tubular material, and forming in one axial region of the wall
      of the tube slits which define between them a displaceable flap, which,
      when displaced, leaves in the wall of the tube an aperture such that the
      remainder of said axial region defines a shroud, the slits being so
      positioned that a further axial region of the tube is unaffected by the
      slits, and so defines an unbroken collar.
PAR  In a further aspect the invention resides in a terminal assembly including
      a base, a terminal post upstanding from the base, a connector engaged with
      the terminal post and extending generally at right angles to the terminal
      post, and an insulator as specified above, said flap being displaced to
      lie generally parallel with the connector, the connector extending through
      said aperture, and said collar encircling said terminal post and being
      trapped between the connector and the base so as to retain the insulator
      in position relative to the terminal post and connector.
DRWD
PAR  In the accompanying drawings, FIG. 1 illustrates a terminal insulator in
      accordance with a first example of the invention, prior to use in a
      terminal assembly,
PAR  FIG. 2 shows the insulator of FIG. 1 ready to be incorporated in a terminal
      assembly,
PAR  FIG. 3 shows the insulator of FIG. 1 incorporated in a terminal assembly,
PAR  FIGS. 4 and 5 are views similar to FIGS. 1 and 2 of an insulator in
      accordance with a second example of the invention,
PAR  FIGS. 6 and 7 are views similar to FIGS. 1 and 2 of an insulator in
      accordance with a third example of the invention,
PAR  FIGS. 8 and 9 are views similar to FIGS. 1 and 3 of an insulator and its
      incorporation in a terminal assembly in accordance with a fourth example
      of the invention, and
PAR  FIGS. 10 and 11 are views similar to FIGS. 1 and 2 of an insulator in
      accordance with a fifth example of the invention.
DETD
PAR  Referring first to FIGS. 1 to 3 of the drawings, there is shown a terminal
      insulator for use with a screw-threaded terminal post which is arranged to
      receive a connector of the type including an eyelet which encircles the
      terminal post, and which is retained on the terminal post by means of a
      nut, with the connector extending generally at right angles to the
      terminal post.
PAR  The insulator 11 comprises a short length of polytetra-fluoroethylene tube
      which is formed with an axial slit 12 extending from one free end of the
      tube to a point approximately two thirds along the length of the tube. At
      its end remote from the free end of the tube the slit 12 communicates with
      a second, circumferential slit 13, the circumferential slit 13 of course
      extending generally at right angles to the slit 12. The slit 12 intersects
      substantially the mid-point of the slit 13, and the slit 13 subtends an
      angle between 90.degree. and 180.degree.. Thus, the two slits 12, 13
      together define in the wall of the tube a pair of displaceable flaps 14,
      15, and both slits lie in a first axial region of the tube. Neither slit
      extends into a second axial region of the tube adjacent the opposite free
      end of the tube, and so the second axial region of the tube can be
      considered to be an unbroken collar 16. When the two flaps 14, 15 are
      displaced relative to the remainder of the tube, by flexing them, they
      leave an aperture in the wall, and the remainder of the wall can be
      considered as a shroud 17 integral with and upstanding from the collar 16.
PAR  The insulator is used in the following manner, a terminal post 21 which is
      upstanding on a base 22 is arranged to receive an eyelet connector 23
      having a lead 24 secured thereto. The eyelet connector 23 encircles the
      post 21 and is held in position by a conductive nut 25. The insulator is
      placed over the post 21 prior to engagement of the connector and nut with
      the post. The free end of the collar 16 seats against the base 22, and the
      flaps 14, 15 are displaced outwardly to provide an aperture through which
      the connector 23 can extend. The collar 16 encircles the post 21, and the
      shroud 17 partially encircles the post, the post being exposed at the open
      end of the shroud, and by way of the aperture defined when the flaps are
      displaced. The connector 23 is then engaged with the post 21 and the nut
      25 is engaged with the post 21 to secure the connector in position. The
      connector extends outwardly from the post 21 by way of the aperture in the
      insulator, and the flaps 14, 15 lie on either side of the connector. The
      connector is held in position relative to the remainder of the terminal
      assembly by the collar 16 being trapped between the connector 23 and the
      base 22.
PAR  It will be appreciated that the shroud 17 and the flaps 14, 15 mask
      substantially the whole of the exposed conductive area of the terminal
      post, the nut, and the connector. Thus the possibility of short
      circuiting, or other unwanted electrical connection between closely
      adjacent terminal posts and their connectors is minimised.
PAR  In the example shown in FIGS. 4 and 5 it will be noted that again there is
      a collar 16, a shroud 17 and an aperture. However, in this example there
      is only a single flap, 26 defined by a pair of parallel, circumferentially
      spaced slits 27. The flap 26 is again displaced to extend outwardly from
      the remainder of the insulator, and in this example is intended to provide
      insulation between the connector, and conductive components lying beneath
      the connector.
PAR  The third example shown in FIGS. 6 and 7 is quite similar to the example
      shown in FIGS. 1, 2 and 3, with the exception that it includes a collar 28
      at the end of the insulator remote from the collar 16. Again there are two
      flaps 14, 15 similar to the flaps 14, 15 of the first example. In this
      case however, the flaps are defined by three slits, two of which 12, 13
      are similar to the slits 12, 13 of the first example, the third slit 29
      being parallel to and spaced from the slit 13. The example shown in FIGS.
      6 and 7 has the advantage over the arrangement shown in FIGS. 1 and 2 that
      if used with the terminal construction shown in FIG. 3, then there is a
      greater shrouding of the upper end of the terminal by virtue of the collar
      28. Additionally, of course, the insulator shown in FIGS. 6 and 7 can be
      used either way up. As will be appreciated, there is a slight difference
      in the sequence of construction of the terminal assembly in that the
      connector 23 must be inserted through the aperture defined between the
      flaps 14, 15 prior to engagement of the insulator and the connector over
      the terminal post.
PAR  The example shown in FIGS. 8 and 9 differs from the example shown in FIGS.
      6 and 7 only in that the shroud 17 is formed with an axially extending
      integral strip 31 which can be folded over the top of the terminal post 21
      and nut 25 after construction of the terminal assembly to substantially
      close the upper end of the insulator.
PAR  The example shown in FIGS. 10 and 11 is a version of the example shown in
      FIGS. 1 and 2 capable of accepting a double ended connector. Thus the tube
      is formed with a second pair of slits 12a, 13a identical with and
      diametrically opposite the slits 12, 13. The slits 12a, 13a define a
      second pair of displaceable flaps 14a, 15a diametrically opposite the
      flaps 14, 15, and when the flaps 14a, 15a are displaced they leave an
      aperture in the shroud 17 diametrically opposite the aperture between the
      flaps 14, 15. Thus a double ended connector can be accommodated, or
      alternatively a pair of connectors 23 engaged with the same post, but
      extending in opposite directions, can be accommodated. It will be
      appreciated, of course, that the shroud 17 is in this example in two
      separate parts each of which partially encircles the terminal assembly.
PAR  It will be recognised that a large number of different forms of insulator
      can be produced merely by altering the number and positioning of the
      slits. Furthermore, it will be manifest that the various forms of
      insulator can be produced both cheaply and conveniently when needed, since
      all that is necessary is a stock of the appropriate tubing, and a sharp
      knife. However, where one particular form of connector is to be used
      widely, then it is quite possible that that single form of connector could
      be produced in a moulding operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A terminal insulator comprising a tubular component formed from flexible
      insulating tube, the wall of one axial region of said tubular component
      being formed with slits which define therein a displaceable flap such that
      displacement of the flap relative to the remainder of the component
      produces in said axial region an aperture and the remainder of said region
      defines a shroud, said component including a further axial region which is
      unaffected by said slits and so defines an unbroken collar, and said
      component further including an integral flexible strip which extends
      axially from the axial end of the component remote from the unbroken
      collar, the strip being of a length and width such that it can be folded
      over relative to the component to substantially close said axial end of
      the component.
NUM  2.
PAR  2. A method of manufacturing a terminal insulator comprising starting with
      a length of flexible, insulating tube, and forming in one axial region of
      the wall of the tube slits which define between them a displaceable flap,
      which, when displaced, leaves in the wall of the tube an aperture such
      that the remainder of said axial region defines a shroud, the slits being
      so positioned that a further axial region of the tube is unaffected by the
      slits, and so defines an unbroken collar, and, removing part of the wall
      of the tube at the axial end thereof remote from said unbroken collar so
      as to leave, extending axially from said axial end of the tube, a flexible
      strip the length and width of which are such that the strip can be folded
      to substantially close said axial end of the tube.
NUM  3.
PAR  3. A terminal assembly including a base, a terminal post upstanding from
      the base, a connector engaged with the terminal post and extending
      generally at right angles to the terminal post, and an insulator
      comprising a tubular component formed from flexible insulating tube, the
      tubular component having one axial region of the wall thereof formed with
      slits which define a displaceable flap such that displacement of the flap
      relative to the remainder of the component produces in said axial region
      an aperture, and the remainder of said region defines a shroud, said
      component including a further axial region which is unaffected by said
      slits and so defines an unbroken collar, and said component having an
      integral strip extending axially from the axial end of the component
      remote from the unbroken collar, said flap being displaced to lie
      generally parallel with the connector, the connector extending through
      said aperture, and the collar encircling said terminal post and being
      trapped between the connector and the base so as to retain the insulator
      in position relative to the terminal post and connector, said shroud
      shrouding the periphery of the terminal post and the connector, and said
      strip being folded to overlie the top of the terminal post, the length and
      width of the strip being such that the strip, when so folded,
      substantially closes said axial end of the insulator component.
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ABST
PAL  An electrical terminal connector for inserting or snapping into a mounted
      position on a printed circuit board to be securely retained therein, with
      the connector being adapted to receive a plurality of electrical leads and
      having tines or leads for engaging and securely holding the leads in the
      connector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known in the terminal connector art, various structures and
      expedients have been utilized to mount and retain electrical terminal
      connectors on the associated bases. Among such structures are screws,
      rivets, sliding connectors, and clamps or clips of one sort or another.
      With the advent and now wide spread use of printed circuits, and hence, of
      printed circuit boards, the need has arisen for providing improved
      terminals for connecting electrical wires or leads for circuit boards.
PAR  Accordingly, the present invention is directed to providing an improved
      electrical terminal connector particularly suited for use with, or on
      printed circuit boards (but not necessarily limited thereto), which
      terminal is adapted to receive from one to five electrical leads or wires
      of various gauge sizes with the wires being of either stranded or solid
      construction.
PAR  Tines or leaves are formed and positioned in the terminal connector to
      securely engage the wires inserted therein and windows or openings are
      formed in the body of the terminal to assure that a path for solder is
      provided to insure firm mechanical connection and electrical connection
      between the wires and the terminal connector.
PAR  The inventive terminal connector may be either manually or automatically
      inserted or mounted in the associated apertures of the printed circuit
      board. After insertion of the terminal in the associated boards, the
      terminal is securely retained therein by a unique lug constructions which
      permits the inventive connector to adapt to and be firmly mounted on
      printed circuit boards of varying thicknesses.
PAR  More specifically, the terminal connector includes flexible lugs which are
      readily adjustable after insertion of the terminal connector into the
      printed circuit boards to cause the lug to firmly abut and engage the
      surface of the printed board to provide a firm mechanical mounting for the
      terminal connector.
PAR  The foregoing and other features and advantages of the invention will be
      apparent from the following more particular description of the preferred
      embodiments of the invention, as illustrated in the accompanying drawings
      wherein:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric relatively front view of the inventive terminal
      connector;
PAR  FIG. 2 is an isometric view of the inventive terminal connector showing a
      relatively opposite or reverse side to that shown in FIG. 1;
PAR  FIG. 3 is a frontal elevational view of the inventive terminal connector
      mounted in a printed circuit board to more clearly show the construction
      of the angled resilient arms;
PAR  FIG. 4 is a view partially in cross section showing the terminal connector
      mounted in a printed circuit board and wires inserted in the connector;
PAR  FIG. 5 shows a modification of the terminal connector of FIGS. 1-4;
PAR  FIG. 6 is a frontal elevational view of another embodiment of the inventive
      terminal connector;
PAR  FIG. 7 is a frontal elevational view of another embodiment of the inventive
      terminal connector; and,
PAR  FIG. 8 is a frontal elevational view of still another embodiment of the
      inventive terminal connector mounted in a printed circuit board.
PAR  FIG. 9 is a view of still another embodiment of the present invention
      partially in cross section showing the terminal connector with wires
      inserted in the connector;
PAR  FIG. 10 is an isometric view showing the reverse side of still another
      embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Refer first to FIG. 4 which shows the inventive terminal connector 11
      mounted in an associated aperture 12 in a printed circuit board 14. In a
      preferred embodiment, the terminal connector 11 comprises a substantially
      rigid body of a relatively rectangular and tubular cross section. The
      aperture 12 is of a size and shape to accommodate the terminal connector
      11.
PAR  As indicated in FIG. 4, the terminal connector 11 is arranged to receive
      one or more electrical lead wires 16 connecting to the associated
      electrical circuitry.
PAR  Connector 11 includes an elongated tubular body or well portion 15 having
      an open upper end for receiving the electrical lead wires 16, and a closed
      lower end for retaining the solder when the lead wires 16 are being
      soldered to the terminal connector 11 as will be explained. The connector
      11 may be formed of pre-tinned brass or pre-tinned steel and is not
      limited to any particular size.
PAR  As seen in FIG. 1, a solder lug 17 extends upwardly and at an angle from a
      horizontal flange 19 which in turn extends from the broad back side of the
      well portion 15 and includes an aperture 18 for receiving an electrical
      wire. Horizontal flange 19 extends from the upper open end of the back
      side of the well portion. Flange 19 is relatively wider than the broad
      side of the well portion 15 and is adapted to rest on the upper surface of
      the printed circuit board 14 when connector 11 is mounted thereon.
      Buttress ribs 21 are formed between the flat flange 19 and the angled
      solder lug 17 for strengthening purposes.
PAR  A second horizontal flange 23 extends from the upper end of the front side
      of the well portion 15 and is also adapted to rest on the upper side of
      the printed circuit board 14 when connector 11 is mounted thereon.
PAR  Resilient arms, generally labeled 25, are formed on the narrow sides of the
      body portion 15; see FIG. 3. The arms 25 are formed integrally with the
      body portion and are struck from, or severed and pushed outwardly from,
      the narrow sides of the body portion 15 to form cantilevered resilient
      members. The arms 25 project upwardly and outwardly at an angle beyond the
      side of the rectangular tubular body, and the upper tip 27 of each of the
      arms 25 is arranged to engage the lower surface of the printed circuit
      board 14 as shown in FIG. 4.
PAR  The spacing between the lower surface of the flanges 23 and 19 and the tips
      27 of the angled arms 25 is arranged so as to accomodate a printed circuit
      board 14 of a given maximum thickness. Elbows or bends 29 are formed in
      the arms 25 and intermediate the ends of the arms, the elbows 29 are bent
      inwardly and the apex of the elbows lies within the interior of the
      rectangular tubular body portion 15.
PAR  The construction of the arms 25 including the elbows 29 permits the arms to
      be adjusted to adapt the terminal connector 11 to accomodate to printed
      circuit boards of various thicknesses. More specifically, to securely
      affix the terminal connector 11 to the printed circuit board 14, the lower
      tubular portion 15 of connector 11 is first pushed through the aperture 12
      past the angled arms 25 and the tips 27 of the arms. If the printed
      circuit board is of a given thickness, the spacing between the tips 27 of
      arms 25 and the flanges 23 and 19 is such that as the printed circuit
      boards 15 clear the tip of the arm 25, the upper surface of the printed
      circuit board 14 will engage the flanges 21 and 23 to securely position
      the terminal connector 11 in the board. If the circuit board 14 is of a
      lesser thickness than the spacing between tips 27 and flanges 19 and 23,
      there will be a slight give or play of the terminal connector 11 in the
      aperture 12. To securely affix the terminal connector 11 in the aperture
      12 of printed circuit board 14, a selected tool of suitable design (not
      shown) is forced into the terminal connector body portion 15 to push or
      urge the elbows 29 of arms 25 outwardly. The foregoing operation causes
      the upper ends or tips 27 of the arms 25 to move upwardly to abut firmly
      against the lower surface of the printed circuit board 14 and thereby
      securely fasten the terminal connector 11 in position.
PAR  Resilient tines or fingers 31 are integrally formed in the well portion 15
      for gripping the electrical wires of the various types and sizes which are
      inserted into the terminal connector 11. The tines or fingers 31 are
      formed by striking or severing a portion of the back broad side of the
      well portion 15 and bending the struck portion in cantilever fashion
      toward the opposite or front side of the well portion. Slits 28 are cut in
      the struck portion to form the tines or fingers 31, as can be better
      appreciated in FIG. 2. The tines 31 extend downwardly into the well
      portion 15 in angled cantilever fashion with the lower ends 32 of the
      tines being contiguous with the planar interior surface of the front side
      of the well portion 15. The lower ends of tips 32 of the tines are angled
      or sharpened to better engage since the tines 31 are resiliently arranged
      to extend in angled relation toward the front side of the well portion,
      when a lead wire 16 is inserted into the well portion 15, the sharpened
      end 32 of tines 31 bear against and grip the wire 16 to tend to hold the
      wire in position.
PAR  As mentioned, tines 31 are separated along their length and are bent
      inwardly at an angle against the opposing surface of the well portion 15.
      Each of the tines 31 functions as a separate resilient member to provide a
      distinct separate pressure to the wires 16 pushed into the well portion
      15. Thus, various wires, even wires of different diameters, can be
      inserted into the terminal connector well portion 15 and each tine 31 will
      still provide pressure and hence a gripping action to wires positioned
      thereagainst since each of the tines 31 operates as a distinct resilient
      member.
PAR  A window or opening 34 is formed by the operation of striking the back
      portion of the body to form the tines on one side of the body to assure
      that solder flows into the interior of well portion 15 to assure that a
      proper solder connection is made to the wires 16 inserted therein.
PAR  When the leads have been inserted in the terminal connector 11 they will
      remain firmly in the connector even though the printed circuit board 14
      may be subjected to rough handling during subsequent operations.
PAR  The well portion 15 is closed at the bottom end and provides a stop for the
      lead wire 16 thereby insuring uniformity of location of the lead wires.
      Normally, the printed circuit boards 14 with terminal connectors 11
      secured thereto are solder dipped. In such operation, the terminal
      connectors 11 with inserted leads 16 have their well portions 15 dipped
      into a bath of molten solder, and the molten solder flows freely into the
      well through the window 34, to provide a permanent bond between the leads
      16 and the terminal connector 11.
PAR  Another embodiment of the invention is shown in FIG. 5 which employs
      additional solder openings 39 to provide more convenient access for the
      solder to penetrate when dipped into the solder bath. The remainder of the
      terminal connector corresponds to that previously described and shown in
      FIG. 1.
PAR  Other embodiments of the invention employ a wire wrap shank as shown in
      FIGS. 6, 7 and 8, replacing the solder lug of FIG. 1. FIG. 6 shows a
      particular embodiment of this type with the lower portion being
      substantially as shown in FIG. 1 with a slightly different shaped flange
      than previously described and shown in FIG. 1 and the upper portion
      substituting a sculptured shank or projection 35 for the solder lug 17.
      This projection extends straight up and functions as a post for securing
      wire in a winding or wrap-around manner. The sculpturing feature lends the
      quality of higher strength to the projection in the same manner as the
      buttress ribs 21 shown in FIG. 1.
PAR  FIG. 7 shows a different version of the embodiment of FIG. 6, whereby the
      wire wrap shank or projection 35 is disposed on the bottom end of the
      connector body with resilient arms 25 having a lower portion 38 not
      present on the embodiments previously discussed in, for example, FIG. 1 or
      FIG. 5. These lower ends 38 are extended inwardly by severing them from
      the base and bending them until they come together to form a stop for the
      wires. Thus it serves the same function as the well portion 15, while
      allowing additional openings for solder entrance similar to those of FIG.
      5.
PAR  The embodiment shown in FIG. 8 is essentially a combination of the version
      of the invention shown in FIG. 6 with the added solder openings shown in
      FIG. 5.
PAR  FIG. 9 shows an embodiment of the present invention which serves generally
      as a receptacle and contact point for wires 16. This embodiment eliminates
      the solder lug 17 while still retaining the function of a contact point.
      In so doing, the surface of the printed circuit board maintains a cleaner
      appearance without a loss of function.
PAR  FIG. 10 shows a version of the present invention substantially similar to
      FIG. 1, whereby the solder lug 17 points straight up from the solder wall
      portion 15 and the printed circuit board when in position. By the use of
      this design, a wire may approach the solder lug from any direction and
      still be coveniently attached.
PAR  Upon consideration of the foregoing, it will become obvious to those
      skilled in the art that various modifications may be made without
      departing from the invention embodied herein. Therefore, only such
      limitations should be imposed as are indicated by the spirit and scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A terminal connector for securing electrical lead wires to a base board
      having opposite surfaces and having apertures extending through the body
      for accommodating the connector, the connector comprising, a hollow body
      substantially in rectangular tubular form having opposing sides and ends,
      the body being open at one end thereof for receiving wires and a
      substantially closed opposite end to provide a stop for wires, a plurality
      of gripping tines positioned substantially on a same plane extending from
      a side surface of the rectangular body and extending in converging
      cantilever relation toward the opposite side surface and away from the
      opening, the converging ends of the tines positioned adjacent the opposite
      side surface to firmly engage wires inserted into said body, flanges
      extending from the body arranged to engage one surface of the base board
      adjacent the aperture to position the terminal connector, resilient
      cantilever lugs each having an end affixed to said body and the opposite
      end extending outwardly from said body toward the flanges to engage with
      the opposite surface of the base, the lugs each having an elbow portion
      extending into the interior of the body, which elbow portion is capable of
      being pushed outwardly and upwardly from the interior of the body and
      thereby urge said outwardly and upwardly extending end of the lugs to
      firmly abut and engage base boards of varying thicknesses.
NUM  2.
PAR  2. A terminal connector as in claim 1 wherein the tines are formed in
      parallel relation, substantially in a plane, and are positioned closely
      adjacent each other and have their converging ends angled or sharpened to
      provide a gripping or holding action on the wires.
NUM  3.
PAR  3. A terminal connector as in claim 1 wherein the tines are formed
      integrally with the body and are struck from the body.
NUM  4.
PAR  4. A terminal connector as in claim 1 wherein said body includes an opening
      on a side to provide a passage for admitting solder for soldering the lead
      wires to the body.
NUM  5.
PAR  5. A terminal connector as in claim 1 wherein wire strips are formed
      integrally with the body, said strips being struck from the sides of the
      body and having a converging end which is bent inwardly into the interior
      of the body to provide a stop for the wires.
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PAL  A hologram device carrying at least one hologram on a light sensitive
      medium in which the part of the light sensitive medium which carries the
      hologram thereon is impregnated with a laser active material.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a hologram device, and more particularly,
      to a hologram recording medium.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of a prior art holographic recording system
      of the Fourier transform type.
PAR  FIG. 2 is a schematic diagram of a reconstructing system for the system of
      FIG. 1.
PAR  FIG. 3 is a diagram of explaining the reconstruction from a prior art array
      of a plurality of holograms.
PAR  FIGS. 4, 5 and 6 are embodiments of the hologram device according to the
      present invention.
DETD
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In a prior art holographic system of the Fourier transform type, the
      write-in or recording system is as shown in FIG. 1. A laser beam emitted
      by a laser source 1 is divided by a beam splitter 2 into two beams, one of
      which is reflected by a reflector 3 and passes through a diverging lens 4,
      a pinhold 5, and a collimator lens 6 to become a collimated beam 7. The
      collimated beam 7 passes through a converging or write-in lens 8 and
      information source 9 to be converged or focused on a light sensitive
      medium 12 as the information-carrying object beam. The other of the two
      beams is reflected by a reflector 10 to be directed to the light sensitive
      medium 12 as a reference beam 11 so that it interferes with the
      information-carrying object beam to form a hologram 13.
PAR  In order to reconstruct the information from the thus made hologram 13, a
      laser beam 15 from a laser source 14 is directed to the hologram 13 on the
      light sensitive medium 12 at the same angle .theta. as that at which the
      reference beam 11 was directed to the light sensitive medium 12 when the
      hologram 13 was made as shown in FIG. 2. Then, a reconstructed beam is
      read out.
PAR  As can be understood from the above-described recording and reconstructing
      systems, relatively large scale optical systems are necessary. A large
      scale optical system is unavoidable for the recording system for the
      reason that an accurate adjustment and stability of the optical system is
      necessary for causing the information-carrying object beam and the
      reference beam to perfectly interfere with each other to form interference
      fringes on the light sensitive medium. As to the reconstructing system,
      there are two points to be considered. One of the two points is that as
      the reconstructing light source a high chromaticity coherent light source
      must be used, and the other is that the reconstructing beam must impinge
      upon the hologram at a predetermined angle. In the past, in order to meet
      these requirements the reconstructing optical system was arranged on an
      optical bench, and, as the light source, a large scale one such as an
      He-Ne laser or an Ar laser was employed. The determination of the
      incidence angle of the reconstructing beam was made by fixedly mounting
      the hologram plate on a large hologram holder and by rotating the hologram
      holder. An overall system employing these arrangements for reconstructing
      holograms is of a fairly large scale, and so that even though the hologram
      itself may be made small, the overall system cannot be made compact to
      take advantage of the smallness of the hologram. Moreover, the angle of
      incidence of the reconstructing beam upon the hologram must be fairly
      accurate. However, this requirement leads to the following disadvantages
      as to the arrangement.
PAR  As an example, consideration will be given to the case in which a plurality
      of holograms are arranged on a light sensitive medium as shown in FIG. 3.
      When information is to be reconstructed from each of holograms 25 on a
      light sensitive medium 24, it is necessary to form successively parallel
      light beams 23 to direct the laser beams 23 to the holograms 25 at the
      same incidence angle. To this end, it is common to form the parallel laser
      beams 23 by directing laser light 19 to a light deflector 20 to form
      deflected laser beams 21 which impinge upon a lens 22. As the light
      deflector 20 one which utilizes the electro-optical effect or the
      acoustico-optical effect is commonly employed. However, both of them are
      very expensive and troublesome to handle. Moreover, a precise adjustment
      thereof, when the parallel light beams 23 are to be formed by the lens 22,
      is very time-consuming. If the angles of the laser beams 23 incident upon
      the holograms 25 are not equal to each other, it is nearly impossible to
      successively reconstruct images from the holograms 25.
PAR  Furthermore, there is the disadvantage that since a single light source is
      used, the reconstructed images are all of the same wavelength, that is,
      the color images cannot be reconstructed by this system.
PAR  As another system in which an ordinary lamp, emitting white light, is
      employed as the light source in place of the laser source, there is a
      Lippmann type holograph. However, this system has the disadvantage that
      since only the light of the wavelength corresponding to the interval of
      the interference fringes is selected from the white light to be utilized,
      the output energy is very small relatively to the entire input energy,
      that is, the efficiency is very low.
PAR  The image reconstructed by the prior art reconstructing system is
      considerably dark. That is, the efficiency of reconstruction is about 10
      to 20 % when the intensity of the reconstructing light source is constant.
      For example, when an He-He laser of a power of about 5 mW is used as the
      reconstructing light source, the reconstructed image necessarily becomes
      considerably dark.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a small hologram device
      free from the restriction of the angle of a reconstructing beam incident
      thereupon.
PAR  Another object of the present invention is to provide a hologram device
      capable of reconstruction without utilizing an expensive light deflector.
PAR  A further object of the present invention is to provide a hologram device
      capable of providing a light holographic reconstructed image.
PAR  A still further object of the present invention is to provide a hologram
      device free from the necessity of accurate optical adjustment.
PAR  In order to achieve the above objects the present invention is
      characterized in that the part of a light sensitive medium at which a
      hologram is made is impregnated with a laser active material which
      functions as a light source or a light amplifier.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 4 shows an important part of an embodiment of the present invention.
      As the part of a light sensitive medium 28 at which the light sensitive
      medium 28 is impregnated with a laser active material 29 a hologram 30 is
      recorded by an information-carrying light beam 26 and a reference light
      beam 27 in a manner similar to the holographic recording shown in FIG. 1.
      In FIG. 4, an optical installation for the recording is omitted except the
      light sensitive medium 28 for the sake of simplicity.
PAR  All that has to be done to reconstruct an image from the thus made hologram
      30 is to direct a reconstructing light beam to the hologram 30 in the same
      direction as that of the reference light beam 27 similarly to the hologram
      reconstruction shown in FIG. 2. However, in the present invention, when
      the reconstructing light beam is directed to the hologram 30, an exciting
      laser light beam is directed to the hologram 30 simultaneusly with the
      reconstructing beam in an arbitrary direction. For example, an exciting
      laser beam 31 is directed to the hologram 30 in the direction as shown in
      FIG. 4, in which the exciting light source is omitted. By selecting a
      laser active material having an oscillation band equal to the wavelength
      of the reconstructing light as the laser active material 29, the energy of
      the laser exciting light is transformed by the laser active material 29
      into the energy of the reconstructing light. This fact means that an
      amplification of the energy of the reconstructing light is effected in the
      bright sensitive medium. As a result, the reconstructed image becomes very
      light.
PAR  When an He-Ne laser (oscillation wavelength: 6328A), for example, is
      employed as the reconstructing light source, organic colorants such as
      rhodamine 6G or rhodamine B, for example, can be employed as the laser
      active material to be incorporated in the light sensitive medium. As the
      laser exciting light source for these colorants, an N.sub.2 laser, the
      second harmonic of a YAG laser, the second harmonic of a ruby laser, or a
      xenon flash lamp may be employed.
PAR  FIG. 5 shows an important part of another embodiment of the present
      invention, in which a hologram 35 is made by simultaneously directing an
      information-carrying object light beam 32 and a reference light beam 33 to
      the part of a light sensitive medium 34 at which the light sensitive
      medium 34 is impregnated with a laser active material 39 similarly to the
      embodiment of FIG. 4. However, in this embodiment, the reference light
      beam 33 passing through the light sensitive medium 34 is reflected by a
      reflector 38 disposed perpendicularly to the reference beam 33 so that the
      reflected light beam 40 reenters the light sensitive medium 34. Then, a
      resonator 36 consisting of a grating determined by the wavelength of the
      reference light beam 33 is formed in the hologram 35. The axial direction
      of the resonator 36 is the same as the direction of the reference beam.
PAR  To reconstruct an image from the thus made hologram it is unnecessary to
      direct a reconstructing light beam to the hologram at the same incidence
      angle as that of the reference light beam different from the prior art
      system. In other words, an exciting light beam 37 may be directed to the
      hologram at an arbitrary angle.
PAR  When the hologram is illuminated with the exciting light, the laser active
      material in the light sensitive medium is excited to oscillate in the
      axial direction of the resonator because this direction is the highest in
      the gain. Since the resonator is formed such that the axial direction
      thereof is in the incidence direction of the reference beam, the resonator
      functions as a laser source. By this interior laser source the image is
      reconstructed. Consequently, the hologram may be illuminated with the
      laser exciting light from any direction because the laser exciting light
      has only to excite the laser active material. Also, due to the fact that
      the laser light source exists in the light sensitive medium, no adjustment
      of the optical system is necessary, leading to a considerable compactness
      of the overall system. Moreover, even when images are to be reconstructed
      simultaneously or successively from an array of a plurality of holograms,
      an expensive light deflector is not necessary because it is only necessary
      to excite the holograms from an arbitrary direction. Furthermore, since
      the oscillation wavelength of the laser can be varied by varying the
      interval of the resonators, color images can be reconstructed by forming
      resonators at intervals corresponding to the wavelengths of red, green,
      blue, etc.
PAR  There are other methods of reconstructing color images. A first method is
      as follows. Color-information-carrying holograms are successively produced
      by the use of three color laser beams of red, green and blue at the same
      position of a light sensitive medium at which the light sensitive medium
      is impregnated with the light source as shown in FIG. 5. Then, a color
      image can be reconstructed from these holograms by directing exciting
      light to the holograms at an arbitrary angle because the inlaid light
      sources for respective colors are laser oscillated to reconstruct images
      for respective colors superimposedly on each other. A second method is as
      follows. Holograms impregnated with respective light sources are produced
      by laser light beams of red, green and blue at three different positions.
      The images reconstructed from the holograms are arranged such that they
      are formed at the same position. By directing white light or exciting
      laser light beams to the holograms simultaneously or successively at an
      arbitrary angle a color image can be reconstructed. When the holograms are
      illuminated successively, it is only sufficient to scan the exciting light
      by the use of, for example, a rotating mirror because the illuminating
      angle is arbitrary.
PAR  The laser active material can be excited by white light emitted by a xenon
      lamp, for example. By the arrangement of the present invention,
      considerably brighter monochromatic or color images can be reconstructed
      as compared with the prior art white light reconstructing Lippmann type
      hologram because the efficiency of energy conversion is very high for the
      laser oscillation.
PAR  The above description has been made of the case in which the light
      sensitiive medium is impregnated with a laser active material beforehand.
      However, the hologram may be impregnated with the laser active material
      after the hologram is recorded on the light sensitive medium. This is
      because the object of the present invention can be achieved as long as the
      light sensitive medium is impregnated with the laser active material. It
      is immaterial whether the light sensitive medium is impregnated with the
      laser active material before or after the recording of the hologram.
PAR  The embodiment of FIG. 5 is one in which a resonator is formed at the time
      of hologram recording. Since at least one resonator is sufficient for the
      purpose of the present invention, the resonator may be made outside the
      light sensitive medium. For example, at the time of reconstruction of an
      image from the hologram, a pair of parallel reflectors are formed
      perpendicularly to the direction of the reference light beam for recording
      the opposing relationship to each other with the laser active material
      interposed therebetween so that the light (fluorescent light) emitted by
      the laser active material when it is excited by laser exciting light
      undergoes multiple reflections. FIG. 6 depicts a schematic illustration of
      an embodiment of the invention wherein the resonator is formed external to
      the light sensitive medium. In FIG. 6 a reflecting mirror 38' cooperates
      with reflecting mirror 38 to form a resonator. Light beam 41 and light
      beam 42 are multiply reflected between the mirrors 38 and 38'. The
      remaining portion of FIG. 6 is designated by the same reference numerals
      shown in FIG. 5. Thus, a resonator structure is formed outside the light
      sensitive medium different from the embodiment of FIG. 5.
PAR  If a phase type light sensitive medium such as a dichromated gelatin plate
      is employed as the light sensitive material, the aforementioned
      interference fringes formed by the reference light and the reflected light
      are recorded as a distribution of refractive indices which form a
      plurality of resonator structures. The axial directions of the resonators
      are in agreement with the direction of the reference light. By suitably
      selecting the wavelength of the reference light the intervals of the
      interference fringes, i.e. resonators can be varied as desired, and hence
      the oscillation wavelength of the laser. An example of such construction
      is as follows:
TBL  Light source for information-                                             
     carrying light and reference                                              
     light:              He-Ne laser                                           
                         (wavelength: 6328A)                                   
     Laser active material to be                                               
     incorporated in light sensitive                                           
     medium:             organic colorant                                      
                         "rhodamine 6G"                                        
     Light sensitive medium:                                                   
                         dichromated gelatin                                   
                         or polymethyl                                         
                         metaacrylate                                          
     Light source for internal                                                 
     resonator:          He-Cd laser                                           
                         (wavelength: 4420A)                                   
     Laser exciting light source:                                              
                         N.sub.2 laser (wavelength: - 3371A) or xenon lamp     
CLMS
STM  We claim:
NUM  1.
PAR  1. In a hologram recording apparatus, wherein an object beam spatially
      modulated with object information and a reference beam are directed upon a
      prescribed portion of a hologram recording medium to form a hologram of
      said information therein, said hologram being maintained within said
      hologram recording medium, the improvement wherein at least said
      prescribed portion of said hologram recording medium is impregnated with a
      laser active material which is different from the material of which said
      hologram recording medium is made.
NUM  2.
PAR  2. The improvement according to claim 1, wherein said prescribed portion of
      said hologram recording medium includes means for forming an optical
      resonator structure, the axial direction of which coincides with the
      direction of impingement of said reference beam upon said hologram
      recording medium.
NUM  3.
PAR  3. The improvement according to claim 2, further including reflecting
      means, disposed adjacent said hologram recording medium, perpendicularly
      with respect to the axial direction of said resonator structure, for
      causing light emitted from said hologram recording medium to reenter said
      medium along the axial direction of said resonator structure.
NUM  4.
PAR  4. In a hologram recording and reconstructing apparatus, wherein an object
      beam spatially modulated with object information and a reference beam are
      directed upon a prescribed portion of a hologram recording medium to form
      a hologram of said information thereon, said hologram being maintained by
      said hologram recording medium, and wherein a reconstructing beam is
      directed onto said medium to reconstruct an image of said information from
      said hologram, the improvement wherein at least said prescribed portion of
      said hologram recording medium is impregnated with a laser active material
      which is different from the material of which said hologram recording
      medium is made and wherein said apparatus includes means for directing an
      exciting light beam upon said hologram recording medium, said exciting
      light beam being capable of exciting said laser active material.
NUM  5.
PAR  5. In a hologram recording and reconstructing apparatus according to claim
      4, wherein said reconstructing light beam has a wavelength lying in the
      oscillation band of said laser active material.
NUM  6.
PAR  6. In a hologram recording and reconstructing apparatus wherein an object
      beam spatially modulated with object information and a reference beam are
      directed upon a prescribed portion of a hologram recording medium to form
      a hologram of said information thereon, said hologram being maintained by
      said hologram recording medium, and wherein a reconstructing beam is
      directed onto said medium to reconstruct an image of said information from
      said hologram, the improvement wherein at least said prescribed portion of
      said hologram recording medium is impregnated with a laser active material
      which is different from the material of which said hologram recording
      medium is made and has an optical resonator structure, the axial direction
      of which coincides with the direction of impingement of said reference
      beam upon said hologram recording medium, and further including means for
      directing an exciting beam as said reconstructing beam upon said hologram
      recording medium, for causing oscillation in said laser active material in
      the axial direction of said resonstor structure and thereby produce a
      reconstructed image of said information.
NUM  7.
PAR  7. In a hologram recording and reconstructing apparatus according to claim
      6, further including reflecting means, disposed adjacent said hologram
      recording medium perpendicularly with respect to the axial direction of
      said resonator structure, for causing light emitted from said hologram
      recording medium to reenter said medium along the axial direction of said
      resonator structure.
NUM  8.
PAR  8. In a hologram recording and reconstructing apparatus according to claim
      7, wherein said reflecting means comprises a pair of parallel reflectors
      disposed perpendicularly with respect to the axial direction of said
      resonator structure, with said laser active material interposed
      therebetween to form a resonator, so that light emitted by said laser
      active material, upon excitation by said exciting beam, undergoes multiple
      reflections through said laser active material between said parallel
      reflectors.
NUM  9.
PAR  9. In a hologram recording and reproducing apparatus wherein an object beam
      spatially modulated with object information and a reference beam are
      directed upon a prescribed portion of a hologram recording medium to form
      a hologram of said information thereon, said hologram being maintained by
      said hologram recording medium, and wherein a reconstructing beam is
      directed onto said hologram recording medium to reconstruct an image of
      said information from said hologram, the improvement comprising
PA1  laser active material, which is different from the material of which said
      hologram recording medium is made, impregnated in said halogram recording
      medium, for increasing the energy in the reconstructing beam emerging from
      said hologram recording medium, to thereby produce an amplified
      reconstructed image of said information.
NUM  10.
PAR  10. The improvement according to claim 9, wherein at least said prescribed
      portion of said hologram recording medium contains said laser active
      material and further including means for directing an exciting beam upon
      said prescribed portion of said hologram recording medium to excite said
      laser active material upon which said reconstructing beam impinges,
      thereby amplifying the reconstructing beam emerging from said hologram
      recording medium.
NUM  11.
PAR  11. In a method of recording a hologram, wherein an object beam spatially
      modulated with object information and a reference beam are directed upon a
      prescribed portion of a hologram recording medium to form a hologram of
      said information thereon, said hologram being maintained by said hologram
      recording medium, the improvement wherein the step of recording said
      hologram comprises disposing a hologram recording medium at least said
      prescribed portion of which is impregnated with laser active material,
      which is different from the material in which said hologram recording is
      made, in the path of said object and reference beams to thereby record a
      hologram within said laser active material.
NUM  12.
PAR  12. In a method of recording a hologram and reconstructing an image
      therefrom, wherein an object beam spatially modulated with object
      information and a reference beam are directed upon a prescribed portion of
      a hologram recording medium to form a hologram of said information
      thereon, said hologram being maintained by said hologram recording medium,
      and a reconstructing beam is directed upon said hologram for
      reconstructing an image of said information, the improvement wherein the
      step of recording said hologram comprises disposing a hologram recording
      medium at least said prescribed portion of which is impregnated with a
      laser active material, which is different from the material of which said
      hologram recording medium is made, in the path of said object and
      reference beams to thereby record a hologram within said laser active
      material, and the step of reconstructing said image includes the step of
      directing an exciting beam upon said prescribed portion of said hologram
      recording medium to excite said laser active material upon which said
      reconstructing beam impinges, thereby providing an amplified beam
      containing the reconstructed image emerging from said hologram recording
      medium.
NUM  13.
PAR  13. The improvement according to claim 12, wherein the step of
      reconstructing said image includes the step of directing a reconstructing
      beam upon said hologram recording medium in the same direction as said
      reference beam simultaneously with the step of directing said exciting
      beam upon said hologram recording medium.
NUM  14.
PAR  14. The improvement according to claim 12, wherein said step of recording
      said hologram includes the step of forming resonator structure including
      said laser active material in said hologram recording medium so as to have
      an axial direction in alignment with the direction of said reference beam,
      and wherein the step of reconstructing said image comprises the step of
      directing said exciting beam as said reconstructing beam at upon said
      hologram recording medium, thereby exciting the laser active material of
      said resonator structure.
NUM  15.
PAR  15. The improvement according to claim 14, wherein said step of forming a
      resonator structure comprises the steps of disposing reflecting means
      adjacent said hologram recording medium perpendicularly with respect to
      the direction of said reference beam, thereby causing light passing
      through the laser sensitive material to be reflected from said reflecting
      means and reenter said laser active material.
NUM  16.
PAR  16. The improvement according to claim 14, wherein said step of forming a
      resonator structure includes the step of forming a plurality of resonators
      having different resonant wavelengths at varying intervals within said
      laser active material, to enable the reconstruction of color images
      therefrom.
NUM  17.
PAR  17. The improvement according to claim 16, wherein said exciting beam is
      white light.
NUM  18.
PAR  18. The improvement according to claim 14, wherein the step of forming
      resonator structure includes the step of successively forming a plurality
      of respective hologram resonators at the same position of said laser
      active medium by recording respectively different color holograms using
      different color recording beams, so that upon reconstruction a color image
      will be reconstructed.
NUM  19.
PAR  19. The improvement according to claim 12, wherein said step of recording
      said hologram comprises the step of
PA1  impregnating at least the prescribed portion of a hologram recording medium
      where a hologram is to be formed with laser active material, and then
PA1  disposing the impregnated hologram recording medium in the path of said
      object and reference beams to record a hologram of said information in
      said laser active material.
NUM  20.
PAR  20. The improvement according to claim 12, wherein the step of
      reconstructing an image of said information comprises the step of
      disposing a pair of parallel reflectors on opposite sides of said hologram
      recording medium containing said laser active material in a direction
      perpendicular to the direction of said reference beam during the recording
      step, so as to form resonator structure, for providing said amplified beam
      containing the reconstructed image upon excitation by said exciting beam.
NUM  21.
PAR  21. In a method of recording a hologram and reconstructing an image
      therefrom, wherein an object beam spatially modulated with object
      information and a reference beam are directed upon a prescribed portion of
      a hologram recording medium to form a hologram of said information
      thereon, said hologram being maintained by said hologram recording medium,
      and a reconstructing beam is directed upon said hologram for
      reconstructing an image of said information, the improvement wherein the
      step of recording said hologram comprises disposing a hologram recording
      medium in the path of said object and reference beams to record a hologram
      of said information in said prescribed portion of said hologram recording
      medium and then impregnating at least said prescribed portion of said
      hologram recording medium with laser active material, which is different
      from the material of which said hologram recording medium is made, and the
      step of reconstructing said image includes the step of directing an
      exciting beam upon said prescribed portion of said hologram recording
      medium to excite said laser active material upon which said reconstructing
      beam impinges, thereby providing an amplified beam containing the
      reconstructed image emerging from said hologram recording medium.
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ABST
PAL  A holographic motion picture camera for producing three dimensional images
      employing an elliptical optical system and where there is provided in one
      of the beam paths (the object or reference beam path) a motion compensator
      which enables the camera to photograph faster moving objects.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government of
      the United States of America for governmental purposes without the payment
      of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to holography, and more particularly to an improved
      apparatus for producing holographic motion pictures.
PAR  2. Description of the Prior Art
PAR  Since the resurgency of holography in 1962, there has been the desire to
      devise a holographic motion picture camera which would produce true
      three-dimensional images of a moving target in real time with resolution
      of front surface details. Such would also allow single-exposure holograms
      of fast-moving objects and transient events. The primary drawback to the
      development of such a device has been the very nature of the holographic
      process itself. The two beams necessary to record a hologram (the object
      and reference beams, respectively) must stay in phase one with respect to
      the other by less than a half wave length of the radiation being used to
      record the hologram. In illuminating the front of an object which is
      moving during a holographic exposure, it is thus necessary that the phase
      shift in the object beam during this exposure be kept within this limit.
      This is true since phase of the radiation is a constant times the
      magnitude of the change in the object beam path length. Consequently, if
      the object moves during the exposure, then the phase of the object beam
      changes by a constant times the magnitude of the change in the object beam
      path length, due to the object's total motion or displacement during
      exposure.
PAR  In a previous patent application (now U.S. Pat. No. 3,752,556), the
      applicant disclosed a holographic motion picture camera which has
      successfully obtained three-dimensional motion pictures. Its success is
      due primarily to the use of a unique elliptical holographic arrangement
      which partially relaxes or decouples the motion or displacement of the
      object from the phase change in the optical path length of the object
      beam. It accomplishes this through the constancy properties of the
      ellipse. This device does, however, have limitations because of the
      allowable magnitude of total motion of the object during the hologram
      exposure.
PAR  It is the purpose of this invention to further relax, decouple, or
      compensate for the motion or displacement of the object from the phase
      change of the optical path length of the object beam, and thus to enable
      the camera to record images of objects moving at greater speeds, i.e., or
      over longer distances during exposure.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a beam length compensator is included in
      either the object beam path or reference beam path, or in both. In one
      form of the invention, this compensator is a rotating mirror. In a second
      form of the invention, there is provided a pair of fixed mirrors placed in
      the object beam path, one mirror being on each side of the minor
      elliptical axis of the system so that the object beam is projected from a
      first mirror onto the object, back to a second mirror, then from the
      second mirror back to the object, and thence onto the film. Thus, in this
      case, there are in effect two paths onto the object and where, due to
      motion, one path between one of the mirrors and the object may decrease
      due to the motion, the other path will increase and thereby compensate for
      the motion that occurs during an exposure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrative of an embodiment of the
      invention.
PAR  FIG. 2 is a schematic diagram of an alternate version of the embodiment of
      FIG. 1.
PAR  FIG. 3 is a schematic diagram of another embodiment of the invention, using
      mirrors in the object beam path.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1, there is shown a holographic motion picture camera
      employing an elliptical optical system wherein the major axis X-X' of the
      ellipse is parallel to the line of motion P-P' of a moving projectile or
      other moving object to be holographed, line P-P' being tangent to the
      ellipse. Radiation beam 10 from laser 12 is directed onto beam splitter 14
      centered at focus F1, which divides the beam into object beam 16 and
      reference beam 18. The object beam is directed onto motion compensator 20.
      Motion compensator 20 is a highly-polished outer surface of rotatable
      cylinder 22 and is positioned to reflect the received beam 16 onto the
      surface of moving object 24. From object 24 beam 16 is reflected along
      path 26 onto film 28 centered at focus F2 of ellipse 30. Reference beam 18
      from beam splitter 14 is elongated by means of the additional optical path
      length provided by mirrors 32 and 34. It functions to equalize the added
      path length effected by the insertion of motion compensator 20 and thereby
      to make them statically equal. From mirror 32 reference beam 18 projects
      onto mirror 34 positioned at the intersection of minor axis Y of ellipse
      30 at point 36, and the beam is then directed onto film 28 where it
      interacts with object beam 16 to record a holographic image.
PAR  As illustrated, object 24 is a moving object, moving along line P-P' which
      is parallel to major axis X-X' of ellipse 30 and is tangent to ellipse 30
      at point 38, which lies on the perpendicular bisector of major axis X-X'
      or minor axis Y of the ellipse. While the elliptical configuration itself
      provides substantial compensation for object motion, there is the
      limitation that at certain high magnitude of object motion the elliptical
      arrangement is not sufficient to prevent critical shift in the observed
      wave length of the light beam which illuminates the object. The present
      invention provides additional compensation which in many instances
      eliminates practical effect of such limitation.
PAR  Turning briefly to the concept which gave rise to the present invention, we
      discuss the doppler effect for light waves. It is to be noted that if a
      source of light waves and a receiver are in motion relative to each other,
      the observed frequency (i.e., wave length) is changed or shifted slightly
      compared with that received when there is no motion.
PAR  The relativistic expression for the doppler shift of light caused by the
      presence of this relative motion between source and observer for light is
      ##EQU1##
      where V is velocity and U is the relative velocity between the source and
      receiver. If the source and receiver are approaching each other, we must
      replace U by -U.
PAR  Consider a source S having some frequency V.sub.S and a wave length
      .lambda..sub.S and receiver R having some frequency V.sub.R and wave
      length X.sub.R approaching each other and thus related by
      ##EQU2##
      where C is the constant velocity of light, and
      ##EQU3##
PAR  Conversely, consider the case where source S and receiver R move away from
      each other, and
      ##EQU4##
PAR  Therefore, the source moving towards the receiver causes the frequency to
      shift up or what is the same; causes the wave length to shift down
      slightly. Conversely, the source moving away from the receiver causes the
      frequency to shift down or what is the same, causes the wave length to
      shift up slightly.
PAR  The function performed by motion compensator 20 is as follows. Suppose the
      desired velocity of moving object 24 is known. Then motion compensator 20
      is rotated at an angular rate and in a direction such that its tangential
      velocity is precisely equal and opposite to the velocity of moving object
      24. Then the radiation from beam splitter 14, when incident on motion
      compensator 20, will shift frequency f up to a new frequency f1. This new
      frequency f1, when incident on moving object 24, having an equal but
      oppositely-directed velocity, will be shifted down from f1 to the original
      frequency f. Therefore, when the radiation of object beam 16 combines with
      the radiation of reference beam 18 at the film at position F2, there will
      be no relative phase shift between them, and consequently, the effect of
      the motion of object 24 will have been nulled. Thus, object 24 may move as
      much as desired during the exposure of a hologram, provided the same
      motion in the opposite direction is induced by virtue of motion
      compensator 20, used in conjunction with the elliptical holographic
      arrangement. The elliptical arrangement is necessary to alleviate any
      possible mismatch between the motion of the object and the motion of the
      compensator.
PAR  An alternate embodiment of the invention is shown in FIG. 2. Here the
      frequency of object beam 16 is shifted down from f to f1 by the motion of
      the object. Compensation is provided by allowing the reference beam to be
      also downshifted from f to f1 by being incident on reflective motion
      compensator 20. Motion compensator 20 has its displacement in the same
      direction as the moving target. This version does not require supplemental
      mirrors for equalizing the path length. Operation is otherwise the same as
      that for the embodiment of the invention shown in FIG. 1.
PAR  A third embodiment of the invention is shown in FIG. 3. Here the principle
      is basically the same, but the spinning disc or cylinder to shift the
      frequency up is supplanted by a pair of unequally spaced mirrors (from
      minor axis Y), mirror 40 being positioned on one side of minor axis Y, and
      mirror 42 positioned on the other side of minor axis Y at a greater
      distance than mirror 40. The object beam is first directed to mirror 40,
      which is oriented to reflect the beam onto a trailing portion of object 24
      at point 44. From point 44 it is reflected onto mirror 42, and from mirror
      42 it is reflected onto point 46 of a leading portion of object 24. From
      point 46 it reflects onto film 28.
PAR  Reference beam 18 from beam splitter 14 is elongated by means of an
      additional optical path length provided by mirrors 48, 50, and 52, which
      intercept the reference beam as shown. This added path length functions to
      equalize the added path length effected by the insertion of mirrors 40 and
      42 within the path of object beam 16.
PAR  The direction of moving target 24 first shifts the frequency up from f to
      f1 at point 44 on the object, then after being returned to the object by
      mirror 42, frequency f1 is downshifted to f at point 46. Consequently,
      when the object and reference beams combine on film 28 at focus point F2,
      there is no relative phase shift between the beams and a high contrast
      hologram of the object is recorded. This embodiment offers the advantage
      that it is not necessary to know the object's velocity before the fact.
      However, this is accomplished at some expense of loss of control over the
      beam's cross-section because of scattering effects.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. In a holographic motion picture camera wherein:
PA1  an elliptical optical system is employed to provide an object beam passing
      from a beam splitter at one focus point onto an object moving tangent to
      an ellipse and parallel to the major axis of the ellipse; the object beam
      is then reflected from the object onto a film positioned at the other
      focus point; a reference beam is projected from a beam splitter to a
      mirror positioned on the ellipse opposite the object, and then it is
      reflected onto the film, the improvement comprising:
PA1  motion compensation means for varying the path length of said object beam
      as a function of the speed of said object comprising a rotating reflective
      drum inserted in the object beam path between said beam splitter and an
      object, and
PA1  optical means positioned in the reference beam path between said beam
      splitter and said film for extending the optical distance of the reference
      beam path a distance equal to the extension of distance provided by said
      motion compensation means.
NUM  2.
PAR  2. In a holographic motion picture camera wherein:
PA1  an elliptical optical system is employed to provide an object beam passing
      from a beam splitter at one focus point onto an object moving tangent to
      an ellipse and parallel to the major axis of the ellipse; the object beam
      is then reflected from the object onto a film positioned at the other
      focus point; a reference beam is projected from a beam splitter to a
      mirror, and then it is reflected onto the film, the improvement
      comprising:
PA1  motion compensation means in turn comprising a pair of compensation mirrors
      positioned in said object beam path between said beam splitter and an
      object, one of said compensation mirrors being positioned on one side of
      the minor axis of said ellipse and being oriented to reflect the object
      beam across the minor axis on a trailing portion of the object, and the
      other of said compensation mirrors being positioned on the other side of
      said minor axis and oriented to receive a reflected image from said object
      and reflect it back across the minor axis onto a leading portion of said
      object from which it is reflected onto said film, and means in said
      reference beam for equalizing the optical path length of the reference
      beam with the optical path length of the object beam.
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ABST
PAL  A viewing field splitter particularly useful for simultaneously viewing two
      sides of an object for alignment purposes in which the two fields are
      obtained from microscopes mounted to pivot about the center of an arc
      which is illuminated. The microscope outputs are inputs to periscopes with
      one mirror from each periscope located on the axis of the pivot such that
      there is no rotation of the image and path lengths from each optical
      element to the point of combination of the fields are equal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to optical apparatus in general, and more
      particularly to an improved viewing field splitter for simultaneously
      viewing two sides of an object.
PAR  In copending application Ser. No. 339,860, filed Mar. 9, 1973 and assigned
      to the same assignee as the present invention, an optical projecting and
      scanning apparatus useful in producing integrated circuits is disclosed.
      The disclosed apparatus requires alignment between a mask and a
      semiconductor wafer. Alignment is carried out by an operator adjusting
      controls to affect relative motion between the wafer and mask. However, in
      order for the operator to properly carry out this alignment, he must be
      able to observe the results of the movement which he causes at the wafer.
      The aforementioned application discloses two viewing systems for making
      such alignment. One, a coarse viewing system, is the subject of an
      application Ser. No. 509,597, filed Sept. 26, 1974 by D. A. Markle, J. D.
      Buckley and R. E. Casas and assigned to the same assignee as the present
      invention. The second is a fine viewing system which permits
      simultaneously viewing two areas on the mask for fine alignment and which
      is disclosed and claimed herein.
PAC  SUMMARY OF THE INVENTION
PAR  The split field viewing apparatus of the present invention permits viewing
      two points on an object which is illuminated along an arc. In the
      aforementioned patent application Ser. No. 509,597, the illumination of
      the mask as imaged on the wafer, is in the form of an arc to permit a
      rotation of the mask to expose all portions thereof. Thus, during
      alignment, it is this arc of illumination which is present and points on
      that arc which must be aligned by the operator. Similar situations occur
      in other types of apparatus where fine alignment is necessary. To solve
      the problems of simultaneously observing two points on the wafer or other
      object illuminated along an arc, the present invention employs two
      microscopes mounted to pivot about the center of the arc. The two images
      from the microscopes are combined using periscopes each periscope having
      one mirror on the axis of the pivot such that there is no rotation of the
      image and such that the path length from each optical element to the point
      of combination of the fields are equal. The combined output is then viewed
      using conventional binocular viewing apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the split field viewing apparatus of the
      present invention, installed in an optical system for accurately
      positioning mask and wafer with respect to each other.
PAR  FIG. 2 is a perspective view showing the split field viewing apparatus of
      the present invention mounted to a pivot.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates the split viewing system of the present invention for
      use in an optical projection and scanning apparatus such as that disclosed
      in the aforementioned copending application Ser. No. 339,860. In FIG. 1,
      222 is the mask which is being imaged on the wafer 262. The mask 222 has
      an illuminated area 223 generated by an illumination system more fully
      disclosed in the aforementioned application Ser. No. 509,597. The
      illuminated portion of the mask to be imaged on the wafer is reflected
      from the surface 114 to mirror 111 then to mirror 112 back to mirror 111
      and then from the reflecting surfaces 116 and 117 to the wafer 262.
      Reflective surfaces 114, 116 and 117 are located on a mirror array 113
      which, together with the optical system as a whole, is disclosed in the
      above mentioned copending application Ser. No. 339,860. For additional
      details of the optical system, reference also may be had to U.S. Pat. No.
      3,748,015 issued July 24, 1973. The image of the mask at the wafer and the
      wafer itself considered as objects (and more particularly the portions of
      those objects lying within the area 223' on the wafer, which area is
      itself the image on the wafer of the illuminated area 223 on the mask),
      are reimaged backward successively at the reflecting faces 116, 117,
      mirror 111, mirror 112 and mirror 111 again. Selected portions of the
      resulting aerial image are examined with the aid of two movable microscope
      objectives, 702 and 711, in conjunction with an eyepiece 600. Instead,
      however, of examining such an aerial image in the plane of the mask
      itself, there is examined the aerial image formed by the fraction of the
      backwardly travelling light from the mirror 111 which passes through the
      plane reflector 701. More particularly, the two microscope objectives
      permit examination of two portions controllably spaced along the arcuate
      area 223' on the surface of the wafer away from the reader in FIG. 1.
PAR  For this purpose, the glass block 120 comprised by mirror array 113 has cut
      therethrough an arcuate slot 724, extending substantially parallel to the
      axis 118 from the near face of the block in FIG. 1 to the face of the
      block on which the plate 701 is affixed.
PAR  The aerial image of interest of the area 223' is arcuate in shape; its
      center of curvature is substantially on axis 118, it lies substantially in
      a plane perpendicular to that axis and is near the opening of aperture 724
      at the near face of array 113 in FIG. 1.
PAR  Two microscope objectives 702 and 711 are provided, supported on arms (801
      and 803 in FIG. 2) which are pivoted substantially on the axis 118 and of
      such length as to align those objectives with the arcuate slot 724.
      Supported with each objective 702, 711 are three plates 703, 704 and 705,
      suitably tilted about the axis of the objective to compensate for the
      aberrations introduced into the image presented to that objective by the
      convergent passage through the tilted plate 701 of light on its way to
      formation of that image.
PAR  Supported near the objective 702 on its arm is a periscope prism 706 to
      bring the axis of objective 702 down to the axis 118. After two
      reflections in prism 706 and two further reflections at stationary path
      folding mirrors 707 and 708, the image of the fraction of the object 223'
      at the wafer selected by objective 702 is formed in the vicinity of a beam
      splitting mirror 709. Mirror 709 selects half of this image and diverts it
      into one-half of the field of a field lens 710.
PAR  A second objective 711 with associated tilt-plates 703, 704 and 705, and a
      periscope prism 712 movably mounted on the second arm bring to the axis
      118 light representative of another selected part of the area 223'. This
      light is deviated at a fixed mirror 713 into the other half of the field
      lens combination 710 through beam splitting mirror 709.
PAR  The objectives 702 and 711 thus each contribute an image of a semi-circular
      area along the arcuate object 223'. The two half fields so combined are
      presented to the operator in the eyepiece 600, after passage through an
      azimuthal-angleselecting prism 714, a relay lens 715, and deviation at
      mirrors 716 and 717. A lamp 718 and associated lens and filter combination
      719 and combining prism 720 makes it possible to illuminate the
      semi-circular areas on the wafer, along the length of the area 223' in a
      visible color contrasting with that of the illumination system disclosed
      in connection with FIG. 5 of the aforementioned copending patent
      application Ser. No. 339,860.
PAR  FIG. 2 illustrates the mounting of the microscopes and periscopes of the
      present invention on pivot arms. As illustrated, the microscope objective
      702 views one end of the area image 223'' of the arcuate slit and the
      second microscope objective 711 the other end thereof. As illustrated, the
      microscope objectives 702 and 711 provide their outputs respectively to
      the periscope prisms 706 and 712. The microscope objective 702 is mounted
      along with the periscope 706 on a pivot arm 801. Similarly, the microscope
      objectives 711 and periscope prism 712 are mounted on a pivot arm 803. The
      pivot arms 801 and 803 pivot about the axis 118. Also illustrated is the
      manner in which the two periscopes 706 and 712 direct the respective
      images from the objectives 702 and 711 along the common axis 118. The
      image from the prism 706 directed along the axis 118 and is then reflected
      by the mirrors 707 and 708 to the beam splitting mirror 709. The image of
      the periscope 712 is reflected by the mirror 713 to the splitting mirror
      709 as described above. As is evident from the figure, the path-length
      from each of the microscope objectives 702 and 711 to the beam splitting
      mirror 709 is equal. The pivot arms 801 and 803 are capable of adjusting
      separately or together and may be driven by conventional gear drives well
      known to those skilled in the art.
PAR  Thus, a viewing field splitter useful for alginment purposes has been
      shown. Although a specific embodiment has been illustrated and described,
      it will be obvious to those skilled in the art that various modifications
      may be made without departing from the spirit of the invention which is
      intended to be limited solely by the appended claims.
CLMS
STM  What's claimed is:
NUM  1.
PAR  1. Apparatus for simultaneously viewing two points located on an
      illuminated circular arcuate area of an object comprising:
PA1  a. first and second microscope objectives supported for viewing points on
      said arcuate area of the object
PA1  b. first and second periscopes coupled respectively to each of said first
      and second objectives and supported in position to deflect the light from
      said points passed through said objectives along an axis through the
      center of curvature and perpendicular to the plane of said arcuate area,
PA1  c. means mounting said objectives and periscopes for swinging each coupled
      objective, periscope pair independently of the other, about said axis
      while maintaining the periscopes in proper orientation to deflect said
      light along said axis, and
PA1  d. means to present in a common eyepiece one-half the field of each of said
      objectives.
NUM  2.
PAR  2. Apparatus according to claim 1 which includes an optical system for
      producing an image in said arcuate area of said object and an illuminating
      system for illuminating said arcuate area and in which an aerial image of
      said arcuate area reimaged backward through said optical system is viewed.
NUM  3.
PAR  3. Apparatus according to claim 2 and further including means to compensate
      for aberrations interposed between each of said first and second
      microscope objectives and said aerial image.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said means to present one-half of
      each field of each of said objectives comprises a beam splitting mirror.
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ABST
PAL  An optical coupler system in which optical communications from separate
       cers are transmitted over separate lines of a single optical fiber to a
      coupler which combines the information and transmits the combined
      information over different single fibers to other communication centers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to radiation couplers more particularly to a
      radiation coupler for coupling radiation from a single fiber optic data
      transmission line to another single fiber optic data transmission line
      while permitting a controlled amount of radiation to be coupled off to
      other transmission lines.
PAR  Heretofore optical radiation couplers have been used in multimode optical
      fiber transmission lines to couple radiation from one or more lines to
      other lines by use of straight through couplers, T-couplers etc. Optical
      radiation has been transmitted over single fiber optic lines in ornamental
      designs, in hair pieces, in optical systems in automobiles, and airplanes
      as well as other areas.
PAR  Optical data communication systems have been proposed for transmitting data
      over fiber optic lines from one point to another. In transmitting data,
      couplers are used to couple broken lines together, to couple radiation to
      other lines, to add radiation and to take off radiation for transmission
      to other points. Optical radiation is normally transmitted over a
      multimode fiber optic bundle which requires couplers for the same.
PAC  SUMMARY OF THE INVENTION
PAR  This invention makes use of a number of different Selfoc lenses with
      indefinite working distance to couple light from each of a different
      number of input fibers substantially evenly to a different number of
      output fibers. A large diameter Selfoc lens transfers incoming radiation
      to smaller diameter Selfoc lenses which focuses the radiation onto
      different single fiber transmission lines.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE illustrates a side view of the optical coupler with transmission
      lines secured thereto.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Now referring to the drawing there is shown by illustration a coupler for
      single fiber communication systems. As shown, the system includes a large
      diameter Selfoc lens 10 to which one or more multimode optic fibers 11 are
      optically connected. Radiation from the multimode transmission line is
      directed through the large diameter Selfoc lens which scrambles the
      radiation from the multimode optic fibers over its length and distributes
      the radiation uniformily over the entire output end of the large diameter
      lenses. Optically connected to the output end of the large diameter Selfoc
      lenses area plurality of smaller diameter Selfoc lenses 12 which receives
      the scrambled radiation and focuses the received radiation to a single
      optical fiber 13 optically connected one of each to each of the plurality
      of smaller diameter Selfoc lenses. The radiation is evenly distributed
      over the input ends of each of the plurality of smaller diameter lenses
      which focuses the radiation to its output end and into the individual
      optical fibers optically connected thereto.
PAR  The large diameter Selfoc lens ensures that the radiation from any
      individual input fiber is distributed evenly over each of the output
      fibers.
PAR  Couplers as described above avoid multiple throughput losses inherent in
      conventional data buss approaches. The throughput loss is only taken once
      no matter how many terminals are hooked onto the coupler.
PAR  A Selfoc lens is a lens made from a radiation transparent material
      cylindrical rod with a parabolic variation of optical index of refraction
      with an infinite working distance. The operation of the Selfoc lens is
      reciprocal in operation, i.e., radiation is focused to a point or it is
      expanded and collimated. A Selfoc lens is a light focusing glass device
      which is a trade name of the Nippon Sheet Glass Co. Ltd. and Nippon
      Electric Co. Ltd., Opaka, Japan.
PAR  Since the coupler system is reciprocal, radiation directed onto the large
      diameter Selfoc lens is scrambled and directed evenly on a number of
      individual optical fibers for transmission elsewhere. Likewise radiation
      could be transmitted by each of the individual fibers onto the Selfoc
      Lenses through the coupler and focused onto a multimode fiber optic lens
      for transmission elsewhere.
PAR  In carrying out the teaching of this invention, optic fiber transmission
      lines having a diameter of from about 50 microns to 300 microns may be
      used. The large diameter Selfoc lens has a diameter of about 2.5
      millimeters and the smaller diameter Selfoc lens has a diameter of about 1
      millimeter.
PAR  Obviously many modification and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A coupler for a multiterminal fiber optic communication system which
      comprises:
PA1  a large constant diameter cylindrical, elongated, lens having a light
      focusing end and light collimating end,
PA1  a plurality of small constant diameter cylindrical, elongated, lenses each
      containing a light focusing end and a light collimating end each secured
      in end-to-end relationship in optical alignment with said large diameter
      lens in parallel relationship with each other with said collimating end of
      said small diameter lenses adjacent said collimating end of said large
      diameter lens for receiving collimated light therefrom,
PA1  whereby radiation from a plurality of fiber optic transmission lines
      incident on the focusing end of said large diameter lens is scrambled
      together along the length thereof and directed into collimated light at
      the collimated end thereof, and
PA1  each of said plurality of small diameter lenses receive a portion of the
      radiation scrambled by said large diameter lens on their light collimating
      end and focuses the received scrambled radiation along their length to a
      point at their focusing end for transmission over separate single optic
      fiber transmission lines connected to the focusing end thereof.
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ABST
PAL  This invention relates to a light pen, and more particularly to a
      construction of such light pen in which a small portion having a scanning
      face and including a combined end of a photonconductive optical fiber
      bundle is housed within a cartridge body, and the remaining bifurcated
      portion of the fiber bundle is housed in the pen holder body and a cord
      provided continuous thereto, the cartridge and pen holder bodies being
      detachably joined together.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This application pertains to light conducting rods used as pre-photocell
      system components and housings therefor. This invention further relates to
      a light pen used as an input detector end for a POS (photo-optimetric
      sensor) or such, and more particularly, to a light pen of the type
      described, characterized in that the end portion including the combined
      end which soon becomes worn is constructed as a freely exchangeable
      cartridge.
PAC  BACKGROUND OF THE INVENTION
PAR  In a photon-conductive fiber bundle which is bifurcated at one end of its
      length and combined at the other end, when a light beam enters into the
      fiber bundle from one of the bifurcated side ends, the light beam passes
      through the bundle and emerges out of the combined end. The light beam
      then is reflected on an outside reflector face to turn back into the fiber
      bundle and emerge out from the other bisected end.
PAR  The photon-conductive fiber bundle having such construction is generally
      used as a light pen serving as an input detector end for photo-optimetric
      sensor or other similar apparatus. The light pen used for such purposes
      conventionally is contacted at its end with the reflection label surface
      upon every scanning so that the end of such light pen suffers wear and
      deformation due to mechanical friction or rubbing. Such wear is further
      accelerated, particularly on the tip portion, if the pen is treated
      roughly or used by different persons because the contact pressure (of the
      pen against the label surface) is varied according to the individual
      person's touch who use it. Particularly, in a light pen which is small in
      diameter at the combined end of the fiber bundle and has high resolving
      power, deformation of the scanning face of the light pen is increased
      proportionally to wear of the tip portion, causing change in the light
      entering and emerging conditions, making it unable to obtain correct
      results in scanning.
PAR  In the past, if such is occasioned, there has been no alternative but to
      replace the entire light pen with a new one even in the case where the tip
      portion alone has suffered excessive wear.
PAR  Examples of prior art light pens are to be found in U.S. Pat. Nos.
      3,758,782; 3,749,932; and 3,509,353.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a light pen in which the
      end portion is constructed as a cartridge, the cartridge being detachably
      joined to the pen body portion, allowing replacement of only the end
      portion where wear takes place most rapidly and excessively without
      replacing other parts of the pen.
PAR  Another object of the present invention is to provide a light pen in which
      the photon-conductive fiber bundle, which is the main functioning element
      of the pen, is constructed so as to have separate combined and ramified
      ends, thereby eliminating influence of the end portion to the pen body
      portion connected to the cord and thus allowing free arrangement of the
      bundled fibers at the combined end. In this way it is possible to use
      various types of cartridges in conformity with the intended use of the pen
      to thereby expand the scope of use of the light pen.
PAR  While these objects can be accomplished by use of various combinations of
      shapes and structures of the respective parts constituting the present
      invention, a preferred embodiment thereof is described in detail
      hereinbelow for the purpose of exemplification with reference to the
      accompanying drawings. It will therefore be understood that various
      changes and modifications of structural details can be made within the
      scope of the present invention as defined by the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram illustrating the operating principle of a light pen.
PAR  FIG. 2 is a diagram illustrating the structural setup of the present
      invention.
PAR  FIG. 3 is a longitudinal sectional view showing a light pen and a cartridge
      according to the present invention joined together.
PAR  FIG. 4 is an exploded perspective view showing a manner in which the pen
      body and a cartridge are combined together.
PAR  FIG. 5(A) is a perspective detail of the cartridge body and plugs.
PAR  FIG. 5(B) is an enlarged sectional view showing a manner in which the
      cartridge body and plugs in the pen body can be joined together.
PAR  FIG. 6(A) to (D) are diagrams showing some examples of fiber arrangements
      in the scanning end of the light pen.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A photon-conductive fiber bundle is shown diagrammatically in FIG. 1 to
      have a combined end C and two ramified or bifuracated portions 1 and 5. A
      light beam from lamp L enters the fiber bundle at the end of portion 1,
      passes through the bundle and emerges or projects out the combined end C.
      If an information-recorded label surface 3 is scanned with the end of such
      a light pen P, the light 2 projecting from the combined end C is reflected
      as light 4 into the fiber bundle 5 and emerges out from the other end 6.
      Since the reflected light 4 is varied in its reflection rate according to
      the pattern existing on the label 3, the quantity of light entering a
      photoelectric circuit element 7 joined to the end 6 of fiber bundle 5 is
      also varied accordingly.
PAR  As shown in FIG. 2, photon-conductive fiber bundle F composed of light
      projecting type fibers 1 and light receiving type fibers 5 and bifurcated
      at one end of its length and combined at the other end is divided into a
      small portion F.sub.1 including the combined end and elongated bifurcated
      portions F.sub.2, F.sub.3.
PAR  As shown in FIGS. 3, and 4, the bifurcated portions F.sub.2 and F.sub.3 are
      inserted into a support member 9 housed in the pen holder body 8 and
      connected to a cord 21 and are supported by the cylindrical plugs 10, 11
      so as to extend out from the support member 9. On the other hand, the
      small portion F.sub.1 including the combined end C of the fiber bundle F
      is housed and supported in the cartridge body 12, with its combined end C
      being positioned in a stylus 13 at the end of the cartridge body 12 so
      that the end C acts as a scanning face, while the divided portions are
      fitted into the respective holes 14, 15 opened out at the rear end of the
      cartridge body 12. A flange 16 is also provided around said cartridge body
      12. The cartridge body 12 is then inserted into a cap 17, with the stylus
      13 being projected out from the other end of the cap 17. A spring 18 is
      interposed between the flange 16 on the cartridge body 12 and the inner
      end face of the cap 17. Then, the plugs 10, 11 of the pen body 18 are
      inserted into the holes or sockets 14, 15 formed in the rear end of the
      cartridge body 12, and while biasingly supporting the cartridge body 12 by
      the spring 18, the body is joined with the pen holder body 8. A
      protuberance 19 is formed on the support member 9 of the pen holder body
      8, the protuberance 19 being fitted in a corresponding groove 20 formed in
      the cap 17 to thereby integrally join both bodies 12 and 8.
PAR  In order to prevent loss of light, it is preferred that the relationship
      between the fiber bundle portion including the combined end C housed in
      the cartridge body 12 and the end faces of the bifurcated portions is such
      that, as shown in FIGS. 5(A) and 5(B), the light projecting fiber bundle
      F.sub.la in the cartridge body 12 is greater in diameter than the fiber
      bundle F.sub.2 on the pen holder 8 side. While as regards the light
      receiving fibers, the fiber bundle F.sub.3 on the pen holder side is
      formed larger in diameter than the fiber bundle F.sub.lb in the cartridge
      body 12 to thereby minimize leakage of the light conducted and permit
      effective reception and passing of light beams.
PAR  Also, in the present invention, various patterns of arrangement, such as
      exemplified in FIG. 6, can be applied for orientation of the fibers in the
      fiber bundle at the scanning face of the light pen, that is, at the
      combined end C of the photoconductive fiber bundle. In the arrangement of
      FIG. 6(A), the light projecting fibers 1 and the light receiving fibers 5
      are disposed alternately on each row. This arrangement can provide most
      excellent resolution and precision when employed in a light pen having a
      small light passing area, but the manufacture thereof is difficult and
      expensive. In the arrangement of FIG. 6(B), several pieces of fine,
      smaller-diameter light projecting photo-conductive fibers are disposed
      around a single piece of thick, larger-diameter light receiving fiber.
      This arrangement provides, substantially the same degree of resolution as
      the above-mentioned arrangement (A) and can be manufactured at far lower
      cost than the structure of arrangement (A). This arrangement is therefore
      considered best suited for a light pen. In the example of (C), the light
      projecting fibers 1 and the light receiving fibers 5 are arranged
      alternately from row to row, while in the example of (D), the light
      projecting fibers 1 are disposed surrounding each light receiving fiber 5.
      There arrangements are used selectively according to the purpose of use as
      particular arrangements can have distinct advantages when used with a
      particular reflecting surface. In any case, as the combined end of the
      fiber bundle is separated from the bifurcated portions, the portion
      connecting the cord 21 from the pen holder portion remains perfectly
      unaffected by the fiber arrangement in the combined end and hence, any
      desired arrangement can be applied in such a combined end.
PAR  As described above, according to the present invention, the small portion
      having the scanning face and including the combined end of a
      photon-conductive optical fiber bundle is housed within a cartridge, while
      the remaining bifurcated or ramified portions of the fiber bundle are
      housed in the pen holder body and also in a cord provided continuous
      therewith, the cartridge body being detachably joined with the pen holder
      body, so that when the combined end positioned in the stylus in the
      cartridge body is worn or damaged in use, the cartridge body alone may be
      replaced, eliminating any necessity of exchanging the entire light pen as
      required in the past. Further, various combinations of fiber bundles
      having combined ends with various patterns of fiber arrangement, as
      exemplified in FIG. 6, can be adapted in a cartridge according to the
      purpose of use and such cartridge can be readily affixed to the pen holder
      body, thus allowing great expansion of the scope of use of the light pen.
CLMS
STM  We claim:
NUM  1.
PAR  1. A light pen containing a photon-conductive fiber bundle, the bundle
      being bifurcated at one end and combined at the other end, comprising,
PA1  a. a cartridge body housing a portion of the photon-conductive fiber bundle
      including the combined end and a first bifurcated portion thereof, and
PA1  b. a pen holder body housing the remaining bifurcated portions of the fiber
      bundle, said cartridge body being detachably fixed to an end of said pen
      holder body, a plug end of each of said remaining portions projecting out
      from an end face of said pen holder body, the ends of said first
      bifurcated portion being positioned in corresponding holes opening at an
      end of said cartridge body opposite that of said cartridge body opposite
      that of said combined end, said plug ends being detachably received in
      said corresponding holes.
NUM  2.
PAR  2. A light pen according to claim 1, wherein a flange is provided around
      said cartridge body designed to be detachably fixable to said pen holder
      body, said cartridge body being biased into a cap by a spring such that
      the foremost end of said cartridge body is projected out from the end of
      said cap, said cap being also designed to be detachably fixable to said
      pen holder body.
NUM  3.
PAR  3. The light pen of claim 1 wherein the bifurcated portions consist
      essentially of a light projecting fiber bundle and a light receiving fiber
      bundle.
NUM  4.
PAR  4. A light pen according to claim 3, wherein the bifurcated portions
      consist essentially of a light projecting fiber bundle and a light
      receiving fiber bundle, said light projecting fiber bundle in said
      cartridge body is greater in diameter than the fiber bundle positioned on
      the pen holder body side, and wherein said light receiving fiber bundle in
      said cartridge body is smaller in diameter than said fiber bundle
      positioned on said pen holder body side.
NUM  5.
PAR  5. A light pen according to claim 3, wherein at said combined end of said
      fiber bundle, said light projecting fibers and said light receiving fibers
      are arranged alternately in each row of such fibers.
NUM  6.
PAR  6. A light pen according to claim 3, wherein at said combined end of said
      fiber bundle, a plurality of light projecting photon-conductive fiber
      filaments of smaller diameter are disposed around a single piece of light
      receiving photon-conductive fiber filament having a larger diameter.
NUM  7.
PAR  7. A light pen according to claim 3, wherein at said combined end of said
      fiber bundle, said light projecting fibers and said light receiving fibers
      are arranged alternately from row to row.
NUM  8.
PAR  8. A light pen according to claim 3, wherein at said combined end of said
      fiber bundle, said light projecting fibers are arranged such that they
      surround each piece of said light receiving fibers.
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ABST
PAL  An optical fiber band comprising a pair of thermally sealed thermoplastic
      films with a plurality of optical fibers in side-by-side relation and
      following undulate paths embedded therebetween, and a telecommunication
      signal cable formed by winding a plurality of such bands around an
      insulated metal rope. The thermoplastic films and the fibers are fed
      between rollers or cylinders while the fibers are undulated. The films are
      heated to their softening temperature on at least parts of their facing
      surfaces prior to reaching the cylinders. The films may each be composite
      films of different temperature characteristics or may be wider than the
      final band, heated only at their central portions and then trimmed to the
      final band size.
PAR  The present invention relates to an optical fiber cable for transmitting
      signals and which is particularly useful as a telecommunication cable.
PAR  As is known in the art, optical fibers are fibers of glass or of synthetic
      plastic material, having a very small diameter, of the order of 0.1 to
      0.01 mm., and comprise a tubular core and a sheath, the index of
      refraction of the sheath being smaller than that of the core, for example,
      from 1.50 to 1.52 as compared to 1.56 to 1.64 for the core. Owing to this
      difference in the index of refraction between the materials constituting
      the core and the sheath, light, entering one end of the fiber, is totally
      reflected inside the fiber itself and can be transmitted along the axis of
      the fiber, even if the fiber is curvilinear, as far as the other end of
      the fiber. By employing particular types of highly transparent glass, it
      has been possible to transmit the light from one end of the fiber to the
      other with very little attenuation.
PAR  Optical fibers of this type can be of interest also as a means for the
      transmission of signals in telecommunication systems. Their employment
      involves, however, some problems, chiefly deriving from the typical
      physical and mechanical properties of said fibers. In fact, it must be
      taken into account that although these fibers, which are extremely thin,
      can resist in a satisfactory way tension stresses applied thereto, such
      fibers have a low ultimate elongation, and are, therefore, brittle. It
      follows that, in order to use them in telecommunication cables, in which
      they are to be grouped together in a unit to constitute the means for
      transmitting signals, it is first of all necessary to solve the problems
      involved in distributing them uniformly and limiting the deformations and
      the stresses which can act on the fibers both during the cable
      construction and during its laying and service, in order to ensure that
      all of the fibers forming the unit may remain uninterrupted.
PAR  A further problem is the difficulty of being able to identify, in the
      transmission system formed by a unit of a plurality of fibers, the many
      incoming and outgoing ends, as is normally required in conventional
      telecommunication cables.
PAR  Applicants have discovered that it is possible to eliminate the
      hereinbefore described problems and thereby make it possible to use in an
      appropriate manner optical fibers as a means for transmitting signals in
      telecommunication systems.
PAR  Accordingly, one object of the present invention is to provide an optical
      fiber cable which is particularly suitable to be used as a means for
      transmitting signals in telecommunication systems, characterized in that
      it is of a predetermined length and comprises at least two bandshaped
      films of synthetic thermoplastic material between which is embedded a
      plurality of optical fibers in side-by-side relation, each fiber following
      an undulate path, the total length of which, that is, the length of the
      fiber when stretched so that it is rectilinear, has a value which does not
      exceed said predetermined length by more than 10% thereof, and hence, does
      not exceed the length of the band-shaped films by more than 10%. The
      resulting structure is a composite band of predetermined length comprising
      undulated optical fibers sandwiched between films of synthetic
      thermoplastic resin, and said films are sealed together.
PAR  The above-described composite band can contain a large number of optical
      fibers, preferably about 50 optical fibers. Since said fibers normally
      have a diameter ranging between 0.1 and 0.01 mm and the width of the band
      preferably is not greater than about 30 mm, the pitch of the undulate path
      of the optical fibers contained in the films of thermoplastic synthetic
      material, i.e., the number of undulations per unit length of the band, is
      not critical in obtaining the composite band of the invention. The pitch
      can be varied within wide limits, provided that the length of the undulate
      path of the fibers has a value of the order of magnitude set forth
      hereinbefore.
PAR  The composite band according to the invention permits the obtaining of a
      uniform distribution of the optical fibers, even if these are in large
      number. At the same time, by virtue of the undulate path of the fibers
      between the films forming the band and the elastic properties typical of
      said films, there is the advantage that, when the band, in the course of
      its application, is subjected to tension or bending stresses within the
      elastic limits of the films, the optical fibers are hardly stressed.
PAR  The optical fibers which are provided in a large number between the films
      to form the composite band preferably are light isolated from one another,
      in order to prevent the transmission of light in a fiber from being
      affected or disturbed by light emission coming from the adjacent optical
      fibers. To this end, the films forming the composite band are constituted
      by synthetic thermoplastic material loaded with a light absorbing
      material, such as carbon black.
PAR  The synthetic thermoplastic material forming the films can be polyethylene
      or other polyolefines, polyamides or polyesters or combinations of said
      materials in the form of laminated films.
PAR  A further object of the present invention is a process for building up the
      above-indicated composite band. Said process comprises the steps of:
PA1  -- causing at least two films of synthetic thermoplastic material,
      preferably loaded with carbon black, to pass between at least one pair of
      facing cylinders, said films being previously heated in a continuous way,
      for a width corresponding to that of said composite band, to a temperature
      higher than the softening point of said synthetic thermoplastic material
      and said films reaching said pair of cylinders so disposed that their
      respective longitudinal planes of symmetry are coincident;
PA1  -- supplying simultaneously to said pair of cylinders, a plurality of
      optical fibers in such a way that they are fed between said two films of
      synthetic thermoplastic material and are laid on one of such films, said
      optical fibers having previously been caused to pass through a comb-like
      device situated immediately before the pair of cylinders and having a
      to-and-fro movement transversely to the fibers, so that each of said
      optical fibers is arranged between said films in an undulate path;
PA1  -- exerting a pressure, at least by means of said pair of cylinders, on
      said films having said optical fibers therebetween during their passage
      through the cylinders; and
PA1  -- collecting, after cooling if necessary, the so obtained composite band.
PAR  When the two previously heated films of synthetic thermoplastic material
      are pressed against each other during their passage between said
      cylinders, the optical fibers which arrive at the cylinders following an
      undulate path are embedded in such shape in the films. The temperature to
      which said films are previously heated is, as previously mentioned, higher
      than the softening point of the synthetic thermoplastic material of which
      they are made, in order to ensure a perfect sealing together of the films
      as a result of the pressure exerted by the cylinders.
PAR  In order to prevent undesirable stretching of the films during their
      passage between the cylinders, the band is initially formed, according to
      an alternative embodiment of the process of the invention, of films having
      a width greater than that of the final composite band to be formed, and
      the surfaces of the film are previously heated only at their central
      zones. Before collecting the so obtained composite band, the films, sealed
      together, are cut at their lateral portions to remove the excess film
      which is not required for the width of the final composite band.
PAR  According to a further alternative embodiment of the hereinbefore described
      process, the films have a width corresponding to that of the final
      composite band which it is desired to obtain, and each of said films is
      layered, at its surface opposite so that intended to be heated, with a
      so-called "supporting" film having the same length and made of a synthetic
      thermoplastic material, the softening point of which is higher than that
      of the material on which it is superimposed.
PAR  The preliminary heating to which the surface of the inner films are
      subjected is then carried out at a temperature lower than the softening
      point of the synthetic material forming the so-called "supporting" films.
      In this way the two-layered composite films which reach the pair of
      cylinders are appropriately prepared to embed the optical fibers and to be
      sealed together. At the same time they are sufficiently resistant, at the
      outer portion of the band being formed, to withstand tension stresses
      exerted on the latter and to prevent the occurrence of undue stretching of
      the films. In this case, the composite band is constituted by four films
      with the optical fibers disposed with one pair of films on one side
      thereof and with the other pair of films on the other side thereof.
PAR  The supporting films can be made of a synthetic thermoplastic material
      analogous to or different from that forming the films intended to embed
      the optical fibers provided that, as previously mentioned, said synthetic
      material of the supporting films has a softening point higher than that of
      the material constituting the inner films.
PAR  Since the supporting films have a mere mechanical sustaining function, they
      can be constituted by sheets of another material, for example, paper,
      coated with a releasing adhesive agent at their surface intended to come
      into contact with the films of synthetic thermoplastic material in which
      the fibers are embedded. At the end of the process, before the collection
      of the composite band, the supporting sheets may be removed so that the
      resulting band is constituted by only two plastic films in which the
      optical fibers are embedded. In other words, the final band is the same as
      the one obtained by following the first embodiment of the process
      according to the invention.
PAR  By means of the composite band built up and obtained as described, it is
      possible to provide an advantageous means for the transmission of signals
      in telecommunication cables. A further object of the present invention is,
      therefore, a telecommunication cable which comprises, for the transmission
      of signals, a plurality of composite bands of definite length as described
      hereinbefore.
PAR  In practice, said cable is obtained by winding several composite bands of
      the invention about a carrying element, for example, a metallic rope,
      which is previously covered with a layer of synthetic thermoplastic
      material loaded with carbon black. To facilitate the identification of the
      various incoming and outgoing ends, each of the composite bands in the
      cable is provided with at least one film of a predetermined color. As can
      be understood, it is then possible to indicate with suitable marks in each
      band the series of the optical fibers included therein.
DRWD
PAR  The present invention will be better understood from the following detailed
      description of the preferred embodiments thereof, which description should
      be considered in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view, partly broken away, of a composite band of
      the invention;
PAR  FIG. 2 is a diagrammatically perspective view of apparatus for building up
      the composite band in accordance with the invention; and
PAR  FIG. 3 is a perspective view, partly broken away, of a telecommunication
      cable comprised of several composite bands of the invention.
DETD
PAR  FIG. 1 represents a composite band 1 constituted by the two films 2 and 3
      of synthetic thermoplastic material, each having a thickness corresponding
      to a fraction of a millimeter in which a plurality of optical fibers 4,
      having an undulate path, are embedded.
PAR  FIG. 2 illustrates the various steps of the process for forming the
      composite band 1. The components of the band 1 pass between a pair of
      facing cylinders 5 and 6 where they are pressed together to form the band.
      The films 2 and 3, having a width greater than that of final composite
      band 1 to be obtained, are fed to cylinders 5 and 6 from rollers 7 and 8,
      respectively, and are heated immediately before their passage between said
      cylinders 5 and 6, for example, by means of two infrared heating devices 9
      and 10.
PAR  The preliminary heating is effected only at the central portion 15 of the
      exposed surface of each film 2 and 3, for a width corresponding to that of
      the composite band 1 to be formed.
PAR  Simultaneously, the optical fibers 4, coming from reels 11, each of which
      carries one fiber, are fed to the cylinders 5 and 6. During their travel
      from the reels 11 to the cylinders 5 and 6, the fibers 4 are guided and
      arranged according to the undulate path which they are to take between the
      films 2 and 3 by means of a comb-like device 12, having an oscillatory or
      to-and-fro movement transversely to the fibers 4 and situated immediately
      before the cylinders 5 and 6.
PAR  The fibers 4, in their passage between the cylinders 5 and 6, are embedded
      in and between the films 2 and 3. The composite band which is formed at
      the outlet of the cylinders 5 and 6 passes through a further pair of
      cylinders 13 and 14, and is subsequently collected on conventional
      apparatus.
PAR  A conventional device, such as a shear (not shown), is located before the
      cylinders 13 and 14, and such device cuts the lateral portions 16 and 16'
      which are in excess of the desired width for the final band 1.
PAR  FIG. 3 illustrates a telecommunication cable 19, for transmitting signals,
      which is constituted by winding several composite bands around a
      supporting or carrying element 20. In particular, the carrying element 20
      may be a metal rope, on which is applied a winding or layer 21 of a
      synthetic thermoplastic material loaded with carbon black. Three of the
      composite bands 22, 23 and 24 are wound around the layer 21. Each of said
      bands 22, 23 and 24 have the optical fibers 4 embedded therein in the way
      described in connection with FIG. 1.
PAR  It will be noted from the description heretofore given that the various
      aspects of the invention permit the solving of the main problems which
      arise in the employment of optical fibers as a means for transmitting
      signals by way of telecommunication cables. The arrangement of the fibers
      in the bands is, in fact, uniform, and, as previously indicated as
      possibly necessary, the bands can have marks or colors which allow easy
      identification, both of the series of bands in the cable 19 and of the
      series of individual optical fibers in an individual band. Thus, one film
      of the band 22 may have one color, one film of the band 23 may have a
      second color and one film of the band 24 may have a third color, which not
      only distinguishes the bands but also indicates the sequence of the fibers
      therein. If desired, the bands 22-24 may be surrounded by a further
      insulating or armoring layer or layers.
PAR  The arrangement of the optical fibers according to an undulate path within
      the composite bands offers, as stated, the advantage that the fibers are
      subjected to almost no tension and bending both during the preparation of
      the bands and the cable 19, and during the laying and the operation of the
      cable 19 itself.
PAR  Besides the hereinbefore mentioned advantages, mention can be made of the
      fact that the construction of a cable 19 for transmitting signals by means
      of a winding of composite bands ensures the flexibility of said cable, by
      virtue of the sliding permitted by the turns of the bands, one with
      respect to the other.
PAR  Although preferred embodiments of the present invention have been described
      and illustrated, it will be understood by those skilled in the art that
      various modifications may be made without departing from the principles of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composite optical fiber band comprising at least a pair of films of
      synthetic thermoplastic material which are sealed together and have a
      plurality of light transmitting optical fibers embedded therebetween, said
      fibers following undulate paths, the lengths of which do not exceed the
      lengths of the films in which the fibers are embedded by more than 10
      percent so that the fibers are subjected to little stress when the films
      are subjected to tension and bending stresses within the elastic limits of
      the films.
NUM  2.
PAR  2. An optical fiber band as set forth in claim 1, wherein said fibers are
      in side-by-side relation, are between five and 50 in number and have a
      diameter between 0.01 and 0.1 millimeters and wherein said band has a
      width up to 30 millimeters.
NUM  3.
PAR  3. An optical fiber band as set forth in claim 1, wherein said films
      contain carbon black.
NUM  4.
PAR  4. An optical fiber band as set forth in claim 3, wherein said
      thermoplastic material surrounds each of said fibers.
NUM  5.
PAR  5. An optical fiber band as set forth in claim 1, wherein said
      thermoplastic material is selected from the group consisting of
      polyolefines, fluorinated polyolefines, polyvinylchloride, polyamides,
      polyesters and mixtures thereof.
NUM  6.
PAR  6. An optical fiber band as set forth in claim 1, wherein each of said
      films comprises a pair of layers of thermoplastic material, the outer
      layer of which has a higher softening temperature than the inner layer
      thereof.
NUM  7.
PAR  7. A telecommunication cable comprising a plurality of composite optical
      fiber bands, each band comprising at least a pair of films of synthetic
      thermoplastic material which are sealed together and have a plurality of
      optical fibers embedded therein, said fibers following undulate paths, the
      lengths of which do not exceed the lengths of the films in which the
      fibers are embedded by more than 10 percent so that the fibers are
      subjected to little stress when the films are subjected to tension and
      bending stresses within the elastic limits of the films and an insulation
      covered carrying element having a tensile strength substantially greater
      than that of said films, said bands being wound around said carrying
      element.
NUM  8.
PAR  8. A cable as set forth in claim 7, wherein said carrying element is
      covered by a layer of synthetic plastic resin containing carbon black.
NUM  9.
PAR  9. A cable as set forth in claim 7, wherein at least one film of each band
      has a color different from the colors of the films of the remaining bands.
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ABST
PAL  This system couples light from a single fiber transmission line to a
       sepae output line which passes some light through the coupler to a single
      fiber transmission line which transmits the light on over a single optical
      fiber. A mirror within a portion of the coupler reflects out a portion of
      the light to the coupler output.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to radiation couplers more particularly to a
      radiation coupler for coupling radiation from a single fiber optic data
      transmission line to another single fiber optic data transmission line
      while permitting a controlled amount of radiation to be coupled off to
      another transmission line.
PAR  Heretofore optical radiation couplers have been used in multimode optical
      fiber transmission lines to couple radiation from one or more lines to
      other lines by use of straight through couplers, T-couplers, etc. Optical
      radiation has been transmitted over single fiber optic-lines in ornamental
      designs, in hairpieces, in optical systems in automobiles, and airplanes
      as well as other areas.
PAR  Optical data communication systems have been proposed for transmitting data
      over fiber optic lines from one point to another. In transmitting data,
      couplers are used to couple broken lines together, to couple radiation to
      other lines, to add radiation and to take off radiation for transmission
      to other points. Optical radiation is normally transmitted over a
      multimode fiber optic bundle which requires couplers for the same.
PAC  SUMMARY OF THE INVENTION
PAR  This invention makes use of focusing lens in combination with a coupler
      region to expand and collimate the output from a single fiber so that
      optical radiation may be coupled from one fiber to another and coupled off
      to a separate line. A mirror or mirrors may be positioned at a 45.degree.
      angle to the axis of the optical path to couple out a fraction of the
      radiation to other lines.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a single focusing lens system in combination with an
      optical transmission block for carrying out the purposes of the invention.
PAR  FIG. 2 illustrates a modification of the system in FIG. 1 which uses
      different types of focusing lens.
PAR  FIG. 3 illustrates a modification in which the optical transmission block
      is formed by use of three optical transmission material blocks bonded
      together.
DETD
PAC  DETAILED DESCRIPTION
PAR  Now referring to the drawing there is illustrated in FIG. 1 a coupler for
      coupling optical radiation from one single optic fiber to another and for
      coupling off a portion of the radiation to other systems. As shown, the
      device includes an input and output single optic fiber transmission lines
      11 and 12, respectively. Radiation from the single input fiber optic line
      is optically transmitted to a lens 13 which expands and collimates the
      optical beam. The expanded and collimated beam is directed onto a
      rectangular block 14 of optically transparent material which directs the
      radiation toward a second lens 15. The second lens focuses the incident
      collimated beam to a point into the output line 12.
PAR  The optically transparent block is formed by two pieces of like material
      16,17 bonded together to include a mirrored surface 18 along a portion of
      the joint. As shown, the mirrored surface 18 extends along the surface
      sufficiently that a portion of the optical path directly through the
      rectangular block between the input and output fiber is blocked by the
      mirrored surface.
PAR  In the operation of the device shown in FIG. 1, radiation transmitted
      through the input single fiber 11 is directed onto the lens 13. The lens
      13 expands and collimates the incident radiation, and directs the expanded
      collimated radiation into the adjacent end of the rectangular block
      portion 16. The radiation is transmitted in collimated lines such that the
      upper portion of the radiation beam is incident on the mirrored surface 18
      and is reflected out of the block 14 at a right angle with respect to the
      entrance beam. The lower portion of the collimated beam is directed on
      through the rectangular block onto the lens 15 which focuses the radiation
      portion into the end of optic fiber 12. Simultaneously, radiation may be
      added to the portion of the radiation signal from optic fiber 11 that
      passes through the rectangular block by an input 19 perpendicular to the
      upper surface of the rectangular block and is in optical alignment with
      the mirrored surface. The added radiation is reflected by the mirrored
      surface out of the rectangular block portion 17 onto lens 15 which then
      focuses the added radiation into the end of fiber optic 12. Thus, a
      radiation signal may be added to the main signal and a portion of the main
      signal may be directed out of the rectangular block to another
      transmission line or to a detector.
PAR  FIG. 2 illustrates a modification of the device shown and described in FIG.
      1. The difference in the device of FIG. 2 from that of FIG. 1 is in the
      focusing lens. FIG. 2 illustrates Selfoc lens 21 and 22 which expands and
      collimates the radiation. A Selfoc lens is a light focusing glass device
      which is a trade name of the Nippon Sheet Glass Co. Ltd. and Nippon
      Electric Co. Ltd., Osaka, Japan. The Selfoc lens illustrated in FIG. 2 is
      a lens made from an optically transparent cylindrical rod with a parabolic
      variation of the optical index of refraction and a length such that the
      lens has an infinite working distance. The operation of the Selfoc lens is
      reciprocal in operation. Collimated radiation is focused to a point or
      radiation from a point is expanded and collimated. The operation of the
      Selfoc lens is the same as that of the lens described for FIG. 1.
PAR  FIG. 3 illustrates a single fiber optic communication system including
      Selfoc lenses as shown in FIG. 2 wherein the rectangular block 23 is
      modified to include two reflective surfaces 24 and 25 with their angles at
      45.degree. relative to the input optical path. The two reflective surfaces
      24 and 25 form a right angle with respect to each other so that incident
      radiation is reflected in the same optical plane. The rectangular block is
      made in three sections 33-35 of the same index of refraction material and
      bonded together with a bonding material such as epoxy which has the same
      optical index of refraction as that of the block material. The lower
      portion 33 is more than one half the thickness of the block and the upper
      two sections 34 and 35 are formed with one end at a 45.degree. angle
      relative to the upper and lower surfaces. The angled ends are mirrored and
      form the reflective surfaces 24 and 25.
PAR  In operation of the device of FIG. 3, radiation entering the Selfoc lens 21
      will expand and collimate the incident radiation from single fiber optic
      11. The collimated radiation will enter the rectangular blocks 33 and 34.
      The radiation entering block 33 will pass directly through the block to
      Selfoc lens 22 and be focused into the end of single, optic fiber 12. The
      portion of the radiation that enters block 34 will be reflected upwardly
      by the mirrored end 24 and out to a desired transmission line or optical
      device. Radiation may be added to the system by an input into the mirrored
      end 25 of block 35 in which the mirrored surface reflects the radiation
      out and onto the end of the Selfoc lens. The Selfoc lens will then focus
      the radiation into the end of single fiber optic transmission line 12.
      Thus, radiation may be reflected from the rectangular block and into the
      rectangular block on the same surface plane. In one instance, radiation is
      added to the system in the other instance a portion of the radiation from
      the Selfoc lens is reflected out of the main transmission system.
PAR  Use of beam expansion and refocusing allows for the use of microscopic
      dimensions in the coupling region, so that, mirrors can be used to couple
      to a single fiber transmission line. The angle of incidence as a function
      of position transformation properties of ideal lenses will allow this
      approach to coupling to be used with Selfoc fibers with low throughput
      loss. The acceptance angle of a Selfoc fiber varies with distance from the
      core center which means that any coupler approach which solely preserves
      angle of incidence will be very lossy. Any abberations in the lens systems
      used with this invention will introduce losses.
PAR  Obviously many modifications and variation of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A system for coupling radiation on and off of a single optic fiber data
      transmission line while allowing a portion of the radiation to be
      transmitted into a single optic fiber for transmission, which comprises:
PA1  a first lens for expanding and collimating incident radiation from a single
      optic fiber transmission line;
PA1  a second lens for collimating and focusing collimated radiation into the
      end of an optic fiber data transmission line;
PA1  a rectangular block of optically transparent material positioned between
      said first and second lens in optical alignment therewith;
PA1  said rectangular block including a reflective surface therein at a
      45.degree. degree angle with respect to incident optical radiation;
PA1  whereby said reflective surface reflects a portion of the radiation
      incident on said reflective surface out of said rectangular block normal
      to incident radiation and said reflective surface reflects input radiation
      onto said second lens and into the end of said single optic fiber data
      transmission line.
NUM  2.
PAR  2. A system as claimed in claim 1 which includes:
PA1  two reflective surfaces in said rectangular block of radiation transparent
      material.
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ABST
PAL  An image attenuator having an attenuation range of over 100,000. An optical
     ens device focuses the image on a first liquid crystal layer which scatters
      the directed light only when an electrical potential is applied to the
      crystal layer by means of transparent electrodes, and in proportion to the
      strength of potential applied. A proportion of the scattered light is
      absorbed within a coherent fiber optic layer, the thickness and the
      spacing of the individual fibers of which can be varied to vary the
      contrast and attenuation of the system. Several stages may be stacked in
      series to obtain a greater degree of attenuation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to liquid crystal optical image attenuators.
PAR  Most particularly the invention relates to an optical image attenuator
      utilizing one or more liquid crystal layers which scatter the directed
      light when an electrical potential is applied to the layer.
PAR  2. Description of the Prior Art
PAR  Prior art variable optical attenuators such as iris diaphragms are limited
      to an attenuation range of about 200:1.
PAR  U.S. Pat. No. 1,770,535 to Sukumlyn discloses a variable light refractor in
      which the refraction is varied by varying voltage applied to a transparent
      electrolyte and dielectric medium, and in which further refraction can be
      obtained through the use of multiple stages of the device. U.S. Pat. No.
      2,915,943 to Brown et al. discloses a system similar to Sukumlyn but in
      which the dielectric medium is placed between the two electrodes. U.S.
      Pat. No. 3,752,897 to Bousky discloses an optical modulator that employs a
      liquid crystal with electrically controlled refraction and with
      dissipative materials for dissipating acoustic and extraneous scattered
      light energies. U.S. Pat. No. 3,622,226 to Matthies discloses a linear
      array of liquid crystal cells, with transparent electrodes and
      extraneouslight-absorbing material on its sides. U.S. Pat. No. 3,697,289
      to Goldstein discloses a crystal light modulator wherein both aperture and
      light intensity control is effected.
PAR  A discussion of chemical compounds suitable for liquid crystal layers and
      transparent electrodes usable therewith is contained in U.S. Pat.
      3,499,112 issued to G. H. Heilmeier et al. issued Mar. 3, 1970.
PAC  SUMMARY OF THE INVENTION
PAR  A liquid crystal optical attenuator is capable of an attenuation range
      greater than 100,000:1 and will function with medium to high resolution
      images. Attenuation is controllable electrically. Furthermore, the
      thickness of a single stage of the present invention, about 1mm (or about
      8mm total thickness for a seven stage attenuator with an attenuation range
      of 100,000), is considerably less than a similar attenuator containing
      collecting apertures. This is important when compactness is a factor.
PAR  The present invention is an optical image attenuator with an attenuation
      range of over 100,000. An optical lens device focuses the image on a first
      liquid crystal layer which scatters the directed light only when an
      electrical potential is applied to the layer, by means of transparent
      electrodes, and in proportion to the strength of potential applied. A
      proportion of the scattered light is absorbed within a coherent optic
      fiber plate or layer, the thickness and the spacing of the individual
      fibers of which can be varied to vary the contrast and attenuation of the
      system. Several stages may be stacked in series to obtain sufficiently
      high attenuation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic side view of a single stage embodiment of the
      invention;
PAR  FIG. 2 is a side elevational view partly in section of a two stage
      embodiment of the invention;
PAR  FIG. 3 is a schematic showing the relationship of the acceptance half angle
      to the structure of the invention; and
PAR  FIG. 4 is a graph of attenuation range versus angular acceptance angle of a
      collecting aperture.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the invention, as shown in FIG. 1, a liquid crystal
      optical attenuator (LCOA) 10 is placed at the image plane 12 of an optical
      system 14 with the image from object 15 focused through lens 16 onto a
      liquid crystal layer 18. Liquid crystal compositions useful in these
      devices are characterized by the property of undergoing non-destructive
      turbulence when an electric current is caused to flow therein. This
      phenomenon is termed the dynamic scattering effect. An example of a
      nematic liquid crystal composition having the desired characteristics, for
      example, is anisylidene-p-aminophenylacetate.
PAR  Means for applying a current to the liquid crystal layer is shown at 20 and
      the attenuated image is indicated at 22.
PAR  A two stage LCOA 30 is shown in detail in FIG. 2.
PAR  This embodiment utilizes two identical liquid crystal optical elements 31
      each comprising a liquid crystal layer 32 about 10 microns or micro-meters
      (.mu.m) thick confined between two transparent electrodes 34, 36 about
      0.5.mu.m thick. Dimensional stability is provided by peripheral spacers 37
      which may be formed, for example, of a plastic material such as Mylar.
PAR  The front of unit 30 is protected by a transparent face plate, for example,
      of glass about 150.mu.m thick and each liquid crystal layer is followed by
      an integral fiber optic plate 38. The electrodes may be formed, for
      example, by coating the respective surfaces of the face plate and the
      fiber optic plates as needed with tin oxide.
PAR  Current is applied in parallel circuit to the electrodes 34, 36
      respectively of layers 31, 31' by conductors 40, 41 from source 42 through
      a variable current limiting means 44. When unactivated, the image passes
      through the coherent fiber optic layer unattenuated and undeviated in a
      conventional manner.
PAR  When the liquid crystal elements are activated, light is scattered by the
      liquid crystal layer beyond the acceptance angle of the individual optic
      fibers and is absorbed within the fiber optic layer. The amount of
      scattering determines the attenuation and is controlled electrically.
PAR  Attenuation, resolution and time response depend on the arrangement of the
      fiber optic layer and dynamic scattering in the nematic liquid crystal
      film. In the unactivated state the liquid crystal film is essentially
      transparent and colorless. Light rays pass through unattenuated and
      undeviated. In the activated state light is scattered over a wide angular
      range but is concentrated in the forward direction.
PAR  The attenuation range is a function of the angular acceptance Angle
      2.theta., as shown in FIG. 4 for 60 v rms at 60 H.sub.z applied across the
      film. 2.theta. is the full angle subtended by the collecting aperture of
      the optic fiber plate. D. D.C. Voltage produces approximately the same
      effect, but the lifetime of the liquid crystal will be shorter.
PAR  The angular acceptance angle, 2.theta., of the fiber optic plates will
      determine the attenuation attainable per stage. Acceptance half-angle
      .theta. of fiber optics is related to the numerical aperture (N.A.) by
EQU  N.A. = sin .theta.                                         Eq. (1)
PAR  Since scattering measurements for the liquid crystals are made in air, Eq.
      (1) is valid. In other cases the relation N.A. = n sin .theta. should be
      used, where n is the refractive index of the material adjacent the ends of
      the fiber plate.
PAR  Resolution of the LCOA is determined by the pitch p.sub.F of the fiber
      plate (center to center spacing of the individual fibers) and by the
      liquid crystal sandwich structure thickness.
PAR  Resoluble spot diameter d.sub.F of the fiber plate is determined by:
EQU  d.sub.F =  2 p.sub.F                                       Eq. (2)
PAR  Resolution due to the liquid crystal sandwich structure thickness is
      determined from FIG. 3, thusly:
EQU  d.sub.LC =  4(2t.sub.TE +  t.sub.LC) tan .theta.'          Eq. (3)
PAL  where t.sub.TE is the thickness of the transparent electrode, t.sub.LC is
      the thickness of the liquid crystal,
      ##EQU1##
      (by Snell's law), and n is the refractive index of both the liquid crystal
      material and the transparent electrode. Angle .theta.' corrects for the
      fact that the liquid crystal scattering passes through glass rather than
      air. Refractive indices of the liquid crystal and transparent electrode
      are assumed equal.
PAR  Resolution of one stage of the LCOA is then,
EQU  D.sub.T.sup.2 = d.sub.F.sup.2 + d.sub.LC.sup.2             Eq. (4)
PAR  The attenuation range may be insufficient with one stage. Therefore several
      stages may be stacked in series. Since registration of fibers from plate
      to plate is lost, a further resolution degradation occurs;
EQU  D.sub.TS = .sqroot. N D.sub.T                              Eq. (5)
PAL  where D.sub.TS is the resoluble spot size of the stack and N is the number
      of stages. Resolution in line pairs per unit distance is then,
EQU  R.sub.TS = 1/D.sub.TS Eq. (6)
PAL  The number of stages required is determined by the maximum total system
      attenuation range A.sub.RT required and by the attenuation attainable per
      stage. The smallest N. A. available at this time is 0.25 for which .theta.
      = 14.5.degree. by Eq. (1). From the graph of FIG. 3 for 2.theta. =
      29.degree., A.sub.R = 6 which is the attenuation range per stage. The
      required number of stages is N where 6.sup.N = A.sub.RT and where A.sub.RT
      is the final maximum attenuation required.
PAR  As an example, for A.sub.RT = 100,000, N = 6.4. Thus seven stages are
      required. Resolution can then be determined.
PAR  For example, assuming the following values:
EQU  P.sub.F = 10.mu.m
EQU  N.A. = 0.25
EQU  .theta. = 14.5.degree.
EQU  t.sub.TE = 0.5.mu.m
EQU  t.sub.LC = 10.0.mu.m
EQU  n = 1.5
EQU  .theta.' = 9.6
PAL  whereby with A.sub.RT = 100,000;
EQU  d.sub.F = 20.mu.m
EQU  d.sub.LC = 7.4.mu.m
EQU  D.sub.T = 21.3.mu.m
EQU  D.sub.TS = 56.4.mu.m
EQU  R.sub.TS = 17.7 line pairs/mm
PAR  Thus a small compact LCOA should be achievable with an attenuation range of
      100,000 and a resolution of 17.7 line pair s per millimeter or 35 TV lines
      per millimeter.
PAR  Since the fiber optic plate is about 1 mm thick and the other components
      excluding the face plate aggregate no more than about 0.002mm, size of the
      LCOA is estimated at about 1mm thickness per stage or about 8mm total
      thickness for a seven stage attenuator including the front cover glass
      which is typically 0.15mm thick.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electro-optical image attenuator device comprising:
PA1  A. a plurality of serially arranged nematic liquid crystal films of the
      type that exhibits dynamic scattering when an electric current is caused
      to flow therein;
PA1  B. conductive means associated with each said film for applying a current
      producing voltage in parallel to each said film; and
PA1  C. a coherent fiber optic plate adjacent to and following each said film
      and being composed of a plurality of closely spaced substantially parallel
      optic fibers orthogonal to said film.
NUM  2.
PAR  2. The device of claim 1 wherein:
PA1  said conductive means for applying a current producing voltage comprises
      layers of transparent conductive material adjacent opposite sides of said
      film and a source of current electrically connected to create a difference
      of potential between said layers.
NUM  3.
PAR  3. The device of claim 2 wherein:
PA1  said conductive layers are composed essentially of tin oxide.
NUM  4.
PAR  4. The device of claim 1 including support means for said film including
      said fiber optic plate.
NUM  5.
PAR  5. The device of claim 4 wherein said support means comprises at least one
      transparent face plate.
NUM  6.
PAR  6. The device of claim 5 wherein said conductive layers are coated on
      respective ones of said support means.
NUM  7.
PAR  7. An electro-optical image attenuator device comprising:
PA1  A. at least one nematic liquid crystal film of the type that exhibits
      dynamic scattering when an electric current is caused to flow therein;
PA1  B. means for applying a current producing voltage to said film;
PA1  C. a coherent fiber optic plate adjacent to and substantially commensurate
      with said film and being composed of a plurality of closely spaced
      substantially parallel optic fibers orthogonal to said film;
PA1  D. support means for said film including said fiber optic plate and a
      transparent face plate;
PA1  E. said means for applying a current producing voltage comprising
      transparent layers of conductive material coated on said support means and
      a source of current electrically connected to create a difference of
      potential between said layers; and
PA1  F. means for varying the voltage between said layers so that an image
      passing through the device may be attenuated in proportion to the voltage
      applied.
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ABST
PAL  A varifocal objective has an axially shiftable positive front component, an
      axially shiftable negative intermediate component, and a fixed positive
      rear component or basic lens group. The latter component consists of five
      closely spaced lens members, all but the second of them singlets and all
      but the third of them positively refracting. The intermediate component is
      separated from the rear component by a diaphragm space which in a position
      of close approach of these components, corresponding to maximum focal
      length, is still substantially greater than any air space between the lens
      members of the rear component. With a varifocal ratio close to 3:1, the
      distance between the front and rear components is the same in the
      positions of maximum and minimum focal lengths.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to an optical objective of the varifocal or
      zoom type, especially as used in motion-picture cameras such as those
      designed for the Super-8 film format.
PAC  BACKGROUND OF THE INVENTION
PAR  In commonly owned U.S. Pat. No. 3,784,283 there has been disclosed a zoom
      objective comprising an afocal forward lens unit with variable
      magnification and a main lens unit of fixed focal length, the two units
      being separated by an intervening diaphragm space. The forward lens unit
      consists of an axially shiftable front component (I) of positive
      refractivity, an axially shiftable intermediate component (II) of negative
      refractivity and an axially fixed positive component (III) in the form of
      a single lens. Within a zoom range having a varifocal ratio of about 3:1
      between the miximum overall focal length f.sub.max and the minimum overall
      focal length f.sub.min, the intermediate component is displaced between a
      limiting position near the front component at the upper end of the range
      (f.sub.max) and another limiting position close to the fixed positive lens
      (III) at the lower end of the range (f.sub.min), the distance of this
      movable component from the fixed positive lens of the forward unit in the
      latter position being considerably less than the length of the diaphragm
      space separating the fixed positive lens from the main lens unit (IV). At
      the limits of the zoom range, the distance of the front component (I) from
      the fixed positive lens (III) is the same.
PAC  OBJECT OF THE INVENTION
PAR  The object of our present invention is to provide a more compact varifocal
      objective of the general type disclosed in the above-identified patent
      with substantial preservation of the optical qualities of the objective
      described therein.
PAC  SUMMARY OF THE INVENTION.
PAR  A varifocal objective according to our present invention differs from that
      of the prior patent in that a fixed positive lens (L.sub.7) is added as a
      fifth lens member to the four closely spaced lens members of the main lens
      unit or basic lens group of the prior system, with elimination of the
      fixed positive component of the forward lens unit ahead of the diaphragm
      space. Thus, the present objective consists of an axially shiftable
      positively refracting front component I, an axially shiftable negatively
      refracting intermediate component II, and an axially fixed positively
      refracting rear component III constituted by five closely air-spaced lens
      members, namely a positive first lens member (L.sub.7), a positive second
      lens member (L.sub.8, L.sub.9), a negative third lens member (L.sub.10), a
      positive fourth lens member (L.sub.11) and a positive fifth lens member
      (L.sub.12), the spacing of the intermediate component from the rear
      component in its position of maximum overal focal length (f.sub.max)
      substantially exceeding any air space between the lens members of the rear
      component. This allows a diaphragm to be accommodated in the space between
      the movable intermediate component II and the fixed rear component III,
      with reduction of the forward lens group to two independently shiftable
      components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other fearures of our invention will now be described in
      detail with reference to the accompanying drawing the sole FIGURE of which
      illustrates, schematically, a three-component varifocal objective
      embodying the invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The varifocal or zoom objective shown in the drawing consists of a
      positively refracting front component I, a negatively refracting
      intermediate component II and a positively refracting rear component III,
      components I and II being axially shiftable whereas component III is
      fixed. A diaphragm D is interposed between components II and III.
PAR  Front component I consists of three lenses L.sub.1, L.sub.2, L.sub.3
      separated by air spaces s.sub.1 and s.sub.2. Lens L.sub.1 is a forwardly
      convex negative meniscus whereas lenses L.sub.2 and L.sub.3 are biconvex;
      the latter lens, however, may be described as substantially planoconvex
      since its rear surface is almost flat as will be apparent from the
      numerical values given below. Component II, separated by a variable air
      space s.sub.3 from component I, consists of a substantially planoconcave
      lens L.sub.4 with rearwardly facing concavity and a compound member,
      separated from lens L.sub.4 by an air space s.sub.4, which is composed of
      a biconcave lens L.sub.5 cemented onto a positive meniscus L.sub.6. The
      first lens member of rear component III, closest to the diaphragm space
      s.sub.5, is a biconvex lens L.sub.7 and is separated by a small air space
      s.sub.6 from a compound member consisting of a biconvex lens L.sub.8
      cemented onto a biconcave lens L.sub.9 ; a biconcave lens L.sub.10,
      constituting the only negative member of the rear component III, is
      separated by air spaces s.sub. and s.sub.8 from lens L.sub.9 and from an
      adjoining biconvex lens L.sub.11, followed after another air space s.sub.9
      by the fifth and last lens member in the form of a substantially
      planconvex lens L.sub.12 with forwardly facing convexity.
PAR  In the following Table 1 we have given representative numerical values for
      the radii of curvature r.sub.1 - r.sub.22, the axial thicknesses d.sub.1 -
      d.sub.12 and the axial separations s.sub.1 - s.sub.9 of lenses L.sub.1 -
      L.sub.12, based upon a value of unity (e.g. 1 mm) for an intermediate
      focal length f.sub.med of the varifocal objective, along with their
      refractive indices n.sub.d and their Abbe numbers .nu..sub.d. This
      objective has a relative aperture of 1:1.2 and an image diagonal of 0.54;
      its overall focal length at the limits of the zoom range is f.sub.min =
      0.594 and f.sub.max = 1.683.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                  Thicknesses       .eta..sub.d                                
                                         .nu..sub.d                            
     Lenses                                                                    
         Radii    and Separations                                              
     __________________________________________________________________________
         r.sub.1 = +8.706                                                      
     L.sub.1           d.sub.1 = 0.15                                          
                                    1.805                                      
                                         25.4                                  
         r.sub.2 = +2.628                                                      
                       s.sub.1 = 0.21                                          
         r.sub.3 = +3.408                                                      
     L.sub.2           d.sub.2 = 0.43                                          
                                    1.603                                      
                                         60.6                                  
         r.sub.4 = -18.304                                                     
                       s.sub.2 = 0.01                                          
         r.sub.5 = +2.278                                                      
     L.sub.3           d.sub.3 = 0.52                                          
                                    1.658                                      
                                         50.9                                  
         r.sub.6 = -130.310                                                    
                        0.05 f.sub.min                                         
                  s.sub.3 =                                                    
                        0.78 f.sub.med                                         
                        1.21 f.sub.max                                         
         r.sub.7 = +40.501                                                     
     L.sub.4           d.sub.4 = 0.08                                          
                                    1.713                                      
                                         53.8                                  
         r.sub.8 = +0.999                                                      
                       s.sub.4 = 0.24                                          
         r.sub.9 = -3.780                                                      
     L.sub.5           d.sub.5 = 0.08                                          
                                    1.641                                      
                                         60.1                                  
         r.sub.10 = +1.170                                                     
     L.sub.6           d.sub.6 = 0.21                                          
                                    1.847                                      
                                         23.8                                  
         r.sub.11 = +4.173                                                     
                        2.06 f.sub.min                                         
                  s.sub.5 =                                                    
                        1.63 f.sub.med                                         
                        0.90 f.sub.max                                         
         r.sub.12 = +2.794                                                     
     L.sub.7           d.sub.7 = 0.21                                          
                                    1.717                                      
                                         48.0                                  
         r.sub.13 = -3.655                                                     
                       s.sub.6 = 0.01                                          
         r.sub.14 = +0.955                                                     
     L.sub.8           d.sub.8 = 0.42                                          
                                    1.657                                      
                                         36.7                                  
         r.sub.15 = -1.513                                                     
     L.sub.9           d.sub.9 = 0.17                                          
                                    1.805                                      
                                         25.4                                  
         r.sub.16 = +2.066                                                     
                       s.sub.7 = 0.08                                          
         r.sub.17 = -2.166                                                     
     L.sub.10          d.sub.10 = 0.19                                         
                                    1.847                                      
                                         23.8                                  
         r.sub.18 =  +1.030                                                    
                       s.sub.8 = 0.15                                          
         r.sub.19 = +5.136                                                     
     L.sub.11          d.sub.11 = 0.23                                         
                                    1.713                                      
                                         53.8                                  
         r.sub.20 = -1.036                                                     
                       s.sub.9 = 0.01                                          
         r.sub.21 = +0.946                                                     
     L.sub.12          d.sub.12 = 0.23                                         
                                    1.641                                      
                                         60.1                                  
         r.sub.22 = -380.504                                                   
     __________________________________________________________________________
PAR  From the foregoing values the individual focal lengths of lens members
      L.sub.7, L.sub.8 +L.sub.9, L.sub.10, L.sub.11 and L.sub.12 of rear
      component III, whose focal length equals 1.23, can be calculated as
      follows:
EQU  f.sub.7 = +2.24
EQU  f.sub.8,9 = +3.25
EQU  f.sub.10 = -0.80
EQU  f.sub.11 = +1.23
EQU  f.sub.12 = +1.47
PAR  From Table 1 it will also be noted that the sum s.sub.3 + s.sub.5 has the
      same value in the limiting positions of f.sub.min and f.sub.max, which
      means that the separation between components I and III in these limiting
      positions is the same.
PAR  The calculation further shows that the focal lengths f.sub.I and f.sub.II
      of the axially shiftable components are +3.20 and -1.06, respectively.
PAR  Table 2 shows an alternate set of parameters for the fixed lenses L.sub.7 -
      L.sub.12. In this instance, the component III has the focal length
      f.sub.III = 1.17.
TBL                TABLE 2                                                     
     ______________________________________                                    
                        Thicknesses                                            
     Lenses                                                                    
           Radii        and Separations                                        
                                     .eta..sub.d                               
                                           .nu..sub.d                          
     ______________________________________                                    
           r.sub.12 = +2.794                                                   
     L.sub.7            d.sub.7 = 0,21                                         
                                     1.717 48.0                                
           r.sub.13 = -3.655                                                   
                        s.sub.6 = 0.01                                         
           r.sub.14 = +0.955                                                   
     L.sub.8            d.sub.8 = 0.42                                         
                                     1.657 36.7                                
           r.sub.15 = -1.513                                                   
     L.sub.9            d.sub.9 = 0.04                                         
                                     1.805 25.4                                
           r.sub.16 = +3.800                                                   
                        s.sub.7 = 0.08                                         
           r.sub.17 = -2.166                                                   
     L.sub.10           d.sub.10 = 0.19                                        
                                     1.847 23.8                                
           r.sub.18 = +1.030                                                   
                        s.sub.8 = 0.15                                         
           r.sub.19 = +5.136                                                   
     L.sub.11           d.sub.11 = 0.23                                        
                                     1.713 53.8                                
           r.sub.20 = -1.036                                                   
                        s.sub.9 = 0.01                                         
           r.sub.21 = +1.153                                                   
     L.sub.12           d.sub.12 = 0.23                                        
                                     1.641 60.1                                
           r.sub.22 = +42.916                                                  
     ______________________________________                                    
PAR  The individual focal lengths of the fixed lens members calculated from the
      numerical values of this second Example are as follows:
EQU  f.sub.7 = +2.24
EQU  f.sub.8,9 = +2.30
EQU  f.sub.10 = +0.80
EQU  f.sub.11 = +1.23
EQU  f.sub.12 = +1.85
PAR  A third example for a rear component forming part of a varifocal objective
      according to our invention, with f.sub.III = 1.48, is as follows:
TBL                TABLE 3                                                     
     ______________________________________                                    
                        Thicknesses                                            
     Lenses                                                                    
           Radii        and Separations                                        
                                     .eta..sub.d                               
                                           .nu..sub.d                          
     ______________________________________                                    
           r.sub.12 = +4.180                                                   
     L.sub.7            d.sub.7 = 0.21                                         
                                     1.717 48.0                                
           r.sub.13 = -3.655                                                   
                        s.sub.6 = 0.01                                         
           r.sub.14 = +0.955                                                   
     L.sub.8            d.sub.8 = 0.42                                         
                                     1.657 36.7                                
           r.sub.15 = -1.513                                                   
     L.sub.9            d.sub.9 = 0.17                                         
                                     1.805 25.4                                
           r.sub.16 = +2.066                                                   
                        s.sub.7 = 0.08                                         
           r.sub.17 = -2.166                                                   
     L.sub.10           d.sub.10 = 0.76                                        
                                     1.847 23.8                                
           r.sub.18 = +1.064                                                   
                        s.sub.8 = 0.15                                         
           r.sub.19 = +5.136                                                   
     L.sub.11           d.sub.11 = 0.23                                        
                                     1.713 53.8                                
           r.sub.20 = -1.036                                                   
                        s.sub.9 = 0.01                                         
           r.sub.21 = +0.922                                                   
     L.sub.12           d.sub.12 = 0.23                                        
                                     1.658 57.3                                
           r.sub.22 = -12.883                                                  
     ______________________________________                                    
PAR  Calculations based on these latter parameters show the individual focal
      lengths of the lens members of component III to have the following values:
EQU  f.sub.7 = +2.75
EQU  f.sub.8,9 = +3.25
EQU  f.sub.10 = -0.76
EQU  f.sub.11 = +1.23
EQU  f.sub.12 = +1.32
PAR  From the foregoing examples it will also be seen that the refractive
      indices of all positive lenses (L.sub.7, L.sub.8, L.sub.11 and L.sub.12)
      of component III are less than 1.72 and that the shortest radius of
      curvature of any lens in that component, specifically radius r.sub.21 in
      Table 3, is greater than 0.6f.sub.III.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A varifocal objective consisting of:
PA1  an axially shiftable positively refracting front component;
PA1  an axially shiftable negative refracting intermediate component; and
PA1  an axially fixed positively refracting rear component constituted by five
      closely air-spaced lens members, namely a positive first lens member, a
      positive second lens member, a negative third lens member, a positive
      fourth lens member and a positive fifth lens member, the spacing of said
      intermediate component from said rear component in a position of maximum
      overall focal length substantially exceeding any air space between said
      lens members while being substantially smaller than in a position of
      minimum overall focal length, said front component consisting of a
      forwardly convex negative meniscus L.sub.1 followed by a biconvex lens
      L.sub.2 and a substantially planoconvex lens L.sub.3 with forwardly facing
      convexity, said second component consisting of a substantially
      planoconcave lens L.sub.4 rearwardly facing concavity followed by a
      biconcave lens L.sub.5 cemented onto a positive meniscus L.sub.6, said
      first lens member of said rear component being a biconvex lens L.sub.7,
      said second lens member consisting of a biconvex lens L.sub.8 cemented to
      a biconcave lens L.sub.9, said third lens member being a biconcave lens
      L.sub.10, said fourth lens member being a biconvex lens L.sub.11, and said
      fifth member being a substantially planoconvex lens L.sub.12 with
      forwardly facing convexity.
NUM  2.
PAR  2. A varifocal objective as defined in claim 1, further comprising
      diaphragm means in the space between said intermediate and rear
      components.
NUM  3.
PAR  3. A varifocal objective as defined in claim 1 wherein the separation
      between said front and rear components is substantially the same in said
      position of maximum overall focal length and in said position of minimum
      overall focal length.
NUM  4.
PAR  4. A varifocal objective as defined in claim 3 wherein the ratio of said
      maximum and minimum overall focal lengths is close to 3:1.
NUM  5.
PAR  5. A varifocal objective as defined in claim 1 wherein said lenses L.sub.7,
      L.sub.8, L.sub.11 and L.sub.12 have refractive indices less than 1.72.
NUM  6.
PAR  6. A varifocal objective as defined in claim 1 wherein said first component
      has a focal length of +3.20 and said second component has a focal length
      of -1.06.
NUM  7.
PAR  7. A varifocal objective as defined in claim 6 wherein the separation of
      said front component from said rear component is substantially the same in
      said positions of maximum overall focal length f.sub.max and of minimum
      overall focal length f.sub.min and is larger in a position of intermediate
      overall focal length f.sub.med.
NUM  8.
PAR  8. A varifocal objective as defined in claim 7 wherein the numerical values
      of the radii of curvature r.sub.1 - r.sub.11, the axial thicknesses
      d.sub.1 - d.sub.6 and the axial separations s.sub.1 - s.sub.4 of said
      lenses L.sub.1 - L.sub.6, based upon said value of unity for said
      intermediate overall focal length f.sub.med, their refractive indices
      n.sub.d and their Abbe numbers .nu..sub.d are substantially as given in
      the following table:
TBL                   Thicknesses                                              
     Lenses                                                                    
           Radii      and Separations .eta..sub.d                              
                                            .nu..sub.d                         
     ______________________________________                                    
           r.sub.1 = +8.706                                                    
     L.sub.1                 d.sub.1 = 0.15                                    
                                        1.805 25.4                             
           r.sub.2 = +2.628                                                    
                             s.sub.1 = 0.21                                    
           r.sub.3 = +3.408                                                    
     L.sub.2                 d.sub.2 = 0.43                                    
                                        1.603 60.6                             
           r.sub.4 = -18.304                                                   
                             s.sub.2 = 0.01                                    
           r.sub.5 = +2.278                                                    
     L.sub.3                 d.sub.3 = 0.52                                    
                                        1.658 50.9                             
           r.sub.6 = -130.310                                                  
                             {0.05 {f.sub.min }                                
                      s.sub.3 =                                                
                             {0.78 {f.sub.med }                                
                             {1.21 {f.sub.max }                                
           r.sub.7 = +40.501                                                   
     L.sub.4                 d.sub.4 = 0.08                                    
                                        1.713 53.8                             
           r.sub.8 = +0.999                                                    
                             s.sub. 4 = 0.24                                   
           r.sub.9 = -3.780                                                    
     L.sub.5                 d.sub.5 = 0.08                                    
                                        1.641 60.1                             
           r.sub.10 = +1.170                                                   
     L.sub.6                 d.sub.6 = 0.21                                    
                                        1.847 23.8                             
           r.sub.11 = +4.173.                                                  
     ______________________________________                                    
NUM  9.
PAR  9. A varifocal objective as defined in claim 8 wherein the numerical values
      of the axial separation s.sub.5 of said intermediate and rear components,
      the radii r.sub.12 - r.sub.22 of said lenses L.sub.7 - L.sub.12, the axial
      thicknesses d.sub.7 - d.sub.12 and axial separations s.sub.6 - s.sub.9
      thereof, their refractive indices n.sub.d and their Abbe numbers
      .nu..sub.d are substantially as given in the following table:
TBL                    Thicknesses                                             
     Lenses                                                                    
           Radii       and Separations .eta..sub.d                             
                                             .nu..sub.d                        
     ______________________________________                                    
                              {2.06 {f.sub.min }                               
                       s.sub.5 =                                               
                              {1.63 {f.sub.med }                               
                              {0.90 {f.sub.max }                               
           r.sub.12 = +2.794                                                   
     L.sub.7                  d.sub.7 = 0.21                                   
                                         1.717 48.0                            
           r.sub.13 = -3.655                                                   
                              s.sub.6 = 0.01                                   
           r.sub.14 = +0.955                                                   
     L.sub.8                  d.sub.8 = 0.42                                   
                                         1.637 36.7                            
           r.sub.15 = -1.513                                                   
     L.sub.9                  d.sub.9 = 0.17                                   
                                         1.805 25.4                            
           r.sub.16 = +2.006                                                   
                       s.sub.7 = 0.08                                          
           r.sub.17 = -2.166                                                   
     L.sub.10                 d.sub.10 = 0.19                                  
                                         1.847 23.8                            
           r.sub.18 = +1.030                                                   
                              s.sub.8 = 0.15                                   
           r.sub.19 = +5.136                                                   
     L.sub.11                 d.sub.11 = 0.23                                  
                                         1.713 53.8                            
           r.sub.20 = -1.036                                                   
                              s.sub.9 = 0.01                                   
           r.sub.21 = +0.946                                                   
     L.sub.12                 d.sub.12 = 0.23                                  
                                         1.641 60.1                            
           r.sub.22 = -380.540.                                                
     ______________________________________                                    
NUM  10.
PAR  10. A varifocal objective as defined in claim 2 wherein said first, second,
      third, fourth and fifth lens members have individual focal lengths
      substantially equal to +2.24, +3.25, -0.80, +1.23 and 1.47, respectively.
NUM  11.
PAR  11. A varifocal objective as defined in claim 10 wherein the numerical
      values of the radii of curvature r.sub.12 - r.sub.22, the axial
      thicknesses d.sub.7 - d.sub.12 and the axial separations s.sub.6 - s.sub.9
      of said lenses L.sub.7 - L.sub.12, based upon said value of unity for said
      intermediate overall focal length f.sub.med, their refractive indices
      n.sub.d and their Abbe numbers .nu..sub.d are substantially as given in
      the following table:
TBL                     Thicknesses                                            
     Lenses                                                                    
           Radii        and Separations                                        
                                     .eta..sub.d                               
                                            .nu..sub.d                         
     ______________________________________                                    
           r.sub.12 = +2.794                                                   
     L.sub.7            d.sub.7 = 0.21                                         
                                     1.717  48.0                               
           r.sub.13 = -3.655                                                   
                        s.sub.6 = 0.01                                         
           r.sub.14 = +0.955                                                   
     L.sub.8            d.sub.8 = 0.42                                         
                                     1.657  36.7                               
           r.sub.15 = -1.513                                                   
     L.sub.9            d.sub.9 = 0.17                                         
                                     1.805  25.4                               
           r.sub.16 = +2.066                                                   
                        s.sub.7 = 0.08                                         
           r.sub.17 = -2.166                                                   
     L.sub.10           d.sub.10 = 0.19                                        
                                     1.847  23.8                               
           r.sub.18 = +1.030                                                   
                        s.sub.8 = 0.15                                         
           r.sub.19 = +5.136                                                   
     L.sub.11           d.sub.11 = 0.23                                        
                                     1.713  53.8                               
           r.sub.20 = -1.036                                                   
                        s.sub.9 = 0.01                                         
           r.sub.21 = +0.946                                                   
     L.sub.12           d.sub.12 = 0.23                                        
                                     1.641  60.1                               
           r.sub.22 = -380.504.                                                
     ______________________________________                                    
NUM  12.
PAR  12. A varifocal objective as defined in claim 1 wherein said first, second,
      third, fourth and fifth lens members have individual focal lengths
      substantially equal to +2.24, +2.30, -0.80, +1.23 and +1.85, respectively.
NUM  13.
PAR  13. A varifocal objective as defined in claim 12 wherein the numerical
      values of the radii of curvature r.sub.12 - r.sub.22, the axial
      thicknesses d.sub.7 - d.sub.12 and the axial separations s.sub.6 - s.sub.9
      of said lenses L.sub.7 - L.sub.12, based upon said value of unity for said
      intermediate overall focal length f.sub.med, their refractive indices
      n.sub.d and their Abbe numbers .nu..sub.d are substantially as given in
      the following table:
TBL                     Thicknesses                                            
     Lenses                                                                    
           Radii        and Separations                                        
                                     .eta..sub.d                               
                                            .nu..sub.d                         
     ______________________________________                                    
           r.sub.12 = +2.794                                                   
     L.sub.7            d.sub.7 = 0.21                                         
                                     1.717  48.0                               
           r.sub.13 = -3.655                                                   
                        s.sub.6 = 0.01                                         
           r.sub.14 = +0.955                                                   
     L.sub.8            d.sub.8 = 0.42                                         
                                     1.657  36.7                               
           r.sub.15 = -1.513                                                   
     L.sub.9            d.sub.9 = 0.04                                         
                                     1.805  25.4                               
           r.sub.16 = +3.800                                                   
                        s.sub.7 = 0.08                                         
           r.sub.17 = -2.166                                                   
     L.sub.10           d.sub.10 = 0.19                                        
                                     1,847  23.8                               
           r.sub.18 = +1.030                                                   
                        s.sub.8 = 0.15                                         
           r.sub.19 = +5.136                                                   
     L.sub.11           d.sub.11 = 0.23                                        
                                     1.713  53.8                               
           r.sub.20 = -1.036                                                   
                        s.sub.9 = 0.01                                         
           r.sub.21 = +1.153                                                   
     L.sub.12           d.sub. 12 = 0.23                                       
                                     1.641  60.1                               
           r.sub.22 = +42.916.                                                 
     ______________________________________                                    
NUM  14.
PAR  14. A varifocal objective as defined in claim 1 wherein said first, second,
      third, fourth and fifth lens members have individual focal lengths
      substantially equal to +2.75, +3.25, -0.76, +1.23 and +1.32, respectively.
NUM  15.
PAR  15. A varifocal objective as defined in claim 14 wherein the numerical
      values of the radii of curvature r.sub.12 - r.sub.22, the axial
      thicknesses d.sub.7 - d.sub.12 and the axial separations s.sub.6 - s.sub.9
      of said lenses L.sub.7 - L.sub.12, based upon said value of unity for said
      intermediate overall focal length f.sub.med, their refractive indices
      n.sub.d and their Abbe numbers .nu..sub.d are substantially as given in
      the following table:
TBL                     Thicknesses                                            
     Lenses                                                                    
           Radii        and Separations                                        
                                     .eta..sub.d                               
                                            .nu..sub.d                         
     ______________________________________                                    
           r.sub.12 = +4.180                                                   
     L.sub.7            d.sub.7 = 0.21                                         
                                     1.717  48.0                               
           r.sub.13 = -3.655                                                   
                        s.sub.6 = 0.01                                         
           r.sub.14 = +0.955                                                   
     L.sub.8            d.sub.8 = 0.42                                         
                                     1.657  36.7                               
           r.sub.15 = -1.513                                                   
     L.sub.9            d.sub.9 = 0.17                                         
                                     1.805  25.4                               
           r.sub.16 = +2.066                                                   
                        s.sub.7 = 0.08                                         
           r.sub.17 = -2.166                                                   
     L.sub.10           d.sub.10 = 0.76                                        
                                     1.847  23.8                               
           r.sub.18 = +1.064                                                   
                        s.sub.8 = 0.15                                         
           r.sub.19 = +5.136                                                   
     L.sub.11           d.sub.11 = 0.23                                        
                                     1.713  53.8                               
           r.sub.20 = -1.036                                                   
                        s.sub.9 = 0.01                                         
           r.sub.21 = +0.922                                                   
     L.sub.12           d.sub.12 = 0.23                                        
                                     1.658  57.3                               
           r.sub.22 = -12.833.                                                 
     ______________________________________                                    
NUM  16.
PAR  16. A varifocal objective as defined in claim 1 wherein the individual
      focal lengths f.sub.7, f.sub.8,9, f.sub.10, f.sub.11 and f.sub.12 of said
      first, second, third, fourth and fifth members bear the relationship
      f.sub.8,9 &gt; f.sub.7 &gt; f.sub.12 &gt; f.sub.11 &gt; .vertline.f.sub.10 .vertline..
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ABST
PAL  A remote controlled mirror system for attachment to a vehicle, particularly
      a truck, having both a righthand and a lefthand mirror assembly. The
      mirror system includes an elongated support mountable on the vehicle, such
      as on the roof, and extending transversely thereacross. The support has
      right and left extendible assemblies telescopically associated therewith,
      which assemblies respectively have the righthand and lefthand mirror
      assemblies mounted on the free ends thereof. Each extendible assembly
      includes a fluid pressure cylinder positioned within the support for
      permitting the respective mirror assembly to be moved inwardly or
      outwardly relative to the side of the vehicle. Each mirror assembly also
      has a power unit, preferably a fluid pressure cylinder, associated
      therewith for permitting the respective mirror to be angularly tilted
      about a substantially vertical axis. The fluid pressure cylinders
      associated with the extendible assemblies and the mirror assemblies are
      all independently operable by means of a control unit located within the
      vehicle adjacent the driver.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a remote controlled mirror system adapted for
      attachment to a vehicle and, in particular, to an improved mirror system
      which includes both righthand and lefthand mirrors which can be
      individually moved inwardly or outwardly relative to the sides of the
      vehicle and which can also be individually angularly tilted.
PAC  BACKGROUND OF THE INVENTION
PAR  The lack of adequate visability by the use of rearview mirrors is a problem
      which has long confronted the trucking industry. The known systems have
      proven totally inadequate due to their extremely limited adjustment
      capability. Further, whatever adjustments are available can be made only
      under conditions which are less than desirable. For example, the rearview
      mirror system is extremely important when a truck is backing up, but most
      of the known systems have proven inadequate under this type of operational
      condition due to the continual variation in the angular orientation of the
      tractor relative to the trailer. The known mirror systems do not have any
      acceptable means for permitting a continual adjustment to be made so as to
      compensate for this variable angular orientation between the tractor and
      the trailer. Thus, at the present time, the driver often cannot see along
      one or both sides of the vehicle while backing up.
PAR  Further, when a truck is backing up, obstructions such as trees or posts
      also create a problem. It sometimes happens that the obstruction is
      positioned in the path of movement of the mirror, inasmuch as the mirror
      projects outwardly a substantial distance from the side of the tractor.
      This problem can normally be overcome only by disconnecting or collapsing
      the mirror, which requires substantial time and effort and can be
      performed only by having the driver leave the vehicle and manually
      collapse or demount the mirror. This is, needless to say, a totally
      undesirable and highly inefficient operation.
PAR  The inadequacies of the known rearview mirror system have been still
      further emphasized by the increased and widely varying widths of loads
      which are presently hauled on the highways, specifically modular homes,
      house trailers and the like. Due to the substantial variation in the width
      of such loads, it is necessary to adjust the distance by which the mirrors
      are spaced from the vehicle in order to provide optimum visability along
      the sides of the load. The known mirror systems have permitted such
      adjustment only by requiring that the driver manually adjust the assembly
      so as to extend same outwardly through the desired extent, which
      adjustment can be performed only when the driver is positioned exteriorly
      of the tractor. Further, this adjustment normally requires the use of
      tools in order to make the adjustment, and likewise requires substantial
      time and effort.
PAR  In an attempt to provide increased driver visability, many of the rearview
      mirror systems have been provided with remote control devices for
      permitting angular adjustment of the mirror about a substantially vertical
      axis, which angular adjustment can be made by the driver while located in
      the vehicle. Most of these devices, however, have not been totally
      acceptable or satisfactory since many of them have utilized cables or the
      like extending into the vehicle and actuatable by the driver for angularly
      adjusting the mirror. Such cable systems have generally been found to bind
      or slip after repetitive usage, and thus are unable to perform the desired
      angular adjustment.
PAR  Accordingly, it is an object of the present invention to provide an
      improved remote controlled mirror system adapted for attachment to a
      vehicle, which mirror system overcomes the above-mentioned disadvantages.
      Particularly, it is an object of the present invention to provide:
PAR  1. An improved remote controlled mirror system adapted for attachment to a
      vehicle and having a mirror positionable adjacent each side of the
      vehicle, said mirror system including control means permitting both the
      angular orientation of the mirrors and the spacing of the mirrors from the
      sides of the vehicle to be selectively varied in an easy and efficient
      manner by the driver of the vehicle while remaining within the interior of
      the vehicle.
PAR  2. A mirror system, as aforesaid, including a control system associated
      with the mirrors for permitting each mirror to be individually angularly
      adjusted and for permitting each mirror to be individually extended or
      retracted relative to vary the spacing of same from the vehicle.
PAR  3. A mirror system, as aforesaid, wherein the control system includes a
      fluid pressure cylinder associated with the righthand mirror and a further
      fluid pressure cylinder associated with the lefthand mirror, said fluid
      pressure cylinders being independently energizable and controllable for
      permitting the lefthand and righthand mirrors to be individually moved
      outwardly from or inwardly toward the respective side of the vehicle.
PAR  4. A mirror system, as aforesaid, wherein there is also provided a separate
      fluid pressure cylinder associated with each mirror and independently
      actuatable for permitting the angular orientation of same to be
      selectively varied.
PAR  5. A mirror system, as aforesaid, which by its independent control over the
      spacing and angular orientation of each mirror, can be efficiently
      adjusted by the driver when located within the vehicle to provide maximum
      visibility along both sides of the vehicle while also permitting the
      mirrors to be momentarily adjusted as required so as to move same around
      obstructions and the like.
PAR  6. A mirror system, as aforesaid, which can be constructed and installed in
      an efficient and economical manner, which is efficient and simple in
      operation, which is strong and durable, and which requires little if any
      maintenance.
PAR  Other objects and purposes of the present invention will be apparent to
      persons acquainted with structures of this general type upon reading the
      following specification and inspecting the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a vehicle, specifically a truck,
      having the improved mirror system of the present invention mounted
      thereon.
PAR  FIG. 2 is a fragmentary perspective view of a portion of the mirror system
      mounted on a vehicle.
PAR  FIG. 3 is partially exploded, perspective view of the mirror system
      according to the present invention.
PAR  FIG. 4 is a fragmentary, sectional, elevational view illustrating the
      extendible support structure.
PAR  FIG. 5 is a diagrammatic view of the control system associated with the
      mirror system.
PAR  FIG. 6 diagrammatically illustrates a valve suitable for use with the
      control system of FIG. 5.
PAR  FIG. 7 is a diagrammatic view of a modified control system for use with the
      mirror system.
DETD
PAR  Certain terminology will be used in the following description for
      convenience in reference only and will not be limiting. For example, the
      words "upwardly", "downwardly", "leftwardly" and "rightwardly" will refer
      to directions in the drawings to which reference is made. The words
      leftwardly and rightwardly will also be used to refer to the left and
      right sides, respectively, of the vehicle as viewed by the driven when
      located in the driver's seat. The word "forwardly" will be used to refer
      to the normal direction of travel of the vehicle, and the word
      "rearwardly" will refer to the reverse direction. The words "inwardly" and
      "outwardly" will be used to refer to directions toward and away from,
      respectively, the geometric center of the mirror system and associated
      components thereof. Said terminology will include the words above
      specifically mentioned, derivatives thereof and words of similar import.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the present invention are met by providing a
      mirror system which includes an elongated tubular support adapted to be
      attached to and extend transversely across a vehicle. A pair of extension
      assemblies are slidably mounted on the support and extend outwardly from
      opposite ends thereof, whereby the extension assemblies extend outwardly
      from the right and left sides of the vehicle. Each extension assembly
      includes a fluid pressure cylinder positioned within the support and
      connected to a slide member which extends outwardly from the support. The
      fluid pressure cylinders associated with the right and left extension
      assemblies are independently controlled to permit the right and left
      extension assemblies to be individually extended or retracted relative to
      the sides of the vehicle. Each extension assembly has a mirror assembly
      attached to the free end thereof, which mirror assembly also has a fluid
      pressure cylinder connected thereto for permitting the angular orientation
      of each mirror to be selectively adjusted about a substantially vertical
      axis. Suitable controls are located within the compartment of the vehicle
      to permit the driver to individually and selectively control both the
      extension and angular orientation of both the righthand and lefthand
      mirror assemblies.
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1 and 2 illustrate therein an improved mirror system 11 constructed
      according to the present invention, which system is adapted to be attached
      to a vehicle 12, particularly a truck or like vehicle.
PAR  The mirror system 11 comprises a frame 13 which is adapted to be secured to
      the vehicle, and particularly the vehicle roof 14 as illustrated in FIGS.
      1 and 2. The frame 13 supports a lefthand mirror assembly 16 which is
      mounted on the outer free end of a left extension assembly 17, and a
      righthand mirror assembly 18 is mounted on the outer free end of a right
      extension assembly 19. The extension assemblies 17 and 19 permit the
      respective mirrors 16 and 18 to be individually moved outwardly away from
      the vehicle through a selected distance, as illustrated by the dotted line
      positions indicated in FIG. 1.
PAR  The frame 13 includes an elongated tubular support 21 which extends
      transversely across the vehicle and is of sufficient length such that the
      ends thereof are spaced outwardly at least a small distance from the
      adjacent sides of the vehicle. The support 13, which in the illustrated
      embodiment is of rectangular cross section, is fixedly secured to the
      vehicle in any suitable manner. In the illustrated embodiment, the support
      13 is fixed to the vehicle roof 14 by intermediate roof brackets 22.
      Strengthening braces 23 are also connected to the support 13 adjacent the
      free ends thereof for rigidifying the overall structure.
PAR  Considering now the lefthand mirror assembly 16, and referring specifically
      to FIGS. 3 and 4, same includes a vertically extending support post 26
      having a pair of arms 27 and 28 fixedly secured thereto and projecting
      rearwardly therefrom. A conventional mirror 29 extends between and is
      pivotally supported on the arms 27 and 28. The mirror 29 is provided with
      a suitable frame having stub shafts 31 thereon which extend through
      openings formed adjacent the free ends of the arms 27 and 28 for
      permitting attachment of the mirror 29 to the arms. The stub shaft 31
      defines a substantially vertically extending pivot axis 32 about which the
      mirror 29 is angularly tiltable so as to adjust the orientation thereof
      with respect to the vehicle.
PAR  To permit the angular orientation of the mirror 29 to be adjusted, there is
      provided a power unit 33 which, in a preferred embodiment of the
      invention, comprises a fluid pressure cylinder. The cylinder 33, as
      illustrated, is of the double-acting type and includes a conventional
      cylinder housing 34 having one end thereof pivotally connected to the post
      26, as by means of a clevis 36. The cylinder housing 34 slidably supports
      therein a conventional piston (not shown), which in turn is connected to a
      piston rod 37 which projects outwardly from the other end of the cylinder
      housing and has the free end thereof pivotally connected to a pin 38
      associated with the mirror 29. The pin 38 is positioned adjacent one
      vertical edge of the mirror and is thus spaced a substantial distance from
      the pivot axis 32, whereby extension or retraction of the pressure
      cylinder 33 causes angular tilting of the mirror 29 about the axis 32.
PAR  The upper end of the vertical post 26 is fixedly connected to the free or
      outer end of an elongated slide member 41, which slide member is a part of
      the left extension assembly 17. The side member 41 comprises an elongated
      tubular member which is telescopically received within and slidably
      supported by the support 21. The slide member 41 is of similar but
      slightly smaller cross section then the support 21. Slide member 41 is
      slidably displaced longitudinally of the support 21 by means of a power
      unit 42, which unit 42 comprises a fluid pressure cylinder which is also
      preferably of the double-acting type. The fluid pressure cylinder 42 is
      positioned within the tubular support 21 and includes a cylinder housing
      43 having conventional head members 44 and 46 fixedly interconnected to
      the opposite ends thereof. The head member 44 is positioned adjacent the
      middle of the support 21 and is fixedly connected to the support 21 in any
      conventional manner, such as by screws or pins. The other head member 46
      is also stationarily positioned relative to the support 21 but is of
      smaller cross section than the interior periphery of the support 21,
      whereby the head 46 is slidably received within the interior of the
      tubular sliding member 41.
PAR  The cylinder housing 43 has a piston 47 slidably disposed therein, and a
      piston rod 48 is fixed to the piston 47 and slidably projects outwardly
      through the head member 46. The outer free end of piston rod 48 is fixedly
      interconnected to a U-shaped bracket 49, which bracket 49 is fixedly
      anchored to and substantially closes the free end of the sliding member
      41.
PAR  While only the lefthand mirror assembly 16 and left extension assembly 17
      have been described above, the righthand mirror assembly 18 is identical
      to the lefthand mirror assembly 16, and the right extension assembly 19 is
      identical to the left extension assembly 17. Accordingly, the parts of the
      assemblies 18 and 19 have been identified by the same reference numerals
      used to identify the corresponding parts of the assemblies 16 and 17,
      respectively, but with an "A" added thereto. Further description of these
      assemblies is thus not believed necessary.
PAR  The movements of the mirror system 11, and specifically the extension or
      retraction of the individual fluid pressure cylinders 33, 33A, 42 and 42A,
      is controlled by a control system 51 which is diagrammatically illustrated
      in FIG. 5. The control system 51 includes a fluid system 52 for
      controlling the flow of pressure fluid to and from the individual fluid
      pressure cylinders, and an electrical control system 53 for controlling
      the activation of the fluid system by the driver of the vehicle when
      located in the driver's seat.
PAR  Considering first the fluid system 52, same includes a conventional pump 56
      driven by an electric motor 57 and associated with a suitable reservoir or
      tank 58 containing therein a supply of pressure fluid, and particularly an
      incompressible liquid such as oil.
PAR  The pump 56 supplies pressurized working fluid to the line 59 which in turn
      communicates with a supply manifold 61. The flow of pressure fluid from
      supply manifold 61 is controlled by a plurality of valve assemblies 62,
      63, 64 and 66, which assemblies respectively control the flow of pressure
      fluid to and from the cylinders 33, 42, 42A and 33A. The supply manifold
      61 also communicates via a line 67 with the reservoir 58, the line 67
      containing therein a conventional spring biased one-way check valve 68
      which opens so as to permit flow through the line 67 only when the
      pressure of the fluid within the manifold 61 exceeds a preselected
      magnitude.
PAR  The valve assembly 62 controls the flow of pressure fluid to and from the
      lines or conduits 71 and 72, which lines are connected to the opposite
      ends of the pressure cylinder 33. In a similar manner, the valve assembly
      63 controls the flow of fluid through lines 73 and 74 which are connected
      to the opposite ends of the pressure cylinder 42, the valve assembly 64
      controls the flow of pressure fluid through lines 76 and 77 which are
      connected to the opposite ends of the pressure cylinder 42A, and the valve
      assembly 66 controls the flow of pressure fluid through lines 78 and 79
      which are connected to the opposite ends of the pressure cylinder 33A. The
      valve assemblies 62, 63, 64 and 66 also communicate with a discharge
      manifold 81, which manifold in turn communicates with the reservoir 58 via
      the intermediate line or conduit 82.
PAR  As illustrated in FIG. 6, valve assembly 62 comprises a conventional spool
      valve utilizing a double solenoid and a double spring for controlling the
      actuation thereof. The valve is normally maintained in a central closed
      position by springs 88 and 89, whereby manifolds 61 and 81 are isolated
      from the lines 71 and 72. However, energization of solenoid 86 results in
      leftward shifting of the valve so as to connect the manifolds 61 and 81 to
      the lines 71 and 72, respectively, thereby resulting in extension of the
      cylinder 33. On the other hand, when solenoid 87 is energized, the valve
      is shifted rightwardly so that the manifold 61 and 81 are connected to the
      lines 72 and 71, respectively, thereby causing retraction of the cylinder
      33.
PAR  The remaining valve assemblies 63, 64 and 66 are identical to the valve
      assembly 62, and thus further description of these valve assemblies is not
      believed necessary.
PAR  The essential components of the fluid system 52, particularly the pump 56,
      the reservoir 58 and the valve assemblies 62, 63, 64 and 66, are all
      preferably positioned within a box-like housing 69 which, as illustrated
      in FIGS. 1 and 3, is preferably fixedly mounted on the roof of the vehicle
      directly adjacent the tubular support 21. The tubular support 21 is
      provided with a suitable opening 84 (FIG. 4) in the sidewall thereof for
      permitting the lines or conduits to pass from the housing 69 into the
      interior of the support 21.
PAR  As also illustrated in FIG. 4, the conduits connected to the pressure
      cylinders extend into the interior of the tubular support 21 so as to
      provide extra protection for same. For example, the line 74 is connected
      to the head 44, whereas the line 73 extends along the outer periphery of
      the cylinder housing 43 and is connected to the head 46. The lines 71 and
      72 associated with the cylinder 33 extend along the outer periphery of the
      cylinder housing 43 and are encased within a resilient springlike coil
      member 83 which is positioned between the head member 46 and the bracket
      49 for enabling the lines 71 and 72 to suitably extend and contract as the
      slide member 41 is extended and retracted by the pressure cylinder 42.
PAR  The motor 57 and the valve assemblies 62, 63, 64 and 66 are controlled by
      the electrical control system 53. As illustrated in FIG. 5, dotted lines
      are used to represent the electrical conductors so as to distinguish same
      from the fluid conductors which have been represented by solid lines.
PAR  The electrical control system 53 includes a master control panel 91 which
      is disposed within the interior of the vehicle and is positioned closely
      adjacent the driver's seat, such as by being mounted on the dashboard of
      the vehicle. The control panel is electrically energized by being
      connected to the vehicle electrical system, such as the battery 92, by
      means of an intermediate electrical conductor 93. The panel 91 has a main
      "on-off" switch associated therewith, which switch is connected via the
      electrical conductor 96 to the motor 57 for controlling energization
      thereof.
PAR  The main control switch 94 is also connected in series with a plurality of
      secondary control switches 101-108, which switches are individually
      connected to a respective solenoid associated with one of the valve
      assemblies. For example, the secondary control switch 101 controls the
      energization of the solenoid 86 associated with the valve assembly 62 for
      causing extension of the pressure cylinder 33, and the secondary control
      switch 102 controls energization of the solenoid 87 for causing retraction
      of the cylinder 33. In a similar manner, the secondary switches 103, 105
      and 107 respectively control the valve assemblies 63, 64 and 66 for
      causing extension of the respective cylinders 42, 42A and 33A. On the
      other hand, the remaining secondary switches 104, 106 and 108 control the
      remaining solenoid associated with the respective valve assemblies 63, 64
      and 66 for causing retraction of the cylinders 42, 42A and 33A. The
      secondary control switches, by being connected in series with the main
      control switch 94, thus permit energization of the solenoid and actuation
      of the respective pressure cylinder only when the main switch 94 is moved
      into its "on" position, which also causes energization of the motor 57 and
      of the pump 56. Since the springs 88 and 89 automatically cause the
      individual valve assemblies to be returned into a closed position whenever
      the solenoids are de-energized, this always results in a complete closing
      of the fluid pressure cylinders so that the fluid within said cylinders is
      trapped therein, thereby positively locking the piston associated with
      each cylinder in its selected position. The pressure fluid as trapped
      within the individual cylinder will thus prevent accidental displacement
      of the mirror from its selected position, such as might occur due to
      externally imposed vibrations and forces.
PAR  The main control switch 94 may be of any conventional construction, such as
      a conventional push-type switch which is pushed so as to activate or move
      same to its on position, and which is again pushed to activate same to its
      "off" position. The secondary control switches preferably comprise
      push-type switches which are moved into their closed positions only so
      long as the push button is manually depressed, with the push-button switch
      being automatically returned to its open position, as by a spring, when
      the manual pushing force is released.
PAC  OPERATION
PAR  The operation of the mirror system according to the present invention will
      be briefly described to insure a complete understanding thereof.
PAR  When it is desired to change either the angular orientation or the position
      of either the righthand or lefthand mirror, then the driver will depress
      the main switch button 94 so as to move the switch into its on position,
      thereby energizing motor 57 and pump 56. This switch 94 can remain in its
      on position, even though all of the valve assemblies 62, 63, 64 and 66 are
      closed, since in this condition the pressure fluid will flow from the pump
      56 through the line 59 into the manifold 81, whereupon the pressure of the
      fluid will then open the one-way check valve 68 to permit the fluid to be
      supplied through the line 67 to the reservoir 58.
PAR  Assuming now that the driver wishes to change the angular orientation of
      the lefthand mirror 29, as by rotating same counterclockwise (as viewed in
      FIG. 3) about the pivot axis 32, then the driver will momentarily depress
      the secondary control switch 101 to thus energize solenoid 86 whereby
      valve assembly 62 is opened so as to permit the supply of pressure fluid
      through the line 71 to one end of the cylinder 33, with fluid from the
      other end of the cylinder being exhausted through the line 72 back to the
      reservoir 58. So long as the control switch 101 is depressed so as to
      activate the valve assembly 62, the cylinder 33 will be extended so as to
      cause the desired angular tilting or displacement of the mirror 29. When
      the mirror reaches the orientation desired by the driver, then the driver
      will release the control switch 101, thereby permitting the spring 88 to
      return the valve assembly 62 to its closed position. This thus effectively
      closes off the cylinder 33 and causes same to remain locked in the
      selected position.
PAR  If the driver should desire to turn the mirror 29 in the opposite
      direction, that is clockwise (as viewed in FIG. 3) about the axis 32, then
      the driver will depress the control switch 102 so as to energize solenoid
      87. Valve assembly 62 is then shifted in the opposite direction so that
      pressure fluid is supplied through line 72 to the one end of the cylinder
      33, and pressure fluid from the cylinder 33 flows from the other end
      thereof through the line 71 to the reservoir 58. This thus causes
      retraction of the cylinder 33 so that the mirror is rotated in the
      opposite direction.
PAR  The angular adjustment of the righthand mirror 29A in opposite rotational
      directions is also controlled in a similar manner by causing either
      extension or retraction of the cylinder 33A, with the extension and
      retraction of the cylinder 33A being controlled by activation of the
      secondary switches 107 and 108, respectively.
PAR  When it is desired to adjust the spacing of the lefthand mirror 29 relative
      to the side of the vehicle, such as by moving same outwardly from the
      solid line position to the dotted line position as illustrated in FIG. 1,
      then the driver will depress the secondary control switch 103 which causes
      opening of the valve assembly 63 so that pressure fluid is supplied
      through the line 74 to one end of the cylinder 42, with pressure fluid
      being exhausted from the other end of the cylinder through the line 73 for
      return to the reservoir 58. This thus causes extension of the cylinder 42
      so that the hollow slide member 41 is moved outwardly and causes a
      corresponding outward displacement of the mirror assembly 16. The cylinder
      42 will continue to be extended so long as the control button 103 is
      depressed, whereupon removal of the manual depression force on the control
      button 103 will permit same to automatically open so that valve assembly
      63 will then automatically close, thus isolating the cylinder 42 from the
      pump 56 and the reservoir 58 so as to maintain the cylinder 42 in a closed
      and locked condition.
PAR  If it is desired to move the mirror assembly 16 inwardly toward the
      vehicle, rather than outwardly as described above, then the button 104
      will be depressed to activate the valve assembly 63 in the reverse
      direction, whereupon the pressure fluid from the pump 56 will then flow
      through the line 73 to cause retraction of the cylinder 42, thereby moving
      the mirror assembly 16 inwardly toward the side of the vehicle.
PAR  When it is desired to move the lefthand mirror assembly 18 outwardly or
      inwardly relative to the side of the vehicle, then the movement of same is
      controlled by means of the secondary control switches 105 and 106 in the
      same manner as described above with respect to the lefthand mirror
      assembly 16.
PAR  While the system as described above utilizes double-acting cylinders, it
      will be appreciated that the cylinders, particularly the cylinders 33 and
      33A, could be replaced by single-acting cylinders employing a spring
      return. Further, the complete system could be pneumatically operated if
      desired, in which case the pump 56 would be replaced by a conventional
      compressor, and the reservoir 58 could be eliminated since the air could
      be drawn from and discharged directly into the surrounding atmosphere.
PAR  The mirror system of the present invention, while particularly applicable
      for use with trucks, and specifically trucks which haul wide and varying
      loads such as mobile homes and the like, is also highly desirable for use
      on numerous other vehicles, such as self-propelled motor homes, recreation
      vehicles and the like.
PAC  MODIFICATION
PAR  FIG. 7 illustrates therein a modified control system which can be
      substituted for the control system illustrated in FIG. 5. In fact, the
      control system of FIG. 7, which utilizes a reversible motor and pump so as
      to simplify the overall system, is preferred. Since many of the components
      in the system of FIG. 7 correspond to the components in FIG. 5, they have
      been identified by the same reference numerals but with a prime (') added
      thereto.
PAR  The control system 51' of FIG. 7 includes a fluid system 52' for
      controlling the flow of pressure fluid to and from the individual pressure
      cylinders, and an electrical control system 53' for controlling activation
      of the fluid system by the driver of the vehicle when located in the
      driver's seat. The fluid system 52' includes a conventional reversible
      pump, such as a rotatable gear pump, driven by a conventional reversible
      electric motor 57'. The pump 56' is associated with a conventional tank or
      reservoir 58' containing therein a supply of incompressible pressure
      fluid. The pump 56', when rotating in one direction, supplies pressure
      fluid through line 59' to the manifold 61'. By energizing one of the valve
      assemblies 62', 63', 64' or 66', such as by energizing the solenoid 87'
      associated with the valve assembly 62', then pressure fluid is supplied
      from manifold 61' through line 71' to one end of cylinder 33. Fluid
      discharged from the other end of cylinder 33 flows through line 72' to the
      manifold 81', from which it flows through line 59A so as to be returned to
      the pump 56'. If more fluid is being resupplied to the pump than is being
      discharged from the pump, then the excess fluid will open the
      spring-biased check valve 68A and flow through line 67A into the tank 58'.
      On the other hand, if more fluid is being discharged from pump 56' than is
      being returned thereto, then fluid is withdrawn from the tank 58' through
      the one-way check valve 98A via the line 97A. When the fluid cylinder 33
      has been advanced to the desired position, then solenoid 87' is
      deactivated so that the spring 89' returns the valve assembly 62' to its
      closed position, thereby locking up the cylinder.
PAR  When it is desired to move cylinder 33 in the opposite direction, then
      motor 57' is energized so as to rotate in a reverse direction, thereby
      driving pump 56' in the reverse direction. This results in pressure fluid
      being supplied from pump 56' through line 59A to the manifold 81'. When
      solenoid 87' is energized, fluid then flows from manifold 81' through line
      72' to the other end of cylinder 33. The fluid discharged from the
      opposite end of cylinder 33 flows through line 71' to manifold 61', from
      which it flows through line 59' to the pump 56'. If the fluid returned
      from the cylinder is greater than the quantity of fluid discharged from
      the pump, then the excess fluid will flow through the spring-biased check
      valve 68' and through the line 67' to the tank 58'. On the other hand, if
      the quantity of fluid being discharged from the pump 56' is less than the
      quantity of fluid being returned from the cylinders, then fluid is
      withdrawn from tank 58' through check valve 98' via line 97'.
PAR  While the specific operation described above relates solely to the
      operation of the cylinder 33, it will be apparent that cylinders 42, 42A
      and 33A are operated in an identical manner by energization of the
      respective valve assemblies 63', 64' and 66'.
PAR  Considering now the electrical control system 53', as illustrated by dotted
      lines in FIG. 7, same includes a master control panel 91' which is
      disposed within the interior of the vehicle so as to be accessible from
      the driver's seat. The control panel 91' is electrically connected to the
      vehicle battery 92' and has a main on-off switch 94' associated therewith.
      The main switch 94' is normally maintained in an off position, as by being
      spring urged into this position, and comprises a conventional double-pole
      switch which has a push button which can be rocked sidewardly into two
      different on positions. When the leftside of the push button is depressed
      to rock the switch 94' into a first on position, then line 96'  is
      energized to cause rotation of motor 57' in one direction. On the other
      hand, when the switch 94' is rocked into its other on position, such as by
      depressing the rightside of the button, then line 96A is energized to
      cause rotation of motor 57' in the opposite direction.
PAR  The main control switch 94' is also connected in series with a plurality of
      secondary control switches 101', 103', 105' and 107', which switches are
      individually connected to the solenoids 87' associated with the valve
      assemblies 62', 63', 64' and 66' respectively. The secondary control
      switches preferably comprise double push-type switches which, when
      depressed a first time, moves the switch into its on position, and when
      manually depressed a second time moves the switch into its off position.
PAR  The operation of the electrical control system 53 is believed self-evident
      since activation of any of the secondary control switches 101', 103', 105'
      and 107' does not result in any change or activation of the system so long
      as the main switch 94' is off. When the driver wishes to adjust one of the
      fluid pressure cylinders, such as the cylinder 33, then the secondary
      control switch 101' is depressed to place it in the on position. By
      rocking the main switch 94' into one of its on positions, this then
      simultaneously results in energization of the solenoid 87' so as to open
      the valve assembly 62' and energization of the motor 57' so as to drive
      the pump 56', thereby supplying pressure fluid to the cylinder to cause
      extension or retraction thereof.
PAR  It will be recognized by those familiar with this art that numerous
      variations can be made in the electrical and hydraulic control system
      without departing from the spirit and scope of the present invention.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A remote controlled mirror system for attachment to the roof of a
      vehicle, such as a truck cab, comprising:
PA1  elongated frame means adapted to be fixedly attached to the roof of a
      vehicle, said frame means including a substantially horizontally elongated
      frame member extending substantially transversely relative to said
      vehicle;
PA1  first elongated slide means projecting outwardly from one end of said
      elongated frame means and supported for linear movement in a first
      substantially horizontal direction, said first direction being
      substantially parallel to the elongated direction of said frame means;
PA1  second elongated slide means projecting outwardly from the other end of
      said elongated frame means and supported for linear movement in a second
      substantially horizontal direction, said second direction also being
      substantially parallel to the elongated direction of said frame means;
PA1  said first and second slide means respectively including first and second
      elongated tubular slide members which are respectively elongated in said
      first and second directions;
PA1  first and second fluid pressure cylinder means respectively drivingly
      connected to said first and second slide means for linearly moving same
      relative to said frame means in said first and second directions,
      respectively;
PA1  said first and second cylinder means each including a stationary cylinder
      housing and elongated piston rod means slidably supported on said housing
      and projecting outwardly from one end thereof, each of said piston rod
      means associated with said first and second cylinder means being fixedly
      connected adjacent the free end thereof to said first and second tubular
      members respectively, each said tubular member extending in surrounding
      relationship to the respective piston rod means so as to enclose same and
      having the rearward portion thereof disposed in surrounding and slidable
      telescopic relationship to the respective cylinder housing;
PA1  a first mirror assembly positioned adjacent one end of said elongated frame
      means and hingedly supported on said first tubular slide member adjacent
      the outer free end thereof for angular movement about a first
      substantially vertical axis;
PA1  a second mirror assembly positioned adjacent the other end of said
      elongated frame means and hingedly supported on said second tubular slide
      member adjacent the outer free end thereof for angular movement about a
      second substantially vertical axis;
PA1  first and second fluid pressure cylinder assemblies respectively drivingly
      connected to said first and second mirror assemblies for angularly moving
      same about said first and second vertical axes, respectively;
PA1  each said fluid pressure cylinder assembly including a fluid pressure
      cylinder operatively connected directly between the respective mirror
      assembly and the respective slide means for causing angular movement of
      the respective mirror assembly upon extension or retraction of the
      respective fluid pressure cylinder, the respective fluid pressure cylinder
      having one end thereof connected to the respective slide means at a first
      point which is spaced horizontally from the respective vertical axis and
      having the other end thereof hingedly connected to the respective mirror
      assembly at a second point which is spaced horizontally from the
      respective vertical axis;
PA1  a power unit, including conduit means, for supplying pressure fluid to each
      of said fluid pressure cylinder means and said fluid pressure cylinder
      assemblies; and
PA1  control means operatively associated with said power unit for permitting
      independent activation of each of said first and second cylinder means and
      each of said first and second cylinder assemblies.
NUM  2.
PAR  2. A mirror system according to claim 1, wherein each said cylinder means
      and cylinder assembly comprises a double-acting pneumatic cylinder.
NUM  3.
PAR  3. A mirror system according to claim 1, wherein said conduit means
      includes first and second conduits respectively connected to said first
      and second fluid pressure cylinder assemblies for permitting the flow of
      pressure fluid thereto, said first and second conduits including helically
      coiled flexible conduit portions disposed respectively within the first
      and second tubular slide members and positioned in surrounding
      relationship to the respective piston rod means so as to permit extension
      or contraction of the coiled conduit portion as the respective tubular
      slide member is slidably displaced outwardly or inwardly relative to the
      respective cylinder housing.
NUM  4.
PAR  4. A remote controlled mirror system for attachment to the roof of a
      vehicle, such as a truck, comprising:
PA1  frame means adapted to be fixedly connected to the roof of a vehicle;
PA1  first double-acting fluid pressure cylinder means including a first
      elongated cylinder housing fixedly mounted on said frame means and first
      elongated piston rod means slidably supported on and extending outwardly
      from one end of said first cylinder housing, said first piston rod means
      being positioned to project outwardly from one side of the vehicle and
      being slidably movable in a first direction which extends substantially
      horizontally;
PA1  a second double-acting fluid pressure cylinder means including a second
      elongated cylinder housing fixedly mounted on said frame means and second
      elongated piston rod means slidably supported on and projecting outwardly
      from one end of said second cylinder housing, said second piston rod means
      projecting outwardly in the direction opposite from said first piston rod
      means so as to project outwardly adjacent the other side of the vehicle,
      said second piston rod means being slidably movable in a second direction
      which extends substantially horizontally and is substantially parallel to
      said first direction;
PA1  said frame means including elongated tubular means having first and second
      tubular frame portions which are respectively elongated in said first and
      second directions and open outwardly towards the opposite sides of the
      vehicle, the first and second cylinder housings being respectively fixedly
      positioned within the first and second tubular frame portions;
PA1  first and second slide means fixedly connected respectively to said first
      and second piston rod means for slidable movement in said first and second
      directions, respectively;
PA1  said first slide means including a first tubular slide member which is
      elongated in said first direction and has an inner end portion thereof
      disposed in surrounding and slidable telescopic relationship to said first
      cylinder housing, the inner end portion of said first tubular slide member
      also being slidably telescoped within said first tubular frame portion,
      said first tubular slide member surrounding said first piston rod means,
      the outer end portions of said first tubular slide member and said first
      piston rod means being fixedly connected;
PA1  said second slide means including a second tubular slide member which is
      elongated in said second direction and has an inner end portion thereof
      disposed in surrounding and slidable telescopic relationship to said
      second cylinder housing, the inner end portion of said second tubular
      slide member also being slidably telescoped within the second tubular
      frame portion, said second tubular slide member surrounding said second
      piston rod means, the outer end portions of said second tubular slide
      member and said second piston rod means being fixedly connected;
PA1  first and second mirror assemblies respectively mounted on said first and
      second tubular slide members adjacent the outer ends thereof for angular
      movement about first and second substantially vertical axes, respectively;
PA1  a first fluid pressure cylinder assembly mounted adjacent and drivingly
      connected to said first mirror assembly for selectively angularly moving
      same relative to said first slide means about said first vertical axis;
PA1  a second fluid pressure cylinder assembly mounted adjacent and drivingly
      connected to said second mirror assembly for selectively angular moving
      same relative to said second slide means about said second vertical axis;
PA1  power means, including conduit means, for supplying pressurized fluid to
      each of said first and second cylinder means and said first and second
      cylinder assemblies;
PA1  said conduit means including first and second flexible conduits
      respectively connected to said first and second fluid pressure cylinder
      assemblies for supplying pressure fluid thereto, said first and second
      conduits being disposed within and extending along said first and second
      tubular slide members, respectively; and
PA1  control means operatively associated with said power means for permitting
      independent activation of each said cylinder means and each said cylinder
      assembly.
NUM  5.
PAR  5. A mirror system according to claim 4, wherein said first fluid pressure
      cylinder assembly comprises a fluid pressure cylinder which is linearly
      extendable and contractable and has one end thereof hingedly connected to
      said first slide means and has the other end thereof hingedly connected to
      said first mirror assembly at a point which is horizontally spaced from
      said first vertical axis, and wherein said second fluid pressure cylinder
      assembly comprises a fluid pressure cylinder which is linearly extendable
      and contractable and has one end thereof hingedly connected to said second
      slide means and has the other end thereof hingedly connected to said
      second mirror assembly at a point which is horizontally spaced from said
      second vertical axis.
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ABST
PAL  A method for trimming of a specimen which is to be sectioned in a microtome
      to locate that part of the specimen which is of interest, comprising the
      superimposing in a microscope of the image of a cut section on the image
      of the specimen surface.
PARN
PAR  This is a continuation of application Ser. No. 170,943,  filed Aug. 11,
      1971 now abandoned.
BSUM
PAR  The present invention relates to a method for trimming of the specimen
      which is to be sectioned in a microtome to locate that part of the
      specimen which is to be sectioned.
PAR  When a specimen is being sectioned in a microtome the specimen is usually
      first embedded in a suitable medium whereupon it is cut in a way that e.g.
      a truncated pyramid is obtained, at the upper surface of which the
      specimen itself is situated. Generally, however, it is of interest just to
      section in the microtome some certain part of the specimen, and it is thus
      desirable that the pyramid is being further cut in such a way that only
      this part of interest remains. In order to determine the position of this
      part it is hitherto proceeded in that way that a fairly thick section is
      cut from the top of the pyramid which section is then suitably stained by
      a contrast agent. The section is then studied in a microscope whereby the
      most interesting part of the pyramid surface can be located. The position
      thereof is then registrated either by memory or by means of a scale in the
      ocular of the microscope. Then the section is removed from the microscope
      and replaced by the specimen which is introduced in the microscope
      together with a device, suitable for trimming of the specimen. The
      specimen is then being trimmed in a way that the previously registrated
      interesting part of the top of the pyramid remains. However, it has been
      found that it is practically very difficult then to get a complete
      agreement between the interesting part, determined by sectioning, and that
      part of the top of the pyramid which later on is sectioned.
PAR  It is the purpose of the present invention to provide a method by means of
      which an exact agreement is obtained between the interesting part
      determined from the section, and the sectioned part of the pyramid top.
      The characteristics of the method are obvious from the claims following
      the specification.
DRWD
PAR  The invention will now be more closely explained with reference to an
      accompanying drawing schematically showing a device for performing of the
      method according to the invention.
DETD
PAR  In the drawing the reference 1 denotes a lamp which via a condensor 2
      transilluminates a plate 3 on which a stained specimen section 4 is
      arranged. Those light beams which are passing through the specimen 4 are
      via two mirrors 5 and 6 transmitted onto a half-transparent surface 8 in a
      prism 7. The prism 7 is arranged ahead of a lens 11 which constitutes the
      objective of a microscope. The microscope further comprises an ocular 12
      and in addition an observer 13 is hinted. The device is then designed in a
      way that a picture of the section 4 is obtainable in the ocular of the
      microscope. Further a specimen 10, arranged in a specimen holder 9, is
      shown, the section 4 assumed to be taken from that specimen. As the mirror
      8 is partly transparent, a picture of the surface of the specimen 10 will
      as well be obtained in the ocular of the microscope. The device is then
      arranged in such a way that the images of the section 4 and of the surface
      of the specimen 10 are in the same image plane of the objective. The
      observer 13 thus observes two superimposed images, the image of the
      stained section 4 as well as the image of the surface of the specimen 10.
      By means of the image of the specimen 4 it is thus possible to determine
      exactly which part of the surface of the specimen 10 that is to be cut out
      for subsequent sectioning. The trimming of the specimen might then either
      be carried out directly guided by the superimposed image, or might be
      carried out later according to indications made with the aid of the
      superimposed image.
PAR  The drawing explains the principle of the invention which thus comprises
      that interesting parts of a specimen surface are chosen by simultaneously
      observing the specimen surface and the image of a suitably prepared
      section, cut from the surface, the image of the section being superimposed
      onto the specimen surface. The condition for this is that an at least
      partly transparent image of the cut section is obtained in the ocular
      plane of the microscope. This can of course be achieved in several ways
      besides that one shown above. The semi-transparent surface 8 could thus be
      achieved by changing from a totally reflecting surface and a totally
      transparent surface at a sufficiently high rate and further it is of
      course possible to obtain the image of the section 4 via a separate
      objective. It is further possible to achieve the image of the section 4 by
      illuminating it from above and transferring the reflected light to the
      surface 8. By varying the intensity of the lamp 1 it is also possible to
      vary the intensity of the image of the section 4, i.e. to allow the image
      of the surface of the specimen 10 more or less to appear in desired
      contrast in relation to the image of the section. On the plate 3 of course
      a number of different sections could be subsequently placed so that a
      comparison between those sections and the pyramid surface of the specimen
      10 could be quickly made. The plate 3 may also be employed in that way
      that e.g. an arrow is placed on it which easily could be moved across the
      plate whereby structural details of the specimen 10 might in a simple way
      be shown. In addition to the arrow of course suitable scales and grids
      could be introduced to the plate 3.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method of trimming a specimen for sectioning by a microtome comprising
      the steps of cutting a thin, partly transparent section from said
      specimen, removing said partly transparent section from said specimen,
      treating said partly transparent section to provide a contrasting image of
      a small specimen area of interest, illuminating said partly transparent
      section and the surface of the specimen from which said section has been
      cut, providing an optical path, one portion of which extends through said
      partly transparent section, for simultaneously viewing optically
      superimposed images of said illuminated partly transparent section and the
      surface of the specimen from which said section has been cut in a beam
      combining microscope to identify the location of the small specimen area
      of interest on the surface of said specimen by reference to the
      corresponding visible location on said partly transparent section, and
      further trimming said specimen by reference to said superimposed images.
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ABST
PAL  A printed sheet of material has indicia thereon in scrambled or coded form
      produced by operation of an auto-stereoscopic camera using a lenticular
      screen. The indicia which appear inchoate to ordinary vision, can be
      decoded or unscrambled by viewing the same through a lenticular screen
      matched to that used in the scrambling process.
BSUM
PAR  This invention relates to coding and decoding of indicia and more
      particularly to a system for producing scrambled or coded indicia,
      typically in printed form, and for decoding same.
PAR  To prevent unauthorized duplication or alteration of documents, frequently
      there is special indicia or a background pattern provided for sheet
      materials such as tickets, checks, currency and the like. The indicia or
      background pattern is imposed upon the sheet material usually by some type
      of printing process such as offset printing, lithography, letterpress or
      other like mechanical systems, by a variety of photographic methods, by
      xeroprinting, and a host of other methods. The pattern or indicia may be
      produced with ordinary inks, from special inks which may be magnetic,
      fluorescent, or the like, from powders which may be baked on, from light
      sensitive materials such silver salts and azo dyes, and the like. Most of
      these patterns placed on sheet materials depend upon complexity and
      resolution to avoid ready duplication. Consequently, they add an increment
      of cost to the sheet material without being fully effective in many
      instances in providing the desired protection from unauthorized
      duplication or alteration.
PAR  A principal object of the present invention is, therefore, to provide an
      improved and novel system for coding and decoding indicia or printed
      matter. Yet other objects of the present invention are to provide a novel
      sheet material having indicia thereon in scrambled or coded form; to
      provide a system for decoding such novel sheet material; and to provide a
      novel method for producing visually scrambled or coded indicia.
PAR  To effect the foregoing and other objects of the present invention,
      generally there is provided sheet material upon which indicia are
      imprinted in scrambled form that readily lends itself to decoding, yet
      which is extremely difficult to reproduce without intimate knowledge of
      parameters involved in producing it. The indicia are preferably produced
      photographically in the manner which scrambles the indicia so that it
      cannot be directly identified without unscrambling or decoding. The
      photographic method employs an autosteroscopic camera, such as the one
      described in my U.S. Pat. No. 3,524,395 issued Aug. 18, 1970 or in my U.S.
      Pat. No. 3,769,890 issued Nov. 6, 1973.
PAR  Autostereoscopic photographs in the form of parallax panoramagrams are
      typically produced utilizing a camera having a conventional objective
      lens, preferably corrected to have a flat field (generally defined as that
      surface in which the sharpest images are formed by a lens system when the
      viewed object is at infinity, or the loci of all points of collimated
      light imaged by the lens system). During the period of exposure, the lens
      is moved relative to the subject in a generally horizontal direction,
      linearly and at a right angle to the optical axis of the lens. This
      movement causes a continuously changing aspect of the subject to be
      presented to the camera lens. A graticule, in the form of a grid
      comprising narrow, substantially vertical and parallel opaque strips
      separated by narrower transparent strips or, preferably a lenticular
      screen comprising substantially vertical contiguous cylindrical
      lenticules, is located between the lens and the image plane (defined as
      that surface, generally referred to as a plane at which a lens system
      forms the sharpest image of an object which is at some position in front
      of the lens) closely adjacent the image plane. A photosensitive element
      such as a sensitized film is positioned at the combined image plane of the
      lens and graticule. During exposure, the graticule and film are moved
      together relative to the lens to expose successive portions of the
      photosensitive element underlying the graticule. One method employed in
      autostereography is to move during exposure the camera lens from an
      initial position through an intermediate position to a terminal position,
      and at the same time to move the camera back simultaneously and along a
      parallel path at a faster rate than the lens, such that a light ray from a
      point near the center of the subject or scene being photographed,
      (hereinafter called the "subject center") passing through the nodal point
      of the lens, is always incident upon a graticule at the same point.
      However, due to the spacing between the lens surfaces of the graticule and
      photosensitive element, the ray will fall upon the photosensitive element
      at progressively different points as the camera lens and back are moved,
      so that different aspects of the subject are presented to the lens and
      recorded by the photosensitive element.
PAR  Thus, if the effective lens aperture of the camera is "wide open" so that
      the depth of field of the camera is restricted, the camera will invariably
      also be focussed with the subject center at the first conjugate point and
      the image of the subject center at the second conjugate point (the point
      where the image plane and the principal optical axis intersect) in order
      to obtain a reasonably sharp picture. In the method of the present
      invention, the camera however, is deliberately defocused from the subject
      center (either in front or in back thereof) while the camera elements are
      still set up so that the light rays from the subject center pass through
      the second conjugate point of the lens. The effective lens aperture of the
      camera is then "stopped down" sufficiently to increase the depth of focus
      such that the defocused image now appears to be reasonably sharp and
      clear. Alternatively, the effective lens aperture of the camera can first
      be "stopped down" to locate the image plane and then defocussed. This
      produces a photograph which is not only a lenticular dissection of the
      image, but in which the displacement between the subject center and the
      second conjugate point introduces a scrambling factor. This photograph can
      be recorded on film, preferably of the self-developing type, or if
      multiple versions of the scrambled indicia are desired, screen positives
      (typically using a fine screen of substantially 300 lines per inch if the
      indicia to be printed are half tones) can then be made from the
      photographic image provided by the camera. A printing plate is then
      prepared from the positive, and sheet material is printed from the plate,
      for example, by an offset printing machine. It should be understood that
      the printing plate may also be made from the negative and that other
      printing systems can be employed to produce printed multiple versions of
      the inidica on sheet material. The defocused lenticular dissections or
      scrambled indicia thus printed, are essentially unrecognizable in the
      sense that the original form of the indicia cannot be identified by
      unaided vision. The scrambled indicia, however, can be reconstructed,
      unscrambled or decoded by positioning over the printed image, a
      transparent lenticular screen of the same nature as that used in the
      camera in terms of the number of lenticules per inch and the radius of
      curvature of the lenticules, provided, however, that the lenticular screen
      is positioned in the same relation to the scrambled indicia as it was
      positioned to the photographic image from which the printing plates were
      made, and also provided that there has been no magnification, either
      positive or negative, of the printed form of the scrambled indicia with
      respect to the photographic image.
PAR  It is obvious that this system can be used for many purposes such as
      background patterns, on documents which must be safeguarded against
      erasures, forgeries, counterfeiting and the like. The system may also be
      used for games and educational purposes, where, for example, test answers
      in the scrambled or coded form according to the invention can be put on
      the same test sheet as that containing the questions in uncoded form. Due
      to the inherent properties of the system, it can be used for all kinds of
      work other than line work, logos, solids and signatures, such as for
      continuous tone and half-tone material.
PAR  Other objects of the invention will, in part, appear obvious and will, in
      part, appear hereinafter. The invention accordingly comprises the
      apparatus possessing the construction, combination of elements, and
      arrangement of parts, and the method comprising the several steps, and the
      relation of one or more of such steps with respect to each of the others,
      all of which are exemplified in the following detailed disclosure and the
      scope of the application of which will be indicated in the claims.
DRWD
PAR  For a fuller understanding of the nature and objects of the present
      invention, reference should be had to the following detailed description
      taken in connection with the accompanying drawings wherein:
PAR  FIG. 1 illustrates an example of an original or unscrambled indicia;
PAR  FIGS. 2A, 2B and 2C schematically represent the technique employed for
      forming a photographic scrambled image of the indicia of FIG. 1;
PAR  FIG. 3 illustrates the scrambled image of the indicia as provided by the
      method of the present invention;
PAR  FIG. 4 is an enlarged partial cross-section of the lenticular screen;
PAR  FIG. 5 shows the method of decoding the printed scrambled indicia using a
      transparent lenticular screen; and
PAR  FIG. 6 illustrates the decoded or unscrambled indicia as it appears to the
      viewer through the lenticular screen of FIG. 4.
DETD
PAR  Referring to the drawings, wherein like numerals refer to like parts, FIG.
      1 illustrates an example of an original or scrambled indicia which is to
      be used with the present invention. The indicia is shown as a pictorial
      design 14, which for example, may be a trademark. The design is disposed,
      in any known manner, on sheet 10, the latter having contrasting background
      12. The minimum contrast required between design 14 and background 12 is
      dependent on lighting conditions under which the image of design 14 is to
      be recorded as well as the sensitivity of the photosensitive surface of
      the photosensitive element 26 on which the image of the indicia is to be
      recorded, element 26 being explained in greater detail hereinafter.
PAR  FIG. 2 shows schematically, the technique employed for forming a
      photographic scrambled image of indicia such as that shown by way of
      design 14 in FIG. 1. The technique is a photographic process which employs
      an autostereoscopic camera 18 which includes objective lens system 20,
      diaphragm or aperture stop 22, graticule 24 and photosensitive element 26.
      Examples of autostereoscopic cameras are shown and described in my U.S.
      Pat. No. 3,524,395 or in my U.S. Pat. No. 3,769,890 as mentioned above.
PAR  Although the objective lens system 20 is shown for purposes of clarity only
      as a simple convex-convex lens, it should be understood that the objective
      lens may be any type of single lens or combination of lenses or any other
      devices known which are capable of converging incoming light so that the
      light will be focused as an image in the image plane of the lens system.
      As shown in FIG. 2A, collimated light 28, or light from an object at
      infinity which is parallel to the principal optical axis 30 would be
      focused at the focal point 32 of the lens system 20 if light were left
      uninterrupted.
PAR  The aperture stop 22 is positioned adjacent the lens system 20. As well
      known in the art, the size or diameter of the stop 22 is adjustable in
      order that the diameter of the incoming light may be varied. As well known
      in the art, by reducing the size of the aperture of the stop of a lens, or
      by stopping down the effective lens aperture, the depth of focus (defined
      as the amount the image may be shifted longitudinally with respect to the
      image plane and introduce an acceptable blur of small enough size due to
      defocusing such that it will not adversely affect the performance of the
      system) will increase.
PAR  In the preferred embodiment, the graticule 24 is in the form of a
      lenticular screen which comprises substantially unidirectional contiguous
      cylindrical lenticules 34. The number of lenticules per inch, the
      orientation and the radius of curvature of the lenticules is a matter of
      choice, although as described in greater detail below, such factors must
      be known since they are critical in decoding or unscrambling the coded
      image which is being recorded. It should be understood therefore that the
      screen may comprise lenticules of other configurations such as spherical
      lenticules, so long as such configurations are known in order to decode or
      unscramble the image. As well known in the art a lenticular screen of the
      type described, will act as a converging lens and thus when screen 24 is
      disposed between lens system 20 and focal point 32, the combined lens
      system 20 and screen 24 will focus the collimated light 28 at the new
      combined focal point 36. As mentioned above, an image of an object being
      focused by lens system 20 and screen 24 will be focused in an image plane.
      This image plane will move from the focal plane (which passes through the
      focal point 36) toward the screen 24, as the object being viewed moves
      from infinity toward the camera. Thus, as shown in FIG. 2A, when the sheet
      10 is positioned in front of the camera at some finite distance and the
      image will be focused in the image plane 38. The subject center 40 of
      sheet 10 which is positioned along axis 30, will be focused at the second
      conjugate point 42.
PAR  A photosensitive element 26, which may be photographic film or the like is
      positioned just behind screen 24 in the image plane 38. In this way, the
      camera is said to be in focus in which an image of sheet 10 can be
      recorded on element 26.
PAR  Thus, referring to FIG. 2A, an image of the sheet 10 is initially focused
      on the element 26 in the image plane 38. Since the aperture stop 22 is
      "wide open", the depth of focus, defined by dotted lines 44a and 46a will
      be small as defined by the distance .delta..sub.1, and the image plane 38
      can be easily located. Referring to FIG. 2B, the lens system 20 is
      "stopped down" by making the aperture stop 22 of smaller diameter. This
      will have the effect of increasing the depth of focus, now defined by
      dotted lines 44b and 46b, to a distance .delta..sub.2.
PAR  Referring to FIG. 2C, the screen 24 and element 26 are then moved
      longitudinally along the axis 30 either toward or away from the lens 20
      until the recording surface of element 26 is disposed in the depth of
      focus contiguous to the limits set by lines 44b and 46b. In this way the
      camera is defocused to a point where there is acceptable blur as defined
      by the depth of focus. As noted above, in the alternative the screen 24
      and element 26 can be moved first longitudinally along the axis 30 either
      toward or away from the lens and then the effective lens aperture can be
      stopped down to increase the depth of focus to extend the limits to the
      position of the element 26.
PAR  The camera is now set to record the coded or scrambled parallax
      pamoramogram. This is accomplished by opening the shutter (not shown) to
      expose the element 26 to the light projected from sheet 10. During
      exposure, the screen 24 and sheet 26 are moved together relative to the
      lens 20 to expose successive portions of the photosensitive element
      underlying the screen. According to one method, the lens 20 is moved
      during exposure from an initial position through an intermediate position
      to a terminal position, while the screen and photosensitive element are
      moved along a parallel path at a faster rate than the lens. The relative
      movements are such that the point image from the subject center 40 will be
      recorded in the center of the element 26 where the principal axis
      intersects the element 26 as a blurred spot which is moved progressively
      in the course of the relative movement of the lens, screen and
      photosensitive element.
PAR  The resulting image formed on element 26 is not only a lenticular
      dissection of the image, but is one in which the displacement between the
      subject center and the second conjugate point introduces a scrambling
      factor.
PAR  The photosensitive element 26 can then be processed so that a screen
      positive can be made. The positive is then used to prepare a printing
      plate, which in turn is used to print sheet material 26', shown in FIG. 3,
      as having a coded or scrambled image 14' printed thereon. As noted
      previously, it should be understood that the printing plate may also be
      made from the negative of element 26 and that other printing systems can
      be employed to produce printed multiple versions of the coded indicia on
      sheet material. As shown in FIG. 3, the scrambled image 14 thus printed,
      is essentially unrecognizable and cannot be identified by unaided vision.
PAR  As shown in FIG. 4, in order to reconstruct, unscramble or decode the image
      14, a transparent lenticular screen 24' is employed. Assuming that there
      has been no magnification, either positive or negative, of the printed
      form of the scrambled image with respect to the photographic image, the
      screen 24' is of the same nature as the screen 24 used in the camera in
      terms of the number of cylindrical lenticules 34' per inch and the radius
      of curvature of the lenticules. The optical thickness of the screen 24' is
      made as thick as the optical distance from the lenticulated surface of the
      screen 24 to the photosensitive surface of element 26 when the
      photographic image was formed.
PAR  As shown in FIG. 5, by registering the lenticular screen 24', i.e.,
      orienting the direction of the lenticules 34', in the same relationship to
      the scrambled image 14' as the screen 24 was positioned to the
      photographic image from which the printing plates were made, the image 14'
      can be reconstructed, decoded or unscrambled as illustrated in FIG. 6.
PAR  It should be realized that the scrambled image 14' cannot be easily
      reproduced. Such reproduction would not only require the same camera as
      well as knowledge of the original indicia 14, but also, inter alia,
      knowledge of the distance of the indicia 14 is placed from the camera, the
      orientation of the screen 24, the amount in which the effective lens
      aperture of the camera is "stopped down" and the amount to which the
      camera is defocused. Without this knowledge, any attempted reproduction of
      the scrambled image would be subject to detection.
PAR  while a particular preferred embodiment of the invention has been
      described, it will be understood that various changes and modifications
      may be made from the foregoing without departing from the spirit and scope
      of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of producing with an autostereoscopic camera having a lens and
      a lenticular screen which are movable relative to one another in such
      manner as to form a parallax panoramogram in a combined image plane, a
      coded or unscrambled form from an original pattern, said process
      comprising the steps of:
PA1  forming an image of said original pattern in said combined image plane of
      said lens and screen;
PA1  spacing a photosensitive element away from said image plane but within the
      depth of focus provided by said screen and the effective lens aperture of
      said camera;
PA1  exposing the spaced photosensitive element to said image while in the
      course of said relative movement.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein said step of spacing
      includes the steps of:
PA1  positioning said element in said bombined image plane;
PA1  increasing said depth of focus, and;
PA1  moving said element away from said image plane.
NUM  3.
PAR  3. A process in accordance with claim 2, wherein said step of increasing
      said depth of focus includes stepping down said effective lens aperture.
NUM  4.
PAR  4. A process in accordance with claim 3, further comprising the step of
      locating said image plane prior to said positioning of said element in
      said image plane.
NUM  5.
PAR  5. A process in accordance with claim 1, further including the step of:
PA1  transferring an image of said formed image of said original pattern which
      is exposed to said photosensitive element onto a sheet.
NUM  6.
PAR  6. A process in accordance with claim 5 wherein said step of transferring
      includes the steps of:
PA1  making a screen positive from said exposed image;
PA1  preparing a printing plate from said positive; and
PA1  printing said image of said exposed image on said sheet.
NUM  7.
PAR  7. A process for decoding or unscrambling the coded or scrambled form made
      in accordance with claim 6 including the step of:
PA1  registering the lenticules of a second lenticular screen having the same
      spatial distribution and radius of curvature as the lenticules of said
      first mentioned screen over said image printed on said sheet.
NUM  8.
PAR  8. A process in accordance with claim 7 wherein said step of registering
      includes the steps of:
PA1  spacing the lenticules of said second screen from said printed image at an
      optical distance equal to the optical distance of the lenticules of the
      first screen from said photosensitive element when said exposed image is
      recorded on said photosensitive surface; and
PA1  orienting said second lenticular screen in the same relation to the printed
      image as said first lenticular screen was oriented when said exposed image
      is recorded.
NUM  9.
PAR  9. A sheet having a coded or scrambled form of an original pattern made in
      accordance with the following steps:
PA1  forming an image of said original pattern in the combined image plane of a
      lens and a graticule of an autostereoscopic camera;
PA1  spacing a photosenstive element, supported by said sheet away from said
      original image plane but within the depth of focus provided by the
      effective lens aperture of said camera; and
PA1  exposing said photosensitive element to said image while moving said lens
      relative to said graticule, so that said formed image of said pattern is
      recorded on said element as a parallax panoramogram which is in said
      scrambled form.
NUM  10.
PAR  10. A sheet made in accordance with claim 9, wherein said step of spacing
      includes the steps of:
PA1  positioning said element in said combined image plane;
PA1  increasing said depth of focus, and;
PA1  moving said element away from said image plane.
NUM  11.
PAR  11. A sheet made in accordance with claim 10, wherein said step of
      increasing said depth of focus includes stepping down said effective lens
      aperture of said camera.
NUM  12.
PAR  12. A sheet made in accordance with claim 11, further comprising the step
      of locating said combined image plane prior to said positioning of said
      element in said combined image plane.
NUM  13.
PAR  13. A sheet made in accordance with claim 9, further including the step of
      reproducing said recorded image of said pattern on a second sheet to
      provide said coded or scrambled form.
NUM  14.
PAR  14. A sheet made in accordance with claim 13 wherein said step of
      reproducing includes the steps of:
PA1  making a screen positive from said stereoscopic image;
PA1  preparing a printing plate from said positive; and
PA1  printing said image of said stereoscopic image on said second sheet to form
      said coded or unscrambled image.
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PAL  A process for prescribing and manufacturing contact lenses wherein a first
      concave curvature is developed on the interior face of the lens in the
      central optical zone. This concave curvature conforms to a portion of a
      sphere having a radius equal to the radius of a base curve determined to
      be suitable for the particular patient. A second concave curvature is
      developed on the interior face of the lens to provide a bearing zone in
      surrounding relationship relative to the optical zone. The second
      curvature conforms to an annulus of a sphere having a radius determined by
      the slope of the patient's eye at points of contact of the second
      curvature with the eye. The slope is determined by calculating the
      eccentricity of the ellipsoidal surface which most closely describes the
      shape of the patient's eye.
PARN
PAR  This is a continuation of application Ser. No. 232,040 filed Mar. 6, 1972,
      which is a continuation of application Ser. No. 3,945, filed Jan. 19,
      1970, both applications now abandoned.
BSUM
PAR  This invention relates to a process for fitting contact lenses. The
      invention is particularly concerned with steps involved in the examination
      of a patient during which a proper prescription for the patient is
      determined and also the steps involved in the manufacture of the lens
      whereby a proper fit compatible with the prescription can be achieved.
PAR  In prescribing a contact lens, the physical structure of the lens must be
      considered in addition to the optical characteristics. Thus, a patient
      must have a lens which can be comfortably worn in addition to having a
      lens which provides the optical correction required by the patient.
PAR  Various analyses have been made of eyes with a view toward determining the
      most suitable lens designs from the standpoint of fit and comfortable
      wear. Although the studies have been made with the primary purpose of
      developing techniques which will provide lenses most comfortable for the
      patient, practical manufacturing techniques have also been a primary
      concern. Thus, economies and efficiencies in the production of lenses are
      important in order to provide lenses which will be available to anyone
      needing or desiring contact lenses.
PAR  Prior investigations have resolved that the contour of the exterior surface
      of the cornea is essentially elliptical. Reports to this effect are found
      in Feinbloom U.S. Pat. Nos. 3,227,507, issued Jan. 4, 1966, and 3,283,446,
      issued Nov. 8, 1966. An additional report in this area is found in the
      article entitled "New Equipment And Methods For Determining The Contour Of
      The Human Cornea" by Malcolm G. Townsley, published in the December 1967
      issue of "Contacto", pages 72-81. These articles essentially indicate that
      the cornea, on any given meridian, can be described by a section of an
      ellipse. In most eyes, the ellipses differ in the several meridians, so
      that the corneal shape is, as described by Feinbloom, a toric ellipsoid or
      an elliptical toroid.
PAR  Although these studies are quite useful from the standpoint of
      understanding the structure of the eye, there has not been provided a
      satisfactory method for prescribing and manufacturing lenses which will
      combine comfortable wear with practical manufacturing techniques.
PAR  It is a general object of this invention to provide an improved process for
      the prescribing and manufacturing of contact lenses.
PAR  It is a more specific object of this invention to provide a process for the
      prescribing and manufacturing of contact lenses wherein the steps for
      prescribing a lens can be followed with relative ease by practitioners and
      which calls for manufacturing steps which can be carried out in a
      practical fashion.
DRWD
PAR  These and other objects of this invention will appear hereinafter, and for
      purposes of illustration, but not of limitation, specific embodiments of
      the invention are shown in the accompanying drawing in which:
PAR  FIG. 1 comprises a cross-sectional view of a contact lens produced in
      accordance with the techniques of this invention; and,
PAR  FIG. 2 is a detail view illustrating an elliptical contour and slope used
      in making determinations in accordance with this invention.
DETD
PAR  The process of this invention calls for the production of a contact lens
      which essentially includes a central optical zone and a surrounding
      bearing zone. The process includes as an initial step the determination of
      a suitable base curve for the lens which may involve any one of several
      accepted techniques. The lens is then provided with a first concave
      curvature on its interior face, this curvature covering the optical zone
      and conforming to a portion of a sphere having a radius equal to the base
      curve radius.
PAR  The process of this invention also involves a determination of the
      eccentricity, e, of the eye according to the formula:
      ##EQU1##
      where b and a are, respectively, the minor and major semi-axes of an
      ellipse formed on one meridian extending over the cornea in the area to be
      covered by the optical zone of the lens. When the eccentricity has been
      determined, then the slope of the ellipse in the area to be covered by the
      bearing zone of the lens is determined. A second concave curvature is then
      formed on the interior face of the lens based on this slope.
PAR  The lens first comes into contact with the cornea at the junction of the
      bearing zone and the optical zone, and the diameter of this junction (the
      chart of the circle which is formed by the function), is called the
      bearing diameter.
PAR  The second concave curvature conforms to an annulus of a sphere having a
      radius, R.sub.e, according to the formula
      ##EQU2##
      where .phi. is the complement of the slope of the corneal curve at the
      desired bearing zone diameter and y is the semichord of the bearing zone,
      that is, one-half the bearing diameter.
PAR  It is desirable to provide a peripheral portion in contact lenses which
      will facilitate tear-flow when the lens is on the eye. This is best
      accomplished by providing a peripheral curve conforming to an annulus of a
      sphere having a radius substantially greater than the radius employed in
      producing the bearing zone whereby the periphery of the lens will depart
      from the corneal surface. The presence of a gap in this peripheral area
      tends to produce a pumping action which provides desirable tear-flow. The
      precise peripheral curve which will produce the most beneficial results
      can also be determined by the data which is developed in the course of
      producing the optical and bearing zones of the lens.
PAR  The drawing illustrates a contact lens 10 which has been developed in
      accordance with the techniques of this invention. This lens defines a
      centrally located optical zone 12, an annular bearing zone 14 and a second
      annular zone 16 comprising the peripheral portion of the lens.
PAR  The optical zone 12 consists of a portion of a sphere having a radius
      R.sub.b. This radius is generated from a point on the line 18 which
      extends through the apex of the lens and which, therefore, defines the
      central axis of the lens.
PAR  The bearing zone 14 consists of a portion of a sphere corresponding with
      the annulus of a sphere having a radius R.sub.e. The peripheral zone 16
      also conforms to the annulus of the sphere, the sphere in this case having
      a radius R.sub.p. The dotted line 20 is intended to illustrate the
      elliptical curvature of one meridian of the cornea. The areas 12, 14 and
      16 are illustrated as having sharply defined junctures. In practice,
      blending operations will be undertaken to smooth and round these
      junctions; and the illustration is provided primarily to best demonstrate
      the characteristics of the invention.
PAR  In carrying out the process of the invention, the radius R.sub.b is first
      determined. The length of this radius is selected to provide a clearance
      between the corneal curve and the lens within the optical zone. A typical
      clearance is approximately 0.025 mm at the center of the cornea. To select
      R.sub.b, the constants of the ellipse which most closely represents the
      corneal curve through the flattest meridian are determined, preferably by
      photokeratometry as described in the aforementioned Townsley article where
      techniques for determining the contour of the cornea are described. The
      best fitting ellipse to the contour found as described is determined by
      mathematical techniques well known in the mathematical art. From the
      constants of the ellipse the saggital dimension from the apex to the
      bearing diameter is found, and the radius R.sub.b is the radius of the
      circle which will contact the ellipse at the bearing diameter and have a
      central height equal to the saggital dimension plus the desired apical
      clearance.
PAR  Data compiled over the years has also led to the development of charts
      which can be used for determining the base curve radius. Reference is made
      to size charts and Nomogram charts prepared and published by The Plastic
      Contact Lens Company which may be used for this purpose. A base curve can
      be determined with these charts by securing para-central readings with a
      keratometer in accordance with known techniques. These readings, which are
      preferably taken on the flattest meridian, are averaged, and when this
      average reading is located on a Nomogram chart or the like, a base curve
      radius can be determined. This radius automatically takes into
      consideration the desired apical clearance.
PAR  To determine the over-all lens diameter, the practitioner determines the
      size of the patient's cornea and then takes a central K measurement by
      means of well-known keratometer techniques. The chart then provides the
      practitioner with the desired over-all lens diameter D for a patient.
PAR  The following tables illustrate a small portion of a Nomogram chart and a
      size chart. If the practitioner determines that the patient has a cornea
      with a diameter of 12 mm and a central K radius of 38.00, then a lens
      diameter D of 7.8 is best suited for this patient. If the para-central
      readings average 37.5, then the Nomogram reveals that a base curve radius
      of 8.57 should be used.
TBL                                    SIZE CHART                              
     __________________________________________________________________________
                 Central "K"                                                   
                           Flattest Meridian                                   
     Size of Cornea in mm                                                      
                 35.00                                                         
                      36.00                                                    
                           37.00                                               
                                38.00                                          
                                     39.00                                     
     __________________________________________________________________________
     12.4        8.0  8.0  8.1  8.1  8.1                                       
     12.2        7.9  7.9  7.9  7.9  8.0                                       
     12.0        7.7  7.8  7.8  7.8  7.8                                       
     NOMOGRAM                                                                  
            For Base Curve Determinations                                      
            Size                                                               
            7.6 7.8 8.0 8.2                                                    
     Para-central                                                              
            Base Curves                                                        
     Reading                                                                   
            mm                                                                 
     Diopters                                                                  
     __________________________________________________________________________
     37.00  8.67                                                               
                8.68                                                           
                    8.70                                                       
                        8.72                                                   
            8.61                                                               
                8.62                                                           
                    8.64                                                       
                        8.66                                                   
     37.50  8.56                                                               
                8.57                                                           
                    8.59                                                       
                        8.61                                                   
     __________________________________________________________________________
PAR  Lenses process in accordance with this invention may originate from lens
      blanks of a conventional type manufactured for example of a plastic such
      as methyl methacrylate. When the base curve has been determined, a concave
      curvature is formed on the interior surface of the blank. As shown in the
      drawing, this curvature 12 corresponds with a portion of a sphere having a
      radius R.sub.b. The surrounding bearing zone 14 usually has a width
      between about 0.1 and 0.3 mm and preferably of about 0.2 mm, and the
      peripheral zone 16 usually has a width between about 0.25 and 0.5 mm and
      preferably about 0.4 mm. Accordingly, if the desired over-all diameter D
      is found to be 7.8 mm, then the diameter of the optical zone 12 will be
      6.6 mm (D-1.2 mm).
PAR  Knowing the desired size of the bearing zone 14 and the diameter of the
      optical zone, the length of the semi-chord y can be determined. This
      length is preferably measured from the intersection of the bearing zone,
      and the optical zone and, therefore, in the example given, the distance y
      will be 3.3 mm.
PAR  FIG. 2 illustrates a line 22 defining the slope s of the curve 20 at the
      point of intersection of this curve with the semi-chord y. The radius
      R.sub.e comprises the distance along a line extending perpendicular to the
      line 22 to its intersection with the axis line 18. The angle .phi.
      constitutes the angle included between R.sub.e and the axis 18. This
      relationship can, of course, be plotted where a photokeratometer reader is
      used for displaying the eye curvature as set forth in the aforementioned
      article.
PAR  The constants of the ellipse most easily computed are the major axis and
      the minor axis. From these, all the other ellipse constants can be found
      by applying the standard equations for the ellipse.
PAR  It is most convenient to use the equations in a specific form, if a is the
      major axis and b the minor axis,
      ##EQU3##
PAR  It can also be derived that:
EQU  R.sub.o = - a q
PAL  The values for R.sub.o, the radius of curvature at the pole of the cornea,
      and q can be found either from the fitting of the ellipse to the known
      data points as described above, or by the use of visual keratometry and
      the computations outlined in the Feinbloom patents. It is known that the
      slope of the ellipse which represents the corneal curve varies with the
      distance from the vertex according to the equation:
      ##EQU4##
      The value of the slope for any y can be found by solving the basic ellipse
      equation to find the corresponding x, and substituting into the equation
      for the slope, or by substituting the algebraic value for x into the
      equation for the slope, which then becomes:
      ##EQU5##
      or
      ##EQU6##
      With the known slope and the value of y, the radius of a circle can be
      found which will have the given slope at the given value of y, by using
      the following relationships:
      ##EQU7##
PAR  When the value R.sub.e is known, the annulus 14 can be developed on the
      interior face of the lens. Tools used for forming desired curvatures on
      the lens surfaces are available. The calculations described are thus made
      for the purpose of determining the most suitable configuration for a
      particular patient and once this determination is made, the technology for
      actually producing the lens does not present any significant problem.
PAR  As indicated, the data required for producing the lens can be plotted from
      a photograph of a target reflected in the cornea with a photokeratometer.
      The detailed constants of the ellipse are determined in the course of the
      computations which analyze the measurements of the photograph. The slope
      of the curve at the selected bearing diameter (2y) is computed and the
      radius of the circle most nearly parallel to the ellipse at this point is
      then provided. The annulus comprising the bearing zone thus has an
      interior surface best suited for the specific eye being fitted.
PAR  In cases where a photokeratometer is not available as, for example, when a
      lens is being fitted from a keratometer measuring indicated vertex radius,
      an estimate of the eccentricity of the cornea provides the best approach.
      Measurements made on a large number of eyes have established that the
      average eccentricity e is 0.6. It will be apparent that using this value
      for e, and knowing the vertex radius and bearing diameter, the slope can
      be calculated.
PAR  If a keratometer is used for calculating paracentral radii, a more accurate
      estimate of the eccentricity is available. Thus, the value 0.6 is only
      employed where equipment limitations require this.
PAR  Whatever method is employed for determining the slope, it is most desirable
      to base the determinations on the flattest meridian of the cornea. The
      determinations are then used for making a lens which is symmetrical
      over-all of the interior face. The concepts of the invention are, however,
      applicable where a lens is being fit to a particularly toric eye. In this
      case, a separate set of curves may be developed on a second meridian to
      provide a more suitable fit. The calculation method for the separate
      curvatures should, however, be identical with the calculations described
      relative to the flattest meridian.
PAR  The peripheral curve 16 is also determined on the basis of the eccentric
      shape of the cornea. Where a plot of the elliptical curve is available,
      then a radius R.sub.p can be readily determined by choosing a desired
      value for the spacing 24 between the peripheral edge of the lens and the
      cornea. A circle having a radius which will generate a curve through these
      spaced points and also through the intersection of the bearing zone 14 and
      peripheral zone 16 is then selected. In a typical case, the spacing 24
      equals 0.06 mm. Since this spacing may be considered a constant for
      virtually all eyes, the value R.sub.p can be included in data which is
      received from a computer along with the other values referred to. By a
      series of calculations, the radius R.sub.p can be determined for various
      values of R.sub.b and R.sub.e and, therefore, tables can also be used for
      developing the value R.sub.p.
PAR  It will be understood that various changes and modifications may be made in
      the above described process without departing from the spirit of this
      invention.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A method of making a contact lens for the eye of a patient, said lens
      defining an optical zone and a surrounding bearing zone, comprising the
      steps of; measuring the eye of said patient to obtain a base curve and the
      slope of the cornea of the eye at at least one point in the area to be
      covered by said bearing zone of said lens, forming a first concave
      curvature on the interior face of said lens, said first curvature
      conforming to a portion of a sphere having a radius equal to the radius of
      said base curve, and forming a second concave curvature on the interior
      face of said lens to provide a bearing zone, said second curvature
      corresponding to the annulus of a sphere having a chord equal to the
      diameter of said optical zone and having a slope at the point of
      intersection of said chord and said annulus conforming to said measured
      slope.
NUM  2.
PAR  2. A method of making a contact lens for the eye of a patient, said lens
      defining an optical zone and a surrounding bearing zone, comprising the
      steps of; measuring the eye of said patient to obtain a base curve and the
      slope of the cornea of said eye at at least one point in the area to be
      covered by said bearing zone of said lens, forming a first concave
      curvature on the interior face of said lens, said first concave curvature
      conforming to a portion of a sphere having a radius equal to the radius of
      said base curve, and forming a second concave curvature on the interior
      face of said lens to provide said bearing zone, said second curvature
      conforming to an annulus of a sphere having a radius, R.sub.e, according
      to the formula:
      ##EQU8##
      wherein y is the semi-chord extending from the central axis of the lens to
      the point at which the corneal slope is determined and .phi. is the
      complement of the angle between the tangent to the corneal curve at said
      point and said central axis.
NUM  3.
PAR  3. The method of claim 2 further comprising the step of forming a third
      concave curvature on the interior base of said lens to provide a
      peripheral zone, said third curvature conforming to a sphere passing
      through the two points defining the inner boundary of the peripheral zone
      to create an annular wedge-shaped ring between the peripheral zone and the
      cornea.
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ABST
PAL  A continuous motion picture projection apparatus for use with a film strip
      having two side by side data tracks each comprising a photographic image
      track and a synchronized sound track. The first half of the program is
      carried by one data track and the other half by the second data track. The
      apparatus includes a main drive assembly which moves the film strip
      through the unit alternately in a forward and reverse direction and
      further comprises an illumination system, a projection lens system and a
      sound track sensor system. These systems are movable between a first
      position in alignment with the first data track and a second position in
      alignment with the second data track. Mechanisms associated with each of
      the systems are operably coupled with the main drive assembly and serve to
      automatically move the systems between their first and second positions
      upon reversal of the drive assembly. A reversing mechanism is provided to
      sense a specific location near either end of the film strip and thereupon
      to reverse the drive assembly. Reversal of the drive assembly reverses the
      direction of travel of the film strip and simultaneously causes the
      illumination, projection lens and sound track sensor systems to be moved
      into alignment with the second data track. By alternately running the film
      strip first in one direction and then in the other, the program can be
      continuously repeated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to audiovisual systems and more
      particularly to a novel fully automatic continuous sound motion picture
      projection apparatus and the film therefor.
PAR  2. Discussion of the Prior Art
PAR  Audio-visual systems are finding increased use not only in the
      entertainment field for feature motion pictures but also in the fields of
      education, advertising and business. Of particular demand in each of these
      fields are audio-visual systems which are completely automatic and are
      capable of continuously presenting an audio-visual program without the
      necessity of constant operator supervision. Particularly in the field of
      advertising there is a great need for audio-visual systems of professional
      quality which can be used to repeatedly present to a transient audience a
      program of extended duration describing, for example, the products or
      services of a particular company. Also, in the field of education high
      quality fully automatic audio-visual systems are invaluable as teaching
      aids.
PAR  In the past, various devices have been developed for continuous
      presentation of audio-visual programs. In some of these devices the data
      carrying means, be it film, magnetic tape, punched tape, or the like, is
      run through the device and then is automatically rewound for a subsequent
      replay. This is undesirable because of the delay in rewinding and the
      resulting interruption of the program. In other types of prior art
      apparatus, the data carrying means is formed into an endless loop and run
      continuously through the apparatus along a circuitous path. This approach
      has proven generally unsatisfactory for many applications because unless
      the apparatus is unduly large, data strips such as punched tapes, 16mm
      film, and the like, cannot withstand continuous travel along the
      circuitous path without damage or fatigue resulting in breakage of the
      data strip.
PAR  The apparatus of the present invention solves the problems inherent in the
      prior art devices through the use of a novel data carrying means or data
      strip having first and second side by side data tracks, one of which
      carries the first half of the program and the other of which carries the
      second half of the program. The apparatus includes a plurality of data
      sensors for sensing the data carried by the data tracks and transforming
      it into perceptible form, and drive means for moving the data strip past
      data sensors first in one direction and then in the opposite direction. At
      the start of the program, the sensors are aligned with one data track on
      the data strip. When the data strip reaches a point near its first end,
      the drive means is automatically reversed so as to drive the data strip in
      a reverse direction. Simultaneously. the sensors are automatically shifted
      into alignment with the second data track and as the data strip moves past
      them in the reverse direction function to transform the data which
      comprises the second half of the program into perceptible form. Upon the
      data strip reaching its point of beginning, the drive means is again
      reversed, the sensors shifted into alignment with the first data track and
      the program rerun from its beginning. This process will continue
      automatically, enabling continuous presentation of the program.
PAR  For advertising displays and the like, a timer can be used to automatically
      start and stop the apparatus at predetermined intervals. To prevent damage
      to the equipment should the data strip break, an automatic shutdown
      mechanism is built into the apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a novel, continuously
      operating data conversion device in which data susceptible of being
      transformed into perceptible form is photographically, magnetically,
      electronically or otherwise imprinted onto a data carrying element. The
      data is imprinted along two or more data tracks and appropriate data
      sensing and transforming systems to transform the data to perceptible form
      are provided to act first upon the data carried on a first track or
      combination of tracks as the data element is moved in one direction
      relative to the sensing systems and then upon the data carried on a second
      track or combination of tracks upon reversal of the direction of the data
      element. By arranging the program or the data element so that the first
      portion thereof is contained on the first track or tracks and the
      concluding portion is contained on the second track or tracks, the program
      can be run continuously by repeatedly running the data element first in a
      forward direction with the sensing systems acting on the first track or
      tracks and then in a reverse direction with the sensing system acting on
      the second track or tracks.
PAR  More particularly, it is an object of the invention to provide a motion
      picture projection apparatus in which a sound motion picture program is
      carried on the data carrying element and in which the program can be run
      continuously without the necessity of operator supervision or of stopping
      the projector to rewind the film.
PAR  This continuous program presentation is accomplished by imprinting on a
      photographic film in a side by side relationship first and second image
      tracks and first and second sound tracks synchronized with the image
      tracks. The second track continues the program imprinted on the first
      track with the photographic images imprinted on the second track being
      optically reversed from those on the first track.
PAR  By running the film strip first in one direction with the illumination,
      lens and sound sensor systems of the apparatus aligned with the first
      image and sound tracks, the first half of the program can be shown. By
      then automatically reversing the direction of the film strip, when the end
      of the strip is reached and simultaneously shifting the illumination, lens
      and sound sensor systems into alignment with the second image and sound
      tracks the second half of the program can be shown. The cycle is then
      automatically repeated and in this way the motion picture program can be
      run continuously.
PAR  It is another object of the present invention to provide an apparatus of
      the type previously described which is fully automatic and highly reliable
      so that once properly set up and started, it can be left alone and will
      require only periodic and limited operator surveillance.
PAR  It is another object of the invention to provide an apparatus of the class
      described in which there is provided an automatic safety shutdown system
      so that in the event of film breakage, all power to the apparatus will be
      instantly interrupted.
PAR  It is still another object of the invention to provide an apparatus of the
      aforementioned character in which the film feeding system and thee
      mechanisms for shifting the optical and sound sensing subsystems of the
      apparatus from the first to the second tracks are operatively coupled to a
      common drive system driven by a reversible electric motor and in which
      reversal of the film feed and shifting of the optical and sound sensing
      subsystems is accomplished by a sensing device which senses the passage of
      indicating points provided near each end of the film strip and thereupon
      automatically causes a reversal of the direction of rotation of the
      electric motor and the drive system.
PAR  It is another object of the invention to provide novel, foldable film reel
      support arms which house reel drive mechanism operated by the common drive
      system and so constructed and arranged as to drive one of the film reels
      while permitting the other to free wheel when the drive system is rotating
      in one direction and to reverse the process when the drive system is
      rotating in the opposite direction. In this way the film reels alternately
      act as film take-up and film feed reels, depending upon the direction of
      travel of the film strip.
PAR  It is a further object of the invention to provide a novel and unique
      intermittent film feed system in the form of a film feed claw mechanism
      which is driven by the common drive system and serves to move the film
      strip intermittently between the illumination and projection lens systems.
PAR  In summary, these and other objects of the invention are accomplished by a
      novel and unique data conversion device including data carrying means
      having at least two data tracks each carrying data susceptible of being
      transformed into perceptible form; data transforming means for acting upon
      the data carried by the data carrying means, said aforementioned means
      being movable relative to each other from a first position wherein the
      data carried by one track is acted upon by the data transforming means to
      a second position wherein the data carried by the second data track is
      acted upon the data transforming means; drive means for moving the data
      carrying means relative to the data transforming means alternately in a
      first direction along the data tracks and then in a reverse direction
      along the data tracks; and shifting means for moving the data carrying
      means and the data transforming means relative to each other from a first
      position to a second position upon reversal of the drive means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the continuous motion picture projection
      apparatus of the invention.
PAR  FIG. 2 is a fragmentary side elevational view of the first side apparatus
      showing manner in which the film feeds through the apparatus and
      illustrating the relative locations of the illumination, projection lens,
      sound sensor and film feed systems of the apparatus.
PAR  FIG. 3 is a fragmentary side elevational view of the opposite, or second,
      side of the apparatus illustrating the construction of the main power
      drive system and the location of certain of the electrical subsystems of
      the apparatus.
PAR  FIG. 4 is an enlarged fragmentary side elevational view of the apparatus
      similar to the view shown in FIG. 3 but showing more clearly the
      construction of the main power drive system. In this FIG., the flywheel
      shown in FIG. 3 is absent enabling clearer illustration of the
      construction of the safety stop system for stopping the projector in the
      event of film breakage.
PAR  FIG. 5 is an enlarged cross-sectional view taken along lines 5--5 of FIG. 2
      showing one position of the mechanism for shifting the illumination system
      of the apparatus from a first position in alignment with one image track
      on the film to a second position in alignment with the other image track
      on the film.
PAR  FIG. 6 is a cross-sectional view taken along lines 6--6 of FIG. 5 showing
      the arrangement of the light source, the condenser lens, the film guide
      and the projection lens subsystems of the apparatus.
PAR  FIG. 7 is a view similar to FIG. 5 but showing the mechanism for shifting
      the illumination system of the apparatus as it appears in a second or
      shifted position in alignment with the second image track on the film
      strip.
PAR  FIG. 8 is an enlarged cross-sectional view taken along lines 8--8 of FIG. 2
      illustrating the construction of the intermittent feed or claw subsystem
      of the device for intermittently feeding the film between the illumination
      system and the projector lens of the apparatus.
PAR  FIG. 9 is a plan view taken along lines 9--9 of FIG. 8 further illustrating
      the construction of the intermittent film feed or claw subsystem and the
      manner in which it is operably coupled with the main drive system.
PAR  FIG. 10 is an enlarged cross-sectional view taken along lines 10--10 of
      FIG. 2 illustrating the construction of the mechanism for shifting the
      projector lens from a first position in alignment with one image track on
      the film to a second position in alignment with the other image track on
      the film.
PAR  FIG. 11 is an enlarged cross-sectional view taken along lines 11--11 of
      FIG. 10 showing the construction of the friction clutch arrangement of the
      mechanism for shifting the projector lens.
PAR  FIG. 12 is a fragmentary view of the lens shifting mechanism similar to
      FIG. 10 showing the projector lens shifted into a second position.
PAR  FIG. 13 is an enlarged cross-sectional view taken along lines 13--13 of
      FIG. 2 illustrating the construction of the mechanism for shifting the
      audio data or sound sensing system of the apparatus from a first position
      in alignment with one sound track on the film to a second position in
      alignment with the other sound track on the film.
PAR  FIG. 14 is an enlarged side elevational view taken along lines 14--14 of
      FIG. 13 showing the details of the construction of the sound sensing
      system of the apparatus.
PAR  FIG. 15 is a cross-sectional view taken along lines 15--15 of FIG. 14
      further illustrating the construction of the sound sensing system and
      showing the system in a first position in alignment with one of the sound
      tracks on the film.
PAR  FIG. 16 is a fragmentary view similar to FIG. 15 showing the sound sensing
      system shifted to a second position in alignment with the other sound
      track on the film. FIG. 17 is a side elevational view, partly broken away
      to show internal construction, of one of the two identically constructed
      film reel driving and support arms of the apparatus.
PAR  FIG. 18 is a greatly enlarged cross-sectional view taken along lines 18--18
      of FIG. 17 further illustrating the construction of the film reel driving
      and support arm.
PAR  FIG. 19 is a view taken along lines 19--19 of FIG. 18 showing the
      construction of the film reel driving arm clutch subsystem which permits
      the reel to be driven in one direction and to free wheel in the other.
PAR  FIG. 20 is an enlarged cross-sectional view taken along lines 20--20 of
      FIG. 2 showing a first position of the film sensing and reversal mechanism
      of the apparatus for reversing the direction of travel of the film at a
      predetermined point.
PAR  FIG. 21 is a plan view taken along lines 21--21 of FIG. 20 further
      illustrating the construction and operation of the film sensing and
      reversing mechanism. The phantom lines show the mechanism in an open
      position to enable initial threading of the film strip.
PAR  FIG. 22 is a plan view taken along lines 22--22 of FIG. 20 partly broken
      away to illustrate the electrical contact portion of the sensing mechanism
      as it appears in a first or open position.
PAR  FIG. 23 is a view of the sensing mechanism similar to FIG. 20 but shown as
      it appears in a second position.
PAR  FIG. 24 is a view of the sensing mechanism similar to FIG. 22 but showing
      the electrical contact in a second or closed position.
PAR  FIG. 25 is a fragmentary plan view of the data carrying means or film strip
      used in the apparatus illustrating one arrangement wherein the first and
      second sound tracks are disposed intermediate of the first and second
      image tracks.
PAR  FIG. 26 is a fragmentary plan view of another form of film strip showing
      the first and second sound tracks disposed on opposite sides of the first
      image track.
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PAC  DESCRIPTION OF ONE EMBODIMENT OF THE INVENTION
PAR  Turning now to the drawings, the data conversion device of the present
      invention is shown in the form of a continuous motion picture projection
      apparatus. Referring particularly to FIGS. 1-4 of the drawings, the
      principal operating systems of the apparatus are generally identified by
      the capital letters A-H, with the film and film feed system generally
      designated by the letter A. The letter B identifies the illumination
      system which comprises a lamp housing containing a light source, a cooling
      system for cooling the lamp housing and a condenser lens system for
      focusing the light on the photographic images imprinted on the film. The
      projection lens system is indicated at C and the sound system at D. The
      electrical system E, including a power supply, an amplifier and the
      operating control panel, is carried by the base portion of the projector.
      The letter F designates the film sensing and reversal system of the
      apparatus for automatically reversing the direction of feed of the film
      upon the film reaching a predetermined point near the end of one film
      track.
PAR  Turning particularly to FIGS. 3 and 4, the power drive system, including a
      reversible motor and main drive shaft, is generally designated by the
      letter G. The safety stop mechanism for instantly stopping the operation
      of the apparatus in the event of film breakage is best seen in FIG. 4 and
      is identified by the letter H.
PAR  Considering now the details of the construction of the apparatus, the data
      carrying means for carrying data susceptible of being transformed into
      perceptible form is provided in this embodiment of the invention in the
      form of an elongated strip of photographic film 12. As best seen in FIGS.
      25 and 26, the film has imprinted thereon in a side by side relationship
      along substantially its entire length first and second image tracks 14 and
      16, each track comprising a series of sequential photographic images 18.
      For reasons which will become apparent, the photographic images imprinted
      on one track are contact prints while those on the other track are
      optically printed and therefore are optically reversed from the images
      which are contact printed.
PAR  Also imprinted on the film, in a manner well known in the art, are first
      and second sound tracks 20 and 22 which carry audio data synchronized with
      the first and second image tracks. Data transforming means for acting upon
      the data carried by the data carrying means or film strip 12 and for
      transforming it into perceptible form (in this instance visual data in the
      form of pictures projected onto a screen and audio data in the form of
      audible sound) is provided in this embodiment of the invention in the form
      of the cooperatively associated illumination, projector lens and sound
      sensor systems previously identified. As will be discussed in greater
      detail hereinafter, each of these systems is movable relative to the film
      from a first position wherein the data carried by one set of data tracks,
      for example, image track 16 and sound track 22, is acted upon by the data
      transforming means, to a second position wherein the data carried by the
      other set of data tracks is acted upon by the data transforming means.
PAR  To move the data carrying means or film strip 12 past the data transforming
      means in a direction along the data tracks, there is provided a power
      drive means which is adapted to move the film first in one direction
      axially along the length of the film until the end of the data track is
      reached, and then in a reverse direction to the point of beginning. So
      that the apparatus can operate on a continuous basis, there is also
      provided means operably coupled with the drive means and the data
      transforming means for automatically moving the latter from a first
      position to a second position upon reversal of the direction of movement
      of the film strip. The details of construction of the drive means and the
      manner in which the data transforming systems are shifted from a first
      position in alignment with one data track on the film to a second position
      in alignment with the other data track on the film, will be described
      fully in the paragraphs which follow.
PAR  Referring to FIGS. 5 and 6, the illumination system of the apparatus can be
      seen to comprise a lamp housing 24 mounted on one side of a centrally
      disposed mounting partition or wall 26, which wall is integral with and
      extends upwardly from the base portion 28. Housed within lamp housing 24
      and pivotally carried by partition 26 is the illumination means which, in
      this form of the invention, comprises a lamp, or light source 30, and a
      first optical means or condensor lens system 32, including first and
      second lenses 34 and 36 mounted in the configuration shown. The condensor
      lens system, which is of a type well known in the art, is so constructed
      and arranged as to receive rays of light from the light source and direct
      them through the photographic images 18 on the film. Both lamp 30 and lens
      system 32 are mounted on a supporting structure 38 which is pivotally
      connected by means of pins 40 to supporting arms 42 affixed to mounting
      wall 26. Electricity is supplied to lamp 30 by electrical wires 44. As
      will become clear from the description which follows, when the
      illumination means is in the position shown in FIG. 5, it is precisely
      aligned with one image track on the film and when it is moved to the
      position shown in FIG. 7, it is precisely aligned with the other image
      track.
PAR  The projection lens system, or projection means C (FIG. 6) is located on
      the opposite side of the film strip 12 from the illumination means and is
      disposed in axial alignment with the condensor lens system 32. Light rays
      are received by the projection lens or second optical means after they
      have passed through the film and are projected onto a screen. In this way
      the photographic images on the film are magnified so they can easily be
      seen by the audience. As can be observed by also referring to FIGS. 10 and
      12, the projection means is pivotally carried by supporting wall 26 by
      means of a bracket 46 which protrudes outwardly from the wall, and pivot
      pin 48 which extends through apertures suitably formed in the bracket and
      in ears 49 of the projection means. Like the illumination means, the
      projection means is movable from a first position in alignment with one
      image track on the film to a second position in alignment with the other
      image track on the film.
PAR  Referring now to FIGS. 3 and 4, the drive means for moving the film along
      its length between the illumination means and the projection means can be
      seen to comprise a motor means shown here in the form of a reversible
      electric motor 50 which is drivably connected to a main power train 52 by
      means of a clutch mechanism 54. As will soon become apparent, the driving
      power required to operate the film reel arm systems, the film sprockets,
      the intermittent film feed or claw system, the rotating shutter and the
      various mechanisms for shifting the position of the data transforming
      means relative to the film is supplied by the motor driven main power
      train 52. As best seen in FIG. 4, power train 52 includes first and second
      drive shafts 56 and 58 coupled together by coupling 60 and is rotatably
      supported by bearings 62, 64, 66 and 68. Bearings 62, 64 and 66 are in
      turn supported respectively by bearing holders 70, 72 and 74 carried by
      supporting wall or partition 26. Bearing 68 is supported by a cross
      bracket 76 carried by and extending through partition 26.
PAR  Clutch mechanism 54 which is operably connected to second drive shaft 58
      near its right end, as viewed in FIG. 4, comprises a cooperatively coupled
      clutch hub 78 rotatably mounted on shaft 58 and a clutch pulley 80, Hub 78
      has a radially extending flange 82 at its right end which is closely
      received in a first counterbore 84 formed in pulley 80. Pulley 80 also has
      an axially extending flange 86 and a second counterbore 88 which is
      adapted to receive a fiber disc 90. A biasing means or spring 92 is
      disposed within counterbore 84 for urging clutch pulley 80 toward a
      slotted cam nut 94 threadably connected to drive shaft 58 and receivable
      within counterbore 88 forwardly or to the left of fiber disc 90. A
      retaining ring 96 serves to locate clutch hub 78 axially on shaft 58 in
      engagement with cam nut 94.
PAR  Provided on shaft 98 of motor 50 is a drive pulley assembly including first
      and second drive pulleys 100 and 102. Clutch pulley 80 is drivably
      connected to drive pulley 100 by a drive belt 104. Drive pulley 102 is
      connected to a cooling means or blower 106 by a drive belt 108. Blower 106
      forms a part of the illumination system of the apparatus and serves to
      cool the light box which houses the projection lamp by continuously
      circulating air therethrough.
PAR  With the construction described in the preceding paragraphs, it will be
      appreciated that since clutch pulley 80 is normally urged by spring 92
      into frictional engagement with disc 90 which, in turn, is urged into
      frictional engagement with cam nut 94, rotation of motor shaft 98 in a
      forward or reverse direction will result in belt 104 normally imparting a
      corresponding rotation to drive shaft 58. Impedance above a given level
      opposing rotation of shaft 58, however, will cause clutch pulley 84 to
      rotate relative to shaft 58 in slipping engagement with fiber disc 90 thus
      preventing damage to the drive system.
PAR  Affixed to shaft 58 at a location intermediate of bearings 66 and 68 is a
      worm gear 110 which is adapted to drivably engage mating first and second
      drive gears 112 and 114. As can be seen by also referring to FIG. 10,
      drive gears 112 and 114 are affixed to shafts 116 and 118 which are
      rotatably supported by suitable bearing assemblies 120 and 122 mounted on
      partition 26 at locations above and below shaft 58. Shafts 116 and 118,
      which form a part of the film drive system, rotatably drive upper and
      lower film sprockets 124 and 126 (FIGS. 2 and 10), each of which is
      provided with a multiplicity of outwardly extending fingers 127 adapted to
      be received in perforations formed along the edges of the film strip.
PAR  As illustrated in FIGS. 3 and 10, shaft 116 also drives the mechanisms of
      film reel support means 128 and 130 by means of a timing belt 132 which
      interconnects support arm pulleys 134 and 136. Timing belt 132 is driven
      by drive pulley 138 which is affixed to shaft 116 near its left end as
      viewed in FIG. 10.
PAR  Referring now to FIGS. 2, 3 and 17, the first and second film carrying reel
      means of this form of the invention can be seen to include reel support
      arms 128 and 130 which are pivotally mounted on supporting partition 26.
      The reel arms are pivotally mounted so that they may be moved alternately
      into a stowed position within the carrying case, as indicated by the
      phantom lines of FIG. 2, and into an extended position so as to rotatably
      carry film reels 140 and 142 during operation of the apparatus. As will
      become apparent from the description which follows, depending upon the
      direction of rotation of the drive train, the film reels serve alternately
      as film take-up and film feed reels.
PAR  In FIGS. 17 and 18, the film support arms, the operating mechanisms of
      which are of identical construction, are shown to comprise a body portion
      of channelshaped housing 144 including a curved end section 146 at one
      end, an end closure plate 147 at the other end, and a cover plate 148.
      Housing 144 is connected to partition 26 in the following manner. As shown
      in FIG. 18, the flange portion 150 of an inner arm hub 152 is affixed by
      fasteners 154 to housing 144. The shank portion 156 of inner arm hub 152
      is in turn rotatably supported by bearings 158 carried within the shank
      160 of an outer arm hub 162. Outer arm hub 162 is affixed to supporting
      partition 26 by fasteners 164 which extend through an integral flange
      portion 166 provided intermediate of the ends of the shank 160.
PAR  The drive mechanisms of the reel support arms are driven by a support arm
      clutch shaft 168. Clutch shaft 168, to which previously identified drive
      pulley 136 is affixed at one end, extends through supporting wall 26 into
      housing 144 and is rotatably supported by inner and outer bearings 170 and
      172 carried within shank portion 156 of inner arm hub 152. Affixed to the
      opposite end of shaft 168 is a clutch and gear assembly comprising a bevel
      gear 173 and an arm clutch means 174. With the construction thus described
      it will be apparent that the arm assembly can pivot relative to the
      support wall 26 from an operative to a stowed position about bearings 158.
      Additionally, when pulley 134 is driven by timing belt 132, shaft 168 can
      rotate within bearings 170 and 172 and, in a manner presently to be
      discussed, serves to drive bevel gear 173.
PAR  A lock mechanism which is provided to lock the reel support arms into an
      operative position is shown in FIGS. 17 and 18 as comprising a flat spring
      member 176 affixed at one end to partition 26 by a fastener 178. Affixed
      at the opposite end of member 176 are locking pins 180 and 182 which are
      receivable into apertures formed in partition 26. Pin 180 is also
      removably receivable in an aperture 184 formed in the arm housing and is
      arranged so that when the arm is in an extended position, as shown in FIG.
      17, spring member 176 will urge pin 180 into aperture 184, thereby locking
      the arm against pivotal movement.
PAR  Turning now to FIG. 19, the clutch portion 174 of the left arm clutch and
      gear assembly can be seen to comprise a housing 188 which is affixed to
      gear 173 and a cam 190 carried within the housing and connected to shaft
      168. Cam 190 is provided with a plurality of flat portions 192 each
      terminating in a radially extending shoulder 194. Disposed within the
      space formed between housing 188 and flats 192 are rollers 196, each of
      which is adapted to rotate about an axis generally parallel to the axis of
      rotation of shaft 168. Biasing means shown here as springs 198 are carried
      between rollers 196 and shoulders 194 and serve to yieldably resist
      movement of the rollers toward the shoulders 194.
PAR  With the construction illustrated in FIG. 19, cam 190 rotates freely within
      housing 188 when shaft 168 rotates in one direction and by means of
      rollers 196, drives housing 188 when the shaft rotates in the opposite
      direction. More specifically, when the shaft rotates in a counterclockwise
      direction, the cam assembly rotates freely within the housing with the
      rollers 196 acting as roller bearings. However, when the shaft rotates in
      a clockwise direction, as indicated by the arrow of FIG. 19, the rollers
      will cam against the housing so as to drive it and gear 173 to which it is
      connected in a clockwise direction.
PAR  Referring to FIG. 18, gear 173 is drivably meshed with bevel gear 200 which
      is affixed to one end of shaft 202 by set screw 204. Affixed to the
      opposite end of shaft 202 by set screw 206 is a bevel gear 208 which, in
      turn, is adapted to drive bevel gear 210. Shaft 202 is rotatably supported
      within housing 144 by bearing systems 212 and 214. Associated with bearing
      system 214 is a braking arrangement 216 adapted to stop the rotation of
      the shaft when clutch 174 moves into a free wheeling mode. Bevel gear 210
      is affixed to a shaft 218 which is rotatably carried by housing 144. Also
      affixed to shaft 218 is a pulley 220 which is interconnected to a reel arm
      pulley 221 of a reel support assembly 222 (FIG. 17) by means of a flat
      drive belt 224. As best seen in FIG. 17, the reel support assembly also
      includes a swivel arm 228 pivotally connected to housing 144, a reel shaft
      230 to which pulley 221 is connected, and a combination ball
      bearing-spring reel locking mechanism 232 (FIG. 18) for holding the reel
      in place on the reel shaft. A biasing means in the form of a spring
      arrangement 234 (FIG. 18) is interposed between housing 144 and the swivel
      arm to bias the latter in a direction away from the housing so as to
      normally keep tension on flat belt 224. It is to be understood that the
      second reel arm of the apparatus is of similar construction to the reel
      arm just described and, therefore, is not shown in detail in the drawings,
      nor is it described in detail herein.
PAR  With the construction of the reel arm as shown in FIGS. 17-19, when shaft
      168 is driven in a counterclockwise direction, as viewed in FIG. 19,
      clutch 174 will drive bevel gear 173 which will, in turn, drive shafts 202
      and 218 and, in turn, reel shaft 230. Accordingly, the film reel affixed
      to shaft 230 will in this mode of operation act as a takeup spool and will
      rotate at the same speed as the driving spockets which are also driven by
      the main power train. When motor 50 is reversed causing the power train to
      reverse direction and shaft 168 to rotate in a clockwise direction, the
      clutch assembly 174 will free wheel permitting the reel to free wheel and
      serve as a feed spool.
PAR  another major element of the drive means of the invention for moving the
      film between the illumination means and the projection means is the
      intermittent film drive means or film claw feeding mechanism, the details
      of which are illustrated in FIGS. 8 and 9. The function of the claw
      feeding mechanism is to receive the film from the feed sprockets and move
      it intermittently past the illumination means so that each succeeding
      image on the film is held for a short period of time in direct alignment
      with the rays of light from the condensor lens thereby permitting an
      unblurred image to be projected onto the screen by the projection lens.
PAR  As the claw mechanism moves each succeeding image into position for
      projection, the film gate is obscured by a three-blade rotary disc shutter
      affixed to shaft 58 and identified in the drawings by the numeral 240. The
      use of the rotary shutter to obscure movement of the film images is old in
      the art and forms no part of the present invention.
PAR  The intermittent film drive means of this form of the invention comprises a
      pair of vertically and horizontally movable shuttle arms 242 connected at
      one of their ends to a bearing support assembly 244 which is carried by a
      plate assembly 246 mounted on the previously identified cross bracket 76.
      Connected to the other ends of the shuttle arms is a claw 248 having
      spaced apart fingers 250 adapted to be received in the perforations in the
      film strip. Connected to drive shaft 58 is an up-down cam 252 operatively
      associated with the shuttle arms for moving them alternately up and down
      relative to the film as the shaft rotates and an in-out cam 254 for moving
      the shuttle arms in and out, or horizontally, as the shaft rotates. A
      wiper assembly comprising a wick 256, a wick support 258 and a spring 260
      adapted to hold the wick against the up-down cam is provided to lubricate
      and clean the up-down cam. A follower 262 is carried by the shuttle arms
      for engagement with the in-out cam to move the shuttle arms and the claw
      alternately in and out relative to the film. A framer assembly indicated
      by the numeral 264 is provided to permit necessary adjustment of the claw
      feed mechanism. A pressure plate assembly generally designated by the
      numeral 265 holds the film in a planar orientation as it passes between
      the illumination means and projector lens.
PAR  With the construction shown in FIGS. 8 and 9, as shaft 58 is rotated by
      motor 50, the claw affixed to the shuttle arms will be caused to move
      alternately toward and away from the film with the fingers 250 moving into
      and out of the perforations in the film. The cam assemblies are arranged
      so that upon the fingers of the claw moving into engagement with the
      perforations in the film, the claw will be moved vertically relative to
      the film by the up-down cam, thereby causing the film to move a fixed
      distance relative to the illumination means. The in-out cam will then
      cause the fingers to move out of engagement with the perforations in the
      film and the claw will once more be moved vertically relative to the film
      by the up-down cam and returned to its starting point. By continuously
      repeating the cycle, the film is moved intermittently, image by image,
      past the illumination means.
PAR  The next major system of the apparatus of the invention which will be
      considered is the audio data sensing means which also forms a part of the
      data transforming means and serves to sense the audio data on the film and
      convert it into audible sound. As is most clearly seen in FIG. 2, the
      film, when moving in the direction of the arrow, travels under film roller
      266, around drive sprocket 124, under film roller 267, through the
      intermittent feed system just described, around feed sprocket 126 and
      under a film roller 268, and then around a sound drum and shaft assembly
      270. Referring to FIGS. 13-16, wherein the details of the construction of
      the audio data sensing means are shown, it can be seen that the major
      elements of this system include a photoelectric cell assembly 272 (FIG.
      14), a sound optics assembly 274, and a second light source or exciter
      lamp 276. The electronic assemblies including a power supply and amplifier
      unit which support the audio data sensing means, are carried on the base
      portion of the apparatus, are of standard construction well known in the
      art, and are interconnected with the various elements of the audio data
      sensing means in a manner familiar to those skilled in the electronics
      art. The photoelectric cell assembly 272, the sound optics assembly 274
      and the exciter lamp 276 are all mounted on a supporting plate or bracket
      278 which, in turn, is slidably mounted on stud elements 280 and 282 (FIG.
      15) which are connected to and protrude outwardly from supporting wall or
      partition 26. As will presently be discussed in greater detail, bracket
      278 is operatively coupled with a third means for moving the audio data
      sensing means from a first position in alignment with one sound track on
      the film to a second position in alignment with the other sound track on
      the film.
PAR  It is to be understood that although in this form of the invention the
      sound data is imprinted onto the data carrying means by optical-electronic
      techniques, other sound recording methods such as, for example, magnetic
      tape recording, could be used. In the apparatus of the invention as shown
      in the drawings, when the audio data sensing means is aligned with one or
      the other of the sound tracks depending upon the direction of movement of
      the film strip, light of high intensity from the exciter lamp 276 is
      constrained by the sound optics system 274 which focuses it in a fine line
      across the sound track on the film as it passes around the sound drum
      assembly 270 and between aperture 284 FIG. 15) of the optics assembly and
      aperture 286 of the photoelectric cell assembly. The light received by the
      photoelectric cell produces a small electric current, the variations of
      which correspond to the modulated light which reaches the cell through the
      film. In this manner, there is provided an electrical current, the
      variations of which are identical with that which come from the microphone
      which was used on the set when the film was made and which made the sound
      track on the film. The current produced by the cell is carried by cables
      288 to the amplifier unit for amplification in a manner well known in the
      art. The amplified current then drives the speaker 289 (FIG. 1) of the
      apparatus so that the sound can be heard by the audience.
PAR  As indicated in FIG. 14, after the film passes around the sound drum
      assembly 270, it travels over a film roller 290, around another roller 291
      and finally under drive sprocket 126. These elements of the apparatus
      comprise the means for moving the film past the audio data sensing means
      and with the construction shown, the film is held in close contact with
      the sound drum as it moves around the drum and between the sound optics
      and photocell assemblies. An adjustment means in the form of a cam
      arrangement 292, which includes spring 294, is provided to permit
      horizontal adjustment of the sound optics assembly 274 relative to the
      film.
PAR  Referring again to FIG. 15, the sound drum assembly 270 is rotatably
      supported on a shaft 296 which extends through supporting wall 26 and, in
      turn, is rotatably supported by bearings 298 carried by a bearing holder
      or sleeve 300 which also passes through and is connected to wall 26. A
      flywheel 302 is mounted on the end of shaft 296 opposite the end to which
      the sound drum is affixed to encourage free rotation of the drum as the
      film travels around it.
PAR  The next system of the apparatus which will be discussed is the reversing
      means F for sensing an indicating point on the film and thereupon
      reversing the drive means so as to reverse the direction of travel of the
      data carrying means or film strip. Referring to FIG. 2, the film strip,
      upon passing under drive sprocket 126, travels over film roller 306, under
      rollers 308, 310 and 312, and into the reversing means F. The details of
      the construction of the reversing means are shown in FIGS. 20 through 24.
      As best seen in FIGS. 20, 21 and 22, the reversing means of this form of
      the invention comprises a film guide subassembly 314 and a switching
      subassembly 316. The switching subassembly 316 is housed within a housing
      318 which is affixed to supporting partition 26 and includes an arm 320
      (FIG. 22) pivotally mounted on housing 318 so as to pivot about a pivot
      pin 322. Provided at one end of arm 320 is a sensor means in the form of a
      roller 324 adapted to rollably engage the edge of the film as the film
      passes through the guide subassembly 314. At the other end of arm 320 is a
      first electrical contact 326 adapted to move into engagement with a second
      electrical contact 328 carried by housing 318 upon pivotal movement of arm
      320. Guide subassembly 314 comprises a base plate 330 affixed to housing
      318 and a face plate 332 pivotally mounted on face plate 330 and adapted
      to swing into the position shown by the phantom lines in FIG. 21 to enable
      initial threading of the film. Provided intermediate the base plate and
      face plate are outwardly extending fingers 334 and 336 which, when the
      face plate is in a closed position, cooperate to guide the film strip
      through the guide subassembly and prevent it from warping out of plane.
PAR  The film strip is provided with notched out portions 340 near both
      extremities, which notches in this form of the invention comprise the
      indicating points sensed by the reversing means. As illustrated in FIGS.
      23 and 24, when the film strip near its end point roller 324 will drop
      into the notched out portion 340 causing arm 320 to pivot about point 322.
      This will move contact 326 into engagement with contact 328 so as to
      energize a circuit (not shown, but of a type well known in the art), which
      will cause reversal of the direction of rotation of motor 50. Reversal of
      motor 50 will reverse the direction of travel of the film strip and, in a
      manner to be described in the immediately following section entitled
      "Operation", will activate the first, second and third means of the
      invention moving the illumination, projection and sound sensing systems
      respectively into alignment with the second optical and sound tracks on
      the film.
PAC  Operation
PAR  With the reel arms in an extended and locked position, the film threaded
      through the film rollers and drive sprockets in the manner illustrated in
      FIGS. 1 and 2, and with the device connected to a source of electrical
      power, operation of the power-on switch will energize the electric motor
      50 and the various supporting electronic systems E.
PAR  Referring also to FIGS. 3 and 4, it can be seen that rotation of motor
      shaft 98 of the motor 50, in a clockwise direction when looking toward the
      right, will drive clutch mechanism 54, shaft 58, and worm gear 110 in a
      clockwise direction. Worm gear 110 will, in turn, drive gear 112, shaft
      116 and pulley 138 in a clockwise direction. Since sprocket 124 (FIG. 2)
      is connected to shaft 116, it will be driven in a counterclockwise
      direction as viewed in FIG. 2 causing the film to travel in the direction
      of the arrow of FIG. 2.
PAR  By means of timing belt 132, pulley 138 (FIG. 3) will drive pulleys 134 and
      136 in a clockwise direction as viewed in FIG. 3 at the same rate of speed
      as sprocket 124. As illustrated in FIGS. 17, 18 and 19, this rotation of
      sprocket 136 will cause shaft 168 and the clutch assembly of the left
      support arm 174 to rotate in the direction of the arrow of FIG. 19 and as
      previously explained to drive gear 173 which, in turn, will drive the gear
      train operating reel shaft 230. This, of course, will cause reel 142 to
      rotate at the same rate of speed as sprocket 124 and in this mode of
      operation function as a take-up spool to receive and wind up the film
      after it has traveled through the various systems of the apparatus. As
      previously explained, reverse rotation of pulley 136 of support arm 130
      will cause the clutch assembly of this arm to free wheel permitting reel
      142 to function as a film supply reel.
PAR  Turning again to FIG. 2, as the film passes over upper drive sprocket 124,
      it will be fed into the intermittent film feed means of the device where
      each frame or image will successively be positioned by the claw mechanism
      between and in alignment with the illumination means B and the projection
      lens C. As best seen in FIG. 10, in this mode of operation, the
      illumination means and the projection lens are aligned with the second or
      outside film track 16 upon which the first half of the program is carried.
      If the first half of the program were printed on the inside track 14, of
      course, the illumination means and the projection lens would be initially
      aligned with this track. It should also be observed at this point that in
      order to ensure that there is always sufficient slack in the film, because
      the sprockets 124 and 126 operate continuously, whereas the claw mechanism
      operates intermittently, a loop is formed in the film at both sides of the
      claw feed mechanism.
PAR  By referring now to FIGS. 8 and 9, it can be seen that as shaft 58 rotates,
      the egg-shaped up-down cam 252 connected thereto will engage the shuttle
      arms at follower portion 253 (FIG. 8) causing the claw 248 to move
      alternately up and down. Simultaneously, in-out cam 254, which is also
      connected to shaft 58, will engage follower 262 and because of the shape
      of the cam will cause the claw to move alternately in and out or toward
      and away from the films so as to move fingers 250 (FIG. 9) alternately
      into and out of the perforations formed at the edges of the film. As
      previously mentioned, shutter 240, also connected to shaft 58 at a
      location intermediate of clutch mechanism 54 and cam 252, is adapted to
      obscure the film gate during the time when the film is being moved by the
      claw mechanism.
PAR  After each image on the outside film track 16 is projected onto the screen,
      the film travels over lower drive sprocket 126 which is driven by shaft
      118 (FIG. 3), under roller 268 and around sound drum assembly 270 (FIG.
      2). When the film is traveling in this direction, the audio data sensing
      means, as shown in FIG. 15, is also aligned with the outside audio track
      22 and is sensing sound data synchronized with the photographic images at
      that instant being projected onto the screen.
PAR  The film, after passing around the sound drum, is urged to the left (FIG.
      2) by drive sprocket 126, passes over roller 306, under rollers 308, 310
      and 312, and into the film guide assembly 314 of reversing means F. Due to
      the urging of reel 142, which in this mode of operation is functioning as
      a take-up reel, the film will move through the reversing means and be
      wound onto reel 142.
PAR  Turning now to FIGS. 20-24, when the notched out portion 340 of the film
      strip 12 reaches the position shown in FIGS. 23 and 24, roller 324 will
      drop into the notch causing contacts 326 and 328 to close. This will
      energize a circuit of standard design adapted to reverse the direction of
      rotation of motor 50. It is to be understood that a brief time delay is
      designed into the circuit to permit the notch to overrun the roller and
      then pass by it once more as the direction of film travel is reversed. In
      this way an immediate rereversing of the motor is avoided.
PAR  Referring again to FIGS. 3 and 4, reversal of the motor 50 causes shaft 58
      to now be rotated in a counterclockwise direction as viewed looking to the
      right in these figures. As will become apparent from the paragraphs which
      follow, this reversal of the direction of rotation of shaft 58 results in
      the automatic shifting of the illumination means, the projection lens and
      the sound data sensing means into a second position in alignment with the
      first or inside data tracks on the film strip upon which the second half
      of the program is carried.
PAR  Considering now the first means or first friction clutch of the invention
      for moving the illumination means into its second position, it can be seen
      by referring to FIGS. 4 and 5 that the illumination means, including the
      lamp and the first optical means or condenser lens 32 (FIG. 5) are mounted
      on a supporting structure or platform 38 which is pivotally carried by
      supporting arms 42 affixed to and extending outwardly from supporting wall
      26. A link element 350 interconnects structure 38 with a lamp clutch
      mechanism 352 which, as best seen in FIG. 4, is carried by pulley 80 of
      the main drive clutch assembly. The lamp clutch mechanism comprises a
      split felt ring 354 (FIG. 4), a driver disc or lamp clutch ring 356, and a
      driven disc or lamp clutch 358, all carried by drive clutch pulley 80. A
      second felt ring or friction disc 360 is disposed between the driver disc
      and the driven disc and the entire lamp clutch mechanism is held in place
      on the drive clutch pulley 80 by means of a locating ring 362. Referring
      to FIG. 5, it can be seen that link element 350 is pivotally connected to
      the driven disc or lamp clutch 358 by a pin 364 which is held in position
      by a split locking ring 366. With shaft 58 rotating in the direction of
      the arrow of FIG. 5, the driven disc 358, due to its frictional engagement
      with the felt rings, will move into the position shown with the
      illumination means pivoted outwardly into alignment with the outside film
      track. As illustrated in FIG. 7, however, when the direction of rotation
      of shaft 58 is reversed to a clockwise rotation, as indicated by the
      arrow, driven disc 358 will be moved in a clockwise direction by the
      frictional urging of the felt rings. This will cause link 350 to pivot the
      illumination means about pivot pin 40 inwardly toward wall 26 and into the
      position shown in alignment with the first or inside film track.
PAR  Upon further reversal of the motor by the reversal means after the film has
      passed the apparatus in the reverse direction, the first means, or first
      friction clutch assembly, as just described would, of course, move the
      illumination means back to the starting position shown in FIG. 5.
PAR  One form of the second means of the invention, or second friction clutch,
      for moving the projection means C to its second position upon reversal of
      the direction of travel of the film is illustrated in FIGS. 10-12. In FIG.
      10, the projection lens is shown in the first position in alignment with
      the outside or second image track 16 on the film 12. The second means can
      be seen to comprise a connecting bracket 370, extending through partition
      26 at a location intermediate worm gear 58 and cross bracket 76 (FIG. 4)
      connected at one end to the projection lens and operatively coupled at its
      other end to drive shaft 58. Referring also to FIG. 11, the second means
      can be seen to also include a clutch member 372 rotatably carried by shaft
      58 and connected to bracket 370, a clutch shoe 374 carried by clutch
      member 372 and movable into frictional engagement with shaft 58 and a
      biasing means or spring 376 for urging the clutch shoe normally into
      frictional engagement with shaft 58. Due to the eccentric mounting of
      clutch member 372 on shaft 58, when the shaft is rotating in the direction
      indicated by the arrow of FIG. 11, frictional drag by the clutch shoe will
      urge bracket 370 to the right causing the projection means to pivot about
      pivot pin 48. Full throw of the bracket 370, resulting in stop pin 380
      which is threadably connected to clutch member 372 engaging stud 382 which
      is threadably affixed to and projecting outwardly from partition 26, will
      position the lens in exact axial alignment with image track 16 on the
      film. Upon reversal of the direction of rotation of shaft 58, frictional
      drag on the clutch shoe 374 will cause the connecting bracket 370 to move
      to the left and the projection means to pivot about pivot pin 48 into the
      position shown in FIG. 12. Full throw in this direction so that stop pin
      380 engages stud 384 axially aligns the projection means with the inside
      or first image track 14. Studs 382 and 384 being threadably connected to
      partition 26 permit adjustment to the throw of the clutch assembly if
      required to precisely align the projection means with the image tracks on
      the film.
PAR  In the embodiment illustrated in the drawings, the third means of the
      invention for shifting the audio data sensing means to a second position
      upon reversal of the direction of travel of the film is shown in FIGS.
      13-16. Referring first to FIG. 13, the third means can be seen to comprise
      a sound system friction clutch means which includes a clutch member 386
      rotatably carried by first drive shaft 56, a first link 388 pivotally
      connected to clutch member 386 by pivot pin 390 and a second link or drive
      block 392 pivotally connected at one end to the first link by pivot pin
      394. Drive block 392 is connected at its other end to a shaft 396 slidably
      carried by bushings 398 and 400, both of which are supported by a rear
      bracket 402 connected to supporting partition 26 by threaded connectors
      404. Shaft 396 is connected at its right end (FIG. 13) to supporting plate
      278 which carries the audio data sensing means.
PAR  Turning now to FIG. 4, the sound system friction clutch means can be seen
      to also include a clutch wheel 406 connected on one side of clutch member
      386 to shaft 56 for rotation therewith, a clutch slide disc 408 connected
      on the other side of member 386 to shaft 56 by a screw key 410 and first
      and second felt rings 412 and 414 interposed respectively between the
      clutch slide disc and member 386 and between the latter member and clutch
      wheel 406. Slide disc 408 is movable axially of shaft 56 and a biasing
      means or spring 416 is disposed between bearing holder 70 and slide disc
      408 to urge the latter normally into engagement with felt ring 412. With
      this construction, due to the frictional drag of the felt rings, rotation
      of shaft 56 in the direction of arrow 418 of FIG. 13 will urge clutch
      member 386 to the right as shown by the solid lines. This, in turn,
      through links 388 and 392, will urge shaft 396 to the right moving
      supporting plate 278 slidably along stud elements 280 and 282 into the
      position shown in FIG. 15. In this position the sound optics assembly 214
      and the photocell assembly 272 are in alignment with the outside sound
      track 22. A lower guide stud 420 (FIG. 13) slidably supports plate 278 so
      as to preclude cocking of the assembly during movement from one position
      to the other.
PAR  Upon reversal of the direction of rotation of shaft 56 to a clockwise
      rotation as indicated by arrow 422, frictional drag of the felt rings will
      cause clutch member 386 to swing to the left as indicated by the phantom
      lines of FIG. 13. This, in turn, through links 388 and 392, will urge
      shaft 396 to the left moving supporting plate 278 into the position shown
      in FIG. 16. This will align the sound optics and photocell assemblies with
      the inside sound track 20. As shown in FIGS. 15 and 16, one end of a stud
      424, which is threadably carried by plate 278, limits the extent of travel
      of the supporting plate toward partition 26 and, along with a stop nut
      426, which is threadably connected to stud 282 and which limits the extent
      of travel of the plate away from partition 26, provides a means for
      adjusting the travel of the sound assembly relative to the film strip.
PAR  In summary, with the construction of the apparatus as described, the data
      carrying means, or film strip, is first moved through the apparatus with
      the illumination means, the projection lens system and the sound sensor
      means aligned with the image and sound tracks carrying the first half of
      the program. In this operational mode the forward reel 140 (FIG. 1) is
      acting as a supply reel and the rearward reel 142 is acting as a take-up
      reel. When the film strip nears the end of the first half of the program,
      the reversing means will sense the notched out portion in the film and
      will cause the motor means to reverse its direction of rotation. This, of
      course, will reverse the direction of rotation of the main drive train and
      the drive sprockets thereby reversing the direction of travel of the film.
      In the reverse mode of operation, due to the construction of the support
      arm clutch mechanisms as previously described, the forward reel 140 will
      now act as the take-up reel and the rearward reel 142, the supply reel.
      Also, upon reversal of the direction of rotation of the drive shafts of
      the main drive train, the first, second and third means or shifting
      mechanisms of the invention will simultaneously move the illumination
      means, the projection lens system and the sound sensor means respectively
      into alignment with the second image and sound tracks so that the second
      half of the program which is carried thereon can be presented. The film
      strip will continue to travel in the reverse direction until the second
      notched out portion of the film strip which is located near the starting
      point of the program reaches the reversal means. Upon sensing the second
      notched out portion, the reversal means will once more reverse the motor
      means, the drive train and the drive sprockets causing the film strip to
      again travel in the first direction. As the direction of rotation of the
      drive shafts of the drive train is reversed, the first, second and third
      means of the invention will return the illumination means, the projection
      lens system and the sound sensor means to their starting position in
      alignment with the first image and sound tracks. The process will then be
      repeated automatically and continuously until the power is turned off.
PAR  Should the film strip break there is provided as a part of the apparatus of
      the invention a stop means for immediately and automatically interrupting
      the power circuit and stopping the motor means. In this embodiment of the
      invention the stop means H is provided in the form of the spring loaded,
      scissor arm mechanism and cooperating micro-switch arrangement illustrated
      in FIGS. 4 and 13. As best seen in FIG. 4, the stop means comprises first
      and second members 430 and 432 pivotally interconnected intermediate their
      ends by a shaft 434 which is carried by supporting bracket 402. A biasing
      means for normally urging ends 430a and 432a of members 430 and 432 toward
      one another is provided here in the form of springs 436 and 438. As best
      seen in FIGS. 4 and 14, the previously identified film rollers 268 and 290
      which guide the film around sound drum assembly 270 are rotatably carried
      by shafts 440 and 442 which are in turn affixed to ends 430a and 432a
      respectively of the pivotally connected members. As best seen in FIG. 14,
      rollers 268 and 290 are normally urged apart by the film strip 12 as it
      travels around the sound drum. Turning again to FIG. 4, there is mounted
      on partition 26 proximate arm 432, a switch means shown here in the form
      of a normally closed micro-switch 444 which is operatively interconnected
      with the main electrical power circuit of the apparatus, and, when opened,
      is adapted to stop the flow of electricity to the device. A spring loaded
      switch arm 446 carrying a roller 448 disposed in engagement with member
      432 near end 432a opens the switch upon movement of the ends of members
      430 and 432 toward each other. With this construction, should the film
      strip break, rollers 268 and 290, which are normally held apart by the
      film strip, would move toward one another due to the urging of the biasing
      means. This movement would open switch 444 instantaneously stopping the
      flow of electricity to the apparatus.
PAR  Although an exemplary embodiment of the invention has been disclosed for
      purposes of illustration, it will be understood that various changes,
      modifications and substitutions may be incorporated in such embodiment
      without departing from the spirit of the invention as defined by the
      claims hereinafter appearing.
CLMS
STM  I claim:
NUM  1.
PAR  1. A continuous motion picture projection apparatus comprising:
PA1  a. an elongated film strip having imprinted thereon first and second image
      tracks, each comprising a series of sequential photographic images;
PA1  b. a supporting structure having a base portion and a central mounting
      partition;
PA1  c. illumination means pivotally mounted on said mounting partition on one
      side of said film strip and movable from a first position to a second
      position, including a lamp and a cooperating condensor lens so constructed
      and arranged as to direct rays of light through the photographic images of
      said first image track when said illumination means is in its first
      position and through said second image track when said illumination means
      is in its second position;
PA1  d. a projection lens pivotally mounted on said partition on the other side
      of said film strip and movable from a first position of coaxial alignment
      with said condensor lens in its first position to a second position of
      coaxial alignment with said condensor lens in its second position;
PA1  e. drive means carried by said supporting structure for moving said film in
      a first and second direction between said condensor lens and said
      projection lens so that the light passing through said condensor lens will
      pass through the images imprinted on said film, said drive means
      comprising:
PAR  1. a rotatable drive shaft;
PA2  2. reversible motor means for rotatably driving said drive shaft; and
PA2  3. film feed means operably coupled with said drive shaft and adapted to
      engage said film to move it between said condensor lens and said
      projection lens;
PA1  f. a first friction clutch means carried by said drive shaft for moving
      said illumination means alternately from its first position to its second
      position upon change of direction of rotation of said drive shaft said
      first friction clutch means comprising:
PA2  1. a driven disc carried by said drive shaft and rotatable relative
      thereto;
PA2  2. a link element pivotally connected at one end to said driven disc and
      connected at its other end to said illumination means;
PA2  3. a driver disc carried by said drive shaft and rotatable therewith; and
PA2  4. a friction disc interposed between said driver and driven discs to
      transmit rotational forces to said driven disc upon the change of
      direction of rotation of said drive shaft;
PA1  g. a second friction clutch means carried by said drive shaft for moving
      said projection lens from its first position to its second position upon a
      change of direction of rotation of said drive shaft said second means
      comprising:
PAR  1. a clutch member carried by said drive shaft and rotatable with respect
      thereto;
PA2  2. a clutch shoe carried by said clutch member and movable radially into
      frictional engagement with said drive shaft whereby to impart rotational
      movement to said clutch member;
PA2  3. biasing means carried by said clutch member for normally urging said
      clutch shoe into frictional engagement with said shaft; and
PA2  4. a connecting bracket affixed at one end to said clutch member and at its
      other end to said projection lens; and
PA1  h. a reversing means operatively associated with said motor means and said
      film strip for sensing an indicating point on said film and thereupon
      reversing the direction of rotation of said motor means.
NUM  2.
PAR  2. The apparatus as defined in claim 1 in which said indicating point
      comprises a notched out portion provided near both ends of said film strip
      and in which said reversing means includes sensor means for sensing the
      notched out portions on the film and thereupon activating a circuit means
      operably coupled with and adapted to reverse the direction of rotation of
      said motor means whereby the apparatus will operate continuously to
      repeatedly project the film program.
NUM  3.
PAR  3. The apparatus as defined in claim 1 including stop means operably
      associated with said motor means and said film strip for stopping said
      motor means in the event the film strip should break.
NUM  4.
PAR  4. A continuous motion picture projection apparatus comprising:
PA1  a. an elongated strip of film having imprinted thereon in a side by side
      relationship along substantially its entire length first and second image
      tracks each comprising a series of sequential photographic images;
PA1  b. illumination means disposed on one side of said strip of film including
      a light source and first optical means for receiving rays of light from
      said light source and passing them through the photographic images on the
      film, said illumination means being movable relative to said film from a
      first position in alignment with said first image track to a second
      position in alignment with said second image track;
PA1  c. projection means disposed on the opposite side of said film strip for
      receiving the rays of light passing through the film and projecting them
      onto a screen, said projection means being movable relative to said film
      from a first position in alignment with said first image track to a second
      position in alignment with said second image track;
PA1  d. drive means for moving said strip of film between said first optical
      means and said projection means in a first direction and then in a second
      direction said driving means comprising:
PA2  1. a rotatable drive shaft;
PA2  2. reversible motor means for rotatably driving said drive shaft;
PA2  3. film feed means operably coupled with said drive shaft and adapted to
      engage said film to move it between said first optical means and said
      projection means; and
PA2  4. first and second film carrying reel means driven by said drive shaft for
      alternately reeling in and reeling out said strip of film relative to said
      film feed means;
PA1  e. reversing means operatively associated with said drive means and said
      film strip for sensing an indicating point on said film and thereupon
      reversing said drive means to reverse the direction of travel of said
      film;
PA1  f. first means operatively coupled with said drive means and said
      illumination means for moving said illumination means alternately between
      its first and second positions upon reversal of said drive means, said
      first means comprising a first friction clutch means operably coupled with
      said drive shaft and interconnecting said drive shaft with said
      illumination means for moving the latter alternately between the first and
      second positions upon a reversal of the direction of rotation of said
      shaft; and
PA1  g. second means operatively coupled with said drive means and said
      projection means for moving said projection means alternately between its
      first and second positions upon reversal of said drive means, said second
      means comprising a second friction clutch means operably coupled with said
      drive shaft and interconnecting said drive shaft with said projection
      means for moving the latter alternately between the first and second
      positions upon a reversal of the direction of rotation of the shaft.
NUM  5.
PAR  5. A continuous motion picture projection apparatus comprising:
PA1  a. an elongated strip of film having imprinted thereon first and second
      image tracks each comprising a series of photographic images;
PA1  b. illumination means for passing rays of light through said image tracks,
      said illumination means being movable relative to said film from a first
      position in alignment with said first image track to a second position in
      alignment with said second image track;
PA1  c. projection means for receiving the rays of light passing through the
      film and projecting them onto a screen, said projection means being
      movable relative to said film from a first position in alignment with said
      first image track to a second position in alignment with said second image
      track;
PA1  d. drive means for moving said strip of film between said illumination
      means and said projection means in a first direction and then in a second
      direction including a rotatable drive shaft and means for rotatably
      driving said drive shaft in a first and second direction;
PA1  e. reversing means operatively associated with said drive means and said
      film strip for reversing said drive means to reverse the direction of
      travel of said film;
PA1  f. first clutch means operably coupled with said drive shaft and
      interconnecting said drive shaft with said illumination means for moving
      the latter alternately between the first and second positions upon
      reversal of the direction of rotation of said shaft; and
PA1  g. second clutch means operably coupled with said drive shaft and
      interconnecting said drive shaft with said projection means for moving the
      latter alternately between the first and second positions upon reversal of
      direction of rotation of the shaft.
NUM  6.
PAR  6. The device as defined in claim 5 in which said strip of film has
      imprinted thereon first and second audio data tracks carrying audio data
      synchronized with said first and second image tracks respectively and said
      data transforming means comprising audio data sensing means for sensing
      the audio data on said film and converting it to audible sound, said
      sensing means being movable from a first position in alignment with said
      first audio track to a second position in alignment with said second audio
      track.
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ABST
PAL  Advance shaft carries a sprocket for film engagement and carries manual
      knob for manually-controlled rotation. Framing shaft is rotatable with
      respect to projector housing and has an o-ring therebetween to serve as a
      drag brake. Advance shaft is detented with respect to framing shaft by
      means of an embracing spring. The drag brake of the framing shaft has a
      greater torque than the detent of the advance shaft with respect to the
      framing shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to a mechanism to control the advance of a film
      strip in a film strip projector.
PAR  2. Description of the Prior Art
PAR  Film strip projectors are well known. There are many patents in existence
      directed to their optics and to their general structure. Film strip
      projectors utilize strips of film which have sprocket holes along at least
      one edge and have spaced scenes or frames along the length thereof. The
      projectors are arranged so that, when one of the framed scenes is properly
      positioned with respect to the projector optics, the scene is projected.
      The projector optics usually include a cropping or framing mask which
      edgewise limits the illumination of the film strip to the framed size of
      the scene on the film strip so that only a scene is projected, and not
      extraneous information.
PAR  It is convenient to engage the sprocket holes on the film strip to advance
      the strip from one scene to another. This can be simply accomplished by
      means of a manual knob connected to drive a sprocket wheel due to film
      engagement. However, such a simple drive mechanism does not provide for
      advance to the predetermined position where the next scene on the film
      strip is properly aligned with respect to the mask in the projector.
PAR  A projector and a film strip advance mechanism are taught in P. J. Kilday
      U.S. Pat. No. 3,003,393 and others cited therein, the entire disclosure of
      which is incorporated herein by this reference. The present invention is
      an improvement over the Kilday disclosure, in that the present invention
      is directed to an improved, more trouble-free and economic mechanism. In
      accordance with the present film strip advance mechanism, the film strip
      is quickly and accurately advanced to a new film strip position, with
      convenient ease of framing.
PAC  SUMMARY OF THE INVENTION
PAR  In order to aid in the understanding of this invention, it can be stated in
      essentially summary form that it is directed to a film strip advance
      mechanism. The advance mechanism includes an advance shaft which carries a
      film strip engageable sprocket wheel thereon and which is rotatably
      mounted within a framing shaft. A detent interengages the shafts.
      Furthermore, a resilient brake drag is interconnected between the framing
      shaft and the projector frame for framing adjustment.
PAR  It is, accordingly, an object of this invention to provide a film strip
      advance mechanism which is economic of construction, reliable in
      operation, and convenient to use. It is a further object to provide a film
      strip advance mechanism whereby a film strip can be advanced from
      scene-to-scene by means of rotation of the advance shaft, and the framing
      of each scene can be adjusted by means of rotation of the framing shaft.
      It is another object to provide a detent mechanism between the adjustment
      shaft and the framing shaft in the form of a spring embracing a part of
      each of the shafts. It is yet another object to provide a resilient brake
      between the framing shaft and the projector housing in the form of a
      spring-loaded brake drag.
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description, taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, with parts broken away, of a film strip
      projector incorporating the film strip advance mechanism of this
      invention.
PAR  FIG. 2 is an enlarged section taken generally along the line 2--2 of FIG.
      1.
PAR  FIG. 3 is a further enlarged section taken generally along the line 3--3 of
      FIG. 2.
PAR  FIG. 4 is an isometric, exploded view of part of the film strip advance
      mechanism of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Film strip projector 10 has optics, including the light source in the rear
      of the projector housing, and means to focus the light from the light
      source. The light from the source progresses through film 12 which is
      positioned beneath mask 14, see FIG. 2. The light transmitted through the
      scene on film strip 12, which is positioned to be framed within the
      opening in mask 14, is emitted from objective lens 16. It is focused by
      the objective lens onto a suitable screen. These features of the film
      strip protector 10 are conventional, and attention is drawn to other
      publications for detailed disclosure.
PAR  Film 12 is naturally rolled and is fed into a slot in the top of the
      projector. It passes down through quides behind mask 14. Film 12 has
      conventional sprocket holes 18 therein. The sprocket holes pass behind
      slot 20 in mask 14. Sprocket 22 has teeth which engage sprocket holes 18,
      so that rotation of sprocket 22 advances film strip 12, and the position
      in which the sprocket stops controls the framing position of scenes on
      film strip 12 with respect to opening 24 in the mask. As the film is
      successively advanced from one scene frame to another, the beginning of
      the film strip extends out of the projector housing. It is engaged under
      edge-engaging guides 26 and 28 which guide the film strip 12 clear of the
      front end of the projector housing so that it can naturally coil up
      without rubbing on adjacent surfaces. From this construction, it can be
      seen that the angular position of sprocket 22, in rotation about its own
      axis, controls the position of the film strip and controls the position of
      scene frames upon the film strip with respect to the opening 24 in the
      mask. Film strip position control is accomplished by the mechanism of this
      invention, described below.
PAR  As seen in FIG. 2, film strip projector 10 has a housing 30. Housing 30
      includes a boss 32 extending inwardly, and boss 32 has a bearing bore 34
      therein. Bearing surface 36 on framing shaft 38 fits within bearing bore
      34. Framing shaft 38 is rotatably mounted upon a central axis defined by
      these bearing surfaces. Shoulder 40 on framing shaft 38 limits the inward
      positioning of framing shaft 38. Shoulder 40 bears against recessed thrust
      surface 42 in housing 30. Outward motion of framing shaft 38 is limited by
      snap ring 44. Snap ring 44 engages in snap ring groove 46 and bears
      against the interior surface of housing boss 32 to prevent withdrawal of
      shaft 38 from its assembled position illustrated in FIG. 2.
PAR  O-ring 48, see FIGS. 2 and 4, is a wavy type spring washer. O-ring 48 is
      engaged in the space formed beneath flange 50 of framing shaft 38 above
      thrust surface 42. O-ring 48 resiliently engages both of these surfaces
      and acts as a spring-loaded brake against rotation of the framing shaft 38
      with respect to film strip projector housing 30. The amount of frictional
      torque which this brake exerts between the framing shaft and the film
      strip housing is defined below. Tab 52 on the side of flange 50 serves as
      a convenient manual engagement extension for rotation of framing shaft 38.
PAR  Advance shaft 54 extends through bore 56 in framing shaft 38. The outer end
      of advance shaft 54 is configured to provide manually-engageable advance
      knob 58. Flange 60 engages in a corresponding bore recessed within the
      outer end of framing shaft 38 to limit the inward positioning of advance
      shaft 54. Sprocket 22 is secured to the inner end of advance shaft 54 to
      limit outward motion thereof. For removal of the advance shaft, sprocket
      22 can be removed therefrom. A convenient way of securing sprocket 22 in
      place upon the left end of advance shaft 54 is by a machine screw, or the
      like, so that it may be readily disassembled. By means of the foregoing
      construction, advance shaft 54 can rotate within and with respect to
      framing shaft 38.
PAR  As is seen in FIGS. 2, 3 and 4, the inner end of framing shaft 38 has a
      flat 62 cut thereacross to intersect bore 56. Grooves 64 and 66, see
      particularly FIG. 3, extend circumferentially in the outer surface
      downward from the flat 62 and terminate at a stop shoulder 68. C-shaped
      spring 70 is formed of flat stock and is bent to embrace the inner end of
      framing shaft 38 in grooves 64 and 66. In normal positioning, the ends of
      spring 70 are closely adjacent stop shoulder 68. In the assembled
      position, the spring 70 resiliently embraces the inner end of the framing
      shaft within grooves 64 and 66.
PAR  The inner end of advance shaft 54 has a plurality of detent flats 72
      thereon. When advance shaft 54 is in position within framing shaft 38,
      these detent flats lie under spring 70. It should be noted that both
      advance shaft 54 and the bore 56 in which it is positioned are tapered,
      with the smaller end toward sprocket 22. This tapered construction aids in
      the assembly. With spring 70 in place, advance shaft 54 is thrust into its
      bore. When the nose of detent flat 72 approaches spring 70, the nose is
      lower with respect to the spring because the tapered advance shaft 54 is
      not fully into its bore. This permits the detent flat 72 to enter under
      spring 70. As the advance shaft 54 is fully engaged in position, the
      tapered character of the shaft and its bore cause the detent flat 72 to
      slightly rise as it is moved in to prestress spring 70.
PAR  Now, spring 70 urges advance shaft 54 into a particular angular position
      with respect to framing shaft 38, as dictated by the detent flats. The
      number of detent flats 72 is related to the diameter of sprocket 22 and
      the distance required to advance film strip 12 one frame so that, when
      advance shaft 54 is rotated from one detent to the next, the film strip is
      advanced from one frame to the next. As advance shaft 54 is rotated, the
      spring 70 resiliently permits rotation of the shaft. Spring 70 moves into
      a position similar to that shown in dotted lines in FIG. 3. This is
      resilient deflection of the spring so that, when the advance shaft
      approaches its new position, the spring detents the advance shaft into the
      proper angular position. The torque of this detent is less than the torque
      provided by brake O-ring 48 so that, when advance shaft 54 is rotated,
      framing shaft 38 is not rotated thereby. The spring and flat system
      provide a reversible detent system which detents accurately in either
      direction of rotation, as is indicated by the arrow shown in FIG. 3.
PAR  When framing is desired, framing shaft 38 is turned so that the frame on
      film strip 12 is lined up with mask opening 24. Thereupon, rotation of the
      advance shaft 54 from one detent position to the next moves the film strip
      from one frame to the next. While three detent flats 72 are shown, it is
      clear that more or less can be employed, depending upon the diameter of
      sprocket 22 and the desired amount of film strip advance.
PAR  While particular embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from this invention in its
      broader aspects and, therefore, the aim in the appended claims is to cover
      all such changes and modifications as fall within the true spirit and
      scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A film strip advance mechanism for a projector having a housing,
      comprising:
PA1  a framing shaft for rotatable positioning in said housing, said framing
      shaft having a longitudinal axis and being rotatable about said axis with
      respect to said housing, a resilient spring for interengaging between said
      framing shaft and said projector housing to provide resilient braking
      torque between said framing shaft and said projector housing, removable
      stop means on said framing shaft for interengaging between said framing
      shaft and the projector housing to stress said resilient braking torque
      spring to provide braking torque;
PA1  an advance shaft coaxially rotatably mounted within and with respect to
      said framing shaft, detent means interengaging between said advance shaft
      and said framing shaft to resiliently angularly detent said advance shaft
      with respect to said framing shaft, said detent means interengaging
      between said advance shaft and said framing shaft comprising a detent flat
      on said advance shaft and a detent spring at least partially embracing
      said framing shaft and said flat on said advance shaft so that rotation of
      said advance shaft with respect to said framing shaft causes resilient
      detent spring deflection; and
PA1  a sprocket wheel on said advance shaft for advancing a film strip when said
      framing shaft is rotated.
NUM  2.
PAR  2. The film strip advance mechanism of claim 1 wherein:
PA1  said advance shaft extends through a bore in said framing shaft, said
      framing shaft having a slot cut therethrough exposing a portion of said
      bore, said detent spring engaging in said slot, said detent flat being
      positioned on said advance shaft adjacent said slot in said framing shaft.
NUM  3.
PAR  3. The film strip advance mechanism of claim 2 wherein:
PA1  a groove is formed partially around said framing shaft at said flat, with a
      stop shoulder forming the ends of said groove, said detent spring
      embracing said advance shaft at said groove and at least partially
      engaging within said groove, said stop shoulder acting to limit the
      position of said detent spring with respect to said framing shaft.
NUM  4.
PAR  4. The film strip advance mechanism of claim 3 wherein:
PA1  said framing shaft has a flange thereon, said resilient braking spring
      engaging under said flange.
NUM  5.
PAR  5. The film strip advance mechanism of claim 4 wherein:
PA1  said removable stop means on said framing shaft is a snap-ring engaging in
      a snap-ring groove in said framing shaft.
NUM  6.
PAR  6. The film strip advance mechanism of claim 5 wherein:
PA1  said framing shaft has a tapered bore therein and said advance shaft has a
      tapered exterior surface thereon, said tapered surface on said advance
      shaft engaging in said tapered bore in said framing shaft.
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ABST
PAL  In a slide projector having a partioned magazine for insertion into a
      magazine guide track so that the in turn, effective ejection side of the
      magazine is at right angles to or generally at right angles to the
      horizontal film aperture, the improvement comprising the operative bearing
      side of the magazine opposite the leading edge of the image stage side of
      the contained slide in the projector is foreshortened and the magazine
      guide path (1), considered in crosssection, is provided with a step (7) at
      least in the region of the film aperture (6), the profile of this step (7)
      adapted so that the bearing side (8) of the magazine containing a slide
      (10), and the face (10a) of the step which is situated at a higher level
      and thus suitable for receiving the slides as soon as the magazine is
      inserted, continues in the form of the film aperture (11).
BSUM
PAC  CROSS REFERENCE TO A RELATED APPLICATION
PAR  Applicant claims priority under 35 U.S.C. 119 for application Ser. No. P 22
      60 887.3, filed Dec. 13, 1972 in the Patent Office of the Federal Republic
      of Germany.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a slide projector comprising a partitioned
      magazine which is designed to be inserted into the magazine guide path so
      that the in turn, effective ejection side of the magazine is at right
      angles to or generally at right angles to the horizontal film aperture. A
      push rod is designed to engage the individual slides in succession through
      a break in the bottom face opposite the ejection side and to push them
      into the film aperture. The return movement is effected by a return
      element coupled with the push rod.
PAR  Devices of this nature are known in themselves. At the beginning of the
      feed movement, the slide to be moved into the projection position moves
      onto the bearing path of the film aperture immediately after leaving the
      magazine and is moved forward until it reaches the desired position with
      respect to the projection window, in which it is preferably oriented by a
      stop. The critical point in the insertion stage is the moment when the
      front lower edge of the slide is placed on the film aperture. Difficulties
      can easily occur at this stage, especially if the intermediate space
      between the support in the magazine and the support of the film aperture
      is relatively large. The slide can easily tip forward, strike against the
      intake and remain suspended there.
PAR  For this reason, to improve the changing operation, not only has the
      distance in question been reduced as far as possible, but the front edge
      of the film aperture has also been chamfered so as to facilitate insertion
      of the slides. Devices are also known in which the change-over is
      facilitated by the mounting of slide rollers in the slide approach path.
PAR  A device is also known which does not proceed from a magazine having a push
      rod but from a gripping arrangement which solves the problem of assisting
      the insertion of a slide by providing that the entire film aperture is
      designed to be raised and lowered. In this way, when the slides are being
      removed from the magazine, the bearing area of the slide path comes below
      the slide support in the magazine and when the slides are moved back into
      the magazine it comes above the slide support in the magazine so that the
      slide is lifted over the dividing edge each time.
PAR  There is also a change-over device for magazines where the slides are
      closely stacked adjacent to each other and where the side walls of the
      slide container are dimensioned so that the slides project above them and
      on insertion into the projector are placed onto a ledge on the magazine
      guide shaft. However, this ledge is also separated from the actual film
      aperture so that difficulties arise in this case during the feeding of the
      slides.
PAC  SUMMARY OF THE INVENTION
PAR  Having in mind the limitations of the prior art, it is an object of the
      present invention to provide a device which does not require any
      additional structural components and which operates without any movable
      slide and guide elements.
PAR  This object is accomplished in a projector wherein the effective ejection
      side of the magazine is displaced opposite to the side of the image stage
      side of the contained slide and the magazine is provided as considered in
      cross-section, at least in the region of the film aperture, with a step,
      the profile of which is adapted to conform to that of the bearing side of
      the magazine containing a slide.
PAR  In addition, the surface which is situated at a higher level and thus
      suitable for use as a supporting path for the slides before beginning a
      changing operation, possibly even on insertion of the magazine, is
      constructed so that it continues as a film aperture at the same level and
      without an intermediate chamber.
PAR  This ensures that the slide to be moved slides on its path without any
      resistance and without any auxiliary means such as slopes, rollers, or the
      like, at least in the direction of insertion into the projection position.
      The surface of the step which may be used as a supporting path may extend
      over the entire length of the magazine guide shaft. In this way, all the
      slides which project into the guide path when the magazine is inserted
      will simultaneously be moved onto the guide path of the step. The
      remaining slides will do the same as the magazine is moved forward. The
      slides slide along the path over the entire length of the magazine guide
      shaft.
PAR  However, it is also possible to dimension the surface of the step used as a
      supporting path so that it only extends over an area of a few slide
      compartments on both sides of the film aperture. This does not produce any
      feed difficulties as the slides are at the same level in every position.
      However, for safety reasons, it is advisable to provide inclined sections
      at both ends of the face of the step acting as an approach path.
PAR  In addition, to ensure that the slides can be moved without difficulty or
      resistance on being returned from the projection position into the
      magazine, a further feature of the invention provides that the height of
      the step is such that it only projects to a slight extent over the wall
      section of the bearing side of the magazine. In some circumstances, this
      renders the previously mentioned inclined sections particularly necessary.
PAR  It has been found to be particularly advantageous to construct the step, or
      at least its face which is situated at a higher level, integral with the
      film aperture.
PAR  The partitioned magazine, of which the height of the supporting side is
      approximately 1/2 to 2/3 the length of the side of a slide, can also be
      provided with a longitudinal slot, in which control means operate in a
      known way to raise the slide above one of the slide walls to allow
      arbitrary use thereof in a position in which the ejection side is parallel
      to the film aperture. A further advantage is obtained if the ejection side
      is combined in a known manner with a swing-out blocking element which
      prevents the slides from falling out unintentionally.
PAR  The novel action of the horizontal changer of the present invention is
      unknown to the state of the art of partitioned magazines. The present
      invention can also be employed with a trough-like box magazine as well as
      with a drum magazine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  The present invention may best be described by reference to the appended
      drawings, wherein:
PAR  FIG. 1 is a side view in cross-section of a magazine guide shaft of a
      projector with the magazine inserted therein and showing parts of a
      horizontally operative changing device;
PAR  FIGS. 2 and 3 are detailed views of the magazine guide shaft of FIG. 1 in
      cross-section, having different profiles;
PAR  FIG. 4 is a plan view of the guide shaft of FIG. 1 on a smaller scale;
PAR  FIG. 5 is a perspective view of a guide shaft with a raised portion on the
      bottom surface;
PAR  FIG. 6 is a side view in cross-section of a magazine guide shaft with a
      magazine inserted therein and a change device which operates partially
      vertically and partially horizontally;
PAR  FIG. 7 is a side view in partial cross-section of a magazine guide shaft of
      the projector of the present invention with a drum magazine seated
      therein; and
PAR  FIG. 8 is a plan view in partial cross-section of the projector of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With particular reference to FIG. 1 is shown a guide shaft of the projector
      2 provided on its outer wall 3 with an aperture 4 which admits the passage
      of the push rod 5 which is displaceable in the plane of the film aperture
      6. Its return arm 4a is also displaceable in the same plane.
PAR  The bottom face 7 of the magazine guide shaft is constructed in stages. Its
      profile corresponds to the bearing side 8 of the magazine 9 with the
      slides 10 inserted therein. Both the part of the step situated at a lower
      level and the part at a higher level extend over the entire length of the
      guide shaft. The part 10a which is situated at a higher level is also
      integral with the bearing surface of the film aperture 6. The bearing side
      8 of the magazine 9 extends over an area approximately 2/3 the length of
      the side of a slide.
PAR  The slide therefore projects partially from the magazine. In this way, when
      the magazine is inserted into the guide shaft all the slides rest directly
      on the part of the step situated at a higher level. During the feed
      movement of the magazine, the slides slide on the higher part of the step
      and as this connects directly with the bearing face of the film aperture
      the slides are moved in front of the projection window without meeting
      obstacles.
PAR  When the magazine is inserted, its bottom face 12 rests against the outer
      wall 3 of the shaft 1. This is also provided with an aperture 13 for the
      passage of the push rod 5. This aperture 13 also extends into the region
      of the partitioned walls 14. 15a, 15b and 15c designate serrated slats on
      the bottom face 12. Depending on its position, the feed gear 16 engages in
      one of the serrated slats.
PAR  To prevent the slides from falling out unintentionally, on the side
      opposite to the bottom face 12, the magazine is provided with a blocking
      element 17 which may possibly comprise a number of parts. It is adapted to
      pivot about an axis 18, the bearings of which are formed in two outwardly
      projecting bars on the front sides of the magazine. For this purpose, the
      blocking element comprises on its pivot arm an elbow part 20 which
      embraces the slides. The other pivot arm is in the form of a control ledge
      21 which is under the influence of a spring 23 supported in the recess 22.
      In the blocking position, the control ledge projects over the bars 19 and
      is pushed back by the stop face 24 of the magazine guide shaft 1 when the
      magazine is inserted, whereupon the curved part 20 releases the slides for
      displacement as shown in FIG. 1.
PAR  The slides can then slide unimpeded on the bearing surface 11 of the film
      aperture 6. To prevent any obstacle from arising during the return
      movement of the slides into the magazine, the edge 25 is provided with a
      rounded surface 26, as shown in FIG. 2.
PAR  As FIG. 3 illustrates, the thickness of the lateral wall 8a of the magazine
      is smaller than the gradation of the bottom face 7. This makes for the
      smooth passage of the slides from the bearing path 11 back into the
      magazine. This gradation does not produce any disadvantages in the course
      of displacement in the opposite direction as the slides are disposed on
      the higher part of the step when they are inserted into the magazine.
PAR  In the embodiment according to FIG. 5, the bottom face 7a of the guide
      shaft 1 has only a graded incline in the narrowest region of the film
      aperture 26, characterized by the perforated lines. This is in the form of
      a raised portion 27, the top face 28 of which is generally at the level of
      the edges 29 of the slides inserted in the magazine. This face 28
      continues in the form of the film aperture support. To ensure perfect
      placement, two approach slopes 30a, 30b are provided at the transition
      points on both sides. This is not absolutely essential, but increases the
      reliability of the device. The embodiments according to FIGS. 1-4 may also
      be provided with the same arrangement of inclined faces.
PAR  FIG. 6 shows a guide shaft in which the same magazine as shown in FIGS. 1-5
      is inserted not with the open ejection side facing the film apperture, but
      with this side facing upwards. The feed movement of the slides in this
      case is effected in the following way: Firstly, the slides are raised by
      means of the raised portion 31 which has a known construction, and then
      the slide which has been raised above the height of the lateral wall 8 and
      brought into the operational range of the gripper 32 is moved by the
      latter in a transverse direction onto the supporting path 33 of the film
      aperture. As illustrated, a tongue 24 of this supporting path extends over
      the front side of the wall 8 as far as the slides. It is apparent from
      this arrangement that the above-described magazine is also suitable for
      use in projectors having a gripping mechanism.
PAR  The embodiment shown in FIGS. 7 and 8 is concerned with the use of a drum
      magazine and if necessary also with a longitudinal magazine of the
      previously disclosed projector 40 with its optic 41 and slide stage 43
      supported by the portion of the housing 42, whose plane of the changer 44
      is movable. The bearing support 45 of the slide stage 43 projects beyond
      the lateral wall 46 to form a shoulder portion 47 of the magazine changing
      track 48. This is done in such a way that step 49 is formed in profile, so
      that the corner of the slide 50 contained in the drum magazine 51 is
      supported by the shoulder portion 47. The height of the step 49
      corresponds to the thickness of the magazine base 51, on the side of the
      magazine where the slide is ejected.
PAR  Based upon these developments of the magazine guide bearing the slide 50 is
      easily and without difficulty transferred into the slide track 43 and then
      returned into the magazine 51.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination a slide projector with a film aperture in a side thereof
      and a partitioned magazine adapted to accept a slide (10) of a given
      length, said magazine comprising an ejector side positioned at right
      angles to said film aperture, a top wall (19) with means (17) for
      retaining a slide in said magazine and a foreshortened bottom wall (8)
      having a length less than the given length of a slide and defining a
      foreshortened operative bearing on which a first portion of the length of
      the slide bears, said projector having a guide track with a bottom face
      (7) and a face (10a), and said film aperture having a horizontal
      continuous bearing surface integral with said guide track and configured
      to said foreshortened bottom wall, said continuous bearing surface and
      said face (10a) positioned at a higher level than said bottom face for
      supporting a second portion of the length of the slide in said magazine
      and for continuously receiving and transporting the slide through said
      film aperture.
NUM  2.
PAR  2. The combination of claim 1, wherein said continuous bearing surface is
      even with said foreshortened operative bearing.
NUM  3.
PAR  3. The combination of claim 1, wherein said face (10a) extends
      longitudinally over the entire length of said guide track.
NUM  4.
PAR  4. The combination of claim 1, wherein said face (28) extends over an area
      in excess of the thickness of the slide on both sides of said film
      aperture.
NUM  5.
PAR  5. The combination of claim 4, wherein said face (28) has inclined surfaces
      (30a, 30b) at both ends.
NUM  6.
PAR  6. The combination of claim 1, wherein said continuous bearing surface and
      said face is higher than said foreshortened operative bearing.
NUM  7.
PAR  7. The combination of claim 1, wherein said foreshortened operative bearing
      has a length of about 1/2 to 2/3 of the given length of a slide.
NUM  8.
PAR  8. The combination of claim 1, wherein said means for retaining is a
      swing-out blocking element.
NUM  9.
PAR  9. The combination of claim 1, wherein said magazine is a drum magazine.
NUM  10.
PAR  10. The combination of claim 1, wherein said magazine is a longitudinal
      magazine.
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ABST
PAL  There is provided an electrostatic copying apparatus having means for
      delivering a toner material consisting of relatively small particles, a
      portion of which exist in an air suspension, to an image retention surface
      for developing a latent image on the surface, a housing for forming with
      the surface an enclosure for the toner material delivery means, said
      housing and said surface forming an air gap interface therebetween, and
      means positioned near said air gap interface for electrostatically
      precipitating and collecting the toner particles existing in air
      suspension thereby reducing the flow of particles from the housing through
      the interface. The toner particles cascaded over the surface are charged
      to a first polarity opposite to that of the image; the unwanted particles
      in air suspension have charges of both the first polarity and the opposite
      polarity. To attract the oppositely charged particles in air suspension
      the precipitating member, in the form of a roller, is held at a potential
      of the first polarity -- i.e., opposite to the image and the same as the
      cascading particles. The remaining suspended particles, those of the first
      polarity, are repelled by the roller and are attracted by the latent image
      on the surface in the same manner as the cascaded particles.
PARN
PAC  DESCRIPTION OF INVENTION
PAR  This is a continuation of application, Ser. No. 149,674 filed June 3, 1971,
      now abandoned.
BSUM
PAR  This invention relates to copying apparatus. The invention relates more
      particularly to improvements for enhancing image reproduction in an
      electrostatic copying apparatus.
PAR  In a known form of electrostatic copying apparatus, a latent image is
      established electrostatically on an image retention element and is
      developed by passing a toner material over the element. Electrostatic
      forces cause the toner material to adhere to the surface and to conform to
      the image. The image is then transferred to a record medium for recording.
PAR  In one form of image development, the image retention element comprises a
      photoconductive surface which is supported on a surface of a rotating drum
      and a developing material is flowed across the photoconductive element. A
      typical developer material comprises glass carrier particles which are
      generally spherically shaped and toner particles of relatively much
      smaller dimensions which adhere to the carrier particles. The toner
      particles comprise a pigment in a resin binder, the particles generally
      having a diameter in the range of a few microns. This developer material
      is deposited in a hopper from which it is suppled to the photoconductive
      surface by gravity feed. After flowing across the photoconductive surface,
      the developer material is collected in a sump and conveyed to the hopper
      for reuse. In practice, a housing is provided which, along with the
      surface of the rotating drum, encloses the developer components and
      developer material.
PAR  During operation of the apparatus, the developer material is continuously
      flowed across the drum surface and is reconveyed to the hopper thereby
      agitating the developer material. This agitation as well as the periodic
      addition of replenishment material to the sump causes dispersion of the
      minute toner particles and results in a suspension of the particles in the
      air within the housing. An air suspension or cloud of toner particles then
      exists within the developer housing. The moving drum surface, which
      together with the housing forms an enclosure for the developer, creates an
      airflow at an interface between the drum and housing. A portion of the
      suspended toner particles is drawn into the airflow and escapes from the
      housing at the interface. The toner particles which thus escape are
      carried in the air stream around the drum and settle on components of the
      apparatus causing the components to change their characteristics over a
      period of time. The machine contamination resulting from these particles
      contributes to degradation of the reproduced image.
PAR  Accordingly, it is an object of this invention to provide an improved form
      of electrostatic copying apparatus.
PAR  Another object of the invention is to provide an improved electrostatic
      copying apparatus which reduces degradation resulting from the existence
      of a cloud of toner particles.
PAR  Another object of the invention is to provide means in an electrostatic
      copying apparatus for suppressing a cloud of toner particles.
PAR  Still another object of the invention is to provide in an electrostatic
      copying apparatus wherein a cloud of toner particles is created in a
      developer section of the apparatus, a means for precipitating particles
      out of air suspension and for collecting the particles.
PAR  In accordance with features of this invention there is provided in an
      electrostatic copying apparatus having means for delivering a toner
      material to an image retention surface for developing a latent image on
      the surface, a housing for forming with the surface, an enclosure for the
      toner material delivery means, said housing and said surface forming an
      air gap interface therebetween, the toner material consisting of
      relatively small particles, a portion of which exist in an air suspension,
      and which escape from the housing through the interface, the improvement
      comprising means positioned near said air gap interface for
      electrostatically precipitating and collecting the toner particles
      existing in air suspension.
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PAR  These and other objects and features of the invention will become apparent
      by referring to the following description and to the accompanying drawings
      wherein:
PAR  FIG. 1 is a schematic elevation view, partly in section and partly broken
      away, of a typical electrostatic electrophotographic apparatus having a
      toner particle suppression means constructed in accordance with features
      of this invention;
PAR  FIG. 2 is an enlarged view of a developer means and its housing which
      illustrates an embodiment of a toner particle electrostatic precipitating
      arrangement constructed in accordance with features of this invention;
PAR  FIG. 3 is an enlarged view, partly in section and partly broken away, taken
      along line 3--3 of FIG. 2; and
PAR  FIG. 4 illustrates an alternative embodiment of the particle precipitating
      arrangement of FIG. 2 constructed in accordance with features of the
      invention.
DETD
PAR  As shown schematically in FIG. 1, the automatic electrostatic
      electrophotographic reproducing apparatus comprises a photoresponsive
      surface 20, including a photoconductive layer or light receiving surface
      on a conductive backing and formed in the shape of a drum, which is
      mounted on a shaft journaled in a frame to rotate in the direction
      indicated by the arrow to cause the drum surface sequentially to pass a
      plurality of electrophotographic processing stations.
PAR  For the purpose of the present disclosure, the several electrostatic
      electrophotographic processing stations in the path of movement of the
      photoresponsive surface may be described functionally as follows:
PAR  A charging station at which a uniform electrostatic charge is deposited on
      the photoresponsive surface;
PAR  An exposure station at which a light or radiation pattern of copy to be
      reproduced is projected onto the photoresponsive surface to dissipate the
      charge in the exposed area thereof and thereby form a latent electrostatic
      image of the copy to be reproduced;
PAR  A developing station at which a developing material, including toner
      particles having an electrostatic charge opposite to that of the
      electrostatic latent image, is cascaded over the photoresponsive surface
      whereby the toner particles adhere to the electrostatic latent image to
      form a powdered image in the configuration of the copy being reproduced;
PAR  A transfer station at which the powdered image is electrostatically
      transferred from the photoresponsive surface to a transfer material or
      support surface; and,
PAR  A cleaning and discharge station at which the photoresponsive surface is
      brushed to remove residual toner particles remaining thereon after image
      transfer and at which station said surface is exposed to a relatively
      bright light source to effect substantially complete discharge of any
      residual electrostatic charge remaining thereon.
PAR  The charging station is preferably located as indicated by reference
      character A. As shown, the charging arrangement includes a corona charging
      device 21, which includes a corona discharge array of one or more corona
      discharge electrodes that extend transversely across the photoresponsive
      surface and are energized from a high potential source and are enclosed
      within a shielding member.
PAR  Next subsequent thereto in the path of motion of the photoresponsive
      surface is an exposure station B. An optical scanning or projection system
      is provided to project a flowing image onto the photoresponsive surface
      from a stationary original.
PAR  The optical scanning or projection assembly comprises a stationary copy
      board which consists of a transparent platen member 22, such as, for
      example, a glass plate or the like, positiond on the exterior of the
      cabinet which is adapted to support a document to be reproduced, the
      document being uniformly illuminated and arranged in light projecting
      relation to the moving light receiving surface of the electrophotographic
      drum. Uniform lighting is provided by banks of lamps referenced as LMPS
      and which are arranged on opposite sides of the copy board. Scanning of
      the document on the stationary copy board is accomplished by means of a
      mirror assembly, which is oscillated relative to the copy board, in timed
      relation to the movement of the said drum.
PAR  The mirror assembly, which includes an object mirror 23, is mounted below
      the copy holder to reflect an image of the document through a lens 24 onto
      an image mirror 25 which in turn reflects the image onto the drum through
      a slot in a fixed light shield 26 positioned adjacent to the drum surface.
PAR  Adjacent to the exposure station is a developing station C, in which there
      is positioned a developer apparatus 30, including a casing or housing
      having a lower or sump portion for accumulating developer material. A
      bucket type conveyor is used to carry the developing material to the upper
      part of the developer housing where it is cascaded over a hopper chute
      onto the photoresponsive surface to effect development. A toner dispenser
      35 is used to accurately meter toner to the developing material as toner
      particles are consumed during the developing operation.
PAR  Positioned next and adjacent to the developing station is the image
      transfer station D which includes a sheet feeding arrangement adapted to
      feed sheets of support material, such as paper or the like, successively
      to the electrophotographic drum in coordination with the presentation of
      the developed image on the drum surface at the transfer station.
PAR  The sheet feeding mechanism includes a sheet feed device 40 adapted by
      means of vacuum feeders to feed the top sheet of a stack of sheets on a
      tray to rollers 42 which advance the sheets sufficiently to be held by a
      paper transport 44 which, in turn, conveys the sheet to a sheet
      registration device 45 positioned adjacent to the drum. The sheet
      registration device arrests and aligns each individual sheet of material
      and then in timed relation with the movement of the drum advances the
      sheet material into contact with the drum in registration with a
      previously formed powder image on the drum.
PAR  The transfer of the powder image from the drum surface to the sheets of the
      support material is effected by means of the corona transfer device 51
      that is located at or immediately after the line of contact between the
      support material and the rotating drum. In operation, the electrostatic
      field created by the corona transfer device is effective to tack the
      support material electrostatically to the drum surface, whereby the
      support material moves synchronously with the drum while in contact
      therewith. Simultaneously with the tacking action, the electrostatic field
      is effective to attract the toner particles comprising the powder image
      from the drum surface and cause them to adhere electrostatically to the
      surface of the support material.
PAR  Immediately subsequent to the image transfer station, there is positioned a
      stripping apparatus or paper pick-off mechanism 52 for removing the sheets
      of support material from the drum surface. This device, which is to the
      type disclosed in Rutkus et al, U.S. Pat. No. 3,062,536, includes a
      plurality of small diameter orifices supplied with pressurized aeriform
      fluid by a suitable pulsator or other device. The pulsator is adapted to
      force jets of pressurized aeriform fluid through the outlet orifices into
      contact with the surface of the electrophotographic drum slightly in
      advance of the sheet, thereby directing the sheet onto an endless conveyor
      55 whereby the sheet material is carried to a fixing device 60. At the
      fixing device, the transferred powder image on the sheet of support
      material is permanently fixed or fused thereto as by heat. After fusing,
      the reproduction is discharged from the apparatus at a suitable point for
      collection externally of the apparatus by means of the conveyor 65. In the
      embodiment shown the reproductions are discharged from the conveyor 65
      into a receiving tray 61.
PAR  The next and final station in the device is a drum cleaning station E,
      having positioned therein a corona preclean device 66 a drum cleaning
      device 70 adapted to remove any powder remaining on the drum after
      transfer by means of a rotating brush 71, and a discharge lamp referenced
      as LMP-1 adapted to flood the photoresponsive surface with light to cause
      dissipation of any residual electric charge remaining on said surface.
PAR  To remove residual powder from the drum, there is disposed a cylindrical
      brush 71 rotatably mounted on an axle and driven by a motor, not shown.
      For collecting powder particles removed from the drum by the brush, there
      is provided a dust hood 73 that is formed to encompass approximately
      two-thrids of the brush area. To ensure thorough cleaning of the brush, a
      flicking bar 74 is secured to the interior of the dust hood adjacent the
      edge of the outlet duct 75 of the dust hood and in interfering relation
      with the ends of the brush bristles whereby dust particles may be
      dislodged therefrom.
PAR  For removing dust particles from the brush and dust hood, an exhaust duct
      76 is arranged to cover the outlet of the dust hood, the exhaust duct
      being connected at its other end to the wall of a filter box 77 attached
      to the duct hood. A filter bag 78 is secured within the filter box, with
      the mouth of the filter bag in communication with the exhaust duct. A
      motor fan unit referenced as MOT-6 connected to the filter box, produces a
      flow of air through the filter box drawing air through the area
      surrounding the drum and the dust hood, the air entraining powder
      particles removed from the drum by the brush as the air flows through the
      dust hood. Powder particles are separated from the air as it flows through
      the filter bag so that only clean air reaches the motor unit.
PAR  Suitable drive means are provided to drive the drum, rotating mirror and
      sheet feed mechanism at predetermined speeds relative to each other, and
      to effect operation of the bucket-type conveyor and toner dispenser
      mechanism and the other operating mechanisms.
PAR  Though it is believed that the foregoing description is sufficient to show
      the operation of electrostatographic reproducing apparatus, further
      details concerning the specific construction can be found in R. F. Osborne
      et al., U.S. Pat. No. 3,301,126, issued Jan. 31, 1967, and J. E. Cranch et
      al., U.S. Pat. No. 3,303,817, issued Feb. 14, 1967, the pertinent portions
      of which are incorporated herein by reference.
PAR  Turning now to FIG. 2 for a more detailed description of the developing
      means for the apparatus, it is seen that the developer assembly 30
      includes a box-like developer housing having side walls 32 forming in the
      lower portion thereof a reservoir or sump for development material. As
      shown in FIG. 2, the sidewalls 32 are formed with a concave edge portion
      in conformity with the shape of the drum to permit the developer housing
      to be positioned closely adjacent to the drum. An inclined baffle 47 is
      secured to the inside faces of the side walls and extends therebetween to
      limit dust and air currents from circulating within the housing adjacent
      to the surface of the drum.
PAR  A bucket-type conveyor is employed for conveying the developer material
      from the reservoir portion of the developer housing to the upper portion
      of the developer housing from which location it is cascaded over the drum.
      The bucket-type conveyor shown consists of a plurality of parallel spaced
      buckets 41 secured to an endless conveyor belt 53 which engages conveyor
      drive pulley 57 and conveyor idler pulley 59. As the conveyor is operated
      by means of the pulley, the buckets will pick up a charge of developer
      material previously placed in the bottom or sump portion 34 of the casing
      and carry this material toward the discharge point 66. The development
      material is discharged onto a guide plate and in turn is discharged
      against a chute 67 adjustably secured to the inside of the outer shell or
      cover of the casing. A pick up plate 68 is secured in position within the
      developer housing in order to direct developing material that falls from
      the drum toward the sump 34. A lower pick off plate 69 is adjustably
      secured to the shell of the housing directly adjacent the drum. This plate
      is spaced from the surface of the drum by an amount sufficient to permit
      the toner material which adheres to the drum to pass this station without
      interference. The spacing of the plate 69 is generally adjusted to a value
      on the order of .050 inches in order to provide this clearance. An air
      space interface 79 exists between the housing 32 and drum surface 20.
PAR  The continuous agitation of the toner material by the conveyor system as
      well as the periodic replenishment of the material through the toner
      dispenser 35 causes dispersion of the minute toner particles thereby
      resulting in a suspension of these particles in the air within the
      housing. Because of the relative motion of the drum with respect to the
      stationary housing 30, an air stream is established near the surface of
      the drum. The air is swept from the housing at the interface 79 between
      the drum 20 and the plate segment 69. The air which thus flows from the
      housing at this point draws with it the toner particles which are
      suspended in air within the housing. These particles are drawn about the
      surface of the rotating drum and settle on other components of the
      apparatus ultimately contaminating and reducing their proper functioning.
PAR  In accordance with features of the invention, a means 81 is provided for
      electrostatically precipitating and collecting the toner particles in air
      suspension near this interface. FIG. 1 illustrates an embodiment wherein
      the precipitating and collecting means 81 is positioned external to the
      developer enclosure. The means which is shown in greater detail in FIG. 2
      includes an electrode 80 to which a potential is applied from a DC voltage
      source 82. Electrode 80 comprises a metal cylinder formed of stainless
      steel for example and supported on brackets 84 and 86 as illustrated in
      FIG. 3. The cylinder includes support shaft segments which extend through
      electrically insulating bearings 88, 90, and 92 thereby insulating the
      cylinder 80 from ground potential. An electrical insulation block 94 is
      mounted to the bracket 92 for supporting an electrical contact member 96
      which contacts an end surface of the shaft of the cylinder 80. Electrical
      potential is applied to the shaft 80 from the source 82 for establishing
      the desired potential on the electrode. A gear 98 is secured to the shaft
      of cylinder 80 and is driven by a cog belt 98 which is coupled to an
      electric motor 100. As the drum 20 rotates and the air stream carries the
      suspended toner particles through the interface, these particles which
      bear a positive charge will be attracted to and collect on the negatively
      charged cylinder 80. The particles are thus removed from the air stream
      thereby inhibiting their passage about the apparatus and reducing particle
      contamination of the components of the aparatus.
PAR  The toner particles collect on the cylinder 80 and after a period of time a
      thickness of particles will form which will alter the field established by
      the cylinder. In order to avoid this effect, means are provided for
      automatically removing the particles from the cylinder 80 and for
      collecting the same particles. The means for removing the particles
      comprises a scraping means 102 formed of spring metal, for example, and
      which is supported on a rigid electrically insulating body 104 in
      mechanical contact with the surface of the cylinder 80. This mechanical
      contact and the relative motion between the bodies causes the toner
      particles to be removed from the surface of the cylinder and to be
      deposited in a receptacle 106 positioned beneath the cylinder.
PAR  In an exemplary arrangement of the embodiment illustrated in FIG. 2, which
      is not to be construed as limiting the invention in any manner whatsoever,
      the electrode 80 is formed of a 1/2 inch diameter stainless steel cylinder
      to which was applied a D.C. potential in range of -2,000 to -4,000 volts
      D.C. The cylinder is spaced from the surface of the drum 20 by a distance
      of .100 inch at a location between the paper idle roller 108 of FIG. 1 and
      the housing 30 and near the interface 79. Cylinder rotation speeds of 16,
      32, 64 and 128 rpm are employed to give satisfactory operating results in
      the removal of positive charged toner material.
PAR  FIG. 4 illustrates an alternative embodiment of the toner material
      precipitating and collecting arrangement of this invention. In the
      embodiment of FIG. 4, the electrostatic precipitating means is positioned
      within the housing 32 near the interface 79 between the drum and the
      housing plate 69. In FIG. 4, those elements which perform similar
      functions as those described with respect to FIG. 2 bear the same
      reference numerals. In the arrangement of FIG. 4, for purposes of
      simplification the mechanical mounting means and drive means are not
      illustrated in detail. It is understood however that such cylinder
      mounting brackets as described with respect to FIG. 3 can be positioned
      within the housing 32. Furthermore the cylinder 80 is driven from the
      conveyor drive shaft 62 and the gearing between the shaft 62 and cylinder
      80 is adjusted in order to provide the desired cylinder rpm. Electrical
      potential is applied to the housing wall through an insulating feed
      through 108. Operation of this embodiment of the invention is the same in
      all other respects and access to the precipitating and toner collector
      components is provided by means of doors not illustrated, formed in the
      side wall of the housing 32.
PAR  In a further embodiment of the invention, the roller precipitating device
      forms with the drum surface an air gap. The scraping means for the
      rotating cylinder will comprise the closure for the housing with only the
      air gap between the roller and drum then remaining.
PAR  The embodiments of FIGS. 2, 3 and 4 have been described with respect to
      toner particles from a cascaded stream of originally negatively charged
      toner particles forming a cloud in which toner particles exhibit a
      positive charge and are thereby attracted to the negatively charged
      electrode 80. These conditions will exist when the latent image being
      developed exhibits a positive charge and attracts to the surface of the
      drum negatively charged particles. Those toner particles remaining in air
      suspension will be generally positively charged and will be attracted to
      the cylinder 80 by negative potential established thereon. It will be
      apparent that when an opposite polarity of charge exists for the latent
      image, then the toner particles in air suspension will be negatively
      charged and the potential applied to the electrode 80 will be positive in
      order to precipitate the toner particles in air suspension.
PAR  Thus a relatively simple and non-complex arrangement has been described for
      substantially enhancing the operation of an electrostatic copying
      apparatus of the type wherein toner particles in air suspension are swept
      from a housing about the apparatus.
PAR  While I have illustrated and described particular embodiments of my
      invention, it will be understood that various modifications may be made
      therein without departing from the spirit of the invention and the scope
      of appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrostatic processor including a movable member having a
      photosensitive surface for carrying latent electrostatic images and an
      electrically conductive backing for said surface, and a developer housing
      having means for delivering a developer containing carrier particles and
      toner particles to said surface to develop said images; said housing and
      surface being separated by an air-gap interface permitting free movement
      of said member but otherwise forming an enclosure for said toner delivery
      means; the improvement comprising precipitator means for suppressing
      electrically charged airborne toner particles proximate said interface;
      said precipitator means including
PA1  an electrode mounted adjacent said interface, means for electrically
      insulating said electrode from ground, means for applying an electrical
      potential to said electrode having a polarity opposite to the polarity of
      said image on said surface and for creating an electrostatic field between
      said electrode and said backing for urging toner particles of one polarity
      toward said surface and for attracting toner particles of the opposite
      polarity to said electrode, and means adjacent said electrode for
      continuously removing toner particles therefrom.
NUM  2.
PAR  2. The electrostatic processor of claim 1 wherein said electrode is a
      rotatable member positioned within said enclosure immediately adjacent
      said air gap interface and extends coextensively with said air gap
      interface.
NUM  3.
PAR  3. The electrostatic processor of claim 2, wherein said rotatable member is
      a cylinder, and said means for removing toner particles includes a member
      in mechanical contact with said cylinder.
NUM  4.
PAR  4. The electrostatic processor of claim 1 wherein said electrode is a
      rotatable member positioned outside said enclosure immediately adjacent
      said air gap interface and extends coextensively with said air gap
      interface.
NUM  5.
PAR  5. The electrostatic processor of claim 4, wherein said rotatable member is
      a cylinder, and said means for removing toner particles includes a member
      in mechanical contact with said cylinder.
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PAL  An electrophotographic system is described in which a photoconductive ion
      modulator screen is used in conjunction with an anodized aluminum
      dielectric imaging surface. This combination enables the steps of image
      transfer and fixing to be carried out simultaneously without destroying
      the latent image produced on the dielectric imaging surface.
PAL  A duplex anodized aluminum coating is prepared by forming a porous aluminum
      oxide layer by electrolytically oxidizing an aluminum surface and
      thereafter continuing the electrolytic oxidation under conditions which
      produce a barrier type aluminum oxide layer. The resulting duplex anodized
      aluminum coating containing both porous type aluminum oxide and barrier
      type aluminum oxide is used as the dielectric imaging surface in this
      electrophotographic system.
PARN
PAR  This is a division of application Ser. No. 467,391 filed May 6, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrophotographic reproduction systems and in
      particular to an electrophotographic process and apparatus in which an
      image is transferred from a novel dielectric surface to a receiving
      surface such as plain paper.
PAR  Electrophotographic processes are well known with many ramifications having
      been disclosed since the earliest disclosure thereof by Chester F. Carlson
      in U.S. Pat. No. 2,297,691. In that patent a photoconductive insulating
      material such as sulfur, anthracene, anthraquinone or selenium was
      utilized as the imaging surface. Since then various other types of
      photoconductors have been disclosed. Inorganic crystalline photoconductive
      compounds such as zinc oxide, used in an insulating organic resin binder,
      were disclosed in U.S. Pat. No. 3,121,006 to Arthur E. Middleton and
      Donald C. Reynolds. Various organic photoconductors have also been
      described as imaging surfaces. Polyvinylcarbazole is described as a
      photoconductor in U.S. Pat. No. 3,037,861 to H. Hoegl, O. Sus and W.
      Neugebauer. Other organic photoconductors which are known for this purpose
      include the polyvinylbenzocarbazoles disclosed in U.S. Pat. No. 3,751,246
      to Helen C. Printy and Evan S. Baltazzi and the polyiodobenzocarbazoles
      described in U.S. Pat. No. 3,764,316 to Earl E. Dailey, Jerry M. Barton,
      Ralph L. Minnis and Evan S. Baltazzi, both assigned to the same assignee
      as this invention.
PAR  Other classes of organic photoconductors are the benzofluorenes and
      dibenzofluorenes described in U.S. Pat. No. 3,614,412 to William J. Hessel
      and the cumulenes described in U.S. Pat. No. 3,674,473 to Robert G.
      Blanchette also assigned to the same assignee as this invention.
PAR  The organic photoconductors are generally utilized in conjunction with a
      suitable sensitizer to extend the spectral range of the photoconductor.
      Dyes may be used for this purpose. Another class of materials which are
      widely used are the pi-acids. Representative of these compounds are the
      oxazolone and butenolide derivatives of fluorenone, described in U.S. Pat.
      No. 3,556,785 to Evan S. Baltazzi, the dicyanomethylene substituted
      fluorenes, described in U.S. Pat. No. 3,752,668 to Evan S. Baltazzi and
      the bianthrones described in U.S. Pat. No. 3,615,411 to William J. Hessel,
      all assigned to the same assignee as this invention.
PAR  Prior art electrophotographic processes in general consisted of uniformly
      charging a photoconductor electrostatically in the dark, exposing the
      uniformly charged photoconductor to a pattern of light and shadow
      corresponding to the image to be reproduced, whereby the photoconductor
      was selectively discharged in the light-struck areas, contacting the
      resulting latent electrostatic image with a contrasting colored dielectric
      powdered material known as a toner to develop the image and either
      permanently fixing the toned image to the photoconductive surface or
      transferring it to a suitable receiving material such as a sheet of paper
      and thereafter permanently fixing the visible image to such receiving
      material.
PAR  Instead of uniformly charging a photoconductive surface with an
      electrostatic charge, use has been made of a conductive grid or screen
      upon which is deposited a layer of photoconductor which itself is
      photoconductive and acts as an ion modulating device. The photoconductive
      screen is first uniformly charged and then exposed to the image to be
      reproduced so as to produce a latent electrostatic image thereupon. A
      stream of ions impinged upon the screen is modulated by the latent
      electrostatic image thereon so that a latent electrostatic image
      comparable to that on the screen is formed upon a dielectric imaging
      surface placed in the path of the ion stream. The resulting latent
      electrostatic image is then developed upon the imaging surface,
      transferred to a sheet of paper or other receiving material and then
      permanently fixed thereto. The use of such screens is described, for
      example, in U.S. Pat. No. 3,220,324 to Christopher Snelling.
PAR  The various prior art processes disclosed above have certain disadvantages.
      For example, where it is necessary to transfer a toned image from a
      photoconductive surface to a receiving material, such as a sheet of plain
      paper, it is necessary to use a corona discharge in order to accomplish
      the transfer. The primary disadvantage of using corona transfer is that
      the corona discharge destroys the usefulness of the latent image which
      must therefore be reformed for each copy. In addition in such processes
      the transferred image must be fixed following transfer, usually by means
      of heat or pressure. These shortcomings add process steps which put an
      upper limit on copying speed. Where the image is fixed upon the
      photoconductive surface itself, it is also necessary to use as the
      photoconductive surface a costly, specially formulated material such as
      zinc oxide coated paper rather than plain paper.
PAC  OBJECTS
PAR  It is a principal object of this invention to provide a electrophotographic
      reproduction system in which transfer of a toned image to a receiving
      material and fixing of the image are accomplished simultaneously.
PAR  Another object of this invention is to provide an electrophotographic
      duplicating system which is capable of producing a number of copies
      without re-imaging the original after production of the first and
      successive copies.
PAR  Another object of this invention is to provide a system for
      electrophotographic copying which is equipped with a dielectric surface
      which is hard and resistant to wear and which can be used for pressure
      fixing of a toned image.
PAR  Another object of this invention is to provide a dielectric surface which
      is capable of accepting an electrostatic charge of a relatively high
      potential and retaining the charge throughout the reproduction of a large
      number of copies.
PAR  Other objects and advantages of this invention will become apparent from
      the following detailed disclosure and description.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that the combination of a photoconductive ion modulator
      and a duplex anodized aluminum dielectric imaging surface comprising both
      barrier type aluminum oxide and porous aluminum oxide can be used to
      achieve the above noted objects. Such duplex anodized aluminum layers can
      be made as thick as desired resulting in a sufficiently low capacitance to
      enable the dielectric surface to hold a relatively high potential, for
      example, one in the range of about from 500 volts to 1,000 volts.
      Thicknesses of about from 0.5 micron to 20 microns are preferred. Use of
      this combination results in a system which is capable of simultaneous
      transfer of a toned image from the dielectric imaging surface to plain
      paper and pressure fixing of the image thereon. Since the latent
      electrostatic image persists upon the dielectric surface after transfer it
      is unnecessary to re-image the original or reproduce the latent
      electrostatic image upon the dielectric surface from the ion screen
      modulator between successive copies which can be made by merely toning the
      dielectric surface each time a copy is desired.
PAR  Use of the system of this invention results in a simpler and faster process
      for a number of reasons. In the first place use of a thick dielectric
      layer results in a process exhibiting a faster imaging speed than has
      previously been realizable. In addition, obviating the need for creating
      the latent electrostatic image anew for each copy of the same original
      effects a higher speed process.
PAR  Other advantages in this system are that the dielectric surface is durable
      and wear resistant. This durability permits the use of sufficient pressure
      to achieve simultaneous transfer and fixing of the toned image. Since
      corona discharge is not used in transferring the image, the integrity of
      the latent electrostatic image upon the duplex anodized aluminum
      dielectric surface is retained and the image can be retoned, transferred
      and fixed many times without re-imaging.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic view of an apparatus embodying the general
      features of this invention.
PAR  FIG. 2 is a diagrammatic view of a specific embodiment of this invention.
PAR  FIG. 3 is a diagrammatic cross-sectional view of an anodized aluminum
      surface such as used in this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 an imaging unit 10 to be described hereafter in greater
      detail is positioned adjacent a drum 11. Downstream of imaging unit 10
      adjacent to the drum 11 is positioned developing unit 12. Receiving
      material 13 is fed from supply roll 14 between drum 11 and pressure roll
      15.
PAR  Imaging unit 10 functions to provide a latent electrostatic image upon the
      surface of drum 11 corresponding to an original which is to be reproduced.
      Drum 11 is rotated so that the resulting latent electrostatic image is
      advanced to developing unit 12 for development of the latent electrostatic
      image. Developing unit 12 may be any conventional type of developing
      device such as a cascade, powder cloud or magnetic brush developing
      device. The resulting developed image is then transferred from drum 11 to
      receiving material 13, which may be, for example, plain paper, by passing
      receiving material 13 between the surfaces of drum 11 and pressure roll
      15. Simultaneous transfer and fixing of the developed image is achieved in
      this step since pressure roll 15 exerts sufficient pressure against the
      surface of drum 11 to both transfer the developed image from the surface
      of drum 11 to receiving material 13 and fix the image thereon.
PAR  In FIG. 2 a specific embodiment of this invention is shown illustrating in
      some detail the various components used therein. In this embodiment
      imaging unit 10 includes ion modulator screen 20 which comprises a
      conductive screen and a coating thereon of a photoconductor. Screen 20 has
      imparted to it a uniform electrostatic charge in the dark by means of
      corona electrode 21 provided with high voltage source 22 and grounded
      shield 23. After the charging of the photoconductive layer of ion
      modulator screen 20 has been completed, the corona is shut off and
      original 24 to be reproduced is illuminated by means of lamps 25 whereby a
      pattern of light and shadow corresponding to original 24 is focussed upon
      ion modulator screen 20 by means of lens 26 resulting in selectively
      discharging those areas of the ion modulator screen corresponding to the
      light areas in the original. Corona electrode 21 is then turned on again,
      drum 11 is rotated and an ion stream is caused to impinge upon ion
      modulator screen 20 resulting in the passage through the screen and mask
      27 of ions in a pattern corresponding to the original 24 and the formation
      of a latent electrostatic image upon the anodized aluminum dielectric
      surface of drum 11. Corona electrode 21 is then turned off and as drum 11
      rotates the surface which carries the latent electrostatic image is moved
      into position adjacent developing unit 12 which includes magnetic brush
      28. Toner particles 29 are applied by means of magnetic brush 28 and
      caused to adhere to the dielectric surface of drum 11 in a pattern
      corresponding to the original 24. As drum 11 continues to rotate the toned
      image held upon its surface by electrostatic charges is compressed between
      pressure roll 15 and drum 11 and transferred to receiving material 13,
      most suitably plain paper, which is fed from supply roll 14 to the nip
      between drum 11 and pressure roll 15. Contact between drum 11 and pressure
      roll 15 is made under pressure so that the toner carried by drum 11 in the
      form of a toned image is simultaneously transferred to receiving material
      13 and permanently fixed thereon, as depicted at 30.
PAR  Due to the rotation of drum 11 beneath mask 27 the area subjected to
      imaging at any given time is made to approximate a flat surface.
PAR  If the machine described above is to be used for producing a single copy,
      the latent electrostatic image which is retained upon drum 11 following
      transfer and fixing can be easily removed by exposure to a stream of high
      humidity air as shown at 31 or by discharging with a suitable A.C. corona,
      not shown.
PAR  Where, however, more than one copy is desired the latent electrostatic
      image remaining upon the anodized aluminum surface of drum 11 following
      transfer of the toned image to receiving material 13 is rotated past
      imaging unit 10, which is shut off, to magnetic brush 28 for retoning and
      then to pressure roll 15 for transfer and fixing of the developed image as
      before. The foregoing cycle is repeated as many times as desired depending
      upon the number of copies which are to be made. Since the anodized
      aluminum surface of drum 11 is capable of retaining the latent
      electrostatic image for an extended period of time it is possible to make
      a large number of copies by this method. In this mode the machine
      functions as an electrostatic duplicator. Following the last transfer,
      that is, the production of the last copy desired in a given run, the
      latent electrostatic image remaining upon the anodized aluminum surface of
      drum 11 is removed as described above and the surface of drum 11 is ready
      for re-imaging to reproduce a different original.
PAR  As shown in FIG. 3 drum 11 consists of anodized aluminum layer 40 overlying
      aluminum substrate 41. The anodized aluminum layer 40 is of a duplex type
      which contains both barrier type aluminum oxide, which functions as a
      dielectric and porous type aluminum oxide which functions as a conductor.
      Since the thickness of porous type aluminum oxide which can be produced
      can be as much as about 10,000 times the thickness of barrier type
      aluminum oxide it is readily apparent that significantly greater
      thicknesses of anodized aluminum can be produced by using a duplex type
      anodization than if the barrier type aluminum oxide, which is necessary
      for the anodized layer to act as a dielectric, is used by itself. As
      pointed out above this results in low capacitance and enables charging the
      dielectric to a relatively high potential.
PAR  In order to provide the duplex layers described above an aluminum surface
      is subjected to a first electrolytic oxidation in which a layer of porous
      type aluminum oxide is formed. After the desired thickness of porous
      aluminum oxide is produced the resulting anodized aluminum surface is
      subjected to further electrolytic oxidation under conditions to produce
      barrier type aluminum oxide. It is not known whether the barrier aluminum
      oxide forms upon the surface of the porous aluminum oxide, at the
      interface between the aluminum and the porous aluminum oxide or in the
      pores of the porous aluminum oxide. In any event the desired dielectric
      character results.
PAR  The porous aluminum oxide layer is readily formed upon an aluminum surface
      by means of an electrolytic oxidation utilizing an electrolyte comprising
      a strong acid, for example, sulfuric acid, phosphoric acid, chromic acid,
      oxalic acid or sulfamic acid or a mixture of acids. Dilute solutions of
      the acid appear to be most effective in producing layers of the desired
      thickness although concentrated acids may be used as well. The electrical
      potential required for anodizing varies with the conditions of
      anodization. In general, potentials of about from 50 volts to 500 volts
      may be used. A potential at the lower end of the range, for instance, from
      about 50 volts to 200 volts is preferred.
PAR  Temperatures in the room temperature range are preferred for the sake of
      convenience. The range of about from 20.degree. to 25.degree.C has been
      found satisfactory. The time necessary to provide the desired thickness of
      porous type aluminum oxide varies from a few minutes to several hours.
      Times in the range of about from 10 minutes to 2 hours have been found
      eminently satisfactory for this purpose.
PAR  Following the formation of the desired thickness of porous type aluminum
      oxide the electrolytic oxidation is continued using as electrolyte a bath
      which causes the formation of barrier type aluminum oxide, namely, a
      buffered acidic electrolyte.
PAR  In providing the requisite barrier type aluminum oxide the pH of the
      electrolyte should be buffered in the range of about from pH 6 to pH 9.
      Electrolytes in the range of from about pH 7 to pH 9 are preferred. Acids
      which may be used as electrolytes include such weak acids as citric acid,
      malic acid, glycolic acid and boric acid. In the case of boric acid baths
      an aqueous solution of a mixture of boric acid and borax can be used to
      provide the requisite buffered electrolyte. Such electrolyte can also
      include materials such as ethylene glycol which facilitate the formation
      of the barrier type aluminum oxide. The potential of the electrolytic cell
      in which the aluminum substrate is anodized should be controlled within
      the range of about from 100 volts to 700 volts. A voltage in the range of
      from about 200 volts to 400 volts is preferred. Using baths and potentials
      as above indicated a thickness of about from 5,000 angstroms to 10,000
      angstroms of barrier type aluminum oxide can be obtained in a reasonable
      period of time. A convenient rule of thumb is that about 14 angstroms per
      volt is obtained utilizing the electrolytes described above.
PAR  Anodizing temperatures in the room temperature range are preferred with
      satisfactory results being obtained using temperatures in the range of
      about from 20.degree. to 25.degree.C. The time necessary to provide the
      necessary barrier type aluminum oxide can vary from a few minutes to
      several hours. In general, it is found that about from 30 minutes to 2
      hours is a range which provides satisfactory results. The utilization of
      diols or triols in the acid electrolytic baths is believed to facilitate
      the electrolytic oxidation by increasing the acidity of the bath without
      increasing the solvency of the bath for aluminum or aluminum oxide.
      Presumably, some sort of complex formation involving the acid and diol or
      triol is involved.
PAR  In order to achieve the results of simultaneous transferring and fixing of
      the toned image in this invention, it is necessary that a minimum pressure
      be exerted upon the receiving material which is passed between the
      anodized aluminum dielectric imaging surface and the pressure roll. It has
      been found that pressures in the range of about from 200 to 300 pounds per
      linear inch are effective for this purpose. These pressures can be
      achieved using a pressure roll of the type commonly used in pressure
      fixing in electrostatic copying machines. One type of such roll is a nylon
      covered steel roll which has the advantage over a plain steel roll that it
      is somewhat resilient.
PAR  For the pressure fixing of toned images it is desirable to use a toner in
      the developing system which is particularly adaptable to pressure fixing.
      A variety of toners of this kind are well known such as those described in
      U.S. Pat. No. 3,764,538 to Loren E. Shelffo and U.S. Pat. No. 3,775,326 to
      Virgil W. Westdale both assigned to the same assignee as this invention.
      It should be understood, of course, that various other toners are likewise
      useable in carrying out the process of this invention.
PAR  This invention will be better understood by reference to the following
      examples which are given for the purpose of illustration and are not
      intended to unduly limit the invention herein which is defined in the
      claims appended hereto.
PAC  EXAMPLE 1
PAR  A sample of aluminum sheet stock 8.5 .times. 8.5 cm. and 0.081 cm. thick
      was pre-cleaned 5 minutes in a bath having the following composition:
     Phosphoric Acid   20 milliliters                                          
     (H.sub.3 PO.sub.4)                                                        
     Nitric Acid       30 milliliters                                          
     (HNO.sub.3)                                                               
     Water, deionized  1 liter                                                 
PAL  The resulting acid etched sample was then washed with deionized water and
      methanol and air dried. The sample was then suspended to a total anodizing
      area of 120 cm.sup.2 in a bath of the following composition:
TBL  Sulfuric Acid     90 grams                                                
     (H.sub.2 SO.sub.4)                                                        
     Water, deionized  1 liter                                                 
PAR  The bath was maintained at a temperature of 20.degree.C.
PAR  The aluminum sample was made the anode by connecting it to the positive
      terminal of a 0 - 100 volt D.C. power source. The negative terminal was
      connected to dual 9.5 .times. 17.5 cm. stainless steel cathodes suspended
      in the bath parallel to the aluminum anode. Moderate stirring was provided
      with a magnetic stirrer. A current of 1 ampere was produced and the
      electrolytic oxidation continued for 30 minutes. Then the anodized
      aluminum sample was removed and transferred to a bath of the following
      composition:
TBL  Boric Acid           90 grams                                             
     (H.sub.3 BO.sub.3)                                                        
     Sodium Tetraborate (Borax)                                                
                           5.6 grams                                           
     (Na.sub.2 B.sub.4 O.sub.7 . 5 H.sub.2 O)                                  
     Water, deionized      1 liter                                             
PAR  A high voltage power supply giving 0 - 400 volts at a maximum current of
      150 milliamperes was then connected with the same polarities and the
      voltage was adjusted to maintain the limit of current. After about 30 to
      40 minutes the maximum supply voltage was attained at a current of
      approximately 10 - 20 milliamperes. The sample was then removed from the
      bath, rinsed in tap water and oven dried at 150.degree.C for 30 minutes.
      The total thickness of the anodized layer was 8.5 microns (85,000
      angstroms).
PAR  A latent image was projected onto the resulting duplex anodized aluminum
      surface by passing ions from a corona wire connected to the negative
      terminal of a 6,000 volt D.C. power supply through a 200 mesh stainless
      steel screen onto the anodized aluminum surface. The screen was connected
      to the negative terminal of a 15,000 volt D.C. power supply and the
      aluminum on which the anodized aluminum layer had been deposited was
      connected to the positive terminal of the power supply. The ion stream
      from the corona wire was image-wise modulated by means of a silk-screen
      emulsion of a resolution target bonded to the downstream side of the
      screen.
PAR  The latent image which resulted was toned by hand using a magnetic brush
      and the resulting image was found to have excellent resolution with very
      little background.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated using a 15 minute electrolytic
      oxidation in the first bath and as the second bath an electrolytic bath of
      the following composition:
TBL  Boric Acid         70 grams                                               
     Ethylene Glycol   500 grams                                               
     Water, deionized  500 grams                                               
     Ammonium hydroxide                                                        
                       (to adjust bath                                         
                       to pH 7.2)                                              
PAR  The results obtained using this bath were comparable to those observed in
      Example 1 except that the thickness of the anodized aluminum layer was 4.9
      microns (49,000 angstroms).
PAC  EXAMPLE 3
PAR  A drum provided with the anodized aluminum surface produced by means of the
      electrolytic oxidation described in Example 1 was substituted for the
      imaging drum in a commercial electrophotographic copier, the
      Addressograph-Multigraph Model 5000, and was found to successfully
      transfer and fix a commercially available pressure fusible toner to plain
      paper.
PAC  EXAMPLE 4
PAR  The procedure of Example 2 was followed using as the first electrolyte a
      solution having the following composition:
TBL  Formic Acid        55 grams                                               
     Oxalic Acid        80 grams                                               
     Water, deionized    1 liter                                               
PAR  A current of 50 milliamperes was maintained for 30 minutes resulting in a
      porous type anodized aluminum layer 0.32 micron (3200 angstroms) thick.
      The total thickness of the anodized aluminum layer after treatment in both
      electrolytic baths was 0.75 micron (7500 angstroms).
PAC  EXAMPLE 5
PAR  The procedure of Example 4 was followed except that a current of 50
      milliamperes was maintained in the oxalic/formic acid bath for a period of
      1 hour resulting in a porous type anodized aluminum layer 0.75 micron
      (7500 angstroms) thick. The final thickness of the anodized aluminum layer
      following treatment in both electrolytes was 1.07 microns (10,700
      angstroms).
PAC  EXAMPLE 6
PAR  The procedure of Example 2 was followed using as the first electrolyte a
      solution having the following composition:
TBL  Oxalic Acid           80 grams                                            
     Potassium hydrogen sulfate                                                
                          100 grams                                            
     (KHSO.sub.4)                                                              
     Water, deionized      1 liter                                             
PAR  THe bath was of an acidity of pH 0.75. A current of 50 milliamperes was
      maintained for 15 minutes resulting in a porous type anodized aluminum
      layer 1.35 microns (13,500 angstroms) thick. The total thickness of the
      anodized aluminum layer after treatment in both electrolytic baths was 2.9
      microns (29,000 angstroms).
PAC  EXAMPLE 7
PAR  The procedure of Example 6 was followed except that a current of 50
      milliamperes was maintained for 30 minutes resulting in a thickness of
      porous type anodized aluminum layer of 0.83 micron (8300 angstroms) and a
      total thickness after both anodizations of 1.91 microns (19,100
      angstroms).
PAC  EXAMPLE 8
PAR  The procedure of Example 2 was followed maintaining a current of 1 ampere
      for 1 hour in the first bath and a potential of 200 volts in the second
      bath. The total thickness of anodized aluminum layer was 16.7 microns
      (167,000 angstroms).
PAC  EXAMPLE 9
PAR  The anodized aluminum sample prepared in Example 8 was placed on a support
      2 inches below a two-wire negative corona source of 6000 volts and charged
      for 2 minutes. Immediately following the charging the sample was placed
      under a Monroe probe head for 4 seconds with the initial maximum voltage
      being recorded. The maximum voltage to which the sample was charged was
      620 volts.
PAR  Although specific embodiments of the instant invention have been described
      for the purpose of illustration, it should be readily apparent that other
      embodiments may be devised using the system described in the foregoing
      description.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrophotographic reproduction apparatus which comprises
PA1  a photoconductive ion modulator,
PA1  means for imparting a uniform electrostatic charge to said modulator,
PA1  means for exposing said modulator to a pattern of light and shadow
      corresponding to an original image to be reproduced, thereby selectively
      discharging said modulator and producing a latent electrostatic image
      thereon,
PA1  means for causing an ion stream to impinge upon said modulator carrying
      said latent electrostatic image,
PA1  dielectric means to receive ions passed through said modulator in a pattern
      corresponding to said latent electrostatic image,
PA1  means for developing the resulting latent electrostatic image upon said
      dielectric means, and
PA1  means for simultaneously transferring the resulting developed image from
      said dielectric means to a receiving material and fixing said image
      thereon without destroying the latent electrostatic image upon said
      dielectric means,
PA1  said dielectric means comprising a duplex anodized aluminum dielectric
      surface comprising both barrier type aluminum oxide and porous type
      aluminum oxide on aluminum.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein the thickness of said duplex
      anodized aluminum dielectric surface is about from 0.5 micron to 20
      microns.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said modulator is an ion
      modulator screen.
NUM  4.
PAR  4. An apparatus according to claim 1 wherein said modulator is a conductive
      screen coated with a photoconductor.
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ABST
PAL  A thin insulative film is applied to be in direct contact with a surface
      carrying an electrostatic image which has a potential sufficient for
      adherence by induction of toner to the insulative film but insufficient to
      discharge when in contact with or upon separation of the toned insulative
      film. When the surface is photoconductive, it is exposed before or after
      contact with the insulative film to a pattern of discharging radiation to
      form an electrostatic image thereon. As one form of image development,
      toner is applied to the insulative film while in direct contact with the
      imaged surface. Thereafter, the toner image may be transferred to a
      support member. Toning and toner transfer is repeated without further
      charge and without further exposure.
PARN
PAR  This is a division of application Ser. No. 215,873, filed Jan. 6, 1972, now
      U.S. Pat. No. 3,820,985.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The fields of art to which the invention pertains include the field of
      image forming processes and apparatus, more particularly processes and
      apparatus for electrostatic and inductive reproduction, and the fields of
      copying and duplicating in general.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In a typical xerographic method for reproduction, electric charges are
      sprayed onto a photoconductive surface by means of a corona discharge.
      Following establishment of a uniform charge on the photoconductive
      surface, an image to be reproduced is formed by exposing the charged
      surface to a pattern of radiation to selectively discharge areas of the
      photoconductive surface thereby forming an electrostatic latent image.
      Thereafter, toner, which may be in the form of electrostatic powder, is
      applied directly to the photoconductive surface and adheres in the image
      regions through electrostatic attraction. The toner image is thereafter
      transferred from the photoconductive surface to a sheet of suitable
      material, such as paper, and fused thereto.
PAR  Apparatus utilizing the above image forming technique requires that the
      photoconductive layer be specially prepared to resist the abrasive effects
      of exposure to toner powder and operations associated with the
      application, transfer of the toner powder and removal of residual unwanted
      toner. These effects limit the useful life of the photoconductive medium
      and gradually degrade copy image quality. Furthermore, such machines do
      not produce multiple copies from a single exposure and particularly cannot
      produce multiple copies bearing two or more different colors.
PAR  Efforts to eliminate some of these drawbacks can be illustrated by
      reference to prior patents. For example, Dessauer U.S. Pat. No. 3,013,878
      discloses the use of a flexible transfer material in the form of a
      continuous belt of insulating material applied to the surface of a
      photoconductive drum. The belt is uniformly charged and image-wise
      discharged so that an electrostatic image is formed on its surface.
      Thereafter, the belt is toned, separated from the drum and the toner image
      is transferred to a support sheet. The belt continues onto the
      photoconductive drum surface where it is again charged and selectively
      discharged for the production of further copies. Since the belt carries an
      electrostatic surface charge, only a single copy from a single exposure is
      possible.
PAR  Methods for preservation of the electrostatic image have been previously
      described, e.g., see "Xerography and Related Processes" by Dessauer and
      Clark, particularly section 14.4 relating to "Special Forms of
      Electrostatic Transfer" disclosing the use of a backing electrode for the
      copy paper as it is stripped from the photoconductive surface. Walkup U.S.
      Pat. No. 3,251,706 discloses an electrostatic process in which a copy
      sheet or web is applied to a photoconductive surface after formation of an
      electrostatic image thereon. Toner is applied to the copy sheet and, after
      the sheet is removed from the photoconductive surface, the toner is fused
      to the sheet. The photoconductive surface retains the xerographic
      electrostatic latent image. If paper is utilized for the final copy, it
      has sufficient lateral conductivity to cause image spread resulting in low
      quality reproduction. To overcome this drawback the patentees advocate
      maintaining a small spacing between the paper and the electrostatic image
      surface which, however, results in a decrease in density and resolution
      unacceptable by current standards.
PAR  The prior art has also appreciated that the surface of a photoconductive
      member can be protected by an insulating film, e.g., Butterfield U.S. Pat.
      No. 2,693,416, and various prior patents have disclosed the use of an
      insulative film integrally bound to a photoconductive surface, e.g.,
      Schlein et al. U.S. Pat. No. 3,537,786 and Walkup U.S. Pat. No. 2,934,649.
      In Schlein et al., the patentees recognized the deficiencies of
      xerographic processes and utilized as the latent image storage means a
      medium capable of being internally polarized and which relies on the
      phenomenon known as "Persistent Internal Polarization." Other patents of
      interest herein include U.S. Pat. Nos. 62,044, 1,552,788, 1,706,182,
      1,723,206, 1,784,912, 1,956,820, 2,221,776, 2,297,691, 2,357,809,
      2,368,648, 2,618,551, 2,618,552, 2,624,652, 2,633,796, 2,732,775,
      2,756,676, 2,811,465, 2,812,709, 2,825,814, 2,833,648, 2,975,052,
      3,084,061, 3,128,683, 3,234,019, 3,254,998, 3,355,289, 3,429,701,
      3,438,772 and 3,458,310.
PAR  The present invention provides an electrostatic process which overcomes the
      foregoing drawbacks and which enables the production of a plurality of
      copies on "plain" copy paper. The process also permits the production of
      full color reproduction in which two, three or more toner colors are
      overlayed onto a single copy sheet. Inexpensive photoconductive materials
      can be used, such as zinc oxide, as well as the traditional selenium or
      cadmium sulfide surfaces. In certain embodiments an insulative,
      non-photoconductive surface may be used. Importantly, the image carrying
      surface is completely protected from the abrasive effects of toner
      application and therefore has an extremely long lifetime. In broader
      terms, any means for developing the image such as differential melting,
      dimpling by heat, and the like, may be used.
PAR  The present invention utilizes inductive electrophotography in which an
      insulating film overlies an electrostatic image carrying surface and
      involves a unique combination of insulating film properties, charging
      levels and other process conditions to develop an image, as with toner or
      otherwise, while retaining an electrostatic latent image on the image
      carrying surface. In prior art processes, when toner is deposited directly
      on the charged photoconductor surface, some charge is lost directly to the
      toner. The interposition of a thin insulating film as described below,
      prevents loss of charge. In accordance with the present invention, a thin
      insulative member, such as a plastic film, is applied in direct contact
      with an insulative surface which may be photoconductive and which may be
      adapted for having an electrostatic image formed thereon. When using a
      photoconductive surface, it is initially electrostatically charged to a
      predetermined potential which is sufficient to effect development of an
      image on the insulating film but which is insufficient to discharge when
      the image is removed from the photoconductive surface. Before or after
      application of the insulating film the charged photoconductive surface is
      exposed to a pattern of radiation to form a latent electrostatic image of
      the pattern on the photoconductive surface. When using a
      non-photoconductive insulative surface, an electrostatic image is placed
      directly thereon by means of an electron beam or by a charged stylus, or
      the like. If toner is used as the developing agent, it can be applied
      while one surface of the insulating film is in direct contact with the
      image carrying surface, adhering to the opposite surface by induction.
      Thereafter, the toner may be transferred and this can occur while the
      insulating film is in contact with the photoconductive surface.
      Preferably, the insulating film is separated from the image carrying
      surface and the toner image is fused to the film or is transferred to a
      support member, such as copy paper, and then fused to the paper. Since the
      electrical field at the image carrying surface is insufficient to cause
      discharge upon separation of the insulating film, the latent image can be
      reused by reapplying the same insulating film or by applying a fresh
      length of insulating film. Neither further charging nor further exposure
      is required to produce another toner image on the free surface of the
      insulating film.
PAR  The insulating film can be in the form of a closed loop and the image
      carrying surface carried by a drum so that a plurality of copies can be
      continuously formed. If the circumference of the drum is equal to the
      length of one document, copies are produced continuously as the drum
      rotates and the endless loop continues to advance. If the drum
      circumference has a length equivalent to a plurality of documents, or if a
      belt or other suitable configuration of the image carrying medium is
      provided having such length, after one charge and exposure for each page,
      copies of a document of plural pages are produced in sequence. In a
      further embodiment where the drum surface is three or four documents long,
      exposure of each segment can be effected with successively different
      wavelengths of radiation and a different colored toner applied to each
      segment of insulating film in synchronization with rotation of the drum.
      The same copy sheet is repeatedly brought into successive contact with
      each segment for successive transfer of the differently colored toner
      images to a single sheet to thereby provide a full color reproduction of
      the document. Alternatively, the insulating film can constitute the final
      copy which may be either transparent or opaque. The thin insulating film
      can be laminated to another material for support and/or to protect the
      image.
PAR  As above indicated, certain parameters are critically important to
      operation of the processes of this invention, their combination yielding
      high quality copies which would otherwise not be produced. The thin
      insulating film should be a good electrical insulator, and be smooth,
      uniform and thin. Additionally, for reuse, the film should be
      dimensionally stable, highly abrasion and wear resistant and thermally
      stable. It is critical that the film be in intimate contact with the image
      carrying surface so that there is virtually no space between the
      insulating film and photoconductive surface. The insulating film should
      have high lateral electrical resistivity to prevent image spread, at least
      about 10.sup.13 ohms/.quadrature. of surface, and a maximum thickness of
      about 3.0 mils, preferably about 1.5 mils, to allow acceptable resolution
      and density of the toner image. Films as thin as 0.1 mil, preferably 0.25
      mil, can be employed, although no minimum thickness need be specified.
      Additionally, the potential to which the photoconductor is charged should
      be insufficient to initiate charge transfer or discharge between the image
      carrying surface and the thin insulating film, generally about 800 volts.
      See, in this regard, Electrophotography by R. M. Schaffert, Focal Press,
      London, New York, 1965. Since the insulating film is never charged, except
      by induction, and the electrically imaged surface itself is not developed,
      the electrostatic image will not be removed. However, with
      photoconductors, their inherent decay characteristics will result in
      eventual dissipation. Accordingly, a photoconductive material should be
      selected having a decay rate sufficiently low to produce the number of
      copies desired. Photoconductive media composed of sensitized
      photoconductive particles dispersed in a polymeric matrix can be
      controlled to give extremely low decay rates, as can evaporated amorphous
      selenium, enabling the production of a multiplicity of high quality
      copies.
PAR  For purposes of simplicity of description, the following detailed
      description of the invention refers specifically to image development with
      dry toner. However, it will be appreciated that liquid toner application
      is fully equivalent and that in many embodiments other known methods for
      electrostatic image development can be substituted directly or with only
      minor modification, all well within the skill of the art.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of a mechanism for accomplishing one
      embodiment of the invention;
PAR  FIG. 2 is a diagrammatic view of an alternate toner transfer mechanism;
PAR  FIG. 3 is a diagrammatic view of another alternative toner transfer
      mechanism;
PAR  FIG. 4 is a diagrammatic view of a mechanism for accomplishing an
      alternative embodiment of the invention wherein a plural colored copy is
      produced;
PAR  FIG. 5 is a diagrammatic, partial view of a mechanism utilizing an electron
      beam to provide an electrostatic image;
PAR  FIG. 6 is a diagrammatic, partial view of a mechanism utilizing a charged
      stylus to provide an electrostatic image; and
PAR  FIG. 7 is a set of curves relating film thickness and mean toner particle
      size to resolution.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, one embodiment of the invention is illustrated. The
      drawing is schematic and serves to illustrate the process steps.
      Therefore, relative sizes and positions are not to be taken literally but
      are used as convenient to ease of illustration. In this regard, the toner
      transfer station is shown in the drawing as vertically spaced a
      substantial distance from the photoconductive drum surface, whereas in
      actual construction it would be located as close to the drum as practical
      and vertical runs eliminated. Alternatively, the toner can be transferred
      without removal of the thin insulating film from the drum.
PAR  A xerographic plate having a photoconductive surface 10 and a conductive
      backing 12 is arranged in the form of a cylindrical drum 14. However, the
      invention also contemplates the use of flat photoconductive surfaces, such
      as zinc oxide paper, or other configuration. The drum 14 is mounted for
      rotation on a shaft 16 that is rotated at a predetermined speed by
      suitable motive means (not shown). An endless belt 18 of light
      transmitting material, which will be described hereinafter in more detail,
      is overlaid on a portion of photoconductive surface 10 and is held in
      direct close contact with the photoconductive surface 10 by means of
      suitable tensioning means (not shown) operative with various rollers as
      required for subsequent operations. In this particular configuration, the
      belt 18 is led over a rubber transfer roller 20 and from there to a pair
      of idler rollers 22 and 24 into a tank 26 containing a cleaning liquid 28,
      as hereinafter described, onto an idler roller 30 within the tank and from
      there over an idler roller 32, past a heater 34 and back onto the
      photoconductive surface 10 of the drum 14. The drum 14 and belt 18 travel
      in a counterclockwise direction and a corona charging grid 36 is disposed
      adjacent the photoconductive surface 10 at a point prior to its contact
      with the belt 18. A discharge lamp 38 is disposed at a position prior to
      the disposition of the corona charging grid 36 and subsequent to
      separation of the belt 18 from the photoconductive surface 10, all with
      respect to the direction of travel of the belt 18 and drum 14. A document
      exposure station 40 is disposed to overlie a contact region of the belt 18
      and photoconductive surface 10 and is followed in the course of travel of
      the drum by a toning station 42 which is also disposed adjacent a contact
      region between the belt 18 and photoconductive surface 10.
PAR  In many respects the foregoing apparatus is similar to mechanisms well
      known to the prior art and in particular the exposure station 40 is
      constructed in accordance with any of a number of various types of
      exposure stations utilizing direct exposure through a document, reflection
      exposure utilizing mirrors or counterdirected exposure lamps, image
      forming lenses, inversion lenses, and the like as appropriate to a
      particular configuration as might be desired, and such components do not
      form a part of the present invention as such. In the particular embodiment
      illustrated, a document 44 to be reproduced is placed face down on a glass
      plate support 46 and illumination lamps 48 are disposed beneath the plate
      46 to direct exposure radiation through the plate 46 against the document
      44. The radiation is reflected downwardly through an appropriate lens 50
      and from there onto a region of contact between the photoconductive
      surface 10 and belt 18. The plate support 46 is movable, as indicated by
      the arrow 49, in the opposite direction to travel of the drum (or the same
      direction with an appropriate speed differential) to expose the drum
      surface to the entire document. The toning station 42 can have any prior
      art configuration, and it is found advantageous to utilize a magnetic
      brush 52 which is operative with a bin 54 carrying a supply of toner
      particles 56 closely adjacent a contact region between the photoconductive
      surface 10 and belt 18.
PAR  In prior mechanisms, the photoconductive drum surface 10 is uniformly
      charged by means of the corona charging grid 36 and is thereafter directly
      exposed and toned, toner particles adhering directly to the
      photoconductive surface. Thereafter, the toner particles are transferred
      to a paper sheet or the like. The photoconductive surface is then
      recharged, exposed to a different document, or the same document, and
      again toned and the toner again transferred. The present mechanism differs
      from prior mechanisms in that once the photoconductive drum surface 10 is
      charged and exposed, it need not thereafter be charged or exposed until it
      is desired to reproduce a different document. The counterclockwise
      movement of the drum and belt continues without further charge and
      exposure, but with subsequent toning and toner transfer steps so as to
      produce a plurality of images from a single charge and exposure.
      Thereafter, when it is desired to copy a different document, the discharge
      lamp 38 is activated to blanket expose the drum surface and the charging
      grid 36 and exposure station 40 are again actuated.
PAR  Referring to the operation of the mechanism in more detail, a control unit
      57 is provided which serves to synchronize operation of the discharge lamp
      38, corona charging grid 36 and exposure station 40, as indicated by the
      arrows 59, 61, 63 and 65, respectively, to deactivate these components
      after the initial exposure and activate them again after the desired
      number of copies have been produced and it is desired to reproduce a
      different document. Alternatively, where the circumference of the drum is
      equal in length to a plurality of documents 44, the control unit 57
      deactivates the charging grid 36 and exposure lamps 48 after such a
      plurality of exposures have been made. Initially, the corona charging grid
      36 is actuated to place a uniform electrical charge over the entire
      photoconductive surface 10. The photoconductive surface 10 can be charged
      negatively, as indicated at 58 by the negative signs, or it may be charged
      positively, depending on the photoconductor, all as well known. As the
      drum and belt rotate, the charged photoconductive surface 10 is brought
      into intimate direct contact with the belt 18 and while in such contact
      rotates past the exposure station 40. The exposure station is actuated so
      as to illuminate the photoconductive surface 10 through the belt 18,
      dissipating charges at exposed regions, as well known to the art, thereby
      imparting a pattern of charges as a latent image of the document to be
      reproduced. As the drum 14 and belt 18 rotate past the exposure station,
      the exposed region is contacted by the magnetic toner brush 52 which
      deposits particles of toner onto the surface of the belt 18 immediately
      overlying the latent electrostatic image. Any commercially available toner
      particles can be employed. The toner is attracted to the belt 18 as a
      result of induced electrostatic forces through the belt and forms a toner
      image of the document on the belt 18. The belt 18 can be then separated
      from the drum surface 10 and may be led with its toner image, as indicated
      at 60, to a toner transfer station 62.
PAR  At the image transfer station 62, the conductive roller 20 compresses the
      toner bearing belt 18 into contact with a support sheet 64 which is
      sandwiched between the belt 18 and a metallic roller 66. The support sheet
      64 can be a paper sheet or any desired support member to which a toner
      image will adhere. The metal roller 66 is formed with an axially central
      heating rod 68, heated by means of a power source shown diagrammatically
      at 70, so that heat is applied through the support sheet 64 to fuse the
      toner thereto. The support sheet 64 is fed from a supply 72 thereof by
      means of a pressure roller 74 actuated in registration with travel of the
      belt 18 by a mechanism not shown. As the toner image is transferred, the
      support sheet 64 passes onto a conveyer belt 76 and from there into a
      receptacle 78.
PAR  Following the foregoing operation, the belt 18 and drum 14 continue to
      rotate bringing the previously toned portion of the belt 18 back into
      engagement with the photoconductive drum surface 10. Since the discharge
      lamp 38 and corona charging grid 36 have been deactivated, the
      photoconductive surface 10 retains the electrostatic latent image and as
      the belt and drum are rotated in contact past the toner station 42, the
      toner 56 is again applied to the belt 18, adhering to the belt 18 as
      before as a result of induced electrostatic forces from the latent
      electrostatic image on the photoconductive surface 10. Thereafter, as the
      belt passes through the toner transfer station 62, another copy of the
      document 44 is obtained by transfer of toner from the belt 18 to another
      support sheet.
PAR  The foregoing process can be repeated a plurality of times limited only by
      dissipation of the electrostatic latent image on the photoconductive
      surface in accordance with the dark decay rate of the photoconductive
      surface. Photoconductive material can be utilized in which sensitized
      photoconductive particles are dispersed in a polymeric matrix to give
      extremely low dark decay rates. For example, about 80 weight percent of
      photoconductive zinc oxide can be dispersed in a silicone resin sold under
      the trademark SR-82 and coated as a layer on a drum and will have
      sufficiently low dark decay rate to enable the reproduction of about 20-50
      copies of good quality from a single exposure. Specific compositions and
      dark decay rates are well known and reference can be made to prior issued
      patents such as cited above.
PAR  When it is desired to copy a different document, the discharge lamp 38 and
      corona charging grid 36 are sequentially actuated by the control, the
      exposure lamp 38 blanket exposing the photoconductive surface 10 to remove
      the electrostatic latent image and the corona charging unit 36 placing a
      uniform electrostatic charge over the photoconductive drum surface. The
      control thereafter actuates the document exposure lamp 48 to form an
      electrostatic latent image of the new document through the belt 18 onto
      the photoconductive surface 10.
PAR  As hereinabove indicated, it is critically important to have the potential
      to which the photoconductor is charged be limited to a voltage level which
      is insufficient to initiate charge transfer or discharge between the
      photoconductive surface 10 and the insulating belt 18. The maximum
      potential across the photoconductive layer which will avoid charge
      transfer to the belt 18 depends upon the relative capacitances of the
      photoconductive layer and the belt 18, which forms a capacitive voltage
      divider. Furthermore, it is critical that the insulating belt 18 be
      maintained in intimate contact with the photoconductive surface 10, have a
      high lateral electrical resistivity, at least 10.sup.13 ohms/  of surface,
      to prevent image spread and have a maximum thickness of about 3 mils so as
      to enable satisfactory resolution and density of toner image. Exemplary
      materials include thin insulating films formed of polycarbonates,
      polyphenylene oxides, polysulfones, Mylar (a transparent polyethylene
      terephthalate polyester film), polypropylene, Teflon (a polyfluoro
      hydrocarbon), Kapton (a polyimide), polyethylene, and the like. In the
      illustrated embodiment wherein image-wise exposure is through the
      insulative belt 18, the belt 18 should be transparent at least to the
      imaging radiations. However, color separation images can be provided by
      forming adjacent sections of the belt 18 with different separation colors
      and this is particularly useful when the photoconductive surface 10 has an
      effective length equal to three or four documents. The toner images can be
      overlaid to yield a composite, full color image. Alternatively, the
      successive images can be transferred to a single transparent or opaque
      sheet utilizing a toner transfer mechanism as will be described
      hereinafter with respect to FIG. 4.
PAR  Alternatively, in place of a toner transfer station 62, one can employ a
      non-resuable belt of thin insulating film and lead the toned film to a
      fusion station whereat the toner is fused to the insulating film to form a
      final, permanent copy.
PAR  It will also be appreciated that the principles of this invention are
      applicable to the preparation of images utilizing a flat photoconductive
      surface and/or the utilization of a consumable insulative film. In the
      latter case, the insulative film can be fed from a supply roller and taken
      up by a take up roller and thereafter discarded or reused. Such a
      configuration can be utilized with either a flat photoconductive surface
      or a drum surface. The cost of the thin insulative film is sufficiently
      small as to make such consumption a practicality.
PAR  Depending upon the particularities of the thin insulating film 18, toner
      particles 56 and method of toner transfer, alternative embodiments being
      described hereinafter, the insulating film 18 may or may not need to be
      subjected to a cleaning step. In most cases of operation, utilizing for
      example a Mylar belt and toner transfer as shown, the belt 18 can be
      reapplied without any cleaning step, in which case the belt 18 can be led
      directly over the idler roller 32, bypassing the tank 26, as shown by the
      dashed line 82. In such case, the heater 34 would be disconnected. If it
      is desired to clean the belt 18, it is simply led into the cleaning tank
      26 whereupon it is contacted with a cleaning liquid such as Freon TA. The
      cleaning liquid may be conductive so as to dissipate random electrostatic
      charges which may be present on the belt 18. A small rotating brush 84 is
      supported within the conductive liquid 28 in contact with the toner
      carrying surface of the belt 18 to aid in dislodging any toner which may
      have remained adhered to the belt 18.
PAR  Referring now to FIG. 2, there is diagrammatically illustrated an
      alternative toner transfer mechanism wherein the copy paper is slightly
      wetted by a toner transfer solvent and thereafter brought into contact
      with the toned belt surface. The belt 18' is led from the toning station
      42 and pressed by a rubber roller 86 into contact with a copy sheet 88
      against a metal roller 90. The copy sheet 88 is fed from a supply 92
      thereof by means of a feed roller 94 rotating in synchronization with
      travel of the belt 18'. As the copy sheet 88 is fed toward the belt 18',
      it passes between a platen 96 and an opening 97 in a solvent supply tank
      98 containing a solvent 100. The solvent 100 is released via a check ball
      102 to lightly wet the top surface of the copy sheet 88. The relative
      disposition of the solvent tank 98 and platen 96 can be adjusted by a
      mechanism not shown to adjust the amount of wetting. As solvent one can
      utilize acetone, tetrahydrofuran, methylene chloride, or the like. The
      toner adheres to the wetted copy sheet 88 as it passes into contact with
      the belt 18. The solvent is sufficiently volatile to completely dry while
      being conveyed via the conveyer belt 76 to the bin 78.
PAR  Referring now to FIG. 3, another alternative toner transfer mechanism is
      illustrated wherein the toned belt 18" is led from the toning station 42
      and pressed by a conductive rubber roller 104 into contact with a copy
      sheet 106, fed from a supply not shown, against a grounded metal roller
      108. A potential is established between the conductive rubber roller 104
      and metal roller 108 by a voltage source 110 and ground connections, the
      voltage source 110 and roller ground being connected by brushes not shown.
      A positive voltage is applied to the conductive rubber roller 104 to repel
      the positively charged toner particles onto the copy sheet 106. Thereafter
      the toner particles are fused to the copy sheet 106 by passage through a
      heater, not shown.
PAR  Referring now to FIG. 4, there is illustrated a mechanism in diagrammatic
      form for applying successive different colored toner images onto a single
      copy sheet. A photoconductive surface 112 is carried on the conductive
      backing 114 of a rotatable drum 116, the photoconductive surface 112
      having a circumferential length slightly greater than four times the
      length of a document (not shown) to be reproduced. These lengths are
      indicated schematically by the segments labeled A, B, C and D and
      separated by marginal regions, such as at 118, which need not be actual
      physical separations but are shown by dashed lines to demarcate separate
      lengths corresponding to document lengths. A thin, transparent insulating
      film in the form of an endless loop or belt 120 is applied to the drum in
      a manner which may be identical with the application of the belt 18 to the
      drum 14 as illustrated in FIG. 1. The drum 116 and belt 120 rotate
      counterclockwise in registration in the same manner as described in FIG. 1
      so that a uniform electrostatic charge can be placed on the surface of the
      photoconductive layer 112 by a corona charging grid 122 and erased by a
      discharge lamp 124.
PAR  Following the application of a uniform charge, the photoconductive surface
      112 is rotated into close contact with the belt 120 so that region A
      enters an exposure station 126. At the exposure station, image forming
      radiation from exposure lamps 129 passes through associated lenses,
      indicated at 128. A support plate 133, for a document 135 to be copied, is
      movable as indicated by arrow 130 in synchronization with rotation of drum
      116, which, with the lamp 128, is regulated by a control unit 132, as
      described with respect to the similar mechanism in FIG. 1. The imaging
      radiation then passes through a selective color absorber 131 and through
      the belt 120 to impinge onto the photoconductive surface 112, selectively
      discharging the photoconductive surface 112 in the region A in accordance
      with the image pattern. The color absorber 133 is shown diagrammatically
      as a sheet 133 of plastic film, such as Mylar, coated with color absorbing
      dye and fed from a feed roller 134 to a take up roller 136. The filter
      sheet 133 is formed with successively adjacent differently colored
      portions in correspondence to well known color separation criteria, each
      portion having a length corresponding to a document length and marginal
      region 118. The sheet 133 is formed with a leader which is followed by an
      initial transparent portion so as to provide a background black image. The
      next succeeding portion transmits red light followed by a portion which
      transmits yellow light and followed by a portion adjacent a trailer which
      transmits blue light. The feed and take up rollers 134 and 136 are
      actuated by the control 132 so that after the last, blue-transmitting
      portion has passed the exposure station 126, the sheet 133 is rapidly
      rewound for the next copy. In this regard, the marginal distance between
      the last photoconductive region D and the first photoconductive region A,
      as indicated at 138, is sufficiently large to accommodate a rapid
      rewinding of the color separation sheet 133. Other exposure mechanisms and
      color separation mechanisms can be utilized as desired, the foregoing
      mechanism illustrating only a particular means for accomplishing color
      separation. For example, as previously indicated, the belt 120 can itself
      be formed of successively differently absorbing portions. In such case,
      the length of the belt 120 would be a multiple of the circumferential
      length of the drum, a multiple of two being convenient to accommodate the
      corona charging grid 122 and discharge lamp 124.
PAR  As the drum 116 and belt 120 rotate past the exposure station 126, a
      selected one of a plurality of toner applicators 140, 142, 144 and 146 is
      brought into operative association with the belt 122 so that the toner
      contained therein can be applied to the belt 120 by inductive
      electrostatic attraction. The toner applicators 140, 142, 144 and 146 are
      movable into and out of operational contact with the belt 120, as
      indicated by the arrows, in accordance with a selection signal generated
      by the control 132 as indicated by the line 148. The toner applicators
      contain differently colored toners in accordance to the color of exposure
      radiation passing through the filter sheet 133 and their actuation is
      selected by the control unit 132. For example, the toner applicator 140
      contains black toner particles and is applied to the belt 120 overlying
      the exposed photoconductor surface region A.
PAR  After exposure of the region A, the control unit 132 causes a further
      exposure of the region B through the next succeeding portion of the
      exposure sheet 133, followed by exposures of regions C and D through
      successive filter sheet portions. Toner applicators 142, 144 and 146
      contain respectively red, green and blue toner particles and are
      successively applied to the belt 120 as the successive regions B, C and D
      are rotated with the belt past their respective locations.
PAR  After the belt 120 carrying the toner particles from the applicator 140 is
      separated from the photoconductive surface 112, it passes to a toner
      transfer station 150 where it is pressed by means of a rubber roller 152
      into contact with a copy sheet 154 against the outer surface of a transfer
      drum 156. The transfer drum is formed generally hollow with a plurality of
      openings 158 through its surface. A vacuum source, indicated at 160, is
      applied interiorly of the drum 156 to cause adherence of the copy sheet
      154 to the surface of the drum 156. The vacuum source 160 is then actuated
      by the control unit 132 as indicated by the line 162 as the copy sheet 154
      is fed from a supply 164 thereof. The copy sheets are supplied by any
      mechanism known to the art, e.g., a gripping roller 166 and which rotates
      in registration with the drum 116 so that a copy sheet 154 is fed once for
      each complete rotation of the drum 116. The vacuum source 160 is
      maintained operative until the last toner image, representing the latent
      image on photoconductive region D, is transferred to the copy sheet 154.
      Thereafter, the control unit 132 opens the drum 156 to atmospheric
      pressure, allowing the belt 120 to carry the copy sheet onto a bridging
      platen 170 and from there on to a conveyor belt 172 to deposit the copy in
      a receptacle 174. During rotation of the copy sheet 154 the toner images
      are fused to the surface by means of a curved heater element 176. The
      result is a full color copy of the original document.
PAR  After a complete rotation of the drum 116, rotation thereof is continued
      without further charging of the surface and without further exposure, the
      successive regions A, B, C and D retaining the color-selected
      electrostatic latent images which can be utilized by recontact with the
      insulative belt to form a plurality of full color copies of the document.
      When it is desired to duplicate a different document. the control 132
      successively actuates the discharge lamp 124, corona charging unit 122 and
      exposure lamp assembly 126.
PAR  If desired, a belt cleaning station 176 can be provided which is identical
      to the components described with respect to FIG. 1.
PAR  Referring now to FIG. 5, there is illustrated still another embodiment
      wherein in place of a photoconductive surface, one uses a surface 178 of
      insulative material, which for convenience, can be carried by a drum 180.
      An electrostatic image as desired is placed on the insulative surface 178
      by means of an electron beam 182 generated by any mechanism 184 as known
      to the prior art as determined by a control 186. The drum 180 rotates the
      surface 178 into close contact with a belt 188 of thin insulative material
      which may be identical with the belt 18 of FIG. 1, but need not be
      transparent. Toner 189 is applied to the belt 188 and transferred in a
      manner as described with respect to FIG. 1. In this embodiment, the belt
      188 is shown as consumable and as carrying an image fused thereon by
      heater 190.
PAR  Referring to FIG. 6, there is illustrated an embodiment wherein an
      electrostatic image as desired is placed on a surface 192 of insulative
      material by means of a charged stylus 194 as determined by a control 196.
      The surface 192 is rotated into close contact with a belt 198 of thin
      insulative film and toner 200 is applied and transferred as referred to
      with respect to FIG. 5.
PAR  As previously indicated it is important to maintain certain
      interrelationships between the properties of the insulative film and
      toner. The following examples will illustrate such relationship.
PAC  EXAMPLE 1
PAR  Commercially available zinc oxide paper was charged negatively with a
      commercially available corona charging unit to a dark potential of 550
      volts and selectively, image-wise discharged by light exposure. A sheet of
      0.5 mil smooth Mylar was placed in intimate contact on the zinc oxide
      sheet. The Mylar sheet was toned with Hunt 67-146F toner having a mean
      particle size of about 9 microns, employing a hand-held magnetic brush
      toner applicator, which also served to assure close, intimate contact of
      the Mylar sheet and zinc oxide paper. In order to determine resolution,
      the toner was fused to the Mylar sheet by heating on a hot plate at about
      125.degree.C for a few seconds to yield a copy having a resolution of
      about 13 line pairs per millimeter.
PAC  EXAMPLES 2-4
PAR  The procedure of Example 1 was repeated but utilizing respectively 2 mils,
      1 mil and 0.25 mil Mylar, respectively, to obtain resolution of about 5, 9
      and 16 line pairs per millimeter respectively.
PAC  EXAMPLES 5-8
PAR  The procedure of Example 1 was followed except that Bruning toner having a
      mean particle size of 10.6 microns was utilized on 2 mils, 1 mil, 0.5 mil
      and 0.25 mil Mylar, respectively, to obtain copies having resolutions of
      4, 6, 9 and 16 line pairs per millimeter.
PAC  EXAMPLES 9-12
PAR  The procedure of Example 1 was followed except that Hunt 67-146 toner,
      having a mean particle size of about 16 microns, was utilized on 2 mils, 1
      mil, 0.5 mil and 0.25 mil Mylar, respectively, to obtain copies having
      resolutions of 4.5, 7, 9 and 11.3 line pairs per millimeter, respectively.
PAC  EXAMPLES 13-16
PAR  The procedure of Example 1 was followed except that a modified zinc oxide
      paper (which accepts positive charges) was employed and a positive charge
      was applied with the corona charging unit. Xerox microxerographic toner,
      having a mean particle size of about 3.5 microns was applied with a powder
      cloud developer on 2 mils, 1 mil, 0.5 mil and 0.25 mil Mylar to obtain
      copies having resolutions of about 7, 11, 14 and 18 line pairs per
      millimeter, respectively.
PAC  EXAMPLES 17 AND 18
PAR  The procedure of Example 1 was followed except that 2 mils and 1 mil
      General Electric Lexan (a polycarbonate) was utilized to obtain copies
      having resolutions of 5 and 10 line pairs per millimeter, respectively.
PAR  Referring to FIG. 5, there is illustrated the relationship between film
      thickness, toner particle size and resolution obtained with a large number
      of duplications utilizing the procedures of the foregoing examples. It
      will be seen that a significant relationship is demonstrated between toner
      particle size, insulative film thickness and resolution.
PAR  As required, details of illustrative embodiments of the invention have been
      disclosed herein. However, it is to be understood that these embodiments
      merely exemplify the invention which may take forms different from the
      specific illustrative embodiments disclosed. Therefore, specific
      structural and functional details, except where so specified, are not
      necessarily to be interpreted as limiting, but merely as a basis for the
      claims. In this regard, the devices illustrated in the figures contemplate
      re-use of the thin insulating film component, but the invention also
      contemplates single use methods wherein the insulating film is merely
      discarded, or wherein the toner image is fused to the insulating film.
      Such toner-fused films can be employed to copy images obtained from a
      microfilm reader-printer. The film can be used directly as transparencies
      or for overhead projection, or may be laminated to another material
      support and/or protection. Also, as above indicated, development
      mechanisms not using toner can be utilized such as differential wetting
      with subsequent lithographic-type duplicating and heating the thin
      insulating film while on the charge bearing surface to dimple the film in
      areas of electrostatic charge followed by cooling to freeze the image. The
      latter process is particularly applicable to certain, known heat resistant
      photoconductive surfaces and to other charge bearing surfaces.
PAR  The invention also contemplates the use of a toner-imaged thin insulating
      film as a master substrate in a further duplication process in which the
      toner image may be transferred in whole or in part to another surface. In
      the latter process, the toner particles can include alcohol soluble dyes
      for use in a subsequent spirit duplication process.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for electrostatic reproduction of multiple copies from a
      single exposure, comprising:
PA1  a member having a photoconductive surface adapted for bearing an
      electrostatic charge and for having an electrostatic image formed thereon
      as a result of selective radiative discharge by predetermined radiation;
PA1  means for applying a substantially uniformly distributed electrostatic
      charge on said photoconductive surface;
PA1  a single thin insulative member having a thickness of from about 0.1 mil to
      about 3.0 mils, a resistivity of at least 10.sup.13 ohms/ of surface and
      sufficient transparency to said radiation for radiative discharge
      therethrough of said photoconductive surface;
PA1  means for applying said insulative member to said charge bearing
      photoconductive surface following application to said photoconductive
      surface of said substantially uniformly distributed electrostatic charge,
      with a first surface of said insulative member in direct contact with said
      charge bearing photoconductive surface;
PA1  means for exposing a predetermined region of said charge bearing
      photoconductive surface through said insulative member, to a pattern of
      said radiation to form an electrostatic charge image of said pattern on
      said photoconductive surface region, said image having a potential
      sufficient to effect toner-development thereof by induction through said
      thin insulative member but insufficient to discharge upon removal of said
      developed image;
PA1  means for applying toner to a second surface of said insulative member
      opposite to said first surface subsequent to formation of said
      electrostatic image and while said first surface is in said direct contact
      with said charge bearing surface at said region thereof to form a toner
      image of said pattern on said second surface adhered by attraction to the
      pattern of electrostatic charge on said charge bearing surface;
PA1  means for separating said insulative member from said photoconductive
      surface;
PA1  means for transferring said toner image from said thin insulative member to
      a support member; and
PA1  means for reapplying said insulative member in direct contact with said
      photoconductive surface subsequent to transfer of said toner image for
      application of further toner thereto while said insulative member is in
      said reapplied direct contact without further electrostatically charging,
      and without further exposing, said photoconductive surface region for
      subsequent toning of and transfer of toner from said reapplied insulative
      member.
NUM  2.
PAR  2. The invention according to claim 1 in which said insulative member
      includes a length in excess of the length of said predetermined region and
      including means for applying said excess length of insulative member in
      direct contact with said charge bearing surface at said region thereof
      without further formation of an electrostatic image for subsequent
      development of a second image on said excess length.
NUM  3.
PAR  3. The invention accordance to claim 1 in which said insulative member
      includes a length in excess of the length of said predetermined region and
      including means for applying said excess length of said insulative member
      in direct contact with a second region of said charge bearing surface
      lateral of said first mentioned region, said image forming means being
      operative on said lateral region for forming an electrostatic image
      thereon, said toner application means and toner image transfer means being
      operative on said excess length of said insulative member for development
      of an image on said excess length.
NUM  4.
PAR  4. The invention according to claim 1 in which said insulative member is in
      the form of a continuous loop.
NUM  5.
PAR  5. The invention according to claim 1 in which said insulative member
      comprises a plastic film having a thickness of from about 0.25 mil to
      about 1.5 mils.
NUM  6.
PAR  6. The invention according to claim 1 in which said insulative member and
      photoconductive surface each include a plurality of portions at least
      equal in total length to a corresponding plurality of the length of said
      predetermined region and including means for successively applying
      adjacent portions of said insulative member in direct contact with
      successive adjacent portions of said photoconductive surface, said
      charging means and exposing means being operative to charge and expose
      said successive adjacent portions of said photoconductive surface, said
      toner application means and toner image transfer means being operative to
      respectively apply toner to and transfer successive toner images from
      successively adjacent insulative member portions.
NUM  7.
PAR  7. The invention according to claim 6 including means for absorbing first
      preselected wavelengths of radiation during exposure of a first portion of
      said photoconductive surface and second preselected wavelengths of
      radiation during exposure of a portion of said photoconductive surface
      adjacent said first portion.
NUM  8.
PAR  8. The invention according to claim 7 including means for transferring said
      successive toner images to a single support member.
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ABST
PAL  An exposure control apparatus for use in photographic printers assigns the
      originals which are received for printing to groups or sets, for example,
      according to filmstrip membership, and bases the printing exposure for
      each such original, at least in part, on characteristics determined for a
      corresponding set taken as a whole. In a presently preferred apparatus,
      the exposures for individual frames from a filmstrip are controlled in
      accordance with the average optical density for the overall filmstrip in
      selectively weighted combination with individual frame, optical density
      characteristics.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to automatic, exposure control devices for
      use in photographic printers, and more particularly, to such devices which
      determine exposures based on the characteristics of the photographic
      originals which are received for printing.
PAR  2. Description Relative to the Prior Art
PAR  It is well known to examine the characteristics, particularly the optical
      density characteristics, of a photographic original to determine exposure
      time to be used in the printing of that original. Most automatic exposure
      controllers for photographic printers utilize this basic examination
      approach in exposure determination. Such controllers typically compare the
      characteristics (e.g. brightness and tone balance) of the original against
      empirically determined "norms" in selecting exposures for printing. One
      shortcoming of this type of exposure control is that printing errors tend
      to occur in situations where a photographer has purposely departed from
      picture-taking norms in producing a particular original.
PAR  For each printing error, a "remake" (reprinting) is performed which
      requires individualized handling of the original which was
      unsatisfactorily copied and, attendantly, individualized handling of the
      customer order to which the reprinted copy belongs. Because of this
      special handling, each "remake" entails a tremendous increase in cost in
      comparison with a print routinely produced by the automatic printer.
PAR  A number of automatic printing techniques have been developed to reduce
      "remake" occurrences, and thus keep costs down. In one approach only a
      portion of the original is examined for optical density; the examined
      portion being selected to have a high likelihood of including the
      principal subject. In some of the more sophisticated techniques,
      comparisons are made of densities measured for two or more portions of the
      original (see U.S. Pat. Nos. 3,677,641 and 3,708,676).
PAR  The idea underlying these automated efforts to reduce "remake" occurrences
      is typically one of extracting from the original that information which is
      most effective for exposure control purposes. Or, considered another way,
      a characteristic is sought, by limiting and refining the examination of
      the original, which is more universally effective as a basis for exposure
      control.
PAR  The refined or specialized examination techniques have, to some degree,
      proven successful in reducing printing errors. There remains,
      nevertheless, a significant population of originals for which present
      exposure control techniques tend to produce overcorrected exposures with
      the consequence of removing desired photographic effects. For the most
      part that population includes originals which are purposely unusual in
      subject matter, subject placement, or tone balance. With such originals it
      is difficult, and frequently impossible, to extract, based on
      image-related characteristics, sufficient information to indicate
      satisfactory printing exposures.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is premised in part upon a recognition that various
      image-related characteristics, which are common to a set of photographic
      originals (e.g. the overall characteristics of a single filmstrip
      containing several transparencies) contain significant information for use
      in determining printing exposures.
PAR  For example, in implementing the invention, it has been found that the
      average optical density determined for a strip of transparencies (i.e.,
      the overall strip being taken as a set) is effective as a basis for
      exposure determination. Moreover, such "set" characteristics prove
      especially useful as a supplement to other exposure information.
PAR  (While reference is made to a single "density" for convenience of
      explanation, it is to be understood that respective densities for each of
      the primary colors of light are preferably determined to provide exposure
      control for color printing.)
PAR  By employing characteristics for a set of transparencies (or other
      photographic originals) as partial or complete basis for exposure
      determination, elements of common photographic history for the set are
      introduced in the exposure determination, and the typical reliance of such
      determinations on the characteristics of the individual transparencies can
      be reduced or eliminated. Because "individual" characteristics become,
      according to the invention, less instrumental in the exposure
      determination, the tendency to overcorrection, which typically occurs for
      originals which purposely differ from norms for brightness and tone
      balance, is reduced. Additionally, various characteristics of the recorded
      image traceable to the film itself are, by selecting sets to include
      single filmstrips, compensated for automatically.
PAR  In a presently preferred implementation of the invention, the
      transparencies of a set are examined by sensing apparatus, preparatory to
      printing, to determine optical densities for the primary colors for each
      transparency. A computer or similar data handling apparatus receives the
      density information and calculates the "set" average densities (one for
      each color) from the individual densities. Then according to the
      aforementioned aspect of the invention, the "set" average densities are
      selectively weighted and combined, respective of color, with density
      parameters for each transparency which is readied for printing, to provide
      a set of composite parameters. The set of composite parameters then
      determines the exposures for the readied transparencies.
PAR  The factors used in weighting the density characteristics are derived
      empirically as is discussed more fully hereinafter.
PAR  It should be noted at this time that while reference has been made to "set"
      average optical density and while "set" average optical density is an
      effective and presently preferred "set" characteristic for exposure
      determination, it should not be inferred that it is the only effective
      "set" characteristic that is within the contemplation of the invention.
      Discussion relative to this point is included in portions of the
      description which follows.
PAR  In accordance with the foregoing, an object of the invention is to provide
      an exposure control apparatus for use in photographic printers which
      utilizes overall characteristics for a "set" or grouping of photographic
      originals in exposure determination.
PAR  Another object of the invention is to provide such an apparatus wherein an
      overall characteristic for a set of originals is combined with at least
      one characteristic for an original readied for printing to provide a
      selectively weighted composite parameter which is the basis for
      controlling printing exposure.
PAR  Still another object of the invention is to provide an exposure control
      apparatus, for use in photographic printers, which uses average
      measurements, for a set of originals as a whole, in combination with
      measurements for an individual original to be printed as a basis for
      exposure determination.
PAR  The invention, its objects, and advantages will become more apparent in the
      detailed description presented below.
DRWD
PAR  In the detailed description reference is made to the drawings wherein:
PAR  FIG. 1 is a simplified system diagram, generally in block form, which
      serves to illustrate the theory of the invention;
PAR  FIG. 2 is a pictorial illustration of an exposure apparatus suitable for
      use with the invention;
PAR  FIG. 3 is a diagram generally in block form of one implementation of the
      invention; and
PAR  FIG. 4 is a diagram generally in block form illustrating a second
      implementation of the invention.
DETD
PAR  Considering first the general theory of the invention, reference is made to
      the simplified representation of FIG. 1. Discussion of details regarding
      implementation is deferred to the explanation of specific embodiments
      which follows the general theoretical discussion.
PAR  The apparatus outlined in FIG. 1 is intended for incorporation in a printer
      (not shown) of the type adapted to receive photographic originals in
      groups or batches (the originals are illustrated as the frames of a strip
      F). After receipt by the printer the frames travel along a transport path
      to a printing site where an exposure apparatus 10 is located. Printing
      exposures occur upon transmission to the exposure apparatus 10 of print
      command signals from the sequencing device of the printer, generally a
      printer clock (not shown). To permit adjustment for differences among
      originals, exposure apparatus 10 is of the type which regulates printing
      exposures responsive to control signals supplied in a suitable form.
PAR  According to the invention, the frames (more generally, the originals) of a
      batch are assigned to one or more sets, these sets, preferably, being
      chosen respective of underlying elements of common photographic history.
      Such common history would exist, for instance, where sets selected to
      include the frames of individual filmstrips or, as a further example,
      where all snow scenes from a series of filmstrips are assigned to a set.
PAR  A sensing apparatus 12 located along the transport path examines the frames
      of each set and produces, based upon such examination, a set-data signal
      .theta. representative of an image-related characteristic (e.g. the
      electrical capacitance quality, such capacitance corresponding to the
      quantity of silver contained in the frames of the set; or the average
      optical density) of the set as a whole. The set-data signal .theta. is
      stored in a memory device 14; and is transmitted to a function generator
      16 when frames which are members of the set arrive at the printing site,
      ready for printing (data handling means for coordinating such transmission
      is described hereinafter).
PAR  Exposure determination according to the invention may be based solely on
      "set" characteristics or may consider "set" characteristics in combination
      with "other" characteristics such as the color optical densities of the
      individual frames. (This alternative is pictorally illustrated in FIG. 1
      by a switch 18 positionable for introducing additional parameters .phi. as
      an input to the function generator 16.)
PAR  Signals applied to the function generator 16 are modified according to a
      predetermined functional relationship "h" to produce one or more exposure
      control signals. Preferably, the exposure control signals are suitable for
      direct application to the exposure apparatus 10 (see FIG. 2) for exposure
      regulation purposes; however, separate signal interfacing circuitry may be
      employed (e.g. where a digital-to-analog conversion is required). The
      actual printing exposures --regulated in accordance with the exposure
      control signals-- are initiated by print command signals as mentioned
      previously.
PAR  To select the functional relationship "h", empirical methods are employed.
      Printing experts determine "target" exposures for individual originals
      from a sample population. The sample originals are assigned to sets
      according to the criterion to be used in implementing the invention (e.g.
      filmstrip membership as mentioned previously). Then the originals are
      examined by suitable sensing apparatus (say the apparatus to be used in
      implementing the invention) to produce a body of data representing the
      "set" (and "other" if any) characteristics of the sample population. By
      applying mathematical regression techniques (one of many references
      discussing regression techniques is the text "Statistical Analysis in
      Chemistry and the Chemical Industry" by C. A. Beinett and Norman L.
      Franklin, John Wiley and Sons, Inc. 1960) to analyze the data, a
      functional relationship (h) providing a best fit to the "target" exposures
      is determined (e.g. the best fit linear combination of "set" (.theta.) and
      "individual frame" (.phi.) optical density characteristics using a least
      squares criterion).
PAR  In a presently preferred form of the invention the functional relationship
      "h" is a selectively weighted linear combination of "set" (.theta.) and
      "other"  (.phi.) characteristics as follows:
      ##EQU1##
      Where K.sub.xy = constants
PAL  E.sub.y = log exposures
PAL  .theta..sub.y = "set" parameters
PAL  .phi..sub.y = "other" parameters
PAL  R.about. red, B.about. blue, G.about. green
PAR  Through use of one of the known regression techniques, those constants
      (K.sub.xy) are determined which provide a best fit to the "target"
      exposures. The constants are then programmed into the function generator
      16. Such function generation is well known in the art and suitable digital
      (or analog) apparatus for this purpose is generally available. In fact,
      such operation is well within the capabilities of various types of
      small-scale digital calculating apparatus.
PAR  Referring to FIG. 3, an implementation will be described for use in
      printers of the type adapted to print frames from batches consisting of
      filmstrips spliced end to end (as is common for modern high speed
      printers). Filmstrips from such a batch, denoted S.sub.1 and S.sub.2 are
      indexed along a transport path of the printer (not shown) to a printing
      site, where an exposure apparatus 50 is located (the splices joining the
      filmstrips are indicated as darkened areas).
PAR  Upstream (i.e., opposite the direction of film transport) of the exposure
      apparatus 50, a sensing apparatus 52 examines the frames of each filmstrip
      to thereby produce a signal representing the average optical density for
      the filmstrip taken as a whole. The sensing apparatus 52 includes a source
      54, for directing uniform light onto the film portion positioned within a
      predefined measuring zone, and a collector 56, composed of a series of
      light pipes, for receiving and bringing together light transmitted through
      the individual frames within the measuring zone. From the collector 56 the
      light passes to an optics system 58 which, by means of a beam splitter,
      distributes portions of the light to photoresponsive devices 62R, 62B, and
      62G (each responsive to a different primary color as indicated by the
      suffixes R, B, G).
PAR  The output signal of each device 62 represents an average of transmission
      density (respective of color) for the series of frames in the measuring
      zone and, during intervals in which an entire filmstrip is positioned
      within the measuring zone, such signal is a set-data signal (the set
      assignment is inherently based on filmstrip membership and the number of
      frames in a filmstrip is taken as being fixed).
PAR  At this point, the description is directed, for purposes of clarity, to
      apparatus for processing only the red set-data signals: However, it is to
      be understood that essentially similar apparatus is provided to process
      the blue and green set-data signals as well.
PAR  The signal .theta..sub.R is sent to an analog-to-digital (A/D) converter
      63R which in turn transmits a digital form of signal .theta..sub.R to a
      shift register 64R.
PAR  As mentioned above, a valid set data signal is available only during
      intervals in which a filmstrip is indexed to be fully within the measuring
      zone (as is the case for filmstrip S.sub.2 as illustrated). Data
      acceptance by register 64R must, accordingly, be keyed to those intervals.
      Before discussing data acceptance more fully, however, data handling
      within register 64R will be considered:
PAR  As filmstrips arrive at the printing site, the corresponding set-data
      information is shifted to be accessable at the last or output stage of the
      register 64R. To effect such shifting, shift commands are provided to the
      register 64R which commands are keyed to filmstrip arrivals at the
      printing site. As a result of such operation, set-data information is
      caused to advance through the stages of register 64R in time with the
      advance of the corresponding filmstrips toward the printing site. Such
      data advancing (shifting) imposes a requirement that the number of stages
      in the register equals the number of filmstrips spaced in the transport
      gap from and including the measuring zone to and including the printing
      site (as illustrated two are required).
PAR  By spacing the printing site an integral number of filmstrips from the
      sensing apparatus 52 (as illustrated), data acceptance and data shifting
      are caused to occur during the same time intervals. However, with such an
      arrangement, data shifting must precede data acceptance; otherwise, loss
      of the data previously stored in the first stage of the register would
      occur as the new data is read in.
PAR  The above-described accept-data and shift commands are preferably provided
      for by locating a splice detector 66 immediately downstream of the sensing
      apparatus 52. A delay is interposed for the accept-data command to prevent
      new data from being read into register stage one over previously accepted
      data (this in effect produces a store-then-read command).
PAR  While the splice detector 66 is triggered by the splices between individual
      filmstrips, additional commands must be provided at the beginning and end
      of a batch. Thus, since no splice is present at the lead end of the batch
      an acceptdata command must be specially triggered for the first filmstrip.
PAR  Similarly, one or more additional commands may be required to shift the
      set-data information for filmstrips which are in the gap between the
      sensing apparatus 52 and the printing site as the batch is completed.
PAR  These additional commands are preferably provided by simulating splices at
      the leading and trailing ends of the batch. For example, splicing tape may
      be applied at both ends of the batch to trigger the splice detector 66 and
      thereby provide additional command signals.
PAR  Set-data information from the last stage of register 64R is transmitted to
      a function generator 68. The function generator 68 operates upon the
      set-data .theta..sub.R in accordance with a predetermined functional
      relationship to produce an exposure control signal which is in turn
      transmitted to the exposure apparatus 50. A technique for choosing the
      functional relationship has been discussed above.
PAR  Exposures regulated in accordance with the exposure control signals occur
      upon receipt at the exposure apparatus 50 of a print command from the
      clock or sequencing device (not shown) of the printer.
PAR  Referring now to FIG. 4, a presently preferred exposure control includes an
      apparatus 100 for sensing optical transmission characteristics of
      individual frames from a batch (illustrated as the film denoted F received
      for printing). Sensing apparatus 100 is located on a transport path
      defined within the printer and upstream of the printing site where an
      exposure apparatus 102 is located. Three photoresponsive devices 104 (one
      for each primary color), forming a part of the sensing apparatus 100,
      produce individual-data signals representing frame, optical density
      characteristics. (Again, for purposes of clarity, only the red signal
      processing apparatus will be described).
PAR  The individual-data signals are changed to digital form by an A/D converter
      106R and are then sent to both a shift register 108R and an accumulator
      110R. Within the shift register 108R, the individual-data signals are
      shifted forward as the frames advance along the transport path. Such
      operation is provided for by using the indexing signal (denoted A) from
      the printer clock to act as a shift then read command. By making the
      number of stages in register 108R equal the number (N) of frames spaced in
      the transport gap (the space from and including the exposure zone to and
      including the printing site), the frame information arrives at the last
      stage of register 108R as the corresponding frame arrives at the printing
      site.
PAR  Within accumulator 110R, frame information is totalized over a number of
      entries not exceeding N (the number of frames in the transport gap). The
      frames contributing to a single total (illustrated as equalling N) are in
      effect assigned to a "set" and the overall total, in coded signal form, is
      the setdata signal .theta..sub.R which represents the average optical
      density for the set. Preferably batch F includes a series of filmstrips
      having a fixed number of frames and N is chosen as the number of frames in
      a filmstrip.
PAR  Set-data signals from the accumulator 110R are read into a cooperating
      shift register 112R for storage. Data in the register 112R is shifted, by
      a command to shift-then-read. This command is produced by a counter
      associated with accumulator 110R when entries for all frames of a set have
      been received. With this arangement, the set-data information must arrive
      at the last register stage as the corresponding set arrives at the
      printing site. Preferably such operation is provided for by sizing the
      transport gap to accomodate a single set of frames and by including two
      stages in register 112R.
PAR  From the last stage of register 112R set-data information .theta..sub.R is
      transmitted to a function generator 114R which also receives
      individual-data information from register 108R. Techniques for choosing a
      functional relationship [h (.theta., .phi.)] have been discussed above and
      the number and nature of the inputs to function generator 114R will depend
      upon that choice. As illustrated in FIG. 4, blue and green density
      information (.phi..sub.B, .phi..sub.G, .theta..sub.B, .theta..sub.G) is
      supplied for use in determining red exposures. The output of function
      generator 114R is the exposure control signal which is applied to regulate
      the printing exposure at exposure apparatus 102 (unless interfacing
      circuitry becomes desirable as discussed previously).
PAR  It should be appreciated that some economy of data storage can be realized
      by assigning only a portion of a filmstrip to each set. For example, the
      frames in the first half of a filmstrip can be assigned to a set and the
      corresponding set characteristic used for the entire filmstrip. As a side
      benefit such a reduction in set size permits the size of the transport gap
      to be reduced because fewer frames are examined in determining the set
      characteristics.
PAR  While the foregoing descriptions have, insofar as data processing is
      concerned, included relatively basic digital elements, it should be
      appreciated that such elements (or equivalents) would be available within
      various types of digital computers which are intended for process control
      applications. Through programming in an appropriate computer language,
      those skilled in the art could implement the concepts of the invention
      using such computers. In so implementing the invention, programming may
      provide for variable length sets to accomodate situations where filmstrips
      of differing lengths are included in a batch. Also, frames having
      densities outside a range considered acceptable (i.e., unprintable frames)
      could be eliminated from set membership by appropriate programming.
      Criteria reflecting photographic history other than filmstrip membership
      might also be implemented as a basis for set assignments; however,
      cooperating detection means would be necessary to inform the computer of
      the distinguishing characteristics when are to be recognized in such set
      assignments.
PAR  The invention has been described with particular reference to preferred
      forms thereof, however, it should be appreciated that variations and
      modifications can be effected within the spirit and scope of the
      invention. For example, a variety of frame and "set" characteristics (not
      necessarily optical) can provide information effective in exposure
      determination and these characteristics may be combined in various ways to
      serve as a basis for such determination. Furthermore, as indicated above,
      sets may be assigned in view of criteria other than filmstrip membership;
      for example, image content (snow scenes and beach scenes) and lighting
      conditions (flash and non-flash). Or sets may be made up of only a portion
      of a filmstrip (e.g. the frames of the first half of the filmstrip). As a
      further modification, known types of analog apparatus can be employed for
      data processing purposes as a substitute for the digital apparatus
      described.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a photographic printer of the type adapted to receive batches of
      originals for photographic copying and wherein there is provided an
      exposure apparatus of a type which regulates printing exposures in
      response to a control signal, an apparatus for supplying such a control
      signal comprising:
PA1  means for examining originals from such a batch individually to produce
      individual-data signals representative of an optical density
      characteristic;
PA1  said examining means including means for assigning originals to individual
      sets;
PA1  means for processing individual-data signal information, according to set
      assignment, to produce at least one set-data signal representative of an
      overall characteristic of a set of the originals; and
PA1  signal processing means for receiving both individual-data signals and
      set-data signals, and for responding to such received signals in
      accordance with a preselected functional relationship to produce at least
      one control signal for regulating printing exposure, said signal
      processing means including means for transmitting the control signal to
      said exposure apparatus.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said combining means produces
      set-data signals by averaging the individual-data signals for each set.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said preselected functional
      relationship results in a linear combination of individual-data and
      set-data signals.
NUM  4.
PAR  4. In a photographic printer which is of the type adapted to receive frames
      for copying in the form of batches of spliced filmstrips and wherein there
      is provided an exposure apparatus of a type which regulates printing
      exposures in response to a control signal, an apparatus for supplying such
      a control signal comprising:
PA1  means for examining such frames and for producing, based upon such
      examination, individual data signals based on an image-related
      characteristic of the individual frames, and at least one set-data signal
      representative of image-related characteristics of a selected group of the
      frames taken as a whole; and
PA1  signal processing means for receiving, as inputs, both the individual-data
      signals and the set-data signals and responding to such received signals
      in accordance with a predetermined functional relationship to produce at
      least one exposure control signal, said signal processing means including
      means for transmitting the exposure control signal to said exposure
      apparatus.
NUM  5.
PAR  5. An apparatus according to claim 4 wherein said signal processing means
      produces said control signals based on a linear combination of set-data
      and individual-data signal information.
NUM  6.
PAR  6. An apparatus according to claim 4 wherein said image-related
      characteristic is an optical density characteristic.
NUM  7.
PAR  7. An apparatus according to claim 4 wherein said examining means includes
      (1) sensing means for producing individual-data signals representing an
      optical density characteristic of the individual frames, (2) detector
      means for detecting the individual filmstrips within a batch, and (3)
      means, cooperating with said detector means, for combining individual-data
      signal information for at least a plurality of the frames in each
      filmstrip to produce said set-data signals.
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ABST
PAL  A pair of light intensity detectors are spaced apart in range and an
      arrangement is included for reflecting light from a target to the
      detectors. The system measures target range by dividing the output signal
      of one of the detectors by a signal which is a function of the difference
      between the output signals of the two detectors to produce a quotient
      signal. To avoid low signal instability problems, the difference signal is
      generated in one embodiment of the system by subtracting only a selected
      fraction of the output signal of the far detector from that of the near
      detector. A substantially linearized output signal representing target
      range is produced in this system embodiment by raising the quotient signal
      to a selected power. The light detectors are preferably incorporated in
      input circuits which are temperature compensated.
BSUM
PAR  The present invention relates to an improved system and method for
      measuring distance to a target object.
PAR  It is a known law of physics that the intensity of light or other
      electromagnetic radiation from a real or apparent point source varies
      inversely in proportion to the square of the distance therefrom. It
      therefore follows that the distance to a diffusely reflecting target
      object should be measurable by simply detecting the intensity of a light
      beam of known intensity reflected therefrom.
PAR  A problem associated with this method of measuring target distance is that
      the accuracy of the range or distance measurement is inherently dependent
      on the intensity of the energy or light beam illuminating the target as
      well as the energy absorbing and reflecting characteristics of the target.
      Unfortunately, the absorption and reflection characteristics of individual
      targets vary, are frequently not known and oftentimes depend on the
      portion of target from which the beam is reflected. Additionally,
      unexpected and uncontrolled variations in the intensity of the
      illuminating beam can occur.
PAR  It is, accordingly, an object of the present invention to provide an
      improved system and method for measuring distance to a target object by
      detecting the intensity of electromagnetic radiation, such as light,
      reflected therefrom which is capable of producing a range measurement the
      accuracy of which is unaffected by variations in target absorption and
      reflection characteristics or by variations in illuminating beam
      intensity.
PAR  It is further an object of the present invention to provide an improved
      distance measuring system and method as set forth capable of generating
      accurate and reliable range measurements by substantially eliminating
      instability problems caused by low signal levels and noise.
PAR  It is additionally an object of the present invention to provide an
      improved distance measuring system and method as set forth capable of
      generating over a wide operating range measurements which are
      substantially linearly proportional to target distances.
PAR  In accomplishing these and other objects, there is provided in accordance
      with the present invention a system for measuring target range which
      includes a pair of light intensity detectors spaced apart in range. The
      detectors may be incorporated in input circuits which are temperature
      compensated. An arrangment is included in the system for generating an
      illuminating light beam and reflecting it from a target object to the
      detectors. The system measures target range by dividing the output signal
      of one of the detectors by a signal which is a function of the difference
      between the output signals of the two detectors, thereby to produce a
      quotient signal. To avoid low signal instability problems, the difference
      signal is generated in one embodiment of the system by subtracting only a
      selected fraction of the output signal of the far detector from that of
      the near detector. An output signal representing target range which is
      substantially linearized over a wide operating range is produced in this
      embodiment of the system by raising the quotient signal to a selected
      power.
DRWD
PAR  Additional objects of the present invention reside in the specific
      construction of the exemplary embodiments of distance measuring system
      hereinafter particularly described in the specification and shown in the
      several drawings and their methods of operation.
PAR  FIG. 1 is a block diagram of one embodiment of distance measuring system
      according to the present invention.
PAR  FIG. 2 is graphical illustration of the operating characteristics of the
      distance measuring system of FIG. 1.
PAR  FIGS. 3a and 3b are diagrams which illustrate different relative
      positioning of the light intensity detectors of the distance measuring
      system of FIG. 1 with respect to the axis of the reflected beam along
      which target range is measured and the target surface from which the beam
      is reflected.
PAR  FIG. 4 is a block diagram of another embodiment of distance measuring
      system according to the present invention.
PAR  FIG. 5 is a graphical illustration of the operating characteristics of the
      distance measuring system of FIG. 4.
PAR  FIG. 6 is a circuit diagram of one of the light intensity detecting
      channels of the distance measuring system shown in FIG. 4.
PAR  FIG. 7 is a circuit diagram of one of the synchronous demodulators of the
      distance measuring system shown in FIG. 4.
DETD
PAR  Referring to the drawings in more detail, there is shown in FIG. 1 an
      embodiment of distance measuring system generally designated by the
      numeral 11. The system 11 includes a source of electromagnetic energy in
      the form of a light source for generating a light beam A to illuminate a
      target T.
PAR  The light source is made up of a light emitter driver circuit 12 connected
      to drive a light emitter 13. The light emitter 13 includes a light
      emitting diode 13a and a lens 13b. The lens 13b operates to form the light
      beam A from the light emitted from the light emitting diode and is
      positioned for illuminating the target T with the beam A.
PAR  The target T isotropically reflects a fraction of the illuminating beam A.
      The percent of the light beam reflected depends upon the reflection and
      absorption characteristics of the portion of the target T reflecting the
      beam A. This reflected light is designated B and appears to emanate from a
      light source located at the point of reflection of the beam A from the
      target T. This apparent light source is referred to herein as the apparent
      target source and its intensity is designated E.sub.T.
PAR  A pair of light intensity detectors 20 and 21 are included in the system
      11. The detectors are positioned in as close colinear alignment with the
      path of the light beam B reflected from the target T as is physically
      possible, thereby to receive and detect the intensity of the reflected
      light B. The detectors 20 and 21 are shown with the optical axes
      orientated perpendicularly with respect to the surface of the target T
      from which the light B is reflected.
PAR  Error arising from lateral displacement of the detectors 20 and 21 from the
      target range vector defined by the center axis of light beam B is
      hereinafter discussed in connection with FIG. 3a. The effect on range
      measurement of rotation of the optical axes of the detectors 20 and 21
      away from a perpendicular orientation with respect to the surface of the
      target T from which the light B is reflected is also considered
      hereinafter in connection with FIG. 3b.
PAR  The light intensity detectors 20 and 21 are each operable to generate an
      electrical output signal linearly proportional to the intensity of the
      reflected light B received at their respective locations. The detector 20
      is called the near detector and is located a distance designated r from
      the target T. The distance r is measured along the center axis of the
      light beam B and is the vector of unknown length which defines target
      range.
PAR  The detector 21 is called the far detector since it is located more
      remotely from the target T than the detector 20. The detector 21 is
      located behind the detector 20 a predetermined known distance designated
      X. The distance X is measured along the center axis of the reflected beam
      B. Thus, the detector 21 is located the distance(r+x)from the target T.
PAR  The light intensity detector 20 is made up of a focusing lens 20a and a
      light intensity detecting diode 20b. The lens 20a and diode 20b are
      aligned along the optical axis of the detector 20. The lens 20a is
      appropriately positioned to focus the portion of the beam B it receives on
      the diode 20b and the diode 20b operates to generate an electrical output
      signal linearly proportional to the intensity of the portion of the beam B
      focused thereon. The detector 21 is constructed and operates similarly to
      the detector 20 being made up of a focusing lens 21a and a light intensity
      detecting element 21b.
PAR  The electrical output signals of the detectors 20 and 21 are designated
      A.sub.1 and A.sub.2, respectively. As beforementioned, the output signals
      of the detectors 20 and 21 are linearly proportional to the intensity of
      the light beam B sensed by the detectors 20 and 21 at their respective
      locations. Therefore, assuming that the detectors 20 and 21 are
      substantially in colinear alignment on the range vector defined by the
      center axis of the beam B, the output signals A.sub.1 and A.sub.2 may be
      expressed by the below equations (1) and (2) in which E.sub.T is the
      intensity of the apparent target source, r is the unknown range of the
      target T from the detector 20, and x is the known difference in range
      between the detectors 20 and 21.
      ##EQU1##
PAR  As shown in FIG. 1, the output signals A.sub.1 and A.sub.2 are applied as
      inputs to the positive and negative input terminals of an amplifier 30.
      The amplifier 30 is assumed for purposes of discussion to have a unity
      gain factor. The amplifier 30 operates as a differential amplifier to
      generate an output signal A.sub.1 -A.sub.2 by linearly amplifying the
      difference between the signals A.sub.1, A.sub.2.
PAR  The difference signal A.sub.1 -A.sub.2 is applied to the denominator input
      terminal of a divider circuit or module 40. The numerator input terminal
      of the divider circuit 40 has the detector output signal A.sub.2 applied
      thereto. The divider circuit 40 generates a quotient signal Q by dividing
      the numerator input by the denominator input. The quotient signal is
      expressed by equation (3) below and may be written as equation (4) in
      terms of the parameters E.sub.T, r and x.
      ##EQU2##
PAR  Equation (4) which represents the output of the distance measuring system
      11 may be written in any of the various ways hereinafter indicated in
      equation (5).
      ##EQU3##
PAR  An examination of equation (5) reveals that the system output Q is
      independent of both the reflection and absorption characteristics of the
      target T and the intensity E.sub.T of the reflected beam B. Further, it is
      apparent that as the value of r/x increases, the nonlinear components of
      Q, which all vary as a function of r.sup.-.sup.n, decrease in value with
      the result that the linear dependence of Q on r is increased.
PAR  The linear component of the output Q is designated V and may be written as
      shown below in equation (6). The component V is linearly proportional to
      the unknown distance r to the target T and is thus a linear measure of
      target range. The nonlinear error component of the output signal Q is
      designated e and may be written as a percent of the value of the linear
      components V as shown in equation (7). The nonlinear error e represents
      the deviation of the system output Q from the linearly proportional target
      range measurement given by the component V.
      ##EQU4##
PAR  The values of Q, V and e expressed as a function of the parameter r/x are
      illustrated in the graph of system operating characteristics plotted in
      FIG. 2. As there shown, the system output Q asymptotically approaches the
      value of the linear component V as r/x increases so as to provide in a
      selected operating range a measurement which is substantially linearly
      proportional to target range. Thereby, an embodiment of distance measuring
      system is provided operable to generate an output substantially linearly
      proportional to target range which employs only linear operators to
      process the input signals generated by the light intensity detectors 20
      and 21.
PAR  The range of linear operation of the distance measuring system 11 has a
      lower range value limit but no upper range limit. The lower range limit of
      the system 11 is set by the selection of the distance or spacing x between
      the detectors 20 and 21. To establish the desired distance x, the minimum
      value of range r to be measured and the maximum acceptable error e are
      determined. For example, if it is desired to construct a system 11 having
      a maximum error e of one percent and a minimum range of two units, the
      error curve e of the graph of FIG. 2 indicates that the value of the
      paramter r/x must be slightly larger than five. Thus, the distance
      measuring system 11 should be constructed with a spacing x of
      approximately 0.4 units between the detectors 20 and 21.
PAR  It is noted that while the output signal A.sub.2 of the detector 21 was
      used in the system 11 above discussed as the numerator input to the
      divider circuit 40 that the output A.sub.1 of the detector 20 could be
      used instead. If the signal A.sub.1 were used for the numerator input of
      the divider 40, the system output Q would be changed or offset by a
      constant value which could be easily compensated for if necessary.
PAR  As earlier mentioned, the foregoing discussion has assumed that the light
      detectors 20 and 21 are colinearly aligned with the range vector r defined
      by the center axis of the reflected beam B. A physically relizable system,
      however, generally requires that the detectors 20 and 21 be laterally
      displaced from the range vector r so that one detector does not mask the
      other.
PAR  FIG. 3a illustrates the case in which the detectors 20 and 21 are laterally
      displaced an equal distance y from the range vector r. The detectors 20
      and 21 are there illustrated by the points designated, respectively, 20
      and 21. The straight line distances from the detectors 20 and 21 to the
      apparent target source E.sub.T are identified, respectively, as r.sub.1
      and r.sub.2.
PAR  The distances r.sub.1 and r.sub.2 are given by the below equations (8), (9)
      and the detector output signals are given by equations (10), (11).
EQU  (8) r.sub.1.sup.2 =  r.sup.2 +  y.sup.2
EQU  (9) r.sub.2.sup.2  = (r + x).sup.2  +  y.sup.2
      ##EQU5##
PAR  The output of the distance measuring system 11 with the light detectors 20
      and 21 laterally displaced from the range vector r as shown in FIG. 3a is
      designated Qy and is given below in equation (12).
      ##EQU6##
PAR  An examination of equation (12) reveals this lateral displacement error
      decreases as a function y/r. Accordingly, this error in the system output
      can be controlled and essentially eliminated by making the ratio of y/r as
      small a value as possible.
PAR  FIG. 3b illustrates the situation where the optical axes of the light
      detectors 20 and 21 in the distance measuring system 11 are orientated an
      angle .theta. from the line r.sub.o. The line r.sub.o is a normal to the
      surface of the target T drawn at the point of location of the apparent
      target source E.sub.T. The line r.sub.o has a length equal to r cos
      .theta. and its direction defines the direction of the transmission of the
      beam B reflected towards the detectors 20, 21.
PAR  If the lateral displacement of the light detectors 20 and 21 from the range
      vector r is zero, the output of the system 11 approaches in its linear
      range of operation the value Q.sub..theta. expressed below in equation
      (13). Q.sub..theta. denotes the system output as a function of the angle
      .theta. when the detectors are colinear.
      ##EQU7##
PAR  An examination of the equation (13) indicates that the system output
      Q.sub..theta. is linearly proportional to both r and r.sub.o. With the
      system 11 set on a selected scale to provide an output which is a direct
      measure of the distance r, its output has to be multiplied by cos .theta.
      in order to convert it into a reading on the same scale which represents
      the distance r.sub.o.
PAR  When the detectors 20 and 21 are not colinear but are laterally displaced
      by the distance y, as shown in FIG. 3b, the output of the system 11
      becomes Q.sub.x .sub..theta.. The output Q.sub.x .sub..theta. is expressed
      below in equation (14) as a function of Q.sub..theta..
      ##EQU8##
PAR  Reference to equation (14) indicates that the difference between
      Q.sub.x.sub..theta. and Q.sub..theta. is a maximum when .theta. is zero
      and decreases rapidly as .theta. increases. Further, this difference which
      represents a combination of orientation and displacement error may be
      substantially eliminated by making the ratio y/r.sub. o as small as
      possible.
PAR  A drawback with the embodiment of distance measuring system designated 11
      is apparent from an examination of equation 3. Equation 3 is here again
      set out for convenience.
      ##EQU9##
      As the measured range r increases the difference between the detector
      output signals A.sub.1, A.sub.2 decreases with the result that the
      denominator A.sub.1  -A.sub.2 of equation (3) appproaches zero as r
      increases, becoming very small relative to the numerator A.sub.2.
      Consequently, a limit must be placed on the minimum value of the
      denominator term A.sub.1 -A.sub.2 in order to avoid system instability due
      to intrinsic noise. Otherwise, the output Q of the system 11 would become
      unreliable whenever the level of noise in the system became of significant
      magnitude relative to the magnitude of the difference signal A.sub.1
      -A.sub.2.
PAR  Placement of a limit on the minimum value of the difference signal A.sub.1
      -A.sub.2 is undesirable since it restricts the useful range of operation
      of the distance measuring system. Accordingly, another embodiment of
      distance measuring system which avoids low signal difficulties by
      subtracting only a fraction of the smallest light intensity signal, i.e.,
      A.sub.2, from the largest light intensity signal, i.e., A.sub.1, is
      hereinafter described in connection with FIGS. 4-7. This second embodiment
      of distance measuring system is designated 11'. Components of the distance
      measuring system 11' corresponding to components in the system 11 are
      referred to by the same designation with a prime added. The light beams
      A,B; target T; and output signals A.sub.1, A.sub.2 are referred to in the
      system 11' by the same designations used in the system 11 since this
      terminology is used in the equations hereinbefore and hereinafter set out.
PAR  Referring to FIG. 4, the distance measuring system 11' is made up of a
      pulse generator 12'; light emitter 13'; light intensity detectors 20',
      21'; amplification channels 22, 23; synchronous demodulators 24, 25;
      amplifiers 30', 31; voltage divider made up of resistors 32, 33; analog
      device 40'; and amplifier 41. The light emitter 13' is made up of a light
      emitting diode 13a' and lens 13b'. The light detectors 20', 21' are made
      up, respectively, of focusing lenses 20a', 21a' and light intensity
      detecting diodes 20b', 21b'.
PAR  In operation of the system 11', pulses, identified in FIG. 4 by the numeral
      50, are generated at a selected pulse repetition rate by the pulse
      generator 12'. The pulses 50 may be negative fifteen volt pulses of
      approximately 5 microsecond durations and a suitable pulse repetition rate
      is approximately 1 KH.sub.z. The pulses 50 are supplied as a driving
      signal to the light emitter 13' and as synchronizing signals to the
      synchronous demodulators 24 and 25.
PAR  The light emitting diode 13a' is driven by the pulses 50 and is operable to
      generate light pulses, which are preferably infrared, in time
      correspondence with the driving pulses 50. Thereby, an illuminating beam A
      is generated by the light emitter 13' which is made up of a series of
      pulses in time synchronization with the pulses 50.
PAR  The target T whose range is to be determined is illuminated by the beam A.
      The target T reflects a fraction of the illuminating beam A, thereby a
      reflected beam B made up of a series of pulses in time synchronization
      with the pulses 50 is produced which appears to emanate from a source
      located at the point of reflection of the beam A from the target T.
PAR  The intensity of the reflected beam B is detected at two locations spaced
      apart in range by the near and far detectors 20' and 21'. The light
      intensity detecting diodes 20b' and 21b' in the detectors 20' and 21' are
      infrared photosensitive diodes which are preferably of the guard ring type
      of construction and are reverse biased. Photocurrents in the form of
      current pulses proportional to the intensity of the pulses of the detected
      beam B are developed by the diodes 20b', 21b'; linearly amplified by the
      amplification channels 22, 23; and transmitted as voltage signals to the
      demodulators 24, 25. As illustrated in FIG. 4, these voltage signals are
      made up of light intensity pulses 51 which are in time synchronization
      with the synchronizing pulses 50.
PAR  The amplification channel 22 associated with the diodes 20b' is shown in
      FIG. 6. The circuitry shown in FIG. 6 is supplied with B+, B- and ground
      bias voltages which may, respectively, be +15, 0 and -15 volts. The
      photocurrent pulses developed by the pair of diodes 20b' are applied to an
      operational amplifier 60 through resistor 61. The amplifier 60 is a high
      speed amplifier, such as a HA 2505-5 Harris Semiconductor type, and
      converts the photocurrent pulses into an output of linearly proportional
      voltage pulses. These voltage pulses are coupled by capacitor 62 and
      resistor 63 to a second stage of high speed amplification provided by the
      operational amplifier 64. The output of the amplifier 64 is the light
      intensity pulses 51 and is transmitted to the demodulator 24. It is noted
      that the amplification channel 23 and its associated light detecting diode
      arrangement 21b' are constructed and operate in the same manner as the
      above-described channel 22 and diode arrangement 20b'.
PAR  The pulsed voltage signals 51 generated by the amplification channels 22
      and 23 are supplied to the synchronous demodulators 24 and 25. The
      demodulators 24 and 25 demodulate these voltage pulses 51 in
      synchronization with the pulses 50 and generate therefrom the output
      signals A.sub.1 and A.sub.2, respectively, which are linearly proportional
      to the intensity of the beam B detected by the detectors 20' and 21'.
PAR  The demodulators 24 and 25 operate in an identical manner and a preferred
      form of their construction is illustrated in FIG. 7. The demodulator of
      FIG. 7 has a field effect transistor (FET) 70 which is gated on by each
      synchronizing pulse 50. The pulses 50 are applied through terminal 71 to
      the gate electrode of the FET 70.
PAR  The demodulator of FIG. 7 receives the light intensity pulses 51 on input
      terminal 72. Since the light intensity pulses 51 are in synchronization
      with the synchronizing pulses 50, capacitor 73 charges through resistor 74
      to a voltage which closely follows the value of the light intensity pulse
      51 being simultaneously received whenever the FET 70 is gated on by the
      pulses 50.
PAR  At the end of each synchronizing pulse 50, the FET 70 ceases to conduct.
      Simultaneous with the cessation of the conduction of the FET 70, the
      voltage level on terminal 72 drops to zero since a pulse 51 is no longer
      being received. As a result, the capacitor 73 discharges to ground through
      circuit paths defined, respectively, by resistor 75 and the combination of
      resistor 76 and capacitor 77. Thereby, the received light intensity pulses
      51 are synchronously demodulated and DC voltages are generated on the
      output terminals 78 of the demodulators 24 and 25 which are linearly
      proportional to the intensity of the beam B detected, respectively, by the
      light detectors 20' and 21'. The DC voltages on the terminals 78 of the
      demodulators 24 and 25 are, respectively, the above-identified output
      signals A.sub.1 and A.sub.2.
PAR  It is noted that the resistor 76-capacitor 77 combination forms an RC
      filter in the demodulators which operates to smooth the DC voltage signals
      A.sub.1, A.sub.2 appearing on the terminals 78. The time constants
      provided by the components in the synchronous demodulators 24 and 25 are
      appropriately selected so that the voltage signals A.sub.1, A.sub.2 are
      well filtered and linearly proportional to the peak values of the light
      intensity pulses 51 received on the demodulator input terminals 72.
PAR  The DC voltage signals A.sub.1 and A.sub.2 are applied, respectively, to
      the amplifiers 30' and 31. The amplifiers 30', 31 are linear amplifiers,
      preferably of the operational amplifier type, and the signals A.sub.1,
      A.sub.2 are applied to the noninverting amplifier input terminals. For
      discussion purposes the amplifiers 30', 31 are assumed to have unity gain
      so that the designations A.sub.1, A.sub.2 may be used in designating their
      output signals without taking into account amplification factors.
PAR  A predetermined fraction or portion K of the output A.sub.2 of the
      amplifier 31 is applied to the inverting input of the amplifier 30' by
      means of the voltage divider made up of the resistors 32 and 33. The
      fractional signal KA.sub.2 is expressed below in equation (15) in which
      R.sub.32 and R.sub.33 represent the values of the resistors 32 and 33,
      respectively.
      ##EQU10##
PAR  The amplifier 30' operates as a differential amplifier and subtracts the
      input KA.sub.2 from its input A.sub.1 to generate as its output signal the
      difference signal A.sub.1  -KA.sub.2.
PAR  The outputs A.sub.1 -KA.sub.2, A.sub.2 of the amplifiers 30', 31 are
      applied to the denominator and numerator inputs, respectively, of the
      analog divider circuit device 40'. The analog device 40' is a
      multifunction module whose output is proportional to a selected power of
      the quotient Q of its denominator and numerator inputs. The device 40'
      preferably employs the logarithm-antilogrithm method of dividing and
      raising to a power by the use of semiconductor junctions and high gain
      amplifiers. The proportionality factor between the inputs may be set by
      adjusting the variable resistor 42, thereby the output of the device 40'
      may be scaled. The selected power to which the quotient Q is raised is
      controlled by the setting of the variable resistor 43. As hereinafter
      explained, the variable resistor 43 provides a system linearity control.
PAR  The quotient Q generated by the analog device 40' is given in equation (16)
      and its output is expressed by equation (17). In equation (17) m
      represents the selected power to which the quotient Q is raised.
      ##EQU11##
PAR  Substantial linearization of the system output Q.sup.m is obtained by
      raising the quotient Q to the selected power m. It may not be readily
      apparent from an examination of equation (17) that this linearization
      results. Accordingly, a graph of the system output Q.sup.m as a function
      of r/x for selected values of m is shown in FIG. 5 to demonstrate this
      linearity. The curves of FIG. 5 were plotted for a value of K equal to
      0.75 and for convenience, Q.sup.m has been normalized to unity for r/x
      equals five. The limits of the values of K and m which may be practically
      used may be determined empirically.
PAR  A final stage of amplification in the system 11' for the system output
      Q.sup.m is provided by the amplifier 41. Adjustment of the amplifier 41
      allows control of the system gain and zero offset.
PAR  Referring again to FIG. 6, it is noted that the photo diodes 20 b' have
      their anode terminals connected commonly to B- voltage and their cathode
      terminals connected, respectively, through the resistor 61 to one input of
      the operational amplifier 60 and to ground. The photo diode having its
      cathode terminal grounded is the guard ring. The photo diode input circuit
      so provided permits adjustment of the system temperature compensation
      characteristics by appropriate selection of the value of the resistor 61.
      Temperature compensation of the distance measuring system is accomplished
      since the position of the load lines of the photo diodes on their
      temperature curve characteristics depends on the value of the resistor 61.
PAR  Although the invention is shown and described in what is conceived to be
      the most practical and preferred embodiments, it is recognized that
      departures may be made therefrom within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A distance measuring system, comprising:
PA1  means for generating a beam of electromagnetic energy of selected
      characteristics and illuminating a target therewith so that at least a
      fraction of said beam is reflected from said target thereby to form a
      reflected beam;
PA1  first detector means for detecting the intensity of said electromagnetic
      energy, said first detector means being positioned to receive said
      reflected beam and being responsive thereto to generate a first signal the
      magnitude of which is directly proportional to the intensity of said
      reflected beam at said first detector means;
PA1  second detector means for detecting the intensity of said electromagnetic
      energy, said second detector means being spaced apart in target range from
      said first detector means, said second detector means being positioned
      substantially in colinear alignment with the point on said target from
      which said beam is reflected and said first detector means to also receive
      said reflected beam, said second detector means being responsive to said
      reflected beam to generate a second signal the magnitude of which is
      proportional to the intensity of said reflected beam at said second
      detector means;
PA1  means connected to receive said first and second signals for generating a
      difference signal the magnitude of which is a function of the difference
      between the magnitudes of said first and second signals; and
PA1  means connected to receive said first signal and said difference signal for
      generating a quotient signal the magnitude of which is proportional to the
      magnitude of said first signal divided by the magnitude of said difference
      signal whereby the magnitude of said quotient signal is a known function
      and hence a measure of target range.
NUM  2.
PAR  2. The invention defined in claim 1, wherein said beam of electromagnetic
      energy generated is a beam of light.
NUM  3.
PAR  3. The invention defined in claim 1, wherein:
PA1  said difference signal generating means is operable to generate a
      difference signal the magnitude of which is substantially equal to the
      difference between the magnitudes of said first and second signals; and,
PA1  said quotient signal generating means is operable to generate a quotient
      signal the magnitude of which is linearly proportional to the magnitude of
      said first signal divided by the magnitude of said difference signal
      whereby the magnitude of said quotient signal is substantially linearly
      proportional to target range over a selected operating range.
NUM  4.
PAR  4. The invention defined in claim 3, wherein said beam of electromagnetic
      energy generated is a beam of light.
NUM  5.
PAR  5. The invention defined in claim 1, wherein said difference signal
      generating means is operable to generate a difference signal the magnitude
      of which is equal to the larger of said first and second signals less a
      predetermined percent of the magnitude of the smaller of said first and
      second signals.
NUM  6.
PAR  6. The invention defined in claim 5, wherein said quotient signal
      generating means is operable to generate a quotient signal the magnitude
      of which is linearly proportional to the magnitude of said first signal
      divided by the magnitude of said difference signal, and including means
      connected to receive said quotient signal for generating a system output
      signal equal to the magnitude of said quotient signal raised to a selected
      power whereby the magnitude of said system output signal is substantially
      linearly proportional to target range over a selected operating range.
NUM  7.
PAR  7. The invention defined in claim 6, wherein said beam of electromagnetic
      energy generated is a beam of light.
NUM  8.
PAR  8. The invention defined in claim 6, wherein:
PA1  said beam generating means includes pulse generating means and emitter
      means, said emitter means being operable when excited to emit said
      electromagnetic energy, said pulse generator means being connected to said
      emitter means to drive said emitter means in a pulsed mode of operation
      whereby said beam generated is a series of pulses of said electromagnetic
      energy; and,
PA1  each of said detector means includes demodulating means for demodulating
      the energy pulses making up said reflected beam thereby to generate said
      first and second signals.
NUM  9.
PAR  9. The invention defined in claim 8, wherein:
PA1  said pulse generating means has a selected pulse repetition rate whereby
      said beam generated by said emitter means is a series of said energy
      pulses in time synchronization with said pulse repetition rate; and,
PA1  each of said demodulating means are synchronous demodulators connected to
      said pulse generating means to be driven thereby in time synchronization
      with said pulse repetition rate whereby the energy pulses making up said
      reflected beam are synchronously demodulated.
NUM  10.
PAR  10. The invention defined in claim 9, wherein said beam of electromagnetic
      energy generated is a beam of light.
NUM  11.
PAR  11. The invention defined in claim 10, wherein:
PA1  said emitter means includes a light emitting diode, said pulse generator
      means being connected to drive said light emitting diode;
PA1  each of said detector means includes at least one light sensitive diode
      positioned to receive said reflected beam and being responsive thereto to
      generate current pulses the magnitude of which are directly proportional
      to the intensity of the received light pulses making up said reflected
      beam; and,
PA1  each of said detector means also includes circuit means connecting the
      output of said light sensitive diodes to the input of their associated one
      of said synchronous demodulators.
NUM  12.
PAR  12. The invention defined in claim 11, wherein said light sensitive diodes
      are reverse biased and compensated for temperature variations by having
      resistors of selected magnitudes connected in series therewith thereby to
      control the positions of their load lines on their temperature curve
      characteristics.
NUM  13.
PAR  13. The invention defined in claim 11, wherein said circuit means in each
      of said detector means is high speed amplifier means operable to convert
      said current pulses into voltage pulses linearly proportional thereto.
NUM  14.
PAR  14. The invention defined in claim 13, wherein said light beam generated is
      infrared.
NUM  15.
PAR  15. The invention defined in claim 13, wherein said light sensitive diodes
      are reverse biased and compensated for temperature variations by having
      resistors of selected magnitudes connected in series therewith thereby to
      control the positions of their load lines on their temperature curve
      characteristics.
NUM  16.
PAR  16. The invention defined in claim 15, wherein said light beam generated is
      infrared and including means for adjusting the gain of said distance
      measuring system and its zero offset.
NUM  17.
PAR  17. A method of measuring range to a target, comprising:
PA1  reflecting electromagnetic energy from the target;
PA1  sensing the intensity of the target reflected electromagnetic energy at
      first and second locations spaced apart a predetermined distance in target
      range, said first and second locations being substantially in colinear
      alignment with the point on the target from which the energy is reflected;
PA1  generating a difference signal the magnitude of which is a function of the
      difference between the magnitudes of the intensity of the target reflected
      energy at said first and second locations; and,
PA1  generating a quotient signal the magnitude of which is proportional to the
      magnitude of the intensity of the target reflected energy at said first
      location divided by the magnitude of said difference signal whereby said
      quotient signal is a known function and hence a measure of target range.
NUM  18.
PAR  18. The method of claim 17, wherein error caused by lateral displacement of
      said first and second locations from exact colinear alignment with the
      point on the target from which the energy is reflected is minimized by
      controlling the magnitude of said lateral displacement.
NUM  19.
PAR  19. The method of claim 17, wherein error caused by sensing the target
      reflected energy at an orientation out of alignment with the direction of
      transmission of the target reflected energy and also caused by lateral
      displacement of said first and second locations from exact colinear
      alignment with the point on the target from which the energy is reflected
      is minimized by controlling the magnitude of said lateral displacement.
NUM  20.
PAR  20. The method of claim 17, wherein the electromagnetic energy is light.
NUM  21.
PAR  21. The method of claim 17 wherein:
PA1  the magnitude of said difference signal is equal to the difference between
      the magnitudes of the intensity of the target reflected energy at said
      first and second locations; and
PA1  the magnitude of said quotient signal is linearly proportional to the
      magnitude of the intensity of the target reflected energy at said first
      location divided by the magnitude of said difference signal.
NUM  22.
PAR  22. The method of claim 21, wherein the electromagnetic energy is light.
NUM  23.
PAR  23. The method of claim 17, wherein the magnitude of said difference signal
      is equal to the one of said sensed intensities at said first and second
      locations which has the largest magnitude less a predetermined percent of
      the magnitude of the smaller of said sensed intensities.
NUM  24.
PAR  24. A method of measuring range to a target, comprising:
PA1  reflecting electromagnetic energy from the target;
PA1  sensing the intensity of the target reflected electromagnetic energy at
      first and second locations spaced apart a predetermined distance in target
      range, said first and second locations being substantially in colinear
      alignment with the point on the target from which the energy is reflected;
PA1  generating a difference signal the magnitude of which is a function of the
      difference between the magnitudes of the intensity of the target reflected
      energy at said first and second locations, the magnitude of said
      difference signal being equal to the one of said sensed intensities at
      said first and second locations which has the largest magnitude less a
      predetermined percent of the magnitude of the smaller of said sensed
      intensities;
PA1  generating a quotient signal the magnitude of which is linearly
      proportional to the magnitude of the intensity of the target reflected
      energy at said first location divided by the magnitude of said difference
      signal whereby said quotient signal is a known function and hence a
      measure of target range; and,
PA1  generating an output signal equal to the magnitude of said quotient signal
      raised to a selected power whereby the magnitude of said output signal is
      substantially linearly proportional to target range over a selected range
      of values of target range.
NUM  25.
PAR  25. The method of claim 24 wherein the electromagnetic energy is light.
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ABST
PAL  An electro-optical ranging system is disclosed for purposes of measuring or
      determining the distance from a transmitting/receiving location to an
      object, such as a target. An electro-optical transducer, such as a laser
      diode, is employed which exhibits the characteristic of emitting radiant
      energy in the infrared region when driven into a conductive condition and
      also exhibits the characteristic of being in a photovoltaic condition in
      response to receipt of radiant energy within the wavelength of the energy
      emitted. The transducer is periodically driven so as to emit radiant
      energy, and an optical directing means, such as an optical lens system, is
      employed for purposes of directing emitted energy from the transducer
      along a path toward the target as well as for receiving energy traveling
      in the opposite direction from the target and directing the received
      energy so as to impinge upon the transducer such that the transducer is
      actuated to a photovoltaic condition. An output circuit provides a first
      pulse each time the transducer is driven into conduction and a second
      output pulse each time the transducer is actuated into the photovoltaic
      conduction by received radiant energy. In this way, the time duration from
      the first pulse to the second pulse provides a representation of the
      distance of the target from the transducer.
BSUM
PAR  This invention is related to the art of distance measuring and more
      specifically to an improved electro-optical ranging system.
PAR  The invention is particularly applicable for use in conjunction with
      detecting the distance from a transmitting/receiving station to an object,
      such as a target and the like; although the invention may be employed in
      other applications such as in various applications which require
      information as to distance between two objects of which either or both may
      be moving.
PAR  It is known in the art to employ an electro-optical distance measuring
      system for determining the distance between two objects wherein radiant
      energy, such as a light beam, is transmitted from one object to the other
      and reflected back to the first object. Typically, the distance between
      the two objects is determined in dependence upon the time duration for the
      light beam to be transmitted from one object to the other and then
      returned to the first object. The transmitting/receiving object normally
      employs a transmitting transducer, such as a light emitting diode, and a
      separate receiving transducer, such as a photo-sensitive semiconductor.
      Consequently then, two separate optical directing systems must normally be
      provided; one for transmission of the radiated energy, and the other for
      reception of the returned radiant energy. If accuracy is to be attained in
      detecting the location of a remote object, these optical directing systems
      must be constructed so that the optical trains are aligned and maintained
      boresighted with each other. Also, care must be taken to ensure that the
      frequency spectrum or wavelength range of the received energy is the same
      as that of transmitted energy. This requires that the receiving transducer
      be responsive to the same frequency spectrum or wavelength range as that
      transmitted. To facilitate noise rejection, a critical filter should be
      employed in the return optical path, but the use of such a filter is
      disadvantageous from the standpoint of cost, and its use causes incoming
      signals to be limited to a narrow acceptance angle.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an electro-optical
      distance measuring system which employs a common electro-optical
      transducer for both transmission and reception of radiant energy so as to
      thereby permit use of the same optical train and alignment for both
      transmission and reception and eliminate the need for a critical filter.
PAR  It is a still further object of the present invention to provide an
      improved optical measuring system employing but a single light emitting
      diode for both transmission and reception of radiant energy in the
      infrared region.
PAR  It is a still further object of the present invention to provide an
      improved electro-optical ranging system which requires fewer components
      than that known in the art by employing a transceiver which includes a
      light emitting laser type diode which exhibits the characteristic of
      emitting radiant energy and responding to its own returned energy.
PAR  In accordance with the present invention, the electro-optical distance
      measuring system employs an electro-optical transducer, such as a light
      emitting diode, and which exhibits the characteristic of emitting radiant
      energy within a given infrared wavelength range when driven into a
      conductive condition and also exhibits the characteristic of being in a
      conductive condition in response to receipt of radiant energy within the
      given wavelength range. The transducer is controlled by circuitry which
      serves to periodically drive the transducer into conduction so as to
      thereby emit radiant energy. Optical directing facilities, such as a lens,
      directs the emitted energy from the transducer along a given path toward a
      target and directs received radiant energy, traveling in the opposite
      direction from the target, so as to impinge on the transducer. If the
      received energy is within the infrared wavelength range of the emitted
      energy, the transducer is actuated to a conductive condition. An output
      circuit provides a first pulse each time the transducer is driven into
      conduction and a second pulse each time the transducer is actuated into
      conduction by received radiant energy. The time duration between the first
      pulse and the second pulse is representative of the distance of the target
      from the transducer, and accordingly I provide suitable timing means in
      accordance with a preferred, range finder embodiment of my invention, such
      that range can be effectively and accurately measured.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages of the invention will become
      more readily apparent from the following description of the preferred
      embodiments of the invention, as taken in conjunction with the
      accompanying drawings, which are a part hereof, and wherein:
PAR  FIG. 1 is a block diagram illustration of the electro-optical distance
      measuring system of the invention;
PAR  FIG. 2 is a schematic illustration of the pulse generator, driver and
      buffer portions of FIG. 1; and
PAR  FIG. 3 is a graphical illustration of signal amplitude with respect to
      time, illustrating a portion of the operation of the circuitry of FIGS. 1
      and 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, wherein the showings are for purposes of
      illustrating a preferred embodiment of the invention only and not for
      purposes of limiting same, FIG. 1 illustrates an electro-optical
      transducer which preferably takes the form of a light emitting diode 10.
      Diode 10 serves, when conductive, to emit radiant energy which is directed
      by an optical lens 12 along a path to a target T. Light reflected from the
      target T along the same path, but in the opposite direction, is directed
      by lens 12 so as to impinge upon the emitting-receiving surface of diode
      10.
PAR  Preferably, diode 10 takes the form of that type of light emitting diode
      known as a laser diode. The laser diode is preferably a gallium arsenide
      (GaAs) diode or another laser diode exhibiting similar characteristics.
      The diode may be a TA7608 GaAs laser diode adapted to be driven into
      emission with a current pulse on the order of 7 amperes, peak value. The
      emitted radiant energy is in the infrared region with the wavelength being
      on the order of approximately 0.9 microns. Such a solid state gallium
      arsenide diode may be used to transmit intense, ultra short pulses or
      modulated continuous wave (CW) energy.
PAR  In accordance with this invention, such a laser diode may also be used as a
      detector of its own emitted energy and is operative in the photo voltaic
      mode. Consequently, it may detect such intense, ultra short pulses or
      modulated continuous wave energy returned to the diode by reflection from
      a target. Only a single optical train is required for transmission and
      reception of this energy. Since the diode is responsive only to energy
      within a narrow bandwidth, corresponding essentially to the wavelength
      emitted, filtering requirements are advantageously minimized. The diode
      automatically rejects background energy adjacent to the spectral region of
      emission and thereby eliminates the necessity and expense of employing a
      critical filter, as is used in electro-optical systems which employ
      separate transmitters and receivers.
PAR  The application of the invention, as illustrated in the embodiment of FIG.
      1, employs circuitry for driving the laser diode 10 into conduction so as
      to emit radiant energy in the infrared region at a wavelength on the order
      of 0.9 microns and then provide an indication at the point in time that
      the laser diode is actuated into conduction in response to receipt of its
      own returned energy, as reflected from the target T. To achieve this, a
      suitable pulse generator PG provides pulses which are amplified by a
      driver circuit DR to effectively pump the laser diode 10. The pulse
      generator and the driver may be deemed to be transducer control means.
      Preferably, a receiver RC is synchronized to this operation so that it is
      turned off during each driving pulse. The driving pulse starts the
      operation of a conventional timer TM which then times the period while
      waiting for the diode 10 to sense its own returned energy. In this
      application of my invention, a return pulse is obtained when the diode
      senses its own returned energy. A switching circuit SC and the receiver RC
      may respond to this pulse to stop the timer TM so that an indication may
      be obtained as to the range of the object reflecting energy back to the
      diode.
PAR  It is apparent that those skilled in the art may provide various different
      types of circuitry to achieve control of the transmit-receiving operation
      of the optical ranging system illustrated in block diagram form in FIG. 1.
      However, to further assist those skilled in the art, reference is made to
      the circuitry illustrated in FIG. 2 which may be employed in practicing
      this invention. Here, a unijunction transistor 20, which may be of the
      type known as 2N491, serves as the principal component of the pulse
      generator. This transistor is incorporated in an RC relaxation oscillator
      circuit so that it provides output pulses spaced in time at a rate as
      determined by the value of a resistor 22 and capacitor 24. Resistor 22 and
      capacitor 24 are connected in series from ground to a source of B+
      potential, which may be on the order of +12 volts. As is known to those
      skilled in the art, once the capacitor 24 is sufficiently charged,
      transistor 20 will fire so that current flows from the capacitor and
      through the transistor to achieve current flow through resistors 28 and
      30. These resistors are connected between the lower base electrode of the
      transistor and ground and serve as a voltage divider. The positive voltage
      developed across resistor 30 is employed to bias an NPN transistor 32 into
      conduction to completely discharge capacitor 24. Resistor 26 connects the
      upper base electrode of transistor 20 to the B+ voltage supply source.
PAR  Each time the unijunction transistor 20 is triggered into conduction to
      develop a voltage across resistors 28 and 30, this voltage pulse is
      supplied through a coupling capacitor 36 and a resistor 38 to develop a
      voltage across a resistor 39 to bias an NPN transistor 40 into conduction.
      This, in turn, actuates a one shot circuit 42 which serves to provide a
      shaped positive pulse of a fixed time duration. One shot circuit 42 is
      conventional and, for example, may take the form known as type 9601 having
      a suitable bias resistor R. The one shot circuit is connected to a C+
      voltage supply source, which may be on the order of +5 volts. The shaped
      and time limited output pulse obtained from the one shot circuit 42 is
      employed as a trigger pulse which serves to drive a transistor 44 into
      conduction.
PAR  Transistor 44, also known as the driver, is an NPN transistor which, upon
      receiving the trigger pulse from one shot circuit 44 at its base
      electrode, is driven into an avalanche mode for purposes of driving the
      laser diode 10 into emission. To achieve this, there is provided a
      relatively high DC voltage supply source D+, on the order of +67.5 volts.
      The supply source is connected to the collector of the transistor 44
      through series connected resistors 46 and 48. As illustrated in FIG. 2,
      the current path from the D+ voltage supply source to ground includes
      these two resistors, the collector to emitter path of transistor 44 and
      diode 10. Smoothing capacitors 50 and 52 are respectively connected
      between ground and the collector of transistor 44 and between ground and a
      junction of resistors 46 and 48. These components are all chosen such that
      when one shot circuit 42 provides a positive trigger pulse, transistor 44
      will be driven into an avalanche mode to provide a relatively large
      current pulse, having a peak value preferably on the order of about 7.0
      amperes, to pump the laser diode 10. Diode 10 is driven into an emission
      mode so as to emit radiant energy in the infrared range and preferably the
      emission provides narrow band coherent energy at a wavelength of
      approximately 0.9 microns.
PAR  The laser diode will be conductive in response to receipt of radiant energy
      of a wavelength on the order of 0.9 microns. Each time diode 10 is
      conductive, this condition is sensed by a field effect transistor 60 which
      has its gate connected to the junction of the diode 10 and the emitter of
      transistor 44 and which serves as a buffer. The source-drain path of this
      transistor is connected in series with a load resistor 62 between ground
      the B+ voltage supply source. Each time diode 10 is conductive, by means
      of a connection to the gate of transistor 60, this device is biased into
      conduction to develop a voltage pulse across resistor 62.
PAR  Reference is now made to FIG. 3 which illustrates a typical pattern of
      output pulses obtained between ground and the output terminal 64. Pulse
      P.sub.1 is a relatively sharp, high amplitude pulse which represents the
      firing pulse applied to diode 10. The time period immediately following
      pulse P.sub.1 may be considered as a dead time DT. At this point, the
      circuitry is in a static condition waiting for diode 10 to sense the
      return of its own energy as reflected from the target T. Diode 10 becomes
      conductive upon receipt of its own returned energy. This is buffered by
      the field effect transistor 60 so that an output pulse P.sub.2 is provided
      at the output terminal 64. Whereas output pulse P.sub.2 is of
      substantially less magnitude than that of the firing pulse P.sub.1, it is
      sufficient to be detected by the field effect transistor 60. Consequently
      then, the time duration which elapses from pulse P.sub.1 to pulse P.sub.2
      may be measured, as with timer TM, for purposes of providing an output
      indication as to the distance between diode 10 and target T.
PAR  Although I am not to be limited to the following components and/or
      component values, they are nevertheless representative of a preferred
      embodiment of my invention:
TBL  10    GaAs diode        TA7608                                            
     20    transistor        2N491                                             
     22    resistor          27K                                               
     24    capacitor         6.8 microfarads                                   
     26    resistor          220 ohms                                          
     28    resistor          220 ohms                                          
     30    resistor          100 ohms                                          
     32    transistor        2N2222                                            
     36    capacitor         .01 microfarads                                   
     38    resistor          1K                                                
     39    resistor          10K                                               
     40    transistor        2N2222                                            
     42    one shot multivibrator                                              
                             9601 (TI)                                         
     44    transistor        2N2222                                            
     46    resistor          47K                                               
     48    resistor          47K                                               
     50    capacitor         .0022 microfarads                                 
     52    capacitor         .01 microfarads                                   
     60    FET               2N3822                                            
     62    resistor          10K                                               
PAR  Although the invention has been described in conjunction with a preferred
      embodiment, it is to be appreciated that various modifications and
      arrangements may be made without departing from the scope of the invention
      as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electro-optical distance measuring system comprising:
PA1  electro-optical transducer means exhibiting the characteristic of emitting
      radiant energy within a given infrared wavelength range when driven into a
      conductive condition, and exhibiting a photo voltaic condition in response
      to receipt of radiant energy within said given infrared wavelength range,
PA1  transducer control means including means for periodically driving said
      transducer means into conduction so as to emit radiant energy,
PA1  optical directing means for directing said emitted energy from said
      transducer means along a given path toward a target, and for receiving
      radiant energy traveling in the opposite direction along said given path
      from said target toward said optical directing means, said directing means
      directing said received energy to said transducer means so that said
      transducer means is actuated to the photo voltaic condition upon receipt
      of radiant energy within said given infrared wavelength range, and
PA1  output circuit means for providing a first pulse each time said transducer
      means is driven into conduction and a second output pulse each time said
      transducer means is actuated into photo voltaic operation by said received
      radiant energy whereby the time duration from said first pulse to said
      second pulse is representative of the distance of said target from said
      transducer means.
NUM  2.
PAR  2. An electro-optical distance measuring system as set forth in claim 1,
      wherein said transducer means is a solid state light emitting diode
      exhibiting the characteristic of emitting radiant energy in the infrared
      region.
NUM  3.
PAR  3. An electro-optical distance measuring system as set forth in claim 1
      wherein said transducer means exhibits the characteristic of lasing when
      driven into conduction so as to emit light energy.
NUM  4.
PAR  4. An electro-optical distance measuring system as set forth in claim 3
      wherein said transducer is a solid state, P-N junction laser diode.
NUM  5.
PAR  5. An electro-optical measuring system as set forth in claim 3 wherein said
      transducer means is a solid state gallium arsenide light emitting diode
      for emitting radiant energy at a wavelength on the order of 0.9 microns.
NUM  6.
PAR  6. An electro-optical distance measuring system as set forth in claim 5
      wherein said transducer means exhibits a photovoltaic characteristic in
      that it is photovoltaic in response to received radiant energy at a
      wavelength on the order of 0.9 microns.
NUM  7.
PAR  7. An electro-optical distance measuring system as set forth in claim 1
      wherein said optical directing means includes a lens defining a common
      optical path for transmission and reception of said transmitted and
      received radiant energy.
NUM  8.
PAR  8. An electro-optical distance measuring system comprising:
PA1  electro-optical transducer means, having a first normal condition and a
      second actuated condition, said transducer means exhibiting the
      characteristic of emitting radiant energy in the infrared region within a
      given wavelength range when actuated to its second condition and
      exhibiting the characteristic of photovoltaically detecting received
      radiant energy in the infrared region within said given wavelength range
      when in its first condition,
PA1  control means for periodically applying an electrical potential to said
      transducer means to drive said transducer means to said second condition,
      and
PA1  output means for providing a first pulse when said control means applies an
      electrical potential to said transducer means, and including circuitry for
      providing an output pulse whenever said transducer means receives radiant
      energy in the infrared region within said given wavelength range while in
      its first condition, whereby the time duration from said first pulse to
      said second pulse is representative of the distance of a target from said
      transducer means.
NUM  9.
PAR  9. An electro-optical distance measuring system as set forth in claim 8,
      wherein said transducer means is a laser emitting means and said control
      means includes circuit means for periodically energizing said laser
      emitting means.
NUM  10.
PAR  10. An electro-optical distance measuring system as set forth in claim 9,
      wherein said laser emitting means is a solid state, laser diode.
NUM  11.
PAR  11. An electro-optical distance measuring system as set forth in claim 10,
      including optical directing means for directing emitted radiant energy
      from said laser diode toward a target and directing received radiant
      energy toward said laser diode.
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ABST
PAL  To compensate for the nonspecific absorption in an atomic absorption
      spectral photometer an auxiliary illuminating source is provided in
      addition to the principal illuminating source. The need for moving parts
      and mirrors is obviated by mounting the principal and auxiliary radiation
      sources in fixed positions along a common ray path. The auxiliary source
      is constructed so that it is optically transparent and mounted adjacent
      the optical input with the radiation concentrated in an emission center
      common to both sources coinciding with the emission center of the
      auxiliary source. The sources are pulsed so that they are energized
      alternately.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Atomic absorption analysis represents a recently introduced system for the
      qualitative and quantitative determination of an element in a sample to be
      investigated on the basis of the specific atomic absorption of the element
      in question. The atomic absorption method is based on the physical
      discovery that free atoms contained in atomic vapor existing in the ground
      state, of an element which is to be detected, absorb only electromagnentic
      radiation which corresponds to the quantum energy uptake from the ground
      state to a higher energy condition.
PAR  Known atomic absorption spectral devices comprise as primary light sources
      hollow cathode lamps or other line emission sources which emit an atomic
      spectrum in a form of very narrow lines of the element or elements forming
      the cathode; furthermore, there is a device for converting the sample into
      atomic vapor and a wavelength separating device for selecting the
      resonance frequency light from the radiation emitted by the light source,
      as well as a detector device. With the help of optical projecting means
      the radiation emitted by the hollow cathode or the line emission source is
      passed through the atomic vapor and supplied via a wavelength separating
      device to the detector. The absorbed quantity of radiation measured at the
      resonance frequency line of the element in question is a measure of its
      concentration.
PAR  For converting the sample into an atomic vapor a proposal has already been
      made to atomize the sample to be analyzed either in a flame (flame atomic
      absorption method) or to heat the sample in any suitable manner thermally
      and to convert it into the vapor state (flameless atomic absorption
      method).
PAR  Furthermore it is also known that the specific absorption measured at the
      resonance frequency, and which forms the actual criterion for the
      quantitative determination of the element to be detected, has superimposed
      on it a nonspecific absorption, which is caused by effects such as
      absorption of the flame, molecular bands in the flame, absorption of the
      solvent, absorption of the matrix salt or dispersion by the solids present
      in concentrated solutions, so that the accuracy of the atomic absorption
      measurement is impaired.
PAR  In order to compensate for the nonspecific absorption, arrangements have
      already been proposed for atomic absorption spectral equipment, having the
      following parts: an auxiliary radiation source producing radiation within
      a wavelength range which comprises the resonance wavelength of the
      resonance radiation produced by the primary light source, and which is
      broad in comparison with the band width of this resonance radiation of the
      primary light source; a wavelength selection device which is arranged
      between the radiation sources and the radiation detector and serves for
      separating out a narrow wavelength band including the resonance wavelength
      of the hollow cathode lamp or line emission source; a device by means of
      which alternate pulses of the resonance radiation provided by the primary
      light source and of the radiation produced by the auxiliary radiation
      source are supplied along a reference and a sample ray path to the
      radiation detector; and circuit means responsive to the electric output
      signal of the radiation detector to produce an electrical signal having an
      amplitude which depends only upon the absorption due to the free atoms of
      the element to be analyzed and which is free of the interfering
      nonspecific absorption.
PAR  In the case of the prior art atomic absorption spectral equipment, as
      optical auxiliary means for reflecting the continuum radiation emitted by
      the auxiliary radiation source into the optical equipment systems, use is
      made of rotating mirror sectors or stationary semi-transparent mirrors,
      and the matching of the lamp energy of the primary light source and the
      auxiliary radiation source is carried out via iris diaphragms and/or gray
      wedges.
PAR  The use of rotating mirror sectors involves the disadvantages that on the
      one hand in the case of a rocking movement the optical identity of the ray
      paths of the primary and auxiliary ray sources in the absorption vessel is
      no longer guaranteed and on the other hand the measurement frequency is
      limited by the speed of rotation of the mirror sector arrangement whereby
      rapid compensation of the nonspecific absorption, as is required more
      particularly for the purposes of flameless absorption methods, is not
      possible.
PAR  The use of semi-transparent mirrors is disadvantageous in as far as their
      use involves substantial losses in energy and an offsetting of the ray
      which is dependent on the thickness, and, especially as to date it has not
      been possible to produce a dividing mirror in the UV-spectral range which
      is of interest for the absorption method.
PAC  SUMMARY OF THE INVENTION
PAR  The invention thus relates to an illumination system for an atomic
      absorption spectral photometer having an optical input, the system
      comprising a primary radiation source for producing a resonance radiation
      embracing the resonance wavelength of wavelengths of the element or
      elements to be detected, an auxiliary radiation source, which produces
      continuum radiation within a band or range of wavelengths which comprises
      the resonance wavelength or wavelengths of the primary resonance radiation
      and is broad in comparison with the band width of this resonance radiation
      of the primary source, for compensation of a nonspecific absorption in the
      absorption spectral device, and means for alternately supplying the
      optical system of the atomic spectral photometer with the primary
      resonance radiation and with the continuum auxiliary radiation.
PAR  The aim of the invention is the provision of an illumination system,
      intended for an atomic absorption spectral photometer, of the
      above-mentioned type, in the case of which the disadvantages of the prior
      art illumination arrangements with compensation for the nonspecific
      absorption are avoided and which while having a simple construction
      without any moving parts makes possible a rapid automatic compensation for
      the non-specific absorption in such a manner that the absorption (at the
      resonance wavelength), which is of interest or significance as the actual
      measured quantity and which is based on the free atoms of the element to
      be analyzed, can be determined more accurately and more rapidly.
PAR  For this purpose in the case of an illumination system of the
      above-described type there is the provision in accordance with the
      invention that the primary radiation source and the auxiliary radiation
      are arranged in a fixed manner along a common ray path, in that the
      auxiliary radiation source is constructed so that it is optically
      transparent and is arranged adjacent to the optical input of the spectral
      photometer in that the radiation coming from the primary radiation source
      is supplied through the optically transparent auxiliary radiation source
      to the optical input of the spectral photometer and in that the primary
      and auxiliary radiation source are operated with alternate pulsing.
PAR  In accordance with the preferred embodiment of the invention it is possible
      to provide for the radiation leaving the primary radiation source to be
      concentrated by an optical system into an emission center common to both
      sources of radiation and the emission center common to both sources of
      radiation to coincide with the emission center of the auxiliary radiation
      source.
PAR  Preferably there is the provision that the energy matching of the radiation
      coming from the primary and the auxiliary radiation sources is carried out
      electrically.
PAR  The invention provides an illumination system for an atomic absorption
      spectral device which does not have any moving parts for reflecting the
      auxiliary radiation into the illumination ray path and there are also no
      stationary semi-transparent mirrors, which would bring about an undesired
      attenuation with the ray path or offsetting of the ray path. The two
      radiation sources can be arranged in a fixed manner along a common
      illumination radiation path, and in the case of a preferred embodiment of
      the invention the auxiliary radiation source can be arranged at the
      position of the common emission center and the radiation of the primary
      radiation source can be focused by a simple image forming system on to
      this common emission center within the auxiliary radiation source. In this
      respect it is possible to ensure in a simple manner that the radiation
      coming from the primary and auxiliary radiation sources is supplied using
      optically identical illumination apertures of the atomic absorption
      spectral device.
PAR  Since the alternating radiation from the primary and auxiliary sources is
      not carried out using mechanically moving parts but purely electrically
      using alternately pulsed operation of the two sources of radiation,
      substantially higher repetition frequencies of the alternating supply with
      the two types of radiation can be achieved as compared with the use of
      mechanical, rotating devices and thus more rapid compensation can be
      achieved as regards the undesired nonspecific absorption; for example in
      the case of a pulse frequency, which can readily be controlled, of 400 hz
      in the case of a measurement cycle of 2.5 msec the variations in
      indication caused by the nonspecific absorption in the case of the
      flameless atomic absorption method can be compensated for in a period of
      time of 5 msec.
PAR  In accordance with a convenient embodiment of the invention a hollow
      cathode lamp is used as a primary light source and use is made of an
      optically transparent deuterium lamp with a special construction as an
      auxiliary radiation source. It is possible to cause the auxiliary
      radiation source to be provided with a hollow-cylindrical anode with its
      axis perpendicular to the axis of the radiation path, a U-shaped cathode
      which is arranged along the ray path axis at some distance from the anode,
      and a screen electrode surrounding the anode and the cathode; and the
      anode and the screen electrode are provided with openings for the passage
      of radiation, the openings being adjacent to the passage positions of the
      optical ray path axis.
PAR  The alternating pulses, produced by the illumination system in accordance
      with the invention, of the primary radiation and/or the auxiliary
      radiation can be supplied in the optical system of the actual atom
      absorption spectral device in a conventional manner along a reference and
      a sample radiation path to the radiation detector, from whose output
      signal in an evaluation circuit the electrical output quantity is
      obtained, which is only dependent on the specific absorption depending on
      the free atoms of the element to be analyzed.
DRWD
PAC  DRAWING
PAR  In what follows embodiments of the invention will be described with
      reference to the drawing, whose single FIGURE shows the principle and
      details of an embodiment of an illumination arrangement in accordance with
      the invention for an atomic absorption spectrophotometer.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawing only the illumination system for an atomic absorption
      spectral photometer is shown; the atomic absorption spectrophotometer,
      which as such does not form a part of the subject matter of the invention,
      and can be constructed in a conventional manner, for example as a flame or
      preferably as a flameless atomic absorption spectrophotometer, is not
      shown in the drawing.
PAR  Reference numeral 1 denotes the axis of the radiation path of the
      illumination system, and along this axis the various components of the
      illumination system in accordance with the invention are arranged in a
      fixed manner and without any moving parts between them. In the specific
      embodiment shown the illumination radiation path 1 is made straight and
      linear; naturally, however, for example for reasons of compact
      construction or in order to save space it is possible to provide a
      construction of the arrangement in which the radiation path is deflected
      once or several times using radiation deflecting means which are
      conventional and suitable for the spectral range in question.
PAR  Reference numeral 2 denotes as general reference numeral a primary light
      source, whose emission comprises an intensive line spectrum of the element
      concerned which is to be detected in the sample with the atomic absorption
      analyzer. In the embodiment shown, the primary light source 2 is a
      conventional hollow cathode lamp, as available in various different
      constructions with emission spectra for various elements generally
      investigated with the help of atomic absorption spectroscopy. The hollow
      cathode lamp 2 has a glass vessel 5 with on the front side 3 a quartz
      window for the emergence of radiation and closed on the opposite face with
      a base 4 and a hollow cylindrical anode 7. Furthermore -- as an essential
      part -- there is a hollow cathode 6 which is mounted coaxially with the
      anode 7 which is placed in between them.
PAR  The hollow cathode 6 has the element or elements to be detected and ensures
      that the radiation emission emerging in the direction of the ray path
      through the end face 3 of the lamp comprises an intensive line spectrum
      with the resonance line or lines of the element or elements to be
      detected. The absorption of this resonance radiation by the element to be
      detected in the actual atomic absorption spectrometer itself is a
      criterium for the qualitative and quantitative analysis of the element in
      question in the sample to be investigated. The vessel of the hollow
      cathode lamp is filled with a protective gas or a mixture or protective
      gases, as for example helium, argon or neon, that is to say such gases
      whose natural emission lines do not disturb the atomic absorption
      measurement with respect to the element to be detected. From the physical
      point of view the hollow cathode lamp constitutes a gas discharge lamp,
      and in the case of commercially available construction the gas filling can
      have a pressure of approximately 1 Torr. The firing or ignition voltage of
      the lamp can be example amount of 450 V, its running voltage to about 200
      V with a running current of for example 100 mA. Reference numeral 8
      denotes the base pins for the (pulsed) supply of voltage.
PAR  The illumination system in accordance with the invention comprises as a
      further essential component an auxiliary radiation source denoted by
      general reference numeral 10, for compensation of the initially mentioned
      nonspecific absorption. The auxiliary radiation source is for this purpose
      so selected along conventional lines that the radiation produced by it
      lies within a wavelength range which comprises the resonance wavelength or
      lengths of the resonance radiation produced by the primary light source 2
      and is comparatively broad or wide with respect to the band widths of this
      resonance radiation of the primary light source.
PAR  In accordance with the invention the auxiliary radiation source 10 is
      constructed as an optically transparent gas discharge lamp and is arranged
      in a stationary manner along the illumination ray path 1 at the position
      lying between the primary radiation source 2 and the input of the actual
      atomic absorption spectrometer and is constructed so as to be optically
      transparent in its ray producing system. More particularly, the auxiliary
      radiation source 10 comprises in the specific embodiment in question a
      radiation-transparent vessel 11 containing a radiation producing system
      having the following parts: A hollow cylindrical anode 12, which is
      arranged with its cylindrical axis, in the case of the specific
      embodiment, perpendicular to the ray path axis 1; a cathode 13 which in
      the case of the embodiment shown is in the form of a letter U, and a
      screen electrode 14 which surrounds the anode cylinder 12 and the cathode
      13 and is connected electrically with the cathode. This screen electrode
      brings about a pinching of the gas discharge for obtaining an emission
      center (indicated by reference numeral 17) with a comparatively high
      illumination density. In accordance with the invention the screen
      electrode 14 is provided at mutually opposite positions along the ray path
      axis 1 with ray passage openings 15, 16; correspondingly, the anode
      cylinder 12 is provided, in alignment with the openings 15, 16 of the
      screen cylinder, with ray passage openings at diametrically opposite
      positions on the periphery along the axis 1 of the ray.
PAR  From the physical point of view the auxiliary radiation source 10 also
      constitutes a gas discharge lamp with a suitable filling gas, as for
      example deuterium, and can for example have a current consumption of 300
      mA with a running voltage of 90 V.
PAR  Reference numeral 18 denotes supply leads for the operation and possibly
      the heater voltage. In a representative example the auxiliary radiation
      source provides a continuum radiation, suitable for compensation of the
      initially mentioned nonspecific absorption, in the range extending for
      approximately 190 to 400 millimicrons.
PAR  As mentioned the auxiliary radiation source 10 is arranged next to the
      actual atomic absorption spectrometer (on the right in terms of the
      drawing). Of the spectrometer in the drawing only the (quartz) input
      condensor 19 is indicated, which supplies the radiation leaving the
      emission center 17 within the aperture alpha to the absorption
      spectrometer. In accordance with the basic principle of the invention the
      auxiliary radiation source 10 is arranged in a stationary manner along the
      ray path 1 and the primary radiation source 2 is also arranged in a
      stationary manner on an extension of the ray path 1, and the emission
      center 17, formed essentially by the hollow cathode 6, of the primary
      radiation source 2 is imaged, via a quartz lens 20 at the emission center
      17 of the auxiliary radiation source 10 in such a manner that the
      radiation coming from the hollow cathode 6 of the primary radiation source
      2 is focused into the emission center 17 of the auxiliary radiation source
      10 and from this position is passed onto the inlet condenser 19 of the
      following optical system of the atomic absorption spectral photometer.
      Preferably the aperture beta of the image of the hollow cathode 6 onto the
      emission center 17 is matched to suit the illumination aperture defined by
      the inlet condenser 19 and the distance of the emission center 17 of the
      auxiliary radiation source from the latter.
PAR  In accordance with the invention the primary and the auxiliary radiation
      sources 2 and 10 respectively are operated in a pulsed manner and the
      pulsed operation occurring with the same frequency of the two light
      sources is so electrically synchronized that the emission center 17 of the
      auxiliary radiation source sends out in an alternating manner light pulses
      of the primary radiation source 2 and of the auxiliary radiation source 10
      which are supplied to the following optical system of the atomic
      absorption spectrophotometer. The energy matching between the auxiliary
      radiation source 10 and the primary radiation source 2 is carried out
      purely electrically avoiding the use of optical ray attenuators.
PAR  The invention thus provides an illumination system wherein alternating
      pulses of the resonance radiation supplied by the primary light source
      and/or the continuum radiation produced by the auxiliary source
      respectively are supplied to the optical system of the atomic absorption
      spectrometer from the emission center of the auxiliary radiation source
      arranged in a stationary manner along the ray path which is common to the
      primary and the auxiliary radiation source. In the spectrometer the
      radiation from both sources passes along a reference and sample path to a
      radiation detector. The detector produces, in a conventional manner, an
      electrical output signal having an amplitude dependent only on the
      specific absorption due to the free atoms of the element to be analyzed
      and is compensated for as regards undesired nonspecific absorption. This
      manner of operation is used in accordance with the invention with an optic
      illumination system which is simple in construction and makes do without
      any moving parts. The control of the pulse operation of the two radiation
      sources and of the energy emerging between the two radiation sources is
      carried out in a purely electrical or electronic manner.
PAR  The invention has been described above with reference to a preferred
      embodiment, which however can be modified in many different ways, more
      particularly as regards the details of the lamp construction. It is
      important for the basic principle of the invention that use is made of two
      radiation sources, arranged in a fixed manner along a common ray path, for
      the illumination system and the auxiliary radiation source is arranged
      closest to the optical inlet of the following atomic absorption
      spectrometer and in the ray producing system of the auxiliary radiation
      source there is an optically transparent part and the emission center of
      the primary radiation source arranged in a stationary manner along the
      same ray path is projected into the emission center of the auxiliary
      radiation source and the two radiation sources are operated in an
      alternate, pulsed manner and can be regulated electronically or
      electrically in their intensity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An illumination system for an atomic absorption spectrophotometer having
      an optical input, the system comprising a primary radiation source for
      producing resonant radiation encompassing the resonant wavelength or
      wavelengths of the element or elements to be detected, an auxiliary
      radiation source which produces a continuum of radiation within a
      wavelength range which includes the resonance wavelength or wavelengths of
      the primary resonance radiation and is broad in comparison with the band
      width of the resonance radiation of the primary source for compensation of
      a nonspecific absorption in the absorption spectral photometer and means
      for causing the radiation from the two sources to enter the optical input
      of the spectral photometer alternately, wherein the improvement comprises:
PA1  mounting the primary radiation source and the auxiliary radiation source in
      a common path, said auxiliary source having an area therethrough
      transparent to the radiation of the primary source and being mounted
      between said primary source and the optical input of the absorption
      spectral photometer.
NUM  2.
PAR  2. The illumination system defined in claim 1 including an optical system
      for focusing the radiation from the primary radiation source in an
      emission center common to both radiation sources.
NUM  3.
PAR  3. The system defined in claim 2 wherein the emission center common to the
      two radiation sources coincides with the emission center of the auxiliary
      radiation source.
NUM  4.
PAR  4. The system defined in claim 3 wherein the primary radiation source has
      an aperture beta and the optical input of the atomic absorption
      spectrophotometer has an aperture alpha matching the aperture beta.
NUM  5.
PAR  5. The system defined in claim 1 wherein electrical means are provided for
      alternately pulsing the radiation sources.
NUM  6.
PAR  6. The system defined in claim 1 wherein the auxiliary radiation source
      comprises a gas discharge lamp having ray producing elements with openings
      arranged along the optical axis of the primary radiation source.
NUM  7.
PAR  7. An illumination system for an atomic absorption spectrophotometer having
      an optical input, the system comprising a primary radiation source for
      producing resonance radiation encompassing the resonance wavelength or
      wavelengths of the element or elements to be detected, an auxiliary
      radiation source which produces a continuum of radiation within a
      wavelength range which includes the resonance wavelength or wavelengths of
      the primary resonance radiation and is broad in comparison with the band
      width of the resonance radiation of the primary source for compensation of
      a nonspecific absorption in the absorption spectral photometer and means
      for causing the radiations from the two sources to enter the optical input
      of the spectral photometer alternately, wherein the improvement comprises:
PA1  mounting the primary radiation source and the auxiliary radiation source on
      a common optical path;
PA1  said auxiliary source being mounted between said primary source and the
      optical input to the spectral photometer;
PA1  said auxiliary radiation source comprising a hollow cylindrical anode
      having an axis perpendicular to said optical path, a cathode of U-shaped
      form and a screen electrode which surrounds the anode and the cathode,
      said anode and said screen electrode having apertures therein along said
      common optical path whereby radiation from said primary source may pass
      through said auxiliary radiation source.
PATN
WKU  039375773
SRC  5
APN  4701895
APT  1
ART  257
APD  19740515
TTL  Zeeman effect atomic absorption spectrometer
ISD  19760210
NCL  8
ECL  1
EXA  Evans; F. L.
EXP  Smith; Alfred E.
NDR  4
NFG  12
INVT
NAM  Dorsch; Robert R.
CTY  Wilmington
STA  DE
ASSG
NAM  E. I. Du Pont de Nemours and Company
CTY  Wilmington
STA  DE
COD  02
CLAS
OCL  356 85
XCL  356 96
EDF  2
ICL  G01J  330
ICL  G01J  342
FSC  356
FSS  85-88;96;97
UREF
PNO  3586441
ISD  19710600
NAM  Smith et al.
XCL  356 87
UREF
PNO  3600567
ISD  19710800
NAM  Varnela
OCL  235196
UREF
PNO  3676004
ISD  19720700
NAM  Prugger et al.
OCL  356 87
UREF
PNO  3737234
ISD  19730600
NAM  Shibata
OCL  356 88
UREF
PNO  3740117
ISD  19730600
NAM  Hubby, Jr.
OCL  350149
UREF
PNO  3752995
ISD  19730800
NAM  Liedholz
OCL  250214R
UREF
PNO  3811778
ISD  19740500
NAM  Hadeishi
OCL  356 85
UREF
PNO  3843258
ISD  19741000
NAM  Shupe
OCL  356 88
OREF
PAL  Hadeishi et al., "Hyperfine Zeeman Effect Atomic Absorption Spectrometer
      for Mercury," Science, Vol. 174, Oct. 22, 1971, pp. 404-407.
ABST
PAL  An acyclic Zeeman effect atomic absorption spectrometer viewing the sample
      analyzed continuously and simultaneously with two linear orthogonally
      polarized radiation beams preselected as to wavelength to effectively
      cancel out, upon logarithmic ratioing of their electrical analogs, the
      contribution of adulterants to the mass determination of a trace element
      in analysis and thereafter obtaining the ratio of the integrated value of
      the monitored sample logarithmic ratio signal with that of a stored
      standard sample integrated logarithmic ratio signal as a measure of the
      concentration of trace element present.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Generally, this invention relates to an acyclic Zeeman effect spectrometer
      particularly suited to industrial in-plant trace metal monitoring
      utilizing a transverse D-C magnetic field to continuously resolve the
      radiation from an unmodulated sharp spectral line source into linear
      orthogonally polarized components, a preselected one of which, the
      analytical beam, has a specific frequency characteristic of the element to
      be analyzed, whereas a preselected other of which, the reference beam, has
      frequencies different from the analytical beam, sample atomizing furnace
      means open to the passage of both beams, optical means segregating the
      analytical and reference beams along separate courses each provided with
      electronic transducing means generating an electrical signal corresponding
      to the radiation intensity of the respective beam viewed, means deriving
      the logarithmic ratio of the electrical signals one to another, and means
      utilizing the integrated logarithmic ratio to give the concentration of
      the element in analysis in the sample.
PAC  BACKGROUND
PAR  Trace metal monitoring has become increasingly important recently in
      connection with efforts to avoid environmental pollution, and there now
      exists legislation prescribing extremely low maximum tolerable
      concentrations of, for example, less than one part per million (p.p.m.)
      for certain metals such as Hg, Pb, Cd and As in waste streams.
PAR  The Environmental Protection Agency has recognized atomic absorption
      analysis as a preferred technique for most trace metals because of its
      inherent excellent sensitivity and selectivity capabilities when compared
      with titration, colorimetry and ion selective electrode techniques.
      However, conventional atomic absorption techniques do not provide the
      resolution required to distinguish the presence of trace metals from those
      matrices which produce strong background absorption signals.
PAR  Other shortcomings in conventional atomic absorption spectrometry include a
      failure to recognize fully the significance of lamp drift and
      furnace-generated noise in their effects on measurement accuracy.
      Specifically, means such as flame atomizers have been resorted to with
      various beam chopping devices to limit the introduction of noise into the
      measurement signal. However, when an analysis is completed within a short
      time span, e.g., of the order of two seconds, chopping rates must
      necessarily be very high in order to avoid the noise problem.
PAR  Moreover, standard dual beam atomic absorption analytical techniques do not
      direct the reference beam through the sample, but, instead, pass the
      reference beam around it. This precludes correction for background
      absorption in the measurement signal. In those conventional systems which
      use a second light source for background absorption correction by passing
      radiation through the sample, lamp drift correction is precluded. In
      addition, those spectrometers employing two lamps, two detectors and two
      synchronized choppers will experience the effects of photomultiplier (PM)
      tube drift unless the analysis is performed in a short time span. Finally,
      previous Zeeman effect systems have relied upon complex or fragile devices
      such as mechanical or electro-optical beam choppers or expensive single
      purpose filters, such as the atomic vapor filter described by Hadieshi and
      McLaughlin (ref: Science Oct. 22, 1971) to separate the two beams.
PAR  Successful application of atomic absorption analysis to industrial service
      requires simplicity of control (or, preferably, automation) to permit use
      by relatively unskilled personnel, system ruggedness to withstand long
      term service in demanding environments, measurement repeatability in order
      to detect immediately the onset of effluent system malfunctions,
      flexibility in the accommodation of product line changes and low
      maintenance requirements. It is the object of this invention to provide an
      improved Zeeman effect atomic absorption spectrometer which solves all of
      the foregoing problems.
PAR  The Zeeman effect is the phenomenon that, when an emitting atomic mass in
      the atomized (i.e., atomic vapor) state is placed in a magnetic field, the
      emitted radiation, in a direction normal to the magnetic field, propagates
      as two distinctive linearly but orthogonally polarized beams of equal
      intensity. One beam, hereinafter denoted the "analytical beam," polarized
      parallel with the magnetic field, contains a wavelength,
      .lambda..sub..pi., which is nearly identical with the wavelength of the
      emitting source in the absence of the magnetic field. The other beam,
      hereinafter denoted the "reference beam", is polarized orthogonally with
      respect to the analytical beam and consists of radiation of at least two
      different wavelengths, .lambda..sub..sigma..sub.+ and
      .lambda..sub..sigma..sub.-, which lie equally spaced on either side of the
      central .lambda..sub..pi. radiation. The separation in wavelength between
      the reference and analytical beams is very small, being only on the order
      of a hundredth of an angstrom unit (10.sup..sup.-8 cm.), dependent on the
      strength of the magnetic field. Thus, if one chooses a wavelength of the
      analytical beam to coincide with the characteristic spectral absorption
      line of a trace element in the atomized state which it is desired to
      analyze, the other (reference) beam can effectively monitor the
      substantially wavelength-independent background absorption characteristic
      of the analyte.
PAR  In order to reduce noise which interferes with the conduct of analysis,
      this invention resorts to acyclic beam generation and processing, in that
      it utilizes substantially steady state D-C magnetic field application to
      the radiation emitter and thereafter employs continuous form analytical
      and reference radiation beams. The beams are separated spatially by a
      polarizing prism which is provided with a monochromator or a selected
      narrow band pass optical thin film filter to block off extraneous
      background radiation, after which the intensities are separately
      transduced to electrical analog signals and the logarithmic ratio taken to
      nullify the effects of strong background absorption and source intensity
      drift on the trace element mass measurement.
PAR  Optional features improving operation constitute a long lifetime
      resistively heated metallic tubular furnace, a digital reference signal
      storage means to reduce the need for repeated calibrations, automatic
      sequencing of programmable analysis steps, and collocation of the
      monochromator and the polarizing prism to simplify instrument alignment.
PAR  Measurement repeatability is enhanced by the use of non-reactive tubing in
      the sampling system together with complete purging of the microsampler
      itself to safeguard against sample contamination. A base line clamping
      circuit is used to nullify slow drifts in the P.M. tubes and preceding
      circuitry, whereas the ratioing of the dual beams compensates for spectral
      line source base line drift.
DRWD
PAC  DRAWINGS
PAR  The following drawings constitute part of this specification, in which:
PAR  FIG. 1 is a schematic diagram of a preferred embodiment of an analyzer
      according to this invention showing, also, associated sampling and
      electronic auxiliaries which, while not essential to operation, are
      desirable adjuncts to an automated system,
PAR  FIG. 1A is a perspective view detailing the sample injection sub-assembly
      of FIG. 1,
PAR  FIGS. 2A-2E, inclusive, are diagrammatic representations of the several
      spectra and electrical waveforms existing at the points in FIG. 1 denoted
      by the respective letter postscripts of these FIGS., wherein
PAR  FIG. 2AA is a typical spectral line emitted by a narrow spectral line
      radiation source, in this instance for the element Pb, without magnetic
      field,
PAR  FIG. 2A' is a typical spectrum of the radiation beam of FIG. 2A showing the
      result of Zeeman splitting effected by a transverse D-C magnetic field,
PAR  FIG. 2B shows the radiation transmission characteristic of a typical
      analyte in its atomized state,
PAR  FIG. 2B' shows the relative intensities of the reference and analytical
      components of the radiation beam at the sample-atomizing furnace outlet,
PAR  FIG. 2C is a waveform showing the logarithmic ratio of the analytical
      (J.sub.1) to the reference (J.sub.2) signals shown in FIG. 2B',
PAR  FIG. 2D is the waveform of FIG. 2C appearing at the output of the low pass
      filter and base line corrector circuit of FIG. 1,
PAR  FIG. 2E is the waveform resulting from the input of FIG. 2D appearing at
      the integrator circuit output of FIG. 1,
PAR  FIG. 2F is a typical recorder trace obtained over a prolonged monitoring
      period with the apparatus of FIG. 1,
PAR  FIG. 3 is a schematic diagram of representative reference and analytical
      signal magnitudes measured for a typical industrial waste effluent,
      together with the Pb trace metal read-out resulting from the obtainment of
      the logarithmic ratio of these signals, and
PAR  FIG. 4 is a schematic representation of an optical system which can be
      substituted for that of FIG. 1 for trace metal determinations in the
      ultra-violet spectral range.
DETD
PAC  DETAILED DESCRIPTION
PAR  The Zeeman effect is obtained by relatively moderate strength transverse
      magnetic fields and, while the "splitting" generally produces a
      multiplicity of components, this invention treats this multiplicity of
      components as three significant groups. These groups are plane-polarized
      with the central group (i.e., .pi. components) polarized with its electric
      vector parallel with the magnetic field lines, whereas the bracketing
      groups (i.e., the .sigma.+ and .sigma.- groups) are polarized with their
      electric vectors orthogonal to the magnetic field lines (refer to vector
      sketch of FIG. 1, location A). Hereinafter, for simplicity in the
      description, these three groups will be treated as three distinct spectral
      lines.
PAR  The .pi. line remains essentially unchanged in wavelength over the original
      excited wavelength, but the .sigma.+ and .sigma.- lines propagate at
      higher and lower wave numbers, respectively. In this invention, the .pi.
      line constitutes the "analytical beam," because its wavelength matches the
      absorption line characteristic of the trace element in analysis, whereas
      the combined .sigma. lines are used collectively as the "reference beam."
PAR  An important advantage resides in employing the Zeeman effect in spectral
      analysis, because the Zeeman effect "splittings" are functions only of the
      magnetic field and the angular momentum quantum numbers of the atomic
      state, and not of the energy levels of the atom. Accordingly, it is
      practicable to select from the several possible absorption lines for a
      given element the particular line which yields the best Zeeman "splitting"
      pattern. This choice is facilitated by the results of a calculation of the
      shift in electron energy .DELTA.E = .mu..sub.B .vertline. M.sub.J
      H.vertline.g.sub.J where
PAR  .mu..sub.B is the value of the Bohr magneton
PAR  M.sub.J is the magnetic quantum number
PAR  H is the magnetic field strength, and
PAR  g.sub.J is the Lands g factor.
PAR  An element-by-element computation of the best Zeeman "splitting" patterns
      has shown that the mass concentrations of most elements in the periodic
      table which are susceptible to conventional atomic absorption analysis can
      be determined by Zeeman effect atomic absorption analysis.
PAR  Referring to FIG. 1, a preferred embodiment of apparatus according to this
      invention, inclusive of the optional features hereinbefore mentioned
      generally, comprises the three sections set off one from the other by
      broken vertical lines, consisting, in order to radiation and electrical
      signal progression, of: (a) the spectrometer, (b) signal processing and
      measurement and (c) data display.
PAR  In this instance, the spectrometer utilizes a narrow spectral line source
      1, e.g., a hollow cathode lamp the cathode element 9 of which contains the
      metal which is the subject of analysis. Such lamps are available
      commercially and may have cathodes composed of five or six metals in
      association, so that a single lamp can be used at any one time for the
      analysis of each metal of the group. The radiation emitted from the lamp
      is projected as a beam 2 having a sharp, highly intense, resonance
      spectral line against a very low background, wherein the wavelength is
      identical to that characterizing the trace element in analysis (refer FIG.
      2A), .lambda..sub.A for Pb being 2833A with a line width of 0.003A.
PAR  For Zeeman "splitting," cathode element 9 must be disposed between the
      poles of the magnet, and this invention utilizes a D-C magnet 3 which
      furnishes a noisefree constant D-C field, typically in the range of 2-15K
      gauss.
PAR  The analytical (.pi.) and reference (.sigma..sup.+, .sigma..sup.-) beams
      pass simultaneously and continuously through inert gas-filled chamber 4
      via aligned windows, not further detailed herein.
PAR  Chamber 4 houses the flameless sample atomizing tubular furnace 5 and the
      sample injector, denoted generally at 6. Chamber 4 is maintained under a
      slight positive pressure with a continuously circulated stream of an inert
      gas (typically argon) which is temporarily increased in pressure just
      prior to each furnace heating cycle to purge the vapors from the last
      analysis run. The inert gas must not react with incandescent furnace metal
      at the atomization temperature of 2,000.degree.-3,000.degree.C. and,
      additionally, must not cause undue pressure broadening of the absorption
      spectrum or attenuation of the analytical and reference radiations during
      the actual analysis portion of the cycle.
PAR  Flameless furnace 5 is designed to eliminate the problem of high sporadic
      emissions, or absorptions, normally observed when flame devices excite
      matrices (i.e., accompanying background material) containing high
      concentrations of inorganic salts. Thus, my furnace is fabricated from
      tantalum in the form of a right circular cylinder having flanged ends,
      approximately 2.54 cm long .times. 5.8 mm. inside diameter with a 0.25 mm.
      wall thickness. The length-to-diameter ratio of approximately 4.4 and the
      wall thickness settled upon were chosen as a compromise to achieve
      conflicting desiderata, including maximizing trace element diffusion time
      (directly a function of tube length but inversely a function of tube
      diameter), maximizing beam throughput (inversely a function of tube length
      but directly a function of tube diameter), increasing the service life
      (directly a function of tube wall thickness) and increasing the electrical
      resistance for fast heating (inversely a function of wall thickness).
PAR  A defect of prior art furnaces has been premature tube fracture resulting
      from high mechanical stresses imposed by severe thermal gradients existing
      around sample injection ports provided in the tube walls. To avoid this
      problem, sample injector 6 is retractable in design (refer FIG. 1A),
      thereby permitting introduction of the analyte directly into the open
      radiation entrance end of cylindrical furnace 5.
PAR  The furnace support comprises a horizontal shelf 10 fabricated from
      heat-resistant electrical insulator material supported from the side walls
      of chamber 4, which is provided with upstanding metal posts 18
      screw-attached thereto. Posts 18 are cut away at their upper ends to
      provide open-ended U slots loosely receiving the cylindrical body of
      furnace 5 with circumferential clearance enough to avoid metal-to-metal
      heat conduction loss from the furnace body to the support structure. The
      outboard faces of posts 18 are recessed to receive the lower ends of metal
      anvil clamp plates 18', which are also provided with open-ended U slots
      extending from their lower ends in a vertical direction so as to receive
      furnace 5 loosely therein inboard of the furnace flanges without
      metal-to-metal contact peripherally of the furnace body per se. The
      assembly is completed by metal clamp end plates 18" which are drilled
      centrally to provide circular ports aligning axially with the bore of
      furnace 5 in set-up position and of the same diameter therewith, which
      clamps bear on the outside flange faces of the furnace and clamp it firmly
      against anvil clamp plates 18' when machine screws 19 are tightened. With
      this design, heat losses from furnace 5 are minimized by restricting
      metal-to-metal heat conduction paths solely to the end clamp attachments.
      Electric leads 11 attach to depending extensions of posts 18, furnishing
      the supply of electrical heating current longitudinally through the wall
      of furnace 5.
PAR  The sampling system, with the exception of the retractable sample injector
      6, is conventional equipment incorporating an effluent macro-sampler 15
      and a standard solution supply container 16. These are switched at will
      via two-way valve 14 into connection with the micro-sampler 13, which is
      provided with flush water supply port 17 and a sample drain port 17' to
      void surplus analyte continuously supplied to the micro-sampler.
      Micro-sampler 13, at preselected intervals, meters a small analyte sample
      of prescribed size (within a 1-100 .mu. liter range) through non-reactive
      tubing 12 (e.g., polytetrafluoroethylene) and thence, via sample injector
      6, into the radiation entry open end of furnace 5. Micro-sampler 13 then
      supplies a metered water flush, which cleanses the system to safeguard
      against trace element carry-over from one analysis cycle to another.
PAR  Referring to FIG. 1A particularly, sample injector 6 comprises a pneumatic
      cylinder 7, piston 8 assembly which carries an outboard metal plate 26 to
      which is brazed a short length of copper tubing 27. Tubing 27 constitutes
      a rigid support and guide for flexible polymeric tubing 12 passed
      therethrough, the outboard end of which is securely retained by friction
      within tubing 27 with a short length protruding in the direction of
      furnace 5. The line of advance and retraction of piston 8 and its attached
      supply tubing is inclined at approximately 15.degree. to the longitudinal
      axis of furnace 5, thereby permitting withdrawal of the injector sample
      supply end completely clear of the radiation supply path extending from
      source 1 through chamber 4 and furnace 5, except during the brief period
      of sample introduction.
PAR  The optical section of the apparatus comprises a polarizing prism 21 and
      monochromator 20 which are mounted on a common support, not detailed.
      Since the analytical (.pi.) and reference (.sigma.) beams are typically
      separated in wavelength by only about 0.05A, and hence cannot be spatially
      separated by a small monochromator, it is first essential to expand their
      spacing, and this is conveniently done by utilizing their polarization
      properties.
PAR  A polarizing prism 21, such as a Glan-Taylor type, is especially preferred
      because it separates the two polarizations into two nearly equally intense
      beams which exit the prism at substantially right angles to one another
      through adjacent faces. Since the standard Glan-Taylor prism is fabricated
      from mineral calcite, it becomes opaque to incident radiation at
      wavelengths shorter than about 2140A. However, the Rochon polarizing prism
      assembly of FIG. 4, hereinafter described, broadens the analytical
      capability of this invention through the far ultraviolet range (i.e., to
      about 1400A) without prohibitive attenuation.
PAR  Radiation selectivity is enhanced by employing a monochromator 20,
      typically a Jarrell Ash grating type with a selectable 2-20A pass band.
      This apparatus permits one to perform a multi-element analysis simply by
      setting the monochromator 20 wavelength to that characteristic of the
      element to be analyzed and adjusting the pass band to essentially exclude
      spectra lying outside the interval bounded by the .sigma.+ and .sigma.-
      lines. Collocation of polarizing prism 21 and monochromator 20 permits
      simultaneous spatial separation of the analytical (.pi.) and reference
      (.sigma.) beams within short spatial limits.
PAR  Mirror 22 reflects the horizontally polarized analytical (.pi.) beam
      through concave lens 23 and onto the monochromator exit port. The position
      of lens 23 can be adjusted to neutralize the difference in the two beam
      path lengths. Opaque radiation baffle 24, attached to the monochromator
      housing, isolates the analytical and reference beam channels, thereby
      preventing cross-talk prior to detection by the individual analytical and
      reference photomultiplier tubes 25, respectively.
PAR  Before describing the electronic circuit signal processing, reference is
      had to FIG. 2B which shows a typical absorption spectrum as obtained from
      atomized analyte at point B, FIG. 1. In this instance, the reference
      (.sigma.) beam experiences a somewhat smaller amount of absorption
      (practically all due to the matrix materials) than the analytical
      (.sigma.) line. However, for high background and small trace element
      concentrations, the reference (.sigma.) beam absorption can be almost as
      large as the analytical (.pi.) beam absorption. FIG. 2B' shows the
      absorption build up and decay of reference and analytical beams on the
      time scale during the brief (approximately 7 sec.) analysis period. An
      important feature of this invention is that the simultaneous and
      continuous processing of both the analytical and reference beams practiced
      ensures that each beam is equally affected by any variations in the
      spectral line source 1, fogging of chamber 4 inlet and outlet ports, and
      any furnace-generated matrix noise fluctuations caused by uneven
      distribution of matrix particulates forming smoke clouds within furnace 5.
PAR  Turning now to the electrical signal handling system, the logarithmic ratio
      of the analytical and reference electrical analog signals generated by the
      PM tubes 25 transducing the analytical and reference beam intensities is
      first obtained by conventional log ratio circuit 30. The quantitative
      relationships upon which trace metal measurement is based are as follows:
PAR  According to Beer's law, the intensities of the analytical and reference
      beams at the outlet of furnace 5 (e.g., at point B) are expressed:
EQU  I.sub.Anal. Out = I.sub. Anal. In
      e.sup.-.sup..epsilon..sup..sbsp.1C.sbsp.1land
EQU  I.sub.Ref. Out = I.sub.Ref. In
      e.sup..sup.-.sup..epsilon..sbsp.2C.sbsp.2lwhere
PAR  I.sub.Anal. Out, I.sub.Ref. Out are the intensities of the analytical
      (.pi.) and reference (.sigma.) beams, respectively, at point B,
PAR  I.sub.Anal. In, I.sub.Ref. In are the intensities of the .pi. and .sigma.
      beams, respectively, at point A,
EQU  l = the path length through furnace 5,
PAR  .epsilon..sub.1, .epsilon..sub.2 are the mass absorption coefficients at
      the .pi. and .sigma. wavelengths, respectively, and C.sub.1, C.sub.2 are
      the total mass concentrations within the analyte viewed by the analytical
      and reference beams, respectively.
PAR  Since the Zeeman effect resolves equal intensity radiations:
EQU  I.sub..pi. = I.sub..sigma..sub.- + I.sub..sigma..sub.+, and
      I.sub..sigma..sub.- = I.sub..sigma..sub.+ then
EQU  I.sub.Anal. In = I.sub.Ref. In
PAR  It is assumed that .epsilon..sub.2 constitutes a valid absorption
      coefficient at both the .sigma..sup.+ and .sigma..sup.- wavelengths,
      because these wavelengths are very close, usually within 0.1A of each
      other, and the background absorption is essentially constant over the
      small range.
PAR  Corresponding photoelectric transducer outputs are:
EQU  J.sub.1 = k.sub.1 I.sub.Anal. Out
EQU  J.sub.2 = k.sub.2 I.sub.Ref. Out where
PAR  J.sub.1, J.sub.2 are the photoelectric transducer 25 output currents for
      the analytical and reference beams, respectively, and
EQU  k.sub.1, k.sub.2 are the corresponding PM tube gains.
PAR  Taking the logarithm of the ratio of the two output currents yields:
      ##EQU1##
      but, since I.sub.Anal. In = I.sub.Ref. In, and C.sub.1 = C.sub.2 because
      both the analytical (.pi.) and the reference (.sigma.) beams are spatially
      coincident as they pass simultaneously and continuously through the
      atomized sample
      ##EQU2##
PAR  The law of additivity prescribes that the absorptivity of the analyte is
      the sum of the absorptivities of its components parts. Therefore,
EQU  .epsilon..sub.2 C.sub.2 = .epsilon..sub.M (.lambda..sub..sigma.)m.sub.M +
      .epsilon..sub.B (.lambda..sub..sigma.)m.sub.B
EQU  .epsilon..sub.1 C.sub.1 = .epsilon..sub.M (.lambda..sub..pi.)m.sub.M +
      .epsilon..sub.B (.lambda..sub..pi.)m.sub.B where
PAR  .epsilon..sub.M (.lambda.) is the trace element mass absorption coefficient
      at wavelength .lambda.,
PAR  .epsilon..sub.B (.lambda.) is the matrix mass absorption coefficient at
      wavelength .lambda.,
PAR  m.sub.M is the trace element mass concentration,
PAR  m.sub.B is the matrix material mass concentration, and
PAR  .lambda. denotes the wavelength of the viewing beam. But
EQU  .epsilon..sub.B (.lambda..sub..pi.) = .epsilon..sub.B
      (.lambda..sub..sigma.) by assumption, therefore
      ##EQU3##
      which can be simplified and converted to base 10 form by:
      ##EQU4##
PAR  G = 0.43429, the logarithm conversion factor, from which it is seen that
      the output of log ratio circuit 30 provides a direct readout of the amount
      of trace element in the sample.
PAR  The log J.sub.1 /J.sub.2 is the logarithm of the ratio of transmissivities
      of the analytical (.pi.) beam to the reference (.sigma.) beam. Since the
      reciprocal relationship constitutes the desired absorptivity ratio, the
      ratio is inverted by log ratio circuit 30 to give the waveform - log
      J.sub.1 /J.sub.2, plotted as the ordinate versus time as the abscissa in
      FIG. 2C, which is the signal output at point C, FIG. 1. Viewing the plot,
      it will be seen that the analysis per se commences at time t.sub.o, with
      sample atomization, and is completed approximately 7 secs. later. The
      maxima of the plot is a direct measure of .alpha.m.sub.M, i.e., of the
      trace element mass. The vertical offset indicated is caused primarily by
      the difference in PM tube gains and log ratio circuit offset.
PAR  A conventional low pass filter and base line corrector 31 is utilized to
      restore the waveform of FIG. 2C to its zero volt base line value, thereby
      effectively setting C = 0 in the final equation hereinbefore set forth
      expressing log (J.sub.1 /J.sub.2), and also limits the introduction of
      high frequency noise in the succeeding circuit. The resulting waveform is
      depicted in FIG. 2D, corresponding to that existing at point D, FIG. 1.
PAR  The signal next passes to conventional integrator circuit 32, which effects
      the integration depicted in FIG. 2E corresponding to point E, FIG. 1.
      Conventional buffer 33 is employed to limit the output amplitudes of
      integrator 32 so that these will lie within the operating limits of the
      succeeding circuitry hereinafter described.
PAR  The preferred embodiment of apparatus shown in FIG. 1 employs sequential
      programming to obtain a high time rate of repetitive analyses
      automatically, it being understood that manual control can be substituted,
      if desired, however, under the penalty of obvious performance capability
      limitations.
PAR  A typical self-sequencing programmer, not detailed in the drawings, can be
      that marketed under the trade name AGASTAT by Amerace-Esna Corp.,
      Elizabeth, N.J., which produces, in timed sequence, the electrical signals
      required to operate the system solenoid-actuated switches and
      electro-pneumatic valves (also not shown), which can typically be designs
      available from Skinner Precision Industries, Inc., New Britain, Conn.
PAR  Referring to FIG. 1, my preferred apparatus is designed to perform two
      different analyses at preselected times, the first being the usual routine
      monitoring of the effluent waste stream (denoted M in the drawing), which
      takes up the major operating time, and the second being occasional
      standardizations (denoted S) whenever these are deemed necessary.
PAR  Since the purpose of the waste stream monitoring is to obtain the
      concentration of trace material in the analyte (in p.p.m. or p.p.b.), the
      apparatus must be calibrated against standard solutions approximating
      concentrations of both the trace element and the same matrix background as
      will be encountered at the manufacturing plant site. Then the following
      equation applies:
      ##EQU5##
      where V is the volume concentration to be determined, S is the known
      standard solution volume concentration, and m.sub.M and m.sub.S are the
      monitored sample and standard sample trace element mass concentrations,
      respectively, which are measured as the output signals existing at point E
      during sample monitoring and standard analysis operation, respectively.
      From this, the monitored sample volume concentration V is readily
      determined, since
      ##EQU6##
PAR  Since the term S of the foregoing equation is a known constant, its
      multiplying effect on the quotient of m.sub.M /m.sub.S can be introduced
      by appropriate setting of the scale factor adjustment of recorder 43
      hereinafter described.
PAR  Standard solutions are relatively stable over lengthy time periods and,
      thus, do not require frequent analytical confirmation if the value of
      m.sub.S is constantly available. This invention incorporates m.sub.S
      signal storage facilities in the form of the standard signal circuit
      switched into operation via taps S contacted by the ganged single-pole,
      double-throw switches 34 and 40.
PAR  Thus, the standardization term m.sub.S is determined by periodic analysis
      of samples of standard solution drawn from storage 16, thereby producing a
      characteristic m.sub.S signal by the same operation as hereinbefore
      described for effluent monitoring. With switches 34 and 40 closed on their
      S contacts, the m.sub.S signal is introduced into and stored in A/D
      converter 36, from which it is available at all times for read out by D/A
      converter 37 and application as the divisor term, via line 38, to
      conventional electrical signal M/S divider 35. The signal display
      equipment terminating in recorder 43 provides a representation of the
      concentration of the standard solution for the guidance of the operating
      staff.
PAR  Conversely, when switches 34 and 40 are closed on their M contacts, which
      is the usual switch position, successive readings of m.sub.M are supplied
      as the dividend term to divider 35, where division is performed and the
      resulting quotient signals passed to the display equipment in following
      circuit.
PAR  The apparatus display section comprises digital meter 41, which
      incorporates an integral A/D converter to convert the analog quotient
      signal received from M/S divider 35 into a digital reading and to provide
      storage for the measured signal. This is followed by a D/A converter 42
      which restores the quotient signal to analog form, after which it passes
      to recorder 43 for quantitative display of the ppm (or ppb) volume
      concentration of the trace element monitored.
PAR  The operation of the apparatus of this invention is fully automatic,
      constituting, in sequence and under the time control of the cycling
      programmer hereinbefore described, injecting a metered sample followed by
      a metered amount of cleansing wash water into the open end of furnace 5,
      after which the radiation and electrical measurements are made during the
      relatively short interval (approximately 7 seconds) in which atomized
      sample exists in the line of radiation throughput.
PAR  Signal integration is completed by time t.sub.m, shown on FIG. 2E, at which
      time the instantaneous amplitude value of the FIG. 2E waveform is
      transmitted to the divider circuit 35 for measurement or to the A/D
      converter circuit 36 for storage, as the position of switches 34 and 40
      direct. At time T, FIG. 2E, the sequential programmer automatically
      returns the integrator 32 output to its zero volt base line value, thereby
      restoring the circuit to its original state for the next cycle of
      operation.
PAR  FIG. 2F shows a typical recorder 43 trace over nine successive analysis
      cycles. Periods T.sub.1 -T.sub.3 show the sequence of analyses conducted
      to establish a consistent m.sub.S value from standard solution 16 while
      the apparatus was operated in the calibration mode. In this mode,
      initiated by the operator's manual override of the programmer for each
      standard measurement, switches 34 and 40 and two-way valve 14 are all
      placed in S position, whereupon analyses of standard are conducted on the
      individual metered samples as each in turn is atomized and viewed during
      its short residence in furnace 5. As indicated by the large width traces
      of FIG. 2F, individual m.sub.S readouts can be maintained over unlimited
      time periods, because given m.sub.S values are stored in A/D converter 36
      until superseded by the next-succeeding standardization.
PAR  When the operator is satisfied that the standard value, m.sub.S, is valid,
      he switches the sequencing programmer to automatic control in the
      monitoring mode. Switches 34 and 40 are now turned to their M contacts,
      and two-way valve 14 is simultaneously turned to M position, thereby
      cutting off the supply circuit for standard solution 16 and substituting
      therefor sample supply to be monitored derived from macro sampler 15. The
      first trace element volume concentration measurement after calibration is,
      thus, T.sub.4. This measurement is now based on the standard concentration
      value stored in the standardization analog-digital circuitry during the
      most recent standardization, T.sub.3. Traces obtained through T.sub.8 at
      preselected successive time intervals spaced about 15 minutes apart were
      recorded during automatic continuation of monitoring operation. Since
      traces T.sub.7 and T.sub.8 appear larger than normal, the operator
      initiated recalibration, as shown at T.sub.9. It is seen that the
      amplitude of T.sub.9 is close to that of T.sub.3, verifying, by inference,
      that the apparatus is performing valid analyses and that T.sub.7 and
      T.sub.8 are indeed correct.
PAR  FIG. 3 shows the effectiveness of the apparatus of this invention in
      reducing a composite signal containing the absorption information of the
      trace element to an accurate usable form. In this instance the specimen
      monitored was a 5 percent aqueous solution of NaCl containing one ppm of
      Pb. The two high peak signal traces a and b represent, respectively, the
      absorbance (logarithmic) signals from the reference (.sigma.) and
      analytical (.pi.) radiations. These individual signal traces, constituting
      log J.sub.2 and log J.sub.1, respectively, were obtained via temporary
      connections made internally of log ratio circuit 30, and each show their
      relatively small Pb absorption portions in combination with the stronger
      background NaCl absorption. A 0.2 absorbance unit (A) magnitude scale is
      provided for reference.
PAR  Signals c and d are two successive log-ratiod intensities obtained by
      differencing the analytical (.pi.) and the reference (.sigma.) absorbance
      signals, and represent essentially the Pb mass alone.
PAR  Referring to FIG. 4, there is shown an embodiment of optical system which
      can be substituted for that of FIG. 1 for trace metal determinations
      having characteristic lines in the ultra-violet spectral range.
PAR  This design utilizes a Rochon polarizing prism 29 consisting of a MgF.sub.2
      crystal for spatially separating the incident beam 2' into its linear
      orthogonal polarization components. MgF.sub.2 is particularly suited for
      broad band radiation use, since it can pass wavelengths which range from
      1400 to 70,000A. However, the spatial separation of the two beams, which
      exit the same face of the crystal, becomes worse with increasing
      wavelength. Consequently, the MgF.sub.2 crystal is most effective when
      analyzing materials which have characteristic wavelengths in the
      ultra-violet region. Experimentation shows that in the range 1400 to 2500A
      the angle of separation, .theta., between the two orthogonally polarized
      beams is between 4.5.degree. to 5.5.degree.. At 2500A the Glan-Taylor
      prism is no longer opaque and provides much better spatial separation of
      the two beams than the Rochon prism.
PAR  With the described capabilities of the MgF.sub.2 Rochon prism, it is now
      possible to extend Zeeman effect atomic absorption analysis to arsenic,
      selenium, zinc and certain characteristic lines or mercury, which is
      beyond the capabilities of the Glan-Taylor polarizing prism arrangement.
PAR  Referring to FIG. 4, it will be understood that the showing here is limited
      to the changed optical apparatus only, all other components of the
      analyzer remaining the same as that already taught with reference to FIG.
      1.
PAR  The radiation input to chamber 4' is first passed through a focusing lens
      39 fitted to the inlet port of the inert gas-filled chamber in order to
      focus beam 2' on to the center of Rochon prism 29 after its passage
      through flameless tubular furnace 5'. Rochon prism 29 is disposed partly
      within chamber 4', i.e., towards lens 39, in order to reduce the focal
      distance of lens 39 so as to obtain a smaller image at the focus and,
      also, to maximize the prism-monochromator distance to allow ample room for
      adjustment of the collimating lens 28, which is disposed in optical line
      between chamber 4' and monochromator 20'. Collimating lens 28 maintains
      constant the spatial separation between the two beam components at the
      entrance port of monochromator 20'.
PAR  The apparatus of FIG. 4, using a MgF.sub.2 Rochon prism polarizer and
      Zeeman effect atomic absorption, was utilized for the analysis of 5 .mu.
      liter samples containing 10 and 20 ppb concentrations of zinc in 0.5
      percent aqueous NaCl solution. The Zn characteristic radiation of 2139A
      was employed as the analytical radiation and yielded a 0.36 absorbance
      signal for a 10 ppb Zn-containing sample.
PAR  It was determined that Zeeman effect analysis according to this invention
      consistently cancelled the salt absorbance to less than 0.03 absorbance
      unit, which is the equivalent of 0.8 ppb Zn, or one part in 5 .times.
      10.sup.6 of the mass of the NaCl present.
PAR  Although hollow cathode lamps of the type hereinbefore described with
      reference to radiation source 1 are preferred, electrodeless discharge
      lamps, such as those marketed by Ophthos Instrument Company and
      Perkin-Elmer Corporation can be substituted if desired.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for acyclic spectrochemical trace analysis employing the
      Zeeman effect comprising, in optical train in the order recited,
PA1  a radiation emission source emitting the characteristic spectral line
      radiation of an element to be analyzed,
PA1  magnetic means applying a D-C magnetic field transverse the path of said
      characteristic radiation in the region of its emission maintaining a
      substantially steady D-C magnetic flux resolving said characteristic
      radiation into continuous linear orthogonally polarized radiation
      components a preselected one of which, the analytical beam, has a specific
      frequency characteristic of said element to be analyzed and a preselected
      other of which, the reference beam, has frequencies different from said
      analytical beam,
PA1  furnace means open to the passage of said analytical beam and said
      reference beam for atomizing a sample of a substance to be analyzed,
PA1  optical means segregating said analytical beam and said reference beam
      along separate courses according to their simultaneous linear orthogonal
      polarization directions and within preselected wavelength limits, each
      course being provided with electronic transducing means developing an
      electrical signal corresponding to the sensed radiation intensity of the
      respective beam viewed,
PA1  means deriving the logarithmic ratio of said electrical signals one to the
      other,
PA1  and means utilizing said logarithmic ratio in values specific to separate
      sample and standard analyses to give the concentration of said element to
      be analyzed in said sample.
NUM  2.
PAR  2. Apparatus for acyclic spectrochemical trace analysis employing the
      Zeeman effect according to claim 1 wherein said radiation source comprises
      a hollow cathode lamp.
NUM  3.
PAR  3. Apparatus for acylic spectrochemical trace analysis employing the Zeeman
      effect according to claim 1 wherein said magnetic means comprises a D-C
      magnet furnishing a noise-free constant D-C field in the range of about
      2-15K gauss.
NUM  4.
PAR  4. Apparatus for acyclic spectrochemical trace analysis employing the
      Zeeman effect according to claim 1 wherein said furnace means comprises an
      open cylinder fabricated from an electrically resistive metal having a
      length-to-diameter ratio of approximately 4.4 and a wall thickness
      preselected to afford a high enough electrical resistance to the passage
      of an electric current through said furnace means to obtain rapid heating
      of said furnace to the temperature of atomization of samples subjected to
      analysis.
NUM  5.
PAR  5. Apparatus for acyclic spectrochemical trace analysis employing the
      Zeeman effect according to claim 1 wherein said optical means comprise a
      polarizing prism spatially separating said analytical beam and said
      reference beam and directing the beams to a monochromator producing strong
      narrow analytic and reference spectral lines.
NUM  6.
PAR  6. Apparatus for acyclic spectrochemical trace analysis employing the
      Zeeman effect according to claim 1 provided with means for the
      introduction of discrete sample volumes into said furnace means.
NUM  7.
PAR  7. Apparatus for acyclic spectrochemical trace analysis employing the
      Zeeman effect according to claim 1 wherein said means utilizing said
      logarithmic ratio values specific to separate sample and standard analyses
      to give the concentration of said element to be analyzed in said sample
      comprises means integrating said logarithmic ratio values over preselected
      time periods within which analysis is conducted.
NUM  8.
PAR  8. Apparatus for acyclic spectrochemical trace analysis employing the
      Zeeman effect according to claim 7 wherein said means utilizing said
      logarithmic ratio to give the concentration of said element to be analyzed
      in said sample comprises means for obtaining and storing the integrated
      logarithmic ratio of sensed radiation intensities in said analytical and
      reference beams for a standard solution and means utilizing said standard
      solution integrated logarithmic ratio as a divisor of the integrated
      logarithmic ratio of sensed radiation intensities in said analytical and
      reference beams for a sample in analysis.
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ABST
PAL  A laser gyroscope is disclosed wherein two pairs of waves propagating in
      opposite directions in a laser resonator are amplified by the laser medium
      of such resonator. The frequencies of such waves, which are all different,
      are maintained symmetrically about the center maximum gain frequency curve
      associated with the laser medium by operation of a pathlength stabilizer.
      Means are provided for combining a portion of each one of the waves in at
      least one of the pair of waves into a single composite beam and for
      controlling, in accordance with the relative levels of the energy in the
      components of such single composite beam, the pathlength of the laser
      resonator. With such an arrangement only one photodetector is required for
      pathlength stabilization.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to laser gyroscopes and more particularly
      to pathlength stabilization systems used therein.
PAR  As is described in my U.S. Pat. No. 3,741,657, assigned to the same
      assignee as the present invention, a ring laser having a polarization
      dispersive path produces four radiant energy waves, each one of such waves
      having a different frequency, one pair thereof traveling in a clockwise
      direction and the other pair thereof traveling in a counterclockwise
      direction. The propagation times of the waves are such that the pair of
      frequencies of the waves traveling in one direction, say the
      counterclockwise direction, is positioned between the frequencies of the
      waves traveling in the opposite, or clockwise, direction. Movement of the
      laser, for example, by rotation of the system about an axis perpendicular
      to the path, produces frequency shifts of the pair of waves propagating in
      one direction through the laser which are opposite to the frequency shifts
      of the waves moving in the opposite direction through the laser. This, in
      turn, produces changes in the frequency separation between the lower
      frequencies of each said pair oppositely to a change in the frequency
      separation between the higher frequencies of each of said pairs. The
      difference between such changes is, substantially, a linear function of
      the rate of said rotation and the relative sense of such difference is
      indicative of the direction of said rotation.
PAR  It is generally desirable in operation of such laser gyroscope that the
      lower frequency of each pair of frequencies is positioned below the
      maximum gain frequency. More specifically, the frequencies of each pair
      are maintained substantially equidistant above and below the maximum gain
      or center frequency of the laser. As described in my U.S. patent,
      referenced above, such positioning of the frequencies is accomplished by a
      pathlength stabilization system wherein a pair of photodetectors is
      included, one of such photodetectors being responsive to the waves in the
      lower pair of frequencies and the other one being responsive to the waves
      in the upper pair of frequencies. The output signals of the pair of
      photodetectors are filtered and passed to a differential amplifier. The
      differential amplifier produces a control signal proportional to the
      difference between the power level of the waves in the upper and lower
      pairs of frequencies. The control signal is then fed to a piezo-electric
      crystal included in the support means for one of the reflectors to change
      the position of such reflector thereby determining the pathlength of the
      laser. Hence, the pathlength of the laser is stabilized in accordance with
      the difference in power levels between the upper and lower pairs of
      frequencies to compensate for mechanical movement of portions of the
      system with respect to each other, thereby keeping the four frequencies
      positioned symmetrically about the center maximum gain curve of the laser
      medium.
PAR  While such pathlength stabilization system has been found adequate in many
      applications, any unbalance between the characteristics of the pair of
      photodetectors produces concomitant errors in the desired pathlength
      stabilization. Still further, because both clockwise and counterclockwise
      waves are used in pathlength stabilization and because such waves pass to
      the pair of photodetectors through different optical elements, errors in
      the desired stabilization may result from such elements.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention a laser gyroscope is provided, wherein
      two pairs of waves propagating in opposite directions and having separate
      frequencies are amplified in a laser medium, such gyroscope comprising:
      Means for combining a portion of each one of the waves in at least one of
      the pairs of waves into a single composite beam; and, means, responsive to
      the relative levels of the energy in each one of the portions of the pairs
      of waves in such beam, for maintaining the separate frequencies of the
      amplified waves symmetrically about a center maximum gain curve associated
      with the laser medium.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of this invention, reference is now made
      to the following description and to the drawings, in which:
PAR  FIG. 1 is an isometric drawing, exploded, partially broken away and
      somewhat simplified, of a V-shaped laser discharge tube assembly useful in
      a laser gyroscope according to the invention;
PAR  FIG. 2 is a plan view, somewhat simplified, of a laser gyroscope according
      to the invention, using the V-shaped laser discharge tube shown in FIG. 1;
PAR  FIGS. 2A and 2B are sketches useful in understanding the effect of
      half-wave retarders used in a polarization dispersive structure of the
      laser gyroscope shown in FIG. 2;
PAR  FIG. 2C is an elevational view of a means for mounting and orienting a half
      wave retarder useful in the invention;
PAR  FIG. 3 is a schematic diagram of a pathlength stabilizer used in the laser
      gyroscope shown in FIG. 2;
PAR  FIG. 4 is a plan view of an alternative embodiment of the gyroscope shown
      in FIG. 2; and
PAR  FIGS. 5 and 6 are a diagram of a four reflector laser gyroscope using the
      pathlength stabilizer shown in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a laser discharge tube assembly 10 is shown to
      include a pair of blocks 12, 14, each made of the same vitreous material
      such as fuzed quartz or the ceramic vitreous material manufactured by
      Owens-Illinois, Inc., Toledo, Ohio and known as "Cer-Vit." Block 12 is
      polished to provide an optically smooth surface 15. A pair of holes (not
      numbered) is formed transversely through such block 12. Conventional anode
      electrodes 11, 13 are inserted within such holes, the ends (designated by
      the numerals 11a, 13a respectively) being recessed slightly within block
      12. The anode electrodes 11, 13 are affixed to block 12 by a suitable
      metal-to-glass sealing material (not shown) disposed between the flanges
      11b, 13b of such electrodes and the block 12.
PAR  Block 14 is polished to provide an optically smooth surface 16. Such block
      is then milled, as shown, using conventional glass grinding techniques, to
      form a pair of grooves 18, 20, here arranged in a V-shape. The grooves 18,
      20 are formed along axes 19, 25 respectively as shown and the walls of
      such grooves 18, 20 are polished in a conventional manner. Here such
      grooves 18, 20 are 50 millimeters in length, with a maximum deviation of
      .+-. 0.050 millimeter from axes 19, 25 and have rectangular
      cross-sectional areas of 1 square millimeter. The axes 19, 25 of such
      grooves 18, 20 intersect in the plane of surface 26, here within a
      tolerance of .+-. 0.050 millimeter. The angle .alpha. between axes 19, 25
      is here 20.degree.. Such angle .alpha. is bisected by an axis 28, such
      axis 28 being the normal to the plane of surface 26. Grooves 18, 20 are
      milled so that axis 28 bisects the angle .alpha., here within a tolerance
      of two minutes of arc.
PAR  A hole 29 is drilled through a portion of block 14, normal to surface 16,
      along an axis 30, such axis 30 here being disposed 10 millimeters from the
      plane of surface 26 along axis 28, as shown. Here the diameter of such
      hole 29 is 5 millimeters. Another hole 31 (here also of 5 millimeter
      diameter) is drilled through a portion of block 14 along axis 32, such
      axis here being orthogonal to axis 30. The holes 29, 31 are oriented so
      that axes 32, 30 intersect at point 34. The hole 31 is counterbored as
      shown to a diameter, here 15 millimeters, to form a cavity 36. Inserted
      into cavity 36 is a conventional cup-shaped cathode electrode 38, here
      having a diameter of 14 millimeters. After insertion of cathode electrode
      38 the cavity 36 is enclosed by affixing a suitable disk 40, here having a
      diameter 17 millimeters, to the block 14. Passing through disk 40 is a
      hollow copper conduit 42 for a helium-neon gas mixture in the cavity 36,
      via hole 41, after the gas discharge tube 10 is assembled and also for
      providing a suitable connection between a voltage source (not shown) and
      the cathode electrode 38.
PAR  Blocks 12, 14 are aligned so that anode electrodes 11, 13 are disposed over
      grooves 18, 20, respectively, when the surfaces 15, 16 are placed in
      contact with each other. Blocks 12, 14 then are effectively affixed to
      each other because of the optical contact between surfaces 15, 16. Grooves
      18, 20 and the surface 15 thereby form a V-shaped capillary in the affixed
      blocks 12, 14. It is here noted, however, that while optical contact
      provides sufficient means for affixing blocks 12, 14 together, a suitable
      bracket arrangement (not shown) may be used to provide an additional
      fastening means for the blocks 12, 14. After blocks 12, 14 are fastened,
      laser windows 46, 48 here are fastened in any conventional manner, as with
      a suitable epoxy, to the blocks 12, 14 at the open ends of the V-shaped
      capillary, as shown. Here such windows 46, 48 are, for reasons to become
      apparent, focusing lenses, such lenses having a flat surface facing the
      blocks 12, 14. Also, a reflector, here a plane mirror 50, is affixed to
      such blocks 12, 14 adjacent the point of inflection of the V-shaped
      capillary, as shown. It is here noted that the reflecting surface of such
      mirror 50 is disposed, as shown, in the plane of surface 26 and the normal
      to such mirror is along axis 28. Having so assembled the laser discharge
      tube 10, the helium-neon gas mixture is introduced from a source (not
      shown) into cavity 36 by way of conduit 42 and hole 41. A portion of such
      gas mixture passes through the holes 29, 31 to fill the V-shaped
      capillary. The gas mixture is stored at a desired pressure, here about 2
      Torr. After reaching such desired pressure conduit 42 is sealed closed and
      is disconnected from the gas mixture source. The mirror 50, windows 46, 48
      and disk 40, inter alia, provide sufficient means for enclosing the
      capillary to thereby enable storage of the gas mixture at such desired
      pressure. On application of a voltage between the cathode electrode 38 and
      the anode electrodes 11, 13 an electrical discharge is produced through
      the gas mixture.
PAR  Referring now to FIG. 2, a laser gyroscope 52 is shown assembled generally
      in accordance with my invention described in the above-referenced U.S.
      Pat. No. 3,741,657 and mounted to a suitable platform (not shown). Here
      such laser gyroscope 52 uses the laser discharge tube assembly 10 shown in
      FIG. 1 as a laser amplifier medium. A triangular shaped "ring" or closed
      path resonator for the laser beams is defined by reflectors 54, 56 in
      combination with mirror 50. The laser beams are in a common plane
      hereinafter sometimes referred to as the "plane of the laser."
PAR  Positioned in the base of the triangular shaped "ring" laser resonator is a
      polarization dispersive structure 58. Such structure here includes a
      conventional quartz half-wave retarder 60 and a conventional Faraday
      rotator 62. The laser beam passing from the discharge tube assembly 10 to
      reflector 56 (i.e., the counterclockwise traveling beam) is focused by the
      laser windows 46, 48 (here lenses) at the entrance to the capillary
      segment formed by groove 18. The clockwise traveling laser beam is focused
      by the laser windows 46, 48 (here lenses) at the entrance to the capillary
      segment formed by groove 20. The polarization dispersive structure 58 is
      disposed in the path of both the clockwise and counterclockwise traveling
      laser beams. As described in my referenced U.S. patent, both such
      clockwise and counterclockwise traveling laser beams contain oppositely
      sensed circularly polarized waves. The half-wave retarder 60 produces, in
      combination with an odd number of reflectors 50, 54, 56 (for reasons to be
      discussed hereinafter), a delay for circularly polarized waves that is
      different for one sense of circular polarization than for the opposite
      sense. Further, such half-wave retarder 60 is reciprocal, that is, the
      same delay will be produced for both the clockwise and counterclockwise
      traveling laser beams. The reason for the difference in delay for
      oppositely sensed circularly polarized waves may be explained by referring
      to FIG. 2A where a beam of circularly polarized wave is shown to pass
      through a pair of exemplary half-wave retarders 200, 202. Such half-wave
      retarders 200, 202 are assumed to be uniaxial crystals, here crystalline
      quartz. Each half-wave retarder 200, 202 is assumed to have a set of
      orthogonal crystallographic axes X, Y, Z and X', Y', Z', respectively, as
      shown. Here the X axis and the X' axis are codirectional with the beam and
      the Y axis and Y' axis are rotated with respect to each other, about the X
      and X' axes, through an angle .gamma. (radians). The Z and Z' axes are
      commonly referred to as the optic-axes or the "distinguished direction"
      axes and the X, X' and Y, Y' axes are sometimes referred to as the
      "equivalent direction" axes as described in "Principles of Optics" by M.
      Born and E. Wolf, 4th Edition, 1970 Pergamon Press, New York, page 678.
      Let us represent the beam entering half-wave retarder 200 as:
EQU  R.sub.i = Ae.sup.i.sup..pi./2 Y + AZ
PAL  The effect of half-wave retarder 200 is to retard the "Y" component of the
      entering beam one-half wavelength with respect to the "Z" component of
      such beam. Therefore, the beam exiting half-wave retarder 200 may be
      represented as
EQU  R.sub.o = Ae.sup.i3.sup..pi./2 Y + AZ
PAL  It is first noted that the sense of circular polarization of such exiting
      beam is reversed (with respect to the entering beam) by the half-wave
      retarder 200. That is, if the beam entering half-wave retarder 200 is of
      right hand circular polarization, the beam exiting such retarder is of
      left hand circular polarization. Transforming R.sub.o into the X', Y', Z'
      coordinate system associated with half-wave retarder 202, the beam
      entering half-wave retarder 202 may be represented as:
EQU  R.sub.o = [Ae.sup.i3.sup..pi./2 cos .gamma. + A sin .gamma.] Y' + [A cos
      .gamma.-A(sin .gamma.)e.sup.i3.sup..pi./2 ] Z' = [Ae.sup.i3.sup..pi./2 cos
      .gamma. + A sin .gamma.] Y' + [A cos .gamma. + A(sin .gamma.)
      e.sup.i.sup..pi./2 ] Z'
PAL  The effect of half-wave retarder 202 on the beam is to retard the "Y'"
      component of such beam one-half wavelength with respect to the "Z'"
      component of such beam. Therefore, the beam exiting half-wave retarder 202
      may be represented as:
EQU  R.sub.o ' = [Ae.sup.i.sup..pi./2 cos .gamma. + Ae.sup.i.sup..pi. cos
      .gamma.] Y' + [A cos .gamma. + A(sin .gamma.) e.sup.i.sup..pi./2 ] Z' =
      Ae.sup.i.sup..pi./2 . e.sup.i .sup..gamma. Y' + Ae.sup.i.sup..gamma. Z'
PAL  It is noted that the sense of circular polarization has been reversed by
      the half-wave retarder 202. That is, if the beam entering the half-wave
      retarder 202 is of left hand circular polarization the beam exiting such
      retarder 202 is of right hand circular polarization. Or, expressing
      R.sub.o ' in the X, Y, Z coordinates:
EQU  R.sub.o ' = Ae.sup.i.sup..pi./2 . e.sup.2i.sup..gamma. Y +
      Ae.sup.2i.sup..gamma. Z = R.sub.i [e.sup.2i.sup..gamma. ]
PAR  Therefore, the beam exiting half-wave retarder 202 has the same sense of
      polarization as the beam entering half-wave retarder 200. However, such
      exiting beam has a 2 .gamma. (radian) pathlength change from such entering
      beam. Using a beam entering half-wave retarder 200 which has an opposite
      sense of circular polarization from that in the discussion above, (i.e.,
      one which may be represented as:
EQU  L.sub.o = Ae.sup.-i.sup..pi./2 Y + AZ)
PAL  it may be shown that such beam exits from half-wave retarder 202 with a -2
      .gamma. (radian) pathlength change with respect to the entering beam
      half-wave retarder 200. It follows that, if the beam entering half-wave
      retarder 200 has right hand circularly polarized waves and left hand
      circularly polarized waves and if such waves are "in phase" as they enter
      such half-wave retarder 200, then when they exit half-wave retarder 202
      they are not in phase. It follows from the discussion above the phase
      difference will be 4 .gamma. radians.
PAR  Let us now replace one of the half-wave retarders, say half-wave retarder
      200, with a reflector 204 as shown in FIG. 2B. Reflector 204 has the
      effect of reversing the sense of circular polarization of a beam incident
      thereon. That is, a reflected beam from the reflector 204 has an opposite
      sense of circular polarization from the sense of circular polarization of
      a beam incident thereon. It follows that if one of the "equivalent
      direction axes," say X', (FIG. 2A) is considered to be disposed in the
      plane defined by the beam incident on and the beam reflected by reflector
      204, and if the Y' axis of such half-wave retarder 202 is considered to be
      at an angle .gamma. with respect to a normal to such plane, then the sense
      of circular polarization of the beam incident on reflector 204 is the same
      as the sense of circular polarization of the beam exiting half-wave
      retarder 202. Further, if the beam incident on reflector 204 has right
      hand circularly polarized waves and left hand circularly polarized waves
      then if such waves are "in phase" as they strike such reflector 204 such
      right hand circularly polarized waves and left hand circularly polarized
      waves have, when they exit half-wave retarder 202, a pathlength or phase
      difference of 4 .gamma. (radians).
PAR  Referring to FIG. 2C, a convenient means, 206, is shown for mounting and
      orienting the half-wave retarder 60. Such half-wave retarder 60 is held by
      metal ring 208 with the one of the "equivalent direction" crystallographic
      axis, say the X axis, of such retarder aligned codirectionally with the
      laser beams. Metal ring 208 is rotatably mounted within support 210 by
      means of bearing (not shown). Support 210 is mounted in any convenient
      manner to the platform (not shown) of the laser gyroscope. Metal ring 208
      has a bevelled outer edge in the form of a bevelled gear. Such gear is
      meshed with a drive pinion gear 210 which may be rotated in any convenient
      manner within the support 210. Such rotation of drive pinion gear 212, in
      turn, causes the half-wave retarder to rotate its Y and Z crystallographic
      axes about its X crystallographic axis. Therefore, drive pinion gear 212
      is rotated until the Y crystallographic axis is at a desired angle with
      respect to the plane of the laser. It is here noted that, because an odd
      number (i.e., 3) of reflectors (i.e., reflectors 50, 54, 56) are used to
      define the laser resonator and because each one of such reflectors causes
      a reversal in the sense of polarization of the circularly polarized waves
      in the beams being reflected thereby, the sense of polarization of the
      clockwise traveling beam (or in the counterclockwise traveling beam) will,
      absent the half-wave retarder 60, reverse for each revolution of each
      beam. Therefore, in addition to providing the desired aforementioned
      delay, the half-wave retarder 60 is included to provide a reversal in the
      sense of polarization of each beam passing therethrough, thereby
      maintaining the sense of the polarization of the circularly polarized
      waves in the beams at any point within the closed laser resonator. It is
      also noted, for reason discussed above, that the half-wave retarder 60 is
      disposed in the path of the laser beams with one of the "equivalent
      direction" crystallographic axes (say the X' axis) thereof disposed in the
      plane of the laser. The phase difference, or delay, between the right hand
      circularly polarized wave and the left hand circularly polarized wave of
      each one of the beams passing through such half-wave retarder 60 is
      proportional to 4 .gamma., where .gamma. is the angle between the other
      one of the "equivalent direction" crystallographic axes (say the Y' axis)
      of such retarder 60 and the normal to the plane of the laser path.
PAR  Faraday rotator 62 also delays the circularly polarized waves, but is
      nonreciprocal and produces different delays for the clockwise and
      counterclockwise traveling laser beams. As described in detail in my
      referenced U.S. patent, the clockwise traveling laser beam has a right
      hand circularly polarized wave with a frequency f.sub.24 and a left hand
      circularly polarized wave with a frequency f.sub.21 and the
      counterclockwise traveling laser beam has a right hand circularly
      polarized wave with a frequency f.sub.23 and a left hand circularly
      polarized wave with a frequency f.sub.22, where f.sub.22 &gt; f.sub.21 ;
      f.sub.23 &gt; f.sub.22 ; and f.sub.24 &gt;f.sub.23. Further, the frequencies
      f.sub.21, f.sub.22, f.sub.23 and f.sub.24 are positioned symmetrically
      about the center maximum gain frequency of the gain curve associated with
      the particular laser medium here used.
PAR  When the platform (not shown) is rotated about an axis orthogonal to the
      plane of the laser path, the frequencies f.sub.21, f.sub.22, f.sub.23,
      f.sub.24 shift, as described in my referenced U.S. patent, in accordance
      with the rate of such rotation.
PAR  A small portion (i.e., less than a tenth of a percent) of the clockwise
      traveling laser beam is reflected from the flat surface of window 48 back
      to reflector 56 (as shown by dotted line 57). Such portion of the beam is
      reflected then from reflector 56 successively to reflectors 54 and 70. A
      portion of the beam reflected by reflector 70 passes through a
      half-silvered mirror 72 to a quarter wave retarder 73 and a polarizer 74,
      here a Wollaston prism, and another portion of the beam is reflected by
      the half-silvered mirror 72, to a pathlength stabilizer 76, the details of
      which will be described in connection with FIG. 3. Suffice it to say here,
      however, that pathlength stabilizer 76 provides an electrical signal to a
      piezoelectric crystal 78 which is included in support structure (not
      otherwise shown) for reflector 54. The piezoelectric crystal 78 is
      responsive to such signal to produce movement of such reflector 54 and
      thereby compensate for mechanical motions of the system so that symmetry
      of frequencies f.sub.21, f.sub.22, f.sub.23, f.sub.24 about the center of
      maximum gain is maintained as described in my referenced U.S. patent.
PAR  Similarly, a small portion (i.e., less than one-tenth of a percent) of the
      counterclockwise traveling laser beam is reflected by the flat surface of
      window 46 (as indicated by dotted line 59) to pass through the quarter
      wave retarder 73 and polarizer 74 and pathlength stabilizer 76 by
      successive reflections from reflectors 54, 56, 71 and half-silvered mirror
      72. It follows, then, that a portion of the clockwise and counterclockwise
      traveling beams are combined into a first composite beam passing to
      quarter wave retarder 73 and polarizer 74 and a second composite beam
      passing to pathlength stabilizer 76, each such beam containing both right
      hand circularly polarized waves and left hand circularly polarized waves.
      The quarter wave retarder 73 and polarizer 74 are constructed according to
      well known principles to spatially separate the circularly polarized beams
      passed thereto into two beams, 80, 82, beam 80 being a linearly polarized
      wave with frequency components f.sub.23, f.sub.24 and beam 82 being a
      linear polarized wave (having an orientation orthogonal to the
      polarization of beam 80) with frequency components f.sub.21, f.sub.22. The
      beams 80, 82 are passed to photo-detectors 84, 86 as shown. The signal
      produced by photo-detector 84 has a frequency component f.sub.23 -f.sub.24
      and the signal produced by photodetector 86 has a frequency component
      f.sub.21 -f.sub.22. The counters 88, 90 and adder 92 are included, as
      shown, to provide an output signal representative of the angular rate
      measured by the gyroscope as described in my referenced above U.S. patent.
PAR  Referring now to FIG. 3, the details of the pathlength stabilizer 76 are
      shown to include a modulator 94, here a conventional switchable quarter
      wave plate. Modulator 94 is responsive to a periodic voltage (having a
      fundamental frequency component .OMEGA./2 .pi.) from oscillator means 96.
      The periodic voltage causes the modulator 94 to switch between a first
      state and a second state within each period, thereby causing such
      modulator to act as either a "plus" quarter wave retardation plate or a
      "minut" quarter wave retardation plate, respectively. That is, when the
      modulator 94 is operated in the first state, the portion of the second
      composite beam made up of right hand circularly polarized waves will be
      converted by such modulator to, say, a vertically polarized wave and the
      portion of such beam made up of left hand circularly polarized waves will
      be converted by such modulator to a horizontally polarized wave. When the
      modulator 94 is operated in the second state, however, the portion of the
      second composite beam made up of right hand circularly polarized waves
      will be converted by such modulator to a horizontally polarized wave and
      the portion of such beam made up of left hand circularly polarized waves
      will be converted into a vertically polarized wave.
PAR  A polarizer 98 is oriented to pass therethrough only vertically polarized
      waves. Consequently, during operation of modulator 94 in the first state
      the right hand circularly polarized wave portions of the second composite
      beam directed to pathlength stabilizer 76 will pass through polarizer 98
      to a photodetector 100. During operation of modulator 94 in the second
      state, only the left hand circularly polarized wave portions of such beam
      will pass to photodetector 100. Therefore, the signal produced at the
      output of photodetector 100 is, during operation of modulator 94 in the
      first state, representative of the average power in the right hand
      circularly polarized waves in the laser beam (i.e., frequencies f.sub.23,
      f.sub.24) and is, during operation of such modulator in the second state,
      representative of the average power in the left hand circularly polarized
      waves in such beam (i.e., frequency f.sub.21, f.sub.22). The output signal
      produced by photodetector 100 is passes to amplifier 102 and band-pass
      filter 104. The output of band-pass filter 104 is a substantially
      sinusoidal signal of the form [A sin (.OMEGA.t + .phi.)] where: .OMEGA./2
      .pi. is the fundamental frequency component of the signal produced by the
      photodetector 100; A is proportional to the difference between the average
      power in the right hand circularly polarized wave detected by
      photodetector 100 and the average power in the left hand circularly
      polarized wave detected by such photodetector; and, .phi. is the phase
      angle between such output signal and the signal produced by the oscillator
      means 96. Such phase angle .phi. will be either 0.degree. or 180.degree.,
      depending on the relative power of the right hand and left hand circularly
      polarized waves detected by photo-detector 100. The output of band-pass
      filter 104 is passed to a synchronous detector 106. The signal produced by
      oscillator means 96 is fed to an amplifier 108 and band-pass filter 110 to
      produce a reference signal for synchronous detector 106. It follows then
      that the signal produced at the output of synchronous detector 106 will
      include a D.C. signal, the level of such D.C. signal being proportional to
      the difference between the average power in the right hand circularly
      polarized waves and the average power in the left hand circularly
      polarized waves. The polarity of such D.C. signal is indicative of the
      relative power level between the right hand and left hand circularly
      polarized waves. Such D.C. signal is passed to an integrator 112. The
      output of such integrator 112 is fed to piezoelectric crystal 78 to
      complete a feedback control loop and thereby maintain the frequencies
      f.sub.21, f.sub.22, f.sub.23, f.sub.24 dispersed about the center of the
      maximum gain curve.
PAR  Referring now to FIG. 4, a laser gyroscope 52' is shown. Such gyroscope 52'
      is similar to that shown in FIG. 2 (all common elements having the same
      numbers) but here, however, a half silvered mirror 114 is disposed in the
      path of the portion of the clockwise traveling beam reflected by reflector
      54. In such arrangement a portion of the clockwise traveling beam
      reflected by reflector 54 passes to reflector 70 and another portion of
      such reflected beam is passed to pathlength stabilizer 76. Therefore,
      pathlength stabilizer 76 responds to a single beam of energy having both
      right hand and left hand circularly polarized waves derived from the
      clockwise traveling laser beam. The half silvered mirror 114 and the
      pathlength stabilizer 76 are disposed so that no waves derived from the
      counterclockwise traveling laser beam may be passed to such stabilizer. It
      follows then that the resulting mechanical motion compensation is
      effective to change the pathlength of the laser resonator to maintain
      frequencies f.sub.21 and f.sub.24 centered about the center maximum gain
      frequency of the gain curve associated with the laser medium. Referring
      now to FIG. 5, a laser gyroscope 500 assembled generally in accordance
      with my U.S. patent referenced above is shown to include a laser amplifier
      medium 510. A ring path for the laser beam, here a rectangular resonator,
      is produced by four reflectors 512, 513, 514, 515, positioned as shown.
      Reflectors 514, 515 here are half-silvered mirrors. Here the laser path
      includes four (i.e., an even number) of reflectors and hence polarization
      dispersive structure 58' here includes a Faraday rotator 60' and a crystal
      rotator 62' as described in my referenced U.S. patent.
PAR  Light coupled as shown out of the rectangular resonator through
      half-silvered mirror 515 is used to actuate a processor 520. The latter
      includes quarter-wave plates, half silvered mirrors, polarization
      analyzers and photodetectors of any desired configuration such as, for
      example, those discussed in my referenced U.S. patent. When actuated the
      processor 510 provides information of the rate sensed by the gyroscope.
PAR  A portion of the counterclockwise traveling beam in the rectangular
      resonator is coupled to pathlength stabilizer 76 via half silvered mirror
      514 and reflector 522. Such beam has a right hand circularly polarized
      wave of frequency f.sub.23 ' and a left hand circularly polarized wave of
      frequency f.sub.22 '. Path length stabilizer 76 produces a control signal
      for a piezoelectric crystal 78' on which reflector 512 is mounted, such
      control signal being representative of the difference in level between the
      right hand and left hand circularly polarized waves of the
      counterclockwise traveling beam. Hence, the path length of the laser
      resonator is adjusted by using a single photodetector to maintain the
      frequencies f.sub.22 ', f.sub.23 ' symmetrically disposed about the center
      maximum gain curve associated with the laser medium.
PAR  Referring now to FIG. 6, a laser gyroscope 500' is shown wherein path
      length stabilizer 76 responds to portions of both the clockwise and
      counterclockwise traveling beams. Here reflector 522' is a half silvered
      mirror. Reflectors 530, 532 are provided to combine the right hand and
      left hand circularly polarized waves of the clockwise traveling beam and
      the counterclockwise traveling beam into a single composite beam
      represented by dotted line 534. Hence, here the path length of the laser
      resonator is adjusted using a single photodetector and portions of the
      waves in both the clockwise and counterclockwise traveling beams to
      maintain the frequencies f.sub.21 ', f.sub.22 ', f.sub.23 ', f.sub.24 '
      symmetrically positioned about the center maximum gain curve associated
      with the laser medium.
PAR  Having described the foregoing embodiments of this invention it is now
      evident to those of skill in the art that other embodiments incorporating
      its concepts may be used. For example, a W-shaped laser discharge tube
      assembly, as described in my copending patent application entitled "Laser
      Discharge Tube Assembly", Ser. No. 441,087, filed concurrently herewith
      and assigned to the same assignee as the present invention, may be used as
      the laser amplifier medium.
PAR  It is felt, therefore, that this invention should not be restricted to its
      disclosed embodiments but rather should be limited only by the spirit and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination:
PA1  a. a laser medium for providing amplification to radiant energy waves
      passing therethrough, the amplification of such medium being a function of
      the frequency of such waves and being maximum at a predetermined
      frequency;
PA1  b. means for directing two pairs of radiant energy waves to pass through
      the laser medium in opposite directions, each one of the waves in the two
      pairs thereof having a separate frequency, said frequencies being
      symmetrically disposed about a predetermined frequency;
PA1  c. means for combining a portion of each one of the radiant energy waves in
      at least one of the two pairs of waves passing through the laser medium
      into a single composite beam having two separate frequencies; and
PA1  d. means, responsive to the relative energy level in each one of the waves
      in such composite beam, for maintaining the separate frequencies of the
      two pairs of waves passing through the laser medium symmetrically disposed
      about the predetermined frequency.
NUM  2.
PAR  2. The combination recited in claim 1 wherein such composite beam includes
      waves of two senses of polarization, and such maintaining means includes
      means for comparing the energy level in the waves of one sense of
      polarization with the energy level in the waves of the other sense of
      polarization.
NUM  3.
PAR  3. The combination recited in claim 2 wherein the comparing means includes:
PA1  a. modulator means, disposed in the path of the composite beam, for passing
      during one time interval the energy in the waves of one sense of
      polarization and during a second time interval the energy in the waves of
      the other sense of polarization; and
PA1  b. means, responsive to the energy passed by the modulator means, for
      detecting the energy level in such passed waves.
NUM  4.
PAR  4. The combination recited in claim 1 wherein the combining means includes
      means for combining a portion of each one of the waves in the pair of
      waves into a single composite beam.
NUM  5.
PAR  5. The combination recited in claim 4 wherein such composite beam includes
      waves of two senses of polarization, and such maintaining means includes
      means for comparing the energy level in the waves of one sense of
      polarization with the energy level in the waves of the other sense of
      polarization.
NUM  6.
PAR  6. The combination recited in claim 5 wherein the comparing means includes:
PA1  a. modulator means, disposed in the path of the composite beam, for passing
      during one time interval the energy in the waves of one sense of
      polarization and during a second time interval the energy in the waves of
      the other sense of polarization; and
PA1  b. means, responsive to the energy passed by the modulator means, for
      detecting the energy level in such passed waves.
NUM  7.
PAR  7. In combination:
PA1  a. a laser medium for providing amplification to a plurality of oppositely
      polarized radiant energy waves passing therethrough;
PA1  b. ring resonator means for directing the plurality of oppositely polarized
      radiant energy waves to pass through the laser medium, such waves having
      different frequencies;
PA1  c. means for combining a portion of at least two of the waves into a single
      composite beam; and,
PA1  d. means, responsive to the relative energy level in each one of the waves
      in the composite beam, for maintaining the different frequencies of the
      waves in such composite beam symmetrically disposed about the
      predetermined frequency.
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ABST
PAL  The invention concerns a process for the two-sided exposure of a
      semiconductor or substrate plate, especially exposure of a wafer, through
      exposure masks which are arranged in plane parallel, parallel and
      rotational alignment to either side of a semiconductor plate. The
      invention further concerns an apparatus for parallel and rotational
      alignment to either side of a semiconductor plate. The invention further
      concerns an apparatus for parallel and rotational alignment of a
      semiconductor or substrate plate, especially alignment of a wafer, in
      relation to two exposure masks, operating on either of the two surfaces of
      the semiconductor or substrate plate, for the purpose of a two-sided
      exposure, in accord with the process established by the invention. An
      adjustable wedge-error correction head is provided supporting the
      semiconductor or substrate plate, for plane parallel adjustment of one
      surface, preferably the top one, of the semiconductor or substrate plate
      relative to the first exposure mask, also preferably the upper one, and an
      apparatus for bringing into contact the other surface of the semiconductor
      or substrate plate, preferably the lower one, relative to the second
      exposure mask, also preferably the lower one. A rotational compound slide
      table is provided, arranged in a plane parallel to the first exposure mask
      and displaying a mask mounting support for same, for the plane parallel
      position calibration of the first exposure mask relative to the
      semiconductor or substrate plate and to a microscope-type viewing device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has already been long known how to expose semiconductors or substrate
      plates, especially wafers, on one side, in multiple fashion, with
      relatively great accuracy, in order to build up several semiconductor
      layers on over the other, each of which displays a special geometry which
      must lie in a precise predetermined disposition relative to the surface
      elements of each of the other layers.
PAR  During the course of the intensive development of integrated circuit
      devices, it is normally required that semiconductors or substrate plates,
      especially wafers, be exposed on both sides, in repeated cycles. With the
      present state of the art, this problem still has not been overcome.
      Moreover, an initial two-side exposure can be carried out only on a
      semiconductor or substrate plate, i.e., a disk, which is not already
      provided with some special geometry resulting from previous exposures.
      Such type of an initial exposure, based upon the state of the art, is
      carried out such that, beforehand, a top and bottom exposure mask with
      horizontally running planes are placed in planes parallel to one another
      and then, after introduction into the space between the two exposure
      masks, the semiconductor of substrate plate is laid upon the lower
      exposure mask. Next, using thin rods, the semiconductor or substrate plate
      is run through a rough parallel and rotational alignment relative to the
      lowe exposure mask, after which final two-sided exposure takes place
      through the exposure masks. It is understood that such type of rough
      calibration of the semiconductor or substrate plate relative to the lower
      exposure mask is insufficient for obtaining a satisfactory coverage of the
      geometric structures of the exposure masks with other geometric structures
      that are already disposed on the semiconductors or substrate plates, i.e.,
      for the purpose of carrying out multiple exposures.
PAR  The task for the invention is to obtain a process that makes possible
      multiple exposure of semiconductors or substrate plates, especially
      wafers, on both sides, with sufficient congruency of the geometrical
      structures. This is achieved by initially bringing the two exposure masks
      into contact, plane parallel fashion, following a prior mutual parallel
      and rotational alignment. In addition to the fixing of their plane
      parallel adjustment, the relative distance between the two exposure masks
      in a direction running perpendicularly to their planes is fixed while
      retaining the plane parallel adjustment as well as the mutually parallel
      and rotational alignment. The semiconductors or substrate plates are
      brought into contact plane parallel fashion with a first of the two
      exposure masks following prior parallel and rotational alignment of those
      surfaces which are turned toward this exposure mask, and relative
      approachment to the second exposure mask is connducted while a
      pre-established, short distance relative to the semiconductor or substrate
      plate is attained. The plane parallel adjustment as well as the mutually
      parallel and rotational alignment is retained.
PAR  A particularly favorable and reasonable technique for the execution of the
      process in accord with the invention can be achieved through means of an
      apparatus of the type already alluded to hereinabove which is
      characterized by the fact that an auxiliary rotational compound slide
      table is provided, in addition to a mask support, for accepting the second
      exposure mask. The drive slide of the first compound slide table,
      preferably the first rotational compound slide table associated to the
      first exposure mask, is coupled with the drive slide of the other compound
      slide table, preferably that associated with the auxiliary rotational
      compound slide table for the second exposure mask. The mask support frame
      of the one rotational compound slide table, preferably that of the
      rotational compound slide table driving the other rotational compound
      slide table, is connected to its associated rotational compound slide
      table through a support frame approachment guide running perpendicular to
      the plane of travel of the two compound slide tables. The mask support
      frame is constructed as an adjustable wedge-error calibration frame in one
      of the two compound slide tables, with the wedge-error correction head
      intended for accepting the semiconductor or substrate plate being
      bearingly mounted to a swivel arm which, when the mask supports are moved
      apart, is pivotable in a rotational plane that lies parallel to as well as
      between the planes of displacement of the two rotational compound slide
      tables, in the space between the two planes of displacement. The mask
      support frame is movable into the pivot position perpendicularly to the
      planes of displacement, opposite the mask support that it turned toward
      the semiconductors or substrate plates, until the semiconductor or
      substrate plate comes into contact with the exposure mask associated with
      this mask support and, which is again pivotable after bringing the
      semiconductor or substrate plate to the exposure mask turned toward them.
      Also, at least on the wedge-error correction head, there is provided a
      controllable support for freeing the semiconductor or substrate plate upon
      coming into contact with the exposure mask turned toward them
      (semiconductor or substrate plate), as well as for picking them up after
      completed exposure.
PAR  With an extensively modified apparatus, representing a kinematic reversal
      of this preferred apparatus, both mask supports are rigidly connected to
      their associated rotational compound slide tables and the drive slides of
      the one rotational compound slide table are connected with the drive
      slides of the other rotational compound slide table through a table
      approachment guide which runs perpendicular to the planes of displacement
      of both rotational compound slide tables. The table approachment guide of
      this modified example of embodiment corresponds, here, to the support
      approachment guide in the case of the preferred example of embodiment.
PAR  By means of the previously described apparatus in accordance with the
      present invention, and, indeed, as well as for both the preferred and the
      modified examples of embodiments, it is possible to adjust both exposure
      masks in planes parallel to one another, first to an acceptable parallel
      and rotational alignment, which is done with both rotational compound
      slide tables, through means of the wedge-error calibration frame
      associated with the one exposure mask and then, while maintaining this
      adjustment, move the two exposure masks apart through means of the support
      approachment arrangement, in the case of the preferred example of
      embodiment, or the table approachment arrangement, so that sufficient
      space is formed between the two exposure masks to permit introduction of
      the semiconductor or substrate plate which will be held in place by the
      wedge-error correction head arranged on the pivoting arm. Through means of
      the wedge-error correction head that has been pivoted into the space
      between the two exposure masks, it is now possible to bring the
      semiconductor or substrate plate into plane parallel contact with one of
      the two exposure masks, preferably the lower exposure mask, by lowering
      the wedge-error correction head, whereby any cushion of entrapped air
      between the semiconductor or substrate plate and the oppositely lying
      exposure mask can escape. After making the plane parallel adjustment of
      the semiconductor or substrate plate relative to the exposure mask turned
      toward it and, along with this, relative to the two exposure masks in the
      wedge-error correction head, this latter can raise up the semiconductor or
      substrate plate a short interval from the exposure mask toward which it is
      turned, whereupon it is now possible, through means of one of the two
      rotational compound slide tables whose drive slots are engaged in the
      drive slots of the other rotational compound slide table, to subject both
      exposure masks together to a parallel and rotational alignment relative to
      that of the semiconductor or substrate plate that is adjusted along a
      plane parallel to the two exposure masks. Finally, the esemiconductor or
      substrate plate can be brought to the exposure mask turned toward it; and
      in the case of a vertical arrangement one over the other, both exposure
      masks, by laying the semiconductor or substrate plate on the lower
      exposure mask. The wedge-error correction head is then outwardly pivotable
      out of the space between the two exposure masks by means of the pivoting
      arm, whereupon the exposure mask furthest away from the semiconductor or
      substrate plate can be lowered to the extent that a two-sided exposure of
      the semiconductor or substrate plate, lying in axactly parallel and
      rotational alignment to both exposure masks, can be carried out from
      either side. A particular advantage of the apparatus in accordance with
      the invention lies in the fact that, using a single microscope, it is
      possible to calibrate both exposure masks relative to one another as well
      as to the geometry of one side of the semiconductor plate relative to the
      microscopically observed exposure mask, by observation perpendicular to
      the planes of one of the two exposure masks, whereupon correct calibration
      of the other side of the semiconductor or substrate plate relative to the
      other exposure mask is automatically ensured. By exact plane parallel
      adjustment of the two exposure masks relative to each other as well as of
      the semiconductor or substrate plate relative to the two exposure masks,
      the surfaces to be observed through the microscope can be brought very
      closely together, dependent only upon the depth sharpness range of the
      microscope used.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is explained in more detail with reference to the drawings,
      in which:
PAR  FIG. 1 is an example of embodiment for an apparatus in accordance with the
      invention, partially schematic and partially broken away and being viewed
      from the front;
PAR  FIG. 2 is a top view of the apparatus in accordance with FIG. 1 also
      partially cut away and broken away; and
PAR  FIG. 3 is a sectional view taken along lines III--III of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus illustrated in the drawings is usable for semiconductor
      plates, in particular wafers, and for substrate plates made of an
      insulator material. A presupposition for carrying out the process in
      accordance with the invention as well as for use of the apparatus
      illustrated in the sketches is that the semiconductor or substrate plate
      to be exposed in nontranslucent, at least for the light to be used for
      illumination. In order to arrive at a rational explanation of the
      apparatus illustrated in the drawings the following explanation takes into
      consideration only a wafer as a special case of semiconductor plate,
      although the apparatus is, self understood, usable also for a substrate
      plate.
PAR  Located on base plate 1 is a lower lamphousing 2 which, on its top side,
      over an interlying fan 3, supports a top lamphousing 4. Rigidly connected
      with the lower lamphousing 2 is a lower illumination optical arrangement 5
      which collimates the path of the rays (shown with dash-dot lines in FIG.
      3) from a lower UV lamp 6 deflecting upwardly through means of a
      deflecting mirror 7 inclined 135.degree. to the horizontal. In the same
      manner, an illumination optical arrangement 8 is rigidly connected to the
      upper lamphousing 4 which directs the path of the rays (also represented
      by dash-dot line) from an upper UV lamp 9, vertically downward, by means
      of a deflecting mirror 10 inclined at an angle of 45.degree. to the
      horizontal. The optical axes of the vertical portion of the lower and
      upper path of rays are calibrated coincidentally.
PAR  On base plate 1 there is a lower compound slide table 11 (shown
      schematically) with its drive slide 12 perpendicular to the plane of the
      view in FIG. 1 and displaceable in the y-direction, in the direction of
      the double arrow P1 of FIG. 3, by means of a micrometer screw 13. Drive
      slide 14 of the lower compound slide table 11 is displaceable in the
      direction of the double arrow P2 of FIG. 1, perpendicular to the plane of
      the view in FIG. 3, in the x-direction, through means of a micrometer
      screw 15.
PAR  Through means of two vertically extending spacer plates 16a, 16b, which
      display on top of each of their narrow surfaces a straight guide running
      perpendicular to the plane of the view in FIG. 1, there is bearingly
      mounted drive slide 17 of an upper compound slide table 18 which is
      displaceable perpendicularly to the plane of the view in FIG. 1, hence in
      the direction of double arrow P3 of FIG. 3, in the y-direction, through
      means of a micrometer screw 19. The drive slide 20 of compound slide table
      18 which is displaceable in the direction of double arrow P4, hence
      perpendicular to the plane of the view of FIG. 3, in the x-direction, by
      means of a micrometer screw 21. Compound slide table 18 supports, on its
      top side, a wedge-error calibration frame 22, shown schematically only,
      for a lower exposure mask 23. The mechanism of the wedge-error calibration
      frame 22 serving for correction of wedge-error is known in the present
      state-of-the-art and can, for example, be constructed similar to the
      mechanism of the wedge-error correction head that is in accordance with
      patent publication 2,032,027 of the Federated Republic of Germany. As is
      particularly obtained from FIGS. 1 and 3, the light interval between the
      two compound slide tables 11 and 18 must be somewhat greater than the
      height of the lower illumination optical arragement 5 so that free
      displacement of both compound slide tables is possible without casting
      shadows on the lower illumination optical arrangement.
PAR  The two compound slide tables 11 and 18 can each be rotated through drive
      slides 14 and 20 relative to drive slides 12 and 17 be means of a collar
      screw 24 and 25 (rotating mechanism is not shown in detail because it is
      known in the present state-of-the-art), so that both compound slide tables
      11, 18 will be designated as rotatable compound slide tables.
PAR  Rigidly connected with drive slide 14 of the lower rotatable compound slide
      table 11 is a short, horizontally-running piece 26 which supports a
      vertical post 27, displaying a rectangular cross-section. Movable up and
      down in the vertical direction along double arrow P5 on post 27, through
      means of a positioning member (not shown) is a shell 28 displaying a
      rectangular inner cross section. Components 27, 28 together form a support
      approachment guide 29, from which extends a stiff horizontal arm 30 whose
      free, projecting end displays, on its under side, a mask support for an
      upper exposure mask, which, when looking at it from a top view, finds
      itself practically covering lower exposure mask 23. By actuation of the
      positioning member available in the support approachment guide 29, it is
      possible to lower exposure mask 31 onto exposure mask 23 until the former
      comes in contact with the latter, whereby, in the case where calibration
      frame 22 is not locked, exposure mask 23 may be adjusted along a plane
      parallel to exposure mask 31 and then this plane parallel adjustment can
      be locked through means of calibration frame 22.
PAR  In the direction of viewing in FIGS. 1, 2, at the right next to
      lamphousings 2, 4 as well as rotatable compound slide tables 11, 18 there
      is arranged on base plate 1 a vertical guide 32 that is movable in the
      direction of double arrow P6, which is constructed similar to the support
      approachment guide 29 and which displays at its upper end a yoke 33 whose
      free projecting end supports a bearing pin 34 for a pivoting arm 35. The
      pivoting arm 35, at its free projecting end displays a cylindrical
      wedge-error correction head 36 which, as can best be seen from FIG. 3,
      displays at its lower face surface a flat retainer plate 37 containing a
      group of evenly spaced air exhaust nozzles 38 over its surface. Exhaust or
      compressed air can be brought to the air exhaust nozzles 38, as required,
      through a conduit 39 and a suction chamber 40. The wedge-error correction
      head itself is not specifically shown since it is presently within the
      state-of-the-art and can, for example, be constructed in accordance with
      patent publication No. 2,032,027 of the Federated Republic of Germany.
      With the wedge-error correction head unlocked, it is possible to bring a
      wafer (not shown) that has been sucked up onto retainer plate 37 into
      contact with the lower exposure mask 23 whereby the wafer may be freely
      adjusted plane parallel to the lower exposure mask 23, whereafter the
      wedge-error correction head can be locked in this plane parallel
      positioning of the wafer. When the two exposure masks 23, 31 as is shown
      in FIGS. 1, 3, find themselves at an essential distance from one another,
      pivot arm 35 with wedge-error correction head 36 can be pivoted into the
      space between the two exposure masks 23, 31 so long as vertical guide 32
      is in the position shown in FIG. 1. Subsequently, the vertical guide 32
      can be lowered until the wafer that is being held onto retainer plate 37
      by means of suction air comes into contact with the lower exposure mask 23
      and, upon coming into contact, adjusts itself in a plane parallel to this
      latter. After locking the plane parallel position of the wafer in the
      wedge-error correction head 36, vertical guide 32 can be moved upwardly
      through a preselected interval in order either to calibrate the exposure
      mask relative to the wafer or to again pivot the pivot arm 35 out of the
      space between exposure masks 23, 31, as will be clarified still further in
      the following.
PAR  In the direction of viewing of FIG. 1, to the right next to the lower
      exposure mask 23, there is a cross-shaped rotatable table 41 that is
      rotatably bearing mounted on a vertical post 42, which is rigidly
      connected to base plate 1. Arranged on rotatable table 41 are two
      cross-shaped wafer supports 43a, 43b, on each of which can be laid a wafer
      of up to about 50 mm. diameter. As is particularly shown in FIG. 2,
      rotatable table 41 is rotatable through means of snap-catches in
      180.degree. steps such that the left wafer support 43b, as seen in the
      direction of viewing of FIG. 2, continually lies within the pivoting range
      of pivot arm 35 and the axis of wedge-error head 36, upon pivoting pivot
      arm 35 in accordance with curved arrow P7 of FIG. 2, is to be brought so
      as to cover the vertical axis running through the mid point of wafer
      support 43b. By lowering vertical guide 32, when pivot arm 35 is in its
      outward pivot position, it is possible then to remove from wafer support
      43b a wafer by means of wedge-error correction head 36 or its retainer
      plate 37, or, on the other hand, deposit onto wafer support 43b a wafer
      that is being held by the wedge-error correction head 36 or its retainer
      plate 37.
PAR  As is gathered, particularly from FIGS. 1 and 3, calibration frame 22 for
      the lower exposure mask 23 is constructed such that it is possible to
      insert the objective tube 44 of a microscope 45, in a horizontal plane of
      motion, between drive slide 20 of the upper rotatable cross-table 18 as
      well as the bottom side of the lower exposure mask 23. The objective tube
      44 includes an objective 46 as well as a deflecting mirror 47 that is
      inclined at an angle of 45.degree. to the horizontal, whereby objective
      46, which is approximated to the vertical optical axis of the path of the
      rays of illumination optical arrangements 5, 8, is adjustable. Arranged
      inside of microscope 45 is a deflecting mirror 48, inclined at an angle of
      135.degree. to the horizontal, which is semi-translucent both to ocular
      path rays and to the path of rays from a microscope illuminating lamp 49.
      The path of rays of microscope 45 is shown in dash-dot lines. Microscope
      45 is mounted on a vertical post 50 which is movable within a horizontal
      guide 51 (shown in FIG. 3 by dot-dash lines) within base plate 1, along
      the path of an arrow P8, such that objective tube 44 of microscope 45
      attains outside the path of rays between the two exposure masks 23, 31. In
      this manner, it is possible, through means of microscope 45, to check the
      parallel and rotational alignment of the two exposure masks 23, 31 against
      one another and the parallel and rotational alignment of exposure mask 23
      (coupled with exposure mask 31) relative to the under side of the wafer
      supported by the wedge-error correction head 36, and after locking the
      setting, to move the microscope 45 along with its objective tube 44 out of
      the path of the rays in order to be able to illuminate the wafer from both
      sides through illumination optical arrangements 5, 8.
PAR  The lower, rear area of the apparatus is surrounded by a housing 55 which
      displays at its front a maintenance desk with group of maintenance buttons
      56 (FIGS. 1, 2) with a separation indicator 57 for setting the depth
      sharpnenss of microscope 45 and with timers 58 for setting exposure time
      of the water against the lower exposure mask 23. Push buttons 56 are a
      component of a control program (not shown) contained within the apparatus,
      in order to run the operational processes described more fully in the
      following, semi-automatically or fully automatically.
PAR  At the beginning of an operational cycle, as opposed to the representation
      in FIGS. 1, 2, pivot arm 35 is in an outwardly pivoted position whereby
      the axis of the wedge-error correction head 36 coincides with the axis of
      the mid point of wafer support 43b. Objective tube 44 and objective 46 of
      microscope 45 are in the position shown in FIG. 3. First, the support
      approachment guide 29 is lowered until the upper exposure mask 31 comes
      into contact with the lower exposure mask 23 and wedge-correction
      calibration frame 22 permits a plane parallel adjustment of the lower
      exposure mask 22 against upper exposure mask 31. In this plane parallel
      position, exposure mask 23 is locked in place by the wedge-error
      calibration frame 22. Next, the support approachment guide 29 is raised a
      pre-determined distance of from about 5 .times. 10.sup..sup.-2 mm. to 2
      mm., which was set on separation indicator 57 prior to startup. This
      distance must lie within the depth sharpness range of microscope 45. In
      the separation position now attained, a parallel and rotational alignment
      of the lower exposure mask 23 relative to the upper exposure mask 31 is
      undertaken through means of the micrometer screws 19, 21 as well as collar
      screw 25, with corresponding positioning of the rotational compound slide
      table 18, until the geometries of the two exposure masks 23, 31 completely
      cover each other. Since the exposure masks 23, 31 are adjusted plane
      parallel, it is possible to calibrate over wide ranges without having to
      change the sharpness setting of microscope 45 in any manner whatsoever.
PAR  After having carried out parallel and rotational alignment of the two
      exposure masks 23, 31, the support approachment guide 28 is moved upwardly
      in the vertical direction until the position shown in FIGS. 1 and 3 is
      reached. Simultaneously, a wafer that is to be exposed on both sides, and
      which had been picked up from wafer support 43b by the wedge-error
      correction head 36 and its retainer plate 37 through admission of suction
      air, and the pivoting arm 35 along with wedge-error correction head 36 is
      pivoted into the position shown in FIGS. 1, 2 in the space between the two
      exposure masks 23, 31. Then, the vertical guide 32 is lowered until the
      wafer being retained by the wedge-error correction head 36 comes into
      contact with the lower exposure mask 23 and positions itself plane
      parallel to this lower exposure mask 23. The plane parallel positioning of
      the wafer relative to the lower exposure mask 23, which was achieved in
      this manner, is locked in the wedge-error correction head 36 whereupon,
      through slight raising of vertical guide 32, there is produced a
      separation between the lower surface of the wafer as well as the upper
      surface of the lower exposure mask, in a range that lies preferably
      between 10 and 900 microns. Now, with a rigidly arrested pivoting arm 35,
      both exposure masks 23, 31 can be subjected to a parallel and rotational
      alignment relative to the wafer, without affecting in any way the
      calibration already carried out on the other side, in that, maintaining
      the positioning of the upper rotatable compound slide table 18 by means of
      micrometer screws 13, 15 as well as collar screw 24, the lower rotatable
      compound slide table 11 can be actuated such that, under observation
      through objective 46 of microscope 45, the lower exposure mask 23 is
      subjected to a parallel and rotational alignment relative to the geometry
      of the lower surface of the wafer. If this alignment is carried out, then
      the upper exposure mask 31 is also precisely aligned relative to the
      geometry of the top surface of the wafer (which cannot be observed through
      microscope 45).
PAR  Then, vertical guide 32 has again moved downwardly until the under surface
      of the wafer impinges upon the top surface of the lower exposure mask 23.
      This position of contacting engagement is maintained with a force of
      approximately 100 Pond for 0.1 to 0.5 seconds, whereby is ascertained that
      the air cushion present between the wafer and the lower exposure mask 23
      can be completely eliminated. Then, the wedge-error correction head 36 is
      acted upon, through conduit 39, with compressed air at about 1 atmosphere,
      whereafter the vertical guide 32, along with wedge-error correction head
      36, is raised to the position shown in FIGS. 1, 3. Of greatest importance
      in this process is, on the one hand, that the wafer comes loose from the
      retainer plate 37 of wedge-error correction head 36 without the slightest
      rotation or displacement, on the other hand, also after coming loose, it
      remains lying on the lower exposure mask 23 without any rotation or
      displacement, i.e., hence is not "floating" on a cushion of air. In
      completing this work procedure, pivoting arm 35 pivots outwardly in
      accordance with arrow P7 of FIG. 2. Additionally, microscope 45 with its
      objective tube 44 is now moved out along the horizontal guide 51 out of
      the vertical path of rays from illumination optical arrangements 5, 8.
PAR  Next, the support approachment guide 29, along with the upper exposure mask
      31 is moved vertically downward until the lower surface of exposure mask
      31 displays only a very short interval from the upper surface of the
      wafer. Then, the UV lamps 6, 9 are turned on and the wafer is exposed
      through the lower exposure mask 23 as well as through the upper exposure
      mask 31.
PAR  After exposure has been completed, the support approachment guide 29, along
      with the upper exposure mask 31, is again moved upwardly until the
      position shown in FIGS. 1, 3 is reached. Then, the pivot arm 35, along
      with the wedge-error correction head 36, is swiveled inwardly between
      exposure masks 23, 31 and lowered onto the wafer through vertical guide
      32. The wedge-error correction head is then acted upon with suction air
      and picks up the exposed wafer. The vertical guide 32 next to the
      wedge-error correction head 36, as well as to pivot arm 35, is again moved
      upwardly to the position shown in FIGS. 1, 3, whereafter pivoting arm 35
      pivots out over the wafer support 43b of rotatable 41, in accordance with
      arrow P7 of FIG. 2. By lowering vertical guide 32 along with pivot arm 35
      and wedge-error correction head 36, as well as acting upon wedge-error
      correction head 36 with compressed air, the wafer is laid onto wafer
      support 43b. Finally, the rotatable table 41 is rotated 180.degree.,
      whereby an unexposed wafer, which has in the meantime been laid onto wafer
      support 43a, comes to lie under the wedge-error correction head 36 of the
      outwardly pivoted pivot arm 35. Then the processes described repeat
      themselves in similar manner for the wafer that is now in wafer support
      43a. The operational cycles for the apparatus can be carried out
      semi-automatically or fully automatically under program control.
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for the simultaneous double-sided exposure of a substrate plate,
      such as a semiconductor wafer, bearing a pre-disposed pattern on at least
      one surface through first and second exposure masks arranged in plane
      parallel, parallel and rotational alignment with each of said exposure
      masks being coordinated and in registry with one predetermined side of a
      wafer to be treated, characterized by the steps of:
PA1  a. bringing the two exposure masks into contact in mutual plane-parallel
      alignment and thereafter aligning said masks into mutual plane parallel
      and plane rotational alignment;
PA1  b. moving said masks relatively away from each other along an axis normal
      to the planes thereof, while retaining said mutual plane parallel and
      plane rotational alignments;
PA1  c. forcing said substrate into plane-parallel air cushion free contact and
      into registry with a first of the two exposure masks ad fixing said
      plane-parallel alignment while maintaining said mutual plane parallel and
      plane rotational alignment between said masks;
PA1  d. separating said wafer from said first exposure mask by a predetermined
      distance and performing a parallel and rotational alignment and
      registration of said wafer with respect to both exposure masks;
PA1  e. moving said second exposure mask toward an opposed surface of said wafer
      while retaining the registry mutual plane parallel and mutual plane
      rotational alignments between said exposure masks with respect to each
      other and with respect to said wafer; and
PA1  f. simultaneously exposing said wafer through said first and second
      exposure masks.
NUM  2.
PAR  2. Apparatus for parallel and rotational alignment of a substrate plate
      such as a semiconductor wafer, or the like, relative to first and second
      exposure masks adapted to be effective to one to either of the two opposed
      major surfaces of the wafer, for the purpose of double-sided exposure
      thereof, and comprising:
PA1  a. means for establishing an exposure beam path for said opposed surfaces
      of a wafer held by said apparatus;
PA1  b. an adjustable wedge-error correction head for supporting the wafer for
      plane parallel adjustment of one major surface of the wafer relative to
      the first of said exposure masks;
PA1  c. apparatus for moving the opposed surface of said wafer into contact with
      said second exposure mask;
PA1  d. first support means for arranging and supporting said first exposure
      mask and including a rotational compound slide table, and having means for
      the plane parallel position calibration of said first exposure mask
      relative to one major surface of said wafer relative to a microscopic
      viewing device;
PA1  e. a microscopic viewing device in viewing relationship with an exposure
      mask supported in said first support means;
PA1  f. an auxiliary rotational compound slide table having a second mask
      support means for receiving the second of said exposure masks; and
PA1  g. means coupling the drive slide of said first rotational compound slide
      table to the drive slide of said auxiliary rotational compound slide
      table, the arrangement being such that:
PAR  1.  the first mask support means is connected to its associated rotational
      compound slide table through a support approachment guide means extending
      normal to the plane of travel of the first and second compound slide
      tables;
PA2  2. one of said mask supports being constructed as an adjustable wedge-error
      calibration frame in one of said compound slide tables; said wedge-error
      correction head being arranged to receive said wafer and being bearingly
      mounted to a swivel arm, with said swivel arm being pivotable in a
      rotational plane lying generally parallel to and intermediate the planes
      of displacement of said two rotational compound slide tables, said swivel
      arm being pivotally movable along an axis perpendicular to the planes of
      displacement of said first and second mask support means;
PA2  3. means on said swivel arm for moving said swivel arm together with a
      wafer disposed thereon toward the surface of a selected one of said
      exposure masks until contact is achieved between the surface of said wafer
      and the surface of said selected exposure mask; and
PA2  4. means on said swivel arm for releasably retaining said wafer for
      carrying said wafer to and from contact with said selected exposure mask.
NUM  3.
PAR  3. The apparatus in accordance with claim 2 being particularly
      characterized in that the planes of travel of said two rotational compound
      slide tables extend generally horizontally and the two rotational compound
      slide tables are arranged in generally superimposed relationship, one over
      the other.
NUM  4.
PAR  4. The apparatus in accordance with claim 3 being particularly
      characterized in that the mask support of the second rotational compound
      slide table is arranged below the mask support of said first rotational
      compound slide table for said first exposure mask and that means are
      provided for releasing said wafer from said wedge-error correction head
      and thereafter depositing said wafer onto said second exposure mask under
      the effect of the force of gravity.
NUM  5.
PAR  5. Apparatus in accordance with claim 3 being particularly characterized in
      that the controllable support of the wedge-error correction head includes
      a smooth support plate having a group of substantially identical air
      nozzles on the outer surface thereof and distributed over the surface
      thereof, and means for selectively exposing said nozzles to air under
      reduced or super pressure.
NUM  6.
PAR  6. Apparatus in accordance with claim 4 being particularly characterized in
      that means are provided for maintaining contact between said wafer and
      said second exposure mask by a force of approximately 100 Pond for a
      predetermined period of from 0.1 to 0.5 seconds.
NUM  7.
PAR  7. Apparatus in accordance with claim 2 being particularly characterized in
      that said microscopic viewing apparatus is arranged for observation of
      said second mask support from a point below the first mask support, and is
      movable horizontally outwardly from the exposure beam path.
NUM  8.
PAR  8. Apparatus in accordance with claim 2 being particularly characterized in
      that disposed adjacent to and above the said first mask support as well as
      adjacent to and below the said second mask support there is provided for
      each, on the side away from said wafer support, a fixed illuminating
      optical arrangement.
NUM  9.
PAR  9. Apparatus for parallel and rotational alignment of a substrate plate
      such as a semiconductor wafer, or the like, relative to first and second
      exposure masks adapted to be effective to one to either of the two opposed
      major surfaces of the water, for the purpose of double-sided exposure
      thereof, and comprising:
PA1  a. means for establishing an exposure beam path for said opposed surfaces
      of a wafer held by said apparatus;
PA1  b. an adjustable wedge-error correction head for supporting the wafer for
      plane parallel adjustment of one major surface of the wafer relative to
      the first of said exposure masks;
PA1  c. apparatus for moving the opposed surface of said wafer into contact with
      said second exposure mask;
PA1  d. support means for arranging and supporting said first and second
      exposure masks and including first and second rotational compound slide
      tables, each having means for the plane parallel position calibration of
      said first and second exposure masks relative to one major surface of each
      of said wafers relative to a microscopic viewing device;
PA1  e. a microscopic viewing device in viewing relationship with an exposure
      mask supported in each of said first and second support means; and
PA1  f. means coupling the drive slide of said first rotational compound slide
      table to the drive slide of said second rotational compound slide table,
      the arrangement being such that:
PAR  1.  said first and said seond mask support means being rigidly connected to
      their associated rotational compound slide tables and the drive slide of
      said first rotational compound slide table is connected with the drive
      slide of said second rotational compound slide table through a table
      approachment guide which extends generally perpendicularly to the point of
      travel of said two rotational compound slide tables;
PA2  2. one of said mask supports being constructed as an adjustable wedge-error
      calibration frame in one of said compound slide tables; said wedge-error
      correction head being arranged to receive said wafer and being bearingly
      mounted to a swivel arm, with said swivel arm being pivotable in a
      rotational plane lying generally parallel to and intermediate the planes
      of displacement of said two rotational compound slide tables, said swivel
      arm being pivotally movable along an axis perpendicular to the planes of
      displacement of said first and second mask support means;
PA2  3. means on said swivel arm for moving said swivel arm together with a
      wafer disposed thereon toward the surface of a selected one of said
      exposure masks until contact is achieved between the surface of said wafer
      and the surface of said selected exposure mask; and
PA2  4. means on said swivel arm for releasably retaining said wafer for
      carrying said wafer to and from contact with said selected exposure mask.
NUM  10.
PAR  10. The apparatus in accordance with claim 9 being particularly
      characterized in that the planes of travel of said two rotational compound
      slide tables extend generally horizontally and the two rotational compound
      slide tables are arranged in generally superimposed relationship, one over
      the other.
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ABST
PAL  Rather than counting nulls in the diffraction pattern generated by a very
      narrow line or gap in order to measure its width, the diffraction pattern
      is optically detected and converted to an analog electrical signal
      constituting a function of the detected intensities in the diffraction
      pattern. This function is then converted to a digital form, stored, and
      then passed to a computer electrically computing the Fourier transform to
      provide an autocorrelation wave form. This wave form is then plotted in an
      orthogonal X-Y coordinate system and the break point or extension of a
      linear segment of the autocorrelation curve relative to the X-axis used to
      provide a precise measurement of the given width.
BSUM
PAR  The measurement of extremely narrow width dimensions such as gaps or slits
      or alternatively extremely small diameter wires or lines by diffraction
      pattern techniques is well known in the art. Essentially the gap or line
      the width of which is to be measured is radiated by coherent light to
      generate a diffraction pattern. By measuring the distance of the n.sup.th
      null from the optical axis, an extremely accurate measurement of the width
      of the gap or line is obtained. In the case of a narrow gap or slit of
      width W, the relationship between the location of the nulls in the
      diffraction pattern is given by the following equation:
      ##EQU1##
      WHERE .lambda. = WAVELENGTH OF INCIDENT RADIATION
PA0  f = focal length of the lens
PA0  n = the number of the null
PA0  U.sub.n = the distance from the optical axis  to the n.sup.th null.
PAR  An advantage in determining widths with the foregoing technique is the fact
      that the measurement becomes more accurate the smaller the given width.
      The reason for increased accuracy with decreased width is the fact that a
      larger diffraction pattern is generated as the width decreases so that the
      distance from the optical axis to a given detectable null increases and
      may therefore be measured with increased relative precision.
PAR  The problem of measuring the width of an opaque object such as a thin wire
      or line on a photo mask is not as simply solved. Some form of aperture
      must be placed around the opaque object within the optical system. It
      should be noted here that in some cases such aperture may be the
      limitation imposed by the finite extent of the optical path. A solution
      for measuring an opaque object has been to accurately measure an aperture,
      locate the object precisely within the aperture and then measure the two
      resulting gaps defined between opposite sides of the object and the left
      and right edges of the aperture. In cases where a wide variety of opaque
      lines must be measured, this technique requires a large number of
      pre-measured apertures. The provision of such large number of pre-measured
      apertures is particularly necessary if the aperture is also used to
      isolate the opaque line from surrounding lines in which case a single
      large aperture cannot be used.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention contemplates a method and apparatus for measuring
      given widths in objects either in the form of a gap or a line within an
      aperture wherein while a diffraction pattern is generated, rather than
      determining the distance of individual nulls, all of the points in the
      diffraction pattern are utilized in measuring the gap or line width. As a
      consequence, the measurement is less sensitive to noise and more accurate
      than the prior art techniques which in locating the nulls sample only a
      few points in the diffraction pattern. Moreover, in the case of a line in
      aperture, there is not required any advance knowledge of the aperture size
      in effecting the measurement of the width of the line.
PAR  Essentially, the present invention is based on an optical and electronic
      computation of the autocorrelation wave form from the initial optical
      diffraction pattern.
PAR  In accord with the method of the invention, a given width associated with
      an object is measured by radiating the object with coherent light to cause
      generation of a diffraction pattern by the given width. This diffraction
      pattern is detected to provide an analog electrical function. The analog
      function in turn is then converted to a digital form and from this digital
      form the Fourier transform is computed to provide the autocorrelation wave
      form.
PAR  It is found that regardless of the width of the gap or the size of a line
      relative to the size of an aperture surrounding the line, the
      autocorrelation wave form has certain invariant characteristics. For
      example, it is found that by measuring a break point position of a linear
      segment in the autocorrelation wave form there is provided a precise
      measure of the given width. Thus in completing the method steps, the
      autocorrelation wave form is plotted on an orthagonal X-Y coordinate
      system and, in the case of a gap, the point of intersection of the initial
      line segment of the autocorrelation curve with the X-axis defines the
      first break point and thus defines the given width of the gap. In the case
      of a line or solid object in an aperture, wherein the gaps on either side
      of the line are substantially larger than the given width, the first break
      point in the initial linear segment of the autocorrelation wave form is
      projected down to the X-axis to provide the given width of the line.
      Instead of measuring a break point, it is also possible to determine the
      given width by measuring X or Y intercepts formed by extending certain
      linear segments.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the method and apparatus of this invention will
      be had by now referring to the accompanying drawings in which:
PAR  FIG. 1 is a perspective schematic view partly in block form of a basic
      apparatus for carrying out the measurement of the width of a line or solid
      object in an aperture; and,
PAR  FIG. 2 illustrates the determination of the width of both gaps and lines in
      apertures in accord with the apparatus of FIG. 1, there being illustrated
      various wave forms occurring at correspondingly lettered points in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, there is shown a coherent light source 10 which
      may constitute a laser light for radiating an object 11 including a thin
      wire or line 12 having a given width W to be measured. As shown, this line
      is positioned in an aperture 13 the left and right edges of the aperture
      being spaced respectively by distances Wa and Wb.
PAR  In accord with the invention, radiation of the given width by the light
      source 10 results in a diffraction pattern which is detected by a light
      detector means in the form of a series of diode detectors 14 horizontally
      positioned in the direction of the given width; that is, perpendicularly
      to the direction of the line 12. A lens, as shown, may be used to direct
      light to the detector. The outputs 15 from the diode detectors connect to
      a multiplexer 16 so that there is provided on an outlet line 17 an analog
      electrical function of the light intensities in the diffraction pattern.
PAR  As shown, the analog electrical function of the light intensities is passed
      into an analog to digital converter 18. The digitized function from the
      output of the analog to digital converter is then stored in a memory 19
      perparatory to being received in a Fourier transform computer means 20.
      This computer effects a Fourier transform computation on the digitized
      signal to provide an autocorrelation wave form.
PAR  With respect to the foregoing operation, the optical diffraction pattern
      represented by a signal at point A in FIG. 1 is optically converted to an
      analog electrical function at point B, digitized, stored, and
      electronically transformed to provide the autocorrelation wave form at
      point C.
PAR  Referring now to FIG. 2, the foregoing technique is illustrated for a gap
      21 as well as for the line 12 in the aperture 13. In the case of the gap
      21, there is illustrated at 22 the optical diffraction pattern signal
      corresponding to the point A in FIG. 1.
PAR  When the foregoing optical signal is converted to an analog electrical
      function, this function represents the light intensity which is
      proportional to the square of the amplitude of the signal 22. This light
      intensity function is shown at 23 in FIG. 2 and represents the analog
      electrical signal at point B in FIG. 1.
PAR  As described, the digitizing of the function 23 and Fourier transform
      computation results in an autocorrelation curve shown at 24 in FIG. 2.
      This particular autocorrelation curve results when the width W of a gap as
      shown at 21 in FIG. 2 is to be measured.
PAR  The discrete points from the Fourier transformation computation are plotted
      on an orthagonal X-Y coordinate system as shown by the autocorrelation
      curve 24. The intersection of the initial line segment of this curve with
      the X-axis is indicated at 25 and represents a first break point. The
      actual position on the X-axis from the origin corresponds precisely to the
      width W of the gap 21 and thus it is a simple matter to compute the break
      point 25 and thus precisely measure the width W.
PAR  In the case of the line in the aperture as described in FIG. 1, the
      resulting autocorrelation wave form is indicated at 26 in FIG. 2. In this
      particular situation, wherein the distances of the left and right sides of
      the aperture indicated Wa and Wb are substantially greater than the given
      width W (at least three times) the first break point in the initial line
      segment projected down to the X-axis will again provide a precise measure
      of the width W. Thus, as shown in FIG. 2, the initial line segment is
      designated 27 and has at its end a first break point 28.
PAR  It is important to be able to accurately read the autocorrelation wave
      forms for certain unique situations. In other words, it is not always true
      that the X position of the first break point of the initial line segment
      designates the width W. For example, in the event that the given width W
      lies between the widths of the gaps on either side of the line Wb and Wa
      then the break point of the second linear segment of the autocorrelation
      curve constituting a second break point in the wave form determines the
      given width W. For example, with reference to the lower autocorrelation
      wave form in FIG. 2, the second linear segment is shown at 29 and the
      second break point at the end of this segment at 30.
PAR  In the event that the width W should be greater than both the widths Wa and
      Wb then the third linear segment in the autocorrelation wave form is
      computed and a third break point found at the end of this third segment to
      define the given width W.
PAR  The foregoing considerations are important where the overall size of the
      aperture results in gaps on either side of the line which are not
      appreciably different from the given width to be measured. Such situations
      can arise where the aperture must necessarily be small as in the case of
      measuring the width of lines in a photo mask used in the manufacture of
      micro-integrated circuits. Generally, however, the gaps on either side of
      the line in the aperture will be greater than the given width of the lines
      so that normally it is the first break point in the initial linear segment
      of the autocorrelation curve which determines the given width for either a
      single gap or a line in an aperture.
PAR  It is to be appreciated from the foregoing description that essentially all
      of the light diffraction pattern is utilized to form the autocorrelation
      wave form so that a substantial increase in accuracy is realizable over
      prior art methods wherein nulls were utilized to determine the dimension
      to be measured. Moreover, no advance or a priori knowledge of the aperture
      is required. [In those instances where the gaps on either side of the line
      are close in width to the width to be measured, the width can be
      determined by alternative techniques to that of measuring a break point,
      as will be pointed out subsequently.]
PAR  It will be understood, of course, that the output of the Fourier transform
      computer 20 in FIG. 1 would normally be in the form of a series of
      discrete points. In determining the line or gap width, it is necessary to
      estimate straight lines passing through the points and determine their
      break points by solving a simple algebraic equation. As pointed out
      heretofore, since each point in the discrete Fourier transform is a
      function of all sample points detected, each point is determined very
      accurately and any random variations from point to point in the sampled
      wave form are averaged out.
PAR  As an alternative to the technique of measuring break points, or in
      addition thereto, the given width can be determined from other invariants
      in the autocorrelation wave form. For example, extension of one or more
      linear segments to define their X-axis or Y-axis intercepts provides
      information to determine accurately the given width. Thus, when the given
      width W is greater than the gap widths Wa and Wb, there will always be one
      line segment of position slope and extension of this line segment to the
      X-axis provides a direct measure of the given width. As another example
      and with reference to FIG. 2, the X intercept of the initial segment 27 at
      point 31 is equal to 1/2 (Wa = Wb) while the X intercept of segment 32 at
      point 33 is equal to Wa = Wb = W. By subtracting twice the value of point
      31 from point 33, the given width is determined
PAR  As in the case of the prior art null measuring techniques, the accuracy of
      the present method and apparatus increases as the given width to be
      measured decreases in size. Thus the application of the method and
      apparatus is particularly advantageous in measuring the extremely narrow
      lines in photo masks and in measuring extremely narrow gaps or diameters
      for checking mechanical tolerances.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of measuring a given width, W of a line in an aperture
      comprising the steps of:
PA1  a. radiating the aperture with coherent light to cause generation of a
      diffraction pattern by said given width;
PA1  b. detecting said diffraction pattern to provide an analog electrical
      function;
PA1  c. converting said function to a digital form;
PA1  d. computing the Fourier transform of said digital form to provide an
      autocorrelation wave form;
PA1  e. plotting the autocorrelation wave form on an orthagonal X-Y coordinate
      system; and
PA1  f. measuring at least one point position determined by a linear segment in
      the autocorrelation wave form on an axis of said coordinate system to
      thereby provide a precise measure of said given width, said line being
      spaced from the left side of said aperture as viewed from the light source
      by a distance Wa and from the right side of the aperture by a distance Wb,
      and wherein:
PA1  g. if Wa&gt; Wb&gt;W then said linear segment constitutes the initial linear
      segment of said autocorrelation wave form and said point position
      corresponds to the first break point in said wave form occurring at the
      end of said initial linear segment;
PA1  h. if Wb&gt;W&gt;Wa then said linear segment constitutes the second linear
      segment, and said point position corresponds to the second break point in
      said wave form occurring at the end of said second linear segment; and
PA1  i. if W&gt;Wa&gt; Wb then said linear segment constitutes the third linear
      segment, and said point position corresponds to the third break point in
      said wave form occurring at the end of said third linear segment.
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ABST
PAL  A housing retains an essentially disk-like center element made of
       light-tsmissive material, or formed with an opening therein, and shaped
      to receive a capillary tube (or formed with a capillary opening itself)
      extending radially transversely to the disk-shaped element, essentially
      half-way in the thickness thereof, the central element being bounded on at
      least one side by window-like diaphragm elements, either separate parts or
      incorporated on the central part to define a light path through the
      capillary tube to permit centrifuging and optical investigation of minute
      quantities of substances to be tested by centrifuging, for example blood
      sera to determine sedimentation.
BSUM
PAR  The present invention relates to an analytical cell to be combined or built
      into the rotor of an ultra high-speed centrifuge, and more particularly to
      a cell structure into which a test vessel is to be inserted, to contain a
      substance which is to be optically evaluated during centrifuging.
PAR  Cells to be assembled in centrifuges have previously been proposed -- see,
      for example, Canadian Pat. No. 771,511. The cells are mounted on the rotor
      of a centrifuge which may revolve at a speed of 60,000 or more rpm. The
      cells must be liquid-tight and must not deform even when being subjected
      to the substantial centrifugal forces arising due to the high rotational
      speed. The construction of such cells is therefore complicated.
PAR  It was usually necessary to provide cells having a sector-shaped free space
      having a volume of about 1 ml. To examine a substance in a solution
      present in for example, 0.1%, a quantity of about 1 mg of sample is
      necessary. This is a very small amount; for some investigations,
      particularly in the biochemical field, it is still much too high, however;
      for example, for some neurochemical investigations, quantities of samples
      of 10.sup.-.sup.5 g or less are sometimes all that is available. Such
      extremely small quantities have already been examined by use of thin glass
      capillaries in suitable rotors in preparatory centrifuging (see, for
      example, G I T - Fachzeitschrift fur das Laboratorium, Vol. 13, Issue 2,
      February 1969, pp. 86a-87; translated as: "Journal for Laboratories").
      Preparatory centrifuging of test samples of substances only permits
      evaluation of concentration, and thus quantity of the substance.
PAR  It is an object of the present invention to provide a device which permits
      determination of the sedimentation coefficient using minute quantities of
      test substance, besides permitting quantitative as well as qualitative
      investigation of the test sample.
PAC  Subject matter of the present invention
PAR  Briefly, the rotor of an ultra high-speed centrifuge is shaped to receive a
      measuring or test cell therein which is so constructed that it has a
      central element which is formed with an opening within which a capillary
      can be received. The capillary is made of a light-transmissive substance.
      The opening includes a longitudinal slit, the capillary extending
      throughout the length of the longitudinal slit.
PAR  The cell, in accordance with the present invention, permits use of sampling
      volumes which are less than the sampling volumes of the customary
      analytical cells by a factor of about a thousand. Thus, while customary
      cells require about 1 cm.sup.3 volume, the cells of the present invention
      can be used to analyze quantities of 10.sup.-.sup.3 cm.sup.3.
PAR  An analytic ultra centrifuge which is arranged for absorption measuring,
      and using a customary analytic monosector cell can be used to determine,
      for example, layer sedimentation of nucleic acids at a concentration of
      C.sub.1. Assuming a volume V.sub.1 of about 1cm.sup.3, a 12 mm thickness
      (d.sub.1) layer, the limit of resolution at band forming sedimentation of
      the above referred to nucleic acid will be in the order of 5 .sup..
      10.sup.-.sup.3 ppm = 5 .sup.. 10.sup.-.sup.9 g .sup.. cm.sup.-.sup.3.
      Using a capillary with an internal diameter (d.sub.2) of about 0.2 mm, the
      corresponding concentration at the same extinction value E can be
      calculated according to the Lambert-Beer relationship, corresponding to
      the relevant thickness layer, as set forth in relationship (1).
      Substituting values results in relationship (2). The fill volume V.sub.2
      of a microcapillary of 10 mm length and an internal diameter of 0.2 mm is
      set forth in relationship (3). The quantity (m.sub.2) within the capillary
      will then be as set forth in relationship (4).
PAR  The example above given shows the absolute limit of determination, based on
      the foregoing assumptions; this limit of determination of course depends
      on the extinction coefficient of the test sample substance.
PAC  RELATIONSHIPS:
EQU  E = .epsilon. .sup.. d.sub.1 .sup.. c.sub.1 = .epsilon. .sup.. d.sub.2
      .sup.. c.sub.2
      ##EQU1##
EQU  r.sup.2 . .pi. .sup.. h = 0.01 .sup.. 3.14 .sup.. 10 = 0.3 .sup..
      10.sup.-.sup.3 cm.sup.3                                   ( 3)
      ##EQU2##
PAR  Comparing the foregoing with a previously known, customary analytical cell
      of 12 mm thickness, in which the value for the resolution limit is 5
      .sup.. 10.sup.-.sup.9, an improvement by a factor of 50 can be expected by
      using the present invention, as can be demonstrated by relationship (5).
PAR  It is a substantial advantage with respect to customary analytical cells
      that the test or sample material in the cell of the present invention
      remains from the start of the test to its end in a completely closed
      vessel, that is, the capillary. Losses in substance which otherwise arise
      when samples are filled and re-filled are thus reliably avoided. A
      capillary tube, which is closed, and filled with the substance is inserted
      into the analytical cell. The advantage of retaining the entire substance
      to be tested in a capillary is particularly important when the substance
      is dangerous, or difficult to handle, for example when using samples with
      radioactive traces, or samples which are infectuous, such as infected
      blood sera, highly infectuous virus cultures, or the like, to be
      centrifuged and analyzed. In such cases, contamination of the entire
      analysis system can easily occur when using previously customary analysis
      techniques. Disposal or decontamination of analytic cells thus can be
      extremely costly; disposal of a capillary is inexpensive. The advantage of
      the arrangement in accordance with the present invention is particularly
      marked if expensive substances are to be analyzed, that is, substances
      which may involve preparation costs of thousands of dollars and extensive
      time of highly skilled personnel. The necessary test volume to carry out
      centrifugal analysis in the cell of the present invention can be as low as
      about 1 microliter; requiring only such a small quantity of test substance
      is a further advantage of the present invention.
PAR  After centrifuging, the capillary vessel, in accordance with the present
      invention, can be removed, without damage, from the cell and the sample
      therein contained can be subjected to other analytical methods or tests,
      or can be removed, without any loss, by means of a capillary pipette.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a schematic general overall view of a rotor of an ultra
      centrifuge in which the cell according to the present invention is
      assembled;
PAR  FIG. 2 is an exploded view of the analytical cell of the present invention,
      to be assembled in the rotor of FIG. 1;
PAR  FIG. 3 in views a, b, respectively, shows an analytic cell in which
PA1  Fig. 3, view a, is a top view, and
PA1  Fig. 3, view b, is a side view of the cell;
PAR  FIG. 4, collectively, is another embodiment of the cell of the present
      invention in which
PA1  Fig. 4, view a, is a top view, and
PA1  Fig. 4, view b, is a side view;
PAR  FIG. 5 illustrates another embodiment of the cell of the present invention
      in which
PA1  Fig. 5, view a, is a top view,
PA1  Fig. 5, view b, is a vertical section, and
PA1  Fig. 5, view c, is a side view;
PAR  FIG. 6 illustrates yet another embodiment of the cell in which
PA1  Fig. 6, view a, is a longitudinal section, and
PA1  Fig. 6, view b, is a transverse section taken along line VI--VI of view a;
PAR  FIG. 7 shows another embodiment of the cell in which
PA1  Fig. 7, view a, is a top view,
PA1  Fig. 7, view b, is a side view, and
PA1  Fig. 7, view c, is a side view illustrating a modification of the
      arrangement shown in FIG. 7, views a and b; and
PAR  FIG. 8 illustrates a socket for a window of the cell, for example for the
      embodiments of FIGS. 3 and 4 in which
PA1  Fig. 8, view a, is a top view, and
PA1  Fig. 8, view b, is a side view, partly in section.
DETD
PAR  The cell 1 (FIG. 1) is mounted in the rotor of an analytic ultra
      centrifuge. Upon operation, the centrifuge may rotate at a speed which can
      reach 60,000 rpm, or more, to permit qualitative investigation of samples
      in the centrifuge. The samples can be optically evaluated, particularly to
      determine sedimentation. Test runs can be carried out which may extend
      over various hours. Optical investigation of the samples in the centrifuge
      can be carried out, for example, by utilizing a light source 3 from which
      a beam of light, indicated by dashed lines in FIG. 1, is directed through
      a collimator lens 4, then at least through one filter 5, a window 6, and
      then through the sample. A reflecting system, such as mirrors or prisms 7,
      reflects the light through the sample which is then passed through another
      window, through the objective lens 9 of a camera 8, with or without the
      interposition of another filter 5'. The light passing through the test
      sample may also be electronically evaluated by suitable electronic
      apparatus, rather than in a camera.
PAR  Tests for sedimentation of about 1 mm.sup.3 of 1% hemoglobin solution,
      utilizing the cell according to the present invention, were successful.
      The absolute quantity of the test substance was only 10.sup.-.sup.5 g.
      Optical evaluation was carried out by using monochromatic interference
      filters, with a light wave length of 407 nm. The system of moving boundary
      sedimentation was used in the tests with the cell according to the present
      invention. By use of the method which is termed band forming by
      overlayering or equilibrium run, in which the substance is concentrated in
      small zones, an even smaller quantity of test substance than the sample of
      10.sup.-.sup.5 g could be analyzed by use of optical evaluation upon
      centrifuging. The capillaries used in the analytical cells in accordance
      with the present invention are excellently suited for concentration of the
      test substance in accordance with the band forming technique; the test
      substance within the capillary remains collected therein and may be
      utilized again after centrifuging for other investigations. The capillary
      can be introduced, and removed from the analytic cell by simple tools, as
      will be apparent as the description proceeds.
PAR  The analytical cell for use in the centrifuge of FIG. 1 generally includes
      a cell housing 10 (FIG. 2), a window socket 11, windows 12, spacer inserts
      13, and washers 14. The heart of the cell itself is a center holder
      element 15. The center holder element 15 is formed with an opening or
      hollow space 16 which is generally sector-shaped, and further with an
      introduction opening 17 into which the sample capillary can be inserted.
      The insertion or introduction opening 17 is closed off by a terminal screw
      18, for tight closing thereof. The components of the cell are inserted
      into the housing 10 and held in fixed, aligned relationship by an end
      thread ring 19. The housing 10, as well as the cell elements having outer
      circumferential surfaces are formed with mating non-circular surfaces to
      prevent relative rotation, such as a ridge and mating groove formed on the
      parts, a flattened surface, the parts being so arranged that the end ring
      19 can still be screwed into housing 10. The center element 15 may be made
      of metal, for example titanium, or a light-weight metal such as aluminum;
      or it can be made of plastic, for example an epoxy resin.
PAR  The capillary, into which the test sample is introduced is located in the
      center element 15, as clearly appears from FIG. 3. The capillary tube 20
      is introduced from an open side into a blind bore 23. The closed end 21 of
      the capillary is located at the blind end of the bore 23, the open end 22
      of the capillary 20 being located at the other end of the bore. The size
      and shape of the bore 23 is so selected that the axis of the bore 23
      coincides with the longitudinal axis of the sector-shaped slit 24, looked
      at in direction of the top side of the center element -- FIG. 3, view a.
      The bore 23 is enlarged at its free end, as seen at 25, to facilitate
      insertion of the capillary 20. As seen in FIG. 3, the center element 15 is
      a unitary center element. The invention is not limited to single elements
      in which a single slit or opening is placed, or in which only a single
      capillary is located. The center element, together with the covering
      windows (preferably quartz) form a sort of cuvette, located in the optical
      path as seen in FIG. 1.
PAR  FIG. 4 illustrates another example of a center element into which the
      capillary 20 can be inserted from above. The center element 15' is formed
      with an opening 23', which is slit-shaped, and located at the two ends of
      a center-shaped gap 24'. The openings 23', in slit shape, are located in
      alignment with the central axis of the sector-shaped slit 24'. The opening
      or slit 23' extends roughly to half the thickness of the center element
      15'. Capillary 20 is dropped in from the top, rather than being inserted
      laterally (as in FIG. 3). A suitable holding clip (not shown) can be used
      to locate the capillary 20 in position in the centrifuge center element
      15'.
PAR  The center element 15" of FIG. 5 has a radially extending rectangular slit
      26, which is extended radially by extensions 23" to form a bore similar to
      bore 23 (FIG. 3). The bore 23" is, preferably, likewise formed as a blind
      bore, as indicated at the right-hand side thereof in FIG. 5. The
      rectangular slit 26, at the center thereof, is just slightly wider than
      the outer diameter of capillary 20. It may have the same width at the
      surface of the center element 15". Capillary 20 is radially introduced
      from the outside into the inner portion of center element 15", so that its
      closed end is placed in the blind bore end of bore 23". As seen in FIG. 5,
      view c, the center element 15'" may be formed with divergent radial slits
      26, which are essentially V-shaped in cross section. This form of slit 26
      permits better utilization of light energy from the light source, and
      provides for convergent illumination of the capillary 20. Slit 23'" is
      enlarged at its free end, as seen at 25" to facilitate insertion of
      capillary 20.
PAR  The center element may be formed differently, as seen in FIG. 6, in which
      an essentially ring-shaped body 30, of metal or plastic, is provided to
      retain the capillary 32. A pot or cup-shaped insert 31, likewise of metal
      or plastic, is formed with a slit having a diameter which is equal to or
      smaller than the inner diameter of capillary 32. The insert is so placed
      that the slit is just above the capillary 32. Capillary 32, itself, is
      inserted into the housing 30 similarly to the insertion described in
      connection with FIG. 3. The embodiment of FIG. 6 has the advantage that
      stray interfering light which can pass the interior of the capillary at
      the right and at the left thereof can be readily shaded off, thus
      providing for improved quality of the optical imaging of the capillary.
PAR  Embodiment of FIG. 7: A quartz disk 33, having the upper and lower surfaces
      accurately ground to be parallel, has a capillary bore 34 formed therein,
      extending radially inwardly. The bore 34 may have a circular cross
      section, as seen in FIG. 7, view b, at 35; or it may have a different
      cross section, for example square, as seen in view c, at 36. The quartz
      disk itself may be secured in a socket or ring 37 which is made of a
      suitable material such as metal or plastic, to provide for ready
      adaptation of the outside diameter of the quartz disk 33 to the interior
      dimension of the housing or holder 10 (FIG. 2). This ring or sleeve or
      socket 37 may be metal or a suitable plastic, which may, simultaneously,
      be formed with a closure 40 which, for example, may be a screw with vacuum
      closure. This embodiment has the additional advantage that a liquid of the
      same density or, respectively, the same index of refraction, as the glass
      of the capillary tube, and surrounding the capillary tube in bore 34 need
      not be used; further, stray light masks 38, 39 (views b and c) may be
      formed directly on the quartz disk, for example as a surface layer which
      is vapor-deposited on the surfaces of the quartz disk. The quartz disk,
      thus, can be made simpler, and eliminates some of the components such as
      windows, spacer rings and the like used in the assembly illustrated in
      FIG. 2.
PAR  The center element of the analytical cells in accordance with FIG. 5, or
      with FIG. 7, can be made axially shorter than the cells of the other
      embodiments, or of the prior art; this decrease in axial length can be
      carried out to such an extent that the cell is only one quarter to one
      third of the thickness of previously known cells. Decreasing the thickness
      (that is, the axial dimension) of the cells has the advantage that disk
      rotors can be used in the centrifuge; disk rotors have higher stability
      and strength, and the centrifuge can therefore be operated at higher
      speed. Such disk rotors further have a lower mass, so that the rotor will
      accelerate more rapidly with lower energy consumption, and lower
      structural strength requirements being placed on the centrifuge itself.
PAR  FIG. 8 illustrates the socket of a window which can be placed adjacent the
      center element of the cell in accordance with the present invention,
      preferably being located immediately adjacent the center element of the
      cell itself. Window 12 (FIG. 2) is located in a socket 11 by means of an
      intermediate washer 14 and an insert sleeve or spacer 13. The socket 11 is
      so constructed that it forms two, roughly semicircular diaphragms 27, 28
      which, between themselves, define a slit 29 having a width corresponding
      approximately to the outer diameter of the capillary 20. The window
      essentially eliminates the influence of stray light.
PAR  The cells of FIGS. 5 - 7 have the following additional advantages.
      Capillary 20, or the cell of FIG. 7 itself is transparent, and therefore a
      separate window can be eliminated. In accordance with FIG. 5, the
      capillary 20 can be introduced into the center of the cell element 15" by
      means of an auxiliary tool, such as by forceps, tweezers, or plier-like
      holders, which may during insertion of the capillary bear against the
      enlarged end 25" of opening 23" (FIG. 5). After introduction of the
      capillary 20, the cell is closed by means of a sealing plug, or a screw.
      The cell, in accordance with FIG. 7, can be inserted without further
      additional fittings or windows into the rotor of the centrifuge.
PAR  When using the cells of the examples of FIGS. 3, 4 and 6, the interior of
      the cell 24 can be filled with a suitable liquid to such an extent that
      capillary 20 is completely surrounded by the liquid. This prevent rupture
      of the capillary 20, if it should have low wall thickness, due to the
      centrifugal forces arising during rotation of the centrifuge. Further,
      distortion due to any uneven surfaces of the capillary, which may
      interfere with optical evaluation of the contents, is thereby effectively
      avoided. The liquid should be so selected that the index of refraction of
      the liquid corresponds to that of the material of which the capillary is
      made; for quartz glass, for example, n.sub.D = 1.458. The center portion
      of the embodiment of FIG. 5 may, of course, also be filled with a similar
      liquid.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept and features described in connection with any embodiment
      may, suitably, be applied to any other embodiment.
CLMS
STM  We claim:
NUM  1.
PAR  1. Analytic cell for use in a centrifuge, particularly an ultra high-speed
      centrifuge comprising
PA1  a housing (10);
PA1  a disk-shaped central part (15, 30) located in the housing and formed with
      a radially extending light-transmissive slit across the part (24, 24', 26,
      26', 29), the central part being further formed with a radially extending
      opening extending in alignment with the light-transmissive slit and of
      sufficient size to permit introduction of a capillary tube therein;
PA1  and a capillary tube of light-transmissive material located in said opening
      and for optical evaluation of test substances within the capillary tube
      located in alignment with said slit.
NUM  2.
PAR  2. Cell according to claim 1, wherein (FIG. 3) the central part is
      essentially disk-shaped and the opening (23) is a blind bore extending
      from the outside surface essentially radially inwardly.
NUM  3.
PAR  3. Cell according to claim 1, wherein the central part (15') is essentially
      disk-shaped and the opening (23') is in the form of notches extending from
      an end surface approximately half the thickness of the disk-shaped central
      part.
NUM  4.
PAR  4. Cell according to claim 1, wherein the central part is of metal.
NUM  5.
PAR  5. Cell according to claim 1, wherein the light-transmissive slit is formed
      as a sector-shaped opening (FIG. 3: 24) extending axially through the
      central part.
NUM  6.
PAR  6. Cell according to claim 1, wherein the light-transmissive slit comprises
      an essentially rectangular opening (FIG. 5: 26).
NUM  7.
PAR  7. Cell according to claim 1, wherein the center element is essentially
      disk-shaped and the light-transmissive slit comprises a transverse opening
      (FIG. 5, view c: 26') having divergent sides, the opening (23") retaining
      the capillary being located at the point of convergence of the divergent
      sides.
NUM  8.
PAR  8. Cell according to claim 1, wherein (FIGS. 2, 8) the central part
      comprises a composite assembly including a disk-like element (15) formed
      with said opening to receive the capillary tube, and a masking or
      diaphragm part (31) defining said slit (29) and located adjacent the
      disk-like element (30).
NUM  9.
PAR  9. Cell according to claim 8, wherein the width of the slit (29) is equal
      to or less than the inner diameter of the capillary (20) and is located
      immediately adjacent the capillary.
NUM  10.
PAR  10. Cell according to claim 1, further comprising window elements located
      at opposite sides of said central part;
PA1  and a liquid having similar density or index of refraction as the capillary
      tube surrounding the capillary tube and located between said disks.
NUM  11.
PAR  11. Cell according to claim 1, further comprising window elements (12);
      socket means (11) retaining the window elements (12) immediately adjacent
      the central part, the radially extending light-transmissive slit being
      formed by a diaphragm means.
NUM  12.
PAR  12. Cell according to claim 1, wherein the radially extending slit has a
      width which is equal to or less than the inner diameter of the capillary
      tube.
NUM  13.
PAR  13. Cell according to claim 12, wherein a sleeve or socket (37) is provided
      surrounding said quartz disk (33), the sleeve or socket being formed with
      a closure (40) to close the bore (34) and being adapted to fit in said
      housing (10).
NUM  14.
PAR  14. Cell according to claim 1, wherein the central part comprises a quartz
      disk (FIG. 7: 33) having a capillary bore (34) formed therein to receive
      the capillary tube holding the test substance.
NUM  15.
PAR  15. Cell according to claim 14, wherein the bore (34) in the quartz disk
      (33) to receive the capillary tube has circular cross section.
NUM  16.
PAR  16. Cell according to claim 14, wherein the bore (34) in the quartz disk
      (33) to receive the capillary tube has square cross section.
NUM  17.
PAR  17. Cell according to claim 14, wherein (FIG. 7) at least one of the end
      surfaces of the quartz disk (33) has a layer of opaque diaphragm means
      (38, 39) applied thereto, said diaphragm means being formed to leave said
      radially extending light-transmissive slit (29) in alignment with said
      bore (34), the width of said diaphragm slit (29) being equal, or less than
      the width of said bore (34).
NUM  18.
PAR  18. Cell according to claim 1, wherein the central part (FIG. 7: 33)
      comprises a disk of transparent material, and said opening is of such size
      to receive said capillary tube, extending radially into the disk from an
      outside surface thereof, approximately centrally of the width thereof.
NUM  19.
PAR  19. Cell according to claim 1, wherein the central part is of plastic.
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ABST
PAL  A fountain toothbrush is described which comprises a bristle carrier, a set
      of bristles on the carrier near one end thereof, a rigid handle connected
      to the bristle carrier at an end of the latter remote from the bristles,
      and a reservoir for liquid or pasty dentifrice in the handle, wherein the
      bristle carrier has a duct therethrough leading from the bristle carrier
      to an outlet near or between the bristles; furthermore piston means
      mounted on the bristle carrier, and outlet means associated with the
      reservoir, the aforesaid piston being sealingly guided in the outlet means
      and adapted for displacement in the outlet means toward and away from the
      reservoir, whereby dentifrice is caused to flow from the reservoir through
      the duct towards the bristles by a short displacement of the piston in the
      outlet means toward the reservoir.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fountain toothbrush having a bristle carrier, a
      reservoir for liquid or pasty dentifrice contained in a handle connected
      to the bristle carrier, a duct leading from the reservoir through the
      bristle carrier to a set of bristles on the latter and being adapted for
      the passage of dentifrice therethrough, and actuating means for causing
      dentifrice to flow from said reservoir to the bristles on the bristle
      carrier.
PAR  Fountain toothbrushes of this type have been described, for instance, in
      British patent specification No. 267,528 and German Offenlegungsschrift
      No. 2,152,512. However, these known fountain toothbrushes always require
      the presence of a manually operated air inlet valve associated with the
      dentifrice reservoir and arranged near or at the end of the handle away
      from the aforesaid duct. This end will be referred to hereinafter as the
      "rear end" of the handle or of the reservoir or of the toothbrush.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a fountain toothbrush
      of the initially described type which makes possible an unobjectionable
      actuation of the toothbrush without unintentional loss of dentifrice from
      the reservoir while the wall of the handle, apart from the duct connected
      to the reservoir is free from any openings such as would be required for
      an air inlet valve as it is found in the known toothbrushes of this type.
PAR  It is more particularly an object of the invention to provide a fountain
      toothbrush in which the reservoir wall which may be advantageously
      constituted by the wall of the handle itself has a single opening,
      preferably at one end thereof which opening opens into the duct through
      the bristle carrier. This wall of the reservoir is therefore uninterrupted
      and perfectly seals off the dentifrice from the outside except through the
      aforesaid opening.
PAR  It is a further object of the invention to provide the handle with a rigid
      wall which does not yield to squeezing manual pressure contrary to the
      flexible wall or wall portion of the handle that is found in a certain
      type of known fountain toothbrushes such as that described in German
      Offenlegungsschrift No. 1,904,801.
PAR  These objects are attained according to the invention by a fountain
      toothbrush of the type described initially hereinbefore which comprises,
      as essential feature, a bristle carrier which is provided, at the end
      thereof away from the bristles thereon, with a piston which is guided
      sealingly in the adjacent end of the toothbrush handle, and wherein
      dentifrice is caused to flow from the reservoir to the bristles on the
      bristle carrier by a simple inwardly directed movement of the piston into
      the handle surrounding the latter.
PAR  It has been found that, surprisingly, a relative short stroke of the piston
      into the handle is sufficient to convey a small portion of a dentifrice of
      satisfactory liquidity onto the bristles, even when only a minor portion
      of the internal volume of the reservoir remains filled with the
      dentifrice. When, however, dispensing toothpastes of conventional
      consistency, it is necessary to plunge the piston more or less deeply into
      the interior of the handle, depending on the amount of dentifrice present
      in the latter.
PAR  Fountain toothbrushes which have a movable piston in the dentifrice
      reservoir have been described, for instance, in U.S. Pat. Nos. 2,214,144,
      2,305,158 and 3,039,776 as well as in French Pat. No. 769,734. However, in
      all these devices, the piston must be actuated from the rear end of the
      reservoir by means of an actuating means passing through the end wall of
      the reservoir.
PAR  Due to the fact that most of the time a fountain toothbrush will be carried
      by the user clipped in a pocket, with the rear end of the toothbrush
      pointing downwardly, sealing means are required which must be particularly
      safe and are accordingly complicated and costly.
PAR  The problems of sealing such actuating means in the reservoir wall are
      completely avoided in the fountain toothbrush according to the invention
      while, at the same time, the expense for separate actuating means is
      eliminated.
PAR  In the embodiments of the fountain toothbrush according to the invention in
      which the wall of the handle constitutes at the same time the wall of the
      reservoir, this rigid wall need thus contain only a single opening to
      which the bristle carrier is connected and through which dentifrice can be
      filled as well as discharged.
PAR  Preferably, the fountain toothbrush according to the invention is provided
      with arresting means preventing a complete withdrawal of the piston out of
      the handle during normal use of the toothbrush. This arresting means can
      be actuated to release the piston from the reservoir when the latter is to
      be refilled with dentifrice. It is also possible to place an exchangeable
      cartridge filled with dentifrice into the hollow interior of the handle,
      and to remove a closure of the cartridge at the end thereof toward the
      piston and bristle carrier before or during introduction of the piston
      into the hollow interior of the cartridge.
PAR  In the embodiment of the fountain toothbrush according to the invention
      comprising an exchangeable cartridge, the body of the bristle carrier at
      the end thereof bearing the piston is preferably lengthened to comprise a
      sleeve portion serving as the handle and being open at the rear end. In
      this case the cartridge which is closed at its rear end is inserted in the
      sleeve portion of the bristle carrier and displaceably guided therein. In
      this case the piston is preferably provided with a piercing nose
      surrounding the dentifrice duct through the piston and serving to
      penetrate through a sealing membrane or the like means covering the outlet
      opening of the cartridge before use.
PAR  When a liquid dentifrice of low viscosity is used, a short stroke of the
      piston into the reservoir as already mentioned is all that is needed to
      bring a sufficient amount of liquid onto the bristles, even if the filling
      height of the reservoir is low, when the toothbrush is held with the
      bristles pointing downward.
PAR  It is also preferred that at least part of the duct leading through the
      bristle carrier be formed as a capillary tube, thus preventing the liquid
      dentifrice to pass through to the bristles while the piston is in its most
      withdrawn end position relative to the front end of the reservoir facing
      toward the bristle carrier.
PAR  When using a liquid dentifrice of conventional viscosity, the capillary
      tube preferably has a diameter of about 0.5 to 1.5 mm, whereas the
      remaining portion of the duct can have a diameter above 1.5 mm and
      preferably one of about 2 mm. Very satisfactory results were obtained with
      a duct 2 mm in diameter, over most of its length whereof only the opening
      towards the set of bristles showed a capillary width of 0.8 mm and Weleda
      mouth-water or Chlorodont mouth-water of a commercially available
      composition were used.
PAR  Cap means for sealing can be provided especially for use under extreme
      conditions, e.g. when the toothbrush is taken along in aeroplanes flying
      through the stratosphere, or when using dentifrice liable to be decomposed
      by air. Such cap means close the mouth of the duct from the piston into
      the reservoir while the piston is in neutral position. Elastic sealing
      means are preferred for this purpose which may be formed as a projection
      of the inner wall of the handle surrounding the reservoir, whereby said
      means preferably lock the duct leading out of the side of a projection of
      the piston into the reservoir, while the piston is in the above-mentioned
      maximally withdrawn end position. Abutment means determining the inward
      displacement of the piston relative to the reservoir in the handle are
      preferably formed by a projection on the piston or on the bristle carrier
      carrying the same, which projection protrudes through a cut-out in the
      adjacent wall of the handle. These abutment means can be manipulated by a
      finger, i.e., the index finger, of the same hand that holds the handle. In
      this case, an inward displacement of the piston from the above-described
      end-position by only 2 mm into the reservoir is sufficient, when using
      liquid dentifrice of conventional viscosity.
PAR  The invention will be better understood, and further objects and advantages
      will become apparent from the ensuing detailed specification of preferred
      but merely exemplary embodiments taken in conjunction with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows in axial section a third preferred embodiment of the fountain
      toothbrush according to the invention wherein the bristle carrier
      comprises a sleeve portion serving as a handle which houses a dentifrice
      reservoir in the form of a cartridge;
PAR  FIG. 2 shows in axial section a fourth embodiment of the fountain
      toothbrush wherein the bristle carrier comprises a tapered half-sleeve
      portion which, together with a portion of the cartridge wall, serves as
      the handle;
PAR  FIG. 3 shows a cross-sectional view through the embodiment of FIG. 10 taken
      along line XI--XI;
PAR  FIG. 4 shows a lateral view of the embodiment shown in FIGS. 2 and 3, with
      the piston in maximally withdrawn end position, the bristle-carrying
      portion of the bristle carrier being omitted; and
PAR  FIG. 5 shows in lateral view another embodiment of the handle and reservoir
      wall being in bayonet engagement.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  In the preferred embodiment of the fountain toothbrush shown in FIG. 1, a
      cartridge 30 serving as a dentifrice reservoir is inserted in a sleeve
      portion 31 of bristle carrier 33 serving as the handle, and protrudes with
      its rear end at 30a from the open end of sleeve portion 31, whereby it can
      be displaced inwardly into the handle which, in the embodiment of FIG. 1,
      is an integral part of the bristle carrier 33. The cartridge 30 has a
      cylindrical discharge bore 34 into which the piston 32 which is firmly
      embedded in a recess 38 of the bristle carrier 33 extends, engaging the
      wall of recess 38 sealingly by means of an annular lip seal 39. The piston
      37 has an optionally capillary axial duct 32 therethrough. The duct 32
      opens in the face of piston 37 directed toward the bristles 4, borne by
      the bristle carrier 33, into the duct 12 which leads from the recess 38 to
      a lateral orifice 19 located between the bristles 4 near the opposite end
      of carrier 33.
PAR  Manual pressure on the rear end 30a of the cartridge 30 moves the latter a
      short way into the sleeve handle 31, maximally until the frontal face 30b
      of cartridge 30 abuts against a stop face 33a constituted by the internal
      transverse end wall of the sleeve portion 31 of bristle carrier 33. When
      the toothbrush is held with the bristles downwards and cartridge 30 is
      actuated as just described, a small amount of liquid dentifrice from the
      reservoir 30 is urged through the ducts 32 and 12 to the orifice 19 and
      flows onto the bristles 4. Since it would be difficult to return the
      reservoir 30, by pulling it with two fingers, to its initial position as
      shown in FIG. 1, in which position no dentifrice is dispensed, a small
      return spring 36 is housed with its one end in a recess 35 in the frontal
      face 30b of cartridge 30, and with its other end in a recess 33b provided
      in alignment with recess 35 in the stop 33a of the bristle carrier 33. The
      return motion of the reservoir 30 is limited and detachment of the
      reservoir 30 from the sleeve handle 31 is prevented by a catch comprising
      a peg 30c on the outer wall of cartridge 30 in snap engagement with a slot
      or axial groove 31a in the sleeve handle 31 (see also FIG. 13, which shows
      a bayonet catch at an angle of 90.degree. to the one in FIG. 1 which
      requires, however, a circular cross section of cartridge and sleeve).
PAR  By providing a slot 31a of adequate length, the stroke of the cartridge 30
      relative to the sleeve handle 31 can be limited so that abutting of the
      frontal face 30b of cartridge 30 onto the stop face 33a of the bristle
      carrier 33 is made unnecessary and the return spring 36 is less strongly
      compressed.
PAR  In the embodiment of the fountain toothbrush shown in FIGS. 2 to 4 the
      arrangement of all operating parts is similar to that shown in FIG. 1, but
      the reservoir part 40 and the handle part 41 must be designed as of a
      rectangular cross-section, which is also the preferred cross-sectional
      configuration in the embodiment shown in FIG. 1. The handle part 41 has
      sloped side walls 41a and 41b, of which the wall 41a lying behind the
      reservoir part 40 in FIG. 2 has been indicated by a dashed line, while the
      reservoir part 40 has corresponding sloped side wall shoulders or lasts
      40a and 40b, which are preferably devised as follows. While, in the
      non-dispensing position, a small distance remains between the slanted
      sidewall edges of both parts, as shown in FIG. 4, the slanted shoulders
      40a and 40b of handle part 40 abut against the sloped side wall edges 41a
      and 41b, respectively, of the handle part 41 when the reservoir 40 is
      displaced by the maximal length of its inward travel into the handle part
      41, from the outward end position as shown in FIG. 4 to the inward end
      position shown in FIGS. 2 and 3.
PAR  Similar to the embodiment shown in FIG. 1, the embodiment shown in FIGS. 2
      and 4 comprises a handle part 41 being integral with the bristle carrier
      43. In FIGS. 2 and 4 no return spring has been shown, merely for the sake
      of clarity, but it can naturally be provided in exactly the same manner as
      in the embodiment shown in FIG. 1.
PAR  Finally, the reservoir cartridge can be provided in a suitable portion of
      its outside wall with grooves 44, for instance towards the rear end of the
      cartridge 40 as shown in FIG. 4 or towards the front end of the cartridge
      30 as shown in FIG. 5. In the embodiment shown in FIG. 5, the cartridge 30
      is housed in the same kind of sleeve portion serving as a handle as is the
      case in the embodiment of FIG. 1, and a window 45 is provided in the
      handle wall through which the grooved section 44 of the cartridge wall can
      be reached with a finger whereby, when the toothbrush is held in the
      hollow of the hand with the bristle carrier projecting past the little
      finger out of the user's hand, the cartridge 30 can be easily displaced,
      e.g. by the thumb of the same hand.
PAR  As material for the main parts of the fountain toothbrush according to the
      invention, conventional materials such as thermo plastic resin material or
      metal can be used. The mentioned capillary diameter of from about 0.5 to
      1.5 mm is especially suitable for liquid dentifrices which have a
      viscosity of about 1 and to 5 centipoises, and more particularly of from
      1.5 to 2.5 centipoises. It is advantageous to equip the fountain
      toothbrush with a normal protective cap for the bristle carrier and the
      bristles. The cap wall can be provided with a clip, by which it can be
      attached to the rim of a pocket. In order to control the liquid content of
      the reservoir 2, a window of transparent material, e.g. plexiglass can be
      provided near the rear end of the handle, or the whole handle can be made
      of transparent material, i.e., acrylic glass. Of course, bristle carrier 3
      and piston 7 need not be made as an integral part (as mentioned before)
      but may be made separately and joined to another in a known manner by
      glueing, ultrasonic welding, soldering or by means of a bayonet catch.
PAR  In order to facilitate manufacture of the cartridge from thermoplastic
      resin material by injection molding processes requiring only simple tools,
      it is preferred to produce the cartridge with an open rear end and then to
      close the rear opening by means of a lid 30a which can be welded thereon
      to provide a hermetic seal, after the cartridge is filled with dentifrice.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fountain toothbrush compsiring:
PA1  a bristle carrier;
PA1  a set of bristles on said carrier near one end thereof;
PA1  a rigid handle connected to said bristle carrier at an end of the latter
      remote from said bristles, said handle being hollow and having an opening
      at the rear end thereof away from said bristle carrier;
PA1  a rigid-walled reservoir for liquid or pasty dentifrice and being connected
      to said handle axially displaceable relative thereto, and protruding with
      its closed rigid rear end from said rear end opening when in rest
      position, said bristle carrier having a duct therethrough leading from the
      end of said bristle carrier joined to said handle to an outlet near or
      between said bristles;
PA1  piston means rigidly mounted on said bristle carrier at the end thereof
      joined to said handle and having an axial bore therein being in free
      communication with said duct in said bristle carrier and opening out of
      the rear end of said piston means facing toward said reservoir; and
PA1  said reservoir having a hollow interior and an outlet passage from said
      interior at the end thereof toward said bristle carrier, said piston means
      being sealingly inserted at rest and in actuated position in said outlet
      passage and adapted for a short displacement in said outlet toward and
      away from said reservoir, said outlet passage being in free communication
      with said duct at all times, whereby by a short displacement of said
      piston in said outlet passage toward said reservoir, dentifrice is caused
      to flow freely from said reservoir through said duct towards said
      bristles, said duct having in said bristle carrier, over at least a short
      length thereof, a diameter small enough to exert a capillary action on the
      dentifrice in said reservoir, thereby preventing dentifrice from leaking
      through said outlet passage into said duct, when said piston means are not
      displaced towards said reservoir; and
PA1  spring means for returning said reservoir to its rest position relative to
      said piston after each short displacement of the former toward said
      bristle carrier.
NUM  2.
PAR  2. A fountain toothbrush as described in claim 1, further comprising
      arresting means associated with said reservoir and with said bristle
      carrier for preventing a complete withdrawal of said piston out of said
      outlet passage during normal use of the toothbrush.
NUM  3.
PAR  3. A fountain toothbrush as described in claim 1, wherein said rigid-walled
      reservoir constitutes an exchangeable cartridge, having pierceable sealing
      means adapted for being opened when said piston is inserted in said outlet
      passage.
NUM  4.
PAR  4. A fountain toothbrush as described in claim 3, wherein said bristle
      carrier comprises a sleeve portion at the end of said carrier bearing said
      piston, which sleeve portion is open at its rear end and constitutes said
      handle.
NUM  5.
PAR  5. A fountain toothbrush as described in claim 1, wherein said piston
      comprises a piercing nose surrounding the axial duct of said piston and
      protruding from the face of the latter turned toward said reservoir, said
      piercing nose serving for penetrating through said sealing means.
NUM  6.
PAR  6. A fountain toothbrush as described in claim 5, wherein said portion of
      said duct exerting said capillary action has a diameter of about 0.5 to
      1.5 mm.
NUM  7.
PAR  7. A fountain toothbrush as described in claim 6, wherein the end faces of
      said cartridge and of said bristle carrier adjacent one another in the
      interior of said sleeve portion have cavities, the openings of which
      register with one another, said return spring means being lodged in said
      registering recesses.
NUM  8.
PAR  8. A fountain toothbrush as described in claim 5, wherein the remaining
      portion of said duct through said bristle carrier has a diameter of about
      2 mm.
NUM  9.
PAR  9. A fountain toothbrush as described in claim 1, wherein said piston
      bears, on the face thereof inserted in said reservoir, sealing means which
      engage the interior wall of said reservoir during rest as well as in
      actuated position.
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ABST
PAL  In abstract, a preferred embodiment of this invention is an improved paint
      roller of the type wherein the interior of such roller is a reservoir for
      paint. This roller is of simplified design, can be produced out of
      plastic, and is highly efficient to use.
PARN
PAR  This application is a continuation-in-part of U.S. Patent application Ser.
      No. 310,324, filed Nov. 29, 1972 and now abandoned, for PAINT ROLLER by
      James D. Tyson.
BSUM
PAR  This invention relates to painting devices and more particularly to
      reservoir type paint rollers.
PAR  In the past, various types of paint rollers have been devised to aid in the
      applying of paint to surfaces to be painted. These rollers have been
      considered much faster in applying a coat of paint than the heretofore
      widely used paint brush. With the development of long nap rollers for
      applying paint, the painting process has generally been greatly speeded
      up. These rollers, however, are generally used in conjunction with a
      pan-like container which holds the liquid paint and into which the roller
      must be dipped and moved back and forth to absorb an adequate amount of
      paint to be applied to the surface being painted.
PAR  To overcome this messing and laborious part of using a paint roller for
      applying paint, such devices have been developed as pressurized paint
      containers wherein paint is forced through a tube or hose into the
      interior of the roller. The purpose of this is to allow continuous paint
      to flow from the surface of the roller but invariably these units produce
      either too little or too much paint on the surface of the roller thus
      causing either skipped spots or dripping. Also, the problem of moving the
      paint pumping mechanism and reservoir as the painting process proceeds has
      been a constant problem which has made such systems generally impractical.
PAR  Attempts have been made in incorporating the reservoir for the paint in
      either the handle or in the interior of the roller itself. These systems
      have proved impractical for a number of reasons and have certainly not
      been commercially accepted. They have been generally complicated in
      operation, messy to clean and inoperative if not properly cared for.
      Additionally, these prior units have been relatively expensive to produce
      both in manufacturing and maintenance cost. These prior known units have
      also not been in any way considered expendable or throw-away type units.
PAR  After much research and study into the above mentioned problems, the
      present invention has been developed to provide an extremely inexpensive
      paint roller which is capable of acting as a nondrip reservoir for paint
      as well as an applicator. The present invention is highly efficient in
      function and is superior in application to more complex complicated and
      expensive units.
PAR  In view of the above, it is an object of the present invention to provide
      an inexpensive yet highly efficient reservoir type paint roller.
PAR  Another object of the present invention is to provide a reservoir type
      paint roller designed to be produced exclusively from plastic type
      material.
PAR  Another object of the present invention is to provide a reservoir type
      paint roller which is light in weight and yet strong in design.
PAR  Another object of the present invention is to provide a reservoir type
      paint roller wherein the forks supporting such roller are biased inwardly
      toward each other during normal use.
PAR  Another object of the present invention is to provide, in a reservoir type
      paint roller, a quick disconnect roller from support fork system.
PAR  Another object of the present invention is to provide, in a reservoir type
      paint roller, a nondrip paint container means.
PAR  Other objects and advantages of the present invention will become apparent
      and obvious from a study of the following description and the accompanying
      drawings which are merely illustrative of such invention.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a top plan view of the paint roller of the present invention with
      the roller portion thereof being shown in section;
PAR  FIG. 2 is a botton plan view of the same;
PAR  FIG. 3 is a sectional view taken through lines 3--3 of FIG. 2;
PAR  FIG. 4 is an elevational view of the roller-reservoir of the present
      invention;
PAR  FIG. 5 is a elevational view of the roller closure of the present
      invention; and
PAR  FIG. 6 is a sectional view taken through lines 6--6 of FIG. 5.
DETD
PAR  With further reference to the drawings, the improved painting device of the
      present invention, indicated generally at 10, is composed of a generally
      U-shaped roller supporting bail 11 with an integral handle 12 so formed as
      to project outwardly from the center section thereof.
PAR  The bail and handle are preferably formed from a plastic type material as
      an integral, molded unit. To give added strength, reenforcing partitions
      13 are provided in the bail portion. These partitions extend in a zig-zag
      pattern across the interior of the bail since the same is generally
      U-shaped in cross section as is seen particularly clear in FIG. 3.
PAR  As is clearly seen in FIGS. 2 and 3, the handle 11 is interiorly hollow and
      is tapered inwardly from opening 14. This tapering allows an extension
      handle such as that shown in dotted lines in FIG. 3 to be jammingly
      inserted into the opening. The purpose of the extension handle 15 is to
      allow areas generally out of reach of the user of the painting device 10
      of the present invention to have access to such areas.
PAR  From FIG. 2 it can be noted that in rest position the outer ends 16 of bail
      11 are toed inwardly, each from parallel approximately 5.degree. . When
      the reservoir-roller 17 is in operative position, these outer ends 16 will
      be forced to a parallel position thus placing an inward bias on such
      reservoir-roller. This, of course, retains the last mentioned apart in
      position.
PAR  From FIG. 3, it can be clearly seen that outer ends 16 are flared and
      rounded. This flaring gives greater strength and abutting surface between
      the supporting bail 11 and the reservoir-roller 17.
PAR  Inwardly projecting nipples 18 are either fixedly secured or integrally
      formed into the inner facing portion of the outer ends 16 of bail 11.
      These nipples are circular in cross section and preferably rounded on
      their ends to aid in quick mounting of the reservoir-roller thereon.
PAR  About the base of each of the inwardly projecting nipples 18 is provided a
      washer-shaped bearing surface 19 which is adapted to rotatively contact
      bearing surface 20 of either end cap 21 or reservoir end 22 as the case
      may be.
PAR  The reservoir-roller 17 is preferably formed of plastic and is in a
      generally cylindrical shape with the end 22 being integral therewith as
      seen particularly clear in the sectional portion of FIG. 1. The opening or
      dimple 23 in end cap 22 is, of course, adapted to receive one of the
      nipples 18 of bail 11.
PAR  End cap 21 is so sized as to snugly fit into the ordinarily open end of
      reservoir-roller 17 and is held in retained position by a pair of
      generally J-shaped slots 24 formed on opposite sides of such
      reservoir-roller and which are adapted to releasably retain projections 25
      of the cap.
PAR  The end cap 21 clearly seen in FIGS. 5 and 6 includes outwardly projecting
      peripheral flanges 26 which assure proper positioning of the cap relative
      to the reservoir.
PAR  The reservoir-roller 17 includes a plurality of generally rectangular
      openings 27 formed in a geometric pattern in its side walls. These
      openings allow paint contained within the reservoir-roller to pass through
      such sides and to be absorbed by the flexible, open celled foam covering
      is provided thereover. This covering can, of course, be formed from any
      one of a number of materials well known to those skilled in the art and
      readily commercially available. This covering is cylindrical in shape,
      open at both ends and so sized to snugly fit over roller-reservoir 17. The
      cover allows paint to absorb therethrough in adequate amounts to cover the
      surface being painted but not so much as to cause dripping. The
      cylindrical covering 28 also is preferably seamless or, if seamed, is so
      formed in construction as not to leave evidence thereof when the roller is
      applying paint to a surface.
PAR  The painting device of the present invention is preferably shipped to the
      retail outlet with the reservoir-roller disassembled from the supporting
      bail. When the purchaser is ready to use the painting device, all he need
      do is to slide the cylindrical cover 28 onto the exterior of
      reservoir-roller 17 (the cover being preferably removable for easier
      cleaning) and such reservoir is ready for filling. Paint can then be
      poured in the cavity end of the reservoir-roller until the same is at the
      desired filling level. End cap 21 is then so positioned that the
      projections 25 on either side thereof slide into the J-shaped slots 24
      provided in opposite sides of the reservoir-roller 17. Then with a simple
      twist of the cap, the projections lock into the curved portion of the
      J-slots thus assuring that such cap will not become dislodged. The
      peripheral flanges 26 at this point are in engagement with the end of the
      reservoir-roller 17 as seen clearly in the section portion of FIG. 1.
PAR  Once the end cap 21 is in place on the filled reservoir-roller, the outer
      ends 16 of the bail 11 are moved away from each other an adequate amount
      so that nipples 16 can be slipped into rotative engagement with their
      respective dimples 23. Once the spreading pressure on the outer ends 16 is
      released, because of the natural spring biased in the bail 11, such ends
      move inwardly for snug retaining engagement with the roller-reservoir 17.
      This inward biasing of the bale ends not only retain the roller in a
      rotative position about nipples 18 but also assures that the end cap 21
      will remain in proper closure position. This is an added safety feature to
      prevent spills over and above the J-shaped locking means.
PAR  If the surface to be painted is beyond the normal reach of the user of the
      same, a tapered extension handle 15 can be jammingly inserted into opening
      14 in handle 12 thus allowing the painting device 10 of the present
      invention to be manipulated on relatively remote surfaces.
PAR  Whether the handle 15 is or is not used once the paint filled
      roller-reservoir is in place, the same is ready for operation. The paint
      within the interior of the reservoir will absorb outwardly through the
      openings 27 and through cover 28 to the exterior thereof. Because this
      cover is of relatively medium absorption material, it will capillarily
      absorb outwardly an adequate amount of paint that, when such roller is
      rolled over a surface, a layer of paint will be evenly distributed thereon
      and yet is not of such absorption quality that excessive dripping will
      occur.
PAR  The painting device of the present invention provides a dripless, painting
      means which does not have to be dipped, squeezed or otherwise manipulated
      but only needs to be rolled along over the surface to be painted to
      deposit an even coat thereon. The replenishing of paint in the painting
      cover 28 is done by capillary action from the interiorly disposed paint.
      It is only after an extensive surface has been painted that the user of
      the same will have to stop to refill the paint supply within the interior
      of the reservoir-roller. If, of course, the entire area to be painted has
      been completed and some paint remains within the interior of the
      reservoir, all that is required to salvage the same is to remove the
      roller-reservoir 17 from bail 11, unlock and remove cap 21, and pour such
      paint back into its bucket or other suitable container.
PAR  At the end of the painting operation, the excess is removed from the
      interior of the reservoir-roller as indicated above and then the same can
      be cleaned in the standard manner using whatever solvent is required for
      the particular type of paint used. To aid in the cleaning operation, the
      cover 28 can be slipped off of the exterior of the reservoir-roller and
      cleaned separately. This allows the openings 27 in the wall of the
      reservoir-roller to be completely cleaned to prevent dry paint build-up.
PAR  It is, of course understood that in using certain types of paint the
      removal of the cover 28 may not be necessary to adequately clean the
      device.
PAR  The removability of the cover 28 may at times also have the advantage of
      allowing the user of the painting device 10 of the present invention to
      change colors without dilution of the same from reuse of the old cover.
PAR  The painting device of the present invention can be formed from any
      suitable type of moldable plastic such as impact styreme. Likewise, the
      cover can be formed from any suitable absorbent type material such as a
      flexible, open cell foam type material.
PAR  From the above, it is obvious that the present invention has the advantage
      of providing an improved painting device which can be readily molded and
      provides an inexpensive and yet highly efficient reservoir type paint
      roller means. Because of this, the present invention is inexpensive to
      produce and thus the savings can be passed on to the ultimate user
      thereof.
PAR  The present invention may, of course, be carried out in other specific ways
      than those herein set forth without departing from the spirit and
      essential characteristics of the invention. The present embodiments are,
      therefore, to be considered in all respects as illustrative and not
      restrictive, and all changes coming within the meaning and equivalency
      range are intended to be embraced herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved painting device comprising: a generally Y-shaped bail and
      handle unit integrally formed from a molded plastic type material and
      wherein the bail portion of the bail and handle unit is generally U-shaped
      in cross section and contains a plurality of integral partitions extending
      across said U-shaped cross section whereby a strong lightweight unit is
      produced and wherein the outer ends of the bail portion of the bail and
      handle unit are toed inwardly toward each other in normal rest position
      whereby when moved outwardly apart, an inwardly biasing effect is
      obtained; an axial opening provided in the end of the handle opposite the
      bail whereby a handle extension can be retainingly inserted thereinto;
      inwardly projecting nipples fixedly secured one on each end of the bail
      portion of said unit; a perforate, generally cylindrical shaped
      reservoir-roller closed at one end and formed from a moldable, plastic
      type material; and end cap removably insertable in the open end of said
      cylinder; a dimple-like depression centrally formed in the exterior of the
      closed end of said reservoir-roller; a dimple-like depression centrally
      formed in the exterior of said end cap whereby each of said dimple-like
      depressions rotatably engage one of said dimples thereby rotatably
      supporting said reservoir-roller on said bail and handle unit; and an
      absorbent covering disposed around said cylindrical shaped
      reservoir-roller whereby paint contained therein can be applied to a
      surface to be painted.
NUM  2.
PAR  2. The device of claim 1 wherein the bail and handle unit is formed from
      impact styrene type plastic material.
NUM  3.
PAR  3. The device of claim 1 wherein the reservoir-roller is formed from impact
      styrene type material.
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ABST
PAL  Apparatus for securing one end of an elongated handle to the back of a
      brush or the like including an elongated handle securing member having
      opposite ends with one end secured to one end of the elongated handle and
      the opposite end having an oblique end face formed thereon. a symmetrical
      U-shaped brush engaging member is journaled at its medial portion to the
      handle securing member with hooks formed on the opposite ends thereof for
      engaging the bottom and one side of the back of the brush. A rigid hook
      member having opposite ends has a hook formed on the one end thereof for
      engaging the bottom and the opposite side of the back of the brush with
      the opposite end having external threads formed thereon and extending
      through the handle securing member where it is threadedly engaged by an
      internally threaded wing nut for drawing the back of the brush into secure
      engagement with the oblique end face of the handle securing member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to improvements in apparatus for connecting
      two elements together and more particularly, but not by way of limitation,
      to improvements in apparatus for connecting handles to brushes or the
      like.
PAR  2. Description of the Prior Art
PAR  The prior art contains a number of teachings of elongated handles having
      externally threaded end portions which may be threadedly secured to the
      backs of brushes or brooms having material internal threads integrally
      formed in or permanently secured to the backs of the brushes. In order for
      various brush heads to be interchanged with the same handle, each brush
      head must have the identical internal threads formed therein for
      engagement with the external threads of the handle.
PAR  In certain cleaning operations, more specifically, certain industrial
      cleaning operations, it is necessary to utilize brushes having extremely
      stiff bristles, such as steel wire bristles, in an acid environment to
      clean various floor and wall surfaces prior to the application of certain
      synthetic industrial flooring or coatings. The use of such brushes in such
      a hostile environment causes extremely short service life of the brushes
      thus necessitating frequent replacement of the brushes.
PAR  It has, therefore, become important to utilize brushes having as low a
      first cost as possible in the industrial cleaning operations. A most
      desirable brush for this application has a back with a flat top and flat
      bottom from which the bristles extend, and with opposite parallel sides
      extending from the top to the bottom. The present invention provides
      reliable and secure means for securing a conventional, externally threaded
      broom or brush handle to the flat back of such relatively inexpensive
      brushes as are suitable for the above-discussed industrial cleaning
      operation and to other forms of brushes, brooms, scrapers and mops.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates an apparatus for securing one end of a
      handle to the back of a brush or the like having opposite sides. The
      apparatus includes a tubular member having a first end and a second end
      with a first end face on the first end and with a second end face on the
      second end lying in a plane oblique to the longitudinal axis of the
      tubular member. A first pair of aligned apertures are formed in the
      tubular member and are aligned along a line normal to the longitudinal
      axis of the tubular member and lying in a plane parallel to the plane of
      the second end face. A second pair of aligned apertures are formed in the
      tubular member intermediate the first pair of aligned apertures and the
      second end face and are aligned along a line normal to the longitudinal
      axis of the tubular member.
PAR  A U-shaped member is journaled at the medial portion thereof in the first
      pair of apertures in the tubular member and includes hook means formed on
      each of the ends of the U-shaped member for engaging one side of the back
      of a brush.
PAR  A hook member is included having a first end and a second end with hook
      means formed on the first end for engaging the opposite side of the back
      of the brush and with external threads formed on the second end with the
      second end of the hook member extending through the second pair of aligned
      apertures.
PAR  The apparatus further includes internally threaded nut means for threadedly
      engaging the external threads of the second end of the hook member for
      drawing the hook means of the hook member and the hook means of the
      U-shaped member into secure engagement with the back of the brush to
      securely mutually engage the second end face of the tubular member with
      the back of the brush, and means for fixedly securing one end of the
      handle to the first end of the tubular member.
PAR  An object of the invention is to provide efficient means for securing one
      end of an elongated handle to the back of a brush or the like.
PAR  Another object of the invention is to provide apparatus for rigidly
      securing one end of an elongated handle to the back of a brush of
      conventional configuration having no integral means for mutual engagement
      with a handle.
PAR  A further object of the invention is to provide apparatus for securing an
      elongated handle to a conventional brush or the like which provides for
      the convenient installation and removal of brushes from the handle.
PAR  A still further object of the invention is to provide apparatus for
      securing an elogated handle to the back of the brush or the like which is
      economical in construction and simple in operation.
PAR  Other objects and advantages of the invention will be evident from the
      following detailed description when read in conjunction with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation view of the present invention interconnecting an
      elongated handle and the back of a brush.
PAR  FIG. 2 is a fragmentary top view of the apparatus shown in FIG. 1 with the
      outer ends of the brush taken away.
PAR  FIG. 3 is an elevation view of the apparatus of FIG. 1 as viewed from the
      right in FIG. 1 with the outer ends of the brush taken away.
PAR  FIG. 4 is a cross-sectional view taken along line 4-4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the apparatus of the present invention is
      generally designated by the reference character 10. The apparatus includes
      an elongated handle 12, an elongated handle securing member 14, a
      substantially U-shaped brush engaging member 16, a rigid hook member 18
      and an internally threaded wing nut 20.
PAR  The apparatus 10 is illustrated secured to the back 22 of a brush 24 or the
      like. The back 22 includes a substantially flat top 26, a bottom 28 and
      opposite substantially parallel sides 30 and 32. The brush 24 includes a
      plurality of bristles 34 extending from the bottom 28 of the back 22. The
      bristles may be formed of lengths of steel wire, natural hairs, or lengths
      of synthetic fibers. It will be understood that the back 22 may, in the
      alternative, be secured to a sponge or mop element or a scraping element
      secured to the bottom 28 thereof. The apparatus 10 is equally applicable
      to such alternative structures.
PAR  The elongated handle 12 includes a first end 36 and a second end 38. An
      externally threaded portion 40 is formed on the second end 38 and
      communicates with the outer periphery 42 via an annular shoulder 44.
PAR  The elongated handle securing member 14 is preferably formed of a length of
      cylindrically shaped tubular member having a first end 46 and a second end
      48 with a cylindrical inner periphery 50 extending between the first and
      second ends 46 and 48. A first end face 52 is formed on the first end 46
      and lies in a plane substantially normal to the longitudinal axis of the
      elongated member 14. A second end face 54 is formed on the second end 48
      and lies in a plane oblique to the longitudinal axis of the elongated
      member 14. The plane of the second end face 54 preferably intersects the
      longitudinal axis of the elongated member 14 at an angle of approximately
      48.degree..
PAR  A first bore is formed in the elongated handle securing member 14 forming a
      first pair of aligned apertures 56 in the member 14 aligned along a line
      normal to the longitudinal axis of the elongated member 14 and also lying
      in a plane parallel to the plane of the second end face 54. A second bore
      is formed in the elongated handle securing member 14 intermediate the
      aligned apertures 56 and the second end face 54 of the elongated member 14
      forming a second pair of aligned apertures 58 in the member 14. The second
      pair of apertures 58 are aligned along a line normal to the longitudinal
      axis of the elongated member 14.
PAR  A cylindrically shaped tubular length of resilient material 60, such as
      vinyl or other suitable resilient synthetic material, is disposed within
      the first end 46 of the elongated handle securing member 14 with the
      cylindrical outer periphery 62 thereof engaging the cylindrical inner
      periphery 50 of the member 14. The first end 64 of the tubular member 60
      is disposed adjacent to, but not blocking, the aligned apertures 56 while
      the second end 66 of the member 60 is disposed adjacent to, but not
      extending beyond, the first end face 52 of the elongated member 14. The
      cylindrical inner periphery 68 of the resilient member 60 is of a diameter
      less than the major diameter and greater than the root diameter of the
      external threaded portion 40 of the elongated handle 12.
PAR  As shown in FIG. 4, the externally threaded portion 40 of the elongated
      handle 12 is threadedly received within the cylindrical inner periphery 68
      of the resilient member 60 with the annular shoulder 44 of the handle 12
      abutting the first end face 52 of the member 14. The cylindrical inner
      periphery 68 is deformed into matching internal threads by the externally
      threaded portion 40 as the elongated handle 12 is rotated relative to the
      elongated handle securing member 14 and resilient member 60. A small brad
      or nail 70 extends through an aperture 72 in the elongated handle securing
      member 14 and into the externally threaded portion 40 of the elongated
      handle 12 to prevent the handle 12 from being unthreaded from the member
      14.
PAR  The U-shaped brush engaging member 16 is symmetrically shaped and is
      preferably formed of a length of relatively rigid metal rod of circular
      cross-section. The medial portion 74 of the member 16 extends through the
      apertures 56 to journally support the member 16 on the elongated handle
      securing member 14. A pair of identical legs 76 and 78 each extend from
      the medial portion 74 at an angle approaching a right angle. Hook
      structures 80 and 82 are formed, respectively, on the outer end portions
      of the legs 76 and 78. Hook structure 80 includes a downwardly extending
      segment 84 and an inwardly extending segment 86. Hook structure 82
      includes a downwardly extending segment 88 and an inwardly extending
      segment 90. The downwardly extending segments 84 and 88 engage the side 30
      of the back 22 of the brush 24 while the inwardly extending segments 86
      and 90 engage the bottom 28 of the back 22 of the brush 24.
PAR  The rigid hook member 18 is preferably formed of a length of metal rod
      having a circular cross-section. The hook member 18 has a first end
      portion 92 and a second end portion 94 with external threads 96 formed on
      the second end portion 94. The first end portion 92 extends upwardly
      through the aligned apertures 58 with a portion of the external threads 96
      extending beyond the exterior of the elongated handle securing member 14.
      A hook structure is formed on the first end portion 92 and includes a
      downwardly extending segment 98 and an inwardly extending segment 100.
PAR  The internally threaded wing nut 20 is threadedly secured to the external
      threads 96 of the hook member 18 with a flat washer 102 interposed between
      the wing nut 18 and the exterior of the elongated handle securing member
      14. As the wing nut 20 is progressively threaded onto the external threads
      96 of the hook member 18, the hook member 18 is drawn upwardly through the
      aligned apertures 58 until the downwardly extending segment 98 and the
      inwardly extending segment 100 of the hook member 18 securely engage the
      side 32 and the bottom 28 of the back 22 of the brush 24, respectively. It
      will be seen that when the wing nut 20 is drawn tightly down against the
      washer 102 and the handle securing member 14, the top 26 of the back 22 of
      the brush 24 is brought to secure abutting engagement with the second end
      face 54 of the handle securing member 14.
PAR  It should be clearly understood that when it is desired to remove and
      replace a brush 24 or the like from engagement with the apparatus 10, the
      thumb screw 20 is threadedly disengaged from the external threads 96 of
      the hook member 18 and the hook member 18 is removed from the apertures 58
      in the elongated handle securing member 14. The old brush 24 may then be
      readily removed from engagement with the second end face 54 of the member
      14 and a new brush or the like substituted therefor and secured to the
      second end face 54 of the member 14 by engaging the bottom 28 and the side
      30 of the back 22 of the brush 24 with the U-shaped brush engaging member
      16 and reinstalling the rigid hook member 18 as described above with the
      inwardly extending segment 100 and the downwardly extending segment 98
      engaging the bottom 28 and the side 32 of the back 22 of the brush 24 and
      resecuring the wing nut 20 and washer 102 to the external threads 96 of
      the hook member 18.
PAR  Changes may be made in the combination and arrangement of parts or elements
      as heretofore set forth in the specification and shown in the drawing
      without departing from the spirit and scope of the invention as defined in
      the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for securing one end of a handle to the back of a brush or
      the like having opposite sides, comprising:
PA1  a tubular member having a first end and a second end with a first end face
      on the first end and with a second end face on the second end lying in a
      plane oblique to the longitudinal axis of the tubular member, a first pair
      of aligned apertures formed in the tubular member the first pair of
      apertures being aligned along a line normal to the longitudinal axis of
      the tubular member and lying in a plane parallel to the plane of the
      second end face, a second pair of aligned apertures formed in the tubular
      member intermediate the first pair of aligned apertures and the second end
      face the second pair of apertures being aligned along a line normal to the
      longitudinal axis of the tubular member;
PA1  a U-shaped member journaled at the medial portion thereof in the first pair
      of apertures in the tubular member and having hook means formed on each of
      the ends of the U-shaped member for engaging one side of the back of a
      brush;
PA1  a hook member having a first end and a second end with hook means formed on
      the first end for engaging the opposite side of the back of the brush and
      with external threads formed on the second end, the second end of the hook
      member extending through the second pair of aligned apertures;
PA1  internally threaded nut means for threadedly engaging the external threads
      of the second end of the hook member for drawing the hook means of the
      hook member and the hook means of the U-shaped member into secure
      engagement with the back of the brush to securely mutually engage the
      second end face of the tubular member with the back of the brush; and
PA1  means for fixedly securing one end of the handle to the first end of the
      tubular member.
NUM  2.
PAR  2. A handle assembly alternately securable to and releasable from a brush
      or the like of the type having a back with a substantially flat top, a
      bottom and opposite sides, with bristles or the like extending from the
      bottom thereof, comprising:
PA1  an elongated handle having first and second ends;
PA1  an elongated member having first and second ends with a first end face
      formed on the first end and a second end face formed on the second end and
      lying in a plane oblique to the longitudinal axis of said elongated
      member;
PA1  means for securing the second end of said elongated handle to the first end
      of said elongated member;
PA1  a first bore formed in said elongated member aligned along a line normal to
      the longitudinal axis of said elongated member and lying in a plane
      parallel to the plane of the second end face of said elongated member;
PA1  a second bore formed in said member intermediate said first bore and the
      second end face thereof, said second bore being aligned along a line
      normal to the longitudinal axis of said elongated member;
PA1  a rigid U-shaped member journaled at the medial portion thereof in said
      first bore and having hook means formed on each of the opposite ends
      thereof for engaging one side and the bottom of the back of the brush;
PA1  a rigid hook member having a first end and a second end with hook means
      formed on the first end thereof for engaging the opposite side and the
      bottom of the back of the brush and with external threads formed on the
      second end thereof extending through said second bore;
PA1  internally threaded nut means for engaging the external threads of the
      second end of said rigid hook member for drawing the hook means thereof
      and the two hook means of said U-shaped member into secure engagement with
      the opposite sides and the bottom of the back of the brush and mutually
      engaging the second end face of said elongated member with the top of the
      back of the brush.
NUM  3.
PAR  3. A handle assembly alternately securable to and releasable from a brush
      or the like of the type having a back with a top, bottom and opposite
      sides, with bristles or the like extending from the bottom thereof,
      comprising:
PA1  an elongated handle having first and second ends with a second end face
      formed on the second end and lying in a plane oblique to the longitudinal
      axis of said elongated handle;
PA1  a first bore formed in said elongated handle aligned along a line normal to
      the longitudinal axis of said elongated handle and lying in a plane
      parallel to the plane of the second end face thereof;
PA1  a second bore formed in said elongated handle intermediate said first bore
      and the second end face thereof, said second bore being aligned along a
      line normal to the longitudinal axis of said elongated handle;
PA1  a rigid U-shaped member journaled at the medial portion thereof in said
      first bore and having hook means formed on each of the opposite ends
      thereof for engaging one side and the bottom of the back of the brush;
PA1  a rigid hook member having a first end and a second end with hook means
      formed on the first end thereof for engaging the opposite side and the
      bottom of the back of the brush and with external threads formed on the
      second end thereof extending through said second bore; and
PA1  internally threaded nut means for engaging the external threads of the
      second end of said rigid hook member for drawing the hook means thereof
      and the two hook means of said U-shaped member into secure engagement with
      the opposite sides and bottom of the back of the brush and mutually
      engaging the second end face of said elongated handle with the top of the
      back of the brush.
NUM  4.
PAR  4. A handle assembly alternately securable to and releasable from a brush
      or the like of the type having a back with a top, bottom and opposite
      sides, with bristles or the like extending from the bottom thereof,
      comprising:
PA1  an elongated handle having first and second ends;
PA1  an elongated member having first and second ends with a first end face
      formed on the first end and a second end face formed on the second end
      with the second end face lying in a plane oblique to the longitudinal axis
      of said elongated member;
PA1  means for securing the second end of said elongated handle to the first end
      of said elongated member;
PA1  a first bore formed in said elongated member aligned along a line normal to
      the longitudinal axis of said elongated member and lying in a plane
      parallel to the plane of the second end face of said elongated member;
PA1  a second bore formed in said elongated member intermediate said first bore
      and the second end face thereof, said second bore being aligned along a
      line normal to the longitudinal axis of said elongated member;
PA1  a rigid U-shaped member journaled at the medial portion thereof in siad
      first bore and having hook means formed on each of the opposite ends
      thereof for engaging one side and the bottom of the back of the brush;
PA1  a rigid hook member having a first end and a second end with hook means
      formed on the first end thereof for engaging the opposite side and the
      bottom of the back of the brush and with external threads formed on the
      second end thereof extending through said second bore;
PA1  internally threaded nut means for engaging the external threads of the
      second end of said rigid hook member for drawing the hook means thereof
      and the two hook means of said U-shaped member into secure engagement with
      the opposite sides and bottom of the back of the brush and mutually
      engaging the second end face of said elongated handle with the top of the
      back of the brush.
NUM  5.
PAR  5. The handle assembly as defined in claim 4 wherein said means for
      securing the second end of said elongated handle to the first end of said
      elongated member is characterized further to include:
PA1  an externally threaded portion formed on the second end of said elongated
      handle;
PA1  a cylindrical inner periphery formed within said elongated member
      communicating with the first end face thereof;
PA1  means disposed within said cylindrical inner periphery for threadedly
      receiving the external threads of said elongated handle within the first
      end of said elongated member to fixedly secure said elongated handle to
      said elongated member; and
PA1  means mutually engaging the externally threaded portion of said elongated
      handle and the first end of said elongated member for maintaining secure
      threaded engagement therebetween.
NUM  6.
PAR  6. The handle assembly as defined in claim 5 wherein said means for
      threadedly receiving the externally threaded portion of said elongated
      handle is characterized further to include:
PA1  a cylindrically shaped length of resilient tubing slidingly disposed within
      the cylindrical inner periphery of said elongated member having a
      cylindrical inner surface of a diameter less than the major diameter of
      the externally threaded portion of said elongated handle.
NUM  7.
PAR  7. The handle assembly as defined in claim 6 wherein said cylindrically
      shaped resilient tubular member is formed of vinyl tubing.
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ABST
PAL  A partially rotated arrangement fastens parts together in nearly perfect
      alignment. The fasteners utilize semicircular rings which are rotated
      about the circular axis until each ring lies partly in each of two
      adjacent parts. The parts so joined together may contain one or more fluid
      passages or form electric conductors, and more particularly, wave guides.
BSUM
PAR  This invention relates to fastening arrangements, and more particularly to
      half-turn arrangements for fastening together two or more juxtaposed
      parts.
PAR  Very often it is necessary or desirable to quickly assemble one or more
      parts in nearly perfect alignment. There are many places where such
      assembled parts may be used. However, by way of example, a microwave guide
      or certain fluid conduits illustrate needs for these aligned parts. A
      number of wave guide or conduit sections must be put together on site and
      in a custom-fit manner. If the interior is misaligned, there are sharp
      edges and abrupt walls to randomly reflect microwaves or cause eddy
      currents in flowing fluids. Either way, inefficiencies in transmission
      practically destroy the utility of the wave guide or conduit.
PAR  Heretofore, it has been necessary for the on-site installer to spend an
      undue amount of time assembling these guides or conduits. Therefore, there
      is a clear and pressing need for the kind of fasteners which enable parts
      to be brought together and secured in nearly perfect alignment with a
      single, quick turn of a fastener.
PAR  Accordingly, an object of the invention is to provide new and improved
      half-turn fasteners. Here an object is to provide fasteners which lock
      parts together in good alignment responsive to a single half-turn. In this
      connection, an object is to provide a locking fastener which cannot be
      removed until after it is unlocked.
PAR  According to a first aspect of the invention, an arrangement for mutually
      fastening two or more juxtaposed parts comprises a body which is arranged
      to link the two parts after a single half-turn. The body is divided into
      two semicircular sections which rotate along a surface of corresponding
      shape lying between two or more juxtaposed parts. The body is rotatable a
      half-turn so that in one position, the ends of the semicircular sections
      are substantially aligned with the edge surfaces of the parts, and when
      rotated a half-turn therefrom, each section bridges the parts and links
      them together. Preferably, the cross section of the body is such that the
      parts may be fastened together in nearly perfect alignment and secured
      against mutual motion in any direction. The body may be divided by a plane
      surface which may either include the axis of rotation, or be transverse
      thereto. Or it may be displaced therefrom and include a line parallel to
      said axis.
PAR  Each of the fastener sections is preferably captivated in both of the
      respective parts.
PAR  The parts may also include a locking mechanism such that a key is required
      for rotation of the parts.
PAR  One or more passages may be formed in the fastener sections so that, when
      the sections are rotated, the passage or passages are aligned with and
      couple passages in the joined parts, thereby to permit the passage of
      fluid, or of solid objects. For example, the passage may be used for
      placing radioactive objects into a container. This embodiment of the
      invention may also be utilised (with suitable sealing) as a vacuum lock,
      e.g. in electron microscope specimen stages or mass spectrometer sources.
      Preferably the arrangement is such that the passages in the parts are
      sealed off by the fasteners when they are in the rotational position in
      which the parts are not mutually fastened.
PAR  Alternatively or additionally one or more of the fasteners may include
      electrical conductors arranged to make electrical contact between
      respective electrical conductors in the parts when they are fastened
      together.
PAR  According to a second aspect of the invention, a fastening arrangement
      comprises first and second fixed sections and first and second movable
      sections which are rotatable with portions thereof sliding in arcuate
      guideways. The movable sections are carried by the fixed sections when the
      arrangement is unfastened. The arrangement is such that when fastened, the
      first and second fixed sections are in juxtaposition with the separate
      guideways in the two fixed sections, thereby forming a single composite
      guideway of circular or part-circular shape. The two movable sections form
      a composite rotatable body with portions of each of the first and second
      movable sections lying in the guideways in both the first and second fixed
      sections so as to secure the first and second fixed parts against relative
      movement in at least one direction. The arrangement, when fastened, being
      unfastenable by rotation of said composite body until said portions of the
      first and second movable sections are free of the guideways in the second
      and first fixed sections respectively.
PAR  The first and second fixed parts may be the objects to be fastened together
      or, alternatively, they may be adapted to be secured respectively to two
      other parts that are to be fastened by the arrangement.
DRWD
PAR  Various embodiments of the invention will now be described, by way of
      example, with reference to the accompanying drawings wherein:
PAR  FIGS. 1(a) to 1(e) illustrate the fundamental principle of the present
      invention;
PAR  FIGS. 2(a) to 2(d) illustrate a simple practical embodiment of the
      invention;
PAR  FIG. 3 illustrates a modification of FIG. 1 which enables extra-tight
      fastening of the objects;
PAR  FIG. 4 illustrates another modification of FIG. 1 which enables captivation
      of the parts;
PAR  FIGS. 5(a) to 5(d) illustrate an embodiment incorporating a locking
      arrangement;
PAR  FIG. 6 illustrates another practical embodiment;
PAR  FIGS. 7-12 illustrate embodiments particularly suitable for fastening
      plates;
PAR  FIG. 13 illustrates embodiments particularly suitable for fastening tubes
      and rods;
PAR  FIG. 14 illustrates the application of the invention to the fastening of
      waveguide sections;
PAR  FIGS. 15 (a) and 15(e) illustrate a fluid coupling;
PAR  FIGS. 16 (a) and 16(b) illustrate a modification of FIG. 15;
PAR  FIGS. 17(a) - 17(e) illustrate another form of fluid coupling; and
PAR  FIGS. 18(a) - 18(c) illustrate the application of the invention of toy
      building blocks.
DETD
     Referring first to FIG. 1(a), an object 10 which is to be fastened to a
      like object has formed therein a groove semicircular or raceway 12 whose
      internal surface defines part of an annular path of rotation having an
      axis of rotation 14 lying on the surface 16 of the object 10. A
      semicircular fastener part 18 has a form in the solid which conforms to
      the form of the semicircular path of rotation, defined by the groove 12.
      Thus, part 18 may rotate in the groove [FIG. 1(b)] until the ends of the
      part 18 are flush with the surface 16 [FIG. 1(c)]. If the object 10 with
      its part 12 is now juxtaposed with an identical object and part [FIG.
      1(d)], the semicircular parts 18 may be rotated about their axis of
      rotation so that they move through abutting raceways 12, until the parts
      18 link together both of the objects 10 [FIG. 1(e)]. Then, the two objects
      will be fastened together in nearly perfect alignment and secured against
      mutual motion in at least one direction [horizontal shear as shown in FIG.
      1(e)].
PAR  From a consideration of FIG. 1, particularly FIG. 1 (d), it will be seen
      how the fastening arrangement 18 may be considered as a solid of rotation
      linking the two objects 10 into nearly perfect alignment. The linked
      object may also be thought of as being divided into two parts by the
      surface defined by the mating faces of the objects.
PAR  The arrangement of FIG. 1 is a simplistic approach, facilitating
      understanding of the principle involved. Since the objects are fastened
      against mutual movement in one direction only [horizontal shear in FIG. 1
      (e)] and for example may be readily separated by vertical shear, the
      arrangement of FIG. 1 has little practical utility.
PAR  The arrangement illustrated in FIG. 2 is more practicable in that it
      provides omnidirectional fastening. In FIG. 2 (a), an object 20 which is
      to be fastened to a like object is formed with a groove 22 (corresponding
      to the groove 12) and a further groove 24 to accommodate a part 26 of a
      solid of rotation as shown in FIG. 2 (b). FIG. 2 (c) shows how the object
      20 may be fastened to an identical object by suitable juxtaposition of the
      objects and rotation of the corresponding parts 26. FIG. 2(d) shows the
      object 20 and part 26 in cross-section to illustrate the substantial
      tolerances 28 which may be allowed without affecting the tightness and
      rigidity of the fastening arrangement.
PAR  In the annexed claims, it will be convenient to refer to a "key flange" in
      order to identify a part of the various fasteners. For easy
      identification, the letters "KF" are applied to the key flange in the
      various embodiments. The term "key flange" is intended to describe an
      annular fin which projects either horizontally or vertically (or both
      horizontally and vertically) from the body of a fastener. The annular fin
      fits within a correspondingly shaped raceway formed in a mating structure.
PAR  For example, FIG. 2(d) shows a horizontal key flange or annular fin
      KF.sub.1 and a vertical key flange or annular fin KF.sub.2, set at right
      angles with respect to each other. The horizontal key flange KF.sub.1
      tightly holds the locking body 26 in place despite the poor tolerance at
      28a. Likewise, the key flange KF.sub.2 tightly holds the body 26 in place
      despite the poor tolerance at 28b.
PAR  The key flange may take any of many different forms as shown at KF in the
      various figures. Therefore, the term "key flange" is to be construed
      broadly enough to cover any of these embodiments. On the other hand, the
      term "key flange" is intended to exclude various forms of tight tolerance
      locking devices such as screw threads, dove tail joints, and the like. One
      example of such an excluded dove tail joint is seen in FIG. 5 of British
      Pat. No. 1,239,260 (Even Marstrand, inventor).
PAR  Also, for convenience of expression, the term "partial rotation" is used
      herein to describe the fastener movements depicted in FIGS. 1(a), 1(b).
      This motion could be described as a "quarter-turn" since the fastener body
      rotates by about 90.degree.. This motion could also be described as a
      "half-turn fastener" since the fastener moves through half of its arc. It
      is thought that either term might be used equally well; however, there is
      also room to argue about the appropriateness of the term. Accordingly, the
      term "partial rotation" is adopted to avoid the arguments.
PAR  It may be observed that the formation of the required component shapes is
      straight-forward and can be undertaken by conventional machining
      techniques, or moulding, casting or sintering processes.
PAR  FIG. 3 shows a modification of the FIG. 1 arrangement in which the axis of
      rotation 14 is inwardly offset from the face 16 of the object 10 [FIG. 3
      (a)], and the part 18 modified accordingly. As shown in FIG. 3 (b), the
      result is a substantial tension between the objects being fastened
      together. Apart from the obvious advantages of this, the resultant extra
      friction upon the parts 18 causes them to be effectively self-locking when
      in the fastening position.
PAR  FIG. 4 shows another modification of the FIG. 1 arrangement for making the
      part 18 captive in the object 10. A cover plate 40 prevents removal of the
      part 18 in an axial direction, while a fixed pin 42 cooperating with a
      slot 44 in the part 10 prevents rotational removal of the part 18 from the
      block 10 while at the same time permitting the amount of rotation required
      for fastening and unfastening.
PAR  FIG. 5 shows an embodiment which incorporates a locking arrangement. FIG. 5
      (a) shows a perspective view of the arrangement, while FIG. 5(b) is shown
      partly in cross section. Basically, the part 50 (corresponding to the part
      26 in FIG. 2) is provided with a plunger 52 aligned with a spring loaded
      detent 54 in the object 10. As may be seen from FIG. 5 (c), a tool 56
      having projection 58 of precisely the right length must be used in order
      to turn the part 50 into the fastening position. FIG. 5 (d) shows a plan
      view of the two objects 10 fastened together. By having two plungers 52 in
      each part 50 and two detents 54 in each object 10, the arrangement can
      also be locked in the fastening position. If the plungers 52 have
      different lengths, different "combinations" of the projections 58 are
      possible. Therefore, only a tool 56 with any given "combination" can be
      used to operate a given fastening arrangement. A further advantage of the
      FIG. 5 arrangement is that is presents a smooth exterior [c.f. FIG. 2
      (c)].
PAR  FIG. 6 illustrates another "smooth exterior" arrangement which requires an
      Allen key for operation.
PAR  FIGS. 7 to 12 show various embodiments for fastening of two sheets.
PAR  In FIG. 7 the fastening arrangement is manually operable, in FIGS. 8, 9,
      and 10 by a suitably bladed screwdriver and in FIGS. 11 and 12, by a
      crescent or socket wrench. There are other aspects of these embodiments;
      for example, the fastening arrangement of FIG. 10 is made of rolled and
      pierced sheet metal. The fastening arrangement of FIG. 11 is operable from
      either side of the parts being fastened together.
PAR  FIG. 13 shows a number of alternative arrangements for mutual fastening of
      tubes and rods. The fastening arrangements generally denoted at 130, 131
      and 132 are analogous to conventional flange joints. In 130, the axes of
      rotation of the individual fastening arrangements are tangential to the
      axis of the rod, in 131 they are radial, and 132 they are parallel. In 130
      they are socket operated, in 131 by a screwdriver, and in 132 by a
      tommy-bar.
PAR  While the fastening arrangement indicated at 133 is a straightforward
      development of the FIG. 8 arrangement, the other arrangements illustrated
      in FIG. 13 display aspects of the invention not previously described. Thus
      in the arrangement indicated at 134, the solid of rotation is divided into
      four parts by a surface which is effectively two intersecting planes, the
      axis of rotation of the solid of rotation being coincident with the axes
      of the two rods being fastened together. Furthermore, the strength of the
      joint in torsion and diametral shear is not dependent upon the integrity
      of the parts of the solid of rotation. At 135, the surface defined by the
      juxtoposition of the rods to be fastened is tri-planar, while that part of
      the surface dividing the solid of rotation is mono-planar.
PAR  At 136, the fastening arrangement is such that three rods are fastened
      together, the solid of rotation being correspondingly divided into three
      parts along the three planes of intersection of the three rods.
PAR  At 133 and 137, the parts of the fastening arrangement are shaped to
      present a smooth exterior when the rods are fastened together. The
      arrangement at 132 shows that the surface dividing the solid of revolution
      need not be a plane.
PAR  FIG. 14 illustrates the application of the invention to the joining
      together of waveguide sections. In such an application, accurate location
      is as important as integrity of fastening, and this the invention readily
      provides.
PAR  FIG. 15 shows a self-sealing fluid coupling utilising the principles of the
      invention. The two halves of the coupling are shown fastened together in
      perspective view in FIG. 15 (a ) and separated and partly cut away, in
      perspective, in FIG. 15 (b). The coupling has two identical halves each
      comprising a housing 150 each having connected thereto two fluid bearing
      tubes 151. The two parts of the solid of rotation which fasten together
      the halves of the coupling are denoted at 152 in FIG. 15 (b). The means
      for rotating the two parts 152 differs from the preceding embodiments in
      which it is a unitary part of or rigid with the parts. The means to rotate
      each part 152 comprises a semi-annular member 153 mounted in the housing
      150 for movement about its axis which is coincident with the axis of the
      solid of rotation as shown in cross-section in FIG. 15 (c). From the
      position shown in FIG. 15 (b) (and with the halves of the coupling placed
      together) initial rotation of the members 153 causes one end of each of
      the members 153 to enter the opposite housing 150 in order to provide
      positive location. (Ridging or knurling of the outer edges of the members
      153 causes them to act like a thumb-wheel). A short arcuate slot 154 in
      each member allows this initial motion to take place without corresponding
      movement of the parts 152. Thereafter the end of the slot 154 engages a
      pin 155 in the part 152 and causes the parts 152 to rotate into a position
      in which the two halves of the coupling are securely fastened together.
      Each part 152 contains a passage 156 which, when the parts 152 are rotated
      to fasten the coupling, align with the terminations of the tubes 151 in
      each housing 150, as shown diagrammatically in FIG. 15 (e). Because the
      passages 156 in each part 152 lie at different levels therein, there is no
      connection between adjacent tubes 151 when the coupling is opened [FIG. 15
      (d)]. If desired, such cross-connection on uncoupling could be provided by
      having the passages at the same levels in each part, as shown
      diagrammatically in FIGS. 16 (a) and 16 (b) which correspond to FIGS. 15
      (d) and 15(e). The `0` rings 157 ensure proper fluid-tight sealing at all
      times.
PAR  FIG. 17 illustrates another form of gas (or liquid) coupling particularly
      suitable for use with portable gas consuming appliances, e.g. portable gas
      fires, oxygen masks, compressed air powered tools, and the like, or for
      example, for pressurising beer kegs, or for supplyihg intermittently used
      water hoses and lubrication systems. The coupling comprises a fixed
      housing 170 having an internal passage 171 coupled to a supply line 172.
      The housing 170 mounts one part 173 of a solid of rotation, the other part
      174 being mounted in a removable housing 175. A hose 176 by which the
      portable appliances (not shown) is to be supplied is connected to the
      removable housing 175 and communicates with a passage 177 therein. The
      part 174 has a handle 178 by which it may be manually rotated, and surface
      along which the solid of rotation is divided to form the two parts 173 and
      174 is such that a key 179 is formed on the part 174 and a corresponding
      slot 180 formed on the part 173. FIG. 17 (b) is an oblique view of the
      part 174 separated from its housing 175, and FIG. 17 (c) shows the
      appearance of the removable part of the coupling when separated from the
      fixed part of the coupling.
PAR  When the two parts of the coupling are juxtaposed [FIG. 17 (d)] such that
      the key 179 engages the slot 180, and the handle 178 is twisted through
      half a revolution, both parts 173 and 174 will be rotated by this amount,
      and a passage 181 in the part 173 will link the passages 171 and 177,
      allowing gas or liquid to flow from the supply line 172 to the hose 176 as
      shown by the arrows in FIG. 17 (e).
PAR  FIG. 18 shows the application of the invention to interlocking blocks which
      may be utilised as childrens toys. The blocks are generally cubic [FIG. 18
      (a)] and are comprised of six identical pieces of which one is shown in
      FIG. 18 (b). These pieces may be welded or glued together or fastened
      together by the arrangements of the invention. Each face of the block
      mounts half of a solid of rotation 182 which in use forms an entire solid
      of rotation with an identical part in a juxtaposed block, as shown in FIG.
      18 (c). Each part 182 has a hollow center which is square in cross section
      so that it may be turned by a tool 184. A shoulder 186 on the tool 184
      cooperates with an internal shoulder 188 on the block to ensure that the
      tool 184 can only be withdrawn when it has been properly rotated through
      the required quarter turn.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fastening system comprising a pair of semi-cylindrical body parts
      which may be brought together in face to face relationship to form a
      cylindrical fastener which is symmetrical about a center axis of rotation,
      said cylinder having a predetermined height measured along said axis,
      first and second mutually perpendicular annular key flanges integrally
      formed on each body part adjacent one end thereof, each of said flanges
      having a thickness which is much less than said height, said first annular
      key flange extending away from said body perpendicularly with respect to
      said axis, said second annular key flange extending parallel to said axis,
      a plurality of object parts to be fastened together along predetermined
      surfaces thereof, each object part having an arcuate semi-cylindrical
      raceway formed therein with internal raceway contours which are exactly
      complementary to the external contours on said fastener body parts, and
      the raceways in said object parts fitting together to form a single
      composite cylindrical raceway when said object parts are brought together
      in a mating face to face relationship, whereby said two body parts of said
      fastener span and join said semi-circular raceways to securely
      interconnect said two object parts when said fastener is partially
      rotated.
NUM  2.
PAR  2. The fastening system of claim 1 wherein the top of said body is flush
      with the top of said object when said fastener body is in said raceway,
      and rotating means for enabling said body to be turned by a tool.
NUM  3.
PAR  3. The fastening system of claim 2 wherein said rotating means comprises
      spring loaded pin means mounted in each of said body parts, the top of
      said pin means being normally flush with the top of said body part and in
      a depressed gripping position when pressed off normal against said bias by
      a tool, and detent means associated with said pin means for locking said
      fastener body when said pin is in said normal position and unlocking said
      body when said pin is off normal.
NUM  4.
PAR  4. The fastening system of claim 2 wherein said rotating means comprises a
      socket formed in the top of said body, and a tool having an end which fits
      into said socket.
NUM  5.
PAR  5. The fastening system of claim 2 wherein said rotating means comprises a
      tool, a pin and a cooperating socket for receiving said pin, said pin and
      socket being mutually and complementarily formed in said body and said
      tool.
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ABST
PAL  A rotating machine tool for hydraulically positioning a cutting tool
      mounting assembly lateral to the axis of rotation is disclosed. A collar
      circumscribing the axis of rotation and having an inclined annular
      downwardly directed recess is slidably mounted on the machine tool. A pair
      of diametrically opposed plungers ride within the inclined recess and are
      forced into reciprocal movement thereby. The reciprocating plungers pump
      hydraulic fluid from a reservoir within the machine tool into a pressure
      chamber. The pressure chamber is connected to a piston and cylinder
      assembly, which piston is positionally responsive to the pressure within
      the chamber. The movement of the piston is translated into lateral
      movement of the cutting tool via a spring biased mounting assembly. In
      operation, the rotation of the collar is restrained while the body of the
      machine tool rotates. The difference in rotation rate between the collar
      and the body causes the plungers within the body to ride upon the inclined
      annular recess and induces pumping of the hydraulic fluid. The hydraulic
      fluid is pumped into the pressure chamber and an increase in pressure
      therein causes the mounting assembly to be displaced. Actuation of a
      relief valve connected to the pressure chamber permits the mounting
      assembly to return to its initial position in response to the force
      exerted by the bias springs. The inclined annular recess may be mated with
      a mirror image positionable swash plate to provide selectively variable
      maximum vertical movement to the plungers to vary the rate of pumping.
      Hydraulically operated cutting tool attachments connectable to a hydraulic
      fluid takeoff on the assembly are also described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to machine tools, and, more particularly, to
      hydraulic apparatus for laterally displacing a rotating cutting element.
PAR  2. Description of the Prior Art
PAR  Various machine tools can be found in the prior art for laterally
      positioning a rotating cutting element. One of the earliest devices
      included a gear operated sliding assembly. The rate of lateral movement of
      the sliding assembly was a function of the gear ratio. The gear ratio was
      generally not variable without dismantling the machine tool. The resultant
      lost time during gear changes wasted valuable machinists' time and
      increased the cost of the product being fabricated. In addition,
      machinists would at times use improper gear ratios in an effort to
      expedite the machining process. Such action tended to produce less than
      optimum quality work.
PAR  To overcome the lack of variability in gear drive mechanisms,
      electro-mechanical devices were developed. These devices are generally
      satisfactory in performance but generate other problems. They need
      external electrical power sources and appropriate electrical switching
      gear to transmit electrical power from the source to the rotating machine
      tool. Furthermore, the continual presence of metallic shavings and cutting
      oil presented a hazard as they might short circuit the electrical
      components.
PAR  Several hydraulically operated laterally displaceable machine tools have
      also been developed. U.S. Pat. No. 3,422,705 illustrates a machine tool
      for cutting internal annular recesses using an ancillary hydraulic
      pressure source to actuate a piston. Movement of the piston is translated
      through a link to effect lateral movement of a rotating cutting element.
      U.S. Pat. No. 3,526,159 teaches a hydraulically operated machine tool for
      laterally displacing a rotating cutting element. An external source
      provides hydraulic fluid under pressure to axially displace a piston.
      Lateral movement of the piston is translated through gears to rotate a
      threaded shaft. Rotation of the shaft causes longitudinal displacement of
      the shaft which acts upon an inclined plane to laterally displace the
      cutting element.
PAR  Both of the above described hydraulic tools cannot be easily used on any
      existing jig bores or milling machines as each requires an external source
      of pressurized hydraulic fluid. In addition, the requirement for shafts
      and pistons aligned with the axis of rotation of the tool necessarily
      limits their minimum length. Thus, for any given jib bores or milling
      machines the size of the work piece is severly limited.
PAR  It is therefore a primary object of the present invention to provide a self
      contained machine tool having a laterally displaceable cutting element.
PAR  Another object of the present invention is to provide a compact machine
      tool having a laterally displaceable cutting element.
PAR  Yet another object of the present invention is to provide a machine tool
      having selectively operated means for effecting infinitely variable
      lateral movement of a cutting element.
PAR  Still another object of the present invention is to provide a machine tool
      having manually operated means for controlling the surface finish effected
      by a cutting element.
PAR  A further object of the present invention is to provide a machine tool
      having a selectively variable rate of lateral movement of a cutting
      element.
PAR  A yet further object of the present invention is to provide a rotating
      machine tool with a vertically displaceable non-rotating annular member to
      reciprocate a pair of diametrically opposed hydraulic fluid pumps and to
      generate a hydraulic force for laterally displacing a cutting element.
PAR  A still further object of the present invention is to provide a guick
      return to the start position of a hydraulically positioned laterally
      displaceable cutting element in a machine tool.
PAR  It is also an object of the present invention to provide a hydraulically
      operated machine tool having a hydraulic fluid pressure takeoff to operate
      a hydraulic mechanism for varying the angular orientation of the cutting
      element.
PAR  It is also another object of the present invention to provide hydraulically
      operated attachments useable in conjunction with a hydraulic fluid
      pressure takeoff in a hydraulically operated machine tool.
PAR  These and other objects of the present invention will become apparent to
      those skilled in the art as the description thereof proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention may be described as a rotating machine tool having
      self contained hydraulic means for positioning a rotating cutting element
      lateral to the axis of rotation. An arbor, extending upwardly from the
      main body of the machine tool, is secured within the chuck of a rigid
      spindle machine, or the like, to effect rotation of the main body. A
      sliding collar, having an inclined annular recess is attached to the main
      body concentric with the arbor. A pair of diametrically opposed spring
      biased plungers mounted within corresponding cylinders are in engagement
      with the recess. One of two input lines interconnects each cylinder to a
      common hydraulic fluid reservoir internal to the main body through
      respective check valves. One of two output lines connect each cylinder to
      a common pressure chamber. An output line from the chamber channels a flow
      of hydraulic fluid into the cylinder of a piston and cylinder assembly.
      The piston acts upon a spring biased slidable mounting assembly for the
      cutting element. The operation of the present invention may be summarized
      as follows. The machine tool is rotated by actuating the rigid spindle
      machine. By restraining the rotary motion of the slidable collar, the
      non-rotating inclined recess will cause reciprocal movement of the
      plungers as they ride within the recess resulting in a pumping action
      within each cylinder to force a flow of hydraulic fluid from the reservoir
      to the chamber. The pressure buildup within the chamber results in a
      corresponding movement of the piston to laterally displace the cutting
      tool mounting assembly. Actuation of a relief valve intermediate the
      chamber and the reservoir drops the pressure within the chamber and the
      mounting assembly is free to return under the force of the bias springs.
      To vary the amount by which the plungers are displaced per revolution of
      the machine tool, a positionable inclined swash plate may be located
      intermediate the inclined recess and the plungers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention may be described with greater specificity and clarity
      with reference to the following drawings, in which:
PAR  FIG. 1 illustrates the present invention attached to a rigid spindle
      machine or the like.
PAR  FIG. 2 illustrates a top view of the present invention taken along lines
      2--2, as shown in FIG. 1.
PAR  FIG. 3 illustrates a cross-sectional view of the present invention taken
      along lines 3--3, as shown in FIG. 2.
PAR  FIG. 4 illustrates a further cross-sectional view of the present invention
      taken along lines 4--4, as shown in FIG. 2.
PAR  FIG. 5 illustrates a bottom view of the present invention taken along line
      5--5, as shown in FIG. 1.
PAR  FIG. 6 illustrates a cross-sectional view of the pressure chamber of the
      present invention.
PAR  FIG. 7 illustrates an exploded view of the hydraulic system of the present
      invention.
PAR  FIG. 8 illustrates a hand tool for retaining the collar of the present
      invention.
PAR  FIG. 9 depicts a hydraulically operated cutting tool useable with the
      present invention.
PAR  FIG. 10 illustrates an end view of the cutting tool shown in FIG. 9, taken
      along lines 10--10.
PAR  FIG. 11 depicts a further hydraulically operated cutting tool useable with
      the present invention.
PAR  FIG. 12 illustrates a cross-sectional view of the further cutting tool
      shown in FIG. 11, taken along lines 12--12.
PAR  FIG. 13 illustrates a cross-sectional view of the cutting tool shown in
      FIG. 12, taken along lines 13--13.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a rigid spindle machine 1, or the like,
      having a rotatable receiver, or collet 2. The main body 4 of the present
      invention includes an upwardly extending arbor 3, which arbor is firmly
      secured within collet 2. A collar 5, rotatably mounted upon body 4, is
      essentially concentric with arbor 3. The lower part of body 4 includes a
      pair of downwardly extending supports 9 and 10. A pair of rods 7 are
      secured within supports 9 and 10 and extend across the recess intermediate
      the supports. A carriage 6 is slidably mounted upon the rods and biased in
      one direction by coil springs 8. A barrel 16, which may be formed as a
      part of carriage 6, extends downwardly from the carriage. Barrel 16 is
      essentially aligned with the center line of arbor 3 when carriage 6 has
      been positioned to the extreme right (as shown) under force of coil
      springs 8. An adjustment screw 15 may be incorporated to limit the
      movement of carriage 6 to the right. A cutting element or tool, generally
      identified by numeral 17, is rigidly secured within barrel 16. The
      movement of carriage 6 to the left may be limited by an adjustment screw,
      not shown, mounted within support 9. An axially retained disc 18 having a
      threaded aperture is turned to position the screw to the left or right. A
      housing 11 extending from support 9 encloses and protects the screw.
PAR  As will be described in further detail below, the positioning of carriage 6
      is accomplished through a self contained hydraulic system disposed within
      body 4. An access cap 14 may be provided to permit access to a part of the
      hydraulic system. A fitting 12, normally capped by cap 13 (see FIG. 2),
      communicates with a hydraulic fluid pressure chamber interior to body 4
      and includes a check valve to prevent loss of hydraulic fluid pressure
      therethrough. The fitting 12 can serve as a source of pressurized
      hydraulic fluid for an angularly displaceable hydraulically operated
      cutting tool 17.
PAR  The collar 5 is shown in further detail in FIG. 2. The periphery of collar
      5 is formed by a vertically extending ridge 20 having a groove 19 (see
      FIG. 1) disposed therein. An aperture 23 is formed within planar base 21.
      Aperture 23 is internally shouldered to receive the radial flange 24
      extending about arbor 3. A plurality of bolts 25 extend through flange 24
      and secure the flange to body 4. A pair of arcuate apertures 22 and 26 are
      also disposed within base 21 concentric with aperture 23. A swash plate
      28, visible through apertures 22 and 26, is selectively positionally
      retained adjacent the bottom of collar 5 by means of a pair of snubbing
      nuts 29 and 30 extending through apertures 22 and 26, respectively. By
      loosening the snubbing nuts, swash plate 28 may be rotated with respect to
      collar 5 to the extent of the arc defined by apertures 22 and 26.
PAR  The mechanisms disposed within body 4 will be primarily described with
      reference to FIG. 3. The pepriphery of radial flange 24 is shouldered to
      mate with the shoulder of aperture 23. The relative dimensions are such
      that the lower surface 32 of collar 5 is adjacent to but not in frictional
      engagement with the upper surface 33 of body 4. A hollow stud 34 extends
      downwardly from flange 24 and fits within a downwardly extending circular
      cavity 35 formed within body 4. A seal intermediate stud 34 and cavity 35
      is obtained by an O-ring 36 located within an annular recess 37 in the
      stud. A cylindrical cavity 38 extends upwardly from within stud 34 into
      arbor 3. A piston 39 is positioned within cavity 38. An O-ring 40 is
      located within an annular recess 41 in the piston 39 to provide a seal
      between the cavity and the piston. Thereby, the piston prevents
      communication between the cylindrical cavity 38 and the axial cavity 42 at
      the top of arbor 3.
PAR  A downwardly opening annular recess 44 is disposed within collar 5
      concentric with aperture 23. The base 45 of recess 44 is inclined whereby
      the base defines a plane not normal to the axis of collar 5. The swash
      plate 28 is a ring slidably disposed within recess 44. The plane defined
      by the lower surface 47 of swash plate 28 is inclined with respect to the
      plane defined by the upper surface of the swash plate at the same angle as
      the base 45 of recess 44 is inclined with respect to a plane perpendicular
      to the axis of collar 5. The swash plate 28 may be milled to remove a
      portion of the lower surface to leave a shoulder 46 about the periphery of
      the swash plate.
PAR  From the above description, it may be understood that swash plate 28 is in
      the nature of a wedge when it is disposed within recess 44. In one
      position of the swash plate 28, the lower surface 47 is angled with
      respect to the axis of collar 5 by an amount equal to the sum of the
      angular displacement of base 45 and wedge angle formed by the swash plate.
      If the swash plate 28 is then rotated 180.degree., the angle formed by
      base 45 is complementary to the wedge angle formed by swash plate 28
      whereby, the lower surface 47 of the swash plate is essentially normal to
      the axis of collar 5. The amount of rotational adjustment of swash plate
      28 with respect to collar 5 is limited by the angle described by arcuate
      apertures 22 and 26 (see FIG. 2). It is also to be understood that the
      angles defined by the planes of the base 44 and the swash plate 28 may be
      identical to or different from one another.
PAR  Diametrically opposed cylindrical cavities 50 and 51 are disposed
      equidistant from the axis of rotation of body 4. Sleeves 52 and 53 are
      inserted within cavities 50 and 51, respectively. Plungers 54 and 55 are
      mounted within sleeves 52 and 53, respectively. These plungers include one
      or more O-ring 58 located within annular recesses 59 in the respective
      plungers to permit axial movement of each plunger within its respective
      sleeve and yet maintain a seal intermediate each plunger and its sleeve.
      Arcuate spherical radius ends 56, 57 extend upwardly from plungers 54 and
      55, respectively. A non-rotating ring 60 lies adjacent lower surface 47 of
      swash plate 28. Spherical radius ends 56 and 57 engage recesses 61 and 62,
      respectively, formed within the ring.
PAR  As discussed above, the lower surface 47 of swash plate 28 may be either
      normal to the axis of collar 5 or may be at an angle therewith depending
      upon the angular positioning of the swash plate with respect to the
      collar. If the lower surface 47 is normal to the axis of collar 5,
      rotation of the swash plate, the latter sliding upon ring 60, will cause
      no axial displacement of the ring. However, if the angle defined by lower
      surface 47 is not normal to the axis of collar 5, one point of the lower
      surface of the swash plate will be higher above the upper surface 33 of
      body 4 than the diametrically opposed point on the swash plate.
PAR  Plungers 54 and 55 are upwardly biased by means of coil springs 63 and 64,
      respectively. Thus, plungers 54 and 55 will tend to exert an upward force
      upon ring 60 to maintain the latter in constant contact with lower surface
      47 of swash plate 28. The ensuing rise and drop of ring 60 at a given
      point, such as plungers 54 and 55, when there is relative rotational
      movement between the swash plate and the ring, will cause the plungers to
      move upwardly and downwardly. The amount of upward and downward travel of
      plungers 54 and 55 is determined by the orientation of the swash plate as
      set by the snubbing nuts 29 and 30 (see FIG. 2). Thereby, the volumetric
      displacement of each of the plungers per revolution of collar 5 with
      respect to body 4 can be adjusted and set.
PAR  In the following description of the hydraulic system of the present
      invention, reference will be made jointly to FIGS. 3 and 7. A collar 66,
      which may be of nylon, is placed at the bottom of circular cavity 35. A
      ball check valve 68 is disposed within a radial passageway 67 extending
      through collar 66. A hydraulic line 69, which may be formed as an integral
      part of body 4, interconnects passageway 67 with a sump 70 at the base of
      cavity 50. Another hydraulic line 71 interconnects sump 70 with a pressure
      chamber 72. Both line 71 and chamber 72 may also be formed as integral
      parts of body 4. A second ball check valve 74 is disposed within another
      radial passageway 73 in collar 66. A line 75 interconnects passageway 73
      with a sump 76 at the bottom of cavity 51. A further hydraulic line 77
      interconnects sump 76 with chamber 72. Hydraulic lines 75 and 77 may also
      be formed integral with body 4.
PAR  From this description, it may be understood that the reciprocal action of
      plungers 54 and 55, biased by springs 63 and 64, respectfully, will
      generate cyclical pressure variations within the respective sumps to draw
      fluid through hydraulic lines 69 and 75 and pump the fluid into chamber
      72. The ball check valves, of course, prevent return of the fluid through
      the passageways into the collar.
PAR  The central part of collar 66, in combination with cylindrical cavity 38,
      serves as a hydraulic fluid reservoir from which the fluid is pumped and
      to which it is returned.
PAR  Referring momentarily to FIGS. 4 and 7, the pressure relief within chamber
      72 and the return of hydraulic fluid to the reservoir will be described. A
      hydraulic line 83, which may be formed integral with body 4, interconnects
      chamber 72 with a recess 82 formed in the external surface of collar 66
      and defining a passageway in combination with the surface of cavity 35. A
      ball check valve 81 is disposed within a radial passageway 80, which
      passageway connects with recess 82. A plunger 84 is locaated within a
      cylindrical cavity 93 formed in body 4. A seal intermediate the plunger
      and the cavity may be established by one or more O-rings 88 mounted within
      annular recesses 89 in the plunger. The plunger 84 is aligned with
      passageway 80 and includes a tip 85 extending into the passageway to act
      upon the ball of ball check valve 81. A manually operated lever 90 is
      pivotally secured to body 4 by pin 91. Lever 90 contacts plunger 84, and
      when pushed toward body 4, axially displaces plunger 84 to unseat the ball
      in the ball check valve. A coil spring 92 may be incorporated to bias
      lever 90 away from body 4. It may therefore be understood that by the
      pressing lever 90, plunger 84 unseats the ball in ball check valve 81 and
      fluid, under pressure within chamber 72, will flow through hydraulic line
      83, recess 82 and passageway 80 into the reservior. The ball of the ball
      check valve may be biased by a coil spring 86 extending toward the ball
      from a diametrically opposed recess 87. Means may be incorporated to vary
      the bias provided by spring 86.
PAR  The apparatus and mechanism for moving carriage 6 will be described with
      reference to FIGS. 3, 5 and 7. Carriage 6 is journalled upon a pair of
      rods 7, which rods extend from and are secured within supports 9 and 10. A
      coil spring 8 about each of rods 7 biases carriage 6 toward support 10.
      The extent of movement of carriage 6 toward support 10 is essentially
      determined by adjustment screw 15 threadedly engaging support 10. The
      movement of carriage 6 toward support 9 is limited by a further adjustment
      screw 94. Adjustment screw 94 is housed within a sleeve 95, which sleeve
      is mounted within an aperture extending through support 9. The extension
      and retraction of screw 94 is controlled by disc 18 having a central
      threaded aperture engaging the threads of screw 94. The disc 18 is free to
      rotate within a slot in support 9 but is axially constrained to prevent
      any movement of the disc along the axis of screw 94. By rotating disc 18,
      screw 94 is axially displaced. The face of disc 18, if the threads of
      screw 94 are calibrated, may include indicia to indicate the extent of
      axial displacement of the screw. The stud of screw 94, is protected by a
      housing 11 threadedly engaging sleeve 95.
PAR  Referring particularly to FIG. 7, the movement of piston 100 in response to
      reciprocal action of plungers 54 and 55 will be described. As plungers 54
      and 55 reciprocate in response to relative movement between collar 5 and
      body 4, hydraulic fluid is pumped into chamber 72. The fluid within
      chamber 72 is transported therefrom and into a sleeve 99 through a
      hydraulic line 98. The hydraulic line 98 may be formed as an integral part
      of body 4 to mate with an aperture in sleeve 99. The hydraulic fluid flows
      into sleeve 99 intermediate the sleeve base 106 and the rear surface 107
      of a piston 100. The flow of hydraulic fluid into sleeve 99 will cause
      piston 100 to travel away from sleeve base 106. As the piston travels, the
      face 104 of the piston will exert a force against the bottom 105 of a
      cavity 103 disposed within carriage 6 and cause the carriage to move
      toward support 9. The movement of carriage 6 will be countered by the
      force exerted upon coil springs 8. Thereby, the movement of carriage 6
      will be controlled and well defined.
PAR  Carriage 6 is returned adjacent the end of adjustment screw 15 by
      depressing lever 90 to release the pressure within chamber 72. The
      resulting loss of pressure within sleeve 99 acting upon piston 100,
      permits the carriage to return under force of coil springs 8.
PAR  Barrel 16 may include a cavity 110 to receive the shank of cutting tool 17.
      A set screw 111 engaging a threaded aperture retains the cutting tool
      shank within cavity 110.
PAR  Referring to FIGS. 4, 5 and 6, the hydraulic fluid pressure takeoff fitting
      12 will be described in further detail. In the preferred embodiment of the
      present invention, chamber 72 is formed as a cylindrical cavity within
      body 4. The cavity opening may be sealed, or fitting 12 may be threadedly
      secured to the cavity. Fitting 12 includes a ball check valve 113 to
      permit hydraulic fluid flow therethrough when the ball is unseated. An
      O-ring 114 is disposed intermediate body 4 and a recess within shoulder
      115 to maintain and preserve the pressure within chamber 72. A further
      fitting, mating with fitting 12, may be used to convey hydraulic fluid
      under pressure to a further operating element used in conjunction with the
      present invention. In example, the cutting tool 17 may include a
      hydraulically actuated mechanism for effecting angular displacement of the
      cutting tool. In such case, a hydraulic line would be connected
      intermediate fitting 12 and the hydraulic mechanism of cutting tool 17.
      With such an arrangement, it is possible to obtain not only lateral
      displacement of cutting tool 17 but also concurrent angular displacement.
      Thus, a single cutting or milling operation may be carried out which
      previously required two operations.
PAR  Referring to FIG. 8, there is shown a manually operated tool for gripping
      collar 5. When rigid spindle machine 1 is energized to rotate collet 2,
      arbor 3 will rotate and, as it is fixedly secured to body 4, the body will
      rotate. Unless rotation of collar 5 is restrained, the collar will rotate
      with the body. In this case, no pumping action will be effected by
      plungers 54 and 55 as there will be no upward and downward movement of
      ring 60. If rotation of collar 5 is restrained, the swash plate, if
      adjusted so that its lower surface 47 is non-perpendicular with the axis
      of rotation, will cause axial displacement of ring 60 and generate a
      pumping action by the plungers. The rotation of collar 5 can be restrained
      by manually gripping the collar. In the alternative and for safety
      reasons, it is desirable to employ a tool to grasp collar 5. The tool may
      be formed as a fork 120 having curved arms 121 and 122. At the extremity
      of each of these arms there is disposed a shoe 123 and 124, respectively.
      A trigger 130 is pivotally mounted within a slot 127 of handle 129 at
      pivot point 126. An arm 131 of trigger 130 pivotally engages a shaft 128.
      By pivoting trigger 130 about pivot point 126, the arcuate movement of arm
      126 will cause axial displacement of shaft 128. Shaft 128 extends interior
      to arms 121 and 122. A further shoe 125 is secured to the extremity of
      shaft 128. Each of shoes 123, 124 and 125, are formed to engage groove 19
      extending about the external surface of ridge 20 in collar 5. The
      curvature and extent of arms 121 and 122 are configured such that shoes
      123 and 124 are beyond the center line of collar 5. By depressing trigger
      130, shoe 125 will be forced toward shoes 123 and 124, which action will
      tend to squeeze groove 19 therebetween. The frictional engagement between
      shoes 123, 124, 125 and groove 19 will tend to restrain rotation of collar
      5 despite continuing rotation of body 4. Thus, the tool shown in FIG. 8
      may be employed to restrain rotation of collar 5.
PAR  Previously, the cutting element attachable to the present invention was
      generally identified by numeral 17 (see FIG. 1). As discussed earlier, the
      cutting element may be a simple blade having no movement independent of
      the movement generated by the main body 4. To increase the versatility of
      the present invention, an independently movable cutting tool 17 may be
      used. It is operated by the hydraulic pressure generated within chamber
      72. The features and operation of this cutting tool will be described with
      joint reference to FIGS. 1, 3, 9 and 10.
PAR  Cavity 110 within barrel 16 is configured to receive holder 150 of cutting
      tool 17. A depression 151 within holder 150 is configured to receive the
      end of set screw 111. Thereby, cutting tool 17 is attached to carriage 6
      of the present invention.
PAR  A casing 152 extends lateral to holder 150 and houses a hydraulically
      operated piston 155. Hydraulic fluid is conveyed into and out of casing
      152 through a conduit 153. The conduit 153 is operably connected to the
      source of hydraulic pressure within chamber 72 by means of fitting 154
      mating with fitting 12 after removal of dust cap 13 (see FIG. 2).
PAR  In the embodiment shown, conduit 153 is permanently secured to and extends
      through a cover plate 160 attached to the end of casing 152. An O-ring 161
      may be disposed intermediate cover plate 160 and casing 152 to insure a
      sealed end for cylinder 156. Piston 155 is disposed within cylinder 156
      and may include one or more O-rings 157 to form a seal against the wall of
      the cylinder. The piston is biased toward cover plate 160 by means of coil
      spring 158 disposed within cylinder 156. An annular step 159 may be formed
      within the lower end of the skirt of piston 155 to position the coil
      spring axially within the cylinder. A rack 162 extends from piston 155 and
      is axially positionable in conformance with movement of the piston.
PAR  As rack 162 is axially repositioned, the teeth 164 disposed therein engage
      an idler gear 163 mounted upon shaft 167 and cause the idler gear to
      rotate. A tool actuating gear 165 mounted upon a shaft 168 is in mesh with
      idler gear 163. The tool actuating fear 165 is non-rotatably secured to a
      housing 169 such that any rotary movement of the tool actuating gear will
      cause an equal and corresponding movement of the housing. A cutting
      element 170 is mounted within housing 169 and secured thereto by means of
      a set screw 171.
PAR  One end of a restraining spring 166 is in engagement with the main body of
      cutting tool 17. The other end of restraining spring 166 acts upon a stop
      172 extending from housing 169. Restraining spring 166 is biased to
      counter rotational movement of housing 169 caused by tool actuating gear
      165.
PAR  A dust cap 173 may be attached to the main body of cutting tool 17 by a
      bolt 175. The dust cap 173 protects the end of rack 162 when the latter is
      extended from within the main body of the cutting tool through aperture
      176. A limit screw 174 may threadedly engage dust cap 173 to limit the
      movement of rack 162.
PAR  The operation of hydraulically actuated cutting tool 17 may be described as
      follows. When a pressure buildup occurs within pressure chamber 72,
      hydraulic fluid will be forced through fitting 154 and conduit 153 into
      the space intermediate the top of piston 155 and cover plate 160. The
      increasing volume of hydraulic fluid adjacent the piston within casing 152
      will cause the piston to be displaced within cylinder 156. Displacement of
      piston 155 will cause a commensurate displacement of rack 162 resulting in
      rotational movement of idler gear 163. Idler gear 163, being in mesh with
      tool actuating gear 165, will cause housing 169 and attached cutting
      element 170 to be angularly repositioned with respect to the axis of
      holder 150. As the angular displacement of housing 169 is a direct
      function of the amount of travel of rack 162, the maximum angular
      displacement of the housing may be limited by limit screw 174, which limit
      screw limits the maximum movement of the rack.
PAR  A further independently positionable cutting tool 185 attachable to main
      body 4 of the present invention will be described with reference to FIG.
      11, 12 and 13. Cutting tool 185 includes a mount assembly 186 attachable
      directly to carriage 6 by plate 184 and bolts 187. The body 188 of cutting
      tool 185 is pivotally connected to mount assembly 186 by means of a bolt
      189.
PAR  Body 188 is formed of two primary members, a base frame 190 and a movable
      carriage 191. The base frame 190 is pivotally connected to the mount
      assembly 186. It may include indicia on the outer surface thereof
      representative of its angular position with respect to the axis of the
      arbor 8 (see FIG. 1). The movable carriage 191 is in slidable engagement
      with the base frame by means of a dove tail interface generally identified
      by numeral 192. An adjustable strip or gib 193 is employed to obtain a
      proper fit at the dove tail interface 192. A plurality of adjustment
      screws 194 extend into a base frame 190 to act against gib 193 to properly
      position the latter. Thereby, the play between the base frame and the
      movable carriage is maintained at a minimum.
PAR  The movable carriage 191 includes a cavity 195 for receiving the cutting
      implement 197 (see FIG. 11). A set screw 196 retains the cutting implement
      197 in place.
PAR  An axially oriented cylinder 200 is disposed within base frame 190. A
      piston 201 is slidably positioned within cylinder 200 and may include one
      or more peripherally mounted O-rings 202 to effect a seal intermediate the
      piston and the cylinder. A piston rod 204 extends downwardly from piston
      201 and is secured within a cavity in the lower part of movable carriage
      191 by means of a set screw 205. A coil spring 203 is disposed within the
      cylinder to bias piston 201 in the illustrated upward direction. The lower
      skirt of piston 201 may include an annular step 207 to receive one end of
      coil spring 203. The illustrated lower end of cavity 200 may include an
      apertured cap 206 to restrain downward movement of coil spring 203 and
      guide the piston rod 204 extending therethrough.
PAR  Hydraulic fluid is introduced within cylinder 200 adjacent the top of
      piston 201 by means of a conduit 210 attached to base frame 190. Conduit
      210 terminates in a fitting 211, which fitting mates with and is
      attachable to fitting 12 extending from main body 4 (see FIG. 1).
PAR  The periphery of the base frame 190 and the movable carriage 191 at the
      junction therebetween (see FIG. 11) includes indicia indicative axial
      movement of the movable carriage with respect to the base frame. The
      movement of the movable carriage can be limited by means of a thumb screw
      212 engaging a worm gear 213.
PAR  In operation, the angular orientation of cutting tool 185 with respect to
      the arbor 3 is set by loosening bolt 189, pivoting the cutting tool and
      retightening the bolt. When a hydraulic fluid pressure buildup occurs
      within chamber 72, hydraulic fluid will flow through fitting 12, fitting
      211, conduit 210 and into the cylinder 200 adjacent the top surface of
      piston 210. The flow of hydraulic fluid will force a downward movement of
      piston 210, which downward movement is translated by piston rod 204 into a
      movement of a movable carriage 191. Thereby, the cutting implement 197
      will be axially displaced in proportion to the pressure buildup within
      chamber 72.
PAR  As will be obvious to those skilled in the art, the cutting tool
      illustrated in FIG. 9 provides a means by which the cutting implement may
      be angularly positioned while the pivot point of the cutting implement is
      laterally and vertically repositioned. Similarly, the cutting tool
      illustrated in FIG. 11 permits the cutting implement to be displaced along
      its axis simultaneously with vertical and lateral repositioning of the
      cutting implement. Thereby, these cutting tools provide a range of cutting
      configurations never before realized in the machine tool art.
PAR  While the principles of the invention have now been made clear in an
      illustrative embodiment, there will be immediately obvious to those
      skilled in the art many modifications of structure, arrangement,
      proportions, the elements, material, and components, used in the practice
      of the invention which are particularly adapted for specific environments
      and operating requirements without departing from those principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulically operated machine tool attachable to and supported solely
      by a rigid spindle machine for laterally displacing a cutting element at a
      predetermined rate commensurate with the rate of rotation of the rigid
      spindle machine; said machine tool comprising in combination:
PA1  a. a main body, said main body including an arbor extending therefrom for
      engagement with the collet of the rigid spindle machine to support said
      main body in relationship to a work piece;
PA1  b. A reservoir of hydraulic fluid disposed within said main body;
PA1  c. reciprocating means responsive to rotation of said main body and
      disposed within said main body for pumping the hydraulic fluid from said
      reservoir, said reciprocating means including:
PA2  i. a plunger and a further plunger disposed within a cylindrical cavity and
      a further cylindrical cavity, respectively, in said main body;
PA2  ii. a first passageway and a third passageway extending from said reservoir
      to said cylindrical cavity and to said further cylindrical cavity,
      respectively;
PA2  iii. a second passageway and a fourth passageway extending from said
      reservoir to said pressure chamber; and
PA2  iv. a check valve disposed within said first passageway to limit the flow
      of hydraulic fluid therethrough in one direction and a further check valve
      disposed within said third passageway to limit the flow of hydraulic fluid
      therethrough in one direction;
PA1  d. selectively actuatable means disposed within said main body for
      controlling the length of the stroke of said reciprocating means to
      selectively vary the volume of hydraulic fluid pumped per revolution of
      said main body, said controlling means including:
PA2  i. a swash plate for axially displacing said plunger;
PA2  ii. means for restraining the rotational movement of said swash plate
      induced by said main body; and
PA2  iii. said swash plate being of a non-uniform thickness; whereby, said swash
      plate induces reciprocating axial movement of said plunger in response to
      relative movement of said swash plate and said plunger;
PA1  e. a pressure chamber disposed within said main body for receiving the
      hydraulic fluid pumped by said reciprocating means, including a pressure
      relief conduit for venting the hydraulic fluid back to said reservoir;
PA1  f. a movable carriage slidably attached to said main body, said carriage
      being positionable lateral to the axis of said arbor in response to the
      volume of hydraulic fluid received by said pressure chamber; and
PA1  g. means for attaching the cutting element to said carriage; whereby, said
      machine tool is self contained by including all operative elements
      necessary to rotate the cutting element at the rate of rotation of the
      rigid spindle machine while simultaneously selectively displacing the
      cutting element laterally at a rate determined by said controlling means.
NUM  2.
PAR  2. The machine tool as set forth in claim 1 wherein each of said plungers
      are diametrically opposed to one another and equidistant from the
      longitudinal axis of said arbor.
NUM  3.
PAR  3. The machine tool as set forth in claim 2 wherein said swash plate is
      concentric with the longitudinal axis of said arbor, said swash plate
      overlapping at least a part of each of said plungers.
NUM  4.
PAR  4. The machine tool as set forth in claim 3 wherein said swash plate
      includes a first planar surface normal to the longitudinal axis of said
      arbor and a second planar surface not normal to the longitudinal axis of
      said arbor.
NUM  5.
PAR  5. The machine tool as set forth in claim 4 including:
PA1  A. a collar rotatably mounted upon said main body concentric with said
      arbor;
PA1  B. a circular channel disposed within said collar, said circular channel
      being concentric with said arbor; and
PA1  C. means for positioning and retaining said swash plate within said
      circular channel; whereby rotational restraint of said collar induces
      reciprocal motion of said plungers.
NUM  6.
PAR  6. The machine tool as set forth in claim 5 wherein the base of said
      circular channel defines a plane not normal to the longitudinal axis of
      said arbor, said plane defining an angle equal to the angle defined by
      said second planar surface with respect to the longitudinal axis of said
      arbor; whereby, the axial movement of said plungers induced by said swash
      plate can be varied by varying the relative position of said swash plate
      within said channel.
NUM  7.
PAR  7. The machine tool as set forth in claim 6 including a ring disposed
      intermediate said swash plate and each of said plungers, said ring
      including means for mating with said plungers whereby said ring rotates
      with said main body.
NUM  8.
PAR  8. The machine tool as set forth in claim 1 wherein said movable carriage
      comprises:
PA1  A. a hydraulically actuated piston and cylinder assembly;
PA1  B. a conduit extending from said pressure chamber to said piston and
      cylinder assembly for conveying hydraulic fluid into the cylinder to
      displace the piston;
PA1  C. a carriage mounted upon a rail, said rail being a part of said main
      body;
PA1  D. means for biasing said carriage in a first direction; and
PA1  E. means disposed within said carriage for displacing said carriage in a
      second direction in response to a flow of hydraulic fluid through said
      conduit; whereby, said carriage is laterally displaced from the
      longitudinal axis of said arbor in response to reciprocal movement of said
      plungers.
NUM  9.
PAR  9. The machine tool as set forth in claim 8 including:
PA1  A. a further passageway extending from said pressure chamber to said
      reservoir; and
PA1  B. valve means disposed within said further passageway for releasing the
      pressure within said pressure chamber; whereby, the hydraulic force
      exerted upon said carriage is dissipated and said carriage is displaced in
      said first direction in response to the force of said biasing means.
NUM  10.
PAR  10. The machine tool as set forth in claim 1 including:
PA1  A. a further passageway extending from said pressure chamber to said
      reservoir; and
PA1  B. valve means disposed within said further passageway for releasing the
      pressure within said pressure chamber.
NUM  11.
PAR  11. The machine tool as set forth in claim 10 further including a fitting
      connected to said pressure chamber for providing a source of hydraulic
      fluid under pressure to apparatus external to said main body.
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ABST
PAL  A mounting for supporting a cutter tooth in a boring bar for fine
      adjustment outwardly to compensate for tooth wear, the mounting including
      a cartridge insertable into a hole through the boring bar to support the
      tip of the cutter tooth in a cutting position with respect to the bar. The
      cartridge comprises a slidable holder connected by means of a differential
      screw to a nut so that, as the screw is turned, the length of the
      cartridge is increased to provide fine adjustment in the position of the
      cutter tooth. Coarse adjustment in the position of the cutter tooth is
      provided as an incident to assembling the parts of the cartridge by
      threading the screw into the nut until the lower end of the screw is flush
      with the lower end of the nut and by then mounting the holder on the upper
      end of the screw. Once assembled as a unit, the cartridge is inserted into
      the hole until an annular shoulder on the nut seats against a
      complimentary shoulder within the hole thereby accurately locating the
      cutter tooth so only fine adjustment is needed thereafter. In order for
      the mounting to be used in smaller diameter boring bars, one form of the
      invention utilizes a differential screw having interfitting male and
      female portions and, in the other form of the invention, a driver recess
      in the lower end portion of the screw permits the latter to be positioned
      essentially flush with the underside of the boring bar.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an adjustable cutter tooth mounting such as is
      used in a boring bar to provide fine adjustment of the cutter tooth to
      compensate for wear of the tooth. More particularly, the invention relates
      to a cutter tooth mounting of the type which utilizes a differential screw
      to effect the fine adjustment of the cutter tooth.
PAR  Adjustable cutter tooth mountings of the foregoing type are disclosed in
      U.S. Pat. Nos. 3,635,572; 3,682,561 and 3,709,625.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a cutter tooth
      mounting of the above general character which greatly simplifies the
      procedure of initially assembling the cutter tooth with a boring bar and
      which is adapted particularly for use within a boring bar whose diameter
      is smaller than the diameters of previously used boring bars. A more
      detailed object is to accomplish the foregoing by constructing the
      mounting to include a simple, compact and inexpensive cartridge enabling
      coarse adjustment of the cutter tooth to be made prior to insertion of the
      cartridge in the boring bar.
PAR  An additional object is to construct the cartridge so that the coarse
      adjustment of the cutter tooth may be made as an incident to assembling
      the parts of the cartridge.
PAR  A more detailed object is to provide a cartridge having unique means for
      positioning the cartridge in a predetermined axial position within the
      hole in the boring bar so that, when the cartridge is seated within the
      hole, the cutter tooth is automatically positioned for fine adjustment.
      Advantageously, the positioning means includes a nut adapted to receive
      one end portion of a differential screw in a coarsely adjusted position
      during assembly of the cartridge and prior to completing the assembly of
      the cartridge by securing a cutter tooth holder to the screw.
PAR  In one embodiment, the invention also resides in the utilization of a
      differential screw having interfitting, threaded male and female end
      portions to reduce the length of the cartridge without any loss in the
      range of fine adjustment so the cartridge may be used in a small diameter
      boring bar.
PAR  In another embodiment, the invention also resides in the provision of a
      novel recess within one end of the differential screw for receiving means
      adapted to turn the screw when making a fine adjustment in the position of
      the cutter tooth.
PAR  These and other objects and advantages of the present invention will become
      more apparent from the following detailed description when taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary elevational view showing a boring bar equipped with
      a cutter tooth mounting embodying the novel features of the present
      invention.
PAR  FIG. 2 is an enlarged fragmentary view taken substantially along line 2--2
      of FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary view taken substantially along line 3--3
      of FIG. 1.
PAR  FIG. 4 is an exploded perspective view showing parts of the cutter tooth
      mounting.
PAR  FIG. 5 is a cross-sectional view taken substantially along line 5--5 of
      FIG. 1.
PAR  FIG. 6 is a cross-sectional view similar to FIG. 5 but showing movement of
      parts of the mounting on an exaggerated scale.
PAR  FIG. 7 is a fragmentary elevational view of an alternative embodiment of
      the present invention.
PAR  FIG. 7a is a fragmentary elevational view of a tool operable in conjunction
      with the mounting shown in FIG. 7 to adjust the cutter tooth outwardly in
      fine increments.
PAR  FIG. 8 is a fragmentary corss-sectional view taken substantially along line
      8--8 of FIG. 7.
PAR  FIG. 9 is an exploded perspective view showing parts of the mounting shown
      in FIG. 7.
PAR  FIG. 10 is a fragmentary cross-sectional view taken substantially along
      line 10--10 of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in the drawings for purposes of illustration, the present
      invention is embodied in a mounting 15 such as is used to support a cutter
      tooth 16 for fine incremental adjustment on a rotatable body such as a
      boring bar 17 to perform a finish boring operation on holes within a
      workpiece (not shown). As disclosed in the above-mentioned U.S. Pat. No.
      3,682,561, the tip of the tooth projects radially from the bar to effect
      boring as the bar is rotated in the workpiece. Set screws 19 (see FIGS. 1
      and 5) clamp the tooth within a socket 20 formed in the outer end portion
      21 of a generally cylindrical holder 23 which is mounted in a
      diametrically extending hole 24 formed through the boring bar. The holder,
      in turn, is mounted slidably and non-rotatably within the hole for axial
      adjustment in fine increments on the order of 0.0001 to 0.0002 inches to
      compensate for wear of the tip of the tooth as a result of the boring.
PAR  As disclosed in U.S. Pat. No. 3,682,561, fine adjustment of the holder 23
      is effected by turning a differential screw 25 (see FIGS. 3 and 5) which
      is disposed within the hole 24 and connected between the inner end portion
      26 of the holder and a rotatable disk 27. The latter is held in an axially
      fixed position on the boring bar 17 diametrically opposite the tooth 16
      and within a recess 29 by a plate 30 which is detachably secured to the
      bar and against the bottom 33 of the recess by screws 31. The disk is free
      to turn relative to the boring bar and serves to turn the screw so that
      the different screw pitches coact to transmit the disk motion to the
      holder at a greatly reduced rate as determined by the pitch differences.
      Herein, the disk 27 is in the form of a star wheel having a plurality of
      radially projecting teeth 34, at least one of which always is exposed
      beyond the edge 35 (see FIG. 3) of the plate for engagement by a stop or
      pawl 36. As disclosed in U.S. Pat. No. 3,682,561, the pawl is mounted on
      the boring machine and is moved back and forth at appropriate times to
      engage the tooth and turn the disk as an incident to withdrawing the
      boring bar from the workpiece.
PAR  The present invention contemplates construction of the mounting 15 in the
      form of a simple and compact cartridge 38 which is adapted particularly
      for use in a smaller diameter boring bar 17 and which greatly simplifies
      the procedure of initially installing the mounting and accurately
      positioning the cutter tooth 16 in the boring bar. For these purposes, a
      nut 37 is assembled together with the holder 23 and the differential screw
      25 so as to form the cartridge and provide for coarse adjustment in the
      position of the cutter tooth prior to insertion of the cartridge into the
      hole 24 in the boring bar. Advantageously, the coarse adjustment in the
      position of the cutter tooth is achieved as an incident to assembling the
      parts of the cartridge by threading the holder, screw and nut together in
      predetermined axial positions with respect to each other so that, as the
      cartridge is inserted into the hole, means within the mounting locate the
      cartridge in a predetermined position within the hole. As a result, once
      the cartridge is secured in the boring bar, the tooth is positioned
      accurately with only fine adjustment of the tooth being needed thereafter.
PAR  In the form of the invention illustrated in FIGS. 1 through 6, compactness
      of the mounting 15 is achieved without any loss in the range of potential
      fine adjustment by constructing the differential screw 25 to include male
      and female portions 39 and 40 (see FIGS. 4 and 5). Herein, the male
      portion forms the outer end of the screw and includes an external thread
      41 formed on the lower section of the male portion. An upper section 48 of
      the male portion is secured by a press fit in the holder 23 so the lower
      section extends in a generally axial direction with respect to the
      cartridge and into mating engagement with an internal thread 42 of the
      female portion which forms the inner end of the screw. The female portion
      also is provided with an external thread 43 and is threaded into the nut
      37 so the holder, screw and nut are assembled together as a unit forming
      the cartridge 38. The external thread 43 of the female portion is of the
      same hand as but of a somewhat greater pitch than the internal thread 42.
      Thus, as the female portion is turned by the disk 27, the difference in
      the pitches of the two threads causes a greatly reduced axial movement of
      the holder in relation to the axial movement of the female portion thereby
      providing fine adjustment in the position of the cutter tooth 16. By
      virtue of the foregoing construction, the length of the mounting 15 may be
      reduced substantially without any corresponding loss in the range of fine
      adjustment provided by the screw 25. Thus, the exemplary mounting may be
      used in a boring bar whose diameter is substantially smaller than prior
      boring bars having generally similar cutter tooth mountings with the
      exemplary mounting still providing a full range of fine adjustment.
PAR  As shown in FIG. 6, the distance which the cutter tooth may be adjusted
      outwardly is represented by the exaggerated difference between the two
      distances a and a'. To reposition the cutter tooth 16 after wear of the
      tooth has exceeded the limits for fine adjustment of the mounting 15, a
      set screw 44 is located in the inner end of the socket 20 in the upper
      section 48 of the differential screw 25. Herein, repositioning of the
      cutter tooth is accomplished by turning the female portion 40 of the
      differential screw back to its initial position as shown in FIG. 5 after
      the holder has been moved outwardly the full extent of its fine
      adjustment. Then, after removing the cutter tooth from the socket, the set
      screw may be turned axially outwardly to compensate for wear at the tip of
      the tooth to coarsely position the tip for further usage, the differential
      screw providing the fine adjustment to position the tip exactly as desired
      once the tooth is reclamped in the socket.
PAR  To provide coarse adjustment in the position of the cutter tooth 16 prior
      to insertion of the cartridge 38 into the hole 24 in the boring bar 17,
      the female portion 40 of the differential screw 25 is threaded into the
      nut 37 until inner end 45 of the female portion is flush with the inner
      end 46 of the nut (see FIG. 5). Then, the nut is telescoped into an
      annular recess 47 formed in the inner end portion of the holder and is
      turned to mate the internal thread 42 of the female portion with the
      external thread 41 of the male portion 39. Continued rotation of the nut
      causes the female portion of the differential screw to ride upwardly on
      the male portion until the inner end 49 of the holder abuts the upper edge
      51 of an annular shoulder 50 formed on the outside of the nut thereby
      locating the tip of the cutter tooth 16 accurately with respect to the
      inner end 46 of the nut.
PAR  When the assembled cartridge 38 is inserted into the hole 24, the lower
      edge 53 of the shoulder 50 abuts a corresponding shoulder 54 formed on the
      inside of the hole and accurately positions the tip of the cutter tooth 16
      with respect to the boring bar 17 without the need to make further coarse
      adjustment in the position of the tooth. The two shoulders 50 and 54 thus
      serve as the means for accurately positioning the cartridge 38 within the
      hole so that only fine adjustment is required to further position the tip
      of the cutter tooth. Moreover, with the nut 37 telescoped into the recess,
      the inner end portion 26 of the holder is captivated between the nut and
      the sides of the hole 24 so as to keep the holder from becoming loose and
      possibly wobbling from side-to-side within the hole when boring.
PAR  To secure the cartridge 38 within the hole 24 and against rotation, the nut
      37 is held fixed against axial movement within the hole by a set screw 55
      and a retaining member in the form of a plate 56 is telescoped over the
      outer end portion 21 of the holder 23. The plate is fastened within a
      recess 57 in the boring bar 17 adjacent the outer end of the hole by
      screws 59. Spline means including an inwardly extending collar section 60
      integrally formed with the retaining plate serve to keep the holder from
      rotating within the hole. Herein, diametrical slots 61 (see FIG. 4) are
      formed in the collar and extend in generally radial directions with
      respect to the central axis of the holder to receive tongues 63 projecting
      outwardly from a washer 64. The latter is non-rotatably mounted on the
      holder intermediate the ends thereof by engagement with an annular
      shoulder 65 defined between the outer and inner end portions 21 and 26 of
      the holder. The tongues are generally rectangular in shape and extend
      outwardly from the upper face 66 of the washer while shoulders 67 are
      formed in and extend generally parallel with each other laterally across
      the washer. The washer shoulders engage opposing flats 69 formed in the
      shoulder 65 of the holder and thus keep the holder from turning relative
      to the washer. The latter, in turn, is kept from turning relative to the
      retaining plate by means of the interfitting tongues 63 and slots 61 so
      that, when the retaining plate is secured to the boring bar 17 within the
      recess 57, the holder is mounted to slide in an axial direction within the
      hole and yet is held against rotation.
PAR  As shown in FIGS. 4 and 5, the holder 23 is continuously urged axially in
      an inward direction within the hole 24 by a series of coil springs 70
      compressed between the collar 60 and the washer 64. In this form of the
      invention, the springs are seated within angularly spaced holes 71 formed
      in the collar so as to engage the outer face 66 of the washer.
      Advantageously, this arrangement takes up any backlash which otherwise
      might occur between the mating threads 41 and 42 of the male and female
      portions 39 and 40 of the differential screw 25 or between the external
      thread 43 of the screw and the internal thread of the nut 37. As a result,
      the position of the cutter tooth 16 is fixed precisely relative to the
      central axis of the boring bar without the necessity of clamping the
      holder to the boring bar.
PAR  When the female portion 40 of the differential screw 25 is turned to make a
      fine adjustment outwardly in the position of the holder 23 and the cutter
      tooth 16, the female portion rides outwardly within the nut 37 a first
      distance with respect to the fixed position of the nut. At the same time,
      because the male portion 39 of the screw is fixed against rotation, the
      female portion rides outwardly over the male portion. As a result, instead
      of pushing the holder outwardly the same first distance that the female
      portion moves outwardly within the nut, the holder is moved outwardly a
      second distance equal to the first distance less a third distance
      represented by the distance the female portion rides outwardly over the
      male portion. The distance the holder is adjusted outwardly is shown in
      FIG. 6 as the difference between a and a' and is equal to the number of
      turns made by the female portion multiplied by the difference between the
      pitches of the internal and external threads 42 and 43 of the female
      portion.
PAR  Herein, turning of the female portion 40 is effected through the star wheel
      27 by means of a driver shaft 73 extending outwardly into the hole 24 from
      the center of the wheel. In cross section, the shaft is generally
      hexagonal in shape and mates slidably with a similarly shaped sleeve 74
      which is fixed within the lower end of the female portion by a press fit.
      Accordingly, when the star wheel is turned through a preselected angle,
      the female screw is turned through the same angle to move the holder
      outwardly in a fine incremental adjustment.
PAR  In an alternative form of the invention illustrated in FIGS. 7 through 10,
      parts corresponding to those of the first form of the invention are
      indicated by the same but primed reference numerals. Herein, the cartridge
      38' comprises a retaining member 56' in the form of a generally
      cylindrical collar having an axial opening 76 into which is telescoped a
      holder 23' for a cutter tooth 16'. An annular flange 77 projects radially
      outward from the upper end portion of the collar 56' and seats within a
      recess 79 formed in the boring bar 17' around the upper end of the hole
      24'. Screws 80 which are spaced angularly from each other around the
      flange serve to clamp the collar within the hole and thus retain the
      cartridge in the boring bar. The holder is free to be slid axially within
      the collar for fine adjustment in the position of the tip of the cutter
      tooth.
PAR  As shown in FIGS. 8 and 9, the cutter tooth 16' is secured to a head 81 by
      a clamp 83. In turn, the head includes a generally cylindrical lower
      portion 84 which is telescoped into the enlarged upper end portion 85 of a
      hole 86 extending through the holder and is held within the holder by a
      press fit. In addition, a pin 87 projects radially outward from the side
      of the head, extends through the holder and mates with a slightly
      elongated slot 89 (see FIGS. 7 and 10) formed in the inside wall of the
      collar 23'. This arrangement provides spline means whereby the head and
      holder are held fixed together with the holder being held securely within
      the collar against rotation and yet being free to be slid axially within
      the collar for fine adjustment in the position of the cutter tooth.
PAR  For fine outward adjustment in the position of the cutter tooth 16', a
      differential screw 25' is connected between the lower end portion 90 of
      the holder 23' and a nut 37' which is secured within the lower end portion
      of the hole 24'. Herein, the screw includes inner and outer threaded
      sections 91 and 93 formed on a common shank. The outer section is mated
      with a threaded section 94 formed in the lower end portion of the hole 86
      extending through the holder while the inner end section is mated with the
      internal thread 95 of the nut. As in the first described form of the
      invention, the two threaded sections of the differential screw are of the
      same hand but of different pitches, the pitch of the inner section being
      slightly greater than the pitch of the outer section to provide fine
      adjustment in the position of the cutter tooth as the screw is turned.
PAR  To eliminate backlash between the respective mating threads 94, 91 and 93,
      95 of the holder 23', screw 25' and nut 37' in this form of the invention,
      a washer 96 is fixed on the lower end portion 90 of the holder and stacked
      Belleville springs 70' act in compression between the collar 56' and the
      washer. In this way, the holder is continuously urged endwise away from
      the upper end of the hole 24' so the lower face of the holder thread 94
      engages the upper face of the screw thread 91 and the upper face of the
      nut thread 95 engages the lower face of the screw thread 93 to eliminate
      lash between the mating threads during outward adjustment of the cutter
      tooth 16'.
PAR  As in the first form of the invention, coarse adjustment in the positioning
      of the cutter tooth 16' is achieved prior to inserting the cartridge 38'
      into the hole 24' in the boring bar 17' by first threading the
      differential screw 25' into the nut 37' so the lower end 45' of the screw
      is flush with the lower end 46' of the nut. Then, the holder 23' is
      assembled with the collar 56' and is threaded onto the upper section 91 of
      the screw until the washer 96 abuts the upper surface 97 of the nut 37'.
      To mount the cartridge in the hole, the assembled cartridge is then turned
      to position the collar so the screws 80 may be threaded into the boring
      bar to clamp the cartridge within the hole. An annular shoulder 37' formed
      on the outside of the nut intermediate the opposite ends thereof positions
      the cartridge accurately within the hole by engagement with a
      corresponding shoulder 54' formed in the side of the hole 24' adjacent the
      lower end thereof. A set screw 55' is used to hold the nut securely in
      place once the cartridge is located within the hole.
PAR  Advantageously, in this form of the invention, a novel means to effect
      turning of the differential screw 25' for fine outward adjustment enables
      the lower end 45' of the screw to be positioned virtually flush with the
      lower end of the hole 24' so that the mounting 15' also may be used in a
      smaller diameter boring bar 17'. As shown in FIGS. 7 and 8, the screw is
      provided with a driver recess 99 in the lower end portion thereof. In the
      present instance, the recess is generally hexagonal in cross section to
      receive a similarly shaped driver 100 (see FIG. 7a) but it will be
      appreciated that other shapes would serve equally well. While the driver
      may be operated manually, automatic fine adjustment may be achieved by
      advancing the driver into the recess from beneath the boring bar and
      turning the driver through a preselected angle such as by means of a
      stepping motor 101 (FIG. 7a) while the boring bar rests in its retracted
      position between steps in the performance of a boring operation on a
      workpiece. Movement of the driver may be effected by a reversible actuator
      103 in the form of a piston 104 which is slidable within a cylinder 105.
      Under the control of suitable mechanism generally similar to that shown in
      U.S. Pat. No. 3,457,811, actuation of the motor and reciprocation of a
      piston rod 106 may be effected during the proper times in the cycle of the
      boring machine to provide fine incremental outward adjustment in the
      position of the cutter tooth.
PAR  Thus, it will be apparent from the foregoing that the mounting 15 of the
      present invention advantageously is adapted for use in a samller diameter
      boring bar 17 while still providing a wide range of fine adjustment
      outwardly for positioning the cutter tooth 16 to compensate for wear.
      Moreover, by virtue of the unique construction of the cartridge 38, the
      initial set up and positioning of the cutter tooth in the boring bar is
      greatly simplified. This is because coarse adjustment in positioning the
      cutter tooth is accomlished as an incident to the assembly of the
      cartridge so that, when the cartridge is inserted into the hole 24 in the
      boring bar, the tooth is positioned accurately with only fine adjustment
      being needed thereafter.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A mounting for supporting a cutter tooth for adjustment in fine
      increments having, in combination, a rotatable body with a hole extending
      therethrough, said hole having an upper end portion of a predetermined
      diameter, a cartridge having a maximum diameter slightly less than said
      predetermined diameter and a length adjustable outwardly a limited
      distance in fine increments from an initial preselected length, said
      cartridge in its initial length being telescoped into said hole from the
      upper end thereof and including a holder disposed within and slidably
      guided along said upper end portion of said hole, said tooth being secured
      to the outer end of said holder and providing a tip for cutting engagement
      with a workpiece during rotation of said body, means securing said holder
      within said hole against rotation so as to hold said tip at a preselected
      angular orientation with respect to said body while permitting the holder
      to be slid axially within said hole in fine increments to adjust the
      position of said tooth to keep said tip at a predetermined radial distance
      from the axis of rotation of said body, a nut mounted within said hole and
      being secured against movement within said hole, and a differential screw
      with one end portion threaded into said nut and being initially set in a
      predetermined position with respect to said nut during assembly of said
      cartridge, said screw having an opposite end portion connected to said
      holder after positioning of said one end portion so said cartridge is of
      said preselected length and may be rotated to position said tip within
      said preselected orientation prior to inserting the cartridge within the
      hole, means for locating said cartridge in a predetermined axial position
      within said hole as an incident to mounting the cartridge in the hole so
      as to position the tip of said tooth initially for cutting without need of
      substantial fine incremental adjustment regardless of the rotation
      required of said cartridge in positioning said tip at said preselected
      orientation, and means connecting with said one end portion of said screw
      for turning said screw within said nut from the end of said cartridge
      opposite the tooth to adjust the holder in fine increments in an axial
      direction with respect to said hole.
NUM  2.
PAR  2. A mounting as defined by claim 1 wherein said locating means includes a
      shoulder formed in the side of said hole a predetermined distance from the
      inner end thereof, a corresponding shoulder integrally formed with the
      side of said nut and seated against the shoulder in said hole to locate
      said nut in said predetermined axial position.
NUM  3.
PAR  3. A mounting as defined by claim 2 wherein said securing means includes a
      retaining member telescoped over the outer end portion of said holder and
      secured to said rotatable body, and spline means acting between said plate
      and said holder so as to permit said holder to slide axially within said
      hole while preventing rotation of the holder within said body.
NUM  4.
PAR  4. A mounting as defined by claim 3 wherein said spline means includes a
      collar section integrally formed with said plate and extending into said
      hole around said holder, a slot formed in said collar section and
      extending in a generally axial direction with respect to said hole, a
      tongue non-rotatably connected with said holder and extending in an axial
      direction with respect to said hole and into said slot to keep said holder
      from rotating within said hole.
NUM  5.
PAR  5. A mounting as defined by claim 4 wherein said holder includes an outer
      end portion of a predetermined diameter, an inner end portion whose
      diameter is larger than the diameter of said outer end portion, and an
      annular shoulder extending in a generally radial direction between said
      two end portions, a washer telescoped over said outer end portion and into
      abutting engagement with said shoulder, a first flat formed on one side of
      said inner end portion within said shoulder, a corresponding second flat
      formed on the underside of said washer and engaging said first flat to
      keep said washer from turning on said holder, said tongue being integrally
      formed with the other side of said washer and projecting into the slot
      formed in said collar whereby said holder is kept from rotating within
      said hole.
NUM  6.
PAR  6. A mounting as defined by claim 3 wherein said differential screw
      includes a female section mounted within said nut and defining the inner
      end portion of said screw, internal and external threads formed on said
      female section, said external thread mating with the thread of said nut
      and having a pitch greater than the pitch of said internal thread, a
      threaded male section fixed to said holder, extending therefrom into said
      female section and mating with said internal thread for axial movement of
      said holder in fine increments when said female section is turned within
      said nut.
NUM  7.
PAR  7. A mounting as defined by claim 6 including a recess formed in the inner
      end portion of said holder, said nut having an outer end portion slidably
      received within said recess.
NUM  8.
PAR  8. A mounting as defined by claim 7 including means for turning said screw
      mounted on said rotatable body opposite said cutter tooth, said means
      including a wheel mounted on said body opposite said cutter tooth, a
      driver shaft integrally formed with said wheel and extending axially into
      said hole, and a retaining member fastened to said body to support said
      wheel rotatably on said body, a driver recess formed in the inner end
      portion of said screw, said shaft being slidably coupled with said recess
      whereby rotation of said wheel turns said screw.
NUM  9.
PAR  9. A mounting as defined by claim 3 wherein said differential screw
      includes a first external thread formed on the inner end portion of said
      screw and mating with the internal thread of said nut, a second external
      thread formed on the outer end portion of said screw and having a pitch
      less than the pitch of said first thread, a threaded recess formed in the
      inner end portion of said holder, said outer end portion of said screw
      being mated with said recess in said holder so as to move said holder
      axially in fine increments when said screw is turned within said nut.
NUM  10.
PAR  10. A mounting as defined by claim 9 wherein said differential screw
      includes a driver recess formed in the inner end portion thereof.
NUM  11.
PAR  11. A mounting for supporting a cutter tooth for adjustment in fine
      increments having, in combination, a rotatable body with a hole extending
      therethrough, a cartridge telescoped into said hole from one end thereof
      and adapted for coarse adjustment of the cutter tooth prior to being
      inserted into the hole, said cartridge including a holder disposed within
      and slidably guided along said one end portion of said hole, said tooth
      being secured to the outer end of said holder and providing a tip for
      cutting engagement with a workpiece during rotation of said body, means
      securing said holder within said hole against rotation while permitting
      the holder to be slid axially in fine increments to adjust the position of
      said tooth, a nut mounted within said hole and being secured against
      movement within said hole and a differential screw including a female
      portion having an external thread of a predetermined pitch and an internal
      thread whose pitch is less than said predetermined pitch, said female
      portion initially being threaded in said nut to a predetermined position
      during assembly of said cartridge, said screw having a male portion fixed
      to said holder and having an external thread mated with the internal
      thread of said female portion, means connected with said female portion of
      said screw for turning said female portion within said nut from the end of
      said cartridge opposite the tooth to adjust the holder in fine increments
      in an axial direction with respect to said hole, and abutting means on
      said nut and within said hole for locating said nut in a predetermined
      axial position within said hole said cartridge being insertable into said
      hole only from the end of the hole from which the cutter projects.
NUM  12.
PAR  12. A mounting for supporting a cutter tooth for adjustment in fine
      increments having, in combination, a rotatable body with a hole extending
      therethrough, a cartridge telescoped into said hole from one end thereof
      and adapted for coarse adjustment of the cutter tooth prior to being
      inserted into the hole, said cartridge including a holder disposed within
      and slidably guided along said one end portion of said hole, said tooth
      being secured to the outer end of said holder and providing a tip for
      cutting engagement with a workpiece during rotation of said body, means
      securing said holder within said hole against rotation while permitting
      the holder to be slid axially in fine increments to adjust the position of
      said tooth, a nut mounted within said hole and being secured against
      movement within said hole and a differential screw including a first
      thread of predetermined pitch mated with said nut initially in a
      predetermined position within said nut during assembly of said cartridge
      and a second thread whose pitch is less than said predetermined pitch,
      said holder having an internally threaded recess formed in the inner end
      portion thereof and mating with said second thread, a driver recess formed
      in the inner end portion of said screw to receive a driver for turning
      said screw to adjust the holder in fine increments in an axial direction
      with respect to said hole, and abutting means on said nut and within said
      hole for locating said nut in a predetermined axial position within said
      hole, said cartridge being insertable into said hole only from the end of
      the hole from which the cutter projects.
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ABST
PAL  A gas turbine engine has variable vanes in the rear compressor that are
      automatically scheduled to their optimum position for proper engine
      operation by a closed loop primary engine control system in response to
      selected engine operating conditions. A failure in the engine control
      system may cause the variable vanes to be locked in a position which
      degrades the engine aerodynamics to a dangerous level. An emergency
      controller is connected to schedule the position of the variable
      compressor vanes in an open loop manner in response to changes in the
      power lever when a failure of the primary engine control system occurs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a control for a gas turbine engine, and
      particularly to an emergency or backup control for the rear compressor
      vanes of the engine. During normal operation the position of the vanes is
      controlled by a primary closed loop control system in response to selected
      engine operating conditions such as compressor rotor speed and fan
      discharge total temperature. Should a failure occur in the primary control
      system, the position of the vanes is locked or moves to an extreme value,
      and the engine may become inoperative as a result.
PAR  The present invention is directed to an emergency control which is actuated
      when a failure occurs in the primary control, and which provides an open
      loop compressor vane control in response to the engine power lever angle.
      The emergency control may be actuated either manually by the flight crew,
      or automatically in response to a sensed failure of the primary control.
      The actuator for positioning the variable compressor vane consists of a
      hydromechanical unit that will respond to both the primary control or the
      emergency control, thereby eliminating the need for an additional actuator
      for the emergency control.
PAR  2. Description of the Prior Art
PAR  Turbine engines having variable vanes in the compressor section are well
      known in the art. It is also known that the position of the vanes may be
      controlled in response to engine or ambient conditions in order to provide
      optimum aerodynamic operation of the engine. Advanced turbine engines
      utilize integrated controls which may be electronic or hydromechanical in
      order to control the many variable elements in the engine including the
      compressor vanes in a unified manner to provide high performance over the
      entire engine operating regime.
PAR  A major difficulty with present-day engine controls is that failure of the
      control may cause complete failure of the engine, and in the case of a
      single engine aircraft, loss of the aircraft. Completely redundant
      controls would add considerable expense and weight to the aircraft, and
      are not a practical alternative. The control of compressor vanes is
      critical to engine operation since there is no one vane position which
      will provide acceptable engine performance for all operating conditions.
      Consequently, a failure of the vane control which causes the vanes to
      become locked in a particular position or to move to an extreme operating
      condition may be catastrophic, and will at the minimum cause severely
      degraded operation over much of the engine regime.
PAR  To provide at least minimal engine operation if a failure occurs in the
      primary closed loop control for the variable rear compressor vanes, a
      simple redundant control is used as an emergency backup. Since it is not
      necessary during emergency situations to provide the precise control
      supplied by the primary control system, the emergency control may be open
      loop, thus eliminating the necessity for feedback from the compressor
      vanes. Further, the position of the compressor vanes may be scheduled in
      response to a single input signal such as power lever angle, thereby
      further reducing the complexity, cost and weight of the emergency
      controller. As an additional feature, a simple hydromechanical actuator
      may be used to position the compressor vanes in response to both the
      primary closed loop control and the emergency open loop control.
PAC  SUMMARY OF THE INVENTION
PAR  During normal operation the position of the compressor vanes is scheduled
      by a primary hydromechanical controller in response to selected engine
      parameters, and a feedback signal of actual compressor vane position nulls
      the desired position signal. In response to a malfunction in the primary
      control system, the primary control system is disconnected and the
      compressor vane position is scheduled in an open loop manner by an
      emergency controller in response to the engine power lever angle. The
      emergency controller may be actuated automatically or in response to some
      action by the pilot. The primary control system regulates the compressor
      vane position by means of a hydromechanical primary actuator and a slave
      actuator, while during the emergency mode only the primary actuator is
      used.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing, partially in block diagram form, showing the
      primary control for the compressor variable vanes.
PAR  FIG. 1A is an extension of FIG. 1 which shows in detail the emergency vane
      controller.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In illustrating the preferred embodiment of the present invention, the
      primary control for the rear compressor vanes will be described first, and
      then the modifications required for the emergency control mode will be
      described. FIG. 1A is an extension of FIG. 1, and reference should be made
      to both Figures for a complete illustration of the control.
PAR  The primary controller for the rear compressor variable vanes is shown by
      block 10. The controller 10 may be a portion of a unified control for a
      turbine engine which includes the engine and augmentor fuel control logic
      and other engine control functions. As shown the position of the rear
      compressor variable vanes (RCVV) is scheduled in block 12 in response to
      engine compressor rotor speed N2 and fan discharge total temperature
      TT2.5C. Other engine variables may be used to produce the RCVV signal in
      block 12 depending on the configuration of the engine. The RCVV signal
      generated in block 12 is equivalent to desired vane position, and is
      compared at junction 14 with an RCVV feedback signal equivalent to actual
      vane position, the resultant difference signal being indicative of vane
      position error. The difference signal is fed to a boost servo 16 which is
      connected to translate a servo slide valve 18.
PAR  A source of fluid which may be the engine fuel supply is pressurized by
      means of a fuel pump 20 and fed through a high pressure fuel discharge
      line 22 to the engine combustor. Part of the pressurized fuel is also fed
      via line 24 to servo valve 18 where it is ported to either of lines 26 or
      28 depending on the position of valve 18. Lines 30 and 32 provide a return
      to low pressure line 34. The operation of a servo of this type is well
      known and need not be described in detail.
PAR  A sleeve valve 36 is connected to lines 26 and 28, the valve 36 being a two
      position valve which is translated to its extreme left when the primary
      control is connected to the compressor vanes, and is translated to its
      extreme right in the emergency control mode. As shown in the drawing the
      valve 36 is in the primary control position and lines 26 and 28
      communicate directly with lines 26a and 28a, the pressurized fuel flowing
      through lines 26a and 28a to slave actuator 38, and through branch lines
      40 and 42 to main actuator 44. Except for the modification to actuator 44
      to be described subsequently, the actuators 38 and 44 are standard
      hydromechanical actuators which are connected through mechanical linkages
      to adjust the position of compressor vane 46 in response to the position
      of servo valve 18. Vane 46 is represented in simplified fashion, and in
      practice a plurality of vanes are moved in unison through a
      synchronization ring, not shown.
PAR  Actuator 44 is a hydromechanical unit which consists of a slide valve 48, a
      power piston 50 and feedback linkage 52. With sleeve valve 36 in its
      primary control position, the fluid pressure in lines 26a or 28a,
      depending on the position of slide valve 18, produces motion of the power
      piston 50 and motion of the slave actuator 38. Movement of slide valve 18
      as a result of position feedback will null the servo pressure to power
      piston 50 and to slave actuator 38, balancing the system at a steady-state
      value. In the primary control position of sleeve valve 36, the slide valve
      48, feedback linkage 52, cam 54 and cam follower 56 in actuator 44 have no
      effect on the system since fluid pressure in lines 34a and 60a are shut
      off by sleeve valve 36. A standard position feedback signal shown at 57 is
      fed from the output of actuator 44 to primary controller 10 where it is
      fed into junction 14.
PAR  As explained previously, a failure in the primary controller 10 will either
      lock servo valve 18 in its last position, or cause the valve to translate
      to an extreme position, causing corresponding positional changes to vanes
      46. In either case, engine performance is degraded over at least a portion
      of its envelope to the point where failure is possible. To avoid engine
      failure, an emergency controller 58 is used to regulate the position of
      vanes 46.
PAR  Upon detection of a malfunction in the primary control, valve 36 is moved,
      either manually by the pilot or automatically in response to a detector
      output signal, from its primary mode position to its emergency mode
      position, i.e., to the extreme right. In this position lines 26a and 28a
      are blocked, and line 60a is opened to the high pressure in line 22. Line
      34a is also opened to low pressure return line 34.
PAR  Emergency controller 58 comprises a schedule block 62 to which is fed a
      signal indicative of the power lever angle (PLA) of the engine, the output
      from the block 62 being a signal indicative of desired vane position. The
      signal from block 62 is fed to a boost servo 64 which in turn actuates a
      mechanical linkage 66 or other mechanical input to actuator 44.
PAR  Actuator 44 has been used previously to modulate the fan inlet guide vanes
      in a turbofan engine. In this prior application, the input to the actuator
      was an electrical signal to an integral stepper motor and resolver, the
      stepper motor converting the electrical signal to a mechanical signal. As
      the stepper motor rotated it turned the cam 54, and the rotary motion of
      the cam moved the cam follower 56. The cam follower 56 converted the
      rotary motion of the cam to translational motion and transmitted the input
      signal to the slide valve 48. The translational motion of the slide valve
      ports and dumps servo pressure to the power piston 50 and slave actuator
      38 until a steady-state or null position of the actuator slide valve 48 is
      reached.
PAR  In the present application the actuator has been modified in that the
      stepper motor and resolver have been deleted and replaced by the
      mechanical linkage 66 which imparts rotary motion to the cam and which may
      be a flexible cable, torsional cable, pulley cable or rigid mechanical
      linkage. As described the system provides adequate open loop proportional
      control of the rear compressor vanes for emergency control operation, and
      eliminates a feedback requirement for the control. The mechanical input to
      actuator 44 translates the actuator slide valve 48 during normal operation
      by the primary control system, but since lines 34a and 60a are shut off by
      valve 36 in the primary mode, control action occurs only when requested by
      the primary controller block 10.
PAR  It is apparent that a parameter other than power lever angle may be used as
      an input to the emergency controller 58, this parameter being preferred
      because of its substantially linear relation to an acceptable compressor
      vane position for most flight regimes. Other modifications may be made to
      the preferred embodiment without departing from the scope of the invention
      as hereinafter claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a gas turbine engine, a control for varying the position of the rear
      compressor vanes comprising
PA1  fluid controlled actuator means connected with said compressor vanes and
      adapted to vary the position thereof,
PA1  a source of pressurized fluid,
PA1  a first fluid path connecting said fluid source with said actuator means,
PA1  a second fluid path connecting said fluid source with said actuator means,
PA1  a first slide valve connected in both said first and second fluid paths,
      said first slide valve having a first position which permits passage
      therethrough of the fluid in said first fluid path only, and having a
      second position which permits passage therethrough of the fluid in said
      second fluid path only, said first slide valve normally being in said
      first position,
PA1  means responsive to selected engine operating conditions for generating a
      first control signal indicative of desired compressor vane position,
PA1  servo valve means connected in said first fluid path and responsive to said
      first control signal for regulating the flow of fluid in said first fluid
      path to thereby vary the position of said compressor vanes when said first
      slide valve is in said first position,
PA1  means for generating a second control signal indicative of desired
      compressor vane position,
PA1  and means for connecting said second control signal to said actuator means,
      said second control signal being adapted to actuate said actuator means
      and regulate the position of said compressor vanes and regulate the
      position of said compressor vanes when said first slide valve is moved to
      said second position.
NUM  2.
PAR  2. Apparatus as in claim 1 in which said means for generating a first
      control signal comprises
PA1  means responsive to the speed and temperature of said turbine engine for
      producing a scheduled compressor vane position signal,
PA1  feedback means connected with said actuator means for producing a feedback
      signal indicative of actual compressor vane position,
PA1  and comparator means for comparing said scheduled compressor vane position
      signal with said feedback signal.
NUM  3.
PAR  3. Apparatus as in claim 1 in which said actuator means includes a piston
      adapted for movement in response to said pressurized fluid and connected
      at one end to said compressor vanes.
NUM  4.
PAR  4. Apparatus as in claim 3 in which said actuator means includes a second
      slide valve,
PA1  said second control signal being connected to position said second slide
      valve in response thereto,
PA1  and means including said second slide valve for controlling the movement of
      said piston when said first slide valve is in said second position.
NUM  5.
PAR  5. Apparatus as in claim 1 in which said means for generating said second
      control signal includes means responsive to the position of the power
      lever for said turbine engine.
NUM  6.
PAR  6. Apparatus as in claim 1 in which said actuator means comprises first and
      second hydromechanical actuators mechanically connected to said compressor
      vanes and responsive to said pressurized fluid.
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ABST
PAL  A multi-shell high pressure split turbine of double flow construction
      having an outer shell and an axially split inner shell. The outer shell
      forms the outer housing. One side of this housing is detachable and joined
      to the remainder of the housing at a joint in a plane normal to the axis
      so that the inner shell and the rotor may be inserted from that side.
PARN
PAR  This is a continuation of application Ser. No. 363,124, filed May 23, 1973
      now abandoned.
BSUM
PAC  BACKGROUND
PAR  The invention relates to multi-shell split turbines of double flow
      construction having an outer shell and axially split inner shell which has
      the blades of both flows as well as the inlet channels for the live steam.
PAR  Such turbines are shown in German Utility Model Pat. Nos. 1,701,464 and
      1,710,633. The outer shells of the high pressure split turbines shown
      there are formed as cylindrical central members with the steam inlets and
      flanged exhaust members flanged on both sides along joints normal to the
      axis. The inner housing surrounding both flows is there in one piece held
      axially and radially in mountings in the exhaust members on both sides.
      Such an arrangement requires, however, considerable outlay of labor for
      final assembly. Such constructions are moreover not sufficiently rugged
      for high pressure split turbines with outputs over 1000 MW.
PAR  Single flow high pressure split turbines are known (German Pat. No.
      1,812,493) which use a housing as the outer shell and which satisfy
      ruggedness requirements better and which have joints normal to the axis in
      the exhaust area. But these constructions also require a plurality of
      attachment and centering elements in order to fix the inner shell
      precisely in operation so that here, too, outlay of labor for assembly is
      very great.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, the invention has the general object of providing
      a multi-shell pressure split turbine whose outer shell satisfies all
      ruggedness requirements and whose inner shell is mounted simply and
      securely in the outer shell with the smallest possible use of attachment
      and centering devices.
PAR  With the invention, the outer shell is formed as a housing and has a
      detachable exhaust portion as part of the housing on one exhaust side
      connected to the remainder of the housing by a joint normal to the axis so
      that the inner shell may be inserted into the housing from the side of the
      detachable exhaust portion. With this construction, for the first time,
      there is the advantage that the known housing may also be used for double
      flow constructions of high pressure split turbines.
PAR  In this, the inner shell is supported and axially movable on an inwardly
      projecting shoulder of the housing at its inner exhaust end near the fixed
      exhaust portion of the housing, and at its outer exhaust end in the region
      of the normal-to-axis joint of the housing it is secured and fixed axially
      and radially by the detachable exhaust portion of the housing. Studs on
      the inner shell there engage axial slots in the shoulders of the housing.
      With this construction, the inner shell needs to be secured to the housing
      at only one end.
PAR  The inner exhaust end of the inner shell is held and sealed with a
      cylindrical I ring in coaxial slots in the housing and inner shell. For
      sealing between the radial studs and the normal-to-axis support surface on
      the housing, and elastic U ring is used in the joint.
PAR  Since with this arrangement of the sealing rings there are no variable
      steam forces in the axial direction, dimensioning of the supports is
      relatively small. Further, by securing only on one side of the turbine,
      thermal expansions of the inner shell and rotor are in the same direction,
      so that only a small axial play is required.
PAR  Self-evidently it is possible to build the inner shell as an inner housing
      with pressure tight steam inlets and discharge bores to the annular space
      between outer and inner housings as in blade carrier constructions with
      unreduced inlet steam pressure in this annular space.
PAR  With nozzle regulation with an equal pressure regulation stage, the inner
      shell itself is provided with the nozzle assemblies and steam inlet canals
      from the steam inlets which are connected with the inner housing in steam
      tight relation. In the described construction, the split joint screws of
      the housing are introduced from a front side, whereby these split joint
      screws in the region of the exhaust members may be introduced through
      closable bores in the outer front side, and the screw heads in the inside
      of the exhaust members are in the inner wall.
DRWD
PAC  THE DRAWINGS
PAR  The construction and mode of operation of an embodiment of the invention
      are explained further with reference to the accompanying drawings, in
      which:
PAR  FIG. 1 is a lengthwise cross section through a turbine with throttle
      regulated construction in the upper half and nozzle regulated construction
      in the lower half.
PAR  FIGS. 2a to 2d are partial cross sections corresponding to the section line
      II--II of FIG. 1. FIG. 2a shows a sector section showing the inner shell
      with blade construction. FIG. 2b shows the inner shell as an inner housing
      with steam tight steam inlets. FIG. 2c shows an inner housing with nozzle
      regulation. FIG. 2d shows a sector view of the front side of the turbine
      as seen from arrow A of FIG. 1.
PAR  FIG. 3 is a sectional view of FIG. 1. FIG. 3a is a detailed view of FIG. 3.
DETD
PAC  PREFERRED EMBODIMENT
PAR  Shaft 1 of the illustrated double flow high pressure split turbine is
      provided with an axial row of circumferential blades 3, on both sides of
      the central circumferential channel 2 for live steam delivery. Between
      blades 3 is arranged the similarly axial row of circumferential blades 4
      on the inner shell 5. Therefore the upper half of FIG. 1 illustrates a
      throttle regulated machine.
PAR  In accordance with the invention, the outer shell of the turbine is housing
      6 and has at both exhaust ends one or two exhausts 7. The housing 6 is
      divided by a joint 8 normal to the axis and is thereby divided so that an
      exhaust portion 9 of housing 6 on one exhaust side of the housing 6 can be
      detachably screwed to the remainder of housing 6. Through the opening,
      when portion 9 is detached, the shaft 1 with its blades, as well as the
      inner shell or inner housing 5, may be inserted into the outer shell or
      housing 6.
PAR  This arrangement offers the special advantage in the suspension and support
      of the inner shell 5 in housing 6. The inner shell 5 has on its outer end,
      that is to say, its exhaust side on the side of the detachable exhaust
      portion 9, several equally peripherally spaced studs 10 which engage
      corresponding axial slots 11 in the region of the joints 8. These studs 10
      are supported on corresponding normal-to-axis shoulders 12 of housing 6.
      Inner shell 5 is fixed and held axially and radially by being braced by
      screwing of detachable exhaust part 9 which functions as a support ring
      for the inner shell 5. Additionally there is between the extension 13 of
      inner shell 5, which extension carries studs 10, and normal-to-axis
      surface 14 of the housing 6, an elastic U shaped sealing ring 15. Exhaust
      portion 9 is also sealed off with a U ring 28 in the region of joint 8.
PAR  On its inner end, housing 6 has an inwardly projecting shoulder 16 at a
      smaller diameter than shoulders 12 near joint 8. In the radial bearing
      surface 17 of shoulder 16, there is a ring slot 18. The inner shell 5 has
      circumferentially a radial extension 19 whose normal-to-axis exhaust side
      surface is also provided with a ring slot 20. In both ring slots 18 and 20
      there is a cylindrical I shaped sealing ring 21 which permits an axial
      extension of inner shell 5 in the direction of the left exhaust side and
      radial extension of the inner shell, and essentially provides sealing of
      the annular space 22 between inner shell 5 and housing 6 from the exhaust
      region.
PAR  The mounting in the region of joint 8 therefore forms the fixed point for
      the axial expansion of the inner shell 5. Since the shaft 1 has its fixed
      point in journal 23 as a support, the inner shell 5 and the shaft 1 expand
      in the same direction. This construction therefore has a small axial play
      between both parts, which considerably minimizes construction.
PAR  In the outer sides of housing 6, shaft sealing members 24 and 25 are
      provided in conventional manner, and sealing covers 26 and 27 are screwed
      on.
PAR  FIG. 1 also shows the journal 23 mounted in bearing cups 41 and 42, which
      are held in bearing block 43.
PAR  In FIGS. 2a to 2c , the input stream regions for various constructions are
      shown in sector cross section corresponding to section line II--II of FIG.
      1. According to FIG. 2a, the inner shell 5 is illustrated by blade
      carrying construction 5', that is to say, the steam inlet members 29 are
      not directly connected with blade carrier 5', so that in the annular space
      22 live steam pressure prevails. Such a construction is useful at low live
      steam pressures up to about 220 atmospheres.
PAR  According to FIG. 2b the inner shell serves the function of an inner
      housing 5", since the live steam inlet insert members 30 in the steam
      inlet 29' lead directly to the inlet member 32 of inner housing 5" by way
      of conventional sealing ring connections 31. For pressure relief
      therefore, as is to be seen from FIG. 1, the relief bores 33 in inner
      housing 5 are provided, so that annular space 22 is held to a
      predetermined differential pressure.
PAR  In FIG. 2c, which corresponds to the cross section through the lower part
      of FIG. 1, the turbine is shown as a nozzle regulated machine with an
      equal pressure regulated stage. The live steam insert 30 is, in the same
      manner as FIG. 2b, directly connected with inner housing 5" by a
      conventional angle ring connection. In that way no special nozzle inserts
      need be provided; rather, the steam inlet channel 35 and the nozzle member
      36 are directly led into the inner housing 5".
PAR  While screwing on the detachable exhaust portion 9, it is preferable to
      work the flange screws 37 from the outside, as shown in the side view of
      FIG. 2d corresponding to arrow A of FIG. 1. In the region of exhaust
      member 7, the screws 37 can be inserted and screwed in through bores 38 in
      the outer wall of exhaust member 7. The bores 38 may be closed later. The
      screw heads then lie against inner wall 39 of exhaust member 37.
PAR  FIG. 3 shows a sectional view of FIG. 1 illustrating the coaction of the
      spaced studs 10 in the slots 11.
PAR  FIG. 3a is a detailed view of the portion of FIG. 3 enclosed in the
      dash-dotted circle showing the studs 10 and the slot 11 with spacer 40.
PAR  With the high pressure split turbine construction described above, the
      support and fixing of position of the inner shell is simple. It is also
      possible, with double flow construction of the high pressure parts, to use
      a housing which meets substantially higher ruggedness requirements than
      conventional welded housings and housings made of many divided parts.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multi-shell split turbine for use at high pressure and high
      temperature, with double flow construction, having an outer shell, an
      inner shell split only in an axial plane and carrying blades for both
      flows, said turbine being provided with inlet channels for live steam,
      said outer shell being constructed as a barrel-shaped housing having on
      its outlet side a normal-to-axis joint, an exhaust part provided with
      exhaust nozzles connected to said outer shell at said joint, said inner
      shell having in the vicinity of the normal-to-axis joint, a first shoulder
      provided with radially projecting studs which engage axial slots on a
      shoulder of the barrel-shaped housing of the outer shell at said joint, in
      a manner whereby following the mounting and bolting of the exhaust part,
      the inner shell is radially held and axially braced and fixed, the inner
      shell having on the other interior end of the barrel-shaped housing from
      said joint a shoulder on said inner shell positioned opposite an inwardly
      extending shoulder of the barrel-shaped housing, both shoulders being
      axially opposed, coaxial slots in both said shoulders, and an I-ring
      inserted into said slots for a pressure tight but axially movable support
      of the inner shell.
NUM  2.
PAR  2. Multi-shell turbine with double-flow construction, designed for high
      steam pressure and high steam temperatures, having an outer housing and an
      inner shell which is split only in one axial plane, said inner shell
      carrying the vane rings of both flows and comprising the inlet channels
      for the fresh steam, wherein the outer housing is of generally cylindrical
      shape and has an open end, a closed end, and a cover segment with exhaust
      member, said cover segment closing said open end and defining therewith a
      normal-to-axis joint, the outer diameter of said outer housing being
      proportionally greater in the vicinity of said open end and cover segment
      than in the vicinity of said closed end, the inner shell in the vicinity
      of the normal-to-axis joint having radially outwardly extending extension
      studs projecting radially at the outer periphery of said extension, said
      studs fitting in axial grooves on a shoulder of said outer housing to
      engage the partitions which define the front surface of the outer housing,
      whereby the inner shell is radially held and axially mounted and fixed
      solely through the studs, after the housing segment has been mounted and
      bolted.
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ABST
PAL  An acoustic duct such as a jet engine fan duct is lined with numerous
      peripherally spaced, longitudinally extending strips of sound-absorbing
      material which are effective to scatter spinning mode acoustic pressure
      fields to higher order, attenuating modes for improved noise suppression.
      These strips can be alternated with other strips having a different
      acoustical impedance, or combined with a longitudinally segmented
      treatment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sound-absorbing acoustic ducts, and more
      particularly to acoustic ducts with peripherally semented or peripherally
      and longitudinally segmented treatments for absorbing spinning mode
      acoustical energy. As a typical application, the invention relates to
      noise suppressing linings for the inlet of an aircraft jet engine fan.
PAR  The sound pressure field generated by an axial flow compressor, commonly
      referred to as a fan, contains rotating pressure patterns or spinning
      modes caused primarily by interaction of the rotor and stator. Depending
      on the rotational speed of the rotating pressure patterns, these spinning
      modes can be divided into attenuating modes and propagating modes, and it
      is the propagating modes that are transmitted through the acoustically
      lined duct and radiate objectionable noise to the outside. Although sound
      suppressing treatments are often used, usually extending over the entire
      inner surface of the fan duct, such treatments are employed generally and
      are not tailored for absorption of spinning mode sound. Non-uniform
      circumferential acoustical treatment is disclosed in several patent
      applications and patents assigned to the same assignee, but is provided
      for a much different reason. By way of example, these include application
      Ser. No. 442,893 filed on Feb. 15, 1974 by Norman J. Lipstein, entitled
      "Acoustic Duct with Asymmetrical Acoustical Treatment" now U.S. Pat. No.
      3,890,060; and U.S. Pat. No. 3,508,838 granted on Apr. 28, 1970 to A. J.
      Martenson. The present invention is directed to an improved acoustic duct
      for the more effective suppression of sounds generated by a jet engine fan
      or other source of spinning mode pressure fields.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that a peripherally or circumferentially segmented
      acoustical treatment is effective to enhance scattering of spinning mode
      acoustic pressure fields to increase the higher order, attenuating type
      mode content for improved sound suppression in an acoustic duct of any
      cross section. As is known the duct has a cut-off property depending upon
      the tip speed of the rotating pressure patterns. Higher order mode number
      or lobe number pressure patterns have a tip speed less than the speed of
      sound and are attenuated, while lower order mode number pressure patterns
      have a tip speed greater than the speed of sound and are propagated.
      Assuming a cylindrical duct, the effect of attaching a set of
      circumferentially spaced, axially extending strips of sound-absorbing
      material to the inner duct surface is to alter the modal distribution and
      provide an additional periodicity to which the sound field must conform.
      The acoustical energy is scattered to increase the ratio of higher order,
      attenuating modes. The number of equally spaced strips in the set is
      usually large, in any event several or more, and for the case where the
      noise source is a compressor with rotor and stator blades, the number of
      strips exceeds or is a multiple of the number of first stage rotor blades.
PAR  In the preferred embodiment, a second set of circumferentially spaced,
      axially extending strips of a sound-absorbing material having a different
      acoustical impedance are located between and alternate with the first set
      of strips to form a continuous acoustic lining. In another embodiment, the
      axial strip treatment is combined with a circumferential or peripheral
      strip treatment in a checkerboard type pattern. With an axial spacing less
      than one wavelength at a given frequency, the sound field is "filtered".
      Four-sided lining members of a material with a different acoustic
      impedance as compared to the intersecting axial and circumferential strips
      can be attached in the spaces between. Numerous applications are possible,
      such as the suppression of aircraft engine noise, and appliance and
      machinery noise.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic side elevational view, partially in longitudinal
      cross section, of the forward portion of a ducted fan type aircraft jet
      engine having a fan duct provided with circumferentially segmented
      acoustical treatment according to the teaching of the invention;
PAR  FIG. 2 is a vertical cross section of only the inlet fan duct taken on the
      line 2--2 of FIG. 1;
PAR  FIG. 3 is similar to FIG. 2 and shows the preferred embodiment using
      alternating axially extending strips of two different acoustic materials;
PAR  FIG. 4a is a diagrammatic representation of a stator and a rotor;
PAR  FIG. 4b is a sketch of a rotating lobed pressure pattern of the type
      generated by spinning mode sound fields;
PAR  FIG. 5a is a plot of sound pressure level vs. mode number showing the modal
      distribution of sound pressure for a uniformly, fully treated fan duct;
PAR  FIG. 5b is similar to FIG. 5a and shows the altered modal distribution of
      sound pressure obtained by the interrupted treatments of FIG. 2 and FIG. 3
      for improved sound suppression;
PAR  FIG. 6 shows a typical experimentally obtained directivity pattern at a
      particular frequency, for the arc with respect to the inlet axis of
      0.degree. to 100.degree., for noise radiating from a cylindrical fan duct
      for the two cases when the duct is fully treated and has axial strip
      treatment as illustrated in FIGS. 1 and 2;
PAR  FIG. 7 shows, for the experimental arrangement of FIG. 6 at a particular
      angle with respect to the inlet axis, the sound pressure levels over a
      range of sonic frequencies for a fully treated duct and a duct with axial
      strip treatment as in FIGS. 1 and 2;
PAR  FIG. 8 is a longitudinal cross section through an acoustic duct with
      axially segmented treatment using alternating strips of two different
      acoustic materials;
PAR  FIG. 9 is a longitudinal cross section through a cylindrical acoustical
      duct according to another embodiment of the invention with both
      circumferentially and axially segmented treatments in a "checkerboard"
      pattern using two different acoustic materials; and
PAR  FIGS. 10 and 11 are vertical cross sections taken at lines 10--10 and
      11--11, respectively, of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention has general utility to acoustic ducts used for the
      suppression of noise and sound produced by compressors, fans, and other
      rotating mechanical equipment which generates acoustic pressure fields
      characterized by spinning mode patterns. The application discussed in
      detail is a more effective acoustic treatment or noise suppressing lining
      for the inlet duct of an aircraft jet engine fan to reduce the noise level
      heard at the ground especially during take-off and landing. In FIG. 1
      there is shown generally at 10 the forward portion of ducted fan type
      turbojet engine having an annular streamlined fan duct air passage 11
      formed between an annular cowling or fan casing 12 of streamlined cross
      section and a suitable engine nacelle structure 13 projecting within the
      cowling 12. The nacelle 13 houses a suitable compressor, combustor, and
      turbomachinery for, as part of its functions, driving an axial flow
      compressor 14 disposed in the air passage 11 between the forward end of
      the cowling 12 and the nacelle 13. The fan 14 is illustrated as being
      comprised by a single rotor member 15 and stator member 16, but additional
      stages can be provided as is known in the art. The fan drives inlet air
      axially through the primary air passage 11 to provide propulsive thrust to
      the engine as well as to supply air to the compressor.
PAR  Referring also to FIG. 2, the inside surface of the cowling 12 at least in
      the inlet duct area in accordance with the invention is lined with a
      peripherally or circumferentially segmented acoustical treatment indicated
      generally at 20. This structure is hereafter referred to as the noise
      suppressing fan duct. In its simplest form, the acoustical treatment as
      herein taught takes the form of peripherally or circumferentially spaced
      strips 21 of a suitable sound-absorbing material, these strips being
      relatively thin and extending in the longitudinal or axial direction.
      Preferably, a large number of the circumferentially spaced, axially
      extending strips 21 are provided, recessed into the duct wall so as to be
      flush with the smooth metal lining 22 between the strips. For rotors
      wherein the rotor blade tip speed is sonic, the number of strips is
      desirably two or three times the number of rotor blades, while for rotors
      with a subsonic tip speed the number of strips is suitably about one and
      one-half times the number of rotor blades. Although the axial strip
      acoustical treatment can extend over the full length of the fan duct, it
      is illustrated in FIG. 1 as applied only to the inlet duct where more
      effective noise suppression is most needed.
PAR  The preferred embodiment of the invention shown in FIG. 3 utilizes a second
      set of longitudinally or axially extending sound absorbing strips 23 that
      are located between and alternate with the strips 21. The acoustical
      materials of which the two sets of strips 21 and 23 are made have
      different acoustical properties or acoustical impedances at the frequency
      or range of frequencies of interest. Preferably, the strips 21 and 23 have
      the same width, but this is not essential. In the general case, a wide
      variety of acoustic materials can be used, but for the specific
      application of an aircraft engine fan jet the material should be easily
      cleaned and provide for drainage of ingested liquids, such as a single
      degree of freedom treatment or the honeycombed, resonant chamber sound
      absorbing panels described in U.S. Pat. No. 3,542,152, assigned to the
      same assignee as this invention. When resonant chamber type acoustical
      treatment is used, the two materials for strips 21 and 23 can be tuned to
      resonate at different frequencies.
PAR  The effect of the axial strip acoustical treatment as shown in either FIG.
      2 or FIG. 3 is to provide a large number of interruptions in the
      acoustical treatment as the spinning mode acoustic pressure fields sweep
      past the duct wall in the circumferential direction. There is an
      additional periodicity to which the sound field must conform, and a
      resulting enhanced scattering or multiple reflection of the sound fields
      to spinning modes of high, non-propagating lobe number. As compared to a
      fully-treated fan duct, the axial strip acoustical treatment is effective
      to alter the modal distribution of acoustic energy and increase the ratio
      or content of attenuating mode sound to propagating mode sound and thereby
      provide improved noise suppression. This can be explained both intutively
      and mathematically, and will be preceded by a review of the basic
      principles.
PAR  As was previously mentioned, the rotor-stator interaction in a ducted axial
      flow compressor generates spinning, lobed acoustic pressure patterns which
      propagate through the duct in a spiral or helical path. Referring to the
      diagrammatic representation of a rotor and stator in FIG. 4a, it is
      realized that a pattern of pressure variations is established as the
      radial rotor blades 17 successively pass by the stationary stator vanes
      18. A typical four-lobe rotating pressure pattern is illustrated in FIG.
      4b, and other higher and lower order modes are also generated with a
      corresponding number of lobes in the pressure pattern. For a given
      acoustic frequency, the duct has a cut-off property in that sound will not
      propagate out of the inlet end of the duct unless the circumferential
      speed of the rotating acoustic pressure pattern as it sweeps past the duct
      wall exceeds the speed of sound. As the mode number or lobe number
      increases, the tip speed of the spinning lobe pattern decreases such that
      for higher lobe numbers the tip speed is below the speed of sound.
      Expressed mathematically, the dividing line between the propagating and
      attenuating modes is given by the equation .omega.a/m = c.sub.o, where
      .omega. is the circular frequency (.omega. = 2.pi.f), a is the duct
      radius, m is the mode number, c.sub.o is the speed of sound, and the
      product .omega.a is the tip speed. For higher order modes, where m is a
      positive or negative interger, the term .omega.a/m has a value less than
      the speed of sound and these modes are attenuated. For further information
      on the above and other aspects of spinning mode noise, the reader is
      referred to the article "Axial Flow Compressor Noise Studies" by J. M.
      Tyler and T. G. Sofrin, SAE Transactions, Vol. 70, 1962, pp. 309-332.
PAR  FIG. 5a depicts graphically the modal distribution of sound pressure for
      spinning mode acoustical energy in a circular fully treated duct. The
      sound pressure level in decibels is plotted with respect to the mode
      number m, where the mode numbers are positive and negative integers shown
      in ascending order at either side of the zero mode at the center. The mode
      number, both positive and negative, at which cut-off occurs is defined by
      the expression .omega.a/c.sub.o, and mode numbers lower than the cut-off
      value are propagating modes while those higher than the cut-off value are
      the attentuating modes. The mode number at cut-off, it is appreciated,
      depends upon the parameters of the particular compressor being studied,
      and the mode number of approximately 5 at cut-off shown in FIG. 5a is
      typical. In this distribution pattern, generally speaking, the sound
      pressure is maximum at the zero mode, remains relatively high for the
      propagating modes, and decreases rapidly for the increasingly higher order
      attenuating modes.
PAR  FIG. 5b shows the altered modal distribution of sound pressure obtained in
      a circular duct with circumferentially segmented acoustical treatment
      employing S equally spaced axial strips, where S is the number of strips.
      The circumferentially segmented treatment is effective to enhance
      scattering of the sound fields to spinning modes of high, non-propagating
      lobe number. In this distribution pattern, there are auxiliary maxima for
      both the positive and negative modes, the sound pressure levels for the
      propagating modes are reduced as compared to the fully treated duct case,
      and the sound pressure levels for the higher order attenuating modes are
      increased as compared to the fully treated duct case. The auxiliary maxima
      are centered about the numbers S, 2S, -S, -2S, etc., and have a lower
      amplitude as compared to the zero mode maximum. With regard to the effect
      of the axial strip treatment to scatter or product multiple reflections of
      the rotating pressure patterns, an analogy in the field of optics is the
      light distribution pattern produced by a diffraction grating. In both
      cases there is an additional periodicity to which the incident energy must
      conform.
PAR  In mathematical terms, as will be readily understood by those familiar with
      the Tyler and Sofrin article, the pressure in each duct mode for the fully
      treated case will be of form exp [j (m.phi. - .omega.t)], where m is any
      interger, .phi. is the angle around the circular duct, and .omega. =
      2.pi.f, f being the frequency of interest. By employing S axial strips
      having a spacing 2.pi.a/S in the circumferential direction, the modes will
      have to satisfy a form exp [j (m .+-. kS).phi. - .omega.t], where k is any
      non-negative integer. Thus, a modal pattern of the type illustrated in
      FIG. 5a for a fully treated duct is scattered to one of the type
      illustrated in FIG. 5b for a duct with S strips. As a comparison of FIG.
      5a and 5b shows, the effect of scattering from mode numbers m to those
      given by (m .+-. kS) serves to shift the pressure distribution from a
      predominantly propagating type to one with a higher content or proportion
      of non-propagating type modes. Another advantage is that even if shifts to
      non-propagating mode numbers do not occur (such as at high frequencies),
      shifting to high mode numbers enhances the effectiveness of treatment on
      the outer duct wall because in the case of high mode numbers or lobe
      numbers, the radial sound distributions tend to be peaked close to the
      outer wall. For the embodiment of FIG. 2, it is further observed that the
      amount of acoustical material required, and thus also the weight, is
      considerably reduced while yet obtaining effective noise reduction.
PAR  Experimental verification of the test sound suppression obtained by an
      acoustic duct with circumferentially segmented acoustical treatment as
      herein taught is given in FIGS. 6 and 7. FIG. 6 illustrates a
      representative directivity pattern for noise radiated from the inlet of a
      cylindrical duct 24 for the two cases when the duct is fully treated and
      is provided with axial strip treatment as shown in FIGS. 1 and 2.
      Measurements were made in an anechoic chamber using a one-third scale jet
      engine rotor with 44 rotor blades in a duct 24 with a diameter of 20
      inches. The forward radiated noise at the blade passing frequency at 70
      percent fan speed was measured along a horizontal arc extending from
      0.degree. to 100.degree. with respect to the inlet axis. The acoustical
      material used for the fully treated case is the single degree of freedom,
      resonant chamber material, while for the axial treatment case 144 equally
      spaced strips, each 1/8 inch wide were used. These results show that while
      the axial strip treatment has little effect at the peak radiation angles,
      at several angles, including those beneath the jet engine, the axial strip
      treatment produces more effective noise reduction than the full treatment
      and some measurements were made giving as much as a 5dB reduction. At any
      angle, the axial strip treatment is at least as good as the full
      treatment. The axial strip treatment is also effective in situations where
      the fully treated inlet duct is noiser than the untreated inlet, perhaps
      due to a liner self noise problem. The results are generally applicable to
      different fan speeds and to different frequencies in the audio range.
PAR  FIG. 7 shows, for the experimental setup of FIG. 6, at a particular angle
      (60.degree.) with respect to the inlet axis, the sound pressure levels
      over a wide range of sonic frequencies for a fully treated duct and a duct
      with axial strip treatment. These results show that the axial strip
      treatment is effective for suppressing broadband noise, such as is
      produced by a jet engine fan. In depicting the curves, common points
      within the range of experimental error are shown overlapping one another.
      Again, it can be stated that an improvement in noise reduction is often
      obtained, in particular at and near the blade passing frequency, and in
      any case is never noiser than the fully treated duct.
PAR  FIG. 8 shows a different type of cylindrical acoustic duct lined with
      longitudinally or axially segmented sound-absorbing acoustical material.
      The axially segmented treatment, as compared to the circumferentially
      segmented treatment previously described, enhances the attenuation of
      noise by insuring repeated reflections and providing a periodic structure
      which functions to "filter" the sound. Either a single acoustical
      treatment can be used or two acoustical treatments with different
      acoustical impedances in alternating fashion as before. As illustrated, a
      cylindrical duct 26 such as is used for the reduction of appliance or
      machinery noise has attached to the inner surface thereof a set of axially
      spaced, circumferentially continuous strips or rings 27 of a suitable
      sound-absorbing material. By way of example, the circumferentially
      extending strips 27 can be made of a bulk or fibrous acoustic material
      selected to be effective at a chosen frequency. The axial spacing of the
      circumferential strip 27 is related to the wavelength of sound and is less
      than one wavelength. Typically, the strips 27 are spaced one-half
      wavelength apart. A second set of circumferential strips 28 can be
      provided for improved noise reduction, located between and alternating
      with the first set of strips 27 and having a different acoustical
      impedance as compared to the strips 27. As was mentioned, the
      periodically, axially interrupted acoustical treatment achieves noise
      suppression by the acoustic filtration mechanism.
PAR  According to another embodiment of the invention illustrated in FIGS. 9-11,
      both the peripherally or circumferentially segmented acoustic treatment
      and the longitudinally or axially segmented acoustic treatment, as
      heretofore discussed, can be combined for improved noise suppression. The
      developed view of such a combined treatment has a checkerboard appearance
      when the spacing of the orthogonally oriented strips is the same. The
      intersecting axial strips and circumferential strips are desirably made of
      the same acoustical material, and optionally can be combined with a second
      acoustical treatment having a different acoustical impedance which fills
      in the spaces between the intersecting strips. Thus, the cylindrical
      acoustic duct 26' has attached to its inner surface a screen-like pattern
      of intersecting axial strips 21' and circumferential strips 27'.
      Optionally, the spaces between the intersecting strips are filled with a
      set of four-sided lining members 29 made of an acoustic material having
      different acoustical properties. Various bulk or fibrous acoustic
      materials can be employed in the fabrication of this embodiment. Of
      course, a jet engine fan duct can be acoustically lined for enhanced noise
      suppression using the intersecting strip pattern treatment and can be made
      with resonant chamber type acoustical material.
PAR  It will be understood that although an acoustic duct with a circular cross
      section has been used in explaining the principles of the invention, that
      the invention in its broader aspect is applicable to acoustic ducts with a
      rectangular, square, or other cross section. Further, acoustic ducts for
      the reduction and absorption of spinning mode acoustic pressure fields as
      herein taught have many other applications than those specifically given.
PAR  While the invention has been particularly shown and described with
      reference to several preferred embodiments thereof, it will be understood
      by those skilled in the art that the foregoing and other changes in form
      and details may be made therein without departing from the spirit and
      scope of the invention.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In a noise-suppressing duct having mounted therein rotating mechanical
      equipment with first stage rotor and stator blades which interact to
      generate spinning mode acoustic pressure fields with propagating and
      attenuating type modes, said duct being a rigid longitudinally extending
      duct with an acoustic lining attached to the inner surface thereof, the
      improvement in which said acoustic lining comprises
PA1  a first set of peripherally spaced, longitudinally extending strips of
      sound-absorbing material, said first set of strips being relatively narrow
      in the peripheral direction and in total number at least exceeding the
      number of first stage rotor blades,
PA1  a second set of peripherally spaced, longitudinally extending strips of
      sound-absorbing material mounted flush with said first set of strips and
      located between and alternating with said first set of strips,
PA1  said first and second set of strips being made of sound-absorbing materials
      having different acoustical impedances and in combination forming a
      continuous acoustic lining,
PA1  said first and second set of strips being effective to achieve scattering
      of said spinning mode acoustic pressure fields to increase the attenuating
      mode type content for improved noise suppression.
NUM  2.
PAR  2. The combination according to claim 1 wherein individual strips of said
      first and second set of strips having approximately the same width.
NUM  3.
PAR  3. In a noise-suppressing duct having mounted therein rotating mechanical
      equipment with first stage rotor and stator blades which interact to
      generate spinning mode acoustic pressure fields with propagating and
      attenuating type modes, said duct being a rigid longitudinally extending
      duct, the improvement which comprises
PA1  a first set of peripherally spaced, longitudinally extending strips of a
      first sound-absorbing material attached to the inner surface of said duct,
      said first set of strips being relatively narrow in the peripheral
      direction and equally spaced and in total number at least exceeding the
      number of first stage rotor blades,
PA1  a second set of at least several longitudinally spaced, peripherally
      extending strips of said first sound-absorbing material also attached to
      the inner surface of said duct and intersecting said first set of strips,
      said second set of strips being equally spaced in the longitudinal
      direction with a spacing less than one wavelength of sound at a selected
      frequency and further being mounted flush with said first set of strips,
PA1  said first set of peripherally spaced strips being effective to achieve
      scattering of the spinning mode acoustic pressure fields for improved
      noise suppression.
NUM  4.
PAR  4. The combination according to claim 3 further including a third set of
      lining members of a second sound-absorbing material attached to the inner
      surface of said duct between said first and second set of strips and flush
      therewith,
PA1  said first and second sound-absorbing materials having different acoustical
      impedances.
NUM  5.
PAR  5. In a noise-suppressing fan duct having an inlet duct and having mounted
      in said duct a compressor with first stage rotor and stator blades which
      interact to generate spinning mode acoustic pressure fields with
      propagating and attenuating type modes, said fan duct being a generally
      cylindrical rigid duct, wherein the improvement comprises
PA1  a circumferentially segmented acoustical treatment attached to the inner
      surface of said inlet duct and including a first set of circumferentially
      spaced, axially extending strips of a first sound-absorbing material, said
      first set of strips being relatively narrow in the circumferential
      direction and in total number at least exceeding the number of first stage
      rotor blades,
PA1  a second set of circumferentially spaced, axially extending strips of a
      second sound-absorbing material also attached to the inner surface of said
      inlet duct located between and alternating with said first set of strips
      so as to form a circumferentially continuous acoustic lining,
PA1  said first and second sound-absorbing materials having different acoustical
      impedances and said first and second set of strips further being mounted
      flush with one another,
PA1  said circumferentially segmented acoustical treatment being effective to
      achieve scattering of said spinning mode acoustic pressure fields to
      increase the attenuating type mode content for improved noise suppression.
NUM  6.
PAR  6. The combination according to claim 5 wherein said circumferentially
      segmented acoustical treatment substantially covers the inner surface of
      said inlet duct.
NUM  7.
PAR  7. The combination according to claim 5 wherein individual strips of said
      first and second set of strips have approximately the same width.
NUM  8.
PAR  8. In a noise-suppressing fan duct having an inlet duct and having mounted
      in said duct a compressor with first stage rotor and stator blades which
      interact to generate spinning mode acoustic pressure fields with
      propagating and attenuating type modes, said fan duct being a generally
      cylindrical rigid duct, wherein the improvement comprises
PA1  a circumferentially segmented acoustical treatment attached to the inner
      surface of said inlet duct and including a first set of circumferentially
      spaced, axially extending strips of a first sound-absorbing material, said
      first set of strips being relatively narrow in the circumferential
      direction and in total number at least exceeding the number of first stage
      rotor blades,
PA1  an axially segmented acoustical treatment comprising a second set of at
      least several longitudinally spaced, peripherally extending strips of said
      first sound-absorbing material also attached to the inner surface of said
      inlet duct and intersecting said first set of strips, said second set of
      strips being equally spaced in the longitudinal direction with a spacing
      less than one wavelength of sound at a selected frequency and further
      being mounted flush with said first set of strips,
PA1  said circumferentially segmented acoustical treatment being effective to
      achieve scattering of the spinning mode acoustic pressure fields for
      improved noise suppression.
NUM  9.
PAR  9. The combination according to claim 8 further including a third set of
      lining members of a second sound-absorbing material attached to the inner
      surface of said inlet duct between said first and second set of strips and
      flush therewith,
PA1  said first and second sound-absorbing materials having different acoustical
      impedances.
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ABST
PAL  The invention relates to a method for controlling a pumped sludge flow by
      throttling the suction side of the pump and to a device for use in the
      method. The device having an inner member with an outer member so fitted
      around it that the inner member and the outer member can be moved in
      relation to each other, and inlets provided in either the inner member or
      the outer member or both so that when the inner member or the outer member
      is in one extreme position the inlets are fully closed and when it is in
      the other extreme position the inlets are fully closed, and a channel
      which leads to the suction side of the pump fixed to either the inner
      member or the outer member so that when the inlets are open, liquid flows
      from the surroundings through the inlets into the channel and thence into
      the pump.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the field of controlling sludge flows pumped with
      a pump and to valves used for throttling such sludge flows.
PAR  2. Description of the Prior Art
PAR  The variation of rate of flow of a fluid through a pump can be necessary or
      desirable for a number of reasons, for example: the data upon which the
      design of an installation is based may not be in accordance with the
      actual process conditions encountered in operation; an installation may
      not be operated at full capacity; the required rate of discharge for
      production may require variation in the flow rate; and the pump may be set
      up for changing conditions, as for example in a pilot or experimental
      plant. The pump must then be adapted to fit the changed conditions and the
      flow rate must be controlled. These facts are well recognized in the art.
      See, for example, G. Leuschner, Kleines Pumpenhandbuch fuer Chemie und
      Technik, pp. 77 - 79 (1967).
PAR  Pump control has usually taken place either by changing the number of
      revolutions of the pump or by throttling the flow on the pressure side of
      the pump by means of a valve. When sludge flows are concerned, pumps are
      also often used without any control.
PAR  Regulating the number of revolutions of a pump without steps is absolutely
      the best control method, but a very expensive one. This high cost is noted
      at p. 79, line 22 of the aforementioned Leuschner handbook. Controlling
      the flow rate of a pump by throttling the pressure side is a method almost
      inapplicable to sludge pumps for the following reasons:
PAR  No control valves on the market endure high sludge flow rates. The life of
      the tube of a tube valve, which is often used, may be only 3-4 days. The
      pressure of the box water should be 0.5 kp/cm.sup.2 above the pressure on
      the pressure side. The great pressure impulses caused by a control valve
      placed on the pressure side prevent a continuous flow of the box water and
      the sludge may flow over through the box against the bearing bracket,
      thereby causing the box structure to wear out prematurely and shortening
      the life of the bearings.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention throttling of pumped sludge flows is now
      effected on the suction side of the pump. Heretofore controlling a pump on
      the suction side has not been considered possible because of an obvious
      risk of cavitation and other disturbances caused to the pumpage. This has
      been recognized in the literature. (Leuschner, op.cit. p. 78). It was
      unexpected to find that sludge flows can be controlled by throttling the
      suction side of the pump without any such risks.
PAR  The method according to the invention can be used because, when sludge is
      pumped, cavitation does not appear to such an extent as when clean water
      is pumped, which is due to the solid material content in the device and
      possibly also to the fact that the sludge is always to some extent in a
      frothing state. Mechanical wear and tear in a sludge pump is also more
      considerable than cavitation erosion.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an embodiment of the method according to the invention and
PAR  FIG. 2 shows an immersed valve meant for throttling the suction side.
PAR  FIGS. 3 and 4 show other embodiments of the immersed valve.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, part 4 illustrates the pump well, the surface level of the
      contents of which is controlled by an immersed valve 3 by throttling the
      suction inlet of the pump 5. The flow meter 1 and the densimeter 2 are
      very sensitive to pressure impulses, which are easily produced in
      pressure-side control by throttling.
PAR  The actual valve part of the immersed valve shown in FIG. 2 consists of a
      collar gasket 6, an outer pipe 9, and an inner pipe 10. The outer pipe 9
      and the inner pipe 10 can be moved in relation to each other by means of a
      working cylinder 11. Device 12 positions the working cylinder 11. When the
      outer pipe is in its upper position, which is indicated in the figure by a
      dotted-broken line, the valve is fully open. At this time sludge flows
      through the inlets 7 into the supporting pipe 8 and from there into the
      pump 5. The collar gasket is of such form that when the lower end of the
      outer pipe 9 presses against it the valve is fully closed and tight.
PAR  The shape, size, and number of the flow inlets 7 of the inner pipe 10 are
      determined by the requirements set by the quality and control of the
      flowing liquid. The flow inlets 7 are placed so in relation to each other
      that the radial forces produced by the effect of the flow and the suction
      refute each other, i.e., the outer pipe 9 must be suspended freely,
      supported by its driving device 11.
PAR  In the immersed valve shown in FIG. 2, the inner pipe 10 has been attached
      to the supporting pipe 8, and the outer pipe 9 can thus be moved. In the
      embodiments according to FIGS. 3 and 4, on the contrary, the outer pipe 9
      has been secured to the supporting pipe 8 and the inner pipe 10 can be
      moved. In this case the flow inlets 7 are in the outer pipe 9.
PAR  The outer pipe 9 and the inner pipe 10 need not necessarily be capable of
      being moved in the longitudinal direction as shown in the figures, but
      alternatively they can be capable of being turned in relation to each
      other around their longitudinal axis. In this case the flow inlets 7 are
      both in the outer pipe 9 and the inner pipe 10.
PAR  The immersed valve is attached to a block fitted either to the wall or to
      the bottom of the sludge chamber so that the valve part is either entirely
      or at least partly below liquid level. The supporting pipe 8 must be
      sturdy enough to bear the entire weight of the valve.
PAR  The driving device 11, 12 need not be above liquid level, but this is the
      most advantageous embodiment.
PAR  The immersed valve used can be provided with a pneumatic, hydraulic,
      electric, or manual driving device.
PAR  The operation of the method according to the invention was investigated in
      two different trials. In one of the performed trials the aim was to
      observe the operation of a pump according to the embodiment illustrated in
      FIG. 1 when using for liquid level control:
PA1  return from pressure pipe to pump well
PA1  throttling of suction inlet
PA1  no liquid level control The following quantities were measured:
PA1  power of motor driving the pump
PA1  sludge rate
PA1  density of sludge
PA1  liquid level in well
PAR  The sludge density was approximately constant during the trial, 2.25
      kg/dm.sup.3. At the beginning of the control-by-return experiment, the
      sludge density varied slightly according to the return rate, but later the
      variations evened out. In the trial run without liquid level control the
      sludge density slightly vacillated in the rhythm of the pumpage
      vacillation.
PAR  The power meter indicated that the intake of energy was the most even
      during the suction-inlet throttling control experiment. During the trial
      run without liquid level control the sludge rate varied rather much and it
      could be seen in the energy intake of the pump as well.
PAR  In terms of liquid level control in the well, the suction-side throttling
      and the return from the pressure pipe are approximately equal. In both
      trials, the liquid level of the well varied about 10 cm.
PAR  The pressure on the pressure side was considerably more even in control by
      suction-side throttling than in control by return. Even small changes in
      the return valve could be observed as being strong in the pressure of the
      pressure side, while a change in the valve on the suction side did not
      have much effect on the pressure of the pressure side. Without liquid
      level control the well was almost empty, the flow rate varied greatly, and
      the pressure of the pressure side varied according to the flow within 0-1
      kp/cm.sup.2.
PAR  The required pumping energy/sludge rate was
TBL  in control by return 0.216 kWh/m.sup.3                                    
     in control by suction-side                                                
     throttling           0.174  "                                             
     without liquid level control                                              
                          0.186  "                                             
PAR  According to the obtained results, control by return saves about 23 % more
      energy than suction-side throttling. Even such a small difference was due
      to the fact that during the trial the pump worked close to maximum
      efficiency, in which case the requisite return flow was small. When
      comparing control by throttling and pumping without liquid level control,
      the former is 6.5 % more advantageous.
PAR  In the second trial the operation of another pump was observed when using
      for the liquid level control of the pump well:
PA1  suction-inlet throttling
PA1  pressure-pipe throttling
PA1  no liquid level control in well
PAL  The same quantities were measured in this trial as in the previous one.
PAR  The control valve of the pressure side was a 6 inch tube valve and the
      valve of the suction side was an immersed valve.
PAR  The rate of sludge flowing into the pump well during the trial varied
      greatly. The intake of energy also vacillated according to the sludge
      rate. Suction-side control to some extent calmed the situation, for the
      variations in the flow rate and the sludge density were the slowest during
      the suction-inlet control.
PAR  The following results were obtained:
PAR  Suction-inlet control
TBL  average variation of flow                                                 
                           30 m.sup.3                                          
     average variation of power                                                
                            5.4 kW                                             
     average variation of sludge density                                       
                            0.028 kg/dm.sup.3                                  
     energy consumption/sludge amount                                          
                            0.114 kWh/m.sup.3                                  
PAR  Pressure pipe control
TBL  average variation of flow                                                 
                           90 m.sup.3                                          
     average variation of power                                                
                           11 kW                                               
     average variation of sludge density                                       
                            0.053 kg/dm.sup.3                                  
     energy consumption/sludge amount                                          
                            0.129 kWh/m.sup.3                                  
PAR  Without liquid level control
TBL  average variation of flow                                                 
                           130 m.sup.3                                         
     average variation of power                                                
                            12.7 kW                                            
     average variation of sludge density                                       
                            0.053 kg/dm.sup.3                                  
     energy consumption/sludge amount                                          
                            0.113 kWh/m.sup. 3                                 
PAR  The liquid level variation in the well was about 7 cm during suction-side
      control. During pressure-pipe control the liquid level variation was
      slightly greater because the well tended to become empty. The lesser
      vacillation during the suction control trial is due to the fact that the
      immersed valve works very fast since the structure of the valve allows the
      use of a small-diameter (.theta. 100 mm) cylinder. A tube valve has a
      cylinder with a diameter of 150 mm, and even this cannot quite close the
      pressure pipe by throttling and its performance is very slow. As a whole
      the poorer operation of pressure pipe control was due to the slow
      performance of the pressure valve, because the sludge level variations in
      the pump well were rapid. The performance of a control valve should also
      be very rapid so that is could correct the changes in time. The well
      liquid level remained about 1 m above the suction inlet of the pump when
      the suction-side valve was about 20 % open. But the pressure valve had to
      be almost closed before the level in the well began to rise. The collar
      tube was then subjected to a very high strain.
PAR  Energy consumption per sludge amount was the smallest when pumping without
      sludge level control and the greatest in pressure-pipe control. The
      results are not absolutely precise, but they are comparable since the
      measuring conditions were the same in each trial and the measuring errors
      assumably also remained constant. Thus, the result according to which
      sludge level control by pressure-pipe throttling consumes about 13 % more
      energy per sludge amount than suction-side throttling, can be considered
      quite reliable.
PAR  When, in addition, a special-structured valve in which the forces caused by
      the flow are in a balance is used for throttling the suction inlet, a
      small-dimensioned cylinder can be used and the obtained control is rapid
      and precise.
PAR  The control method according to the invention has been in trial use in our
      concentrate plant where the solid content of the sludge varies between -70
      % so that it is 70 % at the pump after grinding and 5 % in the sludge to
      be pumped to the waste area.
PAR  It has also been noted in this case that the life of the pump parts has
      increased. For example, the life of the runner of a pump increased
      500-1140 h in spite of an increased risk of cavitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a sludge reservoir, a pump for pumping sludge from said
      reservoir, a channel leading from said reservoir to a suction side of said
      pump, and a valve submerged during operation in sludge in said reservoir,
      said valve having a pair of coaxially related members in relatively
      slidable interfitted relationship with each other, one of said members
      having an apertured wall for sliding against the other of said members,
      and means for effecting relative sliding movement between said members for
      controlling sludge flow through one or more apertures of said apertured
      wall, one of said members being connected to said channel.
NUM  2.
PAR  2. The combination of claim 1, further comprising a collar gasket fixed to
      one of said members and adapted to form a sludge-tight seal with an edge
      of the other of said members when the apertures of said apertured wall are
      totally closed.
NUM  3.
PAR  3. The combination of claim 1 in which an inner one of said members has an
      apertured end fixedly attached to said channel and the means for effecting
      said relative sliding movement is fixedly attached to an opposite end of
      said inner member.
NUM  4.
PAR  4. The combination of claim 1 wherein said one or more apertures are
      triangular.
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ABST
PAL  A multi-stage axial flow turbine and blast furnace compressor blower
      comprises a blower having a degree of reaction of 100% and which includes
      a rotatable shaft having a plurality of rings with blades defining moving
      blade rows arranged in spaced location with a plurality of guide blade
      rows. The construction includes a plurality of stages between an iniaial
      and a final stage which include a moving ring with two relative moving
      blades and a single guide blade row. The initial and final stages are
      arranged so that the stages include either an initial single moving blade
      row and a final stage consisting of a single guide blade row and a single
      moving blade row or the initial stage comprises a single guide blade row
      and a moving ring with two rows of blades and the final stage comprises a
      single guide blade row. The construction makes it possible to foreshorten
      the shaft by providing one row of the guide blade blades to take up the
      pressure of two rows of the moving blades at 100% reaction between said
      initial stage and said final stage.
PARN
PAC  REFERENCE TO OTHER APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 365,583
      filed May 30, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to the construction of turbo-compressors
      and, in particular, to a new and useful multi-stage axial flow compressor
      which is provided with individual stages which include a runner
      combination and a guide wheel.
PAR  2. Description of the Prior Art
PAR  The invention provides a multistage axial flow compressor having a degree
      of reaction or percentage reaction of approximately 100%. Each compressor
      stage comprises a tandem cascade formed by two consecutively arranged
      rotor blade rings and a single guide blade ring. A so-called tandem
      cascade is a compressor stage which comprises two consecutively arranged
      rings of rotor blades or a rotor wheel which carries two consecutively
      arranged blade rings and a guide blade ring adjacent these rings.
PAR  By the inventive arrangement of the stages between the initial stage and
      the final stage with each stage including a moving ring with two rows of
      moving baldes in a single guide blade row there is a vast improvement over
      the construction of the prior art wherein a single row of rotor blades and
      a single row of guide blades are employed inasmuch as the guide blade ring
      is saved in each stage while obtaining the same circumferential effect.
      With such a construction it is therefore possible to reduce the entire
      blading by approximately 45% and the bladed overall length by
      approximately 30% so that the length of the rotor shaft can also be
      correspondingly shortened.
PAR  Another advantage of the present construction in contrast to the prior art
      is that the inlet and outlet wheels may be omitted so that the blading
      expenditures may be further reduced and the overall length may be
      shortened in addition. A substantial advantage is obtained with
      compressors having stages of this construction because they are less
      sensitive to changes of the outflow angle. This leads to a substantially
      more favorable behavior in the part load duty range so that due to a
      relatively flat characteristic curve of operation, a considerably wider
      characteristic field is available.
PAR  A further advantage of the invention has been found by testing such an
      arrangement employing two rotor blade rows and a guide blade row where it
      has been shown that an extraordinarily favorable effect on the secondary
      and tip clearance losses is obtained so that a basic improvement of the
      internal efficiency of the compressor can be obtained. With such a
      construction in a single stage axial blower the location of the surge
      limit can be favorably influenced.
PAR  By constructing the stages between the initial and final stage so that it
      comprises a plurality of stages each including a moving ring with two rows
      of moving blades and a single guide blade row in a compressor having a
      percentage reaction of about 100%, a considerable load reserve is present
      in the guide blade rows. Thus with the compressors having a percentage
      reaction of 100% almost the entire deflecting work is made by the rotor
      blade rows so that the guide blade rows are relieved to an extraordinary
      degree. This condition however applies only to axial flow compressors
      having a percentage reaction of substantially 100%.
PAR  Accordingly it is an object of the invention to provide a multistage axial
      flow turbine and blast furnace compressor blower which comprises a
      compressor having a reaction of 100% and with a rotatable shaft having a
      plurality of rings with blades defining moving blade rows interspersed
      with a plurality of guide blade rows and wherein the rows are arranged in
      a plurality of intermediate stages between an initial stage and a final
      stage and with the intermediate stages each including a moving ring with
      two rows of moving blades and a single guide blade row and the initial
      stage comprising at least one of the following: a single moving blade row
      or a single guide blade row in a moving ring with two rows of blades and
      the final stage comprising either: a single guide blade row and a single
      moving blade row or a single guide blade row, and wherein the shaft is
      foreshortened by providing one row of the guide blades to take up the
      pressure of two rows of the moving blades in the intermediate stages at
      100% reaction between said initial and said final stages.
PAR  A further object of the invention is to provide a multi-stage axial flow
      compressor which is simple in design, rugged in construction and
      economical to manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic axial view of a conventional axial flow compressor
      showing the arrangement of runners and guide wheels in accordance with the
      prior art;
PAR  FIG. 2 is a view similar to FIG. 1 showing an axial flow compressor
      constructed in accordance with the invention;
PAR  FIG. 3 is an axial cross sectional view, partly schematic, showing the
      blade structure in accordance with the prior art;
PAR  FIG. 4 is an axial sectional view showing only the blade structures at each
      end of the embodiment shown in FIG. 2; and
PAR  FIG. 5 is a view similar to FIG. 4 of another embodiment of the invention.
DETD
PAC  GENERAL DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawing in particular, the invention embodied therein is
      an improvement over the prior art which is shown in FIGS. 1 and 3. The
      conventional compressor comprises an arrangement of guide wheels 1 and
      runners 2 in which the guide wheels and the runners are in alternate order
      proceeding axially.
PAR  In accordance with the invention, as shown in FIGS. 2 and 4, every second
      guide wheel 1' is omitted and instead there is a runner combination 2'
      between the guide wheels 1', 1' which comprises successive runners 2a and
      2b. The runners 2a and 2b are constructed such that at least the same
      pressure ratio is achieved as with the two stages in the conventional
      arrangement shown in FIG. 1. The invention is particularly suitable for a
      stage design where the percentage reaction is 100%. In such a situation
      the flow from the guide wheels 1' have to effect a higher deflection than
      is in FIG. 1.
PAR  The design of the stages is applicable to a percentage reaction of 100%,
      and at much lower reactions such as at a percentage reaction of 50% the
      guide wheels 1 slow down the flow in addition to the altering of the
      direction of flow. The degree of reaction is taken as the ratio of the
      pressure drop across the rotor in respect to the pressure drop across the
      stage.
PAR  As shown in FIG. 2 with the inventive arrangement a plurality of repetition
      or intermediate stages are arranged between an initial stage and a final
      stage. Each of the repetition stages comprises a single ring 1' of guide
      blades and a rotor wheel carrying two consecutive rings of rotor blades 2a
      and 2b in a tandem cascade arrangement on the associated shaft 2'. Each
      intermediate or repetition stage is arranged so that a guide blade ring 1'
      is followed by a double row rotor wheel 2a and 2b.
PAR  While in the embodiment of FIG. 2 the initial stage comprises only a single
      rotor wheel 2b and a single guide blade row 1 the final stage comprises a
      single row guide ring 2a  the arrangement in FIG. 5 is modified thereover.
PAR  A comparison of the invention with references to FIGS. 3 and 4 indicates
      that a turbo-compressor 12 constructed in accordance with the invention
      can be constructed with a length which is considerably shorter than the
      length required for the prior art turbo-compressor 10. The
      turbo-compressot 12 includes a rotatable shaft 14 carrying runners 16 and
      combination runners 18. In the embodiment shown in FIG. 4, there is no
      initial and slowing down guide wheel at the respective ends of the stages
      but, instead the runners 16 are arranged at each end. The combination
      runners 18 include the blade rings 2a and 2b and are identical with those
      schematically indicated at 2' in FIG. 2. Similarly the guide wheels
      designated 11 in FIG. 4, are identical with the guide wheels 1' shown in
      FIG. 2.
PAR  In the embodiment shown in FIG. 5 there is provided a turbo-compressor
      generally designated 20 which includes a shaft 22 which carries a runner
      combination 24 directly adjacent guide wheels 26. In this embodiment an
      initial guide wheel 26 is located at the entrance end and a single guide
      wheel 30 is located at the opposite end and comprises a slowing down guide
      wheel. The blades of the guide wheel 26 are schematically indicated at 4
      and those of the guide wheel 30 are schematically indicated at 3. In the
      turbo-compressor 20 of FIG. 5 only combined runners 24 are employed after
      each axially adjacent guide wheel 32.
PAR  In the embodiment of FIG. 5 the initial stage comprises the single row
      guide ring 3 or inlet ring and the double row rotor wheel 24 which
      comprises a tamden cascade. Thereafter there follows the first
      intermediate or repetition stage and the final stage comprises only a
      single row guide ring 4 or outlet ring.
PAR  In both the arrangements of FIGS. 4 and 5 the structural length of the
      turbines 12 and 20 can be reduced to one third of the length of the
      conventional design of the prior art shown in FIG. 3. The embodiment shown
      in FIG. 5 is more suitable for achieving a broad performance
      characteristic since a better adjustment to the necessary operating
      conditions can be achieved by the initial setting of the guide wheel 26
      which is located before the first runner combination 24. The disadvantage
      of using only one profile in the control of the guide blades is that
      although the angle of incidence onto the following runner can be
      maintained independently of the throughput volume, the angles of incidence
      onto the preceding and the following guide wheels are changed. The change
      of the angle of incidence can be avoided by using guide wheel combination
      of which only the second row of blades is adjusted. The second row of
      blades is insensitive to the changes of the oncoming flow.
PAR  An especially important characteristic is that the guide blades are
      adjusted between runners in the classical manner according to the
      principle of achieving the highest possible constancy for the angle of
      incidence of the runner over the entire range of operation. With the
      inventive construction the guide blades are more sensitive to changes in
      the angle of incidence than the combined runner stages. Accordingly, the
      guide wheels must be adjustable in such a manner that the angle of
      incidence of flow into the guide wheel is constant over the entire range
      of operation.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multistage axial compressor comprising a rotatable shaft having a
      plurality of rings with blades defining moving blade rows interspersed
      with a plurality of guide blade rows, said rows being arranged in an
      initial and a final stage with a plurality of intermediate stages between
      said initial and said final stage, each intermediate stage including a
      moving ring with two rows of moving blades and a single guide blade row,
      said initial and final stages comprising an initial stage with a single
      guide blade row and a moving ring with two rows of blades and a final
      stage comprising a single guide blade row, said shaft being foreshortened
      by providing one row of said guide blades to take up the pressure of two
      rows of said moving blades at 100% reaction between said initial stage and
      said final stage.
NUM  2.
PAR  2. A multistage axial compressor according to claim 1, wherein said guide
      wheels are adjusted so that their angle of incidence of flow is constant
      over the entire range of operation.
NUM  3.
PAR  3. A multistage axial compressor according to claim 1, wherein said guide
      wheels are provided with two blade profiles.
NUM  4.
PAR  4. A multistage axial flow turbine in a blast furnace compressor blowing
      engine having a degree of reaction of 100%, comprising a rotatable shaft
      having a plurality of rings and blades defining moving blade rows
      interspersed with a plurality of guide blade rows, said moving and guide
      blade rows being arranged with an initial and a final stage and an
      intermediate stage between the initial and final stage which includes a
      plurality of separate stage portions each having a moving ring with two
      rows of moving blades and a single guide blade row, said initial stage
      comprising a single moving blade row and a single guide blade row, said
      final stage comprising a single moving blade row, said shaft being
      foreshortened by having said intermediate stages constructed with said one
      row of guide blades taking up the pressure of two rows of said moving
      blades at 100% reaction between said initial stage and said final stage.
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ABST
PAL  In a rotor assembly, first and second annular discs are axially spaced
      apart on a rotatable shaft so as to be rotatable with the shaft. A
      plurality of rotor blades are located between the discs and are angularly
      spaced around the axis of the shaft, and means urges the discs against the
      blades so that a root portion of each blade is trapped between the discs
      with the remainder of the blade projecting from the discs. Each root
      portion is shaped so as to be non-complementary with the portions of the
      discs between which it is trapped, and each disc is shaped so as to
      present to each root portion first and second surfaces which, when the
      shaft is rotated in use, engage respective spaced regions of the root
      portion so that the root portion is held against axial movement relative
      to the shaft and against movement radially outwardly relative to the axis
      of the shaft.
BSUM
PAR  This invention relates to rotor assemblies.
PAR  In a first aspect, the invention resides in a rotor assembly comprising a
      rotatable shaft, first and second annular discs axially spaced on the
      shaft and rotatable with the shaft, a plurality of rotor blades located
      between the discs and angularly spaced around the axis of the shaft, and
      means urging the discs against the blades so that a root portion of each
      blade is trapped between the discs with the remainder of the blade
      projecting from the discs, each root portion being shaped so as to be
      noncomplementary with the portions of the disc between which it is
      trapped, and each disc being shaped so as to present to each root portion
      first and second surfaces which, when the shaft is rotated in use, engage
      respective spaced regions of the root portion so that the root portion is
      held against axial movement relative to the shaft and against movement
      radially outwardly relative to the axis of the shaft.
PAR  Preferably, the first surface of each disc presented to a respective root
      portion extends in a plane substantially perpendicular to the axis of the
      shaft and is urged by said means against a parallel, planar surface of the
      root portion so that the root portion is held between said first surfaces
      of the discs against axial movement relative to the shaft.
PAR  Preferably, the second surface of each disc presented to a respective root
      portion is arranged so that, when the shaft is rotated, a further surface
      of the root portion is urged by centrifugal force against said second
      surface and the reaction at any point between the surfaces is
      substantially perpendicular to the axis of the shaft or subtends an angle
      with the axis of the shaft such that the component of the reaction in a
      direction parallel with the shaft is insufficient to overcome the friction
      between the surfaces and therefore to cause relative movement of the
      surfaces.
PAR  Preferably, the second surface of each disc presented to a respective root
      portion and said further surface of the root portion are curved about the
      axis of the shaft, with the radius of the curve defined by the second
      surface being greater than that of the curve defined by said further
      surface so that there is point contact between surfaces.
PAR  In a second aspect, the invention resides in a rotor assembly comprising a
      rotatable shaft, first and second annular discs spaced apart axially on
      the shaft and rotatable therewith, a plurality of rotor blades mounted
      between the discs and angularly spaced around the axis of the shaft, and
      resilient means acting on the shaft to cause a portion of the shaft to
      urge the first disc in a direction parallel with the axis of the shaft and
      towards the second disc, the latter being held against movement in said
      direction, whereby the rotor blades are trapped between the discs.
PAR  In a third aspect, the invention resides in a rotor assembly comprising a
      rotatable shaft, first and second annular discs rotatable with the shaft
      and spaced apart axially along the shaft, a plurality of rotor blades
      located between the discs and angularly spaced around the axis of the
      shaft, and means urging the discs against the blades so that a root
      portion of each blade is trapped between the discs with the remainder of
      the blade projecting from the discs, the arrangement being such that when
      the shaft is rotated the root portion of each blade and the portions of
      the discs, between which said root portion, is trapped together define
      respective interengaging abutments arranged so that the blade is held
      against angular movement relative to the discs about the axis of the
      shaft.
PAR  Preferably, the root portion of each blade includes an extension which
      projects into a slot defined by the discs, and each slot is arranged so
      that in use when the shaft is rotated the respective extension engages a
      wall of the slot so as to define with the wall said interengaging
      abutments.
PAR  Preferably, the walls of each slot which are spaced apart angularly
      relative to the axis of the shaft are parallel and each extension is a
      sliding fit at room temperature between the parallel walls of its
      respective slot.
PAR  Preferably, the rotor blades are formed from hot pressed silicon nitride.
DRWD
PAR  In the accompanying drawings, which illustrate one example of the
      invention,
PAR  FIG. 1 is a sectional view of part of a rotor assembly,
PAR  FIG. 2 is a view taken along line 2--2 in FIG. 3, the view looking in the
      direction of the arrows,
PAR  FIG. 3 is an end view of the rotor blade shown in FIG. 2,
PAR  FIG. 4 is a sectional view to an enlarged scale of part of the assembly
      shown in FIG. 1, showing part of a rotor blade and part of one of the
      discs, and,
PAR  FIG. 5 is a view taken along line 5--5 in FIG. 4, the view looking in the
      direction of the arrows.
DETD
PAR  Referring to the drawings, the rotor assembly includes a metal shaft 11
      which is rotatable with a silicon nitride sleeve 10 within an
      air-lubricated bearing 12. The shaft 11 extends at one end 13 from the
      sleeve 10, and clamped between the end 13 of the shaft 11 and the sleeve
      10 so as to be rotatable therewith are first and second annular, metal
      discs 14, 15 respectively. The discs 14, 15 are axially spaced along the
      shaft and trapped between the external peripheries of the discs is the
      root portion 16 of each of a plurality of rotor blades 17. The rotor
      blades 17 are equi-angularly spaced around the axis of the shaft 11 and
      are arranged so that the aerofoil section 18 of each blade 17 projects
      from the peripheries of the discs 14, 15. The blades 17 are formed of hot
      pressed silicon nitride.
PAR  At its one end 13, the shaft 11 is provided with a head portion 19 which
      presents an inclined surface 20 to the disc 14 which in turn is provided
      with a complementary surface 21. The shaft 11 is capable of a limited
      amount of axial movement relative to the sleeve 10, but a plurality of
      disc springs 22 provided at the other end 23 of the shaft 11 urge the
      shaft in a direction such that the inclined surface 20 is pressed against
      the surface 21. The springs 22 thereby exert an axial clamping force on
      the disc 14 so causing the disc 14 to trap the root portions 16 of the
      blades 17 against the disc 15, the latter being held against the sleeve
      10. In this way, the blades 17 are held against movement relative to the
      discs 14, 15 in a direction parallel with the axis of the shaft 11. Also,
      the provision of the disc spring 22 caters, when the rotor assembly is
      being used at an elevated temperature, for any differential axial thermal
      expansion between the metal components (i.e., the shaft 11 and discs 14,
      15) and the silicon nitride components (i.e., the rotor blades 17 and the
      sleeve 10). The metal components would normally be formed of a nimonic
      alloy, i.e., a high temperature nickel/iron alloy.
PAR  As shown best in FIGS. 2 to 4, the surfaces of each root portion 16
      presented to the discs 14, 15 respectively are identical and each surface
      includes an elongated, open ended groove 24 and a projection 25 adjacent
      the groove 24 so that the groove and projection 25 share a common side
      wall 26. In addition, the mutually presented surfaces of the discs 14, 15
      at each of the portions thereof which are presented to a respective root
      portion 16 are identical and each defines a projection 27 and a groove 28
      presented to the groove 24 and projection 25 respectively of the
      associated root portion 16. However, the grooves 24 of each root portion
      16 are shaped so that although the respective projections 27 are received
      therein, the projections 27 are non-complementary with the grooves 24.
      Further, the arrangement is such that, in use when the shaft 11 is
      rotating so that centrifugal forces urge the blades 17 radially outwardly,
      the side wall 26 of each groove 24 engages the associated projection 27 at
      a surface 29 thereof and the remainder of the projection is spaced from
      the walls of the groove 24. Each surface 29 thereby prevents its
      respective root portion 16 from moving radially outwardly under the action
      of the centrifugal forces acting on the root portion as the shaft 11
      rotates and the arrangement of each surface 29 is such that the
      centrifugal reaction at any point between the surface 29 and side wall 26
      extends in a direction substantially perpendicular to the axis of the
      shaft. Alternatively the surface 29 and side wall 26 can be arranged so
      that the centrifugal reaction subtends an acute angle with the axis of the
      shaft, provided the component of the reaction in a direction parallel with
      the shaft is insufficient to overcome the friction between the surface 29
      and side wall 26 and therefore to cause relative movement therebetween.
PAR  The projections 25 of each root portion 16 are arranged to be received in
      their respective grooves 28 in the discs 14, 15, but each groove 28 is
      shaped so that the respective projection 25 is non-complementary
      therewith. Further, each groove 28 defines at its base a flat surface 31
      which extends in a plane perpendicular to the axis of the shaft 11 and
      which is urged, under the action of the springs 22 against a parallel flat
      surface 32 defined at the free end of the respective projection 25. The
      remainder of the projection 25 remains spaced from its associated groove
      28. Thus, each root portion 16 is held between the surfaces 31 against
      movement relative to the discs 14, 15 in a direction parallel with the
      axis of the shaft 11.
PAR  As shown in FIGS. 3 and 5, each groove 24 is curved along its length and
      about the axis of the shaft 11. Each projection 27 is similarly curved,
      but the radius of curvature of the projection 27 is greater than that of
      its associated recess 24 so that there is point contact between each
      surface 29 and the respective side wall 26. In this way tensile stresses
      in the blade roots 16 and the discs 14, 15 are minimised, which is
      particularly important since the blades 17 are formed from hot pressed
      silicon nitride.
PAR  The root portion 16 of each blade 17 is provided with an integral extension
      33 which projects into a slot 34 defined in part by each of the discs 14,
      15. The walls of each slot 34 which are spaced apart angularly relative to
      the axis of the shaft 11 are parallel and the respective extension 33 is
      arranged so that at room temperature (about 20.degree.C) it is a sliding
      fit between the parallel walls of the slot. Each slot 34 thereby holds its
      respective blade 17 against angular movement relative to the discs 14, 15
      about the axis of the shaft 11 when the shaft is rotated. Thus the slots
      34 serve to ensure that the spacing between adjacent blades 17 remain
      unchanged even when the assembly is being rotated at high speed so that
      out-of-balance forces are thereby minimised.
PAR  It is to be appreciated that since the root portions 16 and the discs 14,
      15 do not have to conform accurately with one another over their entire
      mating surfaces, manufacture of the discs 14, 15 requires only a
      relatively simple machining process.
CLMS
STM  We claim:
NUM  1.
PAR  1. A rotor assembly comprising a rotatable shaft, first and second annular
      discs axially spaced on the shaft and rotatable with the shaft, a
      plurality of rotor blades located between the discs and angularly spaced
      around the axis of the shaft, and means urging the discs against the
      blades so that a root portion of each blade is trapped between the discs
      with the remainder of the blade projecting from the discs, each root
      portion being shaped so as to be non-complementary with the portions of
      the disc between which it is trapped, and each disc being shaped so as to
      present to each root portion first and second surfaces which, when the
      shaft is rotated in use, engage first and second spaced regions
      respectively of the root portion so that the root portion is held
      respectively against movement radially outwardly relative to the axis of
      the shaft and against axial movement relative to the shaft, said first
      surface of each disc presented to a respective root portion being curved
      about the axis of the shaft and the associated first region of said
      respective root portion being defined by a further surface which is
      similarly curved about the axis of the shaft, but which has a radius less
      than the radius of the curve defined by said first surface so that there
      is point contact between the surfaces.
NUM  2.
PAR  2. A rotor assembly as claimed in claim 1 wherein the second surface of
      each disc presented to a respective root portion extends in a plane
      substantially perpendicular to the axis of the shaft and is urged by said
      means against a parallel, planar surface of the root portion so that the
      root portion is held between said second surfaces of the disc against
      axial movement relative to the shaft.
NUM  3.
PAR  3. A rotor assembly as claimed in claim 1 wherein the first surface of each
      disc presented to a respective root portion and the associated further
      surface of the root portion are arranged so that, when the shaft is
      rotated, the reaction to centrifugal forces at any point between the
      surfaces is substantially perpendicular to the axis of the shaft or
      subtends an angle with the axis of the shaft such that the component of
      the reaction in a direction parallel with the shaft is insufficient to
      overcome the friction between the surfaces and therefore to cause relative
      movement of the surfaces.
NUM  4.
PAR  4. A rotor assembly as claimed in claim 1 wherein said means acts on the
      shaft to cause a portion of the shaft to urge the first disc in a
      direction parallel with the axis of the shaft and towards the second disc,
      the latter being held against movement in said direction, whereby the
      rotor blades are trapped between the discs.
NUM  5.
PAR  5. A rotor assembly as claimed in claim 1 wherein the root portion of each
      blade and the portions of the discs, between which said root portion is
      trapped, together define respective mutually presented abutments which are
      urged into interengagement when the shaft is rotated so that the blade is
      held against angular movement relative to the discs about the axis of the
      shaft.
NUM  6.
PAR  6. A rotor assembly as claimed in claim 5 wherein the root portion of each
      blade includes an extension which projects into a slot defined by the
      discs, and each slot is arranged so that in use when the shaft is rotated
      the respective extension engages a wall of the slot so as to define with
      the wall said interengaging abutments.
NUM  7.
PAR  7. A rotor assembly as claimed in claim 6 wherein the walls of each slot
      which are spaced apart angularly relative to the axis of the shaft are
      parallel and each extension is a sliding fit at room temperature between
      the parallel walls of its respective slot.
NUM  8.
PAR  8. A rotor assembly as claimed in claim 1 wherein the rotor blades are
      formed from hot pressed silicon nitride.
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ABST
PAL  An object disposed in a fluid flow and defined by two surfaces, each
      extending along a stream line and one of said two surfaces having a
      reference contour. To eliminate the danger that a violent oscillation is
      generated due to resonance between the natural oscillation of the object
      and the oscillation caused by Karman's vortex which develops at the
      downstream end portion of the object, said downstream end portion of the
      object is so formed as to provide a configuration satisfying the following
      relations:
EQU  R1/TV.ltoreq.0.2 and R2/TV=6-10
PAL  where, R1 is a radius of curvature of the first portion of object's
      downstream end portion which is continuous with said reference surface, R2
      is a radius of curvature of the second portion of object's downstream end
      portion extending between said first portion and the other surface, and TV
      is the minimum thickness of the object between said two surfaces measured
      from the joining point or juncture between said second portion and the
      other surface.
BSUM
PAR  This invention relates to an object disposed in fluid flow such as, for
      example, a runner blade and guide vane for water turbine and, more
      particularly, to improvements in the configuration of the downstream end
      portion of such object to minimize the oscillation generated in the object
      by Karman's vortex street.
PAR  An object or objects to be disposed in a moving fluid such as water, air or
      oil may be arranged along a stream line or formed to a stream line shape
      to minimize their resistance against the fluid flow or otherwise,
      depending on the purpose, they may be so arranged or formed as to resist
      against the fluid flow.
PAR  When an object is disposed in a fluid flow, a low pressure region is formed
      in the fluid close to the downstream end portion of the object and hence a
      portion of the fluid flowing along the surface of the object is sucked
      into the low pressure region. At this time the portion of fluid changes
      its flowing direction, developing a so-called Karman's vortex street. The
      aforesaid low pressure region, upon sucking the fluid, temporalily reaches
      a normal or higher pressure level and then drops again to a low pressure
      level, thereby sucking the fluid and developing a new Karman's vortex
      street. These are repeated so long as the object is disposed in the fluid
      flow.
PAR  The manner, in which Karman's vortex street is generated varies depending
      on the various conditions such as the size and arrangement of the
      object(s), the configuration of object's downstream end portion, and
      pressure, flow rate, etc. of the fluid. It is known that if the downstream
      end portion of the object has a symmetrical configuration with two
      surfaces, each extending along a stream line, then Karman's vortex streets
      will develop periodically and those developed at the symmetrical positions
      on said two surfaces will have an equal strength. Under these conditions,
      the repeating pressure change in the fluid due to such Karman's vortex
      street will be applied to the object as an external force. When the period
      at which said external force is applied to the object coincides with the
      natural oscillation of the object, then the object will be subjected to an
      increased oscillation having a great influence over the object itself and
      the machine supporting the same.
PAR  Oscillation of the object develops depending on the combination of various
      conditions as mentioned previously, and for some purposes no provision
      will be required to eliminate such oscillation. However, in case of an
      object such as runner blade or guide vane for water turbine where the
      fluid flows in a constant direction and the arrangement thereof within the
      fluid is predetermined, it is desired to minimize the oscillation which is
      generated in the object by the action of Karman's vortex street.
PAR  As mentioned previously the manner in which Karman's vortex street develops
      varies depending especially on the configuration of the downstream end
      portion of the object. It is appreciated therefore that, to prevent the
      generation of object's oscillation, the generation of Karman's vortex
      street should be avoided or otherwise the downstream end portion of the
      object should be selected to have such a configuration as to develop
      Karman's vortex streets asymmetrically and irregularly so that the period
      of vortex generation does not coincide with the natural oscillation of the
      object.
PAR  A known runner blade for water turbine has a downstream end portion defined
      by a reference surface and another surface extending at an angle of
      30.degree.-45.degree. to the reference surface. With this configuration,
      Karman's vortex street cannot be eliminated completely but noise and
      oscillation are often developed by the action of Karman's vortex street.
      Besides, to obtain a good effects with this configuration, the radius of
      curvature of the downstream end portion must be selected sufficiently
      small, reducing the thickness and strength of the downstream end portion
      of the runner blade. Since the asymmetrical angle of the downstream end
      portion is selected to be as large as 30.degree.-45.degree., the fluid
      flow is liable to be separated from the surface of the object at its
      downstream end portion so that cavitations are often developed.
PAR  This invention relates to an object disposed in a fluid flow and having a
      selected configuration to minimize the oscillation which is generated by
      Karman's vortex street developed at the downstream end portion of the
      object disposed in a moving fluid. The object is defined by two surfaces,
      one of which is a reference surface. The downstream end portion of the
      object has a suitable configuration by suitably selecting three factors
      R1, R2 and TV, that is, a radius of curvature R1 of the first portion of
      object's downstream end portion which is continuous with said reference
      surface, a radius of curvature R2 of the second portion of object's
      downstream end portion extending between said first portion and the other
      surface, and the minimum thickness TV of the object between said two
      surfaces measured from the joining point between said second portion and
      the other surface.
DRWD
PAR  FIG. 1 is a longitudinal section of a runner blade for water turbine to be
      disposed in water;
PAR  FIG. 2 is a detailed sectional view of the outflowing end portion of the
      runner blade shown in FIG. 2;
PAR  FIG. 3 is a graph explaining how the oscillation varies with the variation
      in the configuration of the outflowing end portion of the runner blade of
      FIG. 1; and
PAR  FIG. 4 is a sectional view of a cooling pipe according to an embodiment of
      this invention, the cooling pipe being so designed as to be disposed in a
      moving oil.
DETD
PAR  A runner blade 1 for water turbine according to one embodiment of this
      invention is defined by two surfaces A and B. When viewed in a
      longitudinal cross section as in FIG. 1, each of said surfaces A and B is
      a complicated combination of various curves extending along a stream line.
      The configuration of an outflowing end portion 3 of the runner blade 1 is
      so selected as to satisfy the following relations:
EQU  R1/TV .ltoreq. 0.2 and R2/TV = 6-10
PAL  where, R1 is a radius of curvature of the first portion oftthe outflowing
      end portion 3 which is continuous with the reference surface A, R2 is a
      radius of curvature of the second portion of the outflowing end portion 3
      extending between said first portion and surface B, and TV is the shortest
      distance between the surface A and B measured from the joining point P of
      said second portion with the surface B (or the minimum thickness of the
      runner blade 1 measured from said joining point P).
PAR  The graph of FIG. 3 is to explain how the runner blade oscillation varies
      with the variation in said radii of curvature R1, R2 and the thickness of
      the runner blade 1 and including three curves X, Y and Z, each being
      plotted in percentage with respect to the oscillation generated in the
      runner blade having an outflowing end portion of a perfectly rectangular
      configuration. The curve X is obtained from the runner blade 1 satisfying
      the relation of R1/TV = 0.2, and having a minimum oscillation of about
      6.4%; the curve Y is obtained from the runner blade 1 satisfying the
      relation of R1/TV = 0.19, and having a minimum oscillation of about 4.9%;
      and the curve Z is obtained from the runner blade 1 satisfying the
      relation of R1/TV = 0.18, and having a minimum oscillation of about 2.5%.
PAR  Experiments have shown that the runner blade 1 having a minimum oscillation
      less than about 10% of the blade with a rectangular outflowing end portion
      can be used in an ordinary water turbine. This means that no difficulty is
      encountered in application of the runner blade 1 according to this
      invention to a practical water turbine so long as the runner blade 1
      satisfies a relation of R1/TV .ltoreq. 0.2 within the range of R2/TV = 6 -
      10.
PAR  The second portion having a radius of curvature of R2 may include a
      straight portion extending intermediately thereof, without giving any
      perceptible influence over the generation of Karman's vortex street and
      resonance phenomenon of the runner blade 1.
PAR  Illustrated in FIG. 4 is a hollow cooling pipe according to an embodiment
      of this invention which is disposed, for example, in an oil. For use in a
      heated oil an oscillation-free cooling pipe may be so constructed as to
      have radii of curvature R1, R2 and the thickness TV (see FIG. 4)
      satisfying the relation mentioned previously.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid foil section having a selected configuration to minimize the
      generation of Karman's vortex street when disposed in a moving fluid and
      is defined by two surfaces, each extending along a stream line and one of
      said two surfaces forming a reference surface, said foil section being
      characterized by a selected configuration satisfying the following
      relations:
EQU  R1/TV .ltoreq. 0.2 and R2/TV is in the range of 6-10
PAL  where, R1 is a radius of curvature of a trailing edge portion of the foil
      section's downstream end portion which is continuous with said reference
      surface, R2 is a radius of curvature of a second portion of the foil
      section's downstream end portion extending between said trailing edge
      portion and the other surface of the foil section, and TV is a minimum
      thickness of the foil section between said two surfaces measured from the
      joining point between said second portion and the other surface.
NUM  2.
PAR  2. A runner blade for a water turbine defined by two surfaces, one of which
      surfaces is a reference surface having a reference contour, the runner
      blade is characterized by a selected configuration satisfying the
      following relations:
EQU  R1/TV .ltoreq. 0.2 and R2/TV is in the range of 6-10
PAL  where, R1 is a radius of curvature of the trailing edge portion of the
      blade's downstream end portion which is continuous with said reference
      surface, R2 is a radius of curvature of a second portion of the blade's
      downstream end portion extending between said trailing edge portion and
      the other surface, and TV is the minimum thickness of the blade between
      said two surfaces measured from the joining point between said second
      portion and the other surface.
NUM  3.
PAR  3. A fluid foil section according to claim 1, wherein R1/TV is in the range
      of 0.18 to 0.20.
NUM  4.
PAR  4. A fluid foil section according to claim 1, wherein said foil section is
      a hollow cooling pipe.
NUM  5.
PAR  5. A blade according to claim 2, wherein R1/TV is in the range of 0.18 to
      0.20.
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ABST
PAL  An air impeller of molded plastic construction includes a plurality of
      similar circumaxially arranged air moving blades and a central hub
      section. At the hub section, a plurality of similar axially projecting
      flexible fingers are formed integrally and arranged in a circumaxially
      spaced series to form a collet which defines a cylindrical hub cavity. A
      metal hub of cylindrical form and apertured centrally is disposed in the
      cavity and has a set screw for positive connection with a drive shaft
      entered in its central aperture. An arcuate clamping ring disposed about
      the fingers urges the fingers radially inwardly into engagement with the
      hub and thus retains the hub in the cavity. Radially aligned gaps in the
      fingers and the clamping ring receive an outer end portion of the set
      screw to lock the hub and clamping ring against rotation relative to the
      fingers. Lips may be provided at outer end portions of the fingers and a
      radial wall at an opposite end of the hub cavity cooperates to secure the
      hub axially. In a second embodiment, a tongue and groove arrangement
      secures the hub axially in cooperation with a partial end wall formed at
      outer ends of the fingers. In the method of construction, the device is
      molded in a conventional plastic molding operation, the metal hubs are
      then inserted within the fingers and the clamping ring is engaged on and
      about the fingers, the set screw being subsequently entered in its hub
      opening and in the finger and clamping ring gaps when the impeller is
      mounted on a drive shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of air impellers and other rotary fluid moving devices
      of molded plastic construction, hubs of metallic construction are
      frequently employed to provide a higher degree of structural integrity in
      the hub-shaft connection, e.g., as in better retention of set screws with
      stronger and more durable metallic threads. When metal hubs are inserted
      into the mold which produces the plastic part and thus molded in place in
      the air impeller or other device, the resulting product may be
      satisfactory with certain plastics and for certain applications but in
      other instances severe problems are encountered. More particularly,
      plastics with high shrinkage rates may result in a desirable end product
      but undesirably high levels of stress may occur in the plastic adjacent a
      metal hub inserted in the molding process. Further, and in the case of any
      plastic air impeller or like device provided with a metal hub during
      molding, there is an economic disadvantage. That is, the cycle time for
      the molding operation is increased by the time consumed in inserting the
      metal hub into the plastic mold and a resulting inefficiency and an
      increase in manufacturing costs is encountered.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the present invention to provide an improved
      hub construction for a rotary fluid moving device of molded plastic
      construction, the end product including a hub of metallic construction and
      yet the aforementioned disadvantages being wholly avoided.
DRWD
     BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a rotary fluid moving device with an improved hub
      construction and which is constructed in accordance with the present
      invention.
PAR  FIG. 2 is a fragmentary enlarged front view of the hub construction.
PAR  FIG. 3 is a fragmentary enlarged sectional view of the hub construction of
      FIG. 2.
PAR  FIG. 4 is a fragmentary enlarged front view of an improved hub construction
      forming a second embodiment of the present invention.
PAR  FIG. 5 is a fragmentary enlarged sectional view of the hub construction of
      FIG. 4.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring particularly to FIGS. 1-3, it will be observed that a rotary
      fluid moving device indicated generally at 10 comprises a plurality of
      similar circumaxially arranged fluid moving blades 12, 12. At outer end
      portions the blades 12, 12 are formed integrally with a continuous
      peripheral member 14. The latter member may constitute a slinger ring when
      the fluid moving device is employed as an air impeller as in the form of
      the invention shown. At inner end portions, the blades 12, 12 are formed
      integrally with a central hub section indicated generally at 16 and which
      comprises a radial member 18, an axially projecting ring 20 connected with
      the blade inner ends, and a plurality of radially extending strengthening
      ribs 22, 22 on the member 18.
PAR  At a central portion, the member 18 has a somewhat thickened section 24
      which serves as an inner or rear wall of a cylindrical hub cavity 26. The
      hub cavity 26 is further defined by a plurality of similar axially
      projecting flexible fingers 28, 28 formed integrally at rear or inner end
      portions with the member 18 or section 24 and arranged in a circumaxially
      spaced series to form a collet. Six fingers 28, 28 each of arcuate cross
      section are shown in the presently preferred embodiment of FIGS. 1-3. At
      forward or outer end portions the fingers 28, 28 have small inwardly
      projecting lips 30, 30 each with an inclined rear or inner surface 32. The
      rear or inner surfaces 32, 32 engage a complementary surface 34 at a
      forward or outer end portion of a metallic hub 36. As shown, the surfaces
      32, 34 are inclined in a rearward or inner direction progressing radially
      outwardly from an inner edge of the lips 30, 30. As will be apparent, a
      hub 36 may be entered into the cavity 26 from right to left in FIG. 3 to
      the assembled position shown and in such position, the hub is retained
      axially between the rear wall 26 and the lip rear surfaces 32, 32 in
      engagement with the surface 34. Outward flexing of the fingers 28, 28
      during entry of the hub may be aided by rounded surfaces 38, 38 at inner
      edges of the lips 30, 30 and which face generally outwardly or forwardly
      and by a similar rounded surface 40 at a rear portion of the hub.
PAR  The hub 36 may be of conventional metallic construction appropriately
      dimensioned to fit within the cavity 26 and provided with a central
      aperture 42 and a radially extending threaded aperture 44. The aperture 42
      is for the introduction of a drive shaft such as illustrated at 46 in FIG.
      3 and the threaded aperture 44 receives a conventional set screw as
      illustrated at 48. Further in a conventional manner, a flat 50 on the
      shaft 46 is engaged by an inner end surface of the set screw 48 whereby
      positively to secure the hub and shaft in assembled relationship.
PAR  Referring now particularly to FIG. 2, it will be observed that a gap 52 is
      provided in the fingers 28, 28 and opens radially outwardly. The said gap
      provides for the engagement of at least one edge surface thereof with the
      set screw 48 at an outer portion of the latter whereby to restrain the hub
      36 against rotation relative to the fingers 28, 28. As shown, the gap 52
      is approximately equal in arcuate extent to the diameter of the set screw
      48 to provide for retention of the hub and restraint against relative
      rotation in both directions.
PAR  With the hub 36 entered in its cavity as illustrated, the fingers 28, 28
      may be clamped radially inwardly into engagement therewith to retain the
      elements described in assembled relationship. That is, various clamping
      means may be employed and, in accordance with the invention, a clamping
      member is disposed about the fingers 28, 28 and extends through an angle
      of at least 180.degree. with the clamping member engaging the fingers 28,
      28 and exerting generally radially inward pressure thereon. As shown, a
      clamping ring 54 is employed and extends substantially throughout the
      circumferential outer surface of the fingers 28, 28. That is, the ring 54
      which may be of a conventional spring metal type extends through
      approximately 360.degree. except for the provision of a radially open gap
      56 therein. The gap 56 is coextensive arcuately with the finger gap 52 and
      opens radially outwardly to receive an outer end portion of the set screw
      48 with the elements in assembled position as shown. Thus, accidental or
      unintended relative rotation of the ring 54 about the fingers 28, 28 is
      positively prevented by the set screw 48.
PAR  Referring now to FIGS. 4 and 5, it will be observed that a second
      embodiment of the hub construction of the present invention comprises
      three circumaxially spaced axially projecting flexible fingers 58, 58. The
      fingers 58, 58 are similar to the fingers 28, 28 except for the provision
      of a partial end wall by means of radially inwardly projecting flange
      portions 60, 60 at outer or right-hand end portions of the fingers, FIG.
      5. A central portion 62 of the impeller is provided with a circular
      aperture at 64 to accommodate the left-to-right entry of a hub 66 into a
      cylindrical hub cavity 68. Thus, axial movement of the hub in the
      right-hand direction is restrained by the partial end wall of the cavity
      formed by the projections 60, 60 and, in accordance with the presently
      preferred practice, a tongue and groove connection is provided for further
      restraint against axial dislodgment of the hub. Tongue sections or members
      70, 70 on the fingers 58, 58 project radially inwardly and cooperate with
      an annular groove 72 formed in the hub 66. As will be apparent, left to
      right-hand introduction of the hub to the cavity 68 can be effected by the
      slight radial outward flexing of the fingers 58, 58 on engagement of an
      end portion of the hub with the tongue sections 70, 70. As the fingers
      flex outward and right-hand movement of the hub continues, the tongue
      sections 70, 70 snap into the groove 72 whereby to secure the hub in the
      cavity 68.
PAR  A shaft 74 for driving the hub and associated air impeller is provided with
      a flat 76 in a conventional manner and set screw 78 enters a suitably
      threaded radial opening 80 in the hub 66 and engages the flat for a
      positive hub-shaft connection. Further, and as best illustrated in FIG. 4,
      a gap 82 is provided in the fingers 58, 58 and is radially open for entry
      of the set screw 78 and for engagement of the set screw with edge portions
      of the fingers adjacent thereto. As described above, the set screw 78 thus
      serves the dual functions of hub-shaft connection and retention of the hub
      against relative rotation in its cavity 68.
PAR  As in the case of the above-described preferred embodiment of FIGS. 1-3, a
      clamping member is preferably employed for securing the elements in
      assembled positions and such member preferably takes the form of a
      clamping ring 84 of spring metal or the like. The clamping ring 84 is
      provided with a radially open gap 86 for receiving an outer end portion of
      the set screw 78 and for retaining the ring in fixed position relative to
      the fingers 58, 58.
PAR  In accordance with the method of the present invention, a rotary fluid
      moving device such as the air impeller 10 is molded in a conventional
      plastic molding process. The blades 12, 12 are thus formed together with a
      plurality of flexible axially projecting fingers such as the fingers 28,
      28 or 58, 58. A cylindrical metallic hub such as the hubs 36, 66 is
      inserted in the cavity formed by the axial fingers and a clamping member
      such as the rings 54, 84 is engaged on and about the fingers whereby to
      exert radial inward pressure thereon and indirectly on the hub to secure
      the elements in assembled positions. As will be apparent, when the fingers
      are provided with retention means such as the lips 30, 30 and the tongue
      sections 70, 70 a degree of radial outward flexing of the fingers occurs
      during the axial inward insertion of the hub into position in its cavity.
      Thus, the hub is restrained axially and, on subsequent insertion of a
      drive shaft and the assembly therewith of a set screw, all elements are
      locked in position both axially and rotationally as described above.
PAR  Insertion of the hubs into their cavities can be accomplished by an
      operator of a molding machine together with the assembly of the clamping
      rings during lulls in the operator's activities. Thus, no additional labor
      time is required and the above-mentioned disadvantages of increased cycle
      time with metal insert hubs is avoided. Moreover, undesirably high
      stresses in the hub construction are wholly eliminated and a high degree
      of structural integrity is provided for in the finished product.
CLMS
STM  We claim:
NUM  1.
PAR  1. A rotary fluid moving device of molded plastic construction and
      comprising a plurality of similar circumaxially arranged fluid moving
      blades and an associated central hub section, said hub section comprising
      a plurality of similar axially projecting flexible fingers formed
      integrally and arranged in a circumaxially spaced series to form a collet
      defining a cylindrical hub cavity, a cylindrical centrally apertured hub
      of metallic construction disposed in said cavity and adapted for positive
      connection with a drive shaft entered in its said central aperture, and an
      arcuate clamping member disposed about said fingers and extending at least
      through an angle of 180.degree., said clamping member engaging said
      fingers and exerting generally radial inward pressure thereon and
      indirectly on said hub for retention of the latter in said cavity.
NUM  2.
PAR  2. A rotary fluid moving device as set forth in claim 1 wherein said
      fingers define at least one radially open gap, and wherein said hub is
      provided with a radially outwardly projecting set screw, said set screw
      providing the dual function of positively securing a drive shaft in said
      hub and at an outer end engaging at least one finger adjacent said gap and
      securing said hub against relative rotation in at least one direction in
      said cavity.
NUM  3.
PAR  3. A rotary fluid moving device as set forth in claim 2 wherein said
      radially open gap extends through an arc approximately equal to the
      diameter of said set screw, said set screw oppositely engaging the fingers
      adjacent the gap whereby to secure the hub in its cavity against relative
      rotation in both directions.
NUM  4.
PAR  4. A rotary fluid moving device as set forth in claim 3 wherein said
      clamping member has a radially open gap approximately coextensive with and
      aligned radially with said finger gap, said set screw being of sufficient
      length to project radially outwardly into said gap in said clamping member
      and to secure the same against unintended or accidental rotation relative
      to said fingers.
NUM  5.
PAR  5. A rotary fluid moving device as set forth in claim 4 wherein six fingers
      are provided, wherein said hub cavity has a radial end wall opposite said
      fingers, and wherein each of said fingers is provided at an outer end
      portion with a radially inwardly projecting lip, said lips serving
      collectively to engage an outer end portion of a hub disposed in said
      cavity and to retain the same axially in cooperation with said cavity end
      wall.
NUM  6.
PAR  6. A rotary fluid moving device as set forth in claim 1 wherein at least
      one of said fingers and said hub are provided with complementary abutment
      surfaces engageable with the hub disposed in its cavity to restrain the
      hub against axial movement relative to the fingers.
NUM  7.
PAR  7. A rotary fluid moving device as set forth in claim 6 wherein said
      fingers and hub are provided with an annular tongue and groove axial
      retention means operative in both axial directions.
NUM  8.
PAR  8. A rotary fluid moving device as set forth in claim 7 wherein said
      fingers have radially inwardly projecting outer end portions to provide at
      least a partial end wall for said hub cavity.
NUM  9.
PAR  9. A rotary fluid moving device as set forth in claim 8 wherein three
      fingers are provided, wherein substantially coextensive radially open gaps
      are provided in said fingers and clamping member, and wherein a set screw
      is provided in said hub and projects radially outwardly into said gaps to
      lock the hub on a drive shaft and to secure said hub, fingers, and
      clamping member rotationally.
NUM  10.
PAR  10. A rotary fluid moving device as set forth in claim 1 wherein said
      clamping member takes the form of a spring metal clamping ring.
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ABST
PAL  A liquid pump and control system for maintaining a predetermined level of
      liquid in a vessel comprising a liquid level sensing means, a variable
      displacement hydraulic pump, a control means connected to said liquid
      level sensing means and said variable hydraulic pump, a constant speed
      driving means connected to said variable hydraulic pump, a hydraulically
      actuated motor in fluid communication with said variable hydraulic pump
      and a liquid pump in fluid communication with said liquid vessel for
      evacuating fluid therefrom, said liquid pump connected and driven by said
      hydraulic motor. The liquid level sensing means within the liquid
      containing vessel determines the fluid level in the vessel, provides an
      electric signal to a variable displacement hydraulic pump which is driven
      by a constant speed electric motor. The variable volume output of the
      hydraulic pump is coupled to and drives the hydraulic motor at an RPM
      proportional to the pump volume. The hydraulic motor drives the fluid
      pump, the inlet of which is coupled in fluid communication with the
      vessel. Thus utilizing applicant's device the liquid pump will have a
      variable volume output to control the water level in a chamber such as a
      wet well, utilizing a constant speed electric drive.
PARN
PAR  This is a continuation of application Ser. No. 355,902 filed Apr. 30, 1973,
       now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a fluid pumping system, and
      specifically to a fluid pumping system which will maintain a relatively
      constant fluid level in a well or vessel regardless of the fluid input
      into the vessel, while employing a constant speed drive motor.
PAR  In the past, fluid pumping systems such as utilized with supplemental
      sewage storage devices have been plagued with the problem of having random
      and unusual large inputs of fluid into a wet well as would be caused by
      rainstorms and the like, which result in increased demand on the pumping
      system. Elaborate control devices are necessary for controlling electric
      motors to prevent them from burning out while maintaining the wet well
      fluid level at a desirable point to prevent overflow of sewage into the
      streets. Applicant's pumping system utilizes an electric pump drive motor
      having a simplified control feature which allows the motor to be driven at
      a constant speed at all times while providing a variable volume output
      pump from the wet well. A sensor determines the proper level of liquid to
      be maintained and a control regulates the volume output of the pump. Thus,
      applicant's pumping system is adjustable to increased or unusual demands
      on the system without changing the load on an electric motor driving the
      pumps.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  A liquid pumping system for maintaining a constant level of liquid in a
      vessel comprising a fluid level sensing means, a control means coupled to
      a sensing means, said control means having an output signal, a variable
      output hydraulic pumping means connected to the control means, said
      control means signal determining the volume output of said hydraulic pump
      means, a constant speed driving means connected to said hydraulic pump, a
      hydraulic motor in fluid communication with the output of said hydraulic
      pump, a liquid receiving vessel, a liquid pump in fluid communication with
      said vessel for evacuating fluid from said vessel, said hydraulic motor
      connected to said fluid pump for driving said fluid pump, said fluid pump
      having a variable volume output determined by the driving RPM of said
      hydraulic motor.
PAR  In operation, the vessel contains a liquid for which a predetermined
      maximum fluid level is established. The sensing means connected into the
      fluid within the vessel provides a signal input into the control circuit
      which establishes changes in the predetermined fluid level. The control
      means sends an output signal to the variable hydraulic pump, the signal
      being a function of the fluid level in the vessel. The control signal then
      changes, if necessary, the volume output of the hydraulic pump which is
      driven by the constant speed motor, such as an electric motor. The output
      volume from the hydraulic pump then drives the hydraulic motor at an RPM
      dependent upon the control signal as received by the hydraulic pump. This
      determines the volume output of the fluid pump which is connected to the
      vessel as a function of the driving rotation of the hydraulic motor.
PAR  Thus, an increase in the liquid level in the vessel will increase the
      volume output of the hydraulic pump thereby increasing the output of the
      fluid pump.
PAR  As the output of the liquid pump increases to reduce the fluid level in the
      vessel, the excess fluid above the predetermined level is evacuated from
      the vessel until the fluid level is returned to the predetermined level.
      At this time the signal from the sensing means to the control device will
      allow the hydraulic pump output to be zero. The entire system may shut off
      at this point or the electric motor allowed to turn at a constant speed to
      be ready for any additional increases in the fluid level. Thus, the
      necessity for varying the speeds of an electric motor for unusually large
      demand situations has been eliminated. A constant fluid level may be
      maintained in the vessel.
PAR  It is an object of this invention to provide a fluid pumping control system
      which will maintain a predetermined fluid level in a vessel utilizing a
      constant speed drive builder.
PAR  It is another object of this invention to provide an electro-hydraulic
      system to maintain a fluid level which may adjust to unusual demands and
      loads in the fluid level system.
PAR  And still yet another object of this invention is a pumping system which
      will prevent motor burn out or overload with an automatic control feature.
PAR  In accordance with these and other objects which will be apparent
      hereinafter, the instant invention will now be described with particular
      reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing shows a schematic view of the preferred embodiment of
      applicant's invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawing, applicant's pumping system is shown
      comprising a fluid vessel 10, such as wet well having a liquid 12 shown at
      a predetermined level. Air supply line 54 is disposed with one end
      submerged within fluid 12 and connected at its opposite end to a pressure
      transducer 16, and having a source line 52 connected into its midsection,
      terminating in air pump 14. Pressure transducer 16 has an expandable
      member such as a diaphram mechanically connected to linkage 24 to a
      variable rheostat 18, having a wiper arm 22 connected to resistance 20
      electrically connected to a DC voltage supply such as battery 26. Movement
      of the wiper arm 22 changes the resistance and consequently the voltage or
      current in the electrical line resulting in an output signal received in
      actuator 28 which is connected to a variable swash plate in hydraulic pump
      30. Thus the changing the current or voltage in actuator 28 will move the
      swash plate to a specific position. The hydraulic pump 30 is driven by a
      constant speed electric motor 32. The volume output of hydraulic fluid
      from hydraulic pump 30 is determined, however, by the angle of the swash
      plate which allows it to increase hydraulic output in line 36 terminating
      in hydraulic motor 38. A return input line 34 is provided between the
      hydraulic motor 38 and the hydraulic pump 30. The mechanical output shaft
      40 of the hydraulic motor 38 is connected to pump shaft 42 by coupling
      member 44. The fluid pump 46 is a variable output pump such as a standard
      displacement fluid pump having an output fluid line 50 and an input
      conduit 48 connected into vessel 10.
PAR  In operation, air pump 14 provides air pressure in conduit 54 by pumping
      air into the liquid 12 of vessel 10. Pressure in line 54 is determined by
      the depth of the fluid 12 in that increasing the fluid level increases the
      hydrostatic pressure of air being pumped out the bottom of the tube. This
      will cause a change in line pressure to the transducer which, as the line
      pressure increases, will cause the wiper blade 22 to vary the resistance
      in the control circuit coupled to the voltage supply battery 26. Thus, the
      current or voltage will be increased to actuator 28, opening the swash
      plates to provide a larger fluid flow from the hydraulic pump 30. This
      will increase the rotation of shaft 40 from hydraulic motor 38 thereby
      increasing the pump volume output pump 46. Increased fluid will then be
      evacuated from vessel 10 reducing the fluid level to the predetermined
      desired position.
PAR  The control section which includes the pressure transducer, variable
      rheostat and the actuator 28 is adjusted so that at a predetermined fluid
      level within the wet well 10, the current to the actuator 28 will have the
      swash plate angle at zero, thus producing no net output of fluid from the
      hydraulic pump. This signal may also shut the entire system down or allows
      the electric motor to continue operating at a constant speed. As sewage or
      other fluids are received in the wet well, the swash plate angle will then
      be varied to pump out excess liquid. Unusually large loads from rainstorms
      or the like which cause rapid increase in fluid level will operate the
      system at full capacity without changing the speed of the electric motor.
PAR  The instant invention has been shown and described herein in what is
      considered to be the most practical and preferred embodiment. It is
      recognized, however, that departures may be made therefrom within the
      scope of the invention and that obvious modifications will occur to a
      person skilled in the art.
CLMS
STM  What I claim Is:
NUM  1.
PAR  1. A system for maintaining a predetermined fluid level in a fluid storage
      wet well to compensate for variable quantities of fluid received in said
      wet well comprising:
PA1  fluid storage wet well,
PA1  a fluid level sensing means connected within said storage wet well
      providing a variable output signal proportional to the level of the fluid
      contained therein;
PA1  a variable output hydraulic pump, said pump including a means for varying
      the hydraulic output of said pump;
PA1  a constant speed electrical drive means connected to said variable
      hydraulic pump for driving said hydraulic pump;
PA1  a hydraulic motor in fluid communication with the output of said variable
      hydraulic pump, the hydraulic motor providing a mechanical drive output in
      response to fluid received from said variable hydraulic pump;
PA1  a variable volume fluid pump connected to the mechanical drive output of
      said hydraulic motor, said fluid pump having a fluid input connected into
      said storage wet well and a fluid output;
PA1  a variable volume fluid pump control means having an input circuit
      connected to said fluid level sensing means and an output circuit
      connected to said means for varying the output of said variable hydraulic
      pump, said control means output signal controlling the hydraulic output of
      said variable output hydraulic pump as a function of the output signal
      from said fluid level sensing means.
NUM  2.
PAR  2. A fluid regulating system, as in claim 1, wherein: said drive means is
      driven at a constant speed.
NUM  3.
PAR  3. A fluid control system, as in claim 2, wherein:
PA1  said control means includes a rheostat, a voltage supply, said rheostat
      connected to said sensing means adjustable proportionally to changes in
      said sensing means;
PA1  an electro-mechanical displacement means connected to the output voltage in
      said rheostat providing a linear mechanical movement proportional to the
      position of the rheostat, said hydraulic pump having a swash plate of
      variable angles mechanically connected to said linear displacement means
      whereby the swash plate angle is controlled by the voltage signal received
      through the variable rheostat.
NUM  4.
PAR  4. A fluid pumping and control system for maintaining the liquid level at
      or below a predetermined level comprising:
PA1  a wet well for receiving liquid;
PA1  an air pressure transducer;
PA1  an air conduit coupled at one end to said air pressure transducer and its
      opposite open end into fluid disposed within said wet well;
PA1  an air pressure source connected to said air conduit line for providing air
      pressure within said line;
PA1  a rheostat mechanically connected to the output of said pressure transducer
      and adjustable proportionally to changes in said pressure transducer;
PA1  an electrical circuit having said rheostat electrically coupled thereto;
PA1  a voltage supply connected within said electrical circuit;
PA1  a swash plate variable volume hydraulic pump;
PA1  a hydraulic motor in fluid communication with said hydraulic pump, the
      output of said hydraulic pump connected to drive said hydraulic motor;
PA1  a constant speed electric motor connected to drive said hydraulic pump;
PA1  a variable volume output liquid pump having a driven shaft connected to the
      output driving shaft of said hydraulic motor;
PA1  a fluid conduit connected at one end to said wet well to receive fluids
      contained therein having at opposite end connected as the input of said
      liquid pump;
PA1  an output fluid line connected to outlet section of said liquid pump; and
PA1  an electro-mechanical transducer coupled to said electrical circuit and to
      the swash plate of said hydraulic pump, said voltage in said electrical
      circuit proportionally controlling the angle of said swash plate to
      provide a variable volume output from said hydraulic pump, whereby the
      fluid level of said wet well will be kept at a predetermined or below
      level by varying the volume output of said liquid pump.
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ABST
PAL  This invention relates to an apparatus for feeding pressurized fluid by a
      constant c. c. pump and a variable c. c. pump, both driven by a single
      motor.
PAL  A valve actuated by a centrifugal governor ensures the feed of a jack
      adjusting the position of the member for adjusting the cubic capacity of
      the variable c. c. pump.
PAL  One application is the drive of pumps of which the sum of the maximum
      powers is greater than the maximum power of the motor.
BSUM
PAR  The present invention relates to an apparatus for feeding pressurized
      fluid, comprising a motor for driving pumps of limited power.
PAR  Pressurized fluid feed apparatus are known in which the motor driving the
      pumps has a maximum power which is lower than the sum of the maximum
      powers of the pumps that it drives. In view of the fact that, in such
      devices, certain of the pumps are of the type whose cubic capacity is
      variable, whilst certain others are of the type with constant cubic
      capacity and feed priority load circuits, functioning has heretofore been
      made possible by providing the variable c. c. pumps with improved flow
      governors.
PAR  However, it has been ascertained that such governors were complicated and
      expensive and were a restraint, difficult to tolerate, on the use of the
      above-mentioned feed apparatus.
PAR  It is to remedy these drawbacks that the invention proposes a new
      pressurized fluid feed apparatus constituted by:
PA1  A fluid tank,
PA1  At least one constant c. c. pump,
PA1  At least one variable c. c. pump,
PA1  A motor for driving said pumps, of which the maximum power is lower than
      the sum of the maximum drive powers of these pumps,
PA1  And a device for regulating the total drive power of the pumps to a value
      at the most equal to the maximum power of the motor, itself constituted
      by:
PA1  A governor whose action is a function of the speed of rotation of the
      motor, and which is coupled to the driven shaft of said motor,
PA1  A source of piloting fluid at constant pressure,
PA1  A control motor having a movable output member coupled to the c. c. control
      member of at least one of the variable c. c. pumps, and which comprises a
      drive chamber connected to the source of piloting fluid by a piloting
      conduit,
PA1  And a valve comprising a valve body.
PAR  This valve comprises, in addition, a nozzle fed in shunt with piloting
      fluid, a member for selectively closing the outlet aperture of said
      nozzle, which is mounted to move in the valve body and which is disposed
      opposite said outlet aperture, a member for returning said closing member
      in position in the sense corresponding to the closure of the nozzle, and a
      conduit for returning the fluid contained in the valve body to the tank.
PAR  The outlet member of the governor is coupled to the valve-closing member so
      that there corresponds to its displacement corresponding to a reduction in
      the speed of rotation of the motor, a variation in the section of the
      passage made between the closure member and the nozzle, which brings about
      a variation in the pressure of the fluid feeding said jack and
      consequently the displacements of the mobile member of this jack and the
      c. c. control member which is connected thereto in the sense of a
      raduction of the corresponding cubic capacity.
PAR  A restriction is advantageously disposed in the piloting conduit between
      the source of piloting fluid and the feed pipe for the nozzle.
PAR  According to a first embodiment, the governor is a centrifugal governor of
      the inertia-block type. Thus, the drive motor being an internal combustion
      engine (of the "Diesel" type) and comprising a speed regulator, the
      governor of the supply device is constituted by said speed regulator
      itself.
PAR  According to another embodiment, the governor is constituted by:
PA1  a volumetric pump connected to the driven shaft of the drive motor;
PA1  a control member having a movable output member connected to the closure
      member and which possesses a drive chamber connected to the volumetric
      pump by the delivery conduit of this pump;
PA1  branch pipe tapped to said delivery conduit and connected to the tank,
PA1  and a restriction disposed in said branch pipe.
PA1  Furthermore, the position of the nozzle is preferably adjustable in the
      body of the valve, and its position may even be dependent on the value of
      the delivery pressure of the or each constant flow pump.
PAR  In this latter case, the nozzle is, for example, mounted to slide in the
      valve body and is coupled to the piston rod of a hydraulic cylinder for
      adjusting its position, which hydraulic cylinder has a drive chamber
      connected by a connecting conduit to the delivery conduit of the or each
      constant c. c. pump.
PAR  According to a first variant embodiment, the closing member is constituted
      by a plate mounted to pivot on the valve body. In this case, the member
      returning the closing member is advantageously constituted by the piston
      rod of a hydraulic cylinder, of which the drive chamber is fed by the
      piloting fluid.
PAR  According to a second variant embodiment, the closing member is mounted to
      slide in the valve body and is disposed opposite the outlet aperture of
      the nozzle. In this case, the closing member preferably comprises an
      element mounted to slide on the outlet member of the governor, whilst an
      elastic member is interposed between said element and said outlet member
      and has the effect of thrusting this element towards the outlet aperture
      of the nozzle.
PAR  It should also be indicated that the invention, in its main gist, is more
      generally applied to the case of the motor driving, not a constant c. c.
      pump, but a receiver with non-adjustable drive power. Thus, one
      application is the drive of variable c. c. pumps, certain of these pumps
      being able to be regulated at constant power, at least one of them being
      regulated by means of the piston rod of a hydraulic cylinder or control
      motor of the regulation device proposed by the present invention.
DRWD
PAR  The invention will be more readily understood on reading the following
      description and with reference to the accompanying drawings, in which:
PAR  FIG. 1 schematically shows a first embodiment of the apparatus in
      accordance with the invention,
PAR  FIGS. 2 and 3 are diagrams showing second and third variant embodiments
      respectively according to the invention,
PAR  FIG. 4 schematically shows a fourth improved variant embodiment of a feed
      apparatus in accordance with the invention,
PAR  FIG. 5 schematically shows a fifth variant embodiment, very similar to that
      of FIG. 1, but differing therefrom by the features of the elements driven
      by the motor.
DETD
PAR  Referring now to the drawings, FIG. 1 shows a diagram in which toothed
      pinions 3 and 4, which mesh with pinions 5 and 6 respectively, rotate with
      the driven shaft 1 of a motor 2 of the "Diesel" type. The drive shaft 7 of
      a main pump 8 with constant c. c. rotates with the pinion 3, whilst the
      drive shaft 9 of a main pump 10 with variable c. c. rotates with pinion 5.
      The drive shaft 11 of an auxiliary pump 12, with constant c. c., rotates
      with the pinion 4, whilst the drive shaft 13 of a governor 14 with inertia
      blocks itself rotates with pinion 6, the plate 15 comprising the inertia
      blocks 16 of the governor 14 itself being fast with shaft 13.
PAR  It will be noted that the pump 8 is connected to a fluid tank 17 via its
      suction conduit 20 and to a first load circuit 18 via its delivery conduit
      19. The pump 10 is connected to the tank 17 via its suction conduit 21 and
      to a second load circuit 22 via its delivery conduit 23. Furthermore, this
      pump 10 comprises a pump output control member 24 for adjusting the value
      of its cubic capacity, which is constituted, for example, by an inclinable
      plate in the case of a pump with axial pistons. The pump 12 is connected
      to the tank 17 via its suction conduit 25 and to a valve 26 via its
      delivery conduit 27. A discharge conduit 28 is tapped, in manner known per
      se, to the delivery conduit 27 which it connects to the tank 17, a
      calibrated discharge valve 29 being disposed in this conduit 28.
PAR  It is noted that the piston rod 30 of a control motor in the form of a
      hydraulic cylinder and piston assembly 31 is coupled to the pump output
      control or regulating member 24, a spring 32 being interposed between the
      cylinder 33 and the piston 34 of the control motor 31, and having a thrust
      effect on the piston, in such a sense that the corresponding displacement
      of the regulating member 24 brings about an increase in the cubic capacity
      and thus in the flow of pump 10. The control motor 31 has a drive chamber
      35 which is connected to the output of the valve 26 which comprises a
      source of piloting fluid via a so-called piloting conduit 36. The effect
      of the pressure of the fluid contained in the chamber 35 on the piston 34
      is antagonistic to that of the spring 32.
PAR  As regards the valve 26 which is, moreover, known, its opening is
      controlled by the pressure of the fluid contained downstream in the
      conduit 36. When this pressure rises, this control causes a reduction in
      the section of passage of the valve and vice versa. This valve 26,
      connected to tank 17 via a return conduit 37, therefore maintains the
      pressure of the fluid contained in a first part of the conduit 36,
      comprised between said valve 26 and a restriction 53 disposed between the
      valve 26 and the chamber 35, substantially constant. For this reason, the
      valve 26 is referred to as being a constant pressure valve.
PAR  The existence of the pedal 38 of an accelerator, of the linkage 39 for
      controlling the feed of fuel to motor 2, and of the linkage 40 for
      controlling the initial position of the inertia blocks 16 of the governor
      14, will also be noted. Of course, the "Diesel" engine 2 itself having a
      governor with inertia blocks for regulating its speed of rotation, the
      governor 14 may perfectly well be constituted by this speed regulator
      itself. The outlet member of the governor 14 is constituted by a ring 41.
PAR  Finally, a valve 42 is disposed in conduit 36. It is constituted by:
PA1  a body 43,
PA1  a nozzle 44 maintained in position in the body 43 by a lock-nut 45 and
      having an outlet aperture 46,
PA1  a movable closure member comprising a plate 47 mounted to pivot in the body
      43 about an axis 48 having its free end disposed opposite the outlet
      aperture 46 of the nozzle,
PA1  a rod 49, forming piston, which is disposed on the side of the plate 47
      opposite that where the aperture 46 is located and which opens out into a
      chamber 50, arranged in the body 43 through which the piloting conduit 36
      passes,
PA1  and a return conduit 51 to the tank 17 from the inside of the body 43,
PA1  a connecting rod 52 is mounted to slide in the body 43 and is in contact,
      with the output member 41 of the regulator 14 and with the plate 47, on
      the side of the nozzle 44. It is further noted that the restriction 53 is
      disposed in conduit 36 between chambers 50 and 35 and that a shunt conduit
      54, tapped to conduit 36 downstream of the restriction 53 with respect to
      the valve 26, connects this conduit 36 to the inside 55 of the nozzle 44.
PAR  FIG. 2 shows a variant embodiment which for a large part repeats the
      embodiment of FIG. 1. The unchanged elements have the same reference
      numerals in both cases. Two particularities, which are new with respect to
      FIG. 1, are to be noted.
PAR  Firstly, the nozzle has come to 44a on the side opposite the output member
      41a of the governor 14a with respect to the plate 47. The rod 49a forming
      piston is disposed on the same side of the plate 47 as the member 41a. The
      reversal of the position of the nozzle 44a and of its output aperture 46a
      with respect to plate 47 has also led to reversing the position of
      coupling of the output member of the control motor to the member 24
      adjusting the cubic capacity of the pump 10. The control member 31a has
      its drive chamber 35a connected to conduit 36 and its rod 30a coupled to
      the adjusting member 24. The chamber 50a of the piston rod 49a is moreover
      connected to conduit 36 via a conduit 56.
PAR  It will further be noted that the governor 14a is no longer constituted by
      an inertia block governor. This governor 14a is constituted by:
PA1  a volumetric pump 57 of which the drive shaft 58 rotates with the pinion 6
      which is connected by its suction conduit 59 to the tank 17.
PA1  a regulating control motor in the form of a hydraulic cylinder 60,
      constituted by a cylinder 61, a piston 62, the piston rod 41a and
      comprising a drive chamber 63 connected to the delivery conduit 64 of the
      pump 57, as well as a spring 65 interposed between the cylinder 61 and the
      piston 62 and having an effect antagonistic to that of the fluid contained
      in the chamber 63; this effect of the spring 65 tending to separate the
      plate 47 from the outlet aperture 46a of the nozzle 44a.
PA1  a conduit 66, tapped to the delivery conduit 64 and connecting this conduit
      64 to the tank 17,
PA1  finally, a restriction 67, disposed in the return conduit 66.
PAR  FIG. 3 takes up the disposition of FIG. 1 to present a variant embodiment
      thereof concerning the valve 42. All the elements of FIG. 1 are therefore
      taken up again and are given the same references, except valve 42b which
      is new and control motor 31a, which is coupled to the member 24, in
      similar manner to the control motor 31a of FIG. 2. A nozzle 44b is fixed
      to the body 43 by a lock-nut 45b and comprises an outlet aperture 46b. A
      cylinder 68 is fast with a connecting rod 52b which abuts on the ring 41
      of the governor 14. A piston 69 is mounted to slide in the cylinder 68 and
      is disposed opposite the outlet aperture 46b of the nozzle. A spring 70 is
      interposed between the piston 69 and the cylinder 68 and has for its
      effect to create a thrust on the piston 69 tending to displace this piston
      in the sense provoking the closure of the outlet aperture 46b. The conduit
      36 passes through the inside 55b of the nozzle 44 b which it feeds with
      fluid.
PAR  FIG. 4 repeats the disposition of FIG. 1 with the sole exception of the
      constitution and assembly of the nozzle of the valve 42. The nozzle is now
      shown at 44c, its outlet aperture 46c still disposed opposite the plate
      47. It is mounted to slide in a cylinder 71 and in fact constitutes a
      piston for this cylinder. It defines inside the cylinder 71 a chamber 72
      which is connected, by a conduit 73, to the delivery conduit 19 of the
      main constant c. c. pump 8. A plug 74, screwed in the body of the cylinder
      71, compresses a spring 75 interposed between this plug and the nozzle
      44c. The spring 75 has an effect on the nozzle 44c which is antagonistic
      to that of the pressure of the fluid contained in the chamber 72, the
      effect of said pressure tending to separate the outlet aperture 46c of the
      nozzle 44c from the plate 47. Finally, it is noted that the cylinder 71 is
      screwed in the body 43 of the valve 42 and is therefore adjustable in
      position with respect to said body.
PAR  Finally, the variant embodiment of FIG. 5 is identical to the embodiment of
      FIG. 1, except for the substitution for pump 8 of a variable c. c. pump
      76, of which the member 77 for adjusting the cubic capacity is coupled to
      the mobile member of a power governor 78 regulating the drive power of the
      pump 76 to a constant value.
PAR  The functioning of the devices which have been described will now be given,
      as well as the advantages to be drawn from their adoption.
PAR  Concerning the embodiment of FIG. 1, the "Diesel" engine 2 being in
      operation, the driver adjusts the pedal 38 to a given position, to which
      corresponds the determined position of the speed governor of the engine 2
      and therefore a well defined speed of rotation of this engine 2.
PAR  It is recalled that the maximum power of the motor 2 is lower than the sum
      of the maximum powers of the pumps 8 and 10. For example, powers equal to
      100, 60 and 100 h. p. respectively are found. Furthermore, it is admitted
      that the load circuit 18 must have priority pressure feed and with desired
      flow, but that on the contrary the circuit 22 may be supplied only with a
      flow lower than the normally necessary flow, for short periods.
PAR  As long as the sum of the powers necessary for driving the pumps 8 and 10
      (and of auxiliary pump 12 and governor 14) is lower than the maximum power
      of the motor 2 corresponding to the chosen speed of rotation, said engine
      2 is obviously sufficiently powerful to drive said pumps without
      difficulty.
PAR  If it then happens that the load circuit must be fed at a higher pressure
      and that these circumstances result in such a rise in the power necessary
      for driving the pump 8, that the sum of the powers driving the pumps 8 and
      10 becomes greater than the power of the engine 2, said latter risks
      stopping because it cannot overcome too high a drive resistance. It is
      then that the new device proposed by the invention acts to avoid the
      engine 2 stopping.
PAR  As soon as the maximum power of the engine 2 becomes lower than the sum of
      the drive powers of the pumps 8 and 10, the value of the speed of rotation
      of this motor drops. The inertia blocks 16 of the governor 14 move close
      to the shaft 13, this bringing about a relative separation of the ring 41
      from valve 42. The plate 47, under the effect of the rod 49, and in view
      of the slight backward movement of the rod 52, pivots about the shaft 48
      and moves close to the outlet aperture 46 of the nozzle 44. Consequently,
      the feed fluid of the chamber 35 of the control motor 31, which was under
      a certain pressure, lower than the constant pressure of the fluid at the
      immediate outlet of the valve 26, undergoes a rise in pressure, the
      passage made between the plate 47 and the aperture 46 through which this
      fluid returned to the tank 17, via conduit 51, having undergone a
      narrowing of its section. The piston 34 then moves the rod 30 and the
      member 24 adjusting the cubic capacity, in the sense causing a reduction
      in the delivery flow of the pump 10 and consequently in the sense of a
      reduction in the power necessary for driving said pump 10. As long as the
      speed of rotation of the engine 2 has not taken its initial value of
      adjustment, the inertia blocks 16 do not take up their initial position
      again. Consequently, the plate 47 continues to close the aperture 46 (at
      least partially) so that a high pressure is maintained in the chamber 35.
      The member 24 adjusting the cubic capacity is consequently displaced until
      the corresponding reduction of cubic capacity and thus of the flow of the
      pump 10, be sufficient for the reduction of the power necessary for
      driving this pump 10 to have allowed the sum of the powers driving the
      pumps 8 and 10 to return to a value slightly lower than the maximum power
      of the engine 2. This engine may, under these conditions, find its initial
      speed again.
PAR  It is therefore ascertained that the desired feeds have been able to be
      effected very simply, in view, of course, of the momentary restriction
      admitted of the feed flow of circuit 22.
PAR  Whilst, in the earlier devices, the member 24 adjusting the cubic capacity
      of the pump 10 was constituted by a power governor, which comprised
      precisely calibrated springs, contained in the body of the corresponding
      pump, and of which the calibration corresponded to a single maximum drive
      power of this pump, this necessitating as many different governors as
      different powers desired, the adjustment is effected very simply in the
      device proposed in the present Application, by taking from the "Diesel"
      engine 2 itself the information concerning its speed of rotation.
PAR  To the position of the nozzle 44 in the body 43 there corresponds a
      correlative position of rod 52 and consequently of ring 41. This position
      of the nozzle 44 therefore defines a value of adjustment of the speed of
      rotation, from which the governor 14 acts on the rod 52.
PAR  In the embodiment of FIG. 1, the adjustment of the drive power of the pump
      10 is ensured by the compression of the fluid of the part of the conduit
      36 included between the restriction 53 and the chamber 35, said
      compression being brought about by the plate 47 pivoting and coming close
      to the aperture 46.
PAR  It is readily understood that, from this point of view, the embodiment of
      FIG. 2 operates similarly to that of FIG. 1 except that a drop in the
      value of the speed of rotation of the engine 2 causes the rod 41a to move
      backwards with respect to the nozzle 44a, as will be seen later, due to an
      increase in the passage made between the aperture 46a and the plate 47,
      and consequently a decompression of fluid in the part of the conduit 36
      included between the restriction 53 and the chamber 35a, similar to
      chamber 35. For the effect on the member 24 regulating the cubic capacity
      of the pump 10 to be, despite everything in accordance with the sought
      after solution, it has been necessary to reverse the connection of the rod
      30a of the control motor 31a to the member 24, so that the reduction in
      the cubic capacity of the pump 10, which was caused, in the embodiment of
      FIG. 1, by an increase in the pressure in the chamber 35, is now caused by
      a reduction in the pressure in chamber 35a.
PAR  As regards the governor 14a, it is understood that all it does is transmit
      to the plate 47 the information concerning the variation in the speed or
      rotation of the engine 2. In fact, in normal working conditions, the
      pressure in the chamber 63 is constant, the flow delivered by the
      volumetric pump 57 for a given speed of the engine 2 flowing towards tank
      17 through restriction 67, which maintains in the conduit 64 a given
      pressure, of which the effect on the piston 62 produces a well-determined
      compression of the spring 65, and to which a single, well defined position
      of the rod 41a therefore corresponds. However, when the speed of rotation
      of the engine 2 drops, the flow of the volumetric pump 57 also reduces.
      The pressure maintained in the conduit 64 by the restriction 67 diminishes
      this bringing about the abovementioned separation of the rod 41a with
      respect to the nozzle 44a.
PAR  The governors 14 and 14a, as has just been seen, are of the type whose
      action is a function of the speed of rotation of the engine 2. This
      engine, which has been mentioned in the example described as being of the
      "Diesel" type, may of course be of any other type.
PAR  In the embodiment of FIG. 3, the plate has been eliminated and replaced by
      an equivalent constituted by the end of the piston 69. It is now the
      spring 70 which fulfills the function of returning the piston 69 towards
      aperture 46b, this function being fulfilled, in the embodiment of FIGS. 1
      and 2, by rods 49 or 49a for returning the plate 47. The other
      characteristics of functioning remain unchanged with respect to those, in
      particular, of the embodiment of FIG. 2 and have therefore not been
      described again.
PAR  Finally, the embodiment of FIG. 4 is characteristic, firstly, by the
      complete taking up the means of FIG. 1.
PAR  For a given pressure of the fluid contained in the delivery conduit 19 of
      the pump 8, the pressure in the conduit 73 and in chamber 72 has a well
      defined position which is constant with respect to the body 43 of the
      valve 42 for which the antagonistic effects of the spring 75 and the
      pressure of the fluid in the chamber 72 are balanced. Consequently, the
      nozzle 44c is disposed in exactly the same way as the nozzle 44 of FIG. 1.
      It is deduced therefrom that all the means of the embodiment of FIG. 1
      having been taken up, all the functioning obtained by adoption of the
      embodiment of FIG. 1 is again obtained by adoption of the embodiment of
      FIG. 4.
PAR  However, the embodiment of FIG. 4 comprises in addition an adjustment of
      the position of nozzle 44c, which is dependent on the value of the
      delivery pressure of the pump 8. Starting from a configuration from which
      the drive power of the pump 8 decreases (just as the pressure of the fluid
      of conduit 19 decreases), it is ascertained that the spring 75 moves the
      nozzle 44c towards the plate 47, this bringing about a displacement of the
      member 14 for adjusting the flow of the pump 10 in the sense of a
      reduction of this flow. This disposition is advantageous, when the maximum
      power of the engine 2 is greater than the maximum drive power of the pump
      10. In such a case, if the drive power of the pump 8 drops sufficiently
      for the engine 2 to have an excess of power available with respect to the
      maximum drive power of the pump 10, it should be avoided that this excess
      of power be used for driving this pump 10 and causes the deterioration of
      said pump. This is the case, for example, where the maximum powers of the
      pumps 8, 10 and of engine 2 have values of 60, 100 and 130 h. p. It should
      then be avoided to drive the pump 10 at more than 100 h. p. even if the
      engine 2 has an available power greater than 100 h. p.
PAR  The displacement of the nozzle 44c has brought about a reduction of the
      cubic capacity, thus of the delivery flow of the pump 10, and has
      therefore effected a sort of initial substraction of the excess power
      which the engine 2 has with respect to pump 10, so that the pump 10 no
      longer risks being driven at too great a power for its own
      characteristics.
PAR  Of course, the above description having shown that the very gist of the
      invention is to be able to drive a pump whose drive power is not
      adjustable and a pump of adjustable power by a single engine of limited
      power, it is immediately understood that the invention also covers the
      case of the pump of non-adjustable power being replaced by any receiver,
      also of non-adjustable power. Such is the case in particular of a variable
      c. c. pump 76 (FIG. 5) regulated to constant power by a governor 78.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for feeding pressurized fluid constituted by:
PA1  a fluid tank,
PA1  at least one variable c.c. pump having a pump output control member for
      varying its output,
PA1  at least one receiver member of which the power necessary for said receiver
      member to be driven is substantially constant,
PA1  a motor having an output shaft for driving the variable c.c. pump and the
      receiver member, the maximum power of said motor being less than the sum
      of the maximum drive powers of said pump and said receiver members,
PA1  and a regulation device for regulating the total drive of the pump and the
      receiver members to a value at the most equal sum to the maximum power of
      the motor, said regulation device itself being constituted by:
PA1  a governor having an input coupled to the output shaft of the motor and
      having a speed indicating output member positioned as a function of the
      speed of rotation of the motor,
PA1  a source of piloting fluid at constant pressure,
PA1  a piloting conduit connected to said source of piloting fluid,
PA1  a control motor having a motor output member coupled to the pump output
      control member for controlling the cubic capacity of said pump and which
      includes a drive chamber connected to the source of piloting fluid by said
      piloting conduit:
PA1  and a closure valve comprising a valve body, wherein said valve comprises
      in addition a nozzle having an inlet connected to said source of piloting
      fluid and an outlet aperture in said valve body, a movable closure member
      for selectively closing the outlet aperture of said nozzle, said movable
      closure member being mounted to move in the valve body and disposed
      opposite said outlet aperture to vary the area thereof, a return member
      for moving said movable closure member to effect the closure of the
      nozzle, and a return conduit connected to the interior of said valve body
      for receiving fluid from said nozzle for returning the fluid to the tank,
      the speed indicating output member of the governor being coupled to the
      movable closure member so that displacement of said speed indicating
      output member corresponding to a reduction in the speed of rotation of the
      motor causes a variation in the area of the passage between the movable
      closure member and the nozzle which brings about a variation in the
      pressure of the fluid feeding said control motor and a consequent
      displacement of the motor output member and the oump output control member
      which is connected thereto to effect a reduction in the corresponding
      cubic capacity of said variable c.c. pump.
NUM  2.
PAR  2. An apparatus for feeding pressurized fluid, constituted by:
PA1  a fluid tank,
PA1  at least two variable c.c. pumps each having a pump output control member
      for varying its capacity,
PA1  a motor having an output shaft for driving said pumps, the maximum power of
      said motor being less than the sum of the maximum drive power required of
      said pumps,
PA1  and a regulation device for regulating the total drive power of the pumps
      to a value at the most equal to the maximum power of the motor, said
      regulation device being constituted by:
PA2  a governor having an input coupled to the output shaft of said motor and a
      speed indicating output member positioned as a function of the speed of
      rotation of the motor,
PA2  a source of piloting fluid at constant pressure,
PA2  a piloting conduit connected to said source of piloting fluid,
PA2  a control motor having a motor output member coupled to the pump output
      control member of one of said pumps for controlling the cubic capacity of
      that pump and which includes a drive chamber connected to the source of
      piloting fluid by said piloting conduit,
PA2  and a valve comprising a valve body, wherein said valve comprises, in
      addition, a nozzle having an inlet connected to said source of piloting
      fluid and an outlet aperture in said valve body, a movable closure member
      for selectively closing the outlet aperture of said nozzle and which is
      mounted to move in the valve body in facing relationship to said outlet
      aperture, a return member for moving said movable closure member toward
      said output aperture to effect closure of the nozzle, and a return conduit
      connected to the interior of the valve body to receive fluid from said
      nozzle to the tank, the speed indicating output member of the governor
      being coupled to the movable closure member so that its movement
      corresponding to a reduction in the speed of rotation of the motor causes
      a variation in the area of the passage between the movable closure member
      and the nozzle, which brings about a variation in the pressure of the
      fluid feeding said control motor and a consequent displacement of the
      motor output member and the pump output control member connected thereto
      for effecting a reduction of the corresponding cubic capacity of said
      pump.
NUM  3.
PAR  3. An apparatus for feeding pressurized fluid constituted by:
PA1  a fluid tank,
PA1  at least one constant c.c. pump,
PA1  at least one variable c.c. pump having a pump output control member for
      varying its capacity,
PA1  a motor having an output shaft for driving said constant c.c. and variable
      c.c. pumps, the maximum power of said motor being less than the sum of the
      maximum drive powers of said pumps,
PA1  and a control device for regulating the total drive power of the pumps to a
      value at the most equal to the maximum power of the motor, constituted by:
PA1  a governor whose action is a function of the speed of rotation of the motor
      and which is coupled to the driven shaft of said motor,
PA1  said governor having a speed indicating output member positioned in
      accordance with the speed of said motor,
PA1  a source of piloting fluid at constant pressure,
PA1  a control motor having a motor output member coupled at least to the
      control member for controlling the cubic capacity of at least one of the
      variable c.c. pumps and which control motor includes a drive chamber
      connected to the source of piloting fluid by a piloting conduit,
PA1  a shunt conduit connected on one end to said sou of piloting fluid,
PA1  and a closure valve comprising a valve body,
PAL  wherein said closure valve comprises, in addition, a nozzle having an
      outlet aperture in said valve body and an inlet connected to said shunt
      conduit to receive piloting fluid, a movable closure member for
      selectively closing the outlet aperture of said nozzle, said movable
      member being mounted to move in the valve body and being disposed opposite
      said outlet aperture, a return member for moving said closure member
      toward said nozzle to effect the closure of the nozzle, and a return
      conduit connected to the interior of said valve body for receiving fluid
      from said nozzle for returning fluid contained in the valve body to the
      tank, the speed indicating output member of the governor being coupled to
      the movable closure member so that displacement of said speed indicating
      output member corresponding to a reduction in the speed of rotation of the
      motor effects a variation in the area of the passage between the movable
      closure member and the outlet aperture of the nozzle which brings about a
      variation in the pressure of the fluid in said drive chamber of said motor
      and a consequent displacement of the motor output member and the control
      member of said variable c.c. pump which is connected thereto to effect a
      reduction of the corresponding cubic capacity of said variable c.c. pump.
NUM  4.
PAR  4. An apparatus as claimed in claim 3, wherein the governor is constituted
      by:
PA1  a volumetric pump having a delivery conduit and drivingly connected to the
      output shaft of the drive motor,
PA1  a regulating hydraulic cylinder having a piston and coupled to the movable
      closure member and which includes a drive chamber connected to the
      volumetric pump by the delivery conduit of this pump.
PA1  a branch pipe tapped to said delivery conduit and connected to the tank,
PA1  and a restriction disposed in said branch pipe.
NUM  5.
PAR  5. An apparatus as claimed in claim 3 wherein the movable closure member is
      constituted by a plate mounted to pivot in the valve body.
NUM  6.
PAR  6. An apparatus as claimed in claim 3 wherein the return member for moving
      the closing member comprises a piston rod of a hydraulic cylinder having a
      drive chamber connected to the source of piloting fluid.
NUM  7.
PAR  7. An apparatus as claimed in claim 3 additionally including a restriction
      disposed in the piloting conduit between the source of piloting fluid and
      the connection of said shunt conduit to the nozzle.
NUM  8.
PAR  8. An apparatus as claimed in claim 7, wherein the governor is a
      centrifugal governor of the type having inertia blocks.
NUM  9.
PAR  9. An apparatus as claimed in claim 8, wherein the drive motor is a diesel
      engine and said governor comprises a speed regulator connected to said
      motor.
NUM  10.
PAR  10. An apparatus as claimed in claim 3, wherein the position of the nozzle
      is adjustable in the valve body.
NUM  11.
PAR  11. An apparatus as claimed in claim 10 including means for adjusting the
      position of the nozzle in accordance with the delivery pressure of the
      constant c.c. pump.
NUM  12.
PAR  12. An apparatus as claimed in claim 11, wherein the nozzle is mounted to
      slide in the valve body and is coupled to a nozzle adjusting piston rod of
      a hydraulic cylinder for adjusting its position, said last-mentioned
      hydraulic cylinder having a drive chamber connected to the pump output of
      the constant c.c. pump.
NUM  13.
PAR  13. An apparatus as claimed in claim 3 wherein the movable closure member
      is mounted to slide in the valve body and is disposed opposite the outlet
      aperture of the nozzle.
NUM  14.
PAR  14. An apparatus as claimed in claim 13 wherein the movable closure member
      is mounted to be moved by the speed indicating output member of the
      governor, and additionally including an elastic member interposed between
      said movable closure member and said speed indicating output member and
      has the effect of thrusting the movable closure member towards the outlet
      aperture of the nozzle.
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ABST
PAL  The invention relates to refrigeration apparatus of the type having a
      casing which contains an electric motor and reciprocating compressor
      means. This type of apparatus is subject to creating undesirable
      vibrations and noises, the reduction of which is the object of the
      invention. This is done by adding additional mass to the casing which is
      equal to fifty per cent or more of the mass of the casing. The
      correspondingly greater mass inertia has the effect of causing the casing
      to absorb vibrations emanating from the interior of the casing to a lesser
      extent than before.
BSUM
PAR  The invention relates to an encased refrigerating machine for incorporation
      in cold-storage cabinets or the like.
PAR  A refrigerating machine produces vibrations, which are caused for example
      by the reciprocating compressor piston and the moment of rotation
      occurring during switching on and off. In addition, the refrigerating
      machine produces noise which is caused by the operation of the valves, the
      movements of the liquid and gaseous refrigerants and the like. In order to
      limit, as far as possible, the transfer of these troublesome vibrations
      and oscillations to the case, the refrigerating machine is mounted on the
      case by springs. The pressure pipe leading outwards from the pressure
      chamber through the wall of the case is also of resilient construction.
      Sometimes steps are also taken to prevent transfer through the oil sump.
      Despite every effort, such vibrational movements have been imparted to the
      case that a noise level of between 35 and 45 dB(A) depending upon the type
      of machine has resulted.
PAR  As used herein the term dB means decibel and (A) refers to a normal filter.
      Ns/m means Newton second/meter. Point impedance is a mechanical ohm.
PAR  The object of the invention is to provide an encased refrigerating machine
      in which the vibrations of the case and, as far as possible, the noise
      which it propagates are considerably reduced.
PAR  According to the invention, this object is achieved in that an additional
      mass, which is greater than 50%, preferably 100 - 300%, of the total mass
      of the case is firmly attached to the exterior of the case.
PAR  A particularly advantageous value for the additional mass is one that is
      approximately equal to or is greater than the mass of a case consisting of
      a normal 3 mm-thick metal sheet.
PAR  In this way, the mass of that part in which the refrigerating machine is
      spring-mounted, is artificially increased. The correspondingly greater
      mass inertia has the effect of causing the case to absorb vibrations
      emanating from the refrigerating machine to a considerably lesser extent
      than heretofore.
PAR  Expediently, at least 40% of the additional mass is disposed outside the
      wall of the case that extends parallel to the motor crankshaft. This
      results in an extremely high moment of inertia which very considerably
      reduces the effects, on the case of the starting and stopping of the
      refrigerating machine.
PAR  In a first form of construction, the additional mass is fitted as a base on
      the bottom of the case. This base can be used as a stand surface. The
      entire surface of the case still remains available for the purpose of
      achieving unrestricted heat-exchange.
PAR  In a preferred further form of construction, the additional mass partly or
      completely surrounds the case in the form of a layer. In this arrangement
      the vibration-reducing mass performs the further function of reducing the
      noise propagated by the case. Particularly good results are obtained if
      the surrounding layer encompasses the case in a substantially uniform
      manner.
PAR  Preferably, the material selected for the additional mass is such that it
      has a greater internal damping effect than steel. This damping effect,
      which results inter alia from molecular friction, causes sound energy to
      be dissipated on the way from the inner surface of the case to the outer
      surface of the additional mass. Here, at all places where it is provided
      with the surrounding layer, the case may have a mechanical point-impedance
      of at least 200 Ns/m.
PAR  The surrounding layer has the effect of increasing the surface available
      for heat-exchange with the surrounding air. Consequently, satisfactory
      dissipation of heat from the case is ensured even when the thermal
      conductivity of the additional mass is lower than that of steel. For
      practical purposes, it is simply necessary to ensure that the coefficient
      of thermal conductivity is greater than 0.5 kcal/mh.degree.C. Values of
      1.0-1.5 kcal/mh.degree.C represent a preferred range.
PAR  In this connection, it has also to be taken into account that the
      additional mass possesses a certain heat-storage capacity. This means
      that, specifically during the generally intermittent operation of a
      refrigerating machine, heat is stored in the additional mass during the
      periods of high thermal load, i.e. when the machine is running, and heat
      is dissipated outwardly during the non-operating period. Consequently the
      peak temperature of the refrigerating machine is low since the additional
      mass is able to absorb the peaks. An additional mass having a specific
      heat of more than 0.15, preferably approximately 0.2 kcal/kg.degree.C has
      proved advantageous.
PAR  When all the requirements regarding an optimum mass, optimum
      sound-absorption and optimum thermal behaviour are considered, surrounding
      layers having a thickness of 0.5 - 4.5, preferably approximately 2.0 cm,
      have proved advantageous.
PAR  The surrounding layer may also take over part of the load applied to the
      case, so that the sheet-metal of the case may have a reduced thickness of
      2.5 mm and preferably 2.0 mm or less. In the extreme case the surrounding
      layer may completely take over the function of the case as a pressure
      container.
PAR  Particular advantage is achieved if the additional mass consists mainly of
      a non-metallic mineral substance. Mineral substances are cheap and can
      generally be easily processed. They can be firmly connected to the case
      for example by being cast around it or bonded to it in such manner that a
      good molecular union between the additional mass and the case is created.
      To a very large extent these materials also possess the properties called
      for above. Examples of such substances are glass, gypsum, stone, ceramics
      and the like.
PAR  In accordance with a preferred embodiment, the additional mass consists
      mainly of concrete. Expediently, this concrete should have a stone
      additive having a particle-size up to 8 mm. This material is extremely
      cheap and can be readily shaped before it sets.
PAR  It is also advantageous if the surrounding layer contains a reinforcement.
      This reinforcement can increase the compressive strength. If the
      reinforcement consists of metal filaments or wires it also raises the
      coefficient of thermal conductivity of the additional mass.
PAR  The simplest procedure is for the surrounding layer to be cast or sprayed
      around the case. In such procedure, the surrounding layer may be
      encompassed by a thin wall of sheet-metal acting as a mould. This wall of
      sheet-metal renders it unnecessary to apply a further separate treatment
      to the exterior of the additional mass for the purpose of improving its
      appearance.
PAR  In a further arrangement, the surrounding layer may be made up of several
      parts, prefabricated and firmly connected to the case by bonding or the
      like. The refrigerating machine provided with the additional mass is
      relatively heavy, whereas the present tendency is towards a progressive
      reduction of the weight of cold-storage cabinets. Therefore, in accordance
      with a further feature of the invention, there is provided a stand surface
      for supporting the refrigerating machine on the floor. The weight of the
      refrigerating machine is thus applied directly to the floor and not by any
      way of the cold-storage cabinet. In this connection, vibration-absorbing
      means may be provided between the stand surface and the floor.
PAR  The arrangement may be such that the case can be moved in the vertical
      direction in a compartment of the cold-storage cabinet or the like that is
      open at the bottom.
PAR  During transportation the case must of course be firmly connected to the
      cold-storage cabinet. This can be done for example by connecting the case
      to the cold-storage cabinet or the like by means of a releasable securing
      means. After the cold-storage cabinet has been installed the securing
      means used during transportation is released and the case is set on the
      floor.
PAR  A further possible arrangement consists in connecting the case to the
      cold-storage cabinet or the like by means of fastening elements. These
      fastening elements permit the case to hang down below the stand surface of
      the cold-storage cabinet during transportation. However the case rests on
      the floor when the cold-storage cabinet is set down.
DRWD
PAR  The invention will now be described in greater detail by reference to the
      embodiments illustrated in the attached drawings, in which:
PAR  FIG. 1 is a perspective view of a first embodiment,
PAR  FIG. 2 is a longitudinal section through a second embodiment in the
      installed condition, and
PAR  FIG. 3 is an illustration of the additional mass in section and on an
      enlarged scale.
DETD
PAR  In the embodiment shown in FIG. 1, a normal case 1 of a refrigerating
      machine comprises a body 2 and a cover 3. The various electrical
      connections, the suction pipe and the pressure pipe are omitted in order
      to keep the drawing simple. It is assumed that the refrigerating machine
      has a vertically disposed motor crankshaft.
PAR  An additional mass 4 in the form of a base 5 is provided at the bottom of
      the case 1. It will be readily seen that the important parts of the
      additional mass are disposed outwardly of the diameter of the case. The
      base 5 has a stand surface 6 whereby it rests directly upon the floor or
      preferably with virbration-absorbing means disposed between it and the
      floor.
PAR  On the lateral faces of the base 5 are fitted looped elements 7 below each
      of which engages a releasable fastening means 8 for use during
      transportation; said means here takes the form of a pivotable lever 9
      which is attached to the cold-storage cabinet and has a hook 10 at its
      lower end. Only one of the four levers that are provided is illustrated.
PAR  In the embodiment shown in FIG. 2, a case 11 of somewhat different shape
      and comprising a lower part 12 and an upper part 13 is provided with an
      additional mass 14 which completely encompasses the case as a surrounding
      layer 15, though it is not always necessary for the case to be fully
      enclosed in the cast material. The surrounding layer is in turn surrounded
      by a thin sheet-metal wall 16 which acts as a mould for the concrete. In
      this embodiment, quick-setting cement is used for making the concrete. A
      stone additive consists of a mixture of stones 17, the particle-size of
      which does not exceed 8 mm. Also incorporated in the concrete is a metal
      reinforcement 18 which consists of wires, and increases the strength and
      thermal conductivity of the surrounding layer 15. Metal filaments may be
      used instead of the wires.
PAR  Associated with the case is a stand surface 19 whereby the case can be
      supported on the floor 21 with vibration-absorbing means 20 made of rubber
      or the like interposed between the case and the floor. The case is
      disposed in a compartment 22 of the housing 23 of the cold-storage
      cabinet, which compartment is open at the bottom.
PAR  In one arrangement used, the surrounding layer 15 had a thickness of 20 mm
      on that side presented to the compressor. The wall-thickness of the case
      11 was reduced to 2.5 mm. With a diameter of case of 180 mm in the
      horizontal direction, this resulted in a surface increase of approximately
      25%. The additional mass was approximately 125% of the mass of the case.
      The coefficient of thermal conductivity of the concrete was 1.4
      kcal/mh.degree.C, and the specific heat was 0.21 kcal/kg.degree.C.
      Approximately 60% of the additional mass was disposed outwardly of the
      diameter of the case. The mechanical point impedance was at least
      approximately 500 Ns/m in the frequency range 500- 5000 Hz. In this way
      the noise level was reduced from 39 to 29 dB(A). The peak temperature of
      the case during normal intermittent operation dropped by 5.degree.C. The
      case can therefore be used with greater efficiency than previously.
PAR  Instead of the sheet-metal wall 16, the surrounding layer can be provided
      with some other outer skin, for example a covering of lacquer as was used
      in the present example.
CLMS
STM  We claim:
NUM  1.
PAR  1. A refrigerating machine of the type having a casing for containing an
      electric motor and reciprocating compressor means, comprising a completely
      closed sheet metal casing, mass means in the form of a layer bonded to and
      substantially surrounding the exterior of said casing, said mass means
      being at least one-half as heavy as said casing.
NUM  2.
PAR  2. A refrigerating machine according to claim 1, wherein said casing is 3
      mm thick sheet metal, said mass means being approximately equal in weight
      to the mass of said casing.
NUM  3.
PAR  3. A refrigerating machine according to claim 1 wherein said mass means has
      a greater internal damping effect than steel.
NUM  4.
PAR  4. A refrigerating machine according to claim 1 wherein said casing has a
      mechanical point impedance of at least 200 Ns/m at all places where it is
      surrounded by said layer.
NUM  5.
PAR  5. A refrigerating machine according to claim 1 wherein said mass means has
      a coefficient of thermal conductivity of more than 0.5 kcal/mh.degree.C.
NUM  6.
PAR  6. A refrigerating machine according to claim 1 wherein said mass means has
      a specific heat of more than 0.15 kcal/kg.degree.C.
NUM  7.
PAR  7. A refrigerating machine according to claim 1 wherein said layer has a
      thickness of 0.5 - 4.5 cm.
NUM  8.
PAR  8. A refrigerating machine according to claim 1 wherein said surrounding
      layer takes up part of the pressure applied to said casing and the sheet
      metal of said casing has a thickness of less than 2.5 mm.
NUM  9.
PAR  9. A refrigerating machine according to claim 1 wherein said mass means
      comprises mainly a nonmetallic mineral substance.
NUM  10.
PAR  10. A refrigerating machine according to claim 9 wherein said nonmetallic
      mineral substance consists mainly of concrete.
NUM  11.
PAR  11. A refrigerating machine according to claim 10 wherein said concrete has
      a stone additive having a particle size of up to 8 mm.
NUM  12.
PAR  12. A refrigerating machine according to claim 1 wherein said surrounding
      layer contains a reinforcement.
NUM  13.
PAR  13. A refrigerating machine according to claim 12 wherein said
      reinforcement consists of metal wires.
NUM  14.
PAR  14. A refrigerating machine according to claim 1 wherein said surrounding
      layer is cast on said casing.
NUM  15.
PAR  15. A refrigerating machine according to claim 14 wherein said surrounding
      layer is encompassed by a thin sheet metal wall having the form of a mold.
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PAL  A pumping system comprising a pumping unit formed by a motor and a pump and
      adapted to raise a liquid from an underground level to a utilization
      level, a vaporizable fluid flowing in a closed circuit between a solar
      evaporator and a condenser, the said motor being disposed in the outgoing
      branch between the evaporator and the condenser, and a circulator being
      disposed in the return branch. The motor comprises a motor chamber which
      is connected by an internal bistable distributor either to the evaporator
      when said distributor is in an intake state, or to the condenser when said
      distributor is in an exhaust state, said motor chamber being partly
      limited by a flexible wall free to move between an intake stroke end
      position and an exhaust stroke end position, the flexible wall triggering
      the changes of state of the distributor by reaching its two end positions.
      The distributor is biased by a resilient means into one of its two stable
      states on either side of an unstable equilibrium position and is urged
      into its stable exhaust state by a flexible band tensioned by the flexible
      wall in the intake stroke end position, and is pushed into its stable
      intake state by the flexible wall in its exhaust stroke end position. The
      pumping unit also comprises a transmission chamber separated from the said
      motor chamber by the said flexible wall, and a pump unit having, on either
      side of a deformable diaphragm, a pump chamber provided with an intake
      valve drawing from the underground liquid level, and a delivery valve for
      delivery to the said utilization level and a reception chamber
      communicating with the said transmission chamber via a two-way pipeline,
      an incompressible transmission liquid complementally filling the said
      transmission and reception chambers as it flows in the two-way pipeline.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a pumping system adapted to raise a liquid, more
      particularly water, from an underground level to a utilization level, said
      system being actuated by the thermal flux radiated by the sun, through the
      agency of a vaporizable fluid.
PAR  In those parts of the world which have long periods of sunshine, the use of
      the thermal flux radiated by the sun to produce energy has been the
      subject of numerous tests and some applications. The relatively low
      radiated power density, on average of the order of 1 kilowatt per square
      meter during periods of sunshine, and the low thermodynamic efficiency
      obtainable in relatively uncomplicated installations, mean that this
      energy production is rarely competitive with conventional energy
      production processes.
PAR  Nevertheless, in underdeveloped areas far from conventional energy
      production centers the cost of transmitting such energy may offset the low
      efficiency of solar installations and make the latter competitive.
PAR  Applications are known in which solar energy is used for pumping water from
      underground levels. Such applications generally use a vaporizable fluid
      which is heated and vaporized in solar panel evaporators, the vapor
      produced being fed to a motor which actuates a pump adapted to draw water
      from the underground level and raise it to a utilization level, for
      example a water-tower.
PAR  A solar panel evaporator comprises a surface aimed on average at the sun
      and blackened for optimum absorption of the solar flux, and a tube or nest
      through which a fluid for vaporization passes and in thermal contact with
      the absorbent surface; the solar panel is generally thermally insulated to
      avoid heat losses to the atmosphere, and its surface exposed to the sun is
      covered with glazing to protect it from dust and reduce thermal losses due
      to convection, or the glass-house effect.
PAR  The motor is generally a reciprocating piston engine which is better than a
      turbine for withstanding the pressure and vapor flux variations due to the
      daily and seasonal variations in the solar flux picked up by the
      evaporator panels; also, the operating characteristics of the piston
      engine are better suited to the operating characteristics of the pump.
PAR  Since the temperature of the hot source formed by the solar panels is less
      than the boiling point of water, at least in marginal sunshine conditions,
      water cannot be used as vaporizable fluid; a fluid having a lower boiling
      point must therefore be used so that the pressure in the evaporator at
      mean operating temperature is at a few bars. Free discharge is impossible
      in that case and the vaporizable fluid must flow in a closed circuit, with
      a condenser and a circulator to feed the vaporizer with condensed fluid
      under pressure. The presence of a condenser also improves the
      thermodynamic efficiency of the installation.
PAR  Such installations exist and operate correctly but they have a number of
      drawbacks.
PAR  The piston engine must be disposed above ground for maintenance and
      supervision; the pump it drives may be situated at the same level for
      direct coupling to the motor if the water to be pumped is not at too deep
      a level, i.e., less than 8 to 9 meters lower than the pump, since
      otherwise the pump must be lowered towards the underground water and
      coupling to the motor becomes complicated and a source of energy losses
      due to mechanical friction.
PAR  The motor cannot start itself under the effect of pressure following
      progressive heating of the vaporizer in the morning, for example; an
      adequate pressure has to build up in the vaporizer to ensure an operating
      speed and vapor flow equivalent to smooth operation.
PAR  The condenser must be immersed in a cold source; if it comprises a radiator
      with natural cooling, the radiator must be very large and protected from
      the solar radiation; ventilation of the radiator by forced air flow
      consumes energy.
PAR  The piston and piston rod packings cannot be perfectly sealing-tight in
      practice and vaporizable fluid has to be replenished from time to time.
PAR  Finally, operation and mechanical maintenance of the installation
      necessitate the presence of a skilled supervisor, and this restricts the
      location of such installations to relatively large centers.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a pumping system actuated by solar energy without
      these disadvantages and adapted, more particularly, to operate without the
      need for an operator and to raise a liquid above barometric level.
PAR  To this end, the invention proposes a pumping system comprising a pumping
      unit formed by a motor and a pump and adapted to raise a liquid from an
      underground level to a utilization level, a vaporizable fluid flowing in a
      closed circuit between a solar evaporator and a condenser, to said motor
      being disposed in the outgoing branch from the evaporator to the condenser
      and a circulator being disposed in the return branch to the said
      evaporator; and in which system the motor comprises a motor chamber which
      is connected by a bistable distributor either to the evaporator when said
      distributor is in an intake state, or to a condenser when said distributor
      is in an exhaust state, said motor chamber being partly limited by a
      flexible wall triggering the changes of state of the distributor by
      reaching its two end positions, the said pumping system being
      characterized in that it comprises in combination an internal distributor
      biased by a resilient means into one of its two stable states on either
      side of an unstable equilibrium state, and is urged into its stable
      exhaust state by a flexible band tensioned by said flexible wall in the
      intake stroke end position, and is pushed into its stable intake state by
      said flexible wall in its exhaust stroke end position, a transmission
      chamber separated from the said motor chamber by the said flexible wall,
      and a pump unit having, on either side of a deformable diaphragm, a pump
      chamber provided with an intake valve drawing from the said underground
      water level and a delivery valve for delivery to the said utilization
      level, and a reception chamber communicating with the said transmission
      chamber via a two-way pipeline, an incompressible transmission liquid
      complementally filling the said transmission and reception chambers as it
      flows in the said two-way pipeline.
PAR  With this arrangement, the circuit in which the vaporizable fluid flows can
      be made perfectly sealing-tight since it has no sliding joint to the
      exterior, the only movable wall being a continuous flexible wall and the
      internal distributor being completely contained in said circuit, including
      the means for controlling its change of state. Since these control means
      are independent and are in a stable position only for intake or exhaust,
      the pumping system operates completely independently. The transmission of
      movement between the motor and the pump is provided by a hydraulic
      transmission also in a sealed closed circuit, the only movable walls being
      the flexible wall and the deformable diaphragm, so that the motor can be
      disposed at a distance from the pump without any appreciable energy loss,
      and the pump can be submerged in the underground water, the pumping level
      being limited only by the pressure of vaporized fluid at the evaporator.
PAR  Preferably, the said distributor comprises a locking means with a slide
      adapted to move between two end positions in response to the action of the
      said flexible wall and urged into one of the said two end positions by the
      said resilient means on either side of an unstable equilibrium position,
      an intake closure means, an exhaust closure means, and a transmission
      member between the said locking means and the said closure means adapted
      to close a first closure means and then open the second closure means
      after the said slide has passed the said unstable equilibrium position.
PAR  This arrangement completely eliminates any neutral positions and any
      short-circuits between the evaporator and the condenser. On the one hand,
      the closure means are never simultaneously open, even temporarily, during
      the changes of state, and on the other hand the successive operations of
      the closure means take place only after the slide has passed the unstable
      equilibrium position, i.e., during a slide travel which has a state of
      equilibrium only at the end of its travel and which occurs solely as the
      action of the resilient means.
PAR  The closure means may be valves controlled by cams borne by the
      transmission means or a sliding or pivoting spool formed with ports, one
      of which is closed when the other is open.
PAR  To ensure that the closure means are operated after the slide has passed
      the unstable equilibrium position, the said transmission member being
      constantly in engagement with said slide, the latter is actuated by the
      flexible wall through the agency of a resilient connecting means adapted
      to act on said slide beyond the said unstable equilibrium position when
      the said flexible wall reaches the said stroke end positions.
PAR  The resilient connecting means stores energy when the flexible wall
      approaches its stroke end positions, said energy being restored to operate
      the control means after passing the unstable equilibrium position which is
      displaced as a result of the counter-action of the resilient means of the
      locking means and of the resilient connecting means.
PAR  In a preferred embodiment, the said transmission member comprising a
      driving member connected to the said slide and a driven member in constant
      engagement with the said closure means, a clearance is provided between
      the driving and driven members so that the driving element drives the
      driven element only after the said slide has passed the said unstable
      equilibrium position. This variant gives a geometrically defined operation
      which is therefore particularly reliable.
PAR  The condenser may be submerged in the underground water. A volume
      containing cooling liquid is then available. In a variant, the condenser
      may be submerged in a reservoir fed with liquid pumped to the utilization
      level. The motor, evaporator and condenser can then be combined at this
      utilization level, the vaporizable fluid flow circuit being shortened.
PAR  Advantageously, the said flexible wall is made up of two substantially
      equidistance flexible diaphragms fixed at their periphery to a body
      forming an outer wall of the said motor and connected at their center by a
      spacer and defining between them a central cavity filled with an
      incompressible liquid.
PAR  This feature reduces the heat exchanges between the vaporizable fluid and
      the transmission liquid and reduces the disadvantages due to the bursting
      of a diaphragm.
PAR  Advantageously, the said circulator comprises on either side of a free
      piston: a pump cylinder provided with valves adapted to pass the said
      vaporizable fluid unidirectionally from the condenser to the evaporator,
      and a motor cylinder communicating either with the transmission chamber or
      with the central cavity via a two-way conduit so that the said
      transmission liquid actuates the said free piston.
PAR  Since the pumping system is thus rendered independent as regards operation,
      any variations in the pressure in the motor chamber operating under intake
      or exhaust conditions and transmitted by the flexible wall to the
      incompressible liquid cause the circulator to operate in time with the
      motor.
PAR  Preferably, the pump cylinder has a smaller section than the motor cylinder
      and the piston slides in sealing-tight relationship also in both
      cylinders. It is thus possible to obtain a higher pressure in the pump
      cylinder such as is required to feed the evaporator suitably.
PAR  This sealing-tightness is advantageously produced by substantially
      non-extensible deformable diaphragms. This step eliminates any possible
      leakage of the vaporizable fluid into the incompressible liquid.
PAR  Advantageously, a return means urges the said free piston into the said
      pump cylinder for the intake stroke. This feature assists the circulation
      of the vaporizable fluid from the condenser to the circulator.
PAR  In one advantageous feature of the invention, a return means in the pump
      unit urges the deformable diaphragm in the direction which delivers the
      transmission liquid to the transmission chamber. This return means enables
      the flexible wall of the motor to be biased in its exhaust stroke even
      when the difference in level between the motor and the pump unit submerged
      in the underground water is considerable, the hydrostatic head of the
      transmission liquid being compensated.
PAR  Preferably, the deformable diaphragm being substantially non-extensible,
      the return means acts on said diaphragm with a constant adjusted force.
      Because of the non-extensibility of the deformable diaphragm, the result
      of the constant force is a constant counteracting pressure on the
      transmission liquid, adjusted to compensate for the said hydrostatic head.
PAR  The return means may be a counterweight. It may also comprise resilient
      bars or rods subjected to buckling stress; the reaction of a bar or rod to
      buckling is in fact substantially constant over an appreciable travel.
PAR  Advantageously, the said return means biases the said non-extensible
      deformable diaphragm by means of a hydraulic transmission comprising
      transmission and receiver cylinders with longitudinally deformable
      non-extensible side walls.
PAR  Advantageously again, the said pump unit comprises a plurality of
      deformable diaphragms disposed between alternate reception and pump
      chambers, each of said deformable diaphragms being biased by the said
      return means in the direction which delivers the said transmission liquid
      to the said transmission chamber. This feature reduces the amplitude of
      deformation of the diaphragms.
PAR  According to a particularly advantageous feature of the invention, the
      pumping unit comprises on the one hand a motor unit consisting of a master
      enclosure divided by a first flexible wall into a first motor chamber and
      a first transmission chamber, a slave enclosure divided by a second
      flexible wall into a second motor chamber and a second transmission
      chamber, and a bistable distributor switched at the ends of the strokes of
      the first flexible wall and adapted to bring the said first and second
      motor chambers into symmetrical alternate communication with the said
      evaporator and the said condenser and, on the other hand, a pump unit
      divided into two elements by a non-deformable partition, a reception body
      divided by a first deformable diaphragm into two complementary reception
      chambers respectively communicating with the said first and second
      transmission chambers via two two-way pipelines, an incompressible
      transmission liquid complementally filling the two reception chambers and
      the first and second transmission chambers, and a pump body divided by a
      second deformable diaphragm into two pump chambers each provided with
      intake valves for drawing from the underground water and delivery valves
      for delivering to the utilization level, the first and second diaphragms
      being connected by a central spacer extending through said partition via
      an orifice closed by a bellows.
PAR  In this way, simply by the operation of the distributor there is always a
      motor chamber operating under intake conditions and the evaporator
      constantly delivers energy to the pumping unit. The fact that the flexible
      walls are connected in opposition by the complementary filling action of
      the system comprising the first transmission and reception chambers and
      the system comprising the second transmission and reception chambers
      ensures not only the exhaust of the motor chambers but also the constant
      transmission of energy to the pump unit. The equilibrium of the
      hydrostatic heads of the transmission liquid in the two two-way pipeline
      eliminates the need for any compensation by a return means.
PAR  Advantageously, the first and second deformable diaphragms have unequal
      areas. In this way it is possible to dissociate the pressure of the
      vaporizable fluid at the evaporator and the hydrostatic pressure of the
      head of liquid to be pumped between the underground and the utilization
      levels. With a reduced diaphragm area between the pump chambers the
      possible pumping head is increased whereas the rate of flow is increased
      in the case of an enlarged area.
PAR  Preferably, the said circulator comprises two motor cylinders terminating
      in deformable diaphragms bearing on either side of a doubleacting in-line
      pump, the said motor cylinders being complementally fed with
      incompressible liquid by two two-way conduits respectively leading from
      the master and slave enclosures, while the said doubleacting pump
      communicates with the condenser via intake valves and with the evaporator
      via delivery valves.
PAR  In this way, the alternate presures in the two chambers are transmitted via
      the two flexible walls and the incompressible liquid alternately to the
      two motor cylinders thus ensuring that the evaporator is supplied with
      condensed vaporizable fluid by the double-acting pump, to correspond to
      the consumption of vaporized fluid by the motor chambers.
PAR  Advantageously, the said bistable distrbutor comprises a slide
      spring-biased into one of two end positions on either side of a central
      unstable equilibrium position and subjected to traction by means of a
      flexible band by the said flexible wall reaching the end of the intake
      stroke and pushed by said flexible wall when it reaches the end of its
      exhaust stroke, and an oscillating spool adapted to symmetrically and
      alternately change-over the intake and exhaust to the two motor chambers
      in response to the said slide passing the said unstable equilibrium
      position.
PAR  This results in entirely independent double-acting operation without any
      neutral positions.
PAR  Preferably, the said vaporizable fluid is selected from the group
      comprising trichloromonofluoromethane, trichlorotrifluoroethane and the
      aliphatic pentanes.
PAR  These substances are well suited to solar evaporators because of their
      vapor pressures at the temperatures obtained both in the solar evaporator
      and in the condenser.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The characteristics and advantages of the invention will be apparent from
      the following description which is given by way of example with reference
      to the accompanying drawings wherein:
PAR  FIG. 1 is a general diagram of a system according to the invention.
PAR  FIG. 2 is a sectional elevation of a motor.
PAR  FIG. 3 shows a distributor with a locking slide, a connecting spring and a
      sliding spool.
PAR  FIG. 4 illustrates a distributor with a sliding spool connected to the
      slide with clearance.
PAR  FIG. 5 shows a distributor with a pivoting spool connected to the slide
      with clearance.
PAR  FIG. 6 shows a circulator.
PAR  FIG. 7 illustrates a pump unit with a counter-weighted return means.
PAR  FIG. 8 shows a pump unit with a return means comprising bars or rods
      subjected to buckling stress.
PAR  FIG. 9 is a general diagram of a double-acting pumping system.
PAR  FIG. 10 is a section of a bistable distributor for a double-acting pumping
      system.
PAR  FIG. 11 is a section on the line XI--XI in FIG. 10.
PAR  FIG. 12 is a section of a double-acting circulator.
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PAC  DETAILED DESCRIPTION OF THE PREFERERD EMBODIMENTS
PAR  Referring to the embodiment selected and illustrated in FIG. 1, a solar
      panel 1 acts as an evaporator for a vaporizable fluid. The vaporized fluid
      is fed to the motor unit 3 by the pipeline 2. The motor unit 3 is divided
      into two chambers by a flexible wall 30, namely a motor chamber 31 and a
      transmission chamber 32. A bistable distributor 6 connects the motor
      chamber 31 to the pipeline 2 in its intake state and to a condenser 4 in
      its exhaust state. As will be described in greater detail hereinafter, the
      changes of state of the distributor 6 are brought about by the flexible
      wall 30 reaching its two end positions. The vaporizable fluid passes from
      the condenser 4 to the reservior 4b, from which it is drawn by a
      circulator 5 to be fed to the solar panel 1.
PAR  Transmission chamber 32 communicates via the two-way pipe 12 with a
      reception chamber 111 of a pump unit 11. An incompressible fluid flows in
      the pipeline 12 and complementally fills the transmission chamber 32 and
      the reception chamber 111. A deformable diaphragm 110 divides the pump
      unit 11 into a reception chamber 111 and a pump chamber 112 provided with
      an intake valve 113 and a delivery valve 114. Intake valve 113 connects
      the pump chamber 112 to the underground liquid 10 which it is required to
      pump and in which the pump unit 11 is immersed. The liquid delivered via
      the valve 114 is fed via the pipeline 8 to the reservoir 9 at the
      utilization level. The condenser 4 and the vaporiable fluid reservoir 4b
      are immersed in this reservoir 9.
PAR  The deformable diaphragm 110 is non-extensible in the pump unit 11, i.e.,
      its surface undergoes practically no change when it experiences
      differential pressures. It is formed by a rigid central disc 110a and a
      non-extensible flexible periphery 110b. A return means formed by leaf
      springs 117 operating under buckling stress and held by the frame 116
      biases the diaphragm 110 in the direction for delivering the
      incompressible liquid from the reception chamber 111 to the transmission
      chamber 32. A metal concertina diaphragm 115 transmits the forces of the
      leaves 117 to the diaphragm 110 while providing sealing-tightness of the
      pump chamber 112. A branch pipe 121 leads from the two-way pipe 12 and
      extends to the circulator 5 to actuate the latter. The pump unit 11 can be
      lowered into the underground liquid 10 by means of the winch 118.
PAR  As will be clearer from FIG. 2, the flexible wall 30 dividing the motor
      chamber 31 from the transmission chamber 32 is composed of two
      substantially equidistant flexible diaphragms 301, 302 secured at their
      periphery to the unit body 3, and connected at their center by a spacer
      303 defining a central cavity 300 between them, this cavity being filled
      with an incompressible liquid. A nozzle 304 enables this cavity to be
      filled and connected to the circulator 5 as required. The end of a
      flexible band 208 is secured to the central spacer 303 and its other end
      is secured to the slide 202 of the distributor 6 so that when the flexible
      wall 30 nears the end of its intake stroke, which is at the top in the
      drawing, the flexible band is tensioned and subjects the slide 202 to
      traction. When the flexible wall 30 reaches the end of its exhaust stroke,
      which is substantially in the position shown in the drawings, the spacer
      303 bears on the end of the slide 202 in the top position and pushes it
      into the bottom position.
PAR  The pumping system operates as follows: the solar radiation impinging on
      the panel 1 heats and vaporizes the vaporizable fluid. The vaporized fluid
      is received in the motor chamber 31 since the distributor 6 is in the
      intake position, and it pushes back the flexible wall 30 and, through the
      agency thereof, the incompressible fluid contained in the transmission
      chamber 32 into the two-way pipeline 12, which is thus put under positive
      pressure. When the flexible wall 30 reaches the end of the intake stroke,
      it causes the change of state of the distributor 6 which is then in the
      exhaust state. The vaporizable fluid is discharged from the motor chamber
      31 to the condenser 4 by the flexible wall 30 biased by the incompressible
      liquid which is at a higher pressure than the pressure in the condenser 4.
      The vaporizable fluid condenses in this condenser 4, passes by gravity to
      the reservoir 4b from which it is drawn by the circulator 5 actuated by
      the pressure variations of the incompressible fluid which are transmitted
      by the branch pipe 121. Operation of the circulator 5 will be described
      hereinafter. When the flexible wall 30 drawn in by the pressure lower than
      that of the incompressible fluid in the condenser 4, reaches the end of
      its exhaust stroke it causes the change of state of the distributor 6
      which returns to the stroke state, and the motor cycle continues.
PAR  Since the transmission chamber 32 of the motor unit 31 and the reception
      chamber 111 of the pump unit 11 are complementally filled by the
      incompressible fluid flowing in the two-way pipeline, the movements of the
      flexible wall 30 and of the deformable diaphragms 110 are counterparts of
      one another, the intake stroke of the flexible wall 30 corresponding to a
      delivery stroke of the diaphragm 110, reducing the volume of the pump
      chamber 112 and thus delivering the liquid for pumping through the valve
      114 and the conduit 8 to the utilization level in the reservoir 9. When
      the intake stroke of the wall 30 stops, the deformable diaphragm 110
      biased by the return means 117 at a greater force than that due to the
      hydrostatic pressure of the incompressible fluid as a result of the height
      of the two-way pipe 12, returns to a position corresponding to the end of
      the intake stroke and causes the liquid for pumping to be drawn from the
      underground level 10 through the valve 113 and incompressible fluid to be
      driven from the reception chamber 111 through the two-way pipe 12 into the
      transmission chamber 32 of the drive unit 3. Consequently the flexible
      wall 30 returns to the end of its exhaust stroke. It will be seen that the
      potential travel of the diaphragm 110 is greater than its actual travel,
      so that variations in the volume of incompressible fluid due, for example,
      to thermal expansion do not obstruct complete strokes of the wall 30.
      These volume variations therefore only have the effect of simultaneous
      shifting of the stroke end positions of the deformable diaphragm 110
      within the potential travel limits.
PAR  For reliable operation and with a suitable output of the pumping system, it
      is advantageous for the return means 117 of the deformable diaphragm 110
      to act on the latter with a substantially constant force slightly higher
      than that due to the hydrostatic pressure of the column of incompressible
      liquid in the two-way pipe 12, so that the pressures in the motor chamber
      31 of the motor unit 3 and in the pump chamber 112 of the pump unit always
      correspond.
PAR  The distributor shown in FIG. 3 comprises a locking means having the
      general reference 200 comprising, in a sealed casing 201, a cylindrical
      slide 202 adapted to slide between two end positions defined by abutment
      of the ring 202a projecting from the periphery of the slide 202, and by
      abutment of the end 202b of the slide, against the bottom of the casing
      201. Two resilient thrust means having the general reference 203 comprise
      a bush 204 terminating in a knife-edge 204a, a thrust member 205 sliding
      in the bush and terminating in a knife-edge 205a, and a compression spring
      206 around the thrust member 205. The knife-edges 204a of the bushes are
      housed in grooves 201a of the locking means casing 201, while the
      knife-edges 205a of the thrust members 205 are housed in grooves 202c on
      the slide 202 midway between the ring 202a and the end 202b.
PAR  Above the locking means casing, the slide slides in a spool body 210 formed
      with an intake port 215 and an exhaust port 216, the two ports being
      spaced along the slide axis by a length equal to the travel of the slide
      202 between its end positions. On the outside, a pipe 217 from the
      evaporator (reference 1 in FIG. 1) leads to the intake port 215 while a
      pipe 218 extends from the exhaust port 216 and leads to the condenser
      (reference 4 in FIG. 1). The slide 202 is longitudinally formed with a
      duct 211 and transversely with a port 213 at the position such as to
      register with the port 215 when the end 202b of the slide abuts the bottom
      of the casing 201. Level with the port 213 a circular groove 212 is formed
      in the slide 202 and extends longitudinally over a shorter length than the
      axial distance between the ports 215 and 216. Transverse grooves 211a are
      formed in the end face at the end 202b of the slide between the duct 211
      and the periphery. The top part of the spool body 210 is fitted in
      sealingtight relationship to the wall 220 of a motor unit (reference 3 in
      FIG. 1) so that the end of the slide 202 enters the motor chamber (31 in
      FIG. 1). A spring 209 is crimped at one end in a groove 202d at the top of
      the slide 202 while its other end is crimped in a groove 207a in a
      circular thrust plate 207. At the center of thrust plate 207 is secured a
      flexible band 208, the other end of which is attached to the flexible wall
      (reference 30 in FIG. 1).
PAR  The distributor operation may be described as follows: the resilient thrust
      means 203 bias the slide 202 towards one or other of the end abutment
      positions on either side of a central unstable equilibrium position in
      which the thrust means 203 are situated opposite one another. The slide
      202 will therefore be held in one of the two stable states namely: a
      stable intake state, with the surface 202b abutting the base of the casing
      201 and the port 213 level with the intake port 215, and a stable exhaust
      state with the ring 202a abutting the spool body 210 and the port 213
      registering with the exhaust port 216. Irrespective of the pressure in the
      motor chamber 31, the longitudinal thrusts on the slide due to this
      pressure will be balanced by the passage of vaporized fluid through the
      duct 211 and possibly the grooves 211a while the transverse thrusts of the
      resilient means 203 are balanced in any position of the slide.
PAR  With the slide 202 in the intake state, when the pressure of the
      vaporization fluid in the chamber 31 causes the flexible wall (reference
      30 in FIG. 1) to come near the end of the intake stroke, the flexible band
      8 is tensioned and applies traction to the spring 209. When the tractive
      tension of the spring 209 is sufficient to overcome the bias of the slide
      202 towards the stable intake state through the agency of the resilient
      means 203, the slide 202 leaves its end position. Since the traction of
      the spring 209 decreases more slowly than the bias of the resilient means
      203 until the central unstable equilibrium position has been passed, and
      cooperates with the said means beyond said central position, the change of
      state takes place freely without any risk of stoppage at the neutral point
      on the central unstable equilibrium position.
PAR  Conversely, when the flexible wall 30 returns to the position corresponding
      to the end of the exhaust stroke, the vaporizable fluid being expelled
      from the chamber 31 to the exhaust pipe 218 through the distributor in the
      exhaust state, with the slide 202 in the top position, the flexible wall
      comes into contact with the thrust plate 207 and then compresses the
      spring 209 until the holding force of the resilient means 203 is exceeded.
      Switching to the stable intake state then occurs freely as before. Since
      the circular groove 212 is narrower than the axial distance between the
      ports 215 and 216, there is at no time any direct communication between
      the intake pipe 217 and the exhaust pipe 218.
PAR  The distributor shown in FIG. 4 comprises a locking means having the
      general reference 200 and comprising a sealed casing 201, a cylindrical
      slide 202 adapted to slide in a recess 210a formed in a member 210. A
      resilient means comprising two rollers 204, 204' movable in guides 201a,
      201'a formed in the locking means casing 201, links 205, 205' connecting
      the spindle of each roller to a common spindle 202b extending through the
      slide end 202a and a spring 206 biasing the spindles of the rollers 204
      and 204' so as to bring them together. The guides 201a and 201'a are
      disposed in extension of one another and perpendicular to the axis of the
      slide 202. Spindle 202b is provided with a stop roller 202d which can come
      into contact either with the base of the casing 201 or with the bottom
      part of the member 210 thus defining two end positions for the slide.
      Traction of the spring 206 biases the slide into either of its end
      positions on either side of an unstable equilibrium point corresponding to
      alignment of the links 205 and 205'. The spool 202 is surmounted by a
      thrust plate 207 at the center of which is secured a flexible band 208,
      the other end thereof being secured, as before, to the flexible wall 30 of
      a motor unit 3 (FIG. 1).
PAR  A recess 210b for a sliding cylindrical spool 209 is formed in the member
      210 in parallel relationship to the recess 210a of the slide 202. The
      spool 209 is formed with an axial duct 211, a circular groove 212 in the
      central part of the periphery and a transverse port 213 joining the groove
      212 to the axial duct 211. Two ports, an intake port 215 and an exhaust
      port 217 are formed in the member 210 and lead into the spool housing
      210b. The distance between the ports 215 and 216 along the spool axis is
      slightly greater than the width of the groove 212. The travel of the spool
      209 limited by stops 209c and 209d so that the port 213 registers with the
      ports 215 and 216 respectively, is slightly less than half the travel of
      the slide 202 between its end positions. A cylindrical prolongation 209a
      of the spool 209 with a reduced diameter terminates in an offset finger
      209b which engages in a lateral notch 202c in the slide 202. The clearance
      of the finger 209b in the notch 202c is equal to the difference in the
      travels of the slide 202 and of the spool 209 between their end positions,
      i.e. slightly greater than half the travel of the slide 202. Also, the
      axial position of the notch 202c is such that the slide 202 holds the
      spool 209 on the stop 209c when the distributor is in the intake state,
      and on the stop 209d when the distributor is in the exhaust state.
PAR  As was explained in connection with the distributor shown in FIG. 3, when
      the distributor is in the intake state, it allows the vaporized fluid to
      enter the chamber 31 and push back the flexible wall. At the end of the
      intake stroke the wall tensions the flexible band 208 and pulls the slide
      202 by means of said band 208. Because of the clearance of the finger 209b
      in the notch 202c, the slide passes its unstable equilibrium point before
      starting to bias the spool 209 into the exhaust state by means of the
      finger 209b. Switching to the exhaust state is then effected by the
      resilient means 203 without any possible neutral point. Conversely, when
      the flexible wall at the end of the exhaust stroke comes into contact with
      the thrust plate 207, the slide 202 is pushed to beyond the unstable
      equilibrium positions before the spool 209 is returned to the intake state
      by the expansion of the spring 206 when the edge of the notch 202c comes
      into contact with the finger 209b, the said spring 206 acting on the slide
      202 via links 205, 205'.
PAR  The movements of the spool are not counteracted by the differential
      pressure effects, the interior of the casing 201 being in pressure
      equilibrium with the motor chamber 31 via the duct 211, and the pressure
      forces through the ports 215 and 216 being perpendicular to the
      displacement of the spool 209. Thus in order to prevent the spool 209 from
      moving by its own weight during the travel of the slide 202, a locking
      means (not shown) such as a ball biased by a spring, provides a firm point
      for the intake and exhaust positions of the spool 209.
PAR  The distributor shown in FIG. 5 comprises a locking means bearing the
      general reference 200 similar to that shown in FIG. 4 comprising a casing
      201, guides 201a, rollers 204, links 205 and a spring 206. The slide 202
      with a thrust plate 207 is also similar to that described in FIG. 4. The
      slide 202 is slidably guided in a recess 210a formed in a body 210 inside
      a sealing-tight casing 219 (shown here with a side plate removed). An
      oblong slot 210b is formed in the body 210 longitudinally of the recess
      210a and in it moves a finger 202c connected to the slide 202 and limiting
      the stroke thereof. The pivoting spool 209 is a cylinder capable of
      turning in a recess 210d in the body 210, the axis of the spool recess
      210d being horizontal and perpendicular to the axis of the recess 210a of
      the slide 202. A fork 209a is connected to one end of the spool 209 and
      has two arms 209b and 209c extending on either side of the finger 202c
      with a clearance slightly greater than half the travel of the finger 202c
      connected to the slide 202. A counterweight 209d at the opposite end to
      the arms 209b and 209c of the fork 209a balances the mass of said arms so
      that the spool 209 is in neutral equilibrium. The spool 209 is formed with
      two slots 213 and 213' spaced axially as will be seen from the two
      sections 209'. The slots 213 and 213' are angularly offset so that they
      come into alignment respectively with the intake and exhaust ports 215,
      216 respectively formed in the body 210 in the two angular positions
      assumed by the spool when the finger 202c is in contact respectively with
      the arm 202c, with the slide in the bottom intake position, and with the
      arm 209b, when the slide is in the top exhaust position. The ports 215 and
      216 communicate respectively with an intake pipe 217 and an exhaust pipe
      218 while their extensions lead to the interior of the casing 219 in
      communication with the motor chamber 31 and with the locking means casing
      201. Stops (not shown) limit the oscillations of the fork 209a beyond the
      intake and exhaust positions. The operation of the distributor shown in
      FIG. 5 is similar to that shown in FIG. 4, the slide 202 driving the spool
      209 via the finger 202c and one of the arms 209b or 209c after passing the
      unstable equilibrium point during its change of state travel. Although the
      distributors in FIGS. 3 to 5 have distribution means in the form of
      spools, it is obvious that seated valves whose opening is controlled by
      the end positions of the slide (FIG. 3) or of the driven member (finger
      209b in FIG. 4, fork 209a in FIG. 5) under the action of the driving
      member (notch 202c in FIG. 3, finger 202c in FIG. 5) could equally well
      form the distribution means.
PAR  The circulator shown in FIG. 6 is formed by the body 50 of general symmetry
      of revolution about an axis, in which a free piston 51 can move along said
      axis. Two flexible and non-extensible diaphragms 54, 55 are fixed to the
      body 50 at their periphery and are secured at their center to the surfaces
      of the free piston 51 by keys 52 and 53. The term "non-extensible flexible
      diaphragms" denotes diaphragms whose shape can readily change, but the
      surfaces of which remain substantially constant when they take pressure,
      so that the volumes that they define undergo practically no variation with
      the pressure. The body 50, the free piston 51 and the two diaphragms thus
      define three cavities, a first cavity 56, or motor cylinder, a second
      cavity 57, or intermediate cavity, and a third cavity 58, or the pump
      cylinder. The motor cylinder communicates via the nozzle 5a, conduit 121
      (FIG. 1) and the two-way pipeline 12 (FIG. 1) with the transmission
      chamber 32 (FIG. 1). The system comprising the motor cylinder and the
      conduit 121 is filled with transmission liquid. In a variant, the nozzle
      5a can communicate with the central cavity 300 in FIG. 2, the motor
      cylinder 56 then being fed with incompressible liquid via a two-way
      conduit leading from nozzle 304 (FIG. 2). The pump cylinder is in
      unidirectional communication with the condenser 4 via an intake valve 59,
      and in unidirectional communication with the conduit 6 leading to the
      evaporator 1 via a delivery valve 60. The area of the diaphragm 54 closing
      the motor cylinder 56 is larger than the area of the diaphragm 55 closing
      the pump cylinder 58; similarly, the surface 51a of the free piston
      applied against the diaphragm 54 is larger than the area 51b of this free
      piston 51 applied against the diaphragm 55, so that movements of the free
      piston 51 produce variations in the volume of the motor cylinder 56 which
      are greater than the corresponding variations in the volume of the pump
      cylinder 58. Consequently, a pressure applied to the motor cylinder 56
      will be balanced by a higher pressure in the pump cylinder 58. A return
      means (not shown) for the free piston, which may comprise a spring or
      pressurization of the intermediate cavity 57, urges the free piston
      towards the bottom of the motor cylinder.
PAR  The incompressible liquid feeding the motor cylinder 56 and coming from
      either the transmission chamber 32 or the central cavity 300 (FIG. 1) as
      the case may be, transmits the pressures in the pumping unit, i.e. the
      hydrostatic pressure of immersion of the pumping unit 3 during the intake
      stage, and the vapor pressure of the vaporizable fluid in the motor
      chamber 13 of the pumping unit 3 during the delivery stage. The combined
      effect of the free piston return means and of the reduced pressure in the
      motor cylinder 56 during the intake stage results in a movement of the
      free piston towards the bottom of the motor cylinder and in intake of the
      condensed vaporizable fluid in the pump cylinder via the valve 59. During
      the delivery stage of the liquid for pumping, the pressure in the motor
      cylinder 56 ensures parallel delivery of the vaporizable fluid from the
      pump cylinder 58 via the valve 60 and the conduit 6 against the
      counteracting pressure resulting from the sum of the pressure of
      vaporizable fluid in the evaporator and the hydrostatic pressure of
      delivery of the condensed fluid from the circulator to the evaporator.
PAR  Since the delivery of the liquid for pumping and the delivery of the
      condensed vaporizable fluid take place in the same rhythm, the supply to
      the evaporator corresponds to the vapor consumption of the pumping unit.
PAR  Referring to FIG. 7, which illustrates a pump unit corresponding to a
      variant of the pump unit 11 in FIG. 1, a deformable diaphragm 110
      comprises a rigid central disc 110a connected at its periphery by a
      diaphragm 110b to the body 11 of the pump unit, and thus divides said pump
      unit into a reception chamber 111 with an inlet nozzle 12a connecting to a
      two-way pipe 12, and a pump chamber 112 with an intake valve 113 and a
      delivery valve 114 delivering to the pipeline 8. A spacer 118 connects the
      rigid disc 110a to the lid 115a of a concertina diaphragm 115 which seals
      the pump chamber 112 while allowing a vertical relative displacement of
      the lid 115a, the spacer 118 and the rigid disc 110a in relation to the
      pump unit body 11. A counterweight 117 caps the lid 115a of the concertina
      diaphragm. This counterweight may be adjusted by adding or removing
      detachable loads, e.g. 117a of 117b, to adapt the return force on the
      deformable diaphragm 110 to the differences in level between the
      underground water and the utilization level. Guide means (not shown)
      provide vertical guidance of the counterweight 117. The weight of the
      counterweight 117 thus exerts a constant return force on the deformable
      diaphragm 110 irrespective of the position of the travel thereof.
PAR  The pump unit shown in FIG. 8 comprises a body 11 containing two deformable
      diaphragms 110 and 110' each consisting of a rigid central disc 110a and
      110'a, and a non-extensible diaphragm 110b, 110'b. These diaphragms 110
      and 110' respectively divide the pump unit into two reception chambers
      111, 111' respectively and two pump chambers 112, 112' respectively. The
      reception chambers 111, 111' are connected to the pipeline 12 by two pipe
      branches 122, 122' respectively. The two pump chambers 112, 112' are
      situated on either side of a partition 112a formed with an orifice 112b
      connecting them. The system comprising the chambers 112 and 112'
      communicating in this way is provided with an intake valve 113 and a
      delivery valve 114 to the pipe 8. Two concertina diaphragms 118, 118'
      jointly bearing on the partition 112a at the periphery of the cavity 112c
      terminate in sealing-tight relationship in the central rigid discs 110a
      and 110'a respectively of the deformable diaphragms 110,110'. The internal
      volume of the concertina diaphragms 118, 118' communicates via the pipe
      119 with the internal volume of a concertina diaphragm 115 closed by two
      lids, a top lid 115a and a bottom lid 115b. All the internal volumes of
      the diaphragms 115, 118 and 118' are filled with a hydraulic fluid and
      thus form a hydraulic transmission with a transmitter cylinder 115 and a
      receiver cylinder formed by the system 118,118'. The concertina diaphragm
      115 is engaged between a bottom cross-member 116a and a sliding
      cross-member 116c of a frame bearing the general reference 116 and having
      a top cross-member 116b and two guide uprights 116d and 116'd. Between the
      top cross-member 116b and the sliding cross-member 116c there are
      resilient bars 117 which are subjected to buckling stress and which are
      articulated at their bottom ends 117a on the sliding cross-member 116c and
      at their top ends 117b on the top cross-member 116b.
PAR  The reaction of a resilient bar subjected to buckling stress is to a large
      extent substantially independent of the degree to which the ends approach
      one another. Thus the pressure in the hydraulic transmission formed by the
      concertina diaphragms 115 on the one hand and 118, 118' on the other hand
      will be substantially independent of the position of the sliding cross
      member 116c along the uprights 116d and 116'd. Consequently, the stress on
      the two deformable diaphragms 110 and 110' will itself be substantially
      constant along the movement of said diaphragms and will thus be able to
      correctly compensate for the hydrostatic pressure due to the head of the
      pipeline 12.
PAR  Referring to the embodiment shown in FIG. 9, the pumping system comprises a
      solar panel or evaporator 1 which supplies vaporized fluid to a motor unit
      bearing the general reference 2 and comprising a master enclosure 21, a
      slave enclosure 22 and a bistable oscillating spool distributor 23
      connected to the master enclosure 21. In the latter, a first flexible wall
      consisting of two substantially equidistant flexible diaphragms 211 and
      212 divides the master enclosure 21 into a first motor chamber 213 and a
      first transmission chamber 214. The two flexible diaphragms 211 and 212
      define between them a volume 210 filled with hydraulic liquid and
      communicating with one end of the circulator 43 via pipe 215. Similarly,
      in the slave enclosure 22, a second flexible wall formed by two flexible
      diaphragms 221 and 222 divides said enclosure into a second motor chamber
      223 and a second transmission chamber 224. A volume 220 defined by the two
      flexible diaphragms 221 and 222 is filled with hydraulic liquid and
      communicates via the pipe 225 with a second end of the circulator 43. In
      the enclosure 21, the diaphragm 212 is connected to the slide 231 of the
      distributor 23 via a flexible band 232, slide 231 projecting inside the
      first motor chamber 213.
PAR  In the sheet 30 of liquid for pumping, a pump unit bearing the general
      reference 3 comprises a receiver body 3a and a pump body 3b. In the
      receiver body 3a, a deformable diaphragm 33 divides the body into a first
      reception chamber 31 connected to the first transmission chamber 214 via
      the two-way pipe 216, and a second reception chamber 32 connected to the
      second transmission chamber 224. An incompressible fluid complementally
      fills the volumes formed by the first transmission chamber 214, the
      two-way pipe 116 and the first reception chamber 31 on the one hand, and
      the second transmission chamber 224, the two-way pipe 226, and the second
      reception chamber 32. Divided from the receiver body 3a by the partition
      39, the pump body 3b is divided into two pump chambers 34 and 35 by a
      deformable diaphragm 36. Pump chambers 34 and 35 are provided with intake
      valves 341 351 respectively, leading to the liquid 30 for pumping, and
      delivery valves 342 and 352 respectively leading to the pumped liquid
      reservoir 4 via the delivery pipe 40. The deformable diaphragms 33 of the
      receiver body 3a and 36 of the pump body 3b are connected for movement by
      a spacer 37 which extends through partition 39, a bellows 38 providing
      sealing-tightness between the partition 39 and the spacer 37 while
      allowing longitudinal reciprocation of the spacer 37.
PAR  Immersed in the pumped liquid reservoir 4 are: a condenser 41 connected to
      the exhaust outlet of the distributor 23, and a condensed vaporizable
      fluid reservoir 42. Circulator 43, which will be described in greater
      detail hereinafter, draws the condensed vaporizable fluid from the
      reservoir 42 and feeds it to the evaporator 1.
PAR  The bistable distributor 23 shown in FIG. 10 comprises a general casing 230
      containing a vertical slide 231, the top of which is provided with a
      thrust plate 231a, to the center of which is attached a flexible band 232
      connected at its other end to the center of the flexible wall of the
      master enclosure 21. A bistable locking means is secured to the bottom
      part of the slide 231 and comprises a calliper-type link assembly 234 with
      rollers 235 held in guides 235a and urged towards one another by a spring
      233.
PAR  An oblong slot 231b in the central part of the slide 231 holds a roller
      236a captive with a longitudinal clearance slightly greater than half the
      travel of the slide 231, roller 236a being disposed at the end of an arm
      236 connected to the oscillating spool 237. This spool is housed in a body
      238 and is provided with a top counterweight 239.
PAR  As will be clearer from FIG. 11, the oscillating spool 237 is a cylinder
      turning in the body 238. Transverse intake ports 237a and 237b, and
      transverse exhaust ports 237c and 237d are formed on either side of the
      central part of the spool 237 where the arm 236 and the counterweight 239
      are fixed. The ports 237a and 237d are parallel to one another and the
      same applies to the ports 237b and 237c, the group 237a, 237d being offset
      angularly with respect to the group 237b, 237c so that in a first end
      position of the oscillation of the spool 237 the group of ports 237a, 237b
      is vertical, while in the second end position the group 237b, 237c is
      vertical. The bottom generatrix of the body 238 is formed with
      longitudinal intake and exhaust grooves 238A, 238E respectively
      communicating with the intake and exhaust pipes A, E respectively, while
      the top generatrix is formed with longitudinal grooves 238a, 238c
      communicating with the first motor chamber 213 via the interior of the
      casing 230, and transverse ports 238b and 238d communicating with the
      second motor chamber 233 via the pipe 223a.
PAR  The circulator 43 shown in FIG. 12 comprises a body 43a which is generally
      cylindrical and symmetrical with respect to a central plane, said body
      containing two motor cylinders 430 and 431 respectively communicating via
      pipes 215, 225 with the volumes 210 and 220 between the flexible
      diaphragms of the enclosures 21 and 22. These motor cylinders 430 and 431
      respectively terminate in deformable diaphragms 432 and 433 comprising a
      central rigid disc 432a, 433a and a nonextensible deformable peripheral
      diaphragm 432b, 433b. These deformable diaphragms 432, 433 bear on either
      side of a double-acting inline pump comprising a fixed piston 435
      connected by spokes 438, 439 to a rim 440 forming part of the circulator
      body 43a, and two spacer cylinders 432c, 433c, secured to one another and
      respectively connected to the deformable diaphragms 432, 433. Spoke 438 is
      formed with a duct communicating with the reservoir 43 and terminates in
      two intake valves 436 in piston 435. Spoke 439 is formed with a duct
      communicating with evaporator 1 and terminating in two delivery valves 437
      in the piston 435. A pump volume 434 is provided between the spacer
      cylinder 432c and piston 435, and a complementary pumped volume 434'
      between the cylinder 433c and piston 435.
PAR  The pumping system operation may be described as follows:
PAR  In the states shown in FIGS. 9, 10 and 11, the flexible wall of the master
      enclosure 21 leaves its exhaust stroke end position while the flexible
      wall of the slave enclosure 22 is near the end of its intake stroke. Slide
      231 of distributor 23 is held by the bistable locking means 233, 234 in
      its end pushed position so that the slot 231b holds the oscillating spool,
      by means of arm 236 and roller 236a, in a position such that the port 237a
      brings the intake groove 238A into communication with the first motor
      chamber 213 via the groove 238a and the interior of the casing 23a, while
      the port 237d connects the second motor chamber 233 to the exhaust groove
      238E via port 238d and pipe 233a. Under these conditions, the fluid
      vaporized by the evaporator 1 is admitted into the first motor chamber
      213, applies pressure to the flexible diaphragm assembly 211, 212 in
      accordance with the intake stroke and pressurizes the hydraulic liquid in
      the volume 210 and expels incompressible fluid from the first transmission
      chamber 214 via the two-way pipe 236 to the first reception chamber 31.
      The first deformable diaphragm 33 in the receiver body 3a moves and expels
      incompressible fluid from the second reception chamber 32 via the two-way
      pipe 226 to the second transmission chamber 224 in the slave enclosure 22.
      In this enclosure, the second flexible wall 221, 222 moves complementally
      to the first flexible wall 211, 212 in the master enclosure and the
      vaporized fluid present in the second motor chamber 223 escapes via pipe
      233a, port 238d, port 237d, exhaust groove 238E and pipe E to condenser
      41.
PAR  When the first flexible wall 211, 212 nears the end of its intake stroke,
      the flexible band 232 tensions and subjects the slide 231 to traction
      against the action of the bistable locking means 233, 234, 235. When the
      latter has passed its unstable equilibrium position corresponding to
      alignment of the calliper legs 234, the bottom surface of the longitudinal
      slot 231b comes into contact with the roller 236a of the arm 236.
      Expansion of spring 233 urges slide 231 into its end traction position and
      the resulting movement of the slide causes the spool 237 to pivot about
      its pivot axis. The first motor chamber 213 then communicates with
      condenser 41 via the interior of casing 230, groove 238c, port 237c,
      exhaust groove 238E and exhaust pipe E, while the second motor chamber 233
      communicates with the evaporator via the pipe 223a, port 238b, port 237b,
      intake groove 238A and intake pipe A. Under these conditions, the flexible
      walls 211, 212 and 221, 222 perform a movement which is the reverse of the
      first movement, and the same applies to the first deformable diaphragm 33
      which is connected for movement by the complemtary displacement of the
      incompressible fluid in the two-way pipes 216 and 226.
PAR  During this return movement, when the flexible wall 211, 212 in the master
      enclosure 21 thrusts against the thrust plate 231a of the slide 231 which
      is held in the top end position by the bistable locking means 233, 234,
      235, it pushes the slide 231 against the action of the spring 233. When
      the slide 231 has passed the unstable equilibrium position of the bistable
      locking means 233, 234, 235, the top surface of the longitudinal slot 231b
      makes contact with the roller 236a and, under the expansion of the spring
      233, pivots the spool 237 about its pivot axis so that it resumes the
      first position with the first motor chamber 213 operating under intake
      conditions and the second motor chamber under exhaust conditions.
PAR  It will be seen that the unbalance transmitted to the oscillating spool by
      the combination of the weights of the arm 236 and of the counterweight 239
      is situated about the pivot axis of the spool 237 and substantially
      symmetrical with respect to the vertical of said axis in the two end
      positions of the oscillating spool 237, so that these end positions are
      thus made stable when the slot 231b releases the roller 236a. It will also
      be seen that the ducts in the body 238 connect the ports 238b and 238d to
      the volumes situated on either side of the end edges of the spool 237 so
      that these volumes are subjected to the same pressure as in the pipe 233a
      to cancel out the axial thrusts on the spool 237.
PAR  The alternate movements of the first deformable diaphragm 33 in the
      receiver body 3a as a result of the complementary alternate movements of
      the incompressible fluid in the two-way pipes, are transmitted via the
      spacer 37 to the second deformable diaphragm 36 in the pump body 3b. This
      alternate movement of the diaphragm 36 combined with the action of the
      intake valves 341 and 351 and of the delivery valves 342 and 352 results
      in regular pumping of the liquid from the underground level 30 to the
      reservoir 4 via the pipe 40 both during the outgoing and the return
      strokes. The vertical head is equal for the two-way pipes 216 and 226 so
      that the resultant hydrostatic pressures of the incompressible fluid are
      substantially balanced on either side of the deformable diaphragm 33.
PAR  Since in the master and slave enclosures 21, 22, the pressures in the motor
      chambers 213, 223 are transmitted by the flexible walls 211 and 222 to the
      incompressible liquid contained in the volumes 210 and 220 respectively
      between the flexible walls 211 and 212, and 221 and 222, the pipes 215 and
      225 in turn transmit these pressures respectively to the motor cylinder
      430 and 431 of the circulator shown in FIG. 12. Thus the connected
      assembly formed by the deformable diaphragms 432 and 433 and the spacer
      cylinders 432c and 433c will be subjected to alternate axial displacement.
      Consequently, the pump volumes 434 and 434' will alternately vary
      complementally, one drawing condensed vaporized fluid from the reservoir
      42 via the corresponding valve 436 while the other will deliver this
      condensed fluid to the evaporator via the corresponding valve 437, this
      double-action pumping being in the rhythm of operation of the master and
      slave enclosures, so that the rate of flow of incoming condensed
      vaporizable fluid to the evaporator is proportional to the outgoing
      vaporized flow to actuate the motor unit.
PAR  The system according to the invention is particularly advantageous because
      it enables the motor unit, evaporator, condenser and circulator to be
      combined at the utilization level to form a system operating with two
      motor strokes per cycle, and it also enables a pumping unit to be disposed
      in the underground liquid for pumping without any need to compensate for
      the hydrostatic pressure of the head of incompressible fluid, said head
      being balanced in the two two-way pipes and acting on either side of the
      deformable diaphragm of the receiver body. Moreover, the difference in
      level between the underground liquid for pumping and the utilization level
      is limited neither by the barometric head of liquid for pumping nor by the
      pressure of vaporizable fluid admitted to the motor chambers, because the
      ratio of the areas of the deformable diaphragms in the receiver body and
      the pump body can be adjusted to the ratio of the hydrostatic pressure due
      to the difference in levels to the vaporized fluid pressure available in
      the evaporator.
PAR  The vaporizable fluid will be selected according to local conditions, i.e.
      more particularly the temperatures available at the evaporator and
      condenser, which may if required be immersed in the underground liquid for
      pumping or, usually, in the pumped liquid reservoir at the utilization
      level. As a general rule, the vapor pressure of the vaporizable fluid at
      the evaporator temperature must be higher than the hydrostatic pumping
      head pressure, while the vaporizable fluid vapor pressure at the condenser
      temperature must be less than the delivery pressure of transmission liquid
      in the transmission chamber. As an example without any limiting force, the
      vaporizable fluid may be selected from the group comprising
      trichloromonofluoromethane, trichlorotrifluoroethane and the aliphatic
      pentanes.
PAR  It will be appreciated that the variants described for the pumping system
      according to the invention are fully independent. The circuit in which the
      vaporizable fluid flows is perfectly sealing-tight, there being no sliding
      or rotary gasket between this circuit and the exterior. The transmission
      liquid circuits are also sealing-tight. The action of the internal
      distributor ensures operation without any neutral positions irrespective
      of the speed of operation of the pumping system. Finally, in the event of
      the evaporator pressure dropping, for example due to reduced sunshine at
      the end of the day, pumping stops; the system is, however, capable of
      resuming operation as soon as the pressure is restored at the evaporator.
      In fact, in the double-acting operation arrangement shown in FIG. 9, there
      is always one motor chamber operating under intake conditions and in the
      arrangement shown in FIG. 1 the return means returns the flexible wall at
      the end of the exhaust stroke via the transmission liquid so that the
      distributor is re-set to the intake state if it were not already there.
PAR  Of course the invention is not limited to the systems described and
      numerous variants are possible without departing from the scope of the
      invention. For example, the return means for the non-extensible deformable
      diaphragm of the pump unit could be formed by a column of liquid in a
      vertical tube, this head compensating for the hydrostatic head of the
      transmission liquid.
PAR  It is also obvious that the addition of accessory systems, e.g. systems for
      obtaining a regular flow of vaporizable fluid, of the type comprising a
      constant-level tank for feeding the evaporator, and nonreturn valves,
      pressure transformer systems or expansions tanks in the transmission
      liquid pipes, would not depart from the scope of the invention.
PAR  Similarly, the application of the pumping system according to the invention
      to the pressurization of any fluid even if it does not entail raising the
      height of the fluid, would not depart from the scope of the invention. A
      system of this kind could be used, more particularly, as a compressor or a
      circulator in a refrigerating unit for a refrigerator or an
      air-conditioning installation.
PAR  The use of a heat source other than solar radiation for the evaporator
      would also come within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pumping system comprising a pumping unit formed by a motor and a pump
      and adapted to raise a liquid from an underground level to a utilization
      level, a vaporizable fluid flowing in a closed circuit between a solar
      evaporator and a condenser, the said motor being disposed in the outgoing
      branch between the evaporator and the condenser and a circulator being
      disposed in the return branch to the said evaporator, and in which system
      the motor comprises a motor chamber which is connected by a bistable
      distributor either to the evaporator when said distributor is in an intake
      state, or to the condenser when said distributor is in an exhaust state,
      said motor chamber being partly defined by a flexible wall free to move
      between an intake stroke end position and an exhaust stroke end position,
      the flexible wall triggering the changes of state of the distributor by
      reaching its two end positions, the said pumping system being
      characterized in that the distributor is biased by a resilient means into
      one of its two stable states on either side of an unstable equilibrium
      state, and is urged into its stable exhaust state by a flexible band
      tensioned by said flexible wall in the intake stroke end position, and is
      pushed into its stable intake state by said flexible wall in its exhaust
      stroke end position, a transmission chamber separated from said motor
      chamber by the said flexible wall, and a pump unit having, on either side
      of a deformable diaphragm, a pump chamber provided with an intake valve
      drawing from the said underground water level, and a delivery valve for
      delivery to the said utilization level and a reception chamber
      communicating with the said transmission chamber via a two-way pipeline,
      an incompressible transmission liquid complementally filling the said
      transmission and reception chambers as it flows in the said two-way
      position.
NUM  2.
PAR  2. A pumping system according to claim 1, characterized in that the said
      distributor comprises a locking means with a slide adapted to move between
      two end positions in response to the action of said flexible wall and
      urged into one of said two end positions by the said resilient means on
      either side of an unstable equilibrium position, an intake closure means,
      an exhaust closure means, and a transmission member between the said
      locking means and the said closure means adapted to close a first closure
      means and then open the second closure means after the said slide has
      passed the said unstable equilibrium position.
NUM  3.
PAR  3. A pumping system according to claim 2, characterized in that the said
      closure means are formed by a spool having an intake port and an exhaust
      port, one port being closed when the other is open.
NUM  4.
PAR  4. A pumping system according to claim 3, characterized in that the said
      spool operates by sliding.
NUM  5.
PAR  5. A pumping system according to claim 3, characterized in that the said
      spool operates by pivoting.
NUM  6.
PAR  6. A pumping system according to claim 2, characterized in that the said
      transmission member being constantly in engagement with said slide, the
      latter is actuated by the flexible wall through the agency of a resilient
      connecting means adapted to act on said slide beyond the said unstable
      equilibrium position when the said flexible wall reaches the said stroke
      end positions.
NUM  7.
PAR  7. A pumping system according to claim 2, characterized in that the said
      transmission member comprising a driving member connected to the said
      slide and a driven member in constant engagement with the said closure
      means, a clearance is provided between the driving and driven members so
      that the driving member drives the driven member only after the said slide
      has passed the said unstable equilibrium position.
NUM  8.
PAR  8. A pumping system according to claim 1, characterized in that the said
      condenser is immersed in the said underground liquid.
NUM  9.
PAR  9. A pumping system according to claim 1, characterized in that the said
      condensor is immersed in a reservoir fed with liquid pumped to the said
      utilization level.
NUM  10.
PAR  10. A pumping system according to claim 1, characterized in that the said
      flexible wall is made up of two substantially equidistant flexible
      diaphragms fixed at their periphery to a body forming an outer wall of
      said motor and connected at their center by a spacer and defining between
      them a central cavity filled with an incompressible liquid.
NUM  11.
PAR  11. A pumping system according to claim 1, characterized in that the said
      circulator comprises on either side of a free piston: a pump cylinder
      provided with valves adapted to pass the said vaporizable fluid
      unidirectionally from the condenser to the evaporator, and a motor
      cylinder communicating with the transmission chamber via a two-way conduit
      so that the said transmission liquid actuates the said free piston.
NUM  12.
PAR  12. A pumping system according to claim 10, characterized in that the said
      circulator comprises on either side of a free piston: a pump cylinder
      provided with valves adapted to pass the said vaporizable fluid
      unidirectionally from the condenser to the evaporator and a motor cylinder
      communicating with the said central cavity via a two-way conduit, so that
      the said incompressible liquid actuates the said free piston.
NUM  13.
PAR  13. A pumping system according to claim 11, characterized in that the said
      pump cylinder has a smaller section than the said motor cylinder, the said
      free piston being adapted to slide in sealing-tight relationship also in
      the said motor cylinder and in the said pump cylinder.
NUM  14.
PAR  14. A pumping system according to claim 13, characterized in that
      sealing-tightness between the said free piston and the said motor and pump
      cylinders is provided by substantially non-extensible deformable
      diaphragms.
NUM  15.
PAR  15. A pumping system according to claim 1, characterized in that a return
      means in the said pump unit urges the said deformable diaphragm in the
      direction which delivers the said transmission liquid to the said
      transmission chamber.
NUM  16.
PAR  16. A pumping system according to claim 15, characterized in that the said
      deformable diaphragm being substantially non-extensible, the said return
      means acts on said diaphragm with a constant adjusted force.
NUM  17.
PAR  17. A pumping system according to claim 16, characterized in that the said
      return means is a counterweight.
NUM  18.
PAR  18. A pumping system according to claim 16, characterized in that the said
      return means comprises resilient bars or rods subjected to buckling
      stress.
NUM  19.
PAR  19. A pumping system according to claim 16, characterized in that the said
      return means biases the said non-extensible deformable diaphragm by means
      of a hydraulic transmission comprising transmitter and receiver cylinders
      having longitudinally deformable non-extensible side walls.
NUM  20.
PAR  20. A pumping system according to claim 15, characterized in that the said
      pump unit comprises a plurality of deformable diaphragms, each diaphragm
      being disposed between reception and pump chambers, each of the said
      deformable diaphragms being biased by the said return means in the
      direction which delivers the said transmission liquid to the said
      transmission chamber.
NUM  21.
PAR  21. A pumping system according to claim 1, characterized in that it
      comprises on the one hand a motor unit consisting of a master enclosure
      divided by a first flexible wall into a first motor chamber and a first
      transmission chamber, a slave enclosure divided by a second flexible wall
      into a second motor chamber and a second transmission chamber, and a
      bistable distributor switched at the ends of the strokes of the first
      flexible wall and adapted to bring the said first and second motor
      chambers into alternate symmetrical communication with the said evaporator
      and the said condenser and, on the other hand, a pump unit divided into
      two bodies by a non-deformable partition, a reception body divided by a
      first deformable diaphragm into two complementary reception chambers
      respectively communicating with the said first and second transmission
      chambers via two two-way pipelines, an incompressible transmission liquid
      complementally filling the two reception chambers and the first and second
      transmission chambers, and a pump body divided by a second deformable
      diaphragm into two pump chambers each provided with intake valves for
      drawing from the underground liquid and delivery valves for delivering to
      the utilization level, the first and second diaphragms being connected by
      a central spacer extending through said partition via an orifice closed by
      a bellows.
NUM  22.
PAR  22. A pumping system according to claim 21, characterized in that the said
      first and second deformable diaphragms have unequal areas.
NUM  23.
PAR  23. A pumping system according to claim 21, characterized in that the said
      circulator comprises two motor cylinders, terminating in deformable
      diaphragms bearing on either side of a double-acting in-line pump, the
      said motor cylinders being complementally fed with incompressible liquid
      by two two-way conduits respectively leading from the master and slave
      enclosures, while the said double-acting pump communicates with the
      condenser via intake valves and with the evaporator via delivery valves.
NUM  24.
PAR  24. A pumping system according to claim 21, characterized in that the said
      bistable distributor comprises a slide springbiased into one of two end
      positions on either side of a central unstable equilibrium position and
      subjected to traction by means of a flexible band by the said flexible
      wall reaching the end of the intake stroke and pushed by said flexible
      wall when it reaches the end of its exhaust stroke, and an oscillating
      spool adapted to symmetrically and alternately change-over the intake and
      exhaust on the two motor chambers in response to the said slide passing
      the said unstable equilibrium position.
NUM  25.
PAR  25. A pumping system according to claim 1, characterized in that the said
      vaporizable fluid is selected from the group comprising
      trichloromonofluoromethane, trichlorotrifluoroethane and the aliphatic
      pentanes.
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ABST
PAL  A compressor of the resonant type driven by an electrodynamic linear motor
      incorporates means to control the stroke and to improve the power factor.
      The spring-mass system of the compressor which is forced into vibration by
      the motor is arranged to have a selectively variable resonant frequency
      generally centered on the power line frequency. Means responsive to any
      overstroking are operative to vary the natural frequency of the
      spring-mass system, for example by varying the stiffness of the spring
      means, so as to oppose further overstroking and maintain a high power
      factor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates in general to resonant compressors and more
      particularly to resonant compressors driven by electrodynamic linear
      motors. The invention has a wide range of applications, one example of
      which is use in refrigeration and air conditioning equipment and it will
      be described in detail in a configuration of that type.
PAR  2. Description of the Prior Art
PAR  Compressors employing electromagnetic drive means have long been known in
      the art; the use of electrodynamic drive means being a more recent
      development. Heretofore, resonant type compressors driven by
      electrodynamic linear motors have been limited by the requirements that
      they operate into a relatively constant load, and that the power source be
      stable, especially with respect to voltage and frequency. Perturbations in
      these parameters lead to overstroking. Much effort has been applied to
      this problem. Early attempts involved the use of complex control means
      which, while they could prevent overstroking, did not solve the underlying
      problem. The more recent use of springs of various types which increased
      in stiffness towards the end of a stroke were brute force cures of the
      symptoms along the same line.
PAR  I have discovered that the uncompensated combination of an electrodynamic
      linear motor with a resonant compressor is only conditionally stable, that
      is, that instabilities in supply voltage or in load will cause
      overstroking.
PAR  Accordingly, it is an object of this invention to provide a new and
      improved electrodynamic linear motor, resonant type compressor which
      overcomes one or more of the limitations of prior art type compressors and
      which is inexpensive and simple to manufacture.
PAR  It is another object of this invention to provide a new and improved
      electrodynamic linear motor, resonant type compressor system having a
      higher power factor than was heretofore possible without the use of power
      factor correction capacitors.
PAR  It is another object of this invention to provide a new and improved
      electrodynamic linear motor, resonant type compressor having a higher
      output under a wide range of load conditions than was heretofore possible.
PAR  It is still another object of this invention to provide a new and improved
      electrodynamic linear motor, resonant type compressor having an inherent
      stability and being relatively insensitive to variations in line voltage
      and in load.
PAR  It is another object of this invention to provide a new and improved
      electrodynamic linear motor, resonant type compressor having compensating
      means to oppose overstroking and prevent piston strike.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, in accordance with one aspect of this invention a new and
      improved compressor comprises a fluid displacing member arranged to be
      reciprocally driven by the armature of an electrodynamic linear motor. The
      motor armature and fluid displacing member are operatively associated with
      resilient means which may be a gas spring to provide a resonant mechanical
      system. Means selectively responsive to overstroking are provided which
      increase the resonant frequency of the resonant mechanical system, as for
      example, by increasing the stiffness of the resilient means, so as to
      oppose further overstroking and improve power factor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features believed characteristic of this invention are set forth
      with particularity in the appended claims. The invention itself, however,
      both as to its organization and method of operation together with further
      objects and advantages thereof may best be understood by reference to the
      following description taken in conjunction with the accompanying drawings
      and in which:
PAR  FIG. 1 is a section view of a resonant piston compressor in accordance with
      one aspect of this invention;
PAR  FIG. 2 is a detailed sectional view of one cylinder of the compressor along
      with the associated piston in a midstroke porting relationship;
PAR  FIG. 3 is another detailed sectional view of one cylinder of the compressor
      along with the associated piston in an end of stroke porting relationship;
PAR  FIG. 4 is yet another detailed sectional view of one cylinder of compressor
      in fully stroked relationships;
PAR  FIG. 5 is a developed view of one piston;
PAR  FIG. 6 is a section view of the valve plate and associated cylinder head
      manifold used in one embodiment of the invention;
PAR  FIG. 7 is a graphical representation of the relationship between the angle
      through which the displacement lags the driving force and the ratio of the
      natural frequency to the driving force frequency;
PAR  FIG. 8 is a graphical representation of the displacement and velocity of a
      driven mass spring resonant system with respect to time;
PAR  FIG. 9 is a vector representation of the relationship among the various
      voltages and currents of the compressor;
PAR  FIG. 10 is another vector representation of the relationship among the
      various voltages and currents of the compressor;
PAR  FIG. 11 is a graphical representative of a gas spring operating curve for a
      particular ambient pressure showing the midstroke pressure;
PAR  FIG. 12 is yet another vector representation of the relationship among the
      various voltages and currents of the compressor;
PAR  FIG. 13 is a section of FIG. 5 showing one type of port; and,
PAR  FIG. 14 is a section of FIG. 5 showing the other type of port.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 there is illustrated a resonant compressor constructed in
      accordance with one embodiment of this invention. As shown, the compressor
      includes a pair of oppositely directed pistons 11 and 12, each comprising
      a radially spaced apart working plunger 36 and gas spring plunger 38
      (numbered on piston 11 only). Working plungers 36 of pistons 11 and 12 are
      disposed within respective working cylinders 14 and 15 and gas spring
      plungers 38 are disposed in respective cylinders 33. Pistons 11 and 12 are
      arranged to be reciprocally driven by a suitable electrodynamic linear
      motor generally at 17.
PAR  Preferably, motor 17 is a new and improved electrodynamic linear motor of
      the type disclosed and claimed in the copending patent application of
      Herbert C. Roters, Ser. No. 365,584, now U.S. Pat. No. 3,891,874, filed
      May 31, 1973, and assigned to the same assignee as the present invention,
      and the contents of which are incorporated herein by reference.
PAR  Motor 17 has a stator 19 having coils 21, 22 and 23, and an armature 25
      mounted within the stator. Coils 21 and 23 are adapted to be connected to
      a suitable source of alternating current and coil 22 to a suitable source
      of direct current. When the coils are energized they effect axial
      reciprocation of the armature 25 in synchronism with the frequency of the
      alternating current source and short-circuited coils 77 are provided in
      the poles of armature 25 as described more fully in the foregoing
      copending application.
PAR  Referring now to FIGS. 2, 3 and 4, piston 11 and its associated cylinders
      are shown in fragmentary enlarged views of the midstroke and the two
      extreme end of stroke relationships to illustrate the porting functions
      occurring at those positions. The piston 11 comprises two portions
      defining a working plunger 36 and a gas spring plunger 38 connected to the
      working plunger by annular member 39. The working plunger is slidably
      reciprocal in working cylinder 14 defined by annular working cylinder wall
      member 41 and valve plate 30. Piston ring 42 insures an efficient seal.
      The gas spring cylinder 33 comprises two chambers, a first chamber 44
      defined by L shaped annular recess 46 in working cylinder wall member 41
      and gas spring cylinder wall member 48, and a second chamber 49 defined by
      the inside wall 51 of gas spring plunger 38, and the outside wall 52 of
      working plunger 36. Gas spring plunger 38 reciprocates in the first
      chamber 44 and working cylinder wall member 41 reciprocates in the second
      chamber 49. From the foregoing it will be observed that the second chamber
      49 moves while the cylinder wall member 48 which acts as the plunger, is
      stationary.
PAR  In accordance with this invention means are provided for selectively
      adjusting the stiffness of the gas spring to raise the natural frequency
      of the system upon overstroking and thus compensate therefore through
      interaction of the mechanical and electrical phase relationships as will
      be more fully described below. In the compressor illustrated, the piston
      is provided with a plurality of circumferentially spaced apart ports 54
      and 55 extending through the gas spring cylinder wall member 48 which
      communicate the gas spring cavities 44 and 49 with the interior 57 of the
      hollow piston 11 when the piston is at the midstroke position of its
      cycle, as shown in FIG. 2. Two configurations of ports cooperate to
      achieve this communication. The first type as mentioned are
      circumferentially spaced apart ports 54 extending from the gas spring
      cavity 49 through the piston wall to a circumferential groove 59 in the
      wall of the cylinder 48. The second type are similar ports 55 displaced in
      a direction towards the electrodynamic linear motor armature center from
      the first type and extending from the interior 57 of hollow piston 11
      through the piston wall 38 to the circumferential groove 59. The
      displacement is such that the two types of ports simultaneously align
      their piston wall ends with the circumferential groove 59 at midstroke
      whereby the gas spring cylinder is communicated through the first ports
      54, and then through the second ports 55 to the interior of hollow piston
      11. Identical porting of the second piston 12 (not shown) permits
      communications between the opposing gas spring cylinders through armature
      bore 61 (see FIG. 1) thus equalizing the pressures in the opposing gas
      spring cylinders at midstroke.
PAR  The overstroking compensation of the invention may best be understood by
      referring now to FIG. 3 wherein the assembly of FIG. 2 is shown in a
      position wherein the piston is most fully withdrawn from the cylinder, at
      bottom dead center. In that position the ports 55, which in the midstroke
      position communicated the interior of the hollow piston 57 with the
      circumferential groove 59, are blocked by the cylinder wall. The ports 54
      which communicate the gas spring cavity 49 with the wall of piston 11
      however are effective in this overstroked position to admit fluid at
      ambient pressure to the gas spring cylinder 49 from the annular region 62
      (FIG. 1) which contains pressurized fluid.
PAR  The operating conditions of the compressor are such that the gas spring
      pressure is lower than ambient at the bottom dead center (overstroked
      condition) for all design conditions. Accordingly, fluid flows into the
      gas spring cylinder 49 from the ambient environment 62, while the piston
      11 is at bottom dead center, so that upon subsequent midstroke porting the
      stiffness of the system is increased.
PAR  Referring now to FIG. 4 the piston 11 is shown in the position of maximum
      penetration into the cylinder 14, as would occur due to a perturbation in
      line voltage for example. The ports 54 and 55 are both blocked by cylinder
      wall member 48, and there is no communication between cylinders. The
      opposing piston 12 is in the relationship described in FIG. 3, and the
      pressure in its gas spring cylinder has increased as was described. When
      the instant piston 11 subsequently reaches the midstroke relationship, the
      gas spring cylinders 33 and 34 will communicate through the means
      hereinbefore described, and the stiffness of the gas springs will equalize
      at a value higher than previously, thus raising the resonant frequency of
      the spring mass system to oppose further overstroking in the manner which
      will be described below. If the perturbation was momentary and does not
      reoccur, normal leakage along the gas spring walls tends to reduce the
      pressure in the gas spring cylinders to its previous value. Should the
      perturbation continue, the pressure in the gas spring cylinders will
      continue to increase, further increasing the resonant frequency of the
      system until a normal stroke length is obtained through phase changes in
      the mechanical and electrical relationships as will be described.
PAR  Referring now to FIG. 5 an unwrapped or developed view of the piston is
      shown wherein the two types of ports 54 and 55 can be seen in more detail.
      In the arrangement illustrated, ports of a generally oval configuration
      are inclined in opposite directions. For example, ports 54 are inclined
      toward the left in FIG. 5 while ports 55 are inclined to the right
      therein. Conveniently, one fourth of the circumference of the piston is
      comprised of such ports. The shape of the ports will determine the rate of
      flow of fluid into the cylinders. In the configuration illustrated, the
      ports become effective rapidly during a stroke, that is, a large effective
      opening is perpendicular to the direction of piston travel. Different port
      shapes will provide more gradual transitions from a blocked port to an
      effective port condition. Exponentially-shaped ports have been found to
      produce an especially smooth porting action, but they are more difficult
      to manufacture.
PAR  While any suitable support and housing means may be used in conjunction
      with the invention I have found the form illustrated in FIG. 1 to be
      convenient wherein a generally symmetrical housing 83 contains the
      compressor. A feedthrough bushing 84 provides a path for power to be
      supplied to electrodynamic linear motor 17 which is mounted to the housing
      83 by means of bracket 86 and supporting straps 88 and 89 which allow a
      limited freedom of movement of the compressor 91 with respect to the
      housing 83 for the suppression of vibration and noise transmission.
PAR  Power is supplied to the electrodynamic linear motor through flexible wire
      connections 93 to the motor terminals 94.
PAR  To provide for lubrication of the sliding surfaces especially the piston
      and cylinder walls a pump 96 is provided. Conveniently, a differential
      orifice pump may be utilized to take advantage of the natural vibration of
      the compressor. Lubricant is pumped through means such as flexible tubing
      97 from the bottom of the housing to nozzel 98 where it is applied to the
      relatively moving surfaces through passages 99.
PAR  Conveniently the uncompressed fluid which fills the housing 83 during
      operation may be utilized to provide cooling for the electrodynamic linear
      motor. Circumferentially spaced apart bores 64 are provided to communicate
      the interior of housing 83 with annular cavity 65 which surrounds the
      stator 19. Passages 69 created in the space between partial stator
      laminations 67 and 68 at selected intervals, communicate annular cavity 65
      with passages 70 and 71 (numbered at bottom) on either side of coil 22 to
      cool coil 22. Passages 70 and 71 communicate with second
      irregularly-shaped annular cavity 73 which surrounds electrodynamic linear
      motor armature 25. Annular gaps 74 and 75 between armature poles 77 and 78
      and stator poles 80 and 81 respectively communicate second annular cavity
      73 with annular cavities 62 and 63. Annular cavities 62 and 63 provide the
      reservoir of fluid for the porting functions described, and additionally
      communicate with manifold-cylinder heads 27 and 28 through bores 113 and
      114 and valve plate bores 116 and 117.
PAR  FIG. 6 is an enlarged fragmentary view showing the valve means and
      compressor intake and discharge passages. As shown, fluid enters the
      working cylinder 14 through passage 101 when intake valve leaf 104 is
      opened. Valve leaf 104 is restricted in its travel by stops 105 and 106 in
      working cylinder wall member 41. Pressurized fluid is exhausted from
      working cylinder 14 through passage 108 and 109 past exhaust valve leaf
      110 which is restricted in its movement by rigid restricted member 111.
      Restraining member 111 exhaust leaf 110 and intake leaf 104 are anchored
      to the valve plate by suitable means as for example bolt 112.
PAC  PRINCIPLES OF OPERATION
PAR  Having described a specific embodiment of the invention, a description of
      the principles upon which the operation of the invention depends will be
      given to enable a clear understanding of the novel concepts involved.
PAR  The combination of the mass of the electrodynamic linear motor piston
      assembly with the spring characteristics of the working cylinder and gas
      spring forms a conventional spring-mass oscillating system. FIG. 7 shows
      the relationship between the angle (.gamma.) through which the
      displacement lags the driving force, and the ratio of the natural
      frequency (wn) to the driving force frequency (w).
PAR  When the driving force frequency is equal to the natural frequency, w/wn
      equals 1 and the system is said to be resonant. At this point the
      displacement lags the driving force by 90.degree.. Ignoring for a moment
      any damping forces, the displacement of such a spring mass system is
      described by the equation:
EQU  x = X sin w t,
PAL  where x is the displacement, X is the stroke, w is the angular velocity and
      t is the time.
PAR  The velocity (v) is described by:
EQU  v = w X cos w t.
PAL  Referring now to FIG. 8 where displacement and velocity are plotted with
      respect to time it can be seen that velocity A leads displacement B by
      90.degree..
PAR  Recalling that at resonance, when w/wn - 1, the displacement lags the
      driving force by 90.degree., it can be seen that the velocity and the
      driving force are in phase at resonance.
PAR  At resonance, absent any overriding considerations, the amplitude of
      oscillation will be maximized, diminishing rapidly as the driving force
      frequency deviates from the design natural frequency.
PAR  In accordance with one aspect of the present invention, the spring portion
      of the mass-spring resonant system comprises two elements: a working
      cylinder, and a gas spring cylinder. There is an important distinction
      between mechanical springs and gas springs formed by valved cylinders.
      Mechanical springs provide an increasing restoring force directly
      proportional to displacement. A valved cylinder has a stiffness K
      expressed as:
EQU  K = Force/Amplitude
PAL  During compression, but before valve opening, the force which is
      proportional to the pressure multiplied by the area of the piston,
      increases non-linearly as the amplitude increases. When the pressure has
      increased to the point of valve opening, it ceases to increase and remains
      constant. Since the amplitude continues to increase, the stiffness
      decreases, and the natural frequency of the spring mass system is reduced.
PAR  In order to completely understand the operation of the present invention we
      now consider the characteristics of the electrodynamic linear motor.
PAR  The driving force of an electrodynamic linear motor is proportional to the
      current drawn by it. To determine this current it is convenient to
      consider the various voltages associated with the electrodynamic linear
      motor, and the phase relationships among them.
PAR  The line voltage is a constant. It is the vector sum of three component
      voltages, a first voltage which is the product of the current supplied and
      the resistance of the motor windings, a second voltage which is the
      product of the current supplied and the inductive reactance of the motor
      windings, and a third load voltage created by the linking and unlinking of
      the coils by the magnetic flux circulating in the motor.
PAR  The third voltage, hereinafter called the load voltage, is necessarily in
      phase with the velocity of the electrodynamic linear motor armature. The
      driving force applied to the armature is created by and is phased with the
      current supplied to the motor AC coils.
PAR  It can be seen therefore that angle in the mechanical system through which
      the velocity lags the driving force is identical to the angle in the
      electrical system through which the load voltage lags the current. It is
      this relationship which allows the system to be operated in a stable mode
      as will now be described.
PAR  Referring now to FIGS. 9 and 10 the line voltage is represented by a vector
      terminating on a constant radius circle. The first voltage will not be
      considered as it is relatively small and the principles to be considered
      here are equally well understood without it. The second voltage is
      represented by the vector IX. The third voltage is represented by the
      indicated load voltage vector.
PAR  Consider the load voltage. It can be described generally by the equation:
EQU  .epsilon. = .beta.l.nu.
PAL  wherein .beta. is the flux of the magnetic field which links and unlinks
      the coil, l is the effective length of the coil in the field, and .nu. is
      the relative velocity of the coil and field.
PAR  Consider now the effect of a perturbation in the stroke resulting in an
      overstroke. As has been indicated, overstroking results in a decrease in
      the spring constant of the system, and a consequent decrease in the
      natural frequency. Since the frequency of the driving voltage is
      invariate, an off resonant condition results and the amplitude of the
      stroke should be reduced. A second consequence of the increased stroke
      must be considered however. The reduction in natural frequency of the mass
      spring system will result in a lag of velocity of the mass with reference
      to line voltage. This lag produces a similar lag of load voltage.
      Referring now to FIG. 10, it will be noted that an increased lag of load
      voltage, represented by an increase in angle B over that shown in FIG. 9
      will result in an increase in the IX voltage which it is recalled must, in
      combination with the load voltage equal the line voltage. Since the
      driving force of an electrodynamic linear motor is proportional to the
      current, and since the IX voltage is the product of a fixed reactance with
      the current, an increase in magnitude of IX represents a corresponding
      increase in current and thus in driving force. It can be seen then that a
      perturbation which causes overstroking will tend to increase itself,
      rather than damping out.
PAR  The combination of these two phenomena, off resonant decrease in amplitude,
      and increase in driving force resulting from overstroke, tend to oppose
      each other. I have discovered that the decrease in amplitude due to off
      resonant operation has been more than compensated for by the increase in
      amplitude due to the electrodynamic linear motor. The present invention
      provides a solution to this inherent instability.
PAR   While the present invention may take many forms, consideration of a
      specific form of variable stiffness spring will aid in comprehension of
      the novel features of the invention.
PAR  In one embodiment of the invention a variable stiffness gas spring is
      provided having ports adapted upon overstroking, to admit additional fluid
      into the gas spring cylinder to increase the natural frequency of the
      mechanical system and thus to oppose overstroking. Second ports are
      provided to create a centering force lacking in conventional gas springs,
      and to equalize the increase in stiffness created by the operation of the
      end of stroke ports.
PAR  Upon overstroking the stiffness of the resonant system tends to decrease
      due to the reduction in stiffness of the spring restoring force provided
      by the valved working cylinder. If uncorrected, this descrease in
      frequency produces an increase in the angle through which displacement
      lags driving force, and a commensurate increase in the angle through which
      the load voltage lags the current. This increase in lag of load voltage
      behind current cause an increase in the reactive voltage of the motor and
      an increase in current and therefore in driving force.
PAR  The invention opposes this action by admitting additional fluid to the gas
      spring cylinder of the piston in the overstroked position. At the
      subsequent midstroke porting position the pressure in the two gas springs
      equalizes at a higher value than before overstroking. This increase is of
      sufficient magnitude to counter the drop in stiffness of the valved
      working cylinders and therefore raise the resonant frequency of the
      mechanical system. The raised resonant frequency decreases the angle
      through which displacement of the piston lags the driving force, and
      consequently decreases the angle through which the load voltage lags the
      current. This causes a decrease in reactive voltage IX with a
      corresponding decrease in the current I, which in turn results in a
      reduction in driving force. Thus the overstroking is controlled.
PAR  Referring now to FIG. 11, the ambient pressure in the compressor is
      indicated (A) as is the locus of adiabatic pressure volume parameters for
      the gas spring cylinder (B). Normally the conditions in the gas spring
      cylinder at midstroke (C) will be somewhat below the ambient pressure (A).
      This is due to the fact that the cylinder-piston combination does not form
      a perfect seal. When the pressure in the cylinder exceeds ambient
      pressure, as during compression, gas will leak from the cylinder, when the
      ambient pressure exceeds the cylinder pressure, as during decompression,
      gas will leak into the cylinder. In the steady-state condition, the sum of
      these leakages will be zero. The rate of leakage is proportional to the
      pressure differential and since the slope of the pressure-volume curve is
      monotonically decreasing as the volume decreases, the volume of leakage
      during compression will be greater than during decompression. For this
      reason the pressure at midstroke will fall below the ambient pressure.
PAR  Under certain operating conditions the overstroking compensation will occur
      continuously. Consider for example operation at an ambient pressure below
      the nominal value. Since the pressure in the working cylinders will ttend
      to be low, overstroking will occur, and porting will admit additional
      fluid to the gas spring cylinders increasing their stiffness. This is a
      normal mode of operation for low ambient pressure conditions. The design
      of the gas springs is such that the minimum pressure, occurring at the
      bottom dead center position is lower than the lowest expected ambient
      pressure. This allows effective porting even at low ambient pressures,
      allowing midstroke pressure to be maintained at the design value. The
      stiffness of the system is maintained at a value sufficient to maintain
      the natural resonant frequency at the value of the power line frequency
      and the stroke length and output of the compressor remain close to their
      design values.
PAR  The present invention provides as an additional advantage over the prior
      art means for obtaining a nearly optimum power factor. FIG. 12 shows the
      vectorial relationships among the line voltage A, the IR drop B, the IX
      voltage C, and the load voltage D. The cosine of the angle .alpha. between
      the line voltage and the line current is conventionally defined as the
      power factor. The angle .beta. between the load voltage and the line
      current is dependent upon the variable stiffness gas spring, and is
      therefore subject to be determined in the design of the compressor.
      Preferably the angle .alpha. will be constrained to vary in the range of
      -2.degree. to +25.degree. in the particular embodiment of the invention
      illustrated. Note that since line voltage A is the sum of load voltage D,
      IR drop B and IX voltage C, and since the relative phases of the IR
      voltage and the IX voltage are relatively constant with respect to the
      line current, selection of the angle .alpha. will determine the angle
      .beta. and therefore the power factor. While the power factor may be any
      desired value by the application of this invention, considerations of
      increased motor size make it preferable that the power factor be limited
      to about 0.9.
PAR  Although there has been described herein what is considered at present to
      be the preferred embodiments of the invention, many modifications and
      changes may occur to those skilled in the art. Therefore, it is intended
      that the appended claims cover all such modifications and changes as fall
      within the true spirit and scope of the invention.
CLMS
STM  What we claim and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. A compressor comprising:
PA1  a. an electrodynamic motor adapted to be driven cyclically by an AC power
      source;
PA1  b. a piston coupled to and adapted to be driven within a selectiively
      valved working cylinder by said motor substantially in synchronism with
      said power source;
PA1  c. enclosed volumes of gas acting as resilient means coacting with said
      piston and with said motor to form a mechanical resonant system having a
      resonant frequency approximately equal to the frequency of said AC power
      source; and
PA1  d. means responsive to the position of said piston for controlling the
      force output of said motor to provide stable operation over varying
      compressor load conditions by varying the resonant frequency of said
      resonant system, increasing said resonant frequency in response to
      increasing piston stroke, and decreasing said resonant frequency in
      response to decreasing piston stroke, said means including first means
      communicating said enclosed volumes of gas with each other at an
      intermediate stroke position of said piston through a volume whose
      pressure is determined by the pressure of said enclosed volumes of gas to
      equalize the gas pressures in said enclosed volumes during operation and
      second means communicating one of said enclosed volumes of gas with a
      reservoir of gas at higher pressure whenever said piston exceeds a
      prdetermined stroke position so that gas flows from said reservoir into
      said enclosed volume increasing the gas pressure therein and effecting an
      increase in the stiffness of the resilient means and thereby increasing
      the resonant frequency of said mechanical resonant system.
NUM  2.
PAR  2. The compressor recited in claim 1 wherein the stiffness of said
      resilient means is varied during the cycle of operation of said mechanical
      resonant system subsequent to the cycle during which the change in piston
      stroke occurs.
NUM  3.
PAR  3. A stable, gas spring resonant piston compressor contained within a
      hermetically sealed housing adapted to contain a fluid comprising:
PA1  a. two pairs of cylinders, a working cylinder and a gas spring cylinder in
      each pair, the pairs being disposed generally opposite each other;
PA1  b. two substantially hollow pistons, each having two plungers freely
      reciprocable in said cylinders and cooperating therewith for the
      compression of fluid therein;
PA1  c. two manifold-cylinder heads including valve means operative to direct
      unpressurized fluid to said working cylinders, and to exhaust pressurized
      fluid therefrom;
PA1  d. an electrodynamic linear motor including an armature and a stator
      generally centered between said pistons, the armature of which is adapted
      to receive said pistons one on each end for rigid attachment thereto so
      that a unitary assembly is formed which is reciprocally driven by said
      motor;
PA1  e. means intercommunicating the interiors of said hollow pistons; and
PA1  f. porting means communicating said gas spring cylinders with the interiors
      of their respective hollow pistons at midstroke, so that the gas spring
      cylinders are intercommunicated and the pressures therein are equalized,
      and communicating said gas spring cylinders with a reservoir of
      pressurized fluid when said pistons are in the overstroked, bottom dead
      center portions, so that pressurized fluid flows into said gas spring
      cylinders increasing the pressure therein on subsequent strokes.
NUM  4.
PAR  4. The compressor recited in claim 3 wherein said means intercommunicating
      the interiors of said hollow pistons comprises a passage through said
      armature.
NUM  5.
PAR  5. The compressor recited in claim 3 wherein said porting means comprises:
PA1  a. two annular cavities containing pressurized fluid generally located
      between the stator of said electrodynamic linear motor, and the outside
      walls of said pistons;
PA1  b. an annular groove in the wall of said gas spring cylinders;
PA1  c. a first plurality of circumferentially spaced apart fluid passages
      communicating said gas spring cylinders with said annular groove when said
      pistons are at midstroke and communicating said gas spring cylinders with
      said annular cavities when said pistons are in the overstroked, bottom
      dead center positions, so that pressurized fluid flows into said gas
      spring cylinders; and
PA1  d. a second plurality of circumferentially spaced apart fluid passages
      communicating said hollow piston interiors with said annular groove at
      midstroke so that said gas spring cylinders are communicated with each
      other at midstroke and the pressures therein are equalized.
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PAL  The present invention relates to a hydrostatic controller for controlling
      fluid flow to a device such as a steering cylinder for a vehicle. The
      controller comprises a gerotor gearset. The gerotor gearset includes a
      rotor and a stator which define expanding and contracting fluid pockets
      upon relative rotational and orbital movement therebetween. A control
      valve forms a part of the hydrostatic controller and the control valve
      includes a valve spool which is movable upon an input signal thereto to
      direct fluid to the device which is controlled by the hydrostatic
      controller and to receive return fluid from that device. In addition, the
      control valve spool in cooperation with the housing therefor functions as
      the commutator valve for the gerotor gearset for directing fluid to and
      from the expanding and contracting pockets of the gerotor gearset.
BSUM
PAC  BACKGROUND OF THE PRESENT INVENTION
PAR  The present invention is directed to an improved hydrostatic controller for
      controlling fluid flow to a device such as a steering cylinder of a
      vehicle, which steering cylinder is actuated to effect powered steering of
      the vehicle. Hydrostatic controllers for controlling the flow of fluid to
      a steering cylinder of a vehicle to effect proper steering in response to
      rotation of the steering wheel of a vehicle are known. As is well known in
      the art, these structures include a gerotor gearset for metering the flow
      of fluid to the steering cylinder so that the steering of the vehicle is
      accomplished in the proper follow-up manner to the turning of the steering
      wheel.
PAR  Typically, these known hydrostatic controllers include a valve mechanism
      which, on turning of the steering wheel, ports fluid to the gerotor
      gearset and then receives metered fluid from the gerotor gearset portion
      the metered fluid to the steering cylinder. These mechanisms include a
      valve spool which is moved, upon turning of the steering wheel, to effect
      the porting of the fluid. In addition, these devices, as is known in the
      art, include a commutator valve arrangement which is associated with the
      gerotor gearset for controlling the flow of fluid into the expanding
      pockets of the gerotor gearset and from the contracting pockets of the
      gerotor gearset. The commutator valve arrangement in such structures may
      take a variety of different forms, and, in general, includes a number of
      valve parts of relatively complex design functionally interposed between
      the valve spool and the gerotor gearset.
PAR  Known controllers, in view of the fact that a valve spool is utilized for
      purposes of control of fluid flow and a separate commutator valve
      arrangement is utilized, require a substantial number of parts and many
      such controllers are of a substantial length. In addition, the component
      parts of the known controllers are relatively complex, all of which makes
      the controller somewhat difficult to assemble. In addition, the ratio of
      accepted versus reject controllers can be fairly high upon inspection.
      Moreover, small tolerances are required in the known controllers to ensure
      stable operation of the controllers on the vehicle. Furthermore, in the
      known hydrostatic controllers, the shaft seal which provides a fluid seal
      between the shaft connected with the steering wheel and the control valve
      is exposed to the highest pressure in the controller and this accordingly
      has created problems in terms of the proper construction and efficient
      construction of a good shaft seal.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is directed to a hydrostatic controller, of the
      above-noted type, in which the problems noted above are minimized.
      Specifically, the structure of the present invention involves a
      substantial simplification in both the quantity and complexity of the
      component parts, thereby enabling both manufacture and assembly to be
      effected at a much higher ratio of accepted units. In addition, the
      machining of the valve spool which is incorporated in the present
      invention is simplified, since a specific small tolerance range is not
      required. In addition, the shaft seal which is provided in the controller
      is not exposed to the highest pressure within the controller, and
      accordingly the shaft seal can be of a more simplified and lower cost
      construction. Further, the overall length of the controller may be
      substantially reduced as compared with the length of certain known
      constructions.
PAR  All of the above advantages are provided by the present invention due to
      the fact that the valve mechanism which performs the control function of
      directing fluid to and receiving fluid from the device actuated by the
      hydrostatic controller performs not only the control function, but also
      performs a commutating function. The valve mechanism in the preferred
      embodiment which performs these two functions comprises a valve spool
      which is mechanically connected to the steering wheel of the vehicle and
      which is turned upon rotation of the steering wheel of the vehicle. The
      valve spool, upon initial turning of the steering wheel, is shifted to a
      position in which fluid is ported by the valve spool to the device
      actuated by the hydrostatic controller, and the valve spool ports return
      fluid from that device to reservoir. In addition, in accordance with the
      present invention, the valve spool cooperates with the housing therefor to
      provide a commutation valving function, as is known in the gerotor art.
      The commutation valve function provides for flow of fluid into the
      expanding pockets of the gerotor gearset as rotational and orbital
      movement of the stator and rotor of the gerotor gearset occur. In
      addition, the commutating valve function provides for receipt of the
      return fluid from the contracting pockets of the gerotor gearset as the
      relative rotational and orbital movement of the rotor and stator occur.
PAR  Combining these functions in one valve mechanism enables the elimination of
      a separate commutating valve mechanism, which is normally associated with
      the gerotor gearset and which is incorporated in known controllers. The
      elimination of this separate commutator valve mechanism and providing the
      single valve spool and housing arrangement for performing the two
      functions substantially reduces the number and complexity of the component
      parts of the hydrostatic controller. In addition, the overall length
      thereof may be minimized. Further, the construction is such that the shaft
      seal between the housing and the input shaft to the controller is not
      exposed to the highest pressure in the controller, thereby enabling a more
      simplified and lower cost seal to be utilized.
PAR  In the specific embodiment disclosed herein, the functions of providing for
      control of fluid flow to the steering cylinder and the commutation of
      fluid flow to and from the expanding and contracting pockets of the
      gerotor gearset are effected by the provision on a valve spool of axially
      extending slots located at spaced axial locations on the valve spool. The
      slots cooperate with passages in the housing for the valve spool. The
      valve spool rotates with the steering input shaft and as it rotates, the
      slots cooperate with passages in the housing to effect commutation. At the
      same time, these slots provide for and direct fluid to the steering
      cylinder which is to be operated by the controller.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  Further features and advantages of the present invention will be apparent
      to those skilled in the art to which it relates from the detailed
      description of a preferred embodiment thereof made with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a schematic view of a hydrostatic steering system embodying the
      present invention;
PAR  FIG. 2 is a view of a gerotor gearset used in the system of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of a hydrostatic controller utilized in
      the system of FIG. 1 and which incorporates the gerotor gearset of FIG. 2;
PAR  FIG. 4 is a view taken approximately along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary schematic view on an enlarged scale of a portion of
      FIG. 3;
PAR  FIG. 6 is a view taken approximately along the line 6--6 of FIG. 3 with
      parts removed; and
PAR  FIG. 7 is a schematic plan layout view of a valve utilized in the system of
      FIG. 1.
DETD
PAC  DESCRIPTION OF ONE PREFERRED EMBODIMENT OF THE INVENTION
PAR  As noted hereinabove, the present invention relates to a hydrostatic
      controller for controlling flow of fluid to a suitable device. The
      hydrostatic controller of the present invention may be utilized in a
      variety of different environments, but preferably and conventionally
      hydrostatic controllers of the type to which the present invention applies
      are generally used in hydrostatic steering systems, such as the system
      generally designated 10 in FIG. 1.
PAR  The steering system 10 shown in FIG. 1 includes a hydrostatic controller
      11, a fluid reservoir and pump 12 and a steering cylinder 13, which when
      actuated effects steering of a vehicle. The steering wheel 14 of the
      vehicle is connected by an input shaft 15 or steering column to the
      hydrostatic controller 11. The hydrostatic controller 11 includes a valve
      arrangement, to be described in detail hereinbelow, and which valve
      arrangement ports fluid to the steering cylinder 13 to effect actuation
      thereof. Suitable conduits for directing high pressure fluid from the pump
      and reservoir 12 to the hydrostatic controller 11 and for directing return
      flow from the hydrostatic controller 11 to the pump and reservoir 12 are
      provided. Also, suitable conduits for directing flow to the opposite ends
      of the steering cylinder 13 and for return flow from the steering cylinder
      13 to the controller 11 are provided.
PAR  The hydrostatic controller 11, which embodies the present invention,
      includes a metering mechanism, generally designated 20, (see FIG. 2), and
      which metering mechanism functions to meter the flow of fluid to the
      steering cylinder 13 in response to turning of the steering wheel 14 of
      the vehicle. The metering mechanism is structured so as to provide for the
      proper amount of fluid flow to the steering cylinder 13, depending upon
      the amount of turning of the steering wheel 14, so that the wheels of the
      vehicle properly follow the steering movement of the steering wheel 14.
      The metering mechanism 20 comprises a gerotor gearset which includes a
      stator 21 which is internally-toothed and a rotor 22 which is
      externally-toothed. The external teeth on the rotor 22 mesh with the
      internal teeth on the stator 21. In the embodiment of the present
      invention illustrated herein, the rotor 22 of the gerotor gearset is
      splined to one end of a wobble shaft 23, and the wobble shaft 23 at its
      other end is splined to a drive coupling 24, (see FIG. 3).
PAR  At its right end, as viewed in FIG. 3, the drive coupling 24, which is a
      tubular sleeve, receives a projecting portion 15a of the steering column
      or input shaft 15. The portion 15a is received internally within the
      sleeve 24. A suitable biasing structure extends between the portion 15a of
      the shaft 15 and the adjacent end or right end of the wobble shaft 23.
      This biasing structure is in the form of torsion blades 27 which are
      received in a slot in the inner end of the shaft 15, and which are
      received in a corresponding slot in the adjacent end of the wobble shaft
      23 or in a suitably machined slot in the drive sleeve 24. This torsion
      blade construction is described in detail in copending application Ser.
      No. 443,463, filed Feb. 19, 1974, assigned to the assignee of the present
      invention.
PAR  The shaft 15, upon rotation thereof, rotates relative to the wobble shaft
      23 and torsionally twists the torsion blades 27. This relative rotation
      occurs until side surface portions 30 or 31 of the shaft 15, depending
      upon the direction of rotation thereof, engage surfaces 32, 33,
      respectively, formed interiorly of the drive sleeve 24. After engagement
      of these surfaces, the rotation of the shaft 15 is transmitted through the
      drive sleeve 24 to the wobble shaft 23 to effect a corresponding rotation
      of the rotor 22 of the gerotor gearset. The wobble shaft 23, as shown,
      extends at an angle to the axis of rotation of the shaft 15 and wobbles
      upon rotation thereof as the rotor rotates and orbits. The stator of the
      gerotor gearset 20 is suitably secured in the housing on the controller 11
      so as to be fixed or stationary therein. Accordingly, as should be readily
      understood by those skilled in the art, upon rotation of the rotor 22 with
      the wobble shaft 23, the rotor 22 will not only rotate relative to the
      stator 21, but it will likewise orbit relative to the stator 21. In fact,
      as is well known, one revolution of the rotor 22 will result in six orbits
      of the rotor 22 and in one-sixth of a revolution of the rotor 22, the
      rotor will orbit once.
PAR  The stator 21 and rotor 22 define a plurality of pockets due to the toothed
      configuration thereof, and in the particular embodiment illustrated there
      are six pockets A-F. As is understood by those skilled in the art, during
      the relative rotational and orbital movement of the rotor 22 and stator
      21, the pockets A-F will expand and contract to effect a metering of fluid
      therethrough. The substantial advantages of a gerotor gearset over other
      types of metering and pumping mechanisms are well known and will not be
      described herein.
PAR  The hydrostatic controller 11 also include a valve mechanism for directing
      fluid from the pump 12 to the gerotor 20 and from the gerotor to the
      steering device 13. The control valve comprises a valve spool, designated
      50. The valve spool 50 is made of three powdered metal sleeves which are
      suitably secured together. The valve spool 50 surrounds the drive sleeve
      24, as well as the wobble shaft 23. The valve sleeve 50 is drivingly
      connected to the drive sleeve 24 by a splined interconnection which
      includes a pair of splines 52, 53 which extend from the outer periphery of
      the drive sleeve 24 and into slots in the inner periphery of the valve
      sleeve 50. Due to this interconnection, it should be clear that upon
      rotation of the drive sleeve 24, the valve sleeve 50 likewise rotates.
      Accordingly, the valve sleeve 50 will rotate upon rotation of the steering
      shaft 15 after the surfaces 30, 31 have engaged with surface 32 or 33,
      respectively.
PAR  The surfaces 30, 31 on the steering shaft 15 do not engage the
      corresponding surfaces of the drive sleeve 24 until a certain amount of
      relative rotation has occurred therebetween. This relative rotation, as
      noted above, effects a twisting of the torsion blades 27. Moreover, this
      relative rotation effects a turning of a pin 55 which extends vertically
      into a slot 56 formed in the valve spool 50. The pin 55 will effect a
      camming action on the surfaces defining the slot 56 and will cause the
      valve spool 50 to shift either to the left or to the right from a neutral
      position, depending upon the direction of rotation of the shaft 15. This
      in driving connection is of a conventional nature and will not be
      described in any more detail. It is shown in an enlarged view in FIG. 5.
PAR  The valve spool 50 is located within a bore in a housing member 60, and
      when the valve spool 50 is rotated, it rotates in that bore relative to
      the housing member 60. The bore in which the valve member 50 rotates is
      provided with a plurality of circular grooves which are connected to
      different pressures within the system. The grooves, designated R1, R2 and
      R3, are respectively connected to the reservoir. The groove designated C1
      is connected with one side of the cylinder 15, and the groove designated
      C2 is connected to the other side of the cylinder 15. The grooves
      designated P1, P2 are connected with the pressure pump.
PAR  When in the neutral position of the valve spool, as shown in FIG. 3, fluid
      under pressure flowing into the pressure grooves P1, P2 communicates with
      the reservoir groove R2, and thus flow of fluid from the pump 12 is
      directed back to the reservoir. Accordingly, the valve in the embodiment
      shown in the drawings is an open-centered valve.
PAR  The outer periphery of the valve spool 50, as best shown in FIG. 7,
      includes a plurality of circumferentially equally spaced slots, designated
      70a, 70b, 70c, 70d, 70e and 70f. These slots are of equal axial extent, as
      well as equal circumferential extent. The slots 70a to 70f are equally
      spaced circumferentially around the outer periphery of the valve spool and
      are formed in the same axial plane in the valve spool. A series of lands
      for blocking fluid flow is interspersed with the series of slots 70a-70f.
      A similar set of slots 71a-71f is also formed on the valve spool 50, but
      spaced axially on the outer periphery of the valve spool from the slots
      70a-70f. The second set of slots 71a-71f are equally spaced apart and are
      located circumferentially in the spaces between the slots 70a to 70f. In
      other words, they are spaced from the slots 70a-70f, but are centered in
      the space between respective slots 70a-70f. A series of lands for blocking
      fluid flow is interspersed with the series of slots 71a-71f.
PAR  The housing member 60 within which the valve spool 50 is located is
      provided with a series of seven passages spaced apart by equal angular
      distances and designated 80a-80g. These passages extend radially in the
      housing and are plugged at their outer ends where they intersect the outer
      periphery of the housing member. These passages 80a-80g are formed and
      located so as to overlie the slots 70a-70f in the valve spool 50. A
      similar set of seven radially extending, equally angularly spaced passages
      81a-81g (see FIGS. 3 and 7) are formed in an overlying relationship in the
      same plane as the slots 71a-7f in the outer periphery of the valve spool.
      The passages 81a-81are disposed directly beneath the passages 80a-80g as
      viewed in FIG. 6. The passages 81a-81g and 80a-80g are plugged at their
      outer ends.
PAR  The slots 70aa-70f all have an axial extent such that a portion of each of
      the slots 70a-70f remains in radial alignment with the plane of the
      central axis of the passages 80a-80g when the valve spool 50 is shifted to
      either the right or the left by the interaction between the pin 55 and
      slot 56 (see FIGS. 1 and 5). Similarly, the slots 71a-71f all have an
      axial extent such that a portion of each of the slots 71a-71f remains in
      radial alignment with the plane of the central axes of the passages 81a81g
      when the valve spool 50 is shifted to either the right or the left by the
      interaction between the pin 55 and slot 56.
PAR  In addition to the radially extending passages 80a-80g, as well as the
      passages 81a-81g, there are seven axially extending and equally angularly
      spaced passages 82a-82g, which extend axially in the housing member 60 and
      which intersect the face of the housing member 85 so as to communicate
      with the expanding pockets A-F in the gerotor gearset as the rotor and
      stator thereof move relatively rotationally and orbitally. The linear
      passages 82a-82g intersect the passages 80a-80g and the passages 81a-81g.
PAR  In view of the above-described construction, the valve spool 50 and the
      cooperating housing member 60 function as both a control valve for
      directing fluid to and from the metering mechanism 20, to and from the
      reservoir and pump 12, and to and from the steering cylinder 13. In
      addition, the control valve 50 and the housing member 60 cooperate and
      function as a commutator valve arrangement for directing fluid into and
      out of the expanding and contracting pockets of the gerotor gearset 20 in
      the same manner as the separate commutator valves which are known in the
      art.
PAR  The operation of the valve member 50 and the housing 60 to effect the dual
      functions of control of the fluid flow, as well as the commutating
      function, should be clear. However, from the following description of the
      operation thereof, the operation will further be understood.
PAR  As noted above, when the valve member 50 is in the position shown in FIG.
      3, the reservoir port R2 is open to the pressure grooves P1 and P2 and
      accordingly fluid from the pump 13 flowing into the pressure ports P1 and
      P2 is directed back to the reservoir through the reservoir port R2.
PAR  Upon turning of the steering wheel 15 sufficiently to effect steering
      action and in a direction to effect shifting of the valve spool to the
      right, fluid will be directed from the pressure port P1 to the set of
      axially extending slots 70a-70f on the outer periphery of the valve spool
      50. the fluid flows from these slots 70a-70f radially outwardly through
      the radial passages 80a-80g as the slots 70a-70f rotate and communicate
      with the passages 80a-80g. Some of the passages 80a-80g, of course,
      communicate through the axially extending passages 82a-82g with the
      expanding pockets of the gerotor gearset 20. The flow from the contracting
      pockets of the gerotor gearset is through the appropriate passages 82a-82g
      and through the associated radially inwardly extending passages 81a-81g to
      the outer periphery of the valve spool 50 in the area ajacent to the slots
      71a-71f. The slots 71a-71f are thus communicated with the metered fluid
      from the gerotor gearset and that metered fluid is directed by the slots
      71a-71f to the cylinder port C2, since the valve in this case has been
      assumed to have been moved to the right.
PAR  The cylinder port C2 communicates with one of the steering cylinder 13. The
      other end of the steering cylinder 13 communicates with the cylinder port
      C1, and, since the valve spool 50 has been moved to the right, the
      cylinder groove C1 communicates with the reservoir groove R1 through a
      groove X on the outer periphery of the valve spool. Accordingly, the
      return flow from the steering cylinder 13 is communicated back to the
      reservoir.
PAR  From the above, it should be apparent that when the valve spool has been
      moved to the right, the valve spool 50 and the cooperating passages in the
      housing 60 function not only to control the direction of the fluid, but
      also function as the conventional commutator valve arrangement which is
      commonly associated with gerotor gearsets in order to direct fluid to the
      expanding pockets and receive fluid from the contracting pockets thereof.
      The valve spool 50 and housing 60 combine those two functions, namely, the
      control function and the commutator function, in one valve mechanism,
      thereby greatly simplifying the structure and providing all of the
      advantages noted hereinabove.
PAR  It should be apparent from the above description that the valve spool 50
      and housing 60 provide the dual functions when the valve spool 50 is moved
      to the left from neutral. The flow of fluid, when the valve spool 50 has
      been moved to the left, is somewhat the reverse of that when the valve
      spool 50 has been moted to the rignt. When the valve spool has been moved
      to the left, the pressure port P2 communicates with the slots 71a-71f and
      communicates pressure thereto. These slots 71a-71f, as they rotate past
      the radially extending passages 81a-81g, communicate fluid pressure to
      those passages. Those passages communicate with the expanding pockets of
      the gerotor gearset through axially extending passages 82a-82g in the
      housing 60. Contracting pockets of the gerotor gearset also communicate
      with certain of the passages 82a-82g and those passages communicate with
      the radial passages 80a-80g which direct fluid from the contracting
      pockets of the gerotor gearset to the set of grooves 80a-70f on the outer
      periphery of the valve spool 50. Since the valve spool has been moved to
      the left, the grooves 70a-70f direct the fluid from the gerotor metering
      mechanism to the cylinder groove C1, and accordingly metered flow is
      communicated to one end of the steering device 13. The other end of the
      steering device 13 which is in communication with the groove C2 is
      connected to reservoir due to the fact that the groove C2 is in
      communication with the reservoir groove R3. Accordingly, it should be
      clear that upon rotation of the valve spool 50 relative to the housing 60,
      the valve spool 50 and housing 60 cooperate to effect the control of the
      fluid flow through the valve mechanism and also function to commutate that
      flow.
PAR  In view of the foregoing, it is respectfully submitted that applicant has
      provided a substantially simplified structure in that the valving for
      providing for both commutation and control are combined into a single
      valve arrangement which reduces the number of parts in the controller. In
      addition, it should be clear that the shaft seal and bearing 90 for the
      shaft 15 are not exposed to the highest pressure within the system, but
      rather are exposed to return or reservoir pressure, thereby enabling a
      simplified shaft seal to be utilized. Also, the length of the steering
      unit is minimized in view of the fact that a separate commutator valve
      mechanism functionally interposed between the control valve and the
      metering section is not required. Accordingly, it should be clear that
      applicant has provided a substantially improved hydrostatic controller
      having advantages over the prior art.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A hydrostatic controller for controlling fluid flow to a device, said
      controller comprising a housing, a gearset in said housing, said gearset
      having relatively rotatable and orbital internal and external meshing
      gears, the teeth of which define chambers which expand and contract upon
      relative orbital and rotational movement therebetween, said housing having
      an inlet port and a pair of outlet ports for communication with said
      device, a valve spool located in said housing, said valve spool and said
      housing having fluid conducting passages comprising both a commutator
      valve means for directing fluid to said expanding pockets and for
      receiving fluid from said contracting pockets and a directional control
      valve means for directing fluid from said contracting pockets to a
      selected one of said outlets, said valve spool being mounted in said
      housing for axial and rotational movement relative thereto, an input means
      connected with said valve spool for effecting axial movement of said valve
      spool in opposite directions from a neutral position in response to
      rotational movement of said input means in a given direction and for
      thereafter effecting rotational movement of said valve spool with said
      input means, said commutator valve means and said directional control
      valve means including first and second sets of circumferentially spaced
      slots on the outer periphery of said valve spool, said first and second
      sets of said circumferentially spaced slots being axially spaced, said
      housing having two axially spaced sets of passages which communicate with
      the respective sets of slots in the valve spool and with said chambers,
      one set of said slots communicating fluid pressure to one set of passages
      in the housing and thereby communicating fluid to said expanding pockets
      on one direction of axial movement of said valve spool and subsequent
      rotation thereof, and said one set of slots receiving fluid from said one
      set of passages in said housing and having surfaces acting to direct fluid
      from said contracting pockets of said gearset on movement of said valve
      sleeve in the opposite direction for directing fluid to one of said
      outlets.
NUM  2.
PAR  2. A hydrostatic controller as defined in claim 1 wherein when said one set
      of slots communicates fluid pressure to said expanding pockets on one
      direction of axial movement of said valve spool said other set of slots
      receives fluid from said contracting pockets and directs fluid to the
      other to said outlets.
NUM  3.
PAR  3. A hydrostatic controller as defined in claim 2 wherein the number of
      said passages in each set of passages in said housing is one greater than
      the number of slots in each of said sets and the number of slots in each
      of said first and second sets being equal to the number of pockets defined
      by said gearset.
NUM  4.
PAR  4. A hydrostatic controller as defined in claim 3 wherein said valve spool
      also includes two circumferentially extending fluid-directing grooves for
      directing fluid to said device and from said device.
NUM  5.
PAR  5. A hydrostatic controller as defined in claim 4 wherein each of the slots
      in said first set is defined by a first pair of axially extending surfaces
      and by a second pair of surfaces defining the axial ends of each slot, and
      wherein the axial ends of each slot of said first set lie in a common
      plane transverse to the axis of the valve spool.
NUM  6.
PAR  6. A hydrostatic controller for controlling fluid flow to a device, said
      controller comprising a housing, a gearset in said housing, said gearset
      having relatively rotatable and orbital internal and external meshing
      gears the teeth of which define chambers which expand and contract upon
      relative orbital and rotational movement therebetween, said housing having
      an inlet port and a pair of outlet ports, a valve spool located in said
      housing, said valve spool and housing having fluid conducting passages
      comprising commutator valve means for directing fluid to the expanding
      pockets and from said contracting pockets and directional control valve
      means for directing fluid from said contracting pockets to a selected one
      of said outlets, said valve spool having first and second axially spaced
      sets of slots, each of said sets of slots comprising a plurality of slots
      on the outer periphery of said valve spool which slots are
      circumferentially spaced, said housing having third and fourth axially
      spaced sets of passages located in a plane such that on rotation of said
      first and second sets of slots said slots of said first and second sets
      come into fluid communication with said passages of said third and fourth
      sets, respectively, and input means for effecting axial movement of said
      valve spool to communicate one of the sets of slots with fluid pressure
      and for effecting subsequent rotation of said valve spool to effect
      commutating action by said one of said sets of slots to direct fluid into
      said expanding pockets and by the other of said sets of slots to receive
      fluid from said contracting pockets.
NUM  7.
PAR  7. A hydrostatic controller for controlling fluid flow to a device as
      defined in claim 6 wherein each of said slots is defined by a pair of
      generally axially extending surfaces and a pair of surfaces which extend
      transverse to the axis of said valve spool, one of said pair of
      transversely extending surfaces of said first set of slots upon axial
      movement of said valve spool moving axially relative to a pressure port in
      said housing so that fluid pressure communicates to said first set of
      slots.
NUM  8.
PAR  8. A hydrostatic controller as defined in claim 6 wherein said slots in
      said second set are circumferentially located in alignment with the spaces
      between the slots of said first set.
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PAL  The rotor housing of a rotary piston internal combustion engine comprises
      inner and outer walls between which coolant channels are defined. The
      channels are separated by webs and at least some of these webs, normally
      in the combustion areas, extend at an angle of 281/2.degree. to the radial
      direction to achieve a stress distribution which minimizes the risk of web
      root failure.
BSUM
PAR  The present invention relates to an engine housing and particularly, but
      not exclusively, to the housing of rotary piston internal combustion
      engines.
PAR  The housing itself for this type of engine generally comprises an inner
      peripheral wall which has an epitrochoidal internal surface, joined to an
      outer peripheral wall by a series of radially extending webs between which
      is defined a plurality of coolant channels extending parallel to the
      longitudinal axis of the housing.
PAR  In operation of this type of engine, the inner wall is heated to extremely
      high temperatures in the area where the combustion phase of the cycle
      occurs, and it has been found that the resulting thermal stresses can
      cause failure of the radial webs connecting the inner and outer peripheral
      walls.
PAR  According to the present invention, there is provided an engine housing
      defining a combustion chamber and having a curved internal wall surface,
      wherein the housing has inner and outer walls between which a plurality of
      coolant channels are disposed and adjacent channels are separated by webs
      which extend in a non-radial direction relative to the local curved
      internal wall surface.
PAR  In a preferred embodiment, the webs extend at an angle of 281/2.degree. to
      the radial direction.
PAR  Coolant channels may extend over the whole or a part of the periphery of
      the engine housing. Adjacent ones of all of these channels may be
      separated by webs which extend in a non-radial direction as described
      above or alternatively, only some of these adjacent channels would be
      separated by non-radial webs the other being separated by radial webs.
      Normally, the non-radial webs would be disposed adjacent those parts of
      the engine housing at which combustion occurs.
DRWD
PAR  In order that the invention is more full understood, one embodiment thereof
      will now be described, by way of example, with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 shows a cross section through a known housing for a rotary piston
      internal combustion engine,
PAR  FIG. 2 shows a cross section through a part of a known housing, in the area
      between the lines A and B in FIG. 1,
PAR  FIG. 3 shows a cross section through the housing of the present invention
      for a rotary piston internal combustion engine,
PAR  FIG. 4 is a view similar to FIG. 3 but showing a modified housing of the
      present invention where the webs are inclined to the radial in the region
      where combustion takes place,
PAR  FIG. 5 shows a cross section of a part of the housing of either FIG. 3 or
      FIG. 4 in the region A-B where combustion takes place, and
PAR  FIG. 6 shows an axial cross section of a modification of the embodiments of
      FIG. 3 or FIG. 4.
DETD
PAR  Referring to FIG. 1, the known housing which may, for example, be of cast
      iron or aluminium comprises an inner wall 1 having an epitrochoidal
      internal surface, and an outer wall 2, joined together by radially
      extending webs 3 which define coolant channels 4 extending axially of the
      housing. The piston 5 is shown in the position in which combustion is
      about to begin in the working chamber 6. In the region where the
      combustion phase of the cycle occurs, the internal wall of the housing is
      heated to a very high degree, while over the remainder of the housing this
      wall stays relatively cool.
PAR  The section of the housing shown in FIG. 2 is in an area at one end of this
      hot region, between the lines A and B in FIG. 1, where the part of the
      inner wall marked C is considered to be relatively cool and the part
      marked H is very hot. The outer wall remains cool, being in contact with
      the coolant and the surrounding atmosphere. The part of the inner wall
      marked H therefore tends to expand in the direction of the arrow, and this
      transverse movement relative to the stationary outer wall imposes a shear
      load on the radial webs, causing tearing at the roots.
PAR  FIG. 3 shows a housing according to the invention, in which the inner and
      outer walls 1 and 2 are enclosed at opposite axial ends by rotor housing
      end plates 11 (FIG. 6). Also it will be noted that seals 12 (FIG. 3) are
      disposed in the axial ends of the walls 1 and 2 of the housing. Walls 1
      and 2 are joined by webs 7 and 8, extending at an angle to the radial, to
      define coolant channels 4' of substantially triangular cross section. In
      this arrangement, the transverse forces on the webs due to the expansion
      of the hot section of the inner wall are partly resolved into tensile and
      compressive components along the inclined webs, (tensile in webs 7 and
      compressive in webs 8), since any expansion of the inner wall in the
      direction of the arrow tends to increase the length of webs 7 and shorten
      webs 8. Thus the compressive restraint of the webs 8 reduces the relative
      movement between the inner and outer wall and consequently reduces the
      tensile and shear stresses at the roots of the webs. In addition to the
      thermal loads referred to above, the housing is also subjected to
      mechanical forces due to the expanding combustion gases. The existence of
      these mechanical forces determines the maximum allowable
      unsupported/length of inner housing wall and therefore the maximum
      distance apart of adjacent web roots. These mechanical forces act
      generally radially and tend to increase the forces in the webs 8 under
      compression and reduces them in the webs 7 under tension. Cast iron is a
      common housing material and as cast iron has great strength in
      compression, better use is made of the material. The stress distribution
      in the webs will of course vary depending upon the angle of the webs to
      the radial direction and it has been found that an angle of 281/2.degree.
      gives the best stress distribution.
PAR  This type of construction may be employed for the complete peripheral
      housing as shown in FIG. 3, or alternatively, the webs could be inclined
      to the radial only in the region where the combustion phase takes place as
      shown in FIG. 4, which is where the pressure and temperature are highest
      and thus where failure is most likely to occur.
PAR  It will be appreciated that the above embodiments have been described by
      way of example only and that many variations thereof are possible without
      departing from the scope of the invention. For example, as shown in FIG.
      6, the thickness of the wall 1 could be reduced from a maximum at the
      axial ends to a minimum at the centre.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an engine housing defining a combustion chamber having a curved
      internal wall surface, inner and outer walls with a plurality of cooling
      channels therebetween and webs separating adjacent channels, at least some
      of said webs extending at an angle in the region of 281/2.degree. to the
      radial direction relative to the local curved internal wall surface.
NUM  2.
PAR  2. In an engine housing defining a combustion chamber and having a curved
      internal wall surface, inner and outer walls with a plurality of coolant
      channels therebetween and webs separating adjacent channels, at least some
      of said webs extending in a non-radial direction relative to the local
      curved internal wall surface such that the coolant channels bounded by
      those webs are of a triangular section and transverse forces on the said
      some of said webs extending in a non-radial direction due to expansion of
      the inner wall are at least partly resolved in to tensile or compression
      components in the said some of said webs.
NUM  3.
PAR  3. An engine housing as claimed in claim 2, in which coolant channels
      extend over the whole of the periphery of the engine housing.
NUM  4.
PAR  4. An engine housing as claimed in claim 2, in which the coolant channels
      extend over only a part of the periphery of the engine housing.
NUM  5.
PAR  5. An engine as claimed in claim 2 in which rotor housing end plates are
      disposed at opposite ends respectively of the rotor housing and seals are
      disposed in the axial ends of the rotor housing.
NUM  6.
PAR  6. An engine as claimed in claim 2, in which the thickness of at least one
      of the rotor housing walls varies from a maximum at its axial ends to a
      minimum at its centre.
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ABST
PAL  A rotary machine multi-piece apex seal arrangement having two arcuate main
      body segments with sliding tongue and slot engagement which are biased to
      pivot in opposite directions to engage an internal peripheral wall of the
      machine by a single spring that is positioned by a bar sliding on this
      wall and also having end segments that are wedged against the main body
      segments by the same spring to engage oppositely facing end walls in the
      machine.
BSUM
PAR  This invention relates to rotary machine apex seals and more particularly
      to rotary machine multi-piece apex seals having multiple sealing edges.
PAR  In rotary machines such as rotary combustion engines, pumps, compressors,
      and the like wherein apex seals are provided on the rotor to engage an
      internal peripheral wall and also possibly the end walls in the machine to
      separate the machine's working chambers which rotate with the rotor, there
      are more demands on such sealing as compared with that in reciprocating
      piston engines since in the former leakage is to be avoided between the
      working chambers whereas in the latter case, leakage is normally to the
      crankcase rather than adjacent chambers. Furthermore, in such rotary
      machines, the angle between the apex seal and the peripheral wall normally
      changes as the rotor rotates because of the changing radius of curvature
      of this wall and the motion of the rotor with the result that the contact
      stress will vary whereas if the sealing surface of the seal can be
      maintained tangent to the peripheral wall, this stress may be normalized
      at a minimum. An example of a seal arrangement adapted to accommodate the
      changing radius of a peripheral wall in a rotary machine is disclosed in
      U.S. Pat. No. 3,740,175, assigned to the assignee of this invention
      wherein there was provided a seal assembly which rocks in relation to the
      rotor. The present invention provides further improvement in apex sealing
      arrangements of this general type and comprises a pair of arcuate main
      body segments which are mounted in a cylindrical socket at each rotor apex
      and have outer convex edges engageable with the machine's inner peripheral
      wall. The inner edges of the main body segments in one embodiment have
      fingers and slots which mate to provide guided engagement between the two
      main body segments as they are biased apart to pivot in opposite
      directions to engage the peripheral wall by a spring which is positioned
      by a bar that slides on this wall, the spring having fingers which fit in
      end clearances between the engaged fingers and slots. In addition, there
      are provided arcuate end segments at the opposite ends of the main body
      segments that are biased by the spring fingers and wedged by the main body
      segments to engage the rotary machine' s end walls. This arrangement
      provides a very compact assembly which assures that the seal edges on the
      main body segments remain substantially tangent to the peripheral wall as
      the rotor turns by these segments rocking on the rotor with guided
      movement that insures their stabilization. Furthermore, this is
      accomplished with end wall sealing which provides for very tight sealing
      between the chambers at the rotor apexes.
PAR  An object of the present invention is to provide a new and improved rotary
      machine apex seal.
PAR  Another object is to provide in a rotary machine an apex seal having a
      plurality of segments whose movements are guided with respect to each
      other while they are biased to pivot to engage the machine's inner
      peripheral wall by a spring positioned by this wall so that their sealing
      surfaces remain substantially tangent thereto as the rotor turns.
PAR  Another object is to provide in a rotary machine an apex seal having a pair
      of main body segments which are biased to engage the machine's inner
      peripheral wall by a spring positioned by this wall such that their
      sealing surfaces remain substantially tangent thereto as the rotor turns
      and with there also being provided end segments at the opposite ends of
      the main body segments which are biased by the same spring and are wedged
      by the main body segments against the machine's oppositely facing inner
      end walls.
DRWD
PAR  These and other objects of the present invention will become more apparent
      with reference to the following description and drawing in which:
PAR  FIG. 1 is a side elevational view with parts in section of a rotary
      combustion engine having apex seals according to the present invention.
PAR  FIG. 2 is a view taken along the line 2--2 in FIG. 1.
PAR  FIG. 3 is an enlarged view taken from FIG. 2 of one of the apex seals.
PAR  FIG. 4 is a view taken along the line 4--4 in FIG. 3.
PAR  FIG. 5 is an exploded view of the apex seal in FIGS. 3 and 4.
PAR  FIG. 6 is a view similar to FIG. 3 showing another embodiment of the apex
      seal according to the present invention.
PAR  FIG. 7 is a view taken along the line 7--7 in FIG. 6.
PAR  FIG. 8 is an exploded view of the apex seal in FIGS. 6 and 7.
DETD
PAR  The apex seal according to the present invention is for use in rotary
      machines including rotary combustion engines, compressors, pumps, and the
      like. Referring to FIGS. 1 and 2, the rotary machine may, for example, be
      an internal combustion rotary engine of the planetary type comprising a
      stationary outer body or housing 10 having a cavity 12 defined by an
      inwardly facing peripheral wall 14 and a pair of oppositely facing end
      walls 16. As best shown in FIG. 2, the peripheral wall is in the shape of
      a two-lobe epitrochoid or a curve parallel thereto and a rotor 18 having
      the general shape of an arcuate triangle is mounted in the cavity 12 on an
      eccentric 20 of a shaft 22 which is rotatably mounted in the housing as
      best shown in FIG. 1. An internal tooth rotary phasing gear 24 on one side
      of the rotor meshes with an external tooth stationary phasing gear 26
      which is fixed as shown in FIG. 1 to the housing and has two-thirds the
      number of teeth as the gear 24 so that there is an enforced cyclic
      relation between the rotor and the shaft and the rotor faces cooperate
      with the peripheral wall and with the end walls to define three variable
      volume combustion or working chambers 28 that are spaced around and move
      with the rotor within the housing as the rotor rotates about its axis
      while planetating with respect to the shaft axis. An air-fuel mixture is
      delivered to the working chambers as they expand through an intake port 30
      whereafter this mixture is then trapped and compressed and then ignited by
      a spark plug 32. After the powered expansion of the chambers, they
      eventually open to an exhaust port 34 to complete the cycle. The structure
      thus far described is conventional and operates efficiently assuming there
      is effective sealing between the working chambers of the engine.
PAR  Describing now the one embodiment of the apex seal according to the present
      invention shown in FIGS. 1 - 5, each apex or corner of the rotor has a
      cylindrical slot 38 of less than 180.degree. extending the width thereof
      and facing radially outward toward peripheral wall 14. A pair of
      cylindrical main body seal segments 40 and 42 are slidably mounted in the
      slot 38 and extend almost the width of the peripheral wall 14, there being
      left sufficient end clearance 44 as shown in FIG. 4 to accommodate
      tolerances and heat expansion. The main body segments 40 and 42 have
      slightly rounded sealing surfaces 46 and 48, respectively, at their outer
      edges which engage with the peripheral wall 14 on pivotal movement about
      the center line 49 of slot 38 and these segments. The center line 49 is
      located on the inside of and parallel and close to the peripheral wall 14
      as shown in FIG. 3 so that the sealing surfaces 46 and 48 will remain
      substantially tangent thereto as they pivot about this center in the
      socket provided by slot 38 to accommodate the peripheral wall's curvature
      which changes from convex at the waist to concave at the lobes and also to
      accommodate wear at their surfaces. To assure stability of the main body
      segments 40 and 42 as they rock in the slot 38 and also when substantial
      wear has occurred at their surfaces 46 and 48, there are provided tongues
      50 and 52 and slots 54 and 56 on their oppositely facing inner edges which
      engage to provide a continuous sliding tongue and slot engagement
      therebetween as the main body segments pivot, the depth of this tongue and
      slot engagement being determined to exceed the maximum relative movement
      anticipated.
PAR  The main body segments 40 and 42 are biased in opposite directions about
      the center line 49 to engage the peripheral wall 14 and are also held in
      proper relationship on the rotor by an assembly comprising a stamped sheet
      metal spring 58 that has a radially outwardly facing slightly convex side
      60 that faces the peripheral wall and also has depending fingers 62 and 64
      along the two longitudinally extending edges thereof. The respective
      fingers 62 and 64 have cylindrical portions 66 and 68 that fit against the
      inner cylindrical surface of the main body segments 40 and 42 and also
      have radially inwardly extending ends 70 and 72 which fit in end
      clearances provided between the ends of the tongues 50 and 52 and the
      respective slots 56 and 54. The spring 58 is prestressed on installation
      with the fingers 62 and 64 overlapping by a substantial amount and their
      ends 70 and 72 engage the ends of tongues 50 and 52 to bias the main body
      segment 42 counterclockwise and the other main body segment 40 clockwise
      as viewed in FIG. 3 to maintain the apex seal surfaces 48 and 46 against
      the peripheral wall 14 under all conditions. The spring 58 is reinforced
      by an inner stamped sheet metal segment 74 which is located within the
      spring and extends across the radially outwardly facing side 60 thereof
      and also extends a substantial distance inward along the cylindrical
      portions 66 and 68 as best seen in FIGS. 3 and 5. To hold the spring 58
      and thereby the main body segments 40 and 42 in proper assembly in the
      socket 38 on the rotor apex there is provided a bar 76 which is mounted
      parallel to the peripheral wall 14 in a channel 78 formed in the outer
      side 60 of the spring 58 and the complementary side of the reinforcement
      member 74. The bar 76 has an outer rounded surface 80 that slides under
      slight load on the peripheral wall 14 and thereby maintains the desired
      location of the spring 58 and thus retains the entire apex seal assembly
      properly together on the rotor. Furthermore, the bar 76 also provides
      additional apex sealing.
PAR  In addition to the sealing thus provided between the rotor apexes and the
      peripheral wall, there are provided end segments 82 and 84 which meet at
      the opposite ends of the main body segments 40 and 42 with helical
      interfaces 86 and 88 as best shown in FIGS. 4 and 5. The end segments 82
      and 84 have continuations of their main body segments' cylindrical
      surfaces and also the tongue and slots so that they are each engaged by a
      spring finger to also pivot about the center line 49 in opposite
      directions. The helical interfaces 86 and 88 are of opposite twist and are
      directed so that they force or wedge the end segments 82 and 84 axially
      outward in response to this spring bias to engage the flat arcuate end
      faces 90 and 92 thereof with the oppositely facing end wall 16. Sealing of
      the working chambers 28 is completed by arcuate side seals 94 which are
      mounted in accommodating grooves in the rotor sides and are biased to
      engage the oppositely facing end wall 16. The side seals 94 extend
      adjacent the rotor faces and have their ends engaging the outer
      cylindrical surfaces of the apex seal end pieces 82 and 84 as shown in
      FIGS. 2 and 3. In addition, a circular oil seal 96 is mounted inboard of
      the side seals 94 in each rotor side concentric with the rotor and is
      biased to engage the oppositely facing end wall to prevent the oil used
      for lubrication and cooling from reaching any further outward.
PAR  In the other embodiment of the apex seal according to the present invention
      shown in FIGS. 6 - 8 wherein parts similar to those in the first
      embodiment are identified by the same numbers only primed and different
      structure is identified by new numbers, the sliding tongue and slots are
      omitted where the range of pivotal movement and/or wear of the apex seal
      segments is substantially less and instead the main body segments 40' and
      42' and their respective end pieces 82' and 84' with the mating helical
      interfaces 86' and 88' have flat uninterrupted inner edges 97 and 98 which
      extend substantially radially inward as best shown in FIG. 6. In addition,
      the spring 58' with the bar 76' operating as before is modified as best
      shown in FIGS. 7 and 8 such that the ends 70' and 72' of fingers 62' and
      64' are now arranged opposite each other between the oppositely facing
      flat inner edges 97 and 98 with the outboard ones engaging the now
      unnotched inner edges of end pieces 82' and 84' to force the wedging
      action that urges them outward against the opposite end wall.
PAR  The above described embodiments are illustrative of the invention which may
      be modified within the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a rotary machine, a rotor housing having an internal peripheral wall
      and oppositely facing end walls, a rotor rotatable between said end walls
      relative to said peripheral wall, said rotor having apexes that remain
      adjacent said peripheral wall as said rotor rotates, and seal means for
      continuously providing sealing between said peripheral wall and each apex
      of said rotor as said rotor rotates comprising a pair of cylindrical main
      body segments mounted in a cylindrical slot at each apex of said rotor for
      pivotal movement in opposite directions about a centerline inside of and
      adjacent said peripheral wall, each said main body segment having an outer
      curved edge for engaging said peripheral wall and an inner edge opposite
      the corresponding edge of the other main body segment, an end segment at
      each end of each said main body segment and also having an inner edge and
      mounted in said cylindrical slot for pivotal movement about said
      centerline, said end segments and adjoining main body segments having
      mating interfaces angled so that pivotal movement of said end segments in
      the direction of said peripheral wall also causes movement of said end
      segments outward against the opposite end wall, and spring means retained
      in position at each apex on said rotor by said peripheral wall engaging
      the inner edges of both said main body segments and said end segments for
      biasing said main body segments in opposite pivotal directions to engage
      said outer edges with said peripheral wall and also biasing said end
      segments in opposite pivotal directions so that said mating interfaces
      wedge said end segments outward against the opposite end wall.
NUM  2.
PAR  2. In a rotary machine, a rotor housing having an internal peripheral wall
      and oppositely facing end walls, a rotor rotatable between said end walls
      relative to said peripheral wall, said rotor having apexes that remain
      adjacent said peripheral wall as said rotor rotates, and seal means for
      providing sealing between said peripheral wall and each apex of said rotor
      as said rotor rotates comprising a pair of cylindrical main body segments
      mounted in a cylindrical slot at each apex of said rotor for pivotal
      movement in opposite directions about a centerline inside of and adjacent
      and parallel to said peripheral wall, each said main body segment having
      an outer curved edge for engaging said peripheral wall and an inner edge
      opposite the corresponding edge of the other main body segment, an end
      segment at each end of each said main body segment and also having an
      inner edge and mounted in said cylindrical slot for pivotal movement about
      said centerline, said end segments and adjoining main body segments having
      mating interfaces angled so that pivotal movement of said end segments in
      the direction of said peripheral wall also causes movement of said end
      segments outward against the opposite end wall, a spring having fingers
      engaging the inner edges of said main body segments and said end segments
      to bias said main body segments in opposite pivotal directions to engage
      said outer edges with said peripheral wall and also to bias said end
      segments in opposite pivotal directions so that said mating interfaces
      wedge said end segments outward against the opposite end wall, and a bar
      mounted on said spring and sliding on said peripheral wall to maintain
      said segments in position on said rotor and also supplement the sealing
      provided by said main body segments.
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ABST
PAL  A rotary hydraulic pump or motor has a pair of ports and a pair of meshed
      toothed gear elements each of which is journalled in a pair of bearing
      blocks. One block in each pair is fixed within a housing and the other
      block in each pair is slidable in the housing so that the axial faces of
      the gear teeth can be engaged by the axial end faces of associated blocks.
      The fluid pressure at the high pressure port is applied to the end faces
      of the sliding blocks remote from the gear elements, so that the sliding
      blocks are urged towards the fixed blocks.
PARN
PAR  This is a continuation, of application Ser. No. 348,630, filed Apr. 6, 1972
      now abandoned.
PAR  This invention relates to rotary hydraulic machines of the kind in which
      fluid displacement accompanies rotation of meshed gear elements.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention a gear pump or motor comprises a housing having
      an inlet port and an outlet port, two pairs of part cylindrical bearing
      blocks in the housing, meshed gear elements journalled in the respective
      pairs of bearing blocks so that axially-directed faces of the gear
      elements are engageable with adjacent faces of the bearing blocks, with
      one bearing block in each pair being axially movable in the housing, means
      for limiting the movement of the other bearing block in the pairs in
      response to pressure on said axial end faces of said movable bearing
      blocks, said blocks having recesses lying adjacent the respective zones at
      which the inlet and outlet ports open to the inside of the housing, and
      further recesses in the cylindrical surfaces of the blocks which, in
      conjunction with the housing, define passages extending around the
      cylindrical surfaces of the blocks to locations adjacent the inlet port
      and thence axially of the blocks to the remote axial end face.
PAR  In a preferred embodiment of the invention, said axial end faces have areas
      whose effective centers are spaced from the axes of rotation of the
      associated gear elements such that pressures on said end faces oppose
      forces applied, in use, to said movable bearing blocks by a pressure at
      said outlet port.
PAR  In a further preferred embodiment, said passages communicate with axially
      extending surfaces of said movable bearing blocks at locations thereon
      remote from said outlet port.
BSUM
PAC  BACKGROUND OF THE INVENTION
DRWD
PAR  An example of a machine according to the invention is shown in the
      accompanying drawings, in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section through a gear pump,
PAR  FIG. 2 shows in perspective two bearings of the pump, and
PAR  FIG. 3 shows in perspective parts of the pump as viewed in the direction of
      the arrow 3 in FIG. 1, and with the pump housing removed.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A gear pump includes a housing 10 having an inlet port 11 and an outlet
      port 12. Pairs of part cylindrical bearing blocks 13, 14 and 15, 16 are
      mounted in the housing 10 and include antifriction portions indicated at
      17. Two gear elements 18, 19 are journalled in the respective pairs of
      blocks so that the axial end faces of the toothed portions of the gear
      elements engage adjacent end faces of the bearing blocks.
PAR  The blocks 13, 14, 15, 16 are generally cylindrical, but are provided with
      flat surfaces 20. The surfaces 20 on blocks 13, 15 are in contact, as are
      surfaces 20 on blocks 14, 16, thereby preventing rotation of the blocks
      relative to each other and to the housing 10. The blocks 13, 15 and blocks
      14, 16 are respectively mutually located by means of dowels 21, whereby
      the blocks 13, 15 move axially in unison, as do the blocks 14, 16.
PAR  The blocks 13, 14, 15, 16 are formed with cut-away portions 22, 23 which
      lie adjacent the respective zones at which the pump inlet port and outlet
      port open on to the inside of the housing 10. The blocks 13, 15 have
      axially extending spigots 24 whose axes are spaced from the axes of the
      associated gear elements 18, 19 so as to define on the blocks 13, 15, end
      faces 25, 26 whose centers are offset from the axes of rotation of the
      gear elements. The effective centers of pressure of the faces 25, 26 are
      axially aligned with the portions of the blocks 13, 15 which communicate
      with the pump outlet zones within the housing 10, whereby pressures on the
      end faces 25, 26 oppose the axial forces applied, in use, to the blocks
      13, 15 by a fluid pressure in the outlet port 12.
PAR  The faces 25, 26 and the end faces of spigots 24 are provided with recesses
      27 for springs 34, shown displaced from the recesses 27 in FIG. 3. Springs
      34 engage the housing 10 to urge the blocks 13, 15, gear elements 18, 19
      and blocks 14, 16 to the right, as seen in FIGS. 1 and 3. Movement of the
      blocks 14, 16 to the right is restrained by an end plate 28 forming part
      of the housing 10. The springs thus serve to apply an initial axial
      compression between the gear elements 17, 18 and the bearing blocks.
PAR  The blocks 13, 14, 15, 16 are provided, adjacent the gear elements 18, 19
      with gutters 29 which extend from the cut-away portions 23, for
      approximately 180.degree. around the blocks against the directions of
      rotation of elements 18, 19. The ends of gutters 29 in blocks 13, 15
      remote from portions 23 communicate with recesses 30 in the cylindrical
      surfaces of blocks 13, 15. The recesses 30 define, in conjunction with the
      housing 10, passages which extend around the circumferences of the blocks
      13, 15 to locations adjacent the pump inlet port, and thence axially of
      the blocks 13, 15 to communicate with the end faces 25, 26.
PAR  A high pressure is thus, in use, applied to the end faces 25, 26. This
      pressure is retained by sealing rings 31 located in grooves 32 around the
      spigots 24, and opposes, as above described, axial forces due to pressure
      in the pump outlet.
PAR  The blocks 13, 14, 15, 16 have slight radial clearance in the housing 10,
      with this clearance being shown much exaggerated in FIG. 1, so that high
      pressure in the outlet 12 urges the blocks and the gear elements bodily in
      the general direction of the pump inlet port. The tips of the teeth of the
      gear elements 18, 19 stand slightly proud of the circumference of the
      blocks 13, 14, 15, 16. The teeth tips are therefore urged into
      interference with the housing 10 at locations thereon adjacent the pump
      inlet port. The gutters 29 in the blocks ensure that a high pressure fluid
      in the outlet port 12 enters between the gear teeth of the elements 18, 19
      over approximately 180.degree. of arc. The directions of the resultant
      lines of force on the gear elements 18, 19 are thus determined, and only
      three or four teeth on each element are wiping the housing 10 at any time.
PAR  The high pressures in the passages defined by the grooves 30 provide
      hydrostatic bearings which prevent the blocks 13, 15 from jamming within
      the housing 10 as a result of pressure in the outlet port 12. The blocks
      13, 15 are thus axially slidable at all pressures in the outlet port 12.
PAR  Within the bores of the bearing blocks 13, 14, 15, 16 are shallow recesses,
      shown at 33 in FIG. 2. These recesses are located so as to be in advance
      of the position of maximum load applied to the blocks by the elements 18,
      19. Recesses 33 communicate with the pump outlet port via resistors (not
      shown) and hydrodynamic wedge action of the journals.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gear pump or motor comprising a housing having a low pressure port and
      a high pressure port, two pairs of part cylindrical bearing blocks in the
      housing, said bearing blocks having axial end faces meshed gear elements
      having axial end faces said gear elements being journalled in the
      respective pairs of bearing blocks so that the axial end faces of the gear
      elements are engageable with adjacent end faces of the bearing blocks, one
      bearing block in each pair being axially movable in the housing, means for
      limiting the movement of the other bearing block in the pairs in response
      to pressure on the axial end faces of said movable bearing blocks remote
      from the gear elements, said blocks having recesses lying adjacent the
      respective zones at which the low pressure and high pressure ports open to
      the inside of the housing, and further recesses in the cylindrical
      surfaces of the movable bearing blocks which, in conjunction with the
      housing alone, define passages in communication with the high pressure
      recesses and extending around the cylindrical surfaces of the blocks to
      locations adjacent the low pressure port and thence axially of the movable
      bearing blocks to the remote axial end faces thereof.
NUM  2.
PAR  2. The gear pump or motor as claimed in claim 1 in which said blocks have a
      radial clearance in said housing, and in which the tips of the teeth of
      said gear elements are proud of the cylindrical surfaces of said blocks.
NUM  3.
PAR  3. The gear pump or motor as claimed in claim 1 in which said axial end
      faces of the blocks have centers of area which are offset from the axes of
      rotation of the respective gear elements.
NUM  4.
PAR  4. The gear pump or motor as claimed in claim 1 which includes springs
      engageable between said housing and said movable blocks to urge the latter
      towards said gear elements.
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ABST
PAL  An energy converter comprising a housing, a cylindrical chamber in the
      housing, a shaft rotatably mounted in the housing and lying co-axial with
      the chamber, the ends of the chamber being complementarily profiled and of
      generally sinusoidal shape, a blade carrier fixed to the shaft and of
      thickness such that it bears on the crests of the profiles of the chamber
      ends thereby dividing the chamber into two zones one to each side of the
      blade carrier, at least one blade slidably mounted in the blade carrier
      with its ends respectively engaging the ends of the chamber, the blade
      extending reciprocating motion on the shaft rotated due to the cam action
      of the profiles on the blade and means to admit and exhaust fluid from the
      chamber zones to each side of the blade carrier.
BSUM
PAR  This invention relates to machines which operate as energy converters,
      receiving energy in one form and converting it to energy in another form.
      The machine also falls into the category of machines which is loosely
      termed as the "Rotary Piston" type. Thus the machine may operate as a pump
      on which mechanically provided energy is expended and the energy possessed
      by a flow of pressurised fluid results, or it may be a fluid motor,
      receiving energy in the form of pressurised fluid which does work to
      achieve mechanical movement. In a particular form it may also provide
      mechanical movement as a result of releasing the latent energy of chemical
      compounds as occurs, for example, in the operation of an internal
      combustion engine. All of the foregoing examples of the machine will be
      dealt with in detail hereinafter.
PAR  Broadly, there is provided, according to the invention, an energy converter
      comprising a blade assembly rotatable in a substantially cylindrical
      chamber in a housing, said blade assembly comprising a shaft with a
      uniform thickness radially extending blade carrying disc located
      intermediate the shaft ends, at least one slot through said blade carrier
      in the direction of the axis of the shaft, a blade slidably mounted in
      said slot, said blade being of uniform thickness and of generally
      rectangular configuration with two sides, two edges and two ends, the
      blade length from end to end exceeding the thickness of the blade carrier,
      said chamber having a pair of oppositely located ends which are
      complementarily profiled and have central openings to respectively accept
      the portions of said shaft to either side of the blade carrier, the
      profile of each of said chamber ends is generally sinusoidal with an equal
      number of peaks and valleys and with the distance between the chamber ends
      substantially equal to the length of said blade and the distance between
      the peaks on the respective chamber ends in the axial direction of the
      shaft substantially the same as the thickness of the blade carrier, the
      ends of the blade lying at right angles to the shaft axis and intimately
      engaging the profiled surfaces of the chamber ends, one (the inner edge)
      of the blade engaging the peripheral surface of the shaft and the other
      (the outer edge) of the blades engaging the cylindrical chamber surface so
      that as said shaft rotates said blade is caused to oscillate in the axial
      direction of the shaft due to sealing end engagement of the blade with the
      profiled chamber ends and with the edges of the blade respectively sealing
      against the periphery of the shaft and the cylindrical wall of the chamber
      and with the sides of the blade sealing against the sides of the slot
      through the blade carrier, there being inlet and outlet ports to the
      chamber zones to each side of the blade carrier.
DRWD
PAR  Several embodiments of the invention are described with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic illustration, partly in section of the simplest
      form of the invention.
PAR  FIG. 2 is a view in the direction 2--2 of FIG. 1.
PAR  FIG. 3 is a view similar to FIG. 2 but in the direction 3--3 of FIG. 1.
PAR  FIG. 4 is a diagrammatic illustration similar to FIG. 1 with the blade
      removed and showing a method of sealing the blade carrier.
PAR  FIG. 5 is a view in the direction of 5--5 of FIG. 4 showing inlet and
      outlet porting for a three blade embodiment of the invention.
PAR  FIG. 6 is a view similar to FIG. 5 but in the direction of 6--6 FIG. 4.
PAR  FIGS. 7, 8 and 9 are views similar to FIGS. 4 to 6 but showing a different
      type of inlet porting.
PAR  FIGS. 10 to 12 are views similar to FIGS. 4 to 6 but showing another type
      of inlet porting.
PAR  FIG. 13 diagrammatically illustrates a blade carrier and chamber ends for a
      multi-compartment version of the machine of FIG. 1.
PAR  FIG. 14 is a view similar to FIG. 5 showing the outlet porting for an air
      compressor version of the machine of FIG. 1 indicating maximum volume and
      maximum compression positions of the blades.
PAR  FIG. 15 and FIG. 16 diagrammatically illustrate two interconnected zones of
      a two-stage air compressor.
PAR  FIG. 17 is a view similar to FIG. 10 showing the features of the blade
      carrier of a two-stage compressor of the type illustrated in FIGS. 15 and
      16.
PAR  FIG. 18 is a side view of a blade for use in the FIG. 17 construction.
PAR  FIG. 19 is a diagrammatic view similar to FIG. 1 showing means to increase
      blade support for high pressure machines and a blade for use in such high
      pressure machines.
PAR  FIG. 20 is a perspective view of one form of blade.
PAR  FIGS. 21 to 24 and 26 to 28 are views similar to FIG. 20 showing other
      forms of blade.
PAR  FIG. 25 is fragmentary view of a blade end to chamber end peak engagement.
PAR  FIG. 29 is a diagrammatic illustration of a carburetor type spark ignition
      engine.
PAR  FIGS. 30 to 35 show various stages in the burn-expand-exhaust operation of
      the engine of FIG. 29.
PAR  FIG. 36 is a view similar to FIG. 29 but of a fuel injection type engine.
PAR  FIG. 37 is a view similar to FIG. 29 but of a continuous-burn type engine.
PAR  FIGS. 38 to 40 are views similar to FIGS. 4 to 6 of a four zone pump with
      three blades.
PAR  FIGS. 41 to 43 are views similar to FIGS. 38 to 40 of an eight zone pump
      with six blades and
PAR  FIG. 44 is a simplified cross-sectional view of a machine according to the
      invention and incorporating refinements which distinguish it from the FIG.
      1 embodiment.
DETD
PAR  The basic and simplest form of the machine is illustrated in FIGS. 1 to 3
      and comprises a housing of two parts, 1 and 2 having an internal generally
      cylindrical chamber 3 in which is housed a rotating blade assembly which
      includes a shaft 4 which passes through the chamber 3 and is rotatably
      supported by the housing parts 1 and 2.
PAR  Specifically, the blade assembly comprises, a blade carrying disc 5 fixed
      to or integral with the shaft 4. The disc 5 has a radial through-slot 6
      and a single blade 7 of generally rectangular shape and section is
      slidably mounted in the slot 6. For convenience the blade 7 is shown
      broken so that a side of the slot 6 can be shown and identified. The slot
      6 may be provided with a sealing means S to engage the sides of the blade
      7 to seal the chamber zone on one side of the blade carrying disc 5 from
      the chamber zone on the other side of the blade carrying disc 5.
PAR  The chamber 3 is bounded by the cylindrical chamber wall 9 and by two
      complementarily profiled faces 8 of two members 1A and 2B fixed in the
      body parts 1 and 2, the profiled faces 8 are at a constant spacing equal
      to the length of the blade 7. The profile of each end 8 is generally
      sinusoidal and provides a single peak P and a single trough 10 and is
      regular in that one half length of each profile complements the other half
      length of that profile.
PAR  Both ends 8 at all points along their length are radial with respect to the
      shaft 4, so that at all times there is full radial engagement of the
      respective ends of the rectangular shaped blade 7 with the chamber ends 8.
      The single peaks P of the respective ends 8 are 180.degree. out of phase,
      as specified above, and are also spaced apart in the axial direction of
      shaft 4 by a distance such that the peaks P are in rubbing engagement with
      the respective sides of the disc 5. It follows that as the shaft 4 rotates
      it is restrained against axial movement by the engagement of the peaks P
      with the sides of the disc 5, and the blade 7 will slide to and fro in the
      direction of the axis of the shaft 4 due to the cam action of the profiles
      of the ends 8 on the ends of the blade 7.
PAR  Referring now to FIG. 2 which is a section on line 2--2 of FIG. 1. The
      shaft 4 is shown rotated 90.degree. from a zero or datum location where
      the blade would be aligned with the peak P, inlet and outlet ports 11 and
      12 respectively are provided to admit and exhaust fluid from the machine
      chamber 3. It will be seen that as the shaft 4 moves clockwise and the end
      of the blade 7 moves away from the peak P of the chamber end 8 a zone of
      negative pressure is created between the trailing side of the blade 7 and
      the line of sealing between the peak P of the chamber end 8 and the side
      of the disc 5. When the blade 7 proceeds beyond the inlet 11 fluid will be
      sucked into the zone of negative pressure through the inlet 11. The zone
      will continue to increase in volume as the shaft 4 rotates. It is to be
      noted that with a single blade 7 there will be direct communication
      between ports 11 and 12 for a period of time sufficient for the blade 7 to
      pass from just uncovering the port 12 to a point just beyond the port 11.
      Once the blade 7 goes beyond the inlet 11 it is cut-off from the outlet 12
      and there is a positive displacing force applied to the fluid in front of
      the blade 7 so as to discharge that fluid through the port 12. Naturally
      as the blade 7 advances beyond the port 11 towards port 12 to discharge
      the fluid in front of it, a new negative pressure zone is being formed
      behind the blade into which fresh fluid is drawn through port 11.
PAR  The short period when the ports 11 and 12 are in direct communication could
      result in a back-flow of fluid, if the discharge from port 12 is against a
      head or like back-pressure, for this reason the pump in this simple one
      blade form has limitations of performance.
PAR  What has been described is one half of the pump, that is, what is happening
      in a zone to one side of the disc 5. A similar sequence of events is
      happening in the other zone on the other side of the disc 5, using a
      second set of inlet and outlet ports, 11 and 12 (see FIG. 3). The ports
      11--11 and 12--12 of the two sides of the disc 5 can be interconnected so
      as to provide a single inlet line and single outlet line for the fluid.
PAR  It follows that with two blades 7 one of the blades will provide a positive
      barrier to back-flow through the pump as at no time are the inlet and
      outlet ports directly interconnected. They are always separated either by
      one or both blades 7, or before blade and by the line of contact of the
      peak P on the chamber end 8 with the side of the disc 5.
PAR  It is considered that three blades is a suitable number of blades for a
      pump. FIGS. 5 and 6 illustrate schematically a three blade arrangement
      with the maximum volume being hatched and location symmetrically with
      respect to trough 10. An included angle of 360/3 = 120.degree. exists
      between the blades. The blades are shown dotted in a zero or datum
      position with one blade on the peak P.
PAR  If incompressible liquid is being considered liquid transference without
      any compressive loads on the liquid is essential. The ports 11 and 12 must
      be extended in a multi-blade arrangement as illustrated and identified 13
      and 14 respectively. As one blade 7 passes point B, thereby enabling
      out-flow along port extension 14 to commence the other blade 7 passes
      point A preventing any further inflow along port extension 13. Again, the
      illustration is of one side of the pump, a like sequence of events is
      occurring 180.degree. out of phase from the situation illustrated in FIG.
      6 and this is shown in FIG. 5.
PAR  FIGS. 7, 8 and 9 show a possible porting system for pumps in that the shaft
      4 is hollow and it follows from FIG. 7 that fluid may flow as shown by the
      arrows into the chamber zones to either side of the disc 5 through ports
      11 and exit through ports 12. The two ports 12 may be combined to a single
      outlet. FIGS. 8 and 9 are views in the direction lines 8--8 and 9--9 of
      FIG. 7.
PAR  All of the embodiments just described have utilised a drive shaft 4 but it
      is possible to utilise pressurized fluid to rotate the disc 5 and the
      blades 7 mounted therein. Referring now to FIGS. 10, 11 and 12, a one-way
      valve 15 (shown diagrammatically) in FIG. 10 is located in port 11 to a
      zone of the chamber and an additional inlet port 11a is also provided
      through which pressurized fluid is admitted. The port 11a is preferably
      adjustable to permit inflow of the pressurized driving fluid at positions
      from adjacent port 11 to the port indicated 11a. In this way the amount of
      driving fluid admitted to the zone can be controlled. The one-way valve
      prevents a back-flow of pressurized fluid out of port 11.
PAR  As illustrated the admission of pressurized fluid is limited to one side of
      the disc 5. If required both sides may be similarly equipped with
      additional ports 11a.
PAR  It is to be noted that FIG. 10 illustrates the shaft 4 extending beyond the
      pump body. The shaft 4 is not used as a driver in the embodiment just
      described, however with the same porting arrangement and the shaft 4
      driven, an accurate and reliable liquid mixing pump is provided. Different
      liquids could, for example, be fed through ports 11 and 11a and such a
      pump would be ideally suited for diluting concentrates, chemicals or
      acids.
PAR  If pumping capacity in excess of that possible from a unit as just
      described is required ganged pump units as illustrated in FIG. 13 may be
      used. In FIG. 13 there are three chambers 3 and chamber ends 1A and 2A and
      intermediate profiled spaces. It also follows that should one unit of the
      pump of FIG. 13 be coupled to pressurized liquid there would be no need
      for an external motive means to rotate the shaft 4, one unit would provide
      the drive to cause the other units to act as pumping means.
PAR  The basic construction of the liquid pump embodiments just described
      applies to gases. Thus the machine can operate satisfactorily as a
      compressor. Variations in porting are required so that prior to exhaust a
      degree of compression of the gas takes place. Referring to FIG. 14 the
      outlet is located so that the maximum volume (represented by the shaded
      area in FIG. 14) is compressed into the volume within the arc C of FIG.
      14. It is to be noted that although the arc C still covers 120.degree. the
      volume is considerably less than that shown shaded, due to the end of the
      chamber in the arc C being inclined upwardly toward the profile peak P, a
      ratio of up to 10:1 is easily achieved. Should further compression be
      desired the form of the machine makes multistaging very simple as is shown
      in FIGS. 15 to 17. The compressed gas is discharged from the zone to one
      side of the disc 5 (FIG. 15) to the zone to the second side of the disc 5
      (FIG. 16) which is volumetrically inferior to the first side. This is
      achieved by providing a boss 16 on the disc 5 which affectively reduces
      the volume of the chamber zone on the second side of the disc 5. It
      follows that if 10:1 compression occurs on the first side of the disc 5,
      reducing say 100 ccs to 10 ccs, then the 10 ccs when compressed at 10:1 on
      the second side of the disc 5 will become 1 cc. In two stages therefore a
      compression ratio of 100:1 is achieved. The compressed air would be stored
      in a receiver ready for use. A one-way valve may be used at each exhaust
      port 12 if desired.
PAR  In the event that the machine is to be used for high pressure operation or
      where sealing is critical it would be possible to provide the blades 7
      with features as illustrated in FIG. 4, one such feature is a peripheral
      groove 17, in the chamber cylindrical wall, the blade disc 5 is of
      sufficient diameter to enter the groove and seals 18 may be included as
      indicated to seal the clearance between the sides of the disc 5 to the
      sides of groove 17. Referring now to FIG. 19 the shaft 4 may also be
      grooved as at 19 to provide a slideway for the blades 7. Additionally the
      blade ends may have extensions 20 which are housed in the shaft bearings.
      The blades may also have end extensions 21 adjacent the cylindrical
      chamber wall and these and the outer blade edge are received in axial
      grooves 25 in an annular rim 24 of the blade carrier. The rim being housed
      in annular recesses 22 in the chamber ends.
PAR  Seals 23 may be provided to seal the clearances between the adjacent
      surfaces of the blade extensions 20 and 21 and the shaft bearings and the
      annular recesses 22 respectively. Preferably the seals are located in
      grooves of profile similar to the profile of chamber ends 8.
PAR  The sealing of the blade ends and edges can be accomplished in numerous
      ways. It is presently preferred that the blade is made in parts, see FIGS.
      21 to 24 and 26 to 28 which illustrate various blade shapes involving a
      plurality of parts. In FIG. 20 the blade is solid. In FIG. 21 the blade is
      split as at 90 with a tongue 25 on one blade part slidable in a groove 26
      in the other blade part. Preferably some form of seal is used to seal the
      sides of the tongue 25 against the sides of the groove 26. The extensions
      20 of the blade 7 are integral with the blade parts 7a and 7b. FIG. 22
      shows a variation in which a slipper 27 is provided for each blade part.
      Springs may be placed between the slipper 27 and its associated blade part
      to urge the outer edge of the blade parts against the cylindrical surface
      of the chamber. Such spring means being more clearly illustrated in FIG.
      23 and identified 28. A leaf spring of wave form is shown, but alternative
      forms of spring or a resilient pad may be used. FIG. 23 also shows a like
      spring 29 to urge the blade parts apart to ensure good sealing contact of
      the blade ends 32 with the chamber ends 8.
PAR  FIG. 23 also illustrates a further modification in that the blade
      extensions 20 are separate blocks retained between the ends of the blade
      and a lip 30 on each slipper 27.
PAR  It is possible to use a configuration as shown in FIG. 24 wherein a single
      sub-blade 31 is housed in a groove in the blade, the sub-blade 31 being
      biassed outwardly by spring means, (not shown), but preferably similar to
      spring means 28.
PAR  It is to be noted that in several of the Figures that the crest 32 on the
      blade ends, which is the sealing line of the blade ends with the chamber
      ends, is not central with respect to the blade thickness. This is
      purposely the case to avoid loss of efficiency in compression cycles. This
      is clear from a study of FIG. 25 which is an enlarged fragmentary view of
      the situation occurring when the end of the blade 7 withdraws into the
      blade carrier slot 6 and as the blade crest 32 passes over the peak P of a
      chamber end profile. The volume v of the triangular space bounded by part
      of the profile, the short angled side adjacent peak 32 and the side of the
      groove 6 will carry forward with the blade, this volume would be nil in
      the situation where the blade crest 32 occurred at the leading side of the
      blade, but for practical reasons this construction is not desirable. It
      follows that as the blade crest 32 becomes more central with respect to
      the blade the volume v carried forward and not exhausted will increase.
PAR  The FIG. 20 construction provides the opportunity to rotate the blade
      carrier in both directions whereas the FIG. 27 construction (for example)
      is for practical reasons limited for best efficiency to rotation in the
      direction of the arrow.
PAR  Variation may be adopted in the blading for example see FIG. 28 where twin
      sub-blades 31 are used, with one sub-blade 31a acting as a compression
      blade and the other 31b acting as an oil scraper blade to remove oil which
      can be pumped into the space between the sub-blades to lubricate the
      mating portions of the blade end and chamber end.
PAR  A natural progression from the compression is to an engine which may be one
      of several types. Examples would be spark ignition or compression ignition
      of a fuel-air mixture. Another would include an air compression stage and
      diesel fuel would be injected thereinto resulting in pressure ignition,
      another form would involve petrol injection into compressed air with
      associated ignition means.
PAR  An engine according to the invention is described with reference to FIGS.
      29 to 35 which schematically represent an engine having spark ignition for
      a fuel-air mixture.
PAR  In FIG. 29 (where no blades are shown) air-fuel mixture is taken in and
      compressed in a zone to one side of the blade carrier and exhausted
      through a one-way valve 33 into a receiver 34 from whence the compressed
      gas passes into the ignition and expansion zones of the machine on the
      other side of the blade carrier through one-way valve 35. The valve 33
      prevents back-flow of gases into the compression zone when pressure there
      drops below the pressure of the gas in the receiver 34 and the valve 35
      prevents a back-flow into the receiver 34 as the pressure in the
      combustion zone builds up above that of the gas in the receiver. The
      pressure relationship also regulates the amount of mixture able to enter
      the combustion zone through valve 35. The valve 35 also acts as a
      safeguard against flash-back of flame from the combustion zone which could
      ignite the gases in the receiver.
PAR  Assuming a compressed mixture of air and fuel from the receiver is fed into
      the area between the blade 7 and the profile peak P (see FIG. 30), on the
      blade reaching a position shown in FIG. 31 beyond the inlet port 11
      leading into the combustion zone a spark plug 36 is uncovered and fired to
      ignite the mixture to generate a force behind the blade 7 thereby rotating
      the shaft 4 in a direction of the arrow.
PAR  The subsequent sequence of actions is illustrated in FIGS. 32 to 35.
PAR  Another possible mode of operation is illustrated in FIG. 36 which
      illustrates schematically a diesel arrangement in which fuel is injected
      into highly compressed air for pressure ignition by injector 36A.
      Alternatively injection of fuel e.g. kerosene or petrol by injector 36B
      into less highly compressed air in the presence of an ignition means to
      promote combustion. The ignition and injection timing for the spark plug
      and fuel injection is achieved in any suitable way.
PAR  FIG. 37 illustrates a continuous burning arrangement, in effect a hot gas
      engine. Compressed air from outlet 12 goes to receiver 34 and is delivered
      to burner 37 where it is mixed with fuel from fuel line 38. Combustion
      continues in burner 37 with an excess of air ensuring complete combustion
      of the fuel. The hot gas applies a driving force to blades 7 to cause
      shaft 4 to rotate.
PAR  In all of the foregoing the receiver 34 serves to even out any pulsing in
      the air supply to the subsequent operations, such pulsing arising from the
      manner of the air compressions in the compression zone of the machine.
PAR  The machine may also have a multi-peak profile chamber end. Referring to
      FIGS. 38 to 40 the chamber ends 8 have two peaks P and two troughs 10.
      Three blades are used and there is thus two zones to each side of the
      blade carrier 5 instead of one as hereinbefore described.
PAR  Referring to FIGS. 41 to 43 there is illustrated a four peak profile for
      each end 8 thus an eight zone machine is provided. For efficient running a
      number of blades in excess of the number of peaks on each end wall is
      preferred.
PAR  The foregoing examples of engines have not dealt with basic problems such
      as cooling or lubricating the engine components. Because of the nature of
      the machine such problems are relatively easy to solve.
PAR  Referring now to FIG. 44 which is a cross-sectional view of a basic engine,
      but from which such things as the blades, carburettors, ignition means and
      exhaust and inlet manifolds have been omitted in the interest of
      simplicity.
PAR  The shaft 4 is hollow having an axial passageway 39 through which oil will
      pass from inlet coupling 40 to oil galleries which would then distribute
      oil to the required area. Some examples being between the blades and the
      surfaces on which they bear. As illustrated the housing part 2 has an
      affixed water jacket 41 which, like the housing is stationary, water would
      enter through port 42, pass through channels 43 into reservoir 44 and by
      centrifugal force water is circulated through radial holes 45 in the blade
      carrier to gallery 46 and outlet port 47. Water seals 48 are used as
      required.
PAR  Referring now to other features of the FIG. 44 construction, the shaft is
      mounted in bearings 49 in housing parts 1 and 2 bolted together at with
      the water jacket 41 by bolts 50.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an energy converter including a blade assembly rotatable in a
      substantially cylindrical chamber defined within a housing; said blade
      assembly comprising a shaft having a generally uniform diameter along the
      axial length thereof, a radially extending blade carrying disc having a
      diameter greater than the diameter of the substantially cylindrical
      chamber defined by the housing, said blade carrying disc being deposed
      intermediate the terminal ends of said shaft, a peripheral groove formed
      in the cylindrical chamber wall of the housing defining said generally
      cylindrical chamber, said peripheral groove being generally
      circumferential with respect to the blade carrying disc, said blade
      carrying disc extending radially into said peripheral groove, at least one
      slot being formed axially through said blade carrying disc and terminating
      radially inwardly of the periphery of said disc, a blade being slidably
      mounted in said slot, said blade including a generally uniform thickness
      and a generally rectangular configuration described by two sides, two
      edges and two ends, the length of said blade from one end to the other end
      being sized to exceed the thickness of said blade carrying disc, said
      generally cylindrical chamber being at least partially defined by a pair
      of opposed faced radially extending end walls which are complementarily
      profiled and formed with centrally disposed recesses for receiving the
      terminal ends of said shaft axially projecting from either side of said
      blade carrying disc, the profile of each of said chamber end walls being
      generally sinusoidal in configuration with equal numbers of peaks and
      valleys and with the distance between the chamber end walls substantially
      equal to the length of said blade, and the axial distance between said
      peaks on the respective chamber and walls being substantially equal to the
      thickness of said blade carrying disc, the ends of said blade being
      positioned at a right angle to the shaft axis and engaging the profiled
      surfaces of said chamber end walls, the inner edge of said blade being
      positioned to engage the cylindrical surface of said shaft and the outer
      edge of said blades engaging the cylindrical wall of the housing defining
      said generally cylindrical chamber, said blade being caused to reciprocate
      in the axial direction of the shaft in response to rotation of said shaft
      and the sliding engagement of said blade with the profiled chamber end
      walls, sealing means being provided for sealing the edges of said blade
      with respect to the circumferential surfaces of said shaft and of said
      cylindrical wall defining said generally cylindrical chamber, further
      sealing means being provided for sealing the sides of said blade with
      respect to the sides of said slot formed in said blade carrying disc, and
      an inlet port and an outlet port communicating with the chamber zones
      defined on either side of said blade carrying disc.
NUM  2.
PAR  2. An energy converter as claimed in claim 1, including sealing means
      disposed in said peripheral groove for sealingly engaging that portion of
      said blade carrying disc extending radially into said groove.
NUM  3.
PAR  3. An energy converter as claimed in claim 1, wherein at least two blades
      are mounted in said blade carrier.
NUM  4.
PAR  4. An energy converter as claimed in claim 1, including sealing means fixed
      to said blade ends for sealingly engaging the profiled surfaces of said
      chamber end walls.
NUM  5.
PAR  5. An energy converter as claimed in claim 1, wherein each of said blades
      comprises at least two parts, and said parts are urged apart to insure
      sealing engagement between the edges and ends of said blades and the
      surfaces defining said generally cylindrical chamber.
NUM  6.
PAR  6. An energy converter as claimed in claim 1, wherein each slot formed in
      said blade carrying disc includes a sealing means for sealingly engaging
      the sides of a blade disposed therein, whereby the chamber zone defined to
      one side of said blade carrying disc is sealed from the chamber zone
      defined to the other side of said blade carrying disc.
NUM  7.
PAR  7. An energy converter as claimed in claim 1, wherein axial grooves are
      formed in the cylindrical surface of said shaft to operatively receive the
      inner edges of said blades.
NUM  8.
PAR  8. An energy converter as claimed in claim 7, wherein said blades are
      formed with extensions projecting beyond said ends of said blades and into
      generally central recesses formed in said profiled chamber end walls.
NUM  9.
PAR  9. An energy converter as claimed in claim 8, including sealing means
      disposed in said central recesses of said profiled chamber end walls for
      sealing said extensions of said blades with respect thereto.
NUM  10.
PAR  10. An energy converter as claimed in claim 7, including sealing means for
      sealing the clearance between the surfaces defining said axial grooves in
      said shaft and the sides of the blade portions disposed within said
      grooves.
NUM  11.
PAR  11. An energy converter as claimed in claim 7, including means for urging
      the outer edge of said blades into sealing engagement with the cylindrical
      surface defining said generally cylindrical chamber.
NUM  12.
PAR  12. An energy converter as claimed in claim 2, including a plurality of
      peaks formed on each said cylindrical end wall profile and an equal number
      of valleys, the number of said blades equaling the number of said peaks
      and an inlet port and an outlet port being provided to the chamber zone
      defined between adjacent peaks.
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ABST
PAL  A mold provided with specially configured blades for forming
      correspondingly configured recesses in ribs shaped in the tire tread by a
      number of grooves which generally extend in a circumferential direction
      about the tire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A pneumatic tire is molded and vulcanized in a mold generally having two
      opposed sections for shaping the tire. Each section has an annular ring or
      matrix which is separately produced, for example, by casting. The tread
      rings each have a geometric pattern of configured ridges extending from
      the normally smooth inner periphery of the ring, for molding in the tire
      tread a correspondingly configured pattern of slots which improve the
      traction characteristics of the tire, especially on rain-covered roadways
      where the slots act as channels through which the water can escape from
      the tread as it contacts the roadway.
PAR  It is desirable to cast the ridges with the tread ring. Many times this is
      not possible because of the small size of some of the slots. Ridges cast
      too small are susceptible to breakage which is detrimental to the mold.
      Therefore, such ridges are separately machined from material which is
      preferably stronger and more durable than material used in casting the
      tread ring. The small separate ridges fastened to the mold are called
      blades or blading, and shape the smaller slots or recesses generally
      molded in the tread ribs projecting from between the larger slots or
      grooves molded in the tread by the ridges or projections integrally cast
      with the tread ring.
PAR  Most blades have an even thickness throughout their length and provide a
      correspondingly configured recess having a uniform width. For example,
      U.S. Pat. No. 3,553,790 shows and describes a typical blade which may be
      provided with air vents or passageways for allowing the escapement of
      gases during the vulcanization of a tire. However, even in this case, the
      blades are designed to produce configured recesses having a uniform width,
      since the V-shaped grooves used as air vents are purposely made
      sufficiently small to prevent rubber from flowing into the air vents and
      clogging them during the vulcanization process.
PAR  A pair of sharp edges are formed on the opposing sides of each recess and
      grip the roadway to increase the traction characteristics of the tire.
      However, these uniformly shaped recesses are susceptible to closing as
      they move into contact with the roadway because of the deflection or
      flexing characteristics of the tire as it engages the roadway. It is
      desirable that these recesses remain at least partially open to prevent a
      serious reduction of the traction characteristics of the tire. The
      invention is directed to providing a highly improved blade for molding a
      recess having a non-uniform cross-sectional width throughout its length,
      thereby increasing the probability that at least a portion of the recess
      will remain open as the tire contacts the roadway.
PAR  Briefly stated, the invention is in a mold in which tires are molded and
      vulcanized. The mold comprises a tread ring including configured
      projections which are integrally cast in, and extend from, the ring for
      forming correspondingly configured grooves in the tread of a tire placed
      in the mold and vulcanized. A plurality of blades are separately shaped
      apart from the ring and fastened to the ring during the process for
      forming the finished ring, including the projections and blades. Each of
      the blades has a varying thickness and a configuration and size sufficient
      to produce a correspondingly configured recess in the tread of a
      vulcanized tire, such that a portion of the recess having a larger width
      will be at least partially open when a portion of the recess having a
      smaller width, closes.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The following description of the invention will be better understood by
      having reference to the annexed drawing, wherein:
PAR  FIG. 1 is a perspective view of a portion of a tire tread pattern produced
      by a mold made in accordance with the invention;
PAR  FIG. 2 is a perspective view of a portion of a mold made in accordance with
      the invention; and
PAR  FIG. 3 is a detailed view of the mold showing blades having a non-uniform
      cross-sectional thickness
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring generally to the drawing, there is shown a pneumatic tire 5
      comprising a tread 6 in which is molded a geometric pattern 7 of specially
      configured slots for increasing the traction of the tire 5, especially on
      rain-covered roadways. A number of larger slots or grooves 8, 9, 10, and
      11 are molded in the tread 6 and preferably extend in a circumferential
      direction around the tire 5, dividing the tread 6 into a series of ribs
      12, 13, and 14, which project from between the grooves 8-11.
PAR  A plurality of smaller slots or recesses 15, 16, and 17 are also molded in
      the tire tread 6. The recesses 15-17 are usually disposed in the ribs
      12-14 intermediate the grooves 8-11, and preferably extend in a direction
      which is angularly disposed to a plane containing the mid-circumferential
      centerline of the tire tread 6, such plane hereinafter referred to as the
      centerplane. The grooves 8-11, on the other hand, are normally in planes
      parallel to the centerplane.
PAR  The tire 5 is molded and vulcanized in a mold 18 including a pair of
      opposing sections, e.g. section 19, which are usually similar in design
      and produced, for example, by casting from any suitable material e.g.
      aluminum. The mold sections 19 each comprise a tread ring or matrix 20,
      which is cast separate and apart from the remaining mold portion 21 used
      for shaping the sidewalls of the tire 5. The tread rings 20 are fastened
      by bolts to the side portions 21. The tread rings 20 each comprise a
      geometric pattern 22 of configured ridges corresponding to the pattern 7
      of slots molded in the tire 5.
PAR  A number of larger ridges or projections 23, 24, 25, and 26 are integrally
      cast with each of the tread rings 20 and form the larger slots or grooves
      8-11. A series of smaller ridges or blades 27, 28, and 29 are separately
      machined from any suitable material, e.g. steel, and attached to each of
      the tread rings 20 during the casting process. The blades 27-29 shape the
      smaller slots or recesses 15-17 in the tire tread 6. The larger
      projections 23-26 and smaller blades 27-29 extend inwardly from the
      normally smooth inner periphery 30 of each of the tread rings 20.
PAR  As previously indicated, the blades 27-29 are composed of material which is
      preferably stronger and more durable than the material used in casting the
      tread rings 20. The size of the tire being molded is determinative of
      whether a ridge is cast or separately made and attached to the tread rings
      20. For example, in the case of passenger tires, the blades 27-29, at
      their narrowest cross-section, may have a maximum thickness of about 0.03
      inches, whereas in larger truck tires the maximum thickness at the
      narrowest cross-section could be 0.06 inches. In any case, the blades
      27-29 are separately machined and not integrally formed with the tread
      rings, such being the case even when the tread rings are machined. The
      blades 27-29 may be positioned in abutting relation with the adjacent
      projections 23-26, or may be spaced from the projections depending on the
      geometric pattern of grooves and recesses desired in the finished tread 6.
PAR  The blades 27-29 and correspondingly formed recesses 15-17, are usually
      similar in design for any given tire. The recesses 15-17 (FIG. 1) were
      purposely given different configurations to illustrate various types of
      blading which can be used in the tread rings 20. In any case, the blades
      27-29, as shown by the differently configured recesses 15-17, each have a
      cross-sectional thickness which may vary uniformly or sporadically
      throughout their overall length L (FIG. 3). The blades 27-29 preferably
      have a cross-sectional thickness which is smaller at opposing extremities
      or ends 31 and 32 of the blades than intermediate the ends 31 and 32. The
      blades 27-29, as shown by the recess 15, can have a configuration which is
      symmetrical about its longitudinal axis and formed from alternate portions
      with reduced and enlarged cross-sectional thickness.
PAR  In all cases, the recesses, projections, and offsets forming the
      configuration of the blades 27-29 are of a shape and size sufficient to
      displace rubber in the tread 6 during vulcanization of the tire 5, and
      consequently mold in the tread 6, recesses 15-17 having a non-uniform
      width corresponding to the varying thickness of the blades 27-29. The
      configured recesses 15-17 have portions with larger cross-sectional widths
      which remain at least partially open when other portions with smaller
      cross-sectional widths are closed, thereby providing some traction
      elements for gripping the roadway. The logitudinal cross-sectional
      configuration of each of the blades 27-29 is uniform throughout the height
      H that the blade extends from the inner periphery 30 of each of the tread
      rings 20.
PAR  A specially configured blade 35 (FIG. 3), embodying the invention, may
      include a bulbous portion or projection 36 extending from a blade portion
      37 having a generally uniform thickness T throughout its length L. The
      projection 36 protrudes from the blade portion 37 intermediate opposing
      ends 38 and 39 of the blade portion 37, and acts to break up or disrupt
      the longitudinal uniformity of the blade 35. The blades 27-29 and 35
      preferably have outer exposed surfaces which are flat and free from any
      vents or passageways for allowing escapement of gas during the
      vulcanization process, such vents being formed, for example, by V-shaped
      grooves which are at least coextensive with the height H that the blade 35
      extends from the smooth periphery 30 of each of the rings 20.
PAR  It is desirable to make any blade portion, in which the thickness varies,
      at least 25 percent of the overall length of the blade. Moreover, the
      thickness of any such portion should vary by at least 30 percent, and it
      is preferable that the maximum thickness of the portion be at least twice
      its minimum thickness.
PAR  Thus, there has been provided a tire mold having blades which are different
      from conventional blades having generally uniform thickness throughout
      their length. The blades of the invention are uneven and not uniform such
      that a portion of the recess formed by the blade will remain open when
      another portion of the recess is closed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mold in which tires are molded and vulcanized, comprising:
PA1  a. a tread ring, including configured projections integrally cast in the
      ring for forming correspondingly configured grooves in the tread of a tire
      being molded and vulcanized in the mold; and
PA1  b. a plurality of blades separately shaped apart from the ring and fastened
      to the ring during the process for forming the finished ring including the
      projections and blades, each of the blades having a uniform cross-section
      throughout its height measured from the ring, a non-uniform cross-section
      throughout the length thereof, and a shape and size sufficient to produce
      a correspondingly shaped recess in the tread of a vulcanized tire, each of
      the plurality of blades having opposing extremities which are smaller, in
      thickness, than a portion of the blade intermediate the extremities.
NUM  2.
PAR  2. A mold in which tires are molded and vulcanized, comprising:
PA1  a. a tread ring, including configured projections integrally cast in the
      ring for forming correspondingly configured grooves in the tread of a tire
      being molded and vulcanized in the mold; and
PA1  b. a plurality of blades separately shaped apart from the ring and fastened
      to the ring during the process for forming the finished ring including the
      projections and blades, each of the blades having a uniform cross-section
      througout its height measured from the ring, a non-uniform cross-section
      throughout the length thereof, and a shape and size sufficient to produce
      a correspondingly shaped recess in the tread of a vulcanized tire, each of
      the plurality of blades having alternate portions with enlarged and
      reduced thicknesses, and the alternate portions being symmetrical from the
      longitudinal axis of the blade.
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ABST
PAL  Post-tensioning apparatus for cast concrete comprises dead end and live end
      anchors adjacent to the casting forms for gripping and post-tensioning
      reinforcing tendons. A group of dead end anchors are preassembled with a
      flexible plastic strip, and likewise a group of live end anchors are
      preassembled with a flexible plastic strip. The strips permit preset
      spacing of the anchors so that each assembly of anchors can be secured to
      the associated form with accurate spacing provided for respective dead and
      live anchors in the setup.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for casting concrete, and more
      particularly to apparatus for post-tensioning the concrete.
PAR  In the casting and post-tensioning of concrete, it is customary to attach
      the dead end anchors and live end anchors to their respective forms so
      that each dead end anchor is in alignment with one of the live end
      anchors. This procedure usually requires the workman to nail each anchor
      to its associated form, taking care to insure that the respective dead end
      and live end anchors are in alignment. For relatively large slabs or a
      large number of slabs at a job site, the foregoing procedure can be
      relatively expensive in terms of labor costs since the center-to-center
      spacing of the anchors on a form must be accurately maintained. This means
      that careful measurements must be made for each installation of an anchor.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an apparatus for casting and
      post-tensioning concrete which is simple to install and which results in
      savings of time and labor over existing processes and apparatus for like
      purposes.
PAR  A further object of this invention is to provide an apparatus of the type
      stated which facilitates accurate positioning of the dead end and live end
      anchors so as to insure that the tendons running between opposed forms are
      truly parallel.
PAR  Another object of this invention is to provide an apparatus of the type
      stated which is particularly economical when used in connection with the
      casting of a large number of concrete slabs or other structural members of
      similar configuration and wherein the spacing between adjacent tendons is
      intended to be uniform throughout the castings.
PAR  Another important object of this invention is to provide a unique manner of
      securing dead end or live end tendon anchors to a flexible strip whereby
      groups of anchors may be prepackaged at the place of manufacture for
      subsequent use in the field, and wherein the prepackaged strips with
      anchors thereon may be readily nailed to the casting forms.
PAR  In accordance with the foregoing objects of the invention comprises opposed
      forms between which the concrete is cast, for example, where the slab is
      one that is poured on grade. The invention, however, not limited to slabs
      poured on grade but may be embodied in a variety of structural members. A
      plurality of dead end anchors are adjacent to one of the forms, each
      anchor having a casing with a chuck therein for gripping a reinforcing
      tendon. A flexible strip is secured to the casings of the anchors to
      position the casings at predetermined spacings such that the longitudinal
      axes of the respective casings and chucks therein are perpendicular to the
      strip. The live end anchors are positioned adjacent to the other form end,
      and each live end anchor also has a casing with a chuck therein for
      gripping a reinforcing tendon. Likewise, the live end anchors are secured
      to a flexible strip so that the longitudinal axes of the live end casings
      and chucks therein are perpendicular to the associated flexible strip.
      Each flexible strip is preassembled with a group of anchors so that the
      strips and anchors may be quickly nailed to the forms to position each
      dead end anchor in accurate axial alignment with a live end anchor. Since
      the anchors are spaced apart a predetermined distance along the associated
      flexible strip, an accurate spacing of the anchors is provided and there
      is no need to measure the distance between adjacent anchors prior to
      installation of each anchor on a form.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a fragmentary top plan view of apparatus constructed in
      accordance with and embodying the present invention;
PAR  FIG. 2 is a fragmentary sectional view, on an enlarged scale, taken along
      line 2--2 of FIG. 1 but showing the apparatus after the concrete has been
      poured;
PAR  FIG. 3 is a fragmentary sectional view, on an enlarged scale, taken along
      line 3--3 of FIG. 1, and also showing the apparatus after the concrete has
      been poured;
PAR  FIG. 4 is a fragmentary perspective view, partially broken away, of the
      completed casting;
PAR  FIG. 5 is a fragmentary perspective view showing a number of dead end
      anchors attached to a plastic strip; and
PAR  FIG. 6 is a fragmentary perspective view showing a number of live end
      anchors attached to a plastic strip.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now in more detail to the drawing, which illustrates a preferred
      embodiment of the present invention, there is illustrated an apparatus
      that includes opposed forms 2, 4 between which concrete is poured. Only
      fragmentary portions of the forms are shown, it being understood that they
      will conform to the shape of the casting. Furthermore, in the typical case
      of a concrete slab, there will be a pair of forms at right angles to the
      forms 2, 4. Extending between the forms 2, 4 are post-tensioning
      assemblies 6 that include parallel tendons 8 of wire rope, synthetic rope,
      or the like. Like tensioning assemblies 6' (FIG. 4), running between the
      other set of forms, will generally be perpendicular to the assemblies 6.
      Thus, in the typical rectangular slab 80, the tendons of the tensioning
      assemblies 6, 6' will form a generally rectangular grid.
PAR  The dead end anchor 10 may be of any known type, for instance that shown in
      Kelly U.S. Pat. No. 3,399,434. Suffice it to say, however, that the anchor
      10 comprises a casing 12 having a cylindrical forward section 14 that
      terminates in the radial end flange 16. The casing 12 also has a
      rearwardly tapering frusto-conical portion 18. Within the tapering bore of
      the casing is a chuck 20 in the form of a jaw cluster, preferably
      comprising three arcuate, elongated and tapered jaw segments which define
      a central bore having teeth 22. The segments of the jaw cluster are held
      together at their larger diameter ends by a resilient band 24. The anchor
      10 also includes at its forward end a closure cap 26 which prevents the
      entrance of concrete into the casing 12. At the forward end of the chuck
      20 is a cup 28 that exerts axial pressure on the jaw segments urging them
      to a closed position. Pressure on the cup 28 is, in turn, provided by a
      helical spring 30 between the closure cap 26 and the cup 28. On the
      exterior of the casing at the cylindrical portion 14 is a thrust plate 32
      having holes for receiving nails 34. The nails are used to secure the
      anchors 10 to the form 4 but in inwardly spaced relationship thereto. If
      desired, one or more secondary thrust plates (not shown) may be mounted on
      the exterior of the frusto-conical portion 18 parallel to the thrust plate
      32.
PAR  Referring to FIG. 3, the live end anchor 36 may also be similar to that
      shown in the aforesaid Kelly Patent. The anchor 36 comprises a casing 38
      and a jaw cluster chuck 40 in the tapered casing bore. The jaw segments
      are held together by an annular band 44, similar to the arrangement in the
      dead end anchor 10. Likewise, the casing 36 has a radial end flange 46 and
      a thrust plate 48, both similar to the end flange 16 and thrust plate 32,
      previously described. Like the thrust plate 32 the thrust plate 48
      receives nails 50 for securing the live end anchor 36 in spaced
      relationship to the form 2. The live end anchor 36 also includes a coaxial
      resilient spacer 52 having a central bore 54. The spacer 52 is bonded to
      the forwardly presented face of the end flange 46. As will be apparent
      hereafter, the spacer 52 serves to seal the casing 38 against the entrance
      of concrete. As with the dead end anchor, the live end anchor 36 may also
      have a secondary thrust plate.
PAR  It will be noted that each of the dead end anchors 10 is mounted at its
      larger diameter end on a plastic strip 56. The plastic strip 56 is
      perforated, preferably uniformly therealong, with holes 55 of a size that
      permit the strip 56 to be clinched between the end flange 16 and the
      thrust plate 32. This retains the anchor 10 assembled with and projecting
      through the plastic strip. If desired, the plastic strip 56 may have small
      holes aligned with the nail holes in the thrust plate 32. In any event,
      assuming that the holes 55 in the plastic strip 56 are equally spaced, it
      will be apparent that the longitudinal axes of the respective casings 12
      (and the chucks 20 therein) will be substantially perpendicular to the
      strip 56. Therefore, if a series of anchors 10 are assembled with the
      strip 56, the anchors may be nailed to the form end 4, as shown in FIG. 2,
      by simply extending the strip 56 until it is parallel with the form 4 and
      then nailing the nails 34 into the form 4. Of course, the first anchor 10
      that is nailed in place must be carefully positioned, but in nailing
      subsequent anchors to the form 4 the strip 56 maintains the desired
      predetermined spacing between the anchors 10.
PAR  The live end anchors 36 are similarly mounted on a strip 57 that is similar
      to the plastic strip 56. The strip 57 is perforated with like holes 55 so
      as to be clinched or held between the thrust plate 48 and the radial end
      flange 46. As shown in FIG. 6, the assembly of the live end anchors and
      the plastic strip 57 also includes the resilient spacers 52, each being
      bonded to its associated end flange 46.
PAR  If the live end anchors are nailed in place last, the first live end anchor
      36 that is nailed should be aligned axially with its associated dead end
      anchor 10. If the spacing of the live end anchors 36 on the strip 57 is
      the same as the spacing of the dead end anchors 10 on the strip 56, the
      nailing of subsequent live end anchors 36 in place will result in those
      live end anchor being respectively axially aligned with their associated
      dead end anchors. Also when each live end anchor is nailed in place,
      spacer 52 yields so as to seal against the inside surface of the form 2,
      as shown in FIG. 3.
PAR  After the groups of anchors 10, 36 have been mounted in place, the tendons
      8 may be installed. In this regard it should be noted that each tendon 8
      is encased in a vinyl sheath 60, and the external surface of the tendon 8
      may be greased so that the tendon is capable of longitudinal movement
      within the sheath 60. A short length of the sheath 60 is cut off,
      degreased, and then a pilot cup 62 (FIG. 2) is installed over the end of
      the tendon. This pilot cup holds the jaws of the chuck 20 open until the
      tendon is properly seated within the anchor 10. The tendon with pilot cup
      62 is inserted into the smaller diameter end of the casing 12 a sufficient
      distance so that the pilot cup 62 moves a short distance past the cup 28.
      A covering sleeve of tape 64 is then wrapped around the sheath 60 and the
      smaller diameter end of the casing 12 to seal the gap between the casing
      and the sheath.
PAR  The sheath and tendon are then extended to span the gap between the forms
      2, 4 plus about two feet beyond form 2 where the tendon and sheath are
      cut. Thereafter, the sheath 60 is cut away at a point that is quite close
      to the smaller diameter end of the live end anchor casing 38 and
      degreased. The tendon 8 is then fed into the smaller diameter end of the
      casing 38 and through the chuck 40 and bore 54 in the spacer 52 and also
      through a preformed hole 66 in the form 2 and outwardly therebeyond, as
      shown in FIG. 3. A washer 68 and coil spring 70 are then placed over the
      tendon 8 followed by a pretension anchor 72. The pretension anchor 72 is a
      known device containing jaws for gripping the cable and may be of a type
      shown in Schweitzer U.S. Pat. No. 3,098,275. Thereafter, the conventional
      center hole hammer 74, is placed over the tendon 8 and is moved back and
      forth to strike the prestressing anchor 72 which tends to pull the tendon
      8 to the right (FIG. 3) so that the desired amount of prestressing of the
      tendon is effected. Thereafter, tape 76 is wrapped around the sheath and
      smaller diameter end of the casing 38 to span the gap therebetween.
      Conventionally, a pretensioning wedge and/or chain of the type shown in
      the aforesaid Kelly U.S. Pat. No. 3,399,434 may be used if desired.
PAR  When the slab 80 has been poured and the concrete has reached about 50 % of
      its ultimate strength, the anchor 72, spring 70, and washer 68 are removed
      from each of the tendons. The forms are stripped away and the spacer
      sealer 52 are pulled out of the concrete exposing the flanged ends of the
      live end anchors. The plastic strips 56, 57 remain embedded in the
      concrete along with the anchors 10, 36 and sheathed tendons.
PAR  In accordance with conventional techniques, a center hole electro-hydraulic
      jack is placed on each tendon to tension the tendon. When the jack is
      released the live end anchor chuck 40 will set and grip the tendon holding
      the latter at the desired tension.
PAR  The tendons are cut off at the holes left by the spacer sealers 52 after
      which those holes are filled with grout.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. Apparatus for casting an posttensioning concrete comprising opposed
      forms between which concrete is cast, a plurality of tendon anchors
      adjacent to one of said forms, each anchor having a casing with a chuck
      therein for gripping a tendon, a flexible strip secured to the casings and
      positioning said casings at predetermined spacings and with the
      longitudinal axes of the respective casings being perpendicular to said
      strip, and means secured to said one form for positioning said strip and
      anchors in spaced relation to said one form and with the strip and said
      anchors being between said opposed forms, said means and said strip
      attaching said anchors as a group to said form to position automatically
      said anchors at said predetermined spacings, which predetermined spacings
      are substantially the same as the linear distances along said strip
      between said casings prior to securing said strip and casings to said
      form, and wherein said casing has an end flange, a thrust plate adjacent
      to said end flange, said strip is interposed between said thrust plate and
      end flange, and said securing means passes through said thrust plate and
      said strip.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said casing has a larger
      diameter end and a smaller diameter end, and said strip is at said larger
      diameter end.
NUM  3.
PAR  3. The combination with a flexible strip of a series of tendon anchors,
      each anchor comprising a casing and a chuck in the casing, each casing
      having an end portion projecting through said strip such that the
      longitudinal axes of the casings are substantially perpendicular to the
      strip, and means for securing the strip to each casing at predetermined
      spacings of said axes to provide a group of tendon anchors preassembled
      with said strip so that the strip may be attached to a form of a concrete
      casting apparatus to space said anchors apart adjacent to said form
      automatically and with the strip being such as to locate said axes
      substantially at said predetermined spacings, and wherein each said end
      portion has a radial flange, a thrust plate surrounds each casing, and
      said strip is confined between the radial flanges and the thrust plates on
      the respective casings.
NUM  4.
PAR  4. The combination according to claim 3 in which said casing has a bore
      tapering away from said strip, and said chuck is a jaw cluster within said
      bore.
NUM  5.
PAR  5. The combination according to claim 3 including a tubular resilient
      spacer sealer coaxial with said casing and secured to said radial flange.
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ABST
PAL  Apparatus for extruding and cutting potato dough in the process of making
      French Fries uses a motor-driven ram which is allowed to recede after an
      extrusion operation to allow compressive forces in the dough container to
      be relieved after which a brake may be applied. The length of extrusion is
      established by time or by interrupting a beam to a photocell. In a
      modification, extrusion begins only after a predetermined pressure is
      first achieved in the dough container. The dough container is of special
      construction allowing both mixing and subsequent dispensing.
BSUM
PAR  The present invention relates to improved means and techniques which are
      particularly useful in the preparation of French fried potatoes. An object
      of the present invention is to provide improved means and techniques
      whereby a dehydrated potato mix may be mixed with water to form a dough in
      a container from which subsequently such dough is extruded or dispensed
      ready for conventional deep-fat frying.
PAR  Another object of the present invention is to provide apparatus of this
      character which is relatively simple, easy to clean and maintain, reliable
      in operation, and capable of producing extruded dough in square
      crosssection and of predetermined lengths immediately ready for frying in
      conventional deep-fat frying equipment.
PAR  Another object of the present invention is to provide apparatus of this
      character which is admirably suited for use in restaurants and commercial
      institutions and in government installations such as those in military
      stations and ships.
PAR  Another object of the present invention is to provide apparatus of this
      character which is entirely mechanized in that it requires only the mixing
      of dough into a container and the dispensing the same from the same
      container upon operation of a switch.
PAR  Another object of the present invention is to provide apparatus of this
      character in which means are provided to minimize or obviate entirely
      problems which otherwise are present due to a tendency of the dough to
      extrude or "bleed" through an extruding die after a dispensing operation
      during which the dough is under some pressure.
PAR  Another object of the present invention is to provide apparatus of this
      character which produces extruded dough of consistent appearance even
      though there may be some time interval between extruding operations.
DRWD
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. This invention
      itself, both as to its organization and manner of operation, together with
      further objects and advantages thereof, may be best understood by
      reference to the following description taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a view in front elevation of apparatus embodying features of the
      present invention with the dough container being shown in section and with
      a conventional wire basket positioned to receive the extruded dough.
PAR  FIG. 2 is a view taken as indicated by the lines 2--2 in FIG. 1.
PAR  FIG. 3 is a view taken as indicated by the lines 3--3 in FIG. 10.
PAR  FIG. 4 is a sectional view taken substantially as indicated by the lines
      4--4 in FIG. 1.
PAR  FIG. 5 illustrates the dispensing container in an inverted position during
      which the potato flour is mixed with water to form a dough preparatory to
      placement in the machine in FIG. 1.
PAR  FIG. 6 shows the container in up-right position and also illustrates the
      manner in which the dough is extruded therefrom into a conventional wire
      French fry basket during operation of the machine shown in FIG. 1.
PAR  FIG. 7 is a perspective view, partly in section, of the piston-like member
      illustrated also in FIGS. 5 and 6, and also in FIG. 1.
PAR  FIG. 8 is a sectional view taken substantially as indicated by the lines
      8--8 in FIG. 4.
PAR  FIG. 9 is a view taken as indicated by the lines 9--9 in FIG. 4.
PAR  FIG. 10 is a view taken substantially as indicated by the lines 10--10 in
      FIG. 8.
PAR  FIG. 11 is a view taken substantially as indicated by the lines 11--11 in
      FIG. 10.
PAR  FIG. 12 illustrates on somewhat enlarged scale a part of the mechanism
      shown in FIG. 10.
PAR  FIG. 13 is a perspecitve view, partly in section, of an apertured extruding
      die-plate used in the machine of FIG. 1.
PAR  FIG. 14 is a perspective view of the holder for the dieplate of FIG. 13 in
      relationship to a portion of its supporting structure.
PAR  FIG. 15 is a perspective view illustrating the reciprocable cutting device
      and a portion of its mounting structure.
PAR  FIG. 16 is a sectional view taken as indicated by the lines 16--16 in FIG.
      9.
PAR  FIG. 17 is a view taken as indicated by the lines 17--17 in FIG. 14 and
      also illustrates the manner in which the holder for the dieplate may be
      assembled to and disassembled from a portion of its supporting structures.
PAR  FIG. 18 is a view taken as indicated by the lines 18--18 in FIG. 9.
PAR  FIG. 19 is a view taken as indicated by the lines 19--19 in FIG. 18.
PAR  FIG. 20 illustrates the control circuit for the machine shown in FIG. 1.
PAR  FIG. 21 illustrates a modified form of the present invention.
PAR  FIG. 22 illustrates a modified form of the present invention using a
      photocell.
PAR  FIG. 23 illustrates another embodiment of the present invention using a
      pressure switch of the character illustrated in FIG. 24.
PAR  FIG. 24 illustrates a pressure switch for sensing the compressed state of
      the potato dough in the container.
PAR  FIG. 25 illustrates preferred shapes of the extrusion openings.
PAR  FIGS. 26 and 27 are views taken as indicated by the lines 26--26 and
      27--27, respectively, in FIG. 25.
PAR  FIGS. 28 and 29 illustrate other modifications of the present invention.
PAR  FIG. 30 illustrates another modification.
DETD
PAR  It is contemplated that the potato dough which is subsequently extruded
      from the apparatus is initially in the form of a dry or dehydrated potato
      mix which requires the addition of water and stirring to form a dough
      suitable for extruding by the machine. Such mixing and stirring is
      accomplished in the same container 10 (FIG. 5) from which the dough is
      subsequently dispensed.
PAR  For this initial purpose the container 10 is conveniently placed on a work
      table T in inverted form. Such container 10 is cylindrical and at one end
      is formed with an outer cylindrical flange 10A, the other end being formed
      with an inwardly extending annular flange portion 10B which defines the
      circular opening 10C. Mounted within container 10 and in sealing
      relationship thereto is a two-piece or pressure plate structure 11.
PAR  Such structure 11 as seen in FIGS. 5, 7 and 1 includes a metal disc-like
      element 12 which has an outer diameter somewhat less than the internal
      diameter of the container 10 and which has an enlarged annular central
      portion 12B formed with an annular recess 12C. The other element 14 is of
      neoprene and is of generally ring shape with an outer integrally formed
      annular sealing flange portion 14A. The inner portion of the neoprene ring
      14 fits into the annular groove portion 12C so that the neoprene ring 14
      may be retained but yet may be conveniently assembled to and disassembled
      from the metal disc member 12 as occasion requires. It will be seen that
      adjacent faces of the ring 14 and disc 12 are in flat abutting engagement
      and that the flange portion 14A resiliently presses against the inner wall
      of the container 10 to provide a tight seal, yet allow movement of the
      assembly 11 within the container 10.
PAR  After the mixing procedure, illustrated in connection with FIG. 5, the
      container 10 in FIG. 5 is then inverted and placed in the machine shown in
      FIGS. 1 and subsequent figures for subsequent extrusion through the
      extrusion dieplate 15 having in this example a total number of forty
      extrusion holes 15A.
PAR  This extrusion dieplate 15 is stationarily mounted above a reciprocable
      cutting device 16 in the manner now described.
PAR  The dieplate 15 is releasably mounted within an apertured, generally
      rectangular, plate 17 with the dieplate 15 resting on the plate ledge 17A
      and with a pair of positioning lugs 15B on plate 15 within corresponding
      indexing apertured portions 17 in plate 17. Thus the dieplate 15 is
      maintained by gravity within plate 17 and thus may also be conveniently
      removed from plate 17 for cleaning, servicing and other purposes. Such
      removal may be accomplished jointly with the plate 17 because, as now
      described, the plate 17 is also removably mounted.
PAR  The plate 17, as seen in FIG. 14, is formed with a first pair of forwardly
      disposed projections or ears 17E and a second pair of rearwardly disposed
      ears or projections 17F adjacent to which is disposed a pair of small
      circular and downwardly extending projections 17G.
PAR  The plate 17 is removably retained in an outer stationary frame or housing
      member 20 of sheet metal with such plate projections or ears 17E, 17F
      being releasably fitted within notched portions 20A, 20B respectively in
      the housing member 20. When the plate 17 is positioned within the housing
      member 20 as illustrated in FIG. 14 the pair of downwardly extending
      cylindrical projections 17G on plate 17 prevents withdrawal of the plate
      17 unless the plate 17 is tilted as illustrated in FIG. 17 to such an
      extent that the cylindrical projection 17G then clears through the opening
      20B.
PAR  This frame member 20 of sheet metal material extends partially around the
      plate 17 as shown in FIG. 9 and has its lower edge secured to the upper
      ends of a generally U-shaped base member 30 using four special fastening
      devices 32 (FIGS. 1 and 9 and 18 and 19). This base memer 30 is also sheet
      metal stock is opened at each of its ends and supports a conventional wire
      Frence fry basket B within its confines.
PAR  This special fastening means 32 in addition to providing a connection
      between casing members 20 and 22 serves also as a means for providing an
      adjustable support upon which the dough cutting device 16 may be guided
      during its cutting movement.
PAR  For this latter purpose it will be seen that each of the fastening devices
      32 includes a machine screw 32A (FIG. 18) threaded into a special nut
      member 32B. This nut member 32B is generally cylindrical and has an
      undercut 32C which is eccentrically located with respect to the axis of
      the fastening screw 32A. A portion of the cutting device 16 rests on this
      eccentric portion 32C and will be seen that the height of such cutting
      device 16 may thus be adjusted by turning the nut portion 32B and then
      securing such nut portion by fastening of the screw element 32A.
PAR  The cutting device 16 is perhaps best illustrated in FIG. 15 and it will be
      seen that involves generally an opened rectangular frame member 16A having
      downwardly extending end portions 16B and 16C and a pair of upwardly
      spaced edge portions 16E, 16F. Each of such edge portions 16E, 16F has a
      series of notched portions 16G for receiving a corresponding end of each
      of the cutter wires 16H. The arrangement is such that only the cutter
      wires 16H engage the underside of the dieplate 15 so as to obtain a good
      shearing action at the lower ends of each of the die openings 15A. This
      action is assured by the provision of the adjustment of the eccentric
      portions 32C upon which the cutter frame 16 rests and also by the fact
      that the upper edges of the wires 16H form the upper most part of the
      cutter device 16.
PAR  The cutting device 16 is moved by a link 40 having one of its ends
      pivotally secured to a motordriven eccentric 41 on motor shaft 42, the
      other end of the link 40 having a pin 40A which loosely fits into an
      apertured portion 16J of the cutting device 16 so that the pin 40A may be
      withdrawn from the apertured portion 16J in those cases where it is
      desired to remove, service, clean, or otherwise perform operations on the
      cutting device 16. This, of course, requires prior removal of the plate 17
      in the manner described above.
PAR  The shaft 42 (FIG. 15) is driven by a motor 43 on a generally U-shaped
      bracket 44 secured to the frame of casing member 20. The shaft or motor 42
      mounts a cam 45 for operating a switch 45A for a purpose described later
      and such shaft extends through the bearing 42A on bracket member 44 and,
      as indicated previously, mounts the eccentric 41 which drives the link 40
      to produce a linear movement of the cutting frame 16 each time the motor
      43 is energized.
PAR  A motor-driven pinion 46 meshes with a rack member 47, as illustrated in
      FIG. 8, to produce a corresponding downward movement of a pressure plate
      48 attached to the lower end of the rack member 47, this pressure plate 48
      being in contact with the pressure plate 12 of assembly 11 to produce an
      extrusion of the potato dough D through the extrusion openings 15A and
      extrusion plate 15. After a selected length of extrusion the cutting
      device 16 is moved back and forth to shear or cut the dough at the lower
      side of plate 15 whereupon the extruded dough falls into the conventional
      frying basket B. For this latter purpose the pinion 46 is on the output
      shaft of a speed reducing unit contained in the motor 50. The motor proper
      50 is bolted by four bolts 54 to a vertically extending plate member 56 of
      a supporting frame which includes the other spaced and vertically
      extending plate 48 and two end plates 60 and 61 (FIG. 8). These end plates
      60, 61, as seen in FIG. 8, are secured by fastening means 64 to the
      vertically extending casing member 20.
PAR  In this process of securing the frame 60 to the casing 20 a closure member
      66, as seen in FIG. 8, has upturned end portions secured between the frame
      member 60, 61 and the casing 20. This closure member 66 with the
      expendable bellows 68 serves to isolate the operating mechanism from the
      pressure plate 48 so that dirt, dust, oil and the like may not be
      deposited or flow therefrom.
PAR  The bellows 68 has one of its ends clamped between the closure member 66
      and a plate 70 which is secured to the closure member 66 by bolts 72. The
      lower end of the bellows 68 is clamped to the pressure plate 48 by
      clamping plate 74, a screw 76 secures the pressure plate 48 to the rack
      member 47 and also clamps the lower end of bellows 68 between the plates
      74 and 48.
PAR  The rack member 47 is slidably mounted in an adjustable guide 80, such
      guide structure 80 being adjustably mounted on the vertically extending
      channel member 82 using shims 84 and three adjustable screws 86 (FIGS. 3
      and 10). The shims 84 allow the rack 47 to be positioned closer to the
      pinion 46 and the adjustment screws 86 provide some pivotal movement of
      the composite guide structure so that movement of the rack member 47 is
      substantially vertical. The channel member 82 is secured to the composite
      frame 56, 58, 60 and 61 and extends vertically substantially parallel with
      the rack member 47. Such channel member 82 mounts a pair of microswitches
      85, 86 each being actuatable by the actuating member 87 on the upper end
      of the rack 47, the switch 85 being operated by the member 87 at the upper
      extreme movement of the rack 47 and likewise the other microswitch 86 is
      operated by the actuating member 87 at the extreme lowermost position of
      the rack member 47. The channel member 82 mounts a third microswitch 88
      which may be operated by a link member 89 which is movable between the
      adjustable stop members 90 and 91 and which is frictionally secured with
      respect to the motor pinion shaft 92 (FIG. 12) using Belleville-type
      spring 94 interposed between the shaft bearing member 96 and the link 89.
      This spring 94 is maintained in a compressed condition by a nut 95 and
      lockwasher 96 on a threaded end of the motor shaft 92.
PAR  The stop members 90, 91 are adjustable as indicated in FIG. 11 in that they
      comprise cam members on bolts which secure the cam members 90, 91 to the
      frame member 58. An access cover 96 (FIG. 4) is bolted to the casing
      member 20 to enclose the motors 43 and 50.
PAR  The upper portion as well as upper front portion is closed by the closure
      member 97 (FIG. 4) bolted to the casing member 20. A control panel 98,
      below cover member 97, is secured to the frame member 60, 61 and as seen
      in FIG. 1 mounts four push-buttons 100, 101, 102 and 103 and an indicating
      lamp 104. Operation of the push-buttons 100, 101, 102 and 103 performed
      respectively a "dispense" operation, and "on" operation, and "off"
      operation, and a "retract" operation.
PAR  The following operation is accomplished with a container 10 full of potato
      dough D centrally mounted on the extrusion plate 15. Such central position
      is assured when the container 10 is within the circular indexing shoulder
      17K of plate 17 as seen in FIGS. 6, and 4.
PAR  As seen in FIG. 20, the apparatus is powered from an A.C. voltage source
      110 which has one of its terminals connected to the lead 111 and the other
      one of its terminals connected through a fuse 112, a bottom-limit switch
      113, an upper limit switch 114, and a power off-on switch 101, 102 to the
      other lead 115. Normally a voltage thus appears across leads 111 and 115.
      To dispense or extrude dough through the die openings 15A the dispense
      switch push-button 100 in FIG. 1 is operated and this causes closure of
      two normally opened switches which are operated substantially
      simultaneously and are designated on the drawing as switches 120 and 121.
PAR  The apparatus incorporates various relays and for purposes of simplicity
      the operating coil of the relay is designated by the letters CR with a
      distinguishing number appended thereto and the associated switches which
      are operated when such coil is energized have the same letters and number
      but with a characteristic letter appended thereto. Thus, for example,
      there is a control relay having an actuating coil designated as CR1 and
      the switches which are actuated when the coil is energized are designated
      as CR1A, CR1B, CR1C and CR1D.
PAR  Thus when, as mentioned before, the extrude or dispense push-button is
      operated the switches 120 and 121 are closed. Such closure of switch 121
      causes current to flow through the control relay CR3 in the following
      path, namely: from lead 115 through the normally closed relay switch
      CR1A2; relay coil CR3; switch 121; switch 120; and the normally closed
      switch 86 to the other lead 111. It is noted that switch 86 is as
      illustrated in FIG. 8 operated to its open position only when the rack 47
      is moved to its lowermost position at which point the actuating member 87
      causes the switch 86 to open. Thus, as long as the rack 47 is in an
      elevated position, the switch 86 remains closed.
PAR  When the foregoing described circuit is closed, relay switch CR3A1 opens;
      switch CR3A2 closes; relay switch CR3B closes; and relay switch CR3C
      opens. When the switch CR3A2 is thus closed, the brake coil 50B of motor
      50 is energized thus allowing the shaft of motor 50 to turn. Normally the
      motor shaft is in a locked position maintained in such position because
      the brake coil 50B is de-energized. When switch CR3C is opened, an
      electrical interlock is provided in that the rack member can not be
      operated to a retract position. The opening of switch CR3A1, at this
      point, prevents the relay winding CR1 from being energized. As explained
      later, it will be seen that the switch CR3A1 provides a path for
      energizing the brake coil 50B when the retract button is operated to
      operate the associated retract switch 103A. When relay switch CR3B is
      closed, control relay winding CR2 as well as a time delay unit TDU is
      energized through a path which includes: lead 115; the normally closed
      relay switch CR1A2; normally closed time delay relay switch 1TDR1; relay
      coil CR2; switch 121; relay switch CR3B; the so-called "bounce-back"
      switch 88 (which corresponds to the switch 88 in FIG. 8); and the
      previously-mentioned switch 86, and the other lead 111.
PAR  When control relay CR2 is thus energized, five associated relay switches
      are operated, namely: relay switch CR2A1; CR2A2; CR2B; CR2C; and CR2D. The
      closing of switches CR2A1; CR2C; and CR2B causes the motor 50 to be
      energized in such direction as to move the rack or ram downwardly. At this
      time, the switch CR2A2 opens and provides an innerlock preventing
      energization of the control relay winding CR1. Closure of switch CR2D
      which is in parallel with the series connected switches 121, CR3B, and
      switch 88, provides a sealing circuit so that time delay unit TDU and CR2
      remain energized even though either switch 121 or switch 88 opens. This
      assures continuous energization of the time delay unit TDU and coil CR2.
      The time delay unit TDU incorporates a relay coil 1TDR and associated
      resistance 140 which is connected in series with an external resistor 200
      having an adjustable top for controlling the time delay of unit TDU. Such
      unit TDU may be of the type supplied by Hoagland Instrument Company Type
      H-620 in which the coil 1TDR energizes after a preset time interval
      (supply voltage applied) and deenergizes on removal of supply voltage.
PAR  The previous energization of the time delay unit TDU initiates a timing
      cycle the duration of which is established by adjustment of the resistance
      140 and controlled by the knob 140A in FIG. 4. After the timer times
      itself out, i.e., after a time established by the adjusted magnitude of
      resistance 140, it causes the normally closed timer switch 1TDR1 to open
      and the other timer switch 1TDR2 to close. Such opening of switch 1TDR1
      results in deenergization of the relay coil CR2 camoperated well as the
      unit TDU to thereby allow the timer to reset itself. Closure of the switch
      1TDR2 causes the relay coil CR5 to be energized. Thus, when relay coil CR2
      is deenergized the ram motor 50 is deenergized. Energization of the
      control relay winding CR5, however, results in energization of the cutter
      motor 43. Relay switch 1TDR2 closes sufficiently long to allow the relay
      winding CR5 to become fully energized and cause closure of the associated
      relay switches CR5A and CR5B. Closure of switch CR5A causes the winding
      CR5 to remain energized through a circuit which includes the cam-operated
      switch 46 (FIG. 4). Closure of relay switch CR5B causes the motor 43 to be
      energized and cause the cam 45 to move whereupon lead 115 is no longer
      connected to lead 152 but to lead 153 and the motor 43 continues to
      operate until the cam 45 operates switch 46 to disconnect lead 115 from
      lead 153. This rotation of motor 43 results in one revolution of cam 41
      (FIG. 4) so that the cutter device 16 then moves from one extreme position
      to the other extreme position then back again to its original rest
      position. In other words, the arrangement may be such that the cutter
      device is moved to and fro each time the motor 43 is energized. It will be
      seen that in order for the cutter motor 43 to be again operated, it is
      necessary that the switch 1TDR2 be again operated.
PAR  The length of the potato dough extrusion is dependent upon the adjusted
      value of the resistance 140 since it will be clear that the longer time
      delay established by adjustment of resistance 140 the longer the
      extrusion.
PAR  It will be seen that after the timer times itself out, unit TDU and coil
      CR2 are deenergized and consequently the motor 50 is deenergized but coil
      CR3 remains energized and hence its associated switch CR3A2 remains closed
      thereby continuing to maintain the brake coil 50B energized and hence the
      shaft of motor 50 and the ram connected thereto is free to move until the
      "bounce-back" switch 88 opens. When switch 88 opens, coil CR3 is
      deenergized, switch CR3A2 closes, and the brake is applied. The delayed
      operation and the manner in which it is operated is an important feature
      of the present invention. It has been found that without delayed brake
      application after a dispensing and cutting operation that the compressive
      forces previously built up in the dough cause a subsequent "oozing" or
      "bleeding" of the dough through the die apertures 15A. It is thus
      desirable in accordance with features of the present invention to relieve
      this build-up pressure on compressive forces by allowing the ram to move
      upwardly under the influence of the forces previously developed in the
      dough during its extrusion. Indeed these compressive forces in the dough
      cause the ram to retract or retreat to a point where frictionally held
      lever 89 (FIG. 8) causes the bounce-back switch 88 to open whereupon the
      motor brake coil 50B is deenergized as previously explained to then lock
      the ram in position.
PAR  To effect another dispensing operation the dispense of extrude button on
      the front panel must again be operated. After a number of such extrusions
      corresponding to depletion of the container 10, the ram or rack actuating
      member 87 causes the lower switch 86 to be actuated as well as switch 86B.
      Closure of switch 86B results in the warning or indicating lamp 104 on the
      front panel (FIG. 1) to be energized thereby indicating that all of the
      potato dough has been dispensed. Also opening of the switch 86 at this
      time prevents another extrusion cycle even though the extrusion switches
      120 and 121 were closed by operation of the dispense or extrude button 100
      on the front panel (FIG. 1).
PAR  The next sequence of operation thus involves raising the ram or rack 47 and
      this is occasioned by operating the retract button 103 on the front panel
      98 (FIG. 1). Operation of that button results in operation of the retract
      switches 103A and 103B. When switch 103B is momentarily closed the cutter
      motor 43 is subsequently caused to go through one cycle of operation. As
      long as the retract switch 103B is maintained in its closed position, the
      cut-off motor 43 will keep cycling without any harm. However, it is not
      necessary that the retract button be continuously pressed for the ram to
      be retracted to its uppermost position. Only a momentary operation of the
      retract button is required to move the ram from its most downward position
      to its most upward position. Thus, when the retract switch 103A is closed,
      the relay winding CR1 is energized through a circuit which includes lead
      115, relay switch CR2A2; winding CR1; switch 85; switch 103A and switch
      CR3C. This causes operation of the relay switches CR1A1; CR1A2; CR1B;
      CR1C; and CR1D. Closure of the relay switch CR1B provides a sealing
      circuit around the retract switch 103A which may then be allowed to open.
      Closure of switches CR1A1, CR1D and CR1C results in energization of the
      motor 50 to cause the ram or rack 47 to move upwardly. The other relay
      switch CR1A2 opens to provide electrical innerlock to prevent inadvertent
      initiation of an extrusion cycle. When the ram or rack 47 assumes its
      highest position wherein the actuating member causes the switch 85 to be
      operated, the switch 85 opens to thereby deenergize the relay coil CR1 and
      thereby interrupt the drive to the motor 50.
PAR  As indicated previously, the bounce-back switch 88 is involved in
      preventing bleeding of the dough after a dispensing operation. The elastic
      forces developed in the dough during the dispensing operation are allowed
      to be relieved prior to application of the motor brake. This feature is
      considered desirable because otherwise the part which is bled out may dry
      out and thus would not necessarily be of the same texture as that which is
      subsequently dispensed.
PAR  It is noted that when the dough container is most full these elastic forces
      developed during a dispensing operation are greatest and become
      progressively less during each successive dispensing operation. For this
      reason, it is desirable to provide some compensation for this change in
      force developed in the dough between, on the one hand, the full container
      condition and the nearly empty container condition. It is desired to
      eliminate this variation which causes a variation in length of the
      extrusion. However, if adjustments were made such that there is uniform
      extrusion lengths during successive dispensing operations there would be
      undesirable bleeding when the container is full.
PAR  In analyzing the forces and extrusion lengths, it is noted that elastic
      forces are greater, the fuller is the pot with dough.
PAR  Also, if the ram brake were applied immediately after a cutting operation
      the dough would extrude and such unwanted extrusion would deteriorate in
      appearance because of exposure to the air and be an addition to a
      subsequent extrusion. One important function of the brake which is applied
      only after some pressure has been relieved is to retain some pressure so
      that unnecessary ram travel during the next extruding cycle is avoided.
PAR  Thereafter as soon as the motor is energized the dough must be compressed
      before there is an extrusion and the amount of compression required, i.e.,
      ram movement to produce this initial compression is greater the fuller the
      pot. Because the ram stroke length established by resistance 140
      (disregarding the resistance 200 and assuming it to be shortcircuited for
      purposes of the present explanation) is constant this means that the
      extrusion is shorter the fuller the pot and such extrusion thus becomes
      longer the emptier the pot. It is desirable to maintain a constant
      extrusion length from a full pot to a near empty pot condition and this is
      accomplished by effectively changing the magnitude of resistance 140 in
      accordance with the amount of potato dough in the pot or container, i.e.,
      in accordance with the position of ram 47 and its connected plunger 48.
      This is accomplished by mechanically interconnecting the tap of the series
      connected resistance 200 with the rack 47 as indicated by the dotted line
      201. Initially the resistance 140 and 200 are adjusted such that there is
      no bleeding when the container is full and this thus establishes a
      predetermined length of extrusion. In general, this resistance 200 is
      changed as the container is emptied such that the extrusion time becomes
      shorter after each successive dispensing operation. Resistance 200 is thus
      maximum when the container is full and is of smallest value when the
      container is empty.
PAR  The foregoing discussion, in general, presupposes a linear relationship
      between on the one hand extrusion length and the time during which the ram
      moves forwardly. In practice, it has been found that this relationship is
      not linear because of the nature of the potato dough. Accordingly, instead
      of there being a linear relationship between ram movement or position and
      value of resistance 200, the magnitude of resistance 200 is caused to
      change in a nonlinear fashion using, for example, the arrangement shown in
      FIG. 21 wherein the tap 200A on resistance 200 is attached to one end of a
      cord 300, the other end of cord 300 being suitably secured to the outer
      periphery of a cam 302 which is driven by friction roller 306 interposed
      between rack 47 and the cam spindle 308. Thus as the ram 47 descends, the
      effective radius of the cam 302 changes between a low value R1 to a high
      value R2 causing the tap 200A to move nonlinearly with respect to movement
      of plunger 47. The resistance 200 in this instance may be of the so-called
      linear type, i.e. without so-called taper. In some instances the above
      described motion transfer mechanism may be discarded and the resistance
      200 be of such nonlinearity or taper to accomplish the same general
      result. Because of the nature of the dough, the effective value of
      resistance 200 which is in series with resistance 140 should be decreased
      more than proportionately with each dispensing operation considering the
      fact that the length of extruded dough, because of the resilient nature of
      the dough, has a tendency to become more than proportionately longer the
      fuller the container.
PAR  It will be appreciated that when the photocell arrangement shown in FIG. 22
      is used a braking system need not be incorporated to assure a constant
      length of extrusion in successive extrusion operations because that dough
      which extrudes after a previous operation is the leading edge of the next
      successive full length extrusion sensed by the photocell.
PAR  Another manner of controlling the length of extrusion involves the use of
      an optical system involving a light source L and a photocell PC in FIG. 22
      which are positioned so that the leading edge of an extrusion interrupts
      the light beam to the photocell and causes a control circuit C to be
      energized to interrupt further downward movement of the plunger 47. This
      control cicuit in general have the same function of timing unit TDU in
      FIG. 20 and produce operation of the related timing switches 1TDR1 and
      1TDR2 so as to produce the functions and results described above in
      connection with FIG. 20. Thus in FIG. 22 when the light beam from lamp L
      to photocell PC in interrupted the switch 1TDR1 is closed and the switch
      1TDR2 is opened and when the leading edge of the extruded dough interrupts
      the light beam switch 1TDR1 opens and switch 1TDR2 closes in the system
      otherwise described in connection with FIG. 20 wherein the extrusion is
      then cut and allowed to gravitate out of the light beam path in which case
      the switches 1TDR1 and 1TDR2 again close and open respectively. This
      modified arrangement thus does not require the time delay unit TDU when
      its switches are replaced by like switches 1TDR1 and 1TDR2 operated as
      described in conjunction with FIG. 22.
PAR  It will be appreciated that when the potato dough container is near empty
      there may be insufficient bounceback to operate the bounce-back switch 88
      in which case the brake remains unapplied. Because there is insufficient
      bounce-back there is insufficient stored elastic forces in the dough
      itself and thus little or no bleeding of the dough occurs.
PAR  The circuit of FIG. 20 is modified to incorporate a pressure sensitive
      switch PS in series with the switch 1TDR1 and the time delay unit TDU. The
      operation is otherwise as described in connection with FIG. 20 except that
      in this modification that time established for actual extrusion
      established by the time delay unit TDU does not commence until a
      predetermined condition, i.e., pressure exists in the dough container 10
      as established by the pressure sensitive switch PS in FIGS. 23 and 24.
      This switch PS is closed at the same pressure regardless of the volume of
      potato dough in the container and thus extrusion always begins under the
      same pressure condition regardless of the position of the piston 48; and
      since the duration of piston movement is always the same as established by
      the time delay unit TDU and its associated resistances it should be clear
      that successive extrusion operations result in the same lengths of
      extrusion.
PAR  A suitable pressure sensitive switch for this purpose is illustrated in
      FIG. 24 wherein a Bellville type circular spring washer 400 is interposed
      between the pressure plate 48 and the rack 47 which now moves relative to
      the pressure plate 48. The rack 47 at its lower end is provided with a
      bore 401 which intersects a transversely extending bore 402. A pin 404 is
      attached to the pressure plate 48 and is slidably mounted in the bore 401
      and carries a laterally extending switch actuating member 405, such member
      405 extending through the enlarged opening 402 for engaging and actuating
      the movable actuating element 407 of switch PS which itself is carried on
      the rack 47 by bracket 409.
PAR  Thus when a certain force or pressure is developed on the piston 48 as a
      result of compression of dough D in container 10, the spring 400 is
      compressed and consequently the actuating member 405 moves upwardly
      relative to the rack 47 to cause operation of the switch PS.
PAR  Using the arrangement of FIGS. 23 and 24, a braking arrnagement for the ram
      as well as means for delaying operation of such braking arrangement may be
      omitted if desired in accordance with other aspects of the present
      invention in which case the rack may, after a dispensing operation, recede
      upwardly varying distances for now the actual dispensing or extrusion
      occurs only when a predetermined pressure is developed during the downward
      stroke of the rack 47.
PAR  It is desired that relative small force be required to produce an extrusion
      and for that purpose the extrusion opening may be as illustrated in FIGS.
      13 and 25 wherein the generally conical opening of diameter D and depth d
      has a taper defined by the angle C which is measured with respect to a
      horizontal line. The lower opening of generally square cross-section has a
      length designated by the letter --a--. As seen in FIG. 26, the four walls
      may each be concave so that ultimately the dough after extrusion, when
      free of pressure, has a more generally square cross-section.
PAR  The smaller the dimension --a-- becomes the lesser the pressure necessary
      for extrusion but if the dimension -a- is very nearly zero then the
      quality of the extrusion is bad and becomes round even though the
      extrusion opening has the four concave walls illustrated in FIG. 26. The
      dimension --a-- should not be greater than one quarter inch and should not
      be less than one sixteenth inch. Also closest spacing E between the
      conical openings as shown in FIG. 27 should be one thirty seconds of an
      inch or less for the same purpose, i.e., for lower pressure extrusion
      requirements.
PAR  In order to take advantage of a wider range of choices of commercially
      available components, alternate means for relieving accumulated or
      residual pressure in the dough at the end of each extrusion cycle to
      prevent bleeding may be provided. For example, worn gear reductors or
      certain types of screw jacks, would tend to resist back driving, in which
      case it is preferred that some positive means be incorporated to effect
      such back driving. Such means may involve, for example, the use of a
      reversing switch for reversing the direction of rotation of the driving
      motor at the end of an extruding cycle. Such reversing switch remains
      energized for as long as the pressure in the dough remains above a certain
      level. This is illustrated schematically in FIG. 28 where the motor 500
      for driving the ram means 502 (corresponding to the rack and pinion in the
      previous figures) has means 504 for reversing its direction of rotation,
      such means 504 being effective to reverse the direction of movement of the
      ram means 502 when two conditions prevail, i.e., at the end of an
      extrusion cycle when the switch means 506 is operated and when the
      pressure of the dough initially compressed by forward movement of the ram
      means sensed by the pressure sensitive switch 508 remains closed. The
      reversing means 504 then remains operative to reverse the direction of
      rotation of motor 500 until the dough pressure sensed by switch 508 falls
      below a predetermined level. Instead of using a pressure sensitive switch
      for this purpose an auxillary timer 510 may be used instead as illustrated
      in FIG. 29 in which case such timer 510 is energized at the end of an
      extrusion cycle to cause the motor reversing means 504 to be actuated and
      such means 504 remains actuated until the timer 510 times itself out,
      i.e., the motor 500 is reversed only for a predetermined time interval.
PAR  In some cases it may be desirable to automatically return the plunger
      assembly to its initial uppermost position after the container is emptied
      and this may be accomplished by using a switch 86C in FIG. 30, such switch
      86C being operated when its related switched 86 and 86B in FIG. 20 is
      operated and serving as illustrated in FIG. 30 to energize coil CR1
      through switch CR2A2.
PAR  While the particular embodiment of the present invention have been shown
      and described, it will be obvious to those skilled in the art that changes
      and modifications may be made without departing from the invention in its
      broader aspects and, therefore, the aim in the appended claims is to cover
      all such changes and modifications as fall within the true spirit and
      scope of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an extruding machine of the character described; a supporting
      structure including a material storage unit for material to be dispensed;
      a plunger assembly movably mounted within said material storage unit for
      movement in a dispensing direction and also in a retract direction
      opposite to said dispensing direction under the influence of compressive
      forces developed in the material during prior movement in said dispensing
      direction; brake means normally maintaining said assembly in stationary
      condition; means for disabling said brake means; and power operated means
      for moving said plunger assembly and means for enabling said brake means
      after said assembly moves a predetermined distance in said retract
      direction sufficient to allow said compressive forces to be reduced to
      substantially zero.
NUM  2.
PAR  2. In an extruding machine of the character described; a supporting
      structure; a plunger assembly movably mounted on said structure; a dough
      container into which said plunger extends for compressing dough and
      extruding dough from said container; time controlled means for
      establishing a time duration during which dough is extruded during
      movement of said plunger assembly; and pressure responsive means
      responsive to pressure build-up in said container produced by movement of
      said plunger assembly for initiating operation of the last mentioned
      means.
NUM  3.
PAR  3. A machine as set forth in claim 2 including means for retracting said
      plunger assembly a distance sufficient to allow substantial reduction of
      compressive forces in the dough in said container.
NUM  4.
PAR  4. In an extruding machine of the character described; a supporting
      structure; a plunger assembly movably mounted on said structure in an
      extruding direction and in an opposite retracting direction; a container
      for compressible dough from which said dough is extruded by said plunger
      assembly into the atmosphere; means for moving said plunger assembly; and
      pressure responsive means actuated in accordance with compressive forces
      developed in said dough by said plunger assembly for initiating operation
      of the last mentioned means to thereby produce movement of said plunger
      assembly.
NUM  5.
PAR  5. A machine as set forth in claim 4 in which said pressure responsive
      means initiates operation of said means for moving said plunger assembly
      such as to produce movement of said plunger assembly in said extruding
      direction.
NUM  6.
PAR  6. A machine as set forth in claim 4 in which said pressure responsive
      initiates operation of said means for moving said plunger assemlby such as
      to produce movement of said plunger assembly in said retracting direction.
NUM  7.
PAR  7. A combined dough mixing and dispensing device including a generally
      cylindrical hollow container having an opening at each of its ends; said
      container having an internal flange portion near one of its ends and an
      external flange portion at the other of its ends; a piston assembly in
      said container; said piston assembly comprising a disc-like element having
      a diameter substantially equal to but less than the internal diameter of
      said container; and an elastic element carried on said disc-like element
      and contacting the inner wall of said container to provide a seal both
      during mixing of the dough and dispensing of the dough, said disc-like
      element having a central enlarged portion and an annular groove portion;
      and said elastic ring-shaped element being releasably secured in said
      groove portion, said external flange being adapted to rest on a flat
      surface during a dough mixing operation and said internal flange portion
      being adapted to lie within a die extrusion plate during dispensing of the
      dough.
NUM  8.
PAR  8. In a machine of the character described; a supporting structure; an
      elongated actuating member movably mounted on said supporting structure
      and protruding therefrom; a bellows into which one end of said actuating
      element protrudes; means releasably secured to said one end of said
      actuating element and closing one end of said bellows: and means
      releasably securing the other end of said bellows to said supporting
      structure and a pressure plate mounted on said actuating element and
      contacting said one end of said bellows.
NUM  9.
PAR  9. In an arrangement of the character described a supporting structure; an
      elongated actuating element extending from said structure; a bellows
      encircling an end of said actuating element; means releasably securing one
      end of said bellows in sealing engagement with said supporting structure
      and means releasably sealingly connecting the other end of said bellows to
      said actuating element and a pressure plate mounted on said actuating
      element and contacting said other end of said bellows.
NUM  10.
PAR  10. In an arrangment of the character described an extrusion dieplate; a
      cutter frame mounted underneath said dieplate; a supporting structure in
      which said cutter frame is movably mounted; and a plurality of
      concentrically mounted elements on said supporting frame and contacting
      said cutter frame for adjustment of said cutter frame with respect to said
      extrusion plate.
NUM  11.
PAR  11. In an extruding machine of the character described; a supporting
      structure including a material storage unit from which compressible
      material is to be dispensed; a plunger assembly movably mounted within
      said storage unit in a dispensing direction and also in a retract
      direction opposite to said dispensing direction; power operated means for
      moving said plunger assembly in said dispensing direction to accomplish an
      extrusion; said plunger assembly being moved after said extrusion in said
      retract direction a distance sufficient to allow release of substantially
      all compression forces in said material; means normally maintaining said
      plunger assembly in a stationary condition; and means controlling movement
      of said plunger assembly in said retract direction.
NUM  12.
PAR  12. In an arrangement of the character described a ram member; a pair of
      spaced stop members carried on said ram member; a switch actuating member
      between said stop members; and a frictional connection between said ram
      member and said switch actuating member.
NUM  13.
PAR  13. In an arrangement as set forth in claim 12 including a braking device
      for said ram member; a switch operated by said switch actuating element;
      and said switch controlling said brake.
NUM  14.
PAR  14. In an extruding machine of the character described; a supporting
      structure; a plunger assembly movably mounted on said structure; brake
      means normally maintaining said assembly in stationary condition; means
      for disabling said brake means; and power operated means for moving said
      plunger assembly in a forward extruding direction, said plunger assembly
      including a rack member; said power operated means includes a motor with a
      gear on the output shaft of the motor meshing with said rack; and said
      brake means includes a braking device for maintaining said motor shaft
      stationary; means for disabling said power operated means; and means
      automatically effective after said plunger moves a predetermined distance
      in the backward retracting direction for enabling said brake means to
      thereby prevent further backward retracting movement.
NUM  15.
PAR  15. In an extruding machine of the character described; a supporting
      structure; a plunger assembly movably mounted on said structure; brake
      means normally maintaining said assembly in stationary condition; means
      for disabling said brake means; and power operated means for moving said
      plunger assembly in a forward extruding direction; means for energizing
      and deenergizing said power operated means; and means for assuring
      operation of said brake means only after said power operated means is
      deenergizied, the last-mentioned means (being sensitive to a condition of
      said plunger assembly) incorporating means actuated only after said
      plunger assembly is returned a predetermined distance in the backward
      retract direction.
NUM  16.
PAR  16. In an extruding machine of the character described; a supporting
      structure; a plunger assembly movably mounted on said structure; brake
      means normally maintaining said assembly in stationary condition; means
      for disabling said brake means; and power operated means for moving said
      plunger assembly; a container for dough; an extruding die associated with
      said container through which said dough may be extruded; said plunger
      assembly cooperating with said container to extrude dough through said
      die; means for energizing and deenergizing said power operated means; and
      means effective after said power operated means is deenergizied and
      responsive to pressures developed in said dough for rendering said means
      for disabling said brake means ineffective and to thereby render said
      brake means effective.
NUM  17.
PAR  17. A machine as set forth in claim 16 in which the last-mentioned means is
      also responsive to the amount of dough in said container after an
      extruding operation.
NUM  18.
PAR  18. In an extruding machine of the character described, a supporting
      structure; a plunger assembly movably mounted on said structure; brake
      means normally maintaining said assembly in stationary condition; means
      for disabling said brake means; and power operated means for moving said
      plunger assembly; said plunger assembly including a ram member; said power
      operated means including a motor-driven shaft with means for driving said
      ram; a pair of spaced stop members on said ram member; a lever
      frictionally mounted on said motor shaft and positioned between said stop
      members, a switch operated by said lever, and said switch controlling said
      brake means.
NUM  19.
PAR  19. A machine as set forth in claim 18 in which said supporting structure
      mounts a pair of spaced switches operated by a switch actuating member
      carried on said ram member at the extreme ends of movement of said ram
      member for controlling said motor.
NUM  20.
PAR  20. A machine as set forth in claim 19 including dough cutting means
      operated prior to application of said brake means.
NUM  21.
PAR  21. In an arrangement of the character described a supporting structure; an
      elongated actuating element extending from said structure; a bellows
      encircling said end of said actuating element; means releasably securing
      one end of said bellows in sealing engagement with said supporting
      structure, and means releasably sealingly connecting the other end of said
      bellows to said actuating element, said first means including a plate-like
      element secured to said supporting structure by screws extending through
      bayonet type slots in said plate-like element.
NUM  22.
PAR  22. In an arrangement of the character described a supporting structure; an
      elongated actuating element extending from said structure; a bellows
      encircling said end of said actuating element; means releasably securing
      one end of said bellows in sealing engagement with said supporting
      structure, and means releasably sealingly connecting the other end of said
      bellows to said actuating element, the second mentioned means including a
      pressure plate; a threaded element having one of its ends secured in said
      pressure plate and having the other one of its ends threaded in the end of
      said actuating element; and a washer between said end of said actuating
      element and said pressure plate with said washer and pressure plate
      serving to sandwich a portion of said bellows therebetween.
NUM  23.
PAR  23. In an extruding machine of the character described a supporting
      including a container for compressive material; a plunger assembly movably
      mounted on said structure and extending into said container to compress
      said material and for extruding said material; power operated means for
      moving said plunger assembly in one direction to compress said material;
      timing means controlling the duration of operation of said power operated
      means such that the length of material extruded is determined by the time
      during which said timing means is effective; and pressure sensitive means
      responsive to the pressure developed by said plunger in said material for
      rendering said timing means effective to initiate operation of said power
      operated means.
NUM  24.
PAR  24. An extruding machine as set forth in claim 23 including means for
      rendering said power operated means ineffective after a time interval
      established by said timing means; and means effective after said timing
      means has timed itself out and established the length of extruded material
      for moving said plunger assembly in a reverse direction a distance
      sufficient to relieve compressive stress developed in the material during
      the preceding extruding operation.
NUM  25.
PAR  25. In an extruding machine of the character described, a supporting
      structure including a material storage unit from which compressible
      material is to be dispensed; a normally stationary plunger assembly
      including a driving rod assembly having a driving rod movable within said
      storage unit in an extruding direction and also in a retracting direction;
      power operated means for driving said plunger assembly in said extruding
      direction a pre-selected distance to an extended position and, upon
      completion of said movement in said extruding direction, means operative
      to control said plunder assembly to move a distance in the retract
      direction to a retract position sufficient to release pressure build-up in
      said storage unit with the extent of movement from said extended position
      to said retract position being dependent upon said pressure build-up which
      is being released.
NUM  26.
PAR  26. In an extruding machine of the character described, a supporting
      structure including a material storage unit from which compressible
      material is to be dispensed; a normally stationary plunger assembly
      including a driving rod assembly having a driving rod movable within said
      storage unit in an extruding direction to an extended position and also in
      a retracting direction to a retract position; power operated means for
      driving said plunger assembly in said extruding direction a preselected
      distance to said extended position and, upon completion of said movement
      in said extruding direction, means operative to control (upward) movement
      of said plunger assembly to (a predetermined retracted) said retract
      position sufficient to release pressure buildup in said storage unit with
      the extent of movement from said extended position to said retract
      position being dependent upon said pressure build-up which is being
      released.
NUM  27.
PAR  27. In an extruding machine of the character described; a supporting
      structure; a plunger assembly movably mounted on said structure; a dough
      container into which said plunger extends for compressing dough and
      extruding dough from said container; means for establishing a time
      duration during which dough is extruded; and pressure responsive means
      responsive to pressure in said container for controlling the lastmentioned
      means; means for retracting said plunger assembly a distance sufficient to
      allow substantial reduction of compressive forces in the dough in said
      container; and means responsive to said compressive forces and controlling
      said retracting means.
NUM  28.
PAR  28. In an extruding machine of the character described; a supporting
      structure; a plunger assembly movably mounted on said structure; a dough
      container into which said plunger extends for compressing dough and
      extruding dough from said container; means for establishing a time
      duration during which dough is extruded; and pressure responsive means
      responsive to pressure in said container for controlling the
      last-mentioned means; means for retracting said plunger assembly a
      distance sufficient to allow substantial reduction of compressive forces
      in the dough in said container; and means responsive to time and
      controlling said retracting means.
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ABST
PAL  An improvement in the method of operating a molding apparatus as well as an
      improved apparatus for use in molding plastic and other materials is
      provided. The inner mold surfaces of the apparatus are flooded, during
      operation, with a dehumidified gas such as dry air to minimize
      condensation of moisture onto these surfaces. The dry air is supplied to a
      chamber surrounding one half of the mold and through channels in the mold
      onto the molding surfaces. This dry air forms a field in the area of the
      mold surfaces to keep out the normally moist ambient air. The field is
      exhausted through a chamber surrounding the other mold half and
      recirculated to the supply source where it is regenerated and returned to
      the first chamber. In this way, a continuous concentration of dry air is
      maintained in contact with the mold surfaces. One or more dry air curtains
      are established around the dry air field to prohibit moist air from
      entering the field.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to a method and apparatus for molding materials and
      more specifically, to a method and apparatus for providing a dehumidified
      air field and a dehumidified air curtain surrounding the area of mold
      surfaces in an extrusion blow molding or injection blow molding apparatus.
PAC  DESCRIPTION OF PRIOR ART
PAR  Blow molding of plastics to form containers of various shapes for a wide
      number of industries has fast become the most conventionally acceptable
      method of forming plastic containers of all kinds. In a typical injection
      blow molding apparatus, a plastic parison which has been formed over a
      core rod is positioned between mold sections of a desired configuration,
      air is introduced through the internal portion of the core rod and the
      parison is blown outwardly away from the core rod and against the internal
      surfaces of the mold sections. The blown article is shaped and cooled by
      its contact with the inner mold surfaces. After sufficient cooling, the
      molds are opened and the core rod with the blown container is moved to a
      stripping station where the container is removed from the core rod. While
      this particular method and others of the same general type have been found
      to be fairly commerically feasible, there are a wide number of problems
      remaining to make this and similar methods most economical in producing
      the highest quality product.
PAR  One of the important factors in determining a high production rate using a
      process of this type is to obtain the lowest feasible mold temperature
      during the molding and cooling step. Generally, speaking, the lower the
      mold temperature, the faster is the rate of heat removal from the plastic
      and therefore the higher the production rate of the products through the
      apparatus. In the present state of the art the lowest level to which the
      mold surface temperatures could be reduced is governed by ambient air
      conditions in contact with the mold surfaces. In cooler winter climates
      the moisture content of the air (dew point) is sufficiently low to permit
      operation at mold temperatures in the 40.degree.-50.degree.F temperature
      range without having moisture condense out of the air and onto the inner
      surfaces of the mold. Condensation of moisture on the inner mold surfaces
      is referred to conventionally as "mold sweating". If such mold sweating
      occurs to an objectionable degree, the part being molded will have surface
      defects. Naturally, in the more humid, hotter climate areas this
      particular problem is a more difficult one to overcome because of the
      higher air moisture content. In this type of climate the lowest practical
      mold temperatures are usually in the 60.degree.-70.degree.F range.
PAR  There have been a number of attempts made in the industry to eliminate mold
      sweating as an impediment to high production rates. Efforts such as air
      conditioning the entire production area in which the mold is operating are
      only partially successful in eliminating the moisture content from the air
      in the area of the mold surfaces and more importantly, are not economical
      in terms of the results achieved. It is the primary object of this
      invention, therefore, to provide a method and apparatus whereby a
      concentration of dehumidified gas is provided in the area of the mold
      surfaces in a practical and economical way so as not to increase the cost
      of production beyond a certain minimum level.
PAR  It is another object of this invention to provide an apparatus whereby a
      concentration of dehumidified gas is supplied in the area of the mold
      surfaces and is recirculated through the supply source so as to provide an
      economical means of eliminating mold sweating.
PAR  It is still another broad object of this invention to provide an apparatus
      and method whereby mold surface temperatures may be maintained at
      0.degree.F or below and still not experience any mold sweating.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The objects of this invention are satisfied by an apparatus for molding
      materials especially useful in a blow molding environment in which there
      is provided a first and second mold section each having a mold surface
      which is adapted to partially enclose and contact the material to be
      molded. These sections which are in a desired configuration for providing
      an end article of a particular shape, are adapted to be joined together to
      form a unitary mold area at the mold surfaces. One of the mold sections is
      provided with a casing forming a hollow chamber proximate the mold
      surface. The chamber has an opening which communicates with the space
      surrounding the mold surfaces. A gas supply means is connected to the
      chamber and supplies a continuous stream of dehumidified gas into the
      chamber under positive pressure. This gas is passed through the opening in
      the mold section and into the region immediately contiguous with the mold
      surfaces thereby setting up a dehumidified gas field in contact with the
      molding surfaces. Supplying a dehumidifed gas through the mold section
      itself immediately into contact with the mold surfaces enables a
      concentration of dehumidified gas to be maintained and this allows an
      economical way of purging the moisture filled air in the vicinity of the
      mold surfaces during the operation of the mold.
PAR  In the preferred embodiment, the other mold section is also provided with a
      casing having a hollow chamber surrounding the mold surface. This casing
      is provided with an intake opening proximate the mold surfaces for
      receiving the dehumidified gas from the gas field and an exit orifice for
      exhausting the gas from the second chamber. Exhaust means is connected to
      the second chamber and draws the gas from the gas field through the second
      chamber. This exhaust means is also connected to the supply source so that
      the dry gas is returned to the source, reconditioned, and once again
      supplied to the first chamber. This provides an economical means of
      supplying a continuously recirculated, recycled dry gas into the region
      immediately in contact with the mold surfaces. As a result of this, the
      dew point immediately in the area of the mold surfaces is very low and the
      mold surfaces may be reduced to a very low temperature without worrying
      about moisture condensing on the mold surfaces. In order to enhance the
      supply of dehumidified gas to the dry gas field, a plurality of openings
      may be provided in the casing of the first mold section to permit the dry
      air to flow more evenly into the area.
PAR  The method and apparatus of the present invention further includes the
      provision of a continuous stream of dry gas, preferably dry air, to form a
      curtain surrounding the dry gas field. To accomplish this, an annular slot
      is placed in the first casing in a position so that it surrounds the
      molding surface and communicates with the chamber. The slot is therefore
      positioned about the periphery of the gas field and is substantially in
      registration with the intake opening in the second casing. The gas supply
      source and the exhaust means cooperate to pass the dry gas not only out of
      the openings in the casings into the gas field as above described but also
      through the annular slot and into the intake opening of the second chamber
      thereby to form a continuous curtain of dehumidified gas surrounding the
      gas field. With this construction, a continuous curtain of dry gas is
      maintained around the gas field to prevent moisture filled air from
      penetrating into the area of the gas field. As a result, the mold surfaces
      are further prevented from experiencing condensation during the operation
      of the mold. For even greater efficiency in the operation of the mold
      system, a second annular slot is positioned in the first casing
      surrounding the first annular slot and cooperating with the intake opening
      of the second casing to provide still another air curtain surrounding the
      first air curtain. In this construction, a double air curtain is provided
      around the gas field. Turbulence is avoided when the gas is passed through
      the annular slots described by forming these slots with arcuate shapes at
      every substantial change of direction of the slots.
PAR  The gas supply source may be any number of a possible dry gas sources. As
      one example, a conventional air conditioner may be connected to the first
      chamber and dry air is supplied into the area of the mold surfaces. In
      this system, the exhaust means may be a conventional return line which
      connects with the second chamber and draws the dry air from the field
      through the second chamber and out back to the air conditioner where it is
      reconditioned and then recirculated back to the first chamber. Also in
      this system as well as in any other gas supply system, a reheater may be
      positioned between the air conditioner and the chamber to heat the output
      flow of air from the air conditioner prior to the entry thereof into the
      first chamber. The reheater permits the mold surfaces to be maintained at
      a temperature level much below 40.degree.F and still there will be no
      condensation of moisture on these mold surfaces. Since the dew point of
      the dry air coming from the air conditioner is normally such that
      condensation will occur at 40.degree.F, heating the dry air to a
      temperature of up to 120.degree.F means that there will not be any
      possibility of this heated dry air being lowered to below 40.degree.F as
      it passes onto the mold surfaces since the time of passage through the
      system is so rapid. As a result, the mold surfaces may be maintained at a
      temperature much below 40.degree.F and no mold sweating will occur.
PAR  Still another supply of dry gas which is capable of reducing the dew point
      to as much as minus 40.degree.F is a system including desiccant dryers
      utilizing absorbents such as molecular sieves. Other desiccant systems
      employing materials such as silicon gel or activated alumina are also
      quite successful in a system of this type. Since a system of this type is
      capable of reducing the dew point of the dry gas supplied to as much as
      minus 40.degree.F, the mold operating temperatures can also be lowered to
      this same temperature range and higher production rate is therefore
      possible due to the faster cooling of the plastic in the mold. Still other
      gas supply sources are possible in the apparatus of the invention. As
      another example, the use of sub zero air supplied by special industrial
      refrigeration equipment which dries air to sub zero temperatures by
      freezing rather than condensation permits dry air to be supplied at a dew
      point as low as minus 65.degree.F.
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PAR  The objects of the invention will become more apparent from the following
      detail description taken in conjunction with the accompanying drawings in
      which:
PAR  FIG. 1 is an elevational view in section of the molding apparatus of the
      invention;
PAR  FIG. 2 is a plan view taken on line A--A of FIG. 1 illustrating the upper
      half of the mold apparatus;
PAR  FIG. 3 is a plan view taken on line B--B of FIG. 1 illustrating the other
      mold section of the apparatus shown in FIG. 1;
PAR  FIG. 4 is an elevational view of another embodiment of the apparatus
      illustrated in FIG. 1;
PAR  FIG. 5 is a schematic view showing the apparatus of the invention with a
      particular type of supply source; and
PAR  FIG. 6 is another schematic illustration of the apparatus of the invention
      illustrating another gas supply source.
DETD
PAC  DETAIL DESCRIPTION OF THE DRAWINGS
PAR  Referring now to FIG. 1, there is illustrated generally by the numeral 10 a
      molding apparatus useful in molding material such as plastic. The
      apparatus 10 is shown to have two molding sections 12 and 14 in a spaced
      apart position. Each of the molding sections 12 and 14 are shown having
      molding surfaces 16 and 18 oppositely positioned from each other and
      adapted when the mold sections are joined together to form a singular mold
      area at the molding surface. FIG. 1 also shows other cooperating mold
      surfaces 20 and 22 and 24 and 26 which similarly join together to form a
      mold area. Plastic parisons 28, 30, and 32 are shown in position just
      prior to the mold sections closing thereupon. These plastic parisons are
      positioned around core rods 34, 36 and 38 respectively. In the operation
      of this particular blow molding apparatus, the mold sections 12 and 14 are
      joined together and the mold surfaces enclose the parisons 28, 30 and 32.
      Air is then blown through the core rods 34, 36 and 38 and the parisons are
      expanded into contact with the mold surfaces. The parisons then assume the
      configuration of the mold surfaces and a container of a desirable
      structure is formed. The containers are then removed from the core rods at
      a stripping station (not shown).
PAR  As shown best in FIGS. 1 and 2, the mold section 12 includes a casing 40
      and a mold part 42. The mold part 42 includes the molding surfaces 16, 20
      and 24 which are the surfaces coming in contact with the parisons and on
      which mold sweating is to be avoided. The casing 40 defines a hollow
      chamber 46 surrounding the mold part 42 into which a dehumidified gas such
      as dry air is fed from supply source 48 through conduit 50. A plurality of
      channels -- 52, 54, 56 and 58 are formed in the mold part 42 and serve to
      communicate with chamber 46 so as to receive the dry air from the chamber
      and pass it out of openings 60, 62, 64 and 66 respectively into the area
      immediately contiguous with the molding surfaces.
PAR  In operation, the dehumidified air is passed under positive pressure from
      source 48 through supply line 50 and into chamber 46. As the dry air is
      continuously supplied, chamber 46 is filled and the dry air then passes
      through channels 52, 54, 56 and 58. These channels are formed directly in
      the mold part 42 so that the dry air floods the area immediately in front
      of the molding surfaces 16-26 and displaces any moisture filled air in the
      vicinity thereby setting up a dry air field. The dew point of the dry air
      is substantially lower than that of moist air and thus the mold surfaces
      may be brought to a lower temperature because of the high concentration of
      dry air. To improve the degree of concentration and to improve the
      movement flow of the dry air, the channels 52, 54, 56 and 58 may be
      arranged as shown in FIG. 2, that is, a plurality of vertically arranged
      individual channels all supplying dry air to the dehumidified air field in
      contact with the molding surfaces.
PAR  The effectiveness of the mold apparatus thus far described is even more
      enhanced by providing an exhaust system to remove the dry air field so
      that a continuous flow of a fresh supply can be maintained, a
      recirculation system to economically recirculate the dry air, and a dry
      air curtain to surround the air field and further prevent moisture from
      condensing on the molding surfaces by penetration of moist air into the
      dry air field. Referring again to FIG. 1, the mold section 14 comprises a
      mold part 68 which supports the molding surfaces 18, 22 and 26, and a
      casing 70 which surrounds the mold part 68 and defines a hollow chamber
      72. An annular opening 74 (best shown in FIG. 3) positioned in the front
      face 76 of the casing 70 functions as an intake opening for the dry air to
      flow into chamber 72. An exit orifice 78 in the casing permits the moving
      dry air to exit from the chamber and into conduit 80. An exhaust device,
      such as a fan, blower or the like, illustrated schematically and
      designated by the numeral 82 draws the dry air under pressure through the
      cycle just described and also feeds the exhausted dry air to conditioner
      48 where it is reconditioned for a return to chamber 46. With this
      arrangement, a very economical means of preventing mold sweating from
      occuring in a single mold or in several molds simultaneously is provided,
      through the use of relatively small quantities of "conditioned" and
      "recirculation".
PAR  As illustrated in FIGS. 1 and 2, a pair of substantially concentrically
      arranged annular slots 84 and 86 each form an opening in the front face 87
      of casing 40 and communicate with chamber 46. These annular slots
      effectively surround the molding surfaces and the dry air field
      established as above described. Because they are in communication with the
      chamber 46, the dry air fed from source 48 also passes out of slots 84 and
      86. The velocity of the dry air under pressure is such that the dry air
      directly crosses the gap between mold sections 12 and 14 and is absorbed
      into the intake opening 74. The cooperation of the supply pressure and the
      exhaust pressure causes two streams or curtains of dry air to be formed
      between slots 84 and 86 and intake opening 74 as shown by the dotted lines
      in FIG. 1. The double air curtain which is formed substantially reduces
      the possibility of penetration of outside moist air into the area of the
      dry air field within the double air curtain. A non-turbulent flow of air
      to form the air curtains is made possible by rounding the slots 84 and 86
      at every substantial change in direction of the slots such as shown by
      numerals 88, 90, 92 and 94 in FIG. 2. Additionally, the slots 84 and 86
      may be slightly offset relative to, although still maintained in
      substantial registration with, intake opening 74 so that the air curtains
      formed are in effect sweeping slightly outward so as to also sweep outward
      moist air attempting to penetrate into the dry air field. It has been
      determined that the width dimension of the slots may be about 0.08 inches
      and the velocity of air through these slots may be about 8-10 feet per
      second for an excellent and continuous curtain to be established.
      Obviously, more or less air curtains may be used depending upon
      environmental conditions, economics of the system and other
      considerations.
PAR  Supplying dehumidified gas to the field within the curtains through the
      mold apparatus has already been described with reference to FIG. 1.
      Referring to FIG. 4, an alternate manner of supplying dehumidified gas to
      the dry air field from source 48 is illustrated. A conduit 96 which may be
      a pipe, hose or other type of gas supply line, is connected directly to
      the source 48 and penetrates through the double dry gas curtains shown by
      dotted lines. The end opening 98 on the conduit 96 supplies a stream of
      dry gas into the area surrounded by the dry gas curtains and thereby
      establishes the gas field in contact with the mold surfaces. This gas
      field is vented through opening 74 in casing 70 and is recirculated
      through the system as described with reference to FIG. 1. Both in this
      embodiment and that shown in FIG. 1, the dry gas field is swept into
      opening 74 preferably at a rate of about two field changes per minute
      within the gas curtains. While only one conduit 96 is shown, any number of
      such conduits may be similarly connected in the system. With a plurality
      of such conduits, a heavier concentration of dry gas may be formed within
      the curtains in a shorter time, thus enhancing the value of the system
      even more.
PAR  The particular source of dry gas or dry air selected may vary depending
      upon the molding apparatus employed, the environmental conditions and
      other factors. An excellent and economical source is a conventional air
      conditioner system with a return duct arrangement connected as shown in
      the drawings. Since the best dew point temperature obtainable with this
      type of source is about 40.degree.F, an improved system is provided by the
      insertion of a preheater 100 as shown schematically in FIG. 5. The
      preheater 100 heats the dry air flowing from air conditioner 48 to a
      temperature as high as 120.degree.F if desired before it reaches chamber
      46. The mold surfaces 16-26 may be cooled by some cooling means (not
      shown) to a temperature well below 40.degree.F. The high temperature dry
      air will be cooled as it passes through the mold apparatus but is not
      cooled fast enough to lower the temperature of the gas below 40.degree.F
      before it completely passes through the apparatus. Thus no moisture will
      condense out and yet the molds are kept at a very cold temperature below
      40.degree.F, as desired.
PAR  A particularly good supply source illustrated schematically by the numeral
      102 in FIG. 6 is a dryer employing molecular sieve absorbent drying beds
      or similarly effective desiccants. Several molecular sieve adsorption beds
      104, 106 may be employed with associated heating and cooling equipment
      (not shown) to adsorb moisture from the gas being circulated. One bed can
      be adsorbing while the other is regenerating. Type 4A LINDE molecular
      sieve which is the type used for static dehydration in a closed gas system
      is one example of a suitable desiccant which may be used in the subject
      invention. The use of a desiccant drying system enables the dew point to
      be lowered to as much as -40.degree.F thereby permitting the molds to be
      cooled to that temperature without condensation occuring. Other desiccants
      such as silica gel and alumina may also be used but molecular sieves are
      preferred because of their very high capacity for adsorption of water. A
      typical desiccant dryer 102 is the FOREMOST Dryer manufactured by FOREMOST
      Machine Builders, Inc. of Fairfield, New Jersey and is described in
      Bulletin 390-A of that company.
PAR  Another supply source which may be used for source 48 in FIG. 1 is a sub
      zero air refrigeration system which dries air to a sub zero dew point by
      freezing rather than condensation. Such a refrigeration unit is
      commercially available from the manufacturer, Peuchen, Inc. of Wilmington,
      Del. Furthermore, dry bottled gas such as nitrogen or carbon dioxide may
      also be successfully employed in the present invention.
PAR  From the foregoing, it will be appreciated that the apparatus and method of
      the invention provide an economical solution to increasing production
      rates in a molding apparatus while simultaneously improving the quality of
      the product produced. Practically any molding apparatus, particularly
      those used in the blow molding industry, may be easily modified to
      incorporate the features of this invention. Injection molding and vacuum
      forming apparatus may similarly be treated. The subject invention
      effectively eliminates mold sweating at a small cost and results in a
      substantial cost saving to the manufacturer through substantial production
      rate increases.
PAR  It will be appreciated that other modifications may be made without
      departing from the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for molding materials into a molded form comprising, in
      combination,
PA1  a. a first mold section and a second mold section, each section having a
      molding surface adapted to enclose and contact the material to be molded,
      said mold sections being in a normally spaced apart position when not
      cooperating to mold a material;
PA1  b. first casing means operatively connected to one of said mold sections
      and forming a hollow chamber surrounding said molding surface in said one
      mold section,
PA1  c. slot means in said first casing means surrounding said molding surface
      and communicating with said chamber,
PA1  d. means to force dry air through said chamber and out of said slot means
      at a velocity sufficient to maintain dry air curtain around said mold
      surfaces, and
PA1  e. means to continuously direct dry air into the area of said molding
      surfaces whereby a dehumidified gas field is maintained in contact with
      said molding surfaces.
NUM  2.
PAR  2. The apparatus of claim 1, in which said means for directing dry air
      comprises a conduit means penetrating said air curtain and having an
      opening proximate said molding surfaces.
NUM  3.
PAR  3. An apparatus for molding moldable materials comprising, in combination,
PA1  a. a first mold section and a second mold section each section having a
      molding surface adapted to at least partially enclose and contact the
      material to be molded, said sections being adapted to be joined together
      to form a unitary mold area at said molding surfaces,
PA1  b. a first casing means operatively connected to one of said mold sections
      and forming a hollow chamber proximate said molding surface in said one
      mold section, said mold section having an opening positioned in said
      casing wall near said molding surfaces and communicating with said
      chamber,
PA1  c. gas supply means operatively connected to said chamber and effective to
      continuously supply a dehumidified gas into said chamber under positive
      pressure and to pass said gas out of said opening in said mold section
      into the region immediately contiguous with said molding surfaces whereby
      a dehumidified gas field is maintained in contact with said molding
      surfaces,
PA1  d. second casing means operatively connected to the other of said mold
      sections and forming a second chamber proximate the other molding surface,
      said second casing means having an intake opening therein connected to
      said second chamber for receiving said dehumidified gas from said gas
      field and an exit orifice for exhausting said gas from said second
      chamber, and
PA1  e. exhaust means operatively connected to said second casing and to said
      gas supply means and effective to draw said gas from said field into said
      intake opening of said second casing and out of said exhaust orifice and
      to deliver said gas to said supply means for recycling to said first
      chamber.
NUM  4.
PAR  4. In the apparatus of claim 3, a plurality of openings in said first
      casing means proximate said molding surface in communication with said
      chamber, each opening effective to pass said dehumidified gas from said
      chamber into said gas field in contact with said molding surfaces, whereby
      said gas is supplied at a rate sufficient to prevent moist ambient air
      from entering said gas field and contacting the molding surfaces.
NUM  5.
PAR  5. The apparatus of claim 3, in which said dehumidified gas is dry air.
NUM  6.
PAR  6. In the apparatus of claim 3, an annular slot in said first casing means
      surrounding said molding surface and communicating with said chamber, said
      slot being positioned at the periphery of said gas field and being
      substantially in registration with said intake opening in said second
      casing, said gas supply means and said exhaust means cooperating to pass
      said gas out of said slot in said first chamber and into said intake
      opening of said second chamber thereby to form a continuous curtain of
      dehumidified gas surrounding said gas field.
NUM  7.
PAR  7. In the apparatus of claim 6, a second annular slot enclosing said first
      annular slot and communicatng with said chamber, said second slot also
      being in substantial registration with said intake opening, said gas
      supply means and said exhaust means cooperating to pass said gas
      simultaneously out of said first and second annular slots and into said
      intake opening of said second casing, thereby to form first and second
      concentric curtains of dehumidified gas surrounding said gas field.
NUM  8.
PAR  8. The apparatus of claim 7, in which said casing enclosing said slots is
      arcuately shaped at every substantial change of direction of said slots in
      the formation of said annular configuration whereby turbulence at said
      slots is substantially eliminated.
NUM  9.
PAR  9. The apparatus of claim 7, in which said first and second annular slots
      have a width dimension of about 0.08 inches and said gas supply means and
      exhaust means cooperate to provide a velocity to said gas of between about
      8 feet per second to about 10 feet per second.
NUM  10.
PAR  10. The apparatus of claim 3, in which said gas supply means includes
      desiccant drying means effective to absorb the water content of said
      dehumidified gas.
NUM  11.
PAR  11. The apparatus of claim 10 in which said desiccant comprises molecular
      sieves.
NUM  12.
PAR  12. The apparatus of claim 3 in which said gas supply means includes means
      to provide sub zero temperature air.
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ABST
PAL  This invention decreases the time required to cool a plastic article, in a
      blow molding cavity, by circulating a mist in the inside of the blown
      article. Globules of liquid in the mist contact with the inside surface of
      the blown article. Preferably this liquid evaporates and removes its
      latent heat evaporization from the plastic surface. This removes more heat
      per unit of time than is removed with a breeze of dry air flowing in the
      blown article. The article is cooled so that it is stiff enough to remove
      sooner from the blow mold. The mist can be followed by dry air to remove
      any lingering liquid from a blown container.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In conventional injection blow molding apparatus, the blowing of the
      parison in the blow mold and the cooling of the blown article sufficiently
      to make it stiff enough for removal from the mold, takes more time than
      the operations at the injection station and the stripper station. In order
      to increase the production of such a blow molding apparatus, it is
      necessary to shorten the time required for the blowing operation.
PAR  This invention reduces the time in the blowing step by cooling the blown
      article faster so that it becomes stiff enough, in a shorter time, for
      removal from the blowing mold. Cooling liquid circulates through chambers
      in the blow mold and this cools the blown article which contacts with the
      surface of the blow mold cavity.
PAR  Such cooling of the plastic is entirely from the outside surface of the
      plastic. Since plastic materials are not particularly good conductors of
      heat, the cooling can be performed faster if the plastic is cooled from
      the inside as well as from the outside. This invention cools the plastic
      of the blown article from the inside by circulating a mist in the space
      enclosed by the blown article. The mist consists of small globules of
      liquid carried by a gas. The liquid in the gas stream increases the heat
      conducting capacity of the cooling fluid because the specific heat of the
      water globules is higher than that of the gas and thus increases the
      specific heat of the mist as compared to that of a dry gas.
PAR  To the extent that liquid globules contact with the inside surface of the
      plastic and evaporte, the cooling is greatly increased by the latent heat
      of vaporization of the liquid being absorbed from the surface of the
      plastic. In the case of water, only one BTU need be added to a pound of
      water to raise the temperature of the water 1.degree. F; but 970 BTU must
      be added to the water to change the water from liquid to vapor at the same
      temperature. Thus evaporation of water within the space enclosed by the
      blown article greatly increases the rate at which heat can be extracted
      from the plastic with resulting decrease in temperature of the plastic.
PAR  This invention also requires special construction of a core rod. Ordinary
      core rods have provision for blowing air from the core rod to expand a
      parison on the core rod into contact with the sides of a blow mold cavity.
      The amount of air entering the blown article is equal to the inside volume
      of the blown article. While some of this air escapes from within the blown
      article when the pressure decreases, there is no actual circulation of air
      or other cooling fluid through the article in the blow mold.
PAR  The core rod construction of this invention provides for the inlet and
      exhaust of the mist at the same time so that there is a steady circulation
      of cooling fluid through the blown article to provide inside cooling. In
      the preferred construction, a sleeve on the outside of the core rod is
      movable lengthwise of the core rod to cover up passage outlets from the
      core rod while the core rod is in an injection mold. This prevents these
      passages from being clogged by plastic when the parison is applied to the
      core rod.
PAR  The invention also provides an improved method for cooling a blown article
      from the outside and inside simultaneously.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a diagrammatic top plan view of a molding machine having an
      injection station, blowing station, and stripper station located at
      angularly spaced regions around an indexing head;
PAR  FIG. 2 is a top plan view of the lower half of a blowing mold and showing a
      core rod in the mold and a blown article in contact with the wall of the
      mold cavity; the controls for the fluid supply to the core rod being shown
      diagrammatically;
PAR  FIG. 3 is a fragmentary view of a portion of the core rod shown in FIG. 2,
      but with the core rod valve means in closed positions;
PAR  FIG. 4 is a greatly enlarged fragmentary sectional view of a portion of the
      core rod shown in the other figures; and
PAR  FIG. 5 is a sectional view, on an enlarged scale, taken on the line 5--5 of
      FIG. 4 but extending across the full width of the core rod; this figure
      being also on the line 5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIG. 1 is a diagrammatic view showing the kind of plastic molding machine
      to which this invention applies. A blow molding machine 10 has an
      injection mold station 12, a blowing station 14 and a stripper station 16.
      These three stations are located at equal angular spacing of 120.degree.
      around a core rod support for indexing table 18. The drawing shows a
      single core rod 20 extending from each of the three faces of the table 18,
      but it will be understood that ordinarily more than one core rod extends
      from each station.
PAR  Plastic is injected into a mold at the injection station 12 to coat the
      core rod with a parison and when the mold at the injection station opens,
      the table 18 turns 120.degree. to carry the parison with the core rod to
      the blowing station 14. A mold at the blowing station has a cavity 22
      which is shaped to the form of the article to be blown.
PAR  Air is applied under pressure through the core rod 20 at the blowing
      station 14 to expand the parison on the core rod into contact with the
      walls of the blow mold cavity 22.
PAR  It is necessary for the blown article at the blowing station 14 to cool
      somewhat before it can be removed from the blow mold because it must have
      sufficient rigidity to avoid deforming when the core rod 20 lifts the
      blown article from the blow mold after the blow mold opens. Molds at
      blowing stations are water cooled so as to bring the temperature of the
      blown article down to a value at which the blown article acquires some
      stiffness. This invention is particularly concerned with the cooling of
      the blown article at the blowing station 14 in a shorter time so as to
      increase the productive capacity of the molding apparatus by decreasing
      the time required to cool the article at the blowing station.
PAR  From the blowing station 14, the blown article, indicated by the reference
      character 23 in FIG. 1 is stripped from the core rod 20 by a stripper 24
      at the stripper station 16. The apparatus thus far described is
      conventional and no further description of it is necessary for a complete
      understanding of this invention.
PAR  FIG. 2 shows a portion of the table 10 and another part designated by the
      reference character 10' which is located further to the right than the
      part shown above it. It will be understood, however, that the part 10' is
      an integral part of the table 10 and is displaced in FIG. 2 merely because
      of lack of space for the drawing. The core rod 20 is shown on an enlarged
      scale and in section. The table end of the core rod fits into a socket 26
      in a face of the table 10 and is secured in the socket by a retaining
      plate 28 attached to the table 12 by detachable fastening means and of
      conventional construction.
PAR  FIG. 2 shows a section 30 of a blowing mold 32. There is another section
      similar to the section 30 which fits on top of the section 30 to complete
      the blow mold and these sections move toward and from each other to close
      and open the mold. The upper section of the blow mold 32 is indicated by
      the reference character 30'.
PAR  The cavity 22 is shown in FIG. 2 with a blown article 23 in contact with
      the wall of the cavity 22. This blown article 28 has a neck portion 38
      which is held in a complementary portion of the blowing mold so that the
      neck portion 38 is not expanded during the blowing operation. Beyond the
      complementary neck portion of the blowing mold the cavity 22 opens up to
      the desired cross section of the body of the container or other blown
      article which is to be formed in the blowing mold, as shown in FIG. 2.
PAR  There is an air passage 40 extending for the full length of the core rod
      20; and this air passage 40 communicates with an air passage 42 in the
      table 10.
PAR  A poppet valve 46, at the end of the core rod remote from the table 10,
      moves toward and from a seat 48 to open and close the end of the passage
      40.
PAR  A stem 50 of the valve 46 slides in a counterbore 52 in the core rod; and
      this counterbore 52 provides a bearing for the valve stem 50 but there are
      slots in the stem 50, as indicated by dotted lines in FIG. 2, for
      permitting air to flow freely past the sides of the stem 50 so that the
      passage 40 communicates with the open end of the core rod when the valve
      46 is in open position.
PAR  A valve stem extension 50a extends to the table end of the core rod 20.
      There is a spring 54 compressed between a shoulder in the passage 40 and a
      nut 56, on the end of the core rod, for urging the valve 46 into closed
      position. An actuator 58 presses against the nut 56 to open the valve 46
      in accordance with the programming of the molding machine, this being
      conventional apparatus.
PAR  FIG. 3 shows the core rod 20 with the valve 46 closed against the seat 48.
      This seat 48 is a tapered end face of a sleeve 60 which forms a part of
      the core rod 20 but which is slidable for a limited distance along the
      outside surface of the fixed portion of the core rod 20. When the valve 46
      is in closed position, it presses the sleeve 60 against a shoulder 62 of
      the fixed portion of the core rod. When an article is to be blown in the
      blowing mold, the valve 46 is opened and air under pressure is supplied
      through the passage 40 and out through the space between the seat 48 and
      valve 46 into contact with the inner surface of the parison which coats
      the core rod. This expands the parison until it comes in contact with the
      wall of the cavity of the blowing mold in accordance with conventional
      practice. During the blowing operation, the sleeve 60 remains in the
      position in which it is shown in FIG. 3.
PAR  As soon as the blowing operation is complete, this invention provides means
      for cooling the blown article more quickly by cooling it from both the
      inside and the outside simultaneously. This effects a substantial
      reduction in cooling time because plastic materials are not good
      conductors of heat; and when the article is cooled from one side only,
      heat from the other side must travel by conduction through the plastic
      wall of the blown article. As soon as the compressed air used for blowing
      is shut off, this invention introduces a supply of mist; that is, a
      current of air carrying a substantial amount of water vapor and preferably
      actual globules of water which give the moist air a much higher specific
      heat so that it is capable of absorbing larger quantities of heat from the
      plastic without as much rise in temperature as occurs with dry air.
PAR  This moist air or mist is circulated through the space enclosed by the
      blown article and it cools the blown article from the inside while the
      walls of the mold cavity cool the blown article from the outside.
PAR  The cooling air is introduced into the interior of the blown article in a
      highly saturated condition, and preferably as a mist containing globules
      of water. As the mist comes into the warm interior of the blown article,
      the globules of water may evaporate and the relative humidity of the air
      decrease as the temperature rises; so the term "mist" used in describing
      the cooling medium of this invention is used in a broad sense to indicate
      an actual mist containing minute globules of water or a stream of air of
      very high humidity. In the operation of the invention the first air
      introduced into the blown article will be heated quickly from the hot
      plastic of the blown article; but as the article is cooled, the mist will
      be less highly heated and as the article reaches the desired temperature
      for removal from the blowing mold, the inside surface of the blown article
      usually has some water on it; that is, the inside surface is wet. This
      moisture is removed by shutting off the supply of mist and blowing dry air
      through the article in the final air circulation cycle. This drying out of
      the inside of the blown article can be accomplished after the article
      leaves the cavity of the blowing mold and while it is on its way to the
      stripper station.
PAR  The mist is preferably introduced into the blown article at a low
      temperature; but the most important factor of the rapid cooling is the
      latent heat of vaporization of water, or such other fluid as may be used
      for the cooling. Water evaporating from its liquid phase to its vapor
      phase absorbs heat from its surroundings at the rate of 970 BTU per pound
      of water without any increase in temperature. Thus water globules
      evaporated from the interior of the blown article remove much larger
      quantities of heat from the plastic than can be absorbed by a stream of
      air.
PAR  The apparatus for circulating for cooling mist through the blown article 36
      is shown clearly in FIG. 2. Water at low pressure passes through a
      temperature controller 64 where its temperature is preferably reduced. The
      water then passes through a check valve 65 to a water reservoir 66. Air
      under pressure passes through a temperature controller 68, for cooling the
      air, and then travels through a supply passage 70 and through a presure
      regulator 72 to a solenoid operated valve 74. The air under pressure can
      also be supplied through a pressure regulator 76 to the reservoir 66 so as
      to pressurize the air in the reservoir.
PAR  Beyond the water reservoir 66, the water passes through a manually operated
      shut-off valve 78 and a solenoid operated shut-off valve 80 to a mixer
      valve 82. Air under pressure is supplied from the valve 74 to the mixer
      valve 82. When both of the valves 74 and 80 are open at the same time, the
      pressurized air coming through the mixer valve 82 sprays a mist into a
      passage 84 which leads to a split manifold 86 clamped around the outside
      of the core rod 20 near the table end of the core rod.
PAR  The communication between the passage 84 and the split manifold 86 is
      established by a fixed probe 88 which projects into an opening 90 at the
      bottom of the split manifold 86 whenever the table 10 is indexed to locate
      a core rod 20 over the probe 88. Then as the table moves downward to bring
      the core rod into contact with the lower section of the blow mold, the
      probe 88 projects into the opening 90, and there is an O-ring or other
      sealing means for preventing leakage of the compressed air around the
      probe 88.
PAR  There is a circumferential groove 92 in the outside surface of the core rod
      20 which serves as part of the manifold 86. Long drilled passages 94, one
      of which is shown in FIG. 2, extend from a shoulder of the core rod 20 to
      a cross drilling 96 at a portion of the core rod which is within the part
      that is covered by the parison and subsequently by the blown article 36.
PAR  The cross drillings 96 extend through a portion of the core rod 20 which is
      covered by the sleeve 60. There is a circumferential groove 98 in the
      inside wall of the sleeve 60 and this groove 48 is wide enough, in the
      direction of the axis of the core rod, to communicate with the cross
      drillings 96 whether the sleeve 60 is in contact with the shoulder 62, as
      shown in FIG. 3, or spaced from the shoulder 62, as shown in FIG. 4.
PAR  Mist discharge outlets 100 are located at angularly spaced regions around
      the end face of the sleeve 60. These discharge passages 100 lead from the
      groove 98 through the end wall of the sleeve 60 which confronts the
      shoulder 62 of the core rod 20.
PAR  When the mist supply is first turned on, the sleeve 60 is in the position
      shown in FIG. 3 in contact with the shoulder 62. However, pressure of the
      mist against the shoulder 62 pushes the sleeve 60 toward the left in the
      drawing so that a stream of mist, indicated by the arrows 102, in FIG. 4,
      can be discharged into the space within the blown article 36, as shown by
      the arrows 102 in FIG. 2. The mist flows through the space enclosed by the
      blown article 23 at considerable velocity and exhausts through the
      clearance between the valve 46 and the seat 48. The exhaust mist passes
      through the core rod passage 40 and into the passage 42 of the table 10. A
      probe 106 puts the passage 42 in communication with a passage 108 when the
      table 10 is in its lowered position which locates the core rods in the
      molds.
PAR  A solenoid operated exhaust valve 110 provides a quick exhaust for the
      mist. When this exhaust valve 110 is moved into a different position it
      communicates with an air supply passage 112 commanded by a valve 114 for
      supplying the compressed air for blowing the parison. The supply passage
      for compressed air used for blowing is indicated in FIG. 2 by the
      reference character 116. The operation of all of the valves of the system
      is under the control of the programming controls of the molding machine,
      part of which includes a timer 118 for operating the valves 74 and 80.
PAR  The mist continues to circulate through the interior of the blown article,
      as indicated by the arrows 102, until there has been sufficient time for
      the blown article to become stiff enough to be taken from the blow mold
      cavity. The timer 118 then shuts the valve 80 so that no more water can be
      supplied to the mixer valve 82 and air continues to flow through the
      interior of the blown article to evaporate what moisture remains in the
      blown article. If desired this air which follows the mist can be heated to
      facilitate the evaporation of moisture from the interior of the blown
      article.
PAR  Time can be saved in the cycle of the molding machine by blowing the final
      drying air through the blown article while the article is being
      transported from the blowing mold to the stripper station.
PAR  When the pressure of air from the mist discharge passages 100 thrusts the
      sleeve 60 away from the shoulder 62, it is necessary to limit the movement
      of the sleeve 60 so as not to close the exhaust passage between the valve
      46 and seat 48 (FIG. 2). This motion is limited by having a pin 122 which
      extends as a fixed stud from the top of the core rod 20. This pin or stud
      122 projects into a channel 124 in the inside surface of the sleeve 60 and
      the right hand end 126 of the channel 124 contacts with the stud 122 to
      limit the movement of the sleeve to the position shown in FIG. 2 which
      leaves clearance at both ends of the sleeve between the shoulder 62 and
      valve 46 so that the mist can circulate freely into and out of the space
      enclosed by the blown article.
PAR  The upper and lower sections of the blow mold 32 are cooled by liquid,
      usually water, to keep the walls of of the cavity 22 at a temperature low
      enough to chill the plastic to a temperature at which the blown article is
      stiff enough to be removed from the blowing mold. Cooling chambers in the
      sections of the mold 32 are indicated by circles marked by the reference
      character 130. Such mold cooling is conventional and no connections for
      supplying the liquid to the mold is necessary for a complete understanding
      of this invention.
PAR  The preferred embodiment of the invention has been illustrated and
      described, but changes and modifications can be made, and some features
      can be used in different combinations without departing from the invention
      as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Blow molding apparatus for making plastic articles by blowing a parison
      on a core rod including in combination a blow mold having a cavity, a core
      rod that is coated with a parison and that extends into the cavity, a
      support for the core rod and with which the core rod has relative movement
      with respect to the blow mold to carry the plastic on the core rod to the
      blow mold, means for blowing the plastic to form a blown article
      comprising a blow air inlet passage in the core rod, means for circulating
      a mist of liquid globules carried by a gas stream through the core rod and
      into contact with the inside surface of the plastic that is blown in the
      blow mold cavity, and a source from which said mist is supplied,
      characterized by the means for circulating the mist including inlet and
      exhaust passages through the core rod having openings from the core rod
      into the space enclosed by the article blown in the blow mold, the
      respective openings of the inlet and exhaust passages being located near
      opposite ends of the cavity to cause circulation of the mist in the space
      enclosed by an article blown on the core rod, said mist exhaust passage
      further comprising the blow air inlet passage for blow molding.
NUM  2.
PAR  2. The blow molding apparatus described in claim 1 characterized by valve
      means closing said openings to prevent plastic of the parison from
      entering the openings when the parison is originally applied to the core
      rod, and means for moving said valve means into open position when mist is
      to be circulated in the cavity.
NUM  3.
PAR  3. The blow molding apparatus described in claim 2 characterized by the
      valve means including a sleeve that slides lengthwise on the core rod and
      that provides at least a part of the length of the core rod that is coated
      by the parison, an actuator for the sleeve, and motion-transmitting means
      connecting the actuator with the sleeve.
NUM  4.
PAR  4. The blow molding apparatus described in claim 1 characterized by means
      for preventing flow of mist when a core rod is first introduced into the
      blow mold, means for supplying gas under pressure to expand a parison on
      the core rod to produce a blown article of predetermined size, and
      controls that circulate the mist in the cavity in contact with the inside
      surface of the blown article.
NUM  5.
PAR  5. The blow molding apparatus described in claim 4 characterized by control
      means that shut off the circulation of mist after a predetermined time,
      and that continues circulating dry air to flush out any remaining mist and
      condensation from the blown article in the mold cavity.
NUM  6.
PAR  6. The blow molding apparatus described in claim 4 characterized by the
      source for supplying the mist including an air supply line and a water
      supply line, a different valve in each line, a mixer where the water and
      air are brought together to make the mist, and means for circulating the
      mist including a passage leading from the mixer through the core rod and
      out through a side of the core rod in the cavity, and also including
      another passage through the core rod to an exhaust outlet for the mist,
      the control means that shut off the circulation of mist being the valve in
      the water supply line.
NUM  7.
PAR  7. The blow molding apparatus described in claim 1 characterized by
      adjustable temperature control means for the mist supply.
NUM  8.
PAR  8. The blow molding apparatus described in claim 1 characterized by
      adjustable pressure control means for the mist.
NUM  9.
PAR  9. The blow molding apparatus of claim 1, wherein said mist exhaust passage
      is axially spaced more remote from the core rod support than the mist
      inlet passage so that the mist circulates away from the support and is
      removed axially from the remote end of the core rod.
NUM  10.
PAR  10. The blow molding apparatus of claim 1, said mist inlet passage being
      formed to initially direct the mist toward said core rod support.
NUM  11.
PAR  11. Blow molding apparatus for making plastic articles by blowing a parison
      on a core rod including in combination a blow mold having a cavity, a core
      rod that is coated with a parison and that extends into the cavity, a
      support for the core rod and with which the core rod has relative movement
      with respect to the blow mold to carry the plastic on the core rod to the
      blow mold, means for circulating a mist of liquid globules carried by a
      gas stream through the core rod and into contact with the inside surface
      of the plastic that is blown in the blow mold cavity, and a source from
      which said mist is supplied, characterized by the means for circulating
      the mist including inlet and exhaust passages through the core rod, each
      of said passages having an opening into the space enclosed by an article
      blown on the core rod and at a location spaced from the other opening,
      valve means closing said openings to prevent plastic of the parison from
      entering the openings when the parison is originally applied to the core
      rod, and means for moving said valve means into open position when mist is
      to be circulated in the cavity, characterized by the valve means including
      a sleeve that slides lengthwise on the core rod and that provides at least
      a part of the length of the core rod that is coated by the parison, an
      actuator for the sleeve, and motion-transmitting means connecting the
      actuator with the sleeve, characterized by the sleeve extending to the end
      portion of the core rod remote from the support, a valve element at said
      end of the core rod and in position to confront an end face of the sleeve,
      the opening for the mist exhaust passage being the clearance between the
      valve element and the confronting end face of the sleeve, said end face
      serving as a seat for the valve element when said exhaust passage is
      closed, the valve element constituting part of the motion-transmitting
      means between the actuator and the sleeve, the end of the sleeve that is
      nearer to the support for the core rod having a face that confronts a
      shoulder on the core rod, and the opening of the mist supply passage being
      shut off by contact of the end face of the sleeve with said shoulder of
      the core rod, the opening from the mist supply passage being oriented in a
      direction to thrust the sleeve toward the end of the core rod remote from
      the support when the valve is in open position and the sleeve is free to
      slide on the core rod toward said valve element.
NUM  12.
PAR  12. The blow molding apparatus described in claim 11 characterized by an
      abutment that contacts with the sleeve to limit the sliding movement of
      the sleeve on the core rod to a distance which prevents the sleeve from
      moving into contact with the valve element when the valve element is in
      fully open position.
NUM  13.
PAR  13. The blow molding apparatus described in claim 11 characterized by the
      valve means for the mist supply passage including a shut-off valve in the
      passage upstream from the core rod portion of the passage that discharges
      into the cavity, means for supplying other fluid through the core rod for
      blowing the parison in the blow mold cavity, and controls for preventing
      the supply of mist and said other fluid to the core rod at the same time.
NUM  14.
PAR  14. The blow molding apparatus described in claim 13 characterized by the
      means for supplying said other fluid for blowing the parison being
      connected with the core rod passage through which mist exhausts from the
      blow mold cavity, and valve means for preventing said other fluid from
      exhausting from the mist supply exhaust passage during blowing of a
      parison.
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PAL  Process for the level dyeing of wool, having an anti-felting finish
      consisting of a coating layer of polyimine or polyamine resin, with
      reactive dyestuffs, which is carried out according to a graduated
      temperature exhaustion method from an aqueous liquor using one or several
      reactive dyestuffs of the formulae
      ##SPC1##
PAL  In which F stands for a dyestuff radical having at least 2 sulfonic acid
      groups linked to an aromatic radical of the chromophore, Z stands for a
      reactive group of the vinylsulfone, vinylsulfonamide or acrylamide type, n
      is 1 or 2, and R and R.sub.1 each stands for hydrogen atoms or lower alkyl
      radicals, in the absence of adjuvants and/or without any pretreatment of
      the material to be dyed.
BSUM
PAR  The present invention relates to a process for the level dyeing of wool
      with reactive dyestuffs.
PAR  When dyeing wool, especially woolen material having an anti-felting finish
      and most especially woolen fibers which have a polyimine or a polyamine
      coating layer (as it is disclosed in Melliand Textilberichte 9/1971, page
      1100 or in Journal of the Society of Dyers and Colourists volume 88,
      number 3/1972, pages 93-100) preventing them from felting, level dyeing
      are until now very difficult to obtain. This undesired property is due to
      the fact that novel groups of the wool having affinity to the dye are
      activated by the anti-felting finish to effect the salt-like or reactive
      binding of dyestuff. The higher the affinity of the wool, however, the
      greater the difficulties to obtain level dyeings on that fibrous material.
      These difficulties are even increased when combinations of two or more
      dyestuffs are applied their affinity to the fiber generally being
      different from one another. Such woolen material having an anti-felting
      finish can, however, only be dyed with reactive dyestuffs for the sake of
      fastness because a textile article of that kind stands a repeated washing
      without felting in household washing machines at 60.degree.C using at the
      same time perborate-containing detergents and must, therefore, be
      colour-fast.
PAR  Only dyeings prepared by fiber-reactive dyestuffs which are sufficiently
      fast to wet processing can meet the high requirements necessary to stand
      several washings at 60.degree.C. Among those dyestuffs just the reactive
      dyestuffs generally used strongly mark the differences of the affinity
      depending on the material in the case of polyamide fibers. This
      disadvantage is especially caused when dyeing with dyes in combinations
      which show an absorption capacity different from one another on account of
      their different content of --SO.sub.3 H groups in the dyestuff molecule
      (without considering --SO.sub.3 H groups which may be contained in the
      reactive groups). This phenomenon is especially mentioned in Journal of
      the Society of Dyers and Colourists, loc. cit., page 96. The usual
      anti-felting finishes or the treatments of the wool which reduce felting,
      however, make the differences of affinity depending on the material even
      greater. Attempts have already been made to master the problem of unlevel
      reactive dyeings on wool with the preparation of suitable dyestuffs.
      Experience shows, however, that in this field the dyestuffs can be adapted
      to the conditions given only to a limited extent because of other dyeing
      and fastness properties which are required. [cf. Textilveredlung 7,
      (1972), No. 5, pages 297-307].
PAR  The levelling property of a dyestuff or a dyestuff combination is examined
      by means of a knitted or woven fabric made of yarn dyed in the hank. As
      soon as this test material shows barriness in the individual knitting rows
      the dyeing is considered to be unuseful. This examination is carried out
      in the manner described because wool having an anti-felting finish is
      especially used for knitting yarns, and the corresponding dyeings must
      meet these requirements in view of the levelness in the knitting
      procedure.
PAR  It has been found that the disadvantages and difficulties mentioned above
      which hitherto arose in the dyeing of wool having an antifelting finish
      consisting of a coating layer of polyimine or of polyamine resin, with
      reactive dyestuffs can be overcome and that completely level dyeings with
      reactive dyestuffs can be obtained on these textile materials which
      dyeings meet the fastness requirements which the articles made thereof
      must possess, when the dyeings are carried out according to a graduated
      temperature exhaustion method from an aqueous bath using one or several
      reactive dyestuffs of the general formulae
      ##SPC2##
PAL  in which F stands for a dyestuff radical of the most various structure,
      preferably from the azo or anthraquinone series, having at least 2
      (generally 2 or 3) sulfonic acid groups linked to aromatic radicals of the
      chromophore (which do not take part in the reaction with the fiber), Z
      stands for a reactive group having the constitution indicated hereinafter:
      ##EQU1##
      n is 1 or 2, and R and R.sub.1 each stands for a hydrogen atom or low
      alkyl radicals (preferably methyl or ethyl groups), in the absence of
      adjuvants and/or without any pre-treatment of the material to be dyed.
PAR  As it is disclosed in Journal of the Society of Dyers and Colourists, loc.
      cit., page 97, the wool having an anti-felting finish is, in principle,
      washed before carrying out the dyeing operations and then thoroughly
      rinsed. The following operation steps are important for the levelness of
      the dyeings obtainable in accordance with the invention and should
      therefore be observed. The dyebath is prepared with water of about
      40.degree.C with a goods-to-liquor ratio of 1:10 to 1:60, preferably, 1:10
      to 1:30 and mixed with the usual chemical substances, such as penetrating
      adjuvants and those regulating the pH, except the acids required for
      dyeing, but above all, with the products of the formula I, II or III
      applied in amounts of from 0.2 to 2%, preferably from 0.5 to 1%,
      calculated on the weight of the dry wool.
PAR  To be completely distributed the liquor is brought for about 10 minutes
      into contact with the wool to be dyed and having an anti-felting finish.
      The reactive dyestuffs mentioned above having two or more unreactive
      sulfonic acid groups in the dyestuff molecule are dissolved with hot water
      poured over them and added to the dyebath after the period of the
      pretreatment operation is over. Now, too, the dyeing operation is
      continued for another 10 minutes at 40.degree.C to distribute the dyestuff
      equally before the amounts of acid required for dyeing are added to the
      dyebath. These amounts of acid are adapted to the dyestuff amounts and are
      used in the following order:
PA1  up to 0.3% of dyestuff the pH 6.5 is adjusted with acetic acid
PA1  up to 1% of dyestuff the pH 6.3 is adjusted with acetic acid
PA1  above 1% of dyestuff the pH 6 is adjusted with acetic acid
PA1  above 2.5% of dyestuff the pH 5.5 is adjusted with acetic acid
PA1  above 3.5% of dyestuff the pH 5 is adjusted with acetic acid.
PAR  After a short period of adjustment the dyebath is heated to 85.degree.C
      within 45 minutes and maintained at that temperature for 25 to 30 minutes.
      In the course of this operation the reactive dyestuffs initially undergo
      with the wool a salt-like addition which is then converted to become a
      reactive bond progressively while slowly increasing the temperature by
      about 1.degree. to 2.degree.C per minute. (cf. Textil-Praxis 1971, 3rd
      edition, pages 164-167). The dyeing is completed at the boiling
      temperature or at 110.degree.C during 30 to 50 minutes. In the case of
      dark dyeings, i.e. using about 1% dyestuff and more, the dyeings are
      generally after-treated in the same bath at elevated pH (about 6.8) in
      order to assure the fastness properties required for the dyed woolen
      material to stand a treatment in the washing machine at 60.degree.C. For
      this purpose, an alkali-yielding agent, preferably sodium trichloroacetate
      is introduced into the bath, in accordance with the invention, in amounts
      capable of changing the pH of the liquor during the after-treatment
      gradually from the acid in direction to the neutral range.
PAR  According to the invention the dyeing of the wool having an anti-felting
      finish can be performed in any processing stade on suitable dyeing
      machines, for example, exhaustion dyeing apparatus, winch vat, paddle
      dyeing machine and others. The material is present in the form of combed
      material, yarn, woven and knitted fabric, finished pullover or finished
      pullover parts or of piece goods.
PAR  Even fast running dyeing machines, for example, the yarn dyeing machine of
      the System of Bellmann, allow to dye very sensitive shades, by means of
      the dyestuffs indicated above when changing the process in corresponding
      manner which is necessary because of the high liquor through-put in the
      machine. Under these conditions useful dyeings could not be obtained until
      now.
PAR  It was also surprising that the dyestuffs having the structure described
      above could be applied in completely level manner to wool, having an
      anti-felting finish, which could not be expected considering the
      experiences made until now (cf. Journal of the Society of Dyers and
      Colourists, loc. cit., page 96).
PAR  Dyestuffs of the type used according to this invention are described in
      Colour Index, 3rd Edit., Vol. 3 under the designation "Reactive Dyes". The
      following examples illustrate the invention:
DETD
PAR  EXAMPLE 1
PAR  Finished pullover parts made of wool, having an anti-felting finish, were
      dyed on a paddle-dyeing machine with a goods-to-liquor ratio of 1:20. The
      anti-felting finish of the wool was effected according to the process
      described in Melliand Textilberichte 9/1971, page 1100 and in Journal of
      the Society of Dyers and Colourists, volume 88, page 93 et seq.
PAR  To dye the textile material the dyebath was prepared at 40.degree.C and the
      aqueous liquor was mixed with the following products (in % each calculated
      on the dry weight of the wool):
PA1  0.74% of the reaction product of 1 mol of stearyl amine with 10 mols of
      ethylene oxide,
PA1  0.26% of dodecylsulfonic acid
PA1  2.0% of ammonium acetate
PAR  The liquor so prepared was allowed to contact with the material to be dyed
      during 10 minutes at 40.degree.C and
PAR  0.9% of the reactive dyestuff of the formula
      ##SPC3##
PAL  in the commercial form adjusted with methyl taurine and dissolved in hot
      water were added to this liquor. After a further 10 minutes the dyebath
      was adjusted to pH 6.3 with aceti acid and heated from 40.degree. to
      85.degree.C within 45 minutes. The material was dyed at 85.degree.C during
      25 minutes, then the liquor was brought to the boiling point by raising
      the temperature by 1.degree. to 2.degree.C per minute and dyeing was
      continued for a further 60 minutes under these conditions. Within this
      boiling period 2.5% of sodium trichloroacetate were added to the dyebath,
      40 minutes after boiling began to improve the fastness properties of the
      dyeing. Finally, the material dyed was rinsed gradually with hot and cold
      water. A very level and fast yellow dyeing was obtained.
PAR  When dyeing under the same dyeing conditions with the dyestuff of the
      formula
      ##SPC4##
PAL  an unlevel unuseable dyeing was obtained.
PAC  EXAMPLE 2
PAR  Woolen knitting yarn, having an anti-felting finish, was dyed on a hank
      dyeing machine of the System of Bellmann with a goods-to-liquor ratio of
      1:60.
PAR  The bath was prepared with water of 70.degree.C, to which the following
      products (in % calculated on the dry weight of the wool) were added:
PA1  0.74% of the reaction product of 1 mol of stearyl amine with 10 mols of
      ethylene oxide,
PA1  0.26% of dodecylsulfonic acid,
PA1  2.0% of ammonium acetate
PAL  and it was adjusted to pH 6.5 with acetic acid. The liquor so prepared was
      allowed to contact the material to be dyed at 70.degree.C for 2 minutes to
      which 0.2% of the reactive dyestuff of the formula
      ##SPC5##
PAL  in commercial form adjusted with methyl taurine and dissolved in hot water
      were added. After a further 2 minutes of contact of the goods with the
      liquor, the dyebath was heated to 110.degree.C during about 10 minutes and
      the material was dyed at that temperature during 10 minutes. The dyebath
      was then rapidly cooled (within about 5 minutes) to 90.degree.C, the dyed
      fibrous material was removed from the dyeing apparatus to be rinsed. The
      dyeing was rinsed gradually with hot and cold water. A very level fair
      blue dyeing was obtained.
PAR  A dyeing produced under the same conditions using 0.2% of the reactive
      dyestuff of the formula
      ##SPC6##
PAL  could absolutely not be used for knitting because it was not level.
PAC  EXAMPLE 3
PAR  Knitted fabric in pieces made of wool, having an anti-felting finish, were
      dyed on a winch vat with a goods-to-liquor ratio of 1:30.
PAR  The dyebath was prepared with water of 40.degree.C, to which the following
      products (in % calculated on the dry weight of the wool) were added:
PA1  0.74% of the reaction product of 1 mol of stearyl amine with 10 mols of
      ethylene oxide,
PA1  0.26% of dodecylsulfonic acid,
PA1  2.0% of ammonium acetate
PAL  and the material was dyed in that liquor. After a period of 10 minutes of
      pretreatment at 40.degree.C, 2% of the reactive dyestuff of the formula
      ##SPC7##
PAL  and 0.5% of the reactive dyestuff of the formula
      ##SPC8##
PAL  in commercial form adjusted with methyl taurine and dissolved in hot water
      were added to the bath and the dyeing operation was continued for another
      10 minutes. The pH of the bath was adjusted to 1 to 6 with acetic acid,
      then the temperature of the dyeing liquor was raised to 85.degree.C within
      45 minutes and the material was dyed at 85.degree.C for 25 minutes. The
      liquor was brought to the boil by raising the temperature by 1.degree. to
      2.degree.C per minute and dyeing was continued for another 70 minutes
      under these conditions whereafter 2.5% of sodium trichloroacetate were
      added to the bath after a boiling period of 50 minutes to improve the
      fastness properties of the dyeing. Finally the dyed material was rinsed
      gradually with hot and cold water. A very level, fast red dyeing was
      obtained.
PAR  When dyeing the wool, having an anti-felting finish, according to the same
      procedure, for example with 2% of the reactive dyestuff of the formula
      ##SPC9##
PAL  and 0.5% of the reactive dyestuff of the formula
      ##SPC10##
PAL  unlevel, unuseable dyeings were obtained.
PAC  EXAMPLE 4
PAR  Combed material of wool, having an anti-felting finish was dyed on the
      dyeing apparatus with a goods-to-liquor ratio of 1:12. The bath was
      prepared as in Example 1 to which 3% of the reactive dyestuff of the
      formula
      ##SPC11##
PAL  and 1% of the reactive dyestuff of the formula
      ##SPC12##
PAL  in commercial form, adjusted with methyl taurine and acidified to pH 5 with
      acetic acid were added while maintaining the same course of operation. The
      following procedure with the after-treatment are analogous to that of
      Example 1, however, the dyeing temperature of the liquor is brought to
      106.degree.C (instead of the boiling temperature). A very level red dyeing
      having very good fastness properties was obtained on the wool.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the level dyeing of wool, having an anti-felting finish
      consisting of a coating layer of polyimine or polyamine resin, with
      reactive dyestuffs, which process comprises carrying out the dyeing
      according to a graduated temperature exhaustion method from an aqueous
      liquor using one or several reactive dyestuffs of the formulae
      ##SPC13##
PAL  in which F stands for an azo or anthraquinone dyestuff radical having at
      least 2 sulfonic acid groups linked to an aromatic radical of the
      chromophore, Z stands for a reactive group of the following constitution:
      ##EQU2##
      n is 1 or 2, and R and R.sub.1 each stands for hydrogen atoms or lower
      alkyl radicals, in the absence of adjuvants and/or without any
      pretreatment of the material to be dyed.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein an alkali-yielding agent is
      allowed to act on the dyeings in the same bath in amounts capable of
      changing the pH of the liquor gradually from the acid in direction to the
      neutral range during the after-treatment operation.
NUM  3.
PAR  3. A process as claimed in claim 2, wherein the alkali-yielding agent is
      sodium trichloroacetate.
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PAL  Dialkylphosphonoacetylurea compounds which contain hydroxymethyl groups or
      alkoxymethyl groups and their preparation, as well as their use for the
      flameproofing of cellulose-containing materials.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide new
      dialkylphosphonoacetylurea compounds which contain hydroxymethyl groups or
      alkoxymethyl groups, as well as a process for the preparation thereof.
PAR  It is another object of the present invention to provide a process for the
      use of new dialkylphosphonoacetylurea compounds containing hydroxymethyl
      groups or alkoxymethyl groups, for the flame-proofing of
      cellulose-containing materials.
PAR  These and other objects of the present invention will become apparent as
      the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to new dialkylphosphonoacetylurea
      compounds which contain hydroxymethyl groups or alkoxymethyl groups, and
      the process of preparing these compounds, as well as the use thereof for
      the flameproofing of cellulose-containing materials.
PAR  The new compounds of the present invention have the formula I
      ##EQU1##
      in which R.sub.1 and R.sub.2 are identical alkyl having 1 to 4 carbon
      atoms; R.sub.4 ; R.sub.5 and R.sub.6 are either alkyl having 1 to 4 carbon
      atoms, hydroxymethyl, or alkoxymethyl having 1 to 4 carbon atoms in the
      alkoxy, whereby at least one of R.sub.4, R.sub.5 and R.sub.6 is said
      hydroxymethyl or said alkoxymethyl; and wherein R.sub.4 and R.sub.5 can
      also jointly form a hydrocarbon chain having two or three carbon atoms,
      such as the ethylene or propylene radical.
PAR  More particularly, the present invention provides a compound having the
      formula
      ##EQU2##
      wherein R.sub.1 and R.sub.2 are each the same alkyl having 1 to 4 carbon
      atoms,
PA1  R.sub.4, r.sub.5 and R.sub.6 are each selected from the group consisting of
      alkyl having 1 to 4 carbon atoms, hydroxymethyl and alkoxymethyl having 2
      to 5 carbon atoms,
PA1  With the proviso that at least one of R.sub.4, R.sub.5 and R.sub.6 is
      selected from the group consisting of hydroxymethyl and alkoxymethyl
      having 2 to 5 carbon atoms, and
PA1  Wherein R.sub.4 and R.sub.5 can together form an alkylene chain having 2 to
      3 carbon atoms.
PAR  A particularly preferred subgenus of the compounds according to the
      invention are those wherein R.sub.1 and R.sub.2 are each the same alkyl
      having 1 to 2 carbon atoms,
PA1  R.sub.4, r.sub.5 and R.sub.6 are each selected from the group consisting of
      hydroxymethyl and alkoxymethyl having 2 to 3 carbon atoms, and
PA1  with the proviso that at least one of R.sub.4, R.sub.5 and R.sub.6 is
      selected from the group consisting of hydroxymethyl and alkoxymethyl
      having 2 to 3 carbon atoms, and
PA1  wherein R.sub.4 and R.sub.5 can together form an alkylene chain having 2 to
      3 carbon atoms.
PAR  The manufacture of the compounds according to the invention is
      characterized in that a chloroacetylurea compound having the formula II
      ##EQU3##
      in which R.sub.7, R.sub.8 and R.sub.9 designate either hydrogen or alkyl
      having 1 to 4 carbon atoms, whereby at least one of R.sub.7, R.sub.8 and
      R.sub.9 is hydrogen, and whereby the R.sub.7 and R.sub.8 can also jointly
      form a hydrocarbon chain with 2 or 3 carbon atoms, are condensed with
      trialkyl phosphite having the formula III
      ##EQU4##
      in which R.sub.1, R.sub.2 and R.sub.3 designate identical alkyl having 1
      to 4 carbon atoms; and characterized in that the product thus produced is
      caused to react with formaldehyde in neutral or alkaline solution and, if
      necessary, is etherified with an alcohol having 1 to 4 carbon atoms in the
      presence of an acid.
PAR  More particularly, the present invention is directed to a process for the
      preparation of a hydroxymethylated dialkylphosphonoacetylurea of the
      formula
      ##EQU5##
      wherein R.sub.1 and R.sub.2 are each the same alkyl having 1 to 4 carbon
      atoms,
PA1  R'.sub.4, r'.sub.5 and R'.sub.6 are selected from the group consisting of
      alkyl having 1 to 4 carbon atoms and hydroxymethyl,
PA1  with the proviso that at least one of R'.sub.4, R'.sub.5 and R'.sub.6 is
      hydroxymethyl, and
PA1  wherein R.sub.4 and R.sub.5 can together form an alkylene chain having 2 to
      3 carbon atoms, comprising reacting a chloroacetylurea compound of the
      formula
      ##EQU6##
      wherein R.sub.7, R.sub.8 and R.sub.9 are each selected from the group
      consisting of hydrogen and alkyl having 1 to 4 carbon atoms,
PA1  with the proviso that at least one of R.sub.7, R.sub.8 and R.sub.9 is
      hydrogen, and
PA1  wherein R.sub.7 and R.sub.8 can together form an alkylene chain having 2 to
      3 carbon atoms,
PA1  with a trialkylphosphite of the formula
      ##EQU7##
      wherein R.sub.1, R.sub.2, and R.sub.3 are each the same alkyl having 1 to
      4 carbon atoms, at a temperature between 100.degree.C to 170.degree.C,
PA1  continuously removing the alkyl chloride which is formed by the reaction,
PA1  reacting the resultant dialkylphosphonoacetylurea with a reactant selected
      from the group consisting of an aqueous formaldehyde solution at a pH of
      at least 7.0, and paraformaldehyde in the presence of an alkaline reacting
      substance,
PA1  and recovering said hydroxymethylated dialkylphosphonoacetylurea.
PAR  In addition the present invention is furthermore directed to a process for
      the preparation of an alkoxymethylated dialkylphosphonoacetylurea of the
      formula
      ##EQU8##
      wherein R.sub.1 and R.sub.2 are each the same alkyl having 1 to 4 carbon
      atoms,
PA1  R".sub.4, r".sub.5 and R".sub.6 are each selected from the group consisting
      of alkyl having 1 to 4 carbon atoms, hydroxymethyl and alkoxymethyl having
      2 to 5 carbon atoms,
PA1  with the proviso that at least one of R".sub.4, R".sub.5 and R".sub.6 is
      alkoxymethyl having 2 to 5 carbon atoms,
PA1  comprising reacting the hydroxymethylated dialkylphosphonoacetylurea
      produced by the above process, in the presence of an acid at a pH less
      than 7, with an alkanol having 1 to 4 carbon atoms, and
PA1  recovering said alkoxymethylated dialkylphosphonoacetylurea.
PAR  The chloroacetylurea compounds having the formula II which are used as
      starting materials are representatives of a known class of materials. They
      can be prepared according to known methods, for example, from
      correspondingly substituted ureas and chloroacetyl chloride. For the
      manufacture of the dialkylphosphonoacetylureas according to the invention,
      several compounds are suitable, among which are the compounds
      ##EQU9##
      as well as compounds having the formula
EQU  Cl -- CH.sub.2 -- CO -- NR -- CO -- NR' R" wherein R, R' and R" have the
      meanings listed in the following Table I
TBL                TABLE I                                                     
     ______________________________________                                    
     R                R'              R"                                       
     ______________________________________                                    
     H                H               H                                        
     H                H               CH.sub.3                                 
     H                H               C.sub.2 H.sub.5                          
     H                H               N-C.sub.3 H.sub.7                        
     H                H               iso-C.sub.3 H.sub.7                      
     H                H               n-C.sub.4 H.sub.9                        
     H                H               sec-C.sub.4 H.sub.9                      
     H                CH.sub.3        CH.sub.3                                 
     H                C.sub.2 H.sub.5 C.sub.2 H.sub.5                          
     H                n-C.sub.3 H.sub.7                                        
                                      n-C.sub.3 H.sub.7                        
     H                n-C.sub.4 H.sub.9                                        
                                      n-C.sub.4 H.sub.9                        
     CH.sub.3         H               CH.sub.3                                 
     C.sub.2 H.sub.5  H               C.sub.2 H.sub.5                          
     n-C.sub.3 H.sub.7                                                         
                      H               n-C.sub.3 H.sub.7                        
     iso-C.sub.3 H.sub.7                                                       
                      H               iso-C.sub.3 H.sub.7                      
     n-C.sub.4 H.sub.9                                                         
                      H               n-C.sub.4 H.sub.9                        
     sec-C.sub.4 H.sub.9                                                       
                      H               sec-C.sub.4 H.sub.9                      
     CH.sub.3         H               C.sub.2 H.sub.5                          
     CH.sub.3         H               n-C.sub.4 H.sub.9                        
     C.sub.2 H.sub.5  H               H                                        
     ______________________________________                                    
PAR  Suitable examples of trialkyl phosphites having the formula III are the
      following compounds: Trimethyl phosphite, triethyl phosphite, tri-n-propyl
      phosphite, tri-iso-propyl phosphite, tri-n-butyl phosphite, and
      tri-sec-butyl phosphite.
PAR  For the preparation of the dialkylphosphonoacetylurea compounds, the
      trialkyl phosphite and the chloroacetylurea derivative are reacted with
      each other, at a temperature between 100.degree.C to 170.degree.C,
      preferably at temperatures of about 140.degree.C to 170.degree.C. When
      trimethyl phosphite is used, it is necessary to maintain the reaction
      temperature at about 100.degree.C up to 112.degree.C, since this ester
      boils at 112.degree.C. Preferably, the trialkyl phosphite is charged
      first, and the chloroacetylurea compound is added gradually. The alkyl
      chloride which is formed by the reaction has to be continuously removed,
      such as by being distilled from the reaction mixture. In general, the
      reactants are allowed to react as such; however, it is also possible to
      carry out the reaction in an inert organic solvent which does not react
      with the starting materials or the reaction product. Suitable inert
      organic solvents are, for example, xylene and dibutyl ether. After the
      reaction has been completed, non-converted trialkyl phosphite which is
      potentially present, as well as a solvent which is optionally used, are
      distilled off from the reaction mixture, advantageously under vacuum.
      Then, the desired dialkylphosphonoacetylurea remains as a residue. Some of
      the compounds prepared in this manner are crystallizing substances,
      whereas the others are viscous liquids. These products can be purified by
      recrystallization or reprecipitation from suitable solvents, for example
      lower alkanols such as isopropanol or lower alkanones such as acetone.
PAR  For the preparation of the hydroxymethylated dialkylphosphonoacetylureas
      according to the invention, the above described dialkylphosphonoacetylurea
      compounds are reacted with an aqueous formaldehyde solution. The pH-value
      of the reaction mixture is adjusted to at least 7.0 or above 7.0 by the
      addition of a base, such as an alkali metal hydroxide, for example sodium
      hydroxide or potassium hydroxide. It is preferable during the reaction
      that the temperature of the reaction mixture be maintained within the
      range of 40.degree.C to 60.degree.C. In certain cases, the reaction
      product does not need to be isolated, but can be used directly in form of
      the aqueous solution obtained, for the preparation of liquors destined for
      the flameproofing of cellulose-containing materials.
PAR  For carrying out the hydroxymethylation, it is also possible to heat the
      dialkylphosphonoacetylurea compound with paraformaldehyde in the presence
      of an alkaline reacting substance, for example an alkali metal carbonate
      such as sodium carbonate or potassium carbonate, or an alkali metal
      hydride such as sodium hydride at a temperature of 75.degree.C to
      150.degree.C. Alternatively, the reaction can be allowed to proceed in the
      presence of an inert organic solvent, such as ethanol, isopropanol,
      dioxane, or tetrahydrofuran, advantageously in a refluxing operation. This
      method is preferred when the hydroxymethylated dialkylphosphonoacetylurea
      compounds are to be prepared as such. When the reaction is carried out in
      the absence of a solvent, the desired compound is obtained directly;
      otherwise, it is obtained as a residue after the solvent has been
      distilled off.
PAR  For the preparation of the alkoxymethylated dialkylphosphonoacetylurea
      compounds, the above-described hydroxymethylated
      dialkylphosphonoacetylurea compounds, in the presence of an acid at a pH
      less than 7, preferably pH4 to 6 are reacted with a monohydric aliphatic
      alcohol having 1 to 4 carbon atoms, preferably an alkanol having 1 to 4
      carbon atoms. Preferably the hydroxymethyl derivative is dissolved in an
      excess of the respective alcohol; then the acid is added and the mixture
      is refluxed until the etherification reaction is completed. For the
      adjustment to an acidic pH-value, it is recommended to use a solution of
      hydrogen chloride in the alcohol chosen for the etherification.
PAR  The material to be flameproofed is usually a textile consisting wholly or
      substantially of cellulose or regenerated cellulose fibers. Aqueous
      solutions containing flameproofing ingredients are prepared, and usually
      contain from 20% to 50% by weight, preferably 30% to 40% by weight, of the
      compounds of the invention. This corresponds to 200 to 500 gm/liter,
      preferably 300 to 400 gm/liter of solution, of these compounds of the
      invention.
PAR  When the compounds having the formula I are to be used for the
      flameproofing of this cellulose-containing materials according to the
      invention, it is preferable to charge them mixed with aminoplasts. For
      this purpose, condensation products of melamine and formaldehyde or
      etherified melamineformaldehyde condensation products can be used, such as
      etherified polymethylolmelamine having about 5 methylol groups per
      molecule. Suitable also are condensation products of formaldehyde and urea
      or urea derivatives, such as for example, ethyleneurea or N, N'
      -diethylurea. Mixtures of these aminoplasts can also be used. The aqueous
      flameproofing solutions contain 1% to 20% by weight, preferably 5% to 8%
      by weight, of these aminoplasts. This corresponds to 10 to 200 gm/liter,
      preferably 50 to 80 gm/liter of solution, of these aminoplasts.
PAR  It has been found useful to add catalysts to such preparations to speed up
      the curing of the aminoplasts and their condensation with compounds having
      the formula I. For this purpose, all substances are suitable which are
      customarily used as inorganic catalysts for the curing of aminoplasts on
      cellulose-containing materials for example an ammonium halide such as
      ammonium chloride, ammonium dihydrogen phosphate, an alkaline earth metal
      halide such as magnesium chloride and zinc nitrate. These catalysts are
      present in the aqueous flameproofing solutions in the range of 0.1% to
      1.0% by weight, preferably 0.4% to 0.6% by weight. This corresponds to 1
      to 10 gm/liter, preferably 4 to 6 gm/liter of solution of these catalysts.
PAR  It is also useful optionally to add organic crosslinking agents to the
      aqueous flameproofing solutions such as alkylene polyamines having 2 to 5
      carbon atoms such as ethylene diamine, or aliphatic amides having 1 to 5
      carbon atoms such as urea. These organic cross-linking agents assist in
      the curing of the aminoplasts as well as in the condensing with compounds
      of the formula I. The organic cross-linking agents are present in the
      aqueous flameproofing solution in the range of 0% to 5.0% by weight,
      preferably 0.9% to 1.1% by weight. This corresponds to 0 to 50 gm/liter,
      preferably 9 to 11 gm/liter of solution, of the cross-linking agents.
PAR  The process for the flameproofing of cellulosecontaining material consists
      in impregnating the article with such a preparation, then, drying the
      article to evaporate the solvent present and finally, heating the treated
      article to cure the aminoplast and to condense it with the compounds
      having the formula I.
PAR  More particularly, the present invention provides a process for
      flameproofing a textile consisting wholly or substantially of cellulose or
      regenerated cellulose fibers comprising impregnating said textile with an
      effective amount of an aqueous flameproofing solution consisting
      essentially of
PA1  a. from 20% to 50% by weight of a compound according to the invention,
PA1  b. from 1% to 20% by weight of an aminoplast and
PA1  c. from 0% to 5% by weight of a cross-linking agent,
PA1  d. from 0.1% to 1.0% by weight of a catalyst, and
PA1  e. the balance up to 100% by weight of water;
PA2  drying said impregnated textile to evaporate the solvent;
PA2  heating the dried textile to cure the said aminoplast and to condense said
      aminoplast with said compound according to the invention; and
PA2  recovering said flameproof textile.
PAR  The following examples are merely illustrative of the present invention
      without being deemed limitative in any manner thereof.
DETD
PAC  EXAMPLE 1
PAC  a. Preparation of Diethylphosphonoacetylurea
PAR  While stirring, 682 gm (5 mol) of chloroacetylurea were added portionwise
      to 831 gm (5 mol) of triethyl phosphite at a temperature of 135.degree.C
      to 150.degree.C. Each time, the addition of the next portion was delayed
      until the violent gas evolution had abated. After the last portion of
      chloracetylurea had been added, the stirring was continued at 150.degree.C
      until the evolution of gas was terminated. Small quantities of a volatile
      substance distilled off when the reaction mixture was heated on the water
      bath under the vacuum generated by an oil pump. The reaction mixture
      solidified upon cooling. The pure diethylphosphonoacetylurea was obtained
      from the crude product by recrystallization from isopropanol or acetone
      and proved to be a water-soluble product having a melting point of
      120.degree.C. The yield of crude product was 1120 gm (94% of the theory).
TBL  ______________________________________                                    
     Elemental Analysis for C.sub.7 H.sub.15 N.sub.2 O.sub.5 P:                
     Calc. (%) : 35.3 C 6.3 H 11.8 N 13.0 P                                    
     Found (%) : 35.3 C 6.4 H 11.9 N 12.7 P                                    
     IR-Spectrum (KBr : cm.sup..sup.-1):                                       
     3380 m, 3220 sh, 3170 m, 3100 sh, 2990 m, 2930 w,                         
     1718 s, 1697 s, 1604 m, 1515 w, 1400 m, 1310 s,                           
     1233 s, 1208 w, 1160 - 1100 w, 1050 s, 1020 s,                            
      975 m,  950 m,  860 m, 820 m,  788 w,                                    
     1.sub.H - NMR-Spectrum (15% in CDCl.sub.3 ; 60 MHz):                      
     ______________________________________                                    
PAL  Position in ppm against int. TMS (tetramethylsilane) (relative intensity)
      splitting picture (coupling constants in H.sub.2) --  1.33 (6), triplet
      (7) -- 3.10 (2), doublet (22.5) - 4.18 (4), pseudoquintet with indication
      of further splittings;
PAR  (7 - 8) -- 6.65 (1), broad -- 7.95 (1), broad -- 9.90 (1). The signals at
      6.65, 7.95 and 9.90 disappear during the D.sub.2 O-exchange.
PAC  b. Preparation of
      N-Diethylphosphonoacetyl-N,N',N'-tris-(hydroxymethyl)-urea
PAR  500 Gm (2.1 mol) of diethylphosphonoacetylurea and 69 gm (2.3 mol) of
      paraformaldehyde were dissolved in 5 liters of absolute tetrahydrofuran,
      and after the addition of about 0.5 gm of sodium hydride, were refluxed
      for 1 hour. Subsequently, the solvent was distilled off under the vacuum
      generated by a water-jet pump. The remaining yellowish, viscous substance
      crystallized after standing from 3 to 4 days. The melting point was
      177.degree.C (sinters from about 100.degree.C on). The determination of
      the total formaldehyde and the free formaldehyde gave a degree of
      hydroxymethylation amounting to about 100%.
PAR  The compound had the formula
      ##EQU10##
PAC  c. Preparation of N-Diethylphosphonoacetyl-N,N',N'-trisethoxymethyl-urea
PAR  200 Gm of N-diethylphosphonoacetyl-N,N',N'-tris-(hydroxymethyl)-urea was
      dissolved in 400 ml of ethanol. The pH-value of the mixture was adjusted
      to about 2.5 by the addition of several milliliters of an ethanolic
      hydrochloric acid solution.
PAR  Next, the solution was refluxed for two hours. After neutralization with
      sodium carbonate, the solution was filtered, and the excess ethanol was
      distilled off. N-diethylphosphonoacetyl-N,N',N'-tris-(ethoxymethyl)-urea
      remained as a yellowish, viscous liquid, and had the formula
      ##EQU11##
PAC  EXAMPLE 2
PAC  a. Preparation of 1-(Diethylphosphonoacetyl)-imidazolidin-2-one.
PAR  While stirring, 813 gm (5 mol) of 1-chloroacetyl-2-imidazolidinone were
      added to 831 gm (5 mol) of triethylphosphite at a temperature of
      135.degree.C to 150.degree.C. After the addition had been completed, the
      reaction mixture was stirred at 150.degree.C until gas evolution no longer
      could be detected. Then, traces of non-converted trialkyl phosphite were
      distilled off under vacuum. Recrystallization from isopropanol of the
      crude product thus obtained made it possible to obtain the pure product
      having a melting point of 100.degree.C to 102.degree.C. The yield of crude
      product amounted to 1250 gm (95% of theory).
TBL  ______________________________________                                    
     Elemental Analysis for C.sub.9 H.sub.17 N.sub.2 O.sub.5 P:                
     Calcd. (%) : 40.9 C ; 6.5 H ; 10.6 N ; 11.7 P                             
     Found (%) : 40.7 C ; 6.4 H ; 10.4 N ; 11.3 P                              
     IR-Spectrum (KBr; cm.sup..sup.-1):                                        
     3250 s, 2990 m, 2940 m, 2910 m, 1760 s, 1730 s,                           
     1670 s, 1405 s, 1360 s, 1260 s, 1250 s, 1223 s,                           
     1126 m, 1070 m, 1045 s, 1020 s,  978 s,  964 s,                           
      956 s,  832 m,  788 m,  753 m,  675 m.                                   
     .sup.1 H - NMR-Spectrum (15% in DMSO - d.sup.6):                          
     ______________________________________                                    
PAR  Position in ppm against TMS (relative intensity), splitting (coupling
      constants in Hz) -- 1.25 (6), triplet (7) - 3.2 - 4.3 (10), a signal group
      having a complex structure -- 7.73 (1), broad singlet. The signal at 7.73
      (1) disappeared upon the addition of D.sub.2 O.
PAC  b. Preparation of 1 --
      (Diethylphosphonoacetyl)-3-hydroxymethyl-imidazolidin-2-one
PAR  264 Gm (1 mol) of 1-(Diethylphosphonoacetyl)-imidazolidin-2-one and 33 gm
      of paraformaldehyde (1.1 mol) were dissolved in 2.5 liters of
      tetrahydrofuran; and after the addition of about 0.3 gm of sodium hydride,
      the solution was refluxed for one hour. After the solvent had been
      distilled off, there remained
      1-(diethylphosphonoacetyl)-3-hydroxymethylimidazolidin-2-one as a
      yellowish, viscous liquid. The determination of the total formaldehyde and
      the free formaldehyde gave a degree of hydroxymethylation amounting to
      100%. The compound had the formula
      ##EQU12##
PAC  c. Preparation of
      1-(Diethylphosphonoacetyl)-3-methoxymethylimidazolidin-2-one
PAR  100 Gm of 1-diethylphosphonoacetyl)-3-hydroxymethylimidazolidin-2-one was
      dissolved in 200 ml of methanol. The pH-value of the mixture was adjusted
      to about 3.0 by the addition of several of milliliters of a methanolic
      hydrochloric acid solution. Then, the mixture was refluxed for 1.5 hours.
      After neutralization with sodium carbonate, and filtration, the excess
      methanol was distilled off.
      1-(Diethylphosphonoacetyl)-3-methoxymethyl-imidazolidin-2-one remained as
      a yellowish, viscous liquid, having the following formula
      ##EQU13##
PAC  EXAMPLE 3
PAR  Aqueous liquors having the following composition were prepared from the
      following ingredients
PAC  SOLUTION 1
PAR  350 Gm/liter of N-diethylphosphonoacetyl-N,N',N'-tris-(hydroxymethyl)-urea
      prepared in Example 1 above;
PAR  80 Gm/liter of 90% aqueous solution of a commercially available etherified
      polymethylolmelamine having about 5 methylol groups per molecule;
PAR  10 gm/liter of urea and
PAR  5 gm/liter of ammonium chloride.
PAC  SOLUTION 2
PAR  350 Gm/liter of
      1-(diethylphosphonoacetyl)-3-hydroxymethyl-imidazolidin-2-one prepared in
      Example 2 above;
PAR  80 gm/liter of 90% aqueous solution of a commercially available etherified
      polymethylolmelamine having about 5 methylol groups per molecule;
PAR  10 gm/liter of urea and
PAR  5 gm/liter of ammonium chloride.
PAR  Cotton fabrics for overcoats (190 gm/m.sup.2) were impregnated with these
      two solutions and uniformly squeezed out on the Foulard padding machine
      until the weight increase to amounted 60% to 100% preferably 80%; then the
      fabrics were dried at 100.degree.C to 120.degree.C preferably 110.degree.C
      and finally exposed to a curing temperature of 160.degree.C to
      200.degree.C preferably 180.degree.C for 80 to 100 seconds preferably 90
      seconds to cure the aminoplast material and to condense it with the
      compounds of the invention.
PAC  FLAMMABILITY TEST
PAR  The flammability was tested according to DIN 53,906 whereby the specimen
      was suspended in a vertical holder and subjected to a flame along the
      edge. The duration of the test was 6 seconds. ("DIN" is the abbreviation
      for "Deutsche Industrie Norn" which is a published series of standard
      German test procedures similar to ASTM. The results are reported in Table
      I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Specimen Treated                                                          
                   Burning  Glowing  Tearing length                            
     with          Time     Time                                               
                   in sec   in sec   in mm                                     
     ______________________________________                                    
     Solution 1    0        0        90                                        
     Solution 2    0        0        85                                        
     Non-Treated   30       45       Infinite                                  
     ______________________________________                                    
PAC  TEARING STRENGTH TEST
PAR  The tearing strength was tested according to DIN 53,875. The specimens were
      clamped in the weft-direction. The clamped length was 20 cm, the width
      tested was 5 cm, and the drawing-off rate was 100 mm/min. The test results
      are reported in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Specimen Treated                                                          
                 Tearing  Elongation                                           
                                    Loss of                                    
     with        Strength           Tearing Strength                           
                 in Kp    in mm     %                                          
     ______________________________________                                    
     Solution 1  59.6     17        10.6                                       
     Solution 2  56.3     13        15.6                                       
     Non-Treated 66.7     17        --                                         
     ______________________________________                                    
PAC  TEST OF PERMANENCE
PAR  For proof of the permanence of the flameproofing effect, the cotton fabric
      treated with solution 2 was subjected to hot laundering in a domestic
      washing machine equipped with a centrifuge (AEG- LAVAMAT). The washing
      liquid used contained 3 gm/liter of a commercially available detergent for
      washing machines. The ratio of the washing liquid was 1 : 30, and the
      washing temperature was 95.degree.C. After washing and drying, the
      flammability test gave practically the same values as before the washing:
      burning time was 0 sec.; glowing time was 0 sec.; and tearing length was
      90 mm.
PAR  Although the present invention has been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of the new invention. All of these variations and modifications
      are considered to be within the true spirit and scope of the present
      invention as disclosed in the foregoing description and defined by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula
      ##EQU14##
      wherein R.sub.1 and R.sub.2 are each the same alkyl having 1 to 4 carbon
      atoms,
PA1  R.sub.4, r.sub.5 and R.sub.6 are each selected from the group consisting of
      alkyl having 1 to 4 carbon atoms, hydroxymethyl and alkoxymethyl having 2
      to 5 carbon atoms,
PA1  with the proviso that at least one of R.sub.4, R.sub.5 and R.sub.6 is
      selected from the group consisting of hydroxymethyl and alkoxymethyl
      having 2 to 5 carbon atoms, and
PA1  wherein R.sub.4 and R.sub.5 can together form an alkylene chain having 2 to
      3 carbon atoms.
NUM  2.
PAR  2. The compound of claim 1, which is
      N-diethylphosphonoacetyl-N,N',N'-tris-(hydroxymethyl)-urea.
NUM  3.
PAR  3. The compound of claim 1, which is
      N-diethylphosphonoacetyl-N,N',N'-tris-(ethoxymethyl)-urea.
NUM  4.
PAR  4. The compound of claim 1, which is
      1-(diethylphosphonoacetyl)-3-hydroxymethyl-imidazolidin-2-one.
NUM  5.
PAR  5. The compound of claim 1, which is
      1-(diethylphosphonoacetyl)-3-methoxymethyl-imidazolidin-2-one.
NUM  6.
PAR  6. The compound of claim 1, wherein R.sub.1 and R.sub.2 are each the same
      alkyl having 1 to 2 carbon atoms,
PA1  R.sub.4, r.sub.5 and R.sub.6 are each selected from the group consisting of
      hydroxymethyl and alkoxymethyl having 2 to 3 carbon atoms, and
PA1  with the proviso that at least one of R.sub.4. R.sub.5 and R.sub.6  is
      selected from the group consisting of hydroxymethyl and alkoxymethyl
      having 2 to 3 carbon atoms, and
PA1  wherein R.sub.4 and R.sub.5 can together form an alkylene chain having 2 to
      3 carbon atoms.
NUM  7.
PAR  7. A process for flameproofing a textile consisting wholly or substantially
      of cellulose or regenerated cellulose fibers comprising impregnating said
      textile with an effective amount of an aqueous flameproofing solution
      consisting essentially of
PA1  a. from 20% to 50% by weight of a compound according to claim 1,
PA1  b. from 1% to 20% by weight of a different aminoplast,
PA1  c. from 0% to 5% by weight of a cross-linking agent selected from the group
      consisting of alkylene polyamines having 2-5 carbon atoms and urea,
PA1  d. from 0.1% to 1.0% by weight of a catalyst, and
PA1  e. the balance up to 100% by weight of water;
PA2  drying said impregnated textile to evaporate the solvent;
PA2  heating the dried textile to cure the said aminoplast and to condense said
      aminoplast with said compound according to claim 1; and
PA2  recovering said flameproof textile.
NUM  8.
PAR  8. The process of claim 7, wherein said aqueous flameproofing solution
      consists essentially of
PA1  a. from 30% to 40% by weight of said compound according to claim 1,
PA1  b. from 5% to 8% by weight of said aminoplast,
PA1  c. from 0.9% to 1.1% by weight of said crosslinking agent,
PA1  d. from 0.4% to 0.6% by weight of said catalyst, and
PA1  e. the balance up to 100% by weight of water.
PATN
WKU  039376133
SRC  5
APN  5652979
APT  1
ART  171
APD  19750404
TTL  Device for the determination of chlorine in the water of swimming pools
ISD  19760210
NCL  9
ECL  1
EXA  Turk; Arnold
EXP  Wolk; Morris O.
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NAM  Rosicky; Jan
CTY  Lindfield
CNT  AU
ASSG
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CNT  AU
COD  03
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PAL  ciaccio, "Water & Water Pollution Handbook," Vol. 3; Marcel Dekker, Inc.;
      N.Y. 1972, pp. 1178-1180.
LREP
FRM  Ladas, Parry, Von Gehr, Goldsmith & Deschamps
ABST
PAL  Para-ethyl-oxyethylamino-aniline or one of its salts is employed as a
      reagent for testing the presence of chlorine in the water of swimming
      pools. The reagent dissolved or dispersed in a polypropylene-glycol
      ethoxylate is coated on to a support. When the coated support is stirred
      into the water a pink color develops in the water if chlorine is present
      and the intensity of the color can be used to gauge quantitatively the
      amount of chlorine present.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The determination of the chlorine content in water, especially in the water
      of swimming pools is an important and widely used control reaction. The
      most current method used for this purpose is the reaction between chlorine
      and ortho-tolidine (OTO), a yellow color being produced by oxidation of
      the molecule by chlorine. The intensity of the resulting coloration in a
      given volume of the tested water is compared with an empirically
      established color scale, thus giving a quantitative estimate of the
      chlorine content. The sensitivity of the reaction is high, but the pale
      yellow shade produced by concentrations under 0.5 parts per million of
      chlorine renders an exact estimation a little difficult.
PAR  The solutions of OTO are sufficiently stable so that this form of the
      reagent, i.e. solution, can be used for an easy testing in small private
      swimming pools.
PAR  However, an objection has been raised against the use of OTO for this
      purpose. Its cancerogenic activity has been experimentally established and
      this fact has cast a shadow on its wide-spread use. Attempts to replace
      OTO, which gives a highly sensitive and specific reaction with chlorine,
      by another substance have not been very successful, so far. The only
      substance, discovered by Palin, which has found some use for satisfactory
      chlorine determinations is assym.diethyl-paraphenylene-diamine (DPD). A
      certain drawback is its strongly allergenic character which necessitates a
      certain caution in its manipulation. The commercial form is DPD tablets
      sealed in a metallic foil. They are used in connection with the Lovibond
      comparator. This makes their use considerably more expensive than the use
      of OTO in the current cheap test kits.
PAR  It has now been found that, under certain conditions, which are the object
      of the present patent application, another member of the phenylene-diamine
      group can be advantageously used for routine chlorine testing. It does not
      possess the toxicity of DPD and its allergenicity is, under the conditions
      of the reaction, insignificant. The chemical composition is
      para-ethyl-oxyethylamino-aniline (EOAA), and it is used preferably in the
      form of its salts. It is generally more soluble than DPD, very easily
      oxidizable and its molecule is much more rapidly destroyed than that of
      DPD. These properties preclude the use of the base and its salts in
      solutions similar to those of OTO. The stability of EOAA salts in various
      organic solvents (e.g., alcohols, acetone, glycols) or acidic solutions in
      water (even in the presence of complexing agents) is of the order of
      several minutes to about one month in a closed container. A repeated
      exposure of the solutions to air by opening the containers for sampling,
      cuts down the stability still more, so that a stable EOAA reagent cannot
      be prepared in this way. The only exception is the solution of EOAA in
      glycerine (BP quality) which keeps stable over one year and lends itself
      to possible practical use.
PAR  It has also now been found that the salts of
      paraethyl-oxyethylamino-aniline (EOAA) can be brought, as solids, into a
      form which is most practical and useful for chlorine determinations and
      which is, under appropriate preserving conditions quite stable. The form
      of tablets has not been found very practical because of the relatively
      slow disintegration of the tablets and the necessity of mixing the tested
      sample.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, the EOAA, preferably in the form of its
      salts is fixed as a layer on a support which can be paper, plastic,
      fabric, ceramic, glass, wood etc. The shape of the support is preferably
      that of a strip or a thin rod, so that it can be used easily for mixing
      the tested liquid. The shape of the support can also be, for example, that
      of little squares, rectangles, round platelets which can be immersed into
      the tested liquid.
PAR  The mode of fixation of EOAA on the surface of the support is of essential
      importance. On porous material like paper it can be effected by imbibition
      of the material with a solution of an EOAA salt. However, the release of
      EOAA into solution, in this case, is not ideal and also the stability is
      not satisfactory. It has been found that layers of EOAA on porous and
      non-porous material of excellent desirable properties can be obtained by
      the use of a dispersing agent in which the EOAA is dissolved or dispersed,
      which sticks well to the carrier and which, at the same time, forms a
      protective layer against oxidation by air. The dispersing agent must be of
      such a nature that it is extremely easily soluble in water and does not
      react with chlorine by itself, thus eliminating the danger of a
      competition for chlorine with EOAA.
PAR  It has been found, on the basis of very numerous trials, that the best
      dissolving and dispersing agents for this purpose are from the group of
      polymeric substances of high molecular weight. The most suitable
      representatives of this group are non-ionic high molecular propyleneglycol
      ethoxylates. (PGE). Best results have been obtained by use of
      polypropylene-glycol 1750 condensed with about 150 molecules of
      ethyleneoxide of an average molecular weight of 8300 (PGE 8300). Some of
      them are easily soluble in various organic solvents, like methanol,
      ethanol and others, and are very soluble in water. Some of them dissolve
      EOAA directly, when molten. They do not influence the chlorine content
      even when present in large amounts. The layers of EOAA prepared with these
      polymers show a very good stability, and the reaction of such layers with
      chlorine in water is immediate and complete. Other types of polymers like
      gelatin, polyvinylalcohol, polyvinylacetate do not give satisfactory
      results. They either react with chlorine (gelatin) or do not release EOAA
      properly and do not stabilise it to the desired degree. The use of the
      dispersing agents from the group of non-ionic polymers represents a new
      original finding and makes possible a practical and safe use of EOAA for
      routine determination of chlorine in swimming pools. The most practical
      form are strips of e.g. polyvinylchloride, polystyrene cellulose acetate
      or other inert plastic of the dimensions e.g. 75 mm by 6 mm carrying on
      one end a layer of EOAA in a polymeric substance as mentioned above. For
      performing the reaction the strip, held by hand, is immersed with the
      layer-end into the tested water in the test tube or cuvette of the test
      kit, shortly stirred and taken out. The forming of the colour in the
      tested water is immediate and its depth of colour throughout the whole
      length of the tube quite regular, without shaking the kit or touching the
      solution with fingers. The intensity of the pink coloration is compared
      with a printed colour scale adjacent to the cuvette.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The use of EOAA opens still further possibilities how to modify the colour
      reaction by chlorine. The oxidation product of EOAA produced by chlorine
      is capable of coupling with certain groups of chemicals e.g. those
      carrying phenolic functions in their molecules or active methylene groups
      and thus forming new dyestuffs, e.g., blue, magenta, yellow. Red or yellow
      shades may be useful for modifying the original pink shade of oxidized
      EOAA, should it be desirable for some purposes. The blue colour may
      probably be of great interest in chlorine determinations using a blue
      comparison scale. A strip with a layer prepared from EOAA and 1-naphtol or
      1-oxynaphthalin-2-sulphonic acid or preferably 2-4 dichloro-1-naphthol and
      a polymeric substance gives with chlorine a blue colour. The coupling
      reaction depends to some extent on the pH of the reacting liquid. In order
      to create the desirable pH in the tested sample of water a layer
      containing buffers or pH modifiers can be fixed on the strip. In this way
      the coupling reaction proceeds always under similar conditions and gives
      constant results even if the pH of the sample varies. The buffers have to
      accelerate the coupling reaction and to fix it at the desired degree. A
      too high pH may start a coupling reaction going beyond the proportion
      corresponding to the chlorine content. This has to be avoided. In that
      respect the lithium hydroxide and preferably the lithium carbonate have
      given particularly good results as mild pH modifiers.
PAR  Another possibility that is offered by the use of EOAA strips is the
      determination both of free and of residual chlorine. This needs a normal
      strip with a EOAA layer and another strip where, besides the EOAA layer a
      layer containing an iodide, e.g. potassium idodide, dissolved in the
      non-ionic polymer is fixed. The difference of the indicated chlorine
      content between the two strips indicates the amount of fixed chlorine. The
      principle of the device destined for measurement of the chlorine content
      in water by a colour reaction between chlorine and EOAA having been
      explained in the above description some examples of their preparation are
      given:
PAC  EXAMPLE 1
PAR  Ashless filter paper is impregnated with a 2% solution of EOAA in a 20%
      methanolic solution of PGE and is dried rapidly in a stream of hot air.
      The dry paper can be cut in various shapes, e.g., little squares. They are
      preserved in a closed tube. For use, they are immersed into the tested
      solution. They can also be fixed to one end of a plastic or wooden strip
      for better handling.
PAC  EXAMPLE 2
PAR  A sheet of white polyvinylchloride, 0.2 mm thick, of the dimensions 75 mm
      by 300 mm is dipped on one of the larger sides into a solution of 3 gm
      EOAA in 100 ml of methanol and 20g of PGE 8300 and dried rapidly in a
      stream of hot air. The breadth of the layers is 20 mm. The sheet is then
      cut into strips 75 mm long and 6 mm broad. Instead of dipping the sheet
      into solution the active layer can also be made by painting or printing
      it. A solution of 0.3 gm EOAA in 10 ml of a 40% solution of PGE 8300 is
      painted with a brush to form on one of the longer sides of the sheet a
      layer 30 mm broad. The sheet is dried and cut as above. It is advantageous
      to use a sheet with one matt side for the painting or printing method, the
      layer being put thereon.
PAC  EXAMPLE 3
PAR  A solution consisting of primary and secondary potassium and sodium
      phosphates forming a buffer of pH 6.5 and a PGE is painted in the centre
      of a polyvinylchloride or acetylcellulose sheet, forming a 20 mm layer and
      is dried. When dry, a solution of 0.3 gm EOAA and 0.29 gm 2-
      4-dichloro-1-naphthol in a 40% solution of PGE 8300 in methanol is used
      for painting of the active layer on one of the longer sides of the sheet.
      The sheet is dried and cut as above. Instead of painting an active layer
      composed of EOAA and 2-4-dichloro-1-naphthol dispersed in the same
      solution, it is possible to fix the EOAA and the 2-4-dichloro-1-naphthol
      in two separate layers.
PAC  EXAMPLE 4
PAR  On the edge of a longer side of white, rectangular polystyrene sheet a
      layer consisting of 0.4 gm of EOAA and 2 gm of potassium iodide in a 40%
      solution of PGD 8300 in methanol is painted and dried rapidly. It is also
      possible to paint two separate layers, one containing EOAA, the other the
      iodide. This type of strip is used for determination of free and total
      chlorine in the water of swimming pools.
PAR  In a similar way various chemicals can be fixed on the strips serving for
      various purposes of the analysis.
PAC  EXAMPLE 5
PAR  A white rectangular PVC or acetylcellulose sheet is dipped with one of the
      longer sides into a solution of 3 gm EOAA in 100 ml of a 40% solution of
      PGE 8300 in methanol and dried rapidly. Then the other longer side is
      dipped into a solution of 0.2 gm of the sodium salt of Phenol Red in 100
      ml of a 20% solution of the same dispersant and dried rapidly. After
      cutting the sheet in 6 mm broad strips, strips are obtained having active
      layers on both sides. They can be used for both purposes, first
      determination of pH with one end and then determination of chlorine with
      the other end, thus simplifying the manipulation.
PAC  EXAMPLE 6
PAR  Sheets of polystyrene 0.2 mm thick, 300 mm long and 75 mm broad are used as
      a support for the active EOAA layer. A solution of 0.3g of EOAA sulphate
      and of 0.29g 2-4-dichloro-1-naphthol in 10 ml of a 30% methanolic solution
      of PGE 8300 is painted with a brush on one of the longer sides of the
      rectangle to form a layer 15 mm broad. It is then dried rapidly in a
      stream of hot air. On the same side of the sheet about 10 mm away from the
      dyestuff layer and going parallel to it a 5 mm broad layer of a suspension
      of 0.2 g lithium carbonate in 5 ml of a methanolic 30% solution of PGE
      8300 is painted and dried rapidly. The sheets are cut to form strips 75 mm
      long and 6 mm wide. Every strip has on one end a 15 mm broad layer of the
      reagent dyestuffs and a separate parallel layer of lithium carbonate
      acting as a pH modifier. When immersed into the tested sample and slightly
      stirred the strip produces in the sample a blue colour, permitting an
      immediate reading on the blue colour scale.
PAR  The use of strips based on EOAA represents a real progress in the routine
      determination of chlorine in swimming pools. They replace the potential
      cancerogen OTO and DPD tablets which are a potential allergenic substance,
      by a much safer product. They are stable and avoid a certain difficulty
      which always is present when solutions are handled, drops counted, the
      test tube to be closed with fingers and shaken. The strip is just taken
      out of the tube, where it is preserved, dipped into the test tube or
      cuvette, lightly stirred and discarded. The colour produced in the tested
      sample of water in the cuvette is immediately compared with the colour
      scale in the kit. Since it is possible to fix on the strips other reagents
      (potassium iodide, buffers, indicators) they can be very versatile in
      their use. Thus, the strips can replace completely all solutions in the
      testing kits.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for the determination of chlorine in the water of swimming
      pools comprising a substrate suitably shaped for immersion into a sample
      of the water to be tested carrying on at least a portion of its surface a
      layer of a composition comprising an active reagent, selected from the
      group consisting of para-ethyl-oxyethylamino-aniline and the salts
      thereof, dissolved or dispersed in a polypropylene-glycol ethoxylate.
NUM  2.
PAR  2. A device according to claim 1 wherein the polypropylene-glycol
      ethoxylate is polypropylene-glycol 1750 condensed with about 150 molecules
      of ethylene oxide of an average molecular weight of 8,300.
NUM  3.
PAR  3. A device according to claim 1 wherein the substrate is a non-reactive
      plastic in a shape selected from the group consisting of strips, thin rods
      and platelets.
NUM  4.
PAR  4. A device according to claim 1 wherein a coupler substance capable of
      coupling with the oxidation product resulting from the oxidation of
      para-ethyl-oxyethylamino-aniline by chlorine and thus forming a new
      dyestuff is incorporated in the layer on the substrate.
NUM  5.
PAR  5. A device according to claim 1 wherein a coupler substance capable of
      coupling with the oxidation product resulting from the oxidation of
      para-ethyl-oxyethylamino-aniline by chlorine and thus forming a new
      dyestuff is fixed on the substrate in a layer separate from that
      containing the para-ethyl-oxyethylamino-aniline.
NUM  6.
PAR  6. A device according to claim 4 wherein the coupling substance is selected
      from the group consisting of 1-naphthol and derivatives thereof.
NUM  7.
PAR  7. A device according to claim 1 having fixed to the substrate at least one
      layer in addition to the active reagent layer containing a substance
      selected from the group consisting of buffers and pH modifiers.
NUM  8.
PAR  8. A device according to claim 7 wherein the pH modifier is lithium
      carbonate.
NUM  9.
PAR  9. A device according to claim 1 wherein a layer of an iodide capable of
      liberating fixed chlorine in the tested sample is adhered to the said
      substrate.
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ABST
PAL  A press for compressing a liquid-bearing absorbent article to transfer a
      portion of the liquid materials to a contiguous article has two concentric
      pressure feet. One is an outer foot member that bears against the
      liquid-bearing article along the periphery of the pressure area, and the
      other is an inner, deformable and contoured foot member that applies
      pressure to the liquid-bearing article progressively along the pressure
      area. A photometer can be combined with the press to measure constituents
      or other properties of the liquid materials being transferred.
PARN
PAR  This application is a division of pending application Ser. No. 243,028
      filed Apr. 11, 1972 for "Press For Progressive Compression Of
      Liquid-Bearing Absorbent Article", now U.S. Pat. No. 3,844,717
BSUM
PAC  BACKGROUND
PAR  This invention relates to a press for compressing an absorbent article to
      squeeze liquid materials from it. More particularly, the invention
      provides a press for transferring liquid and dissolved materials from one
      absorbent article to another layered with it. A particular feature of the
      invention is the provision of such a press that transfers the liquid
      materials with only minimal lateral spreading. This is desired to avoid
      loss of liquid materials in the first article and thereby to transfer the
      utmost volume of materials to the second article, and to concentrate the
      transferred materials in a confined region of the second article.
PAR  A press embodying the invention is particularly useful in connection with
      the analysis of a biological liquid sample to identify the concentration
      of one or more constituents. According to one technique for such an
      analysis as disclosed for example in U.S. Pat. Nos. 3,036,893; 3,216,804;
      3,219,416; 3,260,413; 3,261,668; 3,331,665; 3,368,872; and 3,502,438; the
      sample is deposited on a first absorbent pad and then transferred to a
      second absorbent pad where, with the addition of chemical reagents, a
      reaction product is developed in an amount dependent on the concentration
      of a constituent in the original sample. The above-noted Natelson Patent
      No. 3,261,668 discloses an elementary flat-bed type of press for squeezing
      two layered pads together to enhance the transfer of liquid materials
      between them. However, this prior art press generally transfers only a
      relatively small portion of the liquid materials in one pad to the other
      pad; due, at least in part, to the fact that the press spreads the liquid.
      The press of the Natelson U.S. Pat. No. 3,331,665 operates with disks of
      the pad material and does not restrict spreading of liquid within the
      disks.
PAR  Also in the prior art are teachings regarding metalworking punch presses,
      such as is disclosed in Henricson U.S. Pat. No. 1,723,935, which strip the
      work piece from the punch after the punching operation. U.S. Pat. Nos.
      2,160,676; 2,168,377; 2,265,331; 2,268,787; and 2,350,436 disclose further
      punch presses of this type.
PAC  SUMMARY OF THE INVENTION
PAR  A press embodying the invention and for the transfer of portions of a
      biological liquid sample and of selected dissolved constituents between
      two absorbent pads as noted above has two concentric pressure feet. An
      outer pressure foot engages the pads along an outer annular pressure
      surface, and generally with a resilient force. The inner pressure foot
      engages the pads initially along an annular area contiguously within the
      pressure surface of the outer foot, and then progressively inward along
      the entire pressure surface of the inner foot.
PAR  This pressing action that progresses inward from an outer peripheral ring
      to the center of the pressure area constrains liquid materials absorbed in
      the pads from spreading laterally outward. Instead, it urges the liquid
      materials in the initial liquid-bearing pad laterally inward to the center
      of the pressure area, as well as transversely into the other pad layered
      with it. Thus, the invention provides a press that transfers an utmost
      volume of liquid material from a selected localized area of one pad to the
      other, without significant loss due to laterally outward spreading of the
      liquid; and delivers the liquid materials to a confined area of the second
      pad. It should be noted that both pads can be cards, sheets or strips
      large enough to embrace many such confined areas.
PAR  Considered more broadly, the invention provides a press that subjects the
      article being pressed to a pressing force that is resilient and that has a
      tailored distribution such that the pressing force progresses across the
      pressure area.
PAR  In accordance with a further feature of the invention, a press of the above
      character compresses absorbent pads along an annular path and admits a
      pipette nozzle or other fluid conduit to deposit a liquid onto the
      compressed pads inside the annular area of compression. After removal of
      the nozzle, the press-while maintaining the annular liquid-constricting
      compression-compresses the pads throughout the area within the annular
      area of initial compression.
PAR  Further, a press according to the invention can be combined with a
      photometer in a manner that enables the photometer to monitor at least a
      surface of the pads being compressed. A novel fluorometer is a preferred
      form of photometer for this arrangement.
PAR  The invention comprises the features of construction, combinations of
      elements, and arrangement of parts exemplified in the constructions
      hereinafter set forth, and the scope of the invention is indicated in the
      claims.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be made to the following detailed description and the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view, partly broken away, of a press embodying the
      invention and for the progressive compression of a liquid-bearing
      absorbent article to transfer a portion of the liquid and of materials
      dissolved in the liquid to a further absorbent article;
PAR  FIG. 2 is a fragmentary elevation view, partly broken away, showing details
      of the press of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 2 showing the press of FIG. 1 with the
      pressure feet in compressive engagement with the article being pressed;
PAR  FIG. 4 is a perspective view, partly broken away, of an accessory device
      for use with the press of FIG. 1;
PAR  FIG. 5 is a view similar to FIG. 2 showing a modified construction for the
      press of FIG. 1;
PAR  FIG. 6 is a fragmentary side elevation view, partly broken away, of a
      further embodiment of the invention incorporating a press and a
      photometric instrument for examining the article being pressed; and
PAR  FIG. 7 is a fragmentary view of the press structure of FIG. 6 in the
      fully-compressed condition.
DETD
PAC  DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  FIGS. 1 and 2 show a press 10 for squeezing a sample 12 of biological
      liquid and dissolved materials from a localized region 13 of an absorbent
      collection pad 14 to a selected localized site on an absorbent reaction
      pad 16. The sample is typically blood collected by blotting it into the
      collection pad 14 directly from a dermal puncture or with the aid of a
      transfer pipette or dropper. A portion of the sample is to be transferred
      to the reaction pad 16 for treatment there with one or more chemical
      reagents that produce, with the transferred sample constituents, a
      reaction product that is a measure the relative amount of a selected
      constituent in the original blood sample. Thus, the collection pad 14,
      which generally is separate from the reaction pad 16 during the collection
      of the sample, is shown layered above the reaction pad for the sample
      transfer operation which the press 10 carries out. A microporous sheet
      filter 18 is interposed between the two pads to block large molecules in
      the sample, e.g. blood proteins and hemiglobin, from being transferred to
      the reaction pad. After the transfer of sample to the reaction pad, the
      collection pad and filter typically are stripped from it and the reaction
      pad then subjected alone to the further constituent-analyzing processing.
PAR  With further reference to FIGS. 1 and 2, the press 10 has a base 20 forming
      a platen 22 affixed to an upstanding post 24 that carries a shaft support
      26 spaced opposite the platen. The support slidably mounts a press shaft
      28 for reciprocation relative to the platen as indicated with arrow 30. A
      conventional mechanism, not shown, operated either manually as with a
      lever arm or automatically by means of a motor drive, moves the shaft 28
      selectively toward and away from the platen as the operator selects. The
      platen 22 can carry a pedestal 32 centered below the shaft 28 and on which
      the pads being pressed are placed, as indicated. At its lower end the
      shaft 28 threadably receives a threaded shank 34 of lesser diameter and
      which extends axially of the shaft. A disk 35 is threadably mounted on the
      shank to provide a shoulder 36 facing toward the platen 22.
PAR  The press shaft 28 carries two concentric foot members 38 and 40 on the
      lower end of the shank 34 for compressing work on the pedestal 32. The
      inner foot member 38 is a core or pluglike short rod of elastomeric
      material affixed as by adhesive or mechanical attachment on the end of the
      shank as an axial extension thereof. The inner foot member, illustrated as
      having a circular cross section and cylindrical side surface, has on the
      bottom end a concavely-domed pressure surface 42 that flattens, as shown
      in FIG. 3, upon axial compression of the foot member between the shaft and
      pedestal.
PAR  The outer foot member 40 is a collar of metal or like rigid material
      coaxially fitted on the end of the shank 34 over the inner foot member 38.
      The collar is slidable relative to the shank; a pin 44 is press fitted
      into the collar wall and seated in a slot 46 extending in the shank along
      the shaft axis to retain the collar on the shaft. A coil spring 48 is
      compressively seated between the top of the collar and the disk shoulder
      36, encircling the shank 34, to urge the collar-like foot member forward
      along the shank toward the pedestal 32 for a distance limited by the axial
      length of the slot 46, as in FIG. 2.
PAR  The outer foot member 40 has an annular flat pressure surface 50
      contiguously outside and encircling the domed pressure surface 42 of the
      inner foot member 38. The illustrated foot member 40 has a tapered
      thickness at its pressure end so that the radial width of the annular
      pressure surface 50 is narrow, which enhances the application of a large
      compressive pressure to the layered pads 14 and 16.
PAR  The outer foot member 40 has an inner surface 52 that is cylindrical along
      the length of the telescopic extension of that member over the shank 34,
      and at the extreme end of the member 40 adjacent its pressure surface 50,
      and along the end of the inner foot member connected to the shank for
      approximately the distance by which inner foot member decreases in length
      upon being fully pressed against the pads or other work on the pedestal.
PAR  The portion 52a of the surface 52 along the rest of the outer foot member
      is recessed outwardly. This recess forms a generally toroidal relief space
      54 into which the inner foot member can bulge, substantially without
      restriction, when compressed as shown in FIG. 3. The surface portion 52a
      has a rounded contour and forms a smooth transition with the cylindrical
      sections of surface 52; for the purpose of allowing the two foot members
      to move, and the inner member to bulge, with minimal interference between
      them.
PAR  With the foregoing construction, when the shaft 28 moves down, toward the
      pads on the pedestal 32, the pressure surface 50 and the outermost edge of
      the domed pressure surface 42 engage the pads first. These surfaces
      compress the pads only along an annular area.
PAR  Continued descent of the shaft 28 presses the outer member down further
      with a resilient force as the spring 48 is increasingly compressed. It is
      considered preferable that the slot 46 extend along the shank for such a
      length that the pin 44 does not bottom against the slot upper end, which
      would then result in the outer member 40 being pressed with rigid force.
      Simultaneously, the inner foot member 38 is compressed axially. This
      causes it to bulge outwardly, into the recess 54, and gradually flattens
      the normally-domed pressure surface 42. Thus, the compressive force on the
      pads progresses inward from the annular area of initial compression until
      the entire area under the surfaces 50 and 42 is compressed.
PAR  This progressive compression of the pads 14 and 16 in accordance with the
      invention constrains the liquid sample 12 from spreading laterally
      outward. Instead, the sample is squeezed essentially straight down against
      the filter 18. This action transfers theoretically as much as one-half of
      the small-molecule portion of the sample to the portion of pad 16 lying
      directly under the pressure surface 42 of the inner foot member 38; in
      practice, typically twenty percent is transferred.
PAR  FIG. 3 shows the condition of the foot members of the press 10 when the
      shaft is at its lowermost position, i.e. at the position of full
      compression.
PAR  The shank 34 is threadably affixed to the shaft 28 to allow the shank to be
      threaded further into or out of the shaft and thereby adjust the pressure
      with which the foot member 38 engages pads on the press platen 22, and/or
      to allow operation with pads of different thicknesses. This adjustment of
      the shank 34 relative to the shaft 28 does not alter the compression of
      spring 48, which is done independently by threading the disk along the
      shank.
PAR  The provision of the relief space 54 between the two foot members 38 and 40
      allows the inner foot member 38 to compressively deform in the manner
      shown and thereby enables the normally-domed pressure surface 42 to
      flatten progressively. In the absence of such a relief space 54, the two
      foot members seize upon each other and the desired compression of the pads
      14 and 16 is generally not fully attained.
PAR  It is considered preferable to form the relief space 54 with a geometry
      corresponding to the deformation of the inner foot member 38 when fully
      compressed, as shown in FIG. 3. Accordingly, the cross section of the
      relief space as shown in FIG. 2 is that of a shallow concavity. However,
      the relief space 54 can be provided with other shapes and can in fact be
      made larger than the laterally-outward bulging of the inner foot member
      when compressed. Moreover, the relief space 54 can, as shown in FIG. 5, be
      provided by recessing the outer diameter of the inner foot member rather
      than by recessing the inner surface of the outer foot member. Thus, FIG.
      5, which shows elements corresponding to those in FIGS. 1 through 3 with
      the same reference numerals with an additional prime, has an outer foot
      member 40' with an inner surface 52' that is of right cylindrical shape
      throughout the length of the outer foot member. Further, the inner foot
      member 38' has, in addition to the normally-domed pressure surface 42',
      sidewalls forming an hourglass shape to provide the desired relief space
      54' between the two foot members. It will now be apparent that further
      arrangements can be employed, including one in which both the outer
      surface of the inner member 38 and the inner surface of the outer member
      40 are recessed to provide the relief space between them.
PAR  As further shown in FIGS. 1 through 3, the foot members 38 and 40
      illustrated carry a barrier sheet 56 on their pressure surfaces and which
      is interposed between these pressure surfaces and the uppermost surface of
      the layered pads on the pedestal 32. The sheet 56 prevents the pressure
      surfaces from being contaminated by the sample 12 and other fluids or
      materials, e.g. chemical reagents, present with the collection pads 14
      and/or 16. A fresh barrier sheet 56 is provided for each set of layered
      collection pads which the press processes; i.e. the sheet is discarded
      after a single use and replaced with a fresh one. This maintains the
      pressure surfaces free of contamination without requiring cleansing or a
      more-costly disposable element.
PAR  FIG. 4 shows a tool 60 for use in affixing the barrier sheet 56 to the foot
      members of the press 10. The tool has a rigid base 62 that carries an
      upstanding collar 63 of elastomeric material, and a core 64 within the
      collar bore. The core is of a harder material than the collar 63,
      polytetrafluoroethylene such as is marketed under the trade name "Teflon,"
      or metal can be used for the core. Further, the core has a rounded upper
      surface conforming generally to the normally-domed shape of the inner
      pressure surface 42, whereas the upper surface of the collar 63 conforms
      to the outer annular pressure surface 50, although it may be wider than
      the latter surface.
PAR  In use, the fresh barrier sheet 56 is placed on the tool 60 as indicated
      and the tool seated on the press pedestal 32. The press shaft 28 is then
      lowered to compressively engage the pressure surfaces 50 and 42 with the
      tool collar 63 and core 64, respectively, with the barrier sheet
      interposed between. This compression of the barrier sheet 56 against the
      pressure surfaces conforms it to them as shown in FIG. 2, and causes the
      barrier sheet to self-adhere to the pressure surfaces, or to other outer
      surfaces of the foot member 40. A preferred material for the barrier sheet
      is a thin film of paraffin, as is marketed under the name Parafilm.
PAR  To illustrate the construction of a press in accordance with the invention,
      a press as shown in FIGS. 1 and 2 has an inner foot member 38 of synthetic
      rubberlike elastomeric material as sold under the name Tygon having a
      normal, i.e. uncompressed, length of 0.50 inch, an outer diameter of 0.375
      inch, and a dome recess of approximately 0.50 inch maximum depth. The
      relief space 54 extends for an axial length of 0.25 inch and has a maximum
      depth of approximately 0.01 inch.
PAR  FIG. 6 shows another embodiment of the invention in which a pipette nozzle
      70 can introduce a reagent to layered pads 72, 74 being compressed with a
      collarlike outer foot member 76 of a press 77, prior to being compressed
      with an inner foot member 78. Further, a photometer, illustrated as a
      fluorometer 80, is housed with the FIG. 6 press 77 to measure the reaction
      product produced in the reaction pad 74 while that pad is in the press.
PAR  More particularly, the press 77, generally similar to the press 10 of FIGS.
      1 through 3, has a shaft shank 84 movable back and forth relative to a
      platen 86 as indicated by arrow 88. The inner foot member 78, illustrated
      as similar to the inner foot member 38' of FIG. 5, has a recessed pressure
      surface 82 and an hour-glass sidewall 83 having a cylindrical inner end
      section adjacent the shank, a cylindrical outer end section adjacent the
      pressure surface 82, and a thinned medial or waist section between the end
      sections and forming between the two foot members a recess of
      semi-lenticular cross-section. The foot member 78 is slidable within the
      bore of the outer member 76 with the sidewall end sections thereof in
      slidable engagement with the outer member bore and at least the outer end
      section forming a liquid-tight seal with the outer member 76.
PAR  As in the FIG. 1 press 10, the outer foot member 76 of FIG. 6 is affixed to
      shank 84 by means of a pin 90 seated in an axial slot 92 in the shank 92,
      and a compression spring 94 urges the outer foot member slidably forward
      relative to the shank in the direction toward the pedestal 86. The foot
      member 76 has an inner surface 96 similar to that described above with
      reference to FIG. 5, although a relieved inner surface such as is shown in
      FIG. 2 can be used instead.
PAR  As also illustrated, the inner foot member 78 has a locking tab on the
      inner end seated in a mating slot in the press shank 84 to secure the foot
      member to the shank. Further, the shank and outer foot member 76 are
      arranged such that the press has a normal configuration similar to that
      shown in FIG. 6, in which the compression spring 94 urges the outer foot
      member forward on the shank sufficiently to retract the inner foot member
      into the outer foot member to form a space 98 within the outer foot member
      for admitting the pipette nozzle 70.
PAR  In addition to this structure, outer foot member 76 is of sufficient axial
      length to contain the inner foot member 78 and the shank end to which it
      is secured when the foot member is retracted into the member 76 to form
      the space 98. Further, the outer foot member 76 has a passage 100 through
      the sidewall 102 thereof and spaced closely above the annular pressure
      surface 104. As FIG. 6 shows, this passage 100 admits the pipette nozzle
      70, or another fluid conduit, for the injection of a fluid such as a
      diluent or reagent into the space 98 for deposition on the collection pad
      72.
PAR  As FIG. 6 further illustrates, in a typical use of the press 77, the shaft
      is moved toward the platen to compress the pads 72, 74 slightly with the
      outer foot member 76, but without moving the inner foot member into the
      space 98, and is held in that position. The pipette nozzle 70 is then
      inserted through the passage 100 to enter the space 98 and the desired
      liquid is ejected onto the pad 72. The compressive engagement of the
      annular pressure surface 104 of the outer foot member against the pads 72,
      74 precludes significant spreading of this liquid laterally outward beyond
      that pressure surface 104.
PAR  After the pipette nozzle is withdrawn from the space 98, the press shaft is
      moved further toward the platen to press the outer member further against
      the pad 72 and the slide the inner foot member 78 through the space 98 and
      compress it against the pad 72, as shown in FIG. 7. This compression
      transfers liquid materials from the pad 72 to the pad 74 through the
      intervening filter.
PAR  When the inner foot member is moved toward the platen beyond the opening of
      passage 100 through the surface 96 of the outer foot member, the outer end
      section thereof seals liquid from leaking out from within the outer foot
      member by way of the passage 100. The sealing engagement of the inner foot
      member to the bore surface 96 of the outer foot member increases as the
      shaft shank 84 increasingly compresses the inner foot member 78.
PAR  When the transfer operation is complete and the shaft shank is drawn away
      from the platen, spring 94 retracts the shank relative to the outer foot
      member, drawing the inner foot member to the retracted position of FIG. 6
      where the space 98 is present.
PAR  With further reference to FIG. 6, the press base 106 also forms a housing
      for the fluorometer 80. The fluorometer illuminates the reaction pad 74
      with radiation from a lamp 108 through the press platen 86, which is an
      optical window transparent to the incident exciting radiation of the lamp
      108 and to the fluorescence which this radiation produces in the reaction
      product of interest in the reaction pad 74.
PAR  More particularly, the base 106 has a primary passage 110 and a secondary
      passage 112 therein; the passages are coplanar and are angled relative to
      each other with their central axes converging at the pad 74. The lamp 108
      is mounted in the primary passage 110 in optical alignment through the
      optical window of the platen 86 with the section of the reaction pad under
      the inner foot member 78. A primary filter 114 is mounted in the primary
      passage interposed between the lamp 108 and the platen 86 to block
      unwanted radiation from illuminating the reaction pad. Further, a
      reference detector 116 for producing an electrical signal responsive to
      the intensity and modulation of the illumination from the lamp 108 also is
      mounted in the primary passage.
PAR  Although not required, the illustrated fluorometer secondary passage 112 is
      oriented along the angle at which incident radiation from lamp 108
      reflects from the reaction pad 74. Thus, the illustrated fluorometer 80
      has the secondary passage 112 aligned at the angle at which incident
      energy from lamp 108 reflects from the pad 74 surface which is contiguous
      with the optically-transparent platen 86. This geometry is preferred to
      provide equal-length optical paths, from lamp 108 to the detector 118 in
      the secondary passage 112, for illumination impinging on all points of the
      reaction pad 74 which are within the fluorometer field of view. The
      equal-length optical paths, in turn, result in high measuring accuracy and
      precision.
PAR  The secondary passage 112 mounts a fluorescence detector 118 and, in
      optical alignment between the detector 118 and the reaction pad 74, mounts
      a lens 120 which focuses the desired fluorescence onto the detector 118
      and mounts secondary filters 122 and 124 and 126. These secondary filters
      together block reflected radiation from the lamp 108 and block
      fluorescence and other radiation above and below pass band of the
      fluorescence to be measured.
PAR  Further, the secondary filters are selected to be non-fluorescing, at least
      in the wavelength range of measurement, when excited with reflected
      illumination from the lamp 108 and with whatever fluorescence is present.
      Dielectric and metal film filter constructions are preferred to provide
      the filters 122, 124 and 126 with the desired degree of non-fluorescence.
      This provision of non-fluorescing secondary filters in accordance with the
      invention results in an increase in sensitivity and background rejection
      of the fluorometer 80 as contrasted to a fluorometer of similar
      construction except having glass or other secondary filters which are
      subject to producing fluorescence within the frequency range of
      measurement.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained. Since
      certain changes may be made in the above constructions without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description or shown in the accompanying drawings shall be
      interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
PAR  Optimum results are realized with the press described above when both pads
      on the press initially are dry except for the liquid sample on the
      collection pad. Further, it is preferred that the liquid sample initially
      be restricted to only the area below the inner pressure foot, so that the
      portion of the collection pad that is compressed by the outer pressure
      foot is dry at the time it is initially compressed. The initial dryness of
      the receiving, reaction pad is believed to enhance significantly the
      movement of liquid material from the collection pad through the
      intervening filter to the reaction pad.
CLMS
STM  Having described the invention, what is claimed as new and secured by
      Letters Patent is:
NUM  1.
PAR  1. An instrument for analyzing liquid material carried in an absorbent
      article by monitoring a reactant formed from the liquid material in a
      reaction pad, said instrument comprising:
PA1  A. a platen member of material transparent to selected radiation and having
      a first surface for supporting the pad during pressing,
PA1  B. pressure means having a pressing surface disposed on a first side of
      said platen member for compressing the absorbent article between said
      pressing surface and said first surface of said platen member thereby to
      press the liquid material from the absorbent article to the reaction pad,
      and
PA1  c. a fluorometer;
PA2  1. disposed on the opposite, second side of said platen member,
PA2  2.
NUM  2.
PAR  2.  having an optical source for illuminating said first surface through
      said platen member with incident radiation, and
PA2  3. having a fluorometric detector in optical alignment with said platen
      member first surface and said optical source for receiving, through said
      platen member, radiation emitted adjacent said first surface to response
      to said incident radiation, whereby analysis of the liquid material
PAR   proceeds as reactant is developed on said reaction pad. 2. An instrument
      as defined in claim 1 in which said fluorometer detector is arranged to
      sense radiation directed along the same angle at which said incident
      radiation from said source reflects from said first surface.
NUM  3.
PAR  3. An instrument as defined in claim 1 in which
PA1  A. said platen first member surface is planar,
PA1  B. said pressure means urges said pressing surface toward said platen
      member in a direction normal to said first surface,
PA1  C. said fluorometer source illuminates said first surface with incident
      radiation at a first angle relative to said surface, and
PA1  D. said fluorometer detector is aligned for sensing radiation directed from
      said first surface at said same first angle and in the direction in which
      said incident radiation reflects from said first surface.
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ABST
PAL  An auto-ranging glucose measuring system including a device capable of
      mixing a glucose containing solution and a diluent in a variable ratio, a
      glucose oxidase enzyme converter column for converting the diluted glucose
      solution to hydrogen peroxide as one of the products, an amperometric
      detector for producing an analog electric signal proportional to the
      concentration of hydrogen peroxide, a high-low limit circuit for producing
      a pulse output when the analog electric signal is greater than the preset
      high limit of the linear span of the detector or is less than the preset
      low limit of the noise level of the detector, an electronic motor speed
      changing circuit interposed between a source of alternating current and a
      pump motor in said mixing device, having a frequency dividing network
      controllable by a register whose contents may be incremented or
      decremented by a pulse from the high-low limit circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is related to a continuous glucose concentration measuring
      system wherein the glucose containing sample flows continuously through a
      glucose oxidase enzyme converter column producing hydrogen peroxide as one
      of the products which is measured by an amperometric detector producing an
      analog electric signal proportional to the concentration of glucose in the
      original sample.
PAR  2. The Prior Art
PAR  Prior art continuous glucose concentration measuring systems for solutions
      requiring dilution provided for manually setting the dilution ratio of the
      glucose containing sample and the diluent to obtain an analog electric
      output signal from the amperometric detector within its linear output
      capability and above its noise level.
PAC  SUMMARY OF THE INVENTION
PAR  A system for measuring a characteristic of a solution in which the
      relationship between a measured variable and a characteristic of a
      solution includes a linear portion and a non-linear portion and in which
      it is desired to have the measurement occur within said linear portion
      despite wide variations in the characteristic of said solution; modifying
      means having an input to receive said solution for modifying the
      characteristic of said solution, measuring means coupled to the output of
      said modifying means for producing a measured variable in the form of an
      electric signal output responsive to the characteristic of said modified
      solution having a settable upper limit device and a settable lower limit
      device related to said electrical signal, the difference between said
      upper and lower limits defines a useable span of said measuring means
      corresponding to said linear portion of said relationship; and means
      responsive to said upper and lower limit devices to vary said modifying
      means to maintain said electric signal within said linear portion of said
      relationship whereby the magnitude of said characteristic of said solution
      throughout a wide range may be determined jointly from said measuring
      means and said modifying means.
PAR  In a more specific embodiment, an auto-ranging measuring system of the
      continuous type for determining the concentration of glucose in a solution
      includes a sampling device for obtaining a glucose containing solution
      from a source of liquid containing glucose, a source of diluent, dilutor
      means for combining said glucose containing solution and said diluent in a
      predetermined dilution ratio, converter means for converting the diluted
      glucose containing solution from said dilutor means into hydrogen peroxide
      as one of the products, detector means responsive to said hydrogen
      peroxide for producing an analog electric signal indicative of the glucose
      concentration in said diluted glucose containing solution, a high-low
      limit means for producing an output pulse when said analog electric signal
      is greater than a preset high limit or is less than a preset low limit,
      and control means responsive to the output pulse from said high-low limit
      means and coupled to said dilutor means to alter said predetermined
      dilution ratio by increasing said ratio in response to a high limit pulse
      and decreasing said ratio in response to a low limit pulse, whereby the
      analog electric output signal from said detector means is maintained
      between said high limit and said low limit and the glucose concentration
      in said solution is determined jointly from said analog electric signal
      and said dilution ratio.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically shows in block diagram an overall glucose measuring
      system utilizing the invention,
PAR  FIG. 2 shows in more detail a fluid sampler that is useful in the system of
      FIG. 1,
PAR  FIG. 3 shows the motor control circuit for the dilutor of FIG. 1 in greater
      detail, and
PAR  FIG. 4 shows details of an alternative high-low limit circuit useful in the
      system of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 a fluid sampler 11 draws a glucose containing solution from a
      fluid conduit 10. The fluid sampler 11 may be a pipe or tubing loop as
      shown in FIG. 1, consisting of a tubing 12, a debubbler or gas separator
      13 and a tubing 14. One end of tubing 12 is connected to fluid conduit 10
      while the other end of tubing 12 is connected through the lower end of
      debubbler 13 to a point slightly below the top of debubbler 13. Debubbler
      13 is a completely enclosed unit of cylindrical shape. One end of tubing
      14 is connected to the top of debubbler 13 while the other end of tubing
      14 is connected to the fluid conduit 10. Glucose containing solution is
      drawn from conduit 10 through tubing 12 by looping tubing 12 over
      peristaltic pump head 15. In some cases, the tubing around the peristaltic
      pump may consist of a separate piece of tubing. The amount of glucose
      containing solution drawn through tubing 12 depends on the inside diameter
      of tubing 12 and the speed of rotation of peristaltic pump head 15. The
      glucose containing solution entering debubbler 13 by way of tubing 12
      completely fills the debubbler 13 driving all air and gases out through
      tubing 14 in a continuous flow with the glucose containing solution back
      into fluid conduit 10.
PAR  At or near the bottom of debubbler 13, there is connected a tubing 16 for
      conducting bubble-free glucose containing solution into a fluid dilutor
      17. The dilutor 17 consists of a first peristaltic pump head 18, a second
      peristaltic pump head 19 and a source of diluent containing a buffer of
      predetermined pH, which may be in any suitable container 20. At or near
      the bottom of the container 20, there is connected a tubing 21 for
      conducting the diluent around a peristaltic pump head 22 and thence to a
      debubbler 23 through its lower end to a point slightly below the top of
      debubbler 23. The construction of debubbler 23 is identical to that of
      debubbler 13. The pump head 22 is also identical to that of pump head 15
      and they generally are secured to the same drive shaft. In some cases a
      single pump head of wider construction may be used to accommodate both
      tubings 12 and 21. A tubing 24 connects the top of debubbler 23 to the top
      of container 20 for conducting the unused diluent with any gas or air
      bubbles back into container 20.
PAR  At or near the bottom of debubbler 23, there is connected a tubing 25 for
      conducting bubble-free diluent to be mixed with bubble-free glucose
      containing solution through tubing 16. The tubing 16 is looped around
      peristaltic pump head 18 for establishing a predetermined flow rate in
      tubing 16 for the bubble-free glucose containing solution. Both tubings 16
      and 25 are joined together by way of a T-fitting 26 and to a tubing 27
      which loops around the peristaltic pump head 19 for establishing a
      predetermined flow rate for the mixture of glucose containing solution and
      diluent.
PAR  In a specific example tubings 16, 25 and 27 are of silicone rubber having
      0.105, 0.170, 0.170 inch of outside diameter and 0.040, 0.110, 0.110 inch
      of inside diameter respectively. Of course they may be of any convenient
      size, such as 1/16 inch inside diameter. The respective flow rates through
      tubing 16 and 27 at a pump speed of 12 r.p.m. for both pumps 18 and 19 are
      0.5 ml./min. and 5.0 ml./min. Since there is 0.5 ml./min. of glucose
      containing solution flowing through tubing 16 towards T-fitting 26 and 5.0
      ml./min. flowing through tubing 27 away from T-fitting 26, there must be
      4.5 ml./min. of diluent flowing through tubing 25. Hence the dilution
      ratio is 5.0/0.5 or 10:1 as stated by chemists. The dilution ratio may be
      changed by changing the speed of either or both pumps 18 and 19. An
      increase in the speed of pump 18 would provide more glucose containing
      solution flowing through tubing 16, and hence the dilution ratio will be
      reduced. A reduction in dilution ratio can also be accomplished by
      decreasing the speed of pump 19 thus reducing the flow through tubing 27
      which in turn causes a reduction of diluent flow through tubing 25.
PAR  The outlet from dilutor 17 through tubing 27 is connected to a third
      debubbler 28 having over-flow discharge port 29. At or near the bottom of
      debubbler 28 there is connected a tubing 30 which loops around a
      peristaltic pump head 31 for conducting bubble-free diluted glucose
      containing solution at a predetermined constant flow rate into an enzyme
      reaction converter column 32 for specifically converting glucose into
      hydrogen peroxide as one of the products. From column 32, the hydrogen
      peroxide containing solution flows through an amperometric detector 33 and
      thence into a waste discharge port 34.
PAR  A suitable amperometric detector 33 is more fully described in co-pending
      application Ser. No. 383,855 filed July 30, 1973 in the name of H. W.
      Levin, a co-worker, now U.S. Pat. No. 3,902,970, and Ser. No. 469,141
      filed May 10, 1974 in the names of one of the present inventors, G. R.
      Moreland, and V. S. Underkoffler and J. G. Connery, co-workers, now U.S.
      Pat. No. 3,917,524. Briefly, it consists of a measuring electrode 35, an
      Ag-AgCl reference electrode 36 and a counter electrode 39. All of these
      three electrodes are in electrical contact with the hydrogen peroxide
      containing solution. A suitable d.c. potential is applied between
      measuring electrode 35 and counter electrode 39 for converting the
      hydrogen peroxide into water and oxygen. This is accomplished by an
      operational amplifier 38 having its inverting input 37 connected to
      reference electrode 36, its output connected to counter electrode 39 and
      its non-inverting input 40 connected to a source of adjustable potential
      41. In a typical set-up source 41 is adjusted to apply 0.85 volts to input
      40 to produce 0.85 to 0.9 volts at counter electrode 30 so that hydrogen
      peroxide passing between counter electrode 39 and measuring electrode 35
      will be reduced to produce hydrogen ion and gaseous oxygen.
PAR  Measuring electrode 35 is maintained at substantially ground or circuit
      common potential by a connection to the inverting input 42 of another
      operational amplifier 43 whose non-inverting input 44 is connected to a
      source of adjustable current 47. When no hydrogen peroxide is flowing
      between electrode 39 and 35, there is still a residual current flowing
      from measuring electrode 35 to input 42. Source 47 provides for a means to
      adjust for zero signal at output 46 when there is no hydrogen peroxide
      flowing. Because of the feedback resistor 45 connected to operational
      amplifier 43, the current flowing from the measuring electrode 35 to input
      42, is converted into a voltage at the output 46 of operational amplifier
      43 of magnitude proportional to the current flowing from the measuring
      electrode 35 into input 42 and hence also proportional to the hydrogen
      peroxide flowing between electrodes 39 and 35. The output voltage signal
      at the output 46 is connected to a feedback or control circuit 48
      including limit means and to a digital readout and display apparatus 49,
      such as is described in U.S. Pat. No. 3,686,665 issued to L. F. Elias and
      J. H. Magee and assigned to the assignee of this application. From the
      foregoing description it follows that the concentration of glucose in the
      original solution is equal to the readout on display apparatus 49 divided
      by the dilution ratio.
PAR  The output of controller 48 is alternatively connected to control either a
      motor 50 which is mechanically coupled to drive peristaltic pump 18 or to
      a motor 51 which is mechanically coupled to drive peristaltic pump 19. The
      motors 50 and 51 are of the type that may be energized either from an A.C.
      power supply or from a source of pulses. Such motors are commercially
      available from Sigma Instruments Inc. and are referred to as Cyclone
      Stepping Motors. The selection of either the A.C. source or the output
      from controller 48 may be readily made by switching contacts 52-1 to 52-4
      of a 6-pole double-throw switch 52. The other peristaltic pumps 15, 22 and
      31 are preferably driven at a constant speed by mechanical coupling to
      motor 53 energized by a suitable source of alternating current 54
      electrically connected by conductors 55, 56 to motor 53. With the switch
      52 in position A as shown, the speed of motor 50 is controlled by the
      controller 48 by way of electrical conductors 73, 74 and motor 51 is
      connected by way of conductors 55, 57 and 56, 58 to be energized by the
      source of alternating current 54 for constant speed operation. With the
      switch 52 in the B position (not shown) the speed of motor 51 is
      controlled by controller 48 by way of electrical conductors 73, 74 and
      motor 50 by way of conductors 55, 57 and 56, 58 is energized by the source
      of alternating current 54 for constant speed operation.
PAR  Controller 48 includes a servo positioning circuit 60 which may be of any
      suitable type such as that disclosed in U.S. Pat. Nos. 2,846,629 and
      3,697,871. This servo positioning circuit 60 positions an indicator-pen
      assembly 61 of a strip chart recorder. When the measured signal from
      output 46 of operational amplifier 43 exceeds a predetermined high limit,
      the servo positioning circuit 60 positions the indicator-pen assembly 61
      to close a switch 62 thereby producing a closed circuit at terminals 64
      and 65 by way of switching contact 52-6 in the A position. Similarly, when
      the output at 46 of operational amplifier 43 is below a predetermined low
      limit, the servo positioning circuit will position the indicator-pen 60 to
      close switch 63 thereby providing a closed circuit at terminals 66 and 67
      by way of switching contact 52-5 in the A position.
PAR  Near the bottom of FIG. 3 there is shown the terminals 64, 65 and 66, 67
      corresponding to the terminals of the same numbers of control circuit 68
      in FIG. 1. Assuming there has not been a previous signal that exceeded
      either the high limit or the low limit for some period of time, an AND
      gate 301 has an enabling signal level on lead 302 as one of its two
      inputs. The closing of high limit contact 62 in FIG. 1 and switching
      contact 52-6 in its A position corresponds to a closed circuit connection
      between terminals 64 and 65 producing the other signal input to AND gate
      301, thus, producing an output from that AND gate on lead 303 connected as
      an input to a short delay device or single shot 304. The output of the
      single shot 304 is a narrow pulse on line 305 that is applied as an input
      signal to a long delay circuit or single shot 306. The single shot 306 in
      response to the narrow pulse applied to its input produces a long pulse on
      line 302 which serves as an inhibit signal venting any pulse signal
      applied through AND gate 301 from again triggering single shot 304 for the
      duration of the long pulse. The duration of delay for delay circuit 306 is
      selected to be greater than the response time of the measuring system
      under consideration. That response time is the time it takes for the
      amperometric cell 33 of FIG. 1 to fully change the signal from measuring
      electrode 35 for a step change in glucose level in tubing 27 or in the
      main conduit 10. Single shot 304 and long delay circuit 306 are similar to
      FIG. 15.84 on page 15-56 of HANDBOOK OF SEMICONDUCTOR ELECTRONICS by Lloyd
      P. Hunter, 3rd Edition, McGraw-Hill Book Company.
PAR  Similarly, when the low limit contact 63 is closed and switching contact
      52-5 in its A position, it provides a closed circuit between terminals 66
      and 67 producing an input to AND gate 307 and producing an output on line
      308, provided the other input on line 309 to AND gate 307 is enabled. With
      a signal on line 308 passing through a short delay circuit or single shot
      310, there is produced a narrow output pulse on line 311 and also as an
      input to long delay circuit 312 whose output produces an inhibit signal on
      line 309 to prevent further signals passing through AND gate 307.
PAR  Both lines 305 and 311 are connected to apply pulses to an OR gate 313
      whose pulse output on line 314 is amplified by an amplifier 315 and thence
      applied to a stepping motor control circuit 316 to control a stepping
      motor 317. The stepping motor control circuit 316 also has an input from
      line 305 and an input from line 311 to indicate the direction that the
      stepping motor should be stepped in response to a pulse signal from
      amplifier 315. The stepping motor 317 is shown mechanically coupled to a
      decade selector switch 490.
PAR  At the top of FIG. 3, terminals 455 and 456 are respectively connected to
      conductors 55 and 56 of FIG. 1 to a source of alternating current 54.
      Terminals 455 and 456 are also connected to the primary winding of an
      isolating transformer 457. The secondary winding of that transformer is
      connected at one end to circuit common at 458 and at the other end to a
      conductor 459. The conductor 459 is connected to one of the inputs of a
      phase-frequency detector or comparator 460 (such as MC 4344/4044
      manufactured by Motorola Inc.). The output of this comparator by way of
      conductor 461 is applied to a pulse generator voltage controlled
      oscillator 462 (such as MC 1648 or MC 4324/4024 manufactured by Motorola
      Inc.). The output of this oscillator is in the form of pulses
      predetermined to have a repetition frequency several decades higher in
      frequency than the source of alternating current, source 54, for instance,
      it may be 100 times higher in frequency or 6,000 Hz. The pulse output of
      pulse generator 462 by way of line 463 is applied to 2 decade counters 464
      and 465 in cascade dividing the oscillator frequency by 100. Thus, the
      output of the second decade counter 465 by way of conductor 466 is applied
      as the other input to comparator 460. If there are discrepancies between
      the frequency or phase of the signals on lines 459 and 466, the comparator
      460 changes the voltage signal on line 461 to change the pulse repetition
      frequency of pulse generator 462 in a direction to minimize the
      differences between the signals on lines 459 and 466. A detailed
      description appears in "Phase-Locked Loop Data Book," 2nd Edition August
      1973 by Motorola Inc. The decade counters 464 and 465 may be those
      described in that book, such as MC 54/74416 manufactured by Motorola Inc.
      or similar to the decade counters to be described.
PAR  The pulses from pulse generator 462 on line 463 are applied to the input of
      a decade counter 400. The decade counter 400 consists of four flip-flop
      stages, 401, 402, 403 and 404. For the purposes of illustration the
      1-2-4-8 binary coded decimal code will be used. Therefore, flip-flop 401
      will produce a signal representative of a 1 on line 401A, flip-flop 402,
      representative of a 2 on line 402A, flip-flop 403, representative of a 4
      on line 403A, and flip-flop representative of an 8 on line 404A. The
      application of a reset signal R to all of the flip-flop stages of counter
      400 will render the lower half of each flip-flop stage conductive or in a
      "low" potential state and hence no output signal on lines 401A-404A. The
      first pulse on conductor 463 changes the state of flip-flop 401 resulting
      in its lower half becoming non-conductive or in a "high" potential state
      representative of a 1 on line 401A. The second pulse on conductor 463
      changes the state of flip-flop 401 again. The signal level on conductor
      405 changes from "low" to "high" level as an input to AND gate 405A and
      the signal on conductor 401A changes to its "low" level. In conjunction
      with the enabling "high"  level signal from flip-flop 404 via conductor
      406 as the other input to AND gate 405A there is produced a changing
      output level applied to the input to flip-flop 402 which in turn produces
      a "high" level output on line 402A representative of a 2. The third pulse
      arriving via line 463 to flip-flop 401 produces a high level output on
      line 401A representative of a 1. It is to be noted that the output on line
      402A is still present. Thus, there is a signal on both lines 401A and 402A
      representing a 1 and a 2, respectively, making a total of 3. The fourth
      pulse arriving via conductor 463 to flip-flop 401 again changes the state
      of flip-flop 401 producing a "low" level signal on conductor 401A and
      producing a change in signal level on conductor 405 from "low" to "high"
      which by way of enabled AND gate 405A changes the state of flip-flop 402
      to produce a low level signal on conductor 402A and a high level signal on
      conductor 407 to flip-flop 403 which in turn changes the state of
      flip-flop 403 to produce a "high" level produces output on conductor 403A
      representative of a 4. The fifth pulse arriving via conductor 463 produces
      an output on conductor 401A representative of a 1. The signal
      representative of a 4 on conductor 403A is also present making a total of
      5. The sixth pulse arriving via conductor 463 removes the "high" level
      signal on conductor 401A and produces a "high" level signal on conductor
      405 and by way of enabled AND gate 405A produces a "high" level output on
      conductor 402A representative of a 2. Again the "high" level signal on
      conductor 403A is still present making a total representation of 6. The
      seventh pulse arriving via conductor 463 produces a "high" level output on
      conductor 401A representative of a 1 which with "high"  level the signal
      on conductor 402A representative of a 2, and the high level signal on
      conductor 403A which is representative of a 4 provides output signals from
      counter 400 representing the count of 7. The eighth pulse arriving at
      conductor 463 removes the "high" level signal from conductor 401A and
      produces a "high" level signal on conductor 405 through enabled gate 405A,
      to remove the "high" level signal from conductor 402A and produce a signal
      on conductor 407 which in turn removes a signal on conductor 403A and
      produce a "high" level signal on conductor 408 as an input to AND gate
      408A which is enabled by the "high" level signal on conductor 406. The
      resulting change to a "high" level in the output of gate 408A is supplied
      to flip-flop 404 to produce a "high" level output on line 404A
      representative of an 8. It is to be noted that the "high" level signal
      appearing on conductor 404A is accompanied by removal of the "high" level
      signal on conductor 406 which was the enabling signal to AND gates 405A
      and 408A. When the ninth pulse arrives via conductor 463 it produces a
      "high" level output on conductor 401A representative of a 1 which with the
      "high" level signal on conductor 404A is representative of an 8 provides a
      total count of 9. When the tenth pulse arrives on conductor 463, it
      removes the "high" level signal on conductor 401A, produces a change from
      a "low" to a "high" level signal on conductor 405 as an input to AND gate
      409. Gate 409 had been enabled by the "high"level signal on conductor 404A
      and resets the flip-flop 404, removing the high level signal on conductor
      404A resulting in a "low" level signal on all of the conductors 401A-404A
      representing a zero count. The resetting of flip-flop 404 also produces a
      "high" level signal on conductor 406A as an input to flip-flop 411 of
      decade counter 410. Decade counter 410 is identical with counter 400
      having decade stages 411, 412, 413 and 414 and the operation of decade
      counter 410 is identical to that of decade counter 400.
PAR  The output lines 401A-404A from decade counter 400 corresponding to output
      lines from flip-flops 401-404, are applied to a binary coded decimal to
      decimal decoder 420. The 0-9 output lines 440-449 from decoder 420 are
      connected to a respective contact of a decade switch 450. Similarly, the
      output lines 411A-414A from decade counter 410 corresponding to output
      lines from flip-flops 411-414, are applied to a binary coded decimal to
      decimal decoder 430. The 0-9 output lines 480-489 from decoder 430 are
      connected to a respective contact of a decade switch 490. Decoders 420 and
      430 are identical and only decoder 430 is shown in detail in FIG. 3 and
      its operation will now be described.
PAR  Decoder 430 consists of AND gates 431-440, each having an output line
      480-489 respectively. Each of these AND gates 431-440 has four input
      lines. Each of the four inputs of AND gate 431 is connected to output
      lines 411B-414B on which a high level signal corresponds to the zero state
      of flip-flops 411-414. When each of the flip-flops 401-404 and 411-414 are
      in its zero state represented by a "low" level signal output on lines
      401A-404A and 411A-414A, all of the lines 411B-414B produce a "high" level
      signal that are applied to AND gate 431 producing a "high" level output on
      line 480 connected to the 0 (zero) contact of decade selector switch 490.
      Each of the AND gates 432-439 have at least one of their inputs receiving
      a "low" level signal from flip-flops 411-414 so that the outputs from
      those gates are all at their "low" level.
PAR  AND gate 432 having its output on line 481 connected to the 1 (one) contact
      of decade selector switch 490, has one input connected to line 411A from
      flip-flop 411 and its other three inputs connected to lines 412B, 413B and
      414B. Similarly, AND gate 433 has its output on line 482 connected to the
      2 (two) contact of decade selector switch 490, one of its inputs connected
      to line 412A and its other three inputs connected to line 411B, 413B and
      414B. However, AND gate 434 having its output on line 483 connected to the
      3 (three) contact of decade selector switch 490, has one input connected
      to line 411A, another input connected to line 412A and the other two
      inputs to lines 413B and 414B.
PAR  AND gate 435 having its output on line 484 connected to the 4 (four)
      contact of decade selector switch 490, has one input connected to line
      413A from flip-flop 413 and its other three inputs connected to lines
      411B, 412B and 414B. While, AND gate 436 having its output on line 485
      connected to the 5 (five) contact of switch 490, has an input connected to
      line 413A, another input connected to line 411A and its other two inputs
      connected to lines 412B and 414B; AND gate 437 having its output on line
      486 connected to the 6 (six) contact of switch 490, has an input connected
      to line 413A, another input connected to line 412A its other two inputs
      connected to lines 411B and 414B; and AND gate 438 having its output on
      line 487 connected to the 7 (seven) contact of switch 490, has three of
      its inputs connected to lines 411A, 412A and 413A and its fourth input
      connected to line 414B.
PAR  AND gate 439 having its output on line 488 connected to the 8 (eight)
      contact of decade selector switch 490, has one input connected to line
      414A and its other three inputs connected to lines 411B, 412B and 413B;
      and AND gate 440 having its output on line 489 connected to the 9 (nine)
      contact of decade selector switch 490, has an input connected to line
      411A, another input connected to line 414A and its other two inputs
      connected to lines 412B and 413B.
PAR  The rotor contacts 451, 491 of decade selector switches 450 and 490, are
      connected by way of conductors 452, 492 to the two inputs of AND gate 470
      whose output appears on line 471 to be amplified by amplifier 472 and
      appears at amplifier output terminals 473, 474 which are connected to
      conductors 73 and 74 respectively in FIG. 1. At the start-up of the
      measuring system, the contact 491 may be in its extreme clockwise 0
      position or any of the positions 1 to 9. When contacts 451, 491 are in
      their 0 positions, each of counters 400, 410 becomes a decade counter
      equivalent to decade counters 464 and 465, and hence there will be 60
      pulses per second flowing through AND gate 470.
PAR  Since there is a finite time of response of the measuring system of about 2
      minutes for each change in dilution ratio, a closer estimate of the final
      setting of rotor contact 491 would shorten the time required for auto
      ranging of the measuring system. Assuming contact 491 is set at 5 and
      contact 451 is set at 0, then every 50th pulse passes through AND gate 470
      to amplifier 472 and to amplifier 493 producing a reset-signal R applied
      to flip-flops 401-404 and 411-414 to start the count of pulses from pulse
      generator 462 over again. The repetition rate will be 6,000/50 or 120
      pulses per second. If the output of the amperometric detector appearing at
      output 46 of amplifier 43 (FIG. 1) is now above the predetermined upper
      limit as indicated by the closing of switch contact 62, and switching
      contact 52-6 is in its A position a pulse is produced to step stepping
      motor 317 by way of AND gate 301, single-shot 304, conductor 305, OR gate
      313, amplifier 315 and motor control circuit 316. Motor control circuit
      directs the rotation of the stepping motor 317 and in this case the motor
      317 will step the rotor contact 491 to position 6, allowing 6,000/60 or
      100 pulses per second to pass through AND gate 470 for increasing the
      dilution ratio. On the other hand, if the output of the amperometric
      detector appearing at output 46 is below the predetermined lower limit as
      indicated by the closing of switch contact 63 and switching contact 52-5
      is in its A position, the stepping motor 317 will step rotor contact 491
      to a lower 4 position, allowing 6,000/40 or 150 pulses per second to pass
      through AND gate 470 for decreasing the dilution ratio because flow in
      tubing 16 increases and flow in tubing 25 decreases.
PAR  The foregoing description demonstrates the tendency of the auto-ranging
      measuring system to bring the glucose derived hydrogen peroxide
      concentration for the amperometric detector to be between the high and low
      limit of its linear range when switch 52 is in the A position as shown in
      FIG. 1. If switch 52 is in the B position, motor control circuit 316 will
      have to direct the stepping motor 317 in the opposite direction. More
      particularly, if the output of the amperometric detector appearing at
      output 46 of amplifier 43 is above the upper limit as selected by the
      closing of switch contact 62 (and switching contact 52-5 is in its B
      position) producing a pulse to step stepping motor 317 and rotor contact
      491 to position 4 allowing 6,000/40 or 150 pulses per second to pass
      through AND gate 470 for increasing the dilution ratio. In like manner, if
      the output of the amperometric detector appear at output 46 is below the
      lower limit as selected by the closing of switch contact 63 (and switching
      contact 52-6 is in its B position) producing a pulse to step stepping
      motor 317 and rotor contact 491 to position 6 allowing 6,000/60 or 100
      pulses per second to pass through AND gate 470 for decreasing the dilution
      ratio because of the constant flow through tubing 16 and increased flow
      through tubing 25.
PAR  From the foregoing description, it can be appreciated that the combination
      of counter 410 and decoder 430 may be replaced by an up-down decade ring
      counter, such as ring counters described in U.S. Pat. No. 3,592,045
      assigned to the assignee of the instant patent application. Similarly, the
      function of counter 400 and decoder 420 may also be replaced by an up-down
      ring counter.
PAR  Each of the decade selector switches 450, 490 performs the function of a
      settable co-incidence gate and each ten-position switch may be replaced by
      ten co-incidence AND gates, each of these gates having an input connected
      to one of the lines 440-449 or 480-489 and having another input connected
      to a respective output line of an up-down decade ring counter. Each of the
      two up-down decade ring counters may be manually set by manually adding
      one or more pulses to its count up or count down input. In addition the
      up-down decade ring counter whose output is connected to the coincidence
      gates replacing switch 490 will have its count up input connected to line
      305 and its count down input connected to line 311 when switch 52 (FIG. 1)
      is in the A position; or its count up input may be connected to line 311
      and its count down input may be connected to line 305 if switch 52 is in
      the B position.
PAR  In a fast response measuring system, the servo-positioning circuit 60, its
      associated indicator 61, and contacts 62, 63 of FIG. 1 may be replaced by
      limit amplifiers as shown in FIG. 4. This may be especially desirable when
      there is no need for our analog record and only a linearized digital
      readout from readout and display apparatus 49 is desired.
PAR  In FIG. 4 the terminal 546 is connected to conductor 46A (in FIG. 1).
      Terminal 546 is connected a high limit circuit 501 and a low limit circuit
      502. A resistor 546A couples the terminal 546 to the non-inverting input
      of an operational amplifier 503. The inverting input of operational
      amplifier 503 is connected to a source of an adjustable bias having a
      potentiometer 504. A resistor 546B is coupled between the terminal 546 and
      the inverting input of another operational amplifier 505. The
      non-inverting input of operational amplifier 505 is connected to a source
      of adjustable bias having a potentiometer 506. The output of operational
      amplifier 503 by way of conductor 507 is connected to terminal 64 of FIG.
      4. Similarly, the output of operational amplifier 505 by way of conductor
      508 is connected to terminal 66 of FIG. 3. The amplifier 503 and 505 have
      a high gain and the output is normally at either a positive or negative
      saturation level and changes from one to the other for very small changes
      in the input signal level.
PAR  With such an amplifier characteristic for amplifiers 503 and 505 the
      circuit shown in FIG. 4 performs the same function as the
      servo-positioning circuit 60 and limit contacts 62 and 63 it replaced.
      Assume potentiometers 504 and 506 are set to correspond to the high limit
      switch 62 and low limit switch 63 positions respectively, i.e. the
      potential on conductor 46A to close either of switches 62 and 63 is the
      same as for the output on either of conductors 507, 508 to change from
      minus (+) to plus (-) abruptly. When the signal on conductor 46A is within
      the two limit conditions, the output of amplifier 503 on conductor 507 is
      a negative potential determined by the setting of potentiometer 504
      variable contact which is a positive potential applied to the inverting
      input of amplifier 503. Similarly, the output of amplifier 505 on
      conductor 508 is a negative potential determined by the setting of
      potential motor 506 variable contact which is a positive potential applied
      to the non-inverting input of amplifier 505. When the potential on
      conductor 46A exceeds the potential set by potentiometer 504, the output
      potential of amplifier 503 on conductor 507 will change from negative to
      positive to produce an output signal from AND gate 301. When the potential
      on conductor 46A decreases below the potential set by potentiometer 506,
      the output potential of amplifier 505 on conductor 508 will change from
      negative to positive to produce an output signal from AND gate 307.
PAR  An alternative fluid sampler that may be used in place of the fluid sampler
      11 shown in FIG. 1 is shown in FIG. 2. Similar to FIG. 1, there is a
      circulating fluid path through tube 112, pump 113, glucose exchange device
      114 and tube 117 which circulates fluid from and back to a conduit 10
      through which flows a solution containing glucose. The fluid is pumped
      through the tube 112 by way of a peristaltic pump 113 into the glucose
      exchange device 114. The fluid path through device 114 has an entrance 115
      and an exit 116. The glucose exchange device may be made of a transparent
      solid such as acrylic plastic which may have two identical halves
      separated by a membrane 118 which is selectively permeable to glucose such
      as a cellulose membrane available from Spectrum Medical Industries Inc.,
      Los Angeles, Calif. as Spectrapor No. 2 having a 12,000 to 14,000
      molecular weight cut-off. A source of fluid such as pure de-ionized water
      is stored in container 119. De-ionized water is used to prevent any
      possibility of contaminating the process fluid under measurement.
      Separation of the process fluid from the measuring system fluid by the
      membrane, allows the sample in the de-ionized water to be diluted, thus
      effectively taking the place of a stage of dilution. This in turn reduces
      the transit time and thereby reduces the time of response of the measuring
      system.
PAR  Returning to FIG. 2, at the bottom of container 119 there is a tube 120 for
      flow of the de-ionized water in the tube 120 by way of peristaltic pump
      121 into the glucose exchange device 114 at entrance 122 and flowing past
      the membrane 118 to exit 123. The solution then flows through pipe 124
      into a collecting device 125. It can be seen in FIG. 2 that the
      glucose-containing fluid enters the glucose exchange device 114 by an
      inlet 115 passing by membrane 118 and out through exit 116, while the
      de-ionized water enters by entrance 122 and flows by membrane 118 and
      through exit 123. The de-ionized water on the one side of the membrane
      absorbs or dissolves the glucose permeating the membrane and carries it to
      the container 125. The de-ionized water containing glucose is made to drip
      into container 125 to remove the possibility of the de-ionized water
      passing through the membrane through tubing 117, into conduit 10, in case
      of an emergency shutdown. At the bottom of container 125 the tube 16 is
      the same tube 16 as shown in FIG. 1 flowing into dilutor 17. The
      peristaltic pumps 113, 121 may be mechanically coupled to motor 53 (FIG.
      1) in a manner similar to the peristaltic pumps 15, 22 and 31 or they may
      be separately driven by motor 150 energized by the source 54.
PAR  The foregoing description of the invention is not to be limited to the
      several alternative means to practice the invention as described. It will
      occur to thos skilled in the art that there will be other alternative
      methods for practice of this invention within the spirit of the invention
      as defined more succinctly in the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A system for measuring a characteristic of a solution in which the
      relationship between a measured variable and the characteristic includes
      linear and non-linear portions and in which it is desired that the
      measurement occur in said linear portion comprising:
PA1  a source of said solution the characteristic of which is to be measured,
PA1  modifying means having an inlet to receive said solution for modifying the
      characteristic of said solution and an outlet,
PA1  measuring means coupled to the output of said modifying means for producing
      an electric signal output responsive to the characteristic of said
      solution,
PA1  a settable upper limit device for said electrical signal,
PA1  a settable lower limit device for said electric signal, the difference
      between said upper and lower limits defining a usable span representing
      said linear portion of said relationship,
PA1  means responsive to said upper and lower limit devices to vary said
      mdoifying means to maintain said electric signal representative of the
      characteristic of said solution within said linear portion of said
      relation, and
PA1  indicating means associated with said responsive means for indicating the
      extent that said characteristic is modified by said modifying means
      whereby the magnitude of said characteristic of said solution may be
      determined jointly from said measuring means and said indicating means.
NUM  2.
PAR  2. An auto-ranging continuous measuring system for determining the
      concentration of glucose in a glucose containing solution, comprising:
PA1  continuous sampling means for receiving said glucose containing solution,
PA1  a source of diluent including a buffer solution,
PA1  dilutor means coupled to said sampling means and to said source of diluent
      for combining said glucose containing solution and said diluent in a
      predetermined dilution ratio to produce a flow of diluted glucose
      containing solution,
PA1  converter means having an inlet and an outlet, said inlet being coupled to
      said dilutor means for converting the glucose in said diluted glucose
      containing solution into hydrogen peroxide as one of the products at said
      outlet,
PA1  detector means coupled to said oulet of said converter means and responsive
      to said hydrogen peroxide for producing an analog electric output signal
      indicative of the glucose concentration in said diluted glucose containing
      solution,
PA1  limit means coupled to said detector means responsive to said analog
      electric output signal for producing a high limit signal representative of
      the upper limit of linearity of said analog electric signal and a low
      limit signal representative of the noise level in said analog electric
      signal, and
PA1  control means coupled between said limit means and said dilutor means
      responsive to said high limit signal for increasing the dilution ratio of
      said glucose containing solution relative to said diluent and responsive
      to said low limit signal for decreasing the dilution ratio of said glucose
      containing solution relative to said diluent;
PA1  whereby said dector means analog electric output signal is maintained
      between said high limit and said low limit and the glucose concentration
      in said glucose containing solution is determined jointly from said analog
      electric signal and said dilution ratio.
NUM  3.
PAR  3. The measuring system of claim 2 wherein said dilutor means comprises:
PA1  a first pump having an inlet coupled to said sampling means for
      continuously drawing out a portion of the glucose containing solution to
      be measured and an outlet,
PA1  combining means having a first inlet coupled to said outlet of said first
      pump, a second inlet coupled to said source of diluent for combining said
      portion of the glucose containing solution with said diluent and having an
      outlet,
PA1  a second pump having an inlet coupled to said outlet of said combining
      means and an outlet coupled to said converter means,
PA1  a variable speed motor mechanically coupled to one of said first and second
      pumps, and electrically responsive to said limit means, and
PA1  a constant speed motor connected to the other of said first and second
      pumps.
NUM  4.
PAR  4. The measuring system of claim 2 wherein said limit means is comprised of
      high and low limit switches of a servo mechanism having its input
      connected to receive said analog electric output signal from said detector
      means.
NUM  5.
PAR  5. The measuring system of claim 2 wherein said limit means comprises a
      high limit operational amplifier and a low limit operational amplifier
      coupled to receive said analog electric output signal from said detector
      means.
NUM  6.
PAR  6. The measuring system of claim 2 wherein said limit means further
      comprises:
PA1  an AND gate having two inputs and an output, one of said two inputs being
      coupled to said limit means to receive one of said two signals,
PA1  a first single-shot circuit having a stable state and an active state of
      short duration and having an input connected to the output of said AND
      gate and an output, and
PA1  a second single-shot circuit having a stable state and an active state of
      long duration and having an input connected to the output of said first
      single-shot circuit of short duration and an output connected to the other
      of said two inputs of said AND gate as an enabling signal when said
      single-shot circuit of long duration is in its normal state,
PA1  whereby when said signal from said limit means passes through said enabled
      AND gate producing a pulse of short duration at the output of said first
      single-shot circuit for application to said control means, and inhibiting
      said AND gate for the duration of the active state of said second
      single-shot circuit.
NUM  7.
PAR  7. The measuring system of claim 3 wherein said control means comprises:
PA1  a pulse generator for producing motor operating pulses having a settable
      time period between pulses,
PA1  means responsive to said limit signals connected to said pulse generator to
      change said settable time period, and
PA1  said variable speed motor comprises a stepping motor electrically connected
      to receive said motor operating pulses and mechanically coupled to one of
      said first and second pumps to vary said dilution.
NUM  8.
PAR  8. The measuring system of claim 2 wherein said control means comprises:
PA1  a pulse generator,
PA1  an electronic decade counter for dividing the pulse rate having an input
      coupled to said pulse generator and ten output lines,
PA1  a settable mechanical decade switch having a settable rotor and ten fixed
      terminals, each of which being respectively connected to one of the ten
      output lines of said electronic decade counter,
PA1  means for electrically coupling said settable rotor to said dilutor
      responsive to the setting of said settable rotor to change the ratio of
      dilution, and
PA1  a stepping motor mechanically coupled to said settable rotor and
      electrically coupled to said limit means for receiving said high limit
      signal and said low limit signal.
NUM  9.
PAR  9. The measuring system of claim 2 wherein
PA1  said glucose containing solution is flowing in a stream, and
PA1  said sampling means includes a circulating glucose containing solution path
      and a circulation pump having an inlet connected to an up-stream point of
      said stream and
PA1  having an outlet connected to a down-stream point of said stream.
NUM  10.
PAR  10. The measuring system of claim 9 wherein said circulating glucose
      containing solution passes by one side of a membrane pervious to said
      glucose solution, and another source of diluent of distilled de-ionized
      water passing by the other side of said membrane for transfer of glucose
      through said membrane into said de-ionized water.
NUM  11.
PAR  11. An auto-ranging glucose solution measuring system, comprising:
PA1  a sampling means for receiving said glucose solution,
PA1  a source of diluent including a buffer solution for maintaining a pH
      between 5 and 8,
PA1  dilutor means coupled to said sampling means and to said source of diluent
      for producing a diluted glucose solution, including a variable speed,
      motor driven, peristaltic pump for changing the dilution ratio,
PA1  a glucose oxidase enzyme converter column coupled to said dilutor means for
      converting said diluted glucose solution into hydrogen peroxide as one of
      the products on conversion,
PA1  an amperometric detector coupled to said converter column responsive to
      said hydrogen peroxide for producing an analog electric output signal
      proportional to the concentration of said hydrogen peroxide,
PA1  a high limit circuit coupled to said amperometric detector and responsive
      to said analog electric signal for producing output pulses of short
      duration when said analog electric signal has exceeded a predetermined
      high limit, each of said short pulses being separated by a duration
      substantially equal to the response time of said measuring system,
PA1  a low limit circuit coupled to said amperometric detector and responsive to
      said analog electric signal for producing output pulses of short duration
      when said analog electric signal is less than a predetermined low limit,
      each of said short pulses being separated by a duration substantially
      equal to the response time of said measuring system,
PA1  a pulse generator,
PA1  a pulse count divider coupled to said pulse generator for dividing the
      pulse count per unit time from said pulse generator and having a plurality
      of outputs, and
PA1  selector means coupled between said pulse count divider and said variable
      speed motor of said dilutor for transmission of pulses to energize said
      variable speed motor, and responsive to said output pulse from one of said
      high limit and low limit circuits for selecting one of said plurality of
      outputs from said pulse count divider to said variable speed motor to
      change the dilution ratio of said dilutor by changing the speed of such
      motor.
NUM  12.
PAR  12. In a continuous glucose solution concentration measuring system, an
      improved dilutor comprising:
PA1  a source of glucose containing solution,
PA1  a first pump having a positive measured output and an input connected to
      said source of glucose containing solution to supply a measured quantity
      of a glucose containing solution at its output,
PA1  a source of diluent,
PA1  a second pump having a positive measured output and an input connected to
      the output from said first pump and to said source of diluent, and
PA1  means to operate at least one of said pumps at an adjustable speed to
      adjust the amount of diluent provided by said dilutor at the output of
      said second pump.
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ABST
PAL  Phosphorous acid is produced from PCl.sub.3 and water in an apparatus, the
      essential parts of which include a reactor and an evaporator, which are
      connected together by means of a conduit running from the bottom of the
      reactor to the head of the evaporator. The evaporator communicates with
      the lower end of a separator of which the upstream end terminates in an
      off-gas outlet. More particularly, the downstream end of the evaporator is
      connected to a stripping column which is provided with an off-gas outlet
      opening into the off-gas outlet associated with the evaporator.
PARN
PAR  This is a divisional application of Ser. No. 319,464, filed Dec. 29, 1972,
      which issued as U.S. Pat. No. 3,859,419.
BSUM
PAR  The present invention relates to a apparatus for the manufacture of
      phosphorous acid from phosphorus trichloride and water as starting
      materials, which comprises introducing the finely divided starting
      materials into a reaction zone; intimately mixing the starting materials
      and reacting them therein, in gas phase at temperatures between
      150.degree. and 200.degree.C; conveying resulting gaseous reaction
      products to the atmosphere, through a separating zone and preferably
      through a hydrogen chloride absorption system; delivering resulting liquid
      reaction product to an evaporation zone and concentrating it therein so as
      to produce a melt, flowing an inert gas therethrough and removing the
      melt.
PAR  A similar process and apparatus have already been described in German Pat.
      No. 1 206 406.
PAR  This latter process, of which the chemism appears to indicate that
      PCl.sub.3 is hydrolyzed in gas phase, substantially comprises finely
      dividing the PCl.sub.3 and H.sub.2 O starting materials so as to enable
      more rapid reaction and fairly simultaneously mixing the starting
      materials together and reacting them. The components can be sprayed
      mechanically in conventional manner through single or two-opening nozzles
      using air, nitrogen of CO.sub.2 as the spray-inducing means, and mixed
      together with the use of steam. This is not fully satisfactory, however,
      as the spraying is effected using additional inert gases as the
      spray-inducing means. These, however, are ballast materials which affect
      the reaction and considerably affect the throughput for a given volume of
      apparatus, i.e. reduce the apparatus' capacity.
PAR  We have now unexpectedly discovered that it is possible by appropriately
      modifying the apparatus and apparatus reported in the above German Patent
      Specification to improve the yield and quality of phosphorous acid and
      increase the capacity of the apparatus used for making it. To this end,
      the present invention provides for the phosphorus trichloride and the
      water to be sprayed together by means of steam; for an inert gas to be
      passed through the reaction product in a further separation zone separate
      from the evaporation zone; and for the gases issuing from the said further
      separation zone to be delivered to the atmosphere, without passage through
      the separation zone receiving the gaseous reaction products. The gas
      coming from said further separation zone should more conveniently be
      delivered to the atmosphere via the hydrogen chloride absorption system.
PAR  The separating zone receiving the gaseous reaction products should
      preferably be fed with the quantity of water and/or phosphorous acid,
      which is necessary to maintain a maximum temperature between 150.degree.
      and 200.degree.C, preferably 160.degree. and 190.degree.C, therein. It has
      also been found advantageous to inspect the gases issuing from the
      separation zones as to the formation of smoke and to regulate the supply
      of starting materials in accordance therewith.
PAR  In view of the fact that the steps of mixing the starting materials
      together and spraying them are both carried out with the use of steam, it
      is unnecessary to use further inert gases as the spray-inducing means. As
      a result, the liquid PCl.sub.3 and H.sub.2 O reactants are finely sprayed
      and at the same time they are particularly rapidly and uniformly heated to
      the desirable reaction temperature.
PAR  Following the start of the reaction and following liberation of the heat of
      reaction, it is possible for the water with its high evaporation heat to
      act -- this in a manner analogous to that described in the above earlier
      process -- as an intensive so-called inner coolant inhibiting temperature
      rises and decomposition of the H.sub.3 PO.sub.3 produced. We have also
      discovered that the quality of the final product can be improved by
      completely dehydrochlorinating and cooling the H.sub.3 PO.sub.3 -melt in a
      column rather than in the evaporator itself, the column being placed
      downstream of the evaporator, and by uniting the gas mixture issuing from
      the column with the off-gases coming from other structural elements
      forming part of the apparatus, just ahead of the HCl-absorption system.
      The increase in capacity rendered possible thereby for an apparatus having
      a given volume is critically determined by the temperature rise in the
      reflux column, as increasing quantities of PCl.sub.3 are carried along
      thereinto at increasing flow velocities and undergo belated reaction
      therein. While high reaction temperatures have been found to promote the
      formation of highly concentrated H.sub.3 PO.sub.3, the fact remains that
      the use of temperatures higher than substantially 200.degree.C
      increasingly effect the decomposition of H.sub.3 PO.sub.3 in the gas
      phase, inter alia in accordance with the equation 4 H.sub.3 PO.sub.3
      .fwdarw. 3 H.sub.3 PO.sub.4 + PH.sub.3. It should not be ignored, however,
      that both the resulting PO.sub.4 -content in the final product and the
      PH.sub.3 which appears in the exhaust gas are undesirable.
PAR  The introduction of definite proportions of H.sub.2 O and/or dilute H.sub.3
      PO.sub.3 into the reflux column has now been found to enable a desirable
      optimum temperature range between 160.degree. and 190.degree.C to be
      established therein and the throughput and energetic balance of the system
      to be further improved. The introduction of these relatively small
      proportions of liquid matter into the upper portion of the column has also
      been found completely to move the equilibrium of the gas phase hydrolysis
      to the H.sub.3 PO.sub.3 side and to thereby increase the yield up to
      substantially 98 %. Still further, the purity and quality of the final
      product are considerably improved. As compared with products made by the
      conventional process, it was possible to increase the H.sub.3 PO.sub.3
      -concentration up to 99.5 %, to reduce the PO.sub.4 -content from formerly
      less than 1.4 % down to less than 0.2 %, and the chloride content from
      formerly less than 500 ppm (ppm stands for parts per million) down to less
      than 10 ppm.
PAR  In order to have optimum conditions in carrying out the process of the
      present invention, it is also necessary to take specific steps which are
      intended to stabilize the reaction and, in the end, to minimize control
      and maintenance. In this connection, it has been found advantageous to
      supply the liquid starting materials, particularly the PCl.sub.3
      -reactant, with the use of dosing pumps. These are very useful as they
      enable the apparatus to be fed with constant quantities of material and
      enable the reactor and reflux column to be set to pulsating operation.
      Especially in those cases in which the quantity control is achieved
      mechanically and the supply of liquid feed material is controlled by means
      of valves, it is avantageous to provide a photo-electric safety device
      monitoring and inspecting the off-gas for clearness. This is desirable in
      view of the fact that underfeeding or overfeeding of PCl.sub.3 and/or
      H.sub.2 O if it ever occurs -- for example as a result of unexpected
      sudden changes in the cross-sectional area caused by foreign substances --
      has been found to entail temperature rises which effect the decomposition
      of H.sub.3 PO.sub.3 and, in the end, effect strong formation of smoke in
      the issuing gas. As soon as this is the case, the photo-electric safety
      device, which responds thereto, and a control element placed downstream
      thereof, for example a pneumatic valve, cause the supply of PCl.sub.3 to
      be reduced or stopped.
PAR  The process performed by the present invention should preferably be carried
      out in the exemplary apparatus shown diagrammatically in the accompanying
      drawing.
PAR  As can be seen, a reactor 2 is fitted at its upstream end with a
      two-opening nozzle 1 supplying PCl.sub.3 and H.sub.2 O and with a steam
      inlet 3 opening against the orifice relief of nozzle 1, the two nozzle
      openings being preferably arranged coaxially with respect to one another.
      The reactor 2 should conveniently be provided with a second steam inlet 4
      projecting laterally thereinto and supplying the reactor with steam for
      mixing the reaction components together.
PAR  A branch conduit 6 connected to conduit 5 connecting the downstream end of
      reactor 2 to an evaporator 12 is arranged to run to a separator 7, which
      takes the form of a reflux condenser. At its upstream end, separator 7 is
      provided with a feed pipe 8 supplying water and/or H.sub.3 PO.sub.3 and
      with an off-gas outlet 9 which runs from separator 7 through a
      photo-electric safety device 10 to a conventional HCl-absorption system 11
      (not shown in the drawing).
PAR  A conduit 13 runs from the downstream end of evaporator 12 to a stripping
      column 14. A H.sub.3 PO.sub.3 -melt is introduced thereinto from above and
      nitrogen is introduced from below, the nitrogen coming through conduit 15
      travelling upwardly in column 14 countercurrently with respect to the
      melt. The purified and concentrated H.sub.3 PO.sub.3 -melt is removed
      through the downstream end of column 14 and conveyed through outlet 16 to
      a crystallizer 17, whilst the gases are removed near the upstream end of
      column 14 through conduit 18, which is connected to conduit 9 and opens
      thereinto at a place between separator 7 and photo-electric safety device
      10.
PAR  The following Examples further illustrate the process of the present
      invention and its technically beneficial effects.
PAC  EXAMPLE 1
PAR  A reactor was fed with 36 kg/h of PCl.sub.3 which were sprayed thereinto
      through a two-opening nozzle using 1.5 cubic meters per hour of N.sub.2 as
      the spray inducing means. The reactor was fed simultaneously with 70 kg/h
      of steam. The reaction temperature varied between 170.degree. and
      190.degree.C. It was 190.degree.C in the continuous heater. To remove
      residual H.sub.2 O and HCl, the heater was fed with 3.0 cubic meters/h of
      N.sub.2. The off-gases coming from the reactor and evaporator were
      delivered to a separator which took the form of a reflux column.
PAR  20 Kg/h of a 97 % H.sub.3 PO.sub.3 were obtained in a yield of 93 %. The
      H.sub.3 PO.sub.3 contained 0.9 % of PO.sub.4 and 300 ppm of Cl.
PAC  EXAMPLE 2
PAR  A reactor the same as that used in Example 1 was fed with 56 kg/h of
      PCl.sub.3 and 18 l/h of H.sub.2 O which were jointly sprayed thereinto and
      heated by means of 100 kg/h of steam. The temperature varied between
      170.degree. and 180.degree.C. It was 210.degree.C in the continuous
      heater. Residual water and hydrogen chloride were removed and the H.sub.3
      PO.sub.3 -melt was cooled in a stripping column which was placed
      downstream of the evaporator and which was fed with 2.0 cubic meters/h of
      N.sub.2. The off-gases coming from the stripping column were united with
      the off-gases coming from the reactor, downstream of the separator.
PAR  32 Kg/h of 98 % H.sub.3 PO.sub.3 were obtained in a yield of 96 %. The acid
      contained 0.5% of PO.sub.4 and 100 ppm of Cl.
PAC  EXAMPLE 3
PAR  A reactor the same as that used in Examples 1 and 2 was fed with 116 kg/h
      of PCl.sub.3 and 25 l/h of H.sub.2 O which were jointly sprayed thereinto
      and heated by means of 120 kg/h of steam. A further 12 l/h of H.sub.2 O or
      15 l/h of a 20 % H.sub.3 PO.sub.3 were introduced into the head of the
      separator, which was a reflux column.
PAR  The reaction temperature varied around 185.degree.C. It was 214.degree.C in
      the continuous heater. To remove residual H.sub.2 O and HCl and to cool
      the H.sub.3 PO.sub.3 -melt, the stripping column was supplied with 4 cubic
      meters/h of N.sub.2.
PAR  The off-gases coming from the stripping column and the off-gases coming
      from further parts of the apparatus were united downstream of the
      separator.
PAR  68 kg/h of H.sub.3 PO.sub.3 with a strength of more than 98.5 % were
      obtained in a yield of 98.0 %. The acid contained 0.2 % of PO.sub.4 and 10
      ppm of Cl.
PAR  The yields obtained in the above Examples are based on P in the PCl.sub.3
      and the percentages are by weight.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus for producing phosphorous acid from PCl.sub.3 and water
      including a reactor (2) having a two-opening nozzle (1) mounted thereon,
      of which the two openings are preferably arranged coaxially with respect
      to one another and having an orifice relief opening into the reactor (2)
      for atomizing the PCl.sub.3 thereinto; a steam inlet (4) opening into the
      reactor (2) laterally with respect thereto for introducing steam
      thereinto; a conduit (5) connecting the downstream end of reactor (2) with
      an evaporator (12) and conveying liquid reaction product coming from
      reactor (2) to evaporator (12) for converting the liquid product to a
      melt, therein; a further conduit (6) running from the conduit (5) to a
      separator (7) and delivering escape gas loaded with unreacted, PCl.sub.3
      from evaporator (12) to separator (7) of which the upstream end terminates
      in an off-gas outlet (9) delivering off-gas to a HCl-absorption system;
      the improvement according to which nozzle (1) is provided with an H.sub.2
      O-inlet permitting PCl.sub.3 and H.sub.2 O to be stream-sprayed jointly
      into the reactor (2); reactor (2) is provided with an additional steam
      inlet (3) opening against the orifice relief of nozzle (1) for blowing
      steam into reactor (2) a stripping column (14) is provided; evaporator
      (12) is provided with a conduit (13) running from, and connecting, its
      downstream end to the upstream end of the stripping column (14), for
      conveying the melt from evaporator (12) to the stripping column (14); the
      stripping column (14) is provided at its downstream end with a gas inlet
      (15) opening thereinto for blowing inert gas through the melt therein; and
      further provided at its downstream end with an effluent outlet (16) for
      conveying the melt to a crystallizer (17); and connected to off-gas outlet
      (11) by means of a conduit (18) running from the upstream end of column
      (14) to off-gas outlet (11) at a place between the separator (7) and a
      photoelectric safety device (10) monitoring and inspecting the clearness
      of the off-gas.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 wherein separator (7) is provided at
      its upstream end with a feed pipe (8) for supplying water and/or H.sub.3
      PO.sub.3 into separator (7).
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ABST
PAL  A catalytic converter having a metallic resilient flexible member to
      tightly hold a unitary, solid skeletal catalytic element within a casing
      of the catalytic converter. The member is bonded with the outer surface of
      the catalytic element via a ceramic cement and with the inner surface of
      the casing of the converter via a plurality of plugs of weld metal formed
      in openings in a lateral wall of the casing and effective to bond the
      member to the casing.
BSUM
PAR  This invention relates to a catalytic converter for use in an exhaust
      system of an automotive internal combustion engine and, more particularly
      to a catalytic converter having a structure which will secure a unitary
      catalytic element therein.
PAR  It is well known that a catalytic converter has been employed in an exhaust
      system of an automotive internal combustion engine for conversion of
      pollutants from the engine to less objectionable materials.
PAR  It is also well known that a catalytic converter having such a construction
      as will be mentioned hereinafter is in practical use. The catalytic
      converter has a cylindrical casing section which houses a unitary
      monolithic catalytic element having a plurality of gas flow channels or
      paths therethrough. The cylindrical casing is generally metallic, while
      the catalytic element is made of refractory ceramic material. A gas inlet
      and outlet are provided at their respective ends of the cylindrical
      casing. The outside diameter of the catalytic element, which is also
      generally cylindrical, is somewhat smaller than the internal diameter of
      the cylindrical casing in order to permit insertion of the catalytic
      element into the casing after each of these members has been separately
      formed.
PAR  In order to secure the catalytic element tightly within the casing a
      resilient flexible member such as metallic mesh fabric is positioned under
      compression between the casing and the catalytic element. Each end of the
      catalytic element is in contact with a flange which projects inwardly from
      the inner surface of the cylindrical casing. These flanges extend
      completely around the inner circumference of the casing and extend far
      enough towards the middle of the casing to bridge the space between the
      casing and the catalytic element and sufficiently across the respective
      faces of the latter to hold it against longitudinal movement within the
      cylindrical casing.
PAR  Although this prior art catalytic converter has given excellent service in
      purifying the exhaust of internal combustion engines, there are
      circumstances in which, during elevated temperatures, the metallic casing
      expands longitudinally and in diameter with respect to the catalytic
      element; the thermal expansion of the metal being considerably larger than
      that of the ceramic material. Accordingly, tight contact between the each
      end of the catalytic element and the flange mentioned above is lost and
      play occurs between both members. In addition, the securing effect on the
      catalytic element by the resilient flexible member mentioned above is
      reduced.
PAR  As a result, the catalytic element becomes displaced longitudinally within
      the cylindrical casing under the influence of engine vibration and
      pulsation of exhaust gas. Each end face of the catalytic element is
      therefore subjected to grinding or attrition where it contacts the flange
      mentioned above. This attrition leads to physical damage or total
      breakdown of the catalytic element.
PAR  Accordingly, it is an object of the present invention to provide an
      improved catalytic converter construction which will eliminate these
      drawbacks encountered in the prior art.
PAR  It is another object of the present invention to provide an improved
      catalytic converter construction by which the catalytic element made of
      refractory ceramic material within the casing of the converter will not be
      subjected to physical damage or total breakdown thereof.
PAR  It is further object of the present invention to provide an improved
      catalytic converter construction in which the catalytic element is fixedly
      disposed in the casing of the converter.
PAR  These and other objects and advantages of the present invention will become
      more apparent from the following description when taken in conjunction
      with the accompanying drawing in which:
DRWD
PAR  The single FIGURE is a longitudinal cross-sectional view of an embodiment
      of a catalytic converter according to the present invention.
DETD
PAR  Referring now to the drawing, exhaust gas catalytic converter 10 having
      frusto-conical end closure members 12 and 14 can be connected to a source
      of exhaust gases passing from an internal combustion engine (not shown) by
      conduit 16. The exhaust gases may be mixed with oxygen source, e.g. air,
      prior to entering conduit 16.
PAR  The catalytic converter 10 comprises a cylindrical metallic casing 18. The
      frusto-conical metallic end closure members 12 and 14 are secured at the
      gas inlet and outlet ends, respectively, of casing 18 by welding or other
      means.
PAR  The frusto-conical member 12 is so dimensioned as to enable distribution or
      passage of the exhaust gases over the entire or substantially entire
      cross-sectional area of the upstream portion of casing 18. The
      frusto-conical member 14 is of similar dimensions as the frusto-conical
      member 12 as shown, and of such dimensions as to enable free passage of
      gas out of the converter without causing substantial back pressures. The
      inlet conduit 16 is integral with the frusto-conical member 12 as shown,
      and outlet conduit 20 is integral with the frusto-conical member 14 as
      shown. Both the frusto-conical members 12 and 14 respectively have similar
      inwardly-protruding member or annular flanges 22 and 24. As shown, the
      annular flanges 22 and 24 are respectively integral with the
      frusto-conical members 12 and 14 and are formed by bending inwardly the
      inner terminal end portions of the frusto-conical members 12 and 14. The
      annular flanges 22 and 24 respectively form a gas inlet opening 22a and a
      gas outlet opening 24a therethrough.
PAR  Between the annular flanges 22 and 24, a pair of catalytic elements 26 and
      28 are secured in series. An annular spacer 30 is interposed between the
      both catalytic elements 26 and 28. The catalytic elements 26 and 28 are
      generally cylindrical and respectively have unitary solid skeletal
      structures having a plurality of gas flow channels or paths 32
      therethrough. On the inner surfaces of the channels 32, a catalytic
      material such as a platinum group metal is carried.
PAR  Annular spaces or gaps 34 and 36 of substantially uniform width are defined
      between the inner surface of cylindrical casing 18 and the outer surfaces
      of the catalytic elements 26 and 28. The spaces 34 and 36 extend
      completely around the catalytic elements 26 and 28 respectively along the
      entire length of the element structures.
PAR  The flanges 22 and 24 extend completely around the inner circumference of
      the casing 18 and extend far enough towards the middle of the casing 18 to
      bridge the spaces 34 and 36 between the casing 18 and the catalytic
      elements 26 and 28, and sufficiently across the outer faces of the latter
      to hold them against longitudinal movement within the cylindrical casing
      18.
PAR  Within the annular spaces 34 and 36, resilient means 38 and 40 or resilient
      flexible member such as a wound metallic mesh fabric are disposed under
      compression in order to hold the catalytic elements 26 and 28 tightly and
      to absorb mechanical shock of the same.
PAR  The inner surfaces of the resilient means 38 and 40 are respectively bonded
      with the outer surfaces of the catalytic elements 26 and 28 by any
      suitable heat resistant adhesive or first bonding means 42 such as a
      ceramic cement, while the outer surfaces of the resilient means 38 and 40
      are bonded with the inner surface of the casing 18 by suitable bonding
      means or second bonding means 44 such as a plurality of plugs of weld
      metal each formed in one of a plurality of openings 43 opened through the
      casing 18 to bond the resilient means 38 and 40 to the casing 18.
PAR  The catalytic converter according to the present invention may be
      manufactured by the procedure mentioned hereinafter. First the outer
      surfaces of the cylindrical catalytic elements 26 and 28 are coated with a
      heat resistant adhesive 42 such as a ceramic cement. Then layers of the
      resilient means 38 and 40, such as the wound metallic mesh fabric, are
      formed and bonded with the adhesive. Thereafter, this component is
      inserted into a metallic casing 18 which has a plurality of the openings
      43 therethrough. Through the openings 43, plug welding bonds the resilient
      means 38 and 40 with the inner surface of the cylindrical casing 18.
      Lastly the frusto-conical members 12 and 14 are secured on both ends of
      the catalytic elements 25 and 26 with preload P as shown in the drawing.
PAR  According to the present invention, when expansion of the metallic casing
      occurs, the longitudinal movement of the catalytic elements 26 and 28
      within the casing 18 is prevented. Thus they are not subjected to the
      grinding action or attrition where they contact the folding flanges 22 and
      24 because the catalytic elements 26 and 28 are bonded to the resilient
      means 38 and 40 with the heat resistant adhesive 42 and the resilient
      means 38 and 40 are in turn fixed to the metallic casing 18 with plug
      welding.
PAR  In order to prevent deformation and breakdown of the resilient means 38 and
      40 which are fixedly interposed between the casing 18 and the catalytic
      elements 38 and 40, the casing is preferably made of a steel plate having
      relatively low coefficient of thermal expansion such as of ferrite steel
      (coefficient of expansion about 11.7 .times. 10.sup..sup.-6 /.degree.C,
      average within 0.degree.-800.degree.C), while a known casing is generally
      made of a steel plate having relatively high coefficient of thermal
      expansion such as of austenite steel (coefficient of expansion about 20
      .times. 10.sup..sup.-6 /.degree.C, average within 0.degree.-800.degree.C).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a catalytic converter of the type having a metallic casing; a
      unitary, solid skeletal catalytic element disposed within said casing; and
      metallic resilient means disposed between said catalytic element and said
      metallic casing for positioning said catalytic element and for absorbing
      mechanical shocks; the improvement comprising:
PA1  means defining a plurality of openings through a lateral wall of said
      metallic casing; and
PA1  a plurality of plugs of weld metal, each of said plugs formed in a
      respective one of said openings and effective to bond said metallic
      resilient means with said metallic casing.
NUM  2.
PAR  2. A catalytic converter for purifying internal combustion engine exhaust
      gases, comprising:
PA1  a metallic casing defining an enclosed space, and having a gas inlet and a
      gas outlet at opposite ends thereof and a plurality of openings through a
      lateral wall of the casing;
PA1  a catalytic element of lesser dimensions than said enclosed space and
      positioned within said casing, said catalytic element having a unitary,
      solid skeletal structure having a plurality of gas flow channels
      therethrough for providing communication from said gas inlet to said gas
      outlet, and a catalytic material disposed on surfaces of said channels;
PA1  metallic resilient means compressively encompassing the catalytic element
      for positioning the catalytic element and for absorbing mechanical shocks,
      said metallic resilient means disposed between said element and the inner
      surface of said lateral wall of said casing;
PA1  first bonding means for bonding said resilient means with said catalytic
      element, said first bonding means comprising heat resistant adhesive; and
PA1  second bonding means for bonding said metallic casing with said resilient
      means, said second bonding means comprising a plurality of plugs of weld
      metal, each of said plugs formed in a respective one of said openings and
      effective to bond said resilient means with said metallic casing.
NUM  3.
PAR  3. A catalytic converter according to claim 2 wherein said catalytic
      element has upstream and downstream end faces and further comprising an
      inwardly-protruding member on the interior of said casing in contact with
      said resilient means and located adjacent to and abutting the outer
      perimeter of one of said end faces to hold the catalytic element against
      longitudinal movement within said casing.
NUM  4.
PAR  4. A catalytic converter according to claim 2, in which said casing is made
      of ferrite steel.
NUM  5.
PAR  5. A catalytic converter according to claim 2, in which said resilient
      means includes a wound metallic mesh fabric.
NUM  6.
PAR  6. A catalytic converter according to claim 2, in which said heat resistant
      adhesive includes a ceramic cement.
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ABST
PAL  A method is provided for producing a bi-metal object comprised of at least
      one image area raised in relief on the base of the object. The area in
      relief and the base of the object consist of different metals. The method
      comprises compacting the metal powder which will constitute the image area
      raised in relief; compacting the metal powder which will constitute the
      base of the bi-metal object while that powder is in direct contact with
      the metal powder already compacted to form the area in relief; sintering
      the composite at a relatively low temperature and for a preferred interval
      of time; and striking a chosen design on the base of the bi-metal object.
      The finished product will comprise an image area raised in relief which
      will be of appreciable height; the image area raised in relief will be
      separated from the base by a sharp regular border; and the base may retain
      a proof finish.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for producing bi-metal objects, for
      example, tokens, medallions or commemorative coins.
PAR  Methods for producing bi-metallic objects are well-known in the art. For
      example, plating one metal surface with another by electrolysis or dipping
      is generally known; and the use of powder metallurgy, that is, subjecting
      a metal powder to pressure and heat treatment, may be used to form a
      bi-metal object as described in U.S. Pat. No. 3,499,739.
PAR  However, the prior art poses significant problems. First, the area in
      relief or the image area may not protrude appreciably above the abutting
      base surface of the object. For example, in producing a bi-metal object by
      the process of electroplating, it may not be possible to obtain an image
      area which protrudes more than approximately 125 micro inches above the
      abutting base surface of the object. And where a higher relief is formed
      by the process of repeated striking and annealing, the base finish will be
      unevenly reflective.
PAR  Second, a precise regular boundary separating a high relief image area
      metal from the different metal of the abutting base surface cannot be
      achieved using methods presently available in the art for producing
      bi-metal objects.
PAR  Third, where sintering is employed in the process for producing the
      bi-metal object, shrinkage or growth of the dimensions of the object may
      occur to a degree impractical to predict. Consequently, the dimensions of
      the final striking die will be difficult to determine with sufficient
      accuracy to retain the highly desirable sharp border between the two
      metals.
PAR  The present invention provides a method for producing a bi-metal object
      comprising an area in relief raised significantly higher than 125 micro
      inches above the base of the object. Moreover, the base of the object will
      be evenly reflective or will retain a proof finish.
PAR  In accordance with the method of the present invention a novel bi-metal
      object with a highly precise border separating the two constituent metals
      will be obtained. In addition, the objects will be of uniform dimensions.
PAR  Accordingly, it is a general object of the present invention to provide a
      new and unobvious bi-metallic object as well as a new and unobvious method
      for producing that object.
PAR  More particularly, it is an object of the present invention to provide a
      new and unobvious bi-metallic object comprising an image area raised
      appreciably above the abutting base surface of the object.
PAR  Moreover, it is an object of the present invention to provide a new and
      unobvious bi-metallic object comprising an image area separated from the
      abutting base surface of the object by a sharp and regular boundary.
PAR  Another object of the present invention is to provide a bi-metallic object
      whose base surface abutting the image area will retain a proof finish.
PAR  Yet another object of the present invention is to provide a new and
      unobvious method for producing the bi-metal object of the properties
      described above.
PAR  Other objects will appear hereinafter.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention offers a unique solution to the problems confronting
      the prior art in producing bi-metal objects. A metal powder is compacted
      to form the desired image area to be raised in relief on the base; a
      second metal powder is brought into physical contact with the compacted
      image; while in physical contact with the compacted image, the second
      metal powder is compacted thereby forming a composite; the composite is
      then sintered at a designated temperature and for a preferred interval of
      time to produce a durable bi-metal object without any significant
      dimensional change; and the base of the composite is then struck in the
      conventional manner for embossing a metal object.
PAR  In a preferred embodiment, the bi-metal object may be a coin or medal and
      the image area may be comprised of gold and the base may be comprised of
      silver. However, other metals may be used for the image and base areas.
      For example, nickel, copper, bronze or tin may be preferred.
PAR  Significantly, where the preferred metals are gold and silver, the
      sintering will take place at a temperature as low as 400.degree. F. and
      for an interval of about 2 hours in any clean atmosphere; the product will
      be a durable object without objectional dimensional change due to grain
      growth or shrinkage.
PAR  The bi-metal object formed by this unique method will comprise an image
      area raised in relief approximately 0.100 inches or more above the
      abutting base surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For the purpose of illustrating the invention, there is shown in the
      drawings a form which is presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
PAR  FIG. 1 illustrates the first four steps of the method of the present
      invention.
PAR  FIG. 2 illustrates the final four steps of the method of the present
      invention as well as the final bi-metal object of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing in detail wherein like numerals indicate like
      elements, there is shown in FIG. 1A a first die designated generally as
      10. The first die 10 comprises a first die cavity 12 which has been formed
      according to the desired image area. Specifically, the first die cavity 12
      consists of the negative of the desired relief or image. First die lands
      14 surround the first die cavity 12 and are located within the plane from
      which die cavity 12 is recessed.
PAR  The dies used in the present invention may be made of any suitable
      conventional materials, such as steel alloy. The die cavities may be
      formed by conventional engraving techniques or etching. These cavities may
      also be treated to produce desired finishes, such as by sand or diamond
      blasting to produce a frosted finish or polishing to produce a shiny
      finish, as are known in the art.
PAR  According to the method of the present invention, the second step is
      illustrated in FIG. 1B. There, first die cavity 12 is filled with first
      metal powder 16. The cavity 12 is slightly overfilled with powder 16 in
      order to ensure proper compaction in the later steps of the process.
      However, if desired, the cavity may be filled to its precise capacity
      without overfilling or the cavity may in fact be underfilled. Rather than
      assume the risk of underfilling the cavity, with corresponding detriment
      to the compacting step, die cavity 12 is slightly overfilled. In general,
      the degree of filling or overfilling will depend on the final desired
      thickness of metal in the image area to be raised in relief.
PAR  In FIG. 1C a powder press 20 is shown descending upon resilient cover 18
      which rests in physical contact upon first metal powder 16.
PAR  Focusing now on FIG. 1D, powder press 20 is shown in physical contact with
      resilient cover 18. As depicted, die 10 is stationary. However, a dual
      action press may be employed if desired. Desired compaction of first metal
      powder 16 will be achieved at relatively low pressure. Thus, press 20 will
      be a low tonnage press of force roughly one ton or less.
PAR  In this manner, metal powder 16 is compacted within cavity 12 to form
      relief compact 22. Preferably, resilient cover 18 is employed to ensure
      more perfect compacting; alternatively, as will be apparent to one of
      ordinary skill in the art, powder press 20 may be brought into immediate
      contact with lands 14 and metal powder 16 (without the interposition of a
      cover) to form relief compact 22.
PAR  Typically, powder 16 may be of size from 0.50 to 15 microns. However, other
      size powders may also be used.
PAR  Where resilient cover 18 is employed a slight concavity in relief compact
      22 will result. This is due to the resiliency of cover 18 and the unequal
      distribution of pressure across lands 14 and the outer surface of powder
      16 upon initial contact of powder press 20 with cover 18. The concavity
      will be slight since press 20 will be a low tonnage press impinging with a
      force of approximately one ton or less. Consequently, the slight concavity
      will have negligible effect on the properties of relief compact 22.
      Resilient cover 18 may be of any suitable relatively resilient or plastic
      material, such as polyethylene, rubber. The degree of resiliency is not
      critical, but the material should not be so rigid or brittle that it will
      crack under the force of the press. The thickness is also not critical and
      may suitably be about 1/4 inch.
PAR  Upon completion of the compacting step in first die 10, relief compact 22
      is sufficiently cohesive to permit removal from die cavity 12 by simple
      tapping of die 10. It will not be necessary to lubricate die cavity 12 in
      order to remove relief compact 22. It is of consequence that such
      lubrication is also unacceptable since a lubricant would mar the surface
      of relief compact 22, precluding a proof finish.
PAR  Any excess metal which may form about the periphery of cavity 12, where the
      cavity 12 and lands 14 meet, may be easily removed by scraping or air
      blasting or other similar technique known in the art.
PAR  Directing attention to FIG. 2, that is, the final four steps of the
      invention, FIG. 2A shows a second die 10' comprising a second die cavity
      12'. Retaining ring 26, fastened to die 10', supports collar 24.
      Alternatively, collar 24 may be supported by means of a conventional die
      set. Collar 24 embraces the outer surface of die 10' thereby enclosing
      second die cavity 12'. Where second die 10' and collar 24 may be
      cylindrical, collar 24 will define an inner phantom cylindrical area 28.
PAR  Second die cavity 12' is formed identically to first die cavity 12. Thus,
      relief compact 22 may be inserted exactly into die cavity 12' as
      illustrated in FIG. 2B. If desired, relief compact 22 may simply be left
      in first die cavity 12 of first die 10, and first die 10 would then simply
      be fitted with collar 24 and retaining ring 26 in order to carry out the
      second compacting step. However, in production it will be best to have
      separate dies 10 and 10' with identical die cavities 12 and 12'
      respectively.
PAR  With die 10', ring 26 and collar 24 assembled, inner phantom area 28 will
      be filled to the desired level with second metal powder 30 as depicted in
      FIG. 2C. Referring to FIG. 2C, second powder press die 20' is lowered into
      phantom area 28. Die 20' is of a diameter slightly less than the diameter
      of phantom cylinder 28 in order to permit insertion.
PAR  FIG. 2D shows the actual step of compacting. There, die 20' has been
      brought into contact with second metal powder 30 to form base compact 32.
      As indicated in FIGS. 2C and 2D, a dual action press is preferably
      employed so that second die 10' and die 20' are propelled toward each
      other. The second compacting step takes place at from 100 to 300 tons
      force in order to obtain the desired proof finish without inducing
      striations in the base compact 32.
PAR  Relief compact 22 and base compact 32 form composite 34. Composite 34 is
      easily removed from collar 24 and cavity 12' by ejection with die 10' as
      is common in the art. Lubrication of cavity 12' is not necessary. Thus the
      problem of contamination of the relief and base surfaces is avoided.
      However, if desired, collar 24 may be lubricated to facilitate extraction
      of composite 24 without endangering the desired proof finish, and in order
      to prevent scoring of the edges.
PAR  Following the second compaction, composite 34 is sintered in sintering
      chamber 36 as shown in FIG. 2E. Composite 34 is supported by tray or
      support 40 and heated by heat source 38. Sintering of gold and silver will
      take place at roughly 400.degree. F. and for approximately 2 hours.
PAR  This is a relatively low temperature for sintering. The sintering
      temperature need only be high enough and the time interval long enough to
      produce a good bond between the powder particles of the two metals, but
      not enough to cause dimensional changes. Such temperatures and time
      intervals will vary depending on the particular metals used, and may be
      readily determined by one of ordinary skill in the art with a minimum of
      experimentation. Should the temperature be too high or the time too long,
      relief compact 22 and base compact 32 will begin to mix and the highly
      desirable sharp periphery separating relief compact 22 from base compact
      32 will be destroyed. Moreover, by keeping the sintering temperature low,
      normal shrinkage of composite 34 due to sintering which would result in a
      poor fit in coining press 42 illustrated in FIG. 2F, is avoided.
PAR  Where relief compact 22 comprises gold and base compact 32 comprises
      silver, it will not be necessary to provide a special reducing atmosphere
      in sintering chamber 36. Thus, during the sintering step, where silver and
      gold are the two metals used, any clean atmosphere will suffice.
PAR  If, however, metals other than gold and silver are preferred, it may be
      necessary to perform the step of sintering in a reducing atmosphere to
      avoid formation of oxide films on the metal surfaces, and to ensure
      bonding of the metal particles.
PAR  The final step of the process is indicated in FIG. 2F. A striking die 46 is
      brought into physical contact with sintered composite 34' which has been
      inserted in bottom die 44 of coining press 42.
PAR  Coining die cavity 12" is formed identically to cavity 12' and cavity 12 in
      order to accommodate the relief portion 22' of composite 34'. However, in
      addition to the desired image of cavity 12", bottom die 44 also carries
      engraving for forming any obverse side design 50.
PAR  Striking die 46 carries engraving for forming reverse side design 48.
      Designs 48 and 50 are embossed upon base compact 32' when striking die 46
      is brought into contact with composite 34'. This process may be repeated
      several times in order to get the desired height in relief for designs 48
      and 50 on base compact 32' and to obtain the preferred proof finish of
      base compact 32'. Optimally, the striking die 46 will impinge on composite
      34' at a total force of approximately 300 tons.
PAR  Because composite 34 will expand slightly upon extraction from collar 24 in
      FIG. 2D, the diameter of phantom inner cylinder 28' shown in FIG. 2F is
      approximately 0.010 inches larger than the diameter of phantom inner
      cylinder 28 of FIG. 2B.
PAR  The final product of the present invention is illustrated in FIG. 2G. There
      base compact 32' is shown embossed with obverse design 50 and reverse
      design 48.
PAR  In addition, the final product 52 may bear reeding along its side wall or
      periphery by forming the negative of the desired reeding along the inner
      wall 54 of coining press 42 as depicted in FIG. 2F.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a bi-metal object having a base and at least one area
      raised in relief on said base, said relief being formed of a first metal
      and said base being formed of a second metal with a sharp border between
      the two metals, the steps comprising:
PA1  a. providing a first die cavity which is the negative of the relief to be
      formed;
PA1  b. filling said first die cavity with a powder of said first metal;
PA1  c. compacting said first metal powder in said first die cavity to form a
      cohesive relief compact and removing any excess metal from the edges of
      said compact;
PA1  d. providing a phantom die area which is the negative of said base and
      having a second die cavity identical to said first die cavity, said second
      die cavity being positioned at the bottom of said phantom die area, and
      said relief compact being seated within said second die cavity;
PA1  e. filling the remainder of said second die cavity above said relief
      compact and partially filling said phantom die area with a powder of said
      second metal;
PA1  f. compacting said second metal powder to form a composite with said relief
      compact;
PA1  g. sintering said composite at a temperature and for a time sufficient to
      produce a durable bi-metal object, but insufficient to produce any
      significant dimensional change in said composite; and
PA1  h. striking the final design of said base in a coining press, the bottom
      die of said press having a coining die cavity identical in configuration
      and position to said second die cavity.
NUM  2.
PAR  2. A method according to claim 1 wherein said bimetal object is a coin or
      medal.
NUM  3.
PAR  3. A method according to claim 2 wherein said first metal is gold.
NUM  4.
PAR  4. A method according to claim 2 wherein said second metal is silver.
NUM  5.
PAR  5. A method according to claim 2 wherein said first metal is 24 karat gold,
      said second metal is fine silver, and the powders of each metal have
      average particle sizes in the range of about 1/2 to 15 microns diameter.
NUM  6.
PAR  6. A method according to claim 5 wherein the sintering step is carried out
      at a temperature of about 400.degree.F. for about 2 hours in a clean
      atmosphere.
NUM  7.
PAR  7. A method according to claim 1 wherein prior to step (c) said first die
      cavity and said first metal powder are covered with a relatively resilient
      material, and said resilient material is pressed against said first metal
      powder during the compacting step (c).
NUM  8.
PAR  8. A method according to claim 1 wherein compacting step (c) is carried out
      at a total pressure of less than 1 ton.
NUM  9.
PAR  9. A method according to claim 1 wherein compacting step (f) is carried out
      at a pressure of about 20 to 60 tons per square inch.
NUM  10.
PAR  10. A method according to claim 1 wherein compacting step (f) is carried
      out in a dual action press.
NUM  11.
PAR  11. A method according to claim 2 wherein said phantom area is defined by a
      collar mounted on a first die, said first die comprising said first die
      cavity.
NUM  12.
PAR  12. A method according to claim 11 wherein the inside diameter of said
      collar is slightly smaller than the final diameter of the bi-metal coin.
NUM  13.
PAR  13. A method according to claim 1 wherein said relief compact is ejected
      from said first die cavity prior to step (d) and seated in said second die
      cavity.
NUM  14.
PAR  14. A method according to claim 1 wherein said composite formed by step (f)
      is ejected from said second die cavity prior to sintering.
NUM  15.
PAR  15. A bi-metal object formed by the method of claim 1.
NUM  16.
PAR  16. A bi-metal coin or medal formed by the method of claim 6 and having a
      gold relief raised about 0.100 inches or more above the abutting base
      surface.
NUM  17.
PAR  17. A bi-metal coin or medal according to claim 16 wherein said silver base
      has a proof finish.
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ABST
PAL  A hard, tough, strong ceramic body is formed by hot pressing a mixture of a
      powdered metal and a powdered metal diboride. The metal employed is
      zirconium, titanium or hafnium and the diboride is the diboride of a
      different member of the same group of zirconium, titanium or hafnium to
      form a ternary composition. During hot pressing at temperatures above
      about 2,000.degree.F., a substantial proportion of acicular ternary
      monoboride is formed.
GOVT
PAR  The invention described herein was made in the performance of work under
      NASA Contract No. NAS W-2088 and is subject to the provisions of Section
      305 of the National Aeronautics and Space Act of 1958 72 Stat. 435; 42
      U.S.C. 2457.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are a number of important needs and uses for improved strong, hard,
      tough materials capable of being fabricated under feasible conditions and
      withstanding extremely severe conditions of use. For a great many such
      purposes, there are existing materials which do a reasonably good or in
      some instances an extremely good job, but for some other purposes, there
      simply are not suitable materials available. For a number of purposes
      where inherent chemical resistance is an important requirement, there is a
      very definite need for improved materials having the combination of
      properties including extreme hardness and toughness as well as chemical
      stability at very high temperatures. For example, in die casting
      operations and other hot forming operations, particularly with certain
      metals and other materials which are cast or extruded at extremely high
      temperature, it has been virtually impossible to find satisfactory tooling
      materials. Some of the products handled in operations of this sort are
      extremely difficult to handle because of their high temperature
      fabrication conditions and because of the abrasive nature of the products
      themselves. For example, extrusion of stainless steel and titanium using
      steel tooling such as dies results in excessive wear of such components,
      use of ceramic materials such as hot pressed SiC and Si.sub.3 N.sub.4
      eliminates the wear problem, but such components fail by brittle fracture
      induced in part by a lack of toughness.
PAR  At the present time, products such as silicon carbide and silicon nitride
      and aluminum oxides are being used for a number of these purposes or are
      at least of interest for possible use. Such materials, however, have
      certain limitations and usually are deficient either in toughness or in
      hardness or in high temperature stability.
PAC  GENERAL NATURE OF THE INVENTION
PAR  According to the present invention, a new class of materials has been
      developed comprising a shaped product having a high proportion of a
      ternary boride. The new materials are prepared by hot pressing finely
      powdered zirconium diboride or a similar diboride such as titanium
      diboride, hafnium diboride or the like mixed with a finely powdered metal
      such as titanium metal, hafnium metal, zirconium metal or the like. The
      appropriate finely powdered materials are thoroughly mixed and hot
      pressed, with the result that there is formed a hot pressed ceramic
      product including a large proportion of a ternary boride generally
      corresponding to a mixture of a ternary monoboride optionally containing
      unreacted free metal and diboride. Very fine results have been achieved
      with the presently preferred titanium and zirconium boride as a hot
      pressed product. When prepared from titanium metal and zirconium diboride,
      the product is hot pressed from between about 10% and about 50% by weight
      titanium metal and the remainder essentially the zirconium diboride. The
      products such as the hot pressed mixture of zirconium diboride and
      titanium or another metal such as hafnium or the like have a very
      advantageous combination of the desired properties of hardness, abrasion
      resistance, strength, toughness, thermal stability and chemical inertness
      and in addition, are capable themselves of being processed or fabricated
      at temperatures which are relatively low for ceramic hot pressing. In
      fact, the desired properties in some instances are so favorable that it
      has been difficult to test and evaluate the properties. For example, using
      ordinary cutting tools and usual cutting methods, a standard shape for
      certain strength tests could not be made in the laboratory, and an outside
      shop was unwilling to work with certain of the materials because of the
      toughness and hardness of the materials.
PAR  According to another embodiment of the invention, the starting materials
      chosen have been mixtures of two powdered diborides, such as zirconium
      diboride and titanium diboride, with an added powdered metal such as
      titanium, the proportions being selected to produce moderate to large
      amounts of a stable ternary monoboride. Extremely hard, tough hot pressed
      articles have been produced, particularly from pressing aimed at the
      production of large relative proportions of the ternary monoborides.
PAC  SPECIFIC NATURE OF THE INVENTION
PAR  The present invention relates to a hot pressed product prepared from a
      diboride such as zirconium diboride, titanium diboride, hafnium diboride,
      or mixtures thereof and a metal such as titanium, zirconium, hafnium or
      mixtures thereof. The presently preferred process for producing the
      product is to mix together thoroughly the two classes of starting
      materials, diboride and metal, and hot press them in the desired shape.
      During hot pressing, a chemical reaction takes place and it is presently
      believed that the final product is a mixture including some diboride, some
      metal and as a reaction product, a ternary boride.
PAR  The greatest amount of experience to date in the fabrication of products
      according to this invention has been obtained with hot pressed products
      formed from titanium metal and zirconium diboride mixtures, although
      useful products can be prepared with other mixtures. Accordingly, the
      invention will be particularly described with primary reference to the
      mixture of titanium metal and zirconium diboride.
PAR  It has previously been known that monoborides exist. Titanium monoboride
      and hafnium monoboride are both known at least in theory. Titanium
      mononboride is known to exist in the form of small crystals or grains in
      metallic (Ti) matrices and it has been known that titanium monoboride can
      be prepared by heating a mixture of titanium metal and titanium diboride.
      The present invention is a hot pressed product formed in the desired shape
      and containing substantial quantities of a ternary monoboride which in the
      presently preferred embodiment of the invention is a mixed monoboride of
      titanium and zirconium together with some unreacted product.
      Representative compositions have been employed including 12.5, 20 and 30
      weight percent powdered titanium metal mixed with respectively 87.5, 80
      and 70 weight percent powdered zirconium diboride. While it is not
      believed that the hot pressed product prepared according to this invention
      has undergone complete chemical reaction and accordingly, it is not
      believed that pure ternary monoboride is produced in the absence of free
      metal and unreacted diboride, it has, nevertheless, been found that
      certain of the desired product properties appear to be at a very high
      level in the composition prepared from approximately 30 weight percent of
      titanium and approximately 70 weight percent zirconium diboride. In
      addition, it has been found that fabricating and processing are relatively
      easy. Specifically, the product hot pressed from 30 weight percent
      titanium metal and 70 weight percent zirconium diboride can be hot pressed
      at a temperature of about 2400.degree.F., whereas zirconium diboride alone
      requires a hot pressing temperature about 1,000.degree.F. higher.
PAR  The composition of the hot pressed article prepared according to the
      present invention can be expressed in terms of certain proportions of two
      different metals, M1 and M2, and boron. The actual crystallographic nature
      of the product is now believed to be a mixture of the two metals, probably
      as an alloy, a ternary diboride and a ternary monoboride. Favorable
      experimental results have been achieved with compositions generally
      corresponding to a mixed ternary boride according to the formula (M1,
      M2).sub.x B.sub.2, where x is between about 1.25 and about 2.5, preferably
      between about 1.5 and 2.2. The best results to date have been realized
      with a composition corresponding roughly with that of a monoboride, or in
      other words with x at a value of about 2.
PAR  It is observed that the composition of Example I where 12.5 weight percent
      titanium metal was incorporated in the starting mixture corresponds to the
      proportions represented by about (Ti, Zr).sub.1.25 B.sub.2. Similarly, the
      composition of this same example where 30 weight percent titanium metal is
      incorporated in the starting mix corresponds to approximately (Ti,
      Zr).sub.2 B.sub.2 which is essentially the composition of the mixed
      ternary monoboride. When hafnium, which has a distinctly greater atomic
      weight and density, is used in partial or complete substitution for the
      titanium or the zirconium, generally similar results are realized if the
      proportion of the hafnium is considered in terms of its atomic proportion
      according to this same formula. Accordingly, the invention can be
      considered as a ternary hot pressed mixture of a first metal, M1 which is
      one of the three metals, titanium, zirconium or hafnium and a second
      metal, M2, which is a different metal or mixture of metals from the same
      group of titanium, zirconium and hafnium where the composition is
      expressed by the formula (M1, M2).sub.x B.sub.2  with x having the above
      indicated range from about 1.25 to about 2.5 and preferably from about 1.5
      to about 2.2. In any of the cases, a significant proportion of the two
      metals and the boron are present in the form of acicular mixed monoboride
      and the presence of the monoboride can be recognized in microscopic
      studies. If desired, all three of the metals titanium, zirconium, and
      hafnium may be included in the composition and may be represented by at
      least a significant amount of (Ti, Zr, Hf)B.
DETD
PAC  EXAMPLE I
PAR  Several shaped articles were formed by hot pressing mixtures of zirconium
      diboride and titanium metal. The zirconium diboride was a finely powdered
      product having a particle size of less than 325 mesh. The titanium metal
      similarly was a finely divided powder having a particle size of less than
      100 mesh. Mixtures of the two powders containing 12.5, 20 and 30 weight
      percent titanium metal were prepared. The powders were thoroughly mixed;
      it was found that mixing in a ball mill with steel balls provided
      essentially complete uniformity.
PAR  The mixed powders were loaded into a graphite hot pressing die lined with a
      graphite liner. In order to obtain two test samples prepared according to
      identical procedures, two samples were made and were separated in the die
      with a graphite spacer. A flowing argon atmosphere was maintained in the
      hot pressing apparatus during the fabrication cycle. The temperature was
      gradually increased to the desired maximum processing temperature, which
      in the case of the present example was 2550.degree.F. The load on the
      compact was also gradually increased to the desired pressing temperature,
      which in this case was 3,000 pounds per square inch. The pressure was
      maintained at 3,000 pounds per square inch after the temperature had been
      raised to 2075.degree.F. After pressing for about 2 1/2 hours, the heating
      was discontinued and the product allowed to cool slowly until the pressure
      had fallen to 2000.degree.F. Thereupon, the pressure was removed and the
      entire apparatus was allowed to cool over night. Upon removal from the
      die, the hot pressed samples were subjected to metallographic examination
      which revealed a duplex structure consisting of a first extremely fine
      grained acicular phase believed to be a ternary monoboride of titanium and
      zirconium and a second polycrystalline ceramic phase believed to be
      essentially zirconium diboride.
PAR  The procedure was repeated with different percentages of titanium metal. In
      the first hot pressing, there was employed 12.5% titanium metal and 87.5%
      zirconium diboride. In a second hot pressing, there was employed 20%
      titanium and 80% zirconium diboride. In a third hot pressing, there was
      employed 30% titanium and 70% zirconium diboride.
PAC  EXAMPLE II
PAR  The procedure of Example I was repeated with a mixture of titanium powder
      (-100 mesh), titanium diboride powder (-325 mesh) and zirconium diboride
      powder (-325 mesh). In one hot pressing, there was used 45 weight percent
      titanium, 22 weight percent zirconium diboride and 33 weight percent
      titanium diboride. In this hot pressing, a maximum temperature was
      2550.degree.F. and the pressure of 3,000 pounds per square inch was
      reached at 2090.degree.F. and was held constant thereafter. Heating was
      discontinued after 190 minutes from the start of the heating cycle. When
      the temperature had fallen to 2,000.degree.F., the pressure was removed.
      After cooling over night, the samples were removed from the die.
      Metallographic examination revealed an extremely fine grain acicular phase
      as the principal microstructural feature. This phase is believed to be
      primarily a ternary monoboride of titanium and zirconium.
PAR  Samples of the products prepared according to Examples I and II were
      prepared for various test procedures. Difficulty was experienced in the
      preparation of test samples of the product of Example II in that the hot
      pressed products were extremely hard and resisted cutting. A diamond
      cutting tool exhibited significant wear without successfully cutting the
      sample into test sizes and shapes.
PAR  Measured room temperature strengths for composites initially containing 20
      and 30 weight percent titanium and zirconium diboride were 97,800 psi and
      150,000 psi, respectively. The measured strengths increased with
      increasing amount of the fine-grained acicular phase. Fracture toughness
      also increased with the increase in the acicular phase; the measured work
      of fracture (W/2A) for the product pressed from 30% titanium and 70%
      zirconium diboride is 138 .times. 10.sup.3 ergs/cm.sup.2.
PAC  EXAMPLE III
PAR  The procedure of Example I was repeated using 12.5%, 20%, 25% and 30%
      respectively of titanium metal in a series of mixtures with zirconium
      diboride, and the strengths measured:
TBL  % Ti Metal  Strength - Pounds per square inch                             
     ______________________________________                                    
     12.5         77,000                                                       
     20           93,000                                                       
     25          113,000                                                       
     30          150,000                                                       
     ______________________________________                                    
PAR  The product of Example II was not subjected to this test because the sample
      could not be cut to the required size and shape.
PAR  The strength and toughness of the hot pressed product prepared from 30%
      titanium and 70% zirconium diboride according to Example I has been
      compared against the strength and toughness of prior art products. Highly
      regarded prior art products are aluminum-oxide, silicon carbide and
      silicon nitride. The product prepared according to Example I has been
      found to be greatly superior to typical prior art products in both
      strength and toughness. Shown in Table I is the comparison with reported
      data according to four prior references as follows. The first reference is
      L. A. Simpson, "Effects of Microstructure on Measurements of Fracture
      Energy of Al.sub.2 O.sub.3 ", J. Am. Cer. Soc. 56 7 (1973). The second
      reference is J. A. Coppola and R. C. Brandt, J. Am. Cer. Soc. 55 455
      (1972). The third reference is a private communication to the inventor
      relative to a silicon carbide product. The fourth reference is a
      contractors report to a government contracting agency with regard to a
      silicon nitride product. The data selected from each reference are
      believed to be favorable data selected by the authors relating to
      performance of their products. Generally, in current technology, silicon
      carbide has a strength (sigma) of roughly up to 100,000 pounds per square
      inch and toughness (gamma) around 30 .times. 10.sup.3 ergs per square
      centimeter. For silicon nitride strength is about the same as for silicon
      carbide, and toughness is about 70 .times. 10.sup.3 ergs per square
      centimeter. The products of the present invention have strength up to
      150,000 pounds per square inch and toughness as high as 140 .times.
      10.sup.3 ergs per square centimeter. Of particular note is the fact that
      both strength and toughness are increased.
TBL  ______________________________________                                    
     Strength and Toughness (Work Controlled Fracture)                         
     of Prior Ceramic Materials and ZrB.sub.2 /Ti Composites                   
     ______________________________________                                    
                       Refer-                                                  
      Material         ence    Strength Toughness                              
                               (psi)    (ergs/cm.sup.2)                        
     ______________________________________                                    
     Aluminum Oxides (sintered)                                                
                       1       29,000   40 .times. 10.sup.3                    
     Silicon Carbide (reaction                                                 
                       2       17,800   27 .times. 10.sup.3                    
     sintered)                                                                 
     Silicon Carbide (hot pressed)                                             
                       2       24,300   83 .times. 10.sup.3                    
     Silicon Carbide (hot pressed)                                             
                       3       80,000   30 .times. 10.sup.3                    
     Silicon Nitride (hot pressed)                                             
                       4       94,000   70 .times. 10.sup.3                    
     ZrB.sub.2 30Ti (hot pressed)                                              
      Example I        --      150,000  138 .times. 10.sup.3                   
     hot pressed: Example II                                                   
                       --      Test sample not cut                             
     ______________________________________                                    
PAR  It is particularly important in this art to have extremely good quality
      control; special attention should be directed to particle size control to
      produce uniform fine grain polycrystalline material. It apparently is the
      weakness associated with the larger grain which is the limiting factor
      regarding strength or toughness, whichever property is being viewed.
      Generally speaking, a product in which all of the grains are no larger
      than 10 microns is stronger and tougher than a product in which most of
      the grains are approximately 5 microns and a few of the grains up around
      20 to 40 microns. Thus, it is important that in the present invention, the
      results which are being approached are uniformity of grains of a size
      range of no more than 5 microns. When the product of Example II is viewed
      at 1500X magnification, the particles appear very small and it seems that
      the effective particle size is around one micron even though the particle
      size of the starting materials was greatly larger than one micron. An
      important advantage of the invention apparently resulting at least in part
      from the relatively low processing temperature is the avoidance of
      exaggerated grain growth and resultant attainment of high strength and
      toughness.
PAR  Hafnium boron compositions of the type produced in this invention are
      generally strongly oxidation resistant, and accordingly, hafnium is
      particularly useful in the invention to produce improved oxidation
      resistance. One of the items of interest here is the cost of hafnium
      borides. Hafnium borides containing moderate quantities of zirconium are
      not excessively expensive so that hafnium-zirconium monoboride or
      hafnium-zirconium-titanium monoboride products are both valuable in their
      properties and realistic in their cost.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tough, hard, hot pressed shaped body containing boron and at least two
      of the three elements, titanium, zirconium, hafnium, hot pressed from a
      mixture of powdered metal and a powdered diboride to form substantial
      quantities of a ternary monoboride of said elements and having a
      percentage composition corresponding to the formula
EQU  (M1, M2).sub.x B.sub.2
PAL  where M1 is titanium, zirconium or hafnium and M2 is a different metal of
      the group of titanium, zirconium and hafnium, and where x is between about
      1.25 and about 2.5.
NUM  2.
PAR  2. The hot pressed product of claim 1, where x is between about 1.5 and
      about 2.2.
NUM  3.
PAR  3. The hot pressed product of claim 1, where x is about 2.
NUM  4.
PAR  4. A tough, hard, hot pressed shaped body containing boron, titanium and
      zirconium hot pressed from a mixture of metal and diboride to form
      substantial quantities of titanium-zirconium monoboride and having a
      percentage composition corresponding to the formula
EQU  (Ti, Zr).sub.x B.sub.2
PAL  where x is is between about 1.25 and about 2.5.
NUM  5.
PAR  5. The hot pressed product of claim 4, where x is between about 1.5 and
      about 2.2.
NUM  6.
PAR  6. A tough, hard, hot pressed shaped body having a composition
      corresponding approximately to a ternary monoboride of titanium and
      zirconium and having approximately equal atomic proportions of titanium
      and zirconium.
NUM  7.
PAR  7. A method of making a hard, tough, shaped body comprising hot pressing at
      a temperature at least about 2000.degree.F. a uniform mixture of powdered
      metal and powdered metal diboride where the diboride is selected from the
      group consisting of titanium diboride, zirconium diboride, hafnium
      diboride and mixtures thereof and the powdered metal is a different metal
      selected from titanium, zirconium, hafnium and mixtures thereof, said
      method forming substantial quantities of a ternary monoboride from said
      powdered metal and said diboride.
NUM  8.
PAR  8. A method according to claim 7 wherein the diboride is titanium diboride
      or zirconium diboride or a mixture thereof and wherein the metal powder is
      a different metal of the group of titanium and zirconium, whereby the
      mixture is a ternary mixture containing zirconium, titanium and boron, in
      approximately the proportions corresponding to a ternary monoboride.
NUM  9.
PAR  9. A method of making a strong, tough, hard, shaped ceramic body comprising
      uniformly mixing zirconium diboride powder and about 10% to about 30% by
      weight of titanium metal powder and hot pressing said mixture at about
      3,000 pounds per square inch at a temperature of at least about
      2,500.degree.F., to produce a ceramic body containing substantial
      quantities of acicular zirconium titanium monoboride.
PATN
WKU  039376206
SRC  5
APN  4990951
APT  1
ART  171
APD  19740820
TTL  Process and apparatus for gasifying coal
ISD  19760210
NCL  11
ECL  1
EXP  Serwin; R. E.
NDR  1
NFG  2
INVT
NAM  Rudolph; Paul
CTY  Bad Homburg
CNT  DT
INVT
NAM  Kupfer; Hans
CTY  Frankfurt am Main
CNT  DT
INVT
NAM  Schmidt; Werner
CTY  Frankfurt am Main-Sud
CNT  DT
ASSG
NAM  Metallgesellschaft Aktiengesellschaft
CTY  Frankfurt am Main
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730918
APN  2346833
CLAS
OCL   48 63
XCL   48 68
XCL   48202
EDF  2
ICL  C10J  316
ICL  C10J  342
FSC   48
FSS  63;73;77;99;202;203;210;86 R;68
UREF
PNO  1412118
ISD  19221100
NAM  Johnston
OCL   48 86R
UREF
PNO  1810738
ISD  19310600
NAM  Van Heeden
OCL   48 63
UREF
PNO  1814787
ISD  19310700
NAM  Daae
OCL   48 86R
UREF
PNO  1972897
ISD  19340900
NAM  Odell
XCL   48 63
UREF
PNO  2808321
ISD  19571000
NAM  Junkers
XCL   48 68
LREP
FRM  Burgess, Dinklage & Sprung
ABST
PAL  Coal is gasified under elevated pressures and temperatures in a reactor
      having a rotatably mounted grate and supply conduits for oxygen-containing
      and oxygen-free gasifying agents. The rotary grate contains an internal
      chamber adjacent to the bearing for the grate and one of the supply
      conduits is adapted to feed an oxygen-free fluid to this internal chamber.
      The uppermost portion of the rotary grate contains a substantially closed
      internal chamber which has a supply conduit for feeding an oxygen-free
      fluid thereto. A mixing chamber is positioned between the uppermost
      chamber and the chamber adjacent the bearing for the grate and is provided
      with passages which lead to the charge to be gasified. The mixing chamber
      communicates with the uppermost chamber as well as the chamber adjacent
      the bearing and also has a supply conduit for feeding gasifying agents
      containing free oxygen thereto.
PAL  The process disclosed involves maintaining those portions of the rotary
      grate having the least resistance to free oxygen in a steam atmosphere.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a process and apparatus for gasifying coal at
      elevated temperatures and pressures with the aid of oxygen and one or more
      oxygen-free gasifying agents in a reactor, which has a rotatably mounted
      grate (rotary grate) for discharging ash and for feeding the gasifying
      agents.
PAR  Gasifying reactors of that kind consist usually of a pressure container,
      which is suitably surrounded by a water jacket. A pressure lock for
      feeding the coal to be gasified and an outlet for the raw gas product are
      provided at the top end of the container. A rotary grate is provided at
      the lower end of the reactor and cooperates with an ash discharge lock and
      serves also to distribute the gasifying agents into the fuel bed. Pressure
      reactors of that kind have been described, e.g. in German Pat. No. 828,759
      and U.S. Pat. No. 2,667,409.
PAR  Such pressure reactors are operated with a substantially stationary fuel
      bed. The coal is charged to form a bed of high density and is
      progressively gasified with formation of ash as it descends toward the
      rotary grate whereas new material to be gasified is simultaneously strewed
      onto the fuel bed.
PAR  The rotary grates of such reactors must be operated under extremely severe
      conditions. Above the rotary grate, the gasification zone is disposed, in
      which a combustion reaction is performed at temperatures above
      800.degree.C. The highest temperatures in the coal bed are reached on the
      level of the rotary grate and the temperatures decrease upwardly toward
      the distributor. Besides, the rotary grate is constantly in contact with
      the hot ash, which is discharged by the grate. The gasifying agents
      consisting of elementary oxygen or air or a mixture of the two, on the one
      hand, and steam and, if desired, carbon dioxide or nitrogen, on the other
      hand, flows through the interior of the rotary grate into the gasification
      zone.
PAR  Because of these operating conditions, the material and design of the
      rotary grate must be selected to meet unusually high requirements. This is
      particularly applicable to the design of the bearing, in which the grate
      is rotatably mounted, In known grates, the bearing is exposed to a
      high-oxygen atmosphere formed by the gasifying agent so that the
      lubrication of that bearing is rendered very difficult because lubricating
      oils quickly lose their lubricity under the influence of oxygen at
      temperatures above 300.degree.C. Another disadvantage of known gasifying
      reactors resides in that those parts thereof, which are hottest and for
      this reason are most highly stressed are constantly in contact with
      oxygen-containing gasifying agents and local extreme temperature rises may
      result in a combustion of the red-hot steel parts so that the grate is
      partly destroyed. Such damage may result in even more dangerous situations
      if it causes molten iron to enter a high-oxygen atmosphere so that the
      combustion proceeds there and results in a further temperature rise and
      the entire gas producer may thus be destroyed.
PAC  SUMMARY
PAR  It is an object of the invention to avoid the disadvantages of the state of
      the art and to provide a pressure gasification process, which is
      economical and reliable in operation. In a process of the kind mentioned
      first hereinbefore, this is accomplished in that those portions of the
      rotary grate, which have the least resistance to free oxygen are
      maintained in a steam atmosphere so that the steam acts as a coolant and
      barrier.
PAR  It is important that the bearing portion of the rotary grate is flown
      through by steam to prevent a decomposition of the lubricant by oxygen.
      The steam contributes also to the cooling of the bearing.
PAR  It will be desirable to cause steam to flow also in contact with the inside
      surfaces of that portion of the rotary grate, which is subjected to the
      highest temperatures. This part is usually the tip of the rotary grate,
      which tip is nearest to the main gasification zone during operation.
PAR  According to a further development of the invention the rotary grate is
      designed so that it contains an internal chamber adjacent to the bearing
      and a supply conduit for an oxygen-free fluid, generally steam, opens in
      said chamber. That portion of the rotary grate, which is subjected to the
      highest temperatures is also provided with a substantially closed,
      internal chamber and a supply conduit for steam or another oxygen-free
      fluid opens in the latter chamber.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  For a further explanation of the invention, reference is made to the
      drawing, in which
PAR  FIG. 1 is a vertical sectional view taken through the lower portion of the
      pressure reactor, with the rotary grate, and
PAR  FIG. 2 shows the bearing for the rotary grate in an embodiment, which is
      modified from that of FIG. 1.
DETD
PAC  DESCRIPTION
PAR  The lower portion of the pressure gasification reactor shown in FIG. 1
      comprises a pressure shell 1 and an inner shell 2. Water for cooling the
      reactor is contained in the space between the two shells, and the high
      temperatures in the reactor result in a production of steam, which will
      subsequently be referred to as jacket steam. This jacket steam is used in
      the reactor itself as a gasifying agent.
PAR  The reactor may be, e.g., 3 meters in diameter and comprises a rotatably
      mounted rotary grate R.
PAR  That grate is generally cone-shaped and consists substantially of an upper
      part 3, an intermediate part 4 and a lower part 5. Parts 3 and 5 are
      interconnected by a tube 3a and an annular disc 5a. A bearing disc 6
      extends from the annular disc 5a. The base of the bearing disc 6 rests on
      a thrust bearing 7. Any radial forces exerted in the bearing are taken up
      by the radial bearing 8. The thrust and radial bearings consist of the
      upper end of a carrying cylinder 9. The grate R is rotationally driven
      around a vertical axis from a motor, not shown, by a shaft 13, a pinion
      12, and a gear 22 belonging to the bearing disc 6. The ash is pushed into
      the annular chamber 25 by means of one or more scrapers 21, which are
      similar to plowshares, and is then withdrawn from the reactor.
PAR  Three conduits 14, 15, and 16 serve for the supply of gasifying agents,
      such as steam and oxygen. The gasifying agent flow through these conduits
      first into the interior of the rotary grate and are partly mixed therein
      before they enter outwardly into the charge to be gasified. Jacket steam,
      which is usually at a temperature of about 235.degree.C, and which may be
      mixed with superheated steam, is supplied through the conduit 16 and first
      enters an upper chamber 26. The chamber 26 is defined by the upper portion
      3, the tube 3a, and a deflecting plate 27 in the shape of an annular disc
      and is substantially closed. An annular outlet opening for the steam from
      chamber 26 is provided by the annular space between the deflecting plate
      27 and the conduit 16. Additional jacket steam is supplied in the conduit
      15 to a lower chamber 28, which is formed by the cylinder 9, a tube 10,
      which is concentric thereto, and a deflecting plate 29. The jacket steam
      is under a pressure that is slightly higher than the pressure in the
      reactor but does not exceed the latter by more than about  10 kilograms
      per square centimeter. Owing to the supply of the jacket steam, an
      oxygen-free steam atmosphere is formed in the chamber 28, particularly
      adjacent to the bearing, and part of the steam passes through the bearing
      clearance directly into the gasification zone. This steam protects the
      lubricant which is supplied to the bearing by an oil conduit.
PAR  Another part of the steam flows from the lower chamber through one or more
      narrow openings and past the deflecting plate 29 into a mixing chamber 30
      positioned between chambers 26 and 28.
PAR  A gas, which contains a mixture of steam and free oxygen is supplied into
      said mixing chamber through the conduit 14 and the tube 10. Water vapor
      which flows from the upper chamber 26 and past the deflecting plate 27
      also enters the chamber 30. The mixture forming in the chamber 30 emerges
      through openings 20 in the tube 3a and is distributed in the charge to be
      gasified.
PAR  The provision of the chamber system and the flow of the different gasifying
      agents along the paths described above, the upper chamber 26 adjacent to
      the top part 3 of the grate, and the region of the bearing 6, 7, and 8,
      are kept free of oxygen, so that a high stability of the grate and a
      trouble-free lubrication of the bearing are ensured. The upper part 3 is
      the hottest part of the grate.
PAR  FIG. 2 shows a modified rotary grate, which is mounted on ball bearings 23.
      Because of these ball bearings the gaps through which the steam flows from
      the lower chamber 28 into the interior of the reactor are much wider than
      in the embodiment of FIG. 1. For this reason, FIG. 2 shows also deflecting
      ribs 24, which minimize the pressure loss of the steam within the bearing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Reactor for continuously gasifying coal under elevated pressures and
      temperatures with, as gasifying agents, oxygen and at least one
      oxygen-free gasifying agent such as water vapor or carbon dioxide, said
      reactor comprising a rotary grate rotatably mounted on bearing means, said
      grate distributing said gasifying agents into said reactor, said rotary
      grate containing a mixing chamber having openings to release a mixture of
      said gasifying agents into the coal charge to be gasified, conduit means
      for supplying a mixture of oxygen and an oxygen-free gasifying agent to
      said mixing chamber, a lower chamber in said grate below and communicating
      with said mixing chamber, said lower chamber being adjacent the bearing
      means for said rotary grate, and further conduit means for supplying an
      oxygen-free gasifying agent to said lower chamber.
NUM  2.
PAR  2. Reactor of claim 1 wherein the uppermost portion of the rotary grate
      contains a substantially closed upper chamber and conduit means are
      provided for feeding an oxygen-free gasifying agent thereto, said upper
      chamber communicating with said mixing chamber.
NUM  3.
PAR  3. Reactor of claim 1 wherein deflecting plates which define passage
      openings are provided to substantially close said lower chamber.
NUM  4.
PAR  4. Reactor of claim 1 wherein said lower chamber adjacent the bearing is
      concentric with said conduit means.
NUM  5.
PAR  5. Reactor of claim 1 wherein the bearing means has passages for steam.
NUM  6.
PAR  6. Reactor of claim 1 wherein said bearing is a ball bearing.
NUM  7.
PAR  7. Reactor of claim 6 wherein the ball bearing is provided with barrier
      means to restrict the flow of steam.
NUM  8.
PAR  8. In a process of gasifying coal at elevated temperatures and pressures
      with oxygen and one or more oxygen-free gasifying agents in a reaction
      zone having a rotary grate rotatably mounted on bearing means, said grate
      being adapted for discharging ash and for feeding the gasifying agents,
      the improvement which comprises maintaining the bearing means for said
      grate in an oxygen-free, steam atmosphere.
NUM  9.
PAR  9. Process of claim 8 wherein steam flows through the bearing means of the
      rotary grate.
NUM  10.
PAR  10. Process of claim 8 wherein steam flows in contact with the inside of
      the bearing means for said grate.
NUM  11.
PAR  11. Process of claim 8 wherein the pressure of the steam atmosphere for the
      bearing means is higher than the pressure in the reaction zone.
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ABST
PAL  A filter bag which, when installed, exhibits an improved seal between the
      thimble and the bag is provided by (1) encasing the ring member in fabric,
      (2) by incorporating a fabric sleeve concentric with the cuff of the bag
      or (3) by incorporating two ring members in the bag cuff.
BSUM
PAR  This invention relates to filter bags.
PAR  In many industries there exists the problem of removing suspended solids
      from a stream of gas which is to be vented to the atmosphere. In some
      instances, it is desirable, from an economic standpoint, to recover the
      solids. In other instances, it is desirable, particularly in congested
      populated areas, to remove the solids from the vented gases to avoid
      pollution of the atmosphere. Various designs of different types of
      filtering equipment have been developed and are in use at the present
      time. One type of filtering apparatus used is that commonly called the
      "bag filter."
PAR  A typical bag filter apparatus comprises an air-tight housing which is
      divided into upper and lower chambers by an apertured plate. Filter bags,
      closed at one end and open at the other end, are installed in the upper
      chamber. The bags are suspended by the closed end and are anchored to the
      apertured plate at the open end by tube plate thimbles and retainer rings
      on the bags. A solids-laden gas, such as carbon black smoke, is introduced
      into the lower chamber by suitable conduit means. The gas passes through
      the filter bags which trap the dust, into the upper chamber, thence
      through a second conduit means. It is important that there be an effective
      seal between the lower and upper chambers to ensure that all the
      solids-laden gas pass through the filter bags.
PAR  Because of the fairly close tolerance between the thimble and the retainer
      ring, any foreign material, such as rust, between the thimble and retainer
      ring provides leakage paths for the solids-laden gas to bypass the filter
      bag. Recently, several installations have begun to use filter bags
      fabricated from polytetrafluoroethylene fabric. Such bags are difficult to
      install due to the thinness of the fabric which decreases the allowable
      tolerance between the thimble and retaining ring.
PAR  This invention is concerned with means for providing an effective seal
      between the retaining ring of a filter bag and the apertured plate
      thimble.
PAR  It is an object of this invention to provide an improved filter bag.
PAR  It is another object of this invention to provide an improved filter bag
      fabricated from polytetrafluoroethylene fabric.
PAR  Other objects, aspects and advantages of this invention will be readily
      apparent to those skilled in the art from the reading of the following
      disclosure.
PAR  In accordance with the present invention, there is provided an improved
      filter bag comprising an elongated, tubular, fabric body having first and
      second ends, the first end being closed and the second end open and
      terminating in a cuff having a flexible ring member disposed therein.
PAR  In one embodiment, the ring member is encased in fabric which is separate
      from the fabric of the bag.
PAR  In another embodiment, the filter bag has a fabric sleeve positioned
      concentrically with the cuff.
PAR  In yet another embodiment there is provided a filter bag having two
      flexible ring members disposed in the cuff.
DRWD
PAR  A more complete understanding of the invention will be had by reference to
      the accompanying drawing of which
PAR  FIGS. 1 and 2 are elevational views, partly in section, of a filter bag
      made in accordance with the first-described embodiment of this invention.
PAR  FIGS. 3 and 4 are elevational views, partly in section, of the lower
      portion of a filter bag made in accordance with the second-described
      embodiment of this invention.
PAR  FIG. 5 illustrates a filter bag having two ring members disposed in the
      cuff.
DETD
PAR  FIG. 1 illustrates a filter bag 2 in elongated tubular form having a closed
      end 4 and an open end 6, the open end terminating in a cuff 8 having
      disposed therein a ring member 10. The filter bag is supported at the
      closed end 4 by means not shown and is connected at the lower end 6 to a
      thimble 12 positioned in and projecting upwardly from a corresponding
      opening in apertured plate 14. Thimble 12 is welded to apertured plate 14.
      The thimble 12 has a holder 18 which is a peripheral indentation of the
      thimble.
PAR  The cuff 8 is formed in the lower edge of the filter as by turning back the
      edge and stitching it, as at 20 and 21, in a manner that will be readily
      understood. A ring member 10 is located in the cuff, the ring member being
      formed of a flexible material that will enable it to be slightly distorted
      so that it can be inserted and removed through the opening in thimble 12
      and be positioned below holder 18. The ring member is generally formed of
      a metal, although other materials can be used, consistent with the end use
      of the filter system. In the embodiment shown, the ring member 10 is
      encased in a fabric 22, which fabric encased ring member is then enclosed
      by the cuff 8.
PAR  As shown in FIG. 2, the cuff 8 can also be formed by backfolding the lower
      end of the bag on the outside wall to provide a substantial overlap,
      thereafter placing the ring 10, encased in fabric 22, as shown and again
      backfolding the resulting bottom double end 9 of the bag over ring 10. The
      amount of fold is regulated so that the double fold at 9 extends higher on
      the bag than the raw edge 11 (i.e., the unhemmed or cut edge of the bag)
      so that upon stitching at 20 and 21 the raw edge is blind.
PAR  FIG. 3 illustrates the lower portion of an elongated tubular filter bag 2
      wherein the lower end terminates in a cuff 8 having disposed therein a
      ring member 10. In this embodiment, a fabric sleeve 24 is positioned
      concentrically with the cuff 8.
PAR  As shown in FIG. 4, the cuff 8 can also be formed by backfolding the lower
      end of the bag on the outside wall to provide a substantial overlap,
      thereafter placing ring 10 as shown and again backfolding the resulting
      bottom double end 9 over ring 10. The amount of fold is regulated so that
      the double fold at 9 extends higher on the bag than the raw edge 11 so
      that upon stitching at 20 and 21 the raw edge is blind.
PAR  FIG. 5 illustrates the lower portion of an elongated tubular filter bag 2
      wherein the lower end terminates in a cuff 26 having disposed therein
      first and second ring members 28 and 30, respectively. The cuff 26 is
      formed in the lower edge of the filter as by emplacing the first ring
      member 28 and turning back the edge 32 over the first ring member. It may
      be desirable to stitch the edge 32 to the bag to facilitate emplacement of
      the second ring member, which is then emplaced around the bag above the
      cuff enclosed first ring member. The cuff, having disposed therein the
      first ring member 28, is then turned back over the second ring member 30
      and stitched, as at 34 and 35, to maintain the ring members in properly
      spaced relationship. The amount of fold is regulated so that the first
      ring member 28 is higher on the bag than the raw edge 32, so that upon
      stitching at 34 and 35 the raw edge is blind.
PAR  At least one of the ring members 28 and 30 can be encased in a fabric as
      shown in FIGS. 1 and 2 and the fabric-encased ring member(s) can then be
      enclosed by the cuff 26.
PAR  The present invention is applicable to filter bags fabricated from any
      gas-permeable dust-arresting fabric employed heretofore. It is
      particularly applicable, however, to bags fabricated from
      polytetrafluoroethylene fabric. Typically, such fabric has a weave design
      of 3 .times. 1 twill, a weight of 8 oz. per square yard, a thickness of
      0.01 inches, a thread count of 75 ends per inch in the warp and 62 picks
      per inch in the filling, and a porosity of 20 to 40 cubic feet per minute
      per sq. ft. of bag surface at a pressure of 0.5 inches of water.
PAR  The fabric which is used to encase the ring member as in the
      first-described embodiment or to fabricate the sleeve as in the
      second-described embodiment can be the same material as is used to
      fabricate the bag or it can be different. This fabric can be woven or it
      can be a felt. When the bag is fabricated from polytetrafluoroethylene
      woven fabric, it is preferred that the ring-encasing fabric or the sleeve
      fabric also be polytetrafluoroethylene, either a woven fabric or felt. In
      a presently preferred embodiment, this fabric is polytetrafluoroethylene
      felt.
PAR  The filter bags of the present invention provide a tighter seal around the
      retaining portion of the thimble than bags used heretofore. The present
      invention also allows the use of a smaller diameter ring member without
      loss of sealing efficiency, thus providing greater ease of installation of
      the bag end in the thimble.
PAR  The filter bags of this invention can be fabricated by methods presently
      employed in the art. When fabricating the bag of the first embodiment of
      this invention, i.e., a filter bag having a fabric-enclosed ring member in
      the bag cuff, it may be advisable to glue the ring-encasing fabric to the
      ring, to prevent the fabric from bunching. It is recommended that the
      lower row of stitching be placed as close to the ring member as possible.
PAR  Reasonable variations and modifications, which will be apparent to those
      skilled in the art, can be made in this invention without departing from
      the spirit and scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A filter bag comprising an essentially tubular, elongated fabric body,
      said fabric body having a first end and a second end, said first end being
      closed and said second end being open, said second end terminating in a
      cuff having been formed by turning back the edge of said second end and
      stitching same to said bag, said cuff having disposed therein at least one
      fabric-encased ring member.
NUM  2.
PAR  2. The bag of claim 1 wherein said fabric body is fabricated from a
      polytetrafluoroethylene woven fabric.
NUM  3.
PAR  3. The bag of claim 2 wherein said fabric has a porosity of 20 to 40 cubic
      feet per minute per square foot of surface at a pressure of 0.5 inches of
      water.
NUM  4.
PAR  4. The bag of claim 1 wherein said fabric encasing said ring is a
      polytetrafluoroethylene fabric.
NUM  5.
PAR  5. The bag of claim 3 wherein said encasing fabric is woven.
NUM  6.
PAR  6. The bag of claim 3 wherein said encasing fabric is a felt.
NUM  7.
PAR  7. The method of forming a cuff on a filter bag, said bag comprising an
      essentially tubular, elongated fabric body, said fabric body having a
      first end and a second end, said first end being closed and said second
      end being open, said second end terminating in a cuff having disposed
      therein a first ring member and a second ring member, wherein at least one
      of said ring members is fabric-encased, which comprises emplacing said
      first ring member around said bag and turning back the edge of said second
      end over said first ring member thereby forming a cuff, emplacing said
      second ring member around said bag above said cuff-enclosed first ring
      member, turning back said cuff having said first ring member disposed
      therein over said second ring member and stitching said cuff to said bag
      between said first and second ring members.
NUM  8.
PAR  8. The method of claim 7 wherein said fabric body is fabricated from a
      polytetrafluoroethylene woven fabric.
NUM  9.
PAR  9. The method of claim 8 wherein said fabric encasing at least one of said
      ring members is a polytetrafluoroethylene fabric.
NUM  10.
PAR  10. The method of claim 9 wherein said encasing fabric is woven.
NUM  11.
PAR  11. The method of claim 9 wherein said encasing fabric is a felt.
NUM  12.
PAR  12. A filter bag comprising an essentially tubular, elongated fabric body,
      said fabric body having a first and a second end, said first end being
      closed and said second end being open, said second end terminating in a
      cuff, said cuff having disposed therein a first ring member and a second
      ring member, said cuff having been formed by emplacing said first ring
      member around said bag and turning back the edge of said second end over
      said first ring member, thereby forming a cuff, emplacing said second ring
      member around said bag above said cuff-enclosed first ring member, turning
      back said cuff having said first ring member disposed therein over said
      second ring member, and stitiching said cuff to said bag between said
      first and second ring members.
NUM  13.
PAR  13. The bag of claim 12 wherein said fabric body is fabricated from a
      polytetrafluoroethylene woven fabric.
NUM  14.
PAR  14. The bag of claim 13 wherein said fabric has a porosity of 20 to 40
      cubic feet per minute per square foot of surface at a pressure of 0.5
      inches of water.
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ABST
PAL  This invention relates to apparatus for periodically automatically purging
      the contaminants from a filter unit of a compressed air system to
      reactivate the filtering medium in the filter unit during the time that an
      air compressor for supplying air under pressure to the system is operating
      unloaded or is stopped. The cleansing and reactivating apparatus comprises
      a purge reservoir disposed on the downstream side of the filter unit and
      valve means under the control of a compressor governor to automatically
      effect the supply of fluid under pressure from the purge reservoir to a
      fluid pressure operated combined compressor unloading and backflow vent
      valve device to automatically respectively cause unloading of the
      compressor upon the stopping there of and backflow of substantially dry
      air from the purge reservoir through the filtering medium, such as a
      desiccant in the filter unit, and this valve device to atmosphere until
      the pressure in the purge reservoir, and therefore, the operating pressure
      for this valve device, is reduced to a chosen low value. The conduit
      through which fluid under pressure flows from the discharge of the
      compressor to the inlet of the filter unit is so connected to the backflow
      pathway from the purge reservoir to atmosphere that the pressure in this
      conduit is reduced simultaneously with that in the purge reservoir as the
      fluid under pressure in this reservoir is released to atmosphere by
      backflow through the desiccant in the filter unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In U.S. Pat. No. 3,080,693, issued Mar. 12, 1963 to William H. Glass et al,
      and assigned to the assignee of the present application, there is shown an
      automatic cleaning apparatus for a filter unit in a compressed air system
      that includes a purge reservoir, separated from a storage reservoir by a
      one-way flow valve device, from which purge reservoir substantially dry
      air flows back through a desiccant in the filter unit and a fluid pressure
      operated backflow vent valve device to atmosphere thereby reactivating the
      desiccant upon operation of this backflow vent valve device to its open or
      backflow venting position by fluid under pressure supplied thereto from
      the storage reservoir upon operation of a compressor governor to unload
      the compressor in response to the pressure in the storage reservoir
      reaching a first chosen value. In this filter unit reactivating apparatus
      the compressor governor maintains the communication between the storage
      reservoir and the backflow vent valve device open until the use of fluid
      under pressure from the storage reservoir reduces the pressure therein to
      a second chosen value, less than the above-mentioned first chosen value,
      whereupon operation of the governor, in response to this reduction of the
      pressure in the storage reservoir to this lower value, effects reloading
      of the compressor and the release of the operating fluid under pressure
      from the backflow vent valve device. Therefore, it is apparent that the
      backflow vent valve device remains in its open position for a period of
      time variable in accordance with the rate of use of fluid under pressure
      from the storage reservoir.
PAR  The substantially dry air under pressure, as it flows from the purge
      reservoir through the desiccant material in the filter unit picks up or
      entrains moisture from the desiccant, this moisture having been removed by
      the desiccant from the air previously supplied from the compressor to the
      storage reservoir as it flowed through the desiccant. It is well-known
      that as the pressure of a fluid is reduced, the temperature will be
      reduced a generally proportionate extent below the temperature of the
      ambient air surrounding the reservoir from which the fluid is flowing.
      Therefore, the temperature of the air from the purge reservoir having
      moisture entrained therein by reason of its backflow through the desiccant
      in the filter as it flows through the backflow vent valve device to
      atmosphere, will be reduced. This reduction of temperature of the flowing
      air will cause the entrained moisture to condense by flocculation into a
      flocculent mass that in winter weather would freeze. This icy mass would
      render the vent valve device inoperative thus preventing a subsequent
      reactivation of the desiccant in the filter unit. Moreover, with the vent
      valve device frozen in the open position, upon reloading of the
      compressor, some of the air compressed by the compressor, instead of
      flowing through the filter unit to the purge reservoir and thence to the
      storage reservoir, will flow past the open vent valve device to
      atmosphere. Of course such a loss of compressed air is undesirable.
PAR  Accordingly, it is the general purpose of the present invention to provide
      an automatic cleaning apparatus for a filter unit in a compressed air
      system that includes a purge reservoir, separated from a storage reservoir
      by a one-way flow valve device, from which purge reservoir fluid under
      pressure is supplied for effecting both reactivation of a desiccant in the
      filter unit and operation of a combined compressor unloading and backflow
      vent valve device through which air from the purge reservoir is released
      to atmosphere subsequent to passing through the filter unit. By this
      arrangement reclosure of the combined compressor unloading and backflow
      vent valve device is responsive to the comparative quick reduction of the
      pressure in the purge reservoir rather than to operation of the governor
      to effect restarting or reloading of the compressor, it being noted that
      this restarting or reloading operation of the governor is dependent upon
      the rate of use of the fluid under pressure in the storage reservoir which
      rate may vary considerably so that an appreciable amount of time could
      elapse before reclosure of the backflow valve device occurs thereby
      enabling the formation of ice therein in the manner explained above.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an apparatus for periodically
      automatically purging the contaminants, such as water vapor, from a
      desiccant in a filter unit of a compressed air system to effect
      reactivation of the desiccant during the time that an air compressor for
      supplying air under pressure to the system is operating unloaded or
      stopped comprises a purge reservoir disposed on the downstream side of the
      filter unit and valve means under the control of a compressor governor to
      automatically simultaneously cause backflow of substantially dry air from
      the purge reservoir through the desiccant in the filter unit to atmosphere
      and a release of air under pressure in a conduit connecting the discharge
      valve chamber of the compressor to the inlet of the filter unit to thereby
      enable operation of the compressor when restarted against a minimum or no
      pressure in this conduit. The valve means includes a fluid pressure
      operated combined compressor unloading and backflow vent valve device
      operable in response to the supply of fluid under pressure thereto from
      the purge reservoir to cause backflow of substantially dry air from the
      purge reservoir through the desiccant in the filter unit and a vent valve
      embodied in this device to atmosphere to effect reactivation of the
      desiccant until the pressure in the purge reservoir is reduced to a chosen
      value dependent on the parameters of this valve device, and a fluid
      pressure operated supply valve device, operable in response to the supply
      of fluid under pressure thereto from a storage reservoir upon operation of
      a compressor governor when the pressure in the storage reservoir reaches a
      chosen maximum value, for effecting the supply of fluid under pressure
      from the purge reservoir to the backflow vent valve device to cause
      operation thereof.
DRWD
PAR  In the accompanying drawing:
PAR  The single FIGURE is a diagrammatic view, partly in section, showing one
      embodiment of the above-described invention.
DETD
PAC  DESCRIPTION
PAR  Referring to the drawing, there is shown a compressed air installation such
      as is usually found on such as electric railway locomotives wherein the
      air compressor is directly driven by an electric motor that receives its
      current from such as a third rail. This installation comprises an air
      compressor 1 that is driven by an electric motor (not shown), an air
      pressure storage reservoir 2 for receiving and storing the air under
      pressure delivered by the compressor 1, an aircooled aftercooler 3 for
      cooling the compressed air as it flows from the compressor 1 to the
      storage reservoir 2, a filter unit 4 for removing oil vapor and water
      vapor from the compressed air flowing to the storage reservoir 2, and a
      governor device 5 for normally effecting the supply of air under pressure
      from the main reservoir 2 to a fluid pressure operated supply valve device
      6 upon the pressure in the storage reservoir 2 attaining a chosen high
      pressure.
PAR  Also, according to the present invention, a cleansing and reactivating
      apparatus is further provided, which apparatus comprises a purge reservoir
      or volume 7 that, together with the filter unit 4, may be embodied in a
      single device, this volume 7 being interposed between the outlet of the
      filter unit 4 and the inlet to the storage reservoir 2, a pair of check
      valves 8 and 9 for respectively normally preventing backflow from the
      purge reservoir 7 to the filter unit 4 and from the storage reservoir 2 to
      the purge reservoir 7, a choke 10 in the form of two bores of small
      diameter provided in the check valve 8 and so arranged that their axes
      from a right angle, this choke 10 permitting flow of fluid under pressure
      between the purge reservoir 7 and the interior of the filter unit 4 at a
      controlled rate determined by the size of these bores, and a fluid
      pressure operated combined compressor unloading and backflow vent valve
      device 11 for controlling expulsion of air under pressure from the
      interior of the filter unit 4 and from both a pipe 12 that connects the
      outlet of the aftercooler 3 to the inlet of the filter unit 4 and a
      discharge pipe 13 that connects the inlet of the aftercooler 3 to the
      discharge valve chamber (not shown) of the compressor 1 as well as the
      interior of the aftercooler 3.
PAR  The compressor 1 shown has two low pressure cylinders 14 and 15 and a high
      pressure cylinder 16. The air compressed by the compressor 1 is conducted
      from a discharge valve chamber (not shown) of the high pressure cylinder
      16 to an inlet chamber 17 of the filter unit 4 through the pipes 12 and 13
      having therein the aftercooler 3. The inlet chamber 17 is connected to the
      vent valve device 11 by a pipe 18 to permit connecting the discharge
      chamber of the high pressure cylinder 16 of the compressor 1 to atmosphere
      to unload the compressor in a manner hereinafter described. A branch pipe
      19 connects the pipe 13 to a safety valve device 20 which may be of any
      suitable construction to limit the maximum pressure delivered by the
      compressor 1 to the pressure setting of the safety valve device 20.
PAR  The filter unit 4 may be somewhat similar in construction and operation to
      the filter unit shown and described in U.S. Pat. No. 2,930,445, issued
      Mar. 29, 1960 to William H. Glass et al and assigned to the assignee of
      the present invention. This filter unit 4 comprises a housing generally
      designated 21 it being noted from the drawing that the
      hereinbefore-mentioned purge reservoir 7 and chamber 17 are formed in this
      housing 21 and separated from each other by a wall 22 that is cast
      integral with this housing. As shown in the drawing, the upper end of the
      chamber 17 is closed by a removable bell-shaped cover 23 that is secured
      to the housing 21 by any suitable means (not shown). The end of the cover
      23 that abuts the housing 21 is provided with an annular recess in its
      surface into which a resilient sealing element 24 is disposed to afford a
      seal between the housing 21 and the cover 23.
PAR  Within the filter unit 4, as illustrated in the drawing, is a filter
      cartridge 25. It is to be understood that one or any number of cartridges
      may be used within the housing 21 and cover 23 and that each cartridge is
      substantially the same in construction and operation as the filter
      cartridges described in the above-mentioned U.S. Pat. No. 2,930,445.
      Therefore, a detailed description of the filter cartridge 25 is not deemed
      necessary.
PAR  An annular gasket or seal 26 is secured to each end wall of the filter
      cartridge 25 by any suitable oil and moisture resistant cement.
PAR  The lower gasket 26 of the cartridge 25 forms a seal with a support arm 27
      that is formed integral with the wall 22 of housing 21 and extends into
      the chamber 17 and the upper gasket 26 forms a seal with an annular flat
      surface 28 formed on the cover 23.
PAR  The annular flat surface 28 surrounds the lower end of a truncated
      cone-shaped chamber 29 formed in the cover 23, it being noted from the
      drawing that the air under pressure, after flowing through the desiccant
      in the filter cartridge 25 to the hollow interior of this cartridge, flows
      into this chamber 29. This chamber 29 is connected to one end of a large
      passageway 30 formed in the cover 23 by a bore 31 into which is
      press-fitted a bushing 32 that at its upper end is provided with a valve
      seat for the hereinbefore-mentioned check valve 8 which provides a rapid
      rate of flow of air under pressure from the chamber 29 to the passageway
      30 and a restricted rate of flow in the opposite direction via the choke
      10 in this check valve 8. The other end of the large passageway 30
      registers with one end of a bore 33 extending through the cover 23 and
      housing 21 and opening at its other end into the purge reservoir 7.
PAR  As shown in the drawing, the housing 21 is provided with a chamber 34 into
      which air under pressure may flow from the purge reservoir 7 via a filter
      element 35 of any suitable commercially available type that has an annular
      gasket or seal 36 secured to each end thereof. The seal 36 at the
      left-hand end of filter element 35 abuts and forms a seal with a wall or
      support arm 37 integral with the housing 21 and having a bore 38 extending
      therethrough to provide for the flow of air under pressure from the hollow
      interior of the filter element 35 to the chamber 34. The seal 36 at the
      right-hand end of the filter element 35 abuts and forms a seal with a
      cover member 39 that closes an opening 40 in the housing 21 and is
      removably secured to this housing by a pair of studs 41 and nuts 42.
PAR  Formed in the housing 21 is still another chamber 43 that is connected to
      the chamber 34 by a bore 44 into which is press-fitted a bushing 45 that
      at its upper end is provided with a valve seat for the
      hereinbefore-mentioned check valve 9 which provides for flow of air under
      pressure from the chamber 34 to the chamber 43 and prevents flow in the
      opposite direction.
PAR  The governor device 5 may be the same in construction and operation as the
      electric governor switch shown and described in U.S. Pat. No. 1,615,365,
      issued Jan. 25, 1927 to Clyde C. Farmer and assigned to the assignee of
      the present invention, except the switch portion of the electric governor
      switch shown in U.S. Pat. No. 1,615,365 is replaced by a compressor motor
      start-stop switch device denoted on the drawing by the numeral 46. The
      construction of the switch device 46 may be the same as that shown and
      described in U.S. Pat. No. 3,448,229, issued June 3, 1969 to Mortimer D.
      Wilson et al and assigned to the assignee of the present invention.
PAR  The governor device 5 has an inlet port to which is connected one end of a
      pipe 47 and an outlet port to which is connected one end of a pipe 48. The
      other end of the pipe 47 opens into the hereinbefore-mentioned chamber 43
      into which also opens one end of a pipe 49 that at its opposite end opens
      into the storage reservoir 2. Consequently, it is apparent that the
      governor device 5 is constantly supplied with air at the pressure present
      in the storage reservoir 2. The other end of the pipe 48 is connected to a
      control port of the hereinbefore-mentioned supply valve device 6, and
      connected to this pipe 48 intermediate the ends thereof is one end of a
      pipe 50 the opposite end of which is connected to the switch device 46 the
      purpose of which is to control the starting and stopping of an electric
      motor (not shown) that drives the air compressor 1.
PAR  The construction and operation of the supply valve device 6 is the same as
      that of the fluid logic valve device 1 shown in FIG. 1 of U.S. Pat. No.
      3,653,408, issued Apr. 4, 1972 to Ronald W. Coiner, and assigned to the
      assignee of the present invention. Therefore, a detailed description of
      the valve device 6 is not deemed necessary.
PAR  The supply valve device 6 is provided with a control port 51 to which the
      hereinbefore-mentioned other end of the pipe 48 is connected, a supply
      port 52 and a delivery port 53. Connected to the supply port 52 is one end
      of a pipe 54 the opposite end of which opens into the
      hereinbefore-mentioned chamber 34. Consequently, the supply port 52 is
      constantly supplied with air under pressure from the purge reservoir 7 via
      filter element 35, bore 38, chamber 34 and pipe 54. Connected to the
      delivery port 53 is one end of a pipe 55 the opposite end of which is
      connected to the hereinbefore-mentioned combined compressor unloading and
      backflow vent valve device 11 which will now be described in detail.
PAR  The valve device 11 comprises a valve body 56 having formed therein a
      chamber 57 into which opens two coaxial bores 58 and 59 that extend
      through two opposite walls of the chamber 57.
PAR  Formed integral with the right-hand end of the body 56 is an outwardly
      extending flange 60 that is provided with two smooth bores through which
      may extend a pair of cap screws for securing the valve device 11 to a
      suitable part of a vehicle such as a railway locomotive.
PAR  Coaxial with the bore 59 and extending through the flange 60 and into the
      body 56 is a counterbore 61 the right-hand end of which is provided with
      internal screw threads for receiving a hollow screw-threaded plug 62 that
      retains a valve seat member 63 in the counterbore 61 and is provided with
      internal screw threads for receiving one end of the hereinbefore-mentioned
      pipe 18.
PAR  Disposed within the valve seat member 63 is a ball-type valve 64 that may
      be unseated from a resilient valve seat 65 carried by the valve seat
      member 63 by a valve operating stem 66 that extends through a bushing 67
      that is press-fitted into the bore 59, the chamber 57 and the bore 58, and
      is secured to a diaphragm follower 68 by means such as, for example, a pin
      69.
PAR  The diaphragm follower 68 abuts the central portion of a diaphragm 70 the
      outer periphery of which is clamped between the left-hand end of the valve
      body 56 and a cover member 71 secured to the body 56 by such as, for
      example, a plurality of cap screws 72 a portion of one of which appears in
      the drawing.
PAR  The diaphragm 70 cooperates with the valve body 56 and the cover member 71
      to form on the respective opposite sides of this diaphragm 70 a pair of
      chambers 73 and 74. The chamber 73 is connected to the chamber 57 by the
      bore 58 and opening into the chamber 74 is one end of a passageway 75 that
      extends through the cover member 71 and valve body 56 and at its other end
      has connected thereto the hereinbefore-mentioned opposite end of the pipe
      55.
PAR  Interposed between the body 56 and the diaphragm follower 68 and extending
      through the bore 58 and chambers 73 and 57 in surrounding relation to the
      valve operating stem 66 is a spring 76 that, in the absence of fluid under
      pressure in the chamber 74, biases the left-hand side of the diaphragm 70
      against the cover member 71 and the valve operating stem 66 to the
      position shown in the drawing. While the stem 66 occupies the position
      shown, its right-hand end is disposed out of contact with the ball-type
      valve 64. Therefore, so long as the stem 66 occupies the position shown,
      any fluid under pressure present in the pipe 18 will bias the valve 64
      against its seat 65 thereby cutting off flow of fluid under pressure from
      the pipe 18 to atmosphere via the bore 59 and an exhaust passageway 77
      provided in the body 56 that at one end opens at the wall surface of the
      bore 59 and at the other at the exterior surface of the body 56.
PAC  Operation
PAR  In operation, let it be assumed that the electric motor which drives the
      compressor 1 is stopped in which condition a pair of contacts (not shown)
      of the switch device 46 will occupy a closed position, it being understood
      that a main circuit breaker (not shown) is open to cut off the supply of
      electric power to the motor that drives the compressor 1, the storage
      reservoir 2 and the purge reservoir 7 are at atmospheric pressure, and the
      parts of the supply valve device 6 and the combined compressor unloading
      and backflow vent valve device 11 occupy the position in which they are
      respectively shown in the drawing.
PAR  Therefore, when the main circuit breaker is closed to effect the supply of
      power to the electric motor, it will start and operate the compressor 1 to
      deliver air under pressure through the pipe 13, aftercooler 3 and pipe 12
      to the inlet chamber 17 of the filter unit 4. The compressed air thus
      supplied to the inlet chamber 17 will flow through the filter cartridge 25
      to the chamber 29. In so doing, contaminants in the form of oil vapor and
      water vapor, in the compressed air will be condensed in the submicroscopic
      capillary fines consisting of the activated alumina which may constitute
      the desiccant with which the filter cartridge 25 may be filled. The
      moisture thus condensed forms small drops of water and globules of oil
      which remain in the desiccant as the fluid under pressure leaves the
      filter cartridge 25 and flows through the chamber 29, past check valve 8
      and thence to the purge reservoir 7 via passageway 30 and bore 33.
PAR  The pressure in the purge reservoir 7 will increase as air under pressure
      flows thereto from the filter cartridge 25. Therefore, as the pressure in
      the purge reservoir 7 increases, air under pressure will flow from this
      reservoir 7 through the filter element 35, bore 38, chamber 34, past check
      valve 9 to chamber 43 and thence to the main storage reservoir 2 via pipe
      49.
PAR  It will be noted that air under pressure from the chamber 34 flows to the
      supply port 52 of the supply valve device 6 via pipe 54 and from the
      chamber 43 to the governor device 5 via pipe 47.
PAR  From the above, it is apparent that the compressor 1 will supply air under
      pressure to the storage reservoir 2 to increase the pressure therein.
PAR  When the pressure in the storage reservoir 2 and the pipe 47 has been
      increased to the hereinbefore-mentioned chosen high pressure, the governor
      device 5 will operate in response to this pressure in the manner explained
      in hereinbefore-mentioned U.S. Pat. No. 1,615,365 to supply air under
      pressure from the storage reservoir 2, pipes 49 and 47 and chamber 43 to
      the pipe 48 from whence it will flow via the pipe 50 to the switch device
      46 whereupon the contacts of this switch device are open thereby cutting
      off the supply of electric current to the motor that drives the compressor
      1 thereby stopping this compressor.
PAR  Since the pipe 48 is connected to the control port 51 of the supply valve
      device 6, when the pressure in a chamber 78 below a diaphragm 79 is
      increased sufficiently to overcome the biasing force of a spring 80 on a
      diaphragm type of valve 81, the diaphragm of which is provided with a pair
      of apertures 82 therein, and the fluid pressure force due to fluid under
      pressure acting over that portion of this diaphragm within an annular
      valve seat 83. The valve 81 will be unseated from this valve seat 83.
PAR  Upon the unseating of valve 81 from its seat 83, fluid under pressure will
      be supplied from the purge reservoir 7 to the chamber 74 of the combined
      compressor unloading and backflow vent valve device 11 via filter element
      35, bore 38, chamber 34, pipe 54, supply port 52, apertures 82, thence via
      a counterbore 84 coaxial with a bore 85 at the upper end of which
      counterbore 84 is formed valve seat 83, a passageway 86 opening at one end
      into the counterbore 84 and at the other to the delivery port 53, this
      delivery port 53, and the pipe 55.
PAR  When the pressure of fluid thus supplied to chamber 74 of the valve device
      11 becomes sufficient to overcome the opposing force of spring 76,
      diaphragm 70 will deflect in the direction of the right hand, as viewed in
      the drawing, to shift stem 66 in this same direction and thereby cause
      unseating of ball-type valve 64 from its seat 65, it being noted that this
      valve 64 is normally maintained against the seat 65 by fluid under
      pressure in the pipe 18.
PAR  When valve 64 is thus unseated from its seat 65, the pipe 13 connected to
      the discharge valve chamber of the high pressure cylinder 16 of compressor
      1 is connected to atmosphere via aftercooler 3, pipe 12, chamber 17 in
      filter unit 4, pipe 18, past now open valve 64, bore 59 and passageway 77.
      Consequently, the pressure in the pipes 13 and 12 is reduced as fluid
      under pressure flows therefrom to atmosphere thus unloading the compressor
      1.
PAR  Moreover, when valve 64 is unseated from its seat 65, the air under
      pressure now trapped in the purge reservoir 7 by the check valve 9 will
      flow back through the bore 33, passageway 30 and choke 10 in check valve
      8, to the chamber 29 at the top of the filter cartridge 25 and thence
      successively through the desiccant in this cartridge 25, chamber 17, pipe
      18 and past now open valve 64 to atmosphere via bore 59 and passageway 77
      at a rate controlled by the size of the choke 10.
PAR  Since the chamber 74 in the valve device 11 is connected to the purge
      reservoir 7 via passageway 75, pipe 55, now open valve 81 of supply valve
      device 6, pipe 54, chamber 34, bore 38 and filter element 35, the pressure
      in this chamber 74 will be reduced simultaneously as the pressure in the
      purge reservoir 7 is reduced. Consequently, the fluid under pressure in
      the chamber 74 and the purge reservoir 7 will thus flow to atmosphere
      until the pressure in the chamber 74 is reduced to such a value that the
      spring 76 is rendered effective to return the diaphragm 70, diaphragm
      follower 68 and valve operating stem 66 to the position shown. The fluid
      under pressure remaining in the pipe 18 will now seat valve 64 on its seat
      65 to prevent further flow of fluid under pressure from chamber 74 and the
      purge reservoir 7 to atmosphere. It should be noted at this point that the
      time required for the pressure in the purge reservoir 7 to be reduced to
      the value at which valve 64 is reseated on its seat 65 is dependent upon
      or is a function of the volumetric capacity of the purge reservoir 7 and
      the strength of the spring 76.
PAR  The effect of this reverse flow of air under pressure from the purge
      reservoir 7 through the desiccant in the cartridge 25 is to dislodge the
      condensation in the form of small drops of water and globules of oil from
      the surface of the activated alumina fines or other desiccant in this
      cartridge so that this condensation becomes entrained in the fluid
      pressure stream and passes therewith to the atmosphere.
PAR  At the time the combined compressor unloading and backflow vent valve
      device 11 is operated to open its valve 64, the pressure in the chamber
      74, purge reservoir 7 and filter unit 4 are substantially the same. After
      the valve 64 is opened, the pressure in chamber 74, purge reservoir 7 and
      filter unit 4 will be reduced at substantially the same rate until the
      pressure in each reaches a value determined by the strength of spring 76,
      it being understood that the strength of this spring 76 is so selected
      that this pressure may be any desired low value. As the pressure within
      the cartridge 25 in the filter unit 4 is thus reduced, the pressure on the
      small drops of water and globules of oil within the submicroscopic
      capillary fines of the activated alumina or other desiccant material is
      also reduced.
PAR  This reduction in pressure causes an evaporation of some of the droplets of
      water from the submicroscropic interior surfaces of the activated alumina
      fines or other desiccant so that the water vapor resulting from this
      evaporation becomes entrained in the dry fluid under pressure (air)
      flowing from the purge reservoir 7 through these fines and is carried
      therewith to atmosphere via the open valve 64 of valve device 11.
PAR  The removal of the condensate in the form of water and oil from the
      desiccant in the manner explained above effects a reactivation of the
      desiccant whereby upon subsequent operation of the compressor 1 loaded,
      the desiccant in cartridge 25 will be more effective to remove oil vapor
      and water vapor from fluid under pressure passing through this cartridge
      to the storage reservoir 2 than at the time the compressor 1 was stopped.
PAR  It should be noted that by effecting reclosing of the valve 64 in the valve
      device 11 upon the pressure in the chamber 74 and the purge reservoir 7
      reaching a chosen low value dependent on the strength of the spring 76,
      the time that the valve 64 remains open is comparatively short and is less
      than the time that would be required in winter weather for the flocculent
      mass resulting from the condensing by flocculation of the entrained
      moisture in the air flowing to atmosphere via this open valve 64 to freeze
      into ice so that this valve 64 could not properly be reseated on its seat
      65.
PAR  After the pressure in the purge reservoir 7 has been reduced by flow to
      atmosphere to the value at which the valve 64 of the valve device 11 is
      reseated on its seat 65 by the remaining fluid under pressure in pipe 18,
      this valve 64 will remain closed and the compressor 1 stopped until the
      use of fluid under pressure from the storage reservoir 2 reduces the
      pressure therein to a second chosen pressure which is lower than the
      hereinbefore-mentioned chosen high pressure. Upon the pressure in the
      storage reservoir 2 being reduced to this second chosen pressure, the
      governor device 5 will operate in response thereto to establish a
      communication between the pipes 48 and 50 and atmosphere whereupon fluid
      under pressure will be released from the control port 51 of the supply
      valve device 6 and from the switch device 46.
PAR  Upon release of fluid under pressure from the control port 51 of the valve
      device 6, the elements of this valve device will return to the position in
      which they are shown whereupon all fluid under pressure in the chamber 74
      is vented to atmosphere via passageway 75, pipe 55, delivery port 53,
      passageway 86, counterbore 84, bore 85 and an exhaust passageway 87.
PAR  Upon the release of fluid under pressure from the pipe 50, the switch
      device 46 will operate to effect closing of its contacts in the manner
      explained in hereinbefore-mentioned U.S. Pat. No. 3,448,229, whereupon
      electric power will be supplied to the motor that drives the compressor 1.
      This motor will now drive the compressor 1 to effect the supply of fluid
      under pressure to the storage reservoir 2 until the pressure therein again
      reaches the hereinbefore-mentioned high pressure. When the pressure in the
      storage reservoir 2 reaches the hereinbefore-mentioned high pressure, the
      governor device 5 will operate in response to this pressure to again
      supply fluid under pressure from the storage reservoir 2 to the pipes 48
      and 50 whereupon the compressor 1 will be stopped and the substantially
      dry air in the purge reservoir 7 again will be vented to atmosphere
      through the filter cartridge 25 to reactivate the desiccant therein in the
      manner hereinbefore explained until the pressure in the purge reservoir 7
      reaches a low value dependent upon the strength of spring 76 in valve
      device 11.
PAR  By venting the purge reservoir 7 to atmosphere through the desiccant in the
      filter cartridge 25 each time the compressor 1 is stopped, the desiccant
      is reactivated so that its useful life extends over a period of time
      substantially much longer than would be the case if no reactivation were
      made during the time the compressor 1 is stopped.
PAR  Moreover, limiting the time that the valve 64 of the combined compressor
      unloading and backflow vent valve device 11 is held open in accordance
      with the strength of the spring 76 and independently of the rate of use of
      fluid under pressure from the storage reservoir 2 prevents freezing in
      winter weather of any flocculent mass that might collect in or on this
      valve device 11.
PAR  It will be understood that while the invention has been described with
      respect to compressed air systems of the start-stop or continuous
      operation load-unload type, the apparatus is equally effective in
      connection with other types of compressible fluids or gases. Reference is,
      therefore, made in the appended claims to fluids or gases generally
      without limitation to compressed air.
CLMS
STM  Having now described the invention what we claim as new and desire to
      secure by Letters Patent, is:
NUM  1.
PAR  1. Cleansing apparatus for a filter unit of the desiccant type disposed in
      a conduit connecting a fluid compressor to a storage reservoir, said
      cleansing apparatus comprising:
PA1  a. a purge reservoir charged with fluid under pressure delivered by the
      fluid compressor, wherein the improvement comprises:
PA1  b. a fluid pressure operated combined compressor unloading and backflow
      vent valve device operable by fluid under pressure from said purge
      reservoir to concurrently effect a release of fluid under pressure from
      the conduit and a supply of fluid under pressure from said purge reservoir
      through the filter unit to atmosphere in a direction opposite to the
      normal direction of flow of fluid under pressure therethrough to remove
      contaminants from and thus reactivate the desiccant in said filter unit
      until the pressure in the purge reservoir is reduced to a chosen low
      pressure, and
PA1  c. fluid pressure operated means effective upon the pressure in the storage
      reservoir reaching a chosen value to cause the flow of fluid under
      pressure from said purge reservoir to said fluid pressure operated
      combined compressor unloading and backflow vent valve device to effect
      operation thereof.
NUM  2.
PAR  2. Cleansing apparatus for a filter unit, as recited in claim 1, further
      characterized by one-way flow valve means providing flow of fluid under
      pressure from said purge reservoir to the storage reservoir, and by means
      for limiting the rate of flow from said purge reservoir in the direction
      of the filter unit.
NUM  3.
PAR  3. Cleansing apparatus for a filter unit, as recited in claim 1, further
      comprising:
PA1  a. a first one-way flow valve means providing flow of fluid under pressure
      from the filter unit to said purge reservoir,
PA1  b. means carried by said first one-way flow valve means for limiting the
      rate of flow from said purge reservoir in the direction of the filter
      unit, and
PA1  c. a second one-way flow valve means providing flow of fluid under pressure
      from said purge reservoir to said storage reservoir and to said fluid
      pressure operated means.
NUM  4.
PAR  4. Cleansing apparatus for a filter unit, as recited in claim 1, further
      characterized in that said purge reservoir is disposed between the filter
      unit and the storage reservoir on the downstream side of the filter unit.
NUM  5.
PAR  5. Cleansing apparatus for a filter unit, as recited in claim 2, further
      characterized by a filter element interposed between said purge reservoir
      and said one-way flow valve means for removing contaminants from fluid
      under pressure flowing from said purge reservoir to the storage reservoir.
NUM  6.
PAR  6. Cleansing apparatus for a filter unit, as recited in claim 2, further
      characterized in that said fluid pressure operated means comprises:
PA1  a. a fluid pressure operated valve device for effecting the supply of fluid
      under pressure from said purge reservoir to said combined compressor
      unloading and backflow vent valve device to cause operation thereof, and
PA1  b. a compressor governor device operable in response to the pressure in the
      storage reservoir reaching a chosen high pressure to effect the supply of
      fluid under pressure from the storage reservoir to said fluid pressure
      operated valve device, and in response to a subsequent reduction of the
      pressure in the storage reservoir to a chosen lower pressure to effect cut
      off of said supply of fluid under pressure to said fluid pressure operated
      valve device and release of fluid under pressure therefrom to atmosphere,
PA1  c. said fluid pressure operated valve device being connected to the inlet
      side of said one-way flow valve means and said compressor governor device
      being connected to the outlet side of said one-way flow valve means.
NUM  7.
PAR  7. Cleansing apparatus for a filter unit, as recited in claim 6, further
      characterized in that said fluid pressure operated combined compressor
      unloading and backflow vent valve device comprises:
PA1  a. a valve to control communication between both the interior of the filter
      unit and the interior of that portion of the conduit connecting the
      compressor to the filter unit and atmosphere,
PA1  b. biasing means,
PA1  c. a movable abutment for effecting operation of said valve to open and
      close said communication, said abutment being subject on one side thereof
      to fluid under pressure supplied thereto from said purge reservoir upon
      operation of said fluid pressure operated valve device and on the opposite
      side to said biasing means whereby said abutment is effective upon the
      supply of fluid under pressure from said purge reservoir to said one side
      to maintain said communication open to release fluid under pressure from
      said purge reservoir to atmosphere until the force of said biasing means
      on said opposite side of said abutment exceeds the fluid pressure force of
      the fluid under pressure from said purge reservoir effective on said one
      side whereby said movable abutment is rendered effective to provide for
      the closing of said communication by said valve upon the reduction of the
      pressure in said purge reservoir to a chosen low value thereby enabling
      operation of said valve to close said communication independently of
      subsequent operation of said compressor governor device to release fluid
      under pressure from said fluid pressure operated valve device thus
      precluding freezing of any flocculent mass on said valve upon the flow
      therepast of fluid under pressure from said purge reservoir subsequent to
      entraining moisture therein by flow through the desiccant in the filter
      unit to effect reactivation of the desiccant by the removal of said
      moisture therefrom.
NUM  8.
PAR  8. For use in a compressed fluid installation of the type including a
      storage reservoir, a fluid compressor, a conduit through which the
      compressor effects the supply of fluid under pressure to the reservoir for
      the charging thereof, fluid pressure operated means for releasing fluid
      under pressure from a portion of the conduit connected to the discharge of
      the compressor to atmosphere, and fluid pressure operated valve means
      operated in consequence of the pressure in the storage reservoir reaching
      a chosen value for effecting operation of the fluid pressure operated
      releasing means, wherein the improvement comprises a combined filter unit
      of the desiccant type and reactivating means therefor, said combined
      filter unit and reactivating means therefor comprising:
PA1  a. a sectionalized casing having a plurality of casing sections each
      provided with at least one cavity whereby said casing sections cooperate
      to provide said sectionalized casing with a plurality of chambers, one of
      said casing sections having formed integral therewith a support arm
      extending into one of said chambers into which opens said portion of said
      conduit connected to the discharge of the compressor,
PA1  b. a filter cartridge filled with a desiccant, said cartridge being
      disposed between said one chamber and another of said chambers and
      interposed between and in sealing relation with said support arm and a
      second one of said casing sections,
PA1  c. a first one-way flow valve means controlling flow of filtered fluid
      under pressure from said another chamber to a third chamber of said
      plurality of chambers,
PA1  d. choke means for providing a limited rate of flow of fluid under pressure
      from said third chamber to said another chamber,
PA1  e. a filter element disposed between said third chamber and a fourth
      chamber from which fluid under pressure may be supplied for effecting
      operation of the fluid pressure operated releasing means, and
PA1  f. a second one-way flow valve means controlling flow of filtered fluid
      under pressure from said fourth chamber to a fifth chamber from which
      fluid under pressure may be supplied to the storage reservoir
PA1  g. said fluid pressure operated releasing means being so constructed as to
      cooperate with said choke means and said one-way flow valve means as to
      provide for operation of said releasing means by fluid under pressure
      supplied thereto from said fourth chamber to release fluid under pressure
      from said third chamber to atmosphere via said filter cartridge to effect
      reactivation of the desiccant therein until the pressure in said third and
      fourth chambers is reduced to a chosen low value.
NUM  9.
PAR  9. A combined filter unit and reactivating means as recited in claim 8,
      further characterized in that said first one-way flow valve means
      comprises:
PA1  a. an annular valve seat carried by said second casing section, and
PA1  b. a valve for cooperation with said valve seat.
NUM  10.
PAR  10. A combined filter unit and reactivating means, as recited in claim 8,
      further characterized in that said second one-way flow valve means
      comprises:
PA1  a. an annular valve seat carried by said one casing section, and
PA1  b. a valve for cooperation with said valve seat.
NUM  11.
PAR  11. A combined filter unit and reactivating means, as recited in claim 8,
      further characterized in that said one chamber is formed by the
      cooperative relationship between said one and said second casing sections,
      and said another chamber is formed by the cooperative relationship of the
      interior of said filter cartridge and said second casing section.
NUM  12.
PAR  12. A combined filter element and reactivating means, as recited in claim
      8, further characterized in that said third chamber is formed by the
      cooperative relationship between said one and said second casing sections,
      and by means carried by said one casing section separating said one
      chamber and said third chamber.
NUM  13.
PAR  13. A combined filter element and reactivating means, as recited in claim
      8, further characterized in that said fourth and fifth chambers are formed
      in said one casing section, and by an opening therein through which said
      filter element disposed between said third and fourth chambers may be
      removed.
NUM  14.
PAR  14. A combined filter element and reactivating means, as recited in claim
      8, further characterized in that said one casing section has formed
      integral therewith a second support arm for supporting thereon said filter
      element, said second support arm being so disposed that, when supporting
      thereon said filter element, said filter element is disposed between and
      separates said third and fourth chambers.
NUM  15.
PAR  15. A combined filter element and reactivating means, as recited in claim
      9, further characterized in that said second casing section is provided
      with an opening therein through which said valve may be removed, and by
      removable means for closing said opening.
NUM  16.
PAR  16. A combined filter element and reactivating means, as recited in claim
      10, further characterized in that said one casing section is provided with
      an opening through which said valve may be removed, and by removable means
      for closing said opening.
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ABST
PAL  A method of making glass tubes in which forced cooling of the tube is
      effected from the inside thereof in an annealing section of a tube
      fabricating plant.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to methods of producing glass tubes.
PAC  BACKGROUND
PAR  Procedures are widely known for making glass tubes, for example, by drawing
      a melt from its free surface. Such procedures enable mechanized
      fabrication of glass tubes in a rather broad range of size.
PAR  One technique of production of glass tubes comprises the following major
      steps: batch mixing, glass melting, glass tube forming followed by
      annealing and cooling, breaking-off (cutting-off), annealing the tubes
      produced in annealing devices and cutting them to specified lengths.
PAR  The forming of glass tubes with subsequent annealing and cooling as well as
      the breaking-off (cutting-off) of the tube are effected in upright drawing
      plants comprising a drawing compartment wherein the tube is formed, and a
      drawing pit equipped with guide rolls adapted to draw the glass tube from
      the free surface of the melt.
PAR  The drawing compartment, which is about 2 meters in diameter is heated by
      natural gas with the help of tangential burners. The compartment is open
      to the working end of a glass-melting furnace through a wide throat along
      which the melt is continually admitted into the compartment.
PAR  At the center of the compartment, there is a metal pipe through which air
      is blown inside the tube being formed to provide the manufacture of tubes
      of specified dimensions. From the exterior, a tube of requisite size is
      formed with the help of a water cooler which is free to move vertically
      with respect to the surface of the melt.
PAR  The dimensions of the tube being made are adjusted by varying the amount of
      air admitted into the forming section, the spacing between the cooler and
      the surface of the melt and the drawing speed.
PAR  Upon forming, the tube is transferred to the drawing pit wherein annealing
      is performed in a certain temperature range, depending on a given chemical
      composition of the glass, and subsequent cooling to a temperature at which
      the tube breaks off.
PAR  However, upon leaving the upright drawing plant, the tubes are
      characterized by inadequate mechanical strength and heat resistance which
      are necessary for reliability. These characteristics result from
      spontaneous irregular annealing to which the tube may be subjected. Since
      each tube is formed at a pressure created by blasting the air inside the
      tube being formed, the air is in a parallel flow with the direction of
      drawing of the glass tube. In this case, the air is heated in the forming
      section to such a temperature that it does not cool the tube in the
      annealing range and the remaining portion of the pit. As each glass tube
      is cooled in the annealing section only from its exterior, large tensile
      stresses are generated on the tube internal surface, an additional
      annealing of the tubes in special annealing outfits becoming therefore
      imperative.
PAR  A reduction in the tensile stresses resulting from repeated heat treatment
      in the above-mentioned annealing outfits tends to improve mechanical and
      heat-resisting characteristics of the glass tubes.
PAR  It should be noted that most reasonable in terms of the strength
      characteristics of the tube is distribution of the stresses along the tube
      thickness such that both its internal and external surfaces are in a
      compressed state. However, present-day techniques do not insure such
      stress distribution at which the tubes may have enhanced mechanical and
      heat-resisting properties.
PAR  Additional annealing of glass tubes complicates the production techniques
      and requires large floor areas for arranging the annealing outfits.
      Moreover, carrying the glass tubes to and within the annealing plants
      results in breakage thereby diminishing the yield of finished products.
PAC  SUMMARY OF INVENTION
PAR  A principal object of the invention is to provide an improved method of
      making glass tubes by using such technological operations as will allow
      simplifying the production technique as a whole, materially diminishing
      production floor areas and enhancing the process output.
PAR  The above and other objects of the invention are achieved by the fact that
      in making glass tubes by the upright drawing of a melt from its free
      surface and geometric forming with the aid of an air flow blown inside the
      tubes and heated in a forming section, with subsequent annealing of the
      tube and its cooling to an ambient temperature, according to the
      invention, the tube is subjected to forced cooling from the inside in the
      annealing section.
PAR  It is particularly advantageous that a gaseous coolant, moving in a
      parallel flow with the tube being formed, and the above-mentioned forming
      air flow be supplied into the annealing section through a pipe arranged
      inside the tube being formed. The pipe may be evacuated by drawing off the
      forming air in a counterflow to draw ambient cooling air into the tube.
PAR  To create rarefaction in the annealing section, it is preferred that a
      tubular member through which the air can be drawn off from the annealing
      and forming sections be introduced into the tube being made.
PAR  The present invention consists essentially of the following:
PAR  The tube being subjected to forced cooling from the inside in the annealing
      section can be uniformly cooled in the pit of a upright drawing plant. The
      external surface of the tube is cooled due to heat transfer to the ambient
      air, the tube cooling rate being dependent in this case on the pit design
      to be determined in accordance with the requirements imposed on the tube
      characteristics. As to the rate of cooling of the tube from the inside in
      the annealing section, this is determined by the amount and temperature of
      the air in this section. Therefore the supply of the gaseous coolant into
      the annealing section or the drawing off of the hot forming air from the
      forming and annealing sections has a favorable effect when the tube is
      cooled from the inside.
PAR  Owing to regular cooling from both sides, the glass tube is annealed in
      such a manner as to acquire such mechanical properties that the need for
      additional annealing is completely eliminated.
PAR  The obviating of a technological operation, the repeated annealing of the
      glass tubes, reduces the production cycle and simplifies the production
      technique along with a substantial decrease in the requisite production
      floor areas. With a single annealing operation effected directly in the
      upright drawing plants, the production floor area requirements in making
      glass tubes are reduced by 30-50 percent. The fabrication of glass tubes
      by using the hereinbefore described techniques makes it possible to
      increase the yield of finished products by 10-20 percent.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  The invention is next further exemplified by a detailed description of a
      specific embodiment thereof, taken in conjunction with the accompanying
      drawing in which the sole FIGURE diagrammatically and in section
      illustrates both the apparatus and method of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to the drawing, a plant is composed of two main units: a
      device for drawing glass tubes which constitutes several pairs of guide
      rolls 1 arranged in a drawing pit 2, and a cylindrical compartment 3 with
      molten glass located beneath the pit 2 and connected to a working end of a
      glassmelting furnace through a wide throat (not shown in the drawing).
PAR  The walls of the compartment 3 are provided with ports 4 for arranging
      burners (not shown in the drawing) adapted to maintain the requisite
      temperature in the compartment.
PAR  The central portion of the compartment 3 accommodates a ceramic blowpipe 5
      mounting a tapered hollow ceramic bushing 6. The compartment 3
      incorporates a coaxial metal pipe 7 resting with its flange 8 on the
      tapered bushing 6.
PAR  In addition, the plant is furnished with a hollow annular cooling 9 mounted
      movably in relation to the vertical axis of the plant. The hollow annular
      water cooler 9 is adapted to form a tube 10 from the external side acting
      at the same time as a shield protecting the tube being formed from the
      flame space of the compartment 3.
PAR  Introduced into the tube 10 being formed is a tubular member 11 through
      which a coolant is fed into the annealing range. The member 11 is allowed
      to move vertically with the aid of a lifting gear 12. The member 11 may be
      a heat-resistant pipe or a tubular annular cooler.
PAR  The method of producing glass tubes on the above-described plant is
      effected by using the following sequence of operations;
PAR  The temperature in the compartment 3 should exceed by
      30.degree.-50.degree.C the working temperature at which the glass tubes
      are made. In this case, the cooler 9 is carried outside the compartment 3
      to be arranged in the bottom part of the pit.
PAR  A bait (not shown in the drawing) is introduced into the melt through the
      pit and is immersed into the melt around the tapered ceramic bushing 6.
      Following that the annular cooler 9 is lowered into the compartment and
      the burners heating the compartment are cut off.
PAR  As the compartment cools down to a temperature below the working
      temperature by 30.degree.-50.degree.C, an electric motor is energized the
      motor being adapted to rotate the guide rolls 1 and to lift synchronously
      the bait.
PAR  Simultaneously, the burners heating the compartment 3 are cut in. After the
      guide rolls 1 have caught the formed portion of the tube and the bait is
      separated from the glass tube, air is supplied inside the tube 10 being
      formed (along arrow A) to adjust the diameter of the glass tube (a forming
      air flow). By changing the distance between the lower edge of the cooler 9
      and the melt level and adjusting the drawing speed, a stable operation of
      the tube drawing device is attained. As the stable operating conditions
      are obtained, a member 11 adapted for feeding the coolant into the
      annealing section is introduced into the tube interior.
PAR  The coolant for forced cooling of the tube from the inside is supplied
      along arrow B in a parallel flow with the tube being formed to form an air
      flow.
PAR  The amount of the cooling agent travelling inside the tube in the annealing
      range insures regular cooling of the tube from both sides, i.e., from its
      interior and exterior. Various gaseous substances may be used as coolants,
      such as compressed air, flue gases, water vapors, etc.
PAR  In pits 12 m high, tubes with an outside diameter of 44 mm. and wall
      thickness of 4.0 mm. are made with a drawing speed of 330 m/hr. A cooler
      with an inside diameter of 450 mm. is arranged at a distance of 100 mm.
      above the surface of the melt. The pressure of the air supplied by a fan
      amounts to 40 mm. H.sub.2 O at the base of a metal pipe with an inside
      diameter of 60 mm. The upper edge of an air-feeding member 11 with an
      inside diameter of 14 mm. is spaced apart from the surface of the melt at
      a distance of 2800 mm., the air pressure at the base of the member 11
      being equal to 1.5 atm. gauge. A working temperature of 1240.degree.C is
      maintained in the compartment 3, the glass meniscus temperature ranging
      between 1035.degree. and 1040.degree.C. The tube temperature at the point
      of breaking-off is 350.degree.C, air temperature at the outlet of the
      glass tube being 340.degree.-350.degree.C.
PAR  Another example illustrating the fabrication of glass tubes may be
      considered. Its distinguishing feature is the creation of rarefaction in
      the tube annealing range which is attained by drawing off the forming air
      in a counterflow for sucking ambient cooling (atmospheric) air inside the
      tube with the air of a fan.
PAR  To create rarefaction in the annealing range, a tubular member 11 is
      mounted inside the tube being made, the member being adapted to draw air
      from the forming and annealing sections.
PAR  The process of manufacturing a glass tube is effected as follows:
PAR  At first, a cooler 9 is arranged outside of the compartment 3 and located
      in the bottom portion of the pit 2. The temperature in the compartment 3
      is maintained in excess of the working temperature by
      30.degree.-50.degree.C. Next, a bait is introduced into the melt along the
      pit 2 at a depth of 150-200 mm. and arranged around the ceramic bushing 6.
      After that, the cooler 9 is lowered into the compartment 3 so that the
      spacing between its bottom surface and the surface of the melt is equal to
      100-150 mm. Following that the burners heating the compartment 3 are cut
      out with an ensuing drop in the temperature within the compartment. As
      soon as the temperature below the working temperature by 50.degree.C is
      attained, an electric motor (not shown in the drawing) is switched in, the
      motor being adapted to lift the bait with the melt and simultaneously to
      rotate the guide rolls 1 with a speed equal to the bait lifting speed.
      When the bait passes two first pairs of the guide rolls, the gas burners
      are cut in to raise the temperature in the compartment to the working
      temperature at which the tube of a requisite size is drawn. In making
      tubes 30-200 mm. in diameter, a temperature of from 1230.degree. to
      1260.degree.C is maintained in the compartment 3, the temperature of the
      meniscus being in this case equal to 1030.degree.-1070.degree.C.
PAR  After the bait has emerged from the pit 2 of the upright drawing plant and
      has been separated from the tube 10 being drawn, a suction device is cut
      in to draw the air from the interior of the tube being formed along arrow
      C through a heat-resistant pipe 7. The rarefaction at the lower base of
      the pipe 7 amounts to 250-320 mm. Hg and is chosen so that the rate of
      cooling of the tube interior in the annealing section is equal to that of
      the tube exterior. The annealing of a glass tube in the above manner
      insures symmetrical distribution of residual stresses along the thickness
      of the tube wall.
PAR  The diameter and wall thickness of the tube being manufactured are adjusted
      by displacing the cooler 9 with respect to the surface of the melt,
      adjusting the tube drawing speed and water temperature in the cooler.
PAR  As the cooler approaches the surface of the melt, the wall thickness will
      increase. A higher drawing speed results in a reduction in the tube
      diameter and a concurrent reduction in the wall thickness. The output of
      the hereinbefore described upright glass tube drawing plant is 6-9 tons of
      the melt per 24 hrs.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of making a glass tube comprising the following steps: the
      upright drawing of a melt from the free surface of the melt; supplying air
      to the inside of the tube being made; imparting geometric form to said
      tube under the effect of said air which is heated in a forming section;
      effecting a continuous vertical transfer of the tube being formed;
      annealing the tube being formed by causing a movement of cooling fluid in
      an annealing section spaced above the forming section for effecting
      concurrent cooling of said tube from the inside in the annealing section
      and subsequent cooling of the tube to an ambient temperature in the course
      of continuous vertical movement of the said tube.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein to provide forced cooling of the
      tube from the inside a gaseous coolant which flowes in parallel with the
      tube and a forming air flow are introduced into the annealing section
      through a tubular member arranged inside the tube.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein the air and gaseous coolant are
      introduced into the tube at different levels.
NUM  4.
PAR  4. A method as claimed in claim 3 wherein the coolant is air, flue gas or
      water vapor.
NUM  5.
PAR  5. A method as claimed in claim 2 wherein said coolant flows in
      countercurrent to said tube.
NUM  6.
PAR  6. A method as claimed in claim 2 wherein said coolant flows in the
      direction in which said tube moves.
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ABST
PAL  The specification describes a method for producing a glass flow of high
      homogeneity in a tank furnace in which a selected layer of refined glass
      underneath the surface layers and above the bottom layers is drawn off at
      a point spaced from the end wall of the tank towards which the glass flows
      and is supplied to the processing station. The surface layers and the
      glass layers lying underneath the selected layer are returned into the
      refining section of the tank at a point upstream from the point of removal
      of the selected layer. Recirculation of the surface layer is encouraged by
      proper location of surface heating means and/or cooling means in the
      refining section in the tank.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field to which invention relates
PAR  The present invention relates to glass refining.
PAR  2. The prior art
PAR  It is known that the surface layer in a glass tank differs in respect of
      its chemical composition from the layers lying underneath it. The change
      in the chemical composition is due to the fact that some components of the
      glass react with the furnace atmosphere and/or evaporate and escape. As a
      rule therefore the surface layer has a higher silicic acid content.
      Sometimes also bubbles and/or foam may be produced. These surface layers
      can lead to difficulties in processing the glass to produce the finished
      product, and to more or less pronounced streaks in the finished product.
      In order to avoid these consequences, the prior art method provides for
      separating the surface layer of the fused glass from the main flow and the
      separated surface layer is then diverted and removed from the prehearth of
      the fusing tank. Such a method is described in the German Patent
      specification (Offenlegungsschrift) 2,106,061.
PAR  For certain purposes particularly high requirements are raised as regards
      the homogeneity of the glass which comes to be processed and these
      requirements cannot be satisfied with the prior art method. This is always
      the case when glass articles or products are to be produced with a high
      optical quality, for example a transparent glass strip with plane parallel
      surfaces. It is just in the case of such glass strips, which are produced
      today in accordance with the drawing method or in accordance with the
      float method, that such division up into layers and streak formation can
      lead to a disadvantageous effect in the glass. However, also in the case
      of the production of other articles as for example the production of
      articles of glass compositions with a high melting point, of colored
      glass, in the case of the production of hollow glasses etc. the
      homogenization of the glass melt can present a substantial problem so that
      in this case as well there is also a requirement for a method with which
      it is possible to produce extremely homogeneous glass melts.
PAC  SUMMARY OF INVENTION
PAR  Accordingly one object of the present invention is to provide a method and
      an arrangement suitable for carrying out a glass flow separation with high
      physical and chemical homogeneity.
PAR  In order to achieve these and other objects according to the invention, a
      selected layer of glass melt in the refining section of the tank,
      underneath the surface layers and above the bottom layers, is drawn off at
      a point spaced from the end wall of the tank towards which glass flows and
      supplied to the processing station, while the surface layers and the glass
      layers lying underneath the selected layer are returned, rather than being
      removed, into the refining section at a point lying upstream from the
      point of removal of the selected layer.
PAR  The invention makes use of the known fact that within a glass tank certain
      flows or currents of the glass exist in the longitudinal and transverse
      direction and that, looked at in the vertical direction, a layer sequence
      of glass respectivley having the same history and with high physical and
      chemical homogeneity exists. On the basis of knowledge of these factors
      the invention provides for deliberate interference in this flow and layer
      make up within a glass tank for the removal of only selected flow zones or
      parts for supply to the processing station.
PAR  The return of the lower layers is generally not critical. Particular
      measures do not generally have to be undertaken in this respect, because
      the natural flow conditions adjacent to the bottom of the melt furnace
      involve a natural return flow.
PAR  The elimination and return of the surface layer, on the other hand, can be
      ensured by particular channels or ducts for example, which run to the side
      of the working part of the fusing or melting tank. However, it is
      advantageous if the return of the surface layers is carried out also
      within the working part of the tank itself using natural return flow,
      present as a matter of course, within the surface layer and running
      adjacent to the side walls of the working part. In this respect this
      natural return flow can be supported, for example by increasing the
      temperature gradient in the surface layer adjacent to the end wall between
      the middle zone of the glass melt and the zones adjacent to the side
      walls. For this purpose it is possible for example to heat the surface
      layer in the center and/or cool it adjacent to the side walls. This
      acceleration of the surface flow favors the maintenance of the natural
      flow equilibrium and helps to ensure that no parts of the surface layer
      pass into the glass flow which is to be removed.
PAR  In any case it is important for the surface layer above the position of
      removal to be able to flow on without hindrance to a point downstream from
      the point of removal where it is then deflected or diverted and is
      returned as a whole into the melting furnace at a point upstream from the
      position of removal.
PAR  The position of removal for the selected layer of glass to be processed
      must be at a sufficient distance from the downstream end wall of the glass
      tank, that the glass flows substantially in the direction of the
      longitudinal flow axis of the melting tank and that the glass flows or
      currents are not yet diverted or deflected and not yet mixed.
PAR  The glass flow selected and removed in the deliberate manner described can
      in accordance with a first embodiment of the method be passed on in the
      direction of the longitudinal axis of the melting tank and can be passed
      through a channel, passing through the end wall of the melting tank, to
      the processing station. In accordance with another embodiment the glass
      flow removed can be supplied in a vertical direction through a channel or
      duct, passing through the bottom of the melting tank, to the processing
      station.
PAR  An arrangement suitable for carrying out the method is characterized
      chiefly by a channel or duct opening in the end section of the refining
      section of the tank and leading out of the melting tank, for the further
      passage of the molten glass to the processing station or point. The inlet
      cross-section of the duct opening in its vertical extent is substantially
      less than the vertical extent of the glass bath at this position and the
      entry cross-section is arranged underneath the surface layers of the glass
      melt to be eliminated and at a horizontal distance from the rear end wall
      of the glass melting tank.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further details of the invention will be gathered from the patent claims
      and from the following description of various embodiments referring to the
      accompanying drawings.
PAR  FIG. 1 shows a vertical section through an embodiment of the part, in
      accordance with the invention, of a melting tank with vertical passing on
      of the glass flow removed and with lateral channels or ducts for the
      return of the surface layers.
PAR  FIG. 2 shows a horizontal longitudinal section through the melting tank,
      shown in FIG. 1, along the line II--II.
PAR  FIG. 3 shows another embodiment of a melting tank with the features of the
      invention in a vertical longitudinal section.
PAR  FIG. 4 shows a horizontal section along the line IV--IV through the melting
      tank, shown in FIG. 3.
PAR  FIG. 5 shows a further embodiment which is suitable for subsequent
      adaptation of a pre-existing melting tank.
PAR  FIG. 6 shows a horizontal section along the line VI--VI of FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The embodiment of the invention shown in the FIGS. 1 and 2 comprises the
      rear end of the working part of the melting tank, including the bottom 1,
      the end wall 3, the cover 4, and the side walls 5 and 6.
PAR  Two vertical walls, 7 and 8 are arranged at a spacing of the order of
      magnitude of 1 to 5 meters from the end wall 3, which spacing can vary
      within wide limits in accordance with the particular size of the melting
      tank, to define a vertical duct or channel 9, underneath the level of the
      glass and extending over the whole breadth of the working part of the
      refining tank. The vertical wall 7 extends further upwards than the wall
      8. Wall 7, looked at in the direction of flow of glass in the tank, is
      placed further back so that a sufficient entry cross section for the glass
      to be passed on to the processing station is formed. Normally the surface
      layers at a depth of a few centimeters to, approximately, 10 centimeters,
      comprise the interferring non-homogeneous zones. Accordingly the wall 7
      extends from the bottom of the working part of the tank to a height of
      approximately 20 to 5 centimeters underneath the surface level of the
      glass melt.
PAR  As a result, as can be seen from FIG. 1, the glass melt is divided up as it
      were into three superimposed zones A, B, C. The zone A corresponds to the
      surface layer which is to be eliminated. The zone B constitutes that
      selected layer of the glass melt which is passed by the duct 9 onto the
      processing point. The zone C comprises the layers adjacent to the bottom,
      in which the glass melt substantially flows back to the front of the
      refining tank.
PAR  As can be seen from FIG. 2, the side walls 5 and 6 adjacent to the end wall
      3 respectively have openings 21 and 22 and further back each have an
      opening 23 and 24, respectively. The openings constitute the entry
      openings and, respectively, the outlet openings for the ducts 25 and 26
      resepctively, which ducts run parallel to the side walls 5 and 6. They are
      formed by the walls 27 and 30, respectively, and by the side walls 28, 29
      and, respectively, 31, 32, and also by the bottom 33 and the cover 34.
      These lateral ducts 25 and 26 serve for returning the surface layer of the
      glass into a zone upstream from the vertical duct 9. The flows in the
      surface zone A assume in this respect the course indicated by the arrows
      in FIG. 2. In the zones B and C the flows on the other hand run
      approximately as is indicated in FIG. 1 with the help of the arrows.
PAR  In the end wall 3 above the glass level and in the central part of the
      working part of the refining tank several burners 36 are provided. They
      serve to heat the surface layer glass melt in this zone and therefore
      favor the flow of the glass to the openings 21 and 22.
PAR  In the case of the embodiment shown in FIGS. 3 and 4 the working part of
      the melt furnace comprises the bottom 40, the cover 41, the end walls 42
      and 43 and the side walls 44 and 45. The end portion of the working part
      of the tank is constructed in a stepped manner, in which the lower part 42
      of the end wall is set back with respect to the upper part 43 by a
      distance in the order of magnitude of 1 to 5 meters. The intermediate
      bottom 46 connects the two parts 42 and 43 of the end wall with each
      other. It is arranged underneath the surface layers to be eliminated.
      Above this intermediate bottom 46 the forwardly flowing surface layers are
      deflected and flow back again along the side walls 44 and 45 without
      entering the passage duct 50 for glass flowing to the processing station.
PAR  Underneath the intermediate bottom 46 are a bottom 47 and side walls 48, 49
      which define closed duct 50. Duct 50 conducts the glass layers intended
      for further processing. In height it covers approximately the glass layers
      of the zone B. Owing to the side walls 48, 49 and the connecting walls 51,
      52 adjoining at the level of the opening of the duct, the layers of the
      zone B are not removed for the whole breadth of the working part but only
      in its center part. This removed glass is passed on into the duct
      continuing beyond the end wall 43. Beyond end wall 43, duct 50 is formed
      by the bottom parts 53, 54, the cover 55, and the side walls 56, 57, and
      it passes on the fused glass directly to the processing station which is
      not shown, which may be, for example, an arrangement for making float
      glass.
PAR  The arrows drawn again indicate the direction of flow of the glass in the
      various zones. In the upper part A the surface layers of the glass flow
      again over the flow in cross-section of the duct, and in accordance with
      their natural tendency they are laterally diverted adjacent to the end
      wall 43 and then flow back again. This natural return flow is favored by
      the arrangement of coolers 60, which are arranged above the glass level
      along the side walls 44, 45 adjacent to the side wall 43, and which have
      cooling water flowing through them which is supplied through the tube 61.
PAR  In the FIGS. 5 and 6, an embodiment is shown, which is suitable for
      subsequent adaptation of pre-existing melt tanks. A condition is that a
      channel adjoins the working part of the melting tank for the passing on of
      the molten glass. This channel or duct is formed by the bottom 65 and the
      side walls 66 and 67. It adjoins the side wall 68, 69 and 70 of the
      working part of the melt tank. The melt tank is formed by the bottom 71
      and by the end walls 72 and 73. The upper termination of the melt tank and
      of the channel or duct is formed by the cover 74.
PAR  At the position where the cross-section is reduced, that is to say adjacent
      to the transition between the working part of the fusing tank and the
      duct, an L-shaped block 75 is so arranged that its vertical limb extends
      out about the glass surface, while its horizontal limb is directed towards
      the melt tank and lies underneath the glass surface. It plunges so deeply
      into the glass melt that the surface layer to be eliminated is located
      above this limb. Its length is suitably dimensioned to enable the surface
      glass layer above this horizontal limb to be deflected and returned.
PAR  The vertical limb of the L-shaped block 75 extends over the whole breadth
      of the channel or duct and is preferably borne in the side walls 66, 67.
      The horizontal limb of the L-shaped block 75 is broader than the duct or
      channel. The L-shaped block 75 forms with the bottom 65 and the side walls
      66, 67 of the channel the glass removal cross-section.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A method for producing a glass flow of high homogeneity in a tank
      furnace in which the surface layer of the glass melt is separated from the
      glass flow intended for processing, characterized in that within the
      working part of the tank, which contains the refined glass, at a removal
      point spaced upstream from the downstream end wall of the tank, a selected
      layer of glass underneath the surface layers and above the bottom layers
      is drawn off, at least in part, and supplied to the processing station,
      while said surface layers above said selected layer are allowed to pass on
      downstream beyond said removal point and are returned from a point in the
      tank downstream of said removal point to a point upstream from said
      removal point, said bottom layers below said selected layer also being
      returned to a point upstream from said removal point.
NUM  2.
PAR  2. A method in accordance with claim 1, characterized in that said surface
      layers are diverted towards the sides of the tank at a point downstream of
      said removal point and are returned to the front of the tank where flow is
      initiated.
NUM  3.
PAR  3. A method in accordance with claim 2, characterized in that the return of
      the surface layers of the molten glass is carried out by means of ducts
      running adjacent to the side walls of the working part of the melt tank.
NUM  4.
PAR  4. A method in accordance with claim 3, characterized in that adjacent to
      said downstream end wall of the working part of the melt tank means are
      provided for effecting a temperature gradient, running from the center of
      the tank to the side walls thereof.
NUM  5.
PAR  5. A method in accordance with claim 4, characterized in that the removal
      of the selected glass layer is carried out at such a distance from said
      downstream end wall of the working part of the melt furnace that at said
      removal point, the glass flows substantially in the direction of the
      longitudinal flow axis of the melting tank and mixing of the glass flows
      has not yet taken place.
NUM  6.
PAR  6. A method in accordance with claim 5, characterized in that the selected
      layer glass flow removed is passed on in the direction of the longitudinal
      axis of the melt tank through a duct, passing through said downstream end
      wall of the melt tank, to the processing station.
NUM  7.
PAR  7. A method in accordance with claim 5, characterized in that the selected
      layer glass flow removed is passed in a vertical direction through a duct
      passing through the bottom of the melt tank to the processing station.
NUM  8.
PAR  8. A method in accordance with claim 2, characterized in that the return of
      the surface layers of the molten glass is carried out within the working
      part of the melt tank itself using natural return flow along the side
      walls of the working part.
NUM  9.
PAR  9. A method in accordance with claim 8, characterized in that adjacent to
      said downstream end wall of the working part of the melt tank means are
      provided for effecting a temperature gradient, running from the center of
      the tank to the side walls thereof.
NUM  10.
PAR  10. A method in accordance with claim 1, characterized in that adjacent to
      said downstream end wall of the working part of the melt tank means are
      provided for effecting a temperature gradient, running from the center of
      the tank to the side walls thereof.
NUM  11.
PAR  11. A method in accordance with claim 1, characterized in that the removal
      of the selected glass layer is carried out at such a distance from said
      downstream end wall of the working part of the melt furnace that at said
      removal point, the glass flows substantially in the direction of the
      longitudinal flow axis of the melting tank and mixing of the glass flows
      has not yet taken place.
NUM  12.
PAR  12. A method in accordance with claim 1, characterized in that said
      downstream selected layer glass flow removed is passed on in the direction
      of the longitudinal axis of the melt tank through a duct, passing through
      the end wall of the melt tank, to the processing station.
NUM  13.
PAR  13. A method in accordance with claim 1, characterized in that selected
      layer glass flow removed is passed in a vertical direction through a duct
      passing through the bottom of the melt tank to the processing station.
NUM  14.
PAR  14. A glass melt tank for effecting the selected separation of a layer of
      molten glass located intermediate the top and bottom surface layers of the
      melt tank, said melt tank comprising: an upstream end away from which
      glass is intended to flow and a downstream end towards which glass is
      intended to flow; an upper end wall at said downstream end, against which
      the upper layers of glass flow as they flow downstream in said tank; a
      pair of spaced side walls and a bottom; a removal duct leading out of the
      melt tank for conducting the flow of molten glass to a processing station,
      said removal duct leading out of the melt tank for conducting the flow of
      molten glass to a processing station, said removal duct including an
      opening into said tank whose cross-section in its vertical extent is
      substantially less than the vertical extent of the normal glass bath level
      for the tank and whose cross-section is arranged underneath the surface
      layers of the glass melt to be eliminated and above the bottom layers of
      the glass melt to be eliminated; and said removal duct opening into said
      tank being spaced at a horizontal distance upstream from said upper end
      wall of the glass melting tank such that the surface layer glass currents
      in the tank run substantially in the longitudinal flow direction of the
      melting tank as they pass over said opening of said duct.
NUM  15.
PAR  15. A melt tank in accordance with claim 14 characterized in that a return
      duct is provided adjacent each of said side walls and to the outside of
      said tank, each of said side walls including a downstream opening at the
      downstream end of said tank adjacent said upper end wall and downstream
      from said removal duct opening which opens into said return duct and an
      upstream opening at the upstream end of said tank which opens from said
      return duct into said tank whereby the flow of glass is from the upstream
      end of said tank to the downstream end thereof, through the downstream
      opening in the sidewalls thereof, through the return ducts and back into
      the tank at the upstream openings from said return ducts into said tank.
NUM  16.
PAR  16. The melting tank in accordance with claim 14 characterized in that said
      duct for conducting the flow of selected glass to the processing station
      is arranged horizontally underneath the surface layer of molten glass to
      be separated and includes an upper wall defining a bottom for the surface
      layers of glass which are to be diverted.
NUM  17.
PAR  17. The melting tank in accordance with claim 14 characterized in that said
      removal duct for conducting the flow of selected glass to a processing
      station is defined in part by a block of a generally L-shaped
      cross-section, the vertical limb of said block projecting above the
      intended surface level for glass in the tank and said horizontal limb
      projecting towards the upstream end of said tank at a level just
      underneath the intended bottom level for the upper surface layers of glass
      to be separated.
NUM  18.
PAR  18. The melt tank of claim 14 which includes heating means positioned on
      said upper end wall thereof at a point above the intended surface level
      for the glass in said tank and being located generally centrally of said
      upper end wall whereby the flow of surface layers of glass in the tank
      from the center of the upper end wall thereof towards the side walls
      thereof is encouraged.
NUM  19.
PAR  19. The melting tank according to claim 14 characterized in that cooling
      means are positioned on each of said side walls of said tank generally
      adjacent said upper end wall of said tank whereby the flow of glass in the
      upper surface layers of glass in said tank from the center of said upper
      end wall towards said side walls of said tank is encouraged.
NUM  20.
PAR  20. The melting tank according to claim 14 characterized in that said
      removal duct extends generally vertically from said removal duct opening
      out through said bottom of said tank.
PATN
WKU  039376257
SRC  5
APN  4941551
APT  1
ART  173
APD  19740802
TTL  Radio frequency preparation of pure glass
ISD  19760210
NCL  4
ECL  1
EXA  Miga; Frank W.
EXP  Bashore; S. Leon
NDR  1
NFG  1
INVT
NAM  Stewart; Clive Edward Ernest
CTY  Bishops Stortford
CNT  EN
ASSG
NAM  International Standard Electric Corporation
CTY  New York
STA  NY
COD  02
PRIR
CNT  UK
APD  19730830
APN  40890/73
CLAS
OCL   65136
XCL   65134
XCL   65337
XCL   13  6
XCL   13 34
EDF  2
ICL  C03B  516
ICL  C03B  522
ICL  C03B  502
FSC   65
FSS  DIG. 4;134;337;336;347;136
FSC   13
FSS  6;34
UREF
PNO  1034824
ISD  19120800
NAM  Owens
OCL   65337
UREF
PNO  1572873
ISD  19260200
NAM  Allcutt
OCL   65DIG.4
UREF
PNO  2186718
ISD  19400100
NAM  Ferguson
XCL   13  6
UREF
PNO  2402582
ISD  19460600
NAM  Scaff
XCL   65137
UREF
PNO  2749379
ISD  19560600
NAM  Geffcken et al.
OCL   13  6
UREF
PNO  2877280
ISD  19590300
NAM  Eden
OCL   65DIG.4
UREF
PNO  2930098
ISD  19600300
NAM  Emeis
OCL   65DIG.4
UREF
PNO  3156549
ISD  19641100
NAM  Kelemen
XCL   13  6
UREF
PNO  3205292
ISD  19650900
NAM  Descarsin
OCL   65DIG.4
UREF
PNO  3337675
ISD  19670800
NAM  Descarsin
OCL   13  6
LREP
FR2  O'Halloran; John T.
FR2  Lombardi, Jr.; M. J.
ABST
PAL  Pure glass is prepared in a water-cooled radio frequency heated silica
      crucible. An encapsulated graphite susceptor is used to preheat the glass
      batch material to avoid contamination. The preheater is removed after the
      r.f. power becomes effective to couple into the melt. The cooling prevents
      the melt from wetting the crucible and eliminates a further source of
      contamination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the preparation of glasses from batch materials,
      and is particularly concerned with the preparation of high purity glasses
      such as low optical loss glasses required for optical fibre manufacture
      and those required as host glasses for laser manufacture.
PAR  2. Description of the Prior Art
PAR  When glasses are prepared in the normal way by heating in an electric or
      flame furnace, the glass is subject to contamination from three main
      sources, that from the hot refractory lining of the furnace, that from the
      heating element or flame, and that from the crucible containing the melt.
      Two of the factors affecting the amount of contamination are temperature
      and duration. Hence the contamination which occurs during the initial
      heating required to cause the batch materials to coalesce is normally less
      than that which occurs during the longer higher temperature heating
      required for fining and homogenising the glass. A description of a known
      system for using radio frequency to prepare pure glass and cooling of
      crucibles with gas to reduce contamination is found in copending
      application Ser. No. 479,004, filed June 13, 1974 and assigned to the same
      assignee as the instant application.
PAR  At room temperature the a.c. conductivities of most glasses, and also of
      their batch constituents, are so low that r.f. inductive heating from room
      temperature is impractical and hence an alternative method of heating is
      used to heat the charge to a temperature at which it readily couples into
      the applied field. With some glasses the conductivity, even in the molten
      state, is so low that it is preferable to use r.f. dielectric heating and
      make use instead of dielectric losses. The choice of an appropriate
      frequency, which may typically lie in the range from one to several
      thousand MHz will depend upon the electrical properties of the particular
      glass composition being prepared. Thus the manner of application of the
      r.f. power will depend upon the absolute values of and upon the rates of
      change with temperature of both the a.c. conductivity and the dielectric
      loss, these parameters being in a major way both temperature and frequency
      dependent. Thus for instance it is known that a typical soda lime glass
      can be coupled into a 2 - 5 MHz field at about 1000.degree.C. In this
      instance the coupling is principally inductive, the relatively high
      conductivity of this glass being attributed to the sodium ion mobility. In
      contrast to this a glass composed exclusively of silica and lead oxide,
      which has a low conductivity even when molten, would require dielectric
      heating at a much higher frequency typically of several thousand MHz.
      Inductor and capacitor plate combinations (designed for heating other
      materials) that would be suitable for this purpose are described in the
      literature.
PAR  During the fining and homogenizing stage of glass preparation the
      contamination of the melt is relatively small because the source of heat
      is non-contaminating, because contamination by the crucible can be
      effectively eliminated by cooling it, and because the melt is contained in
      a clean environment.
PAR  If a preheating stage is required to enable the r.f. field to couple into
      the melt it is preferable to use a non-contaminating heat source. For many
      applications, contamination is kept within acceptable bounds when
      preheating is effected by radiated and conducted heat from a susceptor,
      typically of graphite, placed over or within the charge of batch
      materials. Contamination by the graphite can be eliminated by
      encapsulating it in for instance silicon, silica, or silicon carbide.
      Silicon may be used on its own as an alternative susceptor material. Other
      methods of preheating include the use of an r.f. excited plasma flame and
      also the use of focussed radiation from a high power infra-red lamp.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided an improved method of
      preparing a glass from batch materials which are placed in a water
      jacketed dielectric crucible. The heating required for fining and
      homogenizing the glass is provided by radio frequency (r.f.) heating of
      the melt. This method allows the crucible to be maintained at a lower
      temperature. Preferably, the crucible is made of silica. The water cooling
      of the crucible prevents the melt from wetting the crucible and avoids
      contamination.
PAR  An embodiment of the invention will now be described with reference to the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE depicts apparatus for preparing a glass from batch
      materials by r.f. inductive heating using a silica encapsulated graphite
      susceptor for preheating.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The water cooled work coil 10 of an r.f. induction heater operating at
      between 2 and 6 MHz, and capable of delivering 25 KW of r.f. power into a
      suitable load surrounds a silica tube 11. Inside the tube 11 is located a
      silica crucible 12 whose mouth is sealed to the wall of the tube. In this
      way a water jacket for the crucible is formed. Cooling water flows upward
      from beneath the crucible and flows out of the water-jacket via a pipe 13.
      The tube 11 is provided with a constriction 14 to improve the water flow
      around the base of the crucible.
PAR  The work coil 10 is also water cooled, and consists of four turns of copper
      tubing, the coil having an axial length of about 10 cm. and an internal
      diameter of about 7 cm. The crucible is about 8 cm. high and has an
      internal diameter of about 5.5 cm.
PAR  A number of soda-lime-silica glasses with compositions in the range:
TBL  Na.sub.2 O       20 - 25 wt%                                              
     CaO               3 - 6 wt%                                               
     SiO.sub.2        70 - 75 wt%                                              
PAL  were prepared in this apparatus using a frequency of 3.5 to 4 MHz and with
      a flow rate of cooling water for the crucible in excess of 180 liters per
      hour.
PAR  A 500 gram charge of powdered batch material was prepared for each
      composition, carbonates being used to give the soda and the lime content.
      The crucible was filled to a depth of about 2 cm. with a portion of the
      charge, and then a silica encapsulated graphite susceptor 15 was lowered
      into the work coil to a position above the surface of the material in the
      crucible. The susceptor heats the batch material causing it to react,
      evolve gas, and begin to coalesce. At this stage the temperature of the
      melt is between about 800.degree. and 1000.degree.C, the resistivity is
      about 5 ohm cm. or less, and the r.f. power begins to couple directly into
      the melt. This change of power distribution produces changes in the load
      which are noted by monitoring the r.f. power supply.
PAR  Next the susceptor is removed from the crucible, and then the rest of the
      charge of batch material is added to the melt. This is done a little at a
      time so that the evolution of gases will not cause any batch material to
      be ejected from the crucible. Typically the material is added in portions
      of about 40 - 50 grams. The r.f. conditions may require slight adjustment
      during the addition of this extra material.
PAR  After all the batch material has been added to the melt, a lid (not shown)
      is placed over the mouth of the crucible so as to assist fining by
      reducing the temperature gradients within the melt.
PAR  For fining and homogenizing the melt, it is initially taken up to a
      temperature of about 1600.degree.C for two hours, and then the temperature
      is lowered to about 1500.degree.C for a further heating period of about
      three hours. During all this time the continuous flow of water keeps the
      silica crucible at a much lower temperature. The bulk of the resulting
      glass is substantially seed free, but a small amount of seed is liable to
      be trapped in the body of the melt along the crucible axis.
PAR  An alternative fining and homogenizing process which produces less seed
      involves mechanical stirring of the melt. First the glass is heated to
      about 1600.degree.C without the lid. At this stage an air cooled cold
      finger silica stirrer (not shown) is dipped into the crucible to
      substantially the bottom of the melt and is mechanically agitated for half
      an hour. At the end of this period the stirrer is removed, the lid placed
      in position, and the melt maintained at about 1600.degree.C for another
      half hour before being brought down to about 1500.degree.C for a further
      period of two hours.
PAR   When the stirrer is removed from the melt it takes a small quantity of the
      melt with it, and when this cools it tends to shatter the stirrer. If
      instead the stirrer is water cooled the melt-glass falls away from the
      stirrer on cooling without damaging the stirrer. However, the use of a
      water-cooled silica stirrer is hazardous because water would be discharged
      into the melt if it should fracture on entry. For this reason a preferred
      alternative stirrer is a water-cooled silver one. This may take the form
      of a simple U-tube. Any contamination on its surface becomes trapped when
      it enters the melt by the layer of glass which immediately freezes around
      it, and this contamination is removed from the melt when the stirrer is
      removed.
PAR  The cooling of the crucible, which has a wall thickness of about 1.5 mm is
      so great that the melt does not wet it. If the melt is solidified and
      removed from the crucible as a block its surface will be found to have a
      frosted appearance in those regions where it was in contact with the
      crucible walls. This is caused by the presence of unreacted batch
      material.
PAR  An r.f. excited plasma flame may be used in place of the susceptor for
      preheating the batch material. For this purpose a cyclone type gas flow is
      set up above the charge by fitting a top (not shown) to the tube 11 which
      has a pipe which is substantially tangential to the tube, and another
      which is axial. Gas is caused to enter by the former and leave by the
      latter. The plasma is initiated in argon and then the gas flow is changed
      to nitrogen.
PAR  Yet another way of preheating involves focussing the infra-red emission of
      a high power infra red lamp upon a portion of the charge in the crucible.
      With certain glass compositions the coupling of the r.f. power is
      facilitated by having the constituents of the batch material substantially
      unmixed and by arranging that the focussed radiation is concentrated upon
      a selected component which is able to couple in the r.f. power at a lower
      temperature than the other constituents.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing glass including placing glass batch materials in a
      crucible, inserting an encapsulated contamination-free susceptor into the
      crucible, applying a radio frequency field to heat the susceptor to melt
      the glass, removing the susceptor and applying said radio frequency field
      to further heat the melt for fining and homogenizing the glass, and
      cooling the crucible with liquid to provide a lower temperature than the
      melt to prevent the melt from wetting the crucible.
NUM  2.
PAR  2. The method as claimed in claim 1 wherein the crucible is made of silica
      and includes a water jacket, cooling water being passed through the jacket
      over the base of the crucible.
NUM  3.
PAR  3. The method as claimed in claim 1 wherein the susceptor is positioned in
      the batch material in the crucible during preheating.
NUM  4.
PAR  4. The method as claimed in claim 1 wherein the susceptor is of silica
      encapsulated graphite.
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PAL  2,4,5-TRIOXO-IMIDAZOLIDINE-3-CARBOXYLIC ACID AMIDES POSSESS PLANT
      METABOLISM INFLUENCING PROPERTIES. They may be used for regulating fruit
      abscission.
PARN
PAR  This is a division of application Ser. No. 288,640, filed on Sept. 13,
      1972, now U.S. Pat. No. 3,818,034.
BSUM
PAR  The present invention relates to 2,4,5-trioxo-imidazolidine-3-carboxylic
      acid amides, a process for their manufacture, also to agents for
      regulating plant metabolism which contain these new compounds as active
      substances, and to a process for regulating plant metabolism, in
      particular for regulating the abscission of fruit and senescence, which
      comprises the use of the new active substances or the agents which contain
      them.
PAR  The new 2,4,5-trioxo-imidazolidine-3-carboxylic acid amides correspond to
      the formula
      ##SPC1##
PAL  Wherein R.sub.1 represents an alkyl or alkenyl radical with at most 4
      carbon atoms or a phenyl radical which is optionally substituted by
      chlorine, nitro, lower alkyl containing at most 4 carbon atoms, and
      R.sub.2 represents an alkyl or alkenyl radical with at most 4 carbon
      atoms.
PAR  By the alkyl radicals in formula I are meant methyl, ethyl, n-propyl,
      isopropyl, n-butyl, isobutyl, sec.butyl and tert.butyl. Among these
      radicals, particularly the methyl and ethyl group form the alkyl moiety of
      a phenyl radical. By alkenyl radicals in formula I are meant
      straight-chain or branched propenyl or butenyl radicals. The allyl and
      methallyl radicals are preferred.
PAR  The new compounds of the formula I may also be termed parabanic acid
      derivatives. According to the present invention they are manufactured by
      cyclising a urea of the formula II
EQU  R.sub.1 --NH--CO--NH.sub.2                                 (II)
PAL  with an oxalyl halide to give a 2,4,5-trioxo-imidazolidine derivative of
      the formula III
      ##SPC2##
PAL  and subsequently reacting this product with an isocyanate of the formula IV
EQU  R.sub.2 NCO                                                (IV)
PAL  in the presence of an organic base.
PAR  R.sub.1 and R.sub.2 in the formulae II to IV have the same meanings as
      given under formula I.
PAR  The reactions are carried out in solvents or diluents which are inert
      towards the reactants. The reaction temperatures are in the range from
      10.degree.C to 110.degree.C.
PAR  The following may be used as solvents or diluents which are inert towards
      the reactants: aliphatic and aromatic hydrocarbons and halogenated
      hydrocarbons, such as benzene, toluene, xylenes, petroleum ether,
      chlorobenzene, methylene chloride, ethylene chloride, chloroform, carbon
      tetrachloride, ethers and ethereal solvents, such as dialkyl ether,
      dioxan, tetrahydrofuran, and acetonitrile; preferably aromatic
      hydrocarbons such as benzene and toluene or acetonitrile are used.
PAR  The reaction of a urea of the formula II with an oxalyl halide may take
      place in the presence of inorganic bases. An organic base is necessary as
      initiator for the introduction of the CONHR.sub.2 group. Tertiary amines
      may be used as organic bases, e.g. trialkylamines, such as triethylamine,
      trimethylamine, dialkylanilines, pyridine and pyridine bases.
DETD
PAR  The following Examples will serve to illustrate the invention. Further
      derivatives of the formula I which were manufactured according to the
      process described in the Examples are to be found in the succeeding Table.
PAC  EXAMPLE 1
PAR  a. 272.3 g of N-phenylurea are dissolved in 1.5 liters of tetrahydrofuran.
      The solution is heated to 50.degree.C and slowly treated with 171 ml of
      oxalyl chloride, in the course of which the reaction temperature should
      not exceed 65.degree.C. Stirring is continued for 1 hour at room
      temperature and then for 4 hours under reflux. The reaction mixture is
      evaporated and the residue is recrystallised from isopropanol to give
      1-phenyl-2,4,5-trioxo-imidazolidine (m.p. 214.degree.-216.degree.C).
PAR  b. 19 g of 1-phenyl-2,4,5-trioxo-imidazolidine are suspended in 100 ml of
      benzene. Upon addition of 11.2 ml of methyl isocyanate and 0.5 ml of
      triethylamine the mixture is allowed to undergo complete reaction over the
      course of 12 hours by stirring it at room temperature. The reaction
      mixture is cooled to 10.degree.C and the analytically pure precipitated
      1-phenyl-3-methylcarbamoyl-2,4,5-trioxo-imidazolidine is filtered with
      suction and thoroughly washed with benzene. The product melts at
      110.degree.C. (Compound No. 1).
PAC  EXAMPLE 2
PAR  a. 23 g of sodium are reacted in 400 ml of absolute ethanol to give the
      sodium alcoholate. 74.1 g of methyl urea are added at room temperature and
      the mixture is stirred until a clear solution forms. While stirring is
      continued, 146.14 g of oxalic diethyl ester are slowly added dropwise
      without external cooling, so that the reaction temperature fluctuates
      between 25.degree. and 30.degree.C. Upon completion of addition, the
      reaction mixture is stirred for 1 hour at room temperature and 110 ml of
      conc. hydrochloric acid is slowly added dropwise so that the reaction
      temperature does not exceed 30.degree.C. The reaction mixture is stirred
      for 1 hour, then filtered. The filtrate is concentrated until a slurry
      substance is obtained which is filtered with suction and dried at
      50.degree.C. The resulting 1-methyl-2,4,5-trioxo-imidazolidine is
      recrystallised from isopropanol; m.p. 153.degree.-154.degree.C.
PAR  b. 12.8 g of 1-methyl-2,4,5-trioxo-imidazolidine are suspended in 100 ml of
      benzene. Upon addition of 12.4 g of allyl isocyanate and 0.5 ml of
      triethylamine stirring is continued for 2 hours at room temperature and
      for 4 hours at 40.degree.C. Upon cooling, the
      1-methyl-3-allylcarbamoyl-2,4,5-trioxo-imiazolidine is filtered with
      suction and carefully washed with benzene. After recrystallisation from
      chloroform the product melts at 106.degree.-110.degree.C (compound No. 2).
PAR  The following Table lists further compounds of the formula I
      ##SPC3##
PAL  which were manufactured by the processes described in the preceding
      Examples.
TBL  ______________________________________                                    
     Compound                                                                  
              R.sub.1        R.sub.2   Melting Point                           
     No.                                                                       
     ______________________________________                                    
     3       methyl         methyl     129.degree.(decomp.)                    
     4       methyl         ethyl      104.degree.(decomp.)                    
     5       methyl         n-propyl   114.degree.-118.degree.                 
     6       methyl         isopropyl  108.degree.-114.degree.                 
     7       methyl         n-butyl    113.degree.-117.degree.                 
     8       ethyl          methyl      87.degree.-90.degree.                  
     9       isopropyl      n-butyl    oil                                     
     10      sec.butyl      t-butyl    oil                                     
     11      ethyl          n-butyl    oil                                     
     12      ethyl          allyl      oil                                     
     13      ethyl          n-propyl   oil                                     
     14      allyl          isopropyl  oil                                     
     15                     ethyl      semi-crystal-                           
                                       line                                    
     16                     ethyl      semi-crystal-                           
                                       line                                    
     ______________________________________                                    
PAL  The active substances of the formula I influence the growth of plant parts
      above and below the soil in various ways; they are not phytotoxic in
      conventional application concentrations and have a slight toxicity to warm
      blooded animals. The active substances do not bring about any
      morphological changes or damage which might lead to the death of the
      plant. The compounds are non-mutagenic and their action differs from that
      of a herbicidal active substance and a fertiliser.
PAR  The new active substances of the formula I influence in particular the
      vegetative plant growth and fruit development, as well as the development
      of abscission tissues between stem and leaf or between stem and fruit. It
      is thereby possible to detach fruit of all kinds, e.g. citrus fruit, stone
      fruit, pomaceous fruit, nuts, berries, grapes, bananas, pineapples,
      tomatoes or oleaginous fruit, without applying any great force either
      manually or with the aid of machines specially developped for the purpose.
PAR  The damage which is customarily inflicted on the leaves and branches of the
      trees and bushes during harvesting by vigorously shaking them, as well as
      by plucking the fruit, is very largely avoided.
PAR  On the other hand, by applying the active substances in a specific
      concentration it is also possible to provoke leaf sheeding in certain
      cultivated plants, such as cotton, soya, ornamental bushes, green beans
      and green peas, a factor which is also of economic importance. Tests also
      proved that a thinning out of blossom and fruit occurs in fruit trees.
PAR  The compounds according to the invention also regulate the growth of
      plants. In the case of monocotyledons, an increase in the tillering was
      observed accompanied by a simultaneous decrease in the growth in length.
      In dicotyledons, the cited compounds effect an inhibition of the terminal
      growth without damage being caused to the leaves of the plants. This is of
      practical importance, for example, in combating undesirable side-shoots in
      tobacco plants. Experience proves that it is necessary to sever or remove
      these side-shoots in order to avoid loss of quality or quantity in the
      leaf yield. Various ornamental plants, e.g. azaleas and chrysanthemums are
      pruned by hand, i.e. the leading shoot is cut off of pruned in order that
      the plant may branch. The cited compounds can also be used for this
      purpose in order to inhibit or kill the still young terminal buds.
PAR  The extent and nature of the action are dependent upon the most diverse
      factors which vary from one kind of plant to another, in particular on the
      application concentration, the time of application with regard to the
      development stage of the plant, and on the fruit. Thus, for example,
      plants whose fruit is utilised or processed are treated immediately after
      blossoming or at an appropriate interval of time before harvesting.
PAR  The active substances are applied in the form of solid or liquid agents
      both on parts of plants above the soil and in or on the soil. Application
      to parts of plants above the soil is preferred, for which purpose
      solutions or aqueous dispersions are best suited. Besides solutions and
      dispersions, dusts, granules and tracking agents are also suitable for the
      treatment of the soil.
PAC  ANALOGOUS TEST I - ABSCISSION OF FRUIT
PAR  In Florida, single branches of citrus trees of the indicated variety and
      which carried at least 12-50 ripe fruit, were sprayed with active
      substance concentrations of 0.4% and 0.2%. Seven days after the
      application the plucking force of 10 similarly treated fruit was
      determined with the aid of a spring balance and the mean value calculated
      from the 10 measurements [W. C. Wilson and C. H. Hendershott, Proc. Am.
      Soc. Hort. Science 90, 123-125 (1967)]. The active substances of the
      formula I in this test effected the reductions in plucking forms
      reproduced in the following Table. Two varieties of orange were used for
      the test:
PA1  1 = Valencia
PA1  2 = pine apple
     Active Substance Concentra-                                               
                                Force    Oranges                               
                      tion %    in kg    Variety                               
     ______________________________________                                    
     1-methyl-3-ethylcarbamoyl-                                                
                      0,2       8,2      2                                     
     2,4,5-trioxo-imidazolidine                                                
                      0,4       7,1      2                                     
     1-methyl-3-n-propylcarbamoyl-                                             
                      0,2       +        2                                     
     2,4,5-trioxo-imidazolidine                                                
                      0,4       +        2                                     
     1-methyl-3-allylcarbamoyl-                                                
                      0,2       7,1      2                                     
     2,4,5-trioxo-imidazolidine                                                
                      0,4       5,8      2                                     
     1-methyl-3-methyl-carbamoyl-                                              
                      0,2       8,1      1                                     
     2,4,5-trioxo-imidazolidine                                                
                      0,4       7,6      1                                     
     Control          --        8,5      2                                     
     ______________________________________                                    
      +The fruit hanging on the tree was so easily detached that no measurement
      was possible.                                                            
PAR  The fruit in all cases displayed no signs of damage; also no leaves and no
      green fruit were detached.
PAC  BIOLOGIAL TEST II
PAC  Test as Preservatives for Cut Flowers
PAR  Roses of the variety Dr. Verhagen (Holland) were used as test flowers. They
      were placed in the respective test solutions and kept in a conditioning
      cabinet of constant temperature (about 25.degree.C) and at a relative
      humidity of about 80%. Their condition was checked each day. The Table
      indicates how many days the blossoms remained durable without losing
      petals or displaying signs of withering.
PAR  The active substances were not tested direct in water, but in a stock
      solution buffered to pH 3.4 which contained "Irgasan" as fungicide. These
      roses were in each container and three containers in each case contained
      the same solution. The durability in the stock solution containing no
      active substances is given as comparison. The active substances were added
      on a rule in a concentration of 50 ppm and formulated as wettable powders.
TBL  ______________________________________                                    
     Active Substance   Conc.   Durability in Days                             
                        ppm                                                    
     ______________________________________                                    
     1-methyl-3-methylcarbamoyl-                                               
                        50      6,5                                            
     2,4,5-trioxo-imidazolidine                                                
     1-methyl-3-ethylcarbamoyl-                                                
                        50      9                                              
     2,4,5-trioxo-imidazolidine                                                
     1-methyl-3-n-propylcarbamoyl-                                             
                        50      9                                              
     2,4,5-trioxo-imidazolidine                                                
     Active Substance   Conc.   Durability in Days                             
                        ppm                                                    
     ______________________________________                                    
     1-methyl-3-isopropylcarbamoyl-                                            
                        50      8                                              
     2,4,5-trioxo-imidazolidine                                                
     1-methyl-3-allylcarbamoyl-2,4,                                            
                        50      8                                              
     5-trioxo-imidazolidine                                                    
     1-methyl-3-n-butylcarbamoyl-                                              
                        50      8                                              
     2,4,5-trioxo-imidazolidine                                                
     1-methyl-3-methylcarbamoyl-                                               
                        50      6,5                                            
     2,4,5-trioxo-imidazolidine                                                
     1-phenyl-3-methylcarbamoyl-                                               
                        50      7                                              
     2,4,5-trioxo-imidazolidine                                                
     Control : H.sub.2 O (pH 3,4-+fungicide)                                   
                        --      3                                              
     ______________________________________                                    
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may be available and can be used in the following forms:
PAL  Solid forms:
PA1  dusts, tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules.
PAL  Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pastes, emulsions;
PA1  b. solutions.
PAR  To manufacture solid forms (dusts, tracking agents), the active substances
      are mixed with solid carriers. Suitable carriers are, for example: kaolin,
      talcum, bolus, loess, chalk, limestone, ground limestone, attaclay,
      dolomite, diatomaceous earth, precipitated silica, alkaline earth
      silicates, sodium and potassium aluminium silicates (feldspar and mica),
      calcium and magnesium sulphates, magnesium oxide, ground synthetic
      materials, fertilisers, for example ammonium sulphate, ammonium phosphate,
      ammonium nitrate, urea, ground vegetable products, such as corn meal, bark
      dust, sawdust, nutshell meal, cellulose powder, residues of plant
      extractions, activated charcoal etc. These substances can either be used
      alone or in admixture with one another.
PAR  The particle size of the carriers for dusts is advantageously up to about
      0.1 mm, for tracking agents from about 0.075 to 0.2 mm, and for granules
      0.2 mm or larger. The concentrations of active substance in the solid
      forms are from 0.5% to 80%.
PAR  To these mixtures can also be added additives which stabilize the active
      substance and/or non-ionic, anionic and cationic surface active
      substances, which for example improve the adhesion of the active
      ingredients on plants or parts of plants (adhesives and agglutinants)
      and/or ensure a better wettability (wetting agents) and dispersibility
      (dispersing agents). Examples of suitable adhesives are the following:
      olein/chalk mixture, cellulose derivatives (methyl cellulose,
      carboxymethyl cellulose), hydroxyethyl glycol ethers of monoalkyl and
      dialkyl phenols having 5 to 15 ethylene oxide radicals per molecule and 8
      to 9 carbon atoms in the alkyl radical, lignin sulphonic acids, their
      alkali metal and alkaline earth metal salts, polyethylene glycol ethers
      (carbowaxes), fatty alcohol polyethylene glycol ethers having 5 to 20
      ethylene oxide radicals per molecule and 8 to 18 carbon atoms in the fatty
      alcohol moiety, condensation products of ethylene oxide/propylene oxide,
      polyvinyl pyrrolidones, polyvinyl alcohols, condensation products of urea
      and formaldehyde, and also latex products.
PAR  The water-dispersible concentrates of the active substance, i.e. wettable
      powders, pastes and emulsifiable concentrates, are agents which can be
      diluted with water in any concentration desired. They consist of active
      substance, carrier, optionally additives which stabilize the active
      substance, surface-active substances and anti-foam agents and, optionally
      solvents.
PAR  Wettable powders and pastes are obtained by mixing and grinding the active
      substances with dispersing agents and pulverulent carriers in suitable
      apparatus until homogeneity is attained. Carriers are, for example, those
      mentioned for the solid forms of application. In some cases it is
      advantageous to use mixtures of different carriers. As dispersing agents
      there can be used, for example, condensation products of sulfonated
      naphthalene and sulfonated naphthalene derivatives with formaldehyde,
      condensation products of napthalene or naphthalene sulfonic acids with
      phenol and formaldehyde, as well as alkali, ammonium and alkaline earth
      metal salts of lignin sulfonic acid, in addition, alkylaryl sulfonates,
      alkali and alkaline earth metal salts of dibutyl naphthalene sulfonic
      acid, fatty alcohol sulfates such as salts of sulfonated fatty alcohol
      glycol ethers, the sodium salt of oleoyl ethionate, the sodium salt of
      oleoyl methyl tauride, ditertiary acetalene glycols, dialkyl dilauryl
      ammonium chloride and fatty acid alkali and alkaline earth metal salts.
PAR  Suitable anti-foam agents are silicones.
PAR  The active substances are so mixed, ground sieved and strained with the
      additives mentioned above that, in wettable powders, the solid particle
      size of from 0.02 to 0.04 and in pastes, of 0.03 is not exeeded. To
      produce emulsifiable concentrates and pastes, dispersing agents such as
      those given in the previous paragraphs, organic solvents and water are
      used. Examples of suitable solvents are the following: alcohols, benzene,
      xylenes, toluene, dimethyl sulfoxide, N,N-dialkylated amides, N-oxides of
      amines, especially trialkylamines, and mineral oil fractions boiling
      between 120.degree. and 350.degree.C. The solvents must be practically
      odorless, not phytotoxic, inert to the active substances and not readily
      inflammable.
PAR  Furthermore, the agents according to the invention can be applied in the
      form of solutions. For this purpose the active substances or several
      active substances are dissolved in suitable organic solvents, mixtures of
      solvents or in water. Aliphatic and aromatic hydrocarbons, chlorinated
      derivatives thereof, alkyl napthalenes and mineral oils alone or mixed
      with each other, can be used as organic solvents. The solutions should
      contain the active substances in a concentration ranging from 1 % to 20 %.
      These solutions may be applied either with the aid of a propellant gas (as
      spray) or with special sprayers (as aerosol). The agents described
      according to the invention can be mixed with other biocidally active
      substances or agents. Thus in order to broaden the activity spectrum the
      new agents may contain, for example insecticides, fungicides,
      bactericides, fungistatics, bacteriostatics or nematocides, in addition to
      the cited compounds of formula I. The agents according to the invention
      may also contain plant fertilizers, trace elements etc.
PAR  The active substances of the formula I can, for example, be formulated as
      follows. The parts denote parts by weight.
PAC  Granules
PAR  The following substances are used to manufacture 5 % granules:
PA1  5 parts of 1-ethyl-3-allylcarbamoyl-2,4,5-trioxo-imidazolidine,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol ether,
PA1  91 parts of kaolin (particle size: 0.3-0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and the mixture
      dissolved in 6 parts of acetone, then polyethylene glycol ether and cetyl
      polyglycol ether are added. The resulting solution is sprayed on kaolin
      and then evaporated in vacuo.
PAC  Wettable Powder
PAR  The following constituents are used to manufacture (a) a 40 %, (b) a 50 %,
      (c) a 25 %, and (d) a 10 % wettable powder:
PA1  a. 40 parts of 1-methyl-3-allylcarbamoyl-2,4,5-trioxo-imidazolidine
PA2  5 parts of sodium lignin sulphonate
PA2  1 part of sodium dibutylnapthalenesulphonate
PA2  54 parts of silicic acid;
PA1  b. 50 parts of 1-methyl-3-methylcarbamoyl-2,4,5-trioxo-imidazolidine
PA2  5 parts of alkylarylsulphonate ("Tinovetin B")
PA2  10 parts of calcium lignin sulphonate
PA2  1 part of Champagne chalk/hydroxyethyl cellulose mixture (1:1)
PA2  20 parts of silicic acid
PA2  14 parts of kaolin;
PA1  c. 25 parts of 1-ethyl-3-methylcarbamoyl-2,4,5-trioxo-imidazolidine
PA2  5 parts of sodium oleylmethyltauride
PA2  2.5 parts of naphthalenesulphonic acid/formaldehyde condensate
PA2  0.5 parts of carboxymethyl cellulose
PA2  5 parts of neutral potassium aluminium silicate
PA2  62 parts of kaolin;
PA1  d. 10 parts of 1-methyl-3-isopropylcarbamoyl-2,4,5-trioxo-imidazolidine
PA2  3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates
PA2  5 parts of napthalenesulphonic acid/formaldehyde condensate
PA2  82 parts of kaolin.
PAR  The active substances are intimately mixed in suitable mixers with the
      additives and ground in appropriate mills and rollers. Wettable powders
      are obtained which can be diluted with water to give suspensions of any
      desired concentration. These suspensions can be used e.g. for removing
      undesirable side-shoots, for the tillering of grass or for the rooting of
      cuttings.
PAC  Emulsion Concentrate
PAR  To manufacture 25 % emulsion concentrates
PA1  a. 25 parts of 1-ethyl3-n-butylcarbamoyl-2,4,5-trioxo-imidazolidine
PA2  5 parts of a mixture of nonylphenolpolyoxyethylene and calcium
      dodecylbenzenesulphonate
PA2  70 parts of xylene,
PA1  b. 25 parts of 1-phenyl-3-methylcarbamoyl-2,4,5-trioxo-imidazolidine
PA2  10 parts of a mixture of nonylphenolpolyoxyethylene and calcium
      dodecylbenzenesulphonate
PA2  65 parts of cyclohexanone
PAL  are mixed together. This concentrate can be diluted with water to suitable
      concentrations. These emulsions are suitable for thinning out blossoms and
      fruit, for accelerating the ripening of fruit and for promoting the
      detachment of fruit and leaves.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition for regulating plant metabolism in the nature of promoting
      fruit abscission comprising as active ingredient, an effective
      non-phytotoxic amount of a compound of the formula
      ##SPC4##
PAL  wherein R.sub.1 represents alkyl or alkenyl each of up to 4 carbon atoms or
      phenyl optionally substituted by chlorine, nitro or alkyl of 1 to 4 carbon
      atoms, and R.sub.2 represents alkyl or alkenyl each of up to 4 carbon
      atoms, together with a suitable inert carrier therefor.
NUM  2.
PAR  2. The composition of claim 1, wherein in said active ingredient R.sub.1
      represents methyl, ethyl, isopropyl, sec. butyl, allyl or phenyl
      optionally substituted by chlorine, nitro, methyl or ethyl, and R.sub.2
      represents alkyl of 1 to 4 carbon atoms or allyl.
NUM  3.
PAR  3. The composition of claim 1, wherein said active ingredient is
      1-methyl-2,4,5-trioxoimidazolidine-3-carboxylic-acid-n-propylamide.
NUM  4.
PAR  4. A process for regulating plant metabolism in the nature of promoting
      fruit abscission which comprises applying to said plant an effective
      non-phytotoxic amount of a 2,4,5-trioxo-imidazolidine-3-carboxylic acid
      amide according to claim 1.
NUM  5.
PAR  5. The process of claim 4, wherein the acid amide corresponds to the
      formula of claim 2.
NUM  6.
PAR  6. The process of claim 4, wherein said acid amide is
      1-methyl-2,4,5-trioxo-imidazolidine-3-carboxylic-acid-n-propylamide.
PATN
WKU  039376273
SRC  5
APN  5511720
APT  1
ART  124
APD  19750219
TTL  Perchlorylphenylurea herbicide
ISD  19760210
NCL  4
ECL  1
EXP  Hollrah; Glennon H.
INVT
NAM  Pilgram; Kurt H. G.
CTY  Modesto
STA  CA
ASSG
NAM  Shell Oil Company
CTY  Houston
STA  TX
COD  02
RLAP
COD  72
APN  381936
APD  19730723
PSC  03
CLAS
OCL   71120
XCL  260453R
EDF  2
ICL  A01N  920
FSC   71
FSS  120
FSC  260
FSS  453 R X
UREF
PNO  3000940
ISD  19610900
NAM  Raasch
OCL  260453R
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ISD  19660600
NAM  Johnson
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PNO  3278292
ISD  19661000
NAM  Johnson
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ISD  19720800
NAM  Scherer et al.
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ABST
PAL  1-methoxy-1-methyl-3-(3-perchlorylphenyl)urea, having herbicidal activity.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 381,936,
      filed July 23, 1973 now abandoned.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  1-methoxy-1-methyl-3-(3-perchlorylphenyl)urea having the formula:
      ##EQU1##
      has been found to be a very active herbicide.
PAR  The herbicide of this invention can be prepared as follows:
PAR  A. Preparation of perchlorylbenzene (I)
PAR  225 grams (2.2 moles) of perchloryl fluoride gas was passed into a stirred
      suspension of 293 grams (2.2 moles) of aluminum trichloride in 4 liters of
      benzene at 10.degree.-20.degree.. The reaction was exothermic and the
      temperature was maintained within the desired limits by controlling the
      rate at which the fluoride was added and by cooling. By-product hydrogen
      chloride was removed as it formed. After about 3.5 hours, the amorphous
      aluminum salt was filtered from the reaction mixture. The filtrate was
      washed well with water, dried and the benzene was evaporated under reduced
      pressure (25 torr., 65.degree.) in a dropping film rotary evaporator to
      give 258 grams (78% yield) of I, as a light yellow liquid.
PAR  B. Preparation of 1-nitro-3-perchlorylbenzene (II)
PAR  To a stirred mixture of 250 grams (1.56 moles) of I in 1.8 liters of
      concentrated sulfuric acid was gradually added a nitrating mixture of 175
      grams (1.75 moles) of 63% nitric acid and 600 milliliters of concentrated
      sulfuric acid. The reaction mixture was maintained at
      20.degree.-30.degree.. The mixture was stirred for 4 hours at room
      temperature, then poured over ice water and extracted with benzene several
      times. The combined benzene extracts were washed with water, dried and the
      benzene was removed using the dropping film rotary evaporator to give 280
      grams (87% yield) of II as a brown-yellow oil.
PAR  C. Preparation of 3-perchlorylaniline hydrochloride (III)
PAR  To a stirred solution of 268 grams (1.3 moles) of II in 1.5 liters of
      ethanol and 1.5 liters of concentrated hydrochloric acid, 850 grams (4.5
      moles) of stannous chloride was added in portions, the mixture being
      maintained at 50.degree.-60.degree. by heating. The mixture was held at
      60.degree. for 2 hours after the last of the stannous chloride had been
      added. The resulting mixture was concentrated under reduced pressure (25
      torr., 75.degree.-85.degree.), then poured over ice and water and
      neutralized to a pH of 5-6 with sodium hydroxide solution. The resulting
      suspension was extracted repeatedly with ether. The combined ether
      extracts were dried, filtered and then treated with dry hydrogen chloride
      to give 95 grams (34% yield) of III, as a light-tan crystalline solid,
      melting with decomposition at 177.degree.-178.degree..
PAR  D. Preparation of 3-perchlorylphenyl isocyanate (IV)
PAR  A slurry consisting of 43 grams (0.2 mole) of III and 39.6 grams (0.4 mole)
      of phosgene in 500 milliliters of benzene was gradually heated to reflux
      and refluxed for 3 hours. The resulting clear solution was concentrated
      under reduced pressure to give 38.7 grams (94.5% yield) of IV as a viscous
      brown liquid.
PAR  e. Preparation of 1-methoxy-1-methyl-3-(3-perchlorylphenyl)urea (V)
PAR  To a solution of 12.9 grams (0.064 mole) of IV in 250 milliliters of ether
      was added a solution of 4.9 grams (0.08 mole) of O,N-dimethylhydroxylamine
      in 350 milliliters of methanol. The resulting mixture was concentrated to
      dryness, washed with water and recrystallized from acetone/hexane (5:1) to
      give 11.8 grams (71% yield) of V as a white crystalline solid, melting
      point: 125.degree.-126.degree.. Its identity was confirmed by elemental
      analysis.
PAR  The compound of this invention has been found to be herbicidally effective
      with regard to a variety of plant species, including economically
      important species of grasses and broadleaved weeds. It has been found to
      be active both pre-emergence (applied to the soil prior to germination of
      the plat seeds) and post-emergence (applied to the foliage of the plant).
      It is particularly of interest as a pre-emergence herbicide.
PAR  Accordingly, herbicidal compositions of this invention comprise the urea of
      this invention and an inert agriculturally acceptable carrier therefor.
      Undesirable plant growth is destroyed or prevented by applying an
      effective amount of the urea, ordinarily in a herbicidal composition of
      one of the types described hereinafter to either the unwanted vegetation
      itself or to the area to be kept free of such unwanted vegetation.
PAR  The amount of the urea required for controlling unwanted plants will
      naturally depend upon the variety or varieties of plants involved, whether
      the urea is to be applied pre-emergence or post-emergence, the kind and
      condition of the soil (if applied pre-emergence), the degree of control
      desired, the character of the formulation used, the mode of application,
      the climate, the season of the year and other variables which must be and
      are taken into account by practioners of the art of chemical control of
      unwanted plants. Recommendation as to precise dosages are therefore not
      possible. In general, however, when applied pre-emergence to a locus to be
      protected, dosages of from about 0.1 to about 10 pounds per acre of the
      urea will be satisfactory. When applied post-emergence, the usual practice
      is to spray or dust the foliage of the plants to apply the needed dosage
      to the foliage. The nominal dosage in this case also is from about 0.1 to
      about 10 pounds per acre of the urea. Liquid and dust formulations for
      such application ordinarily contain from about 1/2  to 10 percent of the
      urea.
PAR  The urea may be formulated as a wettable powder, a dust, as granules, as a
      solution, an emulsifiable concentrate, an emulsion, usupension concentrate
      or aerosol. Wettable powders are usually compounded to contain from about
      25  to about 75 percent by weight of toxicant and usually contain in
      addition to solid carrier, 3-10 percent by weight of a dispersing agent
      and, where necessary, up to 10 percent by weight of stabilizer(s) and/or
      other additives such as penetrants or stickers. Dusts are usually
      formulated as a concentrate having a similar composition to that of a
      wettable powder but without a dispersant, and are diluted in the field
      with further solid carrier to give a composition usually containing 1/2-10
      percent by weight of toxicant. Generally, granules will contain 1/2-25
      percent by weight toxicant and 0-10 percent by weight of additives such as
      stabilizers, slow release modifiers and binding agents. Any of the solid
      materials commonly used for formulating agricultural chemicals can be
      used. Examples include: talc, clays, pumice, diatomaceous earth, silica,
      walnut granules and flour, chalk and the like. Emulsifiable concentrates
      usually contain, in addition to the solvent and, when necessary,
      co-solvent, 10-50 percent weight per volume toxicant, 2-20 percent weight
      per volume emulsifiers and 0-20 percent per volume of appropriate
      additives such as stabilizers, penetrants and corrosion inhibitors.
      Suitable solvents include benzene, toluene, xylene, methanol, ethanol,
      acetone, methyl ethyl ketone, diethyl ketone, tetrahydrofuran,
      acetonitrile, dimethylformamide, dimethyl sulfoxide, sulfolane, sulfolene.
      Suspension concentrates are compounded so as to obtain a stable,
      non-sedimenting flowable product and usually contain 10-75 percent by
      weight of toxicant, 0.5-15 percent by weight of dispersing agents, 0.1-10
      percent by weight of suspending agents such as protective colloids and
      thixotropic agents, 0-10 percent by weight of appropriate additives such
      as defoamers, corrosion inhibitors, stabilizers, penetrants and stickers,
      and as carrier, water or an organic liquid in which the toxicant is
      substantially insoluble; certain organic solids or inorganic salts may be
      dissolved in the carrier to assist in preventing sedimentation or as
      antifreeze agents for water.
PAR  Aqueous dispersions and emulsions of these formulations are obtained by
      diluting such wettable powders or concentrates with water. The said
      emulsions may be of the water-in-oil or of the oil-in-water type, and may
      have a thick mayonnaise-like consistency.
PAR  The compositions containing the urea may also contain other ingredients,
      for example, other compounds possessing pesticidal, especially
      insecticidal, acaricidal, herbicidal or fungicidal properties.
PAR  The pre-emergence hericidal activity of the urea of the invention was
      evaluated by planting seeds of watergrass and cress in test tubes,
      nominally measuring 25 .times.  200 millimeters, containing soil treated
      with the test compound at the rate of 0.1 and 1 milligrams of the active
      compound per tube designated in Table II as Rates I and II, respectively.
      The planted soil was held under controlled conditions of temperature,
      moisture, and light for 13 to 14 days. The amount of germination was then
      noted and the effectiveness of the test compound was rated on the basis of
      a 0 to 9 scale, 0 rating indicating no effect, 9 indicating death of the
      seedlings or no germination.
PAR  The post-emergence activity of the compound of this invention was evaluated
      by spraying 10-day old pigweed plants and 7-day old crabgrass plants to
      runoff with a liquid formulation of the test compound at the rates of 0.62
      milliliters of an 0.04 percent solution designated Rate I in Table II, and
      0.56 milliliters of an 0.5 percent solution designated Rate I in Table II.
      The sprayed plants were held under controlled conditions for 10 to 11 days
      and the effect of the test chemical was then evaluated visually, the
      results being rated on the 0 to 9 scale described above.
PAR  The results of the tests are summarized in Table I.
PAR  The herbicidal activity of the compound of this invention was determined
      with respect to several common species of weeds, by spraying a formulation
      of the test compound on to the soil in which the weed seeds had been
      planted (pre-emergence test) or on to the foliage of the plants
      (post-emergence tests). In each series of tests, the soil was held in
      containers that isolated that soil into a narrow band, or row. The
      solution of test chemical was sprayed over the band, from one end to the
      other, the concentration of the test compound in the formulation varying
      logarithmically from a higher value at one end of the band to a lower
      value at the other end of the band. The effect of the test chemical was
      evaluated visually and reported as the nominal rate of application, in
      pounds of test chemical per acre of the soil band, at which 90 percent
      inhibition of the growth of the weeds occurred, this being referred to as
      the 90 percent growth inhibition, or GI.sub. 90, dosage. Results of the
      pre-emergence tests, as well as the weed species involved, are set out in
      Table II, while similar data for the post-emergence tests are set out in
      Table III.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     HERBICIDAL ACTIVITY                                                       
     Pre-emergence         Post-emergence                                      
     Watergrass Cress      Crabgrass  Pigweed                                  
     Rate I                                                                    
          Rate II                                                              
                Rate I                                                         
                     Rate II                                                   
                           Rate I                                              
                                Rate II                                        
                                      Rate I                                   
                                           Rate II                             
     __________________________________________________________________________
     9    9     9    9     9    9     7    9                                   
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
     PRE-EMERGENCE TESTS                                                       
     WEED SPECIES                                                              
                                             Seedling                          
                                             Quack                             
                                                  Green                        
                                                       Lambs-                  
                                                            Buckhorn           
     Ryegrass                                                                  
          Cheatgrass                                                           
                Crabgrass                                                      
                      Watergrass                                               
                            Pigweed                                            
                                 Mustard                                       
                                      Curly Dock                               
                                             grass                             
                                                  Foxtail                      
                                                       quarter                 
                                                            Plantain           
     __________________________________________________________________________
     --   0.9   0.05  0.4   0.02 0.08 0.12   0.08 0.05 0.03 0.2                
     __________________________________________________________________________
TBL                                    TABLE III                               
     __________________________________________________________________________
     POST-EMERGENCE TESTS                                                      
     WEED SPECIES                                                              
     Cheatgrass                                                                
           Crabgrass                                                           
                 Watergrass                                                    
                       Pigweed                                                 
                            Mustard                                            
                                 Fiddleneck                                    
     __________________________________________________________________________
     &gt;5    0.9   &gt;5    0.44 0.28 --                                            
     __________________________________________________________________________
DETD
PAR  The compound of the invention was tested in field tests as follows:
PAC  Test Series No. 1
PAR  Plots of ground commonly used for growing corn, in two locations in
      Illinois, were treated with the compound, at four dosage rates and by two
      modes of application: pre-planting incorporated (PPI) and pre-emergence
      (PE). The soil was heavy, having a relatively high (about 4 percent
      organic content. The tests were conducted in the period, April - June. The
      tests were for the purpose of determining whether the compound would
      control weeds commonly found in the area in which the tests were
      conducted, and the effect the compound might have upon crops (corn and
      soybeans) in the treated soil. In addition, seeds of annual ryegrass and
      redroot pigweed were broadcast over the test field areas, which then were
      harrowed. The compound was applied as a dilute aqueous suspension prepared
      by diluting with water an emulsible concentrate of the compound (12.5
      percent) in a 50:50 mixture of cyclohexanone and xylene containing 5
      percent emulsifier. The formulation was applied by a sprayer. Non-treated
      plots immediately adjacent to the treated plots served as controls.
      Irrigation was by natural rainfall.
PAC  PPI Tests
PAR  In these tests, the formulation of the compound was sprayed on the surface
      of the soil, which then was rototilled to mix the compound in the soil to
      a depth of about 3 inches. Seeds of the crop plants were then planted in
      the treated soil.
PAC  PE Tests
PAR  In these tests, the formulation of the compound was sprayed on the surface
      of the soil in which the seeds of the crop plants had already been
      planted.
PAC  Results
PAR  The effects of the compound on the corn plants were reported on the basis
      of visual assessment, in terms of a scale from 0 (no detectable effect) to
      9 (no living tissue), with a rating of 3 (definite, but minor damage)
      being the maximum acceptable rating for a compound to be used for
      controlling weeds in the presence of seeds of plants of that particular
      crop. The effects of the compound on the weeds were reported as the
      percent control of the weeds, based on visual assessment and comparison to
      the weed growth in the control plots. To be useful as a practical
      herbicide, a compound must provide at least 70 - 80 percent control of the
      weeds. The results of these tests are reported in Table II.
PAC  PPI Tests
PAR  The compound was applied at dosages of 1.0, 0.5, 0.25 and 0.125 pound of
      compound per acre, at both locations.
PAR  At one location, neither compound gave any control of the weeds and had no
      effect on the crop plants.
PAR  At the other location, some control of weeds by the compound was obtained
      at a dosage of 1.0 pound per acre, while at other dosages, it had no
      effect. It caused minor damage to soybeans at 1.0 pounds per acre, but
      otherwise it had no effect on the crop plants. The control given by the
      compound at 1.0 pound per acre was as follows:
TBL         Weed Species                                                       
                        Percent Control                                        
     ______________________________________                                    
     Annual ryegrass    80                                                     
     Giant foxtail      90                                                     
     Velvet leaf        30                                                     
     Pennsylvania smartweed                                                    
                        90                                                     
     Prostrate pigweed  30                                                     
     ______________________________________                                    
TBL                                    TABLE II                                
     __________________________________________________________________________
     PRE-EMERGENCE                                                             
     Plant Species Effect of Test Compound on Plants at Indicated              
                   Dosage.sup.a)                                               
                   Test 1           Test 2                                     
                   1.0 0.5 0.25                                                
                               0.125                                           
                                    1.0 0.5 0.25                               
                                                0.125                          
     __________________________________________________________________________
     Crops                                                                     
     Corn          2   *   *   *.sup.b)                                        
                                    0   *   *   *                              
     Soybean       0   *   *   *    3   *   *   *                              
     Weeds                                                                     
     Annual Ryegrass                                                           
                   70  50  0   0    60  50  0   0                              
     Giant Foxtail 95  70  0   0    95  60  0   0                              
     Violet Leaf   95  0   0   0    0   20  0   0                              
     Pennsylvania Smartweed                                                    
                   90  --  --  --.sup.c)                                       
                                    90  20  0   0                              
     Lambsquarters 95  0   0   0    --  --  --  --                             
     Prostrate Pigweed                                                         
                   99  0   --  0    90  --  --  0                              
     __________________________________________________________________________
      .sup.a) Pounds of test compound per acre.                                
      .sup.b) Asterisk indicates that the crop was not included in the         
      particular test.                                                         
      .sup.c) Dash indicates that the weed was not in the particular plot      
      involved.                                                                
PAR  Plots of ground commonly used for growing cotton, in Louisiana and
      Mississippi, were treated with the compound, at three dosage rates and by
      two modes of application: pre-planting incorporated (PPI) and
      pre-emergence (PE). The tests were conducted in the period, May - July.
      Tests 1 and 2 were conducted in Louisiana. Tests 3 and 4 were conducted in
      Mississippi. In both locations, the soil was light, having a relatively
      low (about 1 percent organic content. The tests were for the purpose of
      determining whether the compound would control weeds commonly found in the
      areas in which the tests were conducted, and the effect the compound might
      have upon crops (corn, cotton and soybeans) in the treated soil. The
      compound was applied as a dilute aqueous suspension prepared by diluting
      an emulsible concentrate of the compound with water. The dilute
      formulation was applied by a back-pack sprayer. Non-treated plots
      immediately adjacent to the treated plots served as controls. Irrigation
      was by natural rainfall.
PAC  PPI Tests
PAR  In these tests, the formulation of the compound was sprayed on the surface
      of the soil, which then was cultivated with a DO-ALL soil bed conditioner
      (consisting of a non-powered rotary soil chopper, spike-tooth harrow and
      drag), which mixed the compound in the soil to a depth of about 3 inches.
      No weed seeds were planted -- the soil was naturally infested with weed
      seeds. Seeds of the crop plants then were planted in the treated soil.
PAC  PE Tests
PAR  In these tests, the formulation of the compound was sprayed on the surface
      of the soil, in which the seeds of the crop plants had already been
      planted.
PAC  Results
PAR  The results of the tests are summarized in Tables III - IV. The effects of
      the test compound on the crop plants were reported on the basis of visual
      assessment, in terms of a scale from 0 (no detectable effect) to 9 (no
      living tissue), with a rating of 3 (definite, but minor damage) being the
      maximum acceptable rating for a compound to be able to be used for
      controlling weeds in the presence of seeds of plants of that particular
      crop. The effects of the compound on the weeds were reported as the
      percent control of the weeds, based on visual assessment and comparison to
      the weed growth on the control plots. To be useful as a practical
      herbicide, a compound must provide at least 70- 80 percent control of the
      weeds.
TBL                                    TABLE III                               
     __________________________________________________________________________
     PRE-PLANTING INCORPORATION                                                
     Plant Species                                                             
              Effect of Test Compound on Plants at Indicated Dosage.sup.a)     
              Test 1        Test 2       Test 3       Test 4                   
              1.0.sup.a)                                                       
                    0.5 0.25                                                   
                            1.0  0.5 0.25                                      
                                         1.0  0.5 0.25                         
                                                      1.0  0.5 0.25            
     __________________________________________________________________________
     Crops                                                                     
      Corn    2     0   0   2    0   0   0    0   0    0   0   0               
      Cotton  3     0   0   0    0   0   0    0   0    0   0   0               
      Soybean 9     6   5   6    4   0   4    0   0    0   0   *               
     Weeds                                                                     
      Pigweed 80    30  0   80   40  0   100   90 0   90   0   0               
      Goosegrass                                                               
              90    60  0   75   70  0   100  100 0   80   40  0               
      Johnsongrass                                                             
              0     0   0   --   --  --  --   --  0   80   0   0               
      Morninglory                                                              
              80    0   0   20   0   0   --   --  --   0   0   0               
      Signalgrass                                                              
              30    0   0   60   --  0   --   --  0   --   --  --              
      Sida    100   --  --  --   --  --   90  0   0   --   --  0               
      Carpetweed                                                               
              90    50  0   100  90  --  --   --  --  --   --  --              
      Spurge  --    --  --  --   --  --   90   90 0   80   40  0               
      Copperleaf                                                               
              --    --  --  --   --  --  --   --  --  90   0   --              
     __________________________________________________________________________
      .sup.a) Pounds of test compound per acre.                                
      .sup.b) Dash indicates that the weed was not found in the particular plot
      involved.                                                                
      .sup.c) Asterisk indicates that soybeans were not included in the        
      particular test.                                                         
TBL                                    TABLE IV                                
     __________________________________________________________________________
     PRE-PLANTING INCORPORATION                                                
     Plant Species                                                             
              Effect of Test Compound of Plants at Indicated Dosage.sup.a)     
              Test 1        Test 2       Test 3       Test 4                   
              1.0   0.5 0.25                                                   
                            1.0  0.5 0.25                                      
                                         1.0  0.5 0.25                         
                                                      1.0  0.5 0.25            
     __________________________________________________________________________
     Crops                                                                     
      Corn    5     4   0   3    0   0   2    1   0   3    0   0               
      Cotton  3     0   0   0    4   0   0    0   0   0    0   0               
      Soybean 8     4   0   8    7   0   9    7   7   6    6   6               
     Weeds                                                                     
      Pigweed 100   90  80  100  100 50  100  40  0   100  --  0               
      Goosegrass                                                               
              100   100 80   95   90 70  100  80  --  95   95  0               
      Johnsongrass                                                             
              --    0   --  --    50 0   0    0   0   --   0   0               
      Morninglory                                                              
              0     0   0    70  0   0   0    0   0   --   0   0               
      Signalgrass                                                              
              100   --  --   90  0   0   --   --  --  --   --  --              
      Sida    --    --  --  --   --  --  --   --  --  --   --  0               
      Carpetweed                                                               
              100   90  80   50   50 0   --   --  --  --   --  --              
      Spurge  --    --  --  --   --  0   100  90  50  95   60  0               
      Copperleaf                                                               
              --    90  50  --   --  0   100  --  --  90   --  --              
     __________________________________________________________________________
      .sup.a) Pounds of test compound per acre.                                
      .sup.b) Dash indicates that the weed was not found in the particular plot
      involved.                                                                
      .sup.c) Asterisk indicates that soybeans were not included in the        
      particular test.                                                         
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 1-methoxy-1-methyl-3-(3-perchlorylphenyl)-urea.
NUM  2.
PAR  2. A herbicidal composition comprising an effective amount of the compound
      of claim 1 together with an inert adjuvant therefor.
NUM  3.
PAR  3. A method for controlling unwanted plants which comprises subjecting such
      plants to an effective dosage of the compound of claim 1.
NUM  4.
PAR  4. A method for controlling unwanted plants which comprises applying to the
      soil in which seeds of such plants are present an effective dosage of the
      compound of claim 1.
PATN
WKU  039376281
SRC  5
APN  4575016
APT  1
ART  111
APD  19740403
TTL  Solid-solution strengthened austenitic alloys
ISD  19760210
NCL  10
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EXA  Weise; E. L.
EXP  Rutledge; L. Dewayne
INVT
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CNT  JA
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NAM  Hitachi Metals, Ltd.
CNT  JA
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FSC   75
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UREF
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NAM  Baird
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NAM  Edlund et al.
OCL   75171
UREF
PNO  2704250
ISD  19550300
NAM  Payson
OCL   75171
UREF
PNO  3346378
ISD  19671000
NAM  Foster et al.
OCL   75171
UREF
PNO  3362816
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NAM  Winter et al.
OCL   75171
UREF
PNO  3393999
ISD  19680700
NAM  Lherbier et al.
OCL   75171
LREP
FRM  Craig & Antonelli
ABST
PAL  Solid-solution strengthened austenitic alloys consisting of, in weight
      percent, no more than 0.1 % carbon, from 4 (%C) to 1 % titanium and/or
      niobium (alone or in combination), no more than 75 % cobalt, no more than
      26 % chromium, from 8 % to 40 % tungsten, wherein the amount of 1/5 (%Co)
      + (%Cr) + (%W) is in the range from 38 % to 46 %, with or without at least
      one element from the group consisting of no more than 0.1 % boron, no more
      than 0.5 % zirconium, no more than 0.5 % yttrium and no more than 1 %
      hafnium, and the balance essentially nickel except for impurities.
PAL  These alloys possess excellent high-temperature strength as well as good
      workability.
BSUM
PAR  This invention relates to alloys having excellent high-temperature strength
      and good workability adapted for the material of the heat-exchangers for
      atomic energy iron-making process.
PAR  The material of the heat-exchangers for atomic energy iron-making process
      is required to have excellent high-temperature strength and good
      workability. Among conventional high-temperature materials, some of
      nickel-base precipitation hardened alloys or refractory metals such as
      molybdenum-base alloys have excellent high-temperature strength but they
      are inferior in workability while conventional iron-base or nickel-base
      solid-solution strengthened alloys have good workability in general but
      they are inferior in high-temperature strength, so that all these
      materials are not acceptable as the material of the heat-exchangers for
      atomic energy iron-making process.
PAR  The alloys of the present invention consist of, in weight percent, no more
      than 0.1 % carbon, from 4 (%C) to 1 % titanium and/or niobium (alone or in
      combination), no more than 75 % cobalt, no more than 26 % chromium, from 8
      % to 40 % tungsten, wherein the amount of 1/5 (%Co) + (%Cr) + (%W) is in
      the range from 38 % to 46 %, with or without at least one element from the
      group consisting of no more than 0.1 % magnesium, no more than 0.1 %
      boron, no more than 0.5 % zirconium, no more than 0.5 % yttrium and no
      more than 1 % hafnium, and the balance essentially nickel except for
      impurities.
PAR  More preferable alloys of the present invention consist of, in weight
      percent, no more than 0.1 % carbon, from 4 (%C) to 1 % titanium and/or
      niobium (alone or in combination), from 25 % to 55 % cobalt, from 10 % to
      22 % chromium, from 13 % to 25 % tungsten, wherein the amount of 1/5 (%Co)
      + (%Cr) + (%W) is in the range from 40 % to 44 %, with or without at least
      one element from the group consisting of no more than 0.05 % magnesium, no
      more than 0.02 % boron, no more than 0.2 % zirconium, no more than 0.2 %
      yttrium and no more than 0.5 % hafnium, and the balance essentially
      nickel.
PAR  The most preferably alloy of the present invention consists of about 0.05 %
      carbon, either 0.4 % titanium or 0.6 % niobium, 30 % cobalt, 16 %
      chromium, 20 % tungsten, 0.01 % magnesium, 0.05 % zirconium and the
      balance nickel.
PAR  The reason of the limitation of the composition is following:
PAR  As carbon forms MC type carbide combining with titanium or niobium and
      prevent grain growth, a little amount of carbon is necessary. However,
      carbon in excess of 0.1 % forms excessive amount of carbide and impairs
      hot-workability of the alloys. Therefore the amount of carbon is limited
      to no more than 0.1 %. As titanium and niobium form MC type carbide
      combining with carbon and prevent excessive grain growth, the minimum
      amount of titanium and/or niobium should be 4 (%C). On the other hand
      excessive amount of titanium and/or niobium causes structural instability
      in the alloys and so the maximum amount of titanium and/or niobium (alone
      or in combination) should be 1 %.
PAR  Cobalt reduces stacking fault energy and increases high-temperature
      strength of the alloys, so that the maximum content of cobalt may be 75 %,
      although it should be limited in connection with the contents of chromium
      and tungsten from the viewpoint of structural stability of the alloys.
      More preferable amount of cobalt is in the range from 25 % to 55 %.
PAR  Chromium lowers stacking fault energy and diffusion coefficient of the
      alloys, so that it increases high-temperature strength, and also it
      improves oxidation resistance of the alloy. Therefore chromium can be
      contained in the alloys up to 26 %, though the amount of chromium should
      be limited in connection with the amounts of cobalt and tungsten from the
      viewpoint of structural stability of the alloys. More preferable range of
      chromium content in the alloys of the present invention is from 10 % to 22
      %.
PAR  Tungsten lowers stacking fault energy and especially diffusion coefficient
      and so increases high-temperature strength of the alloys. The minimum
      amount of tungsten should be 8 %, while the maximum content of tungsten
      could be 40 %, though the content of tungsten should be limited in
      connection with cobalt and chromium contents from the viewpoint of
      structural stability of the alloys. More preferable amount of tungsten is
      in the range from 13 % to 25 %.
PAR  The important point of the present invention is the limitation in the
      combination among the contents of cobalt, chromium and tungsten. Although
      each of these elements may increase high-temperature strength of the
      alloys up to certain amounts, all of them increase the average electron
      vacancy number of the alloys. When the electron vacancy number exceeds a
      given value, the structure of the alloy becomes unstable with attendant
      precipitation of adverse intermetallic compounds. Thus, there exists
      certain upper limit on the contents of these elements. The most important
      point of the present invention is the discovery that, if the amount of 1/5
      (%Co) + (%Cr) + (%W) is kept within the range from 38 % to 46 %, there
      will be obtained an alloy having excellent high-temperature strength as
      well as good structural stability. In other words, the amount of 1/5 (%Co)
      + (%Cr) + (%W) needs to be more than 38 % for the alloys to have excellent
      high-temperature strength but less than 46 % for the alloys to have good
      structural stability. Therefore we set the range of the amount of 1/5
      (%Co) + (%Cr) + (%W) from 38 % to 46 %. More preferable range thereof is
      from 40 % to 44 %. Further, the most preferable amount thereof is 42%.
      Table 1 shows some examples of the most preferable combinations of cobalt,
      chromium and tungsten contents.
TBL                Table 1                                                     
     ______________________________________                                    
                    (%)                                                        
     ______________________________________                                    
     Co     Cr       W        1/5 (%Co) + (%Cr) + (%W)                         
     ______________________________________                                    
     10      8       32       42                                               
     10     12       28       42                                               
     10     16       24       42                                               
     10     20       20       42                                               
     20     24       14       42                                               
     30      4       32       42                                               
     30      8       28       42                                               
     30     12       24       42                                               
     30     16       20       42                                               
     30     20       16       42                                               
     40     20       14       42                                               
     40     24       10       42                                               
     50      4       28       42                                               
     50      8       24       42                                               
     50     12       20       42                                               
     50     16       16       42                                               
     60     20       10       42                                               
     70      4       24       42                                               
     70      8       20       42                                               
     70     12       16       42                                               
     70     16       12       42                                               
     ______________________________________                                    
PAR  When an alloy is used at extremely high-temperature under stress, creep
      caused by grain boudary diffusion cannot be neglected. Accordingly the
      addition of alloying elements which suppress grain boundary diffusion is
      important to improve high-temperature strength of an alloy. The atomic
      arrangement at grain boundary is irregular and there exist a lot of voids
      along grain boundary, so that atomic diffusion occurs through such voids
      especially at high-temperature. Therefore it is desired to add such
      element that fill up the voids to decrease the rate of grain boundary
      diffusion. The atomic radii of such elements should be different from that
      of the elements which form matrix so that they seggregate preferablly
      along grain boundary. Magnesium, boron, zirconium, yttrium and hafnium are
      the elements that can seggregate preferablly along grain boundary if added
      in small amount because their solubilities to matrix are very small. The
      atomic radii of magnesium and boron are smaller than those of the elements
      that form matrix, while those of zirconium, yttrium and hafnium are
      larger, so that all these elements fill up the voids at grain boundary.
      However, if these elements are added in excess amount, they form
      intermetallic compounds and lower the melting point of the alloy.
      Therefore the amounts of magnesium, boron, zirconium, yttrium and hafnium
      are limited respectively to no more than 0.1 %, no more than 0.1 %, no
      more than 0.5 %, no more than 0.5 % and no more than 1 %. More preferable
      contents of magnesium, boron, zirconium, yyttrium and hafnium are
      respectively no more than 0.05 %, no more than 0.02 %, no more than 0.2 %,
      no more than 0.2 % and no more than 0.5 %.
TBL                                    Table 2                                 
     __________________________________________________________________________
                                                          (Weight              
     __________________________________________________________________________
                                                          %)                   
                No.   C  Cr Mo W  Co Al  Ti N.sub.b                            
                                               F.sub.e                         
                                                  Ni  Mg  B   Zr Y             
     __________________________________________________________________________
                1     0.03                                                     
                         20.1                                                  
                            -- 15.6                                            
                                  29.1                                         
                                     --  0.15                                  
                                            -- -- Bal --  --  -- --            
                2     0.05                                                     
                         15.9                                                  
                            -- 19.8                                            
                                  29.4                                         
                                     --  0.33                                  
                                            -- -- Bal --  --  -- --            
                3     0.05                                                     
                         12.0                                                  
                            -- 23.9                                            
                                  29.0                                         
                                     --  0.37                                  
                                            -- -- Bal --  --  -- --            
                4     0.04                                                     
                         15.0                                                  
                            -- 16.4                                            
                                  47.7                                         
                                     --  0.34                                  
                                            -- -- Bal --  --  -- --            
     Alloy of the                                                              
                5     0.05                                                     
                         15.8                                                  
                            -- 20.0                                            
                                  30.5                                         
                                     --  -- 0.77                               
                                               -- Bal --  --  -- --            
     present invention                                                         
                6     0.05                                                     
                         15.8                                                  
                            -- 19.2                                            
                                  30.1                                         
                                     --  0.36                                  
                                            -- -- Bal 0.003                    
                                                          --  -- --            
                7     0.04                                                     
                         15.9                                                  
                            -- 19.6                                            
                                  30.2                                         
                                     --  0.49                                  
                                            -- -- Bal 0.003                    
                                                          0.013                
                                                              -- --            
                8     0.04                                                     
                         16.0                                                  
                            -- 18.5                                            
                                  30.1                                         
                                     --  0.49                                  
                                            -- -- Bal 0.002                    
                                                          --  0.05             
                                                                 --            
                9     0.06                                                     
                         15.6                                                  
                            -- 19.8                                            
                                  28.8                                         
                                     --  0.38                                  
                                            -- -- Bal 0.003                    
                                                          --  -- 0.05          
                10    0.03                                                     
                         19.4                                                  
                            -- 15.9                                            
                                  30.2                                         
                                     --  0.42                                  
                                            -- -- Bal 0.002                    
                                                          --  -- --            
                11    0.06                                                     
                         20.3                                                  
                            -- 13.9                                            
                                  30.3                                         
                                     --  0.48                                  
                                            -- -- Bal 0.004                    
                                                          0.015                
                                                              -- --            
                12    0.03                                                     
                         20.0                                                  
                            -- 15.4                                            
                                  30.3                                         
                                     --  0.49                                  
                                            -- -- Bal 0.002                    
                                                          --  0.04             
                                                                 --            
                13    0.04                                                     
                         19.9                                                  
                            -- 16.3                                            
                                  29.8                                         
                                     --  0.28                                  
                                            -- -- Bal 0.002                    
                                                          --  -- 0.08          
     __________________________________________________________________________
     Experimental                                                              
                14    0.03                                                     
                         19.8                                                  
                            9.8                                                
                               -- 29.5                                         
                                     --  0.30                                  
                                            -- -- Bal --  --  -- --            
     alloy      15    0.04                                                     
                         17.9                                                  
                            5.2                                                
                                7.6                                            
                                  29.6                                         
                                     --  0.24                                  
                                            -- -- Bal --  --  -- --            
     __________________________________________________________________________
     Conventional                                                              
                16    0.03                                                     
                         20.5                                                  
                            8.5                                                
                               -- 12.0                                         
                                     1.2 0.4                                   
                                            -- -- Bal --  --  -- --            
     alloy      17    0.05                                                     
                         20.0                                                  
                            --  4.6                                            
                                   9.2                                         
                                     0.3 0.3                                   
                                            1.0                                
                                               Bal                             
                                                  39.7                         
                                                      --  --  -- --            
     __________________________________________________________________________
PAR  Table 2 shows the chemical composition of the specimens that were used to
      compare the high-temperature strength of the alloys of the present
      invention with that of conventional commercial alloys. The alloy No. 16 is
      one of the strongest conventional nickel-base solid-solution strengthened
      alloys and the alloy No. 17 is one of the strongest conventional iron-base
      solid-solution alloys.
PAR  The specimens were prepared by hot-working to from 15 to 30 millimeters
      round or square bars and solution-treatment. The specimens of the alloys
      of the present invention and the experimental alloys are solution-treated
      by heating to 1225.degree.C or 1250.degree.C, holding 1 or 2 hours at that
      temperature and cooling in oil, while the specimens of conventional alloys
      are solution-treated in the respective standard solution-treating
      condition.
TBL                                    Table 3                                 
     __________________________________________________________________________
                    5 kg/mm.sup.2    4 kg/mm.sup.2                             
     __________________________________________________________________________
               No.  Rupture                                                    
                         Elongation                                            
                               Reduction                                       
                                     Rupture                                   
                                          Elongation                           
                                                Reduction                      
                    life (h)                                                   
                         (%)   (%)   life (h)                                  
                                          (%)   (%)                            
     __________________________________________________________________________
               1    43.8 25.0  21.4  116.1                                     
                                          16.7  18.5                           
               2    83.0 39.2  32.9  241.7                                     
                                          29.1  32.0                           
               3    72.0 51.3  42.3  165.4                                     
                                          47.5  51.8                           
               4    43.8 53.3  38.5  105.3                                     
                                          54.2  43.9                           
     Alloy of the                                                              
               5    63.7 26.0  23.4  122.5                                     
                                          31.5  29.0                           
     present invention                                                         
               6    93.3 30.4  28.0  262.5                                     
                                          26.7  27.6                           
               7    140.3                                                      
                         50.9  41.6  296.9                                     
                                          29.2  30.0                           
               8    147.7                                                      
                         47.5  48.8  532.0                                     
                                          46.2  50.6                           
               9    43.6 35.4  33.0  103.8                                     
                                          30.5  20.0                           
               10   49.4 32.5  27.3  202.1                                     
                                          30.0  27.8                           
               11   135.0                                                      
                         40.8  45.8  339.7                                     
                                          23.3  36.2                           
               12   86.7 70.8  76.4  269.7                                     
                                          49.6  66.0                           
               13   48.1 31.7  30.4  147.6                                     
                                          29.2  25.0                           
     __________________________________________________________________________
     Experimental                                                              
               14   14.8 31.0  26.1  31.8 26.3  26.1                           
     alloy     15   19.2 9.2   10.7  76.0 9.6   7.8                            
     __________________________________________________________________________
     Conventional                                                              
               16    7.1 37.5  54.7  21.8 75.5  57.1                           
     alloy     17    4.2 50.8  55.0  10.5 27.8  31.8                           
     __________________________________________________________________________
PAR  Table 3 shows the results of stress-rupture test at 1000.degree.C. As can
      be seen from this table, the alloys of the present invention possess
      extremely high stress-rupture strength as compared with the experimental
      alloys and the conventional alloys.
PAR  As has been described, there are obtained by the present invention
      solid-solution strengthened austenitic alloys having excellent
      high-temperature strength as well as good workability.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solid-solution strengthened austenitic alloy having excellent
      high-temperature strength consisting essentially of, in weight percent, no
      more than 0.1 % carbon, from 4 (%C) to 1 % titanium and/or niobium (alone
      or in combination), from 25 % to 55 % cobalt, from 10 % to 22 % chromium,
      from 13 % to 25 % tungsten, wherein the amount of 1/5 (%Co) + (%Cr) + (%W)
      is in the range from 40 % to 44 %, and the balance nickel except for
      impurities, the amount of carbon being sufficient to form MC type carbides
      with the titanium and niobium.
NUM  2.
PAR  2. A solid-solution strengthened austenitic alloy having excellent
      high-temperature strength consisting essentially of, in weight percent, no
      more than 0.1 % carbon, from 4 (%C) to 1 % titanium and/or niobium (alone
      or in combination), from 25 % to 55 % cobalt, from 10 % to 22 % chromium,
      from 13 % to 25 % tungsten, wherein the amount of 1/5 (%Co) + (%Cr) + (%W)
      is in the range from 40 % to 44%, at least one element selected from the
      group consisting of no more than 0.05 % magnesium, no more than 0.02 %
      boron, no more than 0.2 % yttrium and no more than 0.5 % hafnium, and the
      balance essentially nickel except for impurities, the amount of carbon
      being sufficient to form MC type carbides with the titanium and niobium,
      the amount of said at least one element being sufficient to suppress grain
      boundary diffusion at high temperature.
NUM  3.
PAR  3. A solid-solution strengthened austenitic alloy having excellent
      high-temperature strength consisting of, in weight percent, about 0.05 %
      carbon, either about 0.4 % titanium or 0.6 % niobium, about 30 % cobalt,
      about 16 % chromium, about 20 % tungsten, about 0.01 % magnesium, about
      0.05 % zirconium and the balance essentially nickel.
NUM  4.
PAR  4. The alloy of claim 1, wherein said alloy consists of carbon, titanium
      and/or niobium, cobalt, chromium, tungsten, and nickel.
NUM  5.
PAR  5. The alloy of claim 2, wherein said alloy consists of carbon, titanium
      and/or niobium, cobalt, chromium, tungsten, nickel and said at least one
      element.
NUM  6.
PAR  6. The alloy of claim 3, wherein said alloy contains 0.4% titanium.
NUM  7.
PAR  7. The alloy of claim 3, wherein said alloy contains 0.6% niobium.
NUM  8.
PAR  8. The alloy of claim 2, wherein said alloy contains at least one element
      selected from the group consisting of no more than 0.05% magnesium, no
      more than 0.02% boron, no more than 0.2% zirconium, no more than 0.2%
      yttrium, and no more than 0.5% hafnium.
NUM  9.
PAR  9. The alloy of claim 1, wherein said alloy contains about 21 to 35%
      nickel.
NUM  10.
PAR  10. The alloy of claim 2, wherein said alloy contains about 21 to 35%
      nickel.
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ABST
PAL  Extenders for the ends of the handlebars of a motorcycle or the like, each
      extender comprising a bracket formed to rotatably encircle the handlebar
      end and an extension member rigidly and integrally joined to the bracket.
      The extension member includes a first portion projecting rearwardly from
      the bracket and a return portion in the pivot plane of the bracket
      constituting a hand grip.
BSUM
PAR  FIELD OF THE INVENTION
PAR  The fields of art to which the invention pertains include the fields of
      levers, length extenders, handles and grips.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Motorcycle handlebars are constructed with a fixed, rigid shape and are
      generally designed so that one cannot easily vary their disposition or
      pitch, or the location of the hand grips at their ends. However, it is
      often desirable to obtain such variation to suit different patterns of
      use. For example, in the city one generally rides with the top portion of
      his body upright or somewhat leaning over toward the handlebar. On the
      other hand, for long distance riding on highways and the like, one often
      desires to lean back away from the handlebar as such a position is more
      comfortable for extended trips. To accomodate the varying patterns of
      driving, variously shaped handlebars are available which can be
      substituted one for the other, depending upon the mode of driving desired.
      However, it will be appreciated that handlebars are not substituted with
      ease but a substantial degree of dismantling is required and the ownership
      of more than one handlebar requires an outlay of capital adding
      undesirable expense to the ownership and full enjoyment of a motorcycle.
PAR  The present invention provides an inexpensive, easily usable device for
      extending the ends of the handlebar of a motorcycle or the like, which is
      easily applied to the ends of an existing handlebar and which can readily
      be positioned out of the way or positioned for use with little bother.
PAR  In particular, handlebar extenders are provided, one for each end, each
      comprising as a single integral unit a bracket formed to rotatably
      encircle the handlebar at an end and an extension member rigidly joined to
      the bracket and projecting outwardly therefrom. The extension member
      projects in the plane of pivot of the bracket around the handlebar end and
      is formed with a return portion also in the bracket's plane of pivot, the
      return portion constituting a hand grip. Specifically, the extension
      member is formed from an elongate rod bent to form the projecting portion
      and return portion and in a particular form the return portion of the rod
      is bent back on itself 180 degrees to form the hand grip. The bracket
      comprises a resiliently rigid band having a pair of dependent lugs at the
      ends thereof which are formed with aligned openings. The bracket is
      secured at a desired rotational position about the handlebar end by means
      of a bolt insertable through the openings and a nut therefor. When it is
      desired to extend the handlebar, the extenders are rotated to project
      rearwardly from the handlebar ends and secured therat. During city or
      other short trip use, the extenders are rotated to a position downwardly
      dependent from the handlebar and therefore out of the way. Other features
      of the invention will be explained hereinafter.
PAR  Prior art comprises U.S. Pat. Nos. 599,564 and 3,481,218.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a motorcycle having a handlebar to which
      the extenders of the present invention are attached and in operative
      position, an inoperative position being shown in shadow;
PAR  FIG. 2 is a perspective view of one end of a motorcycle handlebar showing
      the extender attached thereto in operative position; and
PAR  FIG. 3 is a cross-sectional view of a portion of the bracket, taken on line
      3--3 of FIG. 2 in the direction of the arrows.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, a motorcycle 10 is shown having a handlebar 12 with
      ends 14 and 16. The handlebar 12 is formed with a relatively shallow curve
      in the shape usually employed by motorcyclists for city, short-trip
      riding. Each handlebar end 14 and 16 is equipped with an extender 18 and
      20 of the present invention which extends the motorcyclist's grip
      rearwardly of the handlebar ends, as will be described in more detail
      hereinafter. As shown in shadow at 18' and 20' the extenders 18 and 20 can
      be rotated on the handlebar ends 14 and 16 so as to depend downwardly
      therefrom and can be secured in such downward position, out of the way,
      when it is desired to use the grips usually provided on the handlebar 12.
      Additionally, if desired, the handlebars can be used in an upwardly
      jutting position by exchanging right for left as shown at 18" and 20".
PAR  The manner of construction of the present handlebar extender 18 is shown in
      detail in Figure 2. For illustrative purposes, only one extender is shown,
      in this case the left hand extender, but it will be appreciated that the
      right hand extender is symmetrical thereto. The extender 18 is formed as a
      single integral unit and includes a bracket 22 formed to rotatably
      encircle the handlebar at the end 14 thereof, thereby defining a plane of
      pivot, indicated by the arc segment 24, about the handlebar end 14. The
      extender 18 includes an extension member 26 defined by an elongate rod
      which is bent to form a projection portion 28 and a return portion 30. The
      projection portion 28 of the rod extends rearwardly at a 90.degree. angle
      from the bracket 22 and is secured to the bracket 22 by welding thereto as
      shown at 32. Importantly, the projection portion 28 projects outwardly
      from the bracket in the pivot plane 24 thereof and the return portion 30
      is formed dependent from the projection portion, also in the pivot plane
      24. It is such rigid disposition in a pivot plane of the handlebar end 14
      that permits the extender to safely and securely operate as desired and
      enables it to be readily and easily rotated out of the way.
PAR  In order to provide a more desirable gripping characteristic to the
      extender 18, the return portion 30 is bent back on itself 180.degree. and
      continued as a substantially parallel portion 34 toward the projection
      portion 28. The parallel porition 34 extends upwardly to meet the
      projection portion 28 on one side thereof, the tension thereby imparted
      aiding in rigidifying the grip formed by the return and parallel portions
      30 and 34. While both left and right hand extenders can have exactly the
      same configuration, it has been found that a more comfortable
      configuration for the grip formed by the return and parallel portions 30
      and 34 is obtained when, with each extender, the parallel portion 34 meets
      the projection portion 28 on the inner side thereof.
PAR  Referring additionally to FIG. 3, the bracket 22 is formed of a resiliently
      rigid band, e.g., of steel, having a pair of dependent lugs 36 and 38 at
      the ends thereof. The lugs 36 and 38 are formed with aligned openings 40
      and 42 through which is inserted a bolt 44 and which is secured by means
      of a nut 46 against one lug 38 and a split ring 48 and washer 50 against
      the opposite lug 36.
PAR  In operation, one need simply slide the bracket 22 with the bolt 44
      removed, over the handlebar end 14, the bracket having sufficient
      resiliency to enable opening thereof for such sliding. Thereafter, the
      bolt 44 is inserted and secured by means of the nut 46, split ring 48 and
      washer 50, and tightened to securely mount the extender 18 on the
      handlebar end 14 with the extender projecting rearwardly from the
      handlebar. In such disposition, a motorcyclist can simply hold the grip
      30-34 of the extender 18, and a corresponding grip of the extender 20 on
      the right side of the motorcycle, and lean back in a comfortable, highway
      position of riding.
PAR  It will be noted that motorcycles are conventionally provided with a
      throttle mechanism connected to the right hand handlebar grip 16 which
      grip 16 is rotatable for acceleration of the motorcycle. The right hand
      extender can be placed directly on such grip and itself can be used to
      accelerate the motorcycle by rotating the extender in the pivot plane of
      the handlebar grip 16. It is also possible to make other changes or
      additions to suit the tastes of individual users. For example, the grip
      30-34 is designed so that a hollow rubber grip of conventional shape can
      be placed thereon, if desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A handlebar extender, comprising as a single integral unit a bracket
      formed to rotatably encircle said handlebar at an end thereof to define a
      pivot plane thereabout, and an extension member comprising an elongate rod
      rigidly joined to said bracket, said rod being bent to form a first
      portion projecting outwardly from said bracket in said pivot plane and a
      return portion bent about 180.degree.  and continued as a substantially
      parallel portion to contact said first portion on one side thereof to form
      a hand grip, said extender further comprising means for securing said
      bracket against rotatable movement on said handlebar.
NUM  2.
PAR  2. The extender of claim 1 wherein said bracket comprises a resiliently
      rigid band having a flat portion, said first portion projecting about 90
      degrees from said bracket flat portion.
NUM  3.
PAR  3. The extender of claim 1 wherein said bracket comprises a resiliently
      rigid band having a pair of dependent integral lugs at the ends thereof
      formed with aligned openings, and said securing means comprises a bolt
      insertable through said openings and a nut therefor.
NUM  4.
PAR  4. The extender of claim 2 wherein said band has a pair of dependent
      integral lugs at the ends thereof formed with aligned openings, and said
      securing means comprises a bolt insertable through said openings and a nut
      therefor.
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ABST
PAL  Iron-base sintered alloys, characterized by high density and good hardness,
      have been prepared by sintering an iron-base particulate material at a
      temperature within the range at which an alloy consisting of said
      particulate material will form a solid-liquid phase.
PARN
PAC  RELATIONSHIP TO PARENT APPLICATION
PAR  This is a continuation-in-part application of U.S. patent application Ser.
      No. 142,556, filed May 12, 1971, for "Method For Producing Iron-Base
      Sintered Alloys With High Density", now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates to a method of producing sintered alloys and more
      particularly to a method of producing high density sintered alloys whereby
      the alloy component powder is sintered at a temperature within the range
      in which a solid phase and a liquid phase of the iron-base alloy coexist.
PAR  2. Description Of Prior Art
PAR  Although sintered iron alloys have been employed for various industrial
      parts, they have generally not found full acceptance for a wider scope of
      applications, primarily because they demonstrate inferior hardness and
      inferior density properties, as compared with similar alloys obtained by
      melt formation. The difficulty with conventional sintered alloys seems to
      be that during the sintering process, voids are formed between the solid
      alloy particles which have been subjected to the sintering temperatures
      and thereby considerably reduces the product density and weakens the
      product structure. This limits the possible fields of use of conventional
      sintered iron-base alloys to those areas permitting such low density, low
      hardness characteristics.
PAR  In view of increased industrial demands, however, for a sintered high
      density, high hardness iron base alloy, considerable efforts have been
      directed toward developing new processes and new techniques for producing
      such improved sintered products.
PAR  One such method developed has been to press the alloy powder during the
      sintering operation. Another method is to forge the sintered material at a
      high temperature. Neither of these methods, however, have found full
      acceptance in the art, since each require a strong mold and large pressing
      equipment capable of applying pressures of from a few hundred kgs/cm.sup.2
      to several tons/cm.sup.2. The availability of this type of equipment has
      severely limited the extent of use of these techniques to relatively small
      sintered materials.
PAR  Another method reported in the prior art is to infiltrate a molten metal
      into the sintered material to fill the voids within the sintered body,
      thereby increasing density. This procedure is quite complex, however, in
      that it requires an additional processing step, and likewise has not found
      full industrial acceptance.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of this invention to overcome the
      above-mentioned defects and to provide high density sintered iron base
      alloys.
PAR  Another object of the present invention is to provide a simplified method
      for producing a sintered iron-base alloy which is characterized by
      improved density and hardness.
PAR  A still further object of this invention is to provide a method for
      producing a sintered iron-base alloy without the requirement for high
      pressures either during or subsequent to the sintering process.
PAR  A further object of the invention is to provide a method for producing
      large iron-base sintered alloy articles.
PAR  These and other objects have now herein been attained by sintering the
      alloy component particles within the temperature range at which a solid
      phase and a liquid phase of the alloy coexist. The liquid phase will
      infiltrate any voids formed between the solid phase of the alloy and will
      thereby increase the product density and improve product hardness.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will be described by reference to certain figures and
      diagrams in which:
PAR  FIG. 1 is an equilibrium diagram of iron-carbon alloys;
PAR  FIG. 2 is a graph showing the relation between the sintering temperature
      and the density and that between the sintering temperature and the
      hardness of the sintered material;
PAR  FIG. 3 is a graph showing the relation between the pressure and the density
      and that between the pressure and the hardness of the sintered material;
PAR  FIGS. 4, 5, and 6 are views showing apparatus used in the present
      invention;
PAR  FIG. 4 is a perspective, partially cut-away view showing a front hood of an
      automobile which has been prepared by pressing dies which are produced
      according to the present invention;
PAR  FIG. 5 is a schematic sectional view showing the operations necessary for
      sintering a particulate material in order to produce a pressing die;
PAR  FIG. 6 is a sectional view showing a pressing device having said dies
      prepared by the methods of this invention; and,
PAR  FIG. 7 is a photomicrograph (400 X magnification) of an iron-6% carbon
      sintered alloy which is made by the methods of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  This invention relates to a method for producing sintered iron-base alloys
      characterized by high density which is produced without extraneous
      pressures or under low pressures.
PAR  Suitable starting particulate materials for this invention include
      particulate or powder mixtures of iron with other alloyable metal, mixed
      powders of iron and carbon, mixed powders of iron, other metal and carbon,
      and particulate iron alloy. The mixed iron-base particulate material is
      packed into a mold, and heated to a sintering temperature in the range at
      which the solid phase and liquid phase of the alloy consisting of said
      particulate material coexist. This temperature range will hereinafter be
      referred to as the "solid-liquid phase temperature range", and is defined
      as that temperature range in which an alloy, consisting of two or more
      elements contained in the material powder will coexist in the solid and
      liquid phases, as shown in an equilibrium diagram of the alloy.
PAR  For example, in a well known equilibrium diagram of iron-carbon alloys,
      which is shown in FIG. 1, the carbon content by weight % is plotted on the
      abscissa and the temperature (.degree.C.) is plotted on the ordinate. The
      range of temperatures, relative to carbon content, including the L
      +.gamma. phase and the L +.delta. phase (hatched to the left, downwardly
      and enclosed by rigid lines), is the solid-liquid phase range of the
      iron-carbon alloys, and is the usable temperature range of the present
      invention.
PAR  Generally speaking, it is known that there is a solid-liquid temperature
      range for iron-carbon alloys containing more than 4.3% carbon. However, in
      this case, carbon contained in amounts in excess of 4.3% will float on the
      surface of the molten iron-carbon alloy in the liquid phase condition, so
      that it is impossible to obtain a uniform material containing greater than
      4.3% carbon. The actual border line between the solid-liquid phase and the
      liquid phase is therefore not completely clear. However, it was recognized
      that there is an L + Fe.sub.3 C phase, in which a liquid phase and
      cementite coexist. In FIG. 1, the border line between the liquid phase and
      the liquid-sold L = Fe.sub.3 C phase is shown as a dotted line. The L +
      Fe.sub.3 C phase, i.e., that portion of the graph hatched to the right and
      downwardly in the right hand of FIG. 1, is also an applicable temperature
      range in the present invention. A sintered iron-carbon alloy containing
      more than 4.3% carbon was obtained by sintering the material powders
      containing the same amount of the carbon as that of the alloy at a
      temperature higher than the solid phase line T (about 1,147.degree.C.).
PAR  It should be appreciated by one of ordinary skill in the art, that the
      sintering temperatures used in the present invention are quite different
      from those conventionally employed. The usual sintering temperature ranges
      employed in the prior art are those temperatures from 800.degree. to
      1,120.degree.C., shown by the hatched lines extending downwardly and to
      the right in the figure. T and U each designate the lower boundaries
      between the solid and solid-liquid phase range and accordingly, it can be
      seen that conventional sintering is conducted in the solid phase
      temperature.
PAR  When a particulate mixture of iron (Fe) and 1.5% (by weight) graphite (C)
      is used, the solid-liquid phase temperature range of Fe-1.5% C alloy
      formed of the above mixture is from 1,250.degree.C. to 1,420.degree.C. (in
      FIG. 1). If the particulate mixture is heated to the above-liquid phase
      temperature range, the following sequence of events seems to occur: the
      graphite in the mixture is first gradually diffused into the iron; the
      Fe-1.5% C (by weight) alloy is then formed into a solid phase; and the
      alloy enters the solid-liquid phase to accomplish the sintering operation.
PAR  During sintering, voids in the sintered alloy are filled with the alloy in
      the liquid phase so that a type of slurry is formed. This enables the
      formation of the high density sintered body.
PAR  In contrast, if the particulate mixture is heated only up to the solid
      phase temperature, i.e., from 800.degree.C to 1,120.degree.C., as in
      conventional sintering techniques, an alloy body is formed, but it is
      characterized by low density and poor hardness.
PAR  Even if high pressure is applied during or subsequent to sintering, the
      voids in the sintered body will not be completely eliminated and the
      density will still not be as high as the density of the product of the
      present invention.
PAR  The procedure for sintering according to this invention is to place the
      iron particulate mixture into a mold. The mold and mixture are then
      brought up to a temperature within the solid-liquid coexistent phase of
      the iron-base alloy in a heating furnace for the required time period. The
      heat may be applied after the mold and mixture are placed into the furnace
      or the mold and mixture may be placed into a preheated furnace.
PAR  In the present invention, it is not always required to apply pressure to
      the particulate mixture during the sintering process. Even without the
      application of pressure a sintered iron-base alloy can be produced which
      is characterized by higher density than that obtainable by conventional
      sintering technique in the solid phase temperature range.
PAR  If pressure is applied during the sintering process, under very low
      pressures of less than 10kg/cm.sup.2, a sufficiently high density sintered
      alloy can be produced. Particularly, under the pressures of more than 1
      kg/cm.sup.2, a practically usable sintered alloy can be produced which is
      characterized by high density of more than about 65 percent of the
      theoretical density thereof. (See FIGS. 3 and Table 4).
PAR  When using the present technique, it has been found that, in general, the
      higher the sintering temperature, the higher will be the density obtained.
      As the temperature rises, however, the sintering operation becomes more
      complicated and accordingly, it is preferable to use a sintering
      temperature in the lower portion of the solid-liquid phase temperature
      range.
PAR  A wide variety of particulate alloyable metals may be admixed with the
      particulate iron powder, such as graphite powder. For instance, suitable
      such metals include carbon and one or more metal powders, such as tungsten
      (W), and molybdenum (Mo), manganese (Mn), chromium (Cr), titanium (Ti),
      vanadium (V), niobium (Nb), tantalum (Ta), and boron (B) and mixtures
      thereof. Any of the cast-irons or various steels may be used for the iron
      component. Moreover, mixtures of various iron alloy powders, carbon or
      other metal powders can be used.
PAR  The mold used in this process should be formed from a ceramic material or
      alumina, whichh will not react with the alloy or any of its components and
      which is capable of enduring the sintering temperatures. The mold need not
      necessarily have the same shape as the outer surface of the sintered
      product, but the mold may be of the type used for forming plates or rods.
PAR  One of the unique attributes of this invention is that it can even be
      applied to previously sintered, void-containing, iron-base alloys simply
      by re-sintering within the solid-liquid phase temperature range.
      Re-sintering by this method will result in an alloy of improved high
      density.
PAR  Having generally described the invention, a further understanding can be
      obtained by reference to certain specific Examples, which are included
      herein for purposes of illustration only and are not limiting unless
      otherwise indicated.
PAC  EXAMPLE 1
PAR  Particulate mixtures A to E were treated by the methods of this invention
      as specified in Table I. These mixtures were packed into containers made
      of alumina and heated in an electric heating furnace made of graphite. A
      predetermined pressure was applied to the mixture in the container by a
      punch made of alumina and a weight made of iron. The mold with the
      contained mixture was then placed into a furnace at a temperature of about
      600.degree.C., and heat was applied so that the temperature was increased
      at a rate of 45.degree.C. per minute until the predetermined sintering
      temperature in the solid-liquid phase temperature range of the alloy
      consisting of particulate mixutre was reached. The temperature was held at
      this point for about 10 minutes. After this process, the furnace was
      cooled to about 1,000.degree.C. at the rate of about 15.degree.C. per
      minute and the container was thereafter removed and cooled in air.
PAR  With samples A to E, shown in Table 1, an electrolytic particulate iron was
      used as the iron source. Particulate graphite was used as the carbon
      source, Fe-81% (by weight) W alloy particles for the tungsten source,
      Fe-62% (by weight) Mo alloy particles for the molybdenum source, and an
      atomized powder of high speed steel (Fe-0.8% C-6% W-5% Mo-4% Cr-1.8% V (by
      weight)) was used for sample F. The particular size was from -100 to -200
      mesh. Pressure was applied and the sintering temperature, density
      (g/cm.sup.3) and Brinell hardness (H.sub.B) of the product was measured as
      is shown in Table 2. For comparison purposes, the density of the same
      sintered body, produced by conventional sintering in the solid phase
      temperature range, is shown and the theoretical density of each
      composition is shown.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Samples Composition of   Solid-Liquid                                     
             Particulate Mixture                                               
                              Temperature                                      
             (by weight)      Range (about)                                    
     ______________________________________                                    
     A       Fe-1.5%C         1,250 to 1,420 (.degree.C)                       
     B       Fe-2%C           1,149 to 1,390                                   
     C       Fe-6%C           1,147 to unknown                                 
     D       Fe-20%W-1.2%C    1,140 to 1,400                                   
     E       Fe-10%Mo-2%C     1,080 to 1,370                                   
     F       High Speed Steel 1,280 to 1,470                                   
     ______________________________________                                    
TBL                                    TABLE 2                                 
     __________________________________________________________________________
               Solid-liquid Phase                                              
                              Solid Phase                                      
                                        Theoretical                            
     Samples                                                                   
          Pressure                                                             
               Sintering      Sintering Density                                
     (kg/cm.sup.2)                                                             
               Temp.                                                           
                    Density                                                    
                         Hardness                                              
                              Temp.                                            
                                   Density                                     
                                        (g/cm.sup.3.)                          
               (.degree.C.)                                                    
                    (g/cm.sup.3)                                               
                         (H.sub.8)                                             
                              (.degree.C.)                                     
                                   (g/cm.sup.3.)                               
     __________________________________________________________________________
     A    5.5  1,350                                                           
                    7.2  175  1,200                                            
                                   4.5  7.79                                   
     B    3.1  1,200                                                           
                    6.8  185  1,100                                            
                                   4.3  7.76                                   
     C    3.1  1,200                                                           
                    6.6  125  1,100                                            
                                   4.0  7.53                                   
     D    4.4  1,350                                                           
                    8.5  390  1,100                                            
                                   4.3  10.09                                  
     E    4.4  1,300                                                           
                    7.7  430  1,000                                            
                                   4.3  7.99                                   
     F    4.4  1,300                                                           
                    6.5  --   1,200                                            
                                   3.6  8.37                                   
     __________________________________________________________________________
PAR  The density was measured by Archimede's principle, and the Brinell hardness
      of each of the samples A, B, and C was measured with the sintered material
      obtained under said sintering condition. Density and hardness of samples
      D, E and F were measured with the sintered materials, which were annealed
      at 600.degree.C. and quenched at 1,000.degree.C. The sintered materials,
      sintered at a solid phase temperature as in conventional methods, were
      very porous and too brittle to be measured by the Brinell hardness tester,
      and therefore no Brinell hardness measurements are shown.
PAR  In order to investigate the relationship between the sintering temperature
      and density, and that between the sintering temperature and hardness,
      under constant pressure, samples A to E were sintered at temperatures of
      between 1,100.degree.C. and 1,350.degree.C., within the solid-liquid phase
      temperature range under the respective pressures indicated in Table 2.
PAR  The density and hardness of the sintered materials obtained are shown in
      FIG. 2. In FIG. 2, the abscissa represents sintering temperature and the
      ordinate represents density (g/cm.sup.3) and hardness (H.sub.B). The
      symbols A to E of the lines correspond to samples having the symbols A to
      E, shown in Table 1.
PAR  As can be seen from FIG. 2, sample (line) A shows a density of 5.8
      g/cm.sup.3 at the sintering temperature of 1,300.degree.C. The density
      increases to 7.2 g/cm.sup.3 when the temperature increases to
      1,350.degree.C. Sample D shows a density of 5.2 g/cm.sup.3 at a sintering
      temperature of 1,200.degree.C. When the temperature is increased to
      1,350.degree.C., the density increases to 8.5 g/cm.sup.3. The samples B, C
      and E exhibit the same results as samples A and D, i.e., when the
      sintering temperature increases, the density increases. With respect to
      the hardness of the sintered materials, as the sintering temperature
      increases, the hardness increases. Sample A exhibited a hardness of 90
      H.sub.B at 1,300.degree.C., 150 H.sub.B at 1,350.degree.C. Sample D
      exhibited a hardness of 210 H.sub.B at 1,300.degree.C., and 400 H.sub.B at
      1,350.degree.C. The other samples exhibited similar properties as samples
      A and D.
PAR  Samples A, B, C, D, and E were sintered at the temperature shown in Table 3
      under pressures ranging from 0 to 6 kg/cm.sup.2.
PAR  In FIG. 3, the abscissa represents pressure (kg/cm.sup.2) and the ordinate
      represents density and hardness. The symbols A.sub.1 to E.sub.1 and
      A.sub.2 to E.sub.2 represent the corresponding samples and the respective
      sintering temperatures illustrated in Table 3.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Sample Sintering Temperature                                              
                               Symbol in FIG. 3                                
            (.degree.C.)                                                       
     ______________________________________                                    
     A      1,350      (S + L)     A.sub.1                                     
            1,200      (S)         A.sub.2                                     
     B      1,200      (S + L)     B.sub.1                                     
            1,100      (S)         B.sub.2                                     
     C      1,200      (S + L)     C.sub.1                                     
            1,100      (S)         C.sub.2                                     
     D      1,350      (S + L)     D.sub.1                                     
            1,100      (S)         D.sub.2                                     
     E      1,300      (S + L)     E.sub.1                                     
            1,000      (S)         E.sub.2                                     
     ______________________________________                                    
PAR  In Table 3, S + L indicates that the sintering temperature is in the
      solid-liquid phase range, and S indicates that the sintering temperature
      is in the solid phase range.
PAR  In FIG. 3, it can be seen that sample (A.sub.2) which was sintered in the
      solid phase shows a density of 3.5 g/cm.sup.3. If 6 kg/cm.sup.2 pressure
      is added during sintering, the density increases only to 4.5 g/cm.sup.3.
      On the other hand, alloy (A.sub.1) sintered without pressure in the
      solid-liquid phase exhibited a density of 4.3 g/cm.sup.3. The density
      increased to 7.4 g/cm.sup.3 by sintering with 6 kg/cm.sup.2 pressure. With
      sample (D.sub.2) sintered without pressure in the solid phase, a density
      of 3.7 g/cm.sup.3 was obtained. The density increased to 5 g/cm.sup.3 when
      sintering occurred under a pressure of 6 kg/cm.sup.2. On the other hand,
      alloy (D.sub.1) sintered without pressure in the solid-liquid phase showed
      a density of 6.7 g/cm.sup.3, which is about 1.3 times the value of
      (D.sub.2) sintered under 6 kg/cm.sup.2 pressure in the solid phase,
      Furthermore, (D.sub.1) attained a density of 9.0 g/cm.sup.3 by sintering
      under 6 kg/cm.sup.2 pressure. The other samples showed similar properties,
      i.e., the density of the material sintered in the solid-liquid phase range
      was from 1.3 to 2 times that of the same material sintered in the solid
      phase.
PAR  With respect to the hardness of the sintered materials, those sintered in
      the solid phase were porous and brittle, so that their value could not be
      measured. In the case of materials sintered in the solid-liquid phase, the
      hardness of the alloy (A.sub.1) was 90 H.sub.B when sintered under a
      pressure of 2 kg/cm.sup.2. The hardness increased to 160 when sintered
      under a pressure 6 kg/cm.sup.2. The alloy (D.sub.1) showed a hardness of
      150 H.sub.B when sintered without pressure, and attained 430 H.sub.B,
      almost 200% increase when sintered under a pressure of 6 kg/cm.sup.2. The
      other samples showed similar results, i.e., as the pressure increased, the
      hardness increased.
PAR  In Tables 4 and 5, the obtained density of each sample which was sintered
      in the solid-liquid phase temperature range and in the solid phase
      temperature range under pressures of 1, 2 and 6 kg/cm.sup.2 are shown. In
      addition to above values, the theoretical density of each sample and the
      ratio of each obtained density of each sample to said theoretical density
      (X in Tables 4 and 5) are also shown.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     Pressure                                                                  
     Symbol in                                                                 
           1 kg/cm.sup.2                                                       
                    2 kg/cm.sup. 2                                             
                             6 kg/cm.sup.2                                     
                                      Theoretical                              
     FIG. 3                                                                    
           density                                                             
                X   density                                                    
                         X   density                                           
                                  X   Density                                  
           (glcm.sup.3)                                                        
                (%) (g/cm.sup.3)                                               
                         (%) (g/cm.sup.3)                                      
                                  (%) (g/cm.sup.3)                             
     __________________________________________________________________________
     A.sub.1                                                                   
           5.2  66.8                                                           
                    5.9  75.7                                                  
                             7.5  96.1                                         
                                      7.79                                     
     B.sub.1                                                                   
           5.5  71.0                                                           
                    6.5  83.7                                                  
                             7.7  99.0                                         
                                      7.76                                     
     C.sub.1                                                                   
           5.9  78.2                                                           
                    6.4  85.0                                                  
                             6.9  91.5                                         
                                      7.53                                     
     D.sub.1                                                                   
           7.0  69.5                                                           
                    7.4  73.5                                                  
                             9.0  89.5                                         
                                      10.09                                    
     E.sub.1                                                                   
           6.7  83.8                                                           
                    7.2  90  7.8  97.5                                         
                                      7.99                                     
     __________________________________________________________________________
             Density of sintered alloy                                         
     X =                 .times. 100 (%)                                       
             Theoretical density                                               
TBL                                    Table 5                                 
     __________________________________________________________________________
     Pressure                                                                  
     Symbol in                                                                 
           1 kg/cm.sup.2                                                       
                    2 kg/cm.sup.2                                              
                             6 kg/cm.sup.2                                     
                                      Theoretical                              
     FIG. 3                                                                    
           density                                                             
                X   density                                                    
                         X   density                                           
                                  X   Density                                  
           (g/cm.sup.3)                                                        
                (%) (g/cm.sup.3)                                               
                         (%) (g/cm.sup.3)                                      
                                  (%) (g/cm.sup.3)                             
     __________________________________________________________________________
     A.sub.2                                                                   
           3.8  48.5                                                           
                    4.1  52.3                                                  
                             4.5  57.5                                         
                                      7.79                                     
     B.sub.2                                                                   
           3.7  47.7                                                           
                    3.9  50.3                                                  
                             4.2  54.2                                         
                                      7.76                                     
     C.sub.2                                                                   
           3.4  45.1                                                           
                    3.6  47.8                                                  
                             4.2  55.7                                         
                                      7.53                                     
     D.sub.2                                                                   
           3.8  37.8                                                           
                    3.9  38.8                                                  
                             4.9  48.6                                         
                                      10.09                                    
     E.sub.2                                                                   
           3.6  45.0                                                           
                    3.9  48.8                                                  
                             4.5  56.3                                         
                                      7.99                                     
     __________________________________________________________________________
             Density of sintered alloy                                         
     X =                 .times. 100 (%)                                       
             Theoretical density                                               
PAR  As apparent from Table 4 and 5, if each sample is sintered in the
      solid-liquid phase temperature range, even under a pressure as low as 6
      kg/cm.sup.2 the sintered alloy characterized by high density of more than
      about 90.degree. of the theoretical density, can be produced. And also
      under only a pressure of 2 kg/cm.sup.2, high density of more than about
      70% can be obtained. Therefore, if the solid-liquid phase sintering is
      performed under pressures from 2 kg/cm.sup.2 to 6 kg/cm.sup.2, the product
      of sufficiently good quality can be obtained.
PAR  In contrast, in the sample A.sub.2 - E.sub.2 which are sintered in the
      solid phase temperature range, even if a pressure of 6 kg/cm.sup.2 is
      applied during sintering, only the density as low as less than 58% of the
      theoretical density can be obtained.
PAR  As can be seen from the results of the Examples (Table 2, FIGS. 2 and 3),
      when the method of the present invention is used, sintered iron-base
      alloys having high density and hardness can be obtained as compared with
      the same alloy obtained by the conventional sintering techniques, i.e.,
      sintering in the solid phase temperature region.
PAR  FIG. 7 is a photomicrograph (400 X magnification) of the sintered metal
      structure of sample C (Fe - 6%C). As can be seen from the photograph, the
      structure is different from a mixture of graphite and iron, and it all
      became to be flaky graphite (in the photograph, black fibrous parts).
      There are no voids as is usually seen in sintered materials made by
      conventional methods. By analyzing this sintered material, it was
      recognized that the sintered material was an alloy which had the
      composition of Fe-6%C. What is quite unique is that by conventional molten
      metal methods, it would have been impossible to produce an iron alloy
      having such a high carbon content (more than about 4.3% because a dross is
      produced and the carbon is isolated from the alloy. In contradistinction,
      the method of the present invention can produce iron alloys containing as
      much as 6% or even higher of carbon.
PAR  The methods of this invention were used for producing pressing dies to form
      front hoods for automobiles. FIGS. 4, 5 and 6 show this embodiment. The
      size of the hood 10 formed by these dies is about 1.2 meters in width and
      about 1.1 meters in length. As can be seen in FIG. 4, the top end portion
      13 of the hood 10 bends downwardly, and the central portion 12 is made to
      be a small dent as compared with the top end portion 13 and the end
      portions 11. The lower surface of the hood is formed by the upper die 31
      of a pressing device (in FIG. 6), and the upper surface of the hood is
      formed by the lower pressing die 32.
PAR  In order to produce an upper pressing die 31, as shown in FIG. 5, a
      material powder composed of iron powder (88% by weight) graphite powder
      (2% by weight) and molybdenum powder (10% by weight) is packed into a
      ceramic mold 42 for sintering. The mold is mounted on a heat-resistant
      steel truck 26. Then the mold 42 containing the powders and the truck 26
      is introduced into a heating furnace made of fireproof materials and
      heated to about 1,250.degree.C.
PAR  In detail, the mold 42 has a mold surface 421 which is the same as that of
      the upper mold 31. After packing the material powder 30 into the mold 42,
      a ceramic plate 41, which has almost the same shape as the shape as the
      shape formed by the inner side wall of the mold 42, is mounted onto the
      powder 30 in the mold 42. An iron weight 43 is mounted onto the ceramic
      plate 41 in order to press the powder 30.
PAR  The truck 26 has wheels 25 at its lower portions and the wheels are
      arranged so that the truck can move into, and out of the furnace 20 along
      rails 24. In sintering, the mold 42 is provided on the truck 26 through
      the fire bricks 27 and the truck in introduced into the furnace 20. In the
      furnace 20, as shown in FIG. 5, gas burners 22 are disposed on thhe upper
      sides of the side walls of the furnace 20. Exhaust pipes 23 are connected
      to the lower sides of said walls, slightly above the height of the truck.
      The furnace 20 is heated by a jet of flames from burners 22, and the
      temperature within the furnace 20 is measured by a thermocouple 45,
      disposed at the side wall of the mold 42. At the same time, the strength
      of the flame from the burners 22 is automatically controlled so that the
      material powder 30 is kept at a sintering temperature of about
      1,200.degree.C.
PAR  The material powder 30 in mold 42 is heated to 1,200.degree.C. in the
      solid-liquid phase temperature range and kept within that range for about
      20 minutes under a pressure of about 2 kg/cm.sup.2. Pressure is applied by
      weight 43. After cooling in furnace 20, the truck 26 is removed from the
      furnace, and the resulting sintered upper die 31 is removed from the mold
      42. The sintered die 31 is again heated to about 1,000.degree.C. for
      quenching and annealed at about 600.degree.C. Following this treatment, as
      shown in FIG. 6, the die 31 is fixed by bolts at the top portion 331 of
      pressing apparatus 33 so as to oppose against the lower die 32 which is
      produced in the same way as die 31.
PAR  The lower die 32 and blank holders 36 are respectively fixed on pressing
      table 37 and the top end portions 361 of the pressing apparatus, with
      bolts.
PAR  The upper die 31 obtained by the process described above had a density of
      about 7.0 g/cm.sup.3 and a hardness of 270 H.sub.B.
PAR  The hood 10 was formed by pressing a mild steel plate, using pressing dies
      31 and 32. Die 31 was shown to be equally as good as conventional pressing
      dies made of molten material and could be used repeatedly over an extended
      period of time.
PAR  This embodiment showed that a large, strong pressing mold could be obtained
      using pressures as low as 2 kg/cm.sup.2 according to this invention. On
      the other hand, if the die is produced by conventional sintering methods,
      very large and powerful pressing equipment must be used to obtain even
      comparable results, but even then, it is difficult to obtain dies of
      equally high density, even if the pressure is increased.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      without departing from the spirit or scope of the invention. Accordingly,
CLMS
STM  What is claimed as new and intended to be covered by letters patent is:
NUM  1.
PAR  1. A method for producing a sintered product of iron-base alloy having a
      high density and high hardness consisting essentially of:
PA1  placing a mixture of a particulate material selected from the group
      consisting of mixed particles of iron and carbon, mixed particles of iron
      and other metal, mixed particles of iron, other metal and carbon, and
      particles of an iron-base alloy in a suitable mold, wherein said other
      metal is selected from the group consisting of manganese, tungsten,
      molybdenum, chromium, vanadium, niobium and tantalum,
PA1  heating said mixture to a temperature such that an alloy consisting of said
      particulate mixture will form a coexistent liquid and solid phase,
PA1  maintaining said temperature for a period sufficient to cause sintering,
PA1  cooling said sintered product in said mold, and thereafter removing said
      product in solid phase from the mold.
NUM  2.
PAR  2. The method of claim 1, wherein said mold is formed from a ceramic
      material.
NUM  3.
PAR  3. The method of claim 1, wherein said carbon is in the form of graphite.
NUM  4.
PAR  4. The method of claim 1, wherein said particulate material contains from
      1.5 to 6% carbon by weight.
NUM  5.
PAR  5. The method of claim 1, wherein said particles of iron-base alloy is
      steel.
NUM  6.
PAR  6. The method of claim 5, wherein said steel is selected from the group
      consisting of carbon steel and high speed steel.
NUM  7.
PAR  7. The method of claim 1, wherein said particulate material is a
      particulate mixture of iron, carbon and carbon steel, and wherein said
      particulate mixture is sintered at a temperature in the range in which
      iron-carbon alloys are in the L + .gamma. phase, L + .delta. phase, or in
      the L + Fe.sub.3 C phase.
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ABST
PAL  A multilayer electrophotographic member (such as a plate or flexible web)
      of the type for producing an electrostatic latent image thereon has a
      layer of photoconductive material, such as selenium, overlain by a charge
      image bearing layer comprising an organic polymeric material having the
      ability to transport electrical charge carriers therethrough, such as
      polyvinylcarbazole. The charge image bearing layer also has incorporated
      therein a plasticizer material selected from the group consisting of
      phenylether, its oligomers and substituted derivatives of the phenylether
      moiety.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to electrophotographic members and
      more particularly to such members of the multilayer type having an organic
      polymeric charge image bearing layer overlying a photoconductive layer, as
      of selenium.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, multilayer electrophotographic members have been made for
      producing an electrostatic latent image thereon. The charge image can be
      transferred from or developed on the charge image bearing layer of the
      electrophotographic member. Such multilayer electrophotographic members
      are described and claimed in U.S. Pat. No. 3,725,058 issued Apr. 3, 1973.
PAR  Briefly, the prior art multilayer electrophotographic member comprises an
      electrically conductive plate--as of metal, or metal on Mylar (TM for
      polyester film manufactured by E. I. Dupont de Nemours, Inc., Wilmington,
      Del.), or conductive paper -- having an overlying layer of vitreous
      selenium photoconductive material supported thereon either directly or
      indirectly through an adhesive layer. The vitreous selenium layer has an
      adjacent overlying layer of organic polymeric insulating material, such as
      poly-N-vinyl-carbazole, which is substantially non-light sensitive in the
      visible ray region, but does have the ability to act as a charge carrier
      transport material. Charges generated in the vitreous selenium layer can
      be injected into the overlying layer and transported therethrough to
      neutralize surface charges during the electrophotographic process.
PAR  The conductive plate can be rigid or flexible. In the case of a flexible
      conductive plate, the plate is formed, in a typical example, by a Mylar
      (TM) sheet having an aluminum layer laminated thereon to form the
      conductor. An adhesive layer, such as Pyre ML (TM for polyimide resin
      manufactured by the above-mentioned DuPont Company), is applied over the
      aluminum layer for bonding the vitreous selenium to the conductive
      aluminum layer. In a typical example, the Mylar (TM) layer is 100 microns
      thick, the aluminum layer is 13 microns thick, the adhesive layer is 10
      microns thick, the selenium layer is 0.5 microns thick, and the organic
      polymeric charge bearing layer is about 0.1 to 1.0 mil thick.
PAR  It is also proposed in the abovecited patent to incorporate a plasticizer
      selected from the group consisting of chlorinated diphernyl, epoxy resin,
      and dioctyl phosphate into the organic polymeric insulative charge bearing
      layer for increasing the flexibility of the layer.
PAR  While incorporation of such prior art plasticizers into the charge bearing
      polymeric organic layer serves to increase the flexibility of the
      resultant electrophotographic member, for reasons of providing reasonable
      life for belt-type photoconductors, it is desirable to further increase
      flexibility of the layer and in the process to improve the adhesion
      between the selenium and charge bearing layers. It is further desired to
      render the charge image bearing layer more resistant to stress cracking
      and to the surface damage occasioned by exposing the multilayer material
      to solvents such as a saturated hydrocarbon liquids used as carriers in
      liquid-toned copy machines.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The principal object of the present invention is the provision of an
      improved electrophotographic member and method of making same.
PAR  In one feature of the present invention, the organic polymeric charge image
      bearing layer of a multilayer electrophotographic member has a plasticizer
      material incorporated therein selected from the group consisting of
      phenylether, oligomers of phenylether, and derivatives of the phenylether
      moiety with substituents attached to the aromatic nuclei, whereby the
      flexibility, interlayer adhesion, and resistance to stress cracking of the
      plasticized layer is improved.
PAR  In another feature of the present invention, the charge image bearing layer
      of a multilayer electrophotographic member is made of polyvinylcarbazole
      incorporating therein a plasticizer selected from the group consisting of
      bis (m-phenoxyphenyl) ether, m-bis (m-phenoxyphenoxy) benzene, and m-bis
      [m(phenoxyphenoxy) phenoxy] benzene. The plasticizer may comprise mixed
      isomers of the substituted derivatives of the phenylether moiety or of the
      justmentioned ethers. Optionally, the charge image bearing layer may also
      contain one or more polymeric extenders such as polycarbonate,
      polyphenylene ether or polysulfones.
PAR  In another feature of the present invention, the organic polymeric material
      of the charge image bearing layer of a multilayer photoconductor --
      plasticized as in the foregoing -- is selected from the group consisting
      of polyvinylcarbazole, poly-N-vinylcarbazole, polyacenaphtylene,
      poly-9-(4-pentenyl)carbazole, poly-9-(5-hexyl)carbazole,
      poly-3-aminocarbazole, brominated poly-N-vinylcarbazole, copolymers of
      N-vinylcarbazole with acrylates and poly-9-vinylanthracene. The organic
      polymeric material may also be a mixture of poly-N-vinylcarbazole and at
      least one of the other materials in the group.
PAR  In another feature of the present invention, the plasticizer, before
      incorporation into the organic polymeric charge image bearing layer of the
      multilayer photoconductor, is purified by passing the plasticizer through
      an adsorption chromatographic purifier.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A multilayer electrophotographic plate for producing an electrostatic
      latent image thereon is provided with improved flexibility, interlayer
      adhesion, and resistance to stress-cracking by incorporating certain
      plasticizer material into the organic polymeric charge image bearing layer
      thereof. Multilayer electrophotographic plates of the same type as that of
      the present invention, with the exception of the provision of the improved
      plasticizer of the present invention, are disclosed and claimed in the
      aforecited U.S. Pat. No. 3,725,058, the disclosure of which is hereby
      incorporated by reference.
PAR  Briefly, a multilayer electrophotographic plate to which the plasticizers
      of the present invention are applicable, includes an electrically
      conductive plate or substrate such as a Mylar (TM) sheet with an aluminum
      conductive coating formed thereon. Amorphous selenium, forming the
      photosensitive layer, is deposited either directly overlying the aluminum
      layer or affixed to the aluminum layer via the intermediary of a suitable
      adhesive layer, as of Pyre ML (TM) adhesive. The special plasticized
      organic coating of the present invention is deposited overlying the
      selenium layer and comprises an organic polymer having the ability to
      transport electrical charge carriers. Such suitable organic polymers
      include, for example, polyvinylcarbazole, poly-N-vinyl-carbazole,
      polyacenaphthylene, poly-9-(4-pentenyl) carbazole, poly-9-(5-hexyl)
      carbazole, poly-3-aminocarbazole, brominated poly-N-vinylcarbazole,
      copolymers of N-vinylcarbazole with acrylates and with
      poly-9-vinylanthracene; and mixtures thereof with poly-N-vinylcarbazoles.
      Plasticizers of the present invention are incorporated into the organic
      polymer layer to improve the flexibility, interlayer adhesion, and
      resistance to stress-cracking of the resultant coating. Examples of
      suitable plasticizers include phenylether, oligomers of phenylether, and
      derivatives of the phenylether moiety with one or more substituents
      attached to the aromatic nuclei. Products comprising isomeric mixtures of
      the various materials are intended to fall within the scope of the
      invention. Substituents can be halogen, nitro, nitroso, amino, amido,
      cyano, ester, alkyl, aryl, acyl, fused aryl, and alkyl aryl groups or
      combinations thereof. More specifically, such plasticizers include
      bis(m-phenoxyphenyl) ether, m-bis (m-phenoxyphenoxy) benzene, and
      m-bis-[m(phenoxyphenoxy)phenoxy]benzene.
PAR  The charge image bearing layer containing a plasticizer according to the
      present invention is substantially transmissive to visible light,
      substantially non-light sensitive in the visible range, and allows
      transport of charge carriers generated in the thin underlying layer of
      vitreous selenium when this layer is struck by light, i.e. in imagewise
      fashion. Because of the effect of the aforecited plasticizers on the
      flexibility, surface hardness, cohesion, etc., of the electrophotographic
      member, the concentration of the plasticizer is chosen for optimum
      properties and can vary from 1 to 100 parts of plasticizer per 100 parts
      of the organic polymer material by weight. The improved stress-cracking
      property of the coating of the present invention also encompasses the
      property of reducing surface damage occasioned upon exposing the
      multilayer electrophotographic plate to solvents such as the saturated
      hydrocarbon liquids used as carriers in liquid-toned copying machines. The
      improved resistance to such solvents apparently sets in, however, only at
      plasticizer concentrations of 20 parts or more per hundred of the organic
      polymer material (the term "parts" as used herein refers to parts by
      weight and the abbreviation "phr" will be used hereinafter to designate
      the parts by weight of plasticizer per hundred parts by weight of
      polymer). In a preferred embodiment, to improve photodecay properties of
      the photoconductor, the plasticizer is purified prior to incorporation in
      the organic layer by adsorption chromatography on aluminum oxide.
      Flexibility of the plasticized organic layer is also improved by the
      addition of a minority concentration of anthracene. A number of specific
      examples and test results follow:
PAC  EXAMPLE I
PAR  A strip of multilayer photoconductor substrate comprising Mylar (TM),
      aluminum, Pyre ML (TM an adhesive), and amorphous selenium in thicknesses
      of about 100 microns, 13 microns, 10 microns, and 0.5 microns,
      respectively, is coated with poly-N-vinylcarbazole plasticized with bis
      (m-phenoxyphenyl) ether purified by adsorption chromatography on aluminum
      oxide. The coating solution comprises 2.5 grams of poly-N-vinylcarbazole,
      50 grams of solvent (such as chlorobenzene), and 56 parts by weight of the
      aforecited purified plasticizer mixed with each hundred parts of the
      poly-N-vinylcarbazole, i.e. 56 phr. The resultant coating solution is
      applied with a 4-mil doctor blade. The film is allowed to dry for 1 hour
      at room temperature and for 30 minutes at 50.degree. Centigrade. The
      resultant film thickness is in the range of 0.15 to 0.3 mil.
PAR  The resultant electrophotographic member was tested for its various
      properties as follows: The charge image bearing surface of the organic
      layer was charged to a corona voltage of -9.6 KV and had an apparent
      surface voltage (ASV) of 820 volts. When energized with light from a G.E.
      lamp No. 1129, the time (light decay-time, a measure of the light
      sensitivity of the photoconductor) required to discharge the surface to
      50%, 20% and 10%, respectively, of the original apparent surface voltage
      (ASV) was measured. In addition, the persistent residual voltage after
      30-45 seconds was measured at 50% relative humidity and 22.2.degree.C. The
      time required to discharge to 50% of ASV was 0.33 sec., to 20% ASV was
      0.55 sec., and to 10% of ASV was 1.0 sec. The residual voltage was 30
      volts. The adhesion of the plasticized polymeric layer was measured by
      means of a "Scotch" (TM of the 3M Company, St. Paul, Minnesota) tape test
      wherein an area of the coating 1.2 .times. 1.5 cm. was scribed into 20
      squares, a piece of tape (Scotch brand transparent adhesive tape 3M No.
      810) was applied to the area and then removed, after which the percentage
      of the coating removed in the scribed area was determined. In this test,
      80% of the squares remained after tearing off a piece of Scotch (TM) tape
      applied to the scribed area. Further, the polymeric layer had a pencil
      hardness of B according to the well-known pencil hardness test, where the
      scale of increasing hardness is as follows: B, HB, F, H, 2H, and 3H. The
      flexibility of the layer was measured by taking a sample strip 1 inch wide
      and bending it over a mandrel using a 1 Kg weight on either end of the
      strip to assure application of equal stress. With the material of this
      example, no cracking was observed at a mandrel diameter of 1/8 inch.
PAC  EXAMPLE II
PAR  This example is the same as Example I except that the plasticizer was not
      purified by the adsorption technique. The light decay properties were
      adversely affected compared to the first example, since more than 5
      seconds were required to discharge to 20% of the original ASV. The
      measured hardness of the plasticized layer was F on the pencil hardness
      scale, however. Exposure to Isopar G (trademark for a hydrocarbon supplied
      by the Humble Oil and Refining Co., Houston, Texas) for 370 hours,
      occasioned no stress cracking.
PAC  EXAMPLE III
PAR  Example III is the same as that of Example I with the exception that the
      plasticizer concentration was only 22 phr as contrasted with 56 phr. The
      20% light decay occurred at 0.56 sec., the 10% decay occurred at 0.86
      sec., and the residual voltage was 20 volts. The adhesion was 35%, and the
      pencil hardness was F. Very light cracking was observed in the plasticized
      layer when bending the sample over a 1/4 inch diameter mandrel.
PAC  EXAMPLE IV
PAR  Example IV is the same as Example I with the exception that the plasticizer
      material is a m-bis(m-phenoxyphenoxy)benzene, with a concentration of 70
      parts per hundred parts of the poly-N-vinylcarbazole, corresponding to a
      mol ratio of 0.304 of plasticizer per mole of the polyvinylcarbazole. The
      plasticizer was not purified, and the light decay to the 20% point was
      greater than 5 sec. The adhesion was 90%, and the pencil hardness was H.
      No cracking was observed in bending the sample over a 1/8 inch mandrel.
PAC  EXAMPLE V
PAR  Example V is the same as Example IV with the exception that the plasticizer
      was purified by adsorption chromatograpy on aluminum oxide. The light
      decay time to the 20% point was 0.54 seconds, to the 10% point was 3.5
      seconds, and the residual voltage was 50 volts. The adhesion was 95%, and
      the pencil hardness was F. No cracking was observed in bending the sample
      over a 1/8 inch mandrel.
PAC  EXAMPLE VI
PAR  Example VI is the same as Example V with the exception that the plasticizer
      concentration was 28 parts per hundred of the poly-N-vinylcarbazole
      corresponding to a mol ratio of plasticizer to poly-N-vinylcarbazole of
      0.122. The light decay time to the 20% point was 0.53 sec., to the 10%
      point was 0.72 sec., and the residual voltage was 50 volts. The adhesion
      was 35%, and the pencil hardness was between H and 2H. Only light cracking
      of the organic layer was observed in bending the sample over a 1/4 inch
      diameter mandrel.
PAC  EXAMPLE VII
PAR  Example VII is the same as Example I except that only 0.00157 mole of
      plasticizer was incorporated with 2.5 grams of the poly-N-vinylcarbazole,
      and the solvent was tetrahydrofuran of Baker Analyzed Reagent grade. In
      addition, the coating contained 0.25 grams of anthracene. The light decay
      time to the 20% point was 0.60 sec., and to the 10% point was 3.4 seconds.
      The residual voltage was 53 volts, and the adhesion was 60%. The pencil
      hardness was H, and only light cracking was obtained when the sample strip
      was bent over a 1/4 inch diameter mandrel.
PAC  EXAMPLE VIII
PAR  Example VIII is the same as Example IV with the exception that only 0.00157
      mole of plasticizer was incorporated with 2.5 grams of
      poly-N-vinylcarbazole, and the solvent was tetrahydrofuran. The light
      decay time to the 20% point was 0.75 seconds, and the light decay time to
      the 10% point was greater than 5 seconds. The residual voltage was 62
      volts, and the adhesion was 5%. The pencil hardness was F, and the sample
      exhibited medium cracking when bent over a 1/8 inch mandrel.
PAC  EXAMPLE IX
PAR  Example IX is the same as Example I with the exception that the coating
      solution contained 5 grams of poly-N-vinylcarbazole and a 7 mil doctor
      blade was used to apply the coating. The resultant film thickness was 0.8
      mil. The time required to discharge to 50% of ASV was 0.4 sec. The
      measured hardness of the plasticized layer was F on the pencil hardness
      scale. No cracking was observed at a mandrel diameter of 1/8 inches.
PAC  EXAMPLE X
PAR  Example X is the same as Example III except that the plasticizer was not
      purified by the adsorption chromatography technique. After 120 hours of
      exposure to Isopar G (TM), no stress cracking was seen on bending the
      photoconductor over a 1/4 inch mandrel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a multilayer electrophotographic member for producing an
      electrostatic latent charge image thereon:
PA1  a layer of photoconductive material;
PA1  a layer of organic polymeric material overlying said photoconductive layer
      and having the ability to transport electrical charge carriers
      therethrough, said layer of organic polymeric material having incorporated
      therein a plasticizer material selected from the group consisting of
      oligomers of phenylether, and derivatives of phenylether with at least one
      aryl substituent attached to the aromatic nuclei, the plasticizer being
      present in a concentration within the range of 1 to 100 parts of
      plasticizer per hundred parts of the organic polymeric material by weight.
NUM  2.
PAR  2. The electrophotographic member of claim 1, wherein said plasticizer
      material is a product comprising mixed isomers of a said derivative of
      phenylether.
NUM  3.
PAR  3. The electrophotographic member of claim 1 wherein said plasticizer
      material is selected from the group consisting of bis
      (m-phenoxyphenyl)ether, m-bis(m-phenoxyphenoxy)benzene, and m-bis-benzene.
NUM  4.
PAR  4. The electrophotographic member of claim 3, wherein said plasticizer
      material is a product comprising mixed isomers of said last-mentioned
      ethers.
NUM  5.
PAR  5. The member of claim 1 wherein said layer of polymeric material is
      selected from the group consisting of polyvinylcarbazole,
      poly-N-vinylcarbazole, polyacenaphthylene, poly-9(4-pentenyl)carbazole,
      poly-9-(5-hexyl)carbazole, brominated poly-N-vinylcarbazole copolymers of
      N-vinylcarbazole with acrylates, and poly-9-vinylanthracene.
NUM  6.
PAR  6. The electrophotographic member of claim 1 wherein said layer of
      polymeric material is poly-N-vinylcarbazole.
NUM  7.
PAR  7. The electrophotographic member of claim 6 wherein said polymeric
      material is a mixture including at least one other member of said last
      mentioned group of polymeric material.
NUM  8.
PAR  8. The member of claim 1 wherein said layer of polymeric material contains
      a minority concentration of anthracene.
NUM  9.
PAR  9. The member of claim 1, wherein said polymeric material has a polymeric
      extender incorporated therein.
NUM  10.
PAR  10. The electrophotographic member of claim 6 wherein said plasticizer is
      selected from the group consisting of bis(m-phenoxyphenyl)ether,
      m-bis-(m-phenoxyphenoxy)benzene and m-bis-benzene.
NUM  11.
PAR  11. The electrophotographic member of claim 10 wherein the plasticizer is a
      material purified by passage thereof through an adsorption chromatographic
      purifier prior to incorporation in said charge bearing layer.
NUM  12.
PAR  12. The electrophotographic member of claim 11 wherein the adsorption
      medium in said chromatographic purifier is aluminum oxide.
NUM  13.
PAR  13. The electrophotographic member of claim 1 wherein the plasticizer is a
      material purified by passage thereof through an adsorption chromatographic
      purifier prior to incorporation in said charge bearing layer.
NUM  14.
PAR  14. The electrophotographic member of claim 13 wherein the adsorption
      medium in said chromatographic purifier is aluminum oxide.
NUM  15.
PAR  15. The electrophotographic member of claim 3 wherein the plasticizer is a
      material purified by passage thereof through an adsorption chromatographic
      purifier prior to incorporation in said charge bearing layer.
NUM  16.
PAR  16. The electrophotographic member of claim 15 wherein the adsorption
      medium in said chromatographic purifier is aluminum oxide.
NUM  17.
PAR  17. The electrophotographic member of claim 1 wherein said at least one
      aryl substituent is fused to an aromatic nucleus.
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ABST
PAL  A method for improving the brightness and whiteness of kaolin clays or the
      like. An aqueous slurry of the clay is initially treated with a solution
      of sodium borohydride and sodium hydroxide at a pH of above 7.0 up to
      about 10.0. Sulphur dioxide is then bubbled through the slurry or
      otherwise brought into contact with same, the pH being permitted to attain
      a value of between 6.0 and 7.0. The pH may thereupon be adjusted to
      between 2.5 and 4.0 with an acid, at which pH the leach reaction may
      occur; or the application of gaseous sulphur dioxide may be continued to
      yield a pH of the indicated 2.5 to 4.0 range.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to clay processing, and more specifically
      relates to methods for increasing the brightness and whiteness of kaolin
      clays.
PAR  The commercial value of a refined kaolin is in good part a function of the
      brightness and whiteness of the product obtained from the refining
      processes to which a crude kaolin is commonly subjected in the course of
      yielding an end product. One of the principal sources of discoloring
      contaminants in the crude clay takes the form of insoluble oxides of iron.
      Thus a commonly used technique for removing the said contaminants involves
      forming the clay into an aqueous slurry, acidifying the slurry to a pH of
      the order of 3.0 to 4.0, and adding a slurry-soluble salt of
      hydrosulfurous acid. The general objective of this operation is to provide
      S.sub.2 O.sub.4.sup.= ion which acts as a reductive leaching agent. In
      particular such ion functions to reduce the ferric compounds present in
      the slurry to ferrous form, the latter being readily soluble and therefore
      removable by subsequent washing, dewatering, and filtering operations.
PAR  In the past zinc or sodium salts of hydrosulfurous acid have represented
      the most common materials used for the aforementioned leaching purposes.
      Both of these salts, however, have distinct disadvantages. While zinc
      hydrosulfite, for example, is highly effective for the leaching operation,
      its use results in waste water discharge displaying unacceptably high
      content of zinc ion. Similarly its use results in residual zinc ion in the
      processed clay, the actual residual content being a function of the
      efficiency of the thickening and washing process. Where such clays are
      later utilized in certain paper mill operations, the mill discharge water
      can contain zinc ion levels sufficiently high to endanger certain of the
      animal species in the streams or rivers into which such water passes.
PAR  The residual zinc ion and associated salts present in the treated clay can,
      further, result in poor rheological behavior of the clays. In particular,
      the effect can manifest itself through high initial Brookfield
      viscosities, and in highly unstable slurries. Thickening of the slurries
      arising from such cause is undesirable, in that the clay manufacturer
      often desires to ship in slurry form; and, secondly, the consumer of the
      materials may desire to store the clay as a slurry -- even where it is
      initially provided to him in a dry state.
PAR  The toxicity and rheological problems associated with zinc are obviated by
      use of sodium hydrosulfite. However, the latter compound is unstable, is
      possibly less effective in use than corresponding zinc compounds, and is
      furthermore in relatively short supply.
PAR  It may be noted in this connection that within recent years, a process
      utilizing sodium borohydride for production of sodium hydrosulfite has
      found favor in various applications -- including bleaching applications.
      One of these processes, for example, the "Borol" process (a trademark of
      Ventron Corp., Beverly, Mass.) uses a solution including sodium
      borohydride and sodium hydroxide. Sulphur dioxide gas is made to react
      with the Borol solution in a special reaction chamber, to produce liquid
      sodium hydrosulfite.
PAR  In the usual technique employed with Borol and similar solutions, the
      components are reacted to produce the hydrosulfite, which is then stored
      for later use. As already suggested, however, storage of liquid sodium
      hydrosulfite is undesirable because of decomposition taking place due to
      the effect of temperature, pH, inadvertent aeration, and
      self-decomposition resulting from the presence of impurities -- such as
      bisulfites produced during the generation reaction. Indeed in a typical
      instance it has been found that a sodium hydrosulfite solution produced
      from powder and having an initial 15.4% concentration of the hydrosulfite,
      will decompose approximately 35% in five days when maintained at
      30.degree.C. At 35.degree.C the decomposition will amount to almost 50% in
      only 3 days. Furthermore, during transfer of the sodium hydrosulfite to
      the reaction vessel in which leaching is to occur, and during addition and
      subsequent mixing, further decomposition can occur, in accordance with one
      or more of the following equations:
EQU  a. 2Na.sub.2 S.sub.2 O.sub.4 + H.sub.2 O .fwdarw. Na.sub.2 S.sub.2 O.sub.3
      + 2NaHSO.sub.3
EQU  b. 2Na.sub.2 S.sub.2 O.sub.4 .sup.H.sup.+ Na.sub.2 S.sub.2 O.sub.5
      +Na.sub.2 S.sub. 2 O.sub.3
EQU  c. Na.sub.2 S.sub.2 O.sub.4 .sup.H.sup.+ NaOH + 2H.sub.2 SO.sub.2
EQU  d. 2H.sub.2 SO.sub.2 .fwdarw. HSOH + H.sub.2 SO.sub.3
EQU  e. HSOH .fwdarw. various products
EQU  f. Na.sub.2 S.sub.2 O.sub.4 .sup.111 O.sup.] 2NaHSO.sub.3
PAL  Thus reaction (f) above, becomes particularly pertinent in that air-derived
      oxygen present in the clay stream and introduced during the mixing is very
      detrimental, leading to a rapid decomposition to sodium bisulfite. Also of
      considerable pertinence for present purposes are reactions (b) and (c),
      which show the dramatic effect of pH. The lower the pH, in particular, the
      more rapid decomposition, so that at a pH of 0.8, for example, sodium
      hydrosulfite solutions have a half life of approximately 2 minutes at
      25.degree.C.
PAR  In an attempt to eliminate the problem of advance preparation of sodium
      hydrosulfite solutions, it has been proposed in British Pat. No.
      1,039,960, to initially treat an aqueous clay slurry with a water soluble
      sulfite, hydrogen sulfite or disulfite, and/or sulphur dioxide, or
      sulfurous acid. The said patent goes on to prescribe that an alkali metal
      borohydride be subsequently added to the slurry, after which the pH is
      adjusted to a value between 2.5 and 4. A primary difficulty with this
      approach is that the very addition of the aforementioned sulfites, and
      particularly of sulphur dioxide, lowers the pH in the slurry so that
      conditions favorable to decomposition of hydrosulfites are present before,
      in fact, the borohydride reactant is added.
PAR  A related teaching is found in U.S. Pat. No. 3,290,161 to Fred R. Sheldon
      et al. Sheldon thus teaches that initially one adds to an aqueous clay
      slurry an alkali bisulfite at a pH of about 3 to 3.5, and subsequently
      adds a borohydride to the treated slurry. Again in this instance, the
      initially acidic conditions favor decomposition.
PAC  SUMMARY OF INVENTION
PAR  Now in accordance with the principles of the present invention, it has
      unexpectedly been found that outstanding leaching of impurities contained
      in aqueous slurries of kaolin clay or the like, may be effected by a
      sequential operation, according to which the clay slurry is initially
      treated with sodium borohydride and sodium hydroxide, followed by a
      subsequent step wherein the slurry is treated with sulphur dioxide gas or
      a sulfuric acid solution. In a preferable procedure, the slurry is admixed
      at a pH of above 7.0 and up to about 10.0, with the calculated amount of
      sodium borohydride and sodium hydroxide that will yield the desired
      quantity of sodium hydrosulfite leaching agent. Sulphur dioxide is then
      bubbled through the slurry, or otherwise made to contact same. During this
      last step the pH is permitted to attain a value of between 6.0 and 7.0,
      which pH favors maximum formation of sodium hydrosulfite in situ -- i.e.
      within the body of the slurry. The pH is subsequently adjusted to between
      2.5 and 4.0, e.g. with an acid such as sulfuric acid, at which pH the
      leach (i.e. reduction) reaction may occur. Alternatively, following
      completion of sodium hydrosulfite generation, (as evidenced by attainment
      of the cited pH range of 6.0 to 7.0) the application of gaseous sulphur
      dioxide may be continued to yield a pH of the indicated 2.5 to 4.0 range,
      at which range the leach reaction occurs.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAC  EXAMPLE I
PAR  In order to illustrate the efficacy of the present method, a Middle Georgia
      soft kaolin clay sample was dispersed as an aqueous slurry containing
      26.0% solids. The said sample had been previously derived from a crude
      kaolin which was subjected to a standard beneficiation treatment by froth
      floatation. In consequence the said sample had an initial G.E. brightness
      of 85.6 and Whiteness Index of 7.2. The aqueous slurry, at a pH of 8.5,
      was initially treated with sufficient sodium borohydride and sodium
      hydroxide, to yield the equivalent of 6 lbs./ton of sodium hydrosulfite,
      assuming 100% yield of leach reagent. The slurry at 25.degree.C was pumped
      into a bubble contactor where SO.sub.2 was added to bring the pH to 7.0.
      Thereafter, sulfuric acid was added to adjust the final pH to 3.0, at
      which pH the well-known leaching reaction occurs, reducing the ferric
      compounds to corresponding ferrous forms. The results of this leaching
      reaction were compared with those obtained where commercial sodium
      hydrosulfite in powdered form was added to the slurry to give an
      equivalent of 6 lbs./ton, a final pH of 3.0, and at 25.degree.C. The pH in
      this latter instance was also adjusted with sulfuric acid. It was found
      that the sample treated with borohydride and sodium hydroxide, followed by
      SO.sub.2, exhibited (after washing and dewatering) a G.E. Brightness value
      of 89.8, and a Whiteness Index of 3.2. The sample treated with commercial
      hydrosulfite powder exhibited a G.E. Brightness of  89.7 and a Whiteness
      Index of 3.5.
PAR  In this Example, as well as in the ensuing Examples and Table I, it will be
      understood that "G.E. Brightness" refers to values obtained according to
      the standard specification established by TAPPI Procedure T-646m-54. This
      method measures the light reflectance of a clay sample of 457
      millimicrons, and thus gives a quantative indication of its brightness.
      The "Whiteness Index" is a value obtained by subtracting the reflectance
      reading at 400 millimicrons from the reflectance reading at 700
      millimicrons, such Index thereby providing a quantative indication of the
      whiteness of the sample.
PAR  The preferred temperature for the leach reaction of the invention, as
      illustrated in this Example, is between about 25.degree. to 45.degree.C.
      At lower temperatures the reaction is slow, and at higher temperatures the
      decomposition of sodium hydrosulfite begins to become excessive.
PAC  Example II
PAR  In this Example, conditions were identical to those described in Example I,
      except that the addition of sulphur dioxide to the borohydride-treated
      clay slurry was permitted to continue beyond the point (pH of 6.0 to 7.0)
      at which the hydrosulfite is formed, until a pH of 3.0 was reached. Thus
      no subsequent correction with sulphuric acid was required. Under these
      conditions, the resultant sample was found (after washing to remove
      residual hydrosulfites and reactants, and dewatering) to have a G.E.
      Brightness value of 89.7, and a Whiteness Index of 3.3. In this Example,
      as well as in all other data correlated in the Examples herein and in the
      Table I below, the brightness of a sample obtained from feed slurry, that
      is without leaching, was found to be 85.6 on the G.E. scale, and the
      Whiteness Index was 7.2.
PAR  In Table I hereinbelow, further data is set forth, which compares the
      resultant brightness and whiteness of clay samples obtained using various
      leach levels, and with four different methods of leach application --
      including that of the present invention. In each instance the numerical
      values tabularized represent the G.E. Brightness value as previously
      mentioned, and the Whiteness Index for the resultant sample. The four
      methods considered in Table I are thus: treatment with zinc hydrosulfite
      powder; treatment with sodium hydrosulfite powder; treatment with
      hydrosulfite liquid; and finally, treatment with sodium hydrosulfite
      formed in situ, in accordance with the principles of the invention. It
      should be noted that in the case of the sodium hydrosulfite liquid the
      product is produced by the so-called Borol process, alluded-to in the
      "Background" portion of this specification, i.e. by reaction of Borol
      solution and sulphur dioxide in a reactor vessel, after which the
      resultant liquid is added in appropriate amounts.
TBL                                    Table I                                 
     __________________________________________________________________________
     Leached Brightness and Whiteness (Brightness/Whiteness)                   
     Resulting at Various Leach Levels with Different Methods                  
     __________________________________________________________________________
     lbs./ton equivalent                                                       
                  2     4     6     8     10    12                             
     *1 Zinc hydrosulphite                                                     
                  87.7/4.8                                                     
                        89.4/3.7                                               
                              89.6/3.0                                         
                                    89.7/3.1                                   
                                          89.7/3.2                             
                                                89.7/3.1                       
     powder                                                                    
     *2 Sodium hydrosul-                                                       
                  87.4/4.9                                                     
                        89.4/3.8                                               
                              89.7/3/5                                         
                                    89.7/3.5                                   
                                          89.7/3.5                             
                                                89.7/3.5                       
     phite powder                                                              
     *3 Sodium Hydrosul-                                                       
                  87.1/4.8                                                     
                        89.5/3.7                                               
                              89.7/3.0                                         
                                    88.8/3.0                                   
                                          89.8/3.1                             
                                                89.8/3.1                       
     phite liquid                                                              
     *4 Sodium hydrosul-                                                       
                  87.9/3.6                                                     
                        89.6/3.5                                               
                              89.8/3.0                                         
                                    89.9/2.8                                   
                                          89.9/2.7                             
                                                90.0/2.8                       
     phite "in situ"                                                           
     __________________________________________________________________________
      *1 Zinc hydrosulphite supplied by Rohm & Haas, Inc.                      
      *2 Sodium hydrosulphite, K-Brite 3, supplied by Virginia Chemicals.      
      *3 Sodium hydrosulphite liquid produced from Borol and sulphur dioxide in
      a laboratory reactor. Added in amounts appropriate to yield the cited    
      equivalent quantity in lbs./ton of sodium hydrosulphite.                 
      *4 Sodium hydrosulphite produced by bubbling sulphur dioxide into the cla
      slurry containing the appropriate amount of sodium borohydride, and NaOH 
      to yield the cited equivalent quantity of sodium hydrosulphite.          
PAR  Continuing to refer to Table I, the method 4, that is the method in
      accordance with the invention, in each instance included bubbling sulphur
      dioxide through the clay slurry sample (as in Example I above -- the data
      of Example is incorporated into Table I), until the pH of the slurry
      attains a value of 7.0. At this point the reaction forming the
      hydrosulfite is regarded as completed. The pH was then adjusted to 3.0 by
      addition of sulfuric acid. The clay slurry, in all instances, is that
      described in connection with Example I, and thus included 26% solids
      content. More generally the method of the invention is applicable with
      slurries including solids contents up to about 30 to 35% -- the principal
      problem determining the upper limit of solids being one of difficulty in
      adding sulphur dioxide as the viscosity of the slurry becomes higher. The
      data in Table I was all derived at the previously-cited temperature of
      25.degree.C.
PAR  The basic reaction of the present process is in accordance with the
      equation:
EQU  g. NaBH.sub.4 + 9 NaOH + 9SO.sub.2 .fwdarw. 4Na.sub.2 S.sub.2 O.sub.4 +
      NaBO.sub.2 + NaHSO.sub.3 + 6H.sub.2 O
PAL  Sodium borohydride is available as a solution containing all the sodium
      hydroxide necessary for the reaction shown in equation (g) to proceed;
      however, the said material is also commercially available with only 3.4
      "units" of NaOH present, necessitating addition of a further 5.6 units of
      NaOH. This latter practice is preferred commercially, as it eliminates the
      necessity for conveying sodium hydroxide over long distances. The
      appropriate amount of that inexpensive NaOH, may instead, be added at the
      site of use. The previously mentioned Borol solution for example, includes
      about 12% by weight of NaBH.sub.4 and 42% by weight NaOH (in aqueous
      solution). Addition of the further 5.6 units in this instance thus
      represents adding NaOH in a quantity which is about 71% by weight of the
      original Borol solution.
PAR  It will be noted in reviewing the contents of Table I, that at all
      concentration levels of leach addition, superior brightness data is
      yielded where the method of the present invention is practiced. It is not
      fully understood exactly why the method of the invention should, in
      virtually all instances, yield superior results in comparison to equal
      levels of leach addition yielded by other methods; but it is hypothesized
      that the method of the invention enables virtually 100% yield and
      utilization of the hydrosulfite as that compound is formed in situ in the
      slurry. In particular it will be appreciated that, in accordance with the
      invention, the hydrosulfite is, firstly, formed at a pH of 6 to 7, at
      which maximum yield is believed to occur. At the same time, virtually no
      instability of the developing hydrosulfite occurs under these conditions.
      As the pH is thereafter adjusted to a lower value -- by further bubbling
      of SO.sub.2 into solution, or by addition of sulfuric or other acid -- the
      hydrosulfite (which is in situ) is immediately utilized. It may, further
      be noted in this connection that one of the incidental (but important)
      advantages of the present "in situ" reaction, is that the heat generated
      by reaction is rapidly and effectively dissipated in the slurry. This
      contrasts to the serious heating problems which can occur when sodium
      hydrosulfite is generated externally -- e.g. by the aforementioned Borol
      process.
PAR  The method of sulphur dioxide addition to the clay slurries is also deemed
      to be a factor in the high rate of efficiency observed in accordance with
      the invention. As already indicated, a preferred method is to bubble the
      SO.sub.2 through the slurry, for which purposes a sparger or other known
      gas distributing means may be positioned beneath the surface of the
      slurry. Similarly, however, gas-liquid contact means, including packed
      towers, may be utilized in the process of the invention. Since the
      borohydride is in any event already present in the solution, the SO.sub.2,
      either where bubbled through the slurry or where diffused to the liquid
      phase by counter-current contact in a packed tower or the like, is
      instantly able to react with the borohydride, which is deemed an important
      factor in the high utilization rate obtained.
PAR  While the present invention has been particularly set forth in terms of
      specific embodiments thereof, it will be understood in view of the present
      disclosure, that numerous variations upon the invention are now enabled to
      those skilled in the art, which variations yet reside within the scope of
      the present teaching. Accordingly the invention is to be broadly
      construed, and limited only by the scope and spirit of the claims now
      appended hereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for brightening and whitening a kaolin clay comprising in
      sequence the steps of:
PA1  forming said clay into an aqueous slurry;
PA1  mixing said aqueous slurry with a solution of sodium borohydride and sodium
      hydroxide, while maintaining a pH of above 7.0 and up to about 10.0;
PA1  contacting said slurry with gaseous sulphur dioxide in sufficient
      quantities to bring said slurry to a pH of between 6.0 and 7.0; said
      sulphur dioxide reacting with said sodium borohydride and sodium hydroxide
      to yield sodium hydrosulfite, and the quantities of said sodium
      borohydride and said sodium hydroxide being sufficient to yield a reacted
      equivalent of between 2 and 12 lbs/ton of slurry, of sodium hydrosulfite;
PA1  adjusting the pH of the slurry to between 2.5 and 4.0, to facilitate said
      leach reaction;
PA1  the temperature of the system being maintained within the range of
      25.degree. to 45.degree.C; and
PA1  washing the clay free of residual leaching agents and reaction products.
NUM  2.
PAR  2. A method in accordance with claim 1, wherein said pH is adjusted to said
      2.5 to 4.0 range by continuing application of said sulphur dioxide.
NUM  3.
PAR  3. A method in accordance with claim 1, wherein said pH is adjusted to said
      2.5 to 4.0 range by addition of a further acid to said slurry.
NUM  4.
PAR  4. A method in accordance with claim 1, wherein said sulphur dioxide is
      bubbled through said slurry to effect said reaction.
NUM  5.
PAR  5. A method in accordance with claim 1, wherein said sulphur dioxide is
      diffused into said slurry by passing said slurry through a packed tower in
      countercurrent relation to flow of said sulphur dioxide.
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ABST
PAL  Water loss from cement slurries is reduced by incorporating within a cement
      slurry a polymer obtained as a product of radiation-induced polymerization
      of acrylamide and/or methacrylamide and acrylic acid, methacrylic acid,
      and/or alkali metal salts thereof. The polymerization is preferably
      carried out in 10-60% aqueous monomer solution with gamma radiation. The
      aqueous monomer solution preferably contains 25-99% acrylamide and 75-1%
      sodium acrylate. The polymer can be present in concentration of about
      0.001 to about 3.0 weight percent, based on the aqueous phase of the
      slurry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improving the water loss properties of cement
      slurries during the cementing of oil wells. Such is accomplished by
      incorporating within the cement slurry a polymer obtained by radiation
      induced polymerization.
PAR  2. Description of the Prior Art
PAR  Additives have been mixed with cement slurries to reduce the water loss
      from the cement slurry into the subterranean formation during cementing
      thereof. By preventing water loss, better cementing jobs can be obtained.
      Extensive water loss can result in formation damage resulting from cement
      filtrate waters and "flash setting", the latter resulting in a cement
      having undesirably low strength.
PAR  Agents such as carboxymethyl cellulose and hydroxyethyl cellulose, clays
      such as bentonite, and like additives have been added to reduce water
      loss. It is especially important to prevent water loss when cementing a
      porous formation from which the mud cake has been removed, i.e. the cement
      may become quickly dehydrated and undergo a so-called "flash set". Such an
      adversity may cause the pipe to stick and prevent the rotation or
      reciprocation desirable when wall scratches are used in the hole. "Wall
      scratches" are used to improve the bond between the cement and the
      formation, the scratches actually scratching the interior of the well-bore
      so that the cement can more readily bond to the formation wall.
PAR  Good fluid loss control properties of the cement slurry are essential,
      especially to control the deposition of solids wherein a differential
      pressure exists between the cement slurry and the permeable zones of the
      formation to be cemented. Also, during the cementing of casing, if the
      formation has highly permeable zones, this may cause premature dehydration
      of the cement slurry and thus a less effective cementing job. Also, in
      squeeze cementing, controlled deposition facilitates filling all of the
      perforations without excessive squeeze pressures--if high fluid loss is
      realized, then of course controlled deposition will not be effected.
PAR  Other reasons exist for using radiation-induced polymers in cement
      slurries; for example, the slurries are easier to pump into the wellbore
      if they experience low water loss characteristics, and as a result, less
      energy is required to pump the cement slurry down into the wellbore. Also,
      lower pump pressures, in turn, can reduce water loss problems. Also, the
      slurry viscosity tends to maintain better stability if the water loss
      characteristics are reduced, thus enabling one to design the cementing job
      more effectively and efficiently.
PAR  The prior art has tried high molecular weight synthetic polymers as fluid
      loss control agents for cement slurries. Examples of such polymers include
      commercially available, partially hydrolyzed polyacrylamides.
PAC  SUMMARY OF THE INVENTION
PAR  Reduction in fluid loss from cement slurries as well as reduction of
      friction loss during the pumping of the cement slurry into the well bore
      is accomplished by incorporating within the aqueous phase of the cement
      slurry a water-soluble polymer obtained by radiation polymerization of
      acrylamide and/or methacrylamide and acrylic acid, methacrylic acid and/or
      alkali metal salts thereof. The aqueous solution to be polymerized
      contains 10-60% by weight of monomer; the monomer preferably is 25-99%
      acrylamide and 75-1% sodium acrylate, by weight. Radiation intensity is
      preferably 250-1,000,000 rads/hr and the radiation dosage is preferably
      500 to about 300,000 rads. The reaction product may be diluted with water
      and used directly, or the polymer may be extracted from the reaction
      product, dried and thereafter solubilized. Concentrations of about 0.001
      to about 3.0 weight percent, all based on the aqueous phase of the slurry,
      are useful.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The monomer is a combination of at least one compound selected from the
      group consisting of acrylamide and methacrylamide and at least one
      compound selected from the group consisting of acrylic acid, methacrylic
      acid, alkali metal acrylate, and alkali metal methacrylate. Small amounts
      of additional ethylenically unsaturated copolymerizable monomers may also
      be used. Preferably, the monomer is a mixture of acrylamide and sodium
      acrylate. It is preferred that the monomer contain about 1-75% and
      preferably 15-55% and more preferably 20-50% of acrylic acid or alkali
      metal salt thereof, e.g. sodium acrylate.
PAR  Irradiation of the monomer is preferably carried out in aqueous solution
      containing about 10% to about 60% and more preferably about 15% to about
      45% by weight of dissolved monomer. At the lower concentrations of monomer
      the product is generally a pourable polymer solution. At concentrations of
      above about 15% by weight the product is generally a nonpourable gel. A
      water-insoluble product may result at concentrations above about 60%
      monomer; thus, such high concentrations are undesirable. Of course, the
      particular limits of monomer concentration will depend, among other
      things, on the radiation conditions used, monomers used, and on the
      desired product for a particular use. The intrinsic viscosity of the
      polymer product increases as the monomer concentration increases, up to
      the point where the amount of cross-linking becomes appreciable, provided
      all other variables are held constant.
PAR  The aqueous monomer solution preferably should not contain more than about
      5 ppm of transition metal ions, such as nickel, iron, and cobalt, and no
      more than about 0.5 ppm of cuprous and cupric ions.
PAR  Irradiation of the aqueous monomer solution may be accomplished with high
      energy ionizing radiation. The radiation used has a wavelength below 3,500
      Angstroms and preferably below 2,000 Angstroms. The radiation employed may
      be particulate or electromagnetic in nature. Examples include accelerated
      electrons, protons, neutrons, etc. as well as X-rays and gamma-rays, the
      latter being preferred.
PAR  Radiation intensity is preferably about 1,000 to about 300,000 rads/hr. and
      more preferably about 5,000 to about 200,000 rads/hr. Intensity directly
      influences the molecular weight of the polymer. That is, under otherwise
      identical conditions, low intensities generally give higher molecular
      weight polymers.
PAR  The radiation dose is preferably at least about 1,000 rads and more
      preferably at least about 1,500 rads. The maximum dose level is preferably
      not more than 100,000 rads and more preferably not more than 50,000 rads.
PAR  The radiation dose used directly influences the intrinsic viscosity and
      degree of monomer-to-polymer conversion. At a given radiation intensity
      and monomer concentration, an increase in radiation dose generally tends
      to result in a decrease in the intrinsic viscosity of the polymer
      produced. The radiation dose may also influence the water-solubility of
      the polymer, as it has been found that too high a radiation dose may
      render the resulting polymer water-insoluble. At the preferred dosage
      rates, conversion up to about 100% and preferably 80-100% of the monomer
      to polymer may be obtained without undue insolubilization.
PAR  The pH of the aqueous monomer solution is generally not critical except
      that very low pH values may cause insoluble products to form. Preferably
      the pH is within the range of 3-13 and more preferably about 8 to about
      11. Although higher and lower pH values may be used, it should be
      recognized that hydrolysis tends to occur at pH values much below about 3
      and much above about 11.
PAR  While the process described above may be used to prepare polymers having an
      intrinsic viscosity from about 6 to about 30 dl/g (deciliters per gram) in
      2 normal sodium chloride at 25.5.degree.C, the process is modified
      somewhat to prepare polymers having an intrinsic viscosity below about 6
      dl/g or above about 30 dl/g in 2 normal sodium chloride at 25.5.degree.C.
      Polymers having an intrinsic viscosity below about 6 dl/g are prepared by
      carrying out the polymerization reaction described above in the presence
      of a chain transfer agent. The chain transfer agent tends to restrict the
      growth of the active polymer chains, thereby resulting in the formation of
      polymers having lower molecular weights and lower intrinsic viscosities.
      The chain transfer agents which may be used herein may be any chain
      transfer agent which tends to restrict the growth of the polymer chains
      and thereby aid the formation of lower molecular weight and lower
      intrinsic viscosity polymers and which is soluble in the reaction medium.
      Illustrative examples of chain transfer agents which may be used include
      lower alkyl alcohols, such as methanol, ethanol, and isopropanol;
      halogenated compounds, such as trichloracetic acid; thiosorbitols
      containing two thio groups and four secondary hydroxyl groups; and
      mercaptans. The concentration of chain transfer agent used depends upon
      the intrinsic viscosity desired, the monomer concentration, and the chain
      transfer constant of the chain transfer agent used. The use of a chain
      transfer agent is not necessary in order to prepare polymers having
      intrinsic viscosities from about 6 to about 30 dl/g; but if desired, such
      polymers may be prepared in the presence of a chain transfer agent.
PAR  In order to prepare polymers having intrinsic viscosities above about 30
      dl/g, the polymerization reaction is terminated when less than about 75%
      and preferably when less than about 60% by weight of the monomer has been
      converted to polymer. It has been found that the intrinsic viscosity of
      the resulting polymer tends to decrease as the percent conversion of
      monomer to polymer increases. For reasons of economy, it is not practical
      to tolerate conversions lower than about 20%.
PAR  The variables of radiation intensity, total radiation dose, and monomer
      concentration discussed above are interdependent variables. While useful
      polymers may be prepared at all monomer concentrations, radiation
      intensities, and radiation dosages within the ranges given heretofore, all
      combinations of concentration, dose, and intensity within these ranges may
      not be used to prepare polymers useful in the process of this invention.
      For example, while a polymer useful in the process of this invention may
      be prepared at a monomer concentration of 60% by weight, provided the
      radiation dose used is sufficiently low to result in the formation of
      water-soluble polymers, the use of a monomer concentration of 60% by
      weight, an intensity of 250 rads per hour, and a dose of 300,000 rads,
      results in the formation of water-insoluble polymers. In view of this
      interdependency of intensity, dose, and monomer concentration, it may be
      necessary to perform a limited amount of experimentation in order to
      prepare a polymer having the desired intrinsic viscosity. However, this
      experimentation may be kept to a minimum in view of the disclosure in
      Table 1 below of the preparation of a variety of polymers of different
      viscosities and in view of the discussion above on the effect of
      intensity, dose, monomer concentration, degree of conversion, and chain
      transfer agent on the intrinsic viscosity of the polymer. Accordingly, the
      reaction conditions which may be used to prepare a water-soluble polymer
      having an intrinsic viscosity different from the intrinsic viscosities of
      the polymers described in Table 1 may be readily determined by minor
      modification of the reaction conditions given in Table 1 for the
      preparation of the polymer having the intrinsic viscosity nearest to the
      intrinsic viscosity of the polymer which is desired to be prepared. Such
      modification may be made in view of the above discussions on the effect of
      intensity, dose, monomer concentration, percent conversion of monomer to
      polymer, and chain transfer agent on the intrinsic viscosity of the
      polymer. For example, a polymer having an intrinsic viscosity of about 16
      dl/g may be prepared by using the same reaction conditions employed in
      Example F in Table 1, except that the radiation intensity is increased,
      the total radiation dose is increased, the monomer concentration is
      lowered, the percent monomer conversion is increased, and/or the reaction
      is carried out in the presence of a chain transfer agent. It is generally
      preferred, however, that the said decrease in intrinsic viscosity be
      obtained by increasing the radiation intensity, lowering the monomer
      concentration, and/or using a chain transfer agent.
PAR  The product of irradiation is an aqueous solution of water-soluble polymer
      which may be in the form of a pourable liquid or a nonpourable, rubbery
      gel, depending upon the polymer concentration and the intrinsic viscosity
      of the polymer. The viscosity of the polymer solution tends to increase as
      the polymer concentration and intrinsic viscosity of the polymer increase.
      Polymer solutions produced by the radiation may be admixed with water and
      used directly or the polymer solution may be concentrated by conventional
      means or it may be recovered in particulate form, i.e. dry form. For
      example, a nonpourable gel may be finely subdivided and the water removed
      by conventional drying techniques. Or, the water may be extracted from the
      subdivided gel with a water-miscible, volatile organic liquid which has no
      affinity for the copolymer, e.g. with methanol.
PAR  The polymer may contain cations which are preferably monovalent cations and
      more preferably sodium.
PAR  The polymers obtained from this radiation polymerization generally have
      relatively low Huggins constants. This constant is related to the
      linearity of the polymer where molecular weights are constant, i.e. for
      two copolymers having similar molecular weights but different Huggins
      constant, the lower Huggins constant indicates a more linear polymer.
      Polymers having Huggins constants below 1 and preferably below 0.7 and
      more preferably below 0.5 are most often used with this invention. In
      certain applications, a mixture of polymers having low, medium, and/or
      high Huggins constants may be desired to obtain improved oil recovery. A
      more detailed definition of Huggins constant and a method for determining
      the Huggins constant of a polymer is found in Textbook of Polymer
      Chemistry, Billmeyer, Interscience Publishers, N.Y., 1957, pp. 128-139.
PAR  Intrinsic viscosity of the polymer can vary from less than about 1 to about
      60 deciliters per gram and preferably is about 5 to about 35 deciliters
      per gram. The permeability of the reservoir rock will influence the
      desired intrinsic viscosity. Generally speaking, low intrinsic viscosities
      can be used with lower permeabilities. For example, permeabilities less
      than about 50 md will permit the use of intrinsic viscosities less than
      about 10, whereas permeabilities of about 200 md or more will generally
      demand intrinsic viscosities greater than 20 and up to about 30-40. The
      intrinsic viscosity numbers referred to are measured in a 2 normal sodium
      chloride solution at 25.5.degree.C. Of course, polymers having very high
      intrinsic viscosities are desired in very permeable reservoirs. It can
      generally be concluded that the effectiveness of the polymer increases as
      the intrinsic viscosity increases. Mixtures of polymers having different
      intrinsic viscosities may also be used.
PAR  The polymer may be solubilized in water before the cement is admixed. Water
      containing large amounts of polyvalent metallic cations is preferably
      avoided since such ions can adversely influence the viscosity and
      water-solubility of the polymer. The concentration of polyvalent metallic
      cations which may be present in the aqueous polymer solution is dependent
      upon the specific polyvalent metallic cation present, the temperature and
      pH of the solution, and the intrinsic viscosity and anionic content of the
      polymer. In general, the polymer becomes less tolerant of polyvalent
      metallic cations as the intrinsic viscosity, anionic content, and
      concentration of the polymer increase. The use of water containing
      substantial amounts of copper ions and/or iron ions is preferably avoided
      due to the adverse effect such ions may have on the polymer, such as
      water-solubility of the polymer, etc.
PAR  Shearing of the polymer upon dissolution and injection into the well bore
      would be avoided if maximum effectiveness as a water loss agent is
      desired. To obtain maximum polymer properties with the gel form of the
      polymer, the gel is first extruded and then cut into fine pieces, e.g. the
      size of BBs, and thereafter agitated in aqueous solution at low shear
      rates. Pumps characterized by low shear rates as well as agitators run at
      low shear rates are especially useful. Water-soluble alkaline salts, that
      is, salts which give pH above 7 in water, such as alkali metal carbonates,
      may be added to the aqueous solution to facilitate solubilization of the
      polymer. A preferred alkaline salt is sodium carbonate.
PAR  It may be desired that the copolymer, upon contact with the reservoir rock,
      be adsorbed or absorbed onto the reservoir rock. Where such is desired,
      the copolymer preferably has a very low anionic content, e.g. from above
      about 0 up to about 30% and preferably less than 15% of carboxylic groups
      onto the copolymer chain. That is, the copolymer contains less than 30%
      and preferably less than 15% sodium acrylate. Also, preferably, the
      polymer has at least some branching onto the main polymer chain. For a
      given molecular weight polymer, this means that the polymer has a
      relatively high Huggins constant which constant indicates branching of the
      polymer.
PAR  Where it is desired that the polymer have some reduced degree of water
      solubility, for example, about 20% water solubility at about 100.degree.F,
      the polymer can be partially cross-linked. Cross-linking can be effected
      by overradiating, i.e. by continuing the radiation after all monomer has
      been converted to polymer, or by continuing the radiation after the water
      solubility of the polymer begins to decrease. Polyfunctional monomers such
      as ethylenically unsaturated water-soluble, copolymerizable monomers
      containing more than one ethylenically unsaturated double bond, may be
      used to reduce the water solubility of the polymer. The polyfunctional
      monomers may be used in concentrations of about 0.01 to about 10%,
      preferably about 0.05 to about 5% and more preferably about 0.1 to about
      3% by weight. The copolymerizable polyvalent monomers are added to the
      aqueous solution before irradiation. Examples of such monomers include
      methylene bisacrylamide, polyacrylates such as sorbitol polyacrylates and
      polyallyl ethers of sorbitol, e.g. hexallylsorbitol.
PAR  Where it is desired to have polymers having the highest intrinsic
      viscosities, the radiation polymerization should take place at low
      radiation intensities, low conversions, and high monomer concentrations.
      Of course, the above relative values are within the previously indicated
      reaction conditions set out herein.
PAR  To produce polymers having high intrinsic viscosities, e.g. about 30 to
      about 60, and low Huggins constants, the radiation intensity is preferably
      5,000 to about 50,000 rads/hr and the monomer concentration is preferably
      about 20 to about 60% and preferably 25 to 50% and the conversion is
      preferably about 15 to about 75% and more preferably less than about 50%.
PAR  The polymer is preferably present in concentrations of about 0.001 to about
      3.0 weight percent, more preferably about 0.002 to about 2.0 weight
      percent and most preferably about 0.005 to about 1.0 weight percent within
      the water phase of the cement slurry. Of course, other additives besides
      the polymer, water, and cement may be present in the cement slurry, but it
      is preferred that the additives not react with the polymer to sufficiently
      override the beneficial influence of the polymer to the cement slurry.
      These additives are known in the art as well as the different methods of
      cementing wells, including cementing the casing within the well bore as
      well as cementing "thief" zones, creating impermeable barriers within a
      horizontal strata within a well bore in fluid communication with the
      formation.
PAR  Cement slurries useful with this process generally contain less than about
      30% to about 60% or more water. Cementing of injection wells, production
      wells (both oil and water) disposal wells, "thieving" zones during
      drilling operations, "squeeze" cementing of formations or zones, and like
      operations are applicable with this invention.
PAR  The polymers of this invention can be selected to exhibit high viscosities
      at low shear rates--this property facilitates suspension of particles and
      agents within the cement slurry, etc. Also, the polymer exhibits low
      viscosities at high shear rates.
PAR  Also, the polymer can be selected to have improved shear degradation
      characteristics. That is, polymers generally tend to degrade as they pass
      through a region of high shear rate, e.g. as the cement slurry passes
      through valves, pipe fittings, etc. By selecting a polymer with some
      degree of branching or some degree of cross-linking, the polymer will be
      less sensitive to shear degradation.
PAR  After the formation has been contacted with the cement slurry of this
      invention, drilled through and optionally acidized, it may be desirable to
      treat the formation with an aqueous hydrazine or hypochlorite solution, or
      a strong mineral acid to restore the permeability of the formation that
      has been contacted with the polymer. That is, the hydrazine, hypochlorite,
      or acid tends to chemically degrade the polymer and thus tends to restore
      at least some of the permeability to the reservoir rock that has been
      contacted with the polymer.
PAR  The following examples are presented to teach specific working embodiments
      of the invention; such are not meant to limit the interpretation of the
      invention. Unless otherwise specified, all percents are based on volume.
PAC  PREPARATION OF THE COPOLYMERS
PAR  Polymers used for testing are prepared with Cobalt 60 gamma radiation;
      radiation intensities and dosages are outlined in Table 1. The process for
      preparing Polymer A is explained; preparation of the other polymers is
      similar except for variations indicated in Table 1.
PAR  To 24,000 grams of deionized water there are added 692 grams of sodium
      hydroxide. After cooling the solution to 30.degree.C, 1,250 grams of
      acrylic acid are added. Thereafter, 5,000 grams of acrylamide are added
      while mixing and the pH is adjusted to 9.4. The resulting solution
      contains 75% by weight acrylamide (AAd) and 25% by weight sodium acrylate
      (NaAA) and has a total monomer concentration of 21.4% by weight. The
      solution is purged with N.sub.2 for 20 minutes and thereafter sealed. The
      sample is irradiated with cobalt 60 gamma radiation at an intensity of
      18,000 rads/hr (R/hr) to a total dose of 8,800 rads (R). The resulting
      product is a gel-like mass.
PAR  A portion of the gel is weighed, and thereafter extracted with methanol to
      precipitate the polymer. The polymer is dried in a vacuum oven at
      36.degree.C and 0.02 psia for 24 hours and then to a constant weight at
      110.degree.C. Weight of the dried product divided by the theoretical
      weight gives a monomer conversion of 93%.
PAR  A portion of the gel is solubilized in water by first extruding it through
      a "meat" grinder; the "spaghetti"-like extrusion is cut into "BB" size
      particles and then dissolved in water by agitating at a low rpm to prevent
      substantial shearing of the polymer.
PAR  The residue of the gel is recovered in dry powder form by first extruding
      the gel, then dissolving it in water and thereafter adding methanol to
      precipitate the polymer out of the solution. The polymer is then ground to
      less than 20-mesh size and finally dried at 60.degree.C in a vacuum oven.
PAR  The intrinsic viscosity is measured at 25.5.degree.C in a 2 normal NaCl
      aqueous solution. The Huggins constant is measured by the method described
      in Textbook of Polymer Chemistry, Billmeyer, Interscience Publishers, New
      York, 1957, pp. 128-139.
PAR  The monomer used in Sample G is dissolved in water containing 9.1% by
      weight of methanol.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     INFORMATION ON POLYMER SAMPLES                                            
                                                Intrinisic                     
                                                          Huggins              
                Monomer         Total      Monomer                             
                                                Viscosity Constants            
     Poly-                                                                     
         AAd/NaAA                                                              
                Concen-   Intensity                                            
                                Dose Additive                                  
                                           Conver-                             
                                                Gel  Powder                    
                                                          Gel   Powder         
     mer Wt. Ratio                                                             
                tration(%)                                                     
                      pH  (R/hr.)                                              
                                (R)  (%)   sion(%)                             
                                                (dl/g)                         
                                                     (dl/g)                    
     __________________________________________________________________________
     A   75/25  21    9.4 18,000                                               
                                 8,800                                         
                                     --    93   23.7 23.0 --    0.19           
     B   70/30  21    9.4 20,000                                               
                                 9,800                                         
                                     --    93   22   20   0.19  0.19           
     C   60/40  22    9.4 20,000                                               
                                10,300                                         
                                     --    93   23.0 23.0 --    --             
     D   70/30  30    9.5 230,000                                              
                                50,000                                         
                                     --    91   14   12.8 --    0.38           
     E   70/30  40    9.5 10,000                                               
                                 1,760                                         
                                     --    34   39.4 33   0.06  --             
     F   70/30  24    9.5 100,000                                              
                                15,000                                         
                                     --    86   18.5 --   0.24  --             
     G   70/30  27    9.5 20,000                                               
                                11,500                                         
                                     MeOH 9.1                                  
                                           91   12.4 11.7 0.31  0.38           
     H   70/30  13    9.5 220,000                                              
                                44,000                                         
                                     MeOH 15                                   
                                           96.5 1.0  --   --    --             
     I   70/30  13    9.5 220,000                                              
                                44,000                                         
                                     --    96.5 5.8  --   0.64  --             
     J   70/30  25    9.5 220,000                                              
                                44,000                                         
                                     MeOH 15                                   
                                           84.0 6.9  --   0.52                 
     K   70/30  24    9.5 20,000                                               
                                 7,660                                         
                                     --    86.7 28.2 --   0.13  --             
     L   70/30  30    9.5 20,000                                               
                                 2,667                                         
                                     --    54   31.0 --   0.04  --             
     M   90/10  40    9.6 10,000                                               
                                 1,350                                         
                                     --    24   53   --   Less                 
                                                                --an           
                                                          0.02                 
     __________________________________________________________________________
PAC  EXAMPLE I
PAR  To show that the copolymers of this invention impart unexpected results
      over polymers and copolymers of the prior art, this example is presented.
PAR  Fluid loss control properties are simulated in the laboratory by flooding
      water-saturated reservoir core samples with aqueous polymer solutions at a
      frontal velocity of 10 ft/day. The permeability reduction of the front
      section of the core is determined by first flooding the core with water
      (containing 500 ppm total dissolved solids) at the velocity of 10 ft/day
      and thereafter flooding the cores with the aqueous polymer solutions
      indicated in Table 2. A high permeability reduction of cores is desirable
      to minimize fluid loss from a cement slurry. The aqueous polymer solutions
      are dissolved in water containing Table 2-indicated amounts of total
      dissolved solids (TDS).
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     RESULTS OF POLYMER FLOODING IN 100-200 md SANDSTONE CORES                 
                   Brookfield        Flushed Perme-                            
                                              Permeability                     
                   Viscosity                                                   
                         Initial Permeability                                  
                                     ability  Reduction                        
                   at 6 rpm                                                    
                         (md)        (md)                                      
     Run                                                                       
        Polymer    (cp)                                                        
     __________________________________________________________________________
     1  A          26.7  107         0.5      214                              
     2  B          32.2  142         1.5       93                              
     3  C          27.2  132         0.9      150                              
     4  D          20.0  110         0.6      178                              
     5  B          8.8   159         1.3      124                              
     6  B          7.1    97         0.7      143                              
     7  Partially hydrolyzed                                                   
        polyacrylamide                                                         
                   16.3  135         2.5       54                              
     8  Copolymer No. 1                                                        
                   39.0  123         2.6       47                              
     9  Copolymer No. 2                                                        
                   38.5  134         5.5       25                              
     __________________________________________________________________________
      Runs 1-4 contain 700 ppm polymer dissolved in water containing about 500 
      ppm TDS.                                                                 
      Run 5 contains 300 ppm polymer dissolved in water containing about 500 pp
      TDS.                                                                     
      Run 6 contains 700 ppm polymer dissolved in water containing 18,000-20,00
      ppm TDS.                                                                 
      Runs 7-9 contain 800 ppm polymer dissolved in water containing about 500 
      ppm TDS.                                                                 
      Copolymer No. 1 = a commercially available, anionic acrylamide copolymer 
      obtained by a chemically catalyzed polymerization reaction; has an       
      intrinsic viscosity of 12.5 and a Huggins constant of 0.34.              
      Copolymer No. 2 = a commercially available, very high molecular weight,  
      strongly anionic copolymer of acrylamide obtained by a chemically        
      catalyzed polymerization reaction; has an intrinsic viscosity of 22.0 and
      a Huggins constant of 0.18                                               
      Partially hydrolyzed polyacrylamide = a commercially available, partially
      hydrolyzed, high molecular weight polyaccrylamide obtained by a chemicall
      catalyzed polymerization reaction; has an intrinsic viscosity of 12.7 and
      a Huggins constant of 0.56.                                              
PAR  The above data indicate that Runs 1-6, as compared to Runs 7-9, exhibit
      higher permeability reductions than do the commercially available polymers
      and copolymers. Such large permeability reduction is a direct indication
      of the fluid loss control properties of a cement slurry when such polymers
      are used. Polymer E of Table 1 at the same concentration and water
      conditions as copolymers No. 1 and No. 2, has a Brookfield viscosity at 6
      rpm of 52 cp.
PAR  It is not intended that this invention be limited by the above examples.
      Rather, compositions and components of cementing slurries known in the art
      and which are obvious to those skilled in the art are intended to be
      incorporated within the scope of this invention as defined in the
      specification and appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cement slurry comprised of a water phase containing a polymer obtained
      as a product of high energy ionization radiation polymerization of at
      least one monomer selected from the group consisting of acrylamide and
      methacrylamide and at least one monomer selected from the group consisting
      of acrylic acid, methacrylic acid, alkali metal acrylate, and alkali metal
      methacrylate in concentrations of about 10% to about 60% by weight
      dissolved monomer in an aqueous medium, the radiation intensity being
      about 250 to about 1,000,000 rads and the radiation dose being about 500
      rads to about 300,000 rads.
NUM  2.
PAR  2. The cement slurry of claim 1 wherein one of the monomers is acrylic
      acid.
NUM  3.
PAR  3. The cement slurry of claim 1 wherein one of the monomers is methacrylic
      acid.
NUM  4.
PAR  4. The cement slurry of claim 1 wherein one of the monomers is sodium
      acrylate.
NUM  5.
PAR  5. The cement slurry of claim 1 wherein one of the monomers is sodium
      methacrylate.
NUM  6.
PAR  6. The cement slurry of claim 1 wherein one of the monomers is acrylamide.
NUM  7.
PAR  7. The cement slurry of claim 1 wherein the polymer is a copolymer obtained
      by copolymerizing acrylamide and sodium acrylate.
NUM  8.
PAR  8. The cement slurry of claim 1 wherein the radiation intensity is within
      the range of about 1,000 to about 300,000 rads/hr.
NUM  9.
PAR  9. The cement slurry of claim 1 wherein the radiation dose is within the
      range of about 1,000 to about 100,000 rads.
NUM  10.
PAR  10. The cement slurry of claim 1 wherein the aqueous medium is at a pH
      within the range of about 3 to about 13.
NUM  11.
PAR  11. The cement slurry of claim 1 wherein the pH of the aqueous medium is
      within the range of about 8 to about 11.
NUM  12.
PAR  12. A cement slurry comprised of a water phase containing a polymer
      obtained as a product of radiation copolymerization of an aqueous solution
      comprised of about 10 to about 60% of a mixture of about 25% to about 99%
      of acrylamide and about 75% to about 1% of sodium acrylate, the radiation
      intensity being within the range of about 250 to about 1,000,000 rads/hr
      and the radiation dose being about 500 rads to about 300,000 rads.
NUM  13.
PAR  13. The cement slurry of claim 12 wherein the copolymer obtained from the
      radiation polymerization is in the form of a gel.
NUM  14.
PAR  14. The cement slurry of claim 12 wherein the aqueous medium contains from
      about 85% to about 45% of acrylamide and about 15% to about 55% of sodium
      acrylate.
NUM  15.
PAR  15. The cement slurry of claim 12 wherein the radiation is gamma radiation.
NUM  16.
PAR  16. The cement slurry of claim 12 wherein the sodium acrylate is present in
      a concentration of about 20% to about 50%.
NUM  17.
PAR  17. The cement slurry of claim 1 wherein the polymer is obtained by
      polymerizing about 1 to about 75% of acrylic acid, methacrylic acid,
      alkali metal acrylate, or alkali metal methacrylate and about 25% to about
      99% by weight of acrylamide or methacrylamide.
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ABST
PAL  An exothermic reaction is produced by the addition of water to a mixture of
      calcium oxide, an ammonium salt and pine oil. The mixture is included
      within a disposable container having means therein for receiving the water
      and controlling the progress thereof to the mixture. After the water is
      added to the container, the container is enclosed within an oven and the
      resulting exothermic reaction and the simultaneous liberation of ammonia
      from the ammonium salt causes ammonia gas, steam, and pine oil to exit
      from the container depositing on the oven walls ammonium hydroxide and the
      pine oil which exert a cleaning, dissolving, and saponifying action on
      grease and other foreign matter.
PARN
PAR  This Application is a continuation-in-part of my U.S. Pat. Application,
      Ser. No. 297,720 for an Article and Process for Cleaning Ovens and the
      Like which was filed on Oct. 16, 1972, and now abandoned.
BSUM
PAR  The invention of this Application relates to the art of cleaning and has
      particular reference to an improved process and article for cleaning
      grease and food stained surfaces such as those found in household cooking
      ovens.
PAR  One of the most difficult and poorly performed tasks which faces the modern
      housewife is that of cleaning the soiled interior surfaces of the oven.
      Many preparations have been devised and sold specifically for this
      purpose, but several of the more effective preparations for removing the
      food and grease stains contain caustic or other corrosive chemicals which
      are difficult and significantly dangerous to apply. My U.S. Pat. No.
      3,051,599, dated Aug. 28, 1962, and U.S. Pat. No. 3,196,046, dated July
      20, 1965, disclose, respectively, an article and process for cleaning the
      interior surfaces of ovens and the like which are safe to use and
      substantially easier to use than these other preparations containing
      corrosive chemicals. The present invention represents not only an
      improvement over these previously used preparations, but also an
      improvement over the article and process of my above identified United
      States Patents.
PAR  In the article and process of these patents the use of a contained mixture
      comprising calcium oxide in lump form and an ammonium salt in granular or
      powder form is disclosed. During use, water is added to the container and
      subsequently, progresses to the mixture. The contact of the water with the
      calcium oxide produces the usual exothermic reaction thereby forming
      steam. Simultaneously, ammonia gas is liberated from the ammonium salt and
      the mixture of ammonia gas and steam thus formed contacts the relatively
      cold interior surfaces of the oven, condensing the steam and depositing
      the ammonia thereon in the form of ammonium hydroxide which exerts a
      cleaning, saponifying, and dissolving action on the grease and other
      foreign matter on the surfaces. Although a relatively effective cleaning
      agent is provided by such means there are certain disadvantages associated
      therewith.
PAR  Several disadvantages are associated with the lump form of the calcium
      oxide and the effect thereof on the overall process. Generally, this form
      of the calcium oxide is more difficult to handle and package than a
      granular form because the irregular shape of the lumps interferes with
      various manufacturing steps such as measuring and pouring of the calcium
      oxide and thus renders the manufacture of the article less efficient.
      Moreover, the combination of calcium oxide in lump form with ammonium salt
      in granular form in the container precludes a uniform distribution of the
      two materials in the container since the smaller ammonium salt granules
      gravitate to the bottom of the container. As a result of this non-uniform
      distribution generally a slower, less active and cooler exothermic
      reaction is effected and a less effective cleaning process provided. Aside
      from this, the extended reaction time is in itself somewhat undesireable
      in that it extends the overall time during which ammonia gas is generated
      and, as a result the lingering time, the rather noticeable odor of ammonia
      is also extended. This odor can sometimes be objectionable to the
      housewife if the kitchen is poorly ventilated. Heretofore, the reaction
      time was reduced in part by adding to the mixture boiling water, but this
      created the extra and inconvenient step of boiling the water before the
      article could be put to use.
PAR  However, a change in the form of the calcium oxide material was not
      previously contemplated for several reasons. First, the delayed and slower
      reaction caused by the lump form of calcium oxide provided sufficient time
      after the water was added to properly position the article in the oven and
      close the oven before the ammonia gas and steam began to generate from the
      article. Secondly, it was heretofore felt that an extended reaction time
      of at least 10-15 minutes was required to effect a proper cleaning and
      dissolving action.
PAR  Another disadvantage associated with my previous article and process
      involved the drying out of the ammonium hydroxide-grease mixture on the
      walls of the oven within a relatively short time period, about 35 minutes,
      after the reaction occurred. The mixture when dry renders removal thereof
      more difficult. The need to remove the mixture within a prescribed time
      period made the process less convenient and in some instances caused one
      to remove the mixture before the objectionable ammonia odor had entirely
      dissipated from the kitchen area. Previous attempts to use an agent which
      would avoid this drying out problem were tried, but such attempts proved
      unsuccessful in that the agent used heretofore contributed to the
      objectionable odor problem.
PAR  Therefore, it is a primary object to provide an improved article and
      process for cleaning ovens and the like of the type involving an
      exothermic reaction produced by the addition of water to a mixture of
      calcium oxide and ammonium salt. In accordance therewith, the present
      invention eliminates the use of calcium oxide in lump form and the
      disadvantages associated therewith, provides for control against premature
      generation of steam and ammonia, and further provides for a process having
      an unexpected improved cleaning effectiveness.
PAR  Another object and advantage of the present invention is the provision of
      an oven cleaning article and process which incorporates therein as a
      cleaning agent ammonium salt and which at the same time reduces any
      noticeable and objectionable odors sometimes associated with such a
      cleaning agent.
PAR  Another object of the present invention is to render removal of the
      cleaning agent and grease from the oven more convenient by preventing the
      drying out and hardening of the mixture of the agent and grease.
PAR  Still another object of the present invention is to provide an article and
      process for cleaning ovens which is safe and easy to use.
PAR  In order to accomplish these and other objects, the present invention
      briefly comprises a contained mixture of an ammonium salt, calcium oxide,
      and pine oil; the calcium oxide being in granular or particle form. Water
      is adapted to be added to the container and water control means within the
      container controls the progress of the water to the mixture. The water and
      calcium oxide produces an exothermic reaction which in turn causes a
      mixture of ammonia gas, steam and pine oil to exit from the container
      through a defined passage. The water control means initially retard the
      generation of steam and ammonia from the article after the water is
      introduced into the article to permit proper positioning of the container
      within a cleaning area.
PAR  A still further object of the present invention is to provide an oven
      cleaning article and process which is efficient and economical to
      manufacture.
PAR  Other objects and advantages of this invention will be made readily
      apparent from the following detailed description and the accompanying
      drawings.
DRWD
PAR  Referring now to the drawings:
PAR  FIG. 1 is a perspective view of a preferred form of the article of the
      present invention.
PAR  FIG. 2 is a perspective view illustrating the article in place in an oven
      and ready for use.
PAR  FIG. 3 is a side sectional view of the article illustrating the water
      control means during use of the article.
PAR  FIG. 4 is a sectional view taken substantially on the line 4--4 of FIG. 3
      further illustrating the water control means.
DETD
PAR  Referring now in detail to the drawings, the article of the present
      invention is generally indicated 10 and includes a generally cylindrical
      container 11, which may be of metal or formed of substantially airtight
      cardboard lined with foil, having a metal bottom 12 and top 13. The top 13
      is preferably aluminum which can be punctured at 14 to provide a central
      opening 15 during use. Positioned within the container is a cone-shaped
      member 16 formed of resin impregnated paper or other material suitably
      treated to render it resistant to water. The cup member 16 is open at the
      top and is provided with one relatively small opening 16a, preferably
      about 3/32 inch in diameter, midway between the top and bottom or apex
      thereof to permit water to permeate slowly therethrough. Extending from
      the apex of the coned cup to the top thereof is an overlapping seam 16 b
      sealed by a suitable adhesive. Previously, it had been preferable to
      locate this water opening or openings at the bottom of the cup member to
      insure contact by the water first with the ammonium salt at the bottom of
      the container. However, it was not uncommon for some of the material of
      the mixture to pass over the top and into the cup member and clog these
      bottom openings thereby impeding the flow of water or merely clog the
      openings from the outside the cup.
PAR  The top of the cup member extends substantially to the underside of the
      container top 13 and the apex of the cup member is positioned on the
      container bottom 12. The cup member 16 is slightly creased at the upper
      open end to form passageways 17a between the cup member 16 and the
      sidewall and top of the container to initially permit the release of steam
      from the container past the cup member and out the central opening 15
      during the reaction.
PAR  The cup member 16 is structurally supported from the inside by any
      convenient means such as stiffener or ribs 17 of cardboard or the like
      forming a pyramid shaped support structure. The stiffener ribs 17 are each
      provided with a slot opening 18 which extends a short distance from the
      upper edge 19 of the rib. One or more openings 20 of any convenient shape
      are provided in the ribs for the free passage of water from within the
      pyramid formed by the ribs 17 into the cup member 16.
PAR  An ammonia-generating chemical mixture 21 is contained in the volume of the
      container between the outer surface of the cup member and the inner
      surfaces of the inner sidewall and bottom. The mixture 21 comprises
      calcium oxide in granular or relatively fine particle size and an ammonium
      salt, such as chloride, sulphate, nitrate, carbonate, etc., in granular or
      powder form. The type of calcium oxide found to be particularly suitable
      is manufactured by Pfizer Company, Minerals, Pigments and Metals Division,
      Lucerne Valley, Calif. and sold under the trade name SHASTAWITE GRANULE
      QUICK LIME. The particular material is produced according to a
      manufacturing process which includes crushing the lime into granule form
      before burning it. As a result the finished product includes granules with
      a glaze on the exterior surface which is beneficial to the present
      invention for reasons set forth below.
PAR  Also added to the mixture 21 is a solvent, a non-synthetic pine oil. A
      preferable type of such pine oil is manufactured by Hercules Incorporated,
      Wilmington, Delaware and is sold under the trade name YARMOR 302 W. The
      pine oil, besides acting as a solvent, is also advantageous in that it
      coats the calcium oxide and slows the reaction between the water and the
      calcium oxide and further acts as deodorizing disaffectant in the kitchen
      area. The glaze on the calcium oxide also slightly retards the reaction.
      Retardation of the reaction is important because it in part prevents
      premature generation of the steam and ammonia from the article. Moreover,
      the pine oil maintains the saponified grease on the walls of the oven
      after the reaction in a softened form for a substantial period of tme
      thereby permitting easy removal a substantial time after the reaction has
      occurred.
PAR  The mixture 21 preferably consists of about 350 grams of calcium oxide, 100
      grams of ammonium chloride and 25 cc of pine oil.
PAR  In use of the article, the top 13 is punched open at 14 to provide a
      central opening and water, preferably hot tap water, is poured
      therethrough to fill the cup member 16. The container is then immediately
      placed in the oven 28 as indicated in FIG. 2. The oven should be unheated
      although unlike other caustic oven cleaners it is unnecessary to turn off
      the pilot or protect or remove any electrical parts in the oven. In
      addition, any vent openings thereof should be closed with a rag or other
      means.
PAR  After placing the article 10 in the oven, the oven door is closed. The
      water in the cup member seeps through the opening 16a into contact with
      the mixture. A small controlled amount of water first progresses
      relatively quickly and uniformly through the uniform granular mixture,
      contacting the calcium oxide with the usual exothermic reaction, forming
      steam. However, as indicated above the reaction is slightly delayed by the
      pine oil.
PAR  Because of the particular type of calcium oxide used and the uniform
      distribution of water therethrough, once the reaction begins the reaction
      progresses rapidly and produces a significantly high temperature in the
      oven of approximately 130.degree.- 150.degree.F.
PAR  A significant amount of steam is produced by this reaction within a
      relatively short period of time. For example, when fourteen ounces of
      water is added to the container 11 within two minutes approximately one
      ounce of steam vapor is produced. This vapor, together with the relatively
      high temperature of the reaction in the container, approximately
      220.degree.F, destroys the effectiveness of the adhesive or glue holding
      the cup member 16 together at the seam 16b whereby the cup member
      collapses and the remaining water therein floods the mixture 21. This
      flooding of the mixture 21 is desireable in that it produces a
      substantially improved performance. However, it is extremely important
      that this flooding be controlled and water control means, generally
      designated 22, are provided along the seam to maintain for a period of
      time the structural integrity of the cup and thereby control the flow of
      the water into the mixture. Absent such control it is possible that steam
      and ammonia might generate from the article before it is properly
      positioned within the oven and before the oven is closed. This can occur
      because the reaction now begins more rapidly than before when the water is
      initially introduced to the mixture through the opening 16a as a result of
      the form of the calcium oxide and the uniform distribution of the mixture.
      Thus, the collapse of the cup begins earlier and thus also the flooding of
      the mixture which triggers the generation of steam and ammonia intended
      for the closed oven. If the flooding is not controlled and all of the
      water is allowed to combine with the mixture at once, this generation of
      the steam and the ammonia may occur too soon. This is so if boiling water
      is inadvertantly added to the mixture as has been the practice in the
      past. Preferably, the water control means comprises a fastner 23 in the
      form of a staple slightly above the midway point between the apex and the
      open end of the cup since most of the water is initially above this midway
      point. Other means in the form of water-proof tape or specifically located
      applications of waterproof or hot melt glue along the seam 16b might also
      be used as the water control means.
PAR  During operation, as shown in FIG. 3, the water control means 22 provides
      for a pair ports 23a and 23b between the staple 23 and the top of the cup
      and between the staple and the apex of the cup, respectively. These ports
      control the flow of water into the mixture and insure a proper and
      controlled reaction and the desired timing of the generation of the steam
      and ammonia. The water control means 22 also has the added benefit of
      avoiding premature generation of the steam and ammonia as a result of the
      cup collapsing too soon because of the seam having an insufficient amount
      of adhesive or because the water added is too hot and in itself initiates
      the deterioration of the seam or because of a combination of both. This is
      so since the water control means in these instances sufficiently maintains
      the structural integrity of the cup at the seam to avoid an instantaneous
      combination of all the water added with the mixture which might result in
      the undesired premature generation of steam and ammonia from the article.
PAR  The flooding produces an additional 2 to 3 ounces of steam vapor.
      Simultaneously during the forming of steam, ammonia gas is liberated from
      the ammonium chloride. The mixture of ammonia gas, steam and pine oil
      initially passes over the creased edges of the cup member 16, and then
      over and through the cup member after it has collapsed as indicated by the
      phantom lines 24 in FIG. 4, through the slotted openings 18. In a
      preferred embodiment the generation of steam and ammonia gas from the
      container 11 occurs within a time period of between about 3-7 minutes. The
      mixture arises out of the container opening 15 into the oven and contacts
      the cold walls thereof, condensing the steam and depositing the ammonia
      thereof in the form of ammonium hydroxide which along with the deposited
      pine oil exerts its cleaning, dissolving and saponifying action on the
      grease and other foreign matter on the oven walls. Substantially the
      entire reaction is completed within approximately seven minutes and after
      this period of time the ammonia odor begins to dissipate from the oven and
      kitchen and within about 35 minutes after the initial reaction this odor
      is substantially unnoticeable. During this time the pine oil maintains the
      mixture on the oven wall surfaces in the softened form. The oven wall
      surfaces and racks are then wiped clean. Where it was heretofore felt that
      a longer reaction time was necessary to produce proper cleaning results,
      it is now felt that because of the heat generated during the reaction and
      the forceful nature of the reaction substantially improved cleaning
      results will occur even though the reaction time period is significantly
      less. Moreover, the ammonium hydroxide and pine oil are thoroughly
      distributed throughout the entire oven as a result of the more active
      reaction and thereby effect still further cleaning advantages.
PAR  It is to be understood that the specific amounts of calcium oxide, ammonium
      salt, and pine oil recited above are not critical in that the amounts may
      be varied within rather wide limits, so long as sufficient calcium oxide
      is present to react with the ammonium salt and form the ammonia and steam.
      During manufacture of the article, the granular or fine particle size form
      of the calcium oxide and ammonium salt permits these materials to be
      easily added to the container. For example, the prescribed amounts of
      these materials may be poured into the container by automated means.
PAR  From the above description it will be understood that an improved article
      and process for cleaning ovens and the like has been provided by the
      present invention. The article is highly effective in use and yet it
      substantially reduces the reaction time heretofore associated with other
      similar type oven cleaning devices and processes. This reduced reaction
      time substantially reduces any problems associated with ammonia odors. It
      will be further understood that an important feature of the invention
      resides in providing the calcium oxide in granular form which effects a
      hotter reaction. This combined with the structural nature of the article,
      whereby the water admitted into the cup is combined quickly, but by a
      controlled process, with the entire mixture of calcium oxide, ammonium
      salt and pine oil, permits a most efficient dissolving of the ammonium
      salt and utilization of the steam produced by the slaking of the calcium
      oxide.
PAR  Having fully described my invention, it is to be understood that I do not
      wish to be limited to the detail set forth, but my invention is of the
      full scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for cleaning ovens and the like comprising the steps of adding
      water to a container of a substantially uniform mixture of calcium oxide
      and ammonium salt, permitting a small amount of the water to initially
      combine with the mixture to initiate an exothermic reaction, enclosing
      said container in an oven, combining the rest of the water with the
      mixture quickly but by a controlled rate to complete the reaction and
      generate steam and ammonia gas from the container to be condensed on the
      inner surfaces of said oven and removing said condensate from said oven
      surfaces, said mixture of calcium oxide having a sufficiently fine
      particle size whereby mix generation of steam and ammonia gas from the
      container occurs within a time period of about between 3-7 minutes.
NUM  2.
PAR  2. The method as defined in claim 1, wherein the temperature in the oven
      caused by the reaction is about between 130.degree.-150.degree.F.
NUM  3.
PAR  3. The method as defined in claim 1, wherein said calcium oxide comprises a
      calcium oxide formed by a process wherein a step of crushing precedes a
      step of burning to provide a glazed exterior surface.
NUM  4.
PAR  4. The method as defined in claim 1 wherein both said small amount of water
      and said rest of said water combine with said mixture by passing
      substantially downwardly into said mixture.
NUM  5.
PAR  5. The method as defined in claim 1 wherein said calcium oxide is further
      defined as being coated with a solvent which maintains any saponified
      grease on the walls of the oven after said reaction in a softened form for
      a substantial period of time sufficient to permit said removal of said
      condensate.
NUM  6.
PAR  6. The method as defined in claim 1 wherein said calcium oxide is further
      defined as being coated with pine oil.
NUM  7.
PAR  7. A method for cleaning ovens and the like comprising the steps of adding
      water to a container of substantially uniform mixture of calcium oxide in
      fine particle size, pine oil and ammonium salt, permitting a small amount
      of the water to initially combine with the mixture to initiate an
      exothermic reaction, enclosing said container in an oven, combining the
      rest of the water with the mixture quickly but by a controlled rate to
      complete the reaction and generate steam and ammonia gas from the
      container to be condensed on the inner surfaces of said oven and removing
      said condensate from said oven surfaces, said mixture of calcium oxide
      having a sufficiently fine particle size whereby mix generation of steam
      and ammonia gas from the container occurs within a time period of about
      between 3-7 minutes.
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ABST
PAL  A lithium-iodine cell including a lithium anode, a lithium iodine
      electrolyte and a cathode comprising a source of iodine in the form of a
      substantially solid block or pellet of iodine and iodine-containing
      depolarizer material applied in the form of a relatively thin layer or
      coating to a lithium surface of the anode and to a surface of the iodine
      block. The depolarizer material serves to transport iodine ions from the
      source to the electrolyte, and the material is a charge transfer complex
      of an organic donor component and iodine such as 2-vinyl pyridine iodide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the conversion of chemical energy to electrical
      energy, and more particularly to a new and improved construction for
      lithium-iodine cells and method of making the same.
PAR  One area of use of the present invention is in providing electrical power
      safely to inaccessible devices in the human environment, for example to an
      implanted cardiac pacemaker, although the principles of the present
      invention can be variously applied. Several types of batteries for
      implantable cardiac pacemakers have been proposed, but heretofore all have
      certain limitations. Recently, a lithium-iodine cell has been proposed
      which advantageously has an open circuit voltage about twice that of the
      mercury cell, does not generate gas during operation, and has a
      non-corrosive electrolyte.
PAR  Several problems can arise in the manufacture or assembly of lithium-iodine
      cells. A cell has been proposed including a lithium anode and a cathode
      comprising a charge transfer complex of an organic component and iodine.
      Some charge transfer complexes while being highly desirable for cell
      operation are difficult and costly to produce. Other problems arise when
      the anode and cathodes are assembled, for example any air gaps remaining
      therebetween can, through lithium nitride formation, form an internal
      electrical short circuit in the cell, and if the cathode material does not
      completely contact the anode an abnormally high impedance can build up at
      the small remaining interface.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a new and improved
      construction for a lithium-iodine cell and a method of making the same.
PAR  It is a more particular object of this invention to provide such a cell
      construction and method of making the same wherein only a portion of the
      cathode is a charge transfer complex of an organic donor component and
      iodine and the remainder of the cathode comprises partly pure solid
      iodine.
PAR  It is a further object of this invention to provide such a cell
      construction and method of making the same resulting in complete contact
      between the lithium anode and the cathode material.
PAR  It is a further object of this invention to provide such a cell which can
      be manufactured relatively easily and economically.
PAR  The present invention provides a lithium-iodine cell including a lithium
      anode, a lithium iodine electrolyte and a cathode comprising a source of
      iodine and a transport medium comprising iodine-containing depolarizer
      material connecting the iodine source to the electrolyte for transporting
      iodine ions from the source to the electrolyte. The depolarizer material
      comprises a charge transfer complex of an organic donor component and
      iodine in the form of 2-vinyl pyridine iodide. The cathode is formed by
      providing substantially solid iodine having an electrical conductivity
      additive and coating a surface of the iodine element with a relatively
      thin layer of the depolarizer material. The cell is completed by coating a
      lithium surface of the anode with the depolarizer material, and placing
      the coated surfaces of the anode and iodine element against different
      surfaces of a barrier material which is penetrable by the depolarizer
      material and non-reactive with iodine.
PAR  The foregoing and additional advantages and characterizing features of the
      present invention will become clearly apparent upon a reading of the
      ensuing detailed description together with the included drawing wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING FIGURES
PAR  FIG. 1 is a perspective view of a cell according to the present invention;
PAR  FIG. 2 is a sectional view taken about on line 2--2 in FIG. 1;
PAR  FIG. 3 is a developed view illustrating the construction of the cell of
      FIG. 1; and
PAR  FIG. 4 is a cross-sectional view of a cell according to another embodiment
      of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to FIGs. 1-3, a lithium-iodine cell according to the present
      invention includes anode means comprising a pair of lithium members 12, 14
      having an anode current collector element 16 sandwiched or positioned
      therebetween. The arrangement of lithium members 12, 14 and collector 16
      is fitted within an anode frame or holding means 18 which, in turn, can be
      fixed within a suitable cell casing or housing (not shown). In particular,
      holding means 18 is of synthetic plastic or similar electrical insulating
      material and formed to have a substantially planar face portion 20 and a
      continuous peripheral rim portion 22 extending from face portion 20.
      Lithium members 12, 14 can comprise a pair of disc-shaped or
      rectangular-shaped plates or foil members which are fitted face-to-face
      within rim portion 22 of holder 18, the inner surface of rim 22 having a
      shape which conforms to the shape of the peripheral surfaces of members
      12, 14. Anode current collector member 16 is positioned or sandwiched
      between plates 12, 14 in contact therewith, and can comprise a relatively
      thin sheet of expanded zirconium or nickel mesh. Face portion 20 of holder
      18 and lithium plate 12 adjacent portion 20 are provided with small
      aligned slots or apertures for receiving an anode current collector lead
      24 provided with a sheath or covering of electrical insulation 26 which
      lead 24 is connected at one end such as by welding to current collector 16
      whereby an external electrical connection to the anode of the cell can be
      made. Anode frame or holding means 18 preferably is of a material which
      does not exhibit electronic conduction when exposed to iodine, for example
      the fluropolymers sold under the trademark Halar of the Allied Chemical
      Company or Tefzel of the Dupont Company.
PAR  The anode assembly can be fabricated in the following manner. The material
      of anode frame or holder 18, such as the fluropolymers previously
      identified, in addition to being of electrically insuating material,
      preferably also will have the characteristic of being pressure bondable to
      lithium. Lithium plate 12 is placed in holder 18 so as to be fitted within
      rim 22 wherein the aperture in plate 12 is in registry with the aperture
      in face portion 20. The insulated lead 24 initially is welded or connected
      to current collector 16, and then lead 24 is inserted through the aligned
      apertures in face 20 and plate 12 until current collector 16 is in contact
      with the exposed face of plate 12. Then plate 14 is placed in contact with
      current collector 16 and fitted within rim portion 22. The anode assembly
      then is pressed together with a suitable force, for example about 3,000
      pounds, causing the assembly to be bonded together. As a result, lithium
      plates 12, 14 are bonded together in a manner sealing current collector 16
      between the plates 12, 14 and the peripheral juncture at the edges of
      plates 12, 14 is sealed by rim 22 of holding means 18. If desired, the
      junction between the inner surface of rim portion 22 and the periphery of
      plates 12, 14 can be sealed further by a suitable sealant or cement.
PAR  In accordance with the present invention, the cathode comprises a source of
      iodine in the form of a substantially solid block or pellet 30 of
      substantially pure iodine provided with an additive 32 of relatively high
      electrical conductivity in the form of graphite particles, metal fibers or
      the equivalent. The cathode according to the present invention further
      comprises a transport medium comprising iodine-containing depolarizer
      material in the form of a charge transfer complex of an organic donor
      component and iodine connecting the iodine source to the electrolyte
      formed in the completed cell for transporting iodine ions from the source
      to the electrolyte. In preferred form the transport medium comprises a
      layer or coating 34 of polyvinyl pyridine iodine material on a surface of
      iodine block 30. The cathode is completed by a cathode current collector
      36 in the form of a relatively thin plate of metal such as zirconium or
      nickel fixed or otherwise secured in contact with a surface of block 30,
      in the present instance the surface opposite that to which layer 34 is
      applied, and a cathode current collector lead 38 provided with suitable
      electrical insulation 40 is connected at one end to current collector 36.
      Lead 38 enables an external electrical connection to be made to the
      cathode of the cell.
PAR  Before the anode and cathode components of the cell are assembled together,
      the arrangement prior to assembly being illustrated in FIG. 3, a layer or
      coating 42 of material identical to that of layer 34, in particular a
      charge transfer complex of an organic donor component and iodine such as
      polyvinyl pyridine iodide, is applied to the exposed surface of lithium
      element 14 of the anode as shown in FIG. 3. A screen or barrier element 44
      is placed between layers 34 and 42 in contact therewith when the anode and
      cathode elements are positioned together. In other words, the anode and
      iodine element 30 are placed against different surfaces of barrier element
      or screen 44 in a manner so that the surfaces of the anode and iodine
      element coated with the iodine-containing depolarizer material are in
      operative contact with the different surfaces of element 44. Screen 44 is
      of a material penetrable by the material of layers 34 and 42 and
      non-reactive with iodine, and it prevents the occurrence of an internal
      electrical short circuit between iodine block 30 containing the additive
      32 of electrically conductive material and the lithium element in the
      anode of the cell such as lithium member 14 in a manner which will be
      described in further detail presently.
PAR  The lithium-iodine cell according to the present invention operates in the
      following manner. When the anode and cathode elements are assembled
      together as shown in FIGS. 1 and 2, the iodine-containing cathode material
      or depolarizer from layer 34 as well as from the layer 42 comes in contact
      with the exposed portion of lithium member 14. A lithium iodine
      electrolyte 46 begins to form at the interface and an electrical potential
      difference exists between the anode and cathode electrical leads 24 and
      38, respectively. The pellet or block 30 serves as a source of iodine ions
      to sustain or continue the reaction, and the layer or coating 34 of
      polyvinyl pyridine iodide serves as a vehicle to transport iodine ions
      from the reservoir 30 to the interface of lithium iodine electrolyte 46
      and lithium anode element 14.
PAR  The relatively thin coating or layer 34 of depolarizer material on the
      iodine block 30 thus acts as an intermediary or a transport medium to
      diffuse iodine from the solid iodine reservoir or source 30 rather than
      having the cathode consist entirely of a charge transfer complex of an
      organic donor component and iodine, such as polyvinyl pyridine iodine. The
      polyvinyl pyridine iodine material of layer 34 and of layer 42 serves as a
      glue-like material to completely wet both the exposed surface of lithium
      element 14 and the surface of iodine block 30. As fast as iodine is
      consumed from the polyvinyl pyridine iodine material more diffuses in from
      the iodine block or source 30. The cell according to the present invention
      is relatively economical to manufacture as compared to a lithium iodine
      cell wherein the cathode material consists entirely of a charge transfer
      complex of an organic donor component and iodine such as polyvinyl
      pyridine iodine. This is because only a part or portion of the cathode
      consists of the polyvinyl pyridine iodine material and the remainder of
      the cathode comprises partly pure and substantially solid iodine. The
      provision of relatively thin layers or coatings of depolarizer material,
      i.e. the charge transfer complex of an organic donor component and iodine
      in the form of polyvinyl pyridine iodine, contacting lithium element 14 in
      the anode of the cell and contacting the iodine block or reservoir 30,
      insures complete contact between the cathode and the lithium anode and
      minimizes assembly problems encountered with handling the material such as
      polyvinyl pyridine iodide. With complete contact between cathode and
      lithium anode being provided, there are no problems of air gaps or
      abnormally high impedance at the anode-cathode interface.
PAR  The material of the coating or layer 34 and of coating or layer 42 is a
      charge transfer complex of an organic donor component and iodine. A
      preferred organic material is two-vinyl pyridine polymer. The material is
      prepared by heating the organic material, i.e. two-vinyl pyridine polymer,
      to a temperature greater than the crystallization temperature of iodine
      and then adding iodine to the heated mixture. The amount of iodine added
      should be greater than about 50 percent by weight of the resulting mixture
      so that enough iodine is available in the material to provide sufficient
      conductivity for proper cell operation. The amount of iodine added,
      however, should not be so excessive as to interfere with surface contact
      between layer 34 and block 30 and between layer 42 and lithium plate 14 by
      recrystallization. The material is applied with a brush or other suitable
      applicator to form a relatively thin coating or layer, in effect painting
      the material onto the surface, and the exact thickness of either layer 34
      or 42 is not critical. Alternatively, the layers may comprise fiberglass
      material coated with polyvinyl pyridine whereby formation of the iodide
      complex arises from a reaction with or a diffusion of iodine from the
      source or pellet 30 into the polyvinyl pyridine coating. As the cell
      operation causes the lithium iodide electrolyte 46 to form, the initially
      applied polyvinyl pyridine iodide layer 42 is displaced as the lithium
      iodide electrolyte layer 46 grows in thickness, the electrolyte 46 being
      shown in FIG. 2 at a thickness which has completely displaced the initial
      polyvinyl pyridine iodide layer.
PAR  In the cell of the present invention the iodine availability is enhanced by
      providing an iodine block of pellet 30 containing a high percentage of
      iodine. Since iodine in the pure state is a non-conductor of electricity,
      an additive 32 of high electrical conductivity such as graphite, metal
      fibers or the equivalent is incorporated in the block 30. The high
      conductivity additive could create an internal electrical short circuit if
      it were to contact the lithium metal of the cell anode. In effect, the
      charge transfer complex of the organic donor component and iodine
      separating the anode of the cell from the iodine pellet 30 acts as an
      electrolyte prior to the formation of the lithium iodide electrolyte in
      response to cell operation.
PAR  Screen or barrier 44 serves as a separator to prevent contact between the
      cell anode and the iodine pellet 30 provided with the high conductivity
      additive 32. In other words, barrier 44 is provided to prevent the
      graphite 32 in pellets 30 from contacting lithium element 14. Screen 44
      must be of a material which is resistant to iodine in the sense of not
      becoming an electronic conductor in any appreciable degree when exposed to
      iodine. Furthermore, the material of screen 44 must be sufficiently porous
      to permit penetration of the screen by a flowable conducting material such
      as the iodine polyvinyl pyridine complex without permitting physical
      contact between the lithium element of the cell anode and iodine block 30.
      In this regard, screen 44 has characteristics similar to a membrane. By
      way of example, suitable materials for screen or barrier 44 are fiberglass
      cloth or fibrous or porous forms of fluoropolymer materials known as
      Teflon, Tefzel, Halar or polyester material. Teflon and Tefzel are
      trademarks of the Dupont Co. and Halar is a trademark of the Allied
      Chemical Co. Screen 44 is necessary only early in the life of the cell,
      because as soon as a layer of the lithium iodide electrolyte 46 forms,
      iodine block 30 no longer can come in contact with or touch the lithium
      element 14. In FIG. 1 and 3 of the drawing, stippling of screen or barrier
      44 indicates its porosity or permeability.
PAR  FIG. 4 illustrates a cell according to another embodiment of the present
      invention constructed to include a single anode and a double cathode
      within the cell. The cell includes an anode frame or holding means 52
      formed of suitable electrically insulating material and shaped to define
      an interior region for holding a lithium anode member comprising a pair of
      lithium plates 54, 55 pressure-bonded together and against an anode
      current collector element 56 in a manner similar to the arrangement of
      lithium plates 12, 14 and anode current collector 16 of the embodiment of
      FIGS. 1-3. The lithium anode elements 54, 55 can be of various shapes, for
      example rectangular or circular, and the shape of the interior surface of
      holder 52 is determined thereby. Lithium plates 54, 55 with current
      collector 56 sandwiched therebetween are pressure bonded within holding
      means 52 whereby the lithium is forced against the inner surface of frame
      or holder 52 thereby enhancing the seal of collector 56 between the
      lithium members 54, 55. An electrical lead 58 provided with suitable
      insulation 59 extends from collector 56 through an aperture provided in
      the holder 52. The anode assembly of this cell therefore provides two
      oppositely-directed and exposed lithium surfaces.
PAR  The cell according to this embodiment of the present invention further
      comprises a pair of cathodes operatively associated with corresponding
      ones of the exposed lithium surfaces of the single anode. In particular,
      there is provided first and second blocks or pellets 60 and 62,
      respectively, of substantially solid and pure iodine. Blocks 60 and 62 are
      provided with electrical conductivity additives 64 and 66, respectively,
      in the form of graphite particles, metal fibers or the equivalent similar
      to additive 32 provided in block 30 of the embodiment of FIGS. 1-3. The
      iodine sources 60 and 62 are provided with corresponding layers or
      coatings 68 and 70, respectively, of iodine-containing depolarizer
      material in the form of a charge transfer complex of an organic donor
      component and iodine such as polyvinyl pyridine iodide. Layers 68, 70 are
      identical to coating 34 in the embodiment of FIGS. 1-3. The two cathode
      structures comprising iodine blocks 60 and layer 68 and iodine block 62
      and layer 70 are in operative relationship with opposite sides or surfaces
      of the anode and are separated therefrom by a pair of screens or barriers
      72 and 74. Screens 72, 74 each serve the same function as screen 34 in the
      embodiment of FIGS. 1-3 and can be of the same material. Initially, a
      coating or layer of depolarizer material was applied to the exposed
      surfaces of the lithium anode elements 54, 55 but this is displaced upon
      assembly of the cell by lithium iodide electrolyte regions 76 and 78. Each
      iodine block is provided with corresponding cathode current collectors 80,
      81 to which are connected cathode leads 82, 83 respectively.
PAR  The completed cell is placed in a container or housing 85 which is hollow
      and open at one end and formed of suitable material such as epoxy or
      polyester, Filler material 87 of polyvinyl pyridine iodide is introduced
      to fill voids between the cell and the inner surface of casing 85. A
      sealing layer 88 of epoxy material is introduced to a level substantially
      flush with the open end surface of casing 85. A lid 90 then is positioned
      on this end of casing 85 and sealed thereto. Lid 90 is provided with
      openings at appropriate locations to allow anode lead 58 and cathode leads
      82, 83 to extend therefrom permitting external electrical connection to be
      made to the cell. In most instances another outer casing of stainless
      steel will be provided and hermetically sealed. The cell according to this
      embodiment of the present invention has one quarter of the rate of
      resistance buildup as compared to a cell having a single anode and single
      cathode. This is because twice as much area is present and buildup is half
      as fast. Advantageously, this is provided in a cell of relatively simple
      and compact construction.
PAR  The method of making the cell of FIG. 4 is summarized as follows. The anode
      comprising lithium elements 54, 55 sandwiched against current collector 56
      and secured within frame or holder 52 is assembled, and depolarizer
      material in the form of polyvinyl pyridine iodide is painted or applied in
      a suitable manner to the two exposed lithium surfaces of the anode.
      Screens or separators 72, 74 then are applied to the painted or coated
      surfaces of the amode. One side or surface of each of the two iodine
      blocks 60 and 62 is painted with depolarizer material in the form of
      polyvinyl pyridine iodide. Then blocks 60 and 62 are placed against
      screens 72 and 74, respectively, with the coated surface of each block in
      contact with the corresponding screen. The resulting assembly then is
      placed within casing 85 in a tight-fitting manner, any remaining voids are
      filled with polyvinyl pyridine iodide material 87, epoxy sealing material
      88 is poured over the assembly within casing 85 and is cured, and lid 90
      is secured to casing 85. Thus, the cell of the present invention which has
      numerous structural and operational advantages is made by a method having
      relatively few steps which are relatively easy to perform.
PAR  It is therefore apparent that the present invention accomplishes its
      intended objects. While various embodiments of the present invention have
      been described in detail, this is for purpose of illustration, not
      limitation.
CLMS
STM  We claim
NUM  1.
PAR  1. In a lithium-iodine cell including a lithium anode and a lithium iodide
      electrolyte, a cathode comprising:
PA1  a. an element of iodine having an additive of electrically conductive
      material;
PA1  b. a layer of material comprising a charge transfer complex of an organic
      donor component and iodine on a surface of said iodine element, said layer
      being operatively adjacent said lithium anode for supplying iodine to said
      electrolyte; and
PA1  c. barrier means penetrable by said charge transfer complex material and
      located between said layer and said lithium anode for preventing contact
      between said anode and said additive of electrically conductive material
      of said iodine element prior to formation of said electrolyte.
NUM  2.
PAR  2. A cell according to claim 1, further including another layer of material
      comprising a charge transfer complex of an organic donor component and
      iodine between said barrier means and said lithium anode, said other layer
      being displaced upon formation of said electrolyte during operation of
      said cell.
NUM  3.
PAR  3. A cell according to claim 1, wherein the material of said layer
      comprises 2-vinyl pyridine iodide.
NUM  4.
PAR  4. A cell according to claim 2, wherein the material of said other layer
      comprises 2-vinyl pyridine iodide.
NUM  5.
PAR  5. A cell according to claim 1, wherein said anode comprises a pair of
      lithium elements having a current collector therebetween, said lithium
      elements being fitted within a frame.
NUM  6.
PAR  6. A cell according to claim 5, wherein said frame is of a material which
      does not exhibit electronic conduction when exposed to iodine.
NUM  7.
PAR  7. A cell according to claim 1, wherein said anode comprises a pair of
      lithium elements having a current collector therebetween thereby providing
      two exposed lithium anode surfaces and wherein a lithium iodide
      electrolyte is in operative contact with each of said anode surfaces and
      including a pair of cathodes operatively associated with a corresponding
      one of said anode surfaces, each of said cathodes comprising said iodine
      element said charge transfer complex material and said barrier means.
NUM  8.
PAR  8. A cell according to claim 7, wherein said lithium elements are fitted
      within a frame.
NUM  9.
PAR  9. A cell according to claim 8, wherein said frame is of a material which
      does not exhibit electronic conduction when exposed to iodine.
NUM  10.
PAR  10. A method of making a lithium-iodine cell comprising the steps of:
PA1  a. providing an anode comprising a lithium element having an exposed
      surface portion, a current collector in operative contact with another
      surface portion of said lithium element and electrical conductor means
      connected to said current collector;
PA1  b. providing an element of iodine including an additive of electrically
      conductive material and having an operative surface, a current collector
      in operative contact with another surface of said iodine element and
      electrical conductor means connected to said current collector;
PA1  c. coating said operative surface of said iodine element with material
      comprising a charge transfer complex of an organic donor component and
      iodine; and
PA1  d. placing said anode and said iodine element into operative relationship
      so that said charge transfer complex material is in operative contact with
      said exposed surface portion of said lithium element while preventing
      contact between said electrically conductive additive material of said
      iodine element and said lithium element;
PA1  e. whereby a lithium iodide electrolyte forms at the interface of said
      lithium element and charge transfer complex material creating a potential
      difference between said conductors and whereby said iodine element serves
      as a source of iodine to sustain the reaction.
NUM  11.
PAR  11. A method according to claim 10 wherein said step of preventing contact
      between said electrically conductive additive material of said iodine
      element and said lithium element comprises:
PA1  a. providing a barrier element of a material which is penetrable by said
      charge transfer complex material; and
PA1  b. placing said anode and said iodine element against different surfaces of
      said barrier element so that said charge transfer complex material and
      said exposed surface portion of said lithium element are in operative
      contact with said surface of said barrier element.
NUM  12.
PAR  12. A method according to claim 10 further including coating said exposed
      surface portion of said lithium element with said charge transfer complex
      material prior to placing said anode and said iodine element into
      operative relationship.
NUM  13.
PAR  13. A method according to claim 12, wherein said step of preventing contact
      between said electrically conductive additive material of said iodine
      element and said lithium element comprises:
PA1  a. providing a barrier element of a material which is penetrable by said
      charge transfer complex material; and
PA1  b. placing said anode and said iodine element against different surfaces of
      said barrier element so that the surfaces of said anode and said iodine
      element coated with said charge transfer complex material are in operative
      contact with said surfaces of said barrier element.
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ABST
PAL  A wet cell battery has a plurality of covered recesses in the top. Positive
      and negative terminals extend into two of the recesses. A two-conductor
      cable which extends out of the recesses is connected to the terminals and
      includes a fuse which is disposed in one of the recesses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of art to which this invention relates includes batteries, and
      more specifically batteries with current protection systems.
PAR  Wet cell batteries are increasingly being used as portable sources of power
      in many applications. As such uses of batteries increase, efforts also are
      being made to protect the battery from misuse and make the battery safer
      to use.
PAR  A common problem involved with the use of a battery is the grounding or
      short-circuiting of the current conductor leading from the battery to the
      device being powered. Thus, it is a principal object of my invention to
      provide protection in the event of grounding or short-circuiting of the
      cable.
PAR  It is a further object of my invention to isolate the terminals to which
      the cable is connected from any strain resulting from tension applied to
      the cable.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out my invention in a preferred embodiment, there is provided a
      battery container with a cover. The cover includes a plurality of covered
      recesses connected by channels and a slot which communicates with one of
      the recesses. Terminals extend into two of the recesses. A two-conductor
      cable is connected to the terminals and extends out through the slot where
      it is held substantially in place due to a ninety degree bend in it caused
      by a member connected to the container and disposed in the slot. One of
      the conductors in the cable includes a replaceable fuse disposed in one of
      the recesses.
PAR  The above and other objects, features and advantages of my invention will
      be more easily understood by persons skilled in the art when the detailed
      description is taken in conjunction with the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front quarter perspective view of a wet cell battery embodying
      my invention,
PAR  FIG. 2 is a fragmentary front elevational view with the cap for the fuse
      recess in an open position,
PAR  FIG. 3 is a fragmentary sectional view taken along line 3--3 of FIG. 1,
PAR  FIG. 4 is a fragmentary plan view showing the terminal recesses and the
      fuse recess with the caps removed,
PAR  FIG. 5 is a fragmentary sectional view taken along line 5--5 of FIG. 1,
PAR  FIG. 6 is a fragmentary sectional view taken along line 6--6 of FIG. 1,
PAR  FIG. 7 is an enlarged plan view of a terminal cap with attached member,
PAR  FIG. 8 is a fragmentary end view showing the connection of the terminal cap
      and member of FIG. 7 to the battery case,
PAR  FIG. 9 is a fragmentary sectional view taken along line 9--9 of FIG. 8, and
PAR  FIG. 10 is a fragmentary sectional view taken along line 10--10 of FIG. 8
      showing the position of the terminal cap and attached member just prior to
      connection of the cap to the battery cover.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the reference numeral 20 denotes a wet cell
      battery of the lead acid type, although it will be apparent to persons
      skilled in the art that my invention is applicable to batteries other than
      the lead acid type. Battery 20 includes a case 22 which is made up of a
      container 24 to which a cover 26 is connected, preferably by heat sealing.
      Both container 24 and cover 26 preferably are polypropylene or other
      suitable acid-resistant plastics or materials.
PAR  Container 24 has the shape of a parallelepiped and is divided into a
      plurality of cells 28 by cell walls 30 (best seen in FIG. 5). Disposed in
      each cell 28 is a pack 32 of interleaved positive and negative plates,
      like plates of one pack 32 being connected to like plates of a pack 32 in
      an adjacent cell 28 by means of an intercell connection such as described
      in U.S. Pat. No. 3,793,086. The negative plates of the pack in one end
      cell 28 are connected to a terminal post 34, as shown in FIG. 6.
      Similarly, the positive plates of pack 32 in the opposite end cell 28 are
      connected to a terminal post 36, as shown on FIG. 4. Each cell 28 is
      filled with dilute sulphuric acid or other suitable electrolyte
      sufficiently to cover the pack 32 of plates in the respective cell.
      Communication with the interior of each cell 28 is through an opening 38
      (FIG. 6) in cover 26 which normally is closed by means of a removeable
      cover 40 which threadably engages opening 38.
PAR  As is well known, lead acid batteries generate gases during operation, and
      so some provision must be made to vent these gases from the individual
      cells 28. In the present battery 20 this is accomplished by a series of
      vent members 42, one of which is disposed in each cell 28. Each vent
      member 42 includes an opening 44 which communicates the interior of cell
      28 with the respective vent member 42.
PAR  The various vent members 42 are interconnected by means of a manifold
      formed by a recess 46 in cover 26 and a cap 48 which covers recess 46. At
      one end of the manifold there is provided a passage 50 to which a flexible
      tube (not shown) may be conveniently attached in order to conduct the
      gases generated during operation of the battery away from the battery.
PAR  Cover 26 includes a pair of recesses 52 and 54 into which the negative and
      positive terminal posts 34 and 36 extend, respectively, best shown in FIG.
      4. Also provided in cover 26 is a recess 56 which is adapted to receive a
      fuse, as will be explained hereinafter. Running between recess 52 and
      recess 56 is a channel 58, and similarly a channel 60 runs between recess
      54 and recess 56. Also, a slot 62 is cut in cover 26 between the outer
      edge thereof and recess 52. Slot 62 is aligned with a slot 64 cut in a
      flange 66 which extends outwardly from the side of container 24, best seen
      in FIGS. 8, 9 and 10. A pair of stops 68 integral with flange 66 and
      disposed adjacent each side of slot 64 are provided for a purpose to be
      explained shortly.
PAR  Connected to terminal post 34 and 36 is a flexible two-conductor cable 70
      provided with a suitable connector 72 at the end remote from the terminal
      post connections. Cable 70 includes an insulated conductor 74 which has a
      cast-on lead terminal ring 76 that is burned or welded to the lead
      terminal post 34 to provide an electrical connection between post 34 and
      conductor 74. It will be noted that terminal ring 76 is disposed within
      recess 52 and that conductor 74 runs from recess 52 out through slot 62.
      Similarly, cable 70 includes an insulated conductor 78 at one end of which
      there is a cast-on lead terminal ring 80 which is burned or welded to post
      36 to provide an electrical connection between conductor 78 and terminal
      36. Conductor 78 includes a fuse 82 which is disposed in recess 56 and
      removably held in place by a pair of spring clamp connectors 84. At this
      point it will be noted that terminal ring 80 is disposed within recess 54
      and that conductor 78 extends from recess 54 through channel 60, recess
      56, channel 58, recess 52 and slot 62 from which it emerges through slot
      64, together with conductor 74 as cable 70.
PAR  In the normal operation of battery 20 all of the recesses are covered by
      separate caps. Recess 54 is covered by a cap 86 which is connected to
      cover 26 by a plurality of pins (not shown) which extend from the bottom
      thereof and engage holes 88 in cover 26. Also, recess 56 is covered by a
      cap 90 which is connected to cover 26 by means of a plurality of pins 92
      which project downwardly therefrom and engage suitable holes 94 in cover
      26. Cap 90 is provided with a so-called "living hinge" at 96 which is
      formed by providing a reduced cross-sectional area at 96. Cover 90 is
      provided with a lock to hold it in the closed position shown in FIG. 3 by
      means of an inwardly extending flange portion 98 which engages a part of
      the bottom edge 100 of cover 26. Recess 52 is covered by cap 102 which is
      connected to cover 26 by a plurality of pins 104 and 106 which project
      downwardly therefrom and cooperate with a plurality of holes 108 and cover
      26.
PAR  Connected to cap 102 by a so-called "living hinge" 110 is a member 112 from
      which a pair of pins 114 extend at the end remote from hinge 110. Member
      112 is arranged to be disposed in slots 62 and 64 with pins 114 engaging
      flange 66 and held by stops 68 so that the lower end of member 112 is
      pivotally anchored to container 24. With member 112 pivotally anchored to
      container 24 cap 122 is pivoted from the dotted outlined position shown in
      FIG. 9 to substantially the position shown in FIG. 10 where the edge 116
      (FIG. 7) of cap 102 engages notches 118 in cover 26 adjacent each side of
      slot 62, as best seen in FIG. 10. Cap 102 is then pivoted further
      downwardly from the position shown in FIG. 10 to the solid line position
      shown in FIG. 9 where pins 104 and 106 engage holes 108. It will be noted
      that pins 106 are somewhat shorter than pins 104 in order to facilitate
      engagement with holes 108. When cap 102 is in the position shown in FIG. 9
      member 112 is in the solid line position also shown in FIG. 9 and
      functions to interfere with cable 70 so that it is forced downwardly
      through slots 62 and 64, as shown, in a substantially ninety degree bend.
      As a consequence cable 70 is held substantially in place and any tension
      that is applied to cable 70, as might occur if someone were to attempt to
      carry battery 20 by cable 70, will be preventing, at least partially, from
      being transmitted to the connection between conductor 74 and lead ring 76.
      This is desirable because while the electrical integrity of the connection
      between lead ring 76 and conductor 74 may be good, the mechanical
      integrity may be poor with the result that if substantial tension applied
      to cable 70 is fully transmitted to the connection between conductor 74
      and lead ring 76, it may fail.
PAR  At this point it will be noted that I have provided a battery which is
      protected by a recessed and covered fuse and recessed and covered
      terminals and conductors so that if there is a short circuit or a ground
      to the exposed portion of cable 70, the battery will be protected by fuse
      82.
PAR  The above detailed description is intended to be illustrative only. My
      invention is subject to various modifications, changes and the like
      without departing from the scope and spirit of it. Consequently, the
      limits of my invention should be determined from the claims appended
      hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A battery comprising a case, said case including recess means, first and
      second terminals extending into said recess means, first conductor means
      connected to said first terminal and extending out of said recess means,
      said first conductor means including a fuse disposed in said recess means,
      second conductor means connected to said second terminal and extending out
      of said recess means, and means for substantially covering said recess
      means.
NUM  2.
PAR  2. A battery as set forth in claim 1 wherein said recess covering means is
      partially removeable so as to provide access to said fuse.
NUM  3.
PAR  3. A battery as set forth in claim 1 including means which cooperates with
      said case to reduce transmission of strain to said terminal means due to a
      pull on said conductor means.
NUM  4.
PAR  4. A battery comprising a case, said case including recess means, at least
      one terminal extending into said recess, first conductor means connected
      to said terminal and extending out of said recess means, said conductor
      means including a replaceable fuse disposed in said recess means, and
      means for substantially covering said recess means.
NUM  5.
PAR  5. A battery as set forth in claim 4 wherein said recess covering means is
      at least partially removeable so as to provide access to said fuse.
NUM  6.
PAR  6. A battery as set forth in claim 4 including means which cooperates with
      said case to hold said conductor means substantially in place.
NUM  7.
PAR  7. A battery comprising a case, said case including a container and a cover
      sealingly connected to said container, said cover including recess means,
      at least one terminal extending into said recess means, conducting means
      connected to said terminal and extending out of said recess means, said
      conducting means including a replaceable fuse disposed in said recess
      means, and means connected to said top for substantially covering said
      recess means.
NUM  8.
PAR  8. A battery as set forth in claim 7 wherein said recess covering means is
      at least partially removable so as to provide access to said fuse.
NUM  9.
PAR  9. A battery as set forth in claim 7 including means which cooperates with
      said case to hold said conducting means substantially in place.
NUM  10.
PAR  10. A battery comprising a case including a container and a cover sealingly
      connected to said container, said cover including first and second
      terminal recesses, a fuse recess, first and second channels connecting
      said fuse recess with said first and second terminal recesses,
      respectively, a slot communicating with said second terminal recess, a cap
      for covering said first terminal recess, a cap for covering said second
      terminal recess, and a cap for covering said fuse recess, a first terminal
      extending into said first terminal recess, a second terminal extending
      into said second terminal recess, first conductor means connected to said
      first terminal and extending from said first terminal recess through said
      first channel into said fuse recess and from said fuse recess through said
      second channel, said second terminal recess and said slot, said first
      conductor means including a removeable fuse disposed in said fuse recess,
      and second conductor means connected to said second terminal and extending
      out through said slot.
NUM  11.
PAR  11. A battery as set forth in claim 10 including means connected to said
      second cap which covers said slot and cooperates with said case to hold
      said conductor means substantially in place.
NUM  12.
PAR  12. In a battery, the combination comprising a case, said case having a
      recess and a slot communicating with said recess, a terminal extending
      into said recess, a flexible conductor connected to said terminal and
      extending out through said slot, a cap connected to said case and covering
      said recess and a member connected to said cap and connected to said case
      so that it interfers with said conductor and causes a substantially ninety
      degree bend in said conductor as it passes through said slot.
NUM  13.
PAR  13. In a battery, the combination comprising a case having a container and
      a cover on said container, said cover having a recess and a slot between
      the outer periphery thereof and said recess, a terminal extending into
      said recess, a flexible cable extending from said recess out through said
      slot, said cable including a conductor connected to said terminal, a cap
      which is connected to said cover and covers said recess, a member hingedly
      connected to said cap and anchored to said container so that it interfers
      with said cable and causes a substantially ninety degree bend in said
      cable where it passes through said slot.
NUM  14.
PAR  14. The combination as set forth in claim 13 wherein the means for
      anchoring said member includes a flange extending from said container, a
      slot in said flange in alignment with said first-mentioned slot, a stop on
      said flange adjacent each side of said second-mentioned slot, a pair of
      pins which extend from said member and engage said flange adjacent said
      second-mentioned slot and inwardly of said stops so that said member is
      anchored to said container.
NUM  15.
PAR  15. The combination as set forth in claim 13 wherein the means for
      connecting said cap to said cover includes at least one hole in said cover
      and a pin which extends from said cap and cooperates with said hole.
NUM  16.
PAR  16. The combination as set forth in claim 13 including a pair of notches
      adjacent said slot which are engaged by the edge of said cap.
NUM  17.
PAR  17. In a battery, the combination comprising a case having a container and
      a cover on said container, said container having an outwardly extending
      flange, a first slot in said flange and a pair of stops on said flange
      adjacent each side of said first slot, said cover having a recess, a
      plurality of holes adjacent said recess, a second slot between the outer
      periphery thereof and said recess in alignment with said first slot and a
      pair of notches adjacent said recess on each side of said second slot, a
      cable extending from said recess out through said slots, said cable
      including a conductor connected to said terminal, a cap which has an edge
      that engages said notches and a plurality of pins that cooperate with said
      holes to connect said cap to said cover, a member hingedly connected to
      said cap, said member having a pair of pins which engage said flange on
      each side of said first slot inwardly of said stops so that said member is
      anchored to said container in such a manner that it interfers with said
      cable and causes a substantially 90.degree. bend in said cable where it
      passes through said second slot.
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ABST
PAL  A contact fuser assembly for use in a electrostatic reproducing apparatus
      including an internally heated fuser roll structure comprising a rigid or
      non-deformable thermally conductive core capable of interacting with a
      release material applied thereto in such a manner as to form a
      thermally-stable interfacial coating intermediate the surface of the core
      and a release coating comprising portions of the release material. The
      interfacial coating strongly adheres to the core surface and prevents
      toner material from contacting the outer surface of the core. The combined
      coatings have a sub-micron thickness and therefore represent a minimal
      thermal barrier to the energy being conducted outwardly by the core.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to xerographic copying apparatus and, more
      particularly, to a contact fusing system for fixing electroscopic toner
      material to a support member.
PAR  In the process of Xerography, a light image of an original to be copied is
      typically recorded in the form of a latent electrostatic image upon a
      photosensitive member with subsequent rendering of the latent image
      visible by the application of electroscopic marking particles, commonly
      referred to as toner. The visual image can be either fixed directly upon
      the photosensitive member or transferred from the member to a sheet of
      plain paper with subsequent affixing of the image thereto.
PAR  In order to permanently affix or fuse electroscopic toner material onto a
      support member by heat, it is necessary to elevate the temperature of the
      toner material to a point at which the constituents of the toner material
      coalesce and become tacky. This action causes the toner to be absorbed to
      some extent into the fibers of the support member which, in many
      instances, constitutes plain paper. Thereafer, as the toner material
      cools, solidification of the toner material occurs causing the toner
      material to be firmly bonded to the support member. In both the
      xerographic as well as the electrographic recording arts, the use of
      thermal energy for fixing toner images onto a support member is old and
      well known.
PAR  One approach to thermal fusing of electroscopic toner images onto a support
      has been to pass the support with the toner images thereon between a pair
      of opposed roller members, at least one of which is internally heated.
      During operation of a fusing system of this type, the support member to
      which the toner images are electrostatically adhered is moved through the
      nip formed between the rolls with the toner image contacting the fuser
      roll to thereby effect heating of the toner images within the nip. By
      controlling the heat transferred to the toner, virtually no offset of the
      toner particles from the copy sheet to the fuser roll is experienced under
      normal conditions. This is because the heat applied to the surface of the
      roller is insufficient to raise the temperature of the surface of the
      roller above the "hot offset" temperature of the toner whereas the toner
      particles in the image areas of the toner would liquify and cause a
      splitting action in the molten toner to thereby result in "hot offset".
      Splitting occurs when the cohesive forces holding the viscous toner mass
      together is less than the adhesive forces tending to offset it to a
      contacting surface such as a fuser roll.
PAR  Occasionally, however, toner particles will be offset to the fuser roll by
      an insufficient application of heat to the surface thereof (i.e. "cold"
      offsetting); by imperfections in the properties of the surface of the
      roll; or by the toner particles insufficiently adhering to the copy sheet
      by the electrostatic forces which normally hold them there. In such a
      case, toner particles may be transferred to the surface of the fuser roll
      with subsequent transfer to the backup roll during periods of time when no
      copy paper is in the nip.
PAR  Moreover, toner particles can be picked up by the fuser and/or backup roll
      during fusing or duplex copies or simply from the surroundings of the
      reproducing apparatus.
PAR  One arrangement for minimizing the foregoing problems, particularly that
      which is commonly referred to as "offsetting" has been to provide a fuser
      roll with an outer surface or covering of polytetrafluoroethylene,
      commonly known as Teflon, to which a release agent such as silicone oil is
      applied, the thickness of the Teflon being on the order of several mils
      and the thickness of the oil being less than 1 micron. Silicone based
      oils, which possess a relatively low surface energy, have been found to be
      materials that are suitable for use in the heated fuser roll environment
      where Teflon constitutes the outer surface of the fuser roll. In practice,
      a thin layer of silicone oil is applied to the surface of the heated roll
      to thereby form an interface between the roll surface and the toner images
      carried on the support material. Thus a low surface energy layer is
      presented to the toner as it passes through the fuser nip and thereby
      prevents toner from offsetting to the fuser roll surface.
PAR  A fuser roll construction of the type described above is fabricated by
      applying in any suitable manner a solid layer of adhesive material to a
      rigid core or substrate, such as the solid Teflon outer surface or
      covering of the aforementioned arrangement. The resulting roll structure
      is subject to degradation due to continued operation at elevated
      temperatures and also to damage from accidental gouging by stripper
      fingers conventionally employed in such systems. The foregoing in many
      instances necessitates replacement of the fuser roll which is quite costly
      when a large number of machines are involved.
PAR  Moreover, since a several mil thickness of polytetrafluoroethylene along
      with the coating of silicone oil constitutes a poor thermal conductor,
      longer nip dwell and higher fuser roll temperatures are required to
      deliver the fusing energy required. Also, control of the surface
      temperature of the roll presents a problem due to large temperature
      variations occuring before and after contacting of the substrate carrying
      the images.
PAR  In view of the foregoing, it would appear that the high thermal
      conductivity and wear resistance of bare metals or similar materials would
      be desirable for utilization in fuser roll structures, however, such
      materials have, heretofore, not been found satisfactory for such
      application. The latter is attributable to the very high surface energy of
      metals and similar materials which renders them readily wettable by hot
      toner materials. Once wetted by hot toner, it has been very difficult if
      not impossible to remove the toner from such materials while they remain
      hot. Commonly used release agents such as pure silicone oils have been
      tried in combination with various metals and other high surface energy
      materials but with relatively little or no success.
PAR  Accordingly, the principal object of this invention is to provide a new and
      improved electrostatic copying apparatus.
PAR  Another object of this invention is to provide a new and improved fusing
      apparatus for use in fixing toner images to a copy sheet.
PAR  Another object of this invention is to provide, for use in a photocopying
      apparatus, a fuser that is self-repairing and therefore has a continuously
      renewable surface.
PAR  Yet another object of the invention is to provide a fusing apparatus
      employing a release agent wherein the release agent is a solid at room
      temperature and a liquid during fusing of the toner images to a copy
      paper.
PAR  Another object of this invention is to provide, in an electrophotographic
      apparatus, a roll fusing device wherein the roll members of the device
      need not be separated during stand-by periods of operation.
PAR  Still another object of this invention is to provide a new and improved
      contact fuser wherein an interfacial layer is formed, during the operation
      of the fuser, intermediate the fuser surface and portions of a release
      substance applied thereto whereby toner is prevented from contacting the
      fuser surface.
PAR  Another object of this invention is to provide, in a photocopying
      apparatus, a fusing device for toner images wherein a coating is formed
      during operation of the fuser at the interface of the fuser roll surface
      and a release agent through chemical reaction of the oxidized release
      agent and the metal oxide of the fuser roll.
PAR  Still another object of this invention is to provide a new and improved
      apparatus and method for fusing toner images to a substrate wherein toner
      barrier and toner release coatings are formed on a thermally conductive
      core and wherein the combined thickness of the coatings is insufficient to
      establish a thermal barrier to the energy being conducted through the
      core.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The above-cited objects of the present invention are accomplished by the
      provision of a contact fuser assembly preferably comprising an
      internally-heated roll fuser structure having a core member which is rigid
      and is capable of interacting with release material applied thereto to
      form a thermally-stable coating which strongly adheres to the core and a
      release coating which covers the thermally-stable coating. The combined
      coatings have a sub-micron thickness and therefore constitute a minimal
      barrier to heat transfer.
PAR  In the preferred embodiment of the invention, the core is fabricated from
      copper and the release material is low molecular weight polyethylene.
      While it is not completely understood why the thermally-stable coating
      with the release coating thereover is formed, one hypothesis is that the
      polyethylene oxidizes thereby producing carboxylic acid which chemically
      reactes with the copper core to form the coating. The coating, however
      formed, has been observed to have a greater affinity for the core than the
      toner and thereby prevents toner from contacting the core, while the
      release coating provides a material the cohesive force of which is less
      than the adhesive forces between the toner and the substrate and the
      cohesive forces of the toner. It has further been observed that the
      thermally-stable layer is continuously renewable or self-repairing. That
      is to say, that if this coating is damaged as by uneven pressures exerted
      by the blade utilized for metering the release material to the core or by
      undue forces exerted by the finger is employed for stripping the substrate
      from the fuser roll structure, the thermally-stable coating will repair
      itself.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      when read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic representation of a xerographic reproducing apparatus
      incorporating the novel contact fuser of this invention;
PAR  FIG. 2 is a side elevational view of a fuser system incorporated in the
      apparatus of FIG. 1; and
PAR  FIG. 3 is a fragmentary view of a fuser roll during operation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The reproducing machine illustrated in FIG. 1 employs an image recording
      drum-like member 10 the outer periphery of which is coated with a suitable
      photoconductive material 11. One type of photoconductive material is
      disclosed in U.S. Pat. No. 2,970,906 issued to Bixby in 1961. The drum 10
      is suitably journaled for rotation within a machine frame (not shown) by
      means of a shaft 12 and rotates in the direction indicated by arrow 13, to
      bring the image retaining surface thereon past a plurality of xerographic
      processing stations. Suitable drive means (not shown) are provided to
      power and coordinate the motion of the various cooperating machine
      components whereby a faithful reproduction of the original input scene
      information is recorded upon a sheet of final support material such as
      paper or the like.
PAR  Since the practice of xerography is well known in the art, the various
      processing stations for producing a copy of an original are herein
      represented in FIG. 1 as blocks A to E. Initially, the drum moves
      photoconductive surface 11 through a charging station A. At charging
      station A an electrostatic charge is placed uniformly over the
      photoconductive surface 11 of the drum 10 preparatory to imaging. The
      charging may be provided by a corona generating device of a type described
      in U.S. Pat. No. 2,836,725 issued to Vyverberg in 1958.
PAR  Thereafter, the drum 10 is rotated to exposure station B where the charged
      photoconductive surface 11 is exposed to a light image of the original
      input scene information, whereby the charge is selectively dissipated in
      the light exposed regions to record the original input scene in the form
      of a latent electrostatic image. A suitable exposure system may be of the
      type described in U.S. patent application, Ser. No. 259,181 filed June 2,
      1972.
PAR  After exposure, drum 10 rotates the electrostatic latent image recorded on
      the photoconductive surface 11 to development station C, wherein a
      conventional developer mix is applied to the photoconductive surface 11 of
      the drum 10 rendering the latent image visible. A suitable development
      station is disclosed in U.S. patent application Ser. No. 199,481 filed
      Nov. 17, 1971. This application describes a magnetic brush development
      system utilizing a magnetizable developer mix having carrier granules and
      toner comprising electrophotographic resin plus colorant from dyes or
      pigments. A developer mix is continually brought through a directional
      flux field to form a brush thereof. The electrostatic latent image
      recorded on photoconductive surface 11 is developed by bringing the brush
      of developer mix into contact therewith. The developed image on the
      photoconductive surface 11 is then brought into contact with a sheet of
      final support material 14 within a transfer station D and the toner image
      is transferred from the photoconductive surface 11 to the contacting side
      of the final support sheet 14. The final support material may be plain
      paper, gummed labels, transparencies such as Polycarbonate, Polysulfane
      and Mylar, etc., as desired.
PAR  After the toner image has been transferred to the sheet of final support
      material 14, the sheet with the image thereon is advanced to a suitable
      fuser assembly 15 which fuses the transfer powder image thereto. After the
      fusing process, the final support material 14 is advanced by a series of
      rolls 16 to a copy paper tray 17 for subsequent removal therefrom by a
      machine operator.
PAR  Although a preponderence of the toner powder is transferred to the final
      support material 14, invariably some residual toner remains on the
      photoconductive surface 11 after the transfer of the toner powder image to
      the final support material 14. The residual toner particles remaining on
      the photoconductive surface 11 after the transfer operation are removed
      from the drum 10 as it moves through cleaning station E. Here the residual
      toner particles are first brought under the influence of a cleaning corona
      generating device (not shown) adapted to neutralize the electrostatic
      charge remaining on the toner particles. The neutralized toner particles
      are then mechanically cleaned from the photoconductive surface 11 by
      conventional means as for example, the use of a resiliently biased knife
      blade as set forth in U.S. Pat. No. 3,660,863 issued to Gerbasi in 1972.
PAR  The sheets of final support material 14 processed in the automatic
      xerographic reproducing device may be stored in the machine within a
      removable paper cassette 18. A suitable paper cassette is set forth in
      U.S. patent application Ser. No. 208,138 filed Dec. 15, 1971.
PAR  The copier can also have the capability of accepting and processing copying
      sheets of varying lengths. The length of the copy sheet, of course, being
      dictated by the size of the original input scene information recorded on
      the photoconductive surface 11. To this end, the paper cassette 18 is
      preferably provided with an adjustable feature whereby sheets of varying
      length and width can be conveniently accommodated therein.
PAR  In operation, the cassette 18 is filled with the stack of final support
      material 19 of pre-selected size and the cassette 18 is inserted into the
      machine by sliding along a baseplate (not shown) which guides the cassette
      18 into operable relationship with a pair of feed rollers 20. When
      properly positioned in communication with the feed rollers 20 the top
      sheet of the stack 19 is separated and forwarded from the stack 19 into
      the transfer station D by means of registration rollers 21.
PAR  It is believed that the foregoing description is sufficient for purposes of
      present application to illustrate the general operation of an automatic
      xerographic copier which can embody the teachings of the present
      invention.
PAR  The fuser assembly 15 comprises heated roll structure 30 including a hollow
      cylinder or core 31 having a suitable heating element 32 disposed in the
      hollow portion thereof which is coextensive with the cylinder. The heating
      element 32 may comprise any suitable type heater for elevating the surface
      temperature of the cylinder to operational temperatures, therefore,
      250.degree.-400.degree. F. For example, it may be a quartz lamp. The
      cylinder 31 is fabricated from any suitable material capable of
      acccomplishing the objects of the present invention. Typical materials are
      anodized aluminum and alloys thereof, steel, stainless steel, nickel and
      alloys thereof, nickel plated copper, chrome plated copper, and glass. The
      resulting structure has an outside diameter on the order of 1.5 to 3.0
      inches and has a length on the order of 10 to 15 inches. Power
      requirements for the foregoing are 500-2500 watts peak power with an
      average power of 300-2000 watts and 75-250 watts for standby.
PAR  The surface temperature of the fuser roll structure is controlled by
      contacting the surface thereof with a thermistor probe 45 as described in
      U.S. Pat. No. 3,327,096, issued in 1967 to Bernous and incorporated herein
      by reference.
PAR  The fuser assembly 15 further comprises a backup roll structure 33 which
      cooperates with the fuser roll structure 30 to form a nip 34 through which
      a copy paper or substrate 35 passes such that toner images 36 thereon
      contact the fuser roll structure. The backup roll structure may comprise
      any suitable construction, for example, a steel cylinder, but preferably
      comprises a rigid steel core 37 having a Viton elastomer surface or layer
      38 thereon. A suitable backup roll has a core approximately 1.8 inches in
      diameter with a 0.1 inch cover or layer structure of Viton elastomer or
      other suitable high temperature elastomeric layer structure, for example,
      silicone rubber and a combination of Viton or silicone rubber with Teflon
      thereon. Vitron is the trademark of Dupont Co. The specific dimensions of
      the members making up the backup roll will be dictated by the requirements
      of the particular copying apparatus wherein the fuser assembly 15 is
      employed, the dimensions being greater or less depending upon the process
      speed of the machine. The heated roll and backup roll structures are
      mounted on fixed axes and, therefore, are not moved in and out of
      engagement as fuser rolls of prior art devices.
PAR  Means (not shown) for applying a loading force in a conventional manner to
      the fuser assembly 15 serves to create nip pressures on the order of 15 to
      150 psi average. The durometer of the backup roll is chosen such that
      "dwell times" of 5 to 100 milliseconds can be obtained with loading forces
      within the aforementioned range of pressures. "Dwell time" is proportional
      to the ratio of the nip length to the surface speed of the rolls. For a
      given angular velocity the surface speeds will vary depending upon the
      diameter of the rolls. For example, with a 2 inch fuser roll speed of 0 to
      30 inches per second are attainable and for a 3 inch fuser roll speeds of
      0 to 45 inches per second have been attained. Accordingly, it can be seen
      that the aforementioned "dwell times" can be obtained by varying one or
      the other or both of the "dwell time" relationships. Durometers of 20-90
      Shore A have been found to provide satisfactory results.
PAR  The aforementioned materials from which the fuser roll structure 30 may be
      fabricated are relatively high surface energy materials, consequently, hot
      toner material contacting such surfaces would readily wet the surface of
      the fuser roll. Accordingly, there is provided a sump 39 for containing a
      release material 40 capable of interacting with the fuser roll in
      accordance with objects of the present invention. The release material is
      preferably a low molecular weight material which is solid at room
      temperature and which has a relatively low viscosity at the operating
      temperatures of the fuser roll structure. An example of such a material is
      polyethylene homopolymer manufactured by Allied Chemical Company and
      having the designation AC-8 homopolymer.
PAR  A metering blade 41 preferably of silicone rubber is mounted to the sump 39
      by conventional means such that an edge 42 thereof contacts the fuser roll
      structure serves to meter the release agent 40 in its liquid state onto
      the fuser roll. In the preferred embodiment, a blade 0.060 inch thick and
      having a width of 1.05 inch and length of 15 inches has been employed. By
      means of such a construction a 0.1-0.5 .mu. thickness of release agent is
      applied to the surface of the fuser roll. The blade 41 also aids in
      cleaning the fuser roll of toner.
PAR  A pair of end seals 47, preferably of sponge rubber are provided to contain
      the release agent in the sump 39. One or more stripper fingers 50 are
      provided for ensuring removal of the substrate from the fuser roll.
PAR  The toner that forms the toner images 36 is comprised of an
      electrophotographic resin plus colorant from dyes and pigments such as
      carbon black and furnace black. The developer material of which the toner
      forms a portion may contain cleaning materials and plasticisers in
      accordance with the desired formulation. Typical toners comprise a
      copolymerized mixture of styrene or a blend of styrene homologs with 10 to
      40% of one or more methacrylate esters selected from the group consisting
      of ethyl, propyl and butyl methacrylates, as described in U.S. Pat. No.
      3,079,342 and incorporated herein by reference.
PAR  The effectiveness of a fuser assembly of the type herein described has been
      demonstrated by the employment of three inch diameter steel rolls operated
      at speeds up to 35 inches per second. The surface temperature of the fuser
      roll was maintained at 300.degree.F and a loading on the rolls of 120
      pounds per linear inch was applied. Low molecular weight polyethylene was
      applied to the fuser roll and substrates having the aforementioned toner
      adhered thereto in image configuration were passed between the rolls with
      the toner contacting the fuser roll. There was no evidence of offsetting
      of toner to the fuser roll.
PAR  The effectiveness of the fuser assembly of the type herein contemplated has
      further been demonstrated by forming electrostatic latent images on the
      recording surfaces which were then developed by a heat fusable toner
      comprising carbon black pigmented copolymer, styrene-n-butylmethacrylate,
      the fusable toner particles being held on the recording surfaces in
      conformance with the electrostatic latent images. The toner images were
      thereafter transferred to plain paper. The paper having the toner images
      electrostatically adhered thereto was then passed, at a speed of 15
      inches/second between a fuser roll structure and a backup roll the former
      of which is heated to a temperature of 310.degree.F. with a pressure of
      140 psi being applied to the roll pair. The toner images contacted the
      fuser roll structure which has a 2.0 inch outside diameter and is 15
      inches long. The backup roll has an outside diameter of 2.0 inches with a
      0.1 inch layer of silicone rubber covered with a 0.020 inch of fluorinated
      ethylene-propylene resin on the surface and having a durometer of 65 Shore
      A. The fuser roll structure was fabricated from copper having an 8
      micro-inch finish. A release agent consisting of low molecular weight
      polyethylene designated A.C.-8 by the Allied Chemical Corporation was
      liquified and metered onto the copper surface prior to contacting thereof
      by the toner images. One hundred thousand copies were made without
      offsetting of toner to the fuser roll structure being observed after the
      final copy sheets are passed between the rolls.
PAR  Another demonstration of the effectiveness of the fuser assembly of the
      type herein contemplated was effected by forming electrostatic images on
      recording surfaces which were then developed by heat fusable toner
      comprising carbon black pigmented copolymer, styrene-n-buthylmethacrylate,
      the fusable toner particles being held on the recording surface in
      conformance with the electrostatic latent images. The toner images were
      thereafter transferred to plain paper. The paper having the toner images
      electrostatically adhered thereto was then passed, at a speed of 4.0
      inches per second, between a fuser roll structure and a backup roll, the
      former of which is heated to a temperature of 280.degree.F. with a
      pressure of 65 psi being applied to the roll pair. The toner images
      contacted the fuser roll structure which has a 2.0 inch outside diameter
      and is 10 inches long. The backup roll has an outside diameter of 2 inches
      with a 0.2 inch micron layer as the outer surface thereof and has a
      durometer of 65 Shore A. The fuser roll structure is fabricated from
      copper having an 8 micro-inch finish. A release agent consisting of low
      molecular weight polyethylene designated A.C.-8 by the Allied Chemical
      Corporation was liquified and metered onto the copper surface prior to
      contacting thereof by the toner images. No offsetting of toner to the
      fuser roll structure was observed after the final copy sheets were passed
      between the rolls.
PAR  Still another demonstration of the effectiveness of the heating system of
      the type herein contemplated was effected by forming electrostatic latent
      images on recording surfaces which were then developed by a heat fusable
      toner comprising carbon black pigmented copolymers,
      styrene-n-butylmethacrylate, the fusable toner particles being held on the
      recording surface in conformance with the electrostatic latent images. The
      toner images were thereafter transferred to plain paper. The paper having
      the toner images electrostatically adhered thereto were then passed, at a
      speed of 11 inches/second, between a fuser roll structure and a backup
      roll structure the former of which is heated to a temperature of
      300.degree.F. with the pressure of 96 psi being applied to the roll pair.
      The toner images contacted through the fuser roll structure which has a
      2.0 inch outside diameter and is 15 inches long. The backup roll has an
      outside diameter of 2 inches with a 0.1 inch Viton layer on the surface
      and having a durometer of 65 Shore A. The fuser roll structure is
      fabricated from copper having an 8 micro-inch finish. A release agent
      consisting of low molecular weight polyethylene designated A.C.-8 by the
      Allied Chemical Corporation was liquified and metered onto the copper
      surface prior to contacting thereof by the toner images. No offsetting of
      toner to the fuser roll structure was observed after the final copy sheets
      were passed between the rolls.
PAR  While the invention has been described with respect to a preferred
      embodiment it will be apparent that certain modifications and changes can
      be made without departing from the spirit and scope of the invention and
      is the therefore intended that the foregoing disclosure be limited only by
      the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for contact fusing toner particles to a substrate, said
      apparatus comprising:
PA1  an internally heated structure comprising a rigid core of a high surface
      energy material selected from the group consisting of glass and metal and
      a coating of a polymer release material on said core, said polymer release
      material being the type which oxidizes and is capable of reacting with the
      core surface material, said coating comprising a first barrier coating
      portion in contact with said core surface, said first portion being formed
      during operation of the apparatus at the interface of the core surface and
      the polymer release material, the first portion having a greater affinity
      for the core surface material than the toner particles and thereby
      preventing toner particles from contacting the core, and a second
      replenishing release portion continuously applied, the release portion
      being the polymer release material and having a cohesive force which is
      less than the adhesive forces between the toner particles and the
      substrate and the cohesive forces of the toner particles, said coatings
      having a combined thickness of less than 1 micron; and
PA1  a backup member cooperating with said heated structure to form a nip
      through which said substrate passes with said toner particles contacting
      said heated structure.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said barrier coating is a
      continuously renewable coating.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said polymer release material
      comprises low molecular weight polyethylene.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said rigid core is fabricated
      from steel.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said barrier coating portion is
      produced through the chemical reaction of said core with the polymer
      release material applied to said core and said release portion comprises
      polymer release material applied to said core which has not chemically
      reacted with said core.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said release material comprises
      low molecular weight polyethylene.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said core is fabricated from
      steel.
NUM  8.
PAR  8. A fuser roll structure for fusing toner images to a substrate wherein
      said toner images contact said roll structure, said structure comprising:
PA1  a rigid thermally conductive core of a high surface energy material
      selected from the group consisting of glass and metal and having an
      internal source of heat; and
PA1  a coating of a polymer release material on said core, said polymer release
      material being the type which oxidizes and is capable of reacting with the
      core surface material, said coating comprising a first barrier coating
      portion in contact with said core surface, said first portion being formed
      during operation of the apparatus at the interface of the core surface and
      the polymer release material, the first portion having a greater affinity
      for the core surface material than the toner and thereby preventing toner
      from contacting the core, and a second replenishing release portion
      continuously applied, the release portion being the polymer release
      material and having a cohesive force which is less than the adhesive
      forces between the toner and the substrate and the cohesive forces of the
      toner, said coatings having a combined thickness of less than 1 micron.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said release coating comprises
      low molecular weight polyethylene.
NUM  10.
PAR  10. Apparatus according to claim 8 wherein said barrier coating is
      continuously renewable.
NUM  11.
PAR  11. Apparatus according to claim 9 wherein said core is fabricated from
      copper.
NUM  12.
PAR  12. Apparatus according to claim 8 wherein said barrier coating portion is
      produced through the chemical reaction of said core with the polymer
      release material applied to said core and said release portion comprises
      polymer release material applied to said core which has not chemically
      reacted with said core.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein said polymer release material
      comprises low molecular weight polyethylene.
NUM  14.
PAR  14. Apparatus according to claim 13 wherein said core is fabricated from
      copper.
NUM  15.
PAR  15. Apparatus for fusing toner images to a substrate, said apparatus
      comprising:
PA1  a heated roll structure comprising a rigid core of a high surface energy
      material selected from the group consisting of glass and metal and a
      coating of a polymer release material on said core, said polymer release
      material being the type which oxidizes and is capable of reacting with the
      core surface material, said coating comprising a first barrier coating
      portion in contact with said core surface, said first portion being formed
      during operation of the apparatus at the interface of the core surface and
      the polymer release material, the first portion having a greater affinity
      for the core surface material than the toner and thereby preventing toner
      particles from contacting the core, and a second replenishing release
      portion continuously applied, the release portion being the polymer
      release material and having a cohesive force which is less than the
      adhesive forces between the toner and the substrate and the cohesive
      forces of the toner, said coatings having a combined thickness
      sufficiently thin to constitute a minimal barrier to heat transfer; and
PA1  a backup roll cooperating with said heated roll structure to form a nip
      through which said substrate moves with said toner images in contact with
      said heated roll structure.
NUM  16.
PAR  16. Apparatus according to claim 15 wherein said barrier coating portion is
      produced through the chemical reaction of said core with the polymer
      release material applied to said core during operation of said fuser
      apparatus and said release portion comprises polymer release material
      applied to said core which has not chemically reacted with said core.
NUM  17.
PAR  17. Apparatus according to claim 16 wherein said polymer release material
      comprises polyethylene having a molecular weight less than 10,000.
NUM  18.
PAR  18. Apparatus according to claim 17 wherein said core is fabricated from
      steel.
NUM  19.
PAR  19. The method of fusing toner images to a substrate including the steps
      of:
PA1  coating a heated fuser member of a high surface energy material selected
      from the group consisting of glass and metal with a polymer release
      material, said polymer release material being the type which oxidizes and
      is capable of reacting with the high surface energy material, said coating
      comprising a first barrier coating portion in contact with the surface of
      the fuser member, said first portion being formed during operation of the
      apparatus at the interface of the fuser member and the polymer release
      material, the first portion having a greater affinity for the high surface
      energy material of the fuser member surface than the toner and thereby
      preventing toner from contacting the fuser member surface, and a second
      replenishing release portion continuously applied, the release portion
      being the polymer release material and having a cohesive force which is
      less than the adhesive forces between the toner and the substrate and the
      cohesive forces of the toner, said coatings having a combined thickness of
      less than 1 micron;
PA1  contacting the toner images on said substrate for a period of time
      sufficient to soften the toner; and
PA1  allowing the toner to cool.
NUM  20.
PAR  20. The method of fusing toner images to a substrate including the steps
      of:
PA1  coating a fuser member of a high surface energy material selected from the
      group consisting of glass and metal with a polymer release material, said
      polymer release material being the type which oxidizes and is capable of
      reacting with the high surface energy terial, said coating comprising a
      first barrier coating portion in contact with the surface of the fuser
      member, said first portion being formed during operation of the apparatus
      at the interface of the fuser member and the polymer release material, the
      first portion having a greater affinity for the high surface energy
      material of the fuser member surface than the toner and thereby preventing
      toner from contacting the fuser member surface, and a second replenishing
      release portion continuously applied, the release portion being the
      polymer release material and having a cohesive force which is less than
      the adhesive forces between the toner and the substrate and the cohesive
      forces of the toner, said coatings having a combined thickness of less
      than 1 micron;
PA1  contacting said toner images with said coated fuser member for a time
      sufficient to soften the toner images; and
PA1  allowing said softened toner to cool whereby said toner is adhered to said
      substrate.
NUM  21.
PAR  21. The method according to claim 20 wherein the barrier coating is
      continuously renewable.
NUM  22.
PAR  22. The method according to claim 20 wherein said polymer release material
      chemically reacts with the high surface energy material of the fuser
      member to form said barrier coating portion and said release portion is
      formed by non-reacted polymer release material.
NUM  23.
PAR  23. The method according to claim 20 including the steps of contacting the
      non-imaged side of said substrate with a backup member simultaneously with
      the contacting of said toner images by said fuser member.
NUM  24.
PAR  24. The method of fusing toner images to a substrate including the steps
      of:
PA1  contacting a heated fuser member of a high surface energy material selected
      from the group consisting of glass and metal with a polymer release
      material which is a solid at room temperature and a low viscosity liquid
      at operating temperatures, said polymer release material being the type
      which oxidizes and is capable of reacting with the high surface energy
      material, to form a coating on said fuser member, said coating comprising
      a first barrier coating portion in contact with said fuser member surface,
      said first portion being formed during operation of the apparatus at the
      interface of the fuser member surface and the polymer release material,
      the first portion having a greater affinity for the high surface energy
      material than the toner and thereby preventing toner from contacting the
      fuser member surface, and a second replenishing release portion
      continuously applied, the release portion being the polymer release
      material and having a cohesive force which is less than the adhesive
      forces between the toner and the substrate and the cohesive forces of the
      toner, said coatings having a combined thickness of less than 1 micron;
      and
PA1  softening said toner images by contacting them with said fuser member.
NUM  25.
PAR  25. Apparatus for contact fusing toner particles in image configuration to
      a substrate, said apparatus comprising:
PA1  an internally heated member comprising a core of a high surface energy
      material selected from the group consisting of glass and metal and a
      coating of a polymer release material on said core, said polymer release
      material being the type which oxidizes and is capable of reacting with the
      core surface material, said coating comprising a first barrier coating
      portion in contact with said core surface, said first portion being formed
      during operation of the apparatus at the interface of the core surface and
      the polymer release material, the first portion having a greater affinity
      for the core surface material than the toner particles and thereby
      preventing toner particles from contacting the core, and a second
      replenishing release portion continuously applied, the release portion
      being the polymer release material and having a cohesive force which is
      less than the adhesive forces between the toner particles and the
      substrate and the cohesive forces of the toner particles, said coatings
      having a combined thickness sufficiently thin to constitute a minimal
      barrier to heat transfer; and
PA1  a backup roll cooperating with said heated member to form a nip through
      which said substrate passes with said toner particles contacting said
      heated member.
NUM  26.
PAR  26. The method of fusing toner particles in image configuration to a
      substrate including the steps of:
PA1  coating a heated fuser member of a high surface energy material selected
      from the group consisting of glass and metal with a polymer release
      material on said fuser member, said polymer release material being the
      type which oxidizes and is capable of reacting with the fuser member
      surface material, said coating comprising a first barrier coating portion
      in contact with said fuser member surface, said first portion being formed
      during operation of the apparatus at the interface of the fuser member
      surface and the polymer release material, the first portion having a
      greater affinity for the high energy surface material than the toner
      particles and thereby preventing toner particles from contacting the fuser
      member, and a second replenishing release portion continuously applied,
      the release portion being the polymer release material and having a
      cohesive force which is less than the adhesive forces between the toner
      particles and the substrate and the cohesive forces of the toner
      particles, said coatings having a combined thickness of less than 1
      micron; and
PA1  contacting said substrate with said heated fuser member.
NUM  27.
PAR  27. The method according to claim 26 wherein said coating step comprises
      the oxidation of at least some of said polymer release material to produce
      an acid which chemically reacts with the high surface energy material of
      said heated fuser member to form the first barrier coating portion.
NUM  28.
PAR  28. The method according to claim 27 wherein said polymer release material
      comprises low molecular weight polyethylene.
NUM  29.
PAR  29. The method according to claim 28 wherein said fuser member comprises a
      core fabricated from steel which chemically reacts with said acid.
NUM  30.
PAR  30. Apparatus according to claim 15 wherein the axes of said heated roll
      structure and said backup roll are fixed relative to each other.
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ABST
PAL  Certain copper-nickel-tin alloys falling within a single phase region at
      temperatures approaching the melting point, but within a two-phase region
      at room temperature, when pretreated to produce a supersaturated single
      phase structure having a medium to fine grain size, followed by cold
      working to at least 75 percent area reduction and concluding with a
      critical aging treatment determined by the alloy composition and by the
      extent of prior cold working, exhibit higher mechanical strengths for
      given levels of ductility than have heretofore been attained for copper
      alloys. The alloys of the invention are useful in a variety of
      applications requiring a combination of properties including mechanical
      strengths, ductility, electrical conductivity and corrosion resistance,
      and are particularly useful as springs, relay elements, wire connectors
      and other similar flexible articles.
PARN
PAR  This application is a continuation of application Ser. No. 296,011, filed
      Oct. 10, 1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the processing of copper-nickel-tin alloys to
      achieve optimum mechanical strengths for given levels of ductility, and to
      the resulting products.
PAR  While the highest mechanical strengths are usually associated with steel
      alloys, the combination of good mechanical strength, ductility, electrical
      conductivity and corrosion resistance exhibited by the copper alloys make
      them favored candidates for a wide variety of applications for which
      higher strengths would otherwise be desirable. Among the copper alloys,
      the beryllium-coppers have up to the present time exhibited the highest
      mechanical strengths, which have been achieved by the mechanism known as
      precipitation hardening. Such hardening, however, is normally accompanied
      by a substantial loss in ductility. For example, the highest 0.01 yield
      strengths (yield strength is a measure of resistance of a material to
      permanent deformation, a property which is particularly significant in the
      specification of materials for springs, relay elements, wire connectors or
      other similar flexible articles) which have been reported for such alloys
      (containing about 2 weight percent beryllium) range from about 170,000 to
      175,000 pounds per square incn for textured sheet or strip. However, such
      strengths are accompanied by ductilities of the order of about 5 percent
      (ductility being defined herein as the reduction in cross-sectional area
      of a specimen tested in tension to its point of failure), too low for most
      applications requiring forming operations after hardening. Overaging to
      recover needed ductility is accompanied by a drop in 0.01 yield strength.
      For example, the 2 percent beryllium alloy may exhibit a 0.01 yield
      strength of 110,000 to 120,000 psi for a ductility of about 50 percent
      reduction in area. This drop in 0.01 yield strength as well as the high
      raw materials cost of beryllium and the expense of special handling due to
      its toxicity may make other copper alloys more desirable for certain
      applications.
PAR  The trend toward miniaturization and the need for increased reliability of
      mechanical components, particularly in the communications field, have been
      major factors contributing to a growing demand for alloy materials having
      higher yield strengths in combination with good to excellent ductilities,
      corrosion resistance and conductivities than have heretofore been
      available and at costs which would make them competitive with existing
      alloys. Representative of recent progress in meeting such demand is U.S.
      Pat. No. 3,663,311 issued to G. Y. Chin and R. R. Hart on May 16, 1972 and
      assigned to the present assignee. This patent describes processing of
      copper-beryllium, cupro-nickel, nickel-silver and phosphor-bronze alloys
      to achieve optimum yield strengths for given levels of ductility. Such
      progress invites the investigation of other alloy systems.
PAR  One such alloy system, the copper-nickel-tins, exemplified by the 5 weight
      percent nickel, 5 weight percent tin alloys, in general would be expected
      to have better corrosion resistance, better solderabilities and
      conductivities comparable to those of the copper-beryllium alloys.
      However, while good hardening response to cold working of these alloys has
      been observed, it has been accompanied by severe embrittlement rendering
      the material useless for most commercial applications. See, for example,
      E. M. Wise and J. T. Eash, Metals Technology, Jan. 1934, No. 523, page
      238. Thus, with the exception of some use as age hardenable casting alloys
      prior to 1950, these alloys have not found significant widespread
      commercial use.
PAR  The discussion below is in terms of a compositional range in which the
      claimed alloys represent an economical alternative to cooper-beryllium
      alloys; specifically, this preferred range is from 4 to 40 weight percent
      nickel and from 3 to 12 weight percent tin, remainder copper. However, the
      claimed alloys may find application where cooper-beryllium is not
      customarily utilized. For example, alloys containing smaller amounts of
      nickel and/or tin are of practical interest in the manufacture of articles
      such as relay elements where they can be used as substitutes for the
      phosphor bronze alloys in current use. Specifically, alloys containing as
      little as 2 percent nickel and as little as 2.5 percent tin are of
      commercial interest.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that certain copper-nickel-tin alloys falling
      within a single phase (.alpha.) region of the equilibrium phase diagram
      for copper, nickel and tin at temperatures near the melting point of the
      alloy, but within a two-phase (.alpha.+.theta.) region at room
      temperature, when: (1) pretreated to a supersaturated single phase .alpha.
      structure at room temperature having medium to fine grain size; (2) cold
      worked by an amount equivalent to an area reduction of at least 75
      percent; and (3) aged below a critical temperature, exhibit higher 0.01
      yield strengths for given levels of ductility than have heretofore been
      attained for these alloys. Accordingly, such processed alloys form a part
      of the invention.
PAR  In accordance with a preferred embodiment, aging is carried out below the
      critical temperature near a temperature T.sub.d at which peak 0.01 yield
      strength is achieved at about the same time that ductility begins to fall
      below 40 percent reduction in area, resulting in higher 0.01 yield
      strengths for given levels of ductility than have heretofore been attained
      for copper alloys. Accordingly, such processed alloys form a part of the
      invention.
PAR  In accordance with another preferred embodiment, cold working prior to the
      final aging treatment by an amount equivalent to an area reduction of at
      least 95 percent permits the attainment of optimum mechanical properties
      after minimum aging times, enabling aging by a continuous or strand anneal
      approach.
PAR  When a level of cold working is specified herein, it is intended to mean
      cold working effected by one or more cold working steps, such as rolling,
      swaging, extruding, drawing, etc., uninterrupted by intermediate anneals.
      For example, rolling normally takes the form of a series of passes, each
      pass resulting in a thickness reduction of sheet or strip of from about 5
      to 10 percent. It is intended that no intermediate anneal or other step
      which would alter the cold worked structure be interposed between these
      passes, unless specifically called for herein. The term area reduction as
      used herein may be defined for sheet and strip as
      ##EQU1##
      where T.sub.O is the thickness prior to cold working and T is the
      thickness after cold working, and for rod and wire as
      ##EQU2##
      where A.sub.o is the diameter prior to cold working and A is the diameter
      after cold working.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a graph of 0.01 yield strength (psi) and ductility in percent
      reduction in area versus log of aging time in seconds, for two different
      aging temperatures of a copper-nickel-tin alloy of the invention cold
      worked to an area reduction of 90 percent;
PAR  FIG. 2 is a graph of aging temperature (T.sub.d) versus level of prior cold
      work in percent area reduction for an alloy of the invention; and
PAR  FIG. 3 depicts an article composed of an alloy composition of the invention
      processed as described herein.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The alloys of the invention may be described as falling within a single
      phase .alpha. region of the equilibrium phase diagram for copper, nickel
      and tin, near the melting point, but within a two-phase .alpha. + .theta.
      region of the equilibrium diagram at lower temperatures extending down to
      room temperature. In general, such alloys correspond to compositions
      falling with the broad compositional range of from 2 to 98 weight percent
      nickel, 2 to 11 weight percent tin at 2 percent nickel, and 2 to 20 weight
      percent tin and and 98 percent nickel, remainder copper. However, it is
      preferred to maintain nickel within the range of 4 to 40 weight percent,
      beyond which the aging time required to achieve significant increases in
      mechanical strength begins to become excessive. In addition, beyond 40
      weight percent nickel, the raw materials cost begins to approach
      commercially impractical levels. It is preferred to maintain the tin
      content within the range of 3 to 8 weight percent at 4 percent nickel and
      3 to 12 weight percent at 40 percent nickel. Below 3 percent tin the
      amount of second phase material available is in general insufficient to
      affect mechanical properties significantly, while beyond 8 to 12 weight
      percent tin the alloys become difficult to process, particularly during
      pretreatment to achieve a supersaturated single phase .alpha. structure.
PAR  It has been found that minor additions of some materials such as zinc and
      manganese typically up to about 2 weight percent and 1/4 weight percent,
      respectively, may be beneficial in improving porosity characteristics of
      the cast ingots. The impurities silicon, phosphorous, lead and chromium
      should each be kept below about 0.05 weight percent in the composition in
      order to avoid a tendency of these elements to interfere with the
      hardening mechanism.
PAR  The first stage of the processing is designated generically as pretreatment
      and includes several steps designed to result in a medium to fine grain
      structure of a supersaturated solid solution of single phase .alpha.
      material. This pretreatment may take any form so long as it results in the
      requisite single phase material having in general an average grain size of
      100 microns or smaller for alloys containing less than 5 percent of tin
      and an average grain size of 25 microns or smaller for alloys containing 5
      percent or more tin. Larger average grain sizes would in general lead to
      difficulty in carrying out cold working steps. It is preferable for
      obtaining optimum properties to have a smaller average grain size of 12
      microns or smaller, regardless of the tin content. As will be appreciated,
      such a structure may be achieved by techniques known in the art. To aid
      the practitioner, an exemplary pretreatment is as follows. The cast ingot
      is first solution treated at a temperature within the single phase .alpha.
      region of the equilibrium diagram for a time sufficient to achieve
      substantial dissolution of any second phase material which may be present.
      The ingot is then formed into the desired shape by means which may include
      means for breaking up the cored structure formed during casting, such as,
      for example, hot forging, upset forging, or swaging (hot or cold). Forming
      is concluded with a cold work by an amount equivalent to an area reduction
      of at least 30 percent in order to insure a fine equiaxed
      recrystallization. The cold worked single phase structure is then annealed
      to achieve the desired grain size. It will also be appreciated that the
      annealed structure must be cooled at a rate sufficient to prevent the
      precipitation of any second phase material. It will ordinarily be
      sufficient for this purpose to air quench the alloy so long as such
      results in a cooling rate of at least 40.degree. C per second. It is,
      however, preferred to water or brine quench alloys containing 5 percent or
      more tin since the kinetics of the embrittling transformation in general
      tend to increase with increasing tin content. Such a water or brine quench
      would ordinarily correspond to a cooling rate of at least 500.degree. C
      per second.
PAR  In accordance with the invention, it has been discovered that an
      intermediate metastable state characterized by the so-called "spinodal"
      transformation from a single phase to a two-phase alloy, occurs in the
      pretreated alloy at a temperature below a metastable boundary
      characterized by a reversion temperature T.sub.m within the two-phase
      region of the equilibrium diagram, and results in considerable hardening
      of the alloy. However, a grain boundary second phase transformation occurs
      simultaneously in this region resulting in loss of ductility of peak 0.01
      yield strengths. Eventually, an equilibrium lamellar two-phase structure
      is nucleated, resulting in an abrupt drop in yield strength.
PAR  In accordance with the invention, it has been found that a critical amount
      of cold work prior to aging not only inhibits grain boundary second phase
      formation and nucleation of the equilibrium lamellar structure, but also
      significantly increases the kinetics of the spinodal transformation. Thus
      cold working by an amount equivalent to an area reduction of at least 75
      percent enables promotion of the spinodal transformation by aging below
      T.sub.m for a time which is insufficient to allow substantial grain
      boundary transformation.
PAR  The reversion temperature T.sub.m may be determined by plotting curves of
      isothermal resistivity changes as a function of time at various
      temperatures. These curves may be produced for any composition and will
      take one of two forms below the equilibrium boundary. The upper curves
      (corresponding to higher temperatures) will exhibit sigmoidal character,
      while the lower curves will exhibit exponential character. T.sub.m is
      represented by the temperature at which the curves revert from sigmoidal
      to exponential character.
PAR  T.sub.m is dependent both upon the amount of cold working the alloy has
      received and upon the composition of the alloy, particularly the tin
      content. The effect of tin upon T.sub.m may be appreciated, for example,
      by arbitrarily fixing the copper-nickel ratio at 90 to 10 and varying the
      tin content, resulting in a pseudo-binary (Cu.sub.0.9 Ni.sub.0.1).sub.x
      Sn.sub.1.sub.-x system in which T.sub.m increases with increasing tin
      content from a minimum at about 2 percent tin to a maximum at about 6
      percent and then tends to decrease again beyond 6 percent tin.
      Alternatively, if the copper-tin ratio is fixed and the nickel content is
      varied, T.sub.m increases gradually with increasing nickel content in an
      approximately linear manner. The exact position of the metastable boundary
      for any composition may be determined as described above.
PAR  Table I presents values of T.sub.m for some representative pretreated
      compositions of the invention.
TBL                Table I                                                     
     ______________________________________                                    
     Composition         Reversion Temp.                                       
     (wt.% Ni, wt.% Sn, rem.Bu)                                                
                         (T.sub.m) (.+-.5.degree.C)                            
     ______________________________________                                    
     31/2% Ni   21/2% Sn     401.degree. C                                     
     5% Ni      5% Sn        458.degree. C                                     
     7% Ni      8% Sn        502.degree. C                                     
     9% Ni      6% Sn        508.degree. C                                     
     101/2% Ni  41/2% Sn     530.degree. C                                     
     12% Ni     8% Sn        555.degree. C                                     
     ______________________________________                                    
PAR  Referring now to FIG. 1, the effect of aging upon the 0.01 yield strength
      and ductility of a copper, 9 wt. percent nickel, 6 wt. percent tin alloy
      after cold working to an area reduction of 90 percent is depicted
      graphically for two different aging temperatures. Several features of the
      inventive process become apparent from an examination of these curves. For
      example, comparing the curves for 0.01 yield strength versus aging time
      shows that as aging temperature is decreased, the peak 0.01 yield strength
      and the aging time to achieve it are both increased. Thus, in the Figure,
      decreasing the aging temperature from 375.degree. C to 300.degree. C
      results in an increased peak 0.01 yield strength of about 20,000 psi and
      an increased aging time to this peak yield strength from about 71/2
      minutes to about 28 hours. Comparing the curves for ductility versus aging
      time shows that ductility remains approximately unaffected by aging until
      a critical aging time is reached at which the undesirable embrittling
      second phase material begins to appear, resulting in an abrupt drop in
      ductility. For ease in describing the effects of the process variables
      upon the attainment of optimum 0.01 yield strength and ductility,
      ductilities above 40 percent reduction in area will be arbitrarily
      designated as optimum, and ductilities falling below 40 percent reduction
      in area will be arbitrarily designated herein by the term "onset of
      embrittlement." It will be understood by the practitioner, however, that
      many applications for these alloys exist for which ductilities below these
      levels would be adequate.
PAR  It is observed by a comparison of the 0.01 yield strength curves that the
      aging time required to achieve peak 0.01 yield strength and the time to
      reach onset of embrittlement varies with aging temperature. Thus, at an
      aging temperature of 300.degree. C, peak 0.01 yield strength is achieved
      after the onset of embrittlement whereas at k375.degree. C peak 0.01 yield
      strength is achieved before the onset of embrittlement. It has been found
      that for every composition and every level of prior cold work within the
      limits described there exists an aging temperature T.sub.d at which peak
      0.01 yield strength is achieved at about the same time that onset of
      embrittlement begins to occur. FIG. 2 shows the relationship between
      T.sub.d and the level of prior cold work for a copper, 9 wt. percent
      nickel, 6 wt. percent tin alloy. As may be seen, at least 75 percent prior
      cold work is necessary in order to achieve peak 0.01 yield strength
      accompanied by a ductility of at least 40 percent reduction in area at any
      temperature. As the level of cold work is increased beyond 75 percent, the
      aging temperature T.sub.d decreases, enabling the attainment of increased
      levels of 0.01 yield strength at peak value. For this reason cold working
      prior to aging by an amount equivalent to at least 90 percent area
      reduction is preferred.
PAR  Combinations of prior cold work and aging temperatures within the hatched
      region of FIG. 2 will result in ductilities of at least 40 percent
      reduction in area, but may result in less than optimum mechanical
      strengths.
PAR  It will be realized that even higher 0.01 yield strength values may be
      attained if the ductility requirement of at least 40 percent reduction in
      area is relaxed. For example, for the copper, 9 percent nickel, 6 percent
      tin alloy, cold working to 90 percent area reduction followed by aging at
      T.sub.d (approximately 355.degree. C) results in a peak 0.01 yield
      strength of about 158,000 psi. Referring back to FIG. 1, it is seen that
      dropping the aging temperature below T.sub.d to 300.degree. C results in a
      higher peak 0.01 yield strength of about 165,000 psi while ductility falls
      below 40 percent reduction in area to about 30 percent reduction in area.
PAR  In general, aging below about 225.degree. C for any composition would
      require times of the order of 24 hours or longer to achieve optimum
      mechanical strength, too long for most commercial applications.
PAR  The shape of the curve in FIG. 2 is essentially unaffected by shifts in
      composition away from the copper, 9 percent nickel, 6 percent tin alloy.
      However, increasing the tin content or decreasing the nickel content or
      both tends to shift the curve upwards and to the right for a given level
      of cold work. For example, for a prior cold work of 99 percent area
      reduction, increasing the tin content from 6 to 8 percent and decreasing
      the nickel content from 9 to 7 percent increases T.sub.d from about
      290.degree. C to about 425.degree. C. Decreasing the nickel content of a
      copper, 8 percent tin alloy from 12 to 7 percent increases T.sub.d from
      about 375.degree. C to about 425.degree. C.
PAR  FIG. 1 also shows that relaxation of the requirement to reach peak 0.01
      yield strength can broaden the permissible limits of aging time or
      temperature or both for a given level of prior cold work. For example, it
      is seen that aging at a temperature of from 300.degree. to 375.degree. C
      for a time of from about 100 seconds to 3 hours results in a 0.01 yield
      strength of about 125,000 to 155,000 psi (from about 80 to 98 percent of
      peak 0.01 yield strength attainable at T.sub.d) and a ductility of at
      least 40 percent reduction in area.
PAR  As stated above, the prior cold work increases the kinetics of the spinodal
      transformation, promotion of which determines the desired optimum
      mechanical properties. For any given aging temperature, increasing the
      level of prior cold work therefore decreases the time required to achieve
      peak properties. This effect may be seen from the following Table II which
      presents: optimum aging time; mechanical strength values (in psi)
      including 0.01 yield strength, 0.2 yield strength, and ultimate tensile
      strength; and ductility values (in percent reduction in area) for a
      copper, 9 percent nickel, 6 percent tin alloy for various aging
      temperatures and levels of prior cold work. For example, for an aging
      temperature of 400.degree. C as cold work increases from 75 percent to
      99.75 percent the optimum aging time decreases from 30 minutes to 1
      second. These results suggest that aging may be carried out using a
      continuous or strand anneal which may be preferred, for example, in the
      production of rod or wire at high rates. Thus, for the attainment of
      optimum properties accompanied by minimum aging times, cold working by an
      amount equivalent to an area reduction of at least 95 percent is required
      and at least 99 percent is preferred.
TBL                                    Table II                                
     __________________________________________________________________________
     Aging                                                                     
          Prior Time  0.01% 0.2%  U.T.S.                                       
                                        %RA                                    
     Temp.                                                                     
          Cold        Yield Yield (.+-.2000)                                   
                                        (.+-.5%)                               
          Work        (.+-.2000                                                
                            (.+-.2000                                          
                                  psi)                                         
                      psi)  psi)                                               
     __________________________________________________________________________
     300.degree.C                                                              
          99.75%                                                               
                30 min                                                         
                      188,000                                                  
                            201,000                                            
                                  202,000                                      
                                        51%                                    
          99%   75 min                                                         
                      182,000                                                  
                            200,000                                            
                                  200,000                                      
                                        52%                                    
     350.degree.C                                                              
          99.75%                                                               
                2  min                                                         
                      185,000                                                  
                            201,000                                            
                                  201,000                                      
                                        58%                                    
          95%   60 min                                                         
                      172,000                                                  
                            188,000                                            
                                  191,000                                      
                                        58%                                    
     375.degree.C                                                              
          99.75%                                                               
                30 sec                                                         
                      172,000                                                  
                            188,000                                            
                                  189,000                                      
                                        58%                                    
          95%   2  min                                                         
                      151,000                                                  
                            170,000                                            
                                  172,000                                      
                                        64%                                    
          90%   5  min                                                         
                      147,000                                                  
                            164,000                                            
                                  165,000                                      
                                        64%                                    
     400.degree.C                                                              
          99.75%                                                               
                1  sec                                                         
                      168,000                                                  
                            189,000                                            
                                  191,000                                      
                                        64%                                    
          95%   24 sec                                                         
                      142,000                                                  
                            167,000                                            
                                  169,000                                      
                                        64%                                    
          90%   2  min                                                         
                      135,000                                                  
                            158,000                                            
                                  159,000                                      
                                        70%                                    
          75%   30 min                                                         
                      135,000                                                  
                            155,000                                            
                                  155,000                                      
                                        54%                                    
     450.degree.C                                                              
          75%   5  min                                                         
                      135,000                                                  
                            154,000                                            
                                  155,000                                      
                                        58%                                    
     500.degree.C                                                              
          75%   10 sec                                                         
                      121,000                                                  
                            141,000                                            
                                  143,000                                      
                                        60%                                    
     __________________________________________________________________________
PAR  Varying the composition within the stated limits also has an effect upon
      mechanical properties. For example, it has been observed that generally
      for each 1 percent increase in tin content, the peak 0.01 yield strength
      attainable increases by about 30,000 psi. However, as the tin level
      increases beyond about 6 percent, it becomes more difficult to maintain
      ductility above the 40 percent reduction in area level.
PAR  Table III shows the combinations of prior cold work and aging conditions
      resulting in optimum strength and ductility levels for some representative
      compositions. As may be seen from the Table, the highest ductility and
      lowest 0.01 yield strength were obtained for the 21/2 percent tin alloy,
      while the lowest ductility and highest 0.01 yield strength were obtained
      for the 12 percent nickel, 8 percent tin alloy.
TBL                                    Table III                               
     __________________________________________________________________________
     Alloy  Prior Cold                                                         
                    Time  0.01%       %RA                                      
     (%Ni,%Sn,                                                                 
            Work &        Yield UTS   (.+-.5%)                                 
     rem.Cu)                                                                   
            Aging Temp.   (.+-.2000                                            
                                (.+-.2000                                      
                          psi)  psi)                                           
     __________________________________________________________________________
     7% Ni-8%Sn                                                                
            99% cold                                                           
                    8 sec 173,000                                              
                                210,000                                        
                                      47%                                      
            work +                                                             
            425.degree.C                                                       
     12%Ni- 99% cold                                                           
                    10 sec                                                     
                          192,000                                              
                                227,000                                        
                                      46%                                      
     8%Sn   work +                                                             
            400.degree.C                                                       
     14%Ni- 99% cold                                                           
                    5 min 176,000                                              
                                206,000                                        
                                      54%                                      
     6% Sn  work +                                                             
            350.degree.C                                                       
     101/2% 99.75% cold                                                        
                    5 min 154,000                                              
                                181,000                                        
                                      63%                                      
     Ni-    work +                                                             
     41/2%  350.degree.C                                                       
     Sn                                                                        
     31/2%  99% cold                                                           
                    4 hrs  95,000                                              
                                127,000                                        
                                      75%                                      
     Ni-    work +                                                             
     21/2%  250.degree.C                                                       
     Sn                                                                        
     5% Ni- 99% cold                                                           
                    2 min 160,000                                              
                                192,000                                        
                                      51%                                      
     5% Sn  work +                                                             
            320.degree.C                                                       
     __________________________________________________________________________
PAR  Table IV shows cold work and aging conditions resulting in optimum
      mechanical strength regardless of ductility for the copper, 7 percent Ni,
      8 percent tin and copper, 12 percent Ni, 8 percent tin alloys.
TBL                                    Table IV                                
     __________________________________________________________________________
     Alloy  Prior Cold                                                         
                     Time 0.01% UTS   %RA                                      
     (%Ni,%Sn,                                                                 
            Work &        Yield (.+-.2000                                      
                                      (.+-.5%)                                 
     rem.Cu)                                                                   
            Aging Temp.   (.+-.2000                                            
                                psi)                                           
                          psi)                                                 
     __________________________________________________________________________
     7%Ni-  99% cold work                                                      
                     15 sec                                                    
                          196,000                                              
                                224,000                                        
                                       6%                                      
     8%Sn   + 300.degree.C                                                     
     12%Ni- 99% cold work                                                      
                     11/2 219,000                                              
                                246,000                                        
                                      10%                                      
     8%Sn   + 250.degree.C                                                     
                     hr                                                        
     __________________________________________________________________________
PAR  The following example compares the effects of annealing; annealing and
      aging; and annealing, cold working and aging upon the mechanical strength
      and ductility of a copper, 9 percent nickel, 6 percent tin alloy.
PAC  EXAMPLE
PAR  Copper, nickel and tin were alloyed in an induction furnace under a helium
      atmosphere to give a 9 percent nickel, 6 percent tin, 85 percent copper
      composition. The alloy melt was cast into 1 inch diameter rods at about
      100.degree. C above the melting point. The rods were then solution treated
      at 800.degree. C for 5 hours under a hydrogen atmosphere, followed by cold
      working by swaging with intermediate anneals at 800.degree. C to break up
      the cored structure, resulting in a reduction of the diameter of the rods
      to 0.5 inch. The rods were then turned down on a lathe to 0.4 inch
      diameter to remove surface scale. They were then cold swaged further to
      0.2 inches in diameter, corresponding to an area reduction of about 75
      percent and annealed at 800.degree. C for 5 minutes in hydrogen and water
      quenched. The rods were then in a substantially supersaturated solid
      solution of .alpha. phase having an average grain size of about 12
      microns. The rods were then cold drawn to final diameters of 0.02 inches
      and given various additional treatments prior to testing as follows. One
      batch of wire was annealed at 800.degree. C for 5 minutes and water
      quenched. A second batch was annealed and aged at 350.degree. C for
      various times to determine time to peak 0.01 yield strength. A third batch
      was reduced to the appropriate intermediate level, annealed and further
      drawn to the final 0.02 inch diameter corresponding to an area reduction
      of 95 percent. They were then aged at 350.degree. C for various times to
      determine time to peak 0.01 yield strength. The fourth batch was cold
      drawn to a final diameter of 0.010 inches without an intermediate anneal,
      corresponding to an area reduction of 99.75 percent, and aged at
      350.degree. C to peak 0.01 yield strength. Aging was carried out in a salt
      bath composed of a fifty-fifty mixture of sodium nitrite and potassium
      nitrate. The specimens were then tested in tension for yield strengths at
      both 0.01 and  0.2 percent offset, (using a load-unload technique), for
      ultimate tensile strengths and ductility, using a strain rate of 0.05
      inches per minute. The results are shown in Table V, which includes aging
      time to peak 0.01 yield strength.
TBL                Table V                                                     
     ______________________________________                                    
     Batch  Aging   0.01%     0.2%   UTS    Ductility                          
     No.    Time    Yield     Yield  (psi)  (%RA)                              
            (min.)  Strength  Strength                                         
                    (psi)     (psi)                                            
     ______________________________________                                    
     1      --      10,000     40,000                                          
                                      66,000                                   
                                            84                                 
     2      4800    85,000    122,000                                          
                                     135,000                                   
                                             6                                 
     3       60     172,000   191,000                                          
                                     191,000                                   
                                            58                                 
     4        2     185,000   203,000                                          
                                     203,000                                   
                                            57                                 
     ______________________________________                                    
PAL  It may be seen from the Table that annealing the sample after cold working
      results in very low mechanical strength and very high ductility (Batch No.
      1) whereas annealing followed by aging to peak 0.01 yield strength results
      in much increased mechanical strength but is accompanied by a severe drop
      in ductility (Batch No. 2) Annealing, cold working and aging in accordance
      with the procedure of the invention results in even higher mechanical
      strengths accompanied by good ductilities (Batches 3 and 4). Thus, cold
      working to 95 percent area reduction prior to aging more than doubles the
      0.01 yield strength over that obtained simply by aging while at the same
      time maintaining ductility of 58 percent as compared to only 6 percent for
      the aged material. Increasing cold working to 99.75 percent further
      increases 0.01 yield strength by more than 10,000 psi with no apparent
      loss in ductility. Furthermore, cold working results in a substantial
      decrease in aging time to peak mechanical strength. For example, aging
      time is decreased from 4800 minutes to only 60 minutes when aging is
      preceded by a 95 percent cold reduction and is further decreased to 2
      minutes for a 99.7 percent cold reduction.
PAR  FIG. 3 depicts an article such as a wire or rod section composed of an
      alloy composition of the invention processed as described herein. Due to
      their higher mechanical strengths and ductilities than have heretofore
      been attained, these alloys as processed herein form a part of the
      invention.
PAR  The invention has been described in terms of a limited number of
      embodiments. Other embodiments will become apparent to those skilled in
      the art from the teachings set forth herein and these embodiments are
      intended to be encompassed within the scope of the description and the
      appended claims.
PAR  The terms "spinodal transformation," "grain boundary second phase
      transformation," and "discontinuous lamellar structure" have been used
      herein. While substantial evidence exists to support an explanation of the
      hardening and embrittling mechanisms based upon the use of these terms,
      the accuracy of such an explanation is not relied upon to define the
      invention since the processing necessary in order to achieve the desired
      mechanical properties of the final alloy composition has been fully
      described herein.
PAR  Finally, and as mentioned earlier, the discussion above is in terms of a
      preferred compositional range in which the claimed alloys can serve as
      substitutes for copper-beryllium. However, alloys within the claimed range
      may find application where copper-beryllium is not customarily used.
      Specifically, alloys with smaller amounts of nickel and/or tin are of
      commercial interest as substitutes for phosphor bronze.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing a copper-nickel-tin alloy comprising cold working
      and aging characterized by
PA1  a. providing an alloy consisting essentially of a composition within the
      single phase .alpha. region of the equilibrium ternary phase diagram for
      copper, nickel and tin at temperatures approaching the melting point of
      the alloy but within the two-phase .alpha. + .theta. region of the diagram
      at room temperature, in a supersaturated solid solution of .alpha. phase
      having medium to fine grain size,
PA1  b. cold working the alloy by an amount equivalent to an area reduction of
      at least 75 percent, and
PA1  c. aging the alloy at a temperature below the metastable boundary T.sub.m
      of the alloy, T.sub.m being defined as the temperature at which curves
      produced by isothermal resistivity changes as a function of time revert
      from a sigmoidal to an exponential character.
NUM  2.
PAR  2. The method of claim 1 in which the alloys consist essentially of from 2
      to 40 weight percent nickel, from 2.5 to 8 weight percent tin at 2 percent
      nickel and from 2.5 to 12 weight percent tin at 40 percent nickel,
      remainder copper.
NUM  3.
PAR  3. The method of claim 1 in which the alloy consists essentially of from 4
      to 40 weight percent nickel, from 3 weight percent tin to 8 weight percent
      tin at 4 percent nickel, and from 3 to 12 weight percent tin at 40 percent
      nickel, remainder copper.
NUM  4.
PAR  4. The method of claim 1 in which the alloy provided for cold working and
      aging contains up to 5 percent tin and has an average grain size of up to
      100 microns.
NUM  5.
PAR  5. The method of claim 1 in which the alloy provided for cold working and
      aging contains at least 5 percent tin and has an average grain size of up
      to 25 microns.
NUM  6.
PAR  6. The method of claim 1 in which the alloy provided for cold working and
      aging has an average grain size of up to 12 microns.
NUM  7.
PAR  7. The method of claim 1 in which cold working is carried out by an amount
      equivalent to an area reduction of at least 90 percent.
NUM  8.
PAR  8. The method of claim 7 in which cold working is carried out by an amount
      equivalent to an area reduction of at least 95 percent.
NUM  9.
PAR  9. The method of claim 8 in which cold working is carried out by an amount
      equivalent to an area reduction of at least 99 percent.
NUM  10.
PAR  10. The product produced by the method of claim 1.
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ABST
PAL  A process for the bright-annealing and recrystallization of copper-zinc
      alloy articles consists of coating the articles with a solution of a
      synthetic resin and introducing the thus coated articles into an annealing
      furnace wherein the articles are subjected to recrystallization
      temperature.
BSUM
PAR  This invention relates to a process for the bright annealing and
      recrystallization of non-ferrous metals, more particularly semi-products
      of copper and zinc alloys, such as brass strip, wire and bar, in which the
      semiproduct is heated to recystallization temperature in an air atmosphere
      in an annealing furnace.
PAR  In the production of semi-products from non-ferrous metals, more
      particularly copper and zinc alloys, for example brass, to form strip,
      wire, tubes, bar material or the like, the metal is cold-worked in a
      multi-stage production process. Between each cold-working, the metal has
      to be heated to recrystallization temperature, i.e., annealed,
      recrystallized and then cooled. Annealing is carried out in an annealing
      furnace in an air atmosphere so that, for example, copper and zinc as the
      alloying elements of brass, or alternatively other non-ferrous metals, are
      oxidized by contact with atmospheric oxygen during the recrystallization
      process in the annealing furnace. The metal or metal alloy must therefore
      be pickled before the next cold-working process. The pickling acid,
      usually a dilute sulphuric acid solution, chemically dissolves the oxides
      mainly situated on the surface of the metal or alloy, namely zinc and
      copper oxide in the case of brass, and exposes the pure metal or metal
      alloy situated therebeneath. When sulphuric acid solution is used as a
      pickling acid, the metallic oxides are converted to sulphates and remain
      in solution in the pickling liquid or are diluted by the wash water in a
      washing process following the pickling process, and have to be discharged
      as an effluent. This effluent is highly contaminated, for example, by
      copper and zinc ions. The pickling process required results in
      considerable metal losses which can be recovered from the spent pickling
      liquid only partially by expensive additional processes such as, for
      example, copper electrolysis, in the case of copper.
PAR  To obviate the pickling process, therefore, numerous attempts have already
      been made to prevent oxidation of the metal or metal alloy during
      annealing for recrystallization. For example, it has already been proposed
      to carry out the annealing operation in a protective gas atmosphere.
      However, this necessitates expensive plant for preparing and purifying the
      protective gas required. There are also narrow limits to the size of the
      oven if a completely oxygen-free gas atmosphere is to be maintained.
      Generally, it is not possible to use a continuous annealing furnace and
      instead annealing has to be carried out in batch-operated furnaces. There
      are particular difficulties in the case of annealing brass semi-products
      in a protective gas atmosphere, since the production of high-purity
      protective gases having a high reduction potential is possible only with
      difficulty on an industrial scale and in addition the zinc alloying
      component of brass has a high vapour pressure at the conventional
      recrystallization temperature of 400.degree.-650.degree.. Similar remarks
      apply to chromium-nickel alloys, where chromium, like zinc, has a very
      high affinity for oxygen.
PAR  In heat-treatment for the tempering of steel semi-products it is known
      (German Patent Specification 1 803 022) to avoid atmospheric oxidation
      resulting in scaling by giving the steel a protective coating before
      heating. The protective coating consists of a suspension of ceramic frit
      material in an organic solvent, a non-ionic cellulose derivative being
      used as suspension agent. Some surface oxidation of the metal is said to
      occur during heating, although the coating starts to melt at higher
      temperatures and forms a flowable glaze which spreads uniformly over the
      surface of the metal and dissolves away the oxide thereon. It is stated
      that no further oxidation can then take place. On subsequent cooling the
      glaze is said to peel off because of the different coefficients of thermal
      expansion of the metal and the glaze, and leave a clean oxide-free metal
      surface.
PAR  Finally a process has been disclosed for protecting solid or liquid warm or
      hot metal surfaces (German Offenlegungsschrift No. 1 558 001), wherein
      during the treatment process the metal surface is treated with a product
      having reducing properties, for example boron, soda or beryllium
      derivatives. This process has absolutely no connection with a
      heat-treatment process in which a cold workpiece is provided with a
      coating and then heated.
PAR  The object of the invention is to find a simple process for the annealing
      of non-ferrous metals in which the semi-product obtained after annealing
      is recrystallized with a fine uniform structure and is bright without any
      aftertreatment.
PAR  To this end, in a process of the above type, the invention proposes that
      the semi-product of non-ferrous metal should be provided with a protective
      coating of a synthetic resin before being placed in the annealing furnace.
PAR  It has surprisingly been found that the annealing process can be decisively
      influenced by a synthetic resin protective coating, the term synthetic
      resin according to the invention being used to denote both thermoplastic
      and thermosetting resins. The synthetic resin protective coating so
      influences the recrystallization process that much more favourable
      physical values are obtained and a bright semi-product is produced. The
      decisive factor is that the entire surface of the metal or metal alloy is
      provided with the synthetic resin coating which, according to the
      invention, can be applied to the metal surface in a thin coat by brushing,
      spraying, sprinkling or immersion. The thickness of the coat depends on
      the annealing temperature and annealing time.
PAR  The synthetic resin applied is generally dissolved in a solvent and changes
      its state during annealing in normal annealing plant. The annealed
      material first appears dark-brown and then assumes a silver shade and
      finally again resumes its natural shade. The major part of the applied
      resin obviously vapourizes during the annealing process. After cooling, an
      ultra-thin film, which cannot be detected by normal measuring methods,
      apparently is left on the non-ferrous metal semi-product, which has been
      annealed so as to be free from oxides.
PAR  The process according to the invention gives surprising advantages and the
      thus annealed non-ferrous-metal semi-product or semi-product consisting of
      a non-ferrous metal alloy has unforeseen properties, even when the alloy
      contains constituents having a high affinity for oxygen.
PAR  The operations of pickling, rinsing and possibly brushing the coldworked
      and annealed workpiece are eliminated. Regeneration of the pickling water
      for recovery of the metal losses and discharge of the pickling liquor are
      eliminated.
PAR  Surprisingly, the annealing temperatures can be lower than in the case of
      workpieces not provided with a protective synthetic resin coating. In
      addition, annealing time can nevertheless be reduced.
PAR  Despite the reduced annealing time in comparison with the conventional
      process, the process according to the invention results in very
      advantageous recrystallization of the annealed material. A very uniform
      structure formation is obtained as a result of the low annealing
      temperatures, and this means, more particularly, prevention of
      coarse-grain inclusions. The structure is much more homogeneous and this
      manifests itself in the extraordinary softness of the annealed material.
      The metal semi-product annealed by the process according to the invention
      can therefore be worked very well in a subsequent cold-working process.
PAR  Apart from the good working properties, the semi-product annealed according
      to the invention can be immediately electroplated without any
      after-treatment. It has been found, for example, in the case of
      nickel-plating, that the nickel coating applied by electrodeposition can
      be reduced by about half. There is therefore a considerable saving of time
      and material in electroplating. This is obviously due to the very smooth
      surface produced by the annealing process according to the invention.
PAR  This is also evident from the fact that the surface of a semi-product
      bright-annealed according to the invention is relatively insensitive to
      mechanical damage and moisture influences. From this factor also one may
      conclude that an extremely thin synthetic resin film is left on the
      surface of the semi-product after annealing even if such film cannot be
      detected by normal measuring methods. This probable extremely thin film
      has no adverse effects on further treatment. On the contrary, only
      positive effects have been found up until now, as is apparent from the
      example of surface protection and electroplating.
PAR  Experiments have shown that any non-ferrous metals and metal alloys, more
      particularly including those having constituents with a high affinity for
      oxygen, can be bright-annealed and recrystallized with good structure in
      the temperature range from about 200.degree. to about 650.degree.C. It has
      also been found that the said temperature range is less dependent on the
      hitherto conventional annealing temperature of the metal or metal alloy
      without a protective coating than on the temperature properties of the
      synthetic resins used.
PAR  The following types of synthetic resin have proved suitable for the process
      according to the invention: phenolic resins, polyester resins,
      aminoresins, epoxy resins, acrylic resins, silicone resins, maleic resins,
      chlorinated rubber, cyclized rubber, ketone resins, colophony resins
      modified with phenol.
PAR  Laboratory and production experiments in the annealing of brass has shown
      that the following special synthetic resins are particularly good or
      wellsuited for the process according to the invention. The resin names
      given in parentheses are the trade names under which the respective resins
      are sold by Messrs. Reichhold-Albert-Chemie AG, Wiesbaden-Biebrich:
      phenolic resin (Phenodur PR 373). phenolic resin (Alresen PT 191),
      polyester resin (Alftalat VAN 93/1), polyester resin (Alftalat AC 371),
      polyester resin (Alftalat VAN 95/1), melamine resin (Maprenal WL),
      melamine resin (Maprenal TTX), acrylic resin (Synthacryl VSC 42), maleic
      resin (Alresat KM 313), maleic resin (Alresat KM 400), cyclized rubber
      (Alpex CK 450), epoxy resins (Beckopox EP 307).
DRWD
PAR  The results of practical tests are summarized below by reference to
      examples. The accompanying drawings are graphs showing the material values
      during annealing treatment against time as follows:
PAR  FIG. 1: for brass strip CuZn 37, F 55
PAR  FIG. 2: for brass strip CuZn 37, bright-rolled
PAR  FIG. 3: for brass wire CuZn 37, drawing hardness
DETD
PAR  The following values were obtained for the annealing of brass wire in
      laboratory tests where:
PAR  .sigma..sub.s  = Yield point in kp/mm.sup.2
PAR  .sigma..sub.B  = Breaking strength in kp/mm.sup.2
PAR  .delta. = Elongation in %, measured length Lo = 100 mm
PAR  KG = Grain size in .mu.m
PAR  HB = Brinell hardness in kp/mm.sup.2
TBL                                    Table 1                                 
     __________________________________________________________________________
                Annealing treatment                                            
                .degree.C                                                      
                    Time  .sigma..sub.S                                        
                              .sigma..sub.B                                    
                                  .delta.                                      
                                     KG                                        
                1. Wire 0.80 mm dia. cold working (cross-section               
                  variation) 91.8%                                             
     __________________________________________________________________________
     without annealing                                                         
     treatment  --    --  --  95,3                                             
                                   3  --                                       
     without synthetic                                                         
     resin coating                                                             
                470.degree.                                                    
                    1/2 hour                                                   
                          --  47,7                                             
                                  31 xx)                                       
     with synthetic                                                            
     resin coating                                                             
                470.degree.                                                    
                    1/2 hour                                                   
                          --  42,5                                             
                                  43 17                                        
                2. Wire 3.40 mm dia. cold working (cross-section               
                  variation) 58.8%                                             
     __________________________________________________________________________
     without annealing                                                         
     treatment  --    --  --  73,1                                             
                                   2  --                                       
     without synthetic                                                         
                450.degree.                                                    
                    1 hour                                                     
                          17,6                                                 
                              39,8                                             
                                  35 23 X                                      
     resin coating                                                             
                450.degree.                                                    
                    1,5 hours                                                  
                          15,8                                                 
                              39,8                                             
                                  34 25 x)                                     
     with synthetic resin                                                      
                450.degree.                                                    
                    1 hour                                                     
                          17,6                                                 
                              40,2                                             
                                  39 27                                        
     coating    450.degree.                                                    
                    1,5 hours                                                  
                          14,8                                                 
                              39,2                                             
                                  42 27                                        
                3. Wire 3.70 mm dia. cold working (cross-section               
                  variation) 51.4%                                             
     __________________________________________________________________________
     without annealing                                                         
     treatment  --    --  --  67,1                                             
                                   3  --                                       
     without synthetic                                                         
     resin coating                                                             
                450.degree.                                                    
                    2 hours                                                    
                          14,8                                                 
                              39,7                                             
                                  32 27                                        
     with synthetic resin                                                      
     coating    450.degree.                                                    
                    2 hours                                                    
                          14,1                                                 
                              38,1                                             
                                  45 27                                        
                4. Wire 4.20 mm dia. cold working (cross-section               
                  variation) 75.5%                                             
     __________________________________________________________________________
     without annealing                                                         
     treatment  --    --  --  67,5                                             
                                   3  --                                       
     without synthetic                                                         
                430.degree.                                                    
                    3 hours                                                    
                          20,5                                                 
                              42,5                                             
                                  31 16 x)                                     
     resin coating                                                             
                450.degree.                                                    
                    2 hours                                                    
                          16,6                                                 
                              39,3                                             
                                  34 23-60                                     
                470.degree.                                                    
                    1/2 hour                                                   
                          23,6                                                 
                              44,4                                             
                                  31 15 x)                                     
     with synthetic                                                            
                430.degree.                                                    
                    3 hours                                                    
                          18,0                                                 
                              39,2                                             
                                  43 21                                        
     resin coating                                                             
                450.degree.                                                    
                    2 hours                                                    
                          17,8                                                 
                              38,8                                             
                                  42 21                                        
                470.degree.                                                    
                    1/2 hour                                                   
                          16,9                                                 
                              39,1                                             
                                  42 23                                        
     __________________________________________________________________________
       x) not completely recrystallised                                        
      xx) deformed (no recrystallisation)                                      
PAR  The following values were obtained in the annealing of brass strip CuZn 37:
TBL                                    Table II                                
     __________________________________________________________________________
               Annealing treatment                                             
                .degree.C                                                      
                   Time .sigma..sub.S                                          
                            .sigma..sub.B                                      
                                .delta.                                        
                                   HB  KG                                      
     __________________________________________________________________________
               1. Brass strip CuZn 37, bright rolled                           
                 F 40, 0.50 .times. 100 m                                      
     __________________________________________________________________________
     without annealing                                                         
     treatment --  --   30,6                                                   
                            40,7                                               
                                44 102 17                                      
     without synthetic                                                         
               500.degree.                                                     
                   5 Min.                                                      
                        22,8                                                   
                            37,6                                               
                                47 89  20 x)                                   
     resin coating                                                             
               520.degree.                                                     
                   3 Min.                                                      
                        23,0                                                   
                            37,8                                               
                                47 89  20 x)                                   
               550.degree.                                                     
                   2 Min.                                                      
                        23,1                                                   
                            38,6                                               
                                47 87  20 x)                                   
               570.degree.                                                     
                   2 Min.                                                      
                        17,4                                                   
                            36,2                                               
                                49 80  27                                      
     with synthetic                                                            
               500.degree.                                                     
                   5 Min.                                                      
                        19,0                                                   
                            37,0                                               
                                61 81  23                                      
     resin coating                                                             
               520.degree.                                                     
                   3 Min.                                                      
                        19,2                                                   
                            36,5                                               
                                62 80  25                                      
               550.degree.                                                     
                   2 Min.                                                      
                        17,3                                                   
                            36,3                                               
                                64 77  25                                      
               570.degree.                                                     
                   2 Min.                                                      
                        14,2                                                   
                            34,0                                               
                                67 65  42                                      
               x) not completely recrystallised                                
               2. Brass strip CuZn 37,                                         
                 F 55, 0,50 .times. 57 mm                                      
     __________________________________________________________________________
     without annealing                                                         
     treatment --  --     55,4  10 150 --                                      
     without synthe-                                                           
               430.degree.                                                     
                   1 hour 34,9  56 72  23 - 30                                 
     tic resin 430.degree.                                                     
                   2 hours                                                     
                          34,6  59 70  25 - 37                                 
     coating   520.degree.                                                     
                   5 Min. 35,2  60 69  25 - 33                                 
     with synthetic                                                            
               430.degree.                                                     
                   1 hour 36,9  50 81  25                                      
     resin coating                                                             
               430.degree.                                                     
                   2 hours                                                     
                          35,7  55 74  25                                      
               520.degree.                                                     
                   5 Min. 35,7  53 70  23                                      
     __________________________________________________________________________
PAR  A comparative annealing using CuZn 37 brass strip, bright, was carried out
      in a production test. Annealing was carried out in an electrical furnace
      with three temperature zones set to 750.degree. - 650.degree. -
      570.degree.C. The speed of passage through the furnace was 1.2 m/min.
TBL                Table III                                                   
     ______________________________________                                    
             Dimensions                                                        
             mm      .sigma..sub.S                                             
                             .sigma..sub.B                                     
                                     .delta.                                   
                                          HB    KG                             
     ______________________________________                                    
     unannealed                                                                
               0,80.times.86                                                   
                         29,6    40,3  53   102   17                           
     without pro-                                                              
     tective syn-                                                              
     thetic resin                                                              
     coating   0,80.times.86                                                   
     with protec-                                                              
     tive synthetic                                                            
     resin coating                                                             
               0,80.times.86                                                   
                         14,9    35,0  65   69    30                           
     unannealed                                                                
               0,90.times.70                                                   
                         27,5    39,4  53   97    17                           
     without syn-                                                              
     thetic resin                                                              
     coating   0,90.times.70                                                   
     with synthetic                                                            
     resin coating                                                             
               0,90.times.70                                                   
                         14,7    35,0  65   65    30                           
     ______________________________________                                    
PAR  In all the laboratory and practical experiments the wires or strip were
      annealed only in accordance with the proposal of the invention without any
      subsequent pickling and brushing. In each case a perfect bright and soft
      annealed quality was obtained. In a practical test for further processing
      of the semi-product, finished products, more particularly rosettes, were
      made from the size 0.80 x 86 mm brass strip, using, on the one hand,
      material annealed, pickled and polished by the prior-art process and, on
      the other hand, strip material annealed by the process according to the
      invention. The finished products or rosettes were stamped in one operation
      and deep-drawn in a second operation.
PAR  The parts annealed by the prior-art process were given a nickel or chromium
      coating of up to 16 .mu.m. The nickel or chromium coating in the case of
      the parts stamped and deep-drawn from the strip annealed according to the
      invention was only 8 .mu.m after half the passage time through the
      electroplating system, and yet the appearance of these parts was much
      better.
PAR  In a corresponding practical test with brass strip of the size 0.90 x 70
      mm, nickel-plated or chromium-plated parts produced from brass strip
      material annealed by the prior-art process was subsequently alos polished.
      When brass strip annealed by the process according to the invention was
      used it was surprisingly found that polishing could be dispensed with
      after electroplating.
PAR  The said practical tests appeared to prove that the process according to
      the invention gives an extremely smooth and uniform bright surface which
      enables electroplating to be carried out with thinner coatings and also
      ensure that subsequent polishing can be dispensed with.
PAR  In addition to the symbols already explained in the case of Table I, the
      symbol used in the accompanying drawings have the following meanings;
PA1  D.sub.k = KG = Grain size
PA1  .delta..sub.10 = .delta. = Elongation Lo = 100 mm
PA1  F.sub.40 = din breaking strength about 40 kp/mm.sup.2
PA1  F.sub.55 = din breaking strength about 55 kp/mm.sup.2
PA1  zh = Drawing-hard, without any strength value to be complied with.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the bright-annealing and recrystallization of
      copper-zinc alloy articles in the form of strip, wire and bar material, in
      which such articles are heated to recrystallization temperature in an air
      atmosphere in an annealing furnace, the improvement which comprises
      applying to such articles a coating of a liquefied synthetic resin
      dissolved in a solvent therefor and introducing the thus coated articles
      into the annealing furnace and subjecting the articles to
      recrystallization temperature therein.
NUM  2.
PAR  2. A process according to claim 1, wherein the synthetic resins used are
      both thermoplastic and thermosetting resins.
NUM  3.
PAR  3. A process according to claim 2, wherein the synthetic resin coating is
      applied by means of a brush or roller.
NUM  4.
PAR  4. A process according to claim 2, wherein the synthetic resin coating is
      applied by spraying or sprinkling by means of a spray device.
NUM  5.
PAR  5. A process according to claim 2, wherein the synthetic resin coating is
      applied by dipping the articles into an immersion bath disposed upstream
      of the annealing furnace.
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PAL  A novel self-adhesive type multi-layer laminated bituminous roofing
      membrane suitable for the formation of the roofing or waterproofing layer
      on roofs, floors and the like is provided. It comprises a base sheet of a
      sheet-like material, one or more bitumen layers coated on all or part of
      one or both faces of the base sheet, at least one layer of compound
      bitumen including both bitumen and rubber and/or resin laminated on all or
      part of the surface of said bitumen-coated layer on the base sheet and at
      least one release sheet laid over the whole surface of said compound
      bitumen layer.
PAL  This roofing membrane is produced by uniting the bitumen-coated base sheet
      and the compound bitumen-coated release sheet, and can be applied over a
      substrate in a simple manner, without the step of melting or liquefying
      bitumen as in the conventional application process.
PARN
PAR  This is a division, of application Ser. No. 331 602, filed Feb. 12, 1973
      now abandoned.
BSUM
PAR  This invention relates to a self-adhesive type multilayer laminated
      bituminous roofing membrane which may be simply and easily applied in the
      built-up system roofing or waterproofing work on the tops of buildings,
      floors and walls of basements, surrounding walls of underpasses and
      subways, tunnels, bridges, reservoirs, canals and the like. This invention
      also relates to processes for producing and applying the laminated
      bituminous roofing membrane.
PAR  The terms "bituminous" and "bitumen" as used throughout this specification
      may be replaced with the term "asphalt" which substantially means
      petroleum asphalt.
PAR  Heretofore, the conventional built-up system application process in which
      the ordinary type bituminous roofing felt and/or similar type bituminous
      roofing membranes and bitumen itself are used as the principal materials
      has been widely adopted for the roofing or waterproofing work set forth
      above.
PAR  The ordinary type bituminous roofing felt or membrane used in this
      application process, generally, comprises: a base sheet of a sheet-like
      material such as, for example, paper, felt, fabric, synthetic polymer film
      or metal foil; a bitumen layer coated on one or both faces of the base
      sheet, and; mineral granules or powder such as fine gravel, sand or talcum
      deposited to the surface of the bitumen layer. This ordinary type
      bituminous roofing membrane is in general produced in the following
      manner.
PAR  First, a base sheet such as, for example, paper, felt, woven or non-woven
      fabric, glass fleece, synthetic polymer film or metal foil, is coated with
      molten bitumen on one or both faces thereof to form surface layer(s) of
      bitumen of a suitable thickness. When a fibrous sheet such as paper, felt,
      woven or non-woven fabric or glass fleece, is employed as the base sheet,
      the fibrous sheet may be impregnated with molten bitumen prior to the
      coating so that the voids existing in the fibrous sheet are filled with
      bitumen. When a synthetic polymer film or a metal foil is employed, this
      base sheet may be subjected to surface treatment, prior to the coating, so
      as to improve its affinity for bitumen.
PAR  Secondly, in order to suppress the stickiness of bitumen, mineral granules
      or powder such as fine gravel, sand or talcum are deposited on the
      bitumen-coated surface. Alternatively, a thin film or foil surfacer of
      synthetic polymer or metal is adhered to the bitumen-coated surface layer.
      The employment of the thin film or foil surfacer depends upon the intended
      use.
PAR  Finally, the sheet so treated is cooled to the ambient temperature by means
      of, for example, coming in contact with rotating cooling drums to solidify
      the bitumen. The resulting finished product is stored and handled in the
      form of rolls or piles.
PAR  The mineral granules or powder or the thin film or foil surfacer applied in
      the above process is useful for preventing the bitumen surface layers
      sticking to each other during storage and handling in the form of rolls or
      piles. This also is useful, in some cases, for protecting the exposed
      bitumen surface layer after the bituminous roofing membrane is applied on
      site.
PAR  In the conventional built-up system of the application process set forth
      above, the formation of the bituminous roofing or waterproofing layer is
      performed as follows. Molten bitumen, which is by nature in the form of
      solid matter at ordinary room or outside temperatures, heated up to a
      temperature of approximately 200.degree.C or more is coated or poured onto
      a substrate. Then, the above-mentioned ordinary type bituminous roofing
      membranes are spread over the said bitumen on the substrate, while the
      bitumen layer is still hot and maintains sufficient fluidity and
      tackiness, whereby the bituminous roofing membranes are stuck on the
      coated or poured bitumen layer. As a general rule, the above step may be
      repeated as many times as occasion demands. Thus, these bituminous
      materials are formed into a watertight roofing or waterproofing layer
      which comprises laminates of bitumen layers as the waterproof substance
      and bituminous membranes as reinforcement thereof, both being alternately
      piled up one after the other.
PAR  Accordingly, this prior process of application necessarily involves a step
      of heating bitumen to the molten state, which is inevitably accompanied by
      material or immaterial requirements such as enlarged space and increased
      equipment, labor, fuel and time. Increased costs maturally also accompany
      these requirements. Furthermore, this conventional application process is
      not free from various problems such as risk of a fire accompanying the
      step of heating bitumen, possibility of human injury such as a burn
      occurring during the steps of transporting and handling the hot molten
      bitumen, air polution, especially in city areas, due to smoke and fumes,
      and offensive smell generated from molten bitumen. Moreover, deterioration
      in the properties of bitumen itself caused by the continued heating at
      high temperatures offers a problem that cannot be overlooked in the point
      of adverse effects, which results in built-up roofing or waterproofing
      layers of deteriorated characteristics.
PAR  In order to obviate these problems, various attempts have been made to
      utilize a so-called cold application process in which several types of
      bitumen liquefied without heating i.e. in the form of a solution in a
      suitable solvent or an aqueous dispersion, are applied at a normal ambient
      temperature instead of the above molten bitumen. However, this cold
      application process has not prevailed as widely as might be expected
      because it still has some problems from the technical and economic points
      of view.
PAR  The object of the present invention is to obviate these problems of the
      aforementioned conventional built-up system bituminous roofing or
      waterproofing works, namely, to provide a novel bituminous roofing
      membrane, which can be applied in a simple manner without coating or
      pouring aforesaid bitumen, and a process for production thereof.
PAR  Another object of this invention is to provide a novel application process
      of built-up system bituminous roofing or waterproofing work wherein the
      step of melting or liquefying bitumen is not adopted, which step has
      previously been indispensable to the conventional application process.
PAR  Various further and more specific objects, features and advantages of this
      invention will appear from the description given below.
PAR  In accordance with this invention, there is provided a novel multi-layer
      laminated bituminous roofing membrane comprising, in combination, a base
      sheet of the ordinary bituminous roofing membrane having at least one
      bitumen-coated layer on all or part of at least one face thereof, at least
      one compound bitumen layer of a high tackiness including both bitumen and
      rubber and/or thermoplastic resin compatible with bitumen incorporated
      into the bitumen, the compound bitumen layer being laminated on all or
      part of the surface of said bitumen-coated layer on the base sheet, and at
      least one release sheet laid over the whole surface of said compound
      bitumen layer.
PAR  There is also provided a process for producing the multi-layer laminated
      bituminous roofing membrane described above, which comprises the steps of:
PA1  a. coating all or part of at least one face of the base sheet of the
      ordinary bituminous roofing membrane with molten bitumen;
PA1  b. coating the releasable surface of a release sheet with a molten compound
      bitumen of improved tackiness including both bitumen and rubber and/or
      resin, and;
PA1  c. then uniting the surface of the compound bitumen layer on the release
      sheet with all or part of the bitumencoated surface of the base sheet.
PAR  In the above step (a), when the base sheet is composed of fibrous material,
      if desired, the base sheet may be impregnated with molten bitumen prior to
      the base sheet being coated with the molten bitumen as set forth above.
      When the base sheet is composed of a synthetic polymer film or metal foil,
      the base sheet may be subjected to surface treatment prior to the coating
      as described above.
PAR  There is further provided a process of application of the multi-layer
      laminated bituminous roofing membrane set forth above in roofing or
      waterproofing work, which comprises the steps of:
PA1  a. laying the multi-layer laminated bituminous roofing membranes over a
      substrate in a manner such that said laminated bituminous roofing
      membranes at least partially overlap each other;
PA1  b. removing the release sheet from said laminated roofing membranes at the
      overlapped area of the laminated roofing membranes so that the exposed
      compound bitumen layers are in close direct contact with one another, and;
PA1  c. then allowing the compound bitumen layers to be united with each other
      at ambient temperature at the overlapped area to form a continuously
      spread unitary roofing or waterproofing layer.
PAR  Some waterproofing membranes which are apparently similar to that of this
      invention have been heretofore proposed. For example, one waterproofing
      membrane comprises a sheet of synthetic rubber such as butyl rubber (IIR)
      having a pressuresensitive adhesive thin layer, coated on one face
      thereof, and a release sheet stuck to the adhesive layer. Another one
      comprises a film of synthetic polymer such as polyethylene having only a
      coated layer of bitumen compounded with rubber or the like on one face
      thereof, and a release sheet stuck to the coated layer.
PAR  However, there is a great difference between these known membranes and that
      of this invention in not only the structure of the product and the method
      of manufacture and application thereof, but also the basic idea of forming
      the waterproofing layer. These known membranes and processes of
      application are directed to a so-called "mono-layer waterproofing system."
      That is, the built-up roofing or waterproofing layer is composed of a
      single layer except at the area where the membranes join with one another.
PAR  Moreover, the pressure-sensitive adhesive layer or the compound bitumen
      layer of these membranes functions only to join the membrane to a
      substrate or to other membrane at the overlapped area, and the principal
      water-stopping function of these built-up roofing or waterproofing layers
      solely depends on the rubber sheet or synthetic polymer film itself.
PAR  Accordingly, the application system of these membranes does not come within
      the same category of the conventional bituminous roofing or waterproofing
      application system and the present invention system, wherein plural
      bituminous membranes used as reinforcement are alternately laminated with
      bitumen layers which act as waterproof substance on which the
      water-stopping function principally depends.
PAR  Both of the conventional application system and the present invention
      system have considerably high reliability because they are, in general,
      lacking in any defect in water-tightness, even if the poor application
      work is performed on these systems. This advantage of reliability is
      derived from the composition itself of said systems, that is the
      integrated multi-laminates piled up on site.
PAR  On the contrary, the aforementioned mono-layer type waterproofing system
      does not have the same reliability as the above conventional application
      system because it may have possible defects derived from incidental faulty
      application work and rather poor durability of the adhesive layer. These
      defects mainly appear at the joints of the membranes wherein only a poor
      water-stopping function can be expected owing to the thin adhesive layer
      of said membrane. It is scarcely possible to prevent such defects by any
      means because the defects are due to the application being just a single
      layer process.
PAR  Furthermore, in case a relatively thick layer of the compound bitumen is
      solely coated on the sheet or film in order to insure the same
      water-stopping or waterproofing function as that of the conventional type
      bituminous roofing or waterproofing layer, the resultant membrane has the
      following serious defect. Namely, when the waterproofing layer composed of
      these membranes having a relatively thick layer of the compound bitumen
      alone is subjected to some external force, the compound bitumen at the
      forced area easily flows away, whereby the forced area of the
      waterproofing layer loses the waterproofing function for the most part.
      This phenomenon is derived from the physical properties of the inherently
      softness of the compound bitumen.
PAR  On the other hand, the waterproofing membrane of this invention does not
      lose, even when subjected to such an external force, the waterproofing
      function thereof, because the membrane has, besides the compound bitumen
      layer, the ordinary bitumen layer(s) on the base sheet as the principal
      material composing the waterproof substance similar to the case of
      conventional type built-up bituminous roofing or waterproofing layers. In
      the multi-layer laminated bituminous roofing membrane of this invention,
      the compound bitumen layer is employed only for the purpose of joining or
      adhering the membranes of this invention with each other or to the
      substrate and, consequently, it may be limited to just such a thin layer
      as is required for the purpose. This advantage concerning the thickness of
      the compound bitumen layer which is relatively expensive provides a
      definite economic benefit to this invention.
PAR  The laminated bituminous roofing membranes of this invention are capable of
      being built-up into a roofing or waterproofing layer having entirely the
      same superior function and reliability as is provided by the conventional
      bituminous roofing or waterproofing layer which comprises a plurality of
      alternately piled up layers of bitumen and its reinforcement membranes.
      This excellent function and sufficient reliability are available even
      though the application process according to this invention is completely
      different from the conventional application process in the point that no
      molten or liquefied bitumen is used by this invention at the construction
      site as described above.
DRWD
PAR  This invention will be illustrated in detail with reference to the
      accompanying drawings showing the preferred embodiments but is not
      intended to be limited to these drawings.
PAR  FIGS. 1A, 1B, 1C and 1D are explanatory views showing the structures of the
      laminated bituminous roofing membranes of this invention;
PAR  FIGS. 2A and 2B are explanatory views showing preferred release sheets
      employed in the laminated bituminous roofing membrane of this invention;
PAR  FIGS. 3A and 3B are explanatory views showing preferred laminated
      bituminous roofing membranes of this invention;
PAR  FIGS. 4A, 4B and 4C are explanatory views showing various modified models
      of the laminated bituminous roofing membranes of this invention;
PAR  FIG. 5 is an explanatory view showing the process of producing the
      laminated roofing membrane of this invention, and;
PAR  FIGS. 6A and 6B, 7A and 7B, 8 and 9 are views illustrating the processes of
      application of the laminated roofing membrane of this invention.
PAR  The base sheet which is used as the base material in the preparation of the
      multi-layer laminated bituminous roofing membrane according to this
      invention, may be selected from those which have recently come into use
      for the ordinary bituminous roofing membrane, such as for example a glass
      fleece or a non-woven fabric of synthetic fiber; as well as those which
      have widely been heretofore used for the same, such as paper, felt, fabric
      or cloth composed of organic or inorganic fiber, for example, rag felt,
      asbestos felt, cotton fabric or jute cloth. When these fibrous sheets are
      used as the base sheet, they are, as a general practice, impregnated with
      molten bitumen whereby the voids existing therein are filled with molten
      bitumen, before the base sheet is subjected to coating with molten bitumen
      in the process of this invention as in the case of the ordinary bituminous
      roofing membrane. The base sheet may be also selected from the film or
      foil sheets made of synthetic polymer or metal such as for example a
      polyester film or an aluminum or copper foil, all of which have also been
      heretofore used as the base material of the ordinary bituminous roofing
      membrane. When such film or foil sheets are used, there is no need of the
      pre-impregnation treatment set forth above, but where necessary, those
      sheets may undergo suitable physical or chemical treatment, such as for
      example so called sand blasting, etching and the like, so as to give their
      surfaces a good affinity with bitumen, before being subjected to coating
      with molten bitumen in the process of this invention.
PAR  As shown in FIGS. 1A, 1B, 1C and 1D, the base sheet 6 of the laminated
      roofing membrane 26, is coated on all or part of both or one face thereof
      with bitumen 8, and all or part of said bitumen coated layer is laminated
      with compound bitumen 20 that is denatured bitumen prepared particularly
      to impart high tackiness at ambient temperature thereto by blending
      natural or synthetic rubber and/or natural or synthetic resins.
PAR  These blending materials can be selected from any of those well-known as
      adapted to denature and improve ordinary bitumen (in its physical
      properties especially in the temperature susceptibility). Namely, as for
      rubber, they include, for example, vulcanized or non-vulcanized rubber out
      of various kinds of synthetic rubber such as styrene-butadiene rubber
      (SBR), acrylonitrile-butadiene rubber (NBR), chloroprene rubber (CR),
      butadiene rubber (BR), isoprene rubber (IR), butyl rubber (IIR),
      ethylene-propylene rubber (EPR), ethylene-propylene diene mar (EPDM),
      polyisobutylene (PIB), chlorinated polyethylene (CPE), etc.; and natural
      rubber (NR), and reclaimed rubber thereof. Next, as for natural or
      synthetic resins, they include, for example, resin or its derivatives
      (e.g. estergum), tall oil, cumarone-indene resin, various petroleum
      resins, polyolefin (e.g. polybutene), etc.
PAR  In the practice of the present invention, it has been found that only a
      very small amount of rubber and/or resin needs to be present in the
      compound bitumen layer in order for at least a small amount of benefit to
      be obtained. However, generally for most uses a relatively high degree of
      tackiness is desired. Therefore, generally at least about 5% by weight,
      based on the weight of the compound bitumen, of rubber and/or resin should
      preferably be present in the compound bitumen layer. While there is
      apparently no critical upper limit with regard to the amount of rubber
      and/or resin that can be used to effectively improve the tackiness, at
      most about 95% by weight of rubber and/or resin should preferably be in
      general used because of the facilitation of the production process of the
      laminated roofing membrane and cost considerations thereof. For optimum
      results, it is preferred that the total amount of rubber and/or resin
      present in the compound bitumen layer is within the range of 15 to 50% by
      weight.
PAR  Furthermore, if desired, these rubber and resins may be partially
      substituted with animal or vegetable oils and fats, because in general
      these oils and fats also are considerably effective for increasing the
      tackiness of bitumen. These oils and fats include, for example, animal
      oils and fats such as fish oil, whale oil, beef tallow and the like; and
      vegetable oils such as linseed oil, tung oil, sesame oil, cotton seed oil,
      soya-bean oil, olive oil, caster oil and the like. These oils and fats may
      be, for example, stand oil, oxidized oil and boiled oil, made therefrom;
      and fatty acid pitch or the like. The amount of these oils and fats is
      preferably below approximately 50% by weight based on the weight of the
      total amount of rubber and/or resin and the oils and fats.
PAR  Some additives, for example, softener such as petroleum oil, filler such as
      mica powder, and the like can also be incorporated into the compound
      bitumen.
PAR  Release sheets 14 and 15, which are laid over the surfaces of the compound
      bitumen 20, are those which have little or no affinity with respect to the
      compound bitumen and are easily and readily removable from the compound
      bitumen layer by manually peeling them therefrom at ordinary ambient
      temperatures. Practically, the release sheets include, for example, sheet
      materials in the form of an untreated sheet such as cellophane,
      polyvinylalcohol film and aluminum foil, or in the form of a treated sheet
      such as film, foil, paper and the like subjected to surface-treatment i.e.
      coated or impregnated with synthetic resins having high releasing property
      such as silicone resin, fluorine-containing resin or polyvinylidene
      chloride. Especially, the sheet coated or impregnated with silicone resin
      on the surface thereof is most preferable in use because of its
      releasability and cost.
PAR  In the case where the release sheets have poor elongation property, when
      these release sheets are laid over the compound bitumen layers on both
      faces of the laminated bituminous roofing membrane, the resulting finished
      product of the laminated roofing membrane is deprived of its flexibility
      and thus comes to be practically as rigid as a board. Consequently, it
      becomes extremely difficult to wind up the product in the form of a roll
      as the ordinary type bituminous roofing felt or membrane is usually found.
      If subjected to forced rolling, the product is deeply creased in many
      places with irregular wrinkles, folds and/or cracks. Additionally, even if
      such a release sheet is laid over the compound bitumen layer on only one
      side face of the laminated roofing membrane, the creasing with irregular
      wrinkles cannot be avoided, though the wrinkles are somewhat slight.
PAR  In order to obviate this problem, it is preferable to increase the
      elongation of the release sheet in a lengthwise direction, i.e. the
      wind-up direction. Thus it is advantageous for that purpose to form a
      plurality of linear folds or creases on the release sheet itself along the
      direction which is substantially perpendicular to the lengthwise
      direction, and practically, it is advisable to use, for example, a release
      sheet subjected to embossing whereby the sheet is shaped into a corrugated
      form, as shown in FIG. 2A at 39, or a release sheet prepared from a base
      sheet of creped paper as shown in FIG. 2B at 40. In this case, since the
      release sheet is provided with sufficient elongation in the lengthwise
      direction by the procedure thus taken, the roofing membrane overlaid with
      the release sheet is capable of maintaining sufficient flexibility through
      its adaptation to the expansion and contraction during the rolling or
      unrolling operation, and thus can completely prevent the problem pointed
      out above.
PAR  Furthermore, when the release sheet is applied in such a manner that a
      plurality of narrow strips thereof are laid over the compound bitumen
      layer in aligned relation to one another in a lengthwise direction as
      shown in FIG. 3A at 14, or a single or plural rows of perforations 30 or
      notches 31 are formed in the sheet as shown in FIG. 3B, so as to permit
      partial removal of the release sheet from the surface of the compound
      bitumen layer at the construction site as required, the application work
      is conveniently rendered easier.
PAR  The laminated bituminous roofing membrane of the invention is available in
      such various modified models as shown in FIGS. 4A, 4B and 4C, for meeting
      various objects or systems of application, besides that set forth above
      with reference to FIG. 1. In FIG. 4, the reference numerals 6, 8, 20 and
      14 indicate a base sheet, an ordinary bitumen-coated layer, a compound
      bitumen layer, and a release sheet, respectively, which are similar to
      those in FIG. 1. The reference numerals 32, 33 and 34 indicate fine sand
      or talcum, a synthetic polymer film or metal foil, and coarse sand or fine
      gravel, respectively.
PAR  The process for producing the laminated roofing membrane of the invention
      will be now illustrated in detail with reference to FIG. 5, which shows
      only a typical example of the production process of this invention.
PAR  As shown in FIG. 5, a fibrous base sheet 1 which is used as a core material
      of ordinary bituminous roofing felt or membranes, such as paper, felt,
      woven cloth, non-woven fabric or mat, is unwound from a roll, and then
      immersed into molten straight-run or oxidized bitumen 2 maintained at
      approximately 200.degree.C in a bath 3. After the base sheet 1 is
      impregnated with molten bitumen 2 while passing through several guide
      rollers 4, the excess bitumen is squeezed out by a pair of squeezing
      rollers 5. When a synthetic polymer film or a metal foil is used as a base
      sheet instead of the above fibrous base sheet, the step of impregnation
      with bitumen is omitted.
PAR  The impregnated fibrous sheet or the film or foil sheet 6 passes through a
      pair of coating rollers 7 which are placed in parallel to each other with
      a clearance wider than the thickness of the sheet 6, for example,
      approximately 2 - 3 mm, in conformity to desired thickness of the coating
      bitumen. Thus each face of the sheet 6 is coated with molten bitumen 8,
      preferably consisting mainly of oxidized bitumen, maintained at
      approximately 220.degree.C, which is continuously supplied to the coating
      rollers 7. A reservoir 9, pump 10, conduit 11, overflow trough 12 and sump
      13 constitute a series of conventional attached devices adapted to make
      continuous supply of the molten bitumen 8 to the coating rollers 7.
PAR  On the other hand, both release sheets 14 and 15, such as paper or film
      sheets which have been previously treated on the surface by coating or
      impregnating with silicone resin or the like, are unwound from rolls.
      These release sheets 14 and 15 are separately conducted to respectively
      independent roller coater assemblies which consist of sump 16 or 17 and
      roller 18 or 19, for applying molten compound bitumen 20. The molten
      compound bitumen 20 contains a desired amount, for example, approximately
      20% by weight, of rubber and/or resin and is maintained at approximately
      200.degree.C. Thus, the release sheets 14 and 15 are coated on their
      releasable face with the compound bitumen so as to form the coated layers
      of a suitable thickness, for example, approximately 0.3 - 0.5 mm. These
      roller coater assemblies may be replaced by any other types of coating
      devices, which are well-known as suitable for the coating of materials of
      high viscosity, such as, for example, a multiple roller type or a doctor
      blade type. In order to supply the molten compound bitumen 20 to the
      coating assemblies, there are provided attached devices (not shown in the
      drawing) similar to the attached devices 9, 10 and 11 described
      previously.
PAR  The base layer 21 formed by coating the base sheet 6 with the bitumen 8 as
      mentioned above is laminated on each surface thereof with two sheets 22
      and 23 constituted with the release sheets 14 and 15 each having a
      compound bitumen coated layer thereon. This lamination is carried out in a
      manner such that the bitumen coated layer on both faces of the base layer
      21 and the compound bitumen coated layer on the sheets 22 and 23 face each
      other respectively so as to be in close contact, and then, the base layer
      21 and the two sheets 22 and 23 pass through pressing rollers 24 and 25,
      where they are united together by dint of their tackiness.
PAR  Thus, the bitumen 8 coated on the base sheet 1 and the compound bitumen 20
      coated on the release sheets 14 and 15 are easily and securely laminated
      to each other without any influence on uniformity thereof, however they
      are in a molten or fluid state at high temperature, because of sufficient
      effect of "carriers," that is, the base sheet 1 and the release sheets 14
      and 15.
PAR  Then, a resultant laminated roofing membrane 26, having the laminated
      layers of both bitumen and the compound bitumen on the surface thereof,
      passes in turn, through several cooling drums 27 while being in close
      contact therewith, and thereby is cooled and solidified gradually.
      Finally, the laminated roofing membrane is wound up in the form of a roll.
PAR  In an arrangement shown in FIG. 5, known accumulator means such as loopers,
      festoons or floating loopers may preferably be employed at the positions
      such as, for example, between the scroll of the base sheet 1 and the
      impregnating device consisting of the bath 2, the molten bitumen 3
      therein, and the guide rollers 4; between the squeezing rollers 5 and the
      coating rollers 7; and between the last cooling drum 27 and the roll of
      the product, although these accumulator means are not shown in FIG. 5. The
      employment of these accumulator means is advantageous for facilitating the
      processing work and accelerating the cooling action during the time of
      production.
PAR  In a modified embodiment of the production process of this invention, a
      laminated roofing membrane having the compound bitumen layer coated on
      only one face of the bitumen-coated base sheet 6 as shown in FIG. 4A is
      manufactured in the following manner. Mineral granules or powder 28 is
      deposited on either face of the molten bitumen-coated base layer 21 by a
      suitable known device shown in FIG. 5 with numeral 29. In this procedure,
      the supply of one release sheet shown in FIG. 5 with numeral 14 is
      omitted. Alternatively, a thin surfacer shoot such as a synthetic polymer
      film or a metal foil may be closely adhered to either face of the molten
      bitumen-coated base layer 21 instead of the mineral granules or powder
      mentioned above, although this embodiment is not shown in FIG. 5.
PAR  As an another modified embodiment of the production process of the
      invention, a laminated roofing membrane having the compound bitumen layer
      coated on only the part extending along the lengthwise direction of either
      or each face of the bitumen-coated base sheet as shown in FIGS. 4B and 4C
      may also be manufactured in the following manner. The molten compound
      bitumen-coated release sheet having a width narrower than the
      bitumen-coated base sheet is laminated on the part of the bitumen-coated
      base sheet, and granules or powder is deposited, or the thin sheet is
      closely adhered, on the remaining part of the bitumen-coated base sheet.
PAR  In the production process of the invention, the release sheets 14 and 15
      may preferably be subjected to creping or embossing, prior to the
      application of the compound bitumen thereon, thereby to form linear folds
      or creases along the direction perpendicular to the lengthwise direction.
      Thus, the resultant laminated roofing membrane are conveniently increased
      in flexibility to thereby prevent the undesirable formation of irregular
      wrinkles, folds and/or cracks thereon during rolling or unrolling
      operations, as aforementioned.
PAR  The laminated roofing membrane produced by the process of the invention
      have a stratiform (or stratified) structure wherein both the
      bitumen-coated layer 8 and the compound bitumen layer 20 are bonded to
      each other and extend with uniform thickness, as shown in section in FIGS.
      1C, 1D, 4A, 4B and 4C.
PAR  The features of the production process of this invention will be explained
      in comparison with that of the ordinary bituminous roofing felt or
      membrane.
PAR  In the production process of the ordinary bituminous roofing felt or
      membrane as set forth hereinbefore, if the depositing of the granules or
      powder or the adhering of the thin film or foil surfacer is omitted, the
      aforesaid cooling means such as contact with the rotating drums cannot be
      adopted because of a very high tackiness of molten bitumen at high
      temperature. In this case, therefore, alternative cooling steps are
      required wherein the bitumen layer is left in the atmosphere to be
      spontaneously cooled, or cold air is blown upon the bitumen layer. These
      steps are obviously disadvantageous, because there is need of a large area
      and a long time, inevitably leading to reduction of the efficiency and
      increase in the cost of production.
PAR  On the other hand, it is impossible to produce the multi-layer laminated
      bituminous roofing membrane of this invention by a process of directly
      spreading the hot compound bitumen in a molten state at a uniform
      thickness on the hot bitumen layer on the base sheet, which layer is also
      in a liquid or semi-liquid state, by well-known coating means such as
      roller coating or doctor blade spreading because of high fluidity of the
      hot bitumen layer on the base sheet. It would also be impossible to
      directly spread the hot compound bitumen by spraying means because of the
      high viscosity of the molten compound bitumen.
PAR  In contrast, if the hot bitumen layer on the base sheet is covered with
      granules, powder, film or foil, and then cooled it would be possible to
      directly spread the hot compound bitumen in a molten state over the cooled
      surface. However, this method is not always free from the disadvantage
      that the presence of said granules, powder, film or foil provides a
      possibility of its hampering close contact of both bitumen layers or
      inevitably requiring an increase quantity of the compound bitumen.
      Consequently, this method results in undesirable effects such as reduction
      of the waterproofing capability and increase in the cost of production.
PAR  If the hot bitumen layer coated on the base sheet is cooled to
      solidification in advance without the application of granules, powder,
      film or foil thereon, it would be possible to coat the cooled surface
      directly with the molten compound bitumen by well-known means. However,
      this method also can not be utilized practically because the cooling of
      the hot bitumen layer itself is accompanied with the related problems set
      forth above.
PAR  The special significance of the production process of this invention
      resides in the fact that all of the abovementioned problems have been
      completely resolved by separately and uniformly coating the molten bitumen
      and the molten compound bitumen, on the base sheet and the release sheet,
      respectively, and thereafter, laminating the bitumen layer on the base
      sheet and the compound bitumen layer on the release sheet to bring them
      into close contact with each other. In other words, the compound bitumen
      is not directly coated on the hot bitumen layer on the base sheet, but,
      firstly coated at a uniform thickness on the release sheet, and then
      laminated with the bitumen layer on the base sheet.
PAR  It is of great interest that the molten compound bitumen can be
      advantageously coated on the release sheet by wellknown coating means
      although the release sheet has in itself little or no affinity with the
      compound bitumen. This is because the compound bitumen exhibits in a
      molten state at a high temperature a considerably increased tackiness
      which is sufficient to cause it to stick on the release sheet. Further,
      once the laminate of the compound bitumen layer and the release sheet is
      cooled to an ambient temperature, the release sheet can be easily removed
      from the compound bitumen layer because of lack of affinity of the release
      sheet with bitumen. The affinity characteristic of the release sheet and
      bitumen, as well their capability of coexisting together, are
      advantageously utilized in the production process of this invention.
PAR  To sum up, the production process is of great significance in the point
      that the lamination in uniformity of different types of hot bitumen in a
      molten state with each other can be achieved easily and economically. Such
      lamination would be expected to be very difficult to achieve utilizing the
      known processes as set forth hereinbefore.
PAR  The gist of the application process of this invention resides in providing
      an integrated and continuous waterproofing layer at ordinary ambient
      temperature by utilizing the mutual cohesion property of the compound
      bitumen layers of the laminated bituminous roofing membranes.
PAR  The process of the application of the laminated roofing membrane of the
      invention will be illustrated with reference to FIGS. 6A, 6B, 7A, 7B, 8
      and 9.
PAR  As shown in FIGS. 6A, 6B, 7A and 7B, the laminated roofing membrane 26 is
      laid over a substrate 35, to which a bituminous primer was applied where
      necessary, in advance, and dried. FIG. 6A shows one application system for
      two layers finishing type model, and FIG. 6B shows the same application
      system for three layers finishing type model. This system can be similarly
      applied for four, five or more layers finishing type model.
PAR  FIG. 7A shows another application system for two layers finishing type
      model, and FIG. 7B shows the same application system for three layers
      finishing type model. This system also can be similarly applied for four,
      five or more layers finishing type model.
PAR  In either case shown in FIGS. 6 and 7, the opposing surfaces of the
      laminated roofing membranes are, in principle, so provided as to be those
      surfaces coated with the compound bitumen. Consequently, at the time of
      application, upon removal from these surfaces of the release sheets laid
      over the compound bitumen the surfaces are brought directly into contact
      with each other. However, the surface of the laminated roofing membrane
      which is to be in contact with the substrate need not be the compound
      bitumen-coated layer. Particularly, in the case where it is desired to
      avoid entire surface adhesion between the finished roofing or
      waterproofing layer and the substrate, depending upon the circumstances,
      the surface of the roofing membrane to be in contact with the substrate
      may be, for example, a mineral granule of powder-deposited bitumen layer.
      In this case, suitable adhesive such as bituminous cement may be applied
      in a spot application manner onto the substrate so as to obtain a partial
      adhering effect, if desired. When a laminated roofing membrane having the
      compound bitumen layers on both faces thereof is employed, the roofing
      membrane may be applied onto the substrate without removing all or part of
      the release sheet from that portion which comes in contact with the
      substrate in order to get the same effect as above.
PAR  These laminated roofing membranes thus laid and piled up on the substrate
      by means of the above-mentioned process, if external conditions such as
      temperature, time and load applied to the roofing membranes are all met,
      are completely adhered and healed over each other in the overlapped area
      of the compound bitumen layer without the requirement for any additional
      steps to be taken because of high tackiness inherent in themselves,
      whereby a continuous and integrated waterproofing layer composed of
      multi-layers are formed on the substrate.
PAR  FIGS. 8 and 9 show modifications of the application systems shown in FIGS.
      6 and 7, respectively. In each modification, it is intended to increase
      watertightness in the joint area 36 by overlapping partially the part of
      the waterproofing membranes. In these modifications, both of opposing
      surfaces of the laminated roofing membranes in only locally overlapping
      portions of the joint area 36 need not be the compound bitumencoated
      layer, but either one surface of the laminated roofing membranes may be
      the bitumen-coated layer deposited with granules or powder or adhered with
      a thin sheet. Incidentally, in this case, it is more practical and
      preferable that the said one surface is to be the upper side surface of
      the underlying laminated roofing membrane. When either one surface does
      not consist of the compound bitumen layer in that overlapped area 36 and
      in the overlapped area 37 of a joint in the lengthwise direction of the
      laminated roofing membranes, it is preferable to enhance the adhesion of
      such areas by heating that surface locally by means of burner flame or hot
      air so as to melt the bitumen, or by coating that surface locally with
      bituminous cement 38. Also, when it is required to carry out the finishing
      treatment of the roofing or waterproofing layer in its marginal portion or
      in the portions surrounding drains, corners or the like, it is preferable
      to enhance the adhesion of such portions by the same supplementary
      measures as taken above. However, the adoption of such measures for
      enhancing the adhesion is extremely localized in requirement, and other
      than such portions, with the application process of the invention, almost
      the whole surfaces of the membranes, as described, are completely adhered
      together without any particular treatment.
PAR  Additionally, when the laminated roofing membrane having a mineral
      granules-deposited surface or a thin sheet-adhered surface is applied so
      as to expose it as an outer surface, the finished layer need not be
      covered and protected with another material with the advantageous result
      of economically providing an exposure to the weather type roofing or
      waterproofing layer of light weight.
PAR  The gist of this application process resides in that an integrated
      waterproofing layer is provided by mere mutual cohesion of the compound
      bitumen applied to the surface layer of the laminated roofing membranes as
      described above. Thus, the process technique wherein molten or liquefied
      bitumen is applied on site is not required in the process of application
      of the invention, whereas the said process technique is indispensable in
      conventional processes of application. Therefore, the process of
      application of the invention can completely obviate various problems of
      the conventional processes of application, for example, various
      disadvantages accompanying the step of heat-melting bitumen in the hot
      process, or the technical or economic bottlenecks in the cold process,
      both as described hereinbefore, and moreover can remarkably facilitate and
      expedite the actual work involved in the application process.
PAR  In both conventional processes of application, i.e. the hot process and the
      cold process, the bitumen layer which is the main constituent of the
      waterproofing layer is in general formed by manual operation at the
      construction site and, therefore, control of its thickness and uniformity
      mainly depends on the skill and intuition of the worker, thus there has
      been some risk of not obtaining satisfactory results in the finished
      layer.
PAR  On the other hand, the application process according to the invention is
      free from the above mentioned risk. This is because, in this invention,
      both of the bitumen layer and the compound bitumen layer are mechanically
      formed with predetermined constant thickness and closely laminated to each
      other in a well-controlled state at the factory before the application on
      site, then they are further adhered on site without any adhesive layer so
      as to form an integrated bitumen layer having continuous uniform thickness
      after the application on site. Therefore, it is insured that this process
      results in neither irregularity or shortage in thickness nor gaps in the
      coated or poured bitumen layer, which are unavoidable when the layer is
      applied manually in the case of the conventional processes of application.
      Moreover with this process of application there is no risk of
      deterioration in the properties of the bitumen which often results from
      overheating in the step of melting bitumen at the construction site and,
      therefore, this process of application has the advantage of forming a
      waterproofing layer in a state wherein the best properties of the material
      are always present.
PAR  Considering this application process from a viewpoint of economy, it is
      more expensive than the conventional application processes in that it
      requires new additional elements, i.e. the compound bitumen layer and the
      release sheet for the roofing membrane to be used in this process.
      However, this proposed application process can compensate more than enough
      for such disadvantage of increase expenses, because it allows great
      reduction in labor as compared with the conventional processes, which
      reduction is derived from the quite different application methods of the
      two processes described above.
PAR  Especially, as a measure for coping with the trend of labor shortages in
      recent years, this application process is very suitable and advantageous.
      Therefore, in another manner of speaking, it may be said that a primary
      subject of this invention is to provide a prefabricated waterproofing
      layer to assist in alleviating this trend of labor shortage.
PAC  EXAMPLE 1
PAR  A laminated bituminous roofing membrane was prepared in the following
      manner.
PAR  Non-woven fabric of 200 g/m.sup.2 in weight was made by a dry forming
      method from acetalized polyvinyl alcohol fiber having a mean length of 40
      mm and fineness of 2 denier.
PAR  Using the apparatus shown in FIG. 5, the non-woven fabric of a 1 m width
      unwound from roll 1 was passed through an impregnation bath 2 containing
      molten blown bitumen 100/45 heated to a temperature of 200.degree.C having
      a softening point (ring and ball method) of 100.degree.C and a penetration
      degree of 45 at 25.degree.C and then, squeezed with rollers 5. The
      bitumen-impregnated fabric was coated by a pair of coating rollers 7 with
      the same blown bitumen as above on each face thereof at a thickness of
      about 1 mm.
PAR  A release sheet was prepared in the following manner. A creped kraft paper
      of 90 g/m.sup.2 in weight was laminated with a polyethylene film of 0.015
      mm in thickness on one face and then, coated with a dilute solution of
      silicone resin on the said polyethylene laminated face and finally dried.
PAR  Two of the release sheets were separately coated by coating rollers 18 and
      19 with the molten compound bitumen of a temperature of 180.degree.C,
      composed of 80 parts of the blown bitumen 80/45 (softening point 80,
      penetration 45), 12 parts SBR and 8 parts petroleum resin, all by weight,
      at a thickness of about 0.4 mm. The compound bitumen-coated release sheet
      was closely adhered to each face of the bitumen coated-fabric by rollers
      24 and 25. The adhered membrane was cooled by a series of drums 27 and
      wound up into rolls.
PAC  EXAMPLE 2
PAR  A roofing membrane was prepared in the following manner. Using a similar
      apparatus as that shown in FIG. 5, a glass fleece of a width of 1 m and a
      weight of 60 g/m.sup.2 was impregnated with molten blown bitumen 110/30
      heated to 210.degree.C, then laminated to a polyester film of a width of 1
      m and a thickness of 0.1 mm which was supplied to the front of squeezed
      rollers 5 where two sheets were adhered together with said molten bitumen,
      and further coated by the coating rollers 7 with the same molten bitumen
      on one face thereof at a thickness of 0.8 mm and on the other face thereof
      at a thickness of 1.0 mm, and then deposited by supplier 29 with crushed
      slate 28 of 10 - 20 mesh on the face having the bitumen-coated layer of
      0.8 mm.
PAR  On the other hand, the same release sheet as in Example 1 was coated with
      compound bitumen composed of 75 parts of said blown bitumen, 12 parts of
      IIR, 8 parts of ester gum and 5 parts of stand oil made of mainly linseed
      oil, all by weight, at approximately 190.degree.C by using the roller
      coated 17 and 19. Then, the release sheet was closely adhered to the
      bitumen coated surface of 1.0 mm and the resultant adhered membrane was
      cooled and wound up into rolls, in the same manner as in Example 1.
PAC  EXAMPLE 3
PAR  The laminated bituminous roofing membranes of the bilateral self-adhesive
      type prepared in Example 1 were unrolled and laid over a roof slab of
      reinforced concrete in a manner such that each membrane overlapped with
      other as shown in FIG. 7A. The roof slab was coated with bitumen primer of
      0.3 l/m.sup.2 on the previous day and dried. The roofing membranes were
      partially overlapped with one another about 15 cm or more in width at the
      joint portions of the membranes in the lengthwise direction. Each release
      sheet was removed from the membranes at the installation stop except for
      the exposed surface thereof.
PAR  Then, on their upper surface, the laminated bituminous roofing membranes of
      the unilateral self-adhesive type prepared in Example 2 were laid in the
      partially overlapping method with the crushed slate-deposited surface
      facing upward and with their joint overlapped areas of about 10 cm in both
      the lengthwise and cross-wise directions. Each release sheet of the
      membranes and remaining release sheets on the exposed surface of the said
      bilateral type membranes overlaid previously, were removed from those
      membranes at the installation step.
PAR  The crushed slate-deposited surface of their overlapped portion was heated
      by flame of a gas-burner and pressed whereby the crushed slate-deposited
      surface was stuck to the facing compound bitumen layer. In this heating
      step, it was found to be preferable for fine finishing to wet the crushed
      slate-deposited surface besides the overlapped portions with water before
      heating.
PAR  When these steps were carried out, adhesion of the surfaces of the compound
      bitumen layers to each other was checked at three different conditions.
      Almost all surface of the compound bitumen layers facing each other were
      completely bonded together immediately at 25.degree.C, and within 24 hours
      at 0.degree.C under no load, and within one hour at 0.degree.C under a
      load of 0.01 kg/cm.sup.2. A continuous built-up bituminous roofing layer
      of 10.5 mm in mean thickness, substantially constructed of three layers of
      the membranes, was thus obtained.
PAR  While a few embodiments of the invention have been illustrated and
      described in detail, it is particularly understood that the invention is
      not limited thereto or thereby.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for manufacturing a built-up bituminous roofing or
      waterproofing assembly, utilizing a self-adhesive, multi-layer, laminated,
      bituminous roofing membrane, comprising a flexible base sheet having on at
      least a portion of one surface thereof a first surface coating layer of
      uniform thickness applied in direct face-to-face mutually adhering contact
      therewith, said first surface coating layer consisting essentially of a
      substantially solid, waterproofing roofing bitumen; a second surface
      coating layer of uniform thickness superposed on said first layer and
      having its inner surface in direct, face-to-face, mutually cohering
      contact with the outer surface of said first surface coating layer, said
      second coating layer being of lesser thickness than said first coating
      layer and consisting essentially of a compound bitumen containing from
      about 5 to 95 percent by weight of substance selected from the group
      consisting of rubber, thermoplastic resin and mixtures thereof, said
      compound bitumen being of high tackiness at ambient temperature and being
      self-adhesive to the compound bitumen layer of another like roofing
      membrane; and a release sheet having a release surface in direct
      face-to-face releasably adhering contact with the outer surface of said
      second coating layer, comprising the steps of
PA1  a. laying a plurality of said roofing membranes over a substrate so that
      said membranes partially overlap,
PA1  b. removing the release sheets from the roofing membranes to expose the
      second layers thereof,
PA1  c. placing said second layers in direct face-to-face contact and pressing
      said second layers together to form a waterproof joint therebetween.
NUM  2.
PAR  2. A process as claimed in claim 1 including the steps of applying
      additional roofing membranes over said plurality of roofing members and
      repeating steps (b) and (c) to form waterproof joints between all the
      membranes.
NUM  3.
PAR  3. A process as claimed in claim 2 in which said additional roofing
      membranes are applied so that each joint between said plurality of
      membranes lies between the marginal edges of at least one of said
      additional membranes so as to be covered thereby.
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ABST
PAL  The method of joining aluminum tubing wherein a heat curable adhesive in
      tape form is helically wound on the end portion of one tube prior to its
      being telescoped with the heated end of a second tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a joint for adhesively connecting tube
      members, and more specifically to the method of applying an adhesive tape
      to the end of one tube, heating the end of the other tube, telescoping the
      ends of the tubes, and allowing the adhesive to spread and fill the radial
      clearance between the tubes, heating the telescoped joint to cure and set
      the adhesive.
PAR  2. Description of the Prior Art
PAR  In the fabrication of tube joints employing adhesive as a sealing medium it
      has been customary to shape or form one tube element relative to the
      other. This has been necessary to insure the integrity of the joint and to
      provide a leak-free joint over a wide range of tolerances. This is
      especially true when the tube ends to be joined are misaligned and the
      radial clearance between the tube is not maintained which may cause a
      wiping away of the adhesive and some portions of the joint. To avoid leaks
      in these incidents it has been customary, as for example, in U.S. Pat.
      Nos. 3,124,874 -- Woolley and 3,068,563 -- Reverman, to crimp or form
      beads to shape or resize the tube members after they are telescoped
      together. This shaping or forming process requires a substantial
      investment in manufacturing equipment and the additional time necessary to
      carry out the operation. In the fabrication of heat exchange assemblies
      including many passes and reverse turns, several joints may be located in
      close proximity to each other, thus making the shaping and forming
      operations impractical in that the space requirements are not available
      for the crimping and/or resizing operations.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a method of joining
      metallic tubing comprising a first tube having an end portion adapted to
      receive an end portion of a second tube with radial clearance between the
      contiguous surfaces of the two tubes. The steps include winding a film of
      adhesive tape on the end portion of the second tube, heating the end
      portion of the first tube to a temperature sufficient to plasticize the
      adhesive, inserting the end portion of the second tube into the heated end
      of the first tube and allowing the adhesive to spread and fill the radial
      clearance, placing the telescoped joint in a vertical position with the
      open end of the first tube in the up position to allow the adhesive to
      spread in a direction away from the open end while heating the joint to
      cure and set the adhesive.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the completed joint formed by the method
      of the present invention;
PAR  FIG. 2 is an elevational view of the end portion of the tubes to be joined;
      and
PAR  FIG. 3 is a view showing the tube ends telescoped.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 2 illustrates end portions of two tubes 11 and 12 which are to be
      joined by the method of this invention. The tube 11 which is to form the
      outer or female tubular portion of the completed joint 10 includes an
      enlarged end 13.
PAR  The bore 15 (FIG. 1) of the flared end 13 of the tube 11 is sized to
      receive the complimentary shaped end 16 of the inner tube 12 with a slight
      clearance between the surfaces of the tubes which are contiguous in the
      completed joint. This oversizing or clearance provides a radial clearance
      defining retaining area 18 into which an adhesive 20 is maintained.
PAR  A coating of adhesive 20 is applied to the outer surface of end 16 of the
      inner tube 12 in a form and manner that, as will hereinafter be described,
      will resist being wiped clean from the end 16 during insertion of the
      inner tube 12 into the outer tube 11. A sealing area 22 is provided in the
      joint by a flange 24 formed in the end 13 engaging a complementary shaped
      flange 26 formed in the end 16 when the tubes are fully telescoped.
PAR  In accordance with carrying out the method of the present invention an
      adhesive that is in a solid state at ambient temperature is employed. The
      adhesive 20 employed is applied to the end portion 14 in a strip or tape
      form 28 as indicated in FIG. 2. It is apparent that by using a tape or
      strip 28 the film of adhesive 20 as applied to the end portion 14 may have
      a precise predetermined thickness relative to the diameter of end portion
      16 and the bore 15. Further, the volume of the adhesive 20 may be
      precisely controlled relative to the volume of the retaining area 16. The
      application of the adhesive 20 in tape form 28 has another advantage in
      that it has a greater resistance to sheer force than the usual adhesive
      customarily used in joints that is applied in a liquid state. This is
      especially critical during the telescoping operation when the tubes may
      not be axially aligned and as a result contact may be made at a tangent
      point of the misaligned tubes. In that instance, a liquid adhesive which
      offers little or no resistance to the sheer forces in the contact area may
      be wiped off causing voids and ultimate leaks in completed joints.
PAR  In carrying out the present invention an epoxy adhesive is used that is in
      a solid state in ambient temperatures and has a scrim of unwoven dacron
      threads indicated at 30 in FIG. 2 disposed longitudinally when in a form
      as a strip or tape 28. While other adhesives in tape form may work in
      carrying out the method of the present invention an epoxy commercially
      available from 3M Company and identified by them as XC235 was used
      successfully.
PAR  Accordingly, a predetermined length of adhesive tape 28 is helically wound
      upon the end portion 16 of the tube 12. The volume of tape 28 used is
      carefully measured to insure that it has a greater volume than that of
      retaining area 18.
PAR  As will be noted in FIG. 2 the tape 28 is wound so that a space 32 is
      maintained between the windings and that there is no overlapping of the
      tape. As will be explained in detail hereinafter, the space 32 provided
      between the windings has a particular function in the method of producing
      the joint in accordance with the present embodiment.
PAR  In the next step of the method the tube 11 is heated to a temperature
      sufficient to plasticize the adhesive. In the present instance, with the
      above-mentioned adhesive, the tube 11 and more specifically the bore 15 is
      heated to a temperature of between 200.degree. and 225.degree.F. which has
      been found to be effective in plasticizing the adhesive tape 28 on end
      portion 14 when the tube 12 is inserted into the bore 15 of tube 11.
      During the telescoping of the tubes, the adhesive tape 28 plasticizes and
      spreads into the spaces 32 between the helical windings as it comes in
      contact with the heated surfaces of the bore 15. It should be noted that
      the spreading of adhesive 20 is progressive with the insertion process of
      one tube into the other and as a result air that may be trapped in the
      adhesive 20 is driven along spiral space 32 between the windings of the
      adhesive tape 28 and out the open end of the tube 11.
PAR  At the point of complete telescoping of the parts as shown in FIG. 3 the
      adhesive 20, since it has a greater volume than that of the retaining
      area, has spread to substantially eliminate the spaces 32 between the
      adhesive spirals and to fill the retaining area 18 between the tube
      members.
PAR  In the final step in the method of forming the joint of the present
      embodiment the adhesive 20 is cured at a temperature of between
      325.degree. and 370.degree.F. for approximately 1 hour. During the initial
      curing procedure the adhesive 20 becomes fluid and the individual passes
      of adhesive tape 28 flows together into the receiving area 18 and sealing
      area 22 to form a complete void-free film of adhesive. To facilitate the
      flow of adhesive into the joint area during the curing step it may,
      depending on the adhesive used, be necessary to elevate the open end of
      tube 11 relative to the retaining area 18. To insure that the adhesive
      used in the present embodiment flows into the retaining area 18 while it
      is in this initial liquid state it is desirable to arrange the telescoped
      joint in a substantially vertical position with the open end of tube 11
      oriented upwardly as seen in FIG. 3. Since the space between the flanges
      24 and 26 is almost zero the adhesive 20 that flows past the area 22 is a
      relatively small predetermined amount sufficient to form a bead or filet
      34 that forms an additional seal to the joint. The area 36 provided by a
      flange 38 formed on the free end of tube 11 receives the predetermined
      excess amount of adhesive as shown in FIG. 1 where the joint formed in
      accordance with the method of the present invention is illustrated.
PAR  While there has been shown and described a specific embodiment of the
      invention, it will be understood that it is not limited thereto and it is
      intended by the appended claims to cover all such modifications as fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of joining metallic tubing comprising:
PA1  providing a first tube having an end portion adapted to receive an end
      portion of a second tube with radial clearance between the contiguous
      surfaces of the two tubes;
PA1  helically winding a single thickness of heat curable adhesive film having a
      volume greater than said radial clearance to the end portion of said
      second tube to provide a space between said windings;
PA1  heating the end portion of said first tube to a temperature sufficient to
      plasticize said adhesive film;
PA1  telescoping the end portion of said second tube into the heated bore of the
      first tube and allowing the adhesive on said second tube to plasticize and
      spread into the radial clearance between the contiguous surfaces of the
      tubes while air entrapped during the spreading of said adhesive escapes
      between the helical winding and past the open end of said second tube; and
PA1  heating said telescoped joint to a temperature sufficient to cure said
      adhesive.
NUM  2.
PAR  2. The method as set forth in claim 1 wherein said telescoped joint is
      positioned so that the open end of said first tube is elevated relative to
      said end portions to allow said adhesive to distribute into said radial
      clearance in a direction away from said open end while heating said
      telescoped joint to a temperature sufficient to cure said adhesive.
NUM  3.
PAR  3. The method as set forth in claim 1 wherein said telescoped joint is
      positioned substantially vertical, with the open end of said first tube
      facing in an up direction to allow said adhesive to distribute into said
      radial clearance in a direction away from said open end while heating said
      telescoped joint to a temperature sufficient to cure said adhesive.
NUM  4.
PAR  4. The method as set forth in claim 1, wherein said adhesive thickness is
      greater than said radial clearance to insure contact between the surface
      of said heated bore and the radially disposed surface of said adhesive.
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ABST
PAL  A label applying turret having label support pads, a label marker and a
      pressing platen for pressing the label against the marker. The marker is
      mounted on the turret to rotate therewith and faces outwardly against the
      inwardly facing side of the label. In one embodiment a label gripping
      platen is aligned with the marker so that its action in gripping the label
      to the turret concurrently imposes die marking pressure on the label. In
      another embodiment a roller platen is mounted externally of the turret and
      presses the labels against the die marker.
PAR  This application is a division of copending application Ser. No. 381,184
      filed July 20, 1973, now U.S. Pat. No. 3,893,388, which was a continuation
      of copending application Ser. No. 223,204 filed Feb. 3, 1972, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior techniques have been suggested to press the label against the marker.
      One such device has the die marker separate from the label turret but
      provided with mechanism to move it in synchronism with the label turret
      and press the die marker against the label in the course of their co-joint
      movement. Such apparatus requires costly drive installation to synchronize
      the movement of the turret and the die marker. Moreover, the time span of
      pressure contact between the die marker and label is very short and the
      impression made by the marker on the label is not sufficiently permenent
      to withstand being wiped away or erased by the action of brushes, etc.,
      typically used in labeling machines for pressing the labels onto
      containers.
PAR  Another prior proposal is to mount the die marker on radially movable
      slides which are pushed outwardly by a cam, first to pick up ink from an
      inking roller and then to press against the labels as they are transferred
      to the object which receives the label. This apparatus is subject to the
      complications of the cam installation for the slides which tend to cause
      maintenance problems. Moreover, where used in connection with labeled
      objects having flexible or irregular shapes, it is difficult to create a
      clean impression and this can be also wiped away by subsequent smoothing
      apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention incorporates a series of die markers within the
      structure of the label turret, one for each label support pad, and facing
      outwardly substantially flush with the label supporting surfaces of the
      pads. Platen mechanism is provided to press the respective labels against
      the respective die markers, thus to enhance the marking of the label to
      the extent that it will not be wiped out, erased or obscured by the action
      of brushes, etc.
PAR  In one embodiment the platens are provided by the same gripping fingers
      which grip the label to the turret. The fingers are aligned with the die
      markers so that the pressure of the fingers concurrently grips the label
      to the turret and imposes marking pressure thereon.
PAR  In another embodiment a roller platen is mounted beyond the periphery of
      the turret and has a resilient pad surface which presses the label against
      the die marker as the label rotates.
PAR  It is advantageous, according to the present invention, that the die
      markers have stamp dies disposed substantially in the plane of the label
      pad support surface so that the label will remain substantially in its
      support plane without substantial deformation therefrom, even during the
      impression of the marking thereon. The apparatus of the present invention
      will limit local deformation of the label to 1 millimeter.
PAR  In the embodiment utilizing the roller platen, the roll is adjustable
      toward and away from the path of the die markers, thus enabling adjustment
      in the platen pressure against the label and marker for various effects,
      including the use of a stencil type die on the marker to cut through the
      label.
PAR  A further variation is contemplated in which an inking roll is mounted
      adjacent the turret path to apply ink to the die stamps as they pass the
      roll. The inking roller is mounted on a swing frame which can be swung out
      of the way of the labels. The ink roller is desirably swung away from the
      turret in the event of a missing label, thus to avoid applying an excess
      of ink to the die stamp. This mechanism may be responsive to a
      conventional sensing feeler which detects missing containers and
      concurrently blocks the extraction of labels from the magazine.
PAR  An important advantage of utilizing the gripping fingers to concurrently
      press the labels against the die stamps is to greatly lengthen the period
      of time in which marking pressure is exerted. This permits such
      enhancement of the impression made on the label that a coining die can be
      used, thus eliminating the need for an inking device.
PAR  The apparatus of the present invention does not require the use of
      actuating and control mechanism inside the label turret. The enhancement
      of marking pressure on the labels makes the use of coining die stamps
      effective on a wide variety of label substrates, including coated and high
      brilliant paper, metal foil, etc.
PAR  Other objects, features and advantages of the invention will appear from
      the following disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic plan view of a labeling turret and associated
      apparatus embodying the invention.
PAR  FIG. 2 is a fragmentary diagrammatic side view showing die stamps made up
      of a stack of rotary disks, the pressing mechanism comprising a counter
      roller platen mounted externally of the turret.
PAR  FIG. 3 is a fragmentary perspective view of a portion of the turret and
      showing the installation of a die marker made up of multiple rotatable
      disks.
PAR  FIG. 4 is a fragmentary perspective view of an embodiment of a label turret
      incorporating label grippers which concurrently function as pressing
      platens.
PAR  FIG. 5 is a fragmentary diagrammatic view of an embodiment showing a
      construction similar to that in FIG. 4, but in which the die stamps are
      rotatable to expose different die type thereon.
PAR  FIG. 6 is a fragmentary diagrammatic view of an embodiment similar to FIG.
      5, but showing a different form of die stamp and resiliently mounted
      gripper fingers.
PAR  FIG. 7 is a diagrammatic view of an embodiment showing the mounting of a
      spring-biased die stamp.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  Like parts are identified by the same reference characters in the several
      views.
PAR  FIGS. 1-3 show one embodiment of the invention in which the labeling turret
      or cylinder 1 is driven by shaft 2 in the direction of the arrow. Turret 1
      includes a series of peripherally mounted sponge pads or pallets 3. The
      turret is also provided with grip means to hold labels on the pads, as the
      turret rotates. In the disclosed embodiments, the grip means comprises
      gripping fingers 4. At the forward edge of each pad 3 are located paired
      cam controlled gripper fingers 4 backed by resilient surfaced supports 5,
      similar to corresponding parts shown in the embodiment of FIG. 4.
PAR  Turret 1 picks labels 6 from the glued adhesion surfaces of the extraction
      cylinder 7 which is driven in the direction of the arrow and transfers the
      labels ultimately to objects to be labeled, such as the container 8, at
      which point the gripper fingers 4 release the label and the label is
      adhered to the container, as is also disclosed in U.S. Pat. Nos.
      3,546,047; 3,567,559; 3,567,551 and 3,586,580.
PAR  In the embodiment of the invention shown in FIGS. 1-3, die markers are
      provided in the form of an array of vertically stacked rotating die marker
      disks 9. These are mounted at the leading edge of each pad 3. The disks 9
      bear peripheral die stamps 10 and the disks 9 are rotatable about a
      central axle shaft 53 so as to permit changing the stamp 10 which is to be
      marked on the label. The stamps 10 can constitute inked, coined or cutting
      dies.
PAR  The outer periphery of the respective disks 9 lie in a vertical plane with
      the label bearing or support faces of supports 5. In the embodiment shown
      in FIG. 3, the disks 9 are mounted in a bracket 17, removably attached to
      the support 5 by screws or the like.
PAR  As indicated in FIG. 1, labels 6 held by the gripper fingers 4 on the
      circumference of the turret 1 will be transported past a stationary
      counter roller platen 11 which is provided with a resilient surface and
      which is positioned on its stationary mounting bracket 14 in such a way
      that it projects slightly into the path of the orbiting labels.
      Accordingly, the counter roll 11 presses the label against the marker
      stamps as the label passes therebetween. The counter roll 11 may be freely
      rotatable on its vertical shaft 12 which is adjustably positioned on the
      bracket 14 by means of the screws 13 which are actuated manually by the
      thumb nuts 15. Roller platen 11 may also be rotatably driven in
      synchronism with the turret 1 by means of a belt or other drive from the
      driving shaft 2 to the roller platen shaft 12.
PAR  As shown in FIG. 3, the respective disks 9 are desirably provided with a
      series of holes 16, one adjacent each die stamp 10. A U-shaped, two-legged
      locking pin 18 is provided. By inserting the legs of the staple-shaped
      locking pin through aligned corresponding holes 16, the respective disks 9
      can be locked in any selected position. By removing the U-shaped pin 18
      the respective disks 9 may be individually or collectively rotated to
      different positions and relocked, thus to change the marking upon the
      label. If desired, the entire marker assembly can be removed by loosening
      the screws and removing the bracket 17 from the assembly.
PAR  In the case of inked die stamps 10, an ink roller 19 can be provided, in
      connection with an ink string roller 20, the two being interconnected by a
      swing lever 21 by which the ink roller 19 can be swung in the direction of
      the arrow. The purpose of the ink roller 19 is to apply a coating of ink
      to the ink type die stamps 10 as the marker passes the ink roller 19. A
      turning magnet 22 can be provided to control the swinging motion of the
      ink roller 19. If desired, the turning magnet can be actuated by a
      suitable known device which will swing the roller 19 away from the path of
      the marker in the absence of a corresponding label in the extraction
      cylinder 7. Magnet 22 can also be arranged to be actuated to swing the
      roller 19 away in the event the stamps 10 constitute coining or cutting
      dies. While the ink roller 19 is ordinarily freely rotatable, it can be
      driven by connecting it to the shaft 2 with a belt or the like.
PAR  FIG. 4 shows a modified embodiment and also shows further details of the
      labeling turret which comprises a cover plate 1a and a base or ground
      plate 1b, both connected to the shaft 2. Support 5 extends between the
      plates 1a, 1b, as do the sponge pads 3. The gripper fingers 4 are
      typically swingably mounted on a gripper shaft 23 to which gripper blocks
      24 are adjustably clamped. On the upper end of the gripper shaft 23 is a
      swing crank or lever 25 carrying a cam follower roller 26 at its end.
      Tension spring 27 urges the roller 26 against the stationary control cam
      28.
PAR  In this embodiment the marker comprises die slugs 29 seated in the supports
      5 and which carry on their exposed faces selected die stamps.
PAR  As the turret 1 rotates in the direction of the arrow, cam roller 26 is
      swung outwardly by the cam 28, thus to open the fingers 4. Labels 6 from
      the extraction cylinder 7 are transferred over to the turret 1 at which
      time the cam follower roller 26 follows along the incline of slope 28a and
      the gripper fingers 4 close to clamp the leading edge of the label against
      the die stamps 29. The gripper fingers 4 are aligned to close on the
      stamps 29 and function also as pressing platens which concurrently grip
      the label to the turret and exert stamping pressure on the label against
      the stamps 29. In this embodiment the stamping pressure is maintained
      during the relatively long arc of movement of the turret from the point
      where the gripper fingers close on the label to the point where the
      gripper fingers are opened in the course of transferring the label to the
      container 8. Accordingly, there is a relatively long period of time during
      which stamping pressure is applied to the label.
PAR  FIG. 5 illustrates another embodiment which incorporates features of FIG.
      4, in which the gripper fingers function as platens, and in which the die
      marker stamps 10 are formed on the edge of a rotary disk 9, so as to
      permit easy change of the specific die stamp. There is an upper and lower
      disk 9 corresponding in position to the stamp dies 29 of FIG. 4, each
      being mounted on a central shaft 30. A leaf spring 31 carries a brake
      button 32 which seats between adjacent stamps 10, thus to adjustably fix
      the disk 9 in a position with a selected die stamp 10 facing outwardly.
      The disks 9 can be turned by hand and the braking button 32 will lift or
      ratchet over the stamp dies 10 to permit the adjustment. Gripper finger 4
      may be provided with a resilient pad 33 to facilitate pressing the label
      against the stamp.
PAR  While in FIG. 5 the axis of shaft 30 is parallel to drive shaft 2, other
      arrangements are possible. For example, shaft 30 could be horizontal and
      tangent to a circle drawn about shaft 2.
PAR  FIG. 6 is a further embodiment of the invention in which the marker
      consists of a die slug 34 removably seated in a socket recess 50 in the
      support 5. Slug 34 is releasably locked in place by a pin 35 movable
      through a transverse bore 51 in support 5 and into locking detent
      engagement with a groove 52 in the slug 34. Pin 35 is desirably mounted on
      a leaf spring 36 by which it can be retracted to permit removal of the
      slug 34 from its seat.
PAR  In FIG. 6 the gripper finger 4a is mounted resiliently on the gripper block
      24a which is fixedly mounted on the shaft 23. In this embodiment the arm
      of the finger 4a is mounted at its rear end to the block 24a by a headed
      bolt 37 which bears on a resilient bushing 38 which seats into an
      over-size hole in the rear end of the arm of gripper finger 4a. Spaced
      from bolt 37 the arm of gripper finger 4a is engaged by a headed bolt 39
      which extends through a ledge on the front end of the gripper block 24a
      and has coiled thereabout a coil spring 40 which seats on the undersurface
      of the ledge. Accordingly, spring 40 is exerted to resiliently press the
      finger 4a against the stamp 34 in order to obtain a yieldable but high
      pressure closure, both for gripping and enhancement of the stamped
      impression on the label. As in the embodiment of FIG. 5, fingers 4a may be
      provided with a resilient pad 33 at its end which closes on the label.
PAR  The shaft 23 of the FIG. 6 embodiment is provided with a crank arm or lever
      25 with a cam roller 26 movable along the stationary cam 28b. This device
      makes possible a powerful stamping effect. Any inaccuracies or machine
      tolerances will be compensated for by the yieldability built into the
      various parts.
PAR  FIG. 7 shows a still further embodiment in which the stamp die 41 is
      received in a socket 42 in the support 5 which has a coil spring 44 biased
      to project the stamp 41 to its outermost position. Socket 42 is closed by
      plate 43. The gripper finger 4 with its elastic pad 33 will act upon the
      stamp 41 to resiliently compress the spring 44 and thus exert substantial
      pressure between the stamp and the fingers.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a label applying turret for picking labels from an extraction
      cylinder at one side of the turret and transferring the labels to objects
      to be labeled at another side of the turret, said turret having a series
      of outwardly facing label transfer and support pads and grip means to hold
      labels on the pads as the turret rotates between the extraction cylinder
      and the objects to be labeled, the improvement comprising a corresponding
      series of outwardly facing label markers mounted on the turret adjacent to
      and substantially flush with said pads, each label marker being associated
      with a corresponding pad whereby respective labels gripped by the grip
      means and carried by said pads also lie against associated adjacent
      markers, and inwardly pressing means for pressing the labels against the
      markers to cause marked impressions on the labels in the course of
      transfer of the labels from the extraction cylinder to the objects to be
      labeled, said pressing means and grip means together comprising a
      corresponding series of label gripping fingers aligned with the markers
      and means for biasing the fingers toward the markers whereby the fingers
      concurrently grip the labels and press them against the markers.
NUM  2.
PAR  2. The turret of claim 1 in which the means biasing the fingers toward the
      markers comprises a cam, a series of shafts on which the fingers are
      mounted and a cam follower mounted on each shaft.
NUM  3.
PAR  3. The turret of claim 1 in which the label gripping fingers have resilient
      pads facing the markers.
NUM  4.
PAR  4. The turret of claim 1 in which the label gripping fingers have yieldable
      actuating means.
NUM  5.
PAR  5. The turret of claim 1 in which the markers comprise die slugs, said
      turret having sockets in which said slugs are removably seated.
NUM  6.
PAR  6. The turret of claim 5 in which said sockets have spring means against
      which said slugs seat.
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ABST
PAL  A tufting machine having multi-color selection capability for each tufting
      cycle which utilizes pneumatic pressure, either positive or negative, or a
      combination of the two, to transfer the yarn or other tufting material to
      tufting elements. The system comprises yarn guide passageways having
      abutting sections which are relatively movable to create an opening
      through which a yarn severing means severs the yarn into selectively-sized
      bit lengths. The relative positions of the yarn severing means and the
      abutting sections of the passageways are adjustable to provide yarn bit
      lengths of selectable varying lengths. A combination bit applying element
      and clamp means is utilized to apply the yarn to an adhesive bit gripping
      surface on the backing layer. In the preferred embodiment, this
      application occurs before the yarn is severed and thus the yarn is
      effectively clamped at the time of severance. After severance, the
      combination bit-applying and clamp means retracts, permitting the backing
      layer to be advanced preparatory to the next tufting cycle.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my earlier application Ser.
      No. 419,417, filed Nov. 27, 1973, which is a continuation of an earlier
      application Ser. No. 239,931, filed Mar. 31, 1972, both of which are
      entitled "Method and Means of Tufting."
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to tufting of rugs and carpets and the like,
      and utilizes a pneumatic system which may be used in various types of
      tufting systems. However, it has particular utility in the Spanel et al
      multi-color selection system described below.
PAR  The present invention offers modifications to some embodiments disclosed in
      U.S. Patent No. Re. 27,165 which issued to Abram N. Spanel on Aug. 10,
      1971, and Pat. No. 3,554,147, which issued on Jan. 12, 1971, to Abram N.
      Spanel.
PAR  The latter patents disclose a pneumatic system in which yarn strands and/or
      discrete bits of yarn are transported pneumatically to a loading station
      where they are applied by a bit-applying element to the backing layer. In
      U.S. Pat. No. Re. 27,165 two types of bit-applying elements are utilized,
      i.e. tufting needles and a stomper means utilized to engage a bit length
      of yarn and press it against the adhesive coated backing layer. In both
      situations, a multi-color selection of yarn bits is enabled by a magazine,
      thus offering a varied color selection to each of the guide tubes through
      which yarn is transported to the bit-applying elements in the loading
      position.
PAR  U.S. Pat. No. 3,554,147 shows an alternative system to that disclosed in
      U.S. Pat. No. Re. 27,165 which provides for the simultaneous selection of
      bit lengths of yarn of different colors for each tufting cycle at each
      individual needle station. This is accomplished by having yarn, from as
      many sources of color as desired, fed through channels which lead into a
      common channel adjacent the loading station. The capability of cutting a
      bit length of yarn before, during or after threading of the bit-applying
      means and before or during tufting is disclosed. Since the cutting
      function may take place in close proximity to the loading station and
      after a particular yarn strand has been fed into the common channel, U.S.
      Pat. No. 3,554,147 discloses a pull back system to remove at will the
      strand of yarn from the common channel leading to the loading station when
      a color change is desired.
PAR  The system disclosed in some embodiments of aforementioned U.S. Pat. No.
      3,554,147 wherein yarn was severed into yarn bits while in tubes or
      channels when under the influence of pneumatic pressure, was found lacking
      in some aspects when employed with multi-color selection systems.
      Accordingly, it is one of the objectives of this invention to provide for
      increased utility when so employed as will be clear from the following. To
      admit a cutting element into a pneumatic passageway, it is necessary to
      have an opening through which the cutting element may operate. This very
      opening will diminish the efficiency of the pneumatic system if allowed to
      remain open during the transport of the yarn. Further, in the Spanel et
      al. multi-color cut-pile systems, it is desirable to have cutting means
      adjustable to produce variable pile heights in the manufactured rugs, such
      adjustment tending to also diminish pneumatic efficiency.
PAR  A need is thus present for an integrated, highly efficient system for
      placing a bit length of yarn in a loading position relative to a tufting
      member which includes: cutting the yarn into a yarn bit with a cutting
      means and preserving the efficiency of the pneumatic system while
      performing such a cutting function, such means being additionally
      adjustable to provide yarn bits of varying lengths; improving the
      efficiency of the pneumatic system at the bit applying station and, at the
      same time, providing means to positively control the yarn before and after
      tufting.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more detailed understanding of the invention, reference is made in
      the following description to the accompanying drawings in which:
PAR  FIG. 1 is a schematic view of a tufting machine;
PAR  FIG. 1A is a partial sectional view of an alternate embodiment of a portion
      of FIG. 1;
PAR  FIG. 2 is a cross-sectional perspective view of the tufting element loading
      station;
PAR  FIG. 3 is a cross-sectional side view of the tufting station showing a
      bit-length of yarn which has been transported to the tufting station and
      is shown clamped against the backing layer;
PAR  FIG. 4 is a cross-sectional side view of the tufting station showing the
      severing means penetrating through the access opening as a yarn bit is
      severed;
PAR  FIG. 5 is a cross-sectional side view of the tufting station showing the
      severing means withdrawing as the tuft clearing bar pushes the attached
      tuft below the tuft retaining bar as the backing layer advances; and
PAR  FIG. 6 shows the severing means completely withdrawn and the access opening
      closed as yarn is being transported to the tufting station; also the tuft
      clearing bar has returned to its rest position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In general, the subject tufting machine shown in FIG. 1 comprises a creel
      10 having three spools 10R, 10W, 10B, each of differently colored yarn, a
      yarn metering system 12, a collator 16, a cutting station generally
      denoted by the severing means which may be a cutting blade 30 and anvil
      36, an axially reciprocating passageway section 34, a combination bit
      applying and clamp means 56A and a vacuum source 24. The operation of the
      tufting machine is controlled by cam shafts generally designated by dotted
      lines 25 and 25' and various caming members located thereon.
PAR  In the operation of a preferred embodiment of the tufting machine, yarn
      from a creel is passed through the metering system 12 which releases a
      specified length of one of the yarns to collator 16 so that it passes by
      the cutting station and cutting blade 30 to beneath the combination
      bit-applying and clamp means 56A. The metering system 12 operates so that
      the travel of the yarn is limited insofar as the portion extending beyond
      the cutting blade 30 is a specified bit length. When the yarn is in place,
      it is clamped by the descent of combination bit-applying and clamping
      means 56A to prevent lengthwise movement of the yarn bit once cut and to
      secure the yarn bit to the backing layer B which has an adhesive gripping
      surface. Passageway section 34 is reciprocated in a leftward direction by
      a rocker arm assembly 47 and cutting blade 30 descends against anvil 36 to
      cut the yarn. After the cutting, the yarn remaining to the left of the
      cutting blade 30 is withdrawn into collator 16 by part 12Y of the metering
      system 12. The withdrawal of the yarn into collator 16 allows a change of
      yarn color if desired for the next tufting cycle. The yarn on the right of
      the cutting blade 10, which has been cut into a discrete bit, is tufted
      and tuft clearing bar 52A acts in concert with tuft retaining bar 62A to
      clear the path for the next tufting operation.
PAR  In more detail and again with reference to FIG. 1, creel 10 is shown having
      three spools 10R, 10W, 10B, respectively providing, for example, a supply
      source of red, white, and blue yarn. While yarn sources for three
      different colors are shown, it is to be understood that any number of
      additional yarn colors may be supplied as desired. Also, yarns differing
      in other than color may be employed.
PAR  The yarn strands R, W, and B are led into metering device 12 which
      comprises a plurality of brakes 12A, 12B, and 12C and yarn pulling devices
      12X and 12Y.
PAR  Briefly, puller 12Y is shown at the bottom of a stroke with brakes 12A and
      12C closed and brake 12B open. In its descent, puller 12Y draws yarn from
      the left without restraint by opened brake 12B, but is precluded from
      drawing yarn from creel 10 by closed brake 12A and is precluded from
      withdrawing yarn from the right by closed brake 12C. Thus, yarn loops
      formed at the second pulling station by puller 12Y are from yarn
      temporarily stored at the first pulling station 12X and are available for
      use when the closed brake 12C is released.
PAR  A yarn strand may thus be procured from any of the sources by the release
      of the brake 12C for the particular strand desired. The remainder of the
      yarn strand after a bit-length has been removed may be pulled back from
      the right by closing 12B and actuating yarn puller 12Y. Thus, the yarn
      metering and feed system has the capability to both supply yarn and to
      pull part of it back from the pneumatic passageway area 18. For a more
      detailed description of the yarn feed system and the manner in which
      colored, pattern-tufting is accomplished, reference should be made to U.S.
      Pat. No. 3,554,147.
PAR  For each yarn supply there is a tube or passageway 16R, 16W, and 16B each
      forming an input passage of collator 16, the tubes of which lead into a
      common passageway 18 which extends by way of flexible portion 37 and
      through sections 34 and 35 into the tufting station.
PAR  In one embodiment, negative pressure for transporting the yarn strands from
      yarn-metering device 12 through the collator 16 to the tufting station may
      be provided by a pneumatic source 24 shown as a suction device which via
      suction tubes 94 is connected to passageway 18A which is an extension of
      passageway 18 on the far side of the tufting station from the yarn supply.
      The use of positive pressure or a combination of positive and
      cooperatively applied negative pressure may be employed to produce a flow
      of gas to transport the yarn.
PAR  The combination bit-applying and clamping means 56A preferably comprises
      individual members depending from a widthwise bar, which will be operable
      off of the cam shaft 25 as shown in FIG. 1.
PAR  The backing feed elements for the backing layer B include a supply roll 31,
      an idler roll 33A and a drive roll 34A. A ratchet and pawl mechanism 36A
      may be used to drive the drive roll 34A intermittently to advance the
      backing as the tufting is produced by the reciprocation of combination
      bit-applying and clamp means 56A.
PAR  Motor 70 is shown as driving the entire device through a suitable
      transmission 72 which may be a train of gears, timing chain, or the like.
      The metering mechanism 12 is shown as operating from shaft 25. Thus, with
      clock pulses shown shown schematically by reference numeral 71 generating
      a pattern readout, yarn can be supplied to the tufting station in the
      manner more fully described in U.S. Pat. No. 3,554,147.
PAR  The severing means or cutting blade 30 which operates from shaft 25 is
      shown as slightly penetrating into a knife gap or access opening 32 which
      is between passageway section 34 and passageway loading section 35. Anvil
      36 extends beneath part of passageway section 34 protruding beneath gap 32
      and is aligned with knife member 30. Passageway section 34 is laterally
      reciprocable or shiftable as a unit by means of shaft 44 (see FIG. 2)
      through rocker arm 46 connected to fixed stud 48. This mechanism 47 is
      shown in FIG. 1 as operating from shaft 25. The acess opening 32 may
      accommodate other cutting means such as oscillating knives or laser
      cutters, the use of each being contemplated as within the scope of the
      present invention.
PAR  To permit the axial shifting or reciprocation of section 34, passageway 18
      is shown with flexible portion 37 (FIG. 1). This is relatively straight
      when the access opening 32 is closed and slacks as section 34 shifts
      preparatory to the thrust of cutting blade 30. An alternate embodiment to
      the flexible portion 37 is shown in FIG. 1A in which flexible portion 37
      is replaced by telescoping members 37A and 37B. Section 34 is permitted to
      shift as member 37A slides into member 37B. Although not shown in FIG. 2
      and succeeding figures, the yarn is in guide tubes continually from the
      collator 16 to the common passageways 18 which are continuous through
      flexible portion 37, shifting section 34 and the tufting station at
      loading section 35. From its entry into the collator tubes 16R, 16W, and
      16B to its placement in section 35, the yarn is under the influence of
      pneumatic gas flow. The embodiment using telescopic tubes 37A and 37B in
      FIG. 1A permits the increase and decrease in total effective passageway
      length as section 34 reciprocates.
PAR  Intermediate backing guide 50A guides the backing beneath and in the
      proximity of combination bit-applying and clamp means 56A. A reciprocating
      tuft clearing bar 60A serves to push tufted yarn to the right as the
      clearing bar 60A shifts to the right to cause the tufts to be retained
      behind a tuft-retaining bar 62A as will be described.
PAR  As best seen in FIG. 2, the tuft clearing bar 60A is a widthwise bar member
      which is secured to comblike structure 52A through which each individual
      member of the combination bit-applying and clamp means 56A extend during
      the tufting operation. The comblike structure 52A is joined to the block
      53A in which the extensions 18A of the channels extend where the yarn feed
      terminates. Vacuum tubes 94 join with the channels 18A and lead to the
      pneumatic source 24 which is shown to be a suction valve in this
      embodiment.
PAR  It will be appreciated that as each combination bit-applying element and
      clamp means 56A engages the corresponding bit length of yarn and presses
      the loop portion or bottom of the U-shaped bit against the upper face of
      backing layer B for bonding engagement therewith, conventional bonding
      techniques may be used. For example, if the backing layer B is of
      thermoplastic material or coated therewith, it may be activated by heat
      supplied via the underplate 50A at the bit-applying zone and/or the
      heating element 92 in advance of the bit-applying zone; in such case,
      setting of the bonds between the applied bits and the backing layer may be
      effected or accelerated by cooling beyond the bit-applying zone. In
      another example, a quick-setting adhesive may be applied to the upper face
      of the backing layer B immediately in advance of the bit-applying zone; in
      such case, the element 92 may be a spray heater. It is to be noted that a
      relatively small loop or foldover portion of each strand, sufficient for
      permanent bonding, is pressed into a cement surface, holt or cold, or into
      a thermoplastic surface, or into any suitable quick-acting gripping
      surface which is also flexible.
PAR  In operation, a yarn strand of the desired color, such as the strand
      designated 42 in FIG. 2, is chosen by a pattern readout process which may
      follow the teaching of aforementioned U.S. Pat. Nos. Re. 27,165 and
      3,554,147. The strand is advanced from the yarn-metering device 12 by
      pneumatic gas flow produced either by positive pressure or negative
      pressure, or a combination of both. The pneumatic gas flow moves the
      strand beneath the combination bit-applying and clamp means 56A and into
      the extension channel 18A as shown in FIG. 3 with the length being
      predetermined and set by the yarn-metering device 12. At a time prior to
      cutting, the combination bit-applying means and clamp member 56A descends
      as shown to clamp the yarn against the backing layer B. Otherwise, when
      the yarn is cut, it could be influenced by the continuing pneumatic gas
      flow. A yarn-bit stop described subsequently may be used in conjunction
      with the bit-applying and clamp means 56A. It will be noted that
      yarn-metering device 12 allows the length of yarn to be released so that
      equal amounts of the yarn extend from the right yarn end to the
      combination bit-applying and clamp means 56A as from the combination
      bit-applying and clamp means 56A as from the combination bit-applying and
      clamp means 56A to the cutting blade 30. This is necessary if the pile
      height is desired to be equal for each leg.
PAR  When the yarn is in position, reciprocating section 34 shifts to the left
      to open gap or access opening 32, and cutting blade 30 descends through
      that gap to make contact with anvil 36 as shown in FIG. 4. The yarn is
      thus effectively severed into a yarn bit. The yarn bit has been placed in
      tufting relationship with the backing layer B and is, at this time, held
      in place by the combination bit-applying and clamp means 56A.
PAR  The cutting blade 30 now returns to its rest position (it is shown
      returning in FIG. 5), the combination bit-applying and clamp means 56A
      ascends, and the backing layer B advances simultaneously as reciprocating
      section 53A moves to the right, pulling with it tuft clearing bar 60A
      which, as shown in FIG. 5, clears the tuft from the tufting station.
      Simultaneously, the tuft retaining member 62A moves to the left above the
      attached tuft T.sub.1 to secure the tuft T.sub.1 to the right of the
      location where the succeeding tufting stroke will occur when the
      combination bit-applying and clamp means 56A once again descends. As shown
      in FIG. 6, the tuft T.sub.1 is completely restrained by restraining member
      62A and the reciprocating section 34 has returned to its closed position
      to allow the next bit length of tufting yarn to be loaded at the tufting
      station. As shown in FIG. 6, the yarn is progressing forward through
      channel 18 to the tufting position.
PAR  After a yarn bit has been severed and in preparation for the next tufting
      cycle, the yarn color-selection process, as descirbed in the
      aforementioned U.S. Pat. No. 3,554,147 will select the next yarn color and
      if change is to be made, the yarn strand presently in common passageway 18
      from which a yarn bit has just been severed will be pulled back by the
      yarn pull-back mechanism 12Y at least far enough to clear the common
      passageway 18 and the yarn strand from the newly selected color will be
      fed into the tufting station through passageway 18.
PAR  The machine, as described, produces cut-pile rugs with a pile heighth being
      determined approximately by the distance that the yarn bit extends on each
      side of the combination bit-applying and clamp means 56A, the distance on
      each side being kept equal if pile legs of the same height are desired. On
      the other hand, a rug may be obtained which, for each bit-applying stroke,
      a short and long leg is produced by setting the yarn-metering device 12 to
      supply lengths of yarn which will extend a distance beyond the combination
      bit-applying and clamp means 56A different than the distance between the
      cutting blade 30 and the combination bit-applying and clamp means 56A.
PAR  The tufting machine also may be controlled to produce pile heights that
      differ from one operation of the machine to the next. As shown in FIG. 6,
      adjustment means may be provided on the cutter blade 30 and the anvil 36
      to enable each of these mechanisms to be shifted to the left. The shifting
      block 34 may be set further to the left to create a larger access 32,
      thereby permitting the cutting blade 30 and anvil 36 contact to be further
      to the left of loading portion 35. Thus, the distance between cutting
      blade 30 and combination bit-applying and clamp means 56A will be
      increased and yarn-metering device 12 can be set to provide sufficient
      yarn to give an identical increased length on the far side of combination
      bit-applying and clamp means 56A from the yarn supply. A rug having a
      greater pile height will thus be produced.
PAR  Advantages may be taken of some of the features of this invention in a
      further embodiment wherein the yarn is severed at cutting station 90,
      positioned remotely from the tufting station, and operable from shaft 25
      by cam means as shown schematically in FIG. 1. Since in this embodiment
      the yarn is cut into bits before the yarn is transported to the tufting
      station, it is desirable to have a stop means (not shown) to stop the
      movement of the yarn bit below the combination bit-applying and clamp
      means on the order of that which is shown in aforementioned U.S. Pat. No.
      Re. 27,165.
PAR  In the embodiment shown in FIGS. 3-6, the advantages of utilizing the
      combination bit-applying and clamp means 56A as a means to both clamp the
      yarn and simultaneously apply it to the backing layer B can readily be
      appreciated. In certain embodiments of the parent applications, Ser. Nos.
      239,931 and 419,417, in which yarn bits are applied by needles, a clamping
      means separate and apart from the bit-applying means (needles) is
      utilized. Thus, efficiency can be improved where one element 56A serves as
      both the clamp and bit-applying means.
PAR  While various embodiments of the invention have been shown and described,
      it will be understood that various modifications may be made. The appended
      claims are, therefore, intended to define the true scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for producing a product by adhesively securing yarn bits to an
      adhesive backing layer comprising pneumatic means for conveying yarn to a
      bit-applying station having a passageway extending from the source of yarn
      to said bit-applying station, means for supplying said adhesive backing to
      said bit-applying station, and means for severing yarn that extends
      longitudinally within the passageway, wherein the passageway comprises
      parts relatively movable to one another between a first relationship in
      which access is provided to the yarn for said severing means, and a second
      relationship in which the passageway is substantially continuous between
      its ends for conveying of said yarn, means to cause relative movement of
      said movable passageway parts to open and close said access; said
      bit-applying station further comprising a combination bit-applying and
      clamping means reciprocable to and from said backing layer between a
      position in which yarn is received from said passageway and a position in
      which said yarn is clamped against said backing layer, and wherein
      clearing means are provided to clear tufted yarn out of the path of the
      combination bit-applying and clamp means.
NUM  2.
PAR  2. The apparatus according to claim 1 in which the severing means is
      adjustable parallel to the axis of the passageway to provide yarn bits of
      different lengths.
NUM  3.
PAR  3. The apparatus according to claim 1 in which at least one of said
      passageway parts is flexible to accommodate relative movement of the
      parts.
NUM  4.
PAR  4. The apparatus according to claim 1 in which at least one of said
      passageway parts is telescopic whereby to accommodate relative movement of
      the parts.
NUM  5.
PAR  5. The apparatus according to claim 1 wherein the clearing means are
      associated with a tuft-retaining means adapted to hold said tufted yarn
      out of the path of the combination bit-applying and clamp means.
NUM  6.
PAR  6. The apparatus according to claim 1 including backing layer guide
      structure to guide the backing layer through a directional change in the
      proximity of said bit-applying station.
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ABST
PAL  An apparatus for and method of forming a backing of plastic material at the
      rear edge of a cutting blade in which the edge is firmly imbedded by
      passing a conveyor on which the blades are arranged seriatim through an
      extrusion die the conveyor having feed lugs engaging the ends of the
      blades adapted also to maintain an accurate lateral position of the blades
      on the conveyor through the die, and continuing the advance through a
      cooling means and then through a cutting mechanism which severs the strip
      into individual blade units.
BSUM
PAR  The invention concerns the application of a backing to cutting blades such
      as razor blades. Cutting blades have long been on the market of a type
      such as what has been known as the "Gem" razor blade comprising a thin
      flat blade portion of cutting steel and a reinforcing backing of metal of
      different character folded in a U-shape around the back edge and
      permanently secured to the blade proper by suitable means such as staking.
PAR  The present invention in general is directed to producing a backed blade of
      the type referred to but having a backing of molded plastic material. The
      backing is applied in a continuous rapid and economical manner in which
      the blades are advanced on a conveyor belt through an extrusion die which
      casts a continuous strip of plastic material in which the back edges of
      the successive blades are embodied, the strip continuing on through a
      cooling means and then to a severing means where the plastic strip is cut
      between blades to result in the final blade units.
PAR  It has of course long been known to apply a plastic binder to an edge of an
      article and in a continuous process such as in bookbinding, one such
      instance being a U.S. Pat. to Becker, No. 3,223,436. In another example,
      U.S. Pat. to Harding, No. 3,328,220, a plastic closure is applied to the
      ends of bags in a continuous process in which the bags are fed on a
      conveyor past an extrusion die where a U-shaped plastic strip is extruded
      then subsequently folded down and compressed around the bag ends, the
      strip continuing on through cooling means and, if desired, a strip
      severing means. The U.S. Pat. to Pfefferle, No. 2,582,913 discloses the
      general idea of a razor blade having a small cutting edge strip adhesively
      secured to a main plastic supporting body.
PAR  The present invention provides substantial advantages over the prior art of
      the foregoing character as will become apparent from a more detailed
      disclosure thereof. It embodies an apparatus and provides a method in
      which individual blades are deposited successively at high speed on a
      continuously operating endless conveyor belt, the strip feeding mechanism
      having lugs for positioning accurately the blades in a central and lateral
      position arranged seriatim on the belt while passing through the extruding
      die where a continuous strip of thermoplastic is cast around the back
      edges of the successive blades in a controlled manner and by continuing
      the advance of the conveyor through a cooling means for setting the
      thermoplastic material the required dimensional tolerance as per the
      configuration of the blade with the back edges fully imbedded therein is
      attained. The advance of the blade strip is continued to a strip severing
      means for cutting between the ends of the adjacent blades, a loop
      accumulating means being provided between the cooling means and the
      severing means, the severing means being driven by a timing belt linked to
      the main drive shaft operating the blade feed means and conveyor means,
      but operating intermittently as distinguished from the continuous feed of
      the blade strip as it exits from the extrusion die and cooling means.
DRWD
PAR  Other features of the apparatus and method will be revealed in connection
      with the description to follow and the accompanying drawings disclosing a
      representative embodiment of the invention.
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of the complete apparatus.
PAR  FIG. 2 is a view in elevation of the complete apparatus.
PAR  FIG. 3 is a fragmentary in plan on an enlarged scale showing the feeding
      means through the blade pick-up station.
PAR  FIG. 4 is a vertical cross sectional view taken on the plane IV--IV of FIG.
      1 and also the plane IV--IV of FIG. 5.
PAR  FIG. 6 is a fragmentary view in elevation looking toward the outer face of
      the feed belt with the blades in position thereon.
PAR  FIG. 7 is a top plan view of the belt with blades entrained thereon.
PAR  FIG. 8 is a view in elevation taken on the plane VIII-VIII of FIG. 1
      showing the strip severing means and also the apparatus for moving the
      severed blade units laterally to a receiver.
DETD
PAR  Referring first to FIGS. 1 and 2, the general features of the apparatus
      include a carrier 10 comprising preferably an endless steel band having on
      its outer surface successive lugs 11 defining between lugs a space for
      successive blades. The conveyor 10 extends around a pair of fixed idler
      rolls 12 and 13, an adjustable tension roll 14 and a feed roll 15. The
      feed roll is driven from a power source 16 through a chain or belt 17 and
      an intervening speed reducer 18, which is also connected at 19 to drive
      shaft 20 which in turn drives other mechanism as will be described
      hereinafter.
PAR  Mounted on the belt 10 opposite the lugs 11 are driving teeth 25 adapted to
      engage in peripheral notches 26 in fed roll 15 (FIG. 3). The means for
      feeding blades B to the belt 10 and picking up the individual blades and
      positioning them on the belt 10 may vary and in part at least is shown
      only diagrammatically. In the present case the blade supply and individual
      feed mechanism is indicated generally at 30 adapted to present blades one
      by one to the belt conveyor to be picked up and positioned between the
      respective pairs of lugs 11. The belt is guided into the blade pick-up
      area by suitable means indicated generally at 31. Mounted on the feed drum
      15 are spring pressed blade feed plungers 32 traveling in a path above the
      lugs 11 adapted to engage the rear end of the corresponding blade B. The
      belt 10 has openings 41 (FIG. 6) through which the plungers 32 extend to
      engage against the rear ends of the blades.
PAR  The particular blades illustrated correspond generally to razor blades
      commonly sold under the name "Gem" which have end notches 40 and the lugs
      11 are correspondingly T-shaped to engage in the notches and preferably
      provide also a cross rib indicated at 11a (FIG. 6) to result in a spacing
      between the adjacent ends of the respective blades. The plungers 32 and
      lugs 11 cooperate to maintain an accurate central and lateral positioning
      of the cutting blades on the conveyor.
PAR  The blades arranged seriatim on the conveyor 10 are advanced through an
      extrusion die and plastic feeding means of a suitably selected type common
      in the prior art. In the present arrangement the die indicated generally
      at 50 is fed with the desired plastic material under pressure from an
      extruding machine 51 automatically loaded from a source of plastic
      material 52 through hopper means 53. The die adapter block 54 may include
      suitable electrical heating means 55.
PAR  Details of the extrusion die are shown particularly in FIGS. 4 and 5. It
      includes front and back halves 60 and 61 respectively which are
      complimentary and have mating grooves forming a conduit passage 62 through
      which plastic material is forced under pressure to form a continuous strip
      63 in which the rear edges of the blades B are fully imbedded as indicated
      in FIGS. 4, 5 and 8. The blades are resting on the conveyor strip 10, and
      the conveyor and the overlying blades are fed through guide slots in the
      die body formed by a front guide block 66 and a back guide block 67. It
      may be noted that the front guide block 66 is so designed as to guide the
      conveyor strip horizontally and vertically allowing proper clearance for
      the driving teeth riveted to the conveyor and the blade locating lugs. It
      may also be noted that the shape of the lugs 11 is such as to maintain an
      extremely accurate position of the blades both longitudinally and
      laterally whereby the cutting edge B' is maintained out of contact with
      any metal wall and the width of the rear edge imbedded within the plastic
      strip is maintained centrally.
PAR  The amount to which the plastic material extends forward toward the blade
      cutting edge is limited by carbide inserts 68 brazed or welded to the
      front guide block 66 and the back guide block 67. The plastic material may
      be selected from a variety of thermoplastic materials well known
      commercially having characteristics suitable for the purpose, such as
      polypropylene.
PAR  In order to set the plastic quickly to maintain its shape as the strip
      emerges from the die it enters immediately through a coolant spray curtain
      which may vary in character but a suitable form is indicated in FIGS. 1, 2
      and 4 at 75. It includes a "U" shaped tube 76 having apertures connected
      to supply tube 77 adapted to spray the coolant fluid being air or water
      for example. From there the strip passes through an elongated cooling
      chamber 78 which may vary as to character and length depending upon the
      circumstances. Suitable supply conduit means for coolant fluid are
      indicated diagrammatically at 79. Preferably as the strip emerges from the
      cooling chamber 78 it passes through an air blowoff means 80 comprising a
      suitable arrangement of air jets to remove any adherent surface layers of
      the coolant medium.
PAR  The plastic strip with the contained blades leaves the conveyor at the
      idler roll 13 and is fed to a plastic strip severing means indicated
      generally at 85 (FIGS. 1 and 8). The strip is picked up by an intermittent
      feed mechanism 86 driven from the main shaft 20 by a belt or chain 87
      which advances the strip step by step through suitable guide means 88 to
      the severing means. The details of the intermittent feed mechanism are not
      illustrated since the exact form may vary in accordance with well known
      devices for that purpose. Although the feed mechanism is operated in timed
      relation with the strip advance through the plastic applying means,
      because of the intermittent advance at the severing means, the strip
      includes a strip loop section 89 which rides edgewise on a flat table
      section 90.
PAR  The severing means is indicated more fully in FIG. 8 taken in conjunction
      with the plan view of FIG. 1. It includes a pair of knife blades 91
      mounted on a bar 92 cooperating with a suitable female die part.
      Preferably the blades are shaped and spaced apart to the exact desired
      length of the plastic backing.
PAR  The bar 92 may also have secured thereto a pusher head 93 which serves to
      move the previously severed blade unit forward to a desired receiver
      simultaneously with the cutting out of the next blade unit. The plastic
      sections removed from the strip may be withdrawn downwardly through chute
      95 to a granulating device 96 and returned in a suitable manner through
      pipe 97 (FIG. 2) to the main plastic supply system.
PAR  The invention accordingly comprises the several steps and their relation
      and an apparatus embodying features of construction and combination of
      parts which are adapted to effect such steps, all as exemplified in the
      representative embodiment herein disclosed and the scope of the invention
      will be indicated in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for forming a backing of plastic material on an edge of
      cutting blades comprising a continuous conveyor belt, means for driving
      the belt, means for depositing blades seriatim on the belt, said belt
      having lugs on its surface forming spacers between adjacent blade ends on
      said belt, an extrusion die through which said belt with the blades is
      advanced with means for forming a continuous strip of the plastic material
      with the edge of the blades fully imbedded therein, and cooling means
      through which the strip is fed from the extrusion die.
NUM  2.
PAR  2. An apparatus in accordance with claim 1 in which said lugs are shaped to
      engage in notches in the adjacent ends of the blade and maintain the
      blades in a predetermined lateral position in advancing through the
      extrusion die.
NUM  3.
PAR  3. An apparatus in accordance with claim 1 in which said belt driving means
      comprises a rotary feed roll, and the belt has belt driving lugs
      engageable in notches in the periphery of said roll.
NUM  4.
PAR  4. An apparatus in accordance with claim 3 in which said feed roll has
      plungers on its periphery arranged to project through holes in said belt
      and engage the rear end of successive blades for advancing them in timed
      relation with the belt travel.
NUM  5.
PAR  5. An apparatus in accordance with claim 1 in which said cooling means
      includes a first cooling fluid spray closely adjacent the strip followed
      by an elongated chamber with cooling medium therein.
NUM  6.
PAR  6. An apparatus in accordance with claim 1 which includes a strip severing
      means through which the strip is fed after the cooling means, said
      severing means being arranged to shear the strip between successive blades
      to form individual blade units.
NUM  7.
PAR  7. An apparatus in accordance with claim 6 which includes a strip loop
      storage means between the cooling means and the severing means and means
      for intermittently advancing the strip through severing means.
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ABST
PAL  This apparatus provides a means of sealing a plastic film cover over the
      open end of a plastic food container to render the container airtight and
      suitable for storage in a dispensing machine. The apparatus is
      self-contained and includes a base which carries a resiliently mounted
      support frame for the container, and a spindle-less dispensing frame for
      the film. A lever arm is pivotally mounted to the base rearwardly of the
      container support frame for swinging movement toward and away from the
      support frame. The lever carries a heat sealing head located forwardly of
      the pivot mounting for alignment with the container during heat sealing,
      and a cutter located rearwardly of the heat sealing head for clamping and
      severing the film adjacent the container support frame just prior to heat
      sealing. The heat sealing head includes a platen having peripheral margin
      portions registrable with the container flanges and grooved to provide
      improved heat sealing of the film to the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for heat sealing a plastic film
      cover over an open food container to produce an airtight package and
      particularly to improved heat sealing and trimming means.
PAR  Machines for heat sealing a plastic film cover or closure portion to an
      open plastic container are known in the art. Such machines are used to
      advantage in the preparation of pre-wrapped sandwiches which are to be
      dispensed from vending machines and it is imperative that the sealed
      container be completely airtight to avoid spoilage of the packaged
      merchandise.
PAR  The problems of adequately sealing plastic film to a high impact styrene
      container are considerable, primarily because of the sensitive heat and
      pressure control requirements. This has led, in many instances, to the use
      of special film, either of the pressure-sensitive type or the
      heat-activated, laminated type, which seal within a wide range of
      temperature and pressure or dwell time.
PAR  Another problem lies in the trimming or cutting of the plastic film,
      following heat sealing, in an efficient manner so that the seal is not
      impaired. The solution of this problem depends upon the satisfactory
      delivery of the film to the heat sealing station in a suitably tensioned
      condition. This has been achieved in the past only with relatively
      complicated, and therefore expensive, holding and feed devices.
PAR  Yet another problem lies in achieving correct clamping alignment of the
      mating heat sealing parts. The solution of this problem is particularly
      difficult when the sealing head is swingingly related to the container
      support and one approach is to provide close tolerances in the connections
      of the moving parts. Again, this is an expensive solution.
PAR  The present heat sealing apparatus solves the above and other problems in a
      manner not disclosed in the known prior art.
PAC  SUMMARY OF THE INVENTION
PAR  This heat sealing apparatus provides a means of heat sealing a plastic film
      cover to an open plastic container and includes a heat sealing head
      providing efficient distribution of heat and pressure to the contact
      surface of the head engaging the film so that plastic film can be used
      which does not have special presure sensitive or laminated
      characteristics.
PAR  The apparatus provides a film roll mounting which ensures delivery of the
      film to the container without the need for a spindle, and said apparatus
      provides a cutter which tensions the film during the cutting action.
PAR  A container support is provided which is resiliently mounted so that the
      pivoted lever arm carrying the heat sealing head can readily be aligned
      with the container support to achieve even clamping pressure between the
      container and the plastic film.
PAR  This heat sealing apparatus is relatively inexpensive to manufacture and
      can be used by anyone with little or no instruction. In addition, the
      superior fusion qualities afford considerable overall savings in the
      preparation of pre-packaged foods because conventional rather than special
      plastic film can be used for the container closure portions.
PAR  It is an important object of this invention to provide a self-contained,
      heat-sealing apparatus which includes a base carrying a resilient support
      means for a plastic container, and journal mounting means for supporting a
      roll of film for withdrawal of the film across the container margin
      portions; and to provide a lever pivotally mounted to the base and
      carrying a sealing head and a cutter means spaced from the pivotal
      mounting for swinging movement into clamping engagement with the film, the
      sealing head including a platen providing opposed margin portions having
      spaced lands and grooves registrable with the container margin portions,
      and the cutter means providing a blade having adjacent clamping elements
      to facilitate severing of the film by the blade.
PAR  Another object is to provide the platen with a substantially rectangular
      recessed portion defined by peripherally continuous, alternating lands and
      grooves on said platen margin portions.
PAR  Yet another object of the invention is to provide support means for the
      container including a U-shaped pedestal portion having an open rectangular
      frame extending between the legs thereof and providing a peripheral,
      resilient seating pad for the container, and said support means including
      a resilient bearing pad between the pedestal portion and the base, said
      resilient pads cooperating to provide self-alignment of the container
      under pressure from the platen.
PAR  Still another object is to provide journal mounting means for the film
      which includes spaced pairs of oppositely inclined bearing strips, each
      pair defining a V-notch journal bearing for the roll of film, and to
      provide end stops engageable with the film to locate said film in said
      journal bearing.
PAR  It is an object of the invention to provide spaced abutment portions
      between the support means and the mounting means defining a gap, said film
      extending across said gap; to provide the cutter means with a blade shield
      providing the clamping elements, said elements being engageable with the
      film above said abutment portions for clamping the film prior to severing
      by the blade; and to provide the blade shield with a resilient mounting
      relative to said blade.
PAR  Yet another important object is to provide a lever having a substantially
      U-shaped configuration, including spaced arms having remote ends and a
      bight portion, said heat sealing head and said cutter means being
      connected between said arms, and said lever being pivotally connected to
      the base between the remote ends of the arms and said bight portion; and
      to provide spring means having one end connected to the arms rearwardly of
      the pivotal connection, and the other end connected to the base forwardly
      of the pivotal connection.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of the heat sealing apparatus;
PAR  FIG. 2 is a plan view partly broken away to reveal the underlying
      structure;
PAR  FIG. 3 is a fragmentary cross section taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary plan view showing the underside of the heat sealing
      platen and the cutter assembly;
PAR  FIG. 5 is a cross section taken on line 5--5 of FIG. 4;
PAR  FIG. 6 is an enlarged detail of the cutter assembly, prior to the severing
      of the film;
PAR  FIG. 7 is an enlarged detail of the cutter assembly following severing of
      the film; and
PAR  FIG. 8 is a fragmentary cross section taken on line 8--8 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now by characters of reference to the drawings and first to FIG.
      1 it will be understood that the heat sealing apparatus includes a base 10
      having a support assembly 11 mounted thereon to provide a support means
      for a plastic food container 12. The container 12 includes a peripheral
      flange 13 providing opposed margin portions and defining an open end,
      which is to be closed by heat sealing a cover of plastic film thereto and
      said cover, indicated by numeral 14, is dispensed and cut from a web or
      roll 15 which is carried by a film mounting assembly 16. In order to
      effectuate the heat sealing and severing of the film portion 14 a U-shaped
      lever 17 is provided which is pivotally mounted between a pair of spaced
      posts 18 carried by the base 10. The lever 17 carries a heat sealing head
      20, for heat sealing the cover 14 to the container 12, and a rearwardly
      disposed cutter assembly 21 for tensioning the film, and severing the film
      portion providing the cover 14, from the web.
PAR  The primary parts of the apparatus noted above will now be described in
      greater detail. The support assembly 11 is provided by a U-shaped metal
      frame 19 having outwardly turned lips 23 at the remote ends of arms 22.
      The frame 19 provides a pedestal for rectangular metal frame 24 which
      extends between said lips 23 and is attached thereto as by spot welding.
      The metal frame 24 is provided with an inner opening 25 and superjacently
      mounted to said frame 24 is a peripherally continuous pad 26 of foam
      rubber, or the like. The pad 26 is attached to the frame 24 as by adhesive
      and includes longitudinally spaced sides 27 and transversely spaced sides
      28 in register with the opening 25. The body of the container 12 is
      received by the opening 25 and the sides of the pad 26 provide resilient
      margin portions seating the container flange 13. The U-shaped frame 22 is
      resiliently mounted to the base by means of another pad of foam rubber, or
      the like, which is disposed between the base 10 and the bight 29 of said
      frame 22. The pad 30 is substantially co-extensive with the bight 29 and
      the frame 22 is secured to the base 10 as by fasteners 31. It will be
      understood that the upper pad 26 provides a localized resilient mounting
      for the container flange 13 while the lower pad 30 provides a general
      resilient mounting for the support assembly 11 as a whole.
PAR  The mounting assembly 16 provided for the film roll 15 includes spaced,
      channel-shaped wall members 34 which are attached to the base 10 as by
      spot welding. At the rearward end the wall members are interconnected by a
      transverse framing member 35 and at the foward end by a platform member
      36. Each of the wall members 34 includes oppositely inclined flanges 37
      and 38 provided with plastic bearing strips 40 and 41 respectively. Strips
      40 and 41 define a V-notch journal bearing which receives the film roll 15
      in substantially friction-free sliding relation so that when the leader is
      pulled from the roll 15, the roll simply rotates on the strips 40 and 41.
      The platform member 36 includes a downwardly turned lip 42 at the rearward
      end to preclude inadvertent tearing of the film. At the forward end the
      platform 36 includes a resilient strip 43 of foam rubber, or the like, and
      said strip 43 and the rearward side 27 of the resilient pad 26 cooperate
      to define spaced abutment portions providing a gap 33 receiving the blade
      of the cutter assembly 21 therebetween as will be described.
PAR  As shown in FIGS. 2 and 3, the film roll 15 is transversely positioned on
      the bearing strips 40 and 41 by means of adjustable stop elements 44 which
      are pivotally mounted to associated posts 18 by means of fasteners 45 and
      include an adjustable angle member 46 providing a lip 47 engageable with
      the end of the roll 15. The angle member 46 is provided with a bolt and
      slot arrangement generally indicated by numeral 48 to permit sideways
      adjustment more conveniently to accommodate slight variations in the width
      of the film roll 15. As shown particularly in FIG. 2 the platform member
      36 includes cut-out portions 39 at its forward corners to facilitate
      grasping of the film leader by the index finger and thumb of the operator.
PAR  The U-shaped lever 17 includes a bight portion 50 and opposed arms 51
      pivotally mounted to associated posts 18 by pivot assemblies 52. The
      remote end of each arm 51 extends rearwardly of its associated pivot
      assembly 52 and each remote end includes a bolt assembly 57. A tension
      spring 53 extends between each bolt assembly 57 and an apertured lug 54,
      which is disposed forwardly of the pivot assembly 52 and is attached to
      the base 10 as by fasteners 55 to form part of said base. The tension
      springs 53 provide an upward bias to the lever 17 to maintain the forward
      end of the lever 17 in spaced relation from the container support assembly
      as shown in FIG. 1. The lever 17 is swung downwardly to the heat sealing
      position manually by grasping the handle 56 provided on the lever bight
      portion 50.
PAR  The heat sealing head 20 is mounted forwardly of the lever pivot assembly
      52 and extends between the arms 51 to which it is attached as by opposed
      fasteners 60. Essentially, the heat sealing head 20 is located on the arms
      51 in such a position that when the lever 17 is swung downwardly, the
      platen assembly 20 connected by fasteners 60 is substantially aligned with
      the container support assembly 11 above the container 12. The heat sealing
      head 20 is best understood by reference to FIGS. 4 and 5. As shown, said
      sealing head includes a platen of metal, such as an aluminum casting,
      which is preferably coated on the sealing face by Teflon or the like.
      Spacer members 62 of insulation material are attached to each side of the
      platen 61 by means of fasteners 63 and the platen is provided with
      longitudinal grooves 64 to facilitate attachment of said side members 62.
      The side members 62 extend above the block 61, and a cover plate 65, which
      is attached to the block as by fasteners 66, cooperates with said side
      members 62 to define a housing for a heating element 67. The heating
      element 67 by which the platen is electrically heated, is connected to a
      power cable 70, and the cover plate 65 is provided with a removable
      closure plug 71 which affords access to a thermostatic control adjustment
      screw 72.
PAR  Importantly, the platen 61 is provided with a cavity or recess 73 defined
      by opposed longitudinally spaced margin portions 75 and opposed
      transversely spaced margin portions 76. The margin portions each include
      spaced grooves 80 and 81 which, in the preferred embodiment are
      peripherally continuous, and which are separated by a land 82 and flanked
      by lands 83 and 84. As shown particularly in FIG. 7 the margin portions of
      the platen are aligned, in the heat sealing position, with the flanges 13
      of the container 12 so that when the film portion 14 is drawn across said
      flanges, the lands 82, 83 and 84 engage the film above said flange 13. The
      effect of the lands and grooves is to provide a plurality of spaced
      sealing lines which provide a highly efficient triple seal between the
      film cover 14 and the container 12. It will be understood that the film 14
      is sufficiently wide that this triple seal extends all around the
      container flange 13 in the preferred embodiment.
PAR  The cutter assembly 21, which is shown particularly in FIGS. 4, 6, 7 and 8
      provides a means of severing the film cover 14 from the web just prior to
      the heat sealing action. The cover 14 is severed by a blade 85, which
      extends between the lever arms 51 and is attached as by fasteners 86 to
      the insulated members 62 at each side of the platen 61. The blade 85 is
      received by the gap 33 between the rearward side 27 of the container
      support assembly resilient pad 26, and the resilient strip 43 at the
      forward end of the platform member 36. Importantly, the cutter assembly
      includes a U-shaped clamping shield 87 which is provided with forward and
      rearward legs 90 and 91 and is movably mounted in embracing relation to
      the blade 85. The shield 87 is resiliently mounted to the blade 85 by
      means of a projecting lug 92, provided by a cut-out from the body of the
      blade 85, and a projecting lug 93, provided by a cut-out from the shield
      rearward leg 91. The forward leg 90 is provided with a vertical slot 94
      receiving lug 92 therethrough and both of the lugs 92 and 93 are apertured
      for attachment of a tension spring 95 therebetween which biases the shield
      87 into engagement with the blade 85 when the apparatus is not in use so
      that the blade is relatively retracted and thereby protected by said
      shield. The forward and rearward legs 90 and 91 of the blade shield 87
      include inclined clamping fingers 96 and 97 respectively at their lower
      end and, when the cutter assembly 21 is swung downwardly by the lever 17,
      said fingers engage and clamp the film cover portion 14 to the resilient
      frictional material provided by members 27 and 43 respectively on each
      side of the gap 33 as shown in FIG. 6. Upon continued downward movement,
      the blade 85 engages and severs the film cover portion 14 from the web as
      shown in FIG. 7. It will be understood from FIGS. 7 and 8 that during such
      continued downward movement of the blade 85, the spring 95 exerts a bias
      on the clamping fingers 96 and 97 and that when the lever 17 is raised
      following heat sealing the spring 95 returns the shield 87 to its former
      position.
PAR  It is thought that the structural features and functional advantages of
      this heat sealing apparatus have become fully apparent from the foregoing
      description of parts but for completeness of disclosure the operation of
      the device will be briefly described.
PAR  As shown in FIGS. 1 and 3 the roll of plastic film is seated upon the
      inclined, relatively smooth strips 40 and 41 and is endwise positioned by
      stop elements 44. The relatively friction-free surfaces by which the film
      roll 15 is supported permit the film to be withdrawn from the roll by
      simply pulling on the film causing the roll to rotate within the vee-notch
      journal provided by said bearing strips 40 and 41. A container 12 is
      inserted in the opening 25 provided in the upper rectangular frame 24 of
      the support assembly 11, so that the peripheral flange 13 engages and
      seats on the resilient margin portions of the rectangular pad 26 defining
      said opening. The film is drawn over the platform 36 and across the
      container 12 so that it just covers the most forward portion of the
      peripheral flange 13 of said container. The container 12 can be either
      rectangular or triangular in overall configuration to suit two halves of a
      sandwich (not shown) and the cavity 73 in the heat sealing heat platen 61
      ensures that the sandwich can protrude above the general elevation of the
      container flanges 13. This arrangement ensures that film covering the
      sandwich does not engage the platen, and thereby effectively precludes
      burning of said sandwich. The lever 17, which carries the heat sealing
      head 20 and the cutter assembly 21, is pivotally mounted to the base posts
      18 and is upwardly biased by the springs 53 connected to the rear end of
      said lever. The sealing head 20 is so located on the lever 17 that when
      the lever is lowered, and the platen 61 is substantially horizontal, the
      peripherally continuous grooved margin portions 75 and 76 of the platen
      are in register with the peripheral flange 13 of the container 12. The
      container support assembly 11 is mounted on a pad of foam rubber 30, so
      that the support assembly provides a resilient anvil, and the container
      flange 13 is seated on a margin of similar material. This arrangement
      ensures that the container can yield so that the bearing pressure from the
      platen will be uniformly distributed. Moreover, the specific grooved
      arrangement of the platen 61 ensures full heat distribution along lines
      corresponding to the lands 82-84 which are intermittently spaced with the
      grooves 80 and 81 which, in the preferred embodiment, are between
      0.03--0.04 in wide. Thus, rather than a flat pressure interface the
      sealing is provided by a plurality of sealing lines which seal the two
      faces efficiently together and the airtight seal is enhanced by the air
      gaps between the intermittently sealed cover and container. The heat
      sealing temperature can be adjusted by the thermostatic control screw 72
      on the heating element 67 to suit the type of material being sealed and
      the provision of spaced sealing lands separated by air grooves, coupled
      with the use of a solid aluminum casting eliminates sudden temperature
      changes and facilitates heat control. This arrangement permits
      considerable pressure variation which is particularly important with a
      manually operated device.
PAR  The provision of resilient seating strips on either side of the gap 33
      enhances the ability of the cutter assembly 21 to sever the cover 14
      efficiently. The pressure from the blade shield fingers 96 and 97 holds
      the film spanning the gap 33 tightly because of the relatively high degree
      of frictional engagement between the film and the foam rubber material
      which inhibits sliding of the film during cutting. The severing of the
      film occurs immediately before engagement of the platen 61 with the film
      and the cutting action is considerably facilitated because the blade 85
      tensions the film portion spanning the gap as it is being cut.
PAR  The actual cutting and heat sealing operations occur almost simultaneously
      and are achieved by simply grasping the lever handle 56 and swinging the
      lever 17 downwardly into engagement with the film. It requires only
      momentary engagement of the platen 61 with the film cover portion 14 to
      effectuate the sealing and severing of the cover to the container,
      following which the lever 17 is returned to the upward position assisted
      by the bias of the spring 53. The cut-out portions 69 at the forward end
      of the platform 36, adjacent the gap 33, permit easy grasping of the film
      so that it may be pulled forward the requisite amount to cover the
      container peripheral flange 13 in preparation for heat sealing another
      portion of the film to another container 12.
PAR  The heat and pressure control demonstrated by the apparatus permits a film
      cover formed from material such as oriented polystyrene to be effectively
      sealed to a container formed from high impact styrene.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In an apparatus for heat sealing a plastic film cover to an open
      container having laterally extending, opposed margin portions defining the
      container opening:
PA1  a. a base,
PA1  b. support means for the container, the support means including an upper
      seating portion receiving the container margin portions in seating
      relation,
PA1  c. mounting means for supporting a roll of film for withdrawal of the film
      across the container margin portions,
PA1  d. a lever pivotally mounted for swinging movement relative to the base,
PA1  e. a sealing head carried by the lever above the support means, in spaced
      relation to the pivotal mounting of the lever, for swinging movement of
      said head into clamping engagement with the film on the container margin
      portions, the sealing head including:
PAR  1. a heated platen having opposed margin portions substantially in register
      with the container margin portions when the film is clamped for heat
      sealing, each heated platen margin portion including a first groove
      portion located laterally outward of the container opening, the first
      groove portion being peripherally continuous to provide a complete seal
      inwardly thereof, and a second groove portion spaced outwardly of and
      substantially parallel to the said first groove protion to provide an
      elongate land therebetween, the land providing a seal between the first
      and second groove portions,
PA1  f. cutter means carried by the lever for severing the film drawn across the
      container from the roll,
PA1  g. the support means and the mounting means cooperating to provide spaced
      abutment portions rearwardly disposed of the container and engageable by
      the film, said abutment portions defining a gap therebetween and said film
      extending across said gap,
PA1  h. the cutter means including a blade carried by the sealing head and
      rigidly fixed relative to the sealing head and lever, the blade being
      movable into the gap to cut the film as the head is moved by the lever
      into engagement with the film, and spaced clamping elements mounted in
      movable relation to and on the blade, one clamping element being located
      adjacent each side of the blade, each clamping element having a lower
      clamping margin engageable with the film against an associated abutment
      portion to clamp the film across the gap as the head is moved by the lever
      into engagement with the film, and resilient means between the blade and
      clamping elements tending to urge the lower clamping margins below the
      blade so that the clamping margins will engage and clamp the film and then
      permit the blade to move below the lower clamping margins to cut the film,
      all under loading of the resilient means, in sequence by moving the head
      with the lever into engagement with the film,
PA1  i. the blade including a transversely projecting lug,
PA1  j. the clamping elements forming a substantially U-shaped blade, and the
      shield including a transversely projecting lug, and
PA1  k. the resilient means including a tension spring extending between said
      lugs to provide the resilient mounting of said shield to said blade.
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ABST
PAL  An evaporation apparatus for use in the evaporation, concentration, and/or
      purification of solutions containing alkali metal hydroxides and alkali
      metal chlorides, which apparatus has a liquid receiving chamber for the
      solutions being processed, a flow-through heating zone containing heat
      transfer elements, a separation chamber for forming a liquid-vapor mixture
      of the solution being processed, passageways connecting said chambers and
      said zones, and baffle and distribution means positioned within said
      chambers, zones and/or passageways, the improvement which comprises
      forming at least a portion of those surfaces of the said heat transfer
      elements, chambers, zones, passageways, baffle and distribution means of
      said apparatus which are in contact with the solution of said alkali metal
      hydroxide and said alkali metal chloride at temperatures in excess of
      about 50.degree. C of a ferritic stainless steel having the following
      composition:
TBL  Carbon           Up to 0.01% by weight                                    
     Manganese        Up to 0.40% by weight                                    
     Phosphorus       Up to 0.02% by weight                                    
     Sulfur           Up to 0.02% by weight                                    
     Silicon          Up to 0.40% by weight                                    
     Nitrogen         Up to 0.015% by weight                                   
     Copper           Up to 0.20% by weight                                    
     Nickel + copper  Up to 0.50% by weight                                    
     Chromium         25.0 to 27.5% by weight                                  
     Molybdenum       0.75 to 1.50% by weight                                  
     Iron             Balance                                                  
BSUM
PAR  This invention relates to an apparatus and process for the evaporation,
      concentration and/or purification of solutions containing alkali metal
      hydroxides and alkali metal chlorides and, more particularly, it relates
      to an improved material of construction for use on those surfaces of the
      apparatus which are in contact with the solution being processes at
      elevated temperatures.
PAR  In the processing of various chemicals, it is frequently desirable to
      subject solutions or slurries of these chemicals to evaporation in order
      to obtain the chemicals in a more marketable form. Such evaporation
      treatments effect the concentration of the solution or slurry being
      treated and frequently effect a purification of the solution or slurry by
      crystallization of either impurities or the desired product.
PAR  Over the years, various different types of evaporators have been utilized
      in these processes, depending upon the characteristics of the materials
      being treated. Typical of these types are rising film evaporators, falling
      film evaporators, Calandria evaporators, and forced circulation
      evaporators, using both external and internal pumping arrangements. These
      different types of evaporators have been operated as single effect
      evaporators, multiple effect evaporators, recompression evaporators, and
      the like.
PAR  As has been indicated, the choice of the particular type of evaporator used
      has depended upon the characteristics of the material which is being
      treated. Moreover, the materials of construction of the evaporators, and
      in particular those surfaces within the evaporator which, come in the
      contact with the material being treated, have also been selected on the
      basis of the chemical and physical characteristics of the materials being
      treated as well as the temperature and pressure conditions which have to
      be utilized in the evaporation system.
PAR  These considerations become particularly important, for example when
      dealing with the treatment of aqueous alkali metal hydroxide solutions,
      such as those which result from the electrolysis of aqueous alkali metal
      chloride solutions in diaphragm cells. These solutions which, initially
      contain from about 8 to 14 percent by weight of the alkali metal
      hydroxide, up to 18 percent by weight of alkali metal chloride and alkali
      metal chlorate up to 0.05 percent by weight, are heated at temperatures
      within the range of about 50.degree. to 200.degree.C at pressures of from
      about 1 to 100 PSIA to produce a more concentrated alkali metal hydroxide
      material, typically having an alkali metal hydroxide content of about 35
      to 73 percent by weight, with an alkali metal chloride content of up to
      about 8 percent by weight, and with an alkali metal chlorate content of up
      to 0.2 percent by weight. With these solutions, and under these operating
      conditions, the materials of construction of the evaporation equipment are
      subjected not only to severe corrosive attack by the alkali metal
      hydroxides but, additionally, are subjected to chloride stress cracking,
      particularly in the tubes in the heat exchange portion of the apparatus.
PAR  Heretofore, various materials of construction have been proposed for
      apparatus of this type which is to be used for the evaporation,
      concentration and purification of aqueous alkali metal hydroxide
      solutions. The materials proposed have included various conventional
      stainless steels such as 304, 304L, 310, 316, 316L, and the like. For this
      use, these materials have, at best, been only partially successful, the
      rate of corrosion and the amount of stress cracking being sufficiently
      high under the more severe operating conditions as to often necessitate
      replacement in a matter of several months. None of these have thus been
      uniformly satisfactory from the long term commercial standpoint.
      Accordingly, the conventional material of construction for evaporators
      used with aqueous alkali metal hydroxide solutions has been nickel.
      Although from a performance standpont, nickel is quite satisfactory,
      because of its high cost, there has been a continuing effort to find a
      suitable, less expensive substitute. Up to the present time, however,
      these attempts have not been successful.
PAR  It is, therefore, an object of the present invention to provide an improved
      evaporation apparatus for use in the evaporation, concentration and
      purification of aqueous solutions containing alkali metal hydroxides and
      alkali metal chlorides, both with and without alkali metal chlorates.
PAR  A further object of the present invention is to provide an improved
      evaporation apparatus formed of a material of construction having a
      corrosion resistance equivalent to that of nickel but whose cost is
      appreciably less than that of nickel.
PAR  These and other objects will become apparent to those skilled in the art
      from the description of the invention which follows.
PAR  Pursuant to the above objects, the present invention provides, in an
      evaporation apparatus for use in the evaporation, concentration and
      purification of solutions containing alkali metal hydroxides and alkali
      metal chlorides, which apparatus has a liquid receiving chamber for the
      material to be processed, a flow through heating zone containing heat
      transfer elements, a separation chamber for forming a liquid-vapor
      mixture, passageways connecting said chambers and zones and baffle and
      distribution means positioned within said chambers, zones and passageways,
      the improvement which comprises forming at least those surfaces of the
      said chambers, zones, passageways, baffle and distribution means of said
      apparatus which are in contact with the solution of said alkali metal
      hydroxide-alkali metal chloride material at temperatures in excess of
      about 50.degree.C of a ferritic stainless steel having the following
      composition:
TBL  Carbon           Up to 0.01% by weight                                    
     Manganese        Up to 0.40% by weight                                    
     Phosphorus       Up to 0.02% by weight                                    
     Sulfur           Up to 0.02% by weight                                    
     Silicon          Up to 0.40% by weight                                    
     Nitrogen         Up to 0.015% by weight                                   
     Copper           Up to 0.20% by weight                                    
     Nickel + copper  Up to 0.50% by weight                                    
     Chromium         25.0 to 27.5% by weight                                  
     Molybdenum       0.75 to 1.50% by weight                                  
     Iron             Balance                                                  
PAL  By the use of this material of construction, there is obtained an
      evaporation apparatus which may be successfully operated over a broad
      range of operating conditions and over extended periods of time without
      the necessity for being shut down for replacement of component parts due
      to corrosion and/or stress cracking, but which cost appreciably less than
      comparable apparatus fabricated from nickel.
PAR  More specifically, in the practice of the present invention, it has been
      found that the ferritic stainless steel, having the composition set forth
      hereinabove, may be used as a substantially complete replacement for
      nickel throughout an entire evaporation system for use in the evaporation,
      concentration and purification of aqueous alkali metal hydroxide-alkali
      metal chloride solutions. Typically, these evaporation systems are made up
      of one or more evaporated units, which units or apparatus are designed to
      effect the evaporation, under vacuum, of the aqueous alkali metal
      hydroxide-alkali metal chloride solutions, such as the caustic soda cell
      liquor from an electrolytic diaphragm cell, to produce a concentrated,
      purified sodium hydroxide product. The evaporation apparatus may be of
      various types as are known in the art to be suitable for use with such
      caustic soda solutions, such as rising film type evaporators, forced
      circulation evaporators with either internal or external circulation
      means, and the like. Regardless of the specific type of evaporator
      apparatus used, these units all include a liquid receiving chamber into
      which the solutions which are being processed are introduced, e.g., the
      caustic soda catholyte liquor from a diaphragm type electrolytic cell.
      Typically, this chamber will be in the lower portion of the apparatus, in
      communication with a flow-through heating zone which contains heat
      transfer elements. The specific nature of the liquid receiving chamber may
      vary, however, depending upon the particular type of evaporator. Thus, in
      some instances, it may be a separate, distinct chamber, while in others it
      may be a pipe or other conduit or merely the chamber or housing of the
      circulating pump. For convenience, it is to be understood that where
      reference is made herein to a "liquid receiving chamber" it is intended to
      mean that portion of the apparatus into which the solution to be processed
      is introduced, whatever its specific configuration may be.
PAR  The flow-through heating zone may be of any suitable type, although
      generally, it is in the form of a steam chest containing heat exchange or
      boiler tubes. Typically, the aqueous sodium hydroxide-sodium chloride
      solution is passed through the tubes, which may be arranged either
      vertically or horizontally, with the steam chest unit being positioned
      either internally or externally of the evaporation apparatus. With this
      arrangement, the steam or other heat exchange medium is passed through the
      steam chest, around the exterior of the heating tubes. Alternatively,
      however, a steam chest or heat exchanger may be used in which the steam or
      other heat exchange media is passed through the tubes, with the solution
      being processed passing externally of these tubes. Additionally, suitable
      passageways will be provided for introducing the solutions under treatment
      from the liquid receiving chamber into the heat exchanger or heating zone.
      Depending upon the configuration of the apparatus and the placement of the
      heating zone, these passageways may be either internal or external of the
      evaporation apparatus.
PAR  Suitable passageways are also provided between the heating zone and a
      separation chamber, in which chamber a liquid-vapor mixture of the
      solution being processed is formed. The separation chamber, which is
      normally operated under vacumn conditions, may also be provided with
      baffle or distribution means which aid in the uniform distribution of the
      liquid-vapor mixture across the full cross section of the separation
      chamber i.e., effecting release of the vapor from the liquor while
      minimizing liquor entrainment and carry-over with the vapors being
      released. Additionally, suitable passageways are also provided for
      returning the liquid portion of the mixture to the liquid receiving
      chamber, from the separation chamber, from which it is then recycled
      through the heating zone, back into the separation chamber. In many
      instances, baffle or other distribution means may be provided in the
      liquid receiving chamber, the heating zone and the various passageways, as
      well as in the separation chamber, to obtain the desired distribution and
      flow of the solution being treated.
DETD
PAR  FIG. 1 shows in vertical section a typical evaporator which comprises a
      body 1 having a liquid receiving chamber 3. Solutions which are being
      processed, e.g. the caustic soda catholyte liquor from a diaphragm type
      electrolytic cell, enter chamber 3 from inlet 5. Chamber 3 is suitably
      equipped with drain 7. Heating zone 9 is equipped with heat transfer
      elements, suitably heat exchange tubes 12 connected with an external heat
      source, not shown. The apparatus has a separation chamber 11 which may be
      equipped with baffles 13 to aid in separation of vapors. Separation
      chamber 11 has a liquid outlet 15 and a vapor outlet 17 for removal ov
      concentrated solutions and vapors respectively, from the evaporator
      apparatus.
PAR  The evaporation apparatus may be operated, separately, as a single effect
      evaporator or may be combined with one or more additional units in a
      multiple effect evaporation system. Typically, in such latter type of
      system, e.g., a triple effect evaporation system, steam is introduced into
      the heating zone or steam chest of the first effect evaporator as the
      heating media while the hot vapors from the separation chamber of the
      first effect evaporator are withdrawn and introduced into the heating zone
      or steam chest of the second effect evaporator as the heating media.
      Similarly, the hot vapors from the separation chamber of the second effect
      evaporator are withdrawn and introduced into the heating zone or steam
      chest of the third effect evaporator as the heating media for this unit.
      The sodium hydroxide-sodium chloride containing solution to be treated,
      e.g. caustic cell liquor from a diaphragm type electrolytic cell, is
      introduced into the liquid receiving chamber of the third effect
      evaporator and the initial concentration and purification of this solution
      is carried out in this unit. The partially concentrated and purified
      solution is then passed into the liquid receiving chamber of the second
      effect evaporator, in which further concentration and purification of the
      solution is carried out. The resulting solution is then passed into the
      liquid receiving chamber of the first effect evaporator in which the
      concentration and purification is completed and from which a concentrated,
      purified caustic soda solution is attained as the product. Alternately
      liquor may be introduced into the second effect evaporator and then to the
      third effect and then to the first effect.
PAR  It is, thus, seen that in the first effect evaporation unit, the highest
      temperatures and greatest sodium hydroxide concentrations are encountered,
      whereas in the third effect evaporation unit, the highest chloride
      concentrations are encountered. Typically, in the first effect evaporation
      unit, the temperatures encountered will be within the range of about
      120.degree. to 200.degree.C, the sodium hydroxide concentrations will be
      within the range of about 30 to 73 weight per cent, the sodium chloride
      concentrations will be within the range of about 4 to 10 weight per cent
      and the pressures will be within the range of about 10 to 100 pounds per
      square inch absolute. In the third effect evaporation unit, however,
      typically, temperatures will be within the range of about 40.degree. to
      70.degree.C, sodium hydroxide concentrations within the range of about 9
      to 20 weight per cent, sodium chloride concentrations within the range of
      about 10 to 18 weight per cent and pressures will be within the range of
      about 0 to 2 pounds per square inch absolute. Generally, in the second
      effect evaporation unit, the conditions will be intermediate between those
      in the first and third effect evaporation units, temperatures within the
      range of about 70.degree. to 120.degree.C, sodium hydroxide concentrations
      within the range of about 20 to 30 weight per cent, sodium chloride
      concentrations within the range of about 6 to 14 weight per cent and
      pressures within the range of about 3 to 15 pounds per square inch
      absolute being typical. Moreover, where only a single effect evaporator is
      used, rather than a multiple effect evaporation system as has been
      described above, the temperature, pressure and chemical concentration
      conditions which will be encountered within this single evaporation
      apparatus or unit, will generally be typical of that indicated for the
      first effect of a triple effect system.
PAR  From the above, it is seen that the materials used in the construction of
      the evaporation apparatus or units will be subjected to varying
      concentrations of sodium hydroxide and sodium chloride, in both liquid and
      vapor forms, over an extended range of temperature and pressure
      conditions. In actual operation, however, it has been found that the
      corrosion and chloride stress cracking becomes increasingly severe when
      the temperatures encountered are in excess of about 50.degree.C. Under
      such conditions, and particularly at temperatures in excess of about
      100.degree.C, the various stainless steel compositions which have
      heretofore been tried as substitutes for nickel, have been found to crack
      and corrode appreciably in relatively short periods of time, so as to make
      their use commercially unfeasible. In this regard, it is to be appreciated
      that the most severe corrosion conditions are encountered in the tubes of
      the steam chest in the first effect evaporator. Here, the inside of the
      tubes are in contact with a caustic soda solution having an NaOH content
      of about 45 percent at about 145.degree.C, while the exterior of the tubes
      are in contact with steam at a temperature of about 185.degree.C and a
      pressure of about 150 psig. In this type of service, the effective life of
      many of the stainless steels is very short, complete failure of some of
      these occurring within about 3-4 weeks.
PAR  While it is true that many parts of the evaporators are not subjected to
      these extreme corrosion conditions, or even to temperatures as high as
      100.degree.C, during normal operations, and hence could be formed of these
      stainless steels, abnormal operating conditions may occur. At such times,
      even the surfaces in the second and third effect units may be in contact
      with unusually high caustic concentrations at abnormally high
      temperatures. It is, thus advantageous to use a material of construction
      that will provide corrosion resistance over the entire range of conditions
      which can be encountered.
PAR  Accordingly, the ferritic stainless steel, as has been heretofore
      described, is utilized to form those surfaces of the evaporation apparatus
      or unit which are in contact with either the solutions of sodium hydroxide
      and sodium chloride, or the vapors containing entrained solutions of
      sodium hydroxide and sodium chloride, at temperatures which are in excess
      of 50.degree.C. These surfaces are, as has been indicated hereinabove,
      such surfaces of the liquid receiving chamber, flow through heating zone,
      separation chamber, passageways, baffle and distribution means and the
      like of these evaporation units or apparatus. Alternatively, however, the
      entire evaporation apparatus may be formed of the ferritic stainless
      material, rather than just those portions which will be in contact with
      the solution and/or vapors at temperatures in excess of about 50.degree.C.
PAR  As a further alternative, of course, only the interior surfaces of the
      evaporation unit or apparatus may be formed of the ferritic stainless
      steel as has been described. This may be accomplished by cladding a less
      corrosion resistant material, such as mild steel, with the ferritic
      stainless steel alloy, using any suitable technique, such as rolling,
      brazing, welding, explosion bonding, or the like, Although the use of a
      clad material may be somewhat less expensive, it does present the problem
      of maintaining an integral bond between the more corrosive outer material
      and the corrosion resistant ferritic stainless steel inner layer,
      particularly during various forming, welding and assembly operations in
      the manufacture of the evaporator unit. It is for this reason that in the
      preferred embodiment of the present invention, the ferritic stainless
      steel, as has been described, is used as such, rather than as a clad
      material. In this manner, the problems of maintaining a bond between the
      metallic surfaces is eliminated and an evaporator unit is produced which
      may be used for either the first, second or third effect evaporator in a
      total evaporation system, or as the sole evaporation apparatus, where a
      multiple effect evaporation system is not utilized.
PAR  The ferritic stainless steel, having the composition as has been described,
      is characterized by its very low levels of carbon and a carbon plus
      nitrogen content which is significantly lower than that of other stainless
      steels. Moreover, in its most preferred embodiment, it is free from
      nickel. This material is produced in an electron-beam continuous-hearth
      refining process in which the molten metal is exposed for an extended
      period to a very hard vacuum (e.g. 0.5 microns) while being heated by
      means of an electron beam source. This heat source provides localized
      regions of intense superheat in the molten metal which promotes
      volatilization and removal of tramp impurity elements. The refined metal
      is then continuously cast, using electron beam heat for hot topping. The
      method and apparatus for making this ferritic stainless steel are
      described in U.S. Pat. No. 3,764,297 which issued Oct. 9, 1973 to Coad and
      Palmer.
PAR  In forming the evaporation unit of the ferritic stainless steel material,
      in general, conventional fabrication techniques may be utilized. Thus,
      conventional machining and forming operations may be utilized in
      fabricating the component parts of the evaporator unit and these parts may
      then be assembled using various welding techniques, to form the finished
      evaporator unit. The units thus formed may then be used under the entire
      range of temperature, pressure and chemical concentration conditions, as
      have been described hereinabove and are found to have a service life which
      is at least equivalent to that of comparable units formed of nickel.
PAR  In order that those skilled in the art may better understand the present
      invention and the manner in which it may be practiced, the following
      specific examples are given. In theses examples, unless otherwise
      indicated, parts and percents are by weight and temperatures are in
      degrees centigrade. Additionally, the material referred to in the examples
      as "E-Brite 264-1" is a ferritic stainless steel having the composition as
      has been set forth heretofore, supplied by Airco Vacuum Metals. It is to
      be appreciated, however, that these examples are merely exemplary of the
      present invention and the manner in which it may be practiced and are not
      to be taken as a limitation thereof.
PAR  In these examples, a standard 3-2-1 triple effect evaporation system was
      utilized, which system included three conventional forced circulation
      evaporator units. In the separation chamber or vapor body of the first
      effect evaporator, coupons of various metals, measuring approximately 1.5
      inches by 2.75 inches were suspended. Some of these were in the liquid in
      the chamber and where they were in contact with a solution containing
      approximately 45 percent by weight sodium hydroxide, 5.5 percent by weight
      sodium chloride, 1.0 percent by weight sodium sulfate and about 0.05
      percent by weight sodium chlorate, at a temperature of about 140.degree.C.
      Other coupons were suspended in the vapor portion of the chamber where
      they were in contact with super heated water vapor at a temperature of
      about 140.degree.Centigrade, which vapor contained entrained traces of
      liquid from the liquid portion of the chamber. The metal coupons were
      maintained in the evaporator under these conditions while the evaporator
      system was operating for a period of 33 days. At the end of this time, the
      coupons were removed and the amount of corrosion which had taken place was
      measured. This corrosion was then expressed as the rate of corrosion in
      mils per year. Using this procedure, the results obtained are set forth in
      the following Table. It is further to be noted that some of the metal
      coupon had dimples stressed into them while on others, a weld bead was
      drawn across the coupon. In the Table, those coupons which were stressed,
      by virtue of the dimples, are indicated as S while those which were welded
      are indicated as W.
TBL                   Corrosion Rate                                           
                      Mils/Year                                                
                      Liquid                                                   
                            Vapor                                              
     Example                                                                   
          Material                                                             
                Condition                                                      
                      Phase Phase                                              
                                         Remarks                               
     __________________________________________________________________________
     1    E-Brite                                                              
                S     0.11  0.27 Slight brownish discoloration, no evidence of 
                                 any                                           
                                 attack                                        
                W     0.65  0.61 Intergranular corrosion in sensitized areas   
                                 adjacent to                                   
                                 welds                                         
          304                                                                  
     2    Stainless                                                            
                S     18.08 0.67 Scattered general corrosion and some light    
                                 pitting                                       
          Steel                                                                
                W     20.37 0.53 Scattered general corrosion and some light    
                                 pitting                                       
          309                                                                  
     3    Stainless                                                            
                S     0.52  0.60 Scattered general corrosion and some light    
                                 pitting                                       
          Steel                                                                
                W     5.66  1.28 Scattered general corrosion and some light    
                                 pitting                                       
          316                                                                  
     4    Stainless                                                            
                S     11.45 0.73 Scattered general corrosion and some light    
                                 pitting                                       
          Steel                                                                
                W     11.43 0.76 Scattered general corrosion and some light    
                                 pitting                                       
          400                                                                  
     5    Monel S     1.08  0.30 Scattered general corrosion                   
                W     0.41  0.58 Some surface tarnish, scattered light         
                                 general                                       
                                 corrosion                                     
          200                                                                  
     6    Nickel                                                               
                S     0.37  0.34 Some surface tarnish, scattered light         
                                 general                                       
                                 corrosion                                     
                W     0.62  0.31 Some surface tarnish, scattered light         
                                 general                                       
                                 corrosion                                     
          50A                                                                  
     7    Titanium                                                             
                S     84.36 6.76 Very heavy general corrosion and surface      
                                 etch                                          
                W     148.27                                                   
                            6.84 Very heavy general corrosion and surface      
                                 etch, some                                    
                                 preferential weld attack                      
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  Using the apparatus as described above, some of the nickel tubes in the
      first effect steam chest were replaced with tubes of the following
      materials:
PA1  E-brite
PA1  304 Stainless Steel
PA1  309 Stainless Steel
PA1  316 Stainless Steel
PA1  50A Titanium
PAL  The 304 Stainless Steel tubes had an initial wall thickness of 0.083
      inches; the 50A Titanium tubes, 0.035 inches; while the remaining tubes
      had an initial wall thickness of 0.065 inches.
PAR  The evaporator system was operated as described above. After only 2 hours
      of operation, the 50A Titanium tubes were found to have failed and had to
      be burned out of the steam chest. After 25 days of operation, the 304, 309
      and 316 Stainless Steel tubes were removed from the steam chest, at which
      time it was found that the 316 Stainless Steel tubes had collapsed. The
      304 and 309 Stainless Steel tubes were examined and it was found that both
      the 304 and 309 tubes displayed an appreciable thinning out at each end,
      the 304 tubes having the wall thickness at each end reduced to 0.040-0.042
      from the initial 0.083 inches and the 309 tubes having the wall thickness
      at each end reduced to 0.041-0.043 inches from the initial 0.065 inches.
      Additionally, there was a general thinning out over the entire length of
      the 304 tubes of up to 20 mils in the 25 days which amounted to a general
      corrosion rate of 292 mils/year. The 309 tubes showed a general thinning
      out over the entire length of about 1.0 mils in the 25 days, or a general
      corrosion rate of about 14.6 mils/year.
PAR  After 118 days of operation, the E-Brite tubes were removed and examined.
      At the ends of the tubes, the wall thickness was reduced only to
      0.61-0.063 inches from the initial 0.065 inches. Additionally, the
      thinning out over the entire tube length was a maximum of about 1.0 mil in
      118 days, which is a general corrosion rate of about 3.1 mil/year.
PAR  From the above results, it can be seen that the ferritic stainless steel
      alloy, designated as E-Brite 26-1 has an appreciably lower corrosion rate
      than do the various stainless steel tested and, further, that the
      corrosion rate of this material is substantially equivalent to that of
      nickel. The material, is, thus, a suitable substitute for nickel as the
      material of construction in evaporation units for use with solutions
      containing sodium hydroxide and sodium chloride, at temperatures in excess
      of about 50.degree.C.
PAC  EXAMPLE 9
PAR  An evaporation unit of the conventional forced circulation type is
      fabricated using the E Brite 26- 1 material. In this unit, the material is
      used for the liquid receiving chamber, the tubes and tube sheets in the
      steam chest, the separation chamber or vapor body, the baffle and
      distribution members within the vapor body and the liquid receiving
      chamber and the passageways between these chambers. When used for the
      evaporation of cathode cell liquor from a diaphragm cell, which cell
      liquor contains about 11 percent by weight sodium hydroxide, 16 percent by
      weight sodium chloride, 0.4 percent by weight sodium sulfate, 0.01 percent
      by weight sodium chlorate, at a temperature of about 80.degree.C, the
      corrosion resistance of these units is at least equivalent to that of
      comparable units fabricated from nickel. This is true whether the unit is
      used as a single effect evaporator, as the first effect evaporator in a
      triple effect evaporation system or as the first, second and/or third
      effect evaporators in such a system.
PAR  While there have been described various embodiments of the invention, the
      compositions, methods and apparatus described are not intended to be
      understood as limiting the scope of the invention as changes therewithin
      are possible and it is intended that each element recited in any of the
      following claims is to be understood as referring to all equivalent
      elements for accomplishing substantially the same results in substantially
      the same or equivalent manner, it being intended to cover the invention
      broadly in whatever form its principle may be utilized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an evaporation apparatus for use in the evaporation concentration,
      and/or purification of solutions containing alkali metal hydroxides and
      alkali metal chlorides, which apparatus has a liquid receiving chamber for
      the solutions being processed, a flowthrough heating zone containing heat
      transfer elements, a separation chamber for forming a liquid-vapor mixture
      of the solution being processed, passageways connecting said chambers and
      said zones, and baffle and distribution means positioned within said
      chambers, zones and/or passageways, the improvement which comprises
      forming at least a portion of those surfaces of the said chambers, zones
      and passageways, baffle and distribution means of said apparatus which are
      in contact with the solution of and/or vapors of the solution of said
      alkali metal hydroxide-alkali metal chloride containing solution at
      temperatures in excess of about 50.degree.C of a ferritic stainless steel
      having the following composition:
TBL  Carbon           Up to 0.01% by weight                                    
     Manganese        Up to 0.40% by weight                                    
     Phosphorus       Up to 0.02% by weight                                    
     Sulfur           Up to 0.02% by weight                                    
     Silicon          Up to 0.40% by weight                                    
     Nitrogen         Up to 0.015% by weight                                   
     Copper           Up to 0.20% by weight                                    
     Nickel + copper  Up to 0.50% by weight                                    
     Chromium         25.0 to 27.5% by weight                                  
     Molybdenum       0.75 to 1.50% by weight                                  
     Iron             Balance                                                  
NUM  2.
PAR  2. The apparatus as claimed in claim 1 wherein substantially all of the
      interior surfaces thereof are formed of the said ferritic stainless steel.
NUM  3.
PAR  3. The apparatus as claimed in claim 1 wherein substantially all of the
      apparatus is formed of the said ferritic stainless steel.
NUM  4.
PAR  4. The apparatus as claimed in claim 1 in which at least the heat transfer
      elements are formed of the said ferritic stainless steel.
NUM  5.
PAR  5. A multiple effect evaporation system comprised of first, second and
      third effect evaporation units in which at least the first effect
      evaporation unit is formed of the apparatus as claimed in claim 1.
NUM  6.
PAR  6. The multiple effect evaporation system as claimed in claim 5 wherein the
      heat transfer elements of the first, second and third effect units are
      formed of the said ferritic stainless steel.
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ABST
PAL  Increased pulp yields are obtained by alkaline digestion of cellulosic
      material until a pulp yield of not above 65% is obtained, lowering the pH
      of the digestion liquid is lowered to allow 11 causing organic substances
      to precipitate from the digestion liquor and then continuing digestion in
      the presence of the pulp until at least 5% of the organic substances which
      have been precipitated out are absorbed by the pulp.
BSUM
PAR  The present invention relates to a method of producing high yield paper
      pulp by the alkaline digestion of cellulosic material.
PAR  When producing pulp from cellulosic material, such as wood for example, by
      alkaline digestion techniques, it is desired to convert, by chemical
      reaction, the lignin in the wood, or part of the lignin, to a form in
      which it will dissolve in the cooking liquor. The liberation of substances
      from the cellulosic material, e.g. wood, during the digestion or cooking
      process is not selective and in addition to lignin some carbohydrates
      contained in the wood are also dissolved out in the cooking liquor.
PAR  If the lignin is removed from the wood to such an extent that the pulp can
      be exposed in individual fibres (defibration) with only a minor input of
      energy, the pulp is said to be a chemical pulp. With the most usual types
      of woods, such defibration can only be effected satisfactorily when the
      pulp is cooked down to a yield of about 45-54% (the defibration point) of
      the wood charged to the digester.
PAR  If the digestion process is interrupted at an earlier stage, resulting in a
      higher yield, the pulp is said to be semi-chemical. This pulp must be
      treated mechanically in order to expose the separate fibres. The amount of
      energy needed to beat semi-chemical pulp is much greater than that needed
      to beat chemical pulp. Furthermore, the strength properties of
      semi-chemical pulp are lower than those of chemical pulp.
PAR  The present invention relates to a method of producing a high yield pulp by
      the alkaline digestion of cellulosic material, wherein the beating energy
      required is not essentially greater than that required to beat a chemical
      pulp and wherein the strength properties of the pulp produced by the
      method are normally much higher than those of a conventional semi-chemical
      pulp of comparable quality. The method is based on the principle that
      subsequent to digesting the pulp for a certain period of time in a
      conventional manner, the pulp yield is increased by the precipitation of
      dissolved organic substances, chiefly lignin. The digestion process is
      then continued, conveniently at a temperature of at least 50.degree.C,
      preferably 50.degree.-200.degree.C, for a suitable period of time,
      normally up to 300 minutes, conveniently from 15 to 240 minutes, suitably
      30-120 minutes. During this time a large percentage of the previously
      dissolved substances is reabsorbed on the fibres of the pulp. If, prior to
      the precipitation stage, the pulp has been digested to beneath the
      defibration point, only an insignificant amount of energy is required to
      defibrate the final pulp. When practicing this method, pulp yields of
      50-70% can be obtained with a screen reject of less than 1%, without
      subjecting the pulp to any appreciable degree of mechanical treatment.
PAR  It is known to the art that higher pulp yields can be obtained from
      alkaline cellulose digestion processes, by causing dissolved organic
      material to re-precipitate out onto the pulp (see for instance Swedish
      Pats. Nos. 222 020 and 317 250), precipitation of the organic material
      being effected by lowering the pH of the cooking liquor for example. The
      intention here, however, has been to re-precipitate only dissolved
      hemicellulose and other carbohydrates, and the procedural steps required
      herefor have been carried out in a manner such that no lignin precipitates
      out. The reason for this is apparently due to the belief prevailing among
      those skilled in this particular art that the re-precipitation of lignin
      onto the pulp fibres would impair the properties of the final pulp. It has
      been surprisingly discovered, however, that if, in accordance with the
      invention, the pH of the liquor is lowered to such an extent that
      significant quantities of lignin are re-precipitated out, not only is the
      pulp yield increased but a pulp with higher strength properties is also
      obtained.
PAR  The method according to this invention thus resides in the fact that
      subsequent to digesting the cellulosic material for a certain length of
      time, measures are taken whereby at least 5% (calculated on the cellulosic
      starting material) and preferably at least 10% of dissolved organic
      substances is precipitated out. When proceeding in this manner,
      significant quantities of lignin are precipitated out in addition to
      hemicellulose.
PAR  The re-precipitation of the aforementioned substances can be conveniently
      effected by lowering the pH of the cooking liquor, the pH in this
      particular instance being lowered to beneath 11, in order that significant
      quantities of lignin are precipitated out.
PAR  The pH of the cooking liquor is suitably lowered by introducing an acid
      thereto. This acid is preferably sulphuric acid although other inorganic
      or organic acids or acid salts may be used. The pH of the liquor may also
      be lowered by admixing the liquor with waste liquor obtained from an acid
      digestion process, whereupon the content of dissolved material of the
      cooking liquor is increased and an additional increase in yield is
      obtained. A lowering of the pH can also be obtained by introducing oxygen
      gas into the cooking liquor.
PAR  In order for the re-precipitation of dissolved substances to have any
      practical significance with regard to an increase in pulp yield, the
      digestion process should be continued to an extent corresponding to a pulp
      yield of approximately 65% (calculated on the wood), preferably 60%. The
      possible increase in yield afforded by the precipitation of substances
      dissolved in the cooking liquor becomes greater the longer the digestion
      process is continued. This increase, however, is also dependent on the
      extent to which the aforementioned re-precipitation of dissolved
      substances is carried out. A total increase in yield of 5-20% (calculated
      on the wood) is normally possible. As previously mentioned, if the pulp
      obtained is to be capable of being defibrated, the re-precipitation
      process should take place after the pulp has been cooked to beneath the
      defibration point, i.e. to a yield of 45-54%.
PAR  In order to increase the pulp yield still further, the method according to
      the invention can be combined with known methods for stabilizing
      carbohydrates, by reduction with borohydride, hydrogen sulphide or other
      reducing agents, or by oxidation with polysulphide or other oxidizing
      agents.
PAR  It is known that the amount of reabsorbable carbohydrates in the cooking
      liquor can be increased in this way. By applying these measures during the
      cooking process before the precipitation process in accordance with the
      invention, it is possible to increase the yield of pulp.
PAR  The invention will now be illustrated by a number of examples.
DETD
PAC  EXAMPLE 1
PAR  Commercially available birch chips were subjected to a sulphate cooking
      process in acid-proof autoclave tubes containing 350 gr of dry chips with
      a liquor-wood ratio of 4:1 and with a NaOH and Na.sub.2 S charge of such
      magnitude that the alkali ratio, calculated as effective alkali, was 19%
      and the sulphidity 25%. The charge was made at 70.degree.C. The digester
      temperature was raised linearly from 70.degree.C to 160.degree.C in 90
      mins. The cooking time at 160.degree.C was 150 mins, after which sulphuric
      acid was charged to the autoclave in an amount corresponding to 1.2 mols
      H.sup.+/kg charged wood. The cooking was then continued at 150.degree.C
      for a further 15 mins. The pulp was washed and screened and the yield
      determined. Certain strength properties of the pulp were also
      investigated. SCAN test methods were applied throughout.
TBL  ______________________________________                                    
     Result         With an acid                                               
                                Without an acid                                
                    addition    addition                                       
     ______________________________________                                    
     pH of cooking liquor                                                      
                    9.5         12.6                                           
     Total yield, % 57.6        51.9                                           
     Screen residue, %                                                         
                    0.05        0.1                                            
     ______________________________________                                    
PAL  Strength properties after beating to 30.degree.SR
TBL             Pulps with                                                     
                        Pulps without                                          
                                Pulps without                                  
                absorbed                                                       
                        absorbed                                               
                                absorbed                                       
                substances                                                     
                        substances                                             
                                substances                                     
                yield 57.6%                                                    
                        yield 51.9%                                            
                                yield 57.2%                                    
     __________________________________________________________________________
     Beating revolutions                                                       
     PFI mill   3000    3000    3300                                           
     Wear length km                                                            
                10.1    8.8     8.8                                            
     Tear factor                                                               
                84      87      81                                             
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  Laboratory pine chips were subjected to a sulphate cooking process in
      acid-proof autoclave tubes containing 300 gr dry chips with a liquor-wood
      ratio of 4:1 and with a NaOH and Na.sub.2 S charge of such magnitude that
      the alkali ratio, calculated as effective alkali was 17.5%, and the
      sulphidity 25%. The charge was made at 70.degree.C. The digester
      temperature was raised linearly from 70.degree.C to 170.degree.C in 100
      mins. The cooking time at 170.degree.C was 2 hours, after which time
      sulphuric acid was charged to the autoclave in an amount corresponding to
      1.3 mols H.sup.+/kg charged wood. The cooking was then continued at
      170.degree.C for a further 20 mins. The pulp was washed and screened and
      the yield determined. Certain strength properties of the pulp were also
      investigated.
TBL  ______________________________________                                    
                     With an acid                                              
                                 Without an acid                               
     Result          addition    addition                                      
     ______________________________________                                    
     pH of the cooking liquor                                                  
                     10.0        12.4                                          
     Total yield, %  54.4        48.6                                          
     Screen residue, %                                                         
                     0           0                                             
     ______________________________________                                    
PAR  Strength properties at an air resistance in the sheet of 15 s/100
      ml(according to Gurley)
TBL             Pulp with absorbed                                             
                            Conventional sul-                                  
                substance, yield                                               
                            phate pulp, yield                                  
                54.5%       54.1%                                              
     ______________________________________                                    
     Beating revolutions                                                       
     in PFI mill  6,500         13,000                                         
     Wear length, km                                                           
                  9.6           8.6                                            
     Tear factor  128           146                                            
     Burst factor  80            74                                            
     Double fold number                                                        
                  2,800         2,300                                          
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Laboratory pine chips were subjected to a sulphate cooking process in
      accordance with example 2, although in this instance the acid addition was
      2.0 mols H.sup.+/kg of charged wood. Subsequent to charging the acid to
      the autoclave, the cooking was continued at 170.degree.C for a further 180
      mins, whereafter the pulp was washed and screened and the yield
      determined. Certain strength properties of the pulp were also
      investigated.
TBL  ______________________________________                                    
                    With an acid Without an acid                               
     Result         addition     addition                                      
     ______________________________________                                    
     pH of cooking liquor                                                      
                    8.6          12.4                                          
     Total yield    62.9         48.6                                          
     Screen residue, %                                                         
                    0.2          0                                             
     ______________________________________                                    
PAR  Strength properties at an air resistance of 15 s/100 ml
TBL             Pulp with absor-                                               
                           Pulp without absor-                                 
                bed substance,                                                 
                           bed substance,                                      
                yield 62.9%                                                    
                           yield 62.1%                                         
     ______________________________________                                    
     Beating revolutions                                                       
     in PFI mill  6,000        23,000                                          
     Wear length, km                                                           
                  9.5          7.1                                             
     Tear factor  100          100                                             
     Burst factor  81           60                                             
     Double fold number                                                        
                  2,500        1,650                                           
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Laboratory pine chips were subjected to a sulphate cooking process in
      accordance with Example 3. Subsequent to the addition of acid, the cooking
      was continued at 105.degree.C for a further 90 mins, whereafter the pulp
      was washed and screened and the yield determined. Certain strength
      properties were also investigated.
TBL  ______________________________________                                    
                     With an acid                                              
                                 Without an acid                               
     Result          addition    addition                                      
     ______________________________________                                    
     pH of the cooking liquor                                                  
                     8.0         12.4                                          
     Total yield, %  62.7        48.6                                          
     Screen residue, %                                                         
                     0.5         0                                             
     ______________________________________                                    
PAR  Strength properties at an air resistance of 15 s/100 ml
TBL             Pulp with absor-                                               
                           Pulp without absor-                                 
                bed substance,                                                 
                           bed substance,                                      
                yield 62.7%                                                    
                           yield 62.1%                                         
     ______________________________________                                    
     Beating revolutions                                                       
     in PFI mill  5,500        23,000                                          
     Wear length, km                                                           
                  9.5          7.1                                             
     Burst factor  76           60                                             
     Double fold number                                                        
                  2,500        1,650                                           
     Tear factor  115          100                                             
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Laboratory pine chips were subjected to a sulphate cooking process in
      accordance with example 3. Subsequent to the addition of acid, the cooking
      continued at 65.degree.C for a further 60 mins, whereafter the pulp was
      washed and screened and the yield determined. Certain strength properties
      were also investigated.
TBL  ______________________________________                                    
                    With an acid Without an acid                               
     Result         addition     addition                                      
     ______________________________________                                    
     pH of cooking liquor                                                      
                    7.8          12.4                                          
     Total yield, % 60.5         48.6                                          
     Screen residue, %                                                         
                    0            0                                             
     ______________________________________                                    
PAR  Strength properties at an air resistance of 15 s/100 ml
TBL             Pulp with absor-                                               
                           Pulp without absor-                                 
                bed substance,                                                 
                           bed substance,                                      
                yield 60.5%                                                    
                           yield 59.6%                                         
     ______________________________________                                    
     Beating revolutions                                                       
     in PFI mill  4,500        30,000                                          
     Wear length, km                                                           
                   10.1        7.5                                             
     Tear factor  107          104                                             
     Burst factor  81           62                                             
     Double fold number                                                        
                  2,500        2,000                                           
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Laboratory pine chips were subjected to a sulphate cooking process
      according to Example 2. Subsequent to cooking the chips for 2 hrs at
      170.degree.C, sulphuric acid was charged to the autoclave in an amount
      corresponding to 3.0 mols H.sup.+/kg of wood charged. The cooking was then
      continued for a further 15 mins at 170.degree.C, whereafter the pulp was
      washed and screened and the yield determined. Certain strength properties
      were also investigated.
TBL  ______________________________________                                    
                     With an acid                                              
                                 Without an acid                               
     Result          addition    addition                                      
     ______________________________________                                    
     pH of the cooking liquor                                                  
                     5.4         12.4                                          
     Total yield, %  62.2        48.6                                          
     Screen residue, %                                                         
                     0.1         0                                             
     ______________________________________                                    
PAR  Strength properties at an air resistance of 15 s/100 ml.
TBL  ______________________________________                                    
                Pulp with absor-                                               
                           Pulp without absor-                                 
                bed substance,                                                 
                           bed substance,                                      
                yield 62.2%                                                    
                           yield 62.1%                                         
     ______________________________________                                    
     Beating revolutions                                                       
     in PFI mill  4,600        23,000                                          
     Wear length, km                                                           
                   10.3        7.1                                             
     Tear factor  118          100                                             
     Burst factor  89           60                                             
     Double fold number                                                        
                  2,500        1,650                                           
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Laboratory pine chips were subjected to a sulphate cooking process in
      accordance with Example 6, although in this instance the absorption time
      at 170.degree.C was extended to 5 hrs. The pulp was then washed and
      screened and the yield determined. Certain strength properties were also
      investigated.
TBL  ______________________________________                                    
                     With an acid                                              
                                 Without an acid                               
     Result          addition    addition                                      
     ______________________________________                                    
     pH of the cooking liquor                                                  
                     5.6         12.4                                          
     Total yield, %  67.0        48.6                                          
     Screen residue, %                                                         
                     0.4         0                                             
     ______________________________________                                    
PAR  Strength properties at an air resistance of 15 s/100 ml
TBL             Pulp with absor-                                               
                           Pulp without absor-                                 
                bed substance,                                                 
                           bed substances,                                     
                yield 67.0%                                                    
                           yield 67.4%                                         
     ______________________________________                                    
     Beating revolutions                                                       
     in PFI mill  8,500        26,000                                          
     Wear length, km                                                           
                  7.5          5.5                                             
     Tear factor   97           90                                             
     Burst factor  61           45                                             
     Double fold number                                                        
                  2,000        900.                                            
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of preparing pulp by alkaline digestion of cellulosic
      material, the improvement which comprises digesting said cellulosic
      material containing organic substances in an alkaline digestion liquid at
      a temperature of from 50.degree.C to 200.degree.C to give a pulp yield of
      not above 65 percent, lowering the pH of the digestion liquid to below 11
      in the presence of the pulp to precipitate out at least 5 percent, based
      on said cellulosic material, of organic substances dissolved in the
      digestion liquid, and then continuing said digestion at a temperature of
      50.degree.C to 200.degree.C until a large percentage of said precipitated
      organic substances have been absorbed by the pulp during an absorption
      period.
NUM  2.
PAR  2. A method according to claim 1, comprising adding an acid, such as
      sulphuric acid, to the cooking liquor to lower the pH of said liquor.
NUM  3.
PAR  3. A method according to claim 1, comprising adding waste liquor from an
      acid cooking process to the cooking liquor to lower the pH of said liquor.
NUM  4.
PAR  4. A method according to any of claim 1, comprising continuing the
      absorption period from 15 minutes to 300 minutes.
NUM  5.
PAR  5. A method according to claim 1, wherein the digestion of said cellulosic
      material results in a pulp yield of about 45 to 54 percent, and whereby
      lignin is removed from said cellulosic material to such an extent that the
      pulp can be exposed in individual fibres.
NUM  6.
PAR  6. A method according to claim 1, comprising stabilizing the carbohydrates
      during the cooking process by reduction with reducing agents prior to the
      precipitation process.
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ABST
PAL  Method for making highly resin-filled paper on a paper machine employing a
      fiber slurry having therein a non-ionic resin in an amount of at least 30
      percent (dry resin weight based on dry fiber weight), said resin being
      combined with the fiber slurry as a dispersion comprising a cationic and a
      non-ionic dispersing agent.
BSUM
PAR  The present invention relates to a method for making paper having a high
      resin fill from an aqueous fiber suspension.
PAR  It is known in the art to use dispersions of synthetic resins in the
      preparation of papers. However, the anionic and non-ionic resin
      dispersions most commonly used in industry are only of limited suitability
      for this purpose, since the resin particles therein do not bind with the
      fibers in a paper pulp and, for the large part, are separated with the
      water during sheet formation. Pre-treatment of the fibers or precipitation
      of the dispersions in the paper pulp cannot completely overcome these
      disadvantages.
PAR  Cationic resin dispersions, in contrast, are easily absorbed onto fiber
      material without the use of auxiliary agents, a phenomenon which is
      attributable to the negative charge developed on fiber surfaces in a paper
      pulp. For this reason, cationic dispersions are employed as binders in the
      preparation of paper. For sizing, the amount of binder employed is from
      0.5 - 5 percent, calculated using the dry weights of the resin and of the
      fiber material. For the preparation of waterproof papers, up to 15 or 20
      percent by weight of resin can be used in extreme cases. These values
      represent the most extreme limit for resin additions in the preparation of
      raw papers.
PAR  For the preparation of laminates, special papers which contain between 20
      and 100 percent of resin by weight of the fiber material are required.
      These materials have only a limited resemblance to paper in the
      conventional sense: for example, they are generally airtight and
      watertight and assume a resin-like character as the amount of resin filler
      therein increases. Special papers of this type are practically exclusively
      prepared from absorbent raw paper by saturating the latter with a resin
      dispersion in a separate process step and then drying with an application
      of heat. This process can be carried out at only a fraction of the speed
      of operation with which paper can be prepared on paper machines. For this
      reason, highly filled papers are relatively expensive.
PAR  It has been attempted in the art to produce papers of this type directly on
      a paper machine using cationic resin dispersions. Such a process is not
      successful if cationic dispersions which are suitable for the preparation
      of weakly filled papers are used. The cationic dispersions have a low
      degree of stability and tend to coagulate when they are incorporated into
      a paper slurry in large amounts. Papers having a non-uniform distribution
      of the resin are obtained.
PAR  If the stability of the resin dispersion is raised by increasing the amount
      of cationic emulsifier therein, the resin is absorbed rapidly and
      completely up to a certain degree of fill. However, at a greater degree of
      fill, the resin is no longer completely bound to the fiber material and
      migrates to the paper surface on drying. This defect can be explained by
      postulating that the negative charge of the fiber surface becomes
      saturated by the cationic emulsifier, or even that there is a charge
      reversal, so that the resin particles not yet absorbed are rejected.
PAR  According to German Auslegeschrift (DAS) No. 1,209,867, this disadvantage
      is avoided by adding to the pulp, after the cationic dispersion, either a
      further anionic resin or an anionic dispersion which precipitates those
      cationically dispersed particles which are not yet bound to the fibers. In
      the alternative, the fiber suspension is treated with an anionic resin
      before the addition of the cationic dispersion, in this way increasing the
      amount of anionic charges in the pulp. This process has the disadvantages
      that several stages are necessary in the treatment of the paper pulp and
      that, in addition to the coating of the fibers with resin, a certain
      amount of coagulate formation always occurs which leads to an
      inhomogeneous distribution of the resin in the paper.
PAR  A further process for the preparation of highlyfilled papers on a paper
      machine is taught in DAS No. 1,446,609. Here, cationic dispersions are
      also used, but a large fraction of the cationic charges is supplied by the
      resin itself. The polymers employed contain side chains with quaternary
      ammonium groups, particularly units of N-vinyl-N'-methyl-imidazolium
      methosulfate. The monomer containing such units is expensive and the
      preparation of such dispersions is not without problems. For this reason,
      the process has not been adopted in practice. Further, in this case also
      there can be a saturation of the negative charges of the fiber materials,
      as a result of which there is a decrease in the affinity between the fiber
      and the resin.
PAR  The attempts made so far to prepare papers containing more than 20 percent
      by weight of resin (calculated on the dry fiber weight) using cationic
      dispersions proceed from the basic concept of increasing the cationic
      character of the dispersion as much as possible and of embodying this
      character in the resin itself, rather than in an emulsifier, in order on
      the one hand to make the dispersions more stable and, on the other hand,
      to increase the affinity of the resin particles for the fiber surface.
PAR  The present invention is based on the recognition that this basic concept
      is not successful if the cationic charges of the resin considerably exceed
      the anionic charges of the fiber surface. This situation arises if a
      strongly cationic resin is added in large amounts.
PAR  It has now been found that even a large amount of resin can easily and
      completely be absorbed on a fiber material if (1) the dispersion is
      stabilized with a non-ionic dispersing agent, so that its cationic
      character can be kept relatively weak, and also (2) if a non-ionic resin
      is employed. The latter negates any need for special cationic comonomers.
PAR  It has further been found that the resin is better absorbed on fibers the
      more hydrophobic the resin is.
PAR  More in particular, the present invention teaches a process for the
      preparation of papers with a high degree of resin fill from aqueous fiber
      slurries and cationic resin dispersions in which a resin dispersion is
      combined with a fiber slurry in an amount of at least 30 percent,
      calculated using the dry weight of the resin and the weight of the dry
      fiber. The resin dispersion contains a dispersed non-ionic resin as well
      as cationic and non-ionic dispersing agents. The resulting mass is then
      worked up into paper in conventional fashion.
PAR  By the term "non-ionic resin" is to be understood those synthetic resins
      which completely comprise neutral monomers, usually vinyl or vinylidene
      monomers, forming salts neither in aqueous alkaline nor in aqueous acid
      media. Monomers of this type include, for example, the hydrocarbon,
      preferably alkyl, esters of acrylic acid and methacrylic acid such as
      methyl-, ethyl-, butyl-, or 2-ethylhexyl-acrylate, methyl-, ethyl-,
      butyl-, hexyl-, or decyl-methacrylate; vinyl esters of alkanoic acids such
      as vinyl acetate or vinyl propionate; vinyl chloride; vinylidene chloride;
      acrylonitrile and methacrylonitrile; styrene and its homologs; butadiene;
      chlorobutadiene; isoprene; ethylene; propylene, or mixtures of these
      monomers. Preferably, such esters of acrylic acid and/or methacrylic acid
      and/or styrene and/or vinylidene chloride comprise the major portion of
      the resin, i.e., at least 70 percent by weight.
PAR  In many cases, particular advantages can be obtained if the resin also
      contains groups capable of thermal cross-linking. Such groups are
      introduced, for example, by units of methylolacrylamide or
      methylolmethacrylamide or their ethers, which units optionally may be
      present with units of acrylamide or methacrylamide and units of
      hydroxylalkyl esters of acrylic acid or methacrylic acid.
      Methylolacrylamide or methylolmethacrylamide are present in an amount from
      0.2 to 12 percent, preferably 1 to 6 percent, by weight of the dispersed
      resin in these dispersions. The corresponding ethers, for example
      methoxymethyl acrylamide or butoxymethyl methacrylamide can be
      incorporated in the same amounts into the resin. The latter, however, are
      less preferred since they require a higher cross-linking temperature.
PAR  Monomers contributing hydrophobicity to the resin increase the fiber
      affinity of the resin and for this reason are incorporated in the greatest
      possible amount. Nevertheless, this amount is limited for the most part
      because some of these monomers also act as plasticizers, which is not
      always desirable. Monomers imparting hydrophobicity are all those which
      contain aromatic side groups or aliphatic side groups containing at least
      four carbon atoms. Exemplary materials are the butyl-, hexyl-, decyl-, and
      dodecyl-esters of acrylic acid or methacrylic acid, the vinyl esters of
      butyric acid or higher fatty acids, and styrene and its homologs.
PAR  Processes for the preparation of cationic dispersions are known in the art
      and need not be discussed here in detail. The cationic dispersing agent,
      for example a C.sub.12 -C.sub.14 -fatty amine hydrochloride, coconut amine
      hydrochloride, or cetyl trimethyl ammonium chloride, is, in the present
      invention, added at the beginning of the polymerization, whereas the
      non-ionic dispersing agent also present in the finished dispersion is
      added only after polymerization is concluded. Compounds having surface
      activity are preferably employed as non-ionic dispersing agents, for
      example oxyethylated fatty acids, oxyethylated fatty alcohols, or
      oxyethylated alkylphenols. However, protective colloids such as polyvinyl
      alcohol, polyacrylamide, polyvinyl pyrrolidone, and polyalkylene oxides
      can be used, as can block copolymers of ethylene oxide and propylene
      oxide.
PAR  According to its efficacy, the cationic emulsifier is suitably present in
      an amount of from 0.5 - 2.5 percent by weight of the aqueous phase: the
      non-ionic emulsifier is usually used in an amount of from 1 - 4 percent,
      on the same basis. However, these amounts can be exceeded in particular
      cases.
PAR  Polymerization is initiated by conventional free radical forming
      initiators. Preferably, such initiators are employed which do not
      introduce anionic groups into the polymer. That is, hydrogen peroxide or
      azo-bis isobutyronitrile are more suitable than are potassium persulfate
      or ammonium persulfate or azo-bis-cyanovalerionic acid and the like.
PAR  In order to reduce shipping weight and storage volume, the dispersions are
      prepared in concentrations of from 30 - 60 percent by weight although, as
      a rule, they are used in very much greater dilution.
PAR  In these dispersions, the resin particles have an average particle size
      ranging from about 0.01 to about 1 .mu.m.
PAR  The preparation of the resin-filled paper follows conventional paper
      machine processes. A fiber slurry is employed which, in most cases.
      comprises wood pulp or other shortfibered, natural cellulosic fibers, for
      example beaten cotton fibers. However, mixtures comprising at least 30
      percent by weight of such fibers can also be employed, the balance being
      synthetic cellulose fibers, mineral fibers, other synthetic fibers, or
      mixtures thereof. Fiber slurries which contain less than 30 percent of
      natural cellulosic fibers, or which contain no such fibers, may produce
      papers whose resin content is not fully satisfactory.
PAR  Finally, conventional fillers such as kaolin or titanium dioxide may be
      present in the fiber slurry.
PAR  The cationic dispersions of resin are suitably added at the machine box
      after beating to a stock density from 2 - 5 percent. The dispersions are
      added in such an amount that at least 30 parts by weight of resin are
      present for each 100 parts by dry weight of the fiber material.
PAR  For the preparation of decorative papers, from which decorative laminates
      for the furniture and construction industries are prepared, considerably
      higher resin contents, for example from 60 to 100 parts by weight of resin
      for each 100 parts by weight of fiber, are often necessary. Additionally,
      small amounts of water-soluble urea-formaldehyde resins or similar
      condensation resins can be added.
PAR  After combination of the resin dispersion with the stock-water mixture, the
      dispersion particles are absorbed on the fiber surfaces. This process is
      as a rule concluded after a mixing time of from 20 - 40 minutes. In case
      it is necessary, the pH value of the aqueous phase can be adjusted at this
      stage, for example with aluminum sulfate.
PAR  For processing on a paper machine, the stock mixture is then diluted with
      water to a stock density of, for example, 0.5 - 1 percent, according to
      the requirements of the machine. Sheet formation follows in the usual
      manner on a fourdrinier that, in known fashion, runs at a speed of from 50
      - 250 meters per minute over a number of table rolls, suction boxes, and a
      suction roll. However, cylinder machines can also be used.
PAR  The water flowing off from the paper machine is, in the normal case,
      completely clear or free of binder fractions. However, turbidity can occur
      from the presence of pigment particles or filler particles. In the
      preparation of papers containing a high fraction of synthetic fibers, a
      loss of binder can also occur at times.
PAR  In case a dispersion of a thermoplastic resin is employed, the paper train
      after leaving the wire runs over several wet presses into a drying section
      operating at 90.degree. - 120.degree.C. for festoon drying on poles moved
      by a chain conveyor. If a self-cross-linking dispersion has been employed,
      the paper train, after wet pressing, passes over several drying cylinders,
      which should have a temperature of 120.degree. - 150.degree.C., for
      hardening the resin. The residual moisture can be from 3 to 5 percent. The
      finished papers, which in general have a surface density of from 70 - 400
      grams per square meter can be soft and pliable, elastically flexible, or
      hard and brittle depending on the composition of the resin employed and
      the degree of filling.
PAR  The paper can be uniformly colored by stock dyeing or by dip dyeing at the
      size press. If the paper is to be printed, a pre-calendering is
      recommended at 60.degree. - 120.degree.C. on a calender having from 6 - 12
      passages between steel and paper rolls. Aqueous printing inks are mainly
      employed for printing. Subsequently, the paper is often embossed at
      120.degree. - 150.degree.C. The colored or printed paper is usually also
      provided with a final coating, primarily for protection of the pattern.
PAR  Decorated papers prepared according to the present invention are used for
      the preparation of composite sheets for furniture manufacture or interior
      decoration by adhesion to fiberboard or chipboard sheets. It can be
      advantageous to introduce a polished intermediate layer between the
      carrier sheet and the decorative paper sheet.
PAR  The process of the present invention represents a significant step forward
      in comparison with the process heretofore used in practice in which a
      paper is first prepared on a paper machine and then filled with resin in a
      second stage. According to the invention, the two stages are combined into
      a single process. The process of the invention is also free of the
      disadvantages which are characteristics of the attempts heretofore made to
      prepare highly resin-filled papers on a paper machine. The complete
      retention of the resin on the fibers is also of considerable significance
      from the standpoint of the treatment of waste water, since the removal of
      unadsorbed resin latex particles from the waste water is a difficult
      problem.
PAR  A better understanding of the present invention and of its many advantages
      will be had by referring to the following specific examples, given by way
      of illustration.
DETD
PAC  EXAMPLE 1
PAL  Part A -- Preparation of the Dispersion
PAR  An aqueous emulsion of a monomer mixture comprising 54 parts by weight of
      methyl methacrylate, 44 parts by weight of n-butyl acrylate, and 2 parts
      by weight of N-hydroxymethyl methacrylamide, which contains 0.18 part by
      weight of 30 percent hydrogen peroxide and 0.95 part by weight of cetyl
      trimethyl ammonium chloride, is added continuously over a period of 4 to 6
      hours at 85.degree.C. to an aqueous solution of 0.05 part by weight of
      cetyl trimethyl ammonium chloride, 0.005 part by weight of iron (II)
      chloride, and 0.02 part by weight of 30 percent hydrogen peroxide. After
      conclusion of the polymerization, the dispersion is stabilized with 4
      parts by weight of an adduct of isononyl phenol and 100 mols of ethylene
      oxide. A coagulate-free dispersion containing 50 percent of solids is
      obtained.
PAL  Part B -- Preparation of a Decorative Paper
PAR  270 kg of bleached air-dried sulfite pulp (pine), 270 kg of bleached
      air-dried sulfite pulp (birch), and 100 kg of titanium dioxide (rutile R
      4/61) are beaten in a Hollander beater at a stock density of 4 percent
      (dry weight) to a freeness of 35.degree. (Schopper-Riegler).
PAR  400 kg of the 50 percent dispersion prepared in part (A) are added to the
      pulp-water mixture in the machine box, which corresponds to a resin
      content of 44.5 percent, by weight of the dry cellulose. After 30 minutes'
      mixing, the pH value is adjusted to 5.4 with aluminum sulfate and 10 kg of
      urea formaldehyde resin ("Urecoll") are added.
PAR  The mixture is diluted to a stock density of 0.7 percent and introduced
      onto a fourdrinier having a screen velocity of about 100 meters per
      minute. The paper train runs through a drying apparatus whose temperature
      rises from 90.degree. - 120.degree.C. and then drops again to 90.degree.C.
      A paper having a residual density of about 4 percent and a surface density
      of 180 g/m.sup.2 is obtained. After calendering at 60.degree. -
      120.degree.C., the paper can be printed.
PAC  EXAMPLE 2
PAL  Part A -- Preparation of the Dispersion
PAR  An aqueous emulsion comprising 45 parts by weight of methylmethacrylate, 7
      parts by weight of styrene, 48 parts by weight of n-butylacrylate, and
      containing 0.18 part by weight of 30 percent hydrogen peroxide and 0.95
      part by weight of C.sub.14 -fatty amine hydrochloride dissolved therein,
      is added dropwise at 85.degree.C. over a period of 4 - 6 hours to an
      aqueous solution comprising 0.05 part by weight of C.sub.14 -fatty amine
      hydrochloride, 0.005 part by weight of iron (II) chloride, and 0.02 part
      by weight of 30 percent hydrogen peroxide. The dispersion obtained is
      subsequently combined with 4 parts by weight of an adduct formed between
      isononyl phenol and 100 mols of ethylene oxide. A coagulate-free
      dispersion having a solids content of about 50 percent is obtained.
PAL  Part B -- Paper Preparation
PAR  60 kg of cotton, 25 kg of wood pulp, 15 kg of nylon (staple length = 6 mm;
      2.2 dtex), 15 kg of titanium dioxide (rutile), and 5 kg of china clay V
      are beaten to a freeness of 50.degree. SR in a Hollander beater at a pH
      value of the aqueous phase of 5.6 and a stock density of 3 percent.
PAR  In the machine box, 80 kg of the 50 percent dispersion prepared in part (A)
      and 100 grams of a defoaming agent ("Nopco NXZ") are combined. The
      stock-water mixture is diluted to a stock density of 0.05 percent when
      leaving the box. Sheet formation follows at a machine velocity of about 50
      meters per minute on a cylinder machine.
PAR  The paper train taken from the cylinder runs over pressing rolls into a
      drying arrangement operating at about 90.degree.C. with a rod transport
      mechanism (festoon drying), and proceeds from there to smoothing apparatus
      having two heated steel rolls. The paper so prepared has a surface density
      of about 100 grams/m.sup.2 and a resin content which is about 25 percent
      of the total paper weight.
PAR  Similar results are obtained when lauryl pyridinium chloride, trimethyl
      carboxymethyl cetylammonium chloride, or dimethyl stearyl benzylammonium
      chloride are used instead of the C.sub.14 -alkyl-fatty amine hydrochloride
      as cationic dispersing agent or when lauryl polyglycol ether, stearic acid
      amide-N-polyglycol ether, or stearic acid polyglycol ester are used
      instead of the isononyl phenol polyglycol ether as non-ionic dispersing
      agent in the preparation of the dispersion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of making a resin-filled paper on a paper machine from an
      aqueous fiber slurry having a resin filler dispersed therein, said
      resin-filled paper having a resin content of from 20 to 100 percent, based
      on the weight of the fibers therein, the improvement which comprises
      employing, as the aqueous resin-filled fiber slurry, a slurry comprising
PA1  A. 100 parts by weight of fibers comprising at least 30 percent by weight
      of natural cellulosic fibers;
PA1  B. an aqueous dispersion of a non-ionic synthetic thermoplastic resin free
      of groups capable of thermal cross-linking and completely comprising
      neutral vinyl or vinylidene monomers which form salts neither in aqueous
      alkaline media nor in aqueous acid media, said dispersion comprising from
      0.5 to 2.5 percent, by weight of the aqueous phase of said dispersion, of
      a cationic dispersing agent, and from 1 to 4 percent, by weight of the
      aqueous phase of said dispersion, of a non-ionic dispersing agent, the dry
      weight of resin in said dispersion being from 30 to 100 parts; and
PA1  C. an amount of water such that the fiber content of the fiber slurry is
      between 0.5 and 1 percent.
NUM  2.
PAR  2. A method as in claim 1 wherein said non-ionic resin comprises a major
      portion of at least one member selected from the group consisting of
      acrylic acid esters, methacrylic acid esters, and styrene.
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ABST
PAL  A process and system for removing tritium, particularly from high
      temperature gas cooled atomic reactors (HTGR), is disclosed. Portions of
      the reactor coolant, which is permeated with the pervasive tritium atom,
      are processed to remove the tritium. Under conditions of elevated
      temperature and pressure, the reactor coolant is combined with gaseous
      oxygen, resulting in the formation of tritiated water vapor from the
      tritium in the reactor coolant and the gaseous oxygen. The tritiated water
      vapor and the remaining gaseous oxygen are then successively removed by
      fractional liquefaction steps. The reactor coolant is then re-circulated
      to the reactor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Tritium is a hydrogen atom containing one proton, two neutrons, and one
      electron. Radioactive tritium has a half-life of 12.33 years and emits
      beta particles during its decay. While the human skin will readily stop
      beta particles without any damage, tritium will easily vaporize and the
      inhalation of tritium is dangerous as internal body tissues are easily
      damaged by beta particles.
PAR  In response to the increasing demands for electrical power within the
      United States, more atomic reactor generating plants are being built,
      particularly those having high temperature gas cooled reactors (HTGR). In
      HTGR's, there is a large production of tritium. Tritium is so pervasive,
      that it easily penetrates the steel tubing of the steam generator of the
      reactor and into the water system. Once into the water system there are
      several ways for tritium to escape into the atmosphere. To date, tritium
      has been removed from HTGR's only by unrestrained release into the
      atmosphere, or into the water disposal system, or otherwise into the
      surrounding environment. As more and larger HTGR's are built, the
      pollution of the environment through this indiscriminate discharge
      steadily increases and will soon create a significant problem unless
      remedied. In fact, the maximum permissible amount of release of radiation
      to the environment established by the Atomic Energy Commission will be
      exceeded by the rate of production of tritium in the large HTGR's already
      in the planning stage.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is among the objects of this invention to: provide a safe
      process and system for the removal of radioactive tritium from high
      temperature gas cooled atomic reactors without polluting the environment
      and to provide a process and system for removal of tritium from any system
      containing an inert-to-oxygen circulating fluid which becomes tritiated.
PAR  These and other objects of the invention are achieved by a process and
      system in which part of the reactor coolant which becomes permeated with
      tritium is continually removed and processed to remove the tritium. The
      process involves combining the removed reactor coolant under conditions of
      elevated temperature and pressure with gaseous oxygen, so as to result in
      a tritiated water vapor formation reaction from the tritium in the reactor
      coolant and the gaseous oxygen. The tritiated water vapor and the
      remaining gaseous oxygen are then successively removed by fractional
      liquefaction steps. The liquefied tritiated water vapor is then removed
      from the processing system and safely disposed of; the liquefied gaseous
      oxygen is used as cooling means in the water vapor liquefaction step and
      then used as the gaseous oxygen combined to form the water vapor; and the
      now untritiated reactor coolant is returned to the reactor for
      re-circulation.
PAR  The processing system is designed against accidents through the inclusion
      of radiation monitors at points immediately after removal of the reactor
      coolant from circulation and immediately prior to its return to
      recirculation, and through pressure and temperature sensors connected
      through electronic controls to fast-acting pneumatic valves which
      immediately shut the processing system down in case of any malfunction. An
      additional provision is the heating of the reactor coolant prior to its
      return to be re-circulated by means of a heat exchange with ordinary
      circulating water, thus resulting in a supply of chilled water for use
      elsewhere in the reactor system and supporting environment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic flow diagram of the process and system of the present
      invention with individual steps being shown in block form;
PAR  FIG. 2 is a schematic diagram of the water vapor formation section of the
      process and system of the present invention, and accompanying control
      mechanisms;
PAR  FIG. 3 is a schematic diagram of the water vapor removal section of the
      process and system of the present invention, and accompanying control
      mechanisms; and
PAR  FIG. 4 is a schematic diagram of the oxygen removal section of the process
      and system of the present invention, and accompanying control mechanisms.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  During the operation of an atomic reactor, radioactive tritium, H.sup.3, is
      produced as a side effect. Being such a light element, radioactive tritium
      becomes pervasive throughout the entire reactor, including the circulating
      reactor coolant (generally gaseous helium). Having a significant
      concentration of tritium is known as being tritiated. By processing the
      circulating reactor coolant continually, and removing the tritium from it,
      and then re-circulating the untritiated processed helium reactor coolant
      to absorb more radioactive tritium, the produced radioactive tritium may
      be effectively removed from the entire atomic reactor system.
PAR  Since tritium is essentially a hydrogen atom, under the proper conditions
      of temperature and pressure it will combine with oxygen to form water
      vapor, a reaction which is exothermic and therefore self-sustaining.
      Utilizing this principle, the separation of tritiated water vapor from the
      helium reactor coolant involves combining it with gaseous oxygen under the
      appropriate temperature and pressure conditions, and then successively
      removing the water vapor and oxygen from the helium reactor coolant by
      fractional liquefaction steps; then returning the helium to the reactor to
      be re-circulated.
PAR  The mechanism by which hydrogen and oxygen combine to form water is well
      known and is delineated, for example, in Combustion, Flames and Explosion
      of Gases, Louis N. Von Elbe, Second Edition, Academic Press, London, 1961,
      pages 22 to 64. Being exothermic, the reaction must be controlled so as
      neither to be overdamped, in which case the reaction will stop, nor be
      underdamped, in which case an explosion possibly would result. The
      reaction chain is most easily controlled by controlling the rate of flow
      of helium reactor coolant by means of a combination of temperature and
      pressure sensors, and appropriate controls. The reaction can be increased
      or decreased automatically to maintain the proper temperature and prevent
      the internal pressure from exceeding a specified amount.
PAR  Referring to the figures, in FIG. 1 is shown a schematic flow diagram of
      the process and system for removing tritium of the present invention. A
      portion of the tritiated helium reactor coolant 10 is removed from
      circulating throughout the high temperature gas coolant atomic reactor and
      enters the normal purification train which removes the "hard" radiation.
      The coolant, now consisting only of helium and tritium, then enters the
      pre-heater 20 where it is heated from a temperature of approximately
      200.degree.F to the approximately 900.degree.F temperature required for
      water vapor formation. The pre-heated tritiated helium 11 then enters
      water vapor formation section 21 where, under elevated temperature and
      pressure, it is combined with gaseous oxygen 12, resulting in tritiated
      water vapor being formed from the tritium in the helium and the gaseous
      oxygen. The helium, remaining gaseous oxygen, and tritiated water vapor
      mixture 13 then enters a water vapor removal section 22, where the mixture
      is cooled to a temperature sufficient to liquefy only the tritiated water
      vapor, which is then removed 14 to a safe radioactive waste disposal. The
      helium and oxygen mixture 15 then enters an oxygen removal section 23 in
      which the mixture is further cooled to liquefy only the oxygen, completing
      the second step of this two-step fractional liquefaction process. The
      liquefied oxygen 16 is then separated from the helium and removed to a
      liquid oxygen storage 24, where sufficient make-up liquid oxygen 17 is
      added to compensate for the oxygen consumed during the formation of water
      vapor, thus maintaining a constant level of oxygen. Liquid oxygen 18 from
      liquid oxygen storage is then used as cooling means in the water vapor
      removal section 22, during which the liquid oxygen 18 becomes gaseous
      oxygen, which is then used as the gaseous oxygen 12 supplied in the water
      vapor formation section 21. The cooled helium 19, at approximately a
      temperature of -300.degree.F, after the separation of the liquid oxygen,
      then enters a helium heater 25 is which the helium is heated to at least
      room temperature, in preparation for its being re-circulated through the
      reactor. After being sufficiently heated, the helium may be further
      treated by conventional adsorbents 83 after which it enters a helium
      storage 26 where it remains until re-introduction to the circulating
      helium reactor coolant. The heating of the cooled helium can be
      accomplished by a heat exchange with ordinary circulating water 30, which
      leaves the helium heater section 25 as chilled water 31, which is then
      available for use elsewhere in the reactor system and supporting
      environment for the many various uses to which chilled water is put in an
      industrial plant. A radiation monitor 27 is placed upon the flow of
      tritiated helium reactor coolant from the reactor, and another radiation
      monitor 28 is placed upon the flow of untritiated helium as it leaves the
      helium heater 25 for helium storage 26 before re-introduction to the
      circulating reactor coolant. By means of the radiation monitors,
      malfunctionings of the tritium process and removal system can be detected
      rapidly.
PAR  Referring to FIG. 2, the water vapor formation section is schematically
      diagramed. Tritiated helium reactor coolant 11 from pre-heater 20 is
      introduced into water vapor formation mixing section pressure vessel 40,
      which may be lined with an appropriate catalyst 82, or which may be
      unlined. Also introduced into mixing section 40 is gaseous oxygen 12
      coming from water vapor removal section 22. Partially perforated mixing
      baffle 81 prevents reactor coolant and gaseous oxygen from flowing out of
      the bottom of vessel 40 before becoming sufficiently mixed. Within mixing
      section 40, the tritiated helium and the oxygen combine under conditions
      of elevated temperature and pressure. Gaseous oxygen 12, varying with the
      flow rate, has a temperature in the vicinity of from room temperature to
      500.degree.F. The temperature within mixing section vessel 40 is over
      900.degree.F. The mixing of helium, gaseous oxygen, and tritiated water
      vapor 13, leaves pressure vessel 40 to water vapor removal section 22.
      Pressure sensor 35 and temperature sensor 36 within mixing section vessel
      40 generate signals to an electronic signal analyzer 37 and to a meter
      display 38 in a control room. A signal from the pressure sensor 61, in
      oxygen removal section 23, acting through a signal conditioner 71,
      operates relay 39 which permits the signal from analyzer 37 to operate,
      through an electric-pneumatic converter 51, a Fail-Closed Fast-Acting
      (F.C. F.A.) pneumatic valve 52 which can quite quickly shut-off the flow
      of tritiated helium reactor coolant 11 into mixing section vessel 40 when
      necessary. The flow of tritiated helium reactor coolant can also be
      shut-off by means of manual valve 53. A pneumatic shut-off valve is used
      since it, in practice, operates more quickly then high inertia
      solenoid-activated electrically operated valves. Mixture 13 of helium,
      oxygen and tritiated water vapor also contains small amounts of hydrogen
      peroxide generated from an intermediate step in the water vapor formation
      reaction chain.
PAR  Referring to FIG. 3, the water vapor removal section 22 is schematically
      diagramed. Mixture 13 of helium, oxygen and tritiated water vapor enters
      heat exchange vessel 41. Within vessel 41 are coils through which liquid
      oxygen 18 passes in cooling the mixture 13. In the cooling process, the
      liquid oxygen of approximately -300.degree.F temperature becomes gaseous
      oxygen at room temperature or above, depending upon the flow volume rate,
      and leaves as gaseous oxygen 12 to be used in the water vapor formation
      section 21. The mixture 13 is sufficiently cooled so that only tritiated
      water vapor is liquefied, which then collects in the bottom of vessel 41,
      and which is then removed as tritiated water 14 to be disposed of as
      radioactive waste material. Depending upon the amount of tritiated water,
      it may be diluted with other liquid radioactive waste material and
      disposed of in a usual manner or may be accumulated in a holding tank
      after which it will be solidified, for example, by mixing it with cement
      to form concrete which then will be shipped away for AEC approved burial.
      The mixture of untritiated helium and gaseous oxygen 15 is then removed to
      oxygen removal section 23. Vessel 41 may have either a float-operated high
      water sensor 55, as illustrated in FIG. 3, or a visual port for
      determining when the removal of tritiated water is appropriate for an
      opening of manual valve 56. A certain amount of tritiated water must
      remain in vessel 41 at all times to prevent the escape of gases through
      the tritiated water drain. A manually operated valve is preferred because
      of the small and gradual accumulation of tritiated water expected. The use
      of an automatic valve would make the system more complicated and more
      vulnerable to failures. The sensor 55 serves as a back-up to signal the
      need to remove some of the accumulated tritiated water. Temperature sensor
      57 within the coil section of vessel 41 monitors the temperature within
      vessel 41 and through Fail-Closed, Fast-Acting pneumatic control valve 58,
      controls the flow of liquid oxygen through vessel 41 to prevent the
      condensated liquefied tritiated water from freezing. The flow rate of
      gaseous oxygen 12 out of vessel 41 is much higher than the flow rate of
      liquid oxygen 18 into the vessel.
PAR  Referring to FIG. 4, oxygen removal section 23 is schematically diagramed.
      Mixture 15 of helium and gaseous oxygen enters oxygen removal vessel 42
      within which mixture 15 is cooled to a temperature sufficient to liquefy
      only the oxygen. The liquid oxygen 16 then goes to the liquid oxygen
      storage section 24. The now untritiated cooled helium 19 is removed to
      helium heater 25. Pressure sensor 61 within vessel 42 is connected to
      signal conditioner 71 which operates relay 39. A level control sensor 73
      is connected to electric-pneumatic converter 62 which operates Fail-Closed
      Fast-Acting pneumatic valve 63 to shut off the flow 16 of liquid oxygen
      should the pressure within vessel 42 become excessive. A high liquid
      oxygen level alarm 74 will alert the control room to a malfunctioning
      liquid oxygen removal system. The flow of helium 19 is assured of one-way
      progess by check valve 64 and manual valve 72 which provides complete
      system isolation. Radiation monitor 28 monitors the radiation level of the
      helium at this point.
PAC  SAFETY
PAR  The system of the present invention is designed to be quite safe.
      Considering as a design basis accident a situation when mixing vessel 40
      ruptures, for some reason, helium reactor coolant would be released and
      the sudden pressure drop would cause excessive helium flow throughout the
      system. If unchecked, hot helium would pass over tritiated water, the
      water would instantly vaporize, and radiation would be expelled; and the
      increased helium flow could blow out the reaction chain. However, the
      temperature and pressure sensors 35 and 36 will close inlet valve 52 and
      signal the operator in the control room. As reactor coolant escapes, the
      low pressure sensor 61 in the oxygen removal section 23 will cause valve
      52 to Fail-Closed. The lack of positive pressure in the oxygen removal
      vessel will also cause check valve 64 to close, thus preventing a loss of
      stored helium. Once valve 52 is closed, the temperature in water vapor
      removal section 22 will rapidly drop, which will cause temperature sensor
      57 to close valve 58, thus shutting off the flow of liquid oxygen. It
      should be noted that the signal from 61, after conditioning, operates
      relay 39 which closes the contacts which electrically connect analyzer 37
      with valve 51. If the circuit is broken (relay 39 becoming de-energized)
      valve 51 will automatically Fail-Close. This system will provide a higher
      response time than relying only on the output of 35 and 36.
PAR  Generally, the activity of tritium in unprocessed reactor coolant will
      increase to several thousand curies. The activity due to tritium
      penetrating the steam generator will become several hundred curies. The
      initial radiation monitor upon the flow of helium reactor coolant from the
      circulating coolant is used to provide reference data; subsequent monitors
      being utilized to detect tritium which is not removed due to a system
      failure or improper calibration. It is assumed that substantially all
      radioactive materials have been removed prior to entry of the tritiated
      reactor coolant into the system of the present invention except for
      tritium Additional radiation monitors may be installed at various points
      to monitor the maximum radiation to be received by personnel calibrating
      or servicing the equipment.
PAR  Control monitoring can be as simple as three lights and a switch or
      variable resistor, or as complicated as recorders, analyzers of chemical
      compositions and signal comparisons, digital displays, graphic or analytic
      projection analyses, or complete digital-analog computer analysis and
      control. The process and system of the present invention is readily
      adaptable to any type of controls desired.
PAR  The process and system of the present invention have been designed to
      insure maximum safety of the operator and the vicinity. All piping, phase
      changing containments and all pressure vessels are to be constructed to
      the same specifications and classifications as helium purification
      systems, helium storage systems and helium surge systems.
PAR  The material used for construction of all sections except the oxygen
      removal section, the drains, the liquid oxygen tubes, coils and valves
      should be incalloy 800. Incalloy 800 is basically 32% nickel, 21% chromium
      and 46% iron, and is generally manufactured and tested to ASME
      specification SB-407 and standard quality control tests. Other sections
      not constructed of incalloy 800 should be made of stainless steel in
      accordance with ASTM specification A423, (ASME specification SA-312) Grade
      TP 304L. The oxygen removal section should be a conventional liquefaction
      system modified as shown in FIG. 4 to include a pressure sensor, a gas
      removal line, a level control sensor, and high level alarm sensor. Sizes
      of tubings, sections, valves, and the like should be compatible.
PAR  Should the rate of the tritium production in the reactor be in excess of
      the rate of the oxidation reaction of this method under the conditions
      selected, so that a buildup of tritium occurs, the rate of the reaction
      may be accelerated by various expedients. For example, the temperature
      and/or pressure in the mixing section may be increased to any practical
      degree desired, and the mobility of the reactants imparted by the thermal
      agitation may be enhanced by supplemental mechanical agitation.
PAR  In order to provide sufficient dwell to consummate the oxidation reaction,
      the volume of the mixing section may be made as large as desired.
PAR  The controlled temperature of the cooling section may be suitably
      maintained as low as necessary to reduce the water vapor content to as low
      a value as desired.
PAR  The method of this application may be used in tandem with and to supplement
      prior are tritium removal methods using conventional adsorbents 83 such as
      potassium chloride, for example. The result of treatment of the reactor
      coolant by such combination of this method with the prior art method would
      be to minimize any tritium remaining in the helium dispatched to the
      helium storage, so that such remanent tritium would be less than would
      result from the use of either of the two methods alone.
PAR  Although a specific form of the present invention has been selected for
      illustration and the drawings and the above detailed description is drawn
      in specific terms for the purpose of describing this form of the
      invention, this detailed description of the preferred embodiment is not
      intended to limit the scope of the present invention. It will be
      understood that various changes in the details, materials, and arrangement
      of parts which have been described and illustrated above in order to
      explain the nature of the present invention, may be made by those skilled
      in the art and yet still be within the principle and scope of the present
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the removal of tritium from a system containing an
      inert-to-oxygen circulating fluid which becomes tritiated comprising the
      steps of: forming tritiated water vapor by combining with the tritiated
      circulating fluid gaseous oxygen under pressure and at a temperature
      sufficient to initiate and sustain a water vapor formation reaction
      between tritium in the circulating fluid and the gaseous oxygen; and then
      removing the tritiated water vapor from the circulating fluid-gaseous
      oxygen mixture, and the system, by fractional liquefaction.
NUM  2.
PAR  2. A process for the removal of radioactive tritium from a high temperature
      gas-cooled atomic reactor system containing an inert-to-oxygen circulating
      coolant gas which becomes tritiated comprising the steps of:
PA1  removing temporarily from the tritiated circulating coolant gas a portion
      thereof;
PA1  mixing with the removed tritiated coolant gas gaseous oxygen at a pressure
      and at a temperature sufficient to initiate and sustain tritiated water
      vapor formation from tritium in the removed tritiated coolant gas and the
      gaseous oxygen;
PA1  cooling the mixture of coolant gas, gaseous oxygen, and tritiated water
      vapor to a temperature sufficient to liquefy only the tritiated water
      vapor;
PA1  separating the liquefied tritiated water vapor from the coolant gas and
      gaseous oxygen;
PA1  removing the liquefied tritiated water vapor from the high temperature
      gas-cooled atomic reactor system;
PA1  cooling the remaining coolant gas and gaseous oxygen mixture further to a
      temperature sufficient to liquefy only the gaseous oxygen;
PA1  separating the liquefied oxygen from the coolant gas; and then
PA1  returning the coolant gas to the high temperature gas-cooled atomic reactor
      system to be re-circulated.
NUM  3.
PAR  3. A process according to claim 2 further comprising the steps of:
PA1  pre-heating the removed tritiated coolant gas to a pre-determined mixing
      temperature prior to mixing with the gaseous oxygen;
PA1  heating the coolant gas to a pre-determined storage temperature after the
      separation of the liquefied oxygen therefrom, and before the return of the
      coolant gas to the high temperature gas-cooled reactor system; and then
PA1  storing temporarily the coolant gas until it is returned to the circulating
      coolant gas in the high temperature gas-cooled atomic reactor system.
NUM  4.
PAR  4. A process according to claim 3 where the heating means utilized in
      heating the coolant gas after the separation of liquefied oxygen therefrom
      comprises a heat exchange with water of much a much temperature than is
      the coolant gas after the separation of liquid oxygen therefrom, thus
      resulting in a chilled water supply which is available for use elsewhere
      in the high temperature gas-cooled atomic reactor system and supporting
      environment.
NUM  5.
PAR  5. A process according to Claim 2 further comprising the steps of:
PA1  storing temporarily the liquefied oxygen separated from the coolant gas;
PA1  utilizing the stored liquefied oxygen as cooling means in the water vapor
      liquefaction step; and
PA1  using the liquefied oxygen which was utilized as the cooling means in the
      water vapor liquefaction step, during which step said liquefied oxygen
      becomes gaseous oxygen, as the gaseous oxygen which is mixed with the
      removed tritiated coolant gas in the water vapor formation step.
NUM  6.
PAR  6. A process according to claim 5 further comprising the step of adding to
      said stored liquefied oxygen a sufficient amount of liquid oxygen to
      replace the oxygen consumed by the formation of the water vapor.
NUM  7.
PAR  7. A system for the removal of radioactive tritium from a high temperature
      gas-cooled atomic reactor containing an inert-to-oxygen circulating
      coolant gas which becomes tritiated, comprising:
PA1  a water vapor formation section, in which a temporarily removed portion of
      the tritiated coolant gas is combined with gaseous oxygen under elevated
      temperature and pressure sufficient to initiate and sustain a formation of
      tritiated water vapor from the tritium in the removed tritiated coolant
      gas and the gaseous oxygen;
PA1  a tritiated water vapor removal section, in which after its formation the
      tritiated water vapor is removed from the coolant gas-gaseous
      oxygen-tritiated water vapor mixture by cooling this mixture to a
      temperature sufficient to liquefy, and thereby separate and remove, only
      the tritiated water vapor; and
PA1  an oxygen removal section in which the coolant gas-gaseous oxygen mixture
      remaining after the removal of the tritiated liquefied water vapor, is
      cooled further to a temperature sufficient to liquefy only the gaseous
      oxygen, which is then separated and removed from the coolant gas, the
      coolant gas then being returned to the high temperature gas-cooled atomic
      reactor to be re-circulated.
NUM  8.
PAR  8. A system according to claim 7, further comprising:
PA1  a liquid oxygen storage section, in which the liquefied oxygen separated
      from the coolant gas is stored prior to its use again in the system, and
      in which additional liquid oxygen is added to replace the oxygen consumed
      by the formation of the water vapor.
NUM  9.
PAR  9. A system according to claim 8 wherein the cooling means of the water
      vapor removal section comprises a heat exchange with liquid oxygen
      supplied from the liquid oxygen storage section, during which heat
      exchange the liquid oxygen becomes gaseous oxygen, which gaseous oxygen is
      then used as the gaseous oxygen mixed with the coolant gas in the water
      vapor formation section.
NUM  10.
PAR  10. A system according to claim 7 further comprising:
PA1  a gaseous coolant pre-heating section, in which the tritiated coolant gas
      is pre-heated to a predetermined mixing temperature before being
      introduced into the water formation section; and
PA1  a gaseous coolant heating section, in which the gaseous coolant, after
      separation of the liquefied oxygen therefrom, and before return to the
      high temperature gas-cooled atomic reactor, is heated to a pre-determined
      storage temperature, and then stored prior to its re-circulation.
NUM  11.
PAR  11. A system according to claim 10 wherein the heating means utilized in
      heating the coolant gas after the separation of liquefied oxygen therefrom
      comprises a heat exchange with water of a much higher temperature than is
      the coolant gas after the separation of liquid oxygen therefrom, thus
      resulting in a chilled water supply which is available for use elsewhere
      in the high temperature gas-cooled atomic reactor system and supporting
      environment.
NUM  12.
PAR  12. A system according to claim 7 wherein the portion of said water vapor
      formation section in which the tritiated coolant gas and the gaseous
      oxygen are physically combined is lined with a catalyst.
NUM  13.
PAR  13. A system according to claim 7 in combination with a conventional
      adsorbent of tritium, said absorbent being positioned after said oxygen
      removal section.
NUM  14.
PAR  14. A process according to claim 2 wherein prior to returning the coolant
      gas to be re-circulated said coolant gas is passed over conventional
      adsorbents of tritium to even further insure its removal.
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ABST
PAL  A nuclear reactor protective system includes a cylindrical concrete wall
      surrounding the reactor's pressure vessel in radially spaced relation with
      respect to the latter, the space between the two being large enough to
      permit the insertion of a device for monitoring the pressure vessel's wall
      condition. To protect the concrete wall against thermal radiation from the
      reactor pressure vessel's wall, a plurality of metal plates are positioned
      in this space, each in the form of a cylindrical segment, the pressure
      vessel's wall being cylindrical. These plates partially overlap each other
      normally to form a circumferentially continuous multi-layer arrangement of
      the metal plates which are slightly radially interspaced by thermally
      non-conductive members to provide dead air-space thermal insulation
      between the pressure vessel's wall and the concrete wall. These
      overlapping plates are positioned in the space between the two walls so
      that at least some of the plates adjacent to the pressure vessel's wall
      may be circumferentially displaced to more completely overlap and open the
      space to provide room for the insertion of the device adjacent to the
      pressure vessel's wall to monitor the condition of the latter, these
      plates being replaced to their original positions after the monitoring.
      Other features are included.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A nuclear reactor normally includes a pressure vessel containing the
      reactor core and confining a coolant, such as a pressurized water coolant.
      The pressure vessel's wall has a generally cylindrical shape and, as part
      of a protective system, the pressure vessel is enclosed by a concrete wall
      which functions as both protection in the event of a rupture of the
      presssure vessel and to provide a biological shield. This protective
      concrete wall is desirably radially spaced from the pressure vessel's wall
      to provide room for insertion between the two of a suitable device for
      monitoring the condition of the pressure vessel's wall from time to time.
      This space desirably should not be obstructed so as to prevent such
      monitoring which may require the insertion of an ultrasonic, pressure
      vessel wall, monitoring device between the two walls.
PAR  At the same time, it is desirable to protect the biological shield's
      concrete wall surrounding the pressure vessel's wall, from thermal shock,
      and also mechanical shock in the unfortunate event of the rupture of the
      reactor pressure vessel's wall.
PAR  Thus it can be seen that there is the dual problem of accessibility to the
      reactor pressure vessel's wall within the space between it and the
      cylindrical wall of the concrete biological shield, while at the same time
      there is the need for having this space occupied by an element or elements
      protecting the concrete biological shield's wall both from thermal
      radiation and possibly mechanical shock in the event the pressure vessel's
      wall ruptures.
PAC  SUMMARY OF THE INVENTION
PAR  With the above in mind, one of the objects of the present invention is to
      provide such protection between the reactor pressure vessel's wall and the
      concrete biological shield's wall, while at the same time providing for
      accessibility to the pressure vessel's wall permitting its monitoring by
      the insertion of a suitable device between the two walls.
PAR  According to the invention, this object is attained by positioning a
      plurality of metal plates in the space between the two walls, each plate
      being formed as a segment of a cylinder and the various plates being
      arranged in circumferentially overlapping relationship, the plates being
      positioned axially with respect to the pressure vessel's wall for the full
      extent that the construction of the reactor permits, and at least some of
      the plates adjacent to the pressure vessel's wall being positioned so that
      they may be displaced, by being more fully overlapped, circumferentially
      relative to the pressure vessel's wall, to provide a space for the
      insertion of a pressure vessel's wall monitoring device.
PAR  Usually the biological shield is a concrete structure, made of prestressed
      and possibly reinforced concrete which forms a pit providing the
      cylindrical wall within which the pressure vessel is positioned. The
      inside diameter of this concrete wall is larger than the outside diameter
      of the pressure vessel's wall thus forming the radial space between the
      two walls. The plurality or multiplicity of metal plates between these two
      walls, are radially interspaced at least slightly to form dead air pockets
      providing good thermal insulation, the interspacing between the plates
      being provided by bearing members made of material that is relatively
      thermally non-conductive. In this way a good thermal radiation barrier is
      formed between the two walls without providing high thermally conductive
      paths. These overlapping plates need not occupy the entire radial extent
      of the space between the two walls, and a continuous metal shell may
      surround the overlapping plates so that a large tubular channel is formed
      between this continuous wall and the surrounding concrete wall of the
      biological shield and through which cooling air may be passed.
PAR  Some of the metal plate cylindrical segments, or all of them, may be
      positioned or suspended between the two walls so that they may be moved
      circumferentially to further overlap or become further or completely
      superimposed on each other and thus provide the room or space required for
      the insertion of the device for monitoring the pressure vessel's wall.
PAR  In addition, at least those of the overlapping plates most adjacent to the
      pressure vessel's wall may be made of a ductilely deformable metal capable
      of deforming beyond the elastic limit of the metal used, in the event the
      pressure vessel's wall ruptures. In this way the concrete wall of the
      biological shield is protected against violent impact by portions of the
      rupturing pressure vessel's wall, the metal of the plates closer to this
      wall deforming plastically under the impact of such pieces and providing
      for a shock-absorbing system.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show preferred embodiments of the present
      invention and in which:
PAR  FIG. 1 is a vertical section showing the portion of the concrete biological
      shield wall surrounding the generally cylindrical wall of the reactor
      pressure vessel, the latter being shown in elevation, and this view
      showing only the left-hand side of the installation with respect to the
      latter's vertical center line;
PAR  FIG. 2, on an enlarged scale, shows a cross section taken on the line
      II--II in FIG. 1; and
PAR  FIG. 3, also on an enlarged scale, shows the upper left-hand portion of
      FIG. 1, but illustrating a second embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the above drawings, FIG. 1 shows in elevation the pressure
      vessel of a nuclear reactor of the type using pressurized water as a
      coolant. The previously mentioned cylindrical concrete wall is formed by a
      reactor pit 2 which is formed by a concrete biological shield 3 which also
      functions as an interceptor of flying parts of the pressure vessel in the
      event the latter ruptures. The pressure vessel is supported in the pit 2
      by a support ring 4 positioned to support the lower end of the pressure
      vessel's substantially cylindrical wall 5. The upper end of the pressure
      vessel 1 has radially extending coolant pipes of which one is shown at 7.
      Vertically between these pipes and the pressure vessel's support ring 4, a
      substantially cylindrical space 8 is formed radially between the two
      walls, and extending circumferentially with respect to these walls, one
      being the pressure vessel's wall and the other being the wall formed by
      the biological shield. It is within this space, the bottom end of which is
      indicated at 8, which extends circumferentially around between the two
      walls which are radially interspaced from each other, that the overlapping
      plates of the present invention are arranged as a system, generally
      indicated at 10 in FIG. 1.
PAR  This arrangement 10 is shown in detail by FIG. 2. It consists of the
      partially overlapping metal plates 12 which, as shown by FIG. 1, extend as
      much as possible for the full height of the cylindrical wall 5 of the
      pressure vessel 1, or at least for the extent of this height where
      protection is most required. These plates 12 are made of metal, such as
      steel, and each comprises a segment of a cylinder so that in their partial
      overlapping relationship they provide complete radial protection between
      the wall of the pressure vessel and the wall of the biological shield. In
      circumferential extent each of the plates may extend for about 1/16 of the
      circumference of the pressure vessel. The biological shield is provided
      with radially inwardly extending support ribs 13 for a sheet metal shell
      15 which continuously extends circumferentially around between the
      pressure vessel and biological shield walls, being spaced inwardly from
      the latter's concrete surface shown at 16, this surface 16 defining the
      cylindrical wall of the biological shield. These ribs 13 can be made of
      structural shapes extending vertically for the vertical length of the wall
      16, an interspace 17 being defined by the concrete wall 16 and the steel
      shell 15 and through which a flow of air or other coolant may be passed to
      cool the shell 15. Furthermore, these ribs 13 are circumferentially
      interspaced at locations registering them with the partially overlapped
      portions of the cylindrical segments of metal plates 12.
PAR  The overlapping sections of the plates 12 are separated from each other
      radially with respect to the two cylindrical walls, by separating or
      bearing members 20 made of thermally relatively non-conductive material,
      such as a ceramic material fastened to the various plates by metal
      mountings (not shown). This forms spaces 22 between the overlapping plate
      portions and in which spaces static or stagnant areas of air exist to
      provide good thermal barriers between the plates. The overlapping portions
      of the plates are separated by this ceramic material of the bearing
      members 20.
PAR  Some of the plates 12, and at least those of the plates adjacent to at
      least one or more surface areas of the pressure vessel's wall, are mounted
      so as to be circumferentially movable, this being possible because of
      their overlapping relationship. Referring to FIG. 1, these movable plates
      may be suspended from hinged frames 24 by means of steel cables 25, these
      frames being supported at 26 in the concrete of the biological shield in
      such a manner that they can be swung in the circumferential direction of
      the pressure vessel's wall. Therefore, the plates thus suspended can be
      circumferentially pushed movably to more greatly or completely overlap
      adjacent plates and form a free space between the wall of the biological
      shield in the pressure vessel and extending vertically downwardly with
      respect to the latter and in which a suitable device for monitoring the
      wall of the latter may be inserted.
PAR  Referring now to FIG. 3, in this embodiment of the invention cantilever
      beams 28 are fastened to the concrete biological shield 3 by screws 29 and
      provide cantilever ends overhanging the space in which the arrangement 10
      is suspended. The overhanging portions of the cantilever beams which, in
      effect, bridge the space between the walls 5 and 6, removably mount tracks
      30, which follow the cylindrical contours of the two walls, and from
      which, in this instance, the plates 12 are hung, with an innermost group
      interconnected by a strap 31 for simultaneous movement, by means of hooks
      32 provided with rollers 33 running on the tracks 30. In this way the
      plates of at least the interconnected group may be run from their
      partially overlapping relation to their more fully or completely
      overlapping relation to provide the space required for monitoring
      purposes, the tracks 30 being removed to provide clearance for this space.
PAR  In the illustrated embodiment of the invention seven overlapping plates are
      arranged between the inside of the metal shell 15 and the pressure
      vessel's wall 5, these plates being uniformly distributed over the
      circumference of the pressure vessel. The plates closest to the pressure
      vessel's wall are relatively thin, the plates extending radially outwardly
      being progressively thicker. The radially outermost plates 12 may be four
      times as thick as the innermost plates, with the ratio of the air layers
      formed by the spaces 22 ranging from 0.5 to 2:1.
PAR  With the plates preferably being made of steel having adequate ductility to
      resist rupture when deformed beyond its elastic limits, the thinner plates
      closest to the reactor vessel deform more readily than the outermost
      plates which are thicker, in the event of an accident when these plates
      receive the stress of the impact of portions of the reactor vessel's wall.
      The ductility of the metal should be such that under such deformation
      there is no great risk of the plates themselves rupturing. Thus, when the
      arrangement 10 receives the impact of portions of the pressure vessel's
      wall, these portions are absorbed in a shock-absorbing manner as the metal
      of the plates gradually deforms. This shock energy is thus absorbed
      gradually because the innermost plates are thinnest and the outermost
      plates are thickest, the variation of sheet gauge of the various plates
      being graduated outwardly. The ratio of the thickness between the plates
      extending radially outwardly, may vary from 1:10, wherein the innermost
      plates are only 1/10 the thickness of the outermost plates. Although the
      relatively thin shell 15 may also be deformed outwardly and into contact
      with the concrete wall of the biological shield, all shock is largely
      absorbed when this occurs by the gradually deforming metal plates, so that
      the concrete of the biological shield is protected against severe
      mechanical shock. It is, of course, also protected against thermal shock
      due to the various intervening layers of stagnant air between the
      overlapping, circumferentially movable plates and, also, by the moving air
      which may be forced between the shell 15 and the concrete wall 16.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nuclear reactor protective system including a reactor pressure vessel
      having a substantially cylindrical side wall protected by a biological
      shield forming a substantially cylindrical concrete wall surrounding said
      side wall and defining a circumferentially extending space therearound
      having a radial extent adequate to permit the insertion therein of a
      device for monitoring the condition of said side wall; wherein the
      improvement comprises a plurality of substantially cylindrical segments,
      and means for positioning said segments in said space so that the segments
      are circumferentially movable between mutually partial circumferential
      overlapping relationship forming a circumferentially continuous
      cylindrical wall and more complete circumferential overlapping
      relationship opening a portion of said space adequate for said insertion.
NUM  2.
PAR  2. The system of claim 1 in which said segments are formed by metal plates.
NUM  3.
PAR  3. The system of claim 2 in which a substantially cylindrical metal shell
      is interposed in radially interspaced relationship between said segments
      and said concrete wall.
NUM  4.
PAR  4. The system of claim 3 in which said segments when partially overlapped
      form a circumferentially complete shield around said side wall, and said
      concrete wall has strut members extending radially inwardly therefrom to
      said shell and which radially register with the partially overlapping
      portions of said segments.
NUM  5.
PAR  5. The system of claim 4 in which said partially overlapping portions are
      radially interspaced by interspaced bearing members made of thermally
      relatively non-conductive material.
NUM  6.
PAR  6. The system of claim 2 in which said metal plates are made of ductile
      metal and with a thickness causing them to deform under the force of said
      side wall when rupturing, to resist this force in a shock-absorbing
      manner.
NUM  7.
PAR  7. The system of claim 5 in which said metal plates are made of ductile
      metal and with a thickness causing them to deform under the force of said
      side wall when rupturing, to resist this force in a shock-absorbing
      manner, said plates from plate-to-plate in a radial direction, being
      increasingly thicker.
NUM  8.
PAR  8. The system of claim 2 in which said means includes removable tracks
      supporting members movable thereover and suspending said plates.
NUM  9.
PAR  9. The system of claim 2 in which said means includes frames which swing in
      the circumferential direction of the pressure vessel's said side wall and
      suspending cables connected to said plates and to said frames.
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ABST
PAL  A pressurized-water reactor pressure vessel connects via a main coolant
      pipe loop including a main coolant pump, with the lower portion of at
      least one vertical steam generator horizontally offset from the pressure
      vessel. This equipment is contained by a concrete structure entirely
      enclosing the pressure vessel and forming a generator room horizontally
      enclosing the generator and the loop and extending upwardly to an open top
      closed by a horizontal ceiling. The concrete structure is completely
      surrounded by a spherical steel containment shell designed to withstand
      any internal fluid pressure which might result from an accidental release
      of the coolant inside of this shell, and the shell forms a large space
      above the entire concrete structure. The ceiling above the generator room
      is a horizontal steel gridlike construction defining a plurality of
      vertical openings which are normally closed by horizontal sheet metal
      plates which are hinged to the grid-like construction and are light enough
      in weight to be forced upwardly, to open the openings, when the plates
      receive upward force from fluid pressure below them resulting from the
      loop, or other equipment in the generator room, accidentally permitting a
      sudden release of the pressurized-water coolant. The high fluid pressure
      that would otherwise develop within the concrete generator room, is in
      this way almost immediately relieved via the openings of the grid-like
      construction, by the plates being forced upwardly, the pressure being then
      dissipated upwardly in the large space above the top of the concrete
      structure, provided by the steel containment shell. This prevents the
      upstanding wall portions of the generator room from being stressed, and
      possibly damaged, by any sudden release of coolant in the generator room.
      Other features are disclosed.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of application Ser. No. 254,736 filed May
      18, 1972, now abandoned.
BSUM
PAR  Prior art nuclear power facilities using a pressurized-water reactor
      include the pressurized-water reactor pressure vessel containing the core
      through which the pressurized-water circulates, and a vertical steam
      generator adjacent to the vessel but horizontally and vertically offset
      from the vessel, the pressurized-water being circulated through the
      generator's heat-exchanger via a main pressurized-water coolant pipe loop,
      including a main coolant pump for coolant circulation. The loop connects
      the vessel with the lower part of the steam generator. Usually there is a
      plurality of steam generators, loops and pumps. For both biological and
      protective containment reasons a concrete structure completely encloses
      the vessel in a reactor room having a concrete ceiling with a concrete
      lock which is normally opened only during refueling of the reactor core in
      the vessel, the reactor being then shut-down.
PAR  This concrete structure also provides walls below and horizontally around
      the steam generator and its loop and pump, and extending upwardly and
      horizontally surrounding the steam generator upwardly to a level above the
      top of the generator where the structure forms an open top which has
      heretofore been closed by a heavy horizontal ceiling made of thick
      concrete, possibly having one or more removable sections to permit
      servicing of the equipment below it, but engineered and intended to
      completely resist and hold any fluid pressure which can accidentally
      develop in the enclosure, usually called a steam generator room, formed by
      the concrete structure below the ceiling. Such a steam generator room may
      contain more than one steam generator, loop and pump, and there may be
      more than one steam generator room in the case of the described kind of
      nuclear power plant.
PAR  The entire concrete structure is surrounded by a steel spherical
      containment shell forming a large space above the top of the concrete
      structure including the steam generator rooms. This shell, made of steel
      plates, is not designed to resist penetration by accidentally flying parts
      having high velocities; therefore, the concrete structure is made to
      include an upstanding cylindrical missile protection cylinder inside of
      the containment shell and forming the outer periphery or wall of the
      concrete structure forming the reactor and generator rooms, this cylinder
      extending upwardly to a level substantially above the ceilings of the
      generator rooms. The reactor room extends upwardly to form a space above
      the reactor pressure vessel's cover, for water-flooding during reactor
      core servicing, but the concrete ceiling of the reactor room is located at
      a level below the level of the tops of the steam generators; inner
      upstanding wall portions of the structure forming the steam generator
      rooms, extending upwardly to above the level of the steam generator top
      levels and form inner supports for the steam generator room ceilings, and,
      being made of thick concrete, protecting the top side of the reactor room
      ceiling from possible flying parts forming missiles, and from possible
      radiation from the upper portions of the steam generators.
PAR  The above construction provides a space above the reactor room where a core
      refueling machine runs on horizontal tracks from the reactor room ceiling
      lock to a fuel pit, and where much of the operating control equipment,
      condition indicating devices and the like are located. This space above
      the reactor room is an operating area manned by operating personel during
      the normal reactor operation.
PAR  All rooms within the concrete structure containing the equipment of high
      radiation potential, such as the reactor itself, steam generators, main
      cooling pipeloops and coolant pumps, are normally called equipment rooms
      and are inaccessible to personnel during normal reactor operation; the
      area outside of such rooms within the containment shell is normally termed
      operating area freely accessible to personnel during normal reactor
      operation.
PAR  The concrete missile projection cylinder is spaced inwardly from the steel
      containment shell to define an annualr space forming an operating area in
      which personnel work. They are protected by the missile cylinder from
      accidents in the steam generator rooms. With the latter completely closed
      by their concrete ceilings, an accidental coolant release in one of the
      rooms can possibly damage the concrete cylinder wall and other concrete
      generator room walls between the personnel and the accident, unless this
      wall is made much thicker than required to mechanically shield the steel
      containment shell, and the operating areas from possible flying parts.
PAR  Other than the equipment and equipment accessories, a substantial part of
      the cost of a reactor building is in its concrete construction. If the
      upstanding wall portions horizontally surrounding the steam generators and
      the main coolant loops and pumps can be reduced in thickness with safety,
      a substantial saving in material and construction costs can be achieved.
PAR  A prior art suggestion in the above direction has been to form pressure
      relief openings in the walls between the equipment rooms so that a
      pressure excess in one can equalize with the pressure in another. However,
      any such relief openings must be made with very small cross sectional
      areas to avoid material weakening of the walls, and to avoid material loss
      of radiation shielding. Such small openings of small area are insufficient
      to be consistent with the safety requirements for a nuclear building, and
      also to effectively permit any substantial reduction in the thickness of
      the generator room walls.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to decrease the material and
      construction costs of the steam generator room's walls in a manner
      consistent with absolute safety, including the safety of personel in the
      operating room areas of the building during all normal reactor operation,
      by permitting a reduction in the normal thickness of the generator room
      walls; an ancillary being that if these walls are made as thich as has
      heretofore been customary, the personnel safety factor is to be greatly
      increased by the invention in the event of a severe coolant loss from a
      coolant loop within the rooms.
PAR  According to the invention, the prior art thick and heavy concrete ceilings
      over the generator rooms are eliminated and replaced, in each instance, by
      a horizontal steel grid-like construction defining a plurality of vertical
      openings and forming the entire generator room ceiling. During all normal
      operations, all of these openings are closed by horizontal steel sheet
      plates positioned on the steel grid-like construction and normally closing
      all of its openings. These plates are made light enough in weight to be
      forced upwardly to fully open the openings just referred to, when the
      plates receive upward force from fluid pressure below them resulting from
      any of the equipment in the generator rooms, accidentally permitting a
      sudden release of the pressurized-water coolant. The openings, when open,
      are made large enough in cross sectional area collectively to release such
      a pressure substantially freely into the large space formed above the
      generator room ceilings formed by the containment shell, and to thereby
      effectively reduce the fluid pressure within the generator room where the
      accident occurs, and resulting from the release of the pressurized-water
      coolant which might then occur with great suddeness, possibly involving
      large volumes of coolant.
PAR  The ceiling of each generator room is thus provided with a number of steel
      plates or sheets each having a relatively large area presented to the
      pressure in the generator room below and, being of relatively light
      weight, they are immediately displaceable upwardly in the event of a
      coolant loop or other accident below them. The pressure release is
      positive and foolproof. Therefore, the upstanding concrete walls defining
      the steam generator rooms run no risk of receiving damaging forces and may
      be reduced in thickness with safety providing they are ample for missile
      protection. They are not required to resist safely the maximum
      hypothetical pressure that might develop in the case of a completely
      enclosed generator room not embodying the construction of this invention.
PAR  The outer wall of the steam generator room is formed by the concrete
      missile protection cylinder and this is extended to a level well above
      that of the new generator room ceilings. Therefore, there is no harmful
      loss of missile protection, the coolant loop and all of its connections
      being positioned at the bottoms of the steam generators where they are
      totally enclosed horizontally by concrete missile protection. The
      heat-exchanger tube bundles, in the steam generators, are not extended up
      to the level of the operating floor formed by the ceiling of the reactor
      room, the upper portions of the steam generators presenting only a small
      risk of possible radiation, if at all, and upstanding portions of the
      steam generator room walls are interposed in any event. Therefore,
      personnel working in the operating room or area above the reactor room are
      adequately protected against radiation.
PAR  During normal operations, personnel are not required to walk on the tops of
      the generator room ceilings. There is nothing above these ceilings
      excepting the space defined by the containment shell. A reactor building
      ordinarily includes a containment crane having rails supported by the
      missile protection cyclinder top periphery, and on which the containment
      crane runs for handling heavy parts during servicing of the steam
      generators, coolant pumps, etc. This containment crane does not require to
      be manned by personnel during normal operations.
PAR  It is this large empty space formed by the containment shell above the
      concrete structure, into which the pressure exhaust occurs in the event of
      an accident in any of the steam generator rooms. It is to be understood
      that in the event of such an accident the facilities' normal safety
      systems are automatically actuated. These normally include a building
      spray system operating to automatically spray water into the space above
      the concrete structure to reduce the concentration of fission products in
      the atmosphere of the containment shell and help to reduce the pressure in
      the entire building. To prevent the sheet steel plates from becoming
      missiles in the event they are actuated as described hereinabove, they are
      firmly hinged either pivotably or by bendable elements, to the steel
      grid-like construction. To permit the normal maintenance of a lower
      pressure in the equipment area, which includes the steam generator rooms,
      the plates may be sealed about the openings formed by the steel grid-like
      constructions. The latter are fixed to the upstanding concrete walls of
      the generator rooms to structurally reinforce the upper portions of these
      walls and to make the ceiling constructions immovable, at least
      horizontally. This permits the steel constructions to be used to brace the
      tops of the steam generators which are adjacently therebelow, using means
      providing substantial horizontal rigidity while permitting the necessary
      vertical thermal expansion and contraction of the steam generator. Such
      bracing has a particular advantage in that in the event a main coolant
      loop connection lets go a lateral thrust may be applied to the steam
      generator where the accident occurs, the bracing then holding the steam
      generator against excessive lateral displacement.
PAR  It is to be understood that the new ceilings, being a grid-like
      construction, and therefore fabricated from structural steel shapes
      riveted or interwelded, comprises the entire steam generator room ceiling
      in each instance. The whole ceiling is open when the steel plates or
      sheets are displaced when an accident occurs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The presently preferred mode for carrying out the invention is illustrated
      by the accompanying drawings, in which:
PAR  FIG. 1 is a vertical section of a reactor building taken on the line 1--1
      in FIG. 2;
PAR  FIG. 2 is a horizontal section of the building;
PAR  FIG. 3 on an enlarged scale is a plan view looking down on one of the
      reactor rooms and showing the steel grid-like ceiling construction;
PAR  FIG. 4 on a still further enlarged scale shows the manner in which the
      grid-like construction braces the top of one of the steam generators;
PAR  FIG. 5 is a vertical section taken on the line 5--5 in FIG. 4;
PAR  FIG. 6 in detail in vertical section shows the steel plates or sheets and
      the manner in which they open when required to operate;
PAR  FIG. 7 is a vertical section showing the top of one of the steam generators
      and a modification of the manner in which it is braced by the steel
      ceiling construction; and
PAR  FIG. 8 is like FIG. 7 but shows another modification.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIGS. 1 and 2, the reactor pressure vessel 1, which
      contains the core (not shown) cooled by the circulating pressurized-water
      coolant, connects via main coolant pipe loops 2 having main coolant pumps
      3, with the bottom ends of the steam generators 4. These bottom ends are
      hemispherical and form the inlet and outlet manifolds below the tube
      sheets (not shown in detail) in which the inverted U-shaped tube bundles 5
      are mounted via their lower ends, these heat exchangers being shown only
      by broken lines. The generators are horizontally and vertically offset
      from the vessel 1.
PAR  The above equipment, at least, is enclosed by the concrete structure. This
      includes a concrete semispherical bottom wall 6 extending beneath all of
      the equipment, including the generator loops and pumps, and having an
      upstanding wall portion 7 surrounding the vessel 1 and extending above its
      top, as at 7a, to define therewithin, the reactor room having a ceiling
      formed by a horizontal concrete wall 8 which includes a removable concrete
      reactor room lock 8a. Although not shown, control rods project through the
      cover 1a of the vessel 1 and during refueling or core servicing, the cover
      1a is removed via the open lock 8a, the space above the vessel 1 within
      the wall portion 7a being water-flooded at that time to provide radiation
      protection.
PAR  The bottom wall 6 and the wall portions 7 and 7a provide the inside walls
      of the generator rooms enclosing the generators 4, the outer wall being
      formed by the concrete missile protection cylinder 9 which horizontally
      surrounds all of the equipment referred to.
PAR  This missile protection cylinder 9 extends well above the top level of the
      tops of the steam generators 4, as shown at 9a, and the reactor room
      ceiling 8 offsets or overhangs from the space defined by the wall 7a,
      concrete walls 10 extending upwardly from the ceiling 8 to above the level
      of the tops of the reactors 4. The generator rooms are enclosed in the
      circumferential direction of the missile cylinder 9 by interspaced walls
      11 which extend aprroximately radially with respect to the axis of the
      missile cylinder 9, the latter being substantially or approximately
      concentric with the axis of the reactor pressure vessel 1.
PAR  The tops of the generator rooms defined by the walls 6, 7, 7a, 9, 10 and
      11, have open tops provided with the previously described ceilings 12.
PAR  As previously noted, it has been heretofore considered necessary to make
      the generator room ceilings in the form of heavy concrete constructions,
      necessarily having removable blocks or sections to permit servicing of the
      equipment in the generator rooms. If one of the loops 2 lets go in any way
      to produce a sudden release of circulating pressurized water coolant, the
      generator room involved experiences a sudden substantially explosive
      increase in its internal pressure. As previously explained, the prior art
      has suggested relief openings, shown in this instance at 13 formed in the
      walls 7a high enough to be above the water level existing during core
      servicing, for the purpose of relieving the pressure in the room where the
      accident occurs. As previously noted, such relief openings 13 must be of
      small cross sectional area and, therefore, unable to provide a substantial
      pressure relief into the space of an adjoining room, as required to avoid
      high stressing of the missile cylinder 9 or the walls 11.
PAR  The entire facility, including the concrete structure and all of the
      equipment it contains, is enclosed by a spherical steel containment shell
      14 which extends under the semispherical bottom wall 6 of the concrete
      construction previously described, the weight of the entire building
      resting on a concrete base 15, which has a semispherical concave shape for
      this purpose, the base construction 15 including a concrete outer wall 16
      which with a concrete hemispherical top 16a, provides external missile
      protection for the steel containment shell 14. The latter is designed to
      resist the maximum fluid pressure that might develop on its interior due
      to even the maximum hypothetically possible accident on the part of the
      equipment within the concrete missile shield 9-9a. The steel containment
      sheel 14 forms a space 14a of very substantial or extensive area above the
      generator room ceilings 12 and the concrete structure in general, and
      which is ordinarily occupied only by the rails 17 of the containment crane
      18 which is used to remove the concrete lock 8a and the reactor vessel's
      cover 1a during servicing of the reactor 1 when the latter is shut down.
      The containment crane 18 may also be used in conjunction with equipment
      servicing in the steam generator rooms.
PAR  The operating area or rooms are formed outside of the cylinder 9, 9a, the
      walls 10 and 11 and above the ceiling 8 having its top side protected by
      the walls 10. The top ends of the heat exchangers 5 of the generators 4
      terminate at a level below that of the floor provided by the top side or
      upper surface of the reactor room ceiling 8-8a.
PAR  It has been found that there is no harmful radiation upwardly at the
      ceilings 12, that extends to the operating area within the walls 10 above
      the floor 8-8a, even if the generator room ceiling does not function as
      biological shielding.
PAR  According to the invention, each ceiling 12 is formed by the steel
      grid-like construction shown by FIGS. 3 through 5. This construction is
      formed from structural steel shapes 12a of suitable lengths, which are
      interwelded together or riveted together. Standard structural steel
      engineering principals may be used to form a strong open grid. This
      construction is anchored or connected with the upstanding portion 9a of
      the concrete missile protection cylinder, to the substantially radially
      extending walls 11 of the generator room, and to the top of upstanding
      wall 10, as shown by FIG. 3 in particular.
PAR  The generator room ceiling provided by this grid of structural steel webs
      can be made strong enough to provide supports for the various walls by
      interconnecting them. It can be made removable to permit servicing of the
      equipment in the steam generator rooms below. This grid-like construction
      is shown anchored to the walls previously mentioned, so that it is held
      stationary in a horizontal direction, at least. Preferably it should be
      strong enough to form a floor so that during servicing of the reactor the
      heavy concrete lock 8a can be lifted and placed on the ceiling
      construction provided by the structural shapes 12a, so that it is out of
      the way during servicing of the reactor components. It should also be able
      to withstand the weight of the reactor pressure vessel cover 1a so that
      the latter can be stored in an out of the way position during installation
      of the reactor. These heavy parts are, of course, handled by the
      containment crane 18; at such times the reactor is in a shut-down
      condition.
PAR  The structural steel shapes 12a define a multiplicity of vertical openings
      12 b which when open collectively provide an area large enough to release
      even the maximum pressure that might be potentially possible inside of the
      generator rooms, into the large space 14a above, so as to effectively
      reduce the fluid pressure within the structure defining the generator room
      where an accident occurs resulting in release of the pressurized-water
      coolant. Although not shown, all reactor buildings normally include a
      spray system which in the event of such an accident, sprays water into the
      space 14 a as previously described.
PAR  During normal reactor operation, and with normal operation of the steam
      generators, all of the openings 12b are covered by solid or imperforate
      sheet steel plates 19. These plates are freely displaceable upwardly and
      are light enough in weight to be displaced upwardly substantially
      immediately upon the development of an excessive fluid pressure in either
      of the generator rooms. At the same time, the plates may be thick enough,
      or heavy enough in gauge, to be strong enough to permit personnel to walk
      upon them, the tops of the walls 11 being shown as provided with handrails
      20 to restrain personnel from inadvertently falling off of what are in
      effect raised platforms.
PAR  To prevent the steel plates 19 from becoming missiles, they are each hinged
      along one side as at 21 in FIG. 6, to the structural steel shapes 12a. Any
      suitable hinging arrangement may be used including bolts proportioned to
      be adequately bendable to permit the upward displacement of the steel
      plates should this become necessary. Also, as was indicated by FIG. 6, the
      peripheries of the steel plates may be provided with seals 22 against
      which the plates seal fluid-tightly, springs 23 being shown in FIG. 6 to
      keep the plates seated on these seals but without interfering with their
      displaceability permitting them to perform their intended function of
      immediately opening to immediately release the pressure in the generator
      room below them when required. The use of such seals permits the normal
      maintenance of a lower pressure in the equipment rooms, including the
      generator rooms, than exists in the operating area or rooms which is
      accessible to personnel during normal operation of the equipment. This is
      done to assure against the escape of possibly harmful gases from the
      equipment rooms into the personnel rooms or area, during normal operation
      of the facility.
PAR  The concrete construction provides horizontal walls 24 extending over most
      of the coolant pipeline loops 2 so as to prevent upward radiation from the
      circulating coolant within the loops 2. The concrete construction also
      forms upstanding walls 25 between the generators and the missile cylinder
      9, thus providing additional biological protection against radiation in
      the horizontal direction. These walls 25 extend above the level of the
      tops of the heat exchangers 5 which carry coolant. The horizontal floors
      24 also serve to support the steam generators via supporting structures
      4a.
PAR  In the event of a break in a connection between the pipeline loop 2 and one
      of the steam generators, the generator may receive a large horizontally
      directed force tending to tilt it or otherwise displace it, worsening the
      inherent damage that then occurs. To prevent this, advantage is taken of
      the very strong structural steel ceilings over the generator rooms. As
      shown by FIGS. 1 through 5, the steam generators are of the type having
      steam domes from the centers of the tops of which the steam power outputs
      are delivered via the steamoutput pipes 26. These pipes extend upwardly
      through the ceilings 12 via openings 27 in the grids, shown in FIG. 4 and
      5. The steel cover plates 19 are shown removed from one of the openings 27
      as shown in FIGS. 4 and 5, but it is to be understood that these openings
      also may be normally closed and sealed by plates which fit closely around
      the upstanding portions of the steam pipes 26. However, because these
      openings 27 are small in relation to the overall area of the ceilings 12,
      they can be left open, relying on the ventilation systems to maintain the
      normal under-pressure in the equipment rooms. The pipes 26, of course,
      carry steam entirely separated from the coolant and which is free from any
      radiation hazard.
PAR  Using the structural strength of the new ceilings 12, each generator has
      its connection 26a with its output pipe 26 provided with a welded steel
      flat annulus 28 to which four symmetrically radiating flat steel plates or
      arms 29 are removably bolted, the outer ends of these plates being
      removably bolted to supporting steel box structures 30 rigidly secured as
      by welding, to the structural steel grid or frame of the generator room
      ceiling in each instance. These plates or arms 29 are vertically flexible
      to permit vertical expansion and contraction of the steam generator
      involved but are rigid in the radial directions of the parts 28.
      Therefore, in the event of an accident of the type described hereinabove
      the top of the steam generator involved is rigidly held to prevent lateral
      displacement of the top of the steam generator or tilting of the steam
      generator. This kind of generator bracing cannot be provided by the prior
      art concrete ceiling constructions.
PAR  A suggestive modification of the above is shown by FIG. 7 as being a
      possibility in the case of a steam generator having its steam output
      offset from the axis of its steam dome. In this instance, in addition to
      the support plates 29, or their equivalent, the structural steel members
      12a rigidly providing a downward depending post 31 which removably fits in
      a recess 32 formed in the top of the steam generator, the recess 32
      providing a space all around the post 21, including its bottom, permitting
      normal thermal motion of the steam generator 4 with the post 31 rigidly
      restraining any excessive lateral displacement of the steam generator top.
      Here the steam output pipe 26a is shown as curving so as to be below the
      upper level of the top of the grid-like structure shown at 12a, thermal
      shielding 33 reducing the heat that might otherwise be transmitted to the
      steel plates 19. However, in the case of the FIG. 1 arrangement, it is to
      be understood that the steam pipes 26 would normally be heavily thermally
      insulated as is the custom in any steam transmission line.
PAR  FIG. 8 shows another modification having the post 21 of FIG. 7 connecting
      with the top of the steam generator 4 but in this instance mounted by a
      horizontal arm 34 pivoted at 35 to one of the structural steam shapes. The
      arm 34 extends to the next adjacent shape 12a to which it is anchored via
      a horizontal shock absorber 26 permitting the arm 34 to swing horizontally
      but under the restraint of the shock absorber, the latter being, for
      example, of the cylindrical and piston type with the cylinder confining a
      gas or possibly a liquid which can be expelled at a controlled rate via a
      suitable orifice (not shown). The direction of swing of the arm 34 should
      be in the direction in which the top of the steam generator 4 would be
      expected to be displaced in the event of a disconnection from the pipe
      loop connecting with its lower portion, particularly the section of the
      loop containing the higher coolant pressure.
PAR  The operating room defined above the reactor room ceiling 8-8a, normally
      includes the rails (not shown) on which the refueling machine 27, shown in
      FIG. 2, operates, and contains a cntrol and instrument panel 38. This room
      is accessible during operation of the reactor. It is biologically well
      shielded in the usual manner by the ceiling 8-8a and the walls 10, in the
      horizontal direction. Because of the space above the coolant loops 2 and
      their main coolant pumps 3, and above the tops of the heat exchangers 5,
      and the vertical biological shielding of the concrete wall 24, personnel
      in this operating room are not subject to any greater radiation hazard
      than when if heavy concrete ceilings were to be used over the generator
      rooms. All space that was considered to be operating area and available
      for use by personnel during the operation of the reactor, when the
      concrete ceilings were used, remains equally available with equal safety.
      The normal atmospheric underpressure in the equipment area or rooms can be
      maintained.
PAR  Because the invention drastically reduces the stress the missle cylinder
      wall portion 9 must ever carry, this wall portion, and of course, the
      portion 9a, may be reduced in thickness safely, as indicated by FIG. 1.
      There is no risk of damage to this wall portion 9 in the event of a
      generator room loss-of-coolant accident, and personnel in the operating
      rooms, indicated at 37, between the wall portion 9 and the containment
      shell 14, remain protected even if this missile cylinder has a wall of
      reduced thickness. Any reduction this might make in biological protection
      is compensated for by the wall 25. The latter may be made to surround both
      generators in each generator room, so the walls 11 may also be reduced in
      thickness.
PAR  This invention eliminates or substantially reduces the risk that a steam
      generator room accident might result in serious damage to a major portion
      of the facility.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nuclear power facility comprising a pressurized-water reactor pressure
      vessel, at least one vertical steam generator horizontally offset from
      said vessel, a main pressurized-water coolant pipe loop interconnecting
      said pressure vessel and a lower portion of said steam generator, said
      loop containing circulating pressurized-water coolant, a concrete
      structure forming a steam generator and loop and extending upwardly and
      horizontally surrounding said steam generator and at least a substantial
      portion of said loop to a height above said steam generator and having an
      open top above said steam generator, said concrete structure forming at
      least one operating room separated from said steam generator room by one
      of said walls extending upwardly, accidental release of said coolant from
      said loop forming vapor having a vapor pressure, a horizontal ceiling
      above said steam generator and closing said top so that said release
      causes said steam generator room to be pressurized under said vapor
      pressure, and a containment shell enclosing said structure including said
      rooms and forming a space of substantial area above said steam generator
      room, said ceiling being a metal ceiling formed by a metal grid-like
      construction defining a plurality of vertical openings and having
      horizontal sheet metal plates positioned on said construction and normally
      closing said openings, said plates being strong enough for personnel to
      walk upon but light enough in weight to be displaced upwardly to open said
      openings when the plates receive upward force from said vapor pressure in
      said steam generator room resulting from said loop accidentally permitting
      a release of said pressurized-water coolant, said opening when open being
      large enough in cross-sectional area collectively, to release said vapor
      pressure into said space to a degree substantially reducing said vapor
      pressure within said steam generator room and on said one of said walls
      extending upwardly and separating said equipment room from said steam
      generator room, and connecting means for connecting said plates to said
      metal grid-like construction and holding the plates against complete
      separation therefrom when forced upwardly by said fluid vapor pressure,
      said connecting means permitting said plates to swing upwardly when
      displaced to open said openings, said metal grid-like construction
      connecting with said open top of said concrete structure and being held
      thereby against horizontal displacement, and said generator having a top
      portion adjacently below said construction and means for connecting said
      top portion with said construction to restrain said top portion from
      horizontal displacement while permitting vertical movement of said top
      portion.
NUM  2.
PAR  2. The facility of claim 1 having means for releasably sealing said plates
      so they substantially gas-tightly normally close said openings to a degree
      permitting a gas pressure-differential to be maintained above and below
      said metal ceiling.
NUM  3.
PAR  3. The facility of claim 1 in which said concrete structure forms walls
      enclosing said reactor pressure vessel in all directions and includes a
      horizontal concrete ceiling spaced above said vessel, said open top closed
      by said metal ceiling being horizontally and upwardly offset from said
      concrete ceiling, said horizontal concrete ceiling having a top side
      forming an operating floor on which personnel may work, said steam
      generator having an upper portion extending above said floor, and said
      concrete structure having a portion forming an upstanding concrete wall
      extending above said floor and connected with the latter and shielding
      said floor from said steam generator.
NUM  4.
PAR  4. The facility of claim 1 in which said concrete structure forms a
      horizontal wall adjacently above at least a substantial portion of said
      pressurized-water coolant loop.
NUM  5.
PAR  5. The facility of claim 1 in which said concrete structure forms a missile
      protection cylinder inside of said containment shell and horizontally
      encircling said steam generator and coolant loop and extending vertically
      for a substantial distance above said metal ceiling and into said space.
NUM  6.
PAR  6. The facility of claim 5 having means for hinging said plates to said
      construction for holding the plates against becoming missiles when forced
      upwardly by said fluid pressure.
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ABST
PAL  In a nuclear power installation comprising a fluid-cooled nuclear reactor,
      main boilers and main coolant circulators driven by steam turbines to
      circulate coolant fluid through the reactor core and the main boilers, the
      circulator-driving steam turbines are driven by steam from auxiliary
      boilers which are also heated by the hot reactor coolant. This steam,
      after then being reheated by the hot reactor coolant if desired, may also
      then drive auxiliary steam turbogenerators provided additionally to main
      steam turbogenerators driven from the main boilers. Preferably the reactor
      core is housed in a thick-walled concrete pressure vessel having in its
      wall thickness first cavities which each house a main boiler and
      associated steam-turbine-driven coolant circulator and second cavities
      which each house an auxiliary boiler, an associated auxiliary coolant
      circulator and a reheater, if such are provided, for steam exhausted from
      the steam turbines driving the main coolant circulators.
BSUM
PAR  This invention relates to nuclear power installations, and more
      particularly such installations including a nuclear reactor in which the
      reactor core is cooled by a fluid such as carbon dioxide or helium which
      is circulated by one or more coolant fluid circulators.
PAR  In such an installation, it may be advantageous to drive the coolant
      circulators by means of steam turbines; and, in cases where the heat
      removed from the reactor core by the coolant is used to generate
      high-pressure steam in one or more main boilers which supply the steam to
      one or more main turbo-generators, it has been proposed to drive the
      coolant circulators by steam turbines supplied with steam from this main
      system, preferably from the cold reheat line thereof (i.e. at an
      intermediate stage in the main turbine expansion process) since this
      minimises the loss in thermodynamic efficiency. In cases of this kind, and
      in which steam reheat in the main steam system is effected within the
      reactor vessel by heat exchange with the hot coolant, the connection of
      the circulator turbines in the steam reheat line is quite convenient since
      this latter is returned to the reactor vessel (where the circulators are
      located) in any event. However, in a case where a steam-to-steam reheat
      cycle is used (i.e. in which either live or bled steam is used for reheat
      purposes), it would be expensive to return steam to the reactor merely for
      driving the coolant circulators.
PAR  According to the present invention, there is provided a nuclear power
      installation comprising a nuclear reactor which includes a reactor core,
      at least one main boiler, at least one main coolant circulator arranged to
      circulate coolant fluid through the core and through the main boiler, and
      a circulator-driving steam turbine arranged to drive said main coolant
      circulator, wherein the installation further comprises at least one
      auxiliary boiler which is arranged to be heated by the coolant fluid and
      to generate steam and which is connected to supply said steam to said
      circulator-driving steam turbine.
PAR  The invention may be incorporated in reactor systems such as are described
      and claimed in U.S. Ser. No. 178525 filed on Aug. 30, 1971 and now
      abandoned comprising a main boiler system and an auxiliary boiler system
      both heated by heat transferred to them from the reactor core by fluid
      coolant circulated by coolant circulators, the auxiliaary boilers
      providing steam for essential electrical power and having a capacity,
      typically, of some 20% of the maximum station output.
DRWD
PAR  Embodiments of the present invention, incorporated in reactor systems in
      accordance with the said co-pending application, are described below, by
      way of illustration of the invention, with reference to the accompanying
      diagrammatic drawings in which:
PAR  FIG. 1 shows a first embodiment and
PAR  FIG. 2 shows a second embodiment, very similar to that shown in FIG. 1 but
      incorporating a modification.
DETD
PAR  In the embodiment of the invention shown in FIG. 1, a nuclear reactor core
      11 is housed in a reactor chamber 12 within a prestressed concrete
      pressure vessel 13. Extending vertically within the wall thickness of the
      vessel 13 are provided chambers or cavities 14 and 15 which are sealed at
      their ends and are connected through ducts 16 to the reactor chamber 12.
      Within each of a plurality of the chambers 14 (say, four in number) is
      disposed a respective main boiler unit 17 and a respective main circulator
      unit 18 arranged to draw heated coolant fluid, say helium under pressure,
      from the reactor core 11 and thence through the respective main boiler
      unit 17 before returning it to the reactor chamber 12 for passage once
      more through the core 11. Similarly, a plurality of auxiliary boiler units
      19 (which may also be four in number) are disposed each in a respective
      one of the chambers 15 which also accommodates a respective auxiliary
      circulator unit 20 which similarly draws heated coolant fluid from the
      reactor core 11 and thence through the respective auxiliary boiler unit 19
      before returning it to the reactor chamber 12 for passage once more
      through the core 11. The detailed arrangement, including ducting to effect
      the desired circulation paths for the reactor coolant fluid, are described
      and shown in greater detail in our said co-pending application.
PAR  The main boiler units 17 are supplied with water through water feed lines
      21, and their high-pressure steam outputs are supplied through steam lines
      22 to one or more turbines of main steam turbogenerators 22' of the
      installation. Each chamber 14 which houses a main boiler unit 17 may also
      accommodate a respective steam reheater unit (not shown) for intermediate
      reheating of the steam supplied to the main turbogenerator turbines.
PAR  The auxiliary boiler units 19 are supplied with feed water through water
      feed lines 23, and their steam output is supplied through steam lines 24
      to, eventually, the turbines 25 of one or more auxiliary steam
      turbogenerators which provide essential power for the operation of the
      installation. In accordance with the present invention, however, the steam
      from the auxiliary boiler units 19 is also employed to drive steam
      turbines 26 which drive the main coolant circulator units 18. The power
      requirements for the units 18 are only some 3% of the gross station
      output. In the embodiment of the invention shown in Fig. 1, this steam
      from the auxiliary boilers is fed by the steam lines 24 to a header 27,
      and thence to the turbines 26 from which it is exhausted to a further
      header 28 whence in turn it is fed to the auxiliary turbogenerator
      turbines 25. Each of the circulator-drive turbines 26 is provided with a
      respective steam bypass line shown as including pressure reducing valves
      29 and an attemperator 30; and this provision, in conjunction with the
      normal throttle control (not shown) enables the flexible power
      requirements of the main circulators 18 to be met, including the provision
      of safety margins. Each turbine 26 may be directly coupled to the
      respective circulator 18, and, typically, may be a single-stage machine
      which runs at approximately 6000 revolutions per minute with inlet steam
      conditions 1500 psig/1000.degree.F and exhaust conditions 650
      psig/800.degree.F.
PAR  A safety valve 31 may be provided at the header 28 as protection for the
      auxiliary steam system in the event of a trip of the main circulators 18,
      and a feed heater system 32 may be interposed between the exhausts from
      the turbines 25 of the auxiliary turbogenerators and the water feed lines
      23. The auxiliary circulator units 20 may be driven by steam turbines
      supplied from the auxiliary boiler units 19, or (as shown) each may be
      driven by a respective electric motor 33 supplied by the auxiliary
      generator driven by the auxiliary turbines 25.
PAR  The embodiment of the invention shown in FIG. 2 is almost identical with
      that shown in FIG. 1, and corresponding parts are indicated by the same
      references in the two cases (except that no auxiliary turbine 25 is
      actually shown in FIG. 2). The difference between the two embodiments is
      that, in that shown in FIG. 2, the steam from the header 28 is reheated
      before being supplied to the auxiliary turbines 25, and for that purpose
      there is associated with each auxiliary boiler 19, in the same chamber 15,
      a respective reheater unit 34 through which steam passes on its way from
      the header 28 to the auxiliary turbines 25. This reheating provides a
      small increase in overall station efficiency.
PAR  The two embodiments of the invention described above are conceived as
      applied to a helium-cooled high-temperature gas-cooled reactor, but it
      will be understood that the invention may also find application in
      connection with the coolant circulators of other types of fluid-cooled
      reactors.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gas-cooled nuclear power installation comprising a nuclear reactor
      which includes a reactor core, at least one main boiler, at least one main
      coolant-gas circulator arranged to circulate coolant gas through the core
      and through the main boiler whereby to generate steam in the main boiler,
      a circulator-driving steam turbine arranged to drive said main coolant-gas
      circulator, and at least one main turbogenerator connected to be driven by
      steam generated in the main boiler, wherein the installation further
      comprises at least one auxiliary boiler, at least one auxiliary
      coolant-gas circulator arranged to circulate coolant gas through the core
      and the auxiliary boiler whereby to generate further steam in the
      auxiliary boiler and wherein the auxiliary boiler is connected to supply
      said further steam to said circulator-driving steam turbine.
NUM  2.
PAR  2. A nuclear power installation as claimed in claim 1 and comprising at
      least one auxiliary steam turbogenerator connected to receive and be
      driven by said further steam exhausted from said circulator-driving steam
      turbine.
NUM  3.
PAR  3. A nuclear power installation as claimed in claim 1 and comprising a
      plurality of main boilers, a plurality of main coolant-gas circulators
      each driven by a respective circulator-driving steam turbine and arranged
      to circulate coolant gas through the core and through a respective one of
      the main boilers, a plurality of auxiliary boilers each arranged to be
      heated by the coolant gas and to generate said further steam and connected
      to supply said further steam to at least one of the circulator-driving
      steam turbines, and a plurality of auxiliary coolant-gas circulators each
      arranged to circulate coolant gas through the core and through a
      respective one of the auxiliary boilers.
NUM  4.
PAR  4. A nuclear power installation as claimed in claim 3 and comprising a
      prestressed concrete pressure vessel which contains the reactor core and
      the coolant gas and which includes a wall formed within its thickness with
      a plurality of cavities each communicating with the vessel interior,
      wherein each main boiler and its associated main coolant-gas circulator
      are housed in a respective one of said cavities and each auxiliary boiler
      and its associated auxiliary coolant-gas circulator are housed in a
      respective other one of said cavities.
NUM  5.
PAR  5. A nuclear power installation comprising a nuclear reactor which includes
      a reactor core, at least one main boiler, at least one main coolant
      circulator arranged to circulate coolant fluid through the core and
      through the main boiler, and a circulator-driving steam turbine arranged
      to drive the main coolant circulator, wherein the installation further
      comprises at least one auxiliary boiler, which is arranged to be heated by
      the coolant fluid and to generate steam and which is connected to supply
      said steam to said circulator-driving steam turbine, at least one
      auxiliary steam turbogenerator connected to receive and be driven by steam
      exhausted from said circulator-driving steam turbine, and at least one
      steam reheater arranged to be heated by the reactor coolant fluid and
      interposed between said circulator-driving steam turbine and said
      auxiliary turbogenerator to receive steam exhausted from said
      circulator-driving steam turbine and, after reheating such steam, to feed
      it to the auxiliary turbogenerator.
NUM  6.
PAR  6. A nuclear power installation comprising a nuclear reactor which includes
      a reactor core, a prestressed concrete pressure vessel which contains the
      reactor core and coolant fluid therefor and which includes a wall formed
      within its thickness with a plurality of first cavities and a plurality of
      second cavities each communicating with the vessel interior, a plurality
      of main boilers each housed in a respective one of said first cavities, a
      plurality of main coolant circulators each housed in a respective one of
      said first cavities and arranged to circulate coolant fluid through the
      respective main boiler therein and through the reactor core, a plurality
      of curculator-driving steam turbines each arrranged to drive a respective
      one of the main coolant circulators, a plurality of auxiliary boilers each
      housed in a respective one of said second cavities and each arranged to be
      heated by the coolant fluid and to generate steam and connected to supply
      said steam to at least one of the circulatordriving steam turbines, a
      plurality of auxiliary coolant circulators each housed in a respective one
      of said second cavities and arranged to circulate coolant fluid through
      the respective auxiliary boiler therein and through the reactor core, and
      a plurality of steam reheaters each housed in a respective one of said
      second cavities and each connected to receive steam exhausted from at
      least one of the circulator-driving steam turbines.
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ABST
PAL  A diagrid for supporting a reactor core having a vertical axis is
      constituted by a box structure consisting of a flat and horizontal upper
      plate and a domical lower plate. The upper plate has a circular flange
      parallel to a peripheral rim of the lower domical plate, the rim and the
      flange being braced relative to each other. The flange of the upper plate
      rests on a ring-girder which surrounds the box structure and provides a
      peripheral side restraint whilst the flat rim of the lower domical plate
      rests on a flat circular flange of a support which forms a conical
      downward extension of the domical plate and is rigidly fixed to the
      reactor vessel.
BSUM
PAR  This invention relates to a diagrid for supporting the core of a nuclear
      reactor of any type but especially a liquid-sodium cooled fast reactor,
      the heat generated by the reactor core being recovered in separate heat
      exchangers which are preferably mounted within the vessel which contains
      the reactor core and the circulating sodium, the reactor core and heat
      exchangers being thus incorporated in a so-called integrated structure.
PAR  The aim of the invention is to endow the coresupport diagrid within the
      reactor vessel with high mechanical strength, especially with respect to
      the loads to be carried, while making it possible in particular and
      especially in the event of accident or of damage to any of its elements to
      disassemble said diagrid as a single unit, to withdraw the diagrid from
      the reactor vessel and to replace it by another diagrid of identical
      design.
PAR  More precisely, the invention relates to a reactor diagrid of the
      above-mentioned type constituted by a box structure having end-walls
      formed by two metallic plates braced by hollow cylindrical support columns
      which are suitably disposed at intervals within the box structure on a
      well-defined and uniform pitch. The open ends of said hollow support
      columns extend through apertures formed in the upper end-wall of the box
      structure for positioning and supplying liquid sodium to the fuel
      assemblies which are supported by the diagrid and the arrangement of which
      in combination forms the reactor core.
PAR  Finally, the invention is even more specifically concerned with a diagrid
      of this type comprising a horizontally extending flat upper plate and the
      axis of the reactor core being vertical, and means whereby the box
      structure formed by the two braced plates is applied against a support
      forming part of the vessel which contains the reactor core and the heat
      exchangers.
PAR  In accordance with the invention, the diagrid under consideration is
      characterized in that the lower end plate of the box structure has the
      shape of a spherical segment or dome which terminates at its periphery in
      a flat rim and that the upper flat end plate has a circular flange which
      is parallel to the peripheral rim of the lower plate, said rim and said
      flange being braced with respect to each other, the flange of the upper
      end plate being capable of resting on a ring-girder which provides the box
      structure with a peripheral side restraint and the flat rim of the lower
      end plate being supported by a flat circular flange formed on a shell
      element which is rigidly fixed to the reactor vessel.
PAR  Apart from this main characteristic feature, a reactor diagrid as
      constructed in accordance with the invention has further accessory
      features which are preferably to be considered in combination but could be
      considered separately if necessary and relate in particular to the
      following points:
PAR  The flat rim of the lower end plate and the parallel flange of the upper
      end plate are braced by small vertical stiffening columns.
PAR  The ring-girder is provided with a top horizontal bearing surface of
      circular shape having substantially the same radius as the flange of the
      upper end plate, said flange being applied against said bearing surface by
      means of coaxial circular grooves, the interengagement of which forms a
      labyrinth seal against the coolant sodium.
PAR  Positioning of the flange of the upper end plate with respect to the
      circular bearing surface of the ring-girder is carried out by means of
      studs having the shape of sectors which are carried by the flange and
      engaged in recesses formed in the bearing surface or conversely.
PAR  The shell element which is rigidly fixed to the reactor vessel has a
      conical shape and is placed in the line of extension of the lower domical
      end plate of the box structure.
PAR  A flexible seal is interposed between a shouldered portion of the flat
      circular flange of the shell element and the flat rim of the lower end
      plate of the box structure.
PAR  The ring-girder is constituted by a hollow metallic torus which is open
      laterally towards the box structure, said torus being such as to
      constitute a manifold for supplying the diagrid with the coolant sodium.
DRWD
PAR  Further characteristic features of the support diagrid under consideration
      will become apparent from the following description of one exemplified
      embodiment which is given by way of indication without any limitation
      being implied, reference being made to the accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal half-sectional view of a nuclear reactor which is
      provided with a diagrid in accordance with the invention;
PAR  FIG. 2 is also a sectional view but drawn to a larger scale and
      illustrating the constructional detail of said diagrid and especially the
      means for supporting this latter on the reactor vessel.
DETD
PAR  The reactor which is illustrated in FIG. 1 mainly comprises a metallic
      outer tank or main vessel which is closed at the top by a slab 2,
      especially of concrete, which ensures protection against radiations. The
      reactor core 3 is placed within the vessel 1 and formed by the juxtaposed
      assembly of fuel elements or assemblies such as those designated by the
      reference 3a which extend in parallel relation in the vertical direction.
      Above the reactor core 3, the slab 2 is closed by a rotating seal plug 4
      which supports within the vessel 1 above the reactor, a core lid 5 which
      is fitted with measuring or control devices such as the device 6 for the
      different core assemblies. The reactor core is immersed in a liquid
      cooling medium 7 which preferably consists of a flow of liquid sodium, the
      region 8 which is located above the level of sodium within the reactor
      vessel being filled with a neutral blanket gas which is usually argon. The
      circulating sodium which passes through the reactor core 3 becomes heated
      in contact with the fuel assemblies 3a and returns the heat received into
      heat-exchanger and circulating-pump units, one of which is represented
      diagrammatically at 9 in FIG. 1. The units aforesaid are so arranged that
      the hot sodium discharged from the reactor core is supplied to these
      latter and, after cooling, is returned beneath said core via ducts such as
      the duct 10 for a further cycle. Advantageously, the units 9 are uniformly
      spaced around the vertical axis of the reactor core 3 and are supported at
      the upper ends thereof by means of the shield slab 2 which serves to gain
      access to and disassemble said units if necessary; the ducts 10 are in
      turn supported by means of struts 9a, the lower ends of which are joined
      to the main vessel 1.
PAR  In accordance with the invention, the fuel elements 3a which constitute the
      reactor core 3 are supported by making use of a diagrid in the form of a
      box structure, the constructional detail of which is illustrated to a
      larger scale in FIG. 2. Said box structure is formed in particular of two
      plates 12 and 13 which constitute the endwalls of the structure, the upper
      plate 12 being horizontal whilst the lower plate 13 is designed in the
      form of a spherical segment or dome, the axis of which coincides with the
      axis of the reactor core. Bracing between the end plates 12 and 13 is
      carried out by means of hollow cylindrical columns designated by the
      reference 14 and provided at the upper ends thereof with sleeves 14a which
      pass through apertures formed in the upper end plate 12. The bottom
      endfittings of the fuel assemblies 3a are engaged within said sleeves and
      maintained in a strictly vertical position with a predetermined relative
      spacing as a result of the pitch on which the support columns are disposed
      within the box structure 11.
PAR  The support columns aforesaid can be secured to the end plates 12 and 13 by
      any suitable means and especially by means of the so-called electronic
      beam welding process which provides the welded joints thus formed with a
      very high degree of mechanical strength. The distribution of the apertures
      for mounting the support columns 4 on the end plates 12 and 13 must be
      strictly adapted to the relative positions of the fuel assemblies 3 within
      the reactor core as mentioned earlier. In consequence, the use of the
      electronic beam welding process for rigidly fixing the support columns
      makes it possible in addition to prevent any deformations which might
      otherwise impair the accuracy of location of these positions. The support
      columns 14 have a variable length which is suited to the distance between
      the upper end plate 12 and the lower end plate 13 at each point and are
      accordingly provided with elongated lateral slots such as the slot 14b.
      Thus the coolant sodium which flows into the box structure through the
      ducts 10 from the units 9 is permitted to penetrate into the interior of
      said support columns and to flow upwards within these latter towards the
      end-fitting of the corresponding fuel assembly 3a through which the sodium
      passes while cooling this latter.
PAR  In accordance with the invention, the box structure 11 forming the reactor
      diagrid is supported by the vessel 1 which surrounds the core and contains
      the coolant sodium by making use of particular means which are placed at
      the periphery of the structure and which will be described hereinafter.
PAR  It is apparent from FIG. 2 that the upper end plate 12 has a flat bearing
      extension 15 for supporting elements such as those designated by the
      reference 16 which are usually formed of steel and constitute the lateral
      neutron-absorbing blanket of the reactor core, said elements being
      disposed in the vicinity of the fuel assemblies 3a of the core periphery.
      Beneath the bearing extension 15, the plate 12 is rigidly fixed to a short
      cylindrical shell 17 terminating at the lower end in a circular flange 18
      which extends horizontally, that is to say parallel to the plane of the
      plate 12. Provision is made at the top of said flange 18 for hollow
      recesses 19 so as to permit the engagement of positioning rods 20 which
      are integral with the blanket elements 16.
PAR  So far as concerns the lower domical end-plate 13, the outer edge of said
      plate terminates in a flat rim 21 which extends parallel to the flange 18
      of the upper end plate 12. Said flange 18 and said rim 21 are braced with
      respect to each other by small metallic columns 22, thereby stiffening the
      entire box structure in conjunction with the columns 14 which are provided
      for positioning the fuel assemblies 3a. The box structure which is thus
      formed is accordingly supported by the periphery of the flange 18 on a
      ring-girder 23 comprising a member 24 having the shape of a half-torus
      which provides the box structure with a peripheral side restraint; said
      member 24 is provided with a flat bearing element 25 which extends
      parallel to the flange 18 in the direction of said box structure and
      against which said flange is applied. As an advantageous feature, the
      relative positioning of the box structure 11 with respect to the
      ring-girder 23 is carried out by means of studs of the type designated by
      the reference 26 which are rigidly fixed to the bearing element 25 and
      engaged within hollow recesses 27 formed in the flange. This arrangement
      is not essential in itself since the studs can conversely be carried by
      the flange and engage in recesses formed in the ring-girder. Preferably,
      said studs 26 have the shape of circular sectors and are suitably
      distributed at the periphery of the bearing element 25 about the common
      axis of the box structure and of the ring-girder.
PAR  Moreover, and in order to ensure suitable leak-tightness with respect to
      the sodium which is circulated from the ring-girder which forms a manifold
      and passes through the box structure 11, provision is made at the top
      portion of the bearing element 25 for a series of raised ribs 28 which
      engage within circular grooves 29 having the same radius and formed in the
      opposite face of the flange 18 or conversely. The box structure 11 is thus
      supported by applying its peripheral flange 18 against the bearing element
      25 of the ring-girder 23 which is in turn supported and fixed in position
      with respect to the main reactor vessel 1. To this end, the toric member
      24 is connected by means of a fastening system 30 which is pivotally
      mounted on an annular member 31 which forms a diagrid extension and
      surrounds the reactor core externally.
PAR  In exactly the same manner as has already been contemplated for the upper
      plate 12, the diagrid extension aforesaid supports solid elements 32 which
      are made especially of steel and form a second shield blanket. Said
      annular diagrid extension 31 is supported by means of rollers 33a on a
      bearing plate 33b which is in turn carried by webs or support strakes 34
      which are joined to the bottom of the reactor vessel 1. These support
      strakes 34 are provided with passages 35 for the ducts 10 which convey the
      liquid sodium within the interior of the toric member 24 of the
      ring-girder 23. In addition, the lower end of the toric member 24 is
      rigidly fixed to a collar 36 which is welded to a shell element 37 of
      conical shape. Said element is located substantially in the line of
      extension of the plane which is tangent to the extremity of the domical
      end plate 13 and is in turn welded at its opposite extremity to a
      reinforced portion 38 of the reactor vessel 1.
PAR  The flat bearing element 25 and the collar 36 are braced by small vertical
      columns 42. The collar 36 is provided with a transverse shoulder 39 of
      flat circular shape which extends horizontally and parallel to the rim 21
      of the plate 13; said shoulder 39 carries an annular seating 40 for a
      flexible seal 41 which is interposed between said seating and the
      underface of the rim 21.
PAR  A supporting diagrid for a nuclear reactor core which is thus provided has
      many advantages both from the point of view of inherent mechanical
      strength and in regard to the possibilities of disassembly for repairs or
      complete replacement. It can in fact be readily understood that the shape
      adopted for the lower end plate of the box structure, namely a spherical
      segment which is coaxial with the reactor core, is eminently conducive to
      rigid positional maintenance of the hollow support columns which carry the
      fuel assemblies; in addition, this spherical shape has the intrinsic
      property of providing good mechanical resistance to the loads applied by
      said fuel assemblies. This arrangement permits in particular a
      not-negligible reduction in thickness of the plate which constitutes the
      base of said structure; moreover, the radial cross-sections of the box
      structure which result from the actual shapes of the upper and lower
      plates facilitate the practically uniform flow of liquid sodium between
      the support columns through which the sodium is supplied to the fuel
      assemblies.
PAR  A further advantage of the diagrid under consideration arises from the fact
      that the box structure bears directly on an annular girder which is
      connected to the reactor vessel, said girder being so arranged as to
      constitute at the same time a manifold for the supply of the coolant
      sodium which is admitted into said diagrid. In particular, this
      arrangement avoids the need to make provision within the reactor vessel
      for a flooring slab or element of a similar type which was generally
      employed in designs of the prior art for supporting the diagrid itself. By
      virtue of this annular girder which forms a manifold, the supply of sodium
      is carried out directly and in a uniform manner around the entire box
      structure whilst simple arrangements (labyrinth seal on the bearing
      surface proper and annular seal at the lower portion) readily prevent
      outleakages of sodium from said box structure.
PAR  In addition, by making provision on the upper end plate of the box
      structure for a supporting flange which bears on the ring-girder, the
      diagrid can readily be freed as a single unit, especially for the purpose
      of removing the diagrid from the reactor vessel 1, this movement being
      performed through a passage of suitable diameter formed in the slab 2
      after removal of the fuel assemblies 3a. In fact, it is apparent that the
      diagrid in accordance with the invention is simply laid on the ring-girder
      and that, by exerting a lifting effort in the upward direction, the
      diagrid can immediately be separated from its support structures which
      remain attached to the reactor vessel. Conversely, the rigidity of the
      diagrid which results from bracing of its end plates on the one hand by
      means of the support columns and on the other hand by means of the small
      stiffening columns provided at its periphery is such that said diagrid can
      be placed on the bearing element of the ring-girder without any attendant
      danger of variation in the positioning of the support columns and
      consequently without any deformation of the geometry of the fuel
      assemblies within the reactor core. Finally, the support columns in turn
      permit suitable transmission of the loads resulting from said fuel
      assemblies to the lower domical end plate which in turn transmits loads by
      means of the annular bearing shoulder to the shell element which is
      connected to the reactor vessel, all the loads on the diagrid being
      finally applied to said shell element.
PAR  It is readily apparent that the invention is not limited in any sense to
      the example of construction which has been more especially described with
      reference to the accompanying drawings but extends to all alternative
      forms.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A nuclear reactor diagrid combination for supporting the core of a
      nuclear reactor in which a liquid sodium coolant is circulated within a
      vessel containing the core and diagrid, said diagrid being constituted by
      a box structure having end-walls formed by two metallic plates braced by
      hollow cylindrical support columns which are suitably disposed at
      intervals within the box structure on a uniform pitch, the upper end plate
      being flat and horizontal and the axis of the reactor core being vertical,
      said diagrid being provided with means for applying the box structure
      against a support which forms part of the reactor vessel, wherein the
      lower end plate of said box structure has the shape of an upwardly convex
      spherical segment which terminates at its periphery in a flat rim and
      wherein the upper flat end plate has a circular flange which is parallel
      to the peripheral rim of the lower plate, said rim and said flange being
      braced with respect to each other, the flange of the upper end plate
      resting on a ring-girder supported by the vessel which provides the box
      structure with a peripheral side restraint and the flat rim of the lower
      end plate being supported by a flat circular flange formed on a shell
      element rigidly fixed to the reactor vessel, wherein the shell element has
      a conical shape and is in the line of extension of the spherical segment
      of the lower end plate of the box structure, and wherein the ring-girder
      is a hollow metallic torus opening laterally toward the box structure,
      said torus being a manifold for supplying the diagrid with the coolant
      sodium.
NUM  2.
PAR  2. A combination in accordance with claim 1, wherein the flat rim of the
      lower end plate and the parallel flange of the upper end plate are braced
      by small vertical stiffening columns.
NUM  3.
PAR  3. A combination in accordance with claim 1 wherein the ring-girder is
      provided with a top horizontal bearing surface of circular shape having
      substantially the same radius as the flange of the upper end plate, said
      flange being applied against said bearing surface by means of coaxial
      circular grooves, the interengagement of which forms a labyrinth seal
      against the coolant sodium.
NUM  4.
PAR  4. A combination in accordance with claim 3, wherein the positioning of the
      flange of the upper end plate with respect to the circular bearing surface
      of the ring-girder is carried out by means of studs having the shape of
      sectors which are carried by the flange and engaged in recesses formed in
      the bearing surface.
NUM  5.
PAR  5. A combination in accordance with claim 1, wherein a flexible seal is
      interposed between a shouldered portion of the flat circular flange of the
      shell element and the flat rim of the lower end plate of the box
      structure.
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ABST
PAL  Process for the production of an edible protein-containing substance which
      comprises incubating and proliferating, under aerobic conditions, a
      non-toxic strain of the gensus Fusarium or a variant or mutant thereof, in
      a culture medium containing essential growth-promoting nutrient
      substances, of which carbon in the form of assimilable carbohydrate
      constitutes the limiting substrate in proliferation, and separating the
      proliferated organism comprising the edible protein-containing substance.
      Novel strains and variants of Fusarium graminearum are also disclosed.
PARN
PAR  This is a Continuation of application Ser. No. 459,021 filed Apr. 8, 1974,
      now abandoned, which in turn is a continuation of Ser. No. 140,303 filed
      May 4, 1971, now abandoned.
BSUM
PAR  The present invention relates to a process for the production of edible
      protein-containing substances and has particular reference to the
      production of fungal protein by microbial action.
PAR  Our copending United Kingdom Application No. 53312/66, Ser. No. 1210356,
      relates to a process for the production of an edible protein-containing
      substance which comprises incubating and proliferating, under aerobic
      conditions, an organism which is a non-toxic strain of a microfungus of
      the class Fungi Imperfecti, in a culture medium containing essential
      growth-promoting nutrient substances, of which carbon in the form of
      assimilable carbohydrate constitutes the limiting substrate in
      proliferation, and separating from a assimilable carbohydrate exhausted
      medium the prolifereated organism which constitutes the edible
      protein-containing substance.
PAR  It is also an object of the present invention to provide fungal mycelium
      which possesses a high net protein utilisation value on rat assays of at
      least 70 based on the .alpha.-amino nitrogen. However, as indicated in one
      of the examples, it is possible to have a net protein utilization value of
      at least 65.
PAR  According to the present invention there is provided a process for the
      production of an edible protein-containing substance which comprises
      incubating and proliferating, under aerobic conditions, non-toxic strain
      of the genus Fusarium or a variant or mutant thereof, in a culture medium
      containing essential growth-promoting nutrient substances, of which carbon
      in the form of assimilable carbohydrate constitutes, the limiting
      substrate in proliferation, and separating the proliferated organism
      comprising the edible protein-containing substance.
PAR  The separated proliferated organism comprising the edible
      protein-containing substance may be incorporated into a foodstuff for
      human or animal consumption.
PAR  The substrate employed in the incubation stage may be of vegetable origin,
      for example starch, starch containing materials or products of their
      hydrolysis, sucrose, sucrose containing materials or hydrolysed sucrose
      i.e. invert sugar or mixtures thereof. Thus the substrate may comprise
      hydrolysed potato, molasses, glucose, hydrolysed bean starch or cassava.
      Alternatively substrate of animal origin comprising whey may be employed.
PAR  The non-toxic strain of Fusarium may be a strain of Fusarium graminearum.
PAR  The preferred non-toxic strain is our strain of Fusarium graminearum
      Schwabe, deposited with the Commonwealth Mycological Institute and
      assigned the number I.M.I. 145425 and variants and mutants thereof.
PAR  The following novel variants may also be employed:
PA1  I-7 deposited with the Commonwealth Mycological Institute and assigned the
      number I.M.I. 154209.
PA1  I-8 deposited with the Commonwealth Mycological Institute and assigned the
      number I.M.I. 154211.
PA1  I-9 deposited with the Commonwealth Mycological Institute and assigned the
      number I.M.I. 154212.
PA1  I-15 deposited with the Commonwealth Mycological Institute and assigned the
      number I.M.I. 154213.
PA1  I-16 deposited with the Commonwealth Mycological Institute and assigned the
      number I.M.I. 154210.
PAR  Our new strain of Fusarium graminearum Schwabe, I.M.I 145425, is
      non-pathogenic to wheat. It has the following morphological
      characteristics:
PAC  Media
PAC  Potato Sucrose Agar
PA1  Czapek-Dox (Modified) Agar (oxoid)
PA1  250 grams of potatoes washed and diced, placed in pressure cooker 15 lbs.
      square inch for 15 minutes. The decoction is then squeezed through two
      layers of muslin. 2% of Glucose & 2% of Agar are added to the turbid
      filtrate and the medium autoclaved and dispersed.
PA1  Growth conditions 25.degree.C. several weeks
PA1  Rate of growth: 4.0 cm. in 3 days 3.0 cm. in 3 days
PAR  Character of growth: Floccose, spreading colonies with white aerial
      mycelium. Substratum on PSA greyish rose with patches of crimson to
      yellow. Tendency to be somewhat paler on CDA. Occasionally deep red
      pigment produced, particularly on ageing. After one to two weeks the
      aerial mycelium tends to become brown and collapse. The colony then
      becomes rather slimy as sporodochia are formed the colour being pink to
      brown on PSA and salmon pink on CDA. No exudate is formed and pigment
      formation tends to follow the mycelium colour.
PAR  Conidia: Microconidia not produced by this organism. Macroconidia produced
      from single lateral phialides or multibranched conidiophores with short
      phialides. In older cultures the conidiophores aggregate to form
      sporodochia, particularly on CDA. The conidia vary from falcate to curved
      fusoid dorsi-ventral, septation varying from 3 to 5, commonly 5 in younger
      cultures. Spore size varies from 25 - 50.mu. .times. 2.5 .mu. - 4.0 .mu..
PAL  The foot cell is often pedicellate, particularly in the longer 5 septate
      spores. Swollen cells occur in the mycelium and occasionally
      chlamydospores occur intercalary, singly or in chains.
PAR  Following is a description by way of example of the preparation of variants
      (or isolates) of Fusarium graminearum Schwabe I.M.I. 145425 and their
      morphological characteristics.
PAC  Isolates obtained from continuous culture
PAR  Fusarium graminearum Schwabe I.M.I. 154209 to 154213 were selected from
      malt extract agar plates inoculated with broth from a fermenter growing
      Fusarium graminearum Schwabe 145245 on a glucose/salts medium at
      30.degree.C. under continuous culture conditions with carbon limitation at
      a dilution rate of 0.1 - 0.15 hr.sup.-.sup.1. The fermenter was sampled at
      approximately 100 hour intervals to assess the population of variants and
      the isolates I.M.I. 154209 to 154213 were taken from the plates prepared
      from the 1100 hour sample. These isolates are representative of the major
      types of morphological variant produced during the fermentation. Under
      these conditions outlined in this example the variants begin to appear on
      plates from 800 hours onwards. They are continually produced from this
      time onward and the population slowly changes as regards the percentage of
      each type. The fermenter conditions are as follow:
TBL         Culture medium   %                                                 
     ______________________________________                                    
     Solution 1                                                                
              Glucose            3.0                                           
              Ammonium sulphate  0.25                                          
              Potassium di-hydrogen                                            
                                 0.30                                          
              phosphate                                                        
              Magnesium sulphate 0.025                                         
              Antifoam, polypropylene                                          
                                 0.01                                          
               glycol 2000; sterilised                                         
               at pH 3.0 for 30 mins.                                          
               at 15 p.s.i.g.                                                  
     Solution 2                                                                
              MnSO.sub.4 4H.sub.2 O                                            
                                 0.0005                                        
              FESO.sub.4 7H.sub.2 O                                            
                                 0.0005                                        
              ZnSO.sub.4 7H.sub.2 O                                            
                                 0.0005                                        
              CoCl.sub.2 6H.sub.2 O                                            
                                 0.0001                                        
              CuSO.sub.4 5H.sub.2 O                                            
                                 0.0001                                        
              Na.sub.2 MoO.sub.4 2H.sub.2 O                                    
                                 0.0001                                        
            Sterilised 15 mins. at 15 p.s.i.g.                                 
     Solution 3                                                                
              Biotin             0,10 or 20 .mu.g/l                            
              Choline            0,1 or 2 mg/l                                 
              Methionine         0 or 600 mg/l                                 
            Sterilised separately by filtration                                
     ______________________________________                                    
PAL  All solutions were added, as necessary, aseptically to the medium reservoir
      then fed to the 8.5 litre chemostat with the following growth conditions:
      Temperature 30.degree.C., aeration 1vvm (i.e., 1 volume air/volume culture
      medium/minute); agitation 800 r.p.m., single 6-bladed disc turbine, 0.5D,
      in fully baffled fermenter. The fermenter pH was maintained at 5.0 by the
      automatic addition of sterile ammonia. Solution 3 as changed in
      composition at various times to determine .mu.max with the various such as
      biotin alone or biotin plus choline. Growth rate 0.1 to 0.15
      hr.sup.-.sup.1.
PAR  The five isolates have the following morphological characteristics.
PAC  Media
PAC  Potato Sucrose Agar
PA1  Czapek Dox Agar (Oxoid)
PA1  250 grams of potatoes washed and diced, placed in pressure cooker 15 lbs.
      square inch for 15 minutes. The decoction is then squeezed through two
      layers of muslin. 2% of Glucose & 2% of Agar are added to the turbid
      filtrate and the medium autoclaved and dispersed.
PA1  Growth conditions: 25.degree.C.
PA1  Character of growth
PAR  Isolate I-7
PAR  Colony morphology similar to parent A3/5 except colony diameter is smaller,
      1.5 cm in three days at 30.degree.C. on C.D.A. The floccose aerial
      mycelium varies in degree from colony to colony but is less than I-8.
      Older cultures have a brown discoloration to the mycelium. Reverse,
      yellow-brown to greyish-rose sectors with some pigment diffusing.
PAR  Isolate I-8
PAR  Very intense white floccose aerial mycelium. Colony diameter again less
      than parent A3/5, 2.0 cm in 3 days at 30.degree.C. on C.D.A. Reverse
      salmon pink to greyish-rose segments.
PAR  Isolate I-9
PAR  Macroscopic appearance close to I-8 but reverse lighter, salmon to hyaline
      in colour.
PAR  Isolate I-15
PAR  Small restricted dome shape colonies. Mycelium short, tangled and with
      tendency to be convoluted. Many sporodochia-like structure formed giving
      pink appearance at point of inoculation of streak. Pink coloration at
      periphery. Colony diameter only 0.4 cm at 3 days at 30.degree.C. on C.D.A.
PAR  Isolate I-16
PAR  Isolate I-15 is very unstable and continually gives rise to I-16. This
      isolate has an appearance similar to I-7 although colonies tend to be
      slightly greater in diameter, 2.4 cm. in 3 days and more even in
      appearance. I-16 is more stable than I-15.
PAC  Conidia
PAR  Isolate I-7
PAR  Abundant macroconidia produced in similar fashion to parent A3/5.
      Sporodochia formed in older cultures. Individual macroconidia similar to
      parent A3/5 in shape and size, 25-50.mu. .times. 3.0-5.0.mu.. In older
      cultures many sporodochia are formed. Chlamydospores are also abundant in
      the mycelium of this isolate, intercalary and terminal. They are globose
      smooth 10-12.mu.. Occasionally a single cell of a macroconidium forms a
      chlamydospore.
PAR  Isolate I-8
PAR  Fewer macroconidia than I-7 and those present mainly smaller and simpler, 1
      to 3 septate, 25-35.mu. in length. Few sporodochia formed. Chlamydospores
      again abundant, intercalary, terminal, single and in chains.
PAR  Isolate I-9
PAR  Very similar to I-8 except more macroconidia, almost equivalent to I-7 in
      number.
PAR  Isolate I-15
PAR  Very few macroconidia, the sporodochia-type structures are in fact made up
      of packets of chlamydospores. There are also many chlamydospores present
      in the mycelium. The macroconidia are smaller than the parent, 30-35.mu.
      .times. 4.mu. with only 2 septa.
PAR  Isolate I-16
PAR  Very similar to I-7 with abundant macroconidia and chlamydospores. The
      macroconidia are typical, 30-45.mu. .times. 4.mu..
PAR  The temperature of incubation in the process of the invention is in general
      between 25.degree. and 34.degree.C., preferably around 30.degree.C.
PAR  Inoculation resulting in commencement of the process is best carried out by
      a pregerminated seed stage comprising for example from 2 to 10% of
      inoculum, usually in the range 5 to 10%.
PAR  The pH of the substrate medium during incubation is preferably kept within
      a suitable range supporting maximum growth, for example, between 3.5 to 7.
PAR  The period of growth in batch culture under the above mentioned conditions
      is usually found to range from 20 to 48 hours. In both batch and
      continuous processes aeration and agitation should be carried out to
      provide a sufficient level of dissolved oxygen to overcome deficiency
      which can be a limiting growth factor.
PAR  As will be well understood by those skilled in the art sufficient
      quantities of essential growth nutrients such as nitrogen, sulphur,
      phosphorus and other trace elements are maintained in the substrate medium
      so that growth of the substance is limited only by the carbohydrate
      available to the fungus.
PAR  In addition to the nutrients stated above the presence of one or more
      vitamins such for example as biotin may be desirable to maintain maximum
      growth rate.
PAR  It is also desirable to add a non-toxic antifoaming agent to the substrate
      medium to control foaming during the fermentation.
PAR  The substance produced according to the present invention may be isolated
      in any suitable manner known in the art. Thus the resulting mycelium may
      be recovered by separation, washing, filtration and drying. In this
      connection, however, it has been found that if the moisture content of the
      substance is reduced below a critical level of about 50% (w/w) by
      filtration under pressure the subsequent drying methods employed are not
      subjected to such stringent temperature limitations which is an important
      factor in the economic processing of these materials. The method of drying
      must not cause damage to the nutritional value of the mycelium and may be
      drying in a current of air at 75.degree.C. or freeze drying.
PAR  The fungal mycelium produced by the process of the present invention shows
      very good water binding capacity and may be useful as a thickening and
      gelling agent. Not being an isolate, it retains its vitamins as well as
      other nutritionally available materials such as lipids and some
      carbohydrates. Fungal mycelium has satisfactory baking characteristics
      which are of value in protein enriched breads, breakfast foods and food
      snacks. The fungal mycelium, because of its filamentous structure, can be
      baked, fried or puffed and presented to many communities as a food
      comparable in appearance and acceptability with conventional foods which
      they are accustomed to eating.
PAR  Following is a description by No., of example of methods of carrying the
      invention into effect. Examples 1-4 are of batch culture.
DETD
PAC  EXAMPLE 1
PAR  10 Litres of the following culture medium were prepared and sterilised as
      described in a stirred fermenter vessel.
TBL  ______________________________________                                    
     Cane molasses to provide                                                  
                             6% w/v sugar                                      
     Ammonium sulphate      1.2%                                               
     NaH.sub.2 PO.sub.4     0.25%                                              
     Sterilised 30 minutes  15 psig                                            
     CaCO.sub.3             0.5% w/v                                           
     Sterilised 3 hours     15 psig                                            
     ______________________________________                                    
PAR  The medium components were added aseptically and attemperated to
      30.degree.C. An inoculum equivalent to 5-10% by volume of the culture
      medium and grown either on a glucose/corn steep liquor medium or other
      suitable materials in shake flasks was inoculated with a spore suspension
      of the organism comprising our strain of Fusarium graminearum Schwabe
      I.M.I. 145425, and grown for 18-24 hours at 30.degree.C. on a rotary
      shaker, and added aseptically to the fermenter.
PAR  The fermenter incubated at 30.degree.C. was then stirred at 800 rpm with a
      6-bladed disc turbine (0.5D) in a full baffled vessel and 1 VVM of sterile
      air passed through. After 35 hours, the grown mycelium was removed from
      the fermenter, centrifuged, washed with water and dried in a warm air band
      drier, air temperature 75.degree.C.
PAR  The dried product had the following composition:
TBL  Total Nitrogen    8.0%                                                    
     Ash               5.3%                                                    
     Lipid             2.7%                                                    
     NPUop.            52       based on Total                                 
                                 Nitrogen                                      
PAL  where NPU op. is Net Protein Utilization (operative).
PAC  EXAMPLE 2
PAR  10 Litres of the following culture medium were prepared and sterilised as
      described, in a 14 litre New Brunswick, Microferm, fermenter.
TBL  ______________________________________                                    
                               Final %                                         
     ______________________________________                                    
     Solution 1                                                                
             Glucose            pH 3.0   3.0                                   
     Solution 2                                                                
             Ammonium sulphate           0.7                                   
     Solution 3                                                                
             Potassium di-hydrogen                                             
                                pH 5.0   1.0                                   
             phosphate                                                         
     Solution 4                                                                
             FeSO.sub.4 7H.sub.2 O                                             
                                pH 2.5   0.001                                 
             MnSO.sub.4 4H.sub.2 O       0.0005                                
             CuSO.sub.4 5H.sub.2 O       0.0001                                
             MgSO.sub.4 7H.sub.2 O       0.025                                 
     Solution 5                                                                
             Na.sub.2 MoO.sub.4 2H.sub.2 O                                     
                                         0.0001                                
             CoCl.sub.2 6H.sub.2 O       0.0001                                
             CaCl.sub.2 2 H.sub.2 O      0.0015                                
     Solution 6                                                                
             NaOH                        0.1                                   
     ______________________________________                                    
PAR  All the above solutions were sterilised by heat for 15 minutes at 15 psig.
PAR  Solution 7 Vitamins and/or amino acids as described below sterilised by
      filtration.
PAR  The solutions were added aseptically to the vessel.
PAR  An inoculum was grown and added as in Example 1 except that the final
      concentration in the fermenter was adjusted so as to provide 0.5 gm/1 dry
      wt. of mycelium.
PAR  The conditions of growth were temperature 30.degree.C; aeration 1VVM,
      stirrer speed was adjusted to maintain a level of dissolved oxygen above
      25% of the saturation value in the culture medium, measured by a New
      Brunswick Inc. DO probe. Sterile anti-foam, polypropylene glycol 2000, was
      added as required to suppress foam and pH was maintained between 6.0 - 6.3
      by the addition of sterile potassium hydroxide solution.
TBL  ______________________________________                                    
                         Growth rates (hr..sup..sup.-1)                        
     ______________________________________                                    
     (i)   Omitting solution 7 (Minimal                                        
                               very slow                                       
           medium)                                                             
     (ii)  Solution 7 such that the final                                      
           concentration of Biotin in the                                      
           culture medium was 30 .mu.g/l                                       
                               0.2                                             
     (iii) Solution 7 such that the final                                      
           concentration of Biotin in the                                      
           culture medium was 50 .mu.g/l;                                      
                               0.25                                            
           Choline chloride 30 mg/l and                                        
           Methionine 300 mg/l                                                 
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Medium and conditions were as in Example 2, but the glucose was replaced
      with maltose.
TBL  ______________________________________                                    
     (i)      Solution 7 as Example 2 (ii)                                     
                                       0.18                                    
     (ii)     Solution 7 as Example 2 (iii)                                    
                                       0.21                                    
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  100 Litres of the following culture medium were prepared and sterilised as
      described in a 130 l. stainless steel fermenter.
TBL  ______________________________________                                    
                        % final concentration                                  
     ______________________________________                                    
     Glucose              4.0                                                  
     Corn steep liquor (50% Total                                              
                          0.8                                                  
      Solids)                                                                  
     Ammonium sulphate    0.2                                                  
     Potassium di-hydrogen phosphate                                           
                          0.2                                                  
     MG SO.sub.4 7H.sub.2 O                                                    
                          0.025                                                
     Zn SO.sub.4 7H.sub.2 O                                                    
                          0.0005                                               
     Fe SO.sub.4 7H.sub.2 O                                                    
                          0.0005                                               
     Mn SO.sub.4 4H.sub.2 O                                                    
                          0.0001                                               
     ______________________________________                                    
PAR  The medium was sterilised at pH 3.0 at 15 psig for 30 minutes and on
      cooling to 30.degree.C. adjusted to pH 5.0 by the sterile addition of
      ammonia.
PAR  Biotin sterilised by filtration to give 40 .mu.g/l final concentration, was
      added aseptically.
PAR  The vessel was inoculated with 10 litres of culture grown in a sparged
      vessel, for 18 hours, at 30.degree.C., on a medium containing: Glucose 2%;
      tryptone (oxoid) 0.4%; yeast extract (oxoid) 0.1%; ammonium sulphate
      0.15%; potassium di-hydrogen phosphate 1%; sodium hydroxide 0.1%;
      magnesium sulphate 0.025%; ferrous sulphate 0.001%; zinc sulphate 0.001%;
      manganese sulphate 0.0005%; copper sulphate 0.001%; anti-foam,
      polypropylene glycol 2000 0.05% and sterilised for 45 minutes at 15 psig,
      inoculated with a spore suspension of our organism Fusarium graminearum
      Schwabe I.M.I. 145425.
PAR  The conditions for growth were temperature 30.degree.C., aeration adjusted
      to provide dissolved oxygen concentrations above 10% of the saturation
      value for the culture broth. Sterile anti-foam, polypropylene glycol 2000,
      was added to suppress foaming, and the pH was maintained at 5.0 by means
      of sterile ammonia additions. Samples of the mycelium taken over the
      period of growth contained, on a dry weight basis: Total Nitrogen 8.0 -
      8.6%; .alpha.-Amino nitrogen 6.4 - 6.6%. The initial growth rate in this
      complex medium derived from both the batched culture medium and inoculum
      was approximately 0.3 hr..sup.-.sup.1.
PAR  The following Examples 5 and 6 are of continuous culture.
PAC  EXAMPLE 5
PAR  Culture medium of the following composition was prepared:
TBL  Solution 1                 Final %                                        
     ______________________________________                                    
     Glucose                    3.0                                            
     Ammonium sulphate          0.25                                           
     Potassium di-hydrogen phosphate                                           
                                0.3                                            
     Magnesium sulphate         0.025                                          
     Anti-foam, polypropylene   0.01                                           
      glycol 2000                                                              
     Sterilised at pH 3.0 for                                                  
      30 minutes at 15 psig                                                    
     Solution 2                                                                
     MnSO.sub.4 4H.sub.2 O      0.0005                                         
     FeSO.sub.4 7H.sub.2 O      0.0005                                         
     ZnSO.sub.4 7H.sub.2 O      0.0005                                         
     CoCl.sub.2 6H.sub.2 O      0.0001                                         
     CuSO.sub.4 5H.sub.2 O      0.0001                                         
     Na.sub.2 MoO.sub.4 2H.sub.2 O                                             
                                0.0001                                         
     Sterilised 15 minutes at 15 psig                                          
     ______________________________________                                    
PAR  Solution 3
PAR  Vitamins and/or amino acid as described below sterilised by filtration.
PAR  All solutions were added as necessary, aseptically. In 8.5 litre chemostat
      the conditions of growth were as follows:
PAR  Temperature 30.degree.C; aeration 1VVM; agitation 800 rpm single 6-bladed
      disc turbine 0.5 D in fully baffled vessel. Organism, our strain of
      Fusarium graminearum Schwabe I.M.I. 145425. The pH maintained at 5.0 by
      automatic addition of sterile ammonia.
TBL  __________________________________________________________________________
                             Mycelium                                          
                                           NPU  NPU                            
                  .mu.Max.                                                     
                         Yield             based                               
                                                based                          
                  hr..sup..sup.-1                                              
                         factor                                                
                             TN%    AN%    on TN                               
                                                on AN                          
     __________________________________________________________________________
     (i)                                                                       
        Solution 3 such                                                        
                  0.17-0.19                                                    
                         0.5 7.2 to 7.9                                        
                                    6.3 to 6.8                                 
                                           54   65                             
        that the final                                                         
        concentrate of                                                         
        Biotin in the                                                          
        culture medium                                                         
        was 20 .mu.g/l                                                         
     (ii)                                                                      
        Solution 3 such                                                        
        that the final                                                         
                  0.20-0.21                                                    
                         0.5 7.7 to 8.6                                        
                                    6.1 to 6.5                                 
                                           59   78                             
        concentration of                                                       
        Biotin in the                                                          
        culture medium                                                         
        was 20 .mu.g/l and                                                     
        of methionine was                                                      
        600 mg/l                                                               
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  Culture medium of the following composition was prepared:
TBL                        %                                                   
     ______________________________________                                    
     Bean starch (.alpha.-amylase treated)                                     
                             3.0 carbohydrate                                  
     Corn steep liquor       1.33                                              
     Ammonium sulphate       0.25                                              
     Potassium di-hydrogen phosphate                                           
                             0.15                                              
     Magnesium sulphate      0.025                                             
     Antifoam polypropylene glycol                                             
                             0.025                                             
      2000 (v/w)                                                               
     Sterilised pH 4.0 for 30 minutes at 15 p.s.i.g.                           
     ______________________________________                                    
PAR  The medium was fed to the 8.5 litre chemostat under the same conditions as
      in Example 5 except that the pH was varied between 3.5 and 6.0 and growth
      rate throughout 0.1 hr.sup.-.sup.1. The following result was obtained:
TBL                TN%   AN%     NPU      NPU                                  
                                 based    based                                
                                 on TN    on AN                                
     ______________________________________                                    
     Product grown at pH 4.0                                                   
                     7.8     6.6     54     67                                 
     Product grown at pH 5.0                                                   
                     8.6     7.1     57     71                                 
     Product grown at pH 6.0                                                   
                     7.7     5.9     61     80                                 
     ______________________________________                                    
PAC  Example 6b
PAR  The culture medium and conditions were as in Example 6 except that the pH
      was held at 5.0 throughout the run and the temperature was varied between
      26.degree. and 34.degree.C. The optimum temperature was found to be
      30.degree.-32.degree.C.
PAR  Examples 7 to 12 describe the fermentation of five variants or isolates of
      Fusarium graminearum Schwabe I.M.I. 145425.
PAC  EXAMPLE 7
PAR  Duplicate shake flasks of 1-litre capacity were prepared containing 200
      mls. of the following medium:
TBL                     Final concentration %                                  
     ______________________________________                                    
     Solution 1                                                                
              Glucose (sterilised                                              
               separately pH 3.0                                               
               10 p.s.i./10 min.)                                              
                              3.0                                              
     Solution 2                                                                
              Ammonium sulphate                                                
                              0.565                                            
              Potassium Dihydrogen                                             
                              1.0                                              
               Phosphate                                                       
              MgSO.sub.4 :7H.sub.2 O                                           
                              0.025                                            
              FeSO.sub.4 :(NH.sub.4).sub.2 SO.sub.4 :6H.sub.2 O                
                              0.0005                                           
              MnSO.sub.4 :4H.sub.2 O                                           
                              0.0005                                           
              CuSO.sub.4 :5H.sub.2 O                                           
                              0.0001                                           
              CoCl.sub.2 :6H.sub.2 O                                           
                              0.0001                                           
              CaCl.sub.2 :2H.sub.2 O                                           
                              0.0015                                           
              Na.sub.2 MoO.sub.4 2H.sub.2 O                                    
                              0.00001                                          
              NaOH            0.2                                              
            Salts sterilised at 15 p.s.i.g./15 min.                            
            Final pH 6.0                                                       
     ______________________________________                                    
PAR  Solution 3 Vitamins as described below were sterilised by filtration
PAR  The solutions were added aseptically to give a final volume of 200 ml. then
      the flasks were inoculated with washed spores of our strain of Fusarium
      graminearum I-7 I.M.I. 154209 to give a concentration of 8 .times.
      10.sup.3 /ml.
PAR  The conditions of growth were temperature 30.degree.C., 140 r.p.m. on
      orbital shaker with 2 inch throw.
PAR  At hourly intervals the growth was measured by measuring the Optical
      Density of a sample at 600 m.mu.. From the results obtained the following
      growth rates were established.
TBL  ______________________________________                                    
                           Growth rate h.sup..sup.-1                           
     ______________________________________                                    
     (i)    Solution 3 omitted (minimal                                        
                                 very slow                                     
             medium)                                                           
     (ii)   Solution 3 such that the final                                     
            concentration of Biotin in                                         
            the culture medium was 50.mu.g/l                                   
                                 0.22                                          
     (iii)  Solution 3 such that the final                                     
            concentration of Biotin in the                                     
            culture medium was 50.mu.g/l                                       
            and Choline chloride 50 mg/l.                                      
                                 0.27                                          
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  The procedure of Example 7 was repeated but the strain I-7 was replaced by
      our strain of Fusarium graminearum Schwabe I-8. The following growth rates
      were established:
TBL                      Growth rate h.sup..sup.-1                             
     ______________________________________                                    
     (i)      As 7(i)          very slow                                       
     (ii)     As 7(ii)         0.22                                            
     (iii)    As 7(iii)        0.27                                            
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  The procedure of Example 7 was repeated but the strain I-7 was replaced by
      our strain of Fusarium graminearum Schwabe I-9. The following growth rates
      were established:
TBL                      Growth rate h.sup..sup.-1                             
     ______________________________________                                    
     (i)      As 7(i)          very slow                                       
     (ii)     As 7(ii)         0.21                                            
     (iii)    As 7(iii)        0.27                                            
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  The procedure of Example 7 was repeated but the strain I-7 was replaced by
      our strain of Fusarium graminearum Schwabe I-15. The following growth
      rates were established:
TBL                      Growth rate h.sup..sup.-1                             
     ______________________________________                                    
     (i)      As 7(i)          very slow                                       
     (ii)     As 7(ii)         0.21                                            
     (iii)    As 7(iii)        0.27                                            
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  The procedure of Example 7 was repeated but the strain I-7 was replaced by
      our strain of Fusarium graminearum Schwabe I-16. The following growth
      rates were established:
TBL                      Growth rate h.sup..sup.-1                             
     ______________________________________                                    
     (i)      As 7(i)          very slow                                       
     (ii)     As 7(ii)         0.21                                            
     (iii)    As 7(iii)        0.27                                            
     ______________________________________                                    
PAC  EXAMPLE 12
PAR  The procedure of Example 7 was repeated but the strain I-7 was replaced by
      the parent strain Fusarium graminearum Schwabe I.M.I. 145425. The
      following growth rates were established:
TBL                      Growth rate h.sup..sup.-1                             
     ______________________________________                                    
     (i)      As 7(i)          very slow                                       
     (ii)     As 7(ii)         0.22                                            
     (iii)    As 7(iii)        0.27                                            
     ______________________________________                                    
PAR  Examples 13 and 14 describe fermentation using strains of Fusaria other
      than Fusarium graminearum.
PAC  EXAMPLE 13
PAR  A spore suspension of Fusarium solani strain A7-16 (I.M.I. 154217) was
      inoculated into a seed fermenter of 80 litre volume containing a glucose,
      corn steep liquor medium. After growing up the seed fermenter to 10 to 20
      gms. per litre, it was split in two, 40 litres to each 400 litre vessel.
      The seed was inoculated into a medium of the following composition:
TBL                     %                                                      
     Starch             6.0                                                    
     KH.sub.2 PO.sub.4  0.20                                                   
     (NH.sub.4).sub.2 SO.sub.4                                                 
                        0.25                                                   
     Corn Steep Liquor  0.50                                                   
       (50% Total Solids)                                                      
PAR  pH was 5.5 maintained by addition of sterile ammonia; Temperature
      30.degree.C. Pressure 30 p.s.i.g. Air rate 1.0 v.v.m. The revolutions of
      the stirrer were increased steadily from 92 to 184 r.p.m. to maintain
      dissolved oxygen in the vessel. The agitator consisted of two turbines
      0.4D. When the carbohydrate had been utilised the grown mycelium was
      removed from the fermenter, filtered, washed with water, centrifuged, and
      dried in a warm air band drier at 75.degree.C. The dried product had the
      following composition:
TBL         Total nitrogen                                                     
                          9.1%                                                 
            Ash           8.3%                                                 
PAR  When fed to rats this material gave an NPUop of 41 based on Total Nitrogen.
PAC  EXAMPLE 14
PAR  Fusarium oxysporum strain A9-23 (I.M.I. 154214) was grown exactly as in the
      previous example except the starch was replaced by cane molasses at a
      concentration that produced 6.0% sugars.
PAR  The dried product had the following composition:
TBL         Total nitrogen                                                     
                           9.9%                                                
            Ash           10.8%                                                
            NPUop         47.0 based on Total                                  
                                Nitrogen                                       
PAR  Methods of analysis for Total Nitrogen (TN) Automatic Kjeldahl digestor
      (Technicon). A. Ferrari, Ann. N.Y. Sci. 87, 792 (1960).
PAR  Amino nitrogen (AN) TNBS (modified). M. A. Pinnegar, Technicon Symposium
      1965, p. 80.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of an edible protein-containing substance
      which comprises incubating and proliferating, under aerobic conditions, a
      non-toxic strain of the genus Fusarium or a variant or mutant thereof in a
      culture medium containing all essential growth-promoting nutrient
      substances, of which carbon in the form of assimilable carbohydrate
      constitutes the limiting substrate in proliferation, and separating the
      proliferated organism comprising the edible protein-containing substance
      possessing a high net protein utilization value of at least 70 based on
      the .alpha.-amino nitrogen.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the separated proliferated
      organism comprising the edible protein-containing substance is
      incorporated into a foodstuff for human or animal consumption.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the substrate comprises starch,
      starch containing materials, or products of their hydrolysis, sucrose,
      sucrose containing materials, hydrolysed sucrose, or mixtures thereof.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the substrate comprises
      hydrolysed potato, molasses, glucose, maltose, hydrolysed bean starch or
      whey.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the temperature of incubation is
      between 25.degree. and 34.degree.C.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the pH of the substrate medium
      during incubation is between 3.5 and 7.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the process is carried out in
      continuous culture.
NUM  8.
PAR  8. A process as claimed in claim 1 wherein the process is carried out in
      batch culture.
NUM  9.
PAR  9. A process as claimed in claim 1 wherein at least one vitamin is present
      in the culture medium.
NUM  10.
PAR  10. A process as claimed in claim 1 wherein the non-toxic strain of
      Fusarium is a strain of Fusarium graminearum.
NUM  11.
PAR  11. A process as claimed in claim 9 wherein biotin is present.
NUM  12.
PAR  12. A process for the production of an edible protein-containing substance
      which comprises incubating and proliferating, under aerobic conditions a
      non-toxic strain of the genus Fusarium or a variant or mutant thereof in a
      culture medium containing biotin and all essential growth-promoting
      nutrient substances, of which carbon in the form of assimilable
      carbohydrate constitutes the limiting substrate in proliferation, and
      separating the proliferated organism comprising the edible
      protein-containing substance possessing a high net protein utilization
      value of at least 70 based on the .alpha.-amino nitrogen.
NUM  13.
PAR  13. A process as claimed in claim 1 wherein the non-toxic strain of the
      genus Fusarium is selected from the species consisting of Fusarium
      graminearum, Fusarium solani and Fusarium oxysporum or a variant or mutant
      thereof.
NUM  14.
PAR  14. A process for the production of an edible protein-containing substance
      which comprises incubating and proliferating, under aerobic conditions, a
      non-toxic strain of a variant I7, I-8, I-9, I-15 or I-16 of our parent
      strain of Fusarium graminearum Schwabe IMI 145425 deposited with the
      Commonwealth Mycological Institute and respectively assigned the numbers
      IMI 154209, IMI 154211, IMI 154212, IMI 154213 or IMI 154210 in a culture
      medium containing essential growth-promoting nutrient substances, of which
      carbon in the form of assimilable carbohydrate constitutes the limiting
      substrate in proliferation, and separating the proliferated organism
      comprising the edible protein-containing substance.
NUM  15.
PAR  15. A process for the production of an edible protein-containing substance
      which comprises incubating and proliferating, under aerobic conditions, a
      non-toxic strain of Fusarium graminearum Schwabe deposited with the
      Commonwealth Mycological Institute and assigned the number IMI 145425 or a
      variant or mutant thereof in a culture medium containing all essential
      growth-promoting nutrient substances, of which carbon in the form of
      assimilable carbohydrate constitutes the limiting substrate in
      proliferation, and separating the proliferated organism comprising the
      edible protein-containing substance, possessing a high net protein
      utilization value of at least 70 based on the .alpha.-amino nitrogen.
NUM  16.
PAR  16. A process for the production of an edible protein-containing substance
      which comprises incubating and proliferating, under aerobic conditions, a
      non-toxic strain of Fusarium solani or Fusarium oxysporum or a variant or
      mutant thereof in a culture medium containing all essential
      growth-promoting nutrient substances, of which carbon in the form of
      assimilable carbohydrate constitutes the limiting substrate in
      proliferation, and separating the proliferated organism comprising the
      edible protein-containing substance, possessing a high net protein
      utilization value of at least 70 based on the .alpha.-amino nitrogen.
NUM  17.
PAR  17. A method for the preparation of variants of Fusarium graminearum
      Schwabe IMI 145425 which comprises growing the parent strain IMI 145425
      under continuous culture conditions with carbon limitation in a
      fermentation.
NUM  18.
PAR  18. A method as claimed in claim 17 which comprises growing the parent
      strain IMI 145425 on a glucose based medium at 25.degree. to 30.degree.C
      under continuous culture conditions at a dilution rate of 0.10 to 0.15
      hrs. .sup.-.sup.1 with carbon limitation in a fermentation for 1100 hours.
NUM  19.
PAR  19. A method as claimed in claim 18 wherein the resulting proliferated
      variants are isolated by dilution plating.
NUM  20.
PAR  20. A method for cultivating a strain of Fusarium graminearum Schwabe IMI
      145425 or a mutant or variant thereof wherein the strain is present in a
      culture medium containing or being supplied with all nutrients or
      additives necessary for the sustenance and multiplication of the strain,
      the medium having a pH between 3.5 and 7 at a temperature of between
      25.degree. and 34.degree.C and wherein the carbon in the form of
      assimilable carbohydrate constitutes the limiting substrate in
      proliferation.
NUM  21.
PAR  21. A process for the production of an edible protein-containing substance
      which comprises incubating and proliferating, under aerobic conditions, a
      non-toxic strain of the genus Fusarium or a variant or mutant thereof in a
      culture medium containing all essential growth-promoting nutrient
      substances, of which carbon in the form of assimilable carbohydrate
      constitutes the limiting substrate in proliferation, and separating the
      proliferated organism comprising the edible protein-containing substance
      possessing a high net protein utilization value of at least 65 based on
      the .alpha.-amino nitrogen.
NUM  22.
PAR  22. A process for the production of an edible protein-containing substance
      which comprises incubating and proliferating, under aerobic conditions, a
      non-toxic strain of the genus Fusarium or a variant or mutant thereof in a
      culture medium containing biotin and all essential growth-promoting
      nutrient substances, of which carbon in the form of assimilable
      carbohydrate constitutes the limiting substrate in proliferation, and
      separating the proliferated organism comprising the edible
      protein-containing substance possessing a high net protein utilization
      value of at least 65 based on the .alpha.-amino nitrogen.
NUM  23.
PAR  23. A process for the production of an edible protein-containing substance
      which comprises incubating and proliferating, under aerobic conditions, a
      non-toxic strain of Fusarium graminearum Schwabe deposited with the
      Commonwealth Mycological Institute and assigned the number IMI 145425 or a
      variant or mutant thereof in a culture medium containing all essential
      growth-promoting nutrient substances, of which carbon in the form of
      assimilable carbohydrate constitutes the limiting substrate in
      proliferation, and separating the proliferated organism comprising the
      edible protein-containing substance possessing a high net protein
      utilization value of at least 65 based on the .alpha.-amino nitrogen.
NUM  24.
PAR  24. A process for the production of an edible protein-containing substance
      which comprises incubating and proliferating, under aerobic conditions,
      non-toxic strain of Fusarium graminearum Schwabe deposited with the
      Commonwealth Mycological Institute and assigned the number IMI 145425 or a
      variant or mutant thereof in a culture medium containing all essential
      growth-promoting nutrient substances, of which carbon in the form of
      assimilable carbohydrate constitutes the limiting substrate in
      proliferating, and separating the proliferated organism comprising the
      edible protein-containing substance.
NUM  25.
PAR  25. A process for the production of an edible protein-containing substance
      which comprises incubating and proliferating, under aerobic conditions, a
      non-toxic strain of Fusarium solani or Fusarium oxysporum or a variant or
      mutant thereof in a culture medium containing all essential
      growth-promoting nutrient substances, of which carbon in the form of
      assimilable carbohydrate constitutes the limiting substrate in
      proliferation, and separating the proliferated organism comprising the
      edible protein-containing substance.
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ABST
PAL  Stable antibiotic susceptibility test discs are prepared by depositing
      crystals of a .beta.-lactam-type-antibiotic on said discs, said crystals
      being dispersed in a volatile unreactive non-solvent vehicle, such
      dispersion being contacted with such discs and the vehicle evaporated
      therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for preparing .beta.-lactam-type
      antibiotic test discs used in a clinical microbiological test procedure.
PAR  More specifically, this invention concerns a method for preparing
      .beta.-lactam-type-antibiotic susceptibility test discs which are
      significantly more stable to heat and storage than those test discs
      heretofore available from prior art processes. Such enhanced stability
      greatly increases the reliability of the microbiological test results
      obtained when such discs are used to determine the susceptibility of
      pathological microorganisms to the .beta.-lactam-type-antibiotic contained
      on such discs.
PAR  Antibiotic susceptibility test discs have been used for a number of years
      to determine qualitatively the susceptibility of various pathological
      microorganisms to the antibiotic contained on such discs. Bauer A. W., et
      al. [Bauer A. W., Kirby, W. M. M., Sherris, J. C., and Turch, M.,
      Antibiotic Susceptibility Testing by a Standardized Single Disc Method, Am
      J. Chem Path., 45, 493, (1966)] described the test procedure wherein such
      test discs are utilized. Usually, the tests are run in hospital
      laboratories where facilities are available to run microbiological tests.
      There are, however, some medical laboratories which are independent of
      hospitals which have the capability to run such tests.
PAR  Antibiotic susceptibility tests are run by inoculating a sterile nutrient
      agar medium, such as Mueller-Hinton agar, with a properly diluted
      bacterial suspension prepared from a bacterial isolate. The preparation of
      the inocula and the inoculation procedure are well known to those skilled
      in the art. The inoculated agar is allowed to dry for 15 to 20 minutes and
      an antibiotic susceptibility test disc having a specified amount of
      antibiotic contained thereon, 30 mcg in the case of cephalothin and 10
      international units for penicillin G, is placed on the inoculated agar and
      gently pressed down with a sterile instrument to assure a uniform contact.
      The thus prepared sample is incubated at 37.degree.C. for 24 hours. An
      indication of the susceptibility of the pathological microorganism to the
      antibiotic contained on the test disc is obtained by observing and
      measuring the diameter of the surface of the medium surrounding the test
      disc that is free of microorganism growth. For example, if the inhibition
      zone surrounding a test disc containing 30 mcg of cephalothin is 14 mm or
      less in diameter, it is indicated that the microorganism is resistant to
      cephalothin. If the zone diameter is 18 mm or more, the microorganism is
      judged to be susceptible to cephalothin. Standards have also been
      established for other antibiotics which are tested in the same manner.
      These can be found in the Federal Register.
PAR  The susceptibility discs are of clean, white paper and can be of different
      diameters, one popular size being one quarter inch (6.35 mm) in diameter.
      The standards call for the paper to weigh 30.+-.4 mg per cm.sup.2 and to
      have an absorbtive capacity for distilled water of about 2-3 times the
      weight of the paper. The paper shall contain no material which will
      enhance or inhibit the activity of the antibiotic added to it, and can
      have no effect on the pH of the agar medium or the antibiotic. One grade
      of paper that meets all of the specifications is alpha cellulose paper No.
      676 which can be obtained from Eaton-Dikeman Company, Mount Holly Springs,
      Pennsylvania.
PAR  In the present commercial process, sheets of paper meeting the above
      detailed specifications are dipped into a solution of the antibiotic,
      saturated with such solution and removed therefrom. The saturated sheets
      are subjected to a mechanical compression to remove a substantial portion
      of the antibiotic solution leaving an amount of solution calculated to
      deposit the requisite quantity of antibiotic on each one-quarter inch
      diameter segment of such paper after the solvent is evaporated therefrom.
      The compressed sheets are then dried at an appropriate temperature, for
      example, 90.degree.C. in the case of cephalothin, to remove the solvent
      therefrom and one-quarter inch diameter discs are die cut from the dried
      paper.
PAR  The procedure outlined above results in the deposit of dry amorphous
      antibiotic in the amount desired on each disc; 30 mcg in the case of
      cephalothin.
PAR  It was found that .beta.-lactam-type-antibiotic susceptibility test discs
      prepared by this prior art process are highly unstable to heat and
      storage, losing as much as two-thirds or more of the antibiotic activity
      after 90 days storage at 37.degree.C.; over half of which was lost in the
      first thirty days of the storage. Consequently, in order to assure the
      stated potency, such discs must be refrigerated in actual hospital
      practice.
PAR  Accordingly, it is an object of this invention to provide
      .beta.-lactam-type-antibiotic susceptibility test discs that will retain
      substantially all of the antibiotic activity without requiring
      refrigeration and, in addition, exhibit significantly improved stability
      on continued storage at 37.degree.C. for up to 90 days over those
      susceptibility test discs prepared by the prior art process.
PAR  Another object of this invention is to provide a method for preparing
      antibiotic susceptibility test discs having good stability to heat and
      storage in that such discs retain substantially all of the antibiotic
      activity when stored at 37.degree.C. for 30 days.
PAC  SUMMARY
PAR  It has now been discovered that .beta.-lactam-type-antibiotic
      susceptibility test discs having the antibiotic deposited thereon as a
      crystalline substance exhibit no significant loss of antibiotic activity
      after 30 days storage at 37.degree.C. and retain 85 percent or more of
      such activity after 90 days at 37.degree.C. The antibiotic crystals are
      deposited on appropriate paper, from which the susceptibility test discs
      are die cut, by contacting a dispersion of such crystals in a non-solvent
      vehicle with paper and evaporating the vehicle therefrom. The dispersion
      can be sprayed onto the paper or poured thereon in metered streams as the
      paper is moved continuously below a weir over which the dispersion is
      flowing, or vice versa.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It has now been discovered that .beta.-lactam-type-antibiotic
      susceptibility test discs that are stable to heat and storage can be
      prepared by depositing crystals of the antibiotic on the paper which is
      the carrier for the antibiotic, the combination thereof comprising the
      susceptibility test disc.
PAR  The useful method of this invention provides a means for preparing such
      stable susceptibility test discs in which the
      .beta.-lactam-type-antibiotic is present thereon in the crystalline state.
      The novel method for preparing such discs comprises contacting absorbent
      paper with a metered amount of a dispersion of a crystalline
      .beta.-lactam-type-antibiotic in a volatile non-solvent vehicle, absorbing
      such dispersion into such paper, evaporating such vehicle from such paper
      leaving a deposit of a measured quantity of such antibiotic in the
      crystalline state per unit area of such paper, and forming individual
      susceptibility test discs from such paper, such discs having an area
      wherein the desired amount of .beta.-lactam-type-antibiotic is uniformly
      and consistently deposited.
PAR  Standards for the paper employed for the antibiotic susceptibility test
      discs are set by the Food and Drug Administration (FDA) and have been
      published in the Federal Register. The approved paper has a weight of from
      26 to 34 mg per cm.sup.2, and has the capacity to absorb from about 2 to 3
      times its weight of distilled water. In using the weight of the paper as a
      standard a particular specification for the thickness of the paper was
      avoided. However, since there are both lower and upper limits on the
      absorbtive capacity of the paper, the thickness can not vary greatly and
      generally will be about 1.5 mm. Furthermore, the paper must be clean and
      white and contain no substance which will inhibit or enhance the activity
      of the .beta.-lactam-type-antibiotic placed thereon nor affect the pH or
      act as a buffer. Essentially pure alpha cellulose paper meets these
      standards. One purveyor of such paper is Eaton-Dikeman Company, Mount
      Holly Springs, Pa.
PAR  The paper can be either in sheets or rolls, and depending upon the device
      used to contact the paper with the antibiotic dispersion, it is of no
      consequence which is used.
PAR  The crystalline .beta.-lactam-type-antibiotic which is to be placed on the
      paper from which the test discs are cut should have a particle size such
      that all particles pass a 100 mesh U.S. screen. In actual practice it is
      preferred that such particles be of a size that all pass a 200 mesh
      screen, for the smaller particles mean that there are several times the
      number of particles in a given weight than if the particles are larger.
      This means more particles on each test disc which provides greater
      uniformity of .beta.-lactam-type-antibiotic weight from disc to disc.
      Moreover, the smaller particles will stay suspended in the dispersion more
      easily and longer than the larger particles, again promoting the
      preparation of more uniform .beta.-lactam-type-antibiotic weights on each
      test disc.
PAR  However, such small particles are not required to provide
      .beta.-lactam-type-antibiotic susceptibility test discs having
      satisfactorily uniform .beta.-lactam-type-antibiotic contents. Nor is it
      of any significant benefit in the running of the susceptibility tests to
      have smaller particles of antibiotic on the discs. When test discs
      prepared using cephalothin sodium which all passed a 100 mesh U.S. screen,
      and cephalothin sodium which all passed a 200 mesh U.S. screen were
      compared in side-by-side susceptibility tests, no difference was
      discernable in the diameters of the inhibition zones observed after
      incubating the tests for 24 hours at 37.degree.C.
PAR  Hence, the .beta.-lactam-type-antibiotic utilized in the useful method of
      this invention is reduced to a particle size wherein all pass a 100 mesh
      U.S. screen. A low energy hammer mill can be employed for this operation.
      Other means of particle size reduction are known to those skilled in the
      art.
PAR  While all useful .beta.-lactam-type-antibiotics are not now offered
      commercially on susceptibility test discs, it is possible to prepare such
      discs from all such antibiotics. .beta.-lactam-type-antibiotics comprise a
      generic class that embraces all the penicillins and cephalosporins and are
      characterized by a common nucleus, to wit:
      ##EQU1##
      and in the case of the penicillins is fused into a thiazolidine ring and
      in the case of the cephalosporins is fused into a dihydrothiazine ring.
      Illustratively, the penicillins are represented by penicillin G,
      penicillin V, ampicillin, and the like, and the cephalosporins by
      cephalosporin C, cephalothin, cephaloridine, cephaglycin, cephalexin,
      cefazolin, cefamandole, cefoxitin, and the like in their pharmaceutically
      acceptable forms. "In their pharmaceutically acceptable forms" refers to
      the form in which such antibiotics are administered therapeutically; for
      example, alkali metal salts thereof such as cephalothin sodium, cefazolin
      sodium, potassium penicillin G, and the like, the ammonium salt of
      cefamandole, internal salts such as the zwitter ions of ampicillin,
      cephaloglycin and cephalexin, and the betaine of cephaloridine. The
      .beta.-lactam-type-antibiotics are representative and not inclusive of the
      .beta.-lactam-type-antibiotic agents which are adaptable to this useful
      method, and the spirit of this invention is intended to embrace all such
      agents now known and in use and those which, in the further will become
      useful in combating infections in man and animals.
PAR  In one of the operations involved in the useful method described herein the
      .beta.-lactam-type-antibiotic is dispersed in a volatile non-solvent
      vehicle. The vehicle is just that, a supportive element used to transport
      the .beta.-lactam-type-antibiotic onto the paper in a measured amount per
      unit area. As such it is of no consequence as to what constitutes the
      vehicle so long as it is volatile, unreactive, and the particular
      .beta.-lactam-type antibiotic is not soluble therein. The vehicle should
      boil at or below 100.degree. C at 760 mm of mercury so that it can be
      easily evaporated from the paper after the .beta.-lactam-type-antibiotic
      has been transported thereonto. A whole host of materials can be utilized
      as the vehicle in this operation so long as the above criteria are met. It
      matters not for the purposes of this process whether these substances are
      flammable, or even toxic. Prudence will govern the selection of the
      vehicle and the conditions under which it should be used. Those skilled in
      the art will know the extent of the explosion and fire-proof facilities
      they have to work with and the degree of toxicity with which they can
      safely work in performing the steps of this useful method. For example, in
      preparing cephalothin sodium susceptibility test discs both isopropanol
      and chloroform were utilized; the former is relatively flammable but only
      midly toxic, while the latter is non-flammable but relatively toxic. Those
      knowledgable about .beta.-lactam-type antibiotics and skilled in their
      handling will know of the vehicles in which a specific
      .beta.-lactam-type-antibiotic is not soluble. Inasmuch as the
      .beta.-lactam-type-antibiotics that are adaptable to this novel method are
      generally water soluble to a greater or lesser degree, the selection of a
      non-solvent vehicle having a boiling point at or below 100.degree.C. at
      760  mm of mercury presents no problem.
PAR  The dispersion of the antibiotic in the volatile nonsolvent vehicle can be
      effectively accomplished by simply slurrying the crystalline
      .beta.-lactam-type-antibiotic in the vehicle. The absorbtivity of the
      paper, the degree of saturation of the paper with the vehicle that is
      desired, and the concentration of .beta.-lactam-type-antibiotic per unit
      area of the paper that is required all combine to influence the
      concentration of the .beta.-lactam-type antibiotic in the dispersion. For
      example, if the paper which is to be used has an absorbtivity for the
      non-solvent vehicle of 2 times the weight of the paper and it is desired
      to saturate the paper to 75 percent of its capacity, with a paper weighing
      30 mg per cm.sup.2 it is appropriate to provide 45 mg. of such vehicle for
      every cm.sup.2 of paper to be contacted. Taking cephalothin sodium as an
      example where 30 mcg of cephalothin is to be present on each test disc
      having a diameter of one-quarter inch (6.35 mm), 90 mcg. of cephalothin is
      required for each cm.sup.2 of paper as each test disc is about one-third
      square centimeter. With 45 mg. of vehicle to be used and 0.09 mg. of
      cephalothin to be added to each cm.sup.2 of paper, a 0.2 percent
      dispersion of cephalothin sodium in either isopropanol or chloroform is
      eminently satisfactory for use in the novel process of this invention. It
      was found that the most consistently uniform deposits of the
      .beta.-lactam-type-antibiotic on the paper was accomplished when the paper
      was saturated with from about 50 to 95 percent of its capacity for the
      vehicle being utilized. Preferably the degree of saturation should be
      between about 70 and 90 percent.
PAR  Other .beta.-lactam-type-antibiotics and vehicles can be employed in this
      useful method by following the example outlined immediately above for
      cephalothin sodium.
PAR  Suspending agents which do not alter the pH of the paper or influence the
      activity of the .beta.-lactam-type-antibiotic can be added to the
      dispersion to aid in maintaining a homogenous suspension of such
      antibiotic in the vehicle. Illustrative of such agent are methylcellulose,
      and polyvinylpyrrolidone, the latter being preferred at a concentration of
      about 1 percent of the vehicle. The use of such agents also aid in the
      adhesion of the .beta.-lactam-type-antibiotic particles to the paper after
      the vehicle is evaporated therefrom. When a suspending agent is employed
      it is essential that there should be a marriage between the agent and the
      vehicle; i.e., the agent should either be soluble in the vehicle or
      solvated by its forming a gel. Otherwise such addition is of no value.
PAR  A non-solvent vehicle useful in transporting and depositing penicillin on
      the paper is isopropanol.
PAR  The actual deposit of the .beta.-lactam-type-antibiotic crystals on the
      paper can best be performed by pouring the .beta.-lactam-type-antibiotic
      dispersion over a weir in a continuous stream the width of which is
      essentially the same as the width of the sheet of paper with which the
      dispersion is being contracted, and at a flow rate coordinated with the
      velocity with which the weir is moving across the paper, or alternatively,
      the paper is moving beneath the weir. For example, using paper that is 15
      cm wide and with a travel rate of 1 cm per sec beneath the weir, based on
      the caphalothin sodium illustration hereinbefore detailed, a flow rate
      over the weir of 0.675 mg. per sec. of a 0.2 percent antibiotic dispersion
      will deposit 0.09 mg of the .beta.-lactam-type-antibiotic per cm.sup.2.
      Preferably, a stationary weir is employed and the paper which is contacted
      by the dispersion is moved at a steady rate therebeneath. The weir can be
      used in conjunction with a speader box, or it can be employed by itself.
      When the latter is the case the design should be such that the stream of
      .beta.-lactam-type-antibiotic dispersion is diverted uniformly across the
      width of the weir where it discharges onto the paper.
PAR  As the uniform layer of .beta.-lactam-type-antibiotic dispersion is
      contacted with the paper, the non-solvent vehicle is rapidly absorbed into
      the paper leaving the crystals deposited thereon. In this method it is
      essential that the total vehicle addition to the paper be less than 100
      percent of the absorbtive capacity of the paper to assure satisfactory
      uniformity in the deposit of the .beta.-lactam-type-antibiotic crystals
      thereon.
PAR  The paper which comprises the carrier for the .beta.-lactam-type-antibiotic
      can also be contacted by dispersions of such antibiotics by spraying the
      latter onto the paper. This operation can be performed by moving the paper
      at a uniform controlled rate past a spray nozzle, preferably a fan type
      nozzle, through which the dispersion is being pumped under pressure. The
      volume of the flow through the nozzle is correlated with the velocity the
      paper travels past such nozzle. Preferably the paper is positioned beneath
      the nozzle and the latter is of a size adapted to provide a pattern of
      spray that is essentially as wide as the paper moving therebeneath.
PAR  Alternatively, the paper can be held stationary and the spray nozzle moved
      at a predetermined constant rate over the paper. This alternative
      procedure is highly effective when individual sheets of paper are being
      processed to provide the .beta.-lactam-type-antibiotic susceptibility test
      discs.
PAR  After the paper has been contacted by the crystalline
      .beta.-lactam-type-antibiotic dispersion and the non-solvent vehicle
      absorbed thereon, the paper is subjected to a drying operation to
      evaporate the vehicle therefrom. This operation can be performed in any of
      many ways known to those skilled in the art. For example, when the paper
      is in a continuous roll, the "wetted" paper can be slowly moved through a
      drying tunnel wherein the vehicle is evaporated away and exhausted to a
      solvent recovery system, or conveyed to a waste disposal operation.
      Individual sheets of "wetted" paper can be hung on an endless conveyor
      traveling through a drying tunnel or such sheets can be placed in an oven
      or drying cabinet to which heat is applied and a provision made for
      removing the vehicle vapors and conveying such vapors to an appropriate
      reclamation or disposal system.
PAR  Vacuum can be utilized to speed the vehicle evaporation. The drying
      temperature should be consistent with the boiling point of the vehicle at
      the pressure under which the drying is taking place, being no more than a
      few degrees higher than such point, and in any event such temperature
      should be no higher than 100.degree.C. Moreover the drying paper should be
      exposed to the temperature of the drying operation only long enough to
      complete the removal of all the vehicle from the paper so no decomposition
      of the antibiotic results.
PAR  Whichever vehicle evaporation system is adopted, it should always be kept
      in mind that the vehicle vapors can be either flammable or toxic or both.
      Appropriate steps should be taken to protect both personnel and property
      against these hazards. Means for accomplishing these objectives are well
      known to those skilled in the art.
PAR  The final step in the useful method of this invention is the formation of
      the individual test discs from the dry paper on which the
      .beta.-lactam-type-antibiotic has been deposited. This operation is
      generally accomplished by die cutting the individual discs from the paper
      utilizing a multiple headed die in a conventional paper trimming press.
PAR  While, for the purposes of the instant invention, the size and shape of the
      discs are not limiting factors, the regulations concerning the use of such
      discs are specific in this regard. The standards which have been
      established call for round discs one-quarter inch in diameter. This makes
      it possible for many manufacturers to prepare discs which can be used
      interchangeably with confidence that the results will always be
      comparable. Moreover, while the actual concentration of different
      antibiotics on the respective test discs varies, each antibiotic is always
      present in the same amount; the standards being set by the FDA. And in the
      use of the test discs the inhibition zones will be different for the
      various antibiotics.
DETD
PAR  This invention is further illustrated by the following example:
PAC  EXAMPLE I
PAR  Cephalothin susceptibility test discs were prepared as follows:
PAR  1. Cephalothin sodium crystals were hammer milled to a particle size
      wherein all passed a 100 mesh U.S. screen.
PAR  2. The cephalothin sodium crystals so prepared were suspended in
      isopropanol at a concentration of 2 mg. per ml. (0.2 percent).
PAR  3. Approximately 60 microliters of such dispersion was contacted with each
      square centimeter of sheets of Eaton-Dikenson 676 alpha cellulose paper.
PAR  4. The "wet" paper from 3 was placed on stainless steel wire cloth and
      dried in a circulating air oven at 60.degree.C. and 760 mm of mercury for
      about 4 min.
PAR  5. Individual test discs, each one-quarter inch in diameter were tested for
      uniformity of caphalothin content by spectrophotometric analysis and ten
      discs showed less than a 5 percent deviation from the mean.
PAR  The test discs prepared as described above were tested for effectiveness in
      the antibiotic susceptibility test against Klebsiella pneumoniae. Discs
      were placed on the agar with the contacted side both against the agar and
      away from it. Identical inhibition zones were observed regardless of which
      side of the disc actually contacted the agar.
PAR  Other discs were stored at 37.degree.C. without desiccant. Commercial discs
      prepared by the prior art process were stored under exactly the same
      conditions. The results of periodic assays by the disc-plate method are
      shown in Table 1.
TBL                TABLE I                                                     
     ______________________________________                                    
     Cephalothin Sodium Discs mcg/disc                                         
                    After     After     After                                  
              Init- 30 days   60 days   90 days                                
              ial   at 37.degree.C.                                            
                              at 37.degree.C.                                  
                                        at 37.degree.C.                        
     ______________________________________                                    
     Experimental                                                              
     Discs                                                                     
     (crystalline)                                                             
                42.4    41.5      32.2    35.5                                 
     Commercial                                                                
     Process Discs                                                             
     (amorphous)                                                               
                45.0    26.0      15.0    15                                   
     ______________________________________                                    
PAR  The disc-plate assay method utilized in this test has an inherent error of
      .+-.10 percent. Clearly the cephalothin sodium test discs prepared
      according to the useful process of the instant invention show
      significantly greater stability to heat and storage then the commercial
      test discs prepared by the prior art process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preparing stable .beta.-lactam-type-antibiotic
      susceptibility test discs comprising contacting absorbent paper with a
      metered amount of a dispersion of a crystalline
      .beta.-lactam-type-antibiotic in a volatile non-solvent vehicle, absorbing
      such vehicle into such paper, evaporating such vehicle from such paper
      leaving a deposit of a measured quantity of such antibiotic per unit area
      of such paper, and forming test discs from such paper, such discs having
      an area wherein the desired amount of .beta.-lactam-type-antibiotic is
      uniformly and consistently deposited.
NUM  2.
PAR  2. The method of claim 1 wherein said absorbent paper is a clean white
      paper weighing from 26 to 34 mg. per cm.sup.2 and having the capacity to
      absorb from 2 to 3 times its own weight of distilled water.
NUM  3.
PAR  3. The method of claim 1 wherein said non-solvent vehicle is an organic
      solvent in which the .beta.-lactam-type-antibiotic is essentially
      insoluble, said solvent having a boiling point at or below 100.degree.C.
      at 760 mm of mercury.
NUM  4.
PAR  4. The method of claim 1 wherein the .beta.-lactam-type-antibiotic is
      selected from the group consisting of penicillin G, penicillin V,
      ampicillin, cephalothin, cephaloridine, cephaloglycin, cephalexin,
      cefazolin, cefamandole, and cefoxitin in their pharmaceutically acceptable
      forms.
NUM  5.
PAR  5. The method of claim 1 wherein the dispersion is comprised of cephalothin
      sodium suspended in a non-solvent vehicle.
NUM  6.
PAR  6. The method of claim 1 wherein the dispersion is comprised of cefamandole
      lithium suspended in a non-solvent vehicle.
NUM  7.
PAR  7. The method of claim 1 wherein the discs are die cut to a diameter of
      6.35 mm (1/4 inch).
NUM  8.
PAR  8. The method of claim 1 wherein the particle size of the crystalline
      .beta.-lactam-type-antibiotic is such that all pass a 100 mesh U.S.
      screen.
NUM  9.
PAR  9. .beta.-lactam-type-antibiotic susceptibility test discs prepared
      according to the method of claim 1.
NUM  10.
PAR  10. A method for preparing heat stable .beta.-lactam-type-antibiotic
      susceptibility test discs comprising the steps of:
PA1  a. reducing the crystals of .beta.-lactam-type-antibiotic selected from the
      class consisting of penicillin G, penicillin V, ampicillin, cephalothin,
      cephaloridine, cephaloglycin, cephalexin, cef azolin, cef amandole, and
      cefoxitin in their pharmaceutically acceptable form to a size such that
      all pass a 100 mesh U.S. screen;
PA1  b. dispersing the antibiotic of (a) in a volatile unreactive non-solvent
      vehicle having a boiling point at or below 100.degree.C. at 760 mm of
      mercury;
PA1  c. uniformly contacting clean white paper weighing from 26 to 34
      mg/cm.sup.2 and having an absorbtive capacity of 2 to 3 times its own
      weight of distilled water with the dispersion of (b), the dispersion being
      contacted with such paper being in an amount that will deposit a
      susceptibility testrequired quantity of the antibiotic of (a) on each area
      of such paper corresponding to the area of a susceptibility test disc;
PA1  d. evaporating the non-solvent vehicle from the paper of (c); and
PA1  e. forming individual susceptibility test discs from the paper of (d), each
      of such discs having an area corresponding to the area of such paper
      having deposited thereon a susceptibility test required amount of the
      antibiotic.
NUM  11.
PAR  11. The method of claim 1 wherein the dispersion is comprised of penicillin
      G potassium suspended in a non-solvent vehicle.
NUM  12.
PAR  12. The method of claim 1 wherein the dispersion is comprised of ampicillin
      suspended in a non-solvent vehicle.
NUM  13.
PAR  13. The method of claim 1 wherein the dispersion is comprised of cefazolin
      sodium suspended in a non-solvent vehicle.
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ABST
PAL  An enclosure in the form of a shed is disposed to extend along the entire
      length of the battery of ovens at the coke discharge side thereof. The
      shed roof rises from the top of the ovens to a shed wall spaced outwardly
      from the ovens beyond a track for a quench car. The shed wall essentially
      supports the weight of the shed roof in a cantilever fashion. Within the
      shed a baffle plate, carried by the shed wall, extends in an upward
      direction toward the battery of coke ovens. A conveyor is carried by the
      shed wall along its length for conveying solid particles of coke dropping
      from the baffle plate onto the conveyor. The shed further includes a pipe
      for extracting smoke within the shed which occurs when hot coke is pressed
      out of an oven chamber. The smoke extraction pipe is carried in one
      embodiment by the shed roof vertically above the baffle plate, in a second
      embodiment, by the shed wall above the upper end of the baffle plate and
      in a third embodiment by the shed wall at the lower end of the baffle
      plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus in the form of a shed which is
      disposed at the coke side of coke ovens and arranged to extend along the
      entire length of a battery of coke ovens. More particularly, the present
      invention relates to such a shed which includes a wall spaced outwardly
      beyond a track for a quenching car used to receive coke from the ovens and
      wherein the shed includes an extractor for removing smoke that occurs when
      coke is pushed from an oven chamber into the quenching car.
PAR  As is known, hot coke is pressed out of a chamber of a coke oven into a
      quenching car adapted to move along a battery of such coke ovens. When the
      hot coke comes into contact with the air outside the ovens, vigorous
      combustion takes place. Highly buoyant gases are given off and entrained
      therein are large amounts of coke particles which are responsible for
      considerable environmental pollution. The prior art contains numerous
      suggestions of hoods, protective roof and other similar structures
      allegedly useful to alleviate or at least limit such pollution. Devices of
      this kind are not only costly but often have a limited effect for the
      intended purpose.
PAR  It has been suggested that a roof should be provided for a battery of coke
      ovens along the entire length thereof wherein the roof is made up of a
      horizontal portion and a downwardly-sloping portion toward the area
      outwardly beyond the oven chambers. This roof extends from the oven
      chamber doors as far as a longitudinal wall and covers the quenching car
      track. Inside the space covered by the roof, there is a perforated gas
      extractor pipe that extends along the entire length of the battery of oven
      chambers. The pipe is employed to extract gases and dust into a chimney of
      a quenching tower. The extent to which fans can be employed to extract
      gases from the space enclosed by the roof is limited. Workmen are needed
      to work within the area below the roof. The extraction process is
      insufficient to remove the relatively heavy coke particles entrained in
      the rising smoke and gases by the use of the extraction pipe. The buoyancy
      of the gases associated with the abrupt combustion does initially hurl the
      heavier coke particles upwardly but these particles usually bounce against
      the roof surface and then drop. Consequently, workmen while performing
      their necessary duties under this type of roof experience a continuous
      rain of coke particles. This is an unsatisfactory condition for the
      workmen to perform duties over a long period of time.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a shed-type enclosure
      at the coke side of coke ovens in such a manner that moderately operated
      fans can be effectively employed for extracting gases within the shed to
      prevent contamination of the environment and in a manner which is
      sufficient to enable workmen to safely remain within the area enclosed by
      the shed.
PAR  According to the present invention, there is provided in combination with
      the battery of coke ovens having a coke discharge side at which a track
      extends along the battery of coke ovens for the displacement of a
      quenching car to receive coke pushed from a chamber of the ovens, a shed
      at the coke discharge side of the ovens comprising a wall extending along
      the length of the battery of coke ovens and spaced outwardly therefrom
      beyond the track for the quenching car, a roof rising from the top of the
      coke ovens and extending above the track to the wall, and extractor means
      for removing smoke from the area below the roof.
PAR  Acccording to the invention, the roof forming part of the shed rises
      continuously from the top of the oven to the shed wall, the latter being
      arranged to extend along the quenching car track. Preferably, the shed
      roof is a rigid cantilever structure whereby its weight is borne mainly by
      the shed wall which is a lattice girder construction. The roof rises from
      the coke oven at an angle of approximately 45.degree. and can be either a
      concave or convex construction. The actual covering of the roof is
      reinforced by a latticework. When solid particles of coke carried upwardly
      by the gases strike the upwardly inclined surface of the roof, the coke
      particles bounce off the roof and according to the laws of reflection are
      deflected toward the outer longitudinal wall where they drop out of the
      stream of gases.
PAR  According to another feature of the present invention, the aforesaid wall
      of the shed is provided with a baffle plate which rises in an inclined
      manner upwardly and forms a receiving channel extending along the entire
      length of the battery of coke ovens. The channel formed by the baffle
      plate improves the interception of coke particles dropping within the
      shed. A conveyor belt is arranged to extend in the channel along the
      length of the battery of coke ovens near the bottom of the baffle plate.
      The conveyor belt receives the coke particles that fall onto it and
      conducts the particles to an intermediate store area or some other place
      where the accumulated coke particles, dust and the like are added, for
      example, to the charge of coke in the quenching car.
PAR  The means for extracting the smoke evolving when the hot coke is pressed
      out of an oven chamber can be disposed either at the highest part of the
      shed near the outer closure wall or on the wall but near the bottom end of
      the baffle plate.
DRWD
PAR  These features and advantages of the present invention as well as others
      will be more readily understood when the following description is read in
      light of the accompanying drawings, in which:
PAR  FIG. 1 is an elevational view, in section, of a shed at the coke discharge
      side of a coke oven according to one embodiment of the present invention;
PAR  FIG. 2 is a view similar to FIG. 1 but illustrating a shed according to a
      second embodiment of the present invention;
PAR  FIG. 3 is a view similar to FIG. 1 but illustrating a shed according to a
      third embodiment of the present invention; and
PAR  FIG. 4 is a longitudinal section through a typical conveyor employed in the
      shed of the present invention.
DETD
PAR  The end portion of a coke oven chamber 10 is illustrated in FIGS. 1-3 which
      forms part of a battery of coke ovens that are per se, well known in the
      art. Buckstays 11 support the masonry forming the oven chambers. A coke
      guide grating 12 is supported on a wheeled car movable along rails carried
      by a platform 12A at the coke discharge side of the oven chambers. The
      guide grating is thus movable into alignment with a coke oven chamber for
      guiding the coke into a coke quenching car 13. The car 13 is moved slowly
      along rails 13A while the coke is being discharged from an oven chamber so
      as to spread the discharged coke into a uniform layer within the car. As
      the hot coke drops into the car, the air which comes into contact with the
      coke causes a considerable evolution of smoke. When this occurs, the
      particles of coke are hurled in an upward direction.
PAR  The rails 13A are spaced outwardly beyond the platform 12A for the guide
      grating and extend along the discharge side of the battery of coke ovens.
      Spaced outwardly beyond the rails 13A is a lattice girder structure 14
      which rises vertically from ground level. Suspended from the structure 14
      is a wall 29 preferably in the form of a metal plate. The girder structure
      14 sustains most of the weight of a shed roof 15 which extends from the
      wall 29 to the top edge of the coke ovens. As clearly illustrated in FIGS.
      1-3, in each embodiment the shed roof rises vertically from the top edge
      of the coke ovens at the coke discharge side thereof. The roof can be
      constructed in various forms. In FIGS. 1 and 3, a convex metal roof plate
      24 is retained by lattice girders 25 disposed in a contiguous end-to-end
      angled relationship. In FIG. 3, a concave roof plate 26 is supported by
      inclined struts 27 and arms 28.
PAR  In each embodiment of the present invention, a baffle plate 19 is secured
      along its lower edge of the wall 29 for support by the lattice girders 14
      at approximately the mid-height of the wall. The baffle plate extends
      outwardly from the wall a short distance from where it rises vertically
      and then the baffle plate extends in an inclined manner in the general
      direction toward the coke ovens and away from the wall 29. The larger coke
      particles which strike the interior surface of the roof and which are not
      removed with the extracted gases and smoke, are deflected at impact with
      the roof toward the wall 29. The particles drop into the channel or trough
      which is bounded by the baffle plate 19 and wall 29. At the bottom of the
      trough, a scraper conveyor 20 extends along the channel.
PAR  Chutes 21 are closed at their bottom discharge ends by hinged flaps 22. The
      flaps 22 are controlled by means of a gripper handle 23 attached by a
      chain or table to the flaps. FIG. 4 illustrates a typical form of a
      well-known type of conveyor having an endless belt or an endless chain
      with flight attachments to transport coke particles to one end of the
      shed. The chutes 21 are located at spaced locations along the length of
      the channel. In an alternative manner, the scraper chain can extend along
      the entire length of the battery of coke ovens. While not shown in the
      drawings, an ejection station for the coke particles that are carried by
      the conveyor, can be conveniently located near the quenching tower.
PAR  In each of the embodiments illustrated in FIGS. 1-3, the gases and smoke
      evolving during the pushing of coke from an oven chamber are extracted
      through a pipe 16 which conducts them to a remote station where dust
      particles are removed from the gases. The pipe 16 has an inlet 17 which
      can be automatically regulated by a control element 18. In FIG. 1, the
      extraction pipe 16 is supported by brackets 30 that are, in turn, carried
      by the girders 14. It will be observed that in regard to FIG. 1, the inlet
      17 is disposed above the upper terminal edge of the baffle plate 19. In
      FIG. 2, the pipe 16 extends along the roof of the shed and has its inlet
      17 opening out of the roof at a location vertically above the upper
      terminal edge of the baffle plate 19. In FIG. 3, the extraction pipe 16
      extends within the space between the girders 14. The inlet 17 opens out of
      the wall 29 at an elevation just above the bottom of the channel bounded
      by the baffle plate 19.
PAR  Although the invention has been shown in connection with certain specific
      embodiments, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In combination with a battery of coke ovens having a coke discharge side
      at which a track extends along said battery of coke ovens for the
      displacement of a quench car to receive coke pushed from a chamber forming
      said ovens, a shed at the coke discharge side of said ovens comprising: a
      wall extending along the entire length of said battery of coke ovens and
      spaced outwardly therefrom beyond said track, a roof rising from the top
      of said coke ovens, said roof extending above said track to said wall,
      extractor means for removing smoke from the area below said roof, a baffle
      plate extending from said wall in a direction upwardly and toward said
      battery of coke ovens within said shed, and a conveyor extending in a
      direction along the length of said battery of coke ovens, said conveyor
      lying between said baffle plate and said wall for receiving solid
      particles of coke falling onto the baffle plate within said shed.
NUM  2.
PAR  2. The combination according to claim 1 wherein said wall includes lattice
      support girders for essentially carrying the weight of said roof whereby
      said roof extends in a cantilever manner from said wall.
NUM  3.
PAR  3. The combination according to claim 1 wherein said conveyor is further
      defined to include a belt conveyor located between said wall and said
      baffle plate for extending along the length of said battery of coke ovens.
NUM  4.
PAR  4. The combination according to claim 1 wherein said extractor means is
      carried by said wall within said shed at the lower end of said baffle
      plate.
NUM  5.
PAR  5. The combination according to claim 1 wherein said extractor means is
      carried by said roof within said shed above the upper terminal edge of
      said baffle plate.
NUM  6.
PAR  6. The combination according to claim 1 wherein said extractor means is
      carried by said wall within said shed vertically above the upper terminal
      edge of said baffle plate.
NUM  7.
PAR  7. The combination according to claim 1 wherein said roof slopes upwardly
      from the top of said coke ovens at an angle of approximately 45.degree..
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ABST
PAL  Copper is processed via solutions of copper salts, both cupric and cuprous,
      in acidified aqueous solutions containing organic nitriles. Methods of
      producting solutions of cuprous salts include reduction of cupric salts
      and oxidation of copper and copper sulphides. Solutions of cuprous salts
      are thermally or electrochemically disproportionated to produce copper and
      solutions of cupric salts.
PARN
PAR  This is a application of U.S. Ser. No. 237,061 filed Mar. 21, 1972 now U.S.
      Pat. 3,865,744.
BSUM
PAR  This invention relates to methods of separating and recovering copper from
      materials containing copper and of preparing purer forms of copper, via
      solutions of certain cuprous salts in acidified mixtures of water and
      organic nitriles. The invention includes methods for preparing solutions
      of copper salts of compositions which are useful for copper recovery or
      copper purification. Further details of organic nitriles and cuprous salts
      are given later in this application.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional methods of extracting and refining copper are described by A.
      Butts in "Copper the Metal its Alloys and Compounds" Reinhold Publishing
      Corp., New York, 1954. The most common method is pyrometallurgy through
      flotation of crushed ore, then smelting in an oxidising atmosphere to
      blister and anode copper, and finally electrorefining of anodic to
      cathodic copper, via acidic cupric sulphate solutions. This method has the
      disadvantages of pollution by sulphur dioxide, high capital and operating
      costs and losses of valuable materials in fumes and slags. Another method
      is that of hydrometallurgy, i.e. leaching copper oxides or sulphides with
      sulphuric acid, sometimes in the presence of ferric sulphate, to give
      cupric sulphate solutions. Copper itself can be dissolved in hot sulphuric
      acid under oxidising conditions to give cupric sulphate solutions. In
      these methods the cupric sulphate solutions are then stripped of their
      copper by electrowinning or cementation. More recent procedures include
      treating the ore with an oxidising or reducing roast, the TORCO
      segregation process, bacterial leaching, and leaching with ferric chloride
      or ammoniacal solutions. All these processes, require a final step of
      electrorefining or electrowinning via aqueous acidified cupric sulphate
      solutions, if one is to produce copper of sufficient purity for many
      commercial processes. The electrorefining step is a slow process, typical
      tankhouse cycles being 11-14 days. A number of tankhouse staff are needed,
      handling of anodes, treatment of slimes, attention to short circuits and
      cathode quality, all create problems. The electrowinning process is also
      slow and consumes considerable quantities of power, but costs associated
      with anode handling are reduced, compared to electrorefining.
PAC  SUMMARY OF THE INVENTION
PAR  It is a main object of this invention to provide a composition of matter
      suitable for processing copper via cuprous ions and which comprises a
      composition of matter comprising at least 15% by volume water, an acid
      selected from the group consisting of sulphuric, sulphurous and nitric
      acid, at least 4% by volume of an organic nitrile and a copper salt of the
      corresponding acid.
PAR  Varios other objects, advantages, methods of using the compositions and
      explanation of terms will become apparent from the detailed description
      and discussion of preferred embodiments which appear hereinafter.
DRWD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Some preferred aspects of the invention are described with reference to the
      drawings. However, it is to be understood that the drawings are
      diagrammatic only and are not intended to be limitative of the invention.
      In the drawings:
PAR  FIG. 1 illustrates the layout of a system including an electrochemical
      disproportionation cell from which anolyte is removed and after treatment
      returned to the cell. This system is suitable for copper powder
      electrorefining.
PAR  FIG. 2 illustrates a modification of FIG. 1 and relates to copper powder
      electrorefining.
PAR  FIG. 3 illustrates the layout of apparatus for use in electrochemical
      disproportionation and in particular a design of the cells, plus a circuit
      illustrating the method of cuprous electrowinning.
PAR  FIG. 4 illustrates the layout of a system for cuprous winning.
PAR  FIG. 5 illustrates the layout of a system suitable for continuous copper
      powder refining.
PAR  FIG. 6 summarizes and illustrates methods of generating cuprous salt
      solutions, their purification, methods for their disproportionation to
      cupric salt solutions and copper and methods of converting the cupric salt
      solutions to cuprous salt solutions.
PAR  FIG. 7 is a flowsheet illustrating the separation of copper and silver from
      materials containing those metals.
DETD
PAR  The overall field of this invention is illustrated in FIG. 6 (explained in
      detail hereinafter) and involves methods of producing solutions of certain
      cuprous salts in acidified mixtures of sufficient of suitable organic
      nitriles and water. This is followed by two methods of disproportionating
      the cuprous salt to copper and cupric salt either electrochemically or by
      thermally removing the nitrile from the solution. The cupric salt which is
      produced by disproportionation is then converted to cuprous salt by
      reduction with copper or reaction with other suitable substances and the
      process continues. Reduction of Cu.sup.2.sup.+ by copper is a method of
      copper refining, reduction by other reducing agents is a method of copper
      winning from cuprous solutions and reaction with cuprous or cupric
      sulphide is a method of leaching by oxidising the sulphide.
PAR  The reactions which produce cuprous salts are with one exception reactions
      between solids and reagents in solution, and as such have the usual
      advantages when performed with well agitated, finely divided solids at
      elevated temperatures if possible. The use of volatile hydrolyzable
      nitriles in aqueous acidified solutions and of oxidisable cuprous ions
      imposes limitations and it is desirable to operate whenever possible in
      sealed systems in the absence of significant amounts of oxygen.
PAR  Some of the methods described are named for the purposes of identification
      in this application as cuprous electrowinning, cuprous winning, copper
      powder electrorefining and copper powder refining, but it will be apparent
      from FIG. 6 that the four processes are very closely linked. Thus a cupric
      solution from the anolyte of copper powder electrorefining could be used
      to oxidise copper produced by thermal disproportionation and thus covert
      the powder to cathodic copper.
PAR  The field of this application can be further summarized as:
PA0  a. Methods and compositions for producing cuprous salt solutions from
      slightly soluble cuprous or cupric salts.
PA0  b. Methods and compositions for leaching copper, from materials containing
      copper and insoluble impurities, as cuprous salt solutions.
PA0  c. Methods and compositions for reducing solutions of cupric salts to
      solutions of cuprous salts.
PA0  d. Methods of electrochemically disproportionating cuprous salt solutions
      to copper and cupric salt solutions in the presence of soluble impurities.
PA0  e. Methods of thermally disproportionating cuprous salt solutuions to
      copper and cupric salt solutions in the presence of soluble impurities.
PA0  f. Linking these concepts in a variety of ways, as sketched in FIG. 6, to
      give new processes for producing purer forms of copper metal from
      materials containing copper, cupric ions, or cuprous ions. Some of these
      ways are described e.g. as cuprous electrowinning, copper powder refining,
      but we do not exclude other methods of processing copper e.g. leaching of
      cuprous sulphide by Cu.sup.2.sup.+ , which link together the five
      embodiments (a) - (e), and are shown in FIG. 6 but are not given a new
      defined name.
PAR  For example, a solution of cuprous sulphide could be treated with cupric
      sulphate to give a cuprous solution. This is then thermally
      disproportionated to copper and cupric sulphate. The copper is then
      dissolved by an anolyte from a cell in which electrochemical
      disproportionation is taking place and deposited as cathodic copper in
      that cell. The cupric sulphate from the thermal disproportionation is
      reacted with atomised blister copper to give a cuprous sulphate solution
      and this is again thermally disproportionated, but this time the cupric
      sulphate solution is not recombined with the nitrile distillate, rather a
      higher boiling nitrile is added, the CuSO.sub.4 is reduced with iron to
      cuprous sulphate and the solution is then electrochemically
      disproportionated.
PAR  The methods are all different from the current methods for extracting
      copper and or recovering purer copper, from materials containing copper or
      from solutions containing copper salts. Specific details, such as
      compositions of solvents, methods of preparing solutions, nature of
      nitriles and reductants, and notional design of equipment, are presented
      later in the application, together with examples illustrating some of the
      applications of the methods.
PAC  Processes Based on Electrochemical Disproportionation Copper Powder
      Electrorefining and Cuprous Electrowinning
PAR  In one sense the division of methods is artificial because in both, cuprous
      sulphate or bisulphate is disproportionated electrochemically to give
      cathodic copper using an inert anode in a more or less conventional way,
      with an electrolyte composed of cuprous sulphate or CuHSO.sub.4 in water,
      an organic nitrile and sulphuric acid, plus additives, such as glue and
      sodium alkylaryl sulphonates, designed to improve the quality of the
      cathodic deposit. The anolyte, containing cupric sulphate, is removed
      continuously and is replaced by fresh cuprous sulphate electrolyte. The
      division of methods is based on what is done with the anolyte containing
      cupric sulphate.
PAR  In the preferred form of copper powder electrorefining, the anolyte is
      reacted with copper, or materials containing copper, preferably in a
      finely divided state and preferably containing a high (&gt; 99%) proportion
      of copper, when reaction 1 of FIG. 6 occurs. Other possible reactions (3,
      8 and 10 of FIG. 6) with suitable materials may occur if these are also
      present in the copper, all of which produce cuprous salt solutions. The
      species M of reaction 8 are reductants which are often present in the
      copper containing material, e.g. iron or nickel. Such species usually pass
      into the electrolyte as soluble oxidation products (e.g. salts of
      Fe.sup.2.sup.+ and Ni.sub.2.sup.+). Inert components of the copper
      containing materials, such as gold, silver, lead, silica, bauxite and
      carbonaceous material form a "slime". Basic impurities react with acid in
      the electrolyte. The dissolution of Cu.sub.2 O by H.sub.2 SO.sub.4 to form
      extra cuprous sulphate and eventually cupric sulphate as well as air
      oxidation of CU.sup.+, help to balance losses of Cu SO.sub.4 due to
      reducing agents in the copper. The cuprous sulphate solution produced by
      these reactions replaces the anolyte in the electrochemical cell, after
      any necessary treatment, such as filtration, removal of soluble impurities
      and adjustment of acid and cuprous levels.
PAR  In the preferred form of cuprous electrowinning, the solution of cuprous
      sulphate which replaces the anolyte containing cupric sulphate is produced
      by any suitable method, but the anolyte containing cupric sulphate is not
      reduced with copper or materials containing copper, although it may be
      reduced by other reducing agents such as iron (reaction 8 of FIG. 6).
PAR  The distinction between the two methods is used because in copper powder
      electrorefining the process is effectively transferring copper from
      "powdered" materials containing copper to a purer form on a cathode,
      whereas in cuprous electrowinning, only 50% of the copper initially is
      being electrowon from a solution of cuprous sulphate, but subsequent
      reductions of CuSO.sub.4 then effectively increase this recovery of
      cathodic copper.
PAR  As noted, the electrolytic part of the process is very like that for
      conventional electrowinning of copper from aqueous cupric sulphate
      solutions (cf. Butts loc. cit) except that the electrolyte is different
      and anolyte must be removed and replaced by fresh cuprous electrolyte.
      Anodes coated with lead oxide are not "inert" to cuprous solutions and so
      are not suitable inert anodes. Lead lined vessels are suitable containers,
      but precautions may have to be taken to contain volatile nitriles and
      minimise oxidation by air. With most inert anodes, e.g. carbon, it has
      been found that there are substantial advantages of lower operating
      voltage in having good circulation of electrolyte past the anode, but with
      other, more expensive anodes, e.g. platinum, we find that the degree of
      circulation has less effect on the operating voltage. Cathode quality is
      improved at lower operating temperatures, but the operating voltage is
      higher, so that a balance between these factors is needed. An operating
      temperature of between 20.degree. and 45.degree.C is preferred. High
      temperatures (e.g. &gt; 50.degree.C) encourage loss of nitrile by hydrolysis.
PAR  The electrode reactions are believed to be :
EQU  Cu.sup.+ + e.sup.- .fwdarw. Cu at the cathode
EQU  Cu.sup.+ .fwdarw. Cu.sup.2.sup.+ + e.sup.- at the anode
PAR  The cupric sulphate, which is produced at the anode in increasing
      quantities as reaction proceeds, reduces the efficiency of the process,
      because it dissolves copper from the cathode to a limited extent and more
      seriously, because of the electrode process Cu.sup.2.sup.+ + e.sup.-
      .fwdarw. Cu.sup.+ at the cathode. Thus, cupric sulphate should be
      prevented from reaching the cathode in significant amounts. As noted, this
      is best done by continuously replacing anolyte with fresh cuprous sulphate
      electrolyte.
PAR  Copper powder electrorefining offers a new way of converting impure
      particulate copper to purer cathodic copper without casting anodes. Anode
      handling is simplified and being a one electron process, power consumption
      per pound of copper is low, although slightly higher than "cupric
      refining" of copper anodes.
PAR  Without removal of CuSO.sub.4, the electrochemical disproportionation
      proceeds satisfactorily for only about 10% recovery of copper. After this,
      the efficiency drops rapidly.
PAR  Precautions should be taken to minimise oxidation and to contain volatile,
      toxic and inflammable nitriles and there are advantages in using a high
      boiling water soluble nitrile, such as 2-hydroxycyanoethane under an inert
      atmosphere although voltages are higher than with an equivalent mole
      proportion of acetonitrile.
PAR  Two of the methods for semi-continuous operation of copper powder
      electrorefining are outlined in FIGS. 1 and 2. The method of FIG. 1 is
      preferred. In FIGS. 1 and 2, representing two possible methods of copper
      powder refining the numerals represent: 1 - an inert anode e.g. of carbon,
      2 - a copper cathode, 3 - a power supply, 4 - a cuprous sulphate,
      sulphuric acid, water, organic nitrile electrolyte, with or without
      additives, 5 - an electrolysis vessel, preferably covered with the
      electrolyte under a non-oxidising atmosphere, 6 - a pipe for transferring
      anolyte containing couric sulphate, 7 - a reaction vessel, 8 - a system
      for removing insoluble slimes, 9 - a system for adding copper containing
      materials, preferably of high copper content, 10 - a system for removing
      solids from the electrolyte, 11 - a pump for circulating electrolyte, 12 -
      a system for bleeding off electrolyte for purification and/or adjustment
      of composition, 13 - a system for electrolyte purification, 14 - a system
      for removing impurities e.g. ferrous sulphate, extracted from the
      electrolyte in 13, 15 - a pipeline for returning the cuprous sulphate
      sulphuric acid, water and organic nitrile electrolyte with or without
      additives to the electrolysis vessel. The preferred requirement for such a
      method is that, in conjunction with a more or less conventional
      electrowinning cell (5), in which copper is being electrowon from the
      specified well agitated cuprous sulphate solutions (4), by more or less
      conventional methods, the anolyte containing cupric sulphate be
      continuously removed (6) from the vicinity of the electrodes (1) and
      replaced by cuprous sulphate solution (15), which has been generated as in
      reaction 1 of FIG. 6 by passing the anolyte over suitable finely divided
      material containing copper in reaction vessel (7), at such a speed that
      the copper dissolves as cuprous sulphate and the concentration of cupric
      sulphate in the cell is kept preferably below 10% of the total copper in
      solution. There should be provision (8) for extracting slimes, for
      excluding insolubles (10) from the electrolytic part of the cell and
      provision for removal of soluble impurities (12, 13, 14) (e.g. FeSO.sub.4,
      NiSO.sub.4) from the electrolyte by diversion of the electrolyte.
PAR  The electrochemical process, irrespective of the nature of the replacement
      of anolyte by Cu.sub.2 SO.sub.4 solution, operates preferably at a current
      density of 5-30 amps/sq.ft, more preferably 5-20, but for the method
      outlined in FIG. 1, the current density, the total anode area, the rate of
      flow of anolyte, and the rate of reaction between Cu and CuSO.sub.4 should
      be coordinated to keep the concentration of CuSO.sub.4 in the cell at an
      acceptable level. Coordination can also be influenced by varying the
      temperature of operation, preferably between 20 and 55.degree.C and the
      size of the copper containing material.
PAR  In cuprous electrowinning one form of which is illustrated by FIG. 3 it is
      necessary to include a reducing cycle to reduce the anolyte and return it
      to the cell as cuprous sulphate, with if necessary, prior removal of the
      oxidation products of the reductant. With iron for example as reductant,
      the process is very closely related to copper powder electrorefining
      because the reactions in the reducing circuit are thought to be as follows
      :
PA1  Initially, with excess iron:
EQU  Cu.sup.2.sup.+ + Fe .fwdarw. Cu + Fe.sup.2.sup.+
PA1  With more Cu.sub.2.sup.+ :
EQU  Cu.sup.2.sup.+ + Cu .fwdarw. 2 Cu.sup.+
PA1  Overall:
EQU  2Cu.sup.2.sup.+ + Fe .fwdarw. 2 Cu.sup.+ + Fe.sup.2.sup.+
PAL  Such a cuprous solution can replace the anolyte, preferably after removal
      of some of the ferrous sulphate. Other methods of reduction or of
      converting cupric sulphate to cuprous sulphate are outlined in FIG. 6 and
      are described in detail later.
PAR  Compared with the conventional electrowinning of cupric solutions in water,
      the electrochemical disproportionations just described proceed at much
      lower voltages, gases are not evolved at the inert anode, and being a one
      electron process, power consumption is less per pound of copper treated. A
      disadvantage is the need for covered very well stirred elelctrolyte.
PAR  Copper powder electrorefining offers a convenient way of converting copper
      powder to purer cathodes without the necessity for melting the powder and
      electrorefining a cast anode. The use of an inert anode avoids the trouble
      associated with the use of soluble copper anodes.
PAR  A convenient cell arrangement, allowing efficient circulation, removal of
      anolyte and replacement by fresh electrolyte, is shown in FIG. 3. In FIG.
      3 a form of cuprous electrowinning is illustrated but the main feature is
      a design which is a preferred form of the electrolytic cell for
      electrochemical disproportionation. The electrodes are connected to a
      power supply, which is not shown. The numerals represent: 1- an inert
      anode, e.g. of carbon, 2 - a copper cathode, 3- inlet pipes for admitting
      at high speed an electrolyte of cuprous sulphate in acidified water
      containing an organic nitrile, with good agitation past the electrodes, 4
      - outlet pipes for removing anolyte containing cupric sulphate, 5 - high
      speed circulating pumps, 6 - storage vessel for cuprous sulphate
      solutions, 7 - electrolysis vessel, preferably covered with the
      electrolyte under a non-oxidising atmosphere, containing the cuprous
      sulphate solution, 8 - storage for cupric sulphate solutions, 9 - reaction
      vessel for reduction of cupric sulphate solutions, 10 - system for
      removing insoluble impurities (slimes) 11 - system for adding reductant,
      12 - a system for removing solids from the electrolyte, 13 - a system for
      bleeding off the electrolyte, 14 - a system for purifying the electrolyte
      and/or adjusting its composition, 15 - a system for removing impurities
      removed from the electrolyte in 14, 16 - a system for conveying the
      electrolyte containing cuprous sulphate.
PA0  Thermal disproportionation of Cu.sup.+.
PAR  Copper can be recovered from aqueous solutions of cupric salts by reduction
      methods other than the electrowinning process. With solid reducing agents
      such as iron, nickel and zinc, the process is known as cementation. With
      reducing agents, such as sulphur dioxide, hydrogen and carbon monoxide, it
      is known as precipitation.
PAR  Cementation suffers from the disadvantage that the "cupreous powder" is
      very finely divided, well oxidised and badly contaminated by the solid
      reducing agent and other species which are reduced concurrently. The
      process is inefficient because the reducing agent becomes coated with
      copper and is not exposed to more cupric salt solution.
PAR  Precipitation is usually from ammoniacial solutions and high temperatures
      and pressures are needed. Hydrogen is the preferred reducing agent and
      sulphur dioxide gives incomplete reduction at high temperature and
      pressure.
PAR  Cement copper must be purified by the pyrometallurgical route and losses of
      copper are a problem.
PAR  Thermal disproportionation of Cu.sup.+ involves precipitation of copper
      from acidified solutions of cuprous salts in mixtures of volatile organic
      nitriles and water by thermal removal of the nitrile e.g. by distillation.
      The solution is free of solids prior to the winning and if necessary
      certain soluble impurities have been removed prior to the winning step.
      Thus a pure copper, whose quality as a powder can be controlled by
      additives, "seeds" and the conditions of precipitation, is produced. This
      powder is a more desirable product than cupreous powder produced by
      cementation.
PAR  The process is applied to solutions of cuprous salts, prepared for example
      as outlined in FIG. 6. Control of pH prevents precipitation of salts, e.g.
      of Fe.sup.2.sup.+ and of SO.sub.3.sup.=, and precipitation of Cu.sub.2 O
      or CuOH. The concentration of acid influences the nature of the
      precipitated copper, high acidities (&gt; 5% H.sub.2 SO.sub.4 by volume) tend
      to give less discrete particles. The organic nitrile is removed in whole
      or in part from the cuprous solution, usually by efficient distillation,
      preferably under a reduced pressure. This allows lower temperatures for
      boiling and thus minimises hydrolysis of the nitrile. The distillation is
      preferably carried out in the absence of significant amounts of oxygen and
      recovery of copper is enhanced by using a reducing or non-oxidising
      atmosphere (e.g. of N.sub.2). The degree and nature of stirring, during
      removal of the nitrile, the speed at which nitrile is removed, and the
      presence of additives and seeds all influence the nature of the
      precipitated copper. We prefer to remove the nitrile slowly from a well
      agitated "tumbling" solution containing glue and other additives such as
      sodium alkylarylsulphonates or ammonium lignin sulphonates. The nitrile
      usually comes off as an azeotrope with water.
PAR  Once the proportion of nitrile to cuprous ion in solution is below 2-3
      moles to one of cuprous ion, the cuprous ion disproportionates to give
      copper and a cupric salt.
EQU  2 Cu.sup.+ .fwdarw. Cu + Cu.sup.2.sup.+
PAR  Removal of the nitrile is continued until the desired amount of copper
      powder is obtained. This copper is removed by a conventional solid-liquid
      separation (e.g. centrifuged), is washed and dried. This portion of the
      process uses conventional technology for handling copper powders,
      separating them from liquids and for avoiding their oxidation (cf. Butts).
      A preferred modification is in provision to recover the valuable nitriles
      by distillation from the "wet copper" and the washings. A preferred method
      of washing is to use the acidified distillate of the nitrilewater and
      return this to the circuit. The copper is removed from the circuit and is
      washed with hot acidified water, then with hot water in a non-oxidising
      atmosphere.
PAR  The process of thermal disproportionation may be modified if the solution
      of cuprous salts in a volatile nitrile and acidified water contains ions
      e.g. Ag.sup.+, which are more easily reduced to solids in the medium than
      is cuprous ion to copper. As the nitrile is removed, the first reaction
      is, as illustrated by silver.
EQU  Cu.sup.+ + Ag.sup.+ .fwdarw. Cu.sup.2.sup.+ + Ag
PAL  followed by
EQU  Cu.sup.+ + Cu.sup.+ .fwdarw. Cu.sup.2.sup.+ + Cu.
PAL  Thus it is desirable to carry out the thermal disproportionation in at
      least two steps, because the first solids which are precipitated will
      contain high proportions of the more easily reduced material.
PAR  An alternative procedure for removing reducible species, especially in the
      case of solutions containing significant amounts of silver salts, is to
      cement the reducible species with an excess of copper to produce a
      colourless solutuion, prior to thermal disproportionation. Reaction 13 of
      FIG. 6 takes place readily with finely divided copper and solutions of
      silver salts in acidifed nitrile-water mixtures in the absence of
      Cu.sup.2.sup.+.
PAR  This method of thermal disproportionation usually enables one to recover a
      maximum of 50% of the copper from a cuprous salt solution, the other 50%
      is cupric salt. A highly desirable addition to the basic invention is to
      recycle the nitrile-depleted cupric salt solution with the distilled
      azeotrope containing the nitrile and the washings, then to regenerate
      cuprous salts from cupric by any of the methods outlined in FIG. 6 or by
      any other acceptable method. This is known as cuprous winning, copper
      powder refining or cuprous leaching, depending on the method of
      regeneration.
PA0  Cuprous Winning
PAR  This is illustrated in a preferred form in FIG. 4.
PAR  In FIG. 4 the numerals represent: 1 - a distillation vessel for
      disproportionation of cuprous salt solutions, 2 - a reaction vessel for
      reduction of cupric salt solutions, 3 - a system for removing, washing and
      drying copper powder, 4 - removal of volatile nitrile and its azeotrope
      and condensation, 5- vessel for storing distilled nitrile and its
      azeotrope, 6 - system for splitting the distillate into roughly equal
      proportions, 7 - a system for effecting separation of solids and liquids,
      8 - a system for adding reducing agent to the reaction vessel, 9 - a
      system for adding nitrile and its azeotrope to the reaction vessel, 10 - a
      solution containing some cupric salt solution in a solution depleted of
      nitrile by distillation, 11 - a solution of cuprous salt in acidified
      water containing a volatile organic nitrile, with or without additives and
      copper seeds, 12 - copper depleted solution containing oxidised reductant.
PAR  For example, the cupric salt in the nitrile-depleted solvent (10), prepared
      by thermal disproportionation of a cuprous salt solution (11), is
      recombined (9), with the nitrile-water azeotrope distillate and washings
      and is reduced by the addition of a suitable reducing agent (8), such as
      iron or SO.sub.2 in proportions which satisfy the stoichiometry of
      equations 8 or 9 of FIG. 6.
EQU  Cu.sup.2.sup.+ + Red .fwdarw. Cu.sup.+ + Ox.sup.+
PAL  (where Red is the reductant and Ox.sup.+is its oxidised form)
PAR  The reduced solution of cuprous salt is filtered if necessary and the
      cycles of nitrile removal, copper precipitation and cupric salt reduction
      are repeated until the desired recovery of copper is achieved.
PAR  Ideally, the overall material balance is represented by
EQU  Cu.sup.2.sup.+ + 2Red .fwdarw. Cu + 20.times..sup.+
PAL  but this would require an infinite number of cycles, so a choice must be
      made, and the remaining small amount of copper in solution is recovered on
      other ways, e.g. cupric cementation by iron.
PAR  It will be appreciated that the "feed" for a thermal disproportionation
      followed by a cuprous winning process may be a solution of cupric
      sulphate, to which sufficient suitable nitrile has been added, followed by
      reduction with the same suitable reducing agent, e.g. iron or SO.sub.2,
      chosen for the later steps of the cuprous winning process.
PAR  Precautions against loss of the valuable, volatile, toxic and inflammable
      nitrile are normally taken, e.g. reactions in sealed vessels or under
      condensers. The process is best suited to an enclosed system with oxygen
      excluded as much as possible.
PAR  Recovery or use of the oxidised form of the reductant, of traces of
      undistilled nitrile, and of traces of copper in the spent solution is an
      economically desirable part of the process. Where SO.sub.2 is the
      reductant, the acid produced may be used for leaching of oxodised copper
      to give cupric sulphate solutions, which may be reduced to cuprous
      sulphate or sulphite solutions as outlined and thus a continuous cuprous
      winning is achieved.
PA0  Copper Powder Refining
PAR  This principle is illustrated in a preferred form of a continuous process
      in FIG. 5.
PAR  In FIG. 5 the numerals refer to: 1 - a reaction vessel for converting
      copper and cupric salts to cuprous salts, 2 - removal of insoluble
      impurities (slimes), 3 - system for adding particulate materials
      containing copper to the reaction vessel, 4 - system for removing solids
      from the cuprous salt solution, 5 - Distillation vessel for
      disproportionation of cuprous salt solutions, 6 - removal of distillate
      containing a volatile nitrile or its azeotrope, 7 - condensed nitrile or
      its azeotrope, 8 - system for dividing a liquid into two portions, 9 -
      removal of copper powder and its washing with condensate, 10 - system for
      further washing and drying of copper powder, 11 - system for separating
      solids and liquids, 12 - solution containing cupric salt in a nitrile
      depleted solution, 13 - solution of a cuprous salt in acidified water
      containing a volatile organic nitrile with or without additives, 14 -
      system for purifying solution 12 and adjusting its composition, 15 -
      system for removing soluble impurities.
PAR  Conventional methods of purifying copper powders (cf. Butts) involve either
      pyrometallurgical treatment followed by cupric electrorefining of copper
      anodes, for low grade powders (&lt;98% copper) or melting and casting to
      anodes, followed by cupric electrorefining. These methods involve
      significant losses of copper, are slow and require considerable handling
      of the copper. Cupreous powder and the TORCO concentrate, for example,
      require the complete smelting and refining operation to produce pure
      copper.
PAR  Our method of copper powder refining avoids pyrometallurgy with its high
      capital cost, and also avoids the slow cupric electrorefining step. It is
      a cheaper and faster method of preparing purer copper from any finely
      divided form of copper-containing material, than is any existing method
      known to us. Capital costs are relatively low compared to pyrometallurgy.
PAR  The method is based on thermal disproportionation, except that in the
      preferred procedure one starts with a solution of a suitable cupric salt
      in a mixture of sufficient of a suitable volatile organic nitrile and
      acidified water and reduces this with impure copper as reducing agent (cf.
      reaction 1 of FIG. 6). The resulting cuprous solution is then transferred
      to a distillation vessel (5) and distilled to remove nitrile (6),
      precipitate the copper (9) and regenerate cupric salt. The cupric salt
      solution (12) and distillate (7) are combined and are transferred to a
      reaction vessel (1) in which reduction with copper (3) is repeated. Thus
      ideally, the copper concentration of the electrolyte is unchanged, and
      crude particulate copper (3) is converted to purer particulate copper
      (10). The thermal disproportionation step in which nitrile is distilled to
      precipitate copper from the cuprous solution is as already described and
      the method of performing reaction 1 described in detail later. The method
      is preferably continuous, with several cycles of copper leaching and
      copper precipitation taking place in reaction and precipitation vessels
      respectively. The two vessels are separated by conventional systems for
      removing solids from the electrolyte.
PAR  Suitable materials containing finely divided copper metal are efficiently
      agitated by conventional solid-liquid leaching procedures (cf. Butts) in
      vessels sealed from the atmosphere, with a solution of a suitable cupric
      salt (preferably cupric sulphate) in a solvent which is kept acidic with a
      suitable acid throughout the process and which contains water and
      sufficient of a suitable organic nitrile, preferably acetonitrile. The
      preferred temperature of leaching is 40.degree.-65.degree. C, but this is
      not crucial, although leaching is faster at elevated temperatures. The
      copper and some other oxidisable and basic materials (e.g. iron, tin,
      copper oxide, arsenic, nickel and to some extent bismuth) dissolve, to
      give cuprous solutions, plus soluble impurities. Other impurities, e.g.
      gold, silica, alumina, carbonaceous material, lead, and to a large extent
      antimony and silver, do not dissolve, they form slimes. These are filtered
      off at appropriate intervals. The cuprous solutions are separated from any
      solid material e.g. by filtration, settling, or centrifuging, and the
      organic nitrile is separated from the cuprous solution. Removal of
      volatile nitrile is continued until the desired amount of copper is
      obtained and separated, as outlined. The cupric salt is recycled to the
      leaching tank, after combining with the nitrile-water distillate, to
      dissolve more copper from the copper containing material and to generate
      more cuprous solution by reaction 1. The process is preferably continuous.
      Portions of the nitrile-deficient electrolyte are treated by conventional
      methods (cf. Butts loc. cit.) from time to time to keep soluble
      impurities, e.g. OX.sup.+ at an acceptable level, consistent with the
      desired purity of the precipitated copper.
PAR  Copper powder refining can of course be a batch process, using a reservoir
      of Cu.sup.+ salt, as shown in FIG. 6, with removal of cupric solution and
      eventual reduction with copper, using the distillate or some other source
      of nitrile. Suitable heat exchangers are desirable, since in principle
      there is very little consumption of energy.
PAR  Oxygen should be excluded as much as possible from the process, because
      both cuprous solutions and the wet copper powder are oxidised to some
      extent by oxygen. A reducing or non-oxidising atmosphere is desirable
      (e.g. N.sub.2). Precautions against loss of the volatile, toxic and
      inflammable nitriles should be taken and the process is best suited to an
      enclosed system. The solutions are not particularly corrosive, except in
      the leaching tank, which should be resistant to the oxidising power of
      Cu.sup.2.sup.+ in the presence of nitriles. Lead, glass and PVC are
      suitable materials, but stainless steel is not inert over long periods.
PA0  Cuprous Leaching
PAR  This is closely related to copper powder refining, except that in the
      preferred method cuprous salt is regenerated from the cupric salt solution
      plus the nitrile azeotrope produced by thermal disproportionation, by
      reacting Cu.sup.2.sup.+ with cuprous sulphide, or materials containing
      cuprous and sulphide ions or with cupric sulphide, or materials containing
      cupric and sulphide ions, in a leaching vessel under the conditions of
      reaction 3 or 5 or of the combined reaction of 3 and 5 of FIG. 6
      respectively. The resulting cuprous salt solution is filtered, freed of
      sulphur, purified and is thermally disproportionated.
PAR  The net result is either
EQU  Cu.sub.2 S .revreaction. Cu + CuS
PAL  or
EQU  Cu.sub.2 S .revreaction. 2Cu + S
PAL  or
EQU  CuS .revreaction. Cu + S
PAL  so that effectively copper sulphides are converted to copper and sulphur
      via cuprous ions. The reactions are equilibra so that continuous removal
      of cuprous salt and sulphur and replacement with fresh cupric sulphate
      solutions is a desirable feature.
PAR  Cuprous leaching has the advantage that, unlike smelting of copper
      sulphides, sulphur dioxide is not produced thus minimising pollution and
      the cuprous salt solution produced by the leach is readily converted to
      copper. In principle no chemicals are consumed. The method is simpler than
      ferric sulphate leaching followed by electrowinning in aqueous solution.
PAR  As noted later, reactions 3 and 5 and the combined reaction require quite
      high concentrations of acid and of volatile nitrile. Chalcopyrite is not
      leached effectively by this procedure but if it is preheated with sulphur
      to more than about 400.degree.C a leachable formof copper sulphide is
      produced.
PAR  Much the same scheme as is illustrated in FIG. 5 is preferably used for
      continuous cuprous leaching with the reaction vessel suitably designed for
      operation of reactions 3 or 5 or the combined reactions.
PA0  Methods of Preparing Solutions of Cuprous Salts
PAR  The processes of electrochemical and thermal disproportionation depend on
      having suitable solutions of cuprous salts, preferably of what we believe
      to be cuprous sulphate or CuHSO.sub.4 in the first process and Cu.sub.2
      SO.sub.4, CuHSO.sub.4, CuNO.sub.3 or CuHSO.sub.3 in the second.
PAR  Cuprous salts, such as cuprous sulphate, are not stable in aqueous
      solutions at useful concentrations and cuprous copper only exists in
      completely aqueous solution at a useful concentration when complexed with
      suitable bases, as in CuCl.sub.2.sup.-, Cu(NH.sub.3).sub.2.sup.+ and
      Cu(CN).sub.3.sup.2.sup.-. The chemistry of monovalent copper is outlined
      in Butts (loc.cit.). We believe that none of the processes described here
      which are based on "cuprous chemistry" in nitrile-water mixtures are
      possible in purely aqueous solvents.
PAR  We have found that in the presence of an organic nitrile, solutions of
      cuprous salts, e.g. those believed to be Cu.sub.2 SO.sub.4, CuClO.sub.4,
      CuNO.sub.3, CuHSO.sub.4, and CuHSO.sub.3, are stable, even in highly
      aqueous solutions. In general, more than 2.5 moles of the nitrile per mole
      of stabilized cuprous ions, are needed for stability. The role of the
      nitrile is believed to be that of an uncharged complexing agent which
      strongly solvates cuprous ion and stabilizes it with respect to its
      disproportionation into copper and cupric cation, even in acid solution.
      Suitable organic nitriles (e.g. acetonitrile) appear to solvate cuprous
      ion more powerfully than does water, even in highly aqueous solutions.
PAR  We have found that the following reactions are practicable in solvents
      containing a suitable organic nitrile and usually water, but sometimes in
      anhydrous nitriles, to give stable solutions of what we believe to be
      cuprous bisulphate or sulphate, or in some cases certain other cuprous
      salts. A requirement is that the anion accompanying the cuprous cation
      (e.g. sulphate, perchlorate, bisulphite, BF.sub.4) generally be "inert".
      That is, it should not interfere with the general chemistry of cuprous ion
      and copper as outlined in this application, and as required by the
      processes, (e.g. concentrated nitric acid dissolves copper and oxidises
      Cu.sup.+, and CuHSO.sub.3  is unstable in strongly acidic solutions, so
      nitrates and sulphites are generally unsuitable in processes e.g.
      electrochemical disproportionation, preferably requiring strongly acid
      conditions, but restricted forms of thermal disproportionation, preferably
      at relatively high pH, are possible in the presence of these anions).
      Relevant anions are described later in this application. Sulphates or
      bisulphates are preferred over all other salts for the reactions shown,
      partly for economic reasons, but in some cases the greater solubility of
      copper nitrate salts is an advantage.
PAR  The reactions which produce solutions of cuprous salts are believed to
      proceed as shown by the following equations but the complete stoichiometry
      has not been established in all cases. In many cases the solutions should
      be filtered, their proportions adjusted to a suitable composition and
      byproducts of the reactions partly removed before transfer to the central
      "storage" of cuprous salt solution, which is shown in FIG. 6 and which
      feeds the thermal or electrochemical disporportionation systems.
PAR  In FIG. 6 the numerals refer to the following: 1 - supplies of appropriate
      materials containing copper or copper salts including copper sulphides and
      ores, 2 - reaction vessesl in which reactions 1 - 13 take place, to
      produce solutions of cuprous salts in acid solutions of water and organic
      nitriles, 3 - systems for separating solids from these solutions, 4 -
      systems for adjusting electrolyte composition and purifying it as needed,
      5 - removal of insolubles from the reactions 1 - 13, 6 - removal of
      soluble impurities form reactions 1 - 13, separated as in 4, 7 - vessel
      for storing cupric salt solutions, 8 - vessel for storing cuprous salt
      solutions, 9 - cell for electrochemical disproportionation of cuprous
      sulphate solutions, 10 - vessel for thermal disproportionation of cuprous
      salts in acidified aqueous solutions containing volatile organic nitriles
      including source of heat or method of reducing the pressure, 11 - removal
      of volatile nitrile as distillate and condensation, 12 - solution of a
      cupric salt in acidified water containing an organic nitrile, 13 -
      solution of a cuprous salt in an acidified aqueous solution containing an
      organic nitrile with or without additives, 14 - an inert anode attached to
      a power supply, 15 - a copper cathode starting sheet attached to the power
      supply, 16 - system for washing and drying copper, 17 - removed copper
      cathodes and 18 - copper powder.
PA0  Methods of producing solutions of cuprous salts in nitrile water mixtures.
PAR  The following equations are believed to represent the stoichiometry and
      other products in reactions which do provide methods of preparing cuprous
      solutions, when the reactants shown are mixed in solutions of water and
      organic nitriles. Species shown above the reaction arrow are believed to
      be catalysts. The equilibria shown depend among other things on the
      proportion of organic nitrile present.
EQU  1. Cu.sup.2.sup.+  + Cu .fwdarw. 2Cu.sup.+
EQU  2. 2Cu + 1/2O.sub.2 + 2H.sup.+ Cu.sup.2.sup.+ 2Cu.sup.+ + H.sub.2 O
EQU  3. Cu.sub.2 S + Cu.sup.2.sup.+ H.sup.+ 2Cu.sup.+ + CuS
EQU  4. 2Cu.sub.2 S + 2H.sup.+ + 1/2O.sub.2 Cu.sup.2.sup.+ 2 Cu.sup.+ + H.sub.2
      O + 2CuS
EQU  5. CuS + Cu.sup.2.sup.+ H.sup.+ 2 Cu.sup.+ + S
EQU  6. 2CuS + 2H.sup.+ + 1/2O.sub.2 Cu.sup.2.sup.+  2 Cu.sup.+ + H.sub.2 O + 2S
EQU  7. 3SO.sub.2 + 4H.sub.2 O + 2Cu.sup.2.sup.+ .fwdarw. 2Cu.sup.+ +  H.sub.2
      SO.sub.4 + 2H.sub.2 SO.sub.3 + 2H.sup.+
EQU  8. M + 2Cu.sup.2.sup.+ .fwdarw. 2Cu.sup.+ + M.sup.2.sup.+  (M = Fe, Ni, Zn,
      Cd, Co, Sn)
EQU  9. 2Ag + 2Cu.sup.2.sup.+ .fwdarw. 2Ag.sup.+ + 2Cu.sup.+
EQU  10. Cu.sub.2 O + 2H.sup.+ .fwdarw. H.sub.2 O + 2Cu.sup.+
EQU  11. Cu.sub.2 S + 2H.sup.+ .fwdarw. H.sub.2 S + 2Cu.sup.+ (in anhydrous
      MeCN)
EQU  12. 3CuO + 3SO.sub.2 + H.sub.2 O .fwdarw. CuSO.sub.4 + 2CuHSO.sub.3 (or
      CuCO.sub.3, Cu(OH).sub.2 for CuO).
EQU  13. 2Cu + 2Ag.sup.+ .fwdarw. 2Ag + 2Cu.sup.+.
PAL  Reaction 1 - Cu.sup.2.sup.+ + Cu .fwdarw. 2Cu.sup.+
PAR  To our knowledge, cuprous sulphate solutions have not been prepared from
      materials containing copper in aqueous solution. However equivalent
      reactions do proceed in water in the presence of certain complexing anions
      (e.g. CN.sup.-, Cl.sup.-). However the resulting cuprous complexes are not
      suitable for thermal disproportionation. The reaction of dry cupric
      perchlorate with pure copper to give CuClO.sub.4 solutions in anhydrous
      acetonitrile is a known reaction, but such solutions are not satisfactory
      for thermal or electrochemical disproportionation. Until our discovery,
      there was no reason to believe that this reaction could be extended to
      reactions of other cupric salts, especially of cupric sulphate, with
      impure copper, in acidified solvents containing a variety of nitriles and
      very significant proportions of water. Indeed, before our discovery we had
      expected that water would be the active solvent and would disproportionate
      cuprous salts, when added for example to anhydrous solutions of cuprous
      perchlorate in acetonitrile, prepared as described in the literature. We
      were also unable to extrapolate to the behaviour of other salts in
      water-nitrile mixtures from the behaviour of perchlorates in anhydrous
      acetonitrile, partly because for example cupric sulphate will not
      satisfactorily generate solutions containing significant amounts of
      cuprous sulphate when reacted with copper in anhydrous acetonitrile.
PAR  Before this work, the behaviour of impurities commonly present in impure
      copper (e.g. iron, nickel, silver, gold, arsenic, alumina, bismuth, lead,
      anitmony) in the new composition was also uncertain and knowledge of such
      behaviour is essential before the reaction can be utilized as a method of
      preparing cuprous solutions suitable for preparation of purer copper by
      thermal or electrochemical disproportionation. The reaction provides a new
      method of leaching copper from materials containing copper and insoluble
      species such as lead, gold, silica, alumina, carbonaceous material and
      antimony. Previously copper was leached as cupric salts using oxidising
      acids.
PAR  The following description of the preferred method of preparing solutions of
      what we believe to be cuprous sulphate or CuHSO.sub.4 substantially free
      of cupric sulphate illustrates the method.
PAR  Mix equimolar or less than equimolar proportions of cupric sulphate, and
      finely divided copper (minus 16 plus 100 mesh) in a reaction vessel with a
      solvent containing about 12 moles of a suitable organic nitrile per mole
      of cupricions, plus sufficient water to dissolve the resulting cuprous
      sulphate or bisulphate. The solution is kept acidic with a proportion of
      sulphuric acid which is appropriate to the particular process, preferably
      between 0.5 and 10% by volume H.sub.2 SO.sub.4. It is well agitated, e.g.
      by magnetic stirring or tumbling, preferably at a temperature of between
      40.degree. and 60.degree.C in the absence of oxygen. Higher temperatures
      encourage loss of nitrile by hydrolysis, lower temperatures give slower
      dissolution of copper. The blue cupric sulphate solution changes to
      colourless as the copper dissolves. As expected, the rate of copper
      dissolution is enhanced by elevated temperatures, by increasingly finely
      divided copper and by the increased efficiency of mixing the solid and
      liquid phases. If necessary, the solution is filtered to remove insoluble
      material such as lead, gold, antimony, silver, silica, carbon, unreacted
      copper and alumina. If the solution develops a significan blue colour on
      standing in a stoppered vessel, then it is being oxidised, or lacks
      sufficient organic nitrile and more should be added together with a little
      copper to remove the blue colour. A careful monitoring to assure acidity
      is desirable for solutions originally low in acid (ca. pH.sub.2). It is
      desirable to exclude oxygen as much as possible, because it oxidises
      cuprous salts and generates base and cupricion. This, together with the
      fact that many of the nitriles are volatile, toxic and inflammable, makes
      it desirable to operate in sealed reaction vessels whenever possible.
      Reaction vessels should be resistant to the solutions. Lead, glass, and
      PVC are some of the suitable materials for reaction vessels.
PAR  If finely divided materials containing copper plus impurities are used to
      prepare the cuprous solutions by this method, we have found that readily
      oxidisable materials, such as iron, nickel, tin, arsenic, cadmium and
      zinc, which are commonly present in impure copper, also reduce the cupric
      sulphate under the reaction conditions and themselves dissolve, presumably
      as sulphates. Other materials, such as gold, lead, silica, carbonaceous
      material, and to a large extent antimony, bismuth and silver, which are
      commonly found in impure copper, were found not to dissolve in the
      electrolyte under the reaction conditions. To a certain extent, cuprous
      oxide and copper sulphides associated with the copper, dissolve in some
      compositions to give cuprous sulphate solutions as outlined for following
      reactions.
PAR  A process of forming cuprous sulphate solutions from materials containing
      copper has been described. It is now obvious to those skilled in chemistry
      that we are dealing with the chemistry of Cu.sup.2.sup.+, Cu.sup.+ and Cu,
      so that some other cupric salts of inert non-complexing anions, e.g.
      Cu(Cl0.sub.4).sub.2 (hazardous) and Cu(NO.sub.3).sub.2 (at controlled pH),
      other than cupric sulphate, could be used, even if only in a restricted
      way, to generate certain cuprous salt solutions from copper in the
      nitrile-water mixtures. However we believe that sulphates are the most
      suitable salts for the process, particularly for economic reasons. The
      question of suitable salts is considered in more detail below, but
      nitrates in solutions which are less than 0.3, more preferably less than
      0.2 molar in H.sup.+ are next preferred to sulphates for reaction 1.
PAR  A modification of reaction 1 is reaction 2 in which less than
      stoichiometric amounts of cupric salt are used as reagent, but cupric salt
      is regenerated by the action of oxygen on the product cuprous salt in
      acidified solution. The regenerated cupric salt converts more copper to
      cuprous salt. The net result is a reaction which appears to be the
      reaction of copper with sulphuric acid in the presence of oxygen, with
      cupric salt as catalyst.
EQU  2Cu + 1/2O.sub.2 + 2H.sup.+ Cu.sup.2.sup.+ 2 Cu.sup.+ + H.sub.2 O
PAR  The rate of supply and the pressure of oxygen or air is preferably
      controlled so that excess oxygen does not oxidise more cuprous to cupric
      sulphate than is required by the stoichiometry of the reaction shown. Thus
      cuprous solutions are generated.
PAR  The method of dissolving copper is as before, but preferably at lower
      temperature, (20.degree.-30.degree.C) with provision for good mixing of
      air with the composition and solids, and for admission of air and acid, as
      oxygen and acid are consumed. The composition contains less, preferably
      1-20% of the concentration of cupric sulphate required by the
      stoichiometry of reaction 1.
PAR  The oxidising method has the disadvantage that acid is consumed and it is
      slow except when the oxygen or air is under pressure, but it is a very
      useful way of initiating both reaction 1 and subsequent copper powder
      refining or copper powder electrorefining processes, especially if
      supplies of cupric sulphate are not available for starting the process. If
      operated to a limited extent it helps to control copper concentrations in
      copper powder refining and copper powder electrorefining.
PA0  Methods of producing solutions of cuprous from cupric salts using reducing
      agents (reactions 5-9 and 12).
PAR  Cupric salts are conventionally reduced (cf. Butts) to copper in aqueous
      solution by processes known as cementation (e.g. with iron) or
      precipitation (e.g. with hydrogen). Reduction with SO.sub.2 in water is
      inefficient and requires extreme conditions of temperature and pressure.
      Cement copper is usually a very crude material, heavily contaminated with
      iron and well oxidised. Cementation with nickel or cadmium for example is
      used to purify solutions of their metal salts which are contaminated with
      cupric salts.
PAR  Our new methods of reducing cupric to cuprous solutions in acidic mixtures
      of water with organic nitriles have no direct precedent, to our knowledge.
      They have the advantage that they produce solutions which are suitable for
      thermal or electrochemical disproportionation. In some cases they also
      provide new leaching methods.
PA0  Reactions 7 and 8
EQU  3SO.sub.2 + 4H.sub.2 O + 2Cu.sup.2.sup.+ .fwdarw. 2 Cu.sup.+ + H.sub.2
      SO.sub.4 + 2H.sub.2 SO.sub.3 + 2H.sup.+                   ...(7)
EQU  2 Cu.sup.2.sup.+  + M .fwdarw. 2Cu.sup.+ + M.sup.2.sup.+   ....(8)
PAR  Stable solutions of cuprous salts may be prepared by the following method
      in which cupric salts are reduced with the appropriate proportion of iron,
      zinc, nickel, tin or cadmium, or with sulphur dioxide or sodium
      metabisulphite, in aqueous solutions containing an organic nitrile. Iron
      and SO.sub.2 at normal temperature and pressure are the preferred
      reductants, but in the case of SO.sub.2, the solution should be maintained
      at a sufficiently low acidity for efficient reduction and formation of
      soluble CuHSO.sub.3 rather than insoluble Cu.sub.2 SO.sub.3. This can be
      achieved by having buffers such as basic copper salts, calcium carbonate
      or ammonium acetate present or by using sodium metabisulphite or by
      reducing cupric ammonium complex salts with excess SO.sub.2.
PAR  One advantage of the methods is that solutions for thermal
      disproportionation are produced. With solid reductants, such as iron and
      nickel, the reduction is faster than cementation of cupric solutions in
      water, because a protective layer of copper is not formed on the solid
      reductant. Reduction with nickel is particularly effective.
PAR  The reactions are illustrated by the best method known to us for preparing
      cuprous from cupric sulphate solutions by reduction, on a laboratory
      scale.
PAR  To an aqueous solution of cupric sulphate containing a little sulphuric
      acid is added sufficient of a suitable organic nitrile. If cupric sulphate
      precipitates on addition of the nitrile it will redissolve as reduction
      proceeds and cuprous sulphate solution is formed. The solution is stirred
      or shaken with a suitable reducing agent in the proportion of one
      equivalent of reducing agent per mole of cupric sulphate for those
      reducing agents (e.g. iron, zinc, nickel or cadmium) which would produce
      cement copper if present in higher proportions. For less powerful reducing
      agents, e.g. SO.sub.2, at atmospheric pressure and temperature, which will
      reduce cupric sulphate to cuprous salts but not cuprous salts to copper,
      an excess of reducing agent may be used. It is desirable to remove the
      acid, e.g. by having sufficient of a weak base (e.g. CaCO.sub.3 or
      ammonium acetate) present to complete the reduction, when SO.sub.2 is the
      reductant. Alternatively, reduction of cupric sulphate to cuprous salts by
      SO.sub.2 proceeds tolerably at moderate pressures (e.g. 5 atmospheres) and
      temperatures (of 50.degree.-100.degree. C) in the absence of bases, at an
      initial pH of between 2-6, in the nitrilewater mixtures.
PAR  The reduction is complete when the blue colour of cupric sulphate has
      disappeared, consistent with any colour of the reducing agent or its
      oxidation product. E.g. cuprous bisulphite is yellow in the composition
      and NiSO.sub.4 is green.
PAR  Rates of reduction increase with increasing temperature, but an upper limit
      is imposed by hydrolysis of the nitrile (significant at 75.degree.C) and
      the volatility of the nitrile (e.g. acetonitrile-water azeotrope at
      78.degree.C).
PAR  If the reducing agent (e.g. iron, zinc, cadmium or nickel) is a solid, the
      reduction is faster the more finely divided the solid and the more
      efficient the stirring or shaking. Solids of minus 16 mesh are preferred
      in well stirred solutions. However even with bulky iron (e.g. iron nails)
      the reduction is much faster than is aqueous cementation with the same
      reductant. If the reducing agent (e.g. SO.sub.2) is a gas, reaction is
      faster and more efficient under increased pressure and lower pH values are
      possible, but the advantage of simply bubbling the reductant through a
      buffered solution at atmospheric pressure, makes this the preferred
      method, on a laboratory scale, when the reductant is SO.sub.2.
PAR  Precautions against volatile, toxic and inflammable nitriles are desirable,
      so that equipment should be sealed wherever possible, or should include
      condensers. The oxidation products of the reductants, e.g. FeSO.sub.4,
      H.sub.2 SO.sub.4, NiSO.sub.4, build up in the solution and may have to be
      removed from the cuprous solution, depending on the subsequent application
      of the solution. Removal can be done by known and conventional methods,
      e.g. of precipitation, neutralization, ion-exchange, etc., to the extent
      demanded by the subsequent process and the purity of copper required.
PAR  The processes are illustrated in detail by the examples given later.
PAR  The reduction reactions 8 can be utilized in the following new methods for
      producing copper from cupric sulphate and for leaching nickel, cadmium or
      cobalt values from materials containing one or more of these metals.
PAR  The conventional process most closely related to the new methods is
      cementation of aqueous cupric sulphate solutions with nickel, cadmium or
      cobalt to give copper and solutions of NiSO.sub.4, CdSO.sub.4 or
      CoSO.sub.4. This cementation is difficult with many forms of nickel and
      requires specially precipitated or sponge nickel. It also suffers from the
      disadvantage that the cementing agent becomes coated with copper powder,
      so that cementation is slowed and reduced in efficiency. The new methods
      provide a much faster method of dissolving up the metals and of reducing
      the cupric solution.
PAR  The method is based on a combination of the reduction reactions 8 and the
      processes of thermal disproportionation of cuprous sulphate solutions. The
      preferred form of the process is summarized in the following reaction
      sequence and if more than 20% by volume of organic nitrile is present, is
      particularly suitable for the treatment of high grade mattes containing
      nickel and copper which are of low sulphur content. In such cases those
      parts of the matte which are metal sulphides are oxidised to sulphur and
      the cupric sulphate is reduced to cuprous sulphate.
PAR  An excess of cupric sulphate dissolved in weakly acidified water-sulphuric
      acid, plus sufficient of a suitable volatile organic nitrile, preferably
      acetonitrile, to stabilize the eventual proportion of Cu.sub.2 SO.sub.4 is
      agitated with preferably finely divided (-16+240 mesh) material containing
      nickel and/or cobalt and/or cadmium (M). Sufficient cupric sulphate is
      present to maintain some cupric ion in solution at completion of reaction.
      The leaching and subsequent steps, as far as possible, are preferably
      carried out in sealed vessels at elevated temperatures (ca.
      40.degree.-65.degree.C) in the absence of oxygen. The cuprous salt
      solution is separated from solids and is thermally disproportionated, as
      herein described, to give copper, and solutions of cupric sulphate and the
      other metal sulphates. The solutions are reconstituted, preferably with
      distilled nitrile, and more cupric sulphate is added. This solution is
      recycled with fresh material containing nickel, and/or cobalt, and/or
      cadmium until a stage is reached after n cycles, where the
      nitrile-depleted solution from the thermal disproportionation contains
      nMSO.sub.4 + CuSO.sub.4.
PAR  A preferable procedure then is to add sufficient powdered active metal M
      (e.g. sponge nickel) to the nitrile depleted solution of nMSO.sub.4 +
      CuSO.sub.4 to cement the copper, as in conventional aqueous cementation of
      cupric sulphate by cadmium, nickel or cobalt. The resulting solution of
      (n+1)MSO.sub.4 in an almost squeous medium is suitable for processing to
      recover M. Alternatively, cupric sulphide can be precipitated by treating
      the solution with H.sub.2 S for M = Ni or Co, or Cd in strong acid
      solutions to remove copper.
PAR  As in reaction 2, which is a modification of reaction 1an alternative but
      slower preferred procedure is to carry out the leaching step in the
      presence of less than the stoichiometric 2 moles of cupric sulphate, per
      mole of metal M, but to admit sufficient oxygen and sulphuric acid to the
      composition to regenerate cupric from cuprous sulphate, so that the cupric
      sulphate is effectively a catalyst and the reaction becomes
      ##EQU1##
      A concentration of between 0.5 and 4% cupric ion is preferred, but if
      copper metal is with M, then less cupric sulphate can be used. At
      appropriate stages of the leach, the solution contains M.sup.2.sup.+  and
      Cu.sup.2.sup.+  sulphates, the oxygen supply is cut off and more M is
      added to reduce the Cu.sup.2.sup.+  to cuprous sulphate. This is thermally
      disproportionated to give copper and cupric sulphate. The copper is
      filtered off. The solutions are reconstituted and the leach continues,
      with the cupric concentration halved. Thus control of the copper content
      during leaching can be achieved.
TBL  __________________________________________________________________________
     Leaching reaction                                                         
                    X.sub.i + M + 2CuSO.sub.4 .fwdarw. MSO.sub.4 + Cu.sub.2    
                    SO.sub.4                                                   
     Solid liquid separation                                                   
                    .dwnarw.                                                   
                    .dwnarw.                                                   
                    X.sub.i MSO.sub.4 + Cu.sub.2 SO.sub.4                      
                    .dwnarw.                                                   
     Thermal disproportionation                                                
                    .dwnarw.                                                   
                    CuCuSO.sub.4 + MSO.sub.4                                   
     Add CuSO.sub.4, reconstitute                                              
                    .dwnarw.                                                   
     electrolyte if necessary                                                  
                    2CuSO.sub.4 + MSO.sub.4                                    
                    .dwnarw.                                                   
     Recycle with more X.sub.i + M                                             
                    .dwnarw.                                                   
                    X.sub.i 2MSO.sub.4 + Cu.sub.2 SO.sub.4                     
     After n cycles nMSO.sub.4 + CuSO.sub.4 from thermal                       
                    disproportionation                                         
     Cement with powdered                                                      
                    nMSO.sub.4 + CuSO.sub.4 + M.fwdarw. (n+1)MSO.sub.4 + Cu    
     "active" M(or treat with H.sub.2 S                                        
                    .dwnarw.                                                   
     to form CuS in place of Cu)                                               
                    .dwnarw.                                                   
     solid-liquid separation                                                   
                    (n+1)MSO.sub.4 Cu                                          
                    .dwnarw.                                                   
     M = Ni, Co, Cd to hydrometallurgical                                      
     X.sub.i = insoluble impurities                                            
                    treatment                                                  
     __________________________________________________________________________
PAL  (The reaction sequence for obtaining copper from cupric sulphate and for
      leaching nickel, cobalt, sulphates (cadmium) from the metals in a
      non-oxidising atmosphere illustrates a preferred method, using
      compositions and reactions already described).
PAR  A modification of the reduction of cupric salts to cuprous salts by
      SO.sub.2 provides a new method for extracting cuprous salts from basic
      oxidised copper, e.g. CuO, Tenorite, Malachite, Azurite, and Chrysocolla,
      using reaction 12, with sulphur dioxide in water containing sufficient of
      a suitable organic nitrile. Conventionally (cf. Butts) oxidised ores are
      leached with sulphuric acid and copper is cemented with iron or is
      electrowon from the cupric solution. Such methods are costly and
      inefficient. In the new process, cheap SO.sub.2 acts as a reducing agent
      for Cu.sup.2.sup.+ and produces acid, which is consumed by leaching the
      basic copper, so that the process continues. The reactions take place at
      atmospheric pressure and at normal tempereatures and are believed to be
      represented by the following equations, which use CuO as an example of
      basic oxidised copper,
EQU  3CuO + 3SO.sub.2 + H.sub.2 O .fwdarw. 2CuHSO.sub.3 + CuSO.sub.4 (12).
PAR  The method consists of mixing the basic oxidised copper in an atmosphere of
      sulphur dioxide with a composition composed of sufficient of a suitable
      organic nitrile and water, preferably in a leaching vessel, which is
      sealed, and leaching by conventional leaching methods for extracting
      copper values from materials containing copper with solid, liquid and
      gaseous reactants.
PAR  The solution of CuHSO.sub.3 and CuSO.sub.4 is separated from solids, then
      copper is recovered for example by thermal disproportionation. Under some
      conditions, cuprous sulphite is precipitated with the copper, but if
      washed with dilute aqueous sulphuric acid, this disproportionates to
      copper and cupric salt solutions so that copper can be separated. Sulphur
      dioxide reduction is also possible to give a homogenous solution if the
      copper ammonium salt solutions from an ammoniacal leach, e.g. of copper
      sulphides, are mixed with an organic nitrile and the solution is saturated
      with sulphur dioxide until the blue colour disappears.
PAR  Another method of producing cuprous solutions and of leaching copper values
      from cupric sulphide or materials containing cupric sulphide uses reaction
      5, or 6, in which cupric sulphate is thought to be reduced by sulphide
      ion, or hydrogen sulphide, which is in equilibrium with cupric sulphide in
      acid solutions containing water and sufficient of a suitable organic
      nitrile. The reaction is similar to the reduction of ferric salts in
      aqueous solution by cukpric sulphide, with production of sulphur, except
      that here, cupric salts are reduced. The reactions proceed at useful rates
      at elevated temperatures and are believed to be represented by the
      following equilibria, although cuprous ions may react with sulphur to give
      cuprous sulphide, not cupric sulphide in the reverse reactions
      ##EQU2##
      Both cuprous salt solutions and sulphur were isolated, but other oxidation
      products of sulphur and cupric ions may also be formed, especially if
      oxygen is used under pressure in reaction 6.
PAR  A preferred method for preparing cuprous solutions by reaction 5 uses
      conventional solid-liquid leaching procedures in sealed systems at
      elevated temperatures, with finely divided (-100 mesh) cupric sulphide,
      and an excess of CuSO.sub.4 in 5 to 10% by volume of H.sub.2 SO.sub.4,
      water and between 35 and 60% by volume of a suitable nitrile at 50.degree.
      - 70.degree.C in a non-oxidising atmosphere. Too much CuSO.sub.4 leads to
      separation of nitrile and water, so it is sometimes useful to add
      CuSO.sub.4 as reaction proceeds. Reaction is continued until the copper
      concentration reaches a steady value. The cuprous sulphate solution is
      separated from sulphur and other solids, including unleached material, and
      is stored in a sealed vessel and the leach is continued with fresh cupric
      sulphate solution. Preferred nitriles are acetonitrile and
      2-hydroxycyanoethane.
PAR  A modification of this method is reaction 6, where the preferred procedure
      is much the same, except that less than the stoichiometric amount of
      cupric sulphate is used, and oxygen is admitted to regenerate cupric ions
      from cuprous ions. Provision is made to add more acid and oxygen as
      reaction proceeds, but the supply of oxygen is preferably controlled so
      that the stoichiometry of equation 6 is preserved and a final solution of
      cuprous sulphate, rather than cupric sulphate, is formed. As in reaction
      2, the cupric sulphate is a catalyst and preferably between 1 and 20% of
      that required by the stoichiometry of equation 5 is used. Good mixing of
      the solid, liquid and gas phase is highly desirable. It is believed that
      reaction 6 may not be the only representation of reactions giving copper
      in solution by this method. Some oxidation of sulphide by oxygen to other
      sulphur species and of Cu.sup.+ to Cu.sup.2.sup.+ may take place,
      especially with oxygen under pressure.
PAR  The oxidising method has the disadvantage that acid is consumed, but is
      useful when adequate supplies of cupric sulphate are not available and
      equilibrium can be forced further to the right as cuprous ions are
      oxidised. Further notes on reactions 5 and 6 are included with the
      discussion of reaction 3 and 4.
PAR  Reduction with silver provides a method both for leaching silver from
      materials containing silver and for reducing cupric to cuprous salt
      solutions. The silver can readily be recovered as illustrated later. The
      method uses reaction 9. The equilibrium requires a relatively high
      proportion of organic nitrile in the water if it is to proceed to a useful
      extent to the right. A mixture of 0.05M cuprous and silver sulphates in
      solutions low in acetonitrile (ca. 20% by volume) is rapidly converted to
      cupric sulphate and silver by the reverse reaction.
PAR  In the preferred method, finely divided silver (-16 mesh) or finely divided
      materials containing silver, such as dore metal, lead-silver mixtures and
      cement silver, are shaken with an excess of cupric sulphate or cupric
      nitrate in a solution preferably 35 to 60% by volume acetonitrile, and
      acidified water. In the case of cupric nitrate, the acidity should be kept
      low (&lt;0.2M in H.sup.+) to prevent nitric acid oxidising cuprous ion.
      Shaking is continued until the silver content of the solution reaches a
      constant value or is done in more than one extraction with fresh cupric
      salt, if optimum extraction is desired. The resulting solution is filtered
      to remove solids to give a mixture of silver, cuprous and cupric salts. As
      with most solid-liquid reactions, reaction 9 is faster at elevated
      temperatures, with more finely divided material containing silver and with
      more effective agitation. Reduction of the cupric solution is effective at
      room temperature in well stirred solutions, with most silver-containing
      materials, between minus 16 plus 240 mesh.
PA0  Oxidation by silver cations (reaction 13)
PAR  Particulate copper is stirred with an equimolar proportion of a suitable
      silver salt, preferably silver sulphate, in sufficient of a suitable
      organic nitrile, and acidified water. Silver is cemented and a colourless
      cuprous salt solution is produced.
PA0  Acid-base reactions (reaction 10) - Cu.sub.2 O + 2H.sup.+ .fwdarw.
      2Cu.sup.+ + H.sub.2 O.
PAR  Cuprous oxide dissolves in aqueous sulphuric acid to give cupric sulphate,
      but an equal amount of copper is also formed, presumably because any
      cuprous sulphate formed, immediately disproportionates in water. We
      believe that stable cuprous sulphate solutions have not been prepared by
      this method in purely aqueous solvents.
PAR  Cuprous sulphate or bisulphate solutions, suitable for cuprous winning,
      cuprous electrowinning, powder electrorefining, and cuprous
      electrorefining may be prepared by a new method, a preferred form of which
      follows. The reaction provides an excellent method of "pickling" i.e. of
      removing cuprous oxide films from case copper for hot rolled or copper
      rod, to give a material which is free of copper powder and thus more
      suitable for wire drawing, unlike copper pickled in aqueous sulphuric
      acid. The solvent is prepared by mixing water with at least sufficient of
      a suitable organic nitrile to stabilize the eventual concentration of
      cuprous salt. Sufficient sulphuric acid to satisfy the stoichiometry of
      the above equation and to provide at least a slight excess of acid, is
      added carefully with stirring, and the cuprous oxide, is stirred or shaken
      with the acidic solvent, preferably in a non-oxidising atmosphere in a
      reaction vessel. On a large scale, the conventional leaching methods for
      reaction of sulphuric acid with oxidised copper (cf. Butts loc. cit.)
      could be used, except that steps should be taken to contain volatile,
      toxic and inflammable nitriles and to minimise oxidation, so that sealed
      leaching vessels are preferred. The solution is separated from any solids
      and concentrated or diluted if necessary, to provide desired compositions.
      It is stored in sealed vessels, in a non-oxidising atmosphere.
PAR  In "cuprous pickling" the oxidised copper is washed in the acidified water
      containing the organic nitrile and is then preferably washed in a
      conventional aqueous pickling bath.
PAR  The resulting solution should be colourless or very pale blue, but if it is
      significantly blue it is preferably decolourised by addition of a little
      copper powder. If the blue colour persists or returns, more organic
      nitrile can be added. The rate of dissolution of the cuprous oxide is
      enhanced by efficient stirring and by having finely divided solids. It is
      greater at higher temperatures, but an economic upper limit is imposed by
      hydrolysis of the nitrile in the highly acidic solution. A preferred
      temperature range is 30.degree.-50.degree.C.
PAR  The reaction has been extended to ores such as cuprite and materials
      containing basic cuprous salts other than cuprous oxide, e.g. CuOH,
      Cu.sub.2 CO.sub.3 and basic cuprous sulphate.
PA0  Dissolution of cuprous sulphide (reaction 11) -Cu.sub.2 S +
      2H.sup.+.fwdarw. 2Cu.sup.+30  H.sub.2 S.
PAR  Cuprous sulphide is insoluble in aqueous sulphuric acid but is soluble in
      freshly acidified dry acetonitrile. This reaction has more limited
      application than the dissolution of cuprous oxide, because it is carried
      out in anhydrous acetonitrile rather than in water-nitrile mixtures and
      the acetonitrile is sometimes polymerised by the anhydrous acid. It is
      best suited to small scale reactions.
PA0  Differential precipitation - exchange of cupric and cuprous sulphides
      (reactions 3 and 4)
PAR  The reaction initially is thought to be as in reaction 3 and provides a new
      method of leaching copper values from materials containing cuprous and
      sulphide ions and of preparing cuprous solutions.
PAR  Solutions of cuprous sulphate, suitable for thermal or electrochemical
      disproportionation, may be prepared by this reaction. The reaction occurs
      also to varying extents with copper mattes, chalcocite, bornite and
      related materials containing cuprous ions and sulphide ions. It is very
      slow and inefficient with chalcopyrite and pretreatment of chalcopyrite,
      e.g. with sulphur, is necessary for a satisfactory leach.
PAR  Cuprous sulphide has a much lower solubility product than cupric sulphide
      in acidified water, so that the equilibrium shown lies to the left in
      water. Thus cupric sulphate will not generate solutions containing
      significant amounts of cuprous sulphate when added to cuprous sulphide
      suspended in acidified water.
PAR  We have found that in water containing sufficient (preferably 30 -60% by
      volume) of suitable organic nitriles in moderately strong sulphuric acid,
      equilibrium is rapidly established even at room temperature, such that
      significant amounts of cuprous sulphate or bisulphate are produced. Indeed
      more copper ions are generated in solution than is expected from the
      stoichiometry of the above equation when cuprous sulphide is heated at
      50.degree.with excess cupric sulphate containing 10% by volume sulphuric
      acid in 50% by volume acetonitrile and water. It is thought that the
      aforementioned redox reaction (5) to produce sulphur, also takes place in
      the acidified aqueous nitrile solution during the reaction and that this
      increases the concentration of cuprous ions above that expected from the
      stoichiometry of the primary reaction. Thus cuprous sulphide and related
      materials can be oxidised to sulphur and solutions of cuprous sulphate by
      the combined equilibria 3 and 5.
PAR  Reaction rates are enhanced by having finely divided material (e.g. - 100
      mesh) containing cuprous sulphide, by having high concentrations of
      sulphuric acid, by having well stirred solutions and elevated temperatures
      and by having increased proportions of nitrile. Hydrolysis of the nitrile
      imposes economic limitations on the strength of acid and the temperature
      chosen. A preferred method of carrying out reaction 3, followed in part by
      reaction 5, is as follows
PAR  Finely divided cuprous sulphide (about -100 mesh) or materials containing
      cuprous ions and sulphide ions, such as copper matte, bornite, chalcocite,
      djurleite and digenite are well stirred or shaken, preferably at
      50.degree.-70.degree.C in a sealed vessel in the absence of oxygen with an
      excess of cupric sulphate in a solvent consisting preferably of 30 -60% by
      volume but not less than 20% by volume of a suitable nitrile (preferably
      acetonitrile or 2-hydroxy cyanoethane), water, and sufficient sulphuric
      acid to give an acceptable rate of formation of cuprous solution, but not
      so much that hydrolysis of the nitrile at the necessarily elevated
      temperatures is economically unacceptable. We prefer between 5 and 10%
      sulphuric acid by volume. The process is continued until the copper in
      solution approaches a steady value (i.e. complete leaching or
      equilibrium). The total volume of solvent should be sufficient to dissolve
      the final concentration of cuprous sulphate or bisulphate. We find, for
      example, that a solution containing 100 gms of Cu.sup.+/litre, presumably
      as sulphate or bisulphate, in acidified 50% acetonitrile-water at
      50.degree.C is homogeneous. It is not essential that all the cupric
      sulphate be dissolved during the initial stages of the exchange reaction
      but if too much is present, the solution separates into two layers, so
      addition of CuSO.sub.4 as reaction proceeds is preferred. After completion
      of reaction, the solution is filtered free of cupric sulphide, sulphur and
      other solids and is stored in a sealed vessel in a non-oxidising
      atmosphere. Higher yields are obtained if the solids are repeatedly
      leached with fresh cupric sulphate solution, because reaction 3 is an
      equilibrium.
PAR  An alternative procedure is to carry out reaction 3 as specified, but in
      the presence of oxygen or air at 1 atmosphere or above, and preferably
      less than the stoichiometric amount of cupric sulphate, with provision for
      the addition of more acid as required. The oxygen slowly oxidises the
      product cuprous sulphate to cupric sulphate so that the cupric sulphate is
      effectively a catalyst and reaction 3 becomes 4. The amount of oxygen or
      air preferably is controlled at various stages of the leach so that
      cuprous, rather than cupric sulphate is formed, in accord with the
      stoichiometry of reaction 4.
PAR  The preferable amount of cupric sulphate used is such that it is more than
      0.5% by weight Cu.sup.2.sup.+ for most of the leaching process, because
      lower concentrations lead to slower reactions. Reaction is preferably
      continued until the concentration of copper in solution approaches a
      steady value. The solution is filtered free of cupric sulphide and other
      solids and is stored in a sealed vessel in a non-oxidising atmosphere.
PAR  It is desirable to have good mixing between the solid, liquid and gas
      phases and the cuprous sulphide materials chould be finely divided,
      preferably -100 mesh.
PAR  As noted, reaction 5 and 6 are often consecutive with reactions 3 and 4, to
      consume CuS and generate more copper in solution, and further notes on the
      combined equilibria, which is effectively the redox reaction, Cu.sub.2 S +
      2Cu.sup.2.sup.+ .revreaction.  4Cu.sup.++ S, follow.
PA0  Further notes on Equilibria 3 and 5 and the combined reactions
PAR  The following reactions represent equilibria which are strongly influenced
      by the proportion of organic nitrile present in partly aqueous acidified
      solutions.
EQU  Cu.sub.2 S + Cu.sup.2.sup.+ .revreaction. CuS + 2Cu.sup.+  (3)
EQU  CuS + Cu.sup.2.sup.+ .revreaction.  2Cu.sup.++ S           (5)
PA0  Overall: Cu.sub.2 S + 2Cu.sup.2.sup.+ .revreaction.  4Cu.sup.++ S (3) + (5)
PAR  In purely aqueous solution the equilibria lie so far to the left that the
      reactions are of no value for leaching copper values from materials
      containing copper and sulphur ions, but in the presence of sufficient of a
      suitable organic nitrile in acidified solution, the reactions proceed at a
      convenient rate and lie sufficiently to the right so that copper values
      can be extracted from many materials containing copper and sulphur ions,
      such as bornite, chalcocite, copper matte, cupric sulphide and digenite.
PAR  The relation between the equilibrium constants for the overall reaction and
      the proportion of nitrile is such that a proportion of between 30 and 60%
      by volume of acetonitrile is a preferred part of the composition from the
      thermodynamic viewpoint. Acid appears to lead to a faster reaction, as do
      elevated temperatures. In low proportions of acetonitrile, equilibrium is
      established less rapidly, so kinetic aspects are important. More copper is
      extracted if cuprous ion is removed as it is formed, e.g. by thermal or
      electrochemical disproportionation of the cuprous solution, or by its
      oxidation to cupric ion. Alternatively, sulphur is removed, e.g. by
      adsorption, chemical reaction or solvent extraction. A preferred method of
      operation is cuprous leaching, i.e. to continuously remove the pregnant
      leach liquor, separate precipitated sulphur by filtration, then remove the
      dissolved sulphur by a chemical reaction, e.g. with a little copper
      powder, then disproportionate the cuprous ion in the leach liquor,
      returning the cupric salt in acidified nitrile-water to the reaction
      vessel for further leaching.
PAR  An alternative for the combined reaction is to oxidise the cuprous ion with
      air as it forms, when the reaction becomes effectively a leach of copper
      sulphides by sulphuric acid and oxygen, catalysed by cupric ions as shown
      in the equations
      ##EQU3##
      In these circumstances the reaction proceeds to completion.
PAR  In practice, reactions 4 and 6 are slower than reactions 3 or 5
      respectively, so that some cupric sulphide is formed and the first 50% of
      copper available from cuprous sulphide is leached more rapidly than the
      final 50%.
PAR  The combined reactions are not suitable for efficient leaching of
      chalcopyrite, but if the chalcopyrite is pretreated, for example by
      heating it with sulphur in a sealed vessel for several hours at
      400.degree.-500.degree.C, then a leachable form of copper sulphide and a
      virtually non leachable iron sulphide is formed.
PA0  Processing of silver via cuprous salts.
PAR  Preferred methods for separating silver and copper from materials
      containing silver and copper and for extracting and purifying silver
      materials containing silver, but no copper, are summarized in FIG. 7. The
      methods follow directly from the inventive concepts of reactions 1, 9 and
      13 and of thermal disproportionation of cuprous salts, in nitrile-water
      mixture, as covered by this application. The methods are well suited to
      treatment of Dore metal, silver-lead-copper mixtures, and cement silver
      e.g. as obtained from the refining and smelting of non-ferrous base
      metals.
PAR  Silver at present is extracted and purified in a number of ways, including
      cyanidation, roasting and leaching, by cupellation, by melting with zinc
      or by electrorefining. These methods either consume chemicals or require
      equipment of relatively high capital cost. The new method is cheap and
      simple and has the advantage that extraction and formation of copper
      powder is a concurrent process. The preferred method follows from FIG. 7
      which merely illustrates the sequence of steps and involves a combination
      of reactions whose procedure is discussed elsewhere in this application,
      several solid-liquid separations and two thermal disproportionation steps,
      as herein described, thus a volatile nitrile is necessary and we
      illustrate this by discussing acetonitrile.
PAR  FIG. 7 is a form of flow sheet in which the numerals refer to the
      following: 1 - a source of particulate material containing copper, silver
      and impurities e.g. lead, gold and iron, 2 - a solution of cupric
      sulphate, water, sulphuric acid and less than 35% by volume, preferably
      15-25% by volume of a volatile organic nitrile, 3 - a leaching vessel for
      reaction 1, 4 - separation of solids and liquids, 5 - a solution of
      cuprous sulphate plus soluble impurities, 6 - solid materials containing
      silver, 7 - a solution of cupric sulphate, water, sulphuric acid and more
      than 35% by volume of a volatile organic nitrile, 8 - a solution of
      cuprous sulphate and silver sulphate, 9 - insoluble impurities e.g. lead,
      silica, 10 - system for cementing silver with particulate copper, 11 -
      metallic silver, 12 - a solution of cuprous sulphate, 13 - an apparatus
      for thermal disproportionation of cuprous sulphate solutions, 14 - removal
      of nitrile distillate and condensation, 15 - cupric sulphate in a nitrile
      depleted solution, 16 - copper powder, 17 - system for purifying
      electrolyte solution and adjusting its composition, 18 - removal of
      soluble impurities removed from the electrolyte in 17, 19 - system for
      washing silver with part of the solution numbered as 2 using solution bled
      off from 2.
PAR  The key feature of the preferred method is that copper in finely divided
      materials containing copper, 1 in FIG. 7 is oxidised by certain cupric
      salts in acidified mixtures, 2, of water containing less than 35%
      acetonitrile by volume (i.e. reaction 1), whereas a rapidly decreasing
      proportion of silver is oxidised as the proportion of acetonitrile in the
      composition decreases (i.e. reaction 9). Thus a composition, preferably
      saturated, but not excluding suspensions of certain cupric salts,
      acidified water, preferably 15 to 25% by volume and necessarily less than
      35% by volume acetonitrile extracts copper, but very little silver, from a
      mixture containing copper and silver. In compositions containing more than
      35% by volume acetonitrile, acidified water and preferably saturated with,
      but not excluding suspensions of, cupric salt, an increasproportion of
      silver is oxidised by Cu.sup.2.sup.+ with increasing proportions of
      acetonitrile, once all the copper has been dissolved. Thus, in the
      preferred procedure, once copper has been leached from a copper-silver
      mixture with a composition containing ca. 15 to 25% acetonitrile by
      volume, as described and shown to point 6 in FIG. 7, silver is leached
      separately with a composition, 7, of excess cupric salt, acidified water,
      and preferably 35 -60% by volume acetonitrile. the resulting
      Cu.sup.2.sup.+, Cu.sup.+, Ag.sup.+solution is cemented, 10, with the
      appropriate proportion of copper powder to give silver. The cement silver
      is washed free of copper, step 19, with a dilute solution of cupric salt
      preferably in 15 to 25% acetonitrile-acidified water. The thermal
      disproportionation steps shown as in 13 in FIG. 7 are as described
      previously.
PAR  Preferred salts are cupric sulphate in solutions acidified with sulphuric
      acid preferably at least 0.5% and more, preferably 2 to 5% by volume, or
      cupric nitrate, acidified with preferably &lt;0.2 molar nitric acid. Higher
      concentrations of nitric acid cause oxidation of copper. Nitrates tend to
      be more soluble than sulphates, but sulphates are cheaper. Lead sulphates
      are insoluble whereas lead nitrate is much more soluble, which is a
      disadvantage for nitrates.
PAR  A preferred method for materials containing silver, but no copper, is to
      leach directly with a composition of excess cupric salt, acidified water
      and more than 35% most preferably 45 to 60% by volume acetonitrile and
      continue the process as shown following Ag + X.sub.i in FIG. 7. In
      estimating the amount of cupric salt required for this process, it should
      be remembered that many other reducing agents, Fe, Ni, Cd, Zn, but not
      lead, in the presence of sulphates, reduce Cu.sup.2.sup.+ more readily
      than does silver in nitrile-water mixtures. The presence of such species
      in the material containing silver and copper requires an appropriate
      proportion of cupric salt.
PAC  Suitable and preferred materials for thermal and electrochemical
      disproportionation, and for reactions 1-13.
PAR  The following expressions have been used in this application and are now
      explained.
PA0  Suitable Organic Nitriles
PAR  Acetonitrile, 2-hydroxycyanoethane and acrylonitrile are suitable organic
      nitriles and are preferred with the reservations as to their volatility,
      stability and homogeneity of compositions noted for certain processes.
      Throughout the description and claims of this application we have referred
      to "organic nitriles", "acrylonitrile" and "propionitrile" while
      recognising that many organic nitriles, including acrylonitrile and
      propionitrile, are not miscible in all proportions with water. Most of our
      compositions and methods require homogenous solutions, so that it is to be
      understood that where necessary for homogeneity, the terms organic
      nitrile, propionitrile, and acrylonitrile include mixtures of these
      species with sufficient of a solubilizing agent, such as ethanol, to
      ensure homogeneity. The terms "organic nitrile" and "volatile organic
      nitrile" include mixtures of organic nitriles and of volatile organic
      nitriles respectively.
PAR  Whether a nitrile other than acetonitrile, 2-hydroxycyanoethane, or
      acrylonitrile with solubilizing agent, is suitable or not for the purposes
      of this invention is decided by the following tests. Our use of the terms
      "organic nitrile", "nitriles", "volatile organic nitrile" and so on in the
      application refers only to those species of the general formula RCN which
      pass the following tests and to acetonitrile, acrylonitrile, propionitrile
PAC  General tests for nitriles
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      of the nitrile under test is stirred with 65 gm of water containing 5 ml
      of sulphuric acid. The stoppered solution should remain homogeneous over a
      period of 1 hour at 50.degree.C.
PA0  1a. If the solution is not homogeneous, up to 30 ml of ethanol is added.
      The stoppered solution should remain homogeneous for one hour at
      50.degree.C. If homogenous solutions cannot be prepared by these
      procedures then the nitrile is deemed unsuitable.
PA0  2. To the homogeneous solutions, prepared either as in 1 or 1a, there is
      added 4 gm of CuSO.sub.4. 5H.sub.2 O and this is stirred with 2 gm of
      copper powder (minus 100 mesh) for 1 hour at 50.degree.C. If the solution
      is still homogeneous, except for undissolved copper powder and has become
      colourless, very pale blue, or coloured with due regard for any coloured
      nitriles, then the nitrile has passed this test.
PA0  3. The successful solutions from test 2 are flushed with nitrogen,
      stoppered and warmed at 50.degree. for 24 hr. If the solution is still
      homogeneous and colourless or very pale blue or coloured with due regard
      for any coloured nitriles and contains more than 1 .times. 10.sup.4 ppm of
      copper by atomic absorption, then the nitrile has passed this test.
PA0  Specific tests for nitriles.
PAR  Whether the nitrile is suitable for thermal disproportionation, e.g. as in
      winning or copper powder refining is further decided by its volatility.
PA0  4. The solutions from successful tests 3 are slowly distilled through an
      efficient distillation column. In some cases the distillation is of a
      water-nitrile, in others, e.g. propionitrile, of an ethanol-nitrile
      azeotrope. If more than 75% of the nitrile can be distilled off below
      90.degree.C, as measured for example by vpc of the distillate, and if some
      copper powder is precipitated on complete removal of the nitrile, then the
      nitrile is deemed suitable for thermal disproportionation.
PAR  Nitriles which pass tests 1-3, but which cannot be distilled below
      90.degree.C in test 4, are deemed suitable only for electrochemical
      disproportionation methods. The nitriles of test 4, which distil below
      90.degree. are defined as volatile and are suitable for methods of
      electrochemical and thermal disproportionation. Electrochemical
      disproportionation with a volatile nitrile was done on a laboratory scale
      by operating even at 50.degree. with an electrolyte containing 25%
      acetonitrile by volume under a layer of paraffin, and also by operating at
      about 20.degree.C with acetonitrile in cells covered with plastic sheets,
      enclosing an atmosphere of nitrogen.
PAR  The following nitriles were tested and found not suitable, dicyanomethane,
      acetone cyanhydrin, hydroxy cyanomethane, phenylcyanomethane. In general
      terms, suitable organic nitriles are organic nitriles, (including if
      necessary an "inert" solubilizing agent) which when mixed with water and
      sulphuric acid maintain stable homogeneous solutions of cuprous sulphate,
      all components being in proportions suitable for the particular process.
      Commercially, a desirable attribute is that the nitrile should not
      decompose to an economically unacceptable extent under the conditions of
      reactions 1-13 or thermal or electrochemical disproportionation. For
      example, a nitrile possessing some other functional group (e.g. CHO) which
      was readily oxidised or reduced, might be unsuitable for cuprous winning
      or for the electrochemical processes. Other nitriles might be hydrolysed
      or polymerised by the aqueous acid solutions at a rate which was
      uneconomic at elevated temperatures, and thus be unsuitable economically
      for thermal disproportionation but be suitable for electrochemical
      disproportionation, which can operate at room temperature and below.
PAR  As previously explained, the term suitable organic nitrile includes
      mixtures of nitriles, for example, acetonitrile containing some
      acrylonitrile is a mixture offering economic advantages, because such
      mixtures are byproducts from acrylonitrile manufacture. Acrylonitrile
      however is only partly miscible with water, so small proportions of it, or
      inclusion in the composition of a suitable solubilizing agent (e.g.
      methanol) are necessary.
PAR  Preferred organic nitriles are volatile acetonitrile and "non-volatile"
      2-hydroxycyanoethane and to a lesser extent volatile propionitrile (with
      methanol or ethanol as a solubilizing agent) and acrylonitrile (with
      solubilizing agents).
PAR  As already noted, according to whether a thermal or an electrochemical
      disproportionation step is used, further preferences and requirements are
      necessary. Thus volatile stable acetonitrile is strongly preferred for
      processes involving thermal disproportionation, such as cuprous winning
      and copper powder refining, because a distillation step is involved and
      the water-acetonitrile azeotrope boils below 80.degree.C. On the other
      hand, slightly less stable but higher boiling 2-hydroxycyanoethane is well
      suited to electrochemical processes, such as copper powder
      electro-refining, and cuprous electrowinning, because these
      electrochemical processes operate preferably at less than 50.degree.C, but
      are less suited to rigorously sealed systems because of problems with
      cathode handling. If a sealed system cannot be used, nitriles of low
      volatility are preferred, e.g. nitriles with solubilizing functional
      groups (OH, CO.sub.2 H, NH.sub.2). Use of such nitriles does not remove
      the problem with air oxidation however, so a "blanket" of non-oxidising
      atmosphere is preferred.
PAR  The preference of 2-hydroxycyanoethane for electrochemical processes was
      made because it had an inert functional group (OH) which conferred water
      miscibility on the nitrile and produced a nitrile of low volatility. It is
      also relatively cheap to manufacture. It does give a higher solution
      resistance then acetonitrile however. other functional groups (e.g.
      SO.sub.3 .sup.-, CO.sub.2 .sup.-, -NR.sub.3 .sup.+) are less easy to
      introduce into organic nitriles, but are suitable in principle, provided
      that they pass our test of maintaining stable, hologeneous solutions of
      cuprous salts when mixed with water and suitable acids, all components
      being in proportions suitable for the particular process being used. For
      example, cyanoacetic acid does not pass our tests, because it forms a
      solid with cuprous sulphate, and the cyanohydrin of formaldehyde
      decomposed rapidly.
PA0  Inert solubilizing agents.
PAR  These are substances designed to produce homogeneous solutions of cuprous
      salts, acid, water and sufficient of suitable organic nitriles, in
      proportions suitable for the processes covered by this application. The
      term solubilizing agent in this application should be understood to refer
      to inert solubilizing agents.
PAR  They are used when the suitable organic nitrile is only partly miscible
      with water (e.g. with some proportions of propionitrile or acrylontrile).
      Solubilizing agents can be tested for as in tests 1a -4 described for
      determining suitable nitriles, with the solubilizing agent replacing the
      ethanol in 1a. The solubilizing agent should not drastically alter the
      electrical resistance of the electrolyte in the electrochemical processes
      and should be chemically inert or still effective under the conditions of
      the process. Preferred solubilizing agents are ethanol or methanol. As
      noted already, in this application, it is to be understood that terms such
      as "suitable nitrile" or "volatile organic nitrile" mean that the nitrile
      is accompanied by a solubilizing agent if necessary for homogeneity.
PA0  Sufficient of a suitable nitrile.
PAR  For the handling of solutions of cuprous salts, a nitrile judged suitable
      by the methods outlined above, must be present in sufficient proportion to
      stabilize the cuprous ion in water, but since the nitriles are costly, no
      more nitrile than is necessary for satisfactory operation of the
      particular process, is desirable.
PAR  We have found that in the absence of oxidising agents, e.g. oxygen, stable
      solutions of some cuprous salts can be prepared in water containing a
      suitable acid and between 2-3 moles of an organic nitrile per mole of
      cuprous ion. Oxidation is faster in solutions of low nitrile content (cf.
      Table 2), so that under normal operating conditions, where it is difficult
      to completely exclude air, between 5 and 6 moles of suitable nitrile per
      mole of Cu.sup.+ is preferred, if stable solutions are required.
PAR  For the thermal disproportionation processes there is little advantage in
      having more than 6 moles of volatile nitrile per mole of Cu.sup..sup.+,
      because the nitrile must be distilled, but for the electrochemical
      processes, the efficiency, the quality of the cathodic deposit, the
      polarization, the operating voltage and the speed of the Cuhu 2.sup.+
      production at the anode, versus Cu.sup.+ reduction by reaction 1, are all
      linked with the concentration of cuprous sulphate and the proportion of
      nitrile present. Thus, in the electrochemical processes, criteria in
      addition to those for stabilization of cuprous ion determine the
      proportion of nitrile used. The proportion of nitrile chosen may be
      greater than the 5-6 moles, per mole of Cu.sup.+, specified above. If
      there is too much nitrile in the electrochemical processes this imposes an
      unnecessarily high resistance on the electrolyte and hingers
      disproportionation which creates high operating voltages, so that more
      than 10 moles of nitrile per mole of Cu.sup.+ was seldom used.
      Electrochemical disproportionation does proceed at attractively low
      voltages in solutions containing just 3 moles of acetonitrile per mole of
      cuprous ion but the cathode quality suffers.
PAR  For some of the methods used to prepare solutions of cuprous salts higher
      proportions of nitrile are necessary to force appropopriate equilibria
      sufficiently to the right. It is preferable to adjust the compositions of
      such cuprous salt solutions, prior to electrochemical or thermal
      disproportionation, e.g. by adding water, acid, or by quickly distilling
      off nitrile.
PAR  Thus preferred compositions for reactions 1, 2, 7, 8, 10, 12 and 13 contain
      about 5-6 moles of nitrile per mole of eventual cuprous ion in solution,
      but these reactions do proceed with down to 2.5 to 3 moles of nitrile per
      mole of cuprous ion, in the absence of oxygen or oxidising agents. In
      practical terms between 8 and 30% by volume of our preferred nitrile are
      preferred for these reactions. For the reactions 3 to 6 and 9 of cupric
      salts with copper sulphides and silver, at least 20% by volume of
      acetonitrile are required to give detectable amounts of cuprous ion so
      that aqueous solutions, preferably containing more than 30% v/v
      acetonitrile were preferred if reactions 3-6 were to proceed at a
      satisfactory rate and were to leach an acceptable copper value. Reactions
      3 to 6 and 9 of course do proceed to some extent with a lower proportion
      of acetonitrile than 30% by volume and with other nitriles. Relevant data
      are in later Tables, dealing with reactions 3 to 6 and 9 and clearly the
      choice of the proportion of nitrile used will depend on a balance between
      losses of nitrile, the cost of nitrile, the size of the equilibrium
      constant, the method of disproportionation and the frequency of leaches
      with fresh cupric salt solution. Such a choice will vary in different
      situations.
PAR  Throughout the description and claims of this application it is to be
      understood that where the use of an organic nitrile is described or
      claimed, unless stated otherwise, the amount of nitrile is sufficient to
      satisfy the requirement outlined above. A further limitation on the amount
      of nitrile is that it form homogeneous compositions.
PA0  Additives.
PAR  Here we refer to a whole host of additives which are known to improve the
      quality of copper cathodes (cf. Butts) and change the nature of copper
      powders precipitated from cupric solutions by, for example, hydrogen. As
      yet, we have not fully tested additives other than thiourea, long chain
      salts of alkylaryl or alkylsulphonates, ammonium lignin sulphonates,
      sodium thiosulphate, and glue as part of this invention, but note that
      additives are desirable in both forms of disproportionation. We believe
      that any additive which improves cathode quality in "cupric"
      electrorefining is highly likely to influence cathode quality in
      electrochemical disproportionation. Alkylsulphonates include ammonium
      lignin sulphonates in this application and claims. Such additives are also
      likely to alter the physical properties of the copper powder precipitated
      in the thermal disproportionation, where discrete particles are highly
      desirable. In particular we note that copper seeds, 0.1% of sodium
      alkylaryl sulphonates (AVITONE) sodium thiosulphate, and ammonium lignin
      sulphonates (ORZAN) produce an improved crystalline precipitate from
      thermal disproportionation of cuprous salt solutions. Additives are
      preferred in proportions between 10 and 10,000 ppm.
PA0  Suitable reducing agents.
PAR  Cuprous sulphate or CuHSO.sub.4 solutions are produced by reduction of
      cupric sulphate solutions in the presence of water, sulphuric acid and an
      organic nitrile. In principle those reagents which are known to reduce
      cupric ion to copper in water will reduce cupric to cuprous sulphate and
      often further to copper in the acidified water-nitrile mixture. However
      solubilities, side reactions and so on, sometimes prevent efficient
      formation of a suitable cuprous salt solution for the processes outlined
      in reduction reactions represented by reaction 8.
PAR  The following are regarded as suitable reducing agents and the term
      reducing agent refers to them in this application, unless stated
      otherwise, because they reduce cupric sulphate to solution of cuprous
      salts in acidified aqueous solutions containing sufficient acetonitrile to
      stabilise any cuprous ion (i.e. more than 2.5 moles of nitrile per mole of
      cuprous ion): iron, nickel, cobalt, copper, cadmium, zinc, tin, sodium
      metabisulphite, sulphur dioxide and sulphurous acid. Cuprous and cupric
      sulphide, nickel sulphide and silver are also suitable reductants in the
      presence of higher proportions of organic nitrile, as already discussed.
      The proportions of reductant are such as to satisfy the reduction
      Cu.sup.2.sup.+ .fwdarw. Cu.sup.+, (e.g. one half mole of iron reduces one
      mole of cupric sulphate to cuprous sulphate). A preferred reductant is
      sulphur dioxide or sulphurous acid at atmospheric pressure in the presence
      of a weak base and this reductant also reduces cupric carbonates or
      oxides, as noted for reaction 12, as well as cupric ammonium salts. At
      moderate temperatures and pressures (5 atmos. and 50.degree. -
      100.degree.C) no base is needed provided that the initial acidity is low,
      when SO.sub.2 is the reductant.
PAC  Copper salts, cupric salts, cuprous sulphate, CuHSO.sub.4, certain suitable
      cuprous salts, and suitable acids.
PAR  In practice, this application deals with sulphates, sulphites, bisulphates,
      bisulphites and nitrates of copper. The acids are sulphuric, sulphurous or
      nitric. The solutions described in these processes as containing cuprous
      sulphate, CuHSO.sub.4, cuprous bisulphite, etc, have not had the said
      suprous salts isolated as solids, nor have the salts been identified, so
      we use the terms a little loosely. However we do know that the solutions
      contain cuprous ions and can give copper by disproportionation. We use the
      names for the solutions prepared as described herein because the method of
      preparation leads us to believe that they would be solutions of such
      salts. The term "cuprous sulphate" in both the application and claims
      include the bisulphate, and the CuHSO.sub.4 includes the sulphate. In the
      presence of SO.sub.2, other salts, such as CuHSO.sub.3 would be present
      when for example cupric sulphate was reduced. We note that CuHSO.sub.4
      appears to be a more soluble species than Cu.sub.2 SO.sub.3. Likewise the
      reactions, 1 - 13, as represented by the equations, may not proceed
      exactly as specified by these equations. We have established however that
      when the reactants shown are mixed under the specified conditions, cuprous
      salt solutions are produced and that is the requirement of this invention.
PAR  Cuprous sulphate solutions containing sulphuric acid are a suitable salt
      and acid for all thermal and electrochemical disproportionations. Cuprous
      nitrate and a little nitric acid are suitable for some forms of thermal
      disproportionation at low acidities. More than 0.3N nitric acid dissolves
      some of the copper powder which is produced and oxidises cuprous ion. Thus
      cuprous nitrate solutions are undesirable for the electrochemical
      processes, for which strongly acid solutions are preferred. Nitrates tend
      to be more soluble than sulphates (Table 3) and so offer some advantages
      for thermal disproportionation in solutions containing less than 0.3
      normal acid. Likewise it is undesirable to use cupric nitrate containing
      more than 0.3 normal nitric acid to generate solutions of cuprous nitrate,
      indeed with high nitric acid content it is impossible.
PAR  Cuprous sulphite is not very soluble in nitrile-water mixtures but cuprous
      bisulphite, or CuHSO.sub.3 mixed with CuHSO.sub.4 in sulphurous acid
      solutions are suitable for the thermal disproportionation step of some of
      the processes. "Cupric sulphite" or "bisulphite" is excluded from the
      copper salts described in this invention. Careful control of pH is needed
      to obtain solutions of cuprous bisulphite.
PAR  Anions which form water insoluble cuprous salts and complex with cuprous
      ion, e.g. Cl.sup.-, CN.sup.-, S.sup.=, Br.sup.- do not allow solutions of
      cuprous salts of sufficient concentration for satisfactory
      disproportionation, and their salts are excluded from the "cuprous salt
      solutions" described in this application.
PAR  In principle, most soluble cuprous salts and acids of inert anions are
      suitable, but cuprous sulphate in sulphuric acid solutions are strongly
      preferred for disproportionation, especially for the electrochemical
      processes. The concentration of acid should not be so high as to cause
      uneconomic losses of nitrile by hydrolysis, but high enough to control
      impurities.
PA0  Suitable inert anode for the electrochemical disporportionations
PAR  The voltage at which these processes operate depends on the nature of the
      anode and particularly on the efficiency of circulation of electrolyte
      about the anode. Dense graphite and carbon felt or cloth were suitable
      materials in well stirred solutions, with the first preferred, but in
      still solutions there is a substantial overvoltage at carbon anodes.
      Bright platinum or platinum-plated anodes allow the cell to operate at the
      lowest voltage of any anode studied by us with moderate stirring and at
      much the same voltage, whether the electrolyte is well stirred or not.
      They are preferred above all others for small scale operations, but where
      economic considerations demand other materials, carbon anodes, with good
      circulation about the anode, are preferred. Gold, or gold-plated anodes
      operate at slightly higher voltages than do bright platinuim anodes, but
      are satisfactory, although also expensive. Stainless steel anodes show a
      high overvoltage even when the anolyte is well circulated. The cupric
      salts tend to slowly remove nickel from the steel in the presence of
      nitriles, so steel anodes must be replaced at intervals. Lead anodes
      coated with PbO.sub.2 are not suitable, we think, because the PbO.sub.2
      oxidises cuprous ion to cupric ion. There is also a high overvoltage at
      lead.
PAR  The ideal requirement for a preferred anode is that it be inert, i.e.
      effectively unchanged by the electrolyte under the conditions of
      electrolysis, and that it allows electrochemical disproportionation of
      cuprous salts at an economic voltage. Thus the choice of anode in an
      industrial process depends on a balance between the cost of power, the
      cost of materials (e.g. expensive films of platinum or gold) and the
      practicality of good anolyte circulation (necessary for carbon anodes but
      not so much for platinum coated anodes). For the purposes of this
      invention, a platinum anode is the best known to us, but for economic
      reasons, a dense graphite anode in a well stirred solution is recommended
      for large scale processes.
PA0  Suitable materials containing copper
PAR  Reaction 1, especially as part of copper powder refining and copper powder
      electrorefining in principle, can be applied to most finely divided
      materials containing copper metal. Indeed massive copper reacts slowly by
      reaction 1. A limited amount of cuprous oxide with the copper can be
      treated by reaction 10 in conjunction with reaction 1, in the powder
      refining, provided that the acid and copper balance is maintained. Due
      regard should be paid to the chemistry of the impurities associated with
      the copper and in some cases these should be removed before reaction 1.
      Thus copper powder electrorefining could only be applied with difficulty
      to a material containing a high percentage of calcium carbonate because of
      reaction with the acid. Pretreatment e.g. with acid, would be necessary.
      Examples of materials we have found suitable for copper powder refining
      and reaction 1 follow. All were used as at least minus 16 mesh materials.
      Cupreous powder or cement copper (cf. Butts); atomised "blister" copper,
      scrap copper, and anode copper (each divided for example by atomising the
      molten material with steam, cf. Butts); tinned copper nuggets, copper
      alloys containing more than 65% copper (e.g. most brasses) as shavings;
      copper metal in slag heaps; the concentrate from the TORCO process,
      copper-lead drosses from lead smelters, and materials containing copper,
      silver and gold, e.g. anode slimes. Copper precipitated by hydrogen
      reduction from solutions of copper salts is thought to be suitable but was
      not tested.
PAR  Copper powder electrorefining is best suited to materials of high copper
      content (more than 98% copper) but copper powder refining is in principle
      (with due regard to the chemistry of impurities, e.g. high proportions of
      iron) applicable to materials containing both large (e.g. blister copper)
      and moderate (e.g. TORCO concentrate) proportions of divided copper,
      because successive refining steps lead eventually to pure copper.
PAR  The rate of reaction 1 is very dependent on the particle size of the
      materials containing the copper. Reduction to a mesh size of 95% minus 16
      plus 240 is preferred for all applications of reaction 1. If the particles
      are too fine, problems with filtration arise.
PAR  Reference to other materials like copper oxides and sulphides are intended
      to refer also to minerals, ores, mattes and so on, containing these
      materials. Their efficient leaching requires division preferably to
      smaller than 16 mesh. Such materials include cuprous sulphide, cupric
      sulphide, bornite, chalcocite, cuprous oxide, cupric oxide, chrysocolla,
      other copper sulphide ores, other oxidised copper ores, copper mattes, and
      anode slimes, provided that they are finely divided. The cupric sulphate
      from leaching of oxidised copper ores, copper ammonium salt solutions from
      ammoniacal leaching, the tankhouse electrolyte from cupric
      electrorefining, and oxidised copper rod for wire drawing are suitable
      materials for conversion to cuprous sulphate solutions by one or more of
      reactions 1-13 and subsequent reduction to copper powder or copper
      cathodes by disproportionation. As noted, chalcopyrite is not suitable
      unless pretreated to convert it to some other mineral.
PA0  Suitable and preferred compositions.
PAR  Thermal and electrochemical disproportionation rely on a supply of
      homogenous solutions of suitable cuprous salts in acidified solutions of
      water containing an organic nitrile. A preferred general composition for
      disproportionation is cuprous sulphate assaying about 2-5% by weight
      Cu.sup.+, in water containing sulphuric acid and about 15 to 20% by volume
      of volatile acetonitrile, or "non volatile" 2-hydroxycyanoethane, with
      additives and seeds in the case of thermal disproportionation. The
      specific compositions are limited by such factors as the solubility of
      cuprous and cupric salts at appropriate stages of the process. They are
      limited by the relation between the proportions of nitrile required for
      solvation of the cuprous ion (minimum of 2 to 3 moles per mole of
      Cu.sup.+), by the concentration of cuprous ion needed to prevent
      polarization of the electrodes in the electrolytic methods, by the
      miscibility of the nitrile, by the suitability of the anion accompanying
      the cuprous cation, by the necessity to keep solutions at a suitable pH
      and by the desired purity and physical nature of the copper, which depends
      on the composition, especially in the electrochemical processes.
PAR  With these factors in mind, the following compositions are preferred for
      the processes noted. They may be made in part by one or more of the
      reactions 1-13.
PA0  Thermal disproportionation cuprous winning and copper powder refining.
PAR  Prior to removal of the volatile nitrile, the solution preferably contains
      cuprous sulphate in any desired proportion consistent with its solubility
      and the availability of starting materials; water; sufficient sulphuric
      acid (preferably 1 to 2% by volume) to maintain acid conditions throughout
      the process, and between 2.5 and 10 moles (preferably 4 to 6 moles) of a
      suitable volatile organic nitrile per mole of cuprous ion present plus 10
      to 10,000 ppm additives and copper seeds. For copper powder refining it
      may be more convenient to start with cupric sulphate in 1 to 4% by volume
      sulphuric acid, water, and between 7 and 20 moles of a volatile nitrile
      per mole of cupric ion, plus additives.
PA0  Preferred compositions for reactions 1 to 13
PAR  These are indicated in the discussion of these reactions or in the
      examples, and in the claims specifying methods based on these reactions. A
      summary of preferred compositions follows, based on nitriles of relatively
      low molecular weight (40-100) and density 0.8-1.1, and also on the use of
      sulphates in the normal way, remembering the relationship (about 2.5:1)
      between moles of nitrile and moles of cuprous ion and the need for
      homogenous compositions.
TBL  __________________________________________________________________________
          CuSO.sub.4                                                           
                RCN.sup.b                                                      
                     H.sub.2 O.sup.a                                           
                         H.sub.2 SO.sub.4                                      
     Reaction                                                                  
          %Cu.sup.2.sup.+ wt                                                   
                % vol    % vol  Other.sup.c                                    
                                      Reactant.sup.d                           
     __________________________________________________________________________
     1    0.5-5 8-30     0.5-4  --    Cu                                       
     2    0.1-2 8-30     1-5    oxygen                                         
                                      Cu                                       
     3    2-5.sup.e                                                            
                30-60    3-10   --     Cu.sub.2 S.sup.g                        
     4    0.5-2.sup.e                                                          
                30-60    4-10   oxygen                                         
                                       Cu.sub.2 S.sup.g                        
     5    2-5.sup.e                                                            
                30-60    3-10   --    CuS.sup.g                                
     6    0.5-2.sup.e                                                          
                30-60    4-10   oxygen                                         
                                      CuS.sup.g                                
     7    &gt;0.1  8-30     &gt;0.5   SO.sub.2 /Base                                 
                                       --                                      
     8    0.5-5.sup.e                                                          
                8-30     0.5-4  --     M                                       
     9    0.5-4 35-60    0.5-4  --    Ag                                       
     10   --    6-30     &gt;2     --    Cu.sub.2 O                               
     11   --    95-98                                                          
                     --.sup.f                                                  
                         2-5    --     Cu.sub.2 S.sup.g                        
     12   &gt;0.05 6-25     --     SO.sub.2                                       
                                      CuO                                      
     13   --    8-60     0.5-2  Ag.sup.+                                       
                                      Cu                                       
     __________________________________________________________________________
      .sup.a) The composition was completed with water.                        
      .sup.b) RCN is a suitable nitrile and the percentage volumes should be   
      adjusted for nitriles of much higher molecular weight and density than   
      acetonitrile.                                                            
      .sup.c) The reactions also require these substances, i.e. saturated oxyge
      or SO.sub.2.                                                             
      d)Sufficient of the composition required to treat the quantity of        
      available reactant, according to the stoichiometry of the equations is   
      used, the reactants are finely divided solids containing these materials.
      .sup.e) Added in batches if liquids are not homogeneous.                 
      .sup.f) No water.                                                        
      .sup.g) Includes minerals and non stoichiometric copper sulphides.       
PAC  Preferred compositions for electrochemical disproportionation.
PAR  The preferred compositions contain a solution of cuprous sulphate assaying
      between 2 and 5% cuprous ion on a weight basis, water, 5 to 10% by volume
      sulphuric acid, and 3 to 8 moles of a suitable organic nitrile, preferably
      2-hydroxycyanoethane or acetonitrile, per mole of cuprous ion.
      2-hydroxycyanoethane requires higher voltage than acetonitrile. Additives
      (e.g. glue and thiourea and sodium alkylarylsulphonates) designed to
      improve cathode quality are desirable, in similar proportions to those
      used for cupric electrorefining.
PAR  Upper limites on the Cu.sub.2 SO.sub.4 concentration are imposed by its
      solubility in the composition at the temperature of operation, lower
      limits by the need to have sufficient cuprous ion to prevent polarization
      of the electrodes at the current density and rate of stirring chosen. If
      these limits are exceeded, it is immediately obvious.
PAR  The concentration of sulphuric acid is determined at the lower limit by an
      acceptable low electrical resistance. The resistance increases with
      decreased concentration of acid. At the upper limit, the concentration of
      acid is determined by the efficiency of the process and the quality of the
      cathodes, both of which decrease as the concentration of acid rises above
      ca. 8% by volume.
PAR  The proportion of nitrile is determined by the need to stabilize the
      cuprous sulphate solution and to slow the oxidation (Table 2), so that at
      least 3 moles of nitrile per mole of cuprous ion, is preferred.
PAR  The following descriptions illustrate the preferred embodiments of the
      invention for processing copper via solutions of cuprous salts in
      acidified aqueous solutions of organic nitriles.
PAC  A. Methods of preparing solutions of cuprous salts.
PAR  Reaction 1 - The following general procedure was used to obtain the data in
      Table 1. Materials (10-100 gm) containing copper as shown in Table 1
      weighing sufficient to satisfy the stoichiometry of reaction 1, and of
      size minus 30 to plus 60 mesh were leached in a reaction vessel by
      stirring or shaking under an atmosphere of nitrogen at about 50.degree.C,
      with 500-2000 ml solutions of AR grade cupric sulphate containing 30-40
      gms/litre of cupric ions, 25-30% by volume acetonitrile, water, and
      between 1 and 2% by volume sulphuric acid. The reaction mixture usually
      contained about 3-4% by weight of solids, depending on the copper content
      of the materials. Leaching was continued until the copper values in the
      solution had reached a steady value. In nearly all cases this was less
      than forty minutes if the stirring was vigorous.
PAR  The progress of the reaction 1 was also monitored by the decrease in blue
      colour of the cupric sulphate and of course by disappearance of solid
      copper.
PAR  The solution of cuprous sulphate from reaction 1 was filtered and
      centrifuged and stored under nitrogen in a sealed vessel. Analysis of
      these cuprous solutions, based on ppm of the copper content, are compared
      with the purity of the original materials containing copper in Table 1.
PAR  The table also includes some analysis of the copper powder and copper
      cathodes produced by thermal and electrochemical disproportionation
      respectively of these solutions. For electrochemical disproportionation,
      the acidity was increased to 5% by volume sulphuric acid.
PAR  Variation of conditions - The following variations of reaction 1, as
      specified, were performed using 2 gms of Mt. Isa blister copper (cf. Table
      1) as feed and 100 ml of the composition. Unless stated otherwise, the
      blister copper had dissolved in less than 30 minutes to give cuprous
      solutions with similar assays as for the reaction with blister copper
      shown in Table 1. Many of the findings are relevant to other reactions and
      processes.
PAL  a. Variation of cupric salt - The cupric sulphate and sulphuric acid of
      reaction 1, were replaced with cupric nitrate and 0.1 molar nitric acid
      respectively, dissolution of copper to a colourless solution was rapid,
      copper was recovered by thermal disproportionation. If 0.5 molar nitric
      acid was used, the copper dissolved, but the solution was blue and
      contained mostly cupric nitrate due to the oxidation of cuprous nitrate.
      Nitric acid was consumed and copper could not be recovered by thermal
      disproportionation.
PAL  b. Variation of nitrile - Reactions 1 proceeded to dissolve copper using
      (a) 30% by volume 2-hydroxycyanoethane, (b) 20% propionitrile plus 16%
      ethanol by volume, (c) 30% acrylonitrile plus 30% ethanol by volume (d)
      20% acetonitrile plus 5% acrylonitrile by volume; in place of the 25% by
      volume of acetonitrile.
PAL  c. Variation of temperature - Acetonitrile was hydrolysed to acetic acid
      and ammonium acetate within 24 hours in 2 molar sulphuric acid in a sealed
      tube at 100.degree.C. 2-hydroxycyanoethane is reported to hydrolyse at a
      comparable rate. Solutions of acetonitrile, water, cuprous sulphate and 1N
      sulphuric acid, within the compositions claimed, had not lost detectable
      amounts of acetonitrile, following heating in sealed tubes at 50.degree.C
      after 2 months. The acetonitrile-water azeotrope boils between 70 and
      80.degree.C the propionitrile-ethanol-water azeotrope at 79.degree.C.
      These facts illustrate some possible upper limits to temperature, but
      within these limits a temperature which gives satisfactory solubility of
      CuSO.sub.4 and fast enough dissolution of copper, i.e. 50.degree.C, was
      preferred for reaction 1. The half life was very roughly halved for every
      10.degree.C rise in temperature for dissolution of a given material with a
      given composition.
PAC  TABLE 1
PAC  Purity of cuprous solutions, prepared by reaction 1 and of copper powder
      and of copper cathodes prepared by thermal and electrochemical
      disproportionation of the same solutions.
TBL  ______________________________________                                    
     Impur-   Feed      Cu.sup.+soln.sup.a                                     
                                 Powder .sup.b,f                               
                                          Cathode.sup.c,f                      
     ities    ppm/Cu.sup.f                                                     
                        ppm/Cu    ppm/Cu  ppm/Cu                               
     ______________________________________                                    
     Blister.sup.j                                                             
     Ni       150       150      1.5.sup.e                                     
                                          &lt;2.5                                 
     Sb       24        --       2.7.sup.e                                     
                                          --                                   
     As       330       --       7.1.sup.e                                     
                                          --                                   
     Fe       63         60      &lt;5       &lt;5                                   
     Pb       480       145      5.5.sup.e                                     
                                          16                                   
     Ag       212       1.6      &lt;5       &lt;1                                   
     Bi       8         --       0.8.sup.e                                     
                                          --                                   
     Cement.sup.d,j                                                            
     Fe       27,000    --       240.sup.e                                     
                                          --                                   
     Sn       6.000     --        75      --                                   
     Cement .sup.h,j                                                           
     Fe       1,500     1,200    &lt;5       &lt;5                                   
     Anodes.sup.j                                                              
     Bi       3         --       N.D..sup.e                                    
                                          --                                   
     Pb       50        --       0.6.sup.e                                     
                                          --                                   
     Sb       13        --       0.2.sup.e                                     
                                          --                                   
     Ag       144       --        5.sup.e --                                   
     Se       10        --       0.7.sup.e                                     
                                          --                                   
     As       152       --       0.6.sup.e                                     
                                          --                                   
     Ni       234       --       0.1.sup.e                                     
                                          --                                   
     Fe       14        --       5.5.sup.e                                     
                                          --                                   
     Co       2         --       N.D..sup.e                                    
                                          --                                   
     Blister.sup.j                                                             
     Bi       3         --       (&lt; 0.1).sup.e,i                               
                                          --                                   
     Pb       920       --       (2.1).sup.e,i                                 
                                          --                                   
     Sb       42        --       (0.1).sup.e,i                                 
                                          --                                   
     Sn       7         --       (N.D).sup.e,i                                 
                                          --                                   
     In       5         --       (N.D.).sup.e,i                                
                                          --                                   
     Ag       172       --       (17).sup.e,i                                  
                                          --                                   
     Se       319       --       (0.5).sup.e,i                                 
                                          --                                   
     As       27        --       (&lt;0.2).sup.e,i                                
                                          --                                   
     Ni       388       --       (&lt;0.1).sup.e,i                                
                                          --                                   
     Co       9         --       (N.D).sup.e,i                                 
                                          --                                   
     Fe       9         --       (2.9).sup.e,i                                 
                                          --                                   
     Mn       0.2       --       (N.D.).sup.e,i                                
                                          --                                   
     Tinned.sup.j                                                              
     Sn       3%        --       1000(150).sup.i                               
                                          --                                   
     Brass.sup.j                                                               
     Pb       3.4%      0.22%     20       550                                 
     Zn       36.1%     32.6%     50      18                                   
     Sn       1,000     --       &lt;200     &lt;200                                 
     Fe       1,890     2,000     10      &lt;5                                   
     Ag       61        5        &lt;5       &lt;5                                   
     Cd       87         90      &lt;1       &lt;3                                   
     Ni       1,320     1,300    &lt;4       &lt;4                                   
     Torco.sup.d,j                                                             
     Sb       3.8       --       0.16.sup.e                                    
                                          --                                   
     Pb       28         12      0.34.sup.e                                    
                                          --                                   
     Ni       105       180       ND.sup.e                                     
                                          --                                   
     Zn       40         40       6       --                                   
     As       4.3       --        ND.sup.e                                     
                                          --                                   
     Ag       22.5      &lt;1       &lt;1.sup.e --                                   
     Se       7.5       --        ND.sup.e                                     
                                          --                                   
     Ca       370       400      &lt;6       --                                   
     Mg       6,400     560       36      --                                   
     Fe       10,000    3,250    11.5.sup.e                                    
                                          --                                   
     Bi       4.66      --       0.69.sup.e                                    
                                          --                                   
     Te       1.04.sup.e                                                       
                        --        ND      --                                   
     Dross.sup.j                                                               
     Pb       61%        5.5%     16      --                                   
     Zn       18,000     2.7%    &lt;4       --                                   
     Fe       1,020     1,250    &lt;2.5     --                                   
     Ag       456       3         15      --                                   
     As       4,600     --       920.sup.e                                     
                                          --                                   
     Ni       490       680      &lt;2.5     --                                   
     As Sludge.sup.j                                                           
     As       35%        4%      400      &lt;200                                 
     Bi       3,300      44      &lt;18      &lt;18                                  
     Sb       11,000    390      200       100                                 
     ______________________________________                                    
      .sup.a Prepared by the method of reaction 1 using the general procedure  
      specified. Impurities as parts per million of copper present.            
      .sup.b By thermal disproportionation of solution (footnote .sup.a) using 
      the general procedure specified.                                         
      .sup.c By electrochemical disproportionation of solution of footnote     
      .sup.a, using the material containing copper to reduce the anolyte and th
      general procedure specified.                                             
      .sup.d This sample was supplied by Copper Refineries Pty. Ltd. and was   
      heavily oxidised, so that more sulphuric acid than specified in the      
      general example was added to maintain an acidity of about 1 normal.      
      .sup.e As measured by mass spectrometry, N.D. denotes not detectable.    
      .sup.f Analysis by atomic absorption following dissolution in nitric acid
      .sup.g 5% by volume H.sub.2 SO.sub.4 was added, prior to thermal         
      disproportionation.                                                      
      .sup.h From cementation of a commercial cupric sulphate with iron.       
      .sup.i Value in parenthesis is that for two cycles of powder refining.   
      .sup.j Feeds in order of presentation were, blisters- molten blister     
      copper assaying 95% copper was atomised with steam and supplied by Copper
      Refineries Pty. Ltd. of Townsville; cement - This was 85% copper from Mt.
      Canindah supplied by Copper Refineries Pty. Ltd; cement - reference h;   
      Anodes - Molten copper, used to prepare anodes at Copper Refineries Pty. 
      Ltd. was atomised with steam; Blister - Shavings from blister copper     
      supplied by Mt. Morgan to the Geology Department of the ANU; Tinned -    
      Copper was contaminated with 3% tin by weight; Brass - A commercial      
      sample, 65% in copper was divided into shavings; Torco - This was powdere
      copper assaying 75% copper, from Nchanga Consolidated Copper Mines       
      supplied by Copper Refineries Pty. Ltd; Dross - This was powdered dross o
      copper silver and lead, assaying 61% lead and derived from the Imperial  
      Smelter. It was supplied by CRA Ltd; As Sludge - This was a copper-arseni
      sludge assaying 35% copper and 35% arsenic from a copper refining process
      and supplied by Copper Refineries Pty. Ltd.                              
PAL  d. Variation of Acid Concentration and Proportions of cupric sulphate and
      copper. - The solubility and in part the chemistry of materials
      accompanying the copper (e.g. iron, antimony, tin, arsenic) as well as the
      solubility of cuprous and cupric sulphate in water-nitrile mixtures, were
      found to depend on the acidity. Thus CuHSO.sub.4 and Cu(HSO.sub.4).sub.2
      are more soluble than the sulphates, so higher proportions of copper in
      solution are possible at higher acidity. Copper arsenates precipitate and
      ferric, antimony and bismuth salts tend to hydrolyse and precipitate from
      the cuprous solutions if the acidity decreases, as it does in the presence
      of air. Basic cuprous salts also precipitate at pH 6-7 but redissolve as
      acid is added. Sulphate ion is a relatively strong base in solutions
      containing high proportions of nitrile. Oxygen is converted to base as it
      oxidises cuprous ion and thus decreases the acidity. Some details of
      oxidation are given in Table 2. The oxidising power of &gt;0.2N nitric acid
      towards copper has already been noted. Heavily oxidised copper (e.g.
      cement copper) consumed a considerable amount of acid, so that about 5% by
      volume was preferred with adjustments as reaction proceeded.
PAC  TABLE 2
PAC  Oxidation of Stirred Cuprous Sulphate Solutions in Acidified
      Acetonitrile-water mixtures at 25.degree.C under an oxygen atmosphere at a
      pressure of 1 atm. Effect of Nitrile and Acid Concentration.
TBL  ______________________________________                                    
     [Cu.sup.+]                                                                
             [CH.sub.3 CN]                                                     
                       [H.sub.2 SO.sub.4 ]                                     
                                  Time (min) for 30% of                        
     % wt    % vol     % vol      Theoretical O.sub.2 uptake                   
     ______________________________________                                    
     1.5     10        5           95                                          
     1.5     30        5          300                                          
     1.5     50        5          340                                          
     1.5     30        10         375                                          
     1.5     30        2.5        330                                          
     ______________________________________                                    
      .sup.a) Based on the expected reaction 4Cu.sup.+ + O.sub.2 + 4H.sup.+    
      .fwdarw. 4 Cu.sup.2.sup.+ + 2H.sub.2 O.                                  
PAR  The control of acidity depends on the impurities and the presence of
      oxygen, but for relatively pure (&gt;99%) copper about 1-2 normal sulphuric
      acid was preferred for reaction 1, with control of this acidity to within
      10% of these values during the life of the solution. The behaviour of most
      salts in solutions of various acidities containing organic nitriles and
      more than 50% water, can be more or less predicted from their behaviour in
      aqueous solution, except that most salts, except those of Cu.sup.+,
      Ag.sup.+ and Au.sup.+, are less soluble than in water containing no
      organic nitrile. Some solubilities are in Table 3
PAC  TABLE 3
PAC  Solubilities of salts in acidified [2% v/v H.sub.2 SO.sub.4 ]
      acetonitrile-water mixtures at 25.degree.C.
TBL  ______________________________________                                    
                      % CH.sub.3 CN                                            
                                 Solubility (MX)                               
     Hydrated Salt (MX.nH.sub.2 O)                                             
                      v/v        (g/l)                                         
     ______________________________________                                    
     NiSO.sub.4.7H.sub.2 O                                                     
                      16.6          231                                        
     Co SO.sub.4.7H.sub.2 O                                                    
                      16.8          149                                        
     Fe SO.sub.4.7H.sub.2 O                                                    
                      25            89.5                                       
     Fe.sub.2 (SO.sub.4).9H.sub.2 O                                            
                      10.8          325                                        
     Cd SO.sub.4.8H.sub.2 O                                                    
                      15            492                                        
     Ni(NO.sub.3).sub.2.6H.sub.2 O                                             
                      25            713                                        
     Cu (NO.sub.3).sub.2.3H.sub.2 O                                            
                      25            360                                        
     CuSO.sub.4.5H.sub.2 O                                                     
                      25             38                                        
     Cu.sub.2 SO.sub.4                                                         
                      25             90.sup.a                                  
     Ag.sub.2 SO.sub.4                                                         
                      25             60                                        
     ______________________________________                                    
      .sup.a Cu.sub.2 SO.sub.4 disproportionates if more than this is present i
      25% acetonitrile.                                                        
PAR  The solubility of cupric sulphate ranges between about 10% and 0.3%
      Cu.sup.2.sup.+ by weight for aqueous solutions containing 0.2-10%
      sulphuric acid by volume and 0-50% acetonitrile by volume at 50.degree.C.
      The solubility at 25.degree.C was about half that at 50.degree.C. The
      amount of cuprous sulphate which can exist in aqueous solutions containing
      sulphuric acid and acetonitrile varies with the proportion of acetonitrile
      in solution, at least 2.5 moles of acetonitrile per mole of cuprous ion is
      needed. Slightly less cuprous solution can exist without
      disproportionation at lower acid strengths, e.g. 0.2% by volume.
PAR  Concentrations of up to 17% Cu.sup.+ by weight as CuHSO.sub.4 were produced
      in acidified water containing 50-60% acetonitrile by volume at
      50.degree.C. The quantity of cupric sulphate required to produce this
      concentration via reaction (1) is greater than the solubility of
      CuSO.sub.4 in these compositions, but suspensions of CuSO.sub.4.5H.sub.2 O
      were sometimes used for reaction 1. As noted, sulphate ion in such
      compositions is a fairly strong base, and so reduces the acid strength
      effectively. If the subsequent application was thermal disproportionation,
      the cupric sulphate often precipitated at undesirable stages of the
      process. Thus lower amounts of CuSO.sub.4 and CuHSO.sub.4 were preferred
      in such cases. The greater solubility of cupric nitrate was an advantage
      when solubility problems arose.
PAL  e. Variation of Nitrile Proportion. - The following results provide useful
      information. Significant proportions of cuprous sulphate were produced in
      acidified aqueous solutions containing as low as 3% acetonitrile by
      volume. Solutions of CuHSO.sub.4 containing up to 17% cuprous ion by
      weight were produced in acidified water containing 60% acetonitrile by
      volume at 50.degree.C. Acetonitrile was not miscible in all proportions
      with water containing a high concentration of electrolytes, particularly
      ferrous, nickel, cupric and cobalt sulphates. If two layers formed, more
      water was added or less salt was used. The rate of oxidation of cuprous
      solutions depended to some extent on the proportion of nitrile (cf. Table
      2). Thus oxidation was slower in 30% acetonitrile by volume than in 10%
      acetonitrile-water, for a solution 1.5% by weight in Cu.sup.+. However if
      the subsequent use of the solution is thermal disproportionation,
      unnecessary energy was consumed in distilling excess nitrile, and if
      electrochemical disproportionation, voltages were higher with increasing
      nitrile. Also losses of expensive nitrile are increased if this solution
      contains high proportions of nitrile, so a balance had to be achieved and
      15-30% by volume organic nitrile was commonly used.
PAL  f. Behaviour of impurities. - Representative examples of most materials
      which are only slightly soluble in water acidified with sulphuric acid,
      have been found to be also only slightly soluble in acidified
      water-orangic nitrile mixtures containing cupric salts. Thus gold,
      antimony, mercury, lead, carbonaceous material (e.g. wood and coal), sand,
      bauxite, sulphur, lead sulphate, silver chloride, metastannic acid and
      paraffin were found not to dissolve significantly in the compositions
      specified for reaction 1. Thus copper can be leached from such materials
      by reaction 1 as confirmed in part by the results in Table 1. The other
      materials were left as residues.
PAR  Representatives of many water soluble salts, oxidisable metals and many
      basic species were found to dissolve in the compositions. Thus iron, tin,
      nickel, cadmium and zinc, sodium chloride and limestone or oxides of
      copper, nickel and iron dissolved to some extent in the acidic
      compositions. In most cases such dissolved species remained in solution
      during subsequent disproportionation, of the cuprous solution to recover
      copper, provided that the pH was held more or less constant. Control of pH
      to relatively low values (&lt;2) was especially important when arsenic, iron,
      bismuth or antimony salts were present. Some problems which arose are
      indicated.
PAR  Soluble salts whose anions form insoluble cuprous salts, such as sodium
      halides and cyanide, were leached from the copper, preferably with hot
      water, before reaction 1, for optimum recovery of copper.
PAR  Silver was found to dissolve in compositions of high nitrile content in the
      presence of excess cupric salt and precipitate as the nitrile content was
      lowered, e.g. by thermal disproportionation, so silver was cemented from
      solutions containing silver and cuprous sulphate with copper, prior to
      disproportionation. Silver contamination was greater in solutions of
      higher acidity.
PAR  Solutions of relatively high acidity were used to leach copper from
      materials containing large proportions of iron, oxygen, carbonate,
      bismuth, arsenic, or antimony and the acidity was kept high throughout
      processing, if large amounts of iron, arsenic or antimony were present.
PAR  If large quantities of foreign salts were present, (e.g. CoSO.sub.4,
      NiSO.sub.4, FeSO.sub.4) the nitrile-water mixtures sometimes separated
      into two layers. In such cases the materials were pretreated with
      acidified water to remove such salts, or a greater volume of a composition
      containing more water was used.
PAR  Tin dissolved according to reaction 8, when tin was present in the material
      containing copper. The resulting stannous sulphate solution presumably was
      oxidised to stannic salts, during thermal disproportionation of the
      cuprous salt, and insoluble tin salts, presumably metastannic acid,
      contaminated the copper produced by thermal disproportionation.
PAR  This problem was partly solved by performing reaction 1 a second time, when
      the copper was leached from a white solid, presumably the now insoluble
      tin salts, to give purer cuprous sulphate solutions. Boiling with excess
      cupric sulphate converted soluble stannous to insoluble stannic salts
      which precipitated before disproportionation and were filtered off.
PAL  g. Effect of particle size and solid-liquid density. - Reaction 1 was &gt;90%
      completed in less than 20 minutes at 50.degree.C when material, containing
      high proportions of copper, of minus 60 mesh, and present at about 4% by
      weight of the reaction mixture, were well agitated with the compositions
      specified for reaction 1.
PAR  The rate of dissolution slowed markedly as the particle size increased and
      particles +16 mesh usually took more than 1 hour to dissolve. Extremely
      fine material, (e.g. -250 mesh), was difficult to handle and filter and
      also was heavily oxidised, so that material -30 to +100 mesh was preferred
      for reaction 1.
PAL  Example. - 20 gm of copper concentrate (analysing 75% copper) prepared by
      the TORCO process from Nchanga Consolidated Copper Mines and supplied by
      Copper Refineries Pty. Ltd., was -60 mesh and was stirred with 60 gm of
      CuSO.sub.4.5H.sub.2 O in 100 ml of acetonitrile, 250 ml of water and 10 ml
      of sulphuric acid at 50.degree.C for 1 hour under nitrogen. The solution
      was filtered and distilled slowly under nitrogen to give 11.4 gms of
      copper. The residue was 5.6 gms containing 0.39 gms of copper. Thus the
      extraction was 97.4% of the available copper. A partial analysis of the
      original TORCO copper, the extracted solution and the copper powder
      produced by thermal disproportionation is in Table 1. The increased
      residue may be due to sulphates formed during the leach.
PAL  Reaction 2. - Reaction 1 was repeated with 5 gm of -30 + 100 mesh copper
      powder using 100 ml of solution containing 1 gm per liter of cupric ion
      (i.e. less than stoichiometric) at 25.degree.C with good stirring under a
      slight positive pressure of oxygen, with 5% sulphuric acid by volume but
      otherwise as described for general reaction 1. Two gm of copper dissolved
      in 100 ml of solution over a period of ninety minutes to give a very pale
      blue solution of cuprous sulphate. The rate of reaction of oxygen with
      cuprous ion was slow (cf. Table 2) so that it was possible to maintain a
      very pale blue reaction mixture.
      ##EQU5##
      Examples (a) Leaching of Cuprous Sulphide. - One gram of finely divided
      (-100 mesh) cuprous sulphide and materials containing cuprous and sulphide
      ions were stirred for about 8 hours by gentle reflux at about
      70.degree.-75.degree.C under nitrogen with more than a twofold excess of
      cupric sulphate, (i.e. 3% Cu.sup.2.sup.+ by weight) in 50 ml of 50% by
      volume acetonitrile, 5% sulphuric acid by volume and 45% water. The
      solution was separated from solids including some sulphur, and was stored
      in a sealed vessel. The reaction proceeded readily with all materials
      tested, other than chalcopyrite, as shown in Table 4. Complete separation
      of fine sulphur was difficult to achieve and traces reacted with copper in
      subsequent disproportionations. The conditions specified are too vigorous
      for reaction 3 alone and as seen in Table 4, reaction 5 also took place,
      so that the reaction can be regarded as Cu.sub.2 S + 2Cu.sup.2.sup.+
      .revreaction. 4Cu.sup.+ + S.
PAC  TABLE 4
PAC  Leaching of cuprous ions from cuprous and sulphide ions.
PAC  Reaction 3 and 5, over 8 hours at 70.degree.-75.degree.C.
TBL  ______________________________________                                    
                          % Cu        % Cu                                     
                          extracted.sup.c,d                                    
                                      extracted                                
     Material.sup.a                                                            
                  % Cu.sup.b                                                   
                          Reaction 3  Reaction 4.sup.c,d                       
     ______________________________________                                    
     1  Cu.sub.2 S                                                             
                  80      120-160     190                                      
     2  Bornite   30      140-150     --                                       
     3  Cu Matte  38      130-160     190                                      
     4  Digenite  60      100-140     --                                       
     5  Djurleite 80      120-140     190                                      
     6  Chalcopyrite                                                           
                  30      30-45        74                                      
     ______________________________________                                    
      .sup.a Samples were minus 100 mesh provided by the Geology Department,   
      Australian National University.                                          
      .sup.b Analysed by leaching with aqua regia, % Cu in material.           
      .sup.c Percentage of copper extracted, based on percentage available from
      reaction (3) or (4) i.e. 50% of total copper.                            
      .sup.d Percentages are higher than 100% in cases where reaction 5 follows
      reaction 3 (vide infra) and figures represent equilibrium values. Reactio
      3 was complete in less than 8 hours with most materials (vide infra) and 
      was fast with pure cuprous sulphate (see Table 5). Range of values       
      represents results from three experiments with different stirring. These 
      results were obtained before we realised that reaction 3 plus 5 was an   
      equilibrium, less vigorous conditions are satisfactory.                  
PAL  b. Leaching of copper matte. - A sample of 2 gm of copper matte, supplied
      by the Mt. Lyell Company, assaying 38% copper was ground to -100 mesh and
      was refluxed for 1 hour with 4.0 gm of CuSO.sub.4.5H.sub.2 O, 5 ml of
      sulphuric acid, 50 ml of acetonitrile and 50 ml of water under nitrogen.
      The copper content of the solution had increased by 0.44 grams. Thermal
      disproportionation gave 0.22 grams of copper powder, which is slightly
      more than 100% recovery based on reaction 3, i.e. reaction 5 is also
      operative.
PAR  50 gm of copper matte supplied by Mt. Isa Mines Pty. Ltd., containing 24 gm
      of copper values was ground to minus 100 mesh and vigorously stirred for 1
      hour at 50.degree.C under a nitrogen atmosphere in a sealed reaction
      vessel with a composition of 160 gm of CuSO.sub.4.5H.sub.2 O, 1 liter of
      acetonitrile, 800 ml of water and 200 ml of sulphuric acid.
PAR  Thirty-four gm of a black solid containing 10.6 gm of copper and 2.1 gm of
      elemental sulphur remained. The liquor was filtered off and thermally
      disproportionated to give 5.2 gms of copper powder, contaminated with a
      little cuprous sulphide. Thus 13.4 gms of copper was leached,
      corresponding to a little more than a quantitative reaction 3. The residue
      was leached a second time with a fresh cupric sulphate solution to leach a
      further 12% of the available copper.
PAL  c. Effect of Variables. - Reaction 3 was performed over 1 hour with 1 gm
      sample of -60 mesh cuprous sulphide under an inert atmosphere.
PAR  The proportions of acid, cupric sulphate and acetonitrile were varied, as
      was the temperature. Higher yields of copper were extracted than is
      expected from reaction 3 because of reaction 5. Results are in Table 5.
      The equilibrium constant for both reactions increased as the nitrile
      proportion increased.
TBL  ______________________________________                                    
                        H.sup.+                                                
     Reaction 3                                                                
             Cu.sup.2.sup.+ + Cu.sub.2 S                                       
                        .revreaction.                                          
                               2Cu.sup.+ + CuS                                 
             plus                                                              
                        H.sup.+                                                
     Reaction 5                                                                
             CuS + Cu.sup.2.sup.+                                              
                        .revreaction.                                          
                               2Cu.sup.+ + S i.e. Cu.sub.2 S + 2Cu.sup.2.sup.+ 
                               .revreaction.                                   
                4Cu.sup.+ + S                                                  
     ______________________________________                                    
EQU  Reaction 4. - 2Cu.sub.2 S + 2H.sup.+ + 1/20.sub.2 Cu.sup.2.sup.+ 2 Cu.sup.+
      + H.sub.2 O + 2CuS
PAR  This reaction was performed exactly as described for reaction 3, example
      (a), except that cupric sulphate assaying 1% Cu.sup.2.sup.+ by weight was
      used and reaction proceeded with stirring under a positive pressure of
      oxygen. The acid concentration dropped and the solutions were a pale blue.
      Results are shown in Tables 4 and 5. The reaction provided a more
      efficient leach than reaction 3, we think because cuprous ions are removed
      by oxidation to cupric ions, allowing equilibrium to proceed further to
      the right.
PAL  Example (Reaction 4 and 6). - Twenty-five gms of minus 60 mesh cuprous
      sulphide was stirred with 19.6 gms of CuSO.sub.4.5H.sub.2 O in 600 ml of
      acetonitrile, 120 ml of sulphuric acid, and 480 mls of water under oxygen
      at 1 atmosphere and 50.degree.C. The experiment was repeated with 20.0 gms
      of copper matte containing 11.9 gms of copper of minus 60 mesh. The
      solutions were sampled at different times with the results shown in Table
      5.
PAC  TABLE 5
PAC  Reaction 4 and 6 of cupric sulphate with cuprous sulphide and copper matte
      under oxygen at 1 atmosphere at 50.degree.C.
TBL  ______________________________________                                    
                                  % Cu extracted                               
     time    % Cu extracted from Cu.sub.2 S                                    
                                  from matte                                   
     mins    Reaction 4.sup.a     Reaction 4.sup.a,b                           
     ______________________________________                                    
     zero    84%                   77%                                         
      25     116                   86                                          
      60     148                   94                                          
      180    174                  106                                          
      300     178.sup.c           110                                          
     ______________________________________                                    
      .sup.a A value of 100% corresponds to quantitative reaction 4, a value of
      200% corresponds to quantitative reaction 4 plus 6, i.e. complete leachin
      of all the available copper.                                             
      .sup.b For the purpose of the calculation it is assumed that the copper i
      the copper matte is all present as cuprous sulphide, but this was not    
      established.                                                             
      .sup.c The residue contained 3.4 gms of sulphur and 0.8 gms of sulphur   
      were in solution, i.e. 84% of the available sulphur.                     
      .sup.d Matte supplied by Mt. Isa Mines Pty. Ltd.                         
PAR  In summary: (i) Reaction 3 proceeded readily to its equilibrium value at
      25.degree.C provided sufficient acid was present. A temperature of
      50.degree. was preferred because usually the slower reaction 5 was also
      desired. (ii) Both acid and cupric sulphate were necessary for optimum
      reaction and about 5% by weight of cupric sulphate, plus about 5% by
      volume sulphuric acid was preferred. (iii) The extraction was more
      efficient (i.e. equilibrium was further to the right) in a given time, the
      greater the proportion of acetonitrile and about 40% by volume was
      preferred. (iv) A solid-liquid ratio of 2% solids was quite satisfactory.
TBL  ______________________________________                                    
                             H.sup.+                                           
     Reaction 5.   CuS + Cu.sup.2.sup.+                                        
                             .revreaction.                                     
                                    2Cu.sup.++ S                               
     ______________________________________                                    
PAR  This reaction was slower than the reaction (3) of cupric sulphate with
      cuprous sulphide and equilibrium does not lie completely to the right in
      most compositions. Sulphur was shown to react with cuprous ion in certain
      compositions to precipitate black(CuS?) and give a blue solution.
PAR  Some hydrolysis and polymerisation of the acetonitrile occur at high
      acidities and temperatures, as shown by the odour of acetic acid, so that
      this was balanced against the kinetics of the leaching process. There was
      a detectable reaction at 25.degree.C, but most reactions were performed at
      60.degree.-70.degree.C. In some cases, with high proportions of cupric
      sulphate the nitrile and water separated into two layers. More water was
      added, or less cupric sulphate was used, with subsequent addition as
      reaction proceeded. The effect of some variables, temperature, acidity,
      nitrile proportion, and concentration of cupric sulphate is shown in Table
      7 and have also been indicated by data in Tables 4 and 6. In the
      experiment, 1.0 gms of -100 mesh cupric sulphide was refluxed at
      70.degree.-78.degree.C, with the compositions shown, in a leaching vessel
      under a nitrogen atmosphere for 1 hour, unless stated otherwise. The
      solution was filtered, then thermally disproportionated to give the yields
      of copper shown. It was desirable to have an excess of sulphuric acid over
      cupric sulphate because of the basicity of sulphate ion in the high
      nitrile compositions.
PAC  TABLE 6
PAC  Leaching of copper from cuprous sulphide by reaction 3 and 5.sup.a.
TBL  ______________________________________                                    
     [CuSO.sub.4.5H.sub.2 O]                                                   
               [MeCN]   [H.sub.2 O]                                            
                                 [H.sub.2 SO.sub.4 ]                           
                                         % Cu                                  
     gm        ml       ml       ml      extracted.sup.c                       
     ______________________________________                                    
     5.00      25       25       0.05    55                                    
     5.00      25       25       1.0     95                                    
     5.00      25       25       2.5     125                                   
     5.00      25       25       5.0     145                                   
      5.00.sup.b                                                               
               30       20       2.5     110.sup.b                             
     5.00      30       20       2.5     160                                   
     5.00      20       30       2.5     95                                    
     5.00      10       40       2.5     45                                    
     1.00      10       40       0.25    25                                    
     --        25       25       5.0     70                                    
     --        25       25       2.5     65                                    
     1.00      --       50       0.25     9                                    
     --        --       50       0.25    15                                    
     ______________________________________                                    
      .sup.a) Reactions are under reflux at 70-75.degree.C, unless stated      
      otherwise, for one hour and thus virtually oxygen free.                  
      .sup.b) Reaction performed for one hour at 25.degree.C under nitrogen.   
      .sup.c) Based on that expected from reaction 3, values greater than 100% 
      are due to reaction 5.                                                   
PAR  It was important to remove sulphur from the cuprous solution prepared by
      reaction 5 before thermal disproportionation, because sulphur reacted with
      copper powder to give a black solid under the conditions of
      disproportionation.
PAC  TABLE 7
PAC  Leaching of Copper Values from 1.0 gm Cupric Sulphide.sup.d,k.
TBL  __________________________________________________________________________
     (CH.sub.3 CN)                                                             
           (H.sub.2 O)                                                         
                (H.sub.2 SO.sub.4)                                             
                      (CuSO.sub.4.5H.sub.2 O)                                  
                              % Cu % Cu                                        
     ml    ml   ml    gm      leached.sup.c                                    
                                   precipitated.sup.e                          
     __________________________________________________________________________
     Under nitrogen at 1 atmosphere.                                           
      20.sup.i                                                                 
           75   5     5.0     40.sup.i                                         
                                   --                                          
     30    65   5     3.3     53.sup.j                                         
                                   10                                          
      40.sup.i                                                                 
           55   5     5.0     89.sup.i                                         
                                   --                                          
     50    45   5     3.3     67   40                                          
      50.sup.i                                                                 
           45   5     5.0     95.sup.i                                         
                                   --                                          
     70    25   5     3.3     77.sup.j                                         
                                   60                                          
     70    25   5     5.0     70.sup.j                                         
                                   --                                          
     70    25   5     5.0     85.sup.j                                         
                                   --                                          
      70.sup.a                                                                 
           25   5     3.3     37.sup.a                                         
                                    40.sup.a                                   
     70    25   --    3.3     43   10                                          
     70    25   1     3.3     90   50                                          
     70    25   3     3.3     --   60                                          
     70    25   5     5.0     85   --                                          
     70    25   5     --      --   10                                          
     50    45   5     5.0     63   --                                          
     50    45   5     3.3     67   --                                          
      50.sup.b                                                                 
           45   5     3.3     95   --                                          
      50.sup.b                                                                 
           45   5     5.0     82   --                                          
       50.sup.b                                                                
           45   5     1.0     51   --                                          
       50.sup.a,i                                                              
           45   5     5.0     71.sup.a,i                                       
                                   --                                          
     Oxygen under pressure.sup.f.                                              
     50    45   5     5.0     92                                               
     .sup.h                                                                    
     25    70   5     5.0     45                                               
     .sup.h                                                                    
      0    95   5     5.0     31                                               
     .sup.h                                                                    
     __________________________________________________________________________
      Footnotes:                                                               
      .sup.a At 25.degree.C.                                                   
      .sup.b At 50.degree.C.                                                   
      .sup.c Increased copper (as Cu.sup.2.sup.+ or Cu.sup.+) following the    
      leach, as measured by atomic absorption expressed as a percentage of the 
      0.63 gms expected for complete leach of 95% pure CuS.                    
      .sup.d Samples were minus 100 mesh and were stirred under reflux (about  
      70.degree.C) for one hour unless stated otherwise.                       
      .sup.e Percentage of copper recovered from the leach solution after      
      filtering and evaporating off the acetonitrile (thermal                  
      disproportionation), based on 0.63 gms of copper being available from    
      Cu.sup.2.sup.+ + CuS .fwdarw. 2Cu.sup.+ + S .fwdarw. Cu + Cu.sup.2.sup.+ 
      S. If values are not shown, disproportion was not attempted.             
      .sup.f Samples stirred in a bomb under an oxygen pressure of 100 p.s.i. a
      70.degree.C.                                                             
      .sup.g Substantial quantities of sulphur were formed in these reactions. 
      .sup.h Oxygen converts cuprous to cupric ions.                           
      .sup.i Sample was 0.5 gm of freshly precipitated CuS, refluxed for 30    
      minutes with the composition shown.                                      
      .sup.j Under slight positive pressure of oxygen.                         
      .sup.k Note that these results were obtained before it was appreciated   
      that reaction 5 was an equilibrium, so that extraction has not been      
      optimized, nor was cuprous sulphate removed and replaced by cupric       
      sulphate.                                                                
PAR  In summary: (i) Reaction 5 proceeded readily at 50.degree.C, until the
      cuprous concentration was about 3% by weight, in about 50%
      acetonitrile-water, containing excess cupric sulphate and more moles of
      sulphuric acid than cupric sulphate. (ii) Both acid and cupric sulphate
      are necessary for efficient reaction. (iii) The efficiency of extraction
      increased (i.e. the equilibrium lay further to the right) with an
      increased proportion of acetonitrile. (iv) Care had to be taken to ensure
      homogenous solutions in compositions high in acetonitrile and cupric
      sulphate. (v) The reverse reaction 5 prevented a quantitative leach in
      reactions producing high proportions of cuprous ion and sulphur.
PAL  Example. - (Reaction 5). Twenty-five gm of minus 60 mesh freshly prepared
      cupric sulphide was stirred in a reaction vessel under reflux for one hour
      with a composition of 110 gm of CuSO.sub.4.5H.sub.2 O, 1100 ml of
      acetonitrile, 1000 ml of water, and 110 ml of sulphuric acid. The blue
      colour rapidly decreased in intensity and coagulated sulphur was observed.
PAR  The solution was filtered to leave 5 gm of a grey material, containing 0.15
      gm of copper, soluble in carbon disulphide and which gave yellow sulphur
      on evaporation of the carbon disulphide. The filtrate contained 44 gms of
      copper, corresponding to a quantitative reaction 5.
PAR  It was thermally disproportionated to give 9 gms of copper powder,
      contaminated with a little cuprous sulphide.
PAL  Reaction 6. - Reaction 5 was repeated using the conditions for Table 7 but
      under an atmosphere of oxygen. This had the effect of oxidising the
      cuprous to cupric ions and consuming some acid (cf. Table 2). It prevented
      the back reaction 5. Sulphur was produced by this procedure. Some results
      are included in Table 7 under footnote j.
PAR  The reaction 6 was also carried out in a bomb with a pressure of 100
      p.s.i.g. oxygen. Deep blue solutions of cupric sulphate rather than
      colourless cuprous sulphate were produced, due to oxidation of the cuprous
      ion produced by reaction 6. Results are also in Table 7. Some reactions 6,
       following reaction 4, are illustrated in Table 5.
PAL  Reaction of sulphur with cuprous ion and demonstration that 5 is an
      equilibrium. - (a) A solution of cuprous sulphate, assaying 40 gms/liter
      cuprous ion in 45 ml of water, 50 ml of acetonitrile and 5 ml of sulphuric
      acid was refluxed with 1 gm of sulphur. A black precipitate and a deep
      blue solution was formed within 5 minutes, presumably because of the
      reactions:
EQU  4Cu.sup.+ + S .revreaction. Cu.sup.2.sup.+ + 2Cu.sup.+ + CuS .revreaction.
      Cu.sub.2 S + 2Cu.sup.2.sup.+
PAL  b. The above solution of cuprous sulphate, assaying 40 gms/liter cuprous
      ion, was refluxed for one hour with 1.7 gm of minus 100 mesh cupric
      sulphide, 5 gms of CuSO.sub.4.5H.sub.2 O and 3 ml of sulphuric acid. Only
      0.5 gms of copper were extracted. An identical experiment, without cuprous
      sulphate, but the same proportions of water, acetonitrile, sulphuric acid,
      and cupric sulphate, leached all the copper from 1.7 gms of cupric
      sulphide.
PAL  c. Sulphur dissolved in refluxing 50% acetonitrile, 45% water, 5% sulphuric
      acid to the extent of about 0.05 gms/100 ml.
PAL  Method of Leaching chalcopyrite concentrates. - Fifty gm of a chalcopyrite
      concentrate containing 26% copper by weight and supplied by Mt. Isa Mines
      Pty. Ltd. of Queensland was heated in a sealed vessel with 6 gms of
      powdered sulphur at 480.degree.C for 5 hours. The product was ground to
      minus 60 mesh and analysed for iron and copper. 0.5 gm of this material
      was refluxed with 50 ml of a solution containing 2.5 gm of cupric
      sulphate, 5% sulphuric acid by volume, 50% acetonitrile by volume and 45%
      water by volume, for 2 hours. Analysis of the residue showed that 90% of
      the copper content and less than 10% of the iron had been extracted.
PAR  As shown already, (Table 4) chalcopyrite was not significantly leached of
      its copper under these conditions and it is thought that heating with
      sulphur converts the chalcopyrite to cupric sulphide and pyrite, to give a
      mixture more readily leached of its copper by reaction 5.
EQU  Reaction 7. - 3SO.sub.2 + 4H.sub.2 O + 2Cu.sup.2.sup.+ .revreaction.
      2Cu.sup.+ + H.sub.2 SO.sub.4 + 2H.sub.2 SO.sub.3 + 2H.sup.+.
PAR  This reaction did not proceed satisfactorily in acidic solutions containing
      acetonitrile and water saturated with sulphur dioxide at normal
      temperature and pressure. The reaction gave higher yields of cuprous ion
      in acidified solutions (about 1N H.sub.2 SO.sub.4) under pressure of 4-8
      atmospheres at 50.degree.-100.degree.C, but even then did not proceed to
      completion. A complication is that cuprous sulphite was only slightly
      soluble in the solutions, whereas the bisulphite, CuHSO.sub.3, was much
      more soluble. Thus it was important to control the pH during reduction and
      this was done very effectively by adding a salt of a weak acid, e.g.
      ammonium acetate or calcium carbonate. We used some salts, which play a
      dual role as a source of reducing agent and buffer, e.g. sodium
      bisulphite, or sodium metabisulphite, or acidified sodium sulphite and
      obtained quantitative reductions of cupric salt to cuprous bisulphite in
      water-organic nitrile mixtures. Salts of the cupric ammonium ion were
      reduced to solutions of cuprous bisulphite with excess SO.sub.2 in the
      presence of at least 2.5 moles of nitrile per mole of potentially
      reducible cupric ion.
PAR  The following examples illustrate the reactions. Examples of thermal
      disproportionation of the resulting cuprous solutions are included.
PAR  Examples (a) - (c) and (h) illustrate preferred methods.
PAL  a. Ten g. of CuSO.sub.4 .5H.sub.2 O was stirred for 20 minutes with 30 ml
      of acetonitrile, and 70 ml of water saturated with SO.sub.2 containing 5
      g. of ammonium acetate in a sealed reaction vessel. A pale green solution
      was formed. This was filtered to give a green cuprous salt solution which
      was analysed by thermally disproportionating it to give a copper
      precipitate, containing some Cu.sub.2 SO.sub.3. This was filtered off and
      the solid was washed with 10 ml of 1N sulphuric acid. A blue solution was
      formed and 1.20 gm of copper was deposited, i.e. a quantitative yield,
      based on cuprous disproportionation.
PAL  b. The reaction was repeated, but adding 5 gm of calcium carbonate in place
      of the ammonium acetate in an open vessel. Carbon dioxide was evolved and
      a precipitate, thought to be CaSO.sub.4, was formed. The solution of
      cuprous salts was filtered off and the precipitate was washed with 30%
      acetonitrile-water, the two solutions were combined and thermally
      disproportionated to give 1 gm of copper, after washing the precipitated
      copper with 1N sulphuric acid.
PAL  c. Five gm of CuSO.sub.4.5H.sub.2 O was reduced by stirring it for 20
      minutes in 15 ml of acetonitrile, plus 35 ml of water, saturated with
      sodium metabisulphite in a sealed vessel. A pale green solution of cuprous
      salts was formed. This was acidified with 2 ml of sulphuric acid and
      thermally disproportionated. The residue was washed with 1N sulphuric acid
      to give 0.5 gm of metallic copper (80% yield).
PAL  d. Ten gm of CuSO.sub.4.5H.sub.2 O was reduced by shaking it for 2 hours
      with 15 ml of acetonitrile and 50 ml of water saturated with SO.sub.2 at
      atmospheric pressure. As the CuSO.sub.4 reacted and dissolved, more
      SO.sub.2 was bubbled into the solution. The solution was thermally
      disproportionated and the solid washed with sulphuric acid to give 0.55
      gms of copper (&lt;40% yield).
PAL  e. Experiment (d) was repeated in the presence of 10% v/v H.sub.2 SO.sub.4.
      The yield dropped to 0.05-0.1 gms. (4-8%).
PAL  f. Experiment (d) was repeated with SO.sub.2 saturated at 6 atmospheres and
      at 100.degree.C (by saturating the solution at room temperature, sealing
      and heating to 100.degree.C). The yield of copper had increased to 1.0
      gms. (80%).
PAL  g. Experiment (f) was repeated in the presence of 10% v/v H.sub.2 SO.sub.4.
      The yield of copper decreased to 20%.
PAL  h. A solution of cupric sulphate in 100 ml of water was treated with
      ammonia to give a deep blue solution. Fifty ml of acetonitrile was added
      and the solution was saturated with SO.sub.2. As more SO.sub.2 was added
      the solution changed from blue to green to yellow and the pH decreased.
      The yellow solution was thermally disproportionated to give some copper
      powder.
EQU  Reaction 8. - M + 2Cu.sup.2.sup.+ .fwdarw. M.sup.2.sup.+ + 2Cu.sup.+ (M =
      Fe, Ni, Cd, Co, Zn, Sn).
PAR  Examples of reaction 8 and thermal disproportionation of resulting
      solutions.
PAL  a. A solution of cupric sulphate, assaying 5% by weight Cu.sup.2.sup.+, in
      25 ml of acetonitrile, 2 ml of sulphuric acid and 73 ml of water at
      50.degree.C in a sealed reaction vessel under nitrogen was shaken with 0.5
      gm of the powdered metals (about -60 mesh) until the metals dissolved to
      give a clear solution. The results are shown in Table 8.
PAC  TABLE 8
PAC  Reduction of Cupric sulphate to cuprous sulphate and complete dissolution
      of metals by reaction 8.
TBL  ______________________________________                                    
                    Time         [Cu.sup.+].sup.c                              
     metal          mins.sup.b   %                                             
     ______________________________________                                    
     Fe.sup.a       80           89%                                           
     Ni             60           100%                                          
     Cd             60           60%                                           
     Zn.sup.a       40           66%                                           
     ______________________________________                                    
      .sup.a) Hydrogen was also evolved.                                       
      .sup.b) This is the time for complete dissolution.                       
      .sup.c) Cu.sup.+ found, following complete dissolution of the metal,     
      expressed as a percentage of Cu.sup.+ expected for a quantitative reactio
      8.                                                                       
PAL  b. An iron nail weighing 0.92 gms was shaken with a solution of cupric
      sulphate assaying 2% by weight Cu.sup.2.sup.+ in 30 ml of acetonitrile, 5
      ml of sulphuric acid and 70 ml of water in a sealed vessel at room
      temperature. The nail dissolved completely within 24 hours. The solution
      was colourless and no copper powder could be detected in the reaction
      vessel. The solution was filtered and was thermally disproportionated to
      give 0.92 gms of copper containing 0.005% iron.
PAR  A duplicate experiment, with 30 ml of water replacing all the acetonitrile
      and only 1% by weight Cu.sup.2.sup.+, gave a copper coated nail in a still
      blue solution containing 0.5% by weight Cu.sup.2.sup.+. The copper coated
      nail still contained significant amounts of iron at its centre, and the
      solution was still blue after 5 days. Thus aqueous cementation was much
      less effective.
PAL  c. 200 mls of the tankhouse electrolyte from Copper Refineries Pty. Ltd.
      containing 8 gms of Cu.sup.2.sup.+ and 10% v/v sulphuric acid in water was
      treated with 50 ml of acetonitrile and 4 gms of iron powder. A little
      hydrogen was evolved until the iron became coated with copper, and after 2
      hours the blue cupric colour had been discharged leaving a pale green
      cuprous and ferrous sulphate solution. This was filtered and thermally
      disproportionated to give 4.1 gms of copper powder, containing 30 ppm
      iron.
PAR  The dissolution of metal sulphates in nitrile-water mixtures depends of
      course on the solubility of these metal sulphates, but nickel, iron,
      cadmium and cobalt sulphates are all very soluble in acidified
      acetonitrile-water (Table 3).
PAL  d. Extraction of nickel and thermal disproportionation of the resulting
      cuprous solution. - 0.5 gms of nickel powder, -100 mesh, was shaken in a
      reaction vessel at room temperature with 100 ml of a suspension of 5 gms
      of CuSO.sub.4.5H.sub.2 O in 25 ml of acetonitrile, 2 ml of sulphuric acid
      and 73 ml of water for 2 hours in a sealed vessel. The greenish solution
      was filtered and thermally disproportionated in a precipitation vessel to
      give 0.43 gms of copper. The liquor containing cupric and nickel sulphates
      was reconstituted with the water-acetonitrile azeotrope from the thermal
      disproportionation plus 2.5 gms of CuSO.sub.4.5H.sub.2 O, and the acidity
      was adjusted to about 1N with sulphuric acid. A further 0.5 gms of nickel
      powder was oxidised in the same reaction vessel, as described above, with
      this composition, the solution was transferred to the precipitation vessel
      and then the Cu.sup.+ was thermally disproportionated to give 0.40 gms of
      copper.
PAR  The resulting solution was cooled and cemented with nickel powder to slowly
      give 0.4 gm copper and a solution of NiSO.sub.4 containing &lt;200 ppm
      copper. The experiment was repeated with 1.0 gm of nickel matte, supplied
      by Western Mining Corporation to give nickel solutions and copper powder.
PAL  e. Extraction of other salts. - This general procedure was repeated with
      0.5 gm portions of powdered (90% minus 16 mesh) cadmium and cobalt to
      generate copper and solutions of CdSO.sub.4 and CoSO.sub.4.
EQU  Reaction 9. - Cu.sup.2.sup.+ + Ag .revreaction. Cu.sup.+ + Ag.sup.+.
PAR  This reaction depends on having sufficient nitrile present for equilibrium
      to be sufficiently to the right. It appears to be slower than
      corresponding reaction 1. The relationships between redox potential of the
      couples Cu/Cu.sup.+, Ag/Ag.sup.+, and Cu.sup.2.sup.+ /Cu.sup.+, change
      markedly with the proportion of acetonitrile in a water-acetonitrile
      mixture containing the sulphates of these ions.
PAR  Two examples of the reaction, using a preferred method follows:
PAL  a. 0.5 gm of silver powder (-100 mesh) was stirred with 2 gms of
      CuSO.sub.4.5H.sub.2 O in a composition of 25 ml of acetonitrile, 25 ml of
      water and 3.5 ml of H.sub.2 SO.sub.4 at 50.degree.C. The silver dissolved
      within 30 minutes. Addition of copper powder rapidly cemented silver. This
      was washed with a solution of 5 gm CuSO.sub.4.5H.sub.2 O in 10 ml of
      acetonitrile, 35 ml of water and 5 ml of H.sub.2 SO.sub.4 to leave a
      residue of 0.48 gms of silver containing &lt;1% copper.
PAL  b. An artificial mixture made up of -60 mesh samples of 0.55 gm copper, 1.0
      gm lead, 1.0 gm silver, 0.36 gm antimony, 0.23 gm arsenic, 0.27 gm nickel,
      1.70 gm mercury, 0.60 gm bismuth and 0.58 gm gold was shaken for 1 hour at
      room temperature with 25 gm of CuSO.sub.4.5H.sub.2 O in 150 ml of
      acetonitrile, 150 ml of water and 3 ml H.sub.2 SO.sub.4. The solution was
      filtered to leave a residue of 5.10 gm. The filtrate contained 0.55 gm
      extra copper, 0.50 gm silver, 0.18 gm nickel, and 0.024 gm bismuth. Not
      more than 0.005 gm of lead, antimony, mercury or gold could be detected in
      the filtrate.
PAL  c. 2-Hydroxycyanoethane - 0.25 gm of minue 60 mesh silver was stirred with
      1.0 gm CuSO.sub.4.5H.sub.2 O, 1 ml of H.sub.2 SO.sub.4, 10 ml of
      2-hydroxycyanoethane and 10 ml of water at 50.degree.C for 20 minutes,
      after which time all the silver had dissolved. Addition of copper powder
      cemented 0.23 gms of silver.
PAR  Further details of reaction 9 are in Table 9.
PAC  TABLE 9
PAC  Rate of oxidation of silver and generation of cuprous sulphate 0.5 gms of
      minus 60 mesh silver, 2.0 gm
PAR  CuSO.sub.4.5H.sub.2 O, 2% H.sub.2 SO.sub.4 v/v, stirred solution.
TBL  ______________________________________                                    
     [CH.sub.3 CN]                                                             
              [H.sub.2 O]                                                      
                        % Ag.sup.+ dissolved                                   
     ml       ml        12 hrs at 25.degree.C                                  
                                      20 mins 60.degree.C                      
     ______________________________________                                    
     15.0     8.0       60            76                                       
     12.5     10.5      60            80                                       
     10.0     13.0      50            55                                       
     7.5      15.5      45            55                                       
     5.0      18.0      18            20                                       
     2.5      20.5       7             7                                       
     0        23.0       1             1                                       
     ______________________________________                                    
EQU  Reaction 10. - Cu.sub.2 O + 2H.sup.+ .fwdarw. 2Cu.sup.+ + H.sub.2 O
PAC  Examples
PAL  a. Ten gm of cuprous oxide -16 plus 100 mesh, was shaken with a solution of
      10 ml of concentrated sulphuric acid, 25 ml of acetonitrile and 65 ml of
      water at about 50.degree.C in a sealed vessel for 1 hour. A colourless
      solution of CuHSO.sub.4 was formed. This was filtered and found to contain
      8.5 gms Cu.sup.+.
PAL  b. The experiment was repeated with 30 ml of 2-hydroxycyanoethane, in place
      of the 25 ml of acetonitrile and 5 ml of the water, with substantially the
      same result.
PAL  c. A copper plate was heated in air to produce a film of black cuprous
      oxide. The plate was cooled and dipped into a composition of 20 ml of
      2-hydroxycyanoethane, 70 ml of water and 10 ml of sulphuric acid. The
      black colour disappeared within 1 minute and a bright copper surface
      appeared. The solution contained cuprous ions. The plate was washed in a
      composition of 90 ml of water, 10 ml of 2-hydroxycyanoethane and 1 ml of
      sulphuric acid, then with water and dried to give a bright copper surface.
PAR  The dissolution of cuprous oxide was repeated successfully with a number of
      related compositions containing different proportions of sulphuric acid
      and acetonitrile, but always consistent with the stoichiometry of reaction
      10, with a homogeneous composition, and with at least 3 moles of
      acetonitrile per mole of Cu.sup.+ dissolved.
EQU  Reaction 11. - Cu.sub.2 S + 2H.sup.+ .fwdarw. H.sub.2 S + 2Cu.sup.+
PAR  Samples of materials containing cuprous and sulphide ions were ground to
      -100 mesh and 0.6 gm portions were placed in the reaction vessel,
      containing a condenser. The solids were suspended in 15 ml of dry
      acetonitrile at about 20.degree.C and 1 ml of oleum was cautiously added
      with shaking. Hydrogen sulphide was evolved. A further 2 ml of
      concentrated sulphuric acid was slowly added and the solution was stirred
      for 1 hour in a very slow stream of cold dry nitrogen to sweep out the
      hydrogen sulphide. The solution was filtered and diluted with 50 ml of
      water. Cuprous sulphide was completely leached of its copper by this
      procedure, but attempts to perform the reaction on a larger scale failed
      because of polymerisation of the acetonitrile by acid at elevated
      temperatures and the endothermicity of reaction 11.
EQU  Reaction 12. - 3 CuO + 3SO.sub.2 + H.sub.2 O .fwdarw. CuSO.sub.4 +
      2CuHSO.sub.3.
EQU  3 CuCO.sub.3 + 3SO.sub. 2 + H.sub.2 O .fwdarw. CuSO.sub.4 + 2CuHSO.sub.3 +
      3CO.sub.2.
EQU  3 Cu(OH).sub.2 + 3SO.sub.2 + .fwdarw. CuSO.sub.4 + 2CuHSO.sub.3 + 2H.sub.2
      O
PAR  The reaction is reduction of cupric to cuprous ions by SO.sub.2 in
      nitrile-water mixtures as in reaction 7, but is presented as a separate
      reaction because the basic copper salt also acts to remove excess acid
      produced by reduction and thus allows reduction to proceed to completion.
      The reaction proceeded readily at normal temperature and pressure of
      SO.sub.2 to give cuprous salts. These were thermally disproportionated,
      with the modification that the residue, following slow disproportionation,
      was washed with sulphuric acid to convert any precipitated red CuSO.sub.3
      to copper and cupric sulphate.
PAL  Examples of reaction 12 and thermal disproportionation of the solution.
PAL  a. When 2.5 g CuO was stirred for one-half hour at 25.degree.C with 50 mls
      water saturated with SO.sub.2 the black oxide dissolved and precipitated
      in its place red cuprous sulphite. Thus the reaction did not remove copper
      from other solids. The yield was 2.1 gms (95%). On washing this
      precipitate with 1N H.sub.2 SO.sub.4, SO.sub.2 was evolved and copper
      remained (0.6 g).
PAL  b. When 2.5 g CuO was stirred for one-half hour at 25.degree.C with 40 mls
      of water, saturated with SO.sub.2 and 15 mls of acetonitrile, the oxide
      dissolved to give a clear light green solution which could be separated
      from insolubles. This solution was thermally disproportionated to remove
      SO.sub.2 and CH.sub.3 CN. Copper was deposited in a yield of 0.95 g
      (quantitative). In the presence of acetonitrile, cuprous sulphite reacts
      to form the soluble cuprous bisulphite and the CuSO.sub.4, from the
      initial reaction, reacts further according to reaction 7 above.
PAR  The overall reaction of leaching and disproportionation is thought to be
EQU  2CuO + SO.sub.2 .fwdarw. Cu + CuSO.sub.4.
PAR  When the distillation step is carried out quickly, thermal
      disproportionation does not go to completion and a mixture of copper plus
      cuprous sulphite is precipitated. Washing with N H.sub.2 SO.sub.4
      liberates SO.sub.2 from Cu.sub.2 SO.sub.3 and leaves copper in a lower
      yield with generation of some cupric sulphate.
PAL  c. When procedure (b) was repeated with a mixture of CuCO.sub.3 +
      CU(OH).sub.2 in place of cupric oxide a similar good yield of copper was
      achieved.
EQU  Reaction 13. - Cu + Ag.sup.+ .fwdarw. Cu.sup.+ + Ag
PAR  One hundred mls of a solution of silver sulphate in water containing 1N
      sulphuric acid 25% by volume acetonitrile and assaying about 5% by weight
      Ag.sup.+ was shaken in a sealed reaction vessel at room temperature with
      3.5 grams of copper powder. Solid silver was precipitated within five
      minutes and the solution remained colourless. The solid was filtered off.
      The filtrate contained about 3% by weight copper as cuprous ions and no
      detectable silver. It was stored in a sealed vessel. The solid silver,
      containing some copper was shaken for ten minutes with 50 ml of a solution
      of cupric sulphate in sulphuric acid, acidified water containing 20% by
      volume acetonitrile and assaying about 4% cupric ion by weight, then
      separated by filtration, washed with water and dried. The recovered silver
      was 5 gms and it contained &lt;20 ppm copper.
PAR  The experiment was repeated using silver nitrate in place of silver
      sulphate and 0.1 Molar nitric acid in place of sulphuric acid, with
      essentially the same recovery of purified silver.
PAC  Thermal Disproportion of Solutions of Cuprous Salts.
PAR  Solutions of cuprous sulphate (with CuHSO.sub.3 from reactions 7 and 12) in
      500 mls of H.sub.2 SO.sub.4 acidified mixtures of water with acetonitrile
      were prepared in reaction vessels by reactions 1-13 of FIG. 6, using
      compositions well within the preferred ranges. The solutions were
      centrifuged to remove all suspended solids, and about 0.1% by weight
      gelatin or Avitone (a sodium alkylaryl sulphonate) or ORZAN (an ammonium
      lignin sulphonate) were added. The solutions were transferred to a
      precipitation vessel and slowly distilled through an efficient column in a
      distillation apparatus equipped for magnetic stirring under a slow stream
      of nitrogen. The solutions darkened in colour to a deep blue and as the
      first traces of copper powder were deposited in the stirred solutions,
      about 0.1% by weight of good quality copper powder was added as seed. The
      distillation was continued slowly until all the nitrilewater azeotrope had
      been removed. The solid copper was separated from the blue solution by
      decantation and the copper powder was washed thoroughly, first with the
      acidified azeotrope then with warm water. The first washings and the
      distillate were retained. The copper powder was quickly dried. Very little
      oxidation was observed. Yields were &gt;90% in all cases, based on
      disproportionation of the available cuprous ion and following distillation
      beyond the azeotrope to remove all the nitrile.
PAR  This was the general procedure, but it was modified in various ways. The
      following data are relevant. The yields quoted as &gt;90% followed virtually
      complete removal of the acetonitrile, i.e. beyond the azeotrope.
PAL  Effect of Pressure. - It is an advantage to minimise hydrolysis of
      acetonitrile which was fast in 10% H.sub.2 SO.sub.4 at 100.degree.C, so
      that distillation at 50.degree.-60.degree. under reduced pressure may be
      desirable. Table 10 gives some relevant data.
PAC  TABLE 10
PAC  Distillation of cuprous sulphate in acidified acetonitrile-water mixtures
      (5% Cu.sup.+ by weight, 20% MeCN, 5% H.sub.2 SO.sub.4 and water).sup.b.
TBL  Pressure .+-. 10 mm B.Pt. Azeotrope.sup.a                                 
     ______________________________________                                    
     715                 74.degree.C                                           
     430                 61.degree.C                                           
     365                 56.degree.C                                           
     260                 51.degree.C                                           
     ______________________________________                                    
      .sup.a Azeotrope composition was 85-90% v/v acetonitrilewater.           
      .sup.b Solutions precipitated copper in &gt;90% yield.                      
PAL  Efficiency of Precipitation. - Copper powder did not precipitate until
      sufficient acetonitrile had been removed to reduce the ratio of
      acetonitrile to Cu.sup.+ to about 2.5:1. Thus acetonitrile in excess of
      this proportion could be removed quite rapidly without greatly influencing
      the thermal disproportionation. The copper recovery was almost a linear
      function of the volume of nitrile removed once the proportion of
      acetonitrile to cuprous ion was down to about 2.5:1.
PAR  In summary, a saturated solution of Cu.sub.2 SO.sub.4 in 25% by volume of
      acetonitrile, 0.5% by volume of sulphuric acid and water, gave 70% of the
      available copper, when about 80% v/v of the available acetonitrile was
      distilled off as its azeotrope. Further removal of acetonitrile took place
      at higher temperatures and more copper was deposited, but removal to the
      point where no more azeotrope can be removed was preferred, since in most
      of the applications of thermal disproportionation, the cuprous ion which
      is not disproportionated is recycled and because high temperatures should
      be avoided because of hydrolysis of the nitrile.
PAL  Effect of Acid. - Sulphuric acid was preferred for thermal
      disproportionation since acids like nitric acid oxidise copper and cuprous
      ions, when present at more than 0.2 molar. The amount of acid chosen, also
      depends on impurities in the cuprous solution. Thus copper, which was more
      free of arsenic, iron, antimony, and bismuth, was obtained when thermal
      disproportionation was from solutions &gt;2% in sulphuric acid by volume,
      than from solutions &lt;1% H.sub.2 SO.sub.4 by volume. Copper arsenates were
      formed if the acidity decreased in solutions containing copper and
      arsenic. In general, solutions containing 1-2% by volume sulphuric acid
      were thermally disproportionated, but this depends on impurities.
PAL  Efficiency of the distillation. - An efficient column was essential. With
      only a still head, the temperature of the distillate rose quite rapidly to
      90.degree.C and it consequently contained a smaller proportion of
      acetonitrile, when a Cu.sub.2 SO.sub.4, CH.sub.3 CN, H.sub.2 SO.sub.4,
      H.sub.2 O composition was thermally disproportionated.
PAL  Quality of the copper. - The copper produced was usually a course "sandy"
      powder, although plates were formed sometimes at the gas-liquid interface.
      It was easy to wash and did not appear to oxidise very readily. The
      presence of copper seeds just prior to disproportionation gave an improved
      fine discrete powder. Other additives (about 0.1% by weight) had a
      pronounced effect on the quality of the powder. Thus thiourea, manganous
      sulphate, and ferrous sulphate gave coagulated deposits, sodium
      thiosulphate gave a coarse powder, and gelatin, ORZAN (ammonium lignin
      sulphonate) and AVITONE (sodium alkylaryl sulphonates) i.e. commercial
      "copper" refining additives, gave excellent quality, discrete powders of
      high purity.
PAL  Purity of Copper. - Cuprous solutions in acetonitrile-water mixtures were
      prepared by reaction 1 using AR copper sulphate. They contained a variety
      of other salts in solution and were thermally disproportionated by the
      general method to give copper powder which was very much purer than the
      starting material containing copper. Analyses are in Table 1. Most of the
      other salts remained in solution. Contamination was most serious with
      arsenic, antimony, silver, tin, and iron, but more As, Sb and Fe but less
      silver remained effectively in solution if disproportionation was from
      solutions containing more than 2% by volume H.sub.2 SO.sub.4.
PAR  Solution of cuprous sulphate, 3% Cu.sup.+ by weight, 1.5% H.sub.2 SO.sub.4
      by volume, 30% acetonitrile and 68.5% water by volume were contaminated by
      adding the impurities shown. The solutions were filtered and thermally
      disproportionated by the general procedure. The precipitated copper was
      analysed to give the results shown in Table 11.
PAR  Silver in the cuprous solution was removed prior to disproportionation by
      cementing with copper. Tin dissolved apparently as stannous salts and was
      apparently oxidised during disproportionation to insoluble stannic salts,
      because a white solid containing tin precipitated with the copper. A
      second dissolution of this contaminated copper by reaction 1 and thermal
      disproportionation gave copper with considerably less tin in it. If
      solutions containing stannous salts were refluxed with cupric sulphate a
      white solid containing tin was formed. This was filtered off prior to
      disproportionation to give copper which was substantially free of tin.
PAC  TABLE 11
TBL  Additive     ppm of Cu.sup..sup.+d                                        
                                ppm Cu.sup.c,e                                 
     ______________________________________                                    
     FeSO.sub.4    600,000       120                                           
     NiSO.sub.4    600,000       140                                           
     Sb.sub.2 O.sub.3                                                          
                    6,000        360                                           
     AgNO.sub.3.sup.a                                                          
                    60,000.sup.a  8                                            
     PbNO.sub.3     60,000.sup.b  12                                           
     ______________________________________                                    
      .sup.a The solution was treated with copper powder to cement silver befor
      thermal disproportionation. .sup.b Lead sulphate was filtered off. .sup.c
      By analysis of copper after thermal disproportionation. .sup.d Parts of  
      the metal additive per million parts of copper detected in the solution, 
      following addition of the salt. .sup.e Parts of the metal additive per   
      million parts of copper, detected in the copper produced by thermal      
      disproportionation.                                                      
PAL  Effect of Cuprous salts. - Thermal disproportionation of Cu.sub.2 SO.sub.4
      or CuHSO.sub.4 was most common and proceeded as described. Solutions of
      cuprous nitrate containing 0.75% of nitric acid and prepared by treating 4
      gm of copper powder with 10 gm of cupric nitrate in 150 ml of 30% v/v
      acetonitrile-water under the conditions of reaction 1 gave 2.9 gms of
      copper when thermally disproportionated. Some dissolution of copper powder
      by nitric acid in reaction 1 accounts for the 110% yield.
PAR  500 ml of solutions of cuprous bisulphite, containing sulphurous acid and
      prepared by reaction 12 in 25% acetonitrile-water mixtures and assaying
      2-4% cuprous ion, were very slowly thermally disproportionated until 200
      ml had been distilled. A little Cu.sub.2 SO.sub.3 was precipitated as well
      as copper, but upon washing with 1 Normal aqueous H.sub.2 SO.sub.4 this
      was disproportionated to copper and cupric sulphate. The yield of copper
      was &gt;85% based on the cuprous ion disproportoination.
PAL  Effect of Nitriles. - A composition of 25% acetonitrile containing 20% by
      volume acrylonitrile, water, 2% sulphuric acid and cuprous sulphate
      containing 4% Cu.sup.+, by weight was thermally disproportionated. The
      yield of copper was 22 90% based on disproportionation of Cu.sup.+. In
      another experiment, 10 gm of atomised blister copper (-100 mesh) was
      stirred with 35 g of CuSO.sub.4.5H.sub.2 O in 500 ml of solution
      containing 30% acrylonitrile, 30% ethanol, 35% water and 5% H.sub.2
      SO.sub.4 all on a volume basis. The colour was discharged after 1 hour,
      the solution was filtered and thermally disproportionated to to remove
      acrylonitrile at 69.degree.-71.degree.C. Nine gm of copper was
      precipitated containing 30 ppm lead, 14 ppm silver, &lt;30 ppm selenium and
      &lt;1 ppm nickel. The blister copper contained 10 times this level of
      impurities before treatment.
PAL  Effect of oxygen. - Air was bubbled through a solution initially of 10% by
      weight Cu.sub.2 SO.sub.4 in acidified 25% acetonitrile-water during
      thermal disporportionation. The yield of copper was reduced to 30%, based
      on disproportionation of Cu.sup.+.
PAL  Effect of Cupric Sulphate. - Solutions which were high in acetonitrile
      (e.g. 50% by volume) and cuprous sulphate (e.g. 14% Cu.sup.+ by weight)
      sometimes precipitated cupric sulphate with the copper after thermal
      disproportionation and cooling. In such cases, the solids were washed with
      hot water to remove cupric sulphate.
PAR  A number of copper powder refining and cuprous winning experiments on 500
      ml solutions of about 10% Cu.sub.2 SO.sub.4 by weight, 20-25%
      acetonitrile; water and 1-2% H.sub.2 SO.sub.4 by volume are summarized
      below.
PAL  Copper Powder Refining. - The general procedure for thermal
      disproportionation of a solution prepared by reaction 1 was followed in a
      precipitation vessel and then the solution, following removal of the
      acetonitrile-water azeotrope, was removed to a reaction vessel with a
      peristaltic pump and recombined with the azeotrope, maintaining a sealed
      system at 50.degree.-60.degree.C under nitrogen. The acidity was checked
      and a little H.sub.2 SO.sub.4 was added to return it to 0.5 Normal. This
      solution was mixed with an excess (30 gms) of finely divided (-16 plus 100
      mesh) blister copper as specified for reaction 1 and the resulting cuprous
      sulphate solution was filtered from the reaction vessel. About 1 mg of
      glue was added, and the thermal disproportionation was repeated in the
      precipitation vessel containing the previous copper powder. The cycle was
      repeated three times with no significant change in the yield or purity of
      the resulting copper powder. The equipment used was arranged in a way
      based on part of FIG. 5, using a peristaltic pump to transfer solutions
      from reaction vessel to precipitation vessel.
PAL  Cuprous winning. - The general procedure for thermal disproportionation was
      followed on solutions of known Cu.sup.+ concentration. The solution,
      following removal of the acetonitrile-water azeotrope, was removed from
      the precipitation vessel and recombined with one half of the azeotrope in
      a reaction vessel, maintaining a sealed system under nitrogen. This
      solution was treated with about 7 gms (i.e. 0.25 mole of iron powder per
      mole of Cu.sup.+ in the original solution) in the reaction vessel under
      the conditions of reaction 8. The resulting cuprous plus ferrous sulphate
      solution was filtered, acid was added to maintain &gt;1N acid and the
      solution was thermally disproportionated in the precipitation vessel
      containing the original precipitated copper. The cycle was repeated, this
      time with 3.5 gms (i.e. 0.13 mole of iron powder per mole of Cu.sup.+ in
      the original solution) using the same reaction vessel for reaction 8 and
      the same precipitation vessel for thermal disproportionation. About 80% of
      the available copper was recovered in this way.
PAL  Electrochemical Disproportionation of Solutions of Cuprous Salts. -
      Solutions of cuprous sulphate in 500 ml of sulphuric acid, water and
      acetonitrile or 2-hydroxycyanoethane were prepared by reactions 1-13 using
      compositions well within the specified ranges and containing 2-5% by
      weight cuprous ion. The solutions were centrifuged to remove suspended
      solids and if necessary, the concentration of sulphuric acid was increased
      to 1.5-3 Normal. About 0.001% by weight of gelatin was added to those
      solutions in which cathode quality was examined. These almost colourless
      solutions were placed in a rectangular glass vessel equipped with 4
      .times. 4 inch copper cathodes between 4 .times. 4 inch inert anodes of
      platinum, dense graphite, graphite cloth or graphite felt at a separation
      of 1 inch. The solutions were stirred by circulation with a peristaltic
      pump and the cell was covered with a film of Glad Wrap plastic sheet under
      which nitrogen was very slowly circulated. The solutions were electrolysed
      at a current density of 5-40 amps/sq. foot and copper was deposited at the
      cathode. No gases were evolved at the anode. The temperature varied
      between 20.degree.-60.degree.C.
PAR  The solutions gradually darkened in their blue colour, the voltage rose and
      the efficiency calculated on the basis of a one electron process, dropped
      slowly from 98% to about 50%. The process was not continued beyond 20%
      recovery of the copper available by disproportionation.
PAL  Copper Powder Electrorefining. - The experiment was performed as described
      above, except that the peristaltic pump was used to circulate the anolyte
      through a sealed reaction vessel in which the anolyte was stirred with an
      excess of -16 + 100 mesh of materials containing &gt;90% copper, such as
      atomised blister copper, or copper powder from thermal disproportionation.
      Further traces of glue were added from time to time if cathode quality was
      being tested. The circulation and current density were adjusted such that
      the electrolyte emerging from the reaction vessel was very pale blue and
      it was passed through a glass wool filter before returning to the cell. If
      the copper was too fine it tended to carry over into the cell, e.g. cement
      copper. The process was continued for periods of up to four days and good
      quality, dense, very fine grained copper cathodes were obtained with
      efficiencies &gt;90%. Some of these were analysed with the results shown in
      Table 1, i.e. marked purification of copper, relative to the copper feed.
PAL  Cuprous electrowinning. - The electrochemical disproportionation was
      performed in the general way described, and as for copper powder
      electrorefining except that the peristaltic pump circulated the anolyte
      through a sealed reaction vessel containing a stirred quantity of iron
      powder which was 10-20% by weight of the total cuprous ion in the
      electrolyte. The iron immediately cemented copper from the cuprous
      solution and this acted as the reductant for the cupric ion in the
      anolyte. When the cemented copper powder in the reaction vessel had
      decreased to about 10% of the original volume, a further quantity of iron
      powder was added, such that it was 10-20% by weight of the cuprous ion in
      the electrolyte at that stage of the process. These steps were repeated
      until the quantity of cuprous ion in the electrolyte was so low (e.g. 0.5%
      at 20 amps/sq. ft) as to lead to gas evolution and rises in voltage at the
      current density and stirring speed of operation. Good quality cathodes
      were obtained at efficiencies &gt;85% based on a one electron process. The
      cathodes contained &lt;10 ppm iron and were at least an order of magnitude
      lower in impurities than the material used to prepare the cuprous
      solutions as shown partly in Table 1.
PAR  The above descriptions describe our preferred general procedure for
      electrochemical disproportionation, copper powder electrorefining and
      cuprous electrowinning. The following Tables summarise some of the data
      showing the effect of different variables on cell voltage, on efficiency
      and in some cases on cathode quality. For some of the experiments, copper
      powder electrorefining was performed using deep beakers with the
      electrodes immersed in them to a shallow depth, with copper of about -16
      mesh well stirred at the bottom of the beaker. There were no additives.
      Although most of the data are for copper powder electrorefining it was
      found that the effect of different variables was similar for the other
      forms of electrochemical disproportionation, when tested. It was difficult
      to reproduce efficiency of stirring, so that not all the results are
      consistant, except within each set of experiments.
PAL  Effect of Temperature. - The cell voltage increased from about 500 mv to
      above 800 mv as the temperature was lowered from 45.degree. to
      20.degree.C. The electrolyte was 200 ml of cuprous sulphate assaying 4%
      Cu.sup.+, in 25% v/v acetonitrile, 5% v/v H.sub.2 SO.sub.4, and water. The
      anode was platinum, the current density was 45 amps/sq. ft. on 10 cm.sup.2
      electrodes in Glad Wrap-covered, well stirred solutions under nitrogen.
      The cathodic deposit was always noticeably denser and smoother than
      20.degree.C than at 50.degree.C. An operating temperature of
      30.degree.-40.degree.C was chosen as the most desirable.
PAL  Effect of Acid. - As expected, voltages increased as the proportion of
      sulphuric acid decreased from 7% by volume. Solutions containing 10%
      H.sub.2 SO.sub.4 evolved a little gas at the cathode and the quality of
      the cathode deteriorated as the acid concentration increased.
PAL  Effect of Nitrile Concentration. - The effect of varying the concentration
      of acetonitrile on the voltage of a copper powder electrorefining
      experiment at 33.degree.C, using the composition and conditions specified
      for temperature variation, but varying the concentration of acetonitrile,
      is shown in Table 12. Two factors are important, the resistance of the
      electrolyte, which increases with increasing proportion of nitrile and the
      ease of disproportionation, which increases with a lower proportion of
      nitrile to Cu.sup.+.
PAR  The cathode quality the voltage and the efficiency increased with
      increasing proportion of nitrile. The solutions remained blue, when the
      proportion of acetonitrile was &lt;3 moles:1 of Cu.sup.+. The efficiency for
      low proportions of acetonitrile was &lt;90%. Electrochemical
      disproportionation proceeded at very low voltages when the proportion of
      nitrile to Cu.sup.+ was about 3:1, but copper powder electrorefining was
      not completely satisfactory, we think because of slow reaction 1 and
      relatively fast oxidation. Thus about 6 moles:1 was preferred.
PAL  Effect of oxygen and evaporation. - A copper powder electrorefining
      experiment, using the conditions and electrolyte specified for effect of
      temperature, was performed in an open cell. It operated satisfactorily for
      8 hours, but then the voltage rose and the efficiency dropped to 50%. The
      acidity was markedly less than the initial value.
PAL  Effect of current density. - In a well stirred solution, 500 ml of cuprous
      sulphate assaying 3% Cu.sup.+ by weight, 5% H.sub.2 SO.sub.4 by volume,
      water, and 15% by volume acetonitrile at 23.degree..+-.2.degree.C
      electrolysed with 1 inch between a 20 cm.sup.2 platinum anode and copper
      cathode with no additives gave voltages at the current densities shown in
      Table 13. The cathodic deposit deteriorated as the current density
      increased, but the deposit was still adherent at 40 amps/sq. ft.
PAL  Effect of Ferrous sulphate. - The electrolyte described immediately above
      was contaminated with 25 gm of ferrous sulphate (5%) and electrolysed as
      described at a current density of 20 amps/sq. ft. The cathode was of
      similar quality, the efficiency was 91-93% and the voltage was only
      marginally higher than in the absence of ferrous sulphate. The cathode
      contained 10 ppm of iron.
PAC  TABLE 12
PAR  Effect of nitrile proportion on cell voltage in Electrochemical
      Disproportionation at 20.degree.-22.degree.C in stirred solutions, dense
      graphite anote, copper cathode separated by 1 inch.
PAC  Electrolyte: 3% Cu.sup.+ by weight, 5% H.sub.2 SO.sub.4 v/v, water and
      either 15% (6 moles:1 Cu.sup.+) or 25% (10 moles:1 Cu.sup.+)
TBL  acetonitrile by volume                                                    
     current                                                                   
     density        25% MeCN.sup.a                                             
                               15% MeCN                                        
     amps/sq ft.    (volts)    (volts)                                         
      5             0.50       0.34                                            
     10             0.66       0.45                                            
     15             0.81       0.54                                            
      .sup.a Cathode was of better quality than from 15% MeCN.                 
PAL  Effect of Anodes and stirring on Voltage. - An electrolyte of cuprous
      sulphate assaying 3% Cu.sup.+ by weight, 5% sulphuric acid, 15% v/v
      acetonitrile (i.e. 6 moles : 1 mole Cu.sup.+) and water was electrolysed
      in stirred and unstirred solution at various current densities at
      20.degree.-22.degree.C with various anodes about 20 cm.sup.2 in area about
      1 inch from a copper cathode. The voltages are shown in Tables 13 and 15.
      In another experiment, an electrolyte of 3% Cu.sup.+, 28% v/v MeCN, 5%
      H.sub.2 SO.sub.4 and water was electrolysed at 42.degree. and 15 amps/sq.
      ft. with various anodes of equal areas and a copper cathode in well
      stirred solutions. The voltages were: stainless steel, 0.95 volt; gold
      plated steel, 0.85 volt; platinum, 0.65 volt; dense graphite, 0.78 volt.
      Even lower voltages than those shown in Table 13 were obtained with more
      vigorously stirred solutions in beakers.
PAL  Use of 2-hydroxycyanoethane. - Two liters of an electrolyte containing 3%
      weight Cu.sup.+, 19% 2-hydroxycyanoethane by volume, 5% H.sub.2 SO.sub.4
      by volume and water, plus about 0.1% by weight of glue, thiourea and
      AVITONE, was electrolysed at 30.degree.C with a copper cathode between a
      platinum and a dense graphite anode respectively at a separation of 1inch.
      The anode and cathode areas were 12 sq. ins. The solution was stirred by a
      peristaltic pump which passed the electrolyte through a tower containing
      copper powder. The current density was 9 amps/sq. ft. The cell operated at
      0.60 volts for 12 hours at &gt;95% efficiency for deposition of copper by a
      one electron process. The cell was covered with Glad Wrap and operated
      under nitrogen. The cathode deposit was dense and fine grained and
      contained &lt;10 ppm of Fe, Ni, Pb, or Sn.
PAL  Use of Acetonitrile. - One liter of an electrolyte containing 4% by weight
      of Cu.sup.+, 20% by volume acetonitrile, 5% H.sub.2 SO.sub.4 by volume,
      water, and 0.1% of glue, prepared from blister copper and cupric sulphate
      by reaction (1), was electrolysed at 25.degree.C with a copper cathode
      between two dense graphite anodes each 40 cm.sup.2, separated by 4 cm at a
      current density of 15.5 amps/sq. ft. The anolyte was circulated over 15 gm
      of -16 mesh blister copper in a reaction vessel with stirring, and
      returned to the cell. The cell was covered with Glad Wrap and was under
      nitrogen. The cell operated with 0.70 volts over 6 hours with an
      efficiency of 95% for copper deposited by a one electron process. The
      cathode was dense and fine grained and contained &lt;10 ppm of Fe, Ni, Pb or
      Sn.
PAC  TABLE 13
PAC  Effect of Different Anodes and Stirring on Cell Voltage in Electrochemical
      Disproportionation at 20.degree.-22.degree.C.
PAL  Electrolyte: 3% Cu.sup.+ by weight, 5% H.sub.2 SO.sub.4 v/v, 15% MeCN and
      water.
PAL  Electrodes 20 cm.sup.2 separated by 1 inch, copper cathode.
TBL  __________________________________________________________________________
     Cell Voltage (volts).                                                     
     Anodes                                                                    
     cur-                                                                      
     rent                                                                      
         dense    carbon           stainless                                   
     den                                                                       
     sity                                                                      
         carbon   felt     platinum                                            
                                   steel                                       
     amps/                                                                     
     sq ft.                                                                    
         S.sup.a                                                               
             U.sup.a                                                           
                  S   U    S   U   S   U                                       
     __________________________________________________________________________
      5  0.34                                                                  
             0.39 0.46                                                         
                      0.50 0.38                                                
                               0.45                                            
                                   0.82                                        
                                       0.76                                    
     10  0.45                                                                  
             0.54 0.62                                                         
                      0.68 0.49                                                
                               0.56                                            
                                   1.02                                        
                                       1.08                                    
     15  0.54                                                                  
             0.70 0.74                                                         
                      0.85 0.57                                                
                               0.69                                            
                                   1.12                                        
                                       1.24                                    
     20  0.64                                                                  
             0.91 0.86                                                         
                      1.00 0.67                                                
                               --  1.22                                        
                                       1.4                                     
     25  0.72                                                                  
             1.28 0.98                                                         
                      1.06 0.75                                                
                               --  1.31                                        
     30  0.82                                                                  
             1.4  1.09                                                         
                      1.4  0.85                                                
                               --                                              
     40  1.03                                                                  
             1.4  1.36                                                         
                      1.4  1.06                                                
     __________________________________________________________________________
      .sup.a S is a stirred solution, U is an unstirred solution.              
PAL  Effect of the Nature of the Nitrile on Voltage. - Identical copper powder
      electrorefining experiments were performed with the same molar proportion
      of acetonitrile and 2-hydroxycyanoethane. The cell voltage was higher with
      2-hydroxycyanoethane, no doubt because of the greater resistance of the
      solution. Data are in Table 14. Table 14 also shows the effect of current
      density and of platinum versus dense graphite anodes. The voltage varied
      with the rate of stirring.
PAC  TABLE 14
PAC  Voltage of Electrochemical Disproportionation of Cuprous Solutions.
PAC  Composition: Cu.sup.+ 3% by weight, H.sub.2 SO.sub.4, 5% by volume, water,
      15% acetonitrile (6 moles:1 Cu.sup.+) or 19% 2-hydroxycyanoethane (6
      moles:1 Cu.sup.+) at 20.degree.-22.degree.C.
PAC  Electrode separation 1 inch, electrodes 20 cm.sup.2 in area, well stirred
      solutions.
TBL  __________________________________________________________________________
     cell voltage (volts)                                                      
     Dense graphite anode  Pt. Anode                                           
     Current               19%                                                 
     density                                                                   
          19% OHCH.sub.2 CH.sub.2 CN                                           
                    15% CH.sub.3 CN                                            
                           OHCH.sub.2 CH.sub.2 CN                              
                                   15% CH.sub.3 CN                             
     amps                                                                      
     /sq ft.                                                                   
          volts     volts  volts   volts                                       
     __________________________________________________________________________
      5   0.41      0.34   0.41    0.38                                        
     10   0.57      0.45   0.53    0.49                                        
     15   0.72      0.54   0.64    0.57                                        
     20   0.90      0.64   0.77    0.67                                        
     25   1.12      0.72   0.96    0.75                                        
     30   1.38      0.82   --      0.85                                        
     40   --        1.03   --      1.06                                        
     __________________________________________________________________________
PAC  TABLE 15
PAC  Effect of number of electrodes in cell voltage at 20.degree.-22.degree..
PAC  Electrolyte 3% Cu.sup.+, 5% H.sub.2 SO.sub.4, 25% acetonitrile, water.
PAC  Dense graphite anodes, copper cathodes.
PAC  Separation 1 inch. Electrodes connected in parallel. Stirred solutions.
TBL  ______________________________________                                    
                                           C Cu                                
             C Cu    C Cu C      C Cu C Cu C                                   
                                           C Cu C Cu C                         
     Current Density                                                           
     amps/sq ft.                                                               
             volts   volts       volts     volts                               
     ______________________________________                                    
     5.7     0.53    0.57        0.59      0.62                                
     7.8     0.58    0.64        0.67      0.70                                
     9.7     0.64    0.72        0.76      0.80                                
     11.6    0.70    0.81        0.86      0.91                                
     15.5    0.83    1.02        1.11      --                                  
     ______________________________________                                    
PAR  It is to be understood that the foregoing detailed description is given
      merely by way of illustration and that many variations may be made
      therein, without departing from the spirit of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing copper cathodes by electrochemical
      disproportionation of a homogeneous solution containing cuprous sulfate,
      water, a nitrile selected from the group consisting of acetonitrile,
      2-hydroxycyanoethane and mixtures thereof, and sulfuric acid, comprising
      electrolysing the solution between inert anodes and copper cathodes in a
      cell, removing the anolyte containing cupric sulfate from the vicinity of
      the electrodes, replacing the removed anolyte by more of the said
      homogeneous solution and thus generating cathodic copper.
NUM  2.
PAR  2. The method as claimed in claim 1 in which the homogeneous solution being
      electrolysed is protected from gaseous oxidants, and contains at least 50%
      by volume water, sufficient sulfuric acid to maintain a pH of 3 or less,
      cuprous sulfate assaying at least 5 grams per liter cuprous ion and at
      least 2.5 moles of an organic nitrile selected from the group consisting
      of acetonitrile, 2-hydroxycyanoethane and mixtures thereof, per mole of
      cuprous ion in solution, and is circulated past the electrodes with a
      current density of between 4 and 30 amps per square foot and at a
      temperature of between 20.degree. and 45.degree.C.
NUM  3.
PAR  3. The method as claimed in claim 1 in which the homogeneous solution
      contains at least 50% by volume water, from 2 to 20% sulfuric acid by
      volume, cuprous sulfate assaying at least 5 grams per liter cuprous ion
      and at least 2.5 moles of acetonitrile per mole of cuprous ion in
      solution.
NUM  4.
PAR  4. The method as claimed in claim 1 in which the homogeneous solution
      contains at least 50% by volume water, from 2 to 20% sulfuric acid by
      volume, cuprous sulfate assaying at least 5 grams per liter cuprous ion
      and at least 2.5 moles of 2-hydroxycyanoethane per mole of cuprous ion in
      solution.
NUM  5.
PAR  5. A method as claimed in claim 1 in which the homogeneous solution also
      contains an additive selected from the group consisting of glue, thiourea,
      salts of alkylaryl sulfonates and salts of alkylsulfonates.
NUM  6.
PAR  6. A method as claimed in claim 5 in which the additive is glue.
NUM  7.
PAR  7. A method of winning copper from cuprous sulfate solutions described
      herein as cuprous electrowinning, which comprises the electrochemical
      disproportionation of homogeneous solutions containing cuprous sulfate,
      water, an organic nitrile selected from the class consisting of
      acetonitrile, 2-hydroxycyanoethane and mixtures thereof, and sulfuric
      acid, by electrolysing these solutions between inert anodes and copper
      cathodes in a cell, removing the anolyte containing cupric sulfate from
      the vicinity of the electrodes, transferring the removed anolyte to a
      reduction vessel where the cupric sulfate content of the anolyte is
      reduced to cuprous sulfate and returning the resulting reduced cuprous
      sulfate solution to the cell.
NUM  8.
PAR  8. A method as claimed in claim 7 in which the cupric sulfate is reduced by
      iron in the reduction vessel.
NUM  9.
PAR  9. A method of copper powder electrorefining of particulate copper,
      comprising electrochemical disproportionation of homogeneous solutions as
      claimed in claim 1 in which the anolyte removed from the vicinity of the
      electrodes is contacted with materials containing copper, either in
      another part of the cell or in a separate reaction vessel so that the
      cupric sulfate and the copper are converted to cuprous sulfate solution
      and this solution is returned to the vicinity of the electrodes.
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PAL  The jarosite process of electrolytic refining of zinc is extended and
      improved by treating the jarosite residues to recover valuable
      by-products. The wet jarosite residue is acidified with sulphuric acid
      from the refining process acid plant to redissolve the iron sulphate,
      producing a liquid containing dissolved plant nutrients. A substantial
      part of the iron sulphate is removed by fractional crystallization and the
      mother liquor is heated to drive off water and produce dry nutrient
      sulphates to which super phosphate, formed by treating phosphate rock or
      bone with acid from the refinery acid plant to produce a final enriched
      fertilizer product.
PAL  The iron sulphate solution may be heated to drive off water and roasted to
      produce iron oxide. If desired, the iron oxide may be reduced to metallic
      iron.
PAL  Water and sulphur products produced in the treatment of the jarosite
      residues are recovered and integrated into the refinery plant circuits.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of application Ser. No. 377,623, filed July
      9, 1973 now Pat. No. 3,871,859 dated Mar. 18, 1975.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  As a step in the process of the electrolytic refining of zinc from zinc ore
      concentrate, iron, which is usually present in substantial quantity, is
      separated from the zinc by precipitation of complex basic iron sulphate
      from a solution of iron and zinc sulphate (plus minor components) in the
      presence of ammonium, potassium or sodium ions. These iron sulphate
      compounds are very similar to the jarosite found in nature and may be and
      hereinafter are referred to as jarosite residues, this term including,
      also, other metal sulphates and materials filtered out with the jarosite
      compounds. What may be called the "Jarosite Process" in zinc refining is
      described in a book publication entitled, AIME World Symposium on Mining &
      Metallurgy of Lead & Zinc, Volume II, Extractive Metallurgy of Lead and
      Zinc, published in 1970 by The American Institute of Mining, Metallurgical
      and Petroleum Engineers, Inc., Library of Congress Catalogue Card Number
      78-132404, beginning on Page 229. The precipitation iron-zinc separation
      process resulting in the formation of the jarosite; i.e., the jarosite
      process, is also described in U.S. Pat. No. 3,434,947 which is
      incorporated herein by reference.
PAR  The jarosite residues have heretofore been regarded and disposed of as an
      entirely useless waste product. Produced in very copious quantities, the
      disposal of this material has presented problems involving the acquisition
      and use of dumping ground and the very substantial cost of handling the
      material.
PAR  The ammonium jarosite produced by the separation precipitation in the
      presence of ammonium ions may be represented by the formula:
      (NH.sub.4).sub.2 Fe.sub.6 (SO.sub.4).sub.4 (OH).sub.12. In addition to
      ammonia and iron in the jarosite, the residue also contains zinc and
      manganese and generally copper and other trace metals. These elements are
      useful plant nutrients and the jarosite residues offer substantial values
      as fertilizer. The discovery of the value of these residues converts a
      troublesome, heretofore wasted by-product to a useful and valuable
      material.
PAR  An object of the invention is to provide a modified jarosite process of
      electrolytic refining of zinc wherein the production of a useful jarosite
      residue fertilizer is integrated with the known refining process. With the
      addition of superphosphate, a fertilizer containing nitrogen, phosphorus
      and potassium, as well as useful metallic trace elements, is produced.
      Sulphuric acid, formed as a by-product in the roasting of the zinc ore
      concentrates, may be used in the treatment of phosphate rock or bone to
      produce the superphosphate in a further integration of the fertilizer
      production and refining process.
PAR  Another object, important in certain areas of the world, is to recover
      process water which may be reused. In another aspect of the invention,
      iron is recovered from the jarosite residue by fractional crystallization
      or iron sulphate from the redissolved sulphate solution, leaving the
      balance of the iron in the residue for fertilizer utilization. The
      separated iron sulphate may be roasted to drive off sulphur oxides and the
      iron oxides so produced may be further treated to produce metallic iron.
      The sulphuric oxides are returned to the acid plant of the refinery.
PAR  Other objects and the advantages of the invention will become apparent as
      the description thereof proceeds.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a flow diagram showing the production of fertilizer and iron
      oxide in the electrolytic refining of zinc including the jarosite
      precipitation.
PAR  FIG. 2 is a flow diagram similar to that of FIG. 1 and showing extension
      and refinement of the process for the production of additional valuable
      by-products, especially iron, sulphur oxides and water.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  In the process of producing and refining zinc as described, for example, in
      U.S. Pat. No. 3,434,947, the zinc sulphide ore concentrates are roasted to
      produce calcine. The calcine, containing iron and other metals as well as
      zinc, is subjected to a neutral leaching with H.sub.2 SO.sub.4 under such
      conditions that as little iron as possible is dissolved, the solution,
      after purifying, being electrolyzed and separated from the residue. This
      residue, containing zinc and iron and other metals, is subjected to a
      strong acid leaching. In this process, the zinc ferrites are decomposed
      and a final residue containing the lead and silver of the zinc ore is
      removed at this point. The zinc, copper, cadmium and iron are dissolved by
      the hot acid leach. The remaining and important step in the zinc
      production and refining process is the separation of the iron and zinc in
      this solution. This is the jarosite precipitation.
PAR  While maintaining a temperature of about 95.degree. C., a neutralizing
      agent is gradually added to the decanted acid sulphate solution. This
      neutralizing agent may be zinc oxide. During the course of from three to
      four hours, while maintaining the solution at a maximum acidity of pH 1.5,
      the iron is precipitated as basic sulphate. This precipitation is
      particularly complete and the precipitate crystalline and therefore easily
      removable when the precipitation is carried out in the presence of an
      added ion selected from the group consisting of potassium, sodium or
      ammonium. The resulting solution is recycled to the neutral leach and the
      solid precipitate, herein referred to as "jarosite residue" is left as a
      waste material.
PAR  In accordance with the invention, the jarosite residues so produced in what
      may be called the jarosite process of electrolytic refining of zinc, as
      described and as represented in the flow diagrams of FIGS. 1 and 2, are
      treated with sulphuric acid from the refining process acid plant to
      produce a useful fertilizer material which may be used as such or as a
      component of an enriched fertilizer product. They may be used both as the
      source of recovered iron values and fertilizer products.
PAR  If, in accordance with the process as described, precipitation of the
      complex basic iron sulphate is brought about from the iron and zinc
      sulphate solution in the presence of ammonium ions, the ammonium jarosites
      are produced. If it is desired to incorporate at least a proportionate
      part of potassium in the jarosite residues, a source of potassium ions,
      compatible with the electrolytic solutions, may be supplied along with the
      ammonium ions in the solution as a part of the iron-zinc separation
      process, whereby ammonium and potassium jarosites are coprecipitated.
PAR  If desired, to provide available potassium in the fertilizer product,
      potash or other source of potassium may be added to the normal ammonium
      jarosite residue fertilizer products. To provide phosphates,
      superphosphate may also be blended with the ammonium and/or potassium
      jarosite residue products.
PAR  Advantageously, and in accordance with the invention, the production of
      enriched fertilizer may be planned and the process for producing it
      integrated with the jarosite process of electrolytic refining of zinc.
      Along with the production of jarosite, superphosphate may be produced by
      the treatment of phosphate rock or bone by sulphuric acid formed as a
      by-product in the roasting of the zinc ore concentrates and the
      superphosphate so formed admixed with the jarosite residues. The resulting
      product may be dried and bagged for shipment. If desired, potash or an
      equivalent source of available potassium may be added to the fertilizer
      product.
PAR  To reduce the proportionate part of iron in the fertilizer product, the
      redissolved jarosite residue, containing the iron and ammonium (and other
      metal) sulphates, is heated to drive off free water and fractionally
      crystallize out a part of the iron sulphate. The equilibrium solution, the
      mother liquor containing the principal sulphates in approximately the
      proportion of 50% ammonium, 30% zinc and 20% iron, is then decanted off
      and may be dried for fertilizer. The removed solid iron sulphate is
      recovered as a valuable product.
PAR  If desired, the iron sulphate so separated may be dried and roasted to
      drive off all volatile materials, leaving the iron oxide as a valuable
      by-product material. The water and sulphur products driven off are
      recovered for use in the plant processes.
PAR  Referring to FIG. 1, the known jarosite process of electrolytic refining is
      represented, resulting in the production of the waste ammonium jarosite
      residues. In accordance with the invention, these residues are treated
      with sulphuric acid from the acid plant of the refining operation to
      redissolve the solids which iron sulphate is precipitated by fractional
      crystallization. The mother liquor, a solution of iron, zinc and ammonium
      sulphates with other salts in trace quantities, is heated to evaporate the
      water and produce a dry fertilizer. Meanwhile, the iron sulphate
      crystallized out is dried and roasted to produce iron oxide, sulphur
      oxides and/or acid and water.
PAR  As is shown in FIG. 2, the iron oxide produced by roasting the iron
      sulphate crystals may be reduced to metallic iron by treatment with
      natural gas, carbon or hydrogen from many available sources in known
      manner. Depending upon the reduction process employed, powdered or sponge
      iron is produced.
PAR  As is indicated in the flow diagrams, the treatment of the jarosite
      residues results in the production of valuable component parts with
      minimum waste to be disposed of. Substantial quantities of high quality
      iron or iron oxide are recovered and the sulphate products are utilized as
      fertilizer. Sulphur oxides are recovered for further use in the processes
      of the refinery. In areas where water is scarce, it is recovered from the
      several processes in which it is produced so that the entire zinc refining
      plant can be operated with additions of water required principally to
      replace evaporation losses.
PAC  ACHIEVEMENT
PAR  It will be understood that this invention provides an improved electrolytic
      zinc refining process in that it produces valuable by-products instead of
      a material which has heretofore been regarded as quite useless. In so
      doing, the invention recycles waste materials and avoids pollution of the
      environment. It solves the problem of disposal of the jarosite residues, a
      problem that heretofore involved considerable expense, the appropriation
      of increasingly scarce land areas for dumping, and the danger of polluting
      the soil and ground waters.
PAR  Directed to an integrated jarosite process of zinc refining and by-product
      utilization, the invention involves alternative processes and by-products.
      The iron values may be realized in use of the iron sulphate crystals, as
      such, as the iron oxide, or as the ultimate metallic iron in powder or
      sponge form. The fertilizer value may be realized as the mother liquor of
      the fractional crystallization process as a liquid fertilizer or as the
      dried solute from this solution. This fertilizer material will contain
      potassium if potassium is introduced along with ammonia in the jarosite
      precipitation. The dry fertilizer product may be enriched by the admixture
      therewith of superphosphate produced with the use of refinery plant acid
      and potash to provide a more complete plant fertilizer.
PAR  The economics of the jarosite process of zinc refining are very greatly
      enhanced by the recovery of valuable by-products from otherwise waste
      material as products useful as such or as process materials useful in the
      refinery plant.
CLMS
STM  I Claim:
NUM  1.
PAR  1. In a plant system for the electrolytic refining of zinc using the
      jarosite process, the process of treating the jarosite residue waste
      material to recover valuable by-products therefrom comprising acidifying
      the wet jarosite residue with sulphuric acid from the refining system acid
      plant only sufficiently to break down the basic sulphate and redissolve
      the iron sulphate to produce a solution containing dissolved plant
      nutrients including the sulphates of iron, ammonium, zinc, manganese and
      trace metals and thereafter withdrawing said solution from said plant
      system and treating said solution to recover the solute values thereof.
NUM  2.
PAR  2. The process of claim 1 and including the additional steps of evaporating
      sufficient free water from the solution to fractionally crystallize out a
      substantial part of the iron sulphate, and drying and roasting the iron
      sulphate crystals to drive off water and sulphur products and produce iron
      oxide, and recovering and conducting the sulphur products to the acid
      plant of the refinery.
NUM  3.
PAR  3. The process of claim 2 and including the additional step of evaporating
      off the water of the mother liquor to produce a dry plant fertilizer.
NUM  4.
PAR  4. The process of claim 3 with the additional steps of treating a
      phosphate-containing raw material selected from the group phosphate rock
      and bone with sulphuric acid produced in previous steps in the zinc
      refining process to produce superphosphate, and admixing superphosphate so
      formed with the dry fertilizer.
NUM  5.
PAR  5. The process of claim 2 wherein the water is recovered and returned to
      the refinery plant system.
NUM  6.
PAR  6. The process of claim 2 and including the additional step of reducing the
      iron oxide to produce metallic iron.
NUM  7.
PAR  7. The process of claim 1 and including the additional step of evaporating
      off the water of the solution to produce a dry plant fertilizer.
NUM  8.
PAR  8. The process of claim 7 wherein the water is recovered and returned to
      the refinery plant system.
NUM  9.
PAR  9. The process of claim 7 with the additional steps of treating a
      phosphate-containing raw material selected from the group phosphate rock
      and bone with sulphuric acid produced in previous steps in the zinc
      refining process to produce superphosphate, and admixing superphosphate so
      formed with the dry fertilizer.
NUM  10.
PAR  10. In the jarosite process of electrolytic refining of zinc, the process
      of treating the jarosite residues to recover valuable by-products
      therefrom comprising the steps of acidifying the wet jarosite residue with
      sulphuric acid from the refining process acid plant sufficiently to break
      down the basic sulphate and redissolve the iron sulphate to produce a
      liquid containing dissolved plant nutrients including the sulphates of
      iron, ammonium, zinc, manganese and trace metals, evaporating sufficient
      free water from the liquid to fractionally crystallize out a substantial
      part of the iron sulphate, drying and roasting the iron sulphate crystals
      to form iron oxide and sulphur products, conducting the sulphur products
      to the acid plant, reducing the iron oxide to produce metallic iron,
      heating the mother liquor from the fractional crystallization to drive off
      water to produce fertilizer solids, treating phosphate rock with acid from
      the acid plant to produce superphosphate, and admixing the superphosphate
      with the fertilizer solids to produce an enriched plant fertilizer.
NUM  11.
PAR  11. The process of claim 10 wherein substantially all water removed and
      produced in any step thereof is recovered and re-used in the electrolytic
      refining process.
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PAL  Mixture of
PAR  A. 90 TO 20 PARTS BY WEIGHT OF A BENZENE-SOLUBLE CHLOROPRENE POLYMER HAVING
      A Mooney viscosity ML-4' at 100.degree.C of 30 to 100 and
PAR  B. 10 TO 80 PARTS BY WEIGHT OF A CHEMICALLY AND PHYSICALLY CROSS-LINKED
      BENZENE-INSOLUBLE CHLOROPRENE POLYMER IN WHICH CHEMICAL PRECROSS-LINKING
      IS FIRST CARRIED OUT BY COPOLYMERISATION WITH 1 - 10% BY WEIGHT, BASED ON
      THE MONOMER MIXTURE, OF A COPOLYMERISABLE MONOMER WHICH CONTAINS TWO
      ETHYLENICALLY UNSATURATED CARBON-CARBON DOUBLE BONDS AND THIS IS THEN
      FOLLOWED BY PHYSICAL PRECROSS-LINKING BY HIGH ENERGY RADIATION; THE
      POLYMERS HAVE A Mooney viscosity ML-4' at 100.degree.C of 30 to 75.
BSUM
PAR  To produce high-quality rubber articles of complicated shape, it is
      necessary to use chloroprene polymers which have exceptionally good
      processing properties. A material suitable for this purpose must have low
      shrinkage and low swelling upon extrusion and must be able to fill
      complicated moulds completely. An unvulcanised moulding must retain its
      shape exactly and must have a smooth surface; the material itself must be
      capable of rapid and easy moulding, e.g. extrusion.
PAR  Chloroprene polymers which have these properties can be obtained, for
      example, by mixing a benzene soluble polychloroprene with a benzene
      insoluble chloroprene copolymer, i.a. a pre-crosslinked product.
      Copolymers of this kind are, for example, the copolymers of chloroprene
      with alkanediol dicarylates or dimethacrylates, e.g. ethanediol
      dimethacrylate. Copolymers of this kind and mixtures thereof with benzene
      soluble polychloroprenes have been described e.g. in U.K. Pat. No.
      1,158,970. The described products have the desired properties, prior to
      vulcanisation but their vulcanisates are unsatisfactory.
PAR  U.S. Pat. No. 3,042,652 discloses a mixture of a benzene soluble
      polychloroprene and a polychloroprene which has been rendered insoluble in
      benzene by exposure to .gamma. or .beta. radiation. This mixture, however,
      does not have the desired properties in the unvulcanised state.
PAR  The present invention provides a chloroprene polymer mixture of
PAR  A. 90 TO 20 PARTS BY WEIGHT, PREFERABLY 85 TO 50 PARTS BY WEIGHT, OF A
      BENZENE SOLUBLE CHLOROPRENE POLYMER WHICH HAS A Mooney viscosity ML-4' at
      100.degree.C of 30 to 100, and
PAR  B. 10 TO 80 PARTS BY WEIGHT, PREFERABLY 15 TO 50 PARTS BY WEIGHT, OF A
      PRE-CROSSLINKED, BENZENE-INSOLUBLE COPOLYMER OF 90 TO 99 % BY WEIGHT,
      PREFERABLY 95 TO 98 % BY WEIGHT OF CHLOROPRENE AND 1 TO 10 % BY WEIGHT,
      PREFERABLY 2 TO 5 % BY WEIGHT OF A COPOLYMERISABLE MONOMER WHICH CONTAINS
      TWO ETHYLENICALLY UNSATURATED CARBON-CARBON DOUBLE BONDS AND WHICH HAS
      BEEN TREATED WITH HIGH ENERGY RADIATION AND HAS A Mooney viscosity ML-4'
      at 100.degree.C of 30 to 75, preferably 40 to 55.
PAR  This mixture has the required properties of easy processing and yields
      vulcanisates with the desired properties.
PAR  Component (a) of this mixture, according to the present invention, is a
      chloroprene homo- or co- polymer containing up to 10% by weight, based on
      the chloroprene, of an ethylenically unsaturated comonomer. Examples of
      suitable comomoners are: 2,3-dichlorobutadiene-(1,3), 1-chlorobutadiene
      and styrene. These polymers and copolymers are known. They can be obtained
      by known methods, e.g. polymerising the monomers in aqueous emulsion with
      activators in the presence of molecular weight regulators and emulsifiers.
      Chloroprene polymers of this kind and their preparation have been
      described e.g. in U.S.-Pat. No. 2,567,117 and U.K. Pat. No. 512,458.
PAR  The copolymers of component (b) in the above mixtures are also known. It is
      preferred to use copolymers of 90 to 99% by weight, preferably 95 to 98%
      by weight, of chloroprene and 1 to 10% by weight, preferably 2 to 5% by
      weight, of diesters of aliphatic dialcohols and ethylenically unsaturated
      monocarboxylic acids of the formula
      ##EQU1##
      in which R denotes hydrogen or an alkyl radical containing from 1 to 6
      carbon atoms and n denotes an integer of from 2 to 6. R is preferably
      hydrogen or methyl and n is preferably 2. The corresponding copolymers of
      chloroprene with aromatic divinyl compounds such as divinylbenzene or
      diisopropenylbenzene are also suitable. The preparation of such copolymers
      is known. The conventional polymerisation process in aqueous emulsion, as
      used for the preparation of the compounds of component (a), is also used
      in this case, but here polymerisation is advantageously continued to a
      higher rate of conversion, namely 80 to 95%.
PAR  The thus obtained copolymer latices are subsequently treated with ionising
      radiation, preferably .gamma. rays or high speed electrons from an
      accelerator. In principle, any high energy electromagnetic radiation may
      be used as ionising radiation, e.g. X-rays or .gamma. rays, also
      corpuscular radiation, e.g. irradiation with .alpha. particles, deuterons,
      protons or electrons.
PAR  For irradiation with high speed electrons, e.g. from a Van de Graaff
      accelerator, a layer of latex 1 to 30 mm in thickness, depending on the
      energy of radiation, is exposed to a dobe of from 0.1 to 10.0 Mrad,
      preferably from 1 to 5 Mrad, in an inert gas atmosphere, (e.g. nitrogen),
      or air at from 0.degree. to 100.degree.C, preferably at approximately
      20.degree.C. The energy of radiation may be from 0.1 to 10 MeV and
      preferably from 0.3 to 3.0 MeV. The intensity of radiation may be from
      0.01 to 2000 Mrad/h and preferably from 1 to 500 Mrad/h.
PAR  The method of preparing benzene soluble chloroprene polymers, Component
      (a), and benzene insoluble precross-linked chloroprene polymers, Component
      (b) are known. These products are generally prepared by polymerisation in
      aqueous emulsion. Any of the conventional emulsifiers may be used, e.g.
      water-soluble salts, in particular alkali metal salts of long chain fatty
      acids, resinic acids, disproportionated resinic acids, condensation
      products of formaldehyde and naphthalene sulphonic acid, alkyl and aryl
      sulphonates or sulphates and alkoxylated alcohols and phenols.
PAR  Polymerisation may be initiated by means of the usual free-radical
      catalysts, for example cumene hydro peroxide, paramenthane hydroperoxide
      or water-soluble salts of peroxydisulphuric acid, usually in combination
      with .beta.-anthraquinone sulphonic acid, azo-bis-isobutyronitrile and
      salts of formamidine sulphinic acid. Suitable molecular weight regulators
      are the aliphatic mercaptans known for this purpose, such as
      N-dodecylmercaptan and dialkyl or dialkoxyalkyl xanthogen disulphides, for
      example of the formula
      ##EQU2##
      in which R denotes an alkyl group containing from 1 to 6 carbon atoms or
      an alkoxyalkyl group containing from 2 to 10 carbon atoms and from 1 to 3
      oxygen atoms.
PAR  According to the present invention, the polymer mixture is preferably
      prepared by mixing the components in the form of their latices and
      precipitating the latex mixture. The polymers are usually precipitated by
      addition of electrolytes; the solid rubbers are filtered off and dried in
      a screw extruder. Alternatively, the polymers are precipitated by freezing
      the latex mixture, the solid polymers being dried in a drying chamber.
PAR  The chloroprene polymer mixtures obtained according to the present
      invention can easily be processed to form rubber compositions containing
      the usual fillers, plasticisers and other auxiliary substances.
PAR  The mixtures themselves can easily be formed into sheets and can readily be
      shaped by extrusion; they have little tendency to swell upon extrusion and
      have high green strength and also a smooth surface. Furthermore their
      vulcanisates have exceptionally high tensile strengths and structural
      stability, e.g. when compared with the products described in U.K. Pat. No.
      1,158,978, in some cases as much as a 30 % increase in strength.
DETD
PAC  EXAMPLES
PAC  I. Examples of polymerisation
PAR  a. Benzene soluble polychloroprene
PAC  EXAMPLE 1
TBL  Formulation:                                                              
     Chloroprene          100.00                                               
                                parts by weight                                
     Phenothiazine        0.015 "                                              
     n-dodecylmercaptan   0.28  "                                              
     Deionized water      120.00                                               
                                "                                              
     Sodium salt of a disproportionated                                        
     abietic acid         3.50  "                                              
     Sodium salt of a condensation product                                     
     of formaldehyde and naphthalene sulphon-                                  
     ic acid              0.65  "                                              
     Sodium hydroxide     0.65  "                                              
     Tetrasodium pyrophosphate                                                 
                          0.50  "                                              
PAR  The mixture, activated with 1% aqueous formamidine sulphinic acid solution,
      is allowed to polymerise at 43.degree.C. Polymerisation is terminated at
      approximately 65% conversion and the unreacted monomer is removed by steam
      distillation at reduced pressure.
PAC  EXAMPLE 2
PAR  Formulation:
PAR  As in Example 1, except that 0.40 parts by weight of diethylxanthogen
      disulphide is used instead of 0.28 n-dodecylmercaptan as molecular weight
      regulator.
PAR  b. Benzene insoluble, precross-linked polychloroprene
PAC  EXAMPLE 3
TBL  Formulation:                                                              
     Chloroprene         95.00 Parts by weight                                 
     Ethane diol dimethacrylate                                                
                         5.00  "                                               
     n-Dodecylmercaptan  0.38  "                                               
     Deionized water     120.00                                                
                               "                                               
     Sodium salt of a disproportionated                                        
     abietic acid        3.50  "                                               
     Sodium salt of a condensation product                                     
     of naphthalene sulphonic acid and                                         
     formaldehyde        0.60  "                                               
     Sodium hydroxide    0.30  "                                               
     Tetrasodium pyrophosphate                                                 
                         0.50  "                                               
PAR  The mixture activated with 1% of aqueous formamidine sulphinic acid
      solution, is allowed to polymerise at 43.degree.C. Polymerisation is
      terminated at a monomer conversion of approximately 80% and unreacted
      chloroprene is removed by steam distillation at reduced pressure. The
      latices are flushed with nitrogen for 10 minutes and then passed, as a
      continuous 4 mm thick layer, under the beam of a Van de Graaff accelerator
      (Beam voltage = 2 MeV, Beam current intensity = 200 .mu. A, Dose 1 Mrad).
PAC  EXAMPLE 4
     Formulation:                                                              
     Chloroprene         90.00 Parts by weight                                 
     Ethanediol dimethacrylate                                                 
                         10.00 "                                               
     n-Dodecylmercaptan  0.38  "                                               
     Deionized water     120.00                                                
                               "                                               
     Sodium salt of a disproportionated                                        
     abietic acid        3.50  "                                               
     Sodium salt of a condensation product                                     
     of formaldehyde and naphthalene sul-                                      
     phonic acid         0.60  "                                               
     Sodium hydroxide    0.30  "                                               
     Tetrasodium pyrophosphate                                                 
                         0.50  "                                               
PAR  The mixture activated with 1% aqueous formamidine sulphinic acid solution,
      is allowed to polymerise at 43.degree.C. Polymerisation is terminated at
      approximately 80% monomer conversion and unreacted chloroprene is removed
      by steam distillation at reduced pressure.
PAC  II. Examples of mixtures
PAR  The latices prepared according to Examples 1 to 4 were mixed in various
      combinations to produce mixtures containing the quantities of polymer
      shown in Table 1. The polymers were isolated by effecting precipitation by
      freezing and then drying in a drying cupboard.
TBL                                    Table 1                                 
     __________________________________________________________________________
                 A                 B                                           
                 Example 1                                                     
                          Example 2                                            
                                   Example 3                                   
                                            Example 4                          
                 Parts by weight                                               
                          Parts by weight                                      
                                   Parts by weight                             
                                            Parts by weight                    
     __________________________________________________________________________
     Polymer mixture I                                                         
                 55       --       --       45                                 
     Polymer mixture II                                                        
                 55       --       45       --                                 
     Polymer mixture III                                                       
                 85       --       --       15                                 
     Polymer mixture IV                                                        
                 85       --       15       --                                 
     Polymer mixture V                                                         
                 --       85       --       15                                 
     Polymer mixture VI                                                        
                 --       85       15       --                                 
     __________________________________________________________________________
PAR  Vulcanizable mixtures were prepared from the polymer mixtures of Table 1 in
      accordance with the following formulation:
TBL  100.0   Parts by weight of                                                
                           polymer mixture                                     
     29.0    "             active carbon black (N 770)                         
     0.5     "             stearic acid                                        
     1.0     "             paraffin oil                                        
     2.0     "             phenyl-.beta.-naphthylamine                         
     4.0     "             Magnesium oxide                                     
     5.0     "             zinc oxide                                          
     0.5     "             ethylene thiourea                                   
PAR  These mixtures were vulcanized by heating them to 150.degree.C for from 20
      to 30 minutes.
PAR  The physical properties of the polymer mixtures and vulcanized materials
      are summarized in Table 2: Mixtures I, III and V are for comparison
      purposes, Mixtures II, IV and VI are examples of the present invention. On
      comparing the pairs I-II, III-IV and V-VI, it is found that the stability
      of the raw materials and their working properties are substantially
      similar in both cases, but that the vulcanized materials obtained from the
      mixtures according to the present invention are substantially stronger.
TBL                                    Table 2                                 
     __________________________________________________________________________
                            Polymer mixtures                                   
     Properties tested      I    II   III  IV   V    VI                        
     __________________________________________________________________________
     Raw polymer:                                                              
     Mooney viscosity (ML-4', 100.degree.C)                                    
                            57   59   53   46   52   50                        
     Mooney stability (3)   +9   +9   +5   +6   +3   +3                        
     Vulcanisable mixture:                                                     
     Appearance of an extruded tyre tread                                      
                        (1) 1-2  2    2    2    2    1-2                       
     Velocity of extrusion (m/min)                                             
                        (2) 2.1  2.2  2.1  2.1  2.2  2.1                       
     Shrinkage (%).sup.2)   41   48   59   57   56   64                        
     Vulcanized (Standard ring)                                                
     Tear resistance (kg/cm.sup.2)                                             
                        20' 121  160  163  166  172  188                       
                        30' 117  157  159  174  167  187                       
     Elongation at break (%)                                                   
                        20' 320  415  445  470  440  480                       
                        30' 300  385  405  460  405  450                       
     Modulus(100/300% elongation;                                              
                        20' 25/107                                             
                                 26/102                                        
                                      22/93                                    
                                           23/91                               
                                                25/102                         
                                                     24/98                     
     (kg/cm.sup.2)      30' 27/115                                             
                                 26/106                                        
                                      24/102                                   
                                           24/98                               
                                                26/110                         
                                                     25/106                    
     Elasticity         30' 48   48   49   50   52   51                        
     __________________________________________________________________________
      (1) The appearance of the extruded tread (P-shaped profile, produced as  
      described below .sup. 2)) was assessed visually in accordance with the   
      following scale:                                                         
      1 = faultless surface; no tears at thin lips                             
      2 = slight unevenness; no tears                                          
      3 = slight unevenness; small individual tears                            
      4 = uneven surface; several larger tears                                 
      5 = uneven surface; unsightly appearance, severely frayed.               
      (2) Velocity of extrusion and shrinkage were measured on an extruded tyre
      tread (screw extruder: Diameter of screw 30 mm, length of screw 120 mm,  
      speed of rotation 40 revs/min, temperature 40 to 65.degree.C). The other 
      measurements were carried out in accordance with DIN 53 404.             
      (3) Change of Mooney-viscosity ML-4', 100.degree.C upon storage of the   
      sample at 70.degree.C for three days                                     
CLMS
STM  We claim:
NUM  1.
PAR  1. A chloroprene polymer composition consisting of (a) 90 to 20 parts by
      weight of a benzene soluble chloroprene polymer having a Mooney viscosity
      ML-4' at 100.degree.C. of from 30 to 100 and (b) 10 to 80 parts by weight
      of a benzene insoluble chloroprene polymer having a Mooney viscosity ML-4'
      at 100.degree.C. of from 30 to 75 and consisting of a copolymer of 90 to
      99% by weight of chloroprene and 1 to 10% by weight of a copolymerizable
      monomer of the formula
      ##EQU3##
      wherein R is hydrogen or alkyl having 1 to 6 carbon atoms and n is an
      integer of from 2 to 6, said copolymer of (b) having been irradiated by
      .gamma.-radiation or high speed electron radiation at a dose of 0.1 to
      10.0 Mrad applied to a layer of (b) of 1 to 30 mm thickness in latex form
      and at a radiation intensity of 0.01 to 2,000 Mrad/h.
NUM  2.
PAR  2. A composition as claimed in claim 1 in which component (a) consists of
      one or more chloroprene homo- or co-polymers containing from 1 to 10 %,
      based on the monomer mixture, of at least one ethylenically unsaturated
      comonomer.
NUM  3.
PAR  3. A composition as claimed in claim 2 in which the ethylenically
      unsaturated comonomer is selected from 2,3-dichlorobutadiene,
      1-chlorobutadiene and styrene.
NUM  4.
PAR  4. A composition as claimed in claim 1 in which component (b) has a Mooney
      viscosity ML-4' at 100.degree.C of from 40 to 55.
NUM  5.
PAR  5. A composition as claimed in claim 1 in which the comonomer of component
      (b) is ethanediol dimethacrylate.
NUM  6.
PAR  6. A composition as claimed in claim 1 which has been vulcanised.
NUM  7.
PAR  7. An article formed from a composition as claimed in claim 1.
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ABST
PAL  Supported iridium-containing hydrocarbon conversion catalysts which are at
      least partially deactivated due to the deposition of carbonaceous residues
      thereon during contact with hydrocarbons are regenerated by (1) contacting
      the catalyst with oxygen to burn at least a portion of the carbonaceous
      residues from the catalyst, (2) contacting the carbonaceous
      residue-depleted catalyst with hydrogen at an elevated temperature to
      convert a substantial portion of the iridium present in the catalyst to
      its metallic form, (3) contacting the reduced catalyst with an elemental
      halogen-containing gas at a temperature of at least about 300.degree.C.,
      and (4) repeating steps (2) and (3), in sequence, at least one additional
      time to thereby redisperse the iridium catalyst component to a highly
      active, high surface area state.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 343,304,
      filed Mar. 21, 1973, which application is a continuation-in-part of
      application Ser. No. 248,683, filed Apr. 28, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for regenerating supported
      iridium-containing hydrocarbon conversion catalysts. More particularly,
      the present invention relates to a process for regenerating a supported
      iridium-containing hydrocarbon conversion catalyst that has been at least
      partially deactivated because of the presence of the iridium in the
      catalyst in a large crystallite, low surface area form.
PAR  2. Description of the Prior Art
PAR  The deactivation of noble metal-containing hydrocarbon conversion catalysts
      due to the deposition on the catalyst of carbonaceous residues is a common
      refinery problem. Catalyst deactivation is particularly acute with respect
      to supported noble metal-containing catalysts, such as platinum on
      alumina, employed in the hydroforming of naphtha feed stocks. Platinum
      containing reforming catalysts are reactivated or regenerated by burning
      the coke or carbonaceous residues from the catalyst followed by a
      redispersion operation whereby the platinum contained on the catalyst,
      which is agglomerated with loss of surface area during the burning
      operation, is redispersed by treatment with chlorine, HCl or other halogen
      providing reagents alone or in combination with oxygen at elevated
      temperatures. The techniques useable for the reactivation of
      platinum-containing catalysts are not directly applicable for the
      redispersion of iridium. Unlike platinum, iridium tends to agglomerate at
      significant rates to crystallites of low surface area when exposed to
      oxygen at temperatures in excess of about 350.degree.C. Further, unlike
      platinum, large iridium and iridium oxide crystallites are not readily
      redispersed to their high surface area state by a simple chlorine
      treatment immediately following the burning operation used to remove
      carbonaceous residues.
PAR  Several patents exist, namely U.S. Pat. Nos. 3,134,732 and 3,625,860, that
      have disclosures that bear a superficial resemblance to the procedure
      employed herein. The disclosures of the patents, which are primarily
      directed to techniques for the redispersion of platinum contained in a
      reforming catalyst, relate to procedures wherein the agglomerated noble
      metal catalyst substituent is redispersed using a single cycle operation
      involving a reduction of the catalyst metals followed by chlorine
      treatment in either a reducing atmosphere or in the presence or absence of
      oxygen. Such single cycle treatment operations are not as effective as the
      process of the present invention for redispersing agglomerated iridium and
      restoring catalyst activity to essentially fresh catalyst levels.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an improved technique for the regeneration or
      reactivation of supported iridium-containing hydrocarbon conversion
      catalysts that have been at least partially deactivated by the deposition
      of carbonaceous residues thereon. The first step of the regeneration
      sequence comprises contacting the catalyst with a gaseous mixture
      containing oxygen at a temperature of less than about 600.degree.C. for a
      time sufficient to burn at least a portion of the carbonaceous residues
      from the catalyst. While the burning operation has the essential effect of
      removing the undesirable carbonaceous residues, the burning operation,
      unless certain precautions are taken, also converts the iridium present in
      the catalyst to large iridium oxide crystallites which revert to low
      surface area iridium crystallites on reduction. Further, when iridium is
      used in conjunction with other metals in a multimetallic catalyst system,
      the burning operation used to remove carbonaceous residues serves to
      destroy the highly dispersed polymetallic clusters comprising atoms of
      iridium and other metals. Accordingly, when the desired polymetallic
      cluster structure is destroyed by the formation of a separate agglomerated
      iridium oxide phase, the activity of the catalyst for promoting
      hydrocarbon conversions is subsequently much lower.
PAR  Restoration of high metal surface area and reformation of the desired
      highly dispersed polymetallic clusters, in the case of a polymetallic
      system, is achieved, following the burning operation, by contacting the
      carbonaceous residuedepleted catalyst with a plurality of sequential
      reduction/halogenation cycles. Each cycle consists of (a) contacting the
      catalyst with a hydrogen containing gas at an elevated temperature for a
      time sufficient to convert at least a portion, preferably a substantial
      portion, of the iridium present in the catalyst to its metallic form and
      (b) contacting the reduced catalyst with an elemental halogen-containing
      gas at a temperature of at least about 300.degree.C. A sufficient number
      of reduction/chlorination cycles are employed to increase the surface area
      of the iridium metal present on the catalyst to at least 200 square meters
      per gram (m.sup.2 /gm.) of iridium as determined by the carbon monoxide
      chemisorption method described by Yates and Sinfelt, J. Catalysis, 8, 348
      (1967).
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 2 illustrate the effect of various treatment operations
      described in Example 1 on iridium particle size.
DETD
PAR  The supported iridium-containing catalyst composites that are regenerated
      by the process of the present invention comprise a porous carrier or
      support material in combination with an iridium component and, for certain
      uses, a halogen component. The support component of the catalyst is
      preferably a porous, adsorptive material having a surface area, as
      determined by the Brunauer-Emmett-Teller (BET) method, of about 20 to 800,
      preferably 100 - 300 square meters per gram. This support material should
      be substantially refractory at the temperature and pressure conditions
      utilized in any given hydrocarbon conversion process. Useful support
      materials include: (a) silicon-based materials such as silica or silica
      gel, silicon carbide, clays, natural or synthetic silicates such as
      kieselguhr, kaolin, china clay, Attapulgus clay, etc.; (b) aluminosilicate
      zeolite materials such as naturally occurring or synthetic erionite,
      mordenite, faujasite, etc. that may or may not be previously converted to
      a hydrogen or ammonia form and reduced in soda content by virtue of an
      exchange reaction with various metal cations, including rare earth metal
      cations; (c) refractory inorganic oxides, including alumina, titanium
      dioxide, zinc oxide, magnesia, thoria, chromia, silica-alumina,
      alumina-titania, silica-zirconia, alumina-chromia, etc. and (d) mixtures
      of one or more of the materials referred to above.
PAR  Refractory inorganic oxide materials are preferred catalyst support
      materials. In general, superior results are obtained when alumina, in
      particular the gamma or eta forms, is employed. Alumina is the preferred
      catalyst support material when the catalyst is employed in naphtha
      reforming operations. The support materials described above are known
      articles of commerce and can be prepared for use as catalyst constituents
      by many varied techniques. Typically, the support materials are prepared
      in the form of spheres, granules, powders, extrudates or pellets. The
      precise size or shape of the support material used is dependent upon many
      engineering factors not within the purview of the instant invention.
PAR  As noted above, the regeneration process of the instant invention is
      particularly adapted to the treatment of deactivated iridium-containing
      catalysts. Iridium may be the sole catalyst metal present on the support;
      however, iridium may also be used in combination with other Group VIII
      metals or metals from Groups IB, VIA or VIIA of the Periodic Table of the
      Elements. More specifically, the iridium may be used in conjunction with
      one or more additional catalyst metals selected from copper, silver, gold,
      iron, cobalt, nickel, tungsten, molybdenum, chromium platinum, palladium,
      rhodium, ruthenium, osmium, manganese or rhenium. The catalysts may also
      contain germanium, tin or lead. Particularly effective naphtha reforming
      catalysts are combinations of iridium and platinum. Most preferably, the
      catalyst metals are present in the form of highly dispersed clusters of
      atoms of said metals.
PAR  Certain minimum amounts of iridium, alone or in combination with additional
      catalyst metals, should be present on the catalyst. This is particularly
      true with respect to catalysts employed in a naphtha reforming operation
      where the catalyst should contain greater than about 0.1 wt. % iridium,
      based upon the dry weight of the total catalyst. For other types of
      operations, lesser quantities of iridium may be employed. Specifically,
      iridium may be present on the catalyst in amounts varying from about 0.01
      to about 3.0 wt. %, preferably in amounts varying from about 0.1 to about
      1.0 wt. %, based upon the total weight of the dry catalyst. Typically, any
      additional catalyst metals, such as platinum, are present in the catalyst
      in amounts varying from about 0.01 to 3.0 wt. %, preferably 0.1 to 1.0 wt.
      %, based upon the dry weight of the catalyst. Iridium/platinum naphtha
      reforming catalysts having maximum effectiveness normally contain 0.15 to
      1.0 wt. % each, preferably about 0.15 to 0.5 wt. % each, of iridium and
      platinum, based on total catalyst.
PAR  Iridium-containing catalysts may be prepared employing simple impregnation
      techniques. Such a catalyst may be prepared by impregnating a support
      material with a solution of a soluble iridium compound and soluble
      compounds of any additional metals to be incorporated in the catalyst.
      Generally, an aqueous solution of the metal compounds is used. In the case
      of multimetallic systems, the support material may be impregnated with the
      various metal-containing compounds either sequentially or simultaneously.
      However, it is highly desirable that the metal compounds, in the case of a
      polymetallic system, be impregnated on the catalyst support simultaneously
      to maximize the desired interaction between the metal components and
      thereby promote the formation of a highly dispersed polymetallic cluster
      structure in the final reduced form of the catalyst. The carrier material
      is impregnated with solutions of appropriate concentration to provide the
      desired quantity of metal in the finished catalyst. In the case of
      iridium-containing catalysts, compounds suitable for the impregnation of
      iridium onto the carrier include, among others, chloroiridic acid, iridium
      tribromide, iridium trichloride, and ammonium chloroiridate. Additional
      catalyst metals may be incorporated onto the support by employing
      compounds such as chloroplatinic acid, ammonium chloroplatinate, platinum
      amine salts, perrhenic acid, ruthenium trichloride, rhodium trichloride,
      rhodium nitrate, palladium chloride, palladium amine salts, osmium
      trichloride, chloroosmic acid, auric chloride, chloroauric acid, silver
      nitrate, copper nitrate, copper chloride, ferric nitrate, cobalt nitrate,
      nickel nitrate, etc. The preferred catalyst manufacturing technique
      involves contacting a previously prepared support, such as alumina, with
      an aqueous solution of an iridium compound, alone or in combination with a
      compound of at least one additional catalyst metal.
PAR  After impregnation of the carrier, the composite catalyst is dried at a
      temperature varying from about 100.degree. to 120.degree.C. The catalyst
      may be dried in air at the above stated temperatures or may be dried by
      treating the catalyst in a flowing stream of inert gas or hydrogen. The
      drying step may be followed by an additional calcination step at
      temperatures of about 260.degree.C. Care must be taken to avoid contacting
      the catalyst at elevated temperatures with air or other gases of high
      oxygen concentration. If the catalyst is contacted with oxygen at too high
      a temperature, at least a portion of the iridium present will be oxidized,
      with loss of surface area, to crystallites of iridium oxide. In the case
      of polymetallic systems, the desired polymetallic cluster structure will
      not be obtained on reduction.
PAR  Additional materials may be added to the iridiumcontaining catalyst
      composite to assist in the promotion of various types of hydrocarbon
      conversion reactions for which the catalyst might be employed. For
      example, the naphtha reforming activity of the catalyst is enhanced
      markedly by the addition of a halogen moiety, particularly a chlorine or
      fluorine moiety, to the catalyst. The halogen should be present in the
      catalyst in amounts varying from about 0.1 to about 3.0 wt. %, based on
      the total dry weight of the catalyst. The halogen may be incorporated into
      the catalyst at any suitable stage in the catalyst manufacturing
      operation, i.e., before, during or after incorporation of the active metal
      component onto the support material. Halogen is often incorporated into
      the catalyst by impregnating the support with halogen-bearing metal
      compounds such as chloroiridic acid. Further amounts of halogen may be
      incorporated in the catalyst by contacting it with hydrogen fluoride,
      ammonium fluoride, hydrogen chloride, or ammonium chloride, either prior
      to or subsequent to the impregnation step. Other components may also be
      added to the catalyst composite. For example, the catalyst may be sulfided
      before or during use. For certain applications other than naphtha
      reforming, alkali or alkaline earth metal compounds may be added to the
      catalyst.
PAR  The iridium-containing catalyst composites may be used to promote a wide
      variety of hydrocarbon conversion reactions such as hydrocracking,
      isomerization, dehydrogenation, hydrogenation, alkylation, polymerization,
      cracking, and the like. The catalysts are particularly useful in promoting
      the dehydrogenation, isomerization, dehydrocyclization and hydrocracking
      reactions that occur in a naphtha hydroforming process.
PAR  In a naphtha hydroforming process (reforming) a substantially sulfur-free
      naphtha stream that typically contains about 15 to 80 volume % paraffins,
      15 to 80 volume % naphthenes and about 2 to 20% aromatics and boiling at
      atmospheric pressure substantially between about 25.degree. and
      230.degree.C., preferably between about 65.degree. and 190.degree.C., is
      contacted with the iridiumcontaining catalyst composite in the presence of
      hydrogen. The reactions typically occur in a vapor phase at a temperature
      varying from about 340.degree. to 540.degree.C., preferably about
      400.degree. - 530.degree.C. Reaction zone pressures may vary from about 1
      to 50, preferably from about 5 to 30 atmospheres. The naphtha feed stream
      is passed over the catalyst composite at space velocities varying from
      about 0.5 to 20 parts by weight of naphtha per hour per part by weight of
      catalyst (W/hr./W), perferably from about 1 to 10 W/hr./W. The hydrogen to
      hydrocarbon mole ratio within the reaction zone is maintained between
      about 0.5 and 20, preferably between about 1 and 10. During the reforming
      process, the hydrogen used may be in admixture with light gaseous
      hydrocarbons. In a typical operation, the catalyst is maintained as a
      fixed bed within a series of adiabatically operated reactors. The product
      stream from each reactor (except the last) in the reactor train is
      reheated prior to passage to the following reactor. As an alternate to the
      above-described process, the catalyst may be used in a moving bed in which
      the naphtha charge stock, hydrogen and catalyst are passed in parallel
      through the reactor or in a fluidized system wherein the naphtha feed
      stock is passed upwardly through a turbulent bed of finely divided
      catalyst particles. Finally, if desired, the catalyst may be simply
      slurried with the charge stock and the resulting mixture conveyed to the
      reaction zone for further reaction.
PAR  Regardless of the hydrocarbon conversion reaction in which
      iridium-containing catalyst composites are employed, the catalyst tends to
      deactivate after use due at least in part to the formation of coke or
      carbonaceous residues on the surface of the catalyst. The carbonaceous
      residues on the surface of the catalyst cover the active catalyst sites
      and thus decrease activity. Accordingly, it becomes necessary to remove
      the carbonaceous deposits from the catalyst in order to return the
      catalyst to an economically viable activity level.
PAR  The first step in the regeneration sequence of the present invention
      consists of treating the catalyst with oxygen in controlled amounts to
      burn at least a portion of the carbonaceous deposits which accumulate on
      the catalyst during use. This burning operation is carried out at a
      temperature of at least 300.degree.C., preferably between 300.degree. to
      600.degree.C. and, most preferably, between 340.degree. to 490.degree.C.
      In a most preferred operation, the coke residue is removed from the
      catalyst by contacting the same with oxygen contained in minor
      concentrations in an inert gas, normally flue gas, so as to maintain a
      flame front temperature of less than about 460.degree.C., preferably less
      than about 430.degree.C. Oxygen concentrations in the burning gas are
      maintained typically between 0.1 - 0.5 mole % in order to maintain this
      relatively low flame front temperature. Following completion of the low
      temperature burn, the catalyst may undergo a low temperature
      aftertreatment operation at temperatures varying from about 340.degree.-
      460.degree.C. with a burning gas containing oxygen in a concentration of
      from about 0.3 - 21 mole %, preferably between 1 - 6 mole %.
PAR  Following the burning operation, it is highly desirable that the
      carbonaceous residue depleted catalyst be contacted with an inert gas,
      preferably nitrogen, to remove from the reaction zone any carbon monoxide,
      carbon dioxide and oxygen remaining after the burning operation.
      Desirably, the purge operation is conducted at temperatures of less than
      about 400.degree.C., preferably at less than about 350.degree.C. The
      purging operation can be accomplished by a continuous purge sweep or by
      evacuating the reaction zone containing the catalyst and then pressurizing
      the chamber with nitrogen. Alternatively, the zone may be pressurized with
      nitrogen and then depressurized.
PAR  Following the purging operation, if used, the catalyst is subjected to a
      plurality of reduction/chlorination cycles in order to redisperse the
      iridium catalyst components, that is to increase the iridium surface area
      of the catalyst to a level greater than about 200 m.sup.2 /gm. This
      surface area level corresponds to an iridium particle size (length of a
      side of an assumed cubic crystallite) of less than about 11A.
PAR  The reduction step is accomplished by contacting the carbonaceous residue
      depleted catalyst with a hydrogen-containing gas at a temperature between
      about 200.degree. - 550.degree.C., preferably between about 350.degree. to
      550.degree.C. Preferably, the hydrogen-containing gas comprises hydrogen
      contained in nitrogen and is substantially free of sulfur or other
      catalyst poisons such as phosphorous compounds. The contacting of the
      catalyst with the hydrogen-containing gas is carried out for a time
      sufficient to convert at least a portion, preferably a substantial
      portion, of the iridium contained in the catalyst to its metallic or
      elemental form. The pressure within the contacting zone during the time of
      hydrogen treatment may vary from about 0.1 to 30, preferably 5 to 20,
      atmospheres. If a purge step is used following the carbonaceous residue
      burning operation, the hydrogen-containing gas is introduced into the
      reaction zone while the catalyst is at the relatively low temperatures
      used in the purging operation. Thereafter, the catalyst temperature is
      raised to the level desired in the halogenation step by contact with high
      temperature hydrogen-containing gas.
PAR  Following the reduction operation, the catalyst which has a substantial
      portion of the iridium contained thereon in the metallic (elemental) form
      is contacted with an elemental halogen-containing gas, preferably a
      chlorine-containing gas at a temperature of at least about 300.degree.C.
      Preferably, the contacting of the catalyst with the halogen-containing gas
      is conducted at a temperature varying from about 300.degree.  -
      600.degree.C. Most preferably, the temperature of contacting with the
      haolgencontaining gas is carried out at a temperature varying from
      470.degree. - 550.degree.C. There is no necessity for cooling the catalyst
      between the reduction and halogenation steps. It is preferred that the
      plurality of reduction/halogenation cycles needed to redisperse the
      iridium catalyst component be completed without reducing the temperature
      of the catalyst below about 300.degree.C. The reaction zone pressure
      during the halogenation operation is preferably maintained between about
      0.1 to 30 atmospheres, preferably between about 5 to 20 atmospheres.
      Desirably the halogen employed in the treating operation is used in
      admixture with an inert gas, preferably nitrogen. Most preferably, the
      concentration of the halogen in the treating gas mixture is relatively
      low, that is, the halogen comprises from about 0.005 to 5% by volume of
      the gaseous mixture with about 0.02 to 1.0% by volume being the most
      preferred concentration. The contacting of the catalyst with the
      halogen-containing gas is generally continued for a time sufficient to
      incorporate from 0.1 to 4.0 wt. %, preferably from 0.5 to 2.0 wt. %,
      additional halogen onto the catalyst, based upon the anhydrous weight of
      the catalyst. Generally, from a corrosion standpoint, it is desirable not
      to continue the halogen treating operation substantially beyond the point
      where chlorine is detected in the gases issuing from the zone containing
      the catalyst in concentrations approximating the halogen concentration of
      the inlet gases. It should be recognized that while elemental halogen,
      preferably chlorine or fluorine and, most preferably, chlorine, is a
      necessary constituent of the treating gas that other materials may be
      present in the treating gas mixture. For example, the treating gas may
      contain water, hydrogen halides, oxygen, and the like. The required
      halogen may be injected into the reaction zone containing the catalyst as
      such or may be generated in situ by the thermal or oxidative degradation
      of materials containing halogen. For example, chlorine may be generated by
      the in situ oxidation of hydrogen chloride. similarly, chlorine can be
      generated by the thermal and/or oxidative degradation of C.sub.1 - C4
      chlorinated hydrocarbons such as carbon tetrachloride, trichloroethylene,
      ethylene dichloride, t-butyl chloride, etc.
PAR  As noted above, the halogen-containing treating gas may contain water
      and/or oxygen; however, the concentration of oxygen and/or water in the
      halogen-containing treating gas should be carefully controlled. The molar
      ratio of oxygen to elemental halogen in the treating gas should be
      maintained below about 10:1. Preferably, equal molar quantities of oxygen
      and halogen or a molar excess of halogen (oxygen to halogen molar ratio of
      1:1 or less) is used in the treating operation. The presence of water in
      the chlorine-containing treating gas is beneficial since its presence
      serves to reduce corrosion and aids in the distribution of the halogen
      through the catalyst bed being treated. However, the presence of excessive
      amounts of water in the treating gas serves to unnecessarily wet the
      catalyst and possibly strip halogen from the catalyst. Preferably, the
      water concentration of the treating gas is maintained at levels ranging
      from about 0.005 to 10.0%, preferably 0.02 to 1.0% by volume of the total
      treating gas.
PAR  After completion of the initial hydrogen reduction/halogen treating steps
      following removal of carbonaceous residues, the catalyst is again
      subjected to additional reduction/halogen treating cycles. Generally from
      1 to 6 additional cycles are used in order to completely convert the
      iridium present in the catalyst to a metallic surface area greater than
      about 200 m.sup.2 /gm. Because of the tendency of iridium to agglomerate
      into low surface area clusters, the use of multiple reduction/chlorine
      treating cycles following carbonaceous residue removal is normally
      necessary to secure substantially complete redispersion of the iridium
      contained on the catalyst.
PAR  The regeneration process of the present invention is generally carried out
      in situ, that is, the catalyst being treated is maintained within the
      reactor vessels in which the hydrocarbon conversion reactions are carried
      out. However, the catalyst may be regenerated in a separate reaction zone.
      Typically, the regeneration sequence is started by discontinuing
      contacting the catalyst with feed stock and the reaction vessels purged of
      feed stock using techniques well known to those skilled in the art.
      Thereafter, nitrogen is circulated through the reactors at elevated
      temperature and oxygen slowly introduced into the circulating nitrogen
      stream in order to burn carbonaceous residues from the catalyst. As
      previously described, oxygen, carbon monoxide and carbon dioxide are
      purged thereafter from the system and hydrogen is introduced into the
      circulating nitrogen gas stream. After the iridium present on the catalyst
      has been substantially reduced to elemental iridium through contact with
      hydrogen, the introduction of hydrogen into the circulating nitrogen gas
      is discontinued and elemental chlorine introduced into the circulating
      stream. Initially the chlorine reacts with the minor amounts of hydrogen
      remaining in the circulating stream to form hydrogen chloride. After the
      remaining hydrogen is consumed, the catalyst comes in contact with
      elemental chlorine. Oxygen and/or water may be introduced into the
      circulating chlorine-containing gas. If desired, the hydrogen may be
      purged from the reaction zone by passing an inert gas through the reaction
      zone prior to the introduction of the elemental halogen. Following the
      initial chlorine treat, the reduction/chlorination sequence is repeated at
      least one additional time, generally from two to three additional times,
      in order to completely redisperse the iridium present in the catalyst.
      Desirably, the elemental halogen is purged from the reaction zone using an
      inert purge gas prior to the reintroduction of the hydrogen-containing
      gas.
PAR  It is preferred that the various steps of the regeneration process
      following the initial reduction operation be completed and the catalyst
      returned to use without contacting the catalyst with a substantially
      halogen-free, oxygencontaining gas at a temperature sufficient to
      agglomerate further the iridium on the catalyst, e.g., above
      370.degree.-415.degree.C. High temperature oxygen contacting during the
      course of the regeneration procedure may diminish the effectiveness of the
      operation by further agglomerating the iridium on the catalyst. It is
      preferred that the steps of the regeneration procedure be carried out in
      sequence. However, the catalyst may be subjected to various other treating
      operations during or between the reduction/halogenation steps of the
      regeneration procedure. Such treating operations should not convert any
      substantial portion of the iridium to a crystalline oxide form or
      otherwise convert any substantial portion of the iridium and/or support to
      a state that would preclude the successful regeneration of the catalyst
      following the procedures hereof.
PAR  Another preferred embodiment of the present invention involves reversing
      the direction of flow of the halogen-containing gas with each
      reduction/halogenation cycle. For example, in the first
      reduction/chlorination cycle, the halogen-containing treat gas may be
      introduced into the top of each reactor containing the catalyst and passed
      downwardly over the catalyst. In the second cycle the halogen-containing
      gas is introduced into each reactor at the bottom thereof and passed
      upwardly over the catalyst. In the third cycle, halogen reagent is again
      introduced into the top of each reactor. Utilizing this mode of operation,
      substantially complete redispersion of the iridium is accomplished with a
      lesser number of cycles than where the flow direction of the treating
      gases is maintained constant with each cycle.
PAR  Following the final contacting of the catalyst with chlorine-containing
      gas, the catalyst is treated with hydrogen and returned to use without
      further contact with a halogen-free, oxygen-containing gas at a
      temperature in excess of about 370.degree. to 415.degree.C. Prior to use,
      the catalyst is contacted with a gaseous reagent, preferably hydrogen or
      nitrogen that contains a minor amount of hydrogen sulfide or other sulfur
      donor, at a temperature ranging from 350.degree. to about 425.degree.C. in
      order to sulfide the catalyst. The sulfiding operation is normally carried
      out for a time sufficient to add from 0.3 to 0.15 wt. % sulfur on the
      catalyst, based upon the dry weight of the catalyst.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate further the regeneration process of the
      present invention.
PAC  EXAMPLE 1
PAC  Regeneration of Iridium on Alumina Catalysts
PAR  A 1% by weight iridium on alumina catalyst was prepared by taking 99 gms.
      of eta alumina and mixing it with 10 milliliters of an aqueous solution of
      chloroiridic acid, the latter containing 0.1 gm. of iridium per ml. of
      solution. The catalyst was then dried in air at 110.degree.C. for 16
      hours. About 5 gms. of the dried catalyst were then charged to a Pyrex
      glass flow cell, the air removed from the cell, and pure hydrogen passed
      through it at 500 ml./minute. The sample was then heated from room
      temperature to 500.degree.C. in the flowing hydrogen, and held at
      500.degree.C. for 1.25 hours. Full details of the apparatus and procedures
      used can be found in the published literature (D. J. C. Yates, W. F.
      Taylor and J. H. Sinfelt, J. Am. Chem. Soc., 86, 2996, 1964 and D. J. C.
      Yates and J. H. Sinfelt, J. Catalysis, 8, 348, 1967).
PAR  After the reduction described above, the hydrogen was removed from the
      catalyst by evacuation with high vacuum at 500.degree.C. The sample was
      then cooled to room temperature under vacuum, and two carbon monoxide
      isotherms measured at 20.degree.C., using the procedures given in the 1967
      article mentioned above. The particle size of the iridium, calculated from
      the amount of CO chemisorbed, was found to be 15A or 180 square meters per
      gram of iridium (m.sup.2 /gm. Ir). This indicates that the iridium was not
      fully dispersed, as the equivalent particle size for atomically dispersed
      iridium is 11.2A (238 m.sup.2 /gm. Ir).
PAR  The catalyst was then oxidized in situ in its Pyrex cell by adding pure
      oxygen at a pressure of 5 cm Hg, heating from room temperature to
      500.degree.C., then held at 500.degree.C., for 2 hours. The sample was
      then cooled to room temperature, reduced in hydrogen at 500.degree.C. and
      carbon monoxide isotherms run in a fashion identical with that used in the
      first treatment. The particle size of the iridium was now found to be 50A
      (53 m.sup.2 /gm. Ir); this is a large decrease in dispersion levels, and
      indicates the sensitivity of this catalyst to oxygen at elevated
      temperatures (Treatment 2, FIG. 1).
PAR  The third treatment of this catalyst, also in situ in the Pyrex cell,
      consisted of heating the catalyst from room temperature to 500.degree.C.
      in a flowing gas containing 1% Cl.sub.2, 1% O.sub.2, 98% He and holding at
      500.degree.C. in the presence of the gas mixture for 3 hours. After
      reduction and CO isotherms as in the first treatment, the iridium had a
      particle size of 11A, equivalent to atomically dispersed metal (i.e.,
      every metal atom is on the surface of the support and accessible for
      catalytic reactions). It is interesting that in addition to undoing the
      damage done by oxygen in treatment 2, this chlorine treatment gave a
      better dispersion of the iridium than was present in the fresh catalyst
      (Treatment 3, FIG. 1).
PAR  The fourth and fifth treatments consisted of two oxidations at
      500.degree.C., the first with 1% O.sub.2 in He (Treatment 4), followed by
      oxidation in air at 500.degree.C. (Treatment 5). The iridium after this
      treatment was now at a very low level of dispersion, the particle size
      being 87A (31 m.sup.2 /gm. Ir), an undesirable state of affairs. A second
      chlorine treatment under identical conditions to those used the first time
      now redispersed the iridium to 13A (198 m.sup.2 /gm. Ir) (Treatment 6,
      FIG. 1).
PAR  The well dispersed catalyst was then passivated and discharged from the
      vacuum cell. Two grams were then charged into a metal high pressure
      reactor for heptane reforming studies. The catalyst then behaved in a
      manner typical of that which is well known to be characteristic of a
      highly dispersed iridium on alumina catalyst, i.e., there was a high
      overall conversion and a high initial methane make (see Table I for
      details). After discharge from the reactor, considerable carbon was seen
      on the exterior of the catalyst.
PAR  The sample was then re-charged to the Pyrex glass cell, and the carbon
      burned off the catalyst in a two-step treatment. The first involved slowly
      heating the catalyst to 500.degree.C. in a flow of nitrogen containing 1%
      oxygen. After reaching 500.degree.C., the oxygen concentration was
      increased to 20% by the use of dry air, and the sample held under these
      conditions for 1 hour. All visible carbon was removed by this treatment.
      After reduction, CO isotherms showed an iridium particle size of 77A (35
      m.sup.2 /gm. Ir) (Treatment 7, FIG. 1).
PAR  The catalyst was taken out of the vacuum cell again, and put in the high
      pressure metal reactor for a second time. The sample then showed (see
      Table I) low conversion of heptane and a low methane make--both being
      characteristics of an inactive catalyst having poorly dispersed metal.
      Little carbon was seen on discharging the catalyst, consistent with its
      low activity.
PAR  To demonstrate the ability of the redispersion technique of this instant
      invention to achieve multiple regenerations, the sample was again charged
      to the vacuum system and the whole cycle repeated. That is, the carbon was
      burned off, sample reduced, then chlorine treated in the identical fashion
      to that used before. On placing the catalyst in the reactor for the third
      time, it was again found to be catalytically identical to a fresh iridium
      catalyst containing very well dispersed iridium (see Table I).
TBL                TABLE I                                                     
     ______________________________________                                    
     Correlation Between Iridium Dispersion and                                
     Catalytic Activity for Heptane Conversion                                 
     Treatment                                                                 
              Particle Catalytic Activity                                      
     No. (See Size of  Conver-  C.sub.1 and C.sub.2                            
                                         Total                                 
     Figure 1)                                                                 
              Ir (A)   sion %   Yield %  Aromatic %                            
     ______________________________________                                    
     6        13       66       63       8.6                                   
     7        77       25        4       5.6                                   
     8        Not      83       52       8.9                                   
              measured                                                         
     ______________________________________                                    
PAR  The catalytic data above were obtained 165 minutes after the feed was
      brought in contact with the catalyst. All values are given in mole % of
      feed. The reaction conditions were 454.degree.C.; hydrogen:hydrocarbon
      ratio 5:1; liquid hourly space rate 20 w/hr/w; and 200 p.s.i.g. total
      pressure.
PAC  EXAMPLE 2
PAC  Regeneration of Iridium on Alumina with Chlorine in Air vs. Chlorine and
      Low Amounts of Oxygen
PAR  Another sample was taken of the catalyst used in Example 1, and reduced as
      in that example. The catalyst was then oxidized in situ in its glass
      adsorption cell with flowing air at 500.degree.C. for 2 hours. After
      re-reduction in hydrogen, and running the carbon monoxide isotherms, it
      was found that the iridium had grown to 39A (69 m.sup.2 /gm. Ir)
      (Treatment 1, FIG. 2).
PAR  After a chlorine treatment consisting of heating the catalyst from room
      temperature to 500.degree.C. in the presence of a gas mixture composed of
      1% Cl.sub.2, 1% O.sub.2, 98% He and then contacting the catalyst with the
      gas mixture at 500.degree.C. for 2 hours, it was found that the iridium
      had been completely redispersed (Treatment 2).
PAR  The catalyst was again oxidized as in Treatment 1, and it was found that
      the iridium particles had grown to 55A (49 m.sup.w /gm. Ir). The sample
      was then chlorine treated, after hydrogen reduction, as in Treatment 2
      except that the gas mixture was 1% chlorine in air, and the time of
      treatment at 500.degree.C. (holding period) was for 3 hours (Treatment 4).
      Some redispersion of the iridium was achieved, as the particle size was
      reduced from 55A to 28A (96 m.sup.2 /gm. Ir), but this is substantially
      less than the atomic dispersion level which is necessary for maximum
      catalytic activity.
PAR  Finally, the sample was again treated with chlorine, after hydrogen
      reduction, as in Treatment 2 above, the original mixture now being used
      (1% Cl.sub.2, 1% O.sub.2, 98% He), at 500.degree.C. for 3 hours. Again,
      atomic dispersion was readily achieved with the use of low oxygen
      concentrations, as taught by this instant invension (Treatment 5).
PAC  EXAMPLE 3
PAC  Regeneration of Iridium:Platinum on Alumina Catalysts
PAR  In this and the following experiments, a 0.3% iridium, 0.3% platinum, by
      weight, on alumina catalyst was utilized. A typical preparative procedure
      includes contacting 100 gms. of gamma alumina (in the form of 1/16 inch
      extrudates) with a solution containing both iridium and platinum salts.
      The latter is prepared by taking 150 ml. of distilled water and adding to
      it 3 ml. of a chloroiridic acid solution containing 0.1 gm. of iridium per
      ml. of solution and 3 ml. of a chloroplatinic acid solution containing 0.1
      gm. of platinum per ml. of solution. The alumina is added to the above
      solution and left for several hours at room temperature. After removing
      the excess water, the catalyst is dried in air at 110.degree.C. for 16
      hours, then at 250.degree.C. for 3 hours. This is catalyst 3(A).
PAR  Five grams of this catalyst were charged to the apparatus as used in
      Example 1, and reduced in hydrogen for 1 hour at 500.degree.C. After CO
      chemisorption isotherms had been run, it was found that both metals were
      fully dispersed, as every metal atom was in the surface (equivalent
      particle size is 11.6A, for a 50%, 50% mixture of Ir + Pt).
PAR  A second catalyst 3(B) was prepared as follows. Fifty grams of catalyst
      3(A) were charged to a furnace and heated in air at 760.degree.C. for 48
      hours. This experiment simulates temperatures which might be obtained if
      the temperature became out of control during the process of removing the
      carbon from catalysts deactivated by use under reforming conditions.
PAR  Five grams of 3(B) were then charged to the adsorption apparatus, and
      reduced as detailed above for catalyst 3(A). Very much less carbon
      monoxide was found to be adsorbed, and the average metal particle size was
      found to be 300A (9 m.sup.2 /gm. Ir).
PAR  In the case of bi- or multi-metallic catalysts of this type, chemisorption
      measurements using gases which are adsorbed on all the metals used, can
      only give an average metal particle size. To obtain information about the
      particle size of individual metals, the only method available is to use
      X-ray diffraction techniques (see Yates et al, supra).
PAR  When catalysts containing very small amounts of metal are used, for
      example, catalysts 3(A) and 3(B), different techniques than normal have to
      be employed, especially if the support material has an X-ray spectrum.
      This is the case with the alumina used here. The X-ray technique developed
      for this work is to first run the spectrum of the catalyst, for example,
      catalyst 3(B), after reduction with hydrogen. Then a portion of the same
      alumina used to prepare catalyst 3(A) was taken, and heated in air for 48
      hours at 760.degree.C., in a fashion identical to that used in preparing
      sample 3(B). The X-ray spectra of this calcined alumina was then run,
      using identical scanning procedures as those used with the reduced
      catalyst 3(B). These comprised recording in steps of 0.05.degree. in
      2.theta. over the values of 51.degree. to 12.degree. of 2.theta., counting
      at 80 sec. at each position to ensure good signal to noise ratios. The
      data were collected in digital form, and the two spectra were subtracted
      using a computer. Scaling was carried out, if needed, in regions of the
      spectra remote from the metal peaks. This final subtraction gives the
      spectra of the metals alone, the peaks due to the alumina having been
      cancelled out by this procedure.
PAR  Data obtained in this way with copper K.alpha. radiation on a reduced
      sample of catalyst 3(B) show separate, discrete peaks for platinum at 39.8
      2.theta., and for iridium at 40.6 2.theta., corresponding to the 111
      planes. The particle size of the Pt was 620A and of the Ir 340A. The
      agreement with the chemisorption value (average 300A) is reasonable
      considering the errors in both methods with these very large particles.
      The errors in chemisorption methods are least when the metal is fully
      dispersed, and become higher as the particle size increases. With X-rays,
      particles of less than 50A give peaks too broad to be measurable, and as
      soon as the peaks are measurable, the optimum accuracy is obtained. Above
      about 300A, the peaks gradually become so narrow as to be
      indistinguishable from lines of the bulk metals, and this again decreases
      the accuracy.
PAR  The process of redispersion, when part of the metal is in the atomic state,
      and some, say, in the 300A state can thus only be followed with X-ray
      techniques by measuring the amount of large particle size material
      remaining, as the metal with particle size below about 50A cannot be
      detected in the X-ray spectrum.
PAC  EXAMPLE 4
PAC  Regeneration of iridium:Platinum Catalyst
PAR  A 5 gm. aliquot of catalyst 3(B) was charged to the Pyrex cell, and reduced
      in hydrogen at 500.degree.C. It was then treated by heating from room
      temperature to 500.degree.C. in the presence of a flowing gas of
      composition 1% Cl.sub.2, 1% O.sub.2, 98% N.sub.2 and held at 500.degree.C.
      in the presence of the flowing gas for 6 hours. Examination by
      differential X-ray spectroscopy, by the method given in Example 3, showed
      5% of the platinum in crystals larger than 50A, and 45% of the iridium in
      large crystals. The data from chemisorption can be put into a form to give
      the percentage of large iridium by assuming that all of the platinum is
      well dispersed. This is a good assumption here. The chemisorption data
      then show 27% of the iridium to be in the form of large crystals.
PAC  EXAMPLE 5
PAC  Effects of Pre-Reduction on Regeneration of Iridium:Platinum Catalysts
PAR  To show that the pre-reduction step is critical in the resispersion of
      iridium, which is an unexpected discovery to one familiar with the
      previous art in this field, the following experiment was performed. The
      procedure of Example 4 was followed, except that the pre-reduction step
      was omitted.
PAR  X-ray data (obtained as in Example 3) showed that 0% of big platinum was
      present and 100% of the iridium was present as large crystals.
      Chemisorption data support this, as the amount of gas adsorbed
      corresponded to about half of the metal in the sample being of large
      particle size. It should be noted that this experiment redispersed the
      platinum with good efficiency, showing that the pre-reduction step is not
      critical with this metal, and in addition showing the relative ease and
      non-criticality of processes designed to redisperse only platinum.
PAC  EXAMPLE 6
PAC  Effects of Multiple Treatments on the Regneration of Iridium:Platinum
      Catalysts
PAR  As a further illustration of the beneficial effects of pre-reduction,
      dramatically demonstrated in the previous example, the following
      experiment was performed. The procedure given in Example 4 was followed,
      except that the treatment with 1% Cl.sub.2, 1% O.sub.2, 98% N.sub.2 was at
      500.degree.C. for a holding period of 3 hours. Chemisorption data were
      obtained after this step, and indicated an overall dispersion of both
      metals to be 64%. If all of the platinum is resispersed, which commonly
      takes place with sample 3(B) whatever the nature of the chlorine
      treatment, this corresponds to 72% of the iridium still being left as
      large crystals. However, this assumption was not verified by X-ray studies
      after this 3 hour treatment, as it was desired to carry out a second
      treatment without exposing the catalyst to air.
PAR  The sample was then given a second chlorine treatment, after hydrogen
      reduction, identical with the first, i.e., 3 hour holding period at
      500.degree.C. After this, the chemisorption data showed that, within
      limits of error, all of the platinum and iridium was in atomic dispersion,
      i.e., the effective particle size was 11.6A. X-ray spectra, obtained as in
      Example 3, showed no large platinum crystals and 12% large iridium
      crystals.
PAR  Comparison with Example 4, where one pre-reduction was followed by a single
      6-hour chlorine treatment, will show the superiority of the method of this
      example. In this case, a six hour chlorine treatment was also given, but
      it was stopped after the first three hours, the sample reduced again,
      cooled to room temperature and a second three hour treatment given. In
      Example 4, after one 6 hour treatment, between 27 and 45% of the iridium
      was still in the form of large crystals, as determined by two experimental
      methods. In marked contrast, the present example, using two 3 hour
      treatments, (each preceded by a reduction step) resulted in very little
      large iridium being detected by either method.
PAC  EXAMPLE 7
PAC  Effect of Multiple Reduction-Chlorination Cycles on the Regeneration of
      Iridium:Platinum on Alumina Catalyst
PAR  Another example of multiple reduction-halogenation treatments was conducted
      on a larger scale using 100 gram samples of catalyst. The experiments were
      conducted in a 1 inch diameter silica glass tubular reactor, 36 inches
      long, at atmospheric pressure. The catalyst used in the test was taken
      from batch designated as catalyst 3(A) in Example 3 and was pretreated by
      heating in air at about 540.degree.C. for 16 hours. This catalyst is
      hereinafter designated as catalyst 7(A). After this treatment, none of the
      platinum on the catalyst was in a particle size range detectable by X-ray
      diffraction (see description given in Example 3). All of the iridium on
      the catalyst was present in large particles (greater than 50A).
PAR  In the first experiment, 75 grams of catalyst 7(A) were maintained as a
      single bed within the reactor and treated using the following sequence of
      steps:
PAR  1. The catalyst was heated from room temperature to about 500.degree.C. in
      hydrogen and maintained in the hydrogen atmosphere at 500.degree.C.
      overnight.
PAR  2. Hydrogen flow was halted and hydrogen purged from the reaction zone by
      passing helium therethrough at 500.degree.C.
PAR  3. A treating gas comprising 1 volume % chlorine, 1 volume % oxygen in
      nitrogen was passed over the catalyst at 500.degree.C. The treatment was
      continued for 1 hour past the point when chlorine was first detected in
      the exit of the catalyst bed.
PAR  4. The chlorine-containing treat gas was purged from the system by passing
      helium through the reactor at 500.degree.C.
PAR  5. Hydrogen contained in helium was then passed through the reaction zone
      for a period until hydrogen was detected in the exit gases. This reduction
      was conducted at 500.degree.C.
PAR  6. Hydrogen flow was halted and hydrogen was purged from the reaction zone
      by flowing helium therethrough at 500.degree.C.
PAR  7. Same as step (3).
PAR  8. Same as step (4).
PAR  9. Same as step (5).
PAR  10. Same as step (6).
PAR  11. Same as step (3).
PAR  12. The chlorine-containing treat gas was purged from the system by passing
      helium through the reactor at 500.degree.C. After the purge period was
      completed, the catalyst was cooled to room temperature in helium.
PAR  X-ray diffraction analysis of a 1-gram sample of the treated catalyst
      revealed that the catalyst contained 19% of the iridium in crystallites of
      greater than about 50A. Originally the catalyst contained 100% of the
      iridium as large crystals. In other words, 81% of the iridium was
      redispersed into small particles following the procedure of the present
      invention.
PAR  A second comparative experiment was conducted in which 75 grams of catalyst
      7(A) were charged to the same reactor employed in the first experiment and
      treated with chlorine in the following sequence of steps. The catalyst was
      maintained within the reactor in two discrete beds of 37.5 grams each.
PAR  I. Same as step (1) of the first experiment.
PAR  II. Same as step (2) of the first experiment.
PAR  III. Same as step (3) of the first experiment.
PAR  IV. The catalyst was purged as in step (4) of the first experiment;
      however, the duration of the purge was equal to the elapsed time of steps
      (4), (5) and (6% of the first experiment. In other words, the purge of
      this step IV was carried out as long as the two purges and reduction step
      of the first experiment, steps (4), (5) and (6).
PAR  V. Same as step (7) of the first experiment.
PAR  VI. Same as step IV (corresponds to steps (8), (9), and (10) of the first
      experiment).
PAR  VII. Same as step (11) of the first experiment.
PAR  VIII. Similar to step (12) of the first experiment wherein the catalyst was
      purged and cooled to room temperature in helium.
PAR  X-Ray diffraction analysis of a sample of the inlet bed showed that 42% of
      the iridium was present as large (greater than 50A) particles. An analysis
      of the catalyst contained in the exit bed revealed that 70% of the iridium
      was present as large particles. The average large particle iridium present
      in both beds is 56%. Expressed another way, the average overall
      redispersion of the iridium present in the catalyst was about 44%.
      Comparing this result with the results of the first experiment reveals
      that using reduction steps intermediate to the chlorine treatment steps
      results in a process that is nearly twice as efficient for iridium
      redispersion as an operation conducted without the intermediate reduction
      steps.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the catalytic reforming of hydrocarbons wherein a
      hydrocarbon feed stock is contacted with a catalyst comprising from about
      0.01 to about 3.0 wt. % of an iridium component and a halogen component
      contained in an inorganic refractory oxide support at reforming
      conditions, the catalyst having been at least partially deactivated during
      contact with said feed stock by the depositing of carbonaceous residues, a
      method for regenerating said catalyst after discontinuing contact of said
      catalyst with said feed stock comprising:
PA1  1. contacting said catalyst in a reaction zone with a gaseous mixture
      containing oxygen at an elevated temperature of less than about
      600.degree.C. for a time sufficient to burn at least a substantial portion
      of said carbonaceous residues from said catalyst;
PA1  2. contacting said carbonaceous residue-depleted catalyst in said reaction
      zone with a hydrogen-containing gas at an elevated temperature for a time
      sufficient to convert a substantial portion of said iridium on said
      catalyst to its metallic form;
PAR  3.  contacting said treated catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in said reaction zone with
      an elemental halogen-containing gas at a temperature of at least about
      300.degree.C. for a time sufficient to redisperse at least a portion of
      the iridium on the catalyst;
PA1  4. contacting said halogen treated catalyst in said reaction zone with a
      hydrogen-containing gas at an elevated temperature for a time sufficient
      to convert a substantial portion of said iridium on said catalyst to its
      metallic form; and
PA1  5. contacting said treated catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in said reaction zone with
      a halogen-containing gas at a temperature of at least about 300.degree.C.
      for a time sufficient to redisperse at least a portion of the iridium on
      the catalyst.
NUM  2.
PAR  2. The process of claim 1 wherein, after completion of step (1), said
      catalyst is contacted with an inert purge gas for a time sufficient to
      remove substantially all of the carbon dioxide, carbon monoxide and oxygen
      present in said reaction zone.
NUM  3.
PAR  3. The process of claim 1 wherein said steps (4) and (5) are repeated, in
      seequence, at least one additional time.
NUM  4.
PAR  4. The process of claim 1 wherein said halogen containing gas employed in
      steps (3) and (5) is a chlorine containing gas.
NUM  5.
PAR  5. The process of claim 1 wherein the direction of flow of said
      halogen-containing gas employed in step (5) is reversed from the direction
      of flow of said halogen-containing gas used in step (3).
NUM  6.
PAR  6. In a process for the catalytic reforming of hydrocarbons wherein a
      hydrocarbon feed stock is contacted with a catalyst comprising from 0.01
      to about 3.0 wt. % of an iridium component and chlorine component
      contained on an inorganic refractory oxide support at reforming
      conditions, the catalyst having been at least partially deactivated during
      contact with said feed stock by the deposition of carbonaceous residues, a
      method for regenerating said catalyst after discontinuing contact of said
      catalyst with said feed stock comprising:
PA1  1. contacting said catalyst in a reaction zone with a gaseous mixture
      containing oxygen at an elevated temperature of less than about
      600.degree. C. for a time sufficient to burn at least a substantial
      portion of said carbonaceous residues from said catalyst;
PA1  2. contacting said catalyst with an inert purge gas for a time sufficient
      to remove substantially all of the carbon dioxide, carbon monoxide and
      oxygen present in said reaction zone; p1 3. contacting said carbonaceous
      residue-depleted catalyst in said reaction zone with a hydrogen-containing
      gas at elevated temperature for a time sufficient to convert a substantial
      portion of said iridium on said catalyst to its metallic form;
PA1  4. contacting said treated catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in said reaction zone with
      an elemental chlorine-containing gas at a temperature of at least about
      300.degree.C. for a time sufficient to redisperse at least a portion of
      the iridium on the catalyst;
PA1  5. contacting said chlorine treated catalyst in said reaction zone with a
      hydrogen-containing gas at an elevated temperature for a time sufficient
      to convert a substantial portion of said iridium on said catalyst to its
      metallic form; and
PA1  6. contacting said treated catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in said reaction zone with
      a chlorine-containing gas at a temperature of at least about 300.degree.C.
      for a time sufficient to redisperse at least a portion of the iridium on
      the catalyst.
NUM  7.
PAR  7. The process of claim 6 wherein said step (1) is contacted at a
      temperature varying between about 340.degree. and 490.degree.C.
NUM  8.
PAR  8. The process of claim 6 wherein said steps (3) and (5) are conducted at a
      temperature varying from about 350.degree. to 550.degree.C.
NUM  9.
PAR  9. The process of claim 6 wherein said steps (4) and (6) are conducted at a
      temperature varying from about 300.degree. to 600.degree.C.
NUM  10.
PAR  10. The process of claim 6 wherein the contacting of steps (4) and (6) is
      continued for a time sufficient to introduce from about 0.1 - 4.0 wt. %
      additional chlorine into said catalyst.
NUM  11.
PAR  11. The process of claim 6 wherein the chlorine containing gas of said
      steps (4) and (6) contains oxygen, the molar ratio of oxygen to elemental
      chlorine in said chlorine containing gas being less than about 10 : 1.
NUM  12.
PAR  12. The process of claim 6 wherein said catalyst comprises, in addition to
      said iridium component, from about 0.01 to about 3.0 wt. % of a platinum
      component and from about 0.1 to about 3.0 wt. % of a chlorine component
      contained on an alumina support.
NUM  13.
PAR  13. The process of claim 6 wherein, after steps (3) and (5) but prior to
      conducting steps (4) and (6), the catalyst is contacted with an inert
      purge gas for a time sufficient to remove substantially all of the
      hydrogen present in said reaction zone and, after step (4) but prior to
      conducting step (5), said catalyst is contacted with an inert purge gas
      for a time sufficient to remove substantially all of the
      chlorine-containing gas present in said reaction zone.
NUM  14.
PAR  14. In a process for the catalytic reforming of hydrocarbons wherein a
      naphtha feed stock and hydrogen are contacted with a catalyst comprising
      at least about 0.1 wt. % of an iridium component and from about 0.01 to
      about 3.0 wt. % of a chlorine component contained on an inorganic
      refractory oxide support at reforming conditions, the catalyst having been
      at least partially deactivated during contact with said naphtha feed stock
      by the deposition of carbonaceous residues, a method for regenerating said
      catalyst after discontinuing contact of said catalyst with said naphtha
      feed stock comprising:
PA1  1. contacting said catalyst in a reaction zone with a gaseous mixture
      containing oxygen at a temperature varying from 340.degree. and
      490.degree.C. for a time sufficient to burn at least a substantial portion
      of said carbonaceous residues from said catalyst;
PA1  2. contacting said catalyst with an inert purge gas at a temperature of
      less than about 400.degree.C. for a time sufficient to remove
      substantially all of the carbon dioxide, carbon monoxide and oxygen
      present in said reaction zone;
PA1  3. contacting said carbonaceous residue-depleted catalyst in said reaction
      zone with a hydrogen-containing gas at a temperature varying from about
      350.degree. to 550.degree.C. for a time sufficient to convert a
      substantial portion of said iridium on said catalyst to its metallic form;
PA1  4. contacting said treated catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in said reaction zone with
      an elemental chlorine-containing gas at a temperature varying from about
      470.degree. and 550.degree.C. for a time sufficient to redisperse at least
      a portion of the iridium on the catalyst;
PA1  5. contacting said chlorine treated catalyst in said reaction zone with a
      hydrogen-containing gas at a temperature varying from about 350.degree. to
      550.degree.C. for a time sufficient to convert a substantial portion of
      said iridium on said catalyst to its metallic form; and
PA1  6. contacting said treated catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in said reaction zone with
      a chlorine-containing gas at a temperature varying from about 470.degree.
      and 550.degree.C. for a time sufficient to redisperse at least a portion
      of the iridium on said catalyst.
NUM  15.
PAR  15. The process of claim 14 wherein the contacting of steps (4) and (6) is
      continued for a time sufficient to introduce from about 0.1 to 4.0 wt. %
      additional chlorine into said catalyst.
NUM  16.
PAR  16. The process of claim 14 wherein, after steps (3) and (5) but prior to
      conducting steps (4) and (6), the catalyst is contacted with an inert
      purge gas for a time sufficient to remove substantially all of the
      hydrogen present in said reaction zone and, after step (4) but prior to
      conducting step (5), said catalyst is contacted with an inert purge gas
      for a time sufficient to remove substantially all of the
      chlorine-containing gas present in said reaction zone.
NUM  17.
PAR  17. The process of claim 12 wherein said steps (5) and (6) are repeated, in
      sequence, at least one additional time.
NUM  18.
PAR  18. The process of claim 17 wherein said hydrogen containing gas is
      substantially removed from the reaction zone prior to each of said
      subsequent steps wherein said catalyst is contacted with a
      chlorine-containing gas and said chlorine-containing gas is substantially
      removed from said reaction zone prior to contacting said catalyst with
      said hydrogen-containing gas.
NUM  19.
PAR  19. The process of claim 1 wherein the hydrocarbon reforming process is
      naphtha reforming.
NUM  20.
PAR  20. The process of claim 6 wherein the hydrocarbon reforming process is
      naphtha reforming.
NUM  21.
PAR  21. The process of claim 4 wherein steps (4) and (5) are repeated, in
      sequence, until such time as the surface area of the iridium metal present
      on the catalyst is at least 200m.sup.2 /gm.
NUM  22.
PAR  22. The process of claim 6 wherein steps (5) and (6) are repeated, in
      sequence, until such time as the surface area of the iridium metal present
      on the catalyst is at least 200m.sup.2 /gm.
NUM  23.
PAR  23. The process of claim 14 wherein said catalyst comprises, in addition to
      said iridium component and said chlorine component, from about 0.01 to
      about 3.0 wt. % of a platinum component.
NUM  24.
PAR  24. The process of claim 23 wherein steps (5) and (6) are repeated, in
      sequence, until such time as the surface area of the iridium metal present
      on the catalyst is at least 200m.sup.2 /gm.
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ABST
PAL  A perforated tube is housed in a chamber in which vacuum is drawn. An air
      jet is directed into one end of the tube and fiber bundles are fed into
      the jet which separates and dispenses individual fibers from the bundle,
      fluffs them, cleanses them of any particulate material, and carries them
      into the tube. The tube retains the fibers while fiber fragments,
      undesirably short fibers and particulate matter are drawn by the vacuum
      and resultant air flow out of the tube through its perforations to a
      suitable discharge.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 USC 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is in the field of fiber dispersing and cleansing.
PAR  The use of fibrous materials for reinforcements in other materials is
      well-known but it is desirable that the fibers be free of foreign matter,
      be of substantial length for maximum reinforcement, and that they be
      separate rather than entwined in bundles or the like. Before such fibers
      can be used in their intended environment, they must be separated and have
      foreign matter removed and heretofore it has been done by complicated or
      expensive machinery or by hand.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a simple and inexpensive method and
      apparatus for separating fibers from bundles thereof and for removing
      foreign matter and short fibers while accumulating the desired fibers in a
      fluffed condition for ready retrieval. In general, the invention comprises
      feeding the bundles of fibers into a jet of air which is directed into a
      perforated tube and wherein at least a partial vacuum exists exteriorally
      of the tube. The jet of air separates the individual fibers from the
      bundle and air flow through the tube perforations to the outside thereof
      carries with it contaminating particles and undesirably short fibers which
      are withdrawn by the source of vacuum to a suitable disposal. The
      separated fibers are retained in the perforated tube which serves as a
      container or package thereof that may be withdrawn for use when full.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of apparatus embodying the present
      invention with certain parts thereof being shown in section;
PAR  FIG. 2 is a fragmentary longitudinal sectional view through one end of the
      apparatus of FIG. 1, with portions thereof being shown in elevation; and
PAR  FIG. 3 is a fragmentary longitudinal sectional view through the other end
      of the apparatus of FIG. 1, with certain parts therein being shown in
      elevation.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings there is shown a housing assembly comprising
      annular end members 2 and 4 held in spaced relation by longitudinal ribs
      or frame members 6 that are spaced apart as shown and suitably secured to
      the end members 2 and 4 to define a skeletal framework. A flexible
      air-impervious tubular member 8 surrounds the described frame member, and
      its ends are sealingly connected to the annular members 2 and 4 by means
      of bands 10, which may be elastic or may be in the form of tape or any
      other suitable means. Thus, the assembly described comprises a housing
      having an air-impervious outer surface which is preferably transparent
      whereby the interior of the device may be observed while in operation. The
      tubular member 8 may suitably be of polyethylene although it may be of any
      rigid material also.
PAR  Within the outer end of the annular member 2, there is a spacing and
      sealing ring 12 which may be secured to the member 2 or to a fitting, all
      as will be described.
PAR  A generally bell-shaped fitting 14 extends through the ring 12 and is open
      at its inner end within the described housing while its outer end is
      provided with a fitting 16 adapted to receive a nozzle or the like 18 for
      directing a jet of air into the fitting. A suitable source of compressed
      air schematically shown at 20 is connected through a valve 22 to the
      nozzle 18. Also, outside the described housing the fitting 14 is provided
      with an opening 24 through which bundles or other masses of fibers may be
      introduced into the fitting to be entrained by the jet of air issuing from
      the nozzle 18. The fitting 14 extends quite snugly through the ring 12
      which may be either secured to the fitting or secured to annular member 2
      and slidable over the fitting, as will be referred to later.
PAR  A perforated tube 26 provided with a multiplicity of perforations 28
      encompasses the inner end of the fitting 14 and is removably secured
      thereto by any suitable means, such as the band 30. The tube 26 may
      suitably be of perforated Teflon. The perforated tube 26 extends
      longitudinally through the housing to or into the annular member 4 at the
      other end thereof but is of less diameter than the inner diameter of the
      member 4. At that other end the perforated tube 26 is provided with a
      suitable closure 32, which is shown merely as a plug held in place by a
      band 34. Preferably, the perforated tube 26 is a flexible tubular material
      cut from a long length thereof, thus necessitating the use of plug 32 or
      its equivalent. Obviously, however, any suitable closure means may be
      provided at the right hand end of tube 26 and may even be an integrally
      closed end thereof. Also, the tube 26 may be rigid, although it is
      preferred that it be of flexible material.
PAR  At its right hand end the apparatus is provided with a cap 36 embracing
      annular member 4 and having a tubular boss 38 thereon, suitably connected
      to a source of vacuum, such as the pump schematically shown at 40.
PAR  In operation, the parts are assembled as shown and when valve 22 is opened
      nozzle 18 directs a high velocity jet of air into the fitting 14 and
      longitudinally within the perforated tube 26. As bundles or masses of
      fibers are fed through opening 24, the bundles of fibers are literally
      blasted apart and fibers are individually entrained in the jet of air,
      pulled from the bundle or mass and the air separates any particulate
      matter from the fibers. All of that material is blown into the perforated
      tube 26. However, the region outside the tube 26 is under at least partial
      vacuum due to the connections to the vacuum source 40 and there is a
      constant and substantial flow of air outwardly through the perforations
      28. That air carries with it undesired particulate matter and fiber
      fragments or fibers of less length than those desired, which is determined
      by the size of the perforations 28. The separated longer fibers are
      retained and accumulated within the tube 26 in a fluffed and cleansed
      condition. When the desired mass of fibers has thus been accumulated or
      when the tube 26 becomes full, the valve 22 may be closed and thereafter
      the source of vacuum disconnected or shut down. As shown, the cap 36
      removably embraces the outer end of annular member 4 and can be retained
      thereon by any suitable means, such as screw threads, not shown. In any
      event, the cap may be made removable and ring 12 secured to end member 2
      so that the assembly of the perforated tube 26 and fitting 14 may be
      withdrawn from nozzle 18, through ring 12 and from the housing whereupon
      the tube 26 may be removed from the fitting 14 and then constitutes a
      container or bag of the desired fibers. A second perforated tube may then
      be adapted to the fitting 14 and the parts reassembled, as shown, for a
      further cycle of operation. On the other hand the fibers may be emptied
      from the tube 26 and the same tube replaced for the next cycle of
      operation. As an alternative, the cap 36 may be permanently secured to the
      annular member 4, in which case the ring 12 is preferably secured to the
      fitting 14 and the assembly of ring 12, fitting 14 and tube 26 may be
      withdrawn outwardly through the annular member 2. This could be
      accomplished without disconnecting the fitting 14 from nozzle 18.
PAR  While a single specific embodiment of the invention has been shown and
      described, it is to be understood that the same is merely exemplary of the
      principles involved and that other embodiments may be included within the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for fluffing, separating and cleaning fibers from fiber
      fragments and particulate matter comprising:
PA1  an elongated perforated tube, closed at one end and having means for
      directing a jet of air axially into the other end;
PA1  means for directing fibrous material into said air jet at said other end
      whereby said fibrous material is entrained by said jet and carried into
      said perforated tube; said fibrous material being directed into said air
      jet along a line which is not parallel to said air jet;
PA1  housing means spaced from but enclosing said perforated tube; and
PA1  means for withdrawing air from said housing means exteriorly of said tube
      whereby the fibers of said fibrous material are fluffed and separated from
      each other and from particulate matter as they enter said air jet, said
      fibers being retained in said tube and said particulate matter and fiber
      fragments being drawn outwardly of said perforated tube and housing by
      said last-named means.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said perforated tube has
      associated therewith means enabling ready removal thereof from said
      housing whereby said tube and its contained fibers may be removed from
      said housing.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said housing comprises a
      skeletal framework having a transparent air impervious tubular member
      thereover.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein said perforated tube is of
      flexible sheet material and said means for directing said air jet
      comprises a tubular fitting having one end portion removably secured to
      said other end of said tube and having an inlet means connected to a means
      for supplying air under pressure.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said tubular fitting extends
      through a means defining an opening in said housing and wherein said means
      for directing said fibrous material into said air jet includes a means
      defining an opening in said tubular fitting outwardly of said housing.
NUM  6.
PAR  6. The method of fluffing, separating and cleaning fibers from fiber
      fragments and particulate matter comprising the steps of: providing a
      perforated tube enclosed by a housing spaced from said perforated tube;
PA1  directing a jet of air into said perforated tube;
PA1  directing said fibrous material into said jet in the region where said jet
      enters said perforated tube whereby said jet entrains and fluffs and
      separates the same from said fiber fragments and cleanses the same of
      particulate matter; said fibrous material being directed into said air jet
      along a line which is not parallel to said air jet; and
PA1  confining and accumulating said fluffed and separated and cleansed fibers
      in said perforated tube while withdrawing air, said particulate matter and
      said fiber fragments from said perforated tube into the space between said
      housing and said perforated tube.
NUM  7.
PAR  7. The method as defined in claim 6 wherein said step of confining said
      fibers to said perforated tube is performed by providing said perforated
      tube with perforation means pervious to air, the particulate matter and
      the fiber fragments but impervious to said fibers.
NUM  8.
PAR  8. The method defined in claim 7 wherein said withdrawing step is performed
      by establishing and maintaining at least a partial vacuum in the space
      between said housing and said perforated tube.
NUM  9.
PAR  9. The method defined in claim 8 wherein said vacuum is established and
      maintained by constantly withdrawing air, said particulate matter and said
      fiber fragments from the space between said housing and said perforated
      tube.
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ABST
PAL  A method and apparatus for treating fluids on a marine vessel, especially
      bilge and ballast water, in which the fluid to be treated is passed
      through filtering and coalescing devices to bring about separation of the
      oil from the water, whereupon the oil is delivered to an oil tank and the
      water is discharged overboard. The purity of the discharged water is
      continuously monitored by a turbidity meter and the flow of the fluid
      through the system is controlled thereby so that the discharged water will
      meet all pollution standards.
BSUM
PAR  The present invention relates to a method and apparatus for treating fluids
      aboard a marine vessel and, in particular, for treating the fluid in the
      bilges and ballast tanks to separate oil therefrom and to clarify the
      water so that it can be discharged overboard.
PAR  It has always been a problem to dispose of the fluid in the bilges and
      ballast tanks of marine vessels because the fluid generally contains a
      great deal of entrained oil, fuel and other contaminants. The discharging
      of bilge fluid and ballast waters directly overboard is objectionable even
      in the open seas and is prohibited by the Federal Water Pollution Control
      Act and E.P.A. regulations in harbors, rivers, lakes, coastal areas,
      navigable waters and the like.
PAR  The penalties for unauthorized dumping of untreated bilge and ballast
      waters is extremely severe and a rather rigid set of rules has been
      established to clarify what can and cannot be dumped overboard from a
      vessel.
PAR  With the foregoing in mind, a primary objective of the present invention is
      the provision of a method and apparatus for treating bilge and ballast
      water on a vessel, especially to separate the oil from the water so that
      the water is sufficiently free of oil to permit the water to be discharged
      overboard.
PAR  Another object is the provision of a method and apparatus for treating
      bilge and ballast water in a marine vessel which operates automatically to
      clarify the water to the point that it can be discharged overboard without
      further treatment.
PAR  A still further object is the provision of a method and apparatus for
      treating bilge fluid and ballast water on a marine vessel which is
      automatic in operation and which continuously monitors the water to
      prevent water above a predetermined maximum turbidity for being discharged
      overboard.
PAR  A still further objective of the present invention is the provision of a
      method and apparatus for treating bilge fluids and ballast water which is
      extremely flexible and which can be installed in substantially any vessel.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the present invention, bilge or ballast water is pumped and
      supplied to a plurality of filter units arranged in series. The filter
      units, which are of a special type, provide for coalescing of the admixed
      fluids in individual droplets of substantial size so that the oil and
      water conventionally making up the bilge and ballast fluid will have a
      strong tendency to separate by gravity.
PAR  The oil thus separated from the water is drawn off from the top of one or
      more of the units and delivered to an oil storage tank while the water
      runs sequentially through the filtering and coalescing units and yields up
      a fraction of the oil carried thereby in each unit and is discharged from
      the final one of the filtering and coalescing units as substantially
      oil-free water.
PAR  According to the present invention, the water from the last of the
      filtering and coalescing units is discharged overboard but immediately
      upon leaving the last one of the said units is caused to flow through a
      turbidity meter which senses the degree of purity of the water, namely,
      the amount of oil therein and diverts the water away from the discharge
      line when the turbidity of the water exceeds a predetermined allowable
      maximum.
PAR  Inasmuch as the bilge or ballast fluid is principally water, it would be
      apparent that the arrangement of the present invention provides for
      elimination of most of the bilge fluid by permitting discharge of the
      water from the vessel. The oil extracted from the bilge fluid is filtered
      sufficiently that it can be returned to the oil storage tanks for further
      use.
DRWD
PAR  The objects referred to above as well as still other objects and advantages
      of the present invention will become more apparent upon reference to the
      following detailed specification taken in connection with the accompanying
      drawings in which:
PAR  FIG. 1 is a somewhat schematic representation of a bilge or ballast water
      treatment system according to the present invention;
PAR  FIG. 2 is a vertical sectional view through one of the filtering and
      coalescing units of FIG. 1 and, specifically, the first one thereof to
      which the bilge or ballast fluid is supplied;
PAR  FIG. 3 is a perspective view showing the fluid level detectors which are
      mounted in the bilge or ballast tanks and operate in response to fluid
      level to control the starting and stopping of the system;
PAR  FIG. 4 is a perspective view of a central control box in which the
      operation of the entire system can be controlled;
PAR  FIG. 5 is a schematic electrical diagram showing one electrical circuit
      arrangement for controlling the system; and
PAR  FIGS. 6, 7 and 8 are schematic views showing different arrangements that
      can be made of the system according to the present invention and
      demonstrate the flexibility thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings somewhat more in detail, the system schematically
      illustrated in FIG. 1 shows a bilge or ballast 10 containing bilge fluid
      12. A suction conduit 14 extends downwardly to a lower level in the bilge
      or ballast tank and is connected to the inlet side of a motor driven pump
      16 with a strainer 18, a check valve 20 and a priming water connection 22
      associated with the conduit upstream from the pump inlet.
PAR  Pump 16 is advantageously a rather slow running, progressive cavity type,
      capable of handling relatively large solids without damage and causing a
      negligible amount of emulsification of the oil with the water when the
      fluid passes through the pump.
PAR  Downstream from the pump is a valve arrangement consisting of valves 24 and
      26, or a like valve arrangement, so that when the bilges and ballast tanks
      are cleaned, the filtering and coalescing units can be bypassed thus
      preventing the surfactants and other active agents in the cleaning medium
      employed from interfering with the coalescing action that takes place in
      the filtering and coalescing units.
PAR  The discharge conduit leading from the pump, and indicated at 28, and
      downstream from valves 24 and 26, enters the bottom of a unit generally
      indicated at 30 and which is referred to as a pre-filter unit. This unit
      acts as an oil separator as well as a water filter and can be connected to
      the oil tank which receives the separated out oil.
PAR  Near the top of unit 30 there is connected a conduit 32 and in parallel in
      the conduit is a manual valve 34 and a solenoid operated valve 36. A
      sensor 91 (FIGS. 1 and 2) mounted in the upper end of unit 30 controls
      valve 36 to provide for oil flow therethrough to conduit 38 leading to an
      oil tank.
PAR  Leading from the bottom of unit 30 is a transfer conduit 40 which is
      connected to the inlet of a second unit generally indicated at 42 and
      which may be substantially identical with unit 30 except that the work
      operation performed in unit 42 is that of removing oil still contained in
      the water leaving unit 30.
PAR  To this end, unit 42 and the next following unit 48 are referred to as
      coalescer units because the principal function thereof is to coalesce the
      oil into droplets of substantial size which will rise in the water by
      gravitational action. The oil will, thus, rise in the unit toward the top
      thereof to be discharged therefrom to an oil conduit 38, or to another
      conduit (not shown) in the event separate oil discharge to storage is
      desired. Unit 42 has a manual valve 45 in the oil discharge line 44 which
      leads to conduit 38.
PAR  Transfer conduit 46, of unit 42, leads to the inlet of the final unit 48
      which is another coalescer unit similar to or identical with unit 42.
      Manual valve 50 connects the oil discharge port at the top of unit 48 with
      oil conduit 38 while discharge conduit 52 leading from the bottom of unit
      48 forms the water discharge conduit. Conduit 52 has a valve 54 connected
      thereto through which flushing water can be introduced into the system to
      flush out the filtering, coalescing units, or turbidity meter sensing
      head.
PAR  Between unit 48 and valve 54, a branch conduit 56 leads to the inlet of a
      turbidity meter sensing head 57, the outlet of which is connected by
      conduit 58 with exhaust, which in this case, is conduit 59 leading to the
      outside of the vessel. Conduit 58 contains a solenoid operated valve 60
      and upstream therefrom is a relief valve 62.
PAR  The turbidity meter, which is not disclosed in detail, comprises the
      sensing head 57 illustrated and from which electrical connections are
      taken via wires or cable 64 to a control box 66. Within control box 66 is
      a turbidity meter which is operable, in a known manner, to control at
      least solenoid valve 60. A turbidity meter of a known type which can be
      employed in the system of the present invention is illustrated and
      described in detail in U.S. Pat. No. 3,510,666.
PAR  What the sensing head 57 does is to project direct and scattered light
      beams transversely through the fluid stream flowing therethrough while
      using photosensitive elements on the opposite side of the stream of fluid
      to receive the direct and scattered light passing through the stream. The
      amount of light received by the photosensitive element relative to the
      direct and scattered light emitted by the light source varies in
      conformity with the oil content of the water, namely, the turbidity
      thereof, and can be used as a measure of the amount of oil entrained in
      the water.
PAR  Whenever the turbidity exceeds a certain allowable maximum amount, valve 60
      will close and prevent further discharge of fluid out of the vessel. At
      this time, the relief valve 62 becomes operative to discharge fluid back
      to the bilge or ballast containers 10 and signal lights will become
      illuminated which will inform the operator that adjustments must be made,
      such as flushing out of units or replacement of the filtering and
      coalescing elements and the like.
PAR  Within the bilge or ballast container 10 is a low level detector 70 and a
      high level detector 72. These detectors are connected through a level
      control assembly 74 to control box 66 and operate to start the system,
      namely, the pump 16, when the high level actuates detector 72 and to shut
      down the system, namely, stop the pump 16 when a predetermined minimum
      level is detected by detector 70.
PAR  FIG. 2 shows in vertical section a typical filter and coalescer unit
      substantially of the nature of the units 30, 42 and 48 of FIG. 1. The
      particular unit illustrated in FIG. 2 is the first unit 30 of FIG. 1 but
      all of the units can have the same filtering element therein.
PAR  In FIG. 2, it will be noted that inlet conduit 28 communicates with the
      center of a vertically disposed cylindrical filter/coalescer element 76
      while transfer conduit 40 communicates with the outside of the filter
      element. The filter element is smaller in diameter and shorter in axial
      length than the surrounding cylindrical housing 78.
PAR  The opposite ends of the filter/coalescer element 76 are closed so that
      fluid flow therethrough is radially outwardly. The filter element is
      provided with an inner filtering layer 80 which may be paper or other
      filtration media and surrounding which is one or more layers of a
      filter/coalescer media 82 which may consist, for example, of one or more
      layers of fiberglass or plastic media. Disposed outside the media is a
      retaining member or sleeve 81.
PAR  The filter/coalescer unit filters solid particles and the like from the
      fluid passing therethrough but, in particular, has the feature of
      coalescing the oil into droplets of substantial size which emerge from the
      outside of the surrounding sleeve member 81 and move upwardly in housing
      78 toward the top. The water, on the other hand, tends to flow down (as
      indicated by the arrow 83) to the lower portion of the housing 78 where it
      is discharged through transfer conduit 40.
PAR  The conduit 32 referred to in FIG. 1 and forming the oil discharge conduit
      will be seen in FIG. 2 to extend up to the upper portion of the housing 78
      so as to have the open end in that region where oil accumulates in the
      housing.
PAR  Since most of the oil is separated from the water in unit 30, it is
      advisable to employ a switch 90 operated by float 92 to control solenoid
      valve 36 so that the oil will be drained off as rapidly as it accumulates
      with the oil drain line being shut off when the oil gets down to a
      predetermined minimum amount. Switch 90 is connected into the control
      circuit by a cable 91 extending out the top of filter/coalescer unit 30.
PAR  In respect to units 42 and 48, the oil accumulation is considerably slower
      and the valves 45 and 50 can be manipulated in conformity with the
      indications of oil level in sight glass 94. A similar sight glass 94 is
      provided on unit 30 even though the extraction of oil therefrom is
      automatic.
PAR  FIG. 3 shows the detectors 70 and 72. Each detector comprises a switch 96,
      98, and each switch is under the control of a respective float 100, 102.
      Switch 96 remains closed until the liquid interface drops to a
      predetermined point whereas switch 98 closes when the liquid interface
      rises to a predetermined level.
PAR  The floats 100 and 102 are weighted for oil of maximum specific gravity of
      0.9 and, therefore, they will float on water, but sink in oil of specific
      gravity 0.9 or less. The principle will allow for operation of the floats
      on the interface of the water-oil level and assure that the system will
      pump out the water, but not the oil, which will be left in the sumps for
      separate treatment.
PAR  The cables 71 and 73 leading from the switches are connected through the
      junction box 74 to the control box assembly 66 through cable 75.
PAR  FIG. 4 is a schematic view of the control box 66 showing the various signal
      lamps and switches thereon and also showing the indicating instrument 104
      which is operated by the sensing head 57. A recorder generally indicated
      at 106 is also mounted in the control box and maintains a continuous
      record of the turbidity of the outgoing water whenever the system is
      running.
PAR  The several switches and signal lamps appearing in FIG. 4 are described in
      connection with the description of the control circuit of FIG. 5.
PAR  In FIG. 5, L1 and L2 indicates the main power lines. Power line L1 is
      connected to one side of a main switch 108 having "OFF", "manual", and
      "automatic" positions and having upper contacts 108a and lower contacts
      108b. Line L1 is also connected through a low level detector switch 96
      with the coil of a relay CR1, the other side of which is connected to line
      L2. Energization of CR1 will close contact CR1a connected between contact
      108b and pushbutton switch 110. Energization of CR1 will also close
      contact CR1c in series with contact CR2b and the coil of a relay CR2 and
      will open contact CR1b in series with "bilge empty" lamp 113 which comes
      on when the bilge is pumped down.
PAR  Line L1 is also connected through normally open contact M1a through motor
      starter 112 for pump 16, and normally open contact M1b with line L2.
PAR  Line L1 is connected through a high level switch 98 and normally closed
      contact CR2c to one side of relay coil CR2, the other side of which is
      connected to line L2. A "bilge full" signal lamp 114 is connected between
      line L2 and switch 98 and lights when switch 98 closes.
PAR  Energization of the coil of relay CR2 will close contact CR2a connected
      between the upper contact 108a of switch 108 and a wire 116, and will also
      close its aforementioned contact CR2b and open aforementioned contact
      CR2c.
PAR  Wire 116 is connected to contact 118a of an overpressure switch 118, with
      contact 118a connected to one side of a signal lamp 122, the other side of
      which is connected to line L2.
PAR  Wire 116 is also connected to normally closed contact 118b of switch 118
      with contact 118b connected to one side of relay coil M1, the other side
      of which is connected to line L2. Relay M1 controls contact M1a and M1b in
      series with pump motor starter 112, and a further contact M1c.
PAR  Aforementioned pushbutton switch 110 has one side connected to wire 116 and
      is bypassed by a normally open contact M1c of relay M1.
PAR  Still another pushbutton switch 120 has one side connected to wire 116 and
      the other side connected to the side of contact CR1a remote from switch
      110.
PAR  When switch 108 is set on "automatic", closing of high level switch 98 will
      energize CR2 which will cause contact CR2a to close and energize relay M1
      which will, in turn, bring about closing of contacts M1a and M1b to
      energize pump motor starter 112. At this time, contact CR1a is closed and
      contact M1c of relay M1 will establish a holding circuit for relay M1
      which will remain effective until low level switch 96 opens to deenergize
      relay CR1 and cause its contact CR1a to open. Deenergizing of relay CR1
      will open its contact CR1c and cause denergizing of relay CR2.
PAR  On "automatic", therefore, the motor for pump 16, and under the control of
      motor starter 112, starts and stops automatically. If system pressure
      rises above a certain limit, switch 118 is actuated to deenergize relay M1
      while illuminating lamp 122. Lamp 111 in parallel with relay M1
      illuminates when the relay is energized.
PAR  As to the prefilter 30, valve 36 thereof opens when oil in the prefilter
      accumulates a predetermined amount and closes when the oil is discharged.
      The solenoid of valve 36 is in series with a contact CR5a of a relay CR5
      controlled by the float controlled switch means 90 of the prefilter with
      contact CR5b providing the holding circuit for the relay CR5.
PAR  As to control of the system by the turbidity sensing head 57, line L1 is
      connected through an OFF-ON switch 130 with a terminal block 132 and with
      one side of a normally closed contact CR3c of a relay CR3. When switch 130
      is closed relay CR3 will be energized and will open its contacts CR3a and
      CR3c and close contacts CR3b, and CR3d.
PAR  Contact CR3b connects recorder 106 to the terminal block 132 to receive
      signals from amplifier 133 so that recording of turbidity is made while
      switch 130 is closed and the turbidity is within allowable limits.
PAR  If the turbidity exceeds the allowable limit, relay CR3 is deenergized to
      close contacts CR3a and CR3c while opening contact CR3b. Opening of
      contact CR3b will stop recording of the recorder. Simultaneously with
      deenergization of relay CR3, the solenoid of valve 60 is deenergized
      whereupon the valve closes and interrupts the discharge of treated bilge
      fluid from the vessel and, instead, the treated bilge fluid will bypass
      back to the bilge by way of valve 62.
PAR  Also, contact CR3a will close and a signal lamp 140 will commence to flash
      through flasher 135. Still further, contact CR3c will close and energize
      horn 128 via normally closed contact CR4b of relay CR4.
PAR  The horn can be silenced by depression of pushbutton switch 134 which will
      energize the coil of relay CR4. Contact CR4a of relay CR4 will provide a
      holding circuit for the relay when the relay is energized and contact CR4b
      will open and silence horn 128. Whenever proper operating conditions are
      reestablished, relay CR3 will again be energized, the contact CR3b closed
      thereby connecting recorder 106 to amplifier 133 while interrupting the
      circuit to horn 128 via contact CR3c. Lamp 140 will also be extinguished
      by opening contact CR3a when relay CR3 is again energized.
PAR  The system of the present invention is relatively simple to maintain in
      operation. Such maintenance might comprise the replacement of elements, or
      the cleaning out of the filters/coalescers as by backwashing with flushing
      water or it may consist of cleaning out the system upstream from pump 16.
      All of the maintenance functions are provided for by way of the valves
      that have previously been described.
PAR  Normally, the system will operate automatically, starting up when the fluid
      in the bilge reaches a certain upper level and shutting off when the fluid
      drops to a certain lower level. A continuous record is maintained of the
      turbidity of the discharged water and the system automatically
      recirculates the fluid when this turbidity exceeds an allowable maximum
      amount.
PAR  For manual operation of the pump 16, pushbutton 120 can be availed of.
      Switch 108 is set in the manual position to close lower contacts 108b
      thereof and switch 120 then becomes effective for energizing relay M1
      whereby to close contacts M1a and M1b thereof to energize motor starter
      112 for pump 16. Switch 120 is employed, for example, in pumping out the
      bilges for clean out operation. A further switch 110 is also provided for
      the control of motor starter 112 but is, in turn, under the control of
      contacts CR1a of relay CR1.
PAR  FIGS. 6, 7 and 8 show the flexibility of a modular type system according to
      the present invention. In FIG. 6, the pump 16 and the filtering and
      coalescing units are all mounted on the lower deck. Whereas, in FIG. 7,
      the pump 16 is mounted on the lower deck while the coalescing units and
      the turbidity sensing head 57 are mounted on a second deck.
PAR  In FIG. 8, the pump and filtering and coalescing units are mounted on the
      lower deck while the turbidity sensing head and the control box are
      mounted in a control room. It will be seen that many different physical
      arrangements could be made of the components of the present invention
      without in any way interfering with the operation thereof.
PAR  The system for treating bilge water as disclosed herein is compact and does
      not interfere with movement of personnel on the ship.
PAR  A typical installation will maintain a clean bilge on the ship purging at
      about 10 gallons per minute flow rate. The effluent from the system which
      is discharged overboard has about 98% of the solid particulate matter
      above 0.5 microns removed therefrom and the oil content reduced to about 2
      or 3 parts per million where the influent ranges up to about 1000 parts
      per million of marine grade oils and fuels ranging in viscosity from about
      30 to 3,000 SUS. Operating temperature of the system is within the range
      of about 30.degree.F to about 150.degree.F.
PAR  Modifications may be made within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for treating bilge or ballast liquid on board a marine
      vessel to separate the oil therein from the water, said system comprising
      in combination, a filter/coalescing unit means having liquid inlet means,
      oil outlet means and water outlet means, said filter/coalescing unit means
      operable to separate and filter the oil and water flowing therethrough, a
      pump connected to supply liquid to be treated to said inlet means, said
      water outlet means including a turbidity meter operable to develop a
      signal in response to any oil that may be in the water, said turbidity
      meter operable to monitor the full flow of any water therein, and control
      means connected to said turbidity meter and responsive to said actuating
      signal for interrupting the flow of water through the water outlet means
      when oil of predetermined maximum is reached.
NUM  2.
PAR  2. A system according to claim 1 in which said control means includes a
      shut off valve in said water discharge conduit downstream from said
      sensing means, and a relief valve in the said conduit between the sensing
      means and the shut off valve and connected to return the water to the
      bilge.
NUM  3.
PAR  3. A system according to claim 1 which includes recording means actuated by
      said sensing means to maintain a continuous record of the quality of the
      water being discharged from the vessel.
NUM  4.
PAR  4. A system according to claim 1 in which said filter/coalescing unit means
      includes a housing means, filter element means closed at one end and
      mounted in the said housing means, the inside of said filter element means
      communicating with said fluid inlet means, said fluid outlet means being
      connected to said housing means in the lower portion thereof and
      communicating with the outside of said filter element means, said oil
      outlet means connected to said housing means near the upper portion and
      communicating with the outside of said filter element means.
NUM  5.
PAR  5. A system according to claim 4 in which said housing means comprises a
      number of separate housings, said filter element means comprising a
      filter/coalescer element in each housing, said inlet and outlet means
      comprising a fluid inlet and a fluid outlet and an oil outlet for each
      housing, said pump being connected to the fluid inlet of the first of said
      housings and said water outlet means being connected to the fluid outlet
      of the last of said housings, the fluid inlet of each housing following
      the first thereof being connected to the fluid outlet of the next
      preceding housing whereby the water in the fluid being treated flows
      through said filter/coalescer elements in series, each oil outlet being
      connected to said oil line whereby oil is withdrawn individually from said
      housings.
NUM  6.
PAR  6. A system according to claim 1 in which the suction side of said pump is
      connected to a tank, level detectors in said tank for detecting upper and
      lower fluid interface therein, and a control system connected to and under
      the control of said detectors and operable to energize said pump when said
      upper liquid interface is detected and to deenergize said pump when said
      lower liquid interface is detected.
NUM  7.
PAR  7. A system according to claim 6 which includes means for energizing said
      pump independently of said level detectors.
NUM  8.
PAR  8. A system according to claim 6 which includes recording means for
      maintaining a record of the quality of the water flowing through said
      sensing means in said water discharge conduit, and means for making said
      recording means effective only when said pump is discharging water
      overboard.
NUM  9.
PAR  9. A system according to claim 4 which includes valve means between said
      oil line and each of the oil outlets of each housing, a switch controlling
      the valve means pertaining to the oil outlet of at least one housing, and
      a float in said first housing sensitive to the amount of oil collected in
      the upper end thereof for controlling said switch.
NUM  10.
PAR  10. The method of treating bilge or ballast liquid on a marine vessel to
      clarify the water content of the liquid to such a degree as to permit
      discharge thereof overboard the vessel, said method comprising; passing
      the bilge or ballast liquid through a plurality of filter/coalescer
      elements in series and causing the oil in the fluid to coalesce into
      droplets of substantial size on the discharge side of each
      filter/coalescer element, withdrawing oil from the discharge side of each
      filter/coalescer element, continuously measuring the turbidity of the full
      flow of water discharged from the last filter/coalescer element, and
      interrupting the discharge of water overboard the vessel when the measured
      turbidity exceeds a predetermined amount.
NUM  11.
PAR  11. The method of treating bilge or ballast liquid on a marine vessel to
      clarify the water content of the liquid to such a degree as to permit
      discharge thereof overboard the vessel, said method comprising; passing
      the bilge liquid radially outwardly through a plurality of independently
      housed filtering and coalescing elements in series, permitting the oil
      which coalesces in each element to rise in the respective housing while
      the remainder of the fluid being treated flows downwardly therein,
      withdrawing oil from the upper portion of each housing while withdrawing
      fully treated water from the lower portion of the last housing,
      continuously measuring the turbidity of the full flow of the withdrawn
      treated water, and interrupting the discharge of the treated water
      overboard when the measured turbidity thereof exceeds a predetermined
      maximum.
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ABST
PAL  A filter structure comprising a support and a porous folded sheet having a
      plurality of cooperating groups of corrugations, wherein the folds of one
      group overlap at least in part the folds of the adjacent group and have a
      uniform thickness, length and substantially parallel fold apex lines. On
      opposed sides, the folded sheet has at least two borders each of which
      borders has a single group of folds terminating in a frontal edge located
      in a plane substantially perpendicular to the apex lines of the folds. The
      borders extend outwardly of the cooperating groups of the corrugations to
      form an area for contact with the support wherein the borders may be
      embedded by seal means.
BSUM
PAR  The technical field of the invention is that of filtration.
PAR  At present filters, and more particularly disposable filters are
      extensively used especially in the field of fuel supply and of lubricating
      internal combustion engines. It is therefore necessary to manufacture
      large numbers of such filters having most frequently the form of
      cartridges which are often thrown away after use.
PAR  In general, folded structures are used to form the filtering wall. In order
      to increase the effective surface the configuration of such structures
      comprises several groups of folds. Most frequently filtering surfaces are
      used in which a herring-bone pattern is superimposed on the structure
      corrugations or folds whereby chevrons with broken or undulated pleats are
      formed on the tops of the folds. The direction of the folds and the
      chevrons can be rectangular. Structures are also used wherein the fold
      lines form irregular systems traversing the structure given to the
      filtering wall in the thickness thereof in order to create reliefs
      assimilable to pyramids which can for example more or less overlap.
      Hereinafter these configurations will be designated "groups of folds".
PAR  It is obviously necessary to associate with such structures more or less
      rigid walls which can be perforated, and/or unbroken to provide a
      satisfactory support and, good mechanical characteristics of a filter
      member together with separation of its surfaces forcing the fluid to pass
      through the filtering wall and ensuring at the same time sealing between
      the spaces corresponding to each of the surfaces, especially in cartridge
      form of filters.
PAR  It is often necessary to provide at least one perforated wall permitting a
      connection between a first space and a first surface of the filtering
      structure, as well as end surfaces in order to provide the mechanical
      characteristics and the sealing.
PAR  Thus, in the case of a cylindrical filter member the filtering structure is
      most frequently provided internally with a perforated tube, at the ends of
      which are fixed annular plates or at least one annular plate at one end
      opposite to a full plate which seals the corresponding end of the
      perforated tube, whilst the annular plate forms a connecting opening.
PAR  Therefore a filtering wall whose structure is folded as described
      hereinbefore is pressed to closely abut the above-mentioned tube which
      thus forms a spacer and is sealingly connected in its planar end portions
      to two plates mentioned hereinbefore.
PAR  Chevrons are formed wherein the general direction of the folds is that of
      the rectilinear generating lines of a cylinder formed from the folded
      sheet and the direction of the chevron pattern is perpendicular thereto.
PAR  To obtain a sealed connection on plates by means of a binding agent both
      for the mechanical characteristics and for the achievement of the
      requisite sealing the binding agent must have a certain thickness so that
      the adhesive substance used coats over relatively large areas of the ends
      of the structure. These areas vary according to the degree of coating of
      the chevrons. This causes a decrease in the area available for filtration
      in the folded wall. This decrease can be substantial, particularly when
      the filters have only small dimensions. Thus, in the case of small
      cylindrical filter members with folds lying in the directions of the
      generating straight lines and having heads of the fold for example with
      three chevrons, the assembly of the plates of the filter member in the
      seal means covering approximately the entire area of the chevrons.
      Consequently about a third of the filtration surface is functionally lost
      because its holes are blocked by the binding agent.
PAR  In addition the seal means layer must have a width value which exceeds the
      thickness of the structure.
PAR  This is disadvantageous because each type of filter member requires a
      corresponding plate type and plates matching to the various thicknesses of
      the folded filter members. This is in fact disadvantageous both from the
      manufacturing standpoint and from that of possible immobilization and also
      of storage.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention relates to a filter structure comprising a support and a
      folded sheet made of a porous material. The folded sheet has a plurality
      of cooperating groups of corrugations in which the folds of one group
      overlap at least in part the folds of the adjacent group and have a
      uniform thickness, length and substantially parallel fold apex lines. On
      opposed sides, the folded sheet has at least two borders each of which
      borders has a single group of folds terminating in a frontal edge located
      in a plane substantially perpendicular to the apex lines of the folds. The
      borders extend outwardly of the cooperating groups of corrugations to form
      areas for contact with the support wherein the borders may be embedded by
      seal means.
PAR  The invention brings about an improvement to filter structures by forming a
      folded sheet including groups of multiple sequential folds and chevrons
      and providing a large filtering area. The border position, dimensions,
      orientation and arrangement are predetermined relative to the average
      thickness of the structure. Each border-fold is formed with a flank whose
      end-portion is substantially located in a plane perpendicular to the apex
      line of the folds, a portion of the border extending a fraction of length
      beyond the apex line of the folds forms the area available for embedding
      in the seal means layer.
PAR  Numerous variants are possible. So, the borders can be provided in the form
      of extensions projecting outside the fold zones of the folded sheet, as
      for example extensions of the folds themselves. The borders also may
      extend to another direction, particularly as extensions of the portions
      having the chevron pattern.
PAR  As concerns the average thickness area of the structure the attachments on
      the borders can be located either on one side or on one and the other of
      the sides thereof, i.e. they may be staggered to a greater or lesser
      extent. In addition, these borders can be aligned one with respect to the
      other.
PAR  However, it is also possible to orientate them at particular angles and
      notably at right angles opposite to the average thickness area of the
      structure in the same direction or in opposite directions.
PAR  In view of the possible variations of positioning, orientation, arrangement
      and length of said borders a great flexibility is obtained as regards the
      association of said structure with complementary maintaining and sealing
      members.
PAR  Thus, in particular in the case of annular filter members of different
      sizes, it is possible to provide smaller plate sizes because such a border
      can be adjusted to any diameter differing from that given for the shape of
      the structure, thus resulting in a reduced consumption of adhesive or seal
      means glue.
PAR  Moreover, it is possible in this way to supply filter structures for all
      types of filter configurations such as those of simple or complex
      cylindrical shapes as mentioned hereinbefore, or in the form of rings or
      disks or those in the form of at least a fraction of a torous with random
      orientation of the folds, with or without overlapping of the chevrons or
      with evolute folds taking account of the internal and external filling of
      the structure in question.
PAR  The structure is applicable to groups of folds of random shape but
      preference is given to structures obtained in a developable manner, i.e.
      made of planar sheets of filter material.
PAR  Among the advantages obtained from the configurations in question,
      particular emphasis must be placed on the increased filtering area
      obtained which, as mentioned hereinbefore can be considerable reaching
      about 65% for example in the case of small filters and becomes greater as
      the filter becomes smaller as compared with that obtained through the
      prior art.
PAR  Other and further objects of the present invention will be apparent from
      the following description and claims, and are illustrated in the
      accompanying drawings which by way of illustration show preferred
      embodiments of the present invention and the principles thereof, and
      indicte what is considered to be the best modes contemplated for applying
      these principles. Other embodiments of the invention embodying the same or
      equivalent principles may be used and structural changes may be made as
      desired by those skilled in the art without departing from the present
      invention and the scope of the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows schematically the arrangement of the fold head chevrons in a
      prior art cylindrical filter member;
PAR  FIG. 2 shows a prior art filter member with a perforated spacer tube and
      side plates;
PAR  FIG. 3 shows a first variant of a filter structure according to the present
      invention with parallel edges extending along one side;
PAR  FIG. 4 shows a second variant of the filter structure in perspective view;
PAR  FIGS. 5 to 7 show further variants filter structures;
PAR  FIG. 8 is a diagram of a filter member produced according to FIG. 3;
PAR  FIG. 9 is a further diagram of a filter member arranged in the form of a
      ring;
PAR  FIGS. 10 and 11 is an elevational view of two variants of a cylindrical
      filter member having respectively internal and external borders;
PAR  FIGS. 12 and 13 is a perspective view of a filter member in two other
      variants showing the arrangements of the borders with folds having
      chevrons which overlap on the outside and are disengaged on the inside;
PAR  FIG. 14 is a perspective view of the formation of a small size filter
      member identical with that of FIG. 4;
PAR  FIG. 15 shows a filter member with spaced zones provided with chevrons;
PAR  FIG. 16 shows a filter member with spaced chevron pattern areas;
PAR  FIG. 17 is an open perspective view of the formation of a filter member
      identical with those of FIGS. 10 - 13 but with evolute folds;
PAR  FIGS. 18 to 20 show examples of the outlines of folds and chevrons
      representing the borders for two different sizes and for evolute folds;
PAR  FIGS. 21 to 27 are perspective views showing different assembly
      configurations of the filter members on several supports for obtaining
      cylindrical, circular, flat, simple or complex members or complex and
      toroidal cylindrical members;
PAR  FIG. 28 is a perspective view of a filter structure having evolute folds
      forming a plate member where the structure is provided with borders on its
      complete periphery;
PAR  FIG. 29 also is a diagrammatical view of a cylindrical filter structure
      whose border is provided over the complete height of the folds, being
      radial;
PAR  FIGS. 30 and 31 are partial perpective views of two comparative sizes of
      filter with the same side plates.
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PAC  DETAILED DESCRIPTION
PAR  As can be seen in FIGS. 1 and 2, prior art cylindrical filter members
      comprise a folded structure 1 provided with chevrons, from which a
      cylinder is formed by bending and joining the structure edge-to-edge on
      two end folds brought into contact and glued, then providing the structure
      1 internally with a spacer 2 forming both a transverse and heightwise
      retaining member and a perforated wall, joining the tube integrally with
      two end plates 3 and 4, and sealingly connecting to said plates the
      corresponding portions of the structure 1, particularly by means of
      binding agent.
PAR  With a view to increasing the filtration area for a given size the chevrons
      formed by undulations of the folds the heads 5 thereof are made at an
      acute angle so that in a given height it is possible to provide the
      maximum numbr of chevrons, whereby the number of folds parallel to the
      cylinder axis is fixed.
PAR  Under these conditions the end portions 6a and 7 of the folded structure
      provided with chevrons are thickly coated end flanks of the chevron
      pattern and even if the connection with the end plates is achieved by a
      minimum thickness of adhesive compatible with the sealing requirements,
      the layer of adhesive will have a detrimental influence on at least one
      side of the chevron pattern and usually on a large area thereof. In
      general this adhesive layer surrounds at least one side of the chevron
      pattern this being equivalent to an effective area loss on both sides of
      the chevron pattern whose pin-holes are blocked.
PAR  In small filters where there are in general three chevrons per fold
      parallel to the cylinder axis this adhesive layer reduces the effective
      filtration area by about a third. Therefore it is necessary to increase
      the size of the filters so that also the weight thereof and the cost
      unnecessarily grow.
PAR  To obviate this disadvantage, the invention a folded sheet which has on at
      least two sides of its periphery special extensions or borders which are
      orientated in such a way that they penetrate into a seal means layer at a
      small angle relative to the perpendicular on the free surface of this
      layer. A result of this extension is that the effective surface area
      provided for the particular member is it preserved and that is possible to
      decrease the filter overall dimensions. Thereby the flexibility of use and
      shaping are improved as regards both the filter members themselves and
      their accessories.
PAR  In the variant of the present invention shown in FIG. 3, a folded sheet
      with fold apex line 6 is formed into repetitive chevrons 7 and is provided
      at the ends of the folds with extensions 8 and 9 forming borders which
      project on both sides from one of the faces of the thick structure and are
      raised at an angle of 90.degree. from one and the same free side of the
      structure towards the other face thereof and extend beyond same.
PAR  Taking account of the chevron pattern of the apex lines of the fold 6,
      extensions 8 and 9 also are folded homologously to the above-indicated
      chevron pattern but the height of the homologous fold can differ greatly
      and can be more particularly less than the height of the main chevron
      pattern. Consequently the thickness of these extensions can be small
      relative to the thickness of the folded sheet itself and may be equal to
      the size of the fold.
PAR  As can be seen in FIG. 4 the extensions 8a and 9a instead of being raised
      at the angle of 90.degree. relative to the average thickness plane of the
      described folded sheet can be made parallel to the plane thereof.
PAR  FIG. 5 shows a variant wherein the extensions 8b and 9b are positioned
      relative to the above-indicated in opposite directions. Moreover extension
      8b is connected to the central structure by a low fold line 6a, whilst
      conversely extension 9b is attached along an opposite, i.e. high line 6b.
PAR  The variant of FIG. 7 is a configuration wherein the extensions 8c and 9c
      are parallel to the average plane of the folded and chevron structure.
PAR  The variant of FIG. 6 has one of its borders 8d attached to a low fold
      line, whilst its border 9d is attached in an intermediate area and is
      located at mid-height of the thickness of the intermedite folded and
      chevron structure.
PAR  Thus, numerous variants of the invention are possible, particularly the
      borders may have different inclinations, for example one may be
      perpendicular to the structure and the other may be simply an extension
      thereof.
PAR  FIG. 8 shows a folded structure provided with chevrons 10 in a plate-shaped
      filter member, as well as the corresponding sealing and attachment zones.
      The heads of borders 8 and 9 are joined by a binding agent forming a type
      of strip 11 or 12, whilst the end surfaces are immersed in a platelet 11a
      or 12a of binding agent. In this structure there are obtained the two
      necessary separate operating surfaces that i.e. those which appear between
      the strips 11 and 12; the strips and surfaces 11a and 12a are forming a
      sealed box assembly capable to receive and filter a liquid or liquids
      passing through the sheet.
PAR  FIG. 9 shows a disk-shaped variant of the present invention wherein the
      strips form circular or crown-shaped lines 11b and 12b (the connection of
      the ends of the structure is not shown). Here a circular folded filter
      including a chevron configuration is obtained whose faces contain the fold
      lines. In connection with either a plate and/or crown-shaped member in
      this variant a complete effective filtration area provided with chevrons
      is obtained wherein the sealing and fixing glue layers only appears on the
      borders 8 and 9, on extensions not determining the filtration area.
PAR  It can be seen that these borders penetrate the surface of the glue layer
      approximately perpendicular thereto so that the fixing area is of limited
      width.
PAR  In the arrangement of FIG. 9, the fold lines are shown undulated or broken
      by the chevron effect and contained in planes perpendicular to the axis of
      geometrical revolution. In FIG. 10 the folded and chevronned structure is
      arranged so that the fold lines are contained in cylindrical surfaces,
      i.e. in the inner and outer envelope surfaces of the filter member. The
      chevron lines become virtually radial instead of being axial as in FIG. 9.
      Consequently the fold lines 13 appear on the cylinder exterior and the
      chevron lines 14 are distributed on substantially conical surfaces. In
      FIG. 10, the folding borders 15 and 16 are formed from the folds and
      chevrons of the filtering surface. Said surfaces 15 and 16 can have an
      external diameter which is less than that of the external enveloping
      cylinder of the filtering surface.
PAR  FIG. 11, shows a folding similar type to that of FIG. 10, but with a
      different configuration of the filtering surface there being provided
      borders 15a and 16a formed from folded surfaces, said borders having
      substantially the same external enveloping diameter as that of the
      external enveloping cylinder of the filtering surface having folds 13 and
      chevrons 14.
PAR  FIG. 12 shows an embodiment wherein the borders 17 and 18 project beyond
      the inner enveloping cylinder of the filtering surface. This internal
      cylinder is limited along the fold lines 19 which are broken, undulated or
      given a chevron effect as shown in, lines 20. Similarly the borders 17 and
      18 are limited by lines 21 which exactly reproduce the chevron effect.
      Moreover, the outer folds 22 are closer to one another than the innr folds
      19, thus the inner chevrons being separated from one another on two
      adjacent fold lines, whilst externally overlapping one another.
PAR  The same feature appears in the embodiment shown in FIG. 13, wherein
      however the borders 17a and 18a are positioned in axial direction
      similarly as in the embodiment of FIG. 10.
PAR  The borders according to the invention enable and filter members to be
      provided at their ends with glued, sealed or annular plates of planar
      form; otherwise it would be necessary to use conical or frustum-shaped
      plates.
PAR  In small filter members produced according to FIG. 13, the inner chevrons
      are sufficiently close to each other, so that the fold lines are supported
      upon one another. The axial orientation of the borders, together with
      mutually supporting folds to give the filter member a good resistance to
      axial compression.
PAR  FIG. 14 shows how the filtering sheets described hereinbefore can be made.
      It can be seen that a sheet material 23 can be provided with folds 24,
      namely with average rectilinear end lines undulated or broken over their
      complete length, thus apices of the a chevron system 25 being formed.
      Borders 26 and 27 are here projecting ends integral with the end folds of
      the sheet. Therefore these borders follow and the folding thereof the
      undulated lines of the chevron system. Thus, it is easy to obtain the
      configurations described hereinbefore as regards the position and
      orientation of the borders relative to the effective folded and chevron
      portion of the sheet. When the sheet is wound about an axis substantially
      parallel to the chevron direction and when the concavity in the winding is
      formed on the side opposite the projection of these borders, the
      configuration of FIG. 11 is obtained. When this concavity is formed on the
      side of the projection of the borders the configuration of FIGS. 10 and 13
      is obtained. FIG. 14 shows a folded chevron sheet provided with borders
      and having a body with three free folds which is suitable for producing
      small filters. FIG. 15 shows a large number of folds, in the body 28 being
      suitable for producing either flat filters of great length or cylindrical
      filters of great height.
PAR  As shown in FIG. 16 a filter body 29 can also have zones 30 with fold and
      chevron areas separated by area 31 without folds, i.e. a body being
      suitable for formation of filters with distributed chevrons and folds. By
      cutting the zones 31 for a plurality of bodies identical with that shown
      in FIG. 14 may be obtained.
PAR  FIG. 17 shows a variant of FIG. 13, wherein the external area of the filter
      body 32 has an evolute fold pattern and wherein alternating folds 33 of a
      considerable height are separated by folds 34 of a lesser height, this
      embodiment providing enlargement of the inner area of the filter member
      wherein the folds 35 have narrow chevrons. The inner ridge lines 36
      corresponding to the short folds are remote therefrom and are therefore
      closer to the outside, thus the narrowness of the chevrons being smaller
      when clogging is increasing, this arrangement nevertheless permits to
      obtain a superior effectiveness of the filter member 34.
PAR  FIGS. 18 and 19 show examples of planar corrugated sheets 37 and 38 of two
      different sizes wherein there can be seen folds 39 on one side of the
      filter body as well as apices 40 of the chevron system corresponding to a
      first inclination. The latter are shown by continuous heavy lines. In
      addition, the fold lines 41 and the apices of the chevron system 42 which
      appear on the other side and have opposite inclinations are marked by
      parallel lines. It can be seen that borders such as 15, 16 or 15a, 16a are
      obtained as a result of providing a supplementary fold line 43 as an
      undulated or broken line associated with the end fold lines and forming
      supplementary outer points 44.
PAR  FIG. 20 shows a configuration for a sheet 45 similar to that of FIG. 19
      wherein identical fold lines are provided which however determine folds
      belonging to two alternating series, namely folds of great height 46 and
      folds of lesser height 47 suitable for a filter body with evolute folds
      such as that shown in FIG. 17. To the difference from FIG. 17 the
      supplementary fold lines 43a defining borders 15 or 16 do not come into
      contact with a final fold line 48, but are spaced therefrom to define
      borders 15, 16 projecting from the filter body in an intermediate area of
      its thickness.
PAR  FIG. 21 shows a configuration of a cartridge 49 wherein a filter body 50 is
      provided by forming a chevron folded member provided with borders 8 and 9
      in a configuration such as that shown in FIG. 3, which however underwent a
      cylindrical winding. It can be seen that borders 8 and 9 are assembled in
      sealed manner in cylindrical grooves 51, 51 and that a fitting 53 provided
      with holes 54 is inserted between the above-indicated grooves. This
      cylindrical fitting provides a sealed support edge 55 on an elastically
      coupled base of cartridge 49, and on the other side the edge of the groove
      52 is turned down edge 56 to provide abutment for a compression spring 57
      inserted between the fitting 53 and a sealed base 58 of the cartridge
      dome.
PAR  FIG. 22 shows a fitting comprising, a perforated cylinder 59 whose ends are
      fitted to annular members 60 and 61 providing sealing grooves needed for
      the borders 8 and 9 of filter member 50 which comprises substituting
      members 59 permitting to universally use a single type of member 60, 61
      for various heights of the filter body.
PAR  The fitting 59 shown in FIG. 21 formed as a one-piece member having at its
      ends grooves 51, 52 as well as the cylinder 59 of FIG. 22 with separate
      groove members 60, 61 also can be shaped differently. So for instance in
      place of circular grooves it is possible to provide annular planar
      channels enabled to be joined to members having unfolded borders such as
      those shown in FIGS. 4, 6 and 7.
PAR  FIG. 23 shows an arrangement wherein a filter body 62 of the type shown in
      FIG. 3 is not given a cylindrical form, but is shaped instead as a disk by
      winding about an axis perpendicular to the plane defined by the ends of
      borders 8 and 9. These borders are connected to the base of annular groove
      63 and 64 provided in a plate 65 as to two concentric formationg separated
      from one another by an annular zone 66 provided with perforations 67.
PAR  As in the previously described embodiments sealing glue layer on borders 8
      and 9 in grooves 63 and 64 effectively separates the two surfaces of the
      sheet filter material whereby one of the sheet surfaces contacts solely
      the perforated area 66 and the other surface freely faces the outside.
      Also here, a member is obtained which can be sealingly mounted in a
      cartridge which has an enveloping wall for said member.
PAR  FIG. 24 shows that sheet member of FIG. 3 disposed without bending on a
      plate 68 offering two grooved edges 69 and 70 wherein the sheet member may
      be fixed by immersing it into a glue layer or polymerizable plastic
      material 71 on the borders 8 and 9 of the filter sheet member, here the
      rectilinear grooves are shown as separated by a planar surface 72 provided
      with perforations 73.
PAR  FIG. 25 shows an arrangement with repetitive areas such as that shown in
      FIG. 24, wherein an inner plate 74 is provided having a plurality of e.g.
      equidistant grooves 75. This plate makes to assemble a plurality of filter
      bodies 76 of the type described by interlocking one or a pair of borders
      77 in a single groove for connecting two adjacent filter bodies.
PAR  This modification could also be envisaged for the arrangement of FIGS. 21
      and 22 wherein the interlocking on the border zones of the filter sheet
      members may be made in grooves 51 and 52 or 60 and 61. FIG. 26 shows
      interlocking of border zones of filter sheet members 78 effected in
      rectilinear grooves 79 provided in a cylindrical fitting 80 and following
      the direction of the rectilinear generating lines. Adjacent pairs of
      grooves 79 are separated by segments 81 having perforations 82. It can be
      seen that the filter sheet members 78 are curved in a direction
      perpendicular to that shown in FIGS. 21 or 23.
PAR  It can also be concluded that the filter member can be given a cylindrical
      configuration by disposing in a circle in the main plane of a fold shown
      in FIGS. 21 and 23 or in a circular formation perpendicular to said plane.
      Summarising the member of FIG. 3 is related to three rectangular axes of
      which one is the main line of the folds, the other one being perpendicular
      to the first named line in the plane of these main lines, and the third
      being perpendicular to the two first-mentioned lines; the axis of rotation
      of the configuration of FIGS. 21, 23 and 26 correspond respectively to the
      first the second of the mentioned axes.
PAR  FIG. 27 shows a filter sheet member 83 having a quarter torous shape
      wherein fitting 84 is provided having a square cross-section, a first
      cylindrical groove 85 and a second annular groove 86 similar to those
      shown respectively but separately in FIGS. 21 and 23. An annular member 87
      provided with perforations 88 connects the grooves. This member may be
      integral with the grooved members or may be connected to and dismountable
      from them.
PAR  FIG. 28 shows a plate-shaped sheet member 89 whose undulating and chevron
      structure 90 has borders of two types namely the borders 91 such as
      described hereinbefore being simple extensions following the direction of
      the folds, and the other borders 92 being extensions following the
      direction of the chevrons. These two types of borders as in the previous
      cases, penetrate in a substantially perpendicular manner into a layer of
      adhesive 93 which borders the four sides of said member 90 as shown by the
      delimiting lines and shaded areas. Thus the members have two borders with
      extending folds or two borders with extending chevrons, at the same time.
PAR  FIG. 29 shows a cylindrical sheet filter member 94 whose fold lines 95 are
      no longer disposed along guiding circles as shown for example in FIGS. 10
      - 13, but are on rectilinear generating lines of the enveloping cylinder.
      In this case, the borders 96 are in the form of extensions of the chevrons
      and are arranged perpendicularly to the plane of end plates 97 which
      receive the glue binding substance fixing and sealing the borders 96.
PAR  In connection with FIGS. 21 and 22 it has been stated that the cylindrical
      grooved members 53 or 59, 60 and 61 can be used for providing filter
      member of heights differing from those shown in FIG. 3. They can for
      example be used for filter members of the type shown in FIG. 13.
PAR  A high type of filter member is shown in FIGS. 30 and 31. Therein two
      borders 17a and 18a have a thickness given by the folds homologous with
      the chevrons 22, i.e. the folds have surfaces between successive apices
      being of the same width C as the sides of the chevrons. These borders are
      in fact tangential to the inner enveloping cylinder of the said filter
      member.
PAR  One end plate 96 is annular, and the other plate 97 has a full base dish 98
      either integral therewith or sealingly connected thereto.
PAR  The plates 98 and 96 provide grooved circular flanges, one of which has a
      width slightly greater than the thickness of the filter sheet borders in
      order to receive the minimum volume of binding agent or glue 99.
PAR  The width of the fold designated by the reference P in FIG. 30 can vary
      from the value P.sub.1 shown in FIG. 31 to correspond to the external
      diameters .theta. and .theta..sub.1 for the selected filter members
      involved.
PAR  The height of the filter member can be further varied. It is possible to
      use a central perforated tube 100 either integral with or connected to the
      end plate in sealing manner by a binding agent.
PAR  In the embodiments of FIGS. 30 and 31, the folds and chevrons of the sheet
      member designated in general by the reference numeral 101 are given a
      trapezoidal cross-section, the large base length whereof is reduced to a
      greater or lesser extent by compression between the end plates. This
      construction makes it easier to disengage the dimensions of the chevrons
      in the inner area, whereby for example the outer area remains more
      "aerated" no matter whether the folds are overlapping or evolute and
      overlapping due to the extension of the corresponding circumference of the
      corresponding outer enveloping geometrical cylinder.
PAR  The same considerations apply to the case of a filter member having inner
      borders with evolute folds as shown in FIG. 17 as well as in FIGS. 10 and
      11, whilst in the case of FIG. 11 the borders extend externally as also do
      the sheet members the borders of which extend intermediately in respect to
      the thickness of the sheet structure or are in alternating positions, i.e.
      one is external and the other is internal.
PAR  The thickness of the borders is indicated hereinbefore as substantially
      equal to the dimension C of the width of the chevron flank. Same can be
      reduced by sub-dividing the fold of such a border, thus receiving still
      further the width and the quantity of binding agent together with the
      volume of the receiving grooves in the end plates.
PAR  It is specifically pointed out that all the features of the assemblies
      described hereinbefore are closely interlinked and that the filter member
      is provided with borders.
PAR  Finally, it is worthwhile to mention that in all the gurations of the
      present invention the presence of the borders hereinbefore defined and
      described permits the fixing of filter members to their assembly members
      without any loss on the structure of effective area provided for the
      passage of the liquid to be filtered through the latter, no matter what
      configuration is given to one or more groups of the folds.
PAR  While there has been described and illustrated preferred embodiments of the
      invention, it is to be understood that these are capable of variation and
      modification and therefore the invention is not limited to the precise
      details set forth but covers all such modifications and alterations which
      fall within and do not depart from the scope of the invention and of the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A filter structure comprising a support and a porous folded sheet having
      a plurality of cooperating groups of corrugations, the folds of one group
      overlapping at least in part the folds of the adjacent group and having
      uniform thickness, length and substantially parallel fold apex lines, said
      folded sheet having at least two borders each having a single group of
      folds terminating in a frontal edge located in a plane substantially
      perpendicular to the apex lines of the folds, the folds of each of said
      borders extending outwardly of said cooperating groups of corrugations to
      form an extended area for contact with said support and seal means for
      embedding said border areas fixedly to said support.
NUM  2.
PAR  2. The structure in accordance with claim 1, in which each border has a
      single group of folds selected from the group consisting of zig-zag,
      pointed apex and rounded apex formations.
NUM  3.
PAR  3. The structure in accordance with claim 1, in which the borders extend in
      the same plane.
NUM  4.
PAR  4. The structure in accordance with claim 1, in which the borders extend in
      different planes.
NUM  5.
PAR  5. The structure in accordance with claim 1, in which said folds define an
      inner and outer surface providing a predetermined thickness of said folded
      sheet and wherein the borders extend in a plane passing through one of
      said surfaces.
NUM  6.
PAR  6. The structure in accordance with claim 1, in which said borders have
      relative to said structure the same orientation.
NUM  7.
PAR  7. The structure in accordance with claim 1, in which the borders have
      relative to said folded sheet different orientations of extension.
NUM  8.
PAR  8. The structure in accordance with claim 1, in which the number of borders
      is greater than two and can reach a number equal to that of the sides of
      the said structure.
NUM  9.
PAR  9. The structure in accordance with claim 1, in which the plurality of said
      overlapping groups of corrugations comprise both linear folds and chevron
      folds.
NUM  10.
PAR  10. The structure in accordance with claim 9, in which at least some of the
      groups of corrugations are formed with marginal folds and the borders are
      disposed along the marginal folds.
NUM  11.
PAR  11. The structure in accordance with claim 9, in which at least some of
      said groups of corrugations are formed with chevron margins and the
      borders are disposed along the marginal chevrons.
NUM  12.
PAR  12. The structure in accordance with claim 9, in which the borders are
      located both along the marginal chevrons and folds.
NUM  13.
PAR  13. The structure in accordance with claim 9 in which said folded sheet is
      shaped to form a cylinder said two borders being located respectively at
      each end of said cylinder.
NUM  14.
PAR  14. The structure in accordance with claim 13, in which the cylinder axis
      is parallel to the direction of the fold apex lines.
NUM  15.
PAR  15. The structure in accordance with claim 14, in which the cylinder axis
      is parallel to the direction of the chevrons.
NUM  16.
PAR  16. The structure in accordance with claim 13, in which the cylinder axis
      is perpendicular to the direction of the fold apex lines.
NUM  17.
PAR  17. The structure in accordance with claim 1, wherein said folded sheet is
      shaped in irregular manner.
NUM  18.
PAR  18. The structure in accordance with claim 17, wherein said folded sheet
      has the configuration of at least a partial torous.
NUM  19.
PAR  19. The structure in accordance with claim 1, wherein said support
      comprises a fitting having at least one perforated section and at least
      one pair of grooves for receiving the borders and said seal means.
NUM  20.
PAR  20. The structure in accordance with claim 19, in which the fitting is
      detachable.
NUM  21.
PAR  21. The structure in accordance with claim 19, in which the fitting
      comprises circular grooves whose diameters are smaller than the diameters
      of the borders of the filter members.
NUM  22.
PAR  22. The structure in accordance with claim 19, in which rectilinear grooves
      are provided on a fitting which forms a substantially planar plate.
NUM  23.
PAR  23. An assembly of a pair of the structures formed in accordance with claim
      19, wherein the borders of one of said structures overlap the borders of
      the other structure in the same groove.
NUM  24.
PAR  24. The structure in accordance with claim 19, where said folded sheet is
      shaped into a generally tubular form and has the borders fixed in grooves
      filled with a sealant.
NUM  25.
PAR  25. The structure in accordance with claim 24, in which said folded sheet
      is shaped into a substantially trapezoidal form.
NUM  26.
PAR  26. The structure in accordance with claim 24, in which the border fold is
      sub-divided relative to that of the chevron.
NUM  27.
PAR  27. The structure in accordance with claim 24, having overlapping chevrons.
NUM  28.
PAR  28. The structure in accordance with claim 24, in which the end plates
      comprise circular receiving grooved areas for the folded sheet borders,
      said grooved areas being integral with central sealing bases in said
      plates, thus unitary members being formed for various uses on filter
      members having different heights and diameters.
NUM  29.
PAR  29. The structure in accordance with claim 1, in which the thickness of the
      borders is reduced relative to that of the remaining structure.
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ABST
PAL  An oil-filled electrical device comprising a casing, an electrical device
      element in the casing and an insulating oil consisting essentially of one
      or more 2-diphenylalkylether having the structural formula of
      ##SPC1##
PAL  Wherein R is the alkyl group expressed as C.sub.n H.sub.2n.sub.+1 wherein R
      is 1.ltoreq.n423.8.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an oil-filled or oil-immersed electrical device.
PAR  Various types of electrical devices which are filled with insulating oil
      are widely used in, for example, power systems. Recently, with ever
      increasing demand for a greater and greater supply of electrical power,
      such electrical devices are becoming of greater and greater capacity and
      more and more capable of withstanding higher voltages.
PAR  One of the factors that determine the operating efficiency of such
      oil-filled or oil-immersed electrical devices is the characteristics of
      the oil that fills the device together with other component parts thereof.
      At present mineral oils and diphenyl chloride are most widely used for
      this purpose. However, mineral oils have lower dielectric constants and
      strength and also are less gas-absorbent so that they cannot provide
      sufficient properties required for high voltage and capacity types of such
      electrical devices and with such mineral oils it is difficult to make the
      device compact in size.
PAR  On the contray, diphenyl chloride has a higher dielectric constant and
      strength. However, it is so toxic to the human as well as animal life that
      in view of environmental pollution the use of this material is
      undesirable.
PAR  Accordingly, the primary object of the invention is to provide such
      electrical devices which have high operating efficiency.
PAR  Another object of the invention is to provide oil-filled or oil-immersed
      electrical devices having high operating efficiency which is achieved by
      the use of such insulating oils having good characteristics as such oils.
PAR  Still another object of the invention is to provide oil-immersed or
      oil-filled electrical devices employing insulating oils which are not
      toxic to life.
PAR  Still another object of the invention is to improve the characteristics of
      oil-filled electrical devices through utilization of those insulating oils
      which have greater dielectric constants and strengths and are more
      gas-absorbent than the mineral oils hitherto employed for the same
      purpose.
PAR  A further object of the invention is to provide such oil-filled electrical
      devices as aforesaid which are compact in size.
PAR  Additional object of the invention is provide an insulating oil for use in
      oil-filled or oil-immersed electrical devices, which has a higher
      dielectric constant and strength and is more gas-absorbent than the
      conventional mineral oils.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described with reference to the accompanying
      drawings, wherein:
PAR  FIG. 1 is a front view, partly broken, of an oil-filled condenser
      constructed in accordance with the invention;
PAR  FIG. 2 is a perspective view of a partly broken element used in the
      condenser of FIG. 1; and
PAR  FIG. 3 is a front view, partly broken, of an oil-filled transformer
      constructed in accordance with the invention.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to oil-filled electrical devices comprising a
      casing, an electrical device element disposed in the casing and an
      insulating oil consisting essentially of one or more 2-diphenylalkylethers
      (ortho substituted compounds) wherein the alkyl group contains from 1 to 8
      carbon atoms. These 2-diphenylalkylethers have the structural formula
      ##SPC2##
PAL  wherein R is the alkyl group expressed as C.sub.n H.sub.2n.sup.+1 wherein
      1.ltoreq.n.ltoreq.8.
PAR  The 2-diphenylalkylether compound include any type of isomers i.e. normal
      chain, branched chain and primary, secondary and tertiary alkyls.
PAR  The oil-filled electrical devices of the invention employ the above
      compounds either singly or in mixture.
PAC  DETAILED DESCRIPTION OF THE INVENTION AND THE PREFERRED EMBODIMENTS
PAR  The characteristics of the compounds as compared with those of the
      conventional mineral oil are given in below TABLE I. In TABLE I through V,
      (A) to (M) indicate the insulating oils of the present invention with
      which the electrical apparatus of the invention may be filled, while (N)
      indicates an insulating oil to be compared with those of the present
      invention and (P) is the mineral oil used in the conventional oil-filled
      electrical apparatus.
PAR  In TABLE I, the visible gas generating voltage is the voltage level at
      which a piece of paper immersed with the oil on which an increasing
      voltage is impressed comes to produce gas immediately before dielectric
      breakdown occurs. Generally, the visible gas generating voltage may be
      considered as a measure of the dielectric breakdown voltage of the
      oil-immersed paper.
PAR  The formulae of the compounds employed and the mixing ratios of them are
      given below in (A) through (N):
PA1  A. 2-diphenylmethylether
      ##SPC3##
PA1  B. 2-diphenylethylether
      ##SPC4##
PA1  C. 2-diphenylnormalpropylether
      ##SPC5##
PA1  D. 2-diphenylnormalbutylether
      ##SPC6##
PA1  E. 2-diphenylnormalhexylether
      ##SPC7##
PA1  F. 2-diphenylisopropylether
      ##SPC8##
PA1  G. 2-diphenylisopentylether
      ##SPC9##
PA1  H. 2-diphenyltertiarybutylether
      ##SPC10##
PA1  I. 2-diphenyl-1, 1-dimethylbutylether
      ##SPC11##
PA1  J. mixture of 2-diphenylmethylether (A) and 2-diphenylethylether (B), the
      ratio of A to B being 30:70.
PA1  K. mixture of 2-diphenylethylether (B) and 2-diphenyl-1,
      1-dimethylbutylether (I), the ratio of B to I being 70:30.
PA1  L. 2-diphenylnormaloctylether
      ##SPC12##
PA1  M. 2-diphenylisooctylether
      ##SPC13##
PA1  N. 2-diphenylnormalnonylether (to be used as a reference compound, with the
      alkyl group having 9 carbon atoms)
      ##SPC14##
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Characteristics      Viscosity   Dielectric                               
     Insulating   Flash Point                                                  
                          at 30.degree.C                                       
                                at 75.degree.C                                 
                                      Constant                                 
     Oil          (.degree.C)                                                  
                          (cst) (cst) at 80.degree.C                           
     __________________________________________________________________________
     (A) Single Compound                                                       
                  132      9.5  5.0   3.65                                     
     (B)     "    134     10.5  5.5   3.50                                     
     (C)     "    136     10.0  5.5   3.40                                     
     (D)     "    137     11.0  6.5   3.20                                     
     (E)     "    142     16.0  9.5   2.65                                     
     (F)     "    136     10.5  5.0   3.45                                     
     (G)     "    140     15.0  9.0   2.60                                     
     (H)     "    138     11.0  7.0   2.75                                     
     (I)     "    143     16.5  10.0  2.65                                     
     (J) Mixture  133     10.0  5.5   3.56                                     
     (K)   "      136     11.0  6.0   3.10                                     
     (L) Single Compound                                                       
                  144     18.5  11.0  2.45                                     
     (M)     "    144     18.0  11.5  2.60                                     
     (N) Single Compound                                                       
                  148     24.0  15.5  2.32                                     
     (P) Mineral Oil                                                           
                  132     12.0  7.0   2.26                                     
     __________________________________________________________________________
     Character-      Volume Breakdown                                          
                                   Visual Gas                                  
     istics  Dielectric                                                        
                     Resistivity                                               
                            Voltage at                                         
                                   Producing                                   
     Insulating                                                                
             Loss Tangent                                                      
                     at 80.degree.C                                            
                            20.degree.C                                        
                                   Voltage at 20.degree.C                      
     Oil     at 80.degree.C (%)                                                
                     (.OMEGA.-cm)                                              
                            (kV/2.5mm)                                         
                                   (kV/mm)                                     
     __________________________________________________________________________
     (A) Single                                                                
       Compound                                                                
             0.070   1.0.times.10.sup.14                                       
                            74     68.5                                        
     (B)    "                                                                  
             0.047   3.5.times.10.sup.14                                       
                            77     67.5                                        
     (C)    "                                                                  
             0.040   3.0.times.10.sup.14                                       
                            78     67.0                                        
     (D)    "                                                                  
             0.040   3.0.times.10.sup.14                                       
                            77     66.0                                        
     (E)    "                                                                  
             0.035   3.0.times.10.sup.14                                       
                            80     62.5                                        
     (F)    "                                                                  
             0.040   2.5.times.10.sup.14                                       
                            78     66.8                                        
     (G)    "                                                                  
             0.030   3.5.times.10.sup.14                                       
                            78     64.5                                        
     (H)    "                                                                  
             0.030   3.0.times.10.sup.14                                       
                            77     66.2                                        
     (I)    "                                                                  
             0.030   3.1.times.10.sup.14                                       
                            80     62.0                                        
     (J) Mixture                                                               
             0.051   2.5.times.10.sup.14                                       
                            75     67.5                                        
     (K)    "                                                                  
             0.045   2.5.times.10.sup.14                                       
                            76     64.0                                        
     (L) Single                                                                
       Compound                                                                
             0.030   3.5.times.10.sup.14                                       
                            79     56.0                                        
     (M)    "                                                                  
             0.030   3.0.times.10.sup.14                                       
                            78     55.5                                        
     (N) Single                                                                
       Compound                                                                
             0.025   4.0.times.10.sup.14                                       
                            80     49.0                                        
     (P) Mineral                                                               
       Oil   0.030   3.5.times.10.sup. 14                                      
                            79     46.5                                        
     __________________________________________________________________________
PAR  As obvious from TABLE I, the compounds A - M of the present invention to be
      used as insulating oil to fill the oil-filled electrical device have
      higher dielectric constants and higher visible gas generating voltages
      than the conventional mineral oil P used in the prior art oil-filled
      electrical devices or 2-diphenylnormalnonylether N with the alkyl group of
      9 carbon atoms, used as the insulating oil in the reference oil-filled
      electrical device.
PAR  Now an oil-filled condenser constructed in accordance with the invention
      will be described with reference to the accompanying drawings. In FIGS. 1
      and 2, there is shown an oil-filled condenser comprising a condenser
      element 1 consisting of a pair of thin electrode foils 2 and 3 and a
      plurality of piled thin dielectric sheets 4 sandwiched between the
      electrodes, all these being wound into a suitable cylindrical shape in
      accordance with desired electrical characteristics to be attained, as
      shown in FIG. 2.
PAR  A casing 5 encloses the cylindrical element 1, from which a pair of leads 6
      and 7 are connected to terminals 10 and 11 provided on top of the casing.
      Insulating oil 12 fills the interior of the casing 5.
PAR  TABLE II and III show various characteristics of the condenser constructed
      in the above manner of FIGS. 1 and 2, with the previously mentioned
      compounds A - N and P used as the insulating oil 12. In TABLE II, in the
      condensers tested, the electrodes 2 and 3 are made of aluminium foils 10
      .mu. thick, 23 cm wide and 4.35 meters long, and the dielectric 4 is made
      of five piled sheets of insulating paper 55 .mu. thick, 26 cm wide and 6.5
      meters long and having a density of 0.82 g/cm.sup.3, the foils and
      dielectric sheets being put together and wound into the cylindrical
      element 1. In TABLE III, the electrodes 2 and 3 are made of aluminum foils
      10 .mu. thick, 23 cm wide and 4.35 meters long, and the dielectric 4
      comprises sheets of insulating paper 9 .mu. thick, 26 cm wide and 6.5
      meters long with a density of 0.82 g/cm.sup.3 and sheets of polypropylene
      film 9 .mu. thick, 26 cm wide and 6.5 meters long, the number of the
      dielectric sheets being five in all, and the foils and dielectric sheets
      being put together and wound into the cylindrical element 1.
PAR  In TABLES II and III, the long time withstand AC voltage ratio are given
      with those of the example P being taken as 100.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Character-              Insulating                                        
     istics    Dielectric                                                      
                     Dielectric                                                
                             Resistance                                        
                                   Corona                                      
     Insulating                                                                
               Constant                                                        
                     Less Tangent                                              
                             at 20.degree.C                                    
                                   Start Voltage                               
     Oil       at 20.degree.C                                                  
                     at 20.degree.C (%)                                        
                             (.OMEGA./F)                                       
                                   at 20.degree.C (kv/mm)                      
     __________________________________________________________________________
     (A)       4.37  0.31    10,000                                            
                                   37                                          
     (B)       4.26  0.25    20,000                                            
                                   36                                          
     (C)       4.18  0.23    18,000                                            
                                   36                                          
     (D)       4.05  0.23    18,000                                            
                                   36                                          
     (E)       3.67  0.21    18,000                                            
                                   35                                          
     (F)       4.22  0.23    17,000                                            
                                   36                                          
     (G)       3.63  0.20    20,000                                            
                                   36                                          
     (H)       3.73  0.20    18,000                                            
                                   36                                          
     (I)       3.67  0.20    19,000                                            
                                   35                                          
     (J)       4.30  0.26    17,000                                            
                                   36                                          
     (K)       3.98  0.24    17,000                                            
                                   34                                          
     (L)       3.53  0.20    20,000                                            
                                   31                                          
     (M)       3.63  0.20    18,000                                            
                                   31                                          
     (N)       3.43  0.19    22,000                                            
                                   31                                          
     (P)       3.40  0.20    20,000                                            
                                   30                                          
     __________________________________________________________________________
     Characteristics                                                           
                  Corona                                                       
                  Extinction                                                   
                            Long Time                                          
     Insulating   Voltage at 20.degree.C                                       
                            Withstand AC                                       
     Oil          (kV/mm)   Voltage Ratio                                      
                                     Volume Ratio                              
     __________________________________________________________________________
     (A)          13        128      48                                        
     (B)          13        124      52                                        
     (C)          14        124      53                                        
     (D)          12        124      55                                        
     (E)          14        120      64                                        
     (F)          12        124      52                                        
     (G)          10        124      61                                        
     (H)          13        124      59                                        
     (I)          11        120      64                                        
     (J)          14        124      52                                        
     (K)          12        120      59                                        
     (L)           9        108      83                                        
     (M)           9        106      83                                        
     (N)           7        103      93                                        
     (P)           6        100      100                                       
     __________________________________________________________________________
TBL                                    TABLE III                               
     __________________________________________________________________________
     Characteristics            Insulating                                     
                                      Corona                                   
                  Dielectric                                                   
                        Dielectric                                             
                                Resistance                                     
                                      Start Voltage                            
     Insulating   Constant                                                     
                        Loss Tangent                                           
                                at 20.degree.C                                 
                                      at 20.degree.C                           
     Oil          at 20.degree.C                                               
                        at 20.degree.C (%)                                     
                                (.OMEGA./F)                                    
                                      (kV/mm)                                  
     __________________________________________________________________________
     (A)          2.82  0.06    38,000                                         
                                      81                                       
     (B)          2.64  0.05    43,000                                         
                                      80                                       
     (C)          2.63  0.05    42,000                                         
                                      80                                       
     (D)          2.60  0.05    42,000                                         
                                      79                                       
     (E)          2.52  0.05    42,000                                         
                                      76                                       
     (F)          2.63  0.05    41,000                                         
                                      80                                       
     (G)          2.52  0.05    43,000                                         
                                      78                                       
     (H)          2.54  0.05    42,000                                         
                                      79                                       
     (I)          2.52  0.05    42,000                                         
                                      75                                       
     (J)          2.65  0.05    41,000                                         
                                      80                                       
     (K)          2.59  0.05    41,000                                         
                                      77                                       
     (L)          2.50  0.05    43,000                                         
                                      68                                       
     (M)          2.52  0.05    42,000                                         
                                      66                                       
     (N)          2.48  0.05    44,000                                         
                                      63                                       
     (P)          2.46  0.05    43,000                                         
                                      61                                       
     __________________________________________________________________________
     Characteristics                                                           
                  Corona     Long Time                                         
                  Extinction Withstand                                         
     Insulating   Voltage at AC Voltage                                        
     Oil          20.degree.C (kV/mm)                                          
                             Ratio     Volume Ratio                            
     __________________________________________________________________________
     (A)          45         126       55                                      
     (B)          42         125       60                                      
     (C)          43         124       60                                      
     (D)          40         123       62                                      
     (E)          44         117       67                                      
     (F)          42         124       61                                      
     (G)          45         121       67                                      
     (H)          39         123       64                                      
     (I)          41         119       70                                      
     (J)          46         125       59                                      
     (K)          40         121       65                                      
     (L)          36         112       79                                      
     (M)          33         110       81                                      
     (N)          18         104       92                                      
     (P)           8         100       100                                     
     __________________________________________________________________________
       First, the characteristics of the oil-filled condenser with insulating
      paper only used as the dielectric (which will be refered to as the Pa
      oil-filled condenser) will be considered. As is obvious from TABLE II, in
      the Pa oil-filled condenser with the compounds A - M of the present
      invention used as the insulating oil the dielectric constant is 4 to 28%
      higher, the corona start and extinction voltages are 3 to 23% and 50 to
      230% higher, respectively, and long time withstand AC voltage is 6 to 28%
      higher than those of the Pa oil-filled condenser filled with the mineral
      oil N, and consequently the volume of size is reduced to 48 to 83% of that
      of the conventional mineral oil-filled condenser.
PAR  In the Pa oil-filled condenser filled with the compound N, that is
      2-diphenylnormalnonylether, however, only the dielectric constant and the
      long time withstand AC voltage are a little higher than in the Pa
      oil-filled condenser filled with the conventional mineral oil. This means
      that the compound N is not so effective. This is because of the property
      of 2-diphenylnormalnonylether. It is well known that generally if armoatic
      compounds have too many carbon atoms of the alkyl group in the side chain
      (that is, the proportion of the aromatic component in one molecule is
      small), the electrical characteristics are deteriorated, and this may be
      the reason why the compound N is not so effective.
PAR  Next, the characteristics of the oil-filled condenser employing a
      combination of insulating paper and plastic film as the dielectric
      material (which will be referred to as the Pf oil-filled condenser) will
      be considered. As will be obvious from TABLE III, when the
      2-diphenylalkylether compounds A - M of the present invention are employed
      in the Pf oil-filled condenser, the dielectric constant is 2 to 14%
      higher, the corona start and extinction voltages are 8 to 32% and 410 to
      560% higher, respectively, and the long time withstand AC voltage is 10 to
      26% higher than the Pf oil-filled condenser filled with the conventional
      mineral oil P, and consequently the volume or size is reduced to 55 to 80%
      of the conventional Pf mineral oil-filled condenser.
PAR  On the other hand, in the Pf oil-filled condenser filled with
      2-diphenylnormalnonylether compound N the dielectric constant and the long
      time withstand AC voltage are a little higher than the Pf oil-filled
      condenser filled with the conventional mineral oil P. This means that the
      compound N is not very effective.
PAR  FIG. 3 shows an oil-filled transformer including an element 30 comprising a
      core 31 and a plurality of high and low voltage windings 32, 33 and 34
      enclosed in a casing 35. Leads 36, 37 and 38 from the windings 32, 33 and
      34 are connnected to terminals 42, 43 and 44, respectively, passing
      through bushings 39, 40, 41. Insulating oil 45 fills the interior space of
      the casing 35.
PAR  TABLE IV shows various characteristics of the transformer with some of the
      previously mentioned compounds used as the insulating oil. The transformer
      used for the test is a three-phase, 100kVA and 60 Hz outdoor type. In
      TABLE IV, the oil amount ratio, the weight ratio and the volume ratio are
      given for the transformers filled with the respective compounds, with
      those of the reference transformer filled with the mineral oil P being
      taken as 100.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Characteristics                                                           
              Dielectric    Insulating                                         
              Loss Tangent  Resistance                                         
     Insulating                                                                
              (%)           (M.OMEGA.)    Oil Amount                           
     Oil      at 20.degree.C                                                   
                     at 80.degree.C                                            
                            at 20.degree.C                                     
                                   at 80.degree.C                              
                                          Ratio                                
     __________________________________________________________________________
     (B)      1.0    1.7    8.0.times.10.sup.4                                 
                                   3.0.times.10.sup.3                          
                                          54                                   
     (D)      0.9    1.6    7.5.times.10.sup.4                                 
                                   3.5.times.10.sup.3                          
                                          55                                   
     (G)      0.9    1.6    7.0.times.10.sup.4                                 
                                   3.0.times.10.sup.3                          
                                          55                                   
     (H)      0.8    1.7    7.0.times.10.sup.4                                 
                                   3.5.times.10.sup.3                          
                                          55                                   
     (N)      0.8    1.6    7.5.times.10.sup.4                                 
                                   4.0.times.10.sup.3                          
                                          60                                   
     (P)      1.0    2.0    4.5.times.10.sup.4                                 
                                   2.0.times.10.sup.3                          
                                          100                                  
     __________________________________________________________________________
     Characteristics                                                           
     Insulating                                                                
     Oil            Weight Ratio     Volume Ratio                              
     __________________________________________________________________________
     (B)            85               75                                        
     (D)            86               76                                        
     (G)            88               78                                        
     (H)            89               78                                        
     (N)            93               85                                        
     (P)            100              100                                       
     __________________________________________________________________________
PAR  As will be seen from the above table, in the transformer filled with the
      2-diphenylalkylether compounds B, D, G, H of the present invention the
      amount of oil is reduced to 54 - 55%, the weight is reduced to 85 - 89%
      and consequently the volume or size is reduced to 75 - 78% of the
      transformer filled with the conventional mineral oil P.
PAR  With respect to the transformer filled with the 2-diphenylnormalnonylether
      compound N, the amount of oil is reduced to 60% of the transformer filled
      with the conventional mineral oil P, but the weight is reduced only little
      and as a whole the use of the compound N is found not very effective.
PAR  TABLE V shows various characteristics of an oil-filled cable constructed in
      accordance with the invention. The cable comprises a 15 .phi. mm
      compressed circular conductor, two sheets of shield carbon paper wound
      thereon, a 9.0 mm thick insulating layer thereon, a sheet of carbon paper
      and brass tape wound further thereon and an aluminum sheath to cover the
      above composite structure. As the insulating layer the previously
      mentioned 2-diphenylalkylether compounds A, C, E, F were used, as well as
      the compound N and the mineral oil P for comparison.
PAR  It is clear from TABLE V that in the cable filled with the
      2-diphenylalkylether compounds A, C, E and F, the breakdown alternating
      currect voltage is 19-26% higher and the impulse strength is 10-20% higher
      than in the cable filled with the conventional mineral oil, and the
      diameter of the cable can accordingly be made smaller.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Characteristics    Impulse                                                
              Breakdown AC                                                     
                        Strength                                               
                                Dielectric Loss                                
     Insulating                                                                
              Voltage at                                                       
                        at 20.degree.C                                         
                                Tangent at 20.degree.C                         
     Oil      20.degree.C (kV/mm)                                              
                        (kV/mm) (%)                                            
     __________________________________________________________________________
     (A)      58.0      128     0.20                                           
     (C)      57.0      125     0.21                                           
     (E)      56.5      123     0.18                                           
     (F)      55.0      116     0.19                                           
     (N)      47.0      109     0.19                                           
     (P)      46.0      105     0.22                                           
     __________________________________________________________________________
PAR  As mentioned above in detail, the oil-filled electrical devices of the
      invention are substantially improved in the electrical characteristics
      such as the dielectric constant, the long time withstand AC voltage, etc.
      and can be made compact in size and light in weight as compared with those
      filled with the conventional mineral oil. Also, the visible gas generating
      voltage is high and the ability to absorb gas and the corona
      characteristic are greatly improved so that occurrence of corona can be
      prevented under normal operating conditions and also any gas produced by
      instant abnormal voltage can be instantly absorbed, thereby maintaining
      the electrical characteristics of the devices very stable for a long time.
PAR  It has been found that by using a mixture of two or more of the
      above-mentioned compounds it is possible to attain substantially the same
      results as with the use of a single compound.
PAR  Contrary to diphenylchloride the compounds of the invention have little
      toxicity and may safely be used from the viewpoint of environmental
      pollution and sanitation.
CLMS
NUM  1.
PAR  1.  An oil-filled electrical device comprising a casing, an electrical
      device element in said casing and an insulating oil consisting essentially
      of one or more 2-diphenylalkylethers having the structural formula of
      ##SPC15##
PAL  wherein R is the alkyl group expressed as C.sub.n H.sub.2n.sub.+ 1 wherein
      1.ltoreq.n.ltoreq.8.
NUM  2.
PAR  2. The device of claim 1, wherein said insulating oil consists essentially
      of a mixture of a plurality of 2-diphenylalkylether compounds.
NUM  3.
PAR  3. The device of claim 1, wherein said element is a condenser element.
NUM  4.
PAR  4. The device of claim 1, wherein said element is a transformer element.
NUM  5.
PAR  5. The device of claim 1, wherein said element is a cable element.
NUM  6.
PAR  6. The device of claim 2, wherein said element is a condenser element.
NUM  7.
PAR  7. The device of claim 2, wherein said element is a transformer element.
NUM  8.
PAR  8. The device of claim 2, wherein said element is a cable element.
NUM  9.
PAR  9. The device of claim 1, wherein said insulating oil consists essentially
      of a mixture of at least two of said 2-diphenylalkylethers, one of which
      is more than 30% of the total amount of said oil.
NUM  10.
PAR  10. The device of claim 1, wherein said insulating oil consists essentially
      of a mixture of at least two of said 2-diphenylalkylethers, one of which
      is from 30 to 70% of the total amount of said oil.
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ABST
PAL  A photoreceptor cleaning composition is provided which includes a solvent
      blend that is capable of dissolving toner polymers and paper tars. This
      composition cleans effectively and efficiently without damage to the
      photoreceptor and without leaving residue. This solvent employs a blend of
      halogenated hydrocarbons having specific physical and chemical properties.
      These compositions are superior to known cleaners by virtue of their
      minimizing potential for fire explosion and hazard resulting from toxicity
      and volatility.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cleaning compositions and more particularly to
      the cleaning of photoconductive insulating surfaces. More specifically
      this invention relates to the cleaning of reusable electrophotographic
      plate belts or drums conventionally employed in the electrophotographic
      imaging process.
PAR  In an electrophotographic imaging process for example, more specifically
      disclosed in Carlson, U.S. Pat. No. 2,297,691 an electrophotographic plate
      comprising a photoconductive insulating material on a conductive backing
      is uniformly charged over its surface and then exposed selectively to
      produce a latent electrostatic image. Thereafter a latent electrostatic
      image is developed employing an electroscopic marking powder known in the
      art as toner normally employed in connection with a carrier to form a
      visible reproduction of the original employed. This development of the
      latent electrostatic image generally employs an electrostatically
      attractable material which is normally a thermoplastic resin in the form
      of finely divided particles usually in the range of from 3 to 20 microns.
      The toner is applied by bringing the photoconductive surface bearing the
      latent electrostatic image into contact with the powder, the charged areas
      normally retaining the toner particles. The developed image may then be
      transferred to a suitable support material such as paper and then fixed if
      desired by heating and/or application of a solvent or the like. In the
      transfer steps substantially all of the resin material or toner adheres to
      support material to form the image thereon, but usually a very small
      percentage of the resin material or toner remains on the
      electrophotographic surface.
PAR  These trace amounts of resin material or toner remaining on the
      electrophotographic surface are found to affect future operating steps of
      the process, and if left to remain thereon, will provide an undesirable
      cumulative effect. Additional residual toner particles adhere more readily
      to the surface in both image and non-image areas and consequently image
      deterioration results. It is found that in automatic imaging machines
      employing rotary drums, continuous cleaning of such residual toner
      particles is effected with a rotating brush in peripheral contact with the
      surface of the electrophotographic surface which removes any residual
      resin material or toner adhering thereon. This brush in turn is cleaned by
      the use of a flicking bar in combination with a vacuum system whereby
      residual resin material or toner removed from the brush by the flicking
      bar is entrained in air and then subsequently separated from the air by a
      suitable filter.
PAR  Washing techniques have been employed to remove loosely held toner residue
      employing non-solvent liquids such as water, alcohols and mixtures
      thereof. However, residue toner which is firmly held by any means e.g.,
      chemical or nonchemical, is not effectively removed with these wash
      techniques. In addition since these wash substances contain alcohol they
      are flammable. Liquids which are considered flammable are those which
      exhibit flash point at or above 140.degree.F are described in Fundamentals
      of Industrial Hygiene published by National Safety Council, 1971.
PAR  This continuous cleaning of the photoconductive insulating surface or other
      methods that may be employed in the art are not effective to completely
      remove the toner material from the photoconductive insulating surface and,
      therefore, repeated use of the photoconductive insulating surfaces causes
      a thin film of the toner material to be formed thereon which adversely
      affects the reproduction process. In addition, the thin film of toner
      material is removed from the photoconductive insulating surface of
      commercial machines by effecting periodic cleaning with a solvent which is
      generally flammable. Numerous attempts have been made to develop a
      non-flammable cleaner for removing residual toner film from the
      photoconductive insulating surface but such attempts have generally been
      unsuccessful since they themselves have resulted in additional problems
      such as cleaner staining or spotting of the photosensitive insulating
      layer, desensitizing the layer, crystallizing the layer, or otherwise
      interfering with the functional properties of the photoconductive layer.
PAR  In U.S. Pat. No. 3,702,303 a composition for cleaning photoconductive
      insulating surfaces comprising an aqueousorganic liquid emulsion in a
      surfactant is disclosed. The composition recited may include an abrasive
      and a suspending agent and preferably includes a non-flammable organic
      liquid such as, for example, tetrachlorethylene which is emulsified in the
      water in an amount to control the volatility thereof and thereby provide a
      composition which evaporates from the surface to be cleaned at a rate that
      permits effective cleaning without producing solvent films or stains.
      However, the emulsifiers employed leave residues which are not desirable
      in some applications.
PAR  Modern photoconductive members in some cases employ distinct alloy layers
      which vary in thickness and all of which are extremely thin, i.e., below
      60 microns in thickness, and preferably are below 10 microns. It is
      readily found that any abrasion of the top layers or layer of these
      photoreceptors leads to an immediate and dramatic loss of panchromaticity
      and hence the photoreceptor is no longer suitable for use in a color
      imaging process. For example, the abrasion is normally experienced during
      the course of cleaning the photoreceptor surface of condensed toner
      polymer residue and paper tars as above explained. Normally this is caused
      by the presence of cleaning aids which are non-solvents for the polymer
      and paper tars and reliance on some pumicing action for cleaning. In
      addition to high flammability, and the problems associated when employing
      compounds containing pumice, toxicity is also a very real factor in the
      environment in which these compositions are employed.
PAR  There is, therefore, a demonstrated need to provide improved cleaning
      compositions for photoreceptor surfaces.
PAR  It is, therefore, an object of this invention to provide a cleaning
      composition for photoreceptor surfaces devoid of the above noted
      deficiencies.
PAR  A further object of this invention is to provide a non-flammable cleaning
      composition for cleaning photoreceptor insulating surfaces.
PAR  Another object of this invention is to provide a non-abrasive cleaning
      composition suitable for cleaning photoreceptor surfaces in automatic
      electrophotographic imaging machines.
PAR  Yet another object of this invention is to provide cleaning compositions
      which may have low toxicity so as to provide a safe environment for use.
PAR  Yet another object of this invention is to provide a non-explosive cleaning
      composition for photoreceptor surfaces.
PAR  Yet again another object of this invention is to provide a novel cleaning
      composition which will not alter or effect the photoconductive properties
      of conventionally employed photoreceptors.
PAR  These and other objects of the instant invention are accomplished generally
      speaking by providing a photoreceptor cleaning composition comprising a
      solvent blend which dissolves toner polymers and paper tars without damage
      to the photoreceptor and without leaving residues. The solvent is a blend
      of halogenated hydrocarbons which exhibits no flash point, TAG Open Cup,
      ASTM Method D-1310 and a petroleum hydrocarbon having a closed cup flash
      point of over about 135.degree.F. When these compositions are employed as
      described, the potential for fire and explosion is minimized and hazards
      resulting from toxicity and volatility are likewise minimized.
PAR  The halogenated hydrocarbon employed is designated as Chlorothene NU, which
      chemically is 1,1,1 trichloroethane. Extensive toxicological studies on
      laboratory animals and human subjects show that this material does not
      present any serious or unusual health hazard. Occasional contacts with the
      skin of short duration are not likely to cause adverse effects. No serious
      injury results to the eyes upon contact, however, appreciable discomfort
      may be experienced. The swallowing of Chlorothene NU presents no problem
      in ordinary industrial handling. Supportive documentation for those
      claimed properties may be found in Fundamentals of Industrial Hygiene,
      published by National Safety Council, 1971.
PAR  The petroleum distillate employed is designated as a depolarized
      (deodorized) APCO 140, a water-white petroleum solvent prepared from crude
      oil by straight run overhead distillation which is then specially treated
      for deodorization under depolarization process U.S. Pat. No. 2,553,624.
      The depolarization process removes impurties present and results in
      improvement in color lowering sulphur content and a reduction in odor
      intensity. This material is found to have the following specifications:
TBL                     Min.       Max.                                        
     I.B.P.             358.degree.F                                           
                                   368.degree.F                                
      5%                361        371                                         
     10%                362        372                                         
     50%                368        378                                         
     90%                377        387                                         
     95%                382        392                                         
     97%                399        409                                         
     Recovery                      98%                                         
     Color                         Water-White                                 
     Doctor Test                   Negative                                    
     Corrosion -- 3 hours at 212.degree.F                                      
                                   OK                                          
PAL  in addition to others. Although the flammability of this petroleum
      distillate is somewhat less hazardous than kerosene, its combination with
      the halogenated hydrocarbon results in a non-flammable composition. In
      addition, the combination of this material with the halogenated
      hydrocarbon material recited above results in a composition which is not
      detrimental to the eyes, and skin and is substantially non-toxic when
      employed in ordinary use.
PAR  It is found that this composition when employed as a cleaning solution for
      an electrophotographic photoreceptor does not abrade the photoreceptor or
      in any way eliminate or curtail panchromaticity. This composition is found
      to act through a true solvency effect. It is found to be very effective in
      removing traces of paper tars and residual toner on the photoreceptor
      surface and is able to restore the photoreceptor to a clean operational
      condition.
PAR  The halogenated hydrocarbon and petroleum may be employed in any suitable
      ratio. Generally a ratio of from about 99:1 halogenated hydrocarbon to
      petroleum distillate to 50:50 is generally employed. Optimum results are
      obtained when a 93:7 halogenated hydrocarbon to petroleum distillate ratio
      is employed.
PAR  The above composition is applied to saturation on a fist sized wad of
      cleaning absorbent. The photoreceptor is contacted on its surface with the
      solvent soaked cleaning absorbent while it is slowly rotated. Negligible
      pressure is applied to the photoreceptor surface. This application is made
      as uniformly as possible as the photoreceptor surface is revolved until
      the photoreceptor surface is cleaned which may require several passes of
      the absorbent material. The photoreceptor surface is then allowed to dry
      and then it is returned to its operational mode. Before use, the
      photoreceptor surface is normally dried with a dry clean absorbent
      material. When dry, the photoreceptor is remounted in the cavity in its
      operational mode and 10 to 20 full color copies for example are produced
      to assure that densities are returned to normal and that the image area of
      the photoreceptor has not in any way been damaged.
PAR  It is not necessary to employ coloring, and perfuming to the cleaning
      composition of the instant invention. In addition to not altering or
      affecting the physical surface area of the photoreceptor surface,
      sensimetric data before and after cleaning with the cleaning solution of
      the instant invention indicate that the photoreceptor shows no effect
      whatsoever by reason of its application other than cleaning the surface.
PAR  To further define the specifics of the present invention, the following
      examples are intended to illustrate and not limit the particulars of the
      present system. Parts and percentages are by weight unless otherwise
      indicated.
DETD
PAC  EXAMPLE I
PAR  About 90 parts by volume of Chlorothene NU 1,1,1 trichloroethane is mixed
      with 10 parts by volume of APCO-140 a petroleum distillate the properties
      of which have heretofore been defined having a petroleum hydrocarbon
      fraction with a distillation range of from 358.degree.F to 409.degree.F to
      provide the cleaning solution. A photoreceptor extension shaft is
      installed in Xerox 6500 copier a conventional color automatic imaging
      machine and the photoreceptor is pulled out of the cavity onto the shaft.
      A fist size wad of cleaning absorbent is saturated with the cleaning
      solvent. The photoreceptor is then spun on the extension shaft at about 2
      to 3 revolutions per second while the solvent soaked cleaning absorbent
      material is applied to the surface of the photoreceptor near the outboard
      end. Absolute minimum pressure is applied to clean the photoreceptor. The
      saturated pad is slowly moved inboard and outboard across the surface of
      the photoreceptor while the photoreceptor is continuously spun until the
      photoreceptor is observably determined to be cleaned. This normally
      requires several passes. The photoreceptor is then dried before returning
      to the cavity with a dry cleaning absorbent. The dried photoreceptor is
      then remounted in the cavity and 10 to 20 full color copies are run to
      assure that the densities have returned to normal, and that the image of
      the photoreceptor has not been damaged. The clean photoreceptor is found
      to produce copies of high contrast and quality when re-employed in the
      automatic color imaging apparatus. When sensimetric data are run before
      and after on this photoreceptor cleaning drum no effect is shown from
      application of this cleaning solution.
PAC  EXAMPLE II
PAR  The procedure as outlined in Example I is again performed with the
      exception that a 50:50 Chlorothene NU to APCO-140 solution is employed.
      Although the photoreceptor thoroughly and efficiently is cleaned, it is
      found that the operation is not as expeditiously performed as in Example
      I.
PAC  EXAMPLE III
PAR  The procedure as outlined in Example I is again performed with the
      exception that a 93:7 ratio of Chlorothene NU to APCO-140 is employed. It
      is found that less cleaning time is required than both Examples I and II
      and otherwise similar results are obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of cleaning photoreceptor surfaces comprising providing a
      filmed photoreceptor surface, applying a photoreceptor cleaning solution
      which comprises a solvent blend capable of dissolving toner polymers and
      paper tars, said blend comprising a halogenated hydrocarbon exhibiting no
      flash point, as determined by TAG Open Cup, ASTM Method D-1310 and a
      petroleum hydrocarbon having a closed cup flash point of over about
      135.degree.F.
NUM  2.
PAR  2. The process as defined in claim 1 wherein said halogenated hydrocarbon
      comprises 1,1,1 trichloroethane.
NUM  3.
PAR  3. The process as defined in claim 1 wherein said petroleum hydrocarbon is
      water-white petroleum solvent prepared from crude oil by straight run
      overhead distillation, said solvent having been treated for deodorization
      by a depolarization process.
NUM  4.
PAR  4. The process as defined in claim 1 wherein the ratio of said halogenated
      hydrocarbon to said petroleum hydrocarbon is 99:1 to 50:50.
NUM  5.
PAR  5. The process as defined in claim 4 wherein the ratio of said halogenated
      hydrocarbon to said petroleum hydrocarbon is 93:7.
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ABST
PAL  A process for the fluorescent dyeing of polyvinyl chloride which consists
      in incorporating thioindigo into a composition consisting essentially of
      polyvinyl chloride, and the fluorescent dyed polyvinyl chloride
      composition thus produced.
PARN
PAR  This is a continuation-in-part of co-pending application Serial No. 181,193
      filed Sept. 16, 1973, now abandoned.
BSUM
PAR  It is already known that pigments of the thioindigo type which are
      frequently used above all in the lacquer industry, such as for example the
      4,4',7,7'-tetrachloro-thioindigo and the
      5,5'-dichloro-7,7'-dimethylthioindigo, yield red violet fluroescent
      dyeings due to their solubility in polystyrene. Thus, blue red fluorescent
      injection-molded articles are obtained, if polystyrene containing 0.05% of
      5,5'-dichloro-7,7'-dimethylthioindigo is molded at temperatures above
      200.degree.C (or containing 0.05% of 4,4',7,7'-tetrachloro-thioindigo is
      molded at temperatures above 270.degree.C). In polyvinyl chloride,
      however, the mentioned thioindigo pigments do not yield any considerably
      fluorescent dyeings, since these pigments are not sufficiently soluble in
      the mentioned media at the usual working temperatures.
PAR  Now a fluorescent dyed polyvinyl chloride homopolymer composition
      consisting essentially of polyvinyl chloride homopolymer and an amount of
      unsubstituted thioindigo sufficient to effect fluorescence has been found.
      The dyeing of polyvinyl chloride with thioindigo is effected by all
      methods known for the dyeing of polyvinyl chloride at the usual working
      temperatures (about 160.degree. - 200.degree.C). These methods include
      heating the plastic material and working the dyestuff into the plastic
      material by the influence of shearing forces for example on a double
      roller device which runs at different speeds, in a kneader, in an extruder
      or in an injection moulding device. It has to he understood that the
      compositions according to this invention can take every possible shape and
      that this invention is not limited to any special shape described herein.
PAR  The concentration of thioindigo may vary within wide limits and depends on
      the type of the polyvinyl chloride used, on the processing conditions, the
      content of other additives such as for example plasticizers, and on the
      thickness of the objects to be dyed. In most of the cases, dyestuff
      concentrations between 0.01 and 0.5% are suitable.
PAR  An object made of polyvinyl chloride dyed in this way shows a brilliant
      blue red fluorescence. Thus, a rigid polyvinyl chloride plate, which has
      been dyed with 0.1% of thioindigo and 1% of titanium dioxide, shows a
      re-emission of 130% between 630 nm and 640 nm, the re-emission of a white
      standard (BaSO.sub.4) having been fixed to 100%. In contradistinction
      thereto, the values of re-emission of 4,4',7,7'-tetrachloro-thioindigo and
      5,5'-dichloro-7,7'-dimethylthioindigo range below 100% under the same
      conditions, since no fluorescence is perceptible.
PAR  The objects which have been dyed with thioindigo with a fluorescent effect
      may be used in many fields, for example for security or decoration
      purposes.
PAR  In contradistinction to the dyeings which are obtained with rhodamines or
      daylight pigments, the dyeings of polyvinyl chloride using thioindigo are
      distinguished by a much better fastness to light.
PAR  The following Examples illustrate the invention. Parts and percentages are
      by weight unless stated otherwise.
DETD
PAC  EXAMPLE 1
PAR  0.1 Part of thioindigo and 1 part of titanium dioxide (rutile, stabilized)
      were incorporated for 8 minutes on a double roller mixer at a roller
      temperature of 160.degree.C and a friction of 1:1,2 into 100 parts of a
      rigid PVC mixture consisting of
PA1  100 parts of PVC mass polymerization product, k value of 70
PA1  3 parts of barium-cadmium stearate
PA1  1 part of tertiary organic phosphite
PA1  1 part of octyl ethoxy stearate and
PA1  0.3 part of oxystearic acid
PAR  The rigid colored polyvinylchloride sheet was removed from the roller and
      pressed for 5 minutes at 160.degree.C on a platen-press. The so obtained
      test plate was distinguished by a very brilliant bluish red fluorescent
      shade.
PAC  EXAMPLE 2
PAR  0.05 Part of thioindigo were incorporated for 8 minutes on a double roller
      mixer at a roller temperature at 160.degree.C and a friction of 1:1.2 into
      100 parts of a plasticized PVC mixture consisting of
PA1  67 parts of PVC mass polymerization product, k-value 70
PA1  33 parts of dioctyl phthalate and
PA1  2 parts of an organic sulfur-tin-stabilizer
PAR  The plasticized colored polyvinylchloride sheet was removed from the roller
      and pressed for 5 minuts at 160.degree.C on a platenpress. The sheet thus
      obtained showed by daylight an intense bluish red fluorescence. Likewise
      shaped articles can be obtained by incorporating the thioindigo into the
      PVC on a injection molding device.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fluorescent dyed polyvinyl chloride homopolymer composition consisting
      essentially of solid polyvinyl chloride homopolymer and an amount of
      unsubstituted thioindigo sufficient to effect fluorescence.
NUM  2.
PAR  2. A composition according to claim 1 wherein said amount of unsubstituted
      thioindigo is from 0.01 to 0.5% by weight of said composition.
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ABST
PAL  In conventional processes for separating metals by selective precipitation,
      the precipitate is frequently in an amorphous form, eg a slime, which is
      difficult to filter, wash and handle generally. In the present process
      mixed solutions and/or sols of the metals are mixed with a suitable
      soluble organic polymer to form a viscous mixture. The latter is formed
      into discrete entities, e.g. drops, which are contacted with a reagent
      which converts each drop to a gelled entity containing at least one of the
      metals as a precipitate.
PAL  In one form of the process, the same chemical reagent also serves to
      dissolve the other metal present in the initial drops. The metals are then
      easily separated by separating the gelled drops from the reagent. In
      another form, the reagent includes two different chemical reagents which
      contact the drop simultaneously, one to precipitate one metal in the
      gelled drops and the other to dissolve the other metal. In a variant of
      the latter form, the two reagents contact the drops consecutively, the
      first precipitating both metals in the gelled drops, and the second
      dissolving one metal out of the gelled drops.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  This invention relates to processes for separating metals from mixtures
      thereof.
PAR  It is known to separate one metal from a mixture of two or more present in
      an aqueous medium, eg as soluble salts, by contacting the mixture with a
      chemical reagent which precipitates the metal of the one salt as an
      insoluble compound while maintaining the others in a dissolved condition
      or redissolving any precipitate thereof in an excess of the reagent.
      However the precipitates formed in such processes are usually amorphous in
      physical form, eg slimes, which are difficult to separate from the liquid,
      e.g., by filtration, and subsequently to wash and handle if desired.
PAR  The present invention provides a separation process in which the
      precipitated compound is formed as discrete, separable entities, eg.,
      spherical or irregular particles, but permeable by chemical species in
      liquid media. The existence of the precipitate in this form and with these
      properties greatly alleviates the aforementioned difficulties.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a process for separating a metal from a
      mixture including said metal and at least one further metal comprises:
PAR  FORMING A VISCOUS MIXTURE OF A WATER-SOLUBLE POLYMERIC ORGANIC COMPOUND
      WITH AN AQUEOUS MEDIUM CONTAINING SAID METALS, SAID METAL-CONTAINING
      MEDIUM BEING SELECTED FROM THE GROUP CONSISTING OF A MIXED SOLUTION OF
      SALTS OF SAID METALS, A MIXTURE OF HYDROUS SOLS OF SAID METALS, AND A
      MIXTURE OF A SOLUTION OF A SALT OF ONE SAID METAL WITH A HYDROUS SOL OF
      THE OTHER SAID METAL;
PAR  FORMING SAID VISCOUS MIXTURE INTO DISCRETE ENTITIES OF SELECTED PHYSICAL
      CONFIGURATION;
PAR  CONTACTING SAID ENTITIES WITH CHEMICAL REAGENT MEANS CAPABLE OF
      PRECIPITATING AT LEAST ONE SAID METAL AS AN INSOLUBLE COMPOUND WHEREBY
      EACH ENTITY IS CONVERTED TO A GEL CONTAINING SAID COMPOUND;
PAR  SAID REAGENT MEANS BEING ALSO CAPABLE OF DISSOLVING AT LEAST ONE OTHER SAID
      METAL;
PAR  AND PHYSICALLY SEPARATING SAID GELLED ENTITIES FROM SAID REAGENT MEANS.
PAR  In one form of the process, the reagent means comprises a single chemical
      reagent which is capable both of precipitating one metal and dissolving
      the other.
PAR  The entities may be formed as drops, or as droplets produced by spraying.
      The drops or droplets may be introduced into the single reagent to form
      gel spheres or irregular gravel containing the precipitated metal and
      which are readily separated from the reagent as by filtering or decanting.
      As the separation is believed to be largely effected by subsequent
      diffusion of the reagent into the gel spheres or gravel, the latter are
      desirably made small in order to increase the speed of extraction.
PAR  A further degree of separation can be achieved by re-dissolving the gel
      spheres or gravel, eg in acid solution, optionally adding more of the
      organic compound, and again contacting the mixture, e.g., as drops, with
      the reagent.
PAR  The reagent may be alkaline. Where one metal forms an insoluble hydroxide
      and the other a soluble ammine, the reagent may be ammonium hydroxide
      solution. Other solvents which form soluble metal co-ordination compounds,
      including chelate rings, can also be used. There is a wide range of both
      inorganic species (e.g., hydroxides, carbonates, sulphides, ammonia) and
      organic species (e.g., carboxylates, ammines, amminocarboxylates) which
      have this co-ordinating property.
PAR  When the polymeric organic compound is added to mixed solution of the salts
      of the two metals, it is preferably one having a plurality of hydroxyl
      groups, is other than a cellulosic derivative which increases in viscosity
      in the presence of an alkaline solution, and forms a complex with at least
      one of the two metal ions of the mixed solution. Suitable compounds for
      this purpose are disclosed in UK Specification No. 1,175,834 (U.S. Pat.
      No. 3,495,954), and include dextran, polyvinyl alcohol and galactomannans
      such as guar and carob gums, but this list is not exclusive.
PAR  When the polymeric organic compound is added to a mixture of hydrous sols
      of the two metals, it is selected to be one which does not react with the
      mixed sols to produce a precipitate before contacting with the reagent,
      and which is capable, when mixed with the sols, of forming a gel when
      contacted with the reagent. Suitable compounds for this purpose are
      disclosed, for example, in our copending application Ser. No. 145,018
      filed May 19, 1971, now U.S. Pat. No. 3,776,987, which is a continuation
      of Ser. No. 747,800, filed July 26, 1968, now abandoned, and include
      starch-derived polymers, dextran, polyvinyl alcohol and galactomannans
      such as guar and carob gum, but this list is not exclusive.
PAR  When the polymeric organic compound is added to a mixture of a hydrous sol
      of one metal and a solution of a salt of the other said metal, it is
      normally selected as in the case of a mixture of sols, as described in the
      immediately preceding paragraph.
PAR  The process has one application in separating iron, which forms an
      insoluble hydroxide, from mixtures with such metals as cobalt, nickel and
      copper, which form soluble ammines when their salts or sols are contacted
      with ammonium hydroxide. The iron must be in the ferric state, Fe(III),
      since the ferrous state, FE(II) is soluble in ammonia. For example, by
      contacting entities, eg drops, of a viscous mixture containing ferric and
      cobaltous chloride solutions, with ammonia solution, the iron is
      precipitated in the gelled drops but the cobalt dissolves in the ammonia
      solution.
PAR  The constituents of an alloy may be separated by the process by dissolving
      the alloy in a suitable acid or acids to produce a mixture of soluble
      salts of the metals and the organic compound can be added directly to the
      resulting solution. Components comprising parts made of different metals
      may be treated similarly.
PAR  In an alternative form of the process the reagent means comprises a mixture
      of two chemical reagents which are contacted simultaneously with the
      entities, one reagent being capable of precipitating one said metal and
      the other reagent being capable of dissolving the other said metal. For
      example by contacting, eg drops, of a viscous mixture containing ferric
      chloride and nickel nitrate solutions, with reagent means comprising mixed
      sodium and ammonium hydroxide solutions, the iron is precipitated in the
      gelled drops by the sodium hydroxide while the nickel is dissolved out by
      the ammonium hydroxide.
PAR  In a modified form of the foregoing process, the two chemical reagents of
      which the reagent means is comprised are contacted consecutively with the
      entities, e.g., drops, the first-contacted reagent being capable of
      precipitating both said metals and the second-contacted reagent being
      capable of dissolving one of the metals out of the gelled entities formed
      by contact with the first reagent. For example drops of a viscous mixture
      containing ferric chloride and nickel nitrate solutions can be contacted
      first with sodium hydroxide solution, which precipitates both metals in
      the gelled drops; the latter are subsequently contacted with ammonium
      hydroxide solution which dissolves the nickel out of the gelled drops.
PAC  EXAMPLES OF THE PRESENT PROCESS
PAC  Examples of a Single Reagent Acting as Precipitate and Solvent
PAR  Example 1
PAR  To 50 ml of an aqueous solution of ferric chloride (180g Fe/l) and cobalt
      chloride (5g Co/l) was added dextran (10g). The resulting Viscous mixture
      was added dropwise to excess of ammonium hydroxide (15M), and the gel
      spheres which formed were aged for 45 minutes in the latter. The gel
      spheres were washed in hot water for one hour and then air-dried. Analyses
      of the dried gel spheres showed that the amount of cobalt in solution had
      been reduced by between 50 and 60 percent in the spheres.
PAR  A further reduction was achievable by redissolving the spheres in
      hydrochloric acid, adding more dextran and dropping into ammonium
      hydroxide.
PAR  Example 2
PAR  To 20 ml of aqueous solutions of each of three ferric salts (100 g Fe/l)
      and each of three copper salts (10g Cu/l) was added dextran (4g). The
      resulting viscous mixtures were added dropwise to an excess of ammonium
      hydroxide (1.4 l; 15M) circulating in a column. Analysis of the alkaline
      solution with time showed that there was an efficient and progressive
      extraction of copper from the gel spheres so formed. The percentage of
      copper removed depended on the anions present and after 90 minutes was;
PAR  a. for copper nitrate with ferric nitrate 69.5 percent,
PAR  b. for copper nitrate with ferric chloride 62 percent,
PAR  c. for copper chloride with ferric chloride 61 percent
PAL  and
PAR  d. for copper sulphate with ferric sulphate 46.5 percent.
PAR  Example 3
PAR  Example 2 was repeated, using nickel (10g Ni/l) instead of copper. The
      extraction was again anion dependent and slightly less efficient than for
      copper (up to 60 percent in 90 minutes).
PAR  Example 4
PAR  Example 2 was repeated using cobalt (20g Co/l) instead of copper. The
      efficiency of extraction was similar to that for nickel (up to 60 percent
      in 90 minutes).
PAR  Example 5
PAR  To 150 ml of an aqueous solution of ferric chloride (150g Fe/l) and nickel
      nitrate (100g Ni/l) was added guar gum (1.5g). The viscous solution was
      sprayed into an excess of ammonium hydroxide (15M) to form small gel
      spheres. A more efficient extraction of nickel than in Example 3, in which
      dextran was added, was obtained.
PAR  Example 6
PAR  100 ml of an iron sol (Fe : Cl = 1.1, 150g Fe/l) was diluted with an equal
      volume of copper sulphate solution (100g Cu/l) and to the whole was added
      carob gum (2g). A 50 ml aliquot of the resulting viscous mixture was added
      dropwise to an excess of ammonium hydroxide (1l, 15M) to form gel spheres.
      The alkaline solution rapidly developed a deep blue colour as the copper
      was extracted as a soluble ammine.
PAR  Example 7
PAR  Mixtures of nickel salt solutions and iron sols to which dextran, guar gum
      or carob gum had been added were introduced dropwise into an excess of
      ammonium hydroxide. As with iron-nickel salt solutions (Example 5) the
      alkaline solutions rapidly developed a deep purple colour as the nickel
      was extracted as a soluble ammine.
PAR  Example 8
PAR  To 100 ml of an aqueous solution of thorium nitrate (100g Th/l) and nickel
      nitrate (25g Ni/l) was added dextran (15g). The resulting viscous mixture
      was added dropwise to an excess of ammonium hydroxide (8M) and the gel
      spheres which formed were aged for 2 hours in the latter. Most of the
      nickel was extracted from the spheres as a soluble ammine.
PAR  Example 9
PAR  To 100 ml of an aqueous solution of zirconyl chloride (75g Zr/l) and copper
      chloride (50g Cu/l) was added dextran (10g). The resulting viscous mixture
      was added dropwise to an excess of ammonium hydroxide (8M) and the gel
      spheres which formed were aged for 2 hours in the latter. Most of the
      copper was extracted from the spheres as a soluble ammine.
PAR  Example 10
PAR  To 100 ml of an aqueous solution of uranyl nitrate (50g U/l) and nickel
      nitrate (10g Ni/l) was added guar gum (0.7g). A 50 ml aliquot was added
      dropwise to an excess of ammonium hydroxide (15M) and the gel spheroids
      which formed were aged for 2 hours in the base. The alkaline solution
      developed a purple colouration as the nickel was extracted as a soluble
      ammine.
PAR  Example 11
PAR  A 50 ml aliquot of the solution used in Example 10 was added dropwise to an
      excess of an aqueous pyridine solution (25 percent pyridine) and the gel
      spheroids which formed were aged for 2 hours in the alkali. The alkaline
      solution developed a green colouration as the nickel was extracted as a
      soluble pyridine co-ordination compound.
PAR  Example 12
PAR  To 100 ml of an aqueous solution of thorium nitrate (50g Th/l) and copper
      nitrate (10g Cu/l) was added guar gum (0.7g). A 50 ml aliquot was added
      dropwise to an excess of ammonium hydroxide (15M) and the gel spheres
      which formed were aged for two hours in the latter. The alkaline solution
      developed a very deep blue colour as the copper was extracted as a soluble
      ammine.
PAR  Example 13
PAR  A 50 ml aliquot of the solution used in Example 12 was added dropwise to an
      excess of an aqueous pyridine solution (25 percent pyridine) and the gel
      spheres which formed were aged for 2 hours in the base. The alkaline
      solution developed a very deep blue colouration as the copper was
      extracted as a soluble pyridine co-ordination compound.
PAR  Example 14
PAR  To 100 ml of an aqueous solution of ferric chloride (50g Fe/l) and cobalt
      chloride (10g Co/l) was added guar gum (0.7g). A 50 ml aliquot was added
      dropwise to an excess of an aqueous pyridine solution (25 percent
      pyridine) and the gel spheroids which formed were aged for two hours in
      the latter. The alkaline solution developed a pink colouration as the
      cobalt was extracted as a soluble pyridine co-ordination compound.
PAR  Example 15
PAR  To 100 ml of an aqueous solution of barium nitrate (20g Ba/l) and copper
      nitrate (20g Cu/l) was added guar gum (0.5g). The resulting viscous
      mixture was added dropwise to an excess of ammonium sulphide solution and
      the gel spheres which formed were aged for 2 hours in the latter. A high
      concentration of barium was found in the sulphide solution.
PAR  Example 16
PAR  To 100 ml of an aqueous solution of barium nitrate (20g Ba/l) and thorium
      nitrate (20g Th/l) was added guar gum (0.7g). The resulting viscous
      mixture was added dropwise to an excess of ammonium hydroxide and the gel
      spheres which formed were aged for 2 hours in the latter. A high
      concentration of barium was found in the alkaline solution.
PAR  Example 17
PAR  To 100 ml of an aqueous solution of ferric chloride (100g Fe/l), chromic
      chloride (24g Cr/l) and nickel chloride (11g Ni/l) was added guar gum
      (1g). The resulting viscous mixture was sprayed into an excess of ammonium
      hydroxide (0.5 l, 15M) to form small gel spheres. The resulting suspension
      was stirred overnight and then centrifuged. The gel precipitate was washed
      with water and then air-dried. Analysis of the dry gel precipitate showed
      that while more than 70 percent of the nickel has been extracted, less
      than 8 percent of the chromium had been removed. The iron : chromium :
      nickel ratio in the precipitate was approximately 100 : 22 : 3. The iron
      concentration in the deep mauve filtrate was less than 0.1 ppm. It will be
      observed that the mixed salt solution contained the three metals in the
      same proportions as in 18/8 stainless steel, and that the process enabled
      most of the relatively expensive nickel to be separated from the less
      expensive iron and chromium in a single stage.
PAC  Examples of Mixed Reagents Acting as Precipitant and Solvent Respectively
PAR  Example 18
PAR  To 150 ml of an aqueous solution of ferric chloride (150g Fe/l) and nickel
      nitrate (100 g Ni/l) was added dextran (30g). 50 ml aliquots of this
      viscous mixture were added dropwise into an excess of the following mixed
      reagents:
PAR  a. sodium hydroxide - ammonium hydroxide (50 percent), giving precipitated
      gel spheres containing iron and a smaller proportion of nickel than the
      original solution and a deep purple solution of a nickel ammine.
PAR  b. sodium hydroxide - diethanolamine (10 percent), giving precipitated gel
      spheres containing iron and a smaller proportion of nickel than the
      original solution and a pale green solution of a nickel diethanolamine
      co-ordination compound.
PAR  Example 19
PAR  50 ml aliquots of the viscous mixture of iron sol-copper solution with
      carob gum of Example 6 were added dropwise into an excess of the following
      mixed reagents;
PAR  a. sodium hydroxide-ammonium hydroxide (50 percent), giving precipitated
      gel spheres containing iron and a smaller proportion of copper than the
      original solution and a deep blue ammine solution of copper.
PAR  b. sodium hydroxide-diethanolamine (15 percent) giving similar results to
      (a) above.
PAC  Examples of Consecutive Precipitant and Solvent
PAR  Example 20
PAR  A 50 ml aliquot of the iron-nickel solution with dextran which was used in
      Example 18 was added dropwise to an excess of sodium hydroxide (2M) and
      the gel spheres which formed were aged for 20 minutes. The gel spheres
      were rinsed with water before washing in ammonium hydroxide to extract the
      nickel as a soluble ammine.
PAR  Example 21
PAR  A 50 ml aliquot of the iron sol-copper solution with carob gum which was
      used in Example 6 was added dropwise into an excess of dilute sodium
      hydroxide and the gel spheres aged for 20 minutes. The gel spheres were
      rinsed with water before washing with either ammonium hydroxide or
      diethanolamine. In both cases the copper was extracted, as a soluble
      ammine and a soluble diethanolamine co-ordination compound respectively.
PAR  Example 22
PAR  To 100 ml of an aqueous solution of thorium nitrate (100g Th/l) and nickel
      nitrate (25g Ni/l) was added dextran (20g). The viscous solution was added
      dropwise to an excess of sodium hydroxide and the gel spheres which formed
      were aged for 30 minutes in the latter. The gel spheres were rinsed with
      water before standing in an excess of ammonium hydroxide for 2 to 3 hours.
      The extraction of nickel as a soluble ammine was essentially complete.
PAR  Example 23
PAR  To 1l of an aqueous solution of ferric chloride (4.6g Fe/l) and uranyl
      nitrate (6.0 g U/l) was added guar gum (4g). The resulting viscous mixture
      was added dropwise to an excess of ammonium hydroxide (2 l, 8M), and the
      gel spheres which formed were aged for 30 minutes in the ammonium
      hydroxide. After rinsing in cold water the gel spheres were stirred with
      sodium carbonate (250 ml of a 10 percent solution) for 6 hours to extract
      the precipitated uranium from the spheres as a soluble carbonate complex
      leaving the precipitated iron in the spheres. (Longer periods than 6 hours
      appeared to be without effect.) The gel precipitate was filtered off and
      rinsed in cold water before being analysed. The iron-to-uranium ratio in
      the gel precipitate was determined to be greater than 40 to 1, as compared
      with 0.77 to 1 in the original solution. The iron concentration in the
      sodium carbonate solution was about 1 ppm.
PAR  Example 24
PAR  To 100 ml of an aqueous solution of ferric chloride (25g Fe/l) and copper
      chloride (25g Cu/l) was added guar gum (0.5g). The resulting viscous
      solution was added dropwise to an excess of sodium hydroxide (1M) and the
      gel spheres which formed were aged for 30 minutes in the latter. The gel
      spheres were rinsed with water and divided into two approximately equal
      portions.
PAR  To the first portion was added a 10 percent aqueous solution of glycine
      (100 ml), which is an amminocarboxylate. On standing, the copper was
      preferentially extracted as a deep blue soluble glycinate.
PAR  To the second portion was added a 10 percent aqueous solution of sodium
      potassium tartrate (100 ml), which is a carboxylate. On standing, the
      copper was preferentially extracted as a soluble blue-green tartrate.
PAR  It will be understood that combinations of the above forms of the process
      can be effected. For example in suitable cases a mixture of three metals
      can be separated by dropping into a solution which precipitates two but
      dissolves the third, and thereafter contacting the precipitated spheres or
      gravel with a further solution which dissolves out one of the two
      precipitated metals.
PAR  It will also be understood that the process is not limited to the
      particular metals, polymeric additives and chemical reagents mentioned in
      the above Examples. Other metallic salts or sols, other polymeric
      additives and other chemical reagents which react together in the required
      manner can be used.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for separating a metal from a mixture including at least one
      further metal comprising:
PA1  forming a viscous mixture of a water-soluble polymeric organic compound
      with an aqueous medium containing said metals, said metal-containing
      medium being selected from the group consisting of a mixed solution of
      salts of said metals, a mixture of hydrous sols of said metals, and a
      mixture of a solution of a salt of one said metal with a hydrous sol of
      the other said metal;
PA1  forming said viscous mixture into discrete entities of selected physical
      configuration;
PA1  contacting said entities with chemical reagent means capable of
      precipitating at least one said metal as an insoluble compound whereby
      each entity is converted to a gel containing said compound;
PA1  said reagent means being also capable of dissolving at least one other said
      metal;
PA1  and physically separating said gelled entities from said reagent means.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the reagent means comprises a
      single chemical reagent which is capable both of precipitating one metal
      and dissolving the other.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the reagent means comprises a
      mixture of two chemical reagents which are contacted simultaneously with
      the entities, one reagent being capable of precipitating one said metal
      and the other reagent being capable of dissolving the other said metal.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the reagent means comprises two
      chemical reagents which are contacted consecutively with the entities, the
      first-contacted reagent being capable of precipitating both said metals
      and the second-contacted reagent being capable of dissolving one of the
      metals out of the gelled entities formed by the first-contacted reagent.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the aqueous medium contains the
      metals as a mixed solution of salts of said metals, and wherein the
      polymeric organic compound has a plurality of hydroxyl groups, is other
      than a cellulosic derivative which increases in viscosity in the presence
      of alkaline solution, and forms a complex with at least one of the metal
      ions in the mixed solution.
NUM  6.
PAR  6. A process as claimed in claim 5 wherein the compound is selected from
      the group consisting of dextran, guar gum, carob gum and polyvinyl
      alcohol.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the aqueous medium containing
      the metals is selected from the group consisting of a mixture of hydrous
      sols of the metals and a mixture of a solution of a salt of one said metal
      and a hydrous sol of the other said metal, and wherein the polymeric
      organic compound is one which does not react with a said sol to produce a
      precipitate before contacting with the reagent means, and which is
      capable, when mixed with a said sol, of forming a gel when contacted with
      the reagent means.
NUM  8.
PAR  8. A process as claimed in claim 7 wherein the compound is selected from
      the group consisting of starch-derived polymers, dextran, polyvinyl
      alcohol, carbon gum and guar gum.
NUM  9.
PAR  9. A process as claimed in claim 1 wherein the reagent means comprises an
      alkaline chemical reagent capable of precipitating said one metal as an
      insoluble compound contained in gelled entities.
NUM  10.
PAR  10. A process as claimed in claim 1 wherein the reagent means comprises a
      chemical reagent capable of dissolving said other metal as a soluble
      ammine or as a soluble co-ordination compound.
NUM  11.
PAR  11. A process as claimed in claim 10 wherein the chemical reagent capable
      of dissolving said other metal is ammonium hydroxide.
NUM  12.
PAR  12. A process as claimed in claim 10 wherein the chemical reagent capable
      of dissolving said other metal is a carboxylate or amminocarboxylate.
NUM  13.
PAR  13. A process as claimed in claim 1 wherein the chemical reagent capable of
      dissolving said other metal is a carbonate.
NUM  14.
PAR  14. A process as claimed in claim 1 wherein the metal which remains
      precipitated as an insoluble compound in the gelled entities is iron.
NUM  15.
PAR  15. A process as claimed in claim 1 wherein the metal dissolved by said
      reagent means is selected from the group consisting of copper and nickel.
NUM  16.
PAR  16. A method as claimed in claim 1 wherein the metal dissolved by said
      reagent means is cobalt.
NUM  17.
PAR  17. A process as claimed in claim 1 wherein the metal which remains
      precipitated as an insoluble compound in the gelled entities is selected
      from the group consisting of thorium, uranium, zirconium and copper.
NUM  18.
PAR  18. A process as claimed in claim 1 wherein the metal which remains
      precipitated as an insoluble compound in the gelled entities is thorium.
NUM  19.
PAR  19. A process as claimed in claim 1 wherein the precipitated metal which is
      dissolved out of the gelled entities by said reagent means is uranium.
NUM  20.
PAR  20. A process as claimed in claim 1 wherein the selected physical
      configuration of the entities is drop-like and the drop-like entities are
      introduced into the reagent means.
NUM  21.
PAR  21. A process as claimed in claim 1 wherein the gelled entities are
      contacted with said chemical reagent means for a prolonged period.
NUM  22.
PAR  22. A process as claimed in claim 1 comprising the further steps of
      dissolving said gelled entities to form an aqueous medium and repeating
      the steps of forming a viscous mixture, forming discrete entities,
      contacting said entities, and separating as claimed in claim 1.
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ABST
PAL  The subject matter of this invention is a process for solid albumin
      particles so that such spheric particles may act as a carrier for
      radioactivity, drugs, insecticides, dyes, metal salts, etc. In order to
      prepare such spheric particles, the substance to be incorporated therein
      is transformed into a precipitate. This precipitate is then mixed with an
      aqueous solution of albumin. The mixture thus prepared is then injected
      into cotton seed oil while stirring so as to obtain a fine dispersion of
      the albumin droplets and the precipitate in the oil, then the mixture is
      heated above 100.degree.C to evaporate water and to form spheric albumin
      particles having the precipitate encapsulated therein.
PARN
PAR  This application is a continuation-in-part of Ser. No. 55,231 filed July
      15, 1970 now abandoned.
BSUM
PAR  Encapsulation of various substances as solids or liquids into proteins,
      such as gelatin or albumin has been known. Solid gel capsules having a
      medicine dispersed therein, or partially gelled or denatured or coagulated
      capsules containing a liquid with a medicine have been described (British
      Pat. No. 795,977). These capsules are made of swellable colloid and are
      fragile and, depending on their pore size, permeable for liquids. They can
      be hardened, but are then not suitable for parenteral use. Water insoluble
      organic liquids have been incorporated into solid protein shells,
      denatured by heat. (U.S. Pat. No. 3,137,631, 1964). They could be prepared
      from protein alone, but increased stability was accomplished by the
      addition of cross-linking agents for the proteins. The particles obtained
      by either process are however always fragile, unless specifically
      hardened, and contain usually a liquid core within a thin protein shell.
      They are difficult to obtain in homogenous sizes around 50 microns and are
      difficult to store. Because of their fragility, and antigenicity (if
      hardened) they cannot be used parenterally in animal or man.
PAR  Depending on the type of substance that one wants to incorporate and on the
      type of product one wants to obtain, one has to use the proper method for
      incorporation or encapsulation. The methods used by the British and U.S.
      patents are useful for the preparation of gelled particles at temperatures
      below 100.degree.C. Hard, solid albumin spheres may be obtained by
      dispersion and subsequent heating of an albumin solution (25%) in oil.
      These particles are obtained as a dry, free flowing powder consisting of
      spheric particles of albumin.
PAR  It is known that spheric particles of protein or starch and possibly of
      other materials may be obtained when a concentrated aqueous solution of
      the protein or the starch is mixed with another liquid not miscible with
      water. This liquid may be an organic solvent or an oil or a more
      concentrated solution of a salt. In the preferred embodiment of the
      invention a 25% solution of albumin (human serum albumin), generally
      referred to as HSA, and cotton seed oil will be used because HSA has well
      known biological properties useful in biological labeling.
PAR  There is a great interest in medicine for spheric particles made of a
      degradable material, which can withstand arterial pressure systems after
      being injected. Presently used aggregates of albumin labelled with I-131
      are too fragile. Therefore there is great need in the art for methods
      permitting the use of spherical albumin particles as a carrier for
      radioactivity, dyes and medicines. The invention to be hereinafter
      described fulfills this need.
PAR  In order to incorporate radioactivity, a medicine or any substance into
      said albumin particles, the substance to be incorporated is transformed
      into a precipitate for incorporation. This offers the advantage that a
      substance or a chemical element which is present in a large volume may be
      concentrated into a few milligrams of precipitate which can be easily
      incorporated into albumin spheres. A solid, which is coarse and not
      available in homogenously sized crystals, may be dissolved and
      precipitated as another chemical compound and as such may be homogenously
      incorporated into albumin spheres. A substance strongly acidic or
      alkaline, which would interfere with the particle preparation when added
      to the albumin solution, would be extracted from such environment and
      incorporated as a neutral precipitate. It should be emphasized that the
      incorporation of liquids into solid albumin spheres is not meaningful,
      because liquids evaporate during the heating step above 100.degree.C and
      besides, only small volumes of a solution can be added to the 25% albumin
      solution, so as not to cause too much dilution. In addition it may be
      mentioned that the incorporation of a radioactive solution resulted in
      albumin particles, which released up to 50% of the incorporated
      radioactivity when suspended in the injection medium (physiological
      saline). A tight fixation of radioactivity, which is essential for
      parenterally used albumin spheres is obtained when a precipitate of the
      radionuclide is incorporated. Radionuclides are mostly supplied as
      solutions. In order to accomplish incorporation, chemical precipitation
      into a water insoluble precipitate is performed. In general there are the
      following methods for incorporation or fixation of a substance into solid
      albumin spheres:
PA1  1. Fixation of a radionuclide:
PAR  Direct labelling of the albumin matrix of the particles by the known
      labelling reactions for albumin (with Tc-99m: Stern H. S., Zolle I., J. G.
      McAfee, Int. J. Appl. Rad. & Isotopes 16:283, 1965, with iodine: Hunter W.
      M., In Radioactive Pharmaceuticals, ABC Symposium Series 6, U.S. Atomic
      Energy Comm., Div. of Techn. Inf., Springfield, Va. (1966):245)
PA1  2. Fixation of the radionuclide via another chemical element or carrier
      which has been incorporated into the albumin matrix: i.e. incorporation of
      ferric-hydroxide precipitate into albumin particles facilitates labelling
      of the finished albumin spheres with Tc-99m and In-113m (with Tc-99m: I.
      Zolle, B. A. Rhodes, H. N. Wagner, Jr., J. Appl. Rad. & Isotopes 21, 155,
      1970; with In-113m: J. W. Buchanan, B. A. Rhodes, H. N. Wagner, Jr., J.
      Nucl. Med. 10, No. 7:487, 1969)
PA1  3. Incorporation of a medicine: Insulin, available as a solution 20/mg/ml)
      is transformed into an amorphous precipitate and thus albumin particles
      containing insulin are obtained. Crystalline insulin may not be
      incorporated as homogenously.
PAR  Incorporation of dry salts or powdered substances is possible; however,
      certain chemical salts react with the albumin and cause coagulation of the
      albumin, so that preparation of spheres is no longer possible. It is
      important that the albumin maintains its physiological properties. If the
      salts are dissolved and precipitated as a neutral precipitate,
      incorporation of the desired element into solid albumin spheres can be
      accomplished. Precipitation may be brought about in several ways,
      depending on the chemical nature of the substance. The precipitate is then
      mixed with the aqueous solution of the protein or the starch and this
      homogenous mixture is dispersed in the non-miscible phase, preferably
      cotton seed oil, for sphere formation. Because of immiscibility, the
      precipitated substance remains in the aqueous protein (i.e. HSA)-phase and
      becomes encapsulated in the albumin spheres.
PAR  As is generally known HSA microspheres may be prepared in the following
      way. One half milliliter of a 10-30 percent solution of HSA is injected
      into 120 ml. of cotton seed oil (USP) while stirring. After a fine
      dispersion of the HSA is obtained in the oil, (after 5 min.), heating
      above 100.degree.C is started to evaporate the water and thus to solidify
      the fragile albumin droplets. After heating is completed, usually within
      45 minutes, the protein spheres are centrifuged from the oil and washed
      with ether. This way one obtains spheric particles between 1 micron and
      200 microns, depending on the speed of stirring.
PAR  Radionuclides may be incorporated into solid HSA particles by using the
      invention in the following way. Radio-nuclides are generally available in
      solutions. Therefore, to precipitate the radionuclide it is necessary to
      adjust the volume to a convenient amount for precipitation and the pH to
      the point where precipitation is to occur. Precipitation is then brought
      about by addition of stoichiometric amounts of that reagent, which is
      necessary to form the precipitate. After precipitation is complete, the
      sample is centrifuged and the precipitate washed with water. After the
      last wash (if several washings are performed) the water is removed almost
      completely and the precipitate may be incorporated into the 25% albumin
      solution as such. If necessary, larger aggregates may be redispersed by
      addition of a peptizing electrolyte or by ozonification of the
      precipitate. The radionuclide precipitate is then mixed with the HSA
      solution and then the mixture is injected into cotton seed oil as
      previously described. This process results in the creation of spheric HSA
      particles incorporating radionuclide.
PAR  For example, radioiodide may be incorporated into HSA spheres in the
      following way. The radionuclide is precipitated from slightly acidic (pH
      6) solutions with stoichiometric amounts of 0.1 M (molar) silver nitrate
      solution. Since radio-iodide is obtained in strongly alkaline solutions of
      pH 11-13, it is necessary to adjust the pH before silver nitrate is added.
      When carrier free radioiodide is used, 10 mg. of potassium iodide (KI) is
      added as a carrier prior to precipitation. In order to ensure complete
      precipitation of the radionuclide, the pH is adjusted to 9.5. Then the
      precipitate is separated by centrifugation and washed twice with water.
PAR  For example, 5mCi of .sup.123 I were obtained in 11 ml alkaline solution at
      pH 13.0. After pH adjustment to pH 6.0, 1.2 ml of 0.1 M silver nitrate
      solution was added and the pH adjusted to 9.5 to facilitate complete
      precipitation. The amount of silver nitrate solution had to be estimated,
      as the amount of carrier originally present in the .sup.123 I solution was
      unknown. When insufficient silver nitrate was added, the supernatant
      remained opalescent and contained considerable amounts of the
      radioactivity; dropwise addition of silver nitrate solution completed the
      precipitation, a slight excess of silver nitrate being indicated by the
      appearance of brown silver oxide.
PAR  In the same manner radioactive chromium can be incorporated into HSA
      particles. Chromium 51 is available as chromic chloride and as sodium
      chromate solution. Chromates may be precipitated directly by the addition
      of silver nitrate solution while chromic chloride needs to be oxydized to
      chromate before precipitation. 10 mg of potassium chromate (K.sub.2
      CrO.sub.4) carrier may be added to the solution of the radioactive
      chromium (51) before the precipitation with stoichiometric amounts of 0.1
      M silver nitrate solution at neutral pH. The precipitate is red brown and
      is washed with water, which is removed carefully before addition of the
      peptizing electrolyte. It is then added to the HSA solution and mixed with
      cotton seed oil as previously described.
PAR  Inorganic salts may also be incorporated into HSA particles using the
      invention. Some inorganic salts (i.e. ferrous sulfate) cause coagulation
      of the protein, (i.e. albumin) when the salt is directly added to the 25%
      albumin solution for incorporation into albumin spheres. This can be
      avoided by precipitation of the ferrous sulfate as the hydroxyde, which is
      insoluble in water and does not cause coagulation of the albumin and can
      therefore be incorporated into albumin spheres without difficulties using
      the techniques previously described. In addition, freshly precipitated
      ferric hydroxyde is homogeneously distributed within the spheres by this
      method of incorporation. Inorganic salts may be incorporated to facilitate
      chemical reactions performed with the finished spheres.
PAR  If ferric hydroxyde is incorporated into spheres, these spheres become more
      reactive for a certain labeling procedure with Technetium 99m, a very
      useful radionuclide in diagnostic and investigative medicine. Spheres can
      be prepared in advance and stored and labeled just prior to use by a very
      simple and efficient technique developed for ferric hydroxyde containing
      albumin spheres. Ferric ion lends itself to a variety of reactions such as
      the Prussian Blue reaction, which may be used to prepare intensively blue
      particles, when this might be of advantage.
PAR  Ferric or ferrous hydroxyde may be precipitated from its chloride solutions
      by the addition of 0.1 M sodium hydroxyde solution till precipitation is
      complete. This is usually around pH 5. The precipitate is separated by
      centrifugation and washed with water. Then it may be redispersed by
      addition of ferric chloride or by ozonification.
PAR  Further, for incorporation into HSA microspheres, a precipitate should
      consist of homogeneously sized crystals, so that the nuclide is
      distributed evenly within the microspheres. Many precipitates tend to form
      larger aggregates with time; silver iodide crystals form larger aggregates
      within seconds after precipitation. To redisperse such large aggregates,
      salts can be added which act as peptizing electrolytes. Small traces of
      specific electrolytes, which are often necessary to obtain stable sols,
      are in several cases also capable of redispersing a precipitate to a sol.
PAR  In the case of silver iodide precipitates, potassium iodide may be added;
      in the case of ferric hydroxide precipitates, ferric chloride may be used.
      Only small volumes of the peptizing electrolytes ranging from 2-10 ml were
      added to the washed precipitates while stirring. This was necessary to
      avoid dilution of the precipitates, and also to avoid changes in the pH of
      the precipitates. For redispersion of ferric hydroxide obtained with 30 mg
      ferric chloride, only 2 ml of a solution containing 400 mg of ferric
      chloride/ml water could be used (0.8 mg), because of the acidity of the
      ferric chloride solution, coagulation of the HSA solution resulted when
      added to the precipitate. Redispersed precipitates were mixed with 0.5 ml
      of the 25% HSA solution and microspheres prepared as described above.
PAR  Three types of silver iodide precipitates have been incorporated into HSA
      microspheres: (1) silver iodide precipitates (obtained with 10 mg KI
      carrier) that had not been redispersed. Microspheres showed uneven
      distribution of the precipitate or inclusions of larger silver iodide
      crystals within the microspheres; (2) silver iodide precipitate that had
      been redispersed with the addition of 10% KI as peptizing electrolyte.
      Based on the amount of KI carrier, this was 10 ml of a solution of 100 mg
      of KI/ml. Microspheres showed even distribution of the precipitate with
      few bigger crystals of silver iodide within the microspheres; (3) silver
      iodide precipitate that had been redispersed with addition of 20% KI as
      peptizing electrolyte (10 ml of a solution of 200 mg of KI/ml).
      Microspheres showed a homogeneous distribution of silver iodide
      precipitate within the microspheres.
PAR  It was observed that aggregates of AgI crystals were partially redispersed
      with less than 10% KI. However, when more that 10% KI was added,
      dispersion proceeded into colloidal ranges, indicated by a relatively high
      percentage of free radioactivity in the suspension medium. An addition of
      10% peptizing electrolyte gave a very homogeneous distribution of the
      silver iodide precipitate within the microspheres and only small amounts
      of free radioactivity in the injection medium.
PAR  Other proteins may also be incorporated into HSA microspheres. A protein
      may be obtained as a precipitate at its isoelectric point. Any protein
      present in an aqueous solution may be transformed into a precipitate by
      adjustment of the pH to the value of its isoelectric point. Most proteins
      form amorphous precipitates. These are most suitable for incorporation
      into albumin spheres, because they are distributed evenly within the
      spheres. No peptizing electrolytes are needed to redisperse large
      aggregates.
PAR  For example, commercially available insulin (Iletin, 500 Units/ml/20mg) may
      be used for precipitation at pH 5.6 in the presence of sodium citrate and
      zinc chloride.
PAR  Various amounts of insulin may be incorporated, one will aim to incorporate
      as much insulin as possible, if these spheres should be used for insulin
      therapy, as with increasing amounts of albumin the units of biologically
      active insulin released per mg of spheres decrease. The example will
      demonstrate the incorporation of 84% of insulin using 16% of albumin for
      the preparation of spheres:
PA1  7.68 ml insulin (Iletin)
PA1  0.07 ml sodium citrate solution (0.05 M, pH 7.8)
PA1  0.77 ml zinc chloride (1 mg/ml) = 0.5%
PA1  0.1 ml I.sup.125 -labeled insulin (only required, when radiometric
      measurements are performed for quantification)
PA1  2.73 ml sodium citrate solution (0.05 M, pH 7.8)
PAL  The pH of the mixture is 5.6 for maximal precipitation of the insulin.
PAR  The precipitate is centrifuged and washed with distilled water. All water
      is carefully removed. The volume of the precipitate is large,
      approximately 3 ml. 0.1 ml of albumin solution (300 mg/ml) is added. While
      stirring, the mixture is injected into cotton seed oil for the preparation
      of insulin containing albumin spheres. The insulin spheres showed more
      than 85% incorporation of insulin measured by the simultaneous
      incorporation of I.sup.125 -labeled insulin and less than 1% free insulin
      when suspended in saline.
PAR  The insulin retained its biological activity measured by the decrease of
      blood sugar levels in dogs.
PAR  The incorporation of biologically active substances may serve the purpose
      of sustained release of the incorporated drug from the spheres as the
      spheres slowly dissolve in the biological system.
PAR  The procedure described for the preparation of spheres between 1-200
      microns may be modified so that spheres of 1 micron and smaller can be
      prepared. Spheric particles in very homogenous size distribution around 1
      micron are prepared if the 25% albumin solution with the precipitate of
      the substance to be incorporated and the cotton seed oil together are
      pressed through a fine capillary or rotating disc. In the laboratory a
      handhomogenizer, Logeman, U.S. Pat. No. 2,064,402, is used, for large
      scale preparations, pharmaceutical homogenizers used for the preparation
      of emulsions, may be used. This way an emulsion of the aqueous albumin is
      obtained in the oil indicating an extremely fine dispersion of the
      droplets in the oil. Heating of the emulsion is performed for 10 min. by
      pouring the prepared emulsion into preheated oil of 200.degree.C. The
      water evaporates immediately leaving solid millimicrospheres in the oil.
      After cooling, diethylether is added to break the emulsion and the
      millimicrospheres are separated from the organic phase by centrifugation.
      Millimicrospheres may be well suspended with the aid of a suspending agent
      (such as Tween 80, USP) and labelled with radionuclides according to the
      known procedures. Ferrichydroxide precipitate may also be incorporated and
      labelling with Tc-99m performed as described for albumin. Labelled
      millimicrospheres localize in the phagocytic cells of the
      reticulo-endothelial system, when injected intravenously, while the
      albumin spheres between 5 and 60 microns as described previously, are
      retained by the lung capillaries. Thus the larger particles may be used
      for blood flow distribution measurements, while millimicrospheres present
      a novel agent for the measurement of the phagocytic capacity of the
      reticuloendothelial system.
PAR  Thus, it has been shown that various distinct types of substances may be
      incorporated into albumin microspheres by the process of precipitating out
      the substance and then incorporating said precipitate in the aqueous
      solution of albumin before the albumin microspheres are prepared in the
      manner previously described, which is by injecting said mixture into a
      liquid immiscible with water, heating above 100.degree.C and then
      separating the spheres formed therein from the immiscible liquid. However,
      the advantages offered by the described technique, namely the
      incorporation of precipitates into spheric albumin particles, may as well
      be applied for a tight fixation of any substance within gel particles
      prepared below 100.degree.C, which are described in the British Patent.
      The permeable, porous membrane of these capsules allows incorporated
      liquids to leak out, yet precipitates may not pass. In addition,
      concentration of the substance from a large volume, which is too large to
      be incorporated into a few milligrams of precipitate which can easily be
      enclosed, is an important advantage. As indicated initially, spheric
      particles may not only be obtained from protein solutions, but also
      polysaccharides, such as starch or glycogen may be used as the spheric
      matrix. If these particles are used as a carrier for radionuclides, drugs,
      metal salts, dyes or medicines, fixation or incorporation of a precipitate
      of the radionuclide, the drug or the metal salt (as a chemical carrier for
      subsequent labelling with radionuclides or to produce a color reaction) or
      the medicine may be accomplished using the described invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A process for incorporating a substance capable of being precipitated
      into albumin millimicrospheres comprising: preparing a precipitate of said
      substance and forming a mixture of the precipitate with an aqueous
      solution of albumin; injecting said mixture into oil and pressing the
      resultant through a fine capillary or rotating disc to form an extremely
      fine emulsion of droplets of the precipitate and albumin in said oil,
      heating said oily mixture above 100.degree.C and separating the formed
      albumin millimicrospheres from said oil having said precipitate
      encapsulated therein.
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PAL  Vapor phase methylation of phenols with methanol in contact with a vanadium
      oxide catalyst which may additionally contain iron oxide and at least one
      other oxide of magnesium, titanium, manganese, beryllium or boron.
PARN
PAR  This is a division of application Ser. No. 207,546 filed Dec. 13, 1971, now
      U.S. Pat. No. 3,855,318.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to a catalytic process for the methylation of the
      ortho position of phenols having at least one ortho hydrogen and to
      certain novel catalysts useful in the process.
PAR  Compounds such as those represented by the general formula:
      ##SPC1##
PAL  Are of known utility. They are especially useful in the preparation of
      polymers such as polyphenylene oxide. In the formula each R is a
      monovalent substituent selected from the group consisting of hydrogen,
      methyl, phenyl, and methyl substituted phenyl.
PAR  Methods are already available for the alkylation of phenols in the ortho
      position. They are described, for example, in British Pat. Nos. 717,588
      and 1,112,914; U.S. Pat. No. 3,446,856; Japanese Pat. Publications
      27367/1964 and 29293/1970; and in the report by Enomoto et al. in the
      Catalyst Research Conference of 1968.
PAR  British Pat. No. 717,588 relates to an alkylation process in which a metal
      oxide having dehydrating action such as the oxides of aluminum, thorium,
      zirconium, zinc, iron, manganese, magnesium or calcium are employed as
      catalysts. The process is not completely satisfactory, however, because it
      is not sufficiently selective. For example, the methyla- of phenol leads
      not only to the desired ortho-substituted products but also to undesirably
      large amounts of the meta and para isomers. The separation of the
      undesired byproducts is complicated and expensive, but they must be
      separated especially if the desired product, 2,6-xylenol is to be used for
      the production of polyphenylene oxide.
PAR  U.S. Pat. No. 3,446,856 describes the alkylation reaction using magnesia as
      a catalyst. This is a somewhat improved procedure, but the elevated
      temperature, e.g. 475.degree.C. at which it is carried out leads to
      excessive decomposition of starting materials such as phenol and methanol.
PAR  British Patent No. 1,112,914, Enotmoto's method, and the above identified
      Japanese Patent Publications all relate to improved processes in which the
      magnesia is enriched with a second or third element. With relatively
      inexpensive additives there is still appreciable decomposition of the
      starting materials which is often accompanied by a marked decrease in the
      activity of the catalyst. The addition of rare earth metals or of uranium
      or palladium is helpful, but it is also expensive.
PAR  Despite extensive research no completely satisfactory method has yet been
      found for the ortho-methylation of phenols.
PAC  THE INVENTION
PAR  It has now been discovered in accordance with this invention that phenols
      can be methylated in the ortho position with methanol using a vanadium
      oxide catalyst in a vapor phase reaction at elevated temperature. The use
      of vanadium oxide results in methylation almost exclusively at the ortho
      position. Moreover, there is reduced decomposition of methanol and
      increased catalyst life. The use of iron oxide in association with the
      vanadium oxide leads to improved results. The addition of an oxide of
      magnesium, titanium, manganese, beryllium, boron, or mixtures of these
      oxides to produce a polymetallic catalyst results in even greater
      improvements. These polymetallic catalysts are novel and are specifically
      included within the scope of this invention.
PAR  A further feature of the invention is the discovery that the addition of
      water vapor to the reaction system in the amount of from about 2 to 12
      mols per mol of the phenol utilized helps to prevent the catalysts from
      breaking down into finer particles or powders which clog the reactor. Thus
      the life of the catalyst is extended, and the periods between shutdowns of
      the operation to clean the reactor are prolonged.
PAR  The term "oxide" as used in association with various metals in describing
      and claiming this invention refers to all of the several oxides of the
      metal known to exist such as V.sub.2 O.sub.5, V.sub.2 O.sub.4, V.sub.2
      O.sub.3, VO, Fe.sub.2 O.sub.3, Fe.sub.3 O.sub.4, FeO, MgO, TiO.sub.2,
      MnO.sub.2, MnO, Mn.sub.3 O.sub.4 and to mixtures of these various oxides.
PAR  In the bimetallic vanadium-iron catalysts used in this invention the atomic
      ratio of iron to vanadium is normally from about 9 to 1/9. The preferred
      range for optimum results in from 4 to 1/4. When at least one compound
      selected from the group consists of oxides of manganese, magnesium,
      titanium, beryllium and boron is added, the atomic ratio of vanadium to
      iron to other metal or mixture of metals is from about 1/9-9 : 1 : 1 -
      0.01. The preferred range in polymetallic catalysts is 1/4 - 4 : 1 : 1 -
      0.1. Preferred catalysts contain oxides of vanadium, iron, magnesium,
      titanium, and manganese in the defined ratios.
PAR  Vanadium and any of the other metals used in the present invention may be
      obtained from any of their usual compounds such as nitrates, hydroxides,
      carbonates, oxalates, halides, and the like. They may be converted to the
      desired oxides by immersing, mixing, coprecipitation or other conventional
      methods. The methods for preparing the catalysts are illustrated in the
      examples. In actual use they may be supported on suitable carriers such as
      alumina, silica, silica-alumina, and the like.
PAR  In accordance with the process of the invention a mixture of methanol and
      the selected phenol is contacted with the catalyst in the vapor phase at
      an elevated temperature to methylate the phenol at one or both of the
      ortho positions. A mixture of methanol and phenol, for example, can be
      converted predominantly to ortho cresol or to 2,6-xylenol, or to a mixture
      of these compounds.
PAR  Phenols which may be methylated by the process of this invention include,
      for example, phenol itself, 0-cresol, m-cresol, p-cresol, 2,3-xylenol,
      2,4-xylenol, 2,5-xylenol, 3,5-xylenol, 2,3,4-trimethylphenol,
      2,3,5-trimethylphenol, 3,4,5-trimethylphenol, 2,3,4,5-tetramethylphenol,
      0-phenylphenol, p-phenylphenol, 2-tolylphenol, 2,4-diphenylphenol,
      2,3-diphenylphenol, 2-xylylphenol, 2-mesitylphenol, 2-durylphenol,
      2-phenyl-4-methylphenol, 2-tolyl-4-phenylphenol, 2-phenyl-4-tolylphenol or
      3-methyl-5-phenylphenol. All of these phenols may be represented by the
      formula
      ##SPC2##
PAL  wherein each R is a nonvalent substituent selected from the group
      consisting of hydrogen, methyl, phenyl, and methyl substituted phenyl.
PAR  Any one or a mixture of the above phenols is vaporized together with
      methanol and passed through a reactor containing the selected catalyst.
      The reactor may take any of the usual forms such as stationary bed, moving
      bed, fluidized bed, and the like. The reaction temperature is typically in
      the range of from about 250.degree.C. to 450.degree.C., with the preferred
      range being from 300.degree.C. to 400.degree.C. At temperatures
      appreciably lower than 250.degree.C. there is a noticeable decrease in
      yield, and as the temperature increases much above 500.degree.C. there is
      an appreciable increase in the amount of byproducts produced, especially
      byproducts which are methylated in positions other than the ortho
      position. There is also a noticeable increase in decomposition of
      methanol.
PAR  A particular advantage of the process of this invention is that it can be
      carried out at a relatively low temperature compared to known methods so
      that the cost of operation is decreased. Additionally there is less
      decomposition of starting materials or products, and the catalyst life is
      markedly increased.
PAR  While some methylation is effected even with small amounts of methanol, it
      is preferred that there be at least one molar equivalent of methanol for
      each unsubstituted ortho position in the phenol to be methylated. Normally
      the molar ratio of methanol to phenol type reactant is from about 1:1 to
      10:1. There is little advantage to increasing the molar ratio appreciably
      above 10:1 since the charge in yield does not compensate for the
      additional cost.
PAR  The presence of a reaction inert gas such as nitrogen, hydrogen, carbon
      monoxide, carbon dioxide or methane is often helpful. As mentioned above
      the use of water vapor helps to extend the life of the catalyst even
      longer than usual. When used, it may be employed in a water vapor-phenol
      reactant mole ratio of from about 2:1 to 12:1. When the amount of water
      vapor is lower than about 2 mols per mol of phenol the effect on extending
      catalyst life is decreased. On the other hand, when the ratio increased
      appreciably above 12:1 the partial pressure of the phenol decreases and
      this in turn reduces the space-time yield of methylated products.
PAR  The reaction pressure is not critical. It may be carried out at atmospheric
      pressure, and may also be carried out over a wide range of pressure
      varying from about 0.5 to 50 atmospheres.
PAR  Best catalytic activity and optimum selectivity is achieved by maintaining
      the gas space velocity at from about 360 to 18,000 hr.sup..sup.-1. The
      preferred range from the viewpoint of economical operation is 900 to
      12,000 hr.sup..sup.-1. Generally the gas space velocity will be on the
      high side of the range at higher temperatures and will be decreased as the
      operating temperature decreases.
PAR  A number of other oxides and oxide mixtures have been tested for their
      catalytic activity and have not been found to have useful activity.
      Silica, for example, has virtually no activity. Iron oxide mixed with
      phosphorous oxide, selenium oxide or tellurium oxide were also without
      practical value.
PAR  The following non-limiting examples are given by way of illustration only.
      In the examples the following definitions apply:
      ##EQU1##
PAR  The pressure loss represented by .DELTA.P is the differential pressure
      across the ends of the catalyst layers. It is measured with a manometer.
DETD
PAC  EXAMPLE 1
PAC  Preparation of Catalyst:
PAR  Twenty g. of ammonium metavanadate an 5 g. of oxalic acid are dissolved in
      40 cc. of pure water and heated over a boiling water bath to dryness. The
      dried mass is then heated at 550.degree.C. for three hours in an air
      stream. The resultant material is ground to 16 - 32 mesh particles and
      used as the catalyst. Reaction:
PAR  A mixture of methanol and phenol in the molar proportion 5 : 1 and nitrogen
      gas are continuously supplied at a rate 7.9 cc/hr. and 17.7 cc/min.
      respectively through a preheater maintained at 220.degree.C. in which the
      feed is vaporized, to a pyrex glass reactor having a 1.8 cm internal
      diameter containing 1.2 cc. of the catalyst. The reactor is uniformly
      maintained at 350.degree.C. The reaction is carried out for 50 hours with
      the gas space velocity of the feed controlled at 9,000 hrs. The resultant
      product is gas - liquid separated by means of air-cooled traps and dry-ice
      traps (-78.degree.C.). Gas and liquid are individually analyzed with gas
      chromatography. According to the analysis, the conversion of phenol was
      50.5 percent and the yield of o-cresol and 2,6-xylenol were 62.1 and 28.4
      percent respectively based on the phenol converted.
PAR  Similar results are obtained with o-cresol and with 2,3-xylenol.
PAC  EXAMPLES 2-6
PAC  Preparation of Catalyst:
PAR  15.6 g. of vanadium trichloride are dissolved in a 100 cc. of pure water.
      The solution is then agitated, and 24 cc. of 14 percent aqueous ammonia is
      added dropwise until pH of the solution increases to 6.8. The precipitate
      formed is washed with water, filtered and then dried for 24 hours at
      100.degree.C. The resultant mass is heated for three hours at
      650.degree.C. and used as the catalyst.
PAC  REACTIONS:
PAR  Five runs are made as according to Example 1, using 1.2 cc. of thus
      prepared catalyst on the feed having molar ratio of methanol to phenol of
      3 : 1, and 5 : 1 and that of methanol to phenol to water of 3 : 1 : 3, 3 :
      1 : 5 and 5 : 1 : 3, respectively. The results are shown in Table 1. In
      Table 1, .DELTA.P is the differential pressue across the catalyst layer.
      An increase of .DELTA.P is to be avoided to ensure continued operation. It
      is observed that the water added effectively inhibited the catalyst
      particles from breaking into pieces.
PAC  EXAMPLES 7-8
PAR  Example 1 is repeated to methylate o-cresol with methanol except that the
      molar ratio of methanol to o-cresol and methanol to o-cresol to water in
      each feed is 3 : 1 and 3 : 1 : 3, respectively. The results are shown in
      Table 2.
PAC  EXAMPLE 9
PAC  Preparation of Catalyst:
PAR  In 100 cc. of pure water, there are dissolved 2.9 g. of ammonium
      metavanadate, 2 g. of oxalic acid and 10.0 g. ferric nitrate represented
      by Fe(NO.sub.3).sub.3 :9H.sub.2 O. The solution is added with stirring to
      378 g. of ALUMINASOL (Trademark; manufactured by Nissan Kagaku Kogyo K.K.)
      containing 10 percent by weight of aluminum oxide, to which is then added
      dropwise 13 cc. of aqueous ammonia until the pH of the solution increases
      to 6.8. The precipitate which forms is washed with water, filtered, dried
      at 110.degree.C. for 24 hours and heated at 450.degree.C. for three hours.
      The resultant particles are pulverized to the size of 16-32 mesh and used
      as the catalyst. The atomic ratio of iron to vanadium in the thus prepared
      catalyst is 2:1, the total amount of vanadium pentoxide and ferric oxide
      as carried on aluminum oxide being 10 percent by weight based on aluminum
      oxide. Reaction:
PAR  Repetition of Example 1 using 5 cc. of the catalyst prepared as above gave
      78.4 percent of converted phenol and the yields of o-cresol and
      2,6-xylenol are 72.6 and 24.2 percent, respectively, based on the
      converted phenol. Similar results are obtained with p-cresol and
      3,4,5-trimethylphenol.
PAC  EXAMPLES 10-16
PAC  Preparation of Catalyst:
PAR  One hundred g. of ferric nitrate (Fe(NO.sub.3).sub.3.sup.. 9H.sub.2 O) is
      dissolved in 200 cc. of pure water and 94 cc. of 14 percent aqueous
      ammonia added to the solution so that the pH of the solution increases to
      6.8. The precipitate which forms is washed with water and filtered.
      Twentyfive g. of the precipitate is added to 50 cc. of an aqueous solution
      containing 7.2 g. of ammonium metavanadate and 1 g. of oxalic acid
      dissolved therein. The resultant solution is concentrated to dryness over
      a boiling water bath. The dried mass is sieved to give 16-32 mesh
      particles, which are then heated at 450.degree.C. for three hours while
      air is passed over them to give the catalyst. The atomic ratio of iron to
      vanadium of the catalyst is 1 : 1. Other catalysts having various atomic
      ratios are prepared in the same manner.
PAC  REACTION:
PAR  Example 1 is repeated using seven different catalysts prepared in
      accordance with the example. The results are shown in Table 3.
PAC  EXAMPLE 17-20
PAC  Preparation of Catalyst:
PAR  One hundred grams of ferric nitrate is dissolved in 200 cc. of pure water,
      and 94 cc. of 14 percent aqueous ammonia added dropwise to the resultant
      solution until the pH of the solution reaches 6.8. The precipitate which
      forms is washed with water and filtered. Twenty five g. of the thus
      obtained precipitate is added to 50 cc. of an aqueous solution of ammonium
      metavanadate. The resultant solution is concentrated to dryness over a hot
      water bath. The dried mass is sieved to give 16-32 mesh particles, which
      are heated at 650 .degree.C. for three hours under passing air to give the
      catalyst. The atomic ratio of iron to vanadium in the catalyst is 1 : 1.
      Other catalysts of various atomic ratios are prepared in the similar
      manner.
PAC  REACTION:
PAR  Six runs are made in accordance with Example 1 except that the compositions
      of feeds are varied. Example 17 is run on a mixture of methanol with
      phenol in the molar ratio of 5 : 1, while Examples 18-22, are run on a
      mixture of methanol, phenol and water in the molar ratio of 5 : 1 : 3,
      respectively. The results measured after passage of 100 reaction hours are
      shown in Table 4.
PAC  EXAMPLE 23
PAC  Preparation of Catalyst:
PAR  In 100 cc. of pure water, there are dissolved 7.8 g. of vanadium
      trichloride and 10.0 g. of ferric nitrate. Then, 18 cc. of 14 percent
      aqueous ammonia are added dropwise to the resultant solution until the pH
      of the solution increases to 6.8. The precipitate formed is then washed
      with water, filtered and dried at 110.degree.C. for 24 hours. The dried
      material is heated at 650.degree.C. for three hours in the air stream to
      give ghe catalyst. The atomic ratio of iron to vanadium of the catalyst is
      0.5 : 1.
PAC  REACTION:
PAR  The reaction is carried out on a mixed feed of methanol, phenol and water
      in the molar proportion of 8 : 1 : 6, using 2 cc. of the catalyst. The
      mixture feed is supplied to the reactor at a rate of 7.9 cc./hr. The
      procedure is similar to Example 1, but the nitrogen carrier gas is
      omitted. A comparative test is run by repeating the same procedure except
      that the water is replaced by nitrogen in the same mol fraction. The
      result obtained after the passage of 48 hours is shown in Table 5.
PAC  EXAMPLES 24-34
PAC  Preparation of Catalyst:
PAR  In 200 cc. of pure water are dissolved 21.4 g. of ammonium metavanadate and
      34.4 g. of ferrous sulfate (FeSO.sub.4.sup.. 7H.sub.2 O). The resultant
      solution is added, all at one time, with stirring to 86 cc. of 14 percent
      aqueous ammonia with stirring to form a precipitate. The precipitate is
      washed with water, filtered, dried for 24 hours at 110.degree.C. and
      further heated another three hours at 650.degree.C. in the air stream to
      give the catalyst. The atomic ratio of iron to vanadium of the catalyst is
      1 : 1.
PAC  REACTION:
PAR  Example 1 is repeated using 2 cc. of catalyst for each run on the feed of
      various compositions. The feed is supplied at a rate of 7.9 cc./hr. at a
      room temperature.
PAR  The results obtained after the passage of 100 hours are shown in Table 6.
PAC  EXAMPLE 35
PAC  Preparation of Catalyst:
PAR  An aqueous solution prepared by dissolving 69.1 g. of ferric nitrate in 150
      cc. of pure water is added with stirring to an aqueous solution of 20.0 g.
      of ammonium metavanadate and 6 g. of oxalic acid dissolved in 150 cc. of
      pure water. To the resultant solution there is added dropwise 55 cc. of 14
      percent aqueous ammonia until the pH of the solution increases to 6.8. The
      precipitate which forms is washed with water, filtered, dried for 24 hours
      at 110.degree.C. and further heated for another three hours in an air
      stream, to give the catalyst. The atomic ratio of iron to vanadium of the
      catalyst is 1 : 1.
PAC  REACTION:
PAR  Example 1 is repeated for 600 hours on a feed mixture of methanol, phenol
      and water in the molar ratio of 8 : 1 : 6. The changes measured with the
      passage of reaction times are shown in Table 7.
PAC  EXAMPLE 36
PAR  Methylation of o-cresol with methanol is made in the presence of the
      catalyst as in Example 13 having an atomic ratio of iron to vanadium of
      1:1. Example 1 is repeated on the feed of which molar ratio of phenol to
      o-cresol is 3 : 1, to give o-cresol conversion of 95.8 percent and a yield
      of 2,6-xylenol based on converted o-cresol of 97.5 percent. Similar
      results are obtained when the nitrogen is replaced with methane.
PAC  EXAMPLE 37
PAR  O-cresol is methylated with methanol, using the catalyst as prepared in
      Example 24. Example 1 is repeated on a feed containing methanol, o-cresol
      and water in the proportion of 3 : 1 : 3. After 100 hours, .DELTA.P
      reaches 9.5 cm H.sub.2 O, o-cresol conversion is 85.8 percent and the
      yield of 2,6-xylenol is 83.4 percent.
PAC  EXAMPLE 38
PAR  Methylation of phenol and o-cresol with methanol is made using the catalyst
      as prepared in Example 13. Example 1 is repeated except that the molar
      ratio of methanol to phenol is 4 : 1 and phenol to O-cresol is 2 : 1. An
      analysis of product liquid shows 12.4 percent of phenol, 24.1 percent of
      o-cresol and 61.4 percent of 2,6-xylenol.
PAC  EXAMPLE 39
PAR  A mixture of phenol and o-cresol is subjected to methylation reaction with
      methanol according to Example 1 except that the proportion of methanol,
      phenol, o-cresol and water in the feed is 4 : 1 : 2 : 6 using 2 cc. of the
      catalyst are prepared in the catalyst. After the passage of 96 reaction
      hours, P reaches 4.3 cm H.sub.2 O. The composition of the product liquid
      as analyzed by a gas chromatography is 4.2 percent of phenol, 15.7 percent
      of o-cresol and 79.3 percent of 2,6-xylenol.
PAC  EXAMPLES 40-47
PAC  Preparation of Catalyst:
PAR  In 130 cc. of water there are dissolved 25.0 g. of ferric nitrate
      (Fe(NO.sub.3).sub.3.sup.. 9H.sub.2 O), 7.2 g. of ammonium metavanadate and
      5 g. of oxalic acid. To the resultant solution there are added 20 cc. of
      an aqueous solution of 1.59 g. of magnesium nitrate
      (Mg(NO.sub.3).sub.2.sup.. 6H.sub.2 O). The pH of the solution is increased
      to 6.8 by adding 32 cc. of 14 percent aqueous ammonia with stirring. The
      precipitate which forms is washed with water, filtered, dried at
      110.degree.C. for 24 hours and heated at 450.degree.C. for another 3
      hours. The atomic ratio of iron to vanadium of the catalyst is 1,
      magnesium to iron is 0.1 : 1. Another catalyst containing titanium oxide
      is prepared by repeating the above operation with titanium tetrachloride
      substituted for magnesium nitrate. Another catalyst containing magnesium
      oxide and titanium oxide is prepared in a similar manner by adding
      magnesium nitrate and titanium tetrachloride.
PAC  REACTION:
PAR  Example 1 is repeated using catalysts as tabulated in Table 8.
PAC  EXAMPLE 48-54
PAC  Preparation of Catalyst:
PAR  In 150 cc. water there are dissolved 25.0 g. ferric nitrate, 7.2 g. of
      ammonium metavanadate, 5 g. oxalic acid and 4.67 g. of manganese nitrate
      (Mn(NO.sub.3).sub.2.sup.. 4H.sub.2 O). With stirriing, 36 cc. of 14
      percent aqueous ammonia is added dropwise until the pH of the solution
      increases to 6.8. The precipiptate formed is washed with water, filtered,
      dried at 110.degree.C. for 24 hours, and heated at 450.degree.C. for
      another three hours, to give the catalyst. The atomic ratio of iron to
      vanadium of thus prepared catalyst is 1, and that of manganese to iron is
      0.3 : 1. In similar manner, a number of catalysts having different
      composition are prepared.
PAC  REACTION:
PAR  Seven runs are made in accordance with Example 1 using seven different
      catalysts and the results are tabulated in Table 9.
PAC  EXAMPLES 55-68
PAC  Preparation of Catalyst:
PAR  In 130 cc. of water there are dissolved 25.0 g. ferric nitrate, 7.2 g.
      ammonium metavanadate and 5 g. oxalic acid. To the resultant solution is
      then added 30 cc. of an aqueous solution containing 1.59 g. magnesium
      nitrate, 1.17 g. titanium tetrachloride and 4.67 g. manganese nitrate.
      With agitation, 41 cc. of 14 percent aqueous ammonia are added dropwise to
      the resultant mixture solution until the pH reaches 6.8. The precipitate
      formed is washed with water, filtered, dried at 110.degree.C. for 24 hours
      and heated at 450.degree.C. for three hours, to give the catalyst. The
      various atomic ratios in the catalyst are as follows:
EQU  Fe/V = 1, Mg/Fe = 0.1, Ti/Fe = 0.1 and Mn/Fe = 0.1.
PAR  In a similar manner an additional 13 catalysts of different compositions
      are prepared.
PAC  REACTION:
PAR  In each run, Example 1 is repeated using the catalyst prepared as above.
      Results are shown in Table 10.
PAC  EXAMPLE 69
PAR  Methylation is carried out for 1800 hours in succession using the catalyst
      as prepared in Example 62. The composition of the catalyst is such that
      Fe/V = 1, Mg/Fe = Ti/Fe = 0.1, Mn/Fe = 0.3. Example 1 is repeated using 5
      cc. of the catalyst on the feed having a methanol, phenol, water ratio of
      8 : 1 : 6. Results are shown in Table 11.
PAC  EXAMPLE 70
PAC  Preparation of Catalyst:
PAR  In 150 cc. of water are dissolved 25.0 g. ferric nitrate, 7.2 g. ammonium
      metavanadate, 5 g. oxalic acid and 3.47  g. beryllium nitrate. With
      titration, 35 cc. of 14 percent aqueous ammonium are added dropwise to the
      resultant solution until the pH of the solution increases to 6.8. The
      precipitate formed is washed with water, filtered, dried at 110.degree.C.
      for 24 hours and heated at 450.degree.C. for three hours to give the
      catalyst. The atomic ratio of iron to vanadium is 1 : 1 and that of
      beryllium to iron is 0.3 : 1.
PAC  REACTION:
PAR  Repetition of Example 1 using thus prepared catalyst gives, after 100
      hours, 79.8 percent phenol conversion and 40.0 percent yield of
      2,6-xylenol based on phenol in the feed.
PAC  EXAMPLE 71
PAC  Preparation of Catalyst:
PAR  Twenty five g. of ferric nitrate, 47.2 g. of ammonium metavanadate, and 5
      g. of oxalic acid are dissolved in 150 cc. of water. To the resultant
      solution is added dropwise with stirring, 24 cc. of 14 percent aqueous
      ammonia until the pH of the solution reaches 6.8. The precipitate formed
      is washed with water, filtered, a solid lump is obtained. The lump is
      suspended in 50 cc. of water, to which 1.15 g. boric acid is added and the
      whole dried over a boiling water bath, dried at 110.degree.C. for 24 hours
      and heated at 450.degree.C. for three hours. The atomic ratio of iron to
      vanadium is 1 : 1, that of boron to iron being 0.3 : 1.
PAC  REACTION:
PAR  Example 1 is repeated using the thus prepared catalyst, giving 81.2 percent
      phenol conversion. The yield of 2,6-xylenol based on phenol in the feed is
      39.6 percent and the total yield of o-cresol plus 2,6-xylenol based on
      converted methanol is 49.6 percent.
PAC  EXAMPLE 72
PAR  Methylation of o-cresol with methanol is made in accordance with Example 1
      using the same catalyst as prepared in Example 64 on a feed material
      containing methanol, o-cresol and water in a molar proportion of 3 : 1 :
      3. One hundred and twenty hours of reaction gives 88.9 percent o-cresol
      conversion. The yield of 2,6-xylenol based on o-cresol in the feed
      material is 87.4 percent.
PAC  EXAMPLE 73
PAR  A mixture of phenol and o-cresol is methylated with methanol using 2cc. of
      the same catalyst as prepared in Example 64, in accordance with Example 1
      on a feed containing methanol, phenol, o-cresol and water in a molar
      proportion of 4 : 1 : 2 : 6. After 100 hours, .DELTA.P reaches 3.6 cm
      H.sub.2 O. The composition of the liquid product as analyzed by a gas
      chromatography is 2.5 percent phenol, 13.9 percent o-cresol and 82.2
      percent of 2,6-xylenol.
PAC  EXAMPLE 74
PAC  Preparation of Catalyst:
PAR  To 150 cc. of an aqueous solution of 10 percent oxalic acid is added 27 g.
      vanadium pentoxide, which is then dissolved by heating the mixture at
      80.degree.C. The solution is concentrated to dryness over a boiling water
      bath and heated at 500.degree.C. for 3 hours under passing air, giving
      vanadium oxide which is used as the catalyst. Repetition of the experiment
      of Example 1 using this catalyst gives, after 48 hours of reaction, 45.8
      percent phenol conversion. The yields of o-cresol and 2,6-xylenol based on
      converted phenol are 63.3 percent and 27.9 percent respectively. Similar
      results are obtained with 2-xylylphenol and 2-tolyl-4-phenylphenol.
PAC  EXAMPLE 75
PAC  Preparation of Catalyst:
PAR  To 150 cc. of a 10 percent oxalic acid aqueous solution is added 18 g. of
      vanadium pentoxide and 15.8 g. of ferric nitrate, which are then heated
      for dissolving. The resultant solution is concentrated to dryness over a
      boiling water bath. The dried material is heated at 500.degree.C. for
      three hours under passing air to give vanadium oxide catalyst. The atomic
      ratio of iron to vanadium of the catalyst is 1 : 1.
PAC  REACTION:
PAR  Example 1 is repeated using the thus prepared catalyst to give, after 50
      hours, 65.4 percent phenol conversion. The yields of o-cresol based on
      converted phenol and that of 2,6-xylenol based on converted phenol are
      66.8 percent and 30.2 percent, respectively.
TBL                                    Table 1                                 
     __________________________________________________________________________
                        Reaction           Yield Based on                      
     Example                                                                   
          Feed Composition (mole)                                              
                        Time .DELTA.P                                          
                                   Phenol  Phenol in Feed                      
     No.  methanol                                                             
               ethanol                                                         
                    water                                                      
                        (hr.)                                                  
                             (cm H.sub.2 O)                                    
                                   Conversion (%)                              
                                           o-Cresol                            
                                                2,6-Xylenol                    
     __________________________________________________________________________
     2    3    1    --  100  10.25 27.1    21.3 4.1                            
     3    3    1    3    97  20.1  28.3    20.7 5.3                            
     4    3    1    5   102   7.2  34.9    23.8 8.4                            
     5    5    1    --  101  84.6  45.7    29.0 13.1                           
     6    5    1    3   100  13.3  48.2    27.9 15.6                           
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     Example                                                                   
          Feed Composition (mole)                                              
                        Reaction                                               
                              .DELTA.P                                         
                                    o-Cresol                                   
                                            Yield of 2,6-Xylene Based          
     No.  methanol                                                             
               o-cresol                                                        
                    water                                                      
                        Time (hr.)                                             
                              (cmH.sub.2 O)                                    
                                    Conversion (%)                             
                                            on o-Cresol in Feed                
     __________________________________________________________________________
                                            (%)                                
     7    3    1    --  100   99.2  55.2    51.3                               
     8    3    1    3   100   12.0  58.6    53.3                               
     __________________________________________________________________________
TBL                                    Table 3                                 
     __________________________________________________________________________
                                        Yield of o-Cresol and 2,6-Xylenol      
            Atomic ratio   Yield Based on Phenol in                            
                                        (%)                                    
     Example                                                                   
            of Catalyst                                                        
                   Phenol  Feed (%)     Based on  Based on                     
     No.    V/Fe   Conversion (%)                                              
                           o-Cresol                                            
                                2,6-Xylenol                                    
                                        Converted Phenol                       
                                                  Converted Methanol           
     __________________________________________________________________________
     10     1/9    48.8    27.5 14.5    86.2      28.8                         
     11     1/4    71.8    38.7 31.4    97.7      34.8                         
     12     1/2    89.4    52.6 34.8    98.9      35.4                         
     13     1/1    91.5    47.2 39.7    97.4      41.6                         
     14     2/1    73.9    38.9 32.4    98.2      38.4                         
     15     4/1    70.4    37.1 32.0    98.1      40.3                         
     16     9/1    64.2    35.8 20.2    93.4      29.2                         
     Comparative                                                               
     Test   Fe     9.2      7.0 0.7     83.4      13.4                         
     __________________________________________________________________________
TBL                                    Table 4                                 
     __________________________________________________________________________
                                      Yield Based on Phenol                    
                                                   Total Yield of o-Cresol     
     Example                                                                   
          Atomic ratio of                                                      
                        .DELTA.P                                               
                              Phenol  in Feed (%)  and 2,6-Xylenol Based       
     No.  Catalyst (V/Fe)                                                      
                    Water                                                      
                        (cm H.sub.2 O)                                         
                              Conversion (%)                                   
                                      o-Cresol                                 
                                           2,6-Xylenol                         
                                                   on Converted Phenol         
     __________________________________________________________________________
                                                   (%)                         
     17   1/1       --  72.8  89.9    47.5 40.8    98.2                        
     18   1/9       Added                                                      
                        4.3   67.3    37.3 21.9    88.1                        
     19   1/2       -- Do --                                                   
                        6.0   90.2    51.7 37.1    98.6                        
     20   1/1       -- Do --                                                   
                        6.4   93.8    45.4 46.5    98.0                        
     21   2/1       -- Do --                                                   
                        7.8   77.4    38.8 37.2    98.2                        
     22   9/1       -- Do --                                                   
                        16.7  71.8    39.6 27.0    92.7                        
     __________________________________________________________________________
TBL                                    Table 5                                 
     __________________________________________________________________________
                                            Yield Based on Phenol              
     Example                                                                   
            Feed Composition (Molar Ratio)                                     
                              .DELTA.P                                         
                                    Phenol  in Feed (%)                        
     No.    Methanol                                                           
                 Phenol                                                        
                     Water                                                     
                         Nitrogen                                              
                              (cm H.sub.2 O)                                   
                                    Conversion (%)                             
                                            o-Cresol                           
                                                 2,6-Xylenol                   
     __________________________________________________________________________
     23     8    1   6   --    4.1  99.0     8.8 85.9                          
     Comparative                                                               
     Test   8    1   --  6    53.6  88.2    23.4 64.0                          
     __________________________________________________________________________
TBL                                    Table 6                                 
     __________________________________________________________________________
     Example                                                                   
          Feed Composition (Molar Ratio)                                       
                       P     Phenol  Yield Based on Phenol in Feed (%)         
     No.  Methanol                                                             
               Phenol                                                          
                   Water                                                       
                       (cm H.sub.2 O)                                          
                             Conversion (%)                                    
                                     o-Cresol                                  
                                          2,6-Xylenol                          
     __________________________________________________________________________
     24   8    1   --  63.7  66.6    40.7 25.4                                 
     25   5    1   --  79.4  40.1    32.9 7.1                                  
     26   2    1   --  103.8 10.5    10.0 0.4                                  
     27   8    1   2.1 10.7  90.4    27.2 62.2                                 
     28   8    1    3  5.6   93.5    14.6 78.0                                 
     29   8    1    6  4.3   94.4    15.8 77.4                                 
     30   8    1   12  4.0   97.0    12.4 80.6                                 
     31   5    1    3  7.2   78.6    42.4 35.6                                 
     32   5    1    6  5.4   87.1    40.5 45.6                                 
     33   2    1    3  18.8  22.3    18.0 4.2                                  
     34   2    1    6  11.2  29.8    22.3 7.2                                  
     __________________________________________________________________________
TBL                                    Table 7                                 
     __________________________________________________________________________
     Example                                                                   
          Reaction                                                             
                P     Phenol  Yield Based on Phenol in Feed (%)                
     No.  Time (hr.)                                                           
                (cm H.sub.2 O)                                                 
                      Conversion (%)                                           
                              o-Cresol   2,6 Xylenol                           
     __________________________________________________________________________
           18   6.2   88.4    28.5       58.6                                  
          114   6.5   88.1    29.6       57.6                                  
          210   6.7   83.1    34.0       48.3                                  
     35   285   6.6   86.0    26.6       58.0                                  
          361   6.9   89.4    26.4       61.8                                  
          456   7.1   90.7    25.9       63.7                                  
          504   7.1   90.2    30.0       59.3                                  
          601   7.3   88.6    31.1       56.3                                  
     __________________________________________________________________________
TBL                                    Table 8                                 
     __________________________________________________________________________
                                               Total Yield                     
     Composition                  yield Based on Phenol                        
                                                of o-Cresol and 2,6-Xylenol    
     Example                                                                   
          of Catalyst                                                          
                    Reaction                                                   
                          Phenol  in Feed (%)  Based on  Based on              
     No.  in Atomic Ratio                                                      
                    Time (hr.)                                                 
                          Conversion(%)                                        
                                  o-Cresol                                     
                                       2,6-Xylenol                             
                                               Converted Phenol                
                                                         Converted             
     __________________________________________________________________________
                                                         Methanol              
     40   V.sub.1 Fe.sub.1 Mg.sub.0.1                                          
                    1     97.4    23.0 72.1    97.7      40.1                  
                    5     90.2    25.8 62.8    98.2      38.8                  
                    50    89.8    28.1 60.3    98.5      37.9                  
     41   V.sub.1 Fe.sub.1 Mg.sub.0.3                                          
                    5     86.1    26.2 58.5    98.3      36.2                  
                    48    85.3    32.1 52.2    98.8      34.6                  
     42   V.sub.1 Fe.sub.2 Mg.sub.0.1                                          
                    5     88.5    29.2 57.9    98.4      38.4                  
                    46    86.9    29.9 55.7    98.5      37.9                  
     43   V.sub.2 Fe.sub.1 Mg.sub.0.1                                          
                    5     95.8    13.9 76.7    94.6      31.0                  
                    50    81.1    41.7 38.4    98.7      29.8                  
     44   V.sub.1 Fe.sub.1 Ti.sub.0.1                                          
                    1     96.9    33.9 60.9    97.9      38.4                  
                    5     90.6    35.6 53.7    98.6      37.2                  
                    50    88.8    36.4 51.1    98.6      36.9                  
     45   V.sub.1 Fe.sub.1 Ti.sub.0.3                                          
                    5     85.4    33.7 50.3    98.4      36.1                  
                    50    81.6    37.5 43.0    98.7      33.3                  
     46   V.sub.1 Fe.sub.1 Mg.sub.0.1 Tk.sub.0.05                              
                    1     96.8    25.8 69.0    97.9      40.7                  
                    5     87.2    27.1 58.6    98.3      40.0                  
                    50    86.5    27.8 57.4    98.5      38.7                  
     47   V.sub.1 Fe.sub.1 Mg.sub.0.05 Ti.sub.0.1                              
                    1     96.4    32.5 62.0    98.0      39.4                  
                    5     89.5    33.2 54.7    98.2      38.2                  
                    50    87.8    34.1 52.3    98.5      37.6                  
     __________________________________________________________________________
TBL                                    Table 9                                 
     __________________________________________________________________________
                                             Total Yield                       
                                Yield Based on Phenol                          
                                              of o-Cresol and 2,6-Xylenol (%)  
     Example                                                                   
          Composition of                                                       
                        Phenol  in Feed (%)  Based on   Based on               
     No.  Catalyst (Atomic Ratio)                                              
                        Conversion (%)                                         
                                o-Cresol                                       
                                     2,6-Xylenol                               
                                             Converted Phenol                  
                                                        Converted              
     __________________________________________________________________________
                                                        Methanol               
     48   V.sub.1 Fe.sub.1 Mn.sub.0.1                                          
                        94.0    25.4 66.1    97.3       49.8                   
     49   V.sub.1 Fe.sub.1 Mn.sub.0.3                                          
                        93.8    25.8 65.5    97.3       50.6                   
     50   V.sub.1 Fe.sub.1 Mn.sub.0.5                                          
                        89.7    27.2 60.3    97.5       51.1                   
     51   V.sub.1 Fe.sub.1 Mn.sub.0.7                                          
                        84.1    30.1 52.4    98.1       49.7                   
     52   V.sub.1 Fe.sub.1 Mn.sub.1.0                                          
                        80.9    36.4 44.0    98.4       48.3                   
     53   V.sub.1 Fe.sub.2 Mn.sub.0.3                                          
                        90.6    30.8 57.4    97.4       48.9                   
     54   V.sub.2 Fe.sub.1 Mn.sub.0.3                                          
                        96.2    16.9 73.8    94.4       42.2                   
     __________________________________________________________________________
TBL                                    Table 10                                
     __________________________________________________________________________
     Composition of           Yield Based on Phenol                            
                                           Total Yield of o-Cresol and         
                                           2,6-Xylenol (%)                     
     Example                                                                   
          Catalyst (Atomic Ratio)                                              
                        Phenol                                                 
                              in Feed (%)  Based on   Based on                 
     No.  V:Fe:  Mg:Ti:Mn                                                      
                        Conversion                                             
                              o-Cresol                                         
                                   2,6-Xylenol                                 
                                           Converted Phenol                    
                                                      Converted                
     __________________________________________________________________________
                                                      Methanol                 
     55   1:1:0.1:0:0.3 86.6  39.0 45.8    97.9       50.9                     
     56   1:1:0.1:0:0.5 81.4  37.5 42.5    98.2       48.2                     
     57   1:1:0.3:0:0.3 82.6  36.8 43.6    97.3       44.5                     
     58   1:1:0.3:0:0.5 78.3  36.0 40.8    98.1       47.1                     
     59   1:1:0:0.1:0.3 86.0  35.8 49.2    98.8       50.7                     
     60   1:1:0:0.1:0.5 84.3  37.7 45.6    98.8       48.2                     
     61   1:1:0.1:0.1:0 87.9  35.4 50.4    97.6       36.4                     
     62   1:1:0:0.3:0.5 76.5  37.5 38.1    98.9       46.3                     
     63   1:1:0.1:0.1:0.1                                                      
                        87.3  25.8 60.2    98.5       49.0                     
     64   1:1:0.1:0.1:0.3                                                      
                        89.9  26.1 62.4    98.4       51.2                     
     65   1:1:0.1:0.1:0.5                                                      
                        88.3  28.5 58.1    98.1       50.6                     
     66   1:1:0.1:0.1:0.7                                                      
                        80.8  29.5 50.2    98.6       50.8                     
     67   1:2:0.1:0.1:0.3                                                      
                        86.5  28.0 56.5    97.7       47.7                     
     68   2:1:0.1:0.1:0.3                                                      
                        93.2  19.7 70.1    96.3       41.3                     
     __________________________________________________________________________
TBL                                    Table 11                                
     __________________________________________________________________________
     Example                                                                   
          Reaction                                                             
                .DELTA.P                                                       
                      Phenol  Yield Based on Phenol in Feed (%)                
     No.  Time (hr.)                                                           
                (cm H.sub.2 O)                                                 
                      Conversion (%)                                           
                              o-Cresol 2,6-Xylenol                             
     __________________________________________________________________________
          100   5.3   82.6    29.4     51.6                                    
          302   5.3   80.1    30.8     48.7                                    
          506   5.6   83.0    30.2     51.2                                    
          750   5.4   82.7    31.1     49.9                                    
     69   1002  5.9   78.8    30.3     47.3                                    
          1455  6.2   79.4    29.6     48.4                                    
          1806  6.2   76.7    29.5     45.9                                    
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A metallic oxide catalyst comprising an oxide or iron, an oxide of
      vanadium, and at least one oxide selected from the group consisting of
      oxides of manganese, magnesium, titanium, beryllium and boron in which the
      atomic ratio of iron to vanadium to other metal or mixture thereof is from
      about 9 to 1/9 : 1 : 1 - 0.01.
NUM  2.
PAR  2. A catalyst as in claim 1 wherein said other oxide is manganese oxide.
NUM  3.
PAR  3. A catalyst as in claim 1 wherein said other oxide is magnesium oxide.
NUM  4.
PAR  4. A catalyst as in claim 1 wherein said other oxide is titanium oxide.
NUM  5.
PAR  5. A catalyst as in claim 1 containing oxides of vanadium, iron, magnesium,
      titanium and manganese.
PATN
WKU  039376702
SRC  5
APN  4028147
APT  1
ART  223
APD  19731002
TTL  Composition for preparing solid electrolytes and the formulation of a
      solid electrolyte
ISD  19760210
NCL  2
ECL  1
EXA  Parr; E. Suzanne
EXP  Sebastian; Leland A.
INVT
NAM  Semkina; Novella Vladimirovna
STR  PROSPEKT Bljukhera, 71/1, kv. 38
CTY  Sverdlovsk
CNT  SU
INVT
NAM  Evdokimova; Zinaida Ulyanovna
STR  PEREULOK Vstrechny, 7, korpus 1, kv. 7
CTY  Sverdlovsk
CNT  SU
INVT
NAM  Assanovich; Konstantin Sergeevich
STR  4 ULITSA Cheljuskintsev, 18, kv. 84
CTY  Sverdlovsk
CNT  SU
INVT
NAM  Rozlovsky; Anatoly Alexandrovich
STR  ULITSA 3 Olovozavodskaya 3, kv. 10
CTY  Novosibirsk
CNT  SU
CLAS
OCL  252519
XCL  106 65
XCL  252518
XCL  252520
EDF  2
ICL  H01B  108
FSC  252
FSS  518;519;520;62.2
FSC  106
FSS  65
FSC  136
FSS  86 F;153
UREF
PNO  3436269
ISD  19690400
NAM  Mitoff
XCL  252519
LREP
FRM  Holman & Stern
ABST
PAL  Proposed herein is a compound for making solid electrolytes, comprising
      alumina as a base and additives of titania, iron oxide or zinc oxide.
PAL  Likewise proposed herein is a solid electrolyte prepared from said
      composition and having the following formulation (in percent by weight):
     alumina             92 to 98                                              
     titania             0.5 to 2                                              
     zinc oxide or iron                                                        
     oxide               0.5 to 5.0                                            
     and other admixtures                                                      
                         up to 1                                               
BSUM
PAR  An advantageous feature of the compound and of electrolytes made therefrom
      resides in the fact that the cationic conductance therein is substituted
      for ionic conductance which renders such solid electrolytes suitable for
      detecting metallic admixtures in various metals by the e.m.f. determining
      method.
PAR  Said method proves advantageous due to the fact that it may be rapidly
      carried out. Besides, it enables a continuous monitoring of the metal
      composition in the course of its melting process and thereby provides for
      the possibility of bringing automation into the melting process.
PAR  This invention relates generally to metallurgical industry and more
      specifically to compounds for preparing solid electrolytes used in the
      detection of the admixtures in metals.
PAR  The invention particularly relates to those compounds which are suitable in
      the preparation of solid electrolytes useful in the detection of metallic
      admixtures in various metals.
PAR  One known prior art compound which has been used extensively for making
      solid electrolytes, comprises (in weight percent): zirconia, 94; and
      calcium oxide, 6. Solid electrolytes made of such a compound have the
      following weight percentage composition: zirconia, 94; and calcium oxide,
      6.
PAR  It is also known that attempts have been made to make solid electrolytes
      from magnesia, silica or from mullite.
PAR  Apart from the above, the USSR has recently developed the compounds having
      the character set forth hereinbefore, yet having the following composition
      (in weight percent):
PA0  Alumina from 85 to 95
PA0  Zirconia from 4 to 10
PA0  Titania from 1 to 5.
PAR  The solid electrolytes prepared from such compounds have the following
      weight percentage composition:
PA0  Alumina -- 84 to 94
PA0  Zirconia -- 4 to 10
PA0  Titania -- 1 to 5
PAL  , and admixtures of alkali-metal oxides, magnesia and calcium oxide -- up
      to 1.
PAR  All the afore-discussed compounds are intended for making such solid
      electrolytes therefrom which are suitable only for detecting an admixture
      of free oxygen in steels, and which being incapable of detecting metallic
      admixtures therein.
PAR  Metallic admixtures in various metals have so far been detected by the
      method of chemical or spectral analysis.
PAR  It is common knowledge that said methods are applicable under laboratory
      conditions only, which take much time to perform and, consequently, are of
      low efficiency and, moreover, fail to effect an automated complex
      monitoring of the metal composition during its melting process.
PAR  It is an essential object of the present invention to provide such a
      compound that would enable the preparation of electrolytes suitable for
      detecting metallic admixtures in a metal.
PAR  It is another object of the present invention to provide such electrolytes
      that would enable the use of a more efficient method in detecting metallic
      admixtures, viz., the method based upon determining the e.m.f.
PAR  It is still another equally important object of the present invention to
      ensure a continuous automatic monitoring of the metal composition in the
      course of the melting process thereof.
PAR  Said objects are achieved in a compound based upon sintered alumina with a
      titania additive and adapted for making a solid electrolyte therefrom,
      containing, according to the invention also an additive of zinc oxide or
      iron oxide.
PAR  Specifically, the compound of the invention contains from 0.5 to 5 percent
      of the iron oxide or zinc oxide and from 0.5 to 2 percent of titania of
      the total weight of the compound.
PAR  Accordingly, the solid electrolyte prepared from said compound has the
      following weight percentage composition:
PA0  alumina -- 92 to 98
PA0  titania -- 0.5 to 2
PA0  zinc oxide or iron oxide -- 0.5 to 5.0
PA0  other admixtures -- up to 1
PAR  Such a compound and the respective solid electrolyte produced therefrom
      enable the cationic conductance to be obtained and thereby make it
      possible to provide a method of detecting metallic admixtures.
PAR  Specified below is a detailed disclosure of the invention given by way of
      specific illustrative examples of the formulation of the compounds and
      respective solid electrolytes made from said compounds.
PAR  According to the invention, the composition contains (in percent by
      weight):
TBL  alumina             93 to 99.5                                            
     zinc oxide or iron oxide                                                  
                         0.5 to 5.0                                            
     titania             0.5 to 2.0                                            
PAR  The addition of either zinc oxide or iron oxide depends upon whether the
      admixture of the former or of the latter has to be detected with the use
      of an electrolyte made of said compound. It is thus reasonable that a
      zinc-oxide additive should be used for the detection of a zinc-oxide
      admixture in a metal and an iron-oxide additive in the case of an
      iron-oxide admixture in a metal.
PAR  For the preparation of the herein-proposed compound use is made of
      commercial alumina having been sintered at from 1450.degree. to
      1500.degree.C beforehand, such temperatures being those commonly used in
      alumina-sintering. The sintered alumina is then subjected to grinding in a
      vibration mill or in any other arrangement suitable for that purpose,
      until the size of particles of the main fraction is not over from 2 to 3
      microns.
PAR  While being ground, alumina is doped with one of the aforesaid additives,
      viz. iron oxide or zinc oxide, as well as titania.
PAR  As a result of such a combined grinding, the powderlike compound is
      obtained which serves as the material for preparing the solid
      electrolytes.
PAR  The preparation is carried out according to the known technique which will
      hereinafter be disclosed in detail.
PAR  Paraffin is introduced into the bulk of the powderlike compound prepared as
      described herein above and which being taken in an amount of from 14 to 16
       percent of the weight of the powderlike compound, and the mixture is
      stirred while heating up to 60.degree.C. Then the resultant compound is
      used for making, by the drawing method, the tubes with one closed end. The
      thus-drawn tubes are heated to 220.degree.C to eliminate from 67 to 80
      percent of paraffin therefrom. Next the tubes are sintered at 1550.degree.
      to 1600.degree.C.
PAR  The thus-obtained sintered solid electrolytes have, according to the
      original compound they are made from, the following weight percentage
      composition:
TBL  alumina             92 to 98                                              
     titania             0.5 to 2.0                                            
     zinc oxide or iron oxide                                                  
                         0.5 to 5.0                                            
PAL  with other admixtures being the balance.
PAR  Such solid electrolytes are used for detecting metallic admixtures, largely
      zinc oxide or iron oxide, in various metals, mostly non-ferrous metals.
PAR  Specifically, the solid electrolytes containing zinc oxide as an additive,
      are intended mostly for detecting zinc admixtures in a metal, whereas
      those containing iron oxide as an additive, are mostly for detecting iron
      admixtures therein. Said admixtures can be detected in any metal, which is
      usually done during the course of its melting process.
DETD
PAR  Given below are a number of exemplary formulations of the compound and the
      respective solid electrolytes made therefrom.
PAC  EXAMPLE 1
PAR  The weight percent of the composition is:
PA0  alumina 98.5
PA0  titania 0.6
PA0  zinc oxide 0.9.
PAL  , and the weight percent of the solid electrolyte composition is:
PA0  alumina 97.5
PA0  titania 0.6
PA0  zinc oxide 0.9
PA0  admixtures of oxides of alkali metals, calcium oxide and magnesia -1%
PAR  The electrolyte features the following properties:
PA0  open-pore percentage, 0.40
PA0  apparent density, 3.89 g/cm.sup.3
PA0  exhibits a thermal stability within a temperature range of from
      1300.degree. to 20.degree.C (air), and 6 heat cycles cationic conductance,
      100 percent.
PAC  EXAMPLE 2
PAR  The weight percent of the composition is:
PA0  alumina 95.5
PA0  titania 1.5
PA0  zinc oxide 3.0
PAL  and the weight percent of the solid electrolyte composition is:
PA0  alumina 94.5
PA0  titania 1.5
PA0  zinc oxide 3.0
PA0  admixtures of oxides of alkali metals, calcium oxide and magnesia 1%.
PAR  The properties of the solid electrolyte are:
PA0  open-pore percentage, 2.0
PA0  apparent density, 3.73 g/cm.sup.3
PA0  exhibits thermal stability within temperatures ranging from 1300.degree. to
      20.degree.C (air), and the 6 heat cycles cationic conductance, 100
      percent.
PAC  EXAMPLE 3
PAR  The weight percent of the composition is:
PA0  alumina 92.8
PA0  titania 2.2
PA0  zinc oxide 5
PAL  , and the weight percentage composition of the solid electrolyte:
PA0  alumina 91.8
PA0  titania 2.2
PA0  zinc oxide 5
PAL  , and the admixtures of oxides of alkali metals, magnesia and calcium oxide
      1.
PAR  The properties of the solid electrolyte are:
PA0  open-pore percentage, 1.9
PA0  apparent density, 3.70 g/cm.sup.3
PA0  exhibits thermal stability within temperatures ranging from 1300.degree. to
      20.degree.C (air), and the 7 heat cycles cationic conductance, 100
      percent.
PAC  EXAMPLE 4
PAR  The weight percent of the composition is:
PA0  alumina 98.3
PA0  titania 0.6
PA0  iron oxide 1.1
PAR  The weight percentage composition of the solid electrolyte:
PA0  alumina 97.3
PA0  titania 0.6
PA0  iron oxide 1.1
PAL  , and the admixtures of oxides of alkali metals, magnesia and calcium oxide
      1.1
PAR  The properties of the solid electrolyte are:
PA0  open-pore percentage, 0.75
PA0  apparent density, 3.81 g/cm.sup.3
PA0  exhibits thermal stability within temperatures ranging from 1300 to
      20.degree.C (air), and the 10 heat cycles cationic conductance, 100
      percent.
PAC  EXAMPLE 5
PAR  The weight percent of the composition is:
PA0  alumina 95.5
PA0  titania 1.5
PA0  iron oxide 3
PAR  The weight percentage composition of the solid electrolyte:
PA0  alumina 94.5
PA0  titania 1.5
PA0  iron oxide 3
PAL  , and the admixtures of oxides of alkali metals, magnesia and calcium oxide
      1
PAR  The properties of the solid electrolyte are:
PA0  open-pore percentage, 1.00
PA0  apparent density, 3.85 g/cm.sup.3,
PA0  exhibits thermal stability within temperatures ranging from 1300 to
      20.degree.C (air, and the 8 heat cycles cationic conductance, 100 percent.
PAC  EXAMPLE 6
PAR  The weight percent of the composition is:
PA0  alumina 92.8
PA0  titania 2.2
PA0  iron oxide 5
PAL  , the weight percentage composition of the solid electrolyte:
PA0  alumina 91.8
PA0  titania 2.2
PA0  iron oxide 5
PAL  , and the admixtures of oxides of alkali metals, magnesia and calcium oxide
      1.
PAR  The properties of the solid electrolyte are:
PA0  open-pore percentage, 1.8
PA0  apparent density, 3.89 g/cm.sup.3
PA0  exhibits thermal stability within temperatures ranging from 1300 to
      20.degree.C (air), and the 7 heat cycles cationic conductance, 100
      percent.
PAR  The tube manufacturing technique is the same for all six examples stated
      hereinbefore.
PAR  The method of detecting the metallic admixtures with the use of the
      afore-described solid electrolytes is not described in the present
      disclosure as the e.m.f. method for same is known heretofore and is
      readily available from the literature and, also, it may be the subject of
      another invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for preparing solid electrolytes, consisting essentially
      of in percent by weight, sintered alumina, 93 to 99.5; a substance
      selected from the group consisting of zinc oxide and iron oxide, 0.5 to
      5.0; and titania, 0.5 to 2.0 of the total weight of the composition.
NUM  2.
PAR  2. A solid electrolyte prepared from a composition consisting of alumina
      and additives of titania and a substance selected from the group
      consisting of zinc oxide and iron oxide, said electrolyte having the
      following weight percentage composition:
PA1  alumina -- 92 to 98 wt.%
PA1  titania -- 0.5 to 2.0 wt.%,
PA1  the substance selected from the group consisting of zinc oxide and iron
      oxide -- 0.5 to 5.0 wt.%, and other admixtures, comprising alkali metal
      oxides, magnesia, and calcium oxide, up to 1%.
PATN
WKU  039376710
SRC  5
APN  5245907
APT  1
ART  142
APD  19741118
TTL  Method of recovering constituents from polyester and cellulosic textile
      waste
ISD  19760210
NCL  6
ECL  1
EXP  Seccuro; Carman J.
INVT
NAM  Gruntfest; Irving
CTY  Cheltenham
STA  PA
INVT
NAM  Turner; Rudolph
CTY  Trenton
STA  NJ
INVT
NAM  Rebenfeld; Ludwig
CTY  Princeton
STA  NJ
ASSG
NAM  Textile Research Institute
CTY  Princeton
STA  NJ
COD  02
CLAS
OCL  260  23
XCL    8121
EDF  2
ICL  C08J 1104
FSC  260
FSS  2.3
UREF
PNO  2498398
ISD  19500200
NAM  Dasher
XCL  260  2.3
UREF
PNO  2567802
ISD  19510900
NAM  Carr et al.
XCL  260  2.3
UREF
PNO  2701268
ISD  19550200
NAM  Dasher
XCL  260  2.3
OREF
PAL  ott, et al., -- (Text Book) Cellulose Part II -- 4/1955 -- pp. 778-779.
LREP
FRM  Sperry and Zoda
ABST
PAL  Textile wastes composed of blended polyester and cellulose fibers are
      subjected to the action of glacial acetic acid and acetic anhydride in the
      presence of a catalyst under conditions which serve to convert the
      cellulose component of the waste to cellulose acetate which is separated
      from the unreacted polyester component in the form of a solution adapted
      to be used in the manufacture of cellulose derivatives whereas the
      polyester is recovered in a form which may be garnetted to obtain a staple
      fiber for reuse.
BSUM
PAC  FIELD OF INVENTION
PAR  Many millions of pounds of textile wastes are produced every year in the
      manufacture of clothing and other textile products and have heretofore had
      very little commercial value. On the other hand the shortage of textile
      fibers has become acute rendering the recycling and conversion of such
      wastes into useful products a problem of primary importance. The recovery
      of useful products from textile wastes composed of blended fibers such as
      polyester and cotton or rayon presents a particularly difficult problem by
      reason of the differing properties of the two fibers.
PAC  THE PRESENT INVENTION
PAR  In accordance with the present invention textile wastes composed of blended
      polyester and cellulosic fibers, such as cotton or rayon, are subjected to
      an acetylation reaction under conditions whereby a cellulose acetate
      derivative is produced which bcomes soluble in the reaction mixture
      whereas the polyester residue remains substantially unaffected. The
      cellulose acetate containing solution is then separated from the polyester
      component of the waste and may be used in the production of films, fibers,
      and bulk plastic products and in the formation of various cellulose
      derivatives. The remaining polyester yarns are then left in a relatively
      open and sheer condition and may be garnetted to obtain a staple fiber
      product useful in spinning yarns or for bat forming and nonwoven product
      manufacture.
PAR  The acetylation of the cellulosic fiber of the waste may be effected by
      using a variety of chemical conditions well known in the industry for the
      acetylation of cellulose. The preferred method employed involves the use
      of mixtures of acetic anhydride and glacial acetic acid containing a
      catalyst such as sulfuric or phosphoric acid. The acetylation reaction is
      accompanied by hydrolysis of the cellulose backbone chain which varies
      with such factors as reagent concentration, water content, temperature and
      time. The degree of acetylation achieved is dependent on the water content
      of the acetylating medium during the final stages of the reaction. The
      water content is adjusted by the addition of either water or dilute acetic
      acid as the reaction proceeds.
PAR  If it is necessary to remove resinous material prior to the acetylation
      reaction, then preliminary acid treatment should be carried out as
      follows: treatment in dilute (5 to 10% by weight) sulfuric acid at
      40.degree.-70.degree.C for 10 to 20 minutes. After this treatment, the
      sulfuric acid is washed out and the material is steeped at room
      temperature for 10 to 15 minutes in two successive portions of glacial
      acetic acid. If no resinous material is to be removed from the waste prior
      to the acetylation treatment, then the following acid pretreatment will be
      sufficient: treatment in water for 5 to 10 minutes and after pressing out
      excess water, treatment in two successive portions of glacial acetic acid
      for 10 to 15 minutes. The acetylation reaction can then proceed.
PAR  In order to illustrate a typical procedure in accordance with the present
      invention the following example is cited.
PAR  A blend of 50% polyester and 50% cotton in the form of sheeting having a
      weight of 4 ounces per square yard is reduced to the form of pieces one
      inch square. 10 parts by weight of such textile waste are activated for
      acetylation by treatments with sulfuric acid and finally with glacial
      acetic acid which also serves to remove any resin or other additives
      present on the material. The textile waste is then agitated for 5 minutes
      with 180 parts by weight of glacial acetic acid containing 1% of
      concentrated (98%) sulfuric acid. 50 parts by weight of acetic anhydride
      are then added to the mixture and shaken for 2 hours at ambient
      temperatures. After this reaction 7.5 parts by weight of water and 17.5
      parts by weight of glacial acetic acid are added to hydrolyze any sulfate
      esters that may have been formed.
PAR  The cellulose acetate containing solution is separated by filtration from
      the unreacted polyester component of the waste and the polyester is washed
      several times with portions of glacial acetic acid in order to remove the
      cellulose acetate completely from the polyester.
PAR  The polyester is then washed with water to remove the remaining acid
      therefrom and may be garnetted to produce a staple adapted for reuse in
      the manufacture of spun yarns or in the production of bats for use in
      nonwoven processes.
PAR  The cellulose acetate solution may be used in the production of fibers,
      films and bulk plastic products. For this purpose water or dilute acetic
      acid may be added to the solution to precipitate the cellulose acetate in
      the form of flakes which are separated by filtration or centrifugation and
      final drying. The cellulose acetate flakes may be used in the production
      of fibers, films and bulk plastic products and also in the formation of
      various cellulose derivatives in accordance with conventional practice.
PAR  In typical trials involving several types of commercial polyester/cotton
      fabrics, the cellulose acetate was recovered in yields of approximately
      90% with degree of substitution values ranging from 2.1 to 2.5 and degree
      of polymerizatiion values ranging from 230 to 370. The polyester was
      recovered in excess of 95% with no apparent damage to fiber properties
      (before garnetting) as indicated by the following examples.
PAR  The mechanical properties of polyester fibers recovered from a 50/50
      polyester/cotton blue denim fabric waste after treatment in accordance
      with the present invention were as follows:
TBL            Warp (Blue) Filling (White)                                     
               orig.  after    orig.    after                                  
     ______________________________________                                    
     Linear Density                                                            
                 2.0      2.2      2.1    2.4                                  
     (denier)                                                                  
     Modulus (grams                                                            
                 50.3     43.0     40.4   36.7                                 
     per denier)                                                               
     Extension (%)                                                             
                 26.4     38.7     32.9   40.0                                 
     Tenacity (grams                                                           
                 5.57     4.91     5.06   4.71                                 
     per denier)                                                               
     Break Load (grams)                                                        
                 10.8     10.7     10.4   10.9                                 
     ______________________________________                                    
PAR  The mechanical properties of the polyester fibers obtained from a 50/50
      polyester/cotton green percale fabric waste after treatment in accordance
      with the present invention were as follows:
TBL            Warp        Filling                                             
               orig.  after    orig.    after                                  
     ______________________________________                                    
     Linear Density                                                            
                 1.67     1.72     1.56   1.50                                 
     (denier)                                                                  
     Modulus (grams                                                            
                 52.6     43.9     50.6   47.5                                 
     per denier)                                                               
     Extension (%)                                                             
                 24.4     25.6     21.6   21.6                                 
     Tenacity (grams                                                           
                 5.56     5.55     5.46   5.70                                 
     per denier)                                                               
     Break Load (grams)                                                        
                 9.20     9.49     8.45   8.37                                 
     ______________________________________                                    
PAR  The acetylation step of the process may be carried out in substantially any
      desired manner using a variety of chemical conditions well known in the
      industry for the acetylation of cellulose. The particular conditions
      employed in any operation may be varied as desired depending upon the
      particular type of textile waste being treated and the equipment available
      for carrying out the process. In view thereof it should be understood that
      the specific example cited above is intended to be illustrative only.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of producing useful products from textile wastes containing
      blended polyester and cellulose fibers which comprises treating such
      wastes with an aqueous solution of glacial acetic acid and acetic
      anhydride under conditions which serve to acetylate the cellulose while
      leaving the polyester substantially unaffected and separating the
      unreacted polyester fiber from the cellulose acetate composition thereby
      produced.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the textile waste is first
      treated with dilute acid to remove any additives carried by the waste
      treated.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the polyester fiber separated
      from the cellulose acetate produced is thereafter garnetted to form a
      loose fibrous product.
NUM  4.
PAR  4. A method as defined in claim 1 wherein the textile waste is treated with
      dilute acid to activate the cellulose contained in the waste and is
      thereafter treated with glacial acetic acid and a catalyst followed by
      agitation in the presence of acetic anhydride, the unreacted polyester is
      separated from the resulting reaction mixture in which cellulose acetate
      is dissolved and water is added to the reaction mixture to precipitate the
      cellulose acetate therefrom.
NUM  5.
PAR  5. A method as defined in claim 4 wherein the treatment of the textile
      waste with glacial acetic acid and acetic anhydride is carried out while
      agitating the mixture at ambient temperature until conversion of the
      cellulosic component to cellulose acetate is substantially complete and is
      dissolved in the reaction mixture.
NUM  6.
PAR  6. A method as defined in claim 5 wherein the precipitated cellulose,
      acetate is separated from the reaction mixture and utilized to produced
      other cellulosic products.
PATN
WKU  039376729
SRC  5
APN  3990869
APT  1
ART  143
APD  19730920
TTL  Process for the manufacture of consolidated shaped structures of
      cellulose hydrate
ISD  19760210
NCL  22
ECL  20,1
EXA  Woodberry; Edward
EXP  Anderson; Harold D.
INVT
NAM  Busch; Walter
CTY  Wiesbaden-Biebrich
CNT  DT
INVT
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PNO  3445556
ISD  19690500
NAM  Kuzmak et al.
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ABST
PAL  This invention relates to a process for the preparation of a cellulose
      hydrate moulding which comprises (a) treating a cellulose hydrate moulding
      while in the gel state, for a period within the range of from 10 seconds
      to 20 minutes, with an aqueous liquid having dissolved therein at least
      one plasticizer, a chemical cross-linking agent comprising at least one
      cyclic urea compound having at least 2 N-methylol groups, and at least one
      cross-linking catalyst, (b) drying the moulding to a residual water
      content of from 8 to 12% by weight, and (c) heating the moulding at a
      temperature within the range of from 100.degree. to 150.degree.C for a
      period of from 30 seconds to 20 minutes. The invention also relates to a
      cellulose hydrate moulding prepared by the novel process.
BSUM
PAR  This invention relates to a process for the manufacture of consolidated
      shaped structures, hereafter referred to as mouldings, of cellulose
      hydrate, which, as a consequence of the consolidation, have high
      resistance to swelling.
PAR  The term "shaped structures" or "mouldings" are used especially to mean
      strands, bands, and, in particular, films and tubes, of cellulose hydrate.
PAR  Tubes according to the invention are especially useful for the manufacture
      of sausage casings.
PAR  A large number of methods of cross-linking and cross-linking reactions for
      cellulose fibers and regenerated cellulose fibers have been proposed,
      ranging from simple processing to providing the fibers with a
      swelling-resistant, shrink-resistant and crease-resistant finish. The
      previously proposed processes share the characteristic that the
      cross-linking agent is caused to act on the finished fibers or films, that
      is to say on mouldings in which the cellulose material formed is no longer
      in the gel state.
PAR  Although fibers, because of their shape and structure, are more readily
      accessible than are tubes or films to the action of liquids which cause
      the cross-linking of the material from which they are formed, the
      cross-linking agent nevertheless reaches only zones near the surface when
      the previously proposed processes are used. In consequence, the abrasion
      resistance is reduced and an embrittlement and hardening of the material
      which forms the fibers, associated with a distinct decrease in strength
      cannot be effectively prevented.
PAR  A process also has been proposed according to which a cross-linking liquid
      is caused to act on a cellulose hydrate film. This process also begins
      from a finished film, that is to say from a film which, in addition to
      plasticizer, contains only the customary amount, approximately 8 to 12%,
      of water as a residual swelling agent, that is to say a film which is no
      longer in the gel state. In this process, uniform impregnation of the film
      over its cross-section by means of cross-linking liquid is not possible,
      since the cross-linking liquid does not penetrate the film adequately.
      Accordingly, cellulose hydrate tubes or films treated by this process are
      unevenly cross-linked over their cross-section. There is the danger that
      cross-linking takes place to such an extent in the zones near the surface
      that embrittlement occurs there. Such films or tubes therefore do not
      possess optimum strength or resistance to swelling.
PAR  Apart from the fact that the desired effect of improving the quality is
      unsatisfactory in the case of fibers or cellulose hydrate films which have
      been subjected to previously proposed cross-linking processes, these
      processes also have the considerable disadvantage that the impregnation
      times of at least 12 hours which must be observed are extremely long.
      Impregnation times of 12 hours and above, however are not feasible in a
      continuous process, for technological reasons. It is a further
      disadvantage of these processes that the cross-linking liquid used must
      contain the cross-linking agent in extremely high concentration of 25 to
      30%, as a result of which there is the additional danger that
      embrittlement takes place within the zones of the treated mouldings which
      are near the surface.
PAR  Another disadvantage of the previously proposed processes for cross-linking
      cellulose hydrate mouldings is that the cross-linking must be carried out
      at relatively high temperatures, generally about 160.degree.C, since
      otherwise the desired improvement in the strength and resistance to
      swelling does not take place, or takes place to an insufficient extent.
PAR  The subsequent impregnation of a plasticized cellulose hydrate tube which
      has been already largely freed of the swelling liquid implies an
      additional process step as compared to the normal manufacturing processes;
      this considerably detracts from the economics of the process. This is
      because after impregnation with the cross-linking solution the tube must
      be dried once again and thereafter exposed to higher temperatures so as to
      achieve adequate cross-linking.
PAR  Within the scope of the present invention, the terms "finished film" or
      "finished tube" are to be understood as meaning a cellulose hydrate
      moulding, as previously mentioned, which after drying still contains
      approximately 8 to 12% of water relative to the total weight of the
      moulding, as the swelling agent, and approximately 16 to 24% of
      plasticizer relative to the total weight of the moulding.
PAR  Cellulose hydrate tubes subjected to the previously proposed cross-linking
      processes are not uniformly cross-linked over the cross-section of their
      wall and therefore do not possess adequate strength and resistance to
      swelling. In this invention, the swelling factor is treated as a measure
      of the resistance of the moulding to swelling.
PAR  The present invention provides a process for the preparation of a cellulose
      hydrate moulding which includes
PA0  a. treating a cellulose hydrate moulding while in the gel state, for a
      period within the range of from 10 seconds to 20 minutes, with an aqueous
      liquid having dissolved therein at least one plasticizer, a chemical
      cross-linking agent comprising at least one cyclic urea compound having at
      least 2 N-methylol groups, and at least one cross-linking catalyst,
PA0  b. drying the moulding to a residual water content of from 8 to 12% by
      weight, and
PA0  c. heating the moulding at a temperature within the range of from 100 to
      150.degree.C for a period of from 30 seconds to 20 minutes.
PAR  A moulding, for example a tube, which has been prepared by extruding
      viscose solution from a shaping die into a precipitation bath then passing
      the moulding through several washing baths containing water, will be in
      the gel state, and very heavily swollen. While the cellulose molecules are
      oriented through the tube being drawn out of the slot die, the structure
      is still amorphous. The gel state prevents the crystallization of the
      cellulose hydrate. According to the process of the invention, a cellulose
      hydrate moulding in the gel state may be converted to a moulding uniformly
      and sufficiently cross-linked over its cross-section.
PAR  According to the prior art, the moulding in the gel state is treated with
      plasticizer liquid, which generally consists of a 10 to 12% aqueous
      solution of glycol, a polyglycol or glycerol.
PAR  In the present specification, a differentiation is made between swelling
      agent and plasticizer, though the swelling agent water also exerts a
      plasticizing action on the moulding. The terminological distinction
      between the two agents is made here because the amount of swelling agent
      taken up by the moulding in the course of the process is largely removed
      again from the moulding while the amount of plasticizer taken up by the
      moulding is essentially retained therein.
PAR  The process according to the invention differs from processes of the prior
      art in that the cellulose hydrate moulding which is in the gel state is
      not, as previously, treated with an aqueous solution which contains only
      dissolved plasticizer, but is treated with an aqueous liquid which
      contains, as well as plasticizer, a suitable agent for cross-linking the
      cellulose hydrate molecules and a cross-linking catalyst. The liquid which
      according to the invention is caused to act on the moulding which is in
      the gel state accordingly contains a combination of chemical agents, the
      cooperation of which is decisive for the success of the process according
      to the invention.
PAR  When the process is carried out continuously, cellulose hydrate moulding,
      which is in the gel state, may be passed at constant speed through a
      trough which contains an aqueous liquid which is an aqueous plasticizer
      solution containing a chemical cross-linking agent and a catalyst. The
      time of action of the aqueous liquid on the moulding is in the range of
      from 10 seconds to 20 minutes. The liquid is preferably at a temperature
      in the range of 40.degree. to 80.degree.C, preferably 60.degree. to
      80.degree.C. The liquid preferably is composed of a 10 to 12%
      concentration aqueous solution of glycol, polyglycol or glycerol as the
      plasticizer, and a chemical agent capable of cross-linking the cellulose
      molecules in an amount of 0.5 to 15% relative to the weight of the
      plasticizer solution. The cross-linking agent comprises at least one
      cyclic urea derivative containing at least two N-methylol groups or of
      mixtures of these substances.
PAR  The following cyclic urea derivatives are particularly suitable for use as
      cross-linking agents: dimethylol-ethyleneurea
      (1,3-dimethylol-imidazolid-2-one), dimethylol-dihydroxy-ethyleneurea
      (1,3-dimethylol-4,5-dihydroxy-imidazolid-2-one),
      dimethylol-ethyl-triazinone, 3,5-dimethylol-3,5-diaza-tetra-hydropyrone-4,
      tetramethylolacetylene-diurea, dimethylol-propylene-urea,
      dimethylol-hydroxypropylene-urea, dimethylol-tetramethylpropylene-urea,
      1-(glycol-monomethyl ether)-2-dimethylol carbamate and similar products.
PAR  The reaction of the N-methylol groups of the cross-linking agent with the
      cellulose OH groups which brings about the consolidation and resistance to
      swelling of the cellulose hydrate tubes and films is an acid-catalyzed
      reaction. The liquid containing plasticizer and cross-linking agent
      therefore must have a pH value less than 7, and preferably less than 5.
      Preferred catalysts are acids, for example sulfuric acid, hydrochloric
      acid, acetic acid, tartaric acid, oxalic acid, propionic acid, formic acid
      and other acids having a similar action. Instead of adding acids to the
      aqueous liquid, salts can be added to the liquid as the catalyst, for
      example, ammonium chloride, ammonium acetate, magnesium chloride, zinc
      chloride and zinc nitrate. Mixtures of one or more of these substances
      also can be used as catalysts. The catalyst is preferably present in the
      liquid, containing the cross-linking agent, in an amount within the range
      of from 1 to 5% by weight relative to the amount of cross-linking agent.
PAR  It is particularly advantageous if the liquid which produces the
      plasticization and cross-linking contains both salt and acid of the
      indicated type as the catalytic agent. The liquid containing plasticizer,
      cross-linking agent and catalyst may be prepared, for example, by adding
      to a 10 to 12% concentration aqueous solution of glycol, polyglycol or
      glycerol, 0.5 to 15% by weight, relative to the weight of the solution, of
      chemical cross-linking agent and dissolving this in the aqueous
      plasticizer solution by stirring. The amount of acid required to adjust
      the pH value to less than 7 is added to the solution prepared as described
      above, and the salts mentioned are added in an amount of 1 to 5% by weight
      relative to the amount of the cross-linking agent.
PAR  The tube which is in the gel state is advantageously passed in the lay-flat
      state through the plasticizer bath containing the cross-linking agent and
      the catalyst.
PAR  After the action, on the moulding, of the aqueous liquid containing the
      cross-linking agent, the plasticizer and the catalyst, the liquid swelling
      agent (water) in the moulding is removed from the moulding by a drying
      process, until a residual water content in the range of 8 to 12% is
      reached. The drying process is carried out, for example, by passing the
      moulding through a heating chamber which is at a temperature in the range
      of 70.degree. to 100.degree.C. The action of heat during drying preferably
      takes place within a period of time in the range of 1 minute to 20
      minutes.
PAR  The moulding having the indicated residual water content is now exposed to
      the action of heat in the range of 100.degree. to 150.degree.C for a
      period of time in the range of 30 seconds to 20 minutes. The shorter
      period of action in each case corresponds to the higher temperature. As a
      result of this action of heat, a sufficiently extensive cross-linking of
      the material which forms the moulding is achieved within a short period of
      time.
PAR  The cross-linking of the material forming the moulding, which is already
      initiated by the action of heat in the course of the drying process but
      has not yet advanced sufficiently far in the course thereof, progresses
      after drying, after storage of the moulding at room temperature. In
      numerous cases, in practice, the mouldings are stored by the manufacturer
      for a prolonged period after manufacture, before dispatch. The storage
      times in general suffice for adequate cross-linking to achieve the desired
      resistance to swelling and desired mechanical strength occurring. As
      previously mentioned, it is particularly advantageous to employ a free
      acid and at the same time one of the salts mentioned as cross-linking
      catalysts, the liquid containing the cross-linking agent and the
      plasticizer being adjusted to a pH value between 1 and 5. The speed of the
      cross-linking reaction can be varied through the pH value. The moisture
      content of the finished moulding, which is approximately 8 to 12%, ensures
      that the ions of the catalyst can become active.
PAR  The concentration of the coss-linking agent in the plasticizer bath is so
      chosen, within the range stated, that if appropriate impregnation times
      and conditions of heat treatment of the impregnated tube are observed, the
      desired degree of reduction in the swelling index and increase in strength
      is achieved.
PAR  The present invention further provides a process for the manufacture of a
      cellulose hydrate moulding which comprises
PA0  i. extruding a viscose solution through a shaping die into a precipitation
      bath,
PA0  ii. treating the moulding formed thereby with an aqueous liquid, having
      dissolved therein at least one plasticizer, a chemical cross-linking agent
      comprising at least one cyclic urea compound having at least 2 N-methylol
      groups, and at least one cross-linking catalyst,
PA0  iii. drying the moulding to a residual water content of from 8 to 12% by
      weight, and
PA0  iv. heating the moulding at a temperature within the range of from
      100.degree. to 150.degree.C for a period of from 30 seconds to 20 minutes.
PAR  The viscose solution, which may be manufactured in a manner which is in
      itself known, is preferably extruded through an annular slot die, in the
      shape of a tube, into a coagulation bath. The coagulation bath preferably
      is composed of an aqueous solution which contains 14% by weight of sodium
      sulfate and 12% by weight of H.sub.2 SO.sub.4, both relative to the total
      weight of the solution. Such a coagulation bath is known as a "Muller
      bath". The tube then may be passed through several washing baths; the
      washing liquid is water. Water is taken up by the moulding, which becomes
      heavily swollen and is in the gel state, as previously described. By means
      of this process, it is possible, without additional process steps and
      without a rearrangement of the customary and well-proven manufacturing
      sequence, to manufacture mouldings of cellulose hydrate which are
      uniformly and sufficiently cross-linked over their cross-section. Only
      under these conditions do they display the desired strength and swelling
      resistance values in respect of which they are superior to cellulose
      hydrate mouldings manufactured according to previously proposed processes.
PAR  Because of the above-mentioned physical criteria, cellulose hydrate tubes
      manufactured according to the invention are particularly advantageously
      suitable for use as artificial sausage casings.
PAR  The process according to the invention permits the manufacture, especially
      the continuous manufacture, of consolidated mouldings of improved
      resistance to swelling, without exceeding the customary impregnation time
      of known manufacturing processes which is required for the action of the
      plasticizer, and with low concentrations of cross-linking agent -- in
      contrast to known processes -- sufficing in the cross-linking solution
      employed, and with the desired uniform cross-linking not necessarily
      requiring a heat treatment at a temperature of 160.degree.C.
PAR  The amount of cross-linking agent incorporated into the tube through
      chemical bonding preferably lies in the range of 0.1 to 15%, more
      preferably 1 to 8%, relative to the total weight of the tube.
PAR  The amount of cross-linking agent taken up by the tube and firmly
      incorporated therein by chemical bonding can be determined by first
      extracting the tube manufactured according to the invention with water for
      5 hours and thereafter carrying out a nitrogen determination on the
      material of the tube.
PAR  The tube acquires the desired properties because, due to the process, the
      cross-linking agent can become uniformly distributed over the
      cross-section of the tube wall, that is to say, there is no concentration
      gradient of the cross-linking agent, which after cross-linking is firmly
      incorporated, over the total wall cross-section.
PAR  The process is preferably carried out by allowing the acid solution
      containing the cross-linking agent and the plasticizer to act only on the
      outside of the tube. However, this liquid also can be allowed to act on
      the outside and on the inside, or only on the inside. The action of the
      liquid on the inside of the tube takes place in a manner which is in
      itself known and is no part of the present invention.
PAR  The degree of swelling of the tube or of the film may be determined
      according to a method described in "Farbereiund textiltechnische
      Untersuchungen", Hermann-Agstar, Springer-Verlag, 1956, page 400 or in
      "Zellcheming-Merkblatt", IV/33/57.
PAR  A moulding, especially a tube or a film, of cellulose is regarded as being
      in the gel state, for the purposes of this invention, if it contains from
      300 to 330% by weight (degree of swelling) of swelling liquid (water).
PAR  A cellulose hydrate tube manufactured according to previously proposed
      processes, in which, after the drying process and after extensive removal
      of the swelling agent from the tube, the crystallization already has taken
      place, can still be swollen only by an amount in the range of 150 to 160%
      through the subsequent action of liquid swelling agent.
PAR  The process according to the invention permits the manufacture of cellulose
      hydrate tubes or films which are substantially improved, in respect of a
      whole series of properties, relative to known cellulose hydrate tubes or
      films. According to the process of the invention, the degree of swelling
      of the tube can be selected within wide limits, and its strength can be
      increased without the material thereby becoming brittle or friable. The
      tube according to the invention, or the film according to the invention,
      shows increased dimensional stability and a reduction in the permeability
      to water vapor, oxygen and CO.sub.2. The properties of the cellulose film,
      therefore, are made more similar to those of a plastic film without as a
      result losing the advantageous properties of cellulose hydrate film, which
      include, above all, biological degradability.
PAR  A further advantage of the process is that because of the better physical
      properties of the tube or film which can be manufactured it is possible to
      reduce the wall thickness of the tube or the thickness of the film without
      reducing the properties in use.
PAR  For the cellulose hydrate tubes manufactured according to the process of
      the invention, the improvement in properties which has been described is
      particularly important if the tubes are used as sausage casings. A
      particular advantage is the increased wet strength of the tubes which
      substantially improves their utility.
PAR  The dimensional stability in the case of films corresponds in the case of
      tubes which are used as sausage casings, to their constancy of gauge,
      which is also a particularly important property for this use.
PAR  The bursting pressure of a typical tube, of wall thickness 30.mu., is 5 to
      7 m of water, and its elongation at the bursting point is 25%.
PAR  The tube mentioned has a tearing length (the length at which it tears under
      its own weight) of 3,000 to 3,500 m in the longitudinal direction and a
      tearing length of 2,800 to 3,000 m in the transverse direction. The
      average degree of polymerization of the viscose used for the manufacture
      of the tube is 480 to 550.
PAR  The tearing lengths in the longitudinal and transverse directions are a
      measure of the mechanical strength of the tube.
PAR  The viscose solution may contain, for example, 86% of water, 5% of sodium
      hydroxide, 2% of carbon disulfide and 7% of cellulose.
DETD
PAR  The following Examples further illustrate the invention.
PAC  EXAMPLE 1
PAR  Viscose solution composed of approximately 86% of water, approximately 2%
      of carbon disulfide, approximately 5% of sodium hydroxide solution and
      approximately 7% of cellulose and having a .gamma.-value of 30 (relative
      to 100 glucose units) was extruded from the gap of an annular slot die
      (gauge 18) into a precipitation bath composed of an aqueous solution which
      contains 14% of sodium sulfate and 12% of sulfuric acid relative to the
      total weight of the solution and the product was passed through several
      acid baths and water baths for regeneration and then washed in a water
      bath. As a result of the absorption of water, the tube thereafter
      displayed a degree of swelling of 320%, relative to the dry weight of the
      tube (amount by weight of cellulose hydrate plus plasticizer). Thereafter,
      the tube which, due to the high water content, was in the gel state, was
      passed through a bath liquid at 70.degree.C, which had the following
      composition:
PAR  100 kg of bath liquid contained:
PA0  a. 82 kg of water,
PA0  b. 12 kg of glycerol,
PA0  c. 5 kg of dimethylol-dihydroxy-ethyleneurea, and
PA0  d. 1 kg of magnesium chloride.
PAL  The solution was prepared by first introducing the appropriate amounts of
      components (b), (c) and (d) into a container and then making up to 100 kg
      with water and stirring.
PAR  The liquid was adjusted to a pH-value of 2.5 by adding the appropriate
      amount of concentrated sulfuric acid.
PAR  The tube was passed continuously, at a speed of 21 m/second, through a bath
      composed of the above-mentioned liquid. The dwell time of the tube in
      contact with the liquid was 24 seconds in the impregnation bath. After it
      had issued from the impregnation bath, the tube was freed of excess bath
      liquid, with the aid of squeeze rollers, and was then passed at a
      continuing constant speed through a 45 m long drying tunnel in which the
      internal temperature was 94.degree.C. The dwell time of the tube in the
      drying tunnel was 2.8 minutes. After this heat treatment, the tube had a
      residual water content of 10% by weight and its plasticizer content was
      20% by weight. Thereafter, the tube was exposed to heat treatment at
      110.degree.C for a period of 2 minutes by passing it through an
      appropriately temperature-controlled heating chamber. The degree of
      swelling of the tube was then 115% while a tube which had been
      manufactured under otherwise identical conditions but without addition of
      cross-linking agent and catalyst in the plasticizer bath showed a degree
      of swelling of 163%.
PAR  The amount of dimethylol-dihydroxy-ethyleneurea chemically incorporated
      into the tube was 2.8% after extraction of the tube with water at
      25.degree.C for a period of 5 hours (nitrogen content of the tube 0.460%).
PAR  The tube thus manufactured had a wall thickness of 30.mu., its bursting
      pressure was 5.3 m of water and is elongation at the bursting point was
      24%.
PAR  The tube had an alternating flexing resistance of 8,250 flexings, a
      longitudinal tearing length of 3,380 m and a transverse tearing length of
      2,900 m.
PAR  The viscose used for the manufacture of the tube had an average degree of
      polymerization of 480.
PAC  EXAMPLE 2
PAR  This example was carried out as described in Example 1, except that after
      drying to the water content indicated in Example 1, the tube was subjected
      to a further heat treatment at 140.degree.C for a period of 5 minutes.
PA0  Degree of swelling of the tube: 92%.
PA0  Degree of swelling of the comparison tube (according to the conditions of
      Example 1): 150%.
PA0  Amount of dimethylol-dihydroxy-ethyleneurea firmly incorporated into the
      tube wall through chemical bonding: 3.7% (nitrogen content of the tube:
      0.61%).
PA0  Bursting pressure of the tube: 5.0 m water column
PA0  Elongation at the bursting point: 20%
PA0  Resistance to alternating flexing: 7,850 flexings
PA0  Longitudinal tear length: 3,250 m
PA0  Transverse tear length: 2,900 m
PAC  EXAMPLE 3
PAR  This example was carried out as described in Example 1, except that the
      liquid containing the cross-linking agent was adjusted to a pH value of 1
      by adding an appropriate amount of sulfuric acid and the tube, after
      drying to a water content of 10% according to the procedure of Example 1,
      was subsequently exposed to a temperature of 150.degree.C for a period of
      5 minutes.
PA0  Degree of swelling of the tube: 80%
PA0  Degree of swelling of the comparison tube (see Example 1): 150%
PA0  Amount of dimethylol-dihydroxy-ethyleneurea firmly incorporated into the
      tube wall by chemical bonding: 4.6%.
PA0  (nitrogen content of the tube: 0.76%)
PA0  Bursting pressure of the tube: 4.8 m water column
PA0  Elongation at the bursting point: 20%
PA0  Resistance to alternating flexing: 7,600 flexings
PA0  Longitudinal tear length: 3,200
PA0  Transverse tear length: 2,900
PAR  Under a procedure otherwise identical to that indicated above, except that
      the heat treatment at 120.degree.C which followed the drying took place
      for 5 minutes, the degree of swelling of the tube was about 99% in
      comparison to 150% for the comparison tube according to the conditions of
      Example 1. The bursting pressure of the tube was 5.3 m of water, its
      elongation at the bursting point was 24%, its resistance to alternating
      flexing was 8,000 flexings, its longitudinal tearing length was 3,400 m
      and its transverse tearing length was 2,980 m. The amount of
      dimethylol-dihydroxy-ethyleneurea firmly incorporated into the wall of the
      tube by chemical bonding was 3.4% and the nitrogen content of the tube was
      0.57%. When the method of manufacture of Example 3 was varied by drying
      the tube to the residual water content of 10% under the conditions
      according to Example 1, and then carrying out a heat treatment for one
      minute at 140.degree.C, a tube having a degree of swelling of 99% was
      obtained, while the comparison tube according to the conditions of Example
      1 showed a degree of swelling of 150%. The amount of
      dimethylol-dihydroxy-ethyleneurea firmly incorporated into the wall of the
      tube by chemical bonding was 3% and the nitrogen content of the tube was
      0.48%.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was repeated, except for the modification that
      the impregnating solution used contained 80 kg of water, 15 kg of
      glycerol, and 5 kg of dimethylol-dihydroxy-ethyleneurea per 100 kg of
      solution.
PAR  Sulfuric acid was used as the catalyst. The pH value of the above-mentioned
      solution was adjusted to 1 by adding the appropriate amount of
      concentrated sulfuric acid. The tube was then exposed for varying times to
      the above-mentioned liquid by filling the tube with the liquid and then
      suspending it in a bath composed of this liquid. The tube was then
      withdrawn from the bath, freed of the excess liquid by squeezing it out
      between squeeze rollers and then dried for 20 minutes in a drying cabinet
      which was heated to 100.degree.C; thereafter the finished tube was exposed
      to a further heat treatment at 140.degree.C for a period of 10 minutes.
PAR  The following results were found:
TBL  Impregnation                                                              
              Degree of Degree of swelling                                     
                                      Incorporated                             
     time     swelling  of the untreated                                       
                                      quantity                                 
     (minutes)                                                                 
              %         tube %        %                                        
     ______________________________________                                    
     10        80       134           4.8                                      
     5         90       130           3.5                                      
     1        102       124           2.3                                      
      1/2     104       124           2.3                                      
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  The procedure of Example 4 was repeated, except that the impregnation bath
      had the following composition: 100 kg of solution contained 73 kg of
      water, 15 kg of glycerol, 10 kg of dimethyloldihydroxy-ethyleneurea and 2
      kg of magnesium chloride.
PAR  The tube was then treated under the conditions indicated in Example 4 with
      the solution from the inside and outside for 10 minutes, dried at a
      temperature of 98.degree.C for a period of 4 minutes to the stated
      residual water content and thereafter subjected to a further heat
      treatment at 140.degree.C for a period of 3 minutes. The degree of
      swelling of the tube was then 108%, the degree of swelling of a comparison
      tube was 133% and the amount of cross-linking agent incorporated into the
      tube was 2.5%.
PAC  EXAMPLE 6
PAR  The procedure of Example 4 was repeated, except that the impregnating
      solution employed had the following composition: 100 kg of solution
      contained 80 kg of water, 15 kg of glycerol and 5 kg of
      dimethylol-dihydroxy-ethyleneurea.
PAR  The pH value of the liquid was adjusted to 1 by adding the appropriate
      amount of concentrated sulfuric acid. The tube was then impregnated at
      room temperature under the conditions indicated in Example 5, squeezed
      out, dried to a residual water content of 8% for a period of 8 minutes at
      a temperature of 92.degree.C and exposed to a further heat treatment for
      10 minutes in a drying cabinet at 140.degree.C.
PAR  The tube showed a degree of swelling of 82% as compared to 130% for the
      comparison tube (according to the conditions of Example 1). The amount of
      dimethylol-dihydroxy-ethyleneurea incorporated into the tube was 4.6%.
PAC  EXAMPLES 7 to 12
PAR  The process conditions in each case were as in Example 4 with the
      modification that after drying the tube, it was exposed to a further heat
      treatment at 140.degree.C for a period of 15 minutes in a drying cabinet.
      As a further difference from Example 4, the cross-linking agents employed
      were those indicated under (7) to (12) in the table which follows, in each
      case in the amount indicated in Example 4.
PAR  In the second column, the table shows the degrees of swelling achievable in
      each case, while the third column shows the degrees of swelling of a
      comparison tube according to the conditions of Example 1.
TBL  ______________________________________                                    
     Cross-linking agent Degree   Degree of                                    
                         of       swelling of a                                
                         swelling comparison                                   
                         %        tube                                         
     ______________________________________                                    
      (7) 3,5-Dimethylol-3,5-diaza-                                            
          tetrahydropyrone-4 105      142                                      
      (8) Dimethylol-ethyl-triazinone                                          
                             112      140                                      
      (9) Tetramethylol-acetylene-                                             
          diurea              78      140                                      
     (10) Dimethylol-propylene-urea                                            
                              90      140                                      
     (11) Dimethylol-tetramethyl-                                              
          propyleneurea      118      140                                      
     (12) Dimethylol-hydroxyl-                                                 
          propyleneurea      105      140                                      
     ______________________________________                                    
PAR  The degrees of swelling indicated for a comparison tube in the case of all
      examples relate to tubes which have been manufactured under the conditions
      indicated in the particular example, with the modification that the
      impregnating solution used contains no cross-linking agent and no
      catalyst.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a cellulose hydrate moulding which
      comprises
PA1  a. treating a cellulose hydrate moulding while in the gel state, for a
      period within the range of from 10 seconds to 20 minutes, with an aqueous
      liquid having a pH value of less than 7 and having dissolved therein at
      least one plasticizer, a chemical cross-linking agent comprising at least
      one cyclic urea compound having at least 2 N-methylol groups and being
      present in an amount of 0.5 to 15% relative to the weight of the
      plasticizer solution, and at least one cross-linking catalyst selected
      from the group consisting of an acid and an acid salt,
PA1  b. drying the moulding to a residual water content of from 8 to 12% by
      weight, and
PA1  c. heating the moulding at a temperature within the range of from
      100.degree. to 150.degree. C for a period of from 30 seconds to 20
      minutes.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the aqueous liquid has a pH
      value of less than 5.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the aqueous liquid is at a
      temperature within the range of from 40.degree. to 80.degree.C.
NUM  4.
PAR  4. A process as claimed in claim 3 wherein the aqueous liquid is at a
      temperature within the range of from 60.degree. to 80.degree.C.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the concentration of plasticizer
      in the aqueous liquid is from 10 to 12% by weight.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the plasticizer comprises at
      least one glycol, polyglycol, or glycerol.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the concentration of
      cross-linking agent in the aqueous liquid is from 0.5 to 15% by weight.
NUM  8.
PAR  8. A process as claimed in claim 7 wherein the concentration of
      cross-linking agent is from 1 to 8% by weight.
NUM  9.
PAR  9. A process as claimed in claim 1 wherein the cross-linking catalyst is
      present in an amount of from 1 to 5% by weight relative to the
      cross-linking agent.
NUM  10.
PAR  10. A process as claimed in claim 1 wherein the cross-linking catalyst
      comprises an acid.
NUM  11.
PAR  11. A process as claimed in claim 10 wherein the cross-linking catalyst
      comprises at least one acid selected from the group consisting of sulfuric
      acid, hydrochloric acid, acetic acid, tartaric acid, oxalic acid,
      propionic acid and formic acid.
NUM  12.
PAR  12. A process as claimed in claim 1 wherein the cross-linking catalyst
      comprises an acid salt.
NUM  13.
PAR  13. A process as claimed in claim 12 wherein the cross-linking catalyst
      comprises at least one salt selected from ammonium chloride, ammonium
      acetate, magnesium chloride, zinc chloride and zinc nitrate.
NUM  14.
PAR  14. A process as claimed in claim 10 wherein the cross-linking catalyst
      comprises both an acid and an acid salt.
NUM  15.
PAR  15. A process as claimed in claim 1 wherein the cross-linking agent
      comprises dimethylol-ethyleneurea.
NUM  16.
PAR  16. A process as claimed in claim 1 wherein the cross-linking agent
      comprises dimethylol-dihydroxy-ethyleneurea.
NUM  17.
PAR  17. A process as claimed in claim 1 wherein step (a) is carried out for a
      period within the range of from 10 to 40 seconds.
NUM  18.
PAR  18. A process as claimed in claim 1 wherein step (b) is carried out at a
      temperature within the range of from 70.degree. to 100.degree.C.
NUM  19.
PAR  19. A process as claimed in claim 1 wherein step (b) is carried out for a
      period within the range of from 1 to 20 minutes.
NUM  20.
PAR  20. A cellulose hydrate moulding prepared by a process as claimed in claim
      1.
NUM  21.
PAR  21. An artificial sausage casing comprising a cellulose hydrate tube
      prepared by a process as claimed in claim 1.
NUM  22.
PAR  22. A process as claimed in claim 1 wherein the cross-linking agent is a
      cyclic urea derivate containing at least two N-methylol groups, selected
      from the series consisting of dimethylolethyleneurea
      (1,3-dimethylol-imidazolid-2-one), dimethyloldihydroxy-ethyleneurea
      (1,3-dimethylol-4,5-dihydroxy-imidazolid-2-one),
      dimethylol-ethyl-triazinone, 3,5-dimethylol-3,5-diazatetra-hydropyrone-4,
      tetramethylol-acetylene-diurea, dimethylolpropylene-urea
      dimethylol-hydroxypropylene-urea, dimethylol-tetramethylpropylene-urea,
      and 1-(glycol-monomethyl ether)-2-dimethylol carbamate.
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ABST
PAL  A modified completely imidized aromatic polyamide-imide resin which can be
      applied from conventional phenolic solvents such as cresylic acid,
      phenols, cresols and the like. The method of the invention includes
      reacting an aromatic diisocyanate and an aromatic tricarboxylic acid
      anhydride in an aprotic solvent, modifying the reaction product with an
      aliphatic dicarboxylic acid, and diluting the same to an appropriate
      degree with a solvent. Solutions of the resin having relatively low
      viscosity and a relatively high resin content can also be made by the
      method of the invention. The modified polyamide-imide resin of the
      invention has thermal stability and toughness approaching non-modified
      aromatic polyamide-imide resins and are fully useful as such resins as
      insulation materials in the electrical industry.
PARN
     This application is a continuation-in-part of copending application Ser.
      No. 399,393, filed Sept. 21, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to polyamide-imide resins and modified aromatic
      polyamide-imide resins, and methods for making the same. More
      particularly, this invention relates to a method of making a modified
      aromatic polyamide-imide resin which can be applied as a coating material
      from solutions thereof, including solutions in conventional phenolic
      solvents such as cresylic acid, phenols, cresols and the like. The resin
      has particular usefulness as a magnet wire insulation.
PAR  2. Description of the Prior Art
PAR  Polyamide-imide resins now enjoy an evergrowing usefulness in the
      electrical industry as insulation coatings, such as magnet wire
      insulation. The rate of growth of the use of aromatic polyamide-imide
      resins has, however, been limited due to the extremely polar, aprotic
      solvents usually required for their synthesis and application. Whether
      such prior art resins are manufactured by conventional processes in which
      aromatic tricarboxylic acid anhydrides are converted into acid halides and
      reacted with diamines such as methylene dianaline as disclosed in U.S.
      Pat. No. 3,260,691 and others or made by reacting aromatic tricarboxylic
      acid anhydrides and aromatic diisocyanates in accordance with the
      applicant's own U.S. Pat. Application Ser. No. 195,502 now U.S. Pat. No.
      3,790,530, or other patents (many of these patents are cited in the
      aforementioned U.S. patent application), polar, aprotic solvents are
      required. Such resins have been difficult to apply as even, consistent,
      smooth coatings on certain substrates because of these solvents.
      Particular problems have been experienced when application is to fine wire
      which is difficult to coat, or over base insulation materials, or
      substrates which may be attacked by the solvents.
PAR  In many instances, polyamide-imides are useful as topcoats over a base
      insulation material (see for an instance U.S. Pat. No. 3,022,200); in some
      instances the strong polar solvents attack the base insulation material
      thus downgrading the total insulation rather than upgrading the insulation
      as would be expected. Additionally, problems have been experienced in
      using such solvents with conventional magnet wire towers because of the
      extremely high temperatures which are necessary to expel such solvents
      from such coatings and their tendency to autoignite at such temperatures.
PAR  It is therefore highly desirable to provide a modified aromatic
      polyamide-imide resin polymerized to a useful molecular weight in solvents
      of moderate polarity. It is also highly desirable to provide solutions of
      such resins having relatively low viscosities and relatively high resin
      contents, and to provide solutions of such resins in conventional phenolic
      solvents such as cresylic acid, phenols, cresols, and the like from which
      the same can be applied. It is also desired that such modified
      polyamide-imide resins will have chemical and electrical properties
      similar to the completely imidized unmodified polyamide-imide resins as
      above-described. All of this will be further desirable where conventional
      phenolic solvents are used inasmuch as substantial savings in solvent cost
      will be experienced. Most aprotic, polar solvents are at least twice as
      expensive as the currently commercially available phenolic solvents which
      are widely used in the magnet wire industry.
PAR  The term "polyamide-imide resin" as used herein refers to that group of
      resins which contain a plurality of amide groups and imide groups therein.
      The term "unmodified polyamide-imide resins" or "non-modified
      polyamide-imide resins" as used herein refer to those resins which contain
      only amide or imide "building blocks" and can be referred to as
      "homopolymers". The term "modified polyamide-imide resins" as used herein
      refer to those resins which include groups therein which are not "building
      blocks" of a "homopolymer".
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of this invention to provide an improved
      polyamide-imide resin.
PAR  It is also a primary object of this invention to provide an improved method
      of making a modified aromatic polyamide-imide resin and solutions thereof.
PAR  Another object of this invention is to provide a modified aromatic
      polyamide-imide resin which can be applied from solutions in conventional
      phenolic solvents such as cresylic acid, phenols, cresols, and the like.
PAR  Another object of the invention is to provide solutions of an improved
      polyamide-imide resin having relatively low viscosities and a relatively
      high solids content.
PAR  Another object of this invention is to provide an improved modified
      aromatic polyamide-imide resin having thermal stability and toughness
      approaching that of non-modified aromatic polyamide-imide resins and which
      can be applied from solvents which are less polar than polar, aprotic
      solvents.
PAR  Another object of this invention is to provide an improved polyamide-imide
      resin which can be applied to fine wire as a smooth and continuous
      coating.
PAR  Yet another object of this invention is to provide a modified aromatic
      polyamide-imide resin having thermal stability and toughness approaching
      non-modified homopolymer aromatic polyamide-imide resins and which is less
      expensive to manufacture and which is less expensive to apply as coatings.
PAR  Yet another object of this invention is to provide an improved method of
      making solutions of a polyamide-imide resin in less polar solvents than
      polar, aprotic solvents.
PAR  Yet another object of this invention is to provide an improved solution of
      a polyamide-imide resin which can be applied to substrates as a coating
      and is especially useful as a magnet wire enamel.
PAR  Yet another object of this invention is to provide an improved method to
      modify aromatic polyamide-imide resins with dicarboxylic acids.
PAR  A further object of this invention is to provide a modified aromatic
      polyamide-imide resin having a melting point which is below its
      decomposition temperature.
PAR  In the broader aspects of this invention there is provided an aromatic
      polyamide-imide resin comprising the reaction product of an aromatic
      diisocyanate, an aromatic tricarboxylic acid anhydride and an aliphatic
      dicarboxylic acid. The method of the invention includes reacting aromatic
      tricarboxylic acid anhydride and an excess of aromatic diisocyanate in
      aprotic solvents of moderate polarity, subsequent reaction with aliphatic
      dicarboxylic acid, and diluting the same with additional solvent.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above-mentioned other features and objects of this invention and the
      manner of attaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawing, wherein:
PAR  FIG. 1 is a comparison of the thermal stability of a modified
      polyamide-imide resin of the invention and a prior art non-modified
      aromatic polyamide-imide resin.
DETD
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENT
PAR  In accordance with the present invention, polyamide-imide resins are formed
      by reacting essentially stoichiometric amounts of (1) aromatic
      diisocyanate and (2) aromatic tricarboxylic acid anhydride and aliphatic
      dicarboxylic acid. From 10 to 50 mol percent of the aromatic tricarboxylic
      acid anhydride-aliphatic dicarboxylic acid reactant or component may
      comprise aliphatic dicarboxylic acid, and the remainder being aromatic
      tricarboxylic acid anhydride.
PAR  The method of the invention provides a process for manufacturing such
      polyamide-imide resins in conventional commercial-sized equipment. The
      method of the invention may produce a solution of said polyamide-imide
      resin in solvents such as cresylic acid, phenols, cresols and the like,
      from which such resins can be applied to substrates. Such solutions may be
      used as magnet wire coatings applied by conventional wire coating
      machinery without the coating problems and autoignition problems
      heretofore experienced when non-modified aromatic polyamide-imide resins
      are applied with the same machinery from solutions in polar, aprotic
      solvents.
PAR  The method of the invention also provides a process for manufacturing
      solutions of polyamide-imide resins having relatively low viscosities and
      relatively high resin content.
PAR  It is commonly known, that polyamide-imide resins can be synthesized by
      reacting aromatic tricarboxylic acid anhydride with an aromatic
      diisocyanate, as illustrated in the following equations using, for
      example, trimellitic anhydride and methylene diisocyanate as reactants.
      ##SPC1##
PAL  It is well known that the reaction between an acid or an acid anhydride and
      an isocyanate is a vigorous reaction which is difficult to control.
      Processes that have been developed heretofore have been difficult to
      control in commercial-sized equipment where agitation, temperature and
      viscosity control and other control techniques, possible in laboratory
      glassware are not readily applicable. The invention provides a method of
      making polyamide-imide resins in commercial-sized equipment without the
      control problems experienced heretofore in prior art processes.
PAR  Further, synthesis of aromatic polyamide-imide resins in accordance with
      the equation above set-out are well known to take place in reaction
      solutions, the solvents of which consist of solvents such as N-methyl
      pyrrolidone, dimethylacetamide, dimethylformamide, dimethylsulfoxide and
      the like. Such solvents are those referred to herein as polar, aprotic
      solvents. The resulting aromatic polyamide-imide resins are characterized
      by their good thermal stability, toughness, good flexibility and high
      molecular weight.
PAR  By the present invention, it has been found that reactions between aromatic
      diisocyanates and a substantially equal molar amount of aromatic
      tricarboxylic acid anhydrides and aliphatic dicarboxylic acids can be
      carried out to result in a reaction product having a useful molecular
      weight in solvents of more moderate polarity than the polar, aprotic
      solvents above-identified. The resulting modified aromatic polyamide-imide
      resins have properties approaching those of non-modified polyamide-imide
      resins.
PAR  In contrast, in these more moderate solvents, the reaction between
      trimellitic anhydride and methylene diisocyanate set out hereinabove, for
      example, would result in reaction products which would be precipitated at
      a relatively low molecular weight and thereby when applied to a substrate
      as a coating would form relatively brittle and anemic films.
PAR  The solvents of "moderate polarity" or "less polar solvents" which are
      useful in the invention are those having solvency parameters as set out in
      Table I of Hanson, Charles M., Product R&D, Vol. 8, No. 1, March 1969, p.
      1 at p. 5 within the following ranges: .delta.d 8.0 through 10.0, .delta.p
      0.3 through 4.5, .delta.h 0.7 through 4.0 and combinations thereof.
      Examples of these solvents of moderate polarity and which are useful in
      the invention include the dichlorobenzenes, ethylene glycol monoethylether
      acetate, certain aromatic hydrocarbon solvents, acetophenone, phenetole,
      Bis 2-ethoxy ethylether, anisole, veratrole, and other dimethoxybenzenes,
      the preferred ones being o-dichlorobenzene and anisole.
PAR  The aliphatic dicarboxylic acids which are useful in the invention include
      all such acids including dimerized dicarboxylic acids having at least 6
      carbon atoms, specifically adipic, pimelic, suberic, azelaic, dimerized
      unsaturated fatty acids and sebacic acids. The term "dimerized unsaturated
      fatty acids" includes dimerized acids and diacids obtained through
      polymerization at mid molecule positions of two unsaturated monobasic
      acids having about 18 carbons, such as oleic, elaidic acids.
PAR  Suitable diisocyanates which are useful in the invention include
      diisocyanates having a nucleus such as benzene, naphthalene,
      diphenylalkane having 1 to 3 carbon atoms between rings, diphenylether,
      diphenylketone, cycloalkane with 5 to 7 carbon atoms in the ring, and
      specifically include:
PA1  1,4-phenylenediisocyanate
PA1  2,5-tolylenediisocyanate
PA1  3,5-tolylenediisocyanate
PA1  1-methoxy-2,4-phenylenediisocyanate
PA1  1,3,5-triethyl-2,4-phenylenediisocyanate
PA1  1-methyl-3,5-diethyl-6-chloro-2,4-phenylenediisocyanate
PA1  p-xylylenediisocyanate
PA1  benzophenone-4,4'-diisocyanate
PA1  1,4-naphthylenediisocyanate
PA1  4,4'-diisocyanate-diphenyldimethylmethane
PA1  4,4'-diisocyanate-3,3'-dimethyldiphenylmethane
PA1  1,5-naphthylenediisocyanate
PA1  4,4'-diisocyanate-3,3'-dichlorodiphenylmethane
PA1  4,4'-diisocyanate-diphenylether and 2,4-diisocyanatediphenylether
PA1  1,3-phenylenediisocyanate
PA1  3,3'-dimethoxy-4,4'-biphenylenediisocyanate
PA1  3,3'-diethoxy-4,4'-biphenylenediisocyanate
PA1  2,4-tolylenediisocyanate
PA1  2,6 -tolylenediisocyanate
PA1  4-chloro-1,3-phenylenediisocyanate
PA1  4,4'-biphenylenediisocyanate
PA1  3,3'-dimethyl-4,4'-biphenylenediisocyanate
PA1  m-xylylenediisocyanate
PA1  1-methyl-3,5-diethyl-2,4-phenylenediisocyanate
PA1  diphenyl-4,4-diisocyanate
PA1  diphenyl methane-4,4-diisocyanate
PA1  4,4-dimethyldiphenyl methane-2,2-diisocyanate
PA1  4-methoxy-1,3-phenylene diisocyanate
PA1  4 isopropyl-1,3,phenylene diisocyanate
PA1  durylene diisocyanate
PA1  3,3'-bitolylene-4,4 diisocyanate
PA1  1-methyl-3,5-diethyl-2,6-phenylenediisocyanate
PA1  4,4'-diisocyanate-2,2-diphenylpropane
PA1  4,4'-diisocyanate-diphenylmethane
PA1  4,6-dimethyl-1,3-xylylene diisocyanate
PA1  4,4'-diisocyanate-diphenyl
PA1  meta-phenylenediisocyanate
PAL  and combinations thereof.
PAR  The tricarboxylic acid anhydrides which have usefulness in the invention
      include trimellitic anhydride; hemimellitic anhydride; methyltrimellitic
      anhydride; 4'carboxy diphenyl 3,4 dicarboxylic anhydride; 1,2,4 benzene
      tricarboxylic anhydride; 3,4,6 and 1,3,8 naphthalene tricarboxylic
      anhydride; 1,2,7 anthracene tricarboxylic anhydride; and combinations
      thereof.
PAR  The method of the invention includes first reacting the aromatic
      tricarboxylic acid anhydride and an excess of aromatic diisocyanates in a
      reaction solution containing more than 50% weight acid anhydride and
      diisocyanate. As soon as a clear solution is obtained, the aliphatic
      dicarboxylic acid is slowly added and the reaction is allowed to continue
      for about 45 minutes at 200.degree.C. or for about 130 minutes at
      150.degree.C. or at equivalent intermediate time/temperature reaction
      conditions, after reflux is again initiated. The reaction above
      200.degree.C. takes place so fast that it is difficult to control, and not
      preferred. The reaction is then quenched by diluting the reaction solution
      with an appropriate amount of solvent to a 20-45% weight resin solution by
      adding an appropriate amount of additional solvent which may be polar,
      aprotic solvents or less polar solvents, or phenolic solvents such as
      cresylic acid, phenol, cresol, or the like. Using trimellitic anhydride,
      adipic acid and methylene diisocyanate as examples of the tricarboxylic
      acid anhydride, the aliphatic dicarboxylic acid and the aromatic
      diisocyanate of the invention, the reaction is schematically, but not
      necessarily quantatively, believed to occur as follows:
      ##SPC2##
PAL  It has been found that there are certain critical limitations to the
      invention. First, the amount of the aliphatic dicarboxylic acid must be at
      least 10 mol percent of the aromatic tricarboxylic acid anhydride
      component and have at least 6 carbon atoms to build an appreciable
      molecular weight. Too little of or too small an acid results in a low
      molecular weight polymer or a prepolymer. Additionally, the dicarboxylic
      acid must be no greater than 50 mol percent of the tricarboxylic acid
      anhydride or else the reaction product tends to be less soluble than
      desired in the solvents of the invention. Also, the dicarboxylic acid must
      be added last to the reaction solution, otherwise the result will be not
      only reaction products which are less soluble in the solvents of the
      invention, but will result in less flexible coatings.
PAR  In accordance with the invention, while substantially stoichiometric
      amounts of aromatic diisocyanate and aromatic tricarboxylic acid anhydride
      and aliphatic dicarboxylic acid are reacted, excesses of diisocyanate can
      be tolerated if the solvent finally added in accordance with the method of
      the invention is a phenolic solvent such as cresylic acid, phenols,
      cresols and the like. This is unlike conventional reactions between
      aromatic diisocyanates and aromatic tricarboxylic acid anhydrides as set
      out in the prior art. The reason for this is that addition of solvent such
      as phenol, cresols, cresylic acid and the like will block any isocyanate
      groups formed by an excess of diisocyanate. Unblocking will occur when the
      material is applied as a coating and appropriately baked to a non-tacky
      coating. However, a large amount of excess diisocyanate will result in
      cross-linked, less flexible coatings. Particularly in the use of the
      resins of the invention as magnet wire insulations, reactions involving
      excess diisocyanates may not be preferred inasmuch as they lead to less
      flexible coatings. However, in other applications such less flexible
      coatings may well be preferred and by the invention are possible.
PAR  The following examples illustrate the present invention.
PAC  EXAMPLE I
PAR  A solution is formed by mixing 180.0 grams trimellitic acid anhydride and
      390.0 grams p-p'diphenyl methane diisocyanate in 652.5 grams
      o-dichlorobenzene by heating the mixture. At approximately 150.degree.C. a
      clear and homogeneous solution is obtained. Once clarity is obtained, 82.5
      grams of adipic acid is added slowly. The temperature of the mixture is
      raised to approximately 180.degree.C. and slow reflux is maintained. After
      approximately 40 minutes, a yellow viscous resin is obtained and 961.2
      grams of phenol are added to quench and stop the reaction. The solution is
      maintained at 130.degree.C. until all the resin is dissolved. The
      resultant solution is cooled to room temperature and filtered. The
      viscosity of the product at 25.degree.C. was measured at about 1100 cps,
      utilizing a Brookfield viscometer, and a resin solution of approximately
      30% weight resin and 70% weight product.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 850.degree.-800.degree.-600.degree.F.
      The properties of the resultant magnet wire are presented in Tables I, II,
      and III.
PAC  EXAMPLE II
PAR  A solution is formed by mixing 60.0 grams of trimellitic acid anhydride and
      132.0 grams of p,p' diphenyl methane diisocyanate and 110.0 grams of
      cellosolve acetate and 4.8 grams of phenol by heating the mixture. At
      approximately 145.degree.C. a clear, homogeneous solution is obtained.
      Once clarity is obtained 27.0 grams of adipic acid is added slowly. The
      temperature of the mixture is raised to approximately 160.degree.C. and
      slow reflux is maintained. After approximately 100 minutes, a
      brownish-yellow viscous resin is obtained and 396.2 grams of phenol are
      added to quench and stop the reaction. The solution is maintained at
      130.degree.C. until all the resin is dissolved. The resultant solution is
      cooled to room temperature and filtered. The viscosity of the product at
      25.degree.C. was measured at about 890 cps, utilizing a Brookfield
      viscometer, and a resin solution of approximately 30% weight resin.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 850.degree.-800.degree.-600.degree.F.
      The properties of the resultant magnet wire are presented in Table I.
PAC  EXAMPLE III
PAR  A solution is formed by mixing 60.0 grams of trimellitic acid anhydride and
      135.0 grams of p,p'diphenyl methane diisocyanate and 110.0 grams of
      Anisole and 4.8 grams of phenol by heating the mixture. At approximately
      170.degree.C. a clear, homogeneous solution is obtained. Once clarity is
      obtained 27.0 grams of adipic acid are added slowly. The temperature of
      the mixture is raised to approximately 170.degree.C. and slow reflux is
      maintained. After approximately 120 minutes, a yellow viscous resin is
      obtained and 55.5 grams of cumene and 346.5 grams of phenol are added to
      quench and stop the reaction. The solution is maintained at 130.degree.C.
      until all the resin is dissolved. The resultant solution is cooled to room
      temperature and filtered. The viscosity of the product at 25.degree.C. was
      measured at about 1200 cps, utilizing a Brookfield viscometer, and a resin
      solution of approximately 30% weight resin.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 850.degree.-800.degree.-600.degree.F.
      The properties of the resultant magnet wire are presented in Table I.
PAC  EXAMPLE IV
PAR  A solution is formed by mixing 60.0 grams of trimellitic acid anhydride and
      130.0 grams of p,p' diphenyl methane diisocyanate and 110.0 grams of Bis
      2-ethoxy ethylether and 4.8 grams of phenol by heating the mixture. At
      approximately 135.degree.C. a clear, homogeneous solution is obtained.
      Once clarity is obtained 27.0 grams of adipic acid is added slowly. The
      temperature of the mixture is raised to approximately 190.degree.C. and
      slow reflux is maintained. After approximately 45 minutes, a brownish
      viscous resin is obtained and 346.2 grams of phenol are added to quench
      and stop the reaction. The solution is maintained at 130.degree.C. until
      all the resin is dissolved. The resultant solution is cooled to room
      temperature and filtered. The viscosity of the product at 25.degree.C. was
      measured at about 210 cps, utilizing a Brookfield viscometer, and a resin
      solution of approximately 30% weight resin.
PAC  EXAMPLE V
PAR  A solution is formed by mixing 180.0 grams of trimellitic acid anhydride
      and 390.0 grams of p,p' diphenyl methane diisocyanate and 652.5 grams of
      o-dichlorobenzene by heating the mixture. At approximately 155.degree.. a
      clear, homogeneous solution is obtained. Once clarity is obtained 106.3
      grams of azelaic acid is added slowly. The temperature of the mixture is
      raised to approximately 180.degree.C. and slow reflux is maintained. After
      approximately 50 minutes, a yellow viscous resin is obtained and 434.0
      grams of phenol are added to quench and stop the reaction. The solution is
      maintained at 130.degree.C. until all the resin is dissolved. The
      resultant solution is cooled to room temperature and filtered. The
      viscosity of the product at 25.degree.C. was measured at about 1250 cps,
      utilizing a Brookfield viscometer, and a resin solution of approximately
      30% weight resin.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 850.degree.-800.degree.-600.degree.F.
      The properties of the resultant magnet wire are presented in Table II.
PAC  EXAMPLE VI
PAR  A solution is formed by mixing 81.6 grams of trimellitic acid anhydride and
      130.0 grams of p,p' diphenyl methane diisocyanate and 222.6 grams of
      o-dichlorobenzene by heating the mixture. At approximately 160.degree.C. a
      clear, homogeneous solution is obtained. Once clarity is obtained 11.0
      grams of adipic acid are added slowly. The temperature of the mixture is
      raised to approximately 180.degree.C. and slow reflux is maintained. After
      approximately 40 minutes, a yellow viscous resin is obtained and 296.8
      grams of phenol are added to quench and stop the reaction. The solution is
      maintained at 130.degree.C. until all the resin is dissolved. The
      resultant solution is cooled to room temperature and filtered. The
      viscosity of the product at 25.degree.C. was measured at about 2200 cps,
      utilizing a Brookfield viscometer and a resin solution of approximately
      30% weight resin.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 850.degree.-800.degree.-600.degree.F.
      The properties of the resultant magnet wire are presented in Table III.
PAC  EXAMPLE VII
PAR  A solution is formed by mixing 72.0 grams of trimellitic acid anhydride and
      130.0 grams of p,p'diphenyl methane diisocyanate and 220.25 grams of
      o-dichlorobenzene by heating the mixture. At approximately 165.degree.C. a
      clear, homogeneous solution is obtained. Once clarity is obtained 18.25
      grams of adipic acid is added slowly. The temperature of the mixture is
      raised to approximately 165.degree.C. and slow reflux is maintained. After
      approximately 35 minutes, a yellow viscous resin is obtained and 220.25
      grams of phenol are added to quench and stop the reaction. The solution is
      maintained at 130.degree.C. until all the resin is dissolved. The
      resultant solution is cooled to room temperature and filtered. The
      viscosity of the product at 25.degree.C. was measured at about 1400 cps,
      utilizing a Brookfield viscometer, and a resin solution of approximately
      30% weight resin.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 850.degree.-800.degree.-600.degree.F.
      The properties of the resultant magnet wire are presented in Table III.
PAC  EXAMPLE VIII
PAR  A solution is formed by mixing 48.0 grams of trimellitic acid anhydride and
      130.0 grams of p,p' diphenyl methane diisocyanate and 214.5 grams of
      O-dichlorobenzene by heating the mixture. At approximately 165.degree.C. a
      clear, homogeneous solution is obtained. Once clarity is obtained 36.5
      grams of adipic acid are added slowly. The temperature of the mixture is
      raised to approximately 165.degree.C. and slow reflux is maintained. After
      approximately 50 minutes, a yellow viscous resin is obtained and 286.0
      grams of phenol are added to quench and stop the reaction. The solution is
      maintained at 130.degree.C. until all the resin is dissolved. The
      resultant solution is cooled to room temperature and filtered. The
      viscosity of the product at 25.degree.C. was measured at about 2000 cps,
      utilizing a Brookfield viscometer, and a resin solution of approximately
      30% weight resin.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 850.degree.-800.degree.-600.degree.F.
      The properties of the resultant magnet wire are presented in Table III.
PAC  EXAMPLE IX
PAR  A solution is formed by mixing 38.4 grams of trimellitic acid anhydride and
      132.5 grams of p,p' diphenyl methane diisocyanate and 214.7 grams of
      o-dichlorobenzene by heating the mixture. At approximately 160.degree.C. a
      clear, homogeneous solution is obtained. Once clarity is obtained 43.8
      grams of adipic acid is added slowly. The temperature of the mixture is
      raised to approximately 160.degree.C. and slow reflux is maintained. After
      approximately 35 minutes, a viscous resin is obtained and 486.3 grams of
      phenol are added to quench and stop the reaction. The solution is
      maintained at 130.degree.C. until all the resin is dissolved. The
      resultant solution is cooled to room temperature and filtered. The
      viscosity of the product at 25.degree.C. was measured at about 200 cps,
      utilizing a Brookfield viscometer, and a resin solution of approximately
      30% weight resin.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 850.degree.-800.degree.-600.degree.F.
      The properties of the resultant magnet wire are presented in Table III.
PAC  EXAMPLE X
PAR  A solution is formed by mixing 28.8 grams of trimellitic acid anhydride and
      132.5 grams of p,p'diphenyl methane diisocyanate and 212.4 grams of
      o-dichlorobenzene by heating the mixture. At approximately 170.degree.C. a
      clear, homogeneous solution is obtained. Once clarity is obtained 51.1
      grams of adipic acid is added slowly. The temperature of the mixture is
      raised to approximately 170.degree.C. and slow reflux is maintained. After
      approximately 30 minutes, a yellow viscous resin is obtained and 283.2
      grams of phenol are added to quench and stop the reaction. The solution is
      maintained at 130.degree.C. until all the resin is dissolved. The
      resultant solution is cooled to room temperature and filtered. The
      viscosity of the product at 25.degree.C. was measured at about 200 cps,
      utilizing a Brookfield viscometer, and a resin solution of approximately
      30% weight resin.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 850.degree.-800.degree.-600.degree.F.
      The properties of the resultant magnet wire are presented in Table III.
PAC  EXAMPLE XI
PAR  A solution is made by mixing 192.0 grams of trimellitic acid anhydride and
      520.0 grams of p,p' diphenyl methane diisocyanate in 598.0 grams of
      o-dichlorobenzene. The mixture is then heated to about 160.degree.C. where
      it turns into a clear yellow homogeneous solution. 146 grams of adipic
      acid are slowly added to the solution at this time. After approximately
      one hour at about 160.degree.C., the polymer becomes very viscous. When
      this occurs, the polymer is taken out of the reactor and quickly cooled.
      The polymer is vacuum dried at 150.degree.C. to remove o-dichlorobenzene
      and cooled to 25.degree.C. and ground into a powder. This powder is useful
      as a fusible powder and may be applied to substrates by conventional
      techniques.
PAC  EXAMPLE XII
PAR  A solution is formed by mixing 172.8 grams of trimellitic acid anhydride
      and 257.2 grams of p,p' diphenyl methane diisocyanate and 260 grams of
      Anisole and 15.0 grams of NJ-100 aromatic solvent, as sold by Hoosier
      Solvents and Chemicals Corp. of Fort Wayne, Ind., by heating the mixture.
      At approximately 135.degree.C. a clear, homogeneous solution is obtained.
      Once clarity is obtained 56.5 grams of "1010 dimer" dimerized, unsaturated
      fatty acid, as sold by Emery Industries, Inc. of Cincinnati, Ohio, are
      added slowly. The temperature of the mixture is raised to approximately
      160.degree.C. and slow reflux is maintained. After approximately 180
      minutes, a yellow viscous resin is obtained and 455.5 grams of cresylic
      acid and 455.5 grams of phenol, previously mixed, (911.0 grams in total)
      are added to quench and stop the reaction. The solution is maintained at
      135.degree.C. until all the resin is dissolved. The resultant solution is
      cooled to room temperature and filtered. The viscosity of the product at
      25.degree.C. was measured at about 900 cps, utilizing a Brookfield
      viscometer, and a resin solution of approximately 25% weight resin.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 850.degree.-800.degree.-600.degree.F.
      The properties of the resultant magnet wire are presented in Tables II and
      III.
PAC  EXAMPLE XIII
PAR  A solution is formed by mixing 128.6 grams of trimellitic acid anhydride
      and 257.5 grams of p,p' diphenyl methane diisocyanate and 109.0 grams of
      acetophenone by heating the mixture. At approximately 135.degree.C. a
      clear homogeneous solution is obtained. Once clarity is obtained 48.0
      grams of adipic acid are added slowly. The temperature of the mixture is
      raised to approximately 180.degree.C. and slow reflux is maintained. After
      approximately 60 minutes, a yellow viscous resin is obtained and 530.5
      grams of cresylic acid and 530.5 grams of phenol, previously mixed,
      (1061.0 grams in total) are added to quench and stop the reaction. The
      solution is maintained at 135.degree.C. until all the resin is dissolved.
      The resultant solution is cooled to room temperature and filtered. The
      viscosity of the product at 25.degree.C. was measured at about 3000 cps,
      utilizing a Brookfield viscometer, and a resin solution of approximately
      25% weight resin.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 850.degree.-800.degree.-600.degree.F.
      The properties of the resultant magnet wire are presented in Table I.
PAC  EXAMPLE XIV
PAR  A solution is formed by mixing 172.7 grams of trimellitic acid anhydride
      and 334.1 grams of p,p' diphenyl methane diisocyanate in 334.1 grams of
      NJ-100 aromatic solvent, as sold by Hoosier Solvents and Chemicals Corp.
      of Fort Wayne, Ind., 7.62 grams phenol and 19.3 grams xylol. The mixture
      was then heated to about 150.degree.C. where it turned into a homogeneous
      solution. 56.3 grams of adipic acid are slowly added to the solution at
      this time. After approximately 1 hour at about 150.degree. to
      160.degree.C. the polymer becomes very viscous. When this occurs, 408.3
      grams of cresylic acid and 408.3 grams of phenol, previously mixed, (816.6
      grams in total) are added to quench and stop the reaction. The resultant
      solution is cooled to room temperature and NJ-100 aromatic solvent is
      added to the mixture such that the solution is approximately 25% weight
      resin.
PAR  The resultant solution was then applied in eight consecutive coats to a
      bare copper conductor, employing dies and a conventional wire coating
      tower having bank temperatures of 800.degree.-710.degree.-560.degree.F.
      The properties of the resultant magnet wire are presented in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PHYSICAL, THERMAL AND ELECTRICAL PROPERTIES                               
     OF THE IMPROVED POLYAMIDE-IMIDE RESIN OF THE INVENTION                    
     SYNTHESIZED IN VARIOUS SOLVENTS AND APPLIED                               
     TO AWG 18 WIRE AS A MAGNET WIRE INSULATION                                
     Example Number   I     II    III   XIII  XIV                              
     __________________________________________________________________________
     T.P.                                                                      
     NO. PHYSICAL PROPERTIES:                                                  
      1  Build, mils  3.0-3.1                                                  
                            2.8-3.0                                            
                                  2.9-3.1                                      
                                        2.8-3.0                                
                                              3.0-3.1                          
     13  Snap         OK    OK    OK    OK    OK                               
      2  Flexibility, IX, 20%                                                  
                      Pass  Pass  Pass  Pass 10%                               
                                              Pass                             
     32  Repeated Scrape                                                       
                      152   160   79    130   142                              
         THERMAL PROPERTIES:                                                   
         Techrand OFM 9.0   6.9   9.3   7.0   8.7                              
     16  NEMA Cut-Thru                                                         
                      349   322   348   316   336                              
         ELECTRICAL PROPERTIES:                                                
     40  Dielectric R.T.                                                       
                      7,900 V                                                  
                            9,030 V                                            
                                  10,900 V                                     
                                        7,500 V                                
         IEEE Life    180.degree.C.                                            
                                  180.degree.C.                                
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
     PHYSICAL, THERMAL AND ELECTRICAL PROPERTIES                               
     OF THE IMPROVED POLYAMIDE-IMIDE RESIN OF THE INVENTION                    
     MADE WITH VARIOUS DICARBOXYLIC ACIDS AND APPLIED                          
     TO AWG 18 WIRE AS A MAGNET WIRE INSULATION                                
     Example Number   I     V     XII                                          
     __________________________________________________________________________
     T.P.                                                                      
     NO. PHYSICAL PROPERTIES:                                                  
      1  Build, mils  3.0-3.1                                                  
                            2.6-3.1                                            
                                  2.8-3.0                                      
     13  Snap         OK    OK    OK                                           
      2  Flexibility, IX, 20%                                                  
                      Pass  Pass  Pass                                         
     32  Repeated Scrape                                                       
                      152   61    105                                          
         THERMAL PROPERTIES:                                                   
         Techrand OFM 9.0   8.3   7.9                                          
     16  NEMA Cut-Thru                                                         
                      349   368   346                                          
         ELECTRICAL PROPERTIES:                                                
     40  Dielectric R.T.                                                       
                      7,9000 V                                                 
                            9,915 V                                            
                                  7,100 V                                      
     __________________________________________________________________________
TBL                                    TABLE III                               
     __________________________________________________________________________
     PHYSICAL, THERMAL AND ELECTRICAL PROPERTIES                               
     OF THE IMPROVED POLYAMIDE-IMIDE RESIN OF THE INVENTION                    
     MADE WITH VARIOUS PERCENTAGES OF ADIPIC ACID AND APPLIED                  
     TO AWG 18 WIRE AS A MAGNET WIRE INSULATION                                
     Example Number      VI    VII   I     VIII  IX    X     XII               
     __________________________________________________________________________
     T.P.                                                                      
     NO.   PHYSICAL PROPERTIES:                                                
      1    Build, mils   3.4-4.2                                               
                               3.0-3.3                                         
                                     3.0-3.1                                   
                                           3.1-3.2                             
                                                 3.0-3.3                       
                                                       3.1-3.3                 
                                                             2.8-3.0           
     13    Snap          OK    OK    OK    OK    OK    OK    OK                
      2    Flexibility IX, 20%                                                 
                         10% IX                                                
                               Pass  Pass  Pass  Pass  Pass  Pass              
     32    Repeated      183   176   152   156   52    50    105               
           THERMAL PROPERTIES:                                                 
           Techrand OFM  9.7   8.9   9.0   5.6   4.8   5.4   7.9               
     16    NEMA Cut-Thru 380   372   349   341   314   298   346               
           ELECTRICAL PROPERTIES:                                              
     40    Dielectric R.T.                                                     
                         3,000 V                                               
                               7,700 V                                         
                                     7,900 V                                   
                                           12,065 V                            
                                                 6,030 V                       
                                                       5,100                   
                                                             7,100             
     __________________________________________________________________________
                                                             V                 
PAC  OTHER EXAMPLES
PAR  In each of the above examples a particular aromatic tricarboxylic acid
      anhydride and a particular aromatic diisocyanate and a particular
      aliphatic dicarboxylic acid are reacted in a particular solvent and a
      particular solvent is used to quench and stop the reaction. It is to be
      understood that in each of the examples, any one or any possible mixture
      of any of the aromatic tricarboxylic acid anhydrides indicated hereinabove
      to be useful in the performance of the invention can be substituted, in
      the same molar amount, for the aromatic tricarboxylic acid anhydride of
      the example. The same can be said for the aromatic diisocyanate and the
      aliphatic dicarboxylic acid used in each of the examples above and the
      aromatic diisocyanates and the aliphatic dicarboxylic acids mentioned
      above, also. Additionally, any of the above-mentioned solvents of moderate
      polarity or any combination thereof can be used in place of the solvent of
      the example. Also other mixtures of reactants and solvents may be the
      subject of still other examples so long as the aliphatic dicarboxylic acid
      reactant is at least about 10 mol percent and not greater than about 50
      mol percent of the aromatic tricarboxylic acid anhydride reactant, and the
      percent weight of all of the reactants in the reaction solution prior to
      the quenching thereof with additional solvent, is never less than about
      50% weight and never greater than about 85% weight reactants.
PAR  It should be understood that with regard to all of the above examples, the
      heating of the reaction solution prior to quenching and stopping the
      reaction, is carried out at a reasonable rate, for example about
      2.degree.C. per minute. While it is believed that the rate at which the
      reaction solution is raised in temperature is not critical, extremely slow
      rates which would materially alter the time/temperature reaction
      conditions of the invention are not desired. Similarly, the rate at which
      the dicarboxylic acid is added to the reaction solution is at a relatively
      slow rate, for example, in 5 equal portions. Again, while the rate of
      addition of the acid reactant is not believed to be critical, extreme
      deviations from this rate are not desired.
PAR  Each of the Examples I through XIV and the "Other Examples" relating
      thereto result in resin solutions containing 25% or 30% weight resins.
      However, as above-mentioned, the method of the invention allows resin
      solutions having relatively low viscosities and relatively high resin
      content to be manufactured. These solutions may be manufactured in
      accordance with the invention either by quenching and stopping the
      reaction of any of the above examples by using less solvent or by forming
      a resin powder in accordance with the method taught by Example XI and
      dissolving the resin in an appropriate amount of solvent. The formation of
      a powdered resin is possible with all of the reactions of the invention by
      the procedure taught in Example XI. The only limitation to forming resin
      solutions having a high resin content by this procedure is that enough
      solvent must be added to the resin to dissolve the resin and form a
      solution. The amount of solvent will vary with the solvent used. Similarly
      if the method taught by Examples I through XI is used to form resin
      solutions having a relatively high resin content, the only limitations on
      the procedure are that enough solvent must be used to stop the reaction
      and to form a resin solution. In general, the reaction will be stopped so
      long as the quench results in the reaction solution being cooled to less
      than 150.degree.C. But again, to dissolve the resin formed and to form a
      solution an appropriate amount of solvent must be used and the amount of
      solvent will vary with the particular solvent used.
PAR  The present invention provides an improved polyamide-imide resin, an
      improved method of producing polyamide-imide resins, and an improved
      polyamide-imide resin solution meeting all of the above-listed objects of
      the invention. The polyamide-imide resins of the invention are preferred
      over prior art unmodified polyamide-imide resins inasmuch as they can be
      applied relatively easily from solutions as smooth and continuous
      coatings. Such coatings can be applied to wire using conventional magnet
      wire coating machinery using solutions in conventional phenolic solvents.
      Using the polyamide-imide resins of the invention, improved coating
      characteristics have been experienced when applying the same as magnet
      wire insulation to fine wire. Using solutions in conventional phenolic
      solvents such as cresylic acid, phenols, cresols and the like, such resins
      have been applied as magnet wire insulation without experiencing solvent
      autoignition as heretofore experienced in the application of unmodified
      polyamide-imide resins with conventional wire coating machinery and polar,
      aprotic solvents. The invention also results in substantial savings to
      manufacturers of magnet wire inasmuch as conventional phenolic solvents
      such as cresylic acid, phenols, cresols and the like generally can be
      purchased for less than half of the purchase price of polar, aprotic
      solvents.
PAR  The process of the invention allows the modified polyamide-imide resins of
      the invention to be manufactured relatively easy in commercial-sized
      equipment. The method of the invention further has all of the advantages
      of the prior art methods of making unmodified polyamide-imide resins from
      tricarboxylic acid anhydrides and diisocyanates and none of the
      disadvantages of the prior art method by which such resins are made from
      tricarboxylic acid anhydrides and diamines.
PAR  While there have been described above the principles of this invention in
      connection with specific reactants, reaction conditions, and the like, it
      is to be clearly understood that this description is made only by way of
      example and not as a limitation to the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter comprising the reaction product of aromatic
      tricarboxylic acid anhydride reactant and aromatic diisocyanate reactant
      and aliphatic dicarboxylic acid reactant having more than 6 carbon atoms
      reacted in a reaction solution comprising aprotic solvent having solvency
      parameters within the following ranges: .delta.d 8.0 through 10.0,
      .delta.p 0.3 through 4.5, .delta.h 0.7 through 4.0 and said reactants at a
      temperature ranging from about 150.degree.C. to about 200.degree.C., said
      reactants being a major portion of said reaction solution, said
      dicarboxylic acid reactant being present in an amount which is greater
      than about 10 mol percent and less than about 50 mol percent of said
      anhydride reactant.
NUM  2.
PAR  2. The composition of claim 1 wherein said anhydride reactant is of the
      group consisting of trimellitic anhydride; hemimellitic anhydride;
      methyltrimellitic anhydride; 4'carboxy diphenyl 3,4 dicarboxylic
      anhydride; 1,2,4 benzene tricarboxylic anhydride; 3,4,6 and 1,3,8
      naphthalene tricarboxylic anhydride; 1,2,7 anthracene tricarboxylic
      anhydride; and combinations thereof.
NUM  3.
PAR  3. The composition of claim 1 wherein said diisocyanates reactant is of the
      group consisting of:
PA1  1,4-phenylenediisocyanate
PA1  2,5-tolylenediisocyanate
PA1  3,5-tolylenediisocyanate
PA1  1-methoxy-2,4-phenylenediisocyanate
PA1  1,3,5-triethyl-2,4-phenylenediisocyanate
PA1  1-methyl-3,5-diethyl-6-chloro-2,4-phenylenediisocyanate
PA1  p-xylylenediisocyanate
PA1  benzophenone-4,4'-diisocyanate
PA1  1,4-naphthylenediisocyanate
PA1  4,4'-diisocyanate-diphenyldimethylmethane
PA1  4,4'-diisocyanate-3,3'-dimethyldiphenylmethane
PA1  1,5-naphthylenediisocyanate
PA1  4,4'-diisocyanate-3,3'-dichlorodiphenylmethane
PA1  4.
NUM  4.
PAR  4. 4'-diisocyanate-diphenylether and 2,4-diisocyanatediphenylether
PA1  1,3-phenylenediisocyanate
PA1  3,3'-dimethoxy-4,4'-biphenylenediisocyanate
PA1  3,3'-diethoxy-4,4'-biphenylenediisocyanate
PA1  2,4-tolylenediisocyanate
PA1  2,6-tolylenediisocyanate
PA1  4-chloro-1,3-phenylenediisocyanate
PA1  4,4'-biphenylenediisocyanate
PA1  3,3'-dimethyl-4,4'-biphenylenediisocyanate
PA1  m-xylylenediisocyanate
PA1  1-methyl-3,5-diethyl-2,4-phenylenediisocyanate
PA1  diphenyl-4,4-diisocyanate
PA1  dipehnyl methane-4,4-diisocyanate
PA1  4,4-dimethyldiphenyl methane-2,2-diisocyanate
PA1  4-methoxy-1,3-phenylene diisocyanate
PA1  4 isopropyl-1,3,phenylene diisocyanate
PA1  durylene diisocyanate
PA1  3,3'-bitolylene-4,4 diisocyanate
PA1  1-methyl-3,5-diethyl-2,6-phenylenediisocyanate
PA1  4,4'-diisocyanate-2,2-diphenylpropane
PA1  4,4'-diisocyanate-diphenylmethane
PA1  4,6-dimethyl-1,3-xylylene diisocyanate
PA1  4,4'-diisocyanate-diphenyl
PA1  meta-phenylenediisocyanate
PAR  and combinations thereof. 4. The composition of claim 1 wherein said acid
      reactant is of the group consisting of adipic, pimelic, suberic, azelaic
      dimerized unsaturated fatty acids and sebacic acids and combinations
      thereof.
NUM  5.
PAR  5. The composition of claim 1 wherein said solvent is of the group
      consisting of dichlorobenzenes, ethylene glycol monoethylether acetate,
      acetophenone, phenetole, Bis 2-ethoxy ethylether anisole, veratrole, and
      combinations thereof.
NUM  6.
PAR  6. The composition of claim 1 wherein said diisocyanate reactant is present
      in said reaction solution in excess.
NUM  7.
PAR  7. The composition of claim 1 wherein the total molar amount of said
      anhydride and acid reactant is substantially equal to the molar amount of
      said diisocyanate reactant.
NUM  8.
PAR  8. The composition of claim 1 which when applied as a magnet wire
      insulation on a bare AWG 18 gauge copper wire by conventional wire coating
      machinery in eight passes to a 3 mil build from a cresol solution thereof
      has the following minimum properties: flexibility, at least 20% IX; NEMA
      Cut-Through, at least 300.degree.C.; Techrand OFM, at least 5; IEEE Life,
      at least 180.degree.C.
NUM  9.
PAR  9. The composition of claim 1 wherein said acid reactant is present in said
      solution in an amount which is greater than about 20 mol percent and less
      than about 40 mol percent of said anhydride reactant.
NUM  10.
PAR  10. A method comprising dissolving aromatic tricarboxylic acid anhydride
      and an excess of aromatic diisocyanate in aprotic solvent thereby to form
      a reaction solution, reacting said anhydride and diisocyanate, dissolving
      aliphatic dicarboxylic acid in said solution, said dicarboxylic acid
      having more than 6 carbon atoms, and reacting said dicarboxylic acid with
      said anhydride and diisocyanate.
NUM  11.
PAR  11. The method of claim 10 wherein said anhydride-diisocyanate reacting
      step is accomplished at from about 135.degree.C.
NUM  12.
PAR  12. The method of claim 10 wherein said acid reacting step is accomplished
      from about 150.degree.C. to about 200.degree.C.
NUM  13.
PAR  13. The method of claim 10 wherein said acid reacting steps are
      accomplished at from about 150.degree.C. for about 130 minutes to about
      200.degree.C. for about 40 minutes.
NUM  14.
PAR  14. The method of claim 10 wherein imide groups are formed by said
      anhydride-diisocyanate reacting step, and both aliphatic and aromatic
      amide groups are formed by said acid reacting step.
NUM  15.
PAR  15. The method of claim 10 wherein said anhydride is chosen from the group
      consisting of trimellitic anhydride; hemimellitic anhydride;
      methyltrimellitic anhydride; 4'carboxy diphenyl 3,4 dicarboxylic
      anhydride; 1,2,4 benzene tricarboxylic anhydride; 3,4,6 and 1,3,8
      naphthalene tricarboxylic anhydride; 1,2,7 anthracene tricarboxylic
      anhydride; and combinations thereof.
NUM  16.
PAR  16. The method of claim 10 wherein said diisocyanate is chosen from the
      group consisting of
PA1  1,4-phenylenediisocyanate
PA1  2,5-tolylenediisocyanate
PA1  3,5-tolylenediisocyanate
PA1  1-methoxy-2,4-phenylenediisocyanate
PA1  1,3,5-triethyl-2,4-phenylenediisocyanate
PA1  1-methyl-3,5-diethyl-6-chloro-2,4-phenylenediisocyanate
PA1  p-xylylenediisocyanate
PA1  benzophenone-4,4'-diisocyanate
PA1  1,4-naphthylenediisocyanate
PA1  4,4'-diisocyanate-diphenyldimethylmethane
PA1  4,4'-diisocyanate-3,3'-dimethyldiphenylmethane
PA1  1,5-naphthylenediisocyanate
PA1  4,4'-diisocyanate-3,3'-dichlorodiphenylmethane
PA1  4,4'-diisocyanate-diphenylether and 2,4-diisocyanate-diphenylether
PA1  1,3-phenylenediisocyanate
PA1  3,3'-dimethoxy-4,4'-biphenylenediisocyanate
PA1  3,3'-diethoxy-4,4'-biphenylenediisocyanate
PA1  2,4-tolylenediisocyanate
PA1  2,6-tolylenediisocyanate
PA1  4-chloro-1,3-phenylenediisocyanate
PA1  4,4'-biphenylenediisocyanate
PA1  3,3'-dimethyl-4,4'-biphenylenediisocyanate
PA1  m-xylylenediisocyanate
PA1  1-methyl-3,5-diethyl-2,4-phenylenediisocyanate
PA1  diphenyl-4,4-diisocyanate
PA1  diphenyl methane-4,4-diisocyanate
PAR  4. 4-dimethyldiphenyl methane-2,2-diisocyanate
PA1  4-methoxy-1,3-phenylene diisocyanate
PA1  4 isopropyl-1,3,phenylene diisocyanate
PA1  durylene diisocyanate
PA1  3,3'-bitolylene-4,4 diisocyanate
PA1  1-methyl-3,5-diethyl-2,6-phenylene diisocyanate
PA1  4,4'-diisocyanate-2,2-diphenylpropane -
PA1  4,4'-diisocyanate-diphenylmethane
PA1  4,6-dimethyl-1,3-xylylene diisocyanate
PA1  4,4'-diisocyanate-diphenyl
PA1  meta-phenylenediisocyanate
PAL  and combinations thereof.
NUM  17.
PAR  17. The method of claim 10 wherein said acid is chosen from the group
      consisting of adipic, pimelic, suberic, azelaic, sebacic, dimerized
      unsaturated fatty acids, and combinations thereof.
NUM  18.
PAR  18. The method of claim 10 wherein said solvent is chosen from the group
      consisting of dichlorobenzenes, ethylene glycol monoethylether acetate,
      acetophenone, phenetole, Bis 2-ethoxy ethylether, anisole, veratrole, and
      combinations thereof.
NUM  19.
PAR  19. The method of claim 10 wherein the total molar amount of said anhydride
      and acid reactant is substantially equal to the molar amount of said
      diisocyanate reactant.
NUM  20.
PAR  20. The method of claim 10 wherein said reacting steps are terminated by
      adding solvent to the reaction solution.
NUM  21.
PAR  21. The method of claim 10 wherein said last mentioned solvent is chosen
      from the group consisting of phenolic solvents and aprotic solvents.
NUM  22.
PAR  22. The method of claim 10 wherein said diisocyanate reactant is present in
      said reaction solution in excess.
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ABST
PAL  Petroleum resin comprising units of cyclopentadiene, methyl cyclopentadiene
      or both is reacted at 150.degree.-320.degree.C with an unsaturated fatty
      acid, such as tall oil fatty acid, in the presence of magnesium oxide or
      other metal compound for a period of time until a modified resin having a
      melting point of at least 125.degree.C, preferably
      140.degree.-160.degree.C is obtained. The resulting resins are especially
      useful as binding and thickening agents for printing ink resulting in an
      ink that dries rapidly and is resistant to rubbing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Printing ink mainly consists of a dye, a resin which serves as a binding
      and thickening agent, and a solvent or a mixture of solvents. The
      printing-ink resins used are chiefly colophony derivatives. Colophony is a
      natural product, the supply and price of which are subject to
      fluctuations. It is therefore important that other sources of printing-ink
      resins be available.
PAR  The object of the present invention is the preparation of a resin that can
      be used as a printing-ink resin, and, more in particular, a resin that can
      be used in very rapidly drying rotogravure inks.
PAR  A resin of this type will have to meet the following requirements:
PAR  A. THE SOLUBILITY IN THE USUAL SOLVENTS, SUCH AS TOLUENE AND MIXTURES OF
      TOLUENE AND GASOLINE HAVING A BOILING RANGE OF 80.degree.-110.degree.C
      must be satisfactory. For some applications, even complete solubility in
      gasoline is desired;
PAR  B. A SOLUTION WITH A HIGH CONTENT MUST HAVE A REASONABLE VISCOSITY, E.G.
      100-500 CP for a 50 % toluene solution;
PAR  C. THE MELTING POINT MUST BE REASONABLY HIGH, PREFERABLY 140.degree.C or
      more;
PAR  D. THE PIGMENT-WETTING MUST BE SATISFACTORY;
PAR  E. A RESIN SOLUTION MUST DRY RAPIDLY;
PAR  F. THE RESIN LAYER OR INK LAYER OBTAINED UPON DRYING MUST BE RUB-RESISTANT.
PAR  A resin that meets the above requirements may also be used in other fields,
      e.g. in lacquer and varnish, as a refining agent for paper and textiles,
      as a coating or as an admixture or diluent in other polymers.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the invention, a resin that is suitable for use as a
      printing-ink resin can be prepared by reacting a weakly unsaturated
      petroleum resin substantially composed of units derived from
      cyclopentadiene and/or methyl cyclopentadiene with an unsaturated fatty
      acid or a mixture of unsaturated fatty acids from 5-50 % by weight
      calculated to the petroleum resin at a temperature of
      150.degree.-320.degree.C and in the presence of from 0.05 % to 5 % by
      weight calculated to the petroleum resin of a metal compound that is
      soluble in the reaction mixture.
PAR  The process according to the invention makes it possible to obtain resins
      that can excellently be incorporated in printing ink to replace the
      colophony derivatives and the modified phenol resins which are now
      commonly used in printing ink formulations. The process is simple and the
      starting materials used are readily available in sufficient quantities at
      a low price. The properties of the product so obtained are partly
      dependent on the nature and ratio of the starting materials used and on
      the reaction conditions employed.
PAR  There are a number of disadvantages if certain reaction conditions and
      parameters are not observed. For instance, the unmodified weakly
      unsaturated petroleum resins substantially composed of units derived from
      cyclopentadiene and/or methyl cyclopentadiene by themselves are less
      suitable for printing resin, one reason being that these resins have too
      low a viscosity. By weakly unsaturated petroleum resin is meant a resin
      composed essentially of polymerized units of cyclopentadiene, methyl
      cyclopentadiene or both having a bromine value of 15 to 150 and preferably
      30 to 75 g per 100 gram of unsaturated resin. Normally the petroleum resin
      contains at least 80 % by weight of cyclopentadiene units, methyl
      cyclopentadiene units or both. In addition, the resins with melting points
      of 100.degree.-200.degree. C are too sticky, while the resins with higher
      melting points are difficult to process and are only slightly soluble in
      the usual aromatic and aliphatic solvents. Simply mixing the unmodified
      petroleum resin with unsaturated fatty acids is not suitable either,
      because the melting point decreases strongly and drying is very poor owing
      to the presence of the fatty acids. Even when heating a weakly unsaturated
      petroleum resin with one or more fatty acids in the absence of the metal
      compound the product obtained is less suitable as a printing resin, mainly
      because the printing ink prepared with this resin does not dry rapidly.
PAR  The process according to the present invention makes it possible to prepare
      hard resins that meet the requirements demanded of a printing-ink resin
      and which combine the desirable features of a very high drying rate with a
      high rubbing resistance of the dried ink. Indeed, due to this combination
      of properties such modified resins are superior to the known printing-ink
      resins.
PAR  It appears that, in the process according to the present invention,
      replacement of the weakly unsaturated resin composed of (methyl)
      cyclopentadiene by a linear aliphatic petroleum resin, consisting, e.g. of
      units derived from isoprene or butadiene or butene, gives rise to products
      that are less suitable for use as printing-ink resins hence resins
      comprising cyclopentadiene and/or methyl cyclopentadiene are used.
PAR  The petroleum resin that is used as a starting material is of the type that
      can be obtained by thermal polymerization of cyclopentadiene and/or methyl
      cyclopentadiene. A polymerization of this type can be carried out by
      reacting the monomers or dimers derived therefrom at elevated temperature
      and pressure, if so desired, as a solution in an inert solvent or as a
      mixture, with other compounds present in the distilled fractions from the
      steam cracking process. The thermal polymerization may be carried out at
      220.degree.-300.degree.C and a pressure of 10-30 atm. The preparation may
      be followed, if so desired, by a distillation, with or without steam
      injection. Preparation of these polymeric materials is described in U.S.
      Pat. No. 3,084,147 and French Pat. Nos. 1,407,175 and 1,500,162. The
      disclosure of each of these patents is hereby incorporated by reference.
PAR  The melting points of these petroleum resins may range between 70.degree.C
      and 200.degree.C. Use is preferably made of resins with melting points
      over 120.degree.C and, in particular, between 140.degree. and
      180.degree.C. However, it is also possible to use resins with lower
      melting points and to subject these resins first to a heat treatment at
      about 250.degree.-290.degree.C, which leaves a residue with an elevated
      melting point. Another possibility is to use a resin with a relatively low
      melting point and to raise the melting point during the modification
      reaction by the choice of the reaction conditions, as will be described
      further. The bromine number, expressed as grams of bromine per 100 grams
      of resin, is nearly always lower than 150 and ranges between 30 and 75 in
      most cases.
PAR  Fatty acids that may be used are monounsaturated or polyunsaturated fatty
      acids, especially the unsaturated fatty acids with 12-30 carbon atoms.
      Some examples are oleic acid, linolenic acid, linoleic acid, palmitoleic
      acid, elaidic acid, ricinoleic acid, petroselic acid, arachidonic acid,
      and cetoleic acid. The fatty acid need not be essentially free from other
      fatty acids. In fact mixtures of unsaturated fatty acids may also be used,
      e.g. those obtained by saponification of drying or semi-drying oils. Owing
      to the low price and the excellent properties of the modified resin,
      tall-oil fatty acid, a mixture of mainly oleic acid (45 % by weight) and
      linoleic acid (48 % by weight), is particularly suitable. If so desired,
      the fatty acid or mixture of fatty acids used may also contain other
      organic compounds, provided they do not interfere with the modification
      reaction and do not detract from the quality of the modified resin, e.g.
      resin acids, colophony, or esters of unsaturated carboxylic acids.
PAR  In general, from 5-50 % by weight of the unsaturated fatty acid calculated
      on the weight of petroleum resin is used. Preferably the amount is 10-30 %
      by weight.
PAR  The metal compounds that may be used during the reaction are divalent or
      polyvalent metals that can be dissolved or divided in the reaction
      mixture, are not strongly colored, and do not produce strongly colored
      products in combination with the petroleum resin and unsaturated fatty
      acids. As used herein a metal compound is said to be soluble if it can be
      divided in the reaction mixture to such an extent that no more solid
      particles can be observed in the reaction mixture with the unaided eye.
      Use is preferably made of metal oxides or carboxylic salts of metals. The
      carboxylic acids from which the metal salt has been derived may be e.g.,
      saturated or unsaturated fatty acids having from 2 to 30 carbon atoms.
      Some suitable metal compounds are zinc oxide, zinc oleate, aluminum
      oleate, aluminum oxide, iron oxide, tin oxide, molybdenum oxide, magnesium
      oxide, magnesium stearate, and magnesium oleate. Thus the oxides or
      carboxylic salts having from 2 to 30 carbon atoms of a metal selected from
      zinc, aluminum, iron, tin, molybdenum and magnesium are used. Mixtures of
      two or more metal ions or two or more oxides, carboxylic salts or both may
      also be used.
PAR  Good results are obtained in particular with the use of compounds of metals
      from groups IIa, IIb, and IIIa of the Periodic Table. The use of magnesium
      oxide as the metal compound gives modified petroleum resins that can be
      processed into extremely rapidly drying solutions and are consequently
      very suitable for rotogravure printing-ink resin and this application is
      preferred.
PAR  The metal compounds are generally used in amounts of between about 0.05 and
      about 5 % by weight, calculated on the weight of petroleum resin, and,
      preferably, in amounts of between 0.1 and 1.0 % by weight.
PAR  The modification reaction is generally carried out at a temperature ranging
      between about 150.degree. and about 325.degree.C, and preferably at a
      temperature ranging between about 225.degree. and about 275.degree.C and
      especially between about 240.degree. and about 275.degree.C. Any
      components that are released from the reaction zone and which are volatile
      at the reaction temperature may be either removed or condensed and
      returned to the reaction mixture.
PAR  As previously indicated the petroleum resin need not prior to commencing
      the reaction, have an optimum melting point from 70.degree.-200.degree.C,
      preferably from 140.degree.-180.degree.C, as higher and lower melting
      point resins can be used. For instance, if a petroleum resin with a low
      melting point, e.g. of 70.degree.-120.degree.C, is used as the starting
      product the reaction is conducted at a higher temperature, preferably at
      260.degree.-275.degree.C. It is also possible first to heat a resin with a
      low melting point for some time at 240.degree.-290.degree.C, in the
      absence of the other components, until a resin with a higher melting
      point, e.g. of 140.degree.-180.degree.C, has been obtained, and then to
      heat the resin together with the fatty acid or mixture of fatty acids and
      the metal compound.
PAR  If a resin with a comparatively high melting point is used, the
      modification reaction is generally carried out at a temperature ranging
      between 240.degree. and 260.degree.C. Thus with relatively minor
      variations in heating conditions a range of resins may be used.
PAR  When the fatty acid or mixture of fatty acids is mixed with the petroleum
      resin and the metal compound, the melting point of the resin strongly
      decreases. Later during the subsequent heat-treatment the melting point of
      the product rises slowly. Heating the reaction mixture is preferably
      continued until a product with a melting point of 125.degree. C or over
      but generally not exceeding about 180.degree.C, and, preferably, a product
      with a melting point of 140.degree.-160.degree.C, has been obtained. The
      reaction time required depends on the starting materials and the reaction
      conditions and is 2-8 hours in most cases.
PAR  The reaction may be conveniently carried out at an atmospheric pressure
      although superatmospheric pressure may also be used. However, if
      superatmospheric pressure is used the pressure is usually about 5-30
      kg/cm.sup.2.
PAR  To avoid discoloration of the product and formation of undesirable
      by-products the process is preferably effected in the absence of oxygen,
      e.g. in a nitrogen or other inert gaseous atmosphere.
PAR  The various components may be added together in any order desired. During
      the reaction, sufficient mixing is ensured so that the reaction mixture
      remains as homogeneous as possible. This can be achieved by a number of
      known means including by stirring mechanically or by passing a flow of
      inert gas through the reaction mixture.
PAR  After completion of the modification reaction, the modified resin may be
      processed further in a known way, e.g. into flakes or into a solution.
PAR  The modified petroleum resin obtained by the process according to the
      invention and printing inks containing such resins sometimes upon storage
      develop the odor characteristic of higher hydrocarbons. To suppress this
      odor, a small quantity of an olefinically unsaturated aromatic
      hydrocarbon, such as styrene, alpha-methylstyrene or vinyltoluene, may be
      added to the reaction mixture, preferably in an early stage before the
      reaction mixture which contains the petroleum resin is heated to the
      reaction temperature. The quantity used may be from 1 to 6 %, preferably
      from 2.5 to 4.5 % by weight based on the petroleum resin.
PAR  The properties of the inks based on a modified petroleum resin according to
      the invention may be improved further by adding an acrylic resin or
      acrylic monomers to the reaction mixture in a quantity of from 1 to 10 %
      by weight based upon the petroleum resin. The acrylic resin may be added
      at any stage in the preparation of the modified petroleum resins.
      Preferably acrylic monomers are used, which are added to the reaction
      mixture in an early stage, before the mixture containing the petroleum
      resin is brought to the desired reaction temperature. Best results are
      obtained by using a mixture of acrylic monomers comprising equal
      quantities of acrylic acid or methacrylic acid and alkyl esters of acrylic
      acid or methacrylic acid, such as the methyl-, ethyl-, butyl-, hexyl- or
      octyl esters of acrylic acid or methacrylic acid.
PAR  The modified resins prepared by heating the weakly unsaturated petroleum
      resin with unsaturated fatty acids and a metal compound are, in general,
      only moderately compatible with other resins that are commonly used in
      printing ink, such as, e.g., chlorinated rubber and modified phenol
      resins. Illustrative chlorinated rubbers and phenol resins include
      chlorinated polyisoprene and a condensation product of phenol and
      formaldehyde modified with colophony. This compatibility can be improved
      by using a comparatively high percentage of fatty acids and metal compound
      during the preparation of the resin, for instance using up to 30 % by
      weight of fatty acids and 0.9 % by weight of magnesium oxide.
PAR  The compatibility can, however, be markedly improved by carrying out the
      modification reaction in the presence of a phenol, or of a phenol resin,
      or of compounds capable of producing a phenol resin under the reaction
      conditions, or of resin acis and related compounds. Also aliphatic and
      aromatic polycyclic hydrocarbons, such as e.g., naphthalene and decalin,
      have a favorable effect on the compatibility of the modified resin with
      other resins e.g. ethylcellulose. It is also possible to use several of
      the above measures in combination. Of particular importance is a good
      compatibility with chlorinated rubber since chlorinated rubber is
      frequently used in the preparation of high-grade rotogravure printing
      inks.
PAR  A modified resin with an enhanced compatibility may particularly be
      obtained by effecting the modification reaction in the presence of from 5
      to 100 %, preferably from 15 % to 45 % by weight based on the petroleum
      resin used of a phenolic resin. Such a phenolic resin is preferably a
      phenol-formaldehyde or alkylphenol-formaldehyde resin of the resol- or
      benzyl-ether type that has been condensed to provide a low degree of
      condensation. Alternatively such a phenolic resin may be formed in situ by
      adding a phenol and a folmaldehyde source to the reaction mixture or by
      pre-reacting a phenol and a formaldehyde source at 100.degree.C -
      200.degree.C, if desired in the presence of part of the reaction
      components such as the unsaturated fatty acid or acids, the metal
      compound, the resin acids, the acrylic resin or acrylic monomers, followed
      by addition of the petroleum resin and any other compounds and effecting
      the modification reaction. Taking into account the temperature used in the
      modification reaction, the formaldehyde source is preferably
      paraformaldehyde. If so desired, other aldehydes may be so used, e.g.,
      acetaldehyde or propionaldehyde. The molar ratio between the aldehyde and
      the phenol is generally between 1 : 1 and 2 : 1. An advantage of the use
      of a phenol resin is that substantially no gaseous substances escape when
      the components are heated thus enabling the reaction to be carried out in
      a vessel that is not eqipped with a condenser or reflux cooler. If use is
      made of a phenol resin or of a phenol and an aldehyde, the modification
      reaction may be carried out at atmospheric or superatmospheric pressure at
      a temperature between 150.degree. and 320.degree.C, preferably between
      225.degree. and 257.degree.C.
PAR  By using greater quantities of phenolic resin or precursors thereof, for
      example from 40-75 % by weight based on the petroleum resin, and by using
      phenolic resins derived from alkylphenols such as butylphenol or
      octylphenol, the compatibility of the modified petroleum resin with
      gasoline is enhanced, even approaching complete solubility in gasoline.
PAR  If it is desired to prepare a modified resin with an enhanced
      compatibility, the modification reaction may be carried out in the
      presence of 1-25 % by weight of a substituted or unsubstituted phenol,
      calculated on the amount of petroleum resin. Preferably an amount of 4-10
      % by weight of a phenol is used. Suitable phenols are unsubstituted or
      substituted with one or more lower alkyl, lower alkoxy, alkaryl and
      aralkyl groups. Suitable compounds include phenol, alkyl phenols, alkoxy
      phenols, alkaryl phenols, aralkyl phenols, bisphenols and the like having
      from 7-16 total carbon atoms. The temperature at which the modification
      reaction is effected in the presence of a phenol may again be within the
      range of the modification reaction, that is from 150.degree.-320.degree.C
      and preferably from 225.degree.-275.degree.C.
PAR  A further possibility of improving the properties of the modified resin as
      regards the compatibility with chlorinated rubber and other resins is the
      addition of resin acids to the reaction mixture. As used herein resin
      acids characterizes the acids, other than fatty acids, that are contained
      in colophony resins, rosin, and the like. The most important resin acid is
      abietic acid and other resin acids include neo-abietic acid and
      laevopimaric acid. The resin acids may be present in the reaction mixture
      in amounts of between 0.5 and 20 % by weight, calculated on the amount of
      petroleum resin. Use is preferably made of amounts of 1.5-5 % by weight.
      It is possible to add pure resin acids to the starting mixture of
      petroleum resin, fatty acids, and metal compound. Another possibility is
      to add colophony resin or rosin to the mixture. However, the simplest
      procedure is that in which the starting materials are not pure unsaturated
      fatty acids but rather unsaturated fatty acids containing resin acids. For
      instance, the process may be started from tall-oil fatty acids containing
      colophony. An advantage is then that these impure fatty acids or mixtures
      of fatty acids are cheaper than the pure fatty acids.
PAR  The modification reaction carried out in the presence of resin acids may
      also be effected at temperatures of 150.degree.-320.degree.C, and
      preferably, at a temperature of between 240.degree. and 275.degree.C.
DETD
PAR  The invention will be elucidated and illustrated by the following examples,
      but is not restricted to the embodiments described therein. Unless
      otherwise indicated all parts and percentages are by weight.
PAC  EXAMPLE 1
PAC  Preparation of petroleum resin by thermal polymerization of cyclopentadiene
PAR  A solution of cylopentadiene (700 g) in benzene (300 g) was heated to
      260.degree.C in 2.5 hours in an autoclave and thereafter the reaction
      mixture was kept at 260.degree.C for another 2.5 hours at autogenous
      pressure. After cooling, benzene and low-boiling compounds were removed by
      distilling the reaction mixture at 20 mm Hg and the temperature increased
      from 100.degree. to 170.degree.C. The residue obtained was 650 g of
      light-brown resin with a melting point of 94.degree.C and an iodine number
      of 8.8 mgeq. of iodine/g of resin.
PAC  EXAMPLE 2 (Comparative)
PAC  Preparation of a test ink
PAR  (Methyl) cyclopentadiene resin (200 g) with a melting point of 123.degree.C
      and obtained by thermal polymerization of a distillate fraction containing
      cyclopentadiene, methyl cyclopentadiene and dimers of (methyl)
      cyclopentadiene from a steam-cracking installation was distilled at
      atmospheric pressure and a temperature of 225.degree.-260.degree.C in a
      nitrogen atmosphere. After 260 g of distillate had been discharged, the
      resin was heated at 260.degree.C for 3 more hours. The residue so produced
      was a resin with a melting point of 142.degree.C. A 50 % solution of the
      resin in toluene had a viscosity of 38 cP at 20.degree.C.
PAR  A test ink was prepared by mixing toluene (50 g) with Grasolechtrood (0.6
      g, manufactured by Geigy) and with a quantity of resin such that the ink
      has a viscosity of 100 cP. Grasolechtrood is a commercially available
      product characterized by the manufacturer as metallized pigment complex.
      The ink was applied to paper (quality 78 grams/m.sup.2) in a layer 30 .mu.
      thick by means of a wire applicator. The drying time at room temperature
      was determined by periodically cutting two strips from the printed paper
      and pressing these strips together with the printed sides for 5 minutes in
      a press with a force of 40-50 kg/cm.sup.2. If the printed surfaces showed
      damage the ink layer was not sufficiently dry. The drying time was taken
      to be the time after which the surface of the strips showed no more damage
      after being pressed together. A good ink must have a drying time of 15
      minutes or less. The ink in question had a drying time of over 25 minutes.
PAR  The rubbing resistance of the dried ink layer was determined by rubbing the
      paper in one place with degreased and dry fingers in strokes of about 15
      cm in one direction, until ink remained on the fingers and the gloss of
      the printed surface decreased. The rubbing resistance of the test ink was
      4 strokes. The same procedure was repeated for preparing test inks in the
      following examples differing, of course, on the particular resin employed.
      The drying time and rubbing resistance tests were conducted in the same
      manner.
PAC  EXAMPLE 3
PAR  (Methyl) cyclopentadiene resin (2000 g) with a melting point of 80.degree.C
      was heated to 240.degree.C in a nitrogen atmosphere in a flask provided
      with a reflux cooler. At this temperature the resin was refluxed; then the
      refluxing strongly decreased after 8 hours, while the temperature rose to
      260.degree.C. The melting point of the resin rose to 170.degree.C. Then
      tall-oil fatty acid (200 g) and magnesium oxide (6g) were carefully added.
      A sample of the mixture in a 50 % solution of toluene had a viscosity of
      40 cP. The mixture was heated at 265.degree.C for 3 more hours and then
      cooled, poured onto a metal plate and ground after solidificaton. The
      final product was a clear hard resin with a melting point of 150.degree.C,
      a viscosity of 186 cP in a 50 % solution of toluene, and was infinitely
      soluble in toluene and soluble in a mixture of toluene and 80/110 boiling
      range gasoline in a ratio of 1 : 1 : 1.5. A test ink was then prepared as
      in Example 2 using the modified petroleum resin thus prepared. The ink was
      applied as in the comparative example and similarly tested. The test ink
      prepared with this resin had a drying time of 2-3 minutes and a rubbing
      resistance of 6 strokes.
PAR  For the sake of comparison, the above procedure was repeated except without
      magnesium oxide. Again an ink was prepared with this resin, was tested and
      found to have a drying time of 15 minutes and a rubbing resistance of 5
      strokes.
PAC  EXAMPLE 4
PAR  (Methyl) cyclopentadiene resin (2000 g) with a melting point of
      115.degree.C was melted and mixed with oleic acid (280 g) and zinc oxide
      (12 g) in a flask. The mixture was heated at 265.degree.-275.degree.C with
      reflux for 6.5 hours in a nitrogen atmosphere. The resin thus obtained had
      a melting point of 138.degree.C and a viscosity in a 50 % solution of
      toluene of 115 cP. A printing ink prepared with this resin as in Example 2
      had a drying time of 6-7 minutes and a rubbing resistance of 7 strokes,
      when measured according to the procedures of Example 2.
PAC  EXAMPLE 5
PAR  (Methyl) cyclopentadiene resin (1000 g) with a melting point of
      170.degree.C was melted and mixed with tall-oil fatty acid (300 g)
      magnesium oxide (7 g), and magnesium oleate (2.5 g) in a flask. The
      mixture was heated at 250.degree.C under reflux for 4.5 hours in a
      nitrogen atmosphere. In this way a resin with a melting point of
      125.degree.C and a viscosity in a 50 % solution of toluene of 112 cP was
      obtained, which was fairly compatible with chlorinated rubber (Pergute S
      20 manufactured by Farbenfabriken Bayer). A test ink prepared with this
      resin as in Example 2 had a drying time of 4-5 minutes and a rubbing
      resistance of 6-7 strokes.
PAC  EXAMPLE 6
PAR  (Methyl) cyclopentadiene resin with a melting point of 80.degree.C was
      refluxed at 240.degree.-260.degree.C for 8 hours and produced a resin with
      a melting point of 174.degree.C. Tall-oil fatty acid (170 g) and colophony
      (30 g) were carefully added to 2000 g of this resin at 260.degree.C, when
      the temperature fell to 250.degree.C. Then zinc oxide (6 g) was added and
      the mixture was kept at 250.degree.C for another two hours. The resulting
      resin had a viscosity in a 50 % solution of toluene of 215 cP and a
      melting point of 160.degree.C, was infinitely soluble in toluene, and was
      readily miscible with chlorinated rubber. An ink prepared with this resin
      in the manner of Example 2 had a drying time of 3 minutes and a rubbing
      resistance of 8 strokes.
PAC  EXAMPLE 7
PAR  A resin was prepared from (methyl) cyclopentadiene resin (2000 g), tall-oil
      fatty acid (210 g) resin acid (40 g), and magnesium oxide (6 g) in the
      manner described in example 6. The modification reaction was continued
      until the resulting resin had a viscosity in a 50 % solution of toluene of
      186 cP and a melting point of 148.degree.C. The resin was readily miscible
      with chlorinated rubber and could be processed into an ink as in Example 2
      with a drying time of 2 minutes and a rubbing resistance of 7 strokes.
PAC  EXAMPLE 8
PAR  The preparation of resin of Example 7 was repeated, but with 330 g of
      tall-oil fatty acid containing 15 % of resin acids and with 7 g of
      magnesium oxide. The resin obtained had a melting point of 145.degree.C, a
      viscosity in a 50 % solution of toluene of 163 cP and was well miscible
      with chlorinated rubber. A printing ink prepared with this resin as in
      Example 2 had a drying time of 2 minutes and a rubbing resistance of 7-8
      strokes.
PAC  EXAMPLE 9
PAR  (Methyl) cyclopentadiene resin (2500 g) with a melting point of
      100.degree.C was melted and mixed with tall-oil fatty acid (385 g), phenol
      (250 g) and magnesium oxide (8.8 g) in a flask at a temperature of
      125.degree.C. The temperature was then gradually raised to 240.degree.C
      after which the mixture was refluxed at 240.degree.-260.degree.C for
      another 6 hours. In this way a resin with a melting point of 146.degree.C
      and a viscosity in a 50 % solution of toluene of 230 cP was obtained,
      which was soluble in toluene and mixtures of toluene and 80/110
      boiling-range gasoline, and was compatible with both chlorinated rubber
      and modified phenol resin (Alsynol RL-30 type of modified phenol resin
      manufactured by N.V. Chemische Fabriek Synres of Hoek van Holland, the
      Netherlands, is a condensation product of phenol and formaldehyde modified
      with colophony).
PAR  When the experiment was repeated in the presence of 100 g of phenol, the
      resin obtained had virtually the same properties, but was lighter in
      color.
PAC  EXAMPLE 10
PAR  A mixture of (methyl) cyclopentadiene resin (2000 g) with a melting point
      of 115.degree.C and phenol (40 g) was kept at a temperature of
      220.degree.-230.degree.C with reflux for 6 hours, after which 180 cc of
      liquid were distilled off at 260.degree.C and atmospheric pressure. To
      this a mixture of tall-oil fatty acid (150 g), resin acid (50 g) and
      magnesium oxide (3 g) was then carefully added. The reaction mixture was
      maintained at 260.degree.C for another 8 hours. The clear odorless resin
      obtained in this way had a melting point of 120.degree.C and a viscosity
      in a 50 % solution of toluene of 120 cP, and was excellently miscible with
      chlorinated rubber and modified phenol resin. An ink prepared with this
      resin as in Example 2 had a drying time of 4-5 minutes and a rubbing
      resistance of 7 strokes.
PAC  EXAMPLE 11
PAR  A mixture of (methyl) cyclopentadiene resin (2000 g) tall-oil fatty acid
      (225 g) and of resin acids (100 g) was heated in an inert atmosphere. When
      the temperature reached 160.degree.C, zinc oxide (3 g) and octyl phenol
      (1700 g) were added which lowered the temperature to 125.degree.C. At this
      temperature paraform (312 g) was added in small quantities over a period
      of 1 hour. Subsequently the temperature was raised to 240.degree.C in 4
      hours, when 30 cc of water were distilled off. It was striking that there
      was no other reflux. In this way a resin with a melting point of
      127.degree. and a viscosity in a 50 % solution of toluene of 60 cP was
      obtained, which was completely soluble in toluene, fairly soluble in
      gasoline with a boiling range of 80.degree.-110.degree.C and was fairly
      compatible with chlorinated rubber. The resin could be processed into an
      ink as in Example 2 with a drying time of 5 minutes and a rubbing
      resistance of 10 strokes.
PAC  EXAMPLE 12
PAR  (Methyl) cyclopentadiene resin (850 g) with a melting point of 110.degree.C
      was melted and mixed with tall-oil fatty acid (225 g), zinc oxide (6 g)
      and phenol (235 g) in a flask. At a temperature of 125.degree.C paraform
      (117 g) was then added in a period of 1.5 hours, after which the mixture
      was raised to 250.degree.C in 2 hours. The mixture was allowed to react at
      this temperature for another 1.5 hours. Apart from some water that was
      discharged as a distillate, there was hardly any reflux.
PAR  The clear odorless resin obtained from the above had a melting point of
      144.degree.C, a good solubility in toluene and mixtures of toluene and
      80/110 boiling-range gasoline, a viscosity in a 50 % solution of toluene
      of 227 cP, and a good compatibility with chlorinated rubber and modified
      phenol resin. The resin could be processed into an ink as in Example 2
      with a drying time of 5-8 minutes and a rubbing resistance of 8-10
      strokes.
PAC  EXAMPLE 13
PAR  The experiment of Example 12 was repeated, but this time 25.5 g of acrylic
      acid and 25.5 g of butylacrylate were first added to the petroleum resin,
      after which the other reagents were added in the same quantities. The
      resin thus obtained had substantially the same properties, but the ink
      based on this resin produced a more evenly coloured surface when applied
      in a very thin layer.
PAC  EXAMPLE 14
PAR  To a mixture of 160 g of tall-oil fatty acid, 65 g of soybean-oil fatty
      acid, 100 g of resin acids and 3 g of magnesium-oxide, heated at
      120.degree.C in a nitrogen atmosphere, were added 470 g of phenol. Then
      234 g of paraformaldehyde were slowly added over a period of 1 hour. In
      the course of 1.5 hours the temperature was gradually increased to
      200.degree.C. Then 2000 g of (methyl) cyclopentadiene resin and 2 g of
      magnesium oxide were added, after which the mixture was kept at
      250.degree.C for 4 hours. The resulting resin had a light color, a melting
      point of 140.degree.-150.degree.C and a viscosity of 120 cP in a 50 %
      solution of toluene.
PAR  The resin smelled of hydrocarbon after 2 months storage in a closed drum.
      When the experiment was repeated, this time with addition of 7 g styrene
      right after the addition of the paraformaldehyde, a resin having
      substantially the same properties was obtained, but which did not give off
      any appreciable smell even after 4 months storage.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the preparation of a modified petroleum resin
      comprising mixing and reacting together, at a temperature of about
      150.degree. C. to about 320.degree. C:
PA1  a. a weakly unsaturated petroleum resin, and
PA1  b. from about 5 to about 50% by weight, calculated on the amount of resin
      component (a), at least one unsaturated fatty acid having from 12-30
      carbon atoms, the improvement comprising using a weakly unsaturated
      petroleum resin composed essentially of polymerized units of
      cyclopentadiene, methyl cyclopentadiene or both and obtained by thermal
      polymerization of essentailly cyclopentadiene, methylcyclopentadiene or
      dimers thereof, having a melting point between 70.degree. C. and
      200.degree. C. and a bromine number, expressed as grams of bromine per 100
      grams of resin, of less than 150, and conducting the reacting in the
      presence of from about 0.05 to about 5% by weight, calculated on the
      amount of resin component (a), of metal compound soluble in the reaction
      mixture and substantially free from forming strongly colored products in
      combination with components (a) and (b), the metal selected from the group
      consisting of magnesium, aluminum and zinc, and continuing the reaction
      until a resin product having a melting point of at least 125.degree. C. is
      obtained.
NUM  2.
PAR  2. The process according to claim 1 wherein the petroleum resin (a) has a
      melting point between 140.degree.C and 180.degree.C.
NUM  3.
PAR  3. The process according to claim 1 wherein the petroleum resin of (a) has
      a bromine number of 30-75.
NUM  4.
PAR  4. The process according to claim 1 wherein the process is conducted at a
      temperature of about 240.degree. C to about 275.degree. C.
NUM  5.
PAR  5. The process according to claim 1 wherein the amount of fatty acid
      component (b) is 10-30 % by weight.
NUM  6.
PAR  6. The process according to claim 1 wherein the fatty acid component (b) is
      tall-oil fatty acid.
NUM  7.
PAR  7. The process according to claim 1 wherein the fatty acid component (b) is
      selected from the group consisting of oleic acid, linolenic acid, linoleic
      acid, palmitoleic acid, elaidic acid, ricinoleic acid, petroselic acid,
      arachidonic acid, cetoleic acid and mixtures thereof.
NUM  8.
PAR  8. The process according to claim 1 wherein the amount of the metal
      compound is from 0.1 to 1.0 % by weight.
NUM  9.
PAR  9. The process according to claim 1 wherein the metal is magnesium.
NUM  10.
PAR  10. The process according to claim 1 wherein the metal compound is selected
      from the group consisting of zinc oxide, zinc oleate, aluminum oleate,
      aluminum oxide, magnesium oxide, magnesium stearate and magnesium oleate.
NUM  11.
PAR  11. The process according to claim 1 wherein the reaction is conducted in
      the absence of oxygen.
NUM  12.
PAR  12. The process according to claim 1 wherein the reaction is continued
      until a resin product having a melting point of 140.degree.-160.degree.C
      is obtained.
NUM  13.
PAR  13. A process according to claim 1 in which the reaction is carried out in
      the presence of an olefinically unsaturated aromatic hydrocarbon in a
      proportion of from 1 to 6 % by weight based on the said petroleum resin.
NUM  14.
PAR  14. A process according to claim 1 in which the reaction is carried out in
      the presence of a mixture of acrylic acid or methacrylic acid and an
      alkylester of acrylic acid or of methacrylic acid or of a copolymer
      derived from such monomers, in a proportion of from 1 to 10 % by weight
      based on the said petroleum resin.
NUM  15.
PAR  15. The process according to claim 1 wherein there is further included in
      the reaction mixture from 5-100 % by weight, calculated on the amount of
      resin component (a), a phenol-formaldehyde resin having an aldehyde to
      phenol ratio between 1 : 1 and 2 : 1.
NUM  16.
PAR  16. The process according to claim 15 wherein the phenol-formaldehyde resin
      is formed in situ under the reaction conditions.
NUM  17.
PAR  17. The process according to claim 15 wherein the amount of said
      phenol-formaldehyde resin is from 15-45 % by weight.
NUM  18.
PAR  18. The process according to claim 15 wherein the process is conducted at a
      temperature of about 225.degree.C to about 275.degree.C.
NUM  19.
PAR  19. The process according to claim 1 wherein there is further included in
      the reaction mixture from 1-25 % by weight, calculated on the amount of
      resin component (a) a substituted or unsubstituted phenol having from 7-16
      carbon atoms.
NUM  20.
PAR  20. The process according to claim 19 wherein the amount of said phenol is
      from 4-10 % by weight.
NUM  21.
PAR  21. The process according to claim 19 wherein the process is conducted at a
      temperature of about 225.degree.C to about 275.degree.C.
NUM  22.
PAR  22. The process according to claim 1 wherein there is further included in
      the reaction mixture from 0.5 to 20 % by weight, calculated on the amount
      of resin component (a), at least one resin acid selected from the group
      consisting of abietic acid, neo abietic acid laevopimaric acid and
      mixtures thereof.
NUM  23.
PAR  23. The process according to claim 22 wherein the amount of resin acid is
      from 1.5-5 % by weight.
NUM  24.
PAR  24. The process according to claim 22 wherein the process is conducted at a
      temperature of about 240.degree.C to about 275.degree.C.
NUM  25.
PAR  25. In a process for the preparation of a modified petroleum resin
      comprising mixing and reacting together, at a temperature of about
      260.degree.C to about 275.degree.C:
PA1  a. a weakly unsaturated petroleum resin, and
PA1  b. from about 5 to about 50% by weight, calculated on the amount of resin
      component (a), at least one unsaturated fatty acid having from 12-30
      carbon atoms; the improvement comprising using a weakly unsaturated
      petroleum resin composed essentially of polymeric units of
      cyclopentadiene, methyl cyclopentadiene or both and obtained by thermal
      polymerization of essentially cyclopentadiene, methyl cyclopentadiene or
      dimers thereof, having a melting point between 70.degree.C and
      120.degree.C and a bromine number, expressed as grams of bromine per 100
      grams of resin, of less than 120, and conducting the reaction in the
      presence of from about 0.05 to about 5% by weight, calculated on the
      amount of resin component (a), of metal compound soluble in the reaction
      mixture and substantially free from forming strongly colored products in
      combination with components (a) and (b), the metal selected from the group
      consisting of magnesium, aluminum and zinc, and continuing the reaction
      until a resin product having a melting point of at least 125.degree.C. is
      obtained.
NUM  26.
PAR  26. In a process for the preparation of a modified petroleum resin
      comprising heating at a temperature of about 240.degree.C to about
      290.degree.C:
PA1  a. a weakly unsaturated petroleum resin with
PA1  b. from about 5 to about 50% by weight, calculated on the amount of resin
      component (a), at least one unsaturated fatty acid having from 12-30
      carbon atoms; the improvement comprising using a weakly unsaturated
      petroleum resin composed essentially of polymeric units of
      cyclopentadiene, methyl cyclopentadiene or both and obtained by thermal
      polymerization of essentially cyclopentadiene, methyl cyclopentadiene or
      dimers thereof, having a low melting point and a bromine number, expressed
      as grams of bromine per 100 grams of resin, of less than 120 and heating
      the resin until a resin product having a higher melting point of
      140.degree.-180.degree.C is produced, and thereafter mixing and reacting
      resin component (a) at a temperature of about 240.degree.C to about
      260.degree. and conducting the reaction in the presence of from about 0.05
      to about 5% by weight, calculated on the amount of resin component (a), of
      metal compound soluble in the reaction mixture and substantially free from
      forming strongly colored products in combination with components (a) and
      (b), the metal selected from the group consisting of magnesium, aluminum
      and zinc, and continuing the reaction until a resin product having a
      melting point of from 140.degree.-160.degree.C is obtained.
NUM  27.
PAR  27. A modified resin consisting substantially of units derived from
      cyclopentadiene, methyl cyclopentadiene or their mixture produced by the
      process of claim 1.
NUM  28.
PAR  28. The process according to claim 1 wherein the metal compound is an oxide
      of said metal or a carboxylic salt of said metal.
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ABST
PAL  Textile wastes formed of blended cellulose and polyester fibers are treated
      with a mineral acid agent, such as sulfuric acid, under conditions which
      serve to hydrolyze the cellulose and convert it to a form which is readily
      removed from the polyester fibers while leaving the polyester fiber
      substantially unaffected. The cellulosic material is recovered in the form
      of "fibrets" adapted for use as such or for treatment in producing other
      cellulosic compounds whereas the polyester fiber recovered may be
      garnetted for reuse in either spun yarn manufacture or in nonwoven
      processes.
BSUM
PAC  FIELD OF INVENTION
PAR  Large quantities of textile wastes consisting of blended polyester and
      cellulosic fibers such as cotton, rayon and the like, are produced in the
      manufacture of clothing and other textile products. The direct reuse of
      such blends is inhibited by the variability of their composition which
      makes the generation of a commercially acceptable by-product difficult or
      impossible with the result that most of such waste is discarded or
      converted into wiping cloths or scrap of very little value. Moreover, much
      of the textile waste is derived from fabrics which have been treated with
      resinous material or finishing compositions which render them difficult to
      process.
PAR  In accordance with the present invention, textile waste containing blended
      polyester and cotton or rayon fibers are treated to recover such materials
      in useful form. For this purpose, the waste material is subjected to the
      action of a mineral acid under conditions which serve to react with the
      cellulosic component to convert it into a product which is readily
      separated from the polyester fibers while leaving the polyester fibers in
      an unreacted condition. In some instances, the waste is given a
      preliminary acid treatment to remove resinous or other finishing material
      therefrom.
PAC  PREFERRED EMBODIMENTS
PAR  In accordance with the present invention, the textile waste is immersed in
      a mineral acid such as sulfuric acid whereby the cellulosic component
      thereof is hydrolyzed and converted to a form which may be readily washed
      out or removed from the unreacted polyester fibers. When resinous material
      is to be removed from the fibers, they are preferably first treated with a
      dilute solution of sulfuric acid to dissolve or decompose the resinous
      material which is washed out of the waste.
PAR  The reactions employed for converting the cellulosic constituent to a
      condition permitting ready separation thereof from the polyester may be
      carried out in various ways. Thus, treatment with an aqueous solution
      containing from 5% to 10% of sulfuric acid at a temperature of about
      80.degree.C to 100.degree.C for a period of from 15 to 60 minutes will
      serve to convert the cellulosic fiber to a fragile fiber which may be
      separated from the unaffected polyester component by a simple washing
      process. The resulting short cellulosic fibers referred to as "fibrets",
      may be used as a filtering medium, filler material and for other purposes,
      whereas the polyester component may be garnetted to staple fiber and
      recovered for reuse in traditional yarn spinning operations or in forming
      bats for quilting, needle-punching and other nonwoven structures.
PAR  In general, the process of the present invention is carried out in three
      steps consisting of a first acid treatment which not only decomposes and
      dissolves any resinous materials present but also converts the cellulose
      to a hydrolyzed and short fibered condition. This step is followed by a
      second step wherein the acid treated fabric is subjected to an agitated
      washing process which serves to separate the resulting short, cellulosic
      fibrets from the undamaged but opened up polyester yarns in a form
      permitting them to be recovered by filtration or sedimentation for reuse.
      The third step involves garnetting of the loosened but undamaged polyester
      yarns to convert them to fiber form suitable for reuse or reworking in a
      conventional manner.
PAR  The conditions serving to convert the cellulose to a short fibered
      condition after treatment with sulfuric acid at 100.degree.C are
      illustrated by the following table:
TBL  Acid Concentration                                                        
     (wt. %)      5     10     15   20   25   30   35                          
     Time to appearance                                                        
     of short fiber (min)                                                      
                 45     30     13   10    4    3    2                          
     Total treatment                                                           
     time (min)  45     45     30   30   30   30   30                          
     % Recovery  99.5   89.4   86.8 93   83   75.2 24.1                        
PAR  The role of the acid in this step of the process is primarily catalytic so
      that the only real acid consumption is apparently due to the reaction with
      small amounts of resin present on the fabric treated.
DETD
PAR  In order to illustrate typical procedures embodying the present invention
      the following examples are cited.
PAC  EXAMPLE I
PAR  Nonresin-treated white sheeting in the form of a blend of equal parts of
      cotton and polyester having a weight of 4 ounces per square yard, was
      converted to the form of pieces one inch square. 5 parts by weight of this
      waste were then immersed in 15 parts by weight of a 10% solution of
      sulfuric acid and maintained at a temperature of 80.degree.C for 1 hour.
      The material was then subjected to agitated aqueous washing at room
      temperature for a period of 15 minutes. The weakened cotton fibers were
      thereby broken into short lengths and dispersed in the water in the form
      of a dilute, dispersion whereas the polyester yarns of the waste were
      unaffected and were quite open and sheer.
PAR  The dispersion was filtered and the cotton was recovered in a highly
      crystalline form of hydrocellulose with a degree of polymerization
      determined by viscosity measurements of approximately 100. Dimensionally
      the fibrets range in length from several microns to several millimeters
      and they have the typical diameters of cotton fibers.
PAR  The polyester material separated from the cotton was washed with water and
      dried and was then garnetted with the result that essentially undamaged
      polyester fibers adapted for reuse in spun yarn manufacture or in nonwoven
      processes were recovered.
PAC  EXAMPLE II
PAR  Dark colored resin-treated fabric having a weight of 9 ounces per square
      yard and consisting of a blend of equal parts of cotton and polyester was
      cut into pieces 1 inch square for use. 5 parts by weight of this material
      was immersed in 15 parts of a 5% solution of sulfuric acid held at a
      temperature of 100.degree.C for 30 minutes after which the acid was
      decanted and the material subjected to vigorous agitation in water at room
      temperature for 30 minutes.
PAR  The cotton dispersion produced was filtered to recover the resulting
      fibrets whereas the unaffected polyester was garnetted to produce a staple
      fiber for reuse.
PAR  The dispersion of the cotton fibrets produced may be concentrated by
      evaporation to form a slurry and freeze dried or otherwise treated to
      obtain a product which without further conversion is adapted for use as a
      constituent of oil well drilling muds, binders in ceramics, additives and
      coatings for paper and as starting materials for the formation of
      cellulose derivatives.
PAR  Only about 5% of cotton is lost in the process whereas the acid liquor and
      the wash liquor can be reused so as to materially reduce the cost of the
      operation.
PAR  The concentration of the acid and the temperature and time of treatment of
      the waste material as well as the duration of the agitation or washing to
      separate the cotton fibrets from the polyester can be varied considerably.
      Furthermore if desired other mineral acid reagents such as hydrochloric
      acid, phosphoric acid, sodium acid sulfate and the like may also be used
      in carrying out the process.
PAR  The textile waste material used may be either woven or knitted in character
      although when knitted materials are subjected to wet mechanical action,
      there is some tendency for the polyester fibers to become frayed with
      resultant contamination of the cellulose.
PAR  While the treatment of textile wastes described above has been exemplified
      by typical examples in the foregoing description, it should be understood
      that the procedure can be carried out in various ways and using other
      conditions, concentrations and reagents. It is, therefore, intended that
      the particular examples cited are to be considered as illustrative only.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for recovering polyester fibers and cellulosic material in
      useful form from textile wastes containing the same which comprises the
      steps of treating the waste with an aqueous solution of a mineral acid
      under reaction conditions which serve to convert the cellulose to a
      substantially non-fibrous condition while leaving the polyester fibers
      substantially unaffected, separating the liquid and cellulosic reaction
      product from the polyester fibers and thereafter separating said reaction
      product from said liquid.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the mineral acid is sulfuric
      acid.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the mineral acid is in the form
      of an aqueous solution containing at least 5% and not more than about 35%
      by weight of sulfuric acid.
NUM  4.
PAR  4. A method as defined in claim 3 wherein said reaction is carried out at a
      temperature of from about 80.degree.C to 100.degree.C.
NUM  5.
PAR  5. A method of recovering polyester fibers and cellulosic material in
      useful form from textile wastes containing the same which comprises
      immersing said waste in an aqueous solution containing from about 5% to
      35% by weight of sulfuric acid, agitating said solution and waste for a
      period of from about 15 minutes to one hour at a temperature of from about
      80.degree.C to 100.degree.C, separating the polyester fiber from said
      solution, and thereafter separating the resulting cellulosic reaction
      product from said solution.
NUM  6.
PAR  6. A method as defined in claim 5 wherein the polyester fiber is washed
      with water to separate the cellulosic reaction product therefrom and the
      polyester fiber is thereafter garnetted.
NUM  7.
PAR  7. A method as defined in claim 5 wherein the cellulosic reaction product
      is separated from the polyester fibers by washing the fiber with a liquid
      and is recovered from the resulting wash liquid.
NUM  8.
PAR  8. A method as defined in claim 7 wherein the wash liquid is concentrated
      and thereafter freeze dried to obtain the cellulosic reaction product
      therefrom.
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ABST
PAL  A lubricity coating for glass articles which have previously been coated
      with an ionic copolymer of an alpha olefin and an alpha,
      beta-ethylenically unsaturated carboxylic acid. The preferred lubricity
      coating comprises calcium stearate and polyvinyl alcohol emulsified by an
      alkaline salt of oleic acid. The coating may be applied to the plastic
      coated articles as a water spray and can be dried by retained heat of the
      article. The coating is resistant to removal by water.
PARN
PAR  This is a division, of application Ser. No. 375,684 filed July 2, 1973, now
      U.S. Pat. No. 3,864,151.
BSUM
PAR  This invention relates to the treatment of glass articles such as bottles
      and jars which have been coated with a plastic skin to render them more
      resistant to shattering. In particular, the invention relates to means for
      increasing the "lubricity" of such plastic coated articles.
PAR  In the manufacture of glass containers, it has become a standard practice
      to apply what is known as a lubricity spray or coating to the outer
      surface of the article. A bare glass surface inherently has a rather high
      susceptibility to scratching, abrasion, etc. by glass-to-glass or
      glass-to-metal contact. Newly formed glass articles in particular are
      easily scratched, abraded or marred if they rub against one another or
      against the manufacturing or processing equipment. Such abrasion not only
      can damage the appearance of the article, it also reduces the article's
      resistance to breakage, and especially its resistance to rupture under
      internal pressure of a pressurized beverage. The application of a
      lubricity coating reduces the coefficient of friction on the article's
      surface and imparts a certain amount of slip or slickness to it which
      reduces this tendency to scratch. Such lubricity coatings are especially
      useful where containers are to be handled on a high-speed line, where the
      rapidity of motion subjects the containers to abrupt contacts which are
      particularly liable to cause injury to the glass surface. Indeed, the very
      high speeds at which modern bottle filling lines operate virtually require
      that the bottles be lubricity coated, in order to minimize bottle damage
      as well as clogging on the line.
PAR  In addition to imparting the desired lubricating quality, it is of course
      vital that any such coating must be virtually invisible, so as not to
      affect the appearance of the liquid contents of the bottle. Moreover, the
      coating must be acceptable under FDA regulations, by reason of its
      association with foodstuffs.
PAR  One lubricity material which has been widely used on pristine (bare or
      untreated) glass articles, disclosed in U.S. Pat. No. 2,995,533, comprises
      a low molecular weight polyethtylene emulsified with a potassium salt of a
      fatty acid such as oleic acid or stearic acid. The dilute emulsion is
      sprayed onto newly formed glass articles after they have been annealed,
      and then is dried to form the coating.
PAR  It is also known to apply a lubricity coating to glass containers which
      have first been given a metal oxide coating, e.g., a tin oxide or a
      titanate "hot end" coating. The application of a lubricity spray as an
      "overcoat" onto titanate coated ware is shown in U.S. Pat. No. 3,323,889,
      which teaches use of polyethylene wax emulsified by potassium oleate for
      that purpose.
PAR  Attention has recently been directed to the application of a plastic
      "shield" or coating on glass containers, as a means of maintaining the
      unabraded or as-formed strength of the article, reducing the danger of
      shatter upon impact, and reducing the glass content of a container of
      given internal volume. Such a plastic coating differs from a lubricity
      coating in that the plastic coating is relatively thick, typically about 3
      to 15 mils; its purpose is not to lubricate the glass, but rather to act
      as a cladding or casing which will isolate or buffer the glass surface,
      and also to act as a wrapper to minimize any glass fragmentation such as
      might be caused by rupture under internal pressure of a carbonated
      beverage. Such plastic coatings may be applied by various known
      techniques, for example by plastisol dip, fluidized bed, dry spray, or by
      a shrink film as set forth in U.S. Pat. No. 3,604,584. It is required that
      such plastic coatings display qualities of tensile strength and abrasion
      resistance, and in these respects they differ both functionally and
      compositionally from lubricity coatings.
PAR  Although plastic coatings can significantly reduce the danger of shatter of
      the articles to which they are applied, they do not display a desirable
      degree of lubricity, and in fact plastic coatings that provide the better
      shatter resistant qualities tend to be somewhat "rubbery" and display a
      relatively high coefficient of friction. While the plastic shields the
      glass from abrasion, it exerts a relatively high drag on machinery,
      packaging and other surfaces across which it is moved. Resistance to
      sliding across equipment, packaging or another container causes
      undesirable scratching of the plastic coating itself, which is
      aesthetically undesirable. Moreover, the unlubricated bottles tend to
      collect dust particles.
PAR  It has been observed that the lubricity coatings which have heretofore
      usefully been applied to bare glass articles or titanate or tin oxide
      coated glass articles, do not generally provide adequate "permanence" if
      they are applied onto plastic shielded glass articles; that is, such
      coatings are undesirably removed by water contact. There has, therefore,
      been a need for a lubricity coating which can be applied onto a plastic
      coated glass article and which will provide in use adequate qualities of
      lubricity and permanence such as it has heretoforoe been possible to
      obtain on unshielded glass containers.
PAR  A standard technique for quantifying the lubricating quality of a lubricity
      coating involves measurement of the coefficient of friction of a glass
      container to which the coating has been applied. This measurement may be
      carried out with commercially available test apparatus known as an
      American Glass Research (AGR) lubricity tester. In accordance with the
      test, a coated bottle is placed on its side on top of two identical coated
      bottles that are lying side by side, so as to form a three-bottle pyramid.
      The two base bottles rest on a support which is hinged about a horizontal
      axis, so that the stack can be inclined gradually from the horizontal
      toward vertical, across a graduated scale. The angulation of the stacked
      bottles with respect to horizontal is gradually increased, and the angle
      is observed at which the uppermost container begins to slide downwardly
      along the other two on which it rests. The coefficient of friction (COF)
      is defined to be the tangent of this angle, and is taken as a measure of
      the comparative lubricity value of the coating. Thus, a bottle which
      starts to slip at an angle of 45.degree. will have a COF value of 1.0 (tan
      45.degree.). A "slick" coating will slip at a low angle, and will
      therefore have a low COF value; thus, the higher the COF, the poorer the
      relative lubricity quality of the coating.
PAR  COF values are generally stated for empty bottles, both dry and wet ("wet"
      here meaning, rinsed for 5 seconds under tap water). The Glass Container
      Manufacturers' Institute (GCMI) has established a COF value of 0.36 as a
      maximum limit for standard beverage bottles which are to pass through
      standard filling lines, see "Classification and Testing of Lubricative
      Coatings for Glass Containers", G.C.M.I. Bulletin No. 63.  To provide a
      margin of tolerance below that limit, it is preferable that in practice a
      coating have a COF of 0.30 or less, both in dry and in wet readings.
PAR  Apart from COF, a second important criteria of any lubricity coating is
      that of water resistance or permanence. A glass beverage container to
      which the lubricity coating is applied is usually rinsed preparatory to
      filling. A lubricity coating that would be removed by such rinsing as
      would be normal and incidental for the particular type of container to
      which it is applied, would be useless. Thus, there is particular need for
      a lubricity coating which after rinsing will still present an acceptably
      low COF rating.
PAR  Since paper labels may be expected to be applied to the plastic coated,
      lubricity coated, containers, it is important that the lubricity coating
      over which the label is to be placed be receptive to the label glue so
      that the label does not easily come off in use. Label acceptance may be
      measured by a fiber tear test, which measures the retention of paper
      fibers when glued on the coated surface in a defined manner. The results
      can conveniently be specified as pass or fail, depending upon whether a
      certain percent of the glued fibers are retained on the bottles.
PAR  A number of different polymers have been proposed for use as plastic
      coatings for containers. Among these are plastisols, as shown in U.S. Pat.
      No. 3,060,057, polyvinyl chloride, ethylene vinyl acetate, and others.
      Especially useful are the ionic copolymers of alpha olefins and alpha,
      beta - ethylenically unsaturated carboxylic acids, generally of the type
      described in U.S. Pat. No. 3,264,272. One such ionic copolymer material
      which is formed from ethylene and methacrylic acid is available
      commercially from DuPont under their trademark "Surlyn". This material in
      particular has been promoted in the market by reason of its clarity, its
      elasticity and its degree of adherence to the glass. As shown below, a
      given lubricity coating may work very well if applied over one type of
      plastic coating, but only poorly if applied over another. This invention
      is particularly directed to a lubricity coating which gives good results
      when applied to a coating of the general "Surlyn" type.
PAR  In accordance with this invention, a lubricity coating is provided which
      basically is comprised of the calcium or zinc salt of a fatty acid such as
      stearic acid or oleic acid, and emulsified by an alkaline oleate in a
      water solution of polyvinyl alcohol.
PAR  The fatty acids are of course well known for their lubricating quality. We
      have found, however, that calcium and zinc salts thereof are rather unique
      in their permanence as applied on a Surlyn type plastic coating; that is,
      they remain quite effective on the plastic after water rinse.
PAR  The preferred component is calcium stearate (abbreviated hereinafter as
      CaSt). This fatty acid salt is listed as being insoluble in water.
      Moreover, it tends to char upon melting, so that it is difficult to
      disperse as a liquid. The stearate or other fatty acid salt is emulsified
      with a potassium, sodium, or ammonium salt of oleic acid. The emulsifying
      agent is preferably formed in situ by reaction of the alkaline hydroxide
      with oleic acid. The amount of hydroxide used is such as to neutralize all
      of the acid and preferably to provide a slight excess of alkalinity.
PAR  The polyvinyl alcohol used is preferably a substantially cold water soluble
      form, e.g., 88% hydrolysed. One suitable PVA which is commercially
      available is "Elvanol" Grade 51-05, sold by DuPont. It has a viscosity of
      4-6 cp, in 4% water solution at 20.degree. C., as determined by the
      Hoeppler falling ball method. In the presence of the other components, the
      PVA improves the permanence of the lubricity (i.e., lowers wet COF) and
      improves labelability. Thus, the PVA and the calcium or zinc fatty acid
      salt are the lubricity components. The PVA/fatty acid salt weight ratio is
      desirably in the range of about 0.5-2, and preferably is 1.0.
PAR  The alkaline oleate is the primary emulsifying agent, and functions to keep
      the calcium or zinc fatty acid salt (which ordinarily would not form a
      stable emulsion in such a composition) in stable emulsion form for ease of
      application. The oleate effectively lowers the melting point of the fatty
      acid salt. The amount used is desirably somewhat in excess of that
      strictly necessary to emulsify the fatty acid salt.
PAR  The preparation of a lubricity coating from these components is preferably
      carried out by the following procedure: 1. The PVA is dissolved in hot
      water. 2. In a separate vessel the oleic acid is added to the calcium or
      zinc fatty acid salt and the mix is melted. 3. The resulting liquid is
      partially neutralized with alkali (potassium, sodium, or ammonium)
      hydroxide (if fully neutralized, an inconveniently stiff soap is formed).
      4. The remaining hydroxide to be used for neutralization is added to the
      PVA solution. 5. The oleate/fatty acid salt solution is then added to the
      PVA-hydroxide solution under intensive stirring. It is believed that this
      forms an emulsion of calcium or zinc fatty acid salt droplets dispersed in
      the PVA solution.
PAR  The following proportions of ingredients, while not critical, are useful
      for preparing the composition.
PA1  1 part by weight fatty acid salt (e.g. CaSt)
PA1  about 0.5 to 2.0 parts soluble PVA
PA1  about 0.3 - 0.8 parts alkali hydroxide
PA1  about 1.5 - 3.0 parts oleic acid
PAR  The hydroxide and oleic acid react to provide about 1.7-3.6 parts of the
      corresponding oleate in the composition itself.
PAR  The composition may be prepared as a concentrated water emulsion, and may
      be diluted by addition of water and applied as spray at a low solids
      content, for example about 1%.
PAR  It is important that the lubricity coating be applied at a temperature at
      which the underlying plastic coat is not so soft that impingement of the
      lubricity spray on it might roughen it. The Surlyn coatings are quenched
      by water flow to about 200.degree. F. or less to avoid hazing, and the
      lubricity coating is preferably applied to the containers while they are
      in the temperature range of roughly 150.degree. to 200.degree. F. At
      temperatures above 200.degree. F. it is found that the lubricity coating
      is apparently dissolved or absorbed in the plastic, and its effectiveness
      is reduced so that a heavier application is required to provide the same
      effect.
PAR  Coating density or weight per unit coated area does not appear highly
      critical, and (on a standard beverage bottle) coatings of about 0.1 to 0.2
      mg/sq. in. are suitable. Such coatings do not significantly affect the
      color or transparency of the container, as viewed by the naked eye, but
      they very substantially reduce the coefficient of friction. It is an
      especially important feature of the invention that this coating, unlike
      others, very largely retains its effectiveness through storage, rinsing,
      filling and service.
PAR  It is recognized that it is known to use some-- but not all-- of the
      ingredients of the present three component composition, for certain
      purposes. U.S. Pat. No. 2,813,045 shows the use of polyoxyethylene
      stearate to produce a lubricious film on a glass surface. U.S. Pat. No.
      2,833,718 shows a lubricating grease which is a mixture of polyethylene
      plus an alkali metal salt of a fatty acid, and an alkaline earth metal
      salt of a fatty acid. The resulting composition is used in high
      temperature, high shear lubricating conditions. U.S. Pat. No. 3,282,729
      shows the use of a lubricity coating including polyvinyl alcohol on a
      plastic bottle. No fatty acid salts are present.
PAR  U.S. Pat. No. 3,392,117 shows use of a lubricity coating for metal and
      includes a calcium fatty acid soap such as the oleate, and potassium
      stearate. U.S. Pat. No. 3,438,801 shows coating a silicone treated glass
      surface by a mixture of an alkali metal salt of a fatty acid (potassium
      stearate), plus a polyethylene wax. U.S. Pat. No. 3,525,636 shows the use
      of a coating which is comprised of carnauba wax plus polyvinyl alcohol,
      plus the potassium salt of a fatty acid.
PAR  The following examples demonstrate the invention in comparison to tests of
      other materials.
PAC  Test 1
PAR  The lubricity of a bare glass container with no plastic coating or
      lubricity coating of any type, was measured on a standard AGR lubricity
      tester, in accordance with the method previously described. No accurate
      COF measurement could be obtained because the bottle tended to fall
      (rather than slip) at an angulation greater than 45.degree.. This would
      indicate a COF value greater than 1.0.
PAC  Test 2
PAR  A standard 32 fl. oz. returnable glass beverage container was coated with
      "Surlyn". The plastic material in powder form was applied by an
      electrostatic dry powder spray process using a DeVilbiss Model No. 348, at
      60 kv. D.C. output. For application of the plastic coating, the container
      was preheated to about 350.degree.-360.degree. F. (surface temperature, as
      measured by optical pyrometer). The sprayed, charged particles adhered to
      the grounded bottle and partially fused upon contact. The adherent
      particulate material was then cured or fused to a clear, smooth continuous
      film, by heating the bottle in an oven to a peak temperature of
      390.degree. F., over a 3 minute period. When tested in the manner set
      forth in Test 1, the Surlyn coated bottle--with no lubricity
      coating-demonstrated a COF value just slightly better than that of an
      uncoated container, measuring nonuniformly between 0.9 and more than 1.0.
      Such ratings grossly exceed the GCMI specification referred to above for
      containers to be handled on a standard filling line.
DETD
PAC  EXAMPLE A
PAR  This example demonstrates the presently preferred method of preparing a
      lubricity coating in accordance with the invention, and applying it as a
      spray to bottles moving on a conveyor.
PAR  A 60 ml portion of a 5% KOH solution (5 gms. of 95% pure KOH diluted to 100
      ml with water) was mixed with 30 grams of "Elvanol" Grade 51-05 polyvinyl
      alcohol, in 700 ml of water. The mixture was heated to about 200.degree.
      F. to dissolve the PVA.
PAR  Separately, 60 grams of oleic acid were mixed with 30 grams of calcium
      stearate and melted at about 230.degree. F. until a clear liquid was
      obtained (the oleate lowers the effective melting point). After melting,
      an additional 240 ml of the 5% KOH solution were added slowly so that the
      temperature of the mixture was about 200.degree. F. The KOH reacted with
      the oleic acid to form the acid salt, potassium oleate (KOl). The amount
      of KOH added at this stage was not sufficient to achieve full
      neutralization of the acid, which would have made too stiff a soap.
PAR  With both the first and second solutions at about 200.degree. F., the
      second solution (CaSt - KOl) was poured into the first (PVA - KOH), while
      the latter was agitated vigorously in a liquid blender. This dispersed the
      stearate and formed CaSt-containing droplets in a PVA - water continuous
      phase. The total amount of KOH used was slightly in excess of that needed
      to react with the oleic acid. Mixing was continued until the temperature
      reached about 150.degree. F. This yielded about 1000 ml. of dilutable
      emulsion concentrate with a solids content of about 13%.
PAR  In the foregoing reaction, 30 parts of PVA were incorporated with 30 parts
      of commercial purity calcium stearate. Also, 60 parts by weight of oleic
      acid were reacted with about 15 parts KOH. Converted to parts per part
      CaSt, the formulation was made from 1 part PVA, 2 parts oleic acid, and
      about 0.5 parts KOH. The acid and KOH yielded about 2.3 parts KOl per part
      CaSt in the emulsion. The emulsion was stable at room temperature,
      although it is desirable to agitate the drummed emulsion, as by rolling
      it, before dilution and use.
PAR  The emulsion concentrate made in the manner just described was diluted with
      water to a 1% solids content (1 part solids to 99 parts water). The dilute
      material was applied to glass beverage containers coated with Surlyn as
      set forth in Test 2. After furnace cure of the plastic coating, the
      bottles were air cooled to about 250.degree., then quenched with water
      flowing over them to about 200.degree., (surface temperature, as indicated
      by an infrared pyrometer) then dried by air blast unil surface temperature
      was in the preferred range of 160.degree.-180.degree. F. for spraying. The
      bottles were held suspended by chucks which shielded the finish portion
      and the mouth of each. The chucks moved on a continuous line at a rate of
      32 bottles per minute, spaced on six inch centers.
PAR  The coating was sprayed from two spray guns, one of which was directed
      toward the upper contact point of the bottles so as to cover the upper
      half of the bottle, and the other of which was directed at the lower
      contact point and the base, so as to cover the lower half of the bottle.
      These sprays together consumed about 100 cc of the diluted coating
      emulsion per minute. Calculated at an assumed spray efficiency of about
      50%, about 0.015 grams of solids were applied per bottle. The residual
      heat in the bottle was sufficient to cure the coating.
PAR  Tested by the method set forth in Test 1, the bottles with this coating
      displayed COF values of 0.20 (dry) and 0.24 (wet). As a more severe test
      of permanence, the container was given a standard dishwasher cycle
      (without detergent). After such washing COF was 0.33 dry and 0.31 wet,
      which values would qualify under the GCMI standard. The applied coating
      was rated as being of good clarity, and passed the labelability test with
      casein glue. Emulsion stability was rated good on a poor-fair-good scale.
PAC  EXAMPLE B
PAR  This example, and Examples C and D, show the effect of increasing the
      proportion of PVA in relation to the CaSt.
PAR  In this example,5.4 grams of polyvinyl alcohol were used with 5 grams of
      calcium stearate, 10 grams of oleic acid, and 2.5 grams of potassium
      hydroxide (50 ml. of 5% soln) in 150 ml. water. This correspond to 1 part
      CaSt, 1.1 parts PVA, 2 parts oleic acid, and 0.5 parts KOH. The components
      were compounded and applied following the general manner set forth in
      Example A.
PAR  The initial dry and wet COF's of this composition were 0.18 and 0.21,
      respectively, but the same values after one dishwasher cycle deteriorated
      to 0.46 and 0.42 respectively. The emulsion stability was rated fair.
PAC  Test 3
PAR  By way of demonstrating the effect of the polyvinyl alcohol in the
      formulation, the composition of Example A was made but without any
      polyvinyl alcohol content. Proportions were 10 grams CaSt, 20 grams oleic
      acid, 5 grams KOH in 300 ml. water. The initial COF's were 0.22 dry and
      0.24 wet, generally comparable to those of Example A, but after one
      dishwasher cycle they degenerated to 0.67 dry and 0.76 wet. This coating
      would by commercially unsatisfactory.
PAC  EXAMPLE C
PAR  A lubricity coating was prepared following the method of Example A, but
      using 22.5 grams polyvinyl alcohol, 15 grams of calcium stearate, 30 grams
      oleic acid, and 7.5 grams potassium hydroxide. In this example the ratios
      were 1 part CaSt, 1.5 parts PVA, 2 parts oleic acid and 0.5 parts KOH.
      Emulsion stability was fair.
PAC  EXAMPLE D
PAR  To demonstrate the utility of a still higher proportion of PVA in relation
      to CaSt, Example A was repeated but with 30 grams PVA. 15 grams calcium
      stearate, 30 grams oleic acid, and 7.2 grams potassium hydroxide, or a
      ratio of 1 part CaSt, 2.0 parts PVA, 2 parts oleic acid and 0.5 parts KOH.
      As applied, this coating showed an initial dry coefficient of 0.23, but
      the wet coefficient was 0.38. COF after washing was 0.33 dry and 0.33 wet.
      Emulsion stability was fair.
PAC  EXAMPLE E
PAR  In order to demonstrate the use of ammonium hydroxide as a substitute for
      potassium hydroxide, a composition was made up from 5 grams PVA, 5 grams
      calcium stearate, 10 grams oleic acid, and 8 ml. of concentrated NH.sub.4
      OH solution (28-30% NH.sub.3) and 150 ml. water (1 part CaSt, 1 part PVA,
      2 parts oleic acid, and 0.86 total parts hydroxide). The amount of
      hydroxide used was more than twice that necessary to neutralize the oleic
      acid. The initial dry and wet COF's were 0.21 and 0.24 respectively. After
      one dishwasher cycle these became 0.28 and 0.26 respectively. Clarity and
      emulsion stability were both good, but the material failed the
      labelability test.
PAC  EXAMPLE F
PAR  In this example zinc stearate was substituted for calcium stearate. The
      composition was made from 5 gms. PVA, 5 gms. zinc stearate, 10 gms. oleic
      acid, 2.5 gms. potassium hydroxide and 2 ml of concentrated ammonium
      hydroxide solution. The PVA/ZnSt ratio was 1.0 and the total amount of
      hydroxide (potassium and ammonium) was in excess of that necessary to
      neutralize the oleic acid. The mixture was emulsified in 200 ml. distilled
      water.
PAR  This composition gave exceptionally low initial COF's, 0.16 dry and 0.15
      wet. These values dropped, after one dishwasher cycle, to 0.35 and 0.28
      wet. Clarity was good, and emulsion stability was rated fair. The
      composition did not pass the labelability test.
PAC  Test 4
PAR  As a comparison, a polyethylene wax coating of the type shown in Pat. No.
      2,995,533, available commercially under the name "Duracote", was applied
      to a container that had first been plastic coated in the manner of Test 2.
      This was applied as a water spray, and provided virtually no benefit. COF
      was 0.9 or more both dry and wet.
PAC  Test 5
PAR  A container coated with plastic in accordance with Test 2 was given a
      coating of polyvinyl alcohol solution alone, without other components. The
      PVA was in the proportion of 0.22 grams per 100 ml. water (the same
      proportion as present in the preferred composition in accordance with this
      invention). The COF of the dry coating was greater than 1, and that of the
      wet coating was 0.64. From this it is apparent that polyvinyl alcohol
      alone does not have any significant lubricity value on the Surlyn coating.
PAC  Test 6
PAR  A container having a plastic coating in accordance with Test 2 was sprayed
      with a mixture of polyvinyl alcohol solution plus potassium oleate, but
      without calcium stearate. This composition comprised 0.22 grams polyvinyl
      alclhol and 0.50 grams of potassium oleate, per 100 ml. water,
      approximately the same proportions as those components are present in the
      preferred embodiment of this invention. This container had a COF of 0.72
      dry and 0.73 wet. By reference to Test 5, it can be seen from this that
      the combination of polyvinyl alcohol and potassium oleate is no better
      than the use of polyvinyl alcohol alone, and does not afford nearly the
      results obtained by use of the polyvinyl alcohol, potassium oleate and
      calcium stearate in triple combination.
PAC  Test 7
PAR  A plastic coated container in accordance with Test 2 was treated with a
      mixture of polyvinyl alcohol and potassium stearate (rather than calcium
      stearate). The proportions of ingredients were 0.22 gms. PVA, 0.22 gms.
      stearic acid, and 0.06 gms. KOH in 100 ml. water. The COF values were 0.37
      dry and 0.33 wet. After one dishwasher cycle at 130 degrees, COF degraded
      to 0.66 dry and 0.57 wet.
PAC  Test 8
PAR  Surprisingly, the composition of this invention does not have a permanent
      lubricating effect when used on bare glass (glass that has not been
      plastic coated). When the composition of Example A is applied to bare
      glass, preheated to 250.degree., it demonstrated an excellent dry COF of
      0.10. However, it was readily removed upon rinsing, and the wet COF went
      to more than 1.0. It is believed that the lubricity coating with calcium
      or zinc salts forms a bond to the underlying Surlyn coating. In
      particular, it is believed that the calcium and/or zinc may substitute for
      the sodium ionic cross-linker present in the Surlyn so as to form a
      chemical bond. This would account for its good wet permanence on plastic
      coated bottles, but not on bare bottles.
PAC  Test 9
PAR  The specificity of this lubricity coating for plastic coatings of the
      Surlyn type is shown by the following. A bottle was coated with a
      polyvinyl chloride plastisol plastic coating, commercially available from
      G & S Plastics under the designation "PLASTISOL No. 2342." When the
      coating in accordance with Example A was applied over this, COF measured
      0.60 dry and 0.49 wet.
PAR  Similarly, when the present lubricity coating was applied over bottles
      coated with an ethylene vinyl acetate coating sold by Koppers Company
      under their designation "Dylan WPD-205," COF dry measured 0.9 and higher,
      and 0.57 wet.
PAC  Test 10
PAR  In general, a wide variety of other lubricity coatings that are standard
      for use on glassware which is not plastic coated, do not provide good
      results when used on Surlyn. Below is a listing of various commercially
      available materials, and their respective wet and dry lubricity values.
TBL  ______________________________________                                    
                      COF       COF                                            
     Coating          Dry       Wet                                            
     ______________________________________                                    
     Luball           .19       .65                                            
     Carbowax 4000    .34       &gt;1.0                                           
     Carbowax 1000    .51       &gt;1.0                                           
     Silicone 4010    .30       .29                                            
     Polyoxyethylene                                                           
     monostearate     .32       .60                                            
     Carnauba wax, PVA,                                                        
     and oleate (Cf.                                                           
     patent 3,525,636)                                                         
                      &gt;1.0      .45                                            
     ______________________________________                                    
      (Luball is a neutral potassium salt of whole corn oil; Carbowax 4000 and 
      Carbowax 1000 are polyethylene glycols having molecular weights of about 
      4000 and 1000 respectively; and Silicone 4010 is an oil-in-water emulsion
      of a short chain linear polymer of di- or mono-methylsiloxane.)          
PAC  Test 11
PAR  Calcium stearate is not soluble in water, and thus cannot be applied as a
      water solution. It is slightly soluble in alcohol. As a comparison of its
      lubricity value when used alone, a bottle was dipped into a coating bath
      of 2.5 grams calcium stearate per 500 ml. denatured alcohol, at
      130.degree.. COF dry was 0.42 and 0.37 wet. After one dishwasher cycle,
      COF was 0.53 dry and 0.57 wet.
PAC  Test 12
PAR  When the preferred composition is applied at temperatures in the range of
      125.degree. to about 150.degree., good lubricity values are obtained, but
      the composition is not as permanent when wetted. The preferred range of
      coating is about 160.degree. to 180.degree. F. If applied at temperatures
      greater than about 200.degree. F., there is substantial danger that the
      Surlyn will haze, which impairs its clarity. Thus, a range of about
      150.degree.-200.degree. is generally useful, but a range of
      160.degree.-180.degree. F. is preferred.
PAC  EXAMPLE G
PAR  In this example calcium oleate was used as the fatty acid salt. The
      composition was made by generally following the procedure set forth in
      Example A, with 10 grams calcium oleate, 10 grams of PVA, 20 grams oleic
      acid, 100 ml. of 5% KOH solutin and, 400 additional grams of water.
PAR  In terms of parts per part of the CaOl, there was 1.0 part PVA, 2.0 parts
      oleic acid, and 0.5 parts hydroxide per part of salt. This material
      demonstrated a dry COF of 0.30, and a wet COF of 0.27. After the
      dishwasher cycle, dry COF was 0.49, and wet COF was 0.48. Emulsion
      stability was very good and labelability was good.
PAC  Test 13
PAR  The composition of Example G was duplicated, but with smaller proportions
      of emulsifying agent, by using for each part of calcium oleate, 1 part
      PVA, 0.5 parts oleic acid, and 0.12 parts of KOH. This composition gave a
      very high COF value of 0.93 dry and 0.80 wet.
PAC  Test 14
PAR  A plastic coated container in accordance with Test 2 was coated with a
      mixture of one part calcium oleate and one part PVA in water. COF values
      were &lt;1.0 dry, and 0.83 wet. This demonstrates the need for the alkali
      oleate as a third component of the composition.
PAC  Test 15
PAR  Attempts to use magnesium stearate or an aluminum stearate in lieu of the
      calcium or zinc fatty acid salts produced a mixture which did not make a
      satisfactory emulsion. Large solid particles were present, and even after
      these had been removed by a strainer, the resulting emulsion displayed a
      COF of 0.37 dry but 0.62 wet.
PAR  While the foregoing examples demonstrate various specific forms of the
      invention, it will be understood that the invention is susceptible of
      other forms and variations, within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A lubricity coating material in water emulsion form and having a solids
      content consisting essentially of,
PA1  1 part by weight of a member of the group of salts consisting of calcium
      stearate, zinc stearate, calcium oleate, zinc oleate, and mixtures
      thereof,
PA1  about 0.5 to 2 parts of a soluble polyvinyl alcohol,
PA1  and about 1.7-3.6 parts of an oleate of the class consisting of potassium,
      sodium, and ammonium oleates, and mixtures thereof.
NUM  2.
PAR  2. The material of claim 1 wherein said member of said group of salts is
      calcium stearate.
NUM  3.
PAR  3. The material of claim 1 wherein said alcohol is 88% hydrolysed.
NUM  4.
PAR  4. The material of claim 1 wherein said oleate of said class is potassium
      oleate.
NUM  5.
PAR  5. The material of claim 1 consisting of 1 part by weight of calcium
      stearate, about 1 part by weight of polyvinyl alcohol, and about 2.3 parts
      of potassium oleate.
NUM  6.
PAR  6. A water emulsion comprising,
PA1  1 part by weight of a salt of the group consisting of calcium stearate,
      zinc stearate, calcium oleate, zinc oleate, and mixtures thereof;
PA1  about 0.5 to 2 parts of a soluble polyvinyl alcohol,
PA1  about 1.5 to 3 parts of oleic acid,
PA1  and about 0.3 to 0.8 part of a hydroxide of the group consisting of
      potassium, sodium, and ammonium hydroxides, and mixtures thereof.
NUM  7.
PAR  7. The emulsion of claim 6 wherein said salt is calcium stearate.
NUM  8.
PAR  8. The emulsion of claim 6 wherein said hydroxide is potassium hydroxide.
NUM  9.
PAR  9. The emulsion of claim 6 wherein said polyvinyl alcohol is about 88%
      hydrolysed.
NUM  10.
PAR  10. The emulsion of claim 6 wherein said lubricity coating comprises,
PA1  1 part by weight of calcium stearate,
PA1  about 1 part by weight of 88% hydrolysed polyvinyl alcohol,
PA1  about 2 parts oleic acid,
PA1  about 0.5 part potassium hydroxide,
PA1  and water.
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ABST
PAL  The present invention relates to a process for the manufacture of
      heat-curable synthetic resins, based on reaction products of maleic
      anhydride with mixtures of polybutadiene, unsaturated hydrocarbon resins
      and unsaturated fatty acid glyceride esters, which can be diluted with
      water and are suitable for the electropheretic coating process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  German Published Pat. Specification No. 2,016,223 describes the manufacture
      of polymeric products which can be diluted with water and which consist of
      10 - 70 % by weight of an unsaturated fatty acid ester, 85 - 10 % by
      weight of polybutadiene and 5 - 20 % by weight of maleic anhydride. On
      page 4, last paragraph, of this German Published Patent Specification it
      is stated that the manufacturing process is carried out by first reacting
      the unsaturated fatty acid ester and the polybutadiene with one another at
      180.degree.- 270.degree.C. and then forming the adduct of maleic
      anhydride. The binders thus obtained are stated to give
      electrophoretically deposited films which after stoving have improved
      corrosion protection, better permanent elasticity and good hardness. The
      bath solutions are stated to have excellent storage stability and the
      binder is supposed to be capable of trouble-free deposition even at high
      potentials. However, the binders obtained according to German Published
      Patent Specification 2,016,223 suffer from a series of disadvantages.
      Thus, the electrophoresis baths prepared with these binders display only
      inadequate values of the throwing power, and on stoving, especially in the
      case of fairly thick layers (above 24 .mu.), the films show insufficient
      hardening in depth and the electrophoretically deposited films show marks
      from drops of water after having been sprayed down with water and then
      stoved.
PAR  These disadvantages are overcome by the synthetic resins manufactured
      according to the process of the invention. The synthetic resins obtained
      according to this process display good to excellent values of the throwing
      power when used as binders in electrophoretic coating baths. The
      electrophoretically deposited films cure well in depth, on stoving at
      about 180.degree.C for 30 minutes, even in the case of thick layers
      (23.degree. - 28 .mu.). The electrophoretically deposited films can be
      sprayed down with water and the films show no marks from drops of water
      after stoving.
PAR  British Pat. Specification No. 1,102,652 describes the manufacture of
      water-soluble binders suitable for the electrophoretic coating process,
      polybutadiene being reacted with maleic anhydride. These electrophoresis
      baths prepared with such binders, however, display inadequate values of
      the throwing power. The films show inadequate hardness after stoving.
PAR  British Patent Specification No. 1,154,174 describes the manufacture of
      binders which can be diluted with water and are suitable for the
      electrophoretic coating process, and which consist of 40 - 80 % by weight
      of polybutadiene, 15 - 55 % by weight of unsaturated fatty acid and 5- 15
      % by weight of fumaric acid. Page 2, lines 38 - 43 of this Patent
      Specification mentions that hydrocarbon resins based on cyclopentadiene or
      piperylene can also be added. These binders also show poor values of the
      throwing power in electrophoresis baths. After spraying down with water
      and stoving, the films obtained show marks from drops of water and more
      inadequately hardened in depth.
PAC  SUMMARY
PAR  The present invention relates to a process for the manufacture of
      heat-curable synthetic resins, based on reaction products of maleic
      anhydride with mixtures of polybutadiene, unsaturated hydrocarbon resins
      and unsaturated fatty acid glyceride esters, which can be diluted with
      water and are suitable for the electrophoretic coating process,
      characterised in that a mixture consisting of:
PAR  a. 20 - 60 % by weight of a polybutadiene having an average molecular
      weight of 750 - 2,000 and an iodine number between 300 and 450,
PAR  b. 10 - 60 % by weight of a hydrocarbon resin of predominantly aliphatic
      structure, having a viscosity between 30 and 800 cP (measured in 70 %
      strength solution in toluene at 20.degree.C.) and an iodine number of
      between 160 and 400, consisting of
PAR  b.sub.1. 20 - 80 % by weight of polyisoprene,
PAR  b.sub.2. 5 - 35 % by weight of cyclopentadiene and/or dicyclopentadiene,
      and
PAR  b.sub.3. 5 - 50 % by weight of further mono-unsaturated or poly-unsaturated
      hydrocarbons with 5 - 6 C atoms which are of predominantly aliphatic or
      cycloaliphatic structure, and
PAR  c. 5 - 40 % by weight of a fatty acid glyceride ester, wherein each fatty
      acid radical contains 16 - 18 C atoms and the fatty acid glyceride ester
      has an iodine number between 140 and 220,
PAL  is pre-polymerised by heating to 200.degree. - 270.degree.C. until the
      reaction mixture of components (a), (b) and (c), which has an initial
      viscosity of about 100 - 300 sec (measured according to DIN 53,211),
      displays viscosities between 500 and 2,000 sec (measured according to DIN
      53,211), the resulting mixture is then reacted with
PAR  d. 10 - 20 % by weight of maleic anhydride at 180.degree. - 190.degree.C.,
      until no further free maleic anhydride is present, and
PAR  e. in the resulting adduct the anhydride groups present are opened by
      hydrolysis with water or alcoholysis with the amount of monohydric
      alcohols with 1 - 4 C atoms required to form the half-ester.
PAR  In the process of the present invention, it is possible to use, as
      component (a), polybutadienes in the form of homopolymers of butadiene
      with an average molecular weight of 750 - 2,000 and iodine numbers between
      300 and 450.
PAR  By polybutadienes there are to be understood all commercially available
      isomers, both those with cis- and trans-double bonds in the middle
      position and those with vinyl double bonds. The following are particularly
      preferred:
PAR  1. a polybutadiene of average molecular weight approx. 1,400 and iodine
      number 450, wherein 65 - 75 % of the double bonds have the 1,4-cis
      configuration, 25 - 35 % have the 1,4-trans configuration and less than 1
      % have the 1,2-vinyl configuration.
PAR  2. A polybutadiene of average molecular weight 1,000 to 1,500 and iodine
      number 420, wherein 10 % of the double bonds have the 1,4-cis
      configuration, 45 % have the 1,4-trans configuration and 45 % have the
      1,2-vinyl configuration.
PAR  3. A polybutadiene of average molecular weight 900 and iodine number 360,
      wherein 10 % of the double bonds have the 1,4-cis configuration, 45 % have
      the 1,4-trans configuration and 45 % have the 1,2-vinyl configuration.
PAR  Under polybutadienes there are also to be understood butadiene polymers
      with terminal carboxyl groups or hydroxyl groups, but these do not belong
      to the preferred embodiment. The manufacture of these butadiene polymers
      with terminal carboxyl groups or hydroxyl groups is described in "Rubber
      and Plastics Age," 1964, volume 45, No. 11, page 1,347.
PAR  Suitable components (b) are unsaturated hydrocarbon resins of predominantly
      aliphatic structure which are obtained by polymerisation of unsaturated
      C.sub.5 -cuts which arise on distillation of petroleum. These hydrocarbon
      resins should have iodine numbers between 160 and 400 and viscosities
      between 30 and 800 cP (measured in 70 % strength solution in toluene at
      20.degree.C). The hydrocarbon resins suitable for the process according to
      the invention should be built up from 20 - 80 % by weight of polyisoprene,
      5 - 35 % by weight of cyclopentadiene or dicyclopentadiene and 5 - 50 % by
      weight of further mono-unsaturated or poly-unsaturated hydrocarbons with 5
      and/or 6 C atoms, and should have iodine numbers between 160 and 400.
PAR  Hydrocarbon resins which are built up by polymerisation from 40 - 60 % by
      weight of isoprene, 20 - 35 % by weight of cyclopentadiene and 5 - 40 % by
      weight of further polymerizable unsaturated hydrocarbons with 5 - 6 C
      atoms are preferred.
PAR  Hydrocarbon resins made by polymerizing 25 - 40 % by weight of isoprene, 15
      - 30 % by weight of methyl cyclopentadiene and 5 - 30 % by weight of
      further polymerizable unsaturated hydrocarbons with 5 - 6 C atoms are
      particularly preferred.
PAR  Suitable unsaturated fatty acid glyceride esters are the triglycerides of
      unsaturated fatty acids, such as tall oil fatty acid, soya oil fatty acid,
      linseed oil fatty acid, dehydrated castor fatty acid, wood oil fatty acid,
      groundnut fatty acid, rape oil fatty acid and the like individually or as
      mixture, linseed oil, wood oil and dehydrated castor oil being preferred.
      In the most preferred embodiment linseed oil is used as unsaturated fatty
      acid glyceride ester.
PAR  The polybutadiene (a), the hydrocarbon resin (b) and the fatty acid
      glyceride ester (c) are first heated to 200.degree.- 270.degree.C under a
      protective gas. Nitrogen or carbon dioxide are suitable protective gases.
      Heating is continued until the viscosity, of samples which are withdrawn,
      has risen from 100 - 300 sec to 430 - 2,000 sec (DIN 53,211). Higher
      viscosities than those mentioned should be avoided since at higher
      viscosities the addition of maleic anhydride is frequently no longer
      possible without danger of gelling, or the films applied
      electrophoretically using such products do not have adequate levelling.
PAR  If the viscosities of the intermediate product are too low, the values of
      the throwing power of the end product are in general inadequate and the
      films are vey sensitive to marks from drops of water. The initial
      viscosities of the mixture of components (a) - (c) are between 100 and 300
      sec (Din 53,211). After the desired final viscosity has been reached, the
      polymerised mixture is reacted with maleic anhydride. This reaction is
      carried out at 180.degree. - 190.degree.C, it being necessary to take
      great care that the temperature does not go outside this range.
PAR  At lower temperature, the addition does not take place sufficiently rapidly
      whilst at higher temperatures there is a danger of the batches gelling.
PAR  Preferably, polymerization inhibitors, for example hydroquinone, tert.-amyl
      hydroquinone, diphenylamine, diphenylenediamine, copper or copper salts,
      for example copper naphthenate, are needed to the reaction batch. The
      reaction is continued until the free maleic anhydride content has fallen
      to 0 %. In general, 3 - 8 hours are required for this purpose. Thereafter,
      the anhydride group in the reaction product (adduct) is opened either by
      treatment with water (hydrolysis) optionally under raised pressure or by
      treatment with monohydric saturated aliphatic alcohols (alcoholysis) with
      1 - 4 C atoms, forming the half-ester.
PAR  These two reactions are preferably accelerated by the addition of catalytic
      amounts of tertiary amines such as triethylamine, tributylamine and the
      like, and are carried out at 80.degree. - 120.degree.C. In general, a time
      of 1 - 2 hours or more is required for this purpose.
PAR  The viscosities of the end products are between 40 and 152 seconds ((DIN
      53,211), measured at 50 % strength by weight in ethylene glycol monobutyl
      ether) and the acid numbers should be between 60 and 140.
PAR  After the opening of the anhydride group, the resulting synthetic resins
      are diluted with water-soluble solvents and/or solvents of only limited
      solubility in water. Suitable solvents are, for example, ethanol,
      propanol, isopropanol, ethylene glycol monomethyl ether, monoethyl ether,
      monoisopropyl ether and monobutyl ether and also butanol, diethylene
      glycol, monoethers and di ethers of diethylene glycol, methyl ethyl
      ketone, diacetone alcohol and dimethylsulphoxide.
PAR  Minor proportions of water-insoluble solvents such as xylene, benzine,
      cyclohexanol, cyclohexanone, nonanol and decanol can be used conjointly.
      The total proportion of solvents should not exceed 30 parts by weight
      (relative to 100 parts by weight of binder solution), and the proportion
      of water-insoluble solvents should be at most 20 parts by weight of the
      amount of solvent employed.
PAR  In order to convert the resulting synthetic resin solution into a state
      where it can be diluted with water, the solution is neutralised almost
      completely, or partially. Preferably, ammonia is used for this purpose.
      Strong organic nitrogen bases of which a 10 % strength by weight aqueous
      solution has a pH of at least 8, are also suitable. For example, amines
      such as, for example, dimethylamine and trimethylamine, triethylamine,
      diethylamine, propylamine, butylamine, diethanolamine, triethanolamine,
      N-methylethanolamine, N,N-dimethylethanolamine and diisopropanolamine can
      be used as strong organic nitrogen bases. Alkalis such as sodium hydroxide
      or potassium hydroxide are also suitable.
PAR  All customary pigments, fillers and lacquer auxiliaries can be used for
      pigmenting the binders. Only the use of basic pigments such as, for
      example, zinc oxide, requires careful testing in each individual case.
PAR  The synthetic resins manufactured according to the invention are
      particularly suitable for use as binders for the electrophoretic
      lacquering process, for which the electrophoresis baths should have a
      total solids content between 7 and 20 % by weight.  The synthetic resins
      manufactured according to the invention are intended to be used as binders
      for lacquers.
PAR  However, these lacquers can also be applied by spraying, dipping or
      flooding onto the articles to be lacquered. The stoving temperature after
      application is about 170.degree. - 180.degree.C for 30 minutes.
PAR  In a preferred embodiment of the invention, the synthetic resin obtained
      according to the process of the invention should contain the components
      used in the following percentages:
PA1  a. 20 - 60 % by weight of polybutadiene,
PA1  b. 10 - 60 % by weight of hydrocarbon resin,
PA1  c. 5 - 40 % by weight of unsaturated oil and
PA1  d. 10 - 20 % by weight of maleic anhydride.
PAR  In the most preferred embodiment of the invention, the synthetic resin
      obtained according to the process of invention should contain the
      components used in the following percentages:
PA1  a. 45 - 50 % by weight of polybutadiene,
PA1  b. 15 - 60 % by weight of hydrocarbon resin
PA1  c. 15 - 20 % by weight of unsaturated oil and
PA1  d. 17.5 - 20 % by weight of maleic anhydride.
PAR  In another more preferred embodiment of the invention, the proportion of
      component (a) is between 35 and 60 % by weight, component (b) lies in the
      range of 20 to 25 %, component (c) is between 15 and 30 % by weight and
      component (d) about 15 % by weight. The proportions used depend on the
      desired properties of the binder. Thus, proportions of component (b) &gt;25 %
      by weight admittedly give binders with very good values of the throwing
      power, but the mechanical properties of the films produced after stoving
      are unsatisfactory. Proportions of component (c)&gt;30 % by weight in general
      cause a deterioration of the corrosion resistance of the films produced by
      stoving. Proportions of component (d)&gt;20 % by weight leads to binders
      which in electrophoresis baths display very high conductivities and which
      frequently can only be deposited electrophoretically with flaws in the
      film. In the above-mentioned preferred or most preferred embodiments of
      the invention, respectively, linseed oil is employed as the unsaturated
      oil.
PAR  The process of the invention is best carried out as follows. Components
      (a.) to (c.) are mixed under inert gas and then pre-polymerized to the
      desired viscosity by heating to 250.degree. - 270.degree.C. After cooling
      to 120.degree. - 140.degree.C. the maleic anhydride and the inhibitor are
      added. After decay of the exothermic reaction the reaction is carried on
      at 180.degree. - 190.degree.C until the content of free maleic anhydride
      has fallen to zero. Air has to be kept out of the reaction flask and the
      reaction should not be interrupted after addition of the maleic anhydride.
      Thereafter the resin is cooled to 80.degree.C. and the water or alcohol,
      respectively, is added for cleavage of the anhydride group. The reaction
      (alcoholysis) with alcohol works without problems in the course of 1 - 2
      hours at 80.degree. - 100.degree.C.; the reaction with water (hydrolysis)
      takes longer time (2 to 3 hours) at 100.degree.C. whereby the use of
      raised pressure is advantageous. Thereafter the mix is diluted with
      solvent at 60.degree. - 70.degree.C.
PAR  Manufacture of hydrocarbon resin 1 (component b): 1,000 g of toluene and 75
      g of BF.sub.3 -etherate are mixed and cooled to +5.degree.C. whilst
      stirring. 1,500 g of a C.sub.5 -cut composed of 11.4 % by weight of
      pentane, 18.9 % by weight of isoprene, 12 % by weight of 1.3-pentadiene,
      25.3 % by weight of cyclopentadiene and dicyclopentadiene and 20 % by
      weight of further unsaturated constituents with 5 - 6 C atoms in the
      molecule and 12 % by weight of further saturated constituents with 5 - 6 C
      atoms in the molecule are then added dropwise, whilst stirring at a speed
      such that the temperature does not exceed 10.degree.C.
PAR  After the end of the addition, the temperature in the reaction mixture is
      allowed to rise to 15.degree. - 20.degree.C and the reaction is allowed to
      continue for a further 3 hours whilst continuing to stir. 150 g of
      Ca(OH).sub.2 + 10 g of H.sub.2 O are added whilst cooling. The batch is
      then filtered and concentrated to remove the toluene and the unreacted
      monomers. 400 g of an unsaturated hydrocarbon resin of viscosity 120 cP
      (measured at 70 % strength in toluene at 20.degree.C) and an iodine number
      of 220 are left.
DETD
PAC  EXAMPLE 1
PAR  500 g of a polybutadiene of iodine number 450 and average molecular weight
      approx. 1,400, whereby the double bonds have 65 - 75 % of 1,4-cis
      configuration, 25 - 35 % of 1,4-trans configuration and below 1 % of
      1,2-vinyl configuration, are mixed with 200 g of the unsaturated
      hydrocarbon resin 1 and 125 g of linseed oil. The viscosity of the mixture
      is 150 sec. The batch is heated to 250.degree.C under inert gas until the
      viscosity according to 4 DIN 53,211 is 630 sec. 175 g of maleic anhydride
      are then added all at once at 160.degree.C. and the temperature is kept at
      between 180.degree. and 190.degree.C. until the content of free maleic
      anhydride is practically zero. 60 g of methanol and 0.5 g of triethylamine
      are then added at 80.degree.C. and the temperature is raised to
      100.degree.C. for 1 hour. This has opened the anhydride groups in the
      adduct. The synthetic resin is then diluted with ethylene glycol monoethyl
      ether to a solids content of 75 % by weight.
PAR  The synthetic resin is neutralized, applied electrophoretically in layer
      thickness of 25 .mu. and stoved (30 mins at 180.degree.C.) to give a
      lacquer film having very good corrosion resistance in the salt spray test,
      and good elasticity. The electrophoresis bath possesses good throwing
      power.
PAC  EXAMPLE 2
PAR  300 g of the polybutadiene described in Example 1 and 350 g of the
      hydrocarbon resin 1 described in Example 1 are mixed with 150 g of linseed
      oil; the viscosity of the batch being 220 sec. The batch is heated to
      250.degree.C. under inert gas (CO.sub.2) until the viscosity according to
      DIN 53,211 is 670 sec. It is then cooled to 160.degree.C. Thereafter, 200
      g of maleic anhydride are added at 160.degree.C. and the reaction is
      carried out at 180.degree. - 190.degree.C. until the content of free
      maleic anhydride has fallen practically to zero (in about 4 hours). 38 g
      of water and 0.5 g of triethylamine are then added to the resin at
      100.degree.C and the mixture is heated for 2 hours at 100.degree.C. until
      all the anhydride groups have been opened. It is then diluted with
      ethylene glycol monomethyl ether to a solids content of 75 % by weight.
PAR  The synthetic resin is neutralized, applied electrophoretically as a clear
      lacquer onto steel sheets and stoved (30 mins at 170.degree.C.) to give a
      hard film which proves corrosion-resistant in the salt spray test (ASTM B
      117-64). The electrophoresis bath prepared from the resin shows excellent
      values of the throwing power. Further examples can be seen in the table
      which follows.
PAR  Manufacture of the hydrocarbon resin 2 (component b):
PAR  400 g of toluene are cooled to +5.degree.C. whilst stirring. 2,000 g of a
      C.sub.5 -cut composed of 15.4 % by weight of n-pentane, 5.3 % by weight of
      cyclopentane, 13 % by weight of n-pentane and isopentane, 4.2 % by weight
      of cyclopentene, 15.9 % by weight of 1,3-pentadiene, 18.6 % by weight of
      isoprene, 14.5 % by weight of cyclopentadiene + dicyclopentadiene and 10.6
      % by weight of other monomers with 6 C atoms, and a solution of 50 g of
      BF.sub.3 -etherate in 400 g of toluene, are then added dropwise in such a
      way that the temperature does not rise above 10.degree.C. The reaction is
      then allowed to continue for a further 2 hours at 5.degree. -
      10.degree.C., thereafter the temperature is allowed to rise to
      15.degree.C., and the reaction is allowed to continue for a further 3
      hours at this temperature. 187 g of sodium bicarbonate and 2 ml of water
      are now added. The mixture is then filtered and concentrated. 1,000 g of
      an unsaturated hydrocarbon resin having a viscosity of 80 - 100 cP
      (measured at 70 % strength by weight in toluene at 20.degree.C.) and an
      iodine number of 250 - 290 remain.
PAR  Hydrocarbon resin 3:
PAR  This is a commercially available hydrocarbon resin from 36 % by weight of
      cyclopentadiene, 15 % by weight of methylcyclopentadiene and 30 % by
      weight of isoprene (Escopol, of Messrs. Esso), with an average molecular
      weight of 600 and an iodine number of 190.
PAC  Comparison tests to prove the technical advance achieved:
PAR  Comparison experiment A
PAR  According to the data given in German Published Pat. Specification
      2,016,233, 400 parts of a polybutadiene of iodine number 450 and average
      molecular weight approx. 1,400 with double bonds of 65 - 75 % of 1,4-cis
      configuration, 25 - 35 % of trans configuration and below 1 % of 1,2-vinyl
      configuration and 183 parts of soya oil were heated to 260.degree.C. until
      the viscosity (measured at 70 % strength by weight in xylene) had risen to
      25 seconds according to DIN 53,211 (corresponding to 1,600 seconds
      measured directly according to DIN 53,211). 10 g of copper naphthenate
      solution (Cu content 8 % by weight) were added, followed by 75 g of maleic
      anhydride. After 40 minutes at 190.degree.C. the batch gelled.
PAC  Comparison experiment B
PAR  The procedure followed was as in comparison experiment A, but the soya oil
      was replaced by an equal amount of linseed oil. After 30 minutes at
      190.degree.C., the batch gelled.
PAC  Comparison experiment C
PAR  The procedure followed was as in comparison experiment B but a
      polybutadiene having an average molecular weight of 1,000 - 1,5000 and an
      iodine number of 357, and containing 45 % by weight of vinyl groups, 45 %
      by weight of trans structures and 10 % by weight of cis structures was
      used. After a reaction time of 4 hours at 190.degree.C. the content of
      non-bonded maleic anhydride has fallen to zero. The anhydride groups were
      opened by treatment with water and keeping the mixture at 100.degree.C.
      The resulting synthetic resin was diluted to a solids content of 75 % by
      weight with ethylene glycol monethyl ether. The synthetic resin was
      pigmented with a mixture of equal parts of titanium dioxide and aluminum
      silicate and a little carbon black, using a pigment/binder ratio of 0.3 :
      1, and after neutralization with ammonia the whole was diluted to a solids
      content of 13 % by weight. This electrophoresis bath is compared with a
      bath prepared in the same manner, to which the synthetic resin described
      in Example 1 was added as the binder.
TBL  __________________________________________________________________________
                      Binder according                                         
                               Binder according                                
                      to comparison                                            
                               to Example 1                                    
                      experiment C                                             
     __________________________________________________________________________
     Curing in depth at                                                        
                      good     good                                            
     20 .mu. layer thickness                                                   
                 on                                                            
     Curing in depth at                                                        
                 .vertline.                                                    
                      inadequate                                               
                               good                                            
     25 .mu. layer thickness                                                   
                 pickled                                                       
                 .vertline.                                                    
     Marks from drops                                                          
                 steel                                                         
                      strong   slight                                          
     of water                                                                  
     Throwing power*  20/20/14/10                                              
                               20/8/2/0                                        
     __________________________________________________________________________
      *A 50 cm long and 5 cm wide steel strip is introduced into a plastic tube
      of 6 cm diameter which carries a disc-shaped copper cathode at the bottom
      in such a way that the distance of the strip from the cathode is 2 cm.   
PAR  The deposition is carried out at such a voltage that on the steel strip a
      layer of 20 .mu. thickness was reached 2 cm from the lower edge. The layer
      thickness at 15, 30 and 45 cm distance is measured.
PAR  The invention also relates to the use of the synthetic resins, which can be
      diluted with water, manufactured to the present process, for the
      manufacture of unpigmented, pigmented and/or filled heatcurable coating
      agents, the resins being used as the sole binder or mixed with other
      binders.
PAR  In a special use of the synthetic resins manufactured according to the
      invention, relatively low molecular, at least hydrophilic, heat-curable
      condensation products, such as reaction products which form aminoplasts,
      and /or phenol-resols and/or esterified phenolresols, are co-used as
      further binders for coating agents which can be stoved.
PAR  Thses and other binders are explained in detail in Swiss Patent
      Specification 523,929, column 8, line 47 to column 10, line 19.
PAR  In a further special application, such synthetic resins are used for the
      electrophoretic coating process, phenoplasts and/or aminoplasts being
      co-used as other binders, these having been combined with the synthetic
      resins obtained according to the process of the present invention, prior
      to neutralization, by warming at temperatures of 100.degree.-
      150.degree.C. so that pre-condensation takes place.
PAR  With regard to how to carry out the pre-condensation, reference should be
      made to the comments in Swiss Pat. Specification No. 523,929, column 10,
      line 20 to line 57.
TBL  Example                                                                   
          Polybuta-  Hydrocarbon                                               
                                Linseed                                        
                                       Wood   Pre-polymerized                  
                                                       maleic                  
                                                             Anhydride         
          diene      resin      oil    oil    to a viscosity                   
                                                       anhydride               
                                                             group             
          % by weight                         of ... sec     opened            
          (as in     % by weight                                               
                                % by weight                                    
                                       % by   according to                     
                                                       % by weight             
                                                             with              
          Example 2)                   weight DIN 53,211                       
     __________________________________________________________________________
      3   50         20 hydrocarbon 2                                          
                                12.5   --     1,150    17.5  methanol          
      4   50         20 hydrocarbon 2                                          
                                12.5   --     890      17.5  H.sub.2 O         
      5   40         30 hydrocarbon 2                                          
                                15     --     1,560    15    methanol          
      6   45         17.5 hydrocarbon 3                                        
                                20     --     1,500    17.5  methanol          
      7   40         25 hydrocarbon 3                                          
                                17.5   --     1,00     17.5  methanol          
      8   25         25 hydrocarbon 3                                          
                                30     --     490      20    CH.sub.3 OH       
      9   25         25 hydrocarbon 3                                          
                                30     --     892      20    CH.sub.3 OH       
     10   25         18 hydrocarbon 3                                          
                                37     --     890      20    CH.sub.3 OH       
     11   30         25 hydrocarbon 3                                          
                                15     10     890      20    CH.sub.3 OH       
     12   30         25 hydrocarbon 3                                          
                                15     10     490      20    CH.sub.3 OH       
     13   40         25 hydrocarbon 3                                          
                                5      10     890      20    CH.sub.3 OH       
     14   40         25 hydrocarbon 3                                          
                                15     --     890      20    CH.sub.3 OH       
     15   40         25 hydrocarbon 3                                          
                                20     --     730      15    CH.sub.3 OH       
     16   40         25 hydrocarbon 3                                          
                                5      10     895      20    n-propanol        
     17   40         25 hydrocarbon 3                                          
                                5      10     895      20    n-butanol         
     18   45         10 hydrocarbon 3                                          
                                15     10     890      20    CH.sub.3 OH       
     19   45         12 hydrocarbon 3                                          
                                23     --     --       20    CH.sub.3 OH       
     20   50         10 hydrocarbon 3                                          
                                22     --     --       18    CH.sub.3 OH       
     21   40         15 hydrocarbon 3                                          
                                25     --     --       20    CH.sub.3 OH       
     22   45         30 hydrocarbon 3                                          
                                75     --     --       17.5  CH.sub.3 OH       
     23   30         45 hydrocarbon 3                                          
                                15     --     --       20    CH.sub.3 OH       
     __________________________________________________________________________
                                oil                                            
                                % by weight                                    
     __________________________________________________________________________
     24   45         10 hydrocarbon 3                                          
                                15   soya oil 1,000    20    CH.sub.3 OH       
     25   45         10 hydrocarbon 3                                          
                                15   colza oil                                 
                                              1,050    20    CH.sub.3 OH       
     26   45         10 hydrocarbon 3                                          
                                15   tall oil fatty                            
                                              980      20    CH.sub.3 OH       
                                     acid triglyce-                            
                                     ride ester                                
     27   45         10 hydrocarbon 3                                          
                                15   peanut oil fatty                          
                                              900      20    CH.sub.3 OH       
                                     acid triglyce-                            
                                     ride ester                                
     28   45         10 hydrocarbon 3                                          
                                 7.5 soya oil 1,000    20    CH.sub.3 OH       
                                 7.5 linseed oil                               
     29   45         17.5 hydrocarbon 3                                        
                                20   soya oil 1,550    17.5  CH.sub.3 OH       
          iodine number 420                                                    
          10 % 1,4-cis                                                         
          45 % 1,4-trans                                                       
          45 % 1,2-vinyl                                                       
          molecular weight                                                     
          1,000 - 1,500                                                        
     30   45         17.5 hydrocarbon 3                                        
                                20   soya oil 1,550    17.5  CH.sub.3 OH       
          iodine number 360                                                    
          10 % 1,4-cis                                                         
          45 % 1,4-trans                                                       
          45 % 1,2-vinyl                                                       
          molecular weight                                                     
          900                                                                  
     31   instructions followed as in Example 6              ethanol           
     32   "                                                  n-butanol         
     33   "                                                  sec.butanol       
     34   "                                                  isobutanol        
     __________________________________________________________________________
      The above Examples 3 - 30 were made according to instructions given in   
      Example 1, however, by using the raw materials and the amounts as        
      mentioned in the Table above.                                            
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process for the manufacture of heat-curable synthetic resins, based on
      reaction products of maleic anhydride with mixtures of polybutadiene,
      unsaturated hydrocarbon resins and unsaturated fatty acid glyceride
      esters, which can be diluted with water and are suitable for the
      electrophoretic coating process, characterized in that a mixture
      consisting of
PA1  a. 20-60% by weight of a polybutadiene having an average molecular weight
      of 750-2,000 and an iodine number between 300 and 450,
PA1  b. 10-60% by weight of a hydrocarbon resin of predominantly aliphatic
      structure, having a viscosity between 30 and 800 cP, measured in 70%
      strength solution in toluene at 20.degree.C. and an iodine number of
      between 160 and 400, consisting of
PA2  b.sub.1. 20-80% by weight of polyisoprene,
PA2  b.sub.2. 5-50% by weight of cyclopentadiene and/or dicyclopentadiene, and
PA2  b.sub.3. 5-50% by weight of further mono-unsaturated or poly-unsaturated
      hydrocarbons with 5-6 C atoms which are of predominantly aliphatic or
      cycloaliphatic structure, and
PA1  c. 5-40% by weight of a fatty acid glyceride ester, wherein each fatty acid
      radical contains 16-18 C atoms and the fatty acid glyceride ester has an
      iodine number between 140 and 220,
PAL  is pre-polymerized by heating to 200.degree.-270.degree.C. until the
      reaction mixture of components (a), (b) and (c), which has an initial
      viscosity of about 100 to 300 sec., measured according to DIN 53,211,
      displays viscosities between 500 and 2,000 sec., measured according to DIN
      53,211, the resulting mixture is then reacted with
PA1  d. 10-20% by weight of maleic anhydride at 180.degree. to 190.degree.C.,
      until no further free maleic anhydride is present, the sum of components
      (a), (b), (c) and (d) employed having to add up to 100 % by weight, and
PA1  e. in the resulting adduct the anhydride groups present are opened by
      hydrolysis with water or alcoholysis with the amount of monohydric
      alcohols with 1-4 C atoms required to form the half-ester.
NUM  2.
PAR  2. Process according to claim 1, characterised in that polybutadienes in
      the form of homopolymers of butadiene with an average molecular weight of
      750 - 2,000 and iodine numbers of between 300 and 450 are employed as
      component (a).
NUM  3.
PAR  3. Process according to claim 2, characterised in that a polybutadiene with
      an average molecular weight of about 1,400 and an iodine number of 450, 65
      - 75 % of the double bonds being in the 1,4-cis configuration, 25 - 35 %
      in the 1,4-trans configuration and less than 1 % in the 1,2-vinyl
      configuration, is employed as component (a).
NUM  4.
PAR  4. Process according to claim 2, characterised in that a polybutadiene with
      an average molecular weight of 1,000 - 1,500, and an iodine number of 420,
      10 % of the double bonds being in the 1,4-cis configuration, 45 % in the
      1,4-trans configuration and 45 % in the 1,2 vinyl configuration, is
      employed as component (a).
NUM  5.
PAR  5. Process according to claim 2, characterised in that butadiene polymers
      with terminal carboxyl groups or hydroxyl groups are employed as component
      (a).
NUM  6.
PAR  6. Process according to claim 1, characterised in that hydrocarbon resins
      which are built up by polymerisation from 40 - 60 % by weight of isoprene,
      20 - 35 % by weight of cyclopentadiene and 5 - '% by weight of further
      unsaturated hydrocarbons with 5 - 6 C atoms are employed as component (b).
NUM  7.
PAR  7. Process according to Claim 1, characterised in that triglycerides of
      unsaturated fatty acids, such as tall oil fatty acid, soya oil fatty acid,
      linseed oil fatty acid, dehydrated castor fatty acid, wood oil fatty acid,
      groundnut fatty acid, rape oil fatty acid and the like, and particularly
      preferentially linseed oil, wood oil and/or dehydrated castor oil
      individually or in mixture, are employed as component (c).
NUM  8.
PAR  8. Process according to claim 1, characterised in that the hydrolysis or
      alcoholysis is carried out at 80.degree. - 120.degree.C and is accelerated
      by addition of catalytic amounts of teriary amines.
NUM  9.
PAR  9. Process according to claim 1, characterized in that end products with
      viscosities of between 40 and 152 seconds, as measured according to DIN
      53,211, measured at 50% strength by weight in ethylene glycol monobutyl
      ether, and acid numbers of between 60 and 140 are manufactured through
      choice of the reactants and of the reaction time.
NUM  10.
PAR  10. Process according to Patent claim 1, characterized in that after the
      opening of the anhydride group by hydrolysis or alcoholysis the resulting
      synthetic resins are diluted with solvents which are water-soluble and/or
      only have limited solubility in water.
NUM  11.
PAR  11. Process according to claim 10, characterized in that minor proportions
      of water-insoluble solvents are co-used, but the total proportion of
      solvents does not exceed 30 parts by weight, relative to 100 parts by
      weight of binder solution, and the proportion of water-insoluble solvents
      is at most 20 parts by weight of the amount of solvent employed.
NUM  12.
PAR  12. Process according to claim 1, characterized in that the components are
      employed in the following percentages
PA1  a. 20-60% by weight of polybutadiene,
PA1  b. 10-60% by weight of hydrocarbon resin,
PA1  c. 5-40% by weight of unsaturated oil and
PA1  d. 10-20% by weight of maleic anhydride,
PAL  the sum of the amounts employed having to add up to 100% by weight.
NUM  13.
PAR  13. Process according to claim 1, characterised in that as component a.)
      polybutadiene of an average molecular weight of 900, an iodine number of
      360 and whereby the &gt;C=C&lt;double bonds have 10 % 1,4-cis configuration, 45
      % 1,4-trans configuration and 45 % 1,2-vinyl configuration, is employed.
NUM  14.
PAR  14. Process according to one or more of Claims 1 to 13, characterised in
      that as component b.) hydrocarbon resins being polymerisates of 25 - 40 %
      by weight of isoprene, 30 - 40 % by weight of cyclopentadiene, 15 - 30 %
      by weight of methyl cyclopentadiene and 5 - 30 % of other unsaturated
      polymerisable hydrocarbons with 5 - 6 carbon atoms are employed.
NUM  15.
PAR  15. The heat-curable synthetic resin, manufactured by the process according
      to claim 1.
NUM  16.
PAR  16. In a process for preparing a heat curable coating composition which can
      be pigmented, unpigmented and/or filled, the improvement which comprises
      using as a resin binder therein a water dilutable, synthetic resin which
      has been manufactured according to claim 1.
NUM  17.
PAR  17. A process as defined in claim 16 wherein a heat-curable coating
      composition useful for an electrophoretic coating process is prepared by
      using as a binder therein a synthetic resin having an acid number between
      60 and 140.
NUM  18.
PAR  18. A process as defined in claim 16 wherein the heat-curable coating
      composition useful for electrolytic application is prepared to contain a
      total solids content of between 7 and 20 percent by weight.
NUM  19.
PAR  19. Process according to claim 16 wherein the heat-curable coating
      composition is prepared using as a binder therein a synthetic resin having
      a viscosity between 40 and 152 seconds, as measured by standard test
      number DIN 53,211, measured 1:1 in ethylene glycol monobutyl ether at
      20.degree.C.
NUM  20.
PAR  20. Process according to claim 16 wherein the heat-curable coating
      composition synthetic resin binder includes therein an additional binder
      selected from the group consisting of hydrophilic, heat-curable
      aminoplasts, phenolresols, etherified phenol-resols, and mixtures thereof.
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ABST
PAL  A process for improving rheological properties and suspension properties of
      a nonaqueous fluid system containing finely divided solid particles,
      characterized in that an amide wax (I) having a melting point of about
      100.degree. to about 160.degree.C. obtained from reaction of hydrogenated
      castor oil fatty acid or an organic acid mixture containing at least 30
      molar per cent of hydrogenated castor oil fatty acid with amines and an
      emulsifiable polyethylene wax (II) having an acid number of about 2 to 50,
      a softening point of about 95.degree. to about 120.degree.C., a density of
      about 0.92 to about 0.98 and a penetration of about 1 to about 20 are
      added to the nonaqueous fluid system, and the nonaqueous fluid system
      obtained by aforesaid process.
BSUM
PAR  The present invention relates to a process for the modification rheological
      properties and suspension properties of a nonaqueous suspension, or a
      nonaqueous fluid system containing solid particles finely divided.
PAR  Among additives hitherto used to modify the rheological properties of a
      nonaqueous fluid system containing finely divided solid particles
      (hereinafter called nonaqueous suspension), such as a paint product are
      included metallic soap, montmorillonite derivatives, polymerized oil,
      fatty acids, dimer acids, alkyl esters of dimer acids, hydrogenated castor
      oil, emulsifiable polyethylene wax and so on. They each have their
      disadvantages as described below.
PAR  Metallic soap such as aluminum stearate varies in swelling properties with
      solvent or temperature and the resultant gel structure is unstable. When
      polar solvents such as water or alcohol are incorporated, precipitate or
      seeds particularly tend to occur. Once precipitates or seeds have
      occurred, they will not easily disappear and tend to cause a decrease in
      resistance to water, softening of the film, reduction of gloss, and so on,
      because they are slightly hydrophilic.
PAR  Montmorillonite derivatives have scattering results in their effectiveness
      owing to remarkable bodying-up properties and if swelling and dispersion
      are insufficient, they reduce viscosity and thixotropy during storage.
PAR  Polymerized oil sometimes causes a great decrease in the gloss of dry film
      or the film's antisag properties become very poor because of its extreme
      bodying-up properties.
PAR  Fatty acids and dimer acids are characterized in that they little influence
      the viscosity of paint by their addition to the paint, but when they are
      used together with pigments such as common zinc oxide, basic lead
      carbonate, chrome yellow and calcium carbonate, the gloss of the dry film
      is greatly lowered or, in the extreme, seeds occur. Alkyl esters of dimer
      acids can produce comparatively favorable results owing to low degrees of
      gloss decrease, but this is offset by extreme decrease of antisag
      properties.
PAR  When hydrogenated castor oil is properly swollen and dispersed in paint, it
      is effective in antisagging within a given range of temperatures. That is,
      it is not very effective at normal temperature, and above 50.degree.C.,
      seed occur, occasionally even at 40.degree.C. However, since in a general
      grinding mill, temperature control can not be sufficiently maintained
      dispersions prepared in winter are not very effective and dispersions
      prepared in summer tend to produce seeds.
PAR  Many attempts have hitherto been made to improve the aforesaid drawbacks.
      One attempt was to use amide wax together with hydrogenated castor oil.
      This was still insufficient because the preventive effect against
      occurrence of seeds is achieved at most up to 60.degree.C. and an ordinary
      grinding mill very often reaches temperatures of 70.degree.C. or above. In
      addition, as a result of this denaturation, in most cases effectiveness
      under conditions of low temperature dispersion is lowered. Thus the range
      of appropriate grinding temperatures is narrow and does not exceed at most
      20.degree.C. even if a zone of weak effect is included.
PAR  Emulsifiable polyethylene wax shows antisag effect to some extent and will
      not produce seeds, unlike hydrogenated castor oil. However, in view of the
      fact that recently in the paint industry, it has become essential that wet
      film does not sag immediately after coating, even when as thick as about
      250 microns, the aforesaid antisag effect is not sufficient. Additionally,
      there is the drawback that when loads are increased to obtain a sufficient
      antisag effect, there is a great decrease in gloss of the dry film.
PAR  Thus, in the prior art, when the rheological properties are to be modified
      by the action of fine swollen particles present in a fine particle
      suspensison, the effect varies with the swell of the swollen body and the
      swell itself is considerably influenced by grinding temperautre, kinds of
      grinding mills, vehicles, and so on. Further, the range of conditions
      available for a composition provided by the prior art is narrow.
      Accordingly, in order that satisfactory results may be obtained, it is
      essential that the use conditions of the prior art compositions be
      strictly controlled.
PAR  It is the object of the present invention to provide a sufficient and
      effective modifier for improving the rheological and suspension properties
      of a nonaqueous fluid system.
PAR  It is another object of the present invention to provide a process for
      improving the rheological and suspension properties of a nonaqueous fluid
      system containing finely divided solid particles by the addition of such a
      modifier to the nonaqueous fluid system.
PAR  It is still another object of the present invention to provide a nonaqueous
      fluid system containing finely divided solid particles, having improved
      rheological and suspension properties due to the presence of such a
      modifier in the system.
PAR  The inventors have found that the combined use of: (1) an amide wax having
      a melting point of about 100.degree. to 160.degree.C., prepared by
      reacting hydrogenated castor oil fatty acid or an organic acid mixture
      containing at least 30 molar percent of hydrogenated castor oil fatty acid
      with certain amines; and (2) an emulsifiable polyethylene wax having an
      acid number of about 2 to 50, a softening point of about 95.degree. to
      about 120.degree.c., a density of about 0.92 to about 0.98 and a
      penetration of about 1 to about 20; is essential for the attainment of the
      aforesaid object of the present invention.
PAR  According to the present invention, there is provided (A) a process for
      improving the rheological properties and suspension properties of a
      nonaqueous fluid system characterized by adding said amide wax (I) and
      said emulsifiable polyethylene wax (II) into the nonaqueous fluid system
      containing finely divided solid particles and (B) a nonaqeous fluid system
      containing finely divided solid particles having improved rheological and
      suspension properties characterized in that the amide wax (I) and the
      emulsifiable polyethylene wax (II) are present in the system.
PAR  Among amines useful as starting materials of the amide wax (I) in the
      present invention are alcohol amines such as monoethanolamine,
      diethanolamine and aminoethyl ethanolamine, polyamines such as
      ethylenediamine, propylenediamine, hexamethylenediamine,
      octamethylenediamine, dodecamethylenediamine, diethylenetriamine,
      triethylenetetramine and xylylenediamine and benzylamine.
PAR  It is essential that the amide wax (I) in the present invention have a
      melting point of about 100.degree. to about 160.degree.C. and an amide wax
      departing from the melting point range cannot produce the desired effect
      of the present invention.
PAR  It is preferable for the object of the present invention that the
      emulsifiable polyethylene wax (II) have a molecular weight of about 700 to
      6000 and particularly about 1000 to 3500.
PAR  In the present invention, improvements in the rheological and suspension
      properties of the nonaqueous suspension cannot be made until a synergistic
      effect is produced by the use of both an amide wax (I) and an emulsifiable
      polyethylene wax (II). The object of the present invention cannot be
      attained with the single use of either an amide wax (I) or emulsifiable
      polyethylene wax (II).
PAR  For instance, an emulsifiable polyethylene wax (II) used alone produces the
      problems discussed previously. On the other hand, the use of an amide wax
      alone cannot produce sufficient antisag effect unless the amide wax is
      subjected to optimal dispersion and swelling conditions. In order that an
      amide wax may be placed in the optimal dispersion and swelling state, it
      is necessary to disperse it in comparatively limited kinds of nonaqueous
      suspension under restricted conditions. For instance, when dispersion is
      conducted with a grinding mill such as a roller mill, to which it is
      difficult to apply high temperatures, no effect is obtained because of
      lack of swelling.
PAR  Unlike the use of an amide wax (I) or emulsifiable polyethylene wax (II)
      alone, the combined use of both in the present invention can remarkably
      improve the rheological and suspension properties of a nonaqueos
      suspension by adding both under no strict limitation of use conditions to
      obtain a nonaqueous fluid system having excellent time stability.
PAR  Without restriction as to theory, it is believed that the effect produced
      by the combination of an amide wax (I) and an emulsifiable polyethylene
      wax (II) in the present invention relies on the development of a
      thixotropical gel structure in the nonaqueous suspension. Such gel
      structure can be considered as consisting of a structure of mutual
      emulsifiable polyethylene wax particles adherent to solid particles, a
      structure between amide wax particles, and solid particles and a structure
      between emulsifiable polyethylene wax particles adherent to the solid
      particles and amide wax particles. Particularly, a structure between
      emulsifiable polyethylene wax particles and amide wax particles is thought
      to greatly affect the formation of thixotropic gel structure. If according
      to this principle, grinding at high temperatures is carried out as a step
      of adding an emulsifiable polyethylene wax to the nonaqueous suspension of
      the present invention, emulsifiable polyethylene wax particles are fully
      adsorbed by solid particles present in the nonaqueous suspension, bring
      about better results.
PAR  In the present invention an amide wax (I) and an emulsifiable polyethylene
      wax (II) may be added to a nonaqueous suspension either separately or in
      the form of a mixture or eutectic of both waxes. They may take a powdery
      form or dispersion form in a nonaqueous medium when they are added to the
      nonaqueous suspenion. Adding to the nonaqueous suspension a dispersion
      containing both ingredients in a nonaqueous medium is best from a
      pracitcal standpoint since there is no need to select a grinding mill and
      grinding temperature.
PAR  One preferable embodiment of the present invention will be described below.
PAR  An amide wax (I) and an emulsifiable polyethylene wax (II) are mixed and
      dispersed in a paint or other nonaqueous suspension containing pigment or
      other solid particles with the use of common apparatus (sand grinding
      mill, roller mill, ball mill, dissolver, etc.) in a wide range of
      temperatures from room temperature to high temperatures of 70.degree.C. or
      above. The ratio by weight of the amide wax (I) to the emulsifiable wax
      (II) use ranges from 10:90 to 85:15. The loads of both in the nonaqueous
      suspension vary with various factors such as the desired effect (antisag
      properties, pigment antisettling properties, etc.), properties of the
      suspension, dispersion conditions in preparing the suspension and types of
      nonaqueous fluids to be used and thus are not limitative. However, the
      loads in solid content are usually 0.1 to 5% by weight.
PAR  The present invention will be described by way of examples. Parts and
      percentages are by weight unless otherwise stated and loads in each
      example are in solid content.
DETD
PAC  EXAMPLE 1
PAR  To tall oil soya alkyd resin paint having a composition as shown in Table
      1are added well-known, conventional modifiers and those of the present
      invention, respectively. Consistency at 25.degree.C. with a Stormer
      viscometer, antisag properties, pigment antisettling properties,
      accelerated can stability in a thermostatic chamber at 50.degree.C. for 30
      days and gloss of dry film (values of a glossmeter in Japanese Industrial
      Standards-K-5400,64) are measured respectively and the test results are
      given in Table 2.
PAC  Modifier in example 1-1
PAR  Fluid dispersion prepared by mixing together (A) one part N,N'-12-hydroxy
      stearoylhexamethylene diamide (mp 132.degree. C) obtained from both one
      mole of hexamethylenediamine and two moles of hydrogenated castor oil
      fatty acid and (B) 2 parts of an emulsifiable polyethylene wax having an
      average molecular weight 2800, an acid number 17, a softening point
      97.degree.C., a density of 0.920 and a penetration of 18 in 7 parts xylol.
PAC  Modifier in example 1-2
PAR  (A) Fluid dispersion prepared by mixing one part of amide wax in four parts
      xylol . . . One part
PAR  (B) Fluid dispersion prepared by mixing one part of the emulsifiable
      polyethylene wax in four parts of xylol . . . Two parts
PAC  Modifier in example 1-3
PAR  (A) Amide wax pulverized to 30 microns . . One part
PAR  (B) Fluid dispersion prepared by mixing one part of the emulsifiable
      polyethylene wax in four parts of xylol . . . Ten parts
PAC  Modifier in example 1-4
PAR  A mixture of (A) one part of the emulsifiable polyethylene wax pulverized
      to 90 microns and (B) one part of the amide wax pulverized to 90 microns.
TBL                Table 1                                                     
     ______________________________________                                    
     Oil-modified Alkyd Resin Paint                                            
     (Ingredients)         (Amount)                                            
     ______________________________________                                    
     Rutile, titanium dioxide                                                  
                             18 parts                                          
     Anatase, titanium dioxide                                                 
                           7                                                   
     Zinc oxide            5                                                   
     Calcium carbonate     10                                                  
     Tall-oil soya alkyd solution                                              
     (70% nonvolatile, 65% oil length)                                         
                           50.5                                                
     Mineral spirits       8.2                                                 
     Cobalt naphthenate (5% Co)                                                
                           0.2                                                 
     Lead naphthenate (15% Pb)                                                 
                           1.0                                                 
     Antiskinning agent    0.1                                                 
     ______________________________________                                    
TBL                                    Table 2                                 
     __________________________________________________________________________
                 Properties of Modifiers                                       
                            Antisag Pigment                                    
                 Loads                                                         
                     Consistency                                               
                            properties                                         
                                    antisettling                               
                                           Accelerated                         
                                                   Gloss                       
     Modifier    (%) (KU)   (mils)  properties                                 
                                           can stability                       
                                                   of film                     
     __________________________________________________________________________
     None        --   80     6      poorest                                    
                                           Poorest 88                          
     Aluminum stearate                                                         
                 0.4 108    10      Poor   Poor    83                          
     Montmorillonite                                                           
     derivatives 0.4 116    11      Poor   Poor    83                          
     Hydrogenated                                                              
     castor oil  0.4 120    12      Good   Good, seeding                       
                                                   83                          
     Emulsifiable                                                              
     polyethylene wax                                                          
                 0.4 103     9      Best   Little or no                        
                                                   83                          
                                           clear separa-                       
                                           tion and                            
                                           best                                
     Polymerized                                                               
     linseed oil 0.4  88    10      Poor   Poor    81                          
     Dimer acid  0.4  81    10      Good   Seeding and                         
                                                   75                          
                                           good, some                          
                                           clear                               
                                           separation                          
     Butyl ester                                                               
     of dimer acid                                                             
                 0.4  81     8      Poor   Poor and some                       
                                                   86                          
                                           clear                               
                                           separation                          
     Fluid dispersion                                                          
                 0.4  95    13      Best   Little or no                        
                                                   85                          
     prepared by dis-                      separation,                         
     persing 2 parts                       and best                            
     N,N'-12-hydroxy-                                                          
     stearoyl-hexa-                                                            
     methylenediamide                                                          
     obtained from one                                                         
     mole of hexamethyl-                                                       
     enediamine and 2                                                          
     moles of hydrogenated                                                     
     castor oil fatty acid                                                     
     in 8 parts xylol.                                                         
     Example 1-1 0.4 105    More than 13                                       
                                    Best   Little or no                        
                                                   83                          
                                           separation,                         
                                           and best                            
     Example 1-2 0.4 104    More than 13                                       
                                    Best   Little or no                        
                                                   83                          
                                           separation,                         
                                           and best                            
     Example 1-3 0.4  98    More than 13                                       
                                    Best   Little or no                        
                                                   84                          
                                           separation,                         
                                           and best                            
     Example 1-4 0.4 105    More than 13                                       
                                    Best   Little or no                        
                                                   85                          
                                           separation,                         
                                           and best                            
     __________________________________________________________________________
PAR  In this test, a metallic testing apparatus, (sag tester) capable of making
      11 paths in total, each having a width of 0.25 inch and a clearance from 3
      mils (0.003 inch) to 13 mils in an increment of one mil stepwise in depth
      arranged at equal intervals of 0.2 inch, is used to place on a smooth
      glass plate wet film bands gradually getting thicker from 3 mils to 13
      mils in conformity with the clearance of the paths. Immediately after
      these bands are placed, the glass plate is vertically hung with the wet
      film 3 mils thick located uppermost, and preferably in a temperature
      (20.degree.C. .+-.1.degree.) and humidity (RH 55%) controlled chamber for
      24 hours or until the film has dried, such that the directions of
      placement of the bands are horizontal. The state of the dry film is
      observed and the thickness of the film while still wet in the band having
      a sag exceeding 0.2 inch is judged to determine antisag properties. The
      paint used for testing antisag is prepared by adding thinner in an
      appropriate amount to paint made according to the previous formula to give
      a consistency of 70 KU (25.degree.C.).
PAR  Antisag properties are preferably determined in as constant painting
      operations as possible and consideration is given to the of cause and
      effect that generally, the higher the consistency of paint, the poorer are
      the paintings operations, but the antisag properties become better.
      Antisag properties listed in the Table are estimated by the aforesaid
      method of testing and the greater the numerical values, the better the
      antisag properties. Further, "more than 13 mils" means that there are no
      sag portions of 0.2 inch in wet film 13 mils thick. That is, film which
      sags more that 0.2 inch exceeds 13 mils in thickness.
PAR  Film exceeding 13 mils cannot be measured with this tester.
PAR  In the test of pigment antisettling properties, the paint used for antisag
      testing, and having a consistency of 70 KU (25.degree.C.), is hermetically
      sealed and allowed to stand for 30 days in a chamber at 25.degree.C. Then
      the seal is broken and a stirring rod is gently inserted into the
      container to estimate the settling degree of the pigment which will
      collect at the bottom of the container. The paint which maintains almost
      the initial dispersion state and which has no settling is estimated best,
      disregarding the presence of a slightly dilute portion of the pigment at
      the top. The paint which has settling is rated good or poor according to
      the degree of difficulty of redispersion properties found by comparatively
      simple agitation and the paint settling compactly and difficult to
      redisperse is rated poorest.
PAR  For the can stability test, the paint used for the antisag test is adjusted
      to 70 KU (25.degree.C.), hermetically sealed, stored for 30 days in a
      temperature controlled chamber at 50.degree.C. to carry out an accelerated
      test, and then, the seal is broken to observe the degree of clear
      separation of the uppermost layer. Setting is estimated by the aforesaid
      antisettling procedure. Film is then prepared by the procedure of making a
      board for measuring film gloss and the presence of seeds is checked as
      well.
PAR  As given in Table 2, conventional modifiers, when compared with the
      modifiers of the present invention, show that even when antisag properties
      are made slightly poorer by adjusting loads, the gloss of the dry film is
      lowered or the films antisag properties tremendously deteriorate, in a
      butyl ester of dimer acid having comparatively no reducing of gloss. There
      are also the disadvantages that in accelerated can stability, seeds occur
      and clear separation is high. Hence it is obvious that the modifying
      process of the rheological and suspension properties in the present
      invention is very useful.
PAC  EXAMPLE 2
PAR  The modifier of the present invention was added to tall-oil soya alkyd
      resin paint having a composition as given in Table 3, at grinding
      temperatures of 30.degree.C., 50.degree.C., and 70.degree.C. for 30
      minutes at 1750 r.p.m. with the use of a test sand grinding mill sold by
      Igarashi Machinery Mfg. Co., Type OSG-21, which grinding mill was
      hereafter used. The same test as example 1 was made.
PAC  Modifier in example 2-1
PAR  Fluid dispersion prepared by adding to 7 parts of xylol: one part of
      N,N'-12-hydroxystearoylethylenediamide (mp 138.degree.C.) obtained from
      one mole of ethylene diamine and two moles of hydrogenated castor oil
      fatty acid; and two parts of an emulsifiable polyethylene wax having an
      average molecular weight of 2800, an acid number of 17, a softening point
      of 97.degree.C., a density of 0.920 and a penetration of 18.
PAC  Modifier in example 2-2
PAR  Fluid dispersion prepared by mixing one part of the amide wax in 4 parts of
      xylol . . . 1 part
PAR  Fluid dispersion prepared by mixing one part of the emulsifiable
      polyethylene wax in 4 parts of xylol . . 2 parts
PAC  Modifier in example 2-3
PAR  A mixture of one part of the amide wax pulverized to 80  microns and one
      part of the emulsifiable polyethylene wax pulverized to 80 microns.
PAR  The test results are given in Table 4. For comparison, data for
      hydrogenated castor oil, the amide wax and the emulsifiable polyethylene
      wax each used alone are also given in Table 4. Further, test results for
      antisag of paint adjusted to a consistency of 70 KU (25.degree.C.), with
      the second addition of thinner in appropriate amounts to the paint tested
      for accelerated can stability at 50.degree.C. for 30 days, are also given
      to observe stability of antisag after storage.
TBL                Table 3                                                     
     ______________________________________                                    
     Alkyd Resin Paint                                                         
     (Ingredients)         (Amounts)                                           
     ______________________________________                                    
     Rutile, titanium dioxide                                                  
                             34 parts                                          
     Anatase, titanium dioxide                                                 
                           8.4                                                 
     Tall-oil soya alkyd resin solution                                        
     (70% nonvolatile, 65% oil length)                                         
                           50                                                  
     Mineral spirits       6.3                                                 
     Cobalt naphthenate (5% Co)                                                
                           0.2                                                 
     Lead naphthenate (15% Pb)                                                 
                           1.0                                                 
     Antiskinning agent    0.1                                                 
     ______________________________________                                    
TBL                                    Table 4                                 
     __________________________________________________________________________
                               Antisage                                        
                               properties                                      
                Dispersion                                                     
                       Antisag after 30 days                                   
                                         Pigment                               
            Loads                                                              
                temperature                                                    
                       properties                                              
                               storage at 50.degree.C.                         
                                         antisettling                          
                                                Accelerated                    
     Modifier                                                                  
            (%) (.degree.C.)                                                   
                       (mils)  (mils)    properties                            
                                                can stability                  
     __________________________________________________________________________
     None   --  50     5       5         Poorest                               
                                                poorest                        
     hydrogenated                                                              
                30     7                                                       
     castor oil                                                                
            0.6 50     Gelled and                                              
                               Gelled and                                      
                                         Good   Good and                       
                70     not worthy of                                           
                               not worthy of    seeding                        
                       measurement                                             
                               measurement                                     
     Amide wax                                                                 
            0.6 30     7       6         Poor   Good                           
                50     10      9         Good   Bodied up,                     
                                                and best                       
                70     12      11        Best   Bodied up,                     
                                                and best                       
     Emulsifiable                                                              
            0.6 30     6       5         Poorest                               
                                                Poorest                        
     polyethylene                                                              
     wax        50     8       6         "      "                              
                70     8       6         "      "                              
     Example 2-1                                                               
            0.6 30     More than 13                                            
                               More than 13                                    
                                         Best   Little or no                   
                                                separation,                    
                                                and best                       
                50     "       "         "      "                              
                70     "       "         "      "                              
     Example 2-2                                                               
            0.6 30     "       "         "      "                              
                50     "       "         "      "                              
                70     "       "         "      "                              
     Example 2-3                                                               
            1.0 30     13      12        "      "                              
                50     More than 13                                            
                               13        "      "                              
                70     "       More than 13                                    
                                         "      "                              
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  To tall-oil soya alkyd paint having a composition in Table 3 is added 0.4%
      of the following modifiers of the present invention with a three roller
      mill and the procedure in example 1 is carried out. The test results are
      given in Table 5.
PAC  Modifier in Example 3-1
PAR  Powdery amide wax (m.p. 112.degree.C.) obtained from 1 mole of
      diethylenetriamine and 2 moles of hydrogenated castor oil fatty acid and
      pulverized to 30 microns . . . One part
PAR  Fluid dispersion prepared by mixing one part of an emulsifiable
      polyethylene wax having an average molecular weight of 2300, an acid
      number of 4, a softening point of 118.degree.C., a density of 0.960 and a
      penetration of 4.4 in 4 parts of xylol . . . One part
PAC  Modifier in example 3-2
PAR  Fluid dispersion prepared by mixing one part of
      N,N'-12-hydroxystearoylaminoethylethanoldiamide (m.p. 115.degree.C.)
      obtained from one mole of aminoethylethanolamine and 2 moles of
      hydrogenated castor oil fatty acid in 4 parts of xylol . . . 85 parts
PAR  Fluid dispersion prepared by mixing one part of the emulsifiable
      polyethylene wax in 4 parts of xylol . . . 15 parts
TBL                                    Table 5                                 
     __________________________________________________________________________
                       Antisag properties                                      
                                 Pigment                                       
             Loads                                                             
                 Antisag                                                       
                       after 30 days'                                          
                                 antisettling                                  
                                        Accelerated                            
                                                Gloss                          
     Modifier                                                                  
             (%) properties                                                    
                       storage at 50.degree.C.                                 
                                 properties                                    
                                        can stability                          
                                                of film                        
     __________________________________________________________________________
     None    --   5 mils                                                       
                        5 mils   Poorest                                       
                                        Poorest 90                             
     Example 3-1                                                               
             0.4 More than                                                     
                       More than 13                                            
                                 Best   Little or no                           
                                                89                             
                 13 mils                                                       
                       13 mils          clear                                  
                                        separation,                            
                                        and best                               
     Example 3-2                                                               
             0.4 "     "         "      "       89                             
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  A fluid dispersion was prepared by mixing 2 parts of an emulsifiable
      polyethylene wax having an average molecular weight of 1,900, an acid
      number of 30, a softening point of 108.degree.C., a density of 0.975 and a
      penetration of 2; and one part of 12-hydroxystearoylethanolamide (m.p.
      101.degree.C.) obtained from one mole of monoethanolamine and one mole of
      hydrogenated castor oil fatty acid in 7 parts xylol added in amounts of
      0.4  and 0.6%, respectively to a medium-oil linseed alkyd paint having a
      composition as given in Table 6, with a test and grinding mill at a
      grinding temperature of 50.degree.C., at 1750 r.p.m. for a grinding time
      of 30 minutes.
PAR  The same procedure as before is carried out and the test results are given
      in Table 7.
TBL                Table 6                                                     
     ______________________________________                                    
     (Ingredients)         (Amounts)                                           
     ______________________________________                                    
     Rutile, titanium dioxide                                                  
                             19 parts                                          
     Anatase, titanium dioxide                                                 
                           6                                                   
     Calcium carbonate     9                                                   
     Medium oil linseed alkyd solution                                         
     (50% nonvolatile, 52% oil length)                                         
                           55                                                  
     Mineral spirits       9.7                                                 
     Cobalt naphthenate (5% Co)                                                
                           0.2                                                 
     Lead naphthenate (15% Pb)                                                 
                           1.0                                                 
     Antiskinning agent    0.1                                                 
     ______________________________________                                    
TBL                                    Table 7                                 
     __________________________________________________________________________
                      Antisag properties                                       
                                Pigment                                        
            Loads                                                              
                Antisag                                                        
                      after 30 days'                                           
                                antisettling                                   
                                       Accelerated                             
                                               Gloss                           
     Modifier                                                                  
            (%) properties                                                     
                      storage at 50.degree.C.                                  
                                properties                                     
                                       can stability                           
                                               of film                         
     __________________________________________________________________________
     None   --   7 mils                                                        
                       7 mils   Poorest                                        
                                       Poorest 80                              
     Example 4                                                                 
            0.4 12 mils                                                        
                      11 mils   Best   Little or                               
                                               77                              
                                       no clear                                
                                       separation,                             
                                       and best                                
      "     0.6 more than                                                      
                      13 mils   Best   "       75                              
                13 mils                                                        
     __________________________________________________________________________
PAC  EXAMPLE 5
PAR  To the petroleum resin-compounding alkyd resin paint (blue) having a
      composition as given in Table 8 were added respectively 0.5% of the
      following modifiers of the present invention with a test sand grinding
      mill, at a grinding temperature of 70.degree.C., at 1750 r.p.m. and for a
      grinding time of 30 minutes. The procedure was the same as before and the
      test results are given in Table 9.
PAC  Modifier in example 5-1
PAR  A fluid dispersion was prepared by mixing one part of an emulsifiable
      polyethylene wax having an average molecular weight of 3000, an acid value
      of 13, a softening point of 114.degree.C., a density of 0.963 and a
      penetration of 2.3; and one part of amide wax (m.p. 160.degree.C.)
      obtained from two moles of xylylenediamine, one mole of sebacic acid, one
      mole of ricinoleic acid and one mole of hydrogenated castor oil fatty acid
      in 8 parts of xylol.
PAC  Modifier in example 5-2
PAR  Fluid dispersion prepared by mixing one part of amide wax in 4 parts of
      xylol . . . One part
PAR  Fluid dispersion prepared by mixing one part of an emulsifiable
      polyethylene wax having an average molecular weight of 3400, an acid
      number of 16, a softening point of 100.degree.C., a density of 0.925 and a
      penetration of 7 in 4 parts of xylol . . . 9 parts
TBL                Table 8                                                     
     ______________________________________                                    
     Alkyd Resin Paint                                                         
     (Ingredients)         (Amounts)                                           
     ______________________________________                                    
     Rutile, titanium dioxide                                                  
                             18 parts                                          
     Anatase, titanium dioxide                                                 
                           10                                                  
     Cyanin blue           0.5                                                 
     Calcium carbonate     12                                                  
     Tall-oil soya alkyd solution                                              
     (70% nonvolatile, 65% oil length)                                         
                           35                                                  
     Petroleum resin solution                                                  
     (70% nonvolatile)     15                                                  
     Mineral spirits       8.6                                                 
     Cobalt naphthenate (5% Co)                                                
                           0.2                                                 
     Lead naphthenate (15% Pb)                                                 
                           1.0                                                 
     Antiskinning agent    0.1                                                 
     ______________________________________                                    
TBL                                    Table 9                                 
     __________________________________________________________________________
                       Antisag properties                                      
                                 Pigment                                       
             Loads                                                             
                 Antisag                                                       
                       after 30 days'                                          
                                 antisettling                                  
                                        Accelerated                            
                                                Gloss                          
     Modifier                                                                  
             (%) properties                                                    
                       storage at 50.degree.C.                                 
                                 properties                                    
                                        can stabiliity                         
                                                of film                        
     __________________________________________________________________________
     None    --   4 mils                                                       
                        4 mils   Poorest                                       
                                        Poorest 93                             
     Example 5-1                                                               
             0.5 12 mils                                                       
                       12 mils   Best   Little or no                           
                                                91                             
                                        clear                                  
                                        separation,                            
                                        and best                               
     Example 5-2                                                               
             0.5 13 mils                                                       
                       13 mils   Best   Little or no                           
                                                91                             
                                        clear                                  
                                        separation,                            
                                        and best                               
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  A fluid dispersion was prepared by mixing one part of an emulsifiable
      polyethylene wax having an average molecular weight of 1700, an acid
      number of 43, a softening point of 106.degree.C., a density of 0.980 and a
      penetration of 3; and 2 parts of an amide wax (m.p. 117.degree.C.)
      obtained from 3 moles of ethylenediamine, 2 moles of hydrogenated castor
      oil fatty acid, one mole of castor oil fatty acid and one mole of
      trimellitic acid in 7 parts of xylol and was respectively added in amounts
      of 0.3 and 0.5% to an epoxy ester resin solution having a composition as
      given in Table 10, with a test sand grinding mill, at a grinding
      temperature of 50.degree.C. at 1750 r.p.m. and for a grinding time of 30
      minutes. Then the same procedure as before was carried out and the test
      results are given in Table 11.
TBL                Table 10                                                    
     ______________________________________                                    
     Epoxy Ester Resin Paint                                                   
     (Ingredients)         (Amounts)                                           
     ______________________________________                                    
     Epoxy ester resin                                                         
     (Beckosol p-786 sold by                                                   
     Dainippon Ink & Chemicals, Inc.)                                          
                             61 parts                                          
     Rutile, titanium dioxide                                                  
                           25                                                  
     Anatase, titanium dioxide                                                 
                           7                                                   
     Toluidine red         0.5                                                 
     Xylol                 5.4                                                 
     Cobalt naphthenate (5% Co)                                                
                           0.2                                                 
     Lead naphthenate (15% Pb)                                                 
                           0.8                                                 
     Antiskinning agent    0.1                                                 
     ______________________________________                                    
TBL                                    Table 11                                
     __________________________________________________________________________
                      Antisag properties                                       
                                Pigment                                        
            Loads                                                              
                Antisag                                                        
                      after 30 days'                                           
                                antisettling                                   
                                       Accelerated                             
                                               Gloss                           
     Modifier                                                                  
            (%) properties                                                     
                      storage at 50.degree.C.                                  
                                properties                                     
                                       can stability                           
                                               of film                         
     __________________________________________________________________________
     None   --   8 mils                                                        
                       8 mils   Poor   Poorest 91                              
     Example 6                                                                 
            0.3 More than                                                      
                      More than Best   Little or                               
                                               90                              
                13 mils                                                        
                      13 mils          no clear                                
                                       separation,                             
                                       and best                                
      "     0.5 "     "         "      "       88                              
     __________________________________________________________________________
PAC  EXAMPLE 7
PAR  A powder prepared by feeding into a mixer and pulverizing to 50 microns:
      one part of an emulsifiable polyethylene wax having an average molecular
      weight of 2,200, an acid number of 18, a softening point of 107.degree.C.,
      a density of 0.940 and a penetration of 4.5; and one part of
      N,N'-12-hydroxystearoylxylylenediamide (m.p. 134.degree.C.) obtained from
      one mole of xylylenediamine and two moles of hydrogenated castor oil fatty
      acid; and was added in amounts of 0.4 and 0.6% respectively to a solvent
      type epoxy resin paint (grey) having a composition as given in Table 12,
      Compound A, with a test sand grinding mill at a grinding temperature of
      50.degree.C., at 1750 r.p.m., for a grinding time of 30 minutes. The same
      procedure as before was taken and the test results are given in Table 13.
      For the antisag test, however a curing agent solution having the
      composition of Compound B in Table 12 was added.
TBL                Table 12                                                    
     ______________________________________                                    
     Epoxy Resin Paint                                                         
     (Ingredients)           (Amounts)                                         
     ______________________________________                                    
     Compound A                                                                
     Epoxy resin                                                               
     (Epikote No. 1001 sold by                                                 
     Shell Petrochemical Co.)                                                  
                               35 parts                                        
     Rutile, titanium dioxide                                                  
                             38                                                
     Carbon black            2                                                 
     Xylol                   15.8                                              
     MIBK                    5.4                                               
     Cyclohexanone           2.3                                               
     n-butanol               1.5                                               
     Compound B                                                                
     Polyamide type curing agent                                               
     (Versamide 115 sold by                                                    
     Daiichi Kogyo Pharmaceutical Co.)                                         
                               21 parts                                        
     Xylol                   14                                                
     MIBK                    5                                                 
     n-butanol               2                                                 
     ______________________________________                                    
TBL                                    Table 13                                
     __________________________________________________________________________
                      Antisag properties                                       
                                Pigment                                        
            Loads                                                              
                Antisag                                                        
                      after 30 days'                                           
                                antisettling                                   
                                       Accelerated                             
                                               Gloss                           
     Modifier                                                                  
            (%) properties                                                     
                      storage at 50.degree.C.                                  
                                properties                                     
                                       can stability                           
                                               of film                         
     __________________________________________________________________________
     None   --   9 mils                                                        
                       9 mils   Good   good    86                              
     Example 7                                                                 
            0.4 More than                                                      
                      More than Best   Best    84                              
                13 mils                                                        
                      13 mils                                                  
      "     0.6 "     "         "      "       83                              
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  A fluid dispersion was prepared by mixing one part of an emulsifiable
      polyethylene wax having an average molecular weight of 3000, an acid
      number of 16, a softening point of 98.degree.C., a density of 0.930 and a
      penetration of 17; and two parts of an amide wax (m.p. 132.degree.C.)
      obtained from two moles of ethylenediamine, two moles of hydrogenated
      castor oil fatty acid and one mole of phthalic anhydride in 7 parts of
      xylol in amounts of added 0.4 and 0.6% respectively to a nonsolvent type
      epoxy resin paint (grey) having a composition as given in Table
      14,Compound A, with a test sand grinding mill at a grinding temperature of
      50.degree.C. at 175 r.p.m. and for a grinding time of 30 minutes.
PAR  The same procedure as before was carried out except that for an antisag
      test, a curing agent solution having the composition of Table 14, Compound
      B was added. The test results are given in Table 15.
TBL                Table 14                                                    
     ______________________________________                                    
     Epoxy Resin Paint                                                         
     (Ingredients)          (Amounts)                                          
     ______________________________________                                    
     Compound A                                                                
     Epoxy resin                                                               
     (Epikote No. 815 sold by                                                  
     Shell Petrochemical Co.)                                                  
                            58.5 parts                                         
     Rutile, titanium dioxide                                                  
                            9.2                                                
     Carbon black           2.0                                                
     Baryte                 21.4                                               
     China clay             5.5                                                
     5% phenol solution     3.4                                                
     Compound B                                                                
     Curing agent                                                              
     (Epicure H-3 sold by                                                      
     Shell Petrochemical Co.)                                                  
                              23 parts                                         
     Xylol                  15                                                 
     MIBK                   4                                                  
     Ethylene glycol monoethyl                                                 
     ether acetate          4                                                  
     ______________________________________                                    
TBL                                    Table 15                                
     __________________________________________________________________________
                      Antisag properties                                       
                                Pigment                                        
            Loads                                                              
                Antisag                                                        
                      after 30 days'                                           
                                antisettling                                   
                                       Accelerated                             
                                               Gloss                           
     Modifier                                                                  
            (%) properties                                                     
                      storage at 50.degree.C.                                  
                                properties                                     
                                       can stability                           
                                               of film                         
     __________________________________________________________________________
     None   --   7 mils                                                        
                       7 mils   Poor   Poor    87                              
     Example 8                                                                 
            0.4 More than                                                      
                      More than Best   Best    85                              
                13 mils                                                        
                      13 mils                                                  
      "     0.6 "     "         "      "       83                              
     __________________________________________________________________________
PAC  EXAMPLE 9
PAR  The modifier of example 1-1 was added in an amount of 0.4% to zinc rich
      paint having a composition as given in Table 16, with a test sand grinding
      mill, at a grinding temperature of 50.degree.C., at 1750 r.p.m., and for a
      grinding time of 30 minutes. The same testing procedure as before was then
      taken. The test results are given in Table 17. In this test, a consistency
      of 70 KU was not used but rather Ford Cup 4, in the custom of the
      industry, and adjusted with xylol so as to get 60 .+-. 5 seconds
      (20.degree.C.).
TBL                Table 16                                                    
     ______________________________________                                    
     Epoxy ester resin Paint                                                   
     (Ingredients)         (Amounts)                                           
     ______________________________________                                    
     Epoxy ester resin                                                         
     (Epikosol 801-X sold by                                                   
     Japan Coating K.K.)     20 parts                                          
     Zinc powder           75                                                  
     Xylol                 4.3                                                 
     Cobalt naphthenate (5% Co)                                                
                           0.2                                                 
     Lead naphthenate (15% Pb)                                                 
                           0.3                                                 
     Antiskinning agent    0.2                                                 
     ______________________________________                                    
TBL                                    Table 17                                
     __________________________________________________________________________
                           Antisag properties                                  
                                     Pigment                                   
                 Loads                                                         
                     Antisag                                                   
                           after 30 days'                                      
                                     antisettling                              
                                            Accelerated                        
     Modifier    (%) properties                                                
                           storage at 50.degree.C.                             
                                     properties                                
                                            can stability                      
     __________________________________________________________________________
     None        --  7 mils                                                    
                           7 mils    Poorest                                   
                                            Poorest                            
     DISPARON    0.4 9 mils                                                    
                           8 mils    Poor   Poor                               
     No. 4200-20                                                               
     (20% paste of emul-                                                       
     sifiable polyethylene                                                     
     wax of Kusumoto                                                           
     Chemicals, Ltd.)                                                          
     Example 9   0.4 More than                                                 
                           More than Little or                                 
                                            Little or                          
                     13 mils                                                   
                           13 mils   no clear                                  
                                            no clear                           
                                     separation,                               
                                            separation,                        
                                     and best                                  
                                            and best                           
     __________________________________________________________________________
PAC  EXAMPLE 10
PAR  A fluid dispersion was prepared by mixing two parts of an emulsifiable
      polyethylene wax having an average molecular weight of 1800, an acid
      number of 16, a softening point of 104.degree.C., a density of 0.939, and
      a penetration of 4, and one part of
      N,N'-12-hydroxystearoyldodecamethylenediamide (m.p. 127.degree.C.)
      obtained from one mole of dodecamethylenediamine and 2 moles of
      hydrogenated castor oil fatty acid in 7 parts of xylol; and was then added
      in an amount of 0.3% to a wash primer having a composition as given in
      Table 18 after which grinding operations were carried out with a test
      porcelain pot mill for 48 hours. The same testing procedure as before was
      taken except that consistency was adjusted to 57 KU, instead of 70 KU to
      be compatible with the type of paint. The test results are given in Table
      19.
TBL                Table 18                                                    
     ______________________________________                                    
     Wash Primer                                                               
     (Ingredients)         (Amounts)                                           
     ______________________________________                                    
     Polyvinyl butyral resin                                                   
     (S-lec B BL-1 sold by                                                     
     Sekisui Chemical Co.)   14 parts                                          
     Zinc chromate (ZTO)   14                                                  
     Talc                  2                                                   
     Ethyl alcohol         38                                                  
     Isopropyl alcohol     16                                                  
     n-Butyl alcohol       10                                                  
     Xylol                 6                                                   
     ______________________________________                                    
TBL                                    Table 19                                
     __________________________________________________________________________
                           Antisag properties                                  
                                     Pigment                                   
                 Loads                                                         
                     Antisag                                                   
                           after 30 days'                                      
                                     antisettling                              
                                            Accelerated                        
     Modifier    (%) properties                                                
                           storage at 50.degree.C.                             
                                     properties                                
                                            can stability                      
     __________________________________________________________________________
     None        --   9 mils                                                   
                            9 mils   Poorest                                   
                                            Poorest                            
     DISPARON No. 4200-20                                                      
                 0.4 13 mils                                                   
                           13 mils   Good   Poor                               
     Example 10  0.3 More than                                                 
                           More than Best   Best                               
                     13 mils                                                   
                           13 mils                                             
     __________________________________________________________________________
PAC  EXAMPLE 11
PAR  A fluid dispersion was prepared by mixing two parts of an emulsifiable
      polyethylene wax having an average molecular weight of 2400, an acid
      number of 16, a softening point of 112.degree.C., a density of 0.944 and a
      penetration of 6.5; and one part of
      N,N'-12-hydroxystearoylhexamethylenediamide (m.p. 132.degree.C.) obtained
      from one mole of hexamethylenediamine and two moles of hydrogenated castor
      oil fatty acid in 7 parts of styrene monomer; and was then added in an
      amount of 0.8% to an unsaturated polyester resin paint having a
      composition as given in Table 20, using a three roller mill. The same test
      procedure as before was taken and the test results are given in Table 21.
      However, in the test, consistency was adjusted to 100 KU to be compatible
      with the paint and an accelerated can stability test was carried out at
      40.degree.C.
TBL                Table 20                                                    
     ______________________________________                                    
     Unsaturated Polyester Resin Paint                                         
     (Ingredients)         (Amounts)                                           
     ______________________________________                                    
     Unsaturated polyester resin                                               
     (Polylite No. 8010 sold by                                                
     Dainippon Ink & Chemicals, Inc.)                                          
                           84 parts                                            
     Rutile, titanium dioxide                                                  
                           16                                                  
     ______________________________________                                    
TBL                                    Table 21                                
     __________________________________________________________________________
                      Antisag properties                                       
                                Pigment                                        
            Loads                                                              
                Antisag                                                        
                      after 30 days'                                           
                                antisettling                                   
                                       Accelerated                             
                                               Gloss                           
     Modifier                                                                  
            (%) properties                                                     
                      storage at 40.degree.C.                                  
                                properties                                     
                                       can stability                           
                                               of film                         
     __________________________________________________________________________
     None   --   8 mils                                                        
                       8 mils   Good   Poor    92                              
     Example 11                                                                
            0.8 13 mils                                                        
                      13 mils   Best   Little or                               
                                               92                              
                                       no clear                                
                                       separation,                             
                                       and best                                
     __________________________________________________________________________
PAC  EXAMPLE 12
PAR  The modifier of example 1-4 was added to an oil caulking compound having a
      composition as given in Table 22 in an amount of 0.4% with a three roller
      mill. Loading effect of the modifier was tested according to the slump
      testing method on a construction oil-caulking compound (Japanese
      Industrial Standards A 5751-44). The test results are given in Table 23.
      Temperature conditions for the slump test is 20.degree. .+-. 3.degree.C.
      for the initial 24 hours and 60.degree. .+-. 3.degree.C. for another 24
      hours.
TBL                Table 22                                                    
     ______________________________________                                    
     Oil Caulking Compound                                                     
     (Ingredients)         (Amounts)                                           
     ______________________________________                                    
     Polybutene                                                                
     (molecular weight of 1200)                                                
                             12 parts                                          
     Soya alkyd solution   21                                                  
     Polymerized linseed oil                                                   
                           6                                                   
     Calcium carbonate     38                                                  
     Talc                  15                                                  
     Asbestos              3                                                   
     Anatase (titanium dioxide)                                                
                           4.8                                                 
     Cobalt naphthenate (5% Co)                                                
                           0.2                                                 
     ______________________________________                                    
TBL                Table 23                                                    
     ______________________________________                                    
     Modifier      Loads    20 .+-. 3.degree.C.                                
                                       60 .+-. 3.degree.C.                     
                            24 hours   24 hours                                
     ______________________________________                                    
     None          --       4 mm       --                                      
     Example 12    0.4 %    No slump   No slump                                
     ______________________________________                                    
PAC  EXAMPLE 13
PAR  A fluid dispersion was prepared by mixing one part of an emulsifiable
      polyethylene wax having an average molecular weight of 2100, an acid
      number of 16, a softening point of 114.degree.C., a density of 0.964 and a
      penetration of one; and two parts of
      N,N'-12-hydroxystearoylpropylenediamide (m.p. 125.degree.C.) obtained from
      one mole of propylenediamine and two moles of hydrogenated castor oil
      fatty acid in 7 parts of xylol; and was then added in an amount of 0.6% to
      an amino alkyd point having a composition as given in Table 24, with a
      three roller mill. The same test as before was made and the test results
      are given in Table 25. A test for accelerated can stability was made at
      40.degree.C.
TBL                Table 24                                                    
     ______________________________________                                    
     Amino alkyd resin paint                                                   
     (Ingredients)         (Amounts)                                           
     ______________________________________                                    
     Rutile, titanium dioxide                                                  
                             40 parts                                          
     Palm oil alkyd resin solution                                             
     (60% nonvolatile, 32% oil length)                                         
                           33.4                                                
     Soya alkyd solution                                                       
     (50% nonvolatile, 41% oil length                                          
                           8.2                                                 
     Butyrated melamine resin solution                                         
     (Super Beckamine G-821 sold by                                            
     Dainippon Ink & Chemicals, Inc)                                           
     (50% nonvolatile)     18.4                                                
     ______________________________________                                    
TBL                                    Table 25                                
     __________________________________________________________________________
                     Antisag   Pigment                                         
                     properties                                                
                               antiset-                                        
                                     Accelerated                               
               antisag                                                         
                     after 30 days'                                            
                               tling can                                       
     Modifier                                                                  
          Loads                                                                
               properties                                                      
                     storage at 40.degree.C.                                   
                               properties                                      
                                     stability                                 
     __________________________________________________________________________
     None --   10 mils                                                         
                     10 mils   Poorest                                         
                                     Poorest                                   
     Example                                                                   
          0.6 %                                                                
               13 mils                                                         
                     13 mils   Best  Best                                      
     13                                                                        
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for improving the rheological and suspension properties of a
      nonaqueous fluid system which contains finely divided solid particles
      characterized in that: (I) an amide wax having a melting point of about
      100.degree. to about 160.degree.C. obtained from reaction of hydrogenated
      castor oil fatty acid or an organic acid mixture containing at least 30
      molar percent of hydrogenated castor oil fatty acid with at least one
      primary or secondary amine; and (II) an emulsifiable polyethylene wax
      having an acid number of about 2 to 50, a softening point of about 95 to
      about 120.degree.C., a density of about 0.92 to about 0.98 and a
      penetration of about 1 to about 20; are added to the nonaqueous fluid
      system.
NUM  2.
PAR  2. The process of claim 1 further characterized in that the total added
      amount of the amide wax (I) and the emulsifiable polyethylene wax (II) is
      0.1 to 5% based on the weight of the nonaqueous fluid system and the
      weight ratio of the amide wax (I) to the emulsifiable polyethylene wax
      (II) is 10:90 to 85:15.
NUM  3.
PAR  3. A nonaqueous fluid system containing finely divided solid particles
      having improved rheological properties and suspension properties
      characterized in that: (I) an amide wax having a melting point of about
      100.degree. to about 160.degree.C. obtained from reaction of hydrogenated
      castor oil fatty acid or an organic acid mixture containing at least 30
      molar per cent of hydrogenated castor oil fatty acid with at least one
      primary or secondary amine and (II) an emulsifiable polyethylene wax
      having an acid number of about 2 to about 50, a softening point of about
      95.degree. to about 120.degree.C., a density of about 0.92 to about 0.98
      and a penetration of about 1 to about 20; are present in the system.
NUM  4.
PAR  4. The system of claim 3 in which the total amount present of the amide wax
      (I) and the emulsifiable polyethylene wax (II) is 0.1 to 5% based on the
      weight of the system and the weight ratio of the amide wax (I) to the
      emulsifiable polyethylene wax (II) is from 10:90 to 85:15.
NUM  5.
PAR  5. The process of claim 1, in which the emulsifiable polyethylene wax has a
      molecular weight of from 700 to 6,000.
NUM  6.
PAR  6. The process of claim 5, in which the molecular weight is from 1,000 to
      3,500.
NUM  7.
PAR  7. The system of claim 3, in which the emulsifiable polyethylene wax has a
      molecular weight of from 700 to 6,000.
NUM  8.
PAR  8. The system of claim 7, in which the molecular weight is from 1,000 to
      3,500.
NUM  9.
PAR  9. The process of claim 1 in which the amines are selected from at least
      one of the group consisting of: monoethanolamine; diethanolamine;
      aminoethyl ethanolamine; ethylenediame; propylenediamine;
      hexamethylenediamine; octamethylenediamine; dodecamethylenediamine;
      diethylenetriamine; triethylenetetramine; xylylenediamine; and
      benzylamine.
NUM  10.
PAR  10. The system of claim 3 in which the amines are selected from at least
      one of the group consisting of: monoethanolamine; diethanolamine;
      aminoethyl ethanolamine; ethylenediamine; propylenediamine;
      hexamethylenediamine; octamethylenediamine; dodecamethylenediamine;
      diethylenetriamine; triethylenetetramine; xylylenediamine; and
      benzylamine.
PATN
WKU  039376796
SRC  5
APN  2779315
APT  1
ART  149
APD  19720804
TTL  Electrodepositable compositions
ISD  19760210
NCL  21
ECL  1
EXP  Hayes; Lorenzo B.
INVT
NAM  Bosso; Joseph F.
CTY  Lower Burrell
STA  PA
INVT
NAM  Wismer; Marco
CTY  Gibsonia
STA  PA
ASSG
NAM  PPG Industries, Inc.
CTY  Pittsburgh
STA  PA
COD  02
RLAP
COD  72
APN  158063
APD  19710629
PSC  03
RLAP
COD  90
APN  167470
APD  19710729
RLAP
COD  90
APN  129267
APD  19710329
RLAP
COD  90
APN  100825
APD  19701222
RLAP
COD  90
APN  100834
APD  19701222
RLAP
COD  86
APN  158063
RLAP
COD  84
APN  772366
APD  19681031
PSC  03
RLAP
COD  86
APN  167470
RLAP
COD  82
APN  840847
APD  19690710
PSC  03
RLAP
COD  90
APN  840848
APD  19690710
PSC  03
RLAP
COD  90
APN  100825
RLAP
COD  90
APN  100834
RLAP
COD  86
APN  100825
RLAP
COD  90
APN  100834
RLAP
COD  92
RLAP
COD  82
APN  56730
APD  10700720
PSC  03
RLAP
COD  82
APN  772366
RLAP
COD  86
APN  129267
RLAP
COD  82
APN  100825
CLAS
OCL  260 293
XCL  204181
XCL  260 294R
XCL  260 294UA
XCL  260831
XCL  260834
XCL  260844
XCL  260851
XCL  260856
EDF  2
ICL  C08L 6106
ICL  C08L 6120
FSC  204
FSS  181
FSC  260
FSS  29.4 UA;29.3;831;834;29.4 R;844;851;856
UREF
PNO  2676166
ISD  19540400
NAM  Webers
OCL  260  2EP
UREF
PNO  3449228
ISD  19690600
NAM  Yurcheshen et al.
UCL  260 29.4
UREF
PNO  3531390
ISD  19700900
NAM  Bras
OCL  204181
UREF
PNO  3582511
ISD  19710600
NAM  Jalies
OCL  204181
UREF
PNO  3624013
ISD  19711100
NAM  Sekmakas et al.
UCL  260 29.4
UREF
PNO  3627720
ISD  19711200
NAM  Hinton et al.
OCL  260 29.3
UREF
PNO  3640926
ISD  19720200
NAM  Slater et al.
OCL  204181
UREF
PNO  3663389
ISD  19720500
NAM  Koral et al.
OCL  204181
LREP
FR2  Uhl; William J.
FR2  Severini; Carl T.
ABST
PAL  Electrodepositable coating compositions having improved appearance,
      detergent resistance, salt-spray resistance and other improved properties
      are provided by the combination of a vehicle resin which is a
      water-dispersible quaternary onium (e.g., ammonium, sulfonium,
      phosphonium) salt-containing resin in combination with either an
      amine-aldehyde condensation product or a methylol-phenol ether, or the
      combination of the two. These compositions electrodeposit on the cathode.
      The properties of the coatings obtained make them highly useful as
      industrial finishes, either as primers or as one-coat finishes.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending applications (A)
      Ser. No. 158,063, filed June 29, 1971 now abandoned; (B) Ser. No. 167,470,
      filed July 29, 1971; Ser. (C) No. 129,267, filed Mar. 29, 1971; and (D)
      Ser. Nos. 100,825 and 100,834, both filed Dec. 22, 1970.
PAR  Application Ser. No. 158,063  (A), in turn, is a division of copending
      application Ser. No. 772,366, filed Oct. 31, 1968, now abandoned;
      application Ser. No. 167,470 (B) is, in turn a continuation-in-part of
      copending applications Ser. Nos. 840,847 and 840,848, both filed July 10,
      1969, both now abandoned, as well as a continuation-in-part of copending
      applications Ser. Nos. 100,825 and 100,834 (D), both filed Dec. 22, 1970,
      applications Ser. Nos. 100,825 and 100,834 (D) both, in turn, being
      continuations-in-part of copending application Ser. No. 56,730, filed July
      20, 1970, now abandoned, which in turn is a continuation-in-part of
      copending application Ser. No. 772,366, filed Oct. 31, 1968, now
      abandoned; and Ser. No. 129,267 (C) is, in turn, a continuation-in-part of
      copending application Ser. No. 100,825, filed Dec. 22, 1970, which is, in
      turn, a continuation-in-part of copending application Ser. No. 56,730,
      filed July 20, 1970, now abandoned, which in turn is a
      continuation-in-part of copending application Ser. No. 772,366, filed Oct.
      31, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, there has been developed a group of water-dispersible
      quaternary onium salt-containing resins which have utility as coating
      compositions in general and particularly in aqueous electrodepositable
      compositions.
PAR  These resins are described in the prior copending applications set forth in
      the paragraph above, and are hereby incorporated by reference. These
      quaternary ammonium group containing resins as a class, providing highly
      useful cationic electrodepositable coatings, at times fail to meet the
      highest commercial standards of film appearance, detergent resistance
      and/or corrosion resistance, especially in areas where the standards set
      for these properties are critical.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that substantial improvements in film appearance and
      film properties including detergent resistance and/or salt spray
      resistance can be achieved by combining these quaternary onium (e.g.,
      ammonium, sulfonium, phosphonium) group-containing resins with either an
      amine-aldehyde condensate or a methylol-phenol ether, or a combination of
      both.
PAR  The cationic resins which can be utilized in preparing the compositions of
      this invention are characterized as ungelled, water--dispersible resins
      containing quaternary onium (preferably ammonium) salt groups, and
      preferably containing free epoxy groups. It has been found that the
      presently-preferred resins are based on polyepoxide resins, wherein the
      resultant resin contains at least one free epoxy group per average
      molecule and wherein the resin contains oxyalkylene groups and/or the salt
      forming the quaternary onium salt of an acid having a dissociation
      constant greater than 1 .times. 10.sup.-.sup.5.
PAR  Generally, the quaternary onium salt may be the salt of boric acid and/or
      an acid having a dissociation constant greater than boric acid, including
      organic and inorganic acids. Upon solubilization, at least a portion of
      the salt is preferably a salt of an acid having a dissociation constant
      greater than about 1 .times. 10.sup.-.sup.5. Preferably the acid is an
      organic carboxylic acid. The presently preferred acid is lactic acid.
PAR  The preferred resins contain at least one epoxy group and preferably
      contains about 0.05 percent to about 16 percent by weight nitrogen and at
      least about one percent of said nitrogen, preferably about 20 percent,
      more preferably about 50 percent and, most preferably, substantially all
      of the nitrogen being in the form of chemically-bound quaternary ammonium
      base salt groups; preferably the remainder of said nitrogen being in the
      form of amino nitrogen.
PAR  The epoxy group-containing organic material can be any monomeric or
      polymeric compound or a mixture of compounds having a 1,2-epoxy group. It
      is preferred that the epoxy-containing material have a 1,2-epoxy
      equivalency greater than 1.0, that is, in which the average number of
      1,2-epoxy groups per molecule is greater than one. It is preferred that
      the epoxy compound be resinous, that is, a polyepoxide, i.e., containing
      more than one epoxy group per molecule. The polyepoxide can be any of the
      well-known epoxides. Examples of these polyepoxides have, for example,
      been described in U.S. Pat. Nos. 2,467,171; 2,615,007; 2,716,123;
      3,030,336; 3,053,855 and 3,075,999. A useful class of polyepoxides are the
      polyglycidyl ethers of polyphenols, such as Bisphenol A. These may be
      produced, for example, by etherification of a polyphenol with
      epichlorohydrin or dichlorohydrin in the presence of an alkali. The
      phenolic compound may be bis(4-hydroxyphenyl)2,2-propane,
      4,4'-dihydroxybenzophenone, bis(4-hydroxyphenyl)1,1-ethane,
      bis(4-hydroxyphenyl)1,1-isobutane;
      bis(4-hydroxytertiarybutylphenyl)-2,2-propane,
      bis(2-hydroxynaphthyl)methane, 1,5-hydroxynaphthalene, or the like.
      Another quite useful class of polyepoxides are produced similarly from
      nonolak resins or similar polyphenol resins.
PAR  Also suitable are the similar polyglycidyl ethers of polyhydric alcohols
      which may be derived from such polyhydric alcohols as ethylene glycol,
      diethylene glycol, triethylene glycol, 1,2-propylene glycol, 1,4-butylene
      glycol, 1,5-pentanediol, 1,2,6-hexanetriol, glycerol,
      bis(4-hydroxycyclohexyl)2,2-propane, and the like.
PAR  There can also be used polyglycidyl esters of polycarboxylic acids which
      are produced by the reaction of epichlorohydrin or a similar epoxy
      compound with an aliphatic or aromatic polycarboxylic acid, such as oxalic
      acid, succinic acid, glutaric acid, terephthalic acid, 2,6-naphthylene
      dicarboxylic acid, dimerized linolenic acid, and the like. Examples are
      diglycidyl adipate and diglycidyl phthalate.
PAR  Also useful are polyepoxides derived from the epoxidation of an
      olefinically unsaturated alicyclic compound. Included are diepoxides
      comprising, in part, one or more monoepoxides. These polyepoxides are
      non-phenolic and are obtained by epoxidation of alicyclic olefins, for
      example, by oxygen and selected metal catalysts, by perbenzoic acid, by
      acetaldehyde monoperacetate or by peracetic acid. Among such polyepoxides
      are the epoxy alicyclic ethers and esters which are well known in the art.
PAR  Another class of polyepoxides are those containing oxyalkylene groups in
      the epoxy molecule. Such oxyalkylene groups are typically groups of the
      general formula:
      ##EQU1##
      where R is hydrogen or alkyl, preferably lower alkyl (e.g., having 1 to 6
      carbon atoms) and where, in most instances, m is 1 to 4 and n is 2 to 50.
      Such groups can be pendent to the main molecular chain of the polyepoxide
      or part of the main chain itself. The proportion of oxyalkylene groups in
      the polyepoxide depends upon many factors, including the chain length of
      of the oxyalkylene group, the nature of the epoxy and the degree of water
      solubility desired. Usually the epoxy contains at least about one percent
      by weight or more, and preferably 5 percent or more of oxyalkylene groups.
PAR  Some polyepoxides containing oxyalkylene groups are produced by reacting
      some of the epoxy groups of a polyepoxide, such as the epoxy resins
      mentioned above, with a monohydric alcohol containing oxyalkylene groups.
      Such monohydric alcohols are conveniently produced by oxyalkylating an
      alcohol, such as methanol, ethanol, or other alkanol, with an alkylene
      oxide. Ethylene oxide, 1,2-propylene oxide and 1,2-butylene oxide are
      especially useful alkylene oxides. Other monohydric alcohols can be, for
      example, the commercially available materials known as Cellosolves and
      Carbitols, which are monoalkyl ethers of polyalkylene glycols. The
      reaction of the monohydric alcohol and the polyepoxide is generally
      carried out in the presence of a catalyst. Formic acid,
      dimethylethanolamine, diethylethanolamine, N,N-dimethylbenzylamine and, in
      some cases, stannous chloride are useful for this purpose.
PAR  Similar polyepoxides containing oxyalkylene groups can be produced by
      oxyalakylating the epoxy resin by other means, such as by direct reaction
      with an alkylene oxide.
PAR  The polyepoxide employed to produce the foregoing epoxies containing
      oxyalkylene groups contain a sufficient number of epoxy groups so that the
      average number of residual epoxy groups per molecule remaining in the
      product after the oxyalkylation is greater than 1.0. Where oxyalkylene
      groups are present, the epoxy resin preferably contains from about 1.0 to
      about 90 percent or more by weight of oxyalkylene groups.
PAR  Other epoxy-containing compounds and resins include nitrogeneous diepoxides
      such as disclosed in U.S. Pat. 3,365,471; epoxy resins from 1,1-methylene
      bis(5-substituted hydantoin), U.S. Pat. No. 3,391,097; bisimide containing
      diepoxides, U.S. Pat. No. 3,450,711; epoxylated aminomethyldiphenyl
      oxides, U.S. Pat. No. 3,312,664; heterocyclic N,N'-diglycidyl compounds,
      U.S. Pat. No. 3,503,979; amino epoxy phosphonates, British Pat. No.
      1,172,916; 1,3,5-triglycidyl isocyanurates, as well as other
      epoxy-containing materials known in the art.
PAR  Another class of resins which may be employed are acrylic polymers
      containing epoxy groups. Preferably these acrylic polymers are polymers
      formed by copolymerizing an unsaturated epoxy-containing monomer, such as,
      for example, glycidyl acrylate or methacrylate.
PAR  Any polymerizable monomeric compound containing at least one CH.sub.2
      =C&lt;group, preferably in terminal position, may be polymerized with the
      unsaturated glycidyl compounds. Examples of such monomers include:
PAR  1. Monoolefinic and diolefinic hydrocarbons, that is, monomers containing
      only atoms of hydrogen and carbon, such as styrene, alpha-methyl styrene,
      alpha-ethyl styrene, isobutylene (2-methyl propene-1), 2-methyl-butene-1,
      2-methyl-pentene-1, 2,3-dimethyl-butene-1, 2,3-dimethyl-pentene-1,
      2,4-dimethyl-pentene-1, 2,3,3-trimethyl-butene-1, 2-methyl-heptene-1,
      2,3-dimethyl-hexene-1, 2,4-dimethyl-hexene-1, 2,5-dimethyl-hexene-1,
      2-methyl-3-ethyl-pentene-1, 2,3,3-trimethyl-pentene-1,
      2,3,4-trimethyl-pentene-1, 2-methyl-octene-1, 2,6-dimethyl-heptene-1,
      2,6-dimethyl-octene-1, 2,3-dimethyl-decene-1, 2-methyl-nonadecene-1,
      ethylene, propylene, butylene, amylene, hexylene, butadiene-1,3,
      isopropene, and the like;
PAR  2. Halogenated monoolefinic and diolefinic hydrocarbons, that is monomers
      containing carbon, hydrogen, and one or more halogen atoms, such as
      alpha-chlorostyrene, alpha-bromostyrene, 2,5-dichlorostyrene,
      2,5-dibromostyrene, 3,4-dichlorostyrene, ortho-, meta- and
      para-fluoro-styrenes, 2,6-dichlorostyrene, 2,6-difluorostyrene,
      3-fluoro-4-chlorostyrene, 3-chloro-4-fluorostyrene,
      2,4,5-trichlorostyrene, dichloromonofluorostyrenes, 2-chloropropene,
      2-chlorobutene, 2-chloropentene, 2-chlorohexene, 2-chloroheptent,
      2-bromobutene, 2-bromoheptene, 2-fluorohexene, 2-fluorobutene,
      2-iodopropene, 2-iodopentene, 4-bromoheptene, 4-chloroheptene,
      4-fluoroheptene, cis- and trans-1,2-dichloroethylenes,
      1,2-dibromoethylene, 1,2-difluoroethylene, 1,2-diiodoethylene,
      chloroethylene (vinyl chloride), 1,1-dichloroethylene (vinylidene
      chloride), bromoethylene, fluoroethylene, iodoethylene,
      1,1-dibromoethylene, 1,1-fluoroethylene, 1,1-diiodoethylene,
      1,1,2,2-tetrafluoroethylene, 1-chloro-2,2,2-trifluoroethylene,
      chlorobutadiene and other halogenated diolefinic compounds;
PAR  3. Esters of organic and inorganic acids, such as vinyl acetate, vinyl
      propionate, vinyl butyrate, vinyl isobutyrate, vinyl valarate, vinyl
      caproate, vinyl enanthate, vinyl benzoate, vinyl toluate, vinyl
      p-chlorobenzoate, vinyl-o-chlorobenzoate and similar vinyl halobenzoates,
      vinyl-p-methoxybenzoate, vinyl-o-methoxybenzoate, vinyl-p-ethoxybenxoate,
      methyl methacrylate, ethyl methacrylate, propyl methacrylate, butyl
      methacrylate, amyl methacrylate, hexyl methacrylate, heptyl methacrylate,
      octyl methacrylate, decyl methacrylate, methyl crotonate, and ethyl
      tiglate;
PAR  Methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate, butyl
      acrylate, isobutyl acrylate, amyl acrylate, hexyl acrylate, 2-ethylhexyl
      acrylate, heptyl acrylate, octyl acrylate, 3,5,5-trimethylhexyl acrylate,
      decyl acrylate, and dodecyl acrylate;
PAR  Isopropenyl acetate, isopropenyl propionate, isopropenyl butyrate,
      isopropenyl isobutyrate, isopropenyl valerate, isopropenyl caproate,
      isopropenyl enanthate, isopropenyl benzoate, isopropenyl p-chlorobenzoate,
      isopropenyl o-chlorobenzoate, isopropenyl o-bromobenzoate, isopropenyl
      m-chlorobenzoate, isopropenyl toluate, isopropenyl alpha-chloroacetate and
      isopropenyl alpha-bromoproionate;
PAR  Vinyl alpha-chloroacetate, vinyl alpha-bromoacetate, vinyl
      alpha-chloropropionate, vinyl alpha-bromopropionate, vinyl
      alpha-iodopropionate, vinyl alpha-chlorobutyrate, vinyl
      alpha-chlorovalerate and vinyl alpha-bromovalerate;
PAR  Allyl chloride, allyl cyanide, allyl bromide, allyl fluoride, allyl iodide,
      allyl chlorocarbonate, allyl nitrate, allyl thiocyanate, allyl formate,
      allyl acetate, allyl propionate, allyl butyrate, allyl valerate, allyl
      caproate, allyl-3,5,5-trimethyl hexoate, allyl benzoate, allyl acrylate,
      allyl crotonate, allyl oleate, allyl chloroacetate, allyl
      trichloroacetate, allyl chloropropionate, allyl chlorovalerate, allyl
      lactate, allyl pyruvate, allyl aminoacetate, allyl acetoacetate, allyl
      thioacetate, as well as methallyl esters corresponding to the above allyl
      esters, as well as esters from such alkenyl alcohols as beta-ethyl allyl
      alcohol, beta-propyl allyl alcohols, 1-butene-4-ol, 2-methyl-butene-4-ol,
      2(2,2-dimethylpropyl)-1-butene-4-ol, and 1-pentene-4-ol;
PAR  Methyl alpha-chloroacrylate, methyl alpha-bromoacrylate, methyl
      alpha-fluoroacrylate, methyl alpha-iodoacrylate ethyl alpha,
      chloroacrylate, propyl alpha-chloroacrylate, isopropyl
      alpha-bromoacrylate, amyl alpha-chloroacrylate, octyl
      alpha-chloroacrylate, 3,5,5-trimethylhexyl alpha-chloroacrylate, decyl
      alpha-chloroacrylate, methyl alpha-cyanoacrylate, ethyl
      alpha-cyanoacrylate, amyl alpha-cyanoacrylate and decyl alpha-cyano
      acrylate;
PAR  Dimethyl maleate, diethyl maleate, diallyl maleate, dimethyl fumarate,
      diethyl fumarate, dimethallyl fumarate and diethyl glutaconate;
PAR  4. Organic nitriles, such as acrylonitrile, methacrylonitrile,
      ethacrylonitrile, 3-octenenitrile, crotonitrile, oleonitrile, and the
      like.
PAR  In carrying out the polymerization reaction, techniques well known in the
      art may be employed. A peroxygen type catalyst is ordinarily utilized.
      Diazo compounds or redox catalyst systems can also be employed as
      catalysts.
PAR  The acrylic polymer may likewise be prepared with monomers of the type such
      that the final polymer contains potential crosslinking sites. Such
      monomers include acrylamides or methacrylamides, their N-methylol or
      N-methylol ether derivatives; unsaturated monomers containing capped
      isocyante groups, or aziridyl groups; and hydroxy-containing unsaturated
      monomers, for example, hydroxyalkyl acrylates.
PAR  Another method of producing acrylic polymers which may be utilized in this
      invention is to react an acrylic polymer containing reactive sites, such
      as carboxyl groups or hydroxyl groups, secondary amine groups or other
      active hydrogen-containing sites, with an epoxy-containing compound such
      as the diglycidyl ether of Bisphenol A or other polyepoxides as enumerated
      elsewhere herein, to provide as epoxy group-containing acrylic polymer.
PAR  Vinyl addition polymers which contain alicyclic unsaturation can be
      epoxidized to form an epoxy group-containing polymer.
PAR  Yet another class of polymers which are useful in preparing the resins of
      this invention are isocyanate group-containing polyurethanes. The
      isocyanate-terminated polyurethane prepolymers employed as starting
      materials according to the present invention may be obtained by the
      reaction of a selected polymeric glycol. The polyurethane polymers include
      those which are prepared form polyalkylene ether glycols and
      diisocyanates. The term "polyalkylene ether glycol" as used herein refers
      to a polyalkylene ether which contains terminal hydroxy groups. They are
      sometimes known as polyoxyalkylene glycols, polyalkylene glycols, or
      polyalkylene oxide glycols, or dihydric polyoxyalkylenes. Those useful in
      preparing the products of this invention may be represented by the formula
      HO(RO).sub.n H, in which R stands for an alkylene radical and n is an
      integer. Glycols containing a mixture of radicals, as in the compound
      HO(CH.sub.2 OC.sub.2 H.sub.4 O).sub.n H, or HO(C.sub.2 H.sub.4 O).sub.n
      (C.sub.3 H.sub.6 O).sub.m (C.sub.2 H.sub.4 O).sub.n H, can be used. These
      glycols are either viscous liquids or waxy solids. Polytetramethylene
      ether glycols, also known as polybutylene ether glycols, may be employed.
      Polyethylene ether and polypropylene ether glycols, having the
      above-indicated formula, are among the preferred glycols. The presently
      preferred glycols are polypropylene glycols with a molecular weight
      between about 300 and about 1000.
PAR  Any of a wide variety of organic polyisocyanates may be employed in the
      reaction, including aromatic aliphatic, and cycloaliphatic diisocyanates
      and combinations of these types.
PAR  Instead of the hydrocarbon portion of the polyether glycols used in forming
      the polyurethane products being entirely alkylene, it can contain arylene
      or cycloalkylene radicals together with the alkylene radicals as, for
      example, in the condensation product of a polyalkylene ether glycol with
      alpha, alpha'-dibromo-p-xylene in the presence of alkali. In such
      products, the cyclic groups inserted in the polyester chain are preferably
      phenylene, naphthylene or cyclohexylene radicals or those radicals
      containing alkyl or alkylene substituents, as in the tolylene,
      phenylethylene or xylene radicals.
PAR  Also included in the polyurethane products are those made from a
      substantially linear polyester and an organic diisocyanate of the
      previously described type. Products of this sort are described in U.S.
      Pat. Nos. 2,621,166; 2,625,531 and 2,625,532. The polyesters are prepared
      by reacting together glycols and dicarboxylic acids. Another useful group
      of compounds for this purpose are the polyester amide resins having
      terminal hydroxyl groups. The preferred polyesters may be represented by
      the formula HO-B-OOC-B'-COO.sub.n -BOH, in which B and B' are hydrocarbon
      radicals derived from the glycol and dicarboxylic acid respectively and n
      is an integer. In the preparation of these polyesters, the glycol is used
      in at least slight excess so that the polyesters contain terminal hydroxyl
      groups which are available for reaction with the isocyanates. The same
      polyisocyanates and reaction conditions useful in preparing polyurethanes
      from the polyalkylene ether glycols are also useful with the polyesters.
PAR  Polyurethane glycols may also be reacted with an organic
      polyisocyanate-terminated polyurethanes for use as starting materials in
      the present invention. The starting polyurethane glycol is prepared by
      reacting a molar excess of a polymeric glycol with an organic
      diisocyanate. The resulting polymer is a polyurethane containing terminal
      hydroxyl groups which may then be further reacted with additional
      polyisocyanate to produce the starting isocyanate-terminated polyurethane
      prepolymer.
PAR  Another starting polyurethane prepolymer may be such as disclosed in U.S.
      Pat. No. 2,861,981, namely, those prepared from a polyisocyanate and the
      reaction product of an ester of an organic carboxylic acid with an excess
      of a saturated aliphatic glycol having only carbon atoms in its carbon
      chain and a total of 8 to 14 carbon atoms, at least one two-carbon branch
      per molecule, and having terminal hydroxy groups separated by at least six
      carbon atoms.
PAR  It is obvious, from the above-described methods by which the polyurethane
      reaction products may be prepared and from the reactants used, that these
      products will contain an plurality of intralinear radicals of the formula
      -NH-CO-O-X-O-CO-NH-, wherein the bivalent radical -O-X-O- is obtained by
      removing the terminal hydrogen atoms of the polymeric glycol, said glycol
      being selected from the group consisting of pokyalkylene either glycols,
      polyurethane glycols, polyalkylene arylene ether glycols,
      polyalkylenecycloalkylene ether glycols, polyalkylene ether-polythioether
      glycols, polyester amide glycols of the formula:
EQU  HO-[B-O-CO-B'-CO-O].sub.n -B-OH
PAL  where B and B' are hydrocarbon radicals and n is an integer, and that a
      typical isocyanate-terminated polyurethane polymer produced from
      diisocyanates and dihydric glycols will, on an average, contain (at a 2:1
      NCO:OH ratio) a plurality of intralinear molecules conforming to the
      formula:
EQU  OCN-Y-NH-CO-O-X-O-CO-NH-Y-NCO
PAL  wherein -O-X-O- has the value given previously and Y is the polyisocyante
      hydrocarbon radical.
PAC  Polyurethane Prepolymer Preparation
PAR  In the preparation of the starting polyurethane polymer, as excess of the
      organic polyisocyanate of the polymeric glycol is used, which may be only
      a slight excess over the stoichiometric amount (i.e., one equivalent of
      polyisocyanate for each equivalent of the polymeric glycol). In the case
      of a diisocyanate and a dihydric polyalkylene ether, the ratio of NCO to
      OH of the polyol will be at least one and may be up to a 3:1 equivalent
      ratio. The glycol and the isocyanate are ordinarily reacted by heating
      with agitation at a temperature of 50.degree.C. to 130.degree.C.,
      preferably 70.degree.C. to 120.degree.C. The ratio of organic
      polyisocyanate compound to polymeric glycol is usually and preferably
      between about 1.3:1 and 2.0:1.
PAR  The reaction is preferably, but not necessarily, effected in the absence of
      a solvent, when the prepolyer is a fluid at processing temperatures. When
      it is not, or when it is desired to employ a solvent, convenient solvents
      are inert organic solvents having a boiling range above about 90.degree.C.
      when the reaction is to be carried out in open equipment. Lower boiling
      solvents may, of course, be used where the reaction is carried out in
      closed equipment to prevent boiling off the solvent at the temperatures of
      the reaction. Solvents boiling at substantially more than 140.degree.C.
      are difficult to remove from a final chain-extended elastomer at desirable
      working temperatures, although it will be obvious that higher boiling
      solvents may be employed where the excess solvent is removed by means
      other than by heating or distillation. The solvent, when used, may be
      added at the beginning, at an intermediate point, or at the end of the
      prepolymer reaction stage, or after cooling of the formed prepolymer. The
      solvents to be used are preferably those in which the reactants have some
      solubility but in which the final chain-extended product is insoluble.
      Ketones, tertiary alcohols and esters may be used. The aliphatic
      hydrocarbon solvents such as the heptanes, octanes and nonanes, or
      mixtures, of such hydrocarbons obtained from naturally-occurring petroleum
      sources such as kerosene, or from synthetically prepared hydrocarbons, may
      sometimes be employed. Cycloaliphatic hydrocarbons such as
      methylcyclohexane and aromatic hydrocarbons such as toluene may likewise
      be used. Toluene and isopropyl acetate are preferred solvents. The amount
      of solvent used may be varied widely. From 25 to 400 parts of solvent per
      100 parts of glycol have been found to be operable. The excess solvent,
      where large amounts are employed, may be separated partially or completely
      from the polymer prior to emulsification in the water solution. If an
      emulsion technique is to be employed in the chain extension, sometimes the
      excess solvent is useful and is allowed to remain during the
      emulsification stage.
PAR  The reactants are cooked for a period sufficient to react most, if not all,
      of the hydroxy groups, whereafter the prepolymer is allowed to stand and
      the free NCO content determined.
PAR  Usual pHs are employed during preparation of the prepolymer, the reaction
      preferably being maintained substantially neutral. Bases accelerate the
      reaction, acids retard the reaction, and preferably neither are added.
PAR  These isocyanate group-containing polyurethanes are then reacted with an
      epoxy-containing compound such as glycidol, for example, at temperatures
      of about 25.degree.C. to about 45.degree.C., usually in the presence of a
      catalyst which promotes urethane formation.
PAR  In the process of the invention, the epoxy-containing compound is reacted
      with an amine salt to form quaternary amine salt group-containing resins.
PAR  The process of this invention can be used to produce essentially epoxy
      group-free resins as well as epoxy group-containing resins. Where the
      epoxide is reacted with at least about a stoichiometric amount of amine
      salt, essentially epoxide group-free resins are produced; where resin
      containing free epoxide groups are desired, the ratio of starting
      polyepoxide to amine salt is selected so as to provide an excess of epoxy
      groups, thereby producing a resin containing free unreacted epoxide
      groups. Epoxy-free resin can also be provided by hydrolysis or post
      reaction of the epoxide amine salt reaction product.
PAR  Examples of salts which may be employed include salts of ammonia; primary,
      secondary and tertiary amines, and preferably tertiary amines; salts of
      boric or an acid having a dissociation constant greater than that of boric
      acid and preferably an organic acid having a dissociation constant greater
      than about 1 .times. 10.sup.-.sup.5. The presently preferred acid is
      lactic acid. Such acids include boric acid, lactic acid, acetic acid,
      formic acid, propionic acid, butyric acid, hydrochloric acid, phosphoric
      acid and sulfuric acid. The amines may be unsubstituted amines or amines
      substituted with non-reactive constituents such as halogens or
      hydroxylamines. Specific amines include dimethylethanolamine, salts of
      boric, lactic, propionic, formic, butyric, hydrochloric, phosphoric and
      sulfuric, or similar salts in triethylamine, diethylamine, trimethylamine,
      diethylamine, dipropylamine, 1-amino-2-propanol, and the like. Also
      included are ammonium borate, ammonium lactate, ammonium acetate, ammonium
      chloride, ammonium phosphate, as well as other amine and ammonium salts as
      defined above.
PAR  A distinct class of amine compounds within the broader class is amine
      containing one or more secondary or tertiary amino groups and at least one
      hydroxyl group.
PAR  In most cases, the hydroxyl amine employed corresponds to the general
      formula:
      ##EQU2##
      wherein R.sub.1 and R.sub.2 are, preferably, methyl, ethyl, or lower alkyl
      groups, but can be essentially any other organic radical, so long as they
      do not interfere with the desired reaction. Benzyl, alkoxyalkyl and the
      like are examples. R.sub.1 can also be hydrogen. The nature of the
      particular groups is less important than the presence of a secondary or
      tertiary amino nitrogen atom, and thus higher alkyl, aryl, alkaryl,
      aralkyl, and substituted groups of the types can be present. The group
      represented by R.sub.3 is a divalent organic group, such as alkylene or
      substituted alkylene, e.g., oxyalkylene or poly(oxyalkylene), or even
      arylene, alkarylene or substituted arylene. R.sub.3 can also be an
      unsaturated group, e.g., an alkylene group such as
      ##EQU3##
      Other groups represented by R.sub.3 include cyclic or aromatic groups. One
      type of useful amine, for instance, is represented by the formula:
      ##SPC1##
PAL  where n is 1 to 3. Dialkanolamines, of the general formula R.sub.1
      N(R.sub.3 OH).sub.2, and trialkanolamines, of the general formula
      N(R.sub.3 OH).sub.3, are also useful.
PAR  Some examples of specific amines are as follows: dimethylethanolamine,
      dimethylpropanolamine, dimethylisopropanolamine, dimethylbutanolamine,
      diethylethanolamine, ethylethanolamine, methylethanolamine,
      N-benzylethanolamine, diethanolamine, triethanolamine, dimethylaminomethyl
      phenol, tris(dimethylaminomethyl)phenol,
      2-[2-(dimethylamino)ethoxy]ethanol,
      1-[1-(dimethyl-amino)-2-propoxy]-2-propanol,
      2-(2-[2-(dimethylamino)ethoxy]ethoxy)ethanol,
      1-[2-(dimethylamino)ethoxy]-2-propanol,
      1-(1-[dimethylamino)-2-propoxy]-2-propoxy)-2-propanol, benzyl dimethyl
      amine.
PAR  Another distinct class of amine compound within the broader class is any
      amine containing one or more secondary or tertiary amino groups and
      ##EQU4##
      where R.sub.1 and R.sub.2 are each preferably methyl, ethyl, or other
      lower alkyl groups, but can be essentially any other organic radical, so
      long as they do not interfere with the desired reaction. Benzyl,
      alkoxyalkyl, and the like are examples. R.sub.1 can also be hydrogen. The
      nature of the particular groups is less important than the presence of a
      secondary or tertiary amino nitrogen atom, and thus higher alkyl, aryl,
      alkaryl, and substituted groups of these types can be present. The group
      represented by R.sub.3 is a divalent organic group, such as alkylene or
      substituted alkylene, e.g., oxyalkylene or poly(oxyalkylene), or less
      desirably, arylene, alkarylene or substituted arylene. R.sub.3 can also be
      an unsaturated group, e.g., an alkylene group.
PAR  Such amines can be prepared by known methods. For example, an acid
      anhydride, such as succinic anhydride, phthalic anhydride or maleic
      anhydride, can be reacted with an alkanolamine, such as
      dimethylethanolamine or methyldiethanolamine; the group represented by
      R.sub.3 in the amines produced in such cases contain ester groups. Other
      types of amines are provided, for example, by reacting an alkylamine with
      an alkyl acrylate or methacrylates such as methyl or ethyl acrylate or
      methacrylate, as described in U.S. Pat. No. 3,419,525. Preferably, the
      ester group is subsequently hydrolyzed to form a free carboxyl group.
      Other methods for producing amines of different types can also be
      employed.
PAR  It can be seen that the groups represented by R.sub.3 can be of widely
      varying types. Some examples are: -R'-, -R'OCOR'-, and (R'O).sub.n COR'-,
      where each R' is alkylene, such as
      ##EQU5##
      etc., or alkenylene, such as -CH=CH-such as -CH=CH-, and n is 2 to 10 or
      higher. Other groups represented by R' include cyclic or aromatic groups.
PAR  Some examples of specific amines are as follows:
PA1  N,n-dimethylaminoethyl hydrogen maleate
PA1  N,n-diethylaminoethyl hydrogen maleate
PA1  N,n-dimethylaminoethyl hydrogen succinate
PA1  N,n-dimethylaminoethyl hydrogen phthalate
PA1  N,n-dimethylaminoethyl hydrogen hexahydrophthalate
PA1  2-(2-dimethylaminoethoxy)ethyl hydrogen maleate
PA1  1-methyl-2-(2-dimethylaminoethoxy)ethyl hydrogen maleate
PA1  2-(2-dimethylaminoethoxy)ethyl hydrogen succinate
PA1  1,1-dimethyl-2-(2-dimethylaminoethoxy)ethyl hydrogen succinate
PA1  2-[2-(2-dimethylaminoethoxy)ethoxy]ethyl hydrogen maleate
PA1  beta-(dimethylamino)propionic acid
PA1  beta-(dimethylamino)isobutyric acid
PA1  beta-(diethylamino)propionic acid
PA1  1-methyl-2-(dimethylamino)ethyl hydrogen maleate
PA1  2-(methylamino)ethyl hydrogen succinate
PA1  3-(ethylamino)propyl hydrogen maleate
PA1  2[2-(dimethylamino)ethoxy]ethyl hydrogen adipate
PA1  N,n-dimethylaminoethyl hydrogen azelate
PA1  di(N,N-dimethylaminoethyl)hydrogen tricarballylate
PA1  N,n-dimethylaminoethyl hydrogen itaconate
PA1  1-(1-[1(dimethylamino)-2-propoxy]-2-propoxy)-2-propyl hydrogen maleate
PA1  2-[2-(2-[2-(dimethylamino)ethoxy]ethoxy)ethoxy]ethyl hydrogen succinate.
PAR  In one embodiment, the epoxy compounds described above may be reacted with
      an ester of boric acid or a compound which can be cleaved to form boric
      acid in a medium containing water and preferably an amino-containing boron
      ester and/or a tertiary amine salt of boric acid to produce the epoxy
      reaction products. The boron compound component utilized in producing the
      reaction products can be, for example, any triorganoborate in which at
      least one of the organic groups is substituted with an amino group.
      Structurally, such esters are esters of boric acid or a dehydrated boric
      acid such as metaboric acid and tetraboric acid, although not necessarily
      produced from such acids. In most cases the boron esters employed
      correspond to one of the general formulas:
      ##EQU6##
      where the R groups are the same or different organic groups. The groups
      represented by R above can be virtually any organic group, such as
      hydrocarbon or substituted hydrocarbon, usually having not more than 20
      carbon atoms and preferably not more than about 8 carbon atoms. The
      preferred esters have alkyl groups or polyoxyalkyl groups. At least one of
      the organic groups contains an amine group, i.e., a group of the
      structure:
      ##EQU7##
      where R.sub.1 and R.sub.2 are hydrogen or preferably methyl, ethyl or
      other lower alkyl groups, but can be essentially any other organic
      radical, so long as they do not interfere with the desired reaction. The
      nature of the particular groups is less important than the presence of an
      amino nitrogen atom, and thus higher alkyl, aryl, alkaryl, aralkyl and
      substituted groups of these types can be present. While both R.sub.1 and
      R.sub.2 can be hydrogen (i.e., the amino group is a primary amino group),
      it is preferred that at least one be an alkyl or other organic group, so
      that the amino group is secondary or tertiary.
PAR  The preferred boron esters correspond to the formula:
      ##EQU8##
      where X has the structure:
      ##EQU9##
      R.sub.3 and R.sub.4 being divalent organic radicals, such as alkylene or
      substituted alkylene, e.g., oxyalkylene or poly(oxyalkylene), or less
      desirably, arylene, alkarylene or substituted arylene. R.sub.5 and R.sub.6
      can be alkyl, substituted alkyl, aryl, alkaryl, or other residue from
      essentially any monohydroxy alcohol derived by removal of the hydroxyl
      group. R.sub.5 and R.sub.6 can be the same or different.
PAR  Examples of boron esters within the above class include:
PA1  2-(beta-dimethylaminoisopropoxy)-4,5-dimethyl-1,3,2-dioxaborolane
PA1  2-(beta-diethylaminoethoxy)-4,4,6-trimethyl-1,3,2-dioxaborinane
PA1  2-(beta-dimethylaminoethoxy)-4,4,6-trimethyl-1,3,2-dioxaborinane
PA1  2-(beta-diisopropylaminoethoxy-1,3,2-dioxaborinane
PA1  2-(beta-dibutylaminoethoxy)-4-methyl-1,3,2-dioxaborinane
PA1  2-(beta-diethylaminoethoxy)-1,3,2-dioxaborinane
PA1  2-(gamma-aminopropoxy)-4-methyl-1,3,2-dioxaborinane
PA1  2-(beta-methylaminoethoxy)-4,4,6-trimethyl-1,3,2-dioxaborinane
PA1  2-(beta-ethylaminoethoxy)-1,3,6-trioxa-2-boracyclooctane
PA1  2-(gamma-dimethylaminopropoxy)-1,3,6,9-tetraoxa-2-boracycloundecane
PA1  2-(beta-dimethylaminoethoxy)-4-4(4-hydroxybutyl)-1,3,2-dioxaborolane
PA1  Reaction product of (CH.sub.3).sub.2 NCH.sub.2 CH.sub.2 OH + Lactic acid +
      B.sub.2 O.sub.3 + neopentyl glycol
PAR  A number of such boron esters are known. Many are described, for example,
      in U.S. Pat. Nos. 3,301,804 and 3,257,442. They can be prepared by
      reacting one mole of boric acid (or equivalent boric oxide) with at least
      3 moles of alcohol, at least one mole of the alcohol being an
      aminosubstituted alcohol. The reaction is ordinarily carried out by
      refluxing the reactants with removal of the water formed.
PAR  The amino salts and the epoxy compound are reacted by mixing the
      components, preferably in the presence of a controlled amount of water.
      The amount of water employed should be that amount of water which allows
      for smooth reaction with retention of epoxy groups but not sufficient to
      cause extremely slow or non-reaction. Typically, the water is employed on
      the basis of about 1.75 percent to about 20 percent by weight based on the
      total reaction mixture solids and preferably about 2 percent to about 15
      percent by weight, based on total reaction solids.
PAR  Another measure of the amount of water which may be employed is the
      equivalent ratio of water to amine nitrogen present in the reaction
      mixture. Typically the equivalent ratio of water to amine nitrogen is
      controlled between about 1.3 and about 16 equivalents of water per
      equivalent of amine nitrogen. Preferably, the ratio of water to amine
      nitrogen is controlled between about 1.5 and about 10.6 equivalents of
      water per equivalent of amine nitrogen.
PAR  The reaction temperature may be varied between about the lowest temperature
      at which the reaction reasonably proceeds, for example, room temperature,
      or in the usual case, slightly above ordinary room temperature to a
      maximum temperature between about 100.degree.C. and about 110.degree.C.
PAR  A solvent is not necessary, although one is often used in order to afford
      better control of the reaction. Aromatic hydrocarbons or monoalkyl ethers
      of ethylene glycol are suitable solvents. The proportions of the amine
      salt and the epoxy compound can be varied and the optimum proportions
      depend upon the particular reactants. Ordinarily, however, from about one
      part to about 50 parts by weight of the salt per 100 parts of epoxy
      compound are employed. The proportions are usually chosen with reference
      to the amount of nitrogen, which is typically from about 0.05 to about 16
      percent based on the total weight of the amine salt and the epoxy
      compound. Since the amine salt reacts with the epoxide groups of the epoxy
      resin employed, in order to provide an epoxy group-containing resin, the
      stoichiometric amount of amine employed should be less than the
      stoichiometric equivalent of the epoxide groups present, so that the final
      resin is provided with one epoxy group per average molecule.
PAR  Phosphonium group containing resins can be prepared by reacting the above
      epoxy compounds with a phosphine in the presence of an acid to form
      quaternary phosphonium base group containing resins.
PAR  The phosphine employed may be virtually any phosphine which does not
      contain interferring groups. For example, the phosphine may be aliphatic,
      aromatic or alicyclic. Examples of such phosphines include lower trialkyl
      phosphine, such as trimethyl phosphine, triethyl phosphine, tripropyl
      phosphine, tributyl phosphine, mixed lower alkyl phenyl phosphines such as
      phenyl dimethyl phosphine, phenyl diethyl phosphine, phenyl dipropyl
      phosphine, diphenyl methyl phosphine, diphenyl ethyl phosphine, diphenyl
      propyl phosphine, triphenyl phosphine, alicyclic phosphines such as
      tetramethylene methyl phosphine and the like.
PAR  The acid employed may be virtually any acid which forms a quaternary
      phosphonium salt. Preferably the acid is an organic carboxylic acid.
      Examples of the acids which may be employed are boric acid, lactic acid,
      formic acid, acetic acid, propionic acid, butyric acid, hydrochloric acid,
      phosphoric acid, and sulfuric acid. Preferably the acid is an acid having
      a dissociation constant greater than about 1 .times. 10.sup.-.sup.5.
PAR  The ratio of phosphine to acid is not unduly critical. Since one mole of
      acid is utilized to form one mole of phosphonium group, it is preferred
      that at least about one mole of acid be present for each mole of desired
      phosphine-to-phosphonium conversion.
PAR  The phosphine/acid mixture and the epoxy compound are reacted by mixing the
      components, sometimes at moderately elevated temperatures. The reaction
      temperature is not unduly critical and is chosen depending upon the
      reactants and their rates. Frequently the reaction proceeds well at room
      temperature or temperatures up to 70.degree.C., if desired. In some cases,
      temperatures as high as about 110.degree.C. or higher may be employed. A
      solvent is not necessary, although one is often used in order to afford
      better control of the reaction. Aromatic hydrocarbons, monoalkyl ethers of
      ethylene glycol, and aliphatic alcohols are suitable solvents. The
      proportions of the phosphine and the epoxy compound can be varied and the
      optimum proportions depend upon the particular reactants. Ordinarily,
      however, from about one part to about 50 parts by weight of the phosphine
      per 100 parts of epoxy compound is employed. The proportions are usually
      chosen with reference to the amount of phosphine, which is typically from
      about 0.1 to about 35 percent, based on the total weight of the phosphine
      and the epoxy compound.
PAR  Sulfonium group containing resins can be prepared by reacting the above
      epoxy compounds with a sulfide in the presence of an acid to form
      quaternary sulfonium base group containing resins.
PAR  The sulfide employed may be virtually any sulfide which reacts with epoxy
      groups and which does not contain interfering groups. For example, the
      sulfide may be aliphatic, mixed aliphatic-aromatic, aralkyl or cyclic.
      Examples of such sulfides include dialkyl sulfides such as diethyl
      sulfide, dipropyl sulfide, dibutyl sulfide, dihexyl sulfide, phenyl
      sulfide or alkyl phenyl sulfides such as diphenyl sulfide, ethyl phenyl
      sulfide, alicyclic sulfides such as tetramethylene sulfide, pentamethylene
      sulfide, hydroxyl alkyl sulfides such as thiodiethanol, thiodipropanol,
      thiodibutanol and the like.
PAR  The acid employed may be virtually any acid which forms a quaternary
      sulfonium salt. Preferably the acid is an organic carboxylic acid.
      Examples of acids which may be employed are boric acid, formic acid,
      lactic acid, acetic acid, propionic acid, butyric acid, hydrochloric acid,
      phosphoric acid and sulfuric acid. Preferably the acid is an acid having a
      dissociation constant greater than about 1 .times. 10.sup.-.sup.5.
PAR  The ratio of sulfide to acid is not unduly critical. Since one mole of acid
      is utilized to form one mole of sulfonium group, it is preferred that at
      least about one mole of acid be present for each mole if desired
      sulfide-to-sulfonium conversion.
PAR  The sulfide/acid mixture and the epoxy compound are reacted by mixing the
      components, usually at moderately elevated temperatures such as
      70.degree.-110.degree.C. A solvent is not necessary, although one is often
      used in order to afford better control of the reaction. Aromatic
      hydrocarbons, monoalkyl ethers of ethylene glycol, aliphatic alcohols are
      suitable solvents. The proportions of the sulfide to the epoxy compound
      can be varied and the optimum proportions depend upon the particular
      reactants. Ordinarily, however, from about one part to about 50 parts by
      weight of the sulfide per 100 parts of epoxy compound is employed. The
      proportions are usually chosen with reference to the amount of sulfur,
      which is typically from about 0.1 to about 25 percent, based on the total
      weight of the sulfide and the epoxy compound.
PAR  Since the sulfide or phosphine react with the epoxy group, where epoxy
      group-containing products are desired, less than an equivalent of sulfide
      or phosphine should be employed so that the resultant resin has one epoxy
      group per average molecule.
PAR  Where it is desired to incorporate boron into the resin molecule, one
      method is to incorporate boron by means of an amine borate or
      nitrogencontaining ester as described in copending application Ser. No.
      100,825, filed Dec. 22, 1970, the disclosure of which is hereby
      incorporated by reference. The boron compound reacts with available epoxy
      groups to provide quaternary ammonium borate groups in the resin molecule.
PAR  The reaction of the boron compound may be concluded simultaneously with
      sulfonium or phosphonium group formation since the reaction conditions are
      similar.
PAR  The particular reactants, proportions and reaction conditions should be
      chosen in accordance with considerations well-known in the art, so as to
      avoid gelation of the product during the reaction. For example,
      excessively severe reaction conditions should not be employed. Similarly,
      compounds having reactive substituents should not be utilized along with
      epoxy compounds with which those substituents might react adversely at the
      desired conditions.
PAR  The products forming the resin of the invention may be crosslinked to some
      extent; however, it remains soluble in certain organic solvents and can be
      further cured to a hard, thermoset state. It is significantly
      characterized by its epoxy content and chemically-bound quaternary onium
      content.
PAR  Aqueous compositions containing the above reaction products are highly
      useful as coating compositions and can be applied by any conventional
      method, such as by dipping, brushing, etc. They are, however, eminently
      suited to application by electrodeposition.
PAR  Where the resin of the invention was prepared employing at least in part a
      salt of an acid having a dissociation constant greater than 1 .times.
      10.sup.-.sup.5, it is not necessary to add a solubilizing agent to the
      product to obtain a suitable aqueous electrodepositable composition,
      although an acid or acidic solubilizing agent can be added if desired.
      Where boric acid salts or similar boron compounds, as described above, are
      employed to prepare the resin without the presence of a salt of an acid
      having a dissociation constant greater than 1 .times. 10.sup.-.sup.5,
      compositions within the scope of this invention can be prepared by adding
      such an acid, the stronger acid replacing the boron compound in the resin
      and the boron compound forming substantially undissociated boric acid
      remaining in the aqueous media and being at least partially codeposited
      with the resin.
PAR  The presence of a boron compound in the electrodeposited film is of
      substantial benefit in that boron compounds apparently catalyze the cure
      of the deposited film, allowing lower cure temperatures and/or harder
      films.
PAR  The acid or acidic solubilizing agent may be any acid having a dissociation
      constant greater than 1 .times. 10.sup.-.sup.5. Preferably, the acid or
      acidic solubilizing agent should be an organic acid having a dissociation
      constant greater than about 1 .times. 10.sup.-.sup.5, the presently
      preferred acid being lactic acid. The addition of acid aids in stabilizing
      the resin, since the epoxy may tend to further polymerize on storage under
      highly alkaline conditions. In some cases, the acid also helps to obtain
      more complete dissolution of the resin. It is also desirable to
      electrodeposit these coatings from an acidic or only slightly basic
      solution (e.g., having a pH between about 3 and about 8.5), and the
      addition of acid thus is often useful to achieve the desired pH.
PAR  Where a carboxyl amine is employed in forming the resin of the invention,
      the resultant resin contains a Zwitterion, or internal salt, that is, an
      interaction between the quaternary group formed and the carboxyl group
      present, the carboxyl group displaying a dissociation constant greater
      than 1 .times. 10.sup.-.sup.5. The resultant resin is inherently
      self-solubilized without the use of external solubilizing agents.
PAR  The resin of the invention, when placed in a water-containing medium, such
      as an electrodeposition high solids feed concentrate or the
      electrodeposition bath, changes character. Since frequently the boron, if
      present, is apparently weakly chemically-bound in the resin, it is subject
      to cleavage from the resin molecule and, while the boron electrodeposits
      with the resin and is found in the electrodeposited film, the boron may be
      removed from the water-containing medium, in whole or in part, by
      separation means, such as electrodialysis or ultrafiltration, in the form
      of boric acid.
PAR  Thus, the resin in aqueous medium can be characterized as a
      water-containing medium containing an ungelled water-dispersible epoxy
      resin having at least one 1,2-epoxy group per average molecule, and
      chemically-bound quaternary onium base salts.
PAR  The preferred ammonium resin contains from about 0.05 to about 16 percent
      by weight of nitrogen, at least about one percent of said nitrogen and
      preferably about 20 percent, more preferably about 50 percent, and most
      preferably substantially all of the nitrogen being in the form of
      chemically-bound quaternary ammonium base salt groups; preferably the
      remainder of said nitrogen being in the form of amino nitrogen, preferably
      tertiary amine nitrogen, said water-containing medium containing in the
      preferred embodiment from about 0.01 to about 8 percent by weight of boron
      metal contained in boric acid and/or a borate or boric acid complex.
PAR  The amine-aldehyde products employed herein are aldehyde condensation
      products of melamine, urea, benzoguanamine, or a similar compound. They
      may be water-soluble or they may be organic solvent-soluble. Generally,
      the aldehyde employed is formaldehyde, although useful products can be
      made from other aldehydes, such as acetaldehyde, crotonaldehyde, acrolein,
      benzaldehyde, furfural, and others. Condensation products of melamine,
      urea and benzoguanamine are the most common and are preferred, but
      products of other amines and amides in which at least one amino group is
      present can also be employed.
PAR  For example, such condensation products can be produced from triazines,
      diazines, triazoles, guanadines, guanamines, and alkyl and
      aryl-substituted and cyclic ureas, and alkyl and aryl-substituted
      melamines. Some examples of such compounds are N,N'-dimethyl urea, benzyl
      urea, N,N'-ethylene urea, diazine diamide, formaguanamine, acetoguanamine,
      ammeline, 2-chloro-4,6-diamine-1,3,5-triazine, 3,5-diaminotriazole,
      4,6-diamino-pyrimidine, 2,4,6-triphenyltriamine-1,3,5-triazine, and the
      like.
PAR  These aldehyde condensation products contain methylol groups or similar
      alkylol groups, depending upon the particular aldehyde employed.
      Ordinarily, in producing amine-aldehyde condensation products, all or part
      of these methylol groups are etherified by reaction with an alcohol to
      produce an alkylated product. In the present invention, there are employed
      those condensation products which are substantially completely alkylated.
      By this it is meant that all of substantially all of the methylol groups
      have been etherified. Generally speaking, those products containing not
      more than an average of about one unalkylated alkylol group per molecule
      are utilized.
PAR  Various alcohols can be employed for the etherification of the alkylol
      groups. These include essentially any monomeric alcohol, with the
      preferred alcohols being methanol, ethanol, propanol, butanol, and other
      lower alkanols having up to about 5 carbon atoms, including isomers such
      as 2-methyl-1-propanol. There can also be employed alcohols such as the
      lower alkyl monoethers of ethylene glycol and the like; for instance,
      ethyl Cellosolve and butyl Cellosolve. Higher alcohols can be used but are
      less desirable because they tend to affect the film properties of the
      baked film. When the alkylated amine-aldehyde condensate is to be utilized
      in a vehicle to be employed in a water-dispersed coating composition, it
      is preferred to employ a water-soluble alcohol in the etherification.
PAR  The amine-aldehyde condensation products are produced in a manner
      well-known in the art, using acidic or basic catalysts and varying
      conditions of time and temperature. The aldehyde is often employed as a
      solution in water or alcohol, and the condensation, polymerization and
      etherification reactions may be carried out either sequentially or
      simultaneously.
PAR  The methylol phenol ethers employed herein are compositions consisting
      essentially of one or more methylol phenol ethers of the formula:
      ##SPC2##
PAL  where n is an integer from 1 to 3 and R is an unsaturated aliphatic group
      or a halogen-substituted unsaturated aliphatic group. The groups
      represented by R should contain at least 3 carbon atoms and can be, for
      example, allyl groups (which are preferred) or others such as methallyl,
      crotyl, butenyl, or the like. The halogen-substituted unsaturated groups
      represented by R can be various mono- and poly-halogenated derivatives of
      the above unsaturated aliphatic groups, for example, 2-chloroallyl,
      3-chloroallyl, 3-chloro-2-methallyl, 1-chloro-2-butenyl, and corresponding
      groups containing other halogens such as bromine and fluorine.
PAR  The methylolphenol ether compositions employed herein are described in U.S.
      Pat. No. 2,579,330, and as disclosed therein can be produced from sodium
      or barium salts or 2,4,6-tris(hydroxymethyl)phenols which are obtained by
      reacting formaldehyde with phenol in the presence of sodium or barium
      hydroxide. Several methylol phenol ether compositions of this type are
      commercially available and these generally comprise mixtures of allyl
      ethers of mono-, di- and trimethylol phenols (substituted in the ortho,
      para, and meta positions). The trimethylolated derivative is generally the
      predominant component of the composition. Such commercially available
      methylol phenol ether compositions are preferred for use in the invention.
PAR  The proportion of amine-aldehyde products and/or phenol ether and
      quaternary-containing resin in the coating composition can be varied
      considerably. The optimum amount employed depends upon the particular
      properties desired in the product and also depends in part on the
      particular quaternary onium group-containing resin. In the preferred
      products, the amine-aldehyde products or the phenol ethers comprise from
      about 2 to about 30 percent by weight, based on the weights of the
      combination with quaternary onium group-containing resins, although as
      little as one percent give some degree of improvement in properties of the
      composition and as much as about 50 percent can be utilized in some cases.
      Where both amine-aldehyde product and phenol ether are utilized, generally
      a combined weight of between about one percent and about 50 percent by
      weight may be employed, preferably between about two percent and about 30
      percent. The ratio of amine-aldehyde product and phenol ether is generally
      about 100:1 to 1:100, and preferably between about 5:1 and 1:5.
PAR  The concentration of the product in water depends upon the process
      parameters to be used and is, in general, not critical, but ordinarily the
      major proportion of the aqueous composition is water, e.g., the
      composition may contain from one to 25 percent by weight of the resin.
      Preferably, the electrodepositable compositions of the invention contain a
      coupling solvent. The use of a coupling solvent provides for improved
      deposited film appearance. These solvents include hydrocarbons, alcohols,
      esters, ethers, and ketones. The preferred coupling solvents include
      monoalcohols, glycols and polyols as well as ketones and ether alcohols.
      Specific coupling solvents include isopropanol, butanol, isophorone,
      Pentoxane (4-methoxy-4-methyl pentanone-2), ethylene and propylene glycol,
      the monomethyl, monoethyl and monobutyl ethers of ethylene glycol,
      2-ethylhexanol, and hexyl Cellosolve. The presently preferred coupling
      solvent is 2-ethylhexanol. The amount of solvent is not unduly critical,
      generally between about 0.1 percent and about 40 percent by weight of the
      dispersant may be employed, preferably between about 0.5 and about 25
      percent by weight of the dispersant is employed.
PAR  In most instances, a pigment composition and, if desired, various additives
      such as anti-oxidants, surfactants, or wetting agents, for example, Foam
      Kill 639 (a hydrocarbon oil-containing inert diatomaceous earth), as well
      as glycolated acetylenes (the Surfynols, for example), sulfonates,
      sulfated fatty amides, and alkylphenoxypolyoxyalkylene alkanols, and the
      like are included. The pigment composition may be of any conventional
      type, comprising, for example, iron oxides, lead oxides, strontium
      chromate, carbon black, titanium dioxide, talc, barium sulfate, as well as
      color pigments such as cadmium yellow, cadmium red, chromic yellow, and
      the like.
PAR  In the electrodeposition processes employing the aqueous coating
      compositions described above, the aqueous composition is placed in contact
      with an electrically-conductive anode and an electrically-conductive
      cathode, with the surface to be coated being the cathode, while in contact
      with the bath containing the coating composition, an adherent film of the
      coating composition is deposited on the cathode. This is directly contrary
      to the processes utilizing polycarboxylic acid resins, as in the prior
      art, and the advantages described are, in large part, attributed to this
      cathodic deposition.
PAR  The conditions under which the electrodeposition is carried out are, in
      general similar to those used in electrodeposition of other types of
      coatings. The applied voltage may be varied greatly and can be, for
      example, as low as one volt or as high as several thousand volts, although
      typically between 50 and 500 volts. The current density is usually between
      about 1.0 ampere and 15 amperes per square foot, and tends to decrease
      during electrodeposition.
PAR  The method of the invention is applicable to the coating of any conductive
      substrate, and especially metals such as steel, aluminum, copper,
      magnesium and the like. After deposition, the coating is cured, usually by
      baking at elevated temperatures. Temperatures of 250.degree.F. to
      500.degree.F. for one to 30 minutes are typical baking schedules utilized.
PAR  During the cure, especially at elevated temperatures, at least a
      substantial portion of the quaternary ammonium base decomposes to tertiary
      amine nitrogen, which aids in the crosslinking of the coating, which upon
      curing is infusible and insoluble. The presence of boron salts and
      complexes in the film increases the rate of crosslinking, reduces the
      temperatures necessary for acceptable curing in commercially-reasonable
      times and produces coatings with improved hardness and corrosion
      resistance.
DETD
PAR  Illustrating the invention are the following examples, which, however, are
      not to be construed as limiting the invention to their details. All parts
      and percentages in the examples, as well as throughout the specification
      are by weight unless otherwise specified.
PAC  EXAMPLE A
PAR  Into a reactor equipped with thermometer, stirrer, distillation apparatus
      with reflux and water trap, and means for providing an inert gas blanket
      were charged 741.6 parts of dimethylethanolamine, 714 parts lactic acid
      and 300 parts toluene. The reaction mixture was heated to between
      105.degree.C. and 110.degree.C. for 4 hours. A total of 120 parts of water
      were collected with an index of refraction of n.sub.D.sup.25 1.377. There
      was then added 245 parts of boric oxide, and 728 parts neopentyl glycol.
      The reaction mixture was heated between 115.degree.C. and 128.degree.C.
      for approximately 4 hours, collecting an additional 205 parts of water of
      reaction n.sub.D.sup.25 1.386. The reaction product had a percent nitrogen
      content of 4.51 and has a proposed structure of:
      ##EQU10##
      This product is hereinafter referred to as the product of Example A.
PAC  EXAMPLE I
PAR  A quaternary ammonium salt group-containing resin was prepared as follows:
PAR  Into a reactor equipped with thermometer, stirrer, reflux condenser and
      means for providing an inert gas (nitrogen) blanket were charged 1700
      parts of Epon 829 and 302 parts of Bisphenol A. The reaction mixture was
      heated with stirring to 180.degree.C. under nitrogen, and an exotherm was
      noted. The reaction mixture was held at 180.degree.C. to 190.degree.C. for
      45 minutes, then cooled to 100.degree.C. There was then added 790 parts of
      a polypropylene glycol (molecular weight approximately 625) and the
      mixture heated to 130.degree.C., at which time five parts of dimethyl
      ethanolamine was added. The reaction mixture was held at 130.degree.C. to
      140.degree.C. for about 7 hours until the reaction mixture had a
      Garner-Holdt viscosity of L+, measured at 50 percent solids in a 90/10
      isophorone/toluene mixture.
PAR  The resultant product had the following analytical values (adjusted to 100
      percent solids): epoxy equivalent 797, hydroxyl value 282.
PAR  To the above reaction product was then added a solution of 15.2 parts of
      Foam Kill 639 in 200 parts of 2-ethylhexanol at 119.degree.C. There was
      then added 3.5 parts of 90 percent formic acid (to neutralize the amine
      catalyst and then added 135 parts of isopropanol, cooling the reaction
      mixture to 100.degree.C.
PAR  At 87.degree.C. there was added a solution of 318 parts of the amine salt
      of Example A, 80 parts of isopropanol and 200 parts of deionized water.
      The reaction mixture was then heated at 91.degree.C. to 94.degree.C. for
      75 minutes and there was then added a mixture of 520 parts of deionized
      water and 135 parts of isopropanol. The final reaction product contained
      65.7 percent solids and had a Brookfield viscosity of 55,000 centipoises
      at 25.degree.C.
PAR  The final reaction product had the following analytical values (adjusted to
      100 percent solids): epoxy equivalent 1335; hydroxyl value 202.
PAC  EXAMPLE II
PAR  A pigment paste was prepared by mixing the following and grinding to a
      Hegmann No. 7 in a suitable pigment dispersing apparatus:
TBL                 Parts by Weight                                            
     ______________________________________                                    
     Resin of Example I                                                        
                      180.0                                                    
     Titanium dioxide 544.0                                                    
     Aluminum silicate                                                         
                      62.4                                                     
     Red iron oxide   1.32                                                     
     Yellow iron oxide                                                         
                      13.55                                                    
     Carbon black     2.25                                                     
     Deionized water  257.0                                                    
     ______________________________________                                    
PAC  EXAMPLE III
PAR  The following materials were stirred mechanically in a vessel until a
      uniform consistency was obtained: the resin of Example I, the pigment
      paste of Example II and, where employed, either an amine-aldehyde
      condensation product or a methylol phenol ether or the combination of the
      two. The deionized water was added while stirring, producing an aqueous
      paint bath of approximately 10 percent non-volatile solids. Steel panels
      were electrodeposited as described below.
PAR  The panels tested in salt spray were zinc phosphated treated steel panels
      (Bonderite 37) electrocoated at a bath temperature of 80.degree.F. for 90
      seconds. Voltage was varied to achieve film build. The films were baked at
      400.degree.F. for 20 minutes and scribed in the form of an X to bare
      metal. The panels when removed were scraped and tape tested for film
      lifting.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                   1     2    3    4    5     6    7    8    9                 
                (Parts by Weight)                                              
     __________________________________________________________________________
     Resin of Example I                                                        
                  210.0                                                        
                        172.0                                                  
                             158.0                                             
                                  156.5                                        
                                       195.0                                   
                                             158.5                             
                                                  156.5                        
                                                       158.0                   
                                                            158.5              
     Pigment Paste of                                                          
     Example II   69.0  69.0                                                   
                             69.0                                              
                                  69.0                                         
                                       69.0  69.0                              
                                                  69.0                         
                                                       69.0                    
                                                            69.0               
     Deionized water                                                           
                 1640  1635 1635 1640 1625  1640 1640 1640 1625                
     Benzoguanamine-formal-                                                    
     dehyde resin (XM-1123)                                                    
                 --     25.0                                                   
                             34.5                                              
                                  25.0                                         
                                      --    --   --   --   --                  
     Phenol ether resin (92.5%                                                 
     solids in xylene -                                                        
     Methylon 75108)                                                           
                 --    --   --    10.3                                         
                                       10.3 --    10.3                         
                                                      --    10.3               
     Urea formaldehyde resin                                                   
     (60% solids)                                                              
                 --    --   --   --   --     57.5                              
                                                  41.7                         
                                                      --   --                  
     Melamine-formaldehyde                                                     
     resin (XM-1116)                                                           
                 --    --   --   --   --    --   --    34.5                    
                                                            25.0               
     Bonderite 37 Panels                                                       
     Volts        250   250  300  250  250   250  175  200  200                
     Film build (mils)                                                         
                 .75-.8                                                        
                       .75-.8                                                  
                              .8   .8   .8    .8   .8   .8   .8                
     Film appearance                                                           
                 non-glossy                                                    
                       gloss,                                                  
                            glossy,                                            
                                 high gloss,                                   
                                            dull,                              
                                                 moderate                      
                                                      dull,                    
                                                           smooth,             
                 sandy sur-                                                    
                       slight                                                  
                            smooth                                             
                                 gloss,                                        
                                      slightly                                 
                                            smooth                             
                                                 gloss                         
                                                      slightly                 
                                                           glossy              
                 face  pigskin   smooth                                        
                                      rough           rough                    
     144 hours salt spray                                                      
                 pinhole                                                       
                       smooth,                                                 
                            OK   OK   OK    OK   OK   15-20%                   
                                                           OK                  
                 rust on                                                       
                       minor                          pinhole                  
                 50    of   scribe                         rusting             
                 surface,                                                      
                       creepage                                                
                 no creepage                                                   
                 or lifting                                                    
     263 hours salt spray                                                      
                 pinhole                                                       
                       smooth,                                                 
                            OK   OK   OK    10% pin-                           
                                                 20% pin-                      
                                                      25% pin-                 
                                                           OK                  
                 rust 60% of                                                   
                       1.0 mm.              hole rust,                         
                                                 hole rust,                    
                                                      hole rust                
                 surface, no                                                   
                       scribe               no scribe                          
                                                 no scribe                     
                 creepage or                                                   
                       creepage             creepage                           
                                                 creepage                      
                 lifting                                                       
     500 hours salt spray                                                      
                 pinhole rust                                                  
                       smooth,                                                 
                            smooth,                                            
                                 smooth,                                       
                                      no scribe                                
                                            50% pin-                           
                                                 Rust on                       
                                                      Rust on                  
                                                           smooth, 1 mm.       
                 on 85% of                                                     
                       3.0 mm.                                                 
                            1.0 mm.                                            
                                 1.0 mm.                                       
                                      creepage,                                
                                            hole rust                          
                                                 40% of                        
                                                      50% of                   
                                                           scribe creepage     
                 surface                                                       
                       scribe                                                  
                            scribe                                             
                                 scribe                                        
                                      &lt;1%pinhole surface                       
                                                      surface                  
                                                           and &lt;1% pinhole     
                       creepage                                                
                            creepage                                           
                                 creepage                  rust on             
     __________________________________________________________________________
                                                           surface             
PAR  In addition, the same compositions were coated on calcium-zinc phosphate
      treated steel panels (Metalbond-36) and baked at 450.degree.F. for 20
      minutes, with film thicknesses of 0.8-1.0 mils and tested for detergent
      resistance.
PAR  One percent Tide detergent dissolved in deionized water was stirred -
      mechanically at 72.degree.C.- 74.degree.C. (160.degree.F.- 165.degree.F.).
      The electrocoated panels were hung in the detergent solution. The panels
      were inspected daily and removed when blister failure occurred.
PAR  All modified films displayed improved detergent resistance. The films
      containing phenol ethers were especially improved.
PAR  According to the provisions of the Patent Statutes, there are described
      above the invention and what are now considered to be its best
      embodiments; however, within the scope of the appended claims, it is to be
      understood that the invention can be practiced otherwise than as
      specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A coating composition electrodepositable on a cathode comprising an
      aqueous dispersion comprising
PA1  a. an acid salt solubilized quaternary onium salt group containing
      synthetic organic resin where the onium group is selected from the group
      consisting of ammonium, sulfonium and phosphonium,
PA1  b. an amine/aldehyde condensate and
PA1  c. an unsaturated methylol phenol ether the combined weight of (b) and (c)
      being from about 2% to about 30% by weight of the combined weight of (a),
      (b) and (c), and the weight ratio of (b) to (c) being between about 5:1
      and about 1:5.
NUM  2.
PAR  2. A coating composition, as in claim 1, wherein the methylol phenol ether
      corresponds to the formula
      ##SPC3##
PAL  where n is an integer from 1 to 3 and R is an unsaturated aliphatic group
      or a halogen-substituted unsaturated aliphatic group containing at least 3
      carbon atoms.
NUM  3.
PAR  3. A coating composition, as in claim 1, wherein the amine/aldehyde
      condensate is an alkylated aminotriazine/formaldehyde.
NUM  4.
PAR  4. A coating composition, as in claim 1, wherein the amine/aldehyde
      condensate is a benzoquanamine/formaldehyde condensate.
NUM  5.
PAR  5. A coating composition, as in claim 1, where (a) is a quaternary ammonium
      salt group solubilized synthetic organic resin in which the salt is a salt
      of an acid having a dissociation constant greater than 1 .times.
      10.sup..sup.-5 and where the amine/aldehyde condensate is selected from
      the group consisting of an alkylated aminotriazine/formaldehyde condensate
      and a benzoquanamine/formaldehyde condensate.
NUM  6.
PAR  6. A coating composition, as in claim 1, where the resin (a) is an epoxy
      group containing synthetic organic resin where the onium group is selected
      from the group consisting of ammonium, sulfonium and phosphonium.
NUM  7.
PAR  7. A coating composition, as in claim 6, wherein the methylol phenol ether
      corresponds to the formula
      ##SPC4##
PAL  where n is an integer from 1 to 3 and R is an unsaturated aliphatic group
      or a halogen-substituted unsaturated aliphatic group containing at least 3
      carbon atoms.
NUM  8.
PAR  8. A coating composition, as in claim 6, wherein the amine/aldehyde
      condensate is an alkylated aminotriazine/formaldehyde.
NUM  9.
PAR  9. A coating composition, as in claim 6, wherein the amine/aldehyde
      condensate is a benzoquanamine/formaldehyde condensate.
NUM  10.
PAR  10. A coating composition, as in claim 6, where (a) is an epoxy group
      containing a quaternary ammonium salt group solubilized synthetic organic
      resin in which the salt is a salt of an acid having a dissociation
      constant greater than 1 .times. 10.sup..sup.-5 and where the
      amine/aldehyde condensate is selected from the group consisting of an
      alkylated aminotriazine/formaldehyde condensate and a
      benzoquanamine/formaldehyde condensate.
NUM  11.
PAR  11. A coating composition electrodepositable on a cathode comprising an
      aqueous dispersion comprising
PA1  a. an acid salt solubilized quaternary onium salt group containing
      synthetic organic resin where the onium group is selected from the group
      consisting of ammonium, sulfonium and phosphonium and
PA1  b. from about 2 to about 30% by weight based on the combined weight of (a)
      and (b) of an unsaturated methylol pehnol ether.
NUM  12.
PAR  12. A coating composition, as in claim 11, wherein the methylol phenol
      ether corresponds to the formula
      ##SPC5##
PAL  where n is an integer from 1 to 3 and R is an unsaturated aliphatic group
      or a halogen-substituted unsaturated aliphatic group containing at least 3
      carbon atoms.
NUM  13.
PAR  13. A coating composition, as in claim 11, where the resin (a) contains an
      epoxy group.
NUM  14.
PAR  14. A coating composition, as in claim 11, where (a) is a quaternary
      ammonium salt group solubilized synthetic organic resin in which the salt
      is a salt of an acid having a dissociation constant greater than 1 .times.
      10.sup..sup.-5.
NUM  15.
PAR  15. A coating composition, as in claim 14, where the resin (a) contains an
      epoxy group.
NUM  16.
PAR  16. A coating composition electrodepositable on a cathode comprising an
      aqueous dispersion comprising
PA1  a. an acid salt solubilized quaternary sulfonium salt group containing
      synthetic organic resin, and
PA1  b. from about 2% to about 30% by weight based on the combined weight of (a)
      and (b) of an amine/aldehyde condensate.
NUM  17.
PAR  17. A coating composition, as in claim 16, wherein the amine/aldehyde
      condensate is an alkylated aminotriazine/formaldehyde.
NUM  18.
PAR  18. A coating composition, as in claim 16, wherein the amine/aldehyde
      condensate is a benzoquanamine/formaldehyde condensate.
NUM  19.
PAR  19. A coating composition electrodepositable on a cathode comprising an
      aqueous dispersion comprising
PA1  a. an acid salt solubilized quaternary phosphonium salt group containing
      synthetic organic resin, and
PA1  b. from about 2% to about 30% by weight based on the combined weight of (a)
      and (b) of an amine/aldehyde condensate.
NUM  20.
PAR  20. A coating composition, as in claim 19, wherein the amine/aldehyde
      condensate is an alkylated aminotriazine/formaldehyde.
NUM  21.
PAR  21. A coating composition, as in claim 19, wherein the amine/aldehyde
      condensate is a benzoquanamine/formaldehyde condensate.
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ABST
PAL  A hydrophilic terpolymer suitable for manufacture into shaped articles,
      said terpolymer being substantially the polymerization product of
      hydroxyalkyl acrylate or methacrylate, a vinyl comonomer having a high
      affinity for water, e.g. N-vinyl pyrrolidone, and a polymerizable,
      unsaturated carboxylic acid, e.g. methacrylic or acrylic acid. The
      terpolymer is particularly adaptable for use as a contact lens by bringing
      it in contact with a buffered aqueous alkaline solution thereby affording
      a hydrogel having a water content between about 55-85% by weight of the
      total.
PAL  A preferred embodiment of the invention is the polymerization product of a
      reaction mixture comprising 30-50% by weight of vinyl pyrrolidone, up to
      about 3% of a crosslinking agent such as ethylene glycol di-methacrylate,
      methacrylic acid amounting to about 0.25--3.5% by weight, and
      2-hydroxyethyl methacrylate which constitutes the balance.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of the now abandoned application Ser. No.
      223,122, filed Feb. 3, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to hydrophilic terpolymers and to shaped
      hydrogel articles, especially contact lenses, produced therefrom.
PAR  2. Description of the Prior Art
PAR  Interest has arisen in recent years in hydrophilic plastic materials for
      use in the manufacture of contact lenses because in the hydrated state the
      polymer is soft and jelly-like and could be expected to be tolerated more
      readily than conventional hard plastic materials such as methacrylates.
      Thus, Wichterle et al. in U.S. Reissue Pat. No. 27,401 discloses a
      hydrogel, allegedly containing up to 97% by weight of water, which is
      formed from a hydroxyalkyl acrylate or methacrylate sparingly crosslinked
      with the corresponding diester. The amount of water which such hydrophilic
      polymers are capable of retaining is, as stated by Wichterle, inversely
      proportional to the degree of crosslinking so that the hydrogels having a
      high water content can only be obtained when the extent of crosslinking is
      very small. Other compositions including polyvinylpyrrolidone (PVP) graft
      copolymers have been developed for contact lenses but the significant
      solubility of the PVP structure in water over a relatively short period of
      time has created undesirable characteristics in such lenses. U.S. Pat. No.
      3,532,679 to Steckler discloses a crosslinked copolymer comprising a vinyl
      lactam and an acrylic ester monomer, but the amount of lactam required in
      the composition is so high as to affect the mechanical properties of the
      resulting lens product, which is described as containing up to 95% water.
      High water content contact lenses such as proposed by Wichterle and
      Steckler are characterized by relatively high rates of transmission of
      gaseous metabolites to and from the cornea but this positive feature is
      countered by their poor mechanical properties. Hydrophilic contact lenses
      having less than 50% water content have good mechanical properties but do
      not exhibit sufficiently high oxygen transmission characteristics to
      facilitate permanent wear. Thus, in order to prevent anoxic edema such
      lenses must be removed during non-waking hours.
PAR  Therefore, the need exists for contact lenses possessing good corneal
      respiration along with good mechanical properties.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that polymeric hydrogels having high water
      contents in the range of about 55% to about 85% which are particularly
      suitable for contact lenses can be produced from crosslinked terpolymers
      which in their broadest aspect comprise the reaction product of a
      hydroxyalkyl acrylate or methacrylate, a heterocyclic N-vinyl monomer, a
      polymerizable unsaturated carboxylic acid and a crosslinking monomer such
      as a glycol dimethacrylate or diacrylate. In general, the terpolymer of
      this invention is formed by polymerizing about 30-50% by weight of
      heterocyclic N-vinyl monomer, up to about 3% of a glycol dimethacrylate or
      diacrylate crosslinking agent, between about 0.25-5.6% by weight
      unsaturated carboxylic acid, and hydroxyalkyl acrylate or methacrylate
      which constitutes the balance of the mixture. Hydrogels formed by
      contacting such a terpolymer with an aqueous alkaline solution have a
      water content between about 55-85% by weight.
PAR  Accordingly, it is a principal object of this invention to provide a
      hydrophilic terpolymer adaptable for the production of shaped articles,
      particularly contact lenses.
PAR  It is another object of the invention to provide a terpolymer which when
      contacted with an aqueous alkaline solution will form a hydrogel having a
      water content of 55-85% by weight of the total.
PAR  It is a further object of the invention to provide a process for forming a
      hydrogel having mechanical properties suitable for forming contact lenses
      and having a water content of 55-85% by weight of the total.
PAR  These and other objects and advantages of the present invention will become
      more apparent in the following description and appended claims.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Among the preferred heterocyclic N-vinyl monomers used in connection with
      the present invention are N-vinyl lactams, such as N-vinyl-2-pyrrolidone,
      N-vinyl-2-piperidone and N-vinyl-e-caprolactam. Other suitable compounds
      include N-vinylimidazolidone, N-vinyl succinimide and the like. Such
      N-vinyl monomers are commercially available and produced by well known
      methods. U.S. Pat. No. 2,317,804, for example, discloses a suitable method
      for forming N-vinyl lactams.
PAR  It has been demonstrated that the higher water capacity of the hydrogels is
      due to the presence of the carboxylic groups which are attached to or
      incorporated in the polymer chain. Contact lenses made from the
      terpolymers of the present invention have been shown to possess high
      oxygen and metabolite transmission characteristics which leads to a high
      degree of toleration by lens wearers who have stressed their comfort and
      ease of adaptation to the lenses. It is believed that this compatibility
      of the lenses with the human eye may be at least partially due to the
      close similarity in the water content of the lenses and cornea of the
      human eye since the eye contains a very high percentage of water,
      variously estimated at between about 72% and 81% by weight. Preferably,
      the lenses of the present invention have a percentage water content
      approximating this range, although lenses having a water content between
      about 60% and 80% have been found to be very satisfactory.
PAR  A degree of crosslinking of the terpolymer is necessary to form a
      three-dimensional polymer skeleton in which water can be accommodated.
      However, increasing the degree of crosslinking tends to reduce the water
      holding capacity while at the same time increasing the rigidity and
      strength of the hydrogel. Reduction in water holding capacity arising from
      a higher degree of crosslinking can be offset to some extent by increasing
      the proportion of the vinyl pyrrolidone component or other vinyl
      comonomer, but this is accompanied by undesirable changes in mechanical
      properties.
PAR  Generally speaking, no advantage is gained by using more than about 2% to
      about 3% of crosslinking material by weight of the other components of the
      terpolymer. Various crosslinking materials may be employed such as glycol
      diacrylates, glycol dimethacrylates (including ethylene and propylene
      glycol diacrylates and methacrylates), polyethylene glycol diacrylates and
      dimethacrylates and allyl methacrylate. Tri- or polyfunctional monomers
      such as triallyl cyanurates may also be utilized as crosslinking agents
      with considerable effectiveness.
PAR  As stated above, the higher the proportion of vinyl pyrrolidone, for
      example, in the terpolymer, the higher the water holding capacity.
      However, an additional effect of increasing the proportion of vinyl
      pyrrolidone is to reduce the mechanical strength of the polymer. Thus, the
      proportion of vinyl pyrrolidone and the degree of crosslinking have to be
      balanced to obtain the desired product.
PAR  However, in order to form the intended product of this invention, the
      amount of vinyl pyrrolidone will not exceed 60% and will preferably
      constitute between about 30-50% by weight of the total. However, it should
      be emphasized that there is no critical minimum amount of vinyl
      pyrrolidone (VP) since any proportion will have some beneficial effect.
      Nevertheless, for practical purposes, the terpolymer will contain at least
      about 10% VP based on the total weight thereof.
PAR  The choice of the hydroxyalkyl acrylate or methacrylate is not critical and
      satisfactory results may be achieved using acrylates and methacrylates in
      which the alkyl groups contain from 1 to 4 carbon atoms, although the
      hydroxyethyl and hydroxypropyl compounds are preferred.
PAR  The third principal monomeric component of the terpolymers of the invention
      is a polymerizable, unsaturated carboxylic acid. While present in a
      comparatively minor proportion, this constituent is important in
      increasing the water holding capacity of the terpolymer when exposed to
      alkaline solutions. The preferred compounds in this category are
      methacrylic acid and acrylic acid which are incorporated in amounts
      ranging from 0.25-5.6% by weight of the total.
PAR  The carboxylic acid moieties in the terpolymer impart a substantial effect
      on equilibrium water content of the hydrogel. For example, a terpolymer
      specimen as previously described, made with 3.5% methacrylic acid (MA) by
      weight of the total in the monomer mixture, equilibrated to a water
      content of about 80% by weight in alkaline solution; whereas a comparable
      specimen formed without MA equilibrated to about 60% by weight in the same
      alkaline solution.
PAR  However, the higher water content capability of the carboxylic acid moiety
      containing terpolymer is achieved only by conversion of the free
      carboxylic acid groups in the hydrogel to ionized carboxylate groups, such
      as the Na, K, Ca, NH.sub.3 and Mg forms. Thus, such conversion is effected
      through treatment of the terpolymer by an aqueous solution reactive with
      the free carboxylic acid groups, notably treatment with an alkaline
      aqueous solution. The conversion may be effected by equilibrating the
      terpolymer with a buffered aqueous solution of pH 6 or higher. Comparable
      treatment with de-ionized water or isotonic saline will not hydrate the
      terpolymer beyond the levels obtained without any MA content. Indeed,
      absent an alkaline conversion treatment, the presence of a carboxylic acid
      moiety seems to nominally decrease the water retention capability of the
      terpolymer hydrogel.
PAR  Preferably, treatment is with buffered aqueous sodium bicarbonate,
      carbonate or hydroxide. Treatment may also be with a conventional alkaline
      biocide solution.
PAR  Without being bound thereto, it is theorized that free carboxylic acid
      groups (from the MA) bound into the hydrogel react with the alkaline ions.
      On treatment of hydrogel test specimens with aqueous sodium bicarbonate,
      formation of gas bubbles may be observed. It is theorized further that the
      metal ions displace the weakly ionic hydrogen ions, thereby forming highly
      ionized metal carboxylate groups, and these highly ionic structures having
      a high hydration demand induced the imbibition of much larger amounts of
      water. Test specimens Soxhlet extracted for 48 hours with water and then
      equilibrated in buffered alkaline aqueous solutions contained a sodium
      content reasonably consistent with the MA proportion in the monomer
      mixture. Such test specimens exhibited far greater water retention levels
      than like specimens equilibrated in 0.9% saline (76 wt % as compared to 57
      wt %). Treatment of the test specimens with 5% HCl reduced their water
      retention capability to about the level of the 0.9% saline equilibrated
      specimens (to 60 wt %). The highly ionized hydrogen ions of HCl readily
      displaced the metallic ions because of the favorable equilibrium to the
      virtually unionized free carboxylic form. Conversion of strongly ionic
      groups to weakly ionic groups causes desorption of significant amounts of
      H.sub.2 O. Subsequently, equilibrating in the buffered alkaline aqueous
      solution increased the water retention capability to the previous level.
PAR  The above described treatment of the terpolymer hydrogel to convert the
      free carboxylic acid moiety into an alkaline carboxylate moiety is
      considered to be an important aspect of this invention.
PAR  As previously stated, the N-vinyl monomer, e.g. vinyl pyrrolidone, may be
      present in the polymerization mixture in a proportion of from 10-60% by
      weight of the total. However, within the context of a hydrogel having a
      water content of 55-85% by weight, when the polymerization mixture
      contains acrylic acid or methacrylic acid in amounts between 0.25-5.6%,
      preferably 1.25-2.8% by weight, based on the total, the amount of vinyl
      pyrrolidone utilized in the mixture will be between about 30-50% by
      weight, preferably 35-45% by weight.
PAR  The preferred hydrogel terpolymer compositions will be formed from a
      polymerization reaction mixture containing hydroxyethyl methacrylate
      (HEMA), vinyl pyrrolidone (VP), methacrylic acid (MA), and ethylene glycol
      dimethacrylate (Di-Ester).
PAR  In the manufacture of the hydrophilic polymer, it is preferred to use mild
      conditions and carry out polymerization at a relatively low temperature
      and over an extended period. It is believed that this results in a product
      having better properties. In the preferred procedure, the monomers are
      mixed together without a solvent or dispersant, but with no more than 1%
      of total weight of a conventional addition polymerization catalyst, e.g. a
      peroxy free-radical catalyst, and filled into a polyethylene container and
      held at a temperature of about 50.degree. to 75.degree.C. for several
      hours. Polyethylene has been found particularly useful since the polymer
      adheres strongly to glass but can be removed without difficulty from
      polyethylene. For example, in one embodiment relating to producing contact
      lenses, if a polyethylene tube having a diameter corresponding to the
      diameter of the contact lens blank is used, on completion of the initial
      polymerization stage a rod of solid polymer can be removed from the tube
      and sliced into discs of the desired size for use as contact lens blanks
      in the manufacture of the contact lenses. Alternatively, the
      polymerization may be carried out in polyethylene molds of desired shape,
      thus producing preformed blanks for subsequent lens manufacture. The
      blanks so obtained are slightly soft and are heated for about a day at
      about 75.degree.C to 100.degree.C. in order to complete the polymerization
      or crosslinking reactions and to produce contact lens blanks which are
      hard enough to be cut and polished using conventional contact lens cutting
      and polishing techniques. During this second heating stage, some annealing
      of the blanks may occur. The two-stage polymerization process is desirable
      because if one attempts to heat the polymerization reaction mixture
      initially to a temperature above about 75.degree.C., bubbles may tend to
      form and are retained in the resultant polymer.
PAR  In a preferred practice, the lenses are water extracted in a Soxhlet
      apparatus for an extended period of time, e.g. 24 hours. The preferred
      lenses, prepared according to the examples set forth hereafter, will have
      a water content, after equilibrium in an isotonic saline solution of 0.9%
      concentration by weight, of about 54% and when similarly equilibrated
      following extraction in a Soxhlet apparatus for 24 hours, a water content
      of about 57% by weight. However, subsequent to equilibration with an
      alkaline aqueous solution, the water content will be about 75% by weight.
PAR  Treatment of the lenses to form alkali carboxylate salt moieties thereon
      need not be deferred until after the extraction treatment. It may be
      effected at any time subsequent to the initial hydration, as for example,
      before, or even during, the course of extraction treatment. If the
      extracted lenses are also treated with a biocidal solution, such treatment
      may be combined with the alkaline treatment. Indeed, some proprietary
      biocidal compositions are themselves buffered, mildly alkaline solutions.
      Thereafter, the lenses may be washed and stored in a mildly alkaline
      isotonic saline or in a biocidal solution. The lenses should be so kept,
      because they dry out relatively quickly when not in contact with an
      aqueous fluid, as do conventional lenses.
PAR  The lenses of the present invention may be sterilized by boiling in water
      without deterioration of the terpolymer. However, it has been found in
      practice that the lenses of the invention do not require routine
      sterilization in normal use.
PAR  Unless otherwise indicated, all weight percentages indicated in the present
      disclosure are based on the total weight of a mixture.
PAR  The following examples will further illustrate the invention.
PAC  EXAMPLE I
PAR  A polymerization mixture was prepared by mixing 57.8% by weight of
      2-hydroxyethyl methacrylate (HEMA) with 40% by weight of N-vinyl
      pyrrolidone, 1.7% by weight of ethylene glycol dimethacrylate, 0.5% by
      weight methacrylic acid and 1% by weight of benzoyl peroxide was
      subsequently added to the mixture. The polymerization mixture was poured
      into small shaped molds. By inserting the molds in a thermostatically
      controlled oven, the reaction temperature was maintained at about
      75.degree.C. and the reaction was allowed to proceed for 5 hours. After
      this time, the oven temperature was raised 100.degree.C. for a further
      period of 24 hours. The blanks were, after cooling, removed from the molds
      and cut and polished in the normal way. Thereafter, the lenses were
      extracted (24 hours in a Soxhlet).
PAR  When treated with an alkaline pH 9 biocidal preparation applicable to
      contact lenses by immersion to equilibrium water intake, the soft lenses
      were found to have water contents of about 70-75% by weight.
PAC  EXAMPLE II
PAR  A series of lens sized test specimens were made according to the above
      described procedure (including 24 hours Soxhlet extraction) with the same
      monomer proportions, varying only the methacrylic acid from 0-7% and a
      proportionate amount of HEMA. The extracted specimens were then treated in
      two ways; one set was equilibrated in a buffered alkaline saline solution
      and the other in isotonic saline, then washed with water.
PAR  The test results are tabulated below:
TBL  % MA     Water Content - % by Wt                                          
     ______________________________________                                    
            Saline    Sodium bicarbonate/Saline                                
      0       60          60                                                   
     0.3      59          61                                                   
     0.7      58          65                                                   
     2.1      55          75                                                   
     3.5      53          80                                                   
     7.0      50          87                                                   
     ______________________________________                                    
PAC  EXAMPLE III
PAR  A series of crosslinked terpolymer specimens were prepared with varying
      percentages of vinyl pyrrolidone in the monomer mixture. Throughout the
      series, methacrylic acid was 2% by weight of the total monomer; ethylene
      glycol dimethacrylate was 0.8% by weight of the total monomer; the
      catalyst CYCLONOX LE-50 (cyclohexanone peroxide sold by Novadel, Ltd.,
      Peroxide Division) constituted 2.5 ml/102g of monomer; and HEMA was the
      balance. The polymerization was effected by heating 48 hours at
      80.degree.C. in a nitrogen atmosphere.
PAR  In the hard state, softening point and hardness were similar in all
      specimens.
PAR  The specimens were water extracted, then one set equilibrated in 0.9%
      saline, the other in buffered alkaline saline solution and the water
      retentions measured. The results are tabulated below:
TBL  % VP      Saline     Sodium bicarbonate/Saline                            
     ______________________________________                                    
      0         31%        57%                                                 
     10        39         60                                                   
     20        42         66                                                   
     50        60         78                                                   
     70        75         87                                                   
     80        83         90                                                   
     90        89         95                                                   
     ______________________________________                                    
PAR  The results indicate that water retention ability increased linearly with
      VP content. It may be noted that even with zero % VP, the presence of MA
      permits attainment of 57% water content.
PAC  EXAMPLE IV
PAR  A series of terpolymer test specimens were prepared from a monomer mixture
      of 3:2 volume ratio HEMA/VP. The HEMA contained methacrylic acid and 0.8%
      ethylene glycol dimethacrylate. The polymerization catalyst and conditions
      of Example 1 were employed.
PAR  After water extraction, the test specimens were equilibrated in buffered
      aqueous solutions at various pHs, then the water content measured. The
      results are tabulated below.
TBL  ______________________________________                                    
     pH        Buffer Type    Water Content %                                  
     ______________________________________                                    
     6.0       NaOH/KH.sub.2 PO.sub.4                                          
                              68                                               
     6.4       "              75                                               
      6.85     "              76                                               
     7.2       "              76                                               
     7.6       "              76                                               
     8.0       NaOH/H.sub.3 BO.sub.3                                           
                              76                                               
     8.5       "              81                                               
     8.9       "              80                                               
     9.3       "              80                                               
     9.7       "              79                                               
     10.1      "              78                                               
     ______________________________________                                    
PAR  Substituting acrylic acid for the methacrylic acid in the monomer mixture
      produced a similar enhancement in water retention after equilibration with
      the buffered solutions.
PAC  EXAMPLE V
PAR  Specimens prepared as described in Example IV were treated as follows after
      water extraction.
PAR  Specimens equilibrated in 0.9% saline exhibited a water content of 57%.
PAR  Specimens equilibrated in buffered alkaline solution, then in 0.9% saline
      solution, exhibited a water content of 75% after the alkaline solution,
      77% after the saline.
PAR  Some buffered alkaline solution equilibrated specimens were treated with 5%
      HCl, then water extracted. The water content was 60%. Upon subsequent
      re-equilibration with the buffered alkaline solution the water content
      rose to 76%.
PAR  The above embodiments are to be considered in all respects as illustrative
      and not restrictive since the invention may be embodied in other specific
      forms without departing from its spirit or essential characteristics.
      Therefore, the scope of the invention is indicated by the claims rather
      than by the foregoing description, and all changes which come within the
      meaning and range of the equivalents of the claims are intended to be
      embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A contact lens which comprises a terpolymer hydrogel containing from
      about 55% to about 85% by weight of water based on the total weight of the
      hydrogel, the molecular structure of said terpolymer including alkaline
      carboxylate moieties therein and being the hydrated polymeric product
      resulting from the polymerization of a monomer mixture comprising 30-50%
      by weight of N-vinyl lactam, up to 3% by weight of a glycol dimethacrylate
      or diacrylate, 0.25-5.6% by weight acrylic or methacrylic acid and a
      hydroxyalkyl acrylate or methacrylate monomer which constitutes the
      balance of the mixture.
NUM  2.
PAR  2. The contact lens according to claim 1 in which the N-vinyl lactam is
      N-vinyl pyrrolidone.
NUM  3.
PAR  3. A contact lens which comprises a hydrogel containing from about 55% to
      about 85% by weight of water based on the total weight of the hydrogel,
      said hydrogel being a hydrated crosslinked terpolymer obtained by:
PA1  a. addition polymerization of a monomer mixture essentially consisting of
      35-40% by weight N-vinyl pyrrolidone, about 1.75-2.8% by weight
      methacrylic acid, about 0.5-2.0% by weight ethylene glycol dimethacrylate,
      and the balance being hydroxyethyl methacrylate; and
PA1  b. hydrating the addition polymerization product so as to convert the free
      carboxylic acid groups therein to ionized alkaline carboxylate groups.
NUM  4.
PAR  4. A hydrogel containing about 55% to about 85% by weight of water based on
      the total weight of the hydrogel, said hydrogel including alkaline
      carboxylate moieties in the molecular structure thereof and comprising the
      crosslinked terpolymeric product of a monomer mixture including 30-50% by
      weight of an N-vinyl lactam, up to about 3% of a glycol dimethacrylate or
      diacrylate crosslinking agent, between about 0.25-5.6% by weight of a
      polymerizable unsaturated carboxylic acid, and a hydroxyalkyl acrylate or
      methacrylate monomer which constitutes the balance of the mixture.
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ABST
PAL  For facilitating the production of automotive tire treads of satisfactory
      abrasion and skid resistance, there is provided a composition consisting
      essentially of:
PA1  A. a polybutadiene containing 25-50% of monomer units arranged in the
      1,2-position; 10-40% of 1,4-cis-double bonds; 15-55% of 1,4-trans-double
      bonds; and an ML-4 value of 40-120;
PA1  B. 5-100 parts by weight of a plasticizer oil; and
PA1  C. 30-120 parts by weight of a carbon black.
PARN
PAR  This is a continuation, of application Ser. No. 435,869 filed 1-23-74; Ser.
      No. 304,598 filed 11-8-72; and Ser. No. 8,745 filed 2-4-70 all now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel rubbery compositions, and in particular to
      tire treads wherein homopolymers of polybutadiene are the essential
      rubbery polymers.
PAR  Conventional automotive tire treads are based on vulcanizates of rubber
      blends filled with large amounts of oil and carbon black. As the rubber
      blends, there have been employed mixtures of copolymers of butadiene and
      styrene (SBR) with stereoregular polydiolefins (DR), preferably
      cis-1,4-polybutadiene prepared by emulsion or solution polymerization. The
      blending weight ratio, in this process of SBR : DR normally varies between
      80 : 20 and 50 : 50 respectively. If the proportion of stereospecific
      polydiolefins is increased, the tread life is increased, but conversely,
      the tread skid resistance on wet roads is impaired. Consequently, from the
      standpoint of safety, manufacturers have been forced to accept only a
      limited usage of the more durable stereospecific polydiolefins. Aside from
      skid resistance, another problem associated with the exclusive use of the
      previously known homopolybutadienes, is the substantial difficulty in
      processing the formulations containing said homopolymers.
PAR  As a result of the above problems, it has been considered essential,
      heretofore, to employ the above-mentioned blends, and to tailor the
      composition of the blends to the respective requirements. However, the use
      of these blends, as compared for example, to a single polymer, involves
      more complex and expensive manufacturing operations. Furthermore,
      off-grade products and operational problems are encountered which often
      result from the fact that the blend components, which differ in their
      chemical constitution from one another, are very difficult to distribute
      homogeneously. Because of this blending problem and the relatively
      expensive manufacture of these blends, there has been a continuing need
      and significant interest in finding new polymers which would exhibit the
      same compromise in properties as the vulcanized blends, but which would be
      amenable to easier and more economical processing conditions.
PAR  Therefore, substantial research has already been conducted to provide
      improved polymeric systems for tire tread. Thus, it has been determined
      that elastomeric properties which are usable in certain respects are
      exhibited not only by homopolymers of diolefins having high contents of
      1,4-cis-structure, particularly 1,4-cis-polybutadiene, but also by
      homopolymers having very high contents (above 50%) of monomer units
      disposed in the 1,2-position. Specifically, E. W. Duck and J. M. Lock
      (Jour. I.R.I. 2 (1968), p. 223) discovered that polybutadienes containing
      more than 50% of monomer units arranged in the 1,2-position do not exhibit
      any cold flow and have a higher building tack than other polymers and,
      furthermore, by and large have very useful rubbery properties.
      Unfortunately, however, these polybutadienes, having above 50% of monomer
      units disposed in the 1,2-position, exhibit an abrasion resistance which
      is clearly inferior to that of the standard SBR-types and especially to
      that of blends of SBR with cis-1,4-polybutadiene.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention, therefore, is to provide an improved polymeric
      system for the production of tire tread, and especially a system which is
      readily and economically processable.
PAR  Upon further study of the specification and appended claims, other objects
      and advantages of the present invention will become apparent.
PAR  To attain these objects, there are provided compositions for the
      manufacture of tire treads based on homopolybutadiene, said compositions
      comprising:
PAR  a. a rubbery component consisting essentially of a polybutadiene containing
      25-50%, preferably 30-45%, of monomer units arranged in the 1,2-position;
      10-40%, of 1,4-cis-double bonds; 15-55% of 1,4-trans-double bonds; and an
      ML-4 value of 40-120;
PAR  b. about 5-100 parts by weight of a plasticizer, based on 100 parts by
      weight of polybutadiene;
PAR  c. about 30-120 parts by weight of a carbon black, based on 100 parts by
      weight of polybutadiene.
PAR  In accordance with an especially advantageous embodiment of the present
      invention, the treads on the basis of polybutadiene-plasticizer-filler
      mixtures in automobile tires further comprise as an additional component
PAR  d. a vulcanization system containing about 1-3 parts by weight of sulfur
      and preferably 0.5-2.5 parts by weight of mercaptobenzothiazole or
      derivatives thereof, especially the sulfenamides thereof.
PAC  DETAILED DISCUSSION OF THE INVENTION
PAR  A particularly pressing need is now satisfied by the production of tire
      treads on the basis of stereoregular Lomopolybutadiene with a content of
      25-50%, preferably 30-45%, of monomer units disposed in the 1,2-position
      -- namely to avoid the process and product "bugs" inherent in the
      production of the composite blends which are generally employed today.
      Whereas the ratio of cis to trans structure is normally in the range of 10
      : 55 to 40 : 15, it is preferably in the range of 20 : 45 to 35 : 20.
PAR  These polybutadienes employed according to this invention, in a mixture
      with plasticizers and carbon black, are much more readily processable as
      compared to the conventional polybutadienes having a high proportion of
      monomer units in the 1,4-position, and result in treads with favorable
      skid resistance properties on wet roads, and with rubber properties which
      otherwise meet the  conventional requirements for automobile tires.
PAR  The polybutadienes containing 25-50% of monomer units arranged in the
      1,2-position, as manufactured and used in accordance with this invention,
      are produced in organic solvents with organo-lithium compounds as
      catalysts and with the addition of polar compounds, such as, for example,
      ethers, amines, phosphines, or dialkyl or diaryl sulfides of a specific
      composition.
PAR  In this connection, examples of suitable lithium compounds are
      n-butyllithium, isobutyllithium, methyllithium, or phenyl-lithium.
PAR  Suitable ethers are compounds of the general formulae R--O--R, R'--O--R, or
      R'--O--R--O--R', R"--O--R--O--R', wherein R, R' and R" represent aliphatic
      or cycloaliphatic residues of 1-20 carbon atoms and aromatic residues of
      6-14 carbon atoms. Particularly suitable are dimethyl ether, diethyl
      ether, diphenyl ether, tetrahydrofuran, dioxane, 1,2-dimethoxymethane, and
      1,2-dimethoxyethane.
PAR  Suitable amines include primary, secondary, and tertiary amines of 3-20
      carbon atoms with the latter being the preferred type. Suitable phosphines
      are, in particular, compounds of the type of triphenylphosphine.
PAR  The polymerization is conducted in the presence of aliphatic solvents, such
      as hexane and cyclohexane, preferably hexane, and aromatic solvents, such
      as benzene and toluene, preferably benzene. The solvents may be used alone
      or as mixtures.
PAR  The polymerization temperatures are 30.degree. to 150.degree.C. The
      catalyst system consists of 0.01 to 0.1 % by weight of lithium organic
      compounds and 0.01 to 10 % of a Lewis base, both percentages are based on
      the amount of butadiene.
PAR  The weight ratios of Lewis base to lithium organic compounds are between
      0.1 : 1 to 100 : 1.
PAR  A further advantage of the polybutadienes employed in accordance with this
      invention resides in the possibility of employing larger amounts of
      plasticizer and carbon black. Suitable plasticizers are all aliphatic or
      aromatic oils conventionally employed in rubber processing. These oils are
      employed in amounts of 5-100 parts by weight, preferably 40-70 parts by
      weight, based on 100 parts by weight of polybutadiene. For a more detailed
      description of such plasticizers, attention is invited to H. A. Munderloh,
      Kautschuk und Gummi 12 (1959), page WT 246 - 256.
PAR  Especially suitable fillers are highly active carbon blacks, such as HAF
      (high abrasion furnace), ISAF (intermediate super abrasion furnace), SAF
      (super abrasion furnace) -- also optionally in combination with
      light-colored fillers. They are employed in amounts of 30-120 parts by
      weight, especially 70-100 parts by weight, based on 100 parts by weight of
      polybutadiene. In this connection, the quantities of filler and
      plasticizer must always be in meaningful relationships with respect to
      each other. Good processing characteristics are always obtained with a
      filler : plasticizer ratio of about 1 : 1 to 10 : 1.
PAR  In order to manufacture the tire treads, the polybutadienes employed
      according to this invention are homogeneously mixed with the required
      amounts of plasticizer or oil, in accordance with conventional methods and
      under gentle conditions. Then, in processes and devices which are likewise
      conventional, these mixtures are extruded, after the addition of customary
      auxiliary agents employed with rubber mixtures, into tire tread strips.
      These tread strips are then vulcanized, together with the other tire
      components customary in the tire manufacture, such as sidewalls and
      carcasses, in likewise conventional presses.
PAR  In accordance with a special embodiment of the present invention, the
      starting material is a polybutadiene containing 25-50%, preferably 30-45%
      of monomer units disposed in the 1,2-position, and this polymer is
      reacted, subsequent to the polymerization and prior to the production of
      tread strips, with "molecular weight jump" catalyst systems of, for
      example, compounds containing active hydrogen or being proton-active in
      combination with organoaluminum compounds, in order to increase the
      molecular weight. With respect to additional details of the so-called
      "molecular weight jump," reaction and catalysts attention is directed, in
      particular, to the work of E. F. Engel, J. Schafer, and K. M. Kiepart in
      "Rubber and Plastics Age" 45 (1964), pp. 1499 et seq, as well as to
      corresponding U.S. Pats. 3,627,740 and 3,704,286 by one or more of the
      authors on this subject.
PAR  In addition to increasing the molecular weight by the "molecular weight
      jump" in the presence of these catalyst systems, it is also advantageous
      to make use of the so-called "coupling reaction" of lithium polymers in
      the presence of compounds such as, for example, methylene chloride,
      chloroform, particularly silicon tetrahalides, and carbon tetrachloride,
      reference being invited to U.S. Pat. No. 3,244,664 for further details. In
      addition thereto, other processes for increasing the molecular weight, for
      example with the use of sulfur halogenides, particularly disulfur
      dichloride, can be employed with equal success (DAS [German Published
      Application] No. 1,260,794).
PAR  In this connection, the 1,2-polybutadiene which is to be formed into the
      tire tread generally has an ML-4 value of 40-120. The rubber before any
      molecular weight jump step usually has an ML-4 value of 10-60, which can
      then be increased to 70-120 under the conditions of the above-described
      processes for increasing the molecular weight. To obtain the optimum
      effect in accordance with the invention, the process for increasing the
      molecular weight can take place in the presence or absence of the
      additives. By conducting the reaction in the presence of a plasticizer,
      the intended viscosities of the polymer-plasticizer-mixtures are obtained
      immediately. Regarding the description of plasticizers see page 5, line
      10.
PAR  As a further advantageous embodiment of the present invention, a
      vulcanization system is employed comprising 1-3 parts by weight of sulfur
      and 0.5-2.5 parts by weight of an accelerator, especially
      mercaptobenzothiazole or the derivatives thereof, particularly the
      sulfenamides thereof. In addition thereto, there can also be employed
      secondary accelerators such as dithiocarbamate, thiurame, aldehydamine and
      guanidine (Bostrom, Kautschuk-Handbuch, Verlag Berliner Union --
      Stuttgart, Vol. IV, pages 307-323).
DETD
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever.
PAR  All parts in the examples as well as in the other parts of the disclosure
      are on a weight basis unless otherwise specified.
PAC  EXAMPLE 1
PAR  A stirred vessel is filled under exclusion of air and humidity with 80
      parts by weight of benzene, 20 parts by weight of butadiene-1,3 and 0.8
      parts by weight of diethyl ether, the parts by weight are based on the
      amount of butadiene-1,3 used. After heating the mixture to 49.degree.C
      0.025 % by weight of lithium butyl, based on the amount of butadiene-1,3
      used, are added. The temperature is maintained at 49.degree.C by cooling.
      After 4 hours the reaction is finished.
PAR  The resultant polymer, after reaching a Mooney viscosity (ML-4 100.degree.
      C.) of about 40, is mixed with 1/4 of an equivalent of silicon
      tetrachloride, based on the butyllithium. After raising the Mooney
      viscosity to the value of 90 due to the "coupling reaction" taking place
      during this step, the polymerization reaction is stopped in a conventional
      manner, by the addition of methanol. The polymer, present in solution,
      exhibits the following microstructure:
TBL  Arrangement of the Monomer Units                                          
     ______________________________________                                    
     1,4-Trans       1,4-Cis     1,2                                           
     47%             24%         29%                                           
     ______________________________________                                    
PAR  Thereafter, to this polymer solution are added 37.5 parts by weight of a
      plasticizer (based on 100 parts by weight of dry polybutadiene), having a
      high content of aromatics, specifically Naftolen NV.
PAR  The subsequent processing of the polymer takes place by separating the
      solvent with steam, and dewatering by treatment in screw extruders and
      dryers.
PAR  During the course of further processing, the following mixture is
      thereafter prepared with the aid of an internal mixer such as a Banbury
      mixer.
TBL  ______________________________________                                    
     Oil extended rubber     137.5 Parts                                       
     Stearic acid            2.5 Parts                                         
     Zinc oxide              4.0 Parts                                         
     HAF Carbon black        70.0 Parts                                        
     Coumarone resin         3.0 Parts                                         
     Aromatic plasticizer oil                                                  
                             2.5 Parts                                         
     Phenyl-.beta.-naphthylamine                                               
                             1.0 Parts                                         
     The mixture is then stored for 6 hours at room temperature                
     to get lower temperatures of the mixture.                                 
     ______________________________________                                    
PAR  Thereafter, the following components are admixed thereto on a rolling mill
      at 50.degree. C.;
TBL  Sulfur                  2.2 Parts                                         
     Mercaptobenzothiazole sulfonamide                                         
                             1.2 Parts                                         
PAR  In order to determine the physical data, a stepwise heating procedure is
      conducted at 143.degree. C. (15, 30, 60, and 90 minutes), with the
      following results as set forth in Table 1:
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Heating                                                                   
          Tensile                                                              
     Time Strength                                                             
               Elongation                                                      
                     Modulus                                                   
                          Hardness                                             
                               Rebound Elasticity%                             
                                           Abrasion                            
                                                  Skid Resistance              
     Minutes                                                                   
          kg/cm.sup.2                                                          
               %     300 %                                                     
                          .degree. Shore                                       
                               22.degree. C.                                   
                                     75.degree. C.                             
                                           DIN Pico                            
                                                  Wet Concrete                 
     __________________________________________________________________________
     15'  135  412   67   59   26    52    115 27 44                           
     30'  144  396   84   59   28    53    93  25 43                           
     60'  138  420   98   61   26    52    95  25 44                           
     90'  132  408   96   60   26    52    96  25 45                           
     Under the conditions of the same vulcanization recipe, the following      
     result is obtained for a blend of OE-BR* and OE-SBR** in a ratio of       
     50:50                                                                     
     15'  164  390   70   60   35    51    120 27 45                           
     30'  183  374   98   60   34    52    105 26 45                           
     60'  174  398   104  61   35    52    100 28 46                           
     90'  170  401   97   60   35    50    102 27 43                           
     __________________________________________________________________________
       *OE-BR is oil extended butadiene rubber having 37.5 parts by weight of  
      the total rubber, an oil identical to said plasticizer                   
      **OE-SBR is oil extended styrene-butadiene rubber having 37.5 parts by   
      weight of the total rubber, an oil identical to said plasticizer         
PAR  The unvulcanized mixtures are then conventionally shaped into tread strips
      which, in turn, are employed for producing an automobile tire having the
      dimension of 6.40 -- 13. The vulcanization is conducted in a tire heater
      for 30 minutes at 165.degree. C.
PAR  On an automobile run of about 10.sup.4 km., the resistance of the treads to
      wear under practical conditions is determined.
PAR  In a comparison with the tread from the blend of OE-BR/OE-SBR = 50/50, the
      tread of polybutadiene with a proportion of 29% of monomer units arranged
      in the 1,2-position, yields the following result:
     Abrasion Index                                                            
     ______________________________________                                    
     Treads of the blend                                                       
     OE-BR/OE-SBR = 50/50     = 100                                            
     Treads of oil-extended polybutadiene                                      
     with a 29% 1,2-proportion                                                 
                              = 104                                            
     ______________________________________                                    
PAR  This proves the substantial equality, if not improvement in the properties
      of the homopolybutadiene with the above-described molecular structure.
      Consequently, such homopolymers can be processed in less troublesome and
      more economical manner than the blends: the advantages of the present
      invention are readily apparent.
PAC  EXAMPLE 2
PAR  One hundred parts of polybutadiene produced according to Example 1, but
      with the use of hexane as the solvent and 1% of tetrahydrofuran in place
      of the diethyl ether, is mixed, after raaching a Mooney viscosity of 40
      and after the addition of 37.5 parts of oil having a high content of
      aromatics (based on the polymer), with 0.5% of disulfur dichloride (based
      on the polymer), and treated in the original solution until a Mooney value
      of 40 is reached for the oil-extended rubber.
PAR  After the solvent has been removed by means of steam, pressing, and drying
      of the crumbs, a gel-free polymerized product is obtained having the
      following microstructure:
TBL  Arrangement of the Monomer Units                                          
     ______________________________________                                    
     1,4-Trans       1,4-Cis     1,2                                           
     39%             23%         38%                                           
     ______________________________________                                    
PAR  Further processing into tire treads is conducted according to the following
      vulcanization recipe:
TBL  Oil extended rubber     137.5 Parts                                       
     Coumarone resin         3.0 Parts                                         
     Zinc oxide              3.0 Parts                                         
     Stearic acid            2.0 Parts                                         
     Phenyl-.beta.-naphthylamine                                               
                             1.5 Parts                                         
     ISAF Carbon black       85.0 Parts                                        
     Aromatic plasticizer oil                                                  
                             15.0 Parts                                        
     Sulfur                  1.5 Parts                                         
     Mercaptobenzothiazole sulfenamide                                         
                             2.0 Parts                                         
PAR  In order to determine the physical data, a stepwise heating procedure is
      conducted at 151.degree. C. (10, 20, 30, 40 minutes), with the following
      results as seen in Table 2:
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Heating                                                                   
          Tensile                                                              
               Elongation                                                      
                     Modulus                                                   
                          Hardness                                             
                               Rebound Elasticity Skid Resistance              
     Time Strength                                                             
               %     300% .degree. Shore                                       
                               %           Abrasion                            
                                                  Wet Concrete                 
     Minutes                                                                   
          kg/cm.sup.2          22.degree. C.                                   
                                     75.degree. C.                             
                                           DIN Pico                            
     __________________________________________________________________________
     10'  141  600   56   59   28    48    150 30 46                           
     20'  150  501   89   60   29    51    130 25 44                           
     30'  138  486   86   60   28    51    128 26 44                           
     40'  141  493   83   60   28    51    127 25 46                           
     Under the same conditions, the following result is obtained for the       
     vulcanizate produced on the basis of the same vulcanization recipe of a   
     blend of OE-SBR/OE-BR=82.5/55, wherein SBR/BR are contained in a ratio of 
     60:40                                                                     
     10'  161  615   58   59   30   48     141 31 48                           
     20'  170  525   82   60   30   50     135 25 47                           
     30'  169  520   81   60   30   50     135 25 47                           
     40'  171  525   81   60   30   49     130 25 47                           
     __________________________________________________________________________
PAR  The mixtures are processed, analogously to Example 1, into tread strips
      which, in turn, are employed for the manufacture of automobile tires
      having the dimension of 6.40 -- 13.
PAR  After conducting an automobile run over about 10,000 km., there are
      obtained the following comparative results:
     Abrasion Index                                                            
     ______________________________________                                    
     Tread of a blend of                                                       
     OE-SBR/OE-BR = 82.5/55   = 100                                            
     Tread of oil-extended polybutadiene                                       
     with a 38% 1,2-proportion                                                 
                              = 99                                             
     ______________________________________                                    
PAR  Thus, it is shown that the ultimate properties of the homopolybutadiene
      with the above-described structural characteristics are substantially
      equal to a currently widely used blend.
PAC  EXAMPLE 3
PAR  A butadiene polymer produced in accordance with Example 2 is mixed, after
      reaching a Mooney viscosity of 45 per 100 g. of polymer, with 25 millimols
      of diethyl aluminum monochloride and 2.3 millimols of tert.-butyl
      chloride. After the jump-like increase in the Mooney value was practically
      terminated, 37.5 parts of oil is added, analogously to Example 1, and the
      mixture is processed to a solid rubber having an ML-4 value of 37. The
      microstructure of the polymer contained therein is as follows:
TBL  Arrangement of the Monomer Units                                          
     ______________________________________                                    
     1,4-Trans       1,4-Cis     1,2                                           
     40%             23%         37%                                           
     ______________________________________                                    
PAR  Further processing into tire treads takes place according to the
      vulcanization recipe described in Example 2.
PAR  Stepwise heating at 151.degree. C. (10, 20, 30, 40 minutes) leads to the
      following results as shown in Table 3:
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Heating                                                                   
          Tensile                                                              
               Elongation                                                      
                     Modulus                                                   
                          Hardness                                             
                               Rebound Elasticity                              
                                           Abrasion                            
                                                  Skid Resistance              
     Time Strength                                                             
               %     300% .degree. Shore                                       
                               %                                               
     Minutes                                                                   
          kg/cm.sup.2          22.degree. C.                                   
                                     75.degree. C.                             
                                           DIN Pico                            
                                                  Wet Concrete                 
     __________________________________________________________________________
     10'  135  615   53   60   28    46    156 32 44                           
     20'  146  525   91   61   27    52    128 28 44                           
     30'  140  530   93   60   27    51    131 25 44                           
     40'  132  480   88   60   27    51    124 25 43                           
     __________________________________________________________________________
PAR  As a comparison with the state of the art, the vulcanizate of a blend of
      OE-SBR/OE-BR = 82.5/55 is once again employed (for the results, see
      Example 2).
PAR  Both vulcanizates are once again tested in an automobile run, side-by-side,
      with respect to their efficiency as tread material for automobile tires.
      Result:
     Abrasion Index                                                            
     ______________________________________                                    
     Tread of OE-SBR/OE-BR = 82.5/55                                           
                              = 100                                            
     Tread of the oil-extended polybutadiene                                   
     described herein with a 37%                                               
     1,2-proportion           = 102                                            
     ______________________________________                                    
PAR  This once again demonstrates the substantial equality of the butadiene
      polymers of this invention as tire rubber as compared to blends of SBR and
      BR produced in accordance with the state of the art.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vulcanizable composition shaped into tire tread strip form, consisting
      essentially of
PA1  a. 100 parts by weight of a polybutadiene consisting of 25-50% monomer
      units arranged in the 1,2-position; 10-40% monomer units arranged in the
      1,4-cis position; and correspondingly 15-55% monomer units arranged in the
      1,4-trans position, the ratio of cis to trans structures being 10:55 to
      40:5, said polybutadiene having an ML-4 100.degree. C. value of 70-120 and
      being prepared by subjecting a lithium polymerized polybutadiene having an
      ML-4 100.degree. C. value of 10-60 to a molecular weight jump or coupling
      reaction to increase the molecular weight thereof;
PA1  b. 5-100 parts by weight of a plasticizer oil; and
PA1  c. 30-120 parts by weight of a carbon black filler.
NUM  2.
PAR  2. A composition as defined by claim 1 wherein the filler : plasticizer
      ratio is about 1:1 to 10:1.
NUM  3.
PAR  3. A composition as defined by claim 2, further comprising a vulcanization
      system containing 1-3 parts by weight of sulfur and 0.5-2.5 parts by
      weight of an accelerator.
NUM  4.
PAR  4. A composition as defined by claim 3 wherein said accelerator is a
      mercaptobenzothiazole.
NUM  5.
PAR  5. A vulcanized tire tread prepared by vulcanizing the composition of claim
      3.
NUM  6.
PAR  6. A composition as defined by claim 1, comprising
PA1  a. said polybutadiene consisting of 30-45% monomer units arranged in the
      1,2-position wherein the ratio of cis to trans structures is 20:45 to
      35:20;
PA1  b. 40-70 parts by weight of said plasticizer oil;
PAL  and
PA1  c. 70-100 parts by weight of said filler.
NUM  7.
PAR  7. A composition as defined by claim 6 wherein the filler: plasticizer
      ratio is about 1:1 to 10:1.
NUM  8.
PAR  8. A composition as defined by claim 7, further comprising a vulcanization
      system containing 1-3 parts by weight of sulfur and 0.5-2.5 parts by
      weight of an accelerator.
NUM  9.
PAR  9. A composition as defined by claim 8 wherein said accelerator is a
      mercaptobenzothiazole.
NUM  10.
PAR  10. A vulcanized tire tread prepared by vulcanizing the composition of
      claim 9.
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ABST
PAL  A composition for forming into a soft, pliable, leather-like material
      includes a polyolefine having from 50 to 90 weight percent of inorganic
      compounds. The inorganic compounds contain a substantial amount of calcium
      sulfite having crystal sizes of 1-100 .mu..
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation, of application Ser. No. 436,593, filed Jan. 24,
      1974, now abandoned.
BSUM
PAR  This invention relates to formed compositions capable of becoming soft and
      pliable when subjected to mechanical stresses, especially bending and/or
      torsional stresses.
PAR  Leathers manufactured through tanning of natural raw hides or the like
      still exhibit considerable rigidity against bending or other mechanical
      stresses and become soft and pliable only upon being subjected to
      artificial and partial fiber separation on a crumpling machine.
PAR  It is further known to make barks, wooden flake or sheetlike materials,
      bamboo and paper materials soft and pliable by subjecting them to repeated
      bending stresses.
PAR  Since the natural vegetable or animal fiber represents a bonded combination
      of fibrous materials with natural binders such as tannin containing
      substance, lignin-containing substance, bonding substance or the like,
      partial collapse will generally occur in the bonds by subjecting these
      fibers to repeated bending or the like severe mechanical stresses, thus
      loosening substantially the rigidity.
PAR  When it is desired to manufacture artificial products made of chemical
      composition which may become soft and pliable by subjecting to severe
      mechanical stresses, the first step is generally to prepare suitable
      fibers for the desired purpose which may naturally be highly troublesome
      and difficult to realize.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the main object of the present invention to provide a
      formed product made of a chemical composition which can be made pliable
      upon subjecting to severe mechanical stresses as similarly occur to
      leather, paper and the like fiber-containing products.
PAR  It has been now found that when a shaped material is prepared from a
      composition of a polyolefine, containing 50-90 wt.% of inorganic compounds
      having as their main component calcium sulfite by thermal fusing and
      shaping, the thus prepared and shaped products can be easily made soft and
      pliable as in the case of leather, paper, wooden or bamboo products, upon
      subjecting them to severe mechanical stresses, especially bending
      stresses.
PAR  These prepared and shaped products exhibit at least a 20%-elongation when
      subjected to tension under normal temperature.
PAR  It has been further found that these products exhibit a unique
      characteristic that when their softening temperature is measured in a
      repeated manner as prescribed by JIS, K-6723, there is a remarkable
      difference amounting to at least 10.degree.C between the firstly and
      secondly measured values, the former being higher than the latter.
PAR  Products exhibiting these unique characteristics can not be obtained if
      prepared from a composition of commercially available calcium sulfite with
      polyolefine combined in the similar ratio as proposed by the present
      invention.
PAR  The products prepared by a composition of commercially available calcium
      sulfite and any polyolefine mixed in the similar ratio as proposed by the
      invention will show a substantially unfavorable value of elongation such
      as 10 percent or so, and are liable to be broken when subjected to severe
      bending stresses. Upon repeated measurements of the softening temperature,
      they will show no appreciable difference.
PAR  In the practice of the present invention, the inorganic compound including
      as its main constituent, calcium sulfite having crystalline particle sizes
      of 1 - 100 .mu. and prepared by the reaction of alkali of ammonium
      bisulfite with calcium carbonate may be used, while, as the remaining
      component of the starting composition, a crystalline polyolefine of melt
      index of less than 10 may be used. These two components are shaped into
      desired products at an elevated temperature higher than the melting point
      of the polyolefine.
PAR  As commonly known, calcium sulfite may be prepared in other ways, for
      instance, by reaction of gaseous sulfur dioxide and calcium hydroxide; by
      reaction of alkali bisulfite and calcium hydroxide; or by reaction of
      alkali bisulfite and calcium chloride. According to our experimental
      results, however, it has been found highly difficult to prepare the
      desired kind of products capable of showing the unique physical properties
      as mentioned hereinbefore, by use of the conventionally prepared calcium
      sulfite as above.
PAR  Alkali bisulfite or ammonium bisulfite may be prepared through absorption
      of gaseous sulfur dioxide by alkali sulfite or ammonium sulfite, as the
      case may be. Generally speaking in this case, a mixture of the
      corresponding bisulfite and the corresponding sulfite will be produced,
      but such mixture can be used as per se in the aforementioned reaction with
      calcium carbonate.
PAR  The obtained crystalline calcium sulfite may have various particle sizes,
      depending upon the overall concentration of the alkali (ammonium) salt in
      the reaction system, reaction temperature, pH, and/or the amount of
      included impurities, and the crystal form of the calcium sulfite may be of
      needle, granule or spheroid, depending upon the reaction conditions.
      However, the desired products may be easily found out by slight test
      experiments.
PAR  The crystals may preferably be such as lateral or smaller dimensions of
      1-30 .mu. and axial or larger dimensions of 5-100 .mu..
PAR  The calcium sulfite may be used in combination with other inorganic
      compounds such as gypsum, calcium carbonate, ferric oxide, zinc oxide,
      silica sand, regular sand, kieselguhr, talc or the like. However, the
      mixing ratio must preferably be less than 30 wt.% of the total amount of
      the inorganic substances employed.
PAR  The polyolefine employed in the present composition may be a polymer or
      copolymer of ethylene or propylene as its main constituent, having a melt
      index less than 10 and superior crystallinity.
PAR  Suitable copolymerizable constituents include, for example, olefines such
      as ethylene, propylene, butene, pentene and/or the like: halogenated
      olefine(s) such as vinyl fluoride, fluorochloroethylene,
      tetrachloroethylene and/or the like, and/or other unsaturated compound(s)
      copolymerizable with ethylene such as vinyl acetate, alkyl (meth) acrylate
      and/or the like.
PAR  The primary shaped product of the present invention can be, as was referred
      to above, made soft and pliable by subjecting to severe mechanical
      stresses, preferably bending stresses. When the product is stretched
      mechanically and monoaxially, the polymer can be stretched and oriented,
      while effecting partial interfacial separation between the polymer or
      copolymer and the inorganic component(s).
PAR  The thus stretched product generally is in the form of a soft, porous and
      pliable, leather-like sheet, exhibiting a substantially intensified
      tensile strength.
PAR  The primary product can be nailed without breakage, sawed and mechanically
      sliced and/or planed as desired.
PAR  Since the primary product possesses a substantial bending resistance, it
      can be used as artificial wood for utilization in various industrial
      fields, especially for furniture production. This product can be shaped
      into various forms through injection or the like thermally shaping
      technique. Mechanical cutting, carving and/or the like finish-working can
      be well applied for instance, for the manufacture of high class furniture.
PAR  The secondary product can be provided by making the primary product soft
      and pliable by subjecting to severe mechanical stresses, especially
      bending stresses. Especially usable is a product which has a T.sub.f
      -point less than -50.degree.C.
PAR  The secondary product exhibits a superior pliable nature comparative to
      soft rubber sheet, although it contains 50 wt.% or more inorganic
      substance, it exhibits other further, superior mechanical properties such
      as anti-shock performance. Thus, it can be utilized in various industrial
      fields.
PAR  The mode of application of severe mechanical stresses for the manufacture
      of the secondary product may be various and different.
PAR  As an example, bending stresses can be applied in a repeated manner by
      moving the point of application along an axis of a sheetlike product.
      Torsional stresses may also be applied so as to subject the material
      evenly and throughly thereof by threading or crumpling, as an example.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
PAC  Preparation of inorganic constituent
PAR  In a reaction vessel, fitted with glass lining and a mechanical agitator,
      300 r.p.m. having a chargeable content of 10 lit, sodium bisulfite 520 g
      and sodium sulfite 975 g were charged upon dissolving in 6.5 lit. of
      water. The reaction mixture was warmed up to 60.degree.C. Next, 250 g of
      calcium carbonate, which had been screened through a 400-mesh screen, were
      gradually added in powder form, and brought into reaction for about an
      hour under enough agitation, until substantially no development of carbon
      dioxide gas was observed.
PAR  pH was observed at the beginning of the reaction as 6.5, while it became
      7.6 at the completion of the reaction.
PAR  Upon completion of the reaction, the sedimented calcium sulfite was
      filtered off, washed with water, dehydrated several times, and dried up
      with heated air, 130.degree.C.
PAR  In this way, hemihydrate calcium sulfite was obtained in fine crystals of
      lateral or smaller grain size: 5-15 .mu.: axial or larger grain size:
      30-50 .mu.. Yield: 98.7%.
PAC  EXAMPLE 2
PAC  Preparation of primary product
PAR  Commercially available low-pressure polyethylene, of melt index 0.3, in the
      state of fine powder, was mixed in dry condition with calcium sulfite
      prepared in the foregoing Example 1, and compounded on a calendering
      machine, having a roll temperature of 150.degree.-160.degree.C. for about
      5 minutes, so as to provide a sheet. 1 mm thick.
PAR  The sheet was cut into sizes of 15 .times. 15 cm. Two sheets thus cut were
      squeezed in their overlapped state between a pair of chromium-coated steel
      plates, and pressed on a hot press, load 150 kgs./cm.sup.2, at
      180.degree.C for 5 minutes, so as to provide a unitary sheet of 1 mm.
PAR  The torsional rigidity was measured under the prescribed condition in JIS,
      K-6745 on various sheets thus prepared.
PAR  The measured softening temperatures were listed in the following Table I
PAR  As seen, the firstly measured softening temperatures were
      5.0.degree.C:-9.0.degree.C: and -39.0.degree.C, while the secondly
      measured values were -58.degree.C; less than -100.degree.C and less than
      -100.degree.C, for Samples 1-1;1-2; and 1-3, respectively.
PAR  Thus, a substantial decrease of the softening point was observed between
      the corresponding two measurements.
PAR  Such a remarkable phenomenon was not found in the case of products using
      commercially available calcium sulfite, having finer grain sizes of
      several microns or so. See, reference Sample 1-4.
PAC  EXAMPLE 3
PAC  Preparation of primary product
PAR  Commercially available crystalline polyethylene, of melt index 0.3, in the
      state of fine powder, was mixed in dry condition with calcium sulfite
      prepared in the foregoing Example 1, and commercially available calcium
      bicarbonate, of 0.1 - 50 .mu. grain sizes, and compounded on a calendering
      machine, having a roll temperature of 150.degree. - 160.degree.C. for
      about 5 minutes, so as to provide a sheet, 1 mm thick.
PAR  Further treatments were carried out as in the foregoing Example 2, and
      softening temperature was measured as shown in the following Table II.
PAR  Addition of the calcium carbonate component in relatively minor amounts did
      not adversely affect the desired results to any significant extent.
PAR  However, this addition showed no special advantage. It was observed that an
      excess addition of the calcium carbonate component could have an adverse
      effect upon the desired results.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Physical Properties of Composite Materials                                
     of                                                                        
     PE/CaSO.sub.3 . 1/2H.sub.2 O                                              
                    Tensile*                                                   
                          Break-*                                              
                                Temp. Tf, .degree.C                            
                    Break-                                                     
                          ing                                                  
     Sample                                                                    
         Composition                                                           
                    ing St-                                                    
                          Elonga-                                              
                                1st   2nd                                      
     No. (wt.%)     rength                                                     
                          tion  Measure-                                       
                                      Measure-                                 
                    (kg/cm.sup.2)                                              
                          (%)   ment  ment                                     
     __________________________________________________________________________
         PE CaSO.sub.3 . 1/2H.sub.2 O                                          
     1-1 40 60      88    250   5.0    -58.degree.C                            
     1-2 30 70      65    400   -9.0  less than                                
                                      -100.degree.C                            
     1-3 20 80      46    50    -39.0 less than                                
                                      -100.degree.C                            
            Commercial                                                         
            Calcium Sul-                                                       
            fite, parti-                                                       
     Refe-  cle sizes,                                                         
     rence  less than                                                          
            several Mic-                                                       
            rons                                                               
     1-4 30 70      63    5     31    28                                       
     __________________________________________________________________________
      *As measured under the specified conditions in Japanese Industrial       
      Standards, K-6771, under a winding speed of 200 mm/min.                  
TBL                                    Table II                                
     __________________________________________________________________________
     Physical Properties of Composite Materials                                
     of                                                                        
     PP/CaSO.sub.3 & CaCO.sub.3                                                
                      Tensile*                                                 
                            Break-*                                            
                                 Temp. Tf, .degree.C                           
     Composition (wt.%)                                                        
                      Break-                                                   
                            ing                                                
     Sample           ing Stren-                                               
                            Elonga-                                            
                                 1st  2nd                                      
     No.              gth   tion measure-                                      
                                      measure-                                 
         PP CaSO.sub.3                                                         
                 CaCO.sub.3                                                    
                      (kg/cm.sup.2)                                            
                            (%)  ment ment                                     
     __________________________________________________________________________
                                      less than                                
         30 70   0    73    350  -9   -100.degree.C                            
                                      less than                                
     2-1 30 66   4    70    290  -8   -100.degree.C                            
                                      less than                                
     2-2 30 56   14   69    240  -4   -100.degree.C                            
     __________________________________________________________________________
      *As measured under the specified conditions in Japanese Industrial       
      Standards, K-6771, under a winding speed of 200 mm/min.                  
PAC  EXAMPLE 4
PAC  Preparation of secondary product
PAR  To 30 wt. parts of commercially available medium pressure polyethylene,
      melt index 6.0, 70 wt. parts of calcium sulfite prepared in the foregoing
      Example 1 were added and shaped into pellets which were processed on an
      injection machine at 200.degree.C under 500 kgs/cm.sup.2, for preparing
      plates, of dimensions of 1 cm .times. 5 cm .times. 10 cm.
PAR  Upon being cooled-down to room temperature, each plate was subjected to
      bending stresses sufficient to effect 90.degree. -- bends in a repeated
      manner, while shifting the stress application point along the central axis
      of the plate. The plate was inverted longitudinally and the same procedure
      was repeated.
PAR  The thus heavily and mechanically stressed plate finally recovered its
      planular shape, and was tested as before. The results are shown in the
      following Table III.
PAR  These results showed that the Sample 3-2, subjected to partial interfacial
      separation of the kind as referred to hereinbefore, exhibited a
      substantial decrease in its bending strength and was made soft and pliable
      to a substantial degree, thus having been improved in its desired effect.
PAR  When the Sample was cooled to -100.degree.C and the bending strength again
      measured, no substantial changes were observed.
TBL                Table III                                                   
     ______________________________________                                    
     Physical properties of shaped plate of PE/CaSO.sub.3                      
     Sample             Strength, Elonga-                                      
                                         Bending                               
     No.                kgs/cm.sup.2                                           
                                  tion, %                                      
                                         strength,                             
                                         kgs/cm.sup.2                          
     ______________________________________                                    
     3-1   Injection molded                                                    
                        68        63     460                                   
           plates                                                              
           Those heavily                                                       
     3-2   stressed after                                                      
                        73        180     50                                   
           injection molded                                                    
     ______________________________________                                    
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A polyolefine formed product made of a composition comprising a
      polyolefine resin and 50-90 wt.% of hemihydrated calcium sulfite, prepared
      by reacting alkali bisulfite or ammonium bisulfite with calcium carbonate,
      having crystal sizes of 1 - 30  .mu. in the lateral or smaller dimension
      and 5 - 100.mu. in the axial or larger dimension, said formed product
      being capable of becoming soft and pliable when subjected to severe
      mechanical forces.
NUM  2.
PAR  2. A soft and pliable polyolefine formed product having a softening point
      lower than -50.degree.C and made of a composition comprising a polyolefine
      resin and 50-90 wt.% of hemihydrated calcium sulfite, prepared by reacting
      alkali bisulfite or ammonium bisulfite with calcium carbonate, of crystal
      sizes of 1 - 30 .mu. in the lateral or smaller dimension and 5 - 100 .mu.
      in the axial or larger dimension.
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PAL  A cohesive coating composition comprises in dispersion in a liquid a
      mixture of between 51 and 99% by weight of a natural or synthetic rubber
      and between 1 and 49% by weight of a polyalkyl methacrylate in which
      dispersion there is incorporated between 5% and 35% by weight, based on
      the weight of the solids, of an inert particulate material having a mean
      particle size lying in the range between 0.2 and 50 microns.
PAL  The compositions are applied to sheet materials used, for example, in
      packaging.
BSUM
PAR  This invention relates to cohesive coating compositions, that is, coating
      compositions which when coated on one side of a suitable sheet material
      such as flexible films or paper, permit the sheet materials to be firmly
      sealed together, coated side to coated side, under pressure at ambient
      temperature but do not seal to any significant degree under pressure when
      the sheet materials are placed coated side to non-coated side.
PAR  Such cohesive compositions are well-known and are particularly useful in
      packaging applications where conventional heat-sealing gives rise to
      difficulties, for example in the packaging of chocolate or iced
      confections. The compositions are usually based upon a natural or
      synthetic rubber and it is important in practice that the composition
      adheres strongly to its base sheet material to ensure that strong seals
      are obtained. It is also important that there is no blocking between the
      uncoated and coated sides of the sheet material when it is wound in roll
      form otherwise smooth unwinding on packaging machinery is adversely
      affected and, when the sheet material is surface printed, ink transfer may
      occur.
PAR  The present invention is concerned with cohesive coating compositions
      having improved properties particularly in respect of antiblocking and
      anchorage to base sheet materials.
PAR  According to the present invention there is provided a cohesive coating
      composition comprising in dispersion in a liquid a mixture of between  51
      and 99% by weight of a natural or synthetic rubber and between 1 and 49%
      by weight of a polyalkyl methacrylate in which dispersion there is
      incorporated between 5% and 35% by weight, based on the weight of the
      solids, of an inert particulate material having a mean particle size lying
      in the range between 0.2 and 50 microns.
PAR  In a more preferred form of the invention the natural or synthetic rubber
      is present in the mixture in the range between 70 and 90% by weight and
      the polyalkyl methacrylate in the range between 10 and 30% by weight.
PAR  Preferably a suitable stabiliser and a conventional antioxidant and
      preservative are also added to the mixture. The synthetic rubber may, for
      example, be a carboxylated styrene butadiene rubber.
PAR  The inert particulate material preferably is present in the range between
      10% and 25% by weight based on the solids in the dispersion. It may be a
      plastics material such as polyvinyl chloride but preferably it is of a
      mineral origin, for example glass spheres, which may be solid or hollow
      such as is marketed as "Ballotini" or, more preferably, hydrated aluminum
      silicate. If the mean particle size of the particulate material is below
      about 0.2 microns then there is a tendency for blocking to occur when the
      surface of a sheet material, for example a film, coated with the
      composition is pressed against an uncoated surface of the substrate, for
      example when a single side coated substrate is wound into a roll. If,
      however, the mean particle size of the particulate material is above about
      50 microns there is a fall off of the cohesive properties of the
      composition. Preferably the mean particle size of the particulate material
      lies within the range between 2.0 and 20 microns.
PAR  A preferred polyalkyl methacrylate is poly n-butyl methacrylate.
PAR  The coating composition may be applied to the surface of any of the
      conventional sheet wrapping materials by any of the conventional coating
      methods, for example by means of gravure rollers, flexographic plates or
      air-knife doctoring techniques. Examples of suitable sheet wrapping
      materials are plastics films, such as high density and low density
      polyethylene and polypropylene films, cellulose film or paper. The
      plastics film may be surface treated with corona discharge or other known
      oxidising treatment to render the surface receptive and more adherent to
      the coating composition.
PAR  The invention also includes a method for the production of a cohesive
      coated sheet wrapping material comprising coating a sheet wrapping
      material with a cohesive coating composition in accordance with the
      invention followed by drying the composition and sheet wrapping material
      when produced by such method.
DETD
PAR  The invention will now be further illustrated by the following Examples:
PAC  EXAMPLE 1
PAR  350 grams of a natural rubber latex containing 60% by weight solids and
      incorporating a conventional stabiliser and antioxidant and preservative
      (marketed by Revertex Limited of Harlow, Essex as "Revertex B 1850/1") was
      mixed with 75 grams of a high pH stable poly n-butyl methacrylate latex
      containing 50% by weight solids (marketed as "VINACRYL 4290" by Vinyl
      Products Limited, Carshalton, Surrey), 50 grams of a hydrated aluminum
      silicate having a particle size predominantly in the range between 2 and
      10 microns and an average particle size of 4.5 microns (marketed as
      "HYDRITE Flat D" by the Georgia Kaolin Company Ltd., New Jersey, United
      States of America) and 240 grams of deionised water. The mixture was
      stirred gently with care being taken not to coagulate the solids.
PAR  The mixture was then coated on one side of a vinylidene chloride copolymer
      coated cellulose film and the coating was doctored with an air-knife to
      provide after drying a solid coating having a weight of 2.5 grams per
      square meter. The drying was effected by infra red heat.
PAR  The seal strength of the coated film was determined by cutting sample
      strips 11/2 inches in width, pressing a portion of two such aligned strips
      together, coated side to coated side, between a pair of sealing jaws at
      room temperature and then determining the force required to peel the
      strips apart at the seal.
PAR  On using a pressure of 40 pounds per square inch for one second between
      flat sealing jaws the average seal strength taken from five sealed strips
      was 220 grams per 11/2 inches width. On using a pressure of 64 pounds per
      square inch for one second between crimp sealing jaws the average seal
      strength was found to be 280 grams per 11/2 inches width.
PAR  On repeating the seal strength measurements on strips seven days after
      coating the seal strengths were found to be 280 grams per 11/2 inches
      width for flat jaw sealing and 350 grams per 11/2  inches width for crimp
      jaw sealing.
PAR  Further, a roll of the coated film which had been stored for four weeks was
      found to unwind with substantially no sticking.
PAC  EXAMPLE 2
PAR  The following ingredients were added to a mixing vessel one at a time in
      the listed order and thoroughly mixed by gentle stirring before the
      addition of the next ingredient.
TBL  ______________________________________                                    
     Parts solids by weight                                                    
     ______________________________________                                    
     Natural rubber latex stabilised                                           
     with ammonium caseinate and including                                     
     butylated hydroxy toluene (anti-                                          
     oxidant) and 1:2 benzisothiazolone                                        
     (preservative)               58                                           
     Ethylene oxide fatty alcohol                                              
     condensate (stabiliser) marketed                                          
     as "VULCASTAB-LW" by Imperial                                             
     Chemical Industries Ltd.     0.1                                          
     Poly n-butyl methacrylate latex                                           
     containing 10% dibutyl phthalate                                          
     (plasticiser) -, "VINACRYL 4290"                                          
                                  16                                           
     Hydrated aluminum silicate                                                
     particles of size in the range                                            
     between 2 and 10 microns -                                                
     "HYDRITE FLAT D"             26                                           
     ______________________________________                                    
PAR  Sufficient de-ionised water was then added to provide a dispersion
      containing 53% solids by weight.
PAR  The dispersion was coated on to one side of a vinylidene chloride copolymer
      coated cellulose film by means of a rotatable engraved roller dipping into
      a bath of the dispersion. The roller was doctored with a doctor blade
      placed at an angle reverse to that which is conventional whereby the edge
      of the blade was set in opposition to the direction of travel of the
      roller. The coating was applied at a rate to provide 5.6 grams dry solids
      per square meter and drying of the coating was effected by hot air.
PAR  The seal strength of the coated film was determined in the manner described
      in Example 1 after 24 hours, after seven days and after three weeks using
      flat sealing jaws at a pressure of 40 pounds per square inch for one
      second and crimp sealing jaws at a pressure of 64 pounds per square inch
      for 0.8 seconds.
PAR  The seal strengths obtained in grams per 11/2 inches width were as follows:
TBL               Flat jaws     Crimp jaws                                     
     ______________________________________                                    
     24 hours        70             125                                        
      7 days        320             260                                        
      3 weeks       460             290                                        
     ______________________________________                                    
PAR  It was also found that a roll of the coated film which had been stored for
      four weeks was found to unwind with substantially no blocking. Further,
      chocolates sealed in pouches of film coated with the coating composition
      showed no sign of odour or taint after three months.
PAC  EXAMPLES 3 to 8
PAR  The cohesive composition as prepared in accordance with Example 2 was
      coated on one side of six different sheet materials and was doctored by
      hand using a K-bar to provide after drying a solid coating having a weight
      of 3.0 grams per square meter.
PAR  The seal strengths of the coated materials were determined after 24 hours,
      7 days and 3 weeks using flat seal jaws and crimp seal jaws under the same
      conditions as described in Example 2 with the results set out in the
      following Table.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Example No.                                                               
               Sheet material                                                  
                         Seal strength in grams/11/2 inches width              
                         24 hrs. 7 days  3 weeks                               
     __________________________________________________________________________
     3.      Low density poly-                                                 
                         Flat                                                  
                             Crimp                                             
                                 Flat                                          
                                     Crimp                                     
                                         Flat                                  
                                             Crimp                             
             ethylene (corona                                                  
             discharge treated)                                                
                         280 320 330 360 390 300                               
     4.      High density poly-                                                
             ethylene (corona                                                  
             discharge treated)                                                
                         330 400 300 390 410 410                               
     5.      Biaxially orientated                                              
             polypropylene                                                     
             (corona discharge                                                 
             treated)    475 460 390 420 300 360                               
     6.      Vegetable parchment                                               
             paper.      450 695 470 700 440 1020                              
     7.      Aluminium foil                                                    
                         530 770 540 680 570 700                               
     8.      Ethylene/propylene                                                
             copolymer coated poly-                                            
             propylene   300 370 390 510 570 430                               
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. A cohesive coating composition comprising in dispersion in a liquid a
      mixture of between 70 and 90% by weight of carboxylated styrene butadiene
      rubber and between 10 and 30% by weight of poly-n-butyl methacrylate in
      which dispersion there is incorporated between 10% and 25% by weight,
      based on the weight of the solids, of particulate hydrated aluminum
      silicate having a mean particle size lying in the range between 2.0 and 20
      microns.
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ABST
PAL  A process for producing diorganopolysiloxane gums having a viscosity from
      1,000 to 100,000,000 centipoise at 25.degree.C, where at least one of the
      organo substituent groups on the silicon atoms is an aliphatic radical of
      more than three carbon atoms comprising reacting a cyclic tetrasiloxane or
      a mixture of cyclic tetrasiloxanes at a temperature in the range of
      0.degree. to 90.degree. C and in the presence of 5 to 300 parts per
      million of a catalyst selected from the class consisting of cesium
      hydroxide and
      ##EQU1##
      where R.sup.2 is selected from the class consisting of alkyl radicals of 1
      to 8 carbon atoms, cycloalkyl radicals of 4 to 8 carbon atoms and phenyl,
      B is selected from the class consisting of nitrogen and phosphorous,
      R.sup.3 is selected from the class consisting of alkyl radicals of 1 to 8
      carbon atoms, cycloalkyl radicals of 4 to 8 carbon atoms, phenyl, siloxane
      chains of the unit formula R.sub.a.sup.4 SiO.sub.4.sub.-a/2 and mixtures
      thereof, where R.sup.4 is selected from the class consisting of monovalent
      hydrocarbon radicals and halogenated monovalent hydrocarbon radicals, and
      a varies from 1.5 to 2.5.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for producing
      diorganopolysiloxane gums of low and high molecular weight from cyclic
      siloxanes and more specifically the present invention relates to a process
      for producing high molecular weight diorganopolysiloxane gums from cyclic
      tetrasiloxanes, where at least one of the organo groups appended to the
      silicon atoms in the diorganopolysiloxane has three carbon atoms or more.
PAR  In the process for producing low and high molecular diorganopolysiloxane
      gums having a viscosity that varies from 1,000 to 200,000,000 centipoise
      viscosity at 25.degree.C, wherein the high molecular weight gums are the
      basic ingredient for producing heat vulcanizable silicone rubber
      compositions, it is often desirable to utilize cyclicsiloxanes. In such a
      process for producing diorganopolysiloxane gums and oils, the usual
      procedure is to take diorganochlorosilanes of high purity, hydrolyze such
      diorganodichlorosilanes in water at about room temperature, take the
      hydrolyzate and separate the water from it, and then add to the
      hydrolyzate a catalyst such as, potassium hydroxide or sodium hydroxide.
      The resulting mixture is heated at elevated temperatures of above
      100.degree.C for a period of time of anywhere from 1 hour to 8 hours so as
      to distill overhead and obtain from the hydrolyzate a large proportion of
      cyclic trisiloxanes, cyclic tetrasiloxanes, cyclic pentasiloxanes and etc.
      In this cracking procedure of the hydrolyzate which results in the
      production of a large amount of cyclic siloxanes from the hydrolyzate, it
      is desirable to produce and separate from the cyclic siloxanes that are
      formed the cyclic tetrasiloxane. It has been found with methyl substituent
      groups that such tetrasiloxanes may then be taken in substantially pure
      form and equilibrated in the presence of a catalyst such as, potassium
      hydroxide. In such an equilibration mixture, there is also present
      chain-stoppers, that is, disiloxanes and/or low molecular weight
      diorganopolysiloxanes containing triorganosiloxy terminal groups, wherein
      the triorganosiloxy terminal groups function as the chain-stopper. Such
      tetrasiloxanes are equilibrated with such chain-stopper in the presence of
      small amounts of potassium hydroxide at elevated temperatures above
      150.degree.C to result in equilibration mixture wherein about 85% of the
      cyclic tetrapolysiloxanes are converted into the desired low or high
      molecular weight diorganopolysiloxane gum or oil of anywhere from 1,000 to
      200,000,000 centipoise viscosity at 25.degree.C.
PAR  At this equilibration point, as much of the tetrasiloxanes are being formed
      into the diorganopolysiloxane oil or gum as there is of the already formed
      diorganopolysiloxane oil or gum breaking down and reforming cyclic
      tetrasiloxanes. It has been found in this equilibration procedure that at
      most only 85% of the original cyclic tetrasiloxanes can be converted to
      the desired diorganopolysiloxane gum or oil, with the other 15% by weight
      of the cyclic tetrasiloxanes being present in equilibration with
      diorganopolysiloxane gum or oil.
PAR  At this point, the catalyst is neutralized and the volatiles are removed to
      result in the desired diorganopolysiloxane oil or gum. With this procedure
      it has been found it is possible to obtain a diorganopolysiloxane oil or
      gum of anywhere from 1,000 to 200,000,000 centipoise viscosity at
      25.degree.C, but only where the organo substituent groups are methyl,
      vinyl or phenyl. When it has been attempted to form diorganopolysiloxane
      oils or gums where at least one of the organo groups appended to the
      silicon atom is an aliphatic radical or halogenated aliphatic radical of
      three carbon atoms or more, it was found that tetra cyclicsiloxanes and
      higher cyclic siloxanes such as, pentacyclic siloxanes would not work in
      such an equilibration procedure as that described above. It was found that
      with such cyclic tetrasiloxanes containing at least one organo substituent
      group on the silicon atom which was an aliphatic or haloaliphatic radical
      of three carbon atoms or more that at the equilibration point there would
      be a very low yield of diorganopolysiloxane oil or gum, that is, only 10
      to 20% of the cyclic tetrasiloxane or higher cyclic siloxane would be
      converted to the diorganopolysiloxane gum or oil, versus the 85% by weight
      which is experienced with octamethyltetrasiloxanes. Thus, it is necessary
      to find a procedure wherein low molecular weight or high molecular weight
      diorganopolysiloxane gums or oils could be formed where one of the organo
      groups appended to the silicon atoms was an aliphatic or haloaliphatic
      radical of three carbon atoms or more and wherein such
      diorganopolysiloxane gums or oils can be formed in high yield from cyclic
      tetrasiloxanes.
PAR  In this respect, note the disclosure of Pierce et al, U.S. Pat. No.
      2,979,519, Column 2, beginning with line 6, where it is stated that it has
      been found that commercially successful rubbers, that is, heat
      vulcanizable silicone rubbers, cannot be prepared by known methods from
      the crude hydrolysis product of chlorosilanes of the formula,
      ##EQU2##
      or from the cyclic siloxanes of the formula,
      ##EQU3##
      where x is 4 or more. It should also be noted that this statement is
      supported by affidavit evidence in the file history of this patent. It is
      stated in the file history of that patent that diorganopolysiloxane gums
      of high molecular weight cannot be formed from cyclic tetrasiloxanes where
      one of the substituent groups in the cyclic polysiloxane contains 3 carbon
      atoms or more and specifically contains a CH.sub.2 CH.sub.2 R group, where
      R is a perfluoroalkyl radical.
PAR  It was the contention of Pierce et al in U.S. Pat. No. 2,979,519 and its
      file history, that high molecular weight diorganopolysiloxane gums that
      allegedly would not be formed from such tetrasiloxanes could be formed
      from cyclic trisiloxanes.
PAR  With respect to the formation of low molecular weight polysiloxane oils
      having a low viscosity and having the R, R' substituent groups, it has
      been found that such oils could be formed from cyclic tetrasiloxanes only
      in low yield such as 10% to 15%.
PAR  In addition, the reaction equilibration mixture was such that most of it
      was still composed of cyclics rather than low viscosity desired polymers
      when the equilibration reaction was terminated.
PAR  It should also be understood that the process of Pierce et al in U.S. Pat.
      No. 2,979,519 could not be used to form such low molecular weight
      polysiloxanes from cyclic trisiloxanes since such cyclic trisiloxanes
      immediately react to form high molecular weight polymers so that even with
      a large amount of chain-stoppers in the reaction mixture, the reaction
      cannot be controlled to form low molecular weight polymers.
PAR  Accordingly, it is highly desirable to develop a process for the production
      of low molecular weight polysiloxanes of a viscosity varying from 1,000 to
      200,000 at 25.degree.C, which polysiloxane is obtained in high yield as
      70% or more by the equilibration of cyclic tetrasiloxanes of Formula (1).
PAR  One difficulty with the Pierce et al procedure in the use of the cyclic
      trisiloxanes which is set forth in the foregoing patent is that such
      cyclic trisiloxanes are formed in low yield during the initial cracking of
      the hydrolyzate with potassium hydroxide or sodium hydroxide. Accordingly,
      the amount of cyclic trisiloxane that is formed during the cracking
      procedure is not as high as the tetra cyclicsiloxane. Accordingly, various
      procedures are utilized to maximize the yield of cyclic trisiloxanes from
      the cracking process so as to make the use of such cyclic trisiloxanes to
      form high molecular weight polysiloxanes as economic as possible.
      Nevertheless, in spite of such procedures, the process for forming
      polymers from cyclic trisiloxanes is still more expensive than from the
      use of cyclic tetrasiloxanes.
PAR  It has now been unexpectedly found that at certain low temperature ranges
      which were not envisioned previously and in the presence of certain select
      catalysts, cyclic tetrasiloxanes and mixtures of such cyclic
      tetrasiloxanes can be equilibrated at relatively high yield and where one
      of the organo substituent groups appended to the silicon atom is an
      aliphatic or haloaliphatic radical of 3 carbon atoms or more such as, the
      --CH.sub.2 CH.sub.2 R radical, where R is a perfluoroalkyl radical. Such
      cyclic tetrasiloxanes can be equilibrated at relatively high yields to
      produce low molecular weight oils or high molecular weight
      diorganopolysiloxane gums suitable for forming heat vulcanizable silicone
      rubber compositions.
PAR  It is, thus, one object of the present invention to provide a process for
      producing low molecular weight oils or high molecular weight
      diorganopolysiloxane gums wherein one of the organo groups appended to the
      silicon atom is an aliphatic or haloaliphatic radical of three carbon
      atoms or more from cyclic tetrasiloxanes and mixtures of cyclic
      tetrasiloxanes.
PAR  It is an additional object of the present invention to provide for a
      process for producing low molecular weight oils or high molecular weight
      diorganopolysiloxane gums in high yield wherein one of the organo groups
      appended to the silicon atom is an aliphatic or haloaliphatic radical of
      at least three carbon atoms or more.
PAR  It is still another object of the present invention to provide for a
      process for producing low molecular weight oils or high molecular weight
      diorganopolysiloxane gums having a viscosity from 1,000 to 200,000,000
      centipoise at 25.degree.C, where at least one of the organo groups
      appended to the silicon atoms is an aliphatic or haloaliphatic radical of
      3 carbon atoms or more by equilibrating cyclic tetrasiloxanes and mixtures
      of cyclic tetrasiloxanes at low temperatures in the presence of certain
      select catalysts.
PAR  It is yet an additional object of the present invention to provide a
      process for forming diorganopolysiloxane oils or gums having a viscosity
      from 1,000 to 200,000,000 centipoise at 25.degree.C, where at least one of
      the organo groups appended to the silicon atoms is a --CH.sub.2 CH.sub.2
      R.sup.5 substituent group, where R.sup.5 is a perfluoroalkyl radical, by
      reacting cyclic tetrasiloxanes.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the foregoing objects there is provided by the present
      invention a process for producing diorganopolysiloxane oils or gums having
      a viscosity from 1,000 to 200,000,000 centipoise at 25.degree.C, where at
      least one of the organo groups appended to the silicon atoms is an
      aliphatic or haloaliphatic radical of 3 carbon atoms or more comprising
      reacting cyclic polysiloxanes of the formula,
EQU  (R R.sup.1 SiO).sub.4                                      ( 1)
PAL  and mixtures thereof at a temperature in the range of 0.degree. to
      90.degree.C in the presence of 5 to 300 parts per million of a catalyst
      selected from the class consisting of cesium hydroxide, and
      ##EQU4##
      where R.sup.2 is selected from the class consisting of alkyl radicals of 1
      to 8 carbon atoms, cycloalkyl radicals of 4 to 8 carbon atoms and phenyl,
      B is selected from the class consisting of nitrogen and phosphorous,
      R.sup.3 is selected from the class consisting of alkyl radicals of 1 to 8
      carbon atoms, cycloalkyl radicals of 4 to 8 carbon atoms, phenyl, siloxane
      chains of the unit formula R.sub.a.sup.4 SiO.sub.(4.sub.-a)/2 and mixtures
PAL  thereof, where R.sup.4 is selected from the class consisting of monovalent
      hydrocarbon radicals and halogenated monovalent hydrocarbon radicals, a
      varies from 1.5 to 2.5, and neutralizing the catalyst in the reaction
      mixture after equilibration has been reached where R is selected from the
      class consisting of methyl, ethyl, vinyl and phenyl and R' is selected
      from the class consisting of alkyl radicals, halogenated alkyl radicals
      and cycloalkyl radicals of 3 to 8 carbon atoms.
PAR  In this process, it is preferred that after the equilibrium has been
      reached that the catalyst be neutralized with an ingredient selected from
      the class consisting or inorganic acids such as, phosphoric acid and
      organosilanes of the formula R.sub.b.sup.6 SiX.sub.4.sub.-b where R.sup.6
      is selected from the class consisting of alkyl radicals, cycloalkyl
      radicals, vinyl radicals and phenyl radicals, and preferably alkyl
      radicals, cycloalkyl radicals of 1 to 8 carbon atoms, and X is selected
      from the class consisting of bromine and chlorine where b varies from 0 to
      3.
PAR  To obtain the final diorganopolysiloxane oil or gum in essentially pure
      form it is within the ambient of the present invention and after the
      equilibration and neutralization steps that the reaction mixture be heated
      to 150.degree. to 200.degree.C at a vacuum of 1 to 100 millimeters of
      mercury to strip off all volatiles so as to result in the desired product.
      The equilibration reaction with the cyclic tetrasiloxanes to form the
      diorganopolysiloxane oil or gum, as has been pointed out above, may take
      anywhere from 1/2 hour to 10 hours and more preferably from 50 minutes to
      10 hours. In order for the process to be of maximum efficiency, it is
      desired that the cyclic tetrasiloxanes that are reacted in the above
      equilibration reaction have less than 20 parts per million of
      trifunctional silanes, less than 200 parts per million of monofunctional
      siloxanes, 0 to 5% by weight of other cyclic siloxanes, that is, other
      than the tetrasiloxanes, and less than 10 parts per million of water.
      Further, preferably, the R' substituent radical in the above formula of
      the tetrasiloxanes is R.sup.5 CH.sub.2 CH.sub.2, where R.sup.5 is a
      perfluoroalkyl radical of 1 to 6 carbon atoms. With this process there may
      be obtained a low molecular weight oil or a high molecular weight
      diorganopolysiloxane gum of anywhere from 1,000 to 200,000,000 centipoise
      viscosity at 25.degree.C, and more preferably an oil or gum having a
      viscosity of anywhere from 1,000 to 100,000,000 centipoise viscosity at
      25.degree.C.
PAR  From this process there can be obtained a high molecular weight
      diorganopolysiloxane gum having a viscosity of anywhere from 1,000,000 to
      100,000,000 centipoise viscosity at 25.degree.C, which gums are
      advantageously utilized to form heat vulcanizable silicone rubber
      compositions and elastomers which in the case of the gums having the
      --CH.sub.2 CH.sub.2 R.sup.5 substituent groups such gums have a high
      resistance to oil swell and oil degradation.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The R and R' radical in Formula (1) above, the cyclic tetrasiloxanes, are
      representative of monovalent hydrocarbon radicals and halogenated
      monovalent hydrocarbon radicals that are typically appended to silicon
      atoms but with the modification that at least the R' radical contains 3
      carbon atoms or more. In the formulation of Formula (1), above, the R
      radical is specifically selected from the class consisting of methyl,
      ethyl, vinyl and phenyl while the R' radical is selected from the class
      consisting of alkyl radicals such as, propyl, butyl and etc. of 3 to 8
      carbon atoms; halogenated alkyl radicals such as, 3-chloropropyl,
      4-chlorobutyl, 3-fluoropropyl, 3,3-difluoropropyl, 3,3,3-trifluoropropyl
      of 3 to 8 carbon atoms and cycloalkyl radicals of 4 to 8 carbon atoms such
      as, cyclopentyl, cyclohexyl, cycloheptyl, etc. Preferably, the R' radical
      may be a substituent group such as, --CH.sub.2 CH.sub.2 R.sup.5, where the
      R.sup.5 radical is a perfluoroalkyl radical containing from 1 to 6 carbon
      atoms such as, perfluoromethyl, perfluoroethyl and etc. More preferably,
      the R' radical is 3,3,3-trifluoropropyl while R is methyl or ethyl.
PAR  In Formula (2), the R.sup.2 radical is generally selected from monovalent
      hydrocarbon radicals, halogenated monovalent hydrocarbon radicals of 1 to
      8 carbon atoms and is more preferably selected from alkyl radicals of 1 to
      8 carbon atoms such as, methyl, ethyl, propyl, etc.; cycloalkyl radicals
      of 4 to 8 carbon atoms such as, cyclohexyl, cycloheptyl and etc. and
      phenyl radicals.
PAR  The R.sup.3 radical in Formula (2) above, may again be any monovalent
      hydrocarbon radical and halogenated monovalent hydrocarbon radical
      generally associated with substituent groups to silicon atoms and is
      preferably selected from alkyl radicals of 1 to 8 carbon atoms such as,
      methyl, ethyl, propyl, butyl and etc.; cycloalkyl radicals of 4 to 8
      carbon atoms such as, cyclopentyl, cyclohexyl, cycloheptyl and aryl
      radicals such as, phenyl. The R.sup.3 radical may also be selected from
      polysiloxane polymers which are linear, such polymeric silicone material
      having the unit formula R.sub.a.sup.4 SiO.sub.(4.sub.-a)/2, where R.sup.4
      is selected from the class consisting of monovalent hydrocarbon radicals
      and halogenated monovalent hydrocarbon radicals and is preferably an alkyl
      radical of 1 to 8 carbon atoms; a cycloalkyl radical of 4 to 8 carbon
      atoms, a vinyl radical or a phenyl radical and a in the unit formula
      varies from 1.5 to 2.5. Preferably, in such polymeric chains, that is,
      when the R.sup.3 radical represents a polymeric chain, such a chain is
      linear and the R.sup.4 radical is a methyl, phenyl, vinyl or
      3,3,3-trifluoropropyl and a in the unit formula varies from 1.98 to 2.01.
PAR  In Formula (2), preferably, two of the R.sup.3 radicals are alkyl radicals
      of 1 to 8 carbon atoms, phenyl radicals, vinyl radicals and the other
      R.sup.3 radical is a polysiloxane chain of the unit formula indicated
      above, where R.sup.4 again is methyl, vinyl, phenyl or
      3,3,3-trifluoropropyl, or a mixture of such radicals and a in the unit
      formula varies from 1.98 to 2.01.
PAR  The process of the present case is initiated with the production of cyclic
      tetrasiloxanes of Formula (1), above. Such cyclic tetrasiloxanes are
      obtained by first taking diorganodihalogensilanes as of the formula
      R'RSiX.sub.2, where R and R' is as previously defined before in accordance
      with Formula (1), and X is selected from halogen such as, chlorine or
      bromine and is preferably chlorine. Such diorganodihalogendihalogensilanes
      and preferably diorganodichlorosilanes at a purity of about 99% by weight
      are added to water at room temperature. Preferably, there is 2 to 10 moles
      of water per mole of the diorganodihalogensilane. In the most preferred
      case, it is desired that the water hydrolysis mixture after the
      diorganodihalosilanes have been added to the water that the water
      hydrolysis mixture contain 20% by weight of HCl. Although this hydrolysis
      need not be carried out in the presence of a solvent, it may be carried
      out in the presence of a water-immiscible solvent such as, for example,
      toluene, xylene, benzene and etc. The use of a solvent facilitates the
      separation of the hydrolyzate from the aqueous acid solution. Accordingly,
      prior to the addition of the organohalosilanes to the water a solvent may
      be added to the water or the solvent may be added after the
      organohalosilanes and mixtures of organohalosilanes are added to the
      water. Preferably, the water-immiscible organic solvent is added to the
      water prior to the addition of the diorganodihalosilanes.
PAR  It is preferred that the diorganodihalosilanes be as of high purity as
      possible and preferably 99% by weight purity so as to prevent undesirable
      impurities such as, trifunctional siloxane impurities in the hydrolyzate.
      The organohalosilanes are added to the water and water-immiscible solvent
      over a period of 1/2 hour to 2 hours with agitation. The hydrolyzate which
      becomes dissolved in the water-immiscible solvent phase is then separated
      from the water phase. This hydrolyzate in the water-immiscible organic
      solvent is then neutralized with a mild base such as, sodium bicarbonate
      to a pH of about 7 to 8 so as to neutralize any residual amounts of acid,
      specifically the hydrochloric acid that might become entrapped with the
      hydrolyzate in the water-immiscible organic solvent phase. This
      hydrolyzate which is dissolved in the water-immiscible organic solvent
      phase contains mostly cyclic polysiloxanes of anywhere from 3 siliconatoms
      to 10 siliconatoms and low molecular weight linear silanol end-stopped
      diorganopolysiloxanes. The hydrolyzate is then taken and heated at
      elevated temperatures depending on what the water-immiscible organic
      solvent is so as to remove all the solvent by overhead distillation from
      the siloxane hydrolyzate. The hydrolyzate from which most of the solvent
      has been removed may then be taken and utilized in a cracking procedure by
      adding to such siloxane hydrolyzate from 0.1 to 5% by weight and
      preferably from 0.1 to 2% by weight of a cracking catalyst selected from
      the class consisting of potassium hydroxide, sodium hydroxide and cesium
      hydroxide. Preferably, the amount of catalyst that is utilized is from 0.5
      to 2% by weight.
PAR  The resulting hydrolyzate with the cracking catalyst in it, is then heated
      at elevated temperatures of above 150.degree.C at anywhere from
      150.degree. to 200.degree.C and preferably under a vacuum of 1 to 100
      millimeters of mercury and more preferably under a vacuum of 5 to 40
      millimeters of mercury for a period of time of anywhere from 1 hour to 5
      hours. During such heating of the hydrolyzate with the cracking catalyst
      there is continually distilled overhead a mixture of cyclic polysiloxanes
      and specifically cyclic tripolysiloxanes, cyclic tetrapolysiloxanes and
      cyclic pentapolysiloxanes. This cracking procedure with the cracking
      catalyst, that is, potassium hydroxide, sodium hydroxide or cesium
      hydroxide, is utilized to maximize the formation of these three types of
      cyclics from the hydrolyzate. By such a cracking procedure, 95% by weight
      of the hydrolyzate can be converted to cyclic trisiloxanes, cyclic
      tetrasiloxanes and cyclic pentasiloxanes which maximizes the formation of
      the cyclic tetrapolysiloxanes from the initial hydrolyzate which cyclic
      tetrapolysiloxanes are utilized in the basic process of the present case.
      In this cracking procedure, a solvent may be utilized. However, it is a
      requirement that such a cracker process oil must be a very high boiling
      solvent so that the solvent will not be distilled overhead along with the
      cyclic trisiloxanes, the cyclic tetrasiloxanes and the cyclic
      pentasiloxanes.
PAR  At this point, the cyclic tetrasiloxanes may be separated by known
      distillation procedures from the cyclic trisiloxanes and the cyclic
      pentasiloxanes by distilling this mixture of cyclic polysiloxanes at
      temperatures anywhere in the neighborhood of 80.degree. to 200.degree.C
      and under pressure of anywhere from 1 to 100 millimeters of mercury
      pressure and more preferably at a pressure of anywhere from 1 to 20
      millimeters of mercury. By such a distillation procedure, there is
      obtained an essentially pure cyclic tetrasiloxane of Formula (1) above,
      wherein the cyclic trisiloxanes and the cyclic pentasiloxanes are recycled
      back into the cracking vessel and mixed with additional hydrolyzate to
      again produce by the cracking procedure described previously a mixture of
      cyclic trisiloxanes, cyclic tetrasiloxanes and cyclic pentasiloxanes in
      95% yield. By such distillation purification procedure, that is,
      separating the cyclic tetrasiloxanes from the cyclic trisiloxanes and the
      cyclic pentasiloxanes, there is obtained an essentially pure cyclic
      tetrasiloxane of Formula (1), above, in 70 to 80% yield from the siloxane
      hydrolyzate, which cyclic tetrasiloxane contains less than 200 parts per
      million of monofunctional siloxy units, less than 20 parts per million of
      trifunctional siloxy units and anywhere from 0 to 5% by weight of other
      cyclic siloxanes, that is, cyclic trisiloxanes or cyclic pentasiloxanes.
      If there is more than the above indicated amount of monofunctional siloxy
      units or trifunctional siloxy units, then the cyclic tetrasiloxane may gel
      during the subsequent equilibration in which the high molecular weight
      diorganopolysiloxane gum is formed.
PAR  It is also preferred that there be present less than 10 parts per million
      of water in the cyclic tetrasiloxanes or mixtures of cyclic tetrasiloxanes
      of Formula (1), above, which is to be utilized in equilibration reaction.
      To accomplish this, the essentially pure cyclic tetrasiloxanes of Formula
      (1) above, are heated to 100.degree.C or above with a nitrogen purge which
      effectively reduces the water content of the cyclic tetrasiloxanes to less
      than 10 parts per million. If there is substantially more than this amount
      of water present in the cyclic tetrasiloxanes, then the desired low
      molecular weight oil or high molecular weight diorganopolysiloxane gum
      will not be formed.
PAR  Accordingly, the cyclic tetra polysiloxanes of Formula (1), above, as
      identified, are placed in a vessel. There may not be utilized a solvent
      along with the cyclic tetra polysiloxane of Formula (1) above.
PAR  In the utilization of such cyclic tetrasiloxanes of Formula (1) above, in
      the process of the present case there are two critical aspects, the
      temperature of reaction and the catalyst that is utilized. Accordingly,
      there is preferably present 5 to 300 parts per million and more preferably
      10 to 100 parts per million of the catalyst of Formula (2) above. It has
      been found that only these two types of catalysts will function in the
      process of the present case. Preferably, the reaction is carried out at a
      temperature of anywhere from 0.degree. to 90.degree.C and more preferably
      at a temperature of 15.degree. to 40.degree.C. If a temperature below
      0.degree. is used or a temperature above 90.degree.C is utilized then
      there is not the maximum formation of the desired high molecular weight
      diorganopolysiloxane gum from the cyclic tetrasiloxanes of Formula (1)
      above. In addition, the polymerization rate is too slow. The highest yield
      of the desired high molecular weight diorganopolysiloxane gum is obtained
      when the temperature of reaction of equilibration is between 5.degree.C to
      40.degree.C with all the catalysts with the exception of the cesium
      hydroxide which cesium hydroxide is desirably used at a reaction
      temperature of 70.degree.C to 90.degree.C. Cesium hydroxide is, of course,
      a well known material. As for the catalyst of Formula (2) above, such
      materials are well known in silicone chemistry and are obtained by
      reacting, for instance, a tetra organo ammonium hydroxide with any
      diorganopolysiloxane fluid or even a cyclic polysiloxane such as,
      octamethyltetrasiloxane. In the case of Formula (2), above, when B is
      equal to phosphorous the catalyst of the process of the present case is
      obtained by reacting a tetra organo phosphonium hydroxide compound which
      is well known in the art again with any linear polysiloxane fluid which is
      well known in the art or with any cyclic polysiloxane such as,
      octamethyltetracyclicpolysiloxane.
PAR  The cyclic tetrasiloxane of Formula (1) above, along with the catalyst are
      heated or cooled at the indicated temperature range for a period of time
      of anywhere from 1/2 hour to 10 hours, preferably from 50 minutes to 10
      hours, during which point equilibration is reached wherein there will be
      70 to 80% by weight of the cyclic tetrasiloxanes of Formula (1) converted
      to the desired low molecular weight oil or high molecular weight
      diorganopolysiloxane gum. In this case, there will be 20 to 30% of the
      cyclic polysiloxanes of Formula (1) remaining in the second state, that
      is, at the equilibration point as much of the cyclic polysiloxanes are
      being formed into the diorganopolysiloxane oil or gum as there is of the
      diorganopolysiloxane gum or oil breaking up to form cyclic polysiloxanes
      of Formula (1). Accordingly, when this equilibration point has been
      reached, then the reaction mixture is cooled and there is added to it an
      agent to neutralize the catalyst. Many neutralizing agents may be utilized
      to neutralize the catalyst but there is preferably utilized in the present
      invention either phosphoric acid, an organohalosilane or halosilane of the
      formula, R.sub.b.sup.6 SiX.sub.4.sub.-b, where R.sup.6 is selected from
      the class consisting of alkyl radicals, cycloalkyl radicals, vinyl
      radicals and phenyl radicals where the alkyl and cycloalkyl radicals have
      anywhere from 1 to 8 carbon atoms and X is selected from the class
      consisting of bromine and chlorine while b in the formula varies from 0 to
      3.
PAR  After the neutralization procedure, the reaction mixture is then heated at
      elevated temperatures at anywhere from 150.degree. to 200.degree.C with a
      vacuum of 1 to 100 millimeters of mercury to strip off all cyclic
      polysiloxanes which may be recycled into the equilibration vessel. There
      results from this process a low molecular weight oil or high molecular
      weight a diorganopolysiloxane gum where the substituent groups on the oil
      or gum are R and R' and which oil or gum has a viscosity of anywhere from
      1,000 to 200,000,000 centipoise at 25.degree.C, and preferably has a
      viscosity of anywhere from 1,000 to 100,000,000 centipoise at 25.degree.C.
PAR  It should also be noted that in controlling the viscosity of the end
      product there is desirably added in the equilibration vessel along with
      the cyclic tetrasiloxanes of Formula (1) above, and the catalyst, a
      certain amount of chain stopper. Such chain stoppers being disiloxanes and
      low molecular weight diorganopolysiloxanes having triorganosiloxy terminal
      units, that is, having monofunctional terminal units where the organo
      groups in such chain stoppers are selected from the class consisting of
      alkyl radicals of 1 to 8 carbon atoms, vinyl radicals, phenyl radicals and
      cycloalkyl radicals of 4 to 8 carbon atoms and also haloalkyl radicals of
      anywhere from 1 to 8 carbon atoms such as, trifluoropropyl. The amount of
      chain stoppers that is utilized in the equilibration vessel is such that
      it is necessitated by the desired final molecular weight or viscosity of
      the diorganopolysiloxane oil or gum that is to be formed.
PAR  With this process there is obtained a linear diorganopolysiloxane oil or
      gum in which each silicon atom has an R and R' substituent group, R and R'
      are as defined in connection with the cyclic tetrasiloxanes of Formula (1)
      above, which oil or gum has a viscosity of anywhere from 1,000 to
      200,000,000 centipoise at 25.degree.C and preferably has a viscosity of
      1,000 to 100,000,000 centipoise at 25.degree.C. Into such oils or gums
      there may be mixed reinforcing fillers such as, fumed silica or
      precipitated silica; extending fillers such as, zinc oxide, iron oxide,
      titanium oxide, diatomaceous earth and etc.; heat aging additives such as,
      iron oxide; pigments as well as various additives such as, flame retardant
      additives, for instance, platinum by itself or in combination with other
      materials and selfbonding additives such as, for instance,
      triallylisocyanurate. The ingredients are mixed together into a uniform
      mass which may then be taken and there may be added to it a curing agent
      which is advantageously a peroxide curing agent such as, benzoyl peroxide
      or dicumyl peroxide and the resulting composition cured at elevated
      temperatures of anywhere from 100.degree. to 300.degree.C or cured by
      radiation to produce a silicone elastomer. An example of such heat
      vulcanizable silicone rubber compositions, for instance, is to be found in
      U.S. Pat. No. 3,730,932, whose disclosure is hereby incorporated into the
      present application by reference.
PAR  The process of the present case provides for a simple and straight-forward
      procedure for producing low molecular weight oils or high molecular weight
      diorganopolysiloxane gums from cyclic tetrasiloxanes wherein one of the
      substituent groups appended to the silicon atom in such gums is a high
      molecular weight substituent group, that is, an aliphatic or haloaliphatic
      radical of 3 carbon atoms or more. Such gums may be advantageously used to
      produce silicone elastomers of outstanding properties such as, for
      instance, increased resistance to degradation by oil as compared to
      silicone elastomers formed from diorganopolysiloxane gums where the organo
      groups are mostly composed of low molecular weight and aromatic
      substituent groups such as, methyl or vinyl.
DETD
PAR  The examples below are given for the purpose of illustrating the present
      invention and are not set forth in any way or manner to limit the
      definition of the invention as set forth above.
PAC  EXAMPLE 1
PAR  There was placed 30 parts of 1,3,5,7-tetramethyltetrakis-1,3,5,7-(3,3,3
      trifluoropropyl)cyclotetrasiloxane in a resin flask equipped with a
      mechanical stirrer. The flask was purged with dry nitrogen for 30 minutes
      to dry the cyclic polysiloxane such that it contained less than 10 parts
      per million of water. With the flask maintained at room temperature, a
      0.05 ml aliquot of a catalyst solution of tetramethyl ammonium silanolate
      in tetrahydrofuran (at base strength equivalent to 0.5% KOH) was added to
      the fluorosilicone cyclic tetramer. A viscosity increase was noted thirty
      minutes after catalyst addition and the viscosity continued to increase.
      The reaction was allowed to continue for 12 hours and the final polymer
      was of high viscosity. At that time one drop of dimethyldichlorosilane was
      added to neutralize and deactivate the catalyst. The batch was not heated
      to 150.degree.C and vacuum was applied to 1 mm Hg. Volatiles were
      distilled from the batch and were collected in a trap cooled in dry
      ice/acetone. The trap contents and the weight of the remaining polymer
      showed that 6.6 parts (or  22%) of the polymer had been distilled.
      Analysis of the polymer indicated a residual volatile content of 3% for a
      total volatiles in the polymer of 25%. The final polymer had a viscosity
      of 50,000,000 centipoise at 25.degree.C and was a
      methyl,3,3,3-trifluoropropylpolysiloxane.
PAC  EXAMPLE 2
PAR  There was placed 30 parts of
      1,3,5,7-tetramethyl-1,3,5,7-tetrakis(3,3,3-trifluoropropyl)cyclotetrasilox
     ane in a 100 cc resin flask equipped with a mechanical stirrer and nitrogen
      drying stream. There was added to the flask 0.4 ml of a chain-stopper
      consisting of a dimethylvinyl terminated methyl-3,3,3-trifluoropropyl
      polysiloxane averaging 5 siloxane units. The batch was brought to
      70.degree.C and maintained there as dry nitrogen was swept through the
      flask to dry the batch for 20 minutes. Then 0.3 ml of a solution of cesium
      hydroxide in methanol was added to the batch and the nitrogen purge rate
      was accelerated to drive off the solvent methanol. A viscosity increase
      was noted after 45 minutes and the batch was maintained at 70.degree.C for
      12 hours. One drop of dimethyldichlorosilane was added to the batch to
      neutralize and deactivate the cesium hydroxide. The batch was raised to
      125.degree.C and vacuum was applied to remove volatiles. The volatiles
      collected plus analyses of the resulting oil indicated that the volatiles
      content of the batch was 30%. The  70% yield of polymeric product had a
      viscosity of 6000 centipoise at 25.degree.C and was a dimethylvinyl
      terminated methyl-3,3,3-trifluoropropyl polysiloxane.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for producing diorganopolysiloxane polymers having a viscosity
      from 1,000 to 200,000,000 centipoise at 25.degree.C where at least one of
      the organo groups is an aliphatic or haloaliphatic radical of 3 carbon
      atoms or more consisting essentially of (a) hydrolyzing in a water and a
      water-immiscible organic solvent mixture, a silane of the formula,
EQU  R R' SiX.sub.2
PAL  and mixtures of said silane, where R is selected from the class consisting
      of methyl, ethyl, vinyl and phenyl and R' is selected from the class
      consisting of alkyl radicals, halogenated alkyl radicals and cycloalkyl
      radicals of 3 to 8 carbon atoms, X is halogen; (b) separating the water
      and water-immiscible organic solvent from the hydrolyzate; (c) adding 0.5
      to 2% by weight of a catalyst selected from the class consisting of KOH,
      NaOH, and CsOH to the hydrolyzate and heating the hydrolyzate to
      150.degree.C to 200.degree.C; (d) removing overhead a mixture of cyclic
      polysiloxanes and transferring such cyclic polysiloxanes into a
      distillation column; (e) separating by distillation at a temperature of
      80.degree.-200.degree.C and 1 to 50 mm of Hg vacuum essentially pure
      tetracyclic polysiloxanes of the formula,
EQU  (R R' SiO).sub.4
PAL  and mixtures thereof, where R and R' are as previously defined; (f) heating
      the tetracyclic polysiloxanes above 100.degree.C with a nitrogen purge to
      reduce the water content to less than 10 parts per million; (g) reacting
      the cyclic tetrapolysiloxanes at a temperature in the range of 0.degree.
      to 90.degree.C in the presence of 5 to 300 parts per million of a catalyst
      selected from the class consisting of CsOH and
      ##EQU5##
      where R.sup.2 is selected from the class consisting of alkyl radicals of 1
      to 8 carbon atoms, cycloalkyl radicals of 4 to 8 carbon atoms and phenyl,
      B is selected from the class consisting of nitrogen and phosphorous,
      R.sup.3 is selected from the class consisting of alkyl radicals of 1 to 8
      carbon atoms, cycloalkyl radicals of 4 to 8 carbon atoms, phenyl, siloxane
      chains of the unit formula, R.sub.a.sup.4 SiO.sub.(4.sub.-a)/2 and
      mixtures thereof, where R.sup.4 is selected from the class consisting of
      monovalent hydrocarbon radicals and halogenated monovalent hydrocarbon
      radicals, a varies from 1.5 to 2.5; until equilibration is reached and (h)
      neutralizing the catalyst in the reaction mixture after equilibrium has
      been reached.
NUM  2.
PAR  2. The process of claim 1 wherein in step (a) the amount of water is
      controlled such that there is formed 20% by weight of an aqueous halogen
      acid solution during the hydrolysis.
NUM  3.
PAR  3. The process of claim 1 wherein the catalyst is neutralized in step (h)
      with an ingredient selected from the class consisting of phosphoric acid
      and of the formula,
EQU  R.sub.b.sup.6 SiX.sub.4.sub.-b
PAL  where R.sup.6 is selected from the class consisting of alkyl radicals,
      cycloalkyl radicals, vinyl radicals and phenyl radicals, X is selected
      from the class consisting of bromine and chlorine and b varies from 0 to
      3.
NUM  4.
PAR  4. The process of claim 1 wherein after step (h) further comprising heating
      the reaction mixture to 150.degree. to 200.degree.C at a vacuum of 1 to
      100 mm of Hg to remove all volatiles so as to result in the desired
      product.
NUM  5.
PAR  5. The process of claim 1 wherein in step (g) the reaction is carried out
      for a period of time varying from 1/2 hour to 10 hours.
NUM  6.
PAR  6. The process of claim 1 wherein after step (f) the
      tetracyclicpolysiloxanes and mixtures thereof contain less than 20 parts
      per million of trifunctional siloxanes, and less than 200 parts per
      million of monofunctional siloxanes.
NUM  7.
PAR  7. The process of claim 1 wherein R' is R.sup.5 CH.sub.2 CH.sub.2 -- and
      R.sup.5 is a perfluoroalkyl radical of 1 to 6 carbon atoms.
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ABST
PAL  The object of the invention are new polyglycidyl ethers and a method for
      their production, which ethers give a new mixture of the type mentioned
      which can be cured like a thermosetting resin, that is to say an epoxide
      resin system which can be crosslinked to give thermosetting resin
      compositions, which possess improved heat distortion points and good
      mechanical properties, and especially no excessive brittleness.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to new polyglycidyl ethers and their manufacture and
      use for epoxide resin systems.
PAR  Mixtures which contain polyglycidyl ethers of diphenols and curing agents,
      and which can be cured like thermosetting resins, are known and are also
      described as epoxide resin systems. The heat resistance, mechanical
      properties and chemical resistance of the thermosetting resins obtainable
      from such systems by thermally and/or catalytically initiated crosslinking
      have to meet high and indeed rising standards. The problem of combining
      maximum heat distortion point, say measured with the aid of the socalled
      Martens temperature, with good mechanical properties has, however, not
      been solved completely satisfactorily in the case of such thermosetting
      resins, in spite of intensive research effort.
PAR  Thus, for example, the best heat distortion points achieved with the
      previously known optimum epoxide resin systems, such as cycloaliphatic
      epoxide resin/hexahydrophthalic anhydride, bisphenol-epoxide
      resin/pyromellitic anhydride, novolac-epoxide
      resin/diaminodiphenylsulphone or novalac-epoxide
      resin/diaminodiphenylmethane, are of the order of magnitude of 150.degree.
      - 185.degree.C. For many fields of use of such thermosetting resins, heat
      distortion points of 200.degree.C and above would be very desirable but in
      previous experiments aimed in this direction such heat distortion points
      were only achievable, if at all, at the expense of other important
      properties, especially impact strength, or flexural strength as a measure
      of brittleness.
PAC  SUMMARY
PAR  The object of the invention are new polyglycidyl ethers and a method for
      their production, which ethers give a new mixture of the type mentioned
      which can be cured like a thermosetting resin, that is to say an epoxide
      resin system which can be crosslinked to give thermosetting resin
      compositions, which possess improved heat distortion points and good
      mechanical properties, and especially no excessive brittleness.
PAR  In order to achieve this aim, the possibility of utilising
      dihydroxychalcones, that is to say compounds of the general formula
      ##SPC1##
PAL  As diphenols for forming polyglycidyl ether for epoxide resin systems was
      first investigated though known dihydroxychalcones, whilst having proved
      suitable for the manufacture of polycarbonates, have -- in the form of the
      polyglycidyl ethers -- only been regarded as suitable for such special
      cases of the application of epoxides wherein the heat distortion point of
      the cured composition is of no practical importance.
PAR  The results of this investigation appeared first to confirm the inadequate
      suitability of the known dihydroxychalcones as polyglycidyl ethers for
      epoxide resin systems in that these polyglycidyl ethers, when used with
      most of the customary epoxide resin curing agents which were tested, did
      not offer a satisfactory solution of the problem of the heat distortion
      point. With one exception, any achievable increases in the heat distortion
      point were in fact only achievable at the expense of embrittlement of the
      cured composition.
PAR  Surprisingly, however, it was then found that the polyglycidyl ethers of
      certain dihydroxychalcones permit a substantial increase in the heat
      distortion point of the thermosetting resin compositions manufactured from
      them, whilst these compositions still show good mechanical properties,
      especially with regard to impact strength and flexural strength, and
      excellent solvent resistance.
PAR  These dihydroxychalcones correspond to the formula (II)
      ##SPC2##
PAL  in which R.sup.1 and R.sup.2 are identical or different and are hydrogen
      atoms or methyl, ethyl, propyl, iso-propyl groups, and R.sup.3 is a
      straight-chain or branched alkylene group with 2 to 4 C atoms, preferably
      3 C atoms, in the main chain and a methyl, ethyl, n-propyl, iso-propyl or
      iso-butyl group in the branch chain, it being possible for the nuclei A
      and B each to possess one or more identical or different non-epoxidisable
      substituents, such as methyl, ethyl, n-propyl, iso-propyl, methoxy,
      ethoxy, n-propoxy or iso-propoxy groups.
PAR  As a general rule, it was found that dihydroxychalcones of the formula
      (II), in the form of their polyglycidyl ethers (I) can be crosslinked with
      customary epoxide resin curing agents in accordance with the methods
      customary in epoxide resin application technology, to give thermosetting
      compositions of substantial heat distortion points, which possess good
      mechanical properties, especially elasticity and excellent solvent
      resistance.
PAR  Preferred compounds of the formula (II) are, inter alia, compounds in which
      R.sup.1 and R.sup.2 represent hydrogen atoms, R.sup.3 is the propylene or
      i-butylene group and the nuclei A and B, apart from the hydroxyl groups
      preferably present in the 4- or 4'-position, are either unsubstituted or
      monosubstituted by epoxidisable substituents which preferably produce
      little or no polarising effect, such as the methoxy group.
PAR  Special examples of dihydroxychalcones of the formula (II) are
      bis-2,6-(p-hydroxybenzal)-cyclohexanone-(1),
      bis-2,6-(p-hydroxybenzal)-4-methyl-cyclohexanone-(1), bis-
      2,6-(3-methoxy-4-hydroxy-benzal)-cyclohexanone-(1) and
      bis-2,6-(3-methoxy-4-hydroxy-benzal)-4-methyl-cyclohexanone-(1).
      Bis-2,5-(p-hydroxybenzal)-cyclopentanone-(1) is a further, though less
      preferred, example, since here the group R.sup.3 only suffices to form a
      cyclopentanone ring but not to form a cyclohexanone ring, optionally
      substituted by alkyl groups which leads to the formation of an aplanar
      dihydroxychalcone structure. Such an aplanar configuration, as results in
      the base of the optionally alkyl-substituted cyclohexanone ring as a
      result of the methylene group in the para-position to the carbonyl-C atom,
      is preferred because it gives lower melting points of the polyglycidyl
      ethers manufactured from such dihydroxychalcones.
PAR  The compounds of the formula (II) are preferably manufactured by
      condensation of about 2 mols of the corresponding hydroxybenzaldehyde of
      the formula (2a
      ##SPC3##
PAL  which can, as indicated for the aromatic nuclei A and B in the case of the
      formula (II), possess one or more nonepoxidisable substituents, with about
      1 mol of the corresponding .alpha.,.alpha.-di-unsubstituted cycloaliphatic
      ketones of the formula (2b)
      ##SPC4##
PAL  in which R.sup.3 has the abovementioned meaning. Examples of aldehydes of
      the formula (2a) are p-hydroxybenzaldehyde and vanillin. Examples of
      ketones of the formula (2b) are cyclopentanone, cyclohexanone and
      methylcyclohexanone-(4).
PAR  The condensation of aldehydes and ketones of the type mentioned can be
      carried out under alkaline or acid conditions, but the acid-catalysed
      condensation is preferred. Adducts formed as intermediates can be
      hydrolysed without difficulties.
PAR  The dihydroxychalcones of the formula (II), thus obtainable, can be used in
      a purified or crude form for the manufacture of new polyglycidyl ethers
      (I) which schematically correspond to the formula
      ##EQU1##
      in which R.sup.4 denotes hydrogen atoms or methyl groups, n denotes zero
      or an integer from 1 to about 20 and M denotes a chalcone radical of the
      formula
      ##SPC5##
PAL  in which the symbols have the meanings indicated in conjunction with the
      formula (II), which are the object of the present invention.
PAR  Since n in the formula (I) can be zero, the diglycidyl ethers are also
      included amongst the new polyglycidyl ethers of the formula (I).
PAR  The manufacture of the polyglycidyl ethers (I) frequently yields mixtures
      with different values of n, for which reason the epoxide value (determined
      in pyridine according to Greenlee, see, for example, U.S. Pat. No.
      2,852,447) of the ether or the ether mixture or the ratio of effective
      epoxide value to theoretical epoxide value can also be employed for the
      additional characterisation of suitable and preferred polyglycidyl ethers
      (I).
PAR  In preferred polyglycidyl ethers (I), the epoxide value (in
      milliequivalent/g) is at least 1.9. Furthermore, the ratio of the actual
      epoxide value to the theoretical epoxide value of the preferred ethers is
      at least 0.4.
PAR  The new polyglycidyl ethers of the formula (I) can be manufactured from the
      corresponding dihydroxychalcones of the formula (II) in various ways
      common in the field of epoxy resins, say by addition of epichlorohydrins
      of the formula
      ##EQU2##
      in which R.sup.4 has the mentioned meaning, to the phenolic OH-groups of
      the hydroxychalcones of the formula (II) to form the bis-chlorohydrin
      ethers or higher ethers and subsequent elimination of hydrogenchlorine to
      form the terminal epoxide groups.
PAR  A further object of the invention is a method for the production of
      polyglycidyl ethers of the formula
      ##EQU3##
      in which R.sup.4 denotes hydrogen atoms or methyl groups, n denotes zero
      or an integer from 1 to about 20 and M denotes a chalcone radical of the
      formula
      ##SPC6##
PAL  in which the substitutents R.sup.1 and R.sup.2 are identical or different
      and denote hydrogen atoms or methyl, ethyl, n-propyl, iso-propyl groups
      and R.sup.3 denotes a straight chained or branched chain alkylene group of
      2 to 4 carbon atoms, preferably of 3 carbon atoms in the main chain, and a
      methyl, ethyl, n-propyl, iso-propyl or iso-butyl group as the branch, it
      being possible for the nuclei A and B each to possess one or more equal or
      different nonepoxidisable substituents, such as methyl, ethyl, n-propyl,
      iso-propyl, methoxy, ethoxy, n-propoxy or iso-propoxy groups,
      characterised in that dihydroxychalcones of formula
      ##SPC7##
PAL  are reacted with epichlorohydrines of formula
      ##EQU4##
      in the presence of alkali, with the molar ratio of dihydroxychalcone (II)
      to epichlorohydrine (III) of 1 : 1.25 to 1 : 30, at a temperatur of
      25.degree. -110.degree.C, preferably 30.degree. - 95.degree.C.
PAR  A special embodiment (a) of the method for the production of glycidyl
      ethers of the formula
      ##EQU5##
      in which the main portion of polyglycidyl ether (I) is obtained with n
      denoting zero, is characterised in that dihydroxychalcones of the formula
      ##SPC8##
PAL  are reacted with 3 to 15 mols epichlorohydrin (III) per mol phenolic
      hydroxyl group in the presence of alkali and at a temperature of
      50.degree. to 110.degree.C, preferably 75.degree. -95.degree.C.
PAR  Another special embodiment (b) of the method for the production of glycidyl
      ethers of the formula
      ##EQU6##
      in which n denotes 1 to 20, is characterised in that dihydroxychalcones of
      the formula
      ##SPC9##
PAL  are reacted with epichlorohydrin (III) in a molar ratio of 1 : 1.25 to 1 :
      1.75 in the presence of alkali at temperatures of 30.degree. to
      75.degree.C, preferably 30.degree. - 60.degree.C.
PAR  A more special embodiment (c) of the method according to embodiment (a) is
      characterised in that the reaction is carried out in the presence of about
      one equivalent of solid alkali hydroxide or of a concentrated aqueous
      alkali hydroxide solution per phenolic hydroxyl group as well as in the
      presence of 0.05 - 5 percent by weight of choline or choline salts or
      mixtures thereof as catalyst, at raised temperature and subsequent
      separation of excess epichlorohydrin together with water from the reaction
      mix by distillation and isolation of the formed glycidyl ether whereby the
      alkali is added over the course of 30 to 300 minutes to the reaction mix
      in which 2 to 8 percent water are present and also the water formed during
      the reaction, and whereby the heat of reaction and optionally the water
      added together with the alkali are removed by distillation.
PAR  According to a further preferred process, the dihydroxychalcone (II) is
      reacted with epichlorhydrin (III) in the molar ratio of 1 : 5, using
      reaction times of about 1 hour and temperatures of about 90.degree.C,
      sodium hydroxide being added in excess or in approximately stoichiometric
      amount. Preferably, the stoichiometric amount of sodium hydroxide is first
      added and in the last one-third of the reaction additional sodium
      hydroxide is added to complete the elimination of hydrogen chlorine. The
      epoxide values of the products can be increased by working under anhydrous
      conditions (methanolic potassium hydroxide), though in most cases the
      yield is reduced.
PAR  The polyglycidyl ethers (I) can be obtained as resins of various
      viscosities and can be used either as such or in the purified form for
      epoxide resin systems. It is also possible to use mixtures of polyglycidyl
      ethers (I) with different meanings of M, in accordance with the possible
      variations of this group as explained in the context of the formula (II).
PAR  Suitable curing agents for the new polyglycidyl ethers of the formula (I)
      are the known epoxide curing agents, especially the anhydrides of organic
      acids and aromatic amines, but also aliphatic and cycloaliphatic
      polyamines. Special examples of suitable curing agents are, inter alia,
      succinic anhydride, isooctylsuccinic anhydride, maleic anhydride and its
      methyl homologues, phthalic anhydride, tetrahydrophthalic anhydride,
      methylnadic anhydride, 4,4'-diaminodiphenylmethane and
      4,4'-diaminodiphenylsulphone. These and further curing agents are in
      themselves known. The proportion of curing agent used in each case is not
      particularly critical and can be varied within limits, for example 50 to
      225 % of the stoichiometrically required amount. The optimum proportion of
      curing agent for a particular purpose depends on the customary parameters,
      such as curing time, curing temperature, the possible use of initiators
      and the intended mechanical properties of the cured composition and can be
      determined in the usual way. In order to obtain Martens temperature values
      (heat distortion points) above 200.degree.C, amounts of curing agent of
      between about 50 and about 150% of the stoichiometrically required amount
      are suitable in most cases. Mixtures of different curing agents can also
      be used.
PAR  The polyglycidyl ethers (I) of the dihydroxychalcones (II) can generally be
      used in the manner customary for epoxide resins.
PAR  In the examples which follow, for the manufacture of the dihydroxychalcones
      (II), of the corresponding polyglycidyl ethers (I) and of epoxide resin
      systems prepared therefrom, the data in per cent are by weight.
PAC  Manufacture of the dihydroxychalcones (Formula II)
PAR  Dry hydrogen chlorine gas is passed into a saturated solution of about 2
      mols of aldehyde and about 1 mol of ketone in absolute methanol (approx.
      50 to 150 ml) in a 250 ml two-neck flask having a gas inlet and gas outlet
      and magnetic stirrer, the mixture being cooled with ice. The solution
      immediately assumes a deep colouration. After some time crystallisation
      commences and can go as far as solidification of the reaction mixture. The
      resulting paste of crystallites and solvent is filtered with suction,
      whilst being pressed out. The solid, which is the hydrochloride of the
      chalcone of the formlula (II), is subsequently decomposed in water and can
      optionally be reprecipitated from acetone/water, methanol/water or
      dioxane/water. The products are yellow to green in colour and are obtained
      in yields of up to 98%.
PAR  In this way, the starting compounds indicated in Table I below were
      converted to the dihydroxychalcones (II) which are also indicated in the
      Table.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Example   Starting compound                                               
     preliminary                                                               
            Aldehyde    Ketone        Dihydroxychalcone                        
                                                     melt-                     
                                                          Yield                
     product                                         ing  (%)                  
                                                     point                     
                                                     (.degree.C)               
     __________________________________________________________________________
     1      p-Hydroxybenzaldehyde                                              
                        Cyclohexanone Bis-2,6-(p-hydroxybenzal)-               
                                                     295  94                   
                                      cyclohexanone-(1)                        
     2      p-Hydroxybenzaldehyde                                              
                        Methylcyclohexanone-(4)                                
                                      Bis-2,6-(p-hydroxybenzal)-               
                                                     214  65                   
                                      4-methyl-cyclohexanone-(4)               
     3      Vanillin    Cyclohexanone Bis-2,6-(3-methoxy-4-hyd-                
                                                     183  98                   
                                      roxybenzal)-cyclohexanone-               
                                      (1)                                      
     4      Vanillin    Methylcyclohexanone-(4)                                
                                      Bis-2,6-(3-methoxy-4-hyd-                
                                                     161  48                   
                                      roxybenzal)-4-methyl-                    
                                      cyclohexanone-(1)                        
     5      p-Hydroxybenzyldehyde                                              
                        Cyclopentanone                                         
                                      Bis-2,5-(p-hydroxybenzal)-               
                                                     350  72                   
                                      cyclopentenone-(1)                       
                                                     decomp.                   
     __________________________________________________________________________
PAR  Instead of the acid-catalysed condensation described above, it is also
      possible to employ condensation under alkaline conditions, for example in
      ethanolic solution of the reactants, with addition of concentrated alkali
      and prolonged reaction at 35.degree. - 45.degree.C. However, in most cases
      this gives lower yields.
DETD
PAC  EXAMPLES 1 to 5
PAC  Manufacture of the polyglycidyl ethers (Formula I)
PAR  0.1 mol of dihydroxychalcone and 0.2 mol of sodium hydroxide are dissolved
      in 50 ml of water in a 250 ml flask with reflux condenser and magnetic
      stirrer. 0.5 mol of epichlorohydrin is added to the homogeneous solution.
      The reaction mixture is warmed to 90.degree.C. The course of the reaction
      can be followed through the mixture becoming lighter. After approx. 40
      minutes, a further 0.1 mol of sodium hydroxide in 10 ml of water is added.
      After a total of 1 hour, the reaction is stopped. The aqueous phase is
      decanted and the resin -- if necessary after prior cooling to -30.degree.C
      -- is finely ground in a mortar and washed until it is free of alkali. The
      suction-filtered product is dried in a good vacuum at room temperature.
PAR  In this way, the polyglycidyl ethers (I) indicated in Table II below are
      obtained from the dihydroxychalcones (II).
TBL                Table II                                                    
     ______________________________________                                    
     Example                                                                   
            Yield   Polyglycidyl ether (Formula (I)                            
     ______________________________________                                    
     (%)        Colour   Epoxide   E/E.sub.max                                 
                                         Melting                               
                         Valve E         range                                 
                         (milli-         (.degree.C)                           
                         equi-                                                 
                         valent/g)                                             
     ______________________________________                                    
     1      96      Yellow   2.96    0.62   70-180                             
     2      97      Orange   3.47    0.75  60-90                               
     3      95      Yellow-  1.95    0.44  100-160                             
                    green                                                      
     4      98      Orange   2.27    0.56  65-70                               
     5      94      Yellow   1.97    0.40  300                                 
     ______________________________________                                    
PAC  Preparation of the mixture with curing agents, and manufacture of mouldings
PAR  The polyglycidyl ethers (I) of Example 1-4 are fused gently, that is to say
      without local overheating, whilst stirring, a predetermined amount of
      curing agent is added at 150.degree. - 170.degree.C and the mixture is
      homogenised. It is then poured into appropriately preheated moulds. The
      steel moulds, which can be dismantled, are first treated with silicone
      grease as a release agent. To manufacture mouldings, this mixture can be
      poured directly into preheated moulds provided with release agent
      (silicone grease).
PAR  The following compounds, in proportions of 25 to 225 %, especially 100 -
      150 %, of the stoichiometric amounts, are used as curing agents:
PA0  Maleic anhydride (MA)
PA0  Succinic anhydride (SA)
PA0  Phthalic anhydride (PA)
PA0  Isooctenylsuccinic anhydride (IOSA)
PA0  Methylnadic anhydride (MNA)
PA0  4,4'-diaminodiphenylsulphone (DDS)
PA0  4,4'-diaminodiphenylmethane (DDM)
PAR  the heat distortion points determined according to DIN 53,458 (Martens
      temperature in .degree.C) of mouldings of the polyglycidyl ethers of
      Examples 1-4, in each case with 100% of the stoichiometric amount of
      maleic anhydride, are indicated in Table III below, together with the
      duration and temperature of the principal curing reaction. All mouldings
      are precured for 2 hours at 100.degree.C before the principal curing
      reaction.
TBL                Table III                                                   
     ______________________________________                                    
              t*   Martens temperature (.degree.C)                             
     ______________________________________                                    
     Temperature of                                                            
     principal curing                                                          
                   120    150     180   210   240                              
     reaction (.degree.C)                                                      
     ______________________________________                                    
                20     129    158   202   257   265.sup.+                      
                40     136    175   215   265.sup.+                            
                                                265.sup.+                      
     Example 1                                                                 
                100    139    186   242   265.sup.+                            
                                                265.sup.+                      
                200    141    194   265.sup.+                                  
                                          265.sup.+                            
                                                265.sup.+                      
                20     104    1129  193   228   218                            
                40     110    137   199   242   231                            
     Example 2                                                                 
                100    115    144   201   256   230                            
                200    128    145   207   265   214                            
                20      97    110   150   160   172                            
                40     102    117   183   205   202                            
     Example 3                                                                 
                100    105    123   207   242   207                            
                200    105    127   213   242   193                            
                20      95    123   178   192                                  
                40                        204                                  
     Example 4                                                                 
                100    104    136   208   220                                  
                200                       220                                  
     ______________________________________                                    
      t* = Duration of the principal curing reaction in hours.                 
      The symbol "+" denotes that the upper limit of measurement was exceeded. 
PAR  The heat distortion points, determined as described above, of mouldings
      obtained from the polyglycidyl ether according to Example 1 with various
      curing agents, in each case in proportions of 100 % of the stoichiometric
      amount, are indicated in Table IV below, together with the temperature of
      the principal curing reaction (duration 20 hours). All mouldings are
      precured for 2 hours at 100.degree.C before the principal curing reaction.
TBL                Table IV                                                    
     ______________________________________                                    
     Curing agent                                                              
                 Temperature of the principal                                  
                 curing reaction (.degree.C)                                   
               150    180      210      240                                    
     ______________________________________                                    
     SA          124      128      135    141                                  
     PA          146      149      156    177                                  
     MNA         154      215      248    220                                  
     DDS         165      178      189    179                                  
     ______________________________________                                    
PAR  Table V below gives various test data for cross-linked compositions
      manufactured from polyglycidyl ethers (I) of Example 1 - 4 and maleic
      anhydride as the curing agent (100 % of the stoichiometric amount). The
      test specimens were in each case precured for 2 hours at 100.degree.C and
      fully cured at 210.degree.C for the time indicated in the table.
PAR  In addition to the Martens temperatures determined as indicated above, the
      following are also indicated where appropriate: The Vicat temperatures
      which are also suitable for assessing the resistance to heat distortion
      (measured according to VDE 0302/III in .degree.C), the impact strength
      (determined according to DIN 53,453/DIN 51,222, quoted in cm.kp/cm.sup.2),
      the flexural strength (determined according to DIN 53,452/DIN 51,220/DIN
      51,221, indicated in cm.kp/cm.sup.2), the modulus of elasticity
      (determined according to Nitsche, Wolf and Nowak, Practical Testing of
      Plastics, Berlin 1961), the ball indentation hardness (determined
      according to DIN 53,456/1963 with maximum instrument deflection of 0.091
      mm under maximum test load, quoted in kp/cm.sup.2) and data on solvent
      resistance; these data are also given in comparison with commercially
      available compositions.
TBL                                    Table V                                 
     __________________________________________________________________________
              Example             Comparison                                   
              1    2    3    4                                                 
     Duration of                                                               
     principal                                                                 
     curing reac-                                                              
     tion (hours)                                                              
              40   200  100  100                                               
     __________________________________________________________________________
     Martens tempe-                                                            
     rature (.degree.C)                                                        
              &gt; 265                                                            
                   265  242  220   60-125                                      
     Vicat tempe-                                                              
     rature (.degree.C)                                                        
              &gt; 300                                                            
                   &gt; 300                                                       
                        &gt; 300                                                  
                             &gt; 300                                             
                                   60-150                                      
     Impact                                                                    
     strength                                                                  
     (cm.kp/cm.sup.2)                                                          
              6    3    4    3     8-20                                        
     Flexural                                                                  
     strength                                                                  
     (cm.kp/cm.sup.2)                                                          
              920  890             700-1,400                                   
     Modulus of                                                                
     elasticity                   approx.                                      
     (kp/cm.sup.2)                                                             
              30,900                                                           
                   32,800         30,000                                       
     Ball indenta-                                                             
     tion hardness                                                             
     (10s) (kp/cm.sup.2)                                                       
              1,300                                                            
                   1,520                                                       
                        1,375                                                  
                             1,395                                             
                                   900-1,800                                   
     __________________________________________________________________________
PAR  The tested crosslinked compositions from the new polyglycidyl ethers (I)
      described here generally show conspicuously good solvent resistance. For
      example, no change in weight was found after 30 days' storage of the test
      specimens in acetone, dioxane, benzene and benzine. The resistance to
      alkali, acid and water was also very good.
PAR  The resistance of the crosslinked compositions to heat aging (storage at
      300.degree.C and measurement of the weight decrease in per cent) is
      outstanding. Whilst compositions of commercially available epoxide systems
      mostly decompose rapidly at 300.degree.C, compositions of cured
      polyglycidyl ethers according to the invention only slowly lose weight and
      a significant shrinkage only occurs after some hours and the weight loss
      approaches a limiting value after some time, for example after 100 hours
      at 300.degree.C.
PAR  In general, polyglycidyl ethers according to the invention can be used for
      cured compositions of the most diverse kind, for example for casting
      compositions and impregnating and insulating material, especially in the
      electrical industry, as adhesives, for example adhesives for concrete, as
      acid-resistant putty, as adhesion promoters, for example for safety glass,
      as a laminating material, for example in aircraft construction and rocket
      construction, as auxiliaries for paper and textile technology and
      generally for self-supporting or non-selfsupporting structures, as the
      principal polymer component or as an additive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polyglycidyl ether of the formula
      ##EQU7##
      in which n denotes zero or an integer of 1 to about 20, and
PA1  M denotes a chalcone radical of the formula
      ##SPC10##
NUM  2.
PAR  2. A polyglycidyl ether according to claim 1 wherein M denotes a chalcone
      radical of Formula (1a).
NUM  3.
PAR  3. A polyglycidyl ether according to claim 1 wherein M denotes a chalcone
      radical of Formula (1b).
NUM  4.
PAR  4. A polyglycidyl ether according to claim 1 wherein M denotes a chalcone
      radical of Formula (1c).
NUM  5.
PAR  5. A polyglycidyl ether according to claim 1 wherein M denotes a chalcone
      radical of Formula (1d).
NUM  6.
PAR  6. A polyglycidyl ether according to claim 1 wherein M denotes a chalcone
      radical of Formula (1e).
NUM  7.
PAR  7. A composition which can be cured like a thermosetting resin and is
      characterized in that it contains an epoxy resin curing agent and at least
      one polyglycidyl ether of Formula I as defined in claim 1.
NUM  8.
PAR  8. A composition according to claim 7 wherein the polyglycidyl ether
      component of Formula I is as defined in claim 2.
NUM  9.
PAR  9. A composition according to claim 7 wherein the polyglycidyl ether
      component of Formula I is as defined in claim 3.
NUM  10.
PAR  10. A composition according to claim 7 wherein the polyglycidyl ether
      component of Formula I is as defined in claim 4.
NUM  11.
PAR  11. A composition according to claim 7 wherein the polyglycidyl ether
      component of Formula I is as defined in claim 5.
NUM  12.
PAR  12. A composition according to claim 7 wherein the polyglycidyl ether
      component of Formula I is as defined in claim 6.
NUM  13.
PAR  13. A composition according to claim 7 characterized in that it contains an
      organic acid anhydride or an organic amine epoxy resin curing agent.
NUM  14.
PAR  14. A composition according to claim 13 wherein the curing agent is
      selected from the group consisting of maleic anhydride, methylnadic
      anhydride, and 4,4'-diaminodiphenylsulphone.
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ABST
PAL  In the preparation of high molecular weight polyamides, vaporization of the
      organic diamine employed results in its loss. The effect of the loss can
      be reduced by collecting the vapor given off during the evaporation and/or
      polymerization steps, condensing it, passing the condensate through a
      selected ion-exchange resin, and obtaining the diamine by contacting the
      resin with either a strong inorganic acid or an aqueous solution of an
      organic dicarboxylic acid used in making high molecular weight polyamides
      depending upon the resin employed. When the diacid is used, the salt so
      obtained can be used in preparing high molecular weight polyamides.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention is directed to the recovery of the organic diamine usually
      lost during the concentration of and the reaction of the diamine in
      preparing polyamides.
PAC  BACKGROUND OF THE INVENTION
PAR  In the condensation reaction for producing polyamide resin or fiber by
      polymerizing a salt of an organic diamine with an organic diacid, water is
      formed. Water is also present in the reaction apparatus from the water
      used to dissolve the initial reactants. In order for the reaction to
      proceed smoothly, this water must be removed. While the water, in form of
      steam, is being removed and vented from the evaporation and reaction
      apparatus, a part of the organic diamine present is inevitably lost
      through being carried along with the steam. It would be desirable to
      recover this lost diamine.
PAR  Various procedures exist in the art for the removal of organic diamines
      from aqueous solutions, such as removal by sorption with charcoal or by
      molecular sorption on an anion exchange resin of a polymeric
      alkenylaromatic resin crosslinked with a dialkenyl crosslinking agent as
      described in Sargent, U.S. Pat. No. 3,159,632. However, these procedures
      do not leave the removed diamine in a form practical for direct reuse,
      especially reuse in the polymerization process. This invention is directed
      to a process in which the organic diamine is not only removed, but is also
      regenerated in a salt form in which it can be directly employed in a
      variety of uses depending upon the acid used to form the salt.
PAC  SUMMARY OF THE INVENTION
PAR  In the process for preparing a high molecular weight polyamide from an
      aqueous solution of a polyamideforming salt of an organic diamine and an
      organic dicarboxylic acid wherein the salt is concentrated and
      polymerzied, during which steam is vented from the evaporation and
      polymerization equipment; the improvement which comprises in sequence
PAR  1. COLLECTING AND CONDENSING VENTED VAPOR,
PAR  2. CONTACTING THE CONDENSATE OF THE VENTED VAPOR WITH THE HYDROGEN FORM OF
      A RESIN SELECTED FROM THE CLASS CONSISTING OF CARBOXYLIC, PHOSPHONIC AND
      SULFONIC ION-EXCHANGE RESINS, WHICH RESIN HAS A STRENGTH SUFFICIENT TO
      RECOVER SAID ORGANIC DIAMINE FROM AN AQUEOUS SOLUTION THEREOF,
PAR  3. CONTACTING THE RESIN EMPLOYED IN STEP 2 WITH, WHEN THE RESIN IS A
      CARBOXYLIC ION-EXCHANGE RESIN, EITHER A STRONG INORGANIC ACID OR AN
      ORGANIC DICARBOXYLIC ACID OF THE TYPE EMPLOYED IN MAKING HIGH MOLECULAR
      WEIGHT POLYAMIDES, OR, WHEN THE RESIN IS A PHOSPHONIC OR SULFONIC
      ION-EXCHANGE RESIN, A STRONG INORGANIC ACID, AND
PAR  4. COLLECTING THE AQUEOUS SOLUTION OBTAINED IN STEP 3.
PAR  In a preferred embodiment, the resin will be a carboxylic ion-exchange
      resin and the acid used in step 3 will be the organic dicarboxylic acid
      and the liquid from step 4 will be added to the solution in the
      polymerization equipment.
PAC  DESCRIPTION OF THE INVENTION
PAR  By the process of this invention, organic diamines can be recovered from
      the steam vented during polyamide salt evaporation and polymerization
      prior to passing the steam effluent (condensed) into waste streams.
PAR  In the preparation of high molecular weight polyamides, i.e., fiber-forming
      or moldable polyamides, an aqueous salt solution, e.g., a salt solution of
      hexamethylene diamine and adipic acid, is usually heated in an evaporator
      to volatilize solvent water and concentrate the salt. Ordinarily, the
      evaporator will be operated at a temperature just above the boiling point
      of water, e.g., 105.degree.C. to about 175.degree.C. and under slight
      pressure, e.g., 1-5 atmospheres. The concentrated salt from the evaporator
      is then transferred to continuous or batch polymerization equipment where
      initial polymerization takes place. It is during removal of water from the
      evaporator and from the initial polymerization equipment that most diamine
      loss occurs. In some polymerization processes, the evaporator step is
      eliminated and this increases diamine loss since more water must be boiled
      off during the initial polymerization reaction. Operating conditions in
      the initial polymerization equipment can involve heatup of the salt from
      inlet temperatures as low as 45.degree.C. (no evaporator employed) to
      200.degree.C. to 320.degree.C. depending on the type of polyamide being
      prepared. Operating pressures range from 180 psig to 600 psig or more.
PAR  After initial polymerization, the initially prepared polyamide, which still
      contains water, is passed through apparatus in which the operating
      pressure is reduced to atmospheric pressure or less. In a batch process,
      this is accomplished by controlling venting of water; and in a continuous
      process, by passage through pipes or other devices for producing
      controllable pressure drop via fluid flow phenomena.
PAR  In a continuous process, the initially polymerized mass is forwarded to a
      separator where dissolved water and water produced in the condensation
      reaction is removed in the form of vapor. During both pressure reduction
      and in the separator, operating temperatures range from slightly above the
      melting point of the polyamide to about 320.degree.C. Pressure in the
      separator is from slightly above 1 atmosphere to as low as about 50 mm. of
      mercury. The molten polyamide is then moved to finishing vessels to
      further polymerize the mass and to adjust the molecular weight of the
      polyamide. Finishers are normally operated at less than atmospheric
      pressure, e.g., about 50-700 mm. of mercury and at temperatures from
      slightly above the melting point of the polyamide to about 320.degree.C.
      From the finisher, the molten polyamide is forwarded through transfer
      lines and is extruded into the atmosphere.
PAR  In a batch process, after the pressure is reduced in the polymerization
      equipment, the molten polyamide is held at pressures from about 50 to 760
      mm. of mercury and temperatures from slightly above the melting point to
      about 320.degree.C. until the desired molecular weight is achieved. Very
      little steam is vented during this period. The autoclave is then
      pressurized with inert gas and the polymer extruded into the atmosphere.
PAR  In the improvement described herein, organic diamine appearing in the steam
      vented during concentration of the salt and/or during polymerization can
      be recovered and reused. The steam vented from the evaporator or the
      initial polymerization apparatus ordinarily contains a much greater
      quantity of diamine than the steam vented from later polymerization
      apparatus used in the process. A typically condensed vapor from the
      evaporator or initial polymerization reactor will contain between about
      0.05-3% by weight organic diamine.
PAR  The vented steam, containing the diamine, is first condensed into liquid
      form. The liquid usually contains other impurities such as entrained salt
      and/or low molecular weight polyamide and degradation products. Solids can
      be removed by filtration, if desired, especially if the condensate is to
      be passed down through an ion-exchange column. On the other hand, if the
      condensate is to be passed upward through an ion-exchange column, the
      solids need not be filtered out. In either upward or downward flow the
      condensate is contacted with the hydrogen form of the cation exchange
      resin. Upward flow is preferred herein.
PAR  The resin is regenerated to the hydrogen form, and the diamine converted to
      salt form simply by contacting the resin (containing the diamine) with
      either a strong inorganic acid, or an organic dicarboxylic acid that can
      be used to form high molecular weight polyamides if the resin is a
      carboxylic ion-exchange resin.
PAR  The dicarboxylic acid employed can be the same diacid used initially to
      form the salt used in the polymerization process, and in this instance,
      the salt obtained after contact with the ion-exchange resin can then be
      added to the evaporator or to the initial polymerization apparatus to
      complete the recycling of the diamine. However, the dicarboxylic acid
      employed may be a different acid than the acid employed initially. In such
      an instance, the salt product can be stored until it is desired to make a
      polyamide in which the acid desired for use is the acid used in the
      process of this invention.
PAR  The resin can be regenerated with the acid in a variety of ways known in
      the art. For example, an aqueous solution of the acid can be passed
      through a column containing the resin, or the resin can be added to the
      acid solution in a vessel, and, after mixing, the resulting liquid can be
      decanted or filtered. Alternatively, the acid can be added in solid form,
      if an organic diacid, to an aqueous mixture containing the resin.
PAR  In addition to obtaining a diamine salt that can be reused in a polyamide
      polymerization process, it is recognized that the water effluent from the
      ion-exchange system is of good quality, and can, with treatment, e.g.,
      activated carbon and ion-exchange, be converted to high purity water which
      can also be reused in the process.
PAR  Any diamine which can react with an organic diacid to form a high molecular
      weight polyamide can be employed in the process of this invention.
      Representative organic diamines include hexamethylene diamine,
      octamethylene diamine, dodecylmethylene diamine, m- or p-phenylene
      diamine, and generally any alkylene or aryl diamine having 4--13 carbon
      atoms and having the amine groups on non-adjacent carbon atoms.
PAR  Representative organic dicarboxylic acids include adipic acid, sebacic
      acid, dodecanedioic acid, and generally any alkylene dicarboxylic acid
      having 4-13 carbon atoms and having the carboxyl groups on non-adjacent
      carbons.
PAR  Preferably the acid and amine functional groups will be on terminal carbons
      in the diacid or diamine molecule.
PAR  Representative strong inorganic acids include nitric, sulfuric, phosphoric,
      and hydrochloric acid. When the acid is sulfuric, nitric, or phosphoric,
      the salt obtained may be used in fertilizer applications.
PAR  The cation-exchange resin is preferably a weakly acidic cation-exchange
      resin having carboxylic functionality, and most preferably an acrylic or
      methacrylic cation-exchange resin. Such resins include, e.g., "Amberlite"
      IRC-50, "Amberlite" IRC-72, "Amberlite" IRC-84, and the like.
DETD
PAR  The process of the invention is described in further detail in the
      following Example, which is not to be considered as limiting the
      invention.
PAC  EXAMPLE
PAR  Steam, vented from an initial polyermization reactor in use in a continuous
      polyamide polymerization process wherein a salt of hexamethylene diamine
      and adipic acid is being polymerized was collected and condensed. The
      condensate had a pH of between 11.42 and 11.51 and contained about 0.3
      weight percent hexamethylene diamine. Twenty-three liters of said
      condensate were run through a 150 gm. (dry basis) bed of a methacrylic
      ion-exchange resin (Amberlite IRC-50) in a 1000 ml. burette. By measuring
      the pH of the effluent, it was found that the resin became saturated with
      hexamethylene diamine after about 21 liters of condensate had been passed
      through (after the entire 23 was passed through the effluent pH had risen
      to about 10.2). Bed volume increased about 47%.
PAR  The saturated resin was flushed with distilled water and the resin then
      decanted into a 2000 ml. beaker. 100 Gm. of adipic acid in about 500 ml.
      H.sub.2 O was added as a partially dissolved slurry. After 45 minutes
      agitation the resin was filtered off and 1190 cc. of hexamethylene
      diamine/ adipic acid salt solution of 10.1 weight percent concentration
      and pH of about 5 was obtained. This salt was made up of about 78.4 gm. of
      adipic acid and about 42.2 gm. of hexamethylene diamine. 22.2 Gm. of pure
      hexamethylene diamine was added to adjust the salt end group balance near
      the neutral point.
PAR  A control salt solution was prepared by adding 75 gm. of adipic acid and
      59.6 gm. of hexamethylene diamine in 1000 ml. of water.
PAR  A UV absorbance spectrum of each salt indicates that some impurities are
      present in the ion-exchange obtained salt. These impurities may be
      oxidized hexamethylene diamine and/or hexamethylene imine. Presence of the
      latter could account for the end group imbalance. However, presence of
      impurities does not affect the use of the salt in making polyamide except
      in yield and/or color.
PAR  Both salt solutions were filtered, evaporated with steam in a rotary vacuum
      evaporator, and dried in a nitrogen purged vacuum oven overnight at
      70.degree.C. The salts were then polymerized in sealed tubes. In the
      polymerization of the control salt, heat up from about 235.degree.C. to
      about 265.degree.C. took place in about 60 minutes and the salt was held
      at about 265.degree.C. for about 90 minutes. In the polymerization of the
      ion-exchange-obtained salt, heat up from about 230.degree.C. to about
      265.degree.C. took place in about 65 minutes and the salt was held at
      between about 265.degree.-270.degree.C. for about 90 minutes.
PAR  Properties of the polyamides so produced were as follows:
TBL                             From Ion                                       
                      From      Exchange                                       
                      Control   Obtained                                       
                      Salt      Salt                                           
     ______________________________________                                    
     Relative Viscosity (RV)                                                   
                        10.7        8.7                                        
     --COOH ends/10.sup.6 gm.                                                  
     polymer            268.5       434                                        
     --NH.sub.2 ends/10.sup.6 gm.                                              
     polymer            175.5       175                                        
     Difference of Ends 93          259                                        
     DTA peaks                                                                 
      Melting point, .degree.C.                                                
                        256         257                                        
      Freeze point, .degree.C.                                                 
                        227         226                                        
     ______________________________________                                    
PAR  Relative Viscosity (RV) is conventionally defined as the ratio of absolute
      viscosity of an 8.4 weight percent polyamide solution in 90% formic acid
      to the absolute viscosity of the 90% formic acid solution at 25.degree.C.
      For small size samples, as in these experiments, the relative viscosity of
      a 0.42% weight polyamide solution was measured and converted to the
      conventional RV by the following empirically developed correlation for 66
      nylon:
EQU  log.sub.10 (RV.sub.8.4 wt.%) = 4.47 log.sub.10 (RV.sub.0.42 wt.%) + 0.683.
PAR  The molecular weight of the polyamide produced from the ion-exchange
      obtained salt (measured by relative viscosity) was slightly lower than the
      control because of greater end group imbalance.
PAR  The salt obtained from the ion-exchange procedure can be added to the
      evaporator or to the initial polymerization reactor or returned to the
      salt preparation facility to provide a continually recycled source of
      hexamethylene diamine.
PAR  An acrylic cation-exchange resin, such as Amberlite IRC-84, can also be
      employed in place of the methacrylic resin used in the Example. In
      addition, a strong inorganic acid may be used to regenerate the resin in
      place of the organic diacid.
PAR  The preceding representative example may be varied within the scope of the
      disclosure herein, as understood and practiced by one skilled in the art,
      to achieve substantially the same results.
PAR  The foregoing detailed description has been given for clearness of
      understanding only and no unnecessary limitations are to be understood
      therefrom. The invention is not limited to the exact details shown and
      described for obvious modifications will occur to those skilled in the art
     .
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In the process for preparing a fiber-forming or moldable polyamide from
      an aqueous solution of a polyamide-forming salt of an organic diamine and
      an organic dicarboxylic acid wherein the salt is concentrated and
      polymerized, during which steam and organic diamine are vented from the
      evaporation and polymerization equipment; the improvement which comprises
      in sequence
PA1  1. collection and condensing vented vapor to form an aqueous solution of
      organic diamine condensate,
PA1  2. contacting the condensate of the vented vapor with the hydrogen form of
      a carboxylic cation-exchange resin which has a strength sufficient to
      recover said organic diamine from an aqueous solution thereof,
PA1  3. contacting the resin employed in step (2) with an organic dicarboxylic
      acid of the type employed in making said polyamide to form an aqueous
      solution of organic diamine-organic dicarboxylic acid salt,
PA1  4. collecting the aqueous solution obtained in step (3), and
PA1  5. adding the solution from step (4) to the salt preparation facility of
      said polymerization equipment.
NUM  2.
PAR  2. The process of claim 1 wherein the vented vapor is obtained from a
      continuous process for preparing polyamide.
NUM  3.
PAR  3. The process of claim 2 wherein said acid is adipic acid.
NUM  4.
PAR  4. The process of claim 3 wherein the organic diamine employed is
      hexamethylene diamine.
NUM  5.
PAR  5. The process of claim 1 wherein the vented vapor is obtained from a batch
      process for preparing polyamide.
NUM  6.
PAR  6. The process of claim 5 wherein said acid is adipic acid.
NUM  7.
PAR  7. The process of claim 6 wherein the organic diamine employed is
      hexamethylene diamine.
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ABST
PAL  Polyamids of a C.sub.19 diacid and certain cyclical diamine which are
      excellent engineering plastics.
BSUM
PAR  This invention relates to high molecular weight, water insensitive,
      engineering plastics. More particularly, this invention relates to
      polyamides which are the condensation product of a selected cyclical
      diamine and C.sub.19 diacid having the formula:
      ##EQU1##
      where x is from 1 to 15 and y from 1 to 15 and the total of x and y is 16.
      In making the polyamides of this invention, the methyl or ethyl esters of
      the above acids can be used as well as the acids.
PAR  The diamine useful in the present invention is:
      ##SPC1##
PAC  BACKGROUND OF INVENTION
PAR  Engineering plastics are those that can be molded into shapes such as gear
      wheels and can retain these shapes against impact and strain. In order to
      meet these requirements, the plastic should not crystallize but remain
      amorphous. The development of crystallinity in the plastic reduces its
      resistance to impact. As a rule of thumb, clear plastics are amorphous,
      while opaque plastics contain a high degree of crystallinity. In addition
      to remaining amorphous, the plastics must retain their tensile strength to
      resist breaking under strain. Many plastics which when dry display high
      tensile strengths lose tensile strength by absorbing small amounts of
      moisture from the atmosphere. Ideally, engineering plastics neither become
      crystalline nor sensitive to moisture.
PAC  SUMMARY OF INVENTION
PAR  It has now been found that high molecular weight polyamides, wherein the
      acid component is the above-identified C.sub.19 diacid and the amine
      component is the above-identified diamine, are excellent engineering
      plastics. The polyamides are of sufficient molecular weight to product
      logarithmic viscosity numbers of about 30 to 150, preferably about 40 to
      120, measured in orthochlorophenol solvent at a concentration of 0.005
      g./ml. and at a temperature of 30.degree.C. and determined according to
      ASTM Test Procedure D2857-70. They are insensitive to moisture and retain
      their tensile strength even though moisture is absorbed. One method of
      molding the polyamides involves extruding the heated polymer into a mold.
      The polymer is usually in the form of a ball with air space between the
      ball and the sides of the mold. Mechanical pressure is used to squeeze the
      polymer mass into the mold.
PAR  The polyamides can be prepared by conventional methods. In the final
      condensation product the amine component and the total acid component are
      present in substantially a 1:1 equivalent ratio. Satisfactory product can
      be obtained, however, when there is a difference in equivalents of 0 to
      about 10%.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The heptadecane dicarboxylic acids useful in making the polyamide of this
      invention can be prepared by the addition of carbon monoxide and water to
      an unsaturated fatty acid, preferably oleic acid. Preparation is shown in
      Reppe and Kroper, Ann. 582, 63-65 (1953), herein incorporated by
      reference. The reaction involved is illustrated graphically below:
      ##EQU2##
      where
      ##EQU3##
      represents the ethylene unsaturation of the fatty acid molecule.
PAR  An alternative method is to react the carbon monoxide and unsaturated fatty
      acid in the presence of hydrogen to get the aldehyde or alcohol or
      mixtures thereof which are then oxidized to the acid as shown below:
      ##EQU4##
PAR  The final acid product is a mixture of isomers having one more carbon atom
      than the starting material. Starting with a C.sub.18 unsaturated fatty
      acid such as oleic acid, the final product will be a mixture of isomers of
      C.sub.19 dicarboxylic acids identified above. The product might also be
      regarded as a stearic acid substituted with a carboxy group along the
      fatty chain.
PAR  The preferred acid employed in this invention is the C.sub.19 diacid
      prepared from the oxonation of oleic acid. However, other C.sub.18
      unsaturated fatty acids such as linoleic, linolenic, ricinoleic and
      elaidic or mixtures thereof may be employed.
PAR  The above C.sub.19 acid, in the form of the acid, its methyl or ethyl
      esters, are condensed with the diamine component. The amidification
      reaction can be conducted by the classical melt polymerization technique,
      for example by heating the dicarboxylic acid and the diamine until
      substantially complete condensation takes place. The reaction can be
      completed at temperatures between about 100.degree.C. and 300.degree.C.
      The reaction is preferably conducted at temperatures between about
      100.degree.C. and 300.degree.C. for from about 3 to 10 hours, about the
      last 1 to 2 hours being conducted under vacuum.
PAR  A typical heating schedule would appear as follows: Heating the mixture to
      a temperature of about 180.degree. to 250.degree.C. over a period of about
      11/2 to 4 hours at atmospheric pressure, followed by a period of heating
      of about 1 to 4 hours at about 250.degree.C. to 270.degree.C. at a partial
      vacuum of about 15 to 20 mm. Hg. which in turn is followed by a period of
      about 10 to 30 minutes of heating under a vacuum of about 0.2 to 10 mm.
      Hg.
PAR  It is preferred that the reaction be conducted in the presence of a
      polymerization catalyst such as triphenyl phosphite.
PAR  Monocarboxylic acids preferably the fatty acids containing 12 to 18 carbon
      atoms, more preferably 18 carbon atoms in amounts of about 1.5 equivalent
      percent of the acid component, can also be added to the acid component to
      control molten viscosity. Monocarboxylic aromatic acids such as benzoic
      acid can also be used for this purpose.
PAR  The mechanical properties of polyamides can be characterized on an Instron
      Tensile Tester Model TTC using ASTM D1708-66 and D638-71a procedures. The
      polyamide is compression molded into a 6 inch .times. 6 inch sheet of
      approximately 0.04 inch thickness, at a temperature near its melting point
      (usually a few degrees higher than the melting point) and at 40,000 lbs.
      load or higher using silicone release agent as the parting agent in the
      mold. From this sheet, test specimens are die cut to conform to ASTM
      D1708-66 and D638-71a to provide for determination of tensile strengths,
      percentage elongation and modulus of elasticity. Using a cross head speed
      of 0.5 inch/minute on the Instron Tensile Tester, the tensile strength at
      break, tensile strength at yield and percentage elongation according to
      the procedures of ASTM standard test D1708-71a. The modulus of elasticity
      was determined at a cross head speed of 0.05 inch/minute according to the
      procedure and using type IV specimen of ASTM D638-71a for specimens which
      had been conditioned at 50% relative humidity for 1 week, as well as on
      specimens desiccated for the same period of time at 0% relative humidity.
      Comparison of these data reveals the relative moisture sensitivity of a
      composition under consideration. To further characterize the polymers of
      this invention, the ball and ring softening point (by ASTM E28-66),
      flexural modulus (by ASTM D790-71) and water absorption (by ASTM D570-63)
      were determined.
DETD
PAR  Set out below are examples of typical preparation procedures of the
      polyamides of this invention and the measurements made of their physical
      properties.
PAC  EXAMPLE I
PAC  Amidification Product of Bis(4-aminocyclohexyl)methane
PAR  The following substances were carefully weighed into a 1.5 liter stainless
      steel reactor designed for pressure operation.
TBL  ______________________________________                                    
     Reactant          Equivalents Grams                                       
     ______________________________________                                    
     Heptadecane dicarboxylic                                                  
                       1.875       309.38                                      
     acid*                                                                     
     Stearic Acid      0.0218      6.19                                        
     Bis(4-aminocyclohexyl)                                                    
                       1.897       206.09                                      
     methane                                                                   
     Dow Corning antifoam          0.10                                        
     A Compound (1% in xylene)                                                 
     Triphenyl phosphite           1.00                                        
     Water                         100.00                                      
     ______________________________________                                    
      *The heptadecane dicarboxylic acid was a mixture of isomers predominantly
      ##EQU5##
      The boiling point of the mixture was 212.degree.C. to 220.degree.C. and
      the melting point was 45.degree.C. to 55.degree.C.
PAR  The reactor was sealed and pressurized to 100 psi. with high purity
      nitrogen gas; then vented to atmospheric pressure. Three such purges
      insured an inert atmosphere for the reaction. The reactants, in the closed
      vessel, were heated and stirred. At 150 psi. autogenic pressure and ca.
      190.degree.C., slow venting of H.sub.2 O vapor was begun. The temperature
      was raised to 250.degree.C. during the 93 minute venting process.
      Aspirator vacuum (ca. 20 mm. Hg.) was applied to the stirred melt at
      260.degree.C. for 50 minutes upon completion of the venting process. Final
      condensation was effected with a 120 minute application of high vacuum (&lt;1
      mm. Hg.). The vacuum was released by admitting nitrogen gas and the melt
      was extruded from the reactor. A clear, light colored solid resulted on
      cooling.
PAR  The observed physical properties of the polyamide were as follows:
TBL  Physical Properties                                                       
     Color              Clear                                                  
     Logarithmic Viscosity                                                     
                        49.6                                                   
     Number (ml./g.)                                                           
     Ball and Ring Softening                                                   
                        211                                                    
     Point (.degree.C.)                                                        
     24 Hour water      0.25                                                   
     absorption (%)                                                            
     Equilibrium water  1.00                                                   
     absorption (%)                                                            
     Tensile strength at break                                                 
                        5,400                                                  
     (lbf/in.sup.2)                                                            
     Tensile strength at yield                                                 
                        7,100                                                  
     (lbf/in.sup.2)                                                            
     Elongation (%)     80                                                     
     Modulus of Elasticity                                                     
     (lbf/in.sup.2)                                                            
     Dry                181,000                                                
     Wet                170,000                                                
     Flexural modulus (lbf/in.sup.2)                                           
                        200,000                                                
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A polyamide consisting essentially of the amidification product of a
      mixture of isomers of heptadecane dicarboxylic acid having the formula:
      ##EQU6##
      wherein x is an integer from 1 to 15, y is an integer from 1 to 15 and the
      sum of x and y is 16, and a cyclical diamine
      bis(4-aminocyclohexyl)methane, wherein the equivalents of the dicarboxylic
      acid and the diamine are substantially equal, wherein the amidification
      reaction is conducted at a temperature between about 100.degree.C. and
      300.degree.C., and wherein the amidification product has a logarithmic
      viscosity number of about 30 to 150 as measured in orthochlorophenol
      solvent at a concentration of 0.005 g./ml. at a temperature of
      30.degree.C.
NUM  2.
PAR  2. The polyamide of claim 1 wherein the logarithmic viscosity number is
      about 40 to 120.
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PAL  Copolyamides of a C.sub.19 diacid, a coacid selected from isophthalic acid,
      terephthalic acid, alkyl substituted isophthalic acid or esters thereof
      and a diamine selected from hexamethylene diamine and trimethyl
      hexamethylene diamine.
BSUM
PAR  This invention relates to high molecular weight, water insensitive,
      engineering plastics. More particularly, this invention relates to
      polyamides which are the condensation product of a diamine component which
      is hexamethylene diamine or trimethylhexamethylene diamine and an acid
      component which is a mixture of isophthalic acid, alkyl substituted
      isophthalic acid or terephthalic acid and a C.sub.19 diacid having the
      formula
      ##EQU1##
PAR  where x is from 1 to 15 and y from 1 to 15 and the total of x and y is 16.
      In making the polyamides of this invention, the methyl or ethyl esters of
      the above acids can be used as well as the acids.
PAC  BACKGROUND OF INVENTION
PAR  Engineering plastics are those that can be molded into shapes such as gear
      wheels and can retain these shapes against impact and strain. In order to
      meet these requirements the plastic should not crystallize but remain
      amorphous. The development of crystallinity in the plastic reduces its
      resistance to impact. As a rule of thumb, clear plastics are amorphous,
      while opaque plastics contain a high degree of crystallinity. In addition
      to remaining amorphous, the plastics must retain their tensile strength to
      resist breaking under strain. Many plastics which when dry display high
      tensile strengths lose tensile strength by absorbing small amounts of
      moisture from the atmosphere, Ideally engineering plastics neither become
      crystalline nor are sensitive to moisture.
PAR  The homopolymers of the C.sub.19 diacid identified above and hexamethylene
      diamine are known to the art. It is also known that these homopolymers are
      sensitive to moisture and after absorbing as little as one half of 1
      percent suffer drastic loss of tensile strength.
PAR  The homopolymers of isophthalic acid and terephthalic acids and
      hexamethylene diamine are known. These homopolymers reportedly become
      crystalline under certain conditions.
PAC  SUMMARY OF INVENTION
PAR  It has now been found that certain high molecular weight copolyamides
      wherein the acid component is a mixture of the above-identified C.sub.19
      diacid (also described as heptadecane dicarboxylic acid) and isophthalic
      acid, terephthalic acid or alkyl substituted isophthalic acid or esters
      thereof are excellent engineering plastics. Unlike the homopolyamides of
      C.sub.19 diacid and hexamethylene diamine or trimethylhexamethylene
      diamine, they are insensitive to moisture and retain their tensile
      strength and more important their resistance to deformation as measured by
      modulus of elasticity even though moisture is absorbed. Unlike the
      homopolyamides of isophthalic acid or terephthalic acid and hexamethylene
      diamine, the engineering plastics of this invention do not develop
      crystallinity. One method of forming these polyamides into engineering
      articles is to extrude the heated resin into a mold. Upon extrusion, the
      resin is usually in the form of a ball with air space between it and the
      sides of the mold. Mechanical pressure is then applied to squeeze the
      resin into the mold thus forming the resin. The resin is then allowed to
      cool and the finished article removed from the mold.
PAR  The copolyamides can be prepared by conventional methods. In the final
      condensation product the amine component and the total acid component are
      present in substantially a 1:1 equivalent ratio. Satisfactory product can
      be obtained, however, when there is a difference in equivalents of 0 to
      about 10%. Preferably the individual acid equivalent percentages of the
      total acid equivalents are about 85 to 20% terephthalic acid, alkyl
      substituted isophthalic acid wherein the alkyl group has 1 to 12 carbon
      atoms or isophthalic acid, and about 15 to 80% C.sub.19 diacid. The
      copolyamides are of sufficient molecular weight to produce logarithmic
      viscosity numbers of about 30 to 150 ml./g., and preferably about 40 to
      120 ml./g. measured in orthochlorophenol solvent at a concentration of
      0.005 g./ml. at a temperature of 30.degree.C. and determined according to
      ASTM Test Procedure D2857-70.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The heptadecane dicarboxylic acids useful in making the polyamide of this
      invention can be prepared by the addition of carbon monoxide and water to
      an unsaturated fatty acid, preferably oleic acid. Preparation is shown in
      Reppe and Kroper, Ann. 582, 63-65 (1953), herein incorporated by
      reference. The reaction involved is illustrated graphically below:
      ##EQU2##
PAR  where
      ##EQU3##
        represents the ethylene unsaturation of the fatty acid molecule.
PAR  An alternative method is to react the carbon monoxide and unsaturated fatty
      acid in the presence of hydrogen to get the aldehyde or alcohol or
      mixtures thereof which are then oxidized to the acid as shown below:
      ##EQU4##
PAR  The final acid product is a mixture of isomers having one more carbon atom
      than the starting material. Starting with a C.sub.18 unsaturated fatty
      acid such as oleic acid, the final product will be a mixture of isomers of
      the C.sub.19 diacids identified above. The product might also be regarded
      as a stearic acid substituted with a carboxy group along the fatty chain.
PAR  The preferred acid employed in this invention is the C.sub.19 diacids
      prepared from the oxonation of oleic acid. However, other C.sub.18
      unsaturated fatty acids such as linoleic, linolenic, ricinoleic and
      elaidic or mixtures thereof can be employed.
PAR  The isophthalic acid, terephthalic acid and alkyl substituted isophthalic
      acids where the alkyl group (R) contains 1 to 12 carbon atoms included in
      the polyamides have the respective formulas:
      ##SPC1##
PAR  The above acids, in the form of the acid, or their methyl or ethyl esters,
      are condensed with the amine component. The amidification reaction can be
      conducted by the classical melt polymerization technique, for example by
      heating the dicarboxylic acid and the diamine until substantially complete
      condensation takes place. The reaction can be completed at a temperature
      between about 100.degree.C. and 300.degree.C. The reaction is preferably
      conducted at temperatures between about 100.degree.C. and 300.degree.C.
      for from about 2.5 to 10 hours, about the last 1 to 2 hours being
      conducted under vacuum.
PAR  A typical heating schedule would appear as follows: Heating the mixture to
      a temperature of about 180.degree.C. to 250.degree.C. over a period of
      about 11/2 to 4 hours at atmospheric pressure, followed by a period of
      heating of about 1 to 4 hours at about 250.degree.C. to 270.degree.C. at a
      partial vacuum of about 15 to 20 mm. Hg. which in turn is followed by a
      period of about 10 to 30 minutes of heating under a vacuum of about 0.2 to
      10 mm. Hg.
PAR  It is preferred that the reaction be conducted in the presence of a
      polymerization catalyst, such as triphenyl phosphite.
PAR  Monocarboxylic acids, preferably the fatty acids containing 12 to 18 carbon
      atoms, more preferably 18 carbon atoms in amounts up to about 1.5
      equivalent percent, can be added to the acid component to control molten
      viscosity. Monocarboxylic aromatic acids such as benzoic acid can be used
      for this purpose.
PAR  The mechanical properties of the polyamides can be characterized on an
      Instron Tensile Tester Model TTC using ASTM D638-71a and D1708-66
      procedures. The polyamide is compression molded into a 6 inches .times.  6
      inches .times. sheet of approximately 0.04 inch thickness, at a
      temperature near its melting point (usually a few degrees higher than the
      melting point) and at 40,000 lbs. load or higher using silicone release
      agents as the parting agent in the mold. From this sheet, test specimens
      are die cut for determination of mechanical properties. The test specimen
      is clamped in the jaws of the Instron Tensile Tester. Cross head speed is
      usually 0.5 inch/minute for tensile strength, yield strength and
      percentage elongation measurements according to ASTM procedure D1708-66.
PAR  Measurement of modulus of elasticity is determined with a cross head speed
      of 0.05 inch/minute according to ASTM D638-71a using type IV specimen. The
      modulus of elasticity was determined on specimens which had been
      conditioned at 50% relative humidity for 1 week, as well as on specimens
      desiccated for the same period of time at 0% relative humidity. Comparison
      of these data reveals the relative moisture sensitivity of a given
      composition.
PAR  In addition to the tensile properties outlined above, the following
      properties of the polymers were measured:
PAR  1. Ball and ring melting point -- ASTM E28-67
PAR  2. Water absorption -- ASTM D570-63
PAR  3. Flexural modulus -- ASTM D790-66
DETD
PAR  Set out below are examples of typical preparation procedures of the
      copolyamides of this invention and the observed measurements of their
      physical properties. Included in Examples I, II and III for comparative
      purposes are typical preparations and properties of homopolyamides formed
      when the C.sub.19 diacid was condensed with hexamethylene diamine and
      trimethyl hexamethylene diamine respectively, and isophthalic acid was
      condensed with hexamethylene diamine. Examples IV, V and VI show typical
      preparations of the copolyamides from C.sub.19 diacid, hexamethylene
      diamine and isophthalic terephthalic and alkyl substituted isophthalic
      acids, and copolyamides from C.sub.19 diacid, trimethylhexamethylene
      diamine and isophthalic and terephthalic acids.
PAC  EXAMPLE I
PAC  Hexamethylene Diamine and C.sub.19 Acid Amidification Product:
      Poly(hexamethylene heptadecane dicarboxyamide)
PAR  The following substances were carefully weighed into a 1.5 liter stainless
      steel reactor designed for pressure operation.
TBL  ______________________________________                                    
     Reactant          Equivalents Grams                                       
     ______________________________________                                    
     Heptadecane dicarboxylic                                                  
                       2.44        402.60                                      
     acid*                                                                     
     Stearic acid      0.036       10.07                                       
     Hexamethylene diamine                                                     
                       2.475       214.15                                      
     (1,6)                                                                     
     Dow Corning Antifoam          0.10                                        
     A Compound (1% in xylene)                                                 
     Triphenyl phosphite           1.00                                        
     Water                         28.50                                       
     ______________________________________                                    
      *The heptadecane dicarboxylic acid was a mixture of isomers predominantly
      ##EQU5##
PAR  The boiling point of the mixture was 212 to 220.degree.C. and the melting
      point was 45 to 55.degree.C.
PAR  The reactor was sealed and pressurized to 100 psi. with high purity
      nitrogen gas; then vented to atmospheric pressure. Three such purges
      insured an inert atmosphere for the reaction. The reactants, in the closed
      vessel, were heated and stirred. At 150 psi. autogenic pressure and ca.
      190.degree.C. slow venting of H.sub.2 O vapor was begun. The temperature
      was raised to 250.degree.C. during the 105 minute venting process.
      Aspirator vacuum (ca. 20 mm Hg.) was applied to the stirred melt at
      260.degree.C. for 98 minutes upon completion of the venting process. Final
      condensation was effected with a 43 minute application of high vacuum (&lt;
      mm. Hg.). The vacuum was released by admitting nitrogen gas and the melt
      was extruded from the reactor. A clear, light colored solid resulted on
      cooling. The physical properties of the product were measured as described
      in the specification and the results are shown below:
TBL  Physical Properties                                                       
     ______________________________________                                    
     Color                  Clear                                              
     Logarithmic Viscosity  67.2                                               
     Number (ml./g.)                                                           
     24 Hour Water Absorption (%)                                              
                            0.540                                              
     Equilibrium Water      3.30                                               
     Absorption (%)                                                            
     Tensile Strength at Break                                                 
                            4,200                                              
     (lbf/in.sup.2)                                                            
     Tensile Strength at Yield                                                 
                            170                                                
     (lbf/in.sup.2)                                                            
     Elongation (%)         600                                                
     Modulus of Elasticity                                                     
     (lbf/in.sup.2)                                                            
     Dry                    5,700                                              
     Wet                    500                                                
     Flexural Modulus (lbf/in.sup.2)                                           
                            700                                                
     ______________________________________                                    
PAC  EXAMPLE II
PAC  Hexamethylene Diamine and Isophthalic Amidification Product:
      Poly(hexamethylene isophthalamide)
PAR  The following substances were carefully weighed into a 1.5 liter stainless
      steel reactor designed for pressure operation.
TBL  ______________________________________                                    
     Reactant         Equivalents Grams                                        
     ______________________________________                                    
     Isophthalic acid 3.226       270.63                                       
     Stearic acid     0.020       5.69                                         
     Hexamethylene diamine                                                     
                      3.279       281.30                                       
     (1,6)                                                                     
     Dow Corning Antifoam                                                      
     A Compound (1% in xylene)    0.08                                         
     Triphenyl phosphite          0.80                                         
     Water                        100.00                                       
     ______________________________________                                    
PAR  The amidification reaction was conducted using the procedure of Example I
      with the following modifications. The venting time was 145 minutes with
      the temperature rising to 270.degree.C. during that period. Final
      condensation was accomplished by a 45 minute application of aspirator
      vacuum at a temperature of 280.degree.C. The physical properties of the
      product were measured as described in the specification and the results
      are shown below:
TBL  Physical Properties                                                       
     ______________________________________                                    
     Color                   Clear                                             
     Logarithmic Viscosity   81.4                                              
     Number (ml./g.)                                                           
     Ball and Ring M.P. (.degree.C.)                                           
                             255                                               
     24 Hour Water Absorption (%)                                              
                             0.44                                              
     Equilibrium Water Absorption (%)                                          
                             2.54                                              
     Tensile Strength at Break                                                 
                             13,100                                            
     (lbf/in.sup.2)                                                            
     Tensile Strength at Yield                                                 
                             13,000                                            
     (lbf/in.sup.2)                                                            
     Elongation (%)          175                                               
     Modulus of Elasticity (lbf/in.sup.2)                                      
     Dry                     309,000                                           
     Wet                     294,000                                           
     Flexural Modulus (lbf/in.sup.2)                                           
                             480,000                                           
     ______________________________________                                    
PAC  EXAMPLE III
PAC  Trimethylhexamethylene Diamine and C.sub.19 Acid Amidification Product:
      Poly(trimethylhexamethylene heptadecane dicarboxyamide
PAR  The following reactants were mixed in a stainless steel reactor designed
      for pressure operation.
TBL  ______________________________________                                    
     Reactant         Equivalent  Grams                                        
     ______________________________________                                    
     Heptadecane dicarboxylic                                                  
                      2.21        364.65                                       
     acid*                                                                     
     Mixture of       2.26        178.00                                       
     2,4,4 and 2,2,4-tri-                                                      
     methyl hexamethylene                                                      
     diamine (1,6)                                                             
     Dow Corning Antifoam         0.10                                         
     A Compound (1% in xylene)                                                 
     Triphenyl phosphite          1.00                                         
     (catalyst)                                                                
     ______________________________________                                    
      *Same as in Example I?                                                   
PAR  The amidification reaction was conducted using the procedure of Example I
      with the following modifications. The venting time was 100 minutes.
      Aspirator vacuum was applied for a period of 75 minutes. Final
      condensation was affected during a period of ten minutes.
PAR  The physical properties of the product were measured as described in the
      specification and the results are shown below:
TBL  Physical Properties                                                       
     ______________________________________                                    
     Color                   Clear                                             
     Logarithmic Viscosity   70.7                                              
     Number (ml./g.)                                                           
     24 Hour Water Absorption (%)                                              
                             0.38                                              
     Equilibrium Water Absorption (%)                                          
                             1.95                                              
     Tensile Strength at Break                                                 
                             4,100                                             
     (lbf/in.sup.2)                                                            
     Tensile Strength at Yield                                                 
                             3,800                                             
     (lbf/in.sup.2)                                                            
     Elongation (%)          350                                               
     Modulus of Elasticity (lbf/in.sup.2)                                      
     Dry                     124,000                                           
     Wet                     100,000                                           
     Flexural Modulus (lbf/in.sup.2)                                           
                             33,000                                            
     ______________________________________                                    
PAC  EXAMPLE IV
PAC  C.sub.19 Diacid, Isophthalic Acid and Hexamethylene Diamine Amidification
      Products
PAR  The following substances were carefully weighed into a 1.5 liter stainless
      steel reactor designed for pressure operation.
TBL                 Samples                                                    
                    1           2           3           4                      
     Reactant       Eq.   Gr.   Eq.   Gr.   Eq.   Gr.   Eq.   Gr.              
     __________________________________________________________________________
     Heptadecane Dicarboxylic                                                  
                    0.49  80.85 1.22  201.3 1.46  239.4 2.49  410.9            
     acid*                                                                     
     Stearic Acid   0.011 3.03  0.0265                                         
                                      7.55  0.032 8.98  0.04  12.3             
     Isophthalic Acid                                                          
                    2.42  203.01                                               
                                2.03  170.30                                   
                                            0.812 114.6 0.73  60.4             
     Hexamethylene Diamine                                                     
                    2.950 250.18                                               
                                3.309 282.69                                   
                                            1.492 127.4 3.32  --               
     (aqueous solution)                                                        
     Dow Corning Antifoam                                                      
                    --    0.08  --    0.10  --    0.08  --    0.08             
     A Compound (1% in xylene)                                                 
     Triphenyl Phosphite                                                       
                    --    0.80  --    1.00  --    0.8   --    1.2              
     Water          --    100.00                                               
                                --    100.00                                   
                                            --    100.0 --    50.0             
     __________________________________________________________________________
      *Same as in Example I                                                    
PAL   sample 1 shows an amidification product wherein the C.sub.19 diacid is 17
      equivalent percent and the isophthalic acid is 83 equivalent percent of
      the total acid component. Sample 1 was prepared using the procedure of
      Example I with the following exception. The venting procedure took 135
      minutes with the temperature rising to 160.degree.C. during that period.
      The stirred melt was heated to 270.degree.C. at atmospheric pressure for a
      period of 125 minutes. Final condensation was effected with a 10 minute
      aspirator vacuum application.
PAR  Sample 2 shows an amidification product wherein the C.sub.19 diacid is 33
      equivalent percent and the isophthalic acid is 67 equivalent percent of
      the total acid component. Sample 2 was prepared using a procedure of
      Example I with the following exceptions. The venting process took 150
      minutes. The melt was stirred at atmospheric pressure and 270.degree.C.
      for 145 minutes. Final polymerization was accomplished by a 15 minute
      application of aspirator vacuum.
PAR  Sample 3 shows an amidification product wherein the C.sub.19 diacid is 65
      equivalent percent and isophthalic acid is 35 equivalent percent of the
      total acid component. Sample 3 was prepared using the procedure of Example
      I with the following exceptions. The venting process took 113 minutes
      while the temperature was raised to 250.degree.C. Aspirator vacuum was
      applied for 40 minutes. Mechanical oil pump vacuum (&lt;1 mm. Hg.) was
      applied for 110 minutes. The temperature was raised from 250.degree.C. to
      270.degree.C. during the final condensation.
PAR  Sample 4 shows an amidification product wherein the C.sub.19 acid is 77
      equivalent percent and isophthalic acid is 23 equivalent percent of the
      total acid component. Sample 4 was prepared using the procedure of Example
      I with the following exceptions. The venting process took 95 minutes while
      the temperature was raised to 250.degree.C. Aspirator vacuum was applied
      for 75 minutes. Mechanical oil pump vacuum (&lt;1 mm. Hg.) was applied for 45
      minutes. The temperature was raised from 250.degree.C. to 260.degree.C.
      during the final condensation.
PAR  The physical properties of the above copolyamides were measured and the
      results are shown below:
TBL  Physical Properties                                                       
                Sample                                                         
                1      2        3        4                                     
     ______________________________________                                    
     Color        Clear    Clear    Clear  Clear                               
     Logarithmic Vis-                                                          
                  69.7     88.4     81.6   81.5                                
     cosity Number                                                             
     ml./g.                                                                    
     Ball and Ring                                                             
                  269      228      210    220                                 
     M.P. (.degree.C.)                                                         
     24 Hour Water                                                             
                  0.39     0.49     0.52   --                                  
     Absorption (%)                                                            
     Equilibrium Water                                                         
                  21.7     3.80     3.11   --                                  
     Absorption (%)                                                            
     Tensile Strength                                                          
                  10,000   8,700    7,000  5,600                               
     at Break (lbf/in.sup.2)                                                   
     Tensile Strength                                                          
                  12,000   8,200    7,000  3,100                               
     at Yield (lbf/in.sup.2)                                                   
     Elongation (%)                                                            
                  200      240      320    370                                 
     Modulus of                                                                
     Elasticity (lbf/in.sup.2)                                                 
     Dry          286,000  229,000  181,000                                    
                                           135,000                             
     Wet          269,000  224,000  160,000                                    
                                           43,000                              
     Flexural Modulus                                                          
                  396,000  290,000  210,000                                    
                                           158,000                             
     (lbf/in.sup.2)                                                            
     ______________________________________                                    
PAC  EXAMPLE V
PAC  C.sub.19 Diacid, Isophthalic Acid or Terephthalic Acid
      Trimethylhexamethylene Diamine Amidification Products
PAR  The following substances were carefully weighed into a 1.5 liter stainless
      steel reactor designed for pressure operation:
TBL                 Sample 1  Sample 2                                         
     Reactant         Eq.     Gr.     Eq.   Gr.                                
     ______________________________________                                    
     Heptadecane dicar-                                                        
                      0.88    145.20  0.884 145.86                             
     boxylic acid*                                                             
     Stearic acid     0.019   5.45    0.019 5.47                               
     Isophthalic acid 1.38    115.77  --    --                                 
     Terephthalic acid                                                         
                      --      --      1.387 115.2                              
     Trimethylhexa-   2.302   182.07  2.313 184.80                             
     methylene Diamine                                                         
     (1,6)                                                                     
     Dow Corning Antifoam                                                      
                      --      0.08    --    0.08                               
     A Compound (1% in xylene)                                                 
     Triphenyl phosphite                                                       
                      --      0.8     --    0.8                                
     Water            --      100.00  --    100.00                             
     ______________________________________                                    
      *Same as in Example I                                                    
PAR  Sample 1 shows an amidification product wherein the C.sub.19 diacid is 39
      equivalent percent and isophthalic acid is 61 equivalent percent of the
      total acid component. Sample 1 was prepared using the procedure of Example
      I with the following exceptions. The venting process took approximately
      130 minutes with the temperature rising to 270.degree.C. during that
      period. Aspirator vacuum was applied to the stirred melt for 15 minutes.
      Final condensation was accomplished by a 120 minute application of high
      vacuum (&lt;1 mm. Hg.) at a temperature of 270.degree.C.
PAR  Sample 2 shows an amidification product wherein the C.sub.19 diacid is 39
      equivalent percent and the terephthalic acid is 61 equivalent percent of
      the total acid component. Sample 2 was prepared using the procedure of
      Example I with the following exception. The venting process took 167
      minutes with the temperature rising to 270.degree.C. during that period.
      Aspirator vacuum was applied for 35 minutes to the stirred melt, which was
      heated to 280.degree.C. to complete the condensation.
PAR  The physical properties of the products were measured as described in the
      specification and the results are shown below:
TBL  Physical Properties                                                       
                        Sample                                                 
                        1       2                                              
     ______________________________________                                    
     Color                Clear     Clear                                      
     Logarithmic Viscosity                                                     
                          52.8      74.0                                       
     Number (ml./g.)                                                           
     Ball and Ring M.P. (.degree.C.)                                           
                          193       222                                        
     24 Hour Water Absorption                                                  
                          0.27      0.32                                       
     (%)                                                                       
     Equilibrium Water    1.55      1.62                                       
     Absorption (%)                                                            
     Tensile Strength at  5,200     7,400                                      
     Break (lbf/in.sup.2)                                                      
     Tensile Strength at Yield                                                 
                          8,800     7,900                                      
     (lbf/in.sup.2)                                                            
     Elongation (%)       80        190                                        
     Modulus of Elasticity (lbf/in.sup.2)                                      
     Dry                  --        233,000                                    
     Wet                  250,000   227,000                                    
     Flexural Modulus (lbf/in.sup.2)                                           
                          --        330,000                                    
     ______________________________________                                    
PAC  EXAMPLE VI
PAC  C.sub.19 Diacid, t-Butylisophthalic Acid and Hexamethylene Diamine
      Amidification Product
PAR  The following substances were carefully weighed into a 1.5 liter stainless
      steel reactor designed for pressure operation:
TBL  Reactant         Eq.         Gr.                                          
     ______________________________________                                    
     Heptadecane dicarboxylic                                                  
                      1.463       241.4                                        
     acid*                                                                     
     Stearic acid     0.032       9.05                                         
     5-t-butylisophthalic acid                                                 
                      1.988       220.27                                       
     Hexamethylene diamine                                                     
                      3.518       301.84                                       
     (aqueous solution)                                                        
     Dow Corning Antifoam A                                                    
                      --          0.08                                         
     Compound (1% in xylene)                                                   
     Triphenyl phosphite (ca                                                   
                      --          1.2                                          
     (catalyst)                                                                
     ______________________________________                                    
      *Same as in Example I                                                    
PAR  The amidification reaction was conducted using the procedure of Example I
      with the following modifications. The venting time was 175 minutes with
      the temperature rising to 250.degree.C. during that period. Final
      condensation was accomplished by a 90 minute application of aspirator
      vacuum at 260.degree.C. followed by mechanical pump vacuum (&lt;1 mm. Hg.)
      for a period of 35 minutes at the same temperature.
PAR  The physical properties of the above copolyamide were measured and the
      results are shown below:
TBL  Physical Properties                                                       
     ______________________________________                                    
     Color                   Clear                                             
     Logarithmic Viscosity   81.5                                              
     Number (ml./g.)                                                           
     Ball and Ring M.P. (.degree.C.)                                           
                             220                                               
     Tensile Strength at Break                                                 
                             8400                                              
     (lbf/in.sup.2)                                                            
     Tensile Strength at Yield                                                 
                             8700                                              
     (lbf/in.sup.2)                                                            
     Elongation (%)          180                                               
     Modulus of Elasticity (lbf/in.sup.2)                                      
     Dry                     220,000                                           
     Wet                     210,000                                           
     Flexural Modulus (lbf/in.sup.2)                                           
                             420,000                                           
     ______________________________________                                    
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A noncrystalline, moisture insensitive polyamide consisting essentially
      of an amidification product of an acid component of (a) a mixture of
      isomers of heptadecane dicarboxylic acid having the formula
      ##EQU6##
PAR  wherein x is an integer from 1 to 15, y is an integer from 1 to 15 and the
      sum of x and y is 16, and (b) an acid which is isophthalic acid,
      terephthalic acid, alkyl substituted isophthalic acid wherein the alkyl
      radical has from 1 to 12 carbon atoms or mixtures thereof; wherein the
      equivalent percentage of the heptadecane dicarboxylic acid in the acid
      component is from about 15 to 80% and of the acid which is isophthalic
      acid, terephthalic acid, alkyl substituted isophthalic acid or mixtures
      thereof is from about 85 to 20% based on the total acid component; and a
      diamine component which is hexamethylene diamine, or
      trimethylhexamethylene diamine, wherein the equivalents of the acid
      component and the diamine component are substantially equal, wherein the
      amidification reaction is conducted at a temperature between about
      100.degree.C. and 300.degree.C., and wherein the amidification product has
      a logarithmic viscosity number of about 30 to 150 as measured in
      orthochlorophenol solvent at a concentration of 0.005 g./ml. by weight and
      at a temperature of 30.degree.C.
PAR  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  2.
PAR  2. The polyamide of claim 1 wherein the logarithmic viscosity number is
      from about 40 to 120.
NUM  3.
PAR  3. The polyamide of claim 1 wherein the acid component is heptadecane
      dicarboxylic acid and isophthalic acid.
NUM  4.
PAR  4. The polyamide of claim 1 wherein the acid component is heptadecane
      dicarboxylic acid and terephthalic acid.
NUM  5.
PAR  5. The polyamide of claim 1 wherein the acid component is heptadecane
      dicarboxylic acid and alkyl substituted isophthalic acid having the
      formula
      ##SPC2##
PAL  wherein R is an alkyl radical having from 1 to 12 carbon atoms.
NUM  6.
PAR  6. The polyamide of claim 1 wherein the acid component includes a
      monocarboxylic acid in an amount up to about 1.5 equivalent percent of the
      acid component.
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ABST
PAL  A radical initiator-curable diallyl ester composition consisting
      essentially of 80 - 100% by weight of the following components (A) and
      (B):
PAL  A. a prepolymer wherein
PA1  1. 70 - 100 mole % of its structural units are derived from a diallyl ester
      selected from the group consisting of
PA2  A. a diallyl ester of benzenedicarboxylic acid having the formula (I)
      ##SPC1##
PA2  b. a diallyl ester of cyclohexanedicarboxylic acid having the formula (II)
      ##SPC2##
PA2  c. a mixture of the above (a) and (b); and
PA1  2. 30 - 0 mole % of its structural units are derived from other compounds
      selected from monomeric diallyl esters of dibasic acids and other monomers
      and polymers, said compound being copolymerizable with said (a) - (c)
      under the conditions of forming said prepolymer; and
PAL  B. a monomer of a diallyl ester of naphthalenedicarboxylic acid having the
      formula (III)
      ##SPC3##
BSUM
PAR  This invention relates to a radical initiator-curable composition composed
      of a major amount of a prepolymer of a diallyl ester of
      benzenedicarboxylic acid and/or cyclohexanedicarboxylic acid and a minor
      amount of a diallyl ester of naphthalenedicarboxylic acid, which
      composition has a markedly improved stability of its flow during its
      molding as well as molding suitability as evidenced by an improvement in
      the quality of the molded product. This invention also relates to the
      cured resin obtained therefrom.
PAR  The radical initiator-curable diallyl ester compositions obtained by
      incorporating in the prepolymer of a diallyl ester of benzenedicarboxylic
      acid, such as diallyl orthophthalate or diallyl isophthalate, a small
      amount of a monomer of these diallyl esters have been known hitherto. The
      cured resins obtained by curing these compositions are being widely used
      in view of their possession of excellent dimensional stability, thermal
      resistance and resistance to chemicals. However, in the case of these
      conventional diallyl ester compositions, their flow during molding has not
      been improved to such an extent as to be fully satisfactory, with the
      consequence that it is necessary to carry out the molding under a
      considerably high pressure. Again, since this flow is not stable, there is
      a tendency to the flow deviating from the range of flow considered
      desirable. Hence, difficulty is experienced in obtaining shaped articles
      with good reproducibility. Further, such a defect as undesirable hardening
      of the composition during its storage or in the molding machine frequently
      occurred. For instance, in the case of the diallyl isophthalate prepolymer
      or the molding material thereof, when 6 months elapse at room temperature
      in the case of the former and more than three months elapse in the case of
      the latter a marked change takes place in the properties of these
      materials. As a means of improving the flow of such a diallyl ester resin
      composition a method of using a large amount of a monomer of either
      diallyl orthophthalate or diallyl isophthalate has been practiced in the
      past. However, in this method the resinous composition becomes too soft to
      result in a decline in the pulverizability of the composition. In
      consequence, difficulty is experienced in processing the composition into
      such forms as chips, powder, flakes or granules. Again, there are such
      shortcomings as the moldability of the composition declining to result in
      the charging of the molding machine becoming difficult in carrying out the
      injection molding operation, or the dimensional stability declining to
      cause a marked increase in the molding shrinkage. Further, the thermal
      resistance of the cured resins obtained from these resinous compositions
      is not of such excellence as to be fully satisfactory. For instance, the
      deflection temperature under load of the diallyl orthophthalate cured
      resin is 155.degree.C., and the reduction in weight of the resin when
      exposed for 2 hours to 260.degree.C. air is as high as 10%.
PAR  In consequence of our researches with a view to obtaining a radical
      initiator-curable composition which, before molding, excels in
      pulverizability and storage stability, as well as excels in its flow
      during molding, stability of its fluidity in the molding machine and
      dimensional stability and which, after molding, provides with excellent
      quality reproductibility a diallyl ester cured resin excelling in thermal
      resistance, resistance to attack by chemicals and electrical properties,
      we found that the foregoing object could be effectively attained by a
      composition consisting essentially of 80 - 100% by weight, and preferably
      90 - 100% by weight, of the following components (A) and (B):
PAR  A. a prepolymer wherein
PA1  1. 70 - 100 mole % of its structural units are derived from a diallyl ester
      selected from the group consisting of
PA2  a. a diallyl ester of benzenedicarbocylic acid having the formula (I).
      ##SPC4##
PA2  wherein the R's, which may be the same or different, are hydrogen or
      methyl, and n is an interger from 1 to 2,
PA2  b. a diallyl ester of cyclohexanedicarboxylic acid having the formula (II)
EQU  (R).sub.n H--COOCH.sub.2 CR=CH.sub.2).sub.2                (II)
PA2  wherein the R's and n are as defined above, and
PA2  c. a mixture of the above (a) and (b); and
PA1  2. 30 - 0 mole % of its structural units are derived from a member selected
      from monomeric diallyl esters of dibasic acids and other monomers and
      polymers, which are copolymerizable with said (a) - (c) under the
      conditions of forming said prepolymer; and
PAR  B. a monomer of a diallyl ester of naphthalienedicarboxylic acid having the
      formula (III)
      ##SPC5##
PAL  wherein the R's are as above defined and m is an integer from 1 to 4, which
      groups --COOCH.sub.2 CR=CH.sub.2 are attached in either the 2,7-, 1,5- or
      2,6-position;
PAL  said monomer (B) being contained in an amount of 5 - 50%, and preferably
      5-20%, by weight based on said prepolymer (A), and the remaining 20 - 0%,
      and preferably 10 - 0%, by weight of said composition being other monomers
      or polymers copolymerizable with a member selected from the group
      consisting of said prepolymer (A) and said monomer (B) at the conditions
      under which said composition is cured.
PAR  It is therefore an object of this invention to provide a radical
      initiator-curable diallyl ester composition having the aforementioned
      improved properties and also a cured resin thereof in the form of a shaped
      article.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description.
PAR  As specific examples of the diallyl esters of benzenedicarboxylic acid of
      the foregoing formula (I), included are diallyl orthophthalate, diallyl
      isophthalate, diallyl terephthalate, diallyl methylisophthalate, diallyl
      methylterephthalate, diallyl methylorthophthalate, dimethallyl
      orthophthalate, dimethallyl isophthalate and dimethallyl terephthalate. On
      the other hand, as specific examples of the diallyl esters of
      cyclohexanedicarboxylic acid of the foregoing formula (II), mention can be
      made of diallyl (trans and cis-hexahydrophthalate), diallyl (trans and
      dis-hexahydroisophthalate), diallyl (trans and
      cis-hexahydroterephthalate), diallyl (trans and
      cis-hexahydromethylisophthalate) and diallyl (trans and
      cis-hexahydromethylterephthalate). The homo- or coprepolymers derived from
      one or more classes of these diallyl esters of dicarboxylic acids can be
      utilized. Of these, especially to be preferred is the utilization of
      either the homo- or coprepolymers derived from at least one of the
      dicarboxylic acid diallyl esters selected from the group consisting of
      diallyl isophthalate, diallyl methylisophthalate, diallyl
      (cis-hexahydroterephthalate) and diallyl (cis-hexahydroisophthalate). Not
      only can these homo- and coprepolymers be used simply, but also a
      plurality thereof can be used conjointly.
PAR  The aforesaid prepolymer (A) used in the present invention is preferably
      one which is substantially linear and of a number average molecular weight
      of about 1000 - about 50,000. Those having a number average molecular
      weight of about 2000 - about 20,000 are most preferably used. Further,
      this prepolymer (A) is one whose iodine value is preferably 30 - 100, and
      more preferably 40-90.
PAR  The method of preparing the prepolymer (A) is well known. For instance, it
      can be readily prepared by a procedure consisting of heating the
      aforementioned dicarboxylic acid diallyl esters as such or after dilution
      with a solvent, in the presence or absence of a free radical initiator,
      terminating the reaction at a point usually where about 5 - 50 weight % of
      the aforesaid diallyl ester has been consumed, and then separating the
      unreacted component or residual solvent from the reaction mixture. While
      the reaction temperature can be varied within a broad range depending upon
      such factors as the class of the free radical initiator used or the
      pressence or absence of a solvent and its class and amount used, usually a
      temperature ranging between 75.degree. and 200.degree.C. is preferably
      used.
PAR  Especially in the case where a peroxide is used as the free radical
      initiator, it is convenient to use an organic solvent and operate at a
      temperature of 80.degree. - 140.degree.C. under total reflux conditions by
      adjusting the refluxing temperature. While this reaction can be carried
      out at pressures extending over a broad range from reduced pressure to
      superatmospheric pressure, usually the reaction is conveniently carried
      out at atmospheric pressure.
PAR  As the solvent that is preferably used in the foregoing reaction, included
      are the lower aliphatic alcohols of not more than 5 carbon atoms such, for
      example, as n-propanol and sec-butanol; the aromatic hydrocarbons such,
      for example, as benzene, toluene, xylene, ethylbenzene and
      isopropylbenzene; and the lower aliphatic ketones such, for example, as
      acetone, methyl ethyl ketone and methyl isobutyl ketone. The use of a
      solvent is to be preferred, since it serves to facilitate the adjustment
      of the temperature of the reaction system as well as to maintain the
      reaction system in a uniform state.
PAR  On the other hand, usable as the radical initiators are, for example, the
      organic peroxides such as benzoyl peroxide, t-butylhydroperoxide and
      t-butylperbenzoate; the azo compounds such as 2,2'-azobisisobutyronitrile;
      and other like substances. The use of these radical initiators in an
      amount of usually 0.05 - 10% by weight of the starting materials is
      sufficient.
PAR  The prepolymer (A) used in this invention can contain, in addition to at
      least one class of the structural units selected from the diallyl esters
      of the foregoing formulas (I) and (II), a minor amount, usually not more
      than 30 mole %, and preferably not more than 15 mole %, of structural
      units derived from diallyl esters of other dibasic acids and a monomer or
      polymer having an unsaturated double bond and copolymerizable with the
      diallyl esters of the foregoing formulas (I) and (II).
PAR  The foregoing propolymer (A) can be obtained by carrying out the reaction
      by substituting for a minor portion of the dicarboxylic acid diallyl
      esters either, a diallyl ester of other dibasic acids or a monomer or
      polymer having an unsaturated double bond and copolymerizable with the
      diallyl esters of the foregoing formulas (I) and (II) in preparing the
      prepolymer of dicarboxylic acid diallyl ester.
PAR  As the foregoing copolymerizable monomer or polymer having an unsaturated
      double bond, mention can be made of such, for example, as the vinyl
      monomers as acrylonitrile, styrene and methyl methacrylate; the diallyl
      and dimethallyl esters of dibasic acids such as naphthalenedicarboxylic
      acid, diphenyldicarboxylic acid, diphenylmethanedicarboxylic acid,
      diphenylsulfonedicarboxylic acid, maleic acid, fumaric acid, adipic acid,
      muconic acid, dimethylmuconic acid, and
      hexachloroendomethylenetetrahydrophthalic acid; the monoallyl esters of
      monobasic acids such as allyl benzoate, allyl methacrylate and allyl
      naphthoate; the polyallyl esters such as trimellitic acid triallyl ester,
      triallyl cyanurate, triallyl isocyanurate, triallyl phosphate and
      naphthalenetetracarboxylic acid tetraallyl ester; 1,2-polybutadiene and
      1,4-polybutadiene. The resulting prepolymer (A) containing a minor amount
      of other structural units, as indicated above, can be used in the
      invention method in like manner as in the case of the aforementioned
      prepolymer.
PAR  As the diallyl ester of naphthalenedicarboxylic acid of the foregoing
      formula (III), which is used in this invention in an amount of 5 - 50%,
      and preferably 5 - 20%, by weight of the prepolymer (A), included are, for
      example, the diallyl and dimethallyl esters of the 1,5-, 2,6- or
      2,7naphthalenedicarboxylic acid. Of these, most preferably used are the
      diallyl esters of 2,7- and 2,6-naphthalenedicarboxylic acids. These
      monomers of formula (III) can be used either singly or in combinations of
      two or more thereof.
PAR  The radical initiator-curable diallyl ester composition of this invention
      consists essentially of a prepolymer (A) and a monomer (B), such as above
      described. And, as previously indicated, the monomer (B) is used in an
      amount of 5 - 50%, and preferably 5 - 20%, by weight of the prepolymer
      (A). When the proportion of the monomer (B) in the composition is less
      than the lower limit indicated above, the flow, thermal resistance, and
      the storage stability or the stability of flow in the molding machine show
      a decline. On the other hand, when the proportion of the monomer (B) in
      the composition exceeds the upper limit indicated above, the curing
      reaction becomes slow and the time required for the molding becomes
      excessively long, with the consequence that satisfactory shaped articles
      cannot be obtained by operating under the usual molding conditions.
PAR  Another important feature of the present invention resides in the fact
      that, as previously indicated, while retaining the property that the
      daillyl composition is readily pulverizable its flow during molding has
      been improved greatly. That is to say, it has been the practice in the
      past to increase the monomer such as diallyl orthophthalate or diallyl
      isophthalate beyond the amount considered suitable for improving the flow
      of the curable diallyl composition. However, since in this case these
      monomers are liquid, tackiness of the composition results to make its
      comminution impossible, or troubles such as form retention difficulties
      occur due to the blocking phenomenon during the composition's storage. On
      the other hand, when the invention monomer (B) is used, these troubles at
      the time of comminution or storage do not happen at all, and the
      improvement in the flow is readily attained.
PAR  Further, the invention composition can also contain minor amounts of other
      monomers or polymers (C) that are copolymerizable with said prepolymer
      and/or monomer at the conditions under which said composition is cured.
PAR  As specific examples of these monomers and polymers (C), mention can be
      made of the vinyl monomers such as acrylonitrile, styrene and
      methacrylate; the diallyl and dimethallyl esters of such dibasic acids as
      orthophthalaic acid, isophthalic acid, terephthalic acid,
      methylorthophthalic acid, methylisophthalic acid, methylterephthalic acid,
      trans- and cis-hexahydroorthophthalic acids, trans- and
      cis-hexahydroisophthalic acids, and trans- and cis-hexahydroterephthalic
      acids; the diallyl and dimethallyl esters of such dibasic acids as
      diphenylmethanedicarboxylic acid, diphenyldicarboxylic acid,
      diphenylsulfonedicarboxylic acid,
      hexachloroendomethylenetetrahydrophthalic acid, maleic acid, fumaric acid,
      sebacic acid and adipic acid; the prepolymers of these dibasic acid
      diallyl esters and/or dimethallyl esters; the prepolymers of the
      naphthalenedicarboxylic acid diallyl esters; the monoallyl esters of
      monobasic acids, such as allyl benzoate, allyl methacrylate and allyl
      naphthoate; the polyallyl esters such as trimellitic acid triallyl ester,
      triallyl cyanurate, triallyl disocyamurate, triallyl phosphate and
      naphthalenetetracarboxylic acid tetrallyl ester; and 1,2- and
      1,4-polybutadiene and the unsaturated polyesters.
PAR  These monomers and/or polymers (C) can be used in an amount of 20 - 0% by
      weight, preferably 10 - 0% by weight, of the total composition. Of these
      monomers, in the case of especially diallyl orthophthalate, diallyl
      isophthalate and diallyl terephthalate, which are monomers that are liquid
      at room temperature, it is best that these be used in an amount of not
      more than 10% by weight, since adverse effects will be had on the
      resulting resin when used in excess.
PAR  The invention composition is curable with the radical initiators. While the
      amount used of the radical initiator and the curing temperature are
      suitably varied in accordance with the makeup of the composition and the
      class of initiator used, the amount usually used is preferably about 0.5 -
      5% by weight based on the total of the aforesaid components (A) and (B)
      and, as the case may be, the component (C). And a curing temperature
      usually in the range of about 100 - 200.degree.C. is used. As this radical
      initiator, preferably used are such organic peroxides as
      di-tertiary-butylperoxide, ditertiary-amylperoxide, benzoyl peroxide,
      tertiary-butylperbenzoate, ditertiary-butylhydroperoxide and
      dicumylperoxide. Irradiation with electron beam is also effective. For
      instance, when curing the invention composition on the surface of a
      substrate, the polymerization and cure of the composition can be
      accomplished in an extremely short period of time by irradiation with
      electron beam of the order of 0.5 - 70 Mrad, thus forming a cured coating
      on the surface of the substrate.
PAR  Further, the properties of the resulting cured resin can be improved still
      further by incorporating in the resinous composition of the invention, as
      required, such additives as fillers, mold releasing agents, polymerization
      accelerators, polymerization retarders, stabilizers, pigments and silane
      coupling agents to an extent that does not impair the effects of the
      invention composition.
PAR  As the foregoing fillers, included are the inorganic fillers such, for
      example, as mica, asbestos, powdered glass, silica, clay, titanium
      dioxide, magnesium oxide, alumina, asbestos fibers, silica fibers, glass
      fibers, silicate glass fibers, alumina fibers, carbon fibers, boron
      fibers, baryllium fibers, steel fibers and whiskers; and the organic
      fillers such as polyethylene, polypropylene, polyvinyl chloride, polyvinyl
      fluoride, polymethyl methacrylate, aliphatic and aromatic polyamides,
      polyimides, polyesterimides, polyamideimides, pulp, acrylic fibers,
      polyester fibers, such as polyethylene terephthalate, cotton and rayon.
      The amounts in which these fillers are used can be varied over broad
      limits, but preferred is an amount ranging from 20 to 500% by weight based
      on the total of the prepolymer (A) and monomer (B) and, as the case may
      be, the copolymerizable other monomer and/or polymer (C).
PAR  As the properties of the filler have an effect on the properties of the
      cured product, the class and amount of the filler used are chosen in
      accordance with the properties desired in the intended cured product. For
      instance, when the requirement is that the cured product be especially
      resistant to heat, an inorganic filler or an organic filler excelling in
      thermal resistance (e.g. polyvinyl fluorine, polybutadiene, an aromatic
      polyamide, polyimide, polyamideimide and polyesterimide) is chosen. When
      using these fillers, their mixing with the prepolymer can be accomplished
      readily and uniformly by a procedure consisting of, say, dissolving the
      foregoing prepolymer in an organic solvent.
PAR  As the solvent for use in this case, included are such, for example, as the
      aromatic hydrocarbons as benzene and toluene, the ketones as acetone and
      methyl ethyl ketone and the lower carboxylic acid esters as ethyl acetate.
      These solvents can also be used as a mixture.
PAR  As the mold releasing agents, there can be named such, for example, as
      stearic acid, lauric acid, and the metal salts of these acids, e.g.,
      calcium stearate and zinc stearate. These mold releasing agents can be
      preferably used in an amount of 0.1 - 3% by weight based on the total of
      the aforesaid components (A) and (B) and, as the case may be, the
      component (C).
PAR  The aforementioned polymerization accelerator is effective in enhancing the
      molding speed or reducing the molding temperature. Preferably used as this
      polymerization accelerator are the organic cobalt compounds such, for
      example, as cobalt naphthanate and cobalt caprylate. These are preferably
      used in an amount of about 0.1% -- about 3% by weight based on the total
      of the aforesaid components (A) and (B) and, as the case may be, the
      component (C).
PAR  On the other hand, the aforementioned polymerization retarder or stabilizer
      controls the molding speed and is effective in producing shaped articles
      with a uniform finish. For this purpose, usable are such, for example, as
      hydroquinone, n-propylgallate, p-benzoquinone, tetramethylthiuram
      disulfide and paramethoxyphenol. These are preferably used in an amount of
      about 0.001% -- about 0.1% by weight based on the total of the aforesaid
      components (A) and (B) and, as the case may be, the component (C).
PAR  As the pigments, there are, for example, carbon black, ceramic black,
      phthalocyanin blue, phthalocyanin green, titan yellow and titan white,
      which pigments can be used in such amounts as are required to obtain the
      desired coloring. Further, as the silane coupling agent, mention can be
      made of the vinyl silanes (e.g. vinyl-tri (beta-methylethoxy(silane), the
      aminosilanes (e.g. gamma-aminopropyltriethoxysilane), and the epoxidized
      silanes (e.g. glycidoxypropyltrimethoxysilane). The use of these in an
      amount of about 0.1% - about 5% by weight based on the total of the
      aforesaid components (A) and (B) and, as the case may be, the component
      (C) will suffice.
PAR  The radical initiator-curable diallyl ester composition of this invention
      can also be cured by exposure to light, radiation or electron beam.
PAR  As specific curing and molding methods, the following can be mentioned; for
      example:
PAR  1. The compression molding method wherein the starting material is placed
      in a mold and then cured by heating under pressure;
PAR  2. The injection molding or transfer molding method wherein the starting
      material is imparted fluidity by heating and then introduced into a mold
      where the polymerization and cure is carried out;
PAR  3. The laminate molding method wherein the starting material is dissolved
      in an organic solvent, after which the resulting solution is impregnated
      into a fibrous sheet such as a glass mat, nonwoven fabric, etc., followed
      by removing the solvent by drying and thereafter polymerizing and curing
      the starting material inside the fibrous sheet;
PAR  4. The coating method which comprises coating a substrate with either a
      solvent solution of the starting material or the starting material in
      finely divided form and then polymerizing and curing the starting material
      thereon; and
PAR  5. The decorative laminate molding method wherein, say, a printed paper is
      impregnated with a solution of the starting material and, after driving
      off the solvent by precuring, it is heat-pressed onto a substrate thereby
      effecting its polymerization and cure.
PAR  As fully described hereinabove, the invention resinous composition excels
      in its pulverizability and storage stability before its molding, as well
      as excels in its flow, stability of its flow in the molding machine and
      dimensional stability at the time of its molding, and furthermore excels
      in its thermal resistance, resistance to chemicals and electrical
      properties after its molding.
DETD
PAR  The following examples are given for more fully illustrating the present
      invention. In the examples the parts are in all cases on a weight basis.
      The flexural property was measured in accordance with ASTM Method D-790,
      the heat deflection temperature under load was measured in accordance with
      ASTM Method D-648, the volume and surface resistivities were measured in
      accordance with ASTM Method D-257, the dielectric constant and discipation
      facter were determined in accordance with ASTM Method D-150 (1 KHZ), and
      the arc resistance was measured in accordance with ASTM Method D-495 (W
      electrode).
PAC  EXAMPLES 1 - 3 and Controls 1 - 3
PAR  One hundred parts by weight of a prepolymer of diallyl orthophthalate
      (number average molecular weight 9000, iodine value 64) was admixed with
      2,6-naphthalenedicarboxylic acid diallyl ester (crystalline powder of m.p.
      84.degree.C., hereinafter abbreviated to 2,6-DAN) or, as control, diallyl
      orthophthalate in an amount indicated in Table 1, after which the
      resulting mixture was dissolved in an equivalent of acetone. To this
      solution were then added chopped glass strands (FECS 0405 produced by Fuji
      Glass Fiber Co., Japan) of 6 mm length in an amount equivalent to the
      total resinous components consisting of the prepolymer and monomer, 2/100
      amount of the total resin of tert.butylperoxide and 2/100 amount of the
      total resin of calcium stearate followed by thorough mixing in a kneader.
      This was followed by air drying the mixture and then kneading it for 5
      minutes with hot rollers held at 100.degree.C., after which the mass was
      comminuted to obtain a molding material.
PAR  For determining the flow and storage stability of the so obtained molding
      material, the amount of plunger descent immediately after the preparation
      of the molding material and after the passage of a one-year period at
      25.degree.C. and 65% relative humidity were measured. These measurements
      were conducted with a Koka type flow tester, the measurements being made
      by reading the amount of plunger descent after passage of one minute under
      the conditions of a nozzle having a diameter of 1.0 mm and a length of 1.0
      mm, a cylinder diameter of 10 mm, a temperature of 100.degree.C., a
      pressure of 50 kg/cm.sup.2 and a preheating time of 1 minute. The ratio of
      the amount of plunger descent after the passage of one year to that
      immediately after the preparation of the molding material was used as the
      criterion of the storage stability. For testing the stability of the
      molding material in the molding machine, the molding was carried out after
      causing the molding material to dwell for 30 minutes in the cylinder
      during its molding in an injection molding machine (Model N-100
      manufactured by Nippon Seikojo K. K., cylinder 90.degree.C., mold
      160.degree.C.). On the other hand, the molding shrinkage was determined by
      carrying out the compression molding of the molding material, using a disk
      mold 100 mm in diameter. The conditions in this case was as follows:
      preheating for 5 minutes with a 250-watt infrared lamp, a mold temperature
      of 170.degree.C., a pressure of 50 kg/cm.sup.2 and a curing time of 6
      minutes. For testing the curability of the molding material, the
      "Curelastometer" Model II manufactured by Japan Synthetic Rubber Company
      was used under the conditions of a mold temperature of 170.degree.C., an
      amplitude of .+-. 0.5.degree. and an oscillatory speed of 6 cycle per
      minute, the time until 90% cure being measured. On the other hand, for
      determining the thermal resistance of the resulting cured resin, the cured
      resin was heat treated for 2 hours in a hot air circulating type constant
      temperature chamber whose temperature was set at 260.degree.C. The weight
      and flexural strength of the resin before and after the treatment were
      measured and the rates of decline in weight and flexural strength were
      obtained. The results are shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Experiment No.     Example 1                                              
                               Example 2                                       
                                      Example 3                                
                                             Control 1                         
                                                    Control 2                  
                                                           Control             
     __________________________________________________________________________
                                                           3                   
     Composition of resin (wt pts)                                             
     Prepolymer (A)     100    100    100    100    100    100                 
     2,6-DAN (B)        5      10     20     120    --     --                  
     DAP (C)            --     --     --     --     5      10                  
     Properties of molding material                                            
     Pulverizability    Excellent                                              
                               Excellent                                       
                                      Excellent                                
                                             Good   Good   Poor                
     Amount of plunger descent (mm/min)                                        
      Immediately after preparation                                            
                        7.2    10.5   12.5   &gt;40    1.0    4.0                 
      After passage of one year                                                
                        5.9    9.5    10.8   &gt;40    0.6    2.5                 
      Retention (%)     82     91     86     --     60     63                  
     Curability (Curelastometer) (min)                                         
                        2.3    2.7    3.3     &gt;10*.sup.1)                      
                                                    2.2    2.6                 
     Moldability after 30-minute                                               
     dwell in cylinder  Good   Good   Good   Good   Poor*.sup.2)               
                                                           Poor*.sup.2)        
     Molding shrinkage (%)                                                     
                        0.4    0.3    0.3    *.sup.3)                          
                                                    0.7    0.9                 
     Properties of cured resin                                                 
     Heat deflection temperature (.degree.C)                                   
                        180    205    210    --     150    145                 
     Flexural strength (kg/mm.sup.2)                                           
                        7.6    8.4    8.5    --     7.2    6.7                 
     Thermal resistance on heat treatment                                      
     for 2 hours at 260.degree.C.                                              
     Weight reduction (%)                                                      
                        5      3      2      --     12     14                  
     Flexural strength (kg/mm.sup.2)                                           
                        4.6    6.4    6.8    --     2.0    1.7                 
     Flexural strength retention (%)                                           
                        61     76     80     --     28     25                  
     Electrical properties                                                     
     Dielectric constant (1 KHz) - Untreated                                   
                        3.7    3.5    3.5    --     3.9    4.2                 
      Boiling treatment*.sup.4)                                                
                        3.8    3.6    3.6    --     4.1    4.5                 
     Dielectric tangent (1 KHz) .times. 10.sup.4                               
      Untreated         60     42     51     --     90     95                  
      Boiling treatment*.sup.4)                                                
                        90     61     75     --     120    158                 
     Volume resistivity (.OMEGA.-cm)                                           
      Untreated         5 .times. 10.sup.15                                    
                               6 .times. 10.sup.16                             
                                      7 .times. 10.sup.16                      
                                             --     3 .times. 10.sup.14        
                                                           6                   
                                                           .times. 10.sup.14   
      Boiling treatment*.sup.4)                                                
                        4 .times. 10.sup.15                                    
                               8 .times. 10.sup.15                             
                                      3 .times. 10.sup.15                      
                                             --     5 .times. 10.sup.13        
                                                           5                   
                                                           .times. 10.sup.13   
     Surface resistivity (.OMEGA.) - Untreated                                 
                        2 .times. 10.sup.16                                    
                               8 .times. 10.sup.16                             
                                      4 .times. 10.sup.16                      
                                             --     8 .times. 10.sup.15        
                                                           2                   
                                                           .times. 10.sup.15   
      Boiling treatment*.sup.4)                                                
                        8 .times. 10.sup.15                                    
                               2 .times. 10.sup.16                             
                                      9 .times. 10.sup.15                      
                                             --     4 .times. 10.sup.13        
                                                           3                   
     __________________________________________________________________________
                                                           .times. 10.sup.13   
      *.sup.1) The cure was slow, and moreover the flow was so great that the  
      composition flowed out of the mold.                                      
      *.sup.2) Hardening took place in the cylinder, and the flow of the       
      composition was stopped.                                                 
      *.sup.3) The flow was too great, with the consequence that the           
      mold-ability, rather than being improved, became poor. Further, the cured
      product broke when being removed from the mold.                          
      *.sup.4) Boiled in water for 2 hours.                                    
      Abbreviations:                                                           
      DAP stands for diallyl orthophthalate.                                   
      DAN stands for diallyl naphthalate.                                      
PAC  EXAMPLE 4
PAR  To a mixture of 90 parts of diallyl isophthalate and 10 parts of diallyl
      (hexachloroendomethylenetetrahydrophthalate) was added 0.1 part of benzoyl
      peroxide, after which the mixture was polymerized for 2.5 hours at
      100.degree. - 120.degree.C. The polymerization mixture was then poured
      into a 20-fold amount of methanol and precipitated to obtain as a white
      precipitate a precopolymer (DAIP-DAHET) of the foregoing diallyl
      isophthalate and diallyl(hexachloroendomethylenetetrahydrophthalate).
PAR  After mixing 20 parts of 2,6-DAN with 100 parts of the so obtained
      coprepolymer (number average molecular weight 7800, iodine value 69,
      chlorine content 3.3weight %), the experiment was carried out as in
      Example 1 in mixing and kneading with this mixture 60 parts of calcium
      carbonate (SL-300 produced by Takehara Chemical Company, Japan), 120 parts
      of chopped strands (fiber length 6 mm produced by Fuji Fiber Glass
      Company), 2 parts of tert.-butylperbenzoate and 2 parts of calcium
      stearate followed by comminution of the resulting mass to obtain a molding
      material.
PAR  The properties of the so obtained molding material and the cured resin
      obtained therefrom are shown in Table 2.
PAC  EXAMPLE 5
PAR  One hundred parts of a prepolymer of diallyl orthophthalate (the same
      prepolymer as that of Example 1), 5 parts of a prepolymer of 2,6-DAN and
      15 parts of 2,6-DAN were mixed and, then by operating as in Example 4, 60
      parts of calcium carbonate, 120 parts of glass fibers, 2 parts of
      tert.butylperbenzoate and 2 parts of zinc stearate were mixed and kneaded
      with the foregoing mixture followed by comminuting the resulting mass to
      obtain a molding material.
PAR  The properties of the so obtained molding material and the cured resin
      obtained therefrom are shown in Table 2.
PAC  EXAMPLE 6
PAR  Twenty parts of 2,6-DAN and 5 parts of diallyl isophthalate were mixed with
      100 parts of a prepolymer of diallyl (hexahydroterephthalate) (cis form
      content 15%). This was followed by operating exactly as in Example 4 in
      mixing and kneading therewith 60 parts of calcium carbonate, 120 parts of
      glass fibers, 2 parts of tert.-butylperbenzoate and 2 parts of carnauba
      wax and thereafter comminuting the resulting mass to obtain a molding
      material. The properties of the so obtained molding material and the cured
      resin obtained therefrom are shown in Table 2.
PAC  EXAMPLE 7
PAR  To a prepolymer of diallyl isophthalate (number average molecular weight
      12,800, iodine value 72) were admixed 10 parts of 1,5-DAN and 10 parts of
      2,6-DAN, following which the experiment was carried out exactly as in
      Example 4 in mixing and kneading therewith 60 parts of calcium carbonate,
      120 parts of glass fibers, 2 parts of calcium stearate and 2 parts of
      dicumylperoxide and thereafter comminuting the resulting mass to obtain a
      molding material. The properties of the so obtained molding material and
      the cured resin obtained therefrom are shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Experiment No.     Example 4   Example 5                                  
                                             Example 6 Example                 
     __________________________________________________________________________
                                                       7                       
     Composition of resin (wt pts)                                             
     Prepolymer (A)     DAIP-DAHET                                             
                               (95-5)                                          
                                    DAP      DAHET     DAIP                    
                        prepolymer                                             
                               100  prepolymer                                 
                                          100                                  
                                             prepolymer                        
                                                   100 prepolymer              
                                                             100               
     DAN (B)            2,6-DAN                                                
                               20   2,6-DAN                                    
                                          15 2,6-DAN                           
                                                   20  1,5-DAN                 
                                                             10                
                                                       2,6-DAN                 
                                                             10                
     Other copolymerizable                                                     
                        --          2,6-DAN  DAIP  5   --                      
     unsaturated compounds (C)      prepolymer                                 
                                          5                                    
     Properties of molding material                                            
     Pulverizability    Excellent   Excellent                                  
                                             Good      Excellent               
     Amount of Plunger descent (mm/min)                                        
      Immediately after preparation                                            
                        10.9        9.2      16.2      11.1                    
      After passage of one year                                                
                        9.0         7.8      12.5      9.2                     
      Amount of descent retention (%)                                          
                        83          85       77        83                      
     Curability (Curelastometer) (min)                                         
                        3.6         3.1      3.8       4.0                     
     Moldability after 30-minute                                               
     dwell in cylinder  Good        Good     Good      Good                    
     Molding shrinkage (%)                                                     
                        0.3         0.3      0.4       0.3                     
     Properties of cured resin                                                 
     Heat deflection temperature (.degree.C)                                   
                        &gt;230        212      &gt;230      &gt;230                    
     Flexural strength (kg/mm.sup.2)                                           
                        7.5         8.0      7.0       8.6                     
     Thermal resistance on heat                                                
     treatment for 2 hours at 260.degree.C.                                    
      Weight reduction (%)                                                     
                        3           2        2         4                       
      Flexural strength (kg/mm.sup.2)                                          
                        6.1         6.6      5.7       6.7                     
      Flexural strength retention (%)                                          
                        81          83       81        78                      
     Electrical properties                                                     
     Dielectric constant (1 KHz)                                               
                        3.7         3.5      3.6       3.8                     
     Dielectric tangent (1 KHz .times. 10.sup.4); 58                           
                               46         55       60                          
     Volume resistivity (.OMEGA.-cm) 5 .times. 10.sup.16                       
                               6 .times. 10.sup.16                             
                                          6 .times. 10.sup.16                  
                                                   8 .times. 10.sup.16         
     Surface resistivity (.OMEGA.)                                             
                        2 .times. 10.sup.16                                    
                                    8 .times. 10.sup.16                        
                                             6 .times. 10.sup.16               
                                                       2 .times. 10.sup.16     
     __________________________________________________________________________
      Abbreviations:                                                           
      DAP stands for diallyl orthophthalate.                                   
      DAIP stands for diallyl isophthalate.                                    
      DAHET stands for diallyl (hexachloroendomethylenetetrahydrophthalate).   
      DAN stands for 2,6- or 1,5-diallyl naphthalate.                          
      DAHT stands for diallyl(hexahydroterephthalate).                         
CLMS
STM  We claim:
NUM  1.
PAR  1. A radical initiator-curable diallyl ester composition consisting
      essentially of 80 - 100% by weight of the following components (A) and
      (B):
PA1  A. a prepolymer wherein
PA2  1. 70 - 100 mole % of its structural units are derived from a diallyl ester
      selected from the group consisting of
PA3  a. a diallyl ester of benzenedicarboxylic acid having the formula (I)
      ##SPC6##
PA3  wherein the R's, which may be the same or different, are independently
      selected from the group consisting of hydrogen and methyl, and n is an
      integer from 1 to 2,
PA3  b. a diallyl ester of cyclohexanedicarboxylic acid having the formula (II)
      ##SPC7##
PA3  wherein the R's and n are as above defined, and
PA3  c. a mixture of the above (a) and (b); and
PA2  2. 30 - 0 mole % of its structural units are derived from other compounds
      selected from monomeric diallyl esters of dibasic acids and other monomers
      and polymers, said compound being copolymerizable with said (a) - (c)
      under the conditions of forming said prepolymer; and
PA1  B. a monomer of a diallyl ester of naphthalenedicarboxylic acid having the
      formula (III)
      ##SPC8##
PA1  wherein the R's are as above defined, and m is an integer from 1 to 4,
      which groups --COOCH.sub.2 CR=CH.sub.2 are attached in a position selected
      from the 2,7-, 1,5- and 2,6-positions;
PAL  said monomer (B) being contained in an amount of 5 - 50% by weight based on
      said prepolymer (A), and the remaining 20 - 0% by weight of said
      composition being a compound (C) other than said (A) and (B), said (C)
      being selected from the group consisting of monomers and polymers
      copolymerizable with a member selected from the group consisting of said
      prepolymer (A) and said monomer (B) at the conditions under which said
      composition is cured.
NUM  2.
PAR  2. A composition of claim 1 wherein said prepolymer (A) has a number
      average molecular weight of about 1000 to about 50,000.
NUM  3.
PAR  3. A composition of claim 1 wherein said monomer (B) is contained in an
      amount of about 5 - 20% by weight based on said prepolymer (A).
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ABST
PAL  An improvement in a process for the preparation of thermoplastically
      workable fluoro-polyolefins and their copolymers wherein a fluorine
      containing olefin is polymerized or copolymerized in the aqueous phase in
      the presence of a water-soluble, radical-forming catalyst and a
      polymerization regulator, the improvement residing in employing as the
      polymerization regulator a halogenated hydrocarbon having from 1 to 3
      carbon atoms and at least three halogen atoms of which at least one is a
      fluorine atom and at least 1 is a bromine or iodine atom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for regulating the molecular weight and
      physical properties of fluoro-olefin polymers, hereinafter called
      fluoro-polyolefins. This invention is particularly directed to obtaining
      polyfluorovinyl compounds which are workable thermoplastically in known
      manner. This invention is also directed to obtaining copolymers of these
      fluoro-olefins with other compounds which can be copolymerized with such
      fluoro-olefins. This invention is directed to the fluoro-polyolefins
      themselves of which are workable thermoplastically.
PAR  2. Discussion of Prior Art
PAR  Fluoro-polyolefins such as, for instance, polyvinylidene fluoride
      (PVF.sub.2), polyvinyl fluoride (PVF) or copolymers consisting
      predominantly of vinylidene fluoride (VF.sub.2) or vinyl fluoride (VF) can
      be used in many fields because of their excellent weather resistance and
      light stability as well as their good resistance to chemicals, heat and
      cold. In this connection the polymers having a high molecular weight are
      used preferably as organosols for coating metals or for making cast
      sheets. However, for thermoplastic molding, e.g. calendering, extruding or
      injection molding, products having a medium-high molecular weight are more
      suitable.
PAR  Depending on the polymerization process used, fluoro-olefin polymers have
      molecular weights of varying size. The result is that the products
      obtained, which have a high molecular weight, are neither genuinely
      soluble in known solvents nor thermoplastically workable below their
      decomposition temperature. In particular, polymers, which are made with
      water-soluble, free radical initiators in the aqueous phase, with or
      without additional emulsifier, in a temperature range between 50.degree.
      and 150.degree.C, have as a rule a molecular weight that is too high for
      thermoplastic processing. Generally known methods for the reduction of the
      molecular weight, e.g. increase in the amount of initiator or the
      polymerization temperature, are without noticeable effect or give rise to
      undesirable side effects such as, for instance, an impairment of the
      thermal stability. Therefore, in order to reduce the molecular weight it
      is necessary to use chain transfer agents --which are also called
      polymerization regulators.
PAR  Some compounds have already been proposed as regulators, for instance,
      trans-dichloroethylene or isopropanol for the polymerization of vinyl
      fluoride, isopropanol or ethylene oxide for the polymerization of
      vinylidene fluoride. All of these compounds have the disadvantage of
      either regulating too little, i.e., not all of the desirable molecular
      weights can be attained, or partially inhibiting in addition the
      polymerization, i.e., the polymerization rate is greatly reduced. Also,
      some of the known regulators can effect the desired reduction of the
      molecular weight only in a specific polymerization process, e.g., at high
      pressure, high speed of agitation, etc., without affecting too much both
      reaction rate and yield. Other known polymerization regulators such as
      mercaptans, tetrahydrofuran, chlorinated hydrocarbons and others,
      interfere in particular with the vinylidene fluoride polymerization to
      such an extent that a polymerization under mild conditions, e.g., at
      pressures of less than 100 atmospheres, is practically impossible.
PAC  SUMMARY OF THE INVENTION
PAR  The problems attendant the prior art are solved by an improved process for
      the preparation of thermoplastically workable fluoro-polyolefins and their
      copolymers, wherein fluorine containing monomers are polymerized or
      copolymerized in the aqueous phase in the presence of water-soluble,
      radical-forming catalysts and a polymerization regulator wherein the
      polymerization regulator comprises a halogenated hydrocarbon having 1 to 3
      carbon atoms and at least 3 halogen atoms of which at least one is a
      fluorine atom and at least one is bromine or iodine.
PAR  There is now provided a process for polymerizing fluoro-olefins to
      fluoro-polyolefins, wherein through use of a specific type of
      polymerization regulator there is obtained fluoro-polyolefins, which can
      be worked thermoplastically. Moreover, there is provided by the present
      process a process for polymerizing fluorine containing vinyl monomers in
      the presence of a regulator wherein the regulator affects the molecular
      weight distribution beneficially. The polymerization regulator employed
      pursuant to the invention does not materially inhibit the polymerization
      reaction. Moreover, the polymerization regulators of the present invention
      are useful over a broad range of polymerization conditions, e.g.,
      pressure, speed of agitation, temperature and the like.
PAR  The partially fluorinated hydrocarbons employed as regulators pursuant to
      the present invention, also contain at least one bromine or iodine atom.
      They are employed even in the small amounts as excellent chain transfer
      agents in the radical polymerization of fluoro-olefins in the aqueous
      phase. The compounds according to the invention can be considered as
      having the following formulae:
EQU  C.sub.n F.sub.x Z.sub.y Y.sub.[.sub.(2.sbsb.n .sub.+ 2) .sub.- (x .sub.+ y)
      .sub.] ,
PAL  wherein n = 1 to 3, x and y are at least 1 and x + y .gtoreq. 3 and
      .ltoreq.2n + 2 and Z is bromine or iodine and Y is hydrogen or chlorine;
      and
EQU  C.sub.m F.sub.a Z.sub.b Y.sub.(2m .sub.- a .sub.-  b)
PAL  wherein Z = bromine or iodine, Y = hydrogen or chlorine, a = at least 1 and
      b = at least 1, m = 2 to 3 and a + b .gtoreq.3 and .ltoreq.2m.
PAR  The polymerization regulators for the free radical polymerization of
      fluoro-olefins in the aqueous phase more particularly can be defined by
      the following formulae:
PA1  Cf.sub.3 -- chxy where X = H, Cl, Br and Y = Br or I;
PA1  C.sub.n F.sub.2n Br.sub.2,  wherein n = 1, 2 or 3; and
PA1  Cfxbr -- CY.sub.2 Br, wherein X = Hydrogen or Fluorine and
PA1  Y = hydrogen or Chlorine.
PAR  The regulator amounts required for the polymerization, pursuant to the
      present invention, depend upon the type of regulator, the polymerization
      process and the desired molecular weight of polymer. Compounds having the
      formula CF.sub.3 -- CHXY have the greatest regulating action. Amounts
      thereof from 0.05 to 4% by weight, preferably 0.1 to 2% by weight, based
      upon the weight of the monomer of such compounds are generally required in
      order to obtain thermoplastically workable polymers. Where the regulator
      having the formula C.sub.n F.sub.2n Br.sub.2 or CFXBr -- CH.sub.2 Br is
      empolyed, these compounds are employed in amounts between 0.1 and 4% by
      weight in order to obtain the desired product. In order to prepare special
      products having especially low molecular weights, amounts of these
      regulators up to 10% by weight or even more can be used.
PAR  The regulators contemplated pursuant to the present invention include such
      compounds as CHFBr.sub.2, CF.sub.2 Br.sub.2, CHF.sub.2 Br, CF.sub.3 Br,
      CBr.sub.3 F, CI.sub.3 F, CHFI.sub.2, CF.sub.2 I.sub.2, CHFBrCl,
      CFBrCl.sub.2, CFBr.sub.2 Cl, CF.sub.2 BrCl, CF.sub.3 CH.sub.2 Br, CF.sub.3
      CH.sub.2 I, CF.sub.3 CHClBr, CF.sub.3 CHClI, CF.sub.3 CHBr.sub.2, CF.sub.3
      CHBrI, CF.sub.2 ClCHClBr, CF.sub.2 ClCHBr.sub.2, CF.sub.2 ClCH.sub.2 I,
      CF.sub.2 BrCH.sub.2 Br, CF.sub.2 BrCHBrCl, CF.sub.2 BrCHBrI, CF.sub.2
      BrCF.sub.2 Br, CF.sub.2 BrCF.sub.2 Cl, CF.sub.2 ICF.sub.2 I.
PAR  It is the characteristic of the aforementioned compounds that they do not
      reduce the reaction rate at all or only very little. The regulators are
      added in pure form or in solution before the polymerization is started or
      are gradually dosed in during the polymerization. As solvents, those
      compounds are suitable that do not inhibit the polymerization and
      themselves, do not have any regulating effect, e.g., trifluoro
      trichloroethane, tert.-butanol, dichlorotetrafluoroacetone,
      dimethylsulfoxide, hexafluoro-2,2-propanediol.
PAR  Generally speaking, polymerization employing the polymerization regulators
      can take place at a temperature between 30.degree. and 150.degree.C under
      a pressure between 20 and 500 atm. The monomer should be present in the
      reaction vessel in an amount between 5 and 100 grams per hundred grams of
      water. Additionally, the radical generating catalyst will be present in
      the polymerization reaction zone in an amount between 0.001 and 1 grams
      per 100 grams of monomer introduced. It should be understood that none of
      the above parameters are considered critical and that the polymerization
      regulators employed pursuant to the claimed invention are useful over a
      broad range of process parameters and in respect of a wide variety of
      vinyl olefin polymers and polymerization initiators.
PAR  As polymerization initiators, radical-forming, water-soluble polymerization
      catalysts are used.
PAR  Since, under the polymerization conditions, only a few percent by weight of
      the monomer are soluble in water, a water-solubility of, for instance,
      0.01% suffices in view of the small amount of the initiator to be used.
      Therefore, in accordance with the invention, an initiator having such a
      low water-solubility is to be defined as water-soluble.
PAR  Based on such a low water-solubility of the initiator there is the
      possibility that, by constant subsequent dissolving of the consumed
      initiator, there is always present in the aqueous phase the amount
      necessary for the polymerization.
PAR  As suitable initiators there are mentioned for example:
      azo-bis-iso-butyramidine hydrochloride (AIBA,HCl) and its N-alkyl
      substitution products, .beta.-hydroxyalkyl-tert.-butyl peroxides in which
      the alkyl group consists of 2 to 4 C-atoms, redox systems such as
      potassium persulfate/sodium dithionite and others.
PAR  Monomers that can be polymerized by the process in accordance with the
      invention are, for instance, vinylidene fluoride (VF.sub.2) and/or vinyl
      fluoride (VF) or mixtures of at least 50 mole % of vinylidene fluoride
      and/or vinyl fluoride with hexafluoropropylene and/or one or several other
      polymerizable compounds. As examples for other polymerizable compounds
      there are mentioned: olefins, e.g. ethylene, propylene, acrylic acid
      esters, which may be substituted in the .alpha. position with a methyl or
      ethyl group, vinyl esters, e.g. vinyl acetate, and others.
PAR  The action of the regulators according to the invention can be determined
      by:
PA1  1. measuring the molecular weight It was found that non-regulated polymers
      are generally not soluble or incompletely soluble in known solvents, even
      at elevated temperature, so that their molecular weights cannot be
      determined. However, the molecular weights of polymers regulated in
      accordance with the invention can, as a rule, be directly estimated
      gelchromatographically in dimethyl formamide as solvent at 100.degree.C.
PA1  2. measuring the solution viscosity Because of the incomplete solubility of
      the non-regulated polymers, the solution viscosity (e.g. the reduced
      viscosity .eta.red) does not, in all cases, give a quantitative picture of
      the obtained reduction in the molecular weight. But it is definitely
      possible to compare the differently regulated products by means of this
      determination.
PA1  3. by methods related to practice for the characterization of the
      thermoplastic workability such as torsional moment in the Brabender
      plastograph, melt flow number, melt index and other methods.
PAR  These methods permit a genuine comparison between regulated and
      non-regulated polymers. The tests in the Brabender plastograph are carried
      out for example in the case of PVF.sub.2 with the aid of a roller kneading
      machine (chrome-plated, chamber volume 60 cm.sup.3, 40 rpm) at a chamber
      temperature of 270.degree.C. After a kneading time of about 10 minutes the
      torsional moment reaches a constant value that is given as m . kp. The
      higher the obtained value is, the higher is the molecular weight.
PAR  The melt flow number (MFN) is defined as the quotient of the surface area,
      which a cold-pressed sheet-shaped sample of 1.0 g and 25.4 mm diameter
      adopts after 5 minutes of pressing at 260.degree.C with a weight of 7.5
      Mp, and the original surface area:
      ##EQU1##
      Thus, the higher the numerical value is for the melt flow number, the
      lower is the molecular weight of the polymer.
PAR  The action of the regulators can be clearly shown by each method listed
      under (1) to (3). The fact that samples having the same melt flow number
      do by no means always have the same molecular weight or the same solution
      viscosity is due to the differing molecular weight distribution or the
      differing molecular structure (e.g. branchings), which depend on the
      polymerization process.
PAR  Which values are to be attained regarding the molecular weight and/or the
      other characteristic quantities characterizing the molecular weight,
      depends on the type of polymer and the processing method. Thus, for
      instance, known commercial PVF.sub.2 -- types, which are suitable for
      processing by extrusion and injection molding, have a mean molecular
      weight (numerical mean Mn) of approx. 100,000 to 170,000 and/or a melt
      flow number between 10 and 18 and/or a Brabender torsional moment at
      270.degree.C between 1.5 and 2.3 m. kp and/or a reduced viscosity (.eta.
      red) as 0.5% solution in cyclohexanone at 120.degree.C between 110 and 180
      ml/g.
PAR  In order to more fully illustrate the nature of the invention and the
      manner of practicing the same, the following examples are presented:
DETD
PAC  EXAMPLE 1 (Comparison Example)
PAR  1.35 liters of water freed from salt were placed into an autoclave of a
      capacity of 2 liters which was provided with stirrer and double-wall
      jacket (for heating and cooling). Another 100 ml of water were provided
      for dosing in the initiator and emulsifier. Thereupon the autoclave was
      closed and flushed three times under pressure with vinylidene fluoride.
      Then, 400 g VF.sub.2 were dosed in by means of a diaphragm dosing pump.
      while stirring (250 rpm) with a wide blade stirrer, the contents were
      heated to 75.degree.C; a pressure of 150 atmospheres was reached.
      Thereupon 0.52 g AIBA . HCl, dissolved in 20 ml of water, were pumped in.
      As soon as a noticeable pressure drop occurred, 0.17 g of a fluorine
      wetting agent of the formula
EQU  [C.sub.8 F.sub.17 SO.sub.2 NH(CH.sub.2).sub.3 N(CH.sub.3).sub.3 ] .sup.+ I
      .sup.-
PAL  were passed in as 1% aqueous solution. In order to rinse the pump head and
      the conduit, the remaining water was pumped in subsequently. The
      polymerization temperature was 75.degree.C.sup.+- 1.degree.C.
PAR  After 90 minutes the pressure had dropped to approx. 20 atmospheres. The
      autoclave was cooled, depressurized, opened, the PVF.sub.2 dispersion was
      removed, precipitated with NaCl solution, filtered with suction,
      thoroughly washed with water and dried in the drying chamber at
      70.degree.C. Yield: 360 g (90%).
PAC  EXAMPLES 2 to 7
PAR  The procedure as specified in Example 1 was repeated with the only
      difference being that the regulators listed in table 1, dissolved in 10 ml
      of C.sub.2 Cl.sub.3 F.sub.3 in each case, were added before closing the
      autoclave and before passing in VF.sub.2. The reaction times and yields
      can be seen from table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Example                                                                   
          Regulator                                                            
                  g    % by weight*                                            
                              Reaction Time                                    
                                       Yield                                   
                              min.     g                                       
     __________________________________________________________________________
     2    CF.sub.3 CHBrCl                                                      
                  3.8  0.95    80      360                                     
     3    CF.sub.3 CHBr.sub.2                                                  
                  3.6  0.9    150      340                                     
     4    CF.sub.2 BrCF.sub.2 Br                                               
                  14   3.5    150      380                                     
     5    CF.sub.2 BrCF.sub.2 Br                                               
                  7    1.75    90      380                                     
     6    CF.sub.3 CFBrCF.sub.2 Br                                             
                  14   3.5    195      310                                     
     7    CHFBrCH.sub.2 Br                                                     
                  3.6  0.9    270      250                                     
     __________________________________________________________________________
       *based on VF.sub.2?                                                     
PAC  EXAMPLE 8 (Comparison Example)
PAR  7.8 liters of water freed from salt were introduced into a stirrer
      autoclave of capacity of 10 liters, which was provided with a double-wall
      jacket for heating and cooling. Another 200 ml was provided for dosing in
      the initiator and emulsifier. The autoclave was closed, the contents were
      flushed thoroughly three times under pressure with VF.sub.2 and were
      heated to 75.degree.C. Stirring proceeds at 350 rpm (wide blade stirrer).
      As soon as the temperature had reached a constant level, VF.sub.2 was
      pumped in by means of a diaphragm pump up to a pressure of 55 atmospheres,
      which required approximately 700 g. Thereupon the polymerization was
      initiated by sluicing in 2.0 g AIBA . HCl in a small amount of water. As
      soon as the pressure drop set in, 1.0 g of the fluorine wetting agent
      specified in Example 1 was dosed in as 1% solution. Rinsing was done by
      adding the remaining water. Thereupon the pressure was kept at 58 to 62
      atmospheres by automatic subsequent pumping in of VF.sub.2 until 2.5 kg
      VF.sub.2 had been taken up, which took 2 hours. The autoclave was
      depressurized in the hot state, cooled, opened, the polymer was removed as
      dispersion and worked up as specified in Example 1. Yield: 1.65 kg (65%).
PAC  EXAMPLES 9 to 11
PAR  The procedure of Example 8 was repeated with the exception that the regular
      amounts listed in table 2 were added prior to polymerization. This was
      done after flushing the closed autoclave by opening a screw cap in the
      cover under which a bore hole of 2 mm diameter was disposed. The specified
      amount of regulator was introduced through the same by means of an
      injection needle. Care was taken that air could not enter into the
      autoclave. Subsequently, the screw cap was closed again and work proceeded
      as specified above (heating etc.). The respective experimental data can be
      seen from table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Example                                                                   
          Regulator                                                            
                 Amount                                                        
                      % by weight                                              
                              Reaction Time                                    
                                       Yield                                   
                 g    based on VF.sub.2                                        
                              min.     kg                                      
     __________________________________________________________________________
     9    CF.sub.3 CHBrCl                                                      
                 10   0.4     150      1.6                                     
     10   CF.sub.3 CH.sub.2 I                                                  
                 7.5  0.3     130      1.5                                     
     11   CF.sub.2 BrCF.sub.2 Br                                               
                 40   1.6     135      1.75                                    
     __________________________________________________________________________
PAC  EXAMPLE 12 (Comparison Example)
PAR  8 liters of water freed from salt, 5 g of tert.-butyl-.beta.-hydroxyethyl
      peroxide (BHEP) and 5 g of ammonium perfluorooctanoate (APFO) were placed
      into an autoclave of a capacity of 10 liters as specified in Example 8.
      The autoclave was closed, flushed three times with VF.sub.2 and heated to
      110.degree.C. Stirring was done at 200 rpm. A wide blade stirrer served as
      the agitator or stirrer. As soon as the temperature had reached a constant
      level, VF.sub.2 was pumped in until a pressure of 80 atmospheres was
      attained. The pressure was maintained automatically at 80.sup.+-2
      atmospheres by subsequent pumping in of VF.sub.2 until 2.5 kg VF.sub.2 had
      been taken up. The polymerization temperature was maintained to an
      accuracy of .+-. 1.degree.C.
PAR  After 2 hours the polymerization was completed; the autoclave was
      depressurized in the hot state, opened after cooling, and the polymer,
      which was present as dispersion, was worked up as specified in EXample 1.
      Yield 1.75 kg (70%).
PAC  EXAMPLES 13 to 16
PAR  The procedure was as specified in Example 12 using the regulator quantities
      listed in table 3, which were added as specified in Examples 9 to 11. The
      reaction times and yields can be seen from table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Example                                                                   
          Regulator                                                            
                 Amount                                                        
                     % by weight                                               
                             Reaction Time                                     
                                      Yield                                    
                 g   based on VF.sub.2                                         
                             min.     kg                                       
     __________________________________________________________________________
     13   CF.sub.3 CHBrCl                                                      
                 5   0.2     130      1.6                                      
     14   CF.sub.3 CHBrCl                                                      
                 4   0.16    130      1.65                                     
     15   CF.sub.3 CHBrCl                                                      
                 3   0.12    125      1.7                                      
     16   CF.sub.3 CH.sub.2 J                                                  
                 5   0.2     125      1.65                                     
     __________________________________________________________________________
PAC  EXAMPLE 17 (Comparison Example)
PAR  The procedure was as specified in EXample 12, the only difference being
      that tert.-butyl-.beta.-hydroxypropyl peroxide (BHPP) was used in place of
      BHEP and that the polymerization temperature was increased to
      115.degree.C. Reaction time: 135 min., yield: 1.5 kg.
PAC  EXAMPLE 18
PAR  Example 17 was repeated at a polymerization temperature of 110.degree.C and
      with an addition of 10 g (0.4%, based on VF.sub.2) CF.sub.2 BrCF.sub.2 Br.
      Reaction time: 200 min., yield: 1.55 kg.
PAC  EXAMPLE 19 (Comparison Example)
PAR  An autoclave of a capacity of 2 liters as described in Example 1 was filled
      with 1.5 liters H.sub.2 O, 1.6 g APFO and 1.5 g of potassium persulfate
      and flushed as described in Example 1. Thereupon 400 g VF.sub.2 were
      pumped in and a polymerization temperature of 60.degree.C was realized
      while stirring (250 rpm). The pressure was 140 atmospheres. Then 80 ml of
      a 0.5% aqueous solution of sodium dithionite were pumped in in such a
      manner that, first, 30 ml were added, then 10 ml were added at intervals
      of 15 minutes. After 80 minutes the pressure had dropped to 10
      atmospheres. Further procedure was as described in Example 1. Yield: 320 g
      (80%).
PAC  EXAMPLE 20
PAR  The procedure was as specified in Example 19 with an addition of 1.6 g of
      CF.sub.3 CHBrCl, which was added, dissolved in 10 ml C.sub.2 Cl.sub.3
      F.sub.3, before closing the autoclave -- as described in Example 2.
      Reaction time and yield were as in Example 19.
PAR  The VF.sub.2 polymers obtained in accordance with Examples 1 to 20
      exhibited the following properties, from which the effect of the
      regulators used was clearly evident: When using the regulators according
      to the invention the melt flow numbers of the polyvinylidene fluorides
      produced were considerably higher than without the use of the regulators,
      and the reduced viscosities attained values at which they were measurable.
      Compare table 4.
PAC  EXAMPLE 21 (Comparison Example)
PAR  The autoclave of 10 liters described in Example 8 was filled with 7.9
      liters of water freed from salt; another 100 ml remained for the dosing in
      of the initiator. The autoclave was closed and flushed three times under
      pressure with VF. Thereupon 1.75 kg VF were additionally pumped in by
      means of a diaphragm dosing pump, and the contents were heated to
      75.degree.C while stirring (200 rpm, wide blade stirrer.) A pressure of
      190 atmospheres was reached. The polymerization was initiated by
      additionally pumping in an aqueous solution of 2.0 AIBA. HCl and the
      remaining water was pumped in subsequently. After 110 minutes the pressure
      had dropped to 15 atmospheres. The autoclave was cooled, depressurized,
      opened, the PVF in the form of a dispersion was removed, precipitated with
      NaCl solution, filtered with suction, washed with water and dried at
      70.degree.C. Yield: 1.4 kg (80%); .eta. red (0.5% in cyclohexanone,
      120.degree.C) 225 ml/g, molecular weight: not measurable due to
      insufficient solubility.
PAC  EXAMPLE 22
PAR  Example 21 was repeated by adding 20 g CF.sub.3 CHBrCl (1.14% by weight,
      based on VF) prior to polymerization as in Examples 9 to 11. Reaction
      time: 120 minutes, yield: 1.4 kg, .eta. red 50 ml/g, Mn (at 100.degree. in
      dimethylformamide, estimated gelchromatographically) 33,000.
PAC  EXAMPLE 23 (Comparison Example)
PAR  The autoclave of a capacity of 2 liters described in Example 1 was filled
      with 1.4 liters of water freed from salt, subsequently closed and flushed
      with VF, and then 40 g of hexafluoropropylene (pressed in from the heated
      steel bottle placed on the scales) and 310 g VF were introduced. Thereupon
      the contents were heated to 85.degree.C while stirring (280 rpm), with the
      pressure attaining a level of 120 atmospheres. The polymerization was
      initiated with 0.52 g AIBA . HCl. After 90 minutes the pressure dropped to
      30 atmospheres. Following working up as in Example 1, 300 g (86%) of
      copolymer were obtained, which has a viscosity .eta. red (120.degree.C,
      0.5% in cyclohexanone) of 170 ml/g.
PAC  EXAMPLE 24
PAR  Example 23 was repeated, the only difference being that 1.75 g (0.5%, based
      on the monomer) CF.sub.3 CHBrCl, dissolved in 10 ml C.sub.2 F.sub.3
      Cl.sub.3, were added prior to polymerization. Reaction time: 100 min.,
      yield: 290 g (82%), .eta. red: 115 ml/g.
PAC  EXAMPLE 25 (Comparison Example)
PAR  The autoclave of a capacity of 2 liters described in Example 1 was filled
      with 1.5 liters of water freed from salt, 0.4 g APFO and 1.6 g of
      potassium persulfate, subsequently closed and flushed three times with
      VF.sub.2, and then 240 g (1.6 moles) of hexafluoropropylene and 160 g (2.5
      moles) of VF.sub.2 were introduced. The contents were heated to
      90.degree.C while stirring (250 rpm), and a pressure of 120 atmospheres
      was reached. Then 70 ml of a 0.5 % aqueous solution of NaHSO.sub.3 were
      pumped in such a manner that, first, 20 ml were added, then 25 ml after 10
      minutes and another 25 ml after 20 minutes. After 30 minutes the pressure
      had dropped to 35 atmospheres. The copolymer dispersion was taken out of
      the autoclave, precipitated with NaCl solution, and then the rubbery
      product was thoroughly washed with water. After drying at 70.degree.C, the
      yield was 240 g (60 %). The viscosity .eta..sub.red (31.degree. C, 0.5 %
      in acetone) was 91 ml/g.
PAC  EXAMPLE 26
PAR  Example 25 was repeated, the only difference being that 2.0 g (0.5 % based
      on monomers) CF.sub.3 CHBrCl, dissolved in 10 ml C.sub.2 F.sub.3 Cl.sub.3,
      were added prior to polymerization. Reaction time: 30 min., yield: 230 g
      (58 %), .eta..sub.red : 54 ml/g.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Example                                                                   
          Regulator  .eta. red.sup.a)                                          
                           MFN.sup.b)                                          
                                  M.sub.D.sup.c)                               
                                      M.sub.n.sup.d)                           
                     ml/g         mkp                                          
     __________________________________________________________________________
     1    --         .times.                                                   
                           5,7    .times..times.                               
                                      .times..times..times.                    
     2    CF.sub.3 CHBrCl (0,95)                                               
                     122   15,8                                                
     3    CF.sub.3 CHBr.sub.2 (0,88)                                           
                     92    20,1   0,9                                          
     4    CF.sub.2 BrCF.sub.2 Br (3,5)                                         
                     106   18,0                                                
     5    CF.sub.2 BrCF.sub.2 Br (1,75)                                        
                     226   9,9    2,8                                          
     6    CF.sub.3 CFBrCF.sub.2 Br (3,5)                                       
                     110   16,2                                                
     7    CHFBrCH.sub.2 Br (0,9)                                               
                     200   9,2                                                 
     8    --         .times.                                                   
                           5,7    .times..times.                               
                                      .times..times..times.                    
     9    CF.sub.3 CHBrCl (0,4)                                                
                     65    28,3   0,65                                         
                                      93 000                                   
     10   CH.sub.3 CH.sub.2 I (0,3)                                            
                     131   12,0   2,1 140 000                                  
     11   CF.sub.2 BrCF.sub.2 Br (1,6)                                         
                     55    37,8   0,3                                          
     12   --         .times.                                                   
                           8,0    .times..times.                               
                                      .times..times..times.                    
     13   CF.sub.2 CHBrCl (0,2)                                                
                     87    17,6   1,25                                         
                                      106 000                                  
     14   CF.sub.3 CHBrCl (0,16)                                               
                     130   11,5   2,0 152 000                                  
     15   CF.sub.3 CHBrCl (0,12)                                               
                     136   10,0   2,4                                          
     16   CF.sub.3 CH.sub.2 I (0,2)                                            
                     110   11,5   1,95                                         
     17   --         104   12,6       125 000                                  
     18   CF.sub.2 BrCF.sub.2 Br (0,4)                                         
                     55    21,6       90 000                                   
     19   --         .times.                                                   
                           6,0                                                 
     20   CF.sub.3 CHBrCl (0,4)                                                
                     120   13,1                                                
     __________________________________________________________________________
      Explanations regarding table 4:                                          
      .sup.a) 0.5% in cyclohenanone, measuring temperature 120.degree.C        
      .sup.b) melt flow number                                                 
      .sup.c) torsional moment in the Brabender plastograph at 270.degree.C    
      .sup.d) numerical mean, estimated by means of gelchromatography          
      (100.degree.C, dimethylformamide)                                        
       x = incompletely dissolved                                              
       xx = not completely plastified                                          
      xxx = not measurable                                                     
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the preparation of thermoplastically workable
      fluoro-polyolefins and their copolymers by polymerization of
      fluorine-containing olefins in the aqueous phase in the presence of
      water-soluble radical-forming catalysts and a polymerization regulator,
      the improvement which comprises employing as such regulator a partially or
      completely halogenated hydrocarbon having from two to three carbon atoms
      and at least three halogen atoms of which at least one is fluorine and at
      least another is bromine or iodine said regulator being employed in an
      amount between 0.05 and 10% by weight.
NUM  2.
PAR  2. An improvement according to claim 1, wherein the regulator is employed
      in an amount between 0.1 and 4% by weight based on the weight of the
      monomer.
NUM  3.
PAR  3. An improvement according to claim 1, wherein the regulator is a
      halogenated hydrocarbon having the general formula CF.sub.3 CHXY, wherein
      X represents H,Cl or Br and Y represents Br or I.
NUM  4.
PAR  4. An improvement according to claim 3, wherein said regulator is selected
      from the group consisting of CF.sub.3 CH.sub.2 I, CF.sub.3 CHClBr and
      CF.sub.3 CHBr.sub.2.
NUM  5.
PAR  5. An improvement according to claim 1, wherein said regulator has the
      following general formula: C.sub.n F.sub.2n Br.sub.2, n being 2 or 3.
NUM  6.
PAR  6. An improvement according to claim 5, wherein the fluorine containing
      olefin is vinylfluoride or vinylidene fluoride.
NUM  7.
PAR  7. An improvement according to claim 6, wherein said vinyl fluoride or
      vinylidene fluoride is in admixture with a substance copolymerizable
      therewith, said other substance being employed in a molar amount no more
      than the molar amount of vinyl fluoride or vinylidene fluoride employed.
NUM  8.
PAR  8. A process according to claim 1 wherein said polymerization regulator is
      CF.sub.3 CH.sub.2 Br, CF.sub.3 CH.sub.2 I, CF.sub.3 CHClBr, CF.sub.3
      CHClI, CF.sub.3 CHBr.sub.2, CF.sub.3 CHBrI, CF.sub.2 ClCHClBr, CF.sub.2
      ClCHBr.sub.2, CF.sub.2 ClCH.sub.2 I, CF.sub.2 BrCH.sub.2 Br, CF.sub.2
      BrCHBrCl, CF.sub.2 BrCHBrI, CF.sub.2 BrCF.sub.2 Br, CF.sub.2 BrCF.sub.2
      Cl, or CF.sub.2 ICF.sub.2 I.
NUM  9.
PAR  9. A process according to claim 8 wherein the fluorine-containing olefin is
      vinyl fluoride or vinylidene fluoride.
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ABST
PAL  A process for the manufacture of poly(.alpha.-olefins) by polymerization of
      .alpha.-olefins using a catalyst system comprising (1) a
      titanium-containing component of (1.1) a substance of the formula
      TiCl.sub.3 . 1/3 AlCl.sub.3 and (1.2) an organic electron donor containing
      phosphorus atoms and/or nitrogen atoms, ground together with said
      substance (1.1), and (2) an aluminum-containing component of a substance
      of formula Al(C.sub.n H.sub.2 ..sub.n.sub.+1).sub.3 or Al(C.sub.n
      H.sub.2..sub.n.sub.+1).sub.2 Cl, where n is an integer of from 2 to 6. The
      characteristic feature is that the catalyst system used is one in which
      the component (1.1) has been ground with component (1.2) without the use
      of auxiliaries or additives in a vibratory ball mill using specific steel
      balls and a specific grinding acceleration over a specific period of time
      at a temperature which is just below that at which the particles in the
      ground material begin to agglomerate. The advantage of this process is
      that the efficiency of the catalyst system is very high and/or
      poly(.alpha.-olefins) are obtained which have a particularly large
      fraction which is insoluble in boiling n-heptane.
BSUM
PAR  The present invention relates to a process for the manufacture of
      poly(.alpha.-olefins) by polymerizing .alpha.-olefins at temperatures of
      from 0.degree. to 150.degree.C and pressures of from 1 to 100 atm.
      absolute using a catalyst system comprising (1) a titanium-containing
      component of (1.1) a substance of the formula TiCl.sub.3.1/3AlCl.sub.3
      having a maximum particle diameter of 2 mm and (1.2) an organic electron
      donor containing phosphorus and/or nitrogen atoms and ground together with
      the substance of said formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) to form a
      complex compound, and (2) an aluminum-containing component of a substance
      of the formula Al(C.sub.n H.sub.2..sub.n.sub.+1).sub.3 or Al(C.sub.n
      H.sub.2..sub.n.sub.+1).sub.2 Cl or a mixture thereof, where n is an
      integer of from 2 to 6, provided that the molar ratio of titanium in said
      substance of formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) to the electron donor
      (1.2) is from 10:5 to 10:1 and the molar ratio of titanium in said
      substance of formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) to the
      aluminum-containing component (2) is from 10:5 to 10:300.
PAR  Known processes of this kind are superior to comparable prior art processes
      of different kinds particularly in that the efficiency of the catalyst
      system is relatively high and the resulting polypropylene contains a
      relatively large fraction which is insoluble in boiling n-heptane.
PAR  It is an object of the present invention to provide a process of the above
      kind in which the effeciency of the catalyst system and/or the proportion
      of the resulting polyolefin which is insoluble in n-heptane may be
      increased still further.
PAR  We have found that this object is achieved if the process is carried out
      using a catalyst system in which grinding of the substance of formula
      TiCl.sub.3.1/3AlCl.sub.3 (1.1) with the electron donor (1.2) has been
      carried out under specific conditions, particularly specific temperature
      conditions.
PAR  Accordingly, the present invention relates to a process for the manufacture
      of poly(.alpha.-olefins) by polymerization of .alpha.-olefins at
      temperatures of from 0.degree. to 150.degree.C and and pressures of from 1
      to 100 atm. absolute using a catalyst system comprising (1) a
      titanium-containing component of (1.1) a substance of the formula
      TiCl.sub.3.1/3AlCl.sub.3 having a maximum particle diameter of 2 mm and
      (1.2) an organic electron donor containing phosphorus atoms and/or
      nitrogen atoms and ground together with said substance of formula
      TiCl.sub.3.1/3AlCl.sub.3 (1.1) to form a complex compound therewith, and
      (2) an aluminum-containing component of a substance of a formula
      Al(C.sub.n H.sub.2..sub.n.sub.+1).sub.3 or Al(C.sub.n
      H.sub.2..sub.n.sub.+1)Cl or a mixture thereof, where n is an integer of
      from 2 to 6, provided that the molar ratio of titanium in the substance of
      formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) to the electron donor (1.2) is from
      10:5 to 10:1 and the molar ratio of titanium in the substance of formula
      TiCl.sub.3.1/3AlCl.sub.3 (1.1) to the aluminum-containing component (2) is
      from 10:5 to 10:300. The process of the invention is characterized in that
      a catalyst system is used in which grinding of the material of formula
      TiCl.sub.3.1/3AlCl.sub.3 (1.1) with the electron donor (1.2) has been
      carried out without the use of auxiliaries or additives in a vibratory
      ball mill using steel balls having a diameter of from 6 to 60 mm and
      preferably from 15 to 35 mm and at a grinding acceleration of from 30 to
      70 and preferably from 40 to 60 m.sec.sup..sup.-2 over a period of time of
      from 10 to 70 and at a temperature of from 4.degree. to 10.degree.C and
      preferably from 5.degree. to 8.degree.C below the temperature at which the
      particles in the ground material begin to agglomerate.
PAR  The following comments relate to the substances used in our novel process.
PAR  A. The .alpha.-olefins to be polymerized should, as usual, be substantially
      pure. Suitable .alpha.-olefins are, in particular, C.sub.3-6
      .alpha.-olefins, especially propene, butene-1, 4-methylpentene-1 and
      hexene-1. The .alpha.-olefins may be used singly or as a mixture of two or
      more .alpha.-olefins for the manufacture of copolymers.
PAR  B. The substance of formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) is that
      frequently used in the polymerization of .alpha.-olefins and is
      commercially available.
PAR  C. Suitable electron donors (1.2) are also commonly used organic substances
      having phosphorus atoms and/or nitrogen atoms. Such electron donors are
      described for example in U.S. Pat. No. 3,186,977, Austrian Pat. Nos.
      279,157; 285,932 and 285,933, and German Published Application Nos.
      1,595,303; 2,052,525 and 2,056,749. Examples of highly suitable electron
      donors are phosphines and phosphine oxides and also primary, secondary and
      tertiary amines each having from 2 to 21 carbon atoms.
PAR  The main electron donors which are suitable are, for example,
      triphenylphosphine, triphenylphosphine oxide, triisopropylphosphine,
      tri-n-butylphosphine, tri-n-butylphosphine oxide, hexamethylphosphoric
      triamide, pyridine, .gamma.-picoline and dimethylamine, trimethylamine,
      butylamine, dibutylamine, diisobutylamine, tributylamine, diphenylamine,
      dicyclohexylamine, dimethylaniline, dibutylaniline,
      dimethylcyclohexylamine, dibutylcyclohexylamine, dibenzylamine and
      tribenzylamine.
PAR  D. Suitable substances of formula Al(C.sub.n H.sub.2..sub.n.sub.+1).sub.3
      and Al(C.sub.n H.sub.2..sub.n.sub.+1)Cl (2) are those commonly used,
      particularly those in the formulae of which n is an integer of from 2 to
      4. Particular examples of very suitable substances of this kind are
      aluminum triisobutyl, aluminum triethyl, aluminum diethyl chloride and
      mixtures thereof.
PAR  Our novel process may be carried out in conventional manner, apart from the
      special feature of the invention, for example as outlined in the
      publications listed under (C) above.
PAR  The special feature of the invention consists in the use of a catalyst
      system in which grinding of the substance of formula
      TiCl.sub.3.1/3AlCl.sub.3 (1.1) with the electron donor (1.2) has been
      carried out without the use of auxiliaries or additives in a vibratory
      ball mill using steel balls having a diameter of from 6 to 60 mm and
      preferably from 15 to 35 mm and at a grinding acceleration of from 30 to
      70 and preferably of from 40 to 60 m.sec.sup..sup.-2 over a period of time
      ranging from 10 to 70 and preferably from 20 to 50 hours and at a
      temperature which is from 4.degree. to 10.degree.C and preferably from
      5.degree. to 8.degree.C below that temperature at which the particles in
      the ground material begin to agglomerate.
PAR  The above critical conditions must be satisfied in all respects if the
      novel process is to represent the advance desired. The most critical
      factor is the temperaturecondition, which states, in fact, that grinding
      should be carried out at a temperature which is as high as possible but
      not so high that the particles begin to agglomerate. The most suitable
      temperatures for each electron donor may be simply determined empirically,
      for example by commencing grinding, in a preliminary test, at relatively
      low temperatures and slowly raising the temperature during grinding until
      a temperature is reached at which the particles in the ground material
      begin to agglomerate. The following is a list of suitable grinding
      temperature (.+-.2.degree.C) for some selected electron donors:
      dibutylamine 40.degree.C, diisobutylamine 35.degree.C, tributylamine
      45.degree.C, dicyclohexylamine 60.degree.C, dibutylaniline 45.degree.C,
      dimethylcyclohexylamine 50.degree. C, dibenzylamine 40.degree.C,
      hexamethylphosphoric triamide 40.degree.C, triphenylphosphine 50.degree.C,
      triphenylphosphine oxide 50.degree.C, tri-n-butylphosphine 10.degree.C and
      tri-n-butylphosphine oxide 5.degree.C.
DETD
PAC  EXAMPLE 1
PAR  A catalyst system is used which consists of (1) a titanium-containing
      component of (1.1) a substance of the formula TiCl.sub.3.1/3AlCl.sub.3
      having a maximum particle diameter of 2 mm and (1.2) triphenylphosphine
      oxide as electron donor which is ground together with the substance of
      formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) to form a complex compound
      therewith and (2) an aluminum-containing component of a substance of
      formula Al(C.sub.n H.sub.2..sub.n.sub.+1).sub.2 Cl, where n is the integer
      2, the molar ratio of titanium in the substance of formula
      TiCl.sub.3.1/3AlCl.sub.3 (1.1) to the electron donor (1.2) being 10:1.666
      and the molar ratio of titanium in the substance of formula
      TiCl.sub.3.1/3AlCl.sub.3 to the aluminum-containing component (2) being
      10:25.
PAR  The special feature of this catalyst system is that grinding of the
      substance of formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) with the electron
      donor (1.2) was carried out without the use of auxiliaries or additives in
      a vibratory ball mill using steel balls having a diameter of 25 mm at a
      grinding acceleration of 50 m.sec.sup..sup.-2 over a period of time of 30
      hours and at a temperature (50.degree.C) which is 5.degree.C below the
      temperature at which the particles in the ground material begin to
      agglomerate.
PAR  Polymerization itself is carried out as follows: 1 part by weight of the
      titanium-containing component (1) is added, together with 1.2 parts by
      weight of the aluminum diethyl chloride (2) and 6,000 parts by volume of
      liquid propylene, to a pressure-tight reactor fitted with a stirrer. After
      the addition of 10,000 parts by volume (STP) of hydrogen (for control of
      molecular weight) polymerization is continued for 3 hours at 65.degree.C.
      The reactor is then vented to give 1,900 parts of polypropylene of which a
      fraction of 94.5% is insoluble in boiling heptane.
PAC  EXAMPLE 2
PAR  A catalyst system is used which consists of (1) a titanium-containing
      component of (1.1) a substance of the formula TiCl.sub.3.1/3AlCl.sub.3
      having a maximum particle diameter of 2 mm and (1.2) tri-n-butylphosphine
      as electron donor which is ground together with the substance of formula
      TiCl.sub.3.1/3AlCl.sub.3 (1.1) to form a complex compound therewith and
      (2) an aluminum-containing component of a substance of formula Al(C.sub.n
      H.sub.2..sub.n.sub.+1).sub.2 Cl, where n is the integer 2, the molar
      ratioof titanium in the substance of formula TiCl.sub.3.1/3AlCl.sub.3
      (1.1) to the electron donor (1.2) being 10:1.666 and the molar ratio of
      titanium in the substance of formula TiCl.sub.3.1/3AlCl.sub.3 to the
      aluminum-containing component (2) being 10:25.
PAR  The special feature of this catalyst system is that grinding of the
      substance of formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) with the electron
      donor (1.2) was carried out without the use of auxiliaries or additives in
      a vibratory ball mill using steel balls having a diameter of 25 mm at a
      grinding acceleration of 50 m.sec.sup..sup.-2 over a period of time of 30
      hours and at a temperature (10.degree.C) which is 5.degree.C below the
      temperature at which the particles in the ground material begin to
      agglomerate.
PAR  Polymerization itself is carried out as follows: 1 part by weight of the
      titanium-containing component (1) is added, together with 1.2 parts by
      weight of the aluminum diethyl chloride (2) and 6,000 parts by volume of
      liquid propylene, to a pressure-tight reactor fitted with a stirrer. After
      the addition of 10,000 parts by volume (STP) of hydrogen (for control of
      molecular weight) polymerization is continued for 3 hours at 65.degree.C.
      The reactor is then vented to give 2,200 parts of polypropylene of which a
      proportion of 95.8% is insoluble in boiling heptane.
PAC  EXAMPLE 3
PAR  A catalyst system is used which consists of (1) a titanium-containing
      component of (1.1) a substance of the formula TiCl.sub.3.1/3AlCl.sub.3
      having a maximum particle diameter of 2 mm and (1.2) tri-n-butylphosphine
      as electron donor which is ground together with the substance of formula
      TiCl.sub.3.1/3AlCl.sub.3 (1.1) to form a complex compound therewith and
      (2) an aluminum-containing component of a substance of formula Al(C.sub.n
      H.sub.2..sub.n.sub.+1).sub.2 Cl, where n is the integer 2, the molar ratio
      of titanium in the substance of formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) to
      the electron donor (1.2) being 10:1.666 and the molar ratio of titanium in
      the substance of formula TiCl.sub.3.1/3AlCl.sub.3 to the
      aluminum-containing component (2) being 10:25.
PAR  The special feature of this catalyst system is that grinding of the
      substance of formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) with the electron
      donor (1.2) was carried out without the use of auxiliaries or additives in
      a vibratory ball mill using steel balls having a diameter of 25 mm at a
      grinding acceleration of 50 m.sec.sup..sup.-2 over a period of time of 30
      hours and at a temperature (10.degree.C) which is 5.degree.C below the
      temperature at which the particles in the ground material begin to
      agglomerate.
PAR  Polymerization itself is carried out as follows: 1 part by weight of the
      titanium-containing component (1) is added, together with 1.2 parts by
      weight of the aluminum diethyl chloride (2) and 6,000 parts by volume of
      liquid butene-1, to a pressure-tight reactor fitted with a stirrer. After
      the addition of 3,000 parts by volume (STP) of hydrogen (for control of
      molecular weight) polymerization is continued for 3 hours at 65.degree.C.
      The reactor is then vented to give 2,800 parts of polybutene of which a
      proportion of 96.5% is insoluble in boiling diethyl ether.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the manufacture of poly(.alpha.-olefins) by
      polymerization of .alpha.-olefins at temperatures of from 0.degree. to
      150.degree.C and pressures of from 1 to 100 atm. absolute using a catalyst
      system comprising (1) a titanium-containing component of (1.1) a substance
      of the formula TiCl.sub.3.1/3AlCl.sub.3 having a maximum particle diameter
      of 2 mm and (1.2) an organic electron donor containing phosphorus atoms
      and/or nitrogen atoms and ground together with said substance of formula
      TiCl.sub.3.1/3AlCl.sub.3 (1.1) to form a complex compound therewith, and
      (2) an aluminum-containing component of a substance of a formula
      Al(C.sub.n H.sub.2..sub.n.sub.+1).sub.3 or Al(C.sub.n
      H.sub.2..sub.n.sub.+1).sub.2 Cl or a mixture thereof, where n is an
      integer of from 2 to 6, provided that the molar ratio of titanium in the
      substance of formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) to the electron donor
      (1.2) is from 10:5 to 10:1 and the molar ratio of titanium in the
      substance of formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) to the
      aluminum-containing component (2) is from 10:5 to 10:300, the improvement
      consisting essentially of using as said catalyst system a system in which
      grinding of the substance of formula TiCl.sub.3.1/3AlCl.sub.3 (1.1) with
      the electron donor (1.2) has been carried out without the use of
      auxiliaries or additives in a vibratory ball mill using steel balls having
      a diameter of from 6 to 60 mm and at a grinding acceleration of from 30 to
      70 m.sec.sup..sup.-2 over a period of time of from 10 to 70 hours at a
      temperature which is from 4.degree. to 10.degree.C below the temperature
      at which the particles in the ground material begin to agglomerate.
NUM  2.
PAR  2. A process as set forth in claim 1 wherein grinding temperature is from
      5.degree. to 8.degree.C below at which the particles in the ground
      material begin to agglomerate.
NUM  3.
PAR  3. A process as set forth in claim 2 wherein said grinding acceleration is
      from 40 to 60 m.sec.sup..sup.-2 and wherein the grinding period is from 20
      to 50 hours.
NUM  4.
PAR  4. A process as set forth in claim 1 wherein said electron donor is
      selected from the group consisting of phosphines, phosphine oxides and
      primary, secondary and tertiary amines each having from 2 to 21 carbon
      atoms.
NUM  5.
PAR  5. A process as set forth in claim 1 wherein said electron donor is
      selected from the group consisting of triphenylphosphine,
      triphenylphosphine oxide, triisopropylphosphine, tri-n-butylphosphine,
      tri-n-butylphosphine oxide, hexamethylphosphoric triamide, pyridine,
      .gamma.-picoline, dimethylamine, trimethylamine, butylamine, dibutylamine,
      diisobutylamine, tributylamine, diphenylamine, dicyclohexylamine,
      dimethylaniline, dibutylaniline, dimethylcyclohexylamine,
      dibutylcyclohexylamine, dibenzylamine and tribenzylamine.
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ABST
PAL  A process for the stereospecific polymerization of olefins is described,
      wherein the selected monomer is homopolymerized, or the selected monomers
      are copolymerized, by reacting the selected monomer or monomers in the
      presence of a catalyst consisting of an uranium .pi. - allyl compound
      represented by one of the formulae:
      ##EQU1##
      in which R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5, the same or
      different, may be hydrogen atoms, alkyl radicals having from 1 to 10
      carbon atoms, aryl radicals having from 6 to 10 carbon atoms, cycloalkyl
      radicals having from 4 to 10 carbon atoms, and alkylaryl radicals; the
      dotted line indicates the possible delocalization of the valence
      electrons; X is an anion selected from among Cl.sup.-, Br.sup.- and
      I.sup.-; and n is an integer ranging from 1 to 3; and, optionally, a
      co-catalyst which is a Lewis acid, or a complex thereof with an ether, a
      tertiary amine or a phosphine.
BSUM
PAR  The present invention relates to a process for the stereospecific
      polymerization of diolefins, to the polymer products obtained thereby and
      to a process for the polymerization of olefins.
PAR  Uranium .pi.-allyl compounds are known from the italian patent application
      n. 16315 A/69 and from a copending one, both in the name of same
      applicant, having the formulae:
      ##EQU2##
      in which R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5, the same or
      different, may be hydrogen atoms, alkyl radicals having from 1 to 10
      carbon atoms, aryl radicals having from 6 to 10 carbon atoms, cycloalkyl
      radicals having from 4 to 10 carbon atoms, and alkylaryl radicals; the
      dotted line indicates the possible delocalization of the valence
      electrons; X is an anion selected from Cl.sup.-, Br.sup.- and I.sup.-; and
      n is an integer ranging from 1 to 3.
PAR  It has now been found, which is the subject of the present invention, that
      the above allyl compounds are very active as catalysts in the
      polymerization of conjugated diolefins giving rise to highly
      stereospecific and high molecular weight polymers.
PAR  The afore mentioned allyl compounds can be employed as such, or mixed with
      particular co-catalysts of the type of so-called "Lewis acids" such as,
      for instance, AlCl.sub.3, BCl.sub.3, TiCl.sub.4, AlR Cl.sub.2, Al R.sub.2
      Cl, Al R.sub.3, BF.sub.3, SuCl.sub.4, AlCl.sub.2 NR.sub.2, AlHCl.sub.2 and
      some others, in which R is a hydrocarbon radical.
PAR  Also the Lewis acids employed as co-catalysts in the inventive process may
      be used as such or complexed with a compound selected, for instance, from
      ethers, tertiary amines, phosphines and some others, in such a way that
      they are represented by the formulae AlCl.sub.3.O(C.sub.2 H.sub.5).sub.2,
      BF.sub.3. O(C.sub.2 H.sub.5).sub.2, AlCl.sub.3.N(CH.sub. 3).sub.3,
      AlRCl.sub.2.O(C.sub. 2 H.sub.5).sub.2 and so on.
PAR  According to the invention process diolefin polymers are obtained, which
      constitute a further subject object of the invention, in which the monomer
      units enchainment is prevalently 1,4 and particularly 1,4 cis.
PAR  When the polymerization is carried out in the presence of catalyst and
      co-catalyst, use is made of a molar ratio between Lewis acid and uranium
      compound ranging from 0.01 to 10 and preferably from 0.1 to 1.
PAR  The total concentration of the catalyst with respect to the monomer fed to
      reaction ranges from 0.001 to 1% by moles: very good reaction rates
      together with high molecular weight of the obtained polymers are generally
      achieved by employing the catalyst in an amount ranging from 0.01 to 0.5%
      by moles with respect to the monomer fed to reaction.
PAR  The polymerization reaction is always carried out in the homogeneous phase:
      in fact the uranium allyl derivatives and halogen allyl derivatives,
      initially insoluble in the reaction medium, become completely soluble, as
      soon as the monomer is introduced.
PAR  The catalyst can be indifferently prepared either in the presence or in the
      absence of monomer: for instance it can be prepared and aged at room
      temperature, before the introduction of the monomer.
PAR  At the end of the polymerization it can be removed by means of a simple
      centrifugation.
PAR  The inventive reaction can be carried out in the presence of solvents which
      are inert with respect to the catalyst, generally selected from saturated
      aliphatic hydrocarbons such as pentane, n-hexane, n-heptane and some
      others, aromtic hydrocarbons as benzene, toluene, cycloalkyl hydrocarbons
      or halogen containing hydrocarbons. The polymerization temperature ranges
      from -78.degree.C to +100.degree.C and all operations must be carried out
      in the absence of air and moisture, i.e. under an inert gas atmosphere,
      because the employed catalysts are sensitive to oxygen and protonic
      agents.
PAR  The inventive process make it possible to polymerize monomers belonging to
      the class of conjugated diolefines, and particularly those selected from
      butadiene 1,3; isoprene; 2,3-dimethylbutadiene 1,3; 2-phenylbutadiene 1,3;
      2,3-diphenylbutadiene 1,3; pentadiene 1,3 (piperylene).
PAR  The aforesaid monomers may be used also two at a time in order to obtain
      butadiene-isoprene or butadiene-pentadiene copolymers in which the monomer
      units have a prevalent cis 1,4 enchainment.
PAR  The polymerization process according to the present invention is quite
      general, but is particularly efficacious in polymerizing butadiene: in
      fact it makes it possible to obtain a polymer which is almost completely
      of the cis 1,4 type, and has characteristics which are superior to those
      of any other butadiene obtainable with stereospecific catalysts.
PAR  The polybutadiene, obtained according to the inventive process, presents,
      for instance, a semicrystallization time (at -20.degree.C) lower than 10',
      and an ultimate tensile stress ranging between 220 and 250 kg/cm.sup.2.
PAR  It is known that an elastomer constituted by polymeric chains at high cis
      1,4 unit content has very good dynamic properties owing to the high
      flexibility of the macromolecular chains.
PAR  However, it is also known that polybutadiene, even if the cis 1,4 unity
      content is very high, has not enough workability characteristics: by
      workability we mean both the behaviour of the elastomer in the mixer
      during the compounding phase of ingredients, and the behaviour of the mix
      in the subsequent operations of extrusion, calendering and some others.
      For this reason the employment of the elastomer, as such, in making
      several industrial articles, is different and, sometimes, is not
      convenient from a practical point of view.
PAR  The characteristics of the polybutadiene obtained according to the
      inventive process are superior to those of the usual polybutadienes
      because of the very good workability combined with improved mechanical
      properties.
PAR  The uranium allyl compounds are also active in the polymerization of
      olefins, particularly of ethylene.
PAR  The polymer obtained shows a very high linearity, is solid and contains a
      number of methyl groups per monomer unit which is lower than 0.01%.
PAR  In the same way it is possible to obtain ethylene diolefin copolymers,
      particularly ethylene-butadiene and ethylene-isoprene copolymers.
PAR  All of the aforementioned characteristics and some other peculiarities of
      the inventive process and the obtained products will be emphasized by the
      following examples.
PAC  EXAMPLE 1
PAR  Use was made of a 200 cm.sup.3 capacity drink bottle through which an inert
      gas was previously passed; therein 80 cm.sup.3 of anhydrous toluene were
      introduced under an inert atmosphere and, after having been cooled to
      0.degree.C, 0.3 mmole of (.pi.-allyl).sub.3 U Cl was introduced.
PAR  The bottle was shut with a neoprene plug and a crown metallic plug bored so
      that a hypodermic needle might be introduced. Now, through a hypodermic
      needle directly welded to a cylinder containing butadiene, 23 g of monomer
      were introduced as liquid.
PAR  Then the bottle was put in a rotating bath thermostated at the 0.degree.C
      for 15 hours. At end the bottle was uncorked and the content discharged
      into 0.5 1 of methyl alcohol containing 1% antioxidant.
PAR  The coagulated polymer was dried under vacuum at room temperature for one
      night. The yield in solid polymer was 17.2 g equal to 75% of fed monomer.
      The infrared analysis carried out on a sample dissolved in carbon
      disulphide gave the following results: cis 1,4 = 98.4%; trans 1,4 = 1.3%;
      1,2 = 0.3%. The intrinsic viscosity of the polymer, measured at
      30.degree.C in toluene, was 3.5 dl/g.
PAC  EXAMPLE 2
PAR  Following the procedure described in example 1, 80 cm.sup.3 of toluene, 0.5
      mmole of (.pi.-allyl).sub.3 UI and 23 g of butadiene were introduced into
      the bottle. The yield of solid polymer was 20 g equal to 87% of fed
      monomer.
PAR  Infrared analysis: cis 1,4 = 97.4%; trans 1,4 = 1.9%; 1,2 = 0.7%.
PAC  EXAMPLE 3
PAR  By working according to example 1 the bottle was fed with 80 cm.sup.3 of
      toluene, 0.24 mmole of U(.pi.-allyl).sub.4 and 0.24 mmole of Br.sub.2 in
      order to prepare "in situ" (.pi.-allyl).sub.3 UBr.
PAR  Then 31 g of butadiene were introduced and the polymerization was carried
      out in a thermostatically controlled bath at 20.degree.C for 25 hours.
PAR  The yield in solid polymer was 23 g equal to 74% of fed monomer.
PAR  Infrared analysis: cis 1,4 = 98.5%; trans 1,4 = 1%; 1,2 = 0.5%.
PAC  EXAMPLES 4 - 5
PAR  According to the procedure described in example 1 isoprene was polymerized
      by employing different (.pi.-allyl).sub.3 U halides.
PAR  The test was performed by using 0.5 mmole of uranium compound and 20 g of
      isoprene. The polymerization was carried out at 0.degree.C for 24 hours
      and the results are reported in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Exam-        Yield in solid polymer                                       
                              Infrared analysis                                
     ple                                                                       
     No.          g      %    cis 1,4%                                         
                                    trans 1,4%                                 
                                           1,2%                                
     __________________________________________________________________________
     4   (.pi.-allyl).sub.3 UCl                                                
                  9,1    45   95    --     5                                   
     5   (.pi.-allyl).sub.3 U l                                                
                  8,5    42   94.5  --     5.5                                 
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  Following the procedure of example 1, 20 g of 1,3-pentadiene were
      polymerized by employing, as catalyst, 0.6 mmole of (.pi.-allyl).sub.3 UCl
      in 80 cm.sup.3 of toluene at 0.degree.C for 24 hour
PAR  6.1 g of solid polymer were obtained (30%) which, at infrared analysis,
      showed an 1,4 unity content equal to 100%, of which 77% were cis 1,4 and
      23% were trans 1,4.
PAC  EXAMPLES 7 - 9
PAR  By working according to example 1, butadiene and isoprene were
      copolymerized by (.pi.-allyl).sub.3 UCl. All tests were performed by
      employing 0.5 mmole of uranium compound in 80 cm.sup.3 of toluene at
      0.degree.C for 18 hours.
PAR  The results are reported on Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Example                                                                   
            Butadiene Isoprene Yield   % of 1,3                                
                                       butadiene                               
     No.    g         g        g %     in copolymers                           
     ______________________________________                                    
     7      21         7       20   71   83                                    
     8      15        20       16   46   58                                    
     9       5        25       12   40   24                                    
     ______________________________________                                    
PAR  The respective percentages of the monomers in copolymer were determined by
      NMR spectroscopy.
PAR  The following examples show the increase of activity obtained by using a
      co-catalyst as described in the introduction.
PAC  EXAMPLE 10
PAR  By working according to example 1, 80 cm.sup.3 of toluene, 0.3 mmole of (90
      -allyl).sub.3 UI and 0.03 mmole of AlI.sub.3 were introduced into the
      bottle. Then 25 g of butadiene were introduced and the polymerization run
      for 1 hour at 20.degree.C.
PAR  The yield in solid polymer was 20.5 g (82%) which, at infrared analysis,
      gave the following composition. cis 1,4 = 98%; trans 1,4 = 1.5%; 1,2 =
      0.5%
PAC  EXAMPLES 11 - 15
PAR  According to the procedure referred to in example 10, butadiene was
      polymerized by employing various uranium compounds and co-catalysts.
PAR  All tests were performed by using 0.3 mmole of uranium compounds in 80
      cm.sup.3 of hexane, whilst the co-catalyst amounts were varied according
      to the used compound.
PAR  The polymerizations were carried out for 1 hour at 20.degree.C and the
      results are reported on Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Example                                                                   
          Catalyst Co-catalyst                                                 
                          Butadiene                                            
                                Yield I. R. Analysis   30.degree.              
     __________________________________________________________________________
     No.   mmoles   mmoles                                                     
                          g     g  %  cis 1.4%                                 
                                            trans 1.4%                         
                                                   1.2%                        
                                                        [.eta.] tol.           
     11   (.pi.-allyl).sub.3 U                                                 
                   AlCl.sub.3.OEt.sub.2                                        
          0.30     0.15   27    20 74 98    1      1   4.50                    
     12   (.pi.-allyl).sub.3 UCl                                               
                   AlCl.sub.3                                                  
          0.30     0.09   25    13 52 99    0.8    0.2 4.31                    
     13   (.pi.-allyl).sub.3 UCl                                               
                   BCl.sub.3                                                   
          0.30     0.06   32    31 97 97.0  2.5    0.5 3.51                    
     14   (.pi.-allyl).sub.3 UCl                                               
                   Al Et.sub.3                                                 
          0.30     0.12   25    19 76 97.0  2.5    0.5 3.85                    
     15   (.pi.-allyl).sub.3 UCl                                               
                   TiCl.sub.4                                                  
          0.3      0.03   21    10 48 98.5  1      0.5 4.05                    
     __________________________________________________________________________
PAC  EXAMPLES 16 - 20
PAR  These examples show the influence of the co-catalyst/catalyst ratio on the
      yield of the butadiene polymerization.
PAR  The catalyst system was obtained by reacting, according to the procedure of
      example 10, 0.2 mmole of (.pi.-allyl).sub.4 U with various amounts of
      alkyl-aluminium-chloride in 80 cm.sup.3 of hexane. The tests were carried
      out at 20.degree.C for two hours. The results are reported on Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Example                                                                   
          Catalyst                                                             
                  Co-catalyst                                                  
                         Butadiene                                             
                               Yield     I. R. Analysis   -30                  
     __________________________________________________________________________
     No.   mmoles  mmoles                                                      
                         g     g    %    cis 1.4%                              
                                               trans 1.4%                      
                                                      1.2%                     
                                                          tol.                 
     16   (.pi.-allyl).sub.4 U                                                 
                  AlEtCl.sub.2                                                 
          0.20    0.04   29    1    3    98.4  1.4    0.2 --                   
     17   (.pi.-allyl).sub.4 U                                                 
                  AlEtCl.sub.2                                                 
          0.20    0.08   36    16   45   97.4  1.6    1   4.81                 
     18   (.pi.-allyl).sub.4 U                                                 
                  AlEtCl.sub.2                                                 
          0.20    0.10   32    29   91   99    0.7    0.3 3.43                 
     19   (.pi.-allyl).sub.4 U                                                 
                  AlEtCl.sub.2                                                 
          0.20    0.12   29    28   95   97.4  1.8    0.8 3.31                 
     20   (.pi.-allyl).sub.4 U                                                 
                  AlEtCl.sub.2                                                 
          0.20    0.18   28    1.3  5    97.7  0.9    1.4 --                   
     __________________________________________________________________________
PAC  EXAMPLES 21 - 25
PAR  In the following tests isoprene was polymerized by employing different
      uranium compounds and various catalysts. By working according to example
      10, 0.20 mmole of uranium compound was always used in 80 cm.sup.3 of
      hexane, whereas the cocatalyst amounts were varied according to the
      compound used.
PAR  The polymerizations were performed for 4 hours at 20.degree.C.
PAR  The results are reported in Table V.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Example                                                                   
          Catalyst Co-catalyst                                                 
                          Isoprene                                             
                               Yield I. R. Analysis                            
     __________________________________________________________________________
     No.  mmoles   mmoles g    g  %  cis 1.4%                                  
                                           trans 1.4%                          
                                                  1.2%                         
                                                      3.4%                     
     21   (.pi.-allyl).sub.3 U                                                 
                   AlCl.sub.3.OEt.sub.2                                        
          0.20     0.06   20   13 65 95.5  0.8    --  3.7                      
     22   (.pi.-allyl).sub.3 U                                                 
                   TiCl.sub.4                                                  
          0.20     0.16   20   13 55 96.5  --     0.3 3.2                      
     23   (.pi.-allyl).sub.3 UCl                                               
                   TiCl.sub.4                                                  
          0.20     0.06   20   16 80 94.5  --     --  5.5                      
     24   (.pi.-allyl).sub.3 UCl                                               
                   AlEtCl.sub.2                                                
          0.20     0.04   20    6 30 94.0  --     --  6.0                      
     25   (.pi.-allyl).sub.4 U                                                 
                   B Cl.sub.3                                                  
          0.20     0.16   20   10 50                                           
     __________________________________________________________________________
PAC  EXAMPLES 26 - 30
PAR  These examples show the influence of the co-catalyst/catalyst ratio on the
      yield of isoprene polymerization. The catalyst system was obtained by
      reacting, according to example n 0.10, 0.2 mmole of (.pi.-allyl).sub.4 U
      with variable amounts of TiCl.sub.4 in 80 cm.sup.3 of hexane.
PAR  The tests were carried out at 20.degree.C for 45'; the results are reported
      on Table VI.
TBL                                    TABLE VI                                
     __________________________________________________________________________
     Example                                                                   
          Catalyst Co-catalyst                                                 
                          Isoprene                                             
                               Yield I. R. Analysis                            
     __________________________________________________________________________
     No.  mmoles   mmoles g    g  %  cis 1.4%                                  
                                            trans 1.4%                         
                                                   1.2%                        
                                                       3.4%                    
     26   (.pi.-allyl).sub.4 U                                                 
                   TiCl.sub.4                                                  
          0.20     0.08   20   4  19 94     --     --  6                       
     27   (.pi.-allyl).sub.4 U                                                 
                   TiCl.sub.4                                                  
          0.20     0.10   20   9  44 94.3   --     --  5.7                     
     28   (.pi.-allyl).sub.4 U                                                 
                   TiCl.sub.4                                                  
          0.20     0.12   20   17 83 94.5   --     --  5.5                     
     29   (.pi.-allyl).sub.4 U                                                 
                   TiCl.sub.4                                                  
          0.20     0.14   20   17 83 94     --     --  6                       
     30   (.pi.-allyl).sub.4 U                                                 
                   TiCl.sub.4                                                  
          0.20     0.16   20   14 69 94     --     --  6                       
     __________________________________________________________________________
PAC  EXAMPLES 31 - 35
PAR  These examples show the influence of the co-catalyst/catalyst ratio on the
      yield of isoprene polymerization.
PAR  The catalyst system was obtained by reacting, according to example 10, 0.2
      mmoles of (.pi.-allyl).sub.4 U with variable amounts of
      alkyl-alluminium-dichloride in 80 cm.sup.3 of hexane.
PAR  The tests were carried out at 20.degree.C for 15 hours: the results are
      reported on Table VII.
TBL                                    TABLE VII                               
     __________________________________________________________________________
     Example                                                                   
          Catalyst                                                             
                  Co-catalyst                                                  
                         Isoprene                                              
                              Yield   I. R. Analysis                           
     __________________________________________________________________________
     No.  mmoles  mmoles g    g   %   cis 1.4%                                 
                                            trans 1.4%                         
                                                   1.2%                        
                                                       3.4%                    
     31   (.pi.-allyl).sub.4 U                                                 
                  AlEtCl.sub.2                                                 
          0.20    0.08   20   1.5 7   92.5  --     --  7.5                     
     32   (.pi.-allyl).sub.4 U                                                 
                  AlEtCl.sub.2                                                 
          0.20    0.12   20   9    45 93    --     --  7                       
     33   (.pi.-allyl).sub.4 U                                                 
                  AlEtCl.sub.2                                                 
          0.20    0.16   20   20  100 93.5  --     --  6.5                     
     34   (.pi.-allyl).sub.4 U                                                 
                  AlEtCl.sub.2                                                 
          0.20    0.20   20   3    15 91    --     --  9                       
     35   (.pi.-allyl).sub.4 U                                                 
                  AlEtCl.sub.2                                                 
          0.20    0.24   20   1   5   89.7  --     0.3  10                     
     __________________________________________________________________________
PAC  EXAMPLE 36
PAR  By working according to example 10, 0.2 mmole of (.pi.-allyl).sub.3 UI was
      reacted with 0.06 mmole of AlEtCl.sub.2 in 80 cm.sup.3 of hexane. Then g
      20 of 1,3 pentadiene (75% of trans isomer) were added and the
      polymerization run at 20.degree.C for 20 hours.
PAR  9.1 g of solid polymer were obtained which, at I.R. analysis, showed an 1,4
      unity content of 100%, of which 87% are cis 1,4 unity and 13% are trans
      1,4 unity.
PAC  EXAMPLES 37 - 38
PAR  According to example 10 a mixture was copolymerized consisting of 1,3
      pentadiene and 1,3 butadiene by (.pi.-allyl).sub.3 UI and AlEtCl.sub.2 ;
      the polymerization was carried out at 20.degree.C for 20 hours, and the
      results are reported on Table VIII.
TBL                                    TABLE VIII                              
     __________________________________________________________________________
     Example                                                                   
          Catalyst Co-catalyst                                                 
                          Butadiene                                            
                                Pentadiene                                     
                                      Solid                                    
                                           % C.sub.5 in                        
                                1.3   Polymer                                  
                                           Polymer                             
                                                 I.R. Analysis                 
     __________________________________________________________________________
     No.                                                                       
     37   (.pi.-allyl).sub.3 U I                                               
                   AlEtCl.sub.2                                                
          0.20     0.06   25    5     25   5     Total content                 
                                                           1.4 96              
                                                 trans     1.4 3               
                                                           1.2 1               
     38   (.pi.-allyl).sub.3 U I                                               
                   AlEtCl.sub.2                                                
          0.20     0.06   30    10    29   10    Total content                 
                                                           1.4 95              
                                                 trans     1.4 4               
                                                           1.2 1               
     __________________________________________________________________________
PAC  EXAMPLE 39
PAR  3 liters of anhydrous n-hexane, 2.23 mmoles of AlC.sub.2 H.sub.5 Cl.sub.2
      and 7.43 mmoles of (.pi.-C.sub.3 H.sub.5).sub.3 UCl were introduced into a
      5 l capacity autoclave, euqipped with a stirrer of the anchor type and a
      cooling jacket. Then 290 g of butadiene were introduced, under stirring
      and keeping the temperature inside the reactor at 15.degree.C for the
      whole reaction time.
PAR  The reaction was stopped after 2 hours by adding 10 cc of methyl alcohol,
      then the polymer solution was transferred into a washing vessel, under an
      inert atmosphere.
PAR  The solution was washed under a strong stirring with three portions of
      water free from air, each of them consisting of 2 liters; then, after the
      addition of 0.2 - 0.3% of a phenyl antioxidant, the polymer was recovered
      by removing the solvent through a steam distillation at room temperature.
PAR  The polymer crumbs were dried under vacuum at 50.degree.C up to constant
      weight.
PAR  250 g of polymer were obtained, equal to a 86% yield, which, at I.R.
      analysis, showed the following structure: cis 1,4 = 98.5%; trans 1,4 =
      0.5%; 1,2 = 1%.
PAR  The polymer was completely free from gel: in fact the filtration of a
      toluene polymer solution at 5% concentration by weight through a
      kieselghur filtering candle having a hole average .phi. of 8 .mu. left no
      gelled residue.
PAR  The physical properties of the polymer were the following:
PA1  intrinsic viscosity 4.9 dl/g
PA1  Mooney viscosity 65
PA1  mix Mooney viscosity 98
      ##EQU3##
      semicrystallization time (at -20.degree.C, in minutes) = 5'
PAR  The technological properties were the following ones:
TBL  workability of polymer (4-4-4)                                            
     workability of mix (4-4-4)                                                
     vulcanization at 145.degree.C for                                         
                        25'                                                    
                            30'                                                
                                45'                                            
                                    60'                                        
                                        90'                                    
                                            120'                               
     modulus at 300% Kg/cm.sup.2                                               
                       53  57  86  98  105 103                                 
      (ASTM D 412)                                                             
     ultimate tensile stress kg/cm.sup.2                                       
                       168 193 225 230 217 209                                 
      (ASTM D 412)                                                             
     elongation at break %                                                     
                       600 590 540 500 480 460                                 
      (ASTM D 412)                                                             
     tearing charge Kg/cm                                                      
                       80  105 60  40  40  --                                  
      (ASTM D 624)                                                             
     .DELTA. T.degree.C                                                        
                       --  --  28  24  22  --                                  
      (ASTM D 623 method A)                                                    
     abrasion mm.sup.3 --  --  25  22  20  --                                  
      (DIN 53516 (1 Kg)                                                        
PAR  The vulcanization recipe was the following:
TBL  Polymer                100.0                                              
     NBS ST. HAF Black      50.0                                               
     NBS St. ZnO            3.0                                                
     NBS St. S              1.75                                               
     NBS St. Stearic Acid   2.0                                                
     Flexamine              1.0                                                
     Resin 731 D            5.0                                                
     Aromatic Oil           5.0                                                
     Nobs No. 1             0.9                                                
     NBS = National Bureau of Standard                                         
PAR  The properties of polybutadiene obtained according to the process of the
      present invention differentiate from those of common polybutadienes as
      follows:
PAR  1. Steric purity
PAR  Exceptionally high as we can argue from the cis 1,4 enchainment content by
      means of infrared spectroscopy (method referred to by D. Morero, Chim.
      Ind. 41, 758 (1959), but, above all, from the crystallization rate
      (measured by the dilatometer method, as described by Bakkedahl N., J. Res.
      Natl. Bur. Std., 13, 411 (1934).
PAR  The data are reported on Table IX.
TBL                                    TABLE IX                                
     __________________________________________________________________________
                         cis 1.4                                               
                              Semicrystallization                              
                              time at -20.degree.C (by                         
                         %    minutes)                                         
     __________________________________________________________________________
     Polybut. at Li (Diene 55 Firestone)                                       
                         40   does not crystallize                             
     Polybut. at Ti (Europrene cis)                                            
                         95   &gt;3.000                                           
     Polybut. at Co (Cariflex BR 1220)                                         
                         97   35                                               
     Polybut. at Ni (JSR BR O.sub.1)                                           
                         97-98                                                 
                              23                                               
     Polybut. at U       .gtoreq.98                                            
                               5                                               
     __________________________________________________________________________
PAR  2. Workability
PAR  Exceptionally high both for the polymer as such and the mixes with carbon
      black.
PAR  The valuation relative to various polybutadienes is reported on Table X.
      The valuation criterium is the one hereinafter reported.
TBL                TABLE X                                                     
     ______________________________________                                    
     Valuation of workability                                                  
                Polymer     Mix                                                
     ______________________________________                                    
     Polybut. at Li                                                            
                  0      (0-0-0)    3    (1-1-1)                               
     Polybut. at Ti                                                            
                  1      (1-0-0)    4    (1-0-3)                               
     Polybut. at Co                                                            
                  5      (1-3-1)    8    (3-2-3)                               
     Polybut. at Ni                                                            
                  7      (3-3-1)    10   (3-4-3)                               
     Polybut. at U                                                             
                  12     (4-4-4)    12   (4-4-4)                               
     ______________________________________                                    
PAR  From the Table X one may infer the polybutadiene according to the present
      invention is the only one which allows to be worked and transformed
      without being mixed with other elastomers (f.i. SBR, NR, IR) contrarily to
      the usual polybutadienes.
PAR  3. Mechanical properties
PAR  By taking, as comparison term, the ultimate tensile stress of the
      vulcanized products obtained from a standard mixture, in Table XI the
      differences are emphasized, very favourable to the inventive
      polybutadiene.
TBL                TABLE XI                                                    
     ______________________________________                                    
     Mechanical properties                                                     
                   Ultimate tensile stress (kg/cm.sup.2)                       
     ______________________________________                                    
     Polybut. at Li  160                                                       
     Polybut. at Ti  180                                                       
     Polybut. at Co  190                                                       
     Polybut. at Ni  190                                                       
     Polybut. at U   230                                                       
     (Method ASTM D 412, hollow punch D)                                       
     ______________________________________                                    
PAR  Workability:
PAR  Internal method for the valuation of the behaviour on the 150 .times. 300
      mixing rolls of mixes and elastomers.
PAR  Description and setting-up of apparatus:
PAR  Use is made of 150 .times. 300 mixing roll. The velocity of rolls, which we
      worked at, was the following one:
PAR  Rub pitch: for roll (near to worker) 26 rounds/1'; hinger roll 34
      rounds/1'. The distance between sliders, measured in contact with the
      rolls, was kept at mm 170.
PAR  The distance between the rolls was fixed at mm 1.10, calculated on an
      elastomer or mix volume of 200 cm.sup.3.
PAR  The material, which was being worked, had to be on the roll having the
      lower velocity; when the mix or the polymer tended to pass on the other
      roll, the valuation was also performed even if bringing the wording "on
      the fast roll". If the temperature was not specified, a temperature of
      50.degree.C .+-. 5.degree.C was recommended.
PAC  Test for elastomers
PAR  The distance between the rolls was maintained at mm 1.10. The elastomer was
      wrapped on the rolls; if it did not stay on rolls, it was helped by hand
      so as to maintain the replacement and the temperature and the elastomer
      always was under strain.
PAR  The workability valuation was performed, when it was not otherwise
      specified, after mixing for 5' with the moving rolls and was obtained by
      summing up three observations.
PAR  The valuation time was calculated from the instant that the elastomer may
      be rolled up.
PAR  Working temperature 60.degree.C .+-. 5.degree.C.
PAR  The variable quantities, with the respective observations were the
      following ones:
TBL  Tackiness              Observations                                       
     all wound              4                                                  
     partially wound        3                                                  
     partial fall           1                                                  
     completely detached    0                                                  
     Indentations and holes (*) (sizes)                                        
                            Observations                                       
     no one                 4                                                  
     &lt; 10 mm                3                                                  
     10 + 30 mm             2                                                  
     &gt; 30 mm                1                                                  
     --                                                                        
     --                                                                        
     --                                                                        
     Indentations and holes (*) (number)                                       
                            Observations                                       
     no one                 4                                                  
     &lt; 5                    3                                                  
     5 + 10                 1                                                  
     &gt; 10                   0                                                  
      (*) We considered the ones visible to the worker during the test. The    
      polymerization was carried out at 30.degree.C and, after the scheduled   
      time, the autoclave was ventilated, methyl alcohol was added, and the    
      solid polymer was discharged into a glass washed with methyl alcohol and 
      hydrochloric acid, then was dried in oven at 40.degree.C. The conditions 
      and the results are reported in Tab. 1 A whereas the properties of the   
      obtained polymer are reported in Table 1 B.                              
FNT  (*) We considered the ones visible to the worker during the test. The
      polymerization was carried out at 30.degree.C and, after the scheduled
      time, the autoclave was ventilated, methyl alcohol was added, and the
      solid polymer was discharged into a glass washed with methyl alcohol and
      hydrochloric acid, then was dried in oven at 40.degree.C.
PAR  The conditions and the results are reported in Tab. 1 A whereas the
      properties of the obtained polymer are reported in Table 1 B.
PAR  The valuation ranged from 1 to 12.
PAR  An elastomer could be thought workable when having the value of 9.
PAC  Tests for the mixes
PAR  The distance between the rolls was kept at mm 1.10.
PAR  Firstly 5 runs of the mix were performed at a distance of mm 0.4, then the
      mix was wound.
PAR  Also now, if the mix did not adhere to the rolls, it was helped by hand.
PAR  The valuation was performed at 5' of mixing with the moving rolls. The
      variable quantities, with the respective observations, were the following
      ones.
TBL  ______________________________________                                    
     Surface              Observations                                         
     Smooth and bright    4                                                    
     Smooth               3                                                    
     rough                1                                                    
     very rough           0                                                    
     --                                                                        
     --                                                                        
     --                                                                        
     --                                                                        
     --                                                                        
     Tackiness                                                                 
     all wound            4                                                    
     partially wound      3                                                    
     partial fall         1                                                    
     completely detached  0                                                    
     Indentations (*)                                                          
     no one               4                                                    
     few (&lt;10) and small (&lt;10 mm)                                              
                          3                                                    
     few (&lt;10) big, or many                                                    
     (10 + 30) and small (&lt;10 mm)                                              
                          1                                                    
     very numerous        0                                                    
     ______________________________________                                    
PAL  the valuation ranged from 0 to 12
PAR  A mix could be thought workable when having the value of 10.
FNT  (*) We considered the ones visible to the worker during the test. The
      polymerization was carried out at 30.degree.C and, after the scheduled
      time, the autoclave was ventilated, methyl alcohol was added, and the
      solid polymer was discharged into a glass washed with methyl alcohol and
      hydrochloric acid, then was dried in oven at 40.degree.C. The conditions
      and the results are reported in Tab. 1 A whereas the properties of the
      obtained polymer are reported in Table 1 B.
PAC  EXAMPLE 40
PAR  By working according to the procedure of example 1 and with quite pure
      reagents, 100 cm.sup.3 of n-hexane, 0.0072 mmole of (.pi.-allyl).sub.4 U
      and 0.0058 mmole of AlEtCl.sub.2 were introduced into the reactor. Then 27
      g of butadiene were introduced and polymerized at 24.degree.C for 30
      minutes.
PAR  The yield in solid polymer was 12 g (44.4%) which, at infrared analysis
      gave the following composition:
PA1  1,4 cis = 98%; 1,4 trans = 1%; 1,2 = 1%.
PAC  EXAMPLES 41 - 47
PAR  The polymerization of ethylene is described by means of uranium
      .pi.-tetraallyl or uranium .pi.-allylhalides without or with Lewis acids.
PAR  The operation was carried out in a 1000 cm.sup.3 autoclave equipped with a
      cooling or heating jacket, and stirrer of the magnetic trailing type with
      anchor. Solvent, catalyst and monomer were subsequently introduced under
      an inert gas atmosphere.
TBL                                    TABLE 1A                                
     __________________________________________________________________________
     Example                                                                   
          Hexane                                                               
              Uranium compound                                                 
                        Lewis acid                                             
                                 Ethylene                                      
                                      T  Duration                              
                                              Solid Polymer                    
     No.  g   moles .times. 10.sup.-.sup.3                                     
                        moles .times. 10.sup.-.sup.3                           
                                 g    .degree.C                                
                                         h    g                                
     __________________________________________________________________________
     41   250 U(C.sub.3 H.sub.5).sub.3 Cl 0.4                                  
                        --       25   30 2    20                               
     42   250 U(C.sub.3 H.sub.5).sub.4 0.4                                     
                        --       31   30 3    10                               
     43   250 U(C.sub.3 H.sub.5).sub.2 Cl.sub.2 0.3                            
                        --       30   30 2    23                               
     44   250 U(C.sub.3 H.sub.5).sub.3 Cl 0.4                                  
                        AlEtCl.sub.2 0.24                                      
                                 29   30 1    23                               
     45   250 U(C.sub.3 H.sub.5).sub.3 Cl 0.3                                  
                        Al(Et)Cl.sub.2 0.12                                    
                                 27   30 0.5  27                               
     46   250 U(C.sub.3 H.sub.5).sub.4 0.4                                     
                        AlEtCl.sub.2 0.16                                      
                                 30   30 1    21                               
     47   250 U(C.sub.3 H.sub.5).sub.4 0.4                                     
                        TiCl.sub.4 0.16                                        
                                 33   30 1    33                               
     __________________________________________________________________________
TBL                                    TABLE 1B                                
     __________________________________________________________________________
     Example                                                                   
          [.eta.].sup.135 dec                                                  
                 D    Melting point                                            
                              Cristallinity                                    
                                      Methyl group number                      
     No.  dl/g        .degree.C                                                
                              at X-rays %                                      
                                      %                                        
     __________________________________________________________________________
     41   18.0   0.9390                                                        
                      136.5   91.5    &lt;0.01                                    
     42   20.3   0.9338                                                        
                      134.0   77.0    &lt;0.01                                    
     43   14.6   0.9445                                                        
                      137.0   83.0    &lt;0.01                                    
     44   18.5   0.9377                                                        
                      136.0   90.0    &lt;0.01                                    
     45   16.5   0.9431                                                        
                      136.0   85.0    &lt;0.01                                    
     46   17.3   0.9419                                                        
                      136.0   82.5    &lt;0.01                                    
     47   19.1   0.9352                                                        
                      134.5   77.0    &lt;0.01                                    
     __________________________________________________________________________
PAC  EXAMPLES 48 - 51
PAR  We show the copolymerization of ethylene with conjugated diolefins as 1-3
      butadiene and isoprene by means of catalysts consisting of
      tetraallyl-uranium or of .pi.-allyl-uranium halides with Lewis acids.
PAR  The working procedure is the same as in example 1A, and the conditions and
      results are reported in Table II A.
TBL                                    TABLE IIA                               
     __________________________________________________________________________
     Example                                                                   
          Hexane                                                               
              Uranium com-                                                     
                      Lewis acid                                               
                              Monomers   T Duration                            
                                                Yield in                       
                                                      % diolefin               
                                                            % 1-4 unity        
     No.  g   pound moles .times.                                              
                      mole .times. 10.sup.-.sup.3                              
                              diolefin                                         
                                    ethylene                                   
                                         .degree.C                             
                                           h    Solid in polymer               
                                                            of diolefin        
              10.sup.-.sup.3  g     g           Polymer g   in                 
     __________________________________________________________________________
                                                            polymer            
     48   250 U(C.sub.3 H.sub.5).sub.3 Cl                                      
                      Ti Cl.sub.4                                              
                              butadiene                                        
              0.4     0.24    7     35   30                                    
                                           0.5  33     8    .ltoreq.90         
     49   250 U(C.sub.3 H.sub.5).sub.3 Cl                                      
                      Ti Cl.sub.4                                              
                              isoprene                                         
              0.4     0.24    6     50   30                                    
                                           0.5  43     6    .ltoreq.90         
     50   250 U(C.sub.3 H.sub.5).sub.4                                         
                      Ti Cl.sub.4                                              
                              butadiene                                        
              0.4     0.24    11    27   30                                    
                                           0.5  35    20    .ltoreq.90         
     51   250 U(C.sub.3 H.sub.5) Cl                                            
                      Al Et Cl.sub.2                                           
                              butadiene                                        
              0.4     0.16    19    35   30                                    
                                           0.15 38    24    .ltoreq.90         
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Process for the stereospecific homopolymerization of a diolefin wherein
      the homopolymerization reaction is carried out in the presence of a
      catalyst selected from the uranium allyl derivatives having the formula
      ##EQU4##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5, the same or
      different, are selected from the group consisting of hydrogen atoms, alkyl
      radicals containing from 1 to 10 carbon atoms, aryl radicals containing
      from 6 to 10 carbon atoms, cycloalkyl radicals containing from 4 to 10
      carbon atoms and alkylaryl radicals; X is an anion selected from Cl.sup.-,
      Br.sup.- and I.sup.-; n is a number ranging between 1 and 3; and the
      dotted line indicates the possible delocalization of the valence
      electrons.
NUM  2.
PAR  2. Process for the stereospecific homopolymerization of a diolefin
      according to claim 1, wherein the homopolymerization reaction is carried
      out in the presence of a co-catalyst selected from Lewis acids.
NUM  3.
PAR  3. Process for the stereospecific homopolymerization of a diolefin
      according to claim 2, wherein the co-catalyst employed is a Lewis acid
      eomplexed with a compound selected from ethers, tertiary amines and
      phosphines.
NUM  4.
PAR  4. Process for the stereospecific homopolymerization of a diolefin
      according to claim 2, wherein the homopolymerization reaction is carried
      out in the presence of co-catalyst and catalyst at a molar ratio ranging
      from 0.01 to 10.
NUM  5.
PAR  5. Process for the stereospecific homopolymerization of a diolefin
      according to claim 1, wherein the amount of employed catalyst ranges from
      0.001 to 1% by moles with respect to the moles of the monomer fed to
      reaction.
NUM  6.
PAR  6. Process for the stereospecific homopolymerization of a diolefin
      according to claim 1, wherein the homopolymerization reaction is carried
      out in the presence of a solvent selected from aliphatic saturated
      hydrocarbons, aromatic, cycloalkyl hydrocarbons and halogenated
      hydrocarbons.
NUM  7.
PAR  7. Process for the stereospecific homopolymerization of a diolefin
      according to claim 1, wherein the homopolymerization reaction is carried
      out at a temperature in the range between -78.degree.C and +100.degree.C.
NUM  8.
PAR  8. Process for the stereospecific homopolymerization of a diolefin
      according to claim 1, wherein the diolefin is selected from butadiene
      (1,3), isoprene, 2-3 dimethylbutadiene (1,3), 2-phenylbutadiene (1,3), 2-3
      diphenylbutadiene (1,3), pentadiene (1,3).
NUM  9.
PAR  9. Process for the stereospecific homopolymerization of a diolefin
      according to claim 1, wherein the diolefin employed is butadiene 1,3.
NUM  10.
PAR  10. Process for the stereospecific homopolymerization of a diolefin
      according to claim 8, wherein the diolefin employed is isoprene.
NUM  11.
PAR  11. Process for the stereospecific homopolymerization of a diolefin
      according to claim 8, wherein the diolefin employed is pentadiene 1,3.
NUM  12.
PAR  12. Process for the polymerization and copolymerization of olefins wherein
      the polymerization reaction is carried out in the presence of a catalyst
      selected from the uranium allyl derivatives having the formula
      ##EQU5##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5, the same or
      different, are selected from members of the group consisting of hydrogen
      atoms, alkyl radicals containing from 1 to 10 carbon atoms, aryl radicals
      containing from 6 to 10 carbon atoms, cycloalkyl radicals containing from
      4 to 10 carbon atoms, and alkyl aryl radicals; X is an anion selected from
      Cl.sup.-, Br.sup.- and I.sup.-; n is a number ranging between 1 and 3; and
      the dotted line indicates the possible delocalization of the valence
      electrons.
NUM  13.
PAR  13. Process according to claim 12, wherein the polymerization reaction is
      carried out in the presence of a co-catalyst selected from Lewis acids.
NUM  14.
PAR  14. Process according to claim 13 wherein the co-catalyst employed is a
      Lewis acid complexed with a compound selected from ethers, tertiary amines
      and phosphines.
NUM  15.
PAR  15. Process according to claim 13, wherein the polymerization reaction is
      carried out in the presence of the co-catalyst and catalyst at a molar
      ratio ranging from 0.01 to 10.
NUM  16.
PAR  16. Process according to claim 12, wherein the catalyst amount employed
      ranges from 0.001 to 1% by moles with respect to the moles of the monomer
      fed to reaction.
NUM  17.
PAR  17. Process according to claim 12, wherein the polymerization reaction is
      carried out in the presence of a solvent selected from aliphatic saturated
      hydrocarbons, aromatic, cycloalkyl hydrocarbons and halogenated
      hydrocarbons.
NUM  18.
PAR  18. Process according to claim 12, wherein the polymerization reaction is
      carried out at a temperature in the range between -50.degree.C and
      +150.degree.C.
NUM  19.
PAR  19. Process for the copolymerization of olefins according to claim 12
      wherein a contemporaneous use is made of butadiene 1,3 and isoprene.
NUM  20.
PAR  20. Process for the copolymerization of olefins according to claim 12
      wherein a contemporaneous use is made of pentadiene 1,3 and butadiene 1,3.
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ABST
PAL  Process for reducing the nucleic acid content in the production of an
      edible protein-containing substance comprising contacting a grown
      non-toxic microfungus of the class Fungi Imperfecti with a solvent
      comprising between 40% and 100% (by volume) of a lower alkanol containing
      up to three carbon atoms and thereafter incubating at a pH between 5 and
      9.5 and at a temperature between 30.degree.C. and 80.degree.C. for a time
      of at least 90 seconds.
BSUM
PAR  This invention is for improvements in or relating to the production of
      edible protein containing substances.
PAR  It has particular reference to a process for reducing the nucleic acid
      content of microfungi.
PAR  Our British Specification No. 1,210,356 describes and claims a process for
      the production of an edible protein-containing substance which comprises
      incubating and proliferating, under aerobic conditions, an organism which
      is a non-toxic strain of a microfungus of the class Fungi Imperfecti, in a
      culture medium containing essential growth-promoting nutrient substances,
      of which carbon in the form of assimilable carbohydrate constitutes the
      limiting substrate in proliferation, and separating from the assimilable
      carbohydrate exhausted medium the proliferated organism which constitutes
      the edible protein-containing substance.
PAR  Our British application No. 8977/70 (Ser. No. 1,331,471) describes and
      claims a process for the production of an edible protein-containing
      substance which comprises incubating and proliferating, under aerobic
      conditions, a non-toxic strain of Penicillium notatum or Penicillium
      chrysogenum or a variant or mutant thereof, in a culture medium containing
      essential growth-promoting nutrient substances, of which carbon in the
      form of assimilable carbohydrate constitutes the limiting substrate in
      proliferation, and separating from the assimilable carbohydrate exhausted
      medium the proliferated organism which constitutes the edible
      protein-containing substance.
PAR  Our Application No. 8978/70 (Serial No. 1,331,472) describes and claims our
      specific novel strain of Penicillium notatum-chrysogenum IMI 138291 and
      variants and mutants thereof.
PAR  Our Application No. 30584/70 and cognate No. 10466/71 (Ser. No. 1,346,062)
      describes and claims a process for the production of an edible
      protein-containing substance which comprises incubating and proliferating,
      under aerobic conditions, a non-toxic strain of the genus Fusarium or a
      variant or mutant thereof, in a culture medium containing essential
      growth-promoting nutrient substances, of which carbon in the form of
      assimilable carbohydrate constitutes the limiting substrate in
      proliferation, and separating the proliferated organism comprising the
      edible protein-containing substance.
PAR  Our Application No. 23452/70 (Ser. No. 1,346,061) describes and claims our
      specific novel strain of Fusarium graminearum Schwabe IMI 145425 and
      variants and mutants thereof.
PAR  The separated proliferated organism comprising the edible
      protein-containing substance obtained by the fermentation processes of our
      Applications Nos. 8977/70 (Ser. No. 1,331,471) and 30584/70 and Cognate
      No. 10466/71 (Ser. No. 1,346,062) may be incorporated into a foodstuff for
      human or animal consumption.
PAR  The processes of our Applications Nos. 8977/70 (Ser. No. 1,331,471) and
      30584/70 and Cognate No. 10466/71 (Ser. No. 1,346,062) are capable of
      producing an edible protein-containing substance comprising fungal
      mycelium which possesses a high net protein utilisation value on rat
      assays of at least 70 based on the .alpha.-amino nitrogen.
PAR  If single-cell protein is to be used as a primary protein source for human
      consumption the World Health Organisation has advised that the nucleic
      acid content should be reduced to a level which would allow a maximum
      intake in the range of 2 grams of nucleic acid per day.
PAR  For a processing method to be acceptable, it must not only decrease the
      nucleic acid level to the required degree, but it also must be inexpensive
      and must not contaminate the food product with undesirable chemicals.
PAR  It is an object of the present invention to provide a process for the
      reduction of levels of nucleic acid in particular ribonucleic acid (RNA)
      in proliferated microorganisms combined with the minimum loss of protein
      to render them more acceptable as human food.
PAR  We have developed a process for treating cells of grown non-toxic
      microfungus of the class Fungi Imperfecti which can meet the above
      requirements of the World Health Organisation.
PAR  The invention provides fungal mycelium possessing a reduced level of RNA of
      below 4%.
PAR  Thus the invention provides fungal mycelium containing Fusarium graminearum
      Schwabe IMI 145425 possessing a reduced level of RNA of below 3% by
      weight, preferably below 2% by weight.
PAR  The invention also provides fungal mycelium containing Penicillium
      notatum-chrysogenum IMI 138291 possessing a reduced level of RNA of below
      4%.
PAR  According to the present invention there is provided a process for reducing
      the nucleic acid content in the production of an edible protein-containing
      substance comprising contacting a grown non-toxic microfungus of the class
      Fungi Imperfecti with a solvent comprising between 40% and 100% (by
      volume) of a lower alkanol containing up to three carbon atoms and
      thereafter incubating at a pH between 5 and 9.5 and at a temperature
      between 30.degree.C. and 80.degree.C. for a time of at least 90 seconds.
PAR  The process may be applied to a grown nontoxic strain of Fusarium,
      Penicillium notatum or Penicillium chrysogenum, Penicillium funiculosum or
      Aspergillus niger.
PAR  The strain of Fusarium may be a strain of Fusarium graminearum Schwabe in
      particular IMI 145425, Fusarium oxysporum or Fusarium solani as described
      and claimed in our Applications Nos. 23452/70 (Ser. No. 1,346,061) and
      30584/70 and Cognate No. 10466/71 (Ser. No. 1,346,062).
PAR  The strain of Penicillium notatum or Penicillium chrysogenum may be a
      strain of Penicillium notatum-chrysogenum, for example IMI 138291, as
      described and claimed in our Application Nos. 8977/70 (Ser. No. 1,331,471)
      and 8978/70 (Ser. No. 1,331,472).
PAR  The lower alkanol containing up to three carbon atoms may be methyl
      alcohol, ethyl alcohol, propyl alcohol or isopropyl alcohol. Ethyl alcohol
      and isopropyl alcohol are solvents permitted by the Solvents in Food
      Regulations, 1967. The preferred solvent in the process of the present
      invention is isopropyl alcohol (IPA). Instead of pure isopropyl alcohol
      aqueous solutions containing between 40 or 50% by volume and up to 100%
      I.P.A. may be employed.
PAR  The incubation may conveniently be carried out at a temperature between
      45.degree.C. and 60.degree.C. for a time of between 1.5 minutes and 40
      minutes.
PAR  The incubation step may conveniently be carried out in the presence of a
      buffer solution for example NH.sub.4 Cl/NH.sub.4 OH or NH.sub.4 Cl/HCl.
PAR  The post fermentation process of the present invention for reducing the
      nucleic acid content of microorganisms is essentially a two stage process.
PAC  STAGE 1
PAR  The grown microbial protein or fungal mycelium obtained for example by the
      fermentation process described and claimed in our Application Nos. 8977/70
      (Ser. No. 1,331,471) and 30584/70 and Cognate No. 10466/71 (Ser. No.
      1,346,062) may be harvested, filtered to remove growth medium and washed,
      if desired. It may then be suspended in the alkanol solvent for example
      for 1 minute at 20.degree.C. or contacted with an alkanol solvent water
      mixture. The majority or all of the alkanol solvent may be removed by such
      methods as vacuum filtration, filter pressing or centrifugation. The
      duration of contact with the alkanol solvent may be varied but is
      generally in the range between 15 seconds and 15 minutes. The temperature
      may vary between 0.degree.C. and 60.degree.C.
PAC  STAGE 2
PAR  The cells may then be brought into intimate contact with aqueous buffer
      solutions in the pH range 5 to 9.5. Thus the solvent treated cells may
      then be resuspended and incubated in aqueous buffer solution at pH 8.6 and
      temperature 45.degree.C. An example of a suitable buffer solution is 0.1 M
      ammonium chloride solution with ammonium hydroxide added to adjust the pH
      to 8.6.
PAR  The resulting treated cells may then be harvested again for example by
      filtration and washing with water and thereafter formulated into foods or
      dried by various methods.
PAR  When the process is carried out in the pilotplant the pH is adjusted to 5
      after RNA removal. The purpose of this acidification is twofold (a) the
      material becomes "whiter" and (b) the texture changes and this enables
      harvesting by vacuum filtration to be carried out easier.
PAR  The resulting solvent treated microbial protein or fungal mycelium may have
      a RNA content of 1-4% compared to 7 to 10% of the untreated proliferated
      organism.
PAR  The cells may be analysed to determine their chemical composition and to
      evaluate the efficiency of the nucleic acid reduction process.
PAR  Following is a description by way of example of methods of carrying the
      invention into effect.
PAR  References to "Biomass Loss" denote weight lost during processing.
PAR  Ribonucleic acid (RNA) content was determined by a modification of the
      method of Schmidt G. and Thannhauser, S. J., J. Biol. Chem., 1945, 161,
      83.
PAR  Method of analysis for Total Nitrogen (TN) Automatic Kjeldahl digestor
      (Technicon). A. Ferrari, Ann. N.Y. Sci. 87, 792 (1960).
PAR  Amino nitrogen (AN) TNBS (modified). M. A. Pinnegar, Technicon Symposium
      1965, p. 80.
DETD
PAC  EXAMPLE A
PAC  Reduction of the Nucleic Acid Levels in Various Micro-Organisms
PAR  Fusarium graminearum IMI 145425 was cultivated by the following procedure:
TBL  Medium in distilled water:                                                
     K.sub.2 HPO.sub.4      15.05     gL.sup.-.sup.1                           
     (NH.sub.4).sub.2 HPO.sub.4                                                
                            6.64      gL.sup.-.sup.1                           
     tri Sodium Citrate     15.7      gL.sup.-.sup.1                           
     Citric Acid            5.48      gL.sup.-.sup.1                           
     K.sub.2 SO.sub.4       1.0       gL.sup.-.sup.1                           
     Choline chloride       50        mgL.sup.-.sup.1                          
     Biotin                 50        .mu.gL.sup.-.sup.1                       
     Glucose                30        gL.sup.-.sup.1                           
     Minimal Salts                                                             
     MgCl.sub.2.6H.sub.2 O  0.2       gL.sup.-.sup.1                           
     ZnSO.sub.4             0.003     gL.sup.-.sup.1                           
     MnCl.sub.2 4H.sub.2 O  0.005     gL.sup.-.sup.1                           
     FeCl.sub.3.6H.sub.2 O  0.01      gL.sup.-.sup.1                           
     CuCl.sub.2.6H.sub.2 O  0.001     gL.sup.-.sup.1                           
     NaMoO.sub.4.2H.sub.2 O 0.001     gL.sup.-.sup.1                           
     CoCl.sub.2.6H.sub.2 O  0.001     gL.sup.-.sup.1                           
     CaCl.sub.2.2H.sub.2 O  0.015     gL.sup.-.sup.1                           
PAC  STERILISATION
PAR  All components with the exception of glucose are sterilised together, and
      the amounts of these materials required for 1 liter of medium are
      dissolved, made up to 850 ml. and distributed into 5 1 liter conical
      flasks, each containing 170 ml. A 30% w/v solution of glucose is prepared
      and sterilised in 20 ml. portions in universal bottles. Sterilisation is
      effected in an autoclave at 15 p.s.i. for 15 minutes.
PAC  GROWTH CONDITIONS
PAR  Before inoculation with 10 ml. of a growing culture, the contents of one
      bottle of sterile glucose solution is added to each flask. Culture of A3/5
      then proceeds on an Orbital Shaker, with 2 inch throw, at 160 r.p.m. and a
      temperature of 30.degree.C. The culture is harvested after 18 hours.
PAR  Cells were collected and washed on a Buchner filtration system and treated
      as follows:
PA1  i. Suspended in 66% v/v isopropyl alcohol for 1 minute at 20.degree.C.
PA1  ii. Isopropyl alcohol was removed by filtration.
PA1  iii. The treated cells were incubated in 0.1M NH.sub.4 Cl/NH.sub.4 OH
      buffer at pH 8.6 and 45.degree.C. for various times. The incubations were
      carried out at a slurry concentration of approximately 10 g/l with
      stirring.
TBL  ______________________________________                                    
     Results                                                                   
     Micro-                                                                    
           Treatment Time of   % RNA  % Amino                                  
                                             % Total                           
     fungi           Incubation                                                
                               Content                                         
                                      Nitrogen                                 
                                             Nitrogen                          
                     Minutes                                                   
     ______________________________________                                    
     F.                                                                        
     grami-                                                                    
           None      None      10.86  7.57   9.80                              
     nearum                                                                    
           Nucleic                                                             
           acid      Zero      9.86   8.23   10.98                             
           Reduction                                                           
           "         20        2.29   8.84   10.45                             
           "         40        1.88   8.68   9.91                              
           "         60        1.69   8.73   10.56                             
     ______________________________________                                    
PAC  CONCLUSION
PAR  The level of nucleic acid was effectively reduced by the treatment
      described.
PAR  Penicillium notatum chrysogenum IMI 138291 was cultivated by the following
      procedure:
PAC  MEDIUM
PA1  2% soluble starch
PA1  0.2% Spray dried corn steep liquor
PA1  0.2% Mycological peptone
PA1  0.4% (NH.sub.4).sub.2 SO.sub.4
PA1  0.2% kh.sub.2 po.sub.4
PA1  1% sucrose
PAR  The medium is made up with hot tap water, and dispensed in 200 ml. aliquots
      into conical shake flasks.
PAR  0.1 ml. of liquid amylase was added to each shake flask and incubated at
      70.degree.C. for 15 minutes so that the starch was broken down and the
      viscosity reduced.
PAC  STERILISATION
PAR  The flasks were sterilised in an autoclave at 15 p.s.i. for 20 minutes.
PAC  GROWTH CONDITIONS
PAR  A spore inoculum was added to each flask and the culture grown at
      30.degree.C. on an orbital shaker with a 2 inch throw at 160 r.p.m. After
      growth for 24 hours, 10 ml. of the growing culture was used as growing
      inoculum which was added to more flasks containing the starch medium.
      Cells produced after a further 24 hours growth were harvested, washed and
      used as follows:
PA1  i. Suspended in 66% (v/v) isopropyl alcohol for one minute at 20.degree.C.
PA1  ii. Isopropyl alcohol was removed by filtration.
PA1  iii. The treated cells were incubated in 0.1M NH.sub.4 Cl/NH.sub.4 OH
      buffer at pH 8.6 and 40.degree.C. for various times. The incubations were
      carried out at a slurry concentration of approximately 10 gm/l with
      stirring.
TBL  __________________________________________________________________________
     Results                                                                   
     Micro- Treatment                                                          
                  Time of                                                      
                        % RNA                                                  
                             % Amino                                           
                                  % Total                                      
                                       % Biomass                               
     fungi        Incubation                                                   
                        content                                                
                             Nitrogen                                          
                                  Nitrogen                                     
                                       Loss                                    
                  Minutes                                                      
     __________________________________________________________________________
     P. notatum-                                                               
            None  None  7.19 5.78 7.58 0                                       
     chrysogenum                                                               
     "      Nucleic                                                            
            Acid  15    3.60 6.64 8.47 30                                      
            Reduction                                                          
     "      "     40    3.25 6.47 8.52 32                                      
     "      "     60    3.32 6.34 8.04 32                                      
     __________________________________________________________________________
PAC  CONCLUSION
PAR  The level of nucleic acid was reduced by the treatment described.
PAR  Penicillium funiculosum IMI 79195 was cultivated by the following
      procedure:
TBL  Medium                                                                    
     KH.sub.2 PO.sub.4                                                         
                      15      g/l                                              
     NaOH             1       g/l                                              
     Dextran          1       g/l                                              
     Caster Oil       10      g/l                                              
     Solution A.sup.+ 5       ml/l                                             
     Solution B.sup.+ 5       ml/l                                             
     Solution C.sup.+ 5       ml/l                                             
     Yeast extract    10      g/l                                              
     Minimal salts                                                             
     A.sup.+      B.sup.+        C.sup.+                                       
     MgSO.sub.4                                                                
            50      CaCl.sub.2 3     g/l FeSO.sub.4                            
                                                  1   g/l                      
     ZnSO.sub.4                                                                
            1       g/l                                                        
     MnSO.sub.4                                                                
            1       g/l        CoCl.sub.2                                      
                                     0.2 g/l                                   
     CuSO.sub.4                                                                
            0.2     g/l                                                        
     All in distilled water.                                                   
PAC  STERILISATION
PAR  Adjust pH of medium to 5.5 before sterilisation. Autoclave all components
      together. (50 minutes 15 p.s.i.)
PAC  GROWTH CONDITIONS
TBL  (Batch culture)                                                           
                 Volume 10l. (Fermenter)                                       
                 Temperature 28.degree.C.                                      
                 Stirrer 400 r.p.m.                                            
                 Air flow 10l/minutes                                          
                 Harvest time 80 hours                                         
                 Inoculum size 5% by volume                                    
                 (shake flask culture)                                         
PAR  Cells were collected and washed on a Buchner filtration system and treated
      as follows:
PA1  i. Suspended in 80% isopropyl alcohol for 1 minute at 20.degree.C.
PA1  ii. Isopropyl alcohol was removed by filtration.
PA1  iii. The treated cells were incubated in 0.1M NH.sub.4 Cl/NH.sub.4 OH
      buffer at pH 8.6 and 37.degree.C. for 60 minutes. The incubation was
      carried out at a slurry concentration of approximately 10 g/l with
      stirring.
TBL  ______________________________________                                    
     Results                                                                   
     Micro-   Treatment % RNA     % Amine % Total N                            
     organism           content   N                                            
     ______________________________________                                    
     P.       None      4.23      3.74    5.81                                 
     funiculosum                                                               
     P        Nucleic                                                          
     funiculosum                                                               
              Acid      2.80      4.46    7.34                                 
              Reduction                                                        
     ______________________________________                                    
PAC  CONCLUSION
PAR  The level of nucleic acid was reduced by the treatment described.
PAR  Aspergillus niger NRRL 330 was cultivated by the following procedure:
PAR  The medium and sterilisation procedure were identical to that described for
      P. notatum-chrysogenum.
PAR  Growth conditions were also identical except that cells grown directly from
      spores were used instead of cells cultivated from growing inoculum.
PAR  Cells were collected and washed on a Buchner filtration system and treated
      as follows:
PA1  i. Suspended in 66% (v/v) isopropyl alcohol for 1 minute at 20.degree.C.
PA1  ii. Isopropyl alcohol was removed by filtration.
PA1  iii. The treated cells were incubated in 0.1M NH.sub.4 Cl/NH.sub.4 OH
      buffer at pH 8.6 and 40.degree.C. for various times. The incubations were
      carried out at a slurry concentration of approximately 10 g/l with
      stirring.
TBL  __________________________________________________________________________
     Results                                                                   
     Micro- Treatment                                                          
                  Time of                                                      
                        % RNA                                                  
                             % Amino                                           
                                  % Total                                      
                                       % Biomass                               
     fungi        Incubation                                                   
                        Content                                                
                             Nitrogen                                          
                                  Nitrogen                                     
                                       loss                                    
                  Minutes                                                      
     __________________________________________________________________________
     A.niger                                                                   
            None  None  6.36 4.03 5.70 none                                    
     "      Nucleic                                                            
            acid  zero                                                         
            Reduction                                                          
     "      "     15    1.88 4.40 6.30 27                                      
     "      "     30    1.86 4.35 5.77 28                                      
     "      "     60    1.82 4.25 5.62 32                                      
     __________________________________________________________________________
PAC  CONCLUSION
PAR  The level of nucleic acid was effectively reduced by the treatment
      described.
PAC  EXAMPLE B
PAC  Effect of the % Iso-Propyl Alcohol on the Efficiency of the Nucleic Acid
      Reduction Process
PAR  F. graminearum IMI 145425, cultivated as described in Example A, was
      contacted with various isopropyl alcohol/water mixtures at 20.degree.C.
      for 2 minutes. The treated cells were then incubated in 0.1M NH.sub.4
      Cl/NH.sub.4 OH buffer pH 8.5 at 37.degree.C. for 20 minutes. The
      incubations were carried out at a slurry concentration of approximately 10
      g/l with stirring.
TBL  ______________________________________                                    
     Results                                                                   
     % IPA    Treatment  % Biomass  % RNA remaining                            
     (by volume)         loss                                                  
     ______________________________________                                    
     0        None       0.0        9.33                                       
     0        Nucleic    1.8        9.33                                       
              acid                                                             
              reduction                                                        
     10       "          1.1        10.68                                      
     20       "          11.3       9.74                                       
     30       "          19.4       8.87                                       
     40       "          25.6       4.58                                       
     50       "          26.5       3.03                                       
     60       "          28.0       3.25                                       
     70       "          27.6       2.86                                       
     80       "          26.3       3.35                                       
     90       "          23.8       3.69                                       
     100      "          25.1       4.58                                       
     ______________________________________                                    
PAC  CONCLUSION
PAR  The nucleic acid removal process is most effective in the range of 40-100%
      isopropyl alcohol.
PAR  In the case of the treatment with 10 & 20% IPA the final RNA content is
      greater than the starting material; this is because RNA is removed to a
      lesser extent than biomass lost.
PAC  EXAMPLE C
PAC  Effect of Contact with IPA at Various Temperatures on the Subsequent
      Nucleic Acid Reduction Process
PAR  F. graminearum IMI 145425, cultivated as described in Example A, was
      contacted with 100% IPA at 0.degree., 20.degree., 40.degree., and
      60.degree.C. for 2 minutes, then incubated with 0.1M NH.sub.4 Cl/NH.sub.4
      OH buffer pH 8.5 for 20 minutes at 39.degree.C. The incubations were
      carried out at a slurry concentration of approximately 10 g/l with
      stirring.
TBL  ______________________________________                                    
     Results                                                                   
     Temperature of   % RNA remaining                                          
     IPA treatment                                                             
     ______________________________________                                    
     No treatment     9.04                                                     
      0.degree.C      3.42                                                     
     20.degree.C      3.47                                                     
     40.degree.C      2.52                                                     
     60.degree.C      2.33                                                     
     ______________________________________                                    
PAC  CONCLUSION
PAR  The nucleic acid reduction process is effective over the temperature range
      studied.
PAC  EXAMPLE D
PAC  Effectiveness of Various Alcohols on the Nucleic Acid Reduction Process
PAR  F. graminearum IMI 145425, cultivated as described in Example A, was
      contacted with 100% iso-propyl alcohol, 70% iso-propyl alcohol, 70% propyl
      alcohol, 100% ethyl alcohol or 100% methyl alcohol at 20.degree.C. for two
      minutes, then incubated with 0.1M NH.sub.4 Cl/NH.sub.4 OH buffer pH 8.5 at
      37.degree.C. or 40.degree.C. for various time periods. The incubations
      were carried out at a slurry concentration of approximately 10 g/l with
      stirring.
TBL  ______________________________________                                    
     Results                                                                   
     Alcohol used  Time and temperature                                        
                                    % RNA                                      
                   of second incubation                                        
                                    remaining                                  
     ______________________________________                                    
           None                None       9.16                                 
     100%  iso-propyl  30      mins. at 37.degree.C                            
                                          2.53                                 
           alcohol                                                             
     100%  "           120     mins. at 37.degree.C                            
                                          0.70                                 
     70%   "           20      mins. at 40.degree.C                            
                                          1.81                                 
     70%   propyl alcohol                                                      
                       20      mins. at 40.degree.C                            
                                          1.93                                 
     100%  ethyl alcohol                                                       
                       30      mins. at 37.degree.C                            
                                          2.17                                 
     100%  "           120     mins. at 37.degree.C                            
                                          0.64                                 
     100%  methyl alcohol                                                      
                       30      mins. at 37.degree.C                            
                                          5.50                                 
     100%  "           120     mins. at 37.degree.C                            
                                          1.17                                 
     ______________________________________                                    
PAC  CONCLUSION
PAR  The RNA reduction process is successfully activated by a lower alkanol
      containing up to three carbon atoms.
PAC  EXAMPLE E
PAC  Duration of Contact with Iso-Propyl Alcohol
PAR  F. graminearum IMI 145425, cultivated as described in Example A, was
      contacted with 66% (v/v) IPA at 20.degree.C. for various times then
      incubated in 0.1M NH.sub.4 Cl/NH.sub.4 OH buffer pH 8.5 at 37.degree.C.
      for 60 minutes. The incubations were carried out at a slurry concentration
      of approximately 10 g/l with stirring.
TBL  ______________________________________                                    
     Results                                                                   
     Contact time     % RNA       % Biomass                                    
     with 66% IPA     remaining   lost                                         
     ______________________________________                                    
     0                    9.25        0                                        
     15       seconds     1.12        36                                       
     1        minute      1.14        38                                       
     2        minutes     0.98        40                                       
     5        minutes     1.23        --                                       
     15       minutes     1.27        41                                       
     ______________________________________                                    
PAC  CONCLUSION
PAR  Over the contact times studied nucleic acid removal was efficient. In
      practice the contact time for best RNA reduction is around 2 minutes, at
      longer contact times the % biomass lost tends to rise to unacceptably high
      values.
PAC  EXAMPLE F
PAC  Efficiency of Nucleic Acid Reduction with Buffers over a pH Range of 4-10
PAR  F. graminearum IMI 145425, cultivated as described in Example A, was
      contacted with 100% iso-propyl alcohol at 20.degree.C. and incubated with
      the following series of buffers at 30.degree.C. for 3 hours. The
      incubations were carried out at a slurry concentration of approximately 10
      g/l with stirring.
TBL  __________________________________________________________________________
     Results                                                                   
     Buffer in second stage       % RNA Remaining                              
     __________________________________________________________________________
     0,1 M                                                                     
         NH.sub.4 Cl                                                           
              +HCl to                                                          
                     bring                                                     
                         to                                                    
                           pH                                                  
                             4.0  11.49                                        
     "   "    "    " "   " " 4.5  9.07                                         
     "   "    "    " "   " " 5.0  5.85                                         
     "   "    "    " "   " " 5.5  3.52                                         
     "   " +  NH.sub.4 OH                                                      
                   " "   " " 6.0  2.63                                         
     "   "    "    " "   " " 6.5  1.60                                         
     "   "    "    " "   " " 7.0  0.96                                         
     "   "    "    " "   " " 7.5  0.97                                         
     "   "    "    " "   " " 8.0  0.59                                         
     "   "    "    " "   " " 8.5  0.91                                         
     "   "    "    " "   " " 9.0  1.69                                         
     "   "    "    " "   " " 9.5  3.84                                         
     "   "    "    " "   " " 10.0 7.00                                         
     __________________________________________________________________________
PAC  CONCLUSION
PAR  The nucleic acid removal is effective with this buffer system over the pH
      range 5-9.5.
PAC  EXAMPLE G
PAC  Efficiency of Nucleic Acid Reduction Carried out in Buffers of Varying
      Ionic Strengths
PAR  F. graminearum IMI 145425 cultivated as described in Example A, was
      contacted with 66% (v/v) IPA at 20.degree.C. for 1 minute, and incubated
      in buffers or non-buffered solutions of varying ionic strengths at
      45.degree.C. The incubations were carried out at approximately 10 g/l with
      stirring.
TBL  __________________________________________________________________________
     Results                                                                   
     Buffer    Treatment                                                       
                      Time of                                                  
                            % RNA                                              
                                 % Amino                                       
                                      % Total                                  
     system           incubation Nitrogen                                      
                                      Nitrogen                                 
                      at 45.degree.C                                           
                      (Minutes)                                                
     __________________________________________________________________________
     None      None   None  10.89                                              
                                 7.57 9.80                                     
               Nucleic                                                         
                      0     11.21                                              
                                 7.82 10.53                                    
     Distilled acid reduced                                                    
     water     "      20    7.38 8.07 10.22                                    
     pH 5.7    "      40    4.79 7.97 10.12                                    
               "      60    2.57 8.40 9.84                                     
     Non-buffered                                                              
               "      0     11.17                                              
                                 8.35 10.81                                    
     ammonia   "      20    4.54 8.85 10.07                                    
     solution                                                                  
     sufficient                                                                
               "40    3.14  8.85 10.68                                         
     to bring                                                                  
     to pH 8.5 "      60    2.55 8.79 10.30                                    
     0.02 M    "      0     9.96 8.46 10.89                                    
     NH.sub.4 Cl/NH.sub.4 OH                                                   
               "      20    3.21 8.62 10.38                                    
     buffer    "      40    2.39 8.73 10.36                                    
     pH 8.5    "      60    1.82 8.90 10.12                                    
     0.1M                                                                      
     NH.sub.4 Cl/NH.sub.4 CH                                                   
               "      0     9.86 8.23 10.98                                    
     buffer    "      20    2.29 8.84 10.45                                    
     pH 8.5    "      40    1.88 8.68 9.91                                     
               "      60    1.69 8.73 10.56                                    
     0.5M      "      0     10.02                                              
                                 8.21 10.58                                    
     NH.sub.4 Cl/NH.sub.4 OH                                                   
               "      20    5.85 8.35 10.13                                    
     buffer    "      40    5.63 8.42 10.01                                    
     pH 8.5    "      60    5.58 8.54 10.12                                    
     1.0M      "      0     10.19                                              
                                 7.56 10.89                                    
     NH.sub.4 Cl/NH.sub.4 OH                                                   
               "      20    10.45                                              
                                 7.72 10.48                                    
     buffer    "      40    9.96 7.99 10.81                                    
     pH 8.5    "      60    9.89 8.15 10.58                                    
     __________________________________________________________________________
PAC  CONCLUSION
PAR  Nucleic acid is most effectively reduced at lower ionic strengths. The
      optimum conditions for rapid reduction being 0.1M buffer.
PAC  EXAMPLE H
PAC  The Nucleic Acid Reduction Process Studied at Various Temperatures
PAR  F. graminearum IMI 145425, cultivated as described in Example A, was
      contacted with 66% (v/v) IPA at 20.degree.C for 2 minutes, and incubated
      in 0.1M NH.sub.4 Cl/NH.sub.4 OH buffer pH 8.5 for various durations at
      various temperatures. The incubations were carried out at approximately 10
      g/l with stirring.
TBL  ______________________________________                                    
     Results                                                                   
     Temperature                                                               
                Time of incubation                                             
                               % RNA remaining                                 
     of buffer  minutes                                                        
     ______________________________________                                    
     Control    --             9.44                                            
     30.degree.C                                                               
                0              10.83                                           
     30.degree.C                                                               
                20             8.40                                            
     30.degree.C                                                               
                40             7.06                                            
     30.degree.C                                                               
                60             7.45                                            
     30.degree.C                                                               
                90             4.76                                            
     30.degree.C                                                               
                120            4.11                                            
     37.degree.C                                                               
                0              10.12                                           
     37.degree.C                                                               
                20             5.02                                            
     37.degree.C                                                               
                40             3.55                                            
     37.degree.C                                                               
                60             --                                              
     37.degree.C                                                               
                90             1.80                                            
     37.degree.C                                                               
                120            1.02                                            
     45.degree.C                                                               
                0              10.09                                           
     45.degree.C                                                               
                20             2.58                                            
     45.degree.C                                                               
                40             0.99                                            
     45.degree.C                                                               
                60             0.69                                            
     45.degree.C                                                               
                90             0.69                                            
     45.degree.C                                                               
                120            0.61                                            
     55.degree.C                                                               
                1.5            2.16                                            
     55.degree.C                                                               
                3.0            1.10                                            
     55.degree.C                                                               
                4.5            0.76                                            
     60.degree.C                                                               
                1.5            1.96                                            
     60.degree.C                                                               
                3.0            1.78                                            
     60.degree.C                                                               
                4.5            1.11                                            
     70.degree.C                                                               
                2.0            4.19                                            
     70.degree.C                                                               
                3.5            3.30                                            
     70.degree.C                                                               
                5.0            3.56                                            
     80.degree.C                                                               
                1.5            5.65                                            
     80.degree.C                                                               
                3.0            5.40                                            
     80.degree.C                                                               
                4.5            5.31                                            
PAC  CONCLUSION
PAR  Nucleic acid reduction takes place over the temperature range
      30.degree.-80.degree.C. The most efficient conditions are at a temperature
      of 60.degree.C., where satisfactory reduction of RNA was achieved within
      90 seconds.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for reducing the nucleic acid content in the production of an
      edible protein-containing substance comprising contacting a grown
      non-toxic microfungus of the class Fungi Imperfecti with a solvent
      comprising between 40% and 100% by volume of a lower alkanol containing up
      to three carbon atoms and the remainder being water, substantially
      separating said solvent from said microfungus, incubating said microfungus
      at a pH between 5 and 9.5 in an aqueous suspension and at a temperature
      between 30.degree.C and 80.degree.C for a time of at least 90 seconds and
      thereafter separating said microfungus from the aqueous suspension.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the grown non-toxic microfungus
      of the class Fungi Imperfecti is a grown non-toxic strain of Fusarium,
      Penicillium notatum, Penicillium chrysogenum Penicillium tuniculosum or
      Aspergillus niger.
NUM  3.
PAR  3. A process as claimed in claim 2 wherein the strain of Fusarium is a
      strain of Fusarium graminearum Schwabe, Fusarium oxysporum or Fusarium
      solani.
NUM  4.
PAR  4. A process as claimed in claim 3 wherein the strain of Fusarium
      graminearum Schwabe is our strain of Fusarium graminearum Schwabe
      deposited with the Commonwealth Mycological Institute and assigned the
      number IMI 145425.
NUM  5.
PAR  5. A process as claimed in claim 2 wherein the strain of Penicillium
      notatum or Penicillium chrysogenum is our strain of Penicillium
      notatum-chrysogenum deposited with the Commonwealth Mycological Institute
      and assigned the number IMI 138291.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the lower alkanol containing up
      to three carbon atoms is methyl alcohol, ethyl alcohol or propyl alcohol.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the lower alkanol containing up
      to three carbon atoms is isopropyl alcohol.
NUM  8.
PAR  8. A process as claimed in claim 7 wherein an aqueous solution containing
      between 50% and 100% isopropyl alcohol is employed.
NUM  9.
PAR  9. A process as claimed in claim 1 wherein the incubation is carried out at
      a temperature between 45.degree. and 60.degree.C.
NUM  10.
PAR  10. A process as claimed in claim 9 wherein the incubation is carried out
      for a time of between 1.5 minutes and 40 minutes.
NUM  11.
PAR  11. A process as claimed in claim 1 wherein the incubation step is carried
      out in the presence of a buffer solution.
NUM  12.
PAR  12. A process as claimed in claim 11 wherein the buffer solution is
      NH.sub.4 Cl/NH.sub.4 OH or NH.sub.4 Cl/HCl.
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ABST
PAL  A process for the recovery of bacitracin in the form of a zinc complex
      wherein the pH is raised to precipitate the zinc bacitracin complex. The
      zinc bacitracin complex is precipitated in the presence of ammonium ion
      which complexes the excess zinc and maintains it in solution, thereby
      preventing coprecipitation of zinc hydroxide.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to an improved process for the recovery of bacitracin
      from a fermentation liquor of bacitracin or from bacitracin-containing
      aqueous solutions by complex forming with bivalent metals capable of
      formation a metal-bacitracin complex.
PAC  BACKGROUND OF THE INVENTION
PAR  Bacitracin is a water-soluble unstable cyclic polypeptide produced by
      cultivation of B. subtilis or B. licheniformis on a submerged nutrient
      medium under aerobic conditions and is particularly effective against
      gram-positive microorganisms. Bacitracin is widely, nearly exclusively,
      used for animal feed purposes; this aspect of its use is believed to be
      more important than its use in human therapy. It exerts an influence on
      the intestinal flora of the animals. When used as a feed supplement it
      promotes growth of the young animals and the utilization of the feed. It
      is the only antibiotic which does not inhibit the functioning of the micro
      flora of the digestive tract of ruminants even in large doses, but
      inhibits the reproduction of pathogenic microorganisms. Its use is
      particularly advantageous since it is not absorbed and cannot be detected
      in the animal products (meat, milk etc.). Because it is not used for
      therapeutic purposes the problem of developed resistance is negligible.
PAR  Bacitracin produced by fermentation is very unstable in a pure stage it is
      very complicated to prepare bacitracin from the available dilute solution
      formulations. Several methods are known for the preparation of products of
      high bacitracin content.
PAR  According to the methods described for example in U.S. Pat. Nos. 2,582,921;
      2,457,887 and 2,739,063 bacitracin is precipitated from dilute solutions
      on inorganic carriers. The common feature of these methods is the low
      yield and the instability of the product.
PAR  In accordance with other known methods bacitracin is recovered by
      extraction with organic solvents as described in U.S. Pat. Nos. 2,498,165
      and 2,609,324. These methods involve the disadvantage that large amounts
      of solvent are required, the solvents must be regenerated, the yield is
      low and the extraction is not selective.
PAR  According to further known methods (U.S. Pat. Nos. 2,776,240 and 2,915,432)
      bacitracin is recovered by ion-exchange sorption. It is a deficiency of
      these methods however, that the yield is low and the technology is
      complicated.
PAR  The isolation of bacitracin in the form of complexes is described in U.S.
      Pat. Nos. 2,556,375, 2,774,712 and 3,035,919, Czechoslovak Pat. No.
      119,180 and Hungarian Pat. No. 157,983. These methods are less complicated
      than those mentioned before and the bacitracin content of the product is
      higher but the precipitating agents are expensive and some of them have
      analgetic properties.
PAR  Bacitracin can be isolated in the form of a complex by means of Zn, Mn, Ni
      or Co salts (U.S. Pat. Nos. 2,809,892; 3,025,216; 2,903,357; 2,985,533;
      2,985,534 and 3,021,217). In accordance with U.S. Pat. No. 2,809,892 a
      water-soluble zinc salt is added to the acidified fermentation liquor of
      bacitracin, zinc bacitracin is precipitated by raising the pH of the
      mixture, the zinc bacitracin complex is separated and the separated
      complex is dried. The metal complexes obtained are stable but the
      bacitracin content does not exceed 4 to 8 % owing to the co-precipitation
      of the metal hydroxides and complicated methods, e.g. ion exchange
      sorption are needed to purify the product (U.S. Pat. No. 2,834,711).
PAC  OBJECT OF THE INVENTION
PAR  The object of the present invention is to provide an economical process for
      recovering bacitracin from aqueous solutions, particularly from
      fermentation liquors in high yield in the form of a stable complex of high
      bacitracin content.
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention is based on the recognition that the yield and the bacitracin
      content is increased by the excess of the bivalent metal ions capable of
      complex forming, particularly that of the zinc ions used for forming the
      bacitracin complex provided that the metal hydroxide formed remains in
      solution.
PAR  It has been found that when the bacitacin-complex formation is carried out
      in the presence of NH.sub.4.sup.+ -ions, a metal-bacitracin complex having
      a bacitracin-content of 30-40 % is obtained.
PAR  In accordance with the present invention the process for the recovery of
      bacitracin from fermentation liquors or from bacitracin-containing aqueous
      solutions is carried out by adding a water-soluble salt of a bivalent
      metal capable of bacitracin-complex formation, preferably a zinc salt, and
      an ammonium salt to the acidified and filtered fermentation liquor or to
      the acidified aqueous solution of bacitracin and raising the pH to
      precipitate the metal-bacitracin complex, separating the precipitated
      complex from the mother liquor and drying the product (i.e. the
      metal-bacitracin complex).
PAR  According to a preferred embodiment the ammonium salt is added to the
      fermentation liquor in two steps, that is a part of the NH.sub.4.sup.+
      -ions is added to the fermentation liquor prior to filtering thereof at a
      pH of 2.5 - 3. In this way the fermentation liquor can be easily filtered
      as a considerable part of the accompanying other proteins present in the
      fermentation liquor is precipitated by the ammonium salt. The remaining
      NH.sub.4.sup.+  is added to the filtered solution to complex with the
      metal which otherwise would precipitate as the hydroxide.
PAR  The process according to the invention represents considerable technical
      progress in relation to the known methods since it permits the recovery of
      bacitracin with a yield with 70-90 % and a composition with a bacitracin
      content of 30-40 %; the bacitracin complex is stable for 1-2 years, there
      is no need for expensive reactants and the reactants need not be
      regenerated. The product obtained is free from the metal hydroxides.
DETD
PAC  SPECIFIC EXAMPLES
PAR  The following examples illustrate the specific embodiments of the
      invention. The bacitracin content of the product was determined in
      microbiological way using Micrococcus flavus ATCC 10 240 as the test
      organism (Kavanagh: Analytical microbiology 261-264. (1963) Academic
      Press, New York).
PAC  EXAMPLE 1
PAR  To a fermentation liquor containing 312 units/ml of bacitracin and having a
      pH of 7.8, 10 % by weight of ammonium sulfate (calculated on the weight of
      the fermentation liquor) is added. The pH is adjusted with conc. sulfuric
      acid to pH 3 and the fermentation liquor is filtered. To 500 ml of the
      filtrate, 10 % by weight of ammonium sulfate and 2.5 g of ZnSO.sub.4. 7
      H.sub.2 O are added. The pH is adjusted with ammonium hydroxide to 7.5,
      the solution is stirred, filtered and the filtered precipitate is dried in
      vacuo at 40.degree.C. Thus 6.3 g of a product containing 37.2 % of
      bacitracin are obtained, which represents a yield of 75.0 %.
PAC  EXAMPLE 2
PAR  To 500 ml of a fermentation liquor containing 320 units/ml of bacitracin
      and having a pH of 3.2, 50 g of ammonium sulfate and 5 g of zinc sulfate
      are added. The pH is adjusted with a sodium hydroxide solution to 7.2 and
      the mixture is filtered. The precipitate is dried in vacuo at 40.degree.C.
      Thus 5.6 g of a product containing 40 % of bacitracin are obtained, which
      represents a yield of 70.4 %.
PAC  EXAMPLE 3
PAR  The pH of an aqueous solution containing 285 units/ml of bacitracin is
      adjusted with sulfuric acid to 2.8 and 10 % by weight of ammonium sulfate
      (calculated on the weight of the solution) are added. To 1500 ml of the
      solution 150 g of ammonium sulfate and 60 g of ZnSO.sub.4. 7 H.sub.2 O are
      added, the pH is adjusted with ammonium hydroxide to 8 and the solution is
      stirred. Then the precipitate is filtered and dried in vacuo at
      40.degree.C. Thus 30.8 g of a product containing 25 % of bacitracin are
      obtained, which represents a yield of 90.3 %.
PAC  EXAMPLE 4
PAR  To 2000 ml of a filtered fermentation liquor containing 330 units/ml of
      bacitracin and having a pH of 3, 200 g of ammonium sulfate and a
      water-soluble zinc salt are added in an amount corresponding to 9.12 g of
      zinc-ions. The pH of the solution is adjusted with ammonium hydroxide
      solution to 7.5, the precipitate is filtered and dried in vacuo at
      35.degree.C. Thus 28.3 g of a product containing 38.5 % of bacitracin are
      obtained, which represents a yield of 82.5 %.
PAC  EXAMPLE 5
PAR  To 1000 ml of a filtered fermentation liquor containing 292 units/ml of
      bacitracin and having a pH of 3.0, 10 g of ammonium sulfate and a
      water-soluble zinc salt are added in an amount corresponding to 6.8 g of
      zinc-ions. The pH is adjusted with ammonium hydroxide solution to 8.3 and
      the mixture is stirred. Then the product is filtered and dried in vacuo at
      30.degree.C. Thus 15.7 g of a product containing 30 % of bacitracin are
      obtained, which represents a yield of 80.5 %.
PAR  The zinc-content of the product obtained by the process of the invention
      only after the digestion of the proteins carried out by destruction can be
      determined.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the recovery of bacitracin from a solution containing same
      which comprises the step of raising the pH of said solution in the
      presence of zinc ion from a soluble zinc source added to the solution and
      in the presence of ammonium ion to precipitate the bacitracin in the form
      of a zinc bacitracin complex while maintaining zinc which does not form
      said zinc bacitracin complex in solution; removing the zinc bacitracin
      complex precipitated from said solution; and drying the zinc bacitracin
      complex precipitate.
NUM  2.
PAR  2. The process defined in claim 1 wherein, prior to raising the pH of the
      solution, the solution is acidified to a pH 2.5 to 3, ammonium ion is
      added to the acidified solution to precipitate protein therefrom, and the
      precipitated protein is removed from the solution, the zinc salt being
      added only after the precipitated protein has been removed.
NUM  3.
PAR  3. The process defined in claim 1 wherein the solution from which the zinc
      bacitracin complex is precipitated is a fermentation liquor.
PATN
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PAL  Fujino et al.: Biochem. Biophys. Res. Comm., 57, 1248-1256 (1974).
ABST
PAL  D-Lys.sup.6 -des-His.sup.2 -LRF, is described as well as its synthesis by
      solid phase techniques and novel intermediates formed by such synthesis.
      The novel nonapeptide exhibits anti-ovulatory activity in mammals.
BSUM
PAR  This invention relates to the novel nonapeptide
      p-Glu-Trp-Ser-Tyr-D-Lys-Leu-Arg-Pro-Gly-NH.sub.2, its process of
      manufacture and novel intermediates formed in such synthesis.
PAR  The luteinizing hormone releasing factor (hereafter called LRF) is the
      decapeptide,
      L-(5-oxoprolyl)-L-histidyl-L-tryptophyl-L-seryl-L-tyrosyl-glycyl-L-leucyl-
     L-arginyl-L-prolyl-glycine amide. This decapeptide is secreted by the
      hypothalamus and carried to the adenohypophysis where it stimulates the
      release of the luteinizing hormone and the follicle stimulating hormone.
      The present invention concerns itself with structural modifications of LRF
      in which the amino acid in the two position has been omitted (i.e. His)
      and the glycine in the six position of the peptide chain has been replaced
      by D-lysine. Heretofore, Vale et al., Science 176, pp 933 (1972) have
      described a nonapeptide of the sequence
      p-Glu-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH.sub.2, this peptide being an
      analog of LRF in which histidine has been omitted. Vilchez-Martinez et
      al., Endocrinology, 95, 213 (1974) describe des-His.sup.2 -des-Gly.sup.10
      -LRF ethyl amide and its inhibition of ovulation. Copending application
      Ser. No. 472,269 filed May 22, 1974, now U.S. Pat. No. 3,896,104,
      describes D-Lys.sup.6 -LRF as increasing and regulating fertility and
      Fujino et al., Biochemical and Biophysical Research Communications, 49 No.
      3, pp 698-705 (Nov. 1972) describe a substantial number of LRF analogs
      that have been synthesized.
PAR  The novel peptides of the present invention are represented by the
      compounds of the formula:
EQU  p-Glu-Trp-Ser-Tyr-D-Lys-Leu-Arg-Pro-Gly-NH.sub.2           I
PAL  and its non-toxic acid addition salts. All chiral amino acid residues
      indentified in formula I supra, and the other formulas hereinafter are of
      the natural or L-configuration unless specified otherwise.
PAR  Also contemplated within the scope of the present invention are
      intermediates of the formula
EQU  R.sup.4
      -p-Glu-Trp(R.sup.6)-Ser(R.sup.3)-Tyr(R.sup.2)-D-Lys(R.sup.5)-Leu-Arg(N.sup
     .G -R.sup.1)-Pro-Gly-X                                     II
PAL  wherein:
PA1  N.sup.g means the side chain nitrogen atoms of arginine;
PA1  R.sup.1 is a protecting group for the N.sup..delta., N.sup..omega.   and
      N.sup..omega. .sup.'  nitrogen atoms of arginine selected from the group
      consisting of nitro, tosyl, benzyloxycarbonyl, adamantyloxycarbonyl and
      tert-butyloxycarbonyl; or R.sup.1 is hydrogen which means there are no
      protecting groups on the side chain nitrogen atoms of arginine. Where the
      protecting group is nitro or tosyl, the protection is on either one of the
      N.sup..omega. , N.sup..omega. .sup.'  nitrogens and in the case of
      benzyloxycarbonyl, or adamantyloxycarbonyl, the protection is on the
      N.sup..delta.   nitrogen and either one of the N.sup..omega. ,
      N.sup..omega. .sup.'  nitrogen atoms;
PA1  R.sup.2 is a protecting group for the phenolic hydroxyl group of tyrosine
      selected from the group consisting of tetrahydropyranyl, tert-butyl,
      trityl, benzyl, 2,6-dichlorobenzyl, benzyloxycarbonyl and
      4-bromobenzyloxycarbonyl. The preferred protecting group is
      2,6-dichlorobenzyl; or R.sup.2 is hydrogen which means there is no
      protecting group on the phenolic hydroxy function;
PA1  R.sup.3 is a protecting group for the alcoholic hydroxyl group of serine
      and is selected from the group consisting of acetyl, benzoyl,
      tetrahydropyranyl, tert-butyl, trityl, benzyl and 2,6-dichlorobenzyl; or
      R.sup.3 is hydrogen which means there is no protecting group on the
      alcoholic oxygen atom. Preferably R.sup.3 is benzyl;
PA1  R.sup.4 is preferably hydrogen but may also be an .alpha.-amino protecting
      group. The .alpha.-amino protecting group contemplated by R.sup.4 are
      those known to be useful in the art in the step-wise synthesis of
      polypeptides. Among the classes of .alpha.-amino protecting groups covered
      by R.sup.4 are (1) acyl type protecting groups illustrated by the
      following: formyl, trifluoroacetyl, phthalyl, toluenesulfonyl (tosyl),
      nitrophenylsulfenyl, etc.; (2) aromatic urethan type protecting groups
      illustrated by benzyloxycarbonyl and substituted benzyloxycarbonyl such as
      p-chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
      p-bromobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl; (3) aliphatic
      urethan protecting groups illustrated by tert-butyloxycarbonyl,
      diisopropylmethoxycarbonyl, isopropylcarbonyl, allyloxycarbonyl; (4)
      cycloalkyl urethan type protecting groups illustrated by
      cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl and
      d-isobornyloxycarbonyl; (5) thio urethan type protecting groups such as
      phenylthiocarbonyl; (6) alkyl type protecting groups as illustrated by
      triphenylmethyl (trityl), benzyl; (7) trialkylsilane groups such as
      trimethylsilane. The preferred .alpha.-amino protecting group defined by
      R.sup.4 are selected from the class consisting of tert-butyloxycarbonyl,
      tert-amyloxycarbonyl and benzyloxycarbonyl;
PA1  R.sup.5 is a protecting group for the side chain amino substituent of
      lysine or R.sup.5 is hydrogen which means there is no protecting group on
      the side chain amino substituent. Illustrative of suitable side chain
      amino protecting groups are chlorobenzyloxycarbonyl, benzyloxycarbonyl,
      tosyl, t-amyloxycarbonyl, t-butyloxycarbonyl, etc. The selection of such a
      side chain amino protecting group is not critical except that it must be
      one which is not removed during cleavage of the .alpha.-amino protecting
      group during the synthesis until the peptide of the desired amino acid
      sequence is obtained. Hence, the .alpha.-amino protecting and side chain
      amino protecting group cannot be the same;
PA1  R.sup.6 is hydrogen or a protecting group for the NH group on the indole
      ring such as formyl; Preferably R.sup.6 is hydrogen.
PAR  In formula II at least one of R.sup.1, R.sup.2, R.sup.3, R.sup.5 or R.sup.6
      is a protecting group.
PAR  X is selected from the group consisting of NH.sub.2, OH, O-- (lower)alkyl
      in which (lower)alkyl is C.sub.1 through C.sub.6 (e.g. methyl, ethyl,
      pentyl, isopropyl, hexyl, etc.), O-benzyl and an anchoring bond used in
      solid phase peptide synthesis linked to a solid polystyrene resin support
      represented by one of the formulas:
      ##SPC1##
PAR  The polystyrene resin support is preferably a copolymer of styrene with
      about 1 to 2% divinyl benzene as a cross linking agent which causes the
      polystyrene polymer to be completely insoluble in certain organic
      solvents. The polystyrene polymer is composed of long alkyl chains bearing
      a phenyl ring on every second carbon and the terminal amino acid residue
      (Gly) is joined through a covalent carbon to carbon bond to these phenyl
      rings. The alkyl chains are cross linked at approximately every fiftieth
      carbon by p-diethylphenyl residues derived from divinyl benzene. In
      formula (III) the symbol .phi. means phenyl.
PAR  In selecting a particular side chain protecting group to be used in the
      synthesis of the peptides of formula (I), the following rules should be
      followed: (a) the protecting group must be stable to the reagent and under
      the reaction conditions selected for removing the .alpha.-amino protecting
      group at each step of the synthesis, (b) the protecting group must retain
      its protecting properties (i.e. not be split off under coupling
      conditions), and (c) the side chain protecting group must be removable
      upon the completion of the synthesis containing the desired amino acid
      sequence under reaction conditions that will not alter the peptide chain.
PAR  Illustrative of pharmaceutically acceptable, non-toxic salts of formula I
      are hydrochloride, hydrobromide, sulfate, phosphate, maleate, acetate,
      citrate, benzoate, succinate, malate, ascorbate, and the like.
PAR  The nonapeptides of formulas (I) and (II) are prepared using solid phase
      synthesis. The synthesis is commenced from the C-terminal end of the
      peptide using an .alpha.-amino protected resin. Such a starting material
      can be prepared by attaching an .alpha.-amino protected glycine to a
      benzhydrilamine resin, a chloromethylated resin or a hydroxymethyl resin,
      the former being preferred. The preparation of benzhydrilamine resin is
      described by P. Rivaille et al., Helv. 54, 2772 (1971) and the preparation
      of the hydroxymethyl resin is described by Bodanszky et al., Chem. Ind
      (London) 38, 1597-98 (1966). A chloromethylated resin is commercially
      available from Bio Rad Laboratories Richmond, California and the
      preparation of such a resin is described by Stewart et al., "Solid Phase
      Peptide Synthesis" (Freeman & Co. San Francisco 1969) Chapter 1, pp 1-6.
      In using the benzhydrilamine resin an amide anchoring bond is formed with
      the .alpha.-amino protected glycine as follows:
      ##SPC2##
      This permits the C-terminal amide function to be obtained directly after
      the amino acid sequence in the synthesis is complete by cleaving off the
      resin support to form the glycine amide at the C-terminal portion of the
      desired peptide of formula (I). When the other resins are used, the
      anchoring bond is the benzylester group as defined supra in formula (IV),
      which after cleavage of the peptide from the resin support must be
      converted to the C-terminal amide. The preferred procedure is to
      ammonolyse the protected peptide off the resin and then remove the
      protecting group by hydrogenolysis or by hydrogen fluoride cleavage. An
      alternate procedure would be to cleave by transesterification with
      methanol/(Et).sub.3 N and then convert the resulting ester into an amide
      and subsequently deprotect as described above. See J. M. Stewart "Solid
      Phase Peptide Synthesis", pg. 42-46 (Freeman & Co. San Francisco 1969).
PAR  The .alpha.-amino protected glycine is coupled to the benzhydrilamine resin
      with the aid of a carboxyl group activating compound such as
      dicyclohexylcarbodiimide (DCC). Following the coupling of the
      .alpha.-amino protected glycine to the resin support, the .alpha.-amino
      protecting group is removed such as by using trifluoroacetic acid in
      methylene chloride, trifluoroacetic acid alone or HCl in dioxane. The
      deprotection is carried out at a temperature between about 0.degree.C and
      room temperature. Other standard cleaving reagents and conditions for
      removal of specific .alpha.-amino protecting groups may be used as
      described in Schroder & Lubke, "The Peptides", 1 72-75 (Academic Press
      1965). After removal of the .alpha.-amino protecting group the remaining
      .alpha.-amino protected amino acids are coupled step-wise in the desired
      order to obtain a compound of formula (I). However, as an alternate to
      adding each amino acid separately to the reaction, some of them may be
      coupled prior to addition of the solid phase reactor. If the C-terminal
      end of the peptide unit is represented by glycine or proline and the
      coupling is carried out with DCC, a minimum of racemization is encountered
      with proline and no problems are encountered with glycine which has no
      asymmetric centre. Each protected amino acid or amino acid sequence, is
      introduced into the solid phase reactor in about a four-fold excess and
      the coupling is carried out in a medium of dimethylformamide: methylene
      chloride (1:1) or in dimethylformamide or methylene chloride alone. In
      cases where incomplete coupling occurred the coupling procedure is
      repeated before removal of the .alpha.-amino protecting group, prior to
      the coupling of the next amino acid to the solid phase reactor. The
      success of the coupling reaction at each stage of the synthesis is
      monitored by the ninhydrin reaction as described by E. Kaiser et al.,
      Analyt. Biochem, 34, 595 (1970).
PAR  After the desired amino acid sequence has been synthesized, the peptide is
      removed from the resin support by treatment with a reagent such as
      hydrogen fluoride which not only cleaves the peptide from the resin but
      also cleaves all remaining side chain protecting groups and the
      .alpha.-amino protecting group (if present) on pyroglutamic acid to obtain
      directly a compound of formula I in the case where the benzhydrilamine
      resin was used. Where a chloromethylated resin is used the peptide may be
      separated from the resin by methanolysis after which the recovered product
      is chromatographed on silica gel and the collected fraction subject to
      ammonalysis to convert the methyl ester to the C-terminal amide. Any side
      chain protecting group may then be cleaved as previously described or by
      other procedures such as catalytic reduction (e.g. Pd on C) using
      conditions which will keep the Trp moiety intact. When using hydrogen
      fluoride for cleaving, anisole is included in the reaction vessel to
      prevent the destruction of labile amino acid (e.g. tryptophan).
PAR  The solid phase synthesis procedure discussed supra is well known in the
      art and has been essentially described by M. Monahan et al., C. R. Acad.
      Sci., Paris, 273, 508 (1971).
PAR  The nomenclature used for peptides is described by Schroder & Lubke, supra,
      pp viii-xxix and in Biochemistry 11, 1726-1732 (1972).
PAR  The following examples are illustrative of the preparation of the compounds
      of formulas I and II.
DETD
PAC  EXAMPLE 1
PAC  L-Pyroglutamyl-L-tryptophyl-O-benzyl-L-seryl-O-2,6-dichlorobenzyl-L-tyrosyl
     -N.sup..epsilon.- 2-chlorobenzyloxycarbonyl-D-lysyl-L-leucyl-N.sup.g
      -tosyl-L-arginyl-L-prolyl-glycyl benzhydrilamine resin
PAR  Benzhydrilamine hydrochloride resin (4 g) in a Merrifield vessel of 300 ml
      capacity is washed with methylene chloride (three times), treated with 15%
      triethylamine in methylene chloride (two times for 10 minutes each), and
      then washed with methylene chloride again (five times). A solution of
      t-Boc-glycine (0.87 g, 5 m moles) in a mixture of methylene chloride and
      dimethylformamide (3:1) is added to the vessel and shaken for 5 minutes.
      Diisopropylcarbodiimide (0.88 ml, 5.5 m moles) is added in two portions
      over a one hour period. After 4 hours, the reaction mixture is filtered,
      washed with dimethylformamide, and the vessel recharged in the above
      manner with t-Boc-glycine and diisopropylcarbodiimide. Sixteen hours
      later, the reaction mixture is filtered and washed with dimethylformamide,
      15% triethylamine in dimethylformamide, dimethylformamide (three times),
      and methylene chloride (five times), and a sample is dried in vacuo at
      40.degree.C. The resin is found to be substituted to the extent of 0.43 m
      moles of t-Boc-glycine per gram of resin.
PAR  Deprotection and neutralization of the glycine residue is carried out as
      follows: (a) 1:1 methylene chloride and trifluoroacetic acid containing 5%
      ethanedithiol (two times for 15 minutes each); (b) methylene chloride
      wash; (c) dimethylformamide wash; (d) 15% triethylamine in methylene
      chloride (two times for 7 minutes each); (3) dimethylformamide (two
      times); (f) methylene chloride (five times). A similar sequence is used
      for deprotection and neutralization after each coupling. The following
      amino acid residues are introduced onto the above resin consecutively:
      t-Boc-L-proline (5 m moles), t-Boc-N.sup.g -tosyl-L-arginine (5 m moles),
      t-Boc-L-leucine (5 m moles), t-Boc-N.sup..epsilon.-
      2-chlorobenyloxycarbonyl-D-lysine (4 m moles),
      t-Boc-O2,6-dichlorobenzyl-L-tyrosine (4 m moles), t-Boc-O-benzyl-L-serine
      (4 m moles), t-Boc-L-tryptophan (4 m moles), L-pyroglutamic acid (3 m
      moles). All the couplings are carried out in a mixture of methylene
      chloride and dimethylformamide (3:1) for 18 hours at ambient temperature
      using a 10% excess of diisopropylcarbodiimide, which is added in two
      portions over a one hour period. Each coupling is then effected a second
      time, after filtering and washing with methylene chloride, using one half
      the original quantities of reactants and allowing a reaction time of 3
      hours. The washings between couplings are the same as those described
      above after the coupling of t-Boc-glycine.
PAR  The washed resin is dried in vacuo (6.7 g).
PAC  EXAMPLE 2
PAC  L-Pyroglutamyl-L-tryptophyl-L-seryl-L-tyrosyl-D-lysyl-L-leucyl-L-arginyl-L-
     prolyl-glycinamide
PAR  The above described preparation obtained in Example 1 is treated in vacuo
      with liquid anhydrous hydrogen fluoride (50 ml) and anisole (10 ml) at
      ambient temperature for 1 hour. The hydrogen fluoride is removed as
      quickly as possible under reduced pressure, and the residue is washed with
      ether. The remaining residue is extracted with 0.5N acetic acid and
      lyophylized to leave the above titled product (1.87 g).
PAC  EXAMPLE 3
PAC  Purification and characterization of
      -pyroglutamul-L-tryptophyl-L-seryl-L-tyrosyl-D-lysyl-L-leucyl-L-arginyl-L-
     prolyl-glycinamide
PAR  The above titled crude product obtained in Example 2 is purified as
      follows:
PAR  1.87 G of this product in 3 ml of 0.5 N acetic acid is applied to a column
      (2.9 cm in a diameter and 150 cm in height) with a bed of Sephadex G-15
      previously equilibrated with 0.5 N acetic acid and eluted with that
      solvent. Fractions of 3.5 ml each are taken and analysis of the column
      effluent is carried out by use of the Folin-Lowry color reaction on every
      third fraction. Four main peptide containing fractions are obtained: (A)
      140-149 (358 mg); (B) 150-154 (241 mg); (C) 155-159 (180 mg); (D) 160-170
      (237 mg). Fractions B and C (421 mg) are shown by thin layer
      chromatography systems BWAP (4:2:1:1) (n-butanol:water:acetic
      acid:pyridine) and BWP (3:1:5:2) (n-butanol:water:pyridine) to contain the
      same major material. They are combined and applied in 1 ml of the upper
      phase of n-butanol:water:acetic acid (b 4:5:1) to a column (2.9 cm in
      diameter and 90 cm in height) with a bed of Sephadex G-25 fine previously
      equilibrated with first the lower phase of that system and then the upper
      phase. The column is eluted with the upper phase and fractions of 2 ml
      each are taken. The column effluent is monitored as described before. Four
      main peptide containing fractions are obtained: (C) 205-214 (90 mg); (D)
      215-224 (92 mg); (E) 225-234 (91 mg); (F) 235- 245 (39 mg). Fraction E is
      homogenous by thin layer chromatography systems BWAP (4:2:1:1) and BWP
      (3:1.5:2) on silica gel (R.sub.f 0.51 and 0.05 respectively.
      [.alpha.].sub.D.sup.25 = - 31.92 (c 1.02%, 1% AcOH).
PAR  After hydrolysis of the peptide in 5 N HCl containing 4% thioglycolic acid
      for 20 hours at 110.degree.C in a closed system under nitrogen, the
      following values for the amino acid residues are obtained: Glu 1.04; Trp
      0.79; Ser 0.93; Tyr 1.05; Lys 1.00; Leu 0.95; Arg 1.02; Pro 0.95; Gly
      1.13.
PAR  The compounds of formula I possess anti-ovulatory activity and hence are
      potentially useful in inhibiting fertility in female mammals. In vivo
      tests were conducted with female rats (225 to 250 grams body weight).
      Ovulation inhibition was achieved in all of the rats tested at a dose of
      about 24 mg/kg using the compound of Example 3. The test was conducted
      with mature Sprague-Dawley rats, unanesthetized, proestrous rats. On the
      afternoon of proestrous, each rat in the test group received six
      subcutaneous injections of the acetate salt of formula I in corn oil, each
      injection being given a half hour following the previous injection. The
      rats are sacrificed the next morning and the number of animals ovulating
      and the number of ova shed are recorded following the procedure described
      by E. S. France, Neuroendocrinology 6, pp 77-89 (1970). The absence of or
      a significant decrease in the number of ova is the criterion for an
      anti-ovulation effect. At a dose of 1 mg per injection complete inhibition
      of ovulation was achieved.
PAR  The compounds of formula I can be administered to mammals intravenously,
      subcutaneously, intramuscularly or orally for fertility inhibition and
      ovulation control since LH is known to trigger ovulation in mammals [See
      Schally et al., Am. J. Obstet. Gynecol. pp 423-442, Oct. 1972]. The
      effective dosage will vary with the form of administration and the
      particular species of mammal to be treated. A typical dosage is a
      physiological saline solution containing a compound of formula I
      administered in a dose range of between about 20 to 30 mg/kg of body
      weight. Oral administration may be in either solid or liquid form.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the class consisting of
EQU  L-p-Glu-L-Trp-L-Ser-L-Tyr-D-Lys-L-Leu-L-Arg-L-Pro-Gly-NH.sub.2 (I)
PAL  and
EQU  R.sup.4
      -L-p-Glu-L-Trp(R.sup.6)-L-Ser(R.sup.3)-L-Tyr(R.sup.2)-D-Lys(R.sup.5)-L-Leu
     -L-Arg(N.sup.G -R.sup.1)-Pro-Gly-X                         (II)
PAL  and its non-toxic salts; wherein
PA1  R.sup.1 is a protecting group for the N.sup..delta. , N.sup..omega.  and
      N.sup..omega. .sup.'  nitrogen atoms of arginine selected from the group
      consisting of nitro, tosyl, benzyloxycarbonyl, adamantyloxycarbonyl and
      tert-butyloxycarbonyl or R.sup.1 is hydrogen;
PA1  R.sup.2 is a protecting group for the phenolic hydroxyl group of tyrosine
      selected from the group consisting of tert-butyl, tetrahydropyranyl,
      trityl, benzyl, 2,6-dichlorobenzyl, 4-bromobenzyloxycarbonyl and
      benzyloxycarbonyl or R.sup.2 is hydrogen;
PA1  R.sup.3 is a protecting group for the alcoholic hydroxyl group of serine
      and is selected from the group consisting of acetyl, benzoyl,
      tetrahydropyranyl, tert-butyl, trityl, 2,6-dichlorobenzyl and benzyl or
      R.sup.3 is hydrogen;
PA1  R.sup.4 is selected from the group consisting of hydrogen or an
      .alpha.-amino protecting group;
PA1  R.sup.5 is a protecting group for the side chain amino substituent of
      lysine selected from the class consisting of 2-chlorobenzyloxycarbonyl,
      benzyloxycarbonyl, tosyl, t-amyloxycarbonyl, t-butyloxycarbonyl; or
      R.sup.5 is hydrogen;
PA1  R.sup.6 is selected from the class consisting of hydrogen and formyl; and
PA1  X is selected from the group consisting of NH.sub.2, O-(lower)-alkyl,
      O-benzyl and an anchoring bond linked to a solid polystyrene resin
      represented by one of the formula
      ##SPC3##
PAL  wherein said polystyrene resin is cross linked through the phenyl group on
      each second carbon atom of the alkyl chain of said polystyrene and said
      symbol .phi. means phenyl, with the proviso that at least one of R.sup.1,
      R.sup.2, R.sup.3, R.sup.5 and R.sup.6 is a protecting group.
NUM  2.
PAR  2. A compound according to formula II of claim 1 wherein X is NH.sub.2.
NUM  3.
PAR  3. A compound according to formula II of claim 1 wherein R.sup.4 is
      hydrogen and X is
      ##SPC4##
NUM  4.
PAR  4. A compound according to claim 3 wherein R.sup.1 is tosyl, R.sup.2 is
      2,6-dichlorobenzyl, R.sup.3 is benzyl, R.sup.5 is
      2-chlorobenzyloxycarbonyl and R.sup.6 is hydrogen.
NUM  5.
PAR  5. A compound according to claim 1 which is selected from
      L-Pyroglutamyl-L-tryptophyl-L-seryl-L-tyrosyl-D-lysyl-L-leucyl-L-arginyl-L
     -prolyl-glycinamide and its non-toxic acid addition salts.
PATN
WKU  039376966
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APN  4573862
APT  1
ART  117
APD  19740402
TTL  Process for preparing higher purity azo compounds
ISD  19760210
NCL  9
ECL  1
EXP  Higel; Floyd D.
INVT
NAM  Knowles; Richard N.
CTY  Hockessin
STA  DE
INVT
NAM  Moore, Jr.; Earl P.
CTY  Hockessin
STA  DE
ASSG
NAM  E. I. Du Pont de Nemours & Co.
CTY  Wilmington
STA  DE
COD  02
CLAS
OCL  260192
XCL  260208
XCL  260 928W
EDF  2
ICL  C07C10702
FSC  260
FSS  192
UREF
PNO  3170913
ISD  19650200
NAM  De Benneville et al.
OCL  260192
UREF
PNO  3207714
ISD  19650900
NAM  De Benneville et al.
XCL  260192
UREF
PNO  3783148
ISD  19740100
NAM  Fuchs
OCL  260192
ABST
PAL  After an azonitrile is prepared by coupling an aminonitrile in the presence
      of a hypochlorite, the reaction mixture is acidified to a pH of 4 or less
      and an alkali metal, alkaline earth metal or quaternary ammonium nitrite,
      sulfite, bisulfite or thiosulfate, sulfur dioxide, nitrogen oxide, oxalic
      acid, formaldehyde or hydroxylamine is added as a reducing agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Azonitrile compounds are particularly useful as catalysts in certain
      polymerization processes such as, for example, the emulsion, dispersion
      solution and bulk polymerization of vinyl chloride. However, the
      azonitrile compounds which are thus employed must have a certain minimum
      purity. U.S. Pat. No. 3,783,148 issued to Julius Fuchs on Jan. 1, 1974
      describes a process for preparing azonitriles by coupling aminonitriles in
      the presence of a hypochlorite. While such a production method yields
      azonitriles which are eminently suitable for most uses, the azonitriles
      thus prepared are not sufficiently pure for use in some polyvinyl chloride
      polymerization processes.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that higher purity azonitriles can be obtained when
      the reaction mixture obtained after the completion of a coupling reaction
      of aminonitrile compounds in the presence of a hypochlorite is acidified
      to a maximum pH of 4 and an alkali metal, alkaline earth metal or
      quaternary ammonium nitrite, sulfite, bisulfite or thiosulfate, sulfur
      dioxide, nitrogen oxide, oxalic acid, formaldehyde or hydroxylamine is
      added as a chemical reducing agent. This purification step is particularly
      useful in the production of 2,2'-azobis (2,4-dimethylvaleronitrile). The
      azonitrile which is obtained has a purity of 97 weight percent or higher.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the production of azonitriles by coupling aminonitriles in the presence
      of a hypochlorite as described in the Fuchs patent cited above, two
      molecules of an aminonitrile such as, for example, those described in U.S.
      Pat. No. 3,541,132 issued to Richard N. Knowles on Nov. 17, 1970, are
      coupled in the presence of a hypochlorite at a temperature above the
      freezing point of the reaction mixture and below 50.degree.C. in a
      reaction solvent that contains at least 95% by volume of methyl or ethyl
      alcohol at the beginning of the reaction and at least 70% by volume of the
      methyl or ethyl alcohol at the end of the reaction. When the reaction is
      completed, water is added to precipitate the azo compound, and dissolve
      the chloride in the reaction mixture. Generally, from about 0.4 to 0.7
      parts of water per part of reaction mixture are used although any amount
      of water may be used as long as the reaction mixture remains a slurry. The
      azonitrile can then be isolated by filtration. Either before or after the
      water is added but before the azonitrile is isolated, the pH of the
      reaction mixture is adjusted to a maximum of 4, generally from 3 to 1 and
      preferably 2 to 1.
PAR  Any acid or compound which will yield an acid in water may be used in the
      acidification step. For example, hydrochloric, sulfuric, phosphoric and
      the like acids may be used as well as sulfur dioxide, nitrogen dioxide and
      so on. Hydrochloric acid is preferred since the system already contains a
      high concentration of chloride ions. Any desired concentration of the acid
      or acid yielding material may be used.
PAR  After the pH adjustment is complete a chemical reducing agent is then
      added. Generally, sulfur dioxide, nitrogen oxide, salts that dissociate in
      an aqueous medium to yield nitrite, sulfite, bisulfite, thiosulfate and
      the like anions, including sodium, potassium, lithium, quaternary amino,
      magnesium, calcium and the like salts of any of the above anions may be
      used. Organic compounds such as oxalic acid, formaldehyde, and
      hydroxylamine and the like may also be used although the inorganic
      chemical reducing agents are preferred. Mixtures of any of the reducing
      agents may also be used. Sulfur dioxide is a preferred reducing agent
      particularly where it is also used as the acidifying agent.
PAR  The amount of the chemical reducing agent is determined by titrating a
      sample of reaction mixture which has been added to an acidified potassium
      iodide solution with a solution of sodium thiosulfate, preferably 0.1
      normal. The iodide reacts with the oxidants in the reaction mixture and
      becomes iodine. The thiosulfate reduces the iodine thus formed back to the
      iodide. The amount of reducing agent used is based upon equivalents or
      moles of oxidizing impurity present in the reaction mixture. Any amount of
      reducing agent from 1.0 to 2.0 or more equivalents per equivalent of
      oxidant present can be used although 1.0 to 1.25 equivalents of reducing
      agent per equivalent of oxidant is preferred.
PAR  While the theory of the operation of the reducing agent at the prescribed
      pH in this invention is not entirely understood, it is hypothesized that
      intermediates which form during the coupling of the aminonitrile compound
      are hydrophobic and act as emulsion stabilizers. As a consequence,
      azonitrile emulsions which contain these intermediates do not break
      readily in a solvent such as methyl isobutyl ketone. Azonitrile emulsions
      which break slowly in such a test cannot be used in certain dispersion and
      emulsion polymerization processes for the production of polyvinyl
      chlorides, for example. The acidification and addition of the reducing
      agents of this invention, when carried out at the end of the synthesis of
      azonitrile compounds obviates this undesirable property and increases the
      purity of the azonitrile to greater than 97% by weight.
PAR  This result was particularly surprising since the acidification of the
      system would be expected to cause the precipitation of undesirable side
      reaction products which would severely contaminate the azonitrile product.
      For example, in the production of 2,2'-azobis(2,4-dimethylvaleronitrile),
      the acidification of the system would be expected to decompose the
      isobutyric salts in the reaction mixture to form isobutyric acid. The
      isobutyric acid would become absorbed into and trapped by the azonitrile
      product making removal by conventional washing techniques difficult at
      best. Since isobutyric acid is malodorous, a combined purity-pollution
      problem would result. Unexpectedly, no such problems arise when the
      improvement of this invention is employed. The azonitrile product which
      can be used without further purification has been found to be drier,
      non-oily, white in color and free-flowing. It is therefore easily
      processed into whatever form may be desired for its use. It has also been
      found that, while the improvement of this invention is operable when used
      as the last step in the production of azonitriles, particularly
      2,2'-azobis(2,4-dimethylvaleronitrile), similar consistently excellent
      results are not obtained when an already isolated azonitrile is reslurried
      and subjected to this treatment.
DETD
PAR  The invention is further illustrated but is not intended to be limited by
      the following examples in which all parts and percentages are by weight
      unless otherwise specified.
PAC  EXAMPLE 1
PAR  60 grams of 2-amino-2,4-dimethylpentanonitrile of 88.2% purity are added
      simultaneously with 399 grams of 14.1% sodium hypochlorite solution to 860
      ml. rapidly stirred methanol cooled at -5.degree.C. so that addition is
      completed in 1 hour. The reaction mixture is then allowed to warm to
      10.degree.C. and held at that temperature for 10 minutes; 575 ml. of cold
      water are then added.
PAR  Titration of a sample of the mixture with 0.1 normal sodium thiosulfate
      solution for freed iodine following addition to acidified potassium iodide
      solution showed 0.038 equivalent oxidizing material present.
PAR  The cold reaction mixture was acidified to a pH of 2.0 with concentrated
      hydrochloric acid and 4.0 grams of sodium bisulfite (0.076 equivalent or
      100% excess) dissolved in 10 ml. of water were added.
PAR  After 10 minutes the solid 2,2'-azobis(2,4-dimethylvaleronitrile) product
      was filtered, washed with water and dried. A test of the product with
      acidified potassium iodide showed no oxidizing impurity present (no iodine
      liberated).
PAR  An assay of the non-oily, white, free-flowing product showed a purity of
      99%.
PAC  EXAMPLE 2
PAR  To a solution of 63.2 parts of 2-amino-2,4-dimethylpentanonitrile in 592
      parts of methanol are added over a 20 minute period at -10.degree.C. with
      agitation 377 parts of a 15% aqueous sodium hypochlorite solution. The
      reaction was then allowed to warm to 10.degree.C. and held for 10 minutes.
      At this point methanol constitutes 74 volume percent of the aqueous
      solvent. The resulting reaction product was diluted with 500 parts of
      water and titrated with standard sodium thiosulfate as described in
      Example 1. About 0.015 equivalent of oxidizing agent was present. The
      resulting slurry was then acidified to a pH of 1.0 with 15% hydrochloric
      acid and 0.52 gram of sodium nitrite (0.015 equivalent) were stirred into
      the mixture. The precipitated 2,2'-azobis (2,4-dimethylvaleronitrile) was
      isolated by filtration and found to be non-oily, white and dry with a
      purity of 98%.
PAC  EXAMPLE 3
PAR  To a mixture of 276 parts of methanol and 129 parts of 10% aqueous calcium
      hypochlorite at -10.degree.C. are added with agitation 15.6 parts of
      2-amino-4-methoxy-2,4-dimethylpentanonitrile. The mixture was stirred for
      approximately 45 minutes while the temperature was allowed to rise to
      10.degree.C. At this point in the reaction methanol constitutes 75 volume
      percent of the aqueous solvent. Titration with sodium thiosulfate as
      described in Example 1 showed 0.045 equivalent of oxidizing agents in the
      reaction mixture. The reaction mixture was then acidified to a pH of 3
      with 10% hydrochloric acid and 2.16 grams (.0675 equivalent) of SO.sub.2
      gas were added to the mixture, followed by 232 parts of water. The
      precipitated 2,2'-azobis (2,4-dimethylvaleronitrile), isolated by
      filtration, was found to be white and free-flowing and had a purity of
      97.7%.
PAR  It is to be understood that any of the components and conditions mentioned
      as suitable herein can be substituted for its counterpart in the foregoing
      examples and that although the invention has been described in
      considerable detail in the foregoing, such detail is solely for the
      purpose of illustration. Variations can be made in the invention by those
      skilled in the art without departing from the spirit and scope of the
      invention except as set forth in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing an azonitrile by coupling an aminonitrile in
      the presence of a hypochlorite, the improvement which comprises acidifying
      the reaction mixture to a pH of a maximum of 4 and adding an alkali metal
      nitrite, alkali metal sulfite, alkali metal bisulfite, alkali metal
      thiosulfate, alkaline earth metal nitrite, alkaline earth metal sulfite,
      alkaline earth metal bisulfite, alkaline earth metal thiosulfate,
      quaternary ammonium nitrite, quaternary ammonium sulfite, quaternary
      ammonium bisulfite, quaternary ammonium thiosulfate, sulfur dioxide,
      nitrogen oxide, oxalic acid, formaldehyde or hydroxylamine as a reducing
      agent after the coupling reaction is completed.
NUM  2.
PAR  2. The improvement of claim 1 wherein the reaction mixture is acidified to
      a pH of from 3 to 1.
NUM  3.
PAR  3. The improvement of claim 1 wherein the reaction mixture is acidified
      with hydrochloric acid.
NUM  4.
PAR  4. The improvement of claim 1 wherein from 1.0 to 2.0 equivalents of the
      reducing agent is added per equivalent of oxidizing material contained in
      the reaction mixture.
NUM  5.
PAR  5. The improvement of claim 1 wherein the reaction mixture is acidified
      with sulfur dioxide and the reducing agent is sulfur dioxide.
NUM  6.
PAR  6. The improvement of claim 1 wherein the reducing agent is the sodium,
      potassium, lithium, quaternary ammonium, magnesium or calcium salt of a
      nitrite, sulfite, bisulfite or thiosulfate anion, sulfur dioxide or
      nitrogen oxide.
NUM  7.
PAR  7. The improvement of claim 1 wherein the azonitrile is
      2,2'-azobis(2,4-dimethylvaleronitrile).
NUM  8.
PAR  8. The improvement of claim 1 wherein the azonitrile is produced at a
      temperature of above the freezing point of the azonitrile reaction mixture
      and below 50.degree.C. in a solvent that contains at least 95% by volume
      of methyl or ethyl alcohol at the beginning of the reactor and at least
      70% by volume of the methyl or ethyl alcohol at the end of the reaction.
NUM  9.
PAR  9. The improvement of claim 1 wherein the reaction mixture is acidified to
      a pH of from 2 to 1.
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LREP
FRM  Curtis, Morris & Safford
ABST
PAL  12-Dehydro digoxin mono-4'" and 3'"-alkyl ethers and a process for their
      manufacture.
PAL  The compounds have a cardiotonic and diuretic activity.
BSUM
PAR  The present invention relates to 12-dehydro digoxin-mono-4'"- and 3'"-alkyl
      ethers of the formula I
      ##SPC1##
PAL  in which R.sub.1 and R.sub.2 are different and each stands for a hydrogen
      atom or a lower alkyl group of 1 to 4 carbon atoms.
PAR  This invention further relates to a process for the manufacture of
      12-dehydro digoxin mono-4'"- or 3'"-alkyl ethers of formula I, which
      comprises
PA1  (a) oxidizing a digoxin mono-4'"- or 3'"-alkyl ether of the formula II
      ##SPC2##
PAL  in which R.sub.1 and R.sub.2 are defined as above, with an oxidizing agent
      to yield the compounds of formula I, or
PA1  B. reacting 12-dehydro digoxin in an analogous manner with a dialkyl
      sulfate of the formula III
EQU  (R.sub.3 O).sub.2 SO.sub.2                                 III
PA1  in which R.sub.3 stands for a lower alkyl group of 1 to 4 carbon atoms, in
      dimethylformamide in the presence of barium hydroxide while adding either
      aluminium oxide to yield the compounds of formula I, wherein R.sub.1
      stands for alkyl of 1 to 4 carbon atoms and R.sub.2 for hydrogen, or while
      adding aluminium isopropylate to yield compounds of formula I, wherein
      R.sub.1 is hydrogen and R.sub.2 alkyl of 1 to 4 carbon atoms.
PAR  According to method (a) of this process, the 12-.beta.-hydroxy group in the
      aglucone moiety is selectively oxidized to yield the 12-oxo group, without
      affecting the hydroxy groups also present in this glucose moiety in 3'-,
      3" - and 3'" or 4'"-positions. The oxidation reaction is carried out by
      the usual methods, preferably methods using chromium trioxide as oxidizing
      agent, such as the oxidation methods according to Jones, Kiliani or
      Sarrett.
PAR  According to a particularly advantageous embodiment of this process, the
      compounds of formula II are dissolved in a mixture of solvents, such as
      acetone/dioxan/water, and treated with a solution of chrominum trioxide in
      water/sulfuric acid at temperatures of from -30.degree. to +100.degree.C,
      preferably from -10.degree. to +50.degree. C. The mixture is then worked
      up by pouring it into water, extracting it with a solvent, preferably
      chloroform or methylene chloride, washing the extracts with water and
      removing the solvents by distillation. The foamy residue obtained may be
      crystallized either directly or upon chromatography from inert organic
      solvents. The crystallized reaction products thus obtained may moveover,
      where required, be recrystallized from inert organic solvents. The
      starting compounds of formula II used for this reaction may be obtained,
      for example according to the process disclosed in German
      Offenlegungsschrift No. 1,961,034, by reacting digoxin with a dialkyl
      sulfate in the presence of barium hydroxide while adding aluminium oxide
      or aluminium propylate.
PAR  According to method (b) of this process, exclusively the 4'"- or
      3'"-hydroxy group in the terminal digitoxose of 12-dehydro-digoxin is
      selectively alkylated according to known methods, depending on which
      substitution product is to be obtained. To prepare the 4'"-monoalkyl
      ethers of 12-dehydro digoxin, especially the 4'"-methyl ether, 12-dehydro
      digoxin is reacted according to the process of the above-cited German
      Offenlegungsschrift with dialkyl sulfates, for example dimethyl, diethyl,
      dipropyl or dibutyl sulfate, especially with dimethyl sulfate, in the
      presence of barium hydroxide in an inert solvent, such as benzene,
      toluene, cyclohexane or a chlorinated hydrocarbon, while adding aluminium
      oxide. To prepare 3'"-monoalkyl ethers of 12-dehydro digoxin, especially
      the 3'"-methyl ether, the reaction is analogous, except for using, instead
      of aluminium oxide, the aluminium iso-propylate which brings about a
      special alkylation of the 3'"-hydroxy group instead of the 4'"-group as
      caused by using aluminium oxide.
PAR  The 12-dehydro digoxin serving as a starting product for method (b) is
      prepared in a manner analogous to method (a) by selective oxidation of
      digoxin in the 12-position.
PAR  To work up and obtain the products of the invention in pure state from the
      reaction mixtures obtained, the crude products obtained upon concentration
      are separated, mainly from unreacted 12-dehydro digoxin used, by
      chromatography using silica gel or aluminium oxide.
PAR  The crude product may also be separated into its homogenous components by
      the usual multiplicative distribution. After this, the products thus
      obtained may be recrystallized from adequate inert organic solvents.
PAR  The products obtained according to the invention have valuable
      pharmacological properties, for example cardiotonic and diuretic effects.
      Especially striking is their high positively inotropic activity
      established on the isolated heart of a guinea pig in an atrium test or by
      potassium secretion. Surprisingly, this inotropic effect appears in a
      significant manner already at a dose which is far below the normal dose,
      at which first toxic symptoms, such as a disturbed cardiac rythm or
      disturbances of the atrioventricular conduction and conduction along the
      Purkenje system, are observed. Their toxicity as tested on rats and mice
      is very low.
PAR  Compared with the 4'"- or 3'"-alkyl digoxin derivatives, from which they
      are derived, the products of the invention show an improved therapeutic
      index, especially demonstrable on the twin preparation
      4'"-O-methyl-12-dehydro digoxin/4'"--O--methyl digoxin (i.e. .beta.-methyl
      digoxin).
PAR  Moreover, the new compounds exhibit a complete enteral absorption, thus
      allowing optimum control, especially in the oral administration of the
      products of the invention. Therefore these products may be used for the
      treatment of heart diseases, in particular of cardiac insufficiency and
      tachycardia, especially in those cases where digoxin and its derivatives
      .beta.-methyl-digoxin or .alpha.- and .beta.-acetyl digoxin already cause
      cardiotoxic side effects when administered at an adequately high dosage.
      The individual dosage unit to be administered to humans ranges from about
      0.05 to 1 mg, the daily dosage from about 3 to 4 times that of the
      individual dosage.
PAR  The administration is preferably by the oral route in the form of tablets,
      capsules, dragees which may contain the usual pharmaceutical carriers, for
      example starch, lactose, tragacanth, magnesium stearate and talcum.
PAR  For use in intravenous injections, water or a physiological sodium chloride
      solution may be considered.
PAR  The following Examples illustrate the invention.
DETD
PAC  EXAMPLE 1
PAC  4'"--O--Methyl-12-dehydro digoxin
PAR  A solution of 200 mg of chromium trioxide in 20 ml of acetic acid was added
      dropwise within 30 minutes to a solution of 2.15 g of 4'"-O-methyl digoxin
      in 80 ml of glacial acetic acid. After stirring for 3 hours at
      20.degree.C, further oxidizing agent (400 mg of CrO.sub.3 in 40 ml of
      glacial acetic acid and 1 ml of water) was added dropwise for 3 hours.
      When there was still starting material to be established in the thin-layer
      chromatogram, another 20 ml of the above oxidizing agent were added, and
      stirring was continued at 20.degree.C until the reaction was complete
      (according to the thin-layer chromatogram).
PAR  For the work-up, the reaction mixture was poured into 1 l of water,
      extracted several times with methylene chloride, washed with water, dried
      with sodium sulfate, and the solvents were eliminated by distillation in
      vacuo. 1.8 Grams of a crude product were obtained, which was
      chromatographed on silica gel "Merck" (size of column: height: 22 cm,
      diameter: 3 cm) using a 99:1 mixture of methylene chloride and methanol as
      eluent, to yield the pure product. The passage of 1 l of eluent yielded
      210 mg of a mixture consisting predominantly of the product of the
      invention and a compound which was unpolar in the thin-layer chromatogram,
      the passage of another 4 l of eluent yielded, upon distillation, 1.3 g of
      chromatographically homogenous foam which, upon crystallization from
      acetone/ether, gave a yield of 1.1 g of 4'"-O-methyl-12-dehydro digoxin;
      melting point: 205.degree.C (determined in a Tottoli apparatus).
PAC  EXAMPLE 2
PAC  4'"--O--Ethyl-12-dehydro digoxin
PAR  In the same manner as disclosed in Example 1, a solution of 2.15 g of
      4'"-O-ethyl digoxin in 80 ml of glacial acetic acid was oxidized with
      chromium trioxide in acetic acid. Upon corresponding work-up and
      chromatography on silica gel, recrystallisation from acetone/ether yielded
      1.1 g of 4'"--O--ethyl-12-dehydro digoxin having a melting point of
      160.degree.-165.degree.C.
PAC  EXAMPLE 3
PAC  3'"--O--Methyl-12-dehydro digoxin
PAR  In the same manner as disclosed in Example 1, a solution of 2.15 g of
      3'"-O-methyl digoxin in 80 ml of glacial acetic acid was oxidized with
      chromium trioxide in acetic acid. Upon an analogous work-up and
      chromatography on silica gel, recrystallization from acetone ether yielded
      1.1 g of 3'"--O--methyl-12-dehydro digoxin, having a melting point of
      232.degree.-235.degree.C.
PAC  EXAMPLE 4
PAC  4'"-O-methyl- 12-dehydro digoxin
PAR  7.5 Milliliters of a Jones-type reactant solution (26.67 g of CrO.sub.3
      combined with 23 ml of concentrated sulfuric acid and diluted with water
      to a volume of 100 ml) were added dropwise for about 10 minutes to a
      solution of 1 g of 4'"--O---methyl digoxin in 85 ml of acetone, while
      maintaining a temperature of at most 30.degree.C. After stirring for 15
      minutes at 20.degree.C, undissolved material was separated by decanting,
      and the reaction mixture was poured into water. After extraction with
      methylene chloride, washing with water, drying with sodium sulfate, the
      organic solvent was distilled off in vacuo. The residue obtained was
      chromatographed as disclosed in Example 1 using silica gel, and upon
      recrystallization from acetone/ether the same reaction product having the
      same characteristic data as in Example 1 was obtained.
PAC  EXAMPLE 5
PAC  12-Dehydro digoxin
PAR  In the same manner as disclosed in Example 1, a solution of 2.15 g of
      digoxin in 80 ml of glacial acetic acid was oxidized with chromium
      trioxide in acetic acid. Upon an analogous work-up as in Example 1,
      recrystallization from acetone/ether yielded 1.5 g of 12-dehydro digoxin
      having a melting point of 275.degree.-278.degree.C.
PAC  EXAMPLE 6
PAC  4'"-O-Methyl-12-dehydro digoxin
PAR  A solution of 2.4 ml of dimethyl sulfate in 24 ml of absolute toluene was
      added dropwise at 20.degree.C for 1 hour, upon addition of 1.8 g of barium
      hydroxide and 2.4 g of aluminium oxide; to a solution of 3 g of 12-dehydro
      digoxin in 24 ml of absolute dimethylformamide and 24 ml of absolute
      toluene. After stirring for 24 hours at 20.degree.C, the reaction mixture
      was diluted with 100 ml of chloroform. The mixture was filtered through a
      clarifying-layer filter covered with silica gel, washed with 250 ml of
      chloroform and 15 ml of pyridine. Upon concentration in vacuo, the residue
      was taken up with 300 ml of cloroform, washed twice with water and dried.
      The washing waters were also shaken with chloroform. The combined organic
      extracts were then concentrated in vacuo, and the residue obtained was
      chromatographed on silica gel Merck (column size: height: 17 cm, diameter:
      4.5 cm). Upon elution of 2 l of methylene chloride and 3 l of methylene
      chloride/methanol (99:1) (these eluates did not contain the desired
      4'"-monomethyl ether), the product was eluted with 6 l of a 98:2 mixture
      of methylene chloride and methanol. Upon distillation of the solvent of
      the last eluate, recrystallization yielded the 4'"-O-methyl-12-dehydro
      digoxin having the same characteristic data as the product obtained
      according to Example 1.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula I
      ##SPC3##
PAL  in which R.sub.1 and R.sub.2 are different and each stands for hydrogen or
      lower alkyl of 1 to 4 carbon atoms.
NUM  2.
PAR  2. A compound as claimed in claim 1 which is 4'"--O---methyl-12-dehydro
      digoxin.
NUM  3.
PAR  3. A compound as claimed in claim 1 which is 4'"-O-ethyl-12-dehydro
      digoxin.
NUM  4.
PAR  4. A compound as claimed in claim 1 which is 3'"-O-methyl-12-dehydro
      digoxin.
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PAL  Tritiated succinylated derivatives of cyclic nucleotides, in particular
      multitritiated succinylated cyclic adenosine monophosphate, useful in the
      radioimmunoassay of cyclic nucleotides, and maleyl derivatives of cyclic
      nucleotides useful in the production of the tritiated derivatives.
BSUM
PAR  This invention relates to derivatives of cyclic nucleotides. More
      particularly, this invention relates to tritiated derivatives of cyclic
      nucleotides and compounds which can be employed to produce such tritiated
      derivatives. Still more particularly, this invention relates to tritiated
      derivatives of cyclic adenosine monophosphate and intermediates used in
      the preparation thereof.
PAR  Radioimmunoassay systems for cyclic adenosine monophosphate (cAMP)
      currently rely on either a radioiodinated derivative of cAMP or tritiated
      cAMP. The use of the radioiodinated derivative has the disadvantage of
      requiring gamma-counting capability which may not be available in many
      laboratories. The use of tritiated cAMP has the disadvantage of both
      inferior binding characteristics and low sensitivity inherent in the use
      of partially-or mono-tritiated cAMP. Accordingly, there is a need for new
      compounds which are useful in the radioimmunoassay of cAMP.
PAR  Accordingly, an object of the present invention is to provide tritiated
      derivatives of cyclic nucleotides and intermediates useful in the
      preparation thereof.
PAR  A further object of the present invention is to provide compounds useful
      for the radioimmunoassay of cAMP.
PAR  Another object of the present invention is to provide compounds which are
      useful in the preparation of compounds for the radioimmunoassay of cAMP.
PAR  Yet a further object of the present invention is to provide a process for
      producing compounds and intermediates therefor useful for the
      radioimmunoassay of cAMP.
PAR  These and other objects of the present invention should be more readily
      apparent from reading the following detailed description thereof.
PAR  The objects of the present invention are broadly accomplished in one aspect
      by providing compounds represented by the following structural formula:
      ##SPC1##
PAL  Wherein each R.sub.1 is either tritium, hydrogen, or lower alkyl (1-6
      carbon atoms, perferably methyl) each R.sub.2 is either tritium or
      hydrogen and at least one of R.sub.2 is tritium; and Y is adenyl, guanyl,
      uridyl, inosyl, cytosyl, thymyl or derivatives thereof.
PAR  In the above structural formula R.sub.1 and R.sub.2 are preferably hydrogen
      or tritium with at least one of R.sub.2 being tritium. Accordingly, the
      present invention is directed to the production of tritiated carboxyacyl
      derivatives, particularly multitritiated derivatives, of: cyclic adenosine
      3',5'-monophosphate (cAMP); cyclic guanosine 3', 5'-monophosphate (cGMP);
      cyclic inosine 3',5'-monophosphate (cIMP); cyclic uridine
      3',5'-monophosphate (cUMP); cyclic thymidine 3',5'-monophosphate (cTMP),
      and cyclic cytidine 3', 5'-monophosphate (cCMP).
PAR  The preferred compounds are the tritiated derivatives of cyclic adenosine
      monophosphate, as represented by the following structural formula:
      ##SPC2##
PAL  wherein R.sub.1 and R.sub.2 are as defined above; and R.sub.3 is hydrogen
      or tritium as hereinabove described. The compound preferably includes two
      or more atoms of tritium, with R.sub.1 and R.sub.2 preferably being
      tritium or hydrogen.
PAR  The objects of the present invention are accomplished in another aspect by
      providing intermediates useful in the preparation of the hereinabove
      described tritiated derivatives, as represented by the following
      structural formula:
      ##SPC3##
PAL  wherein R.sub.4 are each either hydrogen, chloro, bromo, iodo or lower
      alkyl (1-6 carbon atoms preferably methyl); and Z is adenyl, guanyl,
      thymyl, uridyl, inosyl, cytosyl or bromo-, chloro, or iodo- substituted
      derivatives thereof. The preferred intermediates are derivatives of cyclic
      adenosine monophosphate, as represented by the following structural
      formula:
      ##SPC4##
PAL  wherein R.sub.4 is defined as above, and R.sub.5 is hydrogen, iodo, chloro
      or bromo.
PAR  The present invention will be further described with respect to the
      production of derivatives of cyclic adenosine monophosphates which are the
      preferred compounds of the present invention. It is to be understood,
      however, that the following procedures are also applicable to the
      hereinabove described derivatives of other cyclic monophosphate
      nucleotides.
PAR  The substituted or unsubstituted maleyl derivative of cAMP intermediate in
      the preparation of the tritiated derivatives of the present invention, is
      prepared by reacting the appropriate substituted or unsubstituted maleic
      acid anhydride with cAMP.
PAR  In accordance with one procedure, the carboxyacyl derivative of cAMP of the
      present invention, is prepared by either the method disclosed by Steiner
      et al. Proc. Nat. Acad. Sci. 64 367 (1969) or the method disclosed by
      Falbriard et al. Biochem. Biophys. Acta 148 99 (1967) using the
      appropriate substituted or unsubstituted maleic acid anhydride instead of
      the succinic acid anhydride. The method basically involves the dissolution
      of cAMP and morpholine dicyclohexylcarbodiimide in a suitable inert
      solvent, such as pyridine, followed by addition of the appropriate
      substituted or unsubstituted maleic acid anhydride.
PAR  The substituted or unsubstituted maleyl derivative is preferably prepared
      in accordance with the novel procedure of the present invention. In
      accordance with the procedure of the present invention, cAMP is dissolved
      in a polar, nonprotic inert (does not react with the reactants) solvent.
      As representative examples of such solvents there may be mentioned,
      hexamethylphosphoramide, dimethylformamide, dimethylsulfoxide,
      acetonitrile, pyridine, dimethylacetamide and the like. THe solubilization
      may be facilitated by the use of non-reactive bases such as trioctylamine,
      tri-n-butylamine, diisopropylethylamine (Hunigs base),
      tetramethyl-guanidine and the like. The dissolution may be effected at a
      temperature from about 20.degree.C. to about 100.degree.C., and preferably
      from about 60.degree.C. to about 80.degree.C. The dissolution may require
      from one to three hours.
PAR  The substituted or unsubstituted maleyl derivative of cAMP is recovered
      from the reaction mixture by precipitation in the presence or absence of a
      solvent, such as ether, ethyl acetate, benzene, acetone, etc. followed by
      washing and drying in a vacuum. About 100% of the weight of cAMP started
      is recovered as a pale grey amorphous solid, no clear melting point. The
      product has the ultraviolet spectrum of cAMP, but moves slower than cAMP
      on DEAE cellulose TLC, and faster on cellulose TLC in a n-butanol, acetic
      acid and water solvent system.
PAR  The substituted or unsubstituted maleyl derivative is then tritiated by a
      procedure known in the art, as described for example by Rylander, 1967:
      Catalytic Hydrogenation over Platinum Metals; (Academic Press, N.Y., 1967)
      to produce the tritiated derivatives of cAMP of the present invention. In
      general, this procedure involves dissolution of the intermediate in a
      water-ethanol mixture buffered at a pH from 4 to 10 followed by treatment
      with tritium gas in the presence of a platinum group metal catalyst. This
      general procedure is well known in the art and can be effectively employed
      for tritiating the derivatives of the present invention. Accordingly, no
      further details in this respect are required for practicing the present
      invention.
PAR  The tritiated carboxyacyl derivatives, and in particular the tritiated
      succinylated derivatives of cGMP, cTMP, cCMP, cIMP and cUMP may be
      prepared by the procedures hereinabove described with respect to the
      production of the cAMP derivatives, by substitution of the appropriate
      cyclic nucleotide.
PAR  The derivatives of the present invention in which tritium is substituted in
      the purine or pyrimidine moiety of the cyclic nucleotide may be prepared
      by using, as the starting material, a cyclic nucleotide halo-substituted
      in the purine or pyrimidine moiety. The tritiating of the unsaturated
      carboxyacyl derivative of the cyclic nucleotide results in replacement of
      the halo group with tritium to produce the tritiated carboxyacyl
      derivative of the cyclic nucleotide in which the purine or pyrimidine
      moiety is substituted with tritium.
PAR  Similarly, the derivatives of the present invention in which more than two
      atoms of tritium are present in the carboxyacyl moiety are prepared from
      the intermediates of the present invention in which the unsaturated
      carboxyacyl moiety is substituted with one or more halo atoms (chloro,
      bromo or iodo) whereby such halo atoms can be statistically replaced with
      tritium in the subsequent tritiation procedure.
PAR  The derivatives of the present invention in which only one atom of tritium
      is present in the succinyl side chain result from the presence of hydrogen
      during the tritiating.
DETD
PAR  The invention will be further described with respect to the following
      examples but it is to be understood that the scope of the invention is not
      to be limited thereby. Unless otherwise specified all parts and
      percentages are by weight and all temperatures are .degree.C.
PAC  EXAMPLE I
PAC  Preparation of maleyl -- cAMP
PAR  200 mg. of cAMP and 200 mg. of morpholine-dicyclohexyl-carbodiimide were
      mixed in pyridine for a sufficient time at a temperature between 30 and
      100 degrees centigrade, until all materials were dissolved. The solution
      was cooled to a temperature between -20.degree. and +10.degree.C., and
      maleic anhydride was added in quantities which do not cause excessive
      chromogenic side reactions. After thin layer chromatography on ion
      exchange cellulose has shown about 50 percent conversion of cAMP to a new
      product, with spectral qualities of cAMP, ether was added to the mixture
      in large excess. The precipitate, which is maleyl-cAMP, was centrifuged,
      washed with ether and dried in vacuum. Hydrogenation of this product
      yielded a material with the spectral and chromatographic characteristics
      of ScAMP.
PAC  EXAMPLE II
PAC  Preparation of dichloromaleyl-cAMP
PAR  100 mg. of cAMP and 100 of Hunig's base were added to 10 ml. of
      acetonitrile and stirred for 2 days. To the solution of cAMP was added 100
      mg. of dichloromaleic anhydride, dissolved in 1/2 ml. of the solvent. The
      precipitate which is dichloromaleyl-cAMP was spun off, washed with ether,
      and dried in vacuum. Hydrogenation of the product yields material with the
      properties of ScAMP.
PAC  EXAMPLE III
PAC  Preparation of .sup.3 H-ScAMP
PAR  The maleyl cAMP produced in Example I was dissolved in 50% ethanol,
      buffered to a pH between 4 and 10 with phosphate. An equal weight of 10%
      palladium on carbon was added, and the mixture was exposed to 15.degree.C.
      of tritium gas for a sufficient time to incorporate 500 mC of tritium into
      a non-volatile, stable product, which had the same chromatographic
      behavior of ScAMP, and which was isolated by chromatography.
PAR  The tritiated carboxyacyl derivatives of cAMP of the present invention may
      be employed in the radioimmunoassay of cAMP by using the procedure
      described by Steiner et al., Proc. N.A.S. Vol. 64; P. 367-373 (1969) in
      which the tritiated carboxyacyl derivatives of the present invention, most
      preferably those containing two or more tritium atoms, replace the
      radioiodinated tracer compound disclosed by Steiner et al. Similarly, the
      tritiated carboxyacyl derivatives of cCMP, cUMP, cTMP, cGMP and cIMP may
      be used for the radioimmunoassay of the corresponding cyclic nucleotide by
      the procedure described by Steiner et al, J. Bio. Chem. Vol. 247, pp.
      1106-13 (1972) in which the tritiated derivatives of the present invention
      replace the radioiodinated tracer compound disclosed by Steiner et al.
PAR  The tritiated derivatives of the present invention are particularly
      advantageous for the radioimmunoassay of cyclic nucleotides as a result of
      having superior immuno-reactivity and higher specific activity. In
      addition, the multitritiated derivatives are superior to the
      radioiodinated derivatives, as disclosed by Steiner et al, in that the
      radioatom is substituted on a side chain which is less bulky and which
      involves less modification of the cyclic nucleotide.
PAR  Numerous modifications and variations of the present invention are possible
      in light of the above teachings and, therefore, within the scope of the
      appended claims the invention may be practiced in a manner otherwise than
      as particularly described.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A compound selected from the group consisting of compounds represented
      by the following structural formula I:
      ##SPC5##
PAL  wherein
PA1  Y is selected from the group consisting of inosyl, adenyl, uradyl, guanyl,
      thymyl, cytidyl and the tritium substituted derivatives thereof;
PA1  each R.sub.1 is selected from the group consisting of hydrogen, tritium and
      lower alkyl; and
PA1  each R.sub.2 is selected from the group consisting of tritium and hydrogen
      with at least one R.sub.2 being tritium;
PAL  and compounds having the following structural formula II:
      ##SPC6##
PAL  wherein
PA1  Z is selected from the group consisting of uradyl, guanyl, inosyl, thymyl,
      adenyl, cytidyl and the chloro-, bromo and iodo- substituted derivatives
      thereof; and
PA1  each R.sub.4 is selected from the group consisting of hydrogen, chloro,
      iodo, bromo, and lower alkyl.
NUM  2.
PAR  2. The compound of claim 1 wherein the compound is represented by
      structural formula I.
NUM  3.
PAR  3. The compound of claim 2 wherein each R.sub.1 and R.sub.2 is selected
      from the group consisting of hydrogen and tritium wherein said compound
      contains at least two atoms of tritium.
NUM  4.
PAR  4. The compound of claim 3 wherein Y is inosyl.
NUM  5.
PAR  5. The compound of claim 3 wherein Y is uradyl.
NUM  6.
PAR  6. The compound of claim 3 wherein Y is guanyl.
NUM  7.
PAR  7. The compound of claim 3 wherein Y is thymyl.
NUM  8.
PAR  8. The compound of claim 3 wherein Y is cytidyl.
NUM  9.
PAR  9. The compound of claim 2 wherein Y is
      ##SPC7##
PAL  wherein
PA1  R.sub.3 is selected from the group consisting of hydrogen and tritium.
NUM  10.
PAR  10. The compound of claim 9 wherein R.sub.3 is hydrogen.
NUM  11.
PAR  11. The compound of claim 10 wherein R.sub.1 and R.sub.2 are each selected
      from the group consisting of hydrogen and tritium and wherein the compound
      contains at least two atoms of tritium.
NUM  12.
PAR  12. The compound of claim 9 wherein R.sub.3 is tritium.
NUM  13.
PAR  13. The compound of claim 12 wherein R.sub.1 and R.sub.2 are each selected
      from the group consisting of hydrogen and tritium and wherein at least one
      of R.sub.2 is tritium.
NUM  14.
PAR  14. The compound of claim 1 wherein the compound is represented by
      Structural formula II.
NUM  15.
PAR  15. The compound of claim 14 wherein each R.sub.4 is hydrogen.
NUM  16.
PAR  16. The compound of claim 14 wherein each R.sub.4 is chloro.
NUM  17.
PAR  17. The compound of claim 14 wherein Z is uradyl.
NUM  18.
PAR  18. The compound of claim 14 wherein Z is thymyl.
NUM  19.
PAR  19. The compound of claim 14 wherein Z is inosyl.
NUM  20.
PAR  20. The compound of claim 14 wherein Z is cytidyl.
NUM  21.
PAR  21. The compound of claim 14 wherein Z is guanyl.
NUM  22.
PAR  22. The compound of claim 14 wherein Z is
      ##SPC8##
PAL  wherein
PA1  R.sub.5 is selected from the group consisting of hydrogen, bromo, chloro,
      and iodo.
NUM  23.
PAR  23. The compound of claim 22 wherein R.sub.5 is hydrogen.
NUM  24.
PAR  24. The compound of claim 23 wherein each R.sub.4 is hydrogen.
NUM  25.
PAR  25. The compound of claim 23 wherein each R.sub.4 is chloro.
NUM  26.
PAR  26. The compound of claim 22 wherein each R.sub.4 is chloro.
NUM  27.
PAR  27. The compound of claim 22 wherein each R.sub.4 is hydrogen.
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ABST
PAL  6-(1'-CYCLOHEXENYLGLYCINAMIDO)PENICILLANIC ACID AND SALTS THEREOF, WHICH
      HAVE BOTH A BROAD SPECTRUM ANTIBACTERIAL ACTION AND STRONG ACTIVITY
      AGAINST Escherichia coli.
PARN
PAR  This is a division, of application Ser. No. 188,622, filed Oct. 12, 1971.
      now U.S. Pat. No. 3,824,237.
BSUM
PAR  The present invention relates to novel and useful antibacterial compounds
      and methods for producing them, and more particularly to compounds
      represented by the general formula:
      ##SPC1##
PAL  [wherein A is a group which forms 6-aminopenicillanic acid (hereinafter
      referred to briefly as 6-APA), 7-aminocephalosporanic acid (hereinafter
      referred to briefly as 7-ACA), or 7-aminodesacetoxycephalosporanic acid
      (hereinafter referred to briefly as 7-ADCA), when an amino group is
      introduced] or salts thereof, or acetone adducts thereof, and methods for
      producing them.
PAR  Although it is known that .alpha.-aminobenzyl-penicillin andcephalosporin
      show a broad spectrum of antibacterial activity against both gram-positive
      and-negative bacteria, it is also well known that they have not sufficient
      activity against Escherichia coli etc. The present inventors studied and
      investigated this insufficiency and have found that the compounds (I) not
      only have a broad spectrum of antibacterial action equal to .alpha.
      -aminobenzylderivatives, but also have extremely strong action against
      Escherichia coli. The present invention was accomplished on the basis of
      these findings.
PAR  The principal object of the present invention is to provide novel and
      useful antibacterial compounds (I).
PAR  Another object of the present invention is to provide acetone adducts of
      the compounds (I), which have prolonged activity.
PAR  A further object is to provide 1-cyclohexenylglycine which is employable as
      an intermediate of the compounds (I).
PAR  A still further object is to provide processes for preparing the compounds
      (I), or salts thereof, or acetone adducts thereof and
      1-cyclohexenylglycine.
PAR  Other objects of the present invention and advantages thereof will become
      apparent as the description proceeds.
PAR  In the general formula (I) above mentioned, A is a group which forms 6-APA,
      7-ACA or 7-ADCA when an amino group is introduced or salts thereof.
PAR  These compounds (I) may form corresponding salts with, for example, alkali
      metals or alkaline earth metals such as sodium, potassium, calcium or
      aluminum, or organic amines such as trimethylamine, triethylamine,
      tributylamine, pyridine or the like. The compounds (I) may further be
      changed to acetone adducts represented by the general formula:
      ##SPC2##
PAL  Wherein the symbol A has the same meaning as above.
PAR  The compounds (I) or salts thereof can, for example, be produced by
      reacting 1-cyclohexenylglycine or its reactive derivatives with 6-APA,
      7-ACA or 7-ADCA.
PAR  In this case, each of said 6-APA, 7-ACA or 7-ADCA may be employed as
      suitable salts thereof or easily hydrolyzable esters thereof, and, when
      easily hydrolyzable esters are employed, the reaction products are
      subjected to hydrolysis to obtain the object compounds (I) or salts
      thereof, if necessary.
PAR  In this acylation process, 1-cyclohexenylglycine is usually employed as one
      of its reactive derivatives, for example, the acid halides such as acid
      chlorides, acid bromides, etc.; acid azides; acid anhydrides; the mixed
      alkylphosphoric or alkylcarbonic acid anhydrides; active esters, e.g.
      corresponding esters with 4-substituted-2,5-oxazolidinedione,
      pentachlorophenol, N-hydroxysuccinimide, etc.; and the like. If necessary,
      such condensing agents as cyclohexylcarbodiimide, phosphoryl chloride,
      N,N'-carbonyl-bis-imidazole, etc. may be employed. The amino group of
      1-cyclohexenylglycine is preferably to be protected with, for example with
      hydrochloric acid, an organic aldehyde, o-nitrothiophenyl, a
      .beta.-diketone compound (e.g. acetylacetone or acetoacetic ester), azide,
      or with a group such as carbobenzoxy, p-toluenesulfonyl,
      phenylthiocarbonyl, aryloxy or phthalyl, isobornyloxycarbonyl,
      .beta.-methylsulfonylethoxycarbonyl.
PAR  6-APA, 7-ACA or 7-ADCA may be used as the corresponding easily hydrolyzable
      ester with a sililating agent such as trimethylchlorosilane,
      trimethoxychlorosilane and the like or a silenating agent such as
      dimethyldichlorosilane, dimethoxydichlorosilane, a tin agent such as
      tri-n-butyl tin oxide, triphenylchloride, bis-(p-methoxyphenyl)
      methylchloride, methoxymethylchloride, .beta.-methylthioethylchloride,
      etc.
PAR  These reactions may be carried out in a solvent. However, when an easily
      hydrolyzable ester is employed, care should be exercised to guard against
      the entry of moisture into the reaction system. Among the useful solvents
      are water, alcohols such as ethanol, methanol, etc., acetone, dioxane,
      tetrahydrofuran, triethylamine, halogenated hydrocarbons such as
      chlorobenzene, chloroform, methylene chloride, etc., and other organic
      solvents such as ethyl acetate, ether, acetonitrile and the like. While
      the reaction temperature is virtually optional, the reaction is often
      carried out under cooling or at room temperature.
PAR  When the reaction according to this invention gives rises to an acid as
      by-product, a basic reagent such as an alkali, e.g. alkali hydrogen
      carbonate, alkali carbonate or alkali hydroxide, or an organic amine, e.g.
      triethylamine or pyridine, is desirably present in the reaction system. In
      the case of an easily hydrolyzable ester, the product is hydrolyzed in the
      routine manner and, then, separated by techniques which are conventional
      per se., e.g. concentration, phasic transfer, chromatography, etc. If
      necessary, the product may be purified by, for example, recrystallization.
PAR  It is to be understood that isomeric forms of the compounds (I) as well as
      their mixture are included in the scope of the present invention.
PAR  Thus-obtained compounds (I) may be led to their acetone adducts, which show
      more prolonged activity relative to the original compounds (I), by the
      reaction with acetone.
PAR  In this reaction, the volume of acetone is preferably more than one mole
      relative to the cyclohexenylglycinamide derivatives (I). This reaction
      generally proceeds readily in a solvent such as, for example, methylene
      chloride, dimethylformamide, water, chloroform or acetone. The pH of the
      reaction mixture is preferably maintained within the range of 5.5 to 9.5,
      and may be controlled with an inorganic alkali, e.g. sodium hydroxide,
      sodium carbonate, potassium hydroxide or potassium carbonate, an organic
      amine, e.g. triethylamine, or an acid, e.g. hydrochloric acid or
      phosphoric acid. The reaction is carried out at room temperature or under
      heating.
PAR  1-Cyclohexenylglycine used as the starting material may be produced by
      employing per se known methods, for example, by reacting
      1-cyclohexene-1-aldehyde with alkali cyanide and an ammonia supplying
      material, followed by hydrolyzing.
PAR  The reaction may be desirably carried out in a hydrophilic solvent such as
      water, alcohols (e.g. methyl alcohol, ethyl alcohol) or mixture thereof.
      The reaction may generally at 0.degree.-80.degree.C, preferably be
      conducted at the temperature ranging from 30.degree. to 40.degree.C.
PAR  Alkali cyanide (e.g. sodium cyanide, potassium cyanide) and an ammonia
      supplying material (e.g. ammonium chloride, ammonium carbonate) may
      generally be employed from 1 to 1.5 mol respectively relative to 1 mol of
      the 1-cyclohexene-1-aldehyde.
PAR  The reaction is generally completed in a period of from 1 to 4 hours. When
      ammonium chloride is used as the ammonia supplying material, there is
      produced an aminonitrile compound, while a hydantoin compound is obtained
      when ammonium carbonate is employed. While the aminonitrile compound or
      the hydantoin compound may be isolated, it may be subjected to hydrolysis
      without isolation. The hydrolysis may be generally conducted by treating
      the above reaction product with e.g., hydrochloric acid, sulfuric acid,
      sodium hydroxide, potassium hydroxide or barium hydroxide. When an
      aminonitrile compound is produced, the hydrolysis is desirably conducted
      in acid conditions, generally by the use of about 3-12N acid. The reaction
      is desirably carried out at about room temperature to 100.degree.C. On the
      other hand, when a hydantoin compound is employed, the reaction is
      desirably conducted in alkaline conditions and generally at reflux
      temperature.
PAR  The reaction may also be conducted under elevated pressure, if desired.
      After the completion of the reaction, the reaction mixture may be employed
      as a starting material without isolation, but may be purified by per se
      known means such as concentration, phasic transfer, recrystallization,
      chromatography.
PAR  1-Cyclohexenylglycine may also be produced through a 1-cyclohexenyl
      compound represented by the general formula
      ##SPC3##
PAL  wherein B is a protected or unprotected carboxyl or cyano group. When B
      represents an unprotected carboxyl group, the subject compound is obtained
      by subjecting the compound (II) to nitrosation, followed by reduction.
      When B represents a protected carboxyl or cyano group, the subject
      compound is obtained by subjecting the compound (II) to nitrosation, then
      reduction and hydrolysis, in either order.
PAR  Among protected carboxyl groups, there are, for example, alkyloxycarbonyl
      group such as methoxycarbonyl, ethoxycarbonyl, n-(or i-)-propoxycarbonyl,
      n-(i-,s- or t-)-butoxycarbonyl, n-(or t-) amyloxycarbonyl group, or
      substituted or unsubstituted phenoxycarbonyl group such as
      phenoxycarbonyl, p-nitrophenoxycarbonyl, pentachlorophenoxycarbonyl or
      lower alkoxycarbonyloxycarbonyl group such as t-butoxycarbonyloxycarbonyl,
      ethoxycarbonyloxycarbonyl, etc.
PAR  The nitrosation is conducted by per se known means, for example, reacting
      1-cyclohexenyl compound (II) with nitrites or nitrite ester in the
      presence of an acid (e.g. mineral acid such as hydrochloride, organic
      carboxylic acid such as acetic acid) or base (e.g. sodium hydride,
      corresponding alkali metal alcoholate or alkali metal amide with sodium or
      potassium). Among nitrites, there may be exemplified sodium nitrite,
      potassium nitrite etc. and, as nitrite ester, there may be alkyl nitrite
      ester such as methyl nitrite, ethyl nitrite, n-butyl nitrite, t-butyl
      nitrite, i-amyl nitrite etc.
PAR  The reaction is generally carried out at the temperature ranging from
      5.degree. to 60.degree.C and proceeds smoothly in a suitable solvent (e.g.
      alcohols such as methanol, ethanol, aromatic hydrocarbon such as benzene,
      xylene, halogenated hydrocarbon such as chloroform, carbon tetrachloride,
      ethers such as ethylether, tetrahydrofuran). The nitrosation reagent may
      generally be employed from about 1 to 1.2 mol relative to 1 mol of
      1-cyclohexenyl compound (II), but is not necessarily limited to this
      range. The reaction is generally completed in about 0.5 to 2 hours.
PAR  Thus obtained 1-cyclohexenyl-.alpha.-nitrosoacetic compound is further
      reduced to convert its .alpha.-nitroso group to an amino group.
PAR  For this purpose, it was found that per se known reducing means for
      converting nitroso group to amino group can be employed for the above
      reduction without acting upon the double bond of the 1-cyclohexenyl group.
      Among such means, there are, for example, means employing metals (e.g.
      iron, tin, zinc) or stannous chloride or the like in the presence of an
      acid (e.g. hydrochloric acid), employing amalgam such as Aluminium
      amalgam, employing hydrogen sulfide, a salt thereof (e.g. sodium sulfide
      or polysulfide) in acid, neutral or alkaline conditions. These reactions
      may be carried out in a solvent such as glacial acetic acid, alcohols such
      as methanol, ethanol, etc.
PAR  Thus-obtained compounds, when B represents a protected carboxyl or cyano
      group, are subjected to hydrolysis to obtain 1-cyclohexenylglycine. The
      hydrolysis may be conducted by per se established means, for example by
      treating compound (II) with a mineral acid such as hydrochloric acid,
      sulfuric acid, an inorganic base such as sodium hydroxide, potassium
      carbonate, etc.
PAR  These acids or bases are generally used in the concentration from 3 to 6N,
      but are not necessarily limited to this range.
PAR  The reaction is generally carried out in an aqueous solution and, by adding
      alcohols such as methanol, ethanol, it can be conducted in a high
      concentration of the compound (II). The reaction may be generally carried
      out at the temperature from 40.degree. to 100.degree.C, and more desirably
      from 70.degree. to 100.degree.C.
PAR  Thus obtained 1-cyclohexenylglycine itself has relatively strong
      antibacterial action, and, therefore, it can be utilized as a fungicide.
      Meanwhile, as 1-cyclohexenylglycine has an asymmetric carbon, it is
      generally obtained as a racemic compound, which can be subjected, if
      necessary, to optical resolution by per se known means. For example, there
      are means employing optically active acid such as L-tartaric acid and
      D-camphorsulfonic acid or optically active base such as cinchonine, or
      synthesizing an N-acyl compound of 1-cyclohexenyl glycine and hydrolyzing
      it with an enzyme such as diastase.
PAR  The compounds (I) of the present invention and their acetone adducts have
      strong-inhibitory action against gram-positive and gram-negative bacteria.
PAR  They can be readily absorbed from the small intestines by oral
      administration, and, in parenteral administration, and they are rapidly
      penetrated into tissues and have good affinity to tissues. Therefore, the
      compounds (I) of the present invention are useful as antibacterial agents.
PAR  For this purpose, the compounds (I) including their pharmaceutically
      acceptable acid salts (e.g. sodium, potassium salts) as well as acetone
      adducts thereof may be orally or parenterally administered per se or in a
      suitable form such as powder, granules, tablets or injectable solution
      admixed with a pharmaceutically acceptable carriers, diluents or
      adjuvants. The present compounds (I), salts thereof or acetone adducts
      thereof, can be used against almost the same disease that can be cured by
      .alpha.-aminobenzylpenicillin or-cephalosporins, as well as the diseases
      caused by Escherichia coli, or the like.
PAR  While the dose of the compounds (I) or their acetone adduct to be
      administered varies depending on the kinds of the compounds, the severity
      of the disease etc., it generally falls within the range from about 5 to
      500 mg./Kg./day for human adult, preferably about 10 to 200 mg/Kg/day for
      human adult.
PAR  It is to be understood that the following examples are solely for the
      purpose of illustration and not to be construed as limitative of this
      invention, and that many variations may be resorted to without departing
      from the spirit and scope of this invention.
PAR  In this specification, "part" means "weight part" unless otherwise
      specified, and the relationship between "part(s) by weight" and "part(s)
      by volume" corresponds to that of gram(s) and milliliter(s).
DETD
PAC  EXAMPLE 1
PAR  A reactor wherein the air is replaced with dry nitrogen is charged with 250
      parts by volume of t-butyl alcohol and then with 12 parts of metallic
      potassium.
PAR  The mixture is vigorously stirred under refluxing in the atmosphere of dry
      nitrogen to render it completely in the state of solution. Then 100 parts
      by volume of dry benzene is added to the solution, and the mixture is
      cooled to 5.degree.C, followed by adding at the same temperature 33.6
      parts of ethyl 1-cyclohexenylacetate, and then 35.2 parts of isoamyl
      nitrite over 30 minutes. The reaction mixture is left standing so that the
      temperature thereof rises up to the room temperature, and then further
      stirred for one hour at room temperature.
PAR  The reaction mixture is diluted with 200 parts by volume of alcohol, and to
      the resultant mixture is added 78 parts of zinc powder and then added
      dropwise 250 parts by volume of concentrated hydrochloric acid under
      stirring keeping the temperature lower than 30.degree.C by ice-cooling.
PAR  The reaction mixture is subjected to filtration, and the insolubles
      filtered are washed with alcohol. The washing is combined with the
      filtrate and the mixture is concentrated under reduced pressure, followed
      by adding about 150 parts of sodium hydrogen carbonate to separate an oily
      substance. The oily substance is extracted with ether, and the ether is
      distilled off. To the residue are added 130 parts by volume of 10% aqueous
      solution of sodium hydroxide and the same volume of ethyl alcohol as the
      aqueous solution of sodium hydroxide, followed by concentration at
      70.degree.C. After two hours, the reaction mixture is filtered to remove
      insoluble substance, and the filtrate is adjusted to about pH 5.0 with
      concentrated hydrochloric acid, whereupon 1-cyclohexenylglycine
      precipitated as crystals. After cooling, the crystals are collected, and
      washed with water, alcohol and ether, successively, followed by drying to
      give 16 parts of 1-cyclohexenylglycine melting at 241.degree.C (decomp.).
PAR  Elementary analysis Calcd. for C.sub.8 H.sub.13 NO.sub.2 : C 61.91, H 8.44,
      N 9.03 Found: C 61.66, H 8.49, N 8.86.
PAR  Infrared absorption spectrum (KBr, cm.sup.-.sup.1) 3160. 2600, 1600, 1490,
      1400, 1341, 1143, 1108, 718.
PAR  1-Cyclohexenylglycine is also obtained in the same manner as above except
      employing 1-cyclohexenylglycineethoxycarbonate anhydride instead of ethyl
      1-cyclohexenylacetate.
PAC  EXAMPLE 2
PAR  To a cooled solution of 12 parts of metallic potassium in 350 parts by
      volume of t-butanol, 24.2 parts of 1-cyclohexenylacetonitrile is added
      under nitrogen current, and then 35.2 parts of isoamyl nitrite at
      30.degree.C, followed by stirring for two hours. The reaction mixture is
      poured into ice-water and shaken with 300 parts by volume of ether. After
      being separated and washed with ether, the aqueous layer is acidifyed with
      19 parts by volume of acetic acid to separate an oily substance. The oily
      substance is extracted with ether and the extract is washed with a
      saturated aqueous solution of sodium chloride. After drying, the ether
      layer is concentrated to give crystals of
      1-cyclohexenyl-.alpha.-nitroso-acetonitrile.
PAR  Aluminium amalgam prepared from 10 parts of aluminium strips is covered
      with 200 parts by volume of 10 percent ether solution of methyl alcohol
      and thereto is added portion-wise 100 parts by volume of ether solution of
      the above-obtained .alpha.-nitroso compound. The resultant mixture is
      permitted to stand overnight. After removing the unreacted metal from the
      reaction mixture, the filtrate is extracted with 6N-hydrochloric acid. The
      extract is refluxed for 2 hours and then concentrated so as to give one
      third of its original volume under reduced pressure.
PAR  The concentrate is neutralized with alkali to separate crystals. After
      being washed with ethyl alcohol, with ether and then water, successively,
      the crystals are dissolved in 1N-aqueous solution of sodium hydroxide, and
      then the solution is adjusted to pH of isoelectric point of
      1-cyclohexenylglycine with 1N-hydrochloric acid, whereby 9.5 parts of
      1-cyclohexenylglycine melting at 241.degree.C (decomp.) is obtained.
PAR  The resultant product is identified as the same product obtained in Example
      1.
PAC  EXAMPLE 3
PAR  1.5 Parts of 1-cyclohexenyl-.alpha.-nitrosoacetonitrile obtained in Example
      2 is dissolved in 20 parts by volume of ethyl alcohol and to the solution
      is added 10 parts of zinc powder. The mixture is cooled to 5.degree.C to
      which is added dropwise 10 parts by volume of concentrated hydrochloric
      acid keeping the internal temperature at 10.degree.C under vigorous
      stirring, followed by stirring for 30 minutes at room temperature.
PAR  Insolubles are removed by filtration from the reaction mixture, which are
      washed with ether. The filtrate is combined with the washing, and the
      mixture solution is concentrated under reduced pressure. To the
      concentrate is added 10 parts by volume of concentrated hydrochloric acid,
      and the mixture solution is refluxed for 1.5 hours, followed by adjusting
      its pH to 5.0 with aqueous ammonia, whereby 0.7 part of
      1-cyclohexenylglycine is obtained.
PAC  EXAMPLE 4
PAR  After 13.8 parts of metallic sodium is dissolved in 200 volume parts of
      methyl alcohol under nitrogen current, the methyl alcohol is distilled
      off. The residue is suspended in 200 volume parts of dry benzene. The
      solution is cooled down to a temperature of 0.degree.C-5.degree.C. To the
      solution is added 48.4 parts of 1-cyclohexenylacetonitrile under vigorous
      stirring followed by the addition of 70.4 parts of isoamyl nitrite at the
      same temperature. The solution is stirred at 10.degree.C for one hour,
      whereby sodium salt of nitroso compound separates out. The salt is
      dissolved in 200 volume parts of water. The solution is extracted with
      benzene. The benzene layer is further extracted twice with 200 volume
      parts of water. The aqueous layers are combined, and shaken with 200
      volume parts of ether. The aqueous layer is separated, and added dropwise
      over 2 hours under vigorous stirring to a boiling aqueous solution of 60
      parts of sodium hydroxide in 200 volume parts water. Thereafter, the
      reaction solution is stirred for 3 hours, while removing then generated
      ammonia by distillation. The remaining solution is neutralized with 170
      volume parts of concentrated hydrochloric acid to give
      .alpha.-nitroso-1-cyclohexenylacetic acid as crystals melting at
      136.degree.C to 137.degree.C.
PAR  The precipitates are mixed with 104 parts of zinc powder. To the resulting
      mixture is added under vigorous stirring at a temperature not higher than
      30.degree.C dropwise 320 volume parts of concentrated hydrochloric acid,
      followed by further stirring for 30 minutes. Unreacted zinc is filtrated
      off. The filtrate is concentrated to one half of its original volume.
PAR  The concentrate is adjusted to pH 6 with an aqueous solution of sodium
      hydroxide, and then the precipitating crude crystals are collected and
      washed. The crystals are dissolved in 1N-aqueous solution of sodium
      hydroxide. Then, pH of the solution is adjusted to about 5 with
      hydrochloric acid, whereby 1-cyclohexenylglycine is obtained as crystals
      melting at 241.degree.C which is found to be identified as the same
      product obtained in Example 1. 1-Cyclohexenylglycine can be converted to
      1-cyclohexenylglycine chloride hydrochloride by a similar manner to that
      disclosed in J.C.C. 31 (1966) 898.
PAC  EXAMPLE 5
PAR  A solution of 4.4 parts of 1-cyclohexene-1-aldehyde in 8 parts by volume of
      methanol is added to a solution of 2 parts of sodium cyanide and 2.36
      parts of ammonium chloride in 8 parts by volume of water and the mixture
      is stirred at room temperature for 2 hours, at the end of which time 20
      parts by volume of water is added. The resulting aminonitrile compound is
      extracted with 20 parts by volume of benzene. The benzene layer is
      extracted three times with 10 parts by volume portions of 6N-hydrochloric
      acid, respectively, and the aqueous layer is refluxed for 2 hours. The
      resinous matter is removed with activated carbon and the filtrate is
      concentrated to about 15 parts by volume and brought to about pH 5.0 with
      concentrated aqueous ammonia (28%), whereupon crude crystals of
      DL-1-cyclohexenylglycine is separated out. The crystals are recovered by
      filtration and dissolved in 1N-aqueous solution of sodium hydroxide. To
      the solution is added activated carbon and the mixture is subjected to
      filtration. To the filtrate, ethanol (one-half volume of the filtrate) is
      added, and the mixture is boiled, followed by adjusting its pH to about
      5.0 with hydrochloric acid, whereby 1.1 parts of DL-1-cyclohexenylglycine
      as colorless flakes melting at 242.degree.-243.degree.C is obtained.
PAR  IR(KBr, cm.sup.-.sup.1) 3160, 2960, 1605, 1490, 1400, 1345, 1274, 1145,
      720.
PAR  NMR (solvent: 1N-NaOD) 1.5 - 2.4 (multiplet, 8H) 3.81 (singlet, 1H, -- CH
      -- COOH) 5.84 (multiplet, 1H, -- CH = C --)
PAC  EXAMPLE 6
PAR  To a solution of 13 parts of potassium cyanide are added 11 parts of
      1-cyclohexene-1-aldehyde, 38.4 parts of ammonium carbonate and 100 parts
      by volume of ethyl alcohol (50%) and the mixture is stirred at
      60.degree.-65.degree.C for 2 hours, at the end of which time the ethyl
      alcohol is distilled off under reduced pressure. The residue is acidified
      with dilute hydrochloric acid to precipitate crystals. 5 Parts of the
      crystals are hydrolyzed to give 2.7 parts of 1-cyclohexenylglycine. The
      mixed examinations of this substance with the product obtained in Example
      1 does not show any depression of the melting point.
PAC  EXAMPLE 7
PAR  1. 5 Parts of 1-cyclohexenylglycine is dissolved in 33.2 parts by volume of
      1N-aqueous solution of sodium hydroxide. To the solution are added
      alternatively 1N aqueous solution of sodium hydroxide and
      chloroacetylchloride keeping the pH alkaline under ice-cooling, so that
      the total quantity of the former may reach 39.2 parts by volume and that
      of the latter may reach 4.2 parts by volume. The reaction mixture is left
      standing and its temperature rises up to the room temperature. It is then
      stirred for 2 hours at the same temperature. After being adjusted to pH
      8.0, the resulting mixture is shaken with ether. The aqueous layer is
      adjusted to pH 2.5 with 2N-hydrochloric acid and the resulting suspension
      is extracted with ether three times. The combined ether extract is washed
      twice with saturated aqueous solution of sodium chloride, followed by
      drying.
PAR  The ether solution is subjected to distillation to give crystals which are
      recrystallized from benzene-ether, whereby 4.5 parts by volume of
      N-chloroacetyl-1-cyclohexenylglycine melting at 137.degree.-140.degree.C
      is obtained.
PAR  Elementary analysis: Calcd. for C.sub.10 H.sub.14 NO.sub.3 Cl: C 51.84, H
      6.09, N 6.04, Cl 15.30, Found: C 51.78, H 5.86, N 5.83, Cl 15.52.
PAR  IR (KBr cm.sup.-.sup.1) 3360, 2650, 1730, 1625, 1545, 1410, 1255, 1210,
      1155, 1010, 885, 785.
PAR  2. One part of thus obtained N-chloroacetyl-1-cyclohexenylglycine is
      suspended in 25 parts by volume of water and to the suspension is added
      4.5 parts by volume of 1N-aqueous solution of sodium hydroxide to obtain a
      homogeneous solution. To the solution is added a solution of 5 parts of
      diastase dissolved in 40 parts by volume of water, and the solution is
      adjusted to pH 7.2 with a 1N-aqueous solution of sodium hydroxide,
      followed by stirring for 115 hours at 37.degree.C. The reaction mixture is
      subjected to filtration to remove the sediments and the filtrate is
      adjusted to pH 2.5 with 2N-hydrochloric acid, followed by extraction with
      ethyl acetate.
PAR  The ethyl acetate extract is washed with a saturated solution of sodium
      chloride, dried and concentrated to separate crystals. Recrystallization
      from ethyl acetate three times gives 0.2 part of
      D(-)-N-chloroacetyl-1-cyclohexenylglycine melting at
      137.degree.-138.degree.C as colourless powdery crystals.
PAR  [.alpha.].sub.D = -136.degree. (EtOH C=1.0%)
PAR  Elementary analysis: Calcd. for C.sub.10 H.sub.14 NO.sub.3 Cl: C 51.84, H
      6.09, N 6.04, Cl 15.30, Found: C 52.03, H 5.71, N 5.97, Cl 15.30.
PAR  3. A suspension of 0.1 part of D(-)-N-chloroacetyl-1-cyclohexenylglycine in
      4 parts by volume of 6N-hydrochloric acid is refluxed for 15 minutes. The
      reaction mixture is concentrated to about one part by volume, and then the
      pH of the concentrate is adjusted to 5.0 with 7N-aqueous ammonia to
      separate crystals. The crystals are washed with cold water and dried to
      give 0.03 part of D(-)-1-cyclohexenylglycine melting at
      224.degree.-225.degree.C.
PAR  [.alpha.].sub.D = - 147.7 (1N-HCl, C=1.0%)
PAR  4. The aqueous layer obtained above in (2) is adjusted to pH 5.0 with a
      1N-aqueous solution of sodium hydroxide and concentrated under reduced
      pressure. The concentrated solution is adsorbed on 20 parts by volume of
      Amberlite IR-120B (manufactured by Rohm & Haas Co., U.S.A.).
PAR  The resin is collected by filtration and washed with 500 parts by volume of
      water, followed by extraction with 1.5N aqueous ammonia.
PAR  The extract is concentrated to separate crystals, whereby 0.15 part of
      L(+)-1-cyclohexenylglycine is obtained.
PAR  [.alpha.].sub.D = + 147.degree. (1N--HCl, C=1.0%)
PAC  EXAMPLE 8
PAR  A solution of 0.63 part of sodium 1-cyclohexenylglycinate and 0.42 part of
      methyl acetoacetate in 40 parts by volume of methanol is stirred at
      60.degree.C for 3 hours. The reaction solution is concentrated and the
      resulting enamine compound is dried well and dissolved in 25 parts by
      volume of dry chloroform. The solution is cooled to -20.degree.C, and a
      solution of 0.49 part of isobutyl chlorocarbonate in 10 parts by volume of
      chloroform is added thereto over 5 minutes. The mixture is stirred at a
      temperature ranging from -20.degree.C to -8.degree.C for 2 hours. Then, at
      -10.degree.C, a solution containing 0.78 part of 6-aminopenicillanic acid,
      0.4 part of triethylamine and 30 parts by volume of chloroform is added,
      followed by stirring at -5.degree. to 5.degree.C for 2 hours. The reaction
      mixture is concentrated and the residue is dissolved in a solution of 0.75
      part of sodium hydrogen carbonate in 50 parts by volume of water. After
      washing with ether, the aqueous layer is recovered and adjusted to pH 2.5
      with 2N-hydrochloric acid. The layer is stirred at room temperature for 30
      minutes, and the oily matter separated is shaken twice with ether. The
      ether layer is discarded and the aqueous layer is adjusted to pH 4.0 with
      sodium hydrogen carbonate, followed by freeze-drying. The resulting crude
      product is purified by column chromatography, whereby 0.3 part of
      6-[1'-cyclohexenylglycinamido]-penicillanic acid is obtained from a
      water-ethanol (4:1) eluate.
PAR  IR(KBr). 3400 cm.sup.-.sup.1, 3350 cm.sup.-.sup.1, 1775 cm.sup.-.sup.1,
      1685 cm.sup.-.sup.1, 1600 cm.sup.-.sup.1, 1530 cm.sup.-.sup.1, 1510
      cm.sup.-.sup.1, 1200 cm.sup.-.sup.1.
PAR  The following shows minimum growth inhibitory concentrations of
      6-(1'-cyclohexenylglycinamido)penicillanic acid.
TBL  ______________________________________                                    
                                     (.gamma./ml.)                             
     Staphylococcus aureus 209P                                                
                             &lt; 0.2                                             
     Bacillus subtilis       &lt; 0.2                                             
     Sarcina lutea           &lt; 0.2                                             
     Escherichia coli        0.5                                               
     Proteus morganii Eb54   1                                                 
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  A reactor, wherein the air is replaced with nitrogen is charged with 5.2
      parts of dry 6-aminopenicillanic acid and 51 parts by volume of dry
      methylene chloride, followed by thorough stirring. To the mixture, there
      are added 7.3 parts by volume of triethylamine and 3.4 parts by volume of
      N,N-dimethylaniline. Then, 6.9 parts by volume of trimethylchlorosilane is
      added dropwise to the mixture at a temperature of 0.degree. to 5.degree.C
      and the reaction mixture is stirred at 10.degree.C for 30 minutes. Then,
      the reaction mixture is allowed to warm and, at room temperature, stirred
      for 2.5 hours. To this reaction mixture is added 5.05 parts of
      1-cyclohexenylglycine chloride hydrochloride at a temperature of
      0.degree.-5.degree.C, followed by stirring at 0.degree.-10.degree.C for 30
      minutes, at 10.degree.-15.degree.C for 1.5 hours and at
      15.degree.-17.degree.C for 1.5 hour.
PAR  The reaction mixture is poured into 144 parts by volume of cold water and
      stirred at a temperature of 0.degree.-5.degree.C for 30 minutes. After the
      addition of 0.7 part of Celite, the mixture is filtered and washed with
      cold water. The filtrate is combined with the washing and the aqueous
      layer is separated and washed with ethyl acetate. The aqueous layer is
      separated and adjusted to pH 4.0 with sodium bicarbonate, whereby
      6-(1'-cyclohexenylglycinamido)penicillanic acid is obtained as white
      precipitates.
PAC  EXAMPLE 10
PAR  A solution of 0.51 part of sodium D(-)-1-cyclohexenylglycine and 0.37 part
      of methyl acetoacetate in 30 parts by volume of methyl alcohol is stirred
      at 60.degree.C for 2 hours. The reaction solution is concentrated to give
      an enamine compound. After drying well, the enamine compound is dissolved
      in 25 parts by volume of dry chloroform. To the solution is added a
      solution of 0.5 part of isobutyl chlorocarbonate in 10 parts by volume of
      chloroform at -20.degree.C, followed by stirring for 2 hours at a
      temperature ranging from -15.degree.C to -8.degree.C.
PAR  To the reaction mixture is added a solution of 0.63 part of
      6-aminopenicillanic acid, 0.3 part of triethylamine in 30 parts by volume
      of chloroform at the same temperature, as above, followed by stirring for
      2 hours at a temperature ranging from -2.degree.C to 5.degree.C.
PAR  The reaction mixture is subjected to concentration and the residue is
      dissolved in a solution of 1 part of sodium hydrogen carbonate in 100
      parts by volume of water. The solution is adjusted to pH 2.6 with
      2N-hydrochloric acid and stirred for 30 minutes.
PAR  The reaction mixture is shaken with ether and the aqueous layer is adjusted
      to pH 4.0, followed by purifing with chromatography to obtain 0.2 part of
      6-[D(-)-.alpha.-amino-1'-cyclohexenyl-acetoamido]penicillanic acid.
PAR  [.alpha.].sub.D = + 225.2.degree. (1N-HCl, C=0.55%)
PAR  IR(KBr cm.sup.-.sup.1); 1780, 1690, 1605, 1510, 1390, 1310, 1245, 1127.
PAR  Rf value; 0.6 (solvent; n-butyl alcohol : acetic acid : water = 3 : 1 : 1)
PAC  EXAMPLE 11
PAR  A reactor, wherein the air is replaced with nitrogen, is charged with 5.2
      parts of dry 6-aminopenicillanic acid and 51 parts by volume of dry
      methylene chloride, 6.8 parts by volume of triethylamine and 3.36 parts by
      volume of N,N-dimethylaniline, followed by stirring. To the mixture is
      added 3.1 parts of dimethyldichlorosilane dropwise at a temperature of
      10.degree. to 15.degree.C over 20 minutes. Then, the reaction mixture is
      allowed to warm and is stirred at 25.degree.C for 1.5 hours. To the
      resultant solution is added 5.05 parts of 1 -cyclohexenylglycyl chloride
      hydrochloride at a temperature of 0.degree. to 5.degree.C over 45 minutes,
      followed by stirring at 0.degree. to 5.degree.C for 15 minutes, at
      5.degree.-10.degree.C for 1.5 hours and at 10.degree. C for 1.5 hours. The
      reaction mixture is poured into 144 parts by volume of cold water and the
      mixture is stirred at a temperature of 5.degree.-10.degree.C for 15
      minutes. The reaction mixture is subjected to filtration with the addition
      of 0.7 part Celite.
PAR  The filter cake is washed with cold water and the washings are combined
      with the filtrate obtained above. To the aqueous layer is added 20 parts
      by volume of ethyl acetate, and to the mixture is added dropwise a
      solution of 5.62 parts by volume of diphenylsulfonic acid in 15 parts by
      volume of water, at a temperature of 0.degree.-5.degree.C while adjusting
      its pH to 1.5 with an 5N-aqueous solution of sodium hydroxide whereby
      diphenylsulfonate of 6-(1-cyclohexenylglycinamido)-penicillanic acid
      precipitates out.
PAR  After being stirred for 6 hours at 5.degree.C, the reaction mixture is
      filtered and the filter cake is washed with 30 parts by volume of cold
      water of pH 1.5 to 2.0 and with 30 parts by volume of ethyl acetate. The
      filter cake is further washed twice with 6 parts by volume each of ethyl
      acetate, followed by subjecting the filter cake to thorough sucking to
      give 15 parts of diphenylsulfonate of
      6-(1-cyclohexenylglycinamido)-penicillanic acid. The salt is suspended in
      17 parts by volume of 85% of isopropyl alcohol and to the mixture is added
      17 parts by volume of triethylamine followed by stirring for 45 minutes at
      a temperature of 60.degree.-70.degree.C, whereby precipitates are formed.
      The precipitates are collected by filtration under heating, and washed
      thrice with 5 parts by volume each of 85% of isopropyl alcohol, followed
      by drying over phosphorus pentoxide under reduced pressure to give 2.0
      parts of 6-(1-cyclohexenylglycinamido)-penicillanic acid anhydride as
      white powder. This product shows characteristic IR absorptions at 3340
      cm.sup.-.sup.1 (--NH--), 1760 cm.sup.-.sup.1 (.beta.-lactam carbonyl),
      1690 cm.sup.-.sup.1 (amido carbonyl), 1600 cm.sup.-.sup.1 (carboxylate)
      and 1510 cm.sup.-.sup.1 (amide).
PAR  The minimum growth inhibitory concentration is 0.2 .mu.g/ml against
      staphylococcus pyogenes var. aureus and 0.8 .mu.g/ml against Escherichia
      coli.
PAC  EXAMPLE 12
PAR  A reactor, wherein the air is replaced with nitrogen is charged with 5.2
      parts dry 6-aminopenicillanic acid and, then, 51 parts by volume dry
      methylene chloride. Then, 6.8 parts by volume triethylamine and 3.36 parts
      by volume N,N-dimethylaniline are added, and the mixture is stirred,
      followed by the dropwise addition of 3.1 parts of dimethyldichlorosilane
      at a temperature of 10.degree.-15.degree.C over 20 minutes. This reaction
      mixture is allowed to warm and, at 25.degree.C, stirred for 1.5 hour. To
      the thus-obtained solution is added 5.05 parts of 1-cyclohexenylglycine
      chloride hydrochloride at a temperature of 0.degree.-5.degree.C over 45
      minutes. The mixture is stirred at 0.degree.-5.degree.C for 15 minutes, at
      5.degree.-10.degree.C for 1.5 hours and at 10.degree.C for 1.5 hours. This
      reaction mixture is poured into 144 parts by volume of cold water,
      followed by stirring at 5.degree.-10.degree.C for  15 minutes. After the
      addition of 0.7 part Celite, the mixture is filtered. The filter cake is
      washed with cold water and the filtrate is combined with the washings. The
      aqueous layer is washed with ethyl acetate. At a temperature
      0.degree.-5.degree.C, the aqueous layer is adjusted to pH 4.0 with sodium
      bicarbonate, whereby the 6-(1'-cyclohexenylglycinamido)-penicillanic acid
      is obtained as white precipitates.
PAC  EXAMPLE 13
PAR  In 20 parts by volume of methanol is dissolved 0.72 part of sodium
      1-cyclohexenylglycinate and to the solution is added 0.47 part of methyl
      acetoacetate. The mixture is stirred at 50.degree.C for 2 hours, followed
      by concentration to dryness. Thus-obtained enamine compound is directly
      dissolved in 25 parts by volume of chloroform and, at -15.degree.C, a
      solution of 0.55 part of isobutyl chlorocarbonate in 10 parts by volume of
      chloroform is added. The mixture is stirred at -8.degree.C for 90 minutes.
PAR  Then, a solution of 1.08 part of 7-aminocephalosporanic acid and 0.41 part
      of triethylamine in 30 parts by volume of chloroform is added dropwise at
      -5.degree.C over 10 minutes, followed by stirring at a temperature of
      0.degree.-5.degree.C for 2 hours. The mixture is concentrated and the
      residue is dissolved in 100 parts by volume of a 1% aqueous solution of
      sodium hydrogen carbonate. After the solution is adjusted to pH 2.5 with
      2N-hydrochloric acid and stirred for 30 minutes, it is shaken with ether.
      The aqueous layer is adjusted to pH 3.8 with Sodium hydrogen carbonate
      followed by concentration to give
      7-(1'-cyclohexenylglycinamido)-cephalosporanic acid.
PAC  EXAMPLE 14
PAR  In a mixture of 20 parts by volume of ethyl acetate and 1.64 parts of
      triethylamine, 2.16 parts of 7-amino-cephalosporanic  acid is suspended
      and, 0.87 part of trimethylsilyl chloride is added to the suspension at a
      temperature of 0.degree.-10.degree.C. The temperature is gradually
      heightened and, at room temperature, the mixture is further stirred for 3
      hours.
PAR  Then, under cooling with ice, 1.05 parts of quinoline is added to the
      reaction mixture, followed by the addition of a solution of 1.68 parts of
      1-cyclohexenylglycine chloride in 20 parts by volume of ethyl acetate. The
      mixture is stirred at room temperature for 3 hours.
PAR  The reaction mixture is concentrated and, then, dissolved in 160 parts by
      volume of 1% aqueous solution of sodium hydrogen carbonate. The solution
      is washed with ether, and the aqueous layer is adjusted to pH 3.8 with
      2N-hydrochloric acid, followed by concentration. The concentrate is
      purified by column chromatography to give
      7-(1'-cyclohexenylglycinamido)-cephalosporanic acid.
PAR  Melting point: 195.degree.-200.degree.C (decomp.).
PAR  Rf value: 0.25 (n-BuOH : H.sub.2 O : tetrahydrofuran = 3 : 1 : 1); 0.57
      (n-BuOH : H.sub.2 O : acetic acid = 3 : 1 : 1)
PAR  Elementary analysis: Calculated for C.sub.18 H.sub.23 N.sub.3
      SO.sub.6.H.sub.2 O, C 50.57, H 5.89, N 9.82, S 7.50; Found: C 50.24, H
      5.74, N 9.83, S 7.54.
PAR  Ultraviolet absorption spectrum; (in H.sub.2 O) 258 m.mu.
      (.epsilon.=7.737).
PAC  EXAMPLE 15
PAR  In 40 parts by volume of ethyl alcohol is suspended 1.8 parts of sodium
      1-cyclohexenylglycinate, and 1.45 parts of ethyl acetoacetate is added
      thereto. The mixture is refluxed for 3 hours at 65.degree.C, and the
      reaction mixture is subjected to distillation of ethyl alcohol, followed
      by drying. The residue (enamine compound) is dissolved in 50 parts by
      volume of chloroform and, to the solution, 1.36 parts by volume of
      isobutyl chlorocarbonate dissolved in 10 parts by volume of chloroform is
      added at a temperature from -15.degree. to -10.degree.C, followed by
      stirring for two hours at the same temperature.
PAR  To the resultant mixture is added dropwise a solution of 2.14 parts of
      3-desacetoxy-7-aminocephalosporanic acid and 1.1 parts of triethylamine
      dissolved in 100 parts by volume of chloroform at -5.degree.C, followed by
      stirring for 2 hours at a temperature from -5.degree. to 0.degree.C.
PAR  The reaction mixture is subjected to concentration and the residue is
      dissolved in an aqueous solution of 2 parts of sodium hydrogen carbonate
      in 100 parts by volume of water, followed by extraction with ethyl
      acetate. The aqueous layer is adjusted to pH 2.5 with 2N-hydrochloric acid
      and stirred for 30 minutes. The aqueous solution is shaken with ethyl
      acetate, and the aqueous layer is adjusted to pH 4.5, followed by
      concentration. The concentrate is purified by chromatography to give
      3-desacetoxy-7-(1'-cyclohexenylglycinamido)-cephalosporanic acid.
PAC  EXAMPLE 16
PAR  In 25 parts by volume of dry methylene chloride is suspended 1.1 parts of
      7-aminodesacetoxycephalosporanic acid. Then, 1.1 parts of dry
      triethylamine is added to the above suspension, followed by the addition
      of 0.63 part of N,N-dimethylaniline. The mixture is stirred well, and
      under cooling with ice-water, 0.65 part of dimethyldichlorosilane is added
      thereto dropwise at 10.degree.C.
PAR  The mixture is stirred at room temperature for 2 hours. To the mixture is
      added portionwise 1.1 parts of powdered D(-)1-cyclohexenylglycine chloride
      hydrochloride at a temperature lower than 10.degree.C. The mixture is
      stirred at 10.degree.C for 1.0 hour, at 10.degree.-15.degree.C for 1.5
      hours and at 15.degree.-17.degree.C for 1.5 hours. Then, the reaction
      mixture is poured into 30 parts by volume of ice-water. The pH of the
      solution is adjusted to 1.3. The solution is stirred for 15 hours and then
      1.0 part of Celite is added. The mixture is stirred for another 10
      minutes, followed by filtration. The filtrate is brought to pH 4.7 with
      1N-KOH and freeze-dried to give 3.0 parts of pale-yellowish powder. The
      powder is subjected to thin-layer chromatography using a solvent system of
      acetic acid : n-BuOH : H.sub.2 O (1 : 3 : 1). It is found that this
      product is a mixture of  4 different compounds.
PAR  To 20 parts by volume of water, is added 2.0 parts of the said powder,
      followed by the addition of 1N-aqeous solution of potassium hydroxide to
      bring the pH to 6.9. The resulting solution is purified by the use of an
      Amberlite XAD II column (manufactured by Rohm & Haas Co., U.S.A.) and the
      portion obtained with 10% ethyl alcohol (positive in ninhydrin and
      palladium chloride reactions) is freeze-dried, whereupon 0.85 part of
      7-(D(-)1'-cyclohexenylglycinamido) desacetoxycephalosporanic acid is
      obtained as white feather-like crystals. This product shows characteristic
      infrared absorption spectrum at 1770 cm.sup.-.sup.1, 1690 cm.sup.-.sup.1,
      1600 cm.sup.-.sup.1 (broad) and 1520 cm.sup.-.sup.1.
PAC  EXAMPLE 17
PAR  A mixed solution of 6.0 parts of 6-(1'-cyclohexenylglycinamido)
      penicillanic acid, 1.1 parts of water, 4.9 parts by volume of
      triethylamine and 35 parts by volume of acetone is stirred at room
      temperature for 16 hours. The resulting reaction mixture is poured into 50
      parts by volume of ice-water and, simultaneously, 2N-hydrochloric acid is
      added. Under cooling with ice, the mixture is stirred in a pH range of 2.5
      to 3.0 for 2 hours. The precipitate is washed with cold hydrochloric acid
      (pH 2.5) and dried in a vacuum desiccator over phosphorus pentoxide,
      whereupon
      6-[2',2'-dimethyl-4'-(1"-cyclohexenyl)-5'-oxo-1'-imidazolidinyl]penicillan
     ic acid is obtained as white powder. The infrared absorption spectrum of
      this product shows an absorption corresponding to the .beta.-lactam ring
      at 1785 cm.sup.-.sup.1 and an absorption corresponding to the
      .gamma.-lactam ring at 1720 cm.sup.-.sup.1.
PAR  Elementary analysis Calcd. for C.sub.19 H.sub.27 N.sub.3 O.sub.4 S: C
      57.99, H 6.92, N 10.68, S 8.15,   Found: C 57.50, H 6.99, N 10.65, S 7.60.
PAC  EXAMPLE 18
PAR  In 25 parts by volume of acetone is suspended 3.5 parts of
      7-(D(-)1-cyclohexenylglycinamido) desacetoxycephalosporanic acid, and, 1.5
      parts by volume of triethylamine is added. The mixture is stirred at room
      temperature for 20 hours, at the end of which time it is filtered. The
      filtrate is concentrated under reduced pressure and the acetone is removed
      by distillation. To the residue, there is added 25 parts by volume of
      ice-water, and under cooling with ice and stirring, the mixture is
      adjusted to pH 3.0 with 1N-hydrochloric acid, whereupon precipitates are
      formed. Under cooling with ice, the mixture is stirred for 2 hours and the
      precipitates are collected by filtration, washed with cold water and,
      then, with acetone, followed by drying in a vacuum desiccator over
      phosphorus pentoxide, whereupon 2.4 parts of
      7-[2'2'-dimethyl-4'-(D(-)1"-cyclohexenyl)-5'-oxo-1'-imidazolidinyl]
      desacetoxycephalosporanic acid is obtained as white powder.
PAR  This product shows characteristic absorptions in the infrared region of the
      spectrum at 1785 cm.sup.-.sup.1 (.beta.-lactam carbonyl) and 1700
      cm.sup.-.sup.1 (broad) (imidazolidinone ring --CO). The absorption bands
      of the amide at 1680 and 1520 cm.sup.-.sup.1 are absent.
PAC  EXAMPLE 19
PAR  In 8 parts by volume of dry dimethylformamide is dissolved 2.0 parts of
      7-(D-(-)1'-cyclohexenylglycinamido) cephalosporanic acid, and the solution
      is admixed with 0.7 part by volume of triethylamine. Then at 10.degree.C,
      0.5 part of methylchloromethyl sulfide is added dropwise. The mixture is
      stirred at room temperature for 4 hours, at the end of which time it is
      filtered. The filtrate is concentrated under reduced pressure for a while
      and, then, poured into 400 parts by volume of ice-water. After the mixture
      is adjusted to pH 7.0 the insolubles are collected by filtration, washed
      with 2 parts by volume of ice-water and dried in a vacuum desiccator over
      P.sub.2 O.sub.5, whereupon crude 7-(D(-)1'-cyclohexenylglycinamido)
      cephalosporanic acid methylsulfenylmethyl ester is obtained as
      pale-yellowish powder. The powder is dissolved in 10 parts by volume of
      acetone and the solution is stirred at room temperature for 16 hours. The
      acetone is removed by distillation under reduced pressure, and the syrupy
      residue is added to 20 parts by volume of ice-water, followed by stirring
      for a while.
PAR  Then, the mixture is brought to pH 3.0 with 1N-HCl and the precipitating
      crystals are collected by filtration, washed with ice-water and dried in a
      vacuum desiccator over phosphorus pentoxide, whereupon 0.4 part of
      7-[2',2'-dimethyl-4'-(D(-)-1"-cyclohexenyl)-5'-oxo-1'-imidazolidinyl]
      cephalosporanic acid is obtained as white powder.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of
      6-(1'-cyclohexenylglycinamido)penicillanic acid and non-toxic
      pharmaceutically acceptable salts thereof.
NUM  2.
PAR  2. The compound according to claim 1, namely 6-(1'-cyclohexenylglycinamido)
      penicillanic acid.
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PAL  New 1,2-methylene-17.alpha. acyloxy-9.beta., 10.alpha. pregnane compounds
      having high progestational and anti-ovulatory activities.
PARN
PAR  This is a continuation of application Ser. No. 120,705, filed Mar. 3, 1971,
      now abandoned.
BSUM
PAR  From the Applicant's U.S. Pat. No. 3,198,792 is known that the steroids of
      the retroseries having, in contrast to the steroids of the normal series,
      a 9,.beta.,10.alpha. -configuration, having interesting, endocrinological
      properties.
PAR  As examples of retro-steroids the columns 11 to 23 of said Patent
      Specification indicate about 800 substances or groups of substances.
PAR  It has now been found that 9,.beta.,10.alpha. -steroids corresponding to
      the general formula:
      ##SPC1##
PAL  In which X and y in common represent a double-bonded oxygen atom or X is a
      hydrogen atom and y is a hydroxy-group or an esterified hydroxy group,
PA0  R.sub.3 is a 3-keto-4-dehydro-,
PA1  3-keto-4,6-bisdehydro-,
PA1  3-OR'-3,5-bisdehydro- or
PA1  A 3-OR'-4,6-bisdehydro-group,
PA0  Or' representing an etherified or esterified hydroxy-group, R.sub.6 is a
      hydrogen atom, a chlorine atom, a fluorine atom, a 6,6-difluoro-group, a
      6,6-dichloro-group or a methyl-group, whilst is R.sub.6 is a hydrogen atom
      R.sub.7 represents a 6,7-methylene-group,
PA0  R.sub.7 is a hydrogen atom or a 6,7-methylene-group, whilst if R.sub.7 is
      6,7-methylene-group R.sub.6 is a hydrogen atom, a chlorine atom or a
      fluorine atom and R.sub.3 is a 3-keto-4-dehydro-group,
PA0  R.sub.17 is an etherified hydroxy-group having 1 to 5 carbon atoms or an
      esterified hydroxy-group having 1 to 8 carbon atoms,
PA0  R.sub.21 is a hydrogen atom, a fluorine atom, a hydroxy-group or an
      esterified hydroxy-group and
PA0  R.sub.13 is a methyl- or an ethyl-group, exhibit extremely high
      endocrinological activity.
PAR  The endocrinological activities and particularly the progestational and
      anti-ovolatory activity of the above-mentioned group of compounds
      according to the invention is considerably higher than than of the
      compounds mentioned in columns 11 to 23 of said patent Specification. it
      has furthermore been found that the progestational and anti-ovulatory
      activity of the substances according to the invention is many times higher
      than that of the isomeric compounds of the normal series.
PAR  It has particularly been found that the compounds corresponding to the
      general formula:
      ##SPC2##
PAL  In which R.sub.3, R.sub.6, R.sub.7, R.sub.17, R.sub.21, X and Y have the
      aforesaid meanings exhibit a surprisingly high progestational and
      anti-ovulatory activity.
PAR  This applies in particular to compounds of the formula:
      ##SPC3##
PAL  In which Hal is a chlorine atom or a fluorine atom and R.sub.17 has the
      aforesaid meaning.
PAR  Very highly active compounds whose oral and parenteral progestational and
      anti-ovulatory activity is considerably higher than that of the strongest
      progestational and anti-ovulatory compounds hither to known are
      inter-alia:
PA0  1,2-methylene-6-chloro-17.alpha.-hydroxy-9.beta.,10.alpha.-pregna-4,6-diene
     -3,20-dione 17-acetate,
PA0  1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.,10.alpha.-pregna-1,6-dien-
     3,20-dione 17-acetate,
PA0  1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.,
      10.alpha.-pregna-4,6-diene-3,20-dione 17-propionate,
PA0  1,2-methylene-6-chloro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20 -dione 17-propionate,
PAR  A considerably prolonged progestational and anti-ovulatory activity has
      been found with compounds of the formula:
      ##SPC4##
PAL  in which Hal is a fluoro- or chlorine atom and R.sub.17 is an etherified
      hydroxy-group having 1 to 5 carbon atoms or an esterified hydroxy-group
      having 4 to 8 carbon atoms.
PAR  This applies in particular to the compounds;
PA0  1,2-methylene-6-chloro-17.alpha.-tetrahydropyranyloxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione,
PA0  1,2-methylene-6-fluoro-17.alpha.-tetrahydropyranyloxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione,
PA0  1,2-methylene-6-fluoro-17.alpha.-methoxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione
PA0  1,2-methylene-6-chloro-17.alpha.-methoxy-9.beta. ,10.alpha.-pregna-4,6
      -diene-3,20-dione,
PA0  1,2-methylene-6-chloro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-caproate,
PA0  1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-caproate,
PAR  Apart from the aforesaid specific substances further examples of the active
      compounds according to the invention are:
PA0  1,2;6,7-bismethylene-17.alpha.-hydroxy-9.beta. ,10.alpha.-pregna-4-ene-3,20
      -dione 17-acetate,
PA0  1,2;6,7-bismethylene-6.alpha.-chloro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4-ene-3,20-dione 17-acetate,
PA0  1,2;6,7-bismethylene--6.alpha.-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4-ene-3,20-dione 17-acetate,
PA0  1,2-methylene-6,6-difluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4-ene-3,20-dione 17-acetate,
PA0  1,2-methylene-6-chloro-17.alpha.-20.beta.-dihydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3-one 17-acetate,
PA0  1,2-methylene-6-fluoro-17.alpha. .20.beta.-dihydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3-one 17-acetate,
PA0  1,2-methylene-6-fluoro-17.alpha.,20.beta.-dihydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3-one 17,20-diacetate,
PA0  1,2-methylene-6-chloro-17.alpha. ,20.beta.-dihydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3-one 17,20-diacetate,
PA0  1,2-methylene-6-methyl-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate,
PA0  1,2-methylene-3-ethoxy-6-chloro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-3,5-diene-20-one 17-acetate,
PA0  1,2-methylene-3-ethoxy-6-fluoro-17.alpha.-hydroxy-.beta.
      ,10.alpha.-pregna-3,5-diene-20-one 17-acetate,
PA0  6-chloro-3,7.alpha. -dihydroxy-1,2-methylene-9.beta.,10.alpha.
      -pregna-4,6-diene-20-one 3,17-diacetate,
PA0  1,2-methylene-6-chloro-3.beta.,17.alpha.-20.beta.-trihydroxy-9.beta.,10.alp
     ha. -pregna-4,6-diene-17,20-triacetate,
PA0  1,2-methylene-6-fluoro-3.beta.,17.alpha. ,20.beta.-trihydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,17,20 -triacetate,
PA0  1,2-methylene-6-chloro-17.alpha.-hydroxy-21-fluoro-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate,
PA0  1,2-methylene-6-fluoro-17.alpha.-hydroxy-21-fluoro-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate,
PA0  1,2-methylene-6-chloro-17.alpha.-methoxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione,
PA0  1,2-methylene-6-fluoro-17.beta.-methoxy-9.beta.,10.alpha.-pregna-4,6-diene-
     3,20-dione,
PA0  1,2-methylene-6-fluoro-17.alpha. propoxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione,
PA0  1,2-methylene-6-chloro-17.alpha.-propoxy-9.beta.,10.alpha.-pregna-4,6-diene
     -3,20 -dione,
PAR  Other interesting compounds according to the invention are:
PA0  1,2-methylene-6.beta.-fluoro-17.alpha.-hydroxy-9.beta. ,10.alpha.
      -pregna-4-ene-3,20-dione 17-acetate,
PA0  1,2-methylene-6.beta.-chloro- 17.alpha.-hydroxy-9.beta. ,10.alpha.
      -pregna-4-ene-3,20-dione 17-acetate,
PA0  1,2-methylene-6.beta.-chloro-17.alpha.-hydroxy- 9.beta.,10.alpha.
      -pregna-4-ene-3,20-dione 17-propionate,
PA0  1,2-methylene-6.beta.-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4-ene-3,20 -dione 17-propionate,
PA0  1,2-methylene-6.beta.-fluoro-17.alpha.-tetrahydropyranyloxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione,
PA0  1,2-methylene-6.beta.-chloro-17.alpha.-tetrahydropyranyloxy-9.beta.
      ,10.alpha. -pregn-4-ene-3,20 -dione,
PA0  1,2-methylene-6.beta.-chloro-17.alpha.-hydroxy-9.beta.,10.alpha.
      -pregn-4-ene-3,20-dione 17-caproate,
PA0  1,2-methylene-6.beta.-fluoro-17.alpha.-hydroxy-9.beta.,10.alpha.
      -pregn-4-ene-3,20-dione 17-caproate,
PA0  1,2-methylene-6-chloro-17.alpha. ,21-dihydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione  17,21-diacetate,
PA0  1,2-methylene-6-fluoro-17.alpha.-21-dihydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione  17,21-diacetate,
PAR  1,2-methylene-6,6-dichloro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione 17-acetate,
PA0  1,2-methylene-6-fluoro-17.alpha.-hydroxy-18-methyl-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate, p0
      1,2-methylene-6-chloro-17.alpha.-hydroxy-18-methyl-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate,
PA0  1,2-methylene-6-chloro-17.alpha. -hydroxy-18-methyl-9.beta.
      ,10.alpha.-pregna-4,6-diene- 3,20-dione 17propionate,
PA0  1,2-methylene- 6-fluoro-17.alpha.-hydroxy-18-methyl- 9.beta.,10.alpha.
      -pregna-4,6-diene-3,20-dione 17-propionate,
PA0  1,2-methylene-6-fluoro-17.alpha.-tetrahydropyranyloxy-18-methyl-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione,
PA0  1,2-methylene-6-chloro-17.alpha.-tetrahydropyranyloxy-18-methyl-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione,
PA0  1,2-methylene-6-chloro-17.alpha.-hydroxy-18-methyl-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-caproate,
PA0  1,2-methylene-6-fluoro-17.alpha.-hydroxy-18-methyl-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-caproate.
PAR  If the substituent R.sub.3, Y or R.sub.21 contains or represents a
      hydroxy-group, this group has 1 to 20 carbon atoms and is preferably
      derived from a saturated or unsaturated aliphatic mono-, di- or
      tricarboxylic acid, an alicyclic carboxylic accid, a mixed
      aliphatic-alicyclic carboxylic acid, an aliphatic-aromatic carboxylic
      acid, or an aromatic carboxylic acid. Examples of esterified
      hydroxy-groups are hydroxy-groups esterified with formic acid, acetic
      acid, propionic acid, butyric acid, decane carboxylic acid,
      cyclohexylpropionic acid, phenylpropionic acid, phenylacetic acid,
      phenyloxyphenylpropionic acid, enanthoylacetic acid, oleic acid,
      palmitinic acid, stearic acid, enanthoinic acid, capronic acid, pivalinic
      acid, succinic acid, malonic acid, banzoic acid, citric acid,
      p-hexyloxyphenylpropionic acid, hexahydrobenzoic acid,
      .beta.-cyclopentylpropionic acid and .beta.cyclohexylpropionic acid.
PAR  If R.sub.17 is an esterified hydroxy-group, this group is derived from a
      carboxylic acid as mentioned above, but the acid must contain not more
      than 8 carbon atoms at the most. Suitable esterified hydroxy-groups are,
      for example, acetoxy, propionoxy and capronoxy.
PAR  If R.sub.3 is an etherified hydroxy-group, this group is preferably derived
      from an aliphatic, a mixed aliphatic-aromatic, an mixed
      aliphatic-alicyclic alcohol. Examples of etherified hydroxy-groups are:
      methoxy, ethoxy, t-butoxy, cyclohexyloxy, benzyloxy, tetrahydrofuranyloxy,
      tetrahydropyranyloxy.
PAR  If R.sub.17 is an etherified hydroxy-group, this group is derived from an
      alcohol of the kind mentioned above, on the understanding that the alcohol
      is allowed to contain five carbon atoms at the most. Suitable etherified
      hydroxy-groups are, for example, methoxy, ethoxy, propoxy,
      tetrahydropyranyloxy. It should furthermore be noted for the sake of
      clarity that the 1,2-methylene-group contained in the compounds according
      to the invention occupies the .beta.-position.
PAR  the compounds according to the invention are novel substances which can be
      produced by methods known for the production of similar compounds or by
      analogous methods.
PAR  The compounds according to the invention may be produced by;
PAL  a. treating a compound of the formula:
      ##SPC5##
PAL  wherein
PA1  R.sub.6, r.sub.7, r.sub.13, r.sub.21, x and Y have the aforesaid meanings
      and
PA1  R.sub.3 is a 3-keto-4-dehydro, or
PA1  a 3-keto-4,6-bisdehydro-group,
PAL  with an alkylating or acylating agent, which results in a compound of the
      formula
      ##SPC6##
PAL  wherein
PA1  R.sub.3, r.sub.6, r.sub.7 and R.sub.13 have the aforesaid meanings,
PA1  R.sub.17 has the above-mentioned meaning,
PA1  X and Y represent in common a double-bonded oxygen atom or X is a hydrogen
      atom and Y is an esterified hydroxy-group,
PA1  R.sub.21 is a hydrogen atom, a fluorine atom or an esterified
      hydroxy-group,
PAL  b. treating a compound of the formula:
      ##SPC7##
PAL  wherein
PA1  R.sub.6, r.sub.7 and R.sub.13 have the aforesaid meanings,
PA1  R.sub.3 is a 3-keto-4-dehydro-, or
PA2  a 3-keto-4,6-bisdehydro-group,
PA1  X and Y in common represent a double-bonded oxygen atom or X is a hydrogen
      atom and Y a hydroxy-group and
PA1  R'.sub.17 is a hydroxy-group or an etherified hydroxy-group having 1 to 5
      carbon atoms or an esterified hydroxy-group having 1 to 8 carbon atoms,
      with an acylating agent, which results in a compound of the formula:
      ##SPC8##
PA0  wherein
PA1  R.sub.3, r.sub.6, r.sub.7 and R.sub.13 have the aforesaid meanings,
      R.sub.17 has the aforesaid meaning, X and Y in common represent a
      double-bonded oxygen atom or X is a hydrogen atom and Y an esterified
      hydroxy-group and OR represents an acyloxy-group,
PAL  c. treating a compound of the formula:
      ##SPC9##
PAL  in which
PA1  R.sub.6, r.sub.7, r.sub.13 and R.sub.17 have the above-mentioned meanings,
PA1  R.sub.3 is a 3-keto-4-dehydro-,
PA2  a 3-keto-4,6-bisdehydro- or
PA2  a 3-OH-4,6-bisdehydro-group and
PA1  R.sub.21 is a hydrogen atom, a fluorine atom or a hydroxy-group, with an
      acylating agent, which results in a compound of the formula:
      ##SPC10##
PAL  in which
PA1  R.sub.6, r.sub.7, r.sub.13 and R.sub.17 have the aforesaid meanings,
PA1  R.sub.3 is a 3-keto-4-dehydro-,
PA2  3-keto-4,6-bisdehydro- or
PA2  3-OR'-4,6-bisdehydro-group,
PA1  Or' being an esterified hydroxy-group.
PA1  R.sub.21 is a hydrogen atom, a fluorine atom or an esterified hydroxy-group
      and
PA1  Or is an acyloxy-group,
PAL  d. treating a compound of the formula:
      ##SPC11##
PA0  wherein R.sub.13, R.sub.17, R.sub.21, X and Y have the aforesaid meanings
      and R.sub.6 is a chlorine atom, a fluorine atom or a methyl-group,
PAL  with an alkylating or an acylating agent, which results in a compound of
      the formula:
      ##SPC12##
PAL  wherein
PA1  R.sub.6, r.sub.13, r.sub.17, r.sub.21, x and Y have the above-mentioned
      meanings,
PA1  Or is an etherified or an esterified hydroxy-group,
PAL  e. subjecting a compound of the formula:
      ##SPC13##
PAL  wherein
PA1  R.sub.13, r.sub.17, r.sub.21, x and Y have the above-mentioned meanings,
PA1  R.sub.3 is a 3-keto-4-dehydro- or
PA2  a 3-OR'-3,5-bisdehydro-group, OR' being an etherified or an esterified
      hydroxy-group and
PA1  R.sub.6 is a chlorine atom, a fluorine atom or a methyl-group, to a
      6,7-dehydrating reaction, which results in a compound of the formula:
      ##SPC14##
PA0  wherein R.sub.6, R.sub.13, R.sub.17, R.sub.21, X and Y have the
      above-mentioned meanings,
PAL  f. subjecting a compound of the formula:
      ##SPC15##
PAL  in which
PA1  R.sub.13, r.sub.17, r.sub.21, x and Y have the abovementioned meanings,
PA1  R.sub.6 is a chlorine atom, a fluorine atom or a methyl-group, to an
      enol-etherification or an enol-esterification, which results in a compound
      of the formula:
      ##SPC16##
PAL  in which
PA1  R.sub.6, r.sub.13, r.sub.17, r.sub.21, x and Y have the aforesaid meanings
      and
PA1  Or is an etherified or an esterified hydroxy-group,
PAL  g. treating a compound of the formula:
      ##SPC17##
PAL  in which
PA1  R.sub.6, r.sub.7, r.sub.13, r.sub.17 and R.sub.21 have the above-mentioned
      meanings and
PA1  R.sub.3 is a 3-keto-4-dehydro- or
PA2  a 3-keto-4,6-bisdehydro-group,
PAL  with a reducing agent, the corresponding 20-hydroxy-compound being
      obtained,
PAL  h. treating a compound of the formula:
      ##SPC18##
PA0  wherein R.sub.7, R.sub.13, R.sub.17 have the aforesaid meanings and R.sub.6
      is a hydrogen atom, a fluorine atom or a methyl-group, with AgF in a
      solvent, which results in the corresponding 21-F-compound,
PAL  i. treating a compound of the formula:
      ##SPC19##
PAL  wherein
PA1  R.sub.13, r.sub.17, r.sub.21, x and Y have the aforesaid meanings and
PA1  Or is an etherified or an esterified hydroxy-group, with a chlorating or
      fluorating agent, which results in a compound of the formula:
      ##SPC20##
PAL  wherein
PA1  R.sub.13, r.sub.17, r.sub.21, x and Y have the aforesaid meanings and
PA1  R.sub.6 is a chlorine atom or a fluorine atom,
PAL  j. subjecting a compound of the formula:
      ##SPC21##
PA0  wherein R.sub.13, R.sub.17, R.sub.21, X and Y have the aforesaid meanings,
      with the exception of the combination R.sub.17 and/or R.sub.21, being an
      esterified hydroxy-group and X and Y are in common a double-bonded oxygen
      atom and R.sub.6 is a hydrogen atom, a chlorine atom or a fluorine atom,
      to a methylation reaction, which results in a compound of the formula:
      ##SPC22##
PA0  in which R.sub.6, R.sub.13, R.sub.17, R.sub.21, X and Y have the aforesaid
      meanings,
PAL  k. treating a compound of the formula:
      ##SPC23##
PAL  wherein
PA1  R.sub.6, r.sub.13, r.sub.17, r.sub.21, x and Y have the aforesaid meanings,
PA1  R.sub.6 is a chlorine atom or a fluorine atom and
PA1  Or is an etherified group,
PAL  with a chlorating agent, if R.sub.6 is a chlorine atom or with a
      perchlorylfluoride, if R.sub.6 is a fluorine atom, which results in a
      compound of the formula:
      ##SPC24##
PAL  wherein
PA1  R.sub.13, r.sub.17, r.sub.21, x and Y have the aforesaid meanings and
PA1  R'.sub.6 is a 6,6-dichloro- or 6,6-difluoro-group,
PAL  l. treating a compound of the formula:
      ##SPC25##
PA0  wherein R.sub.7, R.sub.13 and R.sub.17 have the aforesaid meanings and
      R.sub.6 is a hydrogen atom, a methyl-group or a fluorine atom, with
      triethylamine acetic acid and subsequently with an alkaline metal acetate,
      which results in the corresponding 21-acetate compound;
PAL  m. hydrolysing a compound of the formula:
      ##SPC26##
PA0  wherein R.sub.7, R.sub.13 and R.sub.17 have the aforesaid meanings and
      R.sub.6 is a hydrogen atom, a fluorine atom or a methyl-group, which
      results in the corresponding 21-OH-compound,
PAL  n. catalytically hydrogenating a compound of the formula:
      ##SPC27##
PAL  wherein
PA1  R.sub.13, r.sub.17, r.sub.21, x and Y have the aforesaid meanings, and
PA1  Hal is a chlorine atom or a fluorine atom,
PAL  which results in a compound of the formula:
      ##SPC28##
PA0  wherein R.sub.13, R.sub.17, R.sub.21, X and Y and Hal have the aforesaid
      meanings,
PAL  o. catalytically hydrogenating a compound of the formula:
      ##SPC29##
PAL  wherein
PA1  R.sub.13, r.sub.17, r.sub.21, x and Y have the aforesaid meanings and
PA1  Z is a hydrogen atom, a chlorine atom or a bromine atom, which results in
      the corresponding 6-methyl compound,
PAL  p. isomerising a compound of the formula:
      ##SPC30##
PA0  wherein R.sub.13, R.sub.17, R.sub.21, X and Y have the aforesaid meanings,
      in the presence of a solvent, which results in a compound of the formula:
      ##SPC31##
PA0  wherein R.sub.13, R.sub.17, R.sub.21, X and Y have the aforesaid meanings,
PAL  q. treating a compound of the formula:
      ##SPC32##
PAL  wherein
PA1  R.sub.13, r.sub.17 have the aforesaid meanings,
PA1  x and Y in common represent a double-bonded oxygen atom, or X is a hydrogen
      atom and Y is an esterified hydroxy-group,
PA1  R.sub.21 is a hydrogen atom, a fluorine atom or an esterified
      hydroxy-group, and
PA1  Hal is a fluorine atom or a chlorine atom,
PAL  with a dehydrating agent, which results in a compound of the formula:
      ##SPC33##
PA0  wherein R.sub.13, R.sub.17, R.sub.21, Hal, X and Y have the aforesaid
      meanings.
PAR  The methods mentioned sub a to q are described in detail hereinafter. Where
      reference is made to literature, this means that the process concerned is
      analogous to the process described in the literature.
PAC  Ad a
PAR  Suitable acylating agents are carboxylic acids, carboxylic acid anhydrides
      or carboxylic acid chlorides in the presence of a catalyst such as
      p-toluene sulphonic acid, trifluoroacetic acid, anhydride or pyridine-HCl
      or in the presence of an acid binder such as an organic base, for example,
      collidine.
PAR  The acylating reaction is carried out in the presence of a solvent such as
      a hydrocarbon, for example, benzene or toluene.
PAR  The reaction temperature may vary between room temperature and the boiling
      point of the solvent used. If the starting material of method a contains,
      apart from the 17-OH-group, one or more further OH-groups, they will also
      be esterified.
PAR  The alkylating reaction may be carried out by the following methods:
PA0  1. A reaction with an alkylhalide or aralkylhalide in the presence of
      Ag.sub.2 O.
PA0  2. a reaction of dihydropyrane or dihydrofurane in a weak acidic, weak
      alkaline or neutral medium.
PAR  The starting materials of method a may be obtained by reacting a compound
      of the formula:
      ##SPC34##
PAL  wherein R.sub.13, R.sub.21, X and Y have the aforesaid meanings, with the
      exception that the combination R.sub.21 is an esterified hydroxy-group and
      X and Y are a double-bonded oxygen atom, with
      dimethylsulphoxonium-methylide and by subsequently introducing into the
      resultant 1,2-methylene compound the desired substituent such as, for
      example, a 6,7-CH.sub.2 -group, a 6-Cl-group, a 6-CH.sub.3 -group or a
      6-Cl-6,7-CH.sub.2 -group.
PAR  The aforesaid introduction of a 1,2-methylene-group is performed more
      rapidly with higher yields, if the 17-OH-group contained in the starting
      material is protected during the reaction by
      dimethylsulphoxonium-methylide.
PAR  Protection of the 17-OH-group is performed by conversion into an
      ether-group, which can be readily removed by hydrolysis after the
      termination of the reaction. It has been found that a suitable 17-ether
      group is the 17-tetrahydropyranyloxy-group. This group is introduced by
      treating the 17-OH-starting material with dihydropyrane in a weak acid,
      alkaline or neutral medium. The reaction with dihydropyrane is performed
      particularly satisfactorily in the presence of p-tosyl-alcohol as a
      catalyst and also as a solvent. The 17-tetrahydropyranyloxy-group may be
      converted by hydrolysis into the 17-OH-group. For the production of the
      starting materials reference is made to the Examples.
PAC  Ad b
PAR  The same acylating agent as mentioned above sub Ad a may be employed, if
      the starting material contains a plurality of hydroxy-groups, which will
      also be etherified.
PAC  Ad c
PAR  The esterification is carried out with the aid of a carboxylic acid
      chloride or anhydride in the presence of a base such as pyridine or
      collidine. Hydroxy-groups, if any, at the 3- or 21-positions will also be
      esterified.
PAC  Ad d
PAR  The esterification is carried out with a carboxylic acid chloride or
      anhydride in the presence of a base such as pyridine or collidine. The
      esterification takes place by the treatment with an alcohol in the
      presence of a catalytical quantity of acid such as HCl. The starting
      product of method d is produced by reducing the corresponding compound
      containing a 3-keto oxygen atom. Reduction to the 3-OH-group may be
      performed by a treatment with NaBH.sub.4 in methanol or tetrahydrofurane
      at low temperatures (0.degree.C) or with LiAlH(t.OBu).sub.3.
PAC  Ad e
PAL  The introduction of a .DELTA..sup.6 double bond
PAR  A 6,7-double bond may be introduced by means of the following processes:
PA0  a. By direct 6-dehydrogenation of 3-keto-.DELTA..sup.4 -9.beta.,
      10.alpha.-steroids,
PA1  1. with substituted benzoquinones such as chloranyl, (E. J. Agnello and G.
      D. Laubach: J. Am. Chem. Soc. 82 (1960, or
      2,3-dichloro-5,6-dicyanobenzoquinone; (Bowers: J. Am. Chem. Soc. 81 5991
      (1959) (H. J. Ringold and A. Turner: Chem. and Ind. 1962 211),
PA1  2. with manganese dioxide (F. Sondheimer c.s. J. Am. Chem. Soc. 75 5932
      (1953),
PA0  b. By reaction of .DELTA..sup.3,5 -3-enolether-6-halosteroid with a
      halogen-substituted benzoquinone such as
      2,3-dichloro-5,6-dicyanobenzoquinone,
PA0  c. Oxidation of 3-enolether-.DELTA..sup.3,5 -6-halo steroids with tert.
      butylchromate or with manganese dioxide in acetic acid, which yields
      3-keto-.DELTA..sup.4,6 -halosteroids (K. Yasuda: Chem. Pharm. Bull. 1167
      (1963 and H. Els c.s.: Helv. Chem. Acta 48 989 (1965).
PA0  d. By halogenation of a .DELTA..sup.3,5 -3-enolether (or ester)-compound
      having a halogen atom or a methyl-group at the 6-position, followed by
      dehydrohalogenation, which results in a
      3-keto-4,6-bisdehydro-6-halocompound.
PAR  The halogenation of a .DELTA..sup.3,5 -3-enolether compound may be carried
      out with a halogen such as bromine or chlorine.
PAL  (L. H. Knox- J. Am. Chem. Soc. 82 1230(1960) or with N-haloimides such as
      bromosuccinicimide (the same literature). The halogenation of a
      .DELTA..sup.3,5 -3-enolester compound may also taken place with the aid of
      a halogen (H. H. Inhofen C. P. 53 456 (1959) or with N-haloimides (C.
      Djerassi: J. Am. Chem. Soc. 77 3827 (1959).
PAR  The dehydrogenation is preferably carried out by a reaction with organic
      base such as pyridine or collidine.
PAC  ad f
PAL  Introduction of a 3-enolether (or 3-enolester) -.DELTA..sup.3,5 -system
PA0  a. by enoletherification of a 3-keto-.DELTA..sup.4 -steroid with an
      orthoformate ester in the presence of a catalyst, for example,
      ethylorthoformate and hydrochloride, (A. Serini c.s. Ber. 71 1766 (1938)
      or ethylorthoformate with p-toluene sulphonic acid. (R. Gardi c.s. J. Org.
      Chem. 27 668 (1962) and A. D. Cross c.s. Steroids 6 198 (1963).
PA0  b. Enolesterification may be performed by means of, for example,
      isopropenylacetate in the presence of an acid catalyst, such as p-toluene
      sulphonic acid or sulphuric acid or by means of an acid anhydride in the
      presence of, for example, p-toluene sulphonic acid.
PAR  If the starting compound contains one or more hydroxy-groups they will also
      be esterified.
PAC  Ad g
PAR  A 20-keto oxygen atom may be reduced, for example, by LiAlH.sub.4 or an
      alkali-metal in the presence of an alcohol, such as absolute ethanol or
      propanol-2. Since a 3-keto oxygen atom is also reduced under these
      conditions, the reduction reaction has to be followed by selective
      oxidation, in which the 3-OH-group is oxidized to a 3-keto-oxygen atom.
      Suitable oxidation agents are substituted benzoquinones such as
      2,3-dichloro-5,6-dicyanobenzoquinone.
PAC  Ad h
PAR  The reaction is carried out in an a-protic solvent such as acetone,
      acetonitrile. The reaction is preferably carried out in the presence of
      calciumfluoride, whilst for example the CaF.sub.2 forms the carrier
      material on which the reagent AgS is suspended. The starting material of
      method g is produced by reacting a corresponding 21-CH.sub.3 compound with
      J.sub.2 /CaO in methanol at a temperature of about 30.degree.C.
PAC  Ad i
PAL  Introduction of a 6-chloro- or 6-fluoro-atom
PA0  a. by chlorination of fluorination of a .DELTA..sup.3,5 -3-enolether
      steroid with chlorine (L. H. Knox: J. Am. Chem. Soc. 82 1230 (1960),
      chlorosuccinic imide or perchloryl-fluoride (S. Nakanischi: J. Am. Chem.
      Soc. 81 5259 (1959).
PA0  b. by chlorination or fluorination of .DELTA..sup.3,5 -3-enolsteroid with
      chlorine (H. H. Imhofen C.A. 53 456 (1959) or chlorosuccinic imide (C.
      Djerassi H. Am. Chem. Soc. 77 3827 (1955) or with perchlorylfluoride. (B.
      M. Bloom: Chem. and Ind. 1959 1317).
PAC  Ad j
PAL  Introduction of a 6,7-methylene-group
PAR  The methylenation is carried out with dimethylsulphoxoniummethylide in the
      presence of an a-protic solvent.
PAR  Suitable solvents are, for example, ethers such as dioxane or
      tetrahydrofurane and dimethylsulphoxide.
PAR  The reaction temperature may vary between 0.degree. and 80.degree.C and it
      is preferably 15.degree. to 30.degree.C.
PAR  The reagent is produced by treating trimethylsulphoxoniumiodide with a base
      such as an alkali-hydride in the presence of a solvent such as
      dimethylsulphoxide.
PAC  Ad k
PAR  Suitable chlorinating agents are, for example, chlorine and chlorosuccinic
      acid imide or n-dichlorobenzenesulphonamide.
PAC  Ad l
PAR  The reactions are carried out in a solvent such as a ketone, for example,
      acetone. The reaction temperature is preferably equal to the boiling point
      of the solvent employed.
PAC  Ad m
PAR  The hydrolysis is carried out under mild conditions in order to avoid
      hydrolysis of the substituent R.sub.17. A satisfactory hydrolysis can be
      carried out with an alkali-metal carbonate in the presence of methanol and
      water.
PAC  Ad n
PAR  The catalytic hydrogenation is preferably carried out with the catalyst
      palladium suspended, for example, on CaCO.sub.3, SrCO.sub.3, BaSO.sub.4 or
      carbon. The reaction takes place in the presence of a solvent such as an
      aromatic hydrocarbon, for example, benzene or toluene.
PAC  Ad o
PAR  The catalytic hydrogenation may be carried out with the catalyst palladium
      suspended, for example on CaCO.sub.3, SrCO.sub.3, BaSO.sub.4 or carbon.
PAR  The starting material for method o in which Z is a hydrogen atom is
      obtained by treating a corresponding steroid not containing a
      6-substituent with pyrrolidine and by subsequently treating the resultant
      3-enamine-3,5-bisdehydro-steroid with metaldehyde in ethanolbenzene and by
      finally dehydrating the resultant 3-keto-4-dehydro-6-hydroxymethyl
      compound.
PAR  The starting substances for method o in which Z is a chlorine or bromine
      atom are produced by reacting a 3-alkoxy-3,5-diene-9,.beta.
      ,10.alpha.-steroid with tetrahalomethane for example,
      trichloromonobromomethane or with tetrabromomethane and by subsequently
      separating out hydrochloride or hydrobromide from the resultant
      3-keto-4-dehydro-6-trichloro (or tribromo)-methyl-9.beta.
      ,10.alpha.-steroid. The latter reaction is preferably carried out with an
      alkalialkoxide in an alcohol, for example, sodiummethoxide in boiling
      methanol or an alkaline anion exchanger of the Dowex I type.
PAC  Ad p
PAR  The isomerisation is carried out with palladium as a catalyst in a reaction
      medium containing inter alia cyclohexene, sodium-acetate and absolute
      ethanol (solvent), The reaction temperature corresponds to the boiling
      point of the solvent employed.
PAC  Ad q
PAR  The dehydration may be carried out, for example, with hydrochloride or
      hydrobromide in a solvent such as dioxane (K. Bruckner. Chem. Ber. 94 1225
      (1961). The starting compounds of method q may be obtained by the reaction
      of a 3-keto- .DELTA. .sup.4,6 -steroid with chromylchloride or by reacting
      a 3-keto-.DELTA. .sup.4,6 -steroid with an organic per-acid, for example,
      monoperphthalic acid, in accordance with a process described by Bruckner:
      (Chem. Ber. 94 1225 (1961), where the corresponding 6,7-epoxide is formed,
      followed by a reaction with hydrochloride or hydrofluoride.
PAR  Apart from the above-mentioned progestational and antiovulatory activity
      the compounds according to the invention also exhibit high
      deciduom-building properties. The compounds are furthermore
      anti-estrogenic and moreover, capable of maintaining pregnancy and
      inducing ovulation.
PAR  On the basis of their endocrinological activity the substances according to
      the invention are suitable for the following uses:
PAL  As contraceptive for maintaining pregnancy, for combating habitual or
      iminent abortus, for combating sterility, acne, hirsutism, dysmenorrhea,
      menorrhagiene, oligoand polymenorrhea, primary and secondary amenorrhea,
      hyperand hypomenorrhea, for combating pre-menstrual tensions and for
      inducing ovulation.
PAR  A very important and interesting possibility of use of the preparations
      according to the invention is the aforesaid anti-fertile use. The method
      of treating in an anti-fertility system of the preparations according to
      the invention does, in principle, not deviate from the methods generally
      used in this field.
PAR  In accordance with the classical method preparations according to the
      invention, containing in addition an estrogenic compound, can be
      administered daily in the form of a tablet. In order to carry out a
      sequential method the combined preparation according to the invention may
      be administered for part of the menstrual cycle, for example, daily for
      five days and for a different part of the cycle an estrogenic substance.
      It is, however, advantageous to use the preparations according to the
      invention in the so-called "low-progestation treatment." In accordance
      with this method a progestational substance is administered periodically,
      for example, daily during the cycle. Since in this method, in which no
      estrogen is used, it is important to have a highly active progestative
      available, the highly active preparations according to the invention will
      offer direct advantageous.
PAR  Said quantity of active substance per dosage unit of the preparation
      according to the invention can be further defined as follows in dependence
      upon the anti-fertility method used:
PAC  A. Classical anti-fertility method:
PA0  Dosage rate: daily administration of one tablet for the duration of the
      cycle.
PA0  Tablet composition: 0.01 to 1 mg of
      1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate. 0.01 to 1 mg of
      ethinylestradiol completed with carrier material and adjuvants to a tablet
      weight of 300 mgs.
PAC  b. Sequential method:
PA0  Dosage rate:
PA1  1. daily administration of one tablet for 5 days of the cycle.
PA1  2. daily administration of one tablet for 15 to 16 days of the cycle.
PA0  Composition of tablets: The tablet sub (1) has the same composition as
      indicated sub (a). The tablet sub (2) contains 0.05 to 0.1 mg of
      mestranol, completed with carrier material and adjuvants to a tablet
      weight of 30 to 300 mgs.
PAC  c. "Low-progestagen treatment":
PA0  Dosage rate: daily administration of one tablet for the duration of the
      cycle.
PA0  Tablet composition: 0.001 to 0.1 mg of
      1,2-methylene6-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate, completed with carrier
      material and adjuvants to a tablet weight of 30 to 300 mgs.
PAR  Instead of using the said oral preparations, injection preparations may
      also be employed.
PAR  An injection preparation according to the invention may be administered
      once in three months and it contains 0.1 to 1 mg of an active compound
      according to the invention.
PAR  The preparations according to the invention may be produced by mixing the
      active substance with solid carrier material or by dissolving or
      dispersing it in liquid carrier material, if desired, with the addition of
      adjuvants such as lubricants, binders, desintegration agents,
      surface-active substances and solvents.
PAR  The combination preparations according to the invention are obtained by
      adding also a known endocrinologically active substance such as an
      estrogenic substance to the constituents to be mixed, dissolved or
      dispersed.
PAR  Suitable solid carrier materials for oral preparations such as tablets and
      drageers are, for example: disaccharides and polysaccharides such as
      saccharose, lactose, glucose, dextrose, cellulose and cellulose
      derivatives such as carboxylmethyl cellulose, methylcellulose, ethyl
      cellulose, hydroxyethyl cellulose and hydroxypropyl cellulose, alginic
      acids, salts of alginic acids and hemi-celluloses such as gelactomannan.
PAR  Suitable liquid carrier materials for injection preparations are, for
      example, arachis oil, cesam oil, soya oil, olive oil and mixtures of these
      and similar vegetable oils, furthermore isopropylmeristate and
      ethyloleate.
PAR  Suitable binders are, for example, gelatine, pectine, amylose, agar-agar,
      tragacanth, polyethylene glycols, arabic gum and polyvinylpyrolidone.
      Suitable desintegration agents are, for example, aminopectines, starches
      such as corn starch, potato starch and rice starch, formaline, caseine,
      bentonite, silicon dioxide and ion exchangers. Lubricants suitable for
      this purpose may be: polyethylene glycols, stearic acid, salts of stearic
      acid such as magnesium stearate and aluminum stearate.
PAR  Surface-active substances suitable for this purpose are, for example;
      wetting agents such as sodium dioctylsylphosuccinate, sodium
      laurylsulphate, polyoxyethylene sorbitan monolaureate, polyoxyethylene
      alkylethers and sulfated cetyloleylalcohol.
PAR  Suitable solvents for the production of injection preparations are
      methylene chloride and benzylalcohol. Tablets and dragees according to the
      invention may be obtained by mixing the active substance in the desired
      quantity with solid carrier material such as a carrier of the kind
      mentioned above, together with adjuvants such as a starch, magnesium
      stearate and talcum. The mixture thus obtained is homogenized and worked
      up to tablets or dragees.
PAR  The tablets or dragees may, if desired, be provided with a sugar layer
      consisting, for example, of the following ingredients: talcum, gelatine,
      arabic gum, potato starch, saccharose and a colorant. Instead of a sugar
      coating a different film-former may be used, such as for example,
      ethylcellulose and polyacrylate. Injection liquids may be obtained by
      dissolving the active substance in methylene chloride, by absorbing the
      solution in arachis oil and by subsequently evaporating the solvent.
      Ampullae and flasks are filled with the resultant solution, dealed and
      finally sterilized by heating at 120.degree.C for some time.
DETD
PAR  Further particulars of the composition of the preparations according to the
      invention will be found in the Examples.
PAC  EXAMPLES
PAC  1. Production of 1,2-methylene-6-chloro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate.
PAR  In a nitrogen atmosphere, at a temperature of -20.degree.C, a solution of
      10.1 ml of chromylchloride in 67 ml of methylene chloride is added to a
      thoroughly stirred solution of 6 g of
      1,2-methylene-17.alpha.-hydroxy-9.beta. ,10.alpha.
      -pregna-4,6-diene-3,20-dione 17-acetate in 280 ml of methylene chloride,
      cooled at -20.degree. C. After a reaction time of 2.5 hours the reaction
      mixture is poured out in a solution of 43 g of sodium acetate and 75 g of
      sodium bisulphite in 1 liter of water and subsequently it is extracted
      from methylene chloride and ethylacetate. The organic extract is washed
      with water and subsequently dried on sodium sulphate, the solvents being
      then evaporated and the residue being chromatographed on silicagel. The
      resultent 6-chloro-7-hydroxy compound is dissolved in 23 ml of dry dioxane
      and treated with 19 ml of dioxane for 3 hours, containing 23 mg of HCl per
      ml. The reaction mixture is diluted with glacial water, extracted from
      methylene chloride, then neutralized and dried, after which the solvent is
      evaporated and the residue is chromatographed. Recrystallisation yields
      pure 1,2-methylene-6-chloro-17.alpha. -hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate. Melting point
      243.degree. to 244.degree.C.
PAC  2. Production of 1,2;6,7-bismethylene-6-chloro-17.alpha. -hydroxy-9.beta.
      ,10.alpha. -pregna-4-ene-3,20-dione 17 -acetate.
PAR  a. 1,2-methylene-6-chloro-17.alpha. -hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione. 11.5 g of 1,2
      -methylene6-chloro-17.alpha. -hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate is added to a solution
      of 11 g of sodium perchlorate in 1100 ml of 0.5N methanol sodium hydroxide
      solution. The mixture is stirred in a nitrogen atmosphere at room
      temperature for 3 hours, then poured out in water and then extracted from
      methylene chloride. The extract is washed with water and dried on sodium
      sulphate, after which the solvent is evaporated and the residue is
      purified chromatographically. Yield 6 g of pure 1,2-methylene-6-chloro-
      17.alpha.-hydroxy- 9.alpha. ,10.alpha.-pregna-4,6-diene-3,20-dione,
      melting point of 219.degree. to 219.5.degree.C.
PAR  b. A solution of dimethylsulphoxonium methylide obtained by reacting 5 g of
      trimethylsulphoxonium iodide with 1.35 g of sodium hydride in 100 ml of
      dimethylsulphoxide is added to a solution of 5 g of the compound mentioned
      sub (a) in 100 ml of dimethylsulphoxide. The mixture is stirred in a
      nitrogen atmosphere for one hour at room temperature and then poured out
      in glacial water. Then the mixture is extracted from methylene chloride
      and the extract is subsequently washed with 0.1N-NaOH solution and water.
      The extract is then dried and the solvent is evaporated. The resultant
      crude 1,2;6,7-bismethylene-6chloro-17.alpha. -hydroxy- 9.beta.,10.alpha.
      -pregna-4-ene-3,20-dione can be used for the next reaction step without
      purification. Melting point of the pure substances is 230.degree. to
      231.5.degree.C.
PAR  c. 5.2 G of the aforesaid reaction product is dissolved in 50 ml of acetic
      acid and 8 ml of acetic acid anhydride. After the addition of 2.5 g of
      p-toluene sulphonic acid the reaction mixture is stirred at room
      temperature for 1 hour, then pured out in glacial water and then extracted
      from methylene chloride. The extract is subsequently washed with water,
      water with a slight supply of pyridine, 2N sulphuric acid, water, sodium
      bicarbonate solution and water. After drying of the extract on sodium
      sulphate, the solvent is evaporated and the residue is chromatographed on
      silicagel. By crystallisation pure 1,2;6,7-bismethylene-6-chloro-17.alpha.
      -hydroxy- 9.beta.,10.alpha. -pregn-4-ene-3,20-dione 17-acetate is
      obtained, having a melting point of 203.degree. to 205.degree.C.
PAC  3. Production of 1,2;6,7-bismethylene-17.alpha. -hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione 17-acetate.
PAR  a.
      1,2-methylene-17.alpha.-hydroxy-9.beta.,10.alpha.-pregn-4,6-diene-3,20-dio
     ne.
PAR  A reaction mixture containing 17.3 g of dimethylsulphoxonium iodide and
      3.18 g of sodium hydride (50% of oil suspension) in 130 ml of
      dimethylsulphoxide is filtered and then added to a solution of 13.3 g of
      17.alpha.-hydroxy-9.beta. ,10.alpha.-pregna-1,4,6-triene-3,20-dione in 300
      ml dimethylsulphoxide. The mixture is stirred at room temperature in a
      nitrogen atmosphere for 5.5 hours, then decanted in glacial water and
      subsequently extracted from benzene-ether. After further processing
      recrystallisation provides the pure substance mentioned above. Melting
      point 231.degree.C.
PAR  b. A solution of 4 g of the compound mentioned above sub a) in 50 ml of
      dimethylsulphoxide is added to a solution of
      dimethylsulphoxoniummmethylide, the latter being obtained by reacting 6.2
      g of trimethylsulphoxonium iodide with 0.95 g of sodium hydride (50% oil
      suspension) in 28 ml of dimethylsulphoxide. The reaction mixture is kept
      at room temperature for 70 hours and then worked up by conventional
      methods.
PAR  After chromatographing on silicagel pure
      1,2;6,7-bismethylene-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione is obtained, which is then converted in
      the manner described under Example 2c into
      1,2;6,7-bismethylene-17.alpha.-hydroxy-9.beta.,10.alpha.-pregn-4-ene-3,20-
     dione 17-acetate. Melting point 274.degree. to 276.degree.C.
PAC  4. Production of 1,2-methylene-6-fluoro-17-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20 -dione 17-acetate.
PAR  a. 1,2-methylene-17.alpha. -hydroxy- 9.beta. ,10.alpha.
      -pregn-4-ene-3,20-dione 17 acetate
PAR  3.7 G of 1,2-methylene-17.alpha.-hydroxy-
      9.beta.,10.alpha.-pregna-4,6-diene-3,20-dione is added to a hydrogenation
      mixture of 370 mg of palladium on CaCO.sub.3 in 37 ml of toluene. After
      the absorption of the theoretical quantity of hydrogen the reaction
      mixture is filtered and the solvent is subsequently evaporated. The
      residue is recrystallized: yield 95% of pure
      1,2-methylene-17.alpha.-hydroxy-9.beta. ,10.alpha.-pregn-4-ene-3,20-dione
      17-acetate. Melting point 205.degree. to 205.5.degree.C.
PAR  b. A solution of 5 g of the substance mentioned sub (a) in 120 ml of acetic
      acid anhydride is kept, after the addition of 5 g of p-toluene sulphonic
      acid, at room temperature for 24 hours. The reaction mixture is then
      poured in water and the precipitate is filtered off. After
      recrystallisation of the crude product pure
      1,2-methylene-3,17.alpha.-dihydroxy-9.beta.
      ,10.alpha.-pregna-3,5-diene-20-one 3,17-diacetate is obtained. Melting
      point 118.degree. to 119.degree.C.
PAR  c. Perchlorylfluoride is passed through a solution of 4.9 g of the
      substance mentioned above sub (b) in 250 ml of dioxane and 50 ml of water.
      After a reaction period of two hours no starting material is any longer
      found to be present. The reaction mixture is then stirred for 1 hour
      whilst nitrogen is led through. After the addition of water the reaction
      mixture is extracted from methylene chloride and the extracts are washed
      in order of succession with sodium bicarbonate solution and water. The
      extract is then dried on sodium sulphate, the solvent is evaporated and
      the residue is chromatographed. Crystallisation yields pure
      1,2-methylene-6.alpha.-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione 17-acetate having a melting point of
      178.degree. to 179.degree.C and pure
      1,2-methylene-6.beta.-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione 17-acetate having a melting point of
      239.degree. to 240.degree.C.
PAC  5. Production of 1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate
PAR  4.2 Ml of ethylorthoformate in 160 mg of p-toluene sulphonic acid is added
      to a solution of 4.8 g of 1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione 17-acetate in 90 ml of dry dioxane.
PAR  The mixture is kept in darkness at room temperature for 20 hours. After
      cooling of the mixture to 0.degree.C, 150 ml of glacial acetone solution
      of 1.7 g of sodium acetate in 17 ml of water, 4,1 g of m-bromosuccinic
      imide and 1.5 ml of acetic acid are added. The resultant mixture is
      stirred at 0.degree.C for 30 minutes and poured out in water and
      subsequently extracted from methylene chloride. The extract is
      subsequently washed with water, a solution of NaOH in water and water,
      after which the extract is dried and the solvent is evaporated. The
      residue is absorbed in 20 ml of pyridine and heated at 90.degree.C for 45
      minutes. After processing and chromatographic purification substantially
      pure 1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17acetate is obtained. Melting
      point 249.degree. to 251.degree.C.
PAR  The last-mentioned product is also made by absorbing
      1,2-methylene-6.alpha.-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione 17-acetate is dioxane-HCl, after which
      it is reacted for 16 minutes with 2,3-dichloro-5,6-dicyanobenzoquinone in
      dioxan-HCl. (130 mg HCl/ml dioxane).
PAR  The product is also obtained by treating a solution of
      1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione 17-acetate in dry dioxane with
      ethylorthoformate and p-toluene sulphonic acid after which the resultant
      3-ethoxy-3,5-bisdehydro-bound is reacted for three hours with McO.sub.2 in
      acetic acid.
PAC  6. Production of 1,2-methylene-6-methyl-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate
PAR  a. 1,2-methylene-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4-ene-3,20-dione
PAR  3.7 G of 1,2-methylene-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione is added to a hydrogenation mixture
      of 370 mg of palladium on CaCO.sub.3 in 37 ml of toluene. After the
      absorption of the theoretical quantity of hydrogen the reaction mixture is
      filtered and the solvent is subsequently evaporated. The residue is
      recrystallized, yield 95% of pure 1,2-methylene-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione.
PAR  b. 1,2-methylene-6,6-dichloro-methylene-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione.
PAR  To a solution of 3.7 g of the compound mentioned above sub (a) in 52 ml of
      dry dioxane are added 2.3 ml of ethylorthoformate and 52 mg of
      p-toluene-sulphonic acid, after which the mixture is kept in darkness for
      27 hours. Then 1.5 ml of pyridine and 5.5 ml of trichlorobromomethane are
      added and the mixture is exposed to day light for 7 days. The reaction
      mixture is filtered, the filtrate is diluted with 500 ml of 2N-HCl
      solution, extracted and the extract is washed in order of succession with
      water, sodium bicarbonate solution with water. After drying on silicagel
      the solvent is evaporated. The residue formed by
      1,2-methylene-6-trichloromethyl-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione.
PAR  c. 3 G of 1,2-methylene-6-trichloromethyl-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione is added to a chronium(II) chloride
      solution obtained by reacting 15 g of chromium (III)-chloride and 12 g of
      zinc in 105 ml of ethanol and 22.5 ml of hydrochloric acid. The mixture is
      stirred at room temperature is a nitrogen atmosphere for 45 minutes, then
      poured out in water and subsequently extracted from methylene chloride.
      The extract is washed in order of succession with water, 5% sodium
      bicarbonate solution and water and subsequently dried. After the
      evaporation of the solvent the residue is chromatographed and subsequently
      crystallized, the yield being pure
      1,2;6-bismethylene-17.beta.-hydroxy-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione.
PAR  d. 1,2-methylene-6-methyl-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione
PAR  0.5 G of palladium on carbon is added in a nitrogen atmosphere to a
      boiling, thoroughly stirred solution of 2.5 g of the above-mentioned
      compound and 2.5 g of sodium acetate in absolute ethanol. To the mixture
      is added a 1% solution of cyclohexene in ethanol at a rate of 6 ml an
      hour. After a reaction time of about 3.75 hours the starting material is
      found to be converted into the 6-methyl-compound (U.V. measurements). The
      reaction mixture is then filtered and diluted with water, after which the
      precipitate is filtered off and dried. By chromatographic purification and
      subsequent crystallisation pure
      1,2-methylene-6-methyl-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione is obtained.
PAR  e. The product mentioned sub (d) is esterified in the same manner as
      described in Example 2c into
      1,2-methylene-6-methyl-17.alpha..hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate.
PAC  7. Production of 1,2-methylene-6-methyl-17.alpha.-hydroxy-9.beta.
      ,10.alpha.pregna-4,6-diene-3,20-dione 17-caproate
PAR  The product mentioned in Example 6d is dissolved in a mixture of capronic
      acid and trifluoro-acetic acid anhydride, after which the mixture is
      heated in a nitrogen atmosphere at 60.degree.C for 45 minutes. After
      dilution with water, the mixture is extracted from methylene chloride and
      the extract is washed in order of succession with water, 5% sodium
      bicarbonate solution and water. The solvent is subsequently evaporated and
      the residue is chromatographed. Crystallisation yields pure
      1,2-methylene-6-methyl-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-caproate.
PAC  8. Production of 1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-caproate
PAR  1,2-Methylene-6-fluor-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate (see Example 5) is
      hydrolysed in the same manner as described in Example 2a into
      1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione. The latter compound is then
      esterified with capronic acid in the manner described above in Example 7,
      the result being 1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-caproate. In a similar manner is
      also produced 1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-propionate having a melting
      point of 179.degree. to 180.degree.C.
PAC  9. Production of 6-chloro-17.alpha.-hydroxy-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17acetate
PAR  a. To a stirred solution of 4 g of
      3,17.alpha.-dihydroxy-1,2-methylene-9.beta.
      ,10.alpha.-pregna-3,5-diene-20-one 3,17-diacetate (see Example 4) in 75 ml
      of ether is added at 0.degree.C a solution of 7.5 g of potassium acetate
      in 175 ml of acetic acid and 30 ml of water and a solution of 1.1 eq. of
      chlorine in 14 ml of acetic acid. After agitation at 0.degree.C for 30
      minutes the mixture is processed by pouring it out in water and extracting
      it from ether. The ether extract is washed in order of succession with
      water, 5% sodium bicarbonate solution and water. The product obtained
      subsequent to drying and evaporation to dryness is chromatographed on
      silicagel and then crystallized. The yield is pure
      6.beta.-chloro-17.alpha.-hydroxy-1,2-methylene-9.beta.
      ,10.alpha.-pregn-4-ene-3,20-dione 17-acetate, having a melting point of
      222.5.degree. to 223.degree.C.
PAR  b. To a solution of 2 g of
      6.beta.-chloro-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.
      -pregn-4-ene-3,20-dione 17-acetate in 35 ml of dry dioxane are added 1.9
      ml of ethylorthoformate and 0.075 g of p-toluene sulphonic acid. The
      solution is kept in darkness for 20 hours. The resultant
      6-chloro-3-ethoxy-17.alpha.-hydroxy-1,2-methylene-9.beta.
      ,10.alpha.-pregna-3,5-diene-20-one 17-acetate is suitable for the next
      step without the need for further purification.
PAR  c. The solution of the
      6-chloro-3-ethoxy-17.alpha.-hydroxy-1,2-methylene-9.beta.
      ,10.alpha.-pregna-3,5-diene-20-one 17-acetate obtained as described sub
      (b) is added to a stirred suspension of 12 g manganese dioxide in 100 ml
      of acetic acid and 12 ml of water. After one hour the mixture is filtered
      and the filtrate is concentrated in vacuo. The residue is dissolved in
      methylene chloride and the solution is washed in order of succession with
      water, 5% sodium bicarbonate solution and water. After drying and
      evaporation to dryness the resultant residue is chromatographed, the yield
      being pure 6-chloro-17.alpha.-hydroxy-1,2-methylene-9.beta.
      ,10.alpha.-pregna-4,6-diene-3,20-dione 17-acetate; melting point
      244.degree. to 245.degree.C.
PAC  10. Production of 6-chloro-3,17.alpha.-dihydroxy-1,2-methylene-9.beta.
      ,10.alpha.-pregna-4,6-diene-20-one 3,17-diacetate
PAR  a. To a stirred solution of 1 g of
      6-chloro-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.
      -pregna-4,6-diene-3,20-dione 17-acetate in a mixture of 20 ml of absolute
      dioxane and 57 ml of absolute methanol is added slowly in drops at
      0.degree.C a solution of 675 mg of sodium borohydride in 10 ml of water.
      After half an hour the excess quantity of sodium borohydride is decomposed
      by acetic acid and the reaction mixture is decanted into water. The water
      layer is extracted with three times 100 ml of methylene chloride and the
      organic layer is washed with water to neutral. After drying and filtering
      the solvent is distilled off at a reduced pressure and the residue is
      chromatographed on silicagel. The final yield is
      6-chloro-3,17.alpha.-dihydroxy-1,2-methylene-9.beta.
      ,10.alpha.-pregna-4,6-diene-20-one 17-acetate.
PAR  b. 710 Mg of the resultant compound is dissolved in a mixture of 5 ml of
      absolute pyridine and 2 ml of acetic acid anhydride. After 24 hours at
      room temperature the reaction mixture is processed by the addition of ice
      and pouring out in water and shaking with methylene chloride. The organic
      layer is washed to neutral with 5% sodium bicarbonate solution and water.
      After drying and evaporation to dryness the residue is chromatographed on
      silicegel. Yield:
      6-chloro-3,17.alpha.-dihydroxy-1,2-methylene-9.beta.,10.alpha.-pregna-4,6-
     diene-20-one 3,17-diacetate.
PAC  11. Production of
      3-ethoxy-6-fluoro-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.-pregna
     -3,5-diene-20-one 17-acetate
PAR  A solution of 8.8 g of 6.alpha. (and
      6.beta.)-fluoro-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.-pregna-4
     -ene-3,20-dione 17-acetate and 2.5 g of p-toluene sulphonic acid in 165 ml
      of dry dioxane and 95 ml of ethylorthoformate is stirred in a nitrogen
      atmosphere at 20.degree.C in darkness for 24 hours. The reaction mixture
      is then poured out in 2 liters of petroleum-ether (40.degree. to
      65.degree.C) and 5 ml of pyridine and the solution is filtered through
      silicagel. Yield:
      3-ethoxy-6-fluoro-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.-pregna
     -3,5-diene-20-one 17-acetate.
PAC  12. Production of
      6,6-difluoro-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.-pregn-4-ene
     -3,20-dione 17-acetate
PAR  A solution of 8.2 g of
      3-ethoxy-6-fluoro-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.-pregna
     -3,5-diene-20-one 17-acetate in 160 ml of dry acetone is added to a
      solution of 4 g of dry potassium acetate in 110 ml of absolute ethanol. At
      0.degree.C this mixture has passed through it perchloryfluoride for 3
      hours, whilst stirring. Subsequently nitrogen is led through for one hour,
      the solid substance being then filtered off and the filtrate being poured
      out in 1500 ml of glacial water. The mixture is extracted from methylene
      chloride and the extract is washed in order of succession with water, 5%
      sodium bicarbonate solution and water. After drying on sodium sulphate the
      solvent is evaporated and the residue is chromatographed on silicagel.
      Yield: pure
      6,6-difluor-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.-pregn-4-ene-
     3,20-dione 17-acetate: melting point 196.degree. to 198.degree.C.
PAC  13. Production of
      6-chloro-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.-pregna-
      4,6-diene-3,20-dione 17-propionate
PAR  0.35 G of
      6-chloro-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.-pregna-4,6-dien
     e-3,20-dione (see Example 2a) is esterified in a mixture of 14 ml of
      propionic acid and 3.5 ml of trifluoroacetic acid anhydride at 60.degree.C
      within 1 hour. The reaction mixture is processed by pouring it out in
      water and extraction from methylene chloride. After washing to neutral,
      drying and evaporation in dryness the extract porvides a residue which
      yields, subsequent to chromatography on silicagel and crystallisation from
      methylene chloride-acetone pure
      6-chloro-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.-pregna-4,6-dien
     e-3,20-dione 17-propionate. Melting point 179.degree. to 180.degree.C.
PAC  14. Production of
      6-fluoro-17.alpha.-methoxy-1,2-methylene-9.beta.,10.alpha.-pregna-4,6-dien
     e-3,20-dione
PAR  A solution of 0.35 g of
      6-fluoro-17.alpha.-hydroxy-1,2-methylene-9.beta.,10.alpha.-pregna-4,6-dien
     e-3,20-dione in 35 ml of dimethylformamide and 17.5 ml of methyliodide is
      stirred at 20.degree.C for 70 hours in the presence of 3.5 g of silver
      oxide. Then the solid substance is filtered off and the filtrate is
      extracted subsequent to decanting in water, from methylene chloride and
      the resultant extract is evaporated to dryness after having been washed to
      neutral and subsequent to drying. The residue yields, subsequent to
      chromatography on silicagel,
      6-fluoro-17.alpha.-methoxy-1,2-methylene-9.beta.,10.alpha.-pregna-4,6-dien
     e-3,20-dione.
PAR  By mixing the active substance(s) in a finely divided state with solid
      carrier material and adjuvants tablets and draggees of the following
      composition are made:
     a. Tablet:                                                                
     Active substance according to the invention for example,                  
     1,2-methyl-6-fluoro-(or 6-chloro)-                                        
     17.alpha.-hydroxy-9.beta.,10.alpha.-pregna-4,6-                           
     diene-3,20-dione 17-acetate                                               
                              0.02      mg                                     
     ethinylestradiol         0.05      mg                                     
     lactose                  56.2      mg                                     
     powder sugar             30.0      mg                                     
     potato starch            6.0       mg                                     
     talcum                   6.7       mg                                     
     magnesium stearate       1.0       mg                                     
     Total weight             100.0     mg                                     
     Tablet diameter: 6.3 mms.                                                 
     b. Tablet:                                                                
     Active substance according to the invention, e.g.                         
     1,2-methylene-6-fluoro-(or 6-chloro)-                                     
     17.alpha.-hydroxy-9.beta., 10.alpha.-pregna-4,6-diene-                    
     3,20-dione 17-acetate    0.002     mg                                     
     lactose                  25.0      mg                                     
     corn starch              6.0       mg                                     
     microcrystalline cellulose                                                
                              6.0       mg                                     
     talcum                   2.5       mg                                     
     magnesium stearate       0.5       mg                                     
     Total weight             40        mg                                     
     Tablet diameter: 4 mms.                                                   
     c. Dragee:                                                                
     Core:substance according to the invention e.g.                            
     1,2-methylene-6-fluoro-(or 6-chloro)-                                     
     17.alpha.-hydroxy-9.beta.,10.alpha.-pregna-4,6-                           
     diene-3,20.dione 17-acetate                                               
                              0.01      mg                                     
     mestranol                0.08      mg                                     
     lactose                  35.0      mg                                     
     saccharose               15.0      mg                                     
     corn starch              5.0       mg                                     
     talcum                   3.9       mg                                     
     magnesium stearate       1.0       mg                                     
     Total core weight        60.0      mg                                     
     Coating:                                                                  
     talcum                   18.0      mg                                     
     saccharose               71.2      mg                                     
     potato starch            0.1       mg                                     
     gelatine                 0.3       mg                                     
     arabic gum               0.3       mg                                     
     carnaubawax              0.02      mg                                     
     shellack wax             0.02      mg                                     
     dammar resin             0.03      mg                                     
                              90.0      mg                                     
     Dragee weight            150.0     mg                                     
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC35##
PAL  wherein X is hydrogen and Y is a member selected from the group consisting
      of hydroxy and esterified hydroxy of 1-20 carbon atoms derived from an
      acid containing only carbon, hydrogen and carboxylic moieties or X and Y
      together form a double bonded oxygen atom, R.sub.3 is a member selected
      from the group consisting of 3-keto-4-dehydro, 3-keto-4,6-bisdehydro-,
      3-OR'-3,5-bisdehydro and 3-OR'-4,6-bisdehydro wherein OR' is a member
      selected from the group consisting of esterified hydroxy of 1-20 carbon
      atoms derived from an acid containing only carbon, hydrogen and carboxylic
      moieties, methoxy, ethoxy, butoxy, cyclohexyloxy, benzyloxy,
      tetrahydrofuranyloxy and tetrahydro-pyranyloxy, R.sub.6 is a member
      selected from the group consisting of hydrogen, chlorine, fluorine,
      6,6-difluoro, 6,6-dichloro and methyl, R.sub.7 is a member selected from
      the group consisting of hydrogen and 6,7-methylene with the proviso that
      R.sub.7 is 6,7 methylene when R.sub.6 is hydrogen and R.sub.6 is a member
      of the group consisting of hydrogen, chlorine and fluorine and R.sub.3 is
      3-keto-4-dehydro when R.sub.7 is 6,7-methylene, R.sub.17 is a member of
      the group consisting of esterified hydroxy of 1 to 5 carbon atoms and
      esterified hydroxy of 1 to 8 carbon atoms derived from an acid containing
      only carbon, hydrogen and carboxylic moieties, R.sub.21 is a member of the
      group consisting of hydrogen, fluorine, hydroxy and esterified hydroxy of
      1 to 20 carbon atoms derived from an acid containing only carbon, hydrogen
      and carboxylic moieties, and R.sub.13 is a member of the group consisting
      of methyl and ethyl.
NUM  2.
PAR  2. A compound of the formula:
      ##SPC36##
PAL  wherein Hal is chlorine or fluorine and R.sub.17 is etherified hydroxy of
      1-5 carbon atoms.
NUM  3.
PAR  3. Compounds of the general formula:
      ##SPC37##
PAL  in which R.sub.3, R.sub.6, R.sub.7, R.sub.17, R.sub.21, X and Y have the
      meanings indicated in claim 1.
NUM  4.
PAR  4. Compounds of the formula:
      ##SPC38##
PAL  in which Hal is a chlorine atom or a fluorine atom and R.sub.17 has the
      meaning given in claim 1.
NUM  5.
PAR  5. 1,2-methylene-6-chloro-17.alpha.-hydroxy-9.beta.,10.alpha.
      -pregna-4,6-diene-3,20-dione 17-acetate.
NUM  6.
PAR  6. 1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.,10.alpha.
      -pregna-4,6-diene-3,20-dione 17-acetate.
NUM  7.
PAR  7. 1,2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.,10.alpha.
      -pregna-4,6-diene-3,20-dione 17-propionate.
NUM  8.
PAR  8. As a compound of claim 4,
      1,2-methylene-6-chloro-17.alpha.-hydroxy-9.beta.,10.alpha.
      -pregna-4,6-diene-3,20-dione 17-propionate.
NUM  9.
PAR  9. 1,2-methylene-6-chloro-17.alpha.-tetrahydropyranyloxy-9.beta.,10.alpha.
      -pregna-4,6-diene-3,20-dione.
NUM  10.
PAR  10. 1,2-methylene-6-fluoro-17.alpha.-tetrahydropyranyloxy-9.beta.,10.alpha.
      -pregna-4,6-diene-3,20-dione.
NUM  11.
PAR  11. As a compound of claim 4,
      1,2-methylene-6-fluoro-17.alpha.-methoxy-9.beta.,10.alpha.
      -pregna-4,6-diene-3,20-dione.
NUM  12.
PAR  12. As a compound of claim 4,
      1,2-methylene-6-chloro-17.alpha.-methoxy-9.beta.
      10.alpha.-pregna-4,6-diene-3,20-dione.
NUM  13.
PAR  13. As a compound of claim 4,
      1,2-methylene-6-chloro-17.alpha.-hydroxy-9.beta.,10.alpha.
      -pregna-4,6-diene-3,20-dione 17-caproate.
NUM  14.
PAR  14. As a compound of claim 4, 1,
      2-methylene-6-fluoro-17.alpha.-hydroxy-9.beta.,10.alpha.
      -pregna-4,6-diene-3,20-dione 17-caproate.
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SRC  5
APN  5199395
APT  1
ART  117
APD  19741101
TTL  1-(10-Cyano/halo-5H-dibenzo[a,d]cyclohepte
     n-5-yl)-4-[(pyridylmethylene)amino]piperazines
ISD  19760210
NCL  12
ECL  1
EXP  Demers; Arthur P.
INVT
NAM  Cusic; John W.
CTY  Skokie
STA  IL
INVT
NAM  Ellefson; Charles R.
CTY  Chicago
STA  IL
ASSG
NAM  G. D. Searle & Co.
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  260240G
XCL  260240TC
XCL  2602408
XCL  260268TR
XCL  260999
XCL  424250
EDF  2
ICL  C07D40112
FSC  260
FSS  240 TC;240.8;240 G;268 TR
UREF
PNO  3377344
ISD  19680400
NAM  Cusic et al.
OCL  260240TC
UREF
PNO  3573288
ISD  19710300
NAM  Cusic et al.
OCL  260240TC
OREF
PAL  Hoffmann-La-Roche, Chem. Abstracts, 64, (1966), col. 5024.
LREP
FR2  Brown; John M.
ABST
PAL  Preparation and the anticonvulsant utility of
      1-(10-cyano/halo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-[(pyridylmethylene)ami
     no]piperazines are disclosed.
BSUM
PAR  This invention relates to
      1-(10-cyano/halo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-[(pyridylmethylene)ami
     no]=piperazines, and intermediates thereto. More particularly, this
      invention provides new, useful, and unobvious chemical compounds of the
      formula
      ##SPC1##
PAL  Wherein X represents halogen or cyano and Pyr represents pyridyl optionally
      substituted by fewer than 5 alkyls.
PAR  Among the halogens comprehended by X in the foregoing formula, those having
      an atomic number greater than 9 and less than 53 (i.e., chlorine and
      bromine) are preferred. As to the optionally-alkylated pyridyls
      comprehended by Pyr, pyridyl and pyridyl substituted by lower alkyl --
      which is to say methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
      sec.-butyl, tert.-butyl, pentyl, neopentyl, hexyl, isohexyl, heptyl, and
      like monovalent, saturated, acyclic, straight- or branched-chain
      hydrocarbon groupings of the formula
EQU  --C.sub.n H.sub.2n.sub.+1
PAL  Wherein n represents a positive integer less than 8 -- are preferred. The
      point of attachment of the pyridyl nucleus to the adjacent methylene and
      the disposition of any alkyl(s) substituting the nucleus, both with
      respect to said point of attachment and to each other (when a plurality
      are present), is acritical; 2-pyridyl, 3-pyridyl, and 4-pyridyl, each
      optionally alkylated ad libitum, are all within the purview of this
      invention.
PAR  Equivalent to the enformulated bases for the purposes of this invention are
      non-toxic acid addition salts thereof having the formula
      ##SPC2##
PAL  Wherein X and Pyr are defined as before; T represents 1 equivalent of an
      anion -- for example, chloride, bromide, iodide, nitrate, phosphate,
      sulfate, sulfamate, methyl sulfate, ethyl sulfate, benzenesulfonate,
      toluenesulfonate, acetate, lactate, succinate, maleate, tartrate, citrate,
      gluconate, ascorbate, benzoate, cinnamate, or the like --  which, in
      combination with the cationic portion of a salt aforesaid, is neither
      biologically nor otherwise incompatible; and y represents a positive
      integer less than 4, its precise value being dependent upon the number of
      basic nitrogens involved in salt formation.
PAR  The subject compounds are useful by reason of their valuable biological
      properties. Thus, for example, they are anticonvulsants, as can be
      demonstrated by the results of a standardized test for their capacity to
      prevent the convulsions induced in mice by electoral shock. The procedure
      is a modification of the one described by E. A. Swinyard et al., J.
      Pharmacol. Exp. Therap., 106, 319 (1952), whereby 50 mg per kg of the
      compound to be tested, dissolved or suspended in 10 ml of a vehicle such
      as saline or corn oil, is administered intragastrically to each of 10
      mice. At a specific time after the administration of the test compound
      (ordinarily 21/2 hours), each mouse is challenged with a current of 2 mA,
      delivered via corneal electrodes, for 0.2 seconds. This current is
      sufficient to induce maximal electroshock seizures in 100% of control
      animals. A compound is considered active in this test if the hind limb
      tonic extensor component of the seizure pattern is abolished in at least
      20% of the animals in the group to which the compound is administered. By
      way of illustration, the products of Examples 2, 4, 9, and 10 hereinafter
      were found active at doses ranging from 3 to 6 mg per kg in this test.
PAR  Those skilled in the art will recognize that observations of activity in
      standardized tests for particular biological effects are fundamental to
      the development of valuable new drugs, both veterinary and human.
PAR  Preparation of the compounds of this invention proceeds by heating a
      1-(10-cyano/halo-5H-dibenz[a,d]cyclohepten- 5-yl)-4-piperazineamine with
      an aldehyde of the formula (in which Pyr retains the meaning previously
      assigned)
EQU  Pyr-CHO
PAL  in 2-propanol, using a small amount of acetic acid as a catalyst if
      desired. 1-(10-Cyano/halo-5H-dibenz[a,d]=cyclohepten-5-yl)-4-piperazineami
     ne is prepared by heating a 2-butanone solution of
      5-chloro-10-cyano/halo-5H-dibenz=[a,d]cycloheptene with
      N-nitrosopiperazine in the presence of potassium carbonate and reducing
      the resultant
      1-(10-cyano/halo-5H-dibenz[a,d]cyclohepten-5-yl)-4-nitropiperazine by
      heating it with zinc dust in acetic acid.
      5-Chloro-10-halo-5H-dibenz[a,d]cycloheptene can be prepared by heating
      10-halo-5H-dibenz[a,d]cyclohepten-5-one with sodium tetrahyydroborate( 1-)
      in ethanol, thereby reducing the carbonyl to hydroxyl, then replacing the
      hydroxyl with chloro by heating the cycloheptenol with thionyl chloride in
      chloroform or with hydrogen chloride in benzene.
PAR  Conversion of the bases of this invention to corresponding acid addition
      salts is accomplished by admixture with 3 or fewer equivalents of any of
      various inorganic and strong organic acids, the anionic portion of which
      conforms to T as hereinabove defined. The salts, in turn, are converted to
      corresponding bases by contacting with excess alkali.
PAR  The following examples describe in detail compounds illustrative of the
      present invention and methods which have been devised for their
      preparation. It will be apparent to those skilled in the art that many
      modifications, both of materials and of methods, may be practiced without
      departing from the purpose and intent of this disclosure. Throughout the
      examples hereinafter set forth, temperatures are given in degrees
      centigrade and relative amounts of materials in parts by weight, except as
      otherwise noted.
DETD
PAC  EXAMPLE 1
PAR  A. Anhydrous hydrogen chloride is passed into a mixture of approximately 27
      parts of 10-bromo-5H-dibenzo=[a,d]cyclohepten-5-ol [Arzneimittel-Forsch.,
      19, 1936 (1969)] and 180 parts of anhydrous benzene for 1 hour. The
      organic phase is thereupon separated, dried over anhydrous calcium
      sulfate, and stripped of solvent by vacuum distillation. The residue is
      10-bromo-5-chloro-5H-dibenzo[a,d]=cycloheptene.
PAR  B. To a solution of approximately 29 parts of
      10-bromo-5-chloro-5H-dibenzo[a,d]cycloheptene in 325 parts of 2-butanone
      is added a solution of 14 parts of N-nitrosopiperazine in 40 parts of
      2-butanone. The resultant mixture is stirred for 1/2 hour, whereupon 30
      parts of anhydrous potassium carbonate is introduced; and the mixture thus
      obtained is heated at the boiling point under reflux with stirring for 4
      hours and thereupon allowed to stand at room temperatures overnight.
      Insoluble solids are filtered out, and the filtrate is stripped of solvent
      by vacuum distillation. The solid residue is consecutively washed with
      ethanol and hexane, then air-dried. The colorless crystalline product thus
      isolated is
      1-(10-bromo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-nitrosopiperazine.
PAR  C. To a suspension of 20 parts of
      1-(10-bromo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-nitrosopiperazine in 1400
      parts of anhydrous ether is slowly added 7 parts of lithium
      tetrahydroaluminate(1-). The resultant mixture is stirred at room
      temperatures for 5 hours, then cooled to around 5.degree. and maintained
      thereat while a solution of 14 parts of water in 25 parts of
      tetrahydrofuran, 18 parts of aqueous 25% sodium hydroxide, and 14 parts of
      water are consecutively introduced. Insoluble solids are removed by
      filtration and washed with tetrahydrofuran. The washings and filtrate are
      combined, dried over anhydrous magnesium sulfate, and stripped of solvent
      by vacuum distillation. The residual yellow solid is crystallized from a
      mixture of tetrahydrofuran and hexane to give
      1-(10-bromo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-piperazineamine as
      colorless crystals melting at 187.5.degree.-190.5.degree..
PAR  D. A mixture of 80 parts of
      1-(10-bromo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-piperazineamine, 32 parts
      of 2-pyridinecarboxaldehyde, 1 part of glacial acetic acid, and 650 parts
      of 2-propanol is heated at the boiling point under reflux for 6 hours,
      then chilled. The crystalline precipitate which forms is removed by
      filtration, washed with hexane, and air-dried. The brown material thus
      isolated is recrystallized from 2-propanol, washed with hexane, and dried
      in vacuo to give
      1-(10-bromo-5H-dibenzo[a,d]=cyclohepten-5-yl)-4-[(2-pyridylmethylene)amino
     ]piperazine as beige crystals melting at 166.5.degree.-168.degree.. The
      product has the formula
      ##SPC3##
PAC  EXAMPLE 2
PAR  A mixture of 60 parts of 1-(10-bromo-5H-dibenzo[
      a,d]cyclohepten-5-yl)-4-piperazineamine, 22 parts of
      3-pyridinecarboxaldehyde, 1 part of glacial acetic acid, and 475 parts of
      2-propanol is heated at the boiling point under reflux for 6 hours, then
      stripped of solvent by vacuum distillation. The residual oil solidifies on
      mixing with hexane. Insoluble solids are removed by filtration and
      recrystallized from a mixture of tetrahydrofuran and hexane to give
      1-(10-bromo-5H-dibenzo[a,d]=cyclohepten-5-yl)-4-[(3-pyridylmethylene)amino
     ]piperazine, which can be further purified by recrystallization from
      absolute ethanol. The product is isolated thus as light beige crystals
      which, dried in vacuo, melt at 162.5.degree.-165.degree..
PAC  EXAMPLE 3
PAR  Substitution of 32 parts of 4-pyridinecarboxaldehyde for the
      2-pyridinecarboxaldehyde called for in Example 1D affords, by the
      procedure there detailed,
      1-(10-bromo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-[(4-pyridylmethylene)amino]
     =piperazine. The product is thus isolated as a pale yellow solid melting at
      208.degree.-211.5.degree..
PAC  EXAMPLE 4
PAR  A mixture of 67 parts of
      1-(10-bromo-5H-dibenzo=[a,d]cyclohepten-5-yl)-4-piperazineamine, 32 parts
      of 6-methyl-2-pyridinecarboxaldehyde, 1 part of glacial acetic acid, and
      560 parts of 2-propanol is heated at the boiling point under reflux for
      51/2 hours, then stripped of solvent by vacuum distillation. The residue,
      recrystallized from absolute ethanol, affords
      1-(10-bromo-5H-dibenzo[a,d]=cyclohepten-5-yl)-4-[(6-methyl-2-pyridylmethyl
     ene)amino]=piperazine as light beige crystals which, dried in vacuo at
      80.degree., melt at 160.5.degree.-163.degree..
PAC  EXAMPLE 5
PAR  A mixture of 67 parts of
      1-(10-bromo-5H-dibenzo=[a,d]cyclohepten-5-yl)-4-piperazineamine, 36 parts
      of 5-ethyl-2-pyridinecarboxaldehyde, 1 part of glacial acetic acid, and
      560 parts of 2-propanol is heated at the boiling point under reflux for 6
      hours, then stripped of solvent by vacuum distillation. The residue is
      1-(10-bromo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-[(5-ethyl-2-pyridylmethylen
     e)=amino]piperazine.
PAC  EXAMPLE 6
PAR  A. A mixture of 48 parts of 10-chloro-5H-dibenzo=[a,d]cyclohepten-5-one
      (U.S. Pat. No. 3,297,763) and 325 parts of absolute ethanol is heated to
      60.degree., whereupon 16 parts of sodium tetrahydroborate (1-) is stirred
      in at a rate such that the temperature does not exceed 65.degree.. When
      the addition is complete, the reaction mixture is stirred at 70.degree.
      for 2 hours and then poured into 1500 parts of a mixture of ice and water.
      Insoluble solids are filtered out and extracted with ether, the filtrate
      is saturated with sodium chloride and then extracted with ether, and the
      two extracts are combined, washed with water, dried over anhydrous
      magnesium sulfate, and stripped of solvent by vacuum distillation. The
      residue is 10-chloro-5H-dibenzo[a,d]cyclohepten-5-ol.
PAR  B. To a mixture of 5 parts of 10-chloro-5H-dibenzo[a,d]cyclohepten-5-ol
      with 50 parts of chloroform is slowly added a solution of 8 parts of
      thionyl chloride in 5 parts of chloroform. The resultant mixture is heated
      at the boiling point under reflux with stirring for 4 hours, then stripped
      of solvent by vacuum distillation. The residue is
      5,10-dichloro-5H-dibenzo[a,d]=cycloheptene.
PAR  C. To a solution of 24 parts of 5,10-dichloro-5H-dibenzo[a,d]cycloheptene
      in 325 parts of 2-butanone is added a solution of 14 parts of
      N-nitrosopiperazine in 40 parts of 2-butanone. The resultant mixture is
      stirred for 1 hour, whereupon 30 parts of anhydrous potassium carbonate is
      introduced. The mixture thus obtained is heated at the boiling point under
      reflux with stirring for 6 hours, then stripped of solvent by vacuum
      distillation. The residue is
      1-(10-chloro-5H-dibenzo[a,d]=cyclohepten-5-yl)-4-nitrosopiperazine, which
      can be further purified by washing with hexane.
PAR  D. Substitution of 18 parts of
      1-(10-chloro-5H-dibenzo[a,d]cyclohepten-5-yl)-4-nitrosopiperazine for the
      1-(10-bromo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-nitrosopiperazine called
      for in Example 1C affords, by the procedure there detailed,
      1-(10-chloro-5H-dibenzo[a,d]=cyclohepten-5-yl)-4-piperazineamine.
PAR  E. A mixture of 73 parts of
      1-(10-chloro-5H-dibenzo[a,d]cyclohepten-5-yl)-4-piperazineamine, 32 parts
      of 2-pyridinecarboxaldehyde, 1 part of glacial acetic acid, and 650 parts
      of 2-propanol is heated at the boiling point under reflux for 6 hours,
      then stripped of solvent by vacuum distillation. The residue is
      1-(10-chloro-5H-dibenzo[a,d]cyclohepten-5-yl)-4-[(2-pyridylmethyleneamino]
     =piperazine.
PAC  EXAMPLE 7
PAR  A. To a mixture of 19 parts of
      5-chloro-5H-dibenzo[a,d]cycloheptene-10-carbonitrile [Arzeimittel-Forsch.,
      19, 1936 (1969)], 20 parts of powdered anhydrous potassium carbonate, and
      160 parts of 2-butanone is added a solution of 10 parts of
      N-nitrosopiperazine in 40 parts of 2-butanone. The resultant mixture is
      heated at the boiling point under reflux with stirring for 8 hours, then
      allowed to stand at room temperatures until precipitation is complete. The
      precipitate is filtered off and consecutively washed with 2-butanone and
      2-propanone. Washings and the filtrate are combined and stripped of
      solvent by vacuum distillation. The residual thick oil crystallizes from
      absolute ethanol. The product thus isolated is
      5-(4-nitroso-1-piperazinyl)-5H-dibenzo[a,d]cycloheptene-10-carbonitrile
      melting at 173.degree.-178.degree..
PAR  B. Approximately 500 parts of water is slowly added to a solution of 98
      parts of
      5-(4-nitroso-1-piperazinyl)-5H-dibenzo[a,d]cycloheptene-10-carbonitrile in
      1200 parts of glacial acetic acid. To the resultant mixture is added, at a
      rate such that the temperature does not exceed 35.degree., approximately
      150 parts of zinc dust. When the addition is complete, the reaction
      mixture is stirred at 28.degree.-30.degree. for 1 hour, whereupon
      insoluble solids are filtered out and washed with 300 parts of 65% acetic
      acid. Washings and filtrate are combined and diluted with 3 volumes of
      water. The solution thus obtained is cooled to 5.degree.-10.degree. and
      maintained thereat while sufficient 30% ammonium hydroxide is added to
      induce alkalinity. The resultant mixture is extracted with chloroform. The
      chloroform extract is dried over anhydrous potassium carbonate and
      stripped of solvent by vacuum distillation. The residual viscous oil
      crystallizes from hexane to give
      5-(4-amino-1-piperazinyl)-5H-dibenzo[a,d]cycloheptene-10-carbonitrile as a
      colorless solid which, dried in air, melts at 137.degree.-146.degree..
PAR  C. A mixture of 40 parts of
      5-(4-amino-1-piperazinyl)-5H-dibenzo[a,d]cycloheptene-10-carbonitrile, 50
      parts of 2-pyridinecarboxaldehyde, 3 parts of glacial acetic acid, and 400
      parts of 2-propanol is heated at the boiling point under reflux for 5
      hours, then refrigerated until precipitation is complete. Insoluble solids
      are removed by filtration, consecutively washed with absolute ethanol and
      hexane, and air-dried. Recrystallization of this material from a mixture
      of chloroform and hexane affords
      5-[4-(2-pyridylmethylene)amino-1-piperazinyl]-5H-dibenzo[a,d]cycloheptene-
      10-carbonitrile as a light tan solid which, dried in air, melts at
      182.5.degree.-184.degree..
PAC  EXAMPLE 8
PAR  Substitution of 50 parts of 3-pyridinecarboxaldehyde for the
      2-pyridinecarboxaldehyde called for in Example 7C affords, by the
      procedure there detailed,
      5-[4-(3-pyridylmethylene)amino-1-piperazinyl]-5H-dibenzo[a,d]=cycloheptene
     -10-carbonitrile. The light yellow crystalline product melts at
      241.degree.-244.degree..
PAC  EXAMPLE 9
PAR  Substitution of 50 parts of 4-pyridinecarboxaldehyde for the
      2-pyridinecarboxaldehyde called for in Example 7C affords, by the
      procedure there detailed,
      5-[4-(4-pyridylmethylene)amino-1-piperazinyl]-5H-dibenzo=[a,d]cycloheptene
     -10-carbonitrile. The colorless product melts at
      224.5.degree.-227.5.degree..
PAC  EXAMPLE 10
PAR  A mixture of 30 parts of
      5-(4-amino-1-piperazinyl)-5H-dibenzo[a,d]cycloheptene-10-carbonitrile, 21
      parts of 6-methyl-2-pyridinecarboxaldehyde, 1 part of glacial acetic acid,
      and 250 parts of 2-propanol is heated at the boiling point under reflux
      with stirring for 4 hours, then stripped of solvent by vacuum
      distillation. The residue is crystallized from a mixture of
      tetrahydrofuran and hexane to give
      5-{4-[(6-methyl-2-pyridylmethylene)amino]-1-piperazinyl}-5H-dibenzo[a,d]cy
     cloheptene-10-carbonitrile as light brown crystals melting at
      200.degree.-202.degree..
PAC  EXAMPLE 11
PAR  A mixture of 30 parts of
      5-(4-amino-1-piperazinyl)-5H-dibenzo[a,d]cycloheptene-10-carbonitrile, 17
      parts of 5-ethyl-2-pyridinecarboxaldehyde, 1 part of glacial acetic acid,
      and 250 parts of 2-propanol is heated at the boiling point under reflux
      with stirring for 6 hours, then stripped of solvent by vacuum
      distillation. The residue is
      5-{4-[(5-ethyl-2-pyridylmethylene)amino]-1-piperazinyl}-5H-dibenzo[a,d]cyc
     loheptene-10-carbonitrile, which can be further purified by washing with
      hexane.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein X represents chlorine, bromine or cyano and R represents hydrogen
      or lower alkyl.
NUM  2.
PAR  2. A compound according to claim 1 having the formula
      ##SPC5##
PAL  wherein the halogen called for is chlorine or bromine and R represents
      hydrogen or lower alkyl.
NUM  3.
PAR  3. A compound according to claim 1 having the formula
      ##SPC6##
PAL  wherein R represents hydrogen or lower alkyl.
NUM  4.
PAR  4. A compound according to claim 1 which is
      1-(10-bromo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-[(6-methyl-2-pyridylmethyle
     ne)amino]piperazine.
NUM  5.
PAR  5. A compound according to claim 1 having the formula
      ##SPC7##
NUM  6.
PAR  6. A compound according to claim 1 which is
      1-(10-bromo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-[(3-pyridylmethylene)amino]
     piperazine.
NUM  7.
PAR  7. A compound according to claim 1 having the formula
      ##SPC8##
PAL  wherein R represents hydrogen or lower alkyl.
NUM  8.
PAR  8. A compound according to claim 1 which is
      5-{4-[(6-methyl-2-pyridylmethylene)amino]-1-piperazinyl}-5H-dibenzo[a,d]cy
     cloheptene-10-carbonitrile.
NUM  9.
PAR  9. A compound according to claim 1 having the formula
      ##SPC9##
NUM  10.
PAR  10. A compound according to claim 1 which is
      5-[4-(4-pyridylmethylene)amino-1-piperazinyl]-5H-dibenzo=[a,d]cycloheptene
     -10-carbonitrile.
NUM  11.
PAR  11. 1-(10-Bromo-5H-dibenzo[a,d]cyclohepten-5-yl)-4-piperazineamine.
NUM  12.
PAR  12. 5-(4-amino-1-piperazinyl)-5H-dibenzo[a,d]=cycloheptene-10-carbonitrile.
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ABST
PAL  2,3-Dihydro-benzofuranyl-5-esters, particularly esters of alkyl sulphonic
      acid, which possess physiological activity, being particularly useful as
      herbicides and plant growth regulants.
PARN
PAR  This application is a continuation of application Ser. No. 826,274, filed
      May 20, 1969, now U.S. Pat. No. 3,689,507.
BSUM
PAR  The present invention relates to certain new 5-benzofuranyl esters which
      have been found to possess physiological activity, particularly plant
      physiological activity, to their preparation and to agricultural and other
      compositions containing the same. These compounds may be used as
      herbicides and as plant growth regulants. The compounds may also be used
      as fungicides, insecticides and anthelmintics.
PAR  Accordingly the present invention is for the 5-benzofuranyl esters of the
      general formula:
      ##EQU1##
      wherein R.sup.1, R.sup.2 and R.sup.3 are the same or different and may be
      hydrogen or alkyl (for example of 1-6 carbon atoms such as methyl or
      ethyl), or R.sup.1 and R.sup.2 together or R.sup.2 and R.sup.3 together
      may form an alkylene chain (for example of 2-5 carbon atoms); R.sup.4 is
      hydroxy, alkoxy (for example of 1-8 carbon atoms such as methoxy or
      butoxy), substituted alkoxy (for example of 1-8 carbon atoms substituted
      by halogen or alkoxy such as chloroethoxy or methoxyethoxy), alkenyloxy
      (for example of 2-4 carbon atoms such as allyloxy), alkylthio (for example
      of 1-4 carbon atoms such as methylthio or ethylthio), substituted
      alkenyloxy (for example of 2-4 carbon atoms substituted by halogen such as
      chloroallyloxy), alkynyloxy (for example of 2-6 carbon atoms such as
      propargyloxy or butynyloxy), substituted alkynyloxy (for example of 2-4
      carbon atoms substituted by halogen such as chlorobutynyloxy), aryloxy
      (for example phenoxy), substituted aryloxy (for example substituted by
      nitro or halogen such as nitrophenoxy), the group NR.sup.6 R.sup.7 in
      which R.sup.6 and R.sup.7 are alkyl (for example of 1-4 carbon atoms such
      as methyl or ethyl) or substituted alkyl (for example of 1-4 carbon atoms
      substituted by halogen such as haloethyl) or together with the nitrogen
      atom form a heterocyclic ring, substituted or unsubstituted such as
      morpholine, pyrrolidine, piperidine, or methyl piperazine, the group
      --OCOR.sup.13, the group --OSO.sub.2 R.sup.14 or the group
      --O--O--R.sup.15, in which R.sup.13 is alkyl (for example of 1-4 carbon
      atoms such as methyl or isopropyl), alkenyl (for example of 2-4 carbon
      atoms such as allyl), alkynyl (for example of 2-4 carbon atoms such as
      propargyl), substituted alkyl, alkenyl or alkynyl (for example aryloxy or
      halogen substituted such as trifluoromethyl, phenoxymethyl or
      chloroethyl), aryl (for example phenyl), substituted aryl (for example
      halogen or alkyl substituted such as chlorophenyl or tolyl), alkylamino
      (for example of 1-4 carbon atoms such as methylamino), dialkylamino (for
      example of 2-8 carbon atoms such as dimethylamino), alkoxy (for example of
      1-6 carbon atoms such as methoxy or ethoxy), aryloxy (for example
      phenoxy), arylamino (for example phenylamino), substituted arylamino (for
      example substituted by halogen such as chlorophenylamino), substituted
      alkoxy (for example of 1-6 carbon atoms substituted by halogen or alkoxy
      such as methoxyethoxy), substituted aryloxy (for example halogen
      substituted such as chlorophenoxy), alkenyloxy (for example of 2-4 carbon
      atoms such as allyloxy), substituted alkenyloxy (for example 2-4 carbon
      atoms substituted by halogen such as chloroallyloxy), alkynyloxy (for
      example of 2-4 carbon atoms such as propargyloxy) or substituted
      alkynyloxy (for example of 2-4 carbon atoms substituted by halogen such as
      chlorobutynyloxy), in which R.sup.14 is alkyl (for example of 1-4 carbon
      atoms such as methyl or ethyl), substituted alkyl (for exmaple of 1-4
      carbon atoms substituted by halogen such as chloroethyl), aryl (for
      example phenyl), substituted aryl (for example halogen, nitro or alkyl
      substituted such as chlorophenyl, nitrophenyl of tolyl), in which R.sup.15
      is alkyl (for example of 1-4 carbon atoms such as methyl, isopropyl or
      tertiary butyl), alkenyl (for example of 2-4 carbon atoms such as allyl)
      or alkynyl (for example of 2-4 carbon atoms such as propargyl); or R.sup.3
      and R.sup.4 together represent an oxygen atom or the group =NR.sup.16 in
      which R.sup.16 is alkyl (for example of 1-4 carbon atoms such as methyl or
      isopropyl) or cycloalkyl (for example of 5 or 6 carbon atoms such as
      cyclohexyl); R.sup.5 is the group R.sup.8 CO-- or the group R.sup.9
      SO.sub.2 -- or the group R.sup.9 SO-- in which R.sup.8 is halogen
      substituted alkyl (for example of 1-4 carbon atoms such as chloromethyl,
      dichloroethyl, trichloroethyl or bromoethyl) and R.sup.9 is alkyl (for
      example of 1-4 carbon atoms such as methyl or ethyl), substituted alkyl
      (for example of 1-4 carbon atoms substituted by halogen or alkoxy such as
      chloromethyl, methoxypropyl and bromoethyl) aryl (for example phenyl) or
      substituted aryl (for example substituted halogen or alkyl such as
      chlorophenyl or tolyl); and R.sup.10, R.sup.11 and R.sup.12 are the same
      or different and are hydrogen, alkyl (for example of 1-4 carbon atoms such
      as methyl, ethyl or isopropyl), halogen (for example chlorine or bromine),
      cyano, acyl (for example of 2-6 carbon atoms such as acetyl) or alkoxy
      (for example of 1-4 carbon atoms such as methoxy).
PAR  The present invention is also for a physiological active composition and
      particularly a herticidal composition or plant growth composition which
      contains as an active component a benzofuranyl ester as identified above.
      The physiologically active composition suitably also contains at least one
      material selected from the group comprising carriers, wetting agents,
      inert diluents and solvents.
PAR  The present invention is also for the treatment of plants, the soil, land
      or aquatic areas, or materials which comprises applying thereon or thereto
      a benzofuranyl ester or a plant physiologically active composition as
      identified above.
PAR  The substituted benzofuranyl esters according to the present invention
      generally possess physiological activity. These compounds are useful as
      herbicides, and also as plant growth regulants. They are also fungicides,
      insecticides and anthelmintics.
PAR  The benzofuranyl esters identified above have been found to be of
      particular value as selective herbicides for pre-emergence use and also
      are useful for post-emergence use. With some crops, pre-emergence use is
      of greater importance. At higher concentrations the compounds may also be
      used as total weedkillers. At much lower concentrations the compounds may
      be used as plant growth regulants.
PAR  According to a preferred embodiment the present invention is for the
      benzofuranyl esters of the general formula:
      ##EQU2##
      wherein R.sup.20 is selected from dialkylamino of 2-4 carbon atoms,
      piperidino, morpholino, 4-methylpiperazino, pyrrolidino, hydroxy, alkoxy
      of 1-4 carbon atoms, alkenyloxy of 2-4 carbon atoms, alkynyloxy of 2-4
      carbon atoms, alkoxyalkoxy, of 2-8 carbon atoms, alkylthio of 1-4 carbon
      atoms, --OCOR.sup.28, --SO.sub.2 R.sup.29 and --O--O--R.sup.29, where
      R.sup.28 is alkyl of 1-4 carbon atoms or phenyl; where R.sup.29 is alkyl
      of 1-4 carbon atoms; where R.sup.21 is hydrogen or together with R.sup.20
      represents an oxygen atom, where R.sup.22 and R.sup.23 represent hydrogen
      or alkyl of 1-4 carbon atoms; where R.sup.25 represents R.sup.30 SO.sub.2
      --where R.sup.30 is alkyl of 1-4 carbon atoms; and where R.sup.24,
      R.sup.26 and R.sup.27 represent hydrogen, halogen (for example chloro or
      bromo) or alkyl of 1-4 carbon atoms.
PAR  According to one embodiment, the present invention is for the benzofuranyl
      esters according to the general formula above in which R.sup.1, R.sup.2
      and R.sup.3 are selected from hydrogen and alkyl, or R.sup.1 and R.sup.2
      together or R.sup.2 and R.sup.3 together form an alkylene chain; where
      R.sup.4 is hydroxy, alkoxy, substituted alkoxy, alkenyloxy, alkylthio or
      --NR.sup.6 R.sup.7, and wherein R.sup.5, R.sup.6, R.sup.7, R.sup.8,
      R.sup.9, R.sup.10, R.sup.11 and R.sup.12 have the significance indicated
      above.
PAR  According to another embodiment, the present invention is for the
      benzofuranyl esters according to the general formula above in which
      R.sup.1, R.sup.2 and R.sup.3 are selected from hydrogen and alkyl, or
      R.sup.1 and R.sup.2 together or R.sup.2 and R.sup.3 together form an
      alkyene chain; where R.sup.4 is --OCOR.sup.13 or --OSO.sub.2 R.sup.14, and
      wherein R.sup.5, R.sup.10, R.sup.11, R.sup.12, R.sup.13 and R.sup.14 have
      the significance indicated above.
PAR  According to another embodiment, the present invention is for the
      benzofuranyl esters according to the general formula above in which
      R.sup.1, R.sup.2 and R.sup.3 are selected from hydrogen and alkyl, or
      R.sup.1 and R.sup.2 together or R.sup.2 and R.sup.3 together form an
      alkylene chain; where R.sup.4 is the group --O--O--R.sup.15, or R.sup.3
      and R.sup.4 together represent an oxygen atom or the group =NR.sup.16 ;
      wherein R.sup.5, R.sup.8, R.sup.9, R.sup.10, R.sup.11, R.sup.12, R.sup.15
      and R.sup.16 have the significance indicated above.
PAR  The 5-benzofuranyl esters according to the present invention may be
      prepared by the reaction between the corresponding 5-hydroxybenzofuran of
      the formula:
      ##EQU3##
      and an acylating agent of the formula R.sup.5 X or (R.sup.5).sub.2 O where
      X is halogen, particularly chlorine. The reaction is preferably carried
      out in the presence of an acid acceptor such as an organic base (for
      example pyridine or triethylamine) or an alkali (for example an alkali
      metal carbonate or bicarbonate).
PAR  The benzofuranyl esters where R.sup.4 is the group --OCOR.sup.13 or
      --OSO.sub.2 R.sup.14 may be prepared by reacting the corresponding
      compound where R.sup.4 is hydroxy, with a compound of the formula R.sup.13
      COX or R.sup.14 SO.sub.2 X (in which X is halogen), the groups R.sup.1
      -R.sup.14 having the significance indicated above. In the case where
      R.sup.13 is a hydrocarbon group, the compound R.sup.13 COX is an acyl
      halide and the product is a 2-acyloxybenzofuran; in the case where
      R.sup.13 is a substituted amino group, the compound R.sup.13 COX is a
      substituted carbamoylhalide and the product is a 2-carbamoyloxybenzofuran;
      in the case where R.sup.13 is an alkoxy group or aryloxy group, the
      compound R.sup.13 COX is a haloformate and the product is a carbonate
      ester.
PAR  Where R.sup.13 is an alkylamino group, the compounds can also be prepared
      by the reaction between a 2-hydroxybenzofuran of the formula above and an
      alkyl isocyanate.
PAR  Where R.sup.13 is a hydrocarbon group, the compounds can also be prepared
      by the reaction of a 2-hydroxybenzofuran of the above formula or a
      corresponding 2-alkoxybenzofuran with an acid anhydride of the formula
      (R.sup.13 CO).sub.2 O.
PAR  The benzofuranyl esters where R.sup.4 is the group --O--O--R.sup.15 may be
      prepared by reacting the corresponding compound where R.sup.4 is hydroxy,
      with a hydroperoxide of the formula R.sup.15 OoH.
PAR  The benzofuranyl esters where R.sup.3 and R.sup.4 together represent the
      group =NR.sup.16 may be prepared by reacting a ketenimine with a
      benzoquinone to form the 2-imino-5-hydroxybenzofuran according to the
      equation:
      ##SPC1##
PAL  which is then reacted with a compound of the formula R.sup.5 Cl to give the
      desired compound.
PAR  The benzofuranyl esters where R.sup.3 and R.sup.4 together represent an
      oxygen atom may be prepared by the oxidation of the corresponding compound
      where R.sup.3 is hydrogen and R.sup.4 is hydroxy, alkoxy, --NR.sup.6
      R.sup.7 or --OCOR.sup.13 (where R.sup.6 and R.sup.7 are alkyl, substituted
      alkyl or heterocyclic and R.sup.13 is alkyl, alkenyl or alkynyl,
      substituted or unsubstituted), for example using chromic oxide in acid, or
      by the hydrolysis of the corresponding compound in which R.sup.3 and
      R.sup.4 together represent =NR.sup.16.
PAR  The benzofuranyl compounds are generally water insoluble and may be
      formulated in any of the conventional ways for insoluble compounds.
PAR  If desired the benzofuranyl esters may be dissolved in a water immiscible
      solvent, such as for example a high boiling hydrocarbon, suitably
      containing dissolved emulsifying agents so as to act as a
      self-emulsifiable oil on addition to water.
PAR  The benzofuranyl esters may also be admixed with a wetting agent with or
      without an inert diluent to form a wettable powder which is soluble or
      dispersable in water, or may be mixed with the inert diluent to form a
      solid or powdery product.
PAR  Inert diluents with which the benzofuranyl esters may be incorporated
      include solid inert media comprising powdered or divided solid materials,
      for example, clays, sands, talc, mica, peat, fertilizers and the like,
      such products either comprising dust or larger particle size materials
      such as granules.
PAR  The wetting agents used may comprise anionic compounds such as for example
      soaps, fatty sulphate esters such as dodecyl sodium sulphate, octadecyl
      sodium sulphate and cetyl sodium sulphate, fatty aromatic sulphonates such
      as alkyl-benzene sulphonates or butyl naphthalene sulphonate, more complex
      fatty sulphonates such as the amide condensation product of oleic acid and
      N-methyl taurine or the sodium sulphonate or dioctyl succinate.
PAR  The wetting agents may also comprise non-ionic wetting agents such as for
      example condensation products of fatty acids, fatty alcohols or fatty
      substituted phenols with ethylene oxide, or fatty esters and ethers of
      sugars or polyhydric alcohols, or the products obtained from the latter by
      condensation with ethylene oxide, or the products known as block
      copolymers of ethylene oxide and propylene oxide. The wetting agents may
      also comprise cationic agents such as for example cetyl trimethylammonium
      bromide and the like.
PAR  The physiologically active compositions according to the present invention
      may contain in addition to the benzofuranyl esters, other physiologically
      active materials such as herbicides, insecticides, fungicides and
      molluscicides. It has been found that particular advantages are obtained
      with mixtures with other herbicides.
PAR  Accordingly, a further embodiment of the present invention is for a
      herbicidal composition which comprises a mixture of the benzofuranyl
      esters as identified above and a second herbicide.
PAR  The second herbicide may be for example a phenoxyaliphatic acid,
      substituted urea, triazine, phenol, nitrile, bipyridylium compound,
      substituted benzoic acid, halogenated aliphatic acid, carbonate,
      thiocarbamate, chloroacetanide, diazine, arsenic compound or other
      herbicidal compound. In respect of selective herbicidal compositions for
      post-emergence use, the second herbicide is preferably a substituted
      phenoxyaliphatic acid; in respect of selective herbicidal composition for
      pre-emergence use, the second herbicide is preferably a substituted urea
      or triazine.
PAR  The phenoxyaliphatic acid generally comprises alkyl and/or halogen
      substituted phenoxyaliphatic acids, and their salts, for example alkali
      metal, amine and alkanolamine salts, and functional derivatives, for
      example esters and amides. These compounds may be of activity such that
      they are recognised as commercial herbicides, or may be of only slight
      herbicidal activity. Examples of the substituted phenoxyaliphatic acids
      which may be mentioned include 2,4-dichlorophenoxyacetic acid,
      2-methyl-4-chlorophenoxyacetic acid; 2,4,5-trichlorophenoxyacetic acid,
      gamma-2,4-dichlorophenoxy-butyric acid,
      gamma-2-methyl-4-chlorophenoxy-butyric acid,
      alpha-2-methyl-4-chlorophenoxypropionic acid.
PAR  The substituted urea generally comprises a tri- or tetra- substituted urea
      such as N'-parachlorophenyl-N,N dimethylurea,
      N-butyl-N'-(3,4-dichlorophenyl)-N-methylurea,
      N'-parachlorophenyl-O,N,N-trimethylisourea,
      N'-p-chlorophenyl-N-methoxy-N-methylurea, N,N-dimethyl-N'-phenylurea.
PAR  The triazine herbicide generally comprises a compound of the formula:
      ##EQU4##
      where X is a halogen, OY group or SY group, where Y is an alkyl group, and
      R.sup.7, R.sup.8, R.sup.9 and R.sup.10 are hydrogen or alkyl, such as
      2-chloro-4,6-bisethylamino-1,3,5-triazine or
      2-chloro-6-ethylamino-4-isopropylamino-1,3,5-triazine.
PAR  The phenol herbicide generally comprises 4,6-dinitro-o-cresol or
      pentachlorophenol. The nitrile herbicide generally comprises
      3,5-diiodo-4-hydroxy-benzonitrile, 3,5-dibromo-4-hydroxybenzo-nitrile or
      2,6-dichlorobenzonitrile. The bipyridylium herbicide generally comprises
      1,1'-dimethyl-4,4'-bipyridylium dichloride or
      1,1'-ethylene-2,2'-bipyridylium dibromide. The substituted benzoic acid
      herbicide generally comprises 2,3,6-trichloro-benzoic acid or
      2-methoxy-3,6-dichlorobenzoic acid. The halogenated aliphatic acid
      herbicide generally comprises trichloroacetic acid or
      2,2-dichloropropionic acid. The carbamate herbicide generally comprises
      isopropyl N-(3-chlorophenyl) carbamate or 4-chloro-2-butynyl
      N-(3-chlorophenyl) carbamate. The thiocarbamate herbicide generally
      comprises S-ethyl N,N-dipropylthio-carbamate, S-ethyl
      N,N-diisobutylthiocarbamate and S-(2,3-dichloroallyl)
      N,N-diisopropylthiocarbamate. The chloroacetamide herbicide generally
      comprise N,N-diallyl-2-chloroacetamide or N-isopropyl-2-chloroacetanilide.
      The diazine herbicide generally comprises
      5-bromo-6-methyl-3-sec-butyluracil, 3-cyclohexyl-5,6-trimethyleneuracil or
      1,2-dihydropyridazine-3,6-dione. The arsenic herbicide generally comprises
      a salt of methane arsenic acid or cacodylic acid. Other herbicides which
      may be used in such mixtures include aminotriazole,
      2,3-dichloro-1,4-naphthoquinone, 4-amino-3,5,6-trichloropicolinic acid,
      2,6-dinitro-N,N-dipropyl-4-trifluoromethylaniline,
      6-chloro-2-trifluoromethylimidazo (4,5-b) pyridine and S,S,S-tributyl
      phosphorotrithioate.
PAR  A further embodiment of the invention comprises a process for the control
      of weeds, which comprises the use of a mixture of the benzofuranyl ester
      as identified and a second herbicide.
PAR  The ratio of the benzofuranyl ester to the second herbicide may vary over a
      wide range according to the particular compounds involved and the intended
      use. In general the ratio of benzofuranyl ester to second herbicide lies
      in the range of 1:0.1 to 1:15.
PAR  These mixtures are of particular value in the control of weeds, and may be
      more effective and economical than the compounds used alone. In some cases
      synergism is observed.
PAR  In the use of the benzofuranyl esters as total herbicides, high rates of
      application, for example at least 10 pounds per acre, such as 10-25 pounds
      per acre, are required, unless the compounds are mixed with other active
      components, in which case the rate can be reduced.
PAR  In the use of the benzofuranyl esters as selective herbicides, the rate of
      application is much lower and may comprise for example 0.5-8 pounds per
      acre, such as 1-4 pounds per acre.
PAR  In the use of the benzofuranyl esters as plant growth regulants, low rates
      of application are required such as 0.1-4 pounds per acre, such as 0.5-1
      pounds per acre, according to the particular crop and use.
PAR  In the use of the esters as fungicides or insecticides for the treatment of
      plants, low rates of application will also be used such as 0.25-2 pounds
      per acre.
PAR  The rate of dilution of the active ingredient in the spray does not appear
      to be critical and may for example be based on volumes of 5-50 gallons per
      acre.
PAR  In the use of the esters as fungicides or insecticides for inanimate
      materials such as textiles the materials may be sprayed or dipped in a
      bath containing the esters.  The treatment liquor suitably comprises an
      aqueous or organic solvent solution or suspension of the benzofuranyl
      ester containing for example 50-10,000 parts per million, and preferably
      250-1,000 parts per million, of the benzofuranyl ester.
PAR  The benzofuranyl esters according to the present invention have been found
      of particular value in the control or growth retardation of annual and
      perennial grasses. Thus for example the benzofuranyl esters may be used
      for the control of couchgrass in crops such as brassica, potato, sugar
      beet and cereals such as maize, or for the control of cyperus in cotton.
DETD
PAR  The following examples are given to illustrate the present invention; parts
      and percentages are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  To a stirred solution of
      2,3-dihydro-3,3-dimethyl-5-hydroxy-2-piperidino-benzofuran (640 parts) in
      dry pyridine (1000 parts) at 5.degree.-10.degree.C was added
      methanesulphonyl chloride (370 parts) over 1 hour. The mixture was stirred
      for a further 5 hours at about 10.degree.C, then poured into water. The
      precipitated gum was washed with water (3 .times. 200 parts) by
      decantation, then triturated with ethanol (500 parts) when it set to a
      crystalline mass which was broken up, filtered, and the residue of crude
      ester was washed with aqueous ethanol (2:1) and sucked dry. Drying at
      35.degree.C in vacuo over phosphoric oxide gave
      2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-yl methanesulphonate
      (660 parts, 78%) m.p. 97-8.degree.C.
PAR  Crystallisation of a sample from ethanol gave pure
      2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-yl methanesulphonate,
      m.p. 101-3.degree.C.
PAR  Found: C, 59.15; H, 7.35; N, 4.10. C.sub.16 H.sub.23 NO.sub.4 S requires:
      C, 59.06; H, 7.13; N, 4.31%.
PAC  EXAMPLE 2
PAR  In a similar fashion were prepared the following compounds:
PAR  2,3-Dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl methane-sulphonate,
      m.p. 111.degree.-112.degree.C (in 80% yield).
PAR  2,3-dihydro-3,3-dimethyl-2-(4-methylpiperazino) benzofuran-5-yl
      methanesulphonate, m.p. 98- 9.degree.C.
PAR  2,3-dihydro-3-ethyl-2-morpholinobenzofuran-5-yl methanesulphonate, m.p.
      104- 7.degree.C.
PAR  2,3-dihydro-3-ethyl-2-piperidinobenzofuran-5-yl methanesulphonate, m.p.
      85-8.degree.C.
PAR  1,2,3,4,4a,9b-hexahydro-4a-morpholinodibenzofuran-8-yl methane-sulphonate,
      m.p. 101-3.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-(dimethylamino)benzofuran-5-yl
      methanesulphonate, m.p. 64.degree.-65.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-pyrrolidino-4,6-dichloro-benzofuran-5-yl
      methanesulphonate, m.p. 94.degree.-95.degree.C.
PAR  2,3-dihydro-3,3,6,7-tetramethyl-2-morpholinobenzofuran-5-yl
      methanesulphonate, m.p. 66.degree.-67.degree.C.
PAR  2,3-dihydro-3-hexyl-2-morpholinobenzofuran-5-yl methanesulphonate, m.p.
      54.degree.-57.degree.C.
PAR  2,3-dihydro-3,3,6-trimethyl-2-morpholinobenzofuran-5-yl methanesulphonate,
      m.p. 134- 5.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-morpholino-6-methoxybenzofuran-5-yl
      methanesulphonate, m.p. 126- 8.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-morpholino-6-isopropylbenzofuran-5-yl
      methanesulphonate, m.p. 102- 3.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-morpholino-4-acetylbenzofuran-5-yl
      methanesulphonate, m.p. 156-8.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-morpholino-6-chlorobenzofuran-5-yl
      methanesulphonate, m.p. 136-8.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-morpholino-4,6-dichlorobenzofuran-5-yl
      methanesulphonate, m.p. 163-5.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl ethanesulphonate, m.p.
      66.degree.-70.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl butanesulphonate, m.p.
      62-64.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl
      3-methoxypropanesulphonate, m.p. 73.degree.-74.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl
      chloromethanesulphonate, m.p. 130-2.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-(4-methylpiperazino) benzofuran-5-yl
      ethanesulphonate, m.p. 82.degree.-84.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-pyrrolidinobenzofuran-5-yl propanesulphonate,
      undistillable liquid.
PAR  2,3-dihydro-3,3-dimethyl-2-pyrrolidinobenzofuran-5-yl ethanesulphonate,
      undistillable oil.
PAR  2,3-dihydro-3,3-dimethyl-2-pyrrolidinobenzofuran-5-yl
      2,2-dichloropropionate, undistillable oil.
PAR  2,3-dihydro-3-3-dimethyl-2-piperidinobenzofuran-5-yl
      2,2-dichloropropionate, undistillable oil.
PAR  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl p-toluenesulphonate,
      m.p. 108.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-yl p-toluenesulphonate,
      m.p. 98.degree.C.
PAR  2,3-dihydro-3-ethyl-2-(4-methylpiperazino)benzofuran-5-yl
      methanesulphonate, m.p. 93.degree.-94.degree.C.
PAR  2,3,3a,3b-tetrahydro-3a-morpholino-1H-cyclopenta (b)benzofuran-7-yl
      methanesulphonate, m.p. 144-6.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-morpholino-6,7-dichlorobenzofuran-5-yl
      methanesulphonate, m.p. 135.degree.-136.degree.C.
PAR  2,3-dihydro-3,3,6,7-tetramethyl-2-morpholinobenzofuran-5-yl
      methanesulphonate, m.p. 102.degree.-103.degree.C.
PAC  EXAMPLE 3
PAR  A cold suspension of
      2,3-dihydro-3,3-dimethyl-5-hydroxy-2-pyrrolidino-benzofuran (18.5 parts)
      in dry ether (150 parts) and triethylamine (9.3 parts) was treated with
      methanesulphonyl chloride (10.5 parts) added all at once. After 0.75 hours
      the mixture was filtered and the filtrate was diluted to opalescence with
      petrol and filtered through kieselguhr. The filtrate was then evaporated
      to half volume and diluted with petrol giving white crystals (7.5 parts),
      m.p. 79.degree.-81.degree.C of
      2,3-dihydro-3,3-dimethyl-2-pyrrolidinobenzofuran-5-yl methanesulphonate.
PAR  Found: C, 57.55; H, 6.70; N, 4.30%.  C.sub.15 H.sub.21 NO.sub.4 S requires:
      C, 57.86; H, 6.80; N, 4.30%.
PAC  EXAMPLE 4
PAR  A suspension of 2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl
      methanesulphonate (product of Example 2) (24.9 parts) in water (50 parts)
      and hydrochloric acid (22.4 parts) was rapidly heated to
      90.degree.-100.degree.C and then cooled after 2 minutes. The crude product
      was extracted into ether (3 .times. 60 parts) and the extracts washed with
      water (2 .times. 50 parts), dried with sodium sulphate and evaporated to
      leave a gum which crystallised to give
      2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-yl methanesulphonate, m.p.
      69.degree.-72.degree.C (16 parts)
PAC  EXAMPLE 5
PAR  The following were prepared by a similar method to that described in
      Example 4.
PAR  2,3-dihydro-3,3-dimethyl-2-hydroxy-6-methoxybenzofuran-5-yl
      methanesulphonate, m.p. 114-6.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-hydroxy-6-isopropylbenzofuran-5-yl
      methanesulphonate, m.p. 130-5.degree.C.
PAR  2,3-dihydro-3,3,6,7-tetramethyl-2-hydroxybenzofuran-5-yl methanesulphonate,
      m.p. 109.degree.-110.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-yl ethane sulphonate, oily
      liquid.
PAC  EXAMPLE 6
PAR  A solution of crude 2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-yl
      methanesulphonate (7.8 parts) in methanol (80 parts) containing sulphuric
      acid (2 drops) was boiled under reflux for 1 hour and then cooled. The
      solution was then neutralised with triethylamine and then evaporated to
      about quarter its volume. Water (10 parts) was then added to precipitate
      2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-yl methanesulphonate, m.p.
      69.degree.-70.degree.C.
PAL  Found: C, 53.15; H, 5.75. C.sub.12 H.sub.16 O.sub.5 S requires: C, 52.94;
      H, 5.92%.
PAC  EXAMPLE 7
PAR  Using a similar method to that of Example 6, the following were prepared:
PAR  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-yl methanesulphonate, m.p.
      70.degree.-72.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-yl methanesulphonate, m.p.
      51.degree.-52.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-(2-methoxyethoxy) benzofuran-5-yl
      methanesulphonate, m.p. 50.degree.-53.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-ethylthiobenzofuran-5-yl methanesulphonate,
      liquid.
PAR  2,3-dihydro-3,3,6,7-tetramethyl-2-ethoxybenzofuran-5-yl methanesulphonate,
      m.p. 76-8.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-yl methanesulphonate,
      m.p. 54.degree.-56.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-propargyloxybenzofuran-5-yl methanesulphonate,
      liquid.
PAR  2,3-dihydro-3,3-dimethyl-2-(4-chloro-2-butynyloxy) benzofuran-5-yl
      methanesulphonate.
PAR  2,3-dihydro-3,3-dimethyl-2-(p-nitrophenoxy) benzofuran-5-yl
      methanesulphonate, m.p. 160- 3.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-yl
      3-methoxy-propanesulphonate, liquid.
PAR  2,3-dihydro-3,3-dimethyl-2-(2-chloroethoxy) benzofuran-5-yl
      methanesulphonate, liquid.
PAR  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-yl ethane-sulphonate, liquid.
PAR  2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-yl ethanesulphonate, liquid.
PAR  2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-yl ethanesulphonate,
      liquid.
PAR  2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-yl ethanesulphonate,
      liquid.
PAR  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-yl butanesulphonate, m.p. 57-
      9.degree.C.
PAC  EXAMPLE 8
PAR  To a cooled solution of 2-hydroxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl
      methanesulphonate (8.0 parts) in dry pyridine (42 parts) was added benzoyl
      chloride (4.75 parts) at such a rate that the temperature did not exceed
      10.degree.C. After 1 hour the mixture was poured into a slight excess of
      dilute hydrochloric acid. The product was extracted with ether and the
      ethereal solution washed, dried with sodium sulphate and evaporated to
      give an oil which solidified on scratching. The solid was recrystallised
      from a mixture of benzene and light petroleum to give
      2-benzoyloxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl methanesulphonate
      (5.1 parts), melting point 102.degree.-104.degree.C.
PAC  EXAMPLE 9
PAR  Using an analogous method to that described in Example 8 the following was
      prepared:
PAR  2-isobutyryloxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl methanesulphonate,
      m.p. 77.degree.-79.degree.C.
PAR  2-acetoxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl methanesulphonate, m.p.
      84.degree.-85.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-(phenoxyacetoxy)benzofuran-5-yl
      methanesulphonate, m.p. 103.degree.-5.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-benzoyloxybenzofuran-5-yl ethanesulphonate, m.p.
      101- 3.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-2-acetoxybenzofuran-5-yl ethanesulphonate, m.p.
      56- 8.degree.C.
PAC  EXAMPLE 10
PAR  A solution of 2-hydroxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl
      methanesulphonate (5 parts) in ether (85 parts) was treated with
      triethylamine (2.2 parts) and acetic anhydride (2.3 parts) at 10.degree.C
      and allowed to stand for 4 hours. The solution was then diluted with light
      petroleum (80 parts) and filtered. The filtrate was evaporated to give an
      oil which solidified. This was recrystallised from a mixture of chloroform
      and petroleum to give 2-acetoxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl
      methanesulphonate (2.5 parts), melting point 84.degree.-85.degree.C.
PAC  EXAMPLE 11
PAR  To a solution of 2-hydroxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl
      methanesulphonate (10 parts) in water (100 parts) containing sodium
      hydroxide (15 parts) was slowly added acetic anhydride (10 parts) with
      cooling to keep the temperature below 10.degree.C. An oil separated which
      solidified on scratching. This was filtered off, washed with water, dried
      and recrystallised from 90% aqueous ethanol to give
      2-acetoxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl methanesulphonate,
      melting point 84.degree.-85.degree.C.
PAC  EXAMPLE 12
PAR  2-ethoxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl methanesulphonate (7
      parts) was treated with a mixture of acetic anhydride (20 parts) and
      sulphuric acid (0.6 parts) and left at 50.degree.C for 2 hours. The
      solution was then poured into an excess of ice and sodium bicarbonate. An
      oil precipitated which solidified and was filtered off and recrystallised
      from 90% aqueous ethanol to give
      2-acetoxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl methanesulphonate (6.6
      parts), melting point 83.degree.-85.degree.C.
PAC  EXAMPLE 13
PAR  A solution of 2-hydroxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl
      methanesulphonate (5 parts) in ether (85 parts) was treated at 10.degree.C
      with triethylamine (2.2 parts) and methanesulphonyl chloride (2.2 parts)
      and allowed to stand for 4 hours. The solution was then diluted with light
      petroleum (80 parts) and filtered through alumina. The filtrate was
      evaporated to dryness in vacuo and the residual oil solidified.
      Recrystallisation from a mixture of benzene and light petroleum gave
      2,3-dihydro-3,3-dimethylbenzofuran-2,5-ylene bis-methanesulphonate,
      melting point 56.degree.-58.degree.C.
PAC  EXAMPLE 14
PAR  To a solution of 2-hydroxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl
      methanesulphonate (12 parts) in ether (46 parts) was added methyl
      isocyanate (4.5 parts) and triethylamine (0.3 parts). The solution was
      left at room temperature for 2 hours and the solvent evaporated off. The
      crude product was recrystallised from a mixture of benzene and light
      petroleum to give
      2-methylcarbamoyloxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl
      methanesulphonate, melting point 126.degree.-127.degree.C.
PAR  Found: C, 48.55; H, 5.15; N, 4.65.  C.sub.13 H.sub.17 NO.sub.6 S requires:
      C, 49.52; H, 5.44; N, 4.44%.
PAC  EXAMPLE 15
PAR  The following was prepared by a similar method to that described in Example
      14.
PAR  2,3-dihydro-3,3-dimethyl-2-(m-chlorophenylcarbamoyloxy) benzofuran-5-yl
      methanesulphonate, m.p. 142-3.degree. C.
PAC  EXAMPLE 16
PAR  A solution of 2-hydroxy-2,3-dihydro-3,3-dimethyl benzofuran-5-yl methane
      sulphonate in ether was reacted with triethylamine and methyl
      chloroformate. The product was worked up to separate
      2,3-dihydro-3,3-dimethyl-5-methane sulphonyloxy benzofuran-2-yl
      methylcarbonate, melting point 88-9.degree.C.
PAR  In a similar way, using ethyl chloroformate in place of methyl
      chloroformate there was obtained 2,3-dihydro-3,3-dimethyl-5-methane
      sulphonyloxy benzofuran-2-yl ethyl carbonate, melting point 85-7.degree.C.
PAC  EXAMPLE 17
PAR  The following were prepared by a similar method to that described in
      Example 16.
PAR  2,3-dihydro-3,3-dimethyl-5-methanesulphonyloxybenzofuran-2-yl
      4-chloro-2-butynyl carbonate, m.p. 70.degree.-74.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-5-methanesulphonyloxybenzofuran-2-yl
      2-methoxyethyl carbonate, m.p. 50.degree.-52.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-5-methanesulphonyloxybenzofuran-2-yl isoamyl
      carbonate, m.p. 59.degree.-61.degree.C.
PAR  2,3-dihydro-3,3-dimethyl-5-ethanesulphonyloxybenzofuran-2-yl ethyl
      carbonate, m.p. 91-3.degree.C.
PAC  EXAMPLE 18
PAR  A solution of 2-hydroxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl
      methanesulphonate (20 parts), tertiary-butyl hydroperoxide (7 parts) and
      1,4-dihydroxybenzene (0.5 parts) in benzene (800 parts) containing
      sulphuric acid (0.5 parts) was gently boiled under reflux for 2 hours.
      After cooling, triethylamine (1 part) was added and the filtered solution
      was concentrated below 20.degree.C in vacuo, to give
      2-tert-butyl-peroxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl
      methanesulphonate (10 parts, 40% yield) as a yellow gum with infra-red and
      nuclear magnetic resonance spectra consistent with the assigned structure.
PAR  Analysis: Found: C, 54.60; H, 5.95. C.sub.15 H.sub.22 O.sub.6 S requires:
      C, 54.57; H, 6.67%.
PAC  EXAMPLE 19
PAR  A solution of 2-hydroxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl
      methanesulphonate (20 parts) in warm acetic acid (200 parts) was treated
      with 200 parts of a 20% aqueous solution of chromic oxide. After about 15
      seconds the mixture was poured into water and the solution extracted with
      ether. The extracts were thoroughly washed with aqueous sodium
      bicarbonate, then dried and the solvent evaporated to give
      2-oxo-2,3-dihydro-3,3-dimethyl-benzofuran-5-yl methanesulphonate (14
      parts, 70% yield), melting point 120.degree.-121.degree.C after
      recrystallisation from benzene-petroleum.
PAR  Analysis: Found: C, 51.80; H, 4.95. C.sub.11 H.sub.12 O.sub.2 S requires:
      C, 51.56; H4.72%.
PAC  EXAMPLE 20
PAR  The compounds listed in the table below were each formulated as an
      attaclay/sand dust and incorporated in John Innes I potting compost at a
      rate of 130 or 26 parts per million weight/volume active ingredient to
      soil (respectively approximately 50 or 10 lbs. active ingredient per acre
      cultivated to a depth of 2 inches). The treated soil samples were placed
      in anodised aluminium pans, 71/2 ins. long .times. 33/4 ins. wide .times.
      2 ins. deep. Seeds of peas (Pisum sativum), mustard (Sinapis alba),
      linseed (Linum usitatissmum), maize (Zea mays), oats (Avena sativa) and
      ryegrass (Lolium sp.) were sown in the treated soil, one species per pan,
      watered and placed in a controlled environment room (temperature
      22.degree.C, relative humidity 65-85%, artificial illumination 1200
      foot-candles for 14 hours per day) for 21 days. The plants were then
      visually assessed for any growth regulatory or herbicidal effects, all
      differences from untreated controls being scored on a scale from 0 to 100
      in which 0 signifies no effect and 100 signifies complete suppression. The
      activities against each species are tabulated below.
TBL  __________________________________________________________________________
     Compound          Rate Peas                                               
                                Mustard                                        
                                     Linseed                                   
                                          Maize                                
                                              Oats                             
                                                  Rye-                         
                       (lb/a)                     grass                        
     __________________________________________________________________________
     2-tert-butylperoxy-                                                       
     2,3-dihydro-3,3-di-                                                       
     methylbenzofuran-5-yl                                                     
                       10   55  90   84   100 100 99                           
     methanesulphonate                                                         
     2-oxo-2,3-dihydro-                                                        
     3,3-dimethylbenzofuran                                                    
                       50   97  98   94   100 100 98                           
     5-yl methanesulphonate                                                    
     2,3-dihydro-3,3-dimethyl-                                                 
     benzofuran-2,5-ylene                                                      
                       10   98  97   97    98  99 98                           
     bis-methanesulphonate                                                     
     2-acetoxy-2,3-dihydro-3,                                                  
     3-dimethylbenzofuran-5-yl                                                 
                       50   100 100  99    99 100 100                          
     methanesulphonate 10   75  80   90    98  98 95                           
     2,3-dihydro-3,3-dimethyl-5-                                               
     methanesulphonyloxy-benzofuran-                                           
     2-yl ethyl carbonate                                                      
                       10   70  60   75   100  98 99                           
     2-benzoyloxy-2,3-dihydro-                                                 
     3,3-dimethylbenzofuran-                                                   
                       50   99  95   99    98 100 100                          
     5-yl methanesulphonate                                                    
     2-isobutyryloxy-2,3-                                                      
     dihydro-3,3-dimethyl-                                                     
     benzofuran-5-yl   50   95  95   98    99 100 100                          
     methanesulphonate                                                         
     2,3-dihydro-3,3-dimethyl                                                  
     2-piperidino-benzofuran                                                   
                       50   85  99   99    99 100 100                          
     5-yl methanesulphonate                                                    
     2,3-dihydro-3,3-dimethyl                                                  
     2-morpholino-benzofuran                                                   
                       50   65  85   94    99 100 90                           
     5-yl methanesulphonate                                                    
     2,3-dihydro-3,3-dimethyl                                                  
     2-ethoxybenzofuran-5-                                                     
                       50   100 100  100  100 100 100                          
     yl methanesulphonate                                                      
     2,3-dihydro-3,3-dimethyl                                                  
     2-pyrrolidinobenzofuran                                                   
                       10   70  70   100   98 100 91                           
     5-yl methanesulphonate                                                    
     2,3-dihydro-3,3-dimethyl                                                  
     2-(4-methylpiperazino)                                                    
                       50   100 100  100  100 100 100                          
     benzofuran-5-yl methane-                                                  
     sulphonate                                                                
     2,3-dihydro-3-ethyl-2-                                                    
     (4-methylpiperazino)-                                                     
     benzofuran-5-yl methane                                                   
                       50   25  85   65   100 100 98                           
     sulphonate                                                                
     2,3-dihydro-3,3-dimethyl                                                  
     2-methoxybenzofuran-5-                                                    
                       50   100 100  100  100 100 100                          
     yl methanesulphonate                                                      
     2,3-dihydro-3,3-dimethyl                                                  
     2-isopropoxybenzofuran                                                    
                       50   80  100  98    99 100 85                           
     5-yl methanesulphonate                                                    
     2,3-dihydro-3,3-dimethyl                                                  
     2-allyloxybenzofuran-5-                                                   
                       50   90  100  100   88  97 80                           
     yl methanesulphonate                                                      
     2,3-dihydro-3,3-dimethyl                                                  
     2-(2-methoxyethoxy)                                                       
     benzofuran-5-yl methane                                                   
                       50   90  98   100   92  97 80                           
     sulphonate                                                                
     2,3-dihydro-3,3-dimethyl-                                                 
     2-propargyloxybenzofuran                                                  
                       50   80  100  100  100  98 90                           
     5-yl methanesulphonate                                                    
     2,3-dihydro-3,3-dimethyl-2-                                               
     morpholino-benzofuran-5-yl                                                
     chloromethanesulphonate                                                   
                       50   70  100  100  100  97 90                           
     2,3-dihydro-3,3-dimethyl                                                  
     2-hydroxybenzofuran-5-yl                                                  
                       10   85  80   96   100 100 99                           
     methanesulphonate                                                         
     2,3-dihydro-3,3-dimethyl-                                                 
     2-morpholinobenzofuran-5-                                                 
                       50   100 100  100   99 100 100                          
     yl ethanesulphonate                                                       
     2,3-dihydro-3,3-dimethyl-2-                                               
     ethoxybenzofuran-5-yl                                                     
                       50   90  100  98   100 100 97                           
     ethanesulphonate                                                          
     2,3-dihydro-3,3-dimethyl-                                                 
     2-morpholino-6-chlorobenzo                                                
                       50   91  99   85   100 100 90                           
     furan-5-yl methanesulphonate                                              
     2,3-dihydro-3,3-dimethyl-2-                                               
     (dimethylamino)benzofuran-5-                                              
                       10   60  70   90   100  98 100                          
     yl methanesulphonate                                                      
     __________________________________________________________________________
PAC  EXAMPLE 21
PAR  Seeds of peas, mustard, linseed, ryegrass, sugarbeet and oats were sown in
      anodised aluminium pans, 71/2 inches long .times. 33/4 inches wide .times.
      2 inches deep containing John Innes No. 1 potting compost. They were then
      watered and placed in a controlled environment room (22.degree.C, 65-85%
      relative humidity and 14 hours/day artificial illumination at 1200 foot
      candles). Fourteen days after sowing, the seedlings were sprayed with 50%
      aqueous acetone solutions of the compounds listed in the table below at
      rates equivalent to 10 lbs. of active ingredient in 80 gallons per acre.
PAR  After seven days' growth in a controlled environment room the plants were
      visually assessed for herbicidal response by comparison with untreated
      controls. The table below gives the herbicidal activity on a 0-100 scale
      in which 0 represents no effect and 100 represents complete kill.
TBL  __________________________________________________________________________
     Compound         Peas                                                     
                         Mustard                                               
                              Linseed                                          
                                   Rye Sugar                                   
                                           Oats                                
                                   grass                                       
                                       beet                                    
     __________________________________________________________________________
     2,3-dihydro-3,3-dimethyl-2-                                               
     piperidino-5-benzofuranul                                                 
                      45 65   65   70  24  75                                  
     methanesulphonate                                                         
     2,3-dihydro-3,3-dimethyl-2-                                               
     morpholino-5-benzofuranyl                                                 
                      45 65   65   72  30  75                                  
     methanesulphonate                                                         
     2,3-dihydro-3,3-dimethyl-2-                                               
     pyrrolidino-5-benzofuranyl                                                
                      90 95   95   95  35  90                                  
     methanesulphonate                                                         
     2,3-dihydro-3,3-dimethyl-2-                                               
     (4-methylpiperazino)-5-benzo-                                             
                      45 48   65   60  20  75                                  
     furanyl methanesulphonate                                                 
     2,3-dihydro-3-ethyl-2-piperi-                                             
     dino-5-benzofuranyl methane-                                              
                      30 45   32   65  20  85                                  
     sulphonate                                                                
     2,3-dihydro-3-ethyl-2-                                                    
     morpholino-5-benzofuranyl                                                 
                      35 65   65   65  20  85                                  
     methanesulphonate                                                         
     __________________________________________________________________________
PAC  EXAMPLE 22
PAR  Aqueous acetone solutions containing 2000 parts per million (ppm.) of the
      compounds listed in the table below together with 125 ppm. of a wetting
      agent were sprayed on to the leaves of young potato plants having seven
      fully expanded leaves, until the plants were completely wetted. After 24
      hours, the treated plants were inoculated with sporangia of the disease
      potato blight (Phytophthora infestans). The plants were then placed in a
      water saturated atmosphere for 24 hours and then kept in a controlled
      environment room (Temperature 18.degree.C, relative humidity 80-90% ) for
      5 days. At the end of this period, the percentage disease control was
      measured by comparison with control plants sprayed with a solution of
      wetting agent alone. Results were as follows:
TBL  Compound                 Control                                          
     ______________________________________                                    
     2,3-dihydro-3,3-dimethyl-2-pyrrolidinobenzofuran-5-yl methanesulphonate   
                              75%                                              
     2,3-dihydro-3-ethyl-2-piperidinobenzofuran-5-yl methanesulphonate         
                              90%                                              
     2,3-dihydro-3-ethyl-2-(4-methylpiperazino)benzofuran-5-yl                 
     methanesulphonate        80%                                              
     ______________________________________                                    
PAC  EXAMPLE 33
PAR  A wettable powder formulation was made up by grinding the following
      ingredients:
TBL  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-yl                          
     methanesulphonate           20%                                           
     Diatomaceous earth          70%                                           
     Hoe S2/268 (wetting/dispersing agent)                                     
                                  5%                                           
     Dyapol PT (dispersing agent)                                              
                                  5%                                           
     (Hoe S2/268 contains a sodium salt of a sulphated fatty alcohol/ethylene  
     oxide condensate. Dyapol PT is the sodium salt of a sulphonated           
     cresol/urea/formaldehyde condensate).                                     
PAC  EXAMPLE 24
PAR  A wettable powder formulation was made up by grinding the following
      ingredients:
TBL  2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-                          
     5-yl methanesulphonate      20%                                           
     China clay                  70%                                           
     Hoe S1/263 (wetting/dispersing agent)                                     
                                 10%                                           
     (Hoe S1/263 contains a mixture of a fatty alcohol/ethylene oxide          
     condensation product and an ethylene oxide/propylene oxide block          
     copolymer).                                                               
PAC  EXAMPLE 25
PAR  An aqueous suspension of 2-ethoxy-2,3-dihydro-3,3-dimethylbenzofuran-5-yl
      methane sulphonate was sprayed at a rate of 2 lbs per acre in 40 gallons
      on a plot in which cotton had been sown the previous day. After 6 weeks
      the cotton seedlings had developed with less than 15% of the weed
      infestation of unsprayed control plots in which the main weeds were
      Nutsedge (Cyperus rotundus) and Crabgrass (Digitaria sanguinalis).
PAC  EXAMPLE 26
PAR  1 ml. aliquots of acetone solutions of
      2,3-dihydro-3,3-dimethyl-2-morpholino-benzofuran-5-yl methanesulphonate,
      2,3-dihydro-3,3-dimethyl-2-(4-chloro-2-butynyloxy)benzofuran-5-yl
      methanesulphonate and
      2,3-dihydro-3,3-dimethyl-5-methanesulphonyloxybenzofuran-2-yl
      4-chloro-2-butynyl carbonate were applied to 9 cm. diameter filter papers
      placed in the bottom of 9 cm. diameter glass dishes at concentrations such
      as to produce deposits equivalent to 1000, 300 and 100 mg/sq. ft. The
      treated filter papers were then infested with adult house flies (musca
      domestica), covered with a glass lid and kept at 20.degree.C for 24 hours.
      At the end of this time all the flies were found to be dead.
PAR  It is to be noted that the benzofuranyl esters according to the invention
      where R.sup.4 is hydroxy, in aqueous alkaline solution form the
      corresponding open chain compound by opening of the furan ring at the
      oxygen atom; these derivatives possess similar properties to the
      benzofuranyl esters and are also embraced in the present invention. The
      derivatives are in the form of a salt of the alkali; the alkali used is
      preferably an alkali metal hydroxide, and the salt is an alkali metal salt
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A benzofuranyl compound of the formula
      ##EQU5##
      wherein R.sup.1, R.sup.2 and R.sup.3 are the same or different and are
      selected from the group consisting of hydrogen and alkyl of 1 to 6 carbon
      atoms,
PA1  R.sup.4 is --NR.sup.6 R.sup.7 wherein R.sup.6 and R.sup.7 are the same or
      different members selected from the group consisting of alkyl of 1-4
      carbon atoms and halogen substituted alkyl of 1 to 4 carbon atoms, or
      R.sup.6 and R.sup.7 together with the nitrogen to which they are attached
      form a heterocyclic ring selected from the group consisting of piperidino,
      morpholino, methyl piperazino and pyrrolidino,
PA1  R.sup.9 is a member selected from the group consisting of alkyl of 1 to 4
      carbon atoms, alkyl of 1 to 4 carbon atoms substituted by halogen, alkyl
      or 1 to 4 carbon atoms substituted by alkoxy of 1 to 6 carbon atoms,
      phenyl and phenyl substituted by alkyl of 1 to 4 carbon atoms, and
PA1  R.sup.10, r.sup.11 and R.sup.12 are the same or different and are selected
      from the group consisting of hydrogen, alkyl of 1 to 4 carbon atoms and
      halogen.
NUM  2.
PAR  2. A compound according to claim 1 which is of the formula
      ##EQU6##
      wherein R.sup.20 is a member selected from the group consisting of
      dialkylamino of 2 to 8 carbon atoms, piperidino, morpholino, 4-methyl
      piperazino and pyrrolidino,
PA1  R.sup.21 is a member selected from the group consisting of hydrogen and
      alkyl of 1 to 4 carbon atoms,
PA1  R.sup.22 and R.sup.23 are selected from the group consisting of hydrogen
      and alkyl of 1 to 6 carbon atoms,
PA1  R.sup.30 is alkyl of 1 to 4 carbon atoms, and
PA1  R.sup.24, r.sup.26 and R.sup.27 are selected from the group consisting of
      hydrogen, halogen and alkyl of 1 to 4 carbon atoms.
NUM  3.
PAR  3. A compound according to claim 1 wherein R.sup.9 is a member selected
      from the group consisting of alkyl of 1 to 4 carbon atoms, mono-chloro
      alkyl of 1 to 4 carbon atoms, alkyl of 1 to 4 carbon atoms monosubstituted
      by alkoxy of 1 to 6 carbon atoms, phenyl, and alkyl phenyl wherein the
      alkyl substituent is of 1 to 4 carbon atoms.
NUM  4.
PAR  4. A compound according to claim 1 wherein R.sup.6 and R.sup.7 are alkyl of
      1 to 4 carbon atoms or together with the nitrogen atom to which they are
      attached form a member from the group of morpholino, pyrrolidino,
      piperidino and methylpiperazino.
NUM  5.
PAR  5. A benzofuranyl compound according to claim 1 selected from
PA1  2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-yl methanesulphonate,
PA1  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl methanesulphonate,
PA1  2,3-dihydro-3,3-dimethyl-2-pyrrolidinobenzofuran-5-yl methanesulphonate,
PA1  2,3-dihydro-3,3-dimethyl-2(4-methylpiperazino) benzofuran-5-yl
      methanesulphonate,
PA1  2,3-dihydro-3-ethyl-2-piperidinobenzofuran-5-yl methanesulphonate,
PA1  2,3-dihydro-3-ethyl-2-morpholinobenzofuran-5-yl methanesulphonate,
PA1  2,3-dihydro-3-ethyl-2-(4-methylpiperazino)benzofuran-5-yl-methanesulphonate
PA1  2,3-dihydro-3,3-dimethyl-2-morpholino-6-chlorobenzofuran-5-yl
      methanesulphonate, and
PA1  2,3-dihydro-3,3-dimethyl-2-(dimethylamino)benzofuran-5-yl
      methanesulphonate.
NUM  6.
PAR  6. A compound according to claim 1 said compound being
      2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5 -yl methanesulphonate.
NUM  7.
PAR  7. A compound according to claim 1 said compound being
      2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl methanesulphonate.
NUM  8.
PAR  8. A benzofuranyl compound of the formula
      ##EQU7##
      wherein R.sup.1, R.sup.2 and R.sup.3 are the same or different and are
      hydrogen or alkyl of 1 to 6 carbon atoms;
PA1  R.sup.6 and R.sup.7 are the same or different and are alkyl of 1 to 4
      carbon atoms or together with the nitrogen atom to which they are attached
      form a member of the group of morpholino, pyrrolidino, piperidino or
      methylpiperazino;
PA1  R.sup.9 is alkyl of 1 to 4 carbon atoms, alkyl of 1 to 4 carbon atoms
      monosubstituted by chlorine or alkyl of 1 to 4 carbon atoms
      monosubstituted by alkoxy of 1 to 6 carbon atoms; and
PA1  R.sup.10, r.sup.11 and R.sup.12 are the same or different and are hydrogen,
      alkyl of 1 to 4 carbon atoms or chlorine.
NUM  9.
PAR  9. A compound according to claim 8 wherein R.sup.9 is alkyl of 1 to 4
      carbon atoms and R.sup.10, R.sup.11 and R.sup.12 are each hydrogen.
NUM  10.
PAR  10. A compound according to claim 8 wherein --NR.sup.6 R.sup.7 is
      pyrrolidino or piperidino.
NUM  11.
PAR  11. A compound according to claim 8 wherein --NR.sup.6 R.sup.7 is
      morpholino.
NUM  12.
PAR  12. A compound according to claim 8 wherein --NR.sup.6 R.sup.7 is
      4-methylpiperazino.
NUM  13.
PAR  13. A compound according to claim 8 wherein --NR.sup.6 R.sup.7 is
      dialkylamino of 2 to 8 carbon atoms.
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ABST
PAL  RDX is produced by reacting formaldehyde and an alkyl nitrile RCN, wherein
      is an alkyl group of 1 to 3 carbon atoms, in the absence of added
      solvents, to form a 1,3,5-triacylhexahydro-s-triazine and subjecting the
      latter, without separation thereof from the reaction mixture, to
      nitrolysis by contact with concentrated nitric acid to form RDX.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  RDX (1,3,5-trinitrohexahydro-s-triazine) is usually manufactured
      industrially by nitrolysis of hexamethylenetetramine with concentrated
      nitric acid. This conventional process has the disadvantage that a
      substantial amount of HMX (cyclotetramethylenetetranitramine) is formed as
      a by-product, which can exist in several polymorphic forms possessing high
      impact sensitivity and, unless completely removed, would increase the
      impact sensitivity of the RDX significantly.
PAR  U.S. Pat. No. 3,178,430 discloses a process for preparing RDX without the
      concurrent production of HMX by reacting a
      1,3,5-triacylhexahydro-s-triazine with concentrated nitric acid. As
      disclosed in the patent, the 1,3,5-triacylhexahydro-s-triazine
      intermediate, which was reacted with the nitric acid, was previously
      prepared by the method of the Journal of the American Chemical Society,
      Vol. 74, pages 5524-5(1952), wherein formaldehyde and the nitrile were
      reacted in the presence of carbon tetrachloride or other solvents, and the
      s-triazine formed was separated from the reaction mixture and purified by
      recrystallization from a solvent.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a process for the
      preparation of RDX by nitrolysis of the triazine intermediate without
      isolation thereof from the reaction mixture in which it is formed from
      formaldehyde and a nitrile.
PAR  Other objects will become apparent as the invention is further described.
PAR  In accordance with the process of the present invention, RDX is obtained in
      simple manner by reacting a formaldehyde, such as trioxane and
      paraformaldehyde, with a nitrile of the general formula RCN, wherein R is
      an alkyl group containing 1-3 carbon atoms, in the absence of added
      solvents to produce the corresponding 1,3,5-triacylhexahydro-s-triazine,
      and thereafter reacting the latter in situ, i.e., without separation
      thereof from the reaction mixture, with concentrated nitric acid.
PAR  The process of the present invention is relatively simple and efficient,
      produces RDX of high purity free from HMX, and eliminates the simmer
      purification for the destruction of linear by-products associated with the
      aforesaid conventional industrial RDX process.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples serve to illustrate specific embodiments of the
      method of carrying out the process of the present invention.
PAC  EXAMPLE 1
PAR  13.8 Grams (0.25 mol) of propionitrile and a catalytic amount (0.65 gram)
      of concentrated sulfuric acid were mixed and heated to gentle reflux of
      the nitrile in a glass flask provided with a dropping funnel, air driven
      agitator and reflux condenser. A solution of 15 grams (0.5 mol) of
      formaldehyde as trioxane in 13.8 grams (0.25 mol) of propionitrile was
      added to the flask contents during about 30 minutes at such a rate as to
      maintain the reflux. When the addition was about one-third complete, the
      triazine compound began to separate as a white solid; and when the
      addition was complete, the slurry was quite heavy with solids, and if
      allowed to cool, the slurry became a very viscous semisolid. After the
      addition of the propionitrile-trioxane solution was complete, the slurry
      was added slowly portionwise to about 10 volumes of 99% nitric acid, which
      was agitated in a glass flask cooled in an ice bath. The agitated reaction
      mixture was held for an additional 15 minutes with ice bath cooling,
      allowed to warm to ambient temperature for 15 minutes and then heated to
      about 60.degree.C. for 60 minutes. The reaction mixture was then allowed
      to cool to room temperature and drowned into five volumes of ice water.
      The precipitated RDX was filtered off, washed with water and dried. The
      RDX was thus obtained in high purity and 21% theory yield, based on the
      propionitrile.
PAC  EXAMPLE 2
PAR  The procedure described in example 1 for preparing the slurry of the
      1,3,5-tripropionylhexahydro-s-triazine intermediate was repeated using the
      following amounts of reactants:
PA1  2.12 grams (0.04 mol) propionitrile
PA1  1.15 grams (0.04 mol) formaldehyde as trioxane
PA1  0.05 gram (0.0005 mol) concentrated sulfuric acid.
PAL  The slurry was added during 8 minutes to 50 ml of 99% nitric acid cooled in
      an ice bath. The agitated reaction mixture was maintained in the ice bath
      for 15 minutes, allowed to warm to ambient temperature for 15 minutes and
      then heated to about 60.degree.C. for 60 minutes. The reaction mixture was
      poured over 200 grams of ice, and the precipitated RDX was filtered off,
      washed with water and dried. The RDX was thus obtained in 99+% purity and
      31% of theory yield, based on propionitrile.
PAR  In the foregoing example the ratio of HNO.sub.3 volume to slurry weight was
      15/1 and the total nitration reaction time was 90 minutes. When the
      foregoing example was repeated except that the HNO.sub.3 /slurry ratios
      were 7.5/1 and 10/1, the RDX was obtained in the same yield and quality.
      Lower yields of RDX were obtained when in the foregoing example the
      HNO.sub.3 /slurry ratio was 15/1 but the total nitration reaction time was
      considerably shorter (about 25 minutes) or longer (150 minutes).
PAR  The acid catalyzed reaction of nitriles and formaldehyde in the absence of
      solvents other than the nitrile to produce the corresponding
      1,3,5-triacylhexahydro-s-triazines is known (e.g. J. Am. Chem. Soc. 70,
      3079 (1948), U.S. Pat. No. 2,559,835). The reported yield of the
      tripropionyl derivative obtained from propionitrile is about 47% of theory
      based on propionitrile (see also J. Am. Chem. Soc. 74, 5524 (1952)).
      Further, the yields of RDX obtained by nitrolysis of
      1,3,5-tripropionylhexahydro-s-triazine with concentrated nitric acid as
      reported in U.S. Pat. No. 3,178,430 range from about 20% to about 75% of
      theory. It is evident from the foregoing that the present invention, by
      effecting the nitrolysis of the triazine intermediate without isolation
      and purificaton thereof from the reaction mixture in which it is formed,
      provides a simpler process, which can produce RDX in high purity and
      without loss of RDX yield from the initial nitrile. Further, in the
      present process, by eliminating the use of added solvents in the reaction
      of the nitrile and formaldehyde to form the triazine intermediate, the
      by-product contaminants are the respective carboxylic acid of the nitrile
      and/or derivatives of the nitrile and formaldehyde. These by-product
      contaminants are water soluble whereas the RDX is water soluble, so that
      the RDX can be isolated in high purity by diluting the nitration mixture
      with water and separating the RDX from the aqueous mixture containing the
      dissolved impurities, e.g. by filtration.
PAR  In similar manner nitriles of the foregoing general formula RCN other than
      propionitrile, e.g. acetonitrile and butyronitrile, can be reacted with
      formaldehyde, such as trioxane and paraformaldehyde, and the resulting
      1,3,5-triacylhexahydro-s-triazine nitrolyzed in situ with concentrated
      nitric acid.
PAR  The reaction conditions for producing the
      1,3,5-triacylhexahydro-s-triazines by acid catalyzed condensation of
      formaldehyde, such as paraformaldehyde and trioxane, with nitriles of the
      foregoing general formula in the absence of added solvents, as well as the
      conditions for the nitrolysis of the triazine derivative with concentrated
      nitric acid, are known and are generally suitable for use in the present
      process with the exception that in the nitration step of the present
      process the nitric acid is contacted with the triazine intermediate
      without isolation of the latter from the reaction slurry in which it is
      formed. Thus, for example, in the formation of the triazine intermediate,
      the amount of nitrile employed can be about 1 mol or more per mol of
      formaldehyde. In the nitrolysis step the concentration of the nitric acid
      used is preferably between 90 and 100% and especially 98-100%, and the
      ratio of the volume of the nitric acid to the weight of the slurry
      containing the triazine intermediate, is generally at least about 5 parts
      of nitric acid per part of reaction slurry. The nitric acid and triazine
      slurry are preferably mixed at about 0.degree.-20.degree.C, prior to
      heating to a temperature at which the nitrolysis rate is significant, i.e.
      at least about 40.degree.C. and up to the reflux temperature of the nitric
      acid, namely 80.degree.-85.degree.C. The yield of RDX produced is also
      affected by the duration of contact of the nitric acid with the triazine
      slurry in that a prolonged contact period generally tends to promote the
      production of by-products at the expense of RDX yield while an excessively
      short contact period results in an incomplete reaction and a low yield of
      RDX.
PAR  The foregoing disclosure is merely illustrative of the principles of this
      invention and is not to be interpreted in a limiting sense. I wish it to
      be understood that I do not desire to be limited to exact details of
      construction shown and described, because obvious modifications will occur
      to a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing 1,3,5-trinitrohexahydro-s-triazine, which
      comprises reacting formaldehyde with a nitrile of the general formula RCN,
      wherein R is an alkyl group of 1 to 3 carbon atoms, in the absence of
      added solvents to produce the corresponding
      1,3,5-triacylhexahydro-s-triazine, and contacting the resulting reaction
      mixture containing said triazine with concentrated nitric acid at a
      temperature sufficient to effect nitrolysis of said triazine to form
      1,3,5-trinitrohexahydro-s-triazine.
NUM  2.
PAR  2. The process of claim 1, wherein the nitrile is acetonitrile.
NUM  3.
PAR  3. The process of claim 1, wherein the nitrile is propionitrile.
NUM  4.
PAR  4. The process of claim 3, wherein about equimolecular proportions of
      propionitrile and formaldehyde as trioxane or paraformaldehyde are reacted
      in the presence of a catalytic amount of concentrated sulfuric acid to
      form 1,3,5-tripropionylhexahydro-s-triazine, and the resulting reaction
      mixture is contacted with 98-100% nitric acid to effect said nitrolysis.
NUM  5.
PAR  5. The process of claim 4, wherein one part by weight of the resulting
      reaction mixture containing the 1,3,5-tripropionylhexahydro-s-triazine is
      contacted with about from 7.5 to 15 parts by volume of 98-100% nitric acid
      to effect said nitrolysis.
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ABST
PAL  3-substituted cinnolinones having the following structural formula are
      disclosed:
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen, lower alkyl, aralkyl or acyl and R.sub.2 and
      R.sub.3 are hydrogen, halogen, lower alkoxy or lower alkyl, and X is
      ##EQU1##
      CH.sub.3 COOCH.sub.2 S-, or
      ##SPC2##
PAL  These compounds are useful as immunosuppressants.
PARN
PAR  This is a division of application Ser. No. 190,293 filed Oct. 18, 1971.
BSUM
PAR  The present invention relates to 3-substituted cinnolinones having the
      following structural formula:
      ##SPC3##
PAL  Wherein R.sub.1 is H, lower alkyl, aralkyl or acyl and R.sub.2 and R.sub.3
      are hydrogen, halogen, lower alkoxy or lower alkyl, and X is
      ##EQU2##
      ##SPC4##
      and CH.sub.3 COOCH.sub.2 S--.
PAR  In the above definitions for R.sub.1, R.sub.2 and R.sub.3 the term "lower
      alkyl" and the "alkyl" portion of lower alkoxy is meant to contain from 1
      to 6 carbon atoms such as methyl, ethyl, propyl, isopropyl and the like.
PAR  The term "aralkyl" is meant to be those groups such as phenyl lower alkyl,
      typically benzyl, phenethyl and the like.
PAR  The term "acyl" includes lower alkanoic acids from 1 to 6 carbons,
      typically acetic, propionic, and the like.
PAR  The compounds of this invention exhibit potent immuno-suppressant activity
      in a mammalian host. For example, when they are tested in accordance with
      the procedure described by Jerne, et al., in "Cell-Bound Antibodies," Page
      109, Wistar Institute Press, Philadelphia, Pennsylvania (1963), they are
      capable of inhibiting 90% of the antibody formation at a dose level of 100
      mg/kg intraperitoneally in rodents such as rat, guinea pig and the like.
PAR  These compounds are indicated as inhibitors of autoimmune responses; for
      example, in tissue or organ transplants where it is desirable to inhibit
      the host's immune responses. The dosage level is about 100 mg/kg body
      weight by intramuscular injection.
PAR  In order to use these compounds they are formulated with pharmaceutically
      acceptable diluents such as water for injection, sesame oil, and the like,
      by well known methods to the art into dosage forms suitable for
      intramuscular injection.
PAR  The above compounds are prepared in accordance with the following reaction
      scheme:
      ##SPC5##
PAR  Broadly speaking, starting compounds of Type II are diazotized to yield
      compounds of Type Ia. Subsequent alkylation by well known methods yields
      those compounds of the invention corresponding to structure Ib. Oxidation
      of Ib with per acids yields the sulfones Id and the reduction of Ib with
      Raney nickel gives the methylthio derivatives, Ic.
PAR  The compounds of the invention corresponding to structures Ia and Ib above
      undergo Pummerer rearrangement in presence of an acid anhydride to give
      products of type Ie.
      ##SPC6##
PAR  Compounds of Type Ie, upon refluxing with aqueous mineral acid are
      converted to compounds of Type If.
      ##SPC7##
PAL  Starting materials of Type II are prepared as follows:
      ##SPC8##
PAR  The starting materials for Compound II are in turn obtained from the
      following sources: isatoic anhydrides from Maumee Chemical Co., Toledo,
      Ohio; dimethylsulfoxide from Crown--Zellerbach Corp., Camas, Washington;
      NaH from Metal Hydrides, Inc., Beverly, Mass.; ethyl
      2-amino-4,5-dimethoxybenzoate was prepared according to Matsmoto, Ber.,
      11, 135.
PAR  In order to further illustrate the practice of this invention, the
      following examples are included:
PAR  Part A -- The preparation of starting material of Type II, Examples 1
      through 5.
PAR  Part B -- Preparation of final products, Examples 6 through 22.
PAC  PART A
PAC  EXAMPLE 1
      ##SPC9##
PAC  2'-amino-2-(methylsulfinyl)acetophene
PAR  Preparation of dimethylsulfoxide anion:
PAR  A mixture of 150 ml of dimethylsulfoxide, 350 ml of benzene and 12.7 g (0.3
      mole) of 57% sodium hydride-mineral oil dispersion is heated at
      70.degree.-75.degree.C for one hour with stirring under nitrogen. The
      resulting solution is cooled to 30.degree.C.
PAR  A quantity of 16.3 g (0.1 mole) of isotoic anhydride is added portion-wise
      over a period of 5 minutes. The temperature rises to 45.degree.C and is
      kept at 40.degree.-45.degree.C with mild cooling during the addition. The
      yellow-green solution is allowed to cool over a period of one-half hour
      when ether is added to two liters volume. The resulting precipitate is
      filtered off (hygroscopic), washed well with ether, dried somewhat and
      dissolved in 100 ml of water. The solution is treated with 15 g (0.25
      mole) of glacial acetic acid. Decarboxylation is spontaneous with
      evolution of carbon dioxide. After several minutes, solid potassium
      carbonate is added to neutralize and then to saturate the solution. The
      separated oil is extracted into 250 ml of ethyl acetate and the solution
      is dried (potassium carbonate) filtered and concentrated to give 10.9 g
      (55.3%) of a solid melting at 100.degree.-102.degree.C. The crude is
      recrystallized from ethyl acetate to give pure yellow crystals melting at
      101.degree.-103.degree.C.
PAR  Anal. Calcd for C.sub.9 H.sub.11 NO.sub.2 S: C, 54.80; H, 5.62; N, 7.10.
      Found: C, 55.05; H, 5.71; N, 7.15.
PAC  EXAMPLE 2
      ##SPC10##
PAC  2'-amino-4'-chloro-2-(methylsulfinyl)acetophenone
PAR  This compound was prepared by reacting a solution of 13.2 g of NaH (57%) in
      a mixture of 180 ml. of DMSO and 360 ml. of benzene with 16.8 g of methyl
      4-chlororanthranilate (J.A.C.S. 68 1287 (1946) Lutz, et al.) in analogous
      fashion to 2'-amino-4',5'-dimethoxy-2-(methylsulfinyl)acetophenone. The
      material was recrystallized from abs. ethanol, m.p.
      129.degree.-32.degree.; yield 15 g (72%).
PAR  Anal. Calcd for C.sub.9 H.sub.10 ClNO.sub.2 S: C, 46.65; H, 4.35; S, 13.84.
      Found: C, 46.56; H, 4.40; S, 13.87.
PAC  EXAMPLE 3
      ##SPC11##
PAC  2'-amino-5'-chloro-2-(methylsulfinyl)acetophenone
PAR  To a mixture of 600 ml. of benzene and 300 ml. of DMSO was added 22 g. of
      sodium hydride (55% suspension in mineral oil). The mixture was heated at
      ca. 75.degree. on a water bath under a stream of nitrogen for 1.5 hr., and
      the clear solution cooled to 25.degree. in an ice bath. The bath was
      removed and 29.4 g. of 6-chloroisatoic anhydride was added. The
      temperature rose to 45.degree.. The solution was stirred for 45 minutes
      and then diluted to ca. 2500 ml. with anhydrous ether. The precipitate was
      filtered off, washed with anhydrous ether, and dissolved in 175 ml. of
      H.sub.2 O. The solution was treated with 75 ml. of glacial acetic acid,
      and saturated with K.sub.2 CO.sub.3. A yellow precipitate formed. This was
      filtered, washed with cold H.sub.2 O, and recrystallized from CH.sub.3 CN,
      mp. 143.degree.-45.degree.; yield 15 g (43%).
PAR  Anal. Calcd for C.sub.9 H.sub.10 ClNO.sub.2 S: C, 46.65; H, 4.35; N, 6.05;
      S, 13.85. Found: C, 46.93; H, 4.35; N, 6.30; S, 13.68.
PAC  EXAMPLE 4
      ##SPC12##
PAC  2'-amino-5'-methyl-2-(methylsulfinyl)acetophenone
PAR  This compound was prepared by reacting a solution of 44 g of NaH (57%) in a
      mixture of 600 ml. of DMSO and 1200 ml. of benzene with 50 g of methyl
      5-methyl anthranilate (J. Med. Chem. 11 500) in analogous fashion to
      2'-amino-4',5'-dimethoxy-2-(methylsulfinyl)acetophenone. The material was
      recrystallized from ethyl acetate with the aid of charcoal, m.p.
      145.degree.-47.degree.; yield 30 g (47%).
PAR  Anal. Calcd for C.sub.10 H.sub.13 NO.sub.2 S: C, 56.85; H, 6.20; N, 6.63;
      S, 15.18. Found: C, 56.98; H, 6.21; N, 6.49; S, 15.02.
PAC  EXAMPLE 5
      ##SPC13##
PAC  2'-amino-4',5'-dimethoxy-2-(methylsulfinyl)acetophenone
PAR  To a mixture of 1 l of benzene and 500 ml of DMSO was added 40 g of NaH
      (55% in mineral oil). The mixture was heated with stirring at ca.
      78.degree. on a water bath under a stream of nitrogen. After 2 hr.
      hydrogen evolution had ceased, and the solution was clear. The solution
      was cooled to 25.degree. and 40 g. of ethyl 3,4-dimethoxy anthranilate was
      added with stirring. The temperature rose to 32.degree.. The mixture was
      stirred for 45 min. and diluted to 5 l. with anhydrous ether. The
      precipitated material was filtered, washed with anhydrous ether, and
      dissolved in 500 ml of H.sub.2 O. The aqueous solution was adjusted to ca.
      pH 6 with glacial acetic acid, and the oil that precipitated was extracted
      with five 100 ml. portions of chloroform. Comb. extracts were dried over
      Na.sub.2 SO.sub.4, and concentrated to a heavy oil under reduced pressure.
      On cooling the oil crystallized. It was recrystallized from abs. EtOH, mp.
      162.degree.-64.degree.; yield 34 g (50%).
PAR  Anal. Calcd for C.sub.11 H.sub.15 NO.sub.4 S: C, 51.35; H, 5.88; N, 5.44;
      S, 12.64. Found: C, 51.54; H, 5.97; N, 5.30; S, 12.63.
PAC  EXAMPLE 6
      ##SPC14##
PAC  6-methyl-3-(methylsulfinyl)-4(1H)-cinnolinone
PAR  This compound was prepared by diazotizing a solution of 18.5 g of
      2'-amino-5'-methyl-2-(methylsulfinyl)acetophenone in 500 ml of 1N HCl with
      6.3 g of NaNO.sub.2 in analogous fashion to
      6-chloro-3-(methylsulfinyl)-4(1H)-cinnolinone. The material was
      recrystallized from DMF, m.p. 265.degree.-67.degree.; yield 15 g (77%).
PAR  Anal. Calcd for C.sub.10 H.sub.10 N.sub.2 O.sub.2 S: C, 54.04; H, 4.54; N,
      12.60; S, 14.43. Found: C, 53.82; H, 4.63; N, 12.60; S, 14.56
PAC  PART B
PAC  EXAMPLE 7
      ##SPC15##
PAC  3-(Methylsulfinyl)-4(1H)-cinnolinone
PAR  A solution of 5.0 g (0.025 mole) of
      2'-amino-2-(methylsulfinyl)-acetophenone, 30 ml (0.03 mole) of cold
      (15.degree.C) 1N hydrochloric acid and 100 ml of cold water cooled to
      5.degree.C. A solution of 2.07 g (0.03 mole) of sodium nitrite in 10 ml of
      water was added over a period of 3 minutes with stirring, keeping the
      temperature at 5.degree.C. A deep red color developed as yellow solid
      separated. The mixture was allowed to warm up to 20.degree.C. After 15
      minutes at 20.degree. the product was filtered, washed with water,
      2-propanol and then ether. Wt 5.0 g (64%) mp. 266.degree.-269.degree..
      Recrystallization from N,N-dimethylformamide gave pure, white crystals
      melting at 274.degree.-276.degree.C.
PAR  Anal. Calcd. for C.sub.9 H.sub.8 N.sub.2 O.sub.2 S: C, 51.91; H, 3.87; N,
      13.45. Found: C, 51.89; H, 3.98; N, 13.41.
PAC  EXAMPLE 8
      ##SPC16##
PAC  6-Chloro-3-(methylsulfinyl)-4(1H)-cinnolinone
PAR  500 ml of 3N HCl was chilled to 0.degree. in an ice-salt bath, and 10 g of
      2'-amino-5'-chloro-2-(methylsulfinyl)acetophenone was added. The mixture
      was stirred until a clear solution was obtained, and a solution of 3.45 g
      of NaNO.sub.2 in 20 ml of H.sub.2 O was added with stirring at ca.
      0.degree.-3.degree.. The solution became first orange colored, and then a
      yellow precipitate formed. The ice bath was removed, and the mixture was
      stirred until room temperature was attained. The precipitate was filtered
      off, washed with H.sub.2 O, and recrystallized from dimethylformamide, mp.
      267.degree.-72.degree.; yield 5 g (44%).
PAR  Anal. Calcd. for C.sub.9 H.sub.7 ClN.sub.2 O.sub.2 S: C, 44.54; H, 2.91; N,
      11.54; S, 13.21. Found: C, 44.62; H, 2.98; N, 11.54; S, 12.96.
PAC  EXAMPLE 9
      ##SPC17##
PAC  7-Chloro-3-(methylsulfinyl)-4(1H)-cinnolinone
PAR  This was prepared in analogous fashion to
      6-chloro-3-(methylsulfinyl)-4(1H)-cinnolinone by diazotizing a suspension
      of 11 g of 2'-amino-4'-chloro-2-(methylsulfinyl) acetophenone in 250 ml of
      1N HCl with 3.5 g of NaNO.sub.2. The material was recrystallized from
      dimethyl formamide m.p. 285.degree.-90.degree.; yield 10 g (87%).
PAR  Anal. Calcd. for C.sub.9 H.sub.7 ClN.sub.2 O.sub.2 S: C, 44.54; H, 2.91; N,
      11.54. Found: C, 44.38; H, 3.07; N, 11.72.
PAC  EXAMPLE 10
      ##SPC18##
PAC  6,7-Dimethoxy-3-(methylsulfinyl)-4(1H)-cinnolinone
PAR  A solution of 20 g of 2'-amino-3',4'-dimethoxy-2-(methylsulfinyl)
      acetophenone in 250 ml of 1N HCl at 0.degree. was treated dropwise with
      stirring at 0.degree.-5.degree. with a solution of 5.6 g of NaNO.sub.2 in
      30 ml of H.sub.2 O. The solution became brown, and a peach colored
      precipitate formed. The mixture was allowed to warm up to room temperature
      and the precipitate was filtered, washed with cold H.sub.2 O, and
      recrystallized from dimethylformamide, mp. 303.degree.-05.degree.; yield
      17 g (81%).
PAR  Anal. Calcd. for C.sub.11 H.sub.12 N.sub.2 O.sub.4 S: C, 49.25; H, 4.51; N,
      10.44; S, 11.95. Found: C, 49.37; H, 4.75; N, 10.56; S, 11.85.
PAC  EXAMPLE 11
      ##SPC19##
PAC  1-Methyl-3-(methylsulfinyl)-4(1H)-cinnolinone
PAR  Dimethylsulfate [12.5 g (0.1 mole)] was added gradually to a vigorously
      stirred solution of 6.5 g (0.0298 mole) of
      3-(methylsulfinyl)-4(1H)-cinnolinone in 120 ml of 1N sodium hydroxide
      solution at 30.degree.C. The temperature rose to 40.degree. as the
      suspended dimethyl sulfate gradually went into solution over a period of
      15 minutes. After an additional one-half hour of stirring, potassium
      carbonate excess was added to salt-out an oil. The product was extracted
      into 800 ml of methylene chloride, the solution was dried over K.sub.2
      CO.sub.3, charcoaled, filtered and concentrated. Wt 6.4 g (96.7%) mp.
      187.degree.-189.degree.C. Recrystallization from 2-propanol-petroleum
      ether gave pure material, mp. 189.degree.-191.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.10 N.sub.2 O.sub.2 S: C, 54.04; H, 4.54; N,
      12.60; S, 14.43. Found: C, 54.00; H, 4.55; H, 12.53; S, 14.67.
PAC  EXAMPLE 12
      ##SPC20##
PAC  6-Chloro-1-methyl-3-(methylsulfinyl)-4(1H)-cinnolinone
PAR  To a solution of 10 g of 6-chloro-3-(methylsulfinyl)-4(1H) cinnolinone in
      160 ml of 1N NaOH, was added 15 g of (CH.sub.3).sub.2 SO.sub.4 with
      stirring. The temperature rose to ca 36.degree., and a thick pasty
      precipitate formed. After the mixture was allowed to stand for 0.5 hr., it
      was filtered. The solids were washed with H.sub.2 O, and recrystallized
      from abs. ethanol, mp. 231.5.degree.-34.5.degree. yield 6g (60%).
PAR  Anal. Calcd. for C.sub.10 H.sub.9 ClN.sub.2 O.sub.2 S: C, 46.79; H, 3.53;
      N, 10.91; S, 12.49. Found: C, 47.04; H, 3.60; N, 11.20; S, 12.49.
PAC  EXAMPLE 13
      ##SPC21##
PAC  [(6-Chloro-1,4-dihydro-1-methyl-4-oxo-3-cinnolinyl)thio]methanol acetate.
PAR  A mixture of 8 g of 6-chloro-1-methyl-3-(methylsulfinyl)-4(1H) cinnolinone
      and 30 ml of acetic anhydride was refluxed for  21/2 hrs. The resulting
      solution was allowed to stand at room temperature overnight. The
      crystalline precipitate was filtered off, washed with Skelly B, and
      recrystallized from CH.sub.3 CN, mp. 191.degree.-92.degree.; yield 6 g
      (65%).
PAR  Anal. Calcd. for C.sub.12 H.sub.11 ClN.sub.2 O.sub.3 S: C, 48.25; H, 3.71;
      N, 9.38; S, 10.73. Found: C, 48.22; H, 3.67; N, 9.59; S, 10.47.
PAC  EXAMPLE 14
      ##SPC22##
PAC  [(1-acetyl-6-chloro-1,4-dihydro-4-oxo-3-cinnolinyl)thio]methanol acetate
PAR  A mixture of 12 g of 6-chloro-3-(methylsulfinyl)-4(1H)-cinnolinone and 100
      ml of acetic anhydride was refluxed for 3 hours. The solution was chilled,
      and the crystalline precipitate filtered off, washed with Skelly B, and
      recrystallized from ethyl acetate, mp. 148.degree.-50.degree.; yield 4 g
      (24.5%).
PAR  Anal. Calcd. for C.sub.13 H.sub.11 ClN.sub.2 O.sub.4 S: C, 47.79; H, 3.39;
      N, 8.57; S, 9.81. Found: C, 48.06; H, 3.54; N, 8.49; S, 10.02.
PAC  EXAMPLE 15
      ##SPC23##
PAC  [(1-Acetyl-1,4-dihydro-6,7-dimethoxy-4-oxo-3-cinnolinyl)thio]methanol
      acetate
PAR  A mixture of 13 g of 6,7-dimethoxy-3-(methylsulfinyl)-4(1H) cinnolinone and
      500 ml of acetic anhydride was refluxed for 3 hours. The resulting
      solution was chilled, and the precipitate was filtered off, washed with
      Skelly B, and recrystallized from CH.sub.3 CN, mp.
      208.degree.-209.5.degree.; yield 11 g (63%).
PAR  Anal. Calcd. for C.sub.15 H.sub.16 N.sub.2 O.sub.6 S: C, 51.13; H, 4.58; N,
      7.95; S, 9.10. Found: C, 51.25; H, 4.65; N, 8.12; S, 9.28.
PAC  EXAMPLE 16
      ##SPC24##
PAC  6,7-Dimethoxy-1-methyl-3-(methylsulfinyl)-4(1H)-cinnolinone
PAR  A solution of 10 g of 6,7-dimethoxy-3-(methylsulfinyl)-4(1H)-cinnolinone in
      148 ml of 1 normal NaOH was treated with 14 g of (CH.sub.3).sub.2 SO.sub.4
      with stirring. As the (CH.sub.3).sub.2 SO.sub.4 dissolved, the temperature
      rose to ca. 35.degree. and a pasty precipitate formed. The mixture was
      stirred for 45 minutes and the precipitate was filtered off, washed with
      cold H.sub.2 O and recrystallized from CH.sub.3 CN, mp.
      262.degree.-64.degree.; yield 6 g (57%).
PAR  Anal. Calcd. for C.sub.12 H.sub.14 N.sub.2 O.sub.4 S: C, 51.05; H, 5.00; N,
      9.92; S, 11.36. Found: C, 51.32; H, 5.24; N, 10.13; S, 11.53.
PAC  EXAMPLE 17
      ##SPC25##
PAC  [(1,4-Dihydro-6,7-dimethoxy-1-methyl-4-oxo-3-cinnolinyl)thio]methanol
      acetate
PAR  A mixture of 11 g of
      6,7-dimethoxy-1-methyl-3-(methylsulfinyl)-4(1H)-cinnolinone and 100 ml of
      acetic anhydride was refluxed for 2 hours. The solution was chilled, and
      the crystalline precipitate was filtered off, washed with Skelly B, and
      recrystallized from CH.sub.3 CN, mp. 229.degree.-33.degree., yield 11 g
      (87%).
PAR  Anal. Calcd. for C.sub.14 H.sub.16 N.sub.2 O.sub.5 S: C, 51.84; H, 4.97; N,
      8.64; S, 9.89. Found: C, 51.86; H, 5.09; N, 8.41. S, 10.03.
PAC  EXAMPLE 18
      ##SPC26##
PAC  3,3'-Methylenedithiobis(6-chloro-1-methyl-4(1H)-cinnolinone)
PAR  A mixture of 10 g of
      [(6-chloro-1,4-dihydro-1-methyl-4-oxo-3-cinnolinyl)-thio]methanol acetate
      and 250 ml of 3N HCL was refluxed with stirring for 5 hours. The mixture
      was then chilled, and the precipitate filtered off washed with cold
      H.sub.2 O, and recrystallized from dimethylformamide, mp.
      352.degree.-54.degree.; yield 5.5 g (73%).
PAR  Anal. Calcd. for C.sub.19 H.sub.14 Cl.sub.2 N.sub.4 O.sub.2 S.sub.2 : C,
      49.04; H, 3.03; N, 12.04; S, 13.78. Found: C, 49.23; H, 3.22; N, 12.24; S,
      13.60.
PAC  EXAMPLE 19
      ##SPC27##
PAC  1-Methyl-3-(methylthio)-4(1H)-cinnolinone
PAR  A mixture of 0.4 g (0.0018 mole) of 1-methylsulfinyl)-4(1H)-cinnoline, 50
      ml of water and 3.5 g of Raney nickel was boiled with stirring for 10
      minutes. The cooled reaction mixture was filtered. The Raney nickel was
      extracted with 50 ml of methylene chloride. The dried (K.sub.2 CO.sub.3)
      extract concentrated to give 10 mg (2.7%) of yellow crystals melting at
      173.degree.-175.degree.. Recrystallization from benzene-petroleum ether
      gave pure material, m.p. 175.degree.-177.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.10 N.sub.2 OS: C, 58.23; H, 4.89; N, 13.58.
      Found: C, 58.44; H, 4.90; N, 13.64.
PAC  EXAMPLE 20
      ##SPC28##
PAC  1-Methyl-3-(methylsulfonyl)-4(1H)-cinnolinone
PAR  A quantity of 6.16 g (0.027 mole) of 85% m-chloroperbenzoic acid was added
      to a solution of 6.6 g (0.03 mole) of
      1-methyl-3-(methylsulfinyl)-4(1H)-cinnolinone in 100 ml of chloroform. The
      temperature rose to 45.degree. C. After 5 minutes the solution was brought
      to reflux for 5 minutes, cooled, mixed with 200 ml of 5% sodium
      bicarbonate and stirred for 10 minutes. Additional chloroform (300 ml) was
      added to dissolve the separated product. The organic layer was separated,
      dried over anhydrous potassium carbonate and concentrated to give 6.7 g
      (94.4%) of white product melting at 202.degree.-204.degree..
      Recrystallization from chloroform-methanol gave pure product melting at
      204.degree.-206.degree. C.
PAR  Anal. Calcd. for C.sub.10 H.sub.10 N.sub.2 O.sub.3 S: C, 50.41; H, 4.23; N,
      11.76. Found: C, 50.46; H, 4.30; N, 11.80.
PAC  EXAMPLE 21
      ##SPC29##
PAC  7-Chloro-1-methyl-3-(methylsulfonyl)-4(1H)-cinnolinone
PAR  This was prepared by oxidizing a solution of 10 g of
      7-chloro-1-methyl-3-(methylsulfinyl)-4(1H)-cinnolinone in 500 ml of
      CHCl.sub.3 with 7.5 g of m-chloroperbenzoic acid in analogous fashion to
      1-methyl-3-(methylsulfonyl)-4(1H)-cinnolinone. The material was
      recrystallized from CH.sub.3 CN, m.p. 270.degree.-72.degree.; yield 7.5 g
      (71%).
PAR  Anal. Calcd. for C.sub.10 H.sub.9 ClN.sub.2 O.sub.3 S: C, 44.04; H, 3.33;
      N, 10.27; S, 11.76. Found: C, 44.32; H, 3.22; N, 10.29; S, 12.05.
PAC  EXAMPLE 22
      ##SPC30##
PAC  1,6-dimethyl-3-(methylsulfinyl)-4(1H)-cinnolinone
PAR  This compound was prepared by reacting a solution of 8 g of
      6-methyl-3-methylsulfinyl)-4(1H)-cinnolinone in 145 ml of 1N NaOH with
      13.5 g of dimethylsulfate in analogous fashion to
      1-methyl-3-(methylsulfinyl)-4(1H)-cinnolinone. The material was
      recrystallized from ethyl acetate, m.p. 173.degree.-75.degree.; yield 5.5
      g (65%).
PAR  Anal. Calcd for C.sub.11 H.sub.12 N.sub.2 O.sub.2 S: C, 55.91; H, 5.12; W,
      11.86; S, 13.57. Found: C, 56.19; H, 5.17; N, 11.97; S, 13.71.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a compound of formula I:
      ##SPC31##
PAL  wherein R.sub.1 is methyl, and R.sub.2 and R.sub.3 are hydrogen, chlorine,
      methyl and methoxy, comprising the steps of:
PA1  a. treating compounds of formula II:
      ##SPC32##
PA1  with sodium nitrite and hydrochloric acid to give a compound of formula
      III:
      ##SPC33##
PA1  wherein R.sub.2 and R.sub.3 are as hereinbefore defined;
PA1  b. treating compounds of formula III wherein R.sub.2 and R.sub.3 are as
      hereinbefore defined with a dialkylsulfate having 1 to 6 carbon atoms in
      the alkyl residue and an alkali metal hydroxide; and
PA1  c. recovering the products of formula I wherein R.sub.1, R.sub.2 and
      R.sub.3 are as hereinbefore defined.
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ABST
PAL  1-isopropyl-7-methyl-4-(p-fluorophenyl)-2(1H)-quinazolinone useful, for
      example, as a highly active anti-inflammatory agent of extended half line.
      The compound may be prepared by any of several processes, e.g. by reacting
      a 2-isopropylamino-4-methylbenzophenone with potassium isocyanate.
PARN
PAR  This is a continuation of application Ser. No. 233,289 filed Mar. 9, 1972,
      now abandoned.
BSUM
PAR  The present invention relates to the compound
      1-isopropyl-7-methyl-4-(p-fluorophenyl)-2(1H)-quinazolinone having the
      structural formula I:
      ##SPC1##
PAR  The invention also relates to the use of such compound as a pharmaceutical
      agent, e.g. as an anti-inflammatory agent having potent and long acting
      anti-inflammatory activity.
PAR  The compound of the invention may be prepared:
PA1  A. by cyclizing a compound of the formula II:
      ##SPC2##
PA1  with a compound selected from the group of:
PA2  I. a C.sub.1-5 alkyl carbamate
PA2  Ii. urea
PA2  Iii. carbamyl chloride
PA2  Iv. isocyanic acid,
PA1  At an elevated temperature, provided that when a C.sub.1-5 alkyl carbamate
      is employed, the process is effected at a temperature of at least
      140.degree.C and in the presence of a catalytic amount of a Lewis acid, or
PA1  B. by cyclizing a compound of the formula II, above, by reaction with an
      acid chloride or bromide and a compound of the formula III:
EQU  M-N=C=O III
PA2  in which M signifies an alkali metal or alkaline earth metal, or the
      ammonium cation,
PA1  Or with the reaction product of an acid chloride or bromide and a compound
      of the formula III, above stated,
PA1  C. by cyclizing a compound of the formula IV
      ##SPC3##
PA1  with a carbonic acid derivative selected from the group of:
PA2  I. a C.sub.1-5 alkyl chlorocarbonate,
PA2  Ii. a C.sub.1-5 alkyl carbamate,
PA2  Iii. a 1,1'-carbonyldiimidazole, and
PA2  Iv. phosgene, or
PA1  D. by oxidizing a compound of the formula V:
      ##SPC4##
PA1  in which Z is oxygen or sulfur, or
PA1  E. by reacting a compound of the formula VI,
      ##SPC5##
PA2  in which M' signifies an alkali metal atom, with a compound of the formula
      VII:
      ##EQU1##
      in which X' signifies a chlorine, bromine or iodine atom, in the presence
      of an organic solvent which is inert under the reaction conditions, or
PA1  F. by reacting a compound of the formula VIII:
      ##SPC6##
PA2  in which Y' signifies a fluorine, chlorine or bromine atom, with ammonia,
      or
PA1  G. by hydrolyzing a compound of the formula IX:
      ##SPC7##
PA1  at a temperature of from 10.degree.C. to 150.degree.C., or
PA1  H. by dehydrogenating a compound of the formula X:
      ##SPC8##
PAR  Process (a)(i) is conveniently carried out at a temperature of from
      140.degree.C. to 200.degree.C., the preferred Lewis acid being zinc
      chloride and the preferred carbamate being ethyl carbamate. If desired,
      the reaction may be carried out in an organic solvent which is inert under
      the reaction conditions, e.g. o-dichlorobenzene, but this is not necessary
      since an excess of the carbamate can be used for this purpose. Depending
      on the particular conditions employed, a suitable reaction time is from
      about 30 minutes to about 4 hours.
PAR  Process (a)(ii) is conveniently carried out at temperatures in the range of
      from 80.degree.C. to 220.degree.C. In one manner of effecting the process,
      the reaction may be carried out in the absence of added solvent at a
      temperature of from 140.degree.C. to 220.degree.C., preferably
      180.degree.C. to 210.degree.C., as described in Japanese Pat. No.
      20865/63, published Sept. 16, 1963. In another and more preferred mode of
      effecting the process, the reaction is carried out at temperatures of from
      80.degree.C. to 160.degree.C., preferably 100.degree.C. to 130.degree.C.,
      conveniently at the reflux temperature of the system, in the presence of a
      lower monocarboxylic acid of 2 to 4 carbon atoms, preferably acetic acid,
      the mol ratio of urea to the compound II being at least 3:1 up to 20:1 or
      more, preferably 4:1 to 15:1, and more preferably 5:1 to 10:1, and the mol
      ratio of carboxylic acid to urea being at least 2:1, preferably 4:1 to
      12:1.
PAR  Process (a)(iii) may be effected conveniently at temperatures in the range
      of 140.degree.C. to 220.degree.C. in similar manner to that in which
      process (a)(ii) may be carried out in absence of a solvent.
PAR  Process (a)(iv) is suitably effected at a temperature of from 50.degree.C.
      to 150.degree.C., preferably 100.degree.C. to 140.degree.C. The isocyanic
      acid is well known to be unstable and are therefore desirably prepared in
      situ. Thus, the process may be effected in acidic medium employing a salt
      of the isocyanic acid, preferably an alkali metal, e.g. sodium or
      potassium salt or most preferably, the ammonium salt. The acid employed to
      produce in situ the desired isocyanic acid from the salt is preferably a
      lower carboxolic acid, desirably acetic acid, which may also be
      conveniently employed as a solvent for the reaction.
PAR  Process (b) is conveniently effected in an organic solvent which is inert
      under the reaction conditions, at a temperature of from 10.degree.C. to
      80.degree.C., preferably 30.degree.C. to 70.degree.C. As indicated, the
      process may be effected by reacting a compound of formula II with the
      reaction product of an acid chloride or bromide and a compound of formula
      III and it is generally preferred to first react the acid halide and
      compound of formula III and then add the compound of formula II to the
      resulting reaction mixture. The reaction of the acid halide and compound
      III is exothermic and is preferably initiated at a temperature of from
      10.degree.C. to 30.degree.C. It will be understood that the acid halides
      employed should not carry substituents or functional groups which would
      interfere with the process. Suitable acid halides include acetyl chloride
      and benzoyl chloride, preferably benzoyl chloride. Naturally, the most
      suitable compounds of formula III are those most readily reacting with the
      acid halide to eliminate, as a by-product, a halide of the cation M.
      Suitably, the compound of formula III is an alkali metal isocyanate such
      as sodium isocyanate or ammonium isocyanate, and preferably ammonium
      isocyanate. Suitable solvents included lower alcohols, ketones and cyclic
      ethers, acetone being preferred. Treatment of the resulting reaction
      mixture with a strong base such as aqueous sodium hydroxide at elevated
      temperatures may be employed to enhance the cyclization which yields the
      desired product.
PAR  Process (c)(i) involving reaction of a compound of formula IV with methyl
      chlorocarbonate or ethyl chlorocarbonate, preferably ethyl
      chlorocarbonate, may be suitably carried out at a temperature of from
      30.degree.C. to 150.degree.C., preferably 60.degree.C. to 100.degree.C.
      The reaction may be carried out in an organic solvent which is inert under
      the reaction conditions, suitably an aromatic hydrocarbon, e.g. benzene,
      toluene, or xylene, preferably benzene. Other suitable solvents include
      dioxane. The mole ratio of the chlorocarbonate to the compound of formula
      IV is not critical but the reaction is preferably carried out with a
      substantial excess of the chlorocarbonate. The reaction time may, for
      example, range from 1/2 hour to 10 hours, more usually 1 to 4 hours. The
      cyclisation with the chlorocarbonate may be optionally carried out in the
      presence of an acid-binding agent such as an inorganic base, e.g. sodium
      carbonate or potassium carbonate, or a tertiary amine, e.g. a
      trialkylamine or pyridine, more preferably triethylamine.
PAR  Process (c)(ii) is suitably carried out at a temperature of from
      140.degree. to 200.degree.C., preferably 160.degree. to 180.degree.C. The
      mole ratio of the alkyl carbamate, preferably urethane, to the compound of
      formula IV is not critical. In the preferred forms of practice, there is
      employed a substantial excess of carbamate which also serves as the
      preferred solvent for the reaction. Other suitable high-boiling organic
      solvents which are inert under the reaction conditions may alternatively
      or additionally be employed, if desired. The reaction time may for example
      range for 1/2 to 10 hours, more usually 1 to 4 hours. The cyclisation with
      the carbamate is optionally and preferably conducted in the presence of a
      Lewis acid as catalyst for the reaction. The amount of Lewis acid employed
      is preferably between 5% to 20% based on the weight of compound in the
      reaction mixture. The preferred catalyst is zinc chloride.
PAR  Process (c) (iii) is suitably carried out at a temperature of from
      20.degree.C. to 120.degree.C., preferably 60.degree.C. to 90.degree.C. The
      reaction is preferably carried out in an organic solvent which is inert
      under the reaction conditions, suitably an aromatic hydrocarbon, e.g.
      benzene, toluene or xylene, especially benzene. An excess of
      1,1'-carbonyldiimidazole is preferably employed.
PAR  Process (c) (iv) is suitably carried out at a temperature of from
      0.degree.C. to 50.degree.C., preferably 10.degree.C. to 30.degree.C. The
      reaction may be carried out in an organic solvent which is inert under the
      reaction conditions, suitably an aromatic hydrocarbon, e.g. benzene,
      toluene or xylene, preferably benzene. The mole ratio of phosgene to the
      compound of formula IV is not particularly critical but a substantial
      excess of phosgene is preferably employed. The process may optionally be
      carried out in the presence of an acid-binding agent such as an inorganic
      base, e.g. sodium or potassium carbonate, or a tertiary amine, e.g. a
      trialkylamine or pyridine, preferably triethylamine.
PAR  Process (d) is suitably carried out in an organic solvent which is inert
      under the reaction conditions, at a temperature of from 0.degree. to
      120.degree.C., typically from 15.degree. to 100.degree.C. and preferably
      from 15.degree. to 40.degree.C. with the proviso that the oxidation is
      conducted in the presence of water when Z is sulfur. The oxidation may be
      carried out employing any oxidizing agent suitable for converting an
      organic amino moiety to an imino moiety, for example an alkali metal
      permanganate, such as sodium or potassium permanganate, manganese dioxide
      and mercuric acetate, preferably potassium permanganate. Suitable solvents
      include aromatic solvents, such as benzene, and acyclic or cyclic ethers,
      such as dioxane, and lower alkanols, such as methanol and ethanol. In
      general, it is preferred to use an alkali metal permanganate in a solvent
      medium comprising water and a water-miscible organic solvent.
PAR  Process (e) is conveniently carried out at room temperature (approximately
      20.degree.C.), or at elevated temperatures up to about 100.degree.C.
      Suitable organic solvents which are inert under the reaction conditions
      include dimethylacetamide, diethylacetamide, dimethylformamide,
      dimethylsulfoxide and dioxane. Preferably the compound of formula VI is a
      sodium or potassium salt, and the compound of formula VII is preferably
      the iodide.
PAR  Process (f) is conveniently effected at a temperature of from 0.degree. to
      50.degree.C., preferably 15.degree. to 30.degree.C. The process may
      suitably be carried out in the presence of an organic solvent which is
      inert under the reaction conditions, such as a lower alkanol, e.g.
      methanol or ethanol.
PAR  Process (g) is preferably effected by alkaline hydrolysis of the compound
      of formula IX at a temperature of from 50.degree. to 150.degree.C.,
      preferably 80.degree. to 120.degree.C. The preferred reagents for
      effecting the alkaline hydrolysis are alkali metal hydroxides such as
      sodium and potassium hydroxide. The reaction is conveniently carried out
      in an aqueous solvent medium comprising water and a water-miscible organic
      solvent which is inert under the reaction conditions, such as a lower
      alkanol, e.g. ethanol, or a cyclic ether, e.g. dioxane, and preferably
      dioxane.
PAR  Process (g) may also be effected by oxidative hydrolysis of the compound of
      formula IX, in an aqueous alkaline medium at a temperature of from
      10.degree. to 80.degree.C., preferably 15.degree. to 60.degree.C. The
      oxidative hydrolysis is preferably effected in an alkaline medium
      employing a peroxide, preferably a hydroperoxide and more preferably
      hydrogen peroxide. The peroxide is preferably used in moderate excess,
      typically about 1.5 to 4 molar equivalent excess. An alkali metal
      hydroxide, e.g. sodium or potassium hydroxide, is suitably employed to
      provide the alkaline medium and is preferably employed in large excess.
      The alkaline oxidative hydrolysis is conveniently carried out in an
      aqueous solvent medium comprising water and an organic solvent which is
      inert under the reaction conditions, such as a lower alkanol or cyclic
      ether.
PAR  Process (h) is carried out in the presence of a dehydrogenating agent, such
      as sulfur, selenium, a benzoquinone such as
      2,3,5,6-tetrachloro-1,4-benzoquinone and
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone, tetracyanoethylene or
      triphenylmethyl perchlorate or a dehydrogenation catalyst, such as
      palladium on charcoal or nickel. Where a dehydrogenating agent such as
      sulfur or a benzoquinone is used, at least 2 mols per mol of the compound
      X are employed, with the preferred amount being about 2 to 2.5 mols. Where
      a dehydrogenation catalyst is used, a catalytic amount sufficient to cause
      removal of two molecules of hydrogen per mole of compound of formula X is
      employed. Temperatures in the range of about 60.degree. to 180.degree.C.,
      are employed. The particular temperatures, as well as the reaction time
      will depend upon the particular dehydrogenating agent or catalyst. A
      solvent is also used, such as xylene or other organic liquid having a
      sufficiently high boiling point. When a dehydrogenation catalyst is used,
      a hydrogen scavenger, such as nitrobenzene, is employed in place of or in
      addition to other solvents.
PAR  The resulting compound of the formula I may be isolated and purified from
      the above-described procedures using conventional techniques.
PAR  The compounds of the formulae II, IV, V, VI, VIII and IX employed as
      starting materials in the above-described processes (a) thru (g) may be
      produced from available materials by known procedures.
PAR  The compounds of the formula X employed as starting material in process (h)
      is preferably prepared by cyclizing the compound of the formula XI:
      ##SPC9##
PAL  or a salt form thereof, with phosgene in a manner analogous to process (c)
      (iv).
PAR  The compound of the formula XI is preferably prepared by reacting the
      compound of the formula XII
      ##SPC10##
PAL  with the compound of the formula XIII:
      ##SPC11##
PAL  in the presence of a strong base, followed by quenching with water.
PAR  The preparation of compound XI by reaction of the compound XII with the
      compound XIII is preferably carried out in stages with the compound XII
      being first reacted with a strong base capable of removing a hydrogen atom
      from the methylene group in the cyclohexane ring adjacent to the imino
      function of compound XII to provide the desired anion for reaction with
      the compound of formula XIII. Such bases include the alkali metal salts,
      especially the lithium salt, of secondary amines such as diethylamine,
      dimethylamine and diisopropylamine, as well as other bases such as methyl
      magnesium iodide. Lithium diisopropylamide, because of its relatively
      large size, is preferred. One mol of the strong base and up to about 1.2
      mols can be used per mol of the compound of formula XII, preferably
      equimolar amounts are used. The temperature of the reaction mixture is
      maintained at about 20.degree. to 80.degree.C. Generally, the compound of
      formula XII in a suitable solvent such as benzene, is added to a solution
      of the base in a suitable solvent and allowed to react for about 10 to 60
      minutes. The compound of formula XIII, neat or in a suitable inert
      solvent, is then added to the reaction mixture of the base and compound
      XII. The resulting reaction mixture containing the salt of formula A can,
      at this point, be treated analogously to process (c)(iv), above, to yield
      directly the compound of formula X, suitable temperature control being
      exercised, as this reaction is exothermic. However, the salt of the
      formula A is advantageously quenched with water to obtain the compound of
      formula XI, which can be reacted in situ with phosgene to form compound X,
      but is preferably extracted and washed first using conventional methods.
PAR  The salt of the formula A above referred to may be represented as follows:
      ##SPC12##
PAL  in which X is a metal, preferably lithium.
PAR  The compound of formula XII can be prepared by reacting a compound of
      formula XIV
      ##SPC13##
PAL  with the compound of formula XV
      ##EQU2##
      to eliminate one molecule of water, conveniently in the presence of a
      molecular sieve or a dehydrating agent, such as alumina, calcium chloride,
      phosphorus pentoxide or mixtures thereof. This reaction can be carried out
      at temperatures from 0.degree. to about 80.degree.C., conveniently
      20.degree. to 30.degree.C. Preferably, the reaction is carried out in
      absence of added solvents using an excess of the isopropylamine which may
      be later removed by vacuum distillation after removal of the dehydrating
      agent.
PAR  The compounds of the formulae XIII, XIV and XV are either known per se or
      can be produced in a known manner from available materials.
PAR  The compound of formula I is useful because it possesses pharmaceutical
      activity in mammals. In particular, the compound I is useful as an
      anti-inflammatory agent as indicated, for example, by the
      Carrageenan-induced edema test in rats. For the above-mentioned use, the
      dosage administered will, of course, vary depending upon known factors
      such as severity of the condition being treated and mode of
      administration. However, in general, satisfactory results are obtained
      when administered at a daily dosage of from about 0.5 milligrams to about
      100 milligrams per kilogram of body weight, preferably given in divided
      doses 2 to 4 times a day, or in sustained release form. For most mammals,
      the administration of from about 40 milligrams to about 2000 milligrams of
      the compound per day provides satisfactory results and dosage forms
      suitable for internal administration comprise from about 10 milligrams to
      about 1000 milligrams of the compound in admixture with a solid or liquid
      pharmaceutical carrier or diluent.
PAR  The compound of the formula I is also useful as a potent analgesic as
      indicated, for example, by application of pressure to yeast-inflammed foot
      of the rat (oral administration). For such use, the compound may be
      administered to obtain satisfactory results in modes and forms similar to
      those employed in the treatment of inflammation and at dosages indicated
      above as applicable for the use of the compound in the treatment of
      inflammation.
PAR  The compound of the formula I may be distinguished from structurally
      similar quinazolinones having anti-inflammatory effect by exhibiting a
      high level of anti-inflammatory activity over extended periods of time
      following administration, as indicated by tests in higher mammals, such as
      man.
PAR  For the above usages, oral administration with pharmaceutically acceptable
      carriers may take place in such conventional forms as tablets, dispersible
      powders, granules, capsules, syrups and elixirs. Such compositions may be
      prepared according to any method known in the art for the manufacture of
      pharmaceutical compositions, and such compositions may contain one or more
      conventional adjuvants, such as sweetening agents, flavoring agents,
      coloring agents, and preserving agents, in order to provide an elegant and
      palatable preparation. Tablets may contain the active ingredient in
      admixture with conventional pharmaceutical excipients, e.g., inert
      diluents such as calcium carbonate, sodium carbonate, lactose and talc,
      granulating and disintegrating agents, e.g., starch and alginic acid,
      binding agents, e.g. magnesium stearate, stearic acid and talc. The
      tablets may be uncoated or coated by known techniques to delay
      disintegration and adsorption in the gastro-intestinal tract and thereby
      provide a sustained action over a longer period. Similarly, suspensions,
      syrups and elixirs may contain the active ingredient in admixture with any
      of the conventional excipients utilized for the preparation of such
      compositions, e.g. suspending agents (methylcellulose, tragacanth and
      sodium alginate), wetting agents (lecithin, polyoxyethylene stearate and
      polyoxyethylene sorbitan monooleate) and preservatives
      (ethyl-p-hydroxy-benzoate). Capsules may contain the active ingredient
      alone or admixed with an inert solid diluent, e.g. calcium carbonate,
      calcium phosphate and kaolin. The preferred pharmaceutical compositions
      from the standpoint of preparation and ease of administration are solid
      compositions, particularly hard-filled capsules and tablets.
PAR  A representative formulation is a capsule prepared by conventional
      techniques and containing the following ingredients:
TBL  Ingredient           Parts by Weight                                      
     ______________________________________                                    
     Compound of formula I                                                     
                           50                                                  
     Inert solid diluent, e.g. kaolin                                          
                          200                                                  
     ______________________________________                                    
DETD
     EXAMPLE 1
PAR  A solution of 8.5 g. of 2-isopropylamino-4-methyl-4'-fluoro-benzophenone
      and 4.2 g. of potassium isocyanate in 100 ml. of glacial acetic acid is
      stirred at 60.degree.-70.degree.C. for 20 hours. The resulting mixture is
      treated with a mixture of ice and water and extracted three times with
      methylene chloride. The organic phases are combined, washed twice with
      water, once with sodium bicarbonate solution and again with water followed
      by drying and evaporation in vacuo. The residue is dissolved in a small
      amount of methylene chloride and precipitated by adding pentane. The
      resulting solid is redissolved in methylene chloride, treated with
      charcoal and diethyl ether exchanged for the methylene chloride to obtain
      a solid which is dried in a high vacuum at 60.degree.C. to yield
      1-isopropyl-7-methyl-4-(p-fluorophenyl)-2(1H)-quinazolinone, m.p.
      172.degree.-174.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The compound of the formula:
      ##SPC14##
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ABST
PAL  Compounds of the formula
      ##EQU1##
      wherein n is 4 or 5, and non-toxic, pharmacologically acceptable acid
      addition salts thereof; the compounds as well as their salts are useful as
      .beta.-adrenergic receptor blocking agents.
PARN
PAR  This a continuation-in-part of copending application Ser. No. 57,353, filed
      July 22, 1970, now U.S. Pat. 3,755,413 issued Aug. 28, 1973.
BSUM
PAR  This invention relates to novel
      1-(2'-ethynyl-phenoxy)-2-hydroxy-3-(cycloalkyl-amino)-propanes and acid
      addition salts thereof, as well as to a method of preparing these
      compounds.
PAR  More particularly, the present invention relates to a novel class of
      compounds represented by the formula
      ##EQU2##
      wherein n is 4 or 5, and non-toxic, pharmacologically acceptable acid
      addition salts thereof.
PAR  The compounds embraced by formula I may be prepared by reacting the epoxide
      of the formula
      ##EQU3##
      with a cycloalkylamine of the formula   wherein n has the same meanings as
      in formula I.
PAR  The starting compounds of the formulas II and III are known compounds and
      may be prepared by conventional methods.
PAR  The compounds according to the present invention comprise an asymmetric
      carbon atom in the CHOH-group and therefore occur as racemates as well as
      in the form of optical antipodes. The latter may be obtained by means of
      separation of racemates with the usual auxiliary acids, such as
      dibenzoyl-D-tartaric acid or D-3-bromo-camphor-8-sulfonic acid.
PAR  The 1-phenoxy-3-cycloalkylamino-propanols of the formula I according to the
      invention may be converted into non-toxic, pharmaceutically acceptable
      acid addition salts in conventional fashion. Examples of such salts are,
      for instance, those formed with hydrochloric acid, hydrobromic acid,
      sulfuric acid, methane-sulfonic acid, maleic acid, acetic acid, oxalic
      acid, lactic acid, tartaric acid, 8-chlorotheophylline or the like.
PAR  The following examples further illustrate the present invention and will
      enable others skilled in the art to understand it more completely. It
      should be understood, however, that the invention is not limited solely to
      the particular examples given below.
DETD
PAC  EXAMPLE 1
PAC  1-(2'-Ethynyl-phenoxy)-2-hydroxy-3-[(1"-methyl-cyclopentyl)-amino]-propane
      and its hydrochloride
PAR  7.5 GM (0.04 MOL) OF 1-(2'-ETHYNYL-PHENOXY)-2,3-EPOXYPROPANE WERE DISSOLVED
      IN 80 ML OF ETHANOL, 5 GM (0.05 MOL) OF (1-METHYL-CYCLOPENTYL)-AMINE WERE
      ADDED, AND THE MIXTURE WAS REFLUXED FOR 2.5 HOURS. The residue remaining
      after distilling off the solvent,
      1-(2'-ethynyl-phenoxy)-2-hydroxy-3-[(1"-methyl-cyclopentyl)-amino]-propane
     , was dissolved in ethanol, and ethereal HCl was added. The colorless
      crystalline precipitate was recrystallized from ethanol/ether, yielding
      6.7 gm of the hydrochloride of the formula
      ##EQU4##
      which had a melting point of 171.degree.-173.degree.C.
PAC  EXAMPLE 2
PAR  Using a procedure analogous to that described in Example 1,
      1-(2'-ethynyl-phenoxy)-2-hydroxy-3-[(1"-methylcyclohexyl)-amino]-propane
      and its hydrochloride, m.p. 184.degree.-185.degree.C, of the formula
      ##EQU5##
      were prepared from 1-(2'-ethynyl-phenoxy)-2,3-epoxy-propane and
      (1-methyl-cyclohexyl)-amine.
PAR  The compounds according to the present invention, that is, those embraced
      by formula I above and their nontoxic, pharmacologically acceptable acid
      addition salts, have useful pharmacodynamic properties. More particularly,
      the compounds of the instant invention exhibit very effective
      .beta.-adrenergic receptor blocking activities in warm-blooded animals,
      such as guinea pigs, and are therefore useful therapeutics for the
      treatment and prophylaxis of diseases of the coronaries and for the
      treatment of cardiac arrythmia, especially tachycardia. The compounds also
      exhibit effective hypotensive activities.
PAR  For pharmaceutical purposes the compounds according to the present
      invention are administered to warm-blooded animals perorally or
      parenterally as active ingredients in customary dosage unit form
      consisting essentially of an inert pharmaceutical carrier and one
      effective dosage unit of the active ingredient, such as tablets, coated
      pills, capsules, wafers, powders, solutions, suspensions, emulsions,
      syrups, suppositories and the like. Such dosage unit compositions may, in
      addition to a compound of the present invention, also comprise an
      effective dosage unit of one or more compounds having a different
      pharmacodynamic property, such as a coronary dilator, a sympathomimetic, a
      cardiac glycoside and/or a tranquilizer. One effective dosage unit of the
      compounds according to the present invention is from 0.0166 to 5.0 mgm/kg
      body weight, preferably 0.083 to 1.67 mgm/kg (perorally) and 0.0166 to
      0.34 mgm/kg (parenterally).
PAR  The following examples illustrate a few dosage unit compositions comprising
      a compound of the present invention as an active ingredient and represent
      the best mode contemplated of putting the invention into practical use.
      The parts are parts by weight unless otherwise specified.
PAC  EXAMPLE 3
PAL  Tablets
PAR  The tablet composition was compounded from the following ingredients:
TBL  1-(2'-Ethynyl-phenoxy)-2-hydroxy-3-                                       
     [(1"-methyl-cyclopentyl)-amino]-                                          
     propane . HCl           40.0     parts                                    
     Corn starch             164.0    parts                                    
     Secondary calcium phosphate                                               
                             240.0    parts                                    
     Magnesium stearate      1.0      parts                                    
     Total                   445.0    parts                                    
PAL  Preparation:
PAR  The individual components were intimately admixed with each other, the
      mixture was granulated in customary fashion, and the granulate was
      compressed into 445 mgm-tablets with a conventional tablet making machine.
      Each tablet contained 40 mgm of the propanol salt and, when administered
      perorally to a warm-blooded animal of about 60 kg body weight in need of
      such treatment, produced a very effective .beta.-adrenergic receptor
      blocking action.
PAC  EXAMPLE 4
PAL  Gelatin Capsules
PAR  The capsule filler composition was compounded from the following
      ingredients:
TBL  1-(2'-Ethynyl-phenoxy)-2-hydroxy-3-                                       
     [(1"-methyl-cyclohexyl)-amino]-                                           
     propane . HCl           25.0     parts                                    
     Corn starch             175.0    parts                                    
     Total                   200.0    parts                                    
PAL  Preparation:
PAR  The components were intimately admixed with each other, and 200
      mgm-portions of the mixture were filled into gelatin capsules of suitable
      size. Each capsule contained 25 mgm of the propanol salt and, when
      perorally administered to a warm-blooded animal of about 60 kg body weight
      in need of such treatment, produced a very effective .beta.-adrenergic
      receptor blocking action.
PAC  EXAMPLE 5
PAL  Hypodermic Solution
PAR  The solution was compounded from the following ingredients:
TBL  1-(2'-Ethynyl-phenoxy)-2-hydroxy-3-                                       
     [(1"-methyl-cyclopentyl)-amino]-                                          
     propane . HCl           2.5      parts                                    
     Sodium salt of EDTA (ethylenediamine-                                     
     tetraacetic acid)       0.2      parts                                    
     Distilled water   q.s.ad                                                  
                             100.0    parts                                    
PAL  Preparation:
PAR  The propanol salt and the EDTA salt were dissolved in a sufficient amount
      of distilled water, and the solution was diluted to the desired volume
      with distilled water. The solution was filtered until free from suspended
      particles and filled into 1 cc ampules under aseptic conditions. Finally,
      the ampules were sterilized and sealed. Each ampule contained 25 mgm of
      the propanol salt, and when the contents thereof were intravenously
      administered to a warm-blooded animal of about 60 kg body weight in need
      of such treatment, a very effective .beta.-adrenergic receptor blocking
      action was produced.
PAC  EXAMPLE 6
PAL  Coated Sustained Release Tablets
PAR  The tablet core composition was compounded from the following ingredients:
TBL  1-(2'-Ethynyl-phenoxy)-2-hydroxy-3-                                       
     [(1"-methyl-cyclopentyl-amino]-                                           
     propane . HCl           25.0     parts                                    
     Carboxymethyl cellulose (CMC)                                             
                             295.0    parts                                    
     Stearic acid            20.0     parts                                    
     Cellulose acetate phthalate (CAP)                                         
                             40.0     parts                                    
     Total                   380.0    parts                                    
PAL  Preparation:
PAR  The propanol salt, the CMC and the stearic acid were intimately admixed
      with each other, and the mixture was granulated in customary fashion,
      using a solution of the CAP in 200 ml of a mixture of ethanol and
      ethylacetate as the moistening agent. The granulate was then compressed
      into 380 mgm-cores, which were coated in the usual way with an aqueous 5%
      solution of polyvinylpyrrolidone containing sugar. Each coated tablet
      contained 25 mgm of the propanol salt and, when administered perorally to
      a warm-blooded animal of about 60 kg body weight in need of such
      treatment, produced a very effective .beta.-adrenergic receptor blocking
      action over an extended period of time.
PAC  EXAMPLE 7
PAL  Tablets with combination of active ingredients
PAR  The tablet composition was compounded from the following ingredients:
TBL  1-(2'-Ethynyl-phenoxy)-2-hydroxy-3-                                       
     [(1"-methyl-cyclohexyl)-amino]-                                           
     propane . HCl           35.0     parts                                    
     2,6-Bis-(diethanolamino)-4,8-dipiper-                                     
     idino-pyrimido-[5,4-d]pyrimidine                                          
                             75.0     parts                                    
     Lactose                 164.0    parts                                    
     Corn starch             194.0    parts                                    
     Colloidal silicic acid  14.0     parts                                    
     Polyvinylpyrrolidone    6.0      parts                                    
     Magnesium stearate      2.0      parts                                    
     Soluble starch          10.0     parts                                    
     Total                   500.0    parts                                    
PAL  Preparation:
PAR  The propanol salt, the lactose, the corn starch, the colloidal silicic acid
      and the polyvinylpyrrolidone were intimately admixed with each other, and
      the mixture was granulated in the usual way, using an aqueous solution of
      the soluble starch as the moistening agent. The granulate was admixed with
      magnesium stearate, and the composition was compressed into 500
      mgm-tablets. Each tablet contained 35 mgm of the propanol salt and 75 mgm
      of the pyrimidopyrimidine compound and, when perorally administered to a
      warm-blooded animal of about 60 kg body weight in need of such treatment,
      produced very effective .beta.-adrenergic receptor blocking and coronary
      dilating actions.
PAR  Analogous results were obtained when any one of the other compounds
      embraced by formula I or a non-toxic acid addition salt thereof was
      substituted for the particular propanol salt in Examples 3 through 7.
      Likewise, the amount of active ingredient in these illustrative examples
      may be varied to achieve the dosage unit range set forth above, and the
      amounts and nature of the inert pharmaceutical carrier ingredients may be
      varied to meet particular requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##EQU6##
      wherein n is 4 or 5, or a non-toxic, pharmacologically acceptable acid
      addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1 which is
      1-(2'-ethynyl-phenoxy)-2-hydroxy-3-propane or a non-toxic,
      pharmacologically acceptable acid addition salt thereof.
NUM  3.
PAR  3. A compound of claim 1 which is
      1-(2'-ethynyl-phenoxy)-2-hydroxy-3-propane or a non-toxic,
      pharmacologically acceptable acid addition salt thereof.
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ABST
PAL  6-Substituted derivatives of 1-phenazinol 5,10-dioxide which possess broad
      spectrum anti-microbial activity are disclosed.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation application of copending application
      Ser. No. 248,907 filed on May 1, 1972 now U.S. Pat. No. 3,829,423 issued
      Aug. 13, 1974 which in turn is a divisional application of copending
      application Ser. No. 25,298 filed Apr. 2, 1970 now U.S. Pat. No. 3,681,331
      issued Aug. 1, 1972 in the names of Leimgruber and Weigele.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel 6-substituted derivatives of 1-phenazinol
      5,10-dioxide and to methods for their preparation. More particularly, the
      invention relates to derivatives of 1,6-phenazinediol 5,10-dioxide, the
      known antibiotic iodinin, which are prepared by monoalkylation of one of
      the two hydroxyl groups of the molecule. These novel derivatives exhibit
      broad spectrum anti-microbial activity and have the added advantage over
      the parent antibiotic of possessing better solubility properties.
PAR  The novel derivatives to which the invention relates are selected from the
      group consisting of compounds represented by the formula
      ##SPC1##
PA1  Wherein R is selected from the group consisting of alkyl containing from 4
      to 10 carbon atoms, halo-lower alkyl, lower alkenyl, lower alkynyl,
      amino-lower alkyl, di-lower alkylamino-lower alkyl, phthalimido-N-lower
      alkyl and Z-lower alkyl wherein Z signifies a 5 or 6 membered saturated
      heterocyclic ring containing a nitrogen atom and at most one further
      hetero atom consisting of oxygen
PAL  And in cases where R signifies amino-lower alkyl, di-lower alkylamino-lower
      alkyl and Z-lower alkyl, the pharmaceutically acceptable acid addition
      salts thereof.
PAR  As used herein, the term "alkyl" denotes straight or branched chain
      saturated hydrocarbon radicals containing from 4 to 10 carbon atoms
      inclusive, such as butyl, 3-methylbutyl, pentyl, hexyl, heptyl and the
      like. The term "lower alkyl" denotes straight or branched chain saturated
      hydrocarbon radicals containing from 1 to 7 carbon atoms inclusive, such
      as methyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl and the like,
      with groups containing from 1 to 4 carbon atoms being preferred. The term
      "lower alkenyl" denotes an unsaturated univalent aliphatic radical having
      at least one double bond and containing from 3 to 7 carbon atoms
      inclusive, with groups containing from 3 to 4 carbon atoms being
      preferred. The term "lower alkynyl"  denotes an unsaturated univalent
      aliphatic radical having at least one triple bond and containing from 3 to
      7 carbon atoms with groups containing from 3 to 4 carbon atoms being
      preferred. The term "halogen" includes fluorine, chlorine, bromine and
      iodine unless expressly indicated otherwise.
PAR  In a preferred aspect, when R signifies Z-lower alkyl, Z being defined as
      above, the heterocyclic ring is saturated and represents a member selected
      from the group consisting of morpholino, piperidino, and pyrrolidino.
PAR  Representative of the compounds of formula I are:
PA1  6-(3-methylbutoxy)-1-phenazinol 5,10-dioxide
PA1  6-heptyloxy-1-phenazinol 5,10-dioxide
PA1  6-decyloxy-1-phenazinol 5,10-dioxide
PA1  6-allyloxy-1-phenazinol 5,10-dioxide
PA1  6-(2-propynyloxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-phthalimidopropoxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-aminopropoxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-chloropropoxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-pyrrolidinopropoxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-dimethylaminopropoxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-piperidinopropoxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-diethylaminopropoxy)-1-phenazinol 5,10 -dioxide
PA1  6-(3-morpholinopropoxy)-1-phenazinol 5,10-dioxide
PAR  A preferred class of compounds falling within the scope of formula I are
      those wherein R signifies alkyl containing from 4 to 10 carbon atoms,
      halo-lower alkyl, lower alkenyl or lower alkynyl, i.e., compounds of the
      formula
      ##SPC2##
PA1  wherein R' signifies alkyl containing from 4 to 10 carbon atoms, halo-lower
      alkyl, lower alkenyl or lower alkynyl.
PAL  The compounds of formula Ia are preferred because of their interesting
      level of activity.
PAR  Another class of compounds preferred because of their interesting level of
      activity falling within the scope of the present invention are those
      wherein R signifies amino-lower alkyl or dilower alkylamino-lower alkyl,
      i.e., compounds of the formula
      ##SPC3##
PA1  wherein R.sub.1 and R.sub.2 are the same and are selected from the group
      consisting of hydrogen or lower alkyl and the pharmaceutically acceptable
      acid addition salts thereof.
PAR  Most preferred of the compounds of formula I are:
PA1  6-(3-methylbutoxy)-1-phenazinol 5,10-dioxide
PA1  6-heptyloxy-1-phenazinol 5,10-dioxide
PA1  6-allyloxy-1-phenazinol 5,10-dioxide
PA1  6-(2-propynyloxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-aminopropoxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-dimethylaminopropoxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-diethylaminopropoxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-pyrrolidinopropoxy)-1-phenazinol 5,10-dioxide
PA1  6-(3-morpholinopropoxy)-1-phenazinol 5,10-dioxide
PAR  Also included within the scope of the present invention are the
      pharmaceutically acceptable acid addition salts of the compounds of
      formula I wherein R is amino-lower alkyl, di-lower alkylamino-lower alkyl
      or Z-lower alkyl, Z being defined as above. This class of compounds
      falling within the scope of formula I form pharmaceutically acceptable
      acid addition salts with pharmaceutically acceptable organic and inorganic
      acids such as hydrochloric acid, hydrobromic acid, sulfuric acid,
      phosphoric acid, nitric acid, tartaric acid, citric acid, salicylic acid,
      maleic acid, succinic acid, acetic acid and the like.
PAR  The compounds of formula I above may be prepared following a variety of
      procedures. The choice of procedure will depend upon the nature of the R
      substituent to be introduced into the phenazinol molecule.
PAR  For example, compounds of formula I wherein R signifies alkyl containing
      from 4 to 10 carbon atoms, halo-lower alkyl, lower alkenyl, lower alkynyl,
      or phthalimido-N-lower alkyl can be prepared using conventional alkylating
      techniques. This alkylating procedure is preferably carried out in two
      stages. In the first stage, the known compound 1,6-phenazinediol
      5,10-dioxide (iodinin), which is used as the starting material, is
      converted to its mono-alkali metal salt, preferably the potassium salt.
      The conversion of iodinin to its alkali metal salt is accomplished by
      reacting iodinin with an alkali metal base. This reaction is expediently
      effected in the presence of an aprotic polar organic solvent, such as
      hexamethylphosphoric triamide (HMPT), dimethylformamide (DMF) or
      dimethylsulfoxide (DMSO), with HMPT being preferred. Use of an aprotic
      polar organic solvent is preferred since these solvents can also be
      utilized in the alkylation step, thus eliminating the necessity of first
      isolating the iodinin salt. Suitable alkali metal bases that may be used
      to form the iodinin salt include alkali metal lower alkoxides containing
      from 1 to 4 carbon atoms. Preferred alkali metal lower alkoxides include
      the sodium and potassium compounds, with potassium t-butoxide being the
      most preferred alkali metal lower alkoxide.
PAR  In the second stage of the alkylation process, the monoalkali metal salt of
      iodinin is selectively alkylated by reacting said salt with a conventional
      alkylating agent. Suitable alkylating agents for this purpose include
      alkyl halides, alkyl sulfates, lower alkenyl halides, lower alkynyl
      halides, halo-lower alkyl halides, and phthalimido-N-lower alkyl halides.
      The halide compounds are preferably utilized and the bromides are the
      preferred compounds. Examples of suitable preferred alkylating agents
      include 1-bromo-3-methyl-butane, 1-bromo-heptane, 1-bromo-decane,
      allyl-bromide, 1-bromo-2-propyne, 1-bromo-3 -chloro-propane,
      1-chloro-4-bromo-butane, and phthalimido-N-propyl bromide.
PAR  As indicated above, this selective alkylation of the monoalkali metal salt
      of iodinin is expediently effected in the presence of an aprotic polar
      organic solvent such as HMPT, DMF and DMSO, with HMPT being the preferred
      solvent. The alkylation reaction conditions can be varied. However,
      suitable conditions which are convenient and provide good yields include
      the use of temperatures between about 10.degree.C and about 70.degree.C
      and reaction times sufficient to complete the reaction, usually from about
      1 to about 24 hours. In a preferred aspect, the alkylation reaction is
      effected at room temperature, i.e., about 20.degree. to 25.degree.C.
PAR  In a further process aspect of the present invention, the novel compounds
      of formula I wherein the R substituent is an amino-lower alkyl group can
      be prepared by the solvolytic cleavage of a compound of formula I wherein
      the R substituent signifies a phthalimido-N-lower alkyl group. The
      solvolytic cleavage of the phthalimido derivative yields the desired amino
      compound. This solvolysis is effected by treating the phthalimido
      derivative with a conventional solvolyzing agent such as monomethylamine.
      Further, this reaction is expediently effected in the presence of an inert
      organic solvent. Suitable solvents for this purpose include alcohols such
      as methanol, ethanol and the like. The solvolysis reaction conditions may
      be varied. However, suitable conditions which are convenient and provide
      good yields include the use of temperatures in the range of from about
      10.degree.C to about 70.degree.C, with room temperature being preferred,
      and reaction times sufficient to complete the reaction, usually from about
      1 to about 10 hours.
PAR  In a further process aspect of the present invention, the novel compounds
      of formula I wherein the R substituent signifies di-lower alkylamino-lower
      alkyl or Z-lower alkyl, wherein Z is as described above, can be prepared
      by reacting a compound of formula I wherein R signifies halo-lower alkyl
      with the corresponding amine. Representative amines that may be used in
      this reaction include dimethylamine, diethylamine, morpholine, piperidine,
      pyrrolidine and the like. This reaction is expediently effected by
      dissolving the halo-lower alkyl compound in an excess of the amine or in
      the presence of an aprotic polar organic solvent such as DMSO. Temperature
      and reaction time are not critical to this process aspect. Thus,
      temperatures between about 10.degree.C and about 70.degree.C are suitable,
      with room temperature being preferred.
PAR  The novel compounds of formula I have been found to possess broad spectrum
      anti-microbial activity. In particular, these compounds have demonstrated
      a high level of activity against a wide variety of bacteria, yeast and
      fungi such as Streptococcus agalactiae, Staphylococcus aureus, Escherichia
      coli, Cornyebacterium pyogenes, Moraxella bovis, Pseudomonas aeruginosa,
      Candida albicans, and Microsporum canis. The novel compounds of this
      invention are particularly useful in the treatment of animal diseases of
      microbial origin. When the novel compounds of formula I are employed in
      the treatment of microbial infections, they are conveniently utilized in
      combination with suitable pharmaceutical carrier materials. These
      compositions are formulated by uniformly distributing the compound of
      formula I throughout a vehicle that is chemically compatable with the
      particular compound, non-inhibiting with respect to the active ingredient,
      and essentially non-injurious to the body tissue under the conditions of
      use. When formulated into compositions suitable for topical
      administration, the novel compounds of this invention are preferably
      employed in amounts ranging from about 0.05 percent to about 1.0 percent
      by weight of the composition. The compounds of this invention, when
      employed in forms suitable for topical administration, may be utilized in
      varied formulations: for example, in solid formulations including finely
      divided powders and granular materials, in liquid formulations including
      solutions, suspensions, concentrations, tinctures, slurries, aerosols and
      the like. Further, they may be employed as creams, gels, jellies,
      ointments, pastes, etc.
DETD
PAR  The following examples further illustrate the scope of the invention. All
      temperatures given are in degrees centigrade unless indicated otherwise.
PAC  EXAMPLE 1
PAC  Preparation of 6-(3-methylbutoxy)-1-phenazinol 5,10-dioxide
PAR  2.44 grams of iodinin were suspended in 150ml of hexamethylphosphoric
      triamide (HMPT) and 1.3 g of potassium t-butoxide were added with
      stirring. The reaction mixture was stirred overnight and then 10ml of
      1-bromo-3-methyl-butane were added. Stirring continued at room temperature
      for 24 hours. The reaction mixture was then poured into ice water and
      extracted three times with ethyl acetate. The extracts were diluted with
      benzene, washed with water, dried over magnesium sulfate and evaporated to
      dryness in vacuo. The residue was chromatographed on silica gel with
      methylene chloride/ethyl acetate. Fractions containing the desired product
      were combined and evaporated in vacuo. The material was recrystallized
      from dichloro-methane/acetone to yield 6-(3-methylbutoxy)-1-phenazinol
      5,10-dioxide, m.p. 121.degree. (dec.).
PAC  EXAMPLE 2
PAC  Preparation of 6-heptyloxy-1-phenazinol 5,10-dioxide
PAR  2.44 grams of iodinin were suspended in 150ml of HMPT. Then 1.3 grams of
      potassium t-butoxide were added with stirring. Stirring was continued over
      night. then 10ml of n-bromo-heptane were added and the stirring was
      continued at room temperature for 24 hours. The reaction mixture was
      poured into ice water and extracted with ethyl acetate. Extracts were
      diluted with benzene, washed with water, dried over magnesium sulfate and
      evaporated to dryness. The residue was redissolved in 200ml of CH.sub.2
      Cl.sub.2 and applied to a chromatography column containing 250 g silica
      gel. The material was eluted with methylene chloride/ethyl acetate.
      Fractions containing the desired product were combined and evaporated in
      vacuo. The material was recrystallized from dichloromethane/ acetone to
      yield 6-heptyloxy-1-phenazinol 5,10-dioxide, m.p. 91.degree.-93.degree.
      (dec.).
PAC  EXAMPLE 3
PAC  Preparation of 6-decyloxy-1-phenazinol 5,10-dioxide
PAR  2.44 grams of iodinin were suspended in 150ml HMPT. To this 1.3 grams of
      potassium t-butoxide were added with stirring. The stirring was continued
      overnight and then 10ml of 1-bromo-decane were added and the stirring
      continued at room temperature for 24 hours. The reaction mixture was
      poured into ice water and extracted three times with ethyl acetate. The
      extracts were diluted with benzene, washed with water, dried over
      magnesium sulfate and evaporated to dryness. The residue was
      chromatographed on silica gel with methylene chloride/ethyl acetate.
      Fractions containing the desired product were combined and evaporated in
      vacuo. The material was recrystallized from dichloromethane/acetone to
      yield 6-decyloxy-1-phenazinol 5,10-dioxide, m.p.
      92.degree.-95.degree.(dec.).
PAC  EXAMPLE 4
PAC  Preparation of 6-allyloxy-1-phenazinol 5,10-dioxide
PAR  2.44 grams of iodinin were suspended in 150ml of HMPT. To this was added
      with stirring 1.3 grams of potassium t-butoxide. The reaction mixture was
      stirred overnight and 2.5 ml of allyl bromide were then added and the
      stirring continued at room temperature for 5 hours. The reaction mixture
      was then poured into ice water and extracted three times with ethyl
      acetate. Extracts were diluted with benzene, washed with water, dried over
      magnesium sulfate and evaporated to dryness. The residue was
      chromatographed on silica gel with methylene chloride/ethyl acetate.
      Fractions containing the desired product were combined and evaporated in
      vacuo. The material was recrystallized from dichloromethane/acetone to
      yield 6-allyloxy-1-phenazinol 5,10 -dioxide, m.p. 142.degree.(dec.).
PAC  EXAMPLE 5
PAC  Preparation of 6-(2-propynyloxy)-1-phenazinol 5,10-dioxide
PAR  2.44 grams of iodinin were suspended in 150ml HMPT. To this was added with
      stirring 1.3 grams of potassium t-butoxide. The reaction mixture was
      stirred overnight and then 2ml of 3-bromopropyne were added and stirring
      was continued at room temperature for 9 hours. The reaction mixture was
      then poured into ice water and extracted three times with ethyl acetate.
      The extracts were diluted with benzene, washed with water, dried over
      magnesium sulfate and evaporated in vacuo. The residue was chromatographed
      on 250 grams silica gel with CHCl.sub.3 /ethyl acetate. Fractions
      containing the desired product were combined and evaporated in vacuo. The
      material was recrystallized from di-chloro methane/acetone to yield
      6-(2-propynyloxy)-1-phenazinol 5,10-dioxide, m.p. 152.degree. (dec.).
PAC  EXAMPLE 6
PAC  Preparation of 1-(3-phthalimidopropoxy)-1-phenazinol 5,10-dioxide
PAR  7.32 grams of iodinin, 450ml HMPT and 3.9 grams of potassium tertiary butyl
      alcoholate were placed in a flask and stirred at room temperature
      overnight. To this was added 15 grams of N-(3-bromopropyl)phthalimide and
      stirring was continued for 17 hours. The reaction mixture was then poured
      into 4 liters of ice water and allowed to stand for 30 minutes. The
      precipitated solids were filtered and washed with 2 .times. 1 liter of
      water. The product was then washed with 300 ml of methanol and air dried
      to yield 1-(3-phthalimidopropoxy)-1-phenazinol 5,10-dioxide as a red
      powder, m.p. 161.degree. (dec.).
PAC  EXAMPLE 7
PAC  Preparation of 6-(3-aminopropoxy)-1-phenazinol 5,10-dioxide hydrochloride
PAR  5 grams of 1-(3-phthalimidopropoxy)-1-phenazinol 5,10-dioxide were
      dissolved in 1000 ml of ethanol containing 100 grams of monomethylamine.
      The solution was stirred at room temperature for 41/2  hours. It was then
      concentrated to approximately half the volume, and then diluted with 1500
      ml of water and extracted with 4 .times. 1000 ml of chloroform. The
      combined extracts were extracted with 4 .times. 150 ml of 10 percent
      hydrochloric acid. The acidic solution was made alkaline with anhydrous
      sodium carbonate and this was extracted with 4 .times. 1000 ml of
      chloroform. The chloroform extracts were dried over sodium sulfate and
      evaporated in vacuo. The residue was redissolved in chloroform and the
      chloroform solution was shaken with approximately 15 percent aqueous HCl.
      The hydrochloride salt precipitated and was collected by filtration. The
      filter cake was washed with acetone and dried to yield
      6-(3-aminopropoxy)-1-phenazinol 5,10-dioxide hydrochloride, m.p.
      137.degree.-138.degree. (dec.).
PAC  EXAMPLE 8
PAC  Preparation of 6-(3-chloropropoxy)-1-phenazinol, 5,10-dioxide
PAR  7.32 grams of iodinin were suspended in 450 ml of HMPT. To this was added
      with stirring at room temperature 3.9 grams of potassium tertiary butyl
      alcoholate. Stirring was continued overnight. 18 ml of
      1-bromo-3-chloropropane were added and stirring was continued at room
      temperature for 24 hours. The reaction mixture was then poured into 3500
      ml of ice water. The precipitate was filtered off, washed with water and
      15 ml of acetone. The filter cake was dried in vacuo and purified by
      chromatography on 500 grams of silica gel with dichloromethane/ethyl
      acetate. Fractions containing the desired product were combined and
      evaporated in vacuo to yield 6-(3-chloropropoxy)-1-phenazinol
      5,10-dioxide, m.p. 137.degree.(dec.).
PAC  EXAMPLE 9
PAC  Preparation of 6-(3-dimethylaminopropoxy)-1-phenazinol 5,10-dioxide
PAR  Into a sealed tube was placed 2.0 grams of 6-(3-chloropropoxy)-1-phenazinol
      5,10-dioxide. The tube was cooled in dry-ice-acetone and 80 ml of
      dimethylamine was condensed into the tube. The tube was sealed and shaken
      at room temperature for 70 hours. The tube was then opened and excess
      dimethylamine allowed to evaporate at room temperature. The residue was
      dissolved in CHCl.sub.3 solution, was washed with water and was then
      extracted with 3 .times. 150ml 10 percent aqueous HCl. The combined acid
      extracts were made basic with sodium carbonate, extracted with CHCl.sub. 3
      and the combined CHCl.sub.3 extracts were washed with water, dried over
      sodium sulfate and concentrated in vacuo. The residue was recrystallized
      from acetone/ether to yield 6-(3-dimethylaminopropoxy)-1-phenazinol
      5,10-dioxide, mp. 103.degree.C (dec.).
PAC  EXAMPLE 10
PAC  Preparation of 6-(3-diethylaminopropoxy)-1-phenazinol 5,10-dioxide
PAR  5.0 grams of 6-(3-chloropropoxy)-1-phenazinol 5,10-dioxide and 25ml of
      diethylamine were placed in a flask. To this was added 50ml of
      dimethylsulfoxide. The reaction mixture was stirred at room temperature
      for 22 hours. The reaction mixture was then diluted with 400ml CHCl.sub.3
      and washed first with very dilute acetic acid and then with water until
      the water washes were neutral. The CHCl.sub.3 layer was extracted with 10
      percent aqueous HCl. The combined HCl extracts were neutralized with
      sodium carbonate and extracted with ethyl acetate. The combined ethyl
      acetate extracts were washed with water, dried over sodium sulfate and
      concentrated in vacuo. The residue was slurried with ether/pentane (1:1)
      and filtered to yield red crystals of
      6-(3-diethylaminopropoxy)-1-phenazinol 5,10-dioxide, m.p.
      78.degree.-80.degree. (dec.).
PAC  EXAMPLE 11
PAC  Preparation of 6-(3-pyrrolidinopropoxy)-1-phenazinol 5,10-dioxide
PAR  2.0 grams of 6-(3-chloropropoxy)-1-phenazinol 5,10-dioxide and 20ml of
      pyrrolidine were placed in a flask and stirred at room temperature for 3
      1/2 hours. The reaction mixture was diluted with CHCl.sub.3 and washed
      repeatedly with water until the water washes were neutral. The chloroform
      solution was extracted with 3 .times. 150 ml of 10 percent aqueous HCl.
      The acid extracts were combined, neutralized with sodium carbonate,
      extracted with CHCl.sub.3 and the combined CHCl.sub.3 extracts were washed
      with water and dried over sodium sulfate and concentrated in vacuo. The
      residue was recrystallized from acetone. The solids were filtered and
      washed with a little ether and dried in vacuo at 50.degree. for 16 hours
      to yield metallic red crystals of 6-(3-pyrrolidinopropoxy)-1-phenazinol
      5,10-dioxide, m.p. 113.degree.-114.degree.C (dec.).
PAC  EXAMPLE 12
PAC  Preparation of 6-(3-morpholinopropoxy)-1-phenazinol 5,10-dioxide
PAR  1.0 gram of 6-(3-morpholinopropoxy)-1-phenazinol 5,10-dioxide and 10 ml of
      morpholine were placed in a flask and stirred at room temperature for 23
      hours. The reaction mixture was diluted with water and extracted with
      CHCl.sub.3 several times. The CHCl.sub.3 extracts were combined and washed
      repeatedly with water until neutral. The organic layer was extracted with
      10 percent aqueous HCl several times. The acid extracts were combined,
      were made basic with sodium carbonate and extracted with CHCl.sub.3
      several times. The combined CHCl.sub.3 extracts were washed with water,
      dried over sodium sulfate and concentrated in vacuo. The residue was
      recrystallized from acetone to yield 6-(3-morpholinopropoxy)-1-phenazinol
      5,10-dioxide, m.p. 135.degree.C (dec.).
PAC  EXAMPLE 13
PAC  Preparation of 6-(3-piperidinopropoxy)-1-phenazinol 5,10-dioxide
PAR  6 grams of 6-(3-chloropropoxy)-1-phenazinol 5,10-dioxide and 40ml
      piperidine were placed in a flask and stirred at room remperature for 21
      hours. The reaction mixture was diluted with 500ml of chloroform. The
      mixture was then washed with water until the aqueous washes were neutral,
      extracted with 3 .times. 250ml of 10 percent HCl. Combined acid extracts
      were neutralized with sodium carbonate and extracted with 4 .times. 500ml
      of chloroform. The chloroform extracts were washed with water, dried over
      sodium sulfate and evaporated in vacuo. The residue was recrystallized
      from acetone and dried for 16 hours at 50.degree.C to yield
      6-(3-piperidinopropoxy)-1-phenazinol 5,10-dioxide, m.p.
      92.degree.-97.degree.C (dec.).
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein R' is selected from the group consisting of halo-lower alkyl, and
      phthalimido-N-lower alkyl.
NUM  2.
PAR  2. A compound of claim 1 of the formula 6-(3-chloropropoxy)-1-phenazinol
      5,10-dioxide.
NUM  3.
PAR  3. A compound of claim 1 of the formula
      6-(3-phthalimidopropoxy)-1-phenazinol 5,10-dioxide.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein
PA1  R is hydrogen, halogen, lower alkyl or lower alkoxy,
PA1  R' is --CHR.sub.1 --Q--A, --CHR.sub.2 --A or --O--CHR.sub.2 --CHR.sub.1
      --Q--A, each in m- or p-position,
PA1  Where
PA2  A is
      ##SPC2##
PA2  Q is straight or branched alkylene of 1 to 4 carbon atoms,
PA2  R.sub.1 is hydrogen, hydroxyl, lower alkoxy or --O--CO--R.sub.5,
PA2  R.sub.2 is hydrogen or methyl,
PA2  R.sub.3 and R.sub.4, which may be identical to or different from each
      other, are each hydrogen, lower alkyl, lower alkoxy, halogen,
      trifluoromethyl or, together with each other and neighboring carbon atoms
      of the phenyl ring to which they are attached, form a saturated or
      unsaturated carbocyclic 5- to 6-membered ring,
PA2  R.sub.5 is lower alkyl, halo-lower alkyl, hydroxy-lower alkyl, lower
      alkoxy-lower alkyl, amino, (mono-lower alkyl)-amino or (di-lower
      alkyl)-amino,
PA2  Z is an aromatic heterocyclic ring with one to two heteroatoms, which may
      optionally be condensed with a benzene ring, and
PA1  R" is hydrogen, straight or branched lower alkyl, lower alkenyl, lower
      alkynyl, hydroxy-lower alkyl, (di-lower alkyl)-amino-lower alkyl or
      aralkyl,
PAL  And their non-toxic, pharmacologically acceptable acid addition salts; the
      compounds as well as their salts are useful as CNS-depressants,
      neuroleptics, analgesics, antiphlogistics, spasmolytics, broncholytics,
      hypotensives and anti-cholesteremics.
PARN
PAR  This is a continuation of copending application Ser. No.  259,532, filed
      June 5, 1972, now abandoned.
BSUM
PAR  This invention relates to novel N-phenyl-imidazolidine-2-ones, as well as
      to various methods of preparing these compounds.
PAR  More particularly, the present invention relates to a novel class of
      N-phenyl-imidazolidine-2-ones represented by the formula
      ##SPC3##
PAL  Wherein
PA1  R is hydrogen, halogen, lower alkyl or lower alkoxy,
PA1  R' is --CHR.sub.1 --Q--A, --CHR.sub.2 --A or  --O--CHR.sub.2 --CHR.sub.1
      --Q--A, each in m- or p-position,
PA1  Where
PA2  A is
      ##SPC4##
PA2  Q is straight or branched alkylene of one to four carbon atoms,
PA2  R.sub.1 is hydrogen, hydroxyl, lower alkoxy or --O--CO--R.sub.5,
PA2  R.sub.2 is hydrogen or methyl,
PA2  R.sub.3 and R.sub.4, which may be identical to or different from each
      other, are each hydrogen, lower alkyl, lower alkoxy, halogen,
      trifluoromethyl or, together with each other and neighboring carbon atoms
      of the phenyl ring to which they are attached, form a saturated or
      unsaturated carbocyclic 5- to 6-membered ring,
PA2  R.sub.5 is lower alkyl, halo-lower alkyl, hydroxy -lower alkyl, lower
      alkoxy-lower alkyl, amino, (mono-lower alkyl)-amino or (dilower
      alkyl)-amino,
PA2  Z is an aromatic heterocyclic ring with one to two heteroatoms, which may
      optionally be condensed with a benzene ring, and
PA1  R" is hydrogen, straight or branched lower alkyl, lower alkenyl, lower
      alkynyl, hydroxy-lower alkyl, (di-lower alkyl)-amino-lower alkyl or
      aralkyl, and non-toxic, pharmacologically acceptable acid addition salts
      thereof.
PAR  The compounds embraced by formula I above may be prepared by the following
      methods:
PAC  Method A
PAR  By reacting an N-substituted piperazine of the formula
EQU  H -- A                                                     (II)
PAL  wherein A has the same meanings as in formula I, with an
      N-phenyl-imidazolidine-2-one of the formula
      ##SPC5##
PAL  wherein
PAR  R and R" have the same meanings as in formula I, and
PA1  R.sub.a is --CHR.sub.2 --X, --CHR.sub.1 --Q--X or --O--CHR.sub.2 -CHR.sub.1
      --Q--X, each in m- or p-position,
PA1  where X is an anion which is capable of combining with the hydrogen atom of
      the piperazine derivative of the formula II and being split off as an acid
      of the formula H-X, such as halogen, --O--SO.sub.2 --alkyl or O--SO.sub.2
      --aryl,
PAL  in the presence of an H-X-binding agent, such as potassium carbonate,
      sodium carbonate or a sufficient excess of the piperazine derivative of
      the formula II.
PAC  Method B
PAR  For the preparation of a compound of the formula I wherein R.sub.1 is
      hydrogen, hydroxyl or lower alkoxy, by subjecting a urea derivative of the
      formula
      ##SPC6##
PAL  wherein R, R' and R" have the same meanings as in formula I, and X has the
      meanings defined in formula III, to ring closure through heating in the
      presence of a strong base, such as potassium hydroxide or sodium
      hydroxide.
PAC  Method C
PAR  For the preparation of a compound of the formula I wherein R" is other than
      hydroxy-lower alkyl, R.sub.1 is other than hydroxyl and R.sub.5 is other
      than hydroxy-lower alkyl, amino or (mono-lower alkyl)-amino, by subjecting
      an ethylenediamine derivative of the formula
      ##SPC7##
PAL  wherein R, R' and R" have the same meanings as in formula I, to ring
      closure with a suitable carbonic acid derivative, especially with
      phosgene, a chlorocarbonic acid ester, a carbonic acid ester,
      N,N'-carbonyl-diimidazole or urea, or with a metal cyanate in the presence
      of an acid.
PAR  However, instead of starting from an amine of the formula V, it is also
      possible to start from an intermediate, such as a carbamate, a urea or a
      carbamic acid chloride, and subject it to ring closure.
PAC  Method D
PAR  For the preparation of a compound of the formula I wherein A is
      ##SPC8##
PAL  wherein R.sub.3 and R.sub.4 have the meanings defined above, by reductive
      amination of an N-phenyl-imidazolidine-2-one of the formula
      ##SPC9##
PAL  wherein
PA1  R and R" have the same meanings as in formula I, and
PA1  R.sub.b is --CHO, --CHR.sub.1, --C.sub.n G.sub.2n .sub.-1 O or --O
      --CHR.sub.2 --CHR.sub.1 --C.sub.n H.sub.2n.sub.-1 O, each in m- or
      p-position,
PA1  where
PA2  R.sub.1 and R.sub.2 have the same meanings as in formula I, and
PA2  n is 1, 2, 3 or 4,
PAL  with a piperazine derivative of the formula II and catalytically activated
      hydrogen.
PAC  Method E
PAR  For the preparation of a compound of the formula I wherein R' is
      --CH(OH)--Q--A, by reducing a ketone of the formula
      ##SPC10##
PAL  wherein R, R", Q and A have the same meanings as in formula I, preferably
      with a complex hydride such as sodium borohydride, or also with
      catalytically activated hydrogen.
PAC  Method F
PAR  For the preparation of a compound of the formula I wherein R.sub.1 is
      hydrogen and R" is lower alkyl, hydroxy-lower alkyl or aralkyl, by
      removing the hydroxyl group from an N-phenyl-imidazolidine-2-one of the
      formula
      ##SPC11##
PAL  wherein
PA1  R has the same meanings as in formula I,
PA1  R.sub.1 " is lower alkyl, lower alkoxy-lower alkyl or aralkyl, and
PA1  R.sub.c is --CR.sub.2 (OH)----A, --CH(OH)--Q--A or --O--CHR.sub.2
      --CH(OH)--Q--A, each in m- or p-position,
PAL  preferably by first replacing the hydroxyl group by chlorine with the aid
      of a chlorinating agent, such as SOCl.sub.2 or PCl.sub.5, and then
      hydrogenating the chlorinated intermediate.
PAC  Method G
PAR  For the preparation of a compound of the formula I wherein R.sub.1 is
      hydroxyl, by reacting an N-phenyl-imidazolidine-2-one of the formula
      ##SPC12##
PAL  wherein
PA1  R and R" have the same meanings as in formula I, and
PA1  R.sub.d is
      ##EQU1##
      or
      ##EQU2##
      each in m- or p-position, where R.sub.6 and R.sub.7 are hydrogen or alkyl
      comprising a total of no more than three carbon atoms,
PAL  with a piperazine derivative of the formula II.
PAC  Method H
PAR  For the preparation of a compound of the formula I wherein R.sub.1 is
      hydrogen, lower alkoxy or --O--CO--R.sub.5, where R.sub.5 is lower alkyl,
      lower alkoxy-lower alkyl or (di-lower alkyl) amino, by reacting an
      N-phenyl-imidazolidine-2-one derivative of the formula
      ##SPC13##
PAL  wherein
PA1  R has the same meanings as in formula I,
PA1  R' has the same meanings as in formula I except that R.sub.1 has the
      limited meanings defined above, and
PA1  Me.sup.+ is an alkali metal cation,
PAL  with a compound of the formula
EQU  R" -- X                                                    (XI)
PAL  wherein
PA1  R" has the same meanings as in formula I, and
PA1  X has the same meanings as in formula III.
PAL  The compound of the formula X may be obtained from the corresponding
      nor-compound by metallization with, for example, sodium hydride, lithium
      amide, potassium tert.butylate or the like.
PAC  Method I
PAR  For the preparation of a compound of the formula I wherein R' is
      --O--CHR.sub.2 --CH.sub.2 --Q--A, by reacting a phenol of the formula
      ##SPC14##
PAL  wherein R and R" have the same meanings as in formula I and the phenolic
      hydroxyl group is in the m- or p-position, with a compound of the formula
EQU  X--CHR.sub.2 --CH.sub.2 --Q--A                             (XIII)
PAL  wherein R.sub.2, Q and A have the same meanings as in formula I and X has
      the meanings defined in connection with formula III, in the presence of an
      HX-binding agent, such as sodium carbonate or potassium carbonate.
PAC  Method J
PAR  For the preparation of a compound of the formula I wherein R.sub.1 is lower
      alkoxy or --O--CO--R.sub.5 and R" is other than hydroxy-lower alkyl, by
      reacting an N-phenyl-imidazolidine-2-one derivative of the formula
      ##SPC15##
PAL  wherein
PA1  R and R" have the same meanings as in formula I, and R.sub.e is
      --CH(OH)--Q--A or --O---CH(R.sub.2)--CH(OH)--Q--A, each in m- or
      p-position,
PA1  where R.sub.2, Q and A have the same meanings as in formula I,
PAL  with a reagent suitable for replacement of the OH-hydrogen by alkyl or
      --CO--R.sub.5, that is, with a conventional alkylating agent, such as an
      alkyl halide, a dialkyl sulfate or an alkyl sulfonate, in the presence of
      an alkali under ether-forming conditions. However, the same ether
      substitution operation may also be effected by first replacing the
      OH-group in substituent R.sub.e with chlorine by means of a chlorinating
      agent, such as PCl.sub.5 or SOCl.sub.2, and subsequently reacting the
      chlorinated compound with an alkali metal alcoholate.
PAR  The introduction of the --CO--R.sub.5 group is effected by means of a
      corresponding acylating agent, such as carboxylic acid chloride, a
      carbamoyl chloride or a carboxylic acid anhydride; in those instances
      where R.sub.5 is to be lower alkyl, halo-lower alkyl or lower alkoxy-lower
      alkyl, a compound of the formula XIV may also be reacted with the
      corresponding carboxylic acid in the presence of a condensation agent,
      such as dicyclohexyl-carbodiimide or carbonyldiimidazole.
PAR  Furthermore, if R.sub.5 is to be methyl, amino or (monolower alkyl)-amino,
      the introduction of the --CO--R.sub.5 substituent may also be effected by
      subjecting a compound of the formula II to an addition reaction with
      ketene, cyanic acid or a lower alkyl isocyanate.
PAR  The starting compounds needed for methods A through J are either known
      compounds or may be prepared by conventional methods.
PAR  The compounds embraced by formula I occur as racemic mixtures or as
      optically active isomers, such as antipode pairs or diastereomeric pairs;
      to the extent that these compounds occur as racemates or diastereomeric
      antipode pairs, these may be separated in conventional manner into the
      diastereomeric racemates or the individual optical antipodes.
PAR  The optically inactive as well as the optically active forms of the
      compounds of the formula I are organic bases and therefore form acid
      addition salts with inorganic or organic acids. Examples of non-toxic,
      pharmacologically acceptable acid addition salts are those formed with
      hydrochloric acid, hydrobromic acid, sulfuric acid, methanesulfonic acid,
      acetic acid, propionic acid, citric acid, maleic acid, tartaric acid,
      8-chlorotheophylline or the like.
PAR  Wherever or whenever we refer to "lower alkyl" or "lower alkoxy" herein, we
      intend to include generally those of one to four and preferably one to two
      carbon atoms. Likewise, when we refer to "aryl," we mean preferably phenyl
      or also naphthyl; "aralkyl" preferably designates benzyl; and chlorine and
      bromine are preferred meanings of "halogen.
DETD
PAR  The following examples further illustrate the present invention and will
      enable others skilled in the art to understand it more completely. It
      should be understood, however, that the invention is not limited solely to
      the particular examples given below.
PAC  EXAMPLE 1
PAC  1-[4'-Imidazolidinon-(2')-ylphenethyl]-4-(3"-chlorophenyl)-piperazine
PAR  19.6 gm (0.1 mol) of N-(3-chlorophenyl)-piperazine and 23.0 gm (0.1 mol) of
      2-(4'-nitrophenyl)-ethylbromide were refluxed in 150 ml of acetonitrile in
      the presence of 20 gm of potassium carbonate for 2 hours. The hot solution
      was vacuum-filtered, the residue was washed with acetonitrile and the
      combined solutions were concentrated by evaporation. Treatment of the
      residue with isopropanol yielded 19 gm of
      1-(4'-nitrophenethyl)-4-(3"-chlorophenyl)-piperazine (m.p. 87.degree.C)
      and 4.5 gm more were obtained from the mother liquor.
PAR  The total yield was 23.5 gm (70% of theory). The nitro-compound was
      dissolved in 240 ml of methanol and hydrogenated in the presence of 1 gm
      of PtO.sub.2 at 20.degree.C and 5 atmospheres gauge of hydrogen until the
      nitro group has been reduced. After separation of the catalyst, 21 gm of
      amine were obtained as a distillation residue, which was reacted without
      further purification with 8.5 gm of .beta.-chloroethylisocyanate in 150 ml
      of benzene by heating to 50.degree.C for 3 hours, yielding 27 gm (96% of
      theory), of the following compound:
      ##SPC16##
PAL  decomposition point above 200.degree.C.
PAR  27 gm of this substance were dissoled in 360 ml of hot ethanol, and a
      solution of 4.0 gm of potassium hydroxide in 40 ml of ethanol was then
      added. The reaction mixture was refluxed for 3  to 5 minutes and then
      vacuum-filtered after cooling, and the residue was freed from inorganic
      matter by extraction with water. 17 gm of the compound of the formula
      ##SPC17##
PAL  were obtained in the form of the base. For conversion into the salt, the
      base was heated to boiling in 500 ml of ethanol, and an equivalent
      quantity of methanesulfonic acid was then added in the form of an
      ethanolic solution. 20.5 gm of the methanesulfonate, m.p. 239.degree.C
      (from ethanol), were obtained.
PAR  The following compounds were prepared in a manner analogous to that
      described in Example 1:
      ##SPC18##
PAR  The following compound was also obtained by a method analogous to that of
      Example 1:
      ##SPC19##
PAL  M.p. of its hydrochloride: 256.degree.-257.degree.C.
PAR  In the following examples Z denotes the radical
      ##SPC20##
PAC  EXAMPLE 25
      ##SPC21##
PAR  28.4 gm (0.1 mol) of 2-[4-imidazolidinon-(2)-yl-phenyl]-ethyl methyl
      sulfonate, obtained from 2-[4-imidazolidinon-(2)-yl-phenyl]-ethanol and
      methanesulfochloride in pyridine, were reacted with 17.5 gm of
      N-(2-methylphenyl)-piperazine in 120 ml of acetonitrile in the presence of
      21 gm of sodium hydroxide solution by refluxing for 1 hour. Compound A was
      isolated as the base, melting point 195.degree.C.
PAR  The following compounds were prepared in analogous manner (formula I, R and
      R" = H, R' = as indicated):
      ##SPC22##
PAC  EXAMPLE 26
      ##SPC23##
PAR  10 gm of 1-(4'-imidazolidinon-2'-yl-phenyl)-2-oxo-propane were hydrogenated
      with 8.1 gm of N-(2-methylphenyl)piperazine in 100 ml of methanol in the
      presence of 1 gm of PtO.sub.2 at 60.degree.C and 5 atmospheres gauge until
      the calculated quantity of hydrogen had been taken up. After removal of
      the catalyst, the methanol was distilled off, and the residue was
      crystallized by the addition of acetonitrile. The hydrochloride of
      compound B, which melted at 299.degree.-301.degree.C and crystallized as
      the monohydrate, was obtained from the base in a small quantity of
      methanol by adding concentrated hydrochloric acid.
PAR  The following compounds were prepared in analogous manner (formula I, R and
      R" = H, R' = as indicated):
      ##SPC24##
PAC  EXAMPLE 27
      ##SPC25##
PAR  15.5 gm (0.05 mol) of
      N-[.beta.-p-aminophenyl)-ethyl]-N'-(o-ethylphenyl)-piperazine, 1.6 gm of
      paraformaldehyde and a solution of 4.1 gm of potassium cyanide in 7 ml of
      water were combined in 85 ml of glacial acetic acid at 15.degree. to
      20.degree.C, and the mixture was allowed to stand overnight at room
      temperature. The resulting product of the formula
      ##SPC26##
     had a melting point of 137.degree.-138.degree.C. It was hydrogenated in
      methanol, using PtO.sub.2 as the catalyst, to form
      ##SPC27##
PAL  which was treated in benzene with the calculated quantity of
      N,N'-carbonyldiimidazole dissolved in tetrahydrofuran. The mixture was
      allowed to stand overnight at room temperature, was then refluxed for 2
      hours, and the resulting product C was isolated as the base (m.p.
      178.degree.-181.degree.C.
PAR  The following compounds were prepared in analogous manner: (formula I, R
      and R" = H, R' = as indicated)
      ##SPC28##
PAC  EXAMPLE 28
      ##SPC29##
PAR  4-Methoxy-3-nitro-acetophenone was reduced to
      4-methoxy-3-amino-acetophenone, which was reacted with
      .beta.-chloroethyl-isocyanate to form
      ##SPC30##
PAL  (m.p. 149.degree.C) which was converted into the imidazolidinone derivative
      of the formula
      ##SPC31##
PAL  (m.p. 186.degree.-188.degree.C) by reaction with potassium hydroxide in
      ethanol. Reaction of this compound with bromine in chloroform yielded the
      compound of the formula
      ##SPC32##
PAL  which was reacted as the raw product (85 gm) with 105 gm of
      N-(2-ethyl-phenyl)-piperazine in 1,500 of acetonitrile to yield the
      compound of the formula
      ##SPC33##
PAL  (m.p. 170.degree.-172.degree.C). 5 gm of NaBH.sub.4 was added portionwise
      to 32 gm of this compound in 250 ml of methanol. The reaction mixture was
      left to stand overnight and was then worked up, yielding 32.5 gm of
      compound D in the form of its hydrochloride (m.p. 234.degree.C).
PAR  The following compounds were prepared in analogous manner:
      ##SPC34##
PAC  EXAMPLE 29
      ##SPC35##
PAR  35 gm of 3-aminopropiophenone in 250 ml of benzene were reacted with 27 gm
      of .beta. -chloroethyl-isocyanate to yield the compound of the formula
      ##SPC36##
PAL  (m.p. 114.degree.C), which was cyclized with potassium hydroxide to form
      3-[imidazolidinon-(2)-yl] -propiophenone (m.p. 162.degree.C), which was
      reacted with bromine in chloroform to yield the bromoketone of the formula
      ##SPC37##
PAL  (m.p. 181.degree.C).
PAR  33 gm of this bromoketone were boiled with 39 gm of
      N-(2-methyl-phenyl)-piperazine in 660 ml of acetonitrile for 30 minutes,
      and the reaction mixture was worked up to yield 40 gm of the compound of
      the formula
      ##SPC38##
PAL  (m.p. 157.degree.C).
PAR  6 gm of this aminoketone in 60 ml of ethanol were mixed with 1 gm of
      NaBH.sub.4, and the mixture was heated to 50.degree.C. After cooling, 1 gm
      of NaBH.sub.4 was again added. 5 gm of the threo-form of compound E (m.p.
      204.degree.C) crystallized after about one hour. M.p. of its methane
      sulfonate: 241.degree.C.
PAR  To prepare the erythro-form of compound E, 6 gm of the aminoketone were
      dissolved in methanol and hydrogenated with palladium/charcoal at
      60.degree.C and 5 atmospheres gauge. Working up yielded the erythro-form
      of compound E, m.p. 161.degree.C.
PAC  EXAMPLE 30
      ##SPC39##
PAL  5 gm of the compound of the formula
      ##SPC40##
PAL  were added portionwise to 20 ml of thionyl chloride; the resulting solution
      turned red after some time. The excess thionyl chloride was distilled off,
      and the residue was brought to crystallization by the addition of
      acetonitrile and boiling. 3.3 gm of the compound of the formula
      ##SPC41##
PAL  where thereby obtained, which were hydrogenated in the pressence of 1.67 gm
      of dimethylaniline and Raney nickel as the catalyst in methanol until the
      absorption of hydrogen ceased. After removal of dimethylaniline by
      distillation, compound F was isolated from the residue as its
      hydrochloride, m.p. 256.degree.-257.degree.C.
PAR  The following compounds were prepared in analogous manner;
      ##SPC42##
PAC  EXAMPLE 31
      ##SPC43##
PAR  4-Amino-acetophenone was converted into
      4-[imidazolidinon-(2')-yl]-acetophenone (m.p. 208.degree.C) by reaction
      with .beta.-chloroethyl-isocyanate, followed by treatment with potassium
      hydroxide. The .omega.-bromoketone of the formula
      ##SPC44##
PAL  was obtained in chloroform by the addition of 1 mol of bromine. M.p.
      175.degree.C.
PAR  2 gm of sodium borohydride were slowly added to 14.2 gm of the bromoketone
      in 200 ml of ethanol while cooling with ice, and the reaction mixture was
      then stirred for two hours at room temperature. Precipitated sodium
      bromide was removed by vacuum filtration, 0.5 ml of water and 17.6 gm of
      N-2-methylphenylpiperazine were added to the filtrate, and the mixture was
      left to stand overnight at room temperature and was then refluxed for two
      hours. Compound (G) was then isolated; it had a melting point of
      221.degree.-223.degree.C.
PAR  The following compounds were prepared in analogous manner:
      ##SPC45##
PAC  EXAMPLE 32
      ##SPC46##
PAR  4-Benzyloxy-aniline was reacted with .beta.-chloroethylisocyanate to
      produce the compound of the formula
      ##SPC47##
PAL  (m.p. 176.degree.C), which was converted with potassium hydroxide in
      ethanol into the imidazolidinone derivative of the formula
      ##SPC48##
PAL  (m.p. 226.degree.C).
PAR  Catalytic hydrogenation of the latter yielded the compound of the formula
      ##SPC49##
PAL  m.p. 180.degree.C.
PAR  14.2 gm of this phenol were reacted in ethanol with 12.6 gm of
      N-(3-chloropropyl)-N'-(2-methylphenyl)-piperazine by boiling in the
      presence of 3.1 gm of potassium hydroxide to yield compound H (m.p.
      171.degree.C).
PAR  The following compounds were prepared in analogous manner:
      ##SPC50##
PAC  EXAMPLE 33
PAC  N-[4-Imidazolidinon-(2)-yl-phenylmethyl]-N'-phenyl-piperazine
PAR  N-Phenyl-N'-(4-nitro-benzyl)-piperazine was prepared from 4-nitro-benzyl
      bromide and N-phenyl-piperazine by refluxing in acetonitrile. Reduction of
      this compound with hydrogen/PtO.sub.2 in methanol yielded
      N-phenyl-N'-(4-amino-benzyl)-piperazine (m.p. 105.degree.C), which was
      reacted with .beta.-chloroethyl- isocyanate in benzene to yield the
      compound of the formula
      ##SPC51##
PAL  21 gm of this compound were mixed with 2.4 gm of NaOH in 160 ml of ethanol,
      and the mixture was refluxed for 10 minutes. 16 gm of the compound named
      in the heading of this example were obtained by isolation from ethanol
      (m.p. 218.degree.C). Its methanesulfonate (m.p. 210.degree.C) was obtained
      from the base with the calculated quantity of methanesulfonic acid in
      ethanol.
PAR  The following compounds were prepared in analogous manner:
      ##SPC52##
PAC  EXAMPLE 34
PAC  N-[4'-Imidazolidinon-(2)-yl-phenethyl]-N'-(2"-quinolyl)-piperazine
PAR  9 gm of N-(2-quinolyl)-piperazine and 9.7 gm of p-nitro-phenethyl bromide
      were refluxed for 4 hours in the presence of 12 gm of sodium hydroxide in
      125 ml of acetonitrile. The solution was vacuum-filtered while hot, and
      the residue was washed with acetonitrile.
      N-(2-quinolyl)-N'-(p-nitrophenethyl)-piperazine crystallized out of the
      mother liquor on cooling. The yield after vacuum filtration and
      recrystallization from acetonitrile was 11 gm (m.p. 162.degree.C). 20 gm
      of this nitro-compound, dissolved in 1 liter of methanol, were
      hydrogenated at 20.degree.C and 5 atmospheres gauge in the presence of 1
      gm of PtO.sub.2 until the theoretical amount of hydrogen had been
      absorbed. After removal of the catalyst by filtration and concentration of
      the solvent by evaporation, the crystalline distillation residue was
      recrystallized from acetonitrile, yielding 18 gm of the corresponding
      aminocompound (m.p. 133.degree.C). 10 gm of this amino-compound were
      reacted with 3.8 gm of .beta.-chloroethyl-isocyanate in 200 ml of
      chloroform by heating for 1 hour at 50.degree.C to yield the compound of
      the formula
      ##SPC53##
PAL  m.p. 233.degree.C. Ring closure was effected by suspending 11 gm of this
      compound in 165 ml of methanol and then at the boiling point, adding a
      solution of 1.05 gm of NaOH in 15 ml of H.sub.2 O. A solution was formed
      and crystallization took place after 2 minutes. After cooling and vacuum
      filtration, the crystals were washed with water and acetonitrile. 7 gm of
      the compound named in the heading of this example were obtained; m.p.
      230.degree.C (from dimethylformamide). The base was converted into the
      di-methanesulfonate by reaction with the calculated quantity of
      methanesulfonic acid in alcohol and recrystallization from methanol. The
      di-methanesulfonate contained 1 mol of water of crystallization; m.p.
      197.degree.C.
PAC  EXAMPLE 35
PAC  N-[1-(4'-Imidazolidinon-(2)-yl-phenyl)-1-hydroxy-ethyl]-N'-(2"-pyridyl)-pip
     erazine
PAR  14.5 gm of 4-[imidazolidinon-(2)-yl]-.omega.-bromoacetophenone (m.p.
      175.degree.C) were refluxed with 16.3 gm of N-(.alpha.-pyridyl)-piperazine
      in 150 ml of acetonitrile for 45 minutes. After separation of the
      precipitated N-(.alpha.-pyridyl)-piperazine hydrobromide, the compound of
      the formula
      ##SPC54##
PAL  was isolated as the base (76% of theory); m.p. 214.degree.C (from ethanol).
PAR  Reduction of this ketone with NaBH.sub.4 in 90% methanol resulted in the
      corresponding hydroxyl compound with a yield of 88.5%; m.p. 218.degree.C
      (from ethanol).
PAC  EXAMPLE 36
PAC  N-(4'-Imidazolidinon-(2)-yl-phenethyl)-N'-(2"-pyridyl)-piperazine
PAR  14.1 gm of N-(4-aminophenethyl)-N'-(2'-pyridyl)-piperazine, 1.6 gm of
      paraformaldehyde and a solution of 4.1 gm of potassium cyanide in 7 ml of
      water were combined in 85 ml of glacial acetic acid at 15 to 20.degree.C,
      and the reaction was allowed to go to completion by leaving the reaction
      mixture to stand overnight at room temperature. The resulting
      cyanomethylamino-compound was hydrogenated to the corresponding
      ethylene-diamino derivative with hydrogen in methanol, using PtO.sub.2 as
      the catalyst. The calculated quantity of N,N'-carbonyl diimidazole,
      dissolved in tetrahydrofuran, was added to this ethylenediamino derivative
      in benzene. The reaction mixture was left to stand overnight at room
      temperature and was then refluxed for 2 hours, yielding the compound of
      the formula
      ##SPC55##
     which was isolated as the base; m.p. 200.degree.C.
PAR  The following compounds were prepared by methods analogous to those
      described in Examples 34-36.
      ##SPC56##
PAC  EXAMPLE 37
PAC  N-[4'-(3-Methylimidazolidinon-(2)-yl)-phenethyl]-N'-(o-methylphenyl)-pipera
     zine
PAR  14.5 gm of N-(4'-imidazolidinon-(2)-yl-phenethyl)-N'-phenyl-piperazine were
      added to 1.82 gm of NaH (50% in oil) in 250 ml of diglyme. The theoretical
      quantity of hydrogen had been formed after 1 hour's stirring at
      60.degree.C. After the solution had been cooled to 20.degree.C, 5.7 gm of
      methyl iodide dissolved in 20 ml of absolute diglyme were added dropwise,
      whereby sodium iodide precipitated out.
PAR  After 1 hour's stirring at 50.degree.C, the sodium iodide was removed by
      vacuum filtration, and the solvent was distilled off. The crystalline
      residue was washed with ethanol and separated by vacuum filtration and had
      a melting point of 129.degree.C after recrystallization from ethanol.
      Yield: 12 gm of the compound named in the heading of this example in the
      from of the base.
PAR  The methanesulfonate was prepared from the base with the calculated
      quantity of methanesulfonic acid in ethanol; m.p. 196.degree.C (from
      ethanol).
PAR  The following compounds were prepared in an analogous manner:
      ##SPC57##
PAC  EXAMPLE "
PAC  N-[4'-(3-n-butylimidazolidinon-(2)-yl)-phenethyl]-N'-(o-methylphenyl)-piper
     azine
PAR  28.5 gm of the compound of the formula
      ##SPC58##
PAL  were dissolved in 400 ml of hot ethanol, and an ethanolic solution of 4.0
      gm of potassium hydroxide was added. The reaction mixture was refluxed for
      5 minutes, and the compound named in the heading was then isolated. M.p.
      of its hydrochloride: 283.degree.C (from ethanol).
PAC  EXAMPLE 39
PAC  N-[1-(4"-imidazolidinon-(2')-yl-phenyl)-1-acetoxyethyl]-N'-(o-methylphenyl)
     -piperazine
PAR  A mixture consisting of 7.6 gm (0.02 mol) of
      N-[1-(4"-imidazolidinon-(2')-yl-phenyl)-1-hydroxyethyl]-N'-(o-methylphenyl
     )-piperazine, 2.5 ml of acetic acid anhydride and 76 ml of chloroform was
      refluxed for 2 hours. After removal of the solvent by distillation, the
      residue was crystallized with ethanol and then dissolved in chloroform,
      and the solution was extracted with potassium carbonate solution and
      water. The organic phase was dried with sodium sulfate, and the chloroform
      was distilled off. The raw free base named in the heading of this example
      remained as a residue. The hydrochloride was obtained from the base by the
      addition of concentrated hydrochloric acid in hot ethanol. After
      recrystallization from ethanol the salt had a melting point of
      310.degree.C (decomposition). The yield was 5.5 gm.
PAC  EXAMPLE 40
PAC  N-[1-(4"-Imidazolidinon-(2')-yl-phenyl)-1-methylcarbamoyloxyethyl]-N'-(o-me
     thylphenyl)-piperazine
PAR  A mixture consisting of 7.6 gm (0.02 mol) of
      N-[1-(4"-imidazolidinon-2')-yl-phenyl)-1-hydroxy-ethyl]-N'-(o-methylphenyl
     )-piperazine, 1.1 ml of methyl isocyanate and 114 ml of chloroform was
      shaken in a montejus for 1 hour at 60.degree.-70.degree.C. After removal
      of the chloroform by distillation, the raw free base named in the heading
      of this example was left as a residue. The base, dissolved in hot ethanol,
      was converted into its hydrochloride by the addition of ethanolic
      hydrochloric acid. After recrystallization from ethanol, the salt had a
      melting point of 159.degree.C (decomposition). The yield was 7.5 gm.
PAC  EXAMPLE 41
PAC  N-[1-(4"-Imidazolidinon-(2')-yl-phenyl)-1-ethoxy-ethyl]-N'-(o-methylphenyl)
     -piperazine
PAR  8.7 gm (0.02 mol) of
      N-[1-(4"-imidazolidinon-(2')-yl-phenyl)-1chloro-ethyl]-N'-(o-methylphenyl)
     -piperazine  hydrochloride, prepared from the corresponding hydroxyl
      compound by chlorination with PCl.sub.5 in acetonitrile, were introduced
      into a solution of 1.84 gm (0.08 mol) of sodium in 200 ml of absolute
      ethanol. After 1 hour's stirring at 40.degree.C, the calculated quantity
      of ethanolic hydrochloric acid was added, the precipitated NaCl was
      removed by vacuum filtration, and the ethanol distilled out to a residual
      volume of 20 ml. The base was obtained from the residue. Crystallization
      of the base from ethanol with the calculated quantity of methanesulfonic
      acid yielded the methanesulfonate of the compound named in the heading of
      this example.
PAR  The following compounds are prepared by methods analogous to those of
      Examples 39-41:
      ##SPC59##
PAR  The compounds according to the present invention, that is, those embraced
      by formula I and their non-toxic, pharmacologically acceptable acid
      addition salts, in both the optically inactive and optically active forms,
      have useful pharmacodynamic properties. More particularly, the compounds
      of the present invention exhibit CNS-depressing, neuroleptic, and
      anti-cholesteremic activities in warm-blooded animals, such as mice, rats,
      guinea pigs, dogs and cats.
PAR  Particularly effective are, inter alia,
      N-[4"-imidazolidinon-(2')-yl-phenethyl]-N'-(o-ethyl-phenyl)-piperazine and
      N-[4"-imidazolidinon-(2') -yl-phenethyl]-N'-(o-methyl-phenyl)-piperazine,
      as well as those compounds of the formula I wherein R" is hydrogen and
      R.sub.1 is hydrogen or hydroxyl, and their non-toxic acid addition salts.
PAR  For pharmaceutical purposes the compounds according to the present
      invention are administered to warm-blooded animals perorally or
      parenterally as active ingredients in customary dosage unit compositions,
      that is, compositions in dosage unit form consisting essentially of an
      inert pharmaceutical carrier and one effective dosage unit of the active
      ingredient, such as tablets, coated pills, capsules, wafers, powders,
      solutions, suspensions, emulsions, syrups, aerosols, suppositories and the
      like. One effective dosage unit of the compounds according to the present
      invention is from about 0.026 to 1.35 mgm/kg body weight, preferably from
      0.066 to 0.67 mgm/kg body weight.
PAR  The following examples illustrate a few pharmaceutical dosage unit
      compositions comprising a compound of the present invention as an active
      ingredient and represent the best modes contemplated of putting the
      invention into practical use. The parts are parts by weight unless
      otherwise specified.
PAC  EXAMPLE 42
PAL  Tablets
PAR  The tablet composition is compounded from the following ingredients:
TBL  N-[4"-Imidazolidinon-(2')-yl-phenethyl]                                   
     N'-(o-ethyl-phenyl)-piperazine                                            
                              30      parts                                    
     Lactose                  70      parts                                    
     Corn starch              93      parts                                    
     Secondary calcium phosphate                                               
                              47      parts                                    
     Soluble starch           3       parts                                    
     Magnesium stearate       3       parts                                    
     Colloidal silicic acid   4       parts                                    
     Total                    250     parts                                    
PAL  Preparation:
PAR  The piperazine compound is intimately admixed with the lactose, the corn
      starch and the calcium phosphate, the mixture is granulated with the aid
      of an aqueous solution of the soluble starch in conventional fashion, and
      the granulate is dried and admixed with the remaining ingredients. The
      composition is compressed into 250 mgm-tablets in a conventional tablet
      making machine. Each tablet contains 30 mgm of the piperazine compound and
      is an oral dosage unit composition with effective CNS-depressing action.
PAC  EXAMPLE 43
PAL  Coated pills
PAR  The pill core composition is compounded from the following ingredients:
TBL  N-[4"-Imidazolidinon-(2')-yl-phenylethyl]                                 
     N'-(o-methyl-phenyl)-piperazine .sup.. HCl                                
                              40      parts                                    
     Lactose                  50      parts                                    
     Corn starch              80      parts                                    
     Secondary calcium phosphate                                               
                              50      parts                                    
     Magnesium stearate       3       parts                                    
     Soluble starch           3       parts                                    
     Colloidal silicic acid   4       parts                                    
     Total                    230     parts                                    
PAL  Preparation:
PAR  The ingredients are compounded in the same manner as in the preceding
      example, the composition is compressed into 230 mgm-pill cores which are
      subsequently coated with a thin shell consisting essentially of a mixture
      of talcum, sugar and gum arabic, and the coated pills are polished with
      beeswax. Each pill contains 40 mgm of the piperazine compound and is an
      oral dosage unit composition with effective CNS-depressing action.
PAC  EXAMPLE 44
PAL  Suppositories
PAR  The suppository composition is compounded from the following ingredients:
TBL  N-[4"-Imidazolidinon-(2')-yl-phenethyl]                                   
     N'-(m-chloro-phenyl)-piperazine .sup.. CH.sub.3 SO.sub.3 H                
                              30      parts                                    
     Lactose, powdered        45      parts                                    
     Suppository base (e.g. cocoa butter)                                      
                              1625    parts                                    
     Total                    1700    parts                                    
PAL  Preparation:
PAR  The lactose and the piperazine compound are intimately admixed with each
      other, the mixture is homogeneously blended into the molten suppository
      base, and 1,700 mgm-portions of the composition are filled into cooled
      suppository molds and allowed to harden therein. Each suppository contains
      30 mgm of the piperazine compound and is a rectal dosage unit composition
      with effective CNS-depressing action.
PAR  Analogous results are obtained when any one of the other
      N-phenyl-imidazolidinones embraced by formula I or a non-toxic salt
      thereof was substituted for the particular N-phenyl-imidazolidinone in
      Examples 42 through 44. Likewise, the amount of active ingredient in these
      illustrative examples may be varied to achieve the dosage unit range set
      forth above, and the amounts and nature of the inert pharmaceutical
      carrier ingredients may be varied to meet particular requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC60##
PAL  wherein
PA1  R' is in the m- or p- position and is selected from the group consisting of
      --CH.sub.2 --A, --CHR.sub.1 --CH.sub.2 -A and
      ##EQU3##
      where R.sub.1 is hydrogen or hydroxyl, and
PA2  A is
      ##SPC61##
PA2  where
PA3  R.sub.3 is hydrogen, chlorine, methyl, ethyl, trifluoromethyl or lower
      alkoxy, and
PA3  R.sub.4 is hydrogen or methyl, or
PA3  R.sub.3 and R.sub.4, together with each other and neighboring carbon atoms
      of the phenyl ring to which they are attached, are naphthyl,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1, wherein
PA1  R' is in the m- or p- position and is selected from the group consisting of
      --CH.sub.2 --A, --CHR.sub.1 --CH.sub.2 -A and
      ##EQU4##
      where R.sub.1 is hydrogen or hydroxyl, and
PA2  A is
      ##SPC62##
PA2  where
PA3  R.sub.3 is hydrogen, chlorine, methyl or ethyl, and
PA3  R.sub.4 is hydrogen or methyl, or
PA3  R.sub.3 and R.sub.4, together with each other and neighboring carbon atoms
      of the phenyl ring to which they are attached, are naphthyl,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  3.
PAR  3. A compound of claim 2 wherein
PA1  R' is in the m- or p- position and is selected from the group consisting of
      --CH.sub.2 --CH.sub.2 --A and
      ##EQU5##
      where A is
      ##SPC63##
PA2  where
PA3  R.sub.3 is hydrogen, chlorine, methyl or ethyl, and
PA3  R.sub.4 is hydrogen or methyl, or
PA3  R.sub.3 and R.sub.4, together with each other and neighboring carbon atoms
      of the phenyl ring to which they are attached, are naphthyl,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  4.
PAR  4. A compound of claim 1, which is
      N-[4"-imidazolidinon-(2')-yl-phenethyl]-N' -(o-ethyl-phenyl)-piperazine or
      a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  5.
PAR  5. A compound of claim 1, which is
      N-[4"-imidazolidinon-(2')-yl-phenethyl]-N'-(o-methyl-phenyl)-piperazine or
      a non-toxic, pharmacologically acceptable acid addition salt thereof.
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PAL  New compounds having the formula
      ##SPC1##
PAL  In which Y represents a hydrogen atom, in which case Z.sub.1 and Z.sub.2
      represent simultaneously an oxygen atom, or Z.sub.1 represents a
      methoxycarbonyl radical and Z.sub.2 a hydroxy radical, or Y and Z.sub.2
      form together a carbon-carbon bond and Z.sub.1 is a methoxycarbonyl
      radical, said compounds being additionally characterized by a cis-fusion
      of the D/E rings. Said new compounds and vincamine and certain of its
      derivatives are prepared from an enamine having the formula:
      ##SPC2##
PAL  In which R is H or C.sub.2 H.sub.5.
BSUM
PAR  This invention relates to new vincamine derivatives and to a novel process
      for the preparation of vincamine and of vincamine derivatives.
PAR  It is known that vincamine possesses highly useful therapeutic properties
      and that it may be used for the treatment of cerebral vascular conditions.
PAR  The chemical synthesis of vincamine has already been effected, for example
      by M. E. KUEHNE (J. Am. Chem. Soc., 1964, 86, 2946) and by K. H. GIBSON
      and J. E. SAXTON (Chem. Comm., 1969, 1490).
PAR  Both the above mentioned methods have various drawbacks, particularly in
      that they lead, at different stages, to a mixture of isomers and make it
      possible to obtain vincamine only with low yields.
PAR  According to the process of this invention, vincamine and its derivatives
      are prepared from an enamine (compound described by R. N. Schut and T. J.
      Leipzig, J. Het. Chem., 1966, 3, 101).
PAR  The new vincamine derivatives included within the scope of the invention
      have the general formula:
      ##SPC3##
PAL  In which:
PA1  Y represents a hydrogen atom, in which case Z.sub.1 and Z.sub.2 represent
      simultaneously an oxygen atom, or Z.sub.1 represents a methoxycarbonyl
      radical and Z.sub.2 represents a hydroxy radical, or
PA1  Y and Z.sub.2 form together a carbon-carbon bond and Z.sub.1 is a
      methoxycarbonyl radical,
PA1  Said compounds being additionally characterized by a cis-fusion of the D/E
      rings.
PAR  Said compounds are analogs of alkaloids of the deethyleburnane group.
PAR  The invention includes in particular within its scope 20-deethyl-vincamine,
      20-deethyl-apovincamine and 20-deethyleburnamonine as their racemic and
      optically active forms.
PAR  The process for the preparation of vincamine and its derivatives which are
      described in the present application comprises condensing an enamine (1)
      with methyl .alpha.-bromomethyl-acrylate prepared according to the method
      disclosed by A. F. FERRIS (J. Org. Chem., 1955, 20, 780). The resulting
      immonium salt (2) is reduced with sodium borohydride to give compound (3).
      The group  C=CH.sub.2 of compound (3) is oxidized in the presence of
      periodic acid with potassium permanganate or osmium tetraoxide according
      to the method disclosed by S. M. KUPCHAN (J. Org. Chem., 1962, 3103). The
      resulting ketone condenses immediately with the indole  NH group to give
      compound (4) which is vincamine when R is ethyl or 20-deethyl-vincamine
      when R is H. On dehydration under acidic conditions, 20-deethyl-vincamine
      leads to compound (5), 20-deethyl-apovincamine.
PAR  Compound (4) may be reacted with lithium aluminum hydride within
      tetrahydrofuran and then with hot hydrochloric acid, to give compound (7).
PAR  Diagram I below illustrates the process for the preparation of said
      compounds
      ##SPC4##
PAR  Amide (7) may also be prepared according to the reaction scheme illustrated
      below in Diagram II. Enamine (10) is alkylated with ethyl bromoacetate or
      iodoacetate, to give immonium salt (9) which is reduced with sodium
      borohydride or by hydrogenation in the presence of 10%
      palladium-over-charcoal, and resulting derivative (8) is then treated with
      sodium ethoxide in absolute ethanol or with potassium t-butoxide in
      anhydrous benzene, to give cis-quinolizidine derivative (7) in which the
      D/E rings are cis-fused.
      ##SPC5##
PAR  The following examples illustrate the invention.
PAR  The melting points are determined with a Leitz microscope or with a Kofler
      block and are corrected; the NMR spectra are measured with a Perkin-Elmer
      type R.sub.12 apparatus using tetramethylsilane as zero reference; the
      mass spectra are recorded with an AEI type MS9 apparatus.
PAR  For purposes of clarity, the alkaloid nomenclature is frequently used (J.
      Le Men and W. I. Taylor, Experientia, 1965, 21, 508).
DETD
PAC  EXAMPLE 1
PAC  (DIAGRAM I)
PAR  a. 1,2,3,4,6,7,12,12 b-Octahydro-1-(.beta.-methoxycarbonylallyl)-indolo[
      2,3a]-quinolizine (Compound 3a, R = H)
PAR  1 g of enamine (compound 1, R = H) is dissolved in methanol (40 ml) in
      which a buffer mixture of disodium phosphate (3.6 g) and monosodium
      phosphate (1.4 g) is suspended.
PAR  Methyl .alpha.-bromomethylacrylate (2 ml) is added under a nitrogen
      atmosphere. The reaction mixture is stirred during 15 hours at room
      temperature, after which the inorganic phase is filtered off. Sodium
      borohydride is added to the filtrate, while cooling over an ice-bath. When
      reduction is complete (as ascertained by thin-layer chromatography), the
      material is poured into water and extracted with chloroform to give 1.2 g
      of a brown lacquer which is chromatographed through a silica column. The
      fractions eluted with benzene-ether (99:1) contain methyl
      .alpha.-bromomethylacrylate together with polyalkylated compounds.
PAR  Derivative (3a) (0.560 g) is separated as a colorless lacquer with
      benzene-ether 95:5.
PAR  I.R. Spectrum (CH Cl.sub.3): 3460-3370 cm.sup..sup.-1 (N--H),
      2860-2810-2755 cm.sup..sup.-1 (Bohlmann's bands), 1715 cm.sup..sup.-1
      ##EQU1##
      1630 cm.sup..sup.-1 (C=CH.sub.2)
PAR  U.V. Spectrum (EtOH): in neutral medium and in alkaline medium:
PA1  = 227 nm (log .epsilon. = 4.40), 276 nm (log .epsilon. = 3.79), 285 nm (log
      .epsilon. = 3.81), 292 nm (log .epsilon. = 3.74), 360 nm (log .epsilon. =
      2.84), in acidic medium:
PA1  = 222 nm (log .epsilon. = 4.37), 274 nm (log .epsilon. = 3.82), 281 nm (log
      .epsilon. = 3.79), 2.91 nm (log .epsilon. = 3.68), 360 nm (log .epsilon. =
      3.08).
PAR  Mass Spectrum: peaks at m/e 324 (M.sup.+), 323, 309, 293, 265, 263, 249,
      247, 225, 224, 197, 184, 170, 169, 144, 143, 96.
PAR  NMR Spectrum:
PA1  1 proton (N.sub.a -H) at 8.8 ppm
PA1  4 aromatic H's between 6.9 and 7.5 ppm
PA1  2 ethylenic H's: 2 doublets centered at 6.1 and 5.5 ppm (J = 2 Hz)
PA1  3 H (methyl ester); singlet at 3.70 ppm
PA1  1 H (C.sub.12b) at 3.40 ppm.
PAR  The presence of Bohlmann's bands (2900-2700 cm.sup..sup.-1 ) in I.R. and
      the position of the signal, in nuclear magnetic resonance, of hydrogen
      (C.sub.12b) at 3.40 ppm make it possible to contemplate a
      trans-quinolizidine linking of the C/D rings.
PAR  b. (.+-.) 20-Deethyl-vincamine (Compound 4A, R = H)
PAR  Osmium tetraoxide (70 mg) is added to a solution of compound 3a (410 mg) in
      dioxan (145 ml) and water (45 ml).
PAR  After one hour of contact, with stirring, the medium turns black. Periodic
      acid (1.9 g) is added thereto.
PAR  The reaction mixture is stirred for a further 24 hours in the absence of
      light, after which potassium iodide and a normal sodium arsenite solution
      are added thereto until the material is decolorized and a pH of 7.5 is
      obtained. The reaction mixture is then extracted with chloroform to give
      338 mg of a brown lacquer. Crystallization from acetone gives 150 mg of
      (.+-.)-20-deethyl-vincamine (4a). M.p. (inst.) = 248.degree.C (corr.).
PA1  Analysis: for C.sub.19 H.sub.22 O.sub.3 N.sub.2 Calc. % : C 69.92 H 6.79 N
      8.58
PA1  Found : C 70.21 H 7.09 N 8.10
PAR  Mass Spectrum : peaks at m/e 326 (M.sup.+), 325, 311, 308, 267, 265, 264,
      248, 238, 224, 209, 196, 180, 168, 167, 144.
PAR  I.R. Spectrum: (CH Cl.sub.3): bands at 1740 cm.sup..sup.-1 (ester) and 3520
      cm.sup..sup.-1 (OH)
PAR  U.V. Spectrum: maximum absorption at 229 nm (log .epsilon. = 4.44), 276
      (3.88), 282 (3.89), 292 (3.74) in ethanol solution, and maximum absorption
      at 270 (3.93), 316 (3.53) in hydrochloric medium (11N).
PAR  N.M.R. Spectrum: After two minutes, there are noted:
PA1  4 aromatic protons between 7.6 and 7 ppm
PA1  1 3-proton singlet at 3.80 ppm representing the methyl ester.
PAR  The position of this signal is characteristic of the configuration
      contemplated at the level of carbon C.sub.16.
PA1  1 broad signal at 5.1 ppm, characteristic of the proton at C.sub.21 (this
      signal appears at 4.3 ppm in COCl.sub.3).
PAR  after 4 hours of contact, due to a dehydration, appears the signal of the
      ethylenic proton carried by carbon 17 (doublet centered at 6.5 ppm J = 7
      Hz). Corresponding product 5 was isolated.
PAR  Said spectra confirm the structure of compound 4a which possesses the
      stereochemistry of vincamine (compound 4b, R = C.sub.2 H.sub.5) and,
      consequently, may be named (.+-.)-deethyl-vincamine.
PAR  This compound is characterized by a cis-quinolizidine (C/D) linking and a
      cis-fusion of the D/E rings. Isomer 6a, having the formula:
      ##SPC6##
PAL  which is differentiated by the reverse stereochemistry at the level of
      carbon 16, could be isolated in the course of the purifications.
PAR  c. 20-Deethyl-apovincamine (compound 5)
PAR  This compound is obtained from 20-deethyl-vincamine (compound 4a) by
      dehydration in acidic medium. IR Spectrum (CDCl.sub.3): band at 1730
      cm.sup..sup.-1 (ester); absence of OH band at 3520 cm.sup..sup.-1.
PAC  EXAMPLE 2
PAR  (.+-.)-20-Deethyl-eburnamonine (Compound 7a, R = H). Diagram I.
PAR  To a mixture of compound 4a (20 mg) in tetrahydrofuran (10 ml) is added
      lithium-aluminum hydride (15 mg). After refluxing during 3 hours, the
      reaction mixture is evaporated, taken up into 2N HCl (5 ml) and is then
      heated during 3 hours over a boiling water-bath. The chloroform extract of
      the alkalinized reaction mixture gives, after evaporation, 17 mg of a
      brown lacquer which is chromatographed using a thick layer of silica, to
      give 3 mg of (.+-.)-20-deethyl-eburnamonine, identified by its IR spectrum
      and by thin layer chromatography in various eluent mixtures (see Example
      4b).
PAC  EXAMPLE 3
PAR  (.-+.)-Vincamine (Compound 4b, R = C.sub.2 H.sub.5). Diagram I.
PAR  The procedure of Example 1 is used, using enamine 1b (R = C.sub.2 H.sub.5)
      as starting material. Enamine 1b (360 mg) is dissolved in
      ethanol-acetonitrile (1:1). After adding methyl .alpha.-bromomethyl
      acrylate (0.7 ml), the reaction medium is refluxed with stirring, under a
      nitrogen atmosphere, during 20 hours. The reaction mixture is then made
      alkaline and sodium borohydride is added to the cooled reaction mixture
      (ice-bath) until complete reduction of the immonium salt (2b, R = C.sub.2
      H.sub.5) (ascertained by thin layer chromatography). The material is
      poured into water and extracted with chloroform. On evaporation, the
      chloroform phases leave a brown lacquer which is osmylated in the presence
      of periodic acid, in the same manner as compound 3a. Extraction with
      chloroform gives a black lacquer (120 mg). (.-+.)-Vincamine 4b (25 mg) is
      separated by crystallization from acetone. M.p. = 190.degree.-232.degree.C
      (fusion - solidification - fusion).
PAR  The compound was compared with the naturally occurring material (E.
      SCHLITTLER, Helv. Chim. Acta, 1953, 36, 2017;M. PLAT and coll., Bull. Soc.
      Chim. de Fr., 1962, 5, 1082).
PAR  The I.R., U.V., mass and N.M.R. spectra and the melting point are
      identical.
PAC  EXAMPLE 4
PAC  (DIAGRAM II)
PAR  a. 12H, 12bH-1,2,3,4,6,7-hexahydro-1-ethoxycarbonylmethylindolo
      [2,3-a]quinolizine (Compound 8, intermediate)
PAR  Enamine 1a (R = H) (1 g) dissolved in ethyl iodoacetate (3 cc) is stirred
      under a nitrogen atmosphere, at 110.degree.C, during 4 hours. After
      cooling, excess reagent is removed by washing with hexane.
PAR  The residue containing immonium iodide (9) may be reduced in two different
      ways:
PAR  a. It is dissolved in ethanol (5 ml) and is then reduced with sodium
      borohydride (120 mg), added portionwise. The reaction mixture is poured
      into salt water and is extracted with chloroform, to give 1.13 g of crude
      product.
PAR  b. It is taken up into ethanol and is then hydrogenated at ordinary
      pressure and temperature over 10% palladium-over-charcoal during 3 hours.
      After filtration and evaporation of the filtrate, the same crude material
      is obtained as under (a).
PAR  The material is purified through a column of alumina with 30 times the
      weight of adsorbent and eluted with benzene-chloroform (1:1), to give 460
      mg (Yield 33%) of derivative (8). M.p. = 160.degree.C (benzene/hexane,
      1/1)
PA1  Analysis: for C.sub.19 H.sub.24 O.sub.2 N.sub.2 :
PA1  Calculated, % : C 73.04 H 7.74 O 10.24 N 8.97
PA1  Found % : 72.84 7.69 10.19 8.85
PAR  U.V. Spectrum (neutral ethanol): 276 (3.564), 284 (3.581), 292 (3.494).
PAR  IR Spectrum (Nujol) : 3365 (NH), 1710 (ester)
PA1  (CHCl.sub.3) : 3465 (NH), 2860-2805-2655 (Bohlmann's bands), 1725 (ester).
PAR  N.M.R. Spectrum : broad signal 8.1 N-H (.delta.,  CDCl.sub.3) q 4
      -O-CH.sub.2 -CH.sub.3
PA1  broad signal 3.4 H at 21
PA1  t 1.1 CH.sub.3 -CH.sub.2 -O
PAR  Mass Spectrum : peaks at m/e 312 (M.sup.+, 100 %), 311, 283, 267, 239, 224,
      197, 184, 170.
PAR  b. 1,2,3,5,6,12,13,13a-octahydro-12-oxo-[3,2,1-d,e]-indolo-[
      3,2,1-i,j]-pyrido-[1,5]-naphthyridine or 20-deethyl-eburnamonine (Compound
      7a)
PAR  A solution of the trans-cis derivative 8 (460 mg) in 0.1M sodium ethoxide
      (30 ml) is stirred at 50.degree.C during 3 hours. The reaction mixture is
      then poured into salt water and is extracted with chloroform, to give 400
      mg of (.+-.) cis-cis derivative (7). (cis-quinolizidine fusion and
      cis-fusion of rings D/E).
PAR  M.p. = 156.degree.C (hexane)
TBL  Analysis: C.sub.17 H.sub.18 ON.sub.2                                      
                 Calculated %:                                                 
                         C 76.66                                               
                               H 6.81                                          
                                    N 10.52                                    
                 Found %:                                                      
                         76.39 6.83 10.33                                      
     U.V. Spectrum (neutral ethanol):                                          
                       242.5 (4.238), 267 (3.957),                             
                       295 and 303 (3.602).                                    
     I.R. Spectrum (CHCl.sub.3 or Nujol) band at 1705 cm.sup..sup.-1 (lactam); 
     no                                                                        
                     Bohlmann's bands.                                         
     N.M.R. Spectrum:                                                          
                m 8.4 H at 10                                                  
                m 4.3 H at 21                                                  
PAR  Mass Spectrum: peaks at m/e 266 (M.sup.+, 100%), 265, 237.
PAR  Both enantiomers of (.+-.)-20-deethyl-eburnamonine could be isolated after
      crystallization of the tartrates ((+ )paratoluyl-tartaric acid) from
      methanol to constant optical rotations; there were obtained two bases
      having the following optical rotations:
EQU  [.alpha.].sub.D.sup.20 CHCl.sub.3 = +104.degree. and -104.degree.
PAR  The process described in the present application makes it possible to
      obtain (.+-.)vincamine whose useful therapeutic properties are well known,
      and also new vincamine derivatives. Said new derivatives were also found
      to possess a vasodilatator action, particularly at the cerebral level, and
      are therapeutically useful to control deficiencies of the cerebral
      circulation.
CLMS
STM  Having now described our invention what we claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. 20-Deethyl-apovincamine, having the formula:
      ##SPC7##
PAL  under its racemic and optically active forms.
NUM  2.
PAR  2. 20-Deethyl-eburnamonine, having the formula:
      ##SPC8##
PAL  under its racemic and optically active forms.
NUM  3.
PAR  3. Process for the preparation of compounds having the formula:
      ##SPC9##
PAL  in which, taken together, Z.sub.1 and Z.sub.2 represent an oxygen atom,
      and, taken separately, represent one a methoxycarbonyl radical and the
      other a hydroxy radical and R represents a radical selected from the group
      consisting of hydrogen and the ethyl group, comprising alkylating an
      enamine having the formula:
      ##SPC10##
PAL  in which R has the above-defined meaning, with methyl .alpha.-bromomethyl
      acrylate, reducing the resulting immonium salt, oxydizing the compound
      produced which cyclizes simultaneously to give the compound in which
      Z.sub.1 is COOCH.sub.3 and Z.sub.2 is OH, which is converted, if desired,
      to the compound in which Z.sub.1 and Z.sub.2 represent together an oxygen
      atom.
NUM  4.
PAR  4. Process as claimed in claim 3, for the preparation of vincamine,
      comprising alkylating the enamine having the formula:
      ##SPC11##
PAL  with methyl .alpha.-bromomethylacrylate, reducing the resulting immonium
      salt having the formula:
      ##SPC12##
PAL  with sodium borohydride and then oxidizing the resulting compound
      ##SPC13##
PAL  with osmium tetraoxide or potassium permanganate in the presence of
      periodic acid and, cyclization occurring simultaneously, thus obtaining
      vincamine.
NUM  5.
PAR  5. Process for the preparation of 20-deethyl-eburnamonine, comprising
      reacting the enamine having the formula
      ##SPC14##
PAL  with an ethyl halogeno-acetate, reducing the resulting immonium salt and
      cyclizing the compound obtained after reduction.
NUM  6.
PAR  6. A compound having the formula
      ##SPC15##
PAL  in which R is selected from the group consisting of hydrogen and ethyl.
NUM  7.
PAR  7. 1,2,3,4,6,7,12,12b-Octahydro-1-ethoxycarbonylmethylindolo[
      2-3a]-quinolizine having the formula:
      ##SPC16##
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PAL  Benzyl-substituted cyclooctanone compounds which exhibit
      hypocholesterolemic properties.
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BSUM
PAR  This invention relates to new compositions of matter having useful
      pharmacological properties.
PAR  Elevated levels of cholesterol in the blood stream are believed to play a
      significant role with respect to cardiovascular disease and particularly
      atherosclerosis. In the treatment and prevention of atherosclerosis it is
      desired to maintain normal blood cholesterol levels and/or to reduce blood
      cholesterol levels in hypercholesterolemic patients. It has now been found
      that chemical compounds having structural formulae I and II exhibit
      hypocholesterolemic properties:
      ##SPC1##
PAL  Where X = O, NOH, NNH.sub.2, NNHCH.sub.3, NNHC.sub.6 Hhd 5,
      NN(CH.sub.3).sub.2 or NNHCONH.sub.2, R.sub.1 =
      ##SPC2##
PAL  with R.sub.3 being H, OH, OCH.sub.3, OC.sub.2 H.sub.5, CH.sub.3 or C.sub.2
      H.sub.5 and the aromatic ring being unsubstituted or substituted with not
      more than three substituents selected from C1, F, CN, NH.sub.2, CF.sub.3,
      OH, lower alkyl, lower alkoxy, lower alkylamino and lower dialkylamino,
      and
      ##SPC3##
PAL  Where R.sub.1 and R.sub.2 =
      ##SPC4##
PAL  with R.sub.3 being H, OH, OCH.sub.3, OC.sub.2 H.sub.5, CH.sub.3 or C.sub.2
      H.sub.5 and the aromatic ring in each of R.sub.1 and R.sub.2 being
      independently unsubstituted or substituted with not more than three
      substituents selected from Cl, F, CN, NH.sub.2, CF.sub.3, OH, lower alkyl,
      lower alkoxy, lower alkylamino and lower dialkylamino.
PAR  The term "lower" as used herein in connection with alkyl or alkoxy groups
      refers to groups having from 1 to 5 carbon atoms.
PAR  Compositions which are particularly preferred in accordance with the
      present invention include compounds embraced by structural formulae III
      and IV:
      ##SPC5##
PAL  where X = O, NOH, NNH.sub.2, NNHCH.sub.3, NNHC.sub.6 H.sub.5,
      NN(CH.sub.3).sub.2 or NNHCONH.sub.2, R.sub.1 =
      ##SPC6##
PAL  with R.sub.3 being H, OH, OCH.sub.3, OC.sub.2 H.sub.5, CH.sub.3 or C.sub.2
      H.sub.5 and the aromatic ring being unsubstituted or substituted with not
      more than three substituents selected from Cl, F, CN, NH.sub.2, CF.sub.3,
      OH, lower alkyl, lower alkoxy, lower alkylamino and lower dialkylamino
      provided that when X = O and the aromatic ring in R.sub.1 is
      unsubstituted, R.sub.3 is other than H or OH, and
      ##SPC7##
PAL  Where R.sub.1 and R.sub.2 =
      ##SPC8##
PAL  with R.sub.3 being H, OH, OCH.sub.3, OC.sub.2 H.sub.5, CH.sub.3 or C.sub.2
      H.sub.5 and the aromatic ring in each of R.sub.1 and R.sub.2 being
      independently unsubstituted or substituted with not more than three
      substituents selected from Cl, F, CN, NH.sub.2, CF.sub.3, OH, lower alkyl,
      lower alkoxy, lower alkylamino and lower dialkylamino.
DETD
PAR  Preparation of the novel compounds of the invention is illustrated by the
      following examples.
PAC  EXAMPLE I
PAR  The 2-benzylcyclooctanones (Formula I) are prepared by low pressure
      hydrogenation of the corresponding 2-benzylidenecyclooctanones which, in
      turn, are obtained from cyclooctanone and the appropriately substituted
      benzaldehyde using the method of Braude et al. as described in J. Chem.
      Soc., 4711-4719 (1957). The hydrogenation catalyst preferred is 5 percent
      palladium on carbon and ethanol is suitable as the solvent. Compounds
      prepared in this manner are 2-(p-chlorobenzyl)cyclooctanone,
      2-(2,6-dichlorobenzyl)cyclooctanone, 2-(m-fluorobenzyl)cyclooctanone,
      2-(2-fluoro-6-chlorobenzyl)cyclooctanone,
      2-(o-methylbenzyl)-cyclooctanone, 2-(m-trifluoromethylbenzyl)cyclooctanone
     , 2-(p-methoxybenzyl)cyclooctanone, 2-(2,4-dimethoxybenzyl)cyclooctanone,
      2-(2,4,5-trimethoxybenzyl)cyclooctanone,
      2-(3,4-dihydroxybenzyl)cyclooctanone,
      2-(2-hydroxy-3-methoxybenzyl)cyclooctanone, 2-(m-cyanobenzyl)cyclooctanone
      and 2-(2-chloro-4-dimethylaminobenzyl)cyclooctanone.
PAR  The oxime of 2-benzylcyclooctanone is prepared by placing an 18.5-gram
      portion of 2-benzylcyclooctanone as obtained above in 150 milliliters of a
      1:1 mixture of ethanol and pyridine containing 15 grams of hydroxylamine
      hydrochloride. The resulting mixture is heated for 3 hours at reflux
      temperatures. Most of the solvent mixture is then removed under reduced
      pressure and the residual oil is washed with water before dissolving in
      ether and washing the ether solution with several additional portions of
      water. Removal of the ether yields a solid which upon recrystallization
      from methanol gives crystalline 2-benzylcyclooctanone oxime, melting point
      117.degree.-119.degree. C. Also prepared in a similar manner are the oxime
      derivatives of 2-(o-chlorobenzyl)-cyclooctanone,
      2-(p-fluorobenzyl)cyclooctanone, 2-(m-methylbenzyl)-cyclooctanone,
      2-(2,3-dichlorobenzyl)cyclooctanone,
      2-(o-trifluoromethylbenzyl)cyclooctanone,
      2-(o-methoxybenzyl)cyclooctanone, 2-(2,3-dimethoxybenzyl)cyclooctanone,
      2-(p-hydroxybenzyl)cyclooctanone,
      2-(3-ethyl-4-hydroxy-5-isopropyl)cyclooctanone,
      2-(2-hydroxy-5-methoxybenzyl)cyclooctanone and
      2-(p-dimethylaminobenzyl)cyclooctanone.
PAR  The hydrazones, methylhydrazones, N,N-dimethylhydrazones, phenylhydrazones
      and semicarbazones of the 2-benzylcyclooctanones are prepared using the
      general procedures described by L. F. Fieser and M. Fieser in Reagents for
      Organic Synthesis, John Wiley and Sons, Inc., New York, N.Y., 1967,
      especially pages 290, 436, 838 and 1000. Compounds converted to the
      hydrazone, methylhydrazone, N,N-dimethylhydrazone, phenylhydrazone and
      semicarbazone derivatives using these procedures are
      2-(m-chlorobenzyl(cyclooctanone, 2-(p-methylaminobenzyl)cyclooctanone,
      2-(p-isopropylbenzyl)cyclooctanone, 2-(3,4-dichlorobenzyl)cyclooctanone,
      2-(o-fluorobenzyl)-cyclooctanone,
      2-(3,5-dichloro-4-hydroxybenzyl)cyclooctanone,
      2-(p-methylbenzyl)cyclooctanone, 2-(p-trifluoromethylbenzyl)cyclooctanone,
      2-(m-methoxybenzyl)cyclooctanone, 2-(2,5-dimethoxybenzyl)cyclooctanone,
      2-(2,4,6-trimethoxybenzyl)cyclooctanone, 2-(o-hydroxybenzyl)cyclooctanone,
      2-(2,5-dihydroxybenzyl)cyclooctanone,
      2-(2-hydroxy-4,6-dimethoxybenzyl)cyclooctanone,
      2-(p-cyanobenzyl)cyclooctanone and 2-(p-diethylaminobenzyl)cyclooctanone.
PAC  EXAMPLE II
PAR  2,8-Dibenzylcyclooctanone is prepared by stirring 25 grams of
      cyclooctanone, 54 grams of benzaldehyde, 30 grams of potassium hydroxide
      and 500 milliliters of methanol at reflux temperatures for 4 hours. The
      mixture is then cooled to room temperature and 200 milliliters of water
      are added followed by 300 milliliters of ether. The ether layer is
      separated and the ether and methanol are then removed by distillation. The
      residue is taken up in 200 milliliters of ethanol and hydrogenated at
      1,000 p.s.i.g. and ambient temperature using a 10 percent palladium on
      carbon catalyst. The catalyst is removed by filtration and the solvent is
      removed by distillation. Recrystallization of the crude product is
      effected by dissolving in 150 milliliters of methanol and seeding with
      crystalline 2,8-dibenzylcyclooctanone (m.p. 75.degree.-77.degree. C.).
      Cooling of the seeded methanolic solution gives 16 grams of crystals with
      melting point 60.degree.-67.degree. C. A second recrystallization of this
      material from methanol gives one isomer of 2,8-dibenzylcyclooctanone,
      melting point 75.degree.-77.degree.  C., as a first crop and a second
      isomer of 2,8-dibenzylcyclooctanone, melting point 66.degree.-68.degree.
      C., as a second crop.
PAC  EXAMPLE III
PAR  A mixture consisting of cyclooctanone (12.5 grams), benzaldehyde (27
      grams), potassium hydroxide (30 grams) and 200 milliliters of methanol is
      stirred at reflux temperatures for 4 hours and is allowed to stand
      overnight. The crystalline precipitate which forms is collected by
      filtration and is washed with hot methanol to give 17 grams of
      2-benzylidene-8-(.alpha.-methoxybenzyl)cyclooctanone, melting point
      136.degree.-139.degree. C. Hydrogenation of a 10-gram portion of this
      material at 60 p.s.i.g. in 300 milliliters of ethanol using 10 percent
      palladium on carbon as the catalyst gives 3.9 grams of
      2-benzyl-8-(.alpha.-methoxybenzyl)cyclooctanone, melting point
      104.degree.-106.degree. C., as a first crop of crystals from ethanol.
      Removal of a second crop of crystals and concentration of the mother
      liquor yields 1.1 grams of an isomeric
      2-benzyl-8-(.alpha.-methoxybenzyl)cyclooctanone, melting point
      83.degree.-84.degree. C.
PAR  The above described procedure is also used in preparing
      2-(p-chlorobenzyl)-8-(p-chloro-.alpha.-methoxybenzyl)cyclooctanone,
      2-(3,5-dichlorobenzyl)-8-(3,5-dichloro-.alpha.-methoxybenzyl)cyclooctanone
     , 2-(p-fluorobenzyl)-8-(p-fluoro-.alpha.-methoxybenzyl)cyclooctanone,
      2-(2-fluoro-6-chlorobenzyl)-8-(2-fluoro-6-chloro-.alpha.-methoxybenzyl)cyc
     looctanone, 2-(m-methylbenzyl)-8-(m-methyl-.alpha.
      -methoxybenzyl)cyclooctanone,
      2-(p-trifluoromethylbenzyl)-8-(p-trifluoromethyl-.alpha.-methoxybenzyl)cyc
     looctanone,
      2-(3,5-dimethoxybenzyl)-8-(3,5,.alpha.-trimethoxybenzyl)cyclooctanone,
      2-(3-methoxy-4-hydroxybenzyl)-8-(4-hydroxy-3,.alpha.
      -dimethoxybenzyl)cyclooctanone,
      2-(3,5-dimethoxy-4-hydroxybenzyl)-8-(4-hydroxy-3,5,
      .alpha.-trimethoxybenzyl)cyclooctanone,
      2-(p-cyanobenzyl)-8-(p-cyano-.alpha.-methoxybenzyl)cyclooctanone and
      2-(p-dimethylaminobenzyl)-8-(p-dimethylamino-.alpha.-methoxybenzyl)cyclooc
     tanone.
PAC  EXAMPLE IV
PAR  An alternative procedure for preparing 2,8-dibenzylcyclooctanones involves
      the corresponding 2,8-dibenzylidenecyclooctanones as the intermediates.
      Thus, a mixture comprising 12.5 grams of cyclooctanone, 27 grams of
      benzaldehyde, 15 grams of potassium hydroxide and 300 milliliters of
      methanol is stirred at reflux temperatures for 4 hours. To the hot,
      stirred mixture are slowly added 400 milliliters of t-butyl alcohol with
      simultaneous removal of the methanol by distillation. The mixture is then
      cooled, water is added and the product is extracted with ether. The crude
      product obtained from the ether extract is chromatographed on activated
      alumina to give 2,8-dibenzylidenecyclooctanone. This intermediate is
      hydrogenated at 60 p.s.i.g. in ethanol using 5 percent palladium on
      carbon. Fractional crystallization of the hydrogenation product from
      methanol affords the isomeric 2,8-dibenzylcyclooctanones, m.p.
      75.degree.-77.degree. C. and 66.degree.-68.degree. C.
PAR  The foregoing procedure is also used for preparing
      2,8-bis(p-chlorobenzyl)cyclooctanone,
      2,8-bis(3,5-dichlorobenzyl)-cyclooctanone,
      2,8-bis(o-fluorobenzyl)cyclooctanone,
      2,8-bis(2-fluoro-6-chlorobenzyl)cyclooctanone,
      2,8-bis(o-methylbenzyl)cyclooctanone,
      2,8-bis(m-trifluoromethylbenzyl)cyclooctanone,
      2,8-bis(p-butylbenzyl)cyclooctanone,
      2,8-bis(p-methoxybenzyl)cyclooctanone, 2,8-bis(3,4-dimethoxybenzyl)cyclooc
     tanone, 2,8-bis-(3,4,5-trimethoxybenzyl)cyclooctanone,
      2,8-bis(m-hydroxybenzyl)-cyclooctanone,
      2,8-bis(3-hydroxy-4-methoxybenzyl)cyclooctanone and
      2,8-bis(3,5-dimethyl-4-hydroxybenzyl)cyclooctanone.
PAC  EXAMPLE V
PAR  2,8-Disubstituted cyclooctanones which are unsymmetrically substituted are
      prepared from 2-benzylcyclooctanones which have been previously prepared
      by the procedure of Example I or by the procedure for
      2-benzylcyclooctanone as described by R. P. Houghton and E. S. Waight in
      J. Chem. Soc., 978-981 (1969). The particular 2-benzylcyclooctanone is
      placed in a methanolic solution of the desired aromatic aldehyde and
      potassium hydroxide and the resulting mixture is stirred at reflux
      temperatures for a period of time. The crude product is recovered by ether
      extraction and subjected to hydrogenation at 60 p.s.i.g. in ethanol using
      5 percent palladium on carbon as the catalyst to give the unsymmetrical
      2,8-disubstituted cyclooctanones.
PAR  Compounds prepared by the foregoing procedure are
      2-(m-chlorobenzyl)-8-(3,5-dichlorobenzyl)cyclooctanone,
      2-(o-fluorobenzyl)-8-(p-hydroxybenzyl)cyclooctanone,
      2-benzyl-8-(2,4,6-trimethylbenzyl)cyclooctanone,
      2-(3,4-dichlorobenzyl)-8-(3-ethoxy-4-hydroxybenzyl)cyclooctanone,
      2-(p-methoxybenzyl)-8-(3,4,5-trimethoxybenzyl)cyclooctanone,
      2-(p-dimethylaminobenzyl)-8-(3,5-dimethyl-4-hydroxybenzyl)cyclooctanone,
      2-benzyl-8-(2-fluoro-6-chlorobenzyl)cyclooctanone,
      2-(m-methylbenzyl)-8-(3-methoxy-4-hydroxybenzyl)cyclooctanone,
      2-(p-cyanobenzyl)-8-(p-diethylaminobenzyl)cyclooctanone,
      2-(o-hydroxybenzyl)-8-(p-trifluoromethylbenzyl)cyclooctanone,
      2-benzyl-8-(p-chlorobenzyl)cyclooctanone and
      2-benzyl-8-(4-pyridylmethyl)cyclooctanone.
PAC  EXAMPLE VI
PAR  2-Benzylidenecyclooctanones are prepared according to the procedure of
      Braude et al. as described in J. Chem. Soc., 4711-4719 (1957). The
      2-benzylidenecyclooctanones are then subjected to condensation reaction
      conditions (such as methanolic potassium hydroxide) in the presence of
      equimolar amounts of a desired benzaldehyde to give substituted-benzyl
      2-benzylidene-8-(.alpha.-alkoxybenzyl)cyclooctanones. Hydrogenation of
      these intermediates at 60 p.s.i.g. in the presence of 5 percent palladium
      on carbon gives the corresponding
      2-benzyl-8-(.alpha.-alkoxybenzyl)cyclooctanones wherein the substitution
      on the aromatic rings is different. Compounds prepared by this procedure
      are 2-benzyl-8-(p-chloro-.alpha.-methoxybenzyl)cyclooctanone,
      2-(p-chlorobenzyl)-8-(.alpha.-methoxybenzyl)cyclooctanone,
      2-(3,4-dichlorobenzyl)-8-(m-chloro-.alpha.-methoxybenzyl)cyclooctanone,
      2-(2-fluoro-6-chlorobenzyl)-8-(o-fluoro-.alpha.-methoxybenzyl)cyclooctanon
     e, 2-(p-methylbenzyl)-8-(.alpha.-methoxybenzyl)cyclooctanone,
      2-(m-trifluoromethyl)-8-(p-methyl-.alpha.-methoxybenzyl)cyclooctanone,
      2-(o-methoxybenzyl)-8-(p,.alpha.-dimethoxybenzyl)cyclooctanone,
      2-(3,4-dimethoxybenzyl)-8-(p-hydroxy-.alpha.-methoxybenzyl)cyclooctanone,
      2-(2,4-diethoxy-5-ethylbenzyl)-8-(m-ethyl-.alpha.-methoxybenzyl)cyclooctan
     one,
      2-(2-hydroxy-3-methoxybenzyl)-8-(m-chloro-.alpha.-methoxybenzyl)cyclooctan
     one,
      2-(3,5dimethoxy-4-hydroxybenzyl)-8-(3,4,5,.alpha.-tetramethoxybenzyl)cyclo
     octanone, 2(p-cyanobenzyl)-8-(m-fluoro-.alpha.-methoxybenzyl)cyclooctanone,
      2-(p-diethylaminobenzyl)-8-(m-cyano-.alpha.-methoxybenzyl)-cyclooctanone,
      2-(2-chloro-4-dimethylamino)-8-(p-chloro-.alpha.-methoxybenzyl)cyclooctano
     ne and 2-(p-chlorobenzyl)-8-(2-chloro-4-dimethylamino-.alpha.
      -methoxybenzyl)cyclooctanone.
PAC  EXAMPLE VII
PAR  This example illustrates the preparation of benzylcyclooctanones wherein
      the aromatic ring is substituted with an amino group.
      2-Benzylcyclooctanone is allowed to react with equimolar amounts of
      p-nitrobenzaldehyde in refluxing methanolic potassium hydroxide for 3
      hours. The 2-benzyl-8-(p-nitrobenzylidene)cyclooctanone which forms is
      removed by filtration and subjected to hydrogenation at 50 p.s.i.g. in the
      presence of 10 percent palladium on carbon using a solvent system
      comprising equal portions of ethyl acetate and acetic acid. The
      2-benzyl-8-(p-aminobenzyl)cyclooctanone which is obtained from the
      hydrogenation is purified by converting it to the hydrochloride salt by
      means of hydrogen chloride introduced into an ethereal solution of the
      crude product. The melting point of the crude
      2-benzyl8-(p-aminobenzyl)cyclooctanone hydrochloride is
      175.degree.-195.degree. C.
PAR  In a similar manner are prepared 2-(2,4-diaminobenzyl)-cyclooctanone,
      2-(m-aminobenzyl)cyclooctanone,
      2-(m-chlorobenzyl)-8-(p-aminobenzyl)cyclooctanone,
      2-(m-aminobenzyl)-8-(3,4-dichlorobenzyl)cyclooctanone,
      2-(o-fluorobenzyl)-8-(m-aminobenzyl)cyclooctanone,
      2-(p-aminobenzyl)-8-(m-trifluoromethylbenzyl)cyclooctanone,
      2-(p-aminobenzyl)-8-(o-methoxybenzyl)cyclooctanone,
      2-(p-aminobenzyl)-8-(3-hydroxy-4-methoxybenzyl)cyclooctanone and
      2-(p-aminobenzyl)-  8-(p-dimethylaminobenzyl)cyclooctanone.
PAC  EXAMPLE VIII
PAR  The preparation of (.alpha.-hydroxybenzyl)cyclooctanones is effected using
      the general procedure of Braude et al. in J. Chem. Soc., 4717 (1957) for
      making 2-(.alpha. -hydroxybenzyl)cyclooctanone. For the preparation of
      2,8-disubstituted cyclooctanones such as
      2-benzyl-8-(.alpha.-hydroxybenzyl)cyclooctanone, low pressure
      hydrogenation in the presence of palladium on carbon is effective in
      reducing the olefinic bond in
      2-benzylidene-8-(.alpha.-hydroxybenzyl)cyclooctanone which has been
      previously reported by R. Cornubert et al. in Bull. soc. chim. 5, 1493
      (1938). Using the basic procedures mentioned, the following compounds are
      prepared: 2-(3-fluoro-4-chloro-.alpha.-hydroxybenzyl)cyclooctanone,
      2-(3-fluoro-4-ethoxy-.alpha.-hydroxybenzyl)cyclooctanone,
      2-(p-dimethylamino-.alpha.-hydroxybenzyl)cyclooctanone,
      2-(2,4-dichlorobenzyl)-8-(2,4-dichloro-.alpha.-hydroxybenzyl)cyclooctanone
     , 2-(p-trifluoromethylbenzyl)-8-(p-trifluoromethyl-.alpha.-hydroxybenzyl)cy
     clooctanone,
      2-(p-isopropylbenzyl)-8-(p-isopropyl-.alpha.-hydroxybenzyl)cyclooctanone
      and 2-(3-pyridylmethyl)-8-(.alpha.-hydroxy-3-pyridylmethyl)cyclooctanone.
PAR  The hypocholesterolemic properties of the new compounds of the invention
      are shown by the following test data obtained by orally administering
      aqueous suspensions of the compounds to rats for a period of 5 days. The
      animals were fasted overnight prior to the fifth day of the experiment and
      the blood samples were obtained via cardiac puncture 2  hours after the
      last drug administration. The blood samples were then analyzed for total
      cholesterol.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                             % Reduction of Serum                              
                     Dose (mg/kg of                                            
                             Cholesterol Level                                 
     Compound        body weight)                                              
                             From Control Level                                
     __________________________________________________________________________
     2-Benzylcyclooctanone oxime                                               
                     200     23                                                
     2,8-Dibenzylcyclooctanone                                                 
                     100     71                                                
      (m.p. 75-77.degree. C.)                                                  
     "               50      68                                                
     "               25      63                                                
     "               12.5    68                                                
     "               6.25    54                                                
     "               3.13    40                                                
     "               1.57    41                                                
     "               0.79     8                                                
     2,8-Dibenzylcyclooctanone                                                 
                     10      51                                                
      (m.p. 66-68.degree. C.)                                                  
     2-Benzyl-8-(.alpha.-methoxy-                                              
                     100     22                                                
      benzyl)cyclooctanone                                                     
      (m.p. 104-106.degree. C.)                                                
     2-Benzyl-8-(.alpha.-methoxy                                               
                     100     66                                                
      benzyl)cyclooctanone                                                     
      (m.p. 83-84.degree. C.)                                                  
     2-benzyl-8-(4-pyridylmethyl)-                                             
                     100     27                                                
      cyclooctanone hydrochloride                                              
     __________________________________________________________________________
PAR  The ability of compounds of this invention to lower serum cholesterol
      levels in the rat is seen from the above data. In addition to the ability
      to lower serum cholesterol levels, hypocholesterolemic agents desirably
      should not produce an accumulation of cholesterol intermediates such as
      desmosterol which are in themselves atherogenic. In this connection, a
      particularly preferred compound of this invention was compared with [ethyl
      .alpha.-(p-chlorophenoxy)isobutyrate (CPIB)], a drug in current clinical
      use. This involved a comparison of the hepatic cholesterol synthesis in
      animals. The parameters of special interest were alterations in
      cholesterol synthesis as measured by in vitro incorporation of C.sup.14
      -labelled mevalonic acid into various lipid classes (including cholesterol
      and cholesterol esters) in liver slices taken from drug-treated animals
      and by accumulation of desmosterol or other atherogenic sterol
      intermediates.
PAR  Three randomly selected groups of rats weighing approximately 150 grams
      each were fed ad libitum throughout the experiment. Animals were given
      daily doses of an aqueous suspension of the appropriate drug or water
      orally by hypodermic syringe.
PA1  Group A -- Water only
PA1  Group B -- CPIB, 200 mg/kg daily
PA1  Group C -- 2,8-Dibenzylcyclooctanone (m.p. 75.degree.-77.degree. C.), 100
      mg/kg daily
PAR  At appropriate intervals over a period of 28 days, one rat from each group
      was sacrificed and liver slices were prepared in duplicate for incubation
      with mevalonic-2-C.sup.14 acid. The degree of incorporation of
      mevalonic-2-C.sup.14 acid into the various lipid classes present in the
      liver tissue was determined and the data indicated that there was no gross
      inhibition in the biosynthesis of either cholesterol or cholesterol esters
      in the Group B and Group C animals as compared with the control group.
      Moreover, there was no accumulation of sterol intermediates such as
      desmosterol apparent in the Group C animals relative to the control group.
PAR  The compounds of this invention can be used as hypocholesterolemic agents
      at relatively low dosage levels. In general, they can be employed in
      amounts ranging from about 1.0 to 500 mg/kg of the host body weight. As
      can be seen from the data in Table I, hypocholesterolemic activity is
      exhibited by each of the 2,8-dibenzylcyclooctanone isomers isolated as
      well as by each of the 2-benzyl-8-(.alpha.-methoxybenzyl)cyclooctanone
      isomers obtained. It is preferred that the compounds be administered
      orally, but it is apparent that other means of administration may be
      equally effective. When given orally, the compounds can be administered in
      tablet form or as aqueous suspensions or emulsions. Compounds which are
      capable of forming acid addition salts may be administered in that form
      provided, of course, that therapeutically acceptable salts are used. Thus,
      for example, aminobenzyl- and pyridylmethyl- substituted cyclooctanones
      may be converted to the corresponding hydrochloride, sulfate, phosphate,
      acetate, tartrate or gluconate salts and used in that form.
PAR  Those modifications and equivalents which fall within the spirit of the
      invention are to be considered a part thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. As new compositions of matter compounds of the formula
      ##SPC9##
PAL  where R.sub.1 and R.sub.2 =
      ##SPC10##
PAL  with R.sub.3 being H, OH, OCH.sub.3, OC.sub.2 H.sub.5, CH.sub.3 or C.sub.2
      H.sub.5 and the aromatic ring in each of R.sub.1 and R.sub.2 being
      independently unsubstituted or substituted with not more than three
      substituents selected from Cl, F, CN, NH.sub.2, CF.sub.3, OH, lower alkyl,
      lower alkoxy, lower alkylamine and lower dialkylamino.
NUM  2.
PAR  2. 2,8-Dibenzylcyclooctanone.
NUM  3.
PAR  3. 2-Benzyl-8-(.alpha.-methoxybenzyl)cyclooctanone.
NUM  4.
PAR  4. 2-Benzyl-8-(4-pyridylmethyl)cyclooctanone hydrochloride.
PATN
WKU  039377113
SRC  5
APN  4065271
APT  1
ART  121
APD  19731015
TTL  4-(Carboxamidoethyl) piperidines
ISD  19760210
NCL  8
ECL  1
EXP  Winters; Sherman D.
INVT
NAM  Cook; Barry
CTY  Flixton
CNT  EN
ASSG
NAM  Ciba-Geigy Corporation
CTY  Ardsley
STA  NY
COD  02
CLAS
OCL  26029386
XCL  260 458N
XCL  260240R
XCL  260240K
XCL  26029351
XCL  26029352
XCL  26029356
XCL  26029362
XCL  26029363
XCL  26029364
XCL  26029365
XCL  26029366
XCL  26029373
XCL  26029375
XCL  26029376
XCL  26029377
XCL  26029378
XCL  26029381
XCL  26029382
XCL  26029387
XCL  26029388
EDF  2
ICL  C07D21132
FSC  260
FSS  293.86;293.66;240 K;293.56;293.62;293.65;293.73;293.75;293.76;293.85
UREF
PNO  3101341
ISD  19630800
NAM  Cusic et al.
OCL  260293.86
UREF
PNO  3147268
ISD  19640900
NAM  Meltzer et al.
OCL  260293.86
UREF
PNO  3705166
ISD  19721200
NAM  Murayama et al.
OCL  260293.86
UREF
PNO  3828052
ISD  19740800
NAM  Holt et al.
OCL  260293.86
OREF
PAL  JACS, 81:4,666, (1959), Augustine.
LREP
FR2  Shust; Nestor W.
ABST
PAL  New piperidine derivatives and in particular
      2-(piperidinyl-4')-ethyl-amines, -ethers and -esters are used as
      stabilisers for polymers, especially for polyolefines.
BSUM
PAR  The present invention relates to new piperidine derivatives and in
      particular to new 2-(piperidinyl-4')-ethyl derivatives useful as light
      stabilisers for polymers.
PAR  According to the present invention, there are provided compounds having the
      formula I
      ##SPC1##
PAL  and salts thereof wherein m is 0 or 1; n is 1 or 2; R.sub.1 and R.sub.2 are
      the same or different and each is a straight- or branched chain alkyl
      residue having from 1 to 12 carbon atoms or R.sub.1 and R.sub.2, together
      with the ring carbon atom to which they are bound, form a cycloalkyl group
      having from 5 to 12 carbon atoms; R.sub.3 is hydrogen, a straight- or
      branched chain alkyl residue having from 1 to 12 carbon atoms, an aralkyl
      residue having from 7 to 12 carbon atoms or a cycloalkyl residue having 5
      or 6 carbon atoms; A is -0- or
      ##EQU1##
      wherein R.sub.4 is hydrogen, a straight- or branched chain alkyl residue
      having from 1 to 12 carbon atoms and is either unsubstituted or
      substituted by halogen, cyano or hydroxyl groups or interrupted by one or
      more oxygen or sulphur atoms, an aralkyl residue having from 7 to 12
      carbon atoms, an alkenyl residue having from 3 to 12 carbon atoms or a
      cycloalkyl residue having from 5 to 12 carbon atoms; R.sub.5 is hydrogen,
      a mono or divalent hydrocarbyl residue having from 1 to 20 carbon atoms
      and is either unsubstituted or substituted by halogen, cyano or hydroxyl
      groups or interrupted by one or more oxygen or sulphur atoms, or R.sub.5
      is a group having the formula II
      ##SPC2##
PAL  wherein p is 0, 1 or 2, R.sub.1 and R.sub.2 have their previous
      significance and Y is hydrogen, a straight- or branched chain alkyl
      residue having from 1 to 20 carbon atoms, an alkenyl or alkynyl residue
      having from 3 to 12 carbon atoms, an aralkyl residue having from 7 to 12
      carbon atoms or the group CH.sub.2 CH(OH)R.sub.8 wherein R.sub.8 is
      hydrogen or an alkyl residue having from 1 to 4 carbon atoms or a phenyl
      residue; and when A is --O--, X is
      ##EQU2##
      and when A is &gt;N--R.sub.4, X is
      ##EQU3##
      wherein q is 1 or 2
      ##EQU4##
      or --SO.sub.2 -- or when n is 1 and R.sub.5 has the foregoing formula II
      wherein p is 2, X can also be an --SO.sub.2 NH--,
      ##EQU5##
      residue; with the provisos that when A is --O--, R.sub.5 is not hydrogen
      and when A is &gt;NR.sub.4, m is 1, n is 2 and X is
      ##EQU6##
      then R.sub.5 can be absent.
PAR  When n is 1, the substituent R.sub.5 may be hydrogen (except when A is
      --O--), a monovalent straight- or branched aliphatic residue having from 1
      to 20 carbon atoms, being saturated or unsaturated and either
      unsubstituted or substituted by halogen, cyano or hydroxyl groups, or
      interrupted by one or more oxygen or sulphur atoms, an alicyclic residue
      having from 5 to 20 carbon atoms an optionally substituted aralkyl residue
      having from 7 to 12 carbon atoms or an optionally substituted aryl residue
      having from 6 to 15 carbon atoms, or the group:
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2, Y and p have their previous significance.
PAR  Specific examples of substituent groups R.sub.5 include hydrogen (except
      when A= --O--) methyl, methylthiomethyl, ethyl, 2-hydroxy ethyl,
      2-cyanoethyl, n-propyl, isopropyl, n-butyl, 4-chloro-n-butyl, sec-butyl,
      t-butyl, n-pentyl, neopentyl, 2-ethylpropyl, 2-methylbutyl, n-hexyl,
      n-octyl, t-octyl, n-dodecanyl, n-octadecanyl, 2-methoxyethyl,
      2-n-dodecylthioethyl, allyl, .alpha.-methallyl, dec-9-enyl,
      heptadec-8-enyl, crotyl, cinnamyl, propargyl, 2,4-hexadienyl, benzyl,
      2-chloro benzyl, .alpha.-methylbenzyl, 4-methoxybenzyl,
      .alpha.,p-dimethylbenzyl, diphenylmethyl, cyclopentyl, cyclohexyl,
      cyclooctyl, 4-methylcyclohexyl, cyclododecenyl, 9-fluorenyl, adamantyl,
      phenyl, 4-methylphenyl, 4-t-octylphenyl, .alpha.-naphthyl, 4-biphenyl,
      2-fluorenyl, 2-chlorophenyl and 4-methoxyphenyl groups.
PAR  When n is 2, the substituent R.sub.5 may be a divalent straight or branched
      aliphatic (saturated or unsaturated) residue having 2 to 20 carbon atoms,
      a divalent alicyclic residue having 5 to 12 carbon atoms, a divalent
      aralkyl residue having 8 to 12 carbon atoms or a divalent aryl residue
      having 6 to 15 carbon atoms or, when m is 1 and X is
      ##EQU7##
      then the substituent R.sub.5 may be absent.
PAR  Specific examples of substituent groups R.sub.5 include 1,2-ethylene,
      1,4-n-butylene, 1,3-n-butylene, 1,6-n-hexylene, 1,7-n-heptylene,
      1,10-N-decylene, 2,2-dimethyl-1,3-propylene, trimethyl-1,4-butylene,
      1,2-vinylene, 3-thia-n-pentane, 3-oxa-n-pentane, 1,4-but-2-enylene,
      1,4-but-2-ynylene, 2,5-hex-3-enylene, 1,2-cyclohexylene,
      1,4-cyclohexylene, hexahydro-p-xylylene, p-xylylene, m-xylylene,
      1,2-phenylene, 1,4-phenylene, 2,2'-biphenylene, 4,4'-biphenylene and
      4,4'-biphenylenemethane groups.
PAR  Examples of substituents Y in the compounds of formula I include hydrogen,
      methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, n-hexyl, n-octyl,
      n-dodecyl, 2-hydroxyethyl, 2-hydroxypropyl, 2-hydroxy-2-phenylethyl,
      allyl, .alpha.-methallyl, 10-undecenyl, oleyl, benzyl,
      .alpha.-methylbenzyl, p-methylbenzyl, .alpha.,p-dimethylbenzyl and
      .alpha.-naphthylmethyl groups.
PAR  Particularly preferred substituents Y are hydrogen, straight or branched
      alkyl residues having from 1 to 4 carbon atoms and the most preferred
      substituent Y is hydrogen or a methyl group.
PAR  Examples of substituents R.sub.1 and R.sub.2 are methyl, ethyl, n-propyl,
      isopropyl, n-butyl, sec-butyl, n-hexyl, n-dodecyl, or together with the
      carbon to which they are bound R.sub.1 and R.sub.2 can form a group such
      as:
      ##SPC4##
PAL  Particularly preferred substituents R.sub.1 and R.sub.2 are straight or
      branched alkyl residues having 1 to 4 carbon atoms, and the most preferred
      substituents R.sub.1 and R.sub.2 are methyl groups.
PAR  Examples of the group R.sub.3 include hydrogen, methyl, ethyl, n-propyl,
      isopropyl, n-butyl, sec-butyl, n-hexyl, n-octyl, n-dodecyl, benzyl,
      .alpha.-methylbenzyl, .alpha.,p-dimethylbenzyl, cyclohexyl and cyclopentyl
      groups. Particularly preferred alkyl residues are those having from 1 to 8
      carbon atoms and the most preferred substituent R.sub.3 is hydrogen.
PAR  The substituent R.sub.4 may be hydrogen, methyl, ethyl, 2-hydroxy ethyl,
      2-cyanoethyl, n-propyl, isopropyl, n-butyl, sec-butyl, n-hexyl, n-octyl,
      n-dodecyl, benzyl, .alpha.-methylbenzyl, .alpha.,p-dimethylbenzyl,
      cyclohexyl, cyclopentyl, allyl or .alpha.-methallyl, but-3-enyl,
      10-undecenyl or propargyl. Particularly preferred substituents R.sub.4 are
      hydrogen and alkyl residues having 1 to 8 carbon atoms and the most
      preferred is hydrogen.
PAR  Preferred groupings X are
      ##EQU8##
      and when n is 1, A is -- NR.sub.4 -- and R.sub.5 is a residue of formula
      II as hereinbefore defined wherein p is 2, the preferred group
      ##EQU9##
PAR  Examples of salts of the compounds of formula I include salts of an
      inorganic acid, such as phosphates, carbonates, sulphates, chlorides, and
      the like, as well as organic acid salts, such as acetates, stearates,
      maleates, citrates, tartrates, oxalates, benzoates and substituted
      carbamic acids.
PAR  Specific examples of compounds of formula I are given in the following
      list:
PAR  a. Where A=&gt;N--R.sub.4
PA1  2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-methyl-2(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-isopropyl-2(2',2',6',6'tetramethylpiperidinyl-4')ethylamine
PA1  N-benzyl-2(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-n-Octyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-cyclohexyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-acetyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-n-Butyryl-2-(2',2',6',6' -tetramethylpiperidinyl-4')ethylamine
PA1  N-n-Octanoyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-n-Dodecanoyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-n-Octadecanoyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-cycloexanoyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-phenylacetyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-benzoyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-[(2",2",6",6"-tetramethylpiperidinyl-4")acetyl]-2-(2',2',6',6'-tetramethy
     lpiperidinyl-4')ethylamine
PA1  N,n'-di-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]sebacamide
PA1  N,n'-di-[2(2',2',6',6' -tetramethylpiperidinyl-4')ethyl]malonamide
PA1  N,n'-di-[2(2',2',6',6'-tetramethylpiperidinyl-4') ethyl]maleoylamide
PA1  N,n'-di-[2(2',2',6' ,6'-tetramethylpiperidinyl-4')ethyl]oxalylamide
PA1  N,n'-di-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]thioxalylamide
PA1  N,n'-di-[2'(2",2",6",6"-tetramethylpiperidinyl-4")ethyl]cyclohexyl-1,4-dica
     rboxoylamide
PA1  N,n'-di-[2'(2",2",6",6"-tetramethylpiperidinyl-4")ethyl]phenyl-1,4-dicarbox
     oylamide
PA1  N-allyl-N'-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea
PA1  N-methyl-N'-[2-(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea
PA1  N-(n-Hexyl)-N'-[2-(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea
PA1  N-cyclohexyl-N'-[2-(2',2',6' ,6'-tetramethylpiperidinyl-4')ethyl]urea
PA1  N-benzyl-N'-[2-(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea
PA1  N-phenyl-N'-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea
PA1  N(.alpha.-napthyl)-N'-[2-(2',2',6' ,6'-tetramethylpiperidinyl-4'
      )ethyl]urea
PA1  N,n'-di[2-(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea
PA1  1,6-Di[2'(2",2",6",6"-tetramethylpiperidinyl-4')ethylureido]hexane
PA1  N,n-di-cyanoethyl-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl-amine]
PA1  N-isobutyryl-2(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine.
PA1  p,p'-Di[2(2',2',6',6'-tetramethylpiperidinyl-4')ethylureido]-diphenylmethan
     e
PA1  [2-(2',2',6',6'-Tetramethylpiperidinyl-4')ethyl]guanidine
PA1  [2-(2',2',6',6'-Tetramethylpiperidinyl-4')ethyl]biguanidine
PA1  N-thioacetyl-2(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-n-Thiohexanoyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-n-Thiododecanoyl-2(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-phenylthioacetyl-2(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-thiobenzoyl-2(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-ethyl-N'[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]thiourea
PA1  N-allyl-N'[2-(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]thiourea
PA1  N-cyclohexyl-N'-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]thiourea
PA1  N-t-Octyl-N'-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]thiourea
PA1  N-(.beta.-napthyl)-N'-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]thiour
     ea
PA1  Ethyl {N-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]}carbamoate
PA1  n-n-Butyl {N-[2(2',2',6',6'-tetramethylpiperidinyl-4']}carbamoate
PA1  N-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]-p-toluene sulphonamide
PA1  Sulphonylaminobis[2(2',2',6',6'-tetramethylpiperidinyl-4')ethane]
PA1  2-(1',2',2',6',6'-Pentamethylpiperidinyl-4')ethylamine
PA1  2-(1'-n-Propyl-2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  2-(1'-Benzyl-2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-acetyl-2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine
PA1  N-n-Butyryl-2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine
PA1  N-n-Octanoyl-2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine
PA1  2[ 1'(2"-hydroxyethyl)-2',2',6',6'-tetramethylpiperidinyl-4']ethylamine
PA1  2 [1'(2"-phenyl-2"-hydroxyethyl)-2' ,2',6',6'-tetramethylpiperidinyl-4'
      ]ethylamine
PA1  N-n-Dodecanoyl-2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine
PA1  N-cyclohexoyl-2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine
PA1  N-phenylacetyl-2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine
PA1  N-benzyl-2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine
PA1  N,n'-di-[2(1',2',2',6',6'-pentamethylpiperidinyl-4')]sebacamide
PA1  N-allyl-N'-[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl]urea
PA1  N-methyl-N'[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl]urea
PA1  N-cyclohexyl-N'[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl]urea
PA1  N-phenyl-N'[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl]urea
PA1  N,n' -di[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl]urea
PA1  1,6-Di[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylureido]hexane
PA1  N-thioacetyl-2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine
PA1  N-phenylthioacetyl-2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine
PA1  N-methyl-N'[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl]thiourea
PA1  N-cyclohexyl-N'[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl]thiourea
PA1  N-(.beta.-naphthyl)-N'[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl]thi
     ourea
PA1  Ethyl {N[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl]}carbamoate
PA1  N-[2(1',2',2',6',6'-pentamethylpiperidinyl-4)ethyl]p-toulenesulphonamide
PA1  N-acetyl-2(1'-allyl-2',2',6',6'-tetramethylpiperidinyl-4')ethylamine
PA1  N-benzoyl-2(1'-n-propyl-2,2,6,6-tetramethylpiperidinyl-4')ethylamine
PA1  N-methyl-N-[2(1'-dodecyl-2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea
PA1  N-n-Octanoyl-2(2',2'-di-isopropyl-6',6'-dimethylpiperidinyl-4')ethylamine
PA1  N-phenyl-N'[2(2,2-diethyl-6',6'-dimethylpiperidinyl-4')ethyl]urea
PA1  N-(2"-hydroxyethyl)[2-(1',2',2',6',6'-pentamethylpiperidinyl-4')]ethylamine
PA1  N,n-di(2"-hydroxyethyl)[2-(2',2',6',6'-tetramethylpiperidinyl-4')]ethylamin
     e
PA1  N,n-di(2"-hydroxyethyl)[2-(1',2',2',6',6'-pentamethylpiperidinyl-4')]ethyla
     mine
PA1  N,n'-di[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]thiodipropionamide
PAR  b. Where A is --0--
PA1  [2(2',2',6',6'-Tetramethylpiperidinyl-4')ethyl]-n-dodecanoate
PA1  n-Octyl-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]ether
PA1  N-phenyl[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urethane
PA1  N-methyl[2(2',2',6',6'-tetramethy piperidinyl-4')ethyl]urethane
PA1  N-cyclohexyl[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urethane
PA1  [2(2',2',6',6'-Tetramethylpiperidinyl-4')ethyl](2",2",6",6"-tetramethylpipe
     ridinyl-4")acetate
PAR  The present invention also provides a first process in which a compound of
      formula I wherein m is 0, A is &gt;N--R.sub.4 and R.sub.5 is hydrogen is
      produced, comprising hydrogenating a compound having the formula:
      ##SPC5##
PAL  wherein R.sub.1,R.sub.2,R.sub.3 and Y have their previous significance with
      the proviso that Y is a saturated residue, in the presence of an amine
      R.sub.4 NH.sub.2 wherein R.sub.4 has its previous significance provided
      that R.sub.4 is a saturated residue.
PAR  The hydrogenation of the compound of formula III may be conveniently
      effected using molecular hydrogen or using chemical means such as lithium
      aluminium hydride. If molecular hydrogen is used, the hydrogenation may be
      conducted in known manner using a hydrogenation catalyst such as
      palladium, platinum, rhodium or nickel, preferably supported on a carrier
      such as silica, calcium carbonate or carbon. Advantageously, the reaction
      is conducted at an elevated temperature and pressure and in a suitable
      solvent such as ethanol or cyclohexane.
PAR  The compounds of formula I (wherein A =&gt;NR.sub.4) may also be prepared by
      reacting a compound having the formula:-
      ##SPC6##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and Y have their previous significance,
      with the corresponding aldehyde and formic acid, viz using a Leuckart
      reaction.
PAR  In a further modification, the compound of formula IV may be reacted with
      the corresponding aldehyde and the Schiff base so obtained may then be
      hydrogenated over a catalyst such as nickel or palladium. This reaction
      cannot be used to prepare compounds of formula I in which the substituents
      R.sub.4 and Y are unsaturated, since such substituents would be
      hydrogenated during the process.
PAR  In a still further modification, the compound of formula IV may be reacted
      with an alkyl, alkenyl, cycloalkyl or aralkyl halide.
PAR  Starting-materials of formula III may be prepared by the reaction, in an
      inert solvent, of a phosphonate having the formula:
EQU  [(R.sub.6 O).sub.2 p(O)CH(R.sub.3)CN ].sup.-B.sup.+        V
PAL  wherein R.sub.3 has its previous significance, R.sub.6 is an alkyl residue
      having from 1 to 4 carbon atoms and B.sup.+  is an organic or inorganic
      base cation, with a piperidine derivative having the formula:
      ##SPC7##
PAL  wherein R.sub.1,R.sub.2 and Y have their previous significance with the
      proviso that Y is not an unsaturated residue.
PAR  Suitable examples of inert solvents are benzene, dioxan and cyclohexane,
      and base cations B+ which may be used are alkali metal cations.
PAR  The compounds of formula V are well-known.
PAR  The substituent Y when it is other than hydrogen can be introduced into the
      corresponding compounds of formula I, III, or VI where Y is H by
      conventional methods such as by reaction with an alkyl, aralkyl, alkenyl
      or alkynyl halide or by a Leuckart or Wallach reaction, or by the reaction
      with
      ##EQU10##
      wherein R.sub.8 has its previous significance.
PAR  The present invention also provides a process of producing a compound of
      formula I wherein m is 0, A is &gt;N--R.sub.4  and one or both of R.sub.4 and
      R.sub.5 is a --CH.sub.2 CH(OH)R.sub.8 residue comprising reacting a
      compound of formula IV as hereinbefore defined with a compound of formula:
      ##EQU11##
      wherein R.sub.8 has its previous significance.
PAR  The present invention further provides a process of producing a compound of
      formula I wherein m is 1 comprising reacting a compound having the
      formula:
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, A and Y have their previous
      significance, with a compound VIII capable of introducing a group
      --XR.sub.5 on to the nitrogen or oxygen atom of the side-chain.
PAR  The compounds of formula VII where A = --0-- are described in our
      co-pending British Pat. application No. 5470/73.
PAR  In a further process, a compound of formula I wherein A is &gt;N--R.sub.4 and
      one or both of R.sub.4 and R.sub.5 is a cyanoethyl group is produced by
      reacting a compound of formula VII with acrylonitrile.
PAR  The reactants VIII capable of introducing the group --XR.sub.5 will of
      course vary according to the nature of the group X. Suitable reactants
      may, however, be summarised under the following headings:
PAR  I. A is &gt;N--R.sub.4 or --0--
PA1  i. X is --CO or --CS
PA2  a. Suitable reactants are those having the formula:
EQU  R.sub.5 (COZ).sub.n or R.sub.5 (CSZ).sub.n
PAL  wherein R.sub.5 and n have their previous significance and Z is halogen;
      for example when n is 1, suitable reactants are butyryl chloride, acetyl
      chloride, benzoyl chloride, crotonyl chloride; when n = 2 suitable
      reagents are sebacoyl chloride, fumarylchloride, succinyl chloride,
      adipyl, chloride, alternatively when R.sub.5 is absent a suitable reactant
      is, for example, oxalyl chloride.
PAR  This reaction is preferably effected in an inert solvent such as benzene or
      cyclohexane.
PA2  b. Other suitable reactants are those having the formula:
EQU  R.sub.5 (CO.sub.2 R.sub.7).sub.n or R.sub.5 (CSOR.sub.7).sub.n
PAL  wherein R.sub.5 and n have their previous significance and R.sub.7 is an
      alkyl residue having 1 to 4 carbon atoms. Suitable reactant in this group
      is, for example, ethylbenzoate,
      ethyl(2,2,6,6-tetra-methylpiperidinyl-4)acetate and methyloctanoate.
PAR  This reaction may be effected at a temperature within the range of from
      0.degree. to 200.degree.C but is preferably conducted at a temperature
      within the range of from 140.degree. to 180.degree.C. The reaction may be
      carried out in the presence or absence of catalyst and inert solvent such
      as xylene. However, if a catalyst is used it may be, for example an alkali
      metal amide, p-toluene sulphonic acid, tetra-butyl titanate or an alkali
      metal alkoxide.
PA1  ii.
PA2  (a) X is --CONH-- or --CSNH--
PA2  Examples of reactants are those having the formula:
EQU  R.sub.5 (NCO).sub.n or R.sub.5 (NCS).sub.n
PAL  wherein R.sub.5 and n have their previous significance, for example when
      n=1 methyl isocyanate, cyclohexyl isocyanate, phenyl isocyanate,
      1-naphthyl isothiocyanate and when n=2, Hexane-1,6-diisocyanate,
      4,4'-diisocyanatediphenyl methane.
PAR  The reaction may be conveniently effected in a suitable solvent such as
      petroleum ether, cyclohexane or benzene and with, or without a catalyst
      such as diazobiscyclooctane or piperidine.
PAR  II. X is &gt;N--R.sub.4 only
PA1  i.
PA2  a. X is
      ##EQU12##
      or SO.sub.2 NH--, when R.sub.5 has the formula II wherein p is 2.
PAR  Those compounds of formula I in which R.sub.5 has the formula:
      ##SPC9##
PAL  wherein R.sub.1, R.sub.2 and Y have their previous significance and
PA2  b.
      ##EQU13##
      may be produced by reacting the compound of formula VII with phosgene (or
      urea) or thiophosgene (or thiourea or carbon disulphide together with an
      alkali metal hydroxide) respectively.
PA2  c. When X is --SO.sub.2 --NH--, compounds of formula I are produced by the
      reaction of compounds of formula IV with sulphuryl chloride.
PA1  ii.
      ##EQU14##
      wherein q has its previous significance. a. Those compounds in which q is
      1 may be produced for instance by reaction of the compound of formula IV
      with a cyanamide or substituted cyanamide having the formula R.sub.5 NHCN,
      wherein R.sub.5 has its previous significance.
PA2  b. The compounds in which q is 2 may be prepared for instance by reaction
      of the compound of formula IV with a dicyandiamide or substituted
      dicyandiamide having the formula
      ##EQU15##
      wherein R.sub.5 has its previous significance. iii. X is --SO.sub.2 --
PAR  These compounds may be prepared by reaction of a compound of formula IV
      with a compound having the formula R.sub.5 (SO.sub.2 Z).sub.n wherein
      R.sub.5 and n have their previous significance and Z is halogen, for
      example p-toluenesulphonyl chloride.
PAR  III. A= --O-- and m is absent
PA1  i. A compound of formula VII where A = --O-- is reacted with an alkali
      metal to give the alkali metal salt, and then with a compound of formula
      R.sub.5 Z where Z is an halogen atom.
PA1  ii. Alternatively a compound of formula IX
      ##SPC10##
PAL  where Z is an halogen atom may be reacted with compounds of formula R.sub.5
      OM where M is an alkali metal.
PAR  Compounds of formula IX may be prepared from compounds of formula VII where
      A is --O-- and R.sub.3 is H by methods known in the art.
PAR  The reactions under heading III may be carried out in a solvent inert to
      the reactants for instance toluene, cyclohexane, preferably at the reflux
      temperature of the solvents.
PAR  Salts of the compounds of formula I are also new compounds and form part of
      this invention. The salts may be produced by the reaction of an acid with
      a compound of formula I in an inert solvent, preferably at ambient
      temperature although higher reaction temperatures may be employed if
      desired.
PAR  The compounds of formula I, or the salts thereof, may be isolated and
      purified, after their production as hereinbefore described, by any
      conventional technique, such as fractional crystallisation from a suitable
      solvent.
PAR  The compounds of formula I and the salts thereof, when incorporated into a
      polymeric substrate, provide protection to the substrate against
      deterioration caused by visible and/or ultra-violet light, oxidative
      degradation or thermal effects.
PAR  The present invention still further provides a composition comprising an
      organic material and a stabilising amount of a compound having the formula
      I as hereinbefore defined.
PAR  Compounds of formula I have been found to impart to polyolefines an
      exceptionally high degree of stability towards deterioration normally
      induced by the effects of ultra-violet radiation or exposure to heat.
      Moreover, this improved stability is achieved without affecting the colour
      properties of the treated polyolefine. The stabilisers of the invention
      provide effective light and/or heat stabilisation, especially for low- and
      high-density polyethylene and polypropylene and polystyrene as well as
      polymers of butene-1, pentene-1, 3-methyl-butene-1, hexene-1,
      4-methylpentene-1, 4-methylhexene-1 and 4,4-dimethyl-pentene-1, and also
      co- and terpolymers of olefines, particularly of ethylene or propylene.
PAR  Other organic materials susceptible to degradation by the effects of light
      and the properties of which are improved by the incorporation therein of a
      compound of Formula I include natural and synthetic polymeric materials,
      for instance natural and synthetic rubbers, the latter including, for
      example, homo-, co- and ter-polymers of acrylonitrile, butadiene and
      styrene.
PAR  Specific synthetic polymers include polyvinyl chloride and vinyl chloride
      co-polymers, polyvinyl acetate as well as condensation polymers derived
      from ether, ester (derived from carboxylic, sulphonic or carbonic acids)
      amide or urethane compounds; polyvinyl acetals; polyacrylates such as
      polymers and copolymers of methyl acrylate, ethyl acrylate, methyl
      methacrylate and ethyl methacrylate; polyamides; ureaformaldehyde and
      melamine-formaldehyde resins; cellulose plastics such as cellulose
      acetate, cellulose butyrate and cellulose nitrate. Certain of these
      polymers can, for instance, form the basis of surface coating media such
      as paints and lacquers having an oil or resin base, such as an alkyd or
      polyamide resin.
PAR  The amount of the compound of formula I which is incorporated into the
      organic material in order to achieve maximal protection against
      degradation by light varies according to the properties of the organic
      material treated and according to the severity of the light radiation and
      to the length of exposure. However, for most purposes it is sufficient to
      use an amount of the compound of formula I within the range of from 0.01%
      to 5% by weight, more preferably within the range of from 0.1% to 2% by
      weight based on the weight of untreated organic material.
PAR  The compounds of formula I may be incorporated into the polymeric material
      by any of the known techniques for compounding additives with a polymer.
      For example, the compound of formula I and the polymer may be compounded
      in an internal mixer. Alternatively, the compound of formula I may be
      added as a solution or slurry in a suitable solvent or dispersant, for
      instance an inert organic solvent such as methanol, ethanol or acetone to
      powdered polymer and the whole mixed intimately in a mixer, and the
      solvent subsequently removed. As a further alternative the compound of
      formula I may be added to the polymer during the preparation of the
      latter, for instance at the latex stage of polymer production, to provide
      pre-stabilised polymer material.
PAR  Optionally, the composition of the invention may contain further additives,
      especially those used in polymer formulations, such as antioxidants of the
      phenol or amine type, U.V. absorbers and light protectants, phosphite
      stabilisers, peroxide decomposers, polyamide stabilisers, basic
      co-stabilisers, polyvinyl chloride stabilisers, nucleation agents,
      plasticizers, lubricants, emulsifiers, anti-static agents,
      flame-protectants, pigments, carbon black, asbestos, glass fibres, kaolin
      and talc.
PAR  The present invention therefore includes binary, tertiary and
      multi-component compositions containing the stabiliser of formula I
      together with one or more functional additives for polymers.
PAR  Examples of suitable antioxidants are those of the hindered phenol type
      such as those selected from the following groups:
PAR  1. Phenolic compounds having the general formula
EQU  Q--(CH.sub.2).sub.w -- A
PAL  wherein
PAR  Q is
      ##SPC11##
PAR  A is --
EQU  CR(COOR").sub.2
      ##EQU16##
PAR  R is hydrogen or lower alkyl
PAR  R' is lower alkyl
PAR  R" is alkyl group having from 6-24 carbon atoms
PAR  w is an integer from 0 to 4.
PAR  Illustrative examples of the compounds shown above are
PA1  di-n-octadecyl .alpha.-(3,5-di-t-butyl-4-hydroxybenzyl)malonate
PA1  di-n-octadecyl .alpha.-(3-t-butyl-4-hydroxy-5-methyl-benzyl) malonate
PA1  di-n-octadecyl-.alpha.,.alpha.'bis-(3-t-butyl-4-hydroxy-5-methylbenzyl)
      malonate
PAR  2. Phenolic compounds having the general formula
EQU  Q--R
PAR  Illustrative examples of the compounds shown above are
PA1  2,6-di-t-butyl-p-cresol
PA1  2-methyl-4,6-di-t-butylphenol and the like.
PA1  2,6-di-Octadecyl-p-cresol
PAR  3. Phenolic compounds having the formula
EQU  Q--C.sub.w H.sub.2w --Q
PAR  Illustrative examples of the compounds shown are:
PA1  2,2'-methylene-bis(6-t-butyl-4-methylphenol)
PA1  2,2'-methylene-bis(6-t-butyl-4-ethylphenol)
PA1  4,4'-butylidene-bis(2,6-di-t-butylphenol)
PA1  4,4'-(2-butylidene)-bis(2-t-butyl-5-methylphenol)
PA1  2,2'-methylene-bis[6-(2-t-methylcyclohexyl)-4-methylphenol]
PA1  2,2'-methylene-bis(3-t-butyl-5-ethylphenol)
PA1  4,4'-methylene-bis(3,5-di-t-butylphenol)
PA1  4,4'-methylene-bis(3-t-butyl-5-methylphenol)
PA1  2,2'-methylene-bis(3-t-butyl-5-methylphenol) and the like.
PAR  4. Phenolic compounds having the formula
EQU  R--O--Q
PAR  Illustrative examples of such compounds are
PA1  2,5-di-t-butylhydroquinone
PA1  2,6-di-t-butylhydroquinone
PA1  2,5-di-t-butyl-4-hydroxyanisole
PAR  5. Phenolic compounds having the formula
EQU  Q--S--Q
PAR  Illustrative examples of such compounds are
PA1  4,4'-thiobis-(2-t-butyl-5-methylphenol)
PA1  4,4'-thiobis-( 2-t-butyl-6-methylphenol)
PA1  2,2'-thiobis-(6-t-butyl-4-methylphenol)
PA1  4,4'-thiobis-(2-methyl-5-t-butylphenol)
PAR  6. Phenolic compounds having the formula
      ##EQU17##
PAR  Illustrative examples of such compounds are
      octadecyl-(3,5-dimethyl-4-hydroxybenzylthio)-acetate
      dodecyl-(3,5-di-t-butyl-4-hydroxybenzylthio)-propionate
PAR  7. Phenolic compounds having the formula
      ##EQU18##
      wherein
PAR  T is hydrogen
PAR  R or Q as defined above.
PAR  Illustrative examples of such compounds are
PA1  1,1,3-tris(3,5-dimethyl-4-hydroxyphenyl)-propane
PA1  1,1,3-tris(5-t-butyl-4-hydroxy-2-methylphenyl)-butane
PA1  1,1,5,5-tetrakis-(3'-t-butyl-4'-hydroxy-6'-methylphenyl)-n-pentane
PAR  8. Phenolic compounds having the formula
      ##SPC12##
PAL  wherein B.sup.1, B.sup.2 and B.sup.3 are hydrogen, methyl or provided that
      when B.sup.1 and B.sup.3 are Q then B.sup.2 is hydrogen or methyl and when
      B.sup.2 is Q then B.sup.1 and B.sup.3 are hydrogen or methyl.
PAR  Illustrative examples of such compounds are
PA1  1,4-di(3,5-di-t-butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene
PA1  1,3,5-tri(3,5-di-t-butyl-4-hydroxybenzyl)-2,4,6-trimethylbenzene
PAR  9. Phenolic compounds having the formula
      ##SPC13##
PAL  wherein Z is NHQ, --S--D or --O--Q D is alkyl group having from 6-12 carbon
      atoms or --(C.sub.w H.sub.2w)--S--R"
PAR  Illustrative examples of such compounds are
PA1  2,4-bis-(n-octylthio)-6-(3,5-di-t-butyl-4-hydroxyaniline)-1,3,5-triazine
PA1  6-(4-hydroxy-3-methyl-5-t-butylanilino)-2,4-bis-(n-octyl-thio-1,3,5-triazin
     e
PA1  6-(4-hydroxy-3,5-dimethylanilino)-2,4-bis-(n-octylthio)-1,3,5-triazine
PA1  6-(4-hydroxy-3,5-di-t-butylanilino)-2,4-bis-(n-octylthio)-1,3,5-triazine.
PA1  6-(4-hydroxy-3,5-di-t-butylanilino)-4-(4-hydroxy-3,5-di-t-butylphenoxy)-2-(
     n-octylthio-1,3,5-triazine
PA1  2,4-bis(4-hydroxy-3,5-di-t-butylanilino)-6-(n-octylthio)-1,3,5-triazine.
PAR  10. Phenolic compounds having the formula
      ##SPC14##
PAL  wherein Z' is --O--Q, --S--D or --S--(C.sub.w H.sub.2w)--SD
PAR  Illustrative examples of such compounds are
PA1  2,3-bis-(3,5-di-t-butyl-4-hydroxyphenoxy)-6-(n-octylthio)-1,3,5-triazine
PA1  2,4,6-tris-(4-hydroxy-3,5-di-t-butylphenoxy)-1,3,5-triazine.
PA1  6-(4-hydroxy-3,5-di-t-butylphenoxy)-2,4-bis-(n-octylthio-ethylthio)-1,3,5-t
     riazine
PA1  6-(4-hydroxy-3-methylphenoxy)-2,4-bis-(n-octylthio)-1,3,5-triazine
PA1  6-(4-hydroxy-3-t-butylphenoxy)-2,4-bis-(n-octylthioethylthio)-1,3,5-triazin
     e
PA1  6-(4-hydroxy-3-methyl-5-t-butylphenoxy)-2,4-bis-(n-octylthio)-1,3,5-triazin
     e
PA1  2,4-bis-(4-hydroxy-3-methyl-5-t-butylphenoxy)-6-(n-octylthio)-1,3,5-triazin
     e
PA1  2,4,6-tris-(4-hydroxy-3-methyl-5-t-butylphenoxy)-1,3,5-triazine
PA1  6-(4-hydroxy-3,5-di-t-butylphenoxy)-2,4-bis-(n-octylthio-propylthio)-1,3,5-
     triazine
PA1  6-(4-hydroxy-3,5-di-t-butylphenoxy)-2,4-bis-(n-dodecylthioethylthio)-1,3,5-
     triazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-butylthio-1,3,5-triazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octadecylthio)-1,3,5-triazin
     e
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-dodecylthio)-1,3,5-triazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octylthio-propylthio)-1,3,5-
     triazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octylthioethylthio)-1,3,5-tr
     iazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-dodecylthioethylthio)-1,3,5-
     triazine.
PAR  11. Phenolic compounds having the formula
PAC  [Q--C.sub.z H.sub.2z --COO--C.sub.z H.sub.2z p  R"'--(R).sub.4.sub.-p
PAL  wherein p is an integer from 2 to 4 and R"' is a tetravalent radical
      selected from aliphatic hydrocarbons having from 1 to 30 carbon atoms
PA1  aliphatic mono and dithioethers having from 1 to 30 carbon atoms
PA1  aliphatic mono and diethers having from 1 to 30 carbon atoms and z is an
      integer from 0 to 6.
PAR  Illustrative examples of such compounds are
PAC  Sub-class I
PA1  n-Octadecyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  n-Octadecyl 2-(3,5-di-t-butyl-4-hydroxyphenyl)-acetate
PA1  n-Octadecyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  n-Hexyl 3,5-di-t-butyl-4-hydroxyphenylbenzoate
PA1  n-Dodecyl 3,5-di-t-butyl-4-hydroxyphenylbenzoate
PA1  Neo-dodecyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  Dodecyl .beta.-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate
PA1  Ethyl .alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-isobutyrate
PA1  Octadecyl .alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-isobutyrate
PA1  Octadecyl .alpha.-(4-hydroxy-3,5-di-t-butylphenyl)-propionate
PAC  Sub-class II
PA1  2-(n-octylthio)ethyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  2-(n-octylthio)ethyl 3,5-di-t-butyl-4-hydroxyphenylacetate
PA1  2-(n-octadecylthio)ethyl 3,5-di-t-butyl-4-hydroxyphenylacetate
PA1  2-(n-octadecylthio)ethyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  2-(2-hydroxyethylthio)ethyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  2,2'-thiodiethanol bis(3,5-di-t-butyl-4-hydroxyphenyl)acetate
PA1  Diethyl glycol bis-[3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  2-(n-octadecylthio)ethyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA1  2,2'-Thiodiethanol-bis-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA1  Stearamido N,N-bis-[ethylene 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  n-Butylimino N,N-bis-[ethylene
      3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  2-(2-stearoyloxyethylthio)ethyl 3,5-di-t-butyl-4-hydroxybenzoate
PA1  2-(2-hydroxyethylthio)ethyl
      7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PA1  2-(2-stearoyloxyethylthio)ethyl
      7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PAC  Sub-class III
PA1  1,2-propylene glycol bis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  Ethylene glycol bis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  Neopentylglycol bis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  Ethylene glycol bis-(3,5-di-t-butyl-4-hydroxyphenylacetate)
PA1  Glycerine-1-n-octadecanoate-2,3-bis-(3,5-di-t-butyl-4-hydroxyphenylacetate
PA1  Pentaethylthritol-tetrakis-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  1,1,1-trimethylol ethane-tris-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA1  Sorbitol hexa-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  1,2,3-butanetriol tris[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate]
PA1  2-hydroxyethyl 7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
PA1  2-stearoyloxyethyl 7-(3-methyl-5-t-butyl-4-hydroxyphenyl)heptanoate
      heptanoate
PA1  1,6-n-hexanediol-bis[(3',5'-di-t-butyl-4-hydroxyphenyl)propionate]
PAR  12. Phenolic compounds having the formula
      ##EQU19##
      where x is an integer of 1 to 2.
PAR  Illustrative examples of such compounds are
PA1  Di-n-octadecyl 3,5-di-t-butyl-4-hydroxybenzyl)phosphonate
PA1  Di-n-octadecyl 3-t-butyl-4-hydroxy-5-methylbenzylphosphonate
PA1  Di-n-octadecyl 1-(3,5-di-t-butyl-4-hydroxyphenyl)-ethane-phosphonate
PA1  Di-n-tetradecyl 3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  Di-n-hexadecyl 3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  Di-n-docosyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  Di-n-octadecyl 3,5-di-t-butyl-4-hydroxybenzylphosphonate
PAR  13. Phenolic compounds having the formula
      ##SPC15##
PAL  wherein W and Q are defined above.
PAR  Illustrative examples of such compounds are:
PA1  tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate
PA1  tris-(3-t-butyl-4-hydroxy-5-methylbenzyl)isocyanurate
PAR  The above phenolic hydrocarbon stabilizers are known and many are
      commercially available.
PAR  While any of the above mentioned antioxidants can be useful in combination
      with the ultraviolet light stabilizers of this invention, the preferred
      antioxidants consist of the hindered phenols in groups 1, 8, 9, 10, 11, 12
      and 13 as mentioned above. The most preferred hindered phenols are those
      of groups 1, 9, 11, 12 and 13.
PAR  Further examples of antioxidants are those of the aminoaryl series for
      instance aniline and naphthylamine derivatives as well as their
      heterocyclic derivatives such as:
PA1  phenyl-1-naphthylamine
PA1  phenyl-2-napthylamine
PA1  N,n'-diphenyl-p-phenyldiamine
PA1  N,n'-di-sec.butyl-p-phenylenediamine
PA1  6-Ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline
PA1  6-Dodecyl-2,2,4-trimethyl-1,2-dihydroquinoline
PA1  Mono- and di-octyliminodibenzyl and polymerised
      2,2,4-trimethyl-1,2-dihydroquinoline.
PAR  Ultraviolet absorbers and light protectants include
PA1  a. 2-(2'-hydroxyphenyl)benzotriazoles, for instance 5'-methyl;
      3',5'-di-t-butyl; 5'-t-butyl; 5-chloro-3',5'-di-t-butyl;
      5-chloro-3'-t-butyl-5'-methyl; 3'-sec.butyl-5'-tert.butyl;
      3'-[.alpha.-methylbenzyl]-5'-methyl-;
      3'-[.alpha.-methylbenzyl)-5'-methyl-5-chloro-; 4'-octoxy-;
      3',5'-di-t-amyl; 3'-methyl-5'-carbomethoxyethyl; 5-chloro-3',5'-di-t-amyl
      derivatives.
PA1  b. 2,4-bis-(2'-hydroxyphenyl)-6-alkyl-S-triazines, for instance the 6-ethyl
      or 6-undecyl derivatives.
PA1  c. 2-hydroxybenzophenones; for instance the 4-hydroxy, 4-methoxy,
      4-octoxy-, 4-decyloxy-, 4-dodecyloxy-, 4,2',4'-trihydroxy or
      2'-hydroxy-4,4'-dimethoxy derivatives.
PA1  d. 1,3-Bis(2'-hydroxybenzoyl)-benzenes for instance,
      1,3-bis-(2'-hydroxy-4'-hexyloxybenzoyl)benzene
      1,3-bis-(2'-hydroxy-4'-octoxybenzoyl)benzene
      1,3-bis-(2'-hydroxy-4'-dodecyloxybenzoyl)benzene
PA1  e. Aryl esters from optionally substituted benzoic acids such as
      phenylsalicylate, octylphenylsalicylate, dibenzoyl resorcinol,
      bis-(4-tert.butylbenzoyl) resorcinol, benzoylresorcinol and
      3,5-di-tert.butyl-4-hydroxy-benzoic acid-2,4-di-tert.butyl phenyl ester
      and - octadecyl ester and -2-methyl-4,6-di-tert. butyl phenyl ester.
PA1  f. Acrylates, for instance .alpha.-Cyano-.beta.,.beta.-diphenylacrylic acid
      ethyl- or iso-octyl ester, .alpha.-carbomethoxy-cinnamic acid methyl- or
      butyl ester and N-(.beta.-carbomethoxyvinyl)-2-methyl indoline.
PA1  g. Nickel compounds such as nickel complexes of 2,2'-thiobis-(4-tert.
      octylphenol), for instance the 1:1 and 1:2 complexes, optionally having
      other ligands such as n-butylamine, triethanolamine or
      N-cyclohexyl-diethanolamine; nickel complexes of bis-(4-tert. octylphenyl)
      sulphone such as the 2:1 complex, optionally having other ligands such as
      2-ethylcapric acid; nickel dibutyl dithiocarbamates; nickel salts of
      4-hydroxy-3,5-di-tert.butylbenzyl)-phosphonic acid mono-alkyl esters such
      as the methyl-, ethyl- or butyl esters; the nickel complex of
      2-hydroxy-4-methyl-phenyl-undecylketonoxime; and
      nickel-3,5-di-tert.butyl-4-hydroxy benzoate, and
PA1  h. Oxalic acid diamides, for instance
PA1  4,4'-dioctyloxyoxanilide
PA1  2,2'-dioctyloxy-5,5'-di-tert.butyl-oxanilide
PA1  2,2'-di-dodecyloxy-5,5'-di-tert.butyl oxanilide
PA1  2-ethoxy-5-tertiarybutyl-2'-ethyl-oxanilide
PA1  2-ethoxy-2'-ethyl-oxanilide mixtures of o- and p- methoxy and ethoxy-
      disubstituted oxanilides and the compound of formula:
      ##EQU20##
PAR  Phosphite stabilisers include triphenyl phosphite, diphenylalkyl
      phosphites, phenyl dialkyl phosphites, trinonylphenyl phosphite, trilauryl
      phosphite, trioctadecyl phosphite, 3,9-di-isodecyloxy-2,4,8,10-tetraoxa-
      3,9-diphosphaspiro-(5,5)-undecane and tri-(4-hydroxy-3,5-di-tert.
      butylphenyl)phosphite.
PAR  Peroxide-decamposing compounds for polyolefins include esters of
      .beta.-thiodipropionic acids, for instance the lauryl-, stearyl-,
      myristyl- or tridecyl esters, salts of mercaptobenzimidazoles such as the
      zinc salt and diphenylthiourea.
PAR  Suitable polyamide stabilisers include copper salts in combination with
      iodides and/or further phosphorus compounds and salts of bivalent
      manganese.
PAR  Basic co-stabilisers are, for example, polyvinylpyrrolidone, melamine,
      benzoguanamine, triallyl cyanurate, dicyandiamide, urea derivatives,
      hydrazine derivatives, amines, polyamides, polyurethanes, alkali and
      alkaline earth salts of higher saturated or unsaturated fatty acids such
      as calcium stearate.
PAR  Polyvinyl chloride stabilisers include organotin compounds, organo lead
      compounds and Ba/Cd salts of fatty acids.
PAR  Examples of nucleation agents are 4-tert.butyl benzoic acid, adipic acid
      and diphenylacetic acid.
PAR  As with the compound of formula I, any further additive is advantageously
      employed in a proportion within the range of from 0.01% to 5% by weight,
      based on the weight of untreated polymeric material.
PAR  In binary combinations with one or more antioxidants listed above or in
      tertiary combinations with such antioxidants and U.V. absorbers listed
      above, the compounds of formula I provide very effective stabiliser
      packages in polyolefine formulations.
PAR  Some Examples will now be given. Parts and percentages are by weight unless
      otherwise stated.
DETD
PAC  EXAMPLE 1
PAR  a. A mixture of 450 parts by weight of diethyl phosphonoacetonitrile, 380
      parts by weight of 2,2,6,6-tetramethylpiperidin-4-one, and 135 parts by
      weight of sodium methoxide in 2500 parts by volume of ethyl alcohol was
      heated together with stirring at reflux for six hours. The solvent was
      then removed by distillation under reduced pressure, the residue was
      treated with water (1500 parts by volume) and the resulting oil was
      extracted with ether (6 .times. 200 parts by volume). The combined ether
      extracts were dried over magnesium sulfate and the ether was removed by
      distillation under reduced pressure. Distillation of the residual oil gave
      302 parts by weight of (2,2,6,6-tetramethylpiperidinylidene-4)
      acetonitrile, boiling point 130.degree.--2.degree.C/12 mm Hg.
PAR  b. This material was hydrogenated in 1500 parts by volume of methyl alcohol
      saturated by ammonia at a pressure of 60 atmospheres hydrogen and
      60.degree.C over 12 hours using Raney Nickel catalyst. After removal of
      the catalyst and solvent, there was obtained by distillation, 250 parts by
      volume (80% theory yield) of pure 2(2',2',6',6'-tetramethylpiperidinyl-4')
      ethylamine, boiling at 110.degree.-2.degree.C/12mm Hg and having the
      following elemental analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           71.49    12.81    15.32  %                                
     Required for C.sub.11 H.sub.24 N.sub.2                                    
                     71.70    13.12    15.20  %                                
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  a. 60 Parts by weight of
      (2,2,6,6-tetramethylpiperidinyl-idene-4)acetonitrile (produced as in
      Example 1), 31.4 parts by volume of formic acid (98%) and 28.2 parts by
      volume of 36% aqueous formaldehyde were heated with stirring at
      100.degree.C for four hours.
PAR  The cooled solution was basified with 46% aqueous sodium hydroxide and the
      resulting oil extracted with 4.50 parts by volume of ether. The combined
      ether extracts were dried over magnesium sulphate and the ether removed by
      distillation under reduced pressure.
PAR  The residual oil was purified by distillation to give 56 parts by weight
      (86% of theory yield) of
      (1,2,2,6,6-pentamethylpiperidinylidene-4)acetonitrile boiling at
      152.degree.C/ 20 mm Hg.
PAR  b. This material was hydrogenated in 250 parts by volume of methyl alcohol
      saturated with ammonia at a pressure of 100 atmospheres and at
      100.degree.C over 24 hours using Raney Nickel catalyst. After removal of
      the solvent and catalyst the residual oil was purified by distillation to
      give 45 parts by weight (78% of theory yield) of 2
      (1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine boiling at
      82.degree.-4.degree.C/1.0 mm Hg, and having the following elemental
      analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           72.58    13.00    13.97  %                                
     Required for C.sub.12 H.sub.26 N.sub.2                                    
                     72.66    13.21    14.12  %                                
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  A mixture of 3.1 parts by weight of methyl isocyanate, 9.2 parts by weight
      of 2(2',2', 6', 6'-tetramethylpiperidinyl- 4')ethylamine and 100 parts by
      volume of petroleum ether (boiling range 60.degree.-80.degree.C.) was
      heated at reflux for 24 hours with a trace amount of diazobiscyclooctane.
PAR  The petroleum ether was removed by distillation under reduced pressure to
      give an oil which solidified on standing. This was dissolved in 50 parts
      by volume of carbon tetrachloride and reprecipitated by the addition of
      200 parts by volume of petroleum ether (boiling range
      60.degree.-80.degree.C.). The white solid was collected by filtration and
      dried at 50.degree.C. to give 10.3 parts by weight (86% of theory yield)
      of pure N-methyl-N'-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea,
      melting at 73.degree.C, and having the following elemental analysis by
      weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           64.67    11.26    17.57  %                                
     Required for C.sub.13 H.sub.27 N.sub.3 O                                  
                     64.69    11.27    17.41  %                                
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A mixture of 6.9 parts by weight of cyclohexyl isocyanate, 9.2 parts by
      weight of 2(2',2',6',6'-tetramethylpiperidinyl-4)ethylamine, 100 parts by
      volume of benzene and a trace of diazobiscyclooctane was heated at reflux
      for 24 hours. The benzene was then removed by distillation under reduced
      pressure and the residual oil was treated with water (400 parts by volume)
      to give a white solid. This was collected by filtration, dried and
      purified by recrystallisation from ethyl acetate (150 parts by volume) to
      give N-cyclohexyl-N'-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl] urea,
      melting at 111.degree.C. and having the following elemental analysis by
      weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           69.90    11.32    13.59  %                                
     Required for C.sub.18 H.sub.35 N.sub.3 O                                  
                     69.86    11.40    13.58  %                                
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  A mixture of 6.6 parts by weight of phenyl isocyanate, 9.2 parts by weight
      of 2(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine and 100 parts by
      volume of benzene was heated at reflux for 18 hours. The benzene was then
      stripped off by distillation under reduced pressure to give a white solid
      which was recrystallised from 100 parts by volume of ethyl acetate to give
      N-phenyl-N' -[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea, melting
      at 151.degree.-2.degree.C. and having the following elemental analysis by
      weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           71.40    9.7      13.56  %                                
     Required for C.sub.18 H.sub.29 N.sub.3 O                                  
                     71.25    9.63     13.85  %                                
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  A mixture of 3.6 parts by weight hexamethylene diisocyanate, 11 parts by
      weight of 2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine and 100
      parts by volume of petroleum ether (boiling range 60.degree.-80.degree.C.)
      was heated at reflux for 24 hours in the presence of a trace of
      diazobiscyclooctane. The resulting solid was collected by filtration and
      purified by continuous extraction with ethyl acetate, to give on drying
      10.5 parts by weight (82% of theory yield of
      1,6-Di[2'-(2",2",6",6"-tetramethylpiperidinyl-4")ethylureido]hexane,
      melting at 135.degree.C. and having the following elemental analysis by
      weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           67.04    11.08    15.77  %                                
     Required for C.sub.30 H.sub.60 N.sub.6 O.sub.2                            
                     67.11    11.27    15.66  %                                
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  A mixture of 6.25 parts by weight of Di(4-isocyanatophenyl)methane, 9.2
      parts by weight of 2(2', 2',6',6'-tetramethylpiperidinyl-4')ethylamine and
      200 parts by volume of benzene was heated to reflux for 24 hours. The
      resulting white solid was collected by filtration and purified by
      continuous extraction by ethylacetate to give
      p,p'-Di[2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylureido]diphenylmetha
     ne, melting at 208.degree.-9.degree.C. and having the following elemental
      analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           71.75    9.37     13.73  %                                
     Required for C.sub.37 H.sub.58 N.sub.6 O.sub.2                            
                     71.80    9.45     13.58  %                                
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  43 Parts by volume of a 121/2% w/v solution of phosgene in toluene was
      added dropwise with stirring at 10.degree.-20.degree.C. over 15 minutes to
      a solution of 36.8 parts by weight of
      2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine in 200 parts by volume
      of toluene.
PAR  The resulting suspension was stirred at room temperature for four hours,
      then heated to reflux for a further one hour.
PAR  A white solid was collected by filtration, this was dissolved in water (100
      parts by volume) and the solution basified to pH 14 by the addition of
      sodium hydroxide. A colourless oil was precipitated, this was extracted
      with diethyl ether (4 .times. 50 parts by volume), the ether was dried
      over magnesium sulphate and removed by distillation under reduced pressure
      to give N,N'-Di[2-(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea,
      melting at 75.degree.C. and having the following elemental analysis by
      weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           69.95    11.93    14.40  %                                
     Required for C.sub.23 H.sub.46 N.sub.4 O                                  
                     70.00    11.75    14.20  %                                
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  A solution of 9.2 parts by weight of 2-(2',
      2',6',6'-tetramethylpiperidinyl-4')ethylamine in 20 parts by volume of
      benzene was added dropwise with stirring over 15 minutes to a solution of
      3.9 parts by weight of acetyl chloride in 80 parts by volume of benzene.
PAR  The resulting suspension was heated to reflux for two hours, then cooled
      and the solid filtered. This solid was dissolved in 50 parts by volume of
      water which was then basified to pH 14 by the addition of sodium
      hydroxide. The precipitated oil was extracted with diethyl ether (5
      .times. 30 parts by volume), the combined ether extracts were dried over
      magnesium sulphate, and the ether distilled off.
PAR  By distillation of the residual oil there was obtained
      N-acetyl-2-(2',2',6',6'-tetramethylpiperidinyl-4') ethylamine, boiling at
      156.degree.-60.degree.C/0.6 mm Hg and having the following elemental
      analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           68.69    11.31    12.24  %                                
     Required for C.sub.13 H.sub.26 N.sub.2 O                                  
                     68.98    11.58    12.38  %                                
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  A solution of 9.2 parts by weight of
      2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine in 20 parts by volume
      of benzene was added to a solution of 4.5 parts by weight of n-butyryl
      chloride in 80 parts by volume of benzene over 15 minutes with stirring.
      The suspension was refluxed for two hours and worked up as described in
      Example 9.
PAR  Thus N-butyryl-2(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine was
      obtained, boiling at 160.degree.C/0.7 mm Hg, and having the following
      elemental analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           70.56    11.64    11.04  %                                
     Required for C.sub.15 H.sub.30 N.sub.2 O                                  
                     70.82    11.89    11.01  %                                
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  A solution of 9.2 parts by weight of
      2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine in 20 parts by volume
      of benzene were added with stirring to a solution of 8.1 parts by weight
      of n-octanoyl chloride in 80 parts by volume of benzene and subsequently
      worked-up as described in Example 9. There was thus obtained
      N-octanoyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine, boiling at
      188.degree.-92.degree.C/0.8 mm Hg and having the following elemental
      analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           73.17    12.16    8.68   %                                
     Required for C.sub.19 H.sub.38 N.sub.2 O                                  
                     73.49    12.33    9.02   %                                
     ______________________________________                                    
PAC  EXAMPLE 12
PAR  A solution of 18.4 parts by weight of
      2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine in 50 parts by volume
      of benzene was added with stirring to a solution of 21.8 parts by weight
      of n-dodecanoyl chloride in 200 parts by volume of benzene over 30
      minutes. The reaction procedure was then continued as described in Example
      9 to give N-dodecanoyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')
      ethylamine, boiling at 208.degree.-12.degree.C/0.6 mm Hg, and having the
      following elemental analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           73.37    12.65    7.46   %                                
     Required for C.sub.23 H.sub.46 N.sub.2 O                                  
                     75.35    12.65    7.64   %                                
     ______________________________________                                    
PAC  EXAMPLE 13
PAR  A solution of 9.2 parts by weight of
      2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine in 20 parts by volume
      of benzene was added with stirring over 30 minutes to a solution of 7.0
      parts by weight of benzoyl chloride in 80 parts by volume of benzene. The
      resulting suspension was heated to reflux for two hours, cooled, and the
      solid collected by filtration. The solid was dissolved in 100 parts by
      volume of water which was basified to pH 14 by the addition of sodium
      hydroxide. The precipitated oil was extracted with diethyl ether (6
      .times.  30 parts by volume) and the combined extracts were dried over
      magnesium sulphate. A white solid was obtained on removal of the ether by
      distillation, which by recrystallisation from 100 parts by volume of
      petroleum ether (60.degree.-80.degree.C. boiling range) gave pure
      N-benzoyl-2-(2',2',6',6'-tetramethylpiperidinyl-4') ethylamine, melting at
      101.degree.-2.degree.C, and having the following elemental analysis by
      weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           74.68    9.62     9.44   %                                
     Required for C.sub.18 H.sub.28 N.sub.2 O                                  
                     74.96    9.78     9.71   %                                
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  A mixture of 11.4 parts by weight of
      ethyl(2,2,6,6-tetramethylpiperidinyl-4)acetate, 9.2 parts by weight of
      2-(2',2',6',6'-tetramethylpiperidinyl-4)ethylamine and 2.7 parts by weight
      of sodium methoxide were heated at 160.degree.C. for one hour with
      stirring. During this time ethyl alcohol was allowed to distil from the
      reaction vessel. The mixture was finally heated at 160.degree.C./12 mm Hg
      for 15 minutes, then cooled and dissolved in 100 parts by volume diethyl
      ether. The ether extract was washed with water (4 .times. 20 parts by
      volume), dried over magnesium sulphate and the ether finally removed by
      distillation to give N-[(2",2",
      6",6"-tetramethylpiperidinyl-4")acetyl]-2-(2',2',6',6'-tetramethylpiperidi
     nyl-4')ethylamine, as a pale green highly viscous oil having the following
      elemental analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           72.48    11.73    11.34  %                                
     Required for C.sub.22 H.sub.43 N.sub.3 O                                  
                     72.28    11.85    11.49  %                                
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  A solution of 9.9 parts by weight of
      2-(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine in 20 parts by
      weight of benzene was added with stirring to a solution of 3.9 parts by
      weight of acetyl chloride in 80 parts by weight of benzene. The resulting
      suspension was then treated as described in Example 9 to give 8.3 parts by
      weight (68% of theory yield) of
      N-acetyl-2-(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine, boiling
      at 158.degree.-60.degree.C./0.6 mm Hg, and having the following elemental
      analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           70.19    11.96    11.83  %                                
     Required for C.sub.14 H.sub.28 N.sub.2 O                                  
                     69.95    11.74    11.65  %                                
     ______________________________________                                    
PAC  EXAMPLE 16
PAR  A solution of 9.9 parts by weight of
      2-(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine in 20 parts by
      volume of benzene were added to a solution of 4.5 parts by weight of
      n-butyryl chloride in 80 parts by volume of benzene and worked up as
      described in Example 9.
PAR  In this way, N-butyryl-2-(1',2',2',
      6',6'-pentamethylpiperidinyl-4)ethylamine, boiling at
      166.degree.-8.degree.C./0.2 mm Hg. and having the following elemental
      analysis by weight was obtained:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           71.84    11.92    10.35  %                                
     Required for C.sub.16 H.sub.32 N.sub.2 O                                  
                     71.59    12.02    10.44  %                                
     ______________________________________                                    
PAC  EXAMPLE 17
PAR  A solution of 9.9 parts by weight of
      2-(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine in 20 parts by
      volume of benzene was added with stirring over 30 minutes to a solution of
      seven parts by weight of benzoyl chloride in 80 parts by weight of
      benzene. The suspension was then heated to reflux for two hours, the
      benzene was then decanted from the flask and the residual gum was
      dissolved in 200 parts by volume of water. This was basified to pH 14 by
      the addition of sodium hydroxide and the white solid precipitate was
      collected by filtration, dried and purified by recrystallisation from 50
      parts by volume of cyclohexane to give ten parts by weight (67% of theory
      yield) of N-benzoyl-
      2-(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine, melting at
      107.degree.C. and having the following elemental analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           75.72    10.05    9.50   %                                
     Required for C.sub.19 H.sub.30 N.sub.2 O                                  
                     75.45    10.00    9.26   %                                
     ______________________________________                                    
PAC  EXAMPLE 18
PAR  A solution of 6.6 parts by weight of phenylisocyanate, 9.9 parts by weight
      of 2-(1',2',2',6',6'-pentamethylpiperidinyl-4' )ethylamine and petroleum
      ether (boiling range 80.degree.-100.degree.C.), containing a trace of
      diazobiscyclooctane, was heated at reflux for two hours, the resulting
      solid precipitate was collected by filtration and recrystallised from 150
      parts by volume of ethyl acetate to give
      N-phenyl-N'-[2-(1',2',2',6',6'-pentamethylpiperidinyl-4' )ethyl]urea,
      melting at 143.degree.-4.degree.C. and having the following elemental
      analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           72.23    9.91     13.22  %                                
     Required for C.sub.19 H.sub.31 N.sub.3 O                                  
                     71.88    9.84     13.24  %                                
     ______________________________________                                    
PAC  EXAMPLES 19 to 28
PAR  38 parts of polypropylene were homogenised with 0.076 part of
      n-octadecyl-.beta.-(4'-hydroxy-3',5'-t-butylphenyl) propionate in a
      kneading machine at a temperature of 200.degree.C over a period of 3
      minutes. 0.19 part of the product of Example 1 was then added and
      homogenisation continued for another 7 minutes.
PAR  The homogenised mixture was removed from the kneader and pressed to a
      thickness of 2-3 mm in a press at a temperature of 200.degree.C. 9 parts
      of the polypropylene mixture were then charged into a press in which the
      press-plates were protected by 0.1 mm thick aluminium foil. The sample was
      surrounded by four strips of steel skim, 0.3 mm thick, in the form of a
      square, acting as spacers between the aluminium foils. The press was
      closed and for 2 minutes no pressure was applied. The pressure was then
      increased over 2 minutes up to a maximum of 12 tons and this pressure held
      for a further 2 minutes, the temperature being 260.degree.C. The pressure
      was released and the material (0.3 mm thick) was cooled immediately under
      running water.
PAR  2.2 parts of this material was cut in the form of a square and recharged to
      the press. Conditions were as for the previous pressure except that 0.1 mm
      thick steel skim was used for spacing between the aluminium foils. The
      press was closed and no pressure was applied for 2 minutes. Over another 2
      minutes the pressure was increased to 8 tons, the press temperature being
      260.degree.C. This pressure was maintained for 2 minutes and then the
      pressure released. The "sandwich" of the 0.1 mm thick polypropylene foil
      and aluminium foils was then removed and tempered immediately for 1 hour
      in a circulating-air oven maintained at 150.degree.C. The "sandwich" was
      then quenched in running cold water and the aluminium foils were peeled
      from the inner polypropylene foil and the skim spacers removed.
PAR  A section measuring 44 .times. 100 mm was separated from the 0.1 mm
      tempered polypropylene foil and exposed to light irradiation in a
      fademeter device consisting of a circular bank of 28 alternate sunlight
      and blacklight lamps. The sunlight lamps were 2 feet long, 20-watt
      fluorescent lamps characterised by a peak emission of 3000 Angstrom units;
      the blacklight lamps were 2 feet long, 20-watt ultraviolet lamps
      characterised by a peak emission of 3500 Angstron units. The sample was
      rotated concentrically within the bank of lamps so that the radiation
      therefrom was uniformly distributed over the section under test.
PAR  The exposed sample was examined periodically and the time (T) at which the
      sample reached 50% of the initial elongation at break was noted.
PAR  The time (Tc) for the elongation of a control sample (not containing the
      product of Example 1) to decrease to 50% of the initial elongation was
      then determined.
PAR  The performance of the compound of formula I as a light stabiliser could
      then be assessed by determining the factor T/Tc.
PAR  The results obtained including those relating to other compounds of formula
      I are summarised in the following Table.
TBL                                                         FACTOR T/TC        
                                                            Time to 50% of     
                                                            Initial Elong-     
                                                            ation at Break     
     Ex.                       Product                      Time to 50% of     
                                                            Initial Elong-     
                                                            ation at Break     
                                                            for                
     __________________________________________________________________________
                                                            CONTROL            
     19 N-Benzoyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine          
                                                            3.5                
     20 N-Phenyl-N'-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea        
                                                            7.3                
     21 N-Cyclohexyl-N'-[2-(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea   
                                                            6.3                
     22 N-Octanoyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine         
                                                            8.3                
     23 N-Acetyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine           
                                                            &gt;6.0 i.e. 6.2      
     24 N-Butyryl-2-(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine          
                                                            &gt;5.7 i.e. 6.0      
     25 N-[(2",2",6",6"-Tetramethylpiperidinyl-4")acetyl]-2-(2',2',6',6'-tetram
        ethylpiperidinyl-4')ethylamine                      6.4                
     26 2-(2',2',6',6'-Tetramethylpiperidinyl-4')ethylamine &gt;9.3 i.e. 9.5      
     27 N-methyl-n'-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urea        
                                                            &gt;8.8               
     28 N-Phenyl-[2-(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]urethane      
                                                            6.0                
     __________________________________________________________________________
PAC  EXAMPLE 29
PAR  A solution of 9.9 parts by weight of 2(1',2'
      ,2',6',6'-pentamethylpiperidinyl-4')ethylamine in 20 parts by volume of
      dry benzene was added, with stirring, to a solution of 8.1 parts by weight
      of n-octanoyl chloride in 80 parts by volume of dry benzene over 20
      minutes. The resulting suspension was stirred at room temperature for 15
      minutes, then heated to reflux for a further 2 hours. The suspension was
      then cooled and the solid was filtered and worked up as for Example 9.
PAR  Thus pure N-octanoyl-[2(1',2',6',6'-pentamethylpiperidinyl-4)ethylamine]
      was obtained, boiling at 196.degree.-8.degree.C/0.6 mm Hg. and having the
      following elemental analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found:      73.96      12.42      8.39 %                                  
     Required for:                                                             
                 74.02      12.42      8.63 %                                  
     C.sub.20 H.sub.40 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 30
PAR  A solution of 19.8 parts by weight of 2-(1',2'
      ,2',6',6'-pentamethylpiperidinyl-4')ethylamine in 50 parts by weight of
      dry benzene was added with stirring to a solution of 21.8 parts by weight
      of n-dodecanoyl chloride in 200 parts by volume of dry benzene over 20
      minutes. The suspension was stirred at room temperature for 15 minutes,
      then heated to reflux for 4 hours, and finally worked up in the manner
      described in Example 9.
PAR  Thus 21.0 parts by weight (55% of theory yield) of
      N-n-dodecanoyl[2-(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine]
      were obtained, boiling at 222.degree.-4.degree.C/0.6 mm Hg, and having the
      following elemental analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found:      75.83      12.56      7.38 %                                  
     Required for:                                                             
                 75.73      12.71      7.36 %                                  
     C.sub.24 H.sub.48 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 31
PAR  A solution of 9.6 parts by weight of sebacoyl chloride in 25 parts by
      volume of dry benzene was added over 15 minutes, with stirring, to a
      solution of 19.2 parts by weight of
      2-(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine in 75 parts by
      volume of dry benzene. The resulting suspension was heated at reflux for
      24 hours, then cooled and the solid was collected by filtration. This was
      dissolved in 100 parts by volume of water, and the water made strongly
      basic by the addition of 46% aqueous sodium hydroxide, to give an oil
      which was extracted into ether (6 .times. 50 parts by volume). The
      combined ether extracts were dried over magnesium sulphate, and the ether
      removed by distillation under reduced pressure to give a white solid. This
      was purified by recrystallisation from ethyl acetate to give
      N,N'-Di[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl] sebacamide,
      melting at 122.degree.-3.degree.C and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found:      72.86      11.77      9.78 %                                  
     Required for:                                                             
                 72.55      11.82      9.95 %                                  
     C.sub.34 H.sub.66 N.sub.4 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 32
PAR  A solution of 6.2 parts by weight of succinyl chloride in 25 parts by
      volume of dry benzene was added dropwise over 15 minutes with stirring to
      a solution of 19.8 parts by weight of
      2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine in 75 parts by
      volume of dry benzene.
PAR  The suspension was heated to reflux for 2 hours and then cooled, the solid
      was filtered and worked up in the manner described in Example 31 to give
      N,N'-Di[2(1',2',2',6',6'pentamethylpiperidinyl-4' )ethyl]succinamide,
      melting at 171.degree.- 2.degree.C., and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found:      69.97      11.31      11.65 %                                 
     Required for:                                                             
                 70.25      11.37      11.70 %                                 
     C.sub.28 H.sub.54 N.sub.4 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 33
PAR  A solution of 9.9 parts by weight of
      2-(1',2',2',6',6'-pentamethylpiperidinyl-4') ethylamine and 6.9 parts by
      weight of cyclohexyl isocyanate in 100 parts by volume of dry benzene
      containing a trace of diazobicyclooctane was heated at reflux for 24
      hours. The benzene was removed by distillation under reduced pressure and
      the solid residue was recrystallised from ethylacetate to give 9.3 parts
      by weight (57% of theory yield) of
      N-cyclohexyl-N'-[2-(1',2',2',6',6'-pentamethylpiperidinyl-4' )ethyl]urea,
      melting at 154.degree.-5.degree.C and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found:      70.79      11.67      12.70 %                                 
     Required for:                                                             
                 70.54      11.53      12.99 %                                 
     C.sub.19 H.sub.37 N.sub.3 O                                               
     ______________________________________                                    
PAC  EXAMPLE 34
PAR  A solution of 11.8 parts by weight of
      2-(1',2',2',6',6'-pentamethylpiperidinyl-4' )ethylamine and 3.6 parts by
      weight of 1,6-diisocyanatohexane in 150 parts by volume of petroleum ether
      (60.degree.-80.degree.C boiling range) containing a trace of
      diazabicyclooctane, was heated at reflux for 2 hours.
PAR  The suspension was cooled, and the resulting solid collected by filtration.
      Recrystallisation from ethyl acetate gave 8.2 parts by weight (58% of
      theory yield) of pure 1,6-Di[2'(1",2",2",6",6"-pentamethylpiperidinyl-4"
      )ethylureido]hexane, melting at 198.degree.-9.degree.C, and having the
      following elemental analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found:      67.82      11.19      14.80                                   
     Required for:                                                             
                 68.10      11.35      14.90                                   
     C.sub.32 H.sub.64 N.sub.6 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 35
PAR  A solution of 9.9 parts by weight of
      2-(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine and 3.1 parts by
      weight of methylisocyanate in 100 parts by volume of petroleum ether
      (boiling range 60.degree.-80.degree.C) was heated at reflux for 24 hours.
      The petrol was then removed by distillation under reduced pressure and the
      residue recrystallised from ethyl acetate to give pure
      N-methyl-N'-[2(1',2',2',6',6'-pentamethylpiperidinyl-4' )ethyl]urea,
      melting at 87.degree.-8.degree.C, and having the following elemental
      analysis by weight:
TBL               C      H        N                                            
     ______________________________________                                    
     Found:         65.94    11.40    16.21 %                                  
     Required for:  65.84    11.44    16.45 %                                  
     C.sub.14 H.sub.29 N.sub.3 O                                               
     ______________________________________                                    
PAC  EXAMPLE 36
PAR  A solution of 8.6 parts by weight of thiodipropionyl chloride in 50 parts
      by volume of benzene was added dropwise with stirring over 20 minutes to a
      solution of 2(2',2',6',6'-tetramethyl piperidinyl-4' )ethylamine in 200
      parts by volume of benzene. The resulting suspension was heated at reflux
      for a further 2 hours, and the solid then collected by filtration,
      dissolved in 500 parts by volume of water and basified to pH 14 by the
      addition of 40% sodium hydroxide solution. The precipitated oil was
      extracted with chloroform (6 .times. 50 parts by volume), the bulked
      extracts were dried and the chloroform removed by distillation under
      reduced pressure. The residue was purified by distillation to give
      N,N'-Di[2(2',2',6',6'-tetramethylpiperidinyl-4' )ethyl]thiodipropionamide
      boiling at 280.degree./0.6 mm Hg and having the following elemental
      analysis by weight:
TBL               C      H        N                                            
     ______________________________________                                    
     Found          66.09    10.51    10.85 %                                  
     Required for   65.84    10.66    10.97 %                                  
     C.sub.28 H.sub.54 N.sub.4 O.sub.2 S                                       
     ______________________________________                                    
PAC  EXAMPLE 37
PAR  A solution of 9.9 parts by weight of
      2(1',2',2',6',6'-pentamethylpiperidinyl-4' )ethylamine in 50 parts by
      volume of cyclohexane was added dropwise to a solution of 7.7 parts by
      weight of phenylacetyl chloride in 100 parts by volume of cyclohexane over
      30 mins. The resulting suspension was heated at reflux for 2 hours and
      worked up as in Example 9 to give
      N[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl]phenylacetamide,
      boiling at 185.degree.-8.degree./0.3 mm Hg and having the following
      elemental analysis by weight:
TBL               C      H        N                                            
     ______________________________________                                    
     Found          75.78    10.07    8.79 %                                   
     Required for   75.90    10.19    8.85 %                                   
     C.sub.20 H.sub.32 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 38
PAR  A solution of 9.9 parts by weight of 2(1' ,2' ,2' ,6'
      ,6'-pentamethylpiperidinyl-4)ethylamine in 50 parts by volume of
      cyclohexane was added dropwise to a solution of 5.3 parts by weight
      isobutyryl chloride in 100 parts by volume of cyclohexane. The suspension
      was heated to reflux for 2 hours and worked up as in Example 9 to give
      N[2(1' ,2' ,2' ,6' ,6'-pentamethylpiperidinyl-4')ethyl]isobutyramide,
      boiling at 150.degree.-5.degree. /0.2 mm and having the following
      elemental analysis by weight:
TBL               C      N        N                                            
     ______________________________________                                    
     Found          71.77    11.72    10.22 %                                  
     Required for   71.59    12.02    10.44 %                                  
     C.sub.16 H.sub.32 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 39
PAR  A solution of 6.1 parts by weight of fumaryl chloride in 50 parts by volume
      of cyclohexane was added dropwise to a solution of 15.8 parts by weight of
      2(1' ,2',2'6' ,6'-pentamethylpiperidinyl-4')ethylamine in 100 parts by
      volume of cyclohexane, over 30 mins. at room temperature. The resulting
      solid was collected by filtration and dissolved in 500 parts by volume of
      water. The solution was basified to pH 14 by the addition of 40% sodium
      hydroxide solution. The precipitate was collected by filtration and
      purified by recrystallisation from ethylacetate to give N,N'-Di[2(1',2'
      ,2' ,6' ,6'-pentamethylpiperidinyl-4')ethyl]fumaramide, melting at
      250.degree.-3.degree. and having the following elemental analysis by
      weight:
TBL               C      H        N                                            
     ______________________________________                                    
     Found          70.72    10.89    11.46 %                                  
     Required for   70.54    10.99    11.75 %                                  
     C.sub.28 H.sub.52 N.sub.4 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 40
PAR  A solution of 9.9 parts by weight 2(1' ,2' ,2' ,6'
      ,6'-pentamethylpiperidinyl-4')ethylamine and 6.7 parts by weight of
      n-hexyisocyanate in 100 parts by volume of petroleum ether (boiling range
      60.degree.-80.degree.) was heated at reflux for 24 hours. The solvent was
      removed by evaporation under reduced pressure and the residual oil
      distilled to give 8.0 parts by weight (50% of theory yield) of
      N-(n-hexyl)-N'[2(1' ,2' ,2' ,6' ,6'-pentamethylpiperidinyl-4')ethyl]urea,
      boiling at 198.degree.-204.degree./0.2 mm Hg, and having the following
      elemental analysis by weight:
TBL               C      H        N                                            
     ______________________________________                                    
     Found          70.60    12.08    12.81 %                                  
     Required for   70.10    12.08    12.91 %                                  
     C.sub.19 H.sub.39 N.sub.3 O                                               
     ______________________________________                                    
PAC  EXAMPLE 41
PAR  A solution of 9.9 parts by weight of 2(1',2' ,2' ,6'
      ,6'-pentamethylpiperidinyl-4')ethylamine and 14.8 parts by weight of
      n-Octadecylisocyanate in 150 parts by volume of cyclohexane was heated at
      reflux for 48 hours. The solvent was removed by distillation and the
      residual solid recrystallised from methyl alcohol to give 13.2 parts by
      weight (51% of theory yield) of N-(n-octadecyl)-N'-[2(1' ,2' ,2',6'
      ,6'-pentamethylpiperidinyl-4')ethyl]urea, melting at 67.degree.-9.degree.,
      and having the following elemental analysis by weight:
TBL               C      H        N                                            
     ______________________________________                                    
     Found          75.61    12.48    8.25 %                                   
     Required for   75.39    12.86    8.51 %                                   
     C.sub.31 H.sub.63 N.sub.3 O                                               
     ______________________________________                                    
PAC  EXAMPLE 42
PAR  Ethylene oxide gas was bubbled through a stirred solution of 19.8 parts by
      weight 2(1' ,2' ,2' ,6' ,6'-pentamethylpiperidinyl-4)ethyl amine in 100
      parts by volume of water at 10.degree.-15.degree. until 4.4 parts by
      weight had been absorbed. The resulting solution was distilled to give
      N-(2"-hydroxyethyl)-[2(1' ,2' ,2' ,6'
      ,6'-pentamethylpiperidinyl-4')]ethyl-amine boiling at
      168.degree.-72.degree./1.5 mm Hg, and having the following elemental
      analysis by weight:
TBL               C      H        N                                            
     ______________________________________                                    
     Found          69.36    12.36    11.39 %                                  
     Required for   69.37    12.47    11.56 %                                  
     C.sub.14 H.sub.30 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 43
PAR  Ethylene oxide gas was bubbled through a stirred solution of 18.4 parts by
      weight 2(2' ,2' ,6' ,6'-tetramethylpiperidinyl-4')ethylamine in 100 parts
      by volume of water at 15.degree.-20.degree. until a total of 15 parts by
      weight had been absorbed, the resulting solution was distilled to give 15
      parts by weight (55% of theory yield) of N,N-Di(2"-hydroxyethyl)[2(2' ,2'
      ,6' ,6'-tetramethylpiperidinyl-4')]ethylamine, boiling at
      160.degree.-2.degree./0.2 mm Hg and having the following elemental
      analysis by weight:
TBL               C      H        N                                            
     ______________________________________                                    
     Found          65.90    11.62     9.99 %                                  
     Required for   66.13    11.84    10.28 %                                  
     C.sub.15 H.sub.32 N.sub.2 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 44
PAR  Ethylene oxide was bubbled through a solution of 19.8 parts by weight 2(1'
      ,2' ,2' ,6' ,6'-pentamethylpiperidinyl-4')ethylamine in 100 parts by
      volume of water at 25.degree. until 9.0 parts by weight had been absorbed,
      the solution was distilled to give N,N-Di(2"-hydroxyethyl)[2"(1', 2' ,2'
      ,6' ,6'-pentamethylpiperidinyl-4')]ethylamine, boiling at
      158.degree.-62.degree./0.2 mm Hg, and having the following elemental
      analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           67.32    11.83    9.85   %                                
     Required for    67.09    11.96    9.78   %                                
     C.sub.16 H.sub.34 N.sub.2 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 45
PAR  14.4 Parts by weight of ethylchloroformate were added to a stirred mixture
      of 22.0 parts by weight 2(2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')ethylamine, 5.0 parts by weight of potassium
      carbonate, 30 parts by volume of water and 10 parts by volume of
      cyclohexane at 15.degree.-20.degree. over 20 minutes. The suspension was
      then stirred at room temperature for 1 hour, and then extracted with
      ether(6 .times. 25 parts by volume), the ether extracts were bulked, dried
      over magnesium sulphate and evaporated under reduced pressure. The
      residual oil was purified by distillation to give
      ethyl(2,2,6,6-tetramethylpiperidinyl-4)carbamate, boiling at
      115.degree./0.5 mm Hg and having the following elemental analysis by
      weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           65.29    10.76    10.74  %                                
     Required for    65.59    11.01    10.93  %                                
     C.sub.14 H.sub.28 N.sub.2 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 46
PAR  19.8 Parts by weight of 2(1' ,2' ,2' ,6'
      ,6'-pentamethyl-piperidinyl-4')ethylamine were added dropwise over 10
      minutes to a stirred mixture of 4.8 parts by weight carbon disulphide and
      13 parts by volume water and the resulting suspension was stirred at room
      temperature for a further 2 hours. 4.5 parts by weight of 50% sodium
      hydroxide solution were then added and the suspension was heated at reflux
      for 3 hours.
PAR  After cooling the solid was collected by filtration and extracted with
      boiling ethyl alcohol (500 parts by volume), the ethyl alcohol extract was
      evaporated under reduced pressure and the residual oil treated with water
      to give N,N'-Bis[2(1' ,2' ,2' ,6'
      ,6'-pentamethylpiperidinyl-4')ethyl]thiourea as the monohydrate, melting
      at 118.degree.-20.degree., and having the following elemental analysis by
      weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           65.88    10.98    12.0   %                                
     Required for    65.75    11.45    12.27  %                                
     C.sub.25 H.sub.52 N.sub.4 OS                                              
     ______________________________________                                    
PAC  EXAMPLE 47
PAR  A solution of 35.6 parts by weight of
      (2,2,6,6-tetramethylpiperidinylidene-4)acetonitrile (see Example 1) and
      17.1 parts by weight of benzylbromide in 100 parts by volume of toluene
      was heated at reflux for 48 hours, the resulting precipitate was removed
      by filtration and the solution evaporated under reduced pressure, the
      residual oil was purified by distillation (b. 160.degree.-4.degree.10.7 mm
      Hg.), dissolved in 60 parts by volume of saturated methyl alcohol/ammonia
      solution and hydrogenated at room temperature and a pressure of 20
      atmospheres hydrogen over Raney nickel catalyst.
PAR  After removal of the catalyst, by filtration, and the solvent, by
      evaporation under reduced pressure, the residual oil was distilled to give
      2(1'-benzyl-2' ,2'-6,40 ,6'-tetramethylpiperidinyl-4')ethylamine, boiling
      at 165.degree./0.2mm Hg, and having the following elemental analysis by
      weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           78.53    10.82    9.76   %                                
     Required for    78.78    11.02    10.21  %                                
     C.sub.18 H.sub.30 N.sub.2                                                 
     ______________________________________                                    
PAC  EXAMPLE 48
PAR  A solution of 17.8 parts by weight of
      (2,2,6,6-tetramethylpiperidinylidene-4)acetonitrile (See Example 1) and 50
      parts by volume of styrene oxide in 50 parts by volume of n-hexanol was
      heated at reflux for 48 hours, then distilled to give a fraction boiling
      at 210.degree.-215.degree./0.6 mm Hg. This was hydrogenated at
      100.degree.C/100 atm. hydrogen over Raney nickel in 100 parts by volume of
      saturated methyl alcohol/ammonia solution.
PAR  The product was isolated as in Example 47 to give 2[
      1(2'-hydroxy-2'-phenylethyl)2',2',6',6'-tetramethylpiperidinyl-4'[ethylami
     ne, boiling at 185.degree./0.3 mm and having the following elemental
      analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           74.59    10.41    8.39   %                                
     Required for    74.95    10.59    8.74   %                                
     C.sub.19 H.sub.32 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 49
PAR  A solution of 11.3 parts by weight N-acetyl[2(2',2' ,6'
      ,6'-tetramethylpiperidinyl-4')]ethylamine (see Example 9) and 3 parts by
      weight of allyl bromide in 100 parts by volume of toluene was heated at
      reflux for 16 hours. The resulting solid was removed by filtration and the
      toluene evaporated off under reduced pressure. The residual oil was
      distilled to give N-acetyl[2(1'-allyl-2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')]ethylamine, boiling at
      161.degree.-2.degree./0.4 mm Hg, and having the following elemental
      analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           72.10    11.15    10.53                                   
     Required by     72.13    11.35    10.51                                   
     C.sub.16 H.sub.30 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLE 50
PAR  9.2 Parts by weight of 2(2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')ethylamine were added dropwise to a solution
      of 9.5 parts by weight of p-toluenesulphonyl chloride in 100 parts by
      volume of benzene. The suspension was heated to reflux for 2 hours, cooled
      and the solid collected by filtration. Recrystallisation from water gave
      12.0 parts by weight (64% of theory yield) of N-[2'(2" ,2" ,6"
      ,6"-tetramethylpiperidinyl-4')ethyl]toluene-4-sulphonamide, hydrochloride,
      melting with decomposition at 258.degree.-65.degree.C and having the
      following elemental analysis by weight:
TBL           C      H        N        S                                       
     ______________________________________                                    
     Found      57.99    8.23     7.63   8.47   %                              
     Required for                                                              
                57.60    8.27     7.47   8.54   %                              
     C.sub.18 H.sub.31 ClN.sub.2 O.sub.2 S                                     
     ______________________________________                                    
PAC  EXAMPLE 51
PAR  4.0 Parts by weight of sodium hydride (60% in oil) and 15.5 parts by weight
      of 2,2,6,6-tetramethylpiperidin-4-one in 125 parts by volume of
      cyclohexane (dry) were stirred together at room temperature. To this
      mixture was added 23.3 parts by weight of
      (.alpha.-n-butyl)diethylphosphonoacetonitrile in 25 parts by volume of
      cyclohexane over 30 minutes. The suspension was stirred at room
      temperature for 1 hour, then heated at reflux for 2 hours and 100 parts by
      volume of water were added to the cooled suspension. The cyclohexane was
      separated, dried over magnesium sulphate, and evaporated off under reduced
      pressure. The residual oil was distilled to give 9.7 parts by weight (40%
      of theory yield) of
      .alpha.-n-butyl(2,2,6,6-tetramethylpiperidinyl-4)acetonitrile boiling at
      150.degree.-4.degree./12 mm Hg and identified by p.m.r. spectroscopy.
PAR  This was then hydrogenated at 100.degree.C/100 atmospheres of hydrogen over
      Raney nickel catalyst in 100 parts by volume of saturated methyl
      alcohol/ammonia solution. The product was isolated as in Example 47 to
      give 2-(n-butyl)2(2' ,2' ,6' ,6'-tetramethylpiperidinyl-4')ethylamine
      boiling at 104.degree./0.3 mm Hg, and having the following elemental
      analysis by weight:
TBL                C      H        N                                           
     ______________________________________                                    
     Found           74.37    13.00    12.45                                   
     Required for    74.93    13.42    11.65                                   
     C.sub.15 H.sub.32 N.sub.2                                                 
     ______________________________________                                    
PAC  EXAMPLE 52
PAR  A solution of 9.25 parts by weight 2-(2' ,2'
      ,6',6'-tetramethylpiperidinyl-4')ethyl alcohol and 6.6 parts by weight of
      phenyl isocyanate in 100 parts by volume of petroleum ether (boiling range
      60.degree.-80.degree.) was heated at reflux for 24 hours. The solvent was
      removed by evaporation under reduced pressure and the residue
      recrystallised from petroleum ether (boiling range 60.degree.-80.degree.)
      to give 8.3 parts by weight (55% of theory yield) of N-phenyl[2(2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')-ethyl]urethane, melting at
      91.degree.-2.degree.C and having the following elemental analysis by
      weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       70.79      11.67      12.70 %                                 
     Required for                                                              
                 70.54      11.53      12.99 %                                 
     C.sub.18 H.sub.28 N.sub.2 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 53
PAR  A solution of 7.4 parts by weight of 2(2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')ethyl alcohol and 2.3 parts by weight of
      methyl isocyanate in 100 parts by volume of cyclohexane was heated at
      reflux for 24 hours. The solvent was removed by evaporation under reduced
      pressure and the residual oil distilled to give 4.9 parts by weight (51%
      of theory yield) of N-methyl[2(2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')ethyl]urethane, boiling at
      124.degree.-8.degree./0.5 mm Hg, and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       64.66      10.70      11.32                                   
     Required for                                                              
                 64.43      10.81      11.56                                   
     C.sub.13 H.sub.26 N.sub.2 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 54
PAR  A solution of 9.3 parts by weight of 2(2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')ethyl alcohol and 6.2 parts by weight of
      cyclohexyl isocyanate was heated to reflux for 24 hours. The product was
      isolated as in Example 53 to give 9.8 parts by weight (63% of theory
      yield) of N-Cyclohexyl[2(2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')ethyl]urethane, boiling at
      186.degree.-90.degree./2.0 mm Hg, and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       69.73      11.39      8.86 %                                  
     Required for                                                              
                 69.63      11.04      9.02 %                                  
     C.sub.18 H.sub.34 H.sub.2 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 55
PAR  A solution of 9.3 parts by weight of 2(2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')ethyl alcohol and 3.3 parts by weight of
      hexamethyldiisocyanate in 100 parts by volume of cyclohexane was heated at
      reflux for 24 hours and worked up as in Example 53 to give N,N'-Di[2'(2"
      ,2" ,6" ,6"-tetramethylpiperidinyl-4")ethyloxycarbonyl]hexane-1,6-diamine,
      boiling at 270.degree./0.5 mm Hg, and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       67.05      10.68      10.65 %                                 
     Required for                                                              
                 66.87      10.85      10.40 %                                 
     C.sub.30 H.sub.58 N.sub.4 O.sub.4                                         
     ______________________________________                                    
PAC  EXAMPLE 56
PAR  A solution of 7.4 parts by weight of 2(2' ,2' ,6'
      ,6'-tetramethylpiperidinyl-4')ethyl alcohol, 8.0 parts by weight of
      dodecanoic acid, and 0.5 parts by weight of tetra(t-butyl)titanate in 150
      parts by volume of xylene was heated at reflux for 6 hours. Water was
      collected from the distillate in a 'Dean and Stark' apparatus. The xylene
      solution was then cooled, washed with sodium carbonate solution and dried
      over magnesium sulphate. Xylene was evaporated off under reduced pressure
      at 100.degree.C and the residual oil purified by distillation to give
      [2(2' ,2' ,6' -6'-tetramethylpiperidinyl-4')ethyl]dodecanoate, boiling at
      200.degree./0.5 mm Hg, and having the following elemental analysis by
      weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       75.07      12.06      3.61 %                                  
     Required for                                                              
                 75.15      12.34      3.81 %                                  
     C.sub.23 H.sub.45 NO.sub.2                                                
     ______________________________________                                    
PAC  EXAMPLE 57
PAR  1.6 Parts by weight of sodium hydride (60% in oil) was added to a solution
      of 7.4 parts by weight of 2(2',2',6',6' -tetramethylpiperidinyl-4')ethyl
      alcohol in 100 parts by volume of toluene and the resulting suspension was
      heated at reflux for 24 hours. 7.7 Parts by weight of n-bromooctane were
      then added and the reflux continued for a further 24 hours.
PAR  The solid precipitate was removed by filtration and the toluene evaporated
      off under reduced pressure to give a residual oil which was purified by
      distillation giving 5.6 parts by weight (50% of theory yield)
      (n-octyl)-[2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl]ether, boiling at
      200.degree./0.5 mm Hg, and having the following elemental analysis by
      weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       76.78      13.23      4.58 %                                  
     Required by 76.70      13.21      4.71 %                                  
     C.sub.19 H.sub.39 NO                                                      
     ______________________________________                                    
PAC  EXAMPLE 58
PAR  A mixture of 11.4 parts by weight of
      ethyl(2,2,6,6-tetramethylpiperidinyl-4)acetate, 9.3 parts by weight of
      2(2',2',6',6'-tetramethylpiperidinyl-4')ethyl alcohol and 0.5 parts by
      weight of lithium amide were heated at 180.degree. for 1 hour during which
      ethyl alcohol was allowed to distil from the reaction vessel. The
      suspension was then cooled and poured into water and the resulting oil was
      extracted with ether (3 .times. 50 parts by volume), the bulked ether
      extracts were dried over magnesium sulphate and the ether evaporated off
      under reduced pressure. Distillation of the residual oil gave 8.3 parts by
      weight of [2(2',2',6',6'-tetramethyl-piperidinyl-4')ethyl]
      (2",2",6",6"-tetramethylpiperidinyl-4")-acetate, boiling at
      180.degree.-1.degree.C/0.9 mm Hg, and having the following elemental
      analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       71.51      11.45      7.52 %                                  
     Required for                                                              
                 72.08      11.55      7.64 %                                  
     C.sub.22 H.sub.42 N.sub.2 O.sub.2                                         
     ______________________________________                                    
PAC  EXAMPLE 59
PAR  A solution of 9.9 parts by weight of
      2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine in 75 parts by
      volume of cyclohexane was added dropwise to a solution of 5.2 parts by
      weight of crotonyl chloride in 75 parts by volume of cyclohexane, the
      suspension was then heated to reflux for 1 hour and worked up as in
      Example 9 to give
      N-crotyl[2(2',2'-6',6'-tetramethylpiperidinyl-4')]ethylamine, boiling at
      160.degree.-3.degree./0.25 mm Hg, melting at 79.degree.-81.degree., and
      having the following elemental analysis by weight:
TBL            C        H          N                                           
     ______________________________________                                    
     Found       72.63      11.30      10.82 %                                 
     Required for                                                              
                 72.13      11.35      10.51 %                                 
     C.sub.16 H.sub.30 N.sub.2 O                                               
     ______________________________________                                    
PAC  EXAMPLES 60 TO 62
PAR  The procedure described in Examples 19 to 28 was repeated except that the
      substrate used was high-density polyethylene, the kneading was carried out
      at 180.degree.C. for 10 minutes and the homogenized material was
      compression moulded to films 0.110 mm thickness, using temperature of
      210.degree.C. for 6 minutes.
PAR  The compression moulded film under test was then exposed in a Xenotest 150
      device and the time for the carbonyl content of the sample to increase to
      0.1% by weight was noted.
PAR  The data obtained are set out in the following Table II
TBL                TABLE II                                                    
     ______________________________________                                    
     Ex-        Light stabilizer     Time to                                   
     ample                           0.1%                                      
                                     Carbonyl                                  
                                     content.                                  
     ______________________________________                                    
     control                                                                   
           0.5% N-octadecyl-3[3,5-di-t-butyl-                                  
                                      700                                      
     60    0.5% N-octadecyl-3[3,5-di-t-butyl-                                  
           4-hydroxyphenyl]propionate.                                         
           +                                                                   
           0.25% N-Phenyl-N'-[2(2',2',6',6'-tetra-                             
           methylpiperidinyl-4')ethyl]urea                                     
                                     &gt;2000                                     
     61    0.05% N-octadecyl-3[3,5,-di-t-butyl-                                
           4-hydroxyphenyl]propionate.                                         
           +                                                                   
           0.25% N-(n-octanoyl)2(2',2'6'6'-                                    
           tetramethylpiperidinyl-4')ethylamine                                
                                     &gt;2000                                     
     62    0.05% N-octadecyl-3[3,5-di-t-butyl-                                 
           4-hydroxyphenyl]propionate                                          
           +                                                                   
           0.25% 2(2',2',6',6'-tetramethylpiperi-                              
           dinyl-4')ethylamine       1.300                                     
     ______________________________________                                    
PAC  EXAMPLES 63 TO 65
PAR  100 Parts of crystal polystyrene pellets were dry blended with 0.25 part of
      light stabilizer under test, and the dry blend was homogenised by
      extrusion. The stabilised pellets so obtained were injection moulded to
      form plaques 1.5 mm. thick. These plaques were exposed for 3000 hours in a
      "Xenotest 150" exposure unit, and any yellowing of the plaques was
      measured by determining the yellowness factor by means of the following
      equation:
      ##EQU21##
      wherein the .DELTA.T values represent the transmission loss of the sample
      at wavelengths of 420 mm. and 680 mm. respectively, after exposure in the
      Xenotest unit, and T.sub.(560) represents the transmission value of an
      unexposed sample at a wavelength of 560 mm.
PAR  The results obtained, as well as the results relating to a control
      experiment and other compositions of this invention are recorded in the
      following Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Example                                                                   
            Light stabilizer       Yellowing                                   
                                   factor after                                
                                   2000 hrs.                                   
     ______________________________________                                    
     --     None                   20.2                                        
     63     N-Phenyl-N'-[2(2',2',6',6'-tetra-                                  
            methylpiperidinyl-4')ethyl]urea                                    
                                   9.1                                         
     69     N(n-Octanoyl)-2(2',2',6',6'-tetra-                                 
            methylpiperidinyl-4')ethylamine                                    
                                   7.9                                         
     65     2(2',2'6',6'-Tetramethylpiperidinyl-                               
            4')ethylamine          8.9                                         
     ______________________________________                                    
PAC  EXAMPLES 66 TO 68
PAR  25 parts by weight of a polyester-based film-forming polyurethane were
      dissolved in 75 parts by weight of a 1:1 mixture (by volume) of
      dimethylformamide and acetone, and 1% by weight of light stabilizer was
      added.
PAR  The clear and homogeneous solution was drawn out on a glass plate to a film
      of 400-500 .mu. thickness, which was then dried as follows:
PAR  at 50.degree.C for 4 minutes
PAR  at 140.degree.C for 6 minutes
PAR  The final thickness of the film was 80-100 .mu..
PAR  The dried film samples were removed from the glass plate, mounted on white
      cardboard and exposed in a "Xenotest 450" exposure unit, one half of the
      exposed sample being covered to facilitate subsequent visual estimation of
      yellowing due to exposure. The sample was controlled and rated visually at
      intervals of 100 hours.
PAR  The data obtained are set out in the following Table IV which also includes
      data relating to a control experiment (no added light stabiliser) and to
      other experiments using stabilisers of this invention.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Example                                                                   
            Light stabilizer   Time to distinct                                
                               yellowing                                       
                         Natural                                               
                                Pigments                                       
     ______________________________________                                    
     --     None               200      200                                    
     66     N-Phenyl-N'-[2(2',2',6',6'-                                        
            tetramethylpiperidinyl-4'-)-                                       
            ethyl]urea         1000     800                                    
     67     N-(n-Octanoyl)-2(2',2',6',6'-                                      
            tetramethylpiperidinyl-4')-                                        
            ethylamine         800      800                                    
     68     2(2',2',6',6'-Tetramethylpiper-                                    
            idinyl-4')ethylamine                                               
                               600      600                                    
     ______________________________________                                    
PAC  EXAMPLE 69
PAR  A solution of 4.0 parts by weight of
      2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethylamine and 3.7 parts by
      weight of 1-naphthylisothiocyanate in 50 parts by volume of cyclohexane
      was heated at reflux for 24 hours. The cyclohexane was removed by
      distillation and the residue recrystallised from petroleum ether (boiling
      range 60- 80.degree.C) to give
      N-[2(1',2',2',6',6'-pentamethylpiperidinyl-4')ethyl]N'-(1"-naphyl)thiourea
     , melting at 107.degree.-9.degree.C and having the following elemental
      analysis by weight:
TBL              C        H        N                                           
     ______________________________________                                    
     Found         71.82      8.77     10.47  %                                
     Required for  72.10      8.63     10.96  %                                
     C.sub.23 H.sub.33 N.sub.3 S                                               
     ______________________________________                                    
PAC  EXAMPLE 70
PAR  24.9 Parts by weight of n-dodecyl bromide and 36.5 parts by weight of
      (2,2,6,6-tetramethylpiperidinylidene-4)acetonitrile were heated together
      at 140.degree.C for 6 days. The solid precipitate was removed by
      filtration and the liquid was distilled to give 10.5 parts by weight
      [1-(n-dodecyl)2,2,6,6-tetramethylpiperidinylidene-4]acetonitrile boiling
      at 200.degree.-5.degree.C./0.6mm.
PAR  This was hydrogenated and worked up as in Example 47 to give
      2[1'-(n-dodecyl)-2',2',6',6'-tetramethylpiperidinyl-4']ethylamine, boiling
      at 190.degree.-5.degree.C./0.2 mm Hg and having the following elemental
      analysis by weight:
TBL              C        H        N                                           
     ______________________________________                                    
     Found         79.45      13.89    7.57   %                                
     Required by   78.34      13.72    7.94   %                                
     C.sub.23 H.sub.48 N.sub.2                                                 
     ______________________________________                                    
PAC  EXAMPLE 71
PAR  A mixture of 40 parts by volume of acrylonitrile and 9.2 parts by weight of
      2(2',2',6',6'-tetramethylpiperidinyl-4') ethylamine was heated at reflux
      for 18 hours. The solution was then distilled to give 8 parts by weight
      (67% of theory yield) of
      N-(2"-cyanoethyl)-2[(2',2',6',6'-tetramethylpiperidinyl-4')ethylamine],
      boiling at 128.degree.-30.degree.C./0.6mm Hg. and having the following
      elemental analysis by weight:
TBL              C        H        N                                           
     ______________________________________                                    
     Found         70.80      11.37    17.50  %                                
     Required by   70.83      11.46    17.70  %                                
     C.sub.14 H.sub.27 N.sub.3                                                 
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC16##
NUM  2.
PAR  2. A compound of the formula
      ##SPC17##
NUM  3.
PAR  3. A compound according to claim 1 wherein Y is hydrogen or methyl.
NUM  4.
PAR  4. A compound according to claim 1 wherein R.sub.1 and R.sub.2 are each
      methyl.
NUM  5.
PAR  5. A compound according to claim 1 wherein R.sub.3 is hydrogen.
NUM  6.
PAR  6. A compound according to claim 1 wherein R.sub.4 is hydrogen or an alkyl
      substituent having from 1 to 8 carbon atoms.
NUM  7.
PAR  7. A compound according to claim 1 which is
      N-(n-octanoyl)-2-(2',2',6',6'-tetramethylpiperidinyl-4')-ethylamine.
NUM  8.
PAR  8. A compound according to claim 1 which is
      N-acetyl-2-(2',2',6',6'-tetramethylpiperidinyl-4')-ethylamine.
PATN
WKU  039377121
SRC  5
APN  473324&
APT  1
ART  121
APD  19740528
TTL  (5-Nitro-2-furyl)-pyridines
ISD  19760210
NCL  6
ECL  1
EXP  Randolph; John D.
INVT
NAM  Schroder; Ludwig
CTY  Ingelheim am Rhine
CNT  DT
INVT
NAM  Thomas; Klaus
CTY  Gau-Algesheim
CNT  DT
INVT
NAM  Goeth; Hanns
CTY  Biberach and der Riss
CNT  DT
ASSG
NAM  Boehringer Ingelheim GmbH
CTY  Ingelheim am Rhine
CNT  DT
COD  03
PRIR
CNT  DT
APD  19710922
APN  2147288
RLAP
COD  72
APN  290334
APD  19720919
PSC  01
PNO  3518256
CLAS
OCL  260296AE
XCL  424263
XCL  260296R
XCL  260297R
XCL  260297Z
EDF  2
ICL  C07D21344
FSC  260
FSS  296 AB;296 R;297 Z;297 R
UREF
PNO  3518256
ISD  19700600
NAM  Minami et al.
OCL  260240A
UREF
PNO  3666765
ISD  19720500
NAM  Berijckere et al.
OCL  260290HL
UREF
PNO  3829426
ISD  19740800
NAM  Schroder et al.
OCL  260297Z
OREF
PAL  Miura et al., Progress in Medicinal Chemistry, Vol. 5, Chapter 6, pp. 320
      to 337, Butterworths, London, England (1967).
LREP
FRM  Hammond & Littell
ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein
PA1  A is chlorine, alkoxy of 1 to 10 carbon atoms, dimethylamino-ethoxy or
      diethylamino-ethoxy, and
PA1  R is hydrogen, alkyl of 1 to 4 carbon atoms or pyridyl;
PAL  The compounds are useful as antimicrobial agents, especially against
      gramnegative microorganisms, for the treatment of infections of the
      intestinal and urogential tract.
PARN
PAR  This is a continuation-in-part of copending application Ser. No. 290,334,
      filed Sept. 19, 1972, now U.S. Pat. No. 3,518,256.
BSUM
PAR  This invention relates to novel (5-nitro-2-furyl)pyridines, as well as to a
      method of preparing these compounds.
PAR  More particularly, the present invention relates to a novel class of
      nitrofuryl-substituted pyridines of the formula
      ##SPC2##
PAL  Wherein
PA1  A is chlorine, alkoxy of 1 to 10 carbon atoms, dimethylamino-ethoxy or
      diethylamino-ethoxy, and
PA1  R is hydrogen, alkyl of 1 to 4 carbon atoms or pyridyl.
PAR  A particularly preferred subgenus of the compounds according to the present
      invention are those of the formula
      ##SPC3##
PAL  Wherein
PA1  A is chlorine, methoxy, n-propoxy, n-butoxy, n-decyloxy,
      dimethylamino-ethoxy or diethylamino-ethoxy, and
PA1  R is hydrogen, methyl or pyridyl.
PAR  The compounds embraced by formula I may be prepared by nitrating a
      2-furyl-pyridine of the formula
      ##SPC4##
PAL  Wherein R and A have the same meanings as in formula I, pursuant to
      conventional methods, such as by reaction with a mixture of concentrated
      nitric acid and concentrated sulfuric acid at a temperature between
      -20.degree. and +20.degree.C.
PAR  The starting compounds of the formula II, in turn, may be prepared by the
      following methods:
PAC  Method A
PAR  By first preparing an .alpha.,.beta.-unsaturated ketone of the formula
      ##SPC5##
PAL  Wherein R has the same meanings as in formula I, pursuant or analogous to
      the procedure described in Arch. Pharm. 297 (1964), 42 et seq., and
      subjecting said ketone to a condensation reaction with a pyridinium salt
      of the formula
      ##SPC6##
PAL  Wherein X is halogen, preferably chlorine, pursuant or analogous to the
      procedure described in Chem. Ber. 90 (1957), 711, whereby a compound of
      the formula
      ##SPC7##
PAL  Wherein R has the meanings defined in connection with formula I, is
      obtained.
PAC  Method B
PAR  By reacting an .alpha.,.beta.-unsaturated keton of the formula III with a
      pyridinium salt of the formula
      ##SPC8##
PAL  Wherein R.sub.1 is methyl or ethyl and X is halogen, preferably chlorine,
      in the presence of ammonium acetate and of a suitable solvent medium,
      preferably glacial acetic acid or ethanol, pursuant or analogous to the
      procedure described in Chem. Ber. 103 (1970), 322, whereby a compound of
      the formula V is also formed.
PAC  Method C
PAR  By reacting a Mannich base of the formula
      ##SPC9##
PAL  Wherein Z is secondary amine, such as dimethylamino or piperidino, or a
      salt thereof, with a pyridinium salt of the formula VI under the
      conditions set forth in method B, whereby the compound of the formula
      ##SPC10##
PAL  is obtained.
PAC  Method D
PAR  By subjecting 2-acetyl-furan to a condensation reaction with a
      pyridyl-aldehyde (see German Offenlegungsschrift 2,001,819) in the
      presence of perchloric acid to form a ketone of the formula
      ##SPC11##
PAL  which may then be cyclized pursuant to method A or B with a pyridinium salt
      of the formula IV or VI to yield a compound of the formula
      ##SPC12##
PAC  Method E
PAR  By subjecting 2-acetyl-furan to a condensation reaction with an aliphatic
      or aromatic aldehyde (with the exception of a pyridyl-aldehyde referred to
      in method D) to form an .alpha.,.beta.-unsaturated ketone of the formula
      ##SPC13##
PAL  wherein R.sub.2 has the meanings defined for R in formula I except
      hydrogen, 2-pyridyl, 3-pyridyl and 4-pyridyl, wich may then be cyclized
      with a pyridinium salt of the formula IV or VI to yield a compound of the
      formula
      ##SPC14##
PAL  wherein R.sub.2 has the meanings defined above.
PAC  Method F
PAR  The compounds of the formula II wherein A is hydroxyl exist in tautomeric
      equilibrium with the corresponding pyridones
      ##SPC15##
PAL  and such a tautomeric mixture may be reacted with a conventional
      chlorinating agent, preferably phosphorus oxychloride (POCl.sub.3), at
      elevated temperatures, preferably between 100.degree. and 180.degree.C.,
      under pressure to yield a compound of the formula
      ##SPC16##
PAL  wherein R has the same meanings as in formula I.
PAC  Method G
PAR  For the preparation of a compound of the formula
      ##SPC17##
PAL  wherein R has the same meanings as in formula I and R.sub.3 is alkyl of 1
      to 10 carbon atoms, dimethylamino-ethyl or diethylamino-ethyl, by reacting
      a compound of the formula XIII with an alkali metal alcoholate, preferably
      with a sodium alcoholate of the formula
EQU  R.sub.3 ONa                                                (XV)
PAL  wherein R.sub.3 has the meanings defined above, advantageously in a
      suitable solvent medium at elevated temperatures, preferably between
      80.degree. and 200.degree.C. Examples of suitable solvent media are, in
      addition to an excess of an alcohol of the formula R.sub.3 OH, where
      R.sub.3 has the meanings previously defined, also inert solvents, such as
      acetonitrile, toluene, dimethylformaide or dioxane.
PAR  The following examples further illustrate the present invention and will
      enable others skilled in the art to understand it more completely. It
      should be understood, however, that the invention is not limited solely to
      the particular examples given below.
DETD
PAC  EXAMPLE 1
PAC  2-(.beta.-Dimethylamino-ethoxy)-6-(5'-nitro-2'-furyl)-pyridine
PAR  a. (.beta.-Dimethylamino-ethyl)-(furyl-2)keton hydrochloride
PAR  440 gm (4 mols) of 2-acetyl-furan, 240 gm (8 mols) of paraformaldehyde and
      406 gm (5 mols) of dimethylamine hydrochloride were suspended in 960 ml of
      ethanol, 10 ml of concentrated hydrochloric acid were added to the
      suspension, and the resulting mixture was boiled for four hours,
      accompained by stirring. Thereafter, the reaction mixture was allowed to
      cool, and the crystalline precipitate was collected by vacuum filtration,
      yielding 73% of theory of the Mannich salt of the formula
      ##SPC18##
PAL  which had a melding point of 180.degree. - 181.degree.C.
PAR  b. 6-(Furyl-2')-2(1H)-pyridone by method B
PAR  43.5 gm (0,55 mol) of pyridine were heated to 100.degree.C., and then 61 gm
      (0.5 mol) of ethyl chloroacetate were added dropwise at a rate such that
      the temperature of the mixture was held at 105.degree.C. without exterior
      heating. After all of the chloroacetate had been added and the reaction
      had subsided, the molten mixture was taken up in 300 ml of ethanol, 0.5
      mol of the Mannich salt obtained in (a) and 300 gm of ammonium acetate
      were added to the solution, and the mixture was refluxed for 2.5 hours.
      Thereafter, the ethanol was distilled off in vacuo, the residue was
      triturated with about 200 ml of water, and the crystalline product was
      collected by vacuum filtration and recrystallized from isopropanol,
      yielding 56% of theory of the compound of the tautomeric formulas
      ##SPC19##
PAL  which had a melting point of 168.degree. - 169.degree.C.
PAR  c. 2-(.beta.-Dimethylamino-ethoxy)-6-(furyl-2')pyridine by method D
PAR  A mixture consisting of 8.05 gm (0.05 mol) of the end product of (b), 10.5
      gm of potassium carbonate and 80 ml of dimethylformamide was heated to
      120.degree. - 130.degree.C., and then, while stirring, a total of 8.6 gm
      (0.06 mol) of 2-dimethylamino-ethyl chloride hydrochloride were added in
      small portions over a period of about two hours. The resulting mixture was
      stirred for five hours more at 120.degree. - 130.degree.C. and was then
      poured into 300 ml of water, and the aqueous phase was separated and
      extracted with ether. The ethereal extract was dried over potassium
      carbonate, evaporated, and the residue was distilled in vacuo, yielding
      the compound of the formula
      ##SPC20##
PAL  which had a b.p. of 107.degree.-108.degree.C. at 0.05 mm Hg.
PAR  d. The end product obtained in (c) was nitrated in the following manner. 2
      mols of this end product were introduced into 1.5 liters of concentrated
      sulfuric acid at 40.degree. - 50.degree.C., while stirring. The resulting
      mixture was cooled at 0.degree.C., and then a mixture consisting of 100 ml
      of concentrated nitric acid (d = 1.53; 2.4 mols) and 200 ml of
      concentrated sulfuric acid was added dropwise thereto over a period of 2
      hours. The nitration reaction mixture was poured into water, and the
      resulting clear solution was neutralized with ammonia. The resulting
      aqueous solution was extracted with ether, the ethereal extract was dried
      and evaporated and the residue was taken up in gasoline and caused to
      crystallize therefrom by deep cooling. The compound of the formula
      ##SPC21##
PAL  with a melting point of 42.degree. - 44.degree.C was obtained
PAC  EXAMPLE 2
PAC  2-(Pyridyl-2')-4-(5"-nitro-2"-furyl)-6-chloro-pyridine
PAR  a. 1-(Furyl-2')-3-(pyridyl-2")-propen-(1)-one-(3)
PAR  4 liters of 1N sodium hydroxide were cooled to 0.degree.C. in a vessel
      having a capacity of 10 liters, and then, while stirring, a mixture
      consisting of 605 gm (5 mols) of 2-acetyl-pyridine and 480 gm (5 mols) of
      2-furaldehyde was allowed to flow into the vessel over a period of one
      hour. Thereafter, the reaction mixture was stirred for one hour more at
      0.degree.C., then vacuum-filtered, and the filter cake was washed with 10
      liters of water, dried and recrystallized from benzene/cyclohexane,
      yielding 96.5% of theory of the ketone of the formula
      ##SPC22##
PAL  which had a melting point of 50.degree. - 51.degree.C.
PAR  b. 2-(Pyridyl-2')-4-(furyl-2")-pyridone-(6) by Method B
PAR  A mixture consisting of 800 gm (4 mols) of the ketone obtained in (a), 965
      gm (4.8 mols) of carbethoxymethyl-pyridinium chloride, 2.4 kg of ammonium
      acetate and 2.5 liters of ethanol was refluxed for one hour. Thereafter
      the still hot reaction solution was poured into 8 liters of water, and the
      precipitate formed thereby was collected by vacuum filtration and
      recrystallized from ethanol, yielding 89% of theory of the compound of the
      tautomeric formulas
      ##SPC23##
PAL  which had a melting point of 207.degree. - 208.degree.C.
PAR  c. 2-(Pyridyl-2')-4-(furyl-2")-6-chloropyridine by method C
PAR  A mixture consisting of 23.8 gm (0.1 mol) of the end product of (b) and 50
      ml of phosphorus oxychloride was heated for 5 hours at 150.degree.C in a
      closed tube. Thereafter, the reaction mixture was introduced into ice
      water, and the aqueous mixture was neutralized with sodium hydroxide. The
      crystalline precipitate formed thereby was collected by vacuum filtration
      and recrystallized from isopropanol, yielding the compound of the formula
      ##SPC24##
PAL  which had a melting point of 168.degree.-170.degree.C.
PAR  d. 2 mols of the end product obtained in (c) were introduced into 1.5
      liters of concentrated sulfuric acid at 40.degree. - 50.degree.C., while
      stirring. The resulting mixture was cooled to 0.degree.C., and then a
      mixture consisting of 100 ml of concentrated nitric acid (d = 1.53; 2.4
      mols) and 200 ml of concentrated sulfuric acid was added dropwise thereto
      over a period of two hours. The resulting dark solution was then poured
      into 8 liters of water, the precipitate formed thereby was collected by
      vacuum filtration and again suspended in about 8 liters of water, and the
      aqueous suspension was admixed with ammonium hydroxide until it reacted
      distinctly alkaline. The alkaline aqueous mixture was again
      vacuum-filtered, and the filter cake was washed with an ample amount of
      water and recrystallized from glacial acetic acid, yielding the compound
      of the formula
      ##SPC25##
PAL  having a melting point of 174.degree.-175.degree.C.
PAC  EXAMPLE 3
PAC  2-(Pyridyl-2')-4-(5"-nitro-2"-furyl)-6-methoxy-pyridine.
PAR  a. 2-(Pyridyl-2')-4-(furyl-2")-6-methoxy-pyridine by method D
PAR  A mixture consisting of 10 gm (0.04 mol) of the end product of Example
      2(c), 5.5 gm (0.1 mols) of sodium methylate and 100 ml of methanol was
      heated for 5 hours at 150.degree.C in a pressure vessel. Thereafter, the
      reaction solution was evaporated, the residue was taken up in water, the
      aqueous mixture was vacuum-filtered, and the filter cake was
      recrystallized from cyclohexane, yielding the compound of the formula
      ##SPC26##
PAL  which had a melting point of 124.degree.C.
PAR  (b) Using a procedure analogous to that described in Example 2 (d), the
      compound of the formula
      ##SPC27##
PAL  having a melting point of 209.degree.-210.degree.C was obtained from the
      end product of (a).
PAC  EXAMPLE 4
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-(5'-nitro-2'-furyl)-4-(pyridyl-4")-6-chloropyridine, m.p.
      249.degree.-250.degree.C, of the formula
      ##SPC28##
PAL  was obtained from 2-(furyl-2')-4-(pyridine-4")-6-chloro pyridine.
PAC  EXAMPLE 5
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-(5'-nitro-2'-furyl)-6-methoxy-pyridine, m.p. 136.degree.-138.degree.C,
      of the formula
      ##SPC29##
PAL  was obtained from 2-(furyl-2')-6-methoxy-pyridine.
PAC  EXAMPLE 6
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-(5'-nitro-2'-furyl)-6-n-decyloxy-pyridine, m.p. 40.degree.-41.degree.C,
      was obtained from 2-(furyl-2')-6-n-decyloxy-pyridine.
PAC  EXAMPLE 7
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-(5'-nitro-2'-furyl-6-n-butoxy-pyridine, m.p. 58.degree.-60.degree.C, was
      obtained from 2-(furyl-2')-6-n-butoxy-pyridine.
PAC  EXAMPLE 8
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-(pyridyl-4')-4-(5"-nitro-2"-furyl)-6-methoxy-pyridine, m.p.
      158.degree.-160.degree.C, of the formula
      ##SPC30##
PAL  was obtained from 2-(pyridyl-4')-4-(furyl-2")-6-methoxy-pyridine.
PAC  EXAMPLE 9
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-(pyridyl-3')-4-(5"-nitro-2"-furyl)-6-methoxy-pyridine, m.p.
      168.degree.-171.degree.C, was obtained from
      2-(pyridyl-3')-4-(furyl-2")-6-methoxy-pyridine.
PAC  EXAMPLE 10
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-methyl-4-(5'-nitro-2'-furyl)-6-methoxy-pyridine, m.p.
      230.degree.-231.degree.C, of the formula
      ##SPC31##
PAL  was obtained from 2-methyl-4-(furyl-2')-6-methoxy-pyridine.
PAC  EXAMPLE 11
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-methyl-4-(5'-nitro-2'-furyl)-6-n-propoxy-pyridine, m.p.
      95.degree.-100.degree.C, was obtained from
      2-methyl-4-(furyl-2')-6-n-propoxy-pyridine.
PAC  EXAMPLE 12
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-methyl-4-(5'-nitro-2'-furyl)-6-(.beta.-diethylamino-ethoxy)-pyridine,
      m.p. 78.degree.-79.degree.C, of the formula
      ##SPC32##
PAL  was obtained from
      2-methyl-4-(furyl-2')-6-(.beta.-diethylamino-ethoxy)-pyridine.
PAC  EXAMPLE 13
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-methyl-4-(5'-nitro-2'-furyl)-6-n-decyloxy-pyridine, m.p.
      52.degree.-54.degree.C, was obtained from
      2-methyl-4-(furyl-2')-6-n-decyloxy-pyridine.
PAC  EXAMPLE 14
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-chloro-4-(pyridyl-2')-6-(5"-nitro-2"-furyl)-pyridine, m.p.
      214.degree.-216.degree.C, was obtained from
      2-chloro-4-(pyridyl-2')-6-(furyl-2")-pyridine.
PAC  EXAMPLE 15
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-chloro-4-(pyridyl-3')-6-(5"-nitro-2"-furyl)-pyridine, m.p.
      228.degree.-229.degree.C, was obtained from
      2-chloro-4-(pyridyl-3')-6-(furyl-2")-pyridine.
PAC  EXAMPLE 16
PAR  Using a procedure analogous to that described in Example 2 (d),
      2-methoxy-4-(pyridyl-3')-6-(5"-nitro-2"-furyl)-pyridine, m.p.
      187.degree.-188.degree.C, was obtained from
      2-methoxy-4-(pyridyl-3')-6-(furyl-2")-pyridine.
PAR  The compounds embraced by formula I have useful pharmacodynamic properties.
      More particularly, they exhibit antimicrobial activity against a broad
      spectrum of pathogenic bacteria, fungi and protozoa, such as Staph.
      aureus, Streptoc.; E. coli, Salmonellen, Shigellen, Klebsilla pneum.;
      Trich. ment.; Trichomonas vag., Trichomonas foet.; Entamoeba hist.,
      especially against gramnegative microorganisms, coupled with low toxicity,
      and may therefore be effectively used externally as well as internally,
      particularly for combatting infections of the intestinal and urogenital
      tract in warm-blooded animals, such as dogs, cats, horses and cattle.
PAR  Especially well suited for external use are those compounds of the formula
      I wherein R is alkyl, particularly methyl; for internal use, those wherein
      R is pyridyl are especially well suited.
PAR  For pharmaceutical purposes the compounds according to the present
      invention are administered to warm-blooded animals topically, perorally or
      parenterally as active ingredients in customary pharmaceutical
      compositions, that is, compositions consisting essentially of an inert
      pharmaceutical carrier and effective amount of the active ingredient, such
      as tablets, coated pills, capsules, wafers, powders solutions,
      suspensions, emulsions, syrups, suppositories, ointments, tinctures and
      the like. An effective amount of the compounds according to the present
      invention for internal administration is from 1.0 to 100.0 mgm/kg body
      weight; their effective concentration in compositions for external
      application is from 0.1 to 10.0% by weight based on the total weight.
PAR  The following examples illustrate a few pharmaceutical compositions
      comprising a compound of the present invention as an active ingredient and
      represent the best modes contemplated of putting the invention into
      practical use. The parts are parts by weight unless otherwise specified.
PAC  EXAMPLE 17
PAC  Tablets
PAR  The tablet composition is compounded from the following ingredients:
     2-(.beta.-Dimethylamine-ethoxy)-6-(5'                                     
     nitro-2'                                                                  
     furyl)-pyridine         100.0    parts                                    
     Corn starch             125.0    "                                        
     Lactose                 85.0     "                                        
     Colloidal silicic acid  5.0      "                                        
     Soluble starch          8.0      "                                        
     Magnesium stearate      2.0      "                                        
     Total                   325.0    parts                                    
PAC  Preparation:
PAR  The pyridine compound, the lactose and 110 parts of the corn starch are
      intimately admixed with each other, the mixture is granulated through a
      screen with the aid of an aqueous solution of the soluble starch, the
      dried granulate is admixed with the remaining ingredients, and the
      resulting composition is compressed into 325 mgm-tablets in a conventional
      tablet-making machine. Each tablet contains 100 mgm of the pyridine
      compound and is an oral dosage unit composition with effective
      antimicrobial action.
PAC  EXAMPLE 18
PAC  Coated pills
PAR  The pill core composition is compounded from the following ingredients:
TBL  2-(Pyridyl-2')-4-(5"-nitro-2"                                             
     furyl)-6-chloro-pyridine                                                  
                             100.0    parts                                    
     Lactose                 50.0     "                                        
     Corn starch             60.0     "                                        
     Colloidal silicic acid  3.0      "                                        
     Soluble starch          5.0      "                                        
     Magnesium stearate      2.0      "                                        
     Total                   220.0    parts                                    
PAC  Preparation:
PAR  The pyridine compound, the lactose and 50 parts of the corn starch are
      initimately admixed with each other, the mixture is granulated through a
      screen with the aid of an aqueous solution of the soluble starch, the
      dried granulate is admixed with the remaining ingredients, and the
      resulting composition is compressed into 220 mgm-pill cores which are
      subsequently coated with a thin shell consisting essentially of a mixture
      of sugar, talcum, gum arabic and titanium dioxide. Each coated pill
      contains 100 mgm of the pyridine compound and is an oral dosage unit
      composition with effective antimicrobial action.
PAC  EXAMPLE 19
PAC  Suspension
PAR  The suspension is compounded from the following ingredients:
TBL  2-(Pyridyl-2')-4-(5"-nitro-2"-furyl)                                      
     6-methoxy-pyridine      5.0      parts                                    
     Saccharose              20.0     parts                                    
     Sodium carboxymethyl cellulose                                            
                             2.0      parts                                    
     Glycerin                5.0      "                                        
     Flavoring               q.s.                                              
     Preservative            q.s.                                              
     Demineralized water  q.s.ad                                               
                             100.0    "                                        
PAC  Preparation:
PAR  The ground mixture of the pyridine compound, the sodium carboxymethyl
      cellulose and the glycerin is stirred into the solution of the saccharose
      and the preservative in the demineralized water, the cellulose was allowed
      to swell, and then the flavoring is added and the composition is
      homogenized. The resulting aqueous suspension is an oral dosage unit
      composition with effective antimicrobial action.
PAC  EXAMPLE 20
PAC  Lozenges
PAR  The lozenge composition is compounded from the following ingredients:
TBL  2-(5'-Nitro-2'-furyl)-4-(pyridyl                                          
     4")-6-chloro-pyridine   5.0      parts                                    
     Glucose monohydrate     380.0    "                                        
     Saccharose, powdered    200.0    "                                        
     Stearic acid            15.0     "                                        
     Total                   600.0    parts                                    
PAC  Preparation:
PAR  The pyridine compound, the glucose and the saccharose are admixed with each
      other, the mixture is granulated through a screen with a solution of the
      stearic acid in 60 gm of ethanol, and the dried granulate is compressed
      into 600 mgm-lozenges. Each lozenge contains 5 mgm of the pyridine
      compound and is an oral dosage unit composition with effective
      antimicrobial action.
PAC  EXAMPLE 21
PAC  Tinture
PAR  The tincture composition is compounded from the following ingredients:
TBL  4-(5'-Nitro-2'-furyl)-6-methyl-2                                          
     (.beta.-diethylamino-ethoxy)-pyri-                                        
     dine                    2.0      parts                                    
     Ethanol                 70.0     "                                        
     Glycerin                10.0     "                                        
     Cremophor EL            2.0      "                                        
     Perfume                 q.s.                                              
     Demineralized water  q.s.ad                                               
                             100.0    "                                        
PAC  Preparation:
PAR  The prefume, the Cremophor and the pyridine compound are dissolved in the
      ethanol, and then the mixture of glycerin and demineralized water is
      slowly stirred into the ethanolic solution. The resulting tincture is a
      topical composition with effective antimicrobial action.
PAC  EXAMPLE 22
PAC  Ointment
PAR  The ointment composition is compounded from the following ingredients:
TBL  4-(5'-Nitro-2'-furyl)-6-methyl-2                                          
     (.beta.-diethylamino-ethoxy)-pyri-                                        
     dine                    2.0      parts                                    
     Vaseline                35.0     "                                        
     Paraffin oil            12.0     "                                        
     Ceresin                 5.0      "                                        
     Cremophor FM new        3.0      "                                        
     Wool grease             4.0      "                                        
     Preservative            q.s.                                              
     Perfume                 q.s.                                              
     Demineralized water  q.s.ad                                               
                             100.0    "                                        
PAC  Preparation:
PAR  The vaseline, the ceresin, the Cremophor and the wool grease are intimately
      admixed with each other, the mixture is heated to 70.degree.C, and then a
      mixture of the finely divided pyridine compound with the paraffin oil is
      stirred in. Subsequently, a solution of the preservative in the
      demineralized water at 70.degree.C is added, the resulting mixture is
      homogenized, the perfume is added, and the finished composition is stirred
      until it has cooled. The resulting ointment is a topical composition with
      effective antimicrobial action.
PAC  EXAMPLE 23
PAC  Cream
PAR  The cream is compounded from the following ingredients:
TBL  4-(5'-Nitro-2'-furyl)-6-methyl-2                                          
     (.beta.-diethylamino-ethoxy)-pyri-                                        
     dine                    2.0      parts                                    
     Stearyl alcohol         10.0     "                                        
     Yellow vaseline         15.0     "                                        
     Yellow wax              5.0      "                                        
     Glycerin monostearate   3.0      "                                        
     Spermaceti              5.0      "                                        
     Cremophor O             1.0      "                                        
     Glycerin                10.0     "                                        
     Preservative            q.s.                                              
     Perfume                 q.s.                                              
     Demineralized water  q.s.ad                                               
                             100.0    "                                        
PAC  Preparation:
PAR  The finely divided pyridine compound, the yellow vaseline, the yellow wax,
      the stearyl alcohol, the glycerin monostearate, the spermaceti and the
      Cremophor are intimately admixed with each other, and the mixture is
      heated to 70.degree.C. A solution of the preservative in the mixture of
      the glycerin and water at 70.degree.C is then added, the composition is
      homogenized, the prefume is added, and the finished cream is stirred until
      it has cooled. The cream is a topical composition with effective
      antimicrobial action.
PAC  EXAMPLE 24
PAC  Powder
PAR  The powder is compounded from the following ingredients:
TBL  2-(5'-Nitro-2'-furyl)-6-methoxy-                                          
                             2.0      parts                                    
     pyridine                                                                  
     Perfume                 q.s.                                              
     Colloidal silicic acid  3.0      "                                        
     Talcum                  40.0     "                                        
     Wheat starch  q.s.ad    100.0    "                                        
PAC  Preparation:
PAR  The ingredients are admixed, and the mixture is milled into a powder which
      is a topical composition with effective antimicrobial action.
PAR  Analogous results are obtained when any one of the other pyridine
      derivatives embraced by formula I is substituted for the particular
      pyridine compound in Examples 17 through 24. Likewise, the amount of
      active ingredient in these illustrative examples may be varied to achieve
      the dosage unit range set forth above, and the amounts and nature of the
      inert pharmaceutical carrier ingredients may be varied to meet particular
      requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC33##
PAL  wherein
PA1  A is alkoxy of 1 to 10 carbon atoms, dimethylamino-ethoxy or
      diethylamino-ethoxy, and
PA1  R is hydrogen, alkyl of 1 to 4 carbon atoms, or pyridyl.
NUM  2.
PAR  2. A compound of claim 1 wherein A has the meanings defined in claim 1 and
      R is alkyl of 1 to 4 carbon atoms.
NUM  3.
PAR  3. A compound of claim 1 wherein A has the meanings defined in claim 1 and
      R is methyl.
NUM  4.
PAR  4. A compound of claim 1 wherein A has the meanings defined in claim 1 and
      R is pyridyl.
NUM  5.
PAR  5. The compound of claim 1 which is
      4-(5'-nitro-2'-furyl)-6-methyl-2-(.beta.-diethylamino-ethoxy)-pyridine.
NUM  6.
PAR  6. A compound of claim 1, wherein A is methoxy, n-propoxy, n-butoxy,
      n-decyloxy, dimethylamino-ethoxy or diethylamino-ethoxy, and R is
      hydrogen, methyl or pyridyl.
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ABST
PAL  A novel process for the preparation of s-triazolo[3,4-b]benzothiazole
      compounds comprises reacting a molar equivalent of base in an amide
      solvent at a temperature from 60.degree.C. to 200.degree.C. with (a) a
      1-acyl-4-(o-halophenyl)thiosemicarbazide compound or (b) a
      4-(o-halophenyl)-1,2,4-triazole-3-thiol compound and recovering the
      product. The s-triazolo[3,4-b]benzothiazole compounds are useful for the
      control of plant pathogens.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Certain substituted s-triazolo[3,4-b]benzothiazoles (hereinafter referred
      to as "triazolobenzothiazole compounds") are employed for the control of
      plant pathogens, including fungal organisms and bacterial organisms. Thus,
      the triazolobenzothiazole compounds can be employed for the control of
      such organisms as crown gall, rice blast, leaf rust, powdery mildew,
      anthracnose, and the like. The compounds are particularly suited for the
      control of fungal organisms, and give particularly good results in the
      control of rice blast. Belgium patent No. 789,918 describes their
      preparation by cyclodehydration of 2-acylhydrazinobenzothiazole compounds
      with polyphosphoric acid.
PAR  It is a purpose of this invention to provide a novel process for the
      preparation of triazolobenzothiazole compounds, useful as plant
      fungicides, and in addition to provide new intermediate
      1-acyl-4-(o-halophenyl)thiosemicarbazide compounds and
      4-(o-halophenyl)-1,2,4-triazole-3-thiol compounds which are utilized in
      the preparation of such triazolobenzothiazole compounds.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a novel process for the preparation of
      s-triazolo[3,4-b]benzothiazole compounds represented by the formula
      ##SPC1##
PAL  Which comprises commingling at least a molar equivalent of base in a
      substantially anhydrous amide solvent at a temperature from about
      60.degree.C. to about 200.degree.C. with (a) an equimolar mixture of an
      acylhydrazine of the formula
      ##EQU1##
      and an o-halophenylisothiocyanate of the formula
      ##SPC2##
PAL  Which has been maintained a temperature of about 60.degree.C. to about
      100.degree.C. for about 24 hours; or (b) a
      1-acyl-4-(o-halophenyl)thiosemicarbazide of the formula
      ##SPC3##
PAL  Or (c) a 4-(o-halophenyl)-1,2,4-triazole-3-thiol of the formula
      ##SPC4##
PAL  And recovering the product;
PAL  Wherein, in the foregoing formulae, R is hydrogen, C.sub.1 -C.sub.11 alkyl,
      cyclopropyl or trifluoromethyl; R.sub.1 is hydrogen, bromo, chloro or
      fluoro; R.sub.2 and R.sub.3 are independently hydrogen, C.sub.1 -C.sub.3
      alkyl, C.sub.1 -C.sub.3 alkoxy, bromo, chloro, fluoro or trifluoromethyl
      with the limitation that at least one of R.sub.2 and R.sub.3 is hydrogen;
      X is bromo, chloro or fluoro; and subject to the further limitations that
      when R.sub.1 is halogen, R is other than hydrogen and R.sub.2 is hydrogen.
PAR  In addition this invention is concerned with the preparation of the novel
      intermediate 1-acyl-4-(o-halophenyl)-3-thiosemicarbazide and the
      4-(o-halophenyl)-1,2,4-triazole-3-thiol compounds which are used to
      prepare the triazolobenzothiazole plant fungicides.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to a novel process for the preparation of
      s-triazolo[3,4-b]benzothiazole compounds represented by the formula
      ##SPC5##
PAL  wherein R is hydrogen, C.sub.1 -C.sub.11 alkyl, cyclopropyl or
      trifluoromethyl;
PA1  R.sub.1 is hydrogen, bromo, chloro or fluoro;
PA1  R.sub.2 and R.sub.3 are independently hydrogen, C.sub.1 -C.sub.3 alkyl,
      C.sub.1 -C.sub.3 alkoxy, bromo, chloro, fluoro or trifluoromethyl with the
      limitation that at least one of R.sub.2 and R.sub.3 is hydrogen;
PAL  subject to the further limitations that when R.sub.1 is halogen, R is other
      than hydrogen and R.sub.2 is hydrogen; which comprises commingling a molar
      equivalent of base in a substantially anhydrous amide solvent at a
      temperature from about 60.degree.C. to about 200.degree.C. with
PA1  a. a 1-acyl-4-(o-halophenyl)-3-thiosemicarbazide compound; or
PA1  b. a 4-(o-halophenyl)-1,2,4-triazole-3-thiol compound; and recovering the
      product.
PAR  The term "C.sub.1 -C.sub.11 alkyl" represents branched or straight-chain
      alkyl groups of from 1 to 11 carbon atoms. Exemplary of such
      straight-chain alkyl groups are methyl, propyl, pentyl, hexyl, octyl,
      decyl, and the like. Exemplary of the branched chain alkyl groups are
      isopropyl, t-butyl, isopentyl, neopentyl, isohexyl, 3-methylpentyl,
      2,3,5-trimethylhexyl, 2,5-dimethyl-4-ethylheptane and the like. The term
      "C.sub.1 -C.sub.3  alkyl" includes methyl, ethyl, propyl and isopropyl.
      The term "C.sub.1 -C.sub.3 alkoxy" represents ether groups such as
      methoxy, ethoxy, propoxy, and isopropoxy. Where the term "halo" or
      "halogen" is employed, it refers to bromine, chlorine and fluorine only.
PAR  In addition, this invention is concerned with the preparation of the useful
      intermediate 1-acyl-4-(o-halophenyl)-3-thiosemicarbazide compounds,
      represented by the formula
      ##SPC6##
PAL  and the 4-(o-halophenyl)-5-substituted-1,2,4-triazole-3-thiol compounds,
      represented by the formula
      ##SPC7##
PAL  wherein R, R.sub.1, R.sub.2, R.sub.3 and X are as defined hereinabove.
      These novel intermediate compounds are utilized in the process of the
      present invention by reaction with a molar equivalent of base in a
      substantially anhydrous amide solvent.
PAR  All the starting materials and intermediates required in the instant
      process are prepared by methods known to the art. The 1-acylhydrazine
      compounds represented by the formula
      ##EQU2##
      are prepared by reacting hydrazine with the appropriate acid derivatives
      such as the acid chloride, the anhydride or the ester. [see Organic
      Reactions, Vol. 3, N.Y., Wiley, 1946, pp. 366-369].
PAR  The o-halophenylisothiocyanate compounds represented by the formula
      ##SPC8##
PAL  are prepared by reacting the appropriate o-haloanilines with
      dimethylaminothiocarbamoyl chloride in an aromatic solvent [see J. Org.
      Chem., 30, 2465 (1965)].
PAR  The intermediate 1-acyl-4-(o-halophenyl)-3-thiosemicarbazide compounds, are
      prepared by reacting the aforementioned starting materials in an aprotic
      solvent at elevated temperatures. The thiosemicarbazides in turn are
      converted to the triazolothiol compounds by reaction with aqueous base, as
      described in Ind. J. Chem., 5(9), 397 (1967); Chem. Abst. 68, 59501w
      (1968). The reaction sequence leading to the triazolothiol compounds is
      outlined below.
      ##SPC9##
PAL  After initial thiosemicarbazide formation a double intramolecular
      cyclization is effected to produce the benzothiazole: (1) a
      cyclodehydration to provide the triazolothiol and (2) an aromatic halogen
      displacement to provide the desired benzothiazole compound. The
      cyclodehydration provides a 4-(o-halophenyl)-1,2,4-triazole-3-thiol which
      undergoes aromatic halogen displacement by thiol anion generated in the
      presence of base to provide the instant triazolobenzothiazole compound.
PAR  In the halogen displacement reaction by thiol anion, R.sub.1 is equivalent
      to X when both are bromo, chloro or fluoro. One of R.sub.1 or X is
      displaced to provide a 5-bromo-, 5-chloro- or
      5-fluorotriazolobenzothiazole. When R.sub.1 and X are separately bromo,
      chloro or fluoro, mixtures of 5-chloro-, 5-bromo- and
      5-fluorotriazolobenzothiazoles are obtained. Such mixtures are separable
      by methods such as fractional crystallization or chromatography. The
      process operates when R.sub.1 or X is iodo; however, the required
      o-iodophenylisothiocyanate starting materials are less readily available.
      They are more difficult to prepare and render the process less economical.
PAR  In general, it appears that electronegative phenyl substituents facilitate
      halogen displacement as evidenced by high product yields and short
      reaction times. Electron donating substituents such as methyl tend to
      retard halogen displacement resulting in increased reaction times and
      production of dimeric side products.
PAR  The 1-acyl-4-(o-halophenyl)-3-thiosemicarbazide compounds are prepared by
      reacting molar equivalents of an acylhydrazine compound and an
      o-halophenylisothiocyanate in a substantially anhydrous aprotic solvent at
      a temperature from about 60.degree.C. to about 100.degree.C for about 24
      hours. A substantially anhydrous aprotic solvent refers to a type of
      solvent which does not offer or accept protons but which might possibly
      still contain trace amounts of water. Exemplary of the aprotic solvents
      employed are benzene, dichloroethane, dioxane, the dimethylether of
      ethylene glycol, tetrahydrofuran (THF), and the like. THF is a preferred
      solvent for the preparation of the thiosemicarbazide compounds. The
      thiosemicarbazide product is recovered by evaporation of the solvent and
      purified by conventiona methods.
PAR  The 4-(o-halophenyl)-5-substituted-1,2,4-triazole-3-thiol compounds are
      prepared from the corresponding thiosemicarbazide compounds by
      cyclodehydration with a molar equivalent of an alkali metal hydroxide in
      an aqueous or dilute C.sub.1 -C.sub.3 carbinol medium. Exemplary of
      suitable carbinol solvents are methanol, ethanol, propanol and
      isopropanol. The preferred cyclodehydration conditions are aqueous sodium
      hydroxide and steam bath temperature. If desired, the triazolothiol salt
      can be obtained by evaporation of the solvent and heated in an amide
      solvent to provide the triazolobenzothiazole compounds. Usually, however,
      the basic mixture is acidified and the insoluble triazolothiol compound is
      recovered for use in the process.
PAR  It will be noted that it is not necessary to isolate the intermediate
      thiosemicarbazides or triazolothiols to operate the process.
PAR  Solvents which may be employed in the instant process are commonly used
      tertiary amide solvents, which are unreactive with the starting materials
      and product. A substantially anhydrous tertiary amide solvent can be used.
      The term "substantially anhydrous" means that the presence of small
      amounts of water can be tolerated in the solvent. Generally, the amide
      solvent can be "dried" in situ by using 1 to 10 percent excess of base to
      react with the residual water. Exemplary of the amide solvents which are
      employed are N,N-dibutylacetamide, dimethylacetamide (DMAC),
      dimethylformamide (DMF), N-methyl-2-pyrrolidone, and the like. The higher
      amide solvents are effective because of their higher boiling temperatures.
      For reasons of availability and ease of removal, DMAC and DMF are
      preferred solvents.
PAR  In general, any base which is strong enough to generate a triazolothiol
      anion is suitably employed in the instant process. Although a molar
      equivalent of base is sufficient, the base serves a dual function. It
      participates (1) in triazolothiol formation and (2) in the intramolecular
      displacement of halogen by thiol anion. In addition to the lithium alkyls
      such as methyl lithium and butyl lithium, suitable bases include the
      alkoxides, amides, carbonates, hydrides and hydroxides of the alkali
      metals. Among these are lithium ethoxide, potassium t-butoxide, sodium
      methylate and the like. The carbonates and hydroxides of lithium, sodium,
      potassium, cesium and rubidium can be used. The preferred bases which can
      be employed in the process of this invention are lithium amide, sodium
      amide, potassium amide, sodium hydride, potassium hydride and the like.
PAR  The instant process is operated at a temperature range from about
      60.degree.C. to about 200.degree.C. When the process is operated with the
      acylhydrazine and isothiocyanate compounds, an induction period at a
      temperature of about 60.degree.C. to about 100.degree.C. for about 24
      hours is employed to generate the
      1-acyl-4-(o-halophenyl)-3-thiosemicarbazide intermediate in situ. After
      the induction period, a molar equivalent of the preferred sodium hydride
      is added and the reaction is completed at a temperature of about
      160.degree.C, the boiling temperature of the preferred DMF solvent. When
      the thiosemicarbazide or triazolothiol compound is employed in the
      process, it is dissolved in the DMF, a molar equivalent of the preferred
      sodium hydride is added and the reaction mixture is brought to reflux
      temperature for a period of time sufficient to complete the reaction.
      Generally, the process is completed within 24 hours or less at a
      temperature between 60.degree.C. and 100.degree.C. Halogen displacement by
      thiol anion is influenced by the nature of the phenyl substituent groups.
      When R.sub.2 and R.sub. 3 are electron donating groups such as C.sub.1
      -C.sub.3 alkyl, halogen displacement is retarded, thereby requiring
      extended reaction times.
PAR  All of the triazolobenzothiazole compounds provided by this invention are
      useful for the control of plant pathogens, particularly rice blast.
PAR  Illustrative of the 1-acyl-4-(o-halophenyl)-3-thiosemicarbazide compounds
      which can be employed in the process of this invention are the following:
PAR  4-(2-chlorophenyl)-1-formyl-3-thiosemicarbazide
PAR  1-acetyl-4-(2-chlorophenyl)-3-thiosemicarbazide
PAR  1-acetyl-4-(2-chloro-5-methylphenyl)-3-thiosemicarbazide
PAR  1-acetyl-4-(2-chloro-5-trifluoromethylphenyl)-3-thiosemicarbazide
PAR  1-acetyl-4-(2-chloro-4-methylphenyl)-3-thiosemicarbazide
PAR  1-acetyl-4-(2,5-dichlorophenyl)-3-thiosemicarbazide
PAR  4-(2-chlorophenyl)-1-heptanoyl-3-thiosemicarbazide
PAR  1-acetyl-4-(2-chloro-5-methoxyphenyl)-3-thiosemicarbazide
PAR  1-butyryl-4-(2-chloro-5-trifluoromethylphenyl)-3-thiosemicarbazide
PAR  4-(2-chlorophenyl)-1-cyclopropanecarbonyl-3-thiosemicarbazide
PAR  1-cyclopropanecarbonyl-4-(2,6-dichlorophenyl)-3-thiosemicarbazide
PAR  4-(2-chlorophenyl)-1-trifluoroacetyl-3-thiosemicarbazide
PAR  4-(2,6-dichloro-4-propoxyphenyl-1-trifluoroacetyl-3-thiosemicarbazide
PAR  4-(2-chloro-5-ethoxyphenyl)-1-propionyl-3-thiosemicarbazide
PAR  4-(2-bromo-6-fluoro-5-methylphenyl)-1-valeryl-3-thiosemicarbazide
PAR  1-isobutyryl-4-(2,4,6-trichlorophenyl)-3-thiosemicarbazide
PAR  4-(2-chloro-6-fluorophenyl)-1-decanoyl-3-thiosemicarbazide
PAR  4-(2-bromo-6-fluoro-5-methoxyphenyl)-1-butyryl-3-thiosemicarbazide
PAR  4-(2,6-dichloro-4-trifluorophenyl)-1-trifluoroacetyl-3-thiosemicarbazide
PAR  4-(2-chloro-6-fluoro-5-trifluoromethyl)-1-cyclopropanecarbonyl-3-thiosemica
     rbazide
PAR  Illustrative of the 4-(o-halophenyl)-5-substituted-1,2,4-triazole-3-thiol
      compounds which can be employed in the process of this invention are the
      following:
PAR  4-(2-chlorophenyl)-1,2,4-triazole-3-thiol
PAR  4-(2-chlorophenyl)-5-methyl-1,2,4-triazole-3-thiol
PAR  4-(2-chloro-5-trifluoromethylphenyl)-5-methyl-1,2,4-triazole-3-thiol
PAR  4-(2,4-dichlorophenyl)-5-methyl-1,2,4-triazole-3-thiol
PAR  4-(2-chloro-4-methylphenyl-5-methyl-1,2,4-triazole-3-thiol
PAR  4-(2,6-dichlorophenyl)-5-methyl-1,2,4-triazole-3-thiol
PAR  4-(2-chloro-5-methylphenyl)-5-methyl-1,2,4-triazole-3-thiol
PAR  4-(2-chloro-5-methoxyphenyl)-5-methyl-1,2,4-triazole-3-thiol
PAR  5-propyl-4-(2-chloro-5-trifluoromethylphenyl)-1,2,4-triazole-3-thiol
PAR  4-(2-chlorophenyl)-5-cyclopropyl-1,2,4-triazole-3-thiol
PAR  5-cyclopropyl-4-(2,6-dichlorophenyl)-1,2,4-triazole-3-thiol
PAR  4-(2-chlorophenyl-5-trifluoromethyl-1,2,4-triazole-3-thiol
PAR  4-(2,6-dichloro-4-propoxyphenyl)-5-trifluoromethyl-1,2,4-triazole-3-thiol
PAR  4-(2-chloro-5-ethoxyphenyl)-5-ethyl-1,2,4-triazole-3-thiol
PAR  4-(2-bromo-6-fluoro-5-methylphenyl)-5-butyl-1,2,4-triazole-3-thiol
PAR  5-isopropyl-4-(2,4,6-trichlorophenyl)-1,2,4-triazole-3-thiol
PAR  4-(2-chloro-6-fluorophenyl)-5-nonyl-1,2,4-triazole-3-thiol
PAR  4-(2-bromo-6-fluoro-5-methoxyphenyl)-5-propyl-1,2,4-triazole-3-thiol
PAR  4-(2,6-dichloro-4-trifluoromethylphenyl)-5-trifluoromethyl-1,2,4-triazole-3
     -thiol
PAR  4-(2-chloro-6-fluoro-5-trifluoromethylphenyl)-5-cyclopropyl-1,2,4-triazole-
     3-thiol
PAR  Illustrative of the triazolobenzothiazole compounds provided by this
      invention are the following:
PAR  s-triazolo(3,4-b)benzothiazole
PAR  3-methyl-s-triazolo(3,4-b)benzothiazole
PAR  7-chloro-3-methyl-s-triazolo(3,4-b)benzothiazole
PAR  5-chloro-3-methyl-s-triazolo(3,4-b)benzothiazole
PAR  3,7-dimethyl-s-triazole(3,4-b)benzothiazole
PAR  3-heptyl-s-triazolo(3,4-b)benzothiazole
PAR  3-methyl-5-trifluoromethyl-s-triazolo(3,4-b)benzothiazole
PAR  3,6-dimethyl-s-triazolo(3,4-b)benzothiazole
PAR  6-methoxy-3-methyl-s-triazolo(3,4-b)benzothiazole
PAR  3-propyl-6-trifluoromethyl-s-triazolo(3,4-b)benzothiazole
PAR  3-cyclopropyl-s-triazolo(3,4-b)benzothiazole
PAR  5-chloro-3-cyclopropyl-s-triazolo(3,4-b)benzothiazole
PAR  3-trifluoromethyl-s-triazolo(3,4-b)benzothiazole
PAR  5-chloro-7-propoxy-3-trifluoromethyl-s-triazolo(3,4-b)benzothiazole
PAR  3-ethyl-6-ethoxy-s-triazolo(3,4-b)benzothiazole
PAR  5-fluoro-6-methyl-3-butyl-s-triazolo(3,4-b)benzothiazole
PAR  5,7-dichloro-3-isopropyl-s-triazolo(3,4-b)benzothiazole
PAR  5-fluoro-3-nonyl-s-triazolo(3,4-b)benzothiazole
PAR  5-fluoro-6-methoxy-3-propyl-s-triazolo(3,4-b)benzothiazole
PAR  5-chloro-3,7-bis(trifluoromethyl)-s-triazolo(3,4-b)benzothiazole
PAR  3-cyclopropyl-5-fluoro-6-trifluoromethyl-s-triazolo-benzothiazole
DETD
PAR  The following examples further illustrate the preparation of the starting
      materials, intermediates and compounds of our invention.
PAC  I. Preparation of Thiosemicarbazides
PAC  EXAMPLE 1
PAC  Preparation of 1-formyl-4-(2-fluorophenyl)-3-thiosemicarbazide
PAR  Fifty grams (0.33 mole) of 2-fluorophenylisothiocyanate and 20 g. (0.33
      mole) of formylhydrazine were refluxed for 7 hours in 500 ml. of
      tetrahydrofuran (THF). The reaction mixture was allowed to cool and the
      insoluble product was collected by filtration. The crude product was
      washed with water, filtered and dried. The yield was 10 g. of
      1-formyl-4-(2-fluorophenyl)-3-thiosemicarbazide, mp. about
      148.degree.-149.degree.C.
PAR  Analysis: C.sub.8 H.sub.8 FN.sub.3 OS MW 213: Calc: C, 45.06; H, 3.78; N,
      19.71; Found: C, 44.86; H, 3.55; N, 19.44
PAC  EXAMPLE 2
PAC  Preparation of 1-acetyl-4-(2-chloro-5-methylphenyl)-3-thiosemicarbazide
PAR  One tenth mole, 18.3 g., of 2-chloro-5-methylphenylisothiocyanate and 11.0
      g. (0.15 mole) of acetylhydrazine were refluxed for 7 hours in 500 ml. of
      THF. After cooling, the insoluble product was collected by filtration. The
      crude product was collected by filtration. The crude product was washed
      with water, filtered and dried. The yield was 25 g. of
      1-acetyl-4-(2-chloro-5-methylphenyl)-3-thiosemicarbazide, m.p. about
      145.degree.-157.degree.C.
PAR  Analysis: C.sub.16 H.sub.12 ClN.sub.3 OS MW 257: Calc: C, 46.60; H, 4.69;
      N, 16.30; Found: C, 46.87; H, 4.92; N, 16.58
PAC  EXAMPLES 3-7
PAR  The following 1-acetyl-4-substituted (o-halophenyl)-3-thiosemicarbazides
      were prepared from acetylhydrazine and the appropriate
      o-halophenylisothiocyanates by the method of Example 2:
PAR  1-acetyl-4-(2-chlorophenyl)-3-thiosemicarbazide, m.p. about
      152.degree.-153.degree.C.
PAR  Analysis: C.sub.9 H.sub.10 ClN.sub.3 OS NW 243: Calc: C, 44.35; H, 4.14; N,
      17.24; Found: C, 46.23; H, 4.28; N, 17.64
PAR  1-acetyl-4-(2-chloro-4-methylphenyl)-3-thiosemicarbazide, m.p. about
      157.degree.-159.degree.C.
PAR  Analysis: C.sub.10 H.sub.12 ClN.sub.3 SO MW 257: Calc: C, 46.60; H, 4.69;
      N, 16.30; Found: C, 46.37; H, 4.67; N, 16.50
PAR  1-acetyl-4-(2,4-dichlorophenyl)-3-thiosemicarbazide, m.p. about
      145.degree.C-147.degree.C.
PAR  Analysis: C.sub.9 H.sub.9 Cl.sub.2 N.sub.3 SO MW 278: Calc: C, 38.86; H,
      3.26; N, 15.11; Found: C, 39.02; H, 3.39; N, 15.02
PAR  1-acetyl-4-(2,6-dichlorophenyl)-3-thiosemicarbazide, m.p. about
      157-159.degree.C.
PAR  Analysis: C.sub.9 H.sub.9 Cl.sub.2 N.sub.3 SO.H.sub.2 O MW 296: Calc: C,
      36.48; H, 3.71; N, 14.19; Found: C, 36.49; H, 3.84; N, 14.67
PAR  1-acetyl-4-(2-chloro-5-trifluoromethylphenyl)-3-thiosemicarbazide, m.p.
      about 155.degree.-156.degree.C.
PAR  Analysis: C.sub.10 H.sub.9 ClF.sub.3 N.sub.3 SO MW 311: Calc: C, 38.53; H,
      2.91; N, 13.48; Found: C, 38.86; H, 3.21; N, 13.83
PAC  II. Preparation of Triazoles
PAC  EXAMPLE 8
PAC  Preparation of 4-(2-fluorophenyl)-1,2,4-triazole-3-thiol
PAR  One and one-tenth grams (20 mmoles) of potassium hydroxide were dissolved
      in 50 ml. of water. 1-Formyl-4-(2-fluorophenyl)thiosemicarbazide, 3.5 g.
      (16.5 mmoles), was dissolved in the basic solution by warming on the steam
      bath until solution was completed. The heating was continued for one hour.
      The cooled reaction mixture was poured into a dilute solution of
      hydrochloric acid. The insoluble product was recovered from the acidic
      solution by filtration. The product was washed with water, collected and
      dried. The yield was 2.5 g. of 4-(2-fluorophenyl)-1,2,4-triazole-3-thiol,
      m.p. about 166.degree.-167.degree.C.
PAR  Analysis: C.sub.8 H.sub.6 FN.sub.3 S MW 196: Calc: C, 49.22; H, 3.10; N,
      21.53; Found: C, 49.09; H, 3.13; N, 21.37
PAC  EXAMPLES 9-17
PAR  The following 4-(2-halophenyl)-1,2,4-triazole-3-thiols were prepared from
      the appropriately substituted thiosemicarbazides by cyclization in aqueous
      or alcoholic base by the method of Example 8:
PAR  4-(2-chlorophenyl)-1,2,4-triazole-3-thiol, m.p. about
      195.degree.-196.degree.C.
PAR  Analysis: C.sub.8 H.sub.6 ClN.sub.3 S MW 211.5: Calc: C, 45.39; H, 2.96; N,
      19.85; Found: C, 45.48; H, 3.10; N, 19.70
PAR  4-(2-chlorophenyl)-5-methyl-1,2,4-triazole-3-thiol, m.p. about
      217.degree.-219.degree.C.
PAR  Analysis: C.sub.9 H.sub.8 ClN.sub.3 S MW 225: Calc: C, 47.89; H, 3.57; N,
      18.62; Found: C, 47.73; H, 3.64; N, 18.39
PAR  4-(2,4-dichlorophenyl)-5-methyl-1,2,4-triazole-3-thiol, m.p. about
      248.degree.-253.degree.C.
PAR  Analysis: C.sub.9 H.sub.7 Cl.sub.2 N.sub.3 S MW 260: Calc: C, 41.55; H,
      2.71; N, 16.15; Found: C, 41.57; H, 2.81; N, 16.37
PAR  4-(2-chloro-4-methylphenyl)-5-methyl-1,2,4-triazole-3-thiol, m.p. about
      243.degree.-244.degree.C.
PAR  Analysis: C.sub.10 H.sub.10 ClN.sub.3 S MW 239: Calc: C, 50.10; H, 4.20; N,
      17.53; Found: C, 50.23; H, 4.24; N, 17.73
PAR  4-(2-chloro-5-methylphenyl)-5-methyl-1,2,4-triazole-3-thiol, m.p. about
      229.degree.-231.degree.C.
PAR  Analysis: C.sub.10 H.sub.10 ClN.sub.3 S MW 239: Calc: C, 50.10; H, 4.20; N,
      17.53; Found: C, 49.98; H, 4.27; N, 17.40
PAR  4-(2,6-dichlorophenyl)-5-methyl-1,2,4-triazole-3-thiol, m.p. about
      240.degree.-242.degree.C.
PAR  Analysis: C.sub.9 H.sub.7 Cl.sub.2 N.sub.3 S MW 260: Calc: C, 41.55; H,
      2.71; N, 16.15; Found: C, 41.32; H, 2.80; N, 15.98
PAR  4-(2-chloro-6-methylphenyl)-1,2,4-triazole-3-thiol, m.p. about
      237.degree.C-240.degree.C.
PAR  Analysis: C.sub.9 H.sub.8 ClN.sub.3 MW 225: Calc: C, 48.00; H, 3.55; N,
      18.66; Found: C, 48.00; H, 3.32; N, 18.62
PAR  4-(2-chloro-5-trifluoromethylphenyl)-5-methyl-1,2,4-triazole-3-thiol, m.p.
      about 208.degree.-209.degree.C.
PAR  Analysis: C.sub.10 H.sub.7 ClF.sub.3 NS MW 293: Calc: C, 40.90; H, 2.40; N,
      14.31; Found: C, 40.95; H, 2.42; N, 14.27
PAR  4-(2-chlorophenyl)-5-heptyl-1,2,4-triazole-3-thiol, m.p. about
      150.degree.-157.degree.C.
PAR  Analysis: C.sub.15 H.sub.20 ClN.sub.3 S MW 309: Calc: C, 58.14; H, 6.51; N,
      13.56; Found: C, 57.95; H, 6.33; N, 13.79
PAC  III. Preparation of Triazolobenzothiazoles
PAC  EXAMPLE 18
PAC  Preparation of s-triazolo[3,4-b]benzothiazole
PAR  Five grams (30.0 mmoles) of o-chlorophenylisothiocyanate were dissolved in
      50 ml. of dry DMF. A solution of 1.8 g. (30.0 mmoles) of formylhydrazine
      in 50 ml. of dry DMF was added dropwise rapidly to the stirred reaction
      mixture. The temperature of the reaction rose to about 45.degree.C. The
      temperature was maintained between 60.degree.C. and 100.degree.C. for 24
      hours. Thirty millimoles, 1.5 g., of sodium hydride as a 50% mineral oil
      suspension was added to the reaction mixture. The reaction was completed
      by heating at reflux temperature (160.degree.C.) for about 185 hours. The
      cooled mixture was poured into water. The aqueous mixture was extracted
      with n-hexane to remove mineral oil. The product was extracted with ethyl
      acetate. The ethyl acetate extract was washed (water), dried (MgSO.sub.4)
      and evaporated in vacuo to a residual oil. The oil was covered with dry
      ether and the product crystallized upon standing. The yield of
      s-triazolo[3,4-b]benzothiazole, m.p. about 175.degree.-176.degree.C., was
      200 mg.
PAR  Analysis: C.sub.8 H.sub.5 N.sub.3 S MW 175: Calc: C, 54.85; H, 2.88; N,
      23.98; Found: C, 54.56; H, 2.94; N, 23.79
PAC  EXAMPLE 19
PAC  Preparation of 3-methyl-s-triazole(3,4-b)benzothiazole
PAR  Ten millimoles, 2.4 g., of 1-acetyl-4-(2-chlorophenyl)thiosemicarbazide
      were dissolved in 50 ml. of dimethylformamide (DMF) under nitrogen. One
      equivalent, 0.5 g. (10 mmoles), of sodium hydride, as a 50% mineral oil
      dispersion, was added to the reaction mixture. After refluxing for 126
      hours, the reaction mixture was poured into water. The aqueous mixture was
      extracted with hexane to remove mineral oil followed by extraction with
      chloroform. The chloroform extract was dried (MgSO.sub.4) and evaporated
      in vacuo to yield 400 mg. of 3-methyl-s-triazolo(3,4-b)-benzothiazole.
PAR  Analysis: C.sub.9 H.sub.7 N.sub.3 S MW 189: Calc: C, 57.12; H, 3.73; N,
      22.21; Found: C, 56.84; H, 3.79; N, 22.23
PAC  EXAMPLE 20
PAC  Preparation of 7-chloro-3-methyl-s-triazolo[3,4-b]benzothiazole
PAR  Five grams (19 mmoles) of
      4-(2,4-dichlorophenyl)-5-methyl-1,2,4-triazole-3-thiol were dissolved in
      100 ml. of DMF. One gram (20 mmoles) of sodium hydride, as a 50% mineral
      oil dispersion, was added portionwise to the stirred reaction mixture. The
      mixture was refluxed for 24 hours and then poured into 600 ml. of water.
      The aqueous mixture was extracted with n-hexane to remove the mineral oil.
      The aqueous phase was extracted with ethyl acetate overnight by means of a
      liquid-liquid extractor. The ethyl acetate was dried (MgSO.sub.4) and
      evaporated in vacuo to a residue. The residue was washed with toluene and
      the crystalline product was collected by filtration. The yield was 1.9 g.
      of 7-chloro-3-methyl-s-triazolo[3,4-b]benzothiazole, m.p. about
      186.degree.-188.degree.C. A second crop, 1.6 g., m.p. about
      185.degree.-188.degree.C., was recovered from the aqeuous phase.
PAR  Analysis: C.sub.9 H.sub.6 ClN.sub.3 S MW 224: Calc: C, 48.33; H, 2.70; N,
      18.79; Found: C, 48.32; H, 2.89; N, 18.96
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing an s-triazolo(3,4-b)benzothiazole compound of
      the formula:
      ##SPC10##
PAL  which comprises commingling a molar equivalent of base in a substantially
      anhydrous amide solvent at a temperature from about 60.degree.C. to about
      200.degree.C. with a 4-(o-halophenyl)-1,2,4-triazole-3-thiol compound of
      the formula:
      ##SPC11##
PAL  and recovering the product; wherein, in the foregoing formulas,
PA1  R is hydrogen, C.sub.1 -C.sub.11 alkyl, cyclopropyl or trifluoromethyl;
PA1  R.sub.1 is hydrogen, bromo, chloro or fluoro;
PA1  R.sub.2 and R.sub.3 are independently hydrogen, C.sub.1 -C.sub.3 alkyl,
      C.sub.1 -C.sub.3 alkoxy, bromo, chloro, fluoro or trifluoromethyl with the
      limitation that at least one of R.sub.2 and R.sub.3 is hydrogen;
PA1  X is bromo, chloro or fluoro;
PAL  subject to the further limitation that when R.sub.1 is halogen, R is other
      than hydrogen and R.sub.2 is hydrogen.
NUM  2.
PAR  2. The process of claim 1 wherein s-triazolo[3,4-b]benzothiazole is
      prepared from 4-(2-chlorophenyl)-1,2,4-triazole-3-thiol.
NUM  3.
PAR  3. The process of claim 1 wherein 3-methyl-s-triazolo[3,4-b]benzothiazole
      is prepared from 4-(2-chlorophenyl)-5-methyl-1,2,4-triazole-3-thiol.
NUM  4.
PAR  4. The process of claim 1 wherein
      3-methyl-7-chloro-s-triazolo[3,4-b]benzothiazole is prepared from
      4-(2,4-dichlorophenyl)-5-methyl-1,2,4-triazole-3-thiol.
NUM  5.
PAR  5. The process of claim 1 wherein
      3-methyl-5-chloro-s-triazolo[3,4-b]benzothiazole is prepared from
      4-(2,6-dichlorophenyl)-5-methyl-1,2,4-triazole-3-thiol.
NUM  6.
PAR  6. The process of claim 1 wherein
      3,6-dimethyl-s-triazolo[3,4-b]benzothiazole is prepared from
      4-(2-chloro-5-methylphenyl)-5-methyl-1,2,4-triazole-3-thiol.
NUM  7.
PAR  7. The process of claim 1 wherein
      3-methyl-6-trifluoromethyl-s-triazolo[3,4-b]benzothiazole is prepared from
      4-(2-chloro-5-trifluoromethylphenyl)-5-methyl-1,2,4-triazole-3-thiol.
NUM  8.
PAR  8. The process of claim 1 wherein the base is sodium hydride and the amide
      solvent is dimethylformamide.
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PAL  Improved process for the preparation of 2-hydrazinobenzothiazoles,
      comprising the reaction of corresponding 2-aminobenzothiazoles with
      hydrazine in the presence of acid, preferably in a selected solvent.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my copending application Ser. No.
      296,381, filed Oct. 10, 1972 and abandoned after the filing of the present
      application.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The term "exchange amination" is used to refer to the exchange of one amino
      group for another, including the exchange of a hydrazino group for an
      amino group. See Houben-Weyl, Methoden Der Organischen Chemie, Band 10/2,
      278 (Georg Thieme Verlag, Stuttgart, 1967); Ann. 686, 134 (1965); J. Amer.
      Chem. Soc. 74, 1648 (1952); J. Amer. Chem. Soc. 82, 3971 (1960); and J.
      Gen. Chem. U.S.S.R. (eng. trans.) 29, 2036 (1959).
PAR  The last-named of these references reports the preparation and attempted
      preparation of numerous 2-hydrazinobenzothiazoles by reaction of hydrazine
      with 2-aminobenzothiazole and various ring-substituted
      2-aminobenzothiazoles. However, the results were less than entirely
      satisfactory. Some of the reactions yielded no hydrazinobenzothiazole
      product. Unsubstituted 2-aminobenzothiazole gave the desired product, but
      accompanied by a substantial amount of o-aminothiophenol, formed by ring
      opening and isolated as the disulfide. Only carboxy-substituted
      aminobenzothiazoles gave good yields.
PAR  The present invention is in a process for the preparation of a compound of
      the formula:
      ##SPC1##
PAL  Wherein each R.sup.1 independently represents hydrogen, halo, lower alkyl
      of C.sub.1 -C.sub.3, lower alkoxy of C.sub.1 -C.sub.3, or lower alkylthio
      of C.sub.1 -C.sub.3, subject to the limitation that at least two R.sup.1
      's represent hydrogen; which process comprises reacting a corresponding
      2-aminobenzothiazole compound of the formula:
      ##SPC2##
PAL  Wherein each R.sup.2 independently represents hydrogen or methyl with
      hydrazine in the presence of at least a catalytic amount of acid. "Halo"
      is employed in the present specification and claims to designate bromo,
      chloro, and fluoro.
PAR  The resulting 2-hydrazinobenzothiazole products are useful as starting
      materials for the preparation of s-triazolo (3,4-b) benzothiazole
      compounds of the formula:
      ##SPC3##
PAL  Wherein R.sup.3 is, inter alia, hydrogen or any of a number of other
      moieties. These compounds are useful as agents for the control of
      plant-pathogenic organisms.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The use of acid is essential to the present invention, but its identity is
      not. A wide variety of acidic substances has proven useful in the present
      invention, including phenol; organic acids, such as acetic acid, benzoic
      acid, formic acid, malonic acid, oxalic acid, p-toluenesulfonic acid,
      phenylacetic acid, and citric acid; and mineral acids such as hydrochloric
      acid, hydrobromic acid, and sulfuric acid.
PAR  Although the Arrhenius definition of acid as a substance which dissociates
      in water into hydrogen ions (protons) and anions has been supplemented by
      more sophisticated definitions, this concept of acid is useful in the
      context of the present invention. It is believed that the acid functions
      both as a catalyst and as a reagent which, with hydrazine, forms
      hydrazinium ion; and that the presence of some hydrazinium ion favors the
      desired reaction, although the precise mechanism is not understood.
      Therefore, any substance which, under the reaction conditions described,
      undergoes a protolytic reaction with hydrazine--consistent with the
      Arrhenius definition--is workable in the present invention.
PAR  In practice, however, stronger acids, such as those exhibiting a pK.sub.a
      of 5 or less, function more effectively. It is most convenient to use a
      mineral acid, such as hydrochloric acid, hydrobromic acid, or sulfuric
      acid. Particularly preferred mineral acids are hydrochloric acid and
      hydrobromic acid.
PAR  The acid can be supplied to the reaction mixture in any of a variety of
      ways. It can be added separately or it can be supplied as a salt of either
      the 2-aminobenzothiazole compound or the hydrazine.
PAR  The quantity of acid supplied is not critical; a small catalytic amount
      improves the yield of product substantially over that obtained when no
      acid is used at all. However, somewhat larger amounts are not deleterious.
      In general, the present process goes forward when employing acid in the
      ratio of 0.1 to 1.0 molecular proportion of acid for each molecular
      proportion of hydrazine. A preferred ratio is from 0.33 to 0.5 molecular
      proportion of acid for every molecular proportion of hydrazine.
PAR  While the prior art has often used excess hydrazine to serve in part as
      solvent, it has been found that the use of a solvent inert to the reaction
      is preferable. The solvent should be one which is miscible with hydrazine
      and which, in combination with the reagents, refluxes at a temperature of
      at least about 100.degree.C., and preferably at higher temperatures such
      as 120.degree.-150.degree.C. Preferred solvents include C.sub.2 -C.sub.4
      -alkylenediols, such as ethylene glycol, propylene glycol, 1,4-butanediol,
      and 2,3-butanediol; di- and tri(ethylene and propylene) glycols, including
      diethylene glycol, triethylene glycol, dipropylene glycol, and
      tripropylene glycol; mono(C.sub.1 -C.sub.4 -alkyl) ethers of ethylene and
      propylene glycols, such as ethylene glycol monomethyl ether, ethylene
      glycol monoethyl ether, ethylene glycol mono-n-butyl ether, and propylene
      glycol monomethyl ether; mono(C.sub.1 -C.sub.4 -alkyl) ethers of di- and
      tri(ethylene and propylene) glycols, such as diethylene glycol monomethyl
      ether, diethylene glycol monoethyl ether, and diethylene glycol
      mono-n-butyl ether; triethanolamine; sulfolane; and dimethylsulfoxide. As
      used herein, the term "C.sub.2 -C.sub.4 -alkylenediols" refers only to
      non-gem diols. Although water is not a preferred solvent, minor amounts of
      it are not deleterious to the reaction. Therefore, it is acceptable to
      supply the hydrazine as any of the various commercially-available forms
      which include water.
PAR  It is not critical that the 2-aminobenzothiazole and the hydrazine by
      employed in any specific ratio to one another. The prior art has often
      employed a large excess of hydrazine. However, it has now been found that,
      in the instance of some of the 2-aminobenzothiazole compounds, formation
      of side products is enhanced by higher hydrazine concentrations. Also,
      since the reaction consumes the reactants in only equimolecular amounts,
      the use of excess hydrazine is inefficient. Good results in the practice
      of the present invention have been achieved with from one to not more than
      about ten molecular proportions of hydrazine per molecular proportion of
      the 2-aminobenzothiazole. Better results are obtained with from about
      three to about five molecular proportions of hydrazine per molecular
      proportion of the 2-aminobenzothiazole.
PAR  The temperature at which the reaction is conducted is not critical. In
      general, the reaction goes forward at temperatures of 100.degree.C. and
      higher. Typically, temperatures of 100.degree.-150.degree.C. have been
      found to give good results; better results are generally obtained at
      temperatures of 120.degree.-150.degree.C.
PAR  Typically, the desired product precipitates in the reaction mixture and is
      separated by filtration. However, other conventional separation procedures
      can be employed. Product produced by the present process is generally of
      high purity, in some instances as high as 98 percent; but when desired,
      the separated product can be purified by conventional procedures.
PAR  The following examples illustrate the present invention and will enable
      those skilled in the art to practice the same.
DETD
PAC  EXAMPLE 1:
PAC  2-HYDRAZINOBENZOTHIAZOLE
PAR  To a slurry of 30 g. (0.2 mole) 2-aminobenzothiazole in 150 ml. ethylene
      glycol was added 23.7 g. (0.4 mole) 85% hydrazine hydrate and 13.7 g. (0.2
      mole) hydrazine monohydrochloride. The mixture was stirred under a
      nitrogen atmosphere and heated at a temperature of 140.degree.C. for 2
      hours. The product crystallized on cooling. After addition of 50 ml. water
      and stirring, the material was filtered, washed with 100 ml. water in
      three portions, and dried in vacuo at 60.degree.C. There was obtained 29.9
      g. (90.6% of theory) 2-hydrazinobenzothiazole, m.p.
      194.degree.-198.degree., assay (titration) 97.0%. Recrystallization from
      ethanol gave 20 g., m.p. 198.degree.-199.degree.C. [Lit. m.p.
      199.degree.-200.degree.C., I. A. Solov'eva and A. G. Guseva, J. Gen. Chem.
      U.S.S.R. 29, 2036 (1959)] . An additional 4 g., m.p.
      196.5.degree.-198.5.degree.C., was obtained from the second crop.
PAC  EXAMPLE 2:
PAC  5,6-DIMETHYL-2-HYDRAZINOBENZOTHIAZOLE
PAR  5,6-Dimethyl-2-aminobenzothiazole (5.0 g., 0.028 mole), 85% hydrazine
      hydrate (3.49 g.; 0.056 mole) and hydrazine monohydrochloride (1.99 g.;
      0.028 mole) were reacted in the procedures of Example 1.
      5,6-Dimethyl-2-hydrazinobenzothiazole was obtained in 82% yield, m.p.
      223.degree.-228.degree.C. Assay (titration) 97.2%. Recrystallization from
      ethanol gave material melting 235.degree.-237.degree.C. (dec.).
PAR  Anal. Calc'd. for C.sub.9 H.sub.11 N.sub.3 S:  C, 55.93; H, 5.74; N, 21.74;
      S, 16.59.  Found: C, 55.96; H, 5.78; N, 21.55; S, 16.72.
PAC  EXAMPLE 3:
PAC  4-CHLORO-2-HYDRAZINOBENZOTHIAZOLE
PAR  4-Chloro-2-aminobenzothiazole (10.09 g.; 0.0543 mole), 85% hydrazine
      hydrate (6.45 g.; 0.109 mole), and hydrazine monohydrochloride (3.72 g.;
      0.109 mole) were reacted in the procedures of Example 1. There was
      obtained 9.77 g. (90%of theory) 4-chloro-2-hydrazinobenzothiazole, m.p.
      226.degree.-229.degree.C.; assay (titration) 96.2%. Recrystallization from
      isopropanol gave 7.2 g., m.p. 239.degree.-241.degree.C.
PAR  Anal. Calc'd. for C.sub.7 H.sub.6 N.sub.3 ClS:  C, 42.11; H, 3.03; N,
      21.05; S, 16.06; Cl, 17.76.  Found: C, 42.07; H, 2.94; N, 20.82; S, 16.11;
      Cl, 17.81.
PAC  EXAMPLE 4:
PAC  4-METHOXY-2-HYDRAZINOBENZOTHIAZOLE
PAR  4-Methoxy-2-aminobenzothiazole (5.0 g.; 0.028 mole), 85% hydrazine hydrate
      (3.3 g.; 0.057 mole), and hydrazine monohydrochloride (1.9 g.; 0.028 mole)
      were reacted in the procedures of Example 1. There was obtained 4.85 g.
      4-methoxy-2-hydrazinobenzothiazole, m.p. 215.degree.-220.degree.C., assay
      (titration) 97.1%. The analytical sample had m.p.
      224.degree.-226.5.degree.C. (from methanol).
PAR  Anal. Calc'd. for C.sub.8 H.sub.9 N.sub.3 OS:  C, 49.21; H, 4.65; N, 21.52;
      S, 16.42.  Found: C, 49.25; H, 4.54; N, 21.67; S, 16.40.
PAC  EXAMPLE 5:
PAC  4-METHYL-2-HYDRAZINOBENZOTHIAZOLE
PAR  A mixture of 11.95 g. (0.049 mole) 4-methyl-2-aminobenzothiazole
      hydrobromide and 8.60 g. (0.15 mole), 85% hydrazine hydrate in 40 ml.
      ethylene glycol was heated under nitrogen at a temperature of
      140.degree.C. for 2 hours. The mixture was cooled to room temperature and
      40 ml. water added. The product, which began to precipitate during the
      cooling period, was filtered, washed with water, and dried in vacuo at
      60.degree.C. There was obtained 8.30 g. (93% of theoretical)
      4-methyl-2-hydrazinobenzothiazole, m.p. 165.degree.-168.degree.C. Thin
      layer chromatography of the crude product showed that it was free of
      starting material and substantially pure. The analytical sample had m.p.
      167.degree.-169.degree.C. (from ethanol).
PAR  Anal. Calc'd. for C.sub.8 H.sub.9 N.sub.3 S:  C, 53.61; H, 5.06; N, 23.44;
      S, 17.89.  Found: C, 53.84; H, 4.98; N, 23.44; S, 17.68.
PAC  EXAMPLE 6:
PAC  6-METHOXY-2-HYDRAZINOBENZOTHIAZOLE  6-Methoxy-2-aminobenzothiazole (2.70
      g.; 0.015 mole), 85% hydrazine hydrate (1.77 g.; 0.03 mole), and hydrazine
      monohydrochloride (1.03 g.; 0.015 mole) were reacted in the procedures of
      Example 1, yielding 2.63 g. (90% of theory)
      6-methoxy-2-hydrazinobenzothiazole, m.p. 172.degree.-175.degree.C. Assay
      (titration) 97.0% (Lit. m.p. 168.degree.-169.degree.C. O. Bayer, E.
      Herdieckerhoff, and H. Schindhelm, (to I. G. Farbenind. A. G.) U.S. Pat.
      No. 2,073,600, Mar. 16, 1937).
PAC  EXAMPLE 7:
PAC  6-METHYLTHIO-2-HYDRAZINOBENZOTHIAZOLE
PAR  6-Methylthio-2-aminobenzothiazole (10.0 g.; 0.05 mole), 85% hydrazine
      hydrate (6.50 g.; 0.10 mole), and hydrazine monohydrochloride (3.5 g.;
      0.05 mole) were reacted in the procedures of Example 1, yielding 9.95 g.
      (92.5% of theory) 6-methylthio-2-hydrazinobenzothiazole, m.p.
      173.degree.-176.degree.C. Assay (titration) 98.0%. The analytical sample
      melted 178.degree.-180.degree.C. (from ethanol).
PAR  Anal. Calc'd. for C.sub.8 H.sub.9 N.sub.3 S.sub.2 :
PAR  C, 45.47; H, 4.29; N, 19.89; S, 30.30.  Found: C, 45.69; H, 4.30; N, 19.67;
      S, 30.63.
PAC  EXAMPLES 8-14:
PAR  Numerous reactions of 4-methyl-2-aminobenzothiazole hydrobromide with
      hydrazine hydrate were conducted in accordance with the present invention,
      varying the solvent. The solvents employed, with reaction times, reaction
      temperatures, and yields of products were as follows:
TBL               Reaction   Reaction    Yield of                              
     Solvent      Period     Temperature Product                               
     ______________________________________                                    
     diethylene glycol                                                         
                  80 minutes 140.degree.C.                                     
                                         91%                                   
     propylene glycol                                                          
                  2 hours    140.degree.C.                                     
                                         93%                                   
     2,3-butanediol                                                            
                  3 hours    125.degree.C.                                     
                                         88%                                   
     triethanolamine                                                           
                  3 hours    134-140.degree.C.                                 
                                         91%                                   
     sulfolane    51/2 hours 129.degree.C.                                     
                                         85%                                   
     DMSO         4 hours    125.degree.C.                                     
                                         &gt;95%                                  
     ethylene glycol                                                           
                  51/2 hours 110.degree.C.                                     
                                         85%                                   
     monomethyl ether                                                          
     ______________________________________                                    
PAC  EXAMPLE 15:
PAC  4-METHYL-2-HYDRAZINOBENZOTHIAZOLE
PAR  4-Methyl-2-dimethylaminobenzothiazole hydrobromide (10.95 g.; 0.04 mole),
      85% hydrazine hydrate representing 8.01 g., 0.12 mole, and 33 ml. of
      ethylene glycol were mixed at room temperature and the mixture heated to
      140.degree.C. under nitrogen atmosphere. The reaction mixture was
      maintained at this temperature overnight. After 39 hours of reaction time,
      the reaction was cooled, diluted with 33 ml. of water, and filtered to
      separate the desired 4-methyl-2-hydrazinobenzothiazole compound. It was
      washed with water and dried 2 hours at 65.degree.C. in vacuo, 5.43 g., 79%
      yield. The product was subjected to nmr, which showed about 5-10% of
      starting material. The melting point was 161.degree.-166.degree.C.
PAC  EXAMPLE 16:
PAC  4-METHYL-2-HYDRAZINOBENZOTHIAZOLE
PAR  4-Methyl-2-aminobenzothiazole (8.21 g.; 0.05 mole), hydrazine
      monohydrochloride (1.14 g.; 0.017 mole), 85% hydrazine hydrate (1.96 g.;
      0.033 mole), and 41 ml. of ethylene glycol were mixed, and the mixture
      heated under N.sub.2 atmosphere to 140.degree.C. These reaction conditions
      were continued for 15 hours; the reaction mixture was then permitted to
      cool slowly to romm temperature and, for convenience only, stored
      overnight under N.sub.2 atmosphere. Water (45 ml.) was added to the
      reaction mixture in the morning to force crystallization. The reaction
      mixture was then filtered to separate the desired
      4-methyl-2-hydrazinobenzothiazole compound. It was dried in vacuo
      overnight at 60.degree.C. The yield was 8.00 g., 89% yield, m.p.
      143.degree.-51.degree.C. Non-aqueous titration showed the product to be
      85.8% pure.
PAC  EXAMPLE 17:
PAC  4-CHLORO-2-HYDRAZINOBENZOTHIAZOLE
PAR  4-Chloro-2-aminobenzothiazole (2.0 g.; 0.0108 mole) was dissolved in 10
      milliliters of diethylene glycol monomethyl ether and 0.9 milliliter of
      concentrated HC1 added with stirring. 85% Hydrazine hydrate (1.92 g.) was
      then added to the mixture, and the reaction mixture was heated to
      110.degree.C., under N.sub.2 atmosphere, on an oil bath. The reaction was
      continued for 22 hours, the final reaction temperature being 120.degree.C.
      The 4-chloro-2-hydrazinobenzothiazole product was isolated by addition of
      water and separated by filtration, 1.69 g. (78% yield), m.p.
      232.degree.-235.degree.C.
PAC  EXAMPLE 18:
PAC  4-METHYL-2-HYDRAZINOBENZOTHIAZOLE
PAR  To a suspension of 4-methyl-2-aminobenzothiazole (5.0 g., 0.03 mole) in 20
      ml. of ethylene glycol was added 5.4 g. of 85% hydrazine hydrate (0.09
      mole) and 2.75 g. (0.046 mole) acetic acid. The mixture was heated to
      126.degree.C. under N.sub.2 atmosphere for 3 hours. On cooling and
      dilution with about 1/2 volume of water the product crystallized. There
      was obtained 4.73 g. (87% of theory) 4-methyl-2-hydrazinobenzothiazole.
      The product was identified by thin layer chromatography and found to be
      substantially pure.
PAC  EXAMPLE 19:
PAC  4-METHYL-2-HYDRAZINOBENZOTHIAZOLE
PAR  4-Methyl-2-methylaminobenzothiazole hydrobromide (443 g.; 1.71 mole) was
      added with stirring to 1.7 liter of ethylene glycol. 85% Hydrazine hydrate
      (400 grams; 6.75 mole) was added in several portions. The reaction mixture
      was heated to 130.degree.-135.degree.C. under N.sub.2 atmosphere and
      maintained for about four hours, then cooled slowly with stirring. The
      product was isolated by addition of water and separated by filtration. It
      was then dried overnight in a vacuum oven, yielding 275.5 g. (90% yield)
      of 4-methyl-2-hydrazinobenzothiazole. The nmr spectrum agreed with a
      reference spectrum and showed no evidence of starting material or other
      impurity. Non-aqueous titration showed the product to be 97.5% pure.
PAR  The products of the present process:
      ##SPC4##
PAL  are useful as starting materials for the preparation of s-triazolo (3,4-b)
      benzothiazole compounds of the formula:
      ##SPC5##
PAL  wherein R.sup.3 is, inter alia, hydrogen or lower alkyl such as methyl. The
      conversion of the 2-hydrazinobenzothiazoles to the s-triazolo (3,4-b)
      benzothiazoles can be accomplished in any of several procedures. In one
      procedure, the 2-hydrazinobenzothiazole is converted directly by reaction
      with an ortho ester (R.sup.3 -C(O-alkyl).sub.3); in another procedure, the
      2-hydrazinobenzothiazole is acylated and the resulting 2-(2-acylhydrazino)
      benzothiazole cyclized by refluxing with phenol. In a third procedure, the
      2-hydrazinobenzothiazole is likewise converted directly by reaction with
      an acid (R.sup.3 COOH).
PAR  By any synthetic route, the s-triazolo (3,4-b) benzothiazole products are
      useful as agents for the control of plant pathogenic organisms, especially
      fungal organisms and particularly the causative organism of rice blast
      (Piricularia oryzae). In employing these products for such control, the
      products are effective when applied by any of a variety of routes: to the
      foliage of plants to be protected, to seeds, to the surface of soil or
      water in which are growing the plants to be treated, as a transplant root
      soak, etc. The products are more conveniently applied if formulated with
      conventional adjuvants such as surfactants, etc. The amount of compound
      which is effective is not critical and depends in part upon the route of
      application and the organism sought to be controlled. Representative rates
      at which good control of rice blast is obtained are as follows: in liquid
      formulations suited for seed treatment, transplant root soak, or spray
      application to foliage, from about 0.001 to 0.2 percent by weight; and in
      acreage application, such as for surface application, from 0.5 to 2.0 or
      more pounds per acre.
PAR  The compounds to be employed as starting materials in the process of the
      present invention:
      ##SPC6##
PAL  are available compounds. Many are commercially available. All can be
      synthesized by known synthetic procedures. A convenient method is the
      Hugerschoff reaction: see Heterocyclic Compounds, Vol. 5, ed. by
      Elderfield (John Wiley & Sons, Inc., New York, 1957), page 506.
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for the preparation of a compound of the formula
      ##SPC7##
PAL  wherein each R.sup.1 independently represents hydrogen, halo, lower alkyl
      of C.sub.1 -C.sub.3, lower alkoxy of C.sub.1 -C.sub.3, or lower alkylthio
      of C.sub.1 -C.sub.3, subject to the limitation that at least two R.sup.1
      's represent hydrogen; which process comprises reacting a corresponding
      2-aminobenzothiazole compound of the formula
      ##SPC8##
PAL  wherein each R.sup.2 independently represents hydrogen or methyl with
      hydrazine in the presence of at least a catalytic amount of an acid
      exhibiting a pK.sub.a of 5 or less, at a temperature above 100.degree.C.,
      and in a solvent selected from the group consisting of C.sub.2 -C.sub.4
      -alkylenediols; di- and tri(ethylene and propylene) glycols; mono(C.sub.1
      -C.sub.4 -alkyl) ethers of ethylene and propylene gylcols; mono(C.sub.1
      -C.sub.4 -alkyl) ethers of di- and tri(ethylene and propylene) glycols;
      triethanolamine; sulfolane; and dimethylsulfoxide.
NUM  2.
PAR  2. The process of claim 1 wherein the 2-aminobenzothiazole compound is
      2-aminobenzothiazole.
NUM  3.
PAR  3. The process of claim 1 wherein the 2-aminobenzothiazole compound is
      4-methyl-2-aminobenzothiazole.
NUM  4.
PAR  4. The process of claim 1 wherein the 2-aminobenzothiazole compound is
      4-chloro-2-aminobenzothiazole.
NUM  5.
PAR  5. The process of claim 1 wherein the solvent is propylene glycol.
NUM  6.
PAR  6. The process of claim 5 wherein the 2-aminobenzothiazole compound is
      4-methyl-2-aminobenzothiazole.
NUM  7.
PAR  7. The process of claim 5 wherein the 2-aminobenzothiazole compound is
      4-chloro-2-aminobenzothiazole.
NUM  8.
PAR  8. The process of claim 1 wherein the solvent is ethylene glycol.
NUM  9.
PAR  9. The process of claim 1 wherein the acid is a mineral acid.
NUM  10.
PAR  10. The process of claim 9 wherein the solvent is propylene glycol.
NUM  11.
PAR  11. The process of claim 10 wherein the 2-aminobenzothiazole compound is
      4-methyl-2-aminobenzothiazole.
NUM  12.
PAR  12. The process of claim 10 wherein the 2-aminobenzothiazole compound is
      4-chloro-2-aminobenzothiazole.
NUM  13.
PAR  13. The process of claim 9 wherein the acid is hydrochloric acid,
      hydrobromic acid, or sulfuric acid.
NUM  14.
PAR  14. The process of claim 13 wherein the acid is hydrochloric acid.
NUM  15.
PAR  15. The process of claim 8 wherein the 2-aminobenzothiazole compound is
      2-aminobenzothiazole.
NUM  16.
PAR  16. The process of claim 8 wherein the 2aminobenzothiazole compound is
      4-methyl-2-aminobenzothiazole.
NUM  17.
PAR  17. The process of claim 8 wherein the 2-aminobenzothiazole compound is
      4-chloro-2-aminobenzothiazole.
NUM  18.
PAR  18. Process for the preparation of a compound of the formula
      ##SPC9##
PAL  wherein each R.sup.1 independently represents hydrogen, halo, lower alkyl
      of C.sub.1 -C.sub.3, lower alkoxy of C.sub.1 -C.sub.3, or lower alkylthio
      of C.sub.1 -C.sub.3, subject to the limitation that at least two R.sup.1
      's represent hydrogen; which process comprises reacting a corresponding
      2-aminobenzothiazole compound of the formula
      ##SPC10##
PAL  wherein each R.sup.2 independently represents hydrogen or methyl with
      hydrazine under the following conditions:
PA1  1. in the presence of an acid exhibiting a pK.sub.a of 5 or less, in the
      ratio of 0.1 to 1.0 molecular proportion of said acid for each molecular
      proportion of hydrazine;
PA1  2. at a temperature above 100.degree.C.; and
PA1  3. in a solvent selected from the group consisting of C.sub.2 -C.sub.4
      -alkylenediols; di- and tri(ethylene and propylene) glycols; mono(C.sub.1
      -C.sub.4 -alkyl) ethers of ethylene and propylene glycols; mono(C.sub.1
      -C.sub.4 -alkyl) ethers of di- and tri(ethylene and propylene) glycols;
      triethanolamine; sulfolane; and dimethylsulfoxide.
NUM  19.
PAR  19. The process of claim 18 wherein the solvent is propylene glycol.
NUM  20.
PAR  20. The process of claim 19 wherein the 2-aminobenzothiazole compound is
      2-aminobenzothiazole.
NUM  21.
PAR  21. The process of claim 19 wherein the 2-aminobenzothiazole compound is
      4-methyl-2-aminobenzothiazole.
NUM  22.
PAR  22. The process of claim 19 wherein the 2-aminobenzothiazole compound is
      4-chloro-2-aminobenzothiazole.
NUM  23.
PAR  23. The process of claim 18 wherein the solvent is ethylene glycol.
NUM  24.
PAR  24. The process claim 23 wherein the 2-aminobenzothiazole compound is
      2-aminobenzothiazole.
NUM  25.
PAR  25. The process of claim 23 wherein the 2-aminobenzothiazole compound is
      4-methyl-2-aminobenzothiazole.
NUM  26.
PAR  26. The process of claim 23 wherein the 2-aminobenzothiazole compound is
      4-chloro-2-aminobenzothiazole.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Where X is oxygen or sulfur and R hydrogen, (C.sub.1 -C.sub.4)-alkyl,
      (C.sub.1 -C.sub.3)-acyl, (C.sub.1 -C.sub.2)-halo -alkyl-carbonyl, (C.sub.2
      -C.sub.6)-alkoxy-alkyl-carbonyl, (C.sub.1 -C.sub.4)-alkoxycarbonyl,
      phenyloxy-carbonyl, N-mono- or Di-(C.sub.1 -C.sub.4)-alkyl-carbamoyl,
      N-(C.sub.1 -C.sub.4)-alkyl-N-(C.sub.1 -C.sub.4)-alkoxy-carbamoyl,
      N-phenyl-carbamoyl, the phenyl nucleus of which optionally being
      substituted by one or two halogen atoms and/or trifluormethyl groups;
      morpholino-carbonyl, N'-methylpiperazino-carbonyl, piperidino-carbonyl,
      pyrrolidino-carbonyl, N-(trihalogeno-phenoxy-sulfonyl)-carbamoyl or
      N-(1,1,3,3-tetrachloro-2-propoxy-sulfonyl)-carbamoyl, or, in the case of R
      being H or alkyl, also the physiologically tolerable salts thereof with
      inorganic or organic bases or acids.
BSUM
PAR  The present invention relates to compounds of the formula
      ##SPC2##
PAL  Where X is oxygen or sulfur and R hydrogen, (C.sub.1 -C.sub.4) -alkyl,
      (C.sub.1 -C.sub.3)-acyl, (C.sub.1 -C.sub.2)-halo -alkyl-carbonyl, (C.sub.2
      -C.sub.6)-alkoxy-alkyl-carbonyl, (C.sub.1 -C.sub.4)-alkoxycarbonyl,
      phenyloxy-carbonyl, N-mono- or di-(C.sub.1 -C.sub.4)- alkyl-carbamoyl,
      N-(C.sub.1 -C.sub.4)-alkyl-N-(C.sub.1 -C.sub.4)-alkoxy-carbamoyl,
      N-phenyl-carbamoyl, the phenyl nucleus of which optionally being
      substituted by one or two halogen atoms and/or trifluoromethyl groups;
      morpholino-carbonyl, N'-methylpiperazino-carbonyl, piperidino-carbonyl,
      pyrrolidino-carbonyl, N-(trihalogeno-phenoxy-sulfonyl)-carbamoyl or
      N-(1,1,3,3-tetrachloro-2-propoxy-sulfonyl)-carbamoyl, or, in the case of R
      being H or alkyl, also the physiologically tolerable salts thereof with
      inorganic or organic bases or acids.
PAR  Preferred lower alkyl or alkoxy groups as cited above are those having 1 or
      2 carbon atoms, preferred halogen atoms are F, Cl, Br, especially F and/or
      Cl. However, compounds preferred above all are those where R is hydrogen.
PAR  The compounds of formula I have a morphoregulative action in plants, they
      interfere with the physiological mechanisms of a plant and may therefore
      be used for regulation of plant growth.
PAR  By way of example the following compounds of formula I may be mentioned as
      growth regulators:
PAL  2-(1',1'-difluoro-2',2'-dichloroethyl)-5-amino-, -5-acetamido-,
      -5-trichloro-acetamido-, -5-dichloro-acetamido-, -5-chloro-acetamido-,
      -5-propionamido-, -5-.alpha.,.alpha.-dichloro-propionamido-,
      -5-ethoxy-carbonyl-amino, -5-isopropoxy-carbonylamino-,
      -5-N-methyl-carbamoylamino-, -5-morpholino-carbonylamino-,
      -5-N'-methylpiperazino-carbonylamino-, -piperidino-carbonylamino-,
      -pyrrolidino-carbonylamino-1,3,4-thia-diazole or -oxadiazole.
PAR  The compounds of formula I are prepared by reacting imido esters of the
      formula
      ##EQU1##
      where R.sub.1 is lower alkyl, with thiosemicarbazide, semicarbazide or a
      salt thereof, cyclizing the compounds of the formula
      ##EQU2##
      so obtained in the presence of a low molecular weight alcane-carboxylic
      acid to form compounds of the formula
      ##SPC3##
PAL  where R.sub.2 is the acyl radical of the carboxylic acid used if X is S or
      hydrogen if X is 0, optionally splitting off the radical R.sub.2 by acidic
      saponification, and optionally converting the compounds of the formula
      ##SPC4##
PAL  so obtained to compounds of formula I by alkylation or reaction with
      corresponding isocyanates or acid halides, or converting them with
      phosgene to the corresponding isocyanates and reacting the latter with
      corresponding secondary amines.
PAR  The compounds of formula II are known for example from Ann. Chim. 58
      (1968), No. 1, pp. 25-31. Their reaction with semicarbazide or
      thiosemicarbazide may be carried out in polar solvents such as methanol,
      ethanol, propanol, isapropanol, acetone, methylethylketone, acetonitrile,
      dimethyl formamide, or dimethyl sulfoxide, but preferably in the presence
      of lower aliphatic carboxylic acids such as formic or acetic acid. When
      instead of the free semicarbazide or thiosemicarbazide, the salts thereof
      (preferably the hydrochlorides or sulfates) are used as starting
      substances, they have first to be converted to the free compounds. For
      this purpose, an at least equimolar amount of a basic agent such as sodium
      or potassium carbonate, pyridine or triethylamine is added to the salt in
      one of the cited polar solvents. The reaction temperatures are from
      20.degree. to 80.degree.C, preferably from 30.degree. to 60.degree.C.
PAR  Cyclization to form the compounds of formula IV is carried out by heating
      to temperatures of from 70.degree. to 140.degree.C with organic acids such
      as formic, acetic or propionic acid. If starting compounds in which X is S
      are subjected to this cyclization, the acyl radical of the acid used is
      introduced into the free amino group of the cyclization product. For
      practical reasons, the preparation of the thiadiazoles generally starts
      from free thiosemicarbazide, and is carried out in an acidic medium, for
      example in glacial acetic acid. Proceeding in this manner, the
      intermediate compound of formula III in which X is S is first formed at
      low temperature; however, with increasing reaction temperature (for
      example to the boiling point of the solvent) compound III is cyclized in
      situ to compound IV (X = S, R.sub.2 = low molecular weight alkanoyl).
PAR  By heating in inorganic acids, preferably sulfuric acid, or in mixtures of
      inorganic acids with organic solvents such as HCl/ethanol, the acyl
      radical is split off the thiadiazoles of formula IV, and the salts of the
      corresponding inorganic acid with the amine V are obtained. By reaction of
      the salts with bases such as NaOH, KOH or ammonium hydroxide, the free
      amine is obtained. The amines of formula V are then monoalkylated at the
      amino group in known manner (using for example diazomethane or dimethyl
      sulfate) or reacted with acid halides (preferably acid chlorides) or
      isocyanates to form the compounds of formula I. It is furthermore possible
      to convert the amino group of the compounds V to the --N=C=O group with
      phosgene and subsequently react the latter group with open-chain or cyclic
      secondary amines.
PAR  The compounds of formula V may be converted, if desired to their salts by
      means of inorganic or organic acids or bases, whereby the thiadiazoles of
      formula V are more basic than the oxadiazoles. Suitable acids are for
      example HCl, H.sub.2 SO.sub.4, H.sub.3 PO.sub.4, HClO.sub.4, formic or
      acetic acid; suitable bases are for example NaOCH.sub.3, NaOH, KOH,
      NH.sub.3, N(CH.sub.3).sub.3, or pyridine.
PAR  The compounds have a broad utility as growth depressing agents in crop
      plants and leguminosae as well as in weed grasses and broad-leaf weeds.
      Especially important is their utility in barley, for which no suitable
      growth regulator is hitherto known. Spring or winter barley is especially
      susceptible to flattening, which can be prevented by controlling the
      longitudinal growth by means of the invention compounds. The compounds of
      the invention are applied either in the pre-emergent or, preferably, the
      post-emergent phase, especially in the period between three-leaf stage and
      sprouting, and above all in the period of tillering, and shortly before
      sprouting.
PAR  The growth reduction of the plant does not cause any damage such as
      decoloration, stunting or withering. On the contrary, the compounds of
      formula I, when applied to broadleaf plants, cause an increased branching
      of the treated plants, that is, the so-called "sleeping eyes" are incited
      to sprout.
PAR  Since besides the growth-retarding activity in crop plants, a considerable
      growth reducation of weed grasses and weeds can also be observed, the
      substances of the invention may be applied also to areas where vegetation
      is desired, for example in order to combat erosion, but is to be kept as
      low as possible. The stem-shortening activity of the substances of the
      invention in the pre- and post-emergent phase may be also utilized in
      combination with pre- and post-emergence herbicides and/or fertilizers.
      This combined application is advantageous for example in cereals, since
      the farmer may join the spraying of herbicide and stem-shortening product
      in one single operation and thus save considerable time and cost.
PAR  The compounds of the invention may be prepared in usual admixture with
      solid or liquid formulation additives such as inert carrier materials,
      adhesives, wetting or dispersing agents or grinding auxiliaries, in the
      form of wettable powders, emulsions, suspensions or dusting powders, the
      active substance concentration of which being from 5 to 80 %.
PAR  As carrier material for solid products, mineral substances, for example
      aluminium silicates, argillaceous earths, kaolin, chalks, siliceous
      chalks, talcum, kieselgur or hydrated silicic acids can be used, or
      preparations of these mineral substances with special additives, for
      example, chalk with sodium stearate. As carrier material for liquid
      preparations, any suitable organic solvents may be employed, for example
      toluene, xylene, diacetone alcohol, isophorone, gasolines, paraffin oils,
      dioxan, dimethyl formamide, dimethyl sulfoxide, ethyl or butyl acetate,
      tetrahydrofuran, chlorobenzene, or similar substances.
PAR  Suitable adhesives are glue-like cellulose products or polyvinyl alcohols.
PAR  As wetting agents, any suitable emulsifiers may be used, for example
      ethoxylated alkylphenols, salts of aryl- or alkyl-aryl-sulfonic acids,
      salts of ethoxylated benzenesulfonic acids, or soaps.
PAR  Suitable dispersing agents are cellulose pitch (salts of ligninsulfonic
      acid), salts of naphthalenesulfonic acid or sometimes, hydrated silicic
      acids or kieselguhr.
PAR  As grinding auxiliaries, suitable inorganic or organic salts, for example
      sodium sulfate, ammonium sulfate, sodium carbonate and sodium bicarbonate,
      sodium thiosulfate, sodium stearate, or sodium acetate may be used.
DETD
PAR  The following examples illustrate the invention.
PAC  A. Examples of preparation
PAC  EXAMPLE 1a:
      ##SPC5##
PAR  910 g (10 mols) of thiosemicarbazide were suspended in 10 liters of pure
      glacial acetic acid, and 1.92 g (10 mols) of
      .alpha.,.alpha.-difluoro-.beta.,.beta.-dichloro-imido-propionic acid
      methyl ester were added dropwise in such a manner that the reaction
      temperature did not exceed 32.degree.C. Agitation was then continued for a
      further 3 hours at 30.degree.C. The batch was slowly heated to
      50.degree.C, and agitation was continued at this temperature for a further
      5 hours. Subsequently, in order to cyclize the N.sub.1
      -thiocarbamoyl-(.alpha.,.alpha.-difluoro-.beta.,.beta.-dichloro)-propionam
     idrazone (melting point 157.degree.-158.degree.C) obtained, the batch was
      refluxed for 7 hours with agitation. After cooling to room temperature,
      water was added until a solid precipitated which was suction-filtered and
      washed with water.
PAR  After drying, 1710 g (62 %) of
      2-(1',1'-difluoro-2',2'-dichloroethyl)-5-acetamido-1,3,4-thiadiazole were
      obtained. A sample was recrystallized from toluene: melting point
      182.degree.-184.degree.C.
PAC  EXAMPLE 1b:
      ##SPC6##
PAR  1580 g of
      2-(1',1'-difluoro-2',2'-dichloro-ethyl)-5-acetamido-1,3,4-thiadiazole were
      mixed with 5700 ml of concentrated H.sub.2 SO.sub.4 and heated to
      120.degree.-130.degree.C for 2 hours with ageitation. After cooling, the
      sulfuric acid containing solution was poured into icewater while stirring
      and neutralized with 30 % sodium hydroxide solution. The precipitate
      formed was separated and washed with water. After drying, 1320 g (98.5 %)
      of 2-(1',1'-difluoro-2',2'-dichloro-ethyl)-5-amino-1,3,4-thiadiazol having
      a melting point of 181.degree.-182.degree.C were obtained.
PAC  EXAMPLE 2a:
      ##EQU3##
PAR  192 g (1 mol) of
      .alpha.,.alpha.-difluoro-.beta.,.beta.-dichloro-imido-propionic acid
      methyl ester were dissolved in 625 ml of methanol, 69 g (0.5 mol) of
      pulverulent potassium carbonate were added as well as, dropwise, a
      solution of 111.5 g (1 mol) of semicarbazide hydrochloride in 350 ml of
      water, which caused the temperature to rise to 31.degree.C. Agitation was
      continued for 1 hour without external heating, and then for 4 hours at a
      temperature of 55.degree.C. The batch was then allowed to cool, and the
      potassium chloride formed was removed by suction-filtration. The filtrate
      was concentrated, the residue was treated with 4 liters of carbon
      tetrachloride with heating; the undissolved residual potassium chloride
      was removed by decanting. The reaction product crystallized, and 206 g
      (87.8 %) of N.sub.1
      -carbamoyl-(.alpha.,.alpha.-difluoro-.beta.,.beta.-dichloro)-propionamidra
     zone having a melting point of 105.degree.C were obtained.
PAC  EXAMPLE 2b:
      ##SPC7##
PAR  25 g (0.15 mol) of N.sub.1
      -carbamoyl-(.alpha.,.alpha.-difluoro-.beta.,.beta.-dichloro)-propionamidra
     zone were dissolved in 200 ml of glacial acetic acid and refluxed for 6
      hours. Subsequently, the batch was concentrated, the residue was stirred
      with methylene chloride, the solid formed was suction-filtered, washed
      with water and dried.
PAR  16.4 g of 2-(1',1'-difluoro-2',2'-dichloro-ethyl)-5-amino-1,3,4-oxadiazole
      having a melting point of 171.degree.C were obtained.
PAC  EXAMPLE 3:
      ##SPC8##
PAR  43.5 g (0.2 mol) of
      2-(1',1'-difluoro-2',2'-dichloroethyl)-5-amino-1,3,4-oxadiazole were
      dissolved in 400 ml of acetonitrile, and 27.8 ml (0.2 mol) of
      triethylamine were added, which caused the temperature to rise from
      20.degree. to 35.degree.C. A colorless solid precipitated. Agitation was
      continued for one-half hour at 60.degree.C, the batch was allowed to cool,
      the residue was suction-filtered and washed with water. After
      recrystallization from dioxan, 43.8 g (68.6 %) of the salt of
      2-(1',1'-difluoro-2',2'-dichloro-ethyl)-5-amino-oxadiazoltriethylamine
      were obtained having a melting point of 163.degree.-164.degree.C.
PAC  EXAMPLE 4:
      ##SPC9##
PAR  23.4 g (0.1 mol) of
      2-(1',1'-difluoro-2',2'-dichloroethyl)-5-amino-1,3,4-thiadiazol were
      suspended in 550 ml of methylene chloride, and 11.7 ml (0.2 mol) of
      methylisocyanate were added, which caused the temperature of the mixture
      to rise from 26.degree. to 30.degree.C. A solution was obtained, which was
      allowed to cool with agitation and, after being abandoned for 24 hours,
      was concentrated at room temperature. The solid residue was recrystallized
      from toluene. 26.75 g (92 %) of
      2-(1',1'-difluoro-2',2'-dichloro-ethyl)-5-N-methylcarbamoyl-amino-1,3,4-th
     iadiazole having a melting point of 187.degree.C were obtained.
PAR  The compounds listed in Table I were prepared in an analogous manner.
TBL                                    Table I                                 
     __________________________________________________________________________
     Example                                                                   
          Formula (R.sub.3 =--CF.sub.2 --CHCl.sub.2)                           
                                           melting point                       
     No.                                   .degree.C                           
     __________________________________________________________________________
     5                                     248-249                             
     6                                     135-137                             
     7                                     148-150                             
     8                                     135-136                             
     9                                     non-                                
                                           distillable                         
                                           oil                                 
     10                                    60-61                               
     11                                    230                                 
     12                                    210                                 
     13                                    non-                                
                                           distillable                         
                                           oil                                 
     __________________________________________________________________________
PAC  EXAMPLE 14:
      ##SPC10##
PAR  23.4 g (0.1 mol) of
      2-(1',1'-difluoro-2',2'-dichloro-ethyl)-5-amino-1,3,4-thiadiazole were
      dissolved at 80.degree.C in 700 ml of dried toluene, 13.9 ml of
      triethylamine were added, and dropwise at the same temperature 12.25 g
      (0.1 mol) of .beta.-methoxypropionic acid chloride. Agitation was
      continued for 5 hours at 100.degree.C. The batch was allowed to cool, the
      hydrochloride formed was suction-filtered and the filtrate was
      concentrated. The residue was recrystallized from petroleum ether (boiling
      point 80.degree.-110.degree.C).
PAL  Yield: 20.4 g (64 %) of
      2-(1',1'-difluoro-2',2'-dichloroethyl)-5-(.beta.-methoxy-propionamido)-1,3
     ,4-thiadiazole having a melting point of 112.degree.-113.degree.C.
PAR  In an analogous manner, the compounds listed in Table II were prepared.
TBL                                    Table II                                
     __________________________________________________________________________
     Example                                                                   
          Formula (R.sub.3 = --CF.sub.2 --CHCl.sub.2)                          
                                    melting point                              
     No.                            .degree.C                                  
     __________________________________________________________________________
     15                             84                                         
     16                             105-107                                    
     17                             116-118                                    
     18                             158-159                                    
     19                             130-131                                    
     20                             98-99                                      
     21                             163                                        
     __________________________________________________________________________
PAC  EXAMPLE 22a:
      ##SPC11##
PAR  21.7 g (0.1 mol) of
      2-(1',1'-difluoro-2',2'-dichloroethyl)-5-amino-1,3,4-thiadiazole were
      suspended at room temperature in 500 ml of chlorobenzene, and a solution
      of 30 g of phosgene in 200 ml of chlorobenzene was rapidly added with
      agitation. With further agitation and feeding-in of gaseous phosgene, the
      temperature was raised by 15.degree.C per hour until 110.degree.C were
      attained (a clear solution was obtained from 60.degree.C onward). The
      solution was then allowed to cool, nitrogen was passed through the
      solution to remove the residual phosgene, and the solution was
      concentrated. A brittle mass remained which became pulverulent on
      trituration with petroleum ether (boiling point 80.degree.-110.degree.C).
      By suction-filtration and drying, 19 g (73 %) of
      2-(1',1'-difluoro-2',2'-dichloro-ethyl)-5-isocyanato-1,3,4-thiadiazole
      were obtained. Decomposition temperature: 200.degree.C.
PAC  EXAMPLE 22b:
      ##SPC12##
PAR  26.0 g (0.1 mol) of
      2-(1',1'-difluoro-2',2'-dichloroethyl)-5-isocyanato-1,3,4-thiadiazole were
      dissolved in 700 ml of methylene chloride, and 17.4 g (0.2 mol) of
      morpholine (distilled over NaOH) were added dropwise, which caused the
      temperature to rise from 27.degree. to 34.degree.C. Agitation was
      continued at 35.degree.C for 4 hours, and the batch was then allowed to
      cool. After concentration, a solid residue was obtained which was
      recrystallized from toluene.
PAL  Yield: 25.5 g (73.5 %) of
      2-(1',1'-difluoro-2',2'-dichloroethyl)-5-morpholine-carbonamido-1,3,4-thia
     diazole, melting point 194.degree.C.
PAR  In an analogous manner, the compounds listed in Table III were prepared.
TBL                                    Table III                               
     __________________________________________________________________________
     Example                                                                   
          Formula (R.sub.3 = --CF.sub.2 --CHCl.sub.2)                          
                                  melting point                                
     No.                          .degree.C                                    
     __________________________________________________________________________
     23                           168-169                                      
     24                           90                                           
     25                           102-105                                      
     __________________________________________________________________________
PAC  EXAMPLE 26:
PA0  Preparation of a 20 % wettable powder
PA1  12 g of active substance according to Example 1b were preground with
PA1  3 g of Silcasil, and subsequently mixed in a turbine mixer with
PA1  45 g of a preliminary mixture prepared by mixing
PA1  10 g of cellulose pitch
PA1  49 g of Sillitin Z
PA1  8 g of Silcasil
PA1  7 g of Polypropyleneglycol P 750 + Silcasil = 1:1
PA1  1 g of Hostapon.
PAR  In this manner, 60 g of a 20 % wettable powder were obtained.
PAC  B. Examples of application
PAC  EXAMPLE I:
PAR  Plants of cereals (wheat, barley, oats and rye) in the 2- to 3-leaf stage
      were sprayed with aqueous suspensions of substances of the invention.
PAR  Table I shows the stem-shortening effect; the growth decrease (GD) being
      expressed in percent as compared to untreated plants. As comparative
      substance, in this and the following tests, the known commercial product
      chlorocholin chloride was used.
PAC  Table I
PAC  Greenhouse test, post-emergence
PAL  Growth decrease (GD) in % compared to untreated cereals (spring wheat and
      barley, oats, spring rye)
     Preparation                                                               
               Doses     Spring  Spring                                        
                                       Oats  Spring                            
     according to                                                              
               kg/ha of  wheat   barley      rye                               
     Example   active    GD %    GD %  GD %  GD %                              
               substance                                                       
     ______________________________________                                    
     2b        5.0       45      35    30    25                                
               1.25      10      10    10    10                                
               0.3       10      0     0     5                                 
     1b        5.0       15      15    10    10                                
               1.25      10      10    5     5                                 
               0.3       10      0     0     0                                 
     chlorocholine                                                             
               5.0       35      0     10    0                                 
     chloride  1.25      10      0     5     0                                 
               0.3       10      0     5     0                                 
     ______________________________________                                    
PAC  EXAMPLE II:
PAR  Broad-leaf plants such as rape, dwarf-bush bean, soybean and horse bean in
      the 2- to 3-leaf stage were sprayed with aqueous suspensions of substances
      of the invention. The results of these tests are listed in Tables IIa and
      IIb expressed in percent of growth decrease (GD) as compared to untreated
      control plants.
PAC  TABLE IIa
PAC  Greenhouse test, post-emergence
PAL  Growth decrease (GD) in % compared to untreated plants (rape, dwarf-bush
      bean, soybean, horse bean).
TBL  ______________________________________                                    
     Preparation                                                               
               Doses     Rape    Dwarf-                                        
                                       Soy-  Horse                             
     according to                                                              
               kg/ha             bush  bean  bean                              
     Example   of active         bean                                          
               substance GD %    GD %  GD %  GD %                              
     ______________________________________                                    
     2b        5.0       70      55    70    50                                
               1.25      20      50    40    30                                
               0.3        0      0      0     0                                
     1b        5.0       10      5     40    45                                
               1.25      10      5     10    20                                
               0.3        0      0      0    15                                
     chlorocholine                                                             
               3.0       10      30    15     5                                
     chloride  1.25       0      10     0     0                                
               0.3        0      0      0     0                                
     ______________________________________                                    
PAC  TABLE IIb
PAC  Greenhouse test, post-emergence
PAL  Growth decrease (GD) in % compared to untreated plants (dwarf-bush bean,
      horse bean, soybean).
TBL  ______________________________________                                    
     Preparation                                                               
               Dose      Dwarf-   Horse  Soy-                                  
     according to                                                              
               kg/ha of  bush     bean   bean                                  
     Example   active    bean                                                  
               substances                                                      
                         GD %     GD %   GD %                                  
     ______________________________________                                    
     3         2.5       20       40     40                                    
               0.6       10       10     10                                    
               0.15      0        0      0                                     
     chlorocholine                                                             
               2.5       15       0      5                                     
     chloride  0.6       0        0      0                                     
               0.15      0        0      0                                     
     ______________________________________                                    
PAC  EXAMPLE III:
PAR  Weeds and weed grasses of different growth stages were sprayed with the
      substances of the invention. The results are listed in Tables IIIa and
      IIIb showing the growth decrease in percent as compared to untreated
      plants.
PAC  TABLE IIIa
PAC  Greenhouse test, post-emergence
PAL  Growth decrease (GD) of weeds in % compared to untreated control plants.
      The preparation were applied to the test plants in stage C and D.sub.2
PA0  stage C = 1 pair of leaves has developed
PA0  stage D.sub.2 = 2 pair of leaves or of leaf stipules have developed.
TBL  ______________________________________                                    
     Preparation                                                               
              Dose      Galium    Stellaria                                    
                                          Sinapis                              
     according to                                                              
              kg/ha of  aparine   media   arvensis                             
     Example  active    GD %      GD %    GD %                                 
            substance                                                          
                    C      D.sub.2                                             
                                  C    D.sub.2                                 
                                            C    D.sub.2                       
     ______________________________________                                    
     2b       5.0       25     50   90   80   80   45                          
              1.25      20     15   70   40   50   15                          
              0.3       0      --   20   0    10    0                          
     22b      5.0       20     10   60   10   45   25                          
              1.25      10      5   10   5    25   10                          
              0.3       5       0    0   0    10    0                          
     chlorocholine                                                             
              5.0       0      10    0   0    45   20                          
     chloride 1.25      0       0    0   0    40   15                          
              0.3       0       0    0   0    20   10                          
     ______________________________________                                    
PAC  Table IIIb
PAC  Greenhouse test, post-emergence
PAL  Growth decrease (GD) of weeds in % compared to untreated control plants.
      The preparations were applied to the test plants in stage C and D; stage
      C=2 leaves; stage D = 3 leaves.
TBL  ______________________________________                                    
     Preparation                                                               
              Doses     Lolium    Poa     Poa                                  
     according to                                                              
              kg/ha of  multiflorum                                            
                                  trivialis                                    
                                          annua                                
     Example  active    GD %      GD %    GD %                                 
            substance                                                          
                    C      D      C    D    C    D                             
     ______________________________________                                    
     2b       5.0       20     15   50   10   30   15                          
              1.25      10     0    10   0    10   10                          
              0.3       0      0    0    0     0    0                          
     chlorocholine                                                             
              5.0       0      10   0    0    45   20                          
     chloride 1.25      0      0    0    0    40   15                          
              0.3       0      0    0    0    20   10                          
     ______________________________________                                    
PAC  EXAMPLE IV:
PAR  The substance of the invention was tested in the field in lot and
      logarithmic tests. When the substance was applied to spring wheat having
      reaching a considerable growth already, a distinctive shortening of the
      stem was observed at an application rate of 2.0 kg/ha of active substance.
      With different spring wheat kinds this shortening amounted to 7.3 % on the
      average, the lower and upper limits were 4.2 to 11.4 %. When applying an
      amount of 1.0 kg/ha of active substance, there was only a 2.1 % effect
      (limits 0.8 to 3.5 %).
PAR  The results of the post-emergence spraying of different spring wheat kinds
      are listed in Table IV.
PAC  TABLE IV
PAC  Field test, post-emergence
PAL  Stem shortening (GD) of 3 spring wheat kinds in % compared to untreated
      plants.
TBL  ______________________________________                                    
     Preparation                                                               
              Doses      Janus    Kolibri                                      
                                         Opal                                  
     according to                                                              
              kg/ha of   GD %     GD %   GD %                                  
     Example  active                                                           
              substance                                                        
     ______________________________________                                    
     2b       1.0        0.8      3.5    2.0                                   
              2.0        4.2      11.4   7.4                                   
     ______________________________________                                    
PAC  EXAMPLE V:
PAR  Besides the post-emergence effect, the pre-emergence activity of the
      substances of the invention was tested also in a greenhouse. The result
      was a considerable activity in monocotyledoneous and dicotyledoneous
      plants, the results being listed in the following Tables Va and Vb.
PAC  Table Va
PAC  Greenhouse test, pre-emergence
TBL  Preparation                                                               
               Dose       Spring   Oats   Spring                               
     according to                                                              
               kg/ha of   barley          rye                                  
     Example   active     GD %     GD %   GD %                                 
               substance                                                       
     ______________________________________                                    
     2b        2.5        10       10     5                                    
               0.6        5        5      5                                    
               0.15       0        0      0                                    
     chlorocholine                                                             
               2.5        10       0      5                                    
     chloride  0.6        0        0      5                                    
               0.15       0        0      0                                    
     ______________________________________                                    
PAR  Table Vb shows the pre-emergence effect on broad-leaf crop plants.
PAC  Table Vb
PAC  Field test, post-emergence
PAL  Growth decrease (GD) of dwarf-bush bean, horse bean and soybean in %
      compared to untreated control plants.
TBL  ______________________________________                                    
     Preparation                                                               
               Dose      Dwarf-bush Horse  Soy-                                
     according to                                                              
               kg/ha to  bean       bean   bean                                
     Example   active    GD %       GD %   GD %                                
               substance                                                       
     ______________________________________                                    
               2.5       35         15     50                                  
     2b        0.6       10         0      0                                   
               0.15      0          0      0                                   
     chlorocholine                                                             
               2.5       10         0      0                                   
     chloride  0.6       0          0      0                                   
               0.15      0          0      0                                   
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Compounds of the formula
      ##SPC13##
PAL  where X is oxygen or sulfur and R hydrogen, (C.sub.1 -C.sub.4)-alkyl,
      C.sub.1 -C.sub.3 -alkanoyl, (C.sub.1 -C.sub.2)-halo -alkyl-carbonyl,
      (C.sub.2 -C.sub.6)-alkoxy-alkyl-carbonyl, (C.sub.1
      -C.sub.4)-alkoxycarbonyl, phenyloxy-carbonyl, N-mono- or di-(C.sub.1
      -C.sub.4)-alkyl-carbamoyl, N-(C.sub.1 -C.sub.4)-alkyl-N-(C.sub.1
      -C.sub.4)-alkoxy-carbamoyl, N-phenyl-carbamoyl, the phenyl nucleus of
      which optionally being substituted by one or two halogen atoms and/or
      trifluoromethyl groups; morpholino-carbonyl, N'-methylpiperazino-carbonyl,
      piperidino-carbonyl, pyrrolidino-carbonyl,
      N-(trihalogeno-phenoxy-sulfonyl)carbamoyl or
      N-(1,1,3,3-tetrachloro-2-propoxy-sulfonyl)carbamoyl, or, in the case of R
      being H or alkyl, also the physiologically tolerable salts thereof.
NUM  2.
PAR  2. Compounds of the formula
      ##SPC14##
PAL  where X is oxygen or sulfur, or the physiologically tolerable salts
      thereof.
PATN
WKU  039377164
SRC  5
APN  3773779
APT  1
ART  122
APD  19730709
TTL  Oxazolidine derivatives
ISD  19760210
NCL  4
ECL  1
EXA  Tighe; Anne Marie T.
EXP  Gallagher; Richard J.
INVT
NAM  Lewis; Sheldon N.
CTY  Willow Grove
STA  PA
INVT
NAM  Levy; Jerome F.
CTY  Dresher
STA  PA
INVT
NAM  Horton; Napoleon L.
CTY  Philadelphia
STA  PA
ASSG
NAM  Rohm and Haas Company
CTY  Philadelphia
STA  PA
COD  02
CLAS
OCL  260307FA
XCL  260 75N
XCL  260 775AQ
XCL  260 775AC
XCL  260 775R
XCL  260248NS
XCL  260469
XCL  260476R
XCL  260486R
XCL  260566R
XCL  260488F
EDF  2
ICL  C07D26304
FSC  260
FSS  307 FA
OREF
PAL  wagner et al., Synthetic Organic Chemistry, John Wiley & Sons, Inc., New
      York, 1953, pp. 253-254 relied on.
ABST
PAL  New products and methods for their preparation; principally,
      3-(glycidyl)-1,3-oxazolidines and derivatives thereof obtained via the
      reaction of a 3-(glycidyl)-1,3-oxazolidine with an amine, alcohol,
      sulfonate, mercaptan, azide or cyanide. Also covered are oxazolidines
      containing a carboxy function which are obtained by treating a
      3-(glycidyl)-1,3-oxazolidine with a mono-or poly-carboxylic acid. The
      products are useful in improving the adhesiveness of polymers and in
      promoting the room temperature cure of isocyanate and anhydride polymers
      to afford new plastic, adhesive and coating materials.
BSUM
PAR  This invention relates to a new class of 3-(glycidyl)-1,3-oxazolidines and
      to methods for their preparation. The products are useful as intermediates
      and as polymer-additives which improve the adhesive properties of the
      polymers with which they are combined. In addition, certain of the
      products have utility in promoting the room-temperature cure of isocyanate
      prepolymers and anhydride-containing polymers to afford new plastic,
      adhesive and coating materials.
PAR  The 3-(glycidyl)-1,3-oxazolidines of this invention have the following
      general formula:
      ##EQU1##
      the heterocyclic portion of which is represented in simplified style or
      fashion in the following formulas, such as in:
      ##EQU2##
      wherein R.sup.1 represents hydrogen or an hydrocarbyl radical selected
      from alkyl, for example, lower alkyl such as methyl, ethyl, n-propyl,
      isopropyl, butyl and the like, or aralkyl, for example, mononuclear and
      binuclear aralkyl such as benzyl, phenethyl or menaphthyl and the like
      R.sup.1 is an hydrocarbyl radical. The products are valuable intermediates
      which combine readily with polycarboxylic acids, or polymeric acids, to
      afford novel polyoxazolidines which have utility as polymer-additives, or
      as film-forming polymers, for improving the adhesiveness of said polymers
      to wood and painted surfaces.
PAR  Those 3-(glycidyl)-1,3-oxazolidines corresponding to formula I (supra)
      wherein R.sup.1 is hydrocarbyl such as alkyl, are conveniently obtained by
      treating the corresponding 2-hydrocarbyl substituted-1,3-oxazolidine (II)
      with an epihalohydrin to afford a
      3-(3-halo-2-hydroxypropyl)-1,3-oxazolidine (III) which, upon treatment
      with a base, affords the desired product (Ia). Any base which will
      eliminate hydrogen halide may be employed; however, we have found that the
      alkaline earth metal alkoxides, such as sodium methoxide in methanol, are
      particularly suitable for effecting dehydrohalogenation:
      ##EQU3##
      WHEREIN X is halo as, for example, chloro, bromo or iodo and the like and
      R.sup.1 is as defined above. Time and temperature are not especially
      critical to the process but, in general, it is most desirable to add the
      epihalohydrin to the oxazolidine over a period of several hours while
      maintaining the temperature at a range of from about
      25.degree.-90.degree.C. The dehydrohalogenation step is usually conducted
      at temperatures of up to about 125.degree.C. but, in general, it is
      preferable to operate within the range of from about -15.degree. to about
      75.degree.C.
PAR  The above process for preparing 3-(glycidyl)-1,3-oxazolidines (I) proceeds
      most advantageously when the oxazolidine reactant (II) is derived from
      ethanolamine and an aldehyde of at least two carbon atoms. The following
      equation illustrates this method:
      ##EQU4##
      wherein R.sup.2 is alkyl, for example, lower alkyl such as methyl, ethyl,
      n-propyl or isopropyl and the like, or aralkyl, for example, mononuclear
      and binuclear aralkyl such as benzyl, phenethyl or menaphthyl and the
      like. To achieve maximum yield it is advisable to use stoichiometric
      amounts of the ethanolamine and aldehyde reactants. If an excess of
      aldehyde is employed the process may result in the formation of an
      enamine:
      ##EQU5##
      wherein R.sup.3 and R.sup.4 are the same or different and represent
      hydrogen, lower alkyl, for example, methyl, ethyl, n-propyl or isopropyl
      and the like or aryl for example, mononuclear and binuclear aryl such as
      phenyl or naphthyl and the like. Also the following products were observed
      upon treating ethanolamine with isobutyraldehyde:
      ##EQU6##
PAR  In general, the process does not afford good yields when the oxazolidine
      (II) is derived from formaldehyde; however, in an attempt to synthesize
      3-(glycidyl)-2,2-dihydro-1,3-oxazolidine via the reaction of formaldehyde
      with ethanolamine and then reacting the product with an epihalohydrin, and
      finally dehydrohalogenating with a base, there would be obtained a small
      amount of product (Ib). The low yield is attributed to the competitive
      polymerization of the 2,2-dihydro-1,3-oxazolidine intermediate (IV) which,
      presumably, is catalyzed by traces of moisture and other proton sources:
      ##SPC1##
PAL  wherein X is as defined above. Also, when formaldehyde is treated with
      ethanolamine there is obtained, in addition to the desired monomeric
      oxazolidine, a cyclic trimer and various linear polymers:
      ##SPC2##
PAL  wherein x is an integer having a value of more than one. Monomeric
      1,3-oxazolidine has reportedly been prepared from the reaction of
      formaldehyde and ethanolamine by P. A. Laurent, Compte Rendue Acad.
      Science, Paris, Vol. 261: pages 1323-1326 (1965).
PAR  A 3-(glycidyl)-2,2-dihydro-1,3-oxazolidine derivative (Ib) can be obtained
      by subjecting the 3-(3-halo-2-hydroxypropyl)-2-hydrocarbyloxazolidine
      intermediate (III) to aldehyde interchange. Thus, for example, upon
      treating a 3-(3-halo-2-hydroxypropyl)-2-hydrocarbyloxazolidine (III) with
      a 37% formalin solution there is obtained a
      3-(3-halo-2-hydroxypropyl)-2,2-dihydro-1,3-oxazolidine (V) and an aldehyde
      side product which may be removed continuously as formed. The reaction is
      conducted at a temperature of from about -15.degree. to 75.degree.C. and,
      preferably, at a range of from about 5.degree.-10.degree.C. The
      3-(3-halo-2-hydroxypropyl)-1,3-oxazolidine (V) is then treated with an
      alcoholic solution of an alkali metal alkoxide such as sodium methoxide in
      methanol, to afford the desired 3-glycidyl-2,2-dihydro-1,3-oxazolidine:
      ##EQU7##
      wherein R.sup.1 and X are as defined above.
PAR  The 3-(glycidyl)-1,3-oxazolidines (I) of this invention have utility as
      intermediates inasmuch as they combine with a variety of nucleophilic
      reagents via the oxirane (i.e., epoxide) function to afford new monomeric
      and polymeric substances. Thus, for example, the oxirane moiety will react
      with the following classes of compounds to afford
      oxazolidine-functionalized products having a wide variety of industrial
      applications: primary and secondary amines, alkoxides, sulfonates,
      mercaptans, azides, cyanides and alcohols. The following equation
      illustrates this method of preparation:
      ##EQU8##
      wherein MR.sup.0 is an amine of the formula HNR.sup.7 R.sup.8, (M being H
      and R.sup.0 being --NR.sup.7 R.sup.8 in that case), a primary alcohol
      HOR.sup.12 (M being H and R.sup.0 being --OR.sup.12 in that case), an
      alkoxide, an alkali metal thiosulfate (M being an alkali metal and R.sup.0
      being S.sub.2 O.sub.3), a mercaptan of the formula HSR.sup.3 (M being H
      and R.sup.0 being --SR.sup.3 in that case), an alkali metal azide or an
      alkali metal cyanide each of which are defined further in the following
      paragraphs; and R and R.sup.1 are as defined above.
PAR  Polymers containing the above oxazolidines display improved adhesion to
      wood and painted surfaces. In addition, the 3-(glycidyl)-1,3-oxazolidines
      (I) provide an excellent means for incorporating the said oxazolidine
      moiety into carboxylic acid-containing polymers and polyesters via
      post-reaction of said polymers and polyesters with the oxirane moiety of
      the 3-(glycidyl)-1,3-oxazolidine (I). This approach, applied to
      acid-terminated polyesters is especially attractive for the preparation of
      polyoxazolidines sufficiently low in molecular weight (500-2,500) so as to
      be of interest in low solvent, high concentration formulations. Reactive
      blends of polyoxazolidines with polyisocyanates and polyanhydrides are of
      considerable interest in a variety of applications including industrial
      coatings, leather finishings and adhesives. Mixtures of diisocyanates with
      the 3-(glycidyl)-1,3-oxazolidines of this invention at ambient conditions
      (.apprxeq.23.degree.C., 40% relative humidity) produce films which rapidly
      become tack-free. For example, upon combining the
      3-(glycidyl)-1,3-oxazolidine and diisocyanate at 23.degree.C. and 40%
      relative humidity there is obtained within 2-3 hours a tack-free, hard,
      clear and abrasion-resistant film. In several screening tests,
      diisocyanate-oxazolidine mixtures provided significant improvements in
      leather properties when used as solvent impregnants. Improvements in early
      and cured peel strength and fabric bonding application was also observed.
PAR  The reaction of the instant oxazolidines (I) with secondary amines is very
      slow in the absence of a catalyst but it responds well to the addition of
      a small amount of a strong acid such as a 5% solution of
      para-toluenesulphonic acid:
      ##EQU9##
      wherein R.sup.7 and R.sup.8 represent the same or different radicals
      selected from hydrogen, alkyl, for example, lower alkyl such as methyl,
      ethyl, propyl, butyl and the like; aryl, for example, mononuclear aryl
      such as phenyl or p-tolyl and the like; aralkyl, for example, mononuclear
      aralkyl such as benzyl, phenethyl and the like or, taken together with the
      nitrogen atom to which they are attached, the R.sup.7 and R.sup.8 radicals
      may be combined to form a heterocycle selected from pyrrolidino,
      piperidino, morpholino or oxazolidino and the like; and R and R.sup.1 are
      as defined above. Temperature is not critical to the process and, in
      general, this reaction proceeds favorably at temperatures in the range of
      from about 0.degree.C. to about 125.degree.C. Also, the reaction proceeds
      readily with all classes of amines including dialkylamines but, in general
      the reaction with less sterically hindered amines, such as morpholine,
      pyrrolidine, piperidine, or oxazolidine, is distinctly more reactive. Thus
      85% of pyrrolidine was consumed after 17 hours reaction with
      3-(glycidyl)-1,3-oxazolidine at room temperature, whereas, with a weaker
      base such as morpholine, after a 20-hour reaction at 60.degree.C. there
      was an approximately 90% consumption of the reactant.
PAR  In general, primary alcohols are unreactive with
      3-(glycidyl)-1,3-oxazolidines under neutral or acidic conditions, but, the
      presence of an alkoxide, such as sodium methoxide, promotes the addition.
      Thus, the addition of a 3-(glycidyl)-1,3-oxazolidine (I) with excess
      alcohol in the presence of an alkoxide affords a
      3-(3-alkoxy-2-hydroxypropyl)-1,3-oxazolidine according to the following
      equation:
      ##EQU10##
      wherein R and R.sup.1 are as defined above and R.sup.12 is lower alkyl
      such as methyl, ethyl, propyl, butyl or amyl and the like.
PAR  The 3-(glycidyl)-1,3-oxazolidines (I) of this invention also combine with
      mercaptans, alkali metal thiosulfates, azides and cyanogens to afford the
      corresponding 3-(3-substituted -2-hydroxypropyl)-1,3-oxazolidine. Thus,
      for example, 3-(glycidyl)-1,3-oxazolidine (I) reacts with mercaptans
      according to the following equation:
      ##EQU11##
      wherein R.sup.1 and R.sup.3 are as defined above. If, in the foregoing
      equation an alkali metal thiosulfate is substituted for the mercaptan
      (HSR.sup.3) in an otherwise analogous process, the corresponding
      (3-thiosulfato-2-hydroxypropyl)oxazolidine salt is obtained:
      ##EQU12##
      wherein R.sup.1 is as defined above. Also, upon substituting an alkali
      metal azide or alkali metal cyanide such as sodium azide or sodium cyanide
      for the sodium thiosulfate described in the preceding equation, there is
      obtained the corresponding azido or cyano substituted oxazolidine
      according to the following two equations:
      ##EQU13##
      wherein R.sup.1 is as defined above.
PAR  The instant 3-(glycidyl)-1,3-oxazolidines (I) also react with
      monocarboxylic acids, as well as with polymeric and bis-carboxylic acids
      in non-aqueous systems to afford oxazolidine-containing esters or
      polyoxazolidines (VIII). The relative stability of those
      3-(glycidyl)-1,3-oxazolidines (I) wherein R.sup.1 is an hydrocarbyl
      radical makes it possible to condense same with carboxylic acids at
      elevated temperatures of from about 80.degree. to about 85.degree.C. over
      a period of several hours. In general, the proportion of
      3-(glycidyl)-1,3-oxazolidine (I) to carboxylic acid is not critical to the
      process. Stoichiometric mixtures consistently resulted in yields of 65-70%
      conversion to ester product but an excess of 3-(glycidyl)-1,3-oxazolidine
      (I) generally resulted in an increase in the yield of product. The
      following equation illustrates this process:
      ##EQU14##
      wherein R.sup.9 is a covalent bond (as in oxalic acid), an alkylene chain
      of 2-10 carbon atoms, an alkenylene chain of 2-10 carbon atoms, arylene,
      for example, a mononuclear arylene, such as phenylene, or an alkenyl group
      of 2-10 carbon atoms, n is an integer having a value of 1 or 2.
      (HOOC)R.sup.9 is a mono or polycarboxylic acid containing from 2-10 carbon
      atoms and R and R.sup.1 are as defined above. Illustrative of the
      carboxylic acids which can be employed are, for example, oxalic acid,
      maleic acid, adipic acid, azelaic acid, acrylic acid. The reaction is
      effected by simply mixing the reactants, either directly or in an inert
      solvent, and applying heat. The use of a catalyst in the process is purely
      optional but tetraalkylammonium salts or tertiary amines are preferred.
      When stoichiometric amounts of the reactants are employed there is a
      conversion of approximately 65-70% of the available acid functionality to
      oxazolidine. A side reaction such as polymerization, oligomerization or
      rearrangement of the glycidyloxazolidine takes place in competition with
      the desired addition to the carboxy group and this accounts for the
      moderate degree of conversion. Higher conversions of up to 90% can be
      achieved by employing excess glycidyloxazolidine.
PAR  The polyoxazolidines (VIII) obtained via the foregoing process have many
      industrial uses but, as a practical matter, their actual application may
      be hindered by interference from residual unconverted carboxylic acid.
      However, this drawback may be eliminated by the post-reaction of said acid
      with another epoxide such as ethylene oxide.
      ##EQU15##
      wherein R.sup.9 is as defined above and R.sup.10 is hydrogen or methyl. In
      this manner any residual acid is effectively eliminated via conversion to
      a product (IX) which is compatible with the ester-containing oxazolidine
      product.
PAR  The polyoxazolidines (VIII) are particularly valuable in promoting the room
      temperature cure of isocyanate and anhydride pre-polymers to afford
      plastics, coatings and adhesives with outstanding mechanical properties.
      The exposure of a freshly prepared mixture of an aliphatic diisocyanate
      4,4'-methylene-bis(cyclohexylisocyanate) with a polyoxazolidine (VIII) at
      25.degree.C resulted in a system which had a short gel time but, the
      exposure of freshly-mixed systems to ambient conditions
      (.apprxeq.23.degree.C., 40% relative humidity) produced films which were
      tack free within 2-3 hours and which were hard, clear and abrasion
      resistant within 24 hours. In several initial screening tests diisocyanate
      polyoxazolidine mixtures provided significant improvements in leather
      properties when used as solvent impregnants. In addition, an improvement
      in early and cured peel strength in fabric bonding application was also
      observed.
PAR  The reaction between the polyoxazolidines (VIII) and polyisocyanates is
      initiated by the presence of moisture. Atmospheric moisture is generally
      sufficient to initiate the polymerization and effect a cure of the
      composition. Also, if desired, water may be added to the compositions to
      effect the cure. It is believed that the polymeric products are the result
      of a rapid hydrolysis of the polyoxazolidines (VIII) whereupon the
      oxazolidine ring is opened and an amino alcohol is formed. The said amino
      alcohol then reacts with the polyisocyanates at either the active hydrogen
      of the amino group or the active hydrogen of the hydroxy group but it is
      believed that the reaction preferably occurs at the amino nitrogen. This
      process, namely, hydrolysis of the polyoxazolidine ring and subsequent
      polymerization with a polyisocyanate, generally occurs quite rapidly at
      ambient temperatures but elevated temperatures may be used if desired. The
      following equation wherein the polyisocyanate is a diisocyanate i.e.,
      R.sup.11 --NCO).sub.2, illustrates this method of preparation; however, it
      is to be understood that other polyisocyanates can be substituted therefor
      in an otherwise analogous process to afford the corresponding product:
      ##EQU16##
      wherein the polyoxazolidine (VIII) is as defined above and R.sup.11
      --NCO).sub.2 is a diisocyanate.
PAR  The ratio of polyisocyanate to polyoxazolidine (VIII) is not critical and
      can vary over a wide range to influence the nature and property of the
      desired polymeric product. For example, the polyisocyanate and
      polyoxazolidine can be present in ratios such that the reaction during
      cure will take place primarily between the polyisocyanate and the amino
      group of the hydrolyzed polyoxazolidine. In general, the ratio of
      polyisocyanate to polyoxazolidine (VIII) is from about 1:10 to 100:1
      molecular equivalents with the preferred ratio being from about 1:1.1 to
      about 2.5:1. Also, the reaction can be carried out with or without the use
      of a catalyst. Suitable catalysts include, for example, acids such as
      p-toluene sulfonic acid, dibutyltin octoate, zinc chloride, hydrogen
      chloride or the like. The catalysts are generally employed in an amount of
      from about 0.001% to about 10% by weight based on the weight of
      polyoxazolidine and, preferably, from about 0.1% to about 5% by weight.
      The curing may be conducted with or without the use of a solvent but,
      since the rate of hydrolysis of the polyoxazolidine and the subsequent
      curing with polyisocyanate can be influenced by the presence of such
      media, solvents are generally employed. Especially preferred solvents are
      those which are substantially free from active hydrogen as determined by
      the Zerewitinoff method described in Kohler et al (Journal of the American
      Chemical Society, Volume 40: pages 2181-2188; 1927) and should be
      substantially anhydrous. Typical of these solvents are, for example,
      toluene, xylene, aliphatic hydrocarbons, isopropyl ether, ethyl acetate,
      beta-ethoxyethyl acetate, methyl ethyl ketone and the like and mixture
      thereof. Pigments, dyes, fillers, antiozodants, antioxidants, stabilizers,
      flow-control agents or other optional ingredients can also be included in
      the composition.
PAR  Typical of the diisocyanates which may be combined with the oxazolidines
      (I) of this invention are the following: saturated aliphatic and
      cycloaliphatic diisocyanates, unsaturated aliphatic and cycloaliphatic
      diisocyanates, aromatic and polyaromatic diisocyanates, isocyanates
      derived from aliphatic polyamines, carbonate-containing diisocyanates,
      di-alkyl ether containing diisocyanates, vinyl polymers containing
      isocyanatoethyl methacrylate as a monomer or comonomer and prepolymers of
      polyisocyanates with polyhydroxy or polyamino substituted alkanes and
      cycloalkanes. Examples of the foregoing diisocyanates include:
      1,6-hexamethylene diisocyanate, 1,8-octamethylene diisocyanate,
      1,12-dodecamethylene diisocyanate, 2,2,4-trimethylhexamethylene
      diisocyanate, 3,3'-diisocyanatodipropyl ether,
      3-isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate,
      cyclopentylene-1,3-diisocyanate, cyclohexylene-1,4-diisocyanate, methyl
      2,6-diisocyanatocaproate, bis-(2-isocyanotoethyl)fumarate,
      4-methyl-1,3-diisocyanatocyclohexane, trans-vinylene diisocyanate,
      4,4'-methylene-bis(iso-cyanatocyclohexane)methane diisocyanate N,N',
      N"-tris-(6-isocyanatohexamethylene) biuret, bis-(2-isocyanatoethyl)
      carbonate, tolylene diisocyanates, xylylene diisocyanates, dianisidine
      diisocyanate, 4,4'-diphenylmethane diisocyanate,
      1-ethoxy-2,4-diisocyanatobenzene, 1-chloro-2,4-diisocyanotobenzene,
      tris-(4-isocyanatophenyl) methane, naphthalene diisocyanates, fluorene
      diisocyanates, 4,4'-biphenyl diisocyanate, phenylene diisocyanates,
      3,3'-dimethyl-4,4'-biphenyl diisocyanate, p-isocyanatobenzyl isocyanate,
      tetrachloro-1,3-phenylene diisocyanate 2,4,6-tribromo-1,3-phenylene
      diisocyanate, bis-(2-isocyanatoethyl) benzene,
      3-isocyanatomethyl-3,3,5-trimethylcyclohexylisocyanate, tolylene
      diisocyanate, menthane diisocyanate, menthane diisocyanate,
      4,4'-methylenebis-(cyclohexylisocyanate),
      4,4'-methylene-bis-(isocyanatocyclohexane) and
      2-isocyanotoethyl-6-isocyanatocaproate.
PAR  The isocyanate prepolymers of the preceding paragraph are prepared by
      methods well known to those skilled in the art. Generally, the preparation
      of the prepolymers involves the reaction of a polyol, polyether,
      hydroxyl-terminated polyester polyester amide, or other polyfunctional
      active hydrogen compound with a diisocyanate or other polyisocyanate,
      preferably, using an excess of the isocyanate to yield an
      isocyanate-terminated prepolymer product. An extensive description of some
      of the useful techniques for preparing the isocyanate prepolymers can be
      found in the text entitled: J. H. Saunders and K. C. Frisch,
      Polyurethanes: Chemistry and Technology, Part II, Interscience, (New
      York); pages 8-49 (1964).
PAR  Other polyfunctional isocyanates which can be combined with the
      oxazolidines (I) of this invention are those disclosed in U.S. Pat. No.
      3,162,664, of Brotherton et al., granted Dec. 22, 1964; U.S. Pat. No.
      3,427,346, of Brotherton et al., granted Feb. 11, 1969; U.S. Pat. No.
      3,275,679, of Brotherton et al., granted Sept. 27, 1966; U.S. Pat. No.
      3,352,830 1967, U.S. Pat. No. 2,729,666 of Stallmann, granted Jan. 3,
      1956; U.S. Pat. No. 2,768,154 of Unruh et al., granted Oct. 23, 1956; U.S.
      Pat. No. 3,267,122 of Lehmann et al., granted Aug. 16, 1966; U.S. Pat. No.
      3,281,378, of Garber et al., granted Oct. 25, 1966; U.S. Pat. No.
      3,124,605, of Wagner, granted Mar. 10, 1964; U.S. Pat. No. 2,718,516 of
      Bortnick, granted Sept. 20, 1955; as well as isocyanates prepared from the
      amines disclosed in U.S. Pat. No. 3,256,318, of Brotherton et al., granted
      June 14, 1966.
PAR  The polymeric products obtained via the condensation of polyoxazolidines
      (VIII) with polyisocyanates have utility in forming films, fibers, paints,
      lacquers, varnishes, seamless caulks, coatings and impregnants and as
      adhesives for both natural and synthetic materials such as paper,
      textiles, wood, plastics, metal and leather and as binders for non-woven
      fabrics. To prepare coatings and films, the polymeric product can be
      applied with or without a solvent by casting permanently or removably onto
      a suitable substrate.
PAR  The Examples which follow illustrate the products of this invention and the
      methods by which they are obtained. However, the examples are illustrative
      only and it will be apparent to those having ordinary skill in the art
      that this invention includes functionally equivalent products and methods
      for their preparation. Therefore, any modification of the claimed
      syntheses which result in the formation of an identical product should be
      construed as constituting an analogous method. The claimed processes are
      capable of wide variation and modification and, therefore, any minor
      departure therefrom or extension thereof is considered as being within the
      skill of the artisan and within the scope of this invention.
DETD
PAC  EXAMPLE 1
PAC  3-(Glycidyl)-2-Isopropyl-1,3-Oxazolidine
PAL  Step A: 2-Isopropyl-1,3-Oxazolidine
PAR  Into a two liter, three-necked flask equipped with a bottom stopcock,
      mechanical stirrer, thermometer and dropping funnel was charged 305 g.
      (5.0 moles) ethanolamine, 35 g. (0.25 moles) anhydrous potassium carbonate
      and 450 cc. of toluene. To the stirred mixture was added 360 g. (5 moles)
      of isobutyraldehyde via a dropping funnel over a 20 minute period while
      the temperature rose to a maximum of 67.degree.C. The dropping funnel was
      replaced with a Dean-Stark trap and the solution was stirred and allowed
      to cool to room temperature. The stirrer was stopped and separation of the
      organic and aqueous phases allowed to occur over an approximately 15
      minute period. The bottom aqueous layer was removed via the bottom
      stopcock and the remaining solution was heated to reflux at reduced
      pressure (180 mm. Hg.) and the water-toluene azeotrope was collected (50
      ml. water). The solution was stripped by gradually reducing the pressure
      to 20 mm. Hg., and continued until distillation ceased at the solution
      temperature of 55.degree.C. The resulting 2 -isopropyloxazolidine (552 g.,
      96%) was a clear, colorless, mobile liquid.
PAR  Analysis for C.sub.6 H.sub.13 NO: Calculated: C, 62.49; H, 11.39; N, 12.15.
      Found: C, 61.09; H, 11.17; N, 11.35.
PAR  Neutralization Equivalent (HClO.sub.4) Found: 112.9; Theoret.: 115.17.
PAR  GLC Analysis 98 + % purity.
PAL  Step B: 3-(3-Chloro-2-hydroxypropyl)-2-Isopropyl-1,3-Oxazolidine
PAR  Into a two-liter, three-necked flask equipped with a mechanical stirrer,
      thermometer and a dropping funnel was charged 575 g. (5.0 moles) of crude
      2-isopropyl-1,3-oxazolidine. To the dropping funnel was charged 575 g.
      (6.25 moles) of epichlorohydrin and this material was added dropwise over
      a period of three hours while the temperature was maintained at
      55.degree.C .+-. 2.degree.C. thru the use of controlled air cooling. After
      the mixture was heated at this temperature for 20 hours it was stripped of
      unreacted 2-isopropyloxazolidine and excess epichlorohydrin at
      65.degree.-70.degree.C./20 mm. The crude pale yellow product thus obtained
      weighed 942 g. (91%) and was wiping-film distilled at 120.degree.C./0.5
      mm. to afford 705 g. (75%) of clear colorless mobile liquid identified as
      3-(3-chloro-2-hydroxypropyl)-2-isopropyl-1,3-oxazolidine.
PAR  Analysis for C.sub.9 H.sub.18 NOCl: Calculated: C,52.10; H,8.72; N,6.74;
      Cl, 17.05. Found: C,52.36; H,8.60; N,6.56 Cl, 16.75.
PAR  E. W. (HClO.sub.4) Theoret.: 207.7; Found: 205.2 GLC&gt;96% purity.
PAL  Step C: 3-(Glycidyl)-2-Isopropyl-1,3-Oxazolidine
PAR  3-(3-Chloro-2-hydroxypropyl)-2-isopropyl-1,3-oxazolidine (621 g., 3.0 mole)
      was charged into a two-liter, three-necked flask equipped with a
      mechanical stirrer, thermometer and a dropping funnel. The flask was
      cooled to 0.degree.-5.degree.C. and 628 g. (2.91 moles) of sodium
      methoxide (25% solution in methanol) was added dropwise over a period of
      three and one-half hours. The clear solution became cloudy after several
      drops of base had been added. Stirring was continued for an additional two
      hours after addition was completed. The solution was allowed to warm to
      room temperature and the sodium chloride was filtered. The filtrate was
      concentrated on an evaporating rotary at 40.degree.C/20 mm. and the
      residue was refiltered to remove the remaining sodium chloride. The
      solution was then stripped at 40.degree.C/20 mm. until solvent was no
      longer removed. The resulting pale yellow liquid weighed 520 g. (98%) and
      was wiping film distilled at 100.degree.C/0.5 mm. to afford 368 g. (71%)
      of 3-(glycidyl)-2-isopropyl-1,3-oxazolidine in the form of a colorless
      mobile liquid.
PAR  Analysis for C.sub.9 H.sub.17 NO.sub.2 : Calculated: C, 63.12; H, 10.00; N,
      8.18. Found: C, 63.29; H, 9.68; N, 7.91.
PAR  Neutralization Equivalent (HClO.sub.4) Calculated: 171.2; Found: 174.6.
PAR  GLC Analysis 97 + % purity with main impurity.
PAC  EXAMPLE 2
PAC  N-Glycidyl-2-Isopropyloxazolidine Esters
PAR  Into a three-necked flask (500 ml.) equipped with a mechanical stirrer,
      thermometer attached to a thermowatch and a condenser, was charged a
      polymeric acid mixture comprising methyl methacrylate, butyl acrylate and
      methacrylic acid (MMA/BA/MAA) in solution and 1.0 equivalent of
      3-glycidyl-2-isopropyl-1,3-oxazolidine. The mixture was heated at
      85.degree.C. for 5-6 hours whereafter titrimetric data at this time
      indicated 60-65% of ester conversion. A 50% excess of epoxide was then
      added and the reaction mixture was heated an additional 4-7 hours. The
      resulting pale yellow solution contained 0.52 meq./g. of amine of 0.625
      meq./g. of acid and a mixture of oxazolidine esters (80-85% yield)
      identified as:
      3-(3-methacryloxy-2-hydroxypropyl-2-isopropyl-1,3-oxazolidine and
      3-(3methacryloxy-2-hydroxypropyl-2-isopropyl -1,3-oxazolidine and 3-(3
      -acryloloxy-2-hydroxypropyl)-2-isopropyl-1,3-oxazolidine.
PAR  Upon substituting adipic acid, azelaic acid, isophthalic acid or an acid
      terminated ethylene glycol adipate (ADA/EG) for the "polymeric acid
      mixture" of the preceding paragraph and following substantially the
      procedure described therein, there was thus obtained the corresponding
      bis-oxazolidine ester products. The following table sets forth the
      starting materials employed, the reaction conditions and the amount of
      product obtained:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Bis-Oxazolidines Derived From N-Glycidyl-2-Isopropyloxazolidine and       
     Bis-Acid Condensation                                                     
     __________________________________________________________________________
              OHOOOH                                                           
              .vertline..parallel..parallel..vertline.                         
              ON--CH.sub.2 --CH--CH.sub.2 OC--R--COCH.sub.2 --CH--CH.sub.2     
              --NO                                                             
              .angle..angle..angle..angle.                                     
              HCH(CH.sub.3).sub.2 HCH(CH.sub.3).sub.2                          
     ACID      TEMP.                                                           
                    HOUR/SOLVENT                                               
                               % ACID CONVERSION                               
                                           --R.sup.10 --                       
     __________________________________________________________________________
     Adipic    84.degree.C.                                                    
                    12.5/Acetonitrile                                          
                               78%        --(CH.sub.2).sub.4 --                
     Azelaic   80.degree.C.                                                    
                    12.0/Toluene                                               
                               79%        --(CH.sub.2).sub.7 --                
                                          OO                                   
     Ethylene Glycol                      .parallel..parallel.                 
     Adipate (ADA/EG)                                                          
               80.degree.C.                                                    
                    20.0/No Solvent                                            
                               78%        --(CH.sub.2).sub.4 --COCH.sub.2      
                                          CH.sub.2 OC].sub.m (CH.sub.2).sub.4  
                                          --                                   
     Isophthalic                                                               
               80.degree.C.                                                    
                    11.5/Toluene                                               
                               80%                                             
     __________________________________________________________________________
PAR  In a similar manner polyoxazolidines were obtained by substituting the
      appropriate polyacid for the "polymeric acid mixture" of the present
      Example and following substantially the procedure described therein. The
      following Table sets forth the polyacids employed, the appropriate
      reaction conditions and the amount of product obtained thereby:
TBL                TABLE II                                                    
     ______________________________________                                    
     Polyoxazolidines Derived From N-Glycidyl-2-Isopropyloxazolidine and       
     Poly-Acid Condensations                                                   
                                      % ACID                                   
     ACIDS     TEMP.    HOURS/SOLVENT CONVERSION                               
     ______________________________________                                    
     BA/MMA/MAA                                                                
               85.degree.C.                                                    
                        12/No Solvent 86%                                      
     75 20  5                                                                  
     BA/MMA/MAA                                                                
               85.degree.C.                                                    
                        15/No Solvent 85%                                      
     BA/MMA/MAA                                                                
               85.degree.C.                                                    
                        15/No Solvent 90%                                      
     57 35  8                                                                  
     MAA*      85.degree.C                                                     
                        7/Toluene     70%                                      
     17.2g.                                                                    
     ______________________________________                                    
PAR  The abbreviations under "ACIDS" have the following meaning:
     BA :       Butyl acrylate                                                 
     MMA:       Methyl methacrylate                                            
     MAA:       Methacrylic acid                                               
     *MAA:      A copolymer of methacrylicaacid                                
PAC  EXAMPLE 3
PAC  N-Glycidyl-2,2-Dihydrooxazolidine
PAR  Into a precooled three-necked flask (500 cc) equipped with a mechanical
      stirrer, Dean-Stark trap attached to a condenser and a thermometer
      attached to a Thermowatch, was charged
      3-(3-chloro-2-hydroxypropyl-1,3-oxazolidine (207 g., 1.0 mole), a 36%
      solution of formalin (81g., 1 mole) and toluene (150cc.). The mixture was
      stirred for 2.5 hours whereupon gas liquid chromatography indicated that
      the mixture contained 80%
      3-(3-chloro-2-hydroxypropyl)-2,2-dihydro-1,3-oxazolidine. The generated
      isobutyraldehyde was removed by distillation at 40.degree.C/175 mm.,
      followed by a water/toluene azeotrop at 40.degree.C/175mm. The pressure
      was further reduced to 20mm. and the remaining toluene was removed at
      40.degree.C. The light yellow chlorohydrin contained 2-3% of ionic
      chloride and weighed 164 g. (99%). To this solution was added 150 ml. of
      methanol. The mixture was then cooled to 0.degree.-5.degree.C. and 210g.
      of sodium methoxide (25% methanol solution) was added dropwise over a
      period of three hours. After several drops had been added, the solution
      became cloudy with the precipitation of sodium chloride. The mixture was
      stirred an additional two hours and then allowed to warm to room
      temperature. The solution was filtered and the filtrate was concentrated
      on the rotary at 35.degree.C/20mm. As the solvent was removed more sodium
      chloride settled out and this material was removed by filtration. The
      resulting N-glycidyl-2,2-dihydrooxazolidine (126 g., 98%) was obtained as
      a pale yellow liquid.
PAR  Molecular distillation at 95.degree.C./0.4mm. gave a low recovery (60%) of
      a colorless liquid that was 95% pure N-glycidyl-2,2-dihydrooxazolidine.
      Infra-red also showed the absence of an hydroxyl peak and perchloric acid
      titration gave an equivalent weight of 133.9 (theoret. 129.2) to confirm
      the structure of the said product.
PAC  EXAMPLE 4
PAC  N-Glycidyl-2,2-Pentamethyleneoxazolidine
PAL  Step A: 2,2-Pentamethyleneoxazolidine
PAR  Into a one liter, three-necked flask equipped with a mechanical stirrer,
      dropping funnel and a Dean Stark trap attached to a condenser were placed
      244 g., (4.0 moles) of ethanolamine. Cyclohexanone (68 g., 0.7 moles) was
      dropped in rapidly whereupon the temperature began to rise and 250 cc. of
      toluene was added to the solution. The remaining cylcohexanone (324 g.,
      3.3 moles) was added dropwise over a one hour period and the temperature
      rose to 60.degree.C. The mixture was heated to reflux and 73.5 ml. of
      water was collected. Upon cooling, the solvent was removed in vacuo and
      the resulting residue was distilled at 100.degree.C./20mm. to afford 490
      g. (86.8% yield) of 2,2-pentamethyleneoxazolidine as a colorless liquid.
PAR  Analysis for C.sub.8 H.sub.15 NO; Calculated: C,68.04; H, 10.70; N, 9.91.
      Found: C,68.32; H,10.41; N,9.54.
PAR  Neutralization Equivalent (HClO.sub.4) Calculated: 141.21; Found: 140.1.
PAR  GLC Analysis: 98+% purity
PAL  Step B: N-Glycidyl-2,2-Pentamethyleneoxazolidine
PAR  Upon treating the 2,2-pentamethyleneoxazolidine of Step A with an
      equivalent amount of epichlorohydrin according to the procedure described
      in Example 1, Step B, there is obtained
      1-(1-chloro-2-hydroxypropyl)-2,2-pentamethyleneoxazolidine which, when
      subjected to dehydrohalogenation according to the method described in
      Example 1, Step C, affords N-glycidyl-2,2-pentamethyleneoxazolidine.
PAC  EXAMPLE 5
PAC  N-Glycidyl-2,2-Pentamethyleneoxazolidine
PAR  Into a three-necked flask (500cc) precooled to 5.degree.-10.degree.C and
      equipped with a mechanical stirrer, Dean-Stark trap attached to a
      condenser and a thermometer attached to a thermowatch, is charged 207 g.
      (1.0 mole) of 1-(1-chloro-2-hydroxypropyl)-2-isopropyloxazolidine, 98 g.
      (1 mole) of cyclohexanone and 150 cc. of toluene. The mixture is stirred
      for 3-4 hours and the generated iobutyraldehyde is removed by distillation
      at 40.degree.C/175mm. followed by the removal of a water/toluene azeotrope
      at 40.degree.C/70mm. The pressure is further reduced to about 20mm. and
      the remaining toluene is removed at 40.degree.C. To the product in the
      flask is added 150 ml. of methanol and the resulting solution is then
      cooled to 0.degree.-5.degree.C. over a period of three hours. A 25%
      methanolic solution of sodium methoxide (210g.) is then added dropwise
      and, after the addition is completed, stirring is continued for two
      additional hours and the mixture is allowed to warm to room temperature.
      The resulting solution is filtered and the solvent removed at
      35.degree.C/20mm. to afford N-glycidyl-2,2-pentamethyleneoxazolidine.
PAC  EXAMPLE 6
PAC   3-(3-Methoxy-2-Hydroxypropyl)-2-Isopropyl-1,3-Oxazolidine
PAR  Into a 500 ml., three-neck flask equipped with a mechanical stirrer,
      dropping funnel and condenser with a drying tube was charged 171 g. (1
      mole) of 3-glycidyl-2-isopropyloxazolidine and 250 cc. of absolute
      methanol. While stirring at room temperature an equivalent amount of
      sodium methoxide (25% solution methanol) was added over a 30 minute
      period. The mixture was stirred an additional two hours after addition was
      completed. The solvent was then removed in vacuo to afford
      3-(3-methoxy-2-hydroxypropyl)-2-isopropyl-1,3-oxazolidine.
PAC  EXAMPLE 7
PAC  3-(3-Azido-2-Hydroxypropyl)-2-Isopropyl-1,3-Oxazolidine
PAR  Into a 500 ml., three-neck flask equipped with a mechanical stirrer,
      thermometer attached to a thermowatch, temperature controller and a
      condenser with a drying tube, is charged 171g. (1 mole) of
      3-glycidyl-2-isopropyloxazolidine, 71.5g (1.1 mole) sodium azide and 250
      cc of dioxane. The mixture is stirred and heated at 80.degree.C for 6-8
      hours and the solvent is then removed in vacuo to afford
      3-(3-azido-2-hydroxypropyl)-2-isopropyl-1,3-oxazolidine.
PAR  Upon substituting the appropriate mercaptan, amine, alkali metal
      thiosulfate or alkali metal cyanide for the sodium azide of Example 7 and
      following substantially the procedure described therein there is thus
      obtained the corresponding
      3-(3-substituted-2-hydroxypropyl)-2-isopropyl-1,3-oxazolidine. The
      following equation illustrates the process of Example 7 and together with
      Table III (infra) describes the starting materials which may be used in
      the said process and the products obtained thereby:
      ##EQU17##
TBL                TABLE III                                                   
     ______________________________________                                    
     EXAMPLE    XR.sup.9       --R.sup.9                                       
     ______________________________________                                    
      8         HSCH.sub.3     --SCH.sub.3                                     
      9         H.sub.2 N(CH.sub.2).sub.3 CH.sub.3                             
                               --NH(CH.sub.2).sub.3 CH.sub.3                   
     10         Na.sub.2 S.sub.2 O.sub.3                                       
                               --S.sub.2 O.sub.3 Na                            
     11         HSC.sub.2 H.sub.5                                              
                               --SC.sub.2 H.sub.5                              
     12         NaCN           --CN                                            
     13         H.sub.2 NCH.sub.3                                              
                               --NHCH.sub.3                                    
     14         NH.sub.3       --NH.sub.2                                      
     15         HS(CH.sub.2).sub.3 CH.sub.3                                    
                               --S(CH.sub.2).sub.3 CH.sub.3                    
     ______________________________________                                    
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STM  What is claimed is:
NUM  1.
PAR  1. An N-glycidyl- 1,3-oxazolidine of the formula
PAL  wherein R.sup.1 is hydrogen or a hydrocarbyl radical selected from the
      group consisting of alkyl groups having 1 to 4 carbon atoms, and aralkyl
NUM  2.
PAR  2. An N-glycidyl-1,3-oxazolidine of the formula
      ##EQU18##
      wherein R.sup.1 is a lower alkyl group having 1 to 4 carbon atoms.
NUM  3.
PAR  3. 3-Glycidyl-2-isopropyl-1,3-oxazolidine.
NUM  4.
PAR  4. 3-Glycidyl-1,3-oxazolidine.
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ABST
PAL  2-Phenylamino-imidazolines-(2) of the formula
      ##SPC1##
PAL  Wherein R, R.sub.1 and R.sub.2 are individually selected from the group
      consisting of hydrogen, fluorine, chlorine, bromine, methyl, ethyl,
      methoxy, trifluoromethyl and cyano and one of R.sub.3 and R.sub.4 being
      hydrogen while the other is
      ##EQU1##
      and R.sub.5 is selected from the group consisting of hydrogen, methyl and
      ethyl and their non-toxic, pharmaceutically acceptable acid addition salts
      which have analgesic and blood pressure reducing properties and their
      preparation.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide the novel
      2-phenylamino-imidazolines-(2) of formula I and their nontoxic,
      pharmaceutically acceptable acid addition salts.
PAR  It is another object of the invention to provide a novel process for the
      preparation of the compounds of formula I.
PAR  It is a further object of the invention to provide novel analgesic
      compositions and it is an additional object of the invention to provide a
      novel method of relieving pain in warm-blooded animals.
PAR  These and other objects and avantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel products of the invention are selected from the group consisting
      of 2-phenylamino-imidazolines-(2) of the formula
      ##SPC2##
PAL  Wherein R, R.sub.1 and R.sub.2 are individually selected from the group
      consisting of hydrogen, fluorine, chlorine, bromine, methyl, ethyl,
      methoxy, trifluoromethyl and cyano and one of R.sub.3 and R.sub.4 being
      hydrogen while the other is
      ##EQU2##
      and R.sub.5 is selected from the group consisting of hydrogen, methyl and
      ethyl and their non-toxic, pharmaceutically acceptable acid addition
      salts.
PAR  Examples of suitable acids for the non-toxic, pharmaceutically acid
      addition salts are mineral acids such as hydrochloric acid, hydrobromic
      acid, hydriodic acid, hydrofluoric acid, sulfuric acid, phosphoric acid
      and nitric acid or organic acids such as acetic acid, propionic acid,
      butyric acid, valeric acid, caproic acid, caprinic acid, oxalic acid,
      malonic acid, succinic acid, glutaric acid, maleic acid, fumaric acid,
      lactic acid, tartaric acid, citric acid, malic acid, gluconic acid,
      benzoic acid, p-hydroxybenzoic acid, phthalic acid, cinnamic acid,
      salicylic acid, ascorbic acid, 8-chlorotheophylline and methanesulfonic
      acid.
PAR  Examples of suitable compounds of formula I are:
PA0  2-[N-(thienyl-(2)-methyl)-N-(2,6-dichlorophenyl-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(2)-methyl)-N-(2-chloro-6-methylphenyl)-amino]-imidazoline-(2
     )
PA0  2-[N-(thienyl-(2)-methyl)-N-(2-chloro-4-methylphenyl)-amino]-imidazoline-(2
     )
PA0  2-[N-(thienyl-(2)-methyl)-N-(2-methyl-5-fluorophenyl)-amino]-imidazoline-(2
     )
PA0  2-[N-(thienyl-(3)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3)-methyl)-N-(4-methoxyphenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3)-methyl)-N-(2,6-dichloro-4-bromophenyl)-amino]-imidazoline
     -(2)
PA0  2-[N-(thienyl-(2)-methyl)-N-(2,6-dichloro-4-bromophenyl)-amino]-imidazoline
     -(2)
PA0  2-[N-(thienyl-(2)-methyl)-N-(2-trifluoromethylphenyl)-amino]-imidazoline-(2
     )
PA0  2-[N-(thienyl-(2)-methyl)-N-(2,6-diethylphenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3)-methyl)-N-(2,6-diethylphenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3)-methyl)-N(2,6-dimethylphenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3)-methyl)-N-(2,6-dimethylphenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(2)-methyl)-N-(2-chloro-6-ethylphenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3)-methyl)-N-(2-chloro-6-ethylphenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3)-methyl)-N-(2-chloro-6-methylphenyl)-amino]-imidazoline-(2
     )
PA0  2-[N-(thienyl-(3)-methyl)-N-(2-chloro-4-methylphenyl)-amino]-imidazoline-(2
     )
PA0  2-[N-(thienyl-(2)-methyl)-N-(phenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(2)-methyl)-N-(2-chloro-3-methylphenyl)-amino]-imidazoline-(2
     )
PA0  2-[N-(thienyl-(3)-methyl)-N-(2-chloro-3-methylphenyl)-amino]-imidazoline-(2
     )
PA0  2-[N-(thienyl-(2)-methyl)-N-(2,4-dichlorophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3)-methyl)-N-(2,4-dichlorophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(2)-methyl)-N-(2,3-dichlorophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3)-methyl)-N-(2,3-dichlorophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(2)-methyl)-N-(2,5-dichlorophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3)-methyl)-N-(2,5-dichlorophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(2)-methyl)-N-(2,6-dibromophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3) -methyl)-N-(2,6-dibromophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(2)-methyl)-N-(2,6-difluorophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(3)-methyl)-N-(2,6-difluorophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(3-methylthienyl-(2)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline
     -(2)
PA0  2-[N-(2-methylthienyl-(3)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline
     -(2)
PA0  2-[N-(3-methylthienyl-(4)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline
     -(2)
PA0  2-[N-(2-methylthienyl-(4)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline
     -(2)
PA0  2-[N-(2-methylthienyl-(5)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline
     -(2)
PA0  2-[N-(4-methylthienyl-(2)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline
     -(2)
PA0  2-[N-(3-ethylthienyl-(2)-methyl)-N-(2,6-dichlorophenyl-amino]-imidazoline-(
     2)
PA0  2-[N-(2-ethylthienyl-(3)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline-
     (2)
PA0  2-[N-(3-ethylthienyl-(4)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline-
     (2)
PA0  2-[N-(2-ethylthienyl-(4)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline-
     (2)
PA0  2-[N-(2-ethylthienyl-(5)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline-
     (2)
PA0  2-[N-(4-ethylthienyl-(2)-methyl)-N-(2,6-dichlorophenyl)-amino]-imidazoline-
     (2)
PA0  2-[N-(3-methylthienyl-(2
      )-methyl)-N-(2-chloro-3-methylphenyl)-amino]-imidazoline-(2)
PA0  2-[N-(thienyl-(2)-methyl)-N-(2,4-difluorophenyl)-amino]-imidazoline-(2)
PA0  2-[N-(3-methylthienyl-(2)-methyl)-N-(2,4-dichlorophenyl)-amino]-imidazoline
     -(2)
PA0  2-[N-(2-methylthienyl-(3)-methyl)-N-(2,3-dichlorophenyl)-amino]-imidazoline
     -(2)
PA0  2-[N-(3-methylthienyl-(4)-methyl)-N-(2-chloro-4-methylphenyl)-amino]-imidaz
     oline-(2)
PA0  2-[N-(2-methylthienyl-(4)-methyl)-N-(4-chloro-2-methylphenyl)-amino]-imidaz
     oline-(2)
PA0  2-[N-(2-methylthienyl-(5)-methyl)-N-(2-methyl-5-fluoromethyl)-amino]-imidaz
     oline-(2)
PA0  2-[N-(4-methylthienyl-(2)-methyl)-N-(2-chloro-6-methylphenyl)-amino]-imidaz
     oline-(2)
PA0  2-[N-(3-ethylthienyl-(2)-methyl)-N-(2-methyl-5-fluorophenyl)-amino]-imidazo
     line-(2)
PA0  2-[N-(2-ethylthienyl-(3)-methyl)-N-(2-chloro-4-methylphenyl)-amino]-imidazo
     line-(2)
PA0  2-[N-(3-ethylthienyl-(4)-methyl)-N-(2,6-diethylphenyl)-amino]-imidazoline-(
     2)
PA0  2-[N-(2-methylthienyl-(5)-methyl)-N-(2-methyl-5-fluorophenyl)-amino]-imidaz
     oline-(2)
PA0  2-[N-(4-methylthienyl-(2)-methyl)-N-(2-chloro-6-methylphenyl)-amino]-imidaz
     oline-(2)
PA0  2-[N-(3-ethylthienyl-(2)-methyl)-N-(2-methyl-5-fluorophenyl)-amino]-imidazo
     line-(2)
PA0  2-[N-(2-ethylthienyl-(3)-methyl)-N-(2-chloro-4-methylphenyl)-amino]-imidazo
     line-(2)
PA0  2-[N-(3-ethylthienyl-(4)-methyl)-N-(2,6-diethylphenyl)-amino]-imidazoline-(
     2)
PA0  2-[N-(2-ethylthienyl-(4)-methyl)-N-(2,5-dichlorophenyl)-amino]-imidazoline-
     (2)
PA0  2-[N-(2-ethylthienyl-(5)-methyl)-N-(2,6-dibromophenyl)-amino]-imidazoline-(
     2)
PA0  2-[N-(2-ethylthienyl-(2)-methyl)-N-(2,6-dichloro-4-bromophenyl)-amino]-imid
     azoline-(2)
PA0  1-(thienyl-(2)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
PA0  1-(thienyl-(3)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
PA0  1-(2-methylthienyl-(3)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
PA0  1-(3-methylthienyl-(2)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
PA0  1-(3-methylthienyl-(4)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
PA0  1-(2-methylthienyl-(4)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
PA0  1-(2-methylthienyl-(5)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
PA0  1-(4-methylthienyl-(2)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
PA0  1-(2-methylthienyl-(3)-methyl)-2-(2-chloro-4-methylphenylamino)-2-imidazoli
     ne
PA0  1-(2-methylthienyl-(3)-methyl)-2-(2-chloro-3-methylphenylamino)-2-imidazoli
     ne
PA0  1-(2-methylthienyl-(3)-methyl)-2-(5-fluoro-2-methylphenylamino)-2-imidazoli
     ne
PA0  1-(2-methylthienyl-(3)-methyl)-2-(2,6-diethylphenylamino)-2-imidazoline
PA0  1-(3-methylthienyl-(2)-methyl)-2-(2,6-dimethylphenylamino)-2-imidazoline
PA0  1-(3-methylthienyl-(4)-methyl))-2-(2,6-diethylphenylamino)-2-imidazoline
PA0  1-(3-ethylthienyl-(2)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
PA0  1-(3-ethylthienyl-(2)-methyl)-2-(2,3-dichlorophenylamino))-2-imidazoline
PA0  1-(2-ethylthienyl-(3)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
PA0  1-(2-ethylthienyl-(3)-methyl)-2-(5-fluoro-2-methylphenylamino)-2-imidazolin
     e
PA0  1-(2-ethylthienyl-(3)-methyl)-2-(2-chloro-4-methylphenylamino)-2-imidazolin
     e
PA0  1-(2-ethylthienyl-(3)-methyl)-2-(2-chloro-3-methylphenylamino)-2-imidazolin
     e
PA0  1-(3-ethylthienyl-(2)-methyl)-2-(2-methyl-3-bromophenylamino)-2-imidazoline
PAR  The compounds of formula I may be produced by
PAR  a) reacting a 2-phenylamino-imidazoline-(2) of formula II
      ##SPC3##
PAL  wherein R, R.sub.1 and R.sub.2 have the above meanings with a halide of the
      formula
      ##SPC4##
PAL  wherein Hal is chlorine, bromine or iodine and R.sub.5 has the above
      meaning; or
PAR  b) by reacting a compound of the formula
      ##SPC5##
PAL  wherein R, R.sub.1, R.sub.2 and R.sub.5 are defined as above and A is
      ##EQU3##
      and Y is alkoxy or alkylthio with up to 4 carbon atons or sulfhydryl or
      amino with ethylenediamine or the acid addition salts thereof; or
PAR  c) by reacting compounds of the formula
      ##SPC6##
PAL  wherein R, R.sub.1 and R.sub.2 are defined as above and X and Y, which may
      be identical to or different from each other, are halogen, preferably
      chlorine, sulfhydryl, an amino, alkoxy or alkylthio, or reacting compounds
      of the formula
      ##SPC7##
PAL  wherein R, R.sub.1 and R.sub.2 have the above meanings with diamines of the
      formula
      ##SPC8##
PAL  wherein R.sub.5 is defined as above; or
PAR  d) by reacting metal salts of 2-phenylamino-imidazolines-(2) of the formula
      ##SPC9##
PAL  wherein R, R.sub.1 and R.sub.2 have the above meanings and Me.sup.(.sup.+)
      is a metal cation, preferably an alkali metal cation, more preferably Na
      .sup.(.sup.+), with a halide of the formula
      ##SPC10##
PAL  wherein Hal and R.sub.5 are defined as above.
PAR  When alkylating the 2-arylamino-imidazolines-(2) of formula II in
      accordance with process a), the substitution is effected exclusively at
      the bridge nitrogen atom. When reacting in accordance with processes b)
      and c), the constitution of the final compounds is established by the
      synthesis. While working in accordance with process d), the imidazoline
      derivatives substituted at the imidazoline nitrogen are preferably
      obtained. Also produced in low yields are the isomeric compounds
      substituted at the bridge nitrogen. In each case, the position of the
      substituent may be determined by the synethesis as well as by
      NMR-spectroscopy [compare Stahle et al., Liebigs Ann. Chem. 751, 159 ff
      (1971)].
PAR  The reaction in accordance with process a) is appropriately effected by
      heating the reactants preferably in the presence of a polar or nonpolar
      organic solvent to temperatures of about 50 to 150.degree.C. The specific
      reaction conditions depend to a high degree upon the reactivity of the
      reactants and it is recommended to use the halide in excess for alkylation
      and to effect the reaction in the presence of an acidbinding agent.
PAR  With process b), it is required to work at elevated temperature of about
      60.degree. to 180.degree.C. Solvents are not necessary but it is useful to
      use the ethylenediamine or its acid addition salt which is a reactant in
      excess.
PAR  Reaction c) is effected at temperatures between 0.degree. and 180.degree.C
      depending upon the groups X and Y. Suitable solvents depending upon groups
      X and Y, may be polar or polar-aprotic ones. If one of X or Y is a
      halogen, it is recommended to use an acid-binding agent in the reaction.
      The reaction time depends on the reactivity of the components used and
      varies from several minutes to several hours.
PAR  Process d) is carried out best in a non-polar organic solvent, such as
      tetrahydrofuran, at elevated temperatures of up to 150.degree.C. The
      reaction time is usually 1 to 2 hours.
PAR  Starting compounds of formula II have been described, for example, in
      Belgian Pat. Nos. 623,305, 687,656, 687,657 and 705,944. Starting
      compounds of formula III may be prepared by known process such as
      halo-methylation of thiphenes or reduction of thiophencarbonate with metal
      hydrides to hydroxymethyl-thiophenes and subsequent exchange of the
      hydroxy with halogens. Chloromethylthiophenes may be converted into
      corresponding bromo- or iodomethyl derivatives by reaction with alkali
      metal bromides or alkali metal iodides.
PAR  Compounds of formula IV may be prepared by reacting anilines with compounds
      of formula III and subsequent reaction of the secondary amines originating
      therefrom with cyanates or thiocyanates whereby ureas or thioureas are
      formed. Ureas and thioureas may then be converted further with alkylation
      agents into corresponding isouronium salts or isothiouronium salts. The
      said acid addition compounds may be reacted with bases to form the
      corresponding isoureas or isothioureas. By splitting off water from ureas
      or H.sub.2 S-splitting from thioureas with lead or mercury salts,
      cynamides are obtained to which ammonia may be added to form guanidines.
PAR  Starting compounds of formula V are disclosed, for example, in Belgian Pat.
      No. 705,944 while compounds of formula VI may be prepared by reacting
      anilines with halocyan or by splitting off hydrogen sulfide from
      corresponding phenylthioureas with lead or mercury salts. Compounds of
      formula VII may be prepared by reacting compounds of formula III with
      ethylenediamine. Compounds of formula II may be metallized by reaction
      with metal alkyls or metal hydrides under anhydrous conditions to form
      compounds of formula VIII.
PAR  The noval analgesic compositions of the invention are comprised of an
      effective amount of at least one compound of formula I or its non-toxic,
      pharmaceutically acceptable acid addition salts and a pharmaceutical
      carrier. The composition may be in the form of tablets, capsules,
      suppositories, solutions or powders and may contain other active
      ingredients. Because of their analgesic and blood pressure reducing
      properties, the compositions are useful for the treatment of various types
      of pain such as migrain headaches or for the treatment of high blood
      pressure.
PAR  The compositions can be prepared with known galenic excipients, carriers,
      disintegrating agents, lubricants or sustained release agents.
PAR  Tablets may be obtained by mixing the active ingredients with known
      excipients, for example, with inert diluents such as calcium carbonate,
      calcium phosphate or lactose; disintegrants such as corn starch or alginic
      acid; binders such as starch or gelatin; lubricants such as magnesium
      stearate or talc; and/or agents for sustained release such as
      carboxypolymethylene, carboxymethylcellulose, cellulose acetate phthalate
      or polyvinylacetate.
PAR  The tablets may also have several layers and coated tablets may be produced
      by coating cores prepared analogous to the tablets with agents commonly
      used for coating tablets such as polyvinylpyrrolidone, shellac, gum
      arabic, talcum, titanium dioxide or sugar. To obtain sustained release or
      to avoid incompatibilities, the core may also consist of several layers.
      The tablet-coat is preferably made of several layers to obtain sustained
      release whereby the auxiliaries mentioned above for the tablets may be
      used.
PAR  For production of soft gelatin capsules or of similar sealed capsules, the
      active substance may be admixed with a plant oil. Hard gelatin capsules
      may contain granulates of the active substance with solid carriers in
      powder form such as lactose, saccharose, sorbitol, mannitol, starch such
      as potoato starch, corn starch or amylopetin, cellulose derivatives or
      gelatin.
PAR  Syrups of the active ingredients of the invention or active ingredient
      combinations may also contain a sweetner such as saccharin, cyclamate,
      glycerin or sugar, as well as an agent improving the taste such as flavors
      like vanillin or orange extract. They may also contain suspension
      auxiliaries or thickeners, such as sodium carboxymethylcellulose, wetting
      agents such as condensation products of fatty alcohols with ethylene
      oxide, or preservatives such as alkyl p-hydroxybenzoates.
PAR  Injectable solutions or suspensions may be produced in the conventional way
      such as with the use of preservatives such as alkyl p-hydroxybenzoates, or
      stabilizers such as complexons and they are then added under sterile
      condition into injection vials or ampoules. The solution may also contain
      stabilizers and/or buffers.
PAR  The suppositories may be produced, for example, by mixing the active
      ingredient or active ingredient combinations with conventional carriers
      such as neutral fats or polyethyleneglycol or derivatives thereof. Gelatin
      capsules for rectal administration containing the active substance in
      admixture with plant oil or paraffin oil may be produced as well.
PAR  The novel method of the invention for relieving pain and/or reducing blood
      pressure in warm-blooded animals comprises administering to warm-blooded
      animals an effective amount of at least one compound of formula I or it
      non-toxic, pharmaceutically acceptable acid addition salts. The compounds
      may be administered parenterally or enterally. The usual daily dose is 1
      to 30 mg/kg depending upon the method of administration and the specific
      compound.
DETD
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it should be understood that the
      invention is not intended to be limited to the specific embodiments.
PAC  EXAMPLE 1
PAC  2-[N-(thienyl-(2)-methyl)-N-(2,6-dichlorophenyl)-amino]-2-imidazoline
PAR  A mixture of 6.9 g (0.03 moles) of
      2-(2,6-dichlorophenylamino)-2-imidazoline, 4.4 g (10% excess) of
      2-chloromethylthiophene, 7 ml of triethylamine and 60 cc of anhydrous
      toluene was refluxed with stirring for 3 hours and after cooling, the
      mixture was vacuum filtered. The recovered precipitate was dissolved in
      dilute hydrochloric acid and the resulting solution was extracted several
      times with ether. The aqueous phase was adjusted to different pH values
      with dilute sodium hydroxide solution and was extracted at each with
      ether. The ether fractions with a uniform thin layer chromatography were
      combined, dried over drierite and evaporated under reduced pressure to
      dryness to obtain 2.7 g (27.6%) of
      2-[N-(thienyl-(2)-methyl)-N-(2,6-dichlorophenyl)-amino]-2-imidazoline
      melting at 111.degree. to 114.degree.C. The product was soluble in organic
      solvents and insoluble in water.
PAC  EXAMPLE 2
PAC  1-(thienyl-(3)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
      hydrobromide
PAR  1.3 g (0.03 moles) of a 55% sodium hydride dispersion were added at 10 to
      20.degree.C to a solution of 6.9 g (0.3 moles) of
      2-(2,6-dichlorophenylamino)-2-imidazoline in 50 ml of absolute
      tetrahydrofuran and the mixture was stirred for 2 hours at room
      temperature. A mixture of 5.8 g (110%) of 3-bromomethyl-thiophene and 10
      ml of absolute tetrahydrofuran was added dropwise while stirring and the
      mixture was allowed to react at room temperature. The mixture was then
      refluxed for 3 hours and was then evaporated to dryness under reduced
      pressure. The residue was admixed with dilute hydrobromic acid and the
      resulting precipitate was recovered by vacuum filtration, was washed with
      water and dried. The product was crystallized from absolute methanol to
      obtain 6.0 g (49.1% yield) of
      1-(thienyl-(3)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
      hydrobromide melting at 272.degree. to 275.degree.C. Thin layer
      chromatography showed the compound to be pure and the product was soluble
      in dimethylsulfoxide, slightly soluble in ethanol and insoluble in water.
PAC  EXAMPLE 3
PAR  Using the procedure of Example 1, a 29.4% yield of
      2-[N-(thienyl-(2)-methyl)-N-(2-chloro-6-methylphenyl)-amino]-2-imidazoline
      with a melting point of 88.degree.-90.degree.C was obtained.
PAC  EXAMPLE 4
PAR  Using the procedure of Example 1, a 30.0% yield of
      2-[N-(thienyl-(2)-methyl)-N-(2-chloro-4-methylphenyl)-amino]-2-imidazoline
      with a melting point of 106.degree.-108.degree.C was obtained.
PAC  EXAMPLE 5
PAR  Using the procedure of Example 1, a 29.4% yield of
      2-[N-(thienyl)-(2)-methyl)-N-(2-methyl-5-fluorophenyl)-amino]-2-imidazolin
     e with a melting point of 88.degree.-91.degree.C was obtained.
PAC  EXAMPLE 6
PAR  Using the procedure of Example 1, a 27.0% yield of
      2-[N-(thienyl-(3)-methyl)-N-(2,6-dichlorophenyl)-amino]-2-imidazoline with
      a melting point of 252.degree.-254.degree. was obtained.
PAC  EXAMPLE 7
PAR  Using the procedure of Example 1, a 26.8% yield of
      2-[N-(thienyl-(2)-methyl)-N-(4-methoxyphenyl)-amino]-2-imidazoline with a
      melting point of 78.degree.C was obtained.
PAC  EXAMPLE 8
PAR  Using the procedure of Example 1, a 22.8% yield of
      2-[N-(thienyl-(2)-methyl)-N-(2,6-dichloro-4-bromophenyl)-amino]-2-imidazol
     ine with a melting point of 172.degree.-174.degree.C was obtained.
PAC  EXAMPLE 9
PAR  Using the procedure of Example 1, a 39.0% yield of
      -[N-(thienyl-(2)-methyl)-N-(2-trifluoromethylphenyl)-amino]-2-imidazoline
      with a melting point of 134.degree.-136.degree.C was obtained.
PAC  EXAMPLE 10
PAR  Using the procedure of Example 1, a 31.1% yield of
      2-[N-(thienyl-(2)-methyl)-N-(2,6-diethylphenyl)-amino]-2-imidazoline in
      the form of an oil was obtained.
PAC  EXAMPLE 11
PAR  Using the procedure of Example 1, a 29.2% yield of
      2-[N-(thienyl-(3)-methyl)-N-(phenyl)-amino]-2-imidazoline with a melting
      point of 81.degree.-83.degree.C was obtained.
PAC  EXAMPLE 12
PAR  Using the procedure of Example 1, a 26.3% yield of
      2-[N-(thienyl-(3)-methyl)-N-(2-chloro-3-methylphenyl)-amino]-2-imidazoline
      with a melting point of 222.degree.-225.degree.C was obtained.
PAC  EXAMPLE 13
PAR  Using the procedure of Example 1, a 21.1% yield of
      2-[N-(3-methylthienyl-(2)-methyl)-N-(2,6-dichlorophenyl)-amino]-2-imidazol
     ine with a melting point of 132.degree.-135.degree.C was obtained.
PAC  EXAMPLE 14
PAR  Using the procedure of Example 1, a 15.6% yield of
      2-[N-(3-methylthienyl-(2)-methyl)-N-(2-chloro-3-methylphenyl)-amino]-2-imi
     dazoline with a melting point of 104.degree.-105.degree.C was obtained.
PAC  EXAMPLE 15
PAR  Using the procedure of Example 1, a 31.9% yield of
      2-[N-(thienyl-(2)-methyl)-N-(2,4-difluorophenyl)-amino]-2-imidazoline in
      the form of an oil was obtained.
PAC  EXAMPLE 16
PAR  Using the procedure of Example 2, a 38.6% yield of
      1-(thienyl-(2)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline melting
      at 286.degree.-288.degree.C was obtained.
PAC  EXAMPLE 17
PAR  Using the procedure of Example 2, a 9.7% yield of
      1-(3-methylthienyl-(2)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
      melting at 273.degree.-276.degree.C was obtained.
PAC  EXAMPLE A
PAR  Tablets weighing 445 mg were prepared by intimately admixing 30 mg of
      2-[N-thienyl-(2)-methyl)-N-(2,6-dichlorophenyl)-amino]-2-imidazoline, 160
      mg of corn starch, 250 mg of secondary calcium phosphate and 5 mg of
      magnesium stearate and the mixture was granulated and pressed into tablets
      containing 30 mg of the active compound.
PAC  EXAMPLE B
PAR  Gelatin Capsules weighing 200 mg were prepared by well mixing of 25 mg of
      1-(thienyl-(3)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
      hydrobromide and 175 mg of corn starch and filling the capsules.
PAC  EXAMPLE C
PAR  1.5 parts by weight of
      2-[N-(thienyl-(2)-methyl)-N-(2,6-dichlorophenyl)-amino]-2-imidazoline and
      0.2 parts by weight of the sodium salt of the ethylenediaminetetraacetic
      acid were dissolved in sufficient water and water was added to obtain a
      final volume of 100.0 parts by weight. The solution was filtered free of
      suspended particles and filled into 2 ccm ampoules under aseptic
      conditions. Then, the ampoules were sterilized and sealed and each ampoule
      contained 20 ml of the active ingredient.
PAR  Various modifications of the products and processes of the invention may be
      made without departing from the spirit or scope thereof and it is to be
      understood that the invention is to be limited only as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC11##
PAL  wherein
PA1  R, r.sub.1 and R.sub.2 are each hydrogen, fluorine, chlorine, bromine,
      methyl, ethyl, methoxy, trifluoromethyl or cyano, and
PA1  R.sub.5 is hydrogen, methyl or ethyl, or a non-toxic, pharmaceutically
      acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1 which is of the formula
      ##SPC12##
PAL  wherein R.sub.5 is hydrogen or methyl, or a non-toxic, pharmaceutically
      acceptable acid addition salt thereof.
NUM  3.
PAR  3. A compound of claim 2 selected from the group cosisting of
      1-(thienyl-(3)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline and its
      non-toxic, pharmaceutically acceptable acid addition salts.
NUM  4.
PAR  4. A compound of claim 2 selected from the group consisting of
      1-(thienyl-(2)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline and its
      non-toxic, pharmaceutically acceptable acid addition salts.
NUM  5.
PAR  5. A compound of claim 2 selected from the group consisting of
      1-(3-methylthienyl-(2)-methyl)-2-(2,6-dichlorophenylamino)-2-imidazoline
      and its non-toxic, pharmaceutically acceptable acid addition salts.
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ABST
PAL  An improved and novel process for the preparation of a carboxylic acid
      ester which comprises reacting a carboxylic acid with an alcohol or a
      sulfenic acid ester thereof in the presence of a tertiary phosphine and a
      disulfide of a mercaptoheterocyclic compound containing a nitrogen-carbon
      double bond with which the disulfide linkage is conjugated.
BSUM
PAR  This invention relates to an improved and novel process for the preparation
      of a carboxylic acid ester.
PAR  Various studies have been made heretofore for the preparation of carboxylic
      acid esters. The processes which have been most widely accepted include a
      process which comprises reacting a reactive derivative of a carboxylic
      acid e.g., acid halide, acid anhydride, etc. with an alcohol, and a
      process which comprises condensing a carboxylic acid with an alcohol in
      the presence of a strong dehydrating agent e.g., carbodiimide, etc.
      However, these prior art processes suffer from several disadvantages. For
      instance, where a carboxylic acid having a complicated structure is used
      as a starting material, the preparation of the reactive derivative of a
      carboxylic acid is often difficult, and where an optically active compound
      such as an amino acid or peptide of natural origin is used as a starting
      material, the resulting product may lose optical activity as the
      consequence of side reaction.
PAR  As a result of various investigations into a process which may be conducted
      under a mild reaction condition without side reaction and may be widely
      applied to the preparation of the carboxylic acid ester, we have already
      developed some processes and succeeded to obtain optically pure desired
      compounds in excellent yield from an optically active compound. According
      to the prior processes, the carboxylic acid ester is prepared by reacting
      a carboxylic acid with an alcohol in the presence of a tertiary phosphine,
      a metal compound and a disulfide or a sulphenyl halide and a base
      (Japanese Pat. Application Nos. 19269/68 and 85890/68) or in the presence
      of a tertiary phosphine, a halogen and a base (74921/68) or reacting a
      carboxylic acid with a sulphenic acid ester in the presence of a tertiary
      phosphine and an organic metal compound (85888/68). However, these
      processes have some disadvantages. For instance, the presence of the metal
      compound is disadvantageous when the starting material or the desired
      product tends to form fixed chelate compounds with the metal or when the
      presence of insolubles obstructs a reaction, for example, in case of the
      preparation of a depsipeptide by a solid phase method which has been
      recently developed. And, the presence of the halogen is also
      disadvantageous when the starting material or the desired product contains
      a group highly reactive to halogen, such as hydroxyphenyl or indolyl. It
      is, therefore, an object of this invention to provide a novel and improved
      process for the preparation of carboxylic acid esters, which may be
      applied to various esterifications without any obstructions as above.
PAR  Another object of this invention is to provide a novel and improved process
      for the preparation of active esters of amino acids which may be used as
      intermediates for a synthesis of peptide.
PAR  Other objects of this invention will be apparent from the following
      detailed description.
PAR  According to the present invention, carboxylic acid esters can be prepared
      by reacting a carboxylic acid with an alcohol or a sulfenic acid ester
      thereof in the presence of a tertiary phosphine and a disulfide of a
      mercaptoheterocyclic compound containing a nitrogen-carbon double bond
      with which the disulfide linkage is conjugated.
PAR  One of the starting materials used in the process of the present invention
      is a carboxylic acid which may be aliphatic, aromatic or heterocyclic. The
      kind and type of aliphatic, aromatic or heterocyclic carboxylic acids are
      not critical, and one may satisfactorily employ as a starting material any
      carboxylic acids, for example, saturated or unsaturated, straight or
      branched or long- or short-chain aliphatic carboxylic acids; aromatic
      monocyclic or polycyclic carboxylic acids which may carry any substituent
      in the aromatic ring; heterocyclic carboxylic acid with 5- or 6-membered
      or condensed heterocyclic ring and the like.
PAR  The other starting material is an alcohol or a sulfenic acid ester thereof
      which may be an aliphatic, aromatic or heterocyclic alcohol or an alkyl-
      or arylsulfenic acid ester thereof. The arylsulfenic acid esters employed
      in this invention are those substituted or unsubstituted with a nitro
      group or a halogen atom in the benzene ring. Especially, a
      nitro-substituted benzenesulfenic acid derivative is preferable. In the
      present invention, when an amino acid is used as the carboxylic acid and
      an alcohol having an acidic hydroxy group such a N-hydroxysuccinimide,
      pentachlorophenol, p-nitrophenol and hydroxyphthalimide is used as the
      alcohol, there may be prepared an amino acid active ester which is useful
      as intermediates for the synthesis of peptides or depsipeptides.
PAR  If the starting compound used has a reactive functional group such as
      --COOH, --NH.sub.2, --NH--, --SH or --OH as an optional substituent which
      will not take part in the reaction, it is desirable to block the said
      functional group with a protecting group which may be easily removed after
      the intended reaction. For instance, a carboxyl group can be protected in
      the form of an ester, e.g., lower alkyl or benzyl ester, an amino group
      can be protected by an acyl group e.g., formyl, trifluoroacetyl,
      benzyloxycarbonyl, tert.-butoxycarbonyl, tert.-amyloxycarbonyl,
      nitrobenzenesulfenyl, etc. or a substituted alkenyl group, e.g.,
      1-methyl-2-acetylvinyl, 1-carboxymethyl-1-propenyl, etc. Imino, mercapto
      and hydroxy groups can be protected by a benzyl, benzyloxycarbonyl or
      tetrahydropyranyl group.
PAR  Other protecting groups which are commonly known in the art of peptide
      chemistry are also usable. If such protecting groups are used, the present
      invention is applicable to the ester formation reaction in the peptide- or
      depsipeptide synthesis such as enniatin, destruxin, Etamycin and
      valinomycin.
PAR  In accordance with the process of the present invention, the above-referred
      starting compounds are contacted with the tertiary phosphine and the
      disulfide in a suitable solvent. As the tertiary phosphine employed in
      this invention, there may be used any tertiary phosphine selected from
      aliphatic and aromatic hydrocarbonyl phosphines without specific
      restriction. Usually, there may be used an easily available and stable
      tertiary phosphine substituted with the same kind of hydrocarbon such as
      tributyl phosphine and triphenyl phosphine.
PAR  The disulfide used in the present invention is a disulfide of a
      mercaptoheterocyclic compound containing a nitrogen-carbon double bond
      with which the disulfide linkage is conjugated and may be symmetric or
      asymmetric. Representative examples of the disulfide include a disulfide
      of a six membered mercaptoheterocyclic compound containing one or more
      nitrogen atoms as a hetero atom and a condensed ring derivative thereof
      such as 2,2'-dipyridyl disulfide, 4,4'-dipyridyl disulfide,
      2,2'-diquinolyl disulfide, 2,2'-dipyrazinyl disulfide, 2,2'-dipyrimidinyl
      disulfide, 2,2'-diquinoxalinyl disulfide, 4,4'-diquinazolinyl disulfide
      and 6,6'-diacridinyl disulfide and a disulfide of a five-membered
      mercaptoheterocyclic compound containing one or more nitrogen atoms as a
      hetero atom and a condensed ring derivative thereof such as
      2,2'-diimidazolyl disulfide, 2,2'-dibenzimidazolyl disulfide,
      2,2'-dibenzothiazolyl disulfide, 2,2'-dipurinyl disulfide and
      2,2'-bis(1-azaazulenyl) disulfide.
PAR  As the solvent, any solvent which does not participate in the reaction can
      be used. In general, a halogenated hydrocarbon such as methylene chloride
      and chloroform, dimethylformamide, acetonitrile, etc. is preferably used.
PAR  The process of this invention is generally carried out at room temperature
      but at a higher or lower temperature the reaction may also take place. The
      reaction time may vary depending upon the sort of the starting compound
      and reagent used and a reaction temperature. In general, from about
      several minutes to about tens of hours are required for completion of the
      reaction.
PAR  In the present invention, the disulfide participates with the reaction with
      each of the other starting materials and the tertiary phosphine at a molar
      ratio of 1:1:1 when an alcohol is used as one of the starting materials
      and at a molar ratio of 0.5:1:1 when a sulfenic acid ester is used.
      Practically, the reaction can, in most cases, be smoothly completed by
      employing a theoretical amount of the disulfide. But the reaction may be
      also conducted in the presence of an excess amount of the disulfide.
PAR  After completion of the reaction, the desired product is isolated from the
      reaction mixture by a conventional means. For instance, when a
      water-immiscible solvent is employed as the reaction solvent, the reaction
      mixture is washed with water only or successively with water, aqueous
      sodium bicarbonate, water, dilute hydrochloric acid and water and then
      dried. The solvent is distilled off and the residue is dissolved in a
      suitable solvent. The solution is subjected to chromatography to give the
      desired product. When a water-miscible solvent is employed as the reaction
      solvent, the solvent is distilled off from the reaction mixture and the
      residue is dissolved in a water-immiscible solvent. The solution is
      treated with the same procedure as above to give the desired product.
PAR  In the present process, when the ester, especially a depsipeptide is to be
      synthesized by a solid phase method, one of the starting materials is
      bounded with an insoluble polymer such as resin and polysaccharide and
      thus the whole reaction is naturally conducted in a heterogeneous phase,
      but the reaction condition is the same as in a homogeneous phase.
PAR  The following examples are given for the purpose of the illustration of the
      present invention but should not be construed as a limitation on the scope
      thereof.
DETD
PAC  EXAMPLE 1
PAC  N-Benzyloxycarbonylglycine benzyl ester
PAR  1. A mixture of 2.09 g. of N-benzyloxycarbonylglycine, 2.62 g. of triphenyl
      phosphine, 2.61 g. of 2-nitrobenzenesulfenic acid benzyl ester, 2.20 g. of
      2,2'-dipyridyl disulfide and 50 ml. of methylene chloride is stirred at
      room temperature for 3 hours. The reaction mixture is washed successively
      with water, saturated aqueous sodium bicarbonate, water, 0.1 N
      hydrochloric acid and water and then dried over anhydrous sodium sulfate.
      The solvent is distilled off. The residue is dissolved in methylene
      chloride. The solution is subjected to column chromatography using silica
      gel and eluted with methylene chloride. Distillation of the solvent from
      the eluate gives 2.51 g. of the desired product melting at 72.degree.C.
PAR  2. To a mixture of 1.05 g. of N-benzyloxycarbonylglycine, 0.54 g. of
      benzylalcohol and 50 ml. of methylene chloride is added dropwise a
      solution of 1.31 g. of triphenyl phosphine and 1.10 g. of 2,2'-dipyridyl
      disulfide in 20 ml. of methylene chloride while stirring at room
      temperature. After completion of the addition, the mixture is stirred at
      room temperature for an additional 6 hours. The reaction mixture is
      treated with the same procedure as described above to give 1.36 g. of the
      desired product melting at 71.degree. - 72.degree.C.
PAC  EXAMPLE 2
PAC  N-Benzyloxycarbonyl-L-phenylalanine succinimide ester
PAR  1. The procedure of Example 1 (2) is repeated, substituting 1.50 g. of
      N-benzyloxycarbonyl-L-phenylalanine, 1.01 g. of tri-n-butyl-phosphine and
      0.58 g. of N-hydroxysuccinimide for the N-benzyloxycarbonylglycine, the
      triphenyl phosphine and the benzylalcohol, respectively. After completion
      of the reaction, the reaction mixture is treated with the same procedure
      as in Example 1 (2) to give 1.31 g. of the desired product melting at
      135.degree. - 137.5.degree.C.
PA1  [.alpha.].sub.d.sup.24 -60.0 (c = 1, dimethylformamide)
PAR  2. To a mixture of 1.50 g. of N-benzyloxycarbonyl-L-phenylalanine and 0.58
      g. of N-hydroxysuccinimide and 50 ml. of methylene chloride is added
      dropwise a solution of 1.31 g. of triphenyl phosphine and 1.1 g. of
      4,4'-dipyridyl disulfide in 20 ml. of methylene chloride while stirring at
      room temperature. After completion of the addition, the mixture is stirred
      at room temperature for an additional 6 hours. The reaction mixture is
      treated with the same procedure as in Example 1 (1) to give 1.21 g. of the
      desired product.
PAR  3. To a mixture of 1.50 g. of N-benzyloxycarbonyl-L-phenylalanine, 0.58 g.
      of N-hydroxysuccinimide and 50 ml. of methylene chloride is added dropwise
      a solution of 1.31 g. of triphenyl phosphine and 1.55 g. of
      5,5'-dinitro-2,2'-dipyridyl disulfide in 20 ml. of methylene chloride
      while stirring at room temperature. After completion of the addition, the
      mixture is stirred at room temperature for an additional 6 hours. The
      reaction mixture is treated with the same procedure as in Example 1 (1) to
      give 1.24 g. of the desired product.
PAR  4. To a mixture of 1.50 g. of N-benzyloxycarbonyl-L-phenylalanine, 0.58 g.
      of N-hydroxysuccinimide and 50 ml. of methylene chloride is added dropwise
      a solution of 1.31 g. of triphenyl phosphine and 1.49 g. of
      2,2'-dibenzimidazolyl disulfide in 20 ml. of methylene chloride while
      stirring at room temperature. After completion of the addition, the
      mixture is stirred at room temperature for an additional 6 hours. The
      reaction mixture is treated with the same procedure as in Example 1 (1) to
      give 1.08 g. of the desired product.
PAC  EXAMPLE 3
PAC  N-Benzyloxycarbonyl-L-phenylalanine phenylester
PAR  A mixture of 2.99 g. of N-benzyloxycarbonyl-L-phenylalanine, 2.02 g. of
      tri-n-butyl phosphine, 2.70 g. of 2,4-dinitrobenzenesulfenic acid phenyl
      ester, 1.10 g. of 2,2'-dipyridyl disulfide and 70 ml. of methylene
      chloride is stirred at room temperature for 5 hours. The reaction mixture
      is treated with the same procedure as in Example 1 (1) to give 3.41 g. of
      the desired product.
PA1  Melting point : 102.degree.C.
PA1  [.alpha.].sub.d.sup.21 -29.4.degree. (c = 1, dimethylformamide)
PAC  EXAMPLE 4
PAC  N-Benzyloxycarbonyl-L-valine methyl ester
PAR  A mixture of 2.51 g. of N-benzyloxycarbonyl-L-valine, 2.62 g. of triphenyl
      phosphine, 1.40 g. of benzenesulfenic acid methyl ester, 1.10 g. of
      2,2'-dipyridyl disulfide and 50 ml. of methylene chloride is stirred at
      room temperature for 5 hours. The reaction mixture is treated with the
      same procedure as in Example 1 (1) to give 2.30 g. of the desired product.
PA1  Melting point : 56.degree.C.
PA1  [.alpha.].sub.d.sup.17 -15.8.degree. (c = 1, ethanol)
PAC  EXAMPLE 5
PAC  Caproic acid benzyl ester
PAR  To a mixture of 1.08 g. of benzylalcohol, 1.16 g. of caproic acid, 2.20 g.
      of 2,2'-dipyridyl disulfide and 50 ml. of methylene chloride is added
      dropwise a solution of 2.62 g. of triphenyl phosphine in 20 ml. of
      methylene chloride while stirring at room temperature. After completion of
      the addition, the mixture is stirred at room temperature for an additional
      3 hours. The reaction mixture is treated with the same procedure as in
      Example 1 (1) to give 1.9 g. of the desired product boiling at
      75.degree.C/0.2 mmHg.
PAC  EXAMPLE 6
PAC  Benzoic acid t-butyl ester
PAR  To a mixture of 0.74 g. of t-butanol, 1.22 g. of benzoic acid, 3.32 g. of
      2,2'-dibenzothiazolyl disulfide and 50 ml. of methylene chloride is added
      dropwise a solution of 2.62 g. of triphenyl phosphine in 20 ml. of
      methylene chloride while stirring at room temperature. After completion of
      the addition, the mixture is stirred at room temperature for an additional
      5 hours. The reaction mixture is treated with the same procedure as in
      Example 1 (1) to give 1.35 g. of the desired product boiling at
      75.degree.C/3 mmHg.
PAC  EXAMPLE 7
PAC  O-Nitrophenylsulphenyl-L-glutamine succinimide ester
PAR  To a solution of 0.750 g. of o-nitrophenyl sulphenyl-L-glutamine, 0.288 g.
      of N-hydroxysuccinimide and 0.550 g. of 2,2'-dipyridyl disulfide in 4 ml.
      of dimethylformamide is added to 0.655 g. of triphenyl phosphine and the
      mixture is stirred at room temperature for 4 hours. To the reaction
      mixture is added 100 ml. of isopropanol at 0.degree.C with stirring. The
      produced precipitates are washed successively with isopropanol, methylene
      chloride and ether and then dried to give 0.735 g. of the desired product.
PA1  Melting point : 146.degree. - 147.degree.C.
PA1  [.alpha.].sub.d.sup.23 -59.8 (c = 2, dimethylformamide)
PAR  Analysis:
TBL  Calculated for C.sub.15 H.sub.16 N.sub.4 O.sub.7 S                        
                      :    C, 45.50; H, 4.07; N, 14.14;                        
                           S, 8.07                                             
     Found            :    C, 45.73; H, 4.35; N, 14.22;                        
                           S, 8.03                                             
PAC  EXAMPLE 8
PAC  N-Benzyloxycarbonyl-L-glutamine pentachlorophenyl ester
PAR  To a solution of 0.700 g. of N-benzyloxycarbonyl-L-glutamine, 0.665 g. of
      pentachlorophenol and 0.55 g. of 2,2'-dipyridyl disulfide in 20 ml. of dry
      acetone is added an acetone solution of 0.655 g. of triphenyl phosphine
      with stirring at 0.degree.C. The produced precipitates are recovered by
      filtration and washed successively with a 3 % sodium bicarbonate solution,
      water and ether and recrystallized from a mixture of dimethylformamide and
      methanol to give 0.952 g. of the desired product.
PA1  Melting point : 182.degree. - 184.5.degree.C.
PA1  [.alpha.].sub.d.sup.20 -17.3 (c = 1, dimethylformamide)
PAR  Analysis:
TBL  Calculated for C.sub.19 H.sub.15 N.sub.2 O.sub.5 Cl.sub.5                 
                       :     C, 43.17; H, 2.86; N, 5.30;                       
                             Cl, 33.54.                                        
     Found             :     C, 43.09; H, 2.81; N, 5.32;                       
                             Cl, 33.81                                         
PAC  EXAMPLE 9
PAC  N-Benzyloxycarbonyl-L-asparagine pentachlorophenyl ester
PAR  The procedure in Example 8 is repeated employing 0.665 g. of
      N-benzyloxycarbonyl-L-asparagine, 0.665 g. of pentachlorophenol, 0.655 g.
      of triphenyl phosphine and 0.55 g. of 2,2'-dipyridyl disulfide to give
      0.953 g. of the desired product.
PA1  Melting point : 167.degree. - 185.degree.C.
PA1  [.alpha.].sub.d.sup.20 -26.7.degree. (c = 1, dimethylformamide)
PAR  Analysis:
TBL  Calculated for C.sub.18 H.sub.13 N.sub.2 O.sub.5 Cl.sub.5                 
                       :     C, 42.01; H, 2.55; N, 5.44;                       
                             Cl, 34.45                                         
     Found             :     C, 41.73; H, 2.63 N, 5.36;                        
                             Cl, 34.17                                         
PAC  EXAMPLE 10
PAC  N-Benzyloxycarbonyl-L-nitroarginine pentachlorophenyl ester
PAR  To a solution of 0.883 g. of N-benzyloxycarbonyl-L-nitroarginine, 0.665 g.
      of pentachlorophenol and 0.55 g. of 2,2'-dipyridyl disulfide in 30 ml. of
      tetrahydrofuran is added dropwise a tetrahydrofuran solution of 0.655 g.
      of triphenyl phosphine while stirring at 0.degree.C. The mixture is
      stirred at 0.degree.C for further 3 hours. After completion of the
      reaction, the reaction solvent is distilled off and the residue is
      dissolved in methylene chloride. The solution is washed with a 5 % sodium
      bicarbonate solution and water. The solution is dried over anhydrous
      sodium sulfate and filtered. The filtrate is left to stand overnight at
      -10.degree.C. The produced precipitates are recrystallized from a mixture
      of tetrahydrofuran and ether to give 1.07 g. of the desired product.
PA1  Melting point : 109.degree. - 111.degree.C.
PA1  [.alpha.].sub.d.sup.30 -14.2.degree. (c = 1.01; dimethylformamide)
PAR  Analysis:
TBL  Calculated for C.sub.20 H.sub.18 N.sub.5 O.sub.6 Cl.sub.5                 
                       :    C, 39.92; H, 3.02; N, 11.64;                       
                            Cl, 29.46                                          
     Found             :    C, 40.19; H, 3.03; N, 11.35;                       
                            Cl, 29.70                                          
PAC  EXAMPLE 11
PAC  N-Benzyloxycarbonyl-L-phenylalanine 8-hydroxyquinoline ester
PAR  To a suspension of 149.5 mg. of N-benzyloxycarbonyl-L-phenylalanine, 72.5
      mg. of 8-hydroxyquinoline, 110 mg. of 2,2'-dipyridyl disulfide, 225.5 mg.
      of mercury diphenylphosphine-p-benzenesulfonate in 20 ml. of dry methylene
      chloride is added dropwise a solution of 57 mg. of N-ethylpiperidine in 10
      ml. of methylene chloride while stirring at room temperature. The mixture
      is stirred at room temperature for further 5 hours. The reaction mixture
      is filtered and the filtrate is washed successively with 0.5 N sulfuric
      acid, water, a 3 % sodium bicarbonate solution and water and dried over
      anhydrous sodium sulfate. The solution is distilled off and the residue is
      recrystallized from a mixture of ethyl acetate and petroleum ether to give
      149 mg. of the desired product.
PA1  Melting point : 138.5.degree. - 139.5.degree.C.
PA1  [.alpha.].sub.d.sup.25 -70.6.degree. (c = 2, dimethylformamide)
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a carboxylic acid ester which comprises
      reacting an aliphatic, aromatic or heterocyclic carboxylic acid with an
      aliphatic, aromatic or heterocyclic alcohol or an alkyl- or aryl-sulfenic
      acid ester thereof in the presence of an aliphatic or aromatic
      hydrocarbonyl tertiary phosphine and a disulfide of a mercaptoheterocyclic
      compound containing a nitrogen-carbon double bond with which the disulfide
      linkage is conjugated.
NUM  2.
PAR  2. A process for the preparation of an amino acid active ester which
      comprises reacting an aliphatic, aromatic or heterocyclic amino acid with
      an aliphatic, aromatic or heterocyclic alcohol having an acidic hydroxy
      group in the presence of an aliphatic or aromatic hydrocarbonyl tertiary
      phosphine and a disulfide of a mercaptoheterocyclic compound containing a
      nitrogen-carbon double bond with which the disulfide linkage is
      conjugated.
NUM  3.
PAR  3. A process as claimed in claim 2 wherein said alcohol is selected from
      the group consisting of N-hydroxysuccinimide, pentachlorophenol,
      p-nitrophenol and hydroxyphthalimide.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein said disulfide of a
      mercaptoheterocyclic compound is selected from the group consisting of
      2,2'-dipyridyl disulfide, 4,4'-dipyridyl disulfide,
      5,5'-dinitro-2,2'-dipyridyl disulfide and 2,2'-dibenzothiazolyl disulfide.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein said tertiary phosphine is a
      trialkyl phosphine or triphenyl phosphine.
PATN
WKU  039377199
SRC  5
APN  5386721
APT  1
ART  126
APD  19750106
TTL  (4-Oxo-4H-1-benzopyran-2-yl)-oxamic acid, salts and esters anti-allergic
      agents
ISD  19760210
NCL  5
ECL  1
EXA  Breitenstein; G.
EXP  Helfin; Bernard
INVT
NAM  Sellstedt; John H.
CTY  Pottstown
STA  PA
INVT
NAM  Klaubert; Dieter H.
CTY  West Chester
STA  PA
ASSG
NAM  American Home Products Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  2603452
XCL  2603455
XCL  424283
EDF  2
ICL  C07D31102
FSC  260
FSS  345.2;345.5
UREF
PNO  3322795
ISD  19610500
NAM  Ellis et al.
OCL  260345.2
UREF
PNO  3652765
ISD  19720300
NAM  Ellis et al.
OCL  260345.2
UREF
PNO  3836541
ISD  19740900
NAM  Johnson et al.
OCL  260326.2
UREF
PNO  3862143
ISD  19750100
NAM  Klectchko et al
OCL  260345.2
LREP
FR2  Jackson; Richard K.
ABST
PAL  Anti-allergic agents present the following structural formula:
      ##SPC1##
PAL  In which
PA1  R is --H, lower alkyl or an alkali metal cation.
PA1  R.sup.2 is alkyl of 1 to 6 carbon atoms or hydroxyalkyl of 2 to 6 carbon
      atoms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Atopic immediate sensitivity is the chief manifestation found in animals
      suffering from bronchial asthma, seasonal pollinosis, allergic rhinitis,
      urticaria, allergic conjunctivitis, food allergy and anaphylactoid
      reactions. The substances most frequently responsible for clinically
      manifest sensitivities are plant pollen, animal feathers and danders,
      dust, milk and wheat, whether inhaled or ingested.
PAR  Atopic hypersensitivity is found in man, dog and other animals. Its
      occurrence is exceptionally found in the lower animals.
PAR  The presence of antibodies associated with atopic reactions in the host
      serum is established by the passive sensitization of the skin of a normal
      recipient, after injection of serum from a sensitized host into a skin
      site followed by injection of antigen into the same area 24 hours later,
      resulting in a local hive. This is commonly referred to as the
      Prausnitz-Kustner (P-K) reaction.
PAR  The antibody associated with atopic hypersensitivity possesses distinctive
      features in that it does not in all forms precipitate with its antigen,
      fails to pass the placenta from mother to fetus, has special affinity for
      the skin, frequently lacks specificity toward an individual antigen in an
      individual sensitized by a variety of antigenic factors and is usually
      labile at about 56.degree.C after 2 hours.
PAR  The homocytotropic antibody found in or induced in the rat is related in
      function and reaction to immunoglobulin E (reagin or IgE) found in the
      human. The correlation between homocytotropic antibody in the rat and IgE
      in the human has been established through the common effects obtained from
      chemical reactions, immunological reactions and drug responses in the two
      species hosting those antibodies. In the human, reagin is the antibody
      responsible for atopic immediate hypersensitive reactions. In the rat, the
      homocytotropic antibody is responsible for atopic immediate hypersensitive
      reactions.
PAR  In theory, reagin, influences the cell membrane of a mast cell by reacting
      with an antigen, to initiate the reaction(s) within the mast cell which
      ultimately releases a mediator such as Bradykinin, SRS-A (slow reacting
      substance-A), histamine, and other unknown substances. The mediator
      effects a change in surrounding cell wall permeability permitting a rapid
      change in flow or exudance of mediator(s) from the cells, resulting in an
      allergic attack symptom. The various methods commonly employed to relieve
      the symptoms of allergic attack, none of which are considered to be quite
      acceptable, are to (1) avoid attack by the antigen, (2) block the
      production of antibody with an immunosuppressant, (3) block the action of
      the mediators on the cell under attack by administration of
      anti-histaminics, anti-5-hydroxy-tryptamine (5-HT) or anti-inflammatories,
      or (4) stimulate the cell under attack to negate the action of the
      mediator through the action of bronchodilators such as Isoprel or a
      Xanthine.
PAR  The only commercial compound known to date to operate as an anti-allergic
      primarily by blocking reaction(s) within the mast cells, thereby
      preventing the production and release of mediators, is disodium
      cromoglycate (INTAL).
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention there is provided a method for
      suppressing the manifestations of atopic immediate sensitivity in a
      sensitized animal which comprises administering to said animal an
      effective amount of a compound of the formula:
      ##SPC2##
PAL  in which
PA1  R is --H, alkyl of 1 to 6 carbon atoms, or an alkali metal cation and
PA1  R.sup.2 is alkyl of 1 to 6 carbon atoms or hydroxyalkyl of 2 to 6 carbon
      atoms.
PAL  In addition, this invention provides novel chemical compounds of the above
      described formula.
PAR  The compounds of this invention have been demonstrated to relieve allergic
      manifestations when administered intraperitoneally and orally to
      sensitized rats. The technique employed to establish the anti-allergic
      activity of the disclosed compounds is reported in Immunology, vol. 16,
      pp. 749-760 (1969) and involves four male Charles River rats (200-250
      grams body weight) per group to provide a control, a host for
      administration of a standard anti-allergic compound (disodium
      cromoglycate) and animals for the test compound. The rats are injected
      intracutaneously on their shaved backs with sera from rats immunized with
      egg albumin and pertussis vaccine. Twenty-four hours after the initial
      injections, the test compound is administered intraperitoneally or orally
      at a maximum dosage level of 200 milligrams per kilogram host body weight.
      Five minutes later one milliliter of a 0.5 percent solution of Evans blue
      dye and 8 milligrams of egg albumin is injected intravenously. After 40
      minutes, the animal is sacrificed and the bleb size on its back is
      measured. The mean bleb size for the animals administered the test
      compound is calculated and the percent inhibition is determined by
      comparison with the control animal.
PAR  Although the mechanism by which the compounds of this invention function is
      not absolutely known, applicants have found that the compounds of this
      invention, in a manner believed to be similar to the function of INTAL,
      block reaction(s) in the mast cell leading to the production and release
      of mediators.
PAR  The compounds of this invention permit the occurrence of a non-productive
      antigen-antibody interaction by effectively blocking the IgE type
      reaction.
PAR  In sum, the compounds of this invention block the release of mediators
      commonly resulting from the antigen antibody reaction as exemplified in a
      passive cutaneous anaphylaxis test (PCA) using rat homocytotropic antibody
      -- a known correlate of human reaginic antibody.
PAR  By analogy to disodium cromoglycate and its activity correlation between
      standard test animals, domestic animals and man, the compounds of this
      invention have been established as anti-allergic agents suitable for the
      same uses at analogous doses and through the same routes of administration
      as INTAL.
PAR  Thus, there is provided herewith a method for suppressing allergic
      manifestations of atopic immediate sensitivity in warm-blooded human and
      non-human animals, the latter including domesticated animals such as the
      mouse, rat, hamster, gerbil, dog, cat, sheep, goat, horse, cow, and the
      like by administering an effective amount of one or more of the compounds
      disclosed in this application by oral, topical, intraperitoneal,
      intramuscular or intravenous routes. The compounds of this invention may
      be administered in conjunction with known compounds effecting
      anti-histaminic, anti-hypertensive, analgesic, central nervous system
      depressant, immunosuppressive, anti-serotonin, anti-Bradykinin or
      endocrinological responses. In addition, those conventional adjuvants
      known to the art may be combined with the anti-allergics of this invention
      to provide compositions and solutions for administrative purposes,
      although it is considered desirable and feasible to employ the
      anti-allergics as neat or pure compounds without additives other than for
      purposes of providing suitable pharmaceutical solution or liquid or vapor
      suspensions.
PAR  The effective dose range in test animals has been established to be from
      about 20 milligrams per kilogram to a dosage resulting in substantially
      100 percent prevention of the allergic response at 200 milligrams per
      kilogram host body weight upon administration, orally.
PAR  As an inhalant, the dose is analogous to that of INTAL, or about two
      milligrams administered as needed prior to attack. Thus, the dosage
      contemplated for human oral or intraperitoneal use based upon the potency
      of the compound administered lies from about 750 milligrams to 2 grams,
      preferable 1 gram to about 11/2 grams in unit dosage form to be
      administered when necessary and to the degree of the desired response, in
      single or plural doses under the guidance of a physician.
DETD
PAC  EXAMPLE 1
PAC  (4-Oxo-4H-1-benzopyran-2-yl)Oxamic Acid Ethyl Ester
PAR  To a suspension of 1.61 grams (0.01 mole) of 2-amino-4H-1-benzopyran-4-one
      (prepared by the method of Kawase et al., Bull. Chem. Soc. Japan, 35,
      1869(1962)) in 30 milliliters of methylene chloride, is added 0.8 grams
      (0.01 mole) of pyridine followed by the dropwise addition of 1.37 grams
      (0.01 mole) of ethyl oxalyl chloride in 20 milliliters of methylene
      chloride. The resulting solution is stirred for one hour, poured into
      distilled water and the organic layer separated, dried and evaporated to
      yield the title compound. Recrystallization from ethyl acetate gives 2.2
      grams (80 percent yield) of the title compound, m.p.
      167.degree.-169.degree.C.
PAR  Elemental Analysis for C.sub.13 H.sub.11 NO.sub.5 :
PAR  Calc'd: C, 59.76; H, 4.25; N, 5.36.
PAR  Found: C, 59.40; H, 4.09; N, 5.44.
PAR  The results obtained in the PCA rat test described above, demonstrate that
      at 200 milligrams per kilogram host body weight, intraperitoneal, the
      title compound exhibited 68 percent suppression of the allergic response.
      Orally, the title compound exhibited 62 per cent suppression of the
      allergic response at 20 milligrams per kilogram host body weight.
PAC  EXAMPLE 2
PAC  (4-Oxo-4H-1-benzopyran-2-yl)Oxamic Acid Sodium Salt
PAR  To a solution of 0.8 grams (0.02 mole) of sodium hydroxide in 20
      milliliters of water is added 5.22 grams (0.02 mole) of the ethyl ester
      prepared in Example 1. The resulting solution is stirred for one half hour
      and the product is recovered by filtration, dried and recrystallized from
      ethanol-water to give 3 grams of the sodium salt monohydrate, m.p.
      280.degree.C. (decomp.). The water of hydration is removed on gently
      heating the product. Acidification of the sodium salt yields the free
      carboxylic acid.
PAR  Elemental Analysis for C.sub.11 H.sub.6 NO.sub.5 Na.H.sub.2 O:
PAR  Calc'd: C, 48.36; H, 2.95; N, 5.13.
PAR  Found: C, 48.13; H, 2.67; N, 5.18.
PAR  The sodium salt exhibited 55 percent suppression at 200 milligrams per
      kilogram host body weight, intraperitoneally, and 15 percent suppression
      at 20 milligrams per kilogram host body weight, orally, in the rat PCA
      test described, supra.
PAC  EXAMPLE 3
PAC  (6-Methoxy-4-Oxo-4H-1-Benzopyran-2-ylamino)Oxamic Acid, Ethyl Ester
PAR  A solution of 5-methoxysalicylic acid (33.6 g., 0.2 mol) in 300 ml. of
      hexamethylphosphorustriamide is treated successively with 16 g. of sodium
      hydroxide in 40 ml. of water and 68.4 g. (0.4 mol) of benzyl bromide. The
      resulting solution is stirred 14 hours at room temperature, poured into
      water and extracted with diethyl ether. The ether solution is dried and
      evaporated to a yellow oil which solidified on standing. Recrystallization
      from benzenehexane gives the desired 2-benzyloxy-5-methoxy benzoic acid
      benzyl ester.
PAR  To a solution of 10.1 g. (0.1 mol) of diisopropylamine in 200 ml. of
      tetrahydrofuran at -40.degree.C. is added 66 ml. of 1.5 M. butyllithium in
      hexane (0.1 mol). After 1/2 hour, the solution is cooled to -76.degree.C.
      and 4.1 g. (0.1 mol) of acetonitrile in 50 ml. of tetrahydrofuran is added
      dropwise. Stirring is continued for 1 hour, 17.4 g. (0.05 mol) of the
      benzyl ester prepared in the preceding paragraph is added and the solution
      is warmed to room temperature with stirring for an additional hour. The
      solution is poured into water, the organic layer is separated, washed with
      saturated aqueous NaCl, dried and evaporated to a solid which is
      recrystallized from diethyl ether yield, 7.5 g.; m.p.
      98.degree.-100.degree.C.
PAR  Elemental Analysis for C.sub.17 H.sub.15 NO.sub.3 :
PAR  Calc'd: C, 72.58; H, 5.38; N, 4.98.
PAR  Found: C, 72.54; H, 5.42; N, 5.12.
PAR  A mixture of 2.81 g. (0.01 mol) of 2-benzyloxy-5-methoxy-phenylacetonitrile
      prepared in the preceding paragraph and 0.1 g. 5% Pd-BaSO.sub.4 in 50 ml.
      of ethyl acetate is hydrogenated at atmospheric pressure until 1
      equivalent of hydrogen is absorbed. Filtration through Celite, evaporation
      and recrystallization from diethyl ether gives 1.7 g. of
      2-hydroxy-5-methoxy-phenylacetonitrile, m.p. 160.degree.-165.degree.C.
PAR  Elemental Analysis for C.sub.10 H.sub.9 NO.sub.3 :
PAR  Calc'd: C, 62.82; H, 4.75; N, 7.33.
PAR  Found: C, 62.49; H, 4.94; N, 7.41.
PAR  A solution of 1.11 g. (0.01 mol) of the product of the preceding paragraph
      in 50 ml. of diglyme is heated at reflux for 6 hours, cooled to
      0.degree.C. and the product is removed by filtration to give 1.6 g. of
      2-amino-6-methoxy-4-oxo-4H-1-benzopyran, m.p. 275.degree.-280.degree.C.
      (decomp.)
PAR  Elemental Analysis for C.sub.10 H.sub.9 NO.sub.3 :
PAR  Calc'd: C, 62.82; H, 4.75; N, 7.33.
PAR  Found: C, 62.94; H, 4.85; N, 6.94.
PAR  This title compound is prepared by oxalation of the amine prepared in the
      preceding paragraph, following the procedure of Example 1, m.p.
      213.degree.-215.degree.C.
PAR  Elemental Analysis for C.sub.14 H.sub.13 NO.sub.6 :
PAR  Calc'd: C, 57.73, H, 4.50; N, 4.82.
PAR  Found: C, 57.62; H, 4.58; N, 4.76.
PAC  EXAMPLE 4
PAC  [5-(2-Hydroxyethoxy)-4-Oxo-4H-1-benzopyran-2-yl]Oxamic Acid, Ethyl Ester
PAR  2-(2-Hydroxyethoxy)-6-nitrobenzonitrile is prepared by the dropwise
      addition of a tetrahydrofuran solution of lithium hydroxyethoxide to a
      tetrahydrofuran (500 ml.) solution of 2,6-dinitrobenzonitrile (19.3 g.) at
      reflux. After all the ethoxide is added, the reaction is refluxed for 4
      hours, cooled and evaporated to dryness. The solid product is extracted
      with hot benzene, m.p. 140.degree.-142.degree.C.
PAR  The benzonitrile prepared in the preceding paragraph is reacted with sodium
      benzyloxide in tetrahydrofuran under standard conditions to displace the
      6-nitro group with the benzyloxy substituent, followed by methanolysis of
      the nitrile with methanolic HCl to afford the methyl ester.
PAR  The carboxymethyl group is then displaced by the acetonitrile union formed
      with butyllithium and acetonitrile. The resulting
      2-benzyloxy-6-hydroxyethoxy-phenylacetonitrile is hydrogenated over Pd/C
      to the corresponding phenol which is cyclized following the procedure of
      Example 3 to yield 2-amino-6-hydroxethoxy-4-oxo-4H-1-benzopyran.
PAR  The benzopyran in methylene chloride, is treated with four equivalents of
      pyridine followed by two equivalents of trimethylchlorosilane. After two
      hours, one equivalent of ethyl oxalylchloride is added. After twenty hours
      an excess of dilute HCl is added and the title compound is recovered with
      the organic layer which is dried and evaporated to yield the product.
CLMS
STM  What is Claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC3##
PAL  in which
PA1  R is --H, alkyl of 1 to 6 carbon atoms or an alkali metal cation and
PA1  R.sup.2 is alkyl of 1 to 6 carbon atoms or hydroxyalkyl of 2 to 6 carbon
      atoms.
NUM  2.
PAR  2. The compound of claim 1 which is
      ##SPC4##
NUM  3.
PAR  3. The compound of claim 1 which is
      ##SPC5##
NUM  4.
PAR  4. The compound of claim 1 which is
      ##SPC6##
NUM  5.
PAR  5. The compound of claim 1 which is
      ##SPC7##
PATN
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APT  1
ART  124
APD  19741125
TTL  Steroidal[16.alpha.,17-.beta.]naphthalenes
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NCL  17
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INVT
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INVT
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CTY  Hamilton
STA  NJ
ASSG
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CTY  Princeton
STA  NJ
COD  02
CLAS
OCL  26039745
XCL  2603971
EDF  2
ICL  C07C  300
FSS  Machine Searched Steroids
FSC  260
FSS  397.45
OREF
PAL  Wasserman et al., Journ. of the Amer. Chem. Soc., 1965, Vol. 87, No. 17,
      pp. 4002-4003.
LREP
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FR2  Smith; Merle J.
FR2  Barrack; Donald J.
ABST
PAL  Novel steroids having the structure
      ##SPC1##
PAL  And the 1,2-dehydro derivatives thereof, wherein R.sub.1 is chlorine,
      fluorine, or hydroxy and R'.sub.1 is hydrogen or R.sub.1 and R'.sub.1
      together are =0; R.sub.2 is hydrogen or halogen; R.sub.3 is hydrogen,
      methyl, or fluorine; R.sub.4 is hydrogen, hydroxy,
      ##EQU1##
      or halogen; R.sub.5 and R.sub.6 are the same or different and are
      hydrogen, alkyl, alkylthio, alkoxy, carboalkoxy, formyl,
      ##EQU2##
      hydroxy, halogen, phenyl or cyano, with the proviso that when R.sub.5 and
      R.sub.6 are different, one of R.sub.5 and R.sub.6 is hydrogen.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Steroidal[16.alpha.,17-b]naphthalenes having the structure
      ##SPC2##
PAL  Are useful topical and systemic antiinflammatory agents. In formula I, and
      throughout the specification, the symbols are as defined below:
PAR  R.sub.1 is chlorine, fluorine or hydroxy and R'.sub.1 is hydrogen or
      R.sub.1 and R'.sub.1 together are =O;
PAR  R.sub.2 is hydrogen or halogen;
PAR  R.sub.3 is hydrogen, methyl or fluorine;
PAR  R.sub.4 is hydrogen, hydroxy,
      ##EQU3##
      or halogen; and
PAR  R.sub.5 and R.sub.6 are the same or different and are hydrogen, alkyl,
      alkylthio, alkoxy, carboalkoxy, formyl,
      ##EQU4##
      hydroxy, halogen, phenyl or cyano, with the proviso that when R.sub.5 and
      R.sub.6 are different, one of R.sub.5 and R.sub.6 is hydrogen.
PAR  The dotted line in the 1,2-position of the steroid of formula I represents
      the optional presence of a double bond.
PAR  The term "alkyl," as used throughout the specification, refers to straight
      or branched chain hydrocarbon groups having 1 to 6 carbon atoms.
PAR  The term "alkoxy," as used throughout the specification, refers to groups
      having the formula Y--O-- wherein Y is alkyl as defined above.
PAR  The term "aryl," as used throughout the specification, refers to phenyl or
      phenyl substituted with alkyl, alkoxy, or halogen; phenyl is preferred.
PAR  The term "halogen," as used throughout the specification, refers to
      fluorine, chlorine, bromine, and iodine; fluorine, chlorine, and bromine
      are preferred.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The steroids of formula I are physiologically active substances which
      possess glucocorticoid and antiinflammatory activity and hence can be used
      in lieu of known glucocorticoids in the treatment of rheumatoid arthritis,
      for which purpose they can be administered in the same manner as
      hydrocortisone, for example, the dosage being adjusted for the relative
      potency of the particular steroid. In addition, the steroids of this
      invention can be used topically in lieu of known glucocorticoids in the
      treatment of skin conditions such as dermatitis, psoriasis, sunburn,
      neurodermatitis, eczema, and anogenital pruritus.
PAR  When given orally, the compounds of this invention may be used in a dosage
      range of 0.1 to 200 milligrams, preferably 0.3 to 100 milligrams. If
      administered topically, the compounds of this invention may be used in the
      range of 0.01 to 5.0% by weight, preferably 0.05 to 2.0% by weight, in a
      conventional cream or lotion.
PAR  The steroids of formula I wherein R.sub.4 is hydrogen,
      ##EQU5##
      or halogen can be prepared by reacting a benzocyclobutene having the
      structure
      ##SPC3##
PAL  with a steroid having the structure
      ##SPC4##
PAL  to yield a steroid having the structure
      ##SPC5##
PAL  In formulas III and IV, and throughout the specification. R.sub.7 can be
      hydrogen,
      ##EQU6##
      or halogen. The above reaction can be run with or without an inert
      solvent. Preferably, the reaction will be run neat, in an inert
      atmosphere, at temperatures up to the boiling point of the solution.
PAR  Those steroids of formula I wherein R.sub.4 is hydroxy or halogen can be
      prepared from the corresponding 21-acyloxy steroid of formula IV.
      Hydrolysis of the 21-acyloxy steroid yields the corresponding 21-hydroxy
      steroid which can in turn be converted to a 21-halo steroid using
      procedures well known in the art.
PAR  Alternatively, the compounds of formula I can be prepared from
      benzocyclobutenes of formula II and steroids having the structure
      ##SPC6##
PAL  Reaction of a benzocyclobutene of formula II and a steroid of formula V
      yields a steroid having the structure
      ##SPC7##
PAL  A steroid of formula VI can be converted to the corresponding
      9,11.beta.-dihalo steroid or 9-halo-111.beta.-hydroxy steroid using
      procedures well known in the art. The 21-acyloxy steroids can be readily
      converted to the corresponding 21-hydroxy and 21-halo steroids.
PAR  Many variations of the above described procedures will be apparent to a
      person of ordinary skill in the art.
DETD
PAR  The following examples are specific embodiments of this invention.
PAC  EXAMPLE 1
PAC  9-Fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregn-4-eno[16.alpha.,17-b]
     naphthalene-3,20-dione
PAR  9-Fluoro-11.beta.-hydroxypregna-4,16-diene-3,20-dione (100 mg) and
      benzocyclobutene (1.5 ml) are refluxed under nitrogen for 18 hours while a
      crystalline solid separates from solution. The unreacted benzocyclobutene
      is recovered by distillation in vacuo leaving a residual solid (115 mg).
      One crystallization of this form chloroform-hexane yields the title
      compound, melting point 270.degree.-271.degree.C, dec.
PAC  EXAMPLE 2
PAC  21-(Acetyloxy)-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregna-1,4
      -dieno[16.alpha.,17-b]naphthalene-3,20-dione
PAR  21-(Acetyloxy)-9-fluoro-11.beta.-hydroxypregna-1,4,16-triene-3,20-dione
      (500 mg) is refluxed under nitrogen for 34 hours with 5 ml of
      benzocyclobutene. The solution is cooled, diluted with 10 ml of 1:3
      hexane-chloroform, and chromatographed on a 60 g-silica gel column.
      Elution with 1:3 hexane-chloroform, 1:4 hexane-chloroform and 1:9
      hexane-chloroform yields 490 mg of material. Crystallization from
      acetone-hexane yields 400 mg of the title compound, melting point
      236.degree.-237.degree.C.
PAC  EXAMPLE 3
PAC  21-(Acetyloxy)-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregn-4-eno[
     16.alpha.,17-b]naphthalene-3,20-dione
PAR  A mixture of 500 mg of 21-
      (acetyloxy)-9-fluoro-11.beta.-hydroxypregna-4,16-diene-3,20-dione and 5 ml
      of benzocyclobutene is refluxed under nitrogen for 36 hours. The resulting
      slurry is cooled, dissolved in 1:9 hexane-chloroform and chromatographed
      on a 40 g-silica gel column. Elution with 1:3 hexane-chloroform and 1:4
      hexane-chloroform yields 550 mg material. Two recrystallizations from
      acetone-hexane yield 310 mg of the title compound, melting point
      261.degree.-262.degree.C.
PAC  EXAMPLE 4
PAC  21-(Acetyloxy)-
      4'.beta.-ethoxy-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregna-1,4
     -dieno[16.alpha.,17-b]-naphthalene-3,20-dione
PAR  A suspension of 21-(acetyloxy)-
      9-fluoro-11.beta.-hydroxypregna-1,4,16-triene-3,20-dione (1.0 g) in
      1-ethoxy-1,2-dihydrobenzocyclobutene (3.0 g) is stirred under nitrogen in
      a bath at 160.degree.C. In a few seconds, the steroid dissolves and a
      vigorous reaction occurs. After 10 minutes, examination of an aliquot by
      thin layer chromatography (tlc) reveals the absence of the starting
      steroid. The reaction is, however, continued for 18 hours with no
      significant difference in the tlc behavior. The cooled reaction mixture is
      then poured on a column of silica gel (100 g) made up in chloroform.
      Elution with chloroform and chloroform-ethyl acetate (98:2) affords a gum
      (2.43 g). Elution of the column with chloroform-ethyl acetate (90:10)
      affords five fractions which are all impure to different degrees. These
      are combined to afford a foam (570 mg).
PAR  The gum (2.43 g) is dissolved in ethanol-tetrahydrofuran (1:1, 30 ml) and
      two drops of concentrated hydrochloric acid are added. After 6.0 hours
      sodium acetate (0.5 g) is added and the solution is evaporated to dryness.
      The residue is combined with the foam (570 mg) and is chromatographed over
      silica gel (90 g). Elution with chloroform affords an oil which is
      discarded. Elution with chloroformethyl acetate (98:2) affords the title
      compound as a solid (800 mg). Further elution of the column with
      chloroformethyl acetate (95:5, 80:20) affords a mixture (430 mg) of four
      steroidal compounds, one of which is identical with the title compound.
      One crystallization of the 800 mg of solid from chloroform-ethyl acetate
      yields the title compound (633 mg), melting point
      283.degree.-284.degree.C, dec.
PAC  EXAMPLE 5
PAC  21-(Acetyloxy)-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxy-3,20-dioxop
     regna-1,4-dieno[16.alpha.,17-b]-naphthalene-4'.beta.-carbonitrile
PAR  21-(Acetyloxy)-9-fluoro-11.beta.-hydroxypregna-1,4,16-triene-3,20-dione
      (402 mg) is dissolved in dry xylene (12 ml) by heating in a bath at
      135.degree.C under nitrogen. The solution is then cooled,
      1-cyano-1,2-dihydrobenzocyclobutene (645 mg) is added, and reheated at
      135.degree.C (bath temperature). In a few hours, a solid starts to
      separate. After 30 hours the mixture is cooled to room temperature and the
      solid is separated by filtration (255 mg). This is washed with hot
      chloroformtetrahydrofuran (1:1) to yield the title compound (200 mg),
      melting point 317.degree.-318.degree.C, dec.
PAC  EXAMPLE 6
PAC  4'.beta.,21-bis[Acetyloxy]-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxy
     pregna-1,4-dieno[16.alpha.,17-b]-naphthalene-3,20-dione
PAR  A solution of
      21-(acetyloxy)-9-fluoro-11.beta.-hydroxypregna-1,4,16-triene-3,20-dione
      (622 mg) in ortho-dichlorobenzene (7.0 ml) containing
      1-acetoxy-1,2-dihydrobenzocyclobutene (1.13 g) is heated under nitrogen in
      a bath at 160.degree.C for 20 hours. The solvent is then evaporated in
      vacuo and the residue is applied to two 2.0 .times. 200 .times. 200 mm
      silica gel plates. The plates are developed four times with
      chloroformethyl acetate (7:3). The two major bands due to the products are
      extracted with chloroform-methanol (98:2). One crystallization of the less
      polar material from acetone-hexane yields the title compound (213 mg),
      melting point 272.degree.-273.5.degree.C, dec.
PAC  EXAMPLE 7
PAC  9-Fluoro-1',2',3',4'-tetrahydro-11.beta.,21-dihydroxypregna-1,4-dieno[16.al
     pha.,17-b]naphthalene-3,20-dione
PAR  A solution of
      21-(acetyloxy)-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregna-1,4-
     dieno[16.alpha.,17-b]naphthalene-3,20-dione (1.3 g, prepared as described
      in Example 2) in 30 ml of methanol and 20 ml of tetrahydrofuran is stirred
      at 0.degree.C under nitrogen for 1.5 hours with 0.5 ml of 10% potassium
      carbonate. The resulting solution is neutralized with 5% acetic acid,
      poured into cold water and extracted with chloroform. The chloroform
      solution is washed with water and dried over anhydrous sodium sulfate. The
      solvent is then evaporated in vacuo. Two recrystallizations of the
      resultant material from chloroform-methanol give 500 mg of the title
      compound, melting point 293.degree.-294.degree.C.
PAC  EXAMPLE 8
PAC  21-Chloro-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregna-1,4-dieno[
     16.alpha.,17-b]naphthalene-3,20-dione
PAL  A.
      21-(methanesulfonyloxy)-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypr
     egna-1,4-dieno[16.alpha.,17-b]naphthalene-3,20-dione
PAR  A solution of
      9-fluoro-1',2',3',4'-tetrahydro-11.beta.,21-dihydroxypregna-1,4-dieno[16.a
     lpha.,17-b]naphthalene-3,20-dione (800 mg, prepared as described in Example
      7) in 45 ml of pyridine is stirred at 0.degree.C under nitrogen for 2.5
      hours with 0.5 ml of methanesulfonyl chloride. The resulting solution is
      poured into cold 5% hydrochloric acid and extracted with chloroform. The
      chloroform solution is washed with water, dried over anhydrous sodium
      sulfate and evaporated in vacuo to give 1.07 g of the title compound.
PAL  B.
      21-chloro-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregna-1,4-dieno
     [16.alpha.,17-b]naphthalene-3,20-dione
PAR  A solution of 1.07 g of
      21-(methanesulfonyloxy)19-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypr
     egna-1,4-dieno-[16.alpha.,17-b]naphthalene-3,20-dione in 100 ml of
      dimethylformamide is refluxed under nitrogen for 1.5 hours with 1.1 g of
      lithium chloride. The solution is cooled, diluted with cold water, stirred
      for 25 minutes and filtered. The solid is dissolved in chloroform, washed
      with 5% hydrochloric acid and water, dried over anhydrous magnesium
      sulfate and evaporated in vacuo. Three recrystallizations of the resultant
      material from chloroform-methanol give 340 mg of the title compound,
      melting point 283.degree.-284.degree.C.
PAC  EXAMPLES 9 - 24
PAR  Following the procedure of Example 5, but substituting the benzocyclobutene
      listed in column I for 1-cyano-1,2-dihydrobenzocyclobutene and the steroid
      listed in column II for
      21-(acetyloxy)-9-fluoro-11.beta.-hydroxypregna-1,4,16-triene-3,20-dione,
      the steroid listed in column III is obtained.
TBL  Example Column I         Column II       Column III                       
     __________________________________________________________________________
      9   trans-1,2-diethoxy-                                                  
                         21-(acetyloxy)-9-fluoro-                              
                                         21-(acetyloxy)-1'.beta.,4'.beta.-di-  
          benzocyclobutene                                                     
                         11.beta.-hydroxypregna-1,4,16-                        
                                         ethoxy-9-fluoro-1',2',3',4'-          
                         triene-3,20-dione                                     
                                         tetrahydro-11.beta.-hydroxypregna-    
                                         1,4-dieno[16.alpha.,17-b]naphthal-    
                                         ene-3,20-dione                        
     10   1-carbomethoxybenzo-                                                 
                         21-(acetyloxy)-9-fluoro-                              
                                         21-(acetyloxy)-9-fluoro-1',2'-        
          cyclobutene    11.beta.-hydroxypregna-1,4,16-                        
                                         3',4'-tetrahydro-11.beta.-hydroxy-    
                         triene-3,20-dione                                     
                                         3,20-dioxopregna-1,4-dieno-           
                                         [16.alpha.,17-b]naphthalene-4'.beta.-o
                                         ic                                    
                                         acid, methyl ester                    
     11   trans-1,2-dicarbo-                                                   
                         21-(acetyloxy)-9-fluoro-                              
                                         21-(acetyloxy)-9-fluoro-1',2'-        
          methoxybenzocyclo-                                                   
                         11.beta.-hydroxypregna-1,4,16-                        
                                         3',4'-tetrahydro-11.beta.-hydroxy-    
          butene         triene-3,20-dione                                     
                                         3,20-dioxopregna-1,4-dieno-           
                                         [16.alpha.,17-b]naphthalene-1'.beta.,4
                                         '.beta.-                              
                                         dioic acid, dimethyl ester            
     12   trans-1,2-dibromobenzo-                                              
                         21-(acetyloxy)-9-fluoro-                              
                                         21-(acetyloxy)-1'.beta.,4'.beta.-di-  
          cyclobutene    11.beta.-hydroxypregna-1,4,16-                        
                                         bromo-9-fluoro-1',2',3',4'-           
                         triene-3,20-dione                                     
                                         tetrahydro-11.beta.-hydroxypregna-    
                                         1,4-dieno[16.alpha.,17-b]naphthal-    
                                         ene-3,20-dione                        
     13   1-acetylbenzocyclo-                                                  
                         21-(acetyloxy)-9-fluoro-                              
                                         21-(acetyloxy)-4'-acetyl-9-           
          butene         11.beta.-hydroxypregna-1,4,16-                        
                                         fluoro-1',2',3',4'-tetra-             
                         triene-3,20-dione                                     
                                         hydro-11.beta.-hydroxypregna-1,4-     
                                         dieno[16.alpha.,17-b]naphthalene      
                                         3,20-dione                            
     14   1-methylthiobenzo-                                                   
                         21-(acetyloxy)-9-fluoro-                              
                                         21-(acetyloxy)-4'.beta.-methylthio-   
          cyclobutene    11.beta.-hydroxypregna-1,4,16-                        
                                         9-fluoro-1',2',3',4'-tetrahydro-      
                         triene-3,20-dione                                     
                                         11.beta.-hydroxypregna-1,4-dieno-     
                                         [16.alpha.,17-b]naphthalene-3,20-dione
                                         .                                     
     15   1-bromobenzocyclo-                                                   
                         21-(acetyloxy)-9-fluoro-                              
                                         21-(acetyloxy)-4'.beta.-bromo-9-fluoro
                                         -                                     
          butene         11.beta.-hydroxypregna-1,4,16-                        
                                         1',2',3',4'-tetrahydro-11.beta.-      
                         triene-3,20-dione                                     
                                         hydroxypregna-1,4-dieno[16.alpha.,17-b
                                         ]-                                    
                                         naphthalene-3,20-dione                
     16   1-ethylthiobenzo-                                                    
                         21-(acetyloxy)-6.alpha.-fluoro-                       
                                         21-(acetyloxy)-4'.beta.-ethylthio-6.al
                                         pha.-                                 
          cyclobutene    pregna-1,4,16-triene-                                 
                                         fluoro-1',2',3',4'-tetrahydro-        
                         3,11,20-trione  pregna-1,4-dieno[16.alpha.,17-b]-     
                                         naphthalene-3,11,20-trione            
     17   1-acetyloxybenzo-                                                    
                         21-(acetyloxy)-6.alpha.-fluoro-                       
                                         4'.beta.,21-bis-(acetyloxy)-6.alpha.-f
                                         luoro-                                
          cyclobutene    pregna-1,4,16-triene-                                 
                                         1',2',3',4'-tetrahydropregna-1,4-     
                         3,11,20-trione  dieno[16.alpha.,17-b]naphthalene-3,11,
                                         20-                                   
                                         trione                                
     18   1-formylbenzocyclo-                                                  
                         21-(acetyloxy)-6.alpha.-methyl-                       
                                         21-(acetyloxy)-4'.beta.-formyl-1',2',-
          butene         pregna-1,4,16-triene-                                 
                                         3',4'-tetrahydro-6.alpha.-methylpregna
                                         -                                     
                         3,11,20-trione  1,4-dieno[16.alpha.,17-b]naphthalene- 
                                         3,11,20-trione                        
     19   1-acetyloxybenzo-                                                    
                         21-(acetyloxy)-6.alpha.,9-di-                         
                                         4'.beta.,21-bis(acetyloxy)-6.alpha.,9-
                                         di-                                   
          cyclobutene    fluoro-11.beta.-hydroxypregna-                        
                                         fluoro-1',2',3',4'-tetrahydro-        
                         1,4,16-triene-3,20-dione                              
                                         11.beta.-hydroxypregna-1,4-dieno-     
                                         [16.alpha.,17-b]naphthalene-3,20-dione
     20   1-carbomethoxybenzo-                                                 
                         21-(acetyloxy)-6.alpha.,9-di-                         
                                         21-(acetyloxy)-6.alpha.,9-difluoro-   
          cyclobutene    fluoro-11.beta.-hydroxypregna-                        
                                         1',2',3',4'-tetrahydro-11.beta.-      
                         1,4,16-triene-3,20-dione                              
                                         hydroxy-3,20-dioxopregna-1,4-         
                                         dieno[16.alpha.,17-b]naphthalen-4'.bet
                                         a.-                                   
                                         oic acid, methyl ester                
     21   benzocyclobutene                                                     
                         21-(acetyloxy)-6.alpha.,9-di-                         
                                         21-(acetyloxy)-6.alpha.,9-difluoro-   
                         fluoro-11.beta.-hydroxypregna-                        
                                         1',2',3',4'-tetrahydro-11.beta.-      
                         1,4,16-triene-3,20-dione                              
                                         hydroxypregna-1,4-dieno[16.alpha.,17-b
                                         ] -                                   
                                         naphthalene-3,20-dione                
     22   benzocyclobutene                                                     
                         21-(acetyloxy)-11.beta.-hydroxy-                      
                                         21-(acetyloxy)-1',2',3',4'-tetra-     
                         pregna-1,4,16-triene-3,20-                            
                                         hydro-11.beta.-hydroxypregna-1,4-dieno
                                         -                                     
                         dione           [16.alpha.,17-b]naphthalene-3,20-dione
     23   1-ethoxybenzocyclo-                                                  
                         21-chloro-11.beta.-hydroxy-                           
                                         21-chloro-1',2',3',4'-tetrahydro-     
          butene         pregna-4,16-diene-3,20-                               
                                         11.beta.-hydroxypregn-4-eno[16.alpha.,
                                         17-b]-                                
                         dione           naphthalene-3,20-dione                
     24   benzocyclobutene                                                     
                         21-(benzoyloxy)-11.beta.-                             
                                         21-(benzoyloxy)-1',2',3',4'-tetra-    
                         hydroxypregna-1,4,16-                                 
                                         hydro-11.beta.-hydroxypregna-1,4-dieno
                                         -                                     
                         triene-3,20-dione                                     
                                         [16.alpha.,17-b]naphthalene-3,20-dione
     __________________________________________________________________________
PAC  EXAMPLE 25
PAC  21-(Acetyloxy)-9chloro-4'.beta.-ethyl-6.alpha.,11.beta.-difluoro-1',2',3',4
     '-tetrahydropregna-1,4-dieno[16.alpha.,17-b]naphthalene-3,20-dione
PAL  A.
      21-(acetyloxy)-4'.beta.-ethyl-6.alpha.-fluoro-1',2',3',4'-tetrahydropregna
     -1,4,9(11)-trieno[16.alpha.,17-b]naphthalene-3,20-dione
PAR  21-(Acetyloxy)-6.alpha.-fluoropregna-1,4,9(11), 16-tetraene-3,20-dione (2
      mmoles) is dissolved in dry xylene (10 ml) by heating in a bath at
      135.degree.C under nitrogen. The solution is cooled,
      1-ethyl-1,2-dihydrobenzocyclobutene (4 mmoles) is added, and the reaction
      mixture is heated at 135.degree.C (bath temperature) to yield the title
      compound.
PAL  B.
      21-(acetyloxy)-9-chloro-4'.beta.-ethyl-6.alpha.,11.beta.-difluoro-1',2',3'
     ,4'-tetrahydropregna-1,4-dieno[16.alpha.,17-b]naphthalene-3,20-dione
PAR  A mixture of
      21-(acetyloxy)-4'.beta.-ethyl-6.alpha.-fluoro-1',2',3',4'-tetrahydropregna
     -1,4,9(11)-trieno[16.alpha.,17-b]naphthalene-3,20-dione (1.5 mmoles) and
      N-chlorosuccinimide (1.5 mmoles) in dichloromethane is added to a mixture
      of anhydrous hydrogen fluoride (10 g) and anhydrous tetrahydrofuran (18 g)
      in a polyethylene bottle at -80.degree.C. After 1 hour, the mixture is
      stirred an additional 2 hours at 0.degree.C and poured cautiously into
      cold sodium carbonate solution. Extraction with chloroform gives the title
      compound.
PAC  EXAMPLE 26
PAC  21-(Acetyloxy)-9,11.beta.-dichloro-1',2',3',4'-tetrahydro-4'.beta.-phenylpr
     egna-1,4-dieno[16.alpha.,17-b]naphthalene-3,20-dione
PAL  A.
      21-(acetyloxy)-1',2',3',4'-tetrahydro-4'.beta.-phenylpregna-1,4,9(11)-trie
     no[16.alpha.,17-b]naphthalene-3,20-dione
PAR  21-(Acetyloxy)pregna-1,4,9(11),16-tetraene-3,20-dione (2 mmoles) is
      dissolved in dry xylene (10ml) by heating in a bath at 135.degree.C under
      nitrogen. The solution is cooled, 1-phenyl-1,2-dihydrobenzocyclobutene (4
      mmoles) is added, and the reaction mixture is heated at 135.degree.C (bath
      temperature) to yield the title compound.
PAL  B.
      21-(acetyloxy)-9,11.beta.-dichloro-1',2',3',4'-tetrahydro-4'.beta.-phenylp
     regna-1,4-dieno[16.alpha.,17-b]naphthalene-3,20-dione
PAR  A solution of
      21-(acetyloxy)-1',2',3',4'-tetrahydro-4'.beta.-phenylpregna-1,4,9(11)-trie
     no[16.alpha.,17-b]naphthalene-3,20-dione (1.5 mmoles) and lithium chloride
      (2.5 g) in 25 ml of glacial acetic acid is stirred at 0.degree.-5.degree.C
      and 207 mg of N-chlorosuccinimide is added. A solution of 63 mg of dry
      hydrogen chloride in 1 ml of tetrahydrofuran is added and the resulting
      mixture is stirred at room temperature for 2 hours, poured into 300 ml of
      cold water, and extracted with chloroform. The chloroform solution is
      washed with water, dried and evaporated in vacuo to yield the title
      compound.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steroid having the structure
      ##SPC8##
PAL  and the 1,2-dehydro derivative thereof, wherein R.sub.1 is chlorine,
      fluorine or hydroxy and R'.sub.1 is hydrogen or R.sub.1 and R'.sub.1
      together are =O; R.sub.2 is hydrogen or halogen; R.sub.3 is hydrogen,
      methyl or fluorine; R.sub.4 is hydrogen, hydroxy,
      ##EQU7##
      or halogen; and R.sub.5 and R.sub.6 are the same or different and are
      hydrogen, alkyl, alkylthio, alkoxy, carboalkoxy, formyl,
      ##EQU8##
      hydroxy, halogen, phenyl or cyano, with the proviso that when R.sub.5 and
      R.sub.6 are different, one of R.sub.5 and R.sub.6 is hydrogen.
NUM  2.
PAR  2. A steroid in accordance with claim 1 wherein R.sub.2 is fluorine.
NUM  3.
PAR  3. A steroid in accordance with claim 1 wherein R.sub.3 is hydrogen.
NUM  4.
PAR  4. A steroid in accordance with claim 1 wherein R.sub.4 is hydrogen.
NUM  5.
PAR  5. A steroid in accordance with claim 1 wherein R.sub.4 is hydroxy.
NUM  6.
PAR  6. A steroid in accordance with claim 1 wherein R.sub.4 is
      ##EQU9##
NUM  7.
PAR  7. A steroid in accordance with claim 1 wherein R.sub.4 is halogen.
NUM  8.
PAR  8. A steroid in accordance with claim 1 wherein R.sub.4 is chlorine.
NUM  9.
PAR  9. A steroid in accordance with claim 1 wherein R.sub.5 and R.sub.6 are
      hydrogen.
NUM  10.
PAR  10. The steroid in accordance with claim 1 having the name
      9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregn-4-eno[16.alpha.,17-b
     ]naphthalene-3,20-dione.
NUM  11.
PAR  11. The steroid in accordance with claim 1 having the name
      21-(acetyloxy)-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregna-1,4-
     dieno[16.alpha.,17-b]naphthalene-3,20-dione.
NUM  12.
PAR  12. The steroid in accordance with claim 1 having the name
      21-(acetyloxy)-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregn-4-eno
     [16.alpha.,17-b]naphthalene-3,20-dione.
NUM  13.
PAR  13. The steroid in accordance with claim 1 having the name
      21-(acetyloxy)-4'.beta.-ethoxy-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hy
     droxypregna-1,4-dieno[16.alpha.,17-b]naphthalene-3,20-dione.
NUM  14.
PAR  14. The steroid in accordance with claim 1 having the name
      21-(acetyloxy)-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregna-1,4-
     dieno[16.alpha.,17-b]naphthalene-3,20-dione-4'.beta.-carbonitrile.
NUM  15.
PAR  15. The steroid in accordance with claim 1 having the name
      4'.beta.,21-bis(acetyloxy)-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydrox
     ypregna-1,4-dieno[16.alpha.,17-b]naphthalene-3,20-dione.
NUM  16.
PAR  16. The steroid in accordance with claim 1 having the name
      9-fluoro-1',2',3',4'-tetrahydro-11.beta.,21-dihydroxypregna-1,4-dieno[16.a
     lpha.,17-b]naphthalene-3,20-dione.
NUM  17.
PAR  17. The steroid in accordance with claim 1 having the name
      21-chloro-9-fluoro-1',2',3',4'-tetrahydro-11.beta.-hydroxypregna-1,4-dieno
     [16.alpha.,17-b]naphthalene-3,20-dione.
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ABST
PAL  Sulfonic acids, particularly amido-substituted sulfonic acids and
      preferably acrylamidoalkanesulfonic acids, can be esterified by reaction
      with (A) an ester of phosphoric acid or (B) an adduct of an ester of a
      strong acid (preferably sulfuric acid) with an amide such as
      dimethylformamide. This method is especially useful for the preparation of
      lower alkyl esters, especially the methyl and ethyl esters. The esters are
      useful monomers, especially for copolymerization with acrylic compounds to
      produce polymers of improved dyeability.
PARN
PAR  This is a division of application Ser. No. 358,213 filed May 7, 1973.
BSUM
PAR  This invention relates to new methods for preparing compositions of matter,
      and particularly for preparing sulfonic acid esters. Still more
      particularly, it relates to a method for the preparation of a sulfonic
      acid ester which comprises reacting the corresponding sulfonic acid with a
      compound having one of the formulas
      ##EQU1##
      wherein: R.sup.1 is a monovalent aliphatic, cycloaliphatic or
      arylaliphatic radical or a corresponding substituted radical;
PA1  Each of R.sup.2 and R.sup.3 is hydrogen or a hydrocarbon or substituted
      hydrocarbon radical;
PA1  Z.sup.- is an anion; and
PA1  y is 1, 2 or 3.
PAR  The preparation of sulfonic acid esters, especially the alkyl esters,
      cannot ordinarily be effected by convenient means from the free sulfonic
      acid. The most usual method for the preparation of these compounds is to
      convert the acid to the sulfonyl chloride and to react said sulfonyl
      chloride with an alcohol. This method is cumbersome since it involves two
      steps, and somewhat hazardous since the reagents used to convert the acid
      to its chloride are toxic and difficult to handle. Likewise, direct
      esterification reagents such as diazomethane are not entirely safe.
PAR  A principal object of this invention, therefore, is to provide a new method
      for the preparation of sulfonic acid esters.
PAR  A further object is to provide a convenient onestep method for preparing
      esters of sulfonic acids in high yield.
PAR  Still another object is to provide a method for sulfonic acid ester
      preparation which does not involve the use of dangerous reagents.
PAR  A further object is to prepare esters of unsaturated sulfonic acids, and
      particularly acrylamidoalkanesulfonic acids.
PAR  Other objects will in part be obvious and will in part appear hereinafter.
PAR  Any sulfonic acid may be esterified by the method of this invention. Thus,
      suitable acids include aliphatic ones such as methanesulfonic acid,
      ethanesulfonic acid, 2-propanesulfonic acid and the like; aromatic acids
      such as benzenesulfonic acid, p-toluenesulfonic acid, 2-napthalenesulfonic
      acid and the like; heterocyclic sulfonic acids such as 3-pyridinesulfonic
      acid; amido-substituted sulfonic acids such as 2-acetamidopropanesulfonic
      acid, 2-acrylamidopropanesulfonic acid,
      2-acrylamido-2-methylpropanesulfonic acid, 4-acrylamidobenzenesulfonic
      acid and the like. The particularly preferred acids, for the purpose of
      this invention, are those containing aliphatic olefinic bonds and
      especially simple olefinic sulfonic acids and acrylamidoalkanesulfonic
      acids, such as 2-methyl-2-propenesulfonic acid and
      2-acrylamido-2-methylpropanesulfonic acid.
PAR  As previously indicated, the method of this invention involves the use of
      an esterification reagent having one of two structures, hereinafter
      sometimes referred to as reagent A and reagent B. Reagent A is an
      aliphatic, cycloaliphatic or arylaliphatic ester of phosphoric acid and
      may be a monoester, diester, triester or mixture of two or more of such
      esters, but the triesters (those in which y is 3) are preferred. In such
      phosphoric acid esters, R.sup.1 may be aliphatic, cycloaliphatic or
      arylaliphatic or a substituted derivative of any of these. By
      "substituted" is meant radicals containing substituents which do not alter
      significantly their character or reactivity. Examples are:
PA1  Halide (fluoride, chloride, bromide, iodide)
PA1  Hydroxy
PA1  Ether (especially lower alkoxy wherein "lower" denotes radicals containing
      up to seven carbon atoms)
PA1  Keto
PA1  Carboxy
PA1  Ester (especially lower carbalkoxy)
PA1  Aminoacyl (amide)
PA1  Nitro
PA1  Cyano
PA1  Thioether
PA1  Sulfoxy
PA1  Sulfone
PA1  Sulfonic acid (and derivatives thereof)
PAL  In general, no more than three such substituent groups will be present for
      each 10 carbon atoms in the radical.
PAR  In the preferred compounds used as reagent A, R.sup.1 will be a lower alkyl
      radical, especially methyl or ethyl.
PAR  Reagent B which may also be used in the method of this invention is a
      quaternary imidate which may be prepared by the reaction of a suitable
      amide with an ester of a strong acid. In reagent B, R.sup.1 is as
      previously defined. Each of R.sup.2 and R.sup.3 is hydrogen or a
      hydrocarbon or substituted hydrocarbon radical; the term "hydrocarbon
      radical" as used herein includes aliphatic, cycloaliphatic and aromatic
      (including aliphatic- and cycloaliphatic-substituted aromatic and
      aromatic-substituted aliphatic and cycloaliphatic) radicals. It also
      includes cyclic radicals wherein the ring is completed through another
      portion of the molecule; that is, any two indicated substituents may
      together form a cycloalkyl radical.
PAR  The following are illustrative of hydrocarbon radicals within the scope of
      this invention. Where a named radical has several isomeric forms (e.g.,
      butyl), all such forms are included.
TBL  ______________________________________                                    
     Methyl            Benzyl                                                  
     Ethyl             Cyclohexyl                                              
     Propyl            Cyclopentyl                                             
     Butyl             Methylcyclopentyl                                       
     Hexyl             Cyclopentadienyl                                        
     Octyl             Vinylphenyl                                             
     Decyl             Isopropenylphenyl                                       
     Vinyl             Cinnamyl                                                
     Allyl             Naphthyl                                                
     Ethynyl                                                                   
     Propargyl                                                                 
     Phenyl                                                                    
     Tolyl                                                                     
     Xylyl                                                                     
     ______________________________________                                    
EQU  --C.sub.6 H.sub.3 (C.sub.2 H.sub.5).sub.2
EQU  --C.sub.6 H.sub.4 (CH.sub.2).sub.11 CH.sub.3
      ##SPC1##
PAR  Many obvious variations of these radicals will be apparent to those skilled
      in the art and are included within the scope of the invention.
PAR  Substituted hydrocarbon, alkyl, aryl, etc., radicals (the word
      "substituted" being defined hereinabove) are considered fully equivalent
      to the hydrocarbon, alkyl, aryl, etc., radicals and to be part of this
      invention.
PAR  Preferably, the hydrocarbon or substituted hydrocarbon radicals in reagent
      B are free from ethylenic and acetylenic unsaturation and have no more
      than about 30 carbon atoms, desirably no more than about 12 carbon atoms.
      A particular preference is expressed for compounds in which R.sup.2 is
      hydrogen and R.sup.3 is a lower alkyl radical, the word "lower" being
      defined hereinabove. Still more preferably, R.sup.3 is methyl.
PAR  The anion Z.sup.- is derived from the strong acid ester previously
      mentioned. Thus, when the ester is a dialkyl sulfate Z.sup.- is the
      monoalkyl sulfate anion.
PAR  A reagent particularly useful as reagent B can be prepared by the reaction
      of dimethyl sulfate with dimethylformamide in approximately equimolar
      amounts, as described in the examples hereinafter. This reaction is known
      in the art and is described, for example, in German Pat. No. 1,156,779.
PAR  The reaction between the sulfonic acid (or a salt thereof which is
      frequently equivalent to the free acid for the purposes of this invention)
      and reagent A or B is most conveniently effected at a temperature of about
      50.degree.-200.degree.C., preferably about 70.degree.-150.degree.C. In
      general, a somewhat higher temperature is employed with reagent A than
      with reagent B. The reaction may be carried out in a suitable diluent such
      as acetone, ethylene glycol monomethyl ether, benzene, toluene,
      dimethylformamide, dimethyl sulfoxide or the like. The proportions of
      reagents used are not critical, although it is preferred to use at least
      one mole of reagent A or B per mole of sulfonic acid in order to convert
      as much sulfonic acid as possible to the desired ester. Generally, an
      excess of reagent A or B (typically about a twofold to fourfold excess) is
      used.
PAR  Following the completion of the esterification reaction, the desired ester
      may be recovered and purified by typical methods known in the art.
DETD
PAR  The method of this invention is illustrated by the following examples. All
      parts are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A mixture of 41.4 parts (0.2 mole) of 2 -acrylamido-2-methylpropanesulfonic
      acid, 73 parts (0.4 mole) of triethyl phosphate and 0.2 part of
      p-methoxyphenol (a polymerization and oxidation inhibitor) is heated to
      120.degree.-135.degree.C. for 13/4 hours, with stirring. After 40 minutes,
      the slurry becomes homogeneous. Unreacted triethyl phosphate is removed
      under vacuum at 90.degree.C., and during the removal 0.1 part of "Irganox
      1010" (another inhibitor) is added. The residue is washed twice with
      hexane and dissolved in benzene; the benzene solution is washed with a
      saturated sodium sulfate solution, dried over magnesium sulfate and
      evaporated. The solid product is recrystallized from a benzene-hexane
      mixture. The hexane washings are diluted with methylene chloride and the
      solution is used to extract the aqueous sodium sulfate washings, dried
      over magnesium sulfate and evaporated. The combined crystalline product is
      the desired ethyl 2-acrylamido-2-methylpropanesulfonate and melts at
      65.degree.-67.degree.C. The yield is 28.1 parts, or 60% of theoretical.
PAC  EXAMPLE 2
PAR  Following a procedure similar to that of Example 1, ethyl
      2-methyl-2-propenesulfonate is prepared by the reaction of
      2-methyl-2-propenesulfonic acid with triethyl phosphate.
PAC  EXAMPLE 3
PAR  A mixture of 63 grams (0.5 mole) of dimethyl sulfate and 37 grams (0.5
      mole) of dimethylformamide is heated at 60.degree.-80.degree.C. for 3
      hours. There are then added 52 grams (0.25 mole) of
      2-acrylamido-2-methylpropanesulfonic acid, 700 ml. of benzene and 0.3 gram
      each of p-methoxyphenol, t-butylcatechol and 2,6-di-t-butylcresol. The
      mixture is heated under reflux, with stirring, for 24 hours and then most
      of the benzene is removed by distillation. Refluxing at
      78.degree.-80.degree.C. is continued for 24 hours, after which the mixture
      is cooled and poured into 300 grams of ice water, and an additional 300
      ml. of benzene is added. The organic and aqueous phases are separated and
      the aqueous phase is extracted with chloroform. The combined organic
      layers are dried over magnesium sulfate and the solvents are stripped. The
      desired methyl 2-acrylamido2-methylpropanesulfonate is recrystallized from
      toluene; after recrystallization, it melts at 77.degree.-80.degree.C.
PAC  EXAMPLE 4
PAR  An addition product of dimethyl sulfate and dimethylformamide is prepared
      according to the method of Example 3. To 0.5 mole of this product is added
      a mixture of 59 grams (0.25 mole) of sodium
      2-acrylamido-2-methylpropanesulfonate, 0.1 gram of p-methoxyphenol and 500
      ml. of benzene. The mixture is heated under reflux, with stirring, for 3
      hours, after which the benzene is evaporated under vacuum. The remaining
      solid is recrystallized from a benzene-cyclohexane mixture to yield the
      desired methyl 2-acrylamido-2-methylpropanesulfonate.
PAC  EXAMPLE 5
PAR  Following a procedure similar to that of Example 4,
      methyl-p-toluenesulfonate is prepared by the reaction of 0.5 mole of
      p-toluenesulfonic acid with one mole of the dimethyl
      sulfate-dimethylformamide reaction product.
PAR  Sulfonic acid esters, as a class, may be used as latent sources of the
      corresponding sulfonic acids (e.g., by reaction with an alcohol) and as
      alkylating agents.
PAR  Esters of polymerizable sulfonic acids, such as methyl
      2-methyl-2-propenesulfonate and methyl
      2-acrylamido-2-methylpropanesulfonate, may be polymerized under
      freeradical conditions, either alone or in the presence of other monomers.
      The term "polymer, " as used herein, includes addition homopolymers,
      copolymers, terpolymers and other interpolymers.
PAR  Polymerization by the free-radical method may be effected in bulk,
      solution, suspension or emulsion, by contacting the monomer or monomers
      with a polymerization initiator either in the absence or presence of a
      diluent at a temperature of about 0.degree.-200.degree.C. Suitable
      initiators include benzoyl peroxide, tertiary butyl hydroperoxide, acetyl
      peroxide, hydrogen peroxide, azobisisobutyronitrile, persulfate-bisulfite,
      persulfate-sodium formaldehyde sulfoxylate, chlorate-sulfite and the like.
PAR  A large variety of polymerizable compounds can be used to form
      interpolymers with sulfonic acid esters. They include (1) unsaturated
      monohydric alcohols and esters thereof, (2) unsaturated acids and esters
      thereof, (3) unsaturated polyhydric alcohols and esters thereof, (4) vinyl
      cyclic compounds, (5) unsaturated ethers, (6) unsaturated ketones, (7)
      unsaturated amides, (8) unsaturated aliphatic hydrocarbons, (9)
      unsaturated alkyl halides, (10) unsaturated acid anhydrides, (11)
      unsaturated acid chlorides, and (12) unsaturated nitriles. Specific
      illustrations of such compounds are:
PAR  1. Unsaturated alcohols and esters thereof: Allyl, methallyl, crotyl,
      1-chloroallyl, 2-chloroallyl, cinnamyl, vinyl, methylvinyl, 1-phenallyl,
      butenyl alcohols, and esters of such alcohols with saturated acids such as
      acetic, propionic, butyric, valeric, caproic and stearic; with unsaturated
      acids such as acrylic, alpha-substituted acrylic (including alkylacrylic,
      e.g., methacrylic, ethylacrylic, propylacrylic, etc., and arylacrylic such
      as phenylacrylic), crotonic, oleic, linoleic and linolenic; with polybasic
      acids such as oxalic, malonic, succinic, glutaric, adipic, pimelic,
      suberic, azelaic and sebacic; with unsaturated polybasic acids such as
      maleic, fumaric, citraconic, mesaconic, itaconic, methylenemalonic,
      acetylenedicarboxylic and aconitic; and with aromatic acids, e.g.,
      benzoic, phenylacetic, phthalic, terephthalic and benzoylphthalic acids.
PAR  2. Unsaturated acids (examples of which appear above) and esters thereof
      with saturated alcohols, such as methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec-butyl, tert-butyl, 2-ethylhexyl, cyclohexyl or behenyl
      alcohols.
PAR  3. Unsaturated polyhydric alcohols, e.g., butenediol, and esters thereof
      with saturated and unsaturated aliphatic and aromatic, monobasic and
      polybasic acids, examples of which appear above.
PAR  4. Vinyl cyclic compounds including styrene, o-, m-, p-chlorostyrenes,
      bromostyrenes, fluorostyrenes, methylstyrenes, ethylstryrenes and
      cyanostyrenes; di-, tri-, and tetra-chlorostyrenes, bromostyrenes,
      fluorostyrenes, methylstyrenes, ethylstyrenes, cyanostyrenes;
      vinylnaphthalene, vinylcyclohexane, divinylbenzene, trivinylbenzene,
      allylbenzene, and heterocycles such as vinylfuran, vinylpyridine,
      vinylbenzofuran, N-vinylcarbazole, N-vinylpyrrolidone and
      N-vinyloxazolidone.
PAR  5. Unsaturated ethers such as methyl vinyl ether, ethyl vinyl ether,
      cyclohexyl vinyl ether, octyl vinyl ether, diallyl ether, ethyl methallyl
      ether and allyl ethyl ether.
PAR  6. Unsaturated ketones, e.g., methyl vinyl ketone and ethyl vinyl ketone.
PAR  7. Unsaturated amides, such as acrylamide, methacrylamide,
      N-methylacrylamide, N-phenylacrylamide, N-allylacrylamide,
      N-methylolacrylamide, N-allylcaprolactam, diacetone acrylamide and
      hydroxymethylated diacetone acrylamide.
PAR  8. Unsaturated aliphatic hydrocarbons, for instance, ethylene, propylene,
      butenes, butadiene, isoprene, 2- chlorobutadiene and alpha-olefins in
      general.
PAR  9. Unsaturated alkyl halides, e.g., vinyl fluoride, vinyl chloride, vinyl
      bromide, vinylidene chloride, vinylidene bromide, allyl chloride and allyl
      bromide.
PAR  10 Unsaturated acid anhydrides, e.g., maleic, citraconic, itaconic,
      cis-4-cyclohexene-1,2-dicarboxylic and
      bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic anhydrides.
PAR  11. Unsaturated acid halides such as cinnamoyl, acrylyl, methacrylyl,
      crotonyl, oleyl and fumaryl chlorides or bromides.
PAR  12. Unsaturated nitriles, e.g., acrylonitrile, methacrylonitrile and other
      substituted acrylonitriles.
PAR  The especially preferred polymers are the copolymers with acrylic monomers;
      that is, with acids such as acrylic and methacrylic acids and their
      esters, amides and nitriles. Copolymers with acrylonitrile are especially
      useful for the preparation of textile fibers because of their affinity for
      dyes.
PAR  The preparation of polymers of polymerizable sulfonic acid esters is
      illustrated by the following examples.
PAC  EXAMPLE 6
PAR  A resin flask is charged with 100 ml. of a 0.0008 N sulfuric acid solution,
      flushed with nitrogen and heated to 50.degree.C. There are then added
      simultaneously, with stirring, the following: (1) a mixture of 100 grams
      of acrylonitrile and 3.4 grams of methyl
      2-acrylamido-2-methylpropanesulfonate, (2) a solution of 0.75 part of
      potassium persulfate in 100 ml. of water, (3) a solution of 2.1 parts of
      sodium metabisulfite in 100 ml. of water, and (4) 100 ml. of a 0.0024 N
      solution of sulfuric acid. The addition time for the four solutions is 55
      minutes. After addition is complete, the flask is cooled in ice water and
      the contents are poured into 3 liters of water. The desired copolymer
      precipitates and is washed with water and dried in a vacuum oven at
      70.degree.C. It is found to have excellent incorporation of Sevron Blue 2G
      dye.
PAC  EXAMPLE 7
PAR  Following substantially the procedure of Example 6, a copolymer is prepared
      from 100 parts of acrylonitrile and 3.4 parts of methyl
      2-methyl-2-propenesulfonate.
PAC  EXAMPLE 8
PAR  A mixture of 47.5 parts of styrene, 2.5 parts of methyl
      2-acrylamido-2-methylpropanesulfonate and 0.1 part of
      azobisisobutyronitrile is heated overnight at 100.degree.C., under
      nitrogen. During this time, the mixture solidifies. It is dissolved in
      benzene and reprecipitated by pouring into methanol. The precipitate is
      then filtered, washed with methanol and dried; it is the desired
      copolymer.
PAC  EXAMPLE 9
PAR  A mixture of 209.9 parts of isodecyl acrylate, 11.05 parts of methyl
      2-acrylamido-2-methylpropanesulfonate and 331 parts of heptane is heated
      to 60.degree.C. under nitrogen, with stirring. Azobisisobutyronitrile,
      0.44 part, is then added and stirring is continued at 60.degree.C. for 20
      hours, yielding a heptane solution of the desired copolymer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the preparation of a sulfonic acid ester which comprises
      reacting an acrylamidoalkanesulfonic acid with a compound having the
      formula
      ##EQU2##
      wherein R.sup.1 is a lower alkyl radical; and
PA1  y is 1, 2 or 3.
NUM  2.
PAR  2. A method according to claim 1 wherein y is 3.
NUM  3.
PAR  3. A method according to claim 2 wherein the acrylamidoalkanesulfonic acid
      is 2-acrylamido-2-methylpropanesulfonic acid.
NUM  4.
PAR  4. A method according to claim 3 wherein R.sup.1 is methyl or ethyl.
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ABST
PAL  The invention relates to racemates of the formula (I)
      ##SPC1##
PAL  in which
PA1  R.sub.1 and R.sub.2 are hydrogen, lower alkyl, methoxy, ethoxy or halogen,
PA1  R.sub.3 is unsubstituted alkyl or lower alkyl substituted with alkoxy
      carbonyl carbonamido, cyano or hydroxyl or unsubstituted alkenyl or
      alkenyl substituted with halogen or halogen-, methyl-, ethyl-, methoxy- or
      ethoxy-substituted phenyl or unsubstituted cycloalkyl or cycloalkyl
      substituted with lower alkyl or unsubstituted phenylalkyl or phenylalkyl,
      the phenyl nucleus of which being substituted with methyl, methoxy,
      halogen or nitro, and
PA1  R.sub.4 is unsubstituted alkyl or alkenyl or unsubstituted cycloalkyl or
      cycloalkyl substituted with lower alkyl or unsubstituted phenyl or phenyl
      substituted with lower alkyl methoxy, ethoxy or halogen or unsubstituted
      phenylalkyl or phenylalkyl, the phenyl nucleus of which being substituted
      with methyl, methoxy or halogen and
PA1  X is oxygen or sulphur,
PAL  Which are useful as photosensitizers for light induced polymerisations of
      vinyl monomers as well as for the light induced crosslinking of
      unsaturated polycondensates and polymers.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 163,470 filed July
      16, 1971, which, in turn, is a continuation-in-part of application Ser.
      No. 885,985 filed Dec. 17, 1969 and now abandoned.
BSUM
PAR  It is possible to obtain .alpha.-substituted benzoins by reacting benzil
      with sodium amalgam and alkyl halides [J. Am. Chem. Soc., 56, 963 (1934)]
      or with Grignard reagents [Ber. 70 B, 23 (1937)]. The reaction of benzil
      or benzoin with carbonyl compounds also leads to .alpha.-substituted
      benzoins (Aldolen) [J. Chem. Soc. 67, 132 (1895) and Ber. 68, 2169
      (1935)]. Furthermore, it is known to produce .alpha.-alkyl-benzoins by the
      reaction of benzoin with sodium alcoholates and subsequent alkylation with
      alkyl halides in benzene (U.S. Pat. No. 2,722,512). It is further known to
      prepare .alpha.-aryl-benzoin alkyl ethers by the reaction of
      .alpha.-aryl-desyl halides with alcohols [Ber. 39, 1278 (1906)] or with
      sodium alcoholates [J. Am. Chem. Soc. 76, 718 (1954)], or of aryl
      magnesium halides with .alpha.-phenylmandelic acid methyl ether [J. Am.
      Chem. Soc. 76, 2698 (1954)]. However, the only example of a synthesis of
      .alpha.-alkyl-benzoin alkyl ethers described is that of
      (-).alpha.-methyl-benzoin methyl ether [J. Am. Chem. Soc. 81, 2748
      (1959)]. Some .alpha.-substituted benzoin ethers in which the oxygen is
      attached via a methylene chain to the carbon atom standing in the
      .alpha.-position to the carbonyl group are likewise known [J. Org. Chem.
      31, 1127 (1966); East German Patent Specification No. 57,857; and Ber.
      100, 3266 (1967)].
PAR  In the processes mentioned above water must be completely excluded. The
      reactions take place at elevated temperatures and usually give only poor
      yields of the desired product. For the synthesis of (-)
      .alpha.-methyl-benzoin methyl ether, for example, mandelic acid methyl
      ether is reacted with lithium methyl to form the lithium salt which then
      gives the product with lithium phenyl in a yield of only 37 percent.
PAR  It has now been found that working in dimethyl sulphoxide (DMSO) as solvent
      at room temperature leads to
PA0  1. not only benzoin being converted in the presence of aqueous alkali with
      alkylating agents to form .alpha.-alkyl-benzoins in high yields, but also,
      depending on the concentration of the base and the alkylating agent, to a
      C- as well as a C- and O- or S-alkylation of the benzoin;
PA0  2. benzoin ethers and thio ethers preferably being C-alkylated under the
      same conditions; and
PA0  3. .alpha.-substituted benzoins being O- or S-alkylated.
PAR  The two-fold alkylation of the benzoin under the stated reaction conditions
      is unexpected. Likewise, the O-alkylation of .alpha.-substituted benzoins
      was not to be foreseen. Whereas alkylations in DMSO are normally carried
      out with the exclusion of water and in the presence of alkali metal
      hydrides or alcoholates (Na- or K-tert.-butylate), the alkylation of the
      benzoins and their derivatives succeeds in aqueous DMSO with alkali metal
      solutions to give good yields.
PAR  The object of the invention, therefore, comprises a process for the
      production of compounds of the formula (I)
      ##SPC2##
PAL  wherein
PA1  R.sub.1 and R.sub.2 are equal or different and are hydrogen, lower alkyl
      having up to about 4 carbon atoms, methoxy, ethoxy or halogen,
PA1  R.sub.3 is unsubstituted alkyl having up to about 12 carbon atoms or lower
      alkyl having up to about 4 carbon atoms and substituted with alkoxy
      carbonyl, the alkyl radical of which having up to about 4 carbon atoms,
      carbonamido, cyano or hydroxyl or unsubstituted alkenyl having 3 to about
      6 carbon atoms or alkenyl having 3 to about 6 carbon atoms and substituted
      with halogen or halogen-, methyl-, ethyl-, methoxy- or ethoxy-substituted
      phenyl or unsubstituted cycloalkyl having 5 or 6 carbon atoms or
      cycloalkyl having 5 or 6 carbon atoms and substituted with lower alkyl
      having up to about 4 carbon atoms or unsubstituted phenyl or phenyl
      substituted with lower alkyl having up to about 4 carbon atoms, methoxy,
      ethoxy or halogen or unsubstituted phenylalkyl having 7 to about 10 carbon
      atoms or phenylalkyl having 7 to about 10 carbon atoms, the phenyl nucleus
      of which being substituted with methyl, methoxy, halogen or nitro, and
PA1  R.sub.4 is hydrogen or unsubstituted alkyl having up to about 12 carbon
      atoms or alkenyl having 3 to about 6 carbon atoms or unsubstituted
      cycloalkyl having 5 or 6 carbon atoms or cycloalkyl having 5 or 6 carbon
      atoms and substituted with lower alkyl having up to 4 carbon atoms or
      unsubstituted phenyl or phenyl substituted with lower alkyl having up to 4
      carbon atoms, methoxy, ethoxy or halogen or unsubstituted phenylalkyl
      having 7 to about 10 carbon atoms or phenylalkyl having 7 to about 10
      carbon atoms, the phenyl nucleus of which being substituted with methyl,
      methoxy or halogen and
PA1  X is oxygen or sulphur,
PAL  which comprises reacting compounds of the formula (II)
      ##SPC3##
PAL  with electrophilic agents in the presence of basic catalysts in dipolar
      aprotonic solvents at temperatures of between about 0.degree. and about
      100.degree.C, preferably between about 0.degree. and about 30.degree.C.
PAR  The use of dipolar aprotonic solvents as mentioned in the application
      allows to perform the alkylation reaction at especially low temperatures
      which allow to obtain very clean alkylation products in high yields (see
      table in Example 13 ).
PAR  In so far as R.sub.3 is alkyl, alkenyl, cycloalkyl or aralkyl, and R.sub.4
      is alkyl, alkenyl, cycloalkyl, aryl or aralkyl, the compounds of the
      formula (I) are obtained in the form of the racemates which have not yet
      been described.
PAR  The following benzoins, for example, can be used as starting material:
      benzoin, 4,4'-dichlorobenzoin, 2,2'-dimethylbenzoin,
      4,4'-dimethoxy-benzoin, 4,4'-dimethyl-benzoin, 4-methoxy-benzoin,
      4-methyl-benzoin, 4,4'-diethyl-benzoin, 4,4'-diisopropyl-benzoin,
      4,4'-diethoxy-benzoin, 3,3',4,4'-tetramethoxy-benzoin,
      3,4,3',4'-bismethylenedioxy-benzoin, 4-bromo-benzoin and
      2'-chloro-3,4-dimethoxy-benzoin.
PAR  Examples of .alpha.-substituted benzoins which can be used according to the
      invention are .alpha.-methyl-, .alpha.-ethyl-, .alpha.-propyl-,
      .alpha.-butyl-, .alpha.-allyl-, .alpha.-benzyl- and
      .alpha.-phenyl-benzoin; 4,4'-dichloro-.alpha.-methyl-benzoin,
      4,4'-dimethyl-.alpha.-methyl-benzoin, 4,4'-dichloro-.alpha.-allyl-benzoin,
      4,4'-dimethyl-.alpha.-allyl-benzoin,
      4,4'-dimethoxy-.alpha.-methyl-benzoin, 4,4'-dimethoxy-.alpha.-allyl-benzoi
     n and .alpha.-cinnamyl-benzoin, .alpha.-dodecyl-benzoin,
      .alpha.-isopropylbenzoin, .alpha.-(2-chloroallyl)-benzoin,
      .alpha.-(p-chlorobenzyl)-benzoin, .alpha.-(2-carbonamido)-benzoin and
      .alpha.-(p-xylyl)-benzoin.
PAR  Suitable benzoin ethers and thioethers are, for example: benzoin-methyl
      ether, -ethyl ether, -i-propyl ether, -propyl ether, -phenyl ether and
      -cyclohexyl ether; anisoin methyl ether, 4,4'-dimethylbenzoin ethyl ether
      and desyldodecyl sulphide, desyl-phenyl sulphide, benzoin-n-hexylether,
      benzoin-isobutylether, benzoin-p-chlorophenylether, benzoin-p-cresylether
      and desyl-p-chlorophenylsulfide.
PAR  The dipolar aprotonic solvents comprise, for example, dimethyl sulphoxide,
      diethyl sulphoxide, tetramethyl-sulphone, dimethyl formamide, dimethyl
      acetamide, hexamethyl-phosphoric acid triamide.
PAR  Electrophilic agents are, for example,
PA0  1. alkylating or aralkylating agents, for example: methyl iodide, ethyl
      bromide, butyl iodide, allyl chloride, propargyl chloride, benzyl
      chloride, 3-phenylpropyl bromide, cinnamyl chloride, benzene-sulphonic
      acid ethyl ester, p-toluene-sulphonic acid methyl ester and
      .alpha.-halogen ether, and
PA0  2. Michael acceptors, e.g. .alpha.,.beta.-unsaturated carbonyl compounds or
      nitriles, such as acrylonitrile, acrylic acid ethyl ester, crotonic acid
      methyl ester, acrylamide, croton nitrile, methyl vinyl ketone and
      benzalacetophenone.
PAR  As basic catalysts there may be used, for example, alkali metal and
      alkaline earth metal hydroxides, alkali metal carbonates and bicarbonates,
      and alkali metal alcoholates.
PAR  The concentration of the base may vary between about 10.sup..sup.-3 and
      about 3 times the equivalent amount, that of the alkylating agent between
      about 1 and about 3 times the equivalent amount.
PAR  The reaction may be carried out in aqueous as well as in absolute solvents,
      optionally with the addition of further solvents, such as dioxan, benzene
      and tert.-butanol.
PAR  The reaction in sulphoxides in the presence of aqueous alkali metal
      solutions is particularly advantageous.
PAR  To carry out the process, the substrate to be reacted is expediently
      dissolved in one of the stated solvents, preferably DMSO, in a nitrogen
      atmosphere, and reacted at temperatures of between about 20.degree.C and
      about 30.degree.C in the presence of the required amount of alkali,
      preferably an aqueous 10-30 percent by weight alkali metal hydroxide
      solution, with the alkylating agent, while stirring. The speed of the
      reaction is affected by the type of the alkylating agent. The necessary
      reaction time generally lies between about 1 and about 24 hours.
PAR  Starting from benzoin, it is also possible to produce differently
      substituted .alpha.-alkyl-benzoin alkyl ethers, e.g. .alpha.-alkyl-benzoin
      methyl ethers, in one batch by using alkylating agents of different
      electrophilic character.
PAR  The .alpha.-substituted benzoins and benzoin ethers which are easily
      obtainable according to the process of the invention can be used as
      photosensitizers for light-induced polymerisations of vinyl monomers as
      well as for the light-induced cross-linking of unsaturated polycondensates
      and polymers. (See Examples 15 and 16).
PAR  The invention also relates to compounds of formula (I) wherein R.sub.1,
      R.sub.2 have the significance as defined above, R.sub.3 has the
      significance as defined above except for unsubstituted and substituted
      phenyl, and R.sub.4 has the significance as defined above except hydrogen.
DETD
PAC  EXAMPLE 1
PAC  .alpha.-Allyl-benzoin
PAR  90 ml of a 10% by weight aqueous sodium hydroxide solution are added with
      cooling in a nitrogen atmosphere to a solution of 42.4 g (0.2 mol) benzoin
      in 400 ml DMSO, and 22 ml (0.27 mol) allyl chloride are added dropwise at
      20.degree.C within 15 minutes. The reaction solution is further stirred
      for 2 hours and then poured into ice/water. The crystalline crude product
      (50 g) is recrystallised from petroleum ether and gives 37.9 g (75% of
      theory) .alpha.-allyl-benzoin of melting point 89.degree.- 93.degree.C. A
      further 5.1 g of melting point 85.degree.- 90.degree.C are obtained from
      the mother liquor.
TBL  ______________________________________                                    
     C.sub.17 H.sub.16 O.sub.2 (252.30)                                        
                  % C      % H      % O                                        
     calculated:  80.92;   6.39;    12.68                                      
     found:       80.90;   6.27;    12.80                                      
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  .alpha.-Methyl-benzoin
PAR  To a solution of 21.2 g (0.1 mol) benzoin in 200 ml DMSO there are added at
      25.degree. C 44 ml of a 10 % by weight sodium hydroxide solution and then
      14.6 g (0.11 mol) methyl iodide. After stirring for 2 hours, the reaction
      mixture is poured onto ice and extracted with petroleum ether/ether. After
      working up in the usual way, there are obtained 24.2 g of a yellow oil
      which is filtered through silica gel/petroleum ether. There are
      subsequently eluted
PA0  1. 5.2 g (22%) .alpha.-methyl-benzoin methyl ether, n.sub.D.sup.25 =
      1.5683;
PA0  2. 14.8 g (68%) .alpha.-methyl-benzoin, m.p. 66.degree. - 67.degree. C; and
PA0  3. 2.1 g. of a mixture of .alpha.-methyl-benzoin/benzoin.
PAC  EXAMPLE 3
PAC  .alpha.-Methyl-benzoin methyl ether
PAR  To a solution of 21.2 g (0.1 mol) benzoin in 200 ml DMSO there are added at
      20.degree.C 90 ml of a 10% by weight sodium hydroxide solution and
      subsequently 30 g (0.21 mol) methyl iodine. After stirring for 2 hours,
      the mixture is poured into ice/water, extracted with petroleum ether and
      worked up. The residue (22.5 g) is fractionated in a vacuum. There are
      obtained
PA0  1. 0.6 g of b.p. 80.degree. - 126.degree.C / 0.55 mm Hg, n.sub.D.sup.25 =
      1.548;
PA0  2. 16.6 g of b.p. 126.degree. - 129.degree.C / 0.55 mm Hg, n.sub.D.sup.25 =
       1.572; and
PA0  3. 3.4 g of b.p. 133.degree. - 135.degree.C / 0.55 mm Hg, cryst. m.p.
      60.degree. - 65.degree.C.
PAR  fraction (2) is recrystallised from petroleum ether and yields 12.7 g
      .alpha.-methyl-benzoin methyl ether, m.p. 35.degree.C.
TBL  ______________________________________                                    
     C.sub.16 H.sub.16 O.sub.2 (240.29)                                        
                    % C      % H      % O                                      
       calculated:  79.97;   6.71;    13.32                                    
       found:       80.0;    6.61;    13.7                                     
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  .alpha.-Methyl-benzoin methyl ether
PAR  5.7 g (2.5 . 10.sup..sup.-2 mol) .alpha.-methyl-benzoin are reacted in 50
      ml DMSO at room temperature with 5 g (2.8 . 10.sup.-.sup.2 mol)
      p-toluene-sulphonic acid methyl ester in the presence of 11 ml of a 10% by
      weight sodium hydroxide solution. The crude product is filtered through
      silica gel/petroleum ether and yields, besides 0.95 g (17% of theory) of
      educt, 4.8 g (80% of theory) .alpha.-methyl-benzoin methyl ether of m.p.
      36.degree. - 38.degree.C (petroleum ether).
TBL  ______________________________________                                    
     C.sub.16 H.sub.16 O.sub.2 (240.29)                                        
                    % C      % H      % O                                      
       calculated:  79.97    6.71     13.32                                    
       found:       79.90    6.86     13.60                                    
     ______________________________________                                    
PAC  EXAMPLE 5
PAC  .alpha.-Hydroxymethyl-benzoin
PAR  From 21.2 g (0.1 mol) benzoin and 10 g (0.125 mol) chloro-dimethyl ether in
      200 ml DMSO there are isolated in the presence of 45 ml of a 10% by weight
      sodium hydroxide solution after a reaction time of 1 hour at room
      temperature, 13.1 g (72% of theory) .alpha.-hydroxymethyl-benzoin of m.p.
      85.degree. - 86.degree.C (ether/petroleum ether), besides 5.2 g (24%) of
      educt.
PAC  EXAMPLE 6
PAC  .alpha.-Methyl-benzoin methyl ether
PAR  22.6 g (0.1 mol) benzoin-methyl ether are reacted in 200 ml DMSO at room
      temperature with 7.5 g (0.12 mol) methyl iodide in the presence of 44 ml
      of a 10% by weight sodium hydroxide solution. The crude product is worked
      up after 2 hours. After a filtration through silica gel/petroleum ether,
      there are isolated 13.6 g (60% of theory) .alpha.-methyl-benzoin methyl
      ether of m.p. 35.degree. - 36.degree.C (petroleum ether).
PAC  EXAMPLE 7
PAC  .alpha.-(2-Carbethoxy-ethyl)-benzoin-i-propyl ether
PAR  1 ml of an aqueous 4N sodium hydroxide solution is added to a solution of
      25.4 g (0.1 mol) benzoin isopropyl ether in 100 ml DMSO. The blue-green
      solution is mixed dropwise at 20.degree.C with acrylic acid ethyl ester
      until the colour turns yellow (0.104 mol). After stirring for 2 hours, the
      product is worked up. The crystalline crude product is recrystallised from
      petroleum ether; melting point 52.degree.-53.degree.C. 86% of theory.
TBL  ______________________________________                                    
     C.sub.22 H.sub.26 O.sub.4 (354.43)                                        
                    % C      % H      % O                                      
       calculated:  74.55    7.39     18.06                                    
       found:       74.30    7.38     18.10                                    
     ______________________________________                                    
PAC  EXAMPLE 8
PAC  .alpha.-(2-Cyanoethyl)-benzoin isopropyl ether
PAR  From 25.4 g (0.1 mol) benzoin isopropyl ether and acrylonitrile there are
      obtained in analogy with Example 7, 26.3 g (86% of theory)
      .alpha.-(2-cyanoethyl)-benzoin isopropyl ether of m.p.
      67.degree.-68.degree.C (petroleum ether).
TBL  ______________________________________                                    
     C.sub.20 H.sub.21 O.sub.2 (307,38)                                        
                   % C      % H     % O    % N                                 
       calculated: 78.14    6.89    10.41  4.56                                
       found:      78.20    6.74    10.50  4.57                                
     ______________________________________                                    
PAC  EXAMPLE 9
PAC  .alpha.-Methyl-benzoin allyl ether
PAR  From 5.7 g (2.5 . 10.sup..sup.-2 mol) .alpha.-methyl-benzoin there are
      obtained in analogy with Example 4, with 3.44 ml (2.5 . 10.sup..sup.-2
      mol) allyl chloride in the presence of 11 ml of a 10% by weight sodium
      hydroxide solution, besides 3.0 g (53% of theory) of educt, 2.4 g (36% of
      theory) of a coulourless oil; b.p. 160.degree.C/0.4 mm Hg, n.sub.D.sup.25
      =  1.5594.
TBL  ______________________________________                                    
     C.sub.18 H.sub.18 O.sub.2 (266.32)                                        
                     % C      % H                                              
       calculated:   81.17    6.81                                             
       found:        80.8     6.84                                             
     ______________________________________                                    
PAC  EXAMPLE 10
PAC  .alpha.-Phenyl-benzoin methyl ether
PAR  23 ml of a 10% by weight aqueous sodium hydroxide solution are added to
      14.4 g (0.05 mol) .alpha.-phenyl-benzoin in 100 ml DMSO. 10.2 g
      p-toluene-sulphonic acid methyl ester dissolved in 20 ml DMSO are added
      dropwise at 20.degree.-25.degree.C. After stirring for 2 hours, the
      reaction mixture is worked up. The crude product (17.1 g) is
      chromatographed through silica gel/petroleum ether. Besides 7.8 g of educt
      + tosyl ester, there are obtained 9.3 g of a coulourless oil which
      crystallises upon the addition of methanol; m.p. 90.degree. - 91.degree.C
      (no depression of the melting point with authentic material).
PAC  EXAMPLE 11
PAC  .alpha.-Methyl-benzoin phenyl ether
PAR  18 g benzoin-phenyl ether are reacted in 200 ml DMSO with 25 g of a 10% by
      weight aqueous sodium hydroxide solution and 11.8 g methyl iodide at
      20.degree.C. After working up and filtering through silica gel/benzene,
      there are obtained, besides 6.2 g of educt, 11.8 g .alpha.-methyl-benzoin
      phenyl ether of m.p. 91.5.degree.C (ethanol).
PAC  EXAMPLE 12
PAC  .alpha.-Methyl-desyl-phenyl sulphide
PAR  In analogy with Example 11, 30.4 g desyl-phenyl sulphide are reacted in 320
      ml DMSO with 40 g of a 10% by weight aqueous sodium hydroxide solution and
      18.9 g methyl iodide at room temperature. After working up, the crude
      product (21.6 g) is recrystallised twice from ethanol. 9 g
      .alpha.-methyl-desyl-phenyl sulphide of m.p. 101.degree.C are obtained.
PAC  EXAMPLE 13
PAC  .alpha.-Methyl-benzoin methyl ether
PAR  Portions of 2.85 g .alpha.-methyl-benzoin are dissolved in a nitrogen
      atmosphere in 25 ml of solvent and mixed with 5.5 ml of a 10% by weight
      sodium hydroxide solution and then with 0.8 ml methyl iodide, while
      maintaining a temperature of 25.degree.C. After stirring for 2 hours, the
      reaction products are poured into water, isolated and analysed by
      NMR-spectroscopy.
TBL  ______________________________________                                    
     Solvent        Crude product   % O-alkyl-                                 
                                    ation                                      
     ______________________________________                                    
     ethanol        2.8 g cryst.     0                                         
     dioxan         2.75 g cryst.    0                                         
     acetonitrile   2.8 g cryst.     0                                         
     hexamethyl-phosphoric                                                     
     acid triamide  3.0 g part      21                                         
                    cryst.                                                     
     tetramethylenesulphon                                                     
                    2.65 g cryst.   23                                         
     dimethyl formamide                                                        
                    3.0 g colourless oil                                       
                                    47                                         
     dimethyl sulphoxide                                                       
                    2.95 g yellowish oil                                       
                                    93                                         
     ______________________________________                                    
PAR  The following compounds were also prepared according to the process of the
      invention
TBL  .alpha.-ethyl-benzoin                                                     
     .alpha.-butyl-benzoin                                                     
     .alpha.-benzyl-benzoin                                                    
     .alpha.-propargyl-benzoin                                                 
                              m.p. = 100 - 101.degree.C                        
     4,4'-dichloro-.alpha.-methyl-benzoin                                      
                              m.p. 89.5 - 90.5.degree.C                        
     2,2'-dimethyl-.alpha.-allyl-benzoin                                       
                              n.sub.D.sup.30 = 1.5712                          
     4,4'-dimethoxy-.alpha.-allyl-benzoin                                      
                              m.p. 119 = 122.degree.C                          
     .alpha.-(2-carbonamido ethyl)-benzoin                                     
                              m.p. 150 = 152.degree.C                          
     .alpha.-ethyl-benzoin ethyl ether                                         
                              n.sub.D.sup.20  = 1.5470                         
     .alpha.-allyl-benzoin ethyl ether                                         
                              n.sub.D.sup.20  = 1.5596                         
     .alpha.-allyl-benzoin-i-propyl ether                                      
                              n.sub.D.sup.20  = 1.5520                         
     .alpha.-methyl-benzoin-allyl ether                                        
                              n.sub.D.sup.25   = 1.5594                        
     .alpha.-methyl-benzoin ethyl ether                                        
                              n.sub.D.sup.30  = 1.5538                         
     .alpha.-benzyl-benzoin methyl ether                                       
                              m.p. = 124 - 126.degree.C                        
     4,4'-dichloro-.alpha.-methyl-benzoin methyl                               
     ether                    n.sub.D.sup.30  = 1.5818                         
     .alpha.-n-butyl-benzoin-n-butyl ether                                     
                              m.p. = 72 - 73.5.degree.C                        
     .alpha.-[2-carbethoxyethyl]-benzoin ethyl ether                           
                              n.sub.D.sup.25  = 1.5402                         
     .alpha.-(2-cyanoethyl)-benzoin ethyl ether                                
                              m.p.  = 66 - 68.degree.C                         
     .alpha.-cinnamyl-benzoin m.p.  = 132 - 134.degree.C                       
     .alpha.-n-hexyl-benzoin  m.p. = 71.5 - 73.degree.C                        
     .alpha.-i-propyl-benzoin m.p. = 103 - 104.5.degree.C                      
     .alpha.-methyl-benzoin cyclohexyl ether                                   
                              n.sub.D.sup.20 = 1.5676                          
     .alpha.-benzyl-benzoin ethyl ether                                        
                              m.p. = 100 - 101.degree.C                        
     .alpha.-[2-cyanoethyl]-benzoin methyl ether                               
                              m.p. = 88 - 89.degree.C                          
     .alpha.-(2-cyanoethyl)-benzoin methyl ether                               
                              m.p.                                             
                                  87 - 88.5                                    
     .alpha.-(2-cyanoethyl)-benzoin n-propyl ether                             
                                  76 - 78                                      
     .alpha.-(2-cyanoethyl)-benzoin n-butyl ether                              
                                  56 - 57                                      
     .alpha.-(2-cyanoethyl)-benzoin cyclohexyl ether                           
                                 143 - 144                                     
     .alpha.-(2-cyanoethyl)-benzoin phenyl ether                               
                                 113 - 115                                     
     .alpha.-(2-carbomethoxyethyl)-benzoin methyl ether                        
                                  65 - 68                                      
     .alpha.-(2-carbomethoxyethyl)-benzoin ethyl ether                         
                                  42 - 44                                      
     .alpha.-(2-carbomethoxyethyl)-benzoin n-propyl ether                      
                                  53 - 55                                      
     .alpha.-(2-carbomethoxyethyl)-benzoin i-propyl ether                      
                                  88 - 90                                      
     .alpha.-(2-carbomethoxyethyl)-benzoin n-butyl ether                       
                                  58 - 61                                      
     .alpha.-(2-carbomethoxyethyl)-benzoin cyclohexyl ether                    
                                  86 - 89                                      
     .alpha.-(2-carbomethoxyethyl)-benzoin phenyl ether                        
                                  98 - 99                                      
     .alpha.-(2-carbonamido-ethyl)-benzoin methyl ether                        
                                 187.5-188.5                                   
     .alpha.-(2-carbonamido-ethyl)-benzoin ethyl ether                         
                                 153 - 155                                     
     .alpha.-(2-carbonamido-ethyl)-benzoin n-propyl ether                      
                                 169 - 170                                     
     .alpha.-(2-carbethoxyethyl)-benzoin cyclohexyl ether                      
                                  90 - 93                                      
PAC  EXAMPLE 14
PAC  .alpha.-Allyl-benzoin methyl ether
PAR  66 ml of a 20% by weight sodium hydroxide solution are added dropwise at
      20.degree.-25.degree.C to a solution of 63.6 g (o.3 mol) benzoin and 25.2
      g (0.33 mol) allyl chloride in 500 ml DMSO. After 2 hours, 61.4 g (0.34
      mol) p-toluene-sulphonic acid methyl ester and subsequently another 66 ml
      of the 20% sodium hydroxide solution are added dropwise to the reaction
      mixture. Working up after 24 hours yields 84.6 g of an oil the
      distillation of which gives 47 g (59%) .alpha.-allyl-benzoin methyl ether;
      b.p. 119.degree. - 120.degree.C/0.2 mm Hg, n.sub.D.sup.30 =  1.5640.
TBL  ______________________________________                                    
     C.sub.18 H.sub.18 O.sub.2 (266.3)                                         
                    % C      % H      % 0                                      
       calculated:  81.18    6.81     12.01                                    
       found:       81.20    6.78     12.30                                    
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  0.1 g .alpha.-(.beta.-carbethoxyethyl)-benzoin ethyl ether are added to 10
      g of freshly distilled acrylic acid methyl ester and exposed with a
      mercury-vapour high-pressure burner (Philips HPK 125 W/L) through quartz
      glass in a water bath at 24.degree.C. The solution of the sensitiser in
      the monomer is under nitrogen atmosphere in a quartz glass whose inner
      diameter is 1,7 cm. The exposure time is 2.5 minutes.
PAR  Immediately after exposure the quartz glass is introduced into an
      ice/common salt mixture to prevent heat polymerisation. The solution of
      the polymer in the monomer including the solid polymer parts, which are on
      the inner side of the quartz glass (on the side facing the mercury-vapour
      high-pressure burner), is rinsed with small amounts of a solvent
      (methylene chloride) in a small round-bottomed flask. Thereafter
      non-polymerised parts and the solvent are distilled off in a rotary
      evaporator. After drying in the vacuum drying chamber at 60.degree.C to
      constant weight, the amount of the polymer is determined. It amounts to
      11.8 percent by weight. If the sensitiser is not present, the polymer
      amount is below 0.1 percent.
PAC  EXAMPLE 16
PAR  0.1 g .alpha.-methyl benzoin methyl ether is added to 10 g each of the
      vinyl monomers given in the Table and together with the corresponding
      samples, which do not contain a sensitiser, are exposed in test tubes (16
      cm .times. 1,5 cm) under nitrogen in the photochemical reactor PR-20 of
      the firm of SEM Bruckl (Munich) at 20.degree. whilst using a GWCa filter
      glass tube (above .lambda. = 330 nm translucent) with a mercury
      high-pressure burner (Philips HPK 125W). The change in the samples during
      exposure is given in the Table.
TBL                Table                                                       
     ______________________________________                                    
     Vinyl monomer                                                             
                 Properties of the exposed samples                             
               with sensitiser                                                 
                              without                                          
               after min.     sensitiser                                       
     ______________________________________                                    
     Methyl acryl acid                                                         
                 5 solidified glass                                            
                                  60 no change                                 
     methyl ester                                                              
     Acrylonitrile                                                             
                 &lt;5 colourless polymer                                         
                                  60 no change                                 
     Acryloamide a)                                                            
                 &lt;5 colourless polymer                                         
                                  60 no change                                 
     1.1-dichloro-                                                             
                 15 colourless polymer                                         
                                  30 no change                                 
     ethylene                                                                  
     Vinyl acetate                                                             
                 20 highly viscous                                             
                                  60 no change                                 
                 solution                                                      
     ______________________________________                                    
      a) 25 % by weight solution in methanol                                   
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein R.sub.4 is ethyl or isopropyl.
NUM  2.
PAR  2. The compound of claim 1 wherein R.sub.4 is ethyl.
NUM  3.
PAR  3. The compound of claim 1 wherein R.sub.4 is isopropyl.
PATN
WKU  039377237
SRC  5
APN  4367863
APT  1
ART  127
APD  19740125
TTL  Cycloaliphatic compounds as odour- and taste-modifying agents
ISD  19760210
NCL  9
ECL  1
EXP  Garner; Vivian
INVT
NAM  Schulte-Elte; Karl-Heinrich
CTY  Onex, Geneva
CNT  CH
ASSG
NAM  Firmenich S.A.
CTY  Geneva
CNT  CH
COD  03
PRIR
CNT  CH
APD  19730209
APN  1941/73
CLAS
OCL  260488R
XCL  131 17R
XCL  252522
XCL  2603409
XCL  260468L
XCL  260491
XCL  260598
XCL  260611R
XCL  260617C
XCL  260617R
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ABST
PAL  New cycloaliphatic compounds useful as perfuming and odour-modifying agents
      in the manufacture of perfumes and perfumed products, and as flavouring
      and taste-modifying agents in the aromatization of foodstuffs in general
      and imitation flavours for foodstuffs, beverages, animal feeds,
      pharmaceutical preparations and tobacco products.
PAL  Novel process for the preparation of said cycloaliphatic compounds and
      compositions of matter relating to mixtures containing same.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The compounds to which the present invention relates belong to the class of
      cycloaliphatic derivatives having the formula
      ##SPC1##
PAL  Containing a single or double bond in the positions indicated by the dotted
      lines and wherein:
PA1  n stands for 0or 1; and
PA1  X represents a univalent radical of formula
EQU  (a)   --CHO; (b) -CH-OR; OR
EQU  (c)   --CH.sub.2 OR.sup.1 or (d) -CH-O O-(CH.sub.2).sub.2
PAL  wherein R is an alkyl radical containing from 1 to 6 carbon atoms, and
      R.sup.1 represents a hydrogen atom or an acyl radical containing from 1 to
      6 carbon atoms.
PAR  The said compounds possess interesting organoleptic properties and
      accordingly represent useful perfuming and odourmodifying agents as well
      as flavouring and taste-modifying agents in their own right. They equally
      represent useful intermediates for the preparation of other compounds
      having valuable fragrant and flavouring character.
PAR  The present invention relates further to novel perfume and flavouring
      compositions, as well as to certain perfumed and flavoured articles.
PAR  This invention equally provides a process for the preparation of the
      compounds of formula I.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  We have discovered that in view of their particular useful properties, the
      novel compounds of the present invention can be used for modifying,
      enhancing or improving the organoleptic properties of foodstuffs, animal
      feeds, beverages, pharmaceutical preparations and tobacco products and for
      the manufacture of artifical flavouring compositions.
PAR  The term "foodstuff" is here used broadly and includes, for example,
      coffee, tea or chocolate.
PAR  Typically, the compounds of formula I develop various flavour notes such as
      green, fruity and flowery notes. Depending on the nature of the other
      constituents in a given composition or on that of the materials to which
      they are added, the compounds of formula I can develop certain notes
      reminiscent of fruits such as melon or cucumber.
PAR  These flavouring characters provide a particular useful application for the
      aromatization of beverages, e.g. fruit juices, jams, yoghurts, milk
      products, confectionery and bakery articles. The compounds of the
      invention equally find a useful application for the aromatization of
      decoctions or infusions, camomile, lime-blossom tea or verbena.
PAR  Typically, interesting flavouring effects can be achieved with amounts
      ranging from 0.5 to 50 ppm, based on the weight of the product flavoured.
      However, in order to achieve special effects, this amount can be raised to
      about 100 or even 1000 ppm. When compounds I are used in flavouring
      compositions, in admixture with other flavouring agents, they may
      typically comprise from 1 to about 20% of the total weight of the
      composition.
PAR  Further, the compounds of formula I possess interesting olfactive
      properties and, accordingly, can be used in the art of perfumery. They
      impart a variety of fragrance notes such a minty, grass-like, green,
      aromatic, amber-like, camphoraceous or ambrette-like notes. Their aromatic
      character is reminiscent of the odour of certain plants belonging to the
      family of labiates, marjoram in particular. Accordingly, the compounds of
      formula I are particularly useful for the preparation of fragrant
      compositions of floral type. The well developed ambrette-like character of
      certain of the mentioned compounds, enables their use in fine perfumery
      for exalting the overall odoriferous effect of perfume compositions. Some
      of the compounds of formula I, the
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propyl acetate in
      particular, show the interesting properties of increasing the
      diffusiveness and richness of the fragrances in which they are
      incorporated.
      2-Methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propyl acetate
      possesses the useful and interesting property of developing a woody,
      ambrette-like fragrance of a very tenacious character. These properties
      render the said compound particularly suitable for a great variety of
      applications in the field of fine perfumery as well as in the perfuming of
      soaps. In view of the wide application of natural ambrette seeds oil in
      the art, perfumers were always concerned about finding new possible cheap
      synthetic substitutes for it. The present invention represents a solution
      to this problem and enables the man in the art to enlarge the palette of
      useful synthetic materials put to his disposal.
PAR  It is an object of the present invention to provide perfume compositions
      comprising olfactive amounts of at least one of the compounds of formula
      I.
PAR  It is a further object of the present invention to provide perfumed
      articles comprising as odour modifying agent at least one of the compounds
      of formula I.
PAR  The term "perfume composition" is used herein to mean a mixture of organic
      compounds including, for example, alcohols, aldehydes, ketones, esters and
      hydrocarbons which are admixed in a manner and in quantity ranges usual in
      the art. Perfumed articles include a variety of materials, for example,
      cosmetics, washing powders, cleaning agents, soaps, shampoos, talc, waxes
      and house-hold articles in general.
PAR  Compounds I are equally useful for the reconstitution of certain artificial
      essential oils, floral essential oils for example.
PAR  Typically, interesting odoriferous effects can be obtained when the
      compounds of formula I constitute from about 0.5 to 5 percent by weight of
      the total composition; but, depending on the effect required, the
      proportion of compounds I may be increased to 20 percent by weight, or
      even more. The proprotions can be much lower when the compounds of formula
      I are incorporated into materials such as soaps or detergents, for
      example. In all cases, the ranges mentioned above may be varied in order
      to achieve specific organoleptic effects. The examples which appear
      hereinbelow illustrate certain flavouring and perfume compositions within
      the scope of the invention. It has to be understood however that the given
      compositions represent preferred examples and the invention is not to be
      considered as restricted thereto.
PAR  Specific examples of the compounds defined by formula I include the
      following new compounds:
PA0  2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal,
PA0  2-methyl- 3-(2-methyl-5-isopropyl-cyclopent-1en-1-yl)-propanal,
PA0  2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanol,
PA0  2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propyl acetate;
PA0  2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propanol,
PA0  2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propyl acetate,
PA0  2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal-dimethylke
     tal,
PA0  2-methyl-3-(2-methyl-5isopropyl-cyclopent-1
      en-1-yl)-1-ethylenedioxy-propane,
PA0  2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal-dimethylke
     tal,
PA0  2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-1-ethylenedioxy-propa
     ne,
PA0  2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propyl formate,
PA0  2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propyl formate,
PA0  2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-prop-2-enol,
PA0  2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-prop-2-enyl acetate
      and
PA0  2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-prop-2-enal.
PAR  One of the compounds of this invention, specifically
      2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propanal, can be
      prepared by a novel process which comprises catalytically hydrogenating
      2-methyl-3-(2-methyl-5-isopropenylcyclopent-1-en-1-yl)-propanal.
PAR  The reducing agents commonly known to promote the conversion of ethylenic
      double bonds into simple bonds, such as metals like platinum, palladium or
      rhodium, may be advantageously used. Platinum is preferably used in its
      oxidized form as PtO.sub.2, whereas palladium is used on an inert support
      of charcoal or calcium carbonate (see for example: H. O. House, Modern
      Synthetic Reactions, W. A. Benjamin Inc., New York (1965), p. 1 and ff.).
      Raney nickel can equally be used; in this case however it is difficult to
      suppress the concomitant reduction of the aldehydic group.
PAR  In accordance with a preferred embodiment of the process of this invention,
      the catalytic hydrogenation of
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal is
      effected in an inert organic solvent, e.g. an ether, such as dioxan, an
      aliphatic, cycloaliphatic or aromatic hydrocarbon, such as hexane,
      cyclohexane, benzene or toluene, a secondary or tertiary alcohol, such as
      isopropanol or terbutanol.
PAR  In accordance with a further object of the present invention,
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal, used as
      starting material in the hereinabove described process, is prepared
      according to a process which comprises a thermal cyclization of
      2,6-dimethyl-oct-2-en-7-yn-6-ol followed by an addition, on the methylenic
      double bond of the obtained compound, of ethoxy-prop-1-ene in the presence
      of catalytic amounts of an acidic agent. The hereinabove process is
      illustrated by the following reaction scheme:
      ##SPC2##
PAL  2,6,-Dimethyl-oct-2-en-7-yn-6-ol, used as starting material in the above
      process, is a commercial product better known under the name of
      dehydrolinalol.
PAR  The described process can be carried out with known techniques [cf. e.g.:
      German Pat. Nos. 1,082,257 and 1,193,490].
PAR  Thus, the said cyclization can be carried out at temperatures of
      100.degree. to 300.degree.C, preferably of 180.degree. to 250.degree.C,
      and the addition of ethoxy-prop-1-ene at temperatures of 120.degree. to
      200.degree.C, preferably of about 130.degree. and 170.degree.C. The given
      temperatures afford good reaction rates while minimizing undesirable
      reactions.
PAR  The said addition is effected in the presence of an acidic agent. Suitable
      acidic agents include a mineral protic acid, sulphuric or phosphoric acid
      for example, or an organic protic acid such as trichloracetic or
      p-toluenesulphonic acid. Lewis acids such as BF.sub.3, AlCl.sub.3 or
      ZnCl.sub.2 can equally be used.
PAR  It will be appreciated that the given structure of the compounds of formula
      I includes various stereoisomeric forms.
PAR  For instance, due to the simultaneous presence of a hydrogen atom, a methyl
      group and an aldehydic radical on the carbon atom in position 2 of the
      molecule, the various isomeric forms of
      2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propanal can be
      represented by the following general formula
      ##SPC3##
PAR  The said isomers can be used individually or in admixture with each other.
      They can be separated from each other by conventional techniques, such as
      vapour phase chromatography or fractional distillation by means of a
      spinning band column. For all practical purposes however, it is preferred
      to use the mixture of isomers as directly obtained by the process of the
      invention.
PAR  The saturated and unsaturated propanals, obtained in accordance with the
      process of the present invention, which possess useful properties on their
      own, equally represents useful intermediates for the preparation of the
      other members of the class of compounds defined by formula I. Thus, by
      reduction according to conventional techniques [cf.: H. O. House, Modern
      Synthetic Reactions, Benjamin Inc., (1965), p. 23 and ff.],
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal can be
      converted into its corresponding hydroxylic derivative of formula
      ##SPC4##
PAR  The following reaction scheme illustrates in a more detailed manner some of
      the chemical conversions to which the above mentioned aldehydes may
      undergo (see scheme II on the following page).
PAR  2-Methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-prop-2-enol and its
      corresponding acetate and aldehyde were prepared in accordance with
      techniques usual in the art as indicated by the following Examples (see
      particularly Example 3).
PAR  The invention is better illustrated by the following Examples, wherein the
      temperatures are indicated in degrees centigrade and the abbreviations
      used throughout have the meaning usual in the art.
      ##SPC5##
PAC  EXAMPLE 1
PAC  2-Methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal
PAC  a) 1-methyl-2-methylene-3-isopropenyl-cyclopentan-1-ol
PAR  1 kg of 2,6-dimethyl-oct-2-en-7-yn-6-ol was pyrolyzed during 12 hours at a
      temperature of about 180.degree. under nitrogen atmosphere. There was thus
      obtained with 95% of yield a mixture comprising 55 : 45 parts by weight of
      the 2 diastereoisomers of the desired alcohol.
PAR  The time required for carrying out the pyrolysis can be drastically reduced
      by effecting the reaction at a higher temperature. Thus at temperatures of
      about 350.degree. the reaction time can be reduced to about 0.5-1 second
      while obtaining the same or nearly the same yields.
PAR  The two said isomers showed the following analytical data:
PAR  A:
PA0  Bp. 35.degree.-6.degree./0.2 Torr; n.sub.D = 1.4839; d.sup.20 = 0.9294
PA0  Ir: 3400, 3080, 1640, 895, 890 cm.sup.-.sup.1
PA0  Nmr: 1.33 (3h, s); 1.6 (3H, s); 4.75 (2H, m); 4.75 and 5.1 (3H, 2d, J=3
      cps) .delta. ppm
PA0  Ms: m.sup.+ = 152 (1); m/e = 137 (32); 49 (24); 109 (37); 95 (53); 79 (63);
      67 (38); 53 (17); 43 (100); 27 (20).
PAR  B:
PA0  Bp. 38.degree.-9.degree./0.2 Torr; n.sub.D = 1.4811; d.sup.20 = 0.9247
PA0  Ir:  3400, 3080, 1800, 1640, 890 cm.sup.-.sup.1
PA0  Nmr: 1.26 (3h, s); 1.61 (3H, s); 4.73 (2H, m); 4.75 and 5.15 (2H, 2d, J=3
      cps) .delta. ppm
PA0  Ms: m.sup.+ = 152 (1); m/e = 137 (66); 119 (35); 109 (45); 91 (22); 79
      (57); 67 (36); 55 (27); 43 (100); 27 (22).
PAC  b) 2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal
PAR  i. Under Pressure
PAR  15.2 g of 1-methyl-2-methylene-3-isopropenyl-cylcopentan-1-ol, obtained
      according to letter a), 29.2 g of ethoxyprop-1-ene and 0.1 g of 85%
      phosphoric acid were warmed up under nitrogen of about 150.degree. during
      about 60 minutes in a sealed tube.
PAR  The reaction mixture was then poured onto crushed ice and extracted with
      ether. After the usual treatments of washing, neutralization and drying,
      the combined organic extracts were evaporated and distilled to give 15.7 g
      of a product having bp. 55.degree.-60.degree./0.1 Torr.
PAR  By redistillation there were obtained 13.5 g (yield 70%) of the desired
      aldehyde; n.sub.D = 1.4810; D.sup.20 = 0.9147
PA0  ir: 3085, 2700, 1725, 1640, 878 cm.sup.-.sup.1
PA0  Nmr: 0.94 (3h, d, J=7 cps); 1.57 (3H, s); 1.69 (3H, s); 4.69 (m); 9,5 (1H,
      s, J=2 cps) .delta. ppm
PA0  Ms: m.sup.+ = 192 (43); m/e: 177 (17); 164 (60); 149 (63); 135 (26); 121
      (98); 107 (72); 93 (100); 79 (61); 67 (25); 55 (48); 41 (80); 29 (32).
PAR  ii. At Atmospheric Pressure
PAR  228 g (1.5 Mole) of 1-methyl-2-methylene-3-isopropenylcyclopentan-1-ol,
      obtained according to letter a), 438 g (3 Mole) of ethoxy-prop-1-ene and 2
      ml of 85% phosphoric acid were heated to the reflux temperature under
      nitrogen during approximately 48 hours (the temperature of the reaction
      mixture was of about 85.degree.-90.degree.).
PAR  The reaction mixture was then treated in accordance with the procedure
      given hereinabove (see paragraph i.). There were obtained 233 g of a
      product which upon fractional distillation gave 180 g of the desired
      aldehyde with a yield of 63 percent.
PAR  2-Methyl-3-(2-methyl-5isopropenyl-cyclopent-1-en-1-yl)-propanal
      (hereinafter referred to as: aldehyde A) can be used as a starting
      material for the preparation of:
PA0  2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)propanol
PAR  29 g of aldehyde A in 250 ml of ether were added dropwise to a suspension
      of 4 g of LiAlH.sub.4 in 100 ml of ether and the whole was kept under
      stirring during 2 hours. The reaction mixture was then poured onto crushed
      ice and extracted with ether, whereupon the combined organic extracts,
      after the usual treatments of washing, neutralization and drying, gave on
      evaporation and subsequent distillation 28 g of the desired alcohol (yield
      95 percent);
PA0  n.sub.D 32  1.4894; d.sup.20 = 0.9198
PA0  Ir: 3380, 1790, 1640, 885 cm.sup.-.sup.1
PA0  Ms: m.sup.+ = 194 (40); m/e: 179 (7); 161 (16); 151 (40); 136 (25); 121
      (100); 107 (60); 93 (88); 79 (50); 55 (45); 41 (60); 29 (20).
PAR  The alcohol thus obtained can be converted into its corresponding acetate
      as follows:
PA0  2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)propyl acetate:
PAR  5 g of acetyl chloride and 3 g of acetic anhydride were added dropwise to a
      mixture of 10 g of the alcohol obtained according to the process indicated
      hereinabove and 20 g of dimethylaniline. Said mixture was previously
      cooled and kept under nitrogen.
PAR  The reaction mixture was maintained under stirring during one night.
PAR  After the usual treatments of extraction and washing there were obtained 12
      g (yield 98%) of the desired acetate.
PA0  n.sub.D = 1.4715; d.sup.20 = 0.9376
PA0  Ir: 3080, 1738, 1640, 890 cm.sup.-.sup.1
PA0  Ms: m.sup.+ = 236 (40); m/e: 193 (2); 177 (8); 161 (72); 147 (26); 133
      (50); 119 (72); 105 (48); 92 (60); 79 (30); 69 (18); 55 (33); 43 (100); 29
      (15).
PA0  2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)propanol
PAR  9.7 g of 2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanol
      were catalytically hydrogenated in the presence of traces of Raney nickel
      in methanol. 1130 ml of hydrogen were absorbed and the reaction mixture
      was filtered, whereupon the clear filtrate was evaporated to give 9.2 g of
      2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propanol;
PA0  n.sub.D = 1.4789; D.sup.20 = 0.9084;
PA0  Ir: 3400 cm.sup.-.sup.1
PA0  Ms: m.sup.+ = 196 (5); m/e: 153 (20); 135 (24); 121 (4); 107 (16); 95
      (100); 79 (16); 69 (10); 55 (15); 41 (20); 29 (5).
PAR  The corresponding acetate was prepared in accordance with the method
      described hereinabove for the preparation of
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propyl acetate.
PA0  n.sub.D = 1.4619; d.sup.20 = 0.9264;
PA0  Ir: 1740 cm.sup.-.sup.1
PA0  Ms; m.sup.+ = 239 (4); m/e: 195 (8); 135 (100); 121 (2); 107 (22); 93 (60);
      79 (18); 69 (5); 55 (12); 43 (40); 29 (4).
PA0  2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)propyl formate
PAR  10 g of the alcohol, obtained according to the process given above, were
      reacted overnight at room temperature in 50 ml of toluene, with 50 g of
      formic acid in the presence of 2.5 g of molecular sieves (3 A - pearl
      form, Merck). The toluenic phase was separated and washed with water and
      an aqueous solution of NaHCO.sub.3 until neutrality, then dried over
      Na.sub.2 SO.sub.4. Evaporation followed by fractional distillation gave
      8.7 g (yield 76%) of pure formate;
PA0  n.sub.D = 1.4752; d.sup.20 = 0.9495;
PA0  Ir: 3080, 1805, 1725, 1640 and 890 cm.sup.-.sup.1 ;
PA0  Nmr: 0.8 and 0.91 (6H, 2d, J=7 cps); 1.53 (3H, s); 1.64 (3H, s); 3.88  (2H,
      m); 4.61 (2H, m) .delta. ppm
PA0  Ms: m.sup.+ = 222 (80); m/e: 207 (13), 161 (64), 133 (52), 121 (80), 93
      (100), 79 (44), 55 (44), 41 (57).
PA0  2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)propyl formate
PAR  10 g of the alcohol, obtained according to the process given above, were
      reacted with formic acid under the same reaction conditions as those given
      above. There were thus obtained 9.5 g of the desired ester:
PA0  bp. 90.degree.-100.degree./0.01 Torr;
PA0  n.sub.D = 1.4669; d.sup.20 = 0.9361;
PA0  Ir: 1725 cm.sup.-.sup.1 ;
PA0  Nmr: 0.63 and 0.89 (6H, 1d each, J=7 cps): 1.6 (3H, s); 3.9 (2H, m) .delta.
      ppm
PA0  Ms: m.sup.+ = 224 (12); m/e: 181 (60), 135 (77), 107 (32), 93 (100), 79
      (26), 67 (10), 55 (21), 41 (23), 29 (12).
PA0  2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal-dimethylke
     tal
PAR  20 g of aldehyde A were heated to the reflux temperature during 2.5 hours
      in the presence of 0.2 g of p-toluenesulphonic acid in 200 ml of methanol.
      After evaporation of the volatile portions and extraction with ether of
      the obtained residue, the combined extracts were washed, neutralized by
      means of an aqueous solution of NaHCO.sub.3 and dried. On evaporation of
      the ether and subsequent distillation there were obtained 18 g (yield 75%)
      of the desired ketal having
PA0  bp. 58.degree.-60.degree./0.2 Torr;
PA0  n.sub.D = 1.4738; d.sup.20 = 0.9309;
PA0  Ir: 3080, 1790, 1640, 1100, 888 cm.sup.-.sup.1
PA0  Ms: m.sup.+ = 238 (0.1); m/e: 206 (36); 191 (8); 175 (24); 159 (48); 145
      (35); 133 (17); 119 (40); 75 (100); 41 (30); 29 (10).
PA0  2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-1-ethylenedioxy-pro
     pane
PAR  20 g of aldehyde A were heated to the reflux temperature during 3 hours in
      the presence of 0.3 g of p-toluenesulphonic acid and 7 g of ethylene
      glycol in a water separator. The mixture was then subjected to the same
      treatment as that indicated above for the preparation of the
      dimethylketal.
PAR  There were thus obtained 20 g (yield 80%) of the desired compound.
PA0  n.sub.D = 1.4870; d.sup.20 = 0.9738;
PA0  Ir: 3080, 1785, 1640, 1100, 885 cm.sup.-.sup.1
PA0  Ms: m.sup.+ = 236 (12); m/e: 221 (0.1) 207 (0.1); 193 (1); 174 (9); 15
      (25); 145 (20); 134 (7); 113 (32); 100 (52); 73 (100); 45 (30); 29 (10).
PAR  The ketals obtained as indicated hereinabove can then be subjected to a
      catalytic hydrogenation according to the method indicated above for the
      preparation of
      2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propanol.
PAR  2-Methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propanal-dimethylketa
     l was thus obtained;
PA0  n.sub.D = 1.4648; d.sup.20 = 0.9187;
PA0  Ir: 1100 cm.sup.-.sup.1
PA0  Ms: m.sup.+ = 240 (0.1); m/e: 208 (26); 165 (65); 133 (100); 121 (26); 105
      (25); 93 (32); 75 (65); 41 (30); 29 (20).
PAR  In the same way
      2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-1-ethylenedioxypropa
     ne was obtained;
PA0  n.sub.D = 1.4789; d.sup.20 = 0.9596;
PA0  Ms: m.sup.+ = 238 (15); m/e: 195 (46); 176 (1); 161 (7); 151 (4); 133 (60);
      121 (15); 113 (70); 101 (60); 95 (100); 79 (20); 73 (62); 55 (20); 41
      (34); 29 (34).
PAC  EXAMPLE 2
PAC  2-Methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propanal
PAR  19.2 g (0.1 Mole) of
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal in 100 ml
      of dioxan were reduced by catalytic hydrogenation in the presence of
      traces of palladium over charcoal. After absorption of 2300 ml of hydrogen
      (10 hours) the reaction mixture was filtered and the clear filtrate
      evaporated under reduced pressure. The obtained residue was then distilled
      to give 18.3 g of the desired aldehyde;
PA0  bp. 45.degree.-50.degree./0.1 Torr;
PA0  n.sub.D = 1.4710; d.sup.20 = 0.9069;
PA0  Ir: 2700, 1730 cm.sup.-.sup.1
PA0  Nmr: 0.67-1.1 (several doublets); 1.66 (3H, s); 9.5-9.65 (1H, 2d, J=3 cps)
      .delta. ppm
PA0  Ms: m.sup.+ = 194 (22); m/e: 177 (0.1); 164 (1); 151 (50); 133 (28); 123
      (98); 107 (18); 95 (88); 81 (100); 67 (30); 55 (33); 41 (50); 27 (22).
PAC  EXAMPLE 3
PAC  2-Methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-prop-2-enol
PAR  40 g of ethyl
      2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-prop-2-enoate in 100
      ml cooled ether were added under stirring to a suspension of 4 g of
      LiAlH.sub.4 in 50 ml ether. After addition of water to the thus obtained
      suspension, the separated organic phase was dried and evaporated to
      dryness. There was thus obtained 31.4 g (yield 95%) of the desired
      alcohol; bp. 75.degree.-80.degree./0.01 Torr.
PAR  An analytical sample was prepared by purification via vpc;
PA0  n.sub.D = 1.5030; d.sup.20 = 0.9367; [.alpha.].sub.D = + 169.degree.
PA0  Ir: 3400 cm.sup.-.sup.1 ;
PA0  Nmr: 0.66 and 0.87 (6H, 1d each, J= ca. 7 cps); 1.58 and 1.6 (6H, 2s); 3.95
      (2H, m); 5.72 (1H, m) .delta. ppm
PA0  Ms: m.sup.+ = 194 (28); m/e: 176 (2), 151 (100), 133 (40), 123 (20), 105
      (30), 93 (72), 81 (60).
PAR  The corresponding acetate was prepared in accordance with the techniques
      conventional in the art by treating the alcohol with acetyl chloride. The
      obtained ester showed the following analytical data:
PA0  n.sub.D = 1.4839; d.sup.20 = 0.9545; [.alpha.].sub.D = +145.degree.;
PA0  Ir: 1740 cm.sup.-.sup.1
PA0  Nmr: 0.65 and 0.86 (6H, 1d each, J= ca. 6 cps); 1.56 or 1.57 (6H, 1s each);
      4.42 (2H, m); 5.7 (1H, m) .delta. ppm
PA0  Ms: m.sup.+ = 236 (5); m/e: 193 (15); 176 (7); 161 (3); 133 (100); 119 (8);
      105 (25), 91 (20), 43 (55).
PAR  The corresponding aldehyde,
      2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-prop-2-enal, was
      synthetized by oxidizing by means of MnO.sub.2 the alcohol obtained above
      according to conventional techniques. The aldehyde showed the following
      analytical data:
PA0  n.sub.D = 1.5319; d.sup.20 = 0.9419; [.alpha.].sub.D = +532.degree.;
PA0  Ir: 2690, 1690 and 1620 cm.sup.-.sup.1
PA0  Nmr: 0.68 and 0.91 (6H, 1d each, J=7 cps); 1.73 (6H, 2s); 6.72 (1H, m); 9.4
      (1H, s) .delta. ppm
PA0  Ms: m.sup.+ = 192 (10); m/e: 177 (20), 149 (100), 131 (15), 121 (18), 93
      (25), 79 (15), 43 (15).
PAR  Ethyl 2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-prop-2-enoate,
      used as starting material in the hereinabove preparation, can be
      synthetized by the following procedure:
      ##SPC6##
PAL  15.2 (0.1 Mole) of the aldehyde prepared in accordance with Compt. Rend.
      254, 1087 (1962), in 1 1t of benzene were reacted at reflux temperature
      under the usual reaction conditions required for the Wittig reaction with
      80 g of the phosphorane obtained from triphenyl-phosphine and ethyl
      .alpha.-bromopropionate [prepared according to Helv. Chim. Acta 40, 1248
      (1957)].
PAR  There was thus obtained the desired ester (16 g; yield 70%);
PA0  n.sub.D = 1.4991; d.sup.20 = 0.9707; [.alpha.].sub.D = + 264.degree.;
PA0  Ir: 1710, 1640 and 1630 cm.sup.-.sup.1 ;
PA0  Nmr: 0.68 and 0.89 (6H, 1d each, J= ca. 7 cps); 1.3 (3H, t, J=7 cps); 4.18
      (2H, q, J= ca. 6 cps); 7.03 (1H, m) .delta. ppm
PA0  Ms: m.sup.+ = 236 (13); m/e: 221 (1), 193 (92), 147 (100), 119 (65), 91
      (20), 41 (18).
PAC  EXAMPLE 4
PAR  "Eau de toilette" for Men
PAR  A base perfume composition of the type "eau de toilette" for men was
      prepared by mixing the following ingredients (parts by weight):
     Synthetic bergamot oil       250                                          
     Vetyveryl acetate            150                                          
     Cedryl acetate               100                                          
     Lavender oil 40-45 %         60                                           
     Lemon oil                    50                                           
     Synthetic leather            40                                           
     Galbanum resinoid            30                                           
     Hydroxycitronellal           30                                           
     Rosmarin oil of Spain        30                                           
     Synthetic neroli             20                                           
     Geranium Bourbon oil         20                                           
     Coumarin                     20                                           
     Nutmeg oil                   15                                           
     Camomile oil of Morocco      10                                           
     Abs. oak moss                10                                           
     Tobacco resinoid 10 %*       10                                           
     Artemisian oil               5                                            
     Isobornyl acetate            10                                           
     1,6,10,10-tetramethyl-2-oxa-tri-                                          
     cyclo[8.3.0.0.sup.6,11 ]tridecane 0.1 %*                                  
                                  20                                           
     Citronellol                  20                                           
     Diethyl phthalate            100                                          
     Total                        1000                                         
      *in diethyl phthalate                                                    
PAR  By adding to 900 ml of the above composition 100 ml of
      2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propanal there was
      obtained a new perfume composition possessing a dry, herbaceous note which
      was reminiscent of the olfactive character of marjoram.
PAC  EXAMPLE 5
PAR  Herbs shampoo
PAR  A perfume composition for herbs shampoo was prepared by admixing the
      following ingredients (parts by weight);
TBL  Terpenyl acetate             100                                          
     Cedar oil of Florida         100                                          
     Synthetic bergamot oil       80                                           
     Concrete "mousse d'arbre" 50 %*                                           
                                  60                                           
     Amyl salicylate              60                                           
     Coumarin                     60                                           
     1,1-dimethyl-4-acetyl-6-ter-                                              
     butylindane 10 %*            50                                           
     Galbanum resionid            40                                           
     Cedryl acetate               40                                           
     Synthetic citronellol        40                                           
     Natural geraniol             40                                           
     Synthetic lavandin oil       40                                           
     Eugenol                      30                                           
     Geranyl acetate              30                                           
     Synthetic geranium Bourbon   30                                           
     Patchouli oil                25                                           
     Ambrette musk                20                                           
     Aspic oil                    15                                           
     Synthetic neroli             15                                           
     Methylnonylacetic aldehyde 10 %*                                          
                                  15                                           
     Synthetic civet              10                                           
     Thuyopsanone                 10                                           
     Benjoin resinoid of Siam 50 %*                                            
                                  10                                           
     Diethyl phthalate            80                                           
     Total                        1000                                         
      *in diethyl phthalate                                                    
PAR  By adding to 900 ml of the perfume composition obtained above 100 ml of
      2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propanal there was
      obtained a new composition possessing an herbaceous, fresh, minty note
      which was reminiscent of the olfactive note of marjoram.
PAR  By substituting
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal for the
      mentioned aldehyde analogous effects were observed although in a less
      pronounced way.
PAC  EXAMPLE 6
PAR  Maritime Pine
PAR  A basic perfume composition of "maritime pine" type was prepared by
      admixing the following ingredients (parts by weight):
TBL  Isobornyl acetate            300                                          
     Methylnonylacetic aldehyde 10 %*                                          
                                  150                                          
     Pine oil of Siberia          150                                          
     Terpenyl acetate             150                                          
     Pine oil of Canada           100                                          
     Neryl acetate                50                                           
     Cedar leaves oil             30                                           
     Galbanum resinoid            20                                           
     Dodecanoic aldehyde 10 %*    10                                           
     Diethyl phthalate            40                                           
     Total                        1000                                         
      *in diethyl phthalate                                                    
PAR  By adding to 960 ml of the above composition 40 ml of
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal there was
      obtained a new composition which possessed an odoriferous note of pine
      which was more pronounced than that shown by the basic composition. The
      note was reminiscent of that shown by maritime pines.
PAC  EXAMPLE 7
PAR  Flavouring Composition of the "Tutti-Frutti" Type
PAR  A flavouring composition of the "tutti-frutti" type was prepared by
      admixing the following ingredients (parts by weight):
TBL  Vanillin                     20                                           
     Allyl caproate               10                                           
     Citral                       20                                           
     Amyl butyrate                35                                           
     Orange oil                   45                                           
     Ethyl butyrate               75                                           
     Ethyl acetate                185                                          
     Amyl acetate                 185                                          
     Lemon oil                    400                                          
     Total                        975                                          
PAR  25 g of 2-methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propanal were
      added to 975 g of the above mixture which was then called "test"
      composition A "control" composition was prepared by adding 25 g of
      additional lemon oil to 975 g of the above mixture.
PAR  The test and the control compositions were added to the foodstuffs
      described hereinafter in the proportions shown for 100 kg of material to
      be flavoured.
TBL  ______________________________________                                    
     Cake                      20 g                                            
     Pudding                   5 - 10 g                                        
     Toffee                    15 - 20 g                                       
     ______________________________________                                    
PAR  Toffee:
PAR  100 ml of sugar sirup (prepared by dissolving 1 kg of sucrose in 600 ml of
      water) and 20 g of glucose were mixed together and slowly heated to
      145.degree.. The flavour was added and the mass was allowed to cool and
      harden.
PAR  Pudding:
PAR  To 500 ml of warm milk there was added a mixture of 60 g of sucrose and 3 g
      of pectin. The mixture was boiled for a few seconds and the flavour was
      added. The mixture was then allowed to cool.
PAR  Cake:
PAR  The following ingredients were mixed together: 100 g of vegetable
      margarine, 1.5 g. of sodium chloride, 100 g of sucrose, 2 eggs and 100 g
      of flour. The flavour was added and the mass was cooked for 40 minutes at
      180.degree..
PAR  The finished foodstuff samples were tested by a panel of trained persons
      who had to express their views about the flavour of the said samples. All
      members of the panel declared that the test samples had a more fruity note
      than the control samples and at the same time a melon character.
PAR  Analagous results were observed by substituting in the above example
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanal for
      2-methyl-3-(2-methyl-5-isopropylcyclopent-1-en-1-yl)-propanal. However, in
      this case the fruity note was paralleled by a flowery note reminiscent of
      cucumber.
PAC  EXAMPLE 8
PAR  1 g of a 0.01% alcoholic solution, in 95% ethanol, of
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propyl acetate was
      added to 200 g of commercial mulberry jam possessing a bland taste. The
      thus flavoured jam was checked against a control jam obtained by mixing 1
      g of 95% ethanol with 200 g of the commercial mulberry jam.
PAR  A panel of experts found that the flavoured jam possessed a slightly
      musky-woody note typical of fresh mulberry fruits.
PAC  EXAMPLE 9
PAR  1 g of a 0.01% alcoholic solution, in 95% ethanol, of
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propyl acetate was
      added to 500 g of a commercially available vodka liquor. The thus
      flavoured beverage was checked against a control liquor obtained by adding
      to 500 g of the commercial vodka, 1 g of 95% ethanol.
PAR  The panel of experts found that the flavoured liquor possessed a richer
      note with a better lifting than the unflavoured material. The note
      developed was reminiscent of the musky character of British gin.
PAC  EXAMPLE 10
PAR  After-shave Lotion
PAR  An after-shave lotion composition was prepared by mixing the following
      ingredients (parts by weight):
TBL  Galbanum oil 10 %*           120                                          
     Bergamot (synth.)            100                                          
     p-ter-Butyl-cyclohexanyl acetate                                          
                                  100                                          
     Cedryl acetate               100                                          
     Methyl-octyl acetaldehyde 10 %*                                           
                                  80                                           
     Synth. Jasmin oil            60                                           
     Lemon oil                    60                                           
     Colourless oak moss abs. 50 %*                                            
                                  50                                           
     Lavandin oil                 50                                           
     Clove oil of Madagascar      40                                           
     Synth. Neroli                40                                           
     Dimethyl-cyclohexene-carbaldehyde                                         
     10 %*                        40                                           
     Concentrated orange oil                                                   
     (Tetrarome, Firmenich SA)    30                                           
     Dodecanal 10 %*              30                                           
     Stryallyl acetate            30                                           
     Patchouli oil                20                                           
     Sandela, Givaudan & Cie. S.A.                                             
                                  10                                           
     .alpha.-Iso-methylionone     10                                           
     1,1-Dimethyl-4-acetyl-6-ter-butyl-                                        
     indane                       10                                           
     Total                        980                                          
      *in diethyl phthalate                                                    
PAR  By adding to 900 g of the above given composition 100 g of
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent -1-en-1-yl)-propyl acetate
      there was obtained a new composition which possessed an improved richness
      when compared with the basic composition. The olfactive note was more
      harmonious with a typical character of woody-powdery sandelwood odour.
PAC  EXAMPLE 11
PAR  Chypre Type Composition
PAR  A base perfume composition of the chypre type was prepared by mixing the
      following ingredients (parts by weight):
TBL  Synth. jasmin abs.           220                                          
     Oak moss abs. 10 %*          180                                          
     .alpha.-Iso-methylionone     110                                          
     Coumarin                     100                                          
     Methyl di- and tetrahydro-abietate                                        
                                  80                                           
     Opoponax oil 10 %*           50                                           
     Synth. rose oil              50                                           
     Oriental sandelwood oil      50                                           
     Undecalactone                40                                           
     Patchouli oil                40                                           
     Eugenol extra                30                                           
     Carrot seeds oil 1 %*        40                                           
     Benjoin resinoid of Siam 50 %*                                            
                                  10                                           
     Total                        1000                                         
      *in diethyl phthalate                                                    
PAR  By adding to 900 g of the above given composition 100 g of
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propyl acetate
      there was obtained a new composition which possessed an improved richness
      and a more developed harmonious powdery character. The olfactive note of
      the new composition was more "ambrette seeds" like.
PAC  EXAMPLE 12
PAR  Perfumed Soap
PAR  A base perfume composition was prepared by mixing together 80 parts by
      weight of a commercial "Fougere" type composition and 10 parts by weight
      of western sandelwood oil with 10 parts by weight of sandelwood oil
      Mysore.
PAR  A test perfume composition was prepared by mixing 80 parts by weight of a
      commercial "Fougere" type composition and 10 parts by weight of western
      sandelwood oil with 10 parts by weight of
      2-methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propyl acetate.
      The said base and test compositions were separately added in the
      proportion of 1% by weight, based on the finished product, to a
      non-perfumed commercial soap paste.
PAR  The paste was treated according to the usual techniques in order to obtain
      toilet soaps.
PAR  The soap perfumed with the test composition possessed a fragrance having a
      rounder character than that of the soap perfumed by the base composition.
      The former possessed moreover a well defined woody character which was in
      all respects identical with that of the soap perfumed by the base
      composition.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Compounds of formula
      ##SPC7##
PAL  containing a single or a double bond in the positions indicated by the
      dotted lines and wherein:
PA1  n stands for 0 or 1; and X represents a univalent radical of formula
EQU  --CH.sub.2 OR.sup.1
PAL  wherein R.sup.1 represents a hydrogen atom or an acyl radical derived from
      a fatty acid containing from 1 to 6 carbon atoms.
NUM  2.
PAR  2. 2-Methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propanol.
NUM  3.
PAR  3. 2-Methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propyl acetate.
NUM  4.
PAR  4. 2-Methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propanol.
NUM  5.
PAR  5. 2-Methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propyl acetate.
NUM  6.
PAR  6. 2-Methyl-3-(2-methyl-5-isopropenyl-cyclopent-1-en-1-yl)-propyl formate.
NUM  7.
PAR  7. 2-Methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-propyl formate.
NUM  8.
PAR  8. 2-Methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-prop-2-enol.
NUM  9.
PAR  9. 2-Methyl-3-(2-methyl-5-isopropyl-cyclopent-1-en-1-yl)-prop-2-enyl
      acetate.
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ABST
PAL  Perfluoroalkyl iodide monomer and telomer ester adducts of diethyl
      vinylphosphonate were prepared by free radical addition. Iodine of these
      adducts was replaced by hydrogen, and derivatives of the reduced
      phosphonate adducts were prepared, which include phosphonic acids, acid
      chlorides, and aziridinyl phosphine oxides. The aziridinyl phosphine
      oxides are used to impart oil and water repellency to cellulosic textiles.
      The other derivatives are useful as chemical intermediates as well as
      potential foaming agents.
PARN
PAR  This is a division of application Ser. No. 151,507, filed June 9, 1971,
      which in turn is a division of Ser. No. 843,200, filed July 18, 1969, now
      U.S. Pat. No. 3,639,144.
BSUM
PAR  This invention relates to perfluoroalkyl adducts of diethyl
      vinylphosphonate, to derivatives thereof, to the preparation thereof, and
      to processes for imparting improved properties to cellulosic textiles by
      treating said textiles with certain of the perfluoroalkyl phosphorus
      derivatives of this invention. More specifically, this invention relates
      to the preparation of perfluoroalkyl phosphonate esters and to the
      corresponding acids, acid chlorides, and aziridinyl derivatives, useful in
      oil and water repellent finishes for textiles and also useful as chemical
      intermediates and potential foaming agents.
PAC  DEFINITIONS
PAR  1. "Telomers are polymers of low molecular weight such as are encountered,
      for example, in the free-radical addition of an addendum XY to ethylene,
      which may be represented as
EQU  XY + .sub.n CH.sub.2 :CH.sub.2 .fwdarw. X (CH.sub.2.sup.. CH.sub.2).sub.n Y
PAL  where n is small; the process is known as telomerization." Kingzett's
      Chemical Encyclopaedia, 9th Ed.
PAR  2. "Telomerization does not differ essentially from other polymerization
      catalyzed by free radicals. It arises merely because enough of a
      sufficiently reactive compound is present to act as a chain transfer
      reagent, but the concentration and reactivity are not high enough to give
      rise chiefly to 1,2, addition." Carl R. Noller's "Chemistry of Organic
      Compounds."
PAR  The main object of the instant invention is to disclose new phosphonic
      compounds containing a perfluoroalkyl radical connected to the phosphorus
      atom by an ethylene (--CH.sub.2 CH.sub.2 --) linkage.
PAR  A second object of the instant invention is to provide methods of preparing
      new perfluoroalkyl phosphonic compounds.
PAR  A third object of the instant invention is to provide a process for
      imparting to cotton and other cellulosic materials both oil and water
      repellency using some of the new compounds of the instant invention.
PAR  A fourth object of the invention is to provide a process for imparting to
      cotton and other cellulosic textiles resistance to soiling and staining.
PAR  Searching the prior art we find that a dialkyl phosphonate reacts with
      tetrafluoroethylene in a pressure vessel using a free radical initiator to
      produce products of the general formula H(CF.sub.2 CH.sub.2).sub.n
      PO(OR).sub.2. [Neal D. Brace, J. Org. Chem. 26, 3197 (1961).] These
      products have a terminal hydrogen atom on the perfluoro group, and
      consequently are not as effective in producing oil and water repellency as
      similar products in which the terminal hydrogen is replaced by a fluorine
      atom.
PAR  One improvement which is a facet of the present invention over the prior
      art is this. We have found that compounds of the present invention impart
      excellent oil repellency and moderate water repellency to cellulosic
      materials because the perfluoro grpup has a terminal CF.sub.3 group
      instead of a terminal HCF.sub.2 group.
PAR  In the course of investigation we have found that compounds of the general
      formula
      ##EQU1##
      where n is an integer from 1 to 10, R is an alkyl radical, and y is an
      interger from 1 to 3 can be prepared by reacting a perfluoroalkyl iodide
      with a dialkyl vinylphosphonate in the presence of a free radical
      catalyst.
PAR  We have also found that a series of reactions can be carried out beginning
      with compounds represented by graphic formula (A) to produce products
      represented by the following equations:
      ##EQU2##
      where n is an integer from 1 to 10, and y is an integer from 1 to 3.
PAR  In accordance with the present invention the reaction of the dialkyl
      vinylphosphonate with the perfluoroalkyl iodide is carried out by heating
      in the presence of a select catalyst. Typical catalysts suitable for the
      reaction are organic peroxides, such as di- tert- butyl peroxide or
      azobisnitriles such as azobis(isobutyronitrile). Two main products are
      obtained from this type reaction and include the monomeric perfluoroalkyl
      iodide adduct and a telomer in which the dialkyl phosphonate moiety is
      dimeric. A mixture of unidentified higher molecular weight telomers are
      also obtained. Typical examples are represented by the reaction of diethyl
      vinylphosphonate and perfluoroheptyl iodide to give a monomeric
      phosphonate ester of the formula
EQU  C.sub.7 F.sub.15 CH.sub.2 CH(I)P(O)(OC.sub.2 H.sub.5).sub.2
PAL  and a telomer ester of the formula
      ##EQU3##
PAR  Also in accordance with the present invention the iodine atom is removed
      from the perfluoroalkyl phosphonate esters by a reducing agent, and
      replaced by a hydrogen atom. The preferred reducing agent is zinc metal
      and hydrochloric acid. Typical reduced phosphonate esters are represented
      by a monomer of the formula
EQU  C.sub.7 F.sub.15 CH.sub.2 CH.sub.2 P(O)(OC.sub.2 H.sub.5).sub.2
PAL  and a telomer of the formula
      ##EQU4##
PAR  The conversion of the reduced phosphonate esters to the phosphonic acids is
      carried out by hydrolysis in the presence of a mineral acid. The preferred
      acid is hydrochloric acid. The conversion of the phosphonic acids to the
      phosphonic dichloride is carried out by heating with PCl.sub.5 in a
      suitable solvent. The preferred solvent is carbon tetrachloride.
PAR  The conversion of the phosphonic dichloride to the diaziridinyl derivative
      is carried out by reaction with aziridine in a suitable organic solvent in
      the presence of an acid acceptor. A variety of solvents are suitable and
      include benzene and chlorinated solvents such as carbon tetrachloride or
      methylene chloride. Suitable acid acceptors include tertiary organic bases
      such as triethylamine and inorganic bases such as sodium or potassium
      hydroxide. The preferred base is triethylamine. Typical diaziridinyl
      derivatives are represented by a monomer of the formula
      ##EQU5##
      and a telomer of the formula
      ##EQU6##
PAR  Each of the new type perfluoroalkyl phosphonic compounds mentioned above is
      useful as a precursor to the type compound which follows. Finally, the
      aziridinyl derivatives are useful as oil and water repellents for
      textiles, particularly for cotton or other cellulosic textiles, and for
      paper. The phosphonic acid derivatives have use as potential foaming
      agents.
PAR  The perfluoroalkyl aziridinyl phosphine oxide can be applied to cellulosic
      materials from a variety of solvents. Suitable solvents are water,
      alcohols such as ethanol or methanol and glycol ethers such as ethylene
      glycol monoethyl ether. The preferred solvent is water. The preferred
      concentration of the phosphine oxides used in the solutions depends on the
      particular phosphine oxide being used and on the degree of oil and water
      repellency desired, and may vary about from 3% to 10% by weight of the
      total solution. Aqueous solutions are preferred.
PAR  Polymerization of the phosphine oxides on the cellulosic material is
      carried out in the presence of latent acid catalysts such as magnesium
      chloride, zinc nitrate, or zinc fluoborate. The catalyst concentration may
      vary about from 0.5% to 2% by weight of the total solution, the preferred
      concentration depending on the concentration of the phosphine oxide.
PAR  The polymerization on cellulosic materials may be carried out by
      impregnating the cellulosic material with a solution of the phosphine
      oxide and catalyst, drying, and curing at temperatures ranging about from
      120.degree.C. to 160.degree.C. for periods of time about from 3 minutes to
      30 minutes, the longer times being used with the lower temperatures.
PAR  Cotton fabrics which have been treated by the processes of this invention
      are tested for oil repellency, water repellency, and dry cleaning
      durability by AATCC Standard Method No. 118-1966T, 22-1964, and 86-1963T,
      respectively. These tests are recommended by the American Association of
      Textile Chemists and Colorists. Laundering durability tests on the cotton
      fabrics are performed in an automatic home type washing machine using a
      detergent, followed by a 50 minute drying cycle in a tumble dryer.
      Screening laundry tests were carried out in a Tergitometer using a
      detergent.
DETD
PAR  The following examples illustrate procedures that have been successfully
      used in carrying out the invention and are not meant as a limitation
      thereof.
PAC  PREPARATION OF PERFLUOROALKYLPHOSPHONIC COMPOUNDS
PAC  EXAMPLE 1
PAC  Diethyl 1-iodo-1H, 2H, 2H-perfluorononylphosphonate (Ia) and tetraethyl
      1-(1H, 1H-perfluorooctyl)-3-iodo-1,3-trimethylenediphosphonate (Ib)
PAR  Diethylvinylphosphonate (57.8g., 0.35 mole) and perfluoroheptyl iodide
      (192.1 g, 0.39 mole) were placed into a 3-neck rb flask equipped with a
      magnetic stirrer, thermometer, gas inlet tube, and condenser connected to
      a mercury air trap. Light was excluded by covering the flask with aluminum
      foil. Azobis(isobutyronitrile) catalyst (1.15 g, 0.007 mole) was added and
      the system flushed with nitrogen. The flask was heated in a water bath to
      80.degree. at which temperature an exothermic reaction began. An ice bath
      was used to keep the temperature below 150.degree.. Reaction temperature
      was then maintained at approximately 85.degree. for 6 hours. Unreacted
      material (95 g) was removed by vacuum distillation below 50.degree. (0.3
      mm). The residue (153.1 g) was crude mixed iodo-esters (I). A small amount
      of I was distilled under vacuu. The iodo-adduct (Ia) had bp
      108.degree.-114.degree. (0.03 mm); n.sup.20 D 1.3930. Anal. Calcd. for
      C.sub.13 H.sub.13 F.sub.15 IO.sub.3 P: C, 23.65; H, 1.99; F, 43.17; I,
      19.22; P, 4.69; mol. wt., 660. Found: C, 23.81; H, 2.02; F, 43.17; I,
      19.09; P, 4.90; mol. wt. (benzene), 650.
PAR  The iodo-telomer (Ib) had bp 144.degree.-6.degree. (0.03 mm); n.sup.20 D
      1.4074. Anal. Calcd. for C.sub.19 H.sub.26 F.sub.15 IO.sub.6 P.sub.2 : C,
      27.69; H, 3.18; F, 34.57; I, 15.40; P, 7.52; mol. wt., 824. Found: C,
      27.80; H, 3.14; F, 34.55; I, 15.18; P, 7.24; mol. wt. (benzene), 830.
PAC  EXAMPLE 2
PAC  Diethyl 1H, 1H, 2H, 2H-perfluorononylphosphonate (IIa) and tetraethyl
      1-(1H, 1H-perfluorooctyl)-1,3-trimethylenediphosphonate (IIb)
PAR  A slurry of 30 g of zinc dust in 200 ml of ethanol was heated in a water
      bath to 60.degree. with stirring. An ethanolic solution of I (153.1 g) and
      75 ml of conc. hydrochloric acid were added from separate dropping funnels
      within 30 minutes. The bath temperature was raised to 70.degree. then 15 g
      of zinc and 40 ml of hydrochloric acid were added in increments over 1
      hour. The mixture was heated an additional hour at 80.degree., cooled,
      filtered and concentrated on a rotary evaporator. The concentrate was
      washed with distilled water, then taken up in diethyl ether. The ether
      solution was washed with sodium bicarbonate, then with water to
      neutrality. The ether solution was dried over sodium sulfate, filtered and
      concentrated on a rotary evaporator. The reduced esters (113 g) were
      distilled under vacuum to give 40.9 g (22% yield from diethyl vinyl
      phosphonate (DEVP) of IIa, n.sup.20 D 1.3538; 9.3 g of intermediate
      fraction, n.sup.20 D 1.3694; 42.3 g (35% yield from DEVP) of IIb, n.sup.20
      D 1.3857; and 14.2 g of residue. The residue was stirred with absolute
      ethanol and filtered to give a fine brown solid (unidentified). The
      filtrate was concentrated to give a dark brown liquid believed to be
      another telomer, n = 3.
PAR  Redistillation of a portion of IIa gave bp 82.degree.-84.degree. (0.05 mm).
PAR  Anal. Calcd for C.sub.13 H.sub.14 F.sub.15 O.sub.3 P: C, 29.23; H, 2.64; F,
      53.35; P, 5.80. Found: C, 29.34; H, 2.84; F, 53.18; P, 5.59.
PAR  IIb had bp 138.degree.-140.degree. (0.05 mm).
PAR  Anal. Calcd for C.sub.19 H.sub.27 F.sub.15 O.sub.6 P.sub.2 : C, 32.68; H,
      3.90; F, 40.81; P, 8.87; mol. wt., 698. Found: C, 32.73; H, 4.00; F,
      40.88; P, 8.69; mol. wt. (chloroform), 702.
PAR  Anal. Solid residue; C, 28.79; H, 3.36; F, 29.35; P, 10.34.
PAR  Anal. Liquid residue: Calcd for C.sub.25 H.sub.40 F.sub.15 O.sub.9 P.sub.3
      : C, 34.82; H, 4.67; F, 33.04; P, 10.77. Found: C, 33.37; H, 4.33; F,
      31.34; P, 9.79.
PAC  EXAMPLE 3
PAC  1H, 1H, 2H, 2H-perfluorononylphosphonic dichloride (IIIa)
PAR  IIa (40 g, 0.075 mole) was heated with 100 ml of conc. hydrochloric acid at
      gentle reflux for 3 hours. The mixture was concentrated under vacuum to a
      gelatinous mass. Conc. hydrochloric acid (75 ml) was added to the mixture
      and refluxed overnight. The mixture was again concentrated under vacuum.
      Benzene was added and the remaining water removed by azeotropic
      distillation into a Dean-Stark trap. After removal of benzene, the solid
      residue was dried under vacuum at 105.degree.C to a constant weight to
      give the crude acidadduct. This crude acid was dispersed in carbon
      tetrachloride and added to a rb flask equipped with a magnetic stirrer,
      condenser and drying tube. The mixture was heated to gentle reflux then
      phosphorus pentachloride (36.6 g, 0.176 mole) was added cautiously in
      small portions through the condenser. The addition was completed in 30
      minutes, and the solution refluxed overnight. Sulfur dioxide was bubbled
      through the warm solution to remove excess phosphorus pentachloride. The
      solution was concentrated under water aspirator vacuum, and the residue
      distilled at 69.degree.-72.degree. (0.04 mm) to give an 83% yield (32.2 g,
      0.062 mole) of IIIa, a white solid.
PAR  Anal. Calcd for C.sub.9 H.sub.4 Cl.sub.2 F.sub.15 OP: C, 20.99; H, 0.78;
      Cl, 13.77; F, 55.34; P, 6.01. Found: C, 20.79; H, 0.89; Cl, 13.76; F,
      55.13; P, 5.99.
PAC  EXAMPLE 4
PAC  1-(1H, 1H-perfluorooctyl)-1,3-trimethylenediphosphonic tetrachloride (IIIb)
PAR  IIb (57.8 g, 0.083 mole) was heated at gentle reflux for 6 hours with conc.
      hydrochloric acid (300 ml) in a 1 liter rb flask equipped with a 500 ml
      defoamer-bulb and a condenser. The mixture was cooled in the refrigerator
      and the liquid decanted from the solid. More hydrochloric acid was added
      and the procedure repeated. The gel-like material was concentrated in a
      large evaporating dish on the steam cone using benzene to remove residual
      water. The solid residue was dried under vacuum at 105.degree.C to a
      constant weight to give the crude acid-telomer, which was then reacted
      with phosphorus pentachloride as described for the crude acid-adduct
      above. IIIb was distilled at 125.degree.-6.degree. (0.01 mm) to give a 40%
      yield (21.7 g, 0.033 mole) of a slightly yellow solid.
PAR  Anal. Calcd for C.sub.11 H.sub.7 Cl.sub.4 F.sub.15 O.sub.2 P.sub.2 : C,
      20.02; H, 1.07; Cl, 21.49; F, 43.18; P, 9.39; mol. wt., 660. Found: C,
      20.16; H, 1.14; Cl, 21.54; F, 43.29; P, 9.21; mol. wt. (chloroform), 673.
PAC  EXAMPLE 5
PAC  1H, 1H, 2H, 2H-perfluorononylphosphonic acid (IVa)
PAR  IIIa (2 g, 0.004 mole) was dissolved in chloroform, then heated with 10 g
      of water in an evaporating dish. Residual water was removed by heating
      with benzene to dryness. The waxy solid residue was dried in a vacuum oven
      at 105.degree. to a constant weight to give a 97% yield of IVa, mp
      155.degree.-158.degree..
PAR  Anal. Calcd for C.sub.9 H.sub.6 F.sub.15 O.sub.3 P: C, 22.61; H, 1.27; F,
      59.61; P, 6.48; mol. wt., 478. Found: C, 22.33; H, 1.26; F, 59.73; P,
      6.44; mol. wt. (methanol), 471.
PAC  EXAMPLE 6
PAC  1-(1H, 1H-perfluorooctyl)-1,3-trimethylenediphosphonic acid (IVb)
PAR  IVb was prepared from IIIb as described for IVa except it was dried to
      constant weight in a vacuum desiccator at room temperature.
PAR  Anal. Calcd for C.sub.11 H.sub.11 F.sub.15 O.sub.6 P.sub.2 : C, 22.54, H,
      1.89; F, 48.62; P, 10.57. Found: C, 22.75; H, 1.95; F, 48.68; P, 10.77.
PAC  EXAMPLE 7
PAC  1H, 1H, 2H, 2H-perfluorononylbis(1-aziridinyl)phosphine oxide (Va)
PAR  Redistilled triethylamine (12.6 g, 0.124 mole) and redistilled aziridine
      (5.4 g, 0.124 mole) in carbon tetrachloride (100 ml) was added to a 4-neck
      rb flask equipped with a mechanical stirrer, thermometer, dropping funnel
      and condenser with drying tube. The flask was cooled to 5.degree. in an
      ice bath. IIIa (29 g, 0.056 mole) in 75 ml of carbon tetrachloride was
      added from the dropping funnel at such a rate as to keep the reaction
      temperature below 10.degree.. After the addition, the reaction temperature
      was allowed to rise to room temperature. The reaction mixture was heated
      at 35.degree.-40.degree. with stirring for 1 hour. The copious white
      precipitate was removed by vacuum filtration, rinsed thoroughly with
      carbon tetrachloride and dried to give 14.7 g (95% yield) of triethylamine
      hydrochloride. The filtrate was cooled at 0.degree. overnight then
      filtered by gravity through sodium sulfate. The clear filtrate was
      concentrated to approximately 125 ml on a rotary evaporator below
      40.degree.. The solution was treated with decolorizing carbon and sodium
      sulfate then filtered by vacuum through distomaceous earth. The filtrate
      was again concentrated to approximately 75 ml then 150 ml of petroleum
      ether (30.degree.-60.degree.) was added. The solution was stored at
      -20.degree. for 1 hour. The liquid was decanted through filter paper
      (filtrate No. 1). The slurry of white precipitate was redissolved in 100
      ml of petroleum ether and stored at -20.degree. overnight. The white waxy
      precipitate was filtered by vacuu, washed thoroughly with cold petroleum
      ether and dried in a desiccator to give 8.9 g of Va, mp
      49.degree.-50.degree.; average aziridinyl assay of duplicate samples,
      99.7%. The concentrated filtrate was diluted with petroleum ether and a
      second crop of crystals (10.1 g) was obtained; mp 42.degree.-44.degree.,
      average aziridinyl assay of duplicate samples, 97.7%. The filtrate was
      combined with filtrate No. 1 and concentrated to a yellow solid residue
      (7.1 g). The first and second crop of crystals gave a 64% yield of Va.
PAR  Anal. Calcd for C.sub.13 H.sub.12 F.sub.15 N.sub.2 OP: C, 29.59; H, 2.29;
      F, 53.95; N, 5.30; P, 5.86; mol. wt., 528. Found: C, 29.50; H, 2.41; F,
      54.00; N, 5.33; P, 5.78; mol. wt. (methanol), 530.
PAC  EXAMPLE 8
PAC  1-(1H, 1H-perfluorooctyl)-1,3-trimethylenebis[di(aziridinyl) phosphine
      oxide] (Vb)
PAR  Vb was prepared from IVb as described for Va to give a 64% yield; mp
      103.degree.-107.degree.; aziridinyl assay 97.3%. (Vb was obtained as a
      slightly purer product when dissolved in carbon tetrachloride and a
      polymeric material removed by filtration; aziridinyl assay, 100.2%).
PAR  Anal. Calcd for C.sub.19 H.sub.23 F.sub.15 N.sub.4 O.sub.2 P.sub.2 : C,
      33.25; H, 3.38; F, 41.52; N, 8.16; P, 9.03; mol. wt., 686. Found: C,
      33.07; H, 3.14; F, 41.42; N, 8.08; P, 9.15; mol. wt. (chloroform), 691.
PAC  APPLICATION TO COTTON FABRIC
PAR  In all of the following examples cotton printcloth was used. In some cases
      the cloth contained the wash-wear finish, dimethylol ethylene urea. The
      printcloth was immersed in the solution and the excess squeezed out by
      passing through squeeze rolls to a wet pickup of 80-85%. The fabric was
      then dried and cured in a forced draft oven, and finally rinsed and dried.
PAR  The two compounds used in the following examples are 1H, 1H, 2H,
      2H-perfluorononylbis(1-aziridinyl)phosphine oxide and 1-(1H,
      1H-perfluorooctyl)-1,3-trimethylene-bis[di(1-aziridinyl) phosphine oxide].
      For brevity the two compounds will be designated "FNAPO" and telomer,
      respectively. The term oil rating will be abbreviated "OR."
PAC  EXAMPLE 9
PAR  A solution was prepared by dissolving FNAPO (0.5 grams) in a combination of
      water (4.5 grams) and ethanol (5.0 grams). The solution contained 5% FNAPO
      by weight. A sample of printcloth was immersed in 1% aqueous zinc
      fluoborate, the excess aqueezed out, and the fabric dried. The thus
      impregnated fabric was then impregnated with the FNAPO solution, dried for
      30 minutes at room temperature and cured for 20 minutes at 120.degree.C.
      The fabric had an oil rating (OR) of 5. the fabric had an OR of 2 after
      five laundering cycles and an OR of 5 after 3 hours extraction with
      tetrachloroethylene in a Soxhlet extractor.
PAC  EXAMPLE 10
PAR  Printcloth was treated as in Example 9 except that the solvent was ethanol
      instead of water-ethanol and the fabric was cured for 5 minutes at
      150.degree.C. The OR of the fabric was 6. After 5 launderings the OR was
      2.
PAC  EXAMPLE 11
PAR  Printcloth was treated as in Example 9 except that the solvent was ethylene
      glycol monoethyl ether, and 2% zinc fluoborate was used, and the fabric
      was dried for 3 minutes at 80.degree.C. The OR of the fabric was 6. After
      5 launderings the OR was 3.
PAC  EXAMPLE 12
PAR  A 5% aqueous solution of FNAPO containing 1% zinc fluoborate was prepared
      and applied to cotton printcloth from a single bath. The cloth was dried
      for 5 minutes at 85.degree.C and cured for 5 minutes at 140.degree.C. The
      strength retention of the fabric was good. The weight gain of the fabric
      was 2.1% and the OR was 6. After 5 launderings the OR was 3 and after 5
      drycleanings the OR was 2. The spray rating was 50 both before and after 5
      launderings.
PAR  Printcloth was treated in the same manner except that a 3% aqueous solution
      of FNAPO containing 0.6% zinc fluoborate was used. Similar results on oil
      and water repellency and strength retention were obtained.
PAC  EXAMPLE 13
PAR  The two treatments in Example 12 were repeated except that the fabric used
      as treated with dimethylol ethyleneurea to impart wash-wear properties
      prior to treatment with FNAPO. Similar results on oil and water repellency
      were obtained. Fabric strength was lower due to the wash-wear finish.
PAC  EXAMPLE 14
PAR  Cotton printcloth was impregnated with an aqueous solution containing 5%
      FNAPO and 0.5% zinc fluoborate. The fabric was dried for 5 minutes at
      85.degree.C and cured for 5 minutes at 150.degree.C. The OR was 6. After 5
      launderings in a Tergitometer the OR was 2, and after a 3 hour extraction
      in a Soxhlet extractor the OR was 5.
PAC  EXAMPLE 15
PAR  Two printcloth samples were treated as in Example 14 except 1% zinc
      fluoborate was used and one sample was cured for 3 minutes at
      160.degree.C, and the other cured for 10 minutes at 160.degree.C. The
      first sample had an OR of 5. After 5 launderings in a Tergitometer the Or
      was 3. The second sample had an original OR of 6, and an OR of 3 after 5
      launderings in a Tergitometer. The OR of the samples was unaffected by
      extraction with tetrachloroethylene.
PAC  EXAMPLE 16
PAR  Cotton printcloth was impregnated with an aqueous solution containing 10%
      FNAPO and 1% zinc fluoborate. The fabric was dried for 5 minutes at
      85.degree.C and cured for 5 minutes at 160.degree.C. The OR was 6 before
      and after extraction with tetrachloroethylene and 4 after five
      Tergitometer launderings.
PAC  EXAMPLE 17
PAR  Printcloth was treated as in Example 16 except a 5% solution of FNAPO was
      used and the fabric was cured for 30 minutes at 120.degree.C without
      predrying. The OR was 6 before and after tetrachloroethylene extraction.
PAC  EXAMPLE 18
PAR  A 5% aqueous solution of telomer containing 1% zinc fluoborate was prepared
      and applied to cotton printcloth from a single bath. The cloth was dried
      for 5 minutes at 85.degree.C and cured for 5 minutes at 140.degree.C. The
      weight gain of the fabric was 3.5% and the OR was 2. After one home
      laundering the OR was zero, and after 4 drycleanings the OR was 1. The
      spray rating was 50 before and after 5 home launderings or 5 drycleanings.
      The OR was 2 after 3 hours extraction with tetrachloroethylene in a
      Soxhlet extractor.
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ABST
PAL  Alkali or alkaline earth metal salts of the reaction product of certain
      polyalkylene glycols of the formula
      ##EQU1##
      wherein N = 0 TO 100
PA1  (m+p) = 10 to 500
      ##EQU2##
      WITH A SULTONE. These products are superior and long lasting antistatic
      agents for use in connection with polyamide synthetic fibers.
PAL  Polyamides compositions having antistatic properties as well as methods for
      manufacture of such compositions are also disclosed.
BSUM
PAR  Knitted and woven fabrics of synthetic linear polyamides have excellent
      properties but suffer from the disadvantage as compared with natural fiber
      products, of tending to build up an electrostatic charge.
PAR  Many attempts have been made to eliminate these undesirable properties by
      after-treatment or by modification of the polymeric substances concerned
      (see Swiss Pat. No. 493,684). Thus, for example, a thin film of a
      hydrophilic or surface-active substance may be applied to the polyamide
      filaments of knitted or woven fabrics. The antistatic action, however, is
      of brief duration, and, in particular is not stable to washing (see German
      Specification 1,056,576). The surface application of polymeric
      water-insoluble antistatics is also known, but there are substantial
      technical difficulties to carrying this out. Moreover, the antistatic
      action is rapidly lost, especially if the material is subject to abrasion
      (see U.S. Pat. No. 3,473,956).
PAR  Another method of solving the problem is by way of the preparation of
      copolyamide materials; namely, the "polymerising-in" of polyether
      diamines. However, when such copolymers are produced other properties of
      the product in question often undergo undesirable changes (see Swiss Pat.
      No. 438,725).
PAR  A process is also known in which the antistatic agent is not polymerised
      in, but is incorporated in such a way that it is present as a separate
      phase in the polyamide substance obtained. However, the polyalkylene
      glycols proposed for this purpose may enter into co-condensation reactions
      with the polyamide to a certain extent by reason of their terminal
      functional groups, if they are added during the polycondensation of the
      polyamide (see U.S. Pat. No. 3,329,557). Such copolycondensation reactions
      can be avoided by incorporating polyalkylene glycols with terminal ether
      groups (see Swiss Pat. No. 459,455).
PAR  The polyalkylene glycols and their ether derivatives recommended as
      antistatics have a very low melting viscosity at high temperature, such as
      for instance the melting points of polyamides. They are difficult to
      disperse in the polyamide and, on lengthy standing in a melt, have a
      tendency to separate out. In the working-up of mixtures of polyamides and
      polyalkylene glycols, such mixtures cause considerable spinning and
      stretching difficulties. This is especially true if more than 5 percent by
      weight of polyalkylene glycol has been added.
PAR  It has now been found that polyamides with superior and long lasting
      antistatic properties are obtained if there are added thereto,
      alkali-metal or alkaline-earth metal salts of reaction products of
      sultones with polyalkylene glycols of the general formula:
      ##EQU3##
      in which n is a whole number from 0 to 100, and (m+p) is a whole number
      from 10 to 500, and
      ##EQU4##
PAR  In particular, the reaction products mentioned have the following general
      formula:
      ##EQU5##
      in which Me is one equivalent of an alkali metal or alkaline-earth metal
      and preferably lithium, sodium, potassium or calcium; R is an alkylene or
      an aralkylene group, preferably an alkylene radical with 3 to 4 carbon
      atoms or the o-benzylene radical; n is a whole number from 0 to 100, (m+p)
      is a whole number from 10 to 500 and preferably from 20 to 500, and
      ##EQU6##
      and preferably from 0.15 to 1.0. According to the invention, because of
      the hydrophobic properties of the polypropylene oxide portion of the
      polyethylene glycol, this portion is to be kept within certain limits by
      the limitations set forth herein.
PAR  Any sultone may be used; for example, gamma butane-sultone, delta
      butanesultone, tolylsultone, alpha naphthylsultone, alpha
      naphthylmethanesultone and, preferably, gamma propanesultone.
PAR  Suitable as polyethylene glycols are homopolymers of ethylene oxide.
      Particularly suitable are block copolymers of propylene oxide and ethylene
      oxide. Such block copolymers, which consist of a central block of
      polypropylene oxide and two flanking blocks of polyethylene oxide, are
      available on the market. Polyethyleneglycols of higher molecular weight
      than those given above are not readily available on the open market.
PAR  The preparation of the new polyalkylene glycol dialkylsulphonates is
      effected by reacting the polyalkylene glycols and the sultones under heat,
      for example at 150.degree.C; the sulphonic acid formed by alcoholysis
      being thereafter neutralized, as with alkali hydroxide. More complete
      reaction is achieved if the sulphonic acid is removed continuously from
      the reaction mixtrue. This can be achieved by heating the alcoholic
      constituent and the sultone anhydrous alkali carbonate in an inert solvent
      such as xylene or dichlorobenzene. It is also advisable to have anhydrous
      alkali carbonate present.
PAR  A preferred procedure is the conversion of the alcoholic constituent into
      the alkali-metal salt or alkaline-earth metal salt in the presence of an
      inert solvent and subsequent reaction with the sultone. In this way, the
      reaction takes place rapidly and quantitatively.
PAR  The polyalkylene glycol dialkylsulphonates are substances or pastes which
      are wax-like at room temperature and which, depending on molecular weight
      and content of polypropylene oxide units, melt or soften between
      20.degree. and 70.degree.C. Compared with the corresponding polyalkylene
      glycols, the molten mass shows a markedly increased viscosity and remains
      very viscous and thick liquid at the melting points of the polyamides
      being treated.
PAR  The polyalkyleneglycol dialkylsulphonate can be mixed and dispersed very
      easily with the polyamide to be treated (polyether disulphonates with a
      molecular weight of less than 1,000, such as polyethylene glycol
      600-0,0'-dipropylsulphonate sodium, begin to be soluble or are already
      slightly soluble in the polyamide) and, in contrast to the polyalkylene
      glycols do not show any tendency on standing in a melt to separate out
      therefrom. They constitute 1 to 15 percent by weight of the mixture of
      polyamide and disulphonates and preferably 2 - 10 percent by weight, in
      the treated polyamide. With higher additions, the quality of the product
      obtained suffers without any material improvement in its antistatic
      properties.
PAR  The disulphonates can be added to the polyamide (preferably a
      filament-forming or film-forming polyamide such as Polyamide 6, Polyamide
      6,6 and Polyamide 12) shortly before the spinning operation. For example,
      the disulphonate in powder form can be applied to the polyamide chips.
      Alternatively, the disulphonate can be worked into the finished polyamide,
      or it can be added to the corresponding melt. As the compounds of the
      present invention have a very good thermal stability and do not possess
      any reactive groups, they can also be added directly to the corresponding
      monomers before the polycondensation, without concern that undesirable
      side-reactions such as copolymerisation will take place during the
      polymerisation.
PAR  Surprisingly, it has been established that disulphonates (especially those
      with 20 - 50 percent by weight of polypropylene oxide units per molecule)
      incorporated in this way are washed out only slightly in the usual
      extraction of the low molecular weight constituents in the polyamide, so
      that its antistatic properties are fully preserved.
PAR  Other conventional additives may, of course, also be incorporated for
      stabilization purposes. The usual light stabilizers, heat stabilizers and
      antioxidants such as manganese salts, triphenyl phosphate and
      di-t-butyl-p-cresol may be added.
PAR  In contrast to the spinning of mixtures of polyamides and polyalkylene
      glycols, the spinning and stretching of the mixtures produced in
      accordance with the present invention do not cause difficulties of any
      kind and do not require any special handling or treatment.
PAR  The following Examples are to illustrate the invention and are not intended
      to be limitative.
TBL  ______________________________________                                    
     Examples 1-3:                                                             
               The preparation of antistatics according to the                 
               invention                                                       
     Examples 4-5:                                                             
               The incorporation of these antistatics in the                   
               polyamides                                                      
     Example 6:                                                                
               The spinning properties of polyamides treated                   
               according to the invention, and                                 
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     ______________________________________                                    
DETD
PAC  EXAMPLE 1
PAR  750 g. of polyethylene glycol with 30 percent by weight of polypropylene
      oxide and a molecular weight of 7500 ("Pluronic F 87" of Wyandotte Chem.
      Corp., U.S.A.), 4.85 g. of sodium metal in 100 ml. of methanol and 1.5
      liters of xylene were heated to boiling until all the methanol had been
      distilled off. 27 g. of propane sultone were then added slowly at the same
      temperature. An exothermic reaction took place with formation of the
      disulphonate. After the solvent had been distilled off, 790 g. of the
      sodium salt of the dipropyldisulphonate compound were left as a white
      wax-like mass.
TBL  ______________________________________                                    
     Molecular weight:  7800                                                   
     Softening point:  30 - 40.degree.C                                        
     Melting viscosity:                                                        
                       35 poises                                               
                       (at 160.degree.C and 1 load)                            
     OH number:        &lt; 0.01%                                                 
                       (no OH number measurable)                               
     S contant:        0.85% by weight                                         
     Solubility in polycaprolactam                                             
                       &lt; 2% by weight                                          
     ______________________________________                                    
PAR  The melting viscosity at 160.degree.C, compared with that of "Pluronic F
      87", has been increased about 50 times.
PAC  EXAMPLE 2
PAR  600 g. of polyethylene glycol in accordance with formula I (wherein n=0 and
      m+p =13), and having a molecular weight of 600 as well as a melting
      viscosity of 0.017 poise (measured in a rotary viscosimeter at
      160.degree.C); 46 g. of sodium metal in 600 ml. of methanol; and 1.2
      liters of toluene were reacted in accordance with Example 1 with 244 g. of
      propane sultone. The reaction product is a wax-like white mass. Compared
      with the starting polyethylene glycol, the viscosity of the polyethylene
      glycol-0,0'-dipropylsulphonate sodium obtained has increased by a factor
      of about 600 to 10.50 poises (rotary viscosimeter, 160.degree.C).
TBL  Molecular weight: 890                                                     
     Solubility in polycaprolactam:                                            
                        about 6% by weight                                     
     Softening point:  25 - 30.degree.C                                        
PAC  EXAMPLE 3
PAR  Polyethylene glycol-0,0'-dipropylsulphonate sodium (n = 0) was prepared in
      accordance with Example 1. The reaction product was a wax-like soft mass.
TBL  ______________________________________                                    
     Molecular weight: 15,000                                                  
     OH number:        0.06 % by weight                                        
     Melting viscosity:                                                        
                       140 poises                                              
                       (at 160.degree.C and 1 kp load)                         
     Solubility in polycaprolactam:                                            
                       &lt; 2% by weight                                          
     Softening point:   40 - 45.degree.C                                       
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  a. 5 kg. of caprolactam, 500 ml. of water, 500 g. of the antistatic of
      Example 1 and 2.5 g. of di-t-butyl-p-cresol were mixed in an autoclave
      with stirring. After careful flushing with nitrogen, the autoclave was
      closed and heated to 270.degree.C over a period of 2 hours. In the
      process, an internal pressure of 18 atmospheres gauge was built up. After
      one hour the pressure was released and further condensation was carried
      out under atmospheric pressure for another 4 hours at 270.degree.C. The
      melt was extruded and granulated. The granules were pure white and opaque.
      The chips obtained were extracted for 24 hours at 80.degree.C with water
      and then dried for 24 hours at 90.degree.C.
PAR  b. 3 kg. of Polyamide 6 granules were mixed with 300 g. of the antistatic
      of Example 1 and regranulated in an extruder. The granules were thereafter
      dried for 24 hours at 90.degree.C.
PAR  c. 3 kg. of Polyamide 6 granules were regranulated as above with 300 g. of
      the antistatic of Example 2 and dried.
PAR  d. 7 percent by weight of the antistatic of Example 3 was applied as powder
      to polycaprolactam and the mixture was directly spun. The material was
      satisfactorily spinnable.
PAC  EXAMPLE 5
PAR  For comparison purposes,
PAR  a. 5 kg. of caprolactam were polymerized and made ready for spinning as
      described in Example 4a, but without the addition of disulphonate.
PAR  b. In accordance with Example 4b, 3 kg. of Polyamide 6 granules were
      regranulated with 300 g. of polyethylene glycol with 30 percent by weight
      of the polypropylene oxide units used in Example 1 as starting product,
      and dried.
PAR  c. In accordance with Example 4b, 3 kg. of Polyamide 6 granules were
      regranulated with 300 g. of polyethylene glycol 4000 (molecular weight
      4000), and dried.
PAC  EXAMPLE 6
PAR  The polyamides obtained in accordance with Examples 4 and 5 were spun in
      known manner from the melt and then stretched to about 3 times their
      length.
TBL  Polyamide Spinning   Stretching                                           
                      Fibril      Filament                                     
     according to     fractures   fractures                                    
                      per 100 km  per 100 kg                                   
     ______________________________________                                    
     Example 4a                                                                
               normal     5           0                                        
     Example 4b                                                                
               normal     3           2                                        
     Example 4c                                                                
               normal     3           0                                        
     Example 4d                                                                
               normal     7           0                                        
     Example 5a                                                                
     (untreated)                                                               
               normal     3           0                                        
     Example 5b                                                                
               no pressure                                                     
     (comparison                                                               
               build-up in                                                     
                           80          80                                      
     test)     the extruder                                                    
     Example 5c                                                                
               no pressure                                                     
     (comparison                                                               
               build-up in                                                     
                          175         125                                      
     test)     the extruder                                                    
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  The antistatic properties of the polyamides obtained according to Examples
      4 and 5 were investigated.
TBL  ______________________________________                                    
     Polyamide                                                                 
              Electrostatic                                                    
                         Carding  Ash test                                     
              charging   test                                                  
     according to                                                              
              voltage    (V)                                                   
              (V)                                                              
     ______________________________________                                    
     Example 4a                                                                
              -4         -20      does not attract ash                         
     Example 4b                                                                
              -4         -30      "                                            
     Example 4c                                                                
              -2         -10      "                                            
     Example 4d                   "                                            
     Example 5a                                                                
     (untreated)                                                               
              -262       +4000    attracts ash from a                          
                                  distance of 10-15 cm                         
     Example 5c                                                                
     (comparison                                                               
              +6         -750     does not attract ash                         
     test)                                                                     
     ______________________________________                                    
PAR  The electrostatic charging voltage was measured with a Rothschild static
      voltmeter with a Faraday cup at 20.degree.C and a relative air humidity of
      65 percent. The ash test was carried out by rubbing a test strip of the
      knitted polyamide fabric with wool and then holding it over a fresh finely
      divided cigarette ash. By means of the carding test, the electrostatic
      charging voltage in the carding of staple fibers was measured at a
      distance of 3 cm. Prior to the carding, the staple fibers were freed from
      the coating of preparation (spinning oil).
PAR  Although only a limited number of specific embodiments have been set forth,
      the invention is to be broadly construed and not to be limited except by
      the character of the claims appended hereto.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A block copolymeric sulphonic acid salt of the general formula
      ##EQU7##
      in which Me is one equivalent of an alkali metal or alkaline-earth metal,
      R is an alkylene group of 3-4 carbon atoms,
PA1  n is a whole number from 3-100
PA1  (m+p) is a whole number from 20-500
      ##EQU8##
NUM  2.
PAR  2. Salts according to claim 1 wherein Me is lithium, sodium, potassium or
      calcium.
PATN
WKU  039377261
SRC  5
APN  0407046
APT  1
ART  126
APD  19700526
TTL  Urea derivatives and their use as herbicides
ISD  19760210
NCL  2
ECL  1
EXA  Breitenstein; G.
EXP  Thomas, Jr.; James O.
INVT
NAM  Scherer; Otto
CTY  Bad Soden, Taunus
CNT  DT
INVT
NAM  Horlein; Gerhard
CTY  Frankfurt am Main
CNT  DT
INVT
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APD  19661208
APN  50877
PRIR
CNT  DT
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OCL  260553A
XCL   71120
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FSS  553 A
FSC  800
FSS  748
FSC  799
FSS  88
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ISD  19360800
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XCL  260553A
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PNO  1,520,220
ISD  19680200
CNT  FR
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PAL  Sheppard, Journal of Organic Chemistry, Vol. 29, No. 1 pp. 1-11 (1964).
LREP
FRM  Curtis, Morris & Safford
ABST
PAL  Compounds, useful as herbicides, of the formula
      ##SPC1##
PAL  Wherein R.sub.1 is haloalkyl, halocycloalkyl, haloalkenyl, or
      halocycloalkenyl; n.sub.1 is 1 or 2; R.sub.4 is halogen, trifluoromethyl,
      alkyl, or alkoxy; n.sub.2 is 0, 1, 2, or 3; R.sub.2 is hydrogen or alkyl;
      and R.sub.3 is alkyl or alkoxy.
PAL  Methods for making these compounds.
PARN
PAR  This is a continuation-in-part application of U.S. Pat. applications Ser.
      No. 628,843, filed Apr. 6, 1967 now abandoned, Ser. No. 799,088, filed
      Feb. 13, 1969 now abandoned and Ser. No. 800,748, filed Feb. 19, 1969 now
      abandoned, by Otto Scherer, Gerhard Horlein and Hubert Schonowsky.
BSUM
PAR  The present invention relates to novel derivatives of the general formula
      ##SPC2##
PAL  In which R.sub.1 stands for a haloalkyl, halocycloalkyl, haloalkenyl or
      halocycloalkenyl radical each having 2 to 5 carbon atoms, the halogen
      being fluoride, chlorine and/or bromine, n.sub.1 is 1 or 2, R.sub.4 stands
      for a halogen atom, the trifluoromethyl-radical or for an alkyl- or
      alkoxy-radical with 1 to 3 carbon atoms, n.sub.2 is 0, 1, 2 or 3, R.sub.2
      stands for a hydrogen atom or an alkyl radical with 1 to 4 carbon atoms
      and R.sub.3 stands for an alkyl- or alkoxy-radical each having 1 to 4
      carbon atoms.
PAR  The specified compounds are obtained by reacting 1.
      halogenoalkoxy-arylisocyanates or halogenoalkoxy-arylcarbamic acid
      chlorides with
PA1  A. alkyl- or dialkyl-amines or O-alkyl- or O,N-dialkyl-hydroxylamines or
PA1  B. O-alkylhydroxyl-amines with subsequent alkylation or
PA1  C. N-alkylhydroxyl-amines with subsequent alkylation or
PA1  D. hydroxyl-amine with subsequent dialkylation; or reacting
PAR  2. HLAOGENOALKOXY-ARYLAMINES WITH ALKYLISOCYANATES OR DIALKYLCARBAMIC ACID
      CHLORIDES.
PAR  The compounds can be prepared, for example, in one of the following ways:
      ##SPC3##
PAR  The reactions of the halogenoalkoxy-arylisocyanates or carbamic acid
      chlorides with the amines or alkylated hydroxylamines are preferably
      carried out at a temperature below 80.degree.C in the presence or absence
      of a diluent. Suitable diluents are, for example, benzene, toluene,
      dioxane or dimethyl formamide.
PAR  The corresponding reactions with hydroxylamine are advantageously performed
      at a temperature below 40.degree.C, in a two-phase mixture of water and an
      organic solvent immiscible with water.
PAR  The alkylations are suitably carried out in aqueous alkaline suspension or
      in mixtures of aqueous alkali and an organic solvent. The alkali metal
      hydroxide solution and the alkylating agent are advantageously added
      simultaneously. Alternatively, the urea may be placed first in the
      reaction vessel together with the alkylating agent in an organic solvent
      and the alkali metal hydroxide solution may then be added or, in the case
      of compounds that are less sensitive towards alkali, the order of addition
      may be reversed. The reaction temperature naturally depends on the
      reactivity of the alkylating agents used and is in the range from
      10.degree. to 90.degree.C.
PAR  The alkylations in processes 1b), 1c), and 1d) are carried out with
      dialkyl-sulfates, alkyl halides or alkyltoluene-sulfonates. In 2) anilines
      carrying corresponding substituents are used.
PAR  Suitable starting compounds for processes 1a), 1b), 1c), and 1d) are, for
      example, 3- or 4-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenylisocyanate,
      3-methyl-4-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenylisocyanate, 3- or
      4-(1',1',2',2',-tetra-fluoro-ethoxy)-phenylisocyanate,
      3-methyl-4-(1',1',2',2'-tetrafluoro-ethoxy)-phenylisocyanate, 3- or
      4-(1',1',2',3',3',3'-hexafluoro-propoxy)-phenylisocyanate,
      3-methyl-4-(1',1',2',3',3',3'-hexafluoro-propoxy)-phenylisocyanate,
      3-(1',1',2'-trifluoro-ethoxy)-phenylisocyanate, 3- or
      4-(1',1',2'-trifluoro-2'-bromo-ethoxy)-phenylisocyanate,
      3-methyl-4-(1',1',2'-trifluoro-2'-bromo-ethoxy)-phenylisocyanate, 3- or
      4-(1',1'-difluoro-2',2'-dichloro-ethoxy)-phenylisocyanate,
      4-(3',3'-dichloroallyloxy)-phenylisocyanate,
      4-(2',3',3'-trichloroallyloxy)-phenylisocyanate,
      4-(1',2'-dichlorovinyloxy)-phenylisocyanate,
      3-chloro-4-(2'-chloroethoxy)-phenylisocyanate,
      3-methyl-4-(2'-chloroethoxy)-phenylisocyanate and 3-trifluoromethyl-4
      -(2'-chloro-ethoxy)-phenylisocyanate and other analogous phenylisocyanates
      having in the R.sub.4 -position for example chloro- or bromo-, or the
      methyl-, methoxy-, ethyl- or propyl -radical.
PAR  Instead of the isocyanates phenylcarbamic acid chlorides carrying the
      corresponding substituents may also be used.
PAR  The novel isocyanates are obtained by phosgenation of the corresponding
      amines or the hydrochlorides which can be prepared by the following
      methods A, B, C and D.
PAR  Method A consists in the reaction of alkali metal nitrophenolates with
      halogenated alkenes (trichloroethylene, tribromoethylene,
      trichloropropene, tetrachloropropene), halogenated cycloalkenes
      (hexafluoro-dichloro-cyclopentene, tetrafluoro-dichloro-cyclobutene) and
      halogenated alkanes (1,1-difluoro-1,2,2-tri-ethane chloride etc.)
      analogous to (1) British patent specification 617 820; C.A. 43 (1949) 7045
      et seq., (2) Ber. 96 (1963) 52, (3) Ind. Chem. 39 (1947) 412; and the
      subsequent catalytic reduction of the nitro-compound thus obtained.
DETD
PAR  The following examples serve to illustrate the reaction conditions.
PAC  Example: Preparation of 3-(1',2'-dichlorovinyloxy)-aniline
PAR  161 grams (1 mole) of 3-nitrophenol sodium were dissolved in 400
      milliliters of dimethyl formamide and 145 grams (1.1 mole) of
      trichloroethylene were dropped in at 60.degree.C. Subsequently the mixture
      was stirred for 6 hours at 80.degree.C. The main amount of dimethyl
      formamide was distilled off in vacuo. The oily residue was poured into ice
      water, was separated, dried over Na.sub.2 SO.sub.4 and distilled.
PAR  b.p..sub.0.01 mm: 115.degree. - 117.degree.C;
PAR  Yield: 115 grams of 3-(1',2'-dichlorovinyloxy)-nitrobenzene 1 mole of the
      nitro-product was dissolved in 1liter of ethanol and was reduced by means
      of hydrogen in an autoclave at 60.degree.C, after 5 grams of a
      Raney-nickel catalyst (R/50) had been added. The catalyst was then
      filtered off with suction, the ethanol was distilled off, and the residue
      was distilled in vacuo.
PAR  b.p..sub.o.5 mm: 116.degree. - 118.degree.C
PAR  Yield: 121 grams of 3-(1',2'-dichlorovinyloxy)-aniline.
PAR  Method B consists in the reaction of nitro- or acetamino-phenols with
      halogenated alkanes (1,1-difluoro-1,2,2-trichloroethane,
      1,1,2-trifluoro-1,2-dibromoethane) and halogenated alkenes
      (trichloroethylene etc.) in the presence of K.sub.2 CO.sub.3 analogous to
      (4) J. Am. Chem. Soc. 70 (1948) 593; and in the conversion of the
      nitro-compound into aniline, as described by Method A, or the cleavage of
      the acetamino compound into the aniline hydrochloride.
PAR  The following example serves to illustrate the process:
PAC  Example: Preparation of
      3-acetamino-(1',1'-difluoro-2',2'-dichloro)-phenetol.
PAR  151 grams (1 mole) of 3-acetamino-phenol were dissolved in 400 milliliters
      of dimethyl formamide, and 138 grams (1mole) of K.sub.2 CO.sub.3 were
      added while stirring, 186 grams (1.1 mole) of
      1,1-difluoro-1,2,2-trichloro-ethane were dropped into the mixture at
      60.degree.C; the mixture was maintained at 80.degree.C for 6 hours and was
      then poured into about 4 liters of ice water. The precipitated crystalline
      product was filtered off with suction and dried.
PAR  Melting point: 72.degree. - 74.degree.C
PAR  Yield: 281 grams of 3-acetamino-(1',1'-difluoro-2',2'-dichloro)-phenetol 1
      mole of acetamino compound was dissolved in 2liters of hydrochloric acid
      of 18 % strength, while heating, and was maintained at 100.degree.C for 2
      hours. After cooling, the precipitated crystalline product was filtered
      off with suction and dried.
PAR  Melting point: 227.degree.C;
PAR  Yield: 230 grams of 3-(1',1'-difluoro-2',2'-dichloroethoxy)aniline
      hydrochloride.
PAR  Method C consists in the reaction of nitro-phenols or amino-phenols, in
      particular 3-amino-phenol, with halogenated alkenes (tetrafluoro-ethylene,
      trifluoro-ethylene, trifluoro-chloroethylene, hexafluoro-propene,
      difluoro-dichloroethylene etc.) analogous to (5) J. Am. Chem. Soc. 73
      (1951) 5831; (6) Bull. Soc. chim. France [5] 1957, 581; and subsequent
      catalytic reduction, as described by Method A.
PAC  EXAMPLE: Preparation of 3-(1',1',2'-trifluoro-2'-chloroethoxy)-aniline
PAR  139 grams (1 mole) of 3-nitro-phenol and 28 grams (0.5 mole) of potassium
      hydroxide were dissolved in 400 milliliters of dimethyl formamide, and 140
      grams (1.2 mole) of trifluorochloroethylene were introduced in a gas pipe
      at 40.degree.C; the mixture was then maintained at 60.degree.C for 2hours.
      The main amount of dimethyl formamide was distilled off in vacuo. The
      residue was poured into ice water, separated, dried over Na.sub.2 SO.sub.4
      and distilled in vacuo.
PAR  Kp.sub.0.3 mm: 89.degree. - 90.degree.C;
PAR  Yield: 176 grams of
      3-nitro-(1',1',2'-trifluoro-2'-trifluoro-2'-chloro)-phenetol.
PAR  1 mole of the nitro-compound was reduced as described by Method A.
PAR  b.p..sub.0.1 mm: 86.degree.C
PAR  Yield: 171 grams of 3-(1',1',2'-trifluoro-2'-chloroethoxy)-aniline.
PAL  When in the example mentioned above 1 mole of 3-amino-phenol was used
      instead of 3-nitro-phenol, the
      3-(1',1',2'-trifluoro-2'-chloroethoxy)-aniline was obtained directly.
PAR  Method D consists in the reaction of nitro-phenolates with
      .beta.-chloroethyl-p-toluene sulfonate analogous to (7) J. Chem. Soc. 121
      (1922) 644, and subsequent catalytic reduction of the nitro-products
      obtained into the anilines, as described by Method A.
PAC  Example: Preparation of 4-(2'-chloroethoxy)-aniline
PAR  42 grams (1.05 mole) of sodium hydroxide were dissolved in 75 milliliters
      of water, and 139 grams (1 mole) of 4-nitrophenol and 235 grams (1 mole)
      of .beta.-chloroethyl-p-toluene sulfonate were added, while stirring.
      Subsequently the reaction mixture was heated at 100.degree.C for 4 hours.
      After cooling, the mixture was made alkaline by means of a solution of
      sodium hydroxide of 33 % strength and was diluted with about 5 liters of
      water. The precipitated crystalline product was filtered off with suction,
      washed with water and dried.
PAR  Melting point: 54.degree. - 55.degree.C;
PAR  Yield: 153 grams of 4-(2'-chloroethoxy)-nitrobenzene.
PAR  1 mole of the nitro-compound was reduced, as described by Method A.
PAR  Melting point: 66.degree.C;
PAR  Yield: 137 grams of 4-(2'-chloroethoxy)-aniline.
PAR  All alkoxy-anilines falling under the invention are obtained in accordance
      with the Methods A - D mentioned above by using in the pertinent examples
      other corresponding substances in the same molar amounts, instead of the
      reactants mentioned therein. The following tables give a survey of the
      preparation and the properties of such amines.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Meth-                                                                     
         Nitro- and/or                             b.p./m.p.                   
     od  acetamino-           Reactants            (mm)                        
         compound                                  [.degree.C]                 
     __________________________________________________________________________
     A                                     CCl.sub.2 =CClH                     
                                                   122                         
                                                   (0.3)                       
     A                                     CBr.sub.2 =CBrH                     
                                                   192-196                     
                                                   (3)                         
     A                                     CCl.sub.2 =CClH                     
                                                   129-130                     
                                                   (0.4)                       
     A                                     ClCF.sub.2 --CCl.sub.2 H            
                                                   103-108                     
                                                   (0.1)                       
     C                                     CF.sub.2 =CCl.sub.2                 
                                                   108                         
                                                   (0.6)                       
         (x)                                                                   
     A                                     ClCF.sub.2 --CCl.sub.2 H            
                                                   37-39                       
     C                                     CF.sub.2 =CCL.sub.2                 
                                                   133-136                     
                                                   (A)                         
     __________________________________________________________________________
     Meth-                                                                     
         Aniline                b.p./m.p.                                      
                                       Analysis                                
     od  and/or                 (mm)   calcu-  found                           
         hydrochloride          [.degree.C]                                    
                                       lated                                   
     __________________________________________________________________________
     A                          120-123                                        
                                       6.6% N  6.9% N                          
                                (1)    34.4% Cl                                
                                               34.1% Cl                        
     A                          139    4.8% N  4.7% N                          
                                (0.2)  54.6% Br                                
                                               54.3% Br                        
     A                          125-130                                        
                                       6.5% N  6.7% N                          
                                (0.5)  32.9% Cl                                
                                               32.7% Cl                        
     A                          44-46  5.8% N  6.0% N                          
                                       29.3% Cl                                
                                               29.1% Cl                        
     C                           97    5.8% N  6.0% N                          
                                (0.3)  29.3% Cl                                
                                               29.1% Cl                        
     A                          50-51  5.8% N  5.9% N                          
                                       29.3% Cl                                
                                               29.5% Cl                        
     C                          111-114                                        
                                       5.5% N  5.6% N                          
                                (0.3)  27.7% Cl                                
                                               27.4% Cl                        
     __________________________________________________________________________
TBL                                    Table II                                
     __________________________________________________________________________
     Meth-                                                                     
         Nitro- and/or                                        b.p./m.p.        
     od   acetamino-               Reactants                 (mm)              
          compound                                           [.degree.C]       
     __________________________________________________________________________
     B                                              Cl--CF.sub.2 --CCl.sub.2   
                                                    H        98                
     A                                              Cl--CF.sub.2 --CCl.sub.2   
                                                             36                
     A                                              Cl--CF.sub.2 --CCl.sub.2   
                                                             95                
     A                                              Cl--CF.sub.2 --CCl.sub.2   
                                                             45-47             
         (xx)                                                                  
     C                                              CF.sub.2 =CFCl             
                                                             117               
                                                             (0 6)             
     C                                              CF.sub.2 =CFCl             
                                                             105-108           
                                                             (0 6)             
     C                                              CF.sub.2 =CFCl             
                                                             108-109           
                                                             (0 3)             
     __________________________________________________________________________
     Meth-                                                                     
         Aniline                   b.p./m.p.        Analysis                   
     od  and/or                    (mm)             calcu-   found             
         hydrochloride             [.degree.C]      lated                      
     __________________________________________________________________________
                                                    4.8% N   4.6% N            
     B                             233              36.4% Cl 36.0% Cl          
                                                    4.9% N   4.7% N            
     A                             135-138          36.7% Cl 36.3% Cl          
                                   (0.7)                                       
                                                    5.1% N   5.8% N            
     A                             126-130          38.5% Cl 38.2% Cl          
                                   (0.5)                                       
                                                    5.5% N   5.8% N            
     A                             136-140          27.7% Cl 27.9% Cl          
                                   (0.5)                                       
         (xx)                                                                  
     C                             92-93            6.2% N   6.4% N            
                                   (0.5)            15.7% Cl 15.5% Cl          
     C                             159-162          5.4% N   5.6% N            
                                   (14)             27.3% Cl 27.5% Cl          
     C                             91-93            5.9% N   5.7% N            
                                   (0.2)            14.8% Cl 14.5% Cl          
     __________________________________________________________________________
TBL                                    Table III                               
     __________________________________________________________________________
         Nitro-and/or                               b.p./m.p.                  
     Meth-                                                                     
         acetamino-            Reactants            (mm)                       
     od  compound                                   [.degree.C]                
     __________________________________________________________________________
     C                                      CF.sub.2 =CFH                      
                                                    86                         
                                                    (0.3)                      
     C                                      CF.sub.2 =CFH                      
                                                    .fwdarw.                   
         (xxx)                                                                 
     C                                      CF.sub.2 =CF.sub.2                 
                                                    93                         
                                                    (2)                        
     C                                      CF.sub.2 =CF.sub.2                 
                                                    .fwdarw.                   
         (xxx)                                                                 
     C                                      CF.sub.2 =CF.sub.2                 
                                                    42-44                      
     C                                      CF.sub.2 =CF.sub.2                 
                                                    86-88                      
                                                    (0.3)                      
     C                                      CF.sub.3 --CF=CF.sub.2             
                                                    77-79                      
                                                    (0.2)                      
     __________________________________________________________________________
     Aniline                    b.p./m.p.                                      
                                     Analysis                                  
     Meth-                                                                     
         and/or                 (mm) calcu-                                    
     od  hydrochloride          [.degree.C]                                    
                                     lated  found                              
     __________________________________________________________________________
       C                        77-79                                          
                                      7.3% N                                   
                                            7.5% N                             
                                (0.6)                                          
                                     29.8% F                                   
                                            29.1% F                            
                                75-76                                          
                                     7.3% N 7.6% N                             
     C                          (0.2)                                          
                                     29.8% F                                   
                                            29.0% F                            
         (xxx)                                                                 
     C                          65   6.7% N 6.8% N                             
                                (0.2)                                          
                                     36.4% F                                   
                                            36.7% F                            
         (xxx)                                                                 
     C                          87-90                                          
                                     6.7% N 6.6% N                             
                                (10) 36.4% F                                   
                                            36.5% F                            
         (xxx)                                                                 
     C                          68-70                                          
                                     6.7% N 7.0% N                             
                                (0.3)                                          
                                     36.4% F                                   
                                            35.8% F                            
     C                          111  6.3% N 6.5% N                             
                                (7)  34.1% F                                   
                                            34.5% F                            
     C                          66   5.4% N 5.6% N                             
                                (0.15)                                         
                                     44.0% F                                   
                                            43.6% F                            
     __________________________________________________________________________
TBL                                    Table IV                                
     __________________________________________________________________________
         Nitro- and/or                                        b.p./m.p.        
     Meth-                                                                     
         acetamino-         Reactants                         (mm)             
     od  compound                                             [.degree.C       
     __________________________________________________________________________
                                                              ]                
     C                                   CF.sub.3 --CF=CF.sub.2                
                                                              .fwdarw.         
     C                                   CF.sub.3 --CF=CF.sub.2                
                                                              74               
                                                              (0,1)            
     C                                   CF.sub.3 --CF=CF.sub.2                
                                                              89               
                                                              (0,2)            
     D                                                        48-50            
     Aniline                     b.p./m.p.                                     
                                       Analysis                                
     Meth-                                                                     
         and/or                  (mm)  calcu-                                  
                                             found                             
     od  hydrochloride           [.degree.C]                                   
                                       lated                                   
     __________________________________________________________________________
     C                           73-75  5.4% N                                 
                                              5.7% N                           
                                 (0.3) 44.0% F                                 
                                             43.7% F                           
     C                           65-67  5.4% N                                 
                                              5.3% N                           
                                 (0.2) 44.0% F                                 
                                             43.8% F                           
     C                           72-73  5.1% N                                 
                                              4.9% N                           
                                 (0.3) 41.7% F                                 
                                             41.3% F                           
     D                           62-63  6.8% N                                 
                                              6.5% N                           
                                       34.5% Cl                                
                                             34.3% Cl                          
     __________________________________________________________________________
      (x)   Compound described in Ber. 96 (1963) 52;                           
      (xx)  Compound described in Bull. Soc. Chim. France 5 1957, 581;         
      (xxx) Compound described in J. Org. Chem. 29 (1964) 5;                   
PAR  The novel urea derivatives of the invention are obtained in good yields.
      They constitute, almost exclusively, crystalline compounds. In most cases
      they may be used as they are obtained. Further purification by
      recrystallization from the usual organic solvents is also possible.
PAR  The novel compounds have a good action against weeds and are superior to
      known urea derivatives, for example, the chemically closely related
      N-(3-chloro-4-methoxyphenyl)-N'-methoxy urea (cf. U.S. Pat. No. 3,228,762)
      and metobromuron, in their preserving properties for a number of important
      crop plants such as maize, cotton, and legumes.
PAR  They are used in the form of wettable powders, emulsion concentrates,
      dusting powders or granules, either alone, or, if desired, in combination
      with other herbicides, soil insecticides or with fertilizers.
PAR  Wettable powders are preparations that can be uniformly dispersed in water
      and contain, besides an inert substance, a wetting agent, for example
      ethoxylated alkylphenols, ethoxylated oleyl- or stearyl-amines, alkyl- or
      alkylphenylsulfonates and dispersing agents, for example the sodium salt
      of ligninsulfonic acid, 2,2'-dinaphthylmethane-6,6'-disulfonic acid,
      dibutyl-naphthalene-sulfonic acid or sodium oleylmethylraurine.
PAR  Emulsion concentrates are obtained by dissolving the active ingredient in
      an organic solvent, for example butanol, cyclohexanone,
      dimethyl-formamide, xylene or aromatic hydrocarbons having a higher
      boiling point. To prepare good suspensions or emulsions in water, wetting
      agents as specified above are further added.
PAR  Dusting powders are obtained by grinding the active ingredients with finely
      divided solid substances, for example talc, natural clays, pyrophillite or
      diatomaceous earth.
PAR  Granules can be prepared by atomizing the active ingredient on to an
      absorptive, granulated inert material, or by applying to the surface of
      granulated inert materials concentrates of the active ingredient with the
      aid of adhesives, for example polyvinyl alcohol, the sodium salt of
      polyacrylic acid or mineral oils. Alternatively, suitable active
      ingredients may be made into granules, if desired in admixture with
      fertilizers, in the manner commonly used for the manufacture of granulated
      fertilizers.
PAR  The novel compounds of the invention can be used in combination with the
      following known herbicides enumerated by way of example:
     urea derivatives                                                          
                    linuron, chloroxuron, monlinuron,                          
                    fluometuron, diuron                                        
     triazine derivatives                                                      
                    simazin, atrazin, ametryne, prometryne,                    
                    desmetryne, methoprotryne                                  
     uracil derivatives                                                        
                    lenacil, bromacil                                          
     pyrazone derivatives                                                      
                    1-phenyl-4-amino-5-chloro-pyridazone (6)                   
                    (PCA)                                                      
     growth-promoting                                                          
                    2,4-dichlorophenoxy-acetic acid (2,4-D)                    
     preparations   4-chloro-2-methylphenoxy-acetic acid                       
                    (MCPA), 2,4,5-trichlorophenoxy-acetic                      
                    acid (2,4,5-T), 4-chloro-2-methyl-                         
                    phenoxy-butyric acid (MCPB), 2,3,6-                        
                    trichlorobenzoic acid (TBA)                                
     carbamic acid  barban, phenmedipham, triallate,                           
     derivatives    diallate, vernolate and 2-chloro-                          
                    allyl-N,N-diethyl-dithiocarbamate (CDEC)                   
     dinitrophenol derivatives                                                 
                    dinitro-orthocresol (DNOC), di-                            
                    nitro-sec.-butylphenol (DNBP),                             
                    dinoseb acetate                                            
     chlorinated aliphatic acids                                               
                    trichloroacetic acid, dalapon,                             
                    diphenamide, N,N-diallyl-chloro-                           
                    acetamide (CDAA)                                           
     dipyridilium compounds                                                    
                    paraquat, biquat, morfamquat                               
     anilides       N-(3,4-dichlorophenyl)-methacryl-                          
                    amide (DCMA), propanil, solan,                             
                    monalide                                                   
     nitriles       dichlobenil, ioxynil                                       
     other preparations                                                        
                    flurenol                                                   
PAR  When the active ingredients according to the invention are mixed with
      fertilizers, preparations are obtained which simultaneously have a
      fertilizing and a herbicidal effect.
PAC  EXAMPLE 1
PAR  Gaseous monomethylamine was introduced into a solution of 0.2 mole (50
      grams) of 4-(1',1',2'-trifluoro-2'-chloroethoxy)-phenylisocyanate and 100
      milliliters of petroleum ether, at room temperature and while stirring,
      until the solution was saturated. The reaction mixture was maintained for
      a further hour at 40.degree.C, cooled, and the crystalline product was
      filtered off with suction and recrystallized from a large quantity of
      benzene.
PAR  Yield: 41 grams, melting point 150.degree. - 152.degree.C
PAR  Analysis:
      ##SPC4##
PAL  N-[4-(1',1',2'-trifluoro-2'-chloroethoxy)-phenyl]-N'-methylurea
PAL  molecular weight 282.5
PAR  calculated 12.6% Cl, 9.9% N;  found 12.5% Cl, 10.1% N
PAC  EXAMPLE 2
PAR  0.1 mole (12 grams) of methylisocyanate was added, at room temperature and
      while stirring to a solution of 0.2 mole (45 grams) of
      4-(1',1',2'-trifluoro-2'-chloro-ethoxy)-aniline in 100 milliliters of
      absolute benzene. The reaction mixture was then heated for another 2 hours
      at 40.degree.C. After cooling, the crystalline reaction product was
      filtered off with suction and recrystallized from a small quantity of
      n-propanol.
PAR  Yield: 35 grams, melting point 148.degree. - 149.degree.C.
PAR  The mixed melting point with the compound prepared according to Example 1
      did not show a depression.
PAC  EXAMPLE 3
PAR  0.1 mole (5 grams) of 0-methylhydroxylamine was added at room temperature
      and with stirring to a solution of 0.1 mole (25 grams) of
      4-(1',1',2'-trifluoro-2'-chloro-ethoxy)phenylisocyanate in 120 milliliters
      of absolute benzene. The reaction mixture was then heated for a further
      hour at 40.degree.C, cooled, and the crystalline product was filtered off
      with suction and dried.
PAR  Yield: 24 grams, melting point 111.degree. - 112.degree.C.
PAR  Analysis:
      ##SPC5##
PAL  N-[4-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenyl]-N'methoxyurea
PAR  molecular weight 298.5
PAR  calculated 12.0% Cl, 9.4% N;  found 12.3% Cl, 9.5% N
PAC  EXAMPLE 4
PAR  Gaseous dimethylamine was introduced into a solution of 50 grams of
      4-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenylisocyanate in 100
      milliliters of petroleum ether at room temperature and with stirring until
      solution was saturated. The reaction mixture was then maintained for a
      further hour at 40.degree.C, cooled, the crystalline product was filtered
      off with suction and recrystallized from n-propanol.
PAR  Yield: 48 grams, melting point 136.degree. - 138.degree.C
PAR  Analysis:
      ##SPC6##
PAL  N-[4-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenyl]-N',N'-dimethylurea
PAR  molecular weight 296.5
PAR  calculated 12.0 % Cl 9.4 % N  found 12.3 % Cl 9.5 % N
PAC  EXAMPLE 5
PAR  A solution of 0.2 mole (22 grams) of dimethyl-carbamic acid chloride in 25
      milliliters of absolute benzene was dropped at 40.degree.C with stirring
      into a mixture of 0.2 mole (45 grams) of
      4-(1',1',2'-trifluoro-2'-chloro-ethoxy)-aniline, 200 milliliters of
      absolute benzene and 0.2 mole (20 grams) of triethylamine. The reaction
      mixture was then heated for a further 2 hours at 40.degree.C. After
      cooling, the reaction product was filtered off with suction, washed with
      water until it was free from chlorine and recrystallized twice from
      n-propanol
PAR  Yield 38 grams, melting point 135.degree. - 138.degree.C.
PAR  The mixed melting point with the compound prepared according to Example 4
      did not show a depression.
PAC  EXAMPLE 6
PAR  0.22 mole (14 grams) of 0,N-dimethylhydroxylamine was added at room
      temperature and with stirring to a solution of 0.2 mole (50 grams) of
      4-(1',1',2'-trifluoro-2'-chloroethoxy)-phenylisocyanate in 100 milliliters
      of absolute benzene. The reaction mixture was heated for a further hour at
      40.degree.C, cooled, and the crystalline product was filtered off with
      suction and recrystallized from i-propanol.
PAR  Yield: 49 grams, melting point 89.degree. - 90.degree.C.
PAR  Analysis:
      ##SPC7##
PAL  N-[4-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenyl]-N-methoxy-N'-methylurea
PAR  molecular weight 312.5
PAR  calculated 9.0 % N, 11.3 % Cl;  found 8.8 % N, 11.6 % Cl
PAC  EXAMPLE 7
PAR  A solution of 0.2 mole (58 grams) of
      4-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenylcarbamic acid chloride in
      100 milliliters of absolute benzene was dropped at 40.degree.C with
      stirring into a mixture of 0.2 mole (12 grams) of
      0,N-dimethylhydroxylamine, 100 milliliters of absolute benzene and 0.2
      mole (20 grams) of triethylamine. The reaction mixture was maintained for
      a further two hours at 40.degree.C. After cooling, the reaction product
      was filtered off with suction, washed with water until it was free from
      chlorine and recrystallized from i-propanol
PAR  Yield: 41 grams, melting point 88.degree. - 89.degree.C.
PAR  The mixed melting point with the compound prepared according to Example 6
      did not show a depression.
PAC  EXAMPLE 8
PAR  200 milliliters of methanol and 20 milliliters of sodium hydroxide solution
      of 33 % strength were added to 0.2 mole (60 grams) of
      N-[4-(1',1',2'-trifluoro-2'-chloro-ethoxy)phenyl]-N'-methoxyurea prepared
      according to Example 3. While cooling with ice and stirring, 0.22 mole (28
      grams) of dimethylsulfate were dropped into the mixture. After stirring
      for a further hour at 30.degree. - 35.degree.C an excess of water was
      added, the precipitated reaction product was filtered off with suction,
      washed with water and recrystallized from i-porpanol. Yield: 45 grams,
      melting point 87.degree. - 89.degree.C.
PAR  The mixed melting point with the compound prepared according to Example 6
      did not show a depression.
PAC  EXAMPLE 9
PAR  0.2 mole (60 grams) of
      N-[4-(1',1',2'-trifluoro-2'-chloroethoxy)-phenyl]-N'-methyl-N'-hydroxy-ure
     a, obtained by additive reaction of N-methyl-hydroxylamines with the
      correspondingly substituted phenylisocyanate, were dissolved in 250
      milliliters of methanol. 0.22 mole NaOH (20 milliliters of sodium
      hydroxide solution of 33 % strength) and 0.22 mole (28 grams) of
      dimethylsulfate were simultaneously added drop by drop while stirring at
      40.degree.C to the said solution. The mixture was allowed to react for a
      further hour at 40.degree.C, an excess of ice water was added, the
      precipitated reaction product was filtered off with suction and
      recrystallized twice from i-propanol.
PAR  Yield: 38 grams, melting point 86.degree. - 88.degree.C.
PAR  The mixed melting point with the compound prepared according to Example 6
      did not show a depression.
PAC  EXAMPLE 10
PAR  300 milliliters of methanol were added to 0.2 mole (57 grams) of
      N-[4-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenyl]N'-hydroxy-urea. While
      vigorously stirring at a pH of 9 - 10 and a temperature of 20.degree.C, 50
      milliliters of 10N sodium hydroxide solution and 0.5 mole (63 grams) of
      dimethyl-sulfate were simultaneously poured into the mixture obtained. In
      the second half of the reaction the pH rose to 10 - 11. The reaction
      mixture was maintained for another hour at 20.degree.C, then diluted with
      an excess of ice water. The precipitated reaction product was filtered off
      with suction, washed with water and recrystallized twice from i-propanol.
PAR  Yield: 40 grams, melting point 86.degree. - 88.degree.C.
PAR  The mixed melting point with the compound prepared according to Example 6
      did not show a depression.
PAR  The compounds listed in the following table were prepared in a manner
      analogous to that of the example indicated in column 3 with the use of the
      reactants indicated in column 4.
TBL  __________________________________________________________________________
     Ex.                              Prepara-                                 
                                           Reactants                           
     No.                                                                       
        Final product                 tions                                    
        molecular weight              analogous                                
                                      to                                       
                                      Example                                  
     __________________________________________________________________________
        HH                                                                     
     11 --N--C--N--CH.sub.3           1                                        
        .parallel.                                                             
        O                                                                      
        282.5                                                                  
        HH                                                                     
     12 --N--C--N--OCH.sub.3          3                                        
        .parallel.                                                             
        O                                                                      
        298.5                                                                  
        CH.sub.3                                                               
        H                                                                      
     13 --N--C--N.angle.              4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        296.5                                                                  
        OCH.sub.3                                                              
        H                                                                      
     14 --N--C--N.angle.              10                                       
        .parallel.                                                             
        OCH.sub.3                                                              
        312.5                                                                  
        OC.sub.2 H.sub.3                                                       
        H                                                                      
     15 --N--C--N.angle.              6                                        
        .parallel.                                                             
        OC.sub.2 H.sub.5                                                       
        340.5                                                                  
        HH                                                                     
     16 --N--C--N--CH.sub.3           2                                        
        .parallel.                                                             
        O                                                                      
        296.5                                                                  
        CH.sub.3                                                               
        H                                                                      
     17 --N--C--N.angle.              5                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        310.5                                                                  
        OCH.sub.3                                                              
        H                                                                      
     18 --N--C--N.angle.              6                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        326.5                                                                  
        CH.sub.3                                                               
        H                                                                      
     19 --N--C--N.angle.              4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        280                                                                    
        OCH.sub.3                                                              
        H                                                                      
     20 --N--C--N.angle.              6                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        296                                                                    
        HH                                                                     
     21 --N--C--N--CH.sub.3           1                                        
        .parallel.                                                             
        O                                                                      
        266                                                                    
        HCH.sub.3                                                              
     22 --N--C--N.angle.              4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        280                                                                    
        OCH.sub.3                                                              
        H                                                                      
     23 --N--C--N.angle.              10                                       
        .parallel.                                                             
        OCH.sub.3                                                              
        296                                                                    
        HH                                                                     
     24 --N--C--N--CH.sub.3           1                                        
        .parallel.                                                             
        O                                                                      
        280                                                                    
        CH.sub.3                                                               
     25 --N--C--N.angle.              4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        294                                                                    
        OCH.sub.3                          OCH.sub.3                           
     26 --N--C--N.angle.              8    --N--C--N.angle.                    
        .parallel.                         .parallel.                          
        OCH.sub.3                          OH                                  
        310                                                                    
        CH.sub.3                                                               
        H                                                                      
     27 --N--C--N.angle.              4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        330                                                                    
        OCH.sub.3                                                              
        H                                  H                                   
     28 --N--C--N.angle.              7    --N--CO                             
        .parallel.                         .vertline.                          
        OCH.sub.3                          Cl                                  
        346                                                                    
        CH.sub.3                                                               
        H                                                                      
     29 --N--C--N.angle.              4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        330                                                                    
        OCH.sub.3                                                              
        H                                                                      
     30 --N--C--N.angle.              10                                       
        .parallel.                                                             
        OCH.sub.3                                                              
        346                                                                    
        CH.sub.3                                                               
        H                                  H                                   
     31 --N--C--N.angle.              7    --N--CO                             
        .parallel.                         .vertline.                          
        OCH.sub.3                          Cl                                  
        344                                                                    
        OCH.sub.3                                                              
        H                                                                      
     32 --N--C--N.angle.              6    --NCO                               
        .parallel.                                                             
        OCH.sub.3                                                              
        360                                                                    
        HH -33                        --N--C--N--CH.sub.3                      
                                           1                                   
        .parallel.                                                             
        O                                                                      
        248                                                                    
        CH.sub.3                                                               
        H                                                                      
     34 --N--C--N.angle.              4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        262                                                                    
        OCH.sub.3                                                              
        H                                                                      
     35 --N--C--N.angle.              10                                       
        .parallel.                                                             
        OCH.sub.3                                                              
        278                                                                    
        CH.sub.3                                                               
        H                                                                      
     36 --N--C--N.angle.              4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        278                                                                    
        CH.sub.3                                                               
        H                                                                      
     37 --N--C--N.angle.              6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        357                                                                    
        HH                                                                     
     38 --N--C--N--CH.sub.3           1                                        
        .parallel.                                                             
        O                                                                      
        327                                                                    
        CH.sub.3                                                               
        H                                                                      
     39 --N--C--N.angle.              4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        341                                                                    
        OCH.sub.3                                                              
        H                                                                      
     40 --N--C--N.angle.              6                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        357                                                                    
        HH                                                                     
     41 --N--C--N--CH.sub.3           2                                        
        .parallel.                                                             
        O                                                                      
        341                                                                    
        CH.sub.3                                                               
        H                                                                      
     42 --N--C--N.angle.              4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        355                                                                    
        OCH.sub.3                                                              
        H                                                                      
     43 --N--C--N.angle.              6                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        355                                                                    
        CH.sub.3                                                               
     44 --NH--C--N.angle.             5                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        298                                                                    
     45 --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
         O                                                                     
        275                                                                    
        CH.sub.3                                                               
     46 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        289                                                                    
        CH.sub.3                                                               
     47 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        305                                                                    
     48 --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        261                                                                    
        CH.sub.3                                                               
     49 --NH--C--N.angle.             5                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        275                                                                    
        CH.sub.3                                                               
     50 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        323.5                                                                  
        CH.sub.3                                                               
     51 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        339.5                                                                  
     52 --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        299                                                                    
        CH.sub.3                                                               
     53 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        313                                                                    
     54 --NH--C--NH--OCH.sub.3        3                                        
         .parallel.                                                            
        O                                                                      
        315                                                                    
        CH.sub.3                                                               
     55 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        329                                                                    
        C.sub.3 H.sub.7 (n)                                                    
     56 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OC.sub.3 H.sub.7 (n)                                                   
        396                                                                    
     57                               2                                        
        299                                                                    
     58 --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        299                                                                    
        CH.sub.3                                                               
     59 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        313                                                                    
     60 --NH--C--NH--OCH.sub.3        3                                        
        .parallel.                                                             
        O                                                                      
        315                                                                    
        CH.sub.3                                                               
     61 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        329                                                                    
     62 --NH--C--NH--CH.sub.3         1                                        
         .parallel.                                                            
        O                                                                      
        333.5                                                                  
        CH.sub.3                                                               
     63 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        347.5                                                                  
        CH.sub.3                                                               
     64 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        363.5                                                                  
        C.sub.2 H.sub.5                                                        
     65 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OC.sub.2 H.sub.5                                                       
        375.5                                                                  
     66 --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        261                                                                    
        CH.sub.3                                                               
     67 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        275                                                                    
        CH.sub.3                                                               
     68 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        291                                                                    
     69 --NH--C--NH--OCH.sub.3        3                                        
        .parallel.                                                             
        O                                                                      
        277                                                                    
        CH.sub.3                                                               
     70 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        291                                                                    
        C.sub. 2 H.sub.5                                                       
     71 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OC.sub.2 H.sub.5                                                       
        303                                                                    
        C.sub.4 H.sub.9 (n)                                                    
     72 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OC.sub.4 H.sub.9 (n)                                                   
        359                                                                    
     73 --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        309.5                                                                  
        CH.sub.3                                                               
     74 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        364                                                                    
     75 --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        362.5                                                                  
     76 --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        275                                                                    
        CH.sub.3                                                               
     77 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        289                                                                    
        CH.sub.3                                                               
     78 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        305                                                                    
        CH.sub.3                                                               
     79  --NH--C--N.angle.                                                     
        .parallel.                                                             
        OCH.sub.3                                                              
        321                                                                    
        CH.sub.3                                                               
     80 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        321                                                                    
     81 --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        295.5                                                                  
        CH.sub.3                                                               
     82 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        309.5                                                                  
        CH.sub.3                                                               
     83 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
     84 --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        275                                                                    
        CH.sub.3                                                               
     85 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        289                                                                    
        CH.sub.3                                                               
     86 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        305                                                                    
     87 --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        313                                                                    
     88 --NH--C--NH--OCH.sub.3        3                                        
        .parallel.                                                             
        O                                                                      
        329                                                                    
        C.sub.2 H.sub.5                                                        
     89 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OC.sub.2 H.sub.5                                                       
        355                                                                    
     90 --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        313                                                                    
        CH.sub.3                                                               
     91 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        327                                                                    
        CH.sub.3                                                               
     92 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        343                                                                    
        CH.sub.3                                                               
     93 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        327                                                                    
        CH.sub.3                                                               
     94 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        343                                                                    
     95 --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        313                                                                    
        CH.sub.3                                                               
     96 --NH--C--N.angle.             5                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        327                                                                    
        CH.sub.3                                                               
     97 --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        343                                                                    
     98 --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        367                                                                    
        CH.sub.3                                                               
     99 --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        381                                                                    
        CH.sub.3                                                               
     100                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        397                                                                    
     101                                                                       
        --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        333.5                                                                  
     102                                                                       
        --NH--C--NH--OCH.sub.3        3                                        
        .parallel.                                                             
        O                                                                      
        349.5                                                                  
        CH.sub.3                                                               
     103                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        347.5                                                                  
         CH.sub.3                                                              
     104                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        363.5                                                                  
     105                                                                       
        --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        333.5                                                                  
        CH.sub.3                                                               
     106                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        347.5                                                                  
        CH.sub.3                                                               
     107                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        363.5                                                                  
     108                                                                       
        --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        333.5                                                                  
        CH.sub.3                                                               
     109                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        347.5                                                                  
        CH.sub.3                                                               
     110                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        C.sub.2 H.sub.5                                                        
     111                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OC.sub.2 H.sub.5                                                       
        375.5                                                                  
     112                                                                       
        --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        378                                                                    
        CH.sub.3                                                               
     113                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        392                                                                    
        CH.sub.3                                                               
     114                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        408                                                                    
        C.sub.2 H.sub.5                                                        
     115                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OC.sub.2 H.sub.5                                                       
        420                                                                    
     116                                                                       
        --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        329                                                                    
        CH.sub.3                                                               
     117                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        343                                                                    
        CH.sub.3                                                               
     118                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        359                                                                    
     119                                                                       
        --NH--C--NH--CH.sub.3                                                  
        .parallel.                                                             
        O                                                                      
        347.5                                                                  
        CH.sub.3                                                               
     120                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        360.5                                                                  
        CH.sub.3                                                               
     121                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        377.5                                                                  
     122                                                                       
        --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        448                                                                    
        CH.sub.3                                                               
     123                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        462                                                                    
        CH.sub.3                                                               
     124                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        478                                                                    
        C.sub.2 H.sub.5                                                        
     125                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OC.sub.2 H.sub.5                                                       
        490                                                                    
     126                                                                       
        --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        374.5                                                                  
        CH.sub.3                                                               
     127                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        388.5                                                                  
        CH.sub.3                                                               
     128                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        404.5                                                                  
     129                                                                       
        --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        324.5                                                                  
        CH.sub.3                                                               
     130                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        354.5                                                                  
     131                                                                       
        --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        228.5                                                                  
        CH.sub.3                                                               
     132                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        242.5                                                                  
        CH.sub.3                                                               
     133                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        258.5                                                                  
     134                                                                       
        --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        228.5                                                                  
        CH.sub.3                                                               
     135                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        242.5                                                                  
        CH.sub.3                                                               
     136                                                                       
        --NH-- C--N.angle.            6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        258.5                                                                  
     137                                                                       
        --NH--C--NH--CH.sub.3         1                                        
        .parallel.                                                             
        O                                                                      
        263                                                                    
        CH.sub.3                                                               
     138                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        277                                                                    
     139                                                                       
        --NH--C--NH--OCH.sub.3        3                                        
        .parallel.                                                             
        O                                                                      
        279                                                                    
        CH.sub.3                                                               
     140                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        293                                                                    
     141                                                                       
        --NH--C--NH--CH.sub.3         2                                        
        .parallel.                                                             
        O                                                                      
        263                                                                    
        CH.sub.3                                                               
     142                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        277                                                                    
        CH.sub.3                                                               
     143                                                                       
        --NH--C--N.angle.             8                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        293                                                                    
        CH.sub.3                                                               
     144                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        310.5                                                                  
        CH.sub.3                                                               
     145                                                                       
        --NH--C--N.angle.             10                                       
        .parallel.                                                             
        OOCH.sub.3                                                             
        326.5                                                                  
        CH.sub.3                                                               
     146                                                                       
        --NH--C--N.angle.             5                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        256.5                                                                  
        CH.sub.3                                                               
     147                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        272.5                                                                  
        CH.sub.3                                                               
     148                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        256.5                                                                  
        CH.sub.3                                                               
     149                                                                       
        --NH--C--N.angle.             10                                       
        .parallel.                                                             
        OOCH.sub.3                                                             
        272.5                                                                  
     150                                                                       
        --NH--C--NH--CH.sub.3         2                                        
         .parallel.                                                            
        O                                                                      
        327                                                                    
        CH.sub.3                                                               
     151                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        341                                                                    
        CH.sub.3                                                               
     152                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        357                                                                    
        CH.sub.3                                                               
     153                                                                       
        --NH--C--N.angle.             4                                        
        .parallel.                                                             
        OCH.sub.3                                                              
        369                                                                    
        CH.sub.3                                                               
     154                                                                       
        --NH--C--N.angle.             6                                        
        .parallel.                                                             
        OOCH.sub.3                                                             
        385                                                                    
                  Ex.   Reactants  Melting                                     
                                         Analysis                              
                  No.              point                                       
                                   .degree.C                                   
                                         calculated                            
                                                 found                         
                  11    CH.sub.3 --NH.sub.2                                    
                                   90-92 9.9 % N 10.1 % N                      
                                         12.6 % Cl                             
                                                 12.6 % Cl                     
                  12    H.sub.2 N--OCH.sub.3                                   
                                   82-83 9.4 % N 9.6 % N                       
                                         11.9 % Cl                             
                                                 12.0 % Cl                     
                        CH.sub.3                                               
                  13    HN.angle.  118-121                                     
                                         9.4 % N 9.8 % N                       
                        CH.sub.3         12.0 % Cl                             
                                                 12.0 % Cl                     
                  14    H.sub.2 N--OH,                                         
                                   79-82 9.0 % N 9.1 % N                       
                        dimethyl sul-    11.3 % Cl                             
                                                 11.2 % Cl                     
                        fate/ NaOH                                             
                        OC.sub.2 H.sub.5                                       
                  15    HN.angle.  oil   8.2 % N 8.1 % N                       
                        C.sub.2 H.sub.5  10.4 % Cl                             
                                                 10.1 % Cl                     
                  16    CH.sub.3 --NCO                                         
                                   123-125                                     
                                         9.4 % N 9.4 % N                       
                                         12.0 % Cl                             
                                                 11.7 % Cl                     
                        H.sub.3 C                                              
                  17    .angle.N--CO--Cl,                                      
                                   126-128                                     
                                         9.0 % N 8.8 % N                       
                        H.sub.3 C        11.4 % Cl                             
                                                 11.2 % Cl                     
                        Triethylamine                                          
                        OCH.sub.3                                              
                  18    HN.angle.  58-60 8.6 % N 8.6 % N                       
                        CH.sub.3         10.9 % Cl                             
                                                 11.0 % Cl                     
                        CH.sub.3                                               
                  19    HN.angle.  122-123                                     
                                         10.0 % N                              
                                                 10.1 % N                      
                        CH.sub.3         27.1 % F                              
                                                 27.4 % F                      
                        OCH.sub.3                                              
                  20    HN.angle.  67-69 9.5 % N 9.5 % N                       
                        CH.sub.3         25.6 % F                              
                                                 25.2 % F                      
                  21    CH.sub.3 --NH.sub.2                                    
                                   96-98 10.5 % N                              
                                                 10.6 % N                      
                                         28.6 % F                              
                                                 28.5 % F                      
                        CH.sub.3                                               
                  22    HN.angle.  113-115                                     
                                         10.0 % N                              
                                                 10.2 % N                      
                        CH.sub.3         27.1 % F                              
                                                 27.0 % F                      
                  23    H.sub.2 N--OH                                          
                                   57-58 9.5 % N 9.7 % N                       
                        dimethyl sul-    25.6 % F                              
                                                 25.7 % F                      
                        fate/NaOH                                              
                        CH.sub.3                                               
                  24    HN.angle.  129-131                                     
                                         10.0 % N                              
                                                 10.5 % N                      
                        CH.sub.3         27.1 % F                              
                                                 26.7 % F                      
                        CH.sub.3                                               
                  25    HN.angle.  124-126                                     
                                         9.5 % N 9.7 % N                       
                        CH.sub.3         25.8 % F                              
                                                 25.7 % F                      
                  26    dimethylsulfate                                        
                                   61-63 9.0 % N 9.0 % N                       
                        NaOH             24.5 % F                              
                                                 23.9 % F                      
                        CH.sub.3                                               
                  27    HN.angle.  107-108                                     
                                         8.5 % N 8.7 % N                       
                        CH.sub.3         34.5 % F                              
                                                 34.2 % F                      
                        OCH.sub.3                                              
                  28    H.sub.2 N.angle.                                       
                                   50-52 8.1 % N 8.3 % N                       
                        CH.sub.3         32.9 % F                              
                                                 33.2 % F                      
                        triethylamine                                          
                        CH.sub.3                                               
                  29    HN.angle.  98-99 8.5 % N 8.2 % N                       
                        CH.sub.3         34.5 % F                              
                                                 34.3 % F                      
                  30    NH.sub.2 OH                                            
                                   48-49 8.1 % N 8.1 % N                       
                        dimethylsulfate  33.0 % F                              
                                                 32.7 % F                      
                        NaOH                                                   
                        CH.sub.3                                               
                  31    HN.angle.  119-120                                     
                                         8.1 % N 8.3 % N                       
                        CH.sub.3         33.2 % F                              
                                                 32.6 % F                      
                        triethylamine                                          
                        OCH.sub.3                                              
                  32    HN.angle.        7.8 % N 8.1 % N                       
                        CH.sub.3         31.7 % F                              
                                                 31.1 % F                      
                  33    H.sub.2 N--CH.sub.3                                    
                                    99-100                                     
                                         11.3 % N                              
                                                 11.3 % N                      
                                         23.0 % F                              
                                                 23.8 % F                      
                        CH.sub.3                                               
                  34    HN.angle.  126-128                                     
                                         10.7 % N                              
                                                 10.7 % N                      
                        CH.sub.3         21.7 % F                              
                                                 21.0 % F                      
                        NH.sub.2 OH                                            
                  35    dimethylsulfate                                        
                                   41-42 10.1 % N                              
                                                 10.4 % N                      
                        NaOH             20.5 % F                              
                                                 20.0 % F                      
                        CH.sub.3                                               
                  36    HN.angle.  138-140                                     
                                         8.2 % N 8.2 % N                       
                        CH.sub.3         23.4 % Br                             
                                                 23.0 % Br                     
                        OCH.sub.3                                              
                  37    HN.angle.  80-82 7.9 % N 8.0 % N                       
                        CH.sub.3         22.4 % Br                             
                                                 21.9 % Br                     
                  38    CH.sub.3 --NH.sub.2                                    
                                   89-91 8.6 % N 8.7 % N                       
                                         24.4 % F                              
                                                 23.9 % F                      
                        CH.sub.3                                               
                  39    HN.angle.  116-117                                     
                                         8.2 % N 8.3 % N                       
                        CH.sub.3         23.4 % F                              
                                                 23.9 % F                      
                        OCH.sub.3                                              
                  40    HN.angle.  88-90 7.9 % N 8.0 % N                       
                        CH.sub.3         22.4 % F                              
                                                 22.4 % F                      
                  41    CH.sub.3 --NCO                                         
                                   128   8.2 % N 8.4 % N                       
                        CH.sub.3                                               
                  42    HN.angle.  123-124                                     
                                         7.9 % N 8.2 % N                       
                        CH.sub.3         22.5 % Br                             
                                                 22.8 % Br                     
                        OCH.sub.3                                              
                  43    HN.angle.   58   7.6 % N 7.7 % N                       
                        CH.sub.3         21.6 % Br                             
                                                 21.8 % Br                     
                        CH.sub.3                                               
                  44    .angle.N--CO--Cl                                       
                                   124-126                                     
                                         9.4 % N 9.6 % N                       
                        CH.sub.3         31.9 % F                              
                                                 31.8 % F                      
                        triethylamine                                          
                  45    CH.sub.3 --N=C=O                                       
                                   154-155                                     
                                         10.2 % N                              
                                                 10.3 % N                      
                                         25.8 % Cl                             
                                                 25.6 % Cl                     
                        CH.sub.3                                               
                  46    HN.angle.  103-104                                     
                                         9.7 % N 9.9 % N                       
                        CH.sub.3         24.6 % Cl                             
                                                 24.3 % Cl                     
                        CH.sub.3                                               
                  47    HN.angle.  81-82 9.2 % N 8.9 % N                       
                        OCH.sub.3        23.2 % Cl                             
                                                 23.1 % Cl                     
                  48    CH.sub.3 --N=C=O                                       
                                   145-146                                     
                                         10.7 % N                              
                                                 10.9 % N                      
                                         27.2 % Cl                             
                                                 27.4 % Cl                     
                        CH.sub.3                                               
                  49    Cl--C--N.angle.                                        
                                   153-155                                     
                                         10.2 % N                              
                                                 10.1 % N                      
                        .parallel.       25.8 % Cl                             
                                                 25.8 % cl                     
                         OCH.sub.3                                             
                        CH.sub.3                                               
                  50    HN.angle.  103-105                                     
                                         8.7 % N 9.0 % N                       
                        CH.sub.3         33.0 % Cl                             
                                                 32.5 % Cl                     
                        CH.sub.3                                               
                  51    HN.angle.  93-94 8.3 % N 8.6 % N                       
                        OCH.sub.3        31.4 % Cl                             
                                                 31.2 % Cl                     
                  52    CH.sub.3 --N=C=O                                       
                                   151   9.4 % N 9.4 % N                       
                        CH.sub.3                                               
                  53    HN.angle.  144-146                                     
                                         9.0 % N 9.2 % N                       
                        CH.sub.3                                               
                  54    H.sub.2 N--OCH.sub.3                                   
                                   105   8.9 % N 8.7 % N                       
                        CH.sub.3                                               
                  55    HN.angle.   60   8.5 % N 8.4 % N                       
                        OCH.sub.3                                              
                        C.sub.3 H.sub.7 (n)                                    
                  56    HN.angle.  103-105                                     
                                         7.6 % N 7.5 % N                       
                        C.sub.3 H.sub.7 (n)                                    
                  57    CH.sub.3 --N=C=O                                       
                                   170-173                                     
                                         9.4 % N 9.7 % N                       
                  58    CH.sub.3 --N=C=O                                       
                                   104-106                                     
                                         9.4 % N 9.3 % N                       
                        CH.sub.3                                               
                  59    HN.angle.  125   8.9 % N 9.0 % N                       
                        CH.sub.3                                               
                  60    H.sub.2 N--OCH.sub. 3                                  
                                   100-102                                     
                                         8.9 % N 8.7 % N                       
                        CH.sub.3                                               
                  61    HN.angle.  74-76 8.5 % N 8.5 % N                       
                        OCH.sub.3                                              
                  62    H.sub.2 N--CH.sub.3                                    
                                   158-159                                     
                                         8.4 % N 8.7 % N                       
                                         31.9 % Cl                             
                                                 31.5 % Cl                     
                        CH.sub.3                                               
                  63    HN.angle.  200-201                                     
                                         8.1 % N 8.2 % N                       
                        CH.sub.3                                               
                        CH.sub.3                                               
                  64    HN.angle.  148-150                                     
                                         7.7 % N 8.0 % N                       
                        OCH.sub.3        29.3 % Cl                             
                                                 28.9 % Cl                     
                        C.sub.2 H.sub.5                                        
                  65    HN.angle.  155-157                                     
                                         7.5 % N 7.4 % N                       
                        C.sub.2 H.sub.5                                        
                  66    CH.sub.3 --N=C=O                                       
                                   157-159                                     
                                         10.7 % N                              
                                                 11.1 % N                      
                                         27.2 % Cl                             
                                                 26.7 % Cl                     
                        CH.sub.3                                               
                  67    HN.angle.  105-106                                     
                                         10.2 % N                              
                                                 9.9 % N                       
                        CH.sub.3         25.8 % Cl                             
                                                 25.2 % Cl                     
                        CH.sub.3                                               
                  68    HN.angle.  72-73 9.6 % N 9.6 % N                       
                        OCH.sub.3        24.4 % Cl                             
                                                 24.0 % Cl                     
                  69    H.sub. 2 N--OCH.sub.3                                  
                                   118-120                                     
                                         10.1 % N                              
                                                 10.5 % N                      
                                         25.6 % Cl                             
                                                 25.1 % Cl                     
                        CH.sub.3                                               
                  70    HN.angle.   98-101                                     
                                         9.6 % N 9.3 % N                       
                                         24.4 % Cl                             
                                                 24.0 % Cl                     
                        OCH.sub.3                                              
                        C.sub.2 H.sub.5                                        
                  71    HN.angle.  110-112                                     
                                         9.2 % N 8.7 % N                       
                                         23.4 % Cl                             
                                                 23.1 % Cl                     
                        C.sub.2 H.sub.5                                        
                        C.sub.4 H.sub.9 (n)                                    
                  72    HN.angle.  65-68 7.8 % N 7.4 % N                       
                                         19.7 % Cl                             
                                                 19.9 % Cl                     
                        C.sub.4 H.sub.9 (n)                                    
                  73    CH.sub.3 --N=C=O                                       
                                   156-158                                     
                                         9.1 % N 9.2 % N                       
                                         34.4 % Cl                             
                                                 33.9 % Cl                     
                        CH.sub.3                                               
                  74    HN.angle.  158-160                                     
                                         7.7 % N 8.1 % N                       
                                         43.9 % Br                             
                                                 44.1 % Br                     
                        CH.sub.3                                               
                  75    CH.sub.3 --N=C=O                                       
                                   182-184                                     
                                         7.2 % N 7.6 % N                       
                                         9.8 % Cl                              
                                                 9.9 % Cl                      
                  76    CH.sub.3 --N=C=O                                       
                                   156-158                                     
                                         10.2 % N                              
                                                 10.4 % N                      
                                         25.8 % Cl                             
                                                 25.8 % Cl                     
                        CH.sub.3                                               
                  77    HN.angle.  181   9.7 % N 9.7 % N                       
                                         24.6 % Cl                             
                                                 24.6 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  78    HN.angle.  111-113                                     
                                         9.2 % N 9.0 % N                       
                                         23.2 % Cl                             
                                                 23.2 % Cl                     
                        OCH.sub.3                                              
                        CH.sub.3                                               
                  79    HN.angle.  171-173                                     
                                         9.2 % N 9.4 % N                       
                                         23.2 % Cl                             
                                                 23.4 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  80    HN.angle.  85-87 8.7 % N 8.9 % N                       
                                         22.1 % Cl                             
                                                 22.1 % Cl                     
                        OCH.sub.3                                              
                  81    CH.sub.3 --N=C=O                                       
                                   182-186                                     
                                         9.5 % N 9.3 % N                       
                                         36.0 % Cl                             
                                                 36.0 % Cl                     
                        CH.sub.3                                               
                  82    HN.angle.  192-195                                     
                                         9.0 % N 9.3 % N                       
                                         34.4 % Cl                             
                                                 33.8 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  83    HN.angle.  162-164                                     
                                         8.6 % N 8.8 % N                       
                                         32.7 % Cl                             
                                                 32.4 % Cl                     
                        OCH.sub.3                                              
                  84    H.sub.2 N--CH.sub.3                                    
                                   171-173                                     
                                         10.2 % N                              
                                                 10.0 % N                      
                                         25.8 % Cl                             
                                                 25.6 % Cl                     
                        CH.sub.3                                               
                  85    HN.angle.  192-193                                     
                                         9.7 % N 9.9 % N                       
                                         24.6 % Cl                             
                                                 24.6 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  86    HN.angle.  126-129                                     
                                         9.2 % N 9.0 % N                       
                                         23.3 % Cl                             
                                                 23.3 % Cl                     
                        OCH.sub.3                                              
                  87    CH.sub.3 --N=C=O                                       
                                   138   8.9 % N 9.0 % N                       
                  88    H.sub.2 N--OCH.sub.3                                   
                                   105-106                                     
                                         8.5 % N 8.8 % N                       
                        C.sub.2 H.sub.5                                        
                  89    HN.angle.  114-115                                     
                                         7.9 % N 7.9 % N                       
                        C.sub.2 H.sub.5                                        
                  90    CH.sub.3 --N=C=O                                       
                                   159-161                                     
                                         8.9 % N 9.2 % N                       
                        CH.sub.3                                               
                  91    HN.angle.  95-96 8.6 % N 8.7 % N                       
                                         21.7 % Cl                             
                                                 21.3 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  92    HN.angle.   71   8.2 % N 8.2 % N                       
                        OCH.sub.3                                              
                        CH.sub.3                                               
                  93    HN.angle.  140   8.6 % N 8.7 % N                       
                                         21.7 % Cl                             
                                                 21.7 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  94    HN.angle.   79   8.2 % N 8.2 % N                       
                                         20.7 % Cl                             
                                                 20.6 % Cl                     
                        OCH.sub.3                                              
                  95    H.sub.2 N--CH.sub.3                                    
                                   162-163                                     
                                         8.9 % N 9.3 % N                       
                        CH.sub.3                                               
                  96    Cl--C--N.angle.                                        
                                   117-119                                     
                                         8.6 % N 8.7 % N                       
                        .parallel.       21.7 % Cl                             
                                                 21.6 % Cl                     
                        OCH.sub.3                                              
                        CH.sub.3                                               
                  97    HN.angle.  89-91 8.2 % N 8.5 % N                       
                        OCH.sub.3                                              
                  98    H.sub.2 N--CH.sub.3                                    
                                   138-140                                     
                                         7.6 % N 7.7 % N                       
                        CH.sub.3                                               
                  99    HN.angle.  167-169                                     
                                         7.4 % N 7.1 % N                       
                        CH.sub.3                                               
                        CH.sub.3                                               
                  100   HN.angle.  60-62 7.1 % N 7.3 % N                       
                                         17.9 % Cl                             
                                                 17.6 % Cl                     
                        OCH.sub.3                                              
                  101   H.sub.2 N--CH.sub.3                                    
                                   137-1138                                    
                                         8.4 % N 8.3 % N                       
                                         32.0 % Cl                             
                                                 31.7 % Cl                     
                  102   H.sub.2 N--OCH.sub.3                                   
                                   118   8.0 % N 8.1 % N                       
                                         30.4 % Cl                             
                                                 29.9 % Cl                     
                        CH.sub.3                                               
                  103   HN.angle.  145   8.1 % N 8.2 % N                       
                                         30.6 % Cl                             
                                                 30.2 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  104   HN.angle.  92-93 7.7 % N 8.0 % N                       
                                         29.3 % Cl                             
                                                 29.2 % Cl                     
                        OCH.sub.3                                              
                  105   H.sub.2 N--CH.sub.3                                    
                                   156-158                                     
                                         8.4 % N 8.6 % N                       
                                         32.0 % Cl                             
                                                 31.8 Cl                       
                        CH.sub.3                                               
                  106   HN.angle.  92-94 8.1 % N 8.0 % N                       
                        CH.sub.3                                               
                        CH.sub.3                                               
                  107   HN.angle.  54-55 7.7 % N 7.9 % N                       
                        OCH.sub.3                                              
                  108   H.sub.2 N--CH.sub.3                                    
                                   137-139                                     
                                         8.4 % N 8.6 % N                       
                                         32.0 % Cl                             
                                                 31.6 % Cl                     
                        CH.sub.3                                               
                  109   HN.angle.  115-118                                     
                                         8.1 % N 8.2 % N                       
                        CH.sub.3                                               
                        CH.sub.3                                               
                  110   HN.angle.  96-98 7.7 % N 7.8 % N                       
                        OCH.sub.3                                              
                        C.sub.2 H.sub.5                                        
                  111   HN.angle.  74-76 7.5 % N 7.5 % N                       
                        C.sub.2 H.sub.5                                        
                  112   H.sub.2 N--CH.sub.3                                    
                                   157-158                                     
                                         7.4 % N 7.8 % N                       
                                         21.2 % Br                             
                                                 20.9 % Br                     
                        CH.sub.3                                               
                  113   HN.angle.  112   7.2 % N 7.4 % N                       
                        CH.sub.3                                               
                        CH.sub.3                                               
                  114   HN.angle.  94-97 6.9 % N 7.2 % N                       
                        OCH.sub.3                                              
                        C.sub.2 H.sub.5                                        
                  115   HN.angle.  105-106                                     
                                         6.7 % N 6.7 % N                       
                        C2H5                                                   
                  116   CH.sub.3 --N=C=O                                       
                                   149   8.5 % N 8.6 % N                       
                        CH.sub.3                                               
                  117   HN.angle.  159   8.2 % N 8.4 % N                       
                        CH.sub.3                                               
                        CH.sub.3                                               
                  118   HN.angle.  92-93 7.8 % N 8.0 % N                       
                        OCH.sub.3                                              
                  119   H.sub.2 N--CH.sub.3                                    
                                   168   8.1 % N 8.3 % N                       
                                         30.7 % Cl                             
                                                 31.3 % Cl                     
                        CH.sub.3                                               
                  120   HN.angle.  145-147                                     
                                         7.8 % N 7.6 % N                       
                                         29.6 % Cl                             
                                                 29.4 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  121   HN.angle.  105   7.6 % N 7.6 % N                       
                                         28.2 % Cl                             
                                                 27.9 % Cl                     
                        OCH.sub.3                                              
                  122   H.sub.2 N--CH.sub.3                                    
                                   136   6.3 % N 6.6 % N                       
                        CH.sub.3                                               
                  123   HN.angle.  128-130                                     
                                         6.1 % N 6.2 % N                       
                        CH.sub.3                                               
                        CH.sub.3                                               
                  124   HN.angle.  69-70 5.9 % N 6.0 % N                       
                                         29.7 % Cl                             
                                                 29.3 % Cl                     
                        OCH.sub.3                                              
                        C.sub.2 H.sub.5                                        
                  125   HN.angle.  51-53 5.7 % N 5.7 % N                       
                        C.sub.2 H.sub.5                                        
                  126   CH.sub.3 --N=C=O                                       
                                   142-144                                     
                                         7.5 % N 7.3 % N                       
                                          9.5 % Cl                             
                                                  8.9 % Cl                     
                        CH.sub.3                                               
                  127   HN.angle.  130-132                                     
                                         7.2 % N 7.3 % N                       
                                          9.2 % Cl                             
                                                  9.4 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  128   HN.angle.  78-80 6.9 % N 6.9 % N                       
                                          8.8 % Cl                             
                                                  8.7 % Cl                     
                        OCH.sub.3                                              
                  129   CH.sub.3 --N=C=O                                       
                                   150-151                                     
                                         8.6 % N 8.5 % N                       
                        CH.sub.3                                               
                  130   HN.angle.  94-97 7.9 % N 7.9 % N                       
                                         10.0 % Cl                             
                                                 10.0 % Cl                     
                        OCH.sub.3                                              
                  131   H.sub.2 N--CH.sub.3                                    
                                   164-166                                     
                                         12.3 % N                              
                                                 12.1 % N                      
                        CH.sub.3                                               
                  132   HN.angle.  104-106                                     
                                         11.5 % N                              
                                                 11.8 % N                      
                                         14.6 % Cl                             
                                                 15.2 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  133   HN.angle.  91-92 10.8 % N                              
                                                 11.1 % N                      
                        OCH.sub.3                                              
                  134   H.sub.2 N--CH.sub.3                                    
                                   121   12.3 % N                              
                                                 12.4 % N                      
                        CH.sub.3                                               
                  135   HN.angle.  195   11.5 % N                              
                                                 11.4 % N                      
                                         14.6 % Cl                             
                                                 14.4 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  136   HN.angle.  122   10.8 % N                              
                                                 11.0 % N                      
                        OCH.sub.3                                              
                  137   H.sub.2 N--CH.sub.3                                    
                                   102-105                                     
                                         10.6 % N                              
                                                 10.3 % N                      
                        CH.sub.3                                               
                  138   HN.angle.  123-125                                     
                                         10.1 % N                              
                                                 10.2 % N                      
                                         25.6 % Cl                             
                                                 25.8 % Cl                     
                        CH.sub.3                                               
                  139   H.sub.2 N--OCH.sub.3                                   
                                   130-131                                     
                                         10.0 % N                              
                                                 10.1 % N                      
                                         25.4 % Cl                             
                                                 25.3 % Cl                     
                        CH.sub.3                                               
                  140   HN.angle.  112-114                                     
                                         9.6 % N 9.6 % N                       
                        OCH.sub.3                                              
                  141   CH.sub.3 --N=C=O                                       
                                   154-155                                     
                                         10.6 % N                              
                                                 10.6 % N                      
                        CH.sub.3                                               
                  142   HN.angle.  178-179                                     
                                         10.1 % N                              
                                                 9.9 % N                       
                                         25.6 % Cl                             
                                                 25.4 % Cl                     
                        CH.sub.3                                               
                  143   H.sub.2 N--OCH.sub.3                                   
                                   106-108                                     
                                         9.6 % N 9.3 % N                       
                        dimethylsulfate                                        
                        CH.sub.3                                               
                  144   HN.angle.  112-114                                     
                                         9.0 % N 9.1 % N                       
                                         11.4 % Cl                             
                                                 11.6 % Cl                     
                        CH.sub.3                                               
                  145   NH.sub.2 OH                                            
                                   108-109                                     
                                         8.6 % N 8.6 % N                       
                        dimethylsulfate                                        
                        CH.sub.3                                               
                  146   Cl--C--N.angle.                                        
                                   177-179                                     
                                         10.9 % N                              
                                                 10.9 % N                      
                        .parallel.       13.8 % Cl                             
                                                 14.2 % Cl                     
                        OCH.sub.3                                              
                        CH.sub.3                                               
                  147   HN.angle.  66-68 10.3 % N                              
                                                 10.3 % N                      
                        OCH.sub.3                                              
                        CH.sub.3                                               
                  148   HN.angle.  116-118                                     
                                         10.9 % N                              
                                                 10.9 % N                      
                                         13.8 % Cl                             
                                                 14.1 % Cl                     
                        CH.sub.3                                               
                  149   NH.sub.2 OH                                            
                                   64-66 10.3 % N                              
                                                 10.1 % N                      
                        dimethylsulfate  13.0 % Cl                             
                                                 13.3 % Cl                     
                  150   CH.sub.3 --N=C=O                                       
                                   120-122                                     
                                         8.6 % N 8.8 % Cl                      
                        CH.sub.3                                               
                  151   HN.angle.  159-162                                     
                                         8.2 % N 8.5 % N                       
                                         20.8 % Cl                             
                                                 20.8 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  152   HN.angle.  58-60 7.9 % N 8.1 % N                       
                                         19.9 % Cl                             
                                                 19.5 % Cl                     
                        OCH.sub.3                                              
                        CH.sub.3                                               
                  153   HN.angle.  174-175                                     
                                         7.6 % N 7.7 % N                       
                                         19.2 % Cl                             
                                                 18.9 % Cl                     
                        CH.sub.3                                               
                        CH.sub.3                                               
                  154   HN.angle.  61-63 7.3 % N 7.5 % N                       
                        OCH.sub.3                                              
     __________________________________________________________________________
PAC  EXAMPLE 155
PAR  A wettable powder which is easy to disperse in water was obtained by mixing
PAR  80 parts by weight of
      N-[3-(1',1',2',3',3',3'-hexafluoropropoxy)-phenyl]-N'-, N'--dimethylurea
      as active ingredient, 17 parts by weight of precipitated silicic acid as
      inert substance and 3 parts by weight of sodium oleylmethyltaurine as
      wetting and dispersing agent, and grinding the mixture in a disk attrition
      mill.
PAC  EXAMPLE 156
PAR  A dusting powder having good herbicidal properties was obtained by mixing
      10 parts by weight of N-[3-methyl-4-(1',1'
      ,2',2'-tetrafluoroethoxy)-phenyl]-N'-methyl-N'-methoxyurea as active
      ingredient and 90 parts by weight of talc as inert substance and
      comminuting the mixture in a cross beater mill.
PAC  EXAMPLE 157
PAR  An emulsion concentrate was obtained from 15 parts by weight of
      N-[3-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenyl]N',N'-dimethylurea, 75
      parts by weight of cyclohexanone as solvent and 10 parts of
      nonyl-phenol.10 (ethylene oxide) as emulsifier.
PAR  The following comparative examples serve to illustrate the invention but
      they are not intended to limit it thereto.
PAC  COMPARATIVE EXAMPLE 1
PAR  In a greenhouse the following weeds
TBL  wild mustard        Sinapis arvensis                                      
     chickweed           Stellaria media                                       
     field camomile      Anthemis arvensis                                     
     barnyard grass      Echinochloa crus-galli                                
     annual meadow grass Poa annua                                             
PAL  and maize and cotton (Gossypium sp.) were sown.
PAR  The surface of the soil was sprayed with the following compounds of the
      invention in the form of wettable powders suspended in water:
PA1  I. n-[3-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenyl]-N-methyl-urea (cf.
      Example 11)
PA1  Ii.
      n-[3-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenyl]-N'methyl-N'-methoxy-ure
     a (cf. Example 14)
PA1  Iii. n-[3-(1',1',2'-trifluoro-2'-chloro-ethoxy)-phenyl]-N',N'dimethyl urea
      (cf. Example 13).
PAR  As comparative substance the known urea herbicide
      N-(3-chloro-4-methoxyphenyl)-N'-methyl-N'-methoxy-urea IV (cf. U.S. Pat.
      No. 3,228,762) was used.
PAR  An evaluation after 6 weeks with concentrations of 0.6 and 1.2 kilograms of
      active ingredient per hectare gave the following result:
TBL         Degree of Damage in percent                                        
     ______________________________________                                    
            I       II        III       IV                                     
              0.6    1.2    0.6  1.2  0.6  1.2  0.6  1.2                       
     weeds                                                                     
     (average                                                                  
     of 5 types)                                                               
              75     90     93   99   98   100  76   86                        
     maize    0      0      0    0    10   20   30   50                        
     cotton   0      0      0    0    0    0    60   100                       
     ______________________________________                                    
PAR  The herbicidal effect of substance I of the invention was approximately
      equal to that of the known comparative compound IV, whereas substances II
      and III were distinctly superior. Moreover, the novel compounds did almost
      no harm to the cultivated plants maize and cotton, which were strongly
      injured and partly destroyed by the comparative compound IV.
PAR  With regard to the herbicidal effect and the damage to the specified
      cultivated plants, the following compounds
PAL  a). had an effect similar to that of compound I above
PAR  N-[3-methyl-4-(1',1',2',2'-tetrafluoro-ethoxy)-phenyl]-N'-methylurea (cf.
      Example 24)
PAR  N-[3-(1',1',2'-trifluoro-2'-bromo-ethoxy)-phenyl]-N',N'-dimethylurea (cf.
      Example 39)
PAR  N-[3-(1',1',2'-trifluoro-2'-bromo-ethoxy)-phenyl]-N'-methylurea (cf.
      Example 38)
PAR  N-[3-(1',1',2'-trifluoro-2'-bromo-ethoxy)-phenyl]-N'-methyl-N'-methoxyurea
      (cf. Example 40)
PAR  N-[4-(1',1',2',2'-tetrafluoro-ethoxy)-phenyl]-N',N'-dimethylurea (cf.
      Example 19)
PA1  N-[3-(1',1',2'-trifluoro-ethoxy)-phenyl]-N'-methylurea (cf. Example 33)
PAL  b. had an effect similar to that of compound II above
PAR  N-[3-(1',1',2',2'-tetrafluoro-ethoxy)-phenyl]-N'-methylurea (cf. Example
      21)
PAR  N-[3-methyl-4-(1',1',2',2'-tetrafluoro-ethoxy)-phenyl]-N'-methyl-N'-methoxy
     urea (cf. Example 26)
PAR  N-[3-(1',1',2',3',3',3'-hexafluoro-propoxy)-phenyl]-N',N'-dimethylurea (cf.
      Example 29)
PAR  N-[3-(1',1',2'-trifluoro-ethoxy)-phenyl]-N'-methyl-N'-methoxyurea (cf.
      Example 35)
PAL  c. had an effect similar to that of compound III above
PAR  N-[3-(1',1',2',2'-tetrafluoro-ethoxy)-phenyl]-N'-methyl-N'-methoxyurea (cf.
      Example 23)
      N-[3-methyl-4-(1',1',2',2'-tetrafluoro-ethoxy)-phenyl]-N'-N'-dimethylurea
      (cf. Example 25)
PAR  N-[3-(1',1',2'-trifluoro-ethoxy)-phenyl]-N',N'-dimethyl-urea (cf. Example
      34)
PAC  COMPARATIVE EXAMPLE 2
PAR  At the same time as the test described above, a comparative test was
      carried out with horse beans, soybeans (Glycine soya), kidney beans
      (Phaseolus vulgaris) and maize and the aforesaid weeds, in which test
      compounds
PA1  V.
      n-[3-(1',1',2',3',3',3'-hexafluoro-propoxy)-phenyl]-N'-methyl-N'-methoxyur
     ea (cf. Example 30) and
PA1  Vi. n-[4-(1',1',2',3',3',3'-hexafluoro-propoxy)-phenyl]-N',N'-dimethylurea
      (cf. Example 28)
PAL  were compared with comparative compound
PA1  Iv. n-(3-chloro-4-methoxyphenyl)-N'-methyl-N'-methoxyurea.
PAR  An evaluation after 6 weeks gave the following result (concentrations 0.6
      and 1.2 kilograms of active ingredient per hectare).
TBL  ______________________________________                                    
            Degree of damage in percent                                        
            V         VI          IV                                           
     ______________________________________                                    
              0.6     1.2     0.6   1.2   0.6   1.2                            
     weeds                                                                     
     (average                                                                  
     of 5 types)                                                               
              90      93      82    88    76    86                             
     maize    0       0       0     0     30    50                             
     soybean  0       0       0     0     40    95                             
     horse bean                                                                
              0       10      0     0     30    65                             
     kidney bean                                                               
              0       10      0     0     20    50                             
     ______________________________________                                    
PAR  With an approximately equal or slightly superior herbicidal effect, the
      novel compounds V and VI did no harm to the 4 types of cultivated plants,
      which were strongly damaged by comparative compound IV.
PAC  COMPARATIVE EXAMPLE 3
PAR  In a further test, compound
PA1  Vii. n-[3-(1',1',2',2'-tetrafluoro-ethoxy)-phenyl]-N',N'-dimethylurea (cf.
      Example 22)
PAL  was sprayed in the form of an aqueous suspension on the surface of a soil
      into which the weeds wild mustard, field camomile, barnyard grass, annual
      meadow grass and foxtail grass (Amaranthus retroflexus) had been sown
      together with cotton.
PAR  As comparative compound the known urea product metobromuron (VIII), i.e.
      N-(4-bromophenyl)-N'-methyl-N'-methoxyurea, was used. The result is
      indicated in the following table. The compounds were used in
      concentrations of 0.3, 0.6 and 1.2 kilograms per hectare.
TBL  ______________________________________                                    
            Degree of damage in percent                                        
            VII           VIII                                                 
     ______________________________________                                    
              0.3     0.6     1.2   0.3   0.6   1.2                            
     weeds                                                                     
     (average                                                                  
     of 5 types                                                                
              96      98      100   75    87    94                             
     cotton   0       0        0    35    40    75                             
     ______________________________________                                    
PAR  Compound VII of the invention had a distinctly better herbicidal effect
      than comparative compound VIII and did no harm at all to the cotton, which
      was considerably damaged by metobromuron.
PAC  COMPARATIVE EXAMPLE 4
PAR  Seeds of cotton (Gossypium sp.) and various weeds were sown in pots. On the
      same day wettable powder formulae suspended in water of the preparations
PA1  I = n-3-(1',1',2'-trifluoroethoxy)-phenyl-N',N'-dimethylurea (cf. Example
      34)
PA1  Ii = n-3-(1',1',2'-trifluoroethoxy)-phenyl-N'-methyl-N'-methoxyurea (cf.
      Example 35)
PA1  Iii = n-3-(1',1',2'-trifluoroethoxy)-phenyl-N'-methylurea (cf. Example 33)
PAL  were sprayed onto the surface of the soil. As comparative substance,
      fluometuron (N-3-trifluoro-methylphenyl-N',N'-dimethylurea) was used.
PAR  An evaluation 5 weeks after the treatment revealed that cotton was not
      damaged in any place with amounts of 0.3 and 0.6 kilogram of active
      ingredient per hectare. With respect to the weeds Sinapis arvensis,
      Amaranthus retroflexus, Kochia scoparia and Chenopodium album, the effect
      of the substances in accordance with the invention was about as good as
      the effect of the comparative substances, i.e. the weeds mentioned above
      were completely killed everywhere with 0.3 and 0.6 kilogram per hectare.
      With respect to some other weeds, however, differences were to be seen,
      which is shown in the following survey.
TBL  ______________________________________                                    
     Effect on the weeds, expressed as "degree of damage in %"                 
     Species of plant                                                          
                   Preparation Effect with                                     
                         0.3   0.6 kg/ha                                       
     ______________________________________                                    
     Ipomoea purpurea                                                          
                   I           100     100                                     
                   II          100     100                                     
                   III         100     100                                     
                   fluometuron 85      85                                      
     Datura stramonium                                                         
                   I           75      100                                     
                   II          70      100                                     
                   III         80      95                                      
                   fluometuron 30      60                                      
     Eleusine indica                                                           
                   I           100     100                                     
                   II          95      100                                     
                   III         95      100                                     
                   fluometuron 60      85                                      
     Setaria viridis                                                           
                   I           100     100                                     
                   II          95      100                                     
                   III         80      100                                     
                   fluometuron 65      85                                      
     ______________________________________                                    
PAR  These values show that the preparations in accordance with the invention
      have a far better effect on the species of weeds mentioned above than the
      comparative substance.
PAC  COMPARATIVE EXAMPLE 5
PAR  In a greenhouse wild mustard and oats were sown in pots. On the day of
      sowing the soil was treated with a 25 % suspension in water of wettable
      powders of
      N-[4-(1',1'-difluoro-2',2'-dichloroethoxy)-phenyl]-N'-methylurea and
      N-[4-(1',1'-difluoro-2',2'-dichloroethoxy)-phenyl]-N',N'-dimethylurea,
      respectively.
PAR  As comparative substance the known urea herbicide
      N-(4-chlorophenyl)-N'-methyl-N'-isobutinylurea was used.
PAR  The test results are indicated in Table I. In the table are given the
      amount of active ingredient in kilograms per hectare and the effect of the
      preparation in "degrees of damage"; "100" means total destruction whereas
      "0" indicates that the plant was not at all damaged. The figures defined
      the damage in percent.
PAR  An evaluation 6 weeks after the treatment exhibited that in concentrations
      that are destructive to wild mustard the novel compounds do oats very
      little harm only. With a 100 % destruction of the wild mustard the oats
      were damaged to a degree of 10 % only. The corresponding value of the
      comparative substance amounted to a 75 % destruction of the oats. With a
      degree of damage of the weed of 70 - 80 %, which is fully satisfactory in
      practice, the oats were still damaged to about 50 % by the comparative
      substance, whereas the novel compounds were fully safe. On the other hand
      the application of double the amount of the herbicidal agent, which is
      possible in practice at any time, for example with overlapping spray zones
      on the field, did not noticeably increase the damage of the oat whereas
      with the comparative substance the damage rose at once to 90 %. Hence, it
      follows that the application of the novel preparations is much safer.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Preparation         Test plant                                            
                                 Damage with kilograms of active ingredient    
                                 per hectare                                   
     containing                  10 kg/ha                                      
                                        5 kg/ha                                
                                               2.5 kg/ha                       
                                                      1.2 kg/ha                
                                                             0.6               
     __________________________________________________________________________
                                                             kg/ha             
     N--[4-(1',1'-difluoro-2',2'-                                              
     dichloro-ethoxy)-phenyl]--N'--                                            
                         wild                                                  
     methylurea          mustard 100 %  100 %  100 %  95 %   75 %              
     N--[4-(1',1'-difluoro-2',2'-                                              
     dichloro-ethoxy)-phenyl]--N',N'--                                         
                         "       100 %  100 %  100 %  90 %   70 %              
     dimethylurea                                                              
     N--(4-chlorophenyl)--N'--methyl--                                         
                         "       100 %  100 %  100 %  100 %  80 %              
     N'--isobutinylurea                                                        
     N--[4-(1',1'-difluoro-2',2'-                                              
     dichloro-ethoxy)-phenyl]--N'--                                            
     methylurea          oat      10 %   0 %    0 %    0 %    0 %              
     N--[4-(1',1'-difluoro-2',2'-                                              
     dichloro-ethoxy)-phenyl]--N',N'--                                         
     dimethylurea        "        20 %   10 %   0 %    0 %    0 %              
     N--(4-chlorophenyl)--N'--methyl--N'--                                     
     isobutinylurea      "       100 %  100 %   90 %  75 %   50                
     __________________________________________________________________________
                                                             %                 
PAC  COMPARATIVE EXAMPLE 6
PAR  Cotton, wild mustard and wild oats were sown in pots in a greenhouse and 3
      weeks after germination the pots were treated with an aqueous suspension
      of N-[4-(1',2'-dichlorovinyloxy)phenyl]-N'-methylurea (preparation I) and
      a corresponding suspension of
      N-[4-(1',2'-dichlorovinyloxy)-phenyl]-N',N'-dimethylurea (preparation II),
      respectively. The respective wettable powders used for the preparation of
      the aqueous suspensions contained 25 % of active ingredient and 75 % of
      konwn additives.
PAR  As comparative substance N-(3-trifluoromethylphenyl)-N',N'-dimethylurea
      (preparation III) known as herbicide for cotton cultivations was used.
PAR  The results of the comparative test are indicated in Table 2. The results
      were evaluated 4 weeks after the treatment.
PAR  Preparations I and II containing the active ingredients according to the
      invention had a better effect on wild mustard than comparative substance
      III. With wild oats the effect of preparation II was almost equal to that
      of comparative preparation III, while the effect of preparation I was
      somewhat weaker. However, preparations I and II did less damage to the
      cotton. In a concentration of 1.2 kilograms/ha, which destroys the wild
      mustard, preparation III caused a brightening of the cotton leaves while
      higher concentrations partially involved slight necrosis. In
      contradistinction thereto, the herbicides according to the invention
      caused scarcely perceptible damages to the leaves (10 % damage) only in 2
      to 4 times higher concentrations.
PAR  The above results reveal that when cotton is treated after germination
      this, crop plant is less damaged by the herbicides according to the
      invention with an about equal effect on the weeds.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Preparation                                                               
            Test plant                                                         
                   Damage with kilograms of active ingredient per hectare      
                   5 kg/ha                                                     
                          2.5 kg/ha                                            
                                 1.2 kg/ha                                     
                                        0.6 kg/ha                              
     __________________________________________________________________________
     I      Wild mustard                                                       
                   100 %  100 %  100 %  90 %                                   
     II            100 %  100 %  100 %  100 %                                  
     III           100 %  100 %  100 %  60 %                                   
     I      Wild oat                                                           
                   75 %   45 %   30 %   30 %                                   
     II            95 %   75 %   75 %   50 %                                   
     III           95 %   80 %   75 %   50 %                                   
     I      Cotton 10 %   10 %    0 %    0 %                                   
     II            10 %    0 %    0 %    0 %                                   
     III           50 %   40 %   30 %   10 %                                   
     __________________________________________________________________________
     Preparation I                                                             
             = N--[4-(1',2'-dichlorovinyloxy)-phenyl]--N'--methylurea          
     Preparation II                                                            
             = N--[4-(1',2'-dichlorovinyloxy)-phenyl]--N',N'--dimethylurea     
     Preparation III                                                           
             = N--(3-trifluoromethyl-phenyl)--N',N'--dimethylurea              
PAC  COMPARATIVE EXAMPLE 7
PAR  In a greenhouse wild mustard, carrots, peas and kidney beans were sown in
      pots. On the day of sowing the soil was treated with an aqueous suspension
      of a wettable powder containing as active ingredient
      N-[4-(3',3'-dichloroallyloxy)-phenyl]-N'-methoxyurea (preparation IV) and
      N-[4-(3',3'-dichloroallyloxy)-phenyl]-N',N'-dimethylurea (preparation V),
      respectively. As comparative substance a chemically similar urea
      derivative was used (cf. U.S. Pat. No. 2,655,447), i.e.
      N-(4-allyloxyphenyl)-N',N'-dimethylurea (preparation VI). All preparations
      contained 25 % of active ingredient and 75 % of usual additives in the
      form of a wettable powder.
PAR  The results were evaluated 5 weeks after the treatment. Particulars are
      indicated in Table 3.
PAR  Although all preparations used had about the same herbicidal effect on wild
      mustard, preparations IV and V according to the invention did much less
      damage to the three crop plants than comparative preparation VI. The
      difference was particularly evident with the effect of preparation IV on
      carrots. In a concentration of 1.2 kilograms/ha, which killed the wild
      mustard, the carrots did not suffer any damage, while they were
      substantially destroyed with the same concentration of comparative
      preparation VI.
PAR  Preparation VI substantially saved the kidney beans in the indicated
      concentration and even with 4 times the concentration the degree of damage
      was only 30 %. As compared herewith preparation VI when applied in a
      concentration of 1.2 kilograms/ha caused a slight to distinct damage of 20
      to 40 %, whereas too high a concentration, which can never be avoided in
      practice, injured the plants to an extent of up to 90 % with 5 kilograms
      per hectare.
PAR  It should be stressed that preparation V was particularly safe for peas,
      whereas the action of preparation IV was a little less favorable. The
      comparative substance distinctly damaged the peas so that the practical
      use thereof is unsuitable. In this case, too, it can be seen that the
      novel herbicides are even tolerated in two to four times the usual
      concentration.
PAR  The above results reveal that with approximately the same herbicidal effect
      as the comparative substance, the herbicides according to the invention
      substantially save peas, carrots and kidney beans so that they are
      excellently suitable for the control of weeds in such crop plants.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Test plant                                                                
            Preparation                                                        
                   Damage with kg/ha of active ingredient                      
                   5 kg/ha                                                     
                          2.5 kg/ha                                            
                                 1.2 kg/ha                                     
                                        0.6 kg/ha                              
                                               0.3 kg/ha                       
                                                      0.15 kg/ha               
     __________________________________________________________________________
     Wild mustard                                                              
            IV     100 %  100 %  100 %  95 %   75 %   30 %                     
            V      100 %  100 %  100 %  85 %   45 %   20 %                     
            VI     100 %  100 %  100 %  90 %   70 %   50 %                     
     Carrot IV     40 %   20 %    0 %    0 %    0 %    0 %                     
            V      65 %   50 %   50 %   20 %   10 %   10 %                     
            VI     100 %  100 %  100 %  80 %   70 %   50 %                     
     Pea    IV     30 %   30 %   20 %   10 %    0 %    0 %                     
            V      20 %   20 %    0 %    0 %    0 %    0 %                     
            VI     90 %   80 %   50 %   30 %   20 %   20 %                     
     Kidney bean                                                               
            IV     30 %   20 %    0 %    0 %    0 %    0 %                     
            V      50 %   30 %   20 %   20 %    0 %    0 %                     
            VI     90 %   75 %   40 %   20 %   20 %   10 %                     
     __________________________________________________________________________
     Preparation IV                                                            
             = N--[4-(3',3'-dichloroallyloxy)-phenyl]--N' --methyl--N'         
             --methoxyurea                                                     
     Preparation V                                                             
             = N--[4-(3',3'-dichloroallyloxy)-phenyl] --N',N' --dimethylurea   
     Preparation IV                                                            
             = N--(4-allyloxyphenyl)--N',N' --dimethylurea                     
PAC  COMPARATIVE EXAMPLE 8
PAR  The dicotyledonous weeds
TBL       wild mustard       Sinapis arvensis                                  
          chickweed          Stellaria media                                   
          field camomile     Anthemis arvensis                                 
     and  the monocotyledonous                                                 
                             Alopecurus myosuroides                            
          weed annual blackgrass                                               
PAR  and the crop plants
TBL       pea                Pisum sativum                                     
          horse bean         Vicia faba                                        
          spring wheat       Triticum aestivum                                 
          spring rye         Secale cereale                                    
          spring barley      Hordeum distichum                                 
     and  cotton             Gossypium sp.                                     
PAL  were sown in big plastics boxes filled with containing lummus sandy loam
      and the boxes were covered. On the day of sowing the surface of the soil
      was treated with an aqueous suspension of a wettable powder containing as
      active ingredient
PA1  N-[3-(1',1'-difluoro-2',2'-dichloroethoxy)-phenyl]-N',N'-dimethylurea
      (preparation VII) or
PA1  N-[3-(1',1'-difluoro-2',2'-dichloroethoxy)-phenyl-N'-methoxy-N'-methylurea
      (preparation VIII), respectively.
PAL  As comparative substances various urea compounds and a triazine derivative
      were used, chosen according to the crop plants, namely:
PA1  N-3,4-dichlorophenyl-N'-methyl-N'-methoxyurea (linuron) (preparation IX)
      and
PA1  2-chloro-4,6-bis-ethylamino-s-triazine (simazin) (preparation X)
PAL  for pea, horse bean and the cereals,
PA1  N-4-chlorophenyl-N'-methyl-N'-isobutinylurea (buturon)
PAR  (preparation XI)
PAL  for the cereals,
PA1  N-3-trifluoromethylphenyl-N',N'-dimethylurea (fluometuron) (preparation
      XII)
PAL  and
PA1  N-3,4-dichlorophenyl-N',N'-dimethylurea (diuron) (preparation XIII)
PAL  for cotton.
PAR  The boxes were placed in a hotbed and the results were evaluated 5 weeks
      after the treatment.
PAR  Table 4 shows that preparations VII and VIII according to the invention
      have, on the average, approximately the same effect on weeds as the
      indicated comparative substances, particularly on the dicotyledonous
      weeds. But also the annual blackgrass still suffers a distinct damage. The
      destructive concentration for most of the weeds is about 0.6 kilogram of
      active ingredient per hectare for all preparations, i.e. the novel
      herbicides as well as the comparative substances.
TBL                                    Table 4                                 
     __________________________________________________________________________
                     Damage with kg/ha of active ingredient                    
     Amount applied                                                            
              Test plant               Test plant                              
     Preparation     0.15 kg/ha                                                
                           0.6 kg/ha                                           
                                 2.5 kg/ha        0.15 kg/ha                   
                                                        0.6 kg/ha              
                                                              2.5              
     __________________________________________________________________________
                                                              kg/ha            
     VII      Wild   70 %  100 % 100 % Chickweed  90 %  100 % 100 %            
     VIII     mustard                                                          
                     60 %  100 % 100 %            70 %  100 % 100 %            
     IX              90 %  100 % 100 %            100 % 100 % 100 %            
     X               80 %  100 % 100 %            90 %  100 % 100 %            
     XI              50 %   70 % 100 %            70 %  100 % 100 %            
     XII             60 %  100 % 100 %            90 %  100 % 100 %            
     XIII            50 %   80 % 100 %            80 %  100 % 100 %            
     VII      Field  60 %  100 % 100 % Annual blackgrass                       
                                                  30 %   60 %  90 %            
     VIII     camomile                                                         
                     50 %   90 % 100 %            10 %   40 %  80 %            
     IX              80 %  100 % 100 %            30 %   60 %  80 %            
     X               60 %  100 % 100 %            50 %   80 % 100 %            
     XI              70 %  100 % 100 %            60 %   80 % 100 %            
     XII             80 %  100 % 100 %            10 %   40 %  60 %            
     XIII            80 %  100 % 100 %            30 %   60 %  80              
     __________________________________________________________________________
                                                              %                
PAR  Table 5 shows, however, that the novel herbicides are distinctly safer for
      some crop plants than the comparative substances. Pea, horse bean as well
      as cotton were not damaged or damaged to a very small extent only by 0.6
      kilogram per hectare of the preparations according to the invention,
      whereas the same amount of the corresponding comparative substances
      injured the specified plants to a lesser or greater extent. The
      selectivity was especially pronounced when surplus amounts were applied as
      is relatively often the case in practice. With 4 times the normal
      concentration, that is to say 2.5 kilograms per hectare, the horse bean
      exhibited some damage whereas cotton and pea remained practically
      undamaged. The comparative substances caused much more serious damage,
      above all preparations IX and X on the pea. Even 16 times the
      concentration (10 kg/ha) of the novel compounds hardly damaged cotton and
      pea, whereas the same concentrations of the comparative substances
      strongly injured the cotton and completely destroyed the pea.
PAR  Moreover, under practical conditions preparation VII had a much better
      selectivity in cultivations of various cereals (wheat, rye, barley) than
      the comparative substances.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Amount applied                                                            
              Test plant: pea  Test plant: horse bean                          
                                                 Test plant: cotton            
     preparation                                                               
              0.15                                                             
                  0.6 2.5 10.0 0.15 0.6 2.5 10.0 0.15 0.6 2.5  10.0            
              kg/ha                                                            
                  kg/ha                                                        
                      kg/ha                                                    
                          kg/ha                                                
                               kg/ha                                           
                                    kg/ha                                      
                                        kg/ha                                  
                                            kg/ha                              
                                                 kg/ha                         
                                                      kg/ha                    
                                                          kg/ha                
                                                               kg/ha           
     __________________________________________________________________________
     VII      0 % 0 % 10 %                                                     
                          30 % 0 %  20 %                                       
                                        50 %                                   
                                            90 % 0 %  0 % 0 %  10 %            
     VIII     0 % 0 % 10 %                                                     
                          30 % 0 %  0 % 20 %                                   
                                            50 % 0 %  0 % 10 % 20 %            
     IX       0 % 20 %                                                         
                      60 %                                                     
                          100 %                                                
                               0 %  40 %                                       
                                        70 %                                   
                                            100 %                              
     X        0 % 30 %                                                         
                      60 %                                                     
                          100 %                                                
                               0 %  20 %                                       
                                        60 %                                   
                                            100 %                              
     XII                                         0 %  10 %                     
                                                          30 % 50 %            
     XIII                                        0 %  10 %                     
                                                          30 % 60              
     __________________________________________________________________________
                                                               %               
              Test plant: wheat                                                
                               Test plant: rye   Test plant: barley            
              0.15                                                             
                  0.6 2.5 10.0 0.15 0.6 2.5 10.0 0.15 0.6 2.5  10.0            
              kg/ha                                                            
                  kg/ha                                                        
                      kg/ha                                                    
                          kg/ha                                                
                               kg/ha                                           
                                    kg/ha                                      
                                        kg/ha                                  
                                            kg/ha                              
                                                 kg/ha                         
                                                      kg/ha                    
                                                          kg/ha                
                                                               kg/ha           
     __________________________________________________________________________
     VIII     0 % 0 % 20 %                                                     
                          40 % 0 %  0 % 30 %                                   
                                            60 % 0 %  0 % 20 % 30 %            
     IX       0 % 30 %                                                         
                      70 %                                                     
                          100 %                                                
                               10 % 50 %                                       
                                        90 %                                   
                                            100 %                              
                                                 0 %  10 %                     
                                                          30 % 70 %            
     X        20 %                                                             
                  70 %                                                         
                      90 %                                                     
                          100 %                                                
                               0 %  50 %                                       
                                        80 %                                   
                                            100 %                              
                                                 30 % 70 %                     
                                                          100                  
                                                               100 %           
     XI       10 %                                                             
                  50 %                                                         
                      70 %                                                     
                          100 %                                                
                               0 %  40 %                                       
                                        90 %                                   
                                            100 %                              
                                                 0 %  30 %                     
                                                          70 % 100             
     __________________________________________________________________________
                                                               %               
PAC  COMPARATIVE EXAMPLE 9
PAR  In the same manner as in Comparative Example 8 the substances
PA1  N-[3-(1',1'-difluoro-2',2'-dichloroethoxy)-phenyl]-N'-methoxyurea
      (preparation XIV) and
PA1  N-[3-(1',1'-difluoro-2',2'-dichloroethoxy)-phenyl-N'-methylurea
      (preparation XV)
PAL  were tested as to their effect on wild mustard, chickweed, pea, spring
      wheat and spring barley and additionally on
TBL  oats                Avena sativa                                          
     sorghum millet      Sorghum millet                                        
     maize               Zea mays                                              
     kidney bean         Phaseolus vulgaris                                    
PAR  Table 6 shows that the novel herbicides XIV and XV exhibted a good effect
      on dioctyledonous weeds such as wild mustard and chickweed, and did not
      injur a series of crop plants. Even when applied in double the
      concentration they caused at most a minor damage, if any.
TBL                                    Table 6                                 
     __________________________________________________________________________
     Damage with kilograms active ingredient per hectare                       
     Amount applied                                                            
              Test plant: wild mustard                                         
                                Test plant: chickweed                          
                                                  Test plant: pea              
     preparation                                                               
              1.2 kg/ha                                                        
                     2.5 kg/ha                                                 
                           5 kg/ha                                             
                                1.2 kg/ha                                      
                                       2.5 kg/ha                               
                                             5 kg/ha                           
                                                  1.2 kg/ha                    
                                                         2.5                   
                                                               5               
     __________________________________________________________________________
                                                               kg/ha           
     XIV      70 %   100 % 100 %                                               
                                70 %   100 % 100 %                             
                                                  0 %    0 %   20 %            
     XV       90 %   100 % 100 %                                               
                                100 %  100 % 100 %                             
                                                  0 %    0%    20              
     __________________________________________________________________________
                                                               %               
              Test plant: oat   Test plant: barley                             
                                                  Test plant: wheat            
              1.2 kg/ha                                                        
                     2.5 kg/ha                                                 
                           5 kg/ha                                             
                                1.2 kg/ha                                      
                                       2.5 kg/ha                               
                                             5 kg/ha                           
                                                  1.2 kg/ha                    
                                                         2.5                   
                                                               5               
     __________________________________________________________________________
                                                               kg/ha           
     XIV      0 %    0 %   20 % 0 %    0 %   10 % 0 %    0 %   10 %            
     XV       0 %    0 %   30 % 0 %    0 %   0 %  0 %    0 %   0               
     __________________________________________________________________________
                                                               %               
              Test plant: sorghum millet                                       
                                Test plant: maize Test plant: bean             
              1.2 kg/ha                                                        
                     2.5 kg/ha                                                 
                           5 kg/ha                                             
                                1.2 kg/ha                                      
                                       2.5 kg/ha                               
                                             5 kg/ha                           
                                                  1.2 kg/ha                    
                                                         2.5                   
                                                               5               
     __________________________________________________________________________
                                                               kg/ha           
     XIV      0 %    0 %   0 %  0 %    0 %   10 % 0 %    20 %  40 %            
     XV       0 %    0 %   0 %  0 %    0 %   0 %  0 %    0 %   20              
     __________________________________________________________________________
                                                               %               
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PAR  In a field test on loamy soil peas and horse beans were treated on the day
      of sowing with an aqueous suspension of
PA1  N-[4-(2'-chloroethoxy)-phenyl]-N',N'-dimethylurea (XVI)
PA1  N-[4-(2'-chloroethoxy)-phenyl]-N'-methyl-N'-methoxyurea (XVII)
PA1  N-[4-(2'-chloroethoxy)-phenyl]-N'-methylurea (XVIII),
PAL  respectively. Each plot had a size of 20 square meters. Each suspension was
      applied to 4 plots. The comparative substance was a urea preparation
      comprising of N-[4-(p-chlorophenoxy)-phenyl]-N',N'-dimethylurea
      (chloroxuron, XIX) often, used for various vegetable cultivations.
PAR  The data of the evaluation 8 weeks later by visual inspection are
      calculated to give the degree of damage in percent.
PAR  As weeds the following dicotyledonous types were present:
TBL  chickweed           Stellaria media                                       
     shepherd's purse    Capsella bursa-pastoris                               
     dead nettle         Lamium amplexicaule                                   
     groundsel           Senecio vulgaris                                      
     wild mustard        sinapis arvensis  and                                 
     knotweed            Polygonum aviculare                                   
PAR  The results of the evaluation of these types are indicated. As
      monocotyledonous weed annual blackgrass (Alopercurus myosuroides) was
      present.
PAR  Table 7 shows that the action on dioctyledonous weeds of two of the
      substances according to the invention, namely XVI and XVII, was slightly
      superior to that of comparison substance XIX, while the action of the
      third compound XVIII was approximately equal to that of the latter. The
      novel herbicides had, however, a distinctly better effect on the often
      difficult to handle annual blackgrass. Moreover, the results indicate that
      all three novel preparations were less harmful to the pea, whereas at
      least two of the three compounds, namely XVI and XVIII, were distinctly
      safer for the horse bean than the comparative substance.
PAR  The advantage of the compounds according to the invention is therefore
      based on the fact that they are safer for peas and horse beans than known
      herbicides and, moreover, that they control more effectively weedy grasses
      such as annual blackgrass.
TBL                                    Table 7                                 
     __________________________________________________________________________
                        Degree of damage with kilogram of active ingredient    
                        per hectare                                            
     Amount applied                                                            
              Test plant                                                       
                        1.25 kg/ha                                             
                              2.5 kg/ha                                        
                                    5.0 kg/ha                                  
                                          Test plant                           
                                                  1.25 kg/ha                   
                                                        2.5 kg/ha              
                                                              5.0 kg/ha        
     preparation                                                               
     __________________________________________________________________________
     XVI      Dicotylous                                                       
                        90 %  98 %  100 % Pea     0 %   10 %  20 %             
     XVII     weed      90 %  98 %  100 %         0 %    0 %  10 %             
     XVIII              60 %  73 %  95 %          0 %    0 %  10 %             
     XIX                65 %  85 %  98 %          20 %  30 %  40 %             
     XVI      Annual blackgrass                                                
                        60 %  80 %  90 %  Horse   0 %   10 %  10 %             
     XVII               60 %  70 %  80 %  bean    0 %   10 %  30 %             
     XVIII              40 %  50 %  60 %          0 %    0 %   0 %             
     XIX                 0 %  20 %  30 %          0 %   20 %  30               
     __________________________________________________________________________
                                                              %                
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PAR  In a hotbed the following compounds
PA1  N-[3-chloro-4-(1',1'-difluoro-2',2'-dichloroethoxy)-phenyl]-N'-methylurea
      (preparation I)
PA1  N-[3-chloro-4-(1',1'-difluoro-2',2'-dichloroethoxy)-phenyl]-N',N'-dimethylu
     rea (preparation II) and
PA1  N-[3-chloro-4-(1',1'-difluoro-2',2'-dichoroethoxy)-phenyl]-N'-methyl-N'-met
     hoxyurea (III)
PAL  were tested as to their herbicidal effect and safety in a series of crop
      plants. The seeds of the following weeds
TBL  wild mustard        Sinapis arvensis                                      
     chickweed           Stellaria media                                       
     field camomile      Anthemis arvensis                                     
     groundsel           Senecio vulgaris                                      
PAL  and the following crop plants
TBL  pea                 Pisum sativum                                         
     horse bean          Vicia faba                                            
     kidney bean         Phaseolus vulgaris                                    
     carrot              Daucus carota                                         
     spring rye          Secale cereale                                        
     spring barley       Hordeum distichum                                     
     spring wheat        Triticum aestivum                                     
     oats                Avena sativa                                          
     maize               Zea mays                                              
     rice                Oryza sativa  and                                     
     cotton              Gossypium sp.                                         
PAL  were sown in boxes filled with sandy loom containing humus. The surface of
      the soil was sprayed on the same day with aqueous suspensions of the
      specified preparations. After 5 weeks the plants were classified by visual
      inspection and the values obtained were calculated to give the degree of
      damage in percent. As comparative substances the following compounds were
      used:
PA1  for cotton: N-3,4-dichlorophenyl-N',N'-dimethylurea (diuron, IV)
PA1  for the vegetables: N-4-(p-chlorophenoxy)-phenyl-N',N'-dimethylurea
      (chloroxuron, V)
PA1  for the cereals: N-4-chlorophenyl-N'-methyl-N'-methoxyurea (monolinuron,
      VI)
PAR  Table 8 shows that the compounds according to the invention I, II and III
      have approximately the same effect on the germinating dicotyledonous weeds
      as the known comparative substances. The concentration sufficient for a
      normal control of the weeds is, in general, in the range of from 0.6 to
      1.2 kilograms of active ingredient per hectare.
PAR  Table 9 indicates, however, that the novel herbicides are safer for the
      crop plants. Compounds I and II are safer for cotton, pea, horse bean and
      kidney bean, compound II is safer for the carrot and all three novel
      compounds are safer for the cereals than the comparative substances. Even
      when applied in a surplus concentration, the novel compounds only invove
      little damage.
PAR  Hence, it follows that the compounds according to the invention are
      distinctly safer, above all for cotton and kidney beans, furthermore for
      rye, oats, maize and a series of other crop plants, than are the
      corresponding comparative substances.
TBL                                    Table 8                                 
     __________________________________________________________________________
                     Degree of damage with kilograms of active ingredient per  
                     hectare                                                   
     Amount applied                                                            
             Test plant                                                        
                     0.6 kg/ha                                                 
                            1.2 kg/ha                                          
                                   5.0 kg/ha                                   
                                          Test plant                           
                                                0.6 kg/ha                      
                                                       1.2 kg/ha               
                                                              5.0 kg/ha        
     preparation                                                               
     __________________________________________________________________________
     I       Wild mustard                                                      
                     50 %   60 %    95 %  Chick weed                           
                                                70 %    85 %  100 %            
     II              80 %   95 %   100 %        100 %  100 %  100 %            
     III             80 %   90 %    90 %        90 %    90 %  100 %            
     IV              80 %   100 %  100 %        100 %  100 %  100 %            
     V               60 %   80 %    90 %        70 %    80 %  100 %            
     VI              75 %   90 %   100 %        90 %   100 %  100 %            
     I       Field camomile                                                    
                     70 %   85 %   95 %   Groundsel                            
                                                80 %    90 %  100 %            
     II              80 %   95 %   100 %        90 %   100 %  100 %            
     III             60 %   70 %   100 %        80 %    90 %   95 %            
     IV              90 %   100 %  100 %        100 %  100 %  100 %            
     V               75 %   85 %   100 %        70 %    80 %   95 %            
     VI              80 %   95 %   100 %        90 %   100 %  100              
     __________________________________________________________________________
                                                              %                
TBL                                    Table 9                                 
     __________________________________________________________________________
     Action on cultivated plants                                               
     Amount applied                                                            
             Test plant                                                        
                   0.6 kg/ha                                                   
                         1.2 kg/ha                                             
                               5.0 kg/ha                                       
                                     Preparation                               
                                            Test plant                         
                                                  0.6 kg/ha                    
                                                        1.2 kg/ha              
                                                              5.0 kg/ha        
     preparation                                                               
     __________________________________________________________________________
     I       Cotton                                                            
                   0 %   0 %   0 %   I      Carrots                            
                                                  0 %   10 %  40 %             
     II            0 %   0 %   0 %   II           0 %    0 %  10 %             
     IV            10 %  30 %  40 %  V            0 %   20 %  40 %             
     Preparation                                                               
              Test plant: pea   Test plant: horse bean                         
                                                  Test plant: kidney bean      
              0.6 kg/ha                                                        
                    1.2 kg/ha                                                  
                          5.0 kg/ha                                            
                                0.6 kg/ha                                      
                                      1.2 kg/ha                                
                                            5.0 kg/ha                          
                                                  0.6 kg/ha                    
                                                        1.2 kg/ha              
                                                              5.0              
     __________________________________________________________________________
                                                              kg/ha            
     I        0 %   0 %   10 %  0 %   0 %   10 %  0 %   0 %   0 %              
     II       0 %   0 %   20 %  0 %   0 %   30 %  0 %   0 %   0 %              
     V        10 %  30 %  40 %  20 %  20 %  40 %  0 %   20 %  55 %             
     Preparation                                                               
              Test plant: rye   Test plant: barley                             
                                                  Test plant: wheat            
              0.6 kg/ha                                                        
                    1.2 kg/ha                                                  
                          5.0 kg/ha                                            
                                0.6 kg/ha                                      
                                      1.2 kg/ha                                
                                            5.0 kg/ha                          
                                                  0.6 kg/ha                    
                                                        1.2 kg/ha              
                                                              5.0              
     __________________________________________________________________________
                                                              kg/ha            
     I        0 %   0 %    0 %  0 %    0 %  20 %  0 %   0 %    0 %             
     II       0 %   0 %   30 %  0 %   20 %  25 %  0 %   0 %   10 %             
     III      0 %   0 %   30 %  0 %   30 %  40 %  0 %   0 %   20 %             
     VI       30 %  80 %  100 % 30 %  60 %  90 %  40 %  70 %  100 %            
     Preparation                                                               
              Test plant: oat   Test plant: maize Test plant: rice             
              0.6 kg/ha                                                        
                    1.2 kg/ha                                                  
                          5.0 kg/ha                                            
                                0.6 kg/ha                                      
                                      1.2 kg/ha                                
                                            5.0 kg/ha                          
                                                  0.6 kg/ha                    
                                                        1.2 kg/ha              
                                                              5.0              
     __________________________________________________________________________
                                                              kg/ha            
     I        0 %   0 %   10 %  0 %   0 %    0 %  0 %    0 %  10 %             
     II       0 %   0 %   10 %  0 %   0 %   10 %  0 %   10 %  20 %             
     III      0 %   0 %    0 %  0 %   0 %    0 %  0 %   20 %  30 %             
     VI       30 %  60 %  100 % 20 %  30 %  50 %  30 %  50 %  90               
     __________________________________________________________________________
                                                              %                
PAC  COMPARATIVE EXAMPLE 12
PA1  N-[3-methyl-4-(1',1'-difluoro-2',2'-dichloroethoxy)-phenyl]-N'-methyl-N'-me
     thoxyurea (VII),
PA1  N-[3-methyl-4-(1',1'-difluoro-2',2'-dichloroethoxy)-phenyl]-N',N'-dimethylu
     rea (VIII),
PA1  N-4-chlorophenyl-N'-methyl-N'-methoxyurea (monolinuron, IX)
PA1  N-4-chlorophenyl-N'-methyl-N'-isobutinylurea (buturon, X)
PA1  mixed product of 5 % of 2-chloro-3,6-bisethylamino-s-triazin (simazin) and
      22.5 % of
      2-methylmercapto-4isopropylamino-6-(3'-methoxy)-propylamino-s-triazine
      (XI)
PAL  were tested as follows:
PAR  The weeds
TBL  wild mustard        Sinapis arvensis                                      
     chickweed           Stellaria media                                       
     field camomile      Anthemis arvensis                                     
     fat hen             Chenopodium album                                     
PAL  and the crop plants
TBL  spring wheat        Triticum aestivum                                     
     spring barley       Hordeum distichum                                     
     oats                Avena sativa                                          
     rice                Oryza sativa                                          
     sugar beet          Beta vulgaris  and                                    
     horse bean          Vicia faba                                            
PAL  were sown in boxes filled with sandy loam containing humus. On the same day
      the surface of the soil was sprayed with an aqueous suspension of
      preparations VII and VIII. As comparative substances two urea compounds
      often used for cereals (XI and X) and a mixed triazine product also
      suitable for cereals were used. Comparative product IX is also suitable
      for horse beans.
PAR  Afer the treatment the boxes were placed in a hotbed and kept therein for 6
      weeks until the test was evaluated. Table 10 shows that the novel
      compounds VII and VIII had about the same action on weeds as the
      comparative substances. With an amount applied of 1.2 kilograms per
      hectare of active ingredient, the latter killed all weeds whereas the same
      amount of the novel compounds strongly damaged the weeds and a higher
      amount fully destroyed the weeds.
TBL                Table 10                                                    
     ______________________________________                                    
             Degree of damage on weeds with                                    
     Preparation                                                               
               0.6 kg/ha   1.2 kg/ha   2.5 kg/ha                               
     ______________________________________                                    
     VII       54 %        73 %        100 %                                   
     VIII      76 %        89 %        100 %                                   
     IX        92 %        99 %        100 %                                   
     X         92 %        100 %       100 %                                   
     XI        90 %        100 %       100 %                                   
     ______________________________________                                    
PAR  The indicated values are average values for all four types of weeds:
PAR  The following Table 11 reveals, however, that with an amount of 1.2 kg/ha
      the comparative substances strongly or very strongly injured the cereals
      mentioned, whereas the novel compounds saved completely or almost
      completely or almost completely wheat, barely, oat and rice in an amount
      of 1.2 and 2.5 kg/ha. Furthermore, the horse bean was not or only slightly
      damaged by the novel compounds, whereas comparative substance IX strongly
      damaged this type of plant. Novel substance VII saved the sugar beet when
      applied in the indicated amount, whereas all comparative substances
      destroyed the beet almost completely.
PAR  The novel compounds have the advantage that in an amount sufficient to
      destroy or strongly injure a series of important field weeds they save
      numerous crop plants such as wheat, barely, oats, rice and horse bean,
      partially also sugar beet, whereas comparative substances often used for
      the indicated cultivations exhibit a much stronger damaging action.
TBL                                    Table 11                                
     __________________________________________________________________________
              Action on crop plants                                            
              Test plant: wheat Test plant: barley                             
                                                  Test plant: oat              
     Preparation                                                               
              0.6 kg/ha                                                        
                    1.2 kg/ha                                                  
                          2.5 kg/ha                                            
                                0.6 kg/ha                                      
                                      1.2 kg/ha                                
                                            2.5 kg/ha                          
                                                  0.6 kg/ha                    
                                                        1.2 kg/ha              
                                                              2.5              
     __________________________________________________________________________
                                                              kg/ha            
     VII       0 %   0 %   0 %   0 %   0 %   0 %   0 %   0 %   0 %             
     VIII     10 %  10 %  20 %   0 %   0 %   30 %  0 %   0 %   10 %            
     IX       20 %  50 %  95 %  20 %   40 %  50 % 40 %  80 %  100 %            
     X        65 %  80 %  90 %  55 %   95 % 100 % 60 %  90 %  100 %            
     XI       85 %  90 %  100 % 70 %   90 % 100 % 80 %  85 %  100              
     __________________________________________________________________________
                                                              %                
              Test plant: rice  Test plant: sugar beet                         
                                                  Test plant: horse bean       
     Preparation                                                               
              0.6 kg/ha                                                        
                    1.2 kg/ha                                                  
                          2.5 kg/ha                                            
                                0.6 kg/ha                                      
                                      1.2 kg/ha                                
                                            2.5 kg/ha                          
                                                  0.6 kg/ha                    
                                                        1.2 kg/ha              
                                                              2.5              
     __________________________________________________________________________
                                                              kg/ha            
     VII       0 %   0 %   0 %   0 %   0 %   20 %  0 %   0 %   0 %             
     VIII      0 %   0 %   0 %  100 % 100 % 100 %  0 %  10 %   20 %            
     IX       80 %  95 %  100 % 95 %  100 % 100 % 50 %  60 %   80 %            
     X        40 %  55 %  70 %  100 % 100 % 100 %                              
     XI       70 %  80 %  90 %  100 % 100 % 100 %                              
     __________________________________________________________________________
PAC  COMPARATIVE EXAMPLE 13
PAR  In a greenhouse the following weeds
TBL  wild mustard        Sinapis arvensis                                      
     chickweed           Stellaria media                                       
     field camomile      Anthemis arvensis                                     
     barnyard grass      Echinochloa crus-galli                                
     annual meadow grass Poa annua                                             
PAL  and the crop plants
TBL  maize               Zea mays                                              
     wheat               Triticum sativum                                      
     horse bean          Vicia faba                                            
     pea                 Pisum sativum                                         
     carrot              Daucus carota                                         
PAL  were sown in boxes filled with sandy loam containing humus. On the same day
      the surface of the soil was sprayed with wettable powders suspended in
      water of the following compounds of the invention
PA1  I. n-[3-chloro-4-(2'-chloroethoxy)-phenyl]-N',N'-dimethyl-urea (cf. Example
      138) and
PA1  Ii. n-[3-trifluoromethyl-4-(2'-chloroethoxy)-phenyl]-N',N'-dimethyl-urea
      (cf. Example 144)
PAR  As comparative substance the known urea derivative fluometuron =
      N-3-trifluoromethylphenyl-N',N'-dimethyl-urea was used.
PAR  An evaluation after 6 weeks with concentrations of 0.3 and 0.6 kilogram of
      active ingredient per hectare gave the following results:
TBL  ______________________________________                                    
     Degree of damage in percent                                               
     (100 = complete destruction -  0 = no damage)                             
                                  comparative                                  
            I         II          substance                                    
            0.3   0.6     0.3     0.6   0.3   0.6                              
     ______________________________________                                    
     weeds                                                                     
     (average of                                                               
     5 types) 90      100     92    99    92    99                             
     maize    0       0       0     0     20    60                             
     wheat    0       0       0     0     40    70                             
     horse bean                                                                
              0       0       0     0     60    90                             
     pea      0       0       0     0     25    70                             
     carrot   0       10      0     0     30    50                             
     ______________________________________                                    
PAR  The novel compounds and the comparative substance showed an excellent
      herbicidal effect. The novel compounds did no harm to the crop plants
      maize, wheat, horse bean, pea and carrot, which plants were strongly or
      very strongly injured by the comparative substance.
PAC  COMPARATIVE EXAMPLE 14
PAR  In a further test and in the same manner as described in comparative
      Example 1, the five types of weeds and as crop plants maize and cotton
      (Gossypium sp.) were sown. The surface of the soil was sprayed with a
      wettable powder suspended in water and containing as active ingredient
PA1  Iii. n-[3-chloro-4-(2'-chloroethoxy)-phenyl]-N'-methyl-N'-methoxy-urea (cf.
      Example 140).
PAR  As comparative substance the chemically closely related urea herbicide
PAR  N-(3-chloro-4-methoxyphenyl)-N'-methyl-N'-methoxy-urea was used.
PAR  An evaluation after 6 weeks with concentration of 0.6 and 1.2 kilograms of
      active ingredient per hectate gave the following result:
TBL  Degree of damage in percent                                               
              III         comparative substance                                
              0.6    1.2      0.6       1.2                                    
     ______________________________________                                    
     weeds (average of                                                         
     5 types)   80       96       76      86                                   
     maize      0        0        30      50                                   
     cotton     0        10       60      100                                  
     ______________________________________                                    
PAR  The herbicidal effect of compound III was approximately equal to that of
      the comparative substance but the novel compound did no harm to the crop
      plants maize and cotton which were strongly damaged and partly even
      destroyed by the comparative substance.
PAC  COMPARATIVE EXAMPLE 15
PAR  In boxes filled with sandy loam sandy loam containing humus, spring wheat
      (Triticum aestivum) and spring barley (Hordeum distichum) were sown
      together with the weeds wild oat (Avena fatua) and various broad-leaved
      types (Sinapis arvensis, Stellaris media, Galium aparine, Anthemis
      arvensis, Veronica arvensis and Polygonum persicaria). On the same day the
      surface of the soil was sprayed with aqueous suspensions of the compounds
      of the invention
PA1  Iv. n-[3-methyl-4-(2'-chloroethoxy)-phenyl]-N',N'-dimethyl-urea (cf.
      Example 148) and
PA1  V. n-[3-methyl-4-(2'-chloroethoxy)-phenyl]-N'-methyl-N'-methoxy-urea (cf.
      Example 149)
PAL  As comparative compound the triazine derivatives known as herbicide for
      cereals
PAR  2-methylmercapto-4-ethylamino-6-tert.butyl-amino-s-triazine was used.
PAR  The evaluation after 5 weeks with concentrations of 0.6 kilogram of active
      ingredient per hectare gave the following result:
TBL  Degree of damage in percent                                               
     (100 = complete destruction 0 = no damage)                                
     type of plant                                                             
                IV       V        comparative substance                        
     ______________________________________                                    
     wheat      10       0        0                                            
     barley     0        0        0                                            
     weeds                                                                     
     wild oat   100      100      20                                           
     other weeds                                                               
     (average value)                                                           
                94       86       92                                           
     ______________________________________                                    
PAR  The table shows that all preparations had a good or very good action
      against broad-leaved weeds and did no harm to cereals. But the very
      troublesome wild oat, which is difficult to combat, was not damaged by the
      known herbicide for cereals whereas the compounds of the invention
      destroyed the wild oat without doing any harm to the botanically closely
      related cereals wheat and barely.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC8##
PAL  wherein R.sub.1 is haloalkyl having 2 to 5 carbon atoms, the halogen being
      selected from the group consisting of fluorine, chlorine, and bromine;
      n.sub.1 is 1 or 2; R.sub.2 is hydrogen or alkyl having 1 to 4 carbon
      atoms; R.sub.3 is alkyl having 1 to 4 carbon atoms; R.sub.4 is halogen,
      trifluoromethyl, or alkyl or alkoxy having 1 to 3 carbon atoms; and
      n.sub.2 is 0, 1, 2, or 3.
NUM  2.
PAR  2. A compound having the formula
      ##SPC9##
PATN
WKU  039377270
SRC  5
APN  4858352
APT  1
ART  117
APD  19740705
TTL  Process for preparing N, N-dimethylurea
ISD  19760210
NCL  6
ECL  1
EXP  Demers; Arthur P.
INVT
NAM  Throckmorton; Peter E.
CTY  Worthington
STA  OH
INVT
NAM  Frey; Sari
CTY  Columbus
STA  OH
INVT
NAM  Grote; Dace
CTY  Columbus
STA  OH
ASSG
NAM  Ashland Oil, Inc.
CTY  Ashland
STA  KY
COD  02
CLAS
OCL  260553R
XCL   44 71
EDF  2
ICL  C07C12715
FSC  260
FSS  553 R
UREF
PNO  2253528
ISD  19410800
NAM  Olin
OCL  260553R
ABST
PAL  Urea is reacted with at least a onefold molar excess of dimethylamine in a
      substantially anhydrous system under pressure and temperature conditions
      adapted to produce unsymmetrical dimethylurea in essentially quantitative
      yields.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improvement in a process for indirectly
      alkylating urea.
PAR  2. Description of the Prior Art
PAR  In order to appreciate the manner in which the present invention represents
      a marked improvement over the closest prior art, it warrants considering
      briefly the usefullness N, N-dimethylurea potentially offers as a chemical
      intermediate. The indicated utility is that of producing unsymmetrical
      dimethylhydrazine (UDMH), in turn a versatile intermediate for the
      preparation of surfactants, insecticides, dyes, monomers, etc.; but the
      most important current use thereof being in the field of liquid
      propellants for rockets.
PAR  Recently, an alternate method to that of the present commercial practice
      for producing UDMH involving the hydrogenation of nitrosodimethylamine,
      has been actively sought. This is so because nitrosodimethylamine has been
      identified as such a powerful carcinogen that in order to provide absolute
      protection for plant workers a prohibitively expensive installation would
      be required. An environmentally acceptable alternate method appearing to
      have commercial merit resides in the modification of the Scheslakoff
      process (J. Russ. Phys. Chem. Soc., 37, pgs. 1-7, 1905) wherein N,
      N-dimethylurea is rearranged in accordance with the Hoffman mechanism. As
      is characteristic of such type rearrangement reactions, optimum yields of
      product are substantially less than quantitative.
PAR  It has hitherto been proposed to prepare N, N-dimethylurea by reacting
      dimethylamine sulphate with urea in an aqueous system capable of effecting
      solubilization of the urea. Besides recovery problems, the method suffers
      because the optimum yields attainable are reportedly in the order of only
      about half of theoretical. Notwithstanding that the indicated reactants
      are readily available and relatively inexpensive, the commercial
      attractiveness of the modified Scheslakoff process for preparing UDMH
      depends largely on realizing a highly efficient method for preparing N,
      N-dimethylurea. Accordingly, the foremost objective of the instant
      invention is to provide such a method.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the broadest aspect of the present invention urea is
      reacted with dimethylamine in a substantially anhydrous system to provide
      N, N-dimethylurea. Beyond the essential anhydrous feature of the process,
      a critical requirement is that of maintaining the reactants in an
      essentially liquified form during the course of reaction without resorting
      to the use of added solvent media. The stated requirement is realized
      through the use of the combination of an appropriately selected elevated
      reaction temperature and at least a onefold molar excess of dimethylamine
      based on the extant amount of urea available at any time for reaction. The
      preferred pressure conditions contemplated correspond to the particular
      vapor pressure of the dimethylamine at the selected operating temperature.
PAR  The salient advantage of the process of this invention over the prior art
      is that an essentially quantitative yield of N, N-dimethylurea is
      provided. Another advantage is that the product conversion rates
      experienced are excellent. Additionally, the product recovery feature of
      the process together with product purity realized renders the overall
      process highly efficient.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The reaction between urea and dimethylamine in accordance with the present
      invention proceeds, from all indications, by the urea first equilibrating
      into ammonia and cyanic acid, whereupon the latter reacts with
      dimethylamine to yield the unsymmetrical dimethylurea. This proposed
      reaction scheme serves to account for the reported poor results obtained
      pursuant to the prior art practices. Thus where there is water present, a
      competing reaction is prone to occur whereby water reacts with cyanic acid
      to yield carbon dioxide and ammonia. The absence of water in the instant
      process, therefore, primarily accounts for the essentially quantitative
      yields being obtained. As implied in the foregoing discussion, water does
      not poison the reaction in the usual sense. In order to anticipate the
      extent of water build-up that can be tolerated, which build-up would
      indubitably occur in constant recycling of unreacted dimethylamine in a
      commercial operation, it was found that amounts up to 5% based on the
      weight of the amine reactant had no preceptible effect upon yield or
      conversion rates. A quantum of water, however, in excess of about 10%
      based on the amine reactant can be expected to have a progressively
      noticeable adverse effect on yield. Therefore, in the context of the
      present invention the phrase "substantially anhydrous system" connotes
      those reaction systems wherein the amount of water present does not exceed
      about 10% of the weight of the dimethylamine.
PAR  In light of the nature of the reaction between urea and the dimethylamine,
      the presence of a polar solvent which at the same time serves as a mutual
      solvent for the reactants is paramount. In the practice of the present
      invention, the excess of dimethylamine contemplated serve as the required
      polar solvent. Of course, in this instance the use of an elevated
      temperature is necessary in order to effect the requisite solubilization
      of the urea which is much less soluble in dimethylamine than in water.
      Further discussion with respect to the influence of temperature will be
      more appropriately set forth hereinbelow. The minimum amount of
      dimethylamine applicable should be at least a 100% molar excess based on
      the maximum amount of urea available at any time during the reaction.
      Substantially larger excesses of dimethylurea can obviously be used but no
      practical advantages are provided by employing more than three moles of
      the amine to urea. The optimum ratio noted has been that of 2.5 moles of
      the amine to urea. Accordingly, the preferred molar ratio of dimethylamine
      to urea is from about 2.5:1::3.0:1, respectively.
PAR  The applicable temperature range for conducting the reaction as aforesaid
      is between about 110.degree. and 150.degree. C. The lower temperature
      limit specified permits a substantially homogenous liquid system when
      employing the least excess of dimethylamine contemplated. The applicable
      maximum temperature is governed by the critical temperature of the
      dimethylamine. But from a practical standpoint it is desirable to limit
      the upper temperature to somewhat less than said critical temperature;
      namely, in the order of about 150.degree. C. The preferred temperature
      range is from 125.degree. to 130.degree. C.
PAR  In view of the low boiling point of dimethylamine, a closed reaction system
      for carrying out the present invention is indicated. The applicable
      pressure conditions are autogenic and for the most part depend upon the
      operating reaction temperature. During the course of the reaction,
      however, ammonia is produced in amount which can cause the pressure to
      rise considerably. Beyond resulting in the need for expensive high
      pressure equipment, the presence of ammonia adversely affects the
      conversion rate insofar as the underlying reaction is an equilibrium one.
      Consequently, the preferred procedure is to vent the reaction system
      periodically in order to allow by-product ammonia to escape. In following
      this procedure the system should be vented for only the time needed for
      the pressure to be lowered to that of dimethylamine at the observed
      reaction temperature.
PAR  As indicated hereinabove, the practice of the present invention permits the
      realization of essentially theoretical yield of the unsymmetrical
      dimethylurea. Apart from yield, the conversion values attainable are
      excellent. Specifically in this regard, employing the preferred conditions
      noted above in a commercial type reactor, a conversion of an excess of 90
      percent in less than an hour can be expected. In light of this feature,
      the process is ideally suited for batch operations. This is not to say,
      however, that the process can not be conducted continuously; but as
      inferred this may not be economically justified.
PAR  Another important advantageous aspect of the present process resides in the
      fact that the dimethylurea precipitates from the reaction mixture in a
      crystalline mass upon formation. Thus upon completion of the reaction, the
      unreacted dimethylamine can be readily recovered for recycling purposes
      and thereupon the crystalline product can be slurried with water and
      conveniently pumped or otherwise discharged from the reactor. The product
      can be further purified by a conventional crystallization procedure if
      desired although reactor purity of in excess of about 95% can be readily
      achieved.
PAR  In order to illustrate to those skilled in the art the manner in which the
      present invention can be implemented, the following working examples are
      set forth. The primary purpose of the first working example is to
      illustrate the effect of certain variables on the process, all as
      discussed hereinabove. The succeeding example represents the best mode
      contemplated for carrying out the invention. It is to be understood that
      these examples are provided solely by way of illustration and accordingly,
      any enumeration of details set forth therein is not to be interpreted as
      limiting the invention except as such limitations appear in the appended
      claims. All parts are parts by weight unless otherwise indicated.
DETD
PAC  EXAMPLE I
PAR  In carrying out the runs of this example a 316 SS Parr bomb reactor was
      used having a capacity of about 2 liters. The amount of reactants charged
      in each instance totalled from 150 to 575 g. A uniform charging procedure
      was observed consisting of first chilling the bomb to approximately
      -5.degree. to 0.degree. C. and thereupon adding the urea followed by the
      addition of liquid dimethylamine at -5.degree. to 0.degree. C. The
      reaction mixture was briefly stirred and the reactor sealed. Heating was
      then applied to achieve the selected operating temperature, and the
      reaction was stirred continously. The combining ratio of reactants
      observed in each run together with processing parameters applicable
      therein are noted in Table I set forth hereinbelow. The conversion values
      given are based on the crude product, a determination of which was
      afforded by means of a melting point phase diagram of mixtures of
      authentic N, N-dimethylurea and pure crystalline urea. The yield in each
      instance was quantitative. The indicated pressure of Runs 2 and 4 was
      maintained by venting the reactor periodically whereas autogenic pressure
      prevailed in the other runs.
TBL                TABLE I                                                     
     ______________________________________                                    
     Run  DMA/Urea  Time(Hrs.)                                                 
                              Temp. .degree.C                                  
                                      Press.                                   
                                            Conversion                         
     ______________________________________                                    
     1    2.7       1.5       130     350   65                                 
     2    2.5       2.67      124     460   78                                 
     3    2.5       1.5       120     500   75                                 
     4    2.5       1.25      124     460   70                                 
     5    2.5       3.0        90     195    0                                 
     6    2.5       1.5        70     150    0                                 
     7    2.1       1.5       110     420   70                                 
     8    2.1       1.75      105     210   55                                 
     ______________________________________                                    
PAC  EXAMPLE II
PAR  In the run of this example a 30 gallon stainless steel pressure reactor was
      used. The reactor was equipped with a stirrer, cooling coils, electric
      heating elements, vacuum means and condenser. Crystalline urea in the
      amount of 45.3 lbs. was first charged to the reactor. The reactor was then
      sealed and thereupon 84.8 lbs. of dimethylamine were added. Stirring was
      commenced when the fluidity of the reactor contents permitted. With
      continued stirring the temperature was raised to 127.degree. C. During the
      course of the reaction the ammonia produced was vented in order to
      maintain the pressure at 450 psig. After 45 minutes reaction time, ammonia
      formation had practically subsided indicating the completion of the
      reaction. The reactor was then cooled and the excess dimethylamine vented
      and condensed. Residual amine was finally drawn off under vacuum following
      which 70 lbs. of water were added, and an aqueous slurry of 135 lbs. was
      discharged. Analysis of the crystalline product by chromatography
      indicated it to be free of urea or biuret. The product exhibited a melting
      point range of 180.degree.-185.degree.  C. indicating that essentially
      complete conversion had been achieved. After recrystallization from water,
      the product melted at 181.5.degree.-183.5.degree. C. The recrystallized
      product was shown by infrared and magnetic resonance analysis to be 100
      percent pure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of N, N-dimethylurea which comprises
      reacting dimethylamine and urea neat in a molar ratio of not less than
      2:1, respectively, under autogenous pressure and substantially anhydrous
      conditions at a temperature of from 110.degree. to 150.degree. C.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein the reaction temperature is
      from 125.degree. to 130.degree. C.
NUM  3.
PAR  3. A process in accordance with claim 2 wherein the mole ratio of
      dimethylamine to urea is from about 2.5:1::3.0:1, respectively.
NUM  4.
PAR  4. A process in accordance with claim 3 wherein the mole ratio of
      dimethylamine to urea is 2.5:1, respectively.
NUM  5.
PAR  5. A process in accordance with claim 4 wherein the reaction system is
      maintained at about 450 psig.
NUM  6.
PAR  6. A process in accordance with claim 5 wherein the reaction is carried out
      until the evolution of ammonia substantially completely subsides and
      thereupon cooling and venting the reaction mixture to effect the removal
      of unreacted dimethylamine.
PATN
WKU  039377288
SRC  5
APN  4926633
APT  1
ART  113
APD  19740729
TTL  Low-temperature synthesis of urea
ISD  19760210
NCL  1
ECL  1
EXA  Wheelock; Eugene T.
EXP  Vertiz; Oscar R.
INVT
NAM  Every; Richard L.
CTY  Ponca City
STA  OK
ASSG
NAM  Continental Oil Company
CTY  Ponca City
STA  OK
COD  02
RLAP
COD  74
APN  31420
APD  19700423
PSC  04
RLAP
COD  82
APN  581189
APD  19660922
PSC  03
CLAS
OCL  260555R
EDF  2
ICL  C07C12600
FSC  260
FSS  555 R
OREF
PAL  stuer, B. C., Berichte Vol. 38, p. 2326 (1905).
PAL  Chem. Asbt., Vol. 13, p. 120 (1919).
ABST
PAL  Urea is produced by reacting phosgene and ammonia, one of the reactants
      being in the liquid state and the other gaseous, at -50.degree. to
      -20.degree.C.
PARN
PAC  STATUS OF RELATED APPLICATIONS
PAR  This is a divisional of copending application Ser. No. 31,420, filed Apr.
      23, 1970, which was a continuation-in-part of copending application Ser.
      No. 581,189, filed Sept. 22, 1966.
BSUM
PAR  This invention relates in general to the synthesis of urea. More
      specifically it relates to the preparation of urea by reacting phosgene
      and ammonia.
PAR  Urea is useful as a high nitrogen, slow release fertilizer. In contrast to
      other nitrogen fertilizers, it is resistant to leaching from soil, is
      noncorrosive to equipment used in application, and is not phytotoxic when
      applied to plant leaves in a spray. Urea also finds use as a protein
      supplement for cattle and in the production of urea formaldehyde resins.
PAR  Ammonia and phosgene are thought to react thus to produce urea:
      ##EQU1##
      AND THE RESULTING HCl to react with more ammonia so that the resulting
      over-all reaction is:
      ##EQU2##
      British Pat. No. 245,768 discloses the reaction of phosgene and ammonia at
      temperatures between 60.degree. and 80.degree.C to make a fertilizer
      product containing urea and ammonium chloride as principal components. The
      phosgene and the ammonia can be dissolved in a solvent such as chloroform,
      acetone, or benzene.
PAR  I have observed that when phosgene and ammonia are reacted at room
      temperature and at higher temperatures the reaction product is a tarry,
      malodorous material which requires extensive treatment to extract the urea
      present. As pointed out in the British patent, if the phosgene is added in
      excess of that stoichiometrically necessary, other nitrogeneous compounds
      are formed such as cyanuric acid, cyanamide, and ammelide. The British
      patent is concerned primarily with the preparation of a fertilizer
      material per se which is high in urea content but which, in addition to
      ammonium chloride, may well contain quantities of other nitrogenous
      material, particularly if an excess of phosgene is reacted.
PAR  I have discovered that a greatly improved yield of urea can be obtained by
      directly reacting phosgene and ammonia at temperatures between -70.degree.
      and about -20.degree.C and at about atmospheric pressure. Preferably I
      prefer to react the two compounds at temperatures between about
      -50.degree. and about -20.degree.C. I may incorporate the ammonia into a
      suitable solvent for reaction purposes if such is desirable, such as
      methanol, water, or chloroform.
PAR  The process according to the present invention can be carried out by
      liquefying either the ammonia or the carbonyl chloride and bubbling
      through it the other reactant. At atmospheric pressure or less, phosgene
      is a liquid between the temperatures of -118.degree. and 8.degree.C, and
      ammonia between about -78.degree. and -33.degree.C. In some cases it may
      be desirable to liquefy both reactants and add one to the other at a
      temperature in the above-recited ranges. The preferred method, however, is
      first to liquefy the ammonia and then through it introduce gaseous
      phosgene. The gaseous phosgene is continually passed through the liquid
      ammonia until the effluent gas from the reaction indicates no further
      consumption of phosgene. The reaction between the liquid ammonia and
      gaseous phosgene proceeds rapidly with the evolution of heat. It therefore
      is necessary to cool the reaction mixture to maintain it at the desired
      cyrogenic temperature.
PAR  The following examples will further illustrate the nature of my invention,
      which, however, is not limited thereto.
DETD
PAC  EXAMPLE I
PAR  About 100 milliliters of commercial grade liquid ammoniq (containing about
      0.1% water) was placed in a 300-ml test tube maintained at -50.degree.C by
      a bath made up of acetone and solidified carbon dioxide (Dry Ice). Gaseous
      phosgene (CP grade) from a compressed gas cylinder was then introduced
      into the liquid ammonia. A vigorous exothermic reaction occurred. The
      reaction was continued by adding more phosgene until no more phosgene was
      consumed. The resulting product was determined to be 39 weight percent
      urea and 61 weight percent ammonium chloride. On the basis of the ammonium
      chloride produced, the yield of urea was about 108 per cent of
      theoretical.
PAC  EXAMPLE II
PAR  In this test a volume of liquid phosgene was completely reacted with
      gaseous ammonia at a temperature of -50.degree.C. Again a vigorous
      exothermic reaction occurred. The resulting product was determined to be
      27 weight per cent urea and 73 weight per cent ammonium chloride. The
      yield was about 75 per cent of theoretical.
PAC  EXAMPLE III
PAR  In this test 100 milliliters of anhydrous liquid ammonia (dried over
      sodium) was completely reacted with gaseous phosgene at a temperature of
      -50.degree.C. Again a vigorous exothermic reaction was observed and the
      resulting product was determined to be 48 per cent urea and 52 weight per
      cent ammonium chloride. On the basis of the ammonium chloride produced,
      the yield was 133 per cent of theoretical.
PAC  EXAMPLE IV
PAR  In this test 17 grams of ammonia was dissolved in 50 milliliters of
      alcohol. Gaseous phosgene was then bubbled through the solution while the
      reaction mixture was maintained at -50.degree.C. In this test the effluent
      gas was passed over moistened blue litmus paper which turns pink when
      phosgene is present. When the litmus paper turned pink, the reaction was
      discontinued. The reaction product obtained analyzed 25 weight per cent
      urea and 75 weight percent ammonium per cent corresponding to a yield
      based on the ammonium chloride produced of about 70 per cent of
      theoretical.
PAR  In Examples I and III the theoretical yield based on the amount of ammonium
      chloride produced is above 100 per cent, This is thought to result because
      some of the HCl generated during the reaction did not react with ammonia
      present to yield additional ammonium chloride, but was evolved from the
      system as HCl. In each of the foregoing Examples the reaction product
      obtained was a white crystalline material. In Examples I, II, and III the
      reaction product could be extracted of the urea by methanol.
PAR  In other tests, ammonia was dissolved in methanol, water, chloroform,
      benzene, and acetone and reacted with gaseous phosgene at temperatures
      between 0.degree.C and 25.degree.C (room temperature). A tarry, malodorous
      product was obtained at the higher temperatures which showed evidences of
      containing cyanamide and other undesirable (or nonurea-type) compounds,
      indicating that a less pure, less desirable reaction product is obtained
      in the reaction of phosgene and ammonia at higher temperatures.
PAC  EXAMPLE V
PAR  Phosgene was added to ammonia in a closed reaction system at the desired
      temperature. After the reaction was completed, any unreacted material was
      allowed to vaporize at ambient temperature and the product was weighed and
      analyzed. There was some difficulty encountered with inlet lines becoming
      clogged with reaction product at the two lowest temperature runs, causing
      somewhat eratic results on the amount of product produced. The data
      obtained in the study are shown in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Product Analysis                                                          
     Temperature                                                               
                Urea-NH.sub.4 Cl                                               
                             Side Product                                      
     of Reaction                                                               
                Yield        by X-ray.sup.(a)                                  
     .degree.C  %            Chart Divisions                                   
                       4.28 A.degree.                                          
                                 2.93 A.degree.                                
     ______________________________________                                    
     -50        29           3.7         31.2                                  
     -40        18           2.6         19.2                                  
     -35        57           3           34                                    
     -25        34           3.5         38                                    
     -20        24           4.2         32.2                                  
     -15        24           16.5        54.5                                  
     0          15           100+        64.0                                  
     ______________________________________                                    
      .sup.(a) Side product unidentified, but not cyanamide or cyanuric acid.  
PAL  It can be seen from the data in the Table that impurities remain at a low
      level and relatively constant to about -20.degree.C, and above this
      reaction temperature increase rapidly.
PAR  Reasonable variation and modification are possible within the scope of the
      foregoing disclosure and the appended claims to the invention, the essence
      of which is a method of synthesizing urea, comprising reacting phosgene
      and ammonia at temperatures broadly in the range of about -70.degree.C to
      about -20.degree.C, and preferably in the range of about -50.degree.C to
      about -20.degree.C.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for separating a mixture of urea and ammonium chloride
      produced in high yield with a low level of impurities by combining as
      reactants phosgene and ammonia at a temperature in the range of about
      -50.degree.C to about -20.degree.C by adding one reactant to the other and
      maintaining the mixture in said temperature range, then combining said
      mixture and methanol, dissolving said urea in said methanol and separating
      the resulting solution of urea from the relatively insoluble ammonium
      chloride.
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ABST
PAL  Compounds corresponding to the formula:
      ##SPC1##
PAL  In which R.sub.1 and R.sub.2 are, independently, hydrogen, alkyl,
      alkoxyalkyl, cycloalkyl, pinonyl, ethylcycloalkyl, lower alkenyl,
      halogenated lower alkyl, benzyl, ethylphenyl,
      2,4-dichlorophenoxy-methylene, styryl, furyl, phenyl or substituted phenyl
      in which the substituents are nitro, halogen, methyl, or methoxy; R.sub.3
      and R.sub.4 are, independently, hydrogen or lower alkyl; X and Y are
      independently oxygen or sulfur; and Z is halogen, nitro, amino, lower
      alkyl, lower alkoxy or trifluoromethyl and n is an integer having a value
      from 0 to 4. The above compounds are effective herbicides, particularly
      for the control of grasses and broadleaf plants with both pre-emergence
      and post-emergence activity. Representative compounds are:
      m-propionamidobutyranilide, m-bis-2,2-dimethylvaleranilide,
      m-isobutyramido trichloroacetanilide, m-isobutyramido-2-ethylbutyranilide,
      m-t-butylacetamidopropionanilide, and 3'-N-ethyl
      propionamido-propionalide.
PAR  This application is a continuation of application Ser. No. 180,916, filed
      Sept. 15, 1971, which is a continuation of application Ser. No. 20,104,
      filed Mar. 16, 1970, which is a continuation-in-part of application Ser.
      No. 741,267, filed July 1, 1968, which is a continuation-in-part of
      application Ser. No. 659,865, filed Aug. 11, 1967, all now abandoned.
BSUM
PAR  This invention relates to herbicidally active meta-bis anilide derivatives.
      More specifically, this invention relates to certain new compounds and the
      use as active herbicidal substances of certain substituted
      meta-bis-anilides.
PAR  The novel compounds of the present invention correspond to the general
      formula:
      ##SPC2##
PAL  In which R.sub.1 and R.sub.2 are independently selected from the group
      consisting of hydrogen, alkyl, alkoxyalkyl, cycloalkyl, pinonoyl,
      ethylcycloalkyl, lower alkenyl, halogenated lower alkyl, benzyl, furyl,
      ethylphenyl, 2,4-dichlorophenoxy-methylene, styryl, phenyl, and
      substituted-phenyl in which said substituents are nitro, halogen, methyl
      or methoxy; selected from the group consisting of hydrogen and lower
      alkyl; X and Y are independently oxygen or sulfur; and Z is selected from
      the group consisting of halogen, nitro, amino, lower alkyl, lower alkoxy,
      and trifluoromethyl and n is an integer having a value from 0 to 4.
PAR  The method of the present invention of controlling undesirable vegetation
      comprises applying an herbicidally effective amount of the above
      represented compounds to the area where control is desired. Compounds
      wherein R.sub.1 and R.sub.2 are independently selected from the group
      consisting of alkyl, hydrogen, alkoxyalkyl, cycloalkyl, pinonoyl,
      ethylcycloalkyl, lower alkenyl, halogenated lower alkyl, benzyl,
      2,4-dichlorophenoxymethylene, styryl, phenyl, phenyl and substituted
      phenyl in which the substituents are nitro, halogen, methyl or methoxy;
      R.sub.3 and R.sub.4 are independently selected from the group consisting
      of hydrogen and lower alkyl; X and Y are independently oxygen or sulfur;
      and Z is selected from the group consisting of halogen, nitro, amino,
      lower alkyl, lower alkoxy, and trifluoromethyl and n is an integer having
      a value from 0 to 4; are within the scope of this aspect of the present
      invention.
PAR  The term alkyl, preferably includes those members of the group which
      contains from 1 through about 10 carbon atoms, inclusive, in both straight
      chain and branched chain configurations. The term lower alkyl and lower
      alkoxy preferably include members of the groups having from 1 through
      about 6 carbon atoms, inclusive. The term alkoxyalkyl includes members
      having 2 to 4 carbon atoms. The term cycloalkyl preferably includes
      members of the group having from 3 through about 6 carbon atoms,
      inclusive. The term lower alkenyl preferably includes those members of the
      group containing at least one double bond and containing from 2 to 4
      carbon atoms, inclusive.
PAR  In its most preferred form, the invention relates to compositions having
      the formula
      ##SPC3##
PAL  in which R.sub.1 and R.sub.2 independently are hydrogen, alkyl containing
      from 1 to 10 carbon atoms, inclusive, alkoxyalkyl containing 2 to 4 carbon
      atoms, cycloalkyl containing from 3 to 6 carbon atoms, inclusive,
      pinonoyl, ethylcycloalkyl wherein the cycloalkyl moiety contains from 5 to
      6 carbon atoms, inclusive, lower alkenyl containing from 2 to 6 carbon
      atoms, inclusive, halogenated lower alkyl containing 1 to 6 carbon atoms,
      inclusive, benzyl, furyl, ethylphenyl, styryl,
      2,4-dichlorophenoxy-methylene, phenyl and substituted phenyl in which said
      substituents are nitro, halogen, especially chlorine and fluorine, methyl,
      and methoxy; and Z is hydrogen, 4'-chloro, 3'-chloro or 2'-methyl.
PAR  The compounds of this invention are prepared by one of several general
      methods. One such general method is the condensation between the
      appropriate m-phenylene diamine and an appropriate acid anhydride or
      chloride to prepare the desired meta-bis-symmetrically substituted
      anilide. Another general method is the condensation between the
      appropriate m-mono-substituted amino anilide and an appropriate acide
      anhydride or acid chloride to prepare the desired meta-bis-assymetrically
      substituted anilide. The reactions proceed readily in the liquid phase.
      The employment of a solvent is also useful, facilitating processing, as
      well as agitation of the reactants. When using a starting material
      containing an acid chloride, it is preferred to carry out the reaction in
      the presence of a hydrogen halide acceptor such as triethylamine,
      pyridine, picoline, sodium carbonate and the like. The reactions are
      preferably carried out at temperatures that permit operation in the liquid
      phase.
DETD
PAR  Compounds of the present invention are prepared in accordance with the
      following illustrative examples.
PAC  EXAMPLE 1
PAC  Preparation of Meta-bis-isobutyranilide
PAR  Isobutyric anhydride, 26g. (0.16 mole) is added slowly to 8.6g. (0.08 mole)
      of m-phenylene diamine in an open beaker. The mixture was stirred. The
      solid product is washed consecutively with water, sodium bicarbonate
      solution and ether. After drying, there is obtained 18.5g. (92 percent of
      theory) of the title compound, m.p. 205.degree.-206.degree.C.
PAR  The following compounds are typical of those prepared using the method of
      the foregoing example: m-bis-acetanilide, m-bis-propionanilide,
      m-bis-n-butyranilide and m-bis-trifluoroacetanilide.
PAC  EXAMPLE 2
PAC  Preparation of Meta-bis-2,2-dimethyl-valeranilide
PAR  Meta-phenylene diamine, 87g. (0.8 moles), is dissolved in one liter of
      acetone containing 190g. (1.9 moles) of triethylamine. To this solution,
      2,2-dimethylvaleryl chloride, 260g. (1.75 moles) is added slowly with
      stirring. The reaction flask is cooled in a cold water bath. The resulting
      mixture is poured into 1-liter of cold water and the resulting oil
      crystallized. The product is further washed with water, then 5 percent
      hydrochloric acid solution, followed by 5 percent sodium hydroxide
      solution and finally water. The product is dried. There is obtained 256g.
      (96 percent of theory) of the title compound, m.p.
      109.degree.-111.degree.C.
PAR  The following compounds are typical of those prepared using the method of
      the foregoing example: m-bis-pivalanilide, m-bis-3,3-dimethylbutyranilide,
      m-bis-crotonanilide, m-bis-hexanilide, and m-bis-isovalerylanilide.
PAC  EXAMPLE 3
PAC  Preparation of Meta-propionamido isobutyranilide
PAR  Meta-amino propionanilide, 11.5g. (0.07 moles) is treated with isobutyric
      anhydride, 11.1g. (0.07 moles) is an open beaker. The product is poured
      into water and washed with 5 percent hydrochloric acid solution, 5 percent
      sodium hydroxide solution, and water. The product is dried of water. There
      is obtained 15.2g. (93 percent of theory) of the title compound, m.p.
      174.degree.-175.degree.C.
PAR  The following compounds are typical of those prepared using the method of
      the foregoing example: m-propionamido trifluoroacetanilide, m-propionamido
      butyranilide, m-isobutyramido trifluoroacetanilide and m-isobutyramido
      butyranilide.
PAC  EXAMPLE 4
PAC  Preparation of Meta-propionamido cyclopropane carboxanilide
PAR  Meta-aminopropionanilide, 13.1g. (0.08 mole) is dissolved in 200 ml. of a
      50/50 v/v mixture of glacial acetic acid and saturated sodium acetate
      solution. To this solution is added 9.2g. (0.088 moles) of cyclopropane
      carbonyl chloride. The chloride is added slowly with adequate stirring and
      cooling. The product, which crystallizes from the solution, is collected
      by filtration. The product is consecutively washed with a 5 percent
      solution of sodium hydroxide, a 5 percent solution of hydrochloric acid
      and water. After washing, the crystals are dried. There is obtained 15g.
      (81 percent of theory) of the title compound, m.p.
      185.degree.-186.degree.C.
PAR  The following compounds are typical of those prepared using the method of
      the foregoing example: m-propionamido cyclohexanecarboxanilide,
      m-propionamido phenyl-acetanilide, m-propionamido crotonanilide, and
      m-propionamido furoanilide.
PAC  EXAMPLE 5
PAC  Preparation of Meta-propionamido-3,3-dimethyl butylanilide
PAR  Meta-aminopropionanilide, 180g. (1.1 moles) is dissolved in 500 ml. of
      acetone containing 126g. of triethylamine. To this solution is added 164g.
      (1.22 moles) of 3,3-dimethyl butyryl chloride. The chloride is added
      slowly and the reaction mixture is adequately stirred and cooled, with an
      ice bath. The mixture is poured into water and consecutively washed with 5
      percent hydrochloric acid solution, 5 percent sodium hydroxide solution,
      and water. After washing, the material is dried. There is obtained 178g.
      (62 percent of theory) of the title compound, m.p.
      179.5.degree.-181.5.degree.C.
PAR  The following compounds are typical of those prepared using the method of
      the foregoing example: m-propionamido-2,2-dimethyl valeranilide,
      m-propionamido-2 ethyl butyranilide, m-propionamido pivalanilide, and
      m-pivalamino-2-2-dimethyl valeranilide.
PAR  The following is a table of the compounds which are prepared according to
      the aforedescribed procedures. Compound numbers have been assigned to them
      and are used for identification throughout the balance of the
      specification.
TBL                                    Table I                                 
     __________________________________________________________________________
     Compound                                                                  
     Number                                                                    
           X Y R.sub.1      R.sub.2     R.sub.3                                
                                           R.sub.4                             
                                             Z   m.p. .degree.C.               
     __________________________________________________________________________
     1     O O C.sub.2 H.sub.5                                                 
                            C.sub.2 H.sub.5                                    
                                        H  H      174-175                      
     2     O O furyl        furyl       H  H     191-194                       
     3     O O CH.sub.3     CH.sub.3    H  H     186-188                       
     4     O O CH.sub.3     C.sub.2 H.sub.5                                    
                                        H  H     239-243                       
     5     O O CH.sub.3     i-C.sub.3 H.sub.7                                  
                                        H  H     165-167                       
     6     O O n-C.sub.3 H.sub.7                                               
                            n-C.sub.3 H.sub.7                                  
                                        H  H     142.5-143                     
     7     O O i-C.sub.3 H.sub.7                                               
                            i-C.sub.3 H.sub.7                                  
                                        H  H     205-206                       
     8     O O C.sub.2 H.sub.5                                                 
                            CCl.sub.3   H  H     159-161                       
     9     O O H            H           H  H     152-154                       
     10    O O C.sub.2 H.sub.5                                                 
                            CH.sub.2 Cl H  H     164-167                       
     11    O O C.sub. 2 H.sub.5                                                
                            CF.sub.3    H  H     196-197                       
     12    O O C.sub.2 H.sub.5                                                 
                            C.sub.3 H.sub.7                                    
                                        H  H     156-157                       
     13    O O C.sub.2 H.sub.5                                                 
                            i-C.sub.3 H.sub.7                                  
                                        H  H     174-175.5                     
     14    O O C.sub.2 H.sub.5                                                 
                            cyclopropyl H  H     186-188                       
     15    O O C.sub.2 H.sub.5                                                 
                            i-C.sub.4 H.sub.9                                  
                                        H  H     130-131                       
     16    O O C.sub.2 H.sub.5                                                 
                            n-C.sub.5 H.sub.11                                 
                                        H  H     173-178                       
     17    O O CH.sub.2 Cl  CH.sub.2 Cl H  H     211-212                       
     18    O O CHCl.sub.2   CHCl.sub.2  H  H     158-160                       
     19    O O CH.sub.2 CH.sub.2 Cl                                            
                            CH.sub.2 CH.sub.2 Cl                               
                                        H  H     160-163                       
     20    O O CH=CH.sub.2  CH=CH.sub.2 H  H     167-170                       
     21    O O CH=CHCH.sub.3                                                   
                            CH=CHCH.sub.3                                      
                                        H  H     215-217.5                     
     22    O O cyclopropyl  cyclopropyl H  H     217-221                       
     23    O O i-C.sub.4 H.sub.9                                               
                            i-C.sub.4 H.sub.9                                  
                                        H  H     226-230                       
     24    O O n-C.sub.5 H.sub.11                                              
                            n-C.sub.5 H.sub.11                                 
                                        H  H     122-125                       
     25    O O n-C.sub.6 H.sub.13                                              
                            n-C.sub.6 H.sub.13                                 
                                        H  H     109-113                       
     26    O O cyclohexyl   cyclohexyl  H  H     210-212.5                     
     27    O O benzyl       benzyl      H  H     194-197                       
     28    O O CCl.sub.3    CCl.sub.3   H  H     204-207                       
     29    O O C(CH.sub.3).sub.2 Br                                            
                            C(CH.sub.3).sub.2 Br                               
                                        H  H     126-128                       
     30    O O t-C.sub.4 H.sub.9                                               
                            t-C.sub.4 H.sub.9                                  
                                        H  H     188-189                       
     31    O O CH(C.sub.2 H.sub.5).sub.2                                       
                            CH(C.sub.2 H.sub.5).sub.2                          
                                        H  H     148-151                       
     32    O O phenyl       phenyl      H  H     234-237.5                     
     33    O O 3-NO.sub.2 --phenyl                                             
                            3-NO.sub.2 --phenyl                                
                                        H  H     250-255                       
     34    O O C.sub.2 H.sub.5                                                 
                            CHCl.sub.2  H  H     159-163                       
     35    O O CH=CH.sub.2  C.sub.2 H.sub.5                                    
                                        H  H     165-166.5                     
     36    O O C.sub.2 H.sub.5                                                 
                            CH.sub.2 CH.sub.2 Cl                               
                                        H  H     139-142                       
     37    O O C.sub.2 H.sub.5                                                 
                            CH=CHCH.sub.3                                      
                                        H  H     183-186                       
     38    O O C.sub.2 H.sub.5                                                 
                            C(CH.sub.3).sub.2 Br                               
                                        H  H     165-167                       
     39    O O C.sub.2 H.sub.5                                                 
                            n-C.sub.6 H.sub.13                                 
                                        H  H     256-260                       
     40    O O C.sub.2 H.sub.5                                                 
                            furyl       H  H     151-152.5                     
     41    O O C.sub.2 H.sub.5                                                 
                            cyclohexyl  H  H     300-304                       
     42    O O C.sub.2 H.sub.5                                                 
                            phenyl      H  H     210-213                       
     43    O O C.sub.2 H.sub.5                                                 
                            3-NO.sub.2 --phenyl                                
                                        H  H     198-201                       
     44    O O C.sub.2 H.sub.5                                                 
                            benzyl      H  H     129-130                       
     45    O O i-C.sub.3 H.sub.7                                               
                            cyclopropyl H  H     184-187                       
     46    O O i-C.sub.3 H.sub.7                                               
                            CH=CH.sub.2 H  H     186-190                       
     47    O O i-C.sub.3 H.sub.7                                               
                            n-C.sub.4 H.sub.9                                  
                                        H  H     124-126                       
     48    O O i-C.sub.3 H.sub.7                                               
                            i-C.sub.4 H.sub.9                                  
                                        H  H     141-143                       
     49    O O i-C.sub.3 H.sub.7                                               
                            furyl       H  H     152-154                       
     50    O O i-C.sub.3 H.sub.7                                               
                            cyclohexyl  H  H     142-145                       
     51    O O i-C.sub.3 H.sub.7                                               
                            phenyl      H  H     152-153                       
     52    O O i-C.sub.3 H.sub.7                                               
                            3-NO.sub.2 --phenyl                                
                                        H  H     156- 161                      
     53    O O CHClCH.sub.3 CHClCH.sub.3                                       
                                        H  H     169.5-173                     
     54    O O C(CH.sub.3)=CH.sub.2                                            
                            C(CH.sub.3)=CH.sub.2                               
                                        H  H     139-141                       
     55    O O C(CH.sub.3).sub.2 C.sub.3 H.sub.7                               
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     96-100                        
     56    O O CHClCH.sub.3 C.sub.2 H.sub.5                                    
                                        H  H     164-166                       
     57    O O C.sub.2 H.sub.5                                                 
                            C(CH.sub.3)=CH.sub.2                               
                                        H  H     154-157                       
     58    O O i-C.sub.3 H.sub.7                                               
                            CH.sub.2 Cl H  H     205-209                       
     59    O O i-C.sub.3 H.sub.7                                               
                            CHCl.sub.2  H  H     178-180.5                     
     60    O O i-C.sub.3 H.sub.7                                               
                            CCl.sub.3   H  H     160-162                       
     61    O O i-C.sub.3 H.sub.7                                               
                            CHClCH.sub.3                                       
                                        H  H     168-172                       
     62    O O i-C.sub.3 H.sub.7                                               
                            CH.sub.2 CH.sub.2 Cl                               
                                        H  H     179-183                       
     63    O O i-C.sub.3 H.sub.7                                               
                            CH=CHCH.sub.3                                      
                                        H  H     157-160                       
     64    O O i-C.sub.3 H.sub.7                                               
                            C(CH.sub.3)=CH.sub.2                               
                                        H  H     156-159                       
     65    O O i-C.sub.3 H.sub.7                                               
                            n-C.sub.3 H.sub.7                                  
                                        H  H     146-148.5                     
     66    O O i-C.sub.3 H.sub.7                                               
                            C(CH.sub.3).sub.2 Br                               
                                        H  H     151-153                       
     67    O O i-C.sub.3 H.sub.7                                               
                            n-C.sub.5 H.sub.11                                 
                                        H  H     122-126                       
     68    O O i-C.sub.3 H.sub.7                                               
                            CH(C.sub.2 H.sub.5).sub.2                          
                                        H  H     157-158                       
     69    O O i-C.sub.3 H.sub.7                                               
                            n-C.sub.6 H.sub.13                                 
                                        H  H     114-116                       
     70    O O i-C.sub.3 H.sub.7                                               
                            benzyl      H  H     164-167                       
     71    O O CF.sub.3     CF.sub.3    H  H     207-211                       
     72    O O CH.sub.2 C(CH.sub.3).sub.3                                      
                            C.sub.2 H.sub.5                                    
                                        H  H     177-179                       
     73    O O 2,4-diCl--phenyl                                                
                            C.sub.2 H.sub.5                                    
                                        H  H     210-212                       
     74    O O 3,4-diCl--phenyl                                                
                            C.sub.2 H.sub.5                                    
                                        H  H     175-177                       
     75    O O 4-NO.sub.2 --phenyl                                             
                            C.sub.2 H.sub.5                                    
                                        H  H     227-230                       
     76    O O CH.sub.2 C(CH.sub.3).sub.3                                      
                            i-C.sub.3 H.sub.7                                  
                                        H  H     151-153                       
     77    O O 2,4-diCl--phenyl                                                
                            i-C.sub.3 H.sub.7                                  
                                        H  H     186-188                       
     78    O O 3,4-diCl--phenyl                                                
                            i-C.sub.3 H.sub.7                                  
                                        H  H     189-191                       
     79    O O C(CH.sub.3).sub.2 C.sub.3 H.sub.7                               
                            C.sub.2 H.sub.5                                    
                                        H  H     112-115                       
     80    O O CH(C.sub.2 H.sub.5)                                             
                            C.sub.2 H.sub.5                                    
                                        H  H     153-157                       
     81    O O t-C.sub.4 H.sub.9                                               
                            C.sub.2 H.sub.5                                    
                                        H  H     177-179                       
     82    O O CCl.sub.3    t-C.sub.4 H.sub.9                                  
                                        H  H     169-173                       
     83    O O C(CH.sub.3).sub.2 C.sub.3 H.sub.7                               
                            t-C.sub.4 H.sub.9                                  
                                        H  H     119-120                       
     84    O O CF.sub.3     t-C.sub.4 H.sub.9                                  
                                        H  H     &gt;300                          
     85    O O C(CH.sub.3).sub.2 C.sub.6 H.sub.13                              
                            t-C.sub.4 H.sub.9                                  
                                        H  H     95-101                        
     86    O O C(CH.sub.3).sub.2 C.sub.6 H.sub.13                              
                            C(CH.sub.3).sub.2 C.sub.6 H.sub.13                 
                                        H  H     94-98                         
     87    O O CCl.sub.2 CH.sub.3                                              
                            CCl.sub.2 CH.sub.3                                 
                                        H  H     135.5-137.5                   
     88    O O CCl.sub.2 CH.sub.3                                              
                            C.sub.2 H.sub.5                                    
                                        H  H     163-165                       
     89    O O CH.sub.2 C(CH.sub.3).sub.3                                      
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                        H  H     187-190.5                     
     90    O O CCl.sub.3    CH.sub.2 C(CH.sub.3).sub.3                         
                                        H  H     176-180                       
     91    O O CCl.sub.3    CH.sub.2 C(CH.sub.3).sub.3                         
                                        H  H     177-180                       
     92    O O CF.sub.3     CH.sub.2 C(CH.sub.3).sub.3                         
                                        H  H     200-201                       
     93    O O CCl.sub.2 CH.sub.3                                              
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                        H  H     155.5-159                     
     94    O O C(CH.sub.3).sub.3                                               
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                        H  H     184-185                       
     95    O O C(CH.sub.3).sub.2 C.sub.3 H.sub.7                               
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                        H  H     105-110                       
     96    O O C(CH.sub.3).sub.2                                               
                            C.sub.3 H.sub.7                                    
                                        H  H     133-134                       
     97    O O CF.sub.3     C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     117-120                       
     98    O O CCl.sub.3    C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     119-122                       
     99    O O C(CH.sub.3).sub.2 Br                                            
                            C.sub.2 H.sub.5                                    
                                        H  H     144-147                       
     100   O O CH=C(CH.sub.3).sub.2                                            
                            C.sub.2 H.sub.5                                    
                                        H  H     66-72                         
     101   O O CH--C.sub.2 H.sub.5 ).sub.2                                     
                            C.sub.2 H.sub.5                                    
                                        H  H     155.5-156                     
     102   O O CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            C.sub.2 H.sub.5                                    
                                        H  H     127-130                       
     103   O O CH.sub.2 OCH.sub.3                                              
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                        H  H     n.sub.D.sup.30 =1.5441        
     104   O O CH=C(CH.sub.3).sub.2                                            
                            CH=C(CH.sub.3).sub.2                               
                                        H  H     (glass)                       
     105   O O CH=C(CH.sub.3).sub.2                                            
                            C(CH.sub.3).sub.3                                  
                                        H  H     112-117                       
     106   O O CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            C(CH.sub.3).sub.3                                  
                                        H  H     109-112                       
     107   O O CH=C(CH.sub.3).sub.2                                            
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     (glass)                       
     108   O O CH.sub.2 CH(CH.sub.3)CH.sub.2 C(CH.sub.3).sub.3                 
                            C.sub.2 H.sub.5                                    
                                        H  H     108-111                       
     109   O O CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2               
                                        H  H     150-152                       
     110   O O CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            C(CH.sub.3).sub.2 H.sub.7                          
                                        H  H     114-116                       
     111   O O CH.sub.2 CH(CH.sub. 3)CH.sub.2 C(CH.sub.3).sub.3                
                            C(CH.sub.3).sub.3                                  
                                        H  H     48-51                         
     112   O O CH.sub.2 CH(CH.sub.3)CH.sub.2 C(CH.sub.3).sub.3                 
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     (glass)                       
     113   O O CH(CH.sub.3)C.sub.2 H.sub.5                                     
                            C.sub.2 H.sub.5                                    
                                        H  H     150-151                       
     114   O O CH(CH.sub.3)C.sub.2 H.sub.5                                     
                            CH(CH.sub.3)C.sub.2 H.sub.5                        
                                        H  H     159-161                       
     115   O O CH(CH.sub.3)C.sub.2 H.sub.5                                     
                            C(CH.sub.3).sub.3                                  
                                        H  H     169-171                       
     116   O O CH.sub.2 C(CH.sub.3).sub.3                                      
                            CH(CH.sub.3)C.sub.2 H.sub.5                        
                                        H  H     146-149                       
     117   O O CF.sub.3     CH(CH.sub.3)C.sub.2 H.sub.5                        
                                        H  H     157-158                       
     118   O O 2-Cl--phenyl C.sub.2 H.sub.5                                    
                                        H  H     143.5-144.5                   
     119   O O 4-Cl--phenyl C.sub.2 H.sub.5                                    
                                        H  H     223-224.5                     
     120   O O 2-CH.sub.3 O--phenyl                                            
                            C.sub.2 H.sub.5                                    
                                        H  H     124-125                       
     121   O O 4-CH.sub.3 O--phenyl                                            
                            C.sub.2 H.sub.5                                    
                                        H  H     223-224                       
     122   O O 4-CH.sub.3 --phenyl                                             
                            C.sub. 2 H.sub.5                                   
                                        H  H     211-212                       
     123   O O 4-Cl--phenyl C(CH.sub.3).sub.3                                  
                                        H  H     191-195                       
     124   O O benzyl       C(CH.sub.3).sub.3                                  
                                        H  H     164-165                       
     125   O O benzyl       CH(CH.sub.3)C.sub.2 H.sub.5                        
                                        H  H     161-163                       
     126   O O benzyl       CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     149.5-151                     
     127   O O benzyl       C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     142-143.5                     
     128   O O styryl       C.sub.2 H.sub.5                                    
                                        H  H     160-163                       
     129   O O --CH.sub.2 CH.sub.3                                             
                            CH(CH.sub.3).sub.2                                 
                                        H  H 4'-Cl                             
                                                 161-162                       
     130   O O C(CH.sub.3).sub.3                                               
                            CH(CH.sub.3).sub.2                                 
                                        H  H 4'-Cl                             
                                                 176.5-178.5                   
     131   O O CH.sub.2 C(CH.sub.3).sub.3                                      
                            CH(CH.sub.3).sub.2                                 
                                        H  H 4'-Cl                             
                                                 194-194.5                     
     132   O O CCl.sub.3    CH(CH.sub.3).sub.2                                 
                                        H  H 4'-Cl                             
                                                 156-158                       
     133   O O benzyl       CH(CH.sub.3).sub.2                                 
                                        H  H 4'-Cl                             
                                                 211-212                       
     134   O O C.sub.2 H.sub.5                                                 
                            C.sub.2 H.sub.5                                    
                                        C.sub.2 H.sub.5                        
                                           H     132-133                       
     135   O O CH.sub.2 C(CH.sub.3).sub.3                                      
                            C.sub.2 H.sub.5                                    
                                        C.sub.2 H.sub.5                        
                                           H     178.5-180                     
     136   O O CH.sub.2 OCH.sub.3                                              
                            C(CH.sub.3).sub.3                                  
                                        H  H     108-109                       
     137   O O CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            C(CH.sub.3).sub.3                                  
                                        H  H     115-116                       
     138   O O CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2               
                                        H  H     151-153                       
     139   O O CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     121-123                       
     140   O O CH.sub.2 CH.sub.2 --phenyl                                      
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                        H  H     101-107                       
     141   O O C.sub.2 H.sub.5                                                 
                            C.sub.2 H.sub.5 C(CH.sub.3).sub.3                  
                                        H  H     178-179                       
     142   O O CH.sub.2 CH.sub.2 C(CH.sub.3).sub.3                             
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     75-77                         
     143   O O CH.sub.2 CH.sub.2 C(CH.sub.3).sub.3                             
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                        H  H     184-185                       
     144   O O CH.sub.2 CH.sub.2 C(CH.sub.3).sub.3                             
                            CH.sub.2 CH.sub. 2 C(CH.sub.3).sub.3               
                                        H  H     216-218                       
     145   O O CH.sub.2 CH.sub.2 C(CH.sub.3).sub.3                             
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     151-153                       
     146   O O C(CH.sub.3).sub.2 CH.sub.2 Cl                                   
                            C(CH.sub.3).sub.2 CH.sub.2 Cl                      
                                        H  H     145-150                       
     147   O O C(CH.sub.3).sub.2 CH.sub.2 Cl                                   
                            C.sub.2 H.sub.5                                    
                                        H  H     161-164                       
     148   O O C(CH.sub.3).sub.2 CH.sub.2 Cl                                   
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     110-112                       
     149   O O C.sub.2 H.sub.5                                                 
                            CH.sub.2 O-2,4diCl--phenyl                         
                                        H  H     206-207                       
     150   O O CH.sub.2 CH=CH.sub.2                                            
                            C.sub.2 H.sub.5                                    
                                        H  H     135-139                       
     151   O O CH.sub.2 CH=CH.sub.2                                            
                            CH.sub.2 CH=CH.sub.2                               
                                        H  H     99-108                        
     152   O O C(CH.sub.3)=CH.sub.2                                            
                            C(CH.sub.3).sub.3                                  
                                        H  H     159-166                       
     153   O O cyclopropyl  C(CH.sub.3).sub.3                                  
                                        H  H     176-178                       
     154   O O CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            C.sub.2 H.sub.5                                    
                                        H  H     147-149                       
     155   O O C(CH.sub.3 )C.sub.2 H.sub.5                                     
                            C.sub.2 H.sub.5                                    
                                        H  H     141-144                       
     156   O O C.sub.3 H.sub.7 -n                                              
                            C(CH.sub.3).sub.3                                  
                                        H  H     172-175                       
     157   O O CH.sub.2 CH(CH.sub.3).sub.2                                     
                            C(CH.sub.3).sub.3                                  
                                        H  H     164.5-167                     
     158   O O n-C.sub.4 H.sub.9                                               
                            C(CH.sub.3).sub.3                                  
                                        H  H     125-127                       
     159   O O C(CH.sub.3).sub.2 CH.sub.2 Cl                                   
                            C(CH.sub.3).sub.3                                  
                                        H  H     151-153                       
     160   O O CH.sub.2 CH.sub.2 cyclopentyl                                   
                            C.sub.2 H.sub.5                                    
                                        H  H     165-166                       
     161   O O CH(C.sub.2 H.sub.5).sub.2                                       
                            C(CH.sub.3).sub.3                                  
                                        H  H     168-170                       
     162   O O CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            C(CH.sub.3).sub.3                                  
                                        H  H     145-148                       
     163   O O CH(CH.sub.3).sub.2                                              
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     115-120                       
     164   O O CH.sub.2 CH.sub.2 cyclohexyl                                    
                            C.sub.2 H.sub.5                                    
                                        H  H     154-155                       
     165   O O cyclohexyl   C(CH.sub.3).sub.3                                  
                                        H  H     187-188                       
     166   O O CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     111-115                       
     167   O O C(CH.sub.3).sub.2 C.sub.2 H.sub.5                               
                            C(CH.sub.3).sub.2 C.sub.2 H.sub.5                  
                                        H  H     156-158                       
     168   O O pinonoyl     C.sub.2 H.sub.5                                    
                                        H  H     glass                         
     169   O O C(CH.sub.3).sub.2 C.sub.2 H.sub.5                               
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     120.5-123                     
     170   O O CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     glass                         
     171   O O cyclohexyl   cyclohexyl  H  H     217-219                       
     172   O O cyclohexyl   C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     153.5-157                     
     173   O O 3-4-diCl--phenyl                                                
                            C(CH.sub.3).sub.3                                  
                                        H  H     187-191                       
     174   O O CH.sub.2 O-2,4-diCl--phenyl                                     
                            C(CH.sub.3).sub.3                                  
                                        H  H     163-165                       
     175   O O 3,4-diCl--phenyl                                                
                            C(CH.sub.3)C.sub.3 H.sub.7                         
                                        H  H     107-114                       
     176   O O 2,4-diCl--phenyl                                                
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     153-157                       
     177   O O CH.sub.2 O-2,4-diCl--phenyl                                     
                            C(CH.sub.3)C.sub.3 H.sub.7                         
                                        H  H     126-129                       
     178   O O C(i-C.sub.3 H.sub.7).sub.2 CH.sub.3                             
                            C.sub.2 H.sub.5                                    
                                        H  H     n.sub.D.sup. 30 1.5225        
     179   O O CH=CHCH.sub.3                                                   
                            C(CH.sub.3).sub.3                                  
                                        H  H     67-69                         
     180   O O CH.sub.2 CH=CH.sub.2                                            
                            C(CH.sub.3).sub.3                                  
                                        H  H     159-161                       
     181   O O CH.sub.2 CH.sub.2 cyclopentyl                                   
                            C(CH.sub.3).sub.3                                  
                                        H  H     142-143                       
     182   O O CH.sub.2 CH.sub.2 cyclohexyl                                    
                            C(CH.sub.3).sub.3                                  
                                        H  H     141.5-143                     
     183   O O 3'-pinonyl   C(CH.sub.3).sub.3                                  
                                        H  H     61-67                         
     184   O O 2,4-diCl--phenyl                                                
                            C(CH.sub.3).sub.3                                  
                                        H  H     182-184                       
     185   O O C(i-C.sub.3 H.sub.7).sub.2 CH.sub.3                             
                            C(CH.sub.3).sub.3                                  
                                        H  H     62-66                         
     186   O O CCl.sub.3    CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     121-126                       
     187   O O CF.sub.3     CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     139-146                       
     188   O O CH(CH.sub.3).sub.2                                              
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     156-157                       
     189   O O CH(CH.sub.3)C.sub.2 H.sub.5                                     
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     145-147                       
     190   O O C(CH.sub.3).sub.2 CH.sub.2 Cl                                   
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     n.sub.D.sup.30 1.5145         
     191   O O CH.sub.2 C(CH.sub.3).sub.3                                      
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     n.sub.D.sup.30 1.5078         
     192   O O CH.sub.2 CH(CH.sub.3)CH.sub.2 C(CH.sub.3).sub.3                 
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     n.sub.D.sup.30 1.5020         
     193   O O CH.sub.2 O-2,4-diCl--phenyl                                     
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     182.184                       
     194   O O C(CH.sub.3).sub.3                                               
                            C(C.sub.2 H.sub.5).sub.2 CH.sub.3                  
                                        H  H     131-134.5                     
     195   O O CH.sub.2 C(CH.sub.3).sub.3                                      
                            C(C.sub.2 H.sub.5).sub.2 CH.sub.3                  
                                        H  H     133-135                       
     196   O O CH.sub.2 CH(CH.sub.3)CH.sub.2 C(CH.sub.3).sub.3                 
                            C(C.sub.2 H.sub.5).sub.2 CH.sub.3                  
                                        H  H     57-62                         
     197   O O CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5                            
                            C.sub.2 H.sub.5                                    
                                        H  H     123-126                       
     198   O O CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5                            
                            C(CH.sub.3).sub.3                                  
                                        H  H     134-136                       
     199   O O CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5                            
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     107-108                       
     200   O O CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5                            
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     100-103                       
     201   O O CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5                            
                            CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5               
                                        H  H     132-134                       
     202   O O CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                              
                            C.sub.2 H.sub.5                                    
                                        H  H     126-129                       
     203   O O CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                              
                            CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                 
                                        H  H     53-70                         
     204   O O CH.sub.2 C(CH.sub.3).sub.3                                      
                            CH(CH.sub.3)CH.sub.3                               
                                        H  H     189-192                       
     205   O O C.sub.2 H.sub.5                                                 
                            C(C.sub.2 H.sub.5).sub.2 CH.sub.3                  
                                        H  H     134-137                       
     206   O O CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            C(C.sub.2 H.sub.5).sub.2 CH.sub.3                  
                                        H  H     45-48                         
     207   O O CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                      
                            C.sub.2 H.sub.5                                    
                                        H  H     174-175                       
     208   O O CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                      
                            C(CH.sub.3).sub.3                                  
                                        H  H     156-157                       
     209   O O CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                              
                            C(CH.sub.3).sub.3                                  
                                        H  H     132- 134                      
     210   O O CH(C.sub.2 H.sub.5)C.sub.3 H.sub.7                              
                            CH(CH.sub.3 C.sub.3 H.sub.7                        
                                        H  H     108-112                       
     211   O O CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                              
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     119-121                       
     212   O O CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                      
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     135-136                       
     213   O O CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                      
                            C(CH.sub.3)C.sub.3 H.sub.7                         
                                        H  H     108-110                       
     214   O O CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                      
                            CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5         
                                        H  H     175-178                       
     215   O O C.sub.2 F.sub.5                                                 
                            C.sub.2 H.sub.5                                    
                                        H  H     172-175                       
     216   O O C.sub.2 F.sub.5                                                 
                            C(CH.sub.3).sub.3                                  
                                        H  H     187-190                       
     217   O O C.sub.2 F.sub.5                                                 
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     126-128                       
     218   O O C.sub.2 F.sub.5                                                 
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     112-114                       
     219   O O CCl.sub.2 CF.sub.3                                              
                            C.sub.2 H.sub.5                                    
                                        H  H     141-143                       
     220   O O 2-CH.sub.3 --phenyl                                             
                            C(CH.sub.3).sub.3                                  
                                        H  H     185-186.5                     
     221   O O 3-CH.sub.3 --phenyl                                             
                            C(CH.sub.3).sub.3                                  
                                        H  H     163-164                       
     222   O O 4-CH.sub.3 --phenyl                                             
                            C(CH.sub.3).sub.3                                  
                                        H  H     206-207                       
     223   O O 2-CH.sub.3 --phenyl                                             
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     172-174                       
     224   O O 3-CH.sub.3 --phenyl                                             
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     68-72                         
     225   O O 4-CH.sub.3 --phenyl                                             
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     122-124                       
     226   O O 2-CH.sub.3 --phenyl                                             
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     154-155                       
     227   O O 3-CH.sub.3 --phenyl                                             
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     129-130                       
     228   O O 4-CH.sub.3 --phenyl                                             
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     146-148                       
     229   O O 2-Cl--phenyl C(CH.sub.3).sub.3                                  
                                        H  H     185-187                       
     230   O O 3-Cl--phenyl C(CH.sub.3).sub.3                                  
                                        H  H     193-194                       
     231   O O 2-Cl--phenyl CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     154-156                       
     232   O O 3-Cl--phenyl CH(CH.sub.3 )C.sub.3 H.sub.7                       
                                        H  H     118-120                       
     233   O O 4-Cl--phenyl CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     131-133                       
     234   O O 2-Cl--phenyl C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     128-130                       
     235   O O 3-Cl--phenyl C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     132-133                       
     236   O O 4-Cl--phenyl C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     135-137                       
     237   O O 2-F--phenyl  C.sub.2 H.sub.5                                    
                                        H  H     186-187                       
     238   O O 4-F--phenyl  C.sub.2 H.sub.5                                    
                                        H  H     205-206                       
     239   O O 2-F--phenyl  C(CH.sub.3).sub.3                                  
                                        H  H     123-126                       
     240   O O 4-F--phenyl  C(CH.sub.3).sub.3                                  
                                        H  H     195-196                       
     241   O O 2-F--phenyl  CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     129-131                       
     242   O O 4-F--phenyl  CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H     141-143                       
     243   O O 2-F--phenyl  C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     114-115                       
     244   O O 4-F--phenyl  C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H     147-149                       
     245   O O CH(C.sub.2 H.sub.5).sub.2                                       
                            CH(CH.sub. 3)C.sub.3 H.sub.7                       
                                        H  H     157-159                       
     246   O O CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H 3-Cl                              
                                                 63-66                         
     247   O O C.sub.2 H.sub.5                                                 
                            C.sub.2 H.sub.5                                    
                                        H  H 2-CH.sub.3                        
                                                 266-267                       
     248   O O i-C.sub.3 H.sub.7                                               
                            i-C.sub.3 H.sub.7                                  
                                        H  H 2-CH.sub.3                        
                                                 295-296                       
     249   O O t-C.sub.4 H.sub.9                                               
                            t-C.sub.4 H.sub.9                                  
                                        H  H 2-CH.sub.3                        
                                                 260-261                       
     250   O O CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                        H  H 2-CH.sub.3                        
                                                 245-246                       
     251   O O C(CH.sub.3).sub.2 C.sub.3 H.sub.7                               
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                        H  H 2-CH.sub.3                        
                                                 176-177                       
     __________________________________________________________________________
PAR  Other examples of compounds falling within the generic formulas presented
      herein, which are preparable by the above-described procedures and which
      may be formulated into herbicidal compositions and applied as herein
      illustrated are:
TBL  X Y R.sub.1   R.sub.2  R.sub.3                                            
                                R.sub.4                                        
                                    Z                                          
     __________________________________________________________________________
     O S H         H        H   H                                              
     O S C.sub.2 H.sub.5                                                       
                   H        H   H                                              
     O S C.sub.2 H.sub.5                                                       
                   C.sub.2 H.sub.5                                             
                            H   H                                              
     O S C.sub.2 H.sub.5                                                       
                   cyclopropyl                                                 
                            H   H                                              
     O S CH.sub.2 Cl                                                           
                   CH.sub.2 Cl                                                 
                            H   H                                              
     O S cyclopropyl                                                           
                   n-C.sub.5 H.sub.11                                          
                            H   H                                              
     O S CH=CHCH.sub.3                                                         
                   C.sub.2 H.sub.5                                             
                            H   H                                              
     O S furyl     furyl    H   H                                              
     O S CCl.sub.3 C.sub.2 H.sub.5                                             
                            H   H                                              
     O S phenyl    phenyl   H   H                                              
     O S cyclohexyl                                                            
                   cyclohexyl                                                  
                            H   H                                              
     O S benzyl    C.sub.2 H.sub.5                                             
                            H   H                                              
     O S 2,4-diCl-phenyl                                                       
                   C.sub.2 H.sub.5                                             
                            H   H                                              
     O S 4-NO.sub.2 -phenyl                                                    
                   C.sub.2 H.sub.5                                             
                            H   H                                              
     O S 3,4-diCl-phenyl                                                       
                   i-C.sub.3 H.sub.7                                           
                            H   H                                              
     O S C.sub.2 H.sub.5                                                       
                   CF.sub.3 H   H                                              
     O S t-C.sub.4 H.sub.9                                                     
                   t-C.sub.4 H.sub.9                                           
                            H   H                                              
     O S phenyl    phenyl   H   H                                              
     O S cyclohexyl                                                            
                   cyclohexyl                                                  
                            H   H   5'-Cl                                      
     O S C.sub.2 H.sub.5                                                       
                   3-NO.sub.2 --phenyl                                         
                            H   H                                              
     O O C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            H   H   5'-Cl                                      
     O O C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            H   H   5'-Br                                      
     O O C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            H   H   5'-F                                       
     O O C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            H   H   5'-C.sub.2 H.sub.5                         
     O O C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            H   H   5'-NO.sub.2                                
     O O C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            H   H   5'-CF.sub.3                                
     O O C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            H   CH.sub.3                                       
     O S C.sub.2 H.sub.5                                                       
                   CH(C.sub.2 H.sub.5)2                                        
                            H   CH.sub.3                                       
                                    5'-Cl                                      
     O S C.sub.2 H.sub.5                                                       
                   phenyl   H   CH.sub.3                                       
                                    5'-NO.sub.2                                
     O O CH.sub.2 C(CH.sub.3).sub.3                                            
                   C.sub.2 H.sub.5                                             
                            CH.sub.3                                           
                                CH.sub.3                                       
     O O CH.sub.2 C(CH.sub.3).sub.3                                            
                   C.sub.2 H.sub.5                                             
                            CH.sub.3                                           
                                H   5'-Cl                                      
     O O C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            CH.sub.3                                           
                                H   5'-CF.sub.3                                
     O O C(CH.sub.3).sub.2 C.sub.3 H.sub.7                                     
                   C.sub. 2 H.sub.5                                            
                            C.sub.2 H.sub.5                                    
                                CH.sub.3                                       
                                    5'-NO.sub.2                                
     O S C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            CH.sub.3                                           
                                CH.sub.3                                       
                                    5'-CH.sub.3                                
     O O H         H        H   H   5'-NH.sub.2                                
     O O C.sub.2 H.sub.5                                                       
                   C.sub.2 H.sub.5                                             
                            H   H   5'NH.sub.2                                 
     O O C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            CH.sub.3                                           
                                CH.sub.3                                       
                                    5'-NH.sub.2                                
     O S H         H        CH.sub.3                                           
                                CH.sub.3                                       
                                    5'-OCH.sub.3                               
     O S C.sub.2 H.sub.5                                                       
                   C.sub.2 H.sub.5                                             
                            H   H   5'-OC.sub.2 H.sub.5                        
     S O C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            CH.sub.3                                           
                                CH.sub.3                                       
                                    5'-OCH.sub.3                               
     S O C.sub.2 H.sub.5                                                       
                   i-C.sub.3 H.sub.7                                           
                            H   CH.sub.3                                       
                                    5'-NH.sub.2                                
     S O CH.sub.3  i-C.sub.3 H.sub.7                                           
                            H   H   5'-OCH.sub.3                               
     S S C.sub.2 H.sub.5                                                       
                   C.sub.2 H.sub.5                                             
                            CH.sub.3                                           
                                CH.sub.3                                       
                                    5'-OCH.sub.3                               
     S S C.sub.2 H.sub.5                                                       
                   C.sub.2 H.sub.5                                             
                            H   H   5'-NH.sub.2                                
     O O CH.sub.2 OC.sub.2 H.sub.5                                             
                   C.sub.2 H.sub.5                                             
                            H   H                                              
     O O C.sub.2 H.sub.4 OC.sub.2 H.sub.5                                      
                   i-C.sub.3 H.sub.7                                           
                            CH.sub.3                                           
                                H                                              
     __________________________________________________________________________
PAR  Pre-emergence herbicide test. On the day preceding treatment, seeds of
      seven different weed species are planted in individual rows using one
      species per row across the width of the flat. The seeds used are hairy
      crabgrass (Digitaria sanguinalis (L.) Scop.), yellow foxtail (Setaria
      glauca (L.) Beauv.), watergrass (Echinochloa crusgalli (L.) Beauv.),
      California red oat (Avena sativa (L.)), redroot pigweed (Amaranthus
      retroflexus (L.), Indian Mustard (Brassica juncea (L.) Coss.) and curly
      dock (Rumex crispus (L.). Ample seeds are planted to give about 20 to 50
      seedlings per row, after emergence, depending on the size of the plants.
      The flats are watered after planting. The spraying solution is prepared by
      dissolving 50 mg. of the test compound in 3 ml. of a solvent, such as
      acetone, containing 1% Tween 20 (polyoxy-ethylene sorbitan monolaurate.)
      The following day, each flat is sprayed at the rate of 20 pounds of the
      candidate compound per 80 gallons of solution per acre. An atomizer is
      used to spray the solution on soil surface. The flats are placed in a
      greenhouse at 80.degree.F. and watered regularly. Two weeks later, the
      degree of weed control is determined by comparing the amount of
      germination and growth of each weed in the treated flats with weeds in
      several untreated control flats.
PAR  The rating system is as follows:
TBL  - =    no significant injury (0-15 percent control)                       
     + =    slight injury (25-35 percent control)                              
     ++ =   moderate injury (55-65 percent control)                            
     +++ =  severe injury or death (85-100 percent control)                    
PAL  An activity index is used to represent the total activity on all seven weed
      species. It is the sum of the number of plus marks, so that an activity
      index of 21 represents complete control of all seven weeds. The results of
      this test are reported in Table II.
PAC  Post-emergence Herbicide Test
PAR  Seeds of five weed species including hairy crabgrass, watergrass, wild
      oats, Indian mustard, and curly dock and one crop pinto beans (Phaseolus
      vulgaris), are planted in flats as described above for pre-emergence
      screening. The flats are placed in the greenhouse at
      72.degree.-85.degree.F. and watered daily with a sprinkler. About 10 to 14
      days after planting when the primary leaves of the bean plant are almost
      fully expanded and the first trifoliate leaves are just starting to form,
      the plants are sprayed. The spray is prepared by weighing out 50 mg. of
      the test compound, dissolving it in 5 ml. of acetone containing 1 percent
      Tween 20 (polyoxy-ethylene sorbitan monolaurate) and then adding 5 ml. of
      water. The solution is sprayed on the foliage using an atomizer. The spray
      concentration is 0.5% and the rate would be approximately 20 lb/acre if
      all of the spray were retained on the plant and the soil, but some spray
      is lost so it is estimated that the application rate is approximately 12.5
      lb/acre.
PAR  Beans are used to detect defoliants and plant growth regulators. The beans
      are trimmed to two or three plants per flat by cutting off the excess
      weaker plants several days before treatment. The treated plants are placed
      back in the greenhouse and care is taken to avoid sprinkling the treated
      foliage with water for three days after treatment. Water is applied to the
      soil by means of a slow stream from a watering hose taking care not to wet
      the foliage.
PAR  Injury rates are recorded 14 days after treatment. The rating system is the
      same as described above for the pre-emergence test where (-), (+), (++),
      and (+++) are used for the different rates of injury and control. The
      injury symptoms are also recorded. The maximum activity index for complete
      control of all the species in the post-emergence screening test is 18
      which represents the sum of the plus marks obtained with the six plant
      species used in the test. The herbicide activity index is shown in Table
      II.
TBL                TABLE II                                                    
     ______________________________________                                    
     HERBICIDAL ACTIVITY ** - SCREENING RESULTS                                
     Compound                                                                  
     Number      Pre-emergence  Post-emergence                                 
     ______________________________________                                    
     1           12             15                                             
     2           2              12                                             
     3           7              3                                              
     4           1              0                                              
     5           0              5                                              
     6           9              5                                              
     7           18             15                                             
     8           15             18                                             
     9           0              7                                              
     10          0              8                                              
     11          19             18                                             
     12          11             16                                             
     13          20             18                                             
     14          17             15                                             
     15          14             18                                             
     16          0              13                                             
     17          1              8                                              
     18          0              9                                              
     19          0              7                                              
     20          0              10                                             
     21          12             16                                             
     22          12             15                                             
     23          6              13                                             
     24          6              12                                             
     25          4              8                                              
     26          8              9                                              
     27          11             16                                             
     28          9              14                                             
     29          17             15                                             
     30          21             17                                             
     31          2              11                                             
     32          0              8                                              
     33          0              9                                              
     34          9              16                                             
     35          2              9                                              
     36          9              15                                             
     37          6              14                                             
     38          20             18                                             
     39          6              12                                             
     40          11             12                                             
     41          5              14                                             
     42          10             12                                             
     43          9              12                                             
     44          8              18                                             
     45          18             16                                             
     46          8              11                                             
     47          8              12                                             
     48          6              12                                             
     49          16             18                                             
     50          5              12                                             
     51          5              11                                             
     52          6              12                                             
     53          6              0                                              
     54          12             12                                             
     55          21             18                                             
     56          19             17                                             
     57          6              8                                              
     58          0              2                                              
     59          10             9                                              
     60          21             18                                             
     61          15             16                                             
     62          7              12                                             
     63          16             16                                             
     64          14             15                                             
     65          3              10                                             
     66          20             17                                             
     67          8              8                                              
     68          21             18                                             
     69          0              11                                             
     70          14             15                                             
     71          10             11                                             
     72          21             18                                             
     73          11             12                                             
     74          12             11                                             
     76          20             18                                             
     77          12             15                                             
     78          3              11                                             
     79          21             18                                             
     80          18             18                                             
     81          19             18                                             
     82          17             16                                             
     83          18             18                                             
     84          7              12                                             
     85          6              7                                              
     86          0              2                                              
     87          19             16                                             
     88          21             18                                             
     89          9              12                                             
     90          0              3                                              
     91          11             16                                             
     92          4              10                                             
     93          8              18                                             
     94          20             18                                             
     95          19             18                                             
     96          18             18                                             
     97          11             18                                             
     98          6              14                                             
     99          19             18                                             
     100         13             18                                             
     101         19             18                                             
     102         6              15                                             
     103         12             18                                             
     104         19             18                                             
     105         20             18                                             
     106         14             17                                             
     107         17             18                                             
     108         11             18                                             
     109         6              12                                             
     110         12             17                                             
     111         12             18                                             
     112         9              14                                             
     113         21             18                                             
     114         19             18                                             
     115         20             18                                             
     116         21             18                                             
     117         5              18                                             
     118         11             17                                             
     119         9              14                                             
     120         5              14                                             
     121         0              1                                              
     122         0              12                                             
     123         0              12                                             
     124         17             18                                             
     125         10             18                                             
     126         9              18                                             
     127         15             18                                             
     128         3              17                                             
     129         9              16                                             
     130         7              9                                              
     131         7              11                                             
     132         16             15                                             
     133         8              9                                              
     134         6              14                                             
     135         6              11                                             
     136         12             13                                             
     137         14             15                                             
     138         2              13                                             
     139         14             14                                             
     140         0              7                                              
     141         14             18                                             
     142         12             16                                             
     143         5              12                                             
     144         0              2                                              
     145         6              12                                             
     146         3              4                                              
     147         21             18                                             
     148         21             17                                             
     149         8              12                                             
     150         10             17                                             
     151         7              16                                             
     152         15             17                                             
     153         16             18                                             
     154         18             18                                             
     155         16             18                                             
     156         17             19                                             
     157         19             17                                             
     158         11             16                                             
     159         15             14                                             
     160         3              11                                             
     161         19             18                                             
     162         21             18                                             
     163         21             18                                             
     164         0              8                                              
     165         9              16                                             
     166         18             18                                             
     167         11             13                                             
     168         9              15                                             
     169         21             17                                             
     170         20             18                                             
     171         0              0                                              
     172         0              14                                             
     173         0              15                                             
     174         17             15                                             
     175         8              16                                             
     176         9              14                                             
     177         9              16                                             
     178         9              18                                             
     179         18             18                                             
     180         19             18                                             
     181         2              12                                             
     182         0              9                                              
     183         6              8                                              
     184         14             12                                             
     185         13             9                                              
     186         14             15                                             
     187         19             18                                             
     188         21             16                                             
     189         20             16                                             
     190         21             18                                             
     191         21             18                                             
     192         9              12                                             
     193         5              10                                             
     194         18             11                                             
     195         13             9                                              
     196         1              4                                              
     197         20             16                                             
     198         21             16                                             
     199         21             15                                             
     200         21             16                                             
     201         19             14                                             
     202         21             18                                             
     203         0              6                                              
     204         10             11                                             
     205         21             17                                             
     206         21             15                                             
     207         18             18                                             
     208         17             15                                             
     209         13             17                                             
     210         13             18                                             
     211         6              13                                             
     212         16             14                                             
     213         13             5                                              
     214         0              4                                              
     215         20             18                                             
     216         16             18                                             
     217         15             18                                             
     218         16             18                                             
     219         17             18                                             
     220         4              11                                             
     221         7              14                                             
     222         0              4                                              
     223         3              11                                             
     224         8              12                                             
     225         2              14                                             
     226         7              14                                             
     227         9              15                                             
     228         0              10                                             
     229         11             10                                             
     230         6              10                                             
     231         8              12                                             
     232         8              12                                             
     233         5              11                                             
     234         9              13                                             
     235         9              14                                             
     236         6              12                                             
     237         7              6                                              
     238         11             10                                             
     239         15             16                                             
     240         8              9                                              
     241         9              11                                             
     242         8              12                                             
     243         10             14                                             
     244         6              11                                             
     245         19             18                                             
     246         0              14                                             
     247         6              5                                              
     248         0              5                                              
     249         5              5                                              
     250         3              4                                              
     251         6              7                                              
     ______________________________________                                    
PAL  21 = 85-100% control of all seven plant species tested pre-emergence.
PAL  18 - 85-100% control of all six plant species tested post-emergence
PAR  The compounds of the present invention are used as pre-emergence of
      post-emergence herbicides and are applied in a variety of ways at various
      concentrations. In practice, the compounds are formulated with an inert
      carrier, utilizing methods well-known to those skilled in the art, thereby
      making them suitable for application as dusts, sprays, or drenches and the
      like in the form and manner required. The mixtures can be dispersed in
      water with the aid of a wetting agent or they can be employed in organic
      liquid compositions, oil and water, water in oil emulsions, with or
      without the addition of wetting, dispersing or emulsifying agents. The
      amount applied depends upon the nature of the seeds or plants to be
      controlled and the rate of application varies from approximately 1 to
      approximately 50 pounds per acre. One particularly advantageous way of
      applying the compound is a narrow band along a row crop straddling the
      row. In practice, the compounds are formulated with an inert carrier
      utilizing methods well known to those skilled in the art, thereby making
      them suitable for particular application.
PAR  The phytotoxic compositions of this invention are applied to the plants in
      the conventional manner. Thus, the dust and liquid compositions can be
      applied to the plant by the use of power-dusters, boom and hand sprayers
      and spray-dusters. The compositions can also be applied from airplanes as
      a dust or a spray because they are effective in very low dosages. In order
      to modify or control growth of germinating seeds or emerging seedlings, as
      a typical example, the dust and liquid compositions are applied to the
      soil according to conventional methods and are preferably distributed in
      the soil to a depth of at least 1/2-inch below the soil surface. It is not
      necessary that the phytotoxic compositions be admixed with the soil
      particles and these compositions can be applied merely by spraying or
      sprinkling the surface of the soil. The phytotoxic compositions of this
      invention can also be applied by addition to irrigation water supplied to
      the field to be treated. This method of application permits the
      penetration of the compositions into the soil as the water is absorbed
      therein. Dust compositions, granular compositions or liquid formulations
      applied to the surface of the soil can be distributed below the surface of
      the soil by conventional means such as discing, dragging or mixing
      operations.
PAR  The phytotoxic compositions of this invention can also contain other
      additaments, for example fertilizers, pesticides and the like, used as
      adjuvant or in combination with any of the above-described adjuvants.
      Other phytotoxic compounds useful in combination with the above-described
      compounds include for example 2,4-dichlorophenoxyacetic acids,
      2,4,5-trichlorophenoxyacetic acid, 2 - methyl - 4-chlorophenoxyacetic acid
      and the salts, esters and amides thereof; triazine derivatives, such as
      2,4-bis (3-methoxypropylamino)-6-methylthio-S-triazine;
      2-chloro-4-ethylamino-6-isopropylamino-S-triazine, and
      2-ethylamino-4-isopropylamino-6-methylmercapto-S-triazine, urea
      derivatives, such as 3-(3,4-dichlorophenyl)-1,1-dimethyl urea and
      3-(p-chlorophenyl)-1,1-dimethyl urea and acetamides such as N,N - dially -
      .alpha.  -chloroacetamide, N-(.alpha.-chloroacetayl)hexamethylene imine,
      and N,N-diethyl-a-bromacetamide and the like; benzoic acids such as
      3-amino-2,5-dichlorobenzoic and; thiocarbamates, such as S-propyl
      dipropylthiocarbamate; S-ethyl-dipropylthiocarbamate,
      S-ethyl-cyclohexylethyl-thiocarbamate, S-ethyl
      hexahydro-1H-azepine-1-carbothioate and the like. Fertilizers useful in
      combination with the active ingredients include for example ammonium
      nitrate, urea and superphosphates. Other useful additaments include
      materials in which plant organisms take root and grow such as compost,
      manure, humus, sand and the like.
PAR  The concentration of a compound of the present invention, constituting an
      effective amount in the best mode of administration in the utility
      disclosed is readily determinable by those skilled in the art. Various
      changes and modifications are possible without departing from the spirit
      and scope of the invention described herein and will be apparent to those
      skilled in the art to which it pertains. It is accordingly intended that
      the present invention shall only be limited by the scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula
      ##SPC4##
PAL  in which R.sub.2 is halogenated lower alkyl, and R.sub.1 is alkyl.
NUM  2.
PAR  2. A compound according to claim 1 in which R.sub.1 is ethyl and R.sub.2 is
      1-bromo-1-methylethyl.
NUM  3.
PAR  3. A compound according to claim 1 in which R.sub.1 is isopropyl and
      R.sub.2 is trichloromethyl.
NUM  4.
PAR  4. A compound according to claim 1 in which R.sub.1 is isopropyl and
      R.sub.2 is 1-chloroethyl.
NUM  5.
PAR  5. A compound according to claim 1 in which R.sub.1 is isopropyl and
      R.sub.2 is 1-bromo-1-methylethyl.
NUM  6.
PAR  6. A compound according to claim 1 in which R.sub.1 is ethyl and R.sub.2 is
      trifluoromethyl.
NUM  7.
PAR  7. A compound according to claim 1 in which R.sub.2 is 1-bromo-iso-propyl
      and R.sub.1 is ethyl.
NUM  8.
PAR  8. A compound according to claim 1 in which R.sub.2 is 1,1-dichloroethyl
      and R.sub.1 is ethyl.
NUM  9.
PAR  9. A compound according to claim 1 in which R.sub.2 is trifluoromethyl and
      R.sub.1 is 1,1-dimethylbutyl.
NUM  10.
PAR  10. A compound according to claim 1 in which R.sub.2 is
      1,1-dimethyl-2-chloroethyl and R.sub.1 is ethyl.
NUM  11.
PAR  11. A compound according to claim 1 in which R.sub.2 is
      1,1-dimethyl-2-chloroethyl and R.sub.1 is 1,1-dimethylbutyl.
NUM  12.
PAR  12. The compound having the formula
      ##SPC5##
NUM  13.
PAR  13. A compound having the formula
      ##SPC6##
PAL  in which R.sub.1 is lower alkenyl, R.sub.2 is alkyl.
NUM  14.
PAR  14. A compound according to claim 13 in which R.sub.1 is 2,2-dimethylvinyl,
      R.sub.2 is tert-butyl.
NUM  15.
PAR  15. A compound according to claim 13 in which R.sub.1 is 2,2-dimethylvinyl,
      R.sub.2 is 1,1-dimethylbutyl.
NUM  16.
PAR  16. A compound according to claim 13 in which R.sub.1 is 2,2-dimethylvinyl,
      R.sub.2 is ethyl.
NUM  17.
PAR  17. A compound according to claim 13 in which R.sub.1 is vinyl, R.sub.2 is
      ethyl.
NUM  18.
PAR  18. A compound having the formula
      ##SPC7##
PAL  in which R.sub.1 is benzyl and R.sub.2 is alkyl.
NUM  19.
PAR  19. A compound according to claim 18 in which R.sub.2 is tert-butyl.
NUM  20.
PAR  20. A compound according to claim 18 in which R.sub.2 is sec-butyl.
NUM  21.
PAR  21. A compound according to claim 18 in which R.sub.2 is 1-methylbutyl.
NUM  22.
PAR  22. A compound according to claim 18 in which R.sub.2 is 1,1-dimethylbutyl.
NUM  23.
PAR  23. A compound having the formula
      ##SPC8##
PAL  in which R.sub.1 is chlorophenyl and R.sub.2 is alkyl.
NUM  24.
PAR  24. A compound according to claim 23 in which R.sub.1 is 2-chlorophenyl and
      R.sub.2 is ethyl.
NUM  25.
PAR  25. A compound according to claim 23 in which R.sub.1 is 4-chlorophenyl and
      R.sub.2 is ethyl.
NUM  26.
PAR  26. A compound according to claim 23 in which R.sub.1 is 4-chlorophenyl and
      R.sub.2 is tert-butyl.
NUM  27.
PAR  27. A compound having the formula
      ##SPC9##
PAL  in which R.sub.1 is styryl and R.sub.2 is alkyl.
NUM  28.
PAR  28. A compound according to claim 27 in which R.sub.2 is ethyl.
NUM  29.
PAR  29. A compound having the formula
      ##SPC10##
PAL  in which R.sub.1 is 2,4,4-trimethylpentyl and R.sub.2 is 1,1-dimethylbutyl.
NUM  30.
PAR  30. A compound having the formula
      ##SPC11##
PAL  in which R.sub.1 is 1,1-dimethylbutyl, R.sub.2 is neopentyl.
NUM  31.
PAR  31. A compound having the formula
      ##SPC12##
PAL  in which R.sub.1 is tert.-butyl and R.sub.2 is neopentyl.
NUM  32.
PAR  32. A compound having the formula
      ##SPC13##
PAL  in which R.sub.1 is 1-methylbutyl, and R.sub.2 is tert.-butyl.
NUM  33.
PAR  33. A compound having the formula
      ##SPC14##
PAL  in which R.sub.1 is 3,4-dichlorophenyl and R.sub.2 is ethyl.
NUM  34.
PAR  34. A compound having the formula
      ##SPC15##
PAL  in which R.sub.1 is 2,4-dichlorophenyl and R.sub.2 is tert.-butyl.
NUM  35.
PAR  35. A compound having the formula
      ##SPC16##
PAL  in which R.sub.1 is cyclopropyl and R.sub.2 is tert.-butyl.
NUM  36.
PAR  36. Compound having the formula
      ##SPC17##
PAL  in which R.sub.1 and R.sub.2 are as follows:
PA1  a. R.sub.1 is 2,2-dimethylpropyl and R.sub.2 is isopropyl
PA1  b. R.sub.1 is isopropyl and R.sub.2 is 1-ethylpropyl
PA1  c. R.sub.1 is isopropyl and R.sub.2 is 1,1-dimethylbutyl
PA1  d. R.sub.1 is isopropyl and R.sub.2 is 1-methylbutyl
PA1  e. R.sub.1 is 2-methylbutyl and R.sub.2 is tert.-butyl
PA1  f. R.sub.1 is 1,1-dimethylbutyl and R.sub.2 is tert.-butyl
PA1  g. R.sub.1 is tert.-butyl and R.sub.2 is 2,2-dimethylpropyl
PA1  h. R.sub.1 is 3-methylbutyl and R.sub.2 is tert.-butyl
PA1  i. R.sub.1 is 1-methylpropyl and R.sub.2 is tert.-butyl
PA1  j. R.sub.1 is 2,2-dimethylpropyl and R.sub.2 is 1-methylpropyl
PA1  k. R.sub.1 is 2,2-dimethylpropyl and R.sub.2 is 1-methylbutyl
PA1  l. R.sub.1 is 1-methylbutyl and R.sub.2 is 1,1-dimethylbutyl
PA1  m. R.sub.1 is 1-methylpropyl and R.sub.2 is 1-methylbutyl
PA1  n. R.sub.1 is 2-methylbutyl and R.sub.2 is 1-methylbutyl
PA1  o. R.sub.1 is 2,2-dimethylbutyl and R.sub.2 is 1-methylbutyl
PA1  p. R.sub.1 is 2-methylbutyl and R.sub.2 is 1,1-dimethylbutyl.
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ABST
PAL  2-ethyl-6-methyl-N-(1'-methoxyprop-2'-yl)-N-chloroacetanilide is disclosed
      as plant growth regulating and herbicidal agent with improved stability in
      the soil.
PARN
PAC  CROSS-REFERENCE
PAR  This application is a continuation-in part of our application Ser. No.
      366,955, filed June 4, 1973 and now abandoned.
BSUM
PAR  The present invention relates to
      2-ethyl-6-methyl-N(1'-methoxyprop-2'-yl)-N-chloroacetanilide having the
      formula I
      ##SPC1##
PAL  a process for its preparation as well as plant-growth regulating agents
      containing this compound as active ingredient and its use in the selective
      combatting of weeds in plant-cultures.
PAR  Various types of haloacetanilides have been described in the art as being
      herbicidally active.
PAR  In U.S. Pat. No. 3,442,945 it is stated that:
PAL  "It will be noted that the nitrogen-substituted .alpha.-haloacetanilides
      which are nuclear-substituted with a tertiary alkyl group in one ortho
      position and another substituent in the other ortho position possess
      unusual grass specifity and, furthermore, that these
      .alpha.-haloacetanilides have unusually high activity at extremely low
      application rates."
PAR  In accordance with this statement
      2'-tert.butyl-2-chloro-N-ethoxyethyl-6'-ethylacetanilide of the formula A
      ##SPC2##
      is highlighted inter alia as an example of a compound being especially
      active at low dosage levels. In example 85 of U.S. Patent No. 3,547,620
      and appendant Table IV it is shown that
      2-chloro-2'-tert.butyl-6'-ethyl-N-(ethoxymethyl)acetanilide of the formula
      A'
      ##SPC3##
PAL  exhibits a 25 % improvement in herebicidal activity over that of the above
      compound A. Further herbicidal-test in tables V, VI and VII corroborate
      these findings and following conclusion is drawn:
PAR  "The difference in herbicidal effectiveness is directly related to the
      presence of an alkoxymethyl, instead of an alkoxyethyl or alkoxypropyl
      group, on the nitrogen atom of the acetanilide. It is immaterial, as is
      shown in this example, whether the halo is bromine or chlorine."
PAR  From the combined teachings of these patents it would follow that chloro-
      and bromoacetanilides containing an ethoxymethyl rather than an
      ethoxyethyl group on the nitrogen atom and particularily those with an
      ortho tert. butyl group are likely to possess the most favourable
      herbicidal activity for practicle purposes. However, the closest analog
      described in U.S. Pat. No. 3,547,620 is compound E shown hereinafter.
      Furthermore U.S. Pat. No. 3,739,024 shows that the conversion of
      haloacetanilides with thionophosphine sulfide produces
      Halothioacetanilides having particularily useful herbicidal properties.
      Halothioacetanilides containing the allegedly herbicidally less
      advantageous ethoxyethyl group at the nitrogen atom are exemplified.
PAR  Experience has now shown that in general the compounds described in the
      above references while possessing useful herbicidal properties lack
      sufficient stability in the ground. It is desirable that a selective
      herbicide used to protect a plant culture should possess not only an
      appropriate weedicidal spectrum but also a duration of activity such that
      one application per crop season will suffice to keep the treated locus
      weedfree through to harvest.
PAR  A BROAD-SPECTRUM SELECTIVE HERBICIDE IS OF NO REAL PRACTICAL UTILITY IF IT
      BREAKS DOWN WITHIN 2 OR 3 WEEKS OF APPLICATION THUS REQUIRING SEVERAL
      APPLICATIONS PER SEASON WITH THE CONCOMMITENT INCREASE IN LABOUR AND
      COSTS.
PAR  A pre-emergent herbicide with sufficient in-soil durability avoids the
      necessity of further herbicides post-emergent application.
PAR  The ideal selective herbicide possesses an activity spectrum proper to the
      crop to be protected, a high weedicidal activity and a suitably long life
      after application. These criteria and desiderata apply equally to
      plant-growth regulating substances. All have to be taken into account when
      selecting a suitable herbicidal or plant-growth regulating agent.
PAR  It has now been found that the compound of the formula I in contrast to
      known acetanilide derivates fully satisfies all the above described
      requirements.
PAR  The active substance according to the invention possesses very good
      herbicidal activity against annual grasses such as Echinochloa and related
      plants of the genera Setaria, Digitaria, etc., against grasses such as
      Lolium species and against many dicotyledonous weeds such as Amaranthus,
      Stellaria, Chrysanthemum, Sinapis etc., without causing damage to the
      plant cultures in which it is intended to be used. Examples of such plants
      cultures are maize, sun flower, sugar beet, sugar cane, tobacco and
      potatoe, leguminous cultures such as soya, various types of ground nut
      (peanut), pea and various types of bean and also cotton and Brassica
      species such as rape and cabbage. The active substance may be applied
      either before or after germination of the plant culture and of the weeds
      or grasses (pre- and postemergent treatment). Suitable rates for
      pre-emergent application lie between 0.1 and 10 kg of active substance per
      hectare. At lower levels the compound acts selectively. For example with
      rates as low as and in the region of 2 kg/hectare weeds in a crop culture
      such as aforementioned are destroyed while the crop is left intact.
PAR  At higher rates the active substance acts as a total herbicide and may be
      employed for example to prevent railway embankments, factory areas, roads
      etc. from becomming overgrown.
PAR  When used for post-emergent treatment the compound acts as a plant-growth
      regulator in that it will delay or inhibit the growth of many mono- or di-
      cotyledonous plants be they plant cultures or weeds. Thus the growth rate
      of grassland (comprising for example Poa pratensis, Agrostis tenuis,
      Festuca rubra) treated with 5 kg/hectare of active substance shortly after
      the first cutting in spring is reduced by half an observation period of 60
      days being used as a basis. The primary consequence of this activity is a
      reduction of the plant size in particular of its height. Accompanying
      changes in plantmorphology may be observed. As a direct result of the
      reduction in height the plant gains in sturdiness, the leaves and stems
      grow stronger and in the case of monocotyledones the reduction of the
      internodal distance results in greater resistance to bending and breaking.
      A further benefit of reduced growth in plant cultures and for example
      lawns, sports fields and other grassed-over areas is the saving in manure
      and/or fertilizer and in the case of the latter the reduced frequency at
      which they must be mown or scythed. A typical area of application would be
      to roadsides where the easy maintenance of medium growth-height throughout
      the vegetation period is desirable. The active substance of the formula I
      may of course be used in conjunction with other active substances.
      Additionally the compound I acts as an antisprouting agent on potatoes
      which are intended for storage or consumption. It also acts as fungicide
      to combat plantpathogenic fungi.
PAR  The compound of the formula I may be manufactured by reacting the
      N-substituted aniline of the formula II
      ##SPC4##
PAL  with a chloroacetylating agent, preferably an anhydride or halide of
      chloroacetic acid.
PAR  The compound of the formula I may also be produced by reacting
      2-methyl-6-ethyl-aniline with a 2-halopropanol subsequently
      chloroacetylating the obtained compound of the formula IIa
      ##SPC5##
PAL  preferably with an
PA1  anhydride or halide of chloroacetic acid and finally etherifying the free
      OH group with methanol in acid medium, (e.g. in the presence of HC1,
      H.sub.2 SO.sub.4) under mild conditions and in a conventional manner.
PAR  The reactions can be carried out in the presence or absence of solvents or
      diluents which are inert towards the reactants. Examples of suitable
      solvents or diluents are:
PAL  aliphatic, aromatic or halogenated hydrocarbons, such as benzene, toluene,
      xylene, petroleum ether, chlorobenzene, methylene chloride, ethylene
      chloride, chloroform; ethers and ethereal compounds, such as dialkyl
      ethers, dioxan, tetrahydrofuran; nitriles, such as acetonitrile;
      N,N-dialkylated amides, such as dimethyl formamide; also dimethyl
      sulphoxide, as well as mixtures of these solvents.
PAR  Suitable chloroacetylating agents are for example chloroacetic anhydride,
      and chloroacetic halides, such as chloroacetyl chloride. However, it is
      also possible to carry out the reaction using chloroacetic acid, or its
      esters or amides. The reactions are carried out at temperatures between
      0.degree. and 200.degree.C, preferably between 20.degree. and
      100.degree.C. The chloroacetylation step is usefully carried out in the
      presence of an acid binding agent (especially if chloroacetyl halides are
      used). Suitable acid binding agents are: tertiary amines, such as
      trialkylamines, e.g. triethylamine, pyridine and pyridine bases, or
      inorganic bases, such as oxides and hydroxides, hydrogen carbonates and
      carbonates or alkali and alkaline earth metals. Furthermore, it is also
      possible to use an excess of the corresponding aniline of the formula II
      as acid binding agent.
PAR  Compounds homologous to formula II and hydroxyalkyl derivatives homologous
      to formula IIa are known, e.g. from U.S. Pat. No. 2.381.071, 2.759.943 as
      well as from Am. Soc. 84, 743 and Bull. Soc. Chim. France 1962, 303 and
      1965, 2037.
PAR  The starting material of the formula II may be manufactured for example by
      one of the following known methods:
PAR  a. condensation of 2-methyl-6-ethyl-aniline with methoxyacetone and
      simultaneous or subsequent catalytic hydrogenation of the resulting
      azomethine of the formula III
      ##SPC6##
PAL  or
PAR  b. reaction of 2-methyl-6-ethyl-aniline with a compound of the formula IV
      ##EQU1##
      wherein Y represents a halogen atom or another anionic group in particular
      an arylsulphonate radical. Compounds of the formula IV with a
      benzenesulphonate acid radical as Y are described e.g. in Can. J. Chem.
      33, 1207, and those with a tosyloxy radical (CH.sub.3 --C.sub.6 H.sub.4
      --SO.sub.3 --) in British patent 869,083.  There are, of course, a number
      of other processes for the manufacture of the starting materials of the
      formula II from ortho-alkylated anilines.
PAR  The following Examples illustrates the invention:
DETD
PAC  EXAMPLE 1
PAR  a. A mixture of 540 g (4.0 moles) of 2-ethyl-6-methylaniline and 306 g (2.0
      moles) of 2-bromo-1-methoxypropane is heated for 40 hours at reduced
      pressure (10 mm Hg) to 120.degree.C with stirring. After it has cooled,
      the light red, viscous solution is diluted with 200 ml of water and made
      alkaline with 210 ml of conc. sodium hydroxide solution. The precipitated
      product is taken up in ether, and the ethereal solution is washed neutral
      with water, dried, and evaporated.
PAR  Distillation of the residue yields pure 2-ethyl-6-methyl-N-[
      1'-methoxy-prop-2'-yl]-aniline which boils at 64.degree.-66.degree.C/0.07
      Torr.
PAR  b. A solution of 9.7 g (0.047 mole) of the intermediate described under a)
      and 5.05 g (0.05 mole) of triethylamine in 30 ml of benzene is treated
      dropwise with a solution of 5.65 g (0.05 mole) of chloroacetyl chloride in
      10 ml of absolute benzene, and the mixture is further stirred for 2 hours
      at room temperature. The reaction mixture is diluted with ether, the
      solution repeatedly washed with water, and dried. The solvent mixture is
      evaporated off in vacuo to give pure
      2-ethyl-6-methyl-N-[1'-methoxy-prop-2'-yl]-chloroacetanilide,
      n.sub.D.sup.20 : 1.5301.
PAR  Analysis: calculated: C 63.5 H 7.8 N 4.9%. found: C 63.7 H 8.1 N 5.0%. The
      compound of the formula I exhibits a clear superiority over compounds
      which are structurally or otherwise related and which are said to have a
      good herbicidal properties.
      ##SPC7##
PAR  As has already been outlined in the introductory part of this specification
      comparative compound A belongs to a group which is said to have unusually
      high activity at extremely low application rates.
PAR  Comparative compound B is included to verify the claim made at lines 5 to
      10 in column 14 of U.S. Pat. No. 3,547,620 that for effectiveness it is
      immaterial whether the haloacetyl is chloroacetyl or bromoacetyl.
      "Compound C" is a mixture of the two isomers shown above which are
      enamines.
PAR  Although the formal representation of these isomers suuggests a close
      similarity between them and the compound of the invention, this is
      chemically not the case (cf. A. G. Cook, Ed. Marcel Dekker Ltd., New York
      and London, 1969). A description of a process for the preparation of the
      hitherto undescribed compound C follows.
PAC  Preparation of comparative substance C
PAC  i. Starting material
PAR  163 g of titanium tetrachloride in 800 ml of toluene were added dropwise to
      a solution of 229 g (1,64 mole) of 2-ethyl-6-methyl-cyclohexanon and 435 g
      (4,9 mole) of 1-methyl-2-methoxy-ethylamine in 1000 ml toluene and 110 ml
      of ether over a period of two hours with stirring and at a temperature of
      between 0.degree.-10.degree.C. After distilling off the ether the reaction
      mixture was refluxed for 61/2 hours. After cooling the precipitate was
      filtered off and the filtrate concentrated in a rotary evaporator at
      50.degree. C. Distillation of the residue under reduced pressure gave 174
      g 2-ethyl-6-methyl-N-(1-methyl-2-methoxy-ethyl)-cyclohexylidene-amine,
      m.p. 109.degree.-113.degree.C/15 Torr.
PAC  ii. End compound
PAR  174 g (0,83 mole) of
      2-ethyl-6-methyl-N-(1-methyl-2-methoxy-ethyl)-cyclohexylideneamine and
      101g (1 mole) of triethylamine were added dropwise one after the other
      with stirring and at a temperature of 5.degree.C to a solution of 94 g
      (0,83 mole) of chloroacetyl chloride in 3000 ml of benzene. The reaction
      mixture was then refluxed for 5 hours, cooled to room temperature, washed
      with water, dried with sodium sulfate, filtered and concentrated under
      water-jet vacuum. Distillation of the residue under high vacuum gave 150,5
      g of a 2-chloro-N-(1 -methyl-2-methoxy-ethyl)N-(
     2-ethyl-6-methyl-cyclohexenyl)acetamide as a mixture of its isomers b.p.
      140.degree.-148.degree./0.1 Torr.
TBL  C.sub.15 H.sub.26 ClNO.sub.2                                              
                 C        H       Cl     N                                     
     Calculated  62,59    9,11    12,32  4,86 %                                
     Found       62,7     9,4     12,2   5,0 %                                 
PAR  2-Ethyl-6-methyl-N-(1'-methoxyprop-2'-yl)-N-chloroacetanilide of the
      formula I is markedly superior to the structurally most closest known
      comparative compounds listed below in respect of all significant criteria
      for a selective herbicide to wit activity, selectivity and stability as
      well with regard to its growth inhibiting properties on post-emergent
      grass.
      ##SPC8##
PAC  EXAMPLE 2
PAC  Combating of weeds in various cultures of useful plants (preemergence
      method)
PAR  One day after the test plants have been sown in seed dishes (9.6 cm height,
      11 cm diameter at the top), dilute aqueous suspensions of the active
      substances are sprayed in such concentrations on the surface of the soil
      as to correspond to rates of application of 2 kg, 1 kg, 0.5 kg and 0.25 kg
      per hectare. The seed dishes are kept at 19.degree. to 21.degree.C and
      50-60% relative humidity. The test is evaluated after 26 days according to
      the following rating:
PA1  9 = plants undamaged (as control test)
PA1  1 = plants destroyed
PA1  8-2 = intermediate stages of damage
PA1  - = not tested
PAR  The following weeds were employed in the tests.
PA1  Ipo = Ipomoea = Morning glory
PA1  Sin = Sinapis = Mustard
PA1  Ama = Amaranthus = Pigweed
PA1  Ses = Sesbania = Coffeeweed
PA1  Dat = Datura = Jimsonweed
PA1  Koch = Kochia = Kochia
PA1  Abu = Abutilon = Velvet leaf
PA1  Stell = Stellaria = Chickweed; Side = Teaweed
PA1  Chrys = Chrysanthemum segetum = Corn marigold
PA1  Avena = Avenafatua = Wild oat
PA1  Alo = Alopecurus = Black grass; Poa = Annual meadow grass
PA1  Fes = Festuca = Fescue
PA1  Sorg. alm= Sorghum almum = Sorghum almum
PA1  Pha = Phalaris = Canary grass
PA1  Sorg. hal= Sorghum halepense = Johnsongrass
PA1  Dig = Digitaria = Crabgrass
PA1  Pani = Panicum ramosum = Wild millet
PA1  Rott = Rottboellia = Raoul grass
PA1  Set = Setaria italica = Italian foxtail
PA1  Ech = Echinochloa crus-galli = Barnyard grass
PAR  The results are shown in the following 4 Tables:
PAL  a) Application rate: 2 kg/hectare
TBL           Compd.                                                           
     Plant            I     A   B   C   D   E   F                              
     ______________________________________                                    
     Corn         7     9     9   3   8   6   9                                
     Soy beans    7     9     7   9   9   4   9                                
     Beans        9     9     8   9   9   6   9                                
     (Phaseolus)                                                               
     Ipo          7     9     9   9   5   7   9                                
     Sin          4     9     9   9   6   5   9                                
     Ama          1     6     7   3   1   1   1                                
     Ses          5     9     9   9   6   3   9                                
     Dat          4     9     9   8   4   4   7                                
     Koch         7     9     9   9   6   1   9                                
     Abu          8     9     9   8   9   4   8                                
     Stell        1     9     9   7   3   1   5                                
     Sida         4     9     8   9   3   2   9                                
     Chrys        3     9     9   8   3   2   9                                
     Avena        2     9     8   4   4   1   9                                
     Alo          2     9     3   1   2   1   6                                
     Poa          2     9     3   1   1   1   3                                
     Fes          1     9     1   1   1   1   1                                
     Sorg.alm.    2     9     1   2   2   1   2                                
     Pha          1     9     1   1   1   1   6                                
     Sorg.hal.    1     9     2   1   1   1   4                                
     Dig          1     8     2   1   1   1   1                                
     Pani         1     9     1   1   1   1   2                                
     Rott         2     9     8   7   7   3   9                                
     Set          1     9     2   1   1   1   1                                
     Ech          1     9     1   1   1   1   1                                
     ______________________________________                                    
PAL  b) Application rate 1kg/hectare
TBL           Compd.                                                           
     Plant            I     A   B   C   D   E   F                              
     ______________________________________                                    
     Corn         7     9     9   4   9   8   9                                
     Soybeans     8     9     8   9   9   4   9                                
     Beans        9     9     8   9   9   6   9                                
     (Phaseolus)                                                               
     Ipo          9     9     9   9   7   9   9                                
     Sin          6     9     9   9   8   6   9                                
     Ama          1     9     7   5   1   1   3                                
     Ses          6     9     9   9   7   3   9                                
     Dat          4     9     9   9   4   4   7                                
     Koch         9     9     9   9   6   1   9                                
     Abu          8     9     9   9   --  4   9                                
     Stell        2     9     9   9   5   2   6                                
     Sida         4     9     9   9   4   3   9                                
     Chrys        3     9     9   9   5   3   9                                
     Avena        5     9     8   7   4   2   9                                
     Alo          2     9     6   3   3   3   9                                
     Poa          2     9     5   3   1   1   4                                
     Fes          1     9     2   1   1   1   2                                
     Sorg.alm     1     9     2   2   6   2   2                                
     Pha          1     9     3   1   3   1   6                                
     Sorg.hal     2     9     2   1   6   1   7                                
     Dig          1     9     3   1   1   1   1                                
     Pani         1     9     1   1   1   1   2                                
     Rott         2     9     8   7   9   3   9                                
     Set          1     9     5   2   1   1   2                                
     Ech          1     9     2   1   1   1   2                                
     ______________________________________                                    
PAL  c) Application rate 0.5 kg/hectare
TBL           Compd.                                                           
     Plant            I     A   B   C   D   E   F                              
     ______________________________________                                    
     Corn         9     9     9   7   9   9   9                                
     Soybeans     9     9     8   9   9   7   9                                
     Beans        9     9     9   9   9   8   9                                
     (Phaseolus)                                                               
     Ipo          9     9     9   9   7   9   9                                
     Sin          8     9     9   9   8   8   9                                
     Ama          1     9     8   8   1   1   4                                
     Ses          9     9     9   9   8   7   9                                
     Dat          5     9     9   9   6   7   9                                
     Koch         9     9     9   9   7   2   9                                
     Abu          8     9     9   9   9   7   9                                
     Stell        2     9     9   9   6   2   8                                
     Sida         7     9     9   9   4   5   9                                
     Chrys        8     9     9   9   5   6   9                                
     Avena        6     9     9   9   6   5   9                                
     Alo          4     9     9   7   4   3   9                                
     Poa          3     9     8   6   1   1   6                                
     Fes          1     9     3   1   1   1   2                                
     Sorg.alm     2     9     6   2   6   2   7                                
     Pha          2     9     7   1   4   1   7                                
     Sorg.hal     2     9     6   1   6   1   8                                
     Dig          1     9     4   1   1   1   1                                
     Pani         1     9     2   1   1   1   7                                
     Rott         7     9     9   9   9   6   9                                
     Set          1     9     5   2   1   1   3                                
     Ech          1     9     2   2   1   1   3                                
     ______________________________________                                    
PAL  d) Application rate 0.25 kg/hectare
TBL           Compd.                                                           
     Plant            I     A   B   C   D   E   F                              
     ______________________________________                                    
     Corn         9     9     9   8   9   9   9                                
     Soybeans     9     9     9   9   9   8   9                                
     Beans        9     9     9   9   9   9   9                                
     (Phaseolus)                                                               
     Ipo          9     9     9   9   8   9   9                                
     Sin          8     9     9   9   8   9   9                                
     Ama          1     9     9   9   1   1   5                                
     Ses          9     9     9   9   8   9   9                                
     Dat          5     9     9   9   6   9   9                                
     Koch         9     9     9   9   8   5   9                                
     Abu          8     9     9   9   9   7   9                                
     Stell        4     9     9   9   8   3   9                                
     Sida         8     9     9   9   7   7   9                                
     Chrys        9     9     9   9   7   7   9                                
     Avena        7     9     9   9   8   5   9                                
     Alo          6     9     9   9   6   4   9                                
     Poa          3     9     9   9   3   1   7                                
     Fes          1     9     4   3   1   1   2                                
     Sorg.alm     2     9     7   2   6   2   9                                
     Pha          2     9     7   2   5   1   9                                
     Sorg.hal     2     9     8   1   6   1   9                                
     Dig.         1     9     6   1   1   1   3                                
     Pani         1     9     3   4   1   1   8                                
     Rott         8     9     9   9   9   8   9                                
     Set          1     9     7   2   1   1   5                                
     Ech          1     9     4   3   1   1   3                                
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  The following tests compare the compound of the invention with comparative
      compounds D, E and F with respect to in-soil stability on pre-emergent
      application.
PAR  Arable soil comprising ca.4 % organic substance, 21 % clay, 32 % silt and
      43 % sand and contained in a plastic basin (50 cm .times. 32 cm .times. 7
      cm) was sprayed with testsubstance in the form of a broth prepared from an
      emulsion concentrate to give an active substance concentration equivalent
      to 2, 1 and 0.5 kg/hectare. Two parallel rows of weeds were sown in each
      basin and a further two rows were sown weekly over the next 6 weeks.
      Setaria italica was chosen as test weed since it is especially sensitive
      to compounds of type under test.
PAR  The condition of the weeds in each set of two rows was evaluated 3 weeks
      after sowing. The test conditions were: temp. 19.degree.-23.degree.C; rel.
      humidity 50.degree.-60.degree.%; watering - normal.
PAR  Key as in example 2.
PAL  a) Application rate: 2 kg/hectare
TBL          Weeks                                                             
     Compd.          0     1   2   3   4   5   6                               
     ______________________________________                                    
     I           1     1     1   1   2   1   2                                 
     C           1     1     1   1   3   4   6                                 
     D           1     1     1   2   3   5   9                                 
     E           1     1     2   5   9   9   9                                 
     F           2     1     3   4   5   5   6                                 
     ______________________________________                                    
PAL  b) Application rate: 1 kg/hectare
TBL          Weeks                                                             
     Compd.          0     1   2   3   4   5   6                               
     ______________________________________                                    
     I           1     1     3   3   3   2   4                                 
     C           1     1     4   4   6   8   9                                 
     D           2     2     2   4   4   9   9                                 
     E           1     2     8   9   9   9   9                                 
     F           2     3     4   5   5   8   9                                 
     ______________________________________                                    
PAL  c) Application rate: 0.5 kg/hectare
TBL          Weeks                                                             
     Compd           0     1   2   3   4   5   6                               
     ______________________________________                                    
     I           2     2     4   4   4   4   8                                 
     C           2     2     5   6   8   9   9                                 
     D           2     5     8   8   9   9   9                                 
     E           1     5     6   9   9   9   9                                 
     F           4     4     8   9   9   9   9                                 
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  Growth inhibition in grasses (postemergence method)
PAR  Seeds of the grasses Lolium perenne, Poa pratensis, Festuca ovina, and
      Dactylis glomerata were sown in plastic dishes filled with an
      earth/turf/sand mixture. After 3 weeks the germinated grasses were cut
      back to a height of 4 cm above the soil and 2 days later sprayed with
      aqueous spray broths of active substances of the formula I. The amount of
      active substance corresponded to a rate of application of 5 kg of active
      substance per hectare. 21 days after application the growth of the grasses
      was evaluated according to the following linear rating:
PA1  1 = strong inhibition (no growth from the time of application)
PA1  9 = no inhibition (growth as untreated control)
PAR  The following results were obtained:
     Com-     Lolium   Poa       Festuca                                       
                                        Dactylis                               
     pound    perenne  pratensis ovina  glomerata                              
     ______________________________________                                    
     I        2        3         1      6                                      
     C        7        9         9      9                                      
     D        4        3         3      3                                      
     E        7        6         7      8                                      
     F        7        6         6      9                                      
     ______________________________________                                    
PAR  None of the comparative compounds C, E and F has useful growth retarding
      properties. Only compound D has an activity equivalent to that of compound
      I. However, the fast degradation of compound D in the soil makes it
      unsuitable for practical use.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may take and be used in the following forms:
PAR  Solid forms:
PA1  dusts, tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules.
PAR  Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pastes, emulsions;
PA1  b. solutions.
PAR  To manufacture solide forms (dusts, tracking agents), the active substances
      are mixed with solid carriers. Suitable carriers are, for example: kaolin,
      talcum, bolus, loess, chalk, limestone, ground limestone, attaclay,
      dolomite, diatomacous earth, precipitated silica, alkaline earth
      silicates, sodium and potassium aluminium silicates (feldspar and mica),
      calcium and magnesium sulphates, magnesium oxide, ground synthetic
      materials, fertilisers, for example ammonium sulphate, ammonium phosphate,
      ammonium nitrate, urea, ground vegetable products, such as corn meal, bark
      dust, sawdust, nutshell meal, cellulose powder, residues of plant
      extractions, activated charcoal etc. These substances can either be used
      singly or in admixture with one another.
PAR  The particle size of the carriers for dusts is advantageously up to 0.1 mm,
      for tracking agents from about 0.075 to 0.2 mm, and for granules 0.2 mm or
      larger.
PAR  The solid forms contain the active substances in concentrations from 0.1%
      to 80%.
PAR  To these mixtures can also be added additives which stabilize the active
      substance and/or non-ionic, anionic and cationic surface active
      substances, which for example improve the adhesion of the active
      ingredients on plants or parts of plants (adhesive and agglutinants)
      and/or ensure a better wettability (wetting agents) and dispersibility
      (dispersing agents). Examples of suitable adhesives are the following:
      olein/chalk mixture, cellulose derivatives (methyl cellulose,
      carboxymethyl cellulose), hydroxyethyl glycol ethers of monoalkyl and
      dialkyl phenols having 5 to 15 ethylene oxide radicals per molecule and 8
      to 9 carbon atoms in the alkyl radical, lignin sulphonic acids, their
      alkali metal and alkaline earth metal salts, polyethylene glycol ethers
      (carbowaxes), fatty alcohol polyethylene glycol ether having 5 to 20
      ethylene oxide radicals per molecule and 8 to 18 carbon atoms in the fatty
      alcohol moiety, condensation product of urea and formaldehyde, and also
      latex products. Preferred dispersions (suspensions and emulsions) are
      manufactured by mixing or grinding the active substance with carriers
      accompanied by the addition of dispersing agents and solvents, in the
      process of which there result firstly dispersible active substance
      concentrations, such as wettable powders and emulsifiable concentrates.
PAR  The water-dispersible concentrates of the active substance i.e. wettable
      powders, pastes and emulsifiable concentrates, are agents which can be
      diluted with water to any concentration desired. They consist of active
      substance, carrier, optionally additives which stabilize the active
      substance, surface-active substances and anti-foam agents and, optionally,
      solvents. The active substance concentrations in these agents are from
      5-80%.
PAR  Wettable powders and pastes are obtained by mixing and grinding the active
      substances with dispersing agents and pulverulent carriers in suitable
      apparatus until homogeneity is attained. Carriers are, for example, those
      mentioned for the solid forms of application. In some cases it is
      advantageous to use mixtures of different carriers. As dispersing agents
      there can be used, for example, condensation products of sulphonated
      naphthalene and sulphonated naphthalene derivatives with formaldehyde,
      condensation products of naphthalene or naphthalene sulphonic acids with
      phenol and formaldehyde, as well as alkali, ammonium and alkaline earth
      metal salts of lignin sulphonic acid, in addition, alkylaryl sulphonates,
      alkali and alkaline earth metal salts of dibutyl naphthalene sulphonic
      acid, fatty alcohol sulphates such as salts of sulphated hexadecanols,
      heptadecanols, octadecanols, and salts of sulphated fatty alcohol glycol
      ethers, the sodium salt of oleoyl ethionate, the sodium salt of oleoyl
      methyl tauride, ditertiary acetalene glycols, dialkyl dilauryl ammonium
      chloride and fatty acid alkali and alkaline earth metal salts.
PAR  Suitable anti-foam agents are silicones. The active substance is so mixed,
      groud sieved and strained with the additives mentioned above that, in
      wettable powders, the solid particle size of from 0.02 to 0.04 and in
      pastes, of 0.03 is not exeeded. To produce emulsifiable concentrates and
      pastes, dispersing agents such as those given in the previous paragraphs,
      organic solvents and water are used. Examples of suitable solvents are the
      following: alcohols, benzene, xylenes, toluene, dimethyl sulphoxide,
      N.N-dialkylated amides, N-oxides of amines (whereas N-oxides of
      trialkylamines are preferred), and mineral oil fractions boiling between
      120.degree. and 350.degree.C. The solvents must be practically odorless,
      not phytotoxic, inert to the active substances and not readily
      inflammable.
PAR  Furthermore, the agents according to the invention can be applied in the
      form of solutions. For this purpose the active substance or several active
      substances of general formula I are dissolved in suitable organic
      solvents, mixtures of solvents or in water. Aliphatic and aromatic
      hydrocarbons, chlorinated derivatives thereof, alkyl naphthalenes and
      mineral oils singly or in admixture, can be used as organic solvents. The
      solutions contain the active substance in a concentration range from 1 to
      20%.
PAR  The agents described according to the invention can be mixed with other
      biocidally active substances or agents. Thus in order to broaden the
      activity spectrum the new agents may contain, for example, insecticides,
      fungicides, bactericides, fungistatics, bacteriostatics, nematocides or
      further herbicides, in addition to the cited active substances of the
      formula I. The agents according to the invention may also contain plant
      fertilisers, trace elements etc.
PAR  The active substances of the formula I can, for example, be formulated as
      follows. The parts denote parts by weight.
PAC  Granules
PAR  The following substances are used to manufacture 5% granules:
PA1  5 parts of 2-Ethyl-6-methyl-N-(1'-methoxyprop-2'-yl)-N-chloroacetanilide,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol ether,
PA1  91 parts of kaolin (particle size: 0.3- 0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and the mixture
      dissolved in 6 parts of acetone, then polyethylene glycol ether and cetyl
      polyglycol ether are added. The resulting solution is sprayed on kaolin
      and then evaporated in vacuo.
PAC  Wettable powder
PAR  The following constituents are used to manufacture (a) a 50%, (b) a 25% and
      (c) a 10% wettable powder:
PA1  a.
PA2  50 parts of 2-Ethyl-6-methyl-N-(1'-methoxyprop-2'-yl)-N-chloroacetanilide,
PA2  5 parts of sodium dibutylnaphthalene sulphonate,
PA2  3 parts of naphthalenesulphonic acid/phenolsulphonic acid/formaldehyde
      condensate (3:2:1),
PA2  20 parts of kaolin,
PA2  22 parts of Champagne chalk;
PAR  b.
PA2  25 parts of 2-Ethyl-6-methyl-N-(1'-methoxyprop-2'-yl)-N-chloroacetanilide,
PA2  5 parts of oleylmethyltaurid-sodium-salt,
PA2  2.5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA2  0.5 part of carboxymethyl cellulose,
PA2  5 parts of neutral potassium-aluminium-silicate,
PA2  62 parts of kaolin;
PAR  c.
PA2  10 parts of compound I
PA2  3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates,
PA2  5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA2  82 parts of kaolin.
PAR  The indicated active substance is applied to the corresponding carriers
      (kaolin and chalk and then these are mixed and ground, to yield wettable
      powders of excellent wettability and having an excellent capacity for
      forming suspensions. By diluting these wettable powders with the 10-fold
      amount of water it is possible to obtain suspensions of any desired
      concentration.
PAC  Paste
PAR  The following substances are used to manufacture a 45% paste:
PA1  45 parts of compound I
PA1  5 parts of sodium aluminium silicate,
PA1  14 parts of cetyl polyglycol ether with 8 mols of ethylene oxide,
PA1  1 part of oleyl polyglycol ether with 5 mols of ethylene oxide,
PA1  2 parts of spindle oil,
PA1  10 parts of polyethylene glycol,
PA1  23 parts of water.
PAR  The active substance is intimately mixed with the addition in appropriate
      devices and ground. A paste is obtained from which, by diluting it with
      water, is possible to manufacture suspensions of every desired
      concentration of active substance.
PAC  Emulsion Concentrate
PAR  To manufacture a 25% emulsion concentrate
PA1  25 parts of compound I
PA1  5 parts of a mixture of nonylphenolpolyoxy-ethoxyethylene and calcium
      dodecylenesulphonate,
PA1  35 parts of 3,5,5-trimethyl-2-cyclohexan-1-one,
PA1  35 parts of dimethyl formamide,
PAL  are mixed together. This concentrate can be diluted with water to give
      emulsions in desired concentrations. Such emulsions are suitable for
      combating weeds in cultures of crop plants.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. The compound
      2-ethyl-6-methyl-N-(1'-methoxyprop-2'-yl)-N-chloroacetanilide of the
      formula
      ##SPC9##
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PAL  Disclosed are Schiff base derivatives of acylated aromatic hydrocarbons
      useful as oil soluble additives having pour point depressing and sludge
      dispersing properties.
PARN
PAR  This is a continuation of application Ser. No. 466,419 filed June 23, 1965.
BSUM
PAR  The present invention concerns certain metal-free additives that are
      capable of serving multiple functions in oleaginous compositions of the
      class of gasolines, fuel oils, heating oils, and lubricating oils. The
      invention is also directed to the preparation of these additives and to
      oleaginous compositions containing them. The additives may be
      characterized as oil-soluble imine or Schiff base derivatives of acylated
      aromatic hydrocarbons.
PAR  Crankcase oils for use in the lubrication of modern high compression piston
      type internal combustion engines must be of the heavy-duty detergent type.
      This requires that such oils contain additives that will impart good
      detergency, efficient sludge dispersing action, and high oxidation
      resistance. In the past, the required detergency and dispersancy have been
      supplied in heavy-duty internal combustion engine lubricants by using
      various metal compounds, such as metal salts of organic sulfonic acids,
      metal salts of alkylated phenols, metal salts of alkyl phenol thioethers,
      metal alcoholates, colloidal dispersions of metal carbonates and the like.
      In most cases, these salts are of alkaline earth metals. It has been more
      recently recognized that metal-free additives or at least additives that
      are relatively low in metal content are preferred to the conventional
      metal-containing additives. The metal-containing additives have the
      disadvantage of leaving an ash residue which tends to accumulate in the
      combustion chamber of the engine. This leads to spark plug fouling, valve
      burning, preignition, and similar undesirable conditions. It is evident
      that an effective dispersant that is ash-free is preferable to one that
      forms an ash, such as an alkaline earth metal salt of the several types
      mentioned above. Ash-free dispersants are also of advantage in diesel
      fuels and in fuel-oil compositions.
PAR  It has now been found in accordance with the present invention that highly
      effective ash-free, mineral-oil-soluble detergent inhibitors and
      dispersants that also possess pour-point-depressant properties can be
      prepared by reacting certain acylated derivatives of alkylated aromatic
      hydrocarbons with aliphatic polyamines. It is believed that the materials
      that are thereby obtained are imines or Schiff bases of the general
      formula:
      ##EQU1##
      wherein R is selected from the group consisting of hydrogen and aliphatic
      hydrocarbon radicals having in the range from 12 to 40 carbon atoms; Ar is
      an aromatic group derived from an aromatic hydrocarbon of the group
      consisting of benzene, naphthalene, anthracene, and phenanthrene; R' is
      selected from the group consisting of hydrogen, alkyl radicals of 1 to 10
      carbon atoms, aralkyl radicals of 7 to 10 carbon atoms, and alkylene
      radicals of about 12 to 40 carbon atoms linking another Ar group, R' being
      such an alkylene radical at least where R is hydrogen; R" is selected from
      the group consisting of hydrogen and C.sub.1 to C.sub.3 alkyl groups, and
      X is a number from 1 to about 10.
PAR  The starting materials for the preparation of the acylated derivatives from
      which the imine compounds are derived may be alkylated aromatic compounds
      prepared by alkylating such hydrocarbons as benzene, naphthalene,
      anthracene, or phenanthrene with a halogenated paraffinic hydrocarbon of
      the C.sub.12 to C.sub.40 range, for example, chlorinated dodecane,
      brominated cetane, chlorinated gas oil, chlorinated kerosene, and the
      like. A particularly useful alkylating material is halogenated paraffin
      wax, and a particularly useful starting material is wax-alkylated
      naphthalene. While aromatic hydrocarbons can also be alkylated with
      olefins, e.g., a propylene polymer or an isobutylene polymer, in the
      presence of suitable catalysts, alkylation with halogenated paraffinic
      hydrocarbons is usually less expensive. Also diolefins and polyfunctional
      olefins of suitable high chain length are not readily available, so that
      the linking of two or more aromatic nuclei that is possible through a
      polyhalogenated aliphatic hydrocarbon cannot be as conveniently duplicated
      by alkylation with olefins. Naturally-occurring alkylated aromatic
      hydrocarbons of sufficiently high molecular weight for use in this
      invention are also available. One source of such hydrocarbons are the
      heavy lubricating oil residual fractions known as bright stocks.
PAR  To introduce acyl groups into the alkylated aromatic hydrocarbon, the
      latter may be treated with an anhydride of a monobasic acid, such as
      acetic anhydride, or with an acyl halide, such as acetyl chloride or
      benzoyl chloride, in the presence of a Friedel-Crafts catalyst.
      Alternatively, the acyl group can be introduced by oxidation of the
      alkylated aromatic hydrocarbon.
PAR  The acyl halides that are employed for the acylating reaction are
      preferably those derived from aliphatic or arylated aliphatic
      monocarboxylic acids of from 2 to 10 carbon atoms. The resulting acylated
      aromatic hydrocarbons will have the general formula:
      ##EQU2##
      wherein R is at least one aliphatic hydrocarbon radical, having in the
      range from 12 to 40 carbon atoms, R' is the hydrocarbon residue of the
      acyl halide that was used, and Ar is an aromatic group as previously
      defined.
PAR  In the alkylation of the aromatic hydrocarbon with a halogenated aliphatic
      hydrocarbon, such as chlorinated paraffin wax, it is possible to have two
      or more aromatic nuclei joined by aliphatic hydrocarbon linkages so that
      the acyl derivative could have a formula of the following nature:
      ##EQU3##
      wherein R can be hydrogen or an aliphatic radical of from 12 to 40 carbon
      atoms; R' may be hydrogen or an alkyl radical of from 1 to 6 carbon atoms;
      x is a number of from 10 to 40 and n is a number from 1 to 10, and Ar is
      as previously defined.
PAR  It is also possible to have a structure wherein not all of the aryl groups
      are acylated, as for example in the general structure shown below:
      ##EQU4##
      In the above formula, R', Ar, and x have the same significance as in
      formula (3).
PAR  When acylation is effected by oxidation of the alkylated aromatic
      hydrocarbon, it is believed that ketone formation occurs with some of the
      alkyl groups. For example, wax alkylated naphthalene is considered to
      consist of two or more naphthalene nuclei linked by aliphatic hydrocarbon
      linkages derived from the chlorinated paraffin wax as represented by the
      following formula:
      ##SPC1##
PAL  R, x, and n having the same significance as in the preceding formulas. Upon
      oxidation, ketones are formed, which may be represented by the following
      formula:
      ##SPC2##
PAR  The preparation of alkylated aromatic hydrocarbons by the Friedel-Crafts
      condensation with halogenated aliphatic hydrocarbons is well known.
      Alkylation of naphthalene in this manner is disclosed, for example, in
      U.S. Pat. Nos. 1,815,022 and 2,015,748. Briefly, the reaction involves the
      halogenation, (preferably chlorination) of an aliphatic hydrocarbon of
      from about 12 to about 40 carbon atoms until the product contains about 10
      to 15 wt. % of chlorine. The halogenated material is then condensed with
      naphthalene in the presence of aluminum chloride or similar Friedel-Crafts
      catalysts. For example, paraffin wax or petrolatum may be chlorinated at a
      temperature in the range of 140.degree. to 300.degree.F. until it contains
      10 to 14 per cent chlorine and it may then be condensed with naphthalene
      at 100.degree. to 160.degree.F. with the aid of a Friedel-Crafts catalyst.
      As a specific example, 9 parts of chlorinated wax can be condensed with
      one part of naphthalene, using as a catalyst one part by weight of
      aluminum chloride.
PAR  As previously stated, one method that can be used for acylating an
      alkylated condensed ring aromatic hydrocarbon is to react it with an acid
      anhydride or with an acyl halide, such as acetyl chloride. This
      condensation is conducted with the aid of a Friedel-Crafts catalyst, such
      as aluminum chloride or boron fluoride. Generally, from about 0.1 to 1.0
      mole of acid anhydride or of acyl halide is used per aromatic group that
      is to be acylated, although greater than 1 mole may be used in some
      instances. The amount of Friedel-Crafts catalyst used will generally be in
      the range of about 0.1 to 2.0 moles per mole of acyl halide or acid
      anhydride. Temperatures may range from about 60.degree. to about
      180.degree.F., more generally about 70.degree. to 150.degree.F. Reaction
      times will be in the range of about 0.5 to 5 hours, or more generally
      about 1 to 3 hours.
PAR  It is possible to conduct the steps of alkylating the condensed ring
      aromatic hydrocarbon and the step of converting the alkylated material to
      an acylated product in one operation, i.e., by reacting the aromatic
      hydrocarbon with the alkylating agent, such as chlorinated wax and with
      the acylating agent, e.g., the acyl halide in the presence of a
      Friedel-Crafts catalyst.
PAR  As stated above, carbonyl groups can also be introduced into the alkylated
      aromatic hydrocarbon by an oxidation reaction. The oxidation may be
      effected with mild oxidizing agents or by the use of air or other
      oxygen-containing gas mixtures in the presence of suitable catalysts. The
      latter include oxides of manganese, selenium, chromium and C.sub.1 to
      C.sub.5 fatty acid salts of such metals, e.g., manganese acetate.
      Oxidation by air blowing may be conducted at temperatures ranging from
      about 160.degree.F. to about 480.degree.F. for from about 2 to 48 hours in
      the presence of 0.2 to 10 wt. % catalyst; preferably at 250.degree.F. to
      about 350.degree.F. for 6 to 24 hours in the presence of 0.5 to 5 wt. % of
      catalyst.
PAR  To prepare the additives of the present invention the acylated, alkylated
      aromatic hydrocarbon is condensed with an alkylene polyamine. One or more
      amino groups of the alkylene polyamine react with a carbonyl group in the
      acylated hydrocarbon to form a Schiff base derivative of the general
      nature represented by formula (1) above. Generally, the mole ratio of
      polyamine to acylated hydrocarbon will range from about 0.2 to about 1.5,
      although it is preferred that this ratio be in the range from about 0.5
      mole of polyamine per carbonyl group up to about 1.0 mole of polyamine per
      carbonyl group. The reaction temperatures will generally be in the range
      of from about 140.degree. to about 350.degree.F. In most cases, however, a
      narrower range from about 180.degree. to about 240.degree.F. will be used.
      The reaction time will depend to some extent upon the reaction
      temperature. The composition of the reaction can be determined by
      measuring the amount of water that is split off during the reaction. It is
      usually advantageous to employ a water-entraining solvent, such as
      heptane, benzene, or toluene to remove the water as an azeotrope. The
      reaction may require from 1 to 48 hours but will usually be complete in
      from 2 to 12 hours.
PAR  In certain instances there may be a tendency for cross-linking between the
      polyamine and the acylated hydrocarbon which may tend to impair the
      oil-solubility of the product. Also in some instances it may be desirable
      to adjust the dispersancy potency of the reaction product by blocking off
      some of the amino groups of the polyamine. Accordingly, it is an added
      feature of the present invention to control oil-solubility and dispersant
      action by further reaction and/or by concomitant reaction with lower
      molecular weight ketones, preferably those having from 3 to 6 carbon
      atoms, including acetone, methyl ethyl ketone and methyl isobutyl ketone.
      The lower ketone may be mixed with the acylated aromatic hydrocarbon at
      the start of the reaction, or at a later stage during the reaction or
      subsequent to the reaction of the polyamine with the acylated aromatic
      hydrocarbon. If during the reaction of the polyamine and the acylated
      hydrocarbon it is noted either by visual observation or by viscosity
      measurements that cross-linking is occurring, a lower ketone may be added
      to the reaction mixture to prevent further cross-linking. The amount of
      lower ketone thus added may be from 0.1 to  1 mole for each amino group in
      the polyamine in excess of the amino groups contemplated for reaction with
      the carbonyl groups of the acylated aromatic hydrocarbon.
PAR  The aliphatic polyamine that is employed in preparing the reaction products
      of the present invention may be an alkylene polyamine fitting the
      following general formula:
      ##EQU5##
      wherein n is 2 to 4 and m is a number from 0 to 10. Specific compounds
      coming within the formula include diethylene triamine, tetraethylene
      pentamine, dibutylene triamine, dipropylene triamine, octaethylene
      nonamine, and tetrapropylene pentamine. N,N-di-(2-aminoethyl) ethylene
      diamine may also be used. Other aliphatic polyamine compounds that may be
      used include the N-aminoalkyl piperazines of the formula:
      ##EQU6##
      wherein n is a number 1 to 3, and R is hydrogen or an aminoalkyl radical
      containing 1 to 3 carbon atoms. Specific examples include N-(2-aminoethyl)
      piperazine, N-(2-aminoisopropyl) piperazine, and N,N'-di-(2-aminoethyl)
      piperazine.
PAR  Still other alkylene amino compounds that may be used include dialkylamino
      alkyl amines such as dimethylamino methyl amine, dimethyl amino propyl
      amine, methyl propyl amino amyl amine, etc. These may be characterized by
      the formula:
      ##EQU7##
      wherein R.sub.1 is an alkylene radical, e.g., an ethylene, propylene, or
      butylene radical, and R.sub.2 and R.sub.3 are C.sub.1 to C.sub.5 alkyl
      radicals.
PAR  Thus the alkylene polyamine or aliphatic polyamine compounds used in this
      invention may be broadly characterized as alkylene amino compounds
      containing 2 to 12 nitrogen atoms wherein pairs of nitrogen atoms are
      joined by alkylene groups of from 2 to 4 carbon atoms.
PAR  The use of mixtures of alkylene polyamines, dialkylamino alkyl amines,
      mixtures of N-aminoalkyl piperazines, and mixtures of the alkylene
      polyamines with the N-aminoalkyl piperazines is also contemplated.
PAR  The nature of this invention will be further understood when reference is
      made to the following examples:
DETD
PAC  EXAMPLE 1
PAR  The starting material for the preparation of an acylated aromatic
      hydrocarbon was a 50 wt. % concentrate of a wax-alkylated naphthalene in a
      solvent neutral mineral oil (viscosity 150 SUS at 100.degree.F.). The
      wax-alkylated naphthalene had been obtained by chlorinating a crude
      paraffin wax of 125.degree.F. melting point to a chlorine content of 14.5
      wt. % and condensing 12 parts by weight of naphthalene with 100 parts of
      the chlorinated wax with the aid of aluminum chloride catalyst.
PAR  A complex was prepared by adding 39 grams of acetyl chloride to 66 grams of
      anhydrous aluminum chloride with stirring. To this mixture was then added
      150 grams of the 50 wt. % concentrate of wax alkylated naphthalene
      described above. The mixture was stirred at 70.degree. to 75.degree.F. for
      three hours. During this time, a precipitate of a complex of the resulting
      acylated material and aluminum chloride was formed. This precipitate was
      separated from the supernatent oily layer and then treated with water to
      decompose the aluminum chloride. A yield of 73 grams of acylated material
      was obtained. Direct analysis indicated that the material contained 3.24
      wt. % of oxygen. This was found by calculation to be equivalent to 2 gram
      moles of carbonyl groups per 1,000 grams of product.
PAR  A mixture was prepared consisting of 50 grams of the acylated product
      obtained as above, 10.5 grams of diethylene triamine, and 70 ml. of
      benzene. This mixture was heated under reflux until 1.5 ml. of water was
      collected in the reflux trap. Then 12 grams of acetone was added to the
      mixture and refluxing was continued until an additional 3.6 ml. of water
      was collected.
PAR  The final product, which amounted to 66 grams, was treated with methanol to
      separate it into methanol-soluble and methanol-insoluble fractions. There
      was obtained 58 grams of a methanol-insoluble, oil-soluble additive
      concentrate fraction containing 4.07 per cent nitrogen.
PAC  EXAMPLE 2
PAR  An acylated product of an alkylated naphthalene was prepared by a
      single-step process in the following manner. A solution of 25.6 grams of
      naphthalene in 38 ml. of o-dichlorobenzene was added to a mixture of 6
      grams of Al Cl.sub.3 and 200 grams of chlorinated wax of 14.5 wt. %
      chlorine content derived from 125.degree. melting point paraffin wax. This
      mixture was maintained at a temperature of 145.degree. to 150.degree.F.
      for four hours. Then an additional 66 grams of aluminum chloride was
      added. The temperature was maintained at 118.degree. to 120.degree.F.
      while 51 g. of acetic anhydride was gradually added. After 4 hours, the
      mixture was mixed with 200 ml. of water to remove Al Cl.sub.3. The water
      phase was separated and discarded, and the organic phase was washed with
      three separate 200 ml. portions of water. Dichlorobenzene was stripped
      from the product at 248.degree.F. (20 mm. Hg pressure). The resulting
      product weighed 200 grams and analyzed 2.92 % oxygen. The latter product
      was blended to 50 wt. % concentration in a light mineral lubricating oil.
      Then 200 grams of the concentrate, 16 grams of tetraethylene pentamine,
      and 200 grams of heptane was refluxed for 12 hours, during which time 1.5
      ml. of water was collected in the reflux trap. The heptane was then
      stripped from the reaction product. Yield was 200 grams of concentrate
      analyzing 2.21 wt. % nitrogen.
PAC  EXAMPLE 3
PAR  The starting material for this example is a 50 wt. % concentrate of a wax
      alkylated naphthalene in a solvent neutral mineral oil, the oil having a
      viscosity of 150 SUS at 100.degree.F. The wax alkylated naphthalene is
      made in a manner similar to that used in Example 1, except that it is
      prepared by alkylating 20 parts by weight of naphthalene with 100 parts of
      chlorinated wax obtained by chlorinating a wax of 108.degree.F. melting
      point to 20 wt. % chlorine. As in Example 1, a complex is first prepared
      by mixing 39 grams of acetyl chloride with 66 grams of anhydrous aluminum
      chloride. To this is added 152 grams of the wax alkylated naphthalene
      concentrate. The acylation is performed by stirring this mixture for three
      hours at 70.degree. to 75.degree.F. The resulting product is hydrolyzed
      with water and then worked up in a manner similar to that used in Example
      1. The yield of acylated material is 118 grams. The acylate contains 5.34
      wt. % oxygen by direct analysis, this being equivalent to 3.34 gram moles
      of carbonyl groups per 1,000 grams of product.
PAR  A mixture of 400 grams of the acylate, 400 grams of heptane and 32 grams of
      tetraethylene pentamine is heated under reflux for 12 hours, 3 grams of
      water being released from the reaction mixture and collected overhead on
      the reflux trap. The heptane is then removed from the product.
PAC  EXAMPLE 4
PAR  A suspension of 10 grams of manganese acetate was prepared in 250 grams of
      the same wax alkylated naphthalene concentrate used in Example 1. Air was
      passed through this mixture for 7 hours at about 250.degree.F. Catalyst
      was then removed from the product by filtration. The yield of product was
      220 grams. Strong carbonyl bands at 5.85.mu. were found upon infrared
      analysis.
PAR  The entire oxidized product was dissolved in 200 ml. of heptane and mixed
      with 20 grams of tetraethylene pentamine. The resulting mixture was heated
      under reflux for 12 hours during which time 2 ml. of water was collected
      in the reflux trap. The reaction product was filtered and then stripped of
      heptane. Yield of product was 220 grams. Analysis of the 50 wt. %
      concentrate showed 2.02 wt. % nitrogen.
PAC  EXAMPLE 5
PAR  A solution was prepared by dissolving in 100 ml. of carbon tetrachloride
      200 g. of the same wax alkylated naphthalene concentrate that was used in
      Example 1. This solution was then treated at room temperature with 20 g.
      bromine added dropwise over a period of 30 minutes. The resulting
      brominated product was hydrolyzed with 100 ml. of water on a steam bath
      for 3 hours. Completion of the hydrolysis step was determined by periodic
      infrared analysis of withdrawn samples, the end point being indicated by
      there being no further increase in intensity at 5.8 millimicrons. After
      the hydrolyzed product was separated from the water, it was mixed with 100
      ml. of toluene and 20 ml. of tetraethylene pentamine. This mixture was
      then heated under reflux and the water of condensation was removed as an
      azeotrope with the toluene. Completion of the reaction was indicated when
      no additional water came over with the toluene. The carbon tetrachloride
      was then removed from the product by evaporation. The product was analyzed
      and found to contain 1.5 wt. % of nitrogen.
PAC  EXAMPLE 6
PAR  A mixture was prepared consisting of 400 g. of the wax alkylated
      naphthalene concentrate of Example 1, 27 g. of aluminum chloride, and 200
      ml. of ortho-dichlorbenzene. Then while the temperature was raised from
      room temperature to about 140.degree.f., 55 g. of benzoyl chloride was
      added gradually with stirring. The temperature was held at 140.degree.F.
      for five hours. Thereafter, to decompose the aluminum chloride complex,
      200 ml. of hydrochloric acid (0.5 N) was added and the reaction mixture
      was washed three times with water using 200 ml. of water in each wash. The
      solvent was then removed from the acylation product by vacuum distillation
      (15 mm. Hg.) at 250.degree.F. Then 400 g. of the acylation product was
      dissolved in 300 ml. of heptane and 28 g. of tetraethylene pentamine was
      added. Heating was conducted under reflux under conditions enabling the
      removal of water of condensation as an azeotrope with the heptane,
      completion of the reaction being determined by the fact that no additional
      water was carried over with the heptane. The remaining heptane was then
      removed from the product by evaporation in a steam bath. The product
      contained 3.18 wt. % nitrogen by analysis on an active ingredient base,
      i.e., excluding the diluent oil in the original wax alkylated naphthalene
      concentrate.
PAC  EXAMPLE 7
PAR  A solution was prepared consisting of 100 ml. of ortho-dichlorobenzene and
      56 g. of a petroleum bright stock which had a viscosity of 529.2 cs. at
      100.degree.F. and a viscosity of 32.6 cs. at 210.degree.F. To this was
      added 3 g. of anhydrous aluminum chloride followed by 22 g. of
      n-1-hexadecone added over a period of 30 minutes. After reaction was
      continued at 85.degree. to 100.degree.F. for an additional 30 minutes, 12
      additional g. of aluminum chloride was added over a 10-minute period
      followed by 8.5 g. acetyl chloride. After the mixture was stirred at
      85.degree. to 95.degree.F. for an additional 30 minutes, the temperature
      was increased to about 125.degree.F. and held there for three hours. At
      the end of this time the reaction mixture was diluted with about 150 ml.
      hexane and then washed several times with water, the amount of water in
      each instance being about equal in volume to the mixture being washed. The
      yield of acylated product after removal of solvents on the steam bath was
      80.6 g.
PAR  This acylated product contained some unreacted olefin and some low
      molecular weight olefin polymer as well as the desired alkylated/acylated
      bright stock. Then 50 g. of this crude acylated product was reacted with 7
      g. of tetraethylene pentamine by refluxing in the presence of 200 g. of
      benzene with provision for separating the water which came over with the
      benzene, refluxing being continued until no more water was carried over.
      The product was found to consist of 1.8 g. of unreacted tetraethylene
      pentamine and 54.7 g. of oil-soluble material containing 2.75% nitrogen.
PAC  EXAMPLE 8
PAR  To a solution of 56 g. of the same bright stock as in Example 7, in 100 ml.
      of ortho-dichlorobenzene, 15 g. of anhydrous aluminum chloride was added,
      followed by a mixture of 8 g. of acetyl chloride and 22 g. of
      n-1-hexadecene over a period of 30 minutes. During this time the
      temperature rose from about 78.degree.F. to about 125.degree.F. Reaction
      was continued at the latter temperature for three hours with stirring and
      heating. Thereafter, the product was treated in the same manner as in
      Example 7, i.e., diluted with hexane, washed with water, heated to remove
      solvents, and then reacted with tetraethylene pentamine in the same
      proportions as in Example 7. The final oil-soluble product contained 3.79%
      nitrogen.
PAC  EXAMPLE 9
PAR  A complex of acetyl chloride and aluminum chloride was prepared by mixing
      the two materials in equimolar proportions. Then 211 grams of this complex
      was added to 1,000 grams of the same bright stock that was used in Example
      7. The mixture was heated with stirring at 75.degree. to 80.degree.F. for
      four hours and then for an additional hour at 195.degree. to 200.degree.F.
      for one hour. There were formed two layers, one being a supernatant oil
      layer and the other a precipitated complex mixture. The supernatant oil
      layer was decanted off and the complex was washed with hexane and then
      decomposed with cold water to remove the aluminum chloride. After further
      water washing and removal of hexane there was obtained 80.9 grams of
      acylated product analyzing 84.82% carbon, 11.76% hydrogen, and 3.42%
      oxygen (equivalent to 9.2 wt. % of acetyl groups). The original bright
      stock had a V. I. of 98, while the supernatant oil had a V. I. of 111,
      indicating that an important by-product of this phase of the invention is
      that the portion of the original lubricant stock that is not converted to
      additive is recoverable as an improved lubricant stock.
PAR  A mixture of 50 grams of the acylated product obtained as just described
      (0.107 gram atom of oxygen), 11 grams of diethylene triamine (0.107 gram
      mole) and 70 ml. of benzene was heated under reflux until 1.2 ml. of water
      was removed overhead. Then 12 g. (0.207 mole) of acetone was added and
      refluxing was continued until 2.6 additional ml. of water was collected.
      The product amounting to 64.8 grams was separated into methanol-soluble
      and methanol-insoluble portions. The latter portion consisted of 53 grams
      of an oil-soluble detergent dispersant product containing 3.06 wt. %
      nitrogen.
PAC  EXAMPLE 10
PAR  Using as the base oil a mineral lubricating oil having a viscosity of 325
      SSU at 100.degree.F. and a viscosity index of about 100, a reference blend
      was prepared by simple mixing of 3.5 wt. % of a commercial detergent
      inhibitor, 0.9 wt. % of a zinc dialkyldithiophosphate antiwear additive
      and 95.6 wt. % of the base oil.
PAR  Test compositions were prepared by simple mixing of 3.5 wt. % of the same
      detergent inhibitor, 0.9 wt. % of the same antiwear additive and 93.6 wt.
      % of the same base oil as in the reference blend along with 2 wt. % of the
      products of Examples 1, 4, 5, and 6 respectively. In each instance this
      furnished sufficient additive to give 1 per cent active ingredient.
PAR  The commercial detergent inhibitor mentioned above was a mineral oil
      solution containing an additive prepared by reacting a mixture of a
      phosphosulfurized polyisobutylene and nonyl phenol with barium hydroxide
      pentahydrate and blowing the reaction mixture with carbon dioxide. The
      approximate analysis of the concentrate was 27 wt. % of phosphosulfurized
      polyisobutylene, 11.7 wt. % nonyl phenol, 10.6 wt. % barium oxide, 2.5 wt.
      % carbon dioxide, and 48.2 wt. % of mineral oil.
PAR  The zinc dialkyldithiophosphate antiwear additive was an oil solution
      consisting of about 25 wt. % of mineral lubricating oil and about 75 wt. %
      of zinc dialkyldithiophosphate prepared by treating a mixture of
      isobutanol and mixed amyl alcohols with P.sub.2 S.sub.5 followed by
      neutralizing with zinc oxide.
PAR  Each of the compositions was tested for sludge dispersing ability in a
      Cyclic Temperature Sludge Test which, from prior experience, has been
      shown to give sludge deposits similar to those obtained in stop-and-go
      driving such as would be experienced in taxicab operation. Briefly
      described, in this test a Ford 6-cylinder engine is run on a dynamometer
      stand through alternate cycles, the first cycle lasting 5 hours, at 1500
      rpm, and the second cycle lasting 2 hours, at the same operating speed,
      with the oil pump and water jacket temperatures being slightly higher in
      the second cycle than in the first. The two cycles are alternated in
      sequence until the desired total test time has elapsed. Make-up oil is
      added as required so as to maintain the oil level in the crankcase at all
      times between about 31/2 and 4 quarts. At the end of selected periods of
      test time, the engine is inspected by disassembling it sufficiently to
      permit visual examination of several of the parts, including the rocker
      arm assembly, the rocker arm cover, the cylinder head, the push rod
      chamber and its cover, the crankshaft and the oil pan. These parts are
      visually and quantitatively rated for sludge deposits, using a CRC Sludge
      Merit rating system in which a numerical rating of 10 represents a
      perfectly clean part, and the numerical scale decreases to a minimum value
      representing a part covered with the maximum amount of sludge possible.
      The several merit ratings are averaged to give an overall engine merit
      rating.
PAR  The results of the cyclic temperature sludge test are summarized in Table
      I. It will be seen from these results that incorporation of the additive
      products of the present invention greatly increased the ability of the oil
      composition to disperse sludge.
TBL                TABLE I                                                     
     ______________________________________                                    
     Sludge Merit Ratings - Cyclic Temperature Test                            
     Test Hours                                                                
                    Composition                                                
              Reference                                                        
                      Reference Blend Plus Additive of                         
              Blend   Ex. 1  Ex. 4  Ex. 5                                      
                                         Ex. 6                                 
     ______________________________________                                    
     42         8.6       9.98   --   --   --                                  
     63         6.9       9.95   9.63 9.91 --                                  
     84         5.8       9.66   8.2  9.81 9.93                                
     105        --        9.3    6.9  9.51 9.75                                
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  A fully formulated motor oil having excellent detergency, dispersancy,
      pour-point, and viscosity properties and excellent resistance to viscosity
      loss under shearing conditions is prepared by blending together 4.6 wt. %
      of the commercial detergent inhibitor described in Example 10, 1.3 wt. %
      of the zinc dialkyldithiophosphate antiwear additive described in Example
      10, 2.5 wt. % of a 45 wt. % concentrate of a high alkalinity barium
      synthetic sulfonate having 14.5% barium and having a total base number of
      59, 2 wt. % of the product of Example 1, 1.4 wt. % of a viscosity index
      improver, 60 wt. % of a mineral lubricating oil having a viscosity of 114
      SSU at 100.degree.F., and 40.7 SSU at 210.degree.F. and 23.4 wt. % of a
      mineral oil having a viscosity of 396 SSU at 110.degree.F. and 59.0 SSU at
      210.degree.F. The viscosity index improver comprises a copolymer of about
      40,000 molecular weight composed of about 50 mole per cent of vinyl
      acetate, about 44 mole per cent of C.sub.8 oxo alcohol fumarates and about
      6 mole per cent of the fumarates of tallow alcohols (mixed n-hexadecyl
      fumarate and n-octadecyl fumarate in about 2:3 mole ratio).
PAR  This blend has the following properties:
TBL  Pour Point .degree.F.  -30                                                
     Viscosity SUS at 210.degree.F.                                            
                             59                                                
     Viscosity Index        138                                                
PAC  EXAMPLE 12
PAR  A lubricant composition suitable for use as a railroad diesel engine
      lubricant is prepared by blending 2.0 wt. % of the concentrate additive of
      Example 6 and 0.4 wt. % of phenyl alpha naphthylamine in a base stock
      consisting of a hydrofined and phenol extracted coastal distillate having
      a viscosity of 1070 SSU at 100.degree.F. and a viscosity of 78.8 SSU at
      210.degree.F.
PAC  EXAMPLE 13
PAR  A high detergency lubricating oil of SAE 10W-30 viscosity rating was
      prepared by blending 67 vol. % of a solvent neutral mineral lubricating
      oil of 100 SSU viscosity at 100.degree.F., 15 vol. % of refined mineral
      lubricating oil of 396 SSU viscosity at 110.degree.F. and 59 SSU viscosity
      at 210.degree.F., 10 vol. % of a 20 vol. % concentrate of 15,000 molecular
      weight polyisobutene V. I. improver, 5 vol. % of the commercial detergent
      inhibitor concentrate and 1 vol. % of the antiwear additive concentrate
      described in Example 9, and 2 vol. % of the barium sulfonate concentrate
      described in Example 11. To a portion of this blend was added sufficient
      of the product of Example 1 to provide 1 wt. % of additive. The blend
      without the additive of Example 1 had a pour point of +30.degree.F. The
      blend containing the additive of Example 1 had a pour point of
      -30.degree.F.
PAC  EXAMPLE 14
PAR  To a heating oil comprising a mineral oil distillate having a boiling range
      of about 350.degree. to 680.degree.F. and derived from mixed cracked and
      straight run distillates is added 0.06 wt. % of the concentrate product of
      Example 3. The pour point of the heating oil is thereby lowered from
      -5.degree.F. to -10.degree.F. If 0.08 wt. % of the additive concentrate is
      employed, the pour point of the heating oil is lowered to -15.degree.F.
PAC  EXAMPLE 15
PAR  About 0.008 wt. % of the concentrate of Example 5 is added to a leaded
      gasoline for the purpose of imparting rust preventive properties and
      carburetor detergency action thereto.
PAR  The additives of this invention may be employed in concentrations ranging
      from about 0.002 to about 10 wt. % in oleaginous compositions ranging from
      gasoline fractions through middle distillate fuels and lubricating oils.
PAR  For use as lubricating oil additives the reaction products of this
      invention may be incorporated in lubricating oil compositions in
      concentration ranges of from about 0.1 to about 10 wt. % on an actual
      ingredient basis, and will ordinarily be used in concentrations of from
      about 0.1 to about 5 wt. %. The lubricating oils to which the additives of
      the invention may be added include not only mineral lubricating oils, but
      synthetic oils also. The mineral lubricating oils may be of any preferred
      types, including those derived from the ordinary paraffinic, naphthenic,
      asphaltic, or mixed base mineral crude oils by suitable refining methods.
      Synthetic hydrocarbon lubricating oils may also be employed. Other
      synthetic oils include dibasic acid esters such as di-2-ethyl hexyl
      sebacate, carbonate esters, phosphate esters, halogenated hydrocarbons,
      polysilicones, polyglycols, glycol esters such as C.sub.13 oxo acid
      diesters of tetraethylene glycol, and complex esters as for example the
      complex ester formed by the reaction of 1 mole of sebacic acid with 2
      moles of tetraethylene glycol and 2 moles of 2-ethyl hexanoic acid.
PAR  The additives of this invention may also be employed in middle distillate
      fuels for inhibiting corrosion and the formation of sludge and sediment in
      such fuels. Concentration ranges of from about 0.002 to about 2 wt. % or
      more, generally from about 0.005 to about 0.2 wt. %, are employed.
      Petroleum distillate fuels boiling in the range of from about 300.degree.
      to about 900.degree.F. are contemplated. Typical of such fuels are No. 1
      and No. 2 fuel oils that meet ASTM Specification D-396-48T, diesel fuels
      qualifying as Grades 1D, 2D and 4D of ASTM Specification D-975-51T, and
      various jet engine fuels. Because they are ashless, these additives are
      particularly desirable for such fuels in that they do not give rise to
      glowing ashes nor deter from the burning qualities of the distillates.
      These additives may also be used in conjunction with other prior art
      ashless additives for fuels, such as polymers of acrylic or methacrylic
      acid esters, high molecular weight aliphatic amines, etc.
PAR  The additives of this invention may also be employed either alone or in
      combination with other hydrocarbon-soluble additives, in jet fuels and
      gasolines in concentrations ranging from about 0.001 to 1.0 wt. % as
      detergent and/or rust preventive additives.
PAR  In either the fuel or lubricant compositions, other conventional additives
      may also be present, including dyes, pour-point depressants, antiwear
      agents, e.g. tricresyl phosphate, zinc dialkyl dithiophosphates of 3 to 8
      carbon atoms, antioxidants such as phenyl-alpha-naphthylamine, tert.
      octylphenol sulfide, bis-phenols such as 4,4'-methylene bis (2,6-di tert.
      butylphenol), viscosity index improvers such as polymethacrylates,
      polyisobutylene, alkyl fumarate-vinyl acetate copolymers, and the like, as
      well as other dispersants.
PAR  The dispersant additives of the invention may be employed to enhance the
      dispersancy-detergency of lubricants containing conventional detergents,
      wherein the latter are used in concentrations in the range of about 0.5 to
      5 wt. %. When the conventional detergents or dispersants are
      metal-containing materials it is possible, by utilizing the additives of
      the present invention in combination therewith, to obtain added
      dispersancy or detergency without materially increasing the total
      ash-forming properties of the composition. Such metal-containing
      detergents or combination detergent-inhibitors include the alkaline earth
      metal salts of alkylated phenols or of alkylated phenol sulfides, as for
      example barium-calcium nonyl phenol sulfide, the so-called basic earth
      metal sulfonates, and dispersions of barium carbonate or calcium carbonate
      in mineral oils containing various surfactants such as phosphosulfurized
      polyolefins, for example.
PAR  The sulfonates are well known in the art and are the oil-soluble alkaline
      earth metal salts of high molecular weight sulfonic acids obtained by
      sulfonating either natural or synthetic hydrocarbons. Specific examples of
      suitable sulfonates include calcium petroleum sulfonate, barium petroleum
      sulfonate, calcium di-C.sub.9 alkyl benzene sulfonate (C.sub.9 group from
      tripropylene), and barium C.sub.16 alkyl benzene sulfonate (C.sub.16 group
      from tetraisobutylene). The sulfonates may be of either the neutral type
      or of the "over-based" or "high alkalinity" type, containing metal base in
      excess of that required for simple neutralization, wherein the excess
      metal base has been neutralized with carbon dioxide.
PAR  Metal salts of alkyl phenols and of the alkyl phenol sulfides are also well
      known in the art. Metal salts of alkyl phenols having alkyl groups of from
      5 to 20 carbon atoms are usually preferred, and the metal used to form the
      phenate in preferably an alkaline earth metal, e.g., calcium or barium,
      although the salts such as those of aluminum, cobalt, lead or tin are
      sometimes used. A specific example is the barium salt of the alkylation
      product of phenol with tripropylene. Metal salts of the corresponding
      alkyl phenol sulfides may also be used, e.g., barium tert. octyl phenol
      sulfide.
PAR  Other detergent additives include the reaction products of
      phosphosulfurized hydrocarbons with alkaline earth metal oxides or
      hydroxides which can be prepared by first treating a hydrocarbon with a
      phosphorus sulfide and then reacting the product with an alkaline earth
      metal hydroxide or oxide, for example barium hydroxide, preferably in the
      presence of an alkyl phenol or an alkyl phenol sulfide and also preferably
      in the presence of carbon dioxide.
PAR  The dispersants of this invention may also be used in conjunction with
      other ashless detergents or dispersants such as high molecular weight
      polymeric dispersants made with one or more polar monomers, such as vinyl
      acetate, vinyl pyrrolidone, methacrylates, fumarates and maleates. These
      dispersants have molecular weights in the range of about 500 to 50,000.
      One example is a copolymer of 65 to 85 wt. % of mixed C.sub.9 to C.sub.12
      fumarates, 10 to 20 wt. % of vinyl acetate, and 5 to 15 wt. % of N-vinyl
      pyrrolidone. Another example is the copolymer derived by reaction of mixed
      tallow alcohol fumarates and C.sub.8 oxo alcohol fumarates, averaging
      about 420 molecular weight, with vinyl acetate in a 3 to 1
      acetate-fumarate ratio, and 3 wt. % of maleic anhydride, followed by
      subsequent removal of excess vinyl acetate. By tallow alcohol fumarates is
      meant that esters of fumaric acid and the alcohols derived by
      hydrogenation of tallow. The latter are principally C.sub.16 and C.sub.18
      aliphatic alcohols with minor amounts of C.sub.12, C.sub.14 and C.sub.20
      alcohols. C.sub.8 oxo alcohols are prepared by reaction of carbon monoxide
      and hydrogen on mixed C.sub.3 to C.sub.4 olefins followed by hydrogenation
      of the resulting aldehydes.
PAR  It is within the comtemplation of this invention to prepare additive
      concentrates in which the concentration of additive is greater than would
      normally be employed in a finished lubricant. These concentrates may
      contain in the range of from 10 to 80% of additive on an active ingredient
      basis, the balance being a hydrocarbon oil, usually a mineral oil. Such
      concentrates are convenient for handling the additive in the ultimate
      blending operation into a finished lubricating oil composition. The
      additive concentrates may be made up simply of an additive of the present
      invention in a suitable mineral oil medium or they may include other
      additives that are intended for use along with the additives of the
      invention in a finished lubricant. Thus, if the additives are to be used
      in conjunction with conventional detergents, an additive concentrate can
      be prepared containing say 30 to 60 wt. % of an additive of the invention
      and 5 to 20 wt. % of a metal sulfonate, e.g., calcium petroleum sulfonate
      from sulfonic acids of about 450 molecular weight, or a metal alkylphenol
      sulfide, e.g., calcium nonylphenol sulfide, with the balance being a
      mineral lubricating oil. Additionally, 5 to 15 wt. % of an antiwear agent
      such as a zinc dialkyldithiophosphate, e.g., mixed zinc butyl and amyl
      dithiophosphates may also be present in the additive concentrate package.
PAR  While the lubricant compositions herein described are primarily designed as
      internal combustion engine crankcase lubricants, the additives of the
      invention may also be employed in other oil compositions, including
      turbine oils, various industrial oils, gear oils, hydraulic fluids,
      transmission fluids and the like.
PAR  It is to be understood that the examples presented herein are intended to
      be merely illustrative of the invention and not as limiting it in any
      manner; nor is the invention to be limited by any theory regarding its
      operability. The scope of the invention is to be determined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oil-soluble additive having pour point depressing and sludge
      dispersing properties when added to a mineral lubricating oil, which
      comprises the product obtained by condensing a ketone, obtained by
      acylation of wax-alkylated naphthalene, with an alkylene polyamine at a
      temperature of from about 140.degree. to 350.degree.F. for a sufficient
      period of time to split out water and form a Schiff base and wherein:
PA1  said wax-alkylated naphthalene is the condensation product of naphthalene
      with a chlorinated paraffin wax of 12 to 40 carbon atoms chlorinated to
      about 10 to about 15 wt. % chlorine, wherein from about 9 parts of
      chlorinated paraffin wax is condensed per part of naphthalene, to about
      100 parts by weight of chlorinated paraffin wax is condensed per 20 parts
      by weight of naphthalene,
PA1  said acylation being effected by mild oxidation by air blowing at
      temperatures in the range of about 160.degree. to 480.degree.F. for about
      2 to 48 hours, of said wax-alkylated naphthalene, or by reaction with in
      the range of about 0.1 to about 1.0 molar proportion of an acyl halide or
      acid anhydride of a C.sub.2 to C.sub.10 monocarboxylic acid per molar
      proportion of wax-alkylated naphthalene,
PA1  said alkylene polyamine having 2 to 12 nitrogen atoms, and wherein pairs of
      nitrogen atoms are joined by alkylene groups of 2 to 4 carbon atoms,
PA1  and in the range of about 0.2 to about 1.5 molar proportion of polyamine is
      condensed per molar proportion of acylated wax-alkylated naphthalene.
NUM  2.
PAR  2. Oil-soluble additive as defined by claim 1, wherein said ketone is the
      product of acylating wax-alkylated naphthalene with acetyl chloride.
NUM  3.
PAR  3. Oil-soluble additive as defined by claim 1, wherein said ketone is the
      product of acylating wax-alkylated naphthalene with acetic anhydride.
NUM  4.
PAR  4. Oil-soluble additive as defined by claim 1, wherein said aliphatic
      polyamine is tetraethylene pentamine.
NUM  5.
PAR  5. Oil-soluble additive as defined by claim 1, wherein said aliphatic
      polyamine is diethylene triamine.
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ABST
PAL  A method for collecting a solid product from a liquid phase or liquid
      phase-gaseous phase feed stock. A solid forming zone is provided for
      accommodating the liquid phase or liquid phase-gaseous phase feed stock
      having a density greater than that of a liquid to be fed. A precipitation
      zone is provided at its lower portion with a feed port for feeding the
      liquid and a discharge port for taking out the solid product and
      communicating with the solid forming zone at its upper portion. The
      precipitation zone is provided therein with stirring means by which the
      solid product and liquid are contacted with each other countercurrently.
      The solid product is washed with the liquid and the density relation
      between the liquid phase and the liquid is reversed as the latter moves
      upwardly in the precipitation zone. Solid oxamide may be produced from
      cyanogen.
PARN
PAR  This is a division of application Ser. No. 324,791, filed Jan. 18, 1973,
      now abandoned, which in turn is a continuation of application Serial No.
      56,455, filed July 20, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for collecting a solid product
      from a liquid phase or liquid phase-gaseous phase feed stock, and more
      specifically to a process such that a solid product produced from a liquid
      phase or liquid phase-gaseous phase mixture having a density greater than
      a liquid to be supplied is continuously contacted with the liquid
      countercurrently, and the density relation between the mixture and the
      liquid is reversed as the latter ascends.
PAR  A reaction to produce a reaction product from a liquid phase or liquid
      phase-gaseous phase reaction system has been well known. As an example,
      there can be named a reaction to form solid oxamide by blowing cyanogen
      gas into an aqueous solution of mineral acid and hydrating the same. In
      this case, it becomes necessary, for obtaining the oxamide as the final
      product, to remove the acid attached to the oxamide by washing it away
      with water. A process employed heretofore for such reaction has the
      disadvantage that not only is a specific washing water required for the
      washing of oxamide, but also a large quantity of dilute waste acid is
      produced as by-product, the disposition of which calls for a special
      operation.
PAR  Thus, in an inconsistent reaction wherein a solid product is collected from
      a liquid phase or liquid phasegaseous phase reaction system, it is not
      necessarily easy to carry out the reaction on a continuous basis and to
      continuously remove the solid product from the reaction system. Moreover,
      it is difficult to remove the solid product in a pure form.
PAR  An operation of collecting a solute in the form of solid from a solution by
      concentrating the solution has also commonly been practiced industrially.
      According to the conventional operation, however, it has been difficult to
      remove a substance in such a solution continuously and yet in a washed
      pure form.
PAR  An object of the present invention is to provide a process by which a solid
      product can be taken out from a liquid phase or liquid phase-gaseous phase
      feed stock, continuously and yet in a purified form.
PAR  Another practical object of the invention is to provide a continuously
      hydrolyzing process for cyano compounds, such as cyanogen, by which the
      hydrolysis of a cyano compound, such as cyanogen, whose hyrolysis product
      is substantially insolutible in water, and the washing of the hydrolysis
      product with water, can be effected concurrently, and which does not call
      for a specific washing water for the washing of the hydrolysis product.
PAR  Still another practical object of the invention is to provide a process by
      which a solid substance disolved in a solution, such as brine, can be
      taken out thereform continuously and yet in a relatiely pure form, without
      requiring a specific washing liquid.
PAR  According to the present invention there is provided a process for
      collecting a solid product from a liquid phase or liquid phase-gaseous
      phase feed stock, wherein there is provided a solid forming zone for
      accommodating a liquid phase or liquid phase-gaseous phase mixture having
      a density greater than that of a liquid to be fed and a precipitation zone
      having at its lower portion a feed port for feeding the liquid and a
      discharge port for discharging the solid reaction product communicating
      with the solid forming zone at its upper portion, the precipitation zone
      being provided therein with stirring means by which the solid product and
      the liquid are caused to contact each other countercurrently, whereby the
      former is washed with the latter and the density relation between the
      mixture and the liquid is reversed as the latter moves upwardly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be described in further detaial hereunder with
      reference to the accompanying drawing, in which:
PAR  FIGS. 1 through 3 are cross-sectional views diagrammatically showing
      different embodiments of apparatus for performing present the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, there is shown an embodiment of an apparatus for
      carrying out the invention which can be applied to the hydrolysis, for
      example, of cyanogen. In FIG. 1, reference numeral 1 designates a reaction
      zone, 2 a hydrolysis product precipitation zone, 3 an inlet conduit for
      cyanogen, 4 a cyanogen injecting end of conduit 3, 5 a gas releasing
      conduit, 6 a feed port for water, 7 a discharge port for oxamide which is
      the hydrolysis product, and a stirring means.
PAR  In the reaction zone 1 is stored a liquid, such as a mineral acid,
      containing a hydrolyzing agent, and the material cyanogen is introduced
      into this liquid phase, preferably in the form of gas, through the conduit
      3 and the blowing end 4 of such conduit. The cyanogen is hydrolyzed in the
      liquid phase and the hydrolysis product (oxamide) formed precipitates in
      the precipitation zone 2 communicating with reaction zone 1, since it is
      substantially insoluble in the liquid. The unreacted cyanogen is released
      through the gas releasing conduit 5 as indicated by C' and may be recycled
      to the conduit 3 through a collector and displacing means as required.
PAR  The stirring means 8 is provided in the precipitation zone 2 extending in
      the axial direction thereof, and the feed port 6 for a liquid D and the
      discharge port 7 for the hydrolysis product E are provided at the lower
      portion of precipitation zone 2. The liquid (water in this case) fed
      through the feed port 6 flows upwardly in the precipitation zone while
      contacting the hydrolysis product countercurrently which is descending in
      the same zone, and reaches the reaction zone 1. On the other hand, the
      hydrolysis product E falls in the precipitation zone 2 while being washed
      with the countercurrent of the liquid, and removed from the reaction
      system in the form of cake or slurry through the discharge port 7.
PAR  In this case, the liquid introduced into the precipitation zone from the
      bottom thereof is lower in density than the liquid phase (containing the
      hydrolyzing agent) in the reaction zone above the precipitation zone.
      However, by the function of the stirring means provided axially in the
      precipitation zone, the density relation between the liquid and the
      reaction system is reversed without resulting in mixing of both, or a
      phenomenon occurs in which the density of the liquid becomes progressively
      greater as the liquid flows upwardly in the precipitation zone. Thus,
      accordance with the present invention, the quantity and density of the
      hydrolyzing agent in the reaction zone are maintained substantially
      constant and the solid hydrolysis product falls in the precipitation zone
      without being accompanied by the hydrolyzing agent and hence the hyrolysis
      product can be obtained in a substantially purified form.
PAR  The quantity of the liquid (water in this case) fed through the feed port
      6, may be the sum of the quantity of the liquid required for the
      hydrolysis of the cyanogen and the quantity of the same discharged to the
      outside along with the hydrolysis product, and a quantity of water for
      washing the hyrolysis product is not particularily necessary. On the other
      hand, the hydrolysis product removed from the discharge port 7 is
      practically free from the hydrolyzing agent, such as a mineral acid, as a
      result of being washed with water. Therefore, it can be used as a reaction
      product, without going through the additional step of washing.
PAR  The stirring means provided in the precipitation zone is preferably of the
      type which comprises a plurality of equally spaced impeller vanes fixed to
      a vertical shaft. This stirring means may be provided coaxially with the
      axis of the precipitation zone. The intensity of stirring by the stirring
      means must be relatively mild so as to produce a close contact between the
      hydrolysis product and the liquid, but to allow the solid hydrolysis
      product to precipitate constantly. The introduction of water into the
      precipitation zone can be effected by any means and, for instance, a
      distributor may be used which is used for introducing a liquid into a
      solid bed. It should be understood, however, that the use of the
      distributor is not mandatory. The hydrolysis product can be taken out in
      the form of a slurry directly through the discharge conduit, either
      continuously or intermittently. Discharge means, such as a screw, may be
      provided in the discharge conduit 7 to facilitate the removal of the
      hydrolysis product.
PAR  As the hydrolyzing agent usuable in the abovedescribed reaction of
      hydrolyzing cyanogen into oxamide, mineral acids such as sulfuric acid,
      hydrochloric acid, etc. may be used. Hydrochloric acid is used in the form
      of an aqueous solution at a concentration of 10 - 36 % and sulfuric acid
      at a concentration of 30 - 98 %. For the purpose of promoting the
      hydrolysis of the cyanogen, a promotor may be used in combination with the
      mineral acid. For instance, a combination of sulfuric acid and mercury
      oxide can be charged in the reaction zone. The acid which is particularly
      advantageously used in the hydrolysis of cyanogen, is hydrochloric acid.
      No specific restrictions are imposed on the reaction conditions. For
      instance, the reaction in the reaction zone may be carried out in the
      temperature range from 10.degree.C. to the boiling point of the reaction
      system, under normal pressure. If a pressure-resistant pump is used for
      introducing cyanogen, the reaction may be carried out under pressure or
      reduced pressure.
PAR  The important advantage which can be achieved by using the present
      invention for the hydrolysis of cyanogen, is that the washing of the
      reaction product, i.e. oxamide, and the hydrolysis of a cyano compound can
      be effected only with a quantity of water which is the sum of the quantity
      required for the hydrolysis of the compound and the quantity which is
      removed from the reaction system along with the hydrolysis product. It
      will, therefore, be seen that the concentration of the hydrolyzing agent
      in the reaction zone can be maintained constant over an extended period.
      Practically, the quantity of water to be fed is generally from 1.0 - 1.5
      times, particularly from 1.00 - 1.02 times, the equivalent of the
      cyanaogen, though such quantity is variable depending upon the water
      content in the slurry of the reaction product. The height of the
      precipitation zone may be determined through experiment so that the
      aforesaid reversal of density relation may be realized and the oxamide,
      removed from the bottom of the precipitation zone, is substantially free
      from the hydrolyzing agent, through such height is variable depending upon
      the particle size of the oxamide formed and the quantity of the same
      formed per unit cross-sectional area of the precipitation zone.
PAR  A practical example of the apparatus of this invention being applied to the
      hydrolysis of cyanogen, will be illustrated hereunder:
PAC  EXAMPLE
PAR  Using an apparatus of FIG. 1 having the belowdepicted dimensions, a
      hydrolysis of cyanogen into oxamide was conducted.
TBL  ______________________________________                                    
     Reaction zone Diameter     130      mm                                    
                   Inside volume                                               
                                6        l                                     
     Precipitation zone                                                        
                   Diameter     70       mm                                    
                   Height       2000     mm                                    
     Stirrer       Impeller vanes fixed to a                                   
                   vertical shaft at an inter-                                 
                   val of 35 mm, and rotated                                   
                   at 14 r.p.m.                                                
     ______________________________________                                    
PAR  Two (2) l of 36 % hydrochloric acid was charged in the reaction apparatus
      and water was fed into the precipitation zone from the bottom thereof at
      the rate of 157 g/hr through a distributor. On the other hand, cyanogen
      was blown into the hydrochloric acid at normal temperature at the rate of
      94 g/hr. The oxamide formed was collected in the form of a slurry. The
      slurry was composed of
TBL  oxamide          158 g/hr                                                 
     water             92 g/hr                                                 
PAL  and contained only 0.01 % of hydrochloric acid therein. The hydrochloric
      acid concentration in the reaction zone was measured 240 hours after
      initiation of the reaction, and was found to be the same as that
      immediately after initiation of the reaction.
PAR  Although the apparatus of the present invention, shown in FIG. 1, has been
      described with reference to the case wherein it is applied to the
      hydrolysis of cyanogen into oxamide, it is to be understood that the
      apparatus can be widely used, with only a slight modification thereto, for
      the hyrolysis of may other compounds, e.g. organic cyano compounds such as
      adiponitrile, whose hydrolysis products are substantially insoluble in
      water. Thus, by employing the present process, an adipoamide crystal, for
      example, can be produced from adiponitrile continuously in a pure form.
PAR  FIG. 2 shows another embodiment of an apparatus for carrying out the
      invention which can be used for the production of sodium bicarbonate by
      the ammonia soda process. Referring to FIG. 2, reference numeral 1
      designates a reaction zone, 2 a precipitation zone for the sodium
      bicarbonate formed, 3 an inlet conduit for carbon dioxide, 4 an injecting
      end of inlet conduit 3, 5 a gas releasing conduit, 6 a feed port for
      ammoniacal brine substantially saturated with sodium bicarbonate, 7 a
      discharge port for sodium bicarbonate, 8 a stirring means and 9 a
      discharge port for aqueous ammonium chloride. This apparatus is similar to
      that of FIG. 1, except that the liquid discharge port is connected to the
      reaction zone.
PAR  In the reaction zone 1, the ammoniacal brine fed into the apparatus from
      the bottom 6 of the precipitation zone 2, and the carbon dioxide blown
      into the reaction system from the injecting end 4 of the conduit 3, react
      with each other as represented by the reaction formula
EQU  NaCl + NH.sub.3 + CO.sub.2 + H.sub.2 O = NaHCO.sub.3 + NH.sub.4 Cl
PAL  to form sodium bicarbonate and ammonium chloride. The sodium bicarbonate
      thus formed falls in the precipitation zone 2 having the stirring means 8
      provided therein, and is discharged to the outside through the discharge
      port 7 after having been washed with the countercurrent of the ammoniacal
      brine fed through the feed port 6. On the other hand, the ammoniacal brine
      fed through the feed port 6 flows in the precipitation zone while
      contacting the sodium bicarbonate countercurrently, and reaches the
      reaction zone 1.
PAR  In the reaction described above, water is used for the formation of sodium
      bicarbonate and ammonium chloride remains in the liquid phase, so that the
      density of the liquid phase is greater than that of the ammoniacal brine
      fed from the bottom of the precipitation zone. However, by the stirring
      effect of the stirring means provided axially in the precipitation zone,
      reversal of density occurs or a phenomenon occurs wherein the density
      becomes progressively large as the ammoniacal brine flows upwardly in the
      precipitation zone, as in the preceding embodiment, without resulting in
      reverse mixing.
PAR  The solution accumulating in the reaction zone 1 with the passage of time,
      which consists mainly of ammonium chloride, is allowed to continuously
      overflow through the discharge port 9 or is removed from the apparatus
      either continuously or intermittently by suitably opening a valve provided
      in the discharge port. The unreacted waste gas can be discharged to the
      outside through the gas releasing conduit, upon opening a valve provided
      in the conduit. Although, in the arrangement of FIG. 2, the ammoniacal
      brine is fed through the feed port 6, it is also possible to feed a brine,
      substantially saturated with sodium bicarbonate, only through the feed
      port 6 and ammonia from an optional point intermediate of the
      precipitation zone.
PAR  In the process of the invention described with respect to FIG. 2, it is
      possible to produce a relatively pure sodium bicarbonate on a continuous
      basis by a reaction apparatus which is extremely small as compared with
      that used hitherto in the ammonia soda process.
PAR  The process of the type now being discussed may also be applied to the
      production of adipic acid from adiponitrile. In this case, adipic acid can
      be produced by the same operation as described above, except that the
      adiponitrile is fed into the apparatus from an intermediate point of the
      precipitation zone, water from the feed port 6 and a mineral acid solution
      from the inlet conduit 3, and the ammonium acid produced as by-product is
      removed from the reaction system from the discharge port 9.
PAR  FIG. 3 shows still another embodiment of an apparatus for carrying out the
      invention, which can be used for separating, for example a common salt
      crystal from a brine. In FIG. 3, reference numeral 1 disignates a solid
      forming zone, 2 a solid product precipitation zone, 6 a feed port for the
      brine, 7 a discharge port for the common salt crystal, 8 stirring means, 5
      and aqueous vapor releasing port and 10 heating means.
PAR  The brine, e.g. a concentrated and purified sea water, fed through the feed
      port 6 flows in the precipitation zone 2 upwardly and reaches the solid
      forming zone 1 wherein it is heated and concentrated. The common salt
      crystal formed in the solid forming zone 1 falls in the precipitation zone
      2, is washed with the counterflow of the brine fed from the bottom of the
      precipitation zone by contact therewith and is discharged to the outside
      through the discharge port 7 in the form of a slurry or cake.
PAR  The heating means 10 may be provided inside or outside of the solid forming
      zone. The pressure in the solid forming zone may be the atmospheric
      pressure or a subatmospheric pressure. The aqueous vapor released through
      the aqueous vapor releasing port 5 may be used as a preheating source for
      the brine or as a heating source for others.
PAR  Due to concentration of the brine, the density in the solid forming zone is
      greater than the density of the material brine, but reverse mixing can be
      avoided also in this case, by providing the stirring means axially in the
      precipitation zone. Moreover, the quantity of the brine required for the
      separation can be extremely small as compared with the quantity of the
      common salt taken out from the apparatus, and the precipitation of fine
      particles can be prevented.
PAR  Although the process described with reference to FIG. 3 has been described
      with reference to the case of separating common salt from a brine, it is
      to be understood that this type of process can be effectively used for
      separating and recovering a solute from a solution thereof.
PAR  It should be understood that, although the present invention has been
      described and illustrated herein by way of example with reference to
      hydrolyzing cyanogen, forming sodium bicarbonate by the ammonia soda
      process and separating common salt crystal from a brine, the process of
      the instant invention can be widely used in an inconsistent reaction of
      forming a solid reaction product from a liquid phase or liquid
      phase-gaseous phase reaction system and in the operation of precipitating
      a solid from a liquid phase or liquid phase-gaseous phase feed stock.
PAR  It will be obvious to those skilled in the art that, in the present
      invention, not only a feed stock consisting of a homogeneous liquid phase
      but also a feed stock consisting of two immiscible liquid phases, e.g. an
      emulsion or suspension, can be used as the liquid phase feed stock.
PAR  According to the present invention, there is an industrial advantage in
      that it is possible not only to take out a solid product continuously and
      in a substantially purified form without using a special washing liquid,
      but also the effect such operation with an extremely compact apparatus
      without impairing the generic characteristic of a precipitation layer,
      i.e. the continuous distribution of a coarse crystal at the lower portion
      of the layer and a fine crystal at the upper portion of the same.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the continuous production of oxamide by hydrolysis of
      cyanogen, said process comprising:
PA1  providing a reaction zone having therein an aqueous solution containing
      mineral acid as a hydrolizing agent;
PA1  continuously feeding into said reaction zone gaseous cyanogen and
      contacting said gaseous cyanogen with said aqueous solution to form solid
      precipitates of oxamide;
PA1  passing said precipitates of oxamide formed in said reaction zone down into
      an through a precipitation zone, the precipitation zone being in
      contiguous communication with the bottom of said reaction zone and being
      equipped with a stirrer means arranged coaxially only in said
      precipitation zone;
PA1  continuously feeding water into the bottom of said precipitation zone and
      passing it upwardly therethrough into said reaction zone and washing said
      solid precipitates of oxamide by said water in said precipitation zone;
PA1  continuously removing said solid precipitates of oxamide washed by said
      water as cake or slurry from the bottom of said precipitation zone; and
PA1  the amount of water fed into the bottom of said precipitation zone being
      the sum of the amount of water consumed in the reaction of hydrolysis of
      cyanogen in said reaction zone and the amount of water accompanied with
      the oxamide taken out as cake or slurry.
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PAL  Salts of iodomethanesulfonic acid and an organic base, more particularly,
      glucamine, N-alkyl- and N, N-dialkylglucamines and N-hydroxyalkyl- and
      N,N-di-hydroxyalkylglucamines, are useful as X-ray contrast agents,
      especially for spinal X-ray examination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For the examination of the spinal canal, the sodium salt of
      monoiodomethanesulfonic acid (methiodal sodium) has been utilized for a
      long period of time. Compared to oily contrast media, this compound has
      the advantage of being rapidly and entirely resorbable. The very low
      viscosity of compositions comprising this compound makes it possible for
      the medium to penetrate into the finest fissures and thus render an
      excellent representation of the details in myelography. Disadvantages are
      the limited representation of the lumbar region and the necessity of prior
      spinal anesthesia, which constitutes a source of side reactions. According
      to SCHOBER (Radiopaque Agents and Liquor Space, Springer publishers 1964)
      a large number of the dangerous complications, such as conditions of shock
      and collapse, are ascribed to lumbar anesthesia.
PAR  It has now been found that the novel salts of this invention possess such a
      high compatibility with respect to the neural tissue that a lumbar
      anesthesia with its associated risks becomes superfluous. This essential
      advantage is attained without a reduction of the favorable properties of
      the known sodium salt, such as low viscosity and rapid resorption. Rather,
      the excellent compatibility of the novel salts permits readily a doubling
      of the commercially customary concentration of about 100 mg. of iodine per
      ml. of salt solution to 200 mg. of iodine per ml. of salt solution,
      whereby the image quality and thus the possibilities of evaluation of the
      myelographic examination are considerably increased.
PAC  SUMMARY OF THE INVENTION
PAR  The novel salts of this invention are those of monoiodomethanesulfonic acid
      with glucamine, N-alkyl- and N,N-dialkylglucamines. When the alkyl group
      contains more than one carbon atom, the latter two amines can be hydroxy
      substituted, i.e., N-hydroxyalkyl- and N,N-dihydroxyalkyl glucamines.
PAR  The alkyl portion of the glucamines generally contains not more than 4
      carbon atoms, whether it be mono- or dialkyl.
PAR  This invention also relates to novel X-ray contrast agents comprising a
      novel salt of iodomethane sulfonic acid of this invention. In a method of
      use aspect, this invention relates to a method of X-ray examination,
      especially lumbar, comprising the administration of an effective amount of
      a novel X-ray contrast agent of this invention.
PAC  DETAILED DISCUSSION
PAR  Specific examples of the novel salts of iodomethanesulfonic acid of this
      invention include but are not limited to N-methylglucamine;
      N,N-dimethylglucamine; N-ethylglucamine; N-methyl,N-ethylglucamine;
      N,N-diethylglucamine; N-.beta.-hydroxyethylglucamine;
      N-methyl,N-.beta.-hydroxyethylglucamine and
      N,N-di-.beta.-hydroxyethylglucamine.
PAR  Glucamine is a known amino sugar alcohol of the formula:
EQU  NH.sub.2 CH.sub.2 (CHOH).sub.4 CH.sub.2 OH
PAL  Glucamine and its N-mono- or N,N-disubstituted derivatives are obtained by
      reductive amination of glucose with the corresponding amines. Glucamine
      may also be obtained by reduction of glucose-oxime or by reductive
      cleavage of the N-N-bonding of glucose-hydrazone.
PAR  The novel salts are produced by neutralizing the iodomethanesulfonic acid
      with the selected organic base, up to a pH of 7, or by reacting a
      glucamine salt with alkali or alkaline earth iodomethanesulfonate.
PAR  This invention furthermore relates to novel X-ray contrast media comprising
      a novel salt of iodomethanesulfonic acid of this invention and their use
      in X-ray examination, especially spinal. The salts of this invention are
      formulated, in accordance with their preferred use as X-ray contrast media
      for myelography, into injectable aqueous solutions.
PAR  The novel X-ray contrast agents of this invention can be employed in the
      same manner as the known sodium salt of iodomethanesulfonic acid,
      preferably at a higher, e.g., double, the usual concentration. For
      example, a dose of 0.5 ml. of an X-ray contrast agent of this invention
      having an iodine content of 100 mg. per ml., administered to dogs lumbarly
      without local anesthesia, shows a good representation of the subdural
      fissures in the lumbal and thorax zones. However, a 2 ml. dose, with a
      content of 200 mg. of iodine per ml., affords a correspondingly excellent
      contrast effect and is tolerated without complications or serious
      side-effects. In any case, the salts can be administered to all mammals,
      in amounts effective to yield an X-ray contrast activity, the dosage range
      to humans being preferably equivalent to about 500 to 2000 mg. of iodine.
PAR  The novel compounds of this invention can be administered in the forms
      customarily employed in pharmaceuticals in admixture with a
      pharmaceutically acceptable carrier.
PAR  For parenteral administration, the soluble salts of this invention are
      preferably employed as an aqueous solution of a concentration preferably
      between about 30 % by volume and about 80 % by volume and preferably
      having a pH of about 5-7.
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever.
DETD
PAC  EXAMPLE 1
PAC  N-Methylglucamine Salt of Iodomethanesulfonic Acid
PAR  An aqueous solution of sodium iodomethanesulfonate is passed through an ion
      exchange column in the H.sup.+ form. The arrangement is protected from
      bright light, since the salt solution is somewhat sensitive to light.
      After a first run, the acidic main fraction is removed, neutralized with
      methylglucamine to a pH of 7, and thereafter concentrated to a content of
      200 and/or 300 mg. of iodine/ml. Yield: 95% of theory. The solution can
      then be sterilized in accordance with Example 6.
PAR  When using dimethylglucamine or N-hydroxyethylglucamine in place of
      methylglucamine, the corresponding N,N-dimethylglucamine and
      N-hydroxyethylglucamine salts are obtained.
PAC  EXAMPLE 2
PAC  Glucamine Salt of Iodomethanesulfonic Acid
PAR  The acid is liberated from the sodium salt as described in Example 1. The
      solution of the acid is neutralized with glucamine to a pH of 7 and
      strongly concentrated under vacuum; by the addition of isopropanol, the
      glucamine salt precipitates in fine crystals. The salt is recrystallized
      from 95% ethanol. Melting point: 123.degree.-124.degree. C. Yield: 90% of
      theory.
PAC  EXAMPLE 3
PAC  N-Methylglucamine Salt of Iodomethanesulfonic Acid
PAR  The acid is liberated from the sodium salt as set forth in Example 1. The
      solution of the acid is neutralized with methylglucamine to a pH of 7, and
      the neutral solution is concentrated to syrupy consistency. By the
      addition of ethanol to the syrup, a crystalline product is obtained which
      is recrystallized from ethanol. Melting point: 93.degree.-94.degree. C.
      Yield: 91% of theory.
PAC  EXAMPLE 4
PAC  N,N-Dimethylglucamine Salt of Iodomethanesulfonic Acid
PAR  From free iodomethanesulfonic acid and N,N-dimethylglucamine, the
      N,N-dimethylglucamine salt of iodomethanesulfonic acid is obtained
      analogously to Example 3, m.p. 66.degree.-67.degree. C. (from ethanol).
      Yield: 87% of theory.
PAC  EXAMPLE 5
PAC  Glucamine Salt of Iodomethanesulfonic Acid
PAR  A hot solution of 14 g. of glucamine acetate in 100 ml. of methanol is
      stirred together with a warm solution of 12 g. of sodium
      iodomethanesulfonate in 120 ml. of methanol and concentrated under vacuum
      to 100 ml. After cooling, the thus-crystallized glucamine salt of
      iodomethanesulfonic acid is suction-filtered and washed with ethanol.
      Yield: 65% of theory. Melting point: 120.degree.-123.degree. C.
PAC  EXAMPLE 6
PAR  Preparation of a solution ready for use:
TBL  Glucamine salt of iodomethanesulfonic acid                                
                             635.00 g.                                         
     Calcium disodium salt of ethylenediamine-                                 
     N,N'-tetraacetic acid   0.11 g.                                           
     Sodium dihydrogen phosphate                                               
                             0.15 g.                                           
     Twice-distilled water   ad. 1000 ml.                                      
PAR  The glucamine salt solution is prepared in accordance with the above
      recipe, filled into ampoules or multivials and sterilized at 120.degree.
      C. The solution contains 200 mg. of iodine per ml.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically and specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
PAR  Equivalent to the amines used for preparing the described salts are amino
      sugar alcohols with the amino function at a different position of the
      hexitol molecule, e.g. fructamin, galactamin etc.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A myelographic salt of iodomethanesulfonic acid with an amine selected
      from the group consisting of glucamine, N-alkylglucamine,
      N,N-dialkylglucamine and hydroxyalkylglucamines of the latter and former
      alkylglucamines containing more than one carbon atom in the alkyl radical,
      said amine in all cases having up to a total of four carbon atoms in the
      alkyl portion.
NUM  2.
PAR  2. A salt of claim l, wherein the amine is selected from the group
      consisting of N-methylglucamine; N,N-dimethylglucamine; N-ethylglucamine;
      N-methyl,N-ethylglucamine; N,N-diethylglucamine;
      N-.beta.-hydroxyethylglucamine; N-methyl,N-.beta.-hydroxyethylglucamine
      and N,N-di-.beta.-hydroxyethylglucamine.
NUM  3.
PAR  3. A salt of claim 1, wherein said amine is an N-alkylglucamine.
NUM  4.
PAR  4. A salt of claim 1, wherein said amine is an N,N-dialkylglucamine.
NUM  5.
PAR  5. A salt of claim 1, wherein said amine is an N-hydroxyalkylglucamine.
NUM  6.
PAR  6. A salt of claim 1, wherein said amine is an N,N-dihydroxyalkylglucamine.
NUM  7.
PAR  7. A salt of claim 1, selected from the group consisting of the
      N-methylglucamine salt of iodomethanesulfonic acid, the
      N,N-dimethylglucamine salt of iodomethanesulfonic acid, the
      N-hydroxyethylglucamine salt of iodomethanesulfonic acid and the glucamine
      salt of iodomethanesulfonic acid.
NUM  8.
PAR  8. A salt of claim 7, the N-methylglucamine salt of iodomethanesulfonic
      acid.
NUM  9.
PAR  9. A salt of claim 7, the N,N-dimethylglucamine salt of iodomethanesulfonic
      acid.
NUM  10.
PAR  10. A salt of claim 7, the N-.beta.-hydroxyethylglucamine salt of
      iodomethanesulfonic acid.
NUM  11.
PAR  11. A salt of claim 7, the glucamine salt of iodomethanesulfonic acid.
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ABST
PAL  A process for producing a relatively high yield of pure
      decachlorooctahydro-1,3,4-metheno-2H-cyclobuta(c,d)-pentalen-2-one
      (C.sub.10 Cl.sub.10 O) having high purity. In particular, the C.sub.10
      Cl.sub.10 O is produced without formation of toxic waste streams by
      condensing two molecules of hexachlorocyclopentadiene with the aid of
      excess sulfur trioxide in the presence of a catalytic quantity of an
      antimony compound at a temperature within the range
      95.degree.-120.degree.C. and at superatmospheric pressure to form a
      reaction product and hydrolyzing the reaction product. The hydrolysis is
      carried out in aqueous alkaline solution having a pH of at least about 9,
      and at a temperature within the range 85.degree.-115.degree.C. The
      resulting hydrolysis mixture is acidified to a pH 5-6, preferably 5.4-5.6,
      to precipitate crystalline product which is filtered, washed and dried.
      The product C.sub.10 Cl.sub.10 O is an effective insecticide with low
      toxicity to animals and human beings at prescribed dosages.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for producing
      decachlorooctahydro-1,3,4-metheno-2H-cyclobuta(c,d)-pentalen-2-one,
      hereinafter referred to as C.sub.10 Cl.sub.10 O. C.sub.10 Cl.sub.10 O is a
      complex chlorinated polycyclic ketone having a molecular weight of 490.68.
      It is believed to be most accurately represented by the following cage
      structural formula:
      ##SPC1##
PAR  In U.S. Reissue Pat. No. 24,435 of Everett E. Gilbert and Silvio L. Giolito
      granted Feb. 25, 1958, (original U.S. Pat. No. 2,616,928 dated Nov. 4,
      1952) there is described a process for preparing a biocidally active
      C.sub.10 Cl.sub.10 O ketone and its hydrates by reacting
      hexachlorocyclopentadiene and sulfur trioxide at temperatures in the range
      of about 35.degree.C. to about 70.degree.C. to form a reaction product
      thereof and hydrolyzing the resulting reaction product.
PAR  The above ketone product has proved to be of outstanding value in numerous
      biocidal applications, particularly in the control of ants, roaches and
      other resistant pests.
PAR  The original preparative process of the above reissue patent, while quite
      satisfactory in most respects often resulted in low yields of ketone
      product or required long reaction times to produce desired yields, and
      such long reaction times tended to produce a degraded product,
      particularly with respect to color and the presence of impurities
      including inorganic (methanol insoluble) impurities.
PAR  More recently, it has been suggested in U.S. Pat. No. 3,333,003 of R. J.
      DuBois, granted July 25, 1967, to produce C.sub.10 Cl.sub.10 O by reacting
      hexachlorocyclopentadiene and sulfur trioxide at temperatures between
      35.degree.C. and 90.degree.C. using an antimony compound as catalyst, and
      hydrolyzing the reaction product. However, in commercial use of this prior
      process, serious problems were encountered because of the formation of a
      toxic aqueous waste stream which tended to pollute the environment.
PAR  Under this prior process, the yield of the C.sub.10 Cl.sub.10 O, in
      particular the purified C.sub.10 Cl.sub.10 O, generally was in the range
      80-90%; however, in order to obtain a yield of about 90% a reaction time
      of 2-4 hours or more was necessary. Furthermore, the C.sub.10 Cl.sub.10 O
      product was relatively impure. Obviously, it is desirable to prepare a
      product of high assay, which is generally indicated by infrared assay.
      Methanol insolubles indicate presence of inorganic impurities.
PAR  Accordingly, it is an object of this invention to produce C.sub.10
      Cl.sub.10 O by a process which results in a high yield.
PAR  It is another object of this invention to produce C.sub.10 Cl.sub.10 O in
      high yield without formation of a toxic aqueous waste stream.
PAR  It is another object of this invention to produce C.sub.10 Cl.sub.10 O of
      good quality and high yield.
PAR  It is an additional object of this invention to produce C.sub.10 Cl.sub.10
      O at relatively high temperatures whereby reaction time is substantially
      decreased over prior art processes.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention,
      decachlorooctahydro-1,3,4-metheno-2H-cyclobuta (c,d)-pentalen-2-one is
      produced in at least 95% yield. Briefly stated, the instant process
      comprises:
PAR  a. reacting hexachlorocyclopentadiene and sulfur trioxide at a temperature
      between about 95.degree.C. and about 120.degree.C., at a pressure of
      between 50 p.s.i.g. and 300 p.s.i.g., in the presence of a catalytic
      quantity of an antimony compound, preferably selected from the group
      consisting of trivalent and pentavalent antimony halides, oxides and oxy
      acids, the mole ratio of sulfur trioxide to hexachlorocyclopentadiene
      being between about 1.5 and 2, to form a reaction product thereof;
PAR  b. hydrolyzing the reaction product from step (a) in at least about 5 parts
      by weight of an aqueous solution containing dissolved caustic alkali and
      having a pH of at least 9, per part by weight of reaction mixture, said
      hydrolysis being carried out at a temperature between about 85.degree.C.
      and about 115.degree.C. for at least about 30 minutes, preferably 60 to
      120 minutes;
PAR  c. acidifying the hydrolysis mixture from step (b) with a mineral acid,
      preferably sulfuric acid, to pH 5-6, preferably to pH 5.4-5.6;
PAR  d. digesting the acidified hydrolysis mixture at pH 5-6, preferably
      5.4-5.6, at a temperature between about 85.degree.C. and about
      105.degree.C. for at least 1 hour, preferably 1-4 hours, whereby
      substantially all of the
      decachlorooctahydro-1,3,4-metheno-2H-cyclobuta(c,d)-pentalen-2-one is
      precipitated as a crystalline product; and
PAR  e. recovering the crystalline product from the digestion mixture.
PAR  The crystalline product can be recovered from the digestion mixture by
      mechanical means, as by filtration, leaving in solution the salts formed
      in acidifying the hydrolysis mixture. The filtered product is washed and
      dried for storage and use.
PAR  As brought out above, our improved process is substantially similar to the
      process of U.S. Pat. No. 3,333,003, particularly with respect to the
      addition of the antimony catalyst. Accordingly, any compound of antimony
      can be used which can be dispersed per se in the hexachlorocyclopentadiene
      reactant or after solution in water. Both the trivalent and pentavalent
      forms of antimony are suitable as catalysts.
PAR  Antimony compounds which are especially suitable for use as catalyst in our
      invention include antimony trichloride, antimony pentachloride, antimony
      trioxide, antimony pentoxide, antimony trifluoride and the antimonic and
      antimonous acids HSbO.sub.3 and HsbO.sub.2. Antimony pentachloride is
      preferred, and we find this compound especially suitable when used in the
      presence of a small amount of water indicating that reactions may take
      place to convert at least a portion of the pentachloride to hydrolysis
      products, possibly including one or more of Sb.sub.2 O.sub.5, SbOCl.sub.3
      and SbOCl.
PAR  A small amount of water, e.g., of the order of 0.1 to 9.0% based on the
      weight of the antimony pentachloride is usually sufficient to promote
      hydrolysis and enhance the activity of this catalyst. The amount of water
      added can be as high as 22%.
PAR  Proportions of antimony compound effective in promoting the reaction are
      quite small, amounts of as little as about 0.25% or less by weight based
      on the weight of the hexachlorocyclopentadiene being adequate. Quantities
      in excess of about 1% appear to provide little if any further stimulation
      of the reaction. In general, amounts of catalyst between about 0.10% and
      about 0.5% based on the weight of hexachlorocyclopentadiene are
      satisfactory.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention will now be further described in the following specific
      examples which are to be regarded solely as illustrative and not as
      restricting the scope of the invention.
PAC  EXAMPLE 1
PAR  A charge of 9,500 pounds of hexachlorocyclopentadiene (HCP) is fed to a
      pressure-type reactor equipped with agitator and jacket for heating and
      cooling. To this charge are added with agitation 20 pounds of antimony
      pentachloride and 1.4 pounds of water, and the charge is heated to about
      60.degree.C. The reactor vent valves are closed, and 3,200 pounds of
      stabilized liquid sulfur trioxide are added over a period of about 1.5
      hours. During addition of the sulfur trioxide, the temperature of the
      reaction mixture is maintained below about 105.degree.C. by means of
      cooling water in the reactor jacket. Pressure in the reactor is about
      85-115 p.s.i.g. The rate of feed of the sulfur trioxide is limited by the
      ability of the reactor cooling jacket to remove the heat generated in the
      reactor. When addition of the sulfur trioxide is complete, the reaction
      mixture is maintained at 95.degree.-105.degree.C. for 1 to 2 hours. During
      the first part of the reaction, the reaction mixture is dark and cloudy
      but it becomes a clear cherry wine color near the end of the reaction
      period. When the reaction mixture turns from a cherry color to a black
      color, the reaction is immediately stopped by cooling the reaction mixture
      to near ambient temperature. On cooling, pressure in the reactor drops to
      near atmospheric.
PAR  The adduct of HCP-SO.sub.3 thus formed is fed to a hydrolysis reactor
      containing about 83,000 pounds of water and about 8,375 pounds of 50
      weight percent aqueous sodium hydroxide at about 70.degree.C. The
      hydrolysis mixture is agitated by means of circulating pumps and an air
      sparger. The hydrolysis reactor is equipped for cooling, and the
      HCP-SO.sub.3 adduct is added at a rate to maintain the hydrolysis mixture
      at about 90.degree.-96.degree.C. After addition of the HCP-SO.sub.3 adduct
      is complete, the hydrolysis mixture is agitated and maintained at about
      90.degree.-96.degree.C. for about 90 minutes. The pH of the hydrolysis
      mixture is about 9.5-10.5. As soon as all solids have gone into solution,
      the temperature of the solution is maintained at 85.degree.-96.degree.C.
      by cooling, and the solution is acidified to pH 5.4-5.6 with about 800
      pounds of concentrated (96%) sulfuric acid. After the acidification, the
      temperature of the mixture is maintained at 85.degree.-96.degree.C. for
      1-4 hours to allow complete precipitation of hydrolyzed product. The
      precipitate is recovered by filtration using a rotary vacuum filter. The
      wet filter cake is washed free of inorganic salts using about 0.7-2.0
      pounds of wash water per pound of filter cake. The wet cake is dried at
      93.degree.-94.degree.C. in a rotary tray dryer. Yield of C.sub.10
      Cl.sub.10 O, calculated as anhydrous product, is over 99% of theory based
      on feed of HCP. Purity of the product was over 98% based on infrared
      assay. Methanol insolubles was about 0.01%.
PAC  EXAMPLE 2
PAR  Concentrated sulfuric acid (95% H.sub.2 SO.sub.4) is used in a conventional
      vent scrubber to scrub sulfur trioxide vapor or mist from the reaction
      vessel in Example 1. The vent scrubber is used intermittently, only when
      the vessel is being vented, as when the vessel is being filled with HCP.
      As the sulfuric acid scrubs sulfur trioxide, acid strength increases by
      converting the sulfur trioxide into additional sulfuric acid. When the
      sulfuric acid strength goes above 100%, its effectiveness as a sulfur
      trioxide scrubber is decreased, and the acid in the scrubber is desirably
      replaced with 95% H.sub.2 SO.sub.4. The more concentrated acid may be
      utilized in the acidification step of the process.
PAC  EXAMPLE 3
PAR  The following procedure is preferably used for treatment of filtrate to be
      discharged as effluent from C.sub.10 Cl.sub.10 O plant. The main filtrate
      from draining the C.sub.10 Cl.sub.10 O filter cake in Example 1 and the
      wash water from washing this filter cake are collected together into a
      filtrate tank. This filtrate is then passed to a leaf filter to remove any
      traces of suspended C.sub.10 Cl.sub.10 O. The resulting effluent water
      contains about 1.5 ppm C.sub.10 Cl.sub.10 O. Preferably, the effluent
      water leaving the plant is further treated by filtering through a bed of
      charcoal (in powder, granular, or pellet form) whereby the C.sub.10
      Cl.sub.10 O in the effluent stream is reduced to 0.1 to 0.001 ppm.
PAC  EXAMPLE 4
PAR  A run was carried out in accordance with the procedure of Example 1 except
      that the sulfur trioxide was reacted with the HCP in the presence of the
      catalyst at temperatures between 78.degree. and 95.degree.C., the average
      reaction temperature being about 86.degree.C. About three hours reaction
      time was required, as compared with 1.5 hours reaction time in Example 1.
      Moreover, even with this longer reaction time, the yield of C.sub.10
      Cl.sub.10 O was only 80% on an anhydrous basis. Infrared assay revealed a
      purity of about 95%, and methanol impurities amounted to about 2%. This
      comparative example shows the importance of maintaining an average
      reaction temperature above about 95.degree.C. in accordance with the
      present invention.
PAC  EXAMPLE 5
PAR  A run was carried out in a manner identical to that described in Example 1
      except that the amount of sulfuric acid added to the hydrolysis mixture in
      the acidification step was decreased, whereby the pH of the acidified
      mixture was about 6.2 instead of pH 5.4-5.6 as in Example 1. Surprisingly,
      the amount of C.sub.10 Cl.sub.10 O in the filtrate during the filtration
      step increased to 200 ppm from 1.5 ppm in Example 1. Additional tests
      showed that this pH factor is very critical to economic operation of the
      process. Moreover, care must be taken because the pH usually increases
      slightly after initial acidification. Therefore, a recheck of acidity
      should be made prior to filtration of the product. As disclosed
      hereinabove, the acidity of the mixture is preferably adjusted to pH
      5.4-5.6. Obviously, it is important to maintain as little C.sub.10
      Cl.sub.10 O as possible in the filtrate to avoid possible pollution of the
      environment by toxic aqueous waste streams from the process.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing
      decachlorooctahydro-1,3,4-metheno-2H-cyclobuta(c,d)-pentalen-2-one in at
      least 95% yield, which comprises:
PA1  a. reacting hexachlorocyclopentadiene and sulfur trioxide at a temperature
      between about 95.degree.C. and about 120.degree.C., at a pressure of
      between 50 p.s.i.g. and 300 p.s.i.g., in the presence of a catalytic
      quantity of an antimony compound selected from the group consisting of
      trivalent and pentavalent antimony halides, oxides and oxy acids, the mol
      ratio of sulfur trioxide to hexachlorocyclopentadiene being about 1.5 and
      2, to form a reaction product thereof; said reacting step being further
      characterized in that an admixture of the hexachlorocyclopentadiene and
      the antimony compound is first formed, the sulfur trioxide is added to
      said admixture to form the reaction mixture, the reaction temperature is
      maintained below 105.degree.C. during addition of the sulfur trioxide, and
      the reaction mixture is reacted until it turns to a black color;
PA1  b. hydrolyzing the reaction product from step (a) in at least about 5 parts
      by weight of an aqueous solution containing dissolved caustic alkali and
      having a pH of at least 9, per part by weight of reaction mixture, said
      hydrolysis being carried out at a temperature between about 85.degree.C.
      and about 115.degree.C. for at least about 30 minutes until all solids
      have gone into solution;
PA1  c. acidifying the hydrolysis mixture from step (b) with a mineral acid to
      pH 5-6;
PA1  d. digesting the acidified hydrolysis mixture at pH 5-6 at a temperature
      between about 85.degree.C. and about 105.degree.C. for at least 1 hour,
      until the
      decachlorooctahydro-1,3,4-metheno-2H-cyclobuta(c,d)-pentalen-2-one is
      completely precipitated as a crystalline product; and
PA1  e. recovering the crystalline product from the digestion mixture.
NUM  2.
PAR  2. The process of claim 1 wherein hydrolysis step (b) is carried out at a
      temperature between about 85.degree.C. and about 115.degree.C. for 60 to
      120 minutes.
NUM  3.
PAR  3. The process of claim 1 wherein the mineral acid used in acifidying step
      (c) is sulfuric acid and the hydrolysis mixture is acidified to pH
      5.4-5.6.
NUM  4.
PAR  4. The process of claim 1 wherein digesting step (d) is carried out at pH
      5.4-5.6 for 1-4 hours.
NUM  5.
PAR  5. The process of claim 1 where the crystalline product is recovered from
      the digestion mixture in step (e) by filtration, washing with water, and
      drying.
NUM  6.
PAR  6. A process for producing
      decachlorooctahydro-1,3,4-metheno-2H-cyclobuta(c,d)-pentalen-2-one in at
      least 95% yield, which comprises:
PA1  a. reacting hexachlorocyclopentadiene and sulfur trioxide at a temperature
      between about 95.degree.C. and about 120.degree.C., at a pressure of
      between 50 p.s.i.g. and 300 p.s.i.g., in the presence of a catalytic
      quantity of an antimony compound selected from the group consisting of
      trivalent and pentavalent antimony halides, oxides and oxy acids, the mole
      ratio of sulfur trioxide to hexachlorocyclopentadiene being between about
      1.5 and 2, to form a reaction product thereof; said reacting step being
      further characterized in that an admixture of the
      hexachlorocyclopentadiene and the antimony compound is first formed, the
      sulfur trioxide is added to said admixture to form the reaction mixture,
      the reaction temperature is maintained below 105.degree.C. during addition
      of the sulfur trioxide, and the reaction mixture is reacted until it turns
      to a black color;
PA1  b. hydrolyzing the reaction product from step (a) in at least about 5 parts
      by weight of an aqueous solution containing dissolved caustic alkali and
      having a pH of at least 9, per part by weight of reaction mixture, said
      hydrolysis being carried out at a temperature between about 85.degree.C.
      and about 115.degree.C. for 60 to 120 minutes until all solids have gone
      into solution;
PA1  c. acidifying the hydrolysis mixture from step (b) with sulfuric acid to pH
      5.4-5.6;
PA1  d. digesting the acidified hydrolysis mixture at pH 5.4-5.6, at a
      temperature between about 85.degree.C. and about 105.degree.C. for 1-4
      hours, until the
      decachlorooctahydro-1,3,4-metheno-2H-cyclobuta(c,d)-pentalen-2-one is
      completely precipitated as a crystalline product; and
PA1  e. recovering the crystalline product from the digestion mixture.
NUM  7.
PAR  7. The process of claim 6 wherein the hexachloropentadiene and sulfur
      trioxide are reacted in step (a) at a temperature of
      95.degree.-105.degree.C., at a pressure of 85-115 p.s.i.g. for about 1-2
      hours.
NUM  8.
PAR  8. The process of claim 6 wherein the hydrolysis step (b) is carried out at
      a temperature of about 90.degree.-96.degree.C. in aqueous sodium hydroxide
      solution having a pH of about 9.5 to 10.5.
NUM  9.
PAR  9. The process of claim 6 wherein the crystalline product is recovered from
      the digestion mixture in step (e) by filtration, washing with water, and
      drying at a temperature of 93.degree.-94.degree.C.
NUM  10.
PAR  10. A process for producing
      decachlorooctahydro-1,3,4-metheno-2H-cyclobuta(c,d)-pentalen-2-one in at
      least 99% yield, which comprises:
PA1  a. reacting hexachlorocyclopentadiene and sulfur trioxide at a temperature
      between about 95.degree.C. and about 105.degree.C., at a pressure of
      between 85 p.s.i.g. and 115 p.s.i.g., for about 1-2 hours in the presence
      of a catalytic quantity of an antimony compound selected from the group
      consisting of trivalent and pentavalent antimony halides, the mol ratio of
      sulfur trioxide to hexachlorocyclopentadiene being between about 1.5 and
      2, to form a reaction product thereof; said reacting step being further
      characterized in that an admixture of the hexachlorocyclopentadiene and
      the antimony compound is first formed, the sulfur trioxide is added to
      said admixture to form the reaction mixture, the reaction temperature is
      maintained below 105.degree.C. during addition of the sulfur trioxide, and
      the reaction mixture is reacted until it turns to a black color;
PA1  b. hydrolyzing the reaction product from step (a) in at least about 5 parts
      by weight of an aqueous solution containing dissolved caustic alkali and
      having a pH of about 9.5 to 10.5, per part by weight of reaction mixture,
      said hydrolysis being carried out at a temperature of about
      90.degree.-96.degree.C. for 60 to 120 minutes until all solids have gone
      into solution;
PA1  c. acidifying the hydrolysis mixture from step (b) with sulfuric acid to pH
      5.4-5.6;
PA1  d. digesting the acidified hydrolysis mixture at pH 5.4-5.6, at a
      temperature between about 85.degree.C. and about 105.degree.C. for 1-4
      hours, until the
      decachlorooctahydro-1,3,4-metheno-2H-cyclobuta(c,d)-pentalen-2-one is
      completely precipitated as a crystalline product; and
PA1  e. recovering the crystalline product from the digestion mixture.
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PAL  A process is described for the preparation of cyclohexanone by oxidation of
      cyclohexane in the liquid phase with oxygen or a gas containing oxygen,
      under conditions so that the oxidation product contains cyclohexyl
      hydroperoxyde, followed by catalytically hydrogenating the said oxidation
      product with a hydrogen gas-containing stream in a hydrogenating zone,
      whereby the said cyclohexyl hydroperoxide is converted substantially to
      cyclohexanol, and catalytically dehydrogenating the said cyclohexanol
      together with cyclohexanol produced in the oxidation reaction to
      cyclohexanone and hydrogen, separating the said cyclohexanone and passing
      at least part of the resulting hydrogen containing gas stream to the said
      hydrogenating zone to effect the said hydrogenation of the oxidation
      product.
BSUM
PAR  This invention relates to a process for the preparation of cyclohexanone in
      which cyclohexane is oxidized in the liquid phase with oxygen or with a
      gas containing oxygen. Such processes are known in the art and employed on
      an industrial scale. Cyclohexanone is an important intermediate in several
      chemical syntheses, i.a. in the synthesis of nylon-6-6 via adipic acid,
      and of nylon-6 via .epsilon.-caprolactam.
PAR  Oxidation of cyclohexane in the liquid phase with oxygen or an oxygen
      containing gas, invariably yields cyclohexanol as a byproduct together
      with the desired cyclohexanone. The practice of converting this
      cyclohexanol to cyclohexanone by catalytic dehydrogenation is well-known.
      The hydrogen gas formed in this operation is normally not suitable for use
      in chemical syntheses due to the organic impurities it contains. Even
      after being cooled to remove as much as possible of the impurities by
      condensation, the hydrogen gas can only be used as fuel gas of very low
      thermal value.
PAR  The invention provides a method for the preparation of cyclohexanone in
      which the byproduct comprising contaminated hydrogen gas can be usefully
      employed.
PAR  The invention provides a process for the preparation of cyclohexanone by
      the oxidation of cyclohexane in the liquid phase with oxygen or an
      oxygen-containing gas, comprising effecting the said oxidation under
      conditions so that the oxidation product contains cyclohexyl
      hydroperoxide, catalytically hydrogenating the said oxidation product in a
      hydrogenation zone with a hydrogen gas-containing stream, obtained as
      hereinafter set forth, whereby the said cyclohexyl hydroperoxide is
      converted substantially to cyclohexanol, and catalytically dehydrogenating
      the said cyclohexanol, together with cyclohexanol produced in the
      oxidation reaction, to cyclohexanone and hydrogen, separating the said
      cyclohexanone and passing at least part of the resulting hydrogen
      gas-containing stream to the said hydrogenating zone to effect the said
      hydrogenation of the oxidation product.
PAR  The impurities in the hydrogen obtained from the dehydrogenation do not
      effect the hydrogenation of the oxidation product. A particular advantage
      of the process according to the invention is that the amount of hydrogen
      formed in the dehydrogenation reaction is sufficiently large for
      hydrogenating all products that have to be hydrogenated, which renders the
      process independent of the availability of a hydrogen plant. In fact a
      hydrogen plant cannot be operated on a profitable basis merely to supply
      no more than the relatively small volume of hydrogen needed for this
      hydrogenation in a cyclohexane oxidation unit of normal size. However, if
      a hydrogen plant is available with an economically justified capacity, it
      would be necessary to find outlets for the large volume of hydrogen
      becoming available from it. Such a requirement however is not required by
      the practice of the present invention.
PAR  The volume of hydrogen set free in the dehydrogenation step in the process
      of the invention is however considerably larger than the volume required
      in the hydrogenation step. Moreover the said hydrogen is free of inert
      constituents, with the consequence that the partial hydrogen pressure on
      the exit side of the hydrogenation zone is substantially equal to that on
      inlet side. As a consequence the recirculation of a portion of the gases
      leaving the hydrogenation zone to the entrance side of said zone, as is
      normal practice in hydrogenation processes, can now be omitted, it being
      sufficient to discharge the unconverted hydrogen, if desired after removal
      of organic constituents. This eliminates the need of a recirculation
      compressor, and the products to be hydrogenated can be converted to a
      sufficiently high degree.
PAR  Preferably the oxidation is effected under conditions so that at least 25 %
      weight of the oxygen containing constituents of the oxidation product
      consists of cyclohexyl hydroperoxide.
PAR  Such a cyclohexane oxidation product can be obtained for example by
      allowing the oxidation to take place in a reactor having a wall which is
      inert to the reaction, i.e. that has no substantial catalytic effect on
      the decomposition of the peroxides, and which does not provide a reagent
      to the reaction mixture, e.g. transition metal ions, which tends to
      promote such a decomposition. Such a wall may consist e.g. of aluminium,
      tantalum, glass or, preferably phosphated steel. Under certain conditions
      it may be advantageous however not to exclude the presence of any
      transition metal ions in the reaction mixture, and possibly it may be
      advantageous to add such ions deliberately, the oxidation reaction then
      proceeding at a faster rate, while the metal ion concentration will be
      sufficiently low to achieve and maintain the desired content of peroxides
      in the reaction mixture. Additives suitable for such purposes are cobalt
      naphthenate and chromium octoate.
PAR  The oxidation reaction is preferably carried out at a temperature of from
      120.degree. - 190.degree.C. The reaction pressure is not critical,
      provided that it is sufficiently high to maintain a liquid phase in the
      system. The preferred degree of conversion based on the amount of
      cyclohexane supplied, is between 1 % and 12 %. Air, or air diluted with a
      portion of the off gas, can be employed as the oxygen-containing gas.
PAR  It is preferred to hydrogenate the peroxide in the presence of a catalyst
      system containing palladium, or other catalysts, e.g. platinum, nickel or
      rhodium can be used. The catalyst is preferably deposited on a carrier,
      e.g. aluminium oxide, carbon or silica. The hydrogenation can be carried
      out at the same temperature and the same pressure as the oxidation
      reaction, but lower or higher temperatures and pressures can be employed
      if desired. The temperature is preferably chosen below 120.degree.C and
      above 30.degree.C.
PAR  The hydrogenation catalyst may be present in a fixed bed. To achieve a
      reasonably fast conversion rate, it will be necessary then to use a
      temperature of at least 80.degree.C and a partial hydrogen pressure of at
      least 10 atm. Lower temperatures and pressures are also possible but
      require a longer residence time, and thus a larger reaction vessel to
      achieve a given rate.
PAR  The hydrogenation catalyst may be suspended in the liquid reaction mixture,
      the hydrogenation reaction then proceeding at a satisfactory rate at room
      temperature and 1 atmosphere pressure. Under these conditions, the yields
      of cyclohexanol and cyclohexanone will be higher than when the
      hydrogenation is carried out with a catalyst on fixed bed.
DETD
PAR  The following Examples of the invention are provided.
PAC  EXAMPLE I
PAR  In a continuous process comprising oxidation in a pressure vessel having an
      inner lining of aluminium containing no metal compounds of liquid
      cyclohexane at 160.degree.C and 10 atmospheres pressure with air as the
      oxidizing agent, subsequently a part of the unconverted cyclohexane was
      removed by distillation at 90.degree.C and reduced pressure, and 144.6
      kg/hour of a mixture was produced which, in addition to cyclohexane,
      contained 20.2 % wt of cyclohexyl hydroperoxide, 10.3 % wt of
      cyclohexanol, 6.9 % wt of cyclohexanone and 6.4 % wt of byproducts. The
      yield of cyclohexyl hydroperoxide, cyclohexanol, and cyclohexanone
      totalled 84.5 % based on cyclohexane converted.
PAR  The said mixture was introduced into a hydrogenation zone wherein it was
      contacted countercurrently with a stream of a hydrogen-containing gas (9.1
      nm.sup.3 /h) at 15 atmospheres pressure obtained as hereinafter described,
      using a supported palladium catalyst in a fixed bed having a palladium
      content of 0.1 % wt based on aluminium oxide support. The temperature in
      the hydrogenation zone was maintained at 110.degree.C, and the residence
      time of the liquid therein was 15 minutes. The excess of hydrogen (3.4
      nm.sup.3 /h) leaving the hydrogenation zone on the exit side was cooled to
      10.degree.C to condense the bulk of the organic constituents, and was
      subsequently removed from the system. The condensate was recycled to the
      oxidation stage.
PAR  The resulting mixture substantially comprising cyclohexanol and
      cyclohexanone in a 4.0/1 ratio, and cyclohexane, was then introduced to a
      distillation column (hereinafter referred to as `cyclohexane column`)
      wherein the cyclohexane was distilled off. The water contained in the
      mixture was discharged as a component of the cyclohexane-water azeotrope.
      Upon condensation and removal of the water, the cyclohexane thus recovered
      was recycled to the oxidation stage, and the residual mixture subsequently
      separated into a fraction of low-boiling byproducts (mainly alcohols), a
      cyclohexanone fraction, a cyclohexanol fraction and a fraction of
      high-boiling byproducts. Without requiring further purification, the
      cyclohexanone fraction thus obtained may be further processed e.g. to
      cyclohexanone oxime, which can be converted to .epsilon.-caprolactam.
PAR  The cyclohexanol fraction was passed in vapour form over a zinc-iron
      catalyst at 390.degree.C, 1.1 atmospheres pressure and 0.4 sec residence
      time, to provide 9.1 nm.sup.3 /hour of hydrogen containing gas, which upon
      condensation of the organic constituents and cooling to 90.degree.C, still
      contained some cyclohexanol and cyclohexanone. This hydrogen
      gas-containing stream was compressed and supplied to the hydrogenation
      zone. The organic condensate consisted substantially of cyclohexanone and
      cyclohexanol in a molar ratio of approximately 1.5/1, and was combined
      with the organic mixture flowing down from the cyclohexane column after
      having been freed of cyclohexane and water.
PAR  Calculated to the total amount of cyclohexane converted the yield of pure
      cyclohexanone from the overall process was 83 %, based on the total
      cyclohexane converted.
PAR  The heat content of the exit gases issuing from the dehydrogenation zone,
      and consisting mainly of cyclohexanone, cyclohexanol and hydrogen, can be
      utilized for supplementing the amount of heat withdrawn from the contents
      of the cyclohexane column by the evaporation of cyclohexane and water. The
      heat of condensation of the cyclohexanone and cyclohexanol will thus be
      retained in the system.
PAC  EXAMPLE II
PAR  Cyclohexane was oxidized in a manner similar to that described in Example
      I, the removal by distillation of the cyclohexane after the oxidation
      being effected however by decompressing the reaction mixture to 1 atm
      pressure without additional supply of heat.
PAR  The concentrated mixture was introduced to a hydrogenation zone in which 1
      g of catalyst, comprising 10 parts by weight of palladium on a carbon
      carrier, was maintained in suspension per liter of suspending liquid. The
      particle size of the catalyst, defined as d.sub.vs as determined by the
      CO-absorption method of Scholten and van Montfoort, J. of Catalysis 1
      (1962), 85-92, was in the range 20-200 A. The stirring rate was 2000 rpm.
      Catalyst particles depositing on the walls of the hydrogenation reactor
      were continuously washed down by the inflowing reaction mixture. The
      residence time of the liquid in the hydrogenation zone was 20 minutes. 9.2
      nm.sup.3 /h of hydrogen, containing gas obtained as hereinafter described,
      were supplied. The temperature in the zone was maintained at 30.degree.C,
      the pressure being 1 atmosphere.
PAR  Upon removal of the catalyst from the suspension by continuous filtration,
      the reaction mixture substantially consisted of cyclohexanol and
      cyclohexanone in a molar ratio of 2.3/1, and cyclohexane. The cyclohexane
      was removed from the mixture in the manner described in Example I,
      whereupon the mixture was separated into a cyclohexanone fraction, a light
      byproduct fraction, a heavy byproduct fraction and a cyclohexanol
      fraction. By means of the procedure set forth in Example I, the
      cyclohexanol fraction was dehydrogenated to yield a mixture of
      cyclohexanone and cyclohexanol in a molar ratio of 1.5/1, which was then
      recycled to the distillative separation zone. The hydrogen gas saturated
      with cyclohexanol and cyclohexanone set free in the dehydrogenation
      reaction was introduced into the hydrogenation zone.
PAR  The yield, based on converted cyclohexane, was to 84 %.
PAR  Compared with the process of Example I, the process of Example 2 offers the
      advantage that after the product mixture from the oxidation stage has been
      expanded, the entire process proceeds at one and the same pressure.
PAR  The process can be modified by performing the hydrogenation at the boiling
      temperature of the reaction mixture. The reaction water and the heat of
      reaction can then be easily removed by evaporation of cyclohexane and
      water. The evolving vapours can be condensed, and the organic layer formed
      upon separation into layers by recycled to the oxidation or hydrogenation
      stage.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the preparation of cyclohexanone which comprises oxidizing
      cyclohexane in the liquid phase with oxygen or an oxygen-containing gas,
      to produce an oxidation reaction product containing cyclohexyl
      hydroperoxide, catalytically hydrogenating the said oxidation product in a
      hydrogenation zone in the presence of a catalyst containing palladium,
      platinum, nickel or rhodium with a hydrogen gas-containing stream,
      obtained as hereinafter set forth, whereby the said cyclohexyl
      hydroperoxide is converted substantially to cyclohexanol, recovering the
      cyclohexanol fraction by distillation and catalytically dehydrogenating
      the said cyclohexanol, to cyclohexanone and hydrogen, separating the said
      cyclohexanone and passing the resulting hydrogen gas-containing stream to
      the said hydrogenating zone to effect the said hydrogenation of the
      oxidation product.
NUM  2.
PAR  2. A process according to claim 1, wherein the oxidation is effected under
      conditions so that at least 25 % weight of the oxygen containing
      constituents of the oxidation product consists of cyclohexyl
      hydroperoxide.
NUM  3.
PAR  3. A process according to claim 1 wherein the catalytic hydrogenation is
      effected in the presence of a suspended palladium catalyst.
NUM  4.
PAR  4. A process according to claim 1, wherein said oxidation is effected at a
      temperature of from about 120.degree.-190.degree.C and said hydrogenating
      is effected at a temperature of from about 30.degree.-120.degree.C.
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PAL  Benzobicycloalkane amines, their pharmacologically acceptable addition
      salts, intermediates therefore the processes for their preparation and
      use. The compounds of the invention exert analgesic and anti-inflammatory
      activity.
PARN
PAC  CROSS-REFERENCE TO COPENDING APPLICATION
PAR  This application is a divisional of copending application Ser. No. 262,849,
      filed June 14, 1972, now U.S. Pat. No. 3,836,670, which is a
      continuation-in-part of application Ser. No. 200,517, filed Nov. 19, 1971,
      now abandoned, which is a continuation-in-part of application Ser. No.
      94,983, filed Dec. 3, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions of matter classified in the art of
      chemistry as amine derivatives of 5,8-methano-benzocyclohexane,
      5,8-methano-benzocycloheptane, 5,9-methano-benzocycloheptane,
      5,9-methano-benzocyclooctane, 5,10-methano-benzocyclooctane,
      5,10-methanobenzocyclononane, 5,11-methano-benzocyclononane,
      5,11-methanobenzocyclodecane, 5,12-methanobenzocyclodecane, or
      5,12-methanobenzocycloundecane, and the non-toxic acid addition salts
      thereof, which in standard pharmacological tests in animals exhibit
      analgesic and anti-inflammatory activity, and to processes for making and
      using such compositions.
PAC  SUMMARY OF THE INVENTION
PAR  The invention sought to be patented in a principal composition of matter
      aspect resides in the concept of a chemical compound having the structure
      represented by Formula I:
      ##SPC1##
PAL  wherein R is hydrogen, lower alkyl, lower alkyloxy, hydroxy, acyloxy,
      phen(lower)alkyloxy, halogen, or trifluoromethyl; R.sup.1 is lower alkyl,
      lower alkenyl, or phen(lower)alkyl; R.sup.2 is hydrogen, lower alkyl, or
      phen(lower)alkyl; R.sup.3 is hydrogen, lower alkyl, phen(lower)alkyl,
      lower alkenyl, or alkynyl; and n is an integer from 2 to 6; and the
      pharmaceutically non-toxic addition salts thereof.
PAR  The tangible embodiments of the composition aspect of the invention possess
      the inherent general physical properties in the acid salt form of being
      high melting, white crystalline solids, substantially soluble in water and
      polar organic solvents such as lower aliphatic alcohols and the like.
      Examination of compounds produced according to the hereinafter described
      process reveals upon infrared and nuclear magnetic resonance spectroscopic
      analysis, infrared and nuclear magnetic resonance spectral data confirming
      the molecular structure hereinbefore set forth. The aforementioned
      physical characteristics taken together with the microanalytical data, the
      nature of the starting materials and the mode of synthesis positively
      confirm the structures of the compositions sought to be patented.
PAR  The tangible embodiments of the principal composition aspect of the
      invention possess the inherent applied use characteristics of exerting an
      analgesic effect in animals as evidenced by standard pharmacological
      tests. The analgesic activity of the compositions can be demonstrated by
      following a modification of the test procedure described by D'Amour and
      Smith in Journal of Pharmacology 72:74 (1941), an accepted test for
      analgesic agents. In this test rats are administered the compound orally,
      intraperitoneally or intramuscularly and the time required for response to
      a pain stimulus caused by a high intensity beam of light shining on the
      tail measured. The compounds of the invention exhibit analgesic activity
      in rats at a dose of from 3.15 mg. to 125 mg. per kilogram of body weight
      orally and intraperitoneally, and from 0.16 to 10.0 mg. per kilogram of
      body weight intramuscularly.
PAR  The invention sought to be patented in a principal process aspect is
      described as residing in the concept of a sequence of reactions including:
      introducing by alkylation in the presence of a strong base into the 1
      position of a 2-tetralone, which is 1-alkyl, 1-alkenyl, or
      1-phen(lower)alkyl substituted, an .omega.-lower alkyl sulfonyl-,
      .omega.-phenylsulfonyl-, or .omega.-tetrahydropyranyloxy-alkyl
      substituent; if present, hydrolyzing the tetrahydropyranyloxy group and
      converting the resulting alcohol into a suitable leaving group; treating
      the .omega.-halo-, .omega.-lower alkyl sulfonyl-, or .omega.-phen-sulfonyl
      compound with strong base to effect ring closure; then either reacting the
      tricyclic ketone directly with ammonia or an amine at elevated temperature
      with removal of water, and reducing the intermediate imine to produce an
      amine embodiment of the principal composition aspect; or reacting with
      hydroxylamine under basic conditions to form an oxime which is reduced to
      form a primary amine embodiment of the principal compositions aspect.
PAR  The invention sought to be patented in a subgeneric composition aspect is
      described as residing in the concept of a chemical compound of Formula I
      wherein n is 4, or 5.
PAR  The tangible embodiments of said subgeneric composition aspect possess the
      inherent applied use characteristic of exerting analgesic effects in
      warm-blooded animals as evidenced by pharmacological evaluation by
      standard test procedures.
PAR  The invention sought to be patented in a second subgeneric composition
      aspect is described as residing in the concept of a chemical compound of
      Formula I wherein n is 2 or 3.
PAR  The tangible embodiments of said subgeneric composition aspect possess the
      use characteristic of exerting analgesic effects in warm-blooded animals
      and in addition possess the use characteristic of exerting
      anti-inflammatory effects in animals as evidenced by standard
      pharmacologic tests. The anti-inflammatory activity of the composition can
      be demonstrated by following a test procedure described by Winter et al.
      in Proceedings of the Society of Experimental Biology and Medicine:
      111:554 (1962) and by Buttle et al. in Nature 179: 629, (1957), a
      generally accepted test for anti-inflammatory agents. In this test the
      compound is administered orally as a solution or suspension in distilled
      water to a group of six rats. After one hour edema in the paw of the rats
      is elicited by injection into the paw of a 1% solution of carrageenin. Paw
      volume is measured immediately and after 3 hours. The ability of the
      compounds to reduce the volume of the edema so produced when compared to a
      like number of control animals is a measure of anti-inflammatory activity.
      The compounds of the invention exhibit anti-inflammatory activity in rats
      at a dose of from  50 mg. to 100 mg. per kilogram of body weight.
PAR  The invention sought to be patented in a second principle composition
      aspect resides in the concept of a chemical compound having the structure
      represented by Formula Ia:
      ##SPC2##
PAL  wherein R is as defined hereinabove: R.sup.1 is lower alkyl, or
      phen(lower)alkyl; R.sup.4 is lower alkyl; R.sup.5 is lower alkyl and n is
      an integer from 2 to 6; and the pharmaceutically non-toxic addition salts
      thereof.
PAR  The tangible embodiments of said second principle composition aspect of the
      invention possess the inherent general physical properties in the acid
      salt form of being high melting, white crystalline solids, substantially
      insoluble in water and polar organic solvents and the like. Examination of
      compounds produced according to the hereinafter described process reveals
      upon infrared and nuclear magnetic resonance spectroscopic analysis,
      infrared and nuclear magnetic resonance spectral data confirming the
      molecular structure hereinbefore set forth. The aforementioned physical
      characteristics taken together with the microanalytical data, the nature
      of the starting materials and the mode of synthesis positively confirm the
      structures of the compositions sought to be patented.
PAR  The tangible embodiments of said second principle composition aspect of the
      invention possess the inherent applied use characteristics of exerting an
      analgesic effect in warm-blooded animals as evidenced by standard
      pharmacological tests.
PAR  The invention sought to be patented in its third composition of matter
      aspect resides in the concept of a chemical compound having the structure
      represented by formula II:
      ##SPC3##
PAL  wherein R, R.sup.1, and n are as hereinbefore described.
PAR  The tangible embodiments of the third composition aspect of the invention
      possess the inherent general physical characteristics of being insoluble
      in water but soluble at elevated temperatures in polar organic solvents
      such as lower aliphatic alcohols and the like.
PAR  Examination of the compounds produced according to the hereinafter
      described process reveals upon infrared and nuclear magnetic resonance
      spectroscopic analysis infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions sought to be patented.
PAR  The tangible embodiments of the third composition aspect of the invention
      possess the inherent applied use characteristic of being intermediates in
      the production of the amines of Formula I.
PAR  The invention sought to be patented in a fourth composition of matter
      aspect resides in the concept of a chemical compound having the structure
      represented by Formula III:
      ##SPC4##
PAL  wherein R, R.sup.1 and n are as hereinbefore described.
PAR  The tangible embodiments of the fourth composition of matter aspect of the
      invention possess the inherent general physical characteristic of being
      high boiling liquids which are substantially insoluble in water but
      soluble in common organic solvents such as di(lower)alkyl ethers,
      di(lower)alkyl ketones, lower aliphatic alcohols, chloroform, and the
      like. Examination of compounds produced according to the hereinafter
      described process reveals upon infrared and nuclear magnetic resonance
      spectroscopic analysis, infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions to be patented.
PAR  The tangible embodiments of the fourth composition aspect of the invention
      possess the inherent applied use characteristics of being intermediates
      for the preparation of the amines of Formula I.
PAR  The invention sought to be patented in a fifth composition of matter aspect
      resides in the concept of a chemical compound having the structure
      represented by Formula IV:
      ##SPC5##
PAL  wherein R, R.sup.1 and n are as hereinbefore described, with the proviso
      that R is not hydroxyl and Y represents a bromine, chlorine, lower alkyl
      sulfonyl, phenylsulfonyl or tetrahydropyranyloxy radical.
PAR  The tangible embodiments of the fifth composition of matter aspect of the
      invention possess the inherent general physical characteristics of being
      high boiling liquids which are substantially insoluble in water but
      soluble in common organic solvents such as di(lower)alkyl ethers,
      di(lower)alkyl ketones, lower aliphatic alcohols, chloroform and the like.
      Examination of compounds produced according to the hereinafter described
      process reveals upon infrared and nuclear magnetic resonance
      spectrographic analysis infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions to be patented.
PAR  The tangible embodiments of the fifth composition aspect of the invention
      possess the inherent applied use characteristic of being intermediates in
      the production of the amines of Formula I.
PAR  The invention sought to be patented in a sixth composition of matter aspect
      resides in the concept of a chemical compound having the structure
      represented by Formula V:
      ##SPC6##
PAL  wherein R, R.sup.1, R.sup.2 and n are as hereinbefore described.
PAR  The tangible embodiments of the sixth composition of matter aspect of the
      invention possess the inherent general physical characteristics in the
      acid salt form of being high melting, white crystalline solids,
      substantially soluble in water and polar organic solvents such as lower
      aliphatic alcohols and the like. Examination of compounds produced
      according to the hereinafter described process reveals, upon infrared and
      nuclear magnetic resonance spectroscopic analysis, infrared and nuclear
      magnetic resonance spectral data confirming the molecular structure
      hereinbefore set forth. The aforementioned physical characteristics taken
      together with the nature of the starting materials and the mode of
      synthesis positively confirm the structures of the compositions sought to
      be patented.
PAR  The tangible embodiments of the sixth composition aspect of the invention
      possess the inherent applied use characteristics of being intermediates in
      the production of the amines of Formula I.
PAR  The invention sought to be patented in a seventh composition of matter
      aspect resides in the concept of a chemical compound having the structure
      represented by Formula XVI:
      ##SPC7##
PAL  wherein X is
      ##EQU1##
      R.sup.6 is lower alkyl, or phen(lower)alkyl, and when X is
      ##EQU2##
      lower alkenyl or hydroxy methyl; and R, R.sup.2, R.sup.3, R.sup.4, R.sup.5
      and n are as defined hereinabove, and the pharmaceutically non-toxic
      addition salts thereof.
PAR  The tangible embodiments of said seventh composition of matter aspect of
      the invention possess the inherent general physical properties in the acid
      salt form of being high melting white crystalline solids, substantially
      soluble in water and polar organic solvents such as lower aliphatic
      alcohols and the like. Examination of compounds produced according to the
      hereinafter described process reveals upon infrared and nuclear magnetic
      resonance spectroscopic analysis, infrared and nuclear magnetic resonance
      spectral data confirming the molecular structure hereinbefore set forth.
      The aforementioned physical characteristics taken together with the
      microanalytical data, the nature of the starting materials and the mode of
      synthesis positively confirm the structures of the compositions sought to
      be patented.
PAR  The tangible embodiments of the seventh composition aspect of the invention
      possess the inherent applied use characteristics of exerting an analgesic
      effect in warm-blooded animals as evidenced by standard pharmacological
      tests.
PAR  The invention sought to be patented in an eighth composition of matter
      aspect resides in the concept of a chemical compound having the structure
      represented by Formula XVII:
      ##SPC8##
PAL  wherein R.sup.7 is hydroxy, alkoxy, or when R.sup.8 is not alkoxy carbonyl,
      R.sup.2 ; R.sup.8 is R.sup.6 or alkoxy carbonyl; and R, R.sup.2, R.sup.6,
      and n are as defined hereinabove.
PAR  The tangible embodiments of said eighth composition of the invention
      possess the inherent general physical characteristics of being insoluble
      in water but soluble at elevated temperatures in polar organic solvents
      such as lower aliphatic alcohols and the like.
PAR  Examination of the compounds produced according to the hereinafter
      described process reveals upon infrared and nuclear magnetic resonance
      spectroscopic analysis infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions sought to be patented.
PAR  The tangible embodiments of the eighth composition aspect of the invention
      possess the inherent applied use characteristic of being intermediates in
      the production of the amines of Formula XVI.
PAR  The invention sought to be patented in a ninth composition aspect of the
      invention resides in the concept of a chemical compound having the
      structure represented by Formula XVIII:
      ##SPC9##
PAL  wherein R, R.sup.8 and n are as hereinbefore described.
PAR  The tangible embodiments of the ninth composition of matter aspect of the
      invention possess the inherent general physical characteristics of being
      high boiling liquids which are substantially insoluble in water but
      soluble in common organic solvents such as di(lower)alkyl ethers,
      di(lower)alkyl ketones, lower aliphatic alcohols, chloroform, and the
      like. Examination of compounds produced according to the hereinafter
      described process reveals upon infrared and nuclear magnetic resonance
      spectroscopic analysis, infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions to be patented.
PAR  The tangible embodiments of the ninth composition aspect of the invention
      possess the inherent applied use characteristics of being intermediates
      for the preparation of the amines of Formula XVI.
PAR  The invention sought to be patented in a tenth composition of matter aspect
      resides in the concept of a chemical compound having the structure
      represented by Formula XIX:
      ##SPC10##
PAL  wherein R, R.sup.8, Y and n are as hereinbefore described, with the proviso
      that R is not hydroxyl.
PAR  The tangible embodiments of the tenth composition of matter aspect of the
      invention possess the inherent general physical characteristics of being
      high boiling liquids which are substantially insoluble in water but
      soluble in common organic solvents such as di(lower)alkyl ethers,
      di(lower)alkyl ketones, lower aliphatic alcohols, chloroform and the like.
      Examination of compounds produced according to the hereinafter described
      process reveals upon infrared and nuclear magnetic resonance
      spectrographic analysis infrared and nuclear magnetic resonance spectral
      data confirming the molecular structure hereinbefore set forth. The
      physical characteristics taken together with the nature of the starting
      materials and the mode of synthesis positively confirm the structure of
      the compositions to be patented.
PAR  The tangible embodiments of the tenth composition aspect of the invention
      possess the inherent applied use characteristic of being intermediates in
      the production of the amines of Formula XVI.
PAR  The invention sought to be patented in a second process aspect is described
      as residing in the concept of a process for inducing analgesia in
      warm-blooded animals by administering to warm-blooded animals, a
      pharmaceutically effective dose of a compound of Formula I, Formula Ia, or
      Formula XVI.
PAR  As used herein the term "lower alkyl" means a saturated hydrocarbon
      radical, including the straight and branched radicals having from 1 to 4
      carbon atoms, among which are for the purposes of illustration, but
      without limiting the generality of the foregoing, methyl, ethyl, n-propyl,
      n-butyl, and i-butyl. The term "lower alkenyl" means an unsaturated
      hydrocarbon radical, including straight and branched radicals, having from
      3 to 5 carbon atoms, among which are for the purposes of illustration but
      without limiting the generality of the foregoing, allyl, 2-butenyl,
      3-methyl-2-butenyl, 2-methyl-2-butenyl, and 2-pentyl. The term "lower
      alkynyl" means an unsaturated hydrocarbon radical, containing a triple
      bond, including straight and branched radicals, having from 3 to 6 carbon
      atoms, among which are for the purposes of illustration, but without
      limiting the generality of the foregoing 3-propynyl, 2-butynyl,
      1-butyn-3-yl, and 3-methyl-1-butyn-4-yl. The term "phen(lower)alkyl" means
      a lower alkyl radical as defined hereinabove substituted in a terminal
      position by a phenyl or a phenyl radical substituted by lower alkyl or
      lower alkyloxy, among which are for the purposes of illustration but
      without limiting the generality of the foregoing benzyl, phenethyl, o, m,
      or p-anisyl, p or m-cumenyl, veratryl, o, m, or p-xylyl. The term
      "phensulfonyl" means a phenyl or substituted phenyl sulfonic acid radical
      among which are, for the purposes of illustration, but without limiting
      the generality of the foregoing, phenyl sulfonyl, or p-toluene sulfonyl.
      The term "acyloxy" means either an aliphatic or aromatic carboxylic acid
      radical; if aliphatic, it may contain from 2 to 7 carbon atoms either
      straight chain, branched or concatenated to form a carbocyclic ring, among
      which are for the purposes of illustration but without limiting the
      generality of the foregoing acetic, propionic, butyric, i-butyric,
      cyclohexanecarboxylic, cyclopentanecarboxylic; if aromatic, it may contain
      an unsubstituted aromatic nucleus or the aromatic nucleus ring substituted
      by lower alkyl, among which are for the purposes of illustration but
      without limiting the generality of the foregoing, benzoic, o, m, or
      p-toluic, p or m-ethylbezoic.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In describing the processes for the preparation of the specific embodiments
      of the invention, reference will be made to Figure A wherein the compounds
      are assigned Roman numerals for identification schematically, and wherein
      is illustrated schematically the reaction sequence for preparing specific
      primary amine embodiments of Formula I, namely
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine (XI),
      12-amino-6,7,8,9,10,11-hexahydro-5-methyl-5,10-methano-5H-benzocyclononen-
     3-ol (XIV), and
      12-amino-6,7,8,9,10,11-hexahydro-5-methyl-5,10-methano-5H-benzocyclononen-
     3-ol, acetate (XV); specific secondary amine embodiments of Formula I,
      namely
      N-allyl-6,7,8,9,10,11-hexa-hydro-3-methoxy-5-methyl-5,10-methano-5H-benzoc
     yclononen-12-amine (X) and
      N,5-dimethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclon
     onen-12-amine (Xa); specific tertiary amine embodiments of Formula I,
      namely N-allyl-N,5-dimethyl-6,7,8,9,10,11-hexa-hydro-3-methoxy-5-methyl-5,
     10-methano-5H-benzocyclononen-12-amine (XIII); a specific embodiment of
      Formula II, namely
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime (IX); a specific embodiment of Formula III, namely
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
      12-one (VIII); and a specific embodiment of Formula IV, namely
      1-(4-chlorobutyl)-1-methoxy-2-tetralone (VII).
PAR  Referring now to FIG. A, the starting materials for the invention, 1-alkyl,
      1-alkenyl, or 1-phen(lower)alkyl-2-tetra-lones, may be prepared from
      commercially available 2-tetralones, by a well-known alkylation reaction
      as typically described by Stork and Schulenberg in the Journal of the
      American Chemical Society, 84, 284 (1962). The tetralones are treated with
      pyrrolidine in an inert solvent such as benzene, and then reacted with the
      appropriate lower alkyl, lower alkenyl, or phen(lower)alkyl halide in an
      inert solvent, such as benzene or dioxane, at elevated temperatures,
      conveniently the reflux temperature of the solvent employed. They may also
      be prepared from a suitable commercially available 1-tetralone which may
      be treated as described by Howell and Taylor in the Journal of the
      Chemical Society, 1958, 1249 with a Grignard reagent, prepared from the
      appropriate lower alkyl, lower alkenyl, or phen(lower)alkyl halide, and
      the resulting 1-substituted dihydro-naphthalene oxidized with peracid.
PAR  Syntheses of non-commercially avaiable tetralones are readily available in
      the literature, e.g. the synthesis of .alpha.-tetralone is described in
      Organic Synthesis, Collective Volume IV, page 898; the synthesis of
      .beta.-tetralone is described in the same work on page 903; and a general
      synthesis of .beta.-tetralones is described in Nagata et al. Netherlands
      Pat. No. 67,09534, Jan. 10, 1968.
PAR  The first step in preparing the aforementioned embodiments is the
      portionwise addition, in the cold, of a strong base, such as suspension of
      sodium hydride in benzene, to a stirred solution of 1
      -methyl-7-methoxy-2-tetralone (VI) and 1-bromo-4-chloro-butane, in
      dimethyl formamide, followed by a period of stirring at room temperature,
      to produce compound VII. Compound VII is converted to the bridged
      tetralone VIII by treatment with a strong base, preferably sodium hydride,
      in an inert solvent, preferably dimethyl formamide. The bridged tetralone
      VIII so produced is then used as an intermediate either for the production
      of the oxime IX or if desired for the production of the secondary amine
      Xa.
PAR  In order to prepare the oxime IX the bridged tetralone VIII is treated with
      hydroxylamine under basic conditions. The oxime IX may be isolated by
      conventional means and is used as an intermediate for the production of
      the primary amine XI. To prepare the amine XI the oxime IX is treated
      either with hydrogen in the presence of a catalyst, preferably Raney
      nickel, and ammonium hydroxide, at moderate pressure, preferably 40-50
      psi; the hydride reducing agents, for example lithium aluminum hydride;
      diborane at elevated temperature; or an alkali metal, preferably sodium in
      an alkanol, for example ethanol or isopropanol. When using catalytic
      reduction the reaction proceeds stepwise and the corresponding imine of
      Formula V may be isolated as an intermediate, and then may be reduced to
      the desired primary amine. The amine XI is isolated by conventional means.
      To prepare the amine Xa, the bridged tetralone VII is treated with an
      excess of methyl amine. The substitution is carried out with removal of
      water, conveniently in the presence of calcium oxide, at an elevated
      temperature, preferably 180.degree.-190.degree. C. When the amine has a
      boiling point below the desired temperature the reaction is conveneiently
      carried out in a sealed pressure vessel. The intermediate imine so
      produced may be reduced as obtained directly from the substitution
      reaction. The The amine Xa is produced by treating this imine with either
      ##SPC11##
      ##SPC12##
      hydrogen in the presence of a catalyst, preferably platinum oxide, at
      moderate pressure, preferably 40-50 psi; the hydride reducing agents, for
      example lithium aluminum hydride or sodium borohyride; diborane at
      elevated temperature, or an alkali metal, preferably sodium, in an
      alkanol, for example ethanol or isopropanol. The primary amine XI may also
      be converted to the secondary amine X by substitution reactions well-known
      in the art of organic chemistry. A convenient method is to treat with one
      mole equivalent of allyl bromide. The substitution is carried out in the
      presence of an organic acid acceptor, preferably di-isopropyl ethyl amine,
      in an organic solvent at a temperature of from about 60.degree. C to
      140.degree. C. Benzene and xylene are particularly useful solvents but it
      will be apparent to an organic chemist that any solvent can be used which
      will not interfere with the course of the reaction. For convenience the
      reflux temperature of the solvent selected can be employed. The secondary
      amine X is isolated by conventional methods.
PAR  If desired the secondary amine X can be methylated to give the N-methyl
      tertiary amine XII. A preferred method for the methylation reaction is to
      first carbethoxylated the secondary amine by treatment with ethyl
      chloroformate in an unreactive organic solvent, such as methylene chloride
      or chloroform. For best results, a weak inorganic base, such as sodium
      bicarbonate or potassium carbonate, is added to the reaction mixture. The
      temperature of the carbethoxylation reaction is not critical and, for
      convenience, room temperature is used. It will be obvious to one skilled
      in organic chemistry that for the purpose of this reaction other halo
      formate esters would be equivalent to ethyl chloroformate. The
      carbethoxylated amine is then reacted with a reducing agent, preferably
      lithium aluminum hydride, in an inert solvent, preferably ether or
      tetrahydrofuran, to afford the N-methyl tertiary amine XII which is
      isolated by standard procedures.
PAR  A preferred method of preparation of tertiary amine XIII is to first
      acylate the secondry amine X with acetyl chloride in a basic organic
      solvent, preferably pyridine, at an elevated temperature, conveniently the
      reflux temperature of the solvent selected. The acylated amine is then
      reacted with a reducing agent, preferably lithium aluminum hydride, in an
      inert solvent preferably ether or tetrahydrofuran, to afford the tertiary
      amine XIII which is isolated by standard techniques.
PAR  The primary amine XI which bears a lower alkyloxy substituent can be
      hydrolyzed to the phenolic compound XIV. A particularly useful method is
      to treat the primary amine with 48% aqueous hydrobromic acid at elevated
      temperature, conveniently relfux temperature. The crystalline product is
      isolated by standard techniques. It will be obvious to one skilled in the
      art of organic chemistry that the hydrolysis reaction may be performed on
      the bridged tetralone VIII and that the phenolic compound so formed would
      then be the full equivalent of all other compounds not bearing such a
      substitutent in all subsequent reactions.
PAR  The phenolic amine XIV may be acetylated to produce the acetyl derivative
      XV. A skilled organic chemist will recognize that in order to acetylate
      the phenolic function a primary or secondary amine must first be reacted
      with a suitable protecting group, Carbobenzoxy chloride is particularly
      convenient for this purpose. The protected derivative is then treated with
      acetic anhydride and the protecting group removed, conveniently, in the
      case of the carbobenzoxy group by hydrogenlysis. It will be obvious to a
      skilled organic chemist that any desired acylation reagent may be
      substituted for the acetic anhydride. The acylation reaction may also be
      accomplished by exposure of the phenolic amine, suitably distributed on an
      inert carrier, conveniently potassium bromide powder, to a suitably
      volatile acylating agent, in the vapor state, at temperatures moderately
      higher than room temperature, conveniently 40.degree.-70.degree. C.
PAR  While the processes of the invention have been specifically described with
      reference to the drawing which illustrates their application to
      1-methyl-7-methoxy-2-tetralone it will be readily apparent to one skilled
      in the art of organic chemistry that the processes will be equally
      applicable to tetralones bearing, in the 1 and 7 positions, other
      substituents contemplated within the scope of the invention. Similarly it
      will be obvious to vary the chain length of the polymethylene compound in
      order to produce the variously sized ring systems encompassed by the
      invention. A skilled chemist will readily recognize that, in addition to
      the .alpha.,.omega.-dihalopolymethylene, and polymethylene compound of the
      desired chain length, which bears, as substituents in the terminal
      positions, suitable leaving groups, such as (lower)alkylsulfonyl or
      phensulfonyl, or one such leaving group and a group, such as
      tetrahydropyranyloxy which may be readily converted to a leaving group,
      may be utilized in the initial cycloalkylation process. The substitution
      of other strong bases, such as alkali metal alkoxides, in suitable
      solvents, for the illustrated sodium hydride will also be apparent to one
      skilled in the art. It will be obvious to one skilled in the art that, if
      the .alpha.,.omega.-disubstituted polymethylene does not bear a
      tetrahydropyranyl substituent, the complete cycloalkylation may be
      performed without isolation of the intermediate, compound VII. One skilled
      in the art will recognize that it is possible to substitute anhydrous
      ammonia for methyl amine in the imination of compound VIII and that
      reduction will then give compound XI. The substitution of other lower
      alkyl, and phen(lower)alkyl amines, for methylamine, to give secondary
      amines analogous to compound Xa will similarly be apparent to one skilled
      in the art. Other lower alkyl halides, lower alkenyl halides,
      phen(lower)alkyl halides, or lower alkylnyl halides may be substituted for
      allyl bromide in the treatment of compound XI to obtain the secondary
      amines encompassed by the invention. Similarly other lower alkanoyl, lower
      alkenoyl, phen(lower)alkanoyl or lower alkynyl halides may be used in the
      preparation of the tertiary amine embodiments of the invention.
PAR  The amine oxides of Formula Ia are prepared by oxidation, conveniently with
      an organic peracid, of the di(lower)alkyl tertiary amine embodiment of
      Formula I.
PAR  One knowledgeable in the art of organic chemistry will recognize that
      1-alkyl-substituted 2-indanones and 2-benzsuberones can be cycloalkylated
      in a fashion similar to that described for the cycloalkylation of 1-alkyl
      substituted 2-tetralones. The compounds so formed can then be further
      treated by the processes described hereinabove to produce derivatives
      which are the full equivalents of the compounds of Formula I described
      herein.
PAR  The substituted tetralones described hereinabove and their equivalent
      indanone and benzsuberone analogues may be substituted at various other
      positions on the aromatic ring with such radicals as lower alkyl, lower
      alkyloxy, halo and trifluoromethyl and these may be employed as starting
      materials in the initial cycloalkylation reactions and such compounds can
      then be treated by the processes described hereinabove, to produce amino
      derivatives bearing these variously located substituents.
PAR  Preparation of the indanones of Formula XVI may also be accomplished by
      cyclization of appropriate known o-phenylene diacetic acid diesters to
      produce 1-alkoxycarbonyl-2-indanones. Alkylation to produce the 1-alkoxy
      carbonyl-indanones of Formula XIX may be accomplished by standard
      alkylation techniques. Alternatively the keto group of the alkoxy
      carbonylindanone may be treated with a suitable ketone protecting reagent,
      such as ethylene glycol, a lower alkyl, lower alkenyl, or phen(lower)alkyl
      group may be introduced into the 1-position by standard alkylation
      techniques, the protective group removed from the ketone, the ester
      function hydrolyzed, and the carbonyl group eliminated by decarboxylation.
      The resulting lower alkyl, lower alkenyl, or phen(lower)alkyl-2-indanone
      may then be treated similarly to the corresponding tetra-lones to produce
      the lower alkyl, lower alkenyl or phen(lower)alkyl indanones of Formula
      XIX. Cycloalkylation of the benzobicyclic systen of Formula XVIII may be
      accomplished as described for the corresponding tetralones of Formula IX.
      Preparation of the imino derivatives of the benzobicyclic ketones derived
      from the above described indanones may be accomplished in a fashion
      similar to that described for the preparation of the imino derivatives of
      the benzobicyclic ketones derived from tetralones. A skilled organic
      chemist will of course recognize that the alkoxy carbonyl substituted
      benzobicyclic ketones may be converted to oximino derivatives but that
      treatment with ammonia or primary amine will result in side reactions will
      the alkoxy carbonyl group.
PAR  The skilled organic chemist will of course not use catalytic reduction
      methods involving the use of ammonia or primary amines.
PAR  The alkoxy carbonyl benzobicyclic ketone may, if desired, be treated with a
      suitable ketone protecting reagent, such as ethylene glycol, the alkoxy
      carbonyl group may then be reduced to a hydroxy methyl group, and the keto
      group regenerated. This compound may then be converted into the hydroxy
      methyl imino compounds of Formula XVII by the above described methods.
PAR  Reduction of the oximes or imines of Formula XVII to the amines of Formula
      XVI may be accomplished by the same reduction methods as used to prepare
      the amines of Formula I. Those embodiments of Formula XVII containing an
      alkoxycarbonyl will, of course, simultaneously be converted to the
      embodiments of Formula XVI which have a hydroxy(lower)alkyl substituent.
      If desired the hydroxyl group may be removed by standard means, such as
      tosylation and reduction with lithium aluminum hydride. Ordinarily this
      process will result in an N-tosyl amine from which the free amine may be
      recovered by hydrolysis. The variously other substituted amines of Formula
      XVI may be prepared from appropriate primary or secondary amines or
      embodiments of Formula XVI by processes similar to those described for the
      preparation of the variously substituted amines of Formula I.
PAR  It will be obvious to one skilled in the art of chemistry that the
      benzobicyclic ketones of Formula III and Formula XVIII will be produced as
      racemic mixtures, and that reduction of either oximes of Formula II and
      Formula XVII or imines of Formula V and Formula XVII will yield the amines
      of Formula I and Formula XVI as diasteromers. The separation of the
      diastereomeric pairs and their resolution into enantiomers, if desired,
      may be accomplished by well-known procedures. The diastereomers,
      enantiomers and mixtures thereof are all included within the scope of this
      invention.
PAR  It is convenient in the present application to distinguish pairs of
      diastereomers by specifying the orientation of the amino group. A number
      of conventional systems of nomenclature for specifying the orientation are
      suitable, and selection of a particular system is a matter of convenience.
      Because of its greater specificity and more general applicability, a
      system enabling specification of the relative orientation of all
      substituents on the tetralin ring system has been adopted for use in this
      application. In this system the tetralin ring is projected on a plane.
      Those substituents extending below the plane are designated .alpha., and
      those extending above the plane are designated .beta..
PAR  In the process for the use of the amines of Formula I and Formula XVI
      pharmaceutical acceptable salts thereof, they may, if desired, be
      formulated with pharmaceutically acceptable carriers in accordance with
      methods well-known in the art.
PAR  It will be obvious to those skilled in the art that N-oxides of the dialkyl
      substituted tertiary amines of Formula XVIa may be prepared in a fashion
      similar to that described for the preparation of the N-oxides of Formula
      Ia. These N-oxides are the full equivalents of those embodiments of the
      invention specifically described.
PAR  An alternate synthesis of the amines of Formula I and Formula XVI is
      through the preparation of a compound of the formula:
      ##SPC13##
PAL  wherein R, R.sup.1, and n are as defined hereinabove; and m is 0 or 1, as
      described by Wiesner, Chau and Demerson in Tetrahedron Letters, 1965, page
      2893, followed by either dehydration and hydrogenation of the resulting
      double bond, or tosylation and cleavage of the tosyl group. This route is
      the preferred method of synthesis for those embodiments wherein n is 2 or
      6.
PAR  The tangible embodiments of the principal composition aspect have been
      found to possess the additional applied use characteristic of exerting
      morphine antagonism effects in animals when tested in standard
      pharmacological evaluation procedures. The morphine antagonism effects can
      be demonstrated by administering the compound to morphine addicted
      monkeys. A morphine antagonist precipitates morphine withdrawal symptoms.
      The morphine antagonism effect can also be demonstrated by dosing groups
      of three male Charles River rats subcutaneously with morphine at 75 mg/Kg
      of base. The degree of narcosis induced by the morphine is measured at 15
      and 30 minutes after injection. Criteria are loss of righting reflex, tail
      and body rigidity and respiratory depression. Test compounds are
      administered intramuscularly, 40 minutes after the morphine. The degree of
      antagonism is measured at 20 minute intervals for 2 hours. Nalorphine, at
      2 mg/kg, serves as a positive control while one group of morphinized rats
      in each determination receives no antagonist and serves as negative
      controls. Reversal of the loss of the righting reflex constitutes a
      positive response.
DETD
PAR  The following examples illustrate the best mode contemplated by the
      inventors for preparing the compositions of the invention.
PAC  EXAMPLE I
PAC  1-(4-Chlorobutyl)-1-Methyl-7-Methoxy-2-Tetralone
PAR  1-Methyl-7-methoxy-2-tetralone (57 g.), tetramethylene chlorobromide (200
      g.) and dimethyl formamide (250 ml.) are introduced into a two liter
      reaction vessel which is fitted with a condenser an drying tube, a
      mechanical stirrer, a nitrogen inlet, a thermometer, and a soft rubber
      stopper. After this solution is cooled to 10.degree. C. a suspension of
      sodium hydride (approximately 8 g. freed of mineral oil by washing with
      benzene) in benzene (100 ml.) is added slowly in 10 ml. portions, through
      the rubber stopper with the aid of a syringe. The temperature is
      maintained between 12.degree. and 20.degree. for the 1.5 hour addition
      period. The reaction is then allowed to warm to room temperature, stirred
      for 3 1/2 hours, and poured into ice water (1.5 1.). The layers are
      separated, the aqueous phase extracted with ether, the combined organic
      phases washed with saturated saline, dried over sodium sulfate and the
      organic solvents removed under reduced pressure. Distillation of the
      residue yields the title product (62.5 g.) b.p. 155.degree.-185.degree. C.
      (approximately 0.3 mm.).
PAR  I.R. Analysis: 5,85, 7.95 .mu..
PAC  EXAMPLE II
PAC  1-(3-Bromopropyl)-1-Methyl-2-Tetralone
PAR  Sodium hydride (0.75 g.) washed free of mineral oil is added in small
      portions, over a period of 45 minutes, to a well stirred solution of
      1-methyl-2-tetralone (4.8 g.) and 1,3-dibromo-propane (24 g.) in benzene
      (100 ml.) while maintaining the temperature at 25.degree. C. The mixture
      is stirred at room temperature for 1 hour and heated at reflux for 2
      hours. When cool 2 drops of acetic acid are added and the mixture
      clarified by filtration through diatomaceous earth. Concentration of the
      filtrate and distillation of the resulting residue gives the title product
      (4.5 g.) b.p. 130.degree.-135.degree. C. (0.1 mm.);
      2,4-dinitrophenylhydrazone m.p. 146.degree.-148.degree. C.
PAR  Analysis for: C.sub.20 H.sub.21 N.sub.4 O.sub.4 Br Calculated: C, 52.07; H,
      4.59; N, 12.14; Br, 17.32 Found: C, 51,87; H, 4.64; N, 11.97; Br, 17.12.
PAC  EXAMPLE III
PAC  1-(3-Bromopropyl)-1-Methyl-7-Methoxy-2-Tetralone
PAR  Using a procedure analogous to that described in Example II for the
      preparation of 1-(3-bromopropyl-1-methyl)-2-tetralone there is obtained
      from 1-methyl-7-methoxy-2-tetralone (11.4 g.) and 1,3-dibromopropane (24
      ml.), 6.7 g. of the title product, b.p. 135.degree.-145.degree. C. (1
      mm.). I. R. Analysis: 5.8, 8.0 .mu..
PAC  EXAMPLE IV
PAC  1-(5-Bromopentyl)-1-Methyl-2-Tetralone
PAR  Using a procedure analogous to that described in Example I for the
      preparation of 1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone there is
      obtained from 1-methyl-2-tetralone (20.0 g., 0.125 mole),
      1,5-dibromopentane (115.0 g., 0.5 mole), and sodium hydride (6.06 g.,
      0.1375 mole of a 54.5% dispersion in mineral oil) in dimethylformamide
      (100 ml.), 19.8 g. (54 %) of the title product b.p.
      155.degree.-175.degree. C. (0.3 mm.).
PAR  I. R. Analysis: 3.45, 5.85 .mu..
PAC  EXAMPLE V
PAC  1-(5-Bromopentyl)-1-Methyl-7-Methoxy-2-Tetralone
PAR  Using a procedure analogous to that described in Example I for the
      preparation of 1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone there is
      obtained from 1-methyl-7-methoxy-2-tetralone (150.0 g., 0.788 mole),
      1,5-dibromopentane (707 g., 3.06 mole), and sodium hydride (37.1 g., 0.842
      mole of a 54.5% dispersion in mineral oil) in dimethylformamide (600 ml.).
      182 g. (68.1% of the title product b.p. 185.degree.-198.degree. C. (1.0
      mm.).
PAR  I. R. Analysis: 3.5, 5.80, 7.9 .mu..
PAC  EXAMPLE VI
PAC  1-(4-Chlorobutyl)-1-Ethyl-7-Methoxy-2-Tetralone
PAR  A. Using a procedure analogous to that described in Example I for the
      preparation of 1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone there is
      obtained from 35 g. of 1-ethyl-7-methoxy-2-tetralone; 37.4 g. of the title
      product b.p. 160.degree.-173.degree. C. (0.4 mm.).
PAR  I. R. Analysis: 5.83, 8.0 .mu..
PAR  B. Clean sodium pellets (2.3 g.) are dissolved, while stirring magnetically
      under N.sub.2, in absolute ethanol (50 ml.). After cooling to
      20.degree.-25.degree. C. 1-ethyl-7-methoxy-2-tetralone (20.5 g.) in dry
      ethanol (50 ml.) is added over a period of 30 minutes. After stirring 30
      minutes this solution is added dropwise to a stirred solution of
      1,4-dibromobutane (44.0 g.) in dry ethanol (60 ml.) while maintaining the
      temperature at 10.degree.-15.degree. C. After stirring four hours at this
      temperature the reaction is allowed to warm to 20.degree.-25.degree. C.
      while continuing to stir an additional 12 hours. After chilling below room
      temperature precipitated solids are removed by filtration with aid of
      diatomaceous earth. Concentration of the filtrate under reduced pressure,
      partitioning the residue so obtained between ether and water, washing the
      ether layer with saline, drying, concentrating under reduced pressure and
      distilling under vacuum gives the title product (16 g.) b.p.
      165.degree.-175.degree.(0.2 mm.).
PAC  EXAMPLE VII
PAC  1-(4-Chlorobutyl)-1-Methyl-5-Methoxy-2-Tetralone
PAR  Using a procedure analogous to that described in Example I for the
      preparation of 1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone there is
      obtained from 1-methyl-5-methoxy-2-tetralone (45 g.), 40.5 g. of the title
      product, b.p. 150.degree.-160.degree. C. (0.15 mm.).
PAR  I. R. Analysis: 5.82, 7.9 .mu..
PAC  EXAMPLE VIII
PAC  1-(4-Chlorobutyl)-1-Methyl-6-Methoxy-2-Tetralone
PAR  Using a procedure analogous to that described in Example I for the
      preparation of 1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone there is
      obtained from 1-methyl-6-methoxy-2-tetralone (36 g.) and tetramethylene
      chlorobromide (140 g.), 30.5 g. of the title product, b.p.
      165.degree.-175.degree. C. (0.4 mm.).
PAR  I. R. Analysis: 5.85, 8.0 .mu..
PAC  EXAMPLE IX
PAR  To prepare: 1-benzyl-1-(4-chlorobutyl)-2-tetralone react
      1-benzyl-2-tetralone with 1-bromo-4-chlorobutane as taught in Example I.
PAR  To prepare: 1-benzyl-1-(4-chlorobutyl)-7-methoxy-2-tetralone react
      1-benzyl-7-methoxy-2-tetralone with 1-bromo-4-chlorobutane as taught in
      Example I.
PAC  EXAMPLE X
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-
     12-One
PAR  To a two liter reaction vessel, fitted with a mechanical stirred, a
      dropping funnel, a condenser and drying tube, a thermometer, a nitrogen
      inlet and a soft rubber stopper is introduced sodium hydride (13 g., 0.27
      mole of 50% dispersion in mineral oil) which is then washed with benzene
      to remove the mineral oil. Dimethylformamide (750 ml.) is then added and
      1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone (62.5 g., 0.22 mole in
      dimethyl formamide (150 ml.) is added dropwise, while stirring vigorously
      and maintaining the temperature between 30.degree. and 35.degree. C. The
      reaction is stirred and heated to 80.degree. to 85.degree. C. for 2.5
      hours, stirred at room temperature overnight and poured into ice water
      (2.0 liter). After acidification with hydrochloride acid (concentrated)
      the oil which separates is extracted into ether. The extract is washed
      with saturated saline and dried over sodium sulfate. The solvent is
      removed under reduced pressure and the residue distilled to give the title
      product (32.5 g.), b.p. 130.degree. to 135.degree. C. (0.25 mm.).
PAR  I. R. Analysis: 5.8, 8.0 .mu..
PAC  EXAMPLE XI
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-5-Methyl-5.9-Methano-Benzocycloocten-11-On
     e
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocycloocten
     -12-one there is obtained from
      1-(3-bromopropyl)-1-methyl-7-methoxy-2-tetralone in 74% yield the title
      product, b.p. 118.degree. to 121.degree. C. (0.05 mm.). A sample is
      converted to the semicarbazone, m.p. 223.degree. to 225.degree. C.
PAR  Analysis for: C.sub.16 H.sub.21 N.sub.3 O.sub.2 Calculated: C, 66.87; H.
      7.37; N, 14.62 Found: C, 66.73; H, 7.51; N, 14.74.
PAC  EXAMPLE XII
PAC  5,6,7,8,9,10-Hexahydro-5-Methyl-5,9-Methanolbenzocycloocten-11-One
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one there is obtained from 1-(3-bromopropyl)-1-methyl-2-tetralone (4.0
      g.) treated with sodium hydride (1 g.); 1.4 g. of the title product, b.p.
      122.degree. to 130.degree. C. (0.1 mm.). A sample is converted to the
      semicarbazone and crystallized from acetonitrile, m.p. 250.degree. to
      251.degree. C.
PAR  Analysis for: C.sub.15 H.sub.19 N.sub.3 O Calculated: C, 70.00; H, 7.44; N,
      16.33 Found: C, 70.30; H, 7.39; N, 16.48.
PAC  EXAMPLE XIII
PAC  5-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Benzocyclodecen-13-One
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one there is prepared from 1-methyl-1-(5-bromopentyl)-2-tetralone (19.8
      g., 0.0675 mole) and sodium hydride (3.57 g., 0.081 mole, of a 54.5%
      dispersion in mineral oil) in dimethylformamide (250 ml.); 6.2 g. (40.4%)
      of the title product, b.p. 126.degree. to 135.degree. C. (0.3 mm.).
PAR  I. R. Analysis: 3.45, 5.9 .mu.
PAC  EXAMPLE XIV
PAC  5-Methyl-3-Methoxy-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Benzocyclodece
     n-13-One
PAR  A. Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one there is obtained from
      1-methyl-1-(5-bromopentyl)-7-methoxy-2-tetralone (90.0 g., 0.264 mole),
      and sodium hydride (12.87 g., 0.292 mole, of 54.5% dispersion in mineral
      oil) in dimethylformamide (750 ml.); 42.7 g. (62.4%) of the title product,
      b.p. 150.degree. to 175.degree. C. (0.5 mm.).
PAR  I. R. Analysis: 3.0, 3.4, 5.9, 8.01 .mu..
PAR  B. Oil-free sodium hydride (5.28 g.) in benzene (50 ml.) is added to a
      stirred mixture of 1,5-dibromopentane (184 g.) and
      1-methyl-7-methoxy-2-tetralone (32 g.) in dry benzene (300 ml.). Stirring
      is continued for 12 hours at 25.degree. and at reflux for an additional 15
      hours. The mixture is cooled, sodium hydride (5.8 g.) in 50 ml. benzene
      added, stirring continued at 25.degree. for 10 hours, and at reflux for 12
      additional hours. After cooling excess base is neutralized with
      concentrated hydrochloric acid and the inorganic solids which precipitate
      are removed by filtration. Washing and filtrate with saline, drying over
      sodium sulfate, concentrating and vacuum distilling gives an oil (21 g.)
      b.p. 160.degree.-190.degree. C. (0.5 mm.) containing 6.5 g. (27%) of the
      title product by vapor phase chromatography (3% OVI, C200-225-250).
PAC  EXAMPLE XV
PAC  6,7,8,9,10,11-Hexahydro-2-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-
     12-One
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, there is obtained from 30.5 g. of
      1-(4-chlorobutyl)-1-methyl-6-methoxy-2-tetralone 15 g. of the title
      product, b.p. 140.degree. to 145.degree. C. (0.5 mm.).
PAR  I. R. Analysis: 5.82, 8.05 .mu..
PAC  EXAMPLE XVI
PAC  6,7,8,9,10,11-Hexahydro-1-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-
     12-One
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, there is obtained from 40.5 g. of
      1-(4-chlorobutyl)-1-methyl-5-methoxy-2-tetralone, 21.5 g. of the title
      product, b.p. 130.degree. to 135.degree. C. (0.3 mm.).
PAR  I. R. Analysis: 5.78, 7.9 .mu..
PAC  EXAMPLE XVII
PAC  5-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-Benzocyclononen-1
     2-ONE
PAR  Using a procedure analogous to that described in Example X for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one there is obtained from 37.4 g. of
      1-(4-chlorobutyl)-1-ethyl-7-methoxy-2-tetralone, 22.2 g. of the title
      product, b.p. 138.degree. to 142.degree. C. (0.35 mm.).
PAR  I. R. Analysis: 5.85, 8.0 .mu..
PAC  EXAMPLE XVIII
PAR  To prepare:
      6,7,8,9,10,11-hexahydro-5-benzyl-5,10-methano-5H-benzocyclononen-12-one,
      treat 1-benzyl-1-(4-chloro-butyl)-2-tetralone with sodium hydride as
      taught in Example X.
PAR  To prepare:
      5-benzyl-3-methoxy-6,7,8,9,10,11-hexahydro-5,10-methano-5H-benzocyclononen
     -12-one, treat 1-benzyl-1-(4-chlorobutyl)-7-methoxy-2-tetralone with sodium
      hydride as taught in Example X.
PAC  EXAMPLE XIX
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-5-Methyl-5,10-Methano-5H-benzocyclononen-
     12-One, Oxime
PAR  A.
      6,7,8,9,10,11-Hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one (0.2 g.), hydroxylamine hydrochloride (0.5 g.) 5% sodium hydroxide
      (6 ml.) and ethanol (2 ml.) are heated at reflux for 4 hours. The reaction
      is cooled and diluted with water. The supernatant is decanted from the oil
      which separates. The oil is washed several times wiwth water and is often
      treated with 2-propanol from which the title product crystallizes, m.p.
      174.degree. to 176.degree. C.
PAR  Analysis for: C.sub.16 H.sub.21 NO.sub.2 Calculated: C, 74.1; H, 8.16; N,
      5,40 Found: C, 74.38; H, 8.10; N, 4.98. I. R. Analysis: 3.2, 6.2, 8.1
      .mu..
PAR  B. Hydroxylamine hydrochloride (14 g., 0.2 mole) in methanol (250 ml.) is
      mixed with sodium acetate (165 g., 0.2 mole) in methanol (200 ml.). After
      standing one hour the solution is filtered and to it is added
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one (10 g., 0.04 mole). The solution is heated under reflux 5 hours,
      concentrated in volume to approximately 200 ml. Cooling, filtration,
      washing with methanol and drying gives the title product (8.0), m.p.
      174.degree. to 176.degree. C.
PAR  C.
      6,7,8,9,10,11-Hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one (20.0 g., 0.082 mole), and hydroxylamine hydrochloride (28.5 g.,
      0.410 mole) in pyridine (150 ml.) are stirred at reflux for 24 hours. The
      mixture is cooled and concentrated. The residue is extracted with ether
      (750 ml.) in several portions and the extracts are successively washed
      with water, dilute hydrochloric acid, water and saline solution, then
      dried over anhydrous magnesium sulfate, the solvent removed in vacuo and
      the residue crystallized from boiling isopropanol to give the title
      product (6.0 g.). m.p. 167.degree. to 171.degree. C. A second crop was
      obtained, 1.08 g. Total yield is 33%.
PAC  EXAMPLE XX
PAC  5-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Benzocyclodecen-13-One,
      Oxime
PAR  Using a procedure analogous to that described in Example XIX, Method C, for
      the preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime there is obtained from
      5-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methano-benzocyclodecen-13-one
      (3.9 g., 0.0171 mole) and hydroxyl-amine hydrochloride (8.55 g., 0.123
      moles) in pyridine (20 ml.), after recrystallization from isopropanol,
      1.27 g. of the title product, m.p. 122.degree.-127.degree..
PAR  I. R. Analysis: 3.15, 3.45, 6.1 .mu..
PAC  EXAMPLE XXI
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-5-Methyl-5,9-Methano-Benzocycloocten-11-On
     e, Oxime
PAR  By a procedure analogous to that described in Example XIX, Method A, for
      the preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-5,9-methanobenzocycloocten-11-on
     e (0.5 g.) and hydroxylamine hydrochloride (6.5 g.), 3.9 g. of product
      after trituration with hexane, m.p. 138.degree.-142.degree. C.
      Recrystallization from isopropanol-water gives the title product, m.p.
      146.degree.-148.degree. C.
PAR  Analysis for: C.sub.15 H.sub.19 NO.sub.2 Calculated: C, 73.44; H, 7.81; N,
      5.71 Found: C, 73.11; H, 8.03; N, 5.61.
PAC  EXAMPLE XXII
PAC  5-Methyl-3-Methoxy-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Benzocyclodece
     n-13-One, Oxime,
PAR  Using a procedure analogous to that described in Example XIX, Method C for
      the preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime there is obtained from
      5-methyl-5,6,7,8,9,10,11-octahydro-5,11-methano-benzocyclodecen-13-one
      (42.6 g., 0.165 mole), and hydroxylamine hydrochloride (57.3 g., 0.824
      mole) in pyridine (300 ml.); 18.9 g. (42%) of the title product, m.p.
      152.degree.-158.degree. C.
PAR  Analysis for: C.sub.17 H.sub.13 N.sub.2 O.sub.2 Calculated: C, 74.69; H,
      8.48; N, 4.12 Found: C, 75.25; H, 8.64; N, 4.72.
PAC  EXAMPLE XXIII
PAC  6,7,8,9,10-Hexahydro-2-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-12-
     One, Oxime
PAR  Using a procedure analogous to that described in Example XIX, Method B, for
      the preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzcocyclonone
     n-12-One, oxime there is obtained from 11.5 g. of
      6,7,8,9,10,11-hexahydro-2-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one (5.0 g.) of the title product, m.p. 130.degree.-135.degree. C.
PAR  I. R. Analysis: 3.1; 6.0 .mu..
PAC  EXAMPLE XXIV
PAC  6,7,8,9,10,11
      -Hexahydro-1-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-12-One,
      Oxime
PAR  Using a procedure analogous to that described in Example XIX, Method B, for
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime there is obtained from 21.5 g. of
      6,7,8,9,10,11-hexahydro-1-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, 10.9 g. of the title product, m.p. 154.degree.-160.degree. C.
PAR  I. R. Analysis: 3.1-3.2; 6.0 .mu..
PAC  EXAMPLE XXV
PAC  5-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-Benzocyclononen-1
     2One, Oxime
PAR  Using a procedure analogous to that described in Example XIX, Method C, for
      the preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime there is obtained from
      5-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one (3.5 g.) and 20 ml. of hydroxylamine hydrochloride (3.5 g.) of the
      title product as a brown oil which crystallizes on standing.
PAR  I. R. Analysis: 3.2; 6.0 .mu..
PAR  Crystallization of the crude solid from ethanol water gives the title
      product, m.p. 114.degree.-116.degree. C.
PAR  Analysis for: C.sub.17 H.sub.23 NO.sub.2 Calculated: C, 74.69; H, 8.48; N,
      5.12 Found: C, 75.20; H, 8.93; N, 4.84.
PAC  EXAMPLE XXVI
PAR  To prepare:
      6,7,8,9,10,11-hexahydro-5-benzyl-5,10-methano-5H-benzocyclononen-12-one,
      oxime treat
      6,7,8,9,10,11-hexahydro-5-benzyl-5,10-methano-5H-benzocyclononen-12-one
      with hydroxylamine hydrochloride as taught in Example XIX, Method C.
PAR  To prepare:
      5-benzyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen
     -12-one, oxime treat
      5-benzyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclonone-
     12-one with hydroxylamine hydrochloride as taught in Example XIX, Method C.
PAC  EXAMPLE XXVII
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-5-Methyl-5,10-Methano-5H-Benzocyclononen-
     12-Amine
PAR  A.
      6,7,8,9,10,11-Hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime (15 g. 0.058 m.) Raney nickel (3 tsps.) ethanol (100 ml.)
      and concentrated ammonium hydroxide (50 ml.) are shaken with hydrogen at
      45 psi and 45.degree. C. The catalyst is removed by filtration and the
      filtrate concentrated to remove solvent. The residue is distilled under
      reduced pressure to afford the title product (11 g.), b.p.
      140.degree.-142.degree. C. (0.2 mm.) HCl salt, m.p.
      298.degree.-299.degree. C.
PAR  Analysis for: C.sub.16 H.sub.24 ClNO Calculated: C, 68.21; H, 8.58; N, 4.96
      Found: C, 67.96; H, 8.63; N, 4.92.
PAR  B. Undistilled
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine (31 g.) in dry ether (200 ml.) is treated with dry hydrogen
      chloride in ether until the solution is acidic. The precipitated salt is
      collected, washed with ether and dried to afford a product (32 g.), m.p.
      257.degree.-267.degree. C.
PAR  This product is dissolved in water (1,000 ml.) and methanol (180 ml.).
      Addition of concentrated hydrochloric acid (2 ml.), concentration at
      atmospheric pressure to 500 ml., collection of the precipitate obtained on
      cooling, followed by washing and drying gives a product (20.0 g.), m.p.
      302.degree.-305.degree. C. On the basis of infrared and nuclear magnetic
      resonance spectra this product is assigned the structure
      6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocyc
     lononen-12.beta.-amine, hydrochloride.
PAR  Concentration of the mother liquors obtained after isolation of the
      .beta.-amine product gives a product (2 g.), m.p. 262.degree.-273.degree.
      C. Further concentration to about 65 ml. clarifying and chilling gives
      crystals (5.9 g.), m.p. 231.degree.-236.degree. C. which are collected
      with the aid of additional cold water (50 ml.). Recrystallization is
      accomplished by dissolving in acetone-methanol (2:1), concentrating to
      one-half volume then making up to the original volume with acetone.
      Repetition of the concentration-dilution process three additional times
      followed by chilling gives a product (4.5 g.), m.p.
      237.degree.-240.degree. C.
PAR  Analysis for: C.sub.16 H.sub.24 ClNO Calculated C, 68.21; H, 8.58; N, 4.96;
      Cl, 12.54 Found: C, 68.40; H, 8.72; N, 5.02; Cl, 12.04.
PAR  On the basis of infrared and nuclear magnetic resonance spectra this
      product is assigned the structure
      6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocyc
     lononen-12.alpha.-amine, hydrochloride.
PAC  EXAMPLE XXVIII
PAC  6,7,8,9,10,11-Hexahydro-2-Methoxy-5.alpha.-Methyl-5,10-Methano-5H-Benzocycl
     ononen-12.beta.-Amine
PAR  Using a procedure analogous to that described in Example XXVIIA for
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, there is obtained from 5.0 g. of
      6,7,8,9,10,11-hexahydro-2-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime 2.8 g. of the title product as its hydrochloride, m.p.
      284.degree.-287.degree. C.
PAR  Analysis for: C.sub.16 H.sub.24 NOCl Calculated: C, 68.21; H, 8.58; N, 4.96
      Found: C, 68.09; H, 8.85; N, 4.96.
PAC  EXAMPLE XXIX
PAC  6,7,8,9,10,11-Hexahydro-1-Methoxy-5.alpha.-Methyl-5,10-Methano-5H-Benzocycl
     ononen-12.beta.-Amine
PAR  Using a procedure analogous to that described in Example XXVIIA for
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine there is obtained from 10.5 g. of
      6,7,8,9,10,11-hexahydro-1-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-one, oxime 7.4 g. of the title product as the hydrochloride, m.p.
      308.degree.-309.degree. C.
PAR  Analysis for: C.sub.16 H.sub.24 NOCl Calculated: C, 68.21; H, 8.58; N, 4.96
      Found: C, 68.12; H, 8.60; N, 4.84.
PAC  EXAMPLE XXX
PAC  5.alpha.-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-benzocyclodecen-1
     3.beta.-Amine
PAR  5-Methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methano-5H-benzocyclcodencen-13-
     one, oxime (2.5 g.), Raney nickel (2 g.), ammonium hydroxide (4 ml.) and
      ethanol (50 ml.) are shaken with hydrogen at 45 psi. After hydrogen uptake
      ceases (approximately 7 pounds versus 14 pounds theory) the solution is
      removed from the apparatus, filtered, and concentrated. The residue (pink
      oil) is combined with fresh Raney nickel, ammonium hydroxide, and ethanol
      and hydrogenated at 50 psi and 50.degree.-60.degree. C. When completed the
      solution is worked up as above. The residue, a colorless oil, is converted
      to the hydrochloride salt, filtered, washed, and dried. The salt is
      recrystallized from water to give the title compound, as the
      hydrochloride, 1.15 g., m.p. &gt;335.degree. C.
PAR  Analysis for: C.sub.16 H.sub.24 ClN Calculated: C, 72.29; H, 9.10; N, 5.27
      Found: C, 72.12; H, 9.45; N, 5.28.
PAC  EXAMPLE XXXI
PAC  6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benzocyclononen-12.
     beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-5-methyl-5,10-methano-5H-benzocyclononen-12-one,
      oxime (2.5 g.), Raney nickel catalyst (6 g.) in 25 ml. of concentrated
      ammonium hydroxide and 50 ml. of ethanol are shaken with hydrogen at 50
      psi and 45.degree. C. After hydrogen uptake stops the catalyst is filtered
      off, the filtrate concentrated, and the residue converted to the
      hydrochloride salt (2.8 g.); recrystallization from water gives the title
      product as its hydrochloride, m.p. &lt;315.degree. C.
PAR  Analysis for: C.sub.15 N.sub.22 ClN Calculated: C, 71.62; H, 8.81; N, 5.53
      Found C, 71.62; H, 8.81; N, 5.86.
PAC  EXAMPLE XXXII
PAC  5-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-benzocyclononen-1
     2Imine H-benzocyclononen-
PAR  Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine there is obtained from 3.5 g. of
      5-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one, oxime 1.6 g. of the title product, b.p. 150.degree.-160.degree. C.
      (0.5 mm.).
PAR  I. R. Analysis: 6.1 .mu..
PAR  Addition of ethereal hydrogen chloride to the title product in ether gives
      the hydrochloride salt, m.p. 252.degree.-255.degree. C. (dec).
PAR  Analysis for: C.sub.17 H.sub.24 NOCl Calculated: C, 69.48; H, 8.23; N, 4.77
      Found: C, 69.25; H, 8.28; H, 4.72.
PAC  EXAMPLE XXXIII
PAC  5-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-Benzocyclononen-1
     2-Amine
PAR  A. Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine there is obtained from
      5-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-imine (4.0 g.) approximately 3.5 g. of title product which is converted
      to its solid hydrochloride salt, m.p. 226.degree.-231.degree. C.
PAR  On the basis of infrared and nuclear magnetic resonance spectra this
      product is assigned the structure 5.alpha.-ethyl-6,7,8,9,10,
      11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-12.beta.-amine,
      hydrochloride.
PAR  Analysis for: C.sub.17 H.sub.26 NOCl Calculated: C, 69.01; H, 8.86; N, 4.73
      Found: C, 68.76; H, 8.94; N, 4.72.
PAR  B. Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, from 5-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-
      5H-benzocyclononen-12-one, oxime there is obtained distilled title product
      which is shown by gas chromatography-mass spectra data to be approximately
      a 8 to 1 mixture of epimeric amines. Dissolving 70 g. of this mixture in
      1100 ml. of dilute aqueous hydrochloric acid, filtering the solution
      through diatomaceous earth and allowing it to stand 1 day at room
      temperature and for 2 days at 10.degree. gives 64 g. of the hydrogen
      chloride, hydrate salt of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.beta.-amine with m.p. 253.degree.- 256.degree..
PAR  Analysis for: C.sub.17 H.sub.25 NO .sup.. NCl .sup.. H.sub.2 O Calculated:
      C, 65.05; H, 8.99; N, 4.46 Found: C, 65.26; H, 9.01; N, 4.50.
PAR  C. The filtrate recovered from B above is made basic with aqueous sodium
      hydroxide, extracted with ether and the ether extracts dried and
      concentrated to an oil. This oil is chromatographed on 300 g. of silica
      gel. Elution with a solution of 3 parts benzene, 1 part chloroform gives
      3.0 g. of pure 5.alpha.-ethyl-6,7,8,9,10,11
      -hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-12.alpha.-amine.
      Conversion of the amine to its hydrogen chloride salt in ether gives a
      crystalline salt with m.p. 182.degree.-185.degree..
PAR  Analysis for: C.sub.17 H.sub.26 NOCl Calculated: C, 69.01; H, 8.86; N, 4.73
      Found: C, 68.73; H, 8.91; N, 4.75
PAC  EXAMPLE XXXIV
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-5-Methyl-5,9-Methano-Benzocycloocten-11-Am
     ine
PAR  A. Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-5,9-methano-benzocycloocten-11-o
     ne, oxime (4.2 g.), 2.7 g. of the title compound, b.p.
      125.degree.-129.degree. C. (0.1 mm.).
PAR  A sample is converted to the hydrochloride salt which crystallizes from
      ethanol:ether, m.p. 262.degree.-264.degree. C.
PAR  Analysis for: C.sub.15 H.sub.22 ClNO Calculated: C, 67.27; H, 8.28; N, 5.23
      Found: C, 67.16; H, 8.48; H, 5.14.
PAR  B. Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclooctene
     -11-one, oxime, there is obtained distilled title product which is shown by
      gas chromatography, mass spectral data to be a 3 to 2 mixture of amino
      epimers. By repeated recrystallization of hydrogen chloride salt of 27 g.
      of the epimeric amine mixture from ethanol-ether, there is obtained 16.3
      g. of product, m.p. 270.degree.-272.degree., which is assigned the
      structure
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzocyclooct
     en-11.alpha.-amine, hydrochloride.
PAR  Analysis for: C.sub.15 H.sub.22 NOCl Calculated: C, 67.27; H, 8.28; N, 5.23
      Found: C, 67.17; H, 8.48; N, 5.14.
PAR  C. Concentration of the combined mother liquors from B gives a residue
      which is crystallized from acetonitrile and then repetitively
      recrystallized from ethanol ether to give a product, m.p.
      300.degree.-302.degree., which is assigned the structure
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzocyclooct
     en-11.beta.-amine, hydrochloride.
PAR  Analysis for: C.sub.15 H.sub.22 NOCl Calculated: C, 67.27; H, 8.28; N, 5.23
      Found: C, 67.14; H, 8.24; N, 5.24.
PAC  EXAMPLE XXXV
PAC  3-Methoxy-5.alpha.-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Benzocy
     clodecen-13.beta.-Amine
PAR  Using a procedure analogous to that described in Example XXX for the
      preparation of
      5-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methano-benzocyclodecen-13-amin
     e there is obtained from
      3-methoxy-5-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methanobenzocyclodece
     n-13-one, oxime (18.5 g.) Raney nickel (3 tablespoons), 100 ml. of ethanol
      and 50 ml. of concentrated ammonium hydroxide; after distillation 11.1 g.
      [b.p. 140.degree.-145.degree. C. (1.2 mm.)] of the title product which is
      converted to the hydrochloride salt which recrystallizes from water, m.p.
      311.degree.-312.degree. C.
PAR  Analysis for: C.sub.17 H.sub.26 ClNO Calculated: C, 69.13; H, 8.86; N, 4.73
      Found: C, 69.17; H, 9.16; N, 4.70.
PAC  EXAMPLE XXXVI
PAR  To prepare:
      6,7,8,9,10,11-hexahydro-5-benzyl-5,10-methano-5H-benzocyclononen-12-amine
      (hydrochloride salts, m.p. 154.degree.-158.degree. C. reduce
      6,7,8,9,10,11-hexahydro-5-benzyl-5,10-methano-5H-benzocyclononen-12-one,
      oxime as taught in Example XXVII.
PAR  To prepare:
      5-benzyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen
     -12-amine (hydrochloride salt, m.p. 152.degree.-156.degree. C.) reduce
      5-benzyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10
      -methano-5H-benzocyclononen-12-one, oxime as taught in Example XXVII.
PAC  EXAMPLE XXXVII
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-N,5.alpha.-Dimethyl-5,10-Methano-5H-Benzo
     cyclononen-12.beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocycl
     ononen-12.alpha.-amine, hydrochloride (2.5 g.), saturated aqueous sodium
      bicarbonate (50 ml.), methylene chloride (50 ml.) and ethylchloroformate
      (3 ml.) are stirred, at room temperature, for 4 hours. The organic layer
      is separated, washed successively with aqueous sodium carbonate, hydrogen
      chloride and sodium chloride, dried and concentrated to give 2.6 g. of
      oil. This oil is added to a mixture of 1 g. of lithium aluminum hydride in
      tetrahydrofuran and the resulting mixture is refluxed overnight. Two ml.
      of water is added and the mixture is filtered. Concentration of the
      filtrate gives 2.1 g. of oil which is converted to 1.8 g. of hydrogen
      chloride salt with m.p. 249.degree.-250.degree. after recrystallization
      from ethanol-ether.
PAR  Analysis for: C.sub.17 H.sub.26 NOCl Calculated: C, 69.01; H, 8.86; N, 4.73
      Found: C, 68.53; H, 9.08; N, 5.13.
PAC  EXAMPLE XXXVIII
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-N,N,5.alpha.-Trimethyl-5,10-Methano-5H-Be
     nzocyclononen-12.alpha.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 1.2 g. of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine there is obtained 0.90 g. of the hydrogen
      chloride salt of the title product with m.p. 200.degree.-202.degree..
PAR  Analysis for: C.sub.18 H.sub.28 NOCl Calculated: C, 69.76; H, 9.11; N, 4.52
      Found: C, 69.28; H, 9.12; N, 4.69.
PAC  EXAMPLE XXXIX
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-N,N,5.alpha.-Trimethyl-5,10-Methano-5H-Be
     nzocyclononen-12.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 1.2 g. of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine there is obtained 1.0 g. of the hydrogen
      chloride salt of the title product with m.p. 207.degree.-209.degree..
PAR  Analysis for: C.sub.18 H.sub.28 NOCl .sup.. 1/4 H O Calculated: C, 68.79;
      H, 9.14; N, 4.46 Found: C, 68.83; H, 9.36; N, 4.69.
PAC  EXAMPLE XL
PAC  5.alpha.-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-N-Methyl-5,10-Methano-5H-B
     enzocyclononen-12.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 8.0 g. of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.beta.-amine there is obtained 5.5 g. of the hydrogen chloride
      salt of the title product with m.p. 282.degree.-284.degree. dec. on
      recrystallization from ethanol-ether.
PAR  Analysis for: C.sub.18 H.sub.28 NOCl Calculated: C, 69.76; H, 9.11; N, 4.52
      Found: C, 69.29; H, 9.22; N, 4.61.
PAC  EXAMPLE XLI
PAC  5.alpha.-Ethyl-6,7,8,9,10,11-Hexahydro-N,N-Dimethyl-3-Methoxy-5,10-Methano-
     5H-Benzocyclononen-12.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 4.0 g. of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-N-methyl-5,10-methano-5H-
     benzocyclononen-12.beta.-amine there is obtained 2.65 g. of the hydrogen
      chloride salt of the title product with m.p. 162.degree.-165.degree. on
      recrystallization from ethanol-ether.
PAR  Analysis for: C.sub.19 H.sub.30 NOCl Calculated: C, 70.56; H, 9.34; N, 4.33
      Found: C, 70.14; H, 9.30; N, 4.30.
PAC  EXAMPLE XLII
PAC  3-Methoxy-N,5.alpha.-Dimethyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methanobenz
     ocyclodecen-13.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 8.0 g. of
      3-methoxy-5.alpha.-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methanobenzocy
     clodecen-13.beta.-amine there is obtained 5.5 g. of the hydrogen chloride
      salt of the title product with m.p. 303.degree.-305.degree. dec. on
      recrystallization from ethanol-ether.
PAR  Analysis for: C.sub.18 H.sub.28 NOCl Calculated: C, 69.76; H, 9.11; N, 4.52
      Found: C, 69.27; H, 8.99; N, 4.66. NMR Analysis: N-CH.sub.3 signal at
      .delta. = 2.48 ppm (free base).
PAC  EXAMPLE XLIII
PAC  3-Methoxy-N,N,5.alpha.-Trimethyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methanob
     enzocyclodecen-13.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11,-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-ben
     zocyclononen-12.alpha.-amine, from 4.0 g. of
      3-methoxy-N,5.alpha.-dimethyl-5,6,7,8,9,10,11,12-octahydro-methanobenzocyc
     lodecen-13.beta.-amine there is obtained 2.0 g. of the hydrogen chloride
      salt of the title product with m.p. 195.degree.-198.degree. on
      recrystallization from ethanol ether.
PAR  Analysis for: C.sub.19 H.sub.30 NOCl .sup.. H.sub.2 O Calculated: C, 66.74;
      H, 9.43; N, 4.10 Found: C, 66.61; H, 9.39; N, 3.96.
PAC  EXAMPLE XLIV
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-N,5.alpha.-Dimethyl-5,9-Methanobenzocycloo
     ctene-11.beta.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononene-12.alpha.-amine, from 1.5 g. of
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzocyclocte
     ne-11.beta.-amine there is obtained 1.2 g. of the hydrogen chloride salt of
      the title product with m.p. 266.degree.-267.degree..
PAR  Analysis for: C.sub.16 H.sub.24 NOCl calculated: C, 68.19; H, 8.58; N, 4.97
      Found: C, 67.88; H, 8.88; N, 4.80.
PAC  EXAMPLE XLV
PAC  5.alpha.-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-N-Methyl-5,10-Methano-5H-B
     enzocyclononen-12.alpha.-Amine
PAR  In a manner analogous to that described in Example XXXIX for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.beta.-amine, from 1.2 g. of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.alpha.-amine there is obtained 0.90 g. of the hydrogen chloride
      salt of the title product with m.p. 284.degree.-285.degree. dec. on
      recrystallization from ethanol-ether.
PAR  Analysis for: C.sub.18 H.sub.28 NOCl .sup.. 1/4 H.sub.2 O Calculated: C,
      68.77; H, 9.14; N, 4.46 Found: C, 68.69; H, 9.19; N, 4.42.
PAC  EXAMPLE XLVI
PAC  N-Allyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5.alpha.-Methyl-5,10-Methano-5H-B
     enzocyclononen-12.beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocycl
     ononen-12.beta.-amine (1.7 g.), allylbromide (0.85 g.), diisopropyl ethyl
      amine (1.3 g.) and benzene (10 ml.) are heated at reflux for 3 hours. The
      mixture is cooled, diluted with ether and filtered. The solvents are
      removed under reduced pressure and the residue distilled to give the title
      product (1.3 g.), b.p. 144.degree.-146.degree. C. (0.2 mm.). The distilled
      product is taken up in ether and treated with a slight excess of hydrogen
      chloride in ether to give the hydrochloride addition salt of the title
      product (1.3 g.), m.p. 200.degree.-202.degree. C.
PAR  Analysis for: C.sub.19 H.sub.28 ClNO Calculated: C, 70.95; H, 8.74; N, 4.35
      Found: C, 70.50; H, 8.77; N, 4.46.
PAC  EXAMPLE XLVII
PAC  N-Allyl-5,6,7,8,9,10-Hexahydro-3-Methoxy-5.alpha.-Methyl-5,9-Methanobenzocy
     clooctene-11.alpha.-Amine
PAR  Using a procedure analogous to that described in Example XXXVI for the
      preparation of
      N-allyl-6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-
     benzocyclononen-12.beta.-amine there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzocyclooct
     en-11-amine (1.4 g.), 1.3 g. of the title product, b.p.
      148.degree.-153.degree. C. (0.3 mm.). A sample is converted to the
      hydrochloride.
PAR  Analysis for: C.sub.18 H.sub.26 ClNO Calculated: C, 70.22; H, 8.51; N, 4.55
      Found: C, 69.75; H, 8.73; N, 4.47.
PAC  EXAMPLE XLVIII
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-5.alpha.-Methyl-N-Phenethyl-5,10-Methano-
     5H-Benzocyclononen-12.beta.-Amine
PAR  A mixture of
      6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocyc
     lononen-12.beta.-amine (2.4 g.), phenethyl bromide (3 g.) and diisopropyl
      ethylamine (1.3 g.) in xylene (20 ml.) is heated at reflux for 18 hours.
      After cooling ether is added (100 ml.) and the solid material is filtered
      off and washed with ether. The combined filtrate is extracted with dilute
      hydrochloric acid. The solid residue is dissolved in warm water, and added
      to the acid extract. The solution is basified with 10% sodium hydroxide
      and the oily layer which separates is taken into ether. After removal of
      the solvent the residue is distilled and the fraction boiling at
      190.degree.-198.degree. (0.2 mm.) is collected. This is converted to the
      hydrochloride salt in ether which is recrystallized from i-propanol to
      give the title product as its hydrochloride salt, m.p.
      243.degree.-245.degree. C.
PAR  Analysis for: C.sub.24 H.sub.32 ClNO Calculated: C, 74.80; H, 8.36; N, 3.63
      Found: C, 74.55; H, 8.74; N, 3.55.
PAC  EXAMPLE XLIX
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-5.alpha.-Methyl-N-(3-Methyl-2-Butenyl)-5,
     10-Methano-5H-Benzocyclononen-12.beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen-
     12-amine (4.5 g.), 3,3-dimethylallylbromide (4.5 g.), diisopropyl
      ethylamine (5.75 g.) and xylene (60 ml.) are heated at reflux for 4 hours.
      The mixture is cooled, diluted with ether and filtered. The solvent is
      removed under vacuum and the residue is distilled to give the title
      product (1.2 g.), b.p. 166.degree.-170.degree. C. (0.2 mm.). A sample is
      converted to the hydrochloride and recrystallized from ethanol, m.p.
      295.degree.-298.degree. C.
PAR  Analysis for: C.sub.17 H.sub.26 ClNO Calculated: C, 69.01; H, 8.86; N, 4.73
      Found: C, 68.90; H, 8.92; N, 4.83.
PAC  EXAMPLE L
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-5.alpha.-Methyl-N-(3-Methyl-2-Butenyl)-5,9
     -Methano-Benzocycloocten-11.alpha.-Amine
PAR  5,6,7,8,9,10-Hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzocycloocte
     n-11.alpha.-amine (1.4 g.), diisopropylethylamine (1.3 g.), and
      1-chloro-3-methyl-2-butene (0.7 g.) are refluxed 7 hours in xylene. The
      reaction is cooled to room temperature, filtered and the filtrate
      extracted with 2N hydrochloric acid. The aqueous extract is basified and
      extracted with ether. The ether extract is then washed with water, dried
      over sodium sulfate, concentrated in vacuo, and the residue distilled
      under reduced pressure to give the title product (1.5 g.), b.p.
      150.degree.-155.degree. C. (0.5 mm.). Treatment of the product in ether
      with hydrogen chloride gives the hydrochloride, m.p.
      166.degree.-169.degree. C.
PAR  Analysis for: C.sub.20 H.sub.30 ClNO Calculated: C, 71.51; H, 9.00; H, 4.17
      Found: C, 71.58; H, 9.09; H, 4.20.
PAC  EXAMPLE LI
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benz
     ocyclononen-3-Ol
PAR  A solution of
      6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocyc
     lononen-12.beta.-amine (1.19 g.) in 48% hydrobromic acid (15 ml.) is
      refluxed 30 minutes under nitrogen. The mixture is cooled, diluted with
      water (50 ml.), filtered and evaporated to dryness under reduced pressure.
      The residue is dissolved in ethanol (50 ml.) and again taken to dryness.
      Redissolving in ethanol (25 ml.), addition of ether (50 ml.), and standing
      in the cold gives crystals which are recrystallized from i-propanol to
      give the hydrobromide salt of the title product as the i-propanolate (0.72
      g.), m.p. 246.degree.-248.degree. C.
PAR  Analysis for: C.sub.18 H.sub.30 BrNO.sub.2 Calculated: C, 58.10; H, 8.07;
      N, 3.76 Found: C, 57.52; H, 8.71; N, 3.69.
PAC  EXAMPLE LII
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benz
     ocyclononen-2Ol
PAR  Using a procedure analogous to that described in Example LI for the
      preparation of
      12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-ben
     zocyclononen-3-ol there is obtained from approximately 1.2 g. of
      6,7,8,9,10,11-hexahydro-2-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, 1.2 g. of the hydrogen bromide salt of the title product, m.p.
      299.degree.-303.degree. C.
PAR  Analysis for: C.sub.15 H.sub.22 BrNO Calculated: C, 57.69; H, 7.10; N, 4.49
      Found: C, 57.53; H, 7.13; N, 4.44.
PAC  EXAMPLE LIII
PAC  13.beta.-Amino-5.alpha.-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methano-Be
     nzocyclodecen-3Ol
PAR  3-Methoxy-5.alpha.-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methano-benzocy
     clodecen-13.beta.-amine (3 g.) is refluxed in 60 ml. 48% aqueous
      hydrobromic acid for our hour. The mixture is poured into ice (100 g.) and
      stirred. The precipitate is then filtered off, washed with cold water,
      then with ether and dried. Recrystallization from water (after treating
      with activated charcoal) gives the title product, 1.85 g., m.p.
      269.degree.-270.degree. C.
PAR  Analysis for: C.sub.16 H.sub.24 BrNo .sup.. 1/2H.sub.2 O Calculated: C,
      57.18; H, 7.52; N, 3.97 Found C, 57.22; H, 7.62; N, 4.14.
PAC  EXAMPLE LIV
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benz
     ocyclononen-1-Ol
PAR  Using a procedure analogous to that described in Example LI for the
      preparation of
      12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-ben
     zocyclononen-3-ol, ther is obtained from approximately 1.6 g. of
      6,7,8,9,10,11-hexahydro-1-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, 1.75 g. of the hydrogen bromide salt of the title product, m.p.
      245.degree.-250.degree. C.
PAR  Analysis for: C.sub.15 H.sub.22 BrNO Calculated: C, 57.69; H, 7.10; N, 4.49
      Found: C, 57.40; H, 7.02; N, 4.47.
PAC  EXAMPLE LV
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Ethyl-5,10-Methano-5H-Benzo
     cyclononen-3-Ol
PAR  A mixture of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-5,10-methano-3-methoxy-5H-benzocycl
     ononen-12.beta.-amine (2.0 g.) and 75 ml. of 48% hydrobromic acid is
      refluxed for one-half hour, then concentrated to a viscous oil. The oil is
      dissolved in water and treated with concentrated aqueous ammonia.
      Filtration gives 1.7 g. of a crude product, m.p. 170.degree.-191.degree.
      C. Recrystallization from ethyl acetate gives the title product, m.p.
      202.degree.-204.degree. C.
PAR  Analysis for: C.sub.16 H.sub.23 NO Calculated: C, 78.32; H, 9.45; N, 5.71
      Found: C, 77.93; H, 9.68; N, 5.88.
PAC  EXAMPLE LVI
PAC  11.alpha.-(Dimethylamino)-5,6,7,8,9,10-Hexahydro-5.alpha.-Methyl-5,9-Methan
     o-Benzocycloocten-3-Ol
PAR  5,6,7,8,9,10-Hexahydro-3-methoxy-N,N5.alpha.-trimethyl-5,9-methano-benzocyc
     loocten-11.alpha.-amine (1.2 g.) is refluxed for one hour under a dry
      nitrogen atmosphere in 13 ml. of aqueous 48% hydrobromic acid.
      Concentration of the solution affords a residue which on recrystallization
      from ethanol-ether gives the title product as its hydrobromic acid salt,
      m.p. 268.degree.-271.degree. C.
PAR  Analysis for: C.sub.16 H.sub.24 NOBr Calculated: C, 58.89; N, 7.41; N, 4.29
      Found: C, 58.80; N, 7.52; N, 4.22.
PAC  EXAMPLE LVII
PAC  11.alpha.-Amino-5,6,7,8,9,10-Hexahydro-5.alpha.-Methyl-5,9-Methanobenzocycl
     oocten-3-Ol
PAC  In a manner analogous to that described in Example LI for the preparation
      of 12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-
     benzocyclononen-3-ol, from 2.0 g. of
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methanobenzocycloocte
     ne-11.alpha.-amine there is obtained 2.3 g. of the hydrogen bromide,
      ethanolate salt of the title product with m.p. 277.degree.-280.degree. on
      recrystallization from ethanol-ether.
PAR  Analysis for: C.sub.14 H.sub.20 NOBr .sup.. 1/2 C.sub.2 H.sub.5 OH
      Calculated: C, 56.07; H, 7.22; H, 4.36 Found: C, 55.86; H, 7.37; N, 4.10.
PAC  EXAMPLE LVIII
PAC  11.beta.-Amino-5,6,7,8,9,10-Hexahydro-5.alpha.-Methyl-5,9-Methanobenzocyclo
     octen-3-Ol
PAR  In a manner analogous to that described in Example LI for the preparation
      of 12.beta.-amino-6,7,8,19,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H
     -benzocyclononen-3-Ol, from 125 g. of
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methanobenzocycloocte
     ne-11.beta.-amine there is obtained 1.05 g. of the hydrogen bromide salt of
      the title product with m.p. 305.degree.-310.degree. dec. on
      recrystallization from ethanol-ether.
PAR  Analysis for; C.sub.14 H.sub.20 NOBr Calculated: C, 56.38; H, 6.76; N, 4.70
      Found: C, 56.01; H, 6.79; N, 4.63.
PAC  EXAMPLE LIX
PAC  12.alpha.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Ben
     zocyclononen-3-Ol
PAR  In a manner analogous to that described in Example LI for the preparation
      of 12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-
     benzocyclononen-3-ol, from 1.2 g. of
      6,7,8,9,10,11-hexahydro-3-methoxy-5.alpha.-methyl-5,10-methano-5H-benzocyc
     lononen-12.alpha.-amine there is obtained 1.1 g. of the hydrogen bromide
      salt of the title compound with m.p. 130.degree.-134.degree. on
      recrystallization from acetonitrile.
PAR  Analysis for: C.sub.15 H.sub.21 NO .sup.. HBr .sup.. 1/4 CH.sub.3 CN
      Calculated: C, 57.72; H, 7.11; N, 5.43 Found: C, 57.47; H, 7.00; N, 5.57.
PAC  EXAMPLE LX
PAC  12.alpha.Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Ethyl-5,10-Methano-5H-Benzo
     cyclononen-3-Ol
PAR  In a manner analogous to that described in Example LI for the preparation
      of 12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-
     benzocyclononen-3-ol, from 1.0 g. of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.alpha.-amine, there is obtained 0.72 g. of the hydrogen bromide
      salt of the title product m.p. 266.degree.-270.degree. on
      recrystallization from ethanol-ether.
PAR  Analysis for: C.sub.16 H.sub.24 NOBr Calculated: C, 58.89; H, 7.41; N, 4.29
      Found: C, 58.50; H, 7.47; N, 4.10
PAC  EXAMPLE LXI
PAC  6,7,8,9,10,11-Hexahydro-3-Methoxy-N,5.alpha.-Dimethyl-5,10-Methano-5H-Benzo
     cyclononen-12.beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen-
     12-one (3 g.), calcium oxide (2 g.), and liquid methyl amine (10 ml.) are
      heated in a sealed vessel at 180.degree.-190.degree. C. for 18 hours.
      After cooling the mixture is diluted with ether and filtered to separate
      the hydrated calcium oxide. The filtrate is concentrated to an oil which
      is taken up in ethanol and shaken with hydrogen at 45 psi in the presence
      of platinum dioxide catalyst. The catalyst is removed by filtration,
      rinsed thoroughly with ethanol and combined filtrate is concentrated in
      vacuo. The residue was distilled under reduced pressure to give the title
      product (1.8 g.), b.p. 138.degree.-144.degree. C. (0.2 mm.). For
      analytical purposes a sample is converted to the hydrochloride which
      crystallizes from ethanol, m.p. 295.degree.-298.degree. C.
PAR  Analysis for: C.sub.17 H.sub.22 ClNO Calculated: C, 69.01; H, 8.86; N, 4.73
      Found: C, 68.90; H, 8.92; H, 4.83.
PAC  EXAMPLE LXII
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-5.alpha.-Methyl-N-Phenethyl-5,9-Methano-Be
     nzocycloocten111.alpha.-Amine
PAR  Using a procedure analogous to that described in Example LXI for the
      preparation of
      N,5.alpha.-dimethyl-6,7,8,9,10,11-hexahydro-3-methoxy15,10-methano-5H-benz
     ocyclononen112.beta.-amine there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-5,9-methanobenzocy-cloocten-11-o
     ne (2.3 g.) 1.80 g. of the title product, b.p. 170.degree.-200.degree. C.
      (0.5 mm.). A sample is converted to the hydrochloride salt.
PAR  Analysis for: C.sub.23 H.sub.30 ClNO Calculated: C, 74.27; H, 8.12; N, 3.77
      Found: C, 74.23; H, 8.29; N, 3.59.
PAC  EXAMPLE LXIII
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-N-5.alpha.-Dimethyl-5,9-Methano-Benzocyclo
     octen-11.alpha.-Amine
PAR  Using a procedure analogous to that described in Example LXI for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.beta.-amine there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy15-methyl-5,9-methano-benzocycloocten-11-o
     ne (9.5 g.), 5.4 g. of the title product as the hydrochloride salt, m.p.
      232.degree.-236.degree. C.
PAR  Analysis for: C.sub.16 H.sub.24 ClNO Calculated: C, 68.19; H, 8.58; N, 4.97
      Found: C, 67.83; H, 8.45; N, 4.91.
PAC  EXAMPLE LXIV
PAC  N-Allyl-N,5.alpha.-Dimethyl-5,6,7,8,9,10-Hexahydro-3-Methoyl-5,9-Methano-Be
     nzocycloocten-11.alpha.-Amine
PAR  N-Allyl-5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzoc
     yclooten-11.alpha.-amine (3 g.), ethylchloroformate (3 ml.), saturated
      aqueous sodium bicarbonate (50 ml.) and methylene chloride (25 ml.) are
      stirred vigorously overnight at room temperature. The layers are then
      separated, the methylene chloride washed with 2N hydrochloric acid, dried
      over potassium carbonate and concentrated in vacuo. The residue obtained
      (3.3 g.) is dissolved in tetrahydrofuran (100 ml.), stirred and refluxed
      under nitrogen with lithium aluminum hydride (1 g.) for 20 hours. The
      mixture is cooled, water (1.5 ml.) added to destroy excess hydride, and
      aluminum salts removed by filtration. The filtrate is dried and
      concentrated in vacuo and the residue distilled to give the title product
      (1.4 g.), b.p. 130.degree.-135.degree. C. (0.5 mm.). A portion is
      dissolved in ether, treated with hydrogen chloride, the crystals recovered
      by filtration and recrystallized from ethyl acetate to give a
      hydrochloride salt, m.p. 164.degree.-166.degree. C.
PAR  Analysis for: C.sub.19 H.sub.28 ClNO Calculated: C, 70.89; H, 8.77; N, 4.35
      Found: C, 71.06; H, 9.07; N, 4.53.
PAC  EXAMPLE LXV
PAC  5,6,7,8,9,10-Hexahydro-3-Methoxy-N,N,5-Trimethyl-5,9-Methano-Benzocycloocte
     n-11-Amine
PAR  Using a procedure analogous to that described in Example LXIV for the
      preparation of
      N-allyl-N,5-dimethyl-5,6,7,8,9,10-hexa-hydro-3-methoxy-5,9-methano-benzocy
     cloocten-11-amine there is obtained from
      N,5-dimethyl-5,6,7,8,9,10-hexahydro-3-methoxy-5,9-methano-benzocycloocten-
     11-amine (11.1 g.), 8.1 g. of the title product, b.p.
      125.degree.-230.degree. C. (0.3 mm.). The product in solution in ether is
      converted by treatment with hydrogen chloride to a crystalline
      hydrochloride salt. Recrystallization from ethanol-ether gives a product,
      A, m.p. 180.degree.-190.degree. which is recrystallized from ethanol-ether
      to give a product having needle-shaped crystals, m.p.
      225.degree.-226.degree. C.
PAR  Analysis for: C.sub.17 H.sub.26 CLNO Calculated: C, 69.01; H, 8.86; N, 4.74
      Found: C, 68.89; H, 8.92; N, 4.70.
PAR  On the basis of infrared and nuclear magnetic resonance spectra this
      product is assigned the structure
      5,6,7,8,9,10-hexa-hydro-3-methoxy-N,N,5.alpha.-trimethyl-5,9-methano-benzo
     cyclooctane-11.beta.-amine, hydrochloride.
PAR  From the mother liquors remaining after crystallization of product A, after
      concentration, is obtained a second product, m.p. 218.degree.-223.degree.
      C., recrystallization from ethanol-ether gives a product having hexagonal
      crystals, m.p. 221.degree.-223.degree. C.
PAR  Analysis for: C.sub.17 H.sub.26 ClNO Calculated: C, 69.01; H, 8.86; N, 4.74
      Found: C, 68.89; H, 8.64; N, 4.74.
PAR  On the basis of infrared and nuclear magnetic resonance specta this product
      is assigned the structure
      5,6,7,8,9,10-hexa-hydro-3-methoxy-N,N,5.alpha.-trimethyl-5,9-methano-benzo
     cyclooctane-11.alpha.-amine, hydrochloride.
PAC  EXAMPLE LXVI
PAC  N,5.alpha.-Dimethyl-N-Phenethyl-5,6,7,8,9,10-Hexahydro-3-Methoxy-5,9-Methan
     o-Benzocycloocten-11.alpha.-Amine
PAR  Using a procedure analogous to that described in Example LXIV for the
      preparation of
      N-allyl-N,5-dimethyl-5,6,7,8,9,10-hexahydro-3-methoxyl-5,9-methano-benzocy
     cloocten-11-amine there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-N-phenethyl-5,9-methano-benzocyc
     loocten-11-amine (3.8 g.) 3.1 g. of the title product, b.p.
      185.degree.-190.degree. C. (0.3 mm.). Treatment of a portion of the
      product in acetone with one equivalent of fumaric acid gives the fumarate
      salt which is recrystallized from acetone as a hydrate, m.p.
      149.degree.-151.degree. C.
PAR  Analysis for: C.sub.28 H.sub.35 NO.sub.5 . 1/4 H.sub.2 O Calculated: C,
      71.53; H, 7.61; N, 2.98 Found: C, 71.58; H, 7.73; N, 2.98.
PAC  EXAMPLE LXVII
PAC  N,5.alpha.-Dimethyl-5,6,7,8,9,10-Hexahydro-3-Methoxy-N-(3-Methyl-2-Butenyl)
     -5,9-Methano-Benzocycloocten-11.alpha.-Amine
PAR  Using a procedure analogous to that described in Example LXIV for the
      preparation of
      N-allyl-N,5-dimethyl-5,6,7,8,9,10-hexa-hydro-3-methoxy-5,9-methanobenzocyc
     loocten-11-amine, there is obtained from
      5,6,7,8,9,10-hexahydro-3-methoxy-5-methyl-N-(3-methyl-2-butenyl)-5,9-metha
     no-benzocycloocten-11-amine (3.6 g.) 2.6 g. of the title product, b.p.
      150.degree.-155.degree. C. (0.4 mm.). Treatment of a portion of the
      product in acetone with fumaric acid gives the crystalline fumaric acid
      salt as a hydrate, m.p. 136.degree.-138.degree. C.
PAR  Analysis for: C.sub.25 H.sub.35 NO.sub.5. 1/4 H.sub.2 O Calculated: C,
      69.19; H, 8.24; N, 3.22 Found: C, 69.20; H, 8.11; N, 3.32.
PAC  EXAMPLE LXVIII
PAC  N,5.alpha.-Dimethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-N-(3-Methyl-2-Butenyl
     )-5,10-Methano-5H-Benzocyclononen-12.beta.-Amine
PAR  6,7,8,9,10,11-Hexahydro-3-methoxy-5-methyl-N-(3-methyl-2-butenyl)-5,10-meth
     ano-5H-benzocyclononen-12-amine (3.5 g.), ethyl chloroformate (6 g.),
      saturated aqueous sodium bicarbonate (100 ml.) amd methylenedichloride (50
      ml.) are stirred vigorously at room temperature for 24 hours. The layers
      are then separated and the organic layer is washed with 2N hydrochloric
      acid, dried over potassium carbonate and concentrated in vacuo. The
      residue (3 g.) is dissolved in tetrahydrofuran (50 ml.) and added to a
      suspension of lithium aluminum hydride in tetrahydrofuran (50 ml.) stirred
      and heated to reflux for 18 hours. After cooling, water (4.5 ml.) is added
      and the reaction mixture is stirred 30 minutes and filtered. The filtrate
      is dried over anhydrous sodium sulfate and concentrated. The residue (2
      g.) is treated with fumaric acid in acetone to give the fumarate salt of
      the title product as the hemihydrate (1.8 g.), m.p.
      108.degree.-110.degree. C.
PAR  Analysis for: C.sub.26 H.sub.37 NO.sub.2. 1/2 H.sub.2 O Calculated: C,
      69.02; H, 8.47; N, 3.08 Found: C, 68.82; H, 8.54; N, 2.94.
PAC  EXAMPLE LXIX
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benz
     ocyclononen-3-ol, Acetate
PAR  A. A mixture of
      12-amino-6,7,8,9,10,11-hexahydro-5-methyl-5,10-methano-5H-benzocyclononen-
     3-ol (15.0 g.), carbobenzy-loxy chloride (11.6 g.) and 100 ml. of saturated
      aqueous sodium bicarbonate are stirred for 30 minutes. Methylene chloride
      (100 ml.) is added and the mixture stirred for 1 hour. The organic layer
      is separated, dried and concentrated. The residue is triturated with ethyl
      acetate and pentane, then filtered to give 24 g. of crude product.
      Recrystallization from ethyl acetate-cyclohexane gives 18.3 g. of
      carbobenzyloxylated amine with m.p. 103.degree.-110.degree..
PAR  B. A solution of the carbobenzyloxylated amine (5.0 g.) of part A above,
      acetic anhydride (10 ml.) and pyridine (50 ml.) is allowed to stand
      overnight. The solution is diluted with water and extracted with ether.
      The ether extracts are washed with 2% aqueous hydrochloric acid, dried and
      concentrated to give 5.1 g. of oacetylated product shown to be pure by
      thin layer chromatography.
PAR  C. A solution of the o-acetyl product of part B above (2.5 g.) and hydrogen
      chloride gas (0.75 g.) in tetrahydrofuran (50 ml.) is hydrogenated in a
      Parr apparatus over 250 mg. of 10% palladium on carbon under 40 lbs. of
      hydrogen pressure for 90 minutes. The catalyst is filtered and
      concentration of the filtrate gives 2.2 g. of title product as a viscous
      glass. Crystallization of the glassy product from tetrahydrofuran-ether
      gives crystalline
      12.beta.-amino-6,7,8,9,10,11-hexahydro-5.alpha.-methyl-5,10-methano-5H-ben
     zo-cyclononen-3-ol, acetate, hydrochloride with m.p. 268.degree. dec.
PAR  Analysis for: C.sub.17 H.sub.24 NO.sub.2 Cl Calculated: C, 65.90; H, 7.81;
      N, 4.52 Found: C, 65.38; H, 7.82; H, 4.48.
PAC  EXAMPLE LXX
PAC  12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Methyl-5,10-Methano-5H-Benz
     ocyclocononen-3-ol, Cyclopropane Carboxylate
PAR  A. A solution of 2.0 g. of the carbobenzyloxylated amine, described in
      Example LXIX part A, and 2.0 ml. of cyclopropane carboxyl chloride in 10
      ml. of pyridine is allowed to stand overnight. The solution is diluted
      with water and extracted with ether. The ether extracts are washed with 2%
      aqueous hydrochloric acid, dried and concentrated to an oil. The oil is
      chromatographed on 70 g. of activity III Woelm alumina. Elution with ether
      gives 1.5 g. of oil which is crystallized from ethyl acetate hexane to
      give 1.2 g. of O-cyclopropane carboxylate derivative with m.p.
      104.degree.-109.degree..
PAR  B. In a manner analogous to that described in Example LXIX, part C, for the
      preparation of
      12-amino-6,7,8,9,10,11-hexa-hydro-5-methyl-5,10-methano-5H-benzocyclononen
     -3-ol, acetate, from 1.0 g. of the O-cyclopropane carboxylate derivative of
      part A of above there is obtained 0.45 g. of the hydrogen chloride salt of
      the title product with m.p. 255.degree.-57.degree. dec. on crystallization
      from tetrahydrofuran-ether.
PAR  Analysis for: C.sub.19 H.sub.26 NO.sub.2 Cl . 1/4 H.sub.2 O Calculated: C,
      67.04; H, 7.85; N, 4.12 Found: C, 66.79; H, 7.68; N, 4.14.
PAC  EXAMPLE LXXI
PAC  Resolution of
      5.alpha.-Ethyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-Benzocycl
     ononen-12.beta.-Amine
PAR  A solution of
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.beta.-amine (64.6 g., 0.249 mole) in 300 ml. of methanol is added
      to a solution of 41.5 g. (0.275 mole) of 1-tartaric acid in 1400 ml. of
      methanol. The resulting solution is warmed, filtered and diluted to 2000
      ml. and allowed to stand for 3 days. Filtration then gives 36.1 g. of salt
      with m.p. 200.degree.-203.degree. dec. and [.alpha.].sub.D = -27.degree.
      (1% in dimethyl formamide). Recrystallization of the salt from methanol
      gives 29.1 g. with m.p. 212.degree.-214.degree. and [.alpha.].sub.D =
      -32.8.degree.. This salt is converted to the free base by treating it with
      aqueous sodium hydroxide extracting the aqueous mixture with ether and
      drying the ether extracts over anhydroux magnesium sulfate. On removal of
      the drying agent and the ether solvent 17.6 g. of resolved base is
      obtained. This is converted to its hydrogen chloride, hydrate salt which
      has a m.p. 115.degree.-119.degree. dec. and [.alpha.].sub.D =
      -44.1.degree. (2% in methanol).
PAR  To obtain the opposite rotating isomer, the mother liquors from the first
      crystallizations of above are concentrated, the residue treated with
      aqueous sodium hydroxide and extracted with ether. On drying the ether
      extracts over anhydrous magnesium sulfate and concentrating the extracts,
      41.5 g. of base is obtained. This is dissolved in 500 ml. of methanol and
      the solution is added to a solution of 26.4 g. of d-tartaric acid in 1000
      ml. of methanol. This solution is diluted to 1600 ml. and allowed to stand
      for 5 days. Filtration gives 36.7 g. of salt with m.p.
      205.degree.-209.degree. dec. and [.alpha.].sub.D = +30.3.degree. (1% in
      dimethylformamide). Recrystallization of this salt from methanol gives
      30.0 g. of salt with m.p. 209.degree.-211.degree. dec. and [.alpha.].sub.D
      = +31.9.degree.. Conversion of this salt to free base by the same
      procedure as for the minus rotating isomer described above gives 16.8 g.
      of base. This is converted to its hydrogen chloride hydrate salt which has
      m.p. 115.degree.-119.degree. dec. and [.alpha.].sub.D = +44.5.degree. (2%
      in methanol).
PAC  EXAMPLE LXXII
PAC  Preparation of Plus and Minus Rotating Isomers of
      12.beta.-Amino-6,7,8,9,10,11-Hexahydro-5.alpha.-Ethyl-5,10-Methano-5H-Benz
     ocyclononen-3-ol
PAR  A. A mixture of optically pure minus rotating
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     onen-12.beta.-amine (9.5 g.) and 80 ml. of 48% aqueous hydrobromic acid are
      heated at the reflux temperature under a dry nitrogen atmosphere for 30
      minutes. The resulting solution is concentrated to 40 ml., diluted to 150
      ml. with water and basified with concentrated aqueous ammonia. After
      allowing to stand one hour, the mixture is filtered to give 8.9 g. of
      product with m.p. 185.degree.-191.degree.. Recrystallization of the
      product from ethyl acetate gives 7.5 g. with m.p. 194.degree.-196.degree.
      and [.alpha.].sub.D = -51.3.degree. (2% in methanol).
PAR  B. When optically pure plus rotating
      5.alpha.-ethyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocycl
     ononen-12.beta.-amine (9.3 g.) is treated with aqueous 48% hydrobromic acid
      as in A, there is obtained 9.3 g. of crude product with m.p.
      178.degree.-190.degree.. Recrystallization of this form ethyl acetate
      gives 7.0 g. of product with m.p. 194.degree.-196.degree. and
      [.alpha.].sub.D = +52.0.degree. (2% in methanol).
PAC  EXAMPLE LXXIII
PAR  When the following compounds are administered to rats by the routes
      indicated, for evaluation of analgesic potential by the procedure
      described hereinabove, they exhibit the effective dose-50 values
      tabulated.
TBL                   Mode of Effective dose-50                                
     Compound        Administration                                            
                              (mg/kg body weight)                              
     __________________________________________________________________________
     6,7,8,9,10,11-hexahydro-3-                                                
                     intraperitoneal                                           
                              25                                               
     methoxy-5.alpha.-methyl-5,10-                                             
                     oral     30                                               
     methano-5H-benzocyclononen-                                               
     12.beta.-amine                                                            
     12.beta.-amino-6,7,8,9,10,11-                                             
                     intraperitoneal                                           
                              7.5                                              
     hexahydro-5.alpha.-methyl-5,10-                                           
                     intramuscular                                             
                              1.8                                              
     methano-5H-benzocyclononen-                                               
                     oral     23                                               
     3-ol                                                                      
     5.alpha.-ethyl-6,7,8,9,10,11-                                             
                     intraperitoneal                                           
                              3.5                                              
     hexahydro-3-methoxy-5,10-                                                 
                     intramuscular                                             
                              13.5                                             
     methano-5H-benzocyclononen-                                               
                     oral     11                                               
     12.beta.-amine                                                            
     12.beta.-amino-6,7,8,9,10,11-                                             
                     intraperitoneal                                           
                              3.5                                              
     hexahydro-5.alpha.-ethyl-5,10-                                            
                     intramuscular                                             
                              0.25                                             
     methano-5H-benzocyclononen-                                               
                     oral     12                                               
     3-ol                                                                      
     3-methoxy-5.alpha.-methyl-5,6,7,                                          
                     intraperitoneal                                           
                              4.5                                              
     8,9,10,11,12-octahydro-5,11-                                              
                     intramuscular                                             
                              15                                               
     methano-benzocyclodecen-13.beta.-                                         
                     oral     9                                                
     amine                                                                     
     13.beta.-amino-5.alpha.-methyl-5,6,7,8,                                   
                     intraperitoneal                                           
                              1.1                                              
     9,10,11,12-octahydro-5,11-                                                
                     intramuscular                                             
                              0.47                                             
     methano-benzocyclodecen-3-ol                                              
                     oral     9                                                
     (-)-13.beta.-amino-5,6,7,8,9,10,                                          
                     intraperitoneal                                           
                              0.78                                             
     11,12-octahydro-5.alpha.-methyl-5,                                        
                     intramuscular                                             
                              0.09                                             
     11-methano-benzocyclodecen-                                               
                     oral     2.0                                              
     3-ol                                                                      
     __________________________________________________________________________
PAC  EXAMPLE LXXIV
PAC  1-Ethoxycarbonyl-2-Indanone
PAR  To a stirred mixture of sodium hydride (126 g. of a 57% suspension in
      nujol), 2000 ml. of benzene and 2 ml. of ethanol heated at its reflux
      temperature under dry nitrogen is added dropwise the diethyl ester of
      o-phenylene-diacetic acid (335.6 g.) in 700 ml. of benzene. The mixture is
      refluxed 1.5 hours, poured into water and extracted with ether. The ether
      extracts are dried and concentrated to give an oil which is crystallized
      from ethanolwater to give 220 g. of the title product with m.p.
      58.degree.-61.degree..
PAC  EXAMPLE LXXV
PAC  1-(3-Bromopropyl)-1-Ethoxycarbonyl-2-Indanone
PAR  To a stirred solution of 1,3-dibromopropane (175 ml.) and ethanol (250 ml.)
      is added dropwise a solution of 1-ethoxy-carbonyl-2-indanone (51 g.) and
      sodium hydroxide (10 g.) in 500 ml. of ethanol and 200 ml. of water. The
      solution is refluxed for 5 hours and cooled. The bottom layer is separated
      and the upper layer is diluted with water and extracted with two 100 ml.
      portions of carbon tetrachloride. The combined lower layers were washed
      with 5% aqueous sodium hydroxide and water then concentrated and distilled
      to give, after a small forecut, the title product (40.3 g.) with b.p.
      155.degree.-165.degree. at 0.5 mm.
PAC  EXAMPLE LXXVI
PAC  1-Ethoxycarbonyl-1,3-Propano-2-Indanone
PAR  To a stirred mixture of benzene (400 ml.) and sodium hydride (5.3 g. of a
      57% suspension in nujol), which is free of nujol, is added dropwise, under
      dry nitrogen, 1-(3-bromopropyl)-1-ethoxy-carbonyl-2-indanone (39.3 g.) in
      100 ml. of benzene. The mixture is stirred at room temperature for 18
      hours. Water is added and the organic layer is separated, washed with
      aqueous sodium chloride, dried, concentrated and distilled to give after a
      small forecut, 20.5 g. of the title product with b.p.
      130.degree.-145.degree. at 0.5 mm.
PAC  EXAMPLE LXXVII
PAC  1-Ethoxycarbonyl-1,3-Propano-2-Indanone, Oxime
PAR  A mixture of hydroxylamine hydrochloride (2.1 g.), sodium acetate (2.5 g.),
      water (10 ml.), ethanol (40 ml.) and
      1-ethoxycarbonyl-1,3-propano-2-indanone (2.5 g.) is heated quickly to its
      reflux temperature and kept at reflux for 5 minutes. The mixture is
      diluted with water and extracted with ether. The ether extracts are dried
      and concentrated to give an oil. Chromatography of the oil on activity III
      alumina gives, with elution with benzene, 2.0 g. of oil which, when
      triturated with ethyl-acetate-heptane and filtered, gives 1.20 g. of the
      title product with m.p. 118.degree.-119.degree..
PAC  EXAMPLE LXXVIII
PAC  10-Amino-6,7,8,9,-Tetrahydro-5,9-Methano-5H-Benzocycloheptene-5-Methanol
PAR  A mixture of 1-ethoxycarbonyl-1,3-propano-2-indanone oxime (1.9 g.) and
      lithium aluminum hydride (1.6 g.) and 100 ml. of tetrahydrofuran is heated
      at its reflux temperature under dry nitrogen for 40 hours and allowed to
      stand for 3 days at room temperature. A few ml. of concentrated aqueous
      ammonia is added and after 15 minutes stirring the mixture is filtered.
      The filter cake is washed twice with isopropanol containing a little
      ammonia. The combined filtrates are concentrated to give 1.6 g. of oil
      which when treated with hydrogen chloride in ether and ethanol gives 1.2
      g. of crystalline hydrochloride salt of the title product with m.p.
      217.degree.-220.degree..
PAR  Analysis for: C.sub.13 H.sub.18 NOCl Calculated: C, 65.12; H, 7.57; N, 5.84
      Found: C, 64.99; H, 7.80; N, 5.73.
PAC  EXAMPLE LXXIX
PAC  5-Methyl-6,7,8,9-Tetrahydro-5,9-Methano-5H-Benzocycloheptene-10-Amine
PAR  To a cold (5.degree.) mixture of pyridine (50 ml.) and
      10-amino-6,7,8,9-tetrahydro-5,9-methano-5H-benzocycloheptane-5-methanol,
      hydrochloride (5.1 g.) is added, in portions, 8.0 g. of o-toluene-sulfonyl
      chloride in 20 ml. of pyridine. After keeping on ice for 3 hours, 8.0 g.
      of p-toluenesulfonyl chloride in 20 ml. of pyridine is again added. The
      resulting solution is allowed to stand overnight then is poured into ice
      water and extracted with ether. The ether extracts are washed with dilute
      hydrochloric acid, dried and concentrated to give 11 g. of crude product.
      Trituration of the crude product with ether and recrystallization from
      ethyl acetateheptane gives 8.1 g. of product (A) with m.p.
      157.degree.-159.degree..
PAR  Analysis for: C.sub.27 H.sub.29 NO.sub.5 S.sub.2 Calculated: C, 63.39; H,
      5.71; N, 2.74 Found: C, 63.33; H, 5.82; N, 2.43.
PAR  A mixture of the ditosylate (A) (4.0 g.), lithium aluminum hydride (1.5 g.)
      and tetrahydrofuran is allowed to stir at room temperature for 1 hour
      under nitrogen then is refluxed overnight. Four ml. of water is added and
      the mixture is filtered. The collected solid is treated with dilute
      hydrochloric acid and extracted with ether. The ether extracts are
      combined with the filtrate of above and concentrated to give an oily solid
      (3.4 g.). Crystallization of the solid from ethanol-water gives 1.4 g. of
      product (B) with m.p. 173.degree.-175.degree..
PAR  Analysis for: C.sub.20 H.sub.23 NO.sub.2 S Calculated: C, 70.36; H, 6.79;
      N, 4.10 Found: C, 70.29; H, 6.65; N, 4.39.
PAR  Sodium metal (2.8 g.) is dissolved in a solution of napthalene (15.4 g.)
      and dimethoxyethane (130 ml.) under a nitrogen atmosphere with stirring.
      After 1.5 hours, product (B) (4.6 g.), in 45 ml. of dimethoxyethane, is
      added and the mixture is stirred for 2 hours. Water (1 ml.) is added and
      the mixture concentrated. The residue is dissolved in ether-water and the
      ether separated. The ether layer is extracted with dilute hydrochloric
      acid. The acid layer is basified with concentrated sodium hydroxide and
      extracted with ether and dried. Addition of ethereal hydrogen chloride
      gives 2.3 g. of the hydrogen chloride salt of the title product with m.p.
      225.degree.-227.degree. which is collected by filtration.
PAR  Analysis for: C.sub.13 H.sub.18 NCl . 1/4 H.sub.2 O Calculated: C, 68.41;
      H, 8.16; N, 6.14 Found: C, 68.62; H, 8.10; N, 5.92.
PAC  EXAMPLE LXXX
PAC  Resolution of
      5,6,7,8,9,10,11,12-Octahydro-3-Methoxy-5.alpha.-Methyl-5,11-Methanobenzocy
     clodecen-13.beta.-Amine
PAR  Part A
PAR  A solution of racemic
      5,6,7,8,9,10,11,12-octahydro-3-methoxy-5.alpha.-methyl-5,11-methanobenzocy
     clodecen-13.beta.-amine (83 g.) in 200 ml. of methanol is added to a
      solution of d-tartaric acid (57 g.) in 500 ml. of methanol. The solution
      is diluted to 1 liter and allowed to stand for 2 days. Filtration gives
      83.5 g. of salt with m.p. 200-208.degree. dec. Three recrystallizations of
      this salt from methanol give 21 g. of optically pure tartrate salt with
      m.p. 213.degree.-215.degree.. This is converted to optically pure base by
      treatment of the salt with dilute sodium hydroxide and extraction with
      ether. Exactly 1/2 of the dried ether extracts (225 ml.) are treated with
      15 ml. of ethanol and acidified with ethereal hydrogen chloride.
      Filtration gives 5.8 g. of the hydrochloride salt of the plus rotating
      enantiomorph with m.p. 234.degree.-237.degree..
PAR  Analysis for: C.sub.17 H.sub.26 NOCl [.alpha.].sub.D.sup.25 = +46.degree..
      Calculated: C, 69.01; H, 8.86; N, 4.73 Found: C, 68.90; H, 9.10; N, 4.42.
PAR  Part B
PAR  The mother liquors of the tartrate crystallization of above are
      concentrated and the residue is converted to base by treatment with dilute
      aqueous sodium hydroxide and extraction with ether. Removal of the ether
      gives 58 g. of base which is dissolved in methanol and treated with 38 g.
      of l-tartaric acid in methanol. The final solution has a volume of 800 ml.
      Filtration after 4 days of standing gives 41.3 g. of tartrate salt with
      m.p. 204.degree.-209.degree. dec. Two recrystallizations of this salt give
      optically pure tartrate salt with m.p. 216.degree.-218.degree.. Conversion
      to optically pure base and subquently hydrogen chloride salt as in part A
      yields 6.0 g of hydrochloride salt of the minus rotation enantiomorph with
      m.p. 234.degree.-237.degree. and [.alpha.].sub.D.sup.25 = -46.0.degree..
PAR  Analysis for: C.sub.17 H.sub.26 NOCl Calculated: C, 69.01; H, 8.86; N, 4.73
      Found: C, 68.63; H, 9.10; N, 4.35.
PAC  EXAMPLE LXXXI
PAC  (+)-13.beta.-Amino-5,6,7,8,9,10,11,12-Octahydro-5.alpha.-Methyl-5,11-Methan
     obenzocyclodecen-3-Ol
PAR  The second half of the ethereal solution of optically pure plus rotating
      base described in Example LXXX, Part A is concentrated to give 6.5 g. of
      base. This is treated with 100 ml. of 48% aqueous hydrogen bromide and
      heated at reflux under dry nitrogen for 1/2 hour then concentrated. The
      residual oil is crystallized from water to give 5.4 g. of hydrogen bromide
      salt of the title product with m.p. 268.degree.-272.degree. and
      [.alpha.].sub.D.sup.25 = +41.4.degree..
PAR  Analysis for: C.sub.16 H.sub.24 NOBr . 1/4 H.sub.2 O Calculated: C, 58.09;
      H, 7.46; N, 4.23 Found: C, 58.20; H, 7.61; N, 4.23.
PAC  (-)-13.beta.-Amino-5,6,7,8,9,10,11,12-Octahydro-5.alpha.-Methyl-5,11-Methan
     obenzocyclodecen-3-Ol
PAR  In the same manner as described for the preparation of the plus rotating
      isomer, from the ethereal solution of minus rotating base described in
      Example LXXX, Part B there is obtained 5.5 g. of hydrogen bromide salt of
      the title product with m.p. 269.degree.-271.degree. and
      [.alpha.].sub.D.sup.25 = -- 41.7.degree..
PAR  Analysis for: C.sub.16 H.sub.24 NOBr . 1/4 H.sub.2 O Calculated: C, 58.09;
      H, 7.46; N, 4.23
PAR  Found: C, 58.47; H, 7.41; N, 4.26.
PAC  EXAMPLE LXXXII
PAC  13.beta.-(Dimethylamino)-5,6,7,8,9,10,11,12-Octahydro-5.alpha.-Methyl-5,11-
     Methanobenzocyclodecen-3 -Ol
PAR  A solution of 5,6,7,8,9,10,11,12-octahydro-3-methoxy-N,
      N,5.alpha.-trimethyl-5,11-methanobenzocyclodecen-13.beta.-amine,
      hydrochloride (5.0 g.) in 80 ml. of 48% hydrobromic acid is heated at
      reflux under dry nitrogen for 20 minutes then concentrated. The residue is
      crystallized from ethanol-ether to give 4.4 g. of the hydrobromide salt of
      the title product m.p. 243.degree.-245.degree..
PAR  Analysis for: C.sub.18 H.sub.28 NOBr Calculated: C, 61.01; H, 7.96; N, 3.95
      Found: C, 61.06; H, 8.10; N, 3.85.
PAC  EXAMPLE LXXXIII
PAC  5,6,7,8,9,10,11,12-Octahydro-3-Methoxy-N,N,5.alpha.-Trimethyl-5,11-Methanob
     enzocyclodecen-13.beta.-Amine N-Oxide
PAR  To a cold (0.degree.) solution of
      5,6,7,8,9,10,11,12-octahydro-3-methoxy-N,N,5.alpha.-trimethyl-5,11-methano
     benzocyclodecen-13.beta.-amine (1.5 g.) in 20 ml. of dry tetrahydrofuran is
      added 1.0 g. of meta chloroperbenzoic acid in 10 ml. of tetrahydrofuran.
      The solution is stirred at 0.degree. to 10.degree. for 30 minutes. Two ml.
      of a saturated solution of hydrogen chloride in ethanol is added. After
      crystallization occurs, 30 ml. of ether is added and the mixture is
      filtered to give 1.7 g. of the hydrogen chloride salt of the title product
      with m.p. 170.degree.-173.degree. dec.
PAR  Analysis for: C.sub.19 H.sub.30 NO.sub.2 Cl Calculated: C, 67.13; H, 8.90;
      N, 4.13 Found: C, 66.61; H, 9.04; N, 3.98.
PAC  EXAMPLE LXXXIV
PAC  6,7,8,9-Tetrahydro-N,5-Dimethyl-5,9-Methano-5H-Benzocyclohepten-10-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine from 1.1 g. of
      6,7,8,9-tetrahydro-5-methyl-5,9-methano-5H-benzocyclohepten-10-amine there
      is obtained 0.90 g. of the hydrogen chloride salt of the title product
      with m.p. 289.degree.-290.degree..
PAR  Analysis for: C.sub.14 H.sub.20 NCl Calculated: C, 70.72; H, 8.48; N, 5.89
      Found: C, 70.40; H, 8.59; N, 5.93.
PAC  EXAMPLE LXXXV
PAC  1-(4-Bromobutyl)-1-Ethoxycarbonyl-2-Indanone
PAR  In a manner analogous to that described in Example LXXV for the preparation
      of 1-(3-bromopropyl)-1-ethoxycarbonyl-2-indanone, from 51 g. of
      1-ethoxy-carbonyl-2-indanone there is obtained 41 g. of the title product
      with b.p. 170 at 0.4 mm.
PAC  EXAMPLE LXXXVI
PAC  1-Ethoxycarbonyl-1,3-Butano-2-Indanone
PAR  In a manner analogous to that described in Example LXXVI for the
      preparation of 1-ethoxycarbonyl-1,3-propano-2-indanone, from 45 g. of
      1-(4-bromo)-1-ethoxycarbonyl-2-indanone there is obtained 14.5 g. of the
      title product with b.p. 140.degree. at 0.4 mm.
PAC  EXAMPLE LXXXVII
PAC  1-Ethoxycarbonyl-1,3-Butano-2-Indanone, Oxime
PAR  In a manner analogous to that described in Example LXXVII for the
      preparation of 1-ethoxycarbonyl-1,3-propano-2-indanone, oxime, from 11 g.
      of 1-ethoxy-carbonyl-1,3-butano-2-indanone there is obtained 5.5 g. of the
      title product with m.p. 122.degree.-4.degree..
PAC  EXAMPLE LXXXVIII
PAC  11-Amino-5,6,7,8,10-5,10-Methano-Benzocyclooctene-5-Methanol
PAR  In a manner analogous to that described in Example LXXXVII for the
      preparation of
      10-amino-6,7,8,9-tetrahydro-5,9-methano-5H-benzocycloheptene-5-methanol,
      from 6.6 g. of 1-ethoxycarbonyl-1,3-butano-2-indanone, oxime there is
      obtained 4.1 g. of the title product as the hydrogen chloride salt with
      m.p. 197.degree.-200.degree.. Analysis for: C.sub.14 H.sub.20 NOCl
      Calculated: C, 66.26; H, 7.94; N, 5.52 Found: C, 66.40; H, 8.13; N, 5.80.
PAC  EXAMPLE LXXXIX
PAC  5,6,7,8,9,10-Hexahydro-11-Methylamino-5,10-Methanobenzocyclooctene-5-Methan
     ol
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen-12.alpha.-amine, from 3.0 g. of
      11-amino-5,6,7,8,10-5,10-methano-benzocyclooctene-5-methanol there is
      obtained 1.9 g. of the title product as the hydrogen chloride salt with
      m.p. 275.degree.-276.degree..
PAR  Analysis for: C.sub.1 5H.sub.22 NOCl Calculated: C, 67.27; H, 8.28; N, 5.23
      Found: C, 67.38; H, 8.46; N, 5.19.
PAC  EXAMPLE XC
PAC  11-Dimethylamino-5,6,7,8,9,10-Hexahydro-5,10-Methanobenzocyclooctene-5-Meth
     anol
PAR  In a manner analogous to that described in Example LXIV for the preparation
      of
      5,6,7,8,9,10-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,9-methanobenzocyclo
     octene-11.beta.-amine, from 1.3 g. of 5,6,7,8,9,10
      -hexahydro-11-methylamino-5,10-methanobenzocyclooctene-5-methanol, 1.25 g.
      of the title product as the hydrogen chloride salt, m.p.
      243.degree.-4.degree..
PAR  Analysis for: C.sub.16 H.sub.24 NOCl Calculated: C, 68.19; H, 8.58; N, 4.97
      Found: C, 67.97; H, 8.67; N, 4.50.
PAC  EXAMPLE XCI
PAR  To prepare: 1-(5-bromopentyl)-6,7-dimethoxy-1-methyl-2-tetralone react
      6,7-dimethoxy-1-methyl-2-tetralone with 1,5-dibromopentane as taught in
      Example I.
PAR  To prepare: 1-allyl-1(4-chlorobutyl)-7-methoxy-2-tetralone react
      1-allyl-7-methoxy-2-tetralone with 1-bromo-4-chlorobutane as taught in
      Example I.
PAR  To prepare: 7-fluoro-1-(5-bromopentyl)-1-methyl-2-tetralone react
      7-fluoro-1-methyl-2-tetralone with 1,5-dibromopentane as taught in Example
      I.
PAC  EXAMPLE XCII
PAR  To prepare:
      5,6,7,8,9,10,11,12-octahydro-2,3-dimethoxy-5-methyl-5,11-methanobenzocyclo
     decen-13-one treat 1-(5-bromopentyl)-6,7-dimethoxy-1-methyl-2-tetralone
      with sodium hydride as taught in Example X.
PAR  To prepare:
      5-allyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one treat 1-allyl-1 -(4-chloro-butyl)-7-methoxy-2-tetralone with sodium
      hydride as taught in Example X.
PAR  To prepare:
      3-fluoro-5,6,7,8,9,10,11,12-octahydro-5-methyl-5,11-methanobenzocyclodecen
     -13-one treat 7-fluoro-1-(5-bromo-pentyl)-1-methyl-2-tetralone with sodium
      hydride as taught in Example X.
PAC  EXAMPLE XCII
PAR  To prepare:
      5,6,7,8,9,10,11,12-octahydro-2,3-dimethoxy-5-methyl-5,11-methanobenzocyclo
     decen-13-one, oxime treat
      5,6,7,8,9,10,11,12-octahydro-2,3-dimethoxy-5-methyl-5,11-methanobenzocyclo
     decen-13-one with hydroxyl amine hydrochloride as taught in Example XIX,
      method C.
PAR  To prepare:
      5-allyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one, oxime treat
      5-allyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one with hydroxyl amine hydrochloride as taught in Example XIX, method
      C.
PAR  To prepare:
      3-fluoro-5,6,7,8,9,10,11,12-octahydro-5-methyl-5,11-methanobenzocyclodecen
     -13-one, oxime treat
      3-fluoro-5,6,7,8,9,10,11,12-octahydro-5-methyl-5,11-methanobenzocyclodecen
     -13-one with hydroxyl amine hydrochloride as taught in Example XIX, method
      C.
PAC  EXAMPLE XCIV
PAC  5,6,7,8,9,10,11,12-Octahydro-2,3-Dimethoxy-5-Methyl-5,11-Methano-Benzocyclo
     decen-13-Amine
PAR  Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine from 5.2 g. of
      5,6,7,8,9,10,11,12-octahydro-2,3-dimethoxy-5-methyl-5,11-methano-benzocycl
     odecen-13-one, oxime there is obtained 4.17 g. of the title product which
      is converted to the hydrogen chloride addition salt m.p.
      281.degree.-283.degree..
PAR  Analysis for: C.sub.18 H.sub.28 O.sub.2 NCl Calculated: C, 66.40; H, 8.67;
      N, 4.30 Found: C, 66.27; H, 8.81; N, 4.23.
PAC  EXAMPLE XCV
PAC  5-Allyl-6,7,8,9,10,11-Hexahydro-3-Methoxy-5,10-Methano-5H-Benzocyclononen-1
     2-Amine
PAR  Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, from 13.3 g. of
      5-allyl-6,7,8,9,10,11-hexahydro-3-methoxy-5,10-methano-5H-benzocyclononen-
     12-one, oxime there is obtained 6.3 g. of the title product which is
      converted to the fumaric acid addition salt m.p. 219.degree.-220.degree..
PAR  Analysis for: C.sub.19 H.sub.29 NO.sub.5 Calculated: C, 68.19; H, 7.54 N,
      3.62 Found: C, 68.42; H, 7.78; N, 3.99.
PAC  EXAMPLE XCVI
PAC  3-Fluoro-5,6,7,8,9,10,11,12-Octahydro-5.alpha.-methyl-5,11-Methanobenzocycl
     odecen-13.beta.-Amine
PAR  Using a procedure analogous to that described in Example XXVIIA for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-5-methyl-5,10-methano-5H-benzocyclononen
     -12-amine, from 14.1 g. of
      3-fluoro-5,6,7,8,9,10,11,12-octahydro-5-methyl-5,11-methanobenzocyclo-dece
     n-13-one, oxime there is obtained 10.5 g. of the title product which is
      converted to the fumaric acid addition salt (8 g.) of the title product
      m.p. 218.degree.-220.degree..
PAR  Analysis for: C.sub.20 H.sub.20 FNO.sub.4 Calculated: C, 66.10; H, 7.21; N,
      3.85 Found: C, 65.80; H, 7.26; N, 3.58.
PAC  EXAMPLE XCVII
PAC  3-Methoxy-5.alpha.-Methyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methanobenzocyc
     lodecen-13.alpha.-Amine
PAR  From the mother liquors remaining after the isolation of the product of
      Example XXXV,
      3-methoxy-5.alpha.-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methano-benzoc
     yclodecen-13.beta.-amine, there is obtained by following a procedure
      analogous to that described in Example XXXIV part C for the isolation of
      5,6,7,8,9,10-hexahydro-3-methoxy-5.alpha.-methyl-5,9-methano-benzocyclooct
     en-11.beta.-amine, hydrochloride, the title product, m.p.
      207.degree.-208.degree..
PAC  EXAMPLE XCVIII
PAC  3-Methoxy-N,5.alpha.-Dimethyl-5,6,7,8,9,10,11,12-Octahydro-5,11-Methanobenz
     ocyclodecen-13.alpha.-Amine
PAR  In a manner analogous to that described in Example XXXVII for the
      preparation of
      6,7,8,9,10,11-hexahydro-3-methoxy-N,5.alpha.-dimethyl-5,10-methano-5H-benz
     ocyclononen 12.alpha.-amine there is obtained from
      3-methoxy-5.alpha.-methyl-5,6,7,8,9,10,11,12-octahydro-5,11-methanobenzocy
     clodecen-13.alpha.-amine the title product with an NMR Analysis having an
      N--CH.sub.3 signal at .delta. = 2.48 ppm. (free base).
CLMS
STM  The subject matter which the applicants regard as their invention is
      particularly pointed out and distinctly claimed as follows:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC14##
PAL  wherein R is hydrogen, lower alkyl, lower alkyloxy, phen(lower)-alkyloxy,
      halogen, or trifluoromethyl; R.sup.1 is lower alkyl, lower alkenyl, or
      phen(lower)alkyl; Y is chlorine or bromine; and n is an integer of from 3
      to 5.
NUM  2.
PAR  2. A compound as defined in claim 1 wherein n is 3.
NUM  3.
PAR  3. A compound as defined in cliam 1 wherein n is 4.
NUM  4.
PAR  4. A compound as defined in claim 1 wherein n is 5.
NUM  5.
PAR  5. A compound as defined in claim 4 wherein R.sup.1 is lower alkyl.
NUM  6.
PAR  6. A compound as defined in claim 5 which is
      1-(5-bromopentyl)-1-methyl-7-methoxy-2-tetralone.
NUM  7.
PAR  7. A compound as defined in claim 2 wherein R.sup.1 is lower alkyl.
NUM  8.
PAR  8. A compound as defined in claim 7 which is
      1-(3-bromopropyl)-1-methyl-2-tetralone.
NUM  9.
PAR  9. A compound as defined in claim 7 which is
      1-(3-bromopropyl)-1-methyl-7-methoxy-2-tetralone.
NUM  10.
PAR  10. A compound as defined in claim 3 wherein R.sup.1 is lower alkyl.
NUM  11.
PAR  11. A compound as defined in claim 10 which is
      1-(4-chlorobutyl)-1-methyl-7-methoxy-2-tetralone.
NUM  12.
PAR  12. A compound as defined in claim 10 which is
      1-(4-chlorobutyl)-1-ethyl-7-methoxy-2-tetralone.
NUM  13.
PAR  13. A compound as defined in claim 5 which is
      7-fluoro-1-(5-bromopentyl)-1-methyl-2-tetralone.
NUM  14.
PAR  14. A compound as defined in claim 5 which is
      1-(5-bromopentyl)-1-methyl-2-tetralone.
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ABST
PAL  Aromatic 1,3-diketones are produced by reacting aromatic compounds with
      acetoacetyl fluoride optionally substituted in .gamma.-position by
      fluorine, chlorine and/or bromine, in hydrofluoric acid of at least 90%
      strength at a temperature of from about -40 to +50.degree.C. The products
      obtained are important starting products and intermediates for the
      manufacture of dyestuffs, plastics and pharmaceuticals. Furthermore they
      can be used for the formation of metal complexes and metal extracting
      agents, solution intermediaries and solvents.
BSUM
PAR  This invention relates to a process for the manufacture of aromatic
      1,3-diketones.
PAR  It is known to react benzene and benzene derivatives, for example toluene,
      o-, m-, and p-xylene, chlorobenzene and diphenyl ether, with diketene in
      the presence of 2 mols of aluminum chloride at a temperature of up to
      60.degree.C, whereby the corresponding acetoacetyl-aromatic compounds are
      obtained (cf. U.S. Pat. No. 2,214,117, and R. R. Estes and A. Tockman
      "Transactions of the Kentucky Academy of Science," 13, page 265 (1952)).
      In all relevant examples exclusively liquid benzene derivatives are used
      in a high excess as starting material, and simultaneously they have the
      function of a solvent in order that the mixtures can be stirred. The
      1-arylbutane-1.3-diones obtained mostly form with the aluminum chloride,
      of which 2 mols must be used for each mol of diketene, complexes which are
      so stable that the desired compounds can only be obtained therefrom by
      boiling them for several hours in dilute acids. In this process the used
      aluminum chloride is lost.
PAR  In the reaction of diketene with aromatic compounds that are solid at room
      temperature, for example acenaphthene, pyrene, or
      2,6-dimethoxynaphthalene, solvents have to be added which do not react
      with diketene. The aforesaid literature references do not contain any
      description of corresponding experiments. In proper experiments with
      1,2-dichloroethane it has been found that with acenaphthene the yield is
      drastically reduced and resinifications do occur and that the aluminum
      chloride-butanedione complexes with pyrene have a high stability. If,
      however, the diketene is transformed into acetoacetyl fluoride which is
      then reacted with toluene in the presence of aluminum chloride in
      chloroform, a yield of 6.5 % only of 1-tolyl-butane-1,3-dione is obtained,
      calculated on the diketene (cf. G. A. Olah and S. J. Kuhn, J.Org. Chem.
      26, page 225 (1961)).
PAR  The present invention provides a process for the manufacture of a series of
      aromatic 1,3-diketones in good to very good yields by reacting acetoacetyl
      fluoride optionally carrying in .gamma.-position up to 3 identical or
      different halogen atoms selected from the group consisting of fluorine,
      chlorine and bromine with solid or liquid aromatic compounds in
      hydrofluoric acid of at least 90 % strength, at a temperature of from
      about -40.degree.C to +50.degree.C, preferably about -30.degree.C to
      +20.degree.C. The optimum temperature range slightly varies and depends on
      the constitution of the compounds used. With compounds having free
      peri-positions, such as acenaphthene or pyrene, which may form a ring (cf.
      DOS 2,209,692, 2,262,857 and 2,262,858) the temperature should be in the
      range of from about -40.degree. to -10.degree.C, preferably -30.degree. to
      -20.degree.C, whereas compounds without free peri-potions are
      advantageously reacted at a temperature of about -30.degree. to
      +20.degree.C, preferably about - 20.degree. to +20.degree.C. When
      operating within the aforesaid temperature range the reaction can be
      carried out without using special pressure resistant vessels. The vessels
      used are preferably made from polyethylene, polypropylene or polyvinyl
      chloride, or from metal, especially steel.
PAR  Owing to the fact that in the reaction no water is formed the hydrofluoric
      acid used can be substantially recovered by distillation. The same applies
      to the portion of unreacted aromatic compounds.
PAR  The reaction pressure largely corresponds to the inherent pressure of
      hydrofluoric acid which should have a minimum content of hydrogen fluoride
      of approximately 90 % by weight, preferably 95 to 100 % and more
      preferably about 98 to 100 % by weight.
PAR  Depending on the reaction temperature the reaction time is in the range of
      from half an hour to several hours, i.e. at a reaction temperature below
      zero degree centigrade about 6 to 24 hours, at room temperature about 2 to
      12 hours and at about 50.degree.C, 30 to 120 minutes.
PAR  The process of the invention can be carried out, for example, in a manner
      such that the aromatic compound and the acetoacetyl fluoride are dissolved
      in hydrofluoric acid in approximately molar proportion at a temperature
      expediently below 0.degree.C, preferably about -30.degree.C and the
      reaction mixture is heated to the desired reaction temperature, preferably
      with stirring.
PAR  It is possible to use an excess of acetoacetyl fluoride although this is
      hardly necessary. However, for a better utilization of the fluoride the
      aromatic compound may be used in an excess (about 1 to 5 mols). The
      aromatic compound does not undergo secondary reactions so that the
      unreacted portion thereof can be recovered by known methods and used again
      in the reaction.
PAR  The hydrofluoric acid is used in an amount of from about 1 to 20 parts by
      weight for 1 part of aromatic compound, preferably about 3 to 10 parts by
      weight. The reactants can be added in any order of succession, preferably
      one or both may be added in continuous manner. Alternatively, the whole
      process can be carried out continuously in simple manner by feeding all
      three components uniformly to a reaction vessel or tube. Instead of
      acetoacetyl fluoride the analogous chloride or bromide may be used which
      reacts with the hydrofluoric acid to the fluoride.
PAR  The aforesaid acetoacetyl halides may be substituted in .gamma.-position by
      up to 3 halogen atoms, preferably chlorine, bromine and/or fluorine. The
      acetoacetyl halides substituted in .gamma.-position by halogen atoms can
      be prepared by known methods, for example as described in Houben-Weyl
      "Methoden der Organischen Chemie", volume 7/4, page 203, published by G.
      Thieme, Stuttgart (1968). Particularly suitable
      .gamma.-halogen-substituted aceto-acetyl halides are
      .gamma.-trifluoro-acetoacetyl fluoride, .gamma.-trichloro-acetoacetyl
      chloride, ClF.sub.2 CCOCH.sub.2 COCl, Cl.sub.2 FCCOCH.sub.2 COCl,
      .gamma.-mono-chloro-acetoacetyl chloride, .gamma.-mono-bromo-acetoacetyl
      bromide, or .gamma.-dichloro-acetoacetyl chloride.
PAR  The compounds may additionally carry halogen atoms in .alpha.-position,
      although this is less preferable.
PAR  In a preferred variant of the process of the invention the unsubstituted
      acetoacetyl fluoride is produced in situ by adding diketene to
      hydrofluoric acid in excess (acetoacetyl fluoride from molar amounts of
      diketene and hydrogen fluoride cf. G. A. Olah and S. J. Kuhn, J.Org.Chem.
      26, page 225 (1961)) in the presence or absence of the aromatic compound,
      preferably at about -40.degree. to 0.degree.C and then reacting at the
      required temperature. In this mode of preparation of the acetoacetyl
      fluoride the excess of hydrofluoric acid is suitably so high that after
      the consumption of the acid to form the fluoride the amounts necessary for
      the reaction with the aromatic compound are still available.
PAR  When the reaction is terminated the hydrofluoric acid is suitably distilled
      off at atmospheric pressure and the residue is worked up by distillation.
      If the aromatic component contains free peri-positions, the hydrofluoric
      acid is distilled off under reduced pressure and at a temperature of the
      still of about -30.degree.C to -40.degree.C or below in order to avoid
      ring formation. The residue is worked up in known manner by
      recrystallization, column chromatography, or extraction of the desired
      compound with bases. Alternatively, the hydrofluoric acid solution
      obtained when the reaction is terminated can be introduced into water,
      whereupon the reaction products are filtered off with suction or extracted
      with halohydrocarbons.
PAR  Suitable aromatic compounds to be used in the process of the invention are,
      in principle, all condensed aromatics substituted or not at the ring
      system, for example naphthalene and its derivatives, also in the larger
      sense as obtained by substitution or condensation at the naphthalene ring
      and containing from 10 to 20 carbon atoms, preferably from 10 to 14 carbon
      atoms, such as the various alkyl or alkoxy-naphthalenes obtained by one-
      to three-fold, preferably one- to two-fold substitution of the naphthalene
      ring by alkyl and/or alkoxy groups having from 1 to 4, preferably 1 or 2
      carbon atoms, advantageously the various methyl- and methoxy-
      naphthalenes. There are named by way of example 1-methyl-, 2-methyl-,
      1-ethyl-, 2-ethyl-, 2,6-dimethyl-, 1,2,6-trimethyl-, 1-methoxy-,
      2-methoxy-, 1-ethoxy-, 2-ethoxy-, 1,3-dimethoxy-, 1,6-diethoxy-,
      1,8-dimethoxy-, 2,3-diethoxy-, 1,2,3-trimethoxy-, and
      1,3,6-tributoxy-naphthalene.
PAR  Naphthalene derivatives with rings added by condensation which can be used
      in the process of the invention are, for example, anthracene, perylene,
      naphthacene or pyrene, as well as the corresponding mono-alkyl- or
      -alkoxy-compounds and corresponding polyalkylated or polyalkoxylated
      compounds.
PAR  Besides the aforesaid compounds, which still contain free peri-positions
      and are reacted in a low temperature range, substitution products of
      naphthalene in which the peri-position is blocked by a substituent may
      also be used, for example 1,4-dimethoxy- and 1,4-dimethyl-naphthalene.
PAR  Further suitable starting compounds are benzene derivatives of the formula
      ##SPC1##
PAL  in which R.sub.1, R.sub.2, and R.sub.3, independent of one another,
      represent hydrogen, C.sub.1 - C.sub.12, preferably C.sub.1 - C.sub.6 and
      more preferably C.sub.1 - C.sub.4 -alkyl, alkoxy or alkylthio radicals,
      one of the radicals optionally being a substituted phenyloxy or phenylthio
      radical, or halogen, preferably fluorine, chlorine or bromine. Suitable
      radicals are, for example CH.sub.3, C.sub.2 H.sub.5, C.sub.3 H.sub.7,
      C.sub.4 H.sub.9, C.sub.6 H.sub.13, OC.sub.2 H.sub.5, OC.sub.3 H.sub.7,
      OC.sub.4 H.sub.9, S--CH.sub.3, SC.sub.2 H.sub.5, SC.sub.3 H.sub.7,
      SC.sub.4 H.sub.9, O--C.sub.6 H.sub.5, O--CH.sub.2 --C.sub.6 H.sub.5 and
      SC.sub.6 H.sub.5. In the case of one of the radicals R.sub.1, R.sub.2, or
      R.sub.3 being halogen, those benzene derivatives are preferred in which at
      least one of the remaining radicals is alkyl, alkoxy, or alkylthio.
PAR  Still further aromatic compounds can be used in which two of the radicals
      R.sub.1, R.sub.2, R.sub.3 are linked to a ring or in which benzene
      derivatives, as specified above, are constituents of 5 or 6 membered
      heterocyclic rings, for example dibenzofurane or dibenzo-p-dioxan or
      compounds of the formula
      ##SPC2##
PAL  in which X is oxygen, sulfur or (CH.sub.2).sub.n, n being 1 to 4. Compounds
      having two benzene rings, for example diphenyl ether and the substitution
      products thereof as specified above may be reacted twice. Further suitable
      starting compounds are thiophene and the mono-alkyl, dialkyl and benzo
      derivatives thereof.
PAR  When a substance is used which reacts with diketene with difficulty only or
      not at all, it may be advantageous to add a molar amount of a further
      substance having similar properties but being more reactive with regard to
      diketene. In this manner the reaction with the inactive substance can be
      induced. For example, by reacting a mixture of 1 mol of dodecyl-benzene
      and 1 mol of tetrahydronaphthalene with 2 mols of diketene in hydrochloric
      acid a yield of 40 % of acetoacetyl-dodecyl-benzene can be obtained which
      would be hardly possible without the addition of tetrahydronaphthalene.
PAR  Acetoacetyl-dodecyl-benzene and the compounds of the formula
      ##SPC3##
PAL  in which R' and R", independent of each other, are hydrogen or alkyl and
      the sum of carbon atoms in the radicals R' and R" is in the range of from
      6 to 12 and Y represents hydrogen and/or fluorine, chlorine, or bromine
      are novel. Further novel compounds which can be prepared by the process of
      the invention, and which are of interest, are tetrahydronaphthalene
      acetoacetylized in .alpha.- or .beta.-position at the aromatic ring and
      the acetoacetylized isomeric diethyl-benzenes.
PAR  The compounds obtained by the process of the invention can be used as
      intermediate and final products, for example for the formation of metal
      complexes, as metal extracting agents, as dyestuff intermediates, as
      monomers for plastic materials, as intermediates for the production of
      plant protection agents and pharmaceuticals, and as dissolving
      intermediaries or solvents.
PAR  1-Aryl-butane-1,3-diones which can be prepared by the process of the
      invention are, for example, 1-acetoacetyl-2,6-dimethoxy-naphthalene,
      4-acetoacetyl-diphenyl-sulfide, 2-chloro- and
      2-bromo-4-acetoacetyl-anisole, 3-acetoacetyl-diphenylene oxide,
      2,2'-dimethoxy-4,4'-bisacetoacetyl-diphenyl ether,
      3-chloro-6-acetoacetyl-pyrene, 1-methyl-4-acetoacetyl-naphthalene,
      3-acetoacetyl-pyrene and 1-methoxy-4-acetoacetylnaphthalene.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  165.6 g (1.2 mols) of 1,2-dimethoxybenzene in 600 ml of anhydrous
      hydrofluoric acid were introduced, while stirring at -20.degree.C, into a
      1 liter polyethylene vessel and 108 ml (1.4 mols) of diketene were dropped
      in while further cooling. Stirring was continued for 4 hours while cooling
      with ice, the reaction mixture heated for 3 hours at room temperature and
      the hydrofluoric acid distilled off. The residue was washed to remove the
      acid and subjected to vacuum distillation, whereby the
      1,2-dimethoxy-4-acetoacetyl-benzene passed over at a boiling point of
      132.degree.C under 0.05 torr (mm. Hg), which solidified in the form of
      colorless crystals.
PAR  Yield: 219 g, i.e. 82.3 % of the theory, calculated on the amount of
      1,2-dimethoxy-benzene used.
PAC  EXAMPLE 2
PAR  150 ml of anhydrous hydrofluoric acid were introduced at -30.degree.C into
      a steel vessel, 18 ml (0.23 mol) of diketene and then 21.2 g (0.2 mol) of
      m-xylene were added dropwise. The reaction mixture was allowed to warm up
      to room temperature. After 7 hours the hydrofluoric acid was distilled off
      while thoroughly stirring. The residue was washed until it was free from
      acid and by distillation were obtained 35 g (92 %, calculated on m-xylene)
      of a mixture boiling at 99.degree. - 104.degree.C and consisting according
      to the gas chromatogram of 96.9 % of 1,3-dimethyl-4-acetoacetyl-benzene
      and 2.7 % of 1,3-dimethyl-2-acetoacetyl-benzene.
PAC  EXAMPLE 3
PAR  In an autoclave 27 ml (0.35 mol) of diketene were added dropwise at
      -30.degree.C to 150 ml of anhydrous hydrofluoric acid and then 31.8 g (0.3
      mol) of o-xylene were added. After 4 hours stirring at room temperature,
      the mixture was heated for 30 minutes to 50.degree.C. After distillation
      of the hydrofluoric acid and washing out the residual acid, 44 g (78 %,
      calculated on o-xylene) of a mixture passed over at 110.degree. -
      115.degree.C under 0.6 torr, which consisted of 92 % of
      1,2-dimethyl-4-acetoacetyl-benzene and 7 % of
      1,2-dimethyl-6-acetoacetyl-benzene according to the gas chromatogram.
PAR  Using p-xylene 1,4-dimethyl-2-acetoacetyl-benzene distilling over at
      99.degree.C under 0.7 torr was obtained in analogous manner in a yield of
      67 %.
PAC  EXAMPLE 4
PAR  54 ml (0.7 mol) of diketene were added dropwise at 0.degree.C to 72 g (0.6
      mol) of mesitylene in 500 ml of anhydrous hydrofluoric acid and after 6
      hours stirring at room temperature the reaction mixture was stirred into 3
      l of water. After standing overnight 115 g (94 % calculated on mesitylene)
      of colorless crystals of acetoacetyl-mesitylene melting at 41.degree.C
      separated, which were found to be uniform by thin layer chromatography.
PAC  EXAMPLES 5 to 21
PAR  The reaction was carried out as described in Example 2. The results are
      summarized in the following table.
     Example                                                                   
          starting comp-                                                       
                    mol di-                                                    
                         final product                                         
                                   yield                                       
                                       melting point                           
     No.  ound (A)  ketene         (%) .degree.C or                            
                    per mol            boiling point                           
                    of A               .degree.C/torr                          
     __________________________________________________________________________
     5    2-chloroanisole                                                      
                    1    4-acetoacetyl-                                        
                                   79  129                                     
                         2-chloroanisole                                       
     6    2-bromoanisole                                                       
                    1    4-acetoacetyl-                                        
                                   63  123                                     
                         2-bromoanisole                                        
     7    diphenyleneoxide                                                     
                    1    3-acetoacetyl-                                        
                                   74  125                                     
                         diphenylene oxide                                     
     8    diphenyl ether                                                       
                    1    4-acetoacetyl-                                        
                                   59  80                                      
                         diphenyl ether                                        
     9    diphenyl ether                                                       
                    2    4-4'-bis-aceto-                                       
                         acetyl-diphenyl-                                      
                                   19  152                                     
                         ether besides                                         
                         4-acetoacetyl.                                        
                                   39                                          
                         diphenyl ether                                        
     10   2,2'-dimethoxy-                                                      
                    2    4,4'-bis-aceto-                                       
          diphenyl ether acetyl-2,2'-di-                                       
                                   43  142                                     
                         methoxy-di-                                           
                         phenyl ether                                          
     11   diphenyl sulfide                                                     
                    1    4-acetoacetyl-                                        
                         diphenyl sulfide                                      
                                   39  75                                      
     12   4-methylanisole                                                      
                    1    2-acetoacetyl-                                        
                                   81  115/0.1 torr                            
                         4-methylanisole                                       
     13   anisole   1    4-acetoacetyl-                                        
                                   71  54                                      
                         anisole                                               
                         2-acetoacetyl                                         
                         anisole   12  36                                      
     14   toluene   1    4-acetoacetyl-                                        
                                   80                                          
                         toluene                                               
                         2-acetoacetyl-                                        
                                    7  110/0.9 torr                            
                         toluene                                               
     15   p-Xylene  1    1,4-dimethyl-                                         
                         2-acetoacetyl-                                        
                                   69  99/0.7 torr                             
                         benzene                                               
     16   m-hexyltoluene                                                       
                    1    acetoacetyl-.sup.+.sup.)                              
                                   63  135-145/                                
                         hexyltoluene  1.5 torr                                
     17   tetrahydro-    acetoacetyl-.sup.+.sup.)                              
                                       160-165/                                
          naphthalene                                                          
                    1    tetrahydro-                                           
                                   79  1.5 torr                                
                         naphthalene                                           
     18   di-isopropyl-  acetoacetyl-.sup.+.sup.)                              
          benzene+) 1    di-isopropyl-                                         
                                   61  140/1.5 torr                            
                         benzene                                               
     19   diethyl-benzene +)                                                   
                    1    acetoacetyl-.sup.+.sup.)                              
                                       120-138/                                
                         di-ethyl- 59  0.6 torr                                
                         benzene                                               
     20   thiophene 1    2-acetoacetyl-                                        
                                   67  32                                      
                         thiophene                                             
     21   cumene    1    4-acetoacetyl-                                        
                                   75  120/2 torr                              
                         cumene                                                
     __________________________________________________________________________
PAC  EXAMPLE 22
PAR  33.6 g (0.4 mol) of diketene were added drop by drop, while stirring at
      -30.degree.C, to 37.6 g (0.2 mol) of 2,6-dimethoxynaphthalene in 200 ml of
      anhydrous hydrofluoric acid and the mixture was stirred for another 8
      hours at said temperature. The hydrogen fluoride was distilled off under
      reduced pressure at a temperature of the still of -30.degree.C and the
      residue washed until it was free from acid. After sublimation of unreacted
      starting product (11 g = 71 % conversion) colorless crystals of
      1-acetoacetyl-2,6-dimethoxynaphthalene melting at 88.degree.C were
      obtained by column chromatography (silica gel, 0.065 - 0.2 mm, CH.sub.2
      Cl.sub.2) in an amount of 35 g (90 % calculated on
      2,6-dimethoxynaphthalene).
PAC  EXAMPLE 23
PAR  42 g (0.5 mol) of diketene were added dropwise to 77 g of acenaphthene (0.5
      mole) in 300 ml of anhydrous hydrofluoric acid at -30.degree.C while
      stirring. The temperature was maintained for 9 hours. The hydrofluoric
      acid was distilled off under reduced pressure at a temperature of the
      still of -30.degree.C, the residue was washed until it was free from acid
      and distilled under reduced pressure. 10 g of unreacted acenaphthene were
      recovered (87 % conversion). At a transition temperature of 150.degree. -
      155.degree.C under 0.4 torr 85 g (82 % of theory) of slightly yellowish
      5-acetoacetyl-acenaphthene melting at 59.degree.C were then obtained.
PAC  EXAMPLE 24
PAR  42 g (0.5 mol) of diketene were added dropwise at -40.degree.C to 79 g (0.5
      mol) of 2-methoxy-naphthalene in 300 ml of anhydrous hydrofluoric acid,
      stirring was continued for 7 hours at -25.degree. to -35.degree.C and the
      reaction mixture was stirred into 3 1 of water. After extraction with
      methylene chloride, drying and eliminating the solvent, the residue was
      distilled. First 12 g of methoxy-naphthalene were recovered at
      95.degree.C/0.5 torr (84.5 % conversion) and then 90 g (86.5 %) of
      1-acetoacetyl-2-methoxynaphthalene melting at 77.degree.C (recrystallized
      from ethanol) passed over at 163.degree.C/0.8 torr.
PAC  EXAMPLES 25 and 26
PAR  The reaction was carried out as described in Example 24. The result is
      summarized in the following table
     Example                                                                   
          starting comp-                                                       
                  mol di-                                                      
                       final product                                           
                               yield                                           
                                   melting p.                                  
     No.  ound (A)                                                             
                  ketene       (%) .degree.C or                                
                  per mol          boiling p.                                  
                  of A             .degree.C/torr                              
     __________________________________________________________________________
     25   1-methoxy-                                                           
                  1    1-methoxy-4-                                            
          naphthalene  acetoacetyl-                                            
                               77  178/0.3                                     
                       naphthalene torr                                        
     26   1-methyl-                                                            
          naphthalene                                                          
                  1    1-methyl-4-                                             
                       acetoacetyl-                                            
                               89  145/0.3                                     
                       naphthalene torr                                        
     __________________________________________________________________________
PAC  EXAMPLE 27
PAR  100.8 g (1.2 mols) of diketene were dropped at -20.degree.C into 500 ml of
      anhydrous hydrofluoric acid and at the same temperature 242.4 g (1.2 mols)
      of pyrene were added in portions, whereupon the mixture was stirred for 16
      hours at -15 to -10.degree.C. After distillation of the hydrofluoric acid
      at a temperature of the still of -15.degree. C at reduced pressure, the
      residue was taken up in methylene chloride, washed with water and dried
      over sodium sulfate. After elimination of the solvent, 307 g of yellow
      crystals of 3-acetoacetyl-pyrene were obtained, corresponding to a yield
      of 89 %.
PAR  After recrystallization from cyclohexane, the yellow crystals obtained
      melted at 86.degree. - 88.degree.C.
PAC  EXAMPLE 28
PAR  In the manner described in Example 27 3-chloro-6-acetoacetyl-pyrene melting
      at 105.degree.C was obtained in a 71 % yield from 3-chloropyrene.
PAC  EXAMPLE 29
PAR  The following compounds
PA1  2-methyl-1-acetoacetyl-naphthalene
PA1  2,7-dimethoxy-1-acetoacetyl-naphthalene and
PA1  3-acetoacetyl-perylene
PAL  were prepared in the manner described in Example 24.
PAR  Furthermore
PA1  1,4-dimethyl-5-acetoacetyl-naphthalene and
PA1  1,4-dimethoxy-5-acetoacetyl-naphthalene
PAL  were prepared as described in Example 2
PAC  EXAMPLE 30
PAR  100.8 g (1.2 mols) of diketene were added dropwise at -30.degree.C to 0.5 1
      of anhydrous hydrofluoric acid and a mixture of 0.6 mol of
      tetrahydronaphthalene and 0.6 mol of commercial grade dodecyl-benzene were
      dropped in. After stirring for 12 hours at room temperature, the reaction
      mixture was stirred into 3 1 of icewater. After extraction with methylene
      chloride, wahing with water to remove the acid from the organic phase and
      distillation of the methylene chloride, distillation of the reaction
      yielded 86 % of acetoacetyl-tetrahydronaphthalene boiling at 135.degree.C
      under 0.5 torr and 77 g   40% of acetoacetyl-dodecyl-benzene boiling at
      160.degree.C under 0.5 torr as found by gas chromatographic determination
      of the fractions.
PAC  EXAMPLE 31
PAR  Crude .gamma.-trichloro-acetoacetyl chloride, prepared from 0.5 mol each of
      trichloroacetyl chloride and ketene (cf. Houben-Weyl, loc.cit) was
      carefully freed from the solvent and dropped at -20.degree.C while
      stirring into 0.5 1 of hydrofluoric acid. Next, 0.5 mol of m-xylene was
      added, the reaction mixture was stirred for 10 hours at room temperature,
      poured into icewater and extracted with methylene chloride.
PAR  After distillation 79 g of light yellow, liquid
      1-.gamma.-trichloroacetoacetyl-2,4-dimethyl-benzene were obtained which
      had a strength of 94.5 % according to gas chromatography. Theoretical
      yield over two stages 50.5 %, boiling point 166.degree.C under 2 - 3 torr.
PAC  EXAMPLE 32
PAR  The reaction was carried out analogous to Example 31 with
      .gamma.-trifluoroacetoacetyl-chloride and mesitylene in hydrofluoric acid.
      1-.gamma.-trifluoroacetoacetyl-2,4,6-trimethylbenzene was obtained as a
      light yellow liquid boiling at 80.degree. - 82.degree.C under 0.8 torr.
PAC  EXAMPLE 33
PAR  0.5 mol of .gamma.-chloroacetoacetyl chloride (as crude product after
      removal of solvent, cf. Houben-Weyl loc.cit, pages 252/2) and 0.5 mol of
      2-anisyl-chloroacetic acid ester were introduced at -10.degree.C into 0.5
      1 of hydrofluoric acid and stirring was continued for 8 hours at
      15.degree.C.
PAR  By pouring the reaction mixture into icewater, extraction and column
      chromatography (silica gel 0.05 - 0.2 mm, CH.sub.2 Cl.sub.2) colorless
      crystals of 3-.gamma.-chloroacetoacetyl-6-methyl-chloroacetic acid phenyl
      ester melting at 107.degree.C were obtained.
PAC  EXAMPLE 34
PAR  When toluene was used 4-.gamma.-chloroacetoacetyl-toluene was obtained in
      analogous manner as a light brown, readily decomposable liquid having a
      refractive index n.sub.D.sup.23 of 1.6008 in a yield of 30 % (over two
      stages, calculated on the diketene used.
PAC  EXAMPLE 35
PAR  When crude .gamma.-bromoacetoacetyl bromide (literature cf. Example 33) and
      mesitylene were reacted in analogous manner, .gamma.-bromoacetoacetyl
      mesitylene was obtained as a brown readily decomposable liquid which was
      characterized by nuclear magnetic resonance spectrum as follows:
TBL  NMR (CDCl.sub.3, TMS, .delta.)                                            
                    2.32 ppm    3 .times. CH.sub.3                             
                                           (s)                                 
                    3.90 ppm                                                   
     CH.sub.2 Cl    (s)                                                        
                    5.90 ppm                                                   
     CH =           (s)                                                        
                    6.84 ppm    2 arom. H  (s)                                 
                    14.00 ppm   enol-H     (s)                                 
PAC  EXAMPLE 36
PAR  When toluene was used in a manner analogous to that of the preceding
      example and the reaction mixture was worked up in a chromatographic column
      1-p-tolyl-4-bromo-butane-dione-1,3 was obtained in the form of light pink
      crystals melting at 52.degree.C
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein R' and R" each is hydrogen or alkyl and R' and R" together contain
      6 to 12 carbon atoms, and each Y is hydrogen, fluorine, chlorine or
      bromine.
NUM  2.
PAR  2. .alpha.-and .beta.-acetoacetyl-tetrahydronaphthalene of the formula
      ##SPC5##
NUM  3.
PAR  3. Isomeric acetoacetyl-dialkyl benzenes of the formula
      ##SPC6##
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ABST
PAL  Perhaloalkanesulfenyl chlorides are reacted with aldehydes and ketones to
      provide novel (perhaloalkyl)thio-substituted aldehydes and ketones which
      are useful organic solvents and intermediates. As intermediates, these
      compounds are especially useful in the preparation of their carbamate
      derivatives which have pesticical utility.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to novel (perhaloalkyl)thio-substituted aldehydes
      and ketones which are prepared by reacting the unsubstituted aldehyde or
      ketone with a perhaloalkanesulfenyl chloride. A further aspect of the
      invention relates to a novel process for preparing
      (perhaloalkyl)thio-substituted carbamates utilizing the aldehydes and
      ketones of the invention as essential intermediates. These carbamate
      derivatives have useful pesticidal activity.
PAR  2. Prior Art
PAR  Carbamate derivatives of ketoximes have been disclosed by Magee (U.S.
      patent application, Ser. Nos. 132,584 now abandoned and 229,207 now U.S.
      Pat. No. 3,875,232). Some of the carbamate compounds described therein
      contain alkylthio-substituents. The corresponding alkylthiosubstituted
      ketones from which these compounds are derived are prepared by a different
      method from that of the present invention. Instead of reacting the
      unsubstituted ketone with a sulfenyl chloride, the ketones are prepared by
      reacting a haloketone with a mercaptan in the presence of an acid
      receptor. No halogen-containing alkylthio-substituted ketones are
      disclosed by this reference, and although the compound
      1-(3,3,3-trifluoropropylthio)-3,3-dimethyl-2-butanone
      O-methylcarbamoyloxime is mentioned, no method is given for its
      preparation, and the ketone starting material from which this compound is
      prepared is not disclosed.
PAR  Payne and Weiden [J. Ag. and Food Chem., 14 356 (1966)] have reported the
      preparation of trisubstituted acetaldehyde O-(methylcarbamoyl)oximes
      wherein one of the substituents may be an alkylthio group. The process
      utilized to obtain the aldehyde precursors of these compounds does not
      include a sulfenyl chloride as one of the reactants, and no
      halogen-containing alkylthio-substituted aldehydes are disclosed by this
      reference.
PAR  The reactivity of perhaloalkanesulfenyl chlorides is summarized by Karasch,
      The Chemistry of Organic Sulfur Compounds, Vol. 2, 137-165 (1966). No
      reactions of perhaloalkanesulfenyl chlorides with either aldehydes or
      ketones are given in this discussion. The reaction of
      trifluoromethanesulfenyl chloride with the ester compound sodium formyl
      acetic acid ester has been reported by Haas et al., Chem. Ber., 104, 1855
      (1971).
PAR  Leir, J. Org. Chem., 37, 887 (1972) reported the reaction of disulfenyl
      chlorides with aldehydes and active methylene compounds. In this reference
      the difficulty of producing the substituted aldehyde without the
      occurrence of polymerization is discussed.
PAR  The reaction of sulfenyl chlorides, in general, with compounds containing
      active methylene groups is summarized by E. Kuhle, Synthesis, 1971, 617.
      Reaction of ethanesulfenyl chloride with acetone was found to yield
      hexaalkylthio-substituted acetone, Brintzinger et al., Chem. Ber. 87, 300
      (1954). Chloroethanesulfenyl chloride is shown to react with acetone to
      produce chloroethylthioacetone, Fuson et al., J. Org. Chem. 11, 469,
      (1946).
PAR  From the above discussion of the prior art, one may be led to conclude that
      perhaloalkanesulfenyl chlorides would react with aldehydes and ketones in
      the same manner as nonperhalogenated alkanesulfenyl chlorides. However,
      this has not been found to be the case. For example, when methanesulfenyl
      chloride was reacted with tert-butyl methyl ketone, according to
      art-recognized procedures, (i.e. those prescribed for the reaction of
      ethanesulfenyl chloride with acetone), no reaction product could be
      obtained. It was therefore surprising to find that by substituting a
      perhaloalkanesulfenyl chloride for the nonperhalogenated reactant, the
      reaction proceeded without difficulty, and a perhaloalkylthio-substituted
      ketone was in fact obtained.
PAR  When nonperhalogenated alkanesulfenyl chlorides are reacted with aldehydes
      and ketones, e.g. acetone, the molar ratio of reactants is critical.
      Excess amounts of the sulfenyl chloride tend to produce poly-substituted
      alkythio-aldehydes and ketones, e.g. hexalkylthio-substituted acetone.
      When perhaloalkanesulfenyl chlorides are reacted with aldehydes and
      ketones according to the present invention, an excess amount of the
      sulfenyl chloride is not detrimental to the formation of monosubstituted
      products. The process of preparing compounds of the present invention
      minimizes the uncontrolled formation of poly-substituted
      alkylthio-substituted aldehydes and ketones.
PAR  The compounds of the present invention exhibit superior stability
      characteristics over known alkylthio-substituted aldehydes and ketones.
      This superiority is especially evident with respect to stability against
      oxidation.
PAR  A recent publication by Bayreuther and Haas, Chem. Ber., 106, 1418 (1973)
      describes the preparation of certain trifluoromethylthio-ketones through
      the use of trifluoromethanesulfenyl chloride. However, prior to the
      present invention, it is believed that perhaloalkylthio-substituted
      aldehydes or ketones have not been described.
PAC  SUMMARY OF THE INVENTION
PAR  The aldehyde and ketone compounds of the present invention can be expressed
      by the formula:
      ##EQU1##
      wherein R.sup.1 is H, --CH.sub.3, or --CH.sub.2 SCF.sub.3 ; R.sup.2 and
      R.sup.3 are H, --CH.sub.3 or together with the carbon atom to which they
      are attached form a six-membered cycloaliphatic ring; and R.sup.4 is
      CF.sub.3 S-- or CFCl.sub.2 S--.
PAR  The perhaloalkylthio-substituted ketones and aldehydes of the invention are
      readily prepared by reacting the corresponding unsubstituted aldehyde or
      ketone with a perhaloalkanesulfenyl halide in an inert solvent. The mole
      ratio of ketone or aldehyde to sulfenyl chloride can range from about 2:1
      to about 1:2, but preferably equimolor amounts of starting materials are
      used. Excess perhaloalkanesulfenyl chloride is not detrimental since
      significant polysubstitution does not readily occur.
PAR  The presently preferred solvents for use in the reaction are chlorinated
      hydrocarbons such as chloroform, dichloromethane and the like. Other
      suitable solvents are acetonitrile, ethyl acetate, methyl acetate, benzene
      and nitromethane. It is presently preferred to add to the reaction mixture
      as a catalyst small amounts, i.e. less than ten mole percent with respect
      to the reactants, of an alcohol such as methanol, ethanol, isopropanol, or
      n-hexanol. The effect of the catalyst is to increase the rate and yield of
      the reaction.
PAR  The temperature of the reaction mixture may range from about -78.degree.C
      to the reflux temperature of the reaction mixture, i.e. up to about
      125.degree.C. The preferred temperature range is from -25 to +50.degree.C.
PAR  The reaction may be run under pressure to provide safer and more efficient
      confinement of the reactants.
PAR  Purification and isolation of the liquid products is generally carried out
      by distillation, column chromatography and/or vapor phase chromatography.
PAR  The (perhaloalkyl)thio-substituted ketones of the invention are useful
      solvents, particularly for halogenated, e.g. fluorinated or chlorinated,
      organic compounds. The compounds of the invention show good stability,
      especially to oxidation. The ketones and aldehydes may also be
      intermediates, e.g. they may be reduced to alcohols or oxidized to acids.
      Some of the ketone compounds of the invention may be reduced to alcohols
      which can be converted to phenyl carbamates having herbicidal activity. As
      intermediates the compounds of the invention are especially useful in the
      preparation of carbamates which are pesticides. The most preferred
      compounds for use as intermediates in preparing pesticidal carbamates are:
PA1  2-methyl-2-trifluoromethylthiopropionaldehyde
PA1  1-trifluoromethylthio-3-methyl-2-butanone
PAR  In order to prepare their carbamate derivatives, the aldehydes and ketones
      of the invention must first be converted to oximes by replacing the oxygen
      atom of the aldehyde or ketone with a NOH substituent. This conversion is
      accomplished by reaction of the compounds with hydroxylamine, generally as
      the hydrochloride. Approximately equimolor amounts of starting materials
      are used.
PAR  This oximination reaction requires a suitable solvent such as an aqueous
      alcohol e.g., ethanol, a halogenated hydrocarbon, e.g. dichloromethane and
      the like. The reaction is preferably carried out in the presence of an
      acid acceptor such as an organic base, e.g. a tertiary amine such as
      triethylamine, or an inorganic base, e.g. sodium carbonate.
PAR  Isolation and purification of the oxime products are generally accomplished
      by the use of standard synthetic techniques such as extraction, column
      chromatography, recrystallization or distillation.
PAR  To produce the final carbamate product, the NOH group of the oxime must be
      converted to
      ##EQU2##
      Two convenient methods are available to effect this conversion.
PAR  The most preferred of these alternative methods, herein termed Process A,
      consists of reacting the oxime with methyl isocyanate. This reaction is
      carried out in an inert organic solvent and preferably in the presence of
      a tertiary amine catalyst. The inert organic solvents that can be employed
      in the reaction are those which are generally inert to isocyanates, i.e.
      free of substituents such as amino or hydroxy groups. Examples of useful
      solvents are aliphatic ketones such as acetone; aliphatic and aromatic
      hydrocarbons such as hexane, benzene, heptane, octane, toluene and the
      like; ethers such as diethyl ether and ethyl n-propyl ether; and
      chlorinated hydrocarbons such as dichloromethane. Suitable catalysts are
      aliphatic and/or aromatic tertiary amines such as dimethylaniline,
      triethylamine or the like. Generally, amounts of tertiary amine catalyst
      ranging from about 0.1 to about 1.0 weight percent of the starting
      materials comprised of the oxime and methyl isocyanate are sufficient.
PAR  The reaction may be effected at temperatures ranging from 10.degree.C to
      about 130.degree.C and is preferably carried out between 25.degree.C and
      80.degree.C. The pressure used is generally one atmosphere, although the
      reaction can be carried out at higher pressures if desired.
PAR  The molar ratio of isocyanate to oxime can range from about 0.25:1 to about
      2:1, but preferably an equimolar amount or slight excess of the isocyanate
      is employed to ensure that the oxime is completely reacted. The reaction
      time for substantial completion may vary from about 5 minutes to about 7
      days, depending upon the reaction temperature and the amount of oxime
      used. Normally when operating in the preferred temperature range, reaction
      times of from about one-half hour to about 3 days are sufficient for
      complete reaction.
PAR  According to the second alternative method for converting the oximes to
      carbamates, herein termed Process B, the oxime is reacted with phosgene in
      an inert solvent such as toluene or diethyl ether, in the presence of an
      acid acceptor such as a suitable amine, e.g. dimethylaniline. The molar
      ratio of oxime to phosgene is approximately 1:1, and the amount of acid
      acceptor is approximately equimolar to the phosgene used.
PAR  This reaction can be carried out at from -30.degree.C to about 40.degree.C,
      but will generally be found to proceed most advantageously between
      -10.degree.C and about 25.degree.C. The reaction is slightly exothermic so
      that some external cooling is usually necessary to maintain the
      temperature within the desired range. The reaction mixture can be filtered
      or washed with water to remove the byproduct amine hydrochloride, and the
      organic layer containing the chloroformate is then further reacted with
      methylamine. The reaction of the chloroformate intermediate with
      methylamine is carried out in the presence of solvents for the
      intermediate such as diethyl ether, dioxane, toluene or chloroform, at
      temperatures between about -40.degree.C and about 80.degree.C. Preferably
      the temperature is maintained below 40.degree.C because the reaction
      proceeds smoothly, even at low temperatures, and is so rapid above
      40.degree.C that loss of low boiling reactants may occur and some
      decomposition may take place.
PAR  The carbamate products formed in Process A or Process B are solids which
      can be recovered from the reaction mixture by means known to the art, such
      as extraction or vacuum distillation to remove the solvent.
PAR  The carbamate derivatives of the aldehydes and ketones of the present
      invention are useful pesticides and show activity as insecticides,
      acaricides, and/or nematicides. This physiological activity has been
      established by standard screening methods.
DETD
PAR  The invention will be further understood by reference to the following
      illustrative and nonlimiting examples. All melting points and boiling
      points given are uncorrected.
PAC  EXAMPLE 1
PAC  Preparation of 2-Dichlorofluoromethylthio-2-methylpropionaldehyde
PAR  A mixture of isobutyraldehyde (0.22 mole), dichlorofluoromethanesulfenyl
      chloride (0.2 mole) and chloroform (100 ml) was refluxed for twenty-four
      hours. Distillation of the reaction mixture gave
      2-dichlorofluoromethylthio-2-methylpropionaldehyde, b.p.
      60.degree.-67.degree.C/7 mm. The structure was confirmed by spectral and
      elemental analyses of a purified sample, b.p. 72.degree.C/10 mm Hg.
PAC  EXAMPLE 2
PAC  Preparation of 2-Trifluoromethylthio-2-methylpropionaldehyde
PAR  A mixture of isobutyraldehyde (0.25 mole), ethanol (0.4 g) and
      dichloromethane (75 ml) was placed in a three-necked flask fitted with a
      gas inlet tube, a Dry Ice condenser and a gas outlet tube connected to a
      gas trap cooled to -78.degree.C. Trifluoromethanesulfenyl chloride (0.22
      mole) was added to the cold solution which was maintained under a nitrogen
      atmosphere. (Caution: It should be noted that trifluoromethanesulfenyl
      chloride is a highly hazardous material which must be handled with care to
      avoid inhalation or contact with the skin.) The reaction mixture was then
      allowed to warm to about 25.degree.C and stirred magnetically until the
      orange colored solution had become nearly colorless (about 6 hours). The
      reaction mixture was then distilled. The distillation assembly was
      connected to a -78.degree.C gas trap to trap any unreacted
      trifluoromethylsulfenyl chloride. The
      2-trifluoromethylthio-2-methylpropionaldehyde, b.p.
      108.degree.-116.degree.C was identified by spectral and elemental analyses
      of a purified sample, b.p. 116.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of 2-Trifluoromethylthio-2-methylpropionaldehyde
PAR  A mixture of isobutyraldehyde (0.75 mole), ethanol (1.2 g) and
      dichloromethane (200 ml) was introduced into a sealed and pressure tested
      two-liter vessel under reduced pressure. Trifluoromethanesulfenyl chloride
      (0.7 mole) was then added to the cooled, evacuated vessel. The vessel was
      warmed to about 25.degree.C and then rocked for two and a half to three
      days. The vessel was vented through a cold gas trap (-78.degree.C) to trap
      any unreacted trifluoromethylsulfenyl chloride, and through a scrubbing
      system to remove the vented hydrogen chloride gas. Residual liquid was
      transferred to a flask and distilled to give 67 g. of the desired product,
      2-trifluoromethylthio-2-methylpropionaldehyde. The structure of the
      product was confirmed by spectral and elemental analyses.
PAC  EXAMPLE 4
PAC  Preparation of 1-Trifluoromethylthio-3-methyl-2-butanone and
      3-Trifluoromethylthio-3-methyl-2-butanone
PAR  Using the method described in Example 3, 3-methyl-2-butanone was reacted
      with trifluoromethanesulfenyl chloride to provide a reaction product which
      was distilled. The product had a boiling point of 51.degree. to
      84.degree.C/48 mm. Vapor phase chromatography of this distillate showed
      two products to be present in major quantities. Fractional distillation of
      this product provided 3-trifluoromethylthio-3-methyl-2-butanone, b.p.
      68.degree.C/54 mm Hg and 1-trifluoromethylthio-3-methyl-2-butanone, b.p.
      84.degree.C/54 mm Hg. The structures of these compounds were determined by
      spectral and elemental analyses.
PAC  EXAMPLE 5
PAC  Preparation of 3-Trifluoromethylthio-2-butanone and
      1-Trifluoromethylthio-2-butanone
PAR  Using the method of Example 3, 2-butanone was reacted with
      trifluoromethanesulfenyl chloride. The reaction mixture was distilled,
      b.p. 30.degree.-72.degree.C/55 to 60 mm. Vapor phase chromatography of the
      distillate showed two products to be present in major quantities.
      Fractional distillation gave 3-trifluoromethylthio-2-butanone, b.p.
      66.degree.C/62 mm Hg, and 1-trifluoromethylthio-2-butanone, b.p.
      85.degree.C/62 mm Hg. These structures were established by spectral and
      elemental analyses.
PAC  EXAMPLE 6
PAC  Preparation of 1,1-bis(trifluoromethylthio)-2-propanone and
      1,3-bis(trifluoromethylthio)-2-propanone
PAR  Using the method of Example 3, a mixture of
      1-trifluoromethylthio-2-propanone (0.15 mole), dichloromethane (75 ml),
      ethanol (0.3 g) and trifluoromethanesulfenyl chloride was loaded into a
      sealed metal reaction vessel. The reaction was carried out for 67 hours at
      room temperature. Most of the dichloromethane was removed by distillation.
      Vapor phase chromatography of the residual liquid showed about 55 percent
      unreacted 1-trifluoromethylthio-2-propanone and two products. The
      distillation residue was returned to the sealed metal reactor, 11.2 g
      (0.082 mole) of trifluoromethanesulfenyl chloride and 75 ml of
      dichloromethane were added, and the reaction was allowed to continue for
      12 days at room temperature. The dichloromethane was removed by
      distillation and the residue was examined by vapor phase chromatography.
      This analysis showed only 16% unreacted starting material. Fractional
      distillation of the reaction mixture gave
      1,1-bis(trifluoromethylthio)-2-propanone, b.p. 44.degree.C/23 mm Hg and
      1,3-bis(trifluoromethylthio)-2-propanone, b.p. 67.degree.C/5 mm Hg. These
      structures were established by elemental and spectral analyses.
PAC  EXAMPLE 7
PAC  Preparation of the carbamate derivative of the ketone
      1-Trifluoromethylthio-2-propanone
PAR  Step 1
PAR  A mixture of 2-propanone (0.25 mole), ethanol (0.49) and dichloromethane
      (75 ml) was introduced into a sealed and pressure tested vessel having a
      volume of about 500 ml under reduced pressure. Trifluoromethanesulfenyl
      chloride (0.22 mole) was then added to the cooled, evacuated vessel. The
      vessel was warmed to about 25.degree.C and then rocked for five days. The
      vessel was vented through a cold gas trap (-78.degree.C) to trap any
      unreacted trifluoromethylsulfenyl chloride gas and then through a
      scrubbing system to remove the vented hydrogen chloride gas. Residual
      liquid was transferred to a flask and distilled to give about 24 g of
      1-trifluoromethylthio-2-propanone. The structure of the purified product
      (b.p. 51.degree.-52.degree.C/22 mm Hg) was confirmed by spectral and
      elemental analyses.
PAR  Step 2
PAR  A mixture of hydroxylamine hydrochloride (0.12 mole) in ethanol (125 ml),
      sodium carbonate (0.06 mole) in 65 ml of water and
      1-trifluoromethylthio-2-propanone (0.11 mole) from Step 1 was stirred at
      room temperature overnight. The reaction mixture was poured into water,
      the oxime was extracted into diethyl ether, the combined ether extracts
      were washed with water and then dried. The drying agent was removed by
      filtration and the filtrate was distilled to provide
      2-trifluoromethylthio-2-propanone oxime, b.p. 57.degree.-58.degree.C/1.6
      mm Hg. The structure of this product was confirmed by elemental and
      spectroscopic analyses.
PAR  Step 3 (Process A)
PAR  A mixture of 1-trifluoromethylthio-2-propanone oxime (0.02 mole) from Step
      2, methyl isocyanate (0.22 mole) and 2 drops of triethylamine in 25 ml of
      dichloromethane was heated at its reflux temperature overnight. The
      solvent was removed by evaporation under vacuum. The residual oil was
      recrystallized from a mixture of petroleum ether and diethyl ether to give
      a pure sample of 1-trifluoromethylthio-2-propanone O-methylcarbamoyl
      oxime, m.p. 56.degree.-58.degree.C. The structure of the product was
      confirmed by elemental and spectral analyses.
PAR  Step 3 (Process B)
PAR  To a cold (0.degree.-5.degree.C) benzene solution of phosgene (23.2 g of
      12.5% solution, i.e. 0.03 mole phosgene) was added dimethylaniline (0.03
      mole). To the cold mixture was added 1-trifluoromethylthio-2-propanone
      oxime (0.03 mole) from Step 2 and 60 ml of benzene. The reaction mixture
      was stirred for two hours at room temperature. Aqueous methylamine (0.03
      mole) was then added to the reaction mixture. The reaction mixture was
      then washed with water and dried. Filtration to remove the drying agent
      was followed by evaporation of the solvents under vacuum to provide a
      residue which was purified by chromatography on silica gel and
      recrystallization. The structure was confirmed by spectral comparison of
      the product with the spectral characteristics of the product of Process A.
PAC  EXAMPLE 8
PAC  Preparation of the carbamate derivative of
      2-trifluoromethylthio-2-methylpropionaldehyde
PAR  Step 1
PAR  Preparation of the aldehyde according to Example 2.
PAR  Step 2
PAR  A mixture of hydroxylamine hydrochloride (0.09 mole) in methanol (230 ml),
      sodium carbonate (4.8 g, 0.045 mole) in 50 ml of water and
      2-trifluoromethylthio-2-methylpropionaldehyde (14.85 g, 0.086 mole) from
      Step 1 was stirred at room temperature overnight. The reaction mixture was
      poured into water, the oxime was extracted into diethyl ether, the
      combined ether extracts were washed with water and then dried. The drying
      agent was removed by filtration and the filtrate was distilled to provide
      2-trifluoromethylthio-2-methylpropionaldehyde oxime, b.p. 80.degree.C/18
      mm. The structure of this product was confirmed by elemental and
      spectroscopic analyses.
PAR  Step 3
PAR  2-Trifluoromethylthio-2-methylpropionaldehyde oxime from Step 2 was reacted
      with methyl isocyanate according to the method of Example 7, Step 3,
      Process A. The carbamate product was found to have a melting point of
      29.degree.-30.degree.C and its structure was confirmed by elemental and
      spectroscopic analyses.
PAR  The following examples illustrate additional compounds of the invention
      prepared according to the synthetic methods illustrated in Example 3.
TBL                Example 9                                                   
     ______________________________________                                    
     Structure  Boiling Point   Elemental Analysis                             
                (.degree.C/mmHg)                                               
                                (Calculated/Found)                             
     ______________________________________                                    
     CH.sub.3                                                                  
     CF.sub.3 SCH--CH=O                                                        
                61.degree./150  C, 30.38; H, 3.19                              
                                C, 30.4 ; H, 3.3                               
     ______________________________________                                    
TBL                Example 10                                                  
     ______________________________________                                    
     Structure      Boiling Point                                              
                               Elemental Analysis                              
                    (.degree.C/mmHg)                                           
                               (Calculated/Found)                              
     ______________________________________                                    
                  35.degree./0.35                                              
                           C, 45.27; H, 5.22                                   
                           C, 45.5 ; H, 5.2                                    
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU3##
      wherein R' is --CH.sub.3 or --CH.sub.2 SCF.sub.3 ; R.sup.2 and R.sup.3 are
      H or --CH.sub.3 ; and R.sup.4 is --CH.sub.3, CF.sub.3 S or CFCl.sub.2 S--,
      except that when R' is --CH.sub.3, R.sup.4 is not --CH.sub.3.
NUM  2.
PAR  2. A compound according to claim 1 wherein R' is --CH.sub.3.
NUM  3.
PAR  3. The compound 1-trifluoromethylthio-3-methyl-2-butanone according to
      claim 2.
NUM  4.
PAR  4. A process for the preparation of perhaloalkylthio-substituted ketones
      and aldehydes of the formula:
      ##EQU4##
      wherein R' if H, --CH.sub.3 or --CH.sub.2 SCF.sub.c ; R.sup.2 and R.sup.3
      are H, --CH.sub.3 or together with the carbon atoms to which they are
      attached form a six-membered cycloaliphatic ring; and R.sup.4 is
      --CH.sub.3, CF.sub.3 S or CFCl.sub.2 S--, except that when R' is CH.sub.2
      SCF.sub.3, R.sup.4 must be --CH.sub.3, and when R' is --CH.sub.3, R.sup.4
      is not CH.sub.3, comprising reacting an aldehyde or ketone of the formula
      ##EQU5##
      with a perhaloalkanesulfenyl chloride selected from the group consisting
      of CF.sub.3 SCl and CFCl.sub.2 SCl in a solvent inert to the reactants, at
      a temperature of -78.degree. to 125.degree.C and in an inert atmosphere.
NUM  5.
PAR  5. A process according to claim 4 wherein an alkanol catalyst is added to
      the reaction mixture.
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ABST
PAL  A process for the oxidation of a diethylbenzene feed which comprises
      passing a molecular oxygen containing gas into contact with said feed at a
      temperature between 100.degree. and 180.degree.C in the presence of a
      superbasic sulfonate of an alkaline-earth metal in an amount within the
      range of 0.01 to 5% by weight of the diethylbenzene feed.
DETD
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for the conversion of
      hydrocarbons. More particularly, the present invention relates to the
      liquid phase conversion of diethylbenzenes by oxidation into
      diethylbenzene hydroperoxides.
PAR  U.S. Patent application Ser. No.
      ##SPC1##
     334,084, filed on Feb. 20, 1973 now U.S. Pat. No. 3,923,909, discloses a
      two-step process for producing ethylphenols and acetaldehyde via the
      liquid phase oxidation of diethylbenzenes. This process has as the first
      step the oxidation of diethylbenzene into diethylbenzene hydroperoxide
      which is then decomposed in the second step into ethylphenol and
      acetaldehyde, according to the following reactions: v,10/20
PAL  The first step is the most critical, the overall yield of the process and
      the rate of production of ethylphenols depending upon the selectivity of
      the oxidation for the production of the monohydroperoxide and on the rate
      of this oxidation.
PAR  An object of the present invention is to provide an improved process for
      the production of diethylbenzene hydroperoxides from diethylbenzenes.
PAR  Another object of the present invention is to provide a process for the
      selective oxidation of diethylbenzenes into corresponding
      monohydroperoxides.
PAR  A further object of the present invention is to provide an improved
      reaction rate for the oxidation of diethylbenzenes to the corresponding
      diethylbenzene hydroperoxide.
PAR  It is a further object of the present invention to provide a process for
      the oxidation of diethylbenzenes without the possibility of the danger of
      explosion when the oxidation is carried out in the presence of reactors
      constructed of iron or stainless steel.
PAR  According to the present invention, the process for producing
      diethylbenzene monohydroperoxides comprises the oxidation of a
      diethylbenzene feed by passing molecular oxygen containing gas into
      contact with said diethylbenzene at a temperature between 100.degree. and
      180.degree.C in the presence of a superbasic sulfonate of alkaline earth
      metal in an amount corresponding to 0.01 to 5% by weight of the
      diethylbenzene feed.
PAR  The feed used in the process of the present invention may be a mixture of
      diethylbenzene isomers or either one of the isomers alone. In a
      particularly useful embodiment of the present invention, the feed consists
      of meta-diethylbenzene, the corresponding monohydroperoxide being then
      decomposed into m-ethylphenol which is itself a particularly useful
      compound.
PAR  In order to obtain high selectivity in hydroperoxides, the diethylbenzene
      feed must be of good purity and, in particular, the diethylbenzene should
      be free from acids and arylvinyl compounds. Also, in the event unreacted
      diethylbenzene is recycled, it is preferred to avoid a concentration of
      diethylbenzene oxidation products, other than hydroperoxides, higher than
      about 0.5% in the diethylbenzene feed. When this condition is fulfilled,
      most of the unconverted diethylbenzene recovered from the process of the
      present invention may be recycled without purication. However, in some
      instances, the recycled diethylbenzene may contain formic acid and
      ethylstyrene. These contaminants preferably are removed before the
      diethylbenzene is recycled.
PAR  The oxidation reaction of the diethylbenzene feed is carried out at a
      temperature which may vary from about 100.degree. to 180.degree.C. The
      oxidation rate of diethylbenzene increases as the reaction temperature is
      increased and, in order to minimize equipment sizes, it is desirable to
      carry out the reaction at the higher temperatures. However, the rates of
      formation of undesirable oxygenated by-products and the dangers of
      uncontrolled decomposition are also increased, as the reaction temperature
      is increased. Consequently, the reaction temperature during the oxidation
      step of the present process is generally maintained between about
      125.degree. and 160.degree.C and more particularly between 130.degree. and
      150.degree.C. According to a preferred embodiment of this invention, the
      oxidation is carried out by starting the reaction at about 150.degree.C
      and then progressively decreasing the temperature down to about
      140.degree.C.
PAR  The oxidizing agent may be air, oxygen or other molecular oxygen containing
      gas. Air has the advantage of lower cost and generally, the mixtures of
      air and diethylbenzene which are suitable to perform the oxidation are
      outside the limits of explosion. The oxidation reaction may be carried out
      at atmospheric pressure or at somewhat higher pressures. However, the
      results of comparative experiments have shown that pressures higher than
      10 atm. do not result in improved yields. Therefore, generally, pressures
      lower than 10 atm. are employed. Diethylbenzene is more preferably
      oxidized at atmospheric pressure.
PAR  The oxidation reaction is carried out by passing the molecular oxygen
      containing gas into liquid diethylbenzene under conditions insuring a
      rapid and intimate contact between the two phases, for example by using a
      bubble-column or a reactor with a stirring device. In order to avoid an
      excessive formation of undesirable by-products, more particularly of acid
      compounds which catalyze the decomposition of the formed hydroperoxide, it
      is desirable to use the oxygen containing gas in controlled amounts. A
      large excess of oxygen is detrimental with respect to the selectivity of
      the process. For this reason, the amount of oxygen in the vent gas from
      the reaction is kept preferably below 20% and more particularly below 10%.
      Moreover, vent gases containing less than 20% of oxygen are outside the
      explosion limits.
PAR  The oxidation reaction proceeds according to a chain mechanism with free
      radicals as chain propagators; therefore, it may be desirable to initiate
      this mechanism by means other than thermal self-initiation. Suitable
      initiators include peroxy compounds, such as perbenzoates,
      t.butylperoxide, diethylbenzene hydroperoxides and diazo compounds, such
      as azobiscyclohexanenitrile, which are soluble in the feed and which
      decompose at the reaction temperature to produce initiating radicals. The
      amount of initiator depends largely on its efficiency at the chosen
      temperature but generally does not exceed 5% by weight based on the feed.
      At a temperature higher than 135.degree.C, the thermal self initiation is
      sufficiently rapid without addition of an initiator.
PAR  The selectivity for the production of the diethylbenzene monohydroperoxide
      depends not only on the reaction conditions, the feed purity, the reaction
      vessel material, the presence of additives but also to a large extent, on
      the degree of conversion. This is due partly to a detrimental effect of
      the by-products obtained by the thermal decomposition of the
      hydroperoxides and which accumulate progressively. Also, the
      diethylbenzene monohydroperoxide is oxidized to an increasing extent into
      other hydroperoxidic compounds and mainly to bishydroperoxide and
      acetyl-ethylbenzene hydroperoxide. Therefore, it is preferred to limit the
      diethylbenzene conversion. It has been found that the most useful
      conversions lie between 5 and 30%, and more particularly between about 10
      and 25%.
PAR  By-products are formed during the oxidation of diethylbenzene into the
      corresponding hydroperoxide and some of these by-products, namely the acid
      compounds, tend to decompose the hydroperoxide and corrode the reaction
      vessel. Therefore, in order to minimize these drawbacks in accordance with
      the present invention, basic substances are added to the reaction mixture.
      The basic substances which are the most used consist of carbonates of
      alkaline and alkaline-earth metals, oxides of alkaline-earth metals, soaps
      of alkaline metals, pyridine and their mixtures. It now has been
      unexpectedly found that superbasic sulfonates of alkaline-earth metals are
      particularly valuable substances. These sulfonates improve the selectivity
      and the oxidation rate of the feed into the corresponding hydroperoxide.
PAR  Superbasic sulfonates of alkaline-earth metals (sometimes called carbonated
      sulfonates) are compounds having the general composition
EQU  R -- Y -- M -- CO.sub.3 -- (M -- CO.sub.3).sub.x -- M -- SO.sub.3 R
PAL  where R is an organic radical, usually an aliphatic, alicyclic, aromatic or
      mixed-type hydrocarbon radical having at least 18 carbon atoms, Y is
      CO.sub.3 or SO.sub.3 radicals, M is Ba, Ca or Mg and x is an integer
      having a value in the range of 0 to 8. These superbasic sulfonate
      compounds are prepared by known processes. For example, calcium superbasic
      alkylbenzenenasulfonate may be prepared by adding a hydrocarbon solution
      of alkylbenzenesulfonic acid to a methanolic solution of calcium methylate
      and then introducing CO.sub.2. Methanol is evaporated and the insoluble
      materials are recovered by filtration or centrifuging. The insoluble
      materials can be obtained in powder form by removing the hydrocarbon, for
      instance by spray drying.
PAR  The effects of the addition of the superbasic sulfonates on the oxidation
      rate in hydroperoxide and on the selectivity of the reaction are shown by
      the results of the following described comparative experiments in which
      m-diethylbenzene has been oxidized in batch operations. These experiments
      were carried out in a glass reactor, at a temperature of about
      130.degree.C, with oxygen as oxidizing gas at 1 atm. and in the presence
      of diethylbenzene hydroperoxide as initiator. For the sake of brevity, DEB
      is used for diethylbenzene and DEBOOH for the monohydroperoxide of DEB.
TBL                                    TABLE I.                                
     __________________________________________________________________________
     Experiment                                                                
             1   2   3    4   5   6                                            
     __________________________________________________________________________
     Base    --      Na.sub.2 CO.sub.3                                         
                          Ca sulfonate                                         
                                  Mg sulfonate                                 
                          (b)     (b)                                          
     wt. % (a)                                                                 
             --      1    1       1                                            
     Oxidizing gas                                                             
             dry     wet  dry     dry                                          
     Reaction time                                                             
      (minutes)                                                                
             260 400 240  160 240 250                                          
     __________________________________________________________________________
     m-DEB conver-                                                             
      sion (%)                                                                 
             15.5                                                              
                 20.0                                                          
                     15.0 15.7                                                 
                              21.1                                             
                                  19.3                                         
     Selectivity in                                                            
      m-DEBOOH                                                                 
             77.5                                                              
                 68.7                                                          
                     80.8 78.2                                                 
                              73.9                                             
                                  70.8                                         
     __________________________________________________________________________
      (a) weight % on a dry basis                                              
      (b) Ca and Mg salts of carbonated (heavy alkyl) benzene sulfonic acids.  
PAL  The results set forth in Table I illustrate that the oxidation rate is
      noticeably increased, and the selectivity is improved, when the reaction
      is carried out in the presence of a superbasic sulfonate, more
      particularly calcium superbasic sulfonate. This effect is unexpected since
      the oxidation rate of other alkylbenzenes such as ethylbenzene and cumene
      is not increased and is even decreased when the oxidation is carried out
      in the presence of calcium superbasic sulfonate. Moreover, in such
      instances, the selectivity of the reaction is lower. The following Table
      II presents the results of comparative experiments with ethylbenzene and
      cumene.
TBL                TABLE II.                                                   
     ______________________________________                                    
     Experiment   7      8          9    10                                    
     Hydrocarbon  Ethylbenzene  Cumene                                         
     ______________________________________                                    
     Base         --     Ca sulfonate                                          
                                    --   Ca sulfonate                          
      weight %    --      1         --    1                                    
     Oxidizing gas                                                             
                  dry    dry        dry  dry                                   
     Reaction time                                                             
      (minutes)   345    345        205  240                                   
     Hydrocarbon conver-                                                       
      sion (%)    11.8   12.4       20.4 20.0                                  
     Selectivity in mono-                                                      
      hydroperoxide                                                            
                  82.5   64.2       93.8 86.0                                  
     ______________________________________                                    
PAR  The superbasic sulfonates of alkalino-earth metals are used in amounts
      which may vary within large limits, generally between 0.01 and 5% and more
      particularly between 0.01 and 2% by weight, based on the feed material.
      These amounts are calculated for superbasic sulfonates in powder form, it
      being understood that these substances may be used in a diluted form. The
      most advantageous concentration of sulfonates depends on the reaction
      conditions, particularly on the reaction temperature, on the oxidizing gas
      and its concentration and on the reactor materials of construction. The
      higher concentrations of sulfonates are generally used when the reaction
      is carried out at low temperature, with a high concentration of oxidizing
      gas and in a reactor made of an easily oxidizable material.
PAR  The oxidation of a diethylbenzene feed into the corresponding
      monohydroperoxide according to the present invention may be carried out in
      a reaction vessel which has internal surfaces made of iron or stainless
      steel without danger of explosion. Contrary to other basic substances such
      as carbonates, the superbasic sulfonates of alkalino-earth metals appear
      to act as passivating agents. Expensive materials such as titanium or
      silver or silver alloys are not required for the manufacture of the
      reactors used in accordance with the process of the present invention.
PAR  The features and other characteristics of the process of the present
      invention will be further described by the following non-limiting
      examples.
PAC  EXAMPLE 1
PAR  Distilled meta-diethylbenzene (m-DEB) (235 ml) was charged to a glass
      reactor equipped with a stirring device, a cooling system and a Dean and
      Stark condenser. Calcium salt of carbonated kerylbenzenesulfonic acid
      (0.17 wt. % calculated on the weitht of m-DEB) was then added. Air was
      bubbled into the liquid mixture with agitation at a rate of 34 liters per
      hour. The reaction mass was then heated to 150.degree.C at which
      temperature oxygen uptake began rapidly. After about 20 minutes the oxygen
      percentage in the vent gas was depressed to about 9 to 10% and remained at
      this value throughout the course of the reaction. The temperature was
      progressively decreased as the m-DEB conversion increased in such a way
      that 140.degree.C was reached when 22% conversion was obtained as
      determined by oxygen absorption measurements. This conversion was obtained
      after 130 minutes and the reaction mixture was then rapidly cooled to
      30.degree.-40.degree.C and collected.
PAR  During the reaction some m-DEB (about 1% of the charged hydrocarbon) was
      collected in the condenser together with small amounts of water and formic
      acid. This m-DEB could be recycled to the oxidation reaction after washing
      with water.
PAR  The reaction mixture contained 22.2% by weight of total m-diethylbenzene
      hydroperoxides, which corresponds to a yield of 84.9% calculated on the
      reacted m-DEB. The content of monohydroperoxide in the total
      hydroperoxides amounted to 93.5%, corresponding to a yield of 79.4%
      calculated on the reacted m-DEB.
PAC  EXAMPLE 2
PAR  Experiments have been carried out in a titanium reactor with addition of
      superbasic calcium sulfonate to the starting m-DEB. Different
      concentrations of the sulfonate were used, at 140.degree.C, ranging from
      0.01 to 1% by weight in order to optimize the selectivity. It was found
      that selectivity is improved even with an amount of sulfonate as low as
      0.01% and does not vary widely when this concentration is increased. In
      fact, the molar selectivities into total hydroperoxides obtained range
      between 78.7% and 80.3% at 22% DEB conversion. By way of comparison,
      similar experiments have been carried out in the absence of sulfonate. The
      molar selectivities were about 72%. The use of concentrations of calcium
      sulfonate higher than 0.1% is to improve the reaction rate. The reaction
      time is decreased by a factor 1.8 when using 1% instead of 0.1% of calcium
      sulfonate.
PAC  EXAMPLE 3
PAR  Oxidation of commercial DEB (mixture of the three isomers) has been carried
      out in a 316 stainless steel autoclave, at 150.degree.-140.degree.C, in
      the presence of 0.2 wt. % of powdered Ba superbasic sulfonate and with an
      air flow rate of about 154 liters per hour per liter of DEB. A 23%
      conversion was obtained in about 85 minutes. The selectivity was 84.85
      mole % into total hydroperoxides and 78--79% into DEBOOH.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the oxidation of a diethylbenzene feed to form
      diethylbenzene hydroperoxide which comprises passing a molecular oxygen
      containing gas into contact with said feed at a temperature between
      100.degree. and 180.degree.C. in the presence of 0.01 to 5.0%, by weight,
      of said diethylbenzene feed, of a superbasic sulfonate of an alkaline
      earth metal of the formula:
EQU  R -- Y -- M -- CO.sub.3 -- (M -- CO.sub.3).sub.x -- M -- SO.sub.3 R
PAL  wherein R is a hydrocarbon radical having at least 18 carbon atoms, Y is
      selected from the group consisting of CO.sub.3 and SO.sub.3 radicals, M is
      selected from the group consisting of barium, calcium and magnesium, and X
      is an integer between 0 and 8.
NUM  2.
PAR  2. The process of claim 1 wherein the oxidation is carried out at a
      temperature of between 125.degree. and 160.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein said superbasic sulfonate is a calcium
      sulfonate.
NUM  4.
PAR  4. The process of claim 1 wherein said superbasic sulfonate is barium
      sulfonate.
NUM  5.
PAR  5. The process of claim 1 wherein said superbasic sulfonate is magnesium
      sulfonate.
NUM  6.
PAR  6. The process of claim 1 wherein the amount of superbasic sulfonate is
      within the range of 0.01 to 2% by weight, based on the feed material.
NUM  7.
PAR  7. The process of claim 1 wherein the superbasic sulfonate is selected from
      the group consisting of the superbasic sulfonates of calcium, barium and
      magnesium, and is used in an amount of between 0.01 and 2% by weight based
      on the feed.
NUM  8.
PAR  8. The process of claim 1, wherein said oxidation reaction is carried out
      in the presence of a free radical-producing initiator.
NUM  9.
PAR  9. The process of claim 8, wherein said free radical initiators selected
      from the group consisting of a peroxy compound and a diazo compound.
NUM  10.
PAR  10. A process for the production of ethyl phenol and acetaldehyde from a
      diethyl benzene feed which comprises passing a molecular oxygen containing
      gas into contact with said feed at a temperature between 100.degree. and
      180.degree.C. in the presence of 0.01 to 5.0%, by weight, of said diethyl
      benzene feed, of a superbasic sulfonate of an alkaline earth metal of the
      formula:
EQU  R -- Y -- M -- CO.sub.3 -- (M -- CO.sub.3).sub.x -- M -- SO.sub.3 R
PAL  wherein R is a hydrocarbon radical having at least 18 carbon atoms, Y is
      selected from the group consisting of CO.sub.3 and SO.sub.3 radicals, M is
      selected from the group consisting of barium, calcium and magnesium, and X
      is an integer between 0 and 8.
NUM  11.
PAR  11. The process of claim 1, wherein said superbasic sulfonate of an
      alkaline earth metal is calcium superbasic alkylbenzenesulfonate.
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ABST
PAL  A process for producing 2,3,6-trimethylphenol by reacting a m-cresol with
      methanol in the gas phase in the presence of a catalyst containing ceric
      oxide, zinc oxide, and an oxide of a metal selected from the group
      consisting of an alkali metal, barium, calcium or strontium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the past 2,3,6-trimethylphenol has been manufactured from the reaction
      of m-cresol with methanol utilizing various catalyst systems such as
      described in DAS 1,263,010, Mar. 14, 1968; DAS 1,269,125, May 5, 1968;
      Japanese Patent Publication 37,942/72, Sept. 25, 1972; and DAS 2,124,901,
      Dec. 16, 1971. Such known processes for the manufacture of
      2,3,6-trimethylphenol in which catalyst systems of various types are used,
      generally have the disadvantage that the yields of the desired products
      are relatively small. Furthermore, the catalysts used generally have a
      relatively short life.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it has been found that
      2,3,6-trimethylphenol can be produced in high yields by the reaction of
      m-cresol and methanol where the methanol and m-cresol is present in the
      gas phase in a catalyst system containing 24 parts by weight of said
      system of magnesium in the form of magnesium oxide, 2 to 15 parts by
      weight of said system of cerium in the form of ceric oxide; 1 to 5 parts
      by weight of said system of zinc in the form of zinc oxide and 0.1 to 1.5
      parts by weight of said system of a metal selected from the group
      consisting of an alkali metal, barium, calcium, or strontium, in the form
      of its oxide. By use of this catalyst system the 2,3,6-trimethylphenol is
      produced from m-cresol in very high yields, i.e., in yields of 90% or
      higher. Furthermore, these catalysts have a very long life since they can
      be used for more than 1200 hours or longer without any noticeable loss of
      activity being observed.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The catalyst system for use in this invention contains 24 parts by weight
      of magnesium in the form of magnesium oxide, 2 to 15 parts by weight of
      said system of cerium in the form of ceric oxide, 1 to 5 parts by weight
      of said system of zinc in the form of zinc oxide and 0.1 to 1.5 parts by
      weight of said system of an alkali metal, barium, calcium or strontium in
      the form of the corresponding oxides. This catalyst system can, if
      desired, contain inert ingredients. The parts by weight refer in each case
      to the weight of the respective metal.
PAR  The term "alkali metal" as used in this specification includes any one of
      the alkali metals such as lithium, sodium, potassium, rubidum and caesium.
      The preferred alkali metals are sodium and potassium, especially sodium.
PAR  A preferred embodiment of the present process consists in using a catalyst
      system which contains 24 parts by weight of said system of magnesium, 5 to
      8 parts by weight of said system of cerium, 1 to 2 parts by weight of said
      system of zinc and 0.1 to 0.5 parts by weight of said system of metal
      selected from the group consisting of alkali metal, barium, calcium or
      strontium, in each case in the form of the corresponding oxides.
PAR  The reaction, which is carried out with the methanol and m-cresol in the
      gas phase, can be carried out within a wide temperature range, namely
      within a range of from about 300.degree.C. to about 520.degree.C. It is
      preferred to carry out this reaction at a temperature between about
      390.degree.C. to about 450.degree.C., especially between about
      410.degree.C. to about 440.degree.C.
PAR  The reaction can be carried out at a pressure ranging from normal pressure,
      i.e., 1 atmospheres 10 10 atmospheres. The reaction is preferably carried
      out at a pressure ranging from normal pressure (1 atmosphere) to about 3
      atmospheres.
PAR  The molar ratio of methanol to m-cresol can be between about 2:1 and about
      20:1. The reaction is preferably carried out using a molar ratio of
      methanol to m-cresol of between about 5:1 and about 15:1.
PAR  The reaction mixture obtained after carrying out the process consists
      essentially of the desired product, namely 2,3,6-trimethylphenol, and, in
      addition, small amounts of 2,3,4,6-tetramethylphenol, small amounts of the
      m-cresol starting material, o-cresol, 2,6-xylenol, phenol, 2,5-xylenol,
      2,3-xylenol, 2,4,6-trimethylphenol and 2,3,5-trimethylphenol. This
      reaction mixture can be used without further purification, for example for
      the manufacture of trimethylquinone. On the other hand the
      2,3,6-trimethylphenol can be recovered from the reaction mixture by
      conventional means, e.g. by distillation.
PAR  The present invention is also concerned with a catalyst suitable for
      carrying out the foregoing process, said catalyst containing 24 parts by
      weight of magnesium in the form of magnesium oxide, 2 to 15 parts by
      weight of cerium in the form of ceric oxide, 1 to 5 parts by weight of
      zinc in the form of zinc oxide and 0.1 to 1.5 parts by weight of an alkali
      metal, barium, calcium or strontium in the form of the corresponding
      oxides.
PAR  A particularly preferred catalyst contains 24 parts by weight of magnesium,
      5 to 8 parts by weight of cerium, 1 to 2 parts by weight of zinc and 0.1
      to 0.5 parts by weight of an alkali metal, barium, calcium or strontium,
      in each case in the form of the corresponding oxides.
PAR  A catalyst as hereinbefore defined can be prepared, also in accordance with
      the present invention, by treating magnesium carbonate or magnesium oxide
      with a solution or suspension of a cerium compound, a zinc compound and a
      metal compound where said metal is an alkali metal, barium, calcium or
      strontium, drying the product obtained and heating the dried product to
      about 400.degree.C. to about 600.degree.C.; said compounds being used in
      such amounts that the catalyst obtained after heating corresponds to the
      quantitative proportions given hereinbefore.
PAR  In this process there is preferably used as the cerium compound a cerium
      salt containing a readily volatile anion. especially cerium (III) nitrate.
      Zinc oxide is preferably used as the zinc compound.
PAR  The corresponding oxides, hydroxides or carbonates can be used as the
      alkali metal, barium, calcium or strontium compound.
PAR  The suspension or solution, which contains the metal compound, the zinc
      compound and the cerium compound is formed by dissolving or suspending the
      metal compound, the zinc compound and the cerium compound is an inert
      solvent. For use in preparing these suspensions or solutions any
      conventional inert solvent such as water, lower alkanols, such as methanol
      and ethanol, etc. can be utilized. The resulting solution or suspension is
      then added to the magnesium carbonate or magnesium oxide to form a
      mixture. In the next step of forming the catalyst system, the mixture is
      dried to remove the solvent. Any conventional method of removing the
      solvent can be utilized in carrying out this procedure. In the final step
      of this process, the dried mixture is heated to 400.degree.C. to
      600.degree.C. whereupon the catalyst system for use in this invention
      forms.
PAR  The following examples are illustrative but not limitative of the present
      invention.
PAC  EXAMPLE 1 the
PAR  570 ml. of the catalyst prepared according to Example 2 hereinafter are
      placed in a cylindrical (diameter of 24.5 cm) reactor which is connected
      with a storage vessel and is provided with a metering pump for
      transmitting the starting material to the reactor. The reactor is
      electrically heated externally.
PAR  A mixture of m-cresol and methanol is a molar ratio of 1:10 is conducted at
      450.degree.C. through the reactor containing the catalyst, i.e., with a
      velocity of 50 g. of mixture/hour The reaction mixture containing the
      desired 2,3,6-trimethylphenol is led off at the lower end of the reactor.
PAC  EXAMPLE 2
PAR  The catalyst used in Example 1 was prepared as follows:
PAR  110 g. of magnesite (particle size 2-4 mm.) were saturated in the flask of
      a rotary evaporator at 60.degree.C. with a solution of 204.5g of cerium
      (III) nitrate 6H.sub.2 O in 500 g. of methanol and thereupon freed from
      the methanol under reduced pressure. To the still slightly moist mixture
      were added, with mixing, 27.4 g. of zinc oxide and 5 g. of sodium
      carbonate.
PAR  The thus-obtained mixture was spread out on a flat base and the methanol
      still present was burnt. In so doing, a partial decomposition of the
      cerium nitrate takes place with evolution of nitrous gases. The majority
      of the nitrous gases are expelled by slow heating for 3 hours at
      500.degree.C. in an electric muffle oven. After separation of the catalyst
      powder by sieving, the catalyst (24 parts by weight of magnesium, 6 parts
      by weight of cerium, 2 parts by weight of zinc and 0.2 parts by weight of
      sodium, in each case in the form of the corresponding oxides) is gassed in
      the reactor described in Example 1 for 3 hours at 450.degree.C. with an
      inert gas (e.g. nitrogen) and then with methanol vapor. The thus-treated
      catalyst is ready for use in the reaction described in Example 1.
PAC  EXAMPLE 3
PAR  The reaction described in Example 1 was carried out using other catalysts
      prepared in an analogous manner to that described in Example 2. These
      catalysts (a) - (f) contained metal oxides in the following amounts with
      respect to the corresponding metals:
TBL  Mg     Ce     Zn     Li    Na    K     Ca    Ba                           
     ______________________________________                                    
     a)  24     6      2    0.2   --    --    --    --                         
     b)  24     6      2    1.0   --    --    --    --                         
     c)  24     6      2    --    0.2   --    --    --                         
     d)  24     6      2    --    --    0.2   --    --                         
     e)  24     6      2    --    --    --    0.2   --                         
     f)  24     6      2    --    --    --    --    0.2                        
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing 2,3,6-trimethylphenol comprising reacting
      m-cresol with methanol wherein the m-cresol and methanol are present in
      the gas phase, said reaction taking place in the presence of a catalyst
      system composed of 24 parts by weight of said catalyst system of magnesium
      in the form of magnesium oxide, 2 to 15 parts by weight of said catalyst
      system cerium in the form of ceric oxide, 1 to 5 parts by weight of said
      system of zinc in the form of zinc oxide and 0.1 to 1.5 parts by weight of
      said system of metal selected from the group consisting of an alkali
      metal, barium, calcium or strontium wherein said metal is in the form of
      its oxide wherein the reaction is carried out at a temperature of from
      about 300.degree.C and about 520.degree.C and at a pressure of from 1
      atmosphere to about 10 atmosphere.
NUM  2.
PAR  2. A process of claim 1 wherein the catalyst system contains 24 parts by
      weight of magnesium; 5 to 8 parts by weight of cerium in the form of ceric
      oxide; 1 to 2 parts by weight of zinc in the form of zinc oxide and 0.1 to
      0.5 parts by weight of said metal in the form of the metal oxide.
NUM  3.
PAR  3. A process of claim 1 wherein the reaction is carried out at a
      temperature of from about 300.degree.C. and about 450.degree.C.
NUM  4.
PAR  4. A process of claim 1 wherein methanol and m-cresol are present in the
      reaction in a molar ratio of from about 2:1 to about 20:1.
NUM  5.
PAR  5. A process of claim 4 wherein methanol and m-cresol are present in the
      reaction in a molar ratio of from about 5:1 to about 15:1.
NUM  6.
PAR  6. A process of claim 1 wherein the reaction is carried out at a pressure
      of from 1 atmosphere to about 3 atmospheres.
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ABST
PAL  Hydroquinone is made by electrolytically reducing nitrobenzene in an
      aqueous acid medium and thereafter maintaining the reaction medium
      containing the amino product, at a temperature of 200.degree. to
      300.degree.C. for a sufficient time to hydrolyze the amino product to
      hydroquinone, and extracting the hydroquinone from the aqueous reaction
      medium.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  In some aspects, this application is a continuation-in-part of my copending
      application Ser. No. 267,534, filed June 29, 1972 now U.S. Pat. No.
      3,862,247 which, in turn, is a continuation-in-part of my application Ser.
      No. 16,545, filed Mar. 4, 1970 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the production of hydroquinone by
      the electrolytic reduction of nitrobenzene to amino products and the
      hydrolysis of the amino products to hydroquinone.
PAR  Hydroquinone has the characteristic of being easily oxidized to quinone and
      the quinone-like products. The principal large scale use of hydroquinone
      is as a photographic developer, but it is also used as a stabilizer and as
      an antioxidant for substances such as fats, oils, whole milk powders,
      vitamins, and the like.
PAR  Hydroquinone has been produced heretofore commercially by the oxidation of
      aniline in sulfuric acid with manganese dioxide or sodium dichromate to
      quinone and the reduction of the quinone with iron dust to hydroquinone.
      It has been suggested that hydroquinone can be produced by the
      electrolytic oxidation of benzene to quinone in the presence of sulfuric
      acid, using a lead anode and a lead cathode, and then the reduction of the
      quinone to hydroquinone. My copending application Ser. No. 267,534
      describes the production of hydroquinone by the hydrolysis of
      para-aminophenol.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention hydroquinone is made from nitrobenzene by the
      electrolytic reduction of nitrobenzene in an aqueous acid medium to amino
      products; then hydrolyzing the amino products in the acid medium along
      with water to provide 40 to 120 moles of water per mole of nitrobenzene
      initially present by maintaining the aqueous reaction medium at a
      temperature of 200.degree. to 300.degree.C., preferably from 220.degree.
      to 260.degree.C., for a time sufficient to hydrolyze the hydrogenated
      product to hydroquinone; cooling the aqueous reaction medium; and
      extracting the hydroquinone from the cooled aqueous reaction medium with
      an organic water-immiscible solvent.
PAC  DETAILED DESCRIPTION
PAR  The starting material for use in the present invention is nitrobenzene.
      This starting material may be either of the two grades of nitrobenzene
      that are commercially available: Nitrobenzene (a technical undistilled
      product) and oil of mirbane (distilled nitrobenzene). The small amounts of
      hydrocarbons, both benzene and paraffins, and traces of m-dinitrobenzene,
      nitrophenol, and water that constitute the impurities in the technical
      grade do not appreciably affect the process. The oil of mirbane grade is
      quite pure, having a purity (by freezing point) better that 99.5%.
PAR  The sulfuric acid to be used should, of course, be electrolytic grade. Such
      grade can be obtained commercially at any strength between sp. gr. 1.200
      (27.4%) and sp. gr. 1.835 (93.19%).
PAR  The reduction of the nitrobenzene to amino compounds which are precursors
      to hydroquinone is carried out in an aqueous sulfuric acid solution. The
      temperature should be maintained between 50.degree. and 80.degree.C. Any
      nitrobenzene remaining after the reduction, can be readily removed from
      the solution by steam distillation.
PAR  After the electrolytic reduction, the composition of the aqueous acid
      medium becomes important for the hydrolysis. The composition can be
      readily determined by analysis and adjusted as needed. The minimum
      requirement is that there be at least a mole of sulfuric acid per mole of
      nitrobenzene originally present in the reaction.
PAR  If mole ratio below 1 mole of sulfuric acid per mole of nitrobenzene
      originally present is used, insufficient conversion results and large
      amounts of unreacted starting materials remain in the aqueous solution. If
      mole ratio is above about 2 moles of sulfuric acid per mole of
      nitrobenzene originally present, the yield seems to drop.
PAR  Water must be present in an amount sufficient to provide for hydrolysis and
      also to act as solvent for the salts of the hydroquinone precursors,
      hydroquinone, ammonium bisulfate, and the ammonium sulfate that are formed
      during the course of the reaction. As an example, at least 40 moles of
      water per mole of nitrobenzene originally charged must be present to
      dissolve sufficient quantities of the reactants and products. More water
      up to about 120 moles may be used but excess water raises the practical
      problem of water removal for the recovery of the ammonium sulfate.
PAR  The temperature for the hydrolysis can vary over a wide range of from about
      200.degree. to 300.degree.C. If temperatures below about 200.degree.C. are
      used, an unduly long reaction time is required and the yields are not
      generally good. As the temperature is increased, the pressure must be
      correspondingly increased to maintain the reaction medium in the aqueous
      phase. At temperatures as high as 300.degree.C., a steam pressure of up to
      about 1250 psig is required to maintain an aqueous phase and there is
      danger of resin formation if the contact time is too long. No advantage is
      obtained by increasing or decreasing the pressure to a value other than
      that which is sufficient to maintain a liquid phase. To avoid the use of
      considerable pressure, with the corresponding equipment requirements,
      temperatures in the range of 220.degree. to 260.degree.C. are preferred.
PAR  The reaction time or residence time of the reactants during hydrolysis
      varies with the temperature and to a lesser extent with the mole ratio of
      the reactants. At minimum temperature, e.g., 200.degree.C., a per pass
      reaction time of 8 hours is ordinarily required. At 220.degree.C.,
      effective results from the standpoint of yield are obtained using a
      two-pass hydrolysis reaction and a reaction time of 3 hours per pass. At
      220.degree.C., satisfactory results can be obtained in a single pass
      hydrolysis step if the reaction time is extended to 7 or 8 hours.
      Hydrolysis can occur at temperatures above 250.degree.C. in 5 minutes to a
      half hour. From a practical standpoint, the overall time per pass for
      hydrolysis can be considered to be from 5 minutes to 8 hours.
PAR  The hydrolysis can be carried out in one step or it can be carried out in
      two or more steps. It can be continued sequentially by terminating the
      reaction, cooling, extracting the hydrolysis product and reheating the
      hydrolysis mixture without further addition of reactants. While a one-step
      hydrolysis is desirable from the standpoint of ease and efficiency of
      operation, an increase in yield can usually be achieved by a second
      hydrolysis of the reation mixture after the product of the first
      hydrolysis has been extracted.
PAR  After the period of hydrolysis, the length of time of which is dependent to
      some extent on whether a single or multiple pass hydrolysis is used, the
      reaction mixture is cooled. Cooling is required to prevent resinification
      of the product in the acidic aqueous reaction mixture and to enable the
      separation of the by-product by organic solvent extraction. Any
      substantially water-immiscible solvent which will dissolve the product
      hydroquinone is useful. The preferred solvent is ethyl ether.
PAR  In the extraction, the organic solvent phase is then separated from the
      reaction mixture by decantation and the product is removed from the
      solvent by distillation or other means. Distillation provides a high
      purity hydroquinone as a product.
PAR  After removal of the hydroquinone, the resulting aqueous effluent reaction
      mixture can be reheated to the hydrolysis temperature for a second or even
      a third hydrolysis step. The second and subsequent hydrolysis steps are
      carried out as before; i.e., by heating the reaction mixture to the
      appropriate temperature of hydrolysis for the desired period of time,
      cooling and removing the hydroquinone product by solvent extraction.
PAR  The apparatus for the electrolytic reduction of the nitrobenzene may be a
      circular glass or glass-lined vessel with a porous cup separating the
      vessel into a anolyte chamber and a catholyte chamber. The anode is
      platinum and the cathode is carbon. Both electrodes are provided with
      binding posts for connection to the electric circuit. A stirrer is
      provided in the catholyte chamber. Heating and cooling coils are provided
      for the vessel.
PAR  The hydrolysis of the amino products can be carried in a Pfaudler kettle,
      with the higher temperatures of the hydrolysis, corrosion resistant
      construction materials become necessary. At temperatures up to 220.degree.
      to 230.degree.C., teflon reactors are effective. Higher temperature ranges
      require the use of more durable equipment such as tantalum-lined reactors.
PAR  Without further elaboration, it is believed that one skilled in the art
      can, by following the preceding description, utilize the present invention
      to its fullest extent. The following specific embodiment is, therefore, to
      be construed as merely illustrative, and not limitative of the disclosure.
PAR  A porous Alundum cup was secured in the center of a substantially larger
      glass vessel equipped with heating and cooling walls and a stirrer, the
      cup extending almost to the bottom of the vessel. The anode, constituted
      of a series of platinum wires, was placed inside the cup. The cathode,
      constituted of a series of carbon plates, was placed in the space between
      the sidewalls of the vessel and the cup. Thus the volume within the cup is
      the anolyte chamber and the annular space between the cup and the vessel
      is the catholyte chamber. An anolyte solution consisting of 100 grams of a
      75% sulfuric acid solution is charged to the anolyte chamber. A catholyte
      solution consisting of 20 grams of nitrobenzene in 100 grams of 80%
      sulfuric acid was charged to the catholyte chamber. The vessel was
      maintained at a temperature of 50.degree. to 80.degree.C. To the
      electrodes was connected a direct current energy source capable of
      operating at 6 volts. Electricity was applied to the electrodes at the
      rate of 6 amperes per hundred square centimeters of electrode for a period
      of 31/2 hours to reduce the nitrobenzene to amino products. During this
      time, a mechanical stirrer was operated in the catholyte chamber to direct
      the liquid in a downwardly direction in the catholyte chamber. At the end
      of this period the solution was removed from the catholyte chamber,
      diluted with 152 grams of water and 11 grams of ammonia gas was bubbled
      into the mixture to partially neutralize the sulfuric acid. Analysis of an
      aliquot showed about 16.8 grams of para-aminophenol to be present. The
      solution was then placed in a tantalum lined reactor and heated under
      pressure to a temperature of 240.degree.C. and maintained at this
      temperature for 4 hours to hydrolyze the amino products to hydroquinone.
      The solution was cooled to room temperature and filtered to remove any
      solids. The filtrate was subjected to two extractions, each comprised of
      200 milliliter portions of ethyl ether. The ether extracts were combined
      and evaporated to dryness. There remained 14.8 grams of crude
      hydroquinone. After purification by flash distillation under vacuum at
      203.degree.C./60 mm., there was obtained 12.8 grams of pure hydroquinone.
      This gave an overall yield based upon the nitrobenzene originally charged
      of 71.5%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the manufacture of hydroquinone from nitrobenzene which
      compreses the steps of:
PA1  a. subjecting a solution of nitrobenzene in an aqueous sulfuric acid
      electrolyte at a temperature of 50.degree. to 80.degree.C to electrolytic
      reduction, thereby forming amino products,
PA1  b. subjecting said electrolyte containing said amino products to hydrolysis
      at a temperature of 200.degree. to 300.degree.C for a period of time
      sufficient to hydrolyze said amino products to hydroquinone,
PA1  c. cooling said hydrolysis solution, and
PA1  d. extracting hydroquinone from said solution with a water immiscible
      organic solvent.
NUM  2.
PAR  2. The process of claim 1 wherein said electrolytic reduction is carried
      out using a platinum anode and a carbon cathode.
NUM  3.
PAR  3. The process of claim 1 wherein said water immiscible organic solvent is
      ethyl ether.
NUM  4.
PAR  4. The process of claim 1 wherein the electrolytic reduction is carried out
      in a catholyte solution comprising 20 parts of nitrobenzene in 100 parts
      of sulfuric acid and in an anolyte solution comprising aqueous sulfuric
      acid having a concentration of 75% H.sub.2 SO.sub.4.
NUM  5.
PAR  5. The process of claim 1 wherein said hydrolysis is carried out with the
      ratio of reactants being at least one mole of sulfuric acid and 40 to 120
      moles of water per mole of nitrobenzene originally subjected to said
      electrolytic reduction.
NUM  6.
PAR  6. A process for the manufacture of hydroquinone from nitrobenzene which
      comprises the steps of:
PA1  a. electrolytically reducing a solution of nitrobenzene in an aqueous
      sulfuric acid electrolyte at a temperature of 50.degree. to 80.degree.C.
      by passing a direct current through a circuit including a platinum anode
      and a carbon cathode to form amino products from said nitrobenzene,
PA1  b. hydrolyzing said amino products by maintaining said solution at a
      temperature of 200.degree. to 300.degree.C. for a period of time ranging
      from 5 minutes to 8 hours and adjusting the composition of said solution
      to a ratio of at least 1 mole of acid and 40 moles of water per mole of
      nitrobenzene originally present whereby said amino products are hydrolyzed
      to hydroquinone,
PA1  c. cooling said solution, and
PA1  d. extracting said hydroquinone from such solution with a water-immiscible
      organic solvent.
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ABST
PAL  A catalyst composition for the hydroformylation, including
      hydroxyhydroformylation, of C.sub.2 to C.sub.16 olefins to provide
      alcohols and aldehydes is disclosed. The catalyst contains a
      hydrido-platinum-group metal-carbonyl, such as hydridopalladium carbonyl,
      on a solid, acidic, silica-based support material. The catalyst
      composition can also contain a Group VA electron donor ligand, such as
      triphenyl phosphine.
PARN
PAR  This application is a continuation-in-part of Ser. No. 17,335, filed Mar.
      6, 1970; now abandoned.
BSUM
PAR  This invention relates to a catalyst composition and its use in the
      hydroformylation, including hydroxyhydroformylation, of olefins. In a
      particular embodiment, this invention relates to a process for the
      hydroformylation of pentene and to a catalyst therefor.
PAR  Numerous catalysts have been disclosed in the prior art as suitable for the
      hydroformylation, including hydroxyhydroformylation, of olefins to form
      low molecular weight alcohols and aldehydes of these olefins.
      Hydroformylation of olefins with noble metal carbonyl-phosphine complexes
      (such as platinum, ruthenium, osmium, iridium or rhodium
      carbonyl-triphenylphosphine complexes) in the liquid phase are shown in
      U.S. Pat. No. 3,239,571 and in French Pat. No. 1,459,643. The
      synthesization of propanol by the hydroformylation of ethylene using a
      palladium chloride catalyst is reported in the Bulletin of the Chemical
      Society of Japan, Vol. 38 (12), p. 2213 (1965) and Vol. 39 (1), p. 141
      (1966). However, in the latter processes, the yield of propanol was low
      with a hydrogenation reaction being carried out to a larger extent than
      the hydroformylation.
PAR  In U.S. Pat. No. 3,487,112, there is disclosed a solid catalyst system for
      the hydroformylation of olefins. The catalyst system therein disclosed
      comprises a solid inert support having dispersed thereon a coordination
      complex of rhodium, carbon monoxide, a halide and an organo-phosphine,
      -arsine and/or -stibine ligand.
PAR  It has now been found that a solid catalyst of a hydrido-platinum-group
      metal (e.g., platinum, palladium, rhodium and ruthenium) carbonyl with or
      without a Group VA electron donor ligand, on a solid acidic, silica-based
      material exhibits high catalytic activity for the hydroformylation and
      hydroxyhydroformylation of low molecular weight olefins in the presence or
      absence of an inert solvent for the production of alcohols and aldehydes
      under relatively mild conditions. The catalyst composition of the instant
      invention has highly desirable physical and chemical properties.
PAR  In the preparation of the catalyst composition of the present invention,
      the platinum group metal is provided by salts or complexes of the metal
      which are soluble in a suitable solvent wherein the impregnation can be
      performed. Exemplary of such sources are salts such as MX.sub.n where X is
      a halide, acetate, nitrate, sulfate or phosphate, M represents the
      platinum group metal and n is the available metal valence; hydrocarbyloxy
      derivatives, e.g., M(OR).sub.n, where R represents alkyl, aryl, aralkyl,
      and the like, groups; dihydrocarbyloxy metal carboxylates, i.e.,
      (RO).sub.n MOOCR', where R and R' are as defined above for R; diphosphine
      complexes, e.g., M[(C.sub.6 H.sub.5).sub.2 PC.sub.2 H.sub.4 P(C.sub.6
      H.sub.5).sub.2 ]X.sub.2, where X is a halide. Also available as metal
      sources are chelates formed by the platinum-group metals and
      .beta.-diketones or .beta.-keto-carboxylic acid esters and salts of
      carboxylic acids. Examples of these types of metal sources include
      .beta.-diketonato-M, acetylacetonato-M (II), propylacetonato-M (II),
      benzoylacetonato M, chelates from .beta.-ketocarboxylic acid esters; salts
      of saturated and unsaturated monocarboxylic acids, e.g., the
      platinum-group metal acrylate, acetate, and the like; salts of saturated
      dicarboxylic acids, e.g., the platinum-group metal adipate,
      decane-1,10-dicarboxylate, and the like; like salts of corresponding
      unsaturated dicarboxylic acids, e.g., the platinum-group metal muconate,
      and the like; salt of cyclic and aromatic carboxylic acids, e.g., the
      platinum-group metal benzoate, phthalates, and the like; and
      dialkoxycarboxylates, e.g., M dimethoxyacetate, and the like. In the
      foregoing, it is preferred that R and R' be lower-alkyl, e.g., of 1 to 6
      carbons or, when aryl, contain no more than about ten carbons. Preferred
      as a platinum-group metal source is the acetylacetonate.
PAR  The catalyst composition can contain the platinum-group metal in a small,
      catalytically effective amount, which can be, for example, from about
      0.001 to 1 weight percent metal, measured as the weight of the metal
      carbonyl, preferably from about 0.005 to 0.02 weight percent. The electron
      donor ligand, when present in the catalyst of this invention, can often be
      present in an amount sufficient to yield a molar ratio of ligand to
      platinum-group metal of about 1:1 to 4:1, preferably about 1.5:1 to 3:1,
      although either the ligand or metal, preferably the ligand, can be present
      in excess.
PAR  The electron donor liqand component which can also be employed in preparing
      the catalyst of the present invention is preferably a triorganophosphine
      corresponding to the general formula R.sub.3 P wherein R is essentially a
      hydrocarbon radical, e.g. alkyl, aryl, alkaryl, aralkyl and cycloalkyl, of
      from 1 to about 20 carbon atoms, preferably 2 to about 6 carbon atoms,
      and, more preferably, devoid of olefinic or acetylenic unsaturation;
      different R groups may, of course, be present in the same phosphine
      molecule. When the phosphine component contains aromatic groups it is
      generally preferred that these have mono-cyclic structures, e.g., that the
      groups be selected from phenyl, alkylphenyl, or phenylalkyl radicals.
PAR  Multifunctional phosphines of the formula R.sub.2 --P--P--R.sub.2 such as
      bis(diphenylphosphine)ethane, may be used in place of the foregoing
      described unidentate phosphines. Phosphines may also be replaced by other
      electron donor ligands such as, for example, alkyl, aryl, alkaryl,
      aralkyl, or cycloalkyl phosphites, arsines, stilbines or bismuthines.
      Other monodentate or bidentate ligands containing nitrogen donating
      centers such as pyridine or alpha, alpha-bipyridyl, may also be utilized.
      It is, however, preferred that triorganophosphines be utilized. Examples
      of suitable phosphines for the composition of the present invention are
      triphenylphosphine, trimethylphosphine, tricyclohexylphosphine,
      tri-n-hexylphosphine, tri-n-decylphosphine, tribenzylphosphine,
      tri-(4-n-butylphenyl) phosphine, and the like. Generally speaking, the
      electron donor ligand compounds of Group VA elements of the periodic
      table, having atomic numbers of 15 to 83 can be used in the catalysts.
PAR  The solid support of the catalyst of the present invention is an acidic,
      silica-based material, e.g., having a D + L activity of at least about 20,
      preferably at least about 30 when determined according to the method of
      Birkhimer et al., "A Bench Scale Test Method for Evaluating Cracking
      Catalysts", Proceedings of the American Petroleum Institute, Division of
      Refining, Vol. 27 (III), page 90 (1947), and hereinafter referred to as
      Cat A. The silica-based support preferably has a substantial surface area
      as determined by the BET nitrogen absorption procedure (JACS, Vol. 60, pp.
      309 et seq.) (1938). The surface area of the support can be at least about
      50 square meters per gram, and such surface areas are often up to about
      500 or more m.sup.2 /gm., preferably about 150 to 400 m.sup.2 /gm. It is
      preferred that the catalyst support be relatively dry to avoid undue
      reaction with and loss of catalytic promoting materials. Thus, it is
      advantageous that the support be calcined, e.g., at temperatures of about
      600.degree. to 1500.degree.F. or more, to reduce the water content, but
      such calcination should not be so severe that the support is no longer
      catalytically-active.
PAR  The support component contains other materials in addition to silica which
      materials, when combined with silica, provide an acidic material as in,
      for instance, the case of silica-alumina. Often these materials are one or
      more oxides of the metals of Groups II, III and IV of the Periodic Table.
      Examples of the composites contemplated herein under the generic
      designation of silica-based materials are often composed predominantly of,
      or even to a major extent of, silica. These supports include, for example,
      silica-alumina, silica-boria, silica-zirconia, silica-magnesia,
      silica-alumina-zirconia, silica-alumina-thoria, silica-alumina-magnesia,
      and the like. The silica-based support can contain amorphous or
      crystalline material such as a crystalline aluminosilicate, for instance,
      having pore openings in the 6 to 15 Angstrom unit range. The support often
      contains silica and alumina and such supports, whether naturally-occuring
      as in acid-treated clays, or a synthetic gel, will frequently contain
      about 10 to 60, preferably about 15 to 45, weight percent alumina. In
      addition, such silica-alumina supports can, and preferably do, contain a
      portion of the alumina as a separate, distinct phase.
PAR  A highly preferred catalyst support can be made by combining a
      silica-alumina hydrogel with a hydrous alumina with or without (preferably
      without) a crystalline aluminosilicate. An advantageous hydrous alumina
      component is, when analyzed by X-ray diffraction of dry samples, either
      one or a mixture of amorphous hydrous alumina and a monohydrate, e.g.,
      boehmite, of less than about 50 A, preferably less than about 40 A,
      crystallite size as determined by half-width measurements of the (0, 4, 1)
      X-ray diffraction line calculated by the Debye-Scherrer equation. The
      mixture of the catalyst precursor components can be dried, e.g., at about
      220.degree. to 500.degree.F. to convert the silica-alumina hydrogel to
      xerogel form. The dried material can then be calcined, e.g., at a
      temperature of about 700.degree. to 1500.degree.F., preferably about
      800.degree. to 1400.degree.F., to provide the active catalyst support.
      During calcination, the separate hydrous alumina phase of the mixture is
      converted to a gamma form or other catalytically-active alumina.
PAR  In providing the preferred catalyst support precursor for drying, the
      components can be combined in any suitable manner or order desired, and
      advantageously each of the components is in the mixture in finely-divided
      form, preferably the particles are principally less than about 300 mesh in
      size. The finely-divided material can have an average particle size of
      about 10 to 150 microns and can be used to make a catalyst of this
      particle size which can be employed in a fluidized bed type of operation.
      However, if desired, the mixture of catalyst support components can be
      placed in macrosized form, that is, made into particles as by tabletting,
      extruding, etc., to sizes of the order of about 1/64 to 1/2 inch or more
      in diameter and about 1/32 to 1 inch or more in length, before or after
      drying or calcination. If formation of the macrosized partcles have been
      contacted with water, the material can be recalcined.
PAR  On a dry basis, the preferred supports of the catalysts of the present
      invention contain about 45 to 95 weight percent of the amorphous
      silica-alumina xerogel, about 5 to 55 weight percent of the separately
      added alumina phase, and about 0 to 50 weight percent of the crystalline
      aluminosilicate, preferably the proportions of these ingredients are about
      75 to 90%, about 10 to 25% and about 0 to 20%, respectively, If present,
      the crystalline aluminosilicate is usually at least about 1 weight
      percent, preferably at least about 5 weight percent, based on the dried
      support. The alumina content from the silica-alumina xerogel and the
      separate alumina phase is about 20 to 70 weight percent, preferably about
      25 to 60 weight percent, based on the dried support. Also, the catalyst
      support generally contains less than about 1.5 weight percent, preferably
      less than about 0.5 weight percent, sodium.
PAR  The silica-alumina component of the precursor of the preferred catalyst
      support of the present invention can be a silica-alumina hydrogel which
      contains about 55 to 90, preferably 65 to 75, weight percent silica and
      about 10 to 45, preferably about 25 to 35, weight percent alumina, on a
      dry basis. The silica-alumina can be naturally-occurring or can be
      synthetically prepared by any desired method and several procedures are
      known in the art. For instance, an amorphous silica-alumina hydrogel can
      be prepared by coprecipitation or sequential precipitation by either
      component being the initial material with at least the principal part of
      the silica or alumina being made in the presence of the other. Generally
      the alumina is precipitated in the presence of a silica gel. It is
      preferred that the silica-alumina hydrogel be made by forming a silica
      hydrogel by precipitation from an alkali metal silicate solution and an
      acid such as sulfuric acid. Then alum solution may be added to the silica
      hydrogel slurry. The alumina is then precipitated by raising the pH into
      the alkaline range by the addition of an aqueous sodium aluminate solution
      or by the addition of a base such as ammonium hydroxide. Other techniques
      for preparing the silica-alumina hydrogel are well known in the art, and
      these techniques may be used in the practice of the invention.
PAR  The alumina hydrogel which can be combined with the silica-alumina is made
      separately from the silica-alumina. The alumina hydrogel may be prepared,
      for example, by precipitation of alumina at alkaline pH by mixing alum
      with sodium aluminate in an aqueous solution or with a base such as soda
      ash, ammonia, etc. As noted above, the alumina hydrogel can be in the form
      of amorphous hydrous alumina or alumina monohydrate, e.g., of up to about
      50 A crystallite size as determined by X-ray diffraction analysis. The
      amorphous hydrous alumina generally contains as much combined water as
      does an alumina monohydrate. Mixtures of the monohydrate and amorphous
      forms of hydrous alumina are preferred and often, this phase is composed
      of at least about 25% of each of the separate members.
PAR  In preparing the catalyst support, one may separately filter the
      silica-alumina hydrogel and the hydrous alumina and intimately mix these
      materials, for instance, by colloidal milling. Although in this particular
      procedure a low sodium crystalline aluminosilicate can be added after the
      milling, this ingredient can also be combined before the colloidal milling
      operation. The mixture is dried, water washed to acceptable concentrations
      of, for instance, sodium, and redried in the preferred procedure. The
      drying, especially the initial drying, is advantageously effected by spray
      drying to give microspheres.
PAR  The crystalline aluminosilicate which can be present in catalyst support of
      the present invention, can have pore openings of 6 to 15 A in diameter,
      and preferably the pore openings have a diameter of 10 to 14 A. Usually,
      with a given material, the pores are relatively uniform in size and often
      the crystalline aluminosilicate particles are primarily less than about 15
      microns in size, preferably less than about 10 microns. In the crystalline
      aluminosilicate the silica-to-alumina mole ratio is often greater than
      about 2:1 and is usually not above about 12:1, preferably being about 4 to
      6:1. The aluminosilicate may be available in the sodium form, and the
      sodium can be removed before or after the crystalline aluminosilicate is
      added to the other catalyst support ingredients.
PAR  It is preferred to exchange the sodium with ammonium ions, for instance,
      through contact with an aqueous solution of ammonium chloride or another
      water-soluble ammonium compound. Subsequently, during drying and/or
      calcination, the ammonium ion may break down to release ammonia and leave
      an acid site on the aluminosilicate. On a molar basis, the ammonium or
      hydrogen ion is usually at least about 10% or even at least about 50%,
      based on the alumina content of the crystalline aluminosilicate. Suitable
      replacements for the sodium also include the polyvalent metals of the
      periodic chart, including the Group II-a and rare earth metals such as
      cerium, etc. The metals may be present along with the ammonium or hydrogen
      cations.
PAR  The support can also be a naturally-occurring silica-based clay-type
      mineral, such as kaolin, which contains a major amount of silica and a
      minor amount of alumina, along with small amounts of other materials, such
      as sodium oxide, calcium oxide, magnesium oxide, iron oxide, potassium
      oxide, etc. A typical kaolin clay, after washing and calcining to remove
      water and other volatile materials which can amount to from about 10 to 20
      weight percent of the uncalcined material, can contain from about 50 to 60
      weight percent SiO.sub.2, about 40 to 50 weight percent Al.sub.2 O.sub.3,
      less than about 2 weight percent Na.sub.2 O and less than about 1 weight
      percent of each of CaO, MgO and other metallic oxide impurities. The
      clay-type support can be fabricated into macrosize form, if desired, of a
      size of about 1/64 to 1/2 inch or more in diameter and about 1/32 to 1
      inch or more in length.
PAR  The catalysts can be prepared by impregnating the silica-based support
      material with a solution of the platinum-group metal component, e.g.,
      palladium acetylacetonate, ruthenium trichloride, etc., in a solvent, such
      as ethanol or benzene or the like. The platinum-group metal-containing
      support can then be contacted with hydrogen and carbon monoxide at a
      suitable temperature, such as from about 60.degree. to 400.degree.C.,
      preferably from about 150.degree. to 300.degree.C., and at an elevated
      pressure, e.g., from about 200 to 2500 psig., preferably from about 500 to
      2000 psig., to prepare the hydrido-metal-carbonyl complex on the solid
      support. The hydrogen and carbon monoxide can be introduced separately or
      as a premixed gas having a molar ratio of hydrogen to carbon monoxide of
      at least about 0.8:1, e.g., from about 1:1 to 5:1, preferably from about
      1.2:1 to 3.5:1. The platinum-group metal-containing support can also be
      reacted serially with carbon monoxide followed by reaction of the
      resulting metal-carbonyl supported material with hydrogen under conditions
      as set forth above for simultaneous reaction.
PAR  The platinum-group metal-impregnated support can be reacted with hydrogen
      and carbon monoxide in the presence of C.sub.2 to C.sub.16 olefins whereby
      the hydrido-metal-carbonyl supported catalyst is generated in situ
      concurrently with the hydroformylation of the olefins. Formation of the
      hydrido-platinum group metal-carbonyl can also be performed in a separate
      vessel followed by reacting the resulting formation with the support at a
      temperature of from about 100.degree. to 350.degree.C., and in the
      presence of hydrogen and carbon monoxide of a molar ratio of hydrogen to
      carbon of from about 1:1 to 5:1. The reaction of the previously-formed
      material with the support is also advantageously carried out in the
      presence of C.sub.2 to C.sub.16 olefins thus generating the solid
      supported catalyst concurrently with the hydroformylation of olefins.
PAR  The electron donor ligand, when present in the catalyst of the present
      invention, can advantageously be mixed with the platinum-group metal
      component prior to impregnation of or reaction with the silica-based
      support material. The two components can be mixed in the presence of a
      suitable solvent at room temperature or up to about 300.degree.F. The
      ligand-metal complex usually forms within about 20 to 40 minutes after
      mixing at elevated temperature. Suitable solvents for the complex-forming
      reaction include the same solvents which are suitable for use in the final
      catalyst composition. If desired, however, the complexing may be
      accomplished in a solvent which is unsuitable for use in the final
      composition; in this case the resultant complex can first be isolated from
      the reaction mixture and redissolved, or re-suspended, in a proper solvent
      which is inert to the final catlyst composition.
PAR  Thus, for example, one method of preparing a phosphine-metal complex can
      involve stirring, preferably at room temperature, a mixture of
      tri-n-butylphosphine, platinum acetylacetonate and chlorobenzene. In
      another method, the complex may be prepared by refluxing an alcohol, e.g.,
      ethanol, solution of the phosphine, say tri-n-butylphosphine, and platinum
      acetylacetonate, preferably at a temperature of about 150.degree. to
      250.degree.F., and isolating the resultant complex from the reactant
      mixture. This approach is often preferred where the metal reagent contains
      some water of hydration, as the water will be removed from the complex
      when the latter is separated from the alcohol solvent.
PAR  In either case, the platinum-group-electron donor ligand complex can be
      dissolved in a suitable solvent, e.g., ethanol, methanol, benzene,
      chlorobenzene, or the like, and charged to a reactor. Hydrogen and carbon
      monoxide gas can then be introduced separately, or as a premixed gas, in a
      molar ratio of hydrogen to carbon monoxide of from about 1:1 to 5:1,
      preferably from about 1.2:1 to 3.5:1, at a temperature of from about
      60.degree. to 400.degree.C., preferably from about 150.degree. to
      250.degree.C., and a pressure of from about 500 to 3000 psig., preferably
      from about 700 to 1500 psig., to obtain the hydrido-platinum-group metal
      carbonyl-electron donor ligand complex. The solid support, in
      finely-divided form, is combined with the complex in the solvent and the
      system is agitated for a time sufficient to affix the complex on the
      support.
PAR  The supported catalyst composition of the present invention is effective
      for hydroformylation or hydroxyhydroformylation of olefinic hydrocarbons,
      e.g., of 2 to about 16 carbon atoms, preferably 3 to 10 carbon atoms, and
      is highly desirable for such uses. For example, it is possible to provide
      alcohols, aldehydes, and the like from aliphatic mono-olefins. The feed
      can also contain diolefins with conjugated or further apart double bonds.
      Of particular interest, however, is the selective activity of the present
      catalyst composition in the hydroformylation of penetene to form hexanol
      and hexanal. The selectivity of the catalyst of the present invention is
      exceptional for this type of reaction, while the activity is high as well,
      resulting in greater efficiency in producing such alcohols and aldehydes.
      In the prior art, such products are produced in rather minor amounts with
      the soluble catalyst. With the present solid catalyst, it is possible to
      obtain such products as the major product.
PAR  Hydroformylation can generally be effected by contacting the
      olefinically-unsaturated feed with hydrogen and carbon monoxide under
      pressure and in the presence of the catalyst at a temperature of about
      100.degree. to 550.degree.C., preferably about 150.degree. to
      300.degree.C. Elevated temperatures ordinarily can be maintained by the
      heat of reaction without external heating means. The reaction is performed
      at a suitable pressure, e.g. an elevated pressure, which can be up to
      about 2500 or more psig, preferably about 500 to 2000 psig. The amount of
      catalyst composition used in the reaction is that sufficient to effect
      hydroformylation or hydroxyhydroformylation of the feed and often the
      olefin feed contacts the catalyst at the rate of about 0.1 to about 100,
      preferably 0.5 to 10, WHSV (weight of olefin per weight of catalyst per
      hour) in the reaction zone. The hydrogen and carbon monoxide are
      preferably introduced into the reactor as a premixed gas containing a
      molar ratio of hydrogen to carbon monoxide from about 1:1 to 5:1,
      preferably from about  1.2:1 to 3.5:1, although either can be present in
      excess.
DETD
PAR  The preparation of an acidic silica-alumina support of this invention is
      illustrated by Examples I-III, and the support contains a separate phase
      of alumina.
PAC  EXAMPLE I
PAR  An alumina hydrogel is prepared as follows:
PAR  In a tank containing 5700 gallons of water at 85.degree.F., are dissolved
      300 lbs. of soda ash. When the soda ash has been dissolved, 180 gallons of
      a 39% concentration aqueous sodium aluminate solution are pumped into the
      tank in about a 15-minute period. The contents of the tank are at about
      84.degree.F. Six-hundred gallons of aqueous aluminum sulfate of 7.8%
      concentration, as Al.sub.2 O.sub.3, are added to the admixture over an
      80-minute period with water of dilution in conjunction with, and in
      addition thereto, diluting the reaction mass at a rate of 25 gallons per
      minute.
PAR  The pH of the resulting aqueous reaction mass is adjusted to 8.0 with about
      75 gallons of 39% concentration aqueous sodium aluminate solution with,
      while being added, is also diluted continuously with water at a rate of 35
      gallons per minute over a 71/2 minute addition period. The contents of the
      tank are heated to about 100.degree.F., and pumped to storage.
PAR  The precipitated, hydrated alumina is thereafter filtered on a large gel
      filter. The filtered product is partially purified by a one-cycle,
      water-wash on the filter on which it is collected. This filter is a string
      vacuum type drum filter with a built-in water spray nozzle directed toward
      the filter drum. Material on the drum is contacted with water as the drum
      rotates past the nozzle. After washing, the wet alumina hydrogel is
      stripped from the drum. This hydrogel analyzes about 50% boehmite having a
      crystallite size of about 35 A, and 50% amorphous hydrous alumina as
      determined by X-ray diffraction on dried samples.
PAC  EXAMPLE II
PAR  A silica-alumina hydrogel is prepared by the following technique:
PAR  To a batch tank is added 4,275 gallons of water preheated to 90.degree.F.,
      and 865 gallons of sodium silicate solution (28.8 weight percent
      SiO.sub.2, 40-41.5 Baume at 68.degree.F. and Na.sub.2 O:SiO.sub.2 ratio of
      1:3.2) is added. The batch is stirred for 5 minutes. The concentration of
      the sodium silicate, as SiO.sub.2, in the batch is 6.3 weight percent.
PAR  With the batch at 90.degree.F., 302 gallons of 34.5 weight percent sulfuric
      acid solution at 182.degree.F. are added over a period of 45 minutes. The
      gel forms about 35 minutes after acid addition is begun. Then the pH is
      adjusted to 8.0-8.5. The batch is agitated for 10 minutes.
PAR  Then 715 gallons of alum (7.8 weight percent, as Al.sub.2 O.sub.3) is added
      to the gel over a period of about 36 minutes. The batch is agitated for an
      additional 5 minutes whereupon 205 gallons of sodium aluminate solution
      (24.4 weight percent as Al.sub.2 O.sub.3) diluted in 1080 gallons of water
      is added over a period of 17 minutes. After all the sodium aluminate is
      added, the pH is checked. It should be between 5.0 and 5.2. The alumina
      content of the silica-alumina hydrogel is 30-31%.
PAC  EXAMPLE III
PAR  The silica-alumina hydrogel product of Example II and 1740 gallons of the
      alumina hydrogel filter cake of Example I are mixed together for 1 hour.
      The finished batch has a pH of 5.5 to 5.6 and a temperature of about
      110.degree.F. The aqueous gel mixutre is then pumped to a dewatering
      filter and the filter cake from said dewatering filter and a portion of
      aqueous gel are blended to give a gel slurry of about 14 weight percent
      solids. A portion of this hydrogel mixture was slurried, as a thick
      flowable paste, with a "Lightnin" stirrer fitted with a cage-beater and a
      propellor, for about 10 minutes to give a thorough dispersion. The product
      was stirred 1 minute at 14,500 rpm, in a Waring Blender and dried in a
      laboratory spray-drier. The spray-dried material was washed with water to
      acceptable impurity levels and dried at 230.degree.F. The washed and dried
      material analyzed 0.08% SO.sub.4 and less than 25 ppm Na.sub.2 O. The
      dried material as such was used as the catalyst support. Extruded forms
      and tablets (pellets) having diameters of about one-eighth inch and
      lengths of about one-eighth to one-half inch could also be used. Before
      use the catalyst support was calcined in a muffle furnace by raising the
      temperature by 300.degree.F. per hour until 1350.degree.F. was reached.
      This temperature was then held for 3 hours. The calcined particles had a
      surface area of about 320 to 340 square meters per gram.
PAR  Example IV illustrates the preparation of the catalyst compositions of this
      invention on the silica-based support.
PAC  EXAMPLE IV
PAR  A 300cc stainless steel autoclave equipped with a magnetic stirrer was used
      as a reactor. Palladium acetylacetonate (0.8 m mole) was dissolved in 50
      ml benzene in the reactor and 15 g of the microspheroid support of Example
      III was introduced to the solution. The reactor was tightly closed and
      purged with hydrogen for 20 minutes, and 30 ml of pentene-1 was fed to the
      system. The reactor was pressured with a premixed gas (H.sub.2 /CO molar
      ratio of 1:1) to 450 psig and then to 600 psig with hydrogen yielding an
      H.sub.2 /CO molar ratio of 1.6:1. Heating was controlled to raise the
      temperature of the reactor from 78.degree.F. to 260.degree.C. during about
      a 11/2 hour induction period. The pressure of the reactor assumed 640 psig
      at this stage. The reactor was then kept at 260.degree.-280.degree.C. for
      11/2 hours, and the pressure dropped from 640 psig to 540 psig. The
      reaction was quenched by running cold water through a cooling coil. A
      clear colorless reaction mixture was removed from the reactor, and the
      product was analyzed by means of gas chromatographic techniques. About 51%
      of the pentene-1 feed was reacted to give 24.4% isohexanol, 61.9%
      n-hexanol and 13.7% unidentified products.
PAR  The solid catalyst left inside of the reactor from the first run was rinsed
      with fresh portions of benzene, and saved for two more runs.
PAC  EXAMPLE V
PAR  The second run was conducted under conditions similar to those of Example
      IV. About 58% of the pentene-1 feed was converted to predominantly
      isohexanol and n-hexanol.
PAC  EXAMPLE VI
PAR  In the third run, the same reaction was repeated with the 23 hour aged
      catalyst as described in the preceding runs and under similar conditions.
      About 54% of the pentene-1 feed was reacted to give 15.5 area %
      isohexanol, 6.6% n-hexanal, 16.8% isohexanol, 45.1% n-hexanol, and 16.1
      unidentified product.
PAC  EXAMPLE VII
PAR  Ruthenium trichloride (0.3026 g) was dissolved in 90 ml of absolute ethanol
      to yield a dark-brown solution. 15 grams of microspheres of the catalyst
      support prepared in Example III were added to the resulting solution, and
      the system was agitated at room temperature overnight. A light-green
      supernatant liquid was filtered from dark colored microspheres, and the
      separated microspheres were rinsed several times with ethanol. The washed
      microspheres were dried in a vacuum oven (80.degree.C.) for about 15
      hours. Dark-brown RuCl.sub.3 -impregnated microspheres containing about
      1.0 weight percent Ru were thus obtained.
PAR  A 300 cc autoclave equipped with a magnetic stirrer was employed as a
      reactor throughout this work. RuCl.sub.3 -impregnated microspheres (0.6 m
      mole Rucl.sub.3 on 15 g of the catalyst support prepared in Example III)
      were charged along with 40 ml benzene in the reactor. After the reactor
      was purged with nitrogen, and then with carbon monoxide, 30 ml of
      pentene-1, as a typical olefin substrate, was introduced into the system.
      The reactor was pressured with hydrogen to 560 psig, and then to 860 psig
      with carbon monoxide, achieving an H.sub.2 /CO molar ratio of 1:1. The
      reactor was then heated by an external heating source. Heating was
      controlled to attain the temperature and pressure of the reactor at
      198.degree.C. and 1345 psig in about 2 hours. At this stage the initial
      pressure drop was observed. The reactor was ketp at
      198.degree.-224.degree.C. for about an hour. The maximum pressure, 1345
      psig, dropped to 1030 psig during this period. A yellow reaction mixture
      was discharged from the reactor and was analyzed by means of gas
      chromatographic techniques. About 56% of the feed was converted to give
      49.1% n-hexanol, 15.7% i-hexanol, 2.2% n-hexanal, 1.1% iso-hexanal, 6.0%
      unidentified products and 25.9% heavy products. The solid phase left
      inside of the reactor from the run was saved for an additional run.
PAC  EXAMPLE VIII
PAR  The same reaction was repeated as described in Example VII using the same
      catalyst. About 72% of the pentene-1 feed charged to the reactor was
      converted within a 21/4 hour period. The product yield was 44.0%
      n-hexanol, 13.9% isohexanol, 1.2% n-hexanal, 0.9% isohexanal, 31.7% heavy
      products and 8.2% unidentified products.
PAC  EXAMPLE IX
PAR  Chlorotris(triphenylphosphine)rhodium(I), [(0.sub.3 P).sub.3 RhCl], was
      prepared by refluxing an ethanol solution of rhodium(III) chloride in the
      presence of an excess amount of triphenylphosphine.
      Chlorotris(triphenylphosphine)rhodium(I) was dissolved in benzene, and the
      microspheres of Example III were added to the resulting red solution in an
      autoclave, equipped with a magnetic driven stirrer. Pentene-1 was
      introduced to the reactor along with benzene. The reaction was performed
      under conditions similar to Example IV. About 82% of the feed was reacted
      to give predominantly isohexanol and n-hexanol. The solid catalyst left
      inside of the reactor from this run was rinsed with fresh portions of
      benzene, and saved for another run.
PAR  The second run was made by injecting pentene-1 in benzene to the rinsed
      solid catalyst. The reaction conditions were similar to the first run.
      About 79% of the pentene-1 feed was reacted to 11.1% isohexanal, 20.5%
      n-hexanal, 7.4% isohexanol, 26.4% n-hexanol and a considerable amount
      (34.6%) of unidentified products (mostly heavy ends).
PAC  EXAMPLE X
PAR  Rhodium(III) chloride impregnated microspheres were prepared as follows.
      Ethanol, (70 ml) was used to dissolve 0.203 g of RhCl.sub.3.3H.sub.2 O to
      give a red solution. The microspheres of Example III (20 g) were added to
      the solution, and the system was agitated under a nitrogen atmosphere at
      room temperature for 12 hours. A clear colorless supernatant liquid was
      left over pink colored microspheres. After the supernant liquid was
      removed from the microspheres through filtration, the resulting
      microspheres were rinsed with ethanol several times. The rinsed
      microspheres were dried under vacuum at 80.degree.C. overnight. Brown
      microspheres were obtained.
PAR  The resulting RhCl.sub.3 -impregnated microspheres (10 g) were charged with
      1.0 m mole triphenyl phosphine (0.sub.3 P) in 50 ml benzene in a 300 cc
      autoclave. Soon after the reactor was purged with hydrogen, 30 ml
      pentene-1 were introduced to the reactor. The reactor was pressured to 500
      psig with hydrogen and then to 900 psig with carbon monoxide at
      109.degree.F. The reactor was heated to 237.degree.F. in about 30 minutes,
      and the maximum pressure, 1040 psig, began to drop. The system was
      maintained at 224.degree.-266.degree.F. for 11/2 hours, and the pressure
      dropped to 750 psig during this period. At this stage, the reaction was
      quenched by running cold water through a cooling coil in the reactor. A
      very light-yellow reaction mixture was discharged from the reactor, and
      the product was analyzed by means of gas chromatographic techniques. The
      solid catalyst left inside of the reactor was used for six more
      consecutive runs. The same hydroformylation of pentene-1  was carried out
      under similar conditions to the preceding run over a 27 hour period.
      Details of the results obtained from these runs are listed in Tables I and
      II.
PAR  In the fourth to sixth runs propylene was used as a feed while maintaining
      similar hydroformylation conditions. The results from these runs indicate
      that the catalytic activity of the solid catalyst persisted at the same
      level for the hydroformylation of propylene. No effort was made to analyze
      the product obtained in the 5th run. In the second run as a typical
      example, about 50% of pentene-1 (19.2 g) was reacted to give 31.1%
      isohexanal, 24.9% n-hexanal, 0.9% isohexanol, 3.2% n-hexanol, 1.7%
      unidentified products and 38.1% heavy product. In the sixth run, with the
      solid catalyst which was aged for 72 hours from the five preceding runs,
      10 g. of propylene were reacted in 27% conversion to 39.1% isobutanal,
      28.9% n-butanal, 2.0% isobutanol, 1.6% n-butanol, 2.2% 2-ethylhexanal,
      20.9% 2-ethyl-2-hexanal, trace amount of 2-ethylhexanol and 5.6%
      unidentified products.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Catalyst Composition                  Reaction Conditions                 
     __________________________________________________________________________
                                      Catalyst           Reaction              
     Example                                                                   
          Run RhCl.sub.3.3H.sub.2 O                                            
                     .phi..sub.3 P                                             
                           Support                                             
                                Solv. Aged Pressure                            
                                                  Temperature                  
                                                         Time                  
     No.  No. mm     mm    g    ml    Hrs. psig   .degree.F.                   
                                                         Hrs.  H.sub.2         
     __________________________________________________________________________
                                                               /CO             
                                C.sub.6 H.sub.6                                
          1st 0.4    1.0   10   50    --   1040-750                            
                                                  224-266                      
                                                          11/2 .about.1        
          2nd 0.4    1.0   10   50     4    935-780                            
                                                  217-267                      
                                                          21/4 1.4             
          3rd 0.4    1.0   10   40    24   1095-805                            
                                                  217-253                      
                                                         3     .about.1        
                     Fresh                                                     
                     .phi..sub.3 P                                             
                     mm                                                        
     X    4th 0.4    0.9   10   40    48   1090-980                            
                                                  224-255                      
                                                         3     .about.1        
          5th 0.4    0.9   10   40    53    1360-1300                          
                                                  264-302                      
                                                         2     .about.1        
          6th 0.4    0.9   10   40    72   1340-790                            
                                                  222-300                      
                                                         4     1               
                                CH.sub.3 OH                                    
          7th 0.4    0.9   10   50    82    1600-1340                          
                                                  240-302                      
                                                          51/2 1               
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
                                 Product Distribution                          
     __________________________________________________________________________
     Example                                                                   
           Run   Feed      Conv. iC.sub.6 -Al                                  
                                       nC.sub.6 -Al                            
                                             iC.sub.6 -OH                      
                                                   nC.sub.6 -OH                
                                                         Unknown               
                                                               Heavy           
     No.   No.   g         %                                   End             
     __________________________________________________________________________
           1st   C.sub.5 =1                                                    
                      19.2 44    31.9  31.8  0.7   3.6   3.1   28.9            
           2nd   "    19.2 50    31.1  24.9  0.9   3.2   1.7   38.1            
     X     3rd   "    12.8 31    30.6  37.9  0.3   0.6   1.1   29.8            
           4th   C.sub.3 =                                                     
                      18.0 25    --    --    --    --    6.6    5.1            
           6th   C.sub.3 =                                                     
                      10.0 27    --    --    --    --    5.6   --              
     __________________________________________________________________________
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In a process for the hydroformylation reaction of an aliphatic
      monoolefin hydrocarbon of 2 to about 16 carbon atoms in the liquid phase,
      the improvement which comprises conducting said hydroformylation reaction
      in contact with a catalyst composition which comprises a minor,
      catalytically effective amount of a noble metal selected from; the group
      consisting of rhodium, ruthenium, platinum, and palladium on a major
      amount of a solid, acidic, silica-based support of silica-alumina
      containing a separate phase of alumina, the total catalyst composition
      containing 0.001 to 1 weight per cent of said noble metal, said support
      being calcined and comprising 45 to 95 weight per cent amorphous acidic
      silica-alumina having a Cat-A activity of at least 20 and about 5 to 55
      weight per cent of said separate phase of alumina, said alumina resulting
      from the calcination of a mixture of amorphous hydrous alumina, and
      alumina monohydrate, the total alumina content of said support being about
      20 to 70 weight per cent, said support being prepared by mixing together a
      separate phase alumina hydrogel with a silica-alumina hydrogel, dewatering
      the mixture to provide a gel slurry of about 14 weight per cent solids,
      spray-drying said slurry, washing the spray-dried material, pelletting the
      washed material, and calcining the pellets at about 1350.degree.F. for
      about 3 hours to provide calcined particles, said support containing less
      than 1.5 weight per cent sodium, said reaction being conducted at a
      temperature of from about 100.degree. to 550.degree.C. at a pressure up to
      about 2500 psig at an hourly velocity of weight of aliphatic monoolefin
      hydrocarbon per weight of catalyst of from about 0.5 to about 10, the
      hydrogen to carbon monoxide mol ratio being from about 1:1 to about 5:1.
NUM  2.
PAR  2. The process for the hydroformylation of olefin hydrocarbons in
      accordance with claim 1 wherein the noble metal is palladium, about 0.8
      millemole of palladium being carried by about 15 g. of carrier, the
      temperature is about 260.degree.-280.degree.C. and the pressure is about
      640 psig, and the hydrocarbon is pentene-1.
NUM  3.
PAR  3. The process of claim 1 wherein said hydrocarbon is pentene-1, and normal
      hexanol is the principal product.
NUM  4.
PAR  4. The process of claim 1 wherein the hydroformylation is conducted at a
      temperature of from about 100.degree. to 350.degree.C. and a pressure
      within the range from 500 to 2000 psig and the noble metal is rhodium,
      about 0.4 millemole of rhodium being deposited on about 10 g. of said
      support.
NUM  5.
PAR  5. The process of claim 4 wherein said hydrocarbon is pentene-1 and normal
      hexanol is the principal product.
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ABST
PAL  In an HF alkylation process it has been found that combining olefin-acting
      reactant with a recycle stream including isobutane and HF upstream of an
      alkylation reaction zone is not harmful to alkylate product quality except
      when the HF is in a free state, i.e., the HF concentration is above the HF
      solubility level of the recycle stream. Soluble HF in the recycle stream
      is not harmful to alkylate product quality, therefore, in an embodiment,
      the overhead vapor stream of an isobutane stripper is condensed, cooled to
      a separation temperature, and separated into an HF phase and a hydrocarbon
      phase, a portion of which is withdrawn as an acid saturated recycle stream
      including isobutane and entrained acid, and heated to a temperature
      sufficient to place in solution the entrained acid prior to combination of
      the acid saturated recycle stream with the olefin-acting reactants.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to HF alkylation. Further it relates to the
      alkylation of an isoparaffin with an olefin. In one aspect, this invention
      specifically relates to an improved HF alkylation processing scheme in
      which an isobutane rich recycle stream to an alkylation zone is prepared
      substantially free of undissolved HF acid.
PAR  It is well known in the prior art that catalytic alkylation using
      hydrofluoric acid or sulfuric acid as the catalyst has become an important
      chemical tool for preparing alkylated hydrocarbons and derivatives
      thereof. The commercial and industrial demand for these products is
      exemplified with the demand for isoparaffin hydrocarbons of gasoline
      boiling range and with the demand for alkyl-substituted aromatics suitable
      for conversion to surfactants, e.g., detergents, wetting agents, etc. The
      prior art process of alkylation generally is effected by contacting an
      isoparaffin hydrocarbon feedstock with an olefin hydrocarbon in the
      presence of a catalyst such as hydrofluoric acid in a suitable reaction
      vessel for conducting chemical reactions.
PAR  In practice, there have been numerous process schemes advanced by the prior
      art for accomplishing the alkylation reaction, but it is extremely
      difficult to achieve a process scheme which embodies all of the desirable
      features of a completely optimum reaction. Optimizing the alkylation
      reaction is complicated by the fact that the alkylation reaction if not
      carried out properly has many side reactions, such as polymerization,
      which destroys the effectiveness of the reaction and inhibits the
      production of commercial quantities of desired alkylate. Additionally, the
      reaction, in order to be carried out commercially, requires a tremendous
      amount of auxiliary equipment for the recovery of the alkylate product,
      for the regeneration and reuse of the excess catalyst, and for the
      recovery and reuse of the excess reactants which have passed through the
      reaction zone.
PAR  The catalytic alkylation process to which the present invention is
      applicable consists of a process in which a mixture of hydrocarbons
      containing isoparaffins such as isobutane, isopentane, and the like, and
      olefins such as propylene, butenes, isobutenes, and the like, are mixed
      intimately in the presence of a strong acid catalyst, such as hydrofluoric
      acid or sulfuric acid, at generally room temperatures or lower for
      sufficient time to complete the reaction. The effluent from the reaction
      zone contains saturated isoparaffin hydrocarbons of higher molecular
      weight or boiling point than the isoparaffin in the original mixture. For
      convenience, these higher molecular weight isoparaffin hydrocarbons which
      comprise the reaction product from the alkylation zone are called
      "alkylate." Isobutane has been used almost exclusively as the reactant
      isoparaffin because of its reactivity and availability to produce high
      quality alkylate product. In similar manner, among the olefins, butenes
      and propylenes have been used satisfactorily. In some cases it is
      desirable to use solely propylene or butene as the olefin reactant.
PAR  As is typical in most commercial chemical plants, the reaction between the
      isoparaffin hydrocarbon and the olefin hydrocarbon is performed with an
      excess of reactant isoparaffin in the reaction zone. Accordingly, there is
      a large excess of the reactant isoparaffin hydrocarbon remaining in the
      effluent from the reaction zone. In the prior art, the effluent from the
      reaction zone is settled to form an HF phase and a hydrocarbon phase, at
      least a portion of the hydrocarbon phase subsequently separated by
      fractionation into several product and recycle streams. This fractionation
      normally includes an isobutane stripper, from which several streams are
      withdrawn, including an overhead product stream, a recycle isobutane
      stream, a n-butane product stream, and an alkylate product stream. The
      recycle isobutane stream is passed from the isobutane stripper to the
      reaction zone to provide the excess isobutane required to produce alkylate
      of high quality.
PAR  It has been found that the quality of the isobutane recycle stream will
      affect the quality of alkylate produced. While prior art has shown that
      HF, including dissolved HF, in the isobutane recycle stream is harmful to
      alkylate quality, it has now been found that only undissolved HF is
      harmful to alkylate quality.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      alkylation operation from which an increased octane number alkylate can be
      obtained. Further it is an object of this invention to provide a better
      quality recycle isobutane stream to an alkylation zone so that the
      alkylation reactions achieved will result in a higher octane number of the
      alkylate product.
PAR  In a process for producing an alkylation reaction product by reacting an
      isobutane reactant stream with an olefin-acting reactant stream in contact
      with an HF acid catalyst wherein said reactant streams are combined with
      an acid saturated recycle stream hereinafter defined and are contacted
      with said HF acid catalyst in a reaction zone at alkylation conditions; a
      resulting reactor effluent is separated to form a principally acid phase
      and a principally hydrocarbon phase; at least a portion of said
      principally hydrocarbon phase is separated to provide a vaporous overhead
      stream, a vaporous product stream containing principally n-butane, and a
      liquid alkylation reaction product stream; said vaporous overhead stream
      is condensed, cooled to a separation temperature, and separated to provide
      an overhead product stream, a reflux stream, an acid liquid stream, and an
      acid saturated recycle stream including isobutane and entrained acid; and
      said acid saturated recycle stream is passed without heating to the
      reaction zone; the embodiment of the invention is the improvement which
      comprises heating said acid saturated recycle stream to a temperature
      sufficient to place in solution said entrained acid prior to combination
      of said acid saturated recycle stream with said reactant streams.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  An understanding of this invention may be aided by reference to the
      accompanying drawing which represents a schematic flow diagram of an
      embodiment of the invention. The drawing is not intended to limit the
      improvement to the embodiment shown, nor is it intended to place a
      limitation on the scope of this invention. Many variations and
      modifications of the improvement within the scope of this invention will
      be obvious to those skilled in the art from the description herein
      provided.
DETD
PAR  Alkylation reaction zone effluent via line 1 is introduced into settler 2
      and separated into a principally HF liquid phase withdrawn via line 3, and
      a principally hydrocarbon phase withdrawn via line 4 and introduced into
      isobutane stripper 5. A liquid alkylation reaction product stream is
      withdrawn via line 6 and a vaporous n-butane product stream via line 7a is
      withdrawn from isobutane stripper 5. An overhead vapor stream is withdrawn
      via line 8a, condensed and cooled to a separation temperature of about
      50.degree.-140.degree.F. in condenser 9, introduced into overhead receiver
      10 via line 8b, and separated into an HF liquid phase and a hydrocarbon
      phase. The HF liquid phase is withdrawn from overhead receiver 10 via line
      11. The hydrocarbon phase, including a small quantity of unsettled acid,
      is withdrawn via line 12. A first part of said hydrocarbon phase is passed
      as a reflux stream via line 13 to the top of isobutane stripper 5. A
      second part of said hydrocarbon phase is passed via line 14 to further
      fractionation. And a third part of said hydrocarbon phase is passed as an
      acid saturated recycle stream including isobutane and entrained acid via
      line 15a to exchanger 16 wherein the temperature of the acid saturated
      recycle stream is increased to a temperature 1 to 40.degree.F. higher than
      the separation temperature. From exchanger 16 the acid saturated recycle
      stream is passed via line 15b to an alkylation reaction zone. Said
      vaporous n-butane product stream described hereinabove is the heat medium
      in exchanger 16, passing to and from exchanger 16 via line 7a and 7b,
      respectively.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Alkylatable reactants suitable for use within the scope of this invention
      are those which have been utilized in prior art processes for producing an
      alkylate product. Examples of such compounds include the isoparaffins such
      as isobutane, isopentane, and isohexane. Isobutane is preferred.
PAR  Olefinic reactants suitable for alkylating the above-described alkylatable
      reactants include mono-olefins, polyolefins, and alkylhalides. The
      preferred olefinic reactants are the C.sub.3 -C.sub.5 mono-olefins, and
      mixtures thereof. The C.sub.3 -C.sub.5 preferred olefins may be suitably
      utilized as they are found in petroleum refinery streams and may be
      utilized where diluted with gases such as hydrogen, nitrogen, methane,
      ethane, propane, butane, etc. The butylenes are preferred, and in
      particular, 2-butene.
PAR  The hydrogen fluoride catalyst suitable for use in the present invention is
      well known to the prior art. Normally, this catalyst comprises essentially
      anhydrous hydrogen fluoride, i.e., having less than 5% water content by
      weight. The concentration of hydrogen fluoride in the catalyst is normally
      higher than about 70% by weight. Alkylation conditions are chosen to
      minimize side reactions, such as olefin polymerization, cracking, halogen
      substitution, etc., to maximize the formation of desired alkylate
      products, and to maintain the reaction mixture of hydrocarbons and
      catalyst as a liquid phase. Generally, alkylation conditions include a
      temperature of from about 0.degree.F. to about 200.degree.F. For an
      isoparaffin-olefin alkylation process, the temperature range is typically
      from about 50.degree.F. to about 150.degree.F. The pressure of the
      alkylation zone should be such as to maintain the reaction mixture as a
      liquid phase, and is generally in the range from about 1 atmosphere to
      about 50 atmospheres. The contact time for the reaction mixture, defined
      as the ratio of catalyst volume within the reaction zone to volume rate
      per minute of reactants charged to the reaction zone, will usually be less
      than 15 minutes, and preferably less than 10 minutes. The catalyst should
      be present in the reaction mixture in an amount sufficient to provide a
      catalyst/reactants volume ratio in the range from about 0.5 to about 10.
      The alkylatable reactant/olefin-acting reactant mole ratio in the
      alkylation reaction mixture is maintained at a level within the range from
      about 1 to about 30 and preferably within the range from about 8 to about
      20.
PAR  Any sort of alkylation zone known to prior art may suitably be employed to
      admix and contain the alkylation reaction mixture in the practice of this
      improved process.
PAR  Many schemes are known to one skilled in the art of designing isobutane
      stripper columns. While the present invention is not limited to specific
      design of an isobutane stripper, a brief description of a typical design
      will be useful in the explanation of the present invention.
PAR  Hydrocarbons substantially free from a major proportion of HF catalyst are
      withdrawn from the settler vessel associated with the alkylation reaction
      zone and introduced into an isobutane stripper. The isobutane stripper
      operates as a fractionation column and accomplishes a substantial
      separation between propane, lower boiling isobutane, higher boiling
      n-butane and alkylation reaction product.
PAR  The hydrocarbon feed to the isobutane stripper is introduced into the
      fractionator at about the tenth tray at a temperature of about 140.degree.
      to 180.degree.F. A principally n-butane product stream including about
      60-95 percent n-butane is withdrawn from the isobutane stripper at about
      the sixtieth tray at a temperature of about 200.degree.F., and a bottoms
      alkylate product stream is withdrawn at a temperature of about
      360.degree.F. Heat is provided to operate the column by a heater in a
      bottoms circuit. An overhead vapor stream is withdrawn from the column at
      a temperature of about 130.degree. to 160.degree.F. and a pressure of
      about 140 to 200 psig., condensed and cooled to a separation temperature
      of about 50.degree. to 140.degree.F., preferably about 100.degree. to
      120.degree.F., and introduced into an overhead receiver, wherein an HF
      phase and a hydrocarbon phase containing about 60-95 weight percent
      isobutane are settled. The hydrocarbon phase, which is saturated with
      acid, also contains a small amount of unsettled acid, which is entrained
      when the hydrocarbon phase is withdrawn. The HF phase is withdrawn and
      passed to the alkylation reaction zone. The hydrocarbon phase is
      withdrawn, and an aliquot portion is passed to the top of the isobutane
      stripper as a reflux stream, a second aliquot portion is passed to further
      fractionation, and a third aliquot portion is passed to the reaction zone
      as an acid saturated recycle stream including isobutane and entrained
      acid.
PAR  In a commercial alkylation unit in which an acid saturated recycle stream
      is prepared as described hereinabove as a condensed portion of an
      isobutane stripper overhead vapor stream and the cooling medium used to
      condense the overhead vapor stream in water, the temperature of the acid
      saturated recycle stream is about 100.degree.F. At this temperature the
      saturation concentration of HF acid in the acid saturated recycle stream
      is about 0.6 weight percent. Entrained acid content is about 0 to 5 weight
      percent, and isobutane content is about 60 to 95 weight percent. Upstream
      of the reaction zone the acid saturated recycle stream is combined with an
      olefin-acting reactant stream only or a combined olefin-acting reactant
      and isobutane reactant stream. When the acid saturated recycle stream and
      the olefin-acting reactant stream are combined and mixed thoroughly
      upstream of the reaction zone, any free, undissolved acid in the acid
      saturated recycle stream results in unfavorable reaction between the
      isobutane and olefin-acting reactant, whereas dissolved acid in the acid
      saturated recycle stream does not cause unfavorable reaction. Accordingly,
      in the present invention, the acid saturated recycle stream is heated to a
      temperature sufficient to place in solution the entrained acid prior to
      combination of the acid saturated recycle stream with the olefin-acting
      reactant stream. A temperature increase of about 1.degree. to 40.degree.F.
      above the separation temperature is sufficient to accomplish this.
PAR  It is seen from the following data that dissolved HF in the acid saturated
      recycle stream is not harmful to the octane number of alkylation reaction
      product, i.e., alkylate, whereas free HF lowers alkylate octane number.
      Alkylation reaction conditions are constant, and the acid saturated
      recycle stream temperature is constant except in the case of 1.5% HF
      dissolved, in which case the acid saturated recycle stream temperature is
      increased.
TBL  ______________________________________                                    
     % HF Dissolved In Recycle                                                 
                       0        0.5      1.5                                   
      Alkylate RON     97.3     97.1     97.2                                  
      Alkylate MON     95.4     94.2     94.3                                  
     Total % HF (0.5% Dissolved)                                               
     In Recycle        1.1      1.45     2.7                                   
      Alkylate RON     96.8     96.6     96.5                                  
      Alkylate MON     93.7     94.8     93.9                                  
     ______________________________________                                    
PAR  Therefore, one skilled in the art will endeavor to place in solution all HF
      in the acid saturated recycle stream. In the present invention it is done
      by heating an acid saturated recycle stream about 1.degree. to
      40.degree.F., preferably about 5.degree. to 10.degree.F., above the
      temperature of saturation, i.e., the temperature to which the isobutane
      stripper overhead vapors are cooled. In preferred embodiments, the acid
      saturated recycle stream is heated by exchanging heat with the n-butane
      product stream or the alkylation reaction product stream. Other methods
      may be used to place in solution all HF in the acid saturated recycle
      stream, such as steam tracing and insulating the acid saturated recycle
      conduit. While the present invention deals with placing in solution all
      acid in an acid saturated recycle stream, one skilled in the art will also
      realize the benefit of additional separation of an acid saturated recycle
      stream so as to remove entrained acid prior to combining the acid
      saturated recycle and olefin feed streams. Such additional separation may
      be accomplished by introducing the acid saturated recycle stream into a
      settling zone downstream of the isobutane stripper overhead receiver,
      enlarging the volume of the isobutane stripper overhead receiver, or
      providing other suitable separation means.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a process for producing an alkylation reaction product by reacting an
      isobutane reactant stream with an olefin-acting reactant stream in contact
      with an HF acid catalyst wherein said reactant streams are initially
      combined with an acid saturated recycle stream, as hereinafter defined,
      and then contacted with said HF acid catalyst in a reaction zone at
      alkylation conditions; a resulting reactor effluent is settled to form an
      acid phase and a hydrocarbon phase; said hydrocarbon phase is separated to
      provide a vaporous overhead stream, a vaporous product stream containing
      principally n-butane, and a liquid alkylation reaction product stream;
      said vaporous overhead stream is condensed, cooled to a separation
      temperature, and separated to provide an overhead product stream, a reflux
      stream, an acid liquid stream, and an acid saturated recycle stream
      including isobutane and entrained acid; and said acid saturated recycle
      stream is combined with said reactant streams as previously indicated; the
      improvement which comprises heating said acid saturated recycle stream to
      a temperature sufficient to place said entrained acid in solution therein
      prior to said combination of said acid saturated recycle stream with said
      reactant streams.
NUM  2.
PAR  2. The improved process of claim 1 wherein said olefin-acting reactant is a
      mono-olefin containing 3 to 5 carbon atoms per molecule.
NUM  3.
PAR  3. The improved process of claim 1 wherein said acid saturated recycle
      stream includes about 60 to 95 percent by volume isobutane.
NUM  4.
PAR  4. The improved process of claim 1 wherein said acid saturated recycle
      stream is heated in a heat exchanging zone by said vaporous product
      stream.
NUM  5.
PAR  5. The improved process of claim 1 wherein said acid saturated recycle
      stream is heated in a heat exchanging zone by said liquid alkylation
      reaction product stream.
NUM  6.
PAR  6. The improved process of claim 1 wherein said acid saturated recycle
      stream is heated to a temperature of about 1.degree. to 40.degree.F.
      higher than said separation temperature.
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ABST
PAL  Process for producing vinyl chloride from ethane by contacting, in a first
      reactor, ethane and chlorine and/or hydrogen chloride, as fresh feed, and
      as recycle, hydrogen chloride, ethyl chloride, ethylene and unconverted
      ethane with a molten mixture, including cuprous chloride, cupric chloride
      and copper oxychloride, to produce a reaction effluent including vinyl
      chloride, dichloroethane, primarily 1,2-dichloroethane, and the
      aforementioned recycle components. The vinyl chloride is recovered as
      product, the recycle components are recovered and recycled to the first
      reactor, and the 1,2-dichloroethane is recovered and recycled to the first
      reactor or contacted in a second reactor with a molten mixture including
      cuprous and cupric chloride to dehydrochlorinate the 1,2-dichloroethane to
      vinyl chloride. The molten mixture from the first reactor or second
      reactor, if employed, is contacted in a third reactor with molecular
      oxygen to generate copper oxychloride and melt from the third reactor is
      passed to the first reactor. 1,1-dichloroethane, if produced, may be
      passed to the first or second reactor for dehydrochlorination to vinyl
      chloride.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 831,414
      filed on June 9, 1969, now abandoned, the aforementioned application being
      a continuation-in-part of application Ser. No. 614,338 filed on Feb. 6,
      1967, now abandoned.
BSUM
PAR  This invention relates to the production of vinyl chloride. More
      particularly, this invention contemplates the production of vinyl chloride
      using ethane, ethylene or mixtures thereof as starting materials. Still
      more particularly, this invention utilizes molten salt, which salt serves
      as catalyst, chlorine transfer medium, oxygen transfer medium, and heat
      transfer medium. Further, this invention contemplates the recovery,
      recycle, and ultimate conversion to vinyl chloride product, of unconverted
      ethane, ethyl chloride and dichloroethane.
PAR  Still further, this invention provides for the utilization of hydrogen
      chloride, both that produced by the process of this invention and that
      added externally from other operations, and both that in the anhydrous
      state and that present in aqueous solution as hydrochloric acid.
PAR  In the prior art, vinyl chloride is generally produced from ethylene and
      chlorine feeds. Chlorine is contacted with ethylene at temperatures of
      from about 100.degree.F. to 300.degree.F., perhaps in the presence of a
      catalyst to form a 1,2-dichloroethane intermediate. The 1,2-dichloroethane
      intermediate is then dehydrochlorinated at a temperature of from about
      700.degree.F. to 1000.degree.F. to form vinyl chloride and hydrogen
      chloride.
PAR  Commercial feasibility of this method depends on the economic recovery of
      the hydrogen chloride which is produced. One technique is to react the
      hydrogen chloride with acetylene to produce vinyl chloride. Alternatively,
      the hydrogen chloride is used to produce more 1,2-dichloroethane
      intermediate which is then dehydrochlorinated to produce vinyl chloride.
      According to this method, ethylene, hydrogen chloride and oxygen are
      contacted at about 500.degree.F. to 700.degree.F. over a copper
      chloride-based catalyst in either a fixed bed or fluidized bed reactor.
      The reaction is exothermic and, consequently, heat must be removed from
      the reaction apparatus.
PAR  Several problems are associated with the conventional 1,2-dichloroethane
      dehydrochlorination. One problem is that to transfer the required
      endothermic reaction heat to the 1,2-dichloroethane reactant intube, the
      tubewall must be substantially hotter than the reaction temperature
      intube. As a result, some coke and tar formation occurs on the hotter tube
      which causes additional resistance to heat transfer. This, in turn,
      necessitates a still higher tubewall temperature. As a consequence, the
      fouling of the reactor tubes frequently requires termination of operations
      for the purpose of cleaning the tubes. Another problem relates to the
      formation of acetylenic and diolefinic by-product compounds in the vinyl
      chloride. With increasing reaction severity -- usually at once-through
      1,2-dichloroethane conversions in excess of about 40% to 50% -- acetylenic
      and diolefinic compounds are formed. These compounds adversely affect the
      polymerization of vinyl chloride and also the quality of the polymer
      product. Therefore the concentration of the acetylenic and diolefinic
      contaminants must be limited to less than about 20 ppm in the vinyl
      chloride monomer. In general, the dehydrochlorination process is operated
      at about 60% conversion in order to eliminate coking and the production of
      unwanted by-products.
PAR  In accordance with the present invention, an improved process for producing
      vinyl chloride is provided by the use of melts of multivalent metal
      chlorides for both the chlorination of ethane and/or ethylene and the
      dehydrochlorination of dichloroethane (the dichloroethane primarily being
      1,2-dichloroethane and also 1,1-dichloroethane).
PAR  The use of copper chloride melts for the chlorination of hydrocarbons is
      known in the art, as exemplified by U.S. Pat. No. 2,407,828 to Gorin;
      Canadian Pat. No. 711,287 to Bender et al.; and Canadian Pat. No. 705,925
      to Bender et al. U.S. Pat. No. 2,498,552 to Kilgren et al. and U.S. Pat.
      No. 2,498,546 disclose the use of fluidized solid supported copper
      chloride for the chlorination of hydrocarbons and further indicate that
      melts may be employed in lieu of the fluidized solids.
PAR  Although the hereinabove noted prior art discloses the use of copper
      chlorides, both as melts and as fluidized solids, for the chlorination of
      hydrocarbons, such noted prior art does not disclose an overall process
      specifically directed to the production of vinyl chloride. In addition,
      such noted prior art does not disclose the use of copper chlorides, either
      as melts or as fluidized solids, for the dehydrochlorination of
      dichloroethane.
PAR  The primary object of the present invention is to provide an improved and
      economical method for the production of vinyl chloride.
PAR  Another object of the invention is to provide a method whereby vinyl
      chloride can be produced using either ethylene, ethane, or mixtures
      thereof.
PAR  Another object is to provide a method whereby vinyl chloride can be
      produced using either chlorine, hydrogen chloride, or mixtures thereof.
PAR  A further object is to provide a method for the production of vinyl
      chloride whereby the chlorine values contained in hydrogen chloride
      reaction intermediate may be utilized.
PAR  A still further object is to provide a highly selective chlorination
      process for the conversion of ethane and ethylene to vinyl chloride.
PAR  A still further object is to provide a method for the production of vinyl
      chloride wherein ethyl chloride reaction intermediate is converted to
      vinyl chloride product.
PAR  A further object is to provide a method for the production of vinyl
      chloride wherein dichloroethane reaction intermediate is converted to
      vinyl chloride product.
PAR  Another object is to provide a method for the production of vinyl chloride
      wherein ethylene reaction intermediate is converted to vinyl chloride
      product.
PAR  A further object is to provide a process for the production of vinyl
      chloride wherein the hydrogen chloride may be either anhydrous material or
      hydrochloric acid.
PAR  Another object is to provide a reactor system designed to accomplish all of
      the above objects.
PAR  A still further object is to provide a reactor system wherein all the
      reaction steps necessary to produce vinyl chloride from ethane, ethylene,
      or combinations of the two, are accomplished within an integrated section.
PAR  Still another object is to provide an effective and economical process for
      producing vinyl chloride from ethane.
DRWD
PAR  These and other objects of the present invention will be obvious by
      reference to the following description, claims and the attached drawings,
      wherein:
PAR  FIG. 1 is a schematic flow diagram of the reaction portion of an embodiment
      of the process of the invention;
PAR  FIG. 2 is a schematic flow diagram of the recovery portion of an embodiment
      of the process of the invention;
PAR  FIG. 3 is a schematic flow diagram of the reaction section of an
      alternative embodiment of the invention; and
PAR  FIG. 4 is a schematic flow diagram of the recovery portion of the
      alternative embodiment of the process of the invention.
DETD
PAR  The objects of this invention are broadly accomplished in one aspect by
      contacting a feed containing ethane and/or ethylene with a melt containing
      a multivalent metal chloride in both its higher and lower valence state to
      produce an effluent containing vinyl chloride and dichloroethane. (The
      dichloroethane reaction product is generally a mixture of
      1,2-dichloroethane and 1,1-dichloroethane, primarily 1,2-dichloroethane,
      and in some cases, the reaction effluent could contain only small amounts
      of 1,1-dichloroethane whereby the dichloroethane product is essentially
      1,2-dichloroethane. As hereinafter employed, dichloroethane generically
      refers to 1,2-dichloroethane and/or 1,1-dichloroethane) The dichloroethane
      is separated from the effluent and the dichloroethane is contacted with a
      melt containing a multivalent metal chloride in both its higher and lower
      valence state to dehydrochlorinate the dichloroethane to vinyl chloride.
      The contacting of the multivalent metal chlorides with ethane and/or
      ethylene and dichloroethane may be effected in the presence of other
      reagents, as hereinafter described, with reference to preferred
      embodiments of the invention. Thus, the overall process in its broadest
      aspect involves production of vinyl chloride and dichloroethane from
      ethane and/or ethylene by contacting the ethane and/or ethylene with a
      molten mixture of a multivalent metal chloride in both its higher and
      lower valence state, hereinafter referred to as "chlorination," although
      reactions other than chlorination are effected, separation of the
      dischloroethane from the reaction effluent and production of vinyl
      chloride from the dichloroethane by contacting the dichloroethane with a
      molten mixture of a multivalent metal chloride in both its higher and
      lower valence state hereinafter referred to as "dehydrochlorination."
      Thus, the chlorination of ethane and/or ethylene and the
      dehydrochlorination of dichloroethane are both effected in the presence of
      a molten salt mixture which, as hereinafter described, provides for
      improved production of vinyl chloride.
PAR  The melt contains a chloride of a multivalent metal; i.e., a metal having
      more than one positive valence state, such as manganese, iron, copper,
      cobalt, and chromium, preferably copper. In the case of higher melting
      multivalent metal chlorides, such as copper chlorides, a metal salt
      melting point depressant which is non-volatile and resistant to the action
      of oxygen at the process conditions, such as a chloride of a univalent
      metal, i.e., a metal having only one positive valence state, is added to
      the multivalent metal chloride to form a molten salt mixture having a
      reduced melting point. The univalent metal chlorides, are preferably
      alkali metal chlorides, such as potassium and lithium chloride in
      particular, but it is to be understood that other metal chlorides and
      mixtures thereof, such as the heavy metal chlorides, i.e., heavier than
      copper, of Groups I, II, III and IV of the Periodic Table; e.g., zinc,
      silver, and thallium chloride, may also be employed. The metal chloride
      melting point depressant is added in any amount sufficient to maintain the
      salt mixture as a melt at the reaction temperatures, and is generally
      added in an amount sufficient to adjust the melting point of the molten
      salt mixture to a temperature of below about 500.degree.F. In the case of
      a salt mixture of copper chlorides and potassium chloride, the composition
      of the melt ranges between about 20% and about 40%, preferably about 30%,
      by weight, potassium chloride, with the remainder being copper chlorides.
      It is to be understood, however, that in some cases the catalyst melt may
      have a melting point higher than 500.degree.F., provided the catalyst
      remains in the form of the melt throughout the processing steps. It is
      further to be understood that the melt may contain a mixture of
      multivalent metal chlorides or other reaction promoters. It is also to be
      understood that in some cases, metal chloride may be maintained as a melt
      without the addition of a univalent metal halide.
PAR  The reaction sequence for converting ethane and/or ethylene to vinyl
      chloride in the chlorination zone, using copper chloride as a
      representative example, is believed to be represented by the following
      equations:
EQU  2CuCl.sub.2 .fwdarw. 2CuCl + Cl.sub.2                      (1)
EQU  C.sub.2 H.sub.6 + Cl.sub.2 .fwdarw. C.sub.2 H.sub.5 Cl + HCl (2)
EQU  C.sub.2 H.sub.4 + Cl.sub.2 .fwdarw. C.sub.2 H.sub.4 Cl.sub.2 (3)
EQU  C.sub.2 H.sub.4 Cl.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl + HCl (4)
EQU  C.sub.2 H.sub.5 Cl .fwdarw. C.sub.2 H.sub.4 + HCl          (5)
EQU  C.sub.2 H.sub.5 Cl + Cl.sub.2 .fwdarw. C.sub.2 H.sub.4 Cl.sub.2 + HCl (6)
EQU  C.sub.2 H.sub.4 Cl.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl + HCl (7)
PAL  It should be apparent from the hereinabove described reaction sequence, as
      represented by the above equations, that there is a continuous depletion
      of the higher valent metal chloride; i.e., cupric chloride, and a net
      production of hydrogen chloride. Therefore, if the process is to be
      effected on a continuous basis, a provision must be made for regeneration
      of the cupric chloride and disposal of the hydrogen chloride.
PAR  In accordance with the preferred embodiment of the invention, the melt
      containing the multivalent metal chloride, in both its higher and lower
      valence state, may be initially contacted in a separate reaction zone with
      an oxygen-containing gas to produce the oxychloride of the metal, and the
      melt, now also containing the oxychloride of the multivalent metal, is
      then contacted in a chlorination zone with chlorine and/or hydrogen
      chloride and the feed containing ethane and/or ethylene to produce vinyl
      chloride. The reaction between the melt and the oxygen-containing gas,
      using copper chloride as a representative multivalent metal chloride, is
      represented by the following equation:
EQU  2CuCl + 1/2O.sub.2 .fwdarw. CuO.CuCl.sub.2                 (8)
PAL  The copper oxychloride then reacts with the hydrogen chloride generated
      during the production of the vinyl chloride as represented by the
      following equation:
EQU  CuO.CuCl.sub.2 + 2HCl .fwdarw. 2CuCl.sub.2 + H.sub.2 O     (9)
PAL  Thus, in accordance with this embodiment, there is no net production of
      hydrogen chloride and no net depletion of cupric chloride, and in fact, in
      order to operate the process on a continuous basis, chlorine and/or
      hydrogen chloride must be added to the system as represented by the
      following overall equations:
EQU  C.sub.2 H.sub.6 + 1/2Cl.sub.2 + 3/4O.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl +
      3/2H.sub.2 O                                              (10)
EQU  C.sub.2 H.sub.6 + HCl + O.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl + 2H.sub.2 O
      (11)
EQU  C.sub.2 H.sub.4 + 1/2Cl.sub.2 +1/4O.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl +
      1/2H.sub.2 O                                              (12)
EQU  C.sub.2 H.sub.4 + HCl+1/2O.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl + H.sub.2 O
      (13)
PAL  It is to be understood that hydrogen chloride may be added to the system by
      the introduction of a partially chlorinated hydrocarbon to generate
      hydrogen chloride in situ, since partially chlorinated hydrocarbons
      generate hydrogen chloride as represented by hereinabove equations (5) and
      (7). The hydrogen chloride and/or chlorine may be added to the system
      either with the oxygencontaining gas or in the chlorination zone with the
      ethane and/or ethylene feed, preferably with the ethane and/or ethylene
      feed so as to eliminate the necessity of providing means for recovering
      hydrogen chloride and/or chlorine from the gaseous effluent from the
      oxygen-contacting step. In addition, the addition of chlorine and/or
      hydrogen chloride with the ethane and/or ethylene feed improves the yield
      of vinyl chloride.
PAR  In accordance with another embodiment of the invention, the
      oxygen-containing gas may be introduced into the chlorination zone with
      the ethane and/or ethylene feed to produce the oxychloride of the
      multivalent metal, in situ, but such a procedure is not preferred in that
      there may be a loss of ethane and/or ethylene feed by combustion. In
      addition, the quantities of oxygen and ethane and/or ethylene would have
      to be regulated to prevent explosive compositions.
PAR  In accordance with a further embodiment of the invention, the higher valent
      metal chloride may be regenerated by contacting the melt with a
      chlorine-containing gas, such contacting being effected either
      simultaneously with the production of vinyl chloride from the ethane
      and/or ethylene feed or in a separate reaction zone. The regeneration of
      the higher valent multivalent metal chloride, using copper chloride as a
      representative example, may be represented by the following equation:
EQU  2CuCl + Cl.sub.2 .fwdarw. 2CuCl.sub.2                      (14)
PAL  and the overall reaction, using ethylene as a representative feed, by the
      following equation:
EQU  C.sub.2 H.sub.4 + Cl.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl + HCl (15)
PAL  This procedure is not particularly preferred in that there is a net
      production of hydrogen chloride.
PAR  In accordance with still another embodiment of the invention, the hydrogen
      chloride generated during the production of vinyl chloride in the
      chlorination zone may be recovered from the reaction effluent, and
      employed in a separate reaction zone, along with an oxygen-containing gas,
      to regenerate the higher valent metal chloride, as represented by the
      following equation:
EQU  2HCl + 2CuCl + 1/2O.sub.2 .fwdarw. 2CuCl.sub.2 + H.sub.2 O (16)
PAL  This procedure is also less preferred in that provision must be made for
      recovering the hydrogen chloride from the chlorination zone reaction
      effluent.
PAR  Although several embodiments for the chlorination of ethane and/or ethylene
      by the use of melts containing a multivalent metal chloride in both its
      higher and lower valence state have been described, the preferred
      embodiment for such chlorination involves contacting of the melt with
      molecular oxygen in a first reaction zone to provide a molten salt mixture
      which further includes the oxychloride of the multivalent metal, followed
      by circulating the melt from the first reaction zone to a second reaction
      zone (chlorination zone) wherein the melt is contacted with ethane and/or
      ethylene and chlorine and/or hydrogen chloride to produce a chlorinated
      effluent, including vinyl chloride. This embodiment is preferred in that
      significantly higher yields of vinyl chloride are obtained by effecting
      the chlorination with the direct addition of chlorine and/or hydrogen
      chloride into the chlorination reactor.
PAR  The dichloroethane (primarily 1,2-dichloroethane) produced along with the
      vinyl chloride in the chlorination zone, as hereinabove described with
      respect to several embodiments of the invention, is recovered from the
      chlorination zone reaction effluent, and dehydrochlorinated to vinyl
      chloride by contacting the dichloroethane with a melt containing a
      multivalent metal chloride in both its higher and lower valence state,
      with the reaction being represented by the hereinabove equation (7):
EQU  C.sub.2 H.sub.4 Cl.sub.2 .fwdarw. C.sub.2 H.sub.3 Cl + HCl (7)
PAL  The melt may also contain the oxychloride of the multivalent metal whereby
      there is essentially no net production of hydrogen chloride, as
      represented by hereinabove equation (9):
EQU  2HCl + CuO.CuCl.sub.2 .fwdarw. 2CuCl.sub.2 + H.sub.2 O     (9)
PAL  The use of the hereinabove described melts for the dehydrochlorination of
      dichloroethane (in particular the 1,2-dichloroethane) to vinyl chloride is
      particularly advantageous in that the melts direct the dehydrochlorination
      to the production of vinyl chloride at high rates of conversion and high
      vinyl chloride selectivity. In addition, the reaction effluent is
      essentially free of diolefinic contaminants which are generally found in
      the reaction effluents from prior art dehydrochlorination reactions. In
      accordance with the present invention, the 1,2-dichloroethane, which
      constitutes the major portion of the dichloroethane produced (in some
      cases essentially all of the dichloroethane product is
      1,2-dichloroethane), may be converted to vinyl chloride at conversion
      rates greater than 90% while retaining vinyl chloride selectivity at
      greater than 90%, whereas the prior art processes, in order to convert
      1,2-dichloroethane to vinyl chloride at high selectivity, operated at
      conversion rates of 60%, thereby increasing operating costs. It is to be
      understood, however, that although the dehydrochlorination of the present
      invention may be effectively operated at conversions greater than 90%, for
      some operations, lower conversion rates may be employed.
PAR  The chlorination and dehydrochlorination are generally operated at
      temperatures from about 700.degree. to about 1200.degree.F., preferably
      from about 750.degree.F. to about 1000.degree.F., although the
      temperatures may be as low as 575.degree.F., and at pressures from about 1
      to about 20 atmospheres. The contacting of the feed and melt is generally
      effected in a countercurrent fashion, preferably with the feed as a
      continuous vapor phase, at residence times from about 1 to about 60
      seconds although longer residence times may be employed. In the
      embodiments of the invention wherein the melt is previously contacted with
      oxygen, in a separate reaction zone, such contacting is generally effected
      at temperatures from about 600.degree.F. to about 900.degree.F., although
      higher temperatures may be employed. The preferred operating temperatures
      for the oxidation of the melt are from about 750.degree.F. to about
      870.degree.F.
PAR  It should be apparent from the hereinabove noted reaction sequences, that
      the melt containing the multivalent metal chloride, in some cases,
      participates in the reaction sequence and accordingly does not behave only
      as a catalyst. Thus, for example, in the preferred embodiments of the
      invention, the melt functions to transfer oxygen, and as should be
      apparent from the hereinabove noted equations, sufficient oxychloride must
      be produced to provide the oxygen requirements for the reactions, such
      requirements being greater for ethane as compared to ethylene and greater
      for hydrogen chloride as compared to chlorine. In general, the oxychloride
      content of the molten mixture introduced into the chlorination reactor
      ranges from about 0.5% to about 5.5%, and preferably from about 1% to
      about 3%, all by weight, of the melt.
PAR  The melt, in addition to functioning as a reactant and/or catalyst is a
      temperature regulator. Thus, the circulating melt has a high heat
      absorption capacity, thereby preventing runaway reaction during the
      exothermic chlorination and oxygen-contacting steps. The absorbed heat of
      reaction may be employed to both heat the various reactants to reaction
      temperature and supply heat for the endothermic dehydrochlorination. It
      should be apparent, however, that if additional heating or cooling is
      required such heating or cooling may be supplied from an external source.
      It should also be apparent that the heat absorption capacity of the melt
      functions to limit temperature variations, i.e., temperature gradients,
      during the reactions.
PAR  Thus, as should be apparent from the hereinabove description of the present
      invention, vinyl chloride may be produced from ethane and/or ethylene by
      contacting thereof with a melt containing a multivalent metal chloride in
      both its higher and lower valence state, in the absence or presence of
      chlorine and/or hydrogen chloride, and in the absence or presence of the
      corresponding oxychloride, preferably in the presence of chlorine and/or
      hydrogen chloride and in the presence of the oxychloride, followed by
      contacting or recovered dichloroethane with a melt containing a
      multivalent metal chloride in both its higher and lower valence state to
      dehydrochlorinate the dichloroethane to vinyl chloride. The chlorination
      and dehydrochlorination, as hereinafter described, are preferably effected
      by using the same circulating melt, but it should be readily apparent that
      each of the two steps could be effected with molten mixtures having
      different multivalent metal chlorides. Similarly, melts of identical
      compositions could be employed in each of the steps, without circulating
      such identical melts between the two steps.
PAR  In accordance with a preferred embodiment of the invention, vinyl chloride
      is produced from a net feed of ethane, molecular oxygen and chlorine
      and/or hydrogen chloride, using copper chlorides as the molten salt
      mixture, with the intermediate products produced during the reaction being
      effectively converted to vinyl chloride.
PAR  The molten salt mixture, preferably containing from about 20% to about 40%
      potassium chloride, as a melting point depressant, with the remainder
      being copper chlorides, all by weight, is contacted in a first reaction
      zone with molecular oxygen to produce copper oxychloride. The cupric
      chloride content of the melt is generally at least about 16%, by weight,
      of the melt, and generally from about 18% to about 50%, by weight, in
      order to provide sufficient cupric chloride for the subsequent
      chlorination and dehydrochlorination reactions. It is to be understood
      however that lower amounts of cupric chloride may also be employed by
      increasing salt circulation rates and residence times. As a result of the
      various reactions which occur during the chlorination and
      dehydrochlorination steps, the cupric chloride content of the melt does
      not significantly vary through the various reaction zones. The molecular
      oxygen is preferably introduced in an amount, and at a rate, to provide a
      molten salt mixture containing from about 0.5% to about 5.5%, preferably
      from about 1% to about 3%, all by weight, of copper oxychloride. It is to
      be understood that minor amounts of chlorine and/or hydrogen chloride
      could also be introduced into the first reaction zone, but in accordance
      with this preferred embodiment, the major portion of the chlorine and/or
      hydrogen chloride is added to the chlorination zone.
PAR  The molten salt mixture, now containing copper oxychloride, is circulated
      to a second reaction zone (chlorination zone) wherein the molten salt is
      contacted with ethane and chlorine and/or hydrogen chloride as fresh feed,
      in addition to recycle unconverted ethane, and recycle ethyl chloride and
      ethylene generated as reaction intermediates. The recycle, as hereinafter
      described may also include hydrogen chloride and 1,2-dichloroethane and/or
      1,1-dichloroethane. The chlorine, if used, is added in amounts which
      approximate stoichiometric quantities in order to eliminate the presence
      of chlorine in the reaction effluent, thereby also eliminating the
      necessity for chlorine recovery and recycle. The reactions which occur in
      the chlorination zone are believed to be best represented by hereinabove
      equations (1) - (7) and (9). Thus, fresh ethane and chlorine and/or
      hydrogen chloride feed are converted to ethyl chloride, ethylene,
      dichloroethane (both 1,1-dichloroethane and 1,2-dichloroethane, primarily
      1,2-dichloroethane) and vinyl chloride, with the recycle ethyl chloride
      and ethylene also being ultimately converted to vinyl chloride. The
      hydrogen chloride generated, in situ, reacts with the copper oxychloride
      of the melt to produce cupric chloride. In some cases, 100% conversion of
      the generated hydrogen chloride is not achieved and, accordingly, the
      reaction effluent may also include some hydrogen chloride. The
      chlorination reaction effluent withdrawn from the chlorination zone
      includes, in addition to unconverted ethane, ethylene, ethyl chloride,
      dichloroethane, hydrogen chloride (if any), water vapor and vinyl
      chloride. The chlorination reaction effluent further includes minor
      portions of one or more of the following: dichloroethylenes,
      trichloroethylene, tetrachloroethylene, trichloroethanes, and
      tetrachloroethane.
PAR  The chlorination reaction effluent is passed to a separation and recovery
      zone wherein vinyl chloride is recovered as reaction product, ethyl
      chloride, ethylene and ethane are recovered as recycle streams to the
      chlorination zone and 1,2-dichloroethane is recovered for recycle to
      either the chlorination zone or a dehydrochlorination zone. In general,
      the recycle weight ratio of ethyl chloride to fresh ethane feed ranges
      from about 0.3:1 to about 14:1 and the recycle weight ratio of ethylene to
      fresh ethane feed ranges from about 0.03:1 to about 1.2:1.
PAR  If a separate dehydrochlorination zone is employed, the 1,2-dichloroethane
      produced in the chlorination zone is introduced into the
      dehydrochlorination zone and contacted therein with the molten salt from
      either the first reaction zone, the second reaction zone (chlorination
      zone), or molten salt from both zones, to effect dehydrochlorination of
      the 1,2-dichloroethane to vinyl chloride. The reaction effluent includes
      vinyl chloride and any unconverted 1,2-dichloroethane. In addition, if the
      melt employed in the dehydrochlorination zone is obtained from the second
      reaction zone, the dehydrochlorination reaction effluent includes hydrogen
      chloride, and if the melt is obtained from the first reaction zone, the
      effluent includes water vapor and any hydrogen chloride which does not
      react with the copper oxychloride present in the melt. The
      dehydrochlorination reaction effluent is introduced into a separation and
      recovery zone to recover the various components, with vinyl chloride being
      recovered as reaction product, hydrogen chloride, if any, being recycled
      to the chlorination zone, and unconverted 1,2-dichloroethane being
      recycled to the dehydrochlorination zone. It is also to be understood that
      in some cases, one or more of the other components in the chlorination
      effluent; i.e., ethyl chloride, ethylene and ethane, may be introduced
      into the separate dehydrochlorination reaction zone, if employed, instead
      of into the chlorination reaction zone.
PAR  As hereinabove noted, the chlorination reaction effluent may also include
      1,1-dichloroethane, and the 1,1-dichloroethane may be recovered with the
      1,2-dichloroethane and dehydrochlorinated in the dehydrochlorination zone.
      In some cases, it may be desirable to separately recover
      1,1-dichloroethane and 1,2-dichloroethane to provide essentially only a
      1,2-dichloroethane feed to the dehydrochlorination zone (by separately
      recovering 1,1- and 1,2-dichloroethane the chlorinated components, in
      particular dichloroethylenes, which boil between the isomers of
      dichloroethane may also be eliminated from the feed to the
      dehydrochlorination zone), and in such cases, the 1,1-dichloroethane may
      be recovered separately from the 1,2-dichloroethane and recycled to the
      chlorination zone wherein the 1,1-dichloroethane contacts the molten salt
      and is dehydrochlorinated to vinyl chloride. Accordingly, in accordance
      with the preferred embodiment, 1,2-dichloroethane reaction intermediate is
      dehydrochlorinated to vinyl chloride either in the chlorination zone or in
      a separate dehydrochlorination reaction zone, either in the presence or
      absence of 1,1-dichloroethane, and the 1,1-dichloroethane reaction
      intermediate, if present, is dehydrochlorinated to vinyl chloride either
      in the separate dehydrochlorination reaction zone or in the chlorination
      zone.
PAR  The molten salt to feed weight ratio (based on total feed to the
      chlorination reaction zone) is preferably from about 25:1 to about 200:1,
      with the molten salt, at such high salt circulation rates, acting as a
      heat sink, whereby there is little temperature variation between the
      various zones; i.e., in general the temperature fluctuation between the
      various zones is no greater than about 130.degree.F. and generally from
      about 15.degree.F. to about 50.degree.F.
PAR  It should be readily apparent that in accordance with the preferred
      embodiment, vinyl chloride is effectively produced from ethane, chlorine
      and/or hydrogen chloride and oxygen as a result of the recycle of
      essentially all reaction intermediates, with the overall reaction being
      represented by equations (10) and/or (11).
PAR  It is also to be understood that, as hereinabove noted, other chlorinated
      hydrocarbons, such as, dichloroethylenes, trichloroethylene,
      tetrachloroethylene, trichloroethanes, tetrachloroethane, carbon
      tetrachloride and the like, may be produced during the various reactions.
      In some cases, some of these other chlorinated hydrocarbons are present in
      the various recycle streams in that complete separation of such other
      chlorinated hydrocarbons is not possible.
PAR  It is also to be understood that the preferred ethane feed could also
      contain some ethylene, and/or propane and/or methane as for example, in
      the case where a C.sub.2 stream is recovered from a refinery.
PAR  The invention will now be further described with reference to embodiments
      thereof illustrated in the accompanying drawings. It is to be understood
      however, that the scope of the invention is not to be limited thereby. It
      is further to be understood that the molten copper chloride salts are
      highly corrosive and, accordingly, the processing equipment must be
      suitably protected; e.g., the reactors may be lined with ceramic.
      Similarly, if pumps are used for transporting the molten salts they must
      also be protected. The molten salts, however, are preferably transferred
      between the reactors by the use of gas lifts, as known in the art.
PAR  Referring now to FIG. 1, a molten chloride salt, such as a mixture of
      potassium chloride, cupric and cuprous chloride, in line 10, at a
      temperature of from 600.degree.F. to 900.degree.F. is introduced into the
      top of an oxidation vessel 11 maintained at a pressure of from about 1 to
      about 20 atmospheres. A compressed oxygen-containing gas, such as air, in
      line 12 is introduced into the bottom of vessel 11 and is passed in
      countercurrent contact to the descending molten salt. The vessel 11 may be
      provided with one or more sections of packing, generally indicated as 12a,
      to produce intimate and effective contact between the compressed gas and
      molten salt. The molten salt is oxidized to produce oxychloride, with the
      concurrent evolution of heat. The residence time of the molten salt within
      the vessel 11 is from about 1 to about 60 seconds.
PAR  The effluent gas leaving the packing near the top of vessel 11 is at a
      temperature of from about 600.degree.F. to 900.degree.F., and is contacted
      with a spray of suitable quench liquid, for example, from one of the
      processing streams, in line 16 having a temperature of about 100.degree.F.
      A suitable quench liquid would be water having dissolved hydrogen
      chloride. The gas is cooled by such contact with the result that vaporized
      and entrained salts are condensed and eliminated from the gas stream. The
      quench liquid spray is concurrently vaporized and, together with the
      effluent gas, is withdrawn from the top of vessel 11. The total gaseous
      effluent is passed through line 17 to a cyclone separator 18 for the
      elimination of any solid material which is returned to the vessel 11. The
      gaseous effluent is thereafter combined with another gaseous effluent in
      line 19 as more fully hereinafter described. The combined gaseous effluent
      is cooled to about 100.degree.F. to 150.degree.F. in heat exchanger 21 to
      condense out the vaporized quench liquid. The condensed quench liquid is
      separated from the remaining gaseous effluent in vapor/liquid separator
      22. The quench liquid is passed through line 23 by pump 24 to heat
      exchanger 25 to cool the quench liquid to a temperature of about
      100.degree.F., with a portion being returned to the upper portion of
      vessel 11. The gaseous effluent in separator 22 is divided with a portion
      being passed through line 28 into a caustic scrubber 29. From scrubber 29,
      inert gases, such as nitrogen introduced with the oxygen in the
      oxygen-containing feed gas are readily discharged from the reactor system.
PAR  The molten salt, now containing the copper oxychloride, at a temperature of
      from about 700.degree.F. to 1200.degree.F. is withdrawn from the bottom of
      vessel 11 through line 13 and passed to the top of a reactor 15.
      Alternatively, a portion of the molten salt in line 13 may be passed
      through line 14 for introduction into a dehydrochlorination reactor, as
      hereinafter described. The reactor 15 is operated at a temperature of from
      about 700.degree.F. to about 1200.degree.F., at a pressure of from 1 to 20
      atmospheres, and a residence time of 1 to 60 seconds. The reactor 15 is
      provided with sections of packing, generally indicated as 30, designed to
      effect intimate and effective contact between the gaseous feed components
      and the molten salt as more fully hereinafter described. Fresh feed
      hydrogen chloride, if any, and recycle ethyl chloride, as more fully
      hereinafter described, at a suitable temperature; e.g., from 100.degree.F.
      to 200.degree.F., or up to 800.degree.F. are introduced into the upper
      portion of reactor 15 through line 31. Combined recycle components ethane,
      ethylene and hydrogen chloride at a suitable temperature; e.g., from
      100.degree.F. to 200.degree.F. or up to 800.degree.F. are introduced into
      reactor 15 through line 32 at a point below line 31. The introduction into
      reactor 15 of the recycle streams and the fresh hydrogen chloride stream
      (if any) may be further divided, reversed in position, or may be combined
      into one stream.
PAR  Fresh chlorine is introduced into reactor 15 through line 33 at a point
      below the recycle feed positions 31 and 32. Fresh feed ethane, ethylene,
      or mixtures thereof, preferably ethane fresh feed, is introduced through
      line 34 into reactor 15 near the lower portion thereof. The hydrocarbon
      fresh feed in line 34 should be introduced at or near the bottom of the
      reactor 15.
PAR  It is also to be understood that both recycle and fresh feed may be
      introduced at a single point at the bottom of the reactor.
PAR  The gaseous effluent at the top of the upper packed section in reactor
      vessel 15 is at a temperature between 700.degree.F. and 1200.degree.F.,
      and is cooled by a spray of suitable quench liquid obtained, for example,
      from one of the processing streams, in line 38 to about 300.degree.F. A
      suitable quench liquid would be one or more of the chlorinated
      hydrocarbons produced in reactor 15. Such temperature is above the dew
      point temperature of the combined gaseous reaction effluent and vaporized
      quench liquid. The total gaseous effluent is passed into cyclone separator
      39 to remove any solids and is then passed through line 40 to condenser 41
      to condense the quench liquid. The mixed vapor/liquid stream is introduced
      into separator 42 with the condensed quench liquid being passed by pump 43
      to cooler 44 wherein the liquid is cooled to about 150.degree.F. The
      cooled quench liquid is then passed to spray device 38 in reactor 15. The
      gaseous effluent from separator 42 at about 230.degree.F. is passed
      through line 45 to a separation section illustrated in FIG. 2 as more
      fully hereinafter described.
PAR  The molten salt withdrawn from the bottom of reactor 15 is at a temperature
      of from about 700.degree.F. to 1200.degree.F., and is passed through line
      36 to the top of dehydrochlorination reactor 35 along with any melt in
      line 14. Alternatively, all or a portion of the melt from the reactor 15
      may be passed through line 37 for return to vessel 11 as hereinafter
      described. Dichloroethane separated in said separation section, is
      introduced through line 46 at a suitable temperature, e.g., 100.degree.
      -800.degree.F., into the bottom of the dehydrochlorination reactor 35.
      Dehydrochlorination reactor 35 includes one or more packed sections,
      generally indicated as 47, to effect intimate and effective contact
      between the dichloroethane and molten salt. The dichloroethane is passed
      in countercurrent contact with the melt to effect the endothermic
      dehydrochlorination of the dichloroethane to yield vinyl chloride and
      hydrogen chloride. The reaction is conducted at a temperature of from
      about 700.degree.F. to about 1200.degree.F., a pressure of about 1 to
      about 20 atmospheres, with a residence time of about 1 to about 60
      seconds. It will be understood that the dichloroethane may also flow
      cocurrently downwardly with the molten salt.
PAR  The gaseous effluent leaving the top of the upper packed section of
      dehydrochlorination reactor 35 at a temperature of from 700.degree.F. to
      1200.degree.F. is cooled by means of a spray of a suitable quench liquid
      obtained, for example, from one of the processing streams through spray
      device 48 to lower the temperature of the gaseous effluent and the now
      vaporized quench liquid to between 300.degree.F. and 400.degree.F. thereby
      eliminating entrained and vaporized salts. A suitable quench liquid would
      be one or more chlorinated hydrocarbons recovered from the
      dehydrochlorination effluent. The total gaseous effluent is withdrawn from
      the upper part of the reactor 35 through line 49 and is passed into
      cyclone separator 50 where any solids are removed. The gaseous effluent
      from separator 50 is passed through line 51 into condenser 52 where, at a
      temperature of about 150.degree.F. to 200.degree.F., the quench liquid is
      condensed. The mixed vapor/liquid stream is thereafter passed into
      separator 53, from which the condensed quench liquid is passed through
      line 54 by pump 55 to cooler heat exchanger 56 wherein the temperature of
      the quench liquid is lowered to about 80.degree.F. to 120.degree.F. The
      cooled quench liquid is then passed to spray device 48 in the top of
      reactor 35. The effluent vapor at 150.degree. to 200.degree.F. withdrawn
      from separator vessel 53 is passed through line 57 to the separation
      section, as more fully hereinafter described. The molten salt at the
      bottom of the reactor 35, which is at a temperature lower than at the
      inlet to said reactor 35, is withdrawn through line 59 combined with any
      molten salt in line 37 and passed to the top of direct heat exchange
      vessel 20.
PAR  Heat exchange vessel 20 comprises one or more packed sections, generally
      indicated as 60. A portion of the gas withdrawn from separator 22 through
      line 27, is compressed in compressor 26, and introduced into the top of
      heat exchange vessel 20 wherein the compressed gas is passed in direct
      heat exchange contact with the molten salt introduced through line 59. The
      gas and the molten salt are concurrently passed over the packed sections
      60 and are disengaged in the bottom of the heat exchange vessel 20. The
      gas is cooled by a spray of quench liquid through spray device 61 to
      eliminate any vaporized or entrained halide salt. A gaseous effluent
      comprised of the gas introduced through line 27 and now vaporized quench
      liquid is withdrawn from vessel 20 and passed into cyclone separator 62.
      In separator 62 any solids are removed from the gaseous effluent. The
      gaseous effluent withdrawn from separator 62 is passed through line 19 and
      combined with the gaseous effluent from oxidation vessel 11. The combined
      gaseous effluent is passed through condenser 21 to condense the quench
      liquid. The principal purpose of the heat exchange vessel 20 is to bring
      the molten salt in line 59 to a constant and desired temperature prior to
      introducing the molten salt into the top of oxidation vessel 11. In
      general, the overall reaction provides a net exotherm and, therefore, some
      cooling of the melt in vessel 20 is required.
PAR  Referring now to FIG. 2, the reactor effluent from reactor 15 in line 45 is
      comprised of vinyl chloride, hydrogen chloride (if any), dichloroethane,
      ethyl chloride, water and heavier chlorinated hydrocarbons. The reactor
      effluent is cooled to about 80.degree. to 100.degree.F. in condenser 63
      primarily to condense water and heavier chlorinated hydrocarbons. The
      condensed water and heavier chlorinated hydrocarbons are introduced into a
      separator 64 to separate the water from the heavier chlorinated
      hydrocarbons. The water phase withdrawn from separator 64 through line 65
      is neutralized and stripped of entrained and dissolved chlorinated
      hydrocarbon in a stripping column (not shown). The separated chlorinated
      hydrocarbons (from the stripping column) in line 65a are combined in line
      66 with the heavier chlorinated hydrocarbons withdrawn from vessel 64 for
      subsequent processing.
PAR  The remaining portion of the reactor effluent gaseous stream, after cooling
      in condenser 63, is passed through line 70 into an column 71 wherein acid
      gases, principally any carbon dioxide present, are removed by any of
      several well-known acid gas absorption or adsorption systems. A gaseous
      effluent is withdrawn from column 71 through line 72 and is passed into
      dryer 73 for removal of residual water.
PAR  The effluent vapor in line 57 from dehydrochlorination reactor 35 is passed
      through a condenser 79 wherein the effluent vapor is cooled to about
      80.degree. to about 120.degree.F. primarily to condense unconverted
      dichloroethane which is passed to vessel 80. The unconverted
      dichloroethane withdrawn from condenser 80 through line 81 is combined
      with chlorinated hydrocarbons in line 66. The combined stream is passed
      through dryer 67 and is introduced through line 68 into distillation
      column 69. The uncondensed gaseous effluent from condenser 79 is withdrawn
      through line 82 and is passed into dryer 73 wherein the uncondensed
      gaseous effluent is combined with gaseous effluent in line 72. The dried
      gas withdrawn from dryer 73 through line 74 is passed to compressor 75 and
      compressed to about 10 to about 30 atmospheres. The compressed gas is
      thereafter passed through line 76 through heat exchanger 77 and is
      introduced into distillation column 69.
PAR  Distillation column 69 is operated at temperatures and pressures to produce
      a gaseous overhead comprised of ethane, ethylene and hydrogen chloride.
      The gaseous overhead in line 83 is passed through heat exchanger 77 and is
      introduced into reactor vessel 15, through line 32, as shown in FIG. 1.
      The column bottoms consisting of chlorinated hydrocarbons is passed
      through line 84 to a distillation column 85. It is to be understood that
      if the molten mixture employed in dehydrochlorination reactor 35 contains
      oxychloride, the overhead from column 69 does not include hydrogen
      chloride.
PAR  Distillation column 85 is operated at temperatures and pressures to form an
      overhead primarily comprised of vinyl chloride with minor amounts of
      impurities. The overhead in line 86 is passed, if necessary, to a
      purification system (not shown) to produce monomer grade vinyl chloride.
      The column bottoms from distillation column 85 is passed through line 87
      to a distillation column 88.
PAR  Distillation column 88 is operated at temperatures and pressures to produce
      an overhead stream comprising all remaining chlorinated hydrocarbons
      boiling below dichloroethane (both 1,2- and 1,1-dichloroethane). The
      overhead stream from column 88 is passed through line 89 into distillation
      column 90. The bottoms product from distillation column 88 containing
      dichloroethane and higher boiling chlorinated products is passed through
      line 91 into a distillation column 92.
PAR  Distillation column 90 is operated at pressures and temperatures designed
      to form an overhead stream substantially comprised of pure ethyl chloride
      which is passed through lines 93 and 31 to the reactor 15, as shown in
      FIG. 1. The bottoms from distillation column 90 consisting largely of
      dichloroethylenes is withdrawn from the system through line 94.
PAR  Distillation column 92 is operated at such temperatures and pressures
      designed to produce an overhead comprised substantially of pure
      dichloroethane (primarily 1,2-dichloroethane and also 1,1-dichloroethane).
      It is to be understood, however, that the overhead stream may also contain
      some dichloroethylenes, trichloroethylene and carbon tetrachloride. The
      overhead stream is passed through lines 95 and 46 to the
      dehydrochlorination reactor 35, as shown in FIG. 1. The bottoms stream
      from distillation column 92 consisting primarily of one or more of the
      following: trichloroethylene, trichloroethane, perchloroethylene and
      tetrachloroethane, is withdrawn from the system, through line 96.
PAR  The hereinabove described embodiment may be modified within the spirit and
      scope of the invention. Thus, for example, although the embodiment has
      been particularly described with respect to the use of ethane as the fresh
      hydrocarbon feed, with ethylene as recycle, the fresh feed could be
      ethylene or a mixture of ethylene and ethane. Similarly, although the
      embodiment has been particularly described with the use of chlorine as the
      fresh chlorinating agent, hydrogen chloride or a mixture of hydrogen
      chloride and chlorine could be employed.
PAR  Similarly, the chlorine may be added to the feed other than as described.
      Thus, for example, hydrogen chloride and/or chlorine may be introduced
      into reactor 11 instead of reactor 15. Alternatively, chlorine may be
      introduced into reactor 11 instead of oxygen, in which case, as
      hereinabove described, there will be a net production of hydrogen
      chloride. As a further modification, all or a portion of the
      oxygen-containing gas may be introduced into reactor 15 instead of reactor
      11. It is to be understood, however, that these other methods of adding
      chlorine to the feed are less preferred as a result of lower yields and/or
      more costly recovery and recycle.
PAR  As another modification, the temperature of the circulating molten mixture
      may be regulated by controlling the temperature of the lift gas, in which
      case the heat exchange vessel 20 would be eliminated.
PAR  As yet a further modification, the separation and recovery of the various
      components could be effected in a manner other than as described. This,
      for example, as hereinabove noted, the presence of 1,1-dichloroethane in
      the feed to the dehydrochlorinator may not be desirable and in such a
      case, if 1,1-dichloroethane is present in the chlorination effluent,
      column 88 is operated to produce an overhead stream comprising all
      remaining chlorinated hydrocarbons boiling below 1,2-dichloroethane,
      whereby the 1,1-dichloroethane is taken overhead with the ethyl chloride.
      Column 90 is then operated to recover, as overhead, ethyl chloride and
      1,1-dichloroethane, the aforesaid overhead being recycled to the
      chlorinator 15.
PAR  As a further alternative, column 92 may be omitted, and the bottoms from
      column 88 (containing 1,2-dichloroethane and heavier components, or 1,1-
      and 1,2-dichloroethane and heavier components) fed directly to the
      dehydrochlorination reactor 35. In such an alternative embodiment, a
      further column would be provided for separating from the
      dehydrochlorination reaction effluent, those heavier components previously
      recovered as bottoms in column 92. The further column, however, could be
      of a smaller capacity than that required for column 92.
PAR  As still another alternative, the components of the reaction effluents from
      the chlorination reactor and the dehydrochlorination reactor may be
      recovered in separate separation and recovery zones.
PAR  It is also to be understood that in the event that there is a separate
      market for any of the reaction intermediates, one or more of such reaction
      intermediates may be separately recovered and marketed instead of being
      recycled.
PAR  As still another modification, the chlorination reaction zone and
      dehydrochlorination reaction zone may be in a single reactor divided into
      the aforesaid two reaction zones, with the two zones being provided with
      molten salt from the oxidation reactor; i.e., the molten salt in both
      reactors includes cuprous chloride, cupric chloride and copper
      oxychloride, with the molten mixture which is withdrawn from the two zones
      being passed to the oxidation reaction zone.
PAR  As yet a further alternative, one or more of the components recycled to the
      chlorination reaction zone, i.e., ethyl chloride, ethane and ethylene may
      be recycled to the dehydrochlorination reaction zone with the
      dichloroethane, instead of being recycled to the chlorination reaction
      zone. Thus, for example, unconverted ethane, ethylene and ethyl chloride
      recovered from the chlorination effluent could be introduced into a
      separate dehydrochlorination reaction zone or in a separate section of the
      chlorination reactor along with dichloroethane for ultimate conversion to
      vinyl chloride. The molten salt to the dehydrochlorination reaction zone
      would preferably include oxychloride, whereby the effluent would contain
      little, if any, hydrogen chloride.
PAR  As a further alternative embodiment of the invention, the dichloroethane
      reaction intermediate, 1,2- and/or 1,1-dichloroethane may be
      dehydrochlorinated to vinyl chloride in the chlorination vessel and such
      an alternative embodiment is illustrated in FIGS. 3 and 4 of the drawings.
      The alternative embodiment of FIGS. 3 and 4 is particularly described with
      reference to the use of a lift gas for transporting the salt, direct
      contact quench cooling and the use of the lift gas for adjusting the
      temperature of the molten salt instead of a separate direct contact heat
      exchange vessel, which as hereinabove noted are equally applicable to the
      embodiment of FIGS. 1 and 2.
PAR  Referring now to FIG. 3, a molten chloride salt, such as a mixture of
      potassium chloride, cuprous chloride and cupric chloride in line 210 is
      introduced into the top of the reaction portion of an oxidation vessel 211
      maintained, as hereinabove described, at temperatures and pressures
      suitable for oxidizing the molten salt. A compressed oxygen-containing
      gas, such as air, in line 212 is introduced into the bottom of vessel 211
      and is passed in countercurrent contact to the descending molten salt,
      resulting in oxidation of the salt to produce copper oxychloride with the
      concurrent evolution of heat.
PAR  An effluent gas, comprised essentially of the nitrogen introduced with the
      air, rises into the top of the vessel 211 wherein the effluent gas is
      combined with lift gas, as hereinafter described, introduced through line
      213. The effluent gas is directly contacted in the top of vessel 211 with
      a spray of quench liquid, in particular aqueous hydrogen chloride,
      introduced through line 214 to cool the effluent gas and thereby eliminate
      any vaporized and entrained salts therefrom. The effluent gas, now
      containing vaporized quench liquid, is withdrawn from vessel 211 through
      line 215 and introduced into a direct contact quench tower 216, of a type
      known in the art wherein the effluent gas is cooled by direct contact with
      a suitable quench liquid, in particular aqueous hydrogen chloride,
      introduced through line 217 to thereby remove vaporized quench liquid from
      the effluent gas.
PAR  The quench liquid is withdrawn from the bottom of tower 216 through line
      218 and a first portion passed through line 214 for quenching the effluent
      gas in vessel 211. A second portion of the quench liquid is passed through
      line 219, containing a cooler 221, for introduction into the quench tower
      216 through line 217.
PAR  An effluent gas, comprised essentially of nitrogen, is withdrawn from
      quench tower 216 through line 222 and a portion thereof purged through
      line 223. The remaining portion of the nitrogen effluent gas is compressed
      in compressor 224 and the temperature thereof regulated in heat exchanger
      263 prior to passage through lines 225 and 226 for use as a lift gas for
      transporting molten salt, as hereinafter described.
PAR  The molten salt, now containing copper oxychloride, is withdrawn from the
      bottom of vessel 211 through line 231 and lifted by the lift gas in line
      225 into a separation vessel 232 positioned adjacent the top of the
      reaction portion of a chlorination vessel 233. In separator 232, the
      molten salt is separated from the lift gas, with the molten salt being
      introduced into the top of the reaction portion of chlorination vessel 233
      through line 234. The lift gas is withdrawn from vessel 232 through line
      235 and combined with lift gas from the oxidation reactor for introduction
      into the quenching portion of vessel 211 through line 213 to thereby
      separate any entrained and vaporized salt therefrom.
PAR  Fresh feed chlorine and/or hydrogen chloride is introduced into the bottom
      of reactor 233 through line 241 and fresh feed ethane and/or ethylene,
      preferably ethane, in line 242 is combined with a recycle chlorinated
      hydrocarbon stream comprised of ethyl chloride and dichloroethane (1,1-
      and/or 1,2-dichloroethane) in line 243 and recycled ethane and ethylene in
      line 244, for introduction into the bottom of vessel 233 through line 245.
PAR  The chlorination vessel 233 is operated at the temperatures and pressures
      hereinabove described to effect chlorination, dehydrogenation and
      dehydrochlorination of the fresh feed and recycle by direct countercurrent
      contact of the feed and recycle with the descending molten salt.
PAR  An effluent gas, containing vinyl chloride, ethyl chloride, dichloroethane,
      other chlorinated hydrocarbons, as hereinabove described, ethane,
      ethylene, water vapor and hydrogen chloride, if any, (the hydrogen
      chloride produced in the dehydrochlorination reacts with the oxychloride
      of the salt) rises into the top of vessel 233 wherein the effluent gas is
      directly contacted with a spray of quench liquid, in particular one or
      more of the chlorinated hydrocarbons produced in reactor 233, introduced
      through line 246 to cool the effluent gas and thereby eliminate any
      vaporized and entrained salts therefrom.
PAR  The effluent gas, now containing vaporized quench liquid, is withdrawn from
      vessel 233 through line 247 and introduced into a separation and recovery
      section (FIG. 4) for recovery of the various components.
PAR  A molten salt is withdrawn from the bottom of reactor 233 through line 261
      and lifted by lift gas in line 226 into a separation vessel 262 positioned
      adjacent the top of reactor 211. In separator 262, the molten salt is
      separated from the lift gas and introduced through line 210 into vessel
      211. The lift gas is withdrawn from separator 262 through line 264 and
      combined with the lift gas in line 235 for introduction into the top
      quenching section of vessel 211 through line 213.
PAR  Referring now to FIG. 4, the reaction effluent in line 247 is cooled in
      condenser 310, primarily to condense a portion of the water therefrom (the
      condensed water would also contain hydrogen chloride, if present) the
      aforesaid cooling also resulting in the condensation of chlorinated
      hydrocarbons, including the chlorinated hydrocarbons used as quench
      liquid. The condensed water and chlorinated hydrocarbons are separated in
      a separator 311, with a water phase being withdrawn through line 312 and a
      chlorinated hydrocarbon phase being withdrawn through line 313. A portion
      of the chlorinated hydrocarbons in line 313 is recycled through line 246
      as quench liquid for reactor 233. Alternatively, all of such chlorinated
      hydrocarbons, if required, may be recycled as quench liquid. The water
      phase in line 312 is stripped of entrained and dissolved chlorinated
      hydrocarbon in a stripping column (not shown) and the recovered
      chlorinated hydrocarbons (from the stripping column) in line 312a are
      combined with the chlorinated hydrocarbons in line 313. Depending on the
      amount of hydrogen chloride present in the water, the water may also be
      treated to recover hydrogen chloride or a concentrated solution of
      hydrogen chloride.
PAR  The remaining portion of the gaseous effluent in line 314 is optionally
      passed through an alkali scrubbing zone, of a type known in the art,
      schematically indicated as 315, to remove any remaining hydrogen chloride
      therefrom.
PAR  The gaseous effluent from the alkali scrubbing zone 315, if used, in line
      316 is generally passed through a further cooling and separation zone,
      schematically indicated as 317, to condense further water and chlorinated
      hydrocarbons therefrom; an acid gas 1,1zone 318, of a type known in the
      art, to remove any acid gas, primarily carbon dioxide, and a drier 319,
      and introduced into a fractional distillation column 321. The chlorinated
      hydrocarbons in line 313 and chlorinated hydrocarbons separated in zone
      317 are combined and dried in drier 320 for introduction into column 321.
      Alternatively, if required, a portion of the chlorinated hydrocarbons
      recovered in zone 317 may be recycled as quench liquid to reactor 233. The
      water separated in zone 317 may be passed to a stripping column to recover
      any chlorinated hydrocarbons with such recovered chlorinated hydrocarbons
      also being introduced into column 321.
PAR  The column 321 is operated at temperatures and pressures to produce a
      gaseous overhead comprised of ethane and ethylene, which is recovered in
      line 244 for recycle to reactor 233. A chlorinated hydrocarbon bottoms
      withdrawn from column 321 through line 322 is introduced into fractional
      distillation column 323 operated at temperatures and pressures to produce
      an overhead primarily comprised of vinyl chloride which is recovered
      through line 324.
PAR  A chlorinated hydrocarbon bottoms withdrawn from column 323 through line
      325 is introduced into a fractional distillation column 326 operated at
      temperatures and pressures to recover as overhead dichloroethane (both 1,1
      - and 1,2-dichloroethane) and lower boiling chlorinated hydrocarbons, in
      particular ethyl chloride. The overhead from column 326, comprised
      essentially of dichloroethane and ethyl chloride is recovered in line 243
      for recycle to reactor 233. This overhead may also include minor amounts
      of dichloroethylenes.
PAR  A chlorinated hydrocarbon bottoms from column 326 in line 327 consists
      primarily of one or more of the following: trichloroethylene,
      tetrachloroethylene, trichloroethanes and tetrachloroethane.
PAR  It should be readily apparent that the overall operation of the embodiment
      illustrated in FIGs. 3 and 4 is essentially identical to the operation of
      the embodiment illustrated in FIGS. 1 and 2, except for the elimination of
      a separate dehydrochlorination reactor and the equipment associated
      therewith, such as a separate tower for recovering dichloroethane.
PAR  The above modifications and numerous other modifications should be apparent
      to those skilled in the art from the teachings herein.
PAR  The following Examples serve to further explain the invention, but it is
      understood that they are merely illustrative and the invention is not to
      be regarded as limited thereto. In the following Examples, all parts are
      by weight, unless otherwise specified.
PAC  EXAMPLE I
PAR  A molten salt, consisting of 30% potassium chloride and 70% cuprous and
      cupric chlorides, all by weight, is contacted with air in an oxidation
      reactor maintained at a temperature of 885.degree.F. The rate of oxygen
      addition to the molten salt is 330 cm.sup.3 per minute.
PAR  A molten salt, containing about 2.2 wt. percent of copper oxychloride
      (CuO.CuCl.sub.2), is withdrawn from the oxidation reactor and introduced
      into a packed chlorination reactor maintained at a temperature of
      885.degree.F. The molten salt introduced into the reactor is passed
      countercurrently to an ethane-chlorine feed, the ethane and chlorine being
      introduced into the reactor at a rate of flow of 600 cm.sup.3 /min. and
      250 cm.sup.3 /min., respectively. The overall residence time in the
      reactor is fifteen seconds.
PAR  The effluent withdrawn from the chlorination reactor has the following
      composition, excluding water and hydrogen chloride:
TBL                TABLE I                                                     
     ______________________________________                                    
     Component         Mol. % of C.sub.2 H.sub.6 Converted                     
     ______________________________________                                    
     C.sub.2 H.sub.4   18.2                                                    
     C.sub.2 H.sub.3 Cl                                                        
                       13.4                                                    
     C.sub.2 H.sub.5 Cl                                                        
                       35.6                                                    
     C.sub.2 H.sub.2 Cl.sub.2                                                  
                       2.0                                                     
     C.sub.2 H.sub.4 Cl.sub.2                                                  
                       23.6                                                    
     C.sub.2 H.sub.3 Cl.sub.3                                                  
                       1.7                                                     
     C.sub.2 HCl.sub.3 1.2                                                     
     C.sub.2 Cl.sub.4  0.6                                                     
     CO.sub.2          1.7                                                     
     CO                1.4                                                     
     CH.sub.4          0.6                                                     
     TOTAL             100.0                                                   
     ______________________________________                                    
PAR  The ethane conversion is 59%, with 96.3% of the ethane converted producing
      chlorinated hydrocarbons and the remainder, carbon oxides and methane. The
      chlorine introduced into the reactor is converted to chlorinated
      hydrocarbons at a 75% rate of conversion and the hydrogen chloride
      produced in situ is converted to chlorine at an 80% rate of conversion.
PAR  The 1,2-dichloroethane recovered from the effluent from the chlorination
      reactor is introduced into a dehydrochlorination reactor at a flow rate of
      771 cm.sup.3 per minute. The reactor contains the molten salt withdrawn
      from the chlorination reactor. The molten salt is at a temperature of
      849.degree.F. and the total contact time between the molten salt and
      1,2-dichloroethane is 4.2 seconds.
PAR  The gaseous effluent withdrawn from the dehydrochlorination reactor has the
      following composition, excluding hydrogen chloride and unconverted
      1,2-dichloroethane:
TBL                TABLE II                                                    
     ______________________________________                                    
     Component         Mol. %                                                  
     ______________________________________                                    
     C.sub.2 H.sub.3 Cl                                                        
                       99.6                                                    
     1,1-C.sub.2 H.sub.4 Cl.sub.2                                              
                       0.1                                                     
     cis 1,2-C.sub.2 H.sub.2 Cl.sub.2                                          
                       0.1                                                     
     C.sub.2 HCl.sub.3 0.05                                                    
     C.sub.2 Cl.sub.4  0.1                                                     
     TOTAL             100.0                                                   
     ______________________________________                                    
PAR  The conversion of 1,2-dichloroethane is 47%, with a 99.6% selectivity for
      vinyl chloride.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated using the following salt composition
      in the oxidation reactor, and a temperature of 880.degree.F. and a
      residence time of 13 seconds in all three reactors:
TBL  KCl                     30                                                
     CuCl                    40                                                
     CuCl.sub.2              20                                                
     FeCl.sub.2              10                                                
                             100                                               
PAL  The effluents from both the chlorination and dehydrochlorination reactors
      contain vinyl chloride.
PAC  EXAMPLE III
PAR  The procedure of Example I is repeated using the following salt composition
      in the oxidation reactor, and a temperature of 920.degree.F. and a
      residence time of 7 seconds in all three reactors:
TBL  KCl                     34                                                
     FeCl.sub.2              58                                                
     FeCl.sub.3               8                                                
                             100                                               
PAL  The effluents from both the chlorination and dehydrochlorination reactors
      contain vinyl chloride.
PAC  EXAMPLE IV
PAR  The procedure of Example I is repeated using the following salt composition
      in the oxidation reactor, and a temperature of 890.degree.F. and a
      residence time of 13 seconds in all three reactors:
TBL  LiCl                    30                                                
     CuCl                    50                                                
     CuCl.sub.2              20                                                
                             100                                               
PAL  The effluents from both the chlorination and dehydrochlorination reactors
      contain vinyl chloride.
PAC  EXAMPLE V
PAR  The procedure of Example I is repeated using the following salt composition
      in the oxidation reactor, and a temperature of 930.degree.F. and a
      residence time of 6 seconds in all three reactors:
TBL  KCl                     17                                                
     MnCl.sub.2               3                                                
     MnCl.sub.3              80                                                
                             100                                               
PAL  The effluents from both the chlorination and dehydrochlorination reactors
      contain vinyl chloride.
PAC  EXAMPLE VI
PAR  The procedure of Example I is repeated using the following salt composition
      in the oxidation reactor, and a temperature of 920.degree.F. and a
      residence time of 7 seconds in all three reactors:
TBL  KCl                     21                                                
     CrCl.sub.2               5                                                
     CrCl.sub.3              74                                                
                             100                                               
PAR  The effluents from both the chlorination and dehydrochlorination reactors
      contain vinyl chloride.
PAC  EXAMPLE VII
PAR  The procedure of Example I is repeated using the following salt composition
      in the oxidation reactor, and a temperature of 930.degree.F. and a
      residence time of 6 seconds in all three reactors:
TBL  KCl                     37                                                
     CoCl.sub.2              14                                                
     CoCl.sub.3              49                                                
                             100                                               
PAR  The effluents from both the chlorination and dehydrochlorination reactors
      contain vinyl chloride.
PAC  EXAMPLE VIII
PAR  Ethane and chlorine are introduced into packed bed reactor, flowing
      upwardly at flow rates of 600 cm.sup.3 /min. and 250 cm.sup.3 /min.,
      respectively. Molten salt, consisting of 30 wt. % potassium chloride and
      70 wt. % copper chlorides, flows downwardly. The salt could be circulated
      to and from a sump. Reaction temperature is 885.degree.F. The effluent
      contains the following:
TBL  Component               Mol. %                                            
     ______________________________________                                    
     C.sub.2 H.sub.4         2.1                                               
     C.sub.2 H.sub.3 Cl      1.6                                               
     C.sub.2 H.sub.5 Cl      4.2                                               
     C.sub.2 H.sub.2 Cl.sub.2                                                  
                             0.3                                               
     C.sub.2 H.sub.4 Cl.sub.2                                                  
                             2.7                                               
     C.sub.2 H.sub.3 Cl.sub.3                                                  
                             0.2                                               
     C.sub.2 HCl.sub.3       0.1                                               
     C.sub.2 Cl.sub.4        0.1                                               
     C.sub.2 H.sub.6         68.2                                              
     HCl                     20.5                                              
                             100.0                                             
     ______________________________________                                    
PAR  The ethane conversion is 14.2%. The chlorine is essentially totally
      converted; 38% to chlorinated hydrocarbons and 62% to hydrogen chloride.
PAR  The dichloroethane (C.sub.2 H.sub.4 Cl.sub.2) is contacted separately with
      the same salt at a temperature of 849.degree.F. The dichloroethane is
      converted primarily to vinyl chloride and hydrogen chloride via a
      dehydrochlorination reaction.
PAC  EXAMPLE X
PAR  This example illustrates the improved results obtained by using a molten
      salt, as opposed to a supported solid salt, for the dehydrochlorination of
      dichloroethane.
PAR  A. A composition comprising 20 weight percent cupric chloride and 80 weight
      percent cuprous chloride was placed on a finely divided alumina support
      (-100 + 200 mesh) and the supported catalyst placed in a fluidized
      reactor. 1,2-dichloroethane was passed through the fluidized supported
      catalyst at a temperature of 880.degree.F. and a residence time of 11
      seconds.
PAR  The conversion of 1,2-dichloroethane was 42.4%; and the selectivity to
      vinyl chloride was 87.6%.
PAR  B. A composition comprising 20 weight percent cupric chloride and 80 weight
      percent cuprous chloride was combined with potassium chloride to provide a
      composition which contains 30 weight percent potassium chloride and the
      composition was placed on a finely divided alumina support (-100 + 200
      mesh). The supported catalyst was placed in a fluidized reactor.
      1,2-dichloroethane was passed through the fluidized supported catalyst at
      a temperature of 880.degree.F. and a residence time of 11.5 seconds.
PAR  The conversion of 1,2-dichloroethane was 49.6%; and the selectivity to
      vinyl chloride was 83.8%.
PAR  C. A composition comprising 20 weight percent cupric chloride and 80 weight
      percent cuprous chloride was formed into a melt by the addition of
      potassium chloride, the potassium chloride being 30 weight percent of the
      melt. 1,2-dichloroethane was circulated through a reactor in contact witth
      the melt at a temperature of 881.degree.F. and a residence time of 10
      seconds.
PAR  The conversion of 1,2-dichloroethane was 92.4% and the selectivity to vinyl
      chloride was 97.8%.
PAR  The hereinabove example illustrates that dehydrochlorination as effected in
      the present invention results in high vinyl chloride selectivity in
      combination with high rates of conversion.
PAC  EXAMPLE XI
PAR  The following Table is illustrative of operating conditions which may be
      employed in the embodiment of FIGS. 1 and 2 to produce vinyl chloride at
      the rate of 155 million pounds per year. The molten salt is introduced
      into reactor 15 at a temperature of 850.degree.F. and withdrawn at a
      temperature of 840.degree.F. The molten salt is introduced into reactor 35
      at a temperature of 840.degree.F. and withdrawn at a temperature of
      825.degree.F. The symbol .SIGMA. indicates that the stated quantity
      represents the total amount including various isomers of the component.
TBL                                    TABLE                                   
     __________________________________________________________________________
     LINE   12  10    13    28  31/93                                          
                                    32/83                                      
                                        33  34  45  46/95                      
                                                        57  86  94+96          
     __________________________________________________________________________
     TEMP. .degree.F.                                                          
            300.degree.                                                        
                825.degree.                                                    
                      850.degree.                                              
                            100.degree.                                        
                                100.degree.                                    
                                    100.degree.                                
                                        100.degree.                            
                                            100.degree.                        
                                                230.degree.                    
                                                    300.degree.                
                                                        250.degree.            
                                                            100.degree.        
                                                                100.degree.    
     TOTAL LBS./                                                               
            43,222                                                             
                7,423,705                                                      
                      7,432,185                                                
                            34,742                                             
                                11,539                                         
                                    21,188                                     
                                        14,342                                 
                                            10,080                             
                                                65,759                         
                                                    18,881                     
                                                        18,848                 
                                                            18,756             
                                                                4,434          
      HR.                                                                      
     COMPONENT                                                                 
     (LB. MOL/                                                                 
      HR.)                                                                     
     O.sub.2                                                                   
            312             47                                                 
     N.sub.2                                                                   
            1,180           1,180                                              
     CO                             2           2                              
     CO.sub.2                                   8                              
     Cl.sub.2                           202                                    
     HCl                            162         6       162                    
     H.sub.2 O                                                                 
            11              11                  514                            
     C.sub.2 H.sub.4                206         206                            
     C.sub.2 H.sub.6                311     336 311                            
     C.sub.2 H.sub.3 Cl         3   2           142     162 300                
     C.sub.2 H.sub.5 Cl         142             142         0.1                
     .SIGMA.C.sub.2 H.sub.2 Cl.sub.2                                           
                                8               20  8   9       3              
     .SIGMA.C.sub.2 H.sub.4 Cl.sub.2                                           
                                15              181 176 13      3              
     .SIGMA.C.sub.2 H.sub.3 Cl.sub.3            10      1       11             
     C.sub.2 HCl.sub.3                          1   4   4       1              
     C.sub.3 H.sub.6 Cl.sub.2                   1               1              
     C.sub.2 Cl.sub.4                           7               7              
     CCl.sub.4                                  1   1                          
     CuO              530                                                      
     CuCl       41,960                                                         
                      40,900                                                   
     CuCl.sub.2 11,570                                                         
                      12,100                                                   
     KCl        23,000                                                         
                      23,000                                                   
     __________________________________________________________________________
PAR  The process of the present invention provides an effective method of
      producing vinyl chloride from either ethane and/or ethylene. In
      particular, the production of vinyl chloride in accordance with the
      present invention is advantageous as a result of the ability to replace
      the ethylene feedstock, conventionally employed in the art, with an ethane
      feedstock.
PAR  In accordance with the present invention, unreacted feed and intermediate
      reaction products are effectively converted to vinyl chloride product
      without significant loss of chlorine values, thereby providing an economic
      process.
PAR  Still another distinct advantage of the present invention, is that
      dichloroethane may be dehydrochlorinated in the presence of the
      hereinabove described melts to vinyl chloride at conversion rates higher
      than those generally employed in the art while retaining high vinyl
      chloride selectivity. Thus, in accordance with the present invention, it
      is possible to convert 1,2-dichloroethane, the primary or in some cases
      the only component of the dichloroethane intermediate, at a rate of 90% or
      better while providing vinyl chloride selectivity in the order of 90% or
      better, unlike prior processes in which 1,2-dichloroethane could not be
      converted at such high rates while retaining high vinyl chloride
      selectivity.
PAR  Numerous modifications and variations of the invention are possible within
      the above teachings and therefore the invention may be practised otherwise
      than as particularly described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing vinyl chloride, comprising:
PA1  a. contacting at a temperature of from about 700.degree.F to about
      1200.degree.F a feed comprising a member selected from the group
      consisting of ethane, ethylene and mixtures thereof with a melt comprising
      a multivalent metal chloride in both its higher and lower valence state to
      produce a reaction effluent comprising vinyl chloride and
      1,2-dichloroethane, said multivalent metal chloride being selected from
      the group consisting of the chlorides of copper, chromium, cobalt,
      manganese and iron;
PA1  b. recovering 1,2-dichloroethane and vinyl chloride from the reaction
      effluent;
PA1  c. dehydrochlorinating at a temperature of from about 700.degree.F to about
      1200.degree.F recovered 1,2-dichloroethane to vinyl chloride by contacting
      the 1,2-dichloroethane with a melt comprising a multivalent metal chloride
      in both its higher and lower valence state in an amount effective to
      catalyze the dehydrochlorination of 1,2-dichloroethane to vinyl chloride,
      said multivalent metal chloride being selected from the group consisting
      of the chlorides of copper, chromium, cobalt, manganese and iron.
NUM  2.
PAR  2. The process as defined in claim 1 wherein the multivalent metal chloride
      used in steps (a) and (c) is copper chloride.
NUM  3.
PAR  3. The process as defined in claim 2 wherein the hydrocarbon employed in
      step (a) is ethane.
NUM  4.
PAR  4. The process as defined in claim 2 wherein the melt in step (a) further
      includes copper oxychloride.
NUM  5.
PAR  5. The process as defined in claim 4 wherein the feed in step (a) further
      includes a member selected from the group consisting of chlorine, hydrogen
      chloride and mixtures thereof.
NUM  6.
PAR  6. The process as defined in claim 5 wherein the melt further includes as a
      melting point depressant a member selected from the group consisting of
      alkali metal chlorides and the heavy metal chlorides of Groups I, II, III
      and IV of the Periodic Table.
NUM  7.
PAR  7. The process as defined in claim 6 wherein the melting point depressant
      is an alkali metal chloride.
NUM  8.
PAR  8. A process for producing vinyl chloride, comprising:
PA1  a. contacting a melt comprising a multivalent metal chloride in both its
      higher and lower valence state with a molecular oxygen-containing gas to
      produce the oxychloride of the metal, said multivalent metal chloride
      being selected from the group consisting of the chlorides of copper,
      chromium, cobalt, manganese and iron;
PA1  b. contacting at a temperature of from about 700.degree.F to about
      1200.degree.F melt obtained from step (a) with a hydrocarbon selected from
      the group consisting of ethane, ethylene and mixtures thereof and a member
      selected from the group consisting of chlorine, hydrogen chloride and
      mixtures thereof to produce a reaction effluent comprising vinyl chloride
      and 1,2-dichloroethane;
PA1  c. recovering vinyl chloride and 1,2-dichloroethane from the reaction
      effluent; and
PA1  d. dehydrochlorinating recovered 1,2-dichloroethane to vinyl chloride by
      contacting at a temperature of from about 700.degree.F to about
      1200.degree.F recovered 1,2-dichloroethane with a melt comprising a
      multivalent metal chloride in both its higher and lower valence state in
      an amount effective to catalyze the dehydrochlorination of
      1,2-dichloroethane to vinyl chloride, said multivalent metal chloride
      being selected from the group consisting of the chlorides of copper,
      chromium, cobalt, manganese and iron.
NUM  9.
PAR  9. The process of claim 8 wherein the contacting of step (a) is effected at
      a temperature from about 600.degree.F to about 900.degree.F.
NUM  10.
PAR  10. The process as defined in claim 8 wherein the multivalent metal used in
      steps (a), (b) and (d) is copper.
NUM  11.
PAR  11. The process as defined in claim 10 wherein the hydrocarbon of step (b)
      is ethane.
NUM  12.
PAR  12. The process as defined in claim 10 wherein the melt further includes a
      metal chloride melting point depressant which is non-volatile and
      resistant to the action of oxygen to maintain the molten state at the
      reaction temperature.
NUM  13.
PAR  13. The process as defined in claim 12 wherein the melting point depressant
      is selected from the group consisting of the chlorides of alkali metals,
      zinc, silver and thallium.
NUM  14.
PAR  14. The process as defined in claim 12 wherein the melting point depressant
      is an alkali metal chloride.
NUM  15.
PAR  15. The process as defined in claim 14 wherein the alkali metal chloride is
      potassium chloride.
NUM  16.
PAR  16. The process as defined in claim 12 wherein the reaction effluent of
      step (b) also includes ethane, ethylene, and ethyl chloride, said ethane,
      ethylene, and ethyl chloride being recovered from the reaction effluent
      and recycled to step (b).
NUM  17.
PAR  17. The process as defined in claim 10 wherein steps (b) and (d) are
      effected in separate reaction zones and the melt employed in step (d) is
      obtained from step (b).
NUM  18.
PAR  18. The process as defined in claim 17 wherein the reaction effluent from
      step (b) also includes 1,1-dichloroethane, said 1,1-dichloroethane being
      recovered and passed to step (d) for dehydrochlorination to vinyl
      chloride.
NUM  19.
PAR  19. The process as defined in claim 17 wherein the reaction effluent from
      step (b) also includes 1,1-dichloroethane, said 1,1-dichloroethane being
      recovered and passed to step (b) for dehydrochlorination to vinyl
      chloride.
NUM  20.
PAR  20. The process as defined in claim 10 wherein steps (b) and (d) are
      effected in separate reaction zones and at least a portion of the melt
      employed in step (d) is obtained from step (a).
NUM  21.
PAR  21. The process as defined in claim 20 wherein the melt includes as a
      melting point depressant to maintain the molten state at the reaction
      temperature an alkali metal chloride.
NUM  22.
PAR  22. The process as defined in claim 21 wherein the reaction effluent from
      step (b) further includes, ethane, ethylene and ethyl chloride which are
      recovered and recycled to step (d).
NUM  23.
PAR  23. A process for producing vinyl chloride, comprising:
PA1  a. contacting in a first reaction zone a vapor feed comprising, ethane and
      a member selected from the group consisting of chlorine, hydrogen chloride
      and mixtures thereof, with a molten mixture comprising cuprous chloride,
      cupric chloride, copper oxychloride and potassium chloride, said
      contacting being effected at a temperature from about 700.degree.F to
      about 1200.degree.F;
PA1  b. withdrawing a first gaseous effluent from the first reaction zone
      comprising vinyl chloride and 1,2-dichloroethane;
PA1  c. recovering vinyl chloride from the first gaseous effluent as reaction
      product;
PA1  d. recovering 1,2-dichloroethane from the first gaseous effluent and
      introducing recovered gaseous 1,2-dichloroethane into a second reaction
      zone wherein the 1,2-dichloroethane is contacted with a molten mixture
      comprising cupric chloride, cuprous chloride and potassium chloride in an
      amount effective to catalyze the dehydrochlorination of 1,2-dichloroethane
      to vinyl chloride, said contacting being effected at a temperature from
      about 700.degree.F to about 1200.degree.F to dehydrochlorinate
      1,2-dichloroethane to vinyl chloride;
PA1  e. withdrawing a second gaseous effluent, comprising vinyl chloride, from
      the second reaction zone and recovering therefrom as reaction product
      vinyl chloride;
PA1  f. contacting in a third reaction zone at a temperature from about
      600.degree.F to about 900.degree.F melt recovered from step (d) with
      gaseous molecular oxygen to produce copper oxychloride; and
PA1  g. passing melt recovered from step (f) to step (a).
NUM  24.
PAR  24. The process as defined in claim 23 wherein the molten mixture employed
      in step (d) is obtained from step (a).
NUM  25.
PAR  25. The process as defined in claim 23 wherein the molten mixture employed
      in step (a) contains from about 20 to about 40 weight percent potassium
      chloride with the remainder being copper chlorides and oxychloride.
NUM  26.
PAR  26. The process as defined in claim 25 wherein the first gaseous effluent
      further includes 1,1-dichloroethane, said 1,1-dichloroethane being
      recovered and passed to step (d) for dehydrochlorination to vinyl
      chloride.
NUM  27.
PAR  27. The process as defined in claim 25 wherein the first gaseous effluent
      further includes 1,1-dichloroethane, said 1,1-dichloroethane being
      recovered and passed to step (a) for dehydrochlorination to vinyl
      chloride.
NUM  28.
PAR  28. The process as defined in claim 25 wherein the second gaseous effluent
      includes hydrogen chloride which is recovered and recycled to step (a).
NUM  29.
PAR  29. The process as defined in claim 25 wherein the molten mixture employed
      in step (d) is obtained from step (f) whereby the molten mixture in step
      (d) further includes copper oxychloride and the molten mixture recovered
      from step (a) is also passed to step (f).
NUM  30.
PAR  30. The process as defined in claim 29 wherein the first gaseous effluent
      further includes ethane, ethylene and ethyl chloride which is recovered
      and passed to step (d).
NUM  31.
PAR  31. A continuous process for producing vinyl chloride, comprising:
PA1  a. contacting in a first reaction zone a vapor feed comprising, as fresh
      feed, ethane and a member selected from the group consisting of chlorine,
      hydrogen chloride and mixtures thereof and as recycle, unconverted ethane,
      ethylene and ethyl chloride, with a molten mixture comprising cuprous
      chloride, cupric chloride, copper oxychloride and potassium chloride, said
      contacting being effected at a temperature from about 700.degree.F to
      about 1200.degree.F;
PA1  b. withdrawing a first gaseous effluent from the first reaction zone
      comprising ethane, ethylene, vinyl chloride, 1,2-dichloroethane and ethyl
      chloride;
PA1  c. recovering from the first gaseous effluent and recycling to the first
      reaction zone ethane, ethylene, and ethyl chloride;
PA1  d. recovering vinyl chloride from the first gaseous effluent as reaction
      product;
PA1  e. recovering 1,2-dichloroethane from the first gaseous effluent and
      introducing recovered gaseous 1,2-dichloroethane into a second reaction
      zone wherein the 1,2-dichloroethane is contacted with a molten mixture
      comprising cupric chloride, cuprous chloride and potassium chloride, in an
      amount effective to catalyze the dehydrochlorination of 1,2-dichloroethane
      to vinyl chloride, said contacting being effected at a temperature from
      about 700.degree.F to about 1200.degree.F to dehydrochlorinate
      1,2-dichloroethane to vinyl chloride;
PA1  f. withdrawing from the second reaction zone a second gaseous effluent,
      comprising vinyl chloride and recovering therefrom as reaction product
      vinyl chloride;
PA1  g. contacting in a third reaction zone at a temperature from about
      600.degree.F to about 900.degree.F melt recovered from step (e) with
      gaseous molecular oxygen to produce copper oxychloride; and
PA1  h. passing melt recovered from step (g) to step (a).
NUM  32.
PAR  32. The process as defined in claim 31 wherein the molten mixture employed
      in step (e) is obtained from step (a) and the second gaseous effluent
      further comprises hydrogen chloride and further comprising: recovering
      hydrogen chloride from the second gaseous effluent; and recycling the
      hydrogen chloride recovered from the second gaseous effluent to step (a).
NUM  33.
PAR  33. The process as defined in claim 32 wherein the molten mixture employed
      in step (a) contains from about 20 to about 40 weight percent potassium
      chloride with the remainder being copper chlorides and oxychloride.
NUM  34.
PAR  34. The process as defined in claim 33 wherein the contacting of steps (a),
      (e) and (g) is effected countercurrently.
NUM  35.
PAR  35. The process as defined in claim 31 wherein the first gaseous effluent
      also comprises 1,1-dichloroethane, said 1,1-dichloroethane being recovered
      and passed to step (a) for dehydrochlorination to vinyl chloride.
NUM  36.
PAR  36. The process as defined in claim 31 wherein the first gaseous effluent
      also comprises 1,1-dichloroethane, said 1,1-dichloroethane being recovered
      and passed to step (d) for dehydrochlorination to vinyl chloride.
NUM  37.
PAR  37. The process as defined in claim 31 wherein the molten mixture employed
      in step (e) is obtained from step (g), whereby the molten mixture in step
      (e) further includes copper oxychloride, and the molten mixture recovered
      from step (a) is also passed to step (g).
NUM  38.
PAR  38. A process for producing vinyl chloride, comprising:
PA1  a. contacting in a first reaction zone a vapor feed comprising ethane, a
      member selected from the group consisting of chlorine, hydrogen chloride
      and mixtures thereof and recycle 1,2-dichloroethane with a molten mixture
      comprising cuprous chloride, cupric chloride, copper oxychloride and
      potassium chloride, in an amount effective to catalyze the
      dehydrochlorination of 1,2-dichloroethane to vinyl chloride, said
      contacting being effected at a temperature from about 700.degree.F to
      about 1200.degree.F;
PA1  b. withdrawing a gaseous effluent from the first reaction zone comprising
      vinyl chloride and 1,2-dichloroethane;
PA1  c. recovering vinyl chloride from the gaseous effluent as reaction product;
PA1  d. recovering 1,2-dichloroethane from the gaseous effluent and recycling
      1,2-dichloroethane to the first reaction zone;
PA1  e. recovering the molten mixture from step (a) and contacting recovered
      molten mixture in a second reaction zone with gaseous molecular oxygen to
      produce copper oxychloride said contacting being effected at a temperature
      from 600.degree.F to about 900.degree.F; and
PA1  f. recovering molten mixture from step (e) and passing recovered molten
      mixture from step (e) to step (a).
NUM  39.
PAR  39. The process as defined in claim 38 wherein the molten mixture employed
      in step (a) contains from about 20 to about 40 weight percent potassium
      chloride with the remainder being copper chlorides and oxychloride.
NUM  40.
PAR  40. A continuous process for producing vinyl chloride, comprising:
PA1  a. contacting in a first reaction zone a vapor feed comprising, as fresh
      feed, ethane and a member selected from the group consisting of chlorine,
      hydrogen chloride and mixtures thereof and as recycle, unconverted ethane,
      ethylene, 1,2-dichloroethane and ethyl chloride, with a molten mixture
      comprising cuprous chloride, cupric chloride, copper oxychloride and
      potassium chloride, in an amount effective to catalyze the
      dehydrochlorination of 1,2-dichloroethane to vinyl chloride, said
      contacting being effected at a temperature from about 700.degree.F to
      about 1200.degree.F;
PA1  b. withdrawing a gaseous effluent from the first reaction zone comprising
      ethane, ethylene, vinyl chloride, 1,2-dichloroethane and ethyl chloride;
PA1  c. recovering from the first gaseous effluent and recycling to the first
      reaction zone ethane, ethylene, 1,2-dichloroethane and ethyl chloride;
PA1  d. recovering vinyl chloride from the gaseous effluent as reaction product;
PA1  e. contacting in a second reaction zone at a temperature from about
      600.degree.F to about 900.degree.F melt recovered from step (a) with
      gaseous molecular oxygen to produce copper oxychloride; and
PA1  f. passing melt recovered from step (e) to step (a).
NUM  41.
PAR  41. The process as defined in claim 40 wherein the molten mixture employed
      in step (a) contains from about 20 to about 40 weight percent potassium
      chloride with the remainder being copper chlorides and oxychloride.
NUM  42.
PAR  42. The process as defined in claim 41 wherein the contacting of steps (a)
      and (e) is effected countercurrently.
NUM  43.
PAR  43. The process as defined in claim 40 wherein the gaseous effluent also
      comprises 1,1-dichloroethane, said 1,1-dichloroethane being recovered and
      passed to step (a) for dehydrochlorination to vinyl chloride.
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PAL  There is disclosed a method of selective hydrogenation of cyclopentadiene
      which comprises contacting cyclopentadiene with hydrogen in the presence
      of a catalyst comprising aluminum trialkyl and organonickel compounds. The
      preferred solvent system for the hydrogenation process is an aliphatic
      alcohol.
BSUM
PAR  This invention is directed to the selective hydrogenation of
      cyclopentadiene to cyclopentene. More specifically, it is directed to a
      process whereby cyclopentadiene is selectively hydrogenated to
      cyclopentene with the use of homogeneous catalyst system comprising
      soluble nickel compounds and aluminum trialkyls.
PAR  At the present time, substantial amounts of cyclopentadiene are available
      as a by-product from the steam cracking of naphtha to produce primarily
      ethylene. Cyclopentene has been found to be useful as a monomer for the
      formation of general purpose elastomers by ring opening polymerization of
      cyclopentene. Therefore, it is desirable to convert a portion of the
      excess cyclopentadiene into a more valuable raw material such as
      cyclopentene.
PAR  Therefore, it is an object of this invention to provide a method whereby
      cyclopentadiene can be converted, with relative ease, to high
      selectivities of cyclopentene.
PAR  It has been discovered that cyclopentadiene can be selectively hydrogenated
      to cyclopentene employing catalysts comprising (1) aluminum trialkyls and
      (2) organonickel salt.
PAR  The aluminum trialkyls employed in the catalyst of this invention may be
      represented by the formula AlR.sub.1 R.sub.2 R.sub.3 wherein R.sub.1,
      R.sub.2 and R.sub.3 are alkyl radicals including cycloalkyl radicals
      containing from 1 to 12 carbon atoms. Representative examples of such
      trialkyl aluminum compounds are aluminum trimethyl, triethyl,
      tri-n-propyl, triisopropyl, tri-n-butyl, triisobutyl, trihexyl,
      tricyclohexyl, trioctyl and tricyclooctyl.
PAR  The organonickel salts which are useful in the catalyst of this invention
      may be any nickel salt of a carboxylic acid or an organo complex compound
      of nickel. It is preferred to use a soluble nickel compound. The soluble
      nickel compounds are compounds of nickel with a mono- or a bi-dentate
      organic ligand containing up to 20 carbon atoms. The ligand is defined as
      an ion or a molecule bound to and considered bonded to the nickel atom.
      Mono-dentate means having one position through which covalent or
      coordinate bonds with the nickel may be formed; bi-dentate means having
      two positions through which covalent or coordinate bonds with the nickel
      may be formed. By the term soluble is meant that the nickel compounds are
      soluble in normal inert solvents such as aliphatic hydrocarbons, or
      aromatic hydrocarbons or alcohols. Thus, any nickel salt of a carboxylic
      acid containing from 1 to 20 carbon atoms may be employed. Representative
      of the organonickel compounds useful in this invention are nickel
      benzoate, nickel acetate, nickel naphthenate, nickel octoate,
      bis(.alpha.-furyl dioxime) nickel, nickel palmimate, nickel stearate,
      nickel acetylacetonate, nickel salicaldehyde, bis(salicaldehyde) nickel,
      ethylene diimine nickel, and nickel tetracarbonyl. Of these, the
      carboxylic acid salts of nickel are preferred.
PAR  The hydrogenation of the cyclopentadiene is straightforward and requires no
      special technique. Since the catlaysts employed are homogeneous, it is
      usually desirable to use a liquid phase hydrogenation.
PAR  It is usually desirable to utilize an inert solvent. The inert solvents are
      used as a heat transfer medium. Of the inert solvents which may be
      employed, the aromatic solvents represented by benzene, chlorobenzene and
      toluene and other aromatic solvents may be utilized. Aliphatic solvents
      represented by pentane, hexane, octane may be used. Cycloaliphatic
      solvents such as cyclohexane, and cyclopentane may be employed. Simple
      alcohols which are liquid at room temperature may also be employed. These
      alcohols are represented by methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, hexyl and octyl alcohols. Mixed alcohols may also be employed.
      Mixtures of all of these various solvents may be used. Of all of the
      solvents, it is preferred to employ aliphatic alcohols that are liquid at
      room temperature. Ethyl alcohol is the most preferred solvent to use. When
      a diluent or an inert solvent is employed, as has been indicated, they are
      employed as a heat transfer medium as well as a solvent. The ratio of
      cyclopentadiene to the solvent or diluent does not appear to be of great
      importance. It has been observed that a ratio of about 100 parts by weight
      of cyclopentadiene to about 1,000 volumes of solvent gives excellent
      results, both as a heat transfer medium and a solvent for the
      hydrogenation process.
PAR  When solvents which do not contain an active hydrogen are used, no
      particular techniques of mixing the catalyst components are required. The
      nickel compounds and the aluminum trialkyls can be mixed by either an in
      situ or a preform method. On the other hand, when an alcohol is to be used
      as the solvent system in the hydrogenation process, the catalyst
      components are premixed in small amounts of hydrocarbon solvent,
      preferably aromatic, before being added to the alcoholic cyclopentadiene
      mixture. This technique is required because of the highly reactive nature
      of aluminum trialkyls to the active hydrogens of the alcohols.
PAR  The reaction parameters at which the hydrogenation process of this
      invention is conducted do not seem to be extremely critical. The
      hydrogenation of cyclopentadiene to cyclopentene is exothermic and
      therefore the hydrogenation reaction can usually be initiated at room
      temperature or lower depending on the other reaction parameters. Because
      the hydrogenation process of this invention is exothermic, the process
      does not require a large heat input. Temperatures ranging from about
      15.degree.C up to temperatures of 100.degree.C or slightly above have been
      sucessfully employed. It is usually desirable to operate at temperatures
      between about 25.degree.C and about 60.degree.C for purposes of economy.
PAR  The pressure of the hydrogen which is employed in the process of this
      invention likewise does not seem extremely critical. Pressures as low as
      about 100 pounds per square inch gauge (psig) are adequate. Hydrogen
      pressures above about 600 psig show no further advantage and therefore
      would be uneconomical. This is not to say, however, that pressures above
      600 psig could not be employed.
PAR  The ratio of the trialkyl aluminum compound to the nickel compound (Al/Ni)
      have not been found to be critical. A mole ratio of Al/Ni of from about
      1.5/1 to about 10/1 have been employed, but a mole ratio of Al/Ni of about
      2/1 to about 6/1 is preferred.
PAR  The mole ratio of cyclopentadiene (CPD) to the catalyst in terms of CPD to
      nickel (Ni) may vary from a mole ratio of CPD/Ni from about 50 to about
      3000 with from about 100 to about 1000 being preferred.
PAR  There is no lower limit of CPD/Ni if the solvent to the CPD mole ratio is
      increased. It has been determined that about 3,000 moles of CPD per mole
      of nickel is a practical catalyst concentration to employ.
PAR  The reaction parameters discussed above are not to be construed as absolute
      limits on the operating conditions of the hydrogenation of cyclopentadiene
      to cyclopentene employing the trialkyl aluminum compound and the nickel
      compound as a catalyst. Those skilled in the art will readily realize that
      if a higher concentration is employed, that a lower temperature may well
      be employed in a successful hydrogenation process. Likewise, if a higher
      hydrogen pressure is employed, a lower temperature as well as a lower
      catalyst concentration can be utilized. On the other hand, if the mole
      ratio of Al/Ni of the catalyst components is properly adjusted, to the
      optimum, the other reaction parameters such as catalyst concentration,
      hydrogen pressure, and temperature may be varied to give optimum
      conditions. Since all of the reaction parameters are operating conditions,
      work in concert, and each has an effect on the other, those skilled in the
      art can readily optimize the hydrogenation process and develop a set of
      operating conditions and reaction parameters which will give the most
      economic results. As a guideline, one might say that at an Al/Ni mole
      ratio of catalyst components of about 3/1 that hydrogen pressures of 600
      psig would operate adequately at about 25.degree.C. On the other hand, at
      hydrogen pressures of approximately 150 psig to have a relatively fast
      hydrogenation process would require temperatures in the neighborhood of
      about 50.degree. or 60.degree.C.
PAR  The process of the invention can further be ascertained by reference to the
      following specific embodiment which is intended to be representative
      rather than restrictive of the scope of this invention.
PAC  EXAMPLE I
PAR  A heat-dried, 1-liter stainless steel reactor was flushed with nitrogen and
      charged with an ethanolic solution (200 ml total volume) containing 20 g
      of freshly distilled cyclopentadiene. The reactor was then charged with a
      solution of the pre-mixed nickel catalyst that was formed by adding 3.0
      mmol of nickel octanoate to 50 ml of sodium-dried benzene, followed by 6.0
      mmol of Et.sub.3 Al under nitrogen. This being an Al/Ni mole ratio of 2/1
      and a CPD to nickel mole ratio of 100/1. The reactor was held at room
      temperature and stirred for 20 minutes (time required for the calculated
      amount of hydrogen to saturate one double bond of the CPD to be taken up)
      at 600 psig H.sub.2. The reactor was cooled and a sample of the reaction
      mixture was subjected to gas chromatographic analysis on a 50 ft ODPN
      column at room temperature with ethanol as the internal standard. The
      analysis revealed:
PA1  Cyclopentadiene conversion -- 97.0%
PA1  Cyclopentene selectivity -- 92.0%
PAC  EXAMPLE II
PAR  In a reactor such as that described in Example I, containing 20 grams of
      freshly distilled cyclopentene dissolved in 200 milliliters total volume
      of ethanol was added a solution of a pre-mixed catalyst formed from 3.0
      millimoles of nickel octanoate and 6.0 millimoles of triethyl aluminum in
      50 ml of benzene. These amounts gave an Al/Ni mole ratio of 2/1 and a CPD
      to Ni mole ratio of 100 to 1. In one of the runs, the temperature was
      maintained at 50.degree.C and the initial hydrogen pressure was 150 psig.
      At the end of two minutes, which was the time required for the calculated
      amount of hydrogen to saturate one of the double bonds of the CPD to be
      taken up, the hydrogenation was stopped and a sample subjected to gas
      chromatographic analysis. This run resulted in a CPD conversion of 91.7
      percent and a selectivity to cyclopentene of 89.0 percent.
PAR  In another identical run utilizing the same catalyst components but at a
      temperature which was controlled at 25.degree.C, after 20 minutes the
      reaction was discontinued and the conversion of the cyclopentadiene was
      determined to be 92 percent and the selectivity to cyclopentene was 86
      percent.
PAC  EXAMPLE III
PAR  In an example similar to that of Examples I and II except that 34 grams of
      cyclopentadiene was employed in 200 ml of total volume of ethyl alcohol
      and 0.5 m mols of nickel octanoate and 3.0 m mols of aluminum triethyl was
      employed. These amounts gave an Al/Ni mole ratio of 6/1 and a CPD/Ni mole
      ratio of 1000/1. The initial hydrogen pressure was 150 psig. The
      temperature was controlled at 60.degree.C. and the hydrogenation was
      completed in less than ten minutes. The analysis of the product revealed
      that the cyclopentadiene conversion was 98.1 percent and the selectivity
      to cyclopentene was 90.8 percent.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      having skill in the art that certain changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of selective hydrogenation of cyclopentadiene which
      comprises contacting cyclopentadiene with hydrogen and in contact with a
      homogeneous catalyst, the improvement which comprises utilizing as a
      homogeneous catalyst a mixture consisting of an aluminum trialkyl and an
      organonickel compound selected from the group consisting of nickel salts
      of carboxylic acids, nickel acetyacetonate, nickel salicaldehyde,
      bis(salicaldehyde) nickel, ethylene diamine nickel, bis(.alpha.-furyl
      dioxime) nickel and nickel tetracarbonyl in which the mole ratio of the
      trialkyl aluminum compound/nickel compound ranges from about 1.5/1 to
      about 10/1.
NUM  2.
PAR  2. The method according to claim 1 in which an alcohol is employed as a
      solvent.
NUM  3.
PAR  3. The method according to claim 1 in which the hydrogen pressure ranges
      from about 100 to about 600 psig.
NUM  4.
PAR  4. The method according to claim 1 in which the nickel compound is a salt
      of a carboxylic acid.
NUM  5.
PAR  5. The method according to claim 1 in which the mole ratio of
      cyclopentadiene to nickel ranges from 100 to 3000.
NUM  6.
PAR  6. The method according to claim 1 in which ethyl alcohol is employed as a
      solvent, the mole ratio of aluminum trialkyl to the organonickel compound
      ranges from about 2/1 to about 6/1, the hydrogen pressure ranges from
      about 100 to about 600 psig, the mole ratio of the cyclopentadiene to
      nickel ranges from about 500 to about 1000 and in which the organonickel
      compound is a salt of a carboxylic acid.
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ABST
PAL  The yield in oxidative dehydrogenation of organic compounds is improved by
      having a surfur promoter present either as part of the catalyst or added
      to the reaction with the reactants.
PARN
PAR  This application is a division of Ser. No. 859,565, filed Sept. 19, 1969
      now U.S. Pat. No. 3,666,687.
BSUM
PAR  The present invention relates to the oxidative dehydrogenation of organic
      compounds over ferrite catalysts wherein the oxidative dehydrogenation
      system is modified by the presence of sulfur.
PAR  Oxidative dehydrogenations employing ferrite catalysts are well known. U.S.
      Pat. Nos. 3,270,080; 3,284,536; 3,303,234; 3,303,235; 3,303,236;
      3,303,238; 3,308,182; 3,324,195; 3,334,152; 3,342,890; 3,398,100 and
      3,450,787 disclose such processes.
PAR  Briefly stated the present invention is a process for the oxidative
      dehydrogenation of organic compounds in the presence of an oxygen
      containing gas, a metal ferrite catalyst and sulfur. Although excellent
      results have been obtained with many of the catalysts described in the
      prior art, it is an object of this invention to provide further improved
      catalysts. It is a principal object of this invention to increase the
      conversion, selectivity and yield obtained with the catalyst. Another
      object is to improve the strength of the catalyst. These and other objects
      will become obvious from the following description of the invention.
PAR  As stated above the presence of sulfur in the oxidative dehydrogenation in
      the essential feature of the present invention. The presence of sulfur in
      the oxidative dehydrogenation can be achieved by incorporating the sulfur
      into the metal ferrite catalyst or the sulfur can be added to the reaction
      along with the reactants. The mechanism involved for the two types of
      sulfur addition may or may not be the same; however, no mechanism is
      proposed. In any event the results are essentially the same regardless of
      the manner of incorporating sulfur in the reaction system.
PAR  The sulfur can be incorporated into metal ferrite catalysts in the form of
      an iron sulfate, sulfite or sulfide such as iron (II) sulfate, iron (III)
      sulfate, iron (II) sulfite, iron (II) sulfide, iron (III) sulfide and the
      hydrates thereof. Similarly, the sulfur can be incorporated in the
      catalyst in the form of a sulfide, sulfite or sulfate of a metal other
      than iron. For example, magnesium sulfate, barium sulfate, lanthanum
      sulfate, cobaltic sulfate, cobaltous sulfate, manganese (II) sulfate,
      nickel sulfate, zinc sulfate, magnesium sulfide, magnesium sulfite, nickel
      sulfide, nickel sulfite, manganese (III) sulfate, manganese (IV) sulfide,
      zinc sulfide, zinc sulfite, calcium sulfite, calcium sulfate, cadmium
      sulfate and the like. Sulfur can also be incorporated into metal ferrite
      catalyst by way of sulfuric acid, oleium, sulfurous acid and so forth. The
      sulfur should be present in an amount sufficient to promote the catalyst,
      generally of from about 0.001 to 0.50 atoms of sulfur per atom of iron in
      the catalyst and presumably between about 0.005 and 0.10 atom of sulfur
      per atom of iron.
PAR  The second mode of sulfur addition to the oxidative dehydrogenation is
      along with the reactants, i.e. during the reaction. This is conveniently
      done by the use of oxides of sulfur, typically sulfur dioxide and sulfur
      trioxide. Other compounds particularly those that are vaporous under the
      reaction conditions can be used; for example, such as sulfuryl chloride,
      sulfuryl fluoride, sulfuryl chloride fluoride, sulfur oxytetrachloride,
      sulfur bromide, sulfur chloride, sulfur trichloride, hydrogen sulfide, and
      the like. Sulfuric acid is also conveniently added to the reaction. The
      sulfur compound can be added with the organic reactant feed to the
      reaction or the oxygen containing gas. The sulfur is added to the reaction
      zone in an amount sufficient to promote the reaction, generally in a ratio
      of gram atoms of sulfur to a mole of the organic reactant of between about
      0.0003:1.0 to 0.50:1.0 and more preferably 0.001:1.0 to 0.05:1.0.
PAR  It has been found that a preferred class of sulfur promoter compounds
      described above for addition to the catalyst or to the reaction contain
      oxygen, for example, the sulfites or sulfates, or the oxides of sulfur.
      The sulfur compound can be added continuously or incrementally to the
      feed.
PAR  In addition to the types of sulfur compounds described above any other
      sulfur containing compound is effective to achieve the improvements of
      this invention including the thiocyanates, thiosulfates, persulfates and
      organic sulfur containing compounds, e.g. methyl mercaptan, ethyl
      mercaptan, etc.
PAR  Although the invention is described in terms of adding the sulfur to the
      catalyst or to the reaction, sulfur can be added to both. Specified herein
      above are certain ranges of sulfur content in relation to the catalyst or
      organic feed to the oxidative dehydrogenation, however, larger quantities
      of sulfur can be present in the reaction. The upper limit of sulfur
      content recited is based on economic considerations and the increasing
      by-product production at substantially higher sulfur concentrations. The
      lower limit of acceptable sulfur concentration is that which will produce
      an improvement in the reaction. The recited lower limits of sulfur
      concentration are intended to point out a reasonable lower limit, although
      some improvement may be detectable at still lower concentrations.
PAR  The addition of sulfur compounds can not only improve the catalytic
      properties of the compounds but will also make a sturdier and stabler
      catalyst.
PAR  The process of this invention may be applied to the dehydrogenation of a
      wide variety of organic compounds. Such compounds normally will contain
      from 2 to 20 carbon atoms, at least one
      ##EQU1##
      a boiling point below about 350.degree.C., and such compounds may contain
      other elements, in addition to carbon and hydrogen such as oxygen,
      halogens, nitrogen and sulfur. Preferred are compounds having 2 to 12
      carbon atoms, and especially preferred are compounds of 3 to 6 or 8 carbon
      atoms.
PAR  Among the types of organic compounds which may be dehydrogenated by means
      of the process of this invention are nitriles, amines, alkyl halides,
      ethers, esters, aldehydes, ketones, alcohols, acids, alkyl aromatic
      compounds, alkyl heterocyclic compounds, cycloalkanes, alkanes, alkenes,
      and the like. Illustration of dehydrogenations include propionitrile to
      acrylonitrile; propionaldehyde to acrolein; ethyl chloride to vinyl
      chloride; methyl isobutyrate to methyl methacrylate; 2 or 3 chlorobutene-1
      or 2,3,dichlorobutane to chloroprene; ethyl pyridine to vinyl pyridine;
      ethylbenzene to styrene; isopropylbenzene to .alpha.-methyl styrene;
      ethylcyclohexane to styrene; cyclohexane to benzene; ethane to ethylene or
      acetylene; propane to propylene, methyl acetylene, allene, or benzene;
      isobutane to isobutylene; n-butane and butadiene-1,3; n-butene to
      butadiene-1,3 and vinyl acetylene; methyl butene to isoprene; cyclopentane
      to cyclopentene and cyclopentadiene-1,3; n-octane to ethyl benzene and
      ortho-xylene; monomethylheptanes to xylenes; ethyl acetate to vinyl
      acetate; 2,4,4-trimethylpentane to xylenes; and the like. This invention
      may be useful for the formation of new carbon to carbon bonds by the
      removal of hydrogen atoms such as the formation of a carbocyclic compound
      from two alkphatic hydrocarbon compounds or the formation of a dicyclic
      compound from a monocyclic compound having an acyclic group such as the
      conversion of propene to diallyl. Representative materials which are
      dehydrogenated by the novel process of this invention include ethyl
      toluene, alkyl chlorobenzenes, ethyl naphthalene, isobutyronitrile, propyl
      chloride, isobutyl chloride, ethyl fluoride, ethyl bromide, n-pentyl
      iodide, ethyl dichloride, 1,3-dichlorobutane, 1,4-dichlorobutane, the
      chlorofluoroethanes, methyl pentane, methylethyl ketone, diethyl ketone,
      n-butyl alcohol, methyl propionate, and the like.
PAR  Suitable dehydrogenation reactions are the following: acylic compounds
      having 4 to 5 non-quarternary contiguous carbon atoms to the corresponding
      olefins, diolefins or acetylenes having the same number of carbon atoms;
      aliphatic hydrocarbons having 6 to 16 carbon atoms and at least one
      quarternary carbon atom to aromatic compounds, such as
      2,4,4-trimethylpentene-1 to a mixture of xylenes; acyclic compounds having
      6 to 16 carbon atoms and no quarternary carbon atoms to aromatic compounds
      such as n-hexenes to benzene; cycloparaffins and cycloolefins having 5 to
      8 carbon atoms to the corresponding olefin, diolefin or aromatic compound,
      e.g., cyclohexane to cyclohexene or cyclohexadiene or benzene; aromatic
      compounds having 8 to 12 carbon atoms including one or two alkyl side
      chains of 2 ro 3 carbon atoms to the corresponding aromatic with
      unsaturated side chain such as ethyl benzene to styrene.
PAR  The preferred compounds to be dehydrogenated are hydrocarbons with a
      particularly preferred class being acyclic non-quarternary hydrocarbons
      having 4 to 5 contiguous carbon atoms or ethyl benzene and the preferred
      products are n-butene-1 or 2, butadiene-1, 3, vinyl acetylene,
      2-methyl-1-butene, 3-methyl-1-butene, 3-methyl-2-butene, isoprene, styrene
      or mixtures thereof. Especially preferred as feed are n-butene-1 or 2 and
      the methyl butenes and mixtures thereof such as hydrocarbon mixtures
      containing these compounds in at least 50 mol percent.
PAR  The dehydrogenation reaction may be carried out at atmospheric pressure,
      superatmospheric pressure or at sub-atmospheric pressure. The total
      pressure of the system will normally be about or in excess of atmospheric
      pressure, although sub-atmospheric pressure may also desirably be used.
      Generally, the total pressure will be between about 4 p.s.i.a. and about
      100 or 125 p.s.i.a. Preferably, the total pressure will be less than about
      75 p.s.i.a. and excellent results are obtained at about atmospheric
      pressure.
PAR  The organic compound to be dehydrogenated is contacted with oxygen in order
      for the oxygen to oxidatively dehydrogenate the compound. Oxygen may be
      fed to the reactor as pure oxygen, as air, as oxygen-enriched air, oxygen
      mixed with diluents, and so forth. Oxygen may also be added in increments
      to the dehydrogenation zone. Although determinations regarding the
      mechanism of reaction are difficult, the process of this invention is an
      oxidative dehydrogenation process wherein the predominant mechanism of
      this invention is by the reaction of oxygen with the hydrogen released
      from the hydrocarbon.
PAR  The amount of oxygen employed may vary depending upon the desired result
      such as conversion, selectivity and the number of hydrogen atoms being
      removed. Thus, to dehydrogenate butane to butene requires less oxygen than
      if the reaction proceeds to produce butadiene. Normally oxygen will be
      supplied (including all sources, e.g. air to the reactor) in the
      dehydrogenation zone in an amount from about 0.2 to 1.5, preferably 0.3 to
      1.2, mols per mol of H.sub.2 being liberated from the organic compound.
      Ordinarily the mols of oxygen supplied will be in the range of from 0.2 to
      2.0 mols per mol of organic compound to be dehydrogenated and for most
      dehydrogenations this will be within the range of 0.25 to 1.5 mols of
      oxygen per mol of organic compound.
PAR  Preferably, the reaction mixture contains a quantity of steam or diluent
      such as nitrogen with the range generally being between about 2 and 40
      mols of steam per mol of organic compound to be dehydrogenated.
      Preferably, steam will be present in an amount from about 3 to 35 mols per
      mol of organic compound to be dehydrogenated and excellent results have
      been obtained within the range of about 5 to about 30 mols of steam per
      mol of organic compound to be dehydrogenated. The functions of the steam
      are several-fold, and the steam may not merely act as a diluent. Diluents
      generally may be used in the same quantities as specified for the steam.
      These gases serve also to reduce the partial pressure of the organic
      compound.
PAR  It is one of the advantages of this invention that halogen may also be
      present in the reaction gases to give excellent results. The presence of
      halogen in the dehydrogenation zone is particularly effective when the
      compound to be dehydrogenated is saturated, such as a saturated
      hydrocarbon. The halogen present in the dehydrogenation zone may be either
      elemental halogen or any compound of halogen which would liberate halogen
      under the conditions of reaction. Suitable sources of halogen are such as
      hydrogen iodide, hydrogen bromide and hydrogen chloride; aliphatic
      halides, such as ethyl iodide, methyl bromide, methyl chloride,
      1,2-dibromo ethane, cycloaliphatic halides, ammonium iodide; ammonium
      bromide; ammonium chloride; sulfuryl chloride; metal halides incuding
      molten halides; and the like. The halogen may be liberated partially or
      entirely by a solid source as disclosed in the process of U.S. Pat. No.
      3,130,241 issued Apr. 21, 1964. Mixtures of various sources of halogen may
      be used. The amount of halogen, calculated as elemental halogen, may be as
      little as about 0.0001 or less mol of halogen per mol of the organic
      compound to be dehydrogenated to as high as 0.2 or 0.5.
PAR  The temperature for the dehydrogenation reaction generally will be at least
      about 250.degree.C., such as greater than about 300.degree. or
      375.degree.C., and the maximum temperature in the reactor may be about
      700.degree. or 800.degree.C. or perhaps higher such as 900.degree.C. under
      certain circumstances. However, excellent results are obtained within the
      range of or about 350.degree. to 700.degree.C., such as from or about
      400.degree. to or about 675.degree.C. The temperatures are measured at the
      maximum temperature in the dehydrogenation zone.
PAR  The gaseous reactants may be conducted through the reaction chamber at a
      fairly wide range of flow rates. The optimum flow rate will be dependent
      upon such variables as the temperature of reaction, pressure, particle
      size, and so forth. Desirable flow rates may be established by one skilled
      in the art. Generally the flow rates will be within the range of about
      0.10 to 10 liquid volumes of the organic compound to be dehydrogenated per
      volume of dehydrogenation zone containing catalyst per hour (referred to
      as LHSV). Usually, the LHSV will be between 0.15 and about 5. For
      calculation, the volume of a fixed bed dehydrogenation zone containing
      catalyst is that original void volume of reactor space containing
      catalyst.
PAR  The catalysts of this invention contain iron, oxygen and at least one other
      metallic element Me. The catalysts comprise crystalline compositions of
      iron, oxygen, and at least one other metallic element Me. The catalysts
      comprise ferrites. Ordinarily, the ionic radius of the second metallic
      ingredient(s) Me is small enough that the oxygen anions are not spread too
      far apart. That is, the elements must be able to form a crystalline
      structure with the iron and oxygen.
PAR  A preferred type of catalyst of this type is that having a face-centered
      cubic form of crystalline structure. Examples of this type of catalyst are
      ferrites of the general formula MeO.Fe.sub.2 O.sub.3 where Me is a
      divalent metal cation such as Mg++ or Ni++. However, if the cations are
      large, such as Sr++ (1.35 A), the spinel structure may not occur and other
      types of ferrites having a hexagonal crystal of the type SrO.6Fe.sub.2
      O.sub.3 may be formed. These hexagonal ferrites are within the scope of
      the definition of catalysts of this invention.
PAR  Suitable catalysts may also be ferrites wherein other metals are partially
      substituted for the iron. For example, atoms having a valence of +3 may be
      partially substituted for some of the Fe+++ atoms. Also, metal atoms
      having a valence of +4 may replace some of the Fe+++ ions. However, the
      catalysts will still suitably have iron present in an amount described
      above in relation to the total atoms of the second metallic ingredient(s).
PAR  The catalysts may have the iron combined in crystalline structure with
      oxygen and more than one other metallic element, as mentioned above. For
      example, a preferred type of ferrite is that essentially or approximately
      of the formula, MeFe.sub.2 O.sub.4, where Me represents a divalent metal
      ion with an ionic radius approximately between 0.5 and 1.1 A, preferably
      between about 0.6 and 1.0 A. In the case of simple ferrites, Me may be,
      e.g., one of the divalent ions of the transition elements as Mg, Ca, Sr,
      Ba, Cr, Mn, Co, Ni, Zn, or Cd. However, a combination of these ions is
      also possible to form a ferrite such as Ni.sub.0.5 Mg.sub.0.5 Fe.sub.2
      O.sub.4 or Ni.sub.0.25 Mg.sub.0.75 Fe.sub.2 O.sub.4. Moreover, the symbol
      Me may represent a combination of ions which have an average valency of
      two. However, it is essential that the crystalline structure contain iron
      and the metallic element other than iron.
PAR  Examples of catalysts are such as magnesium ferrite, cobalt ferrite, nickel
      ferrite, zinc ferrite, barium ferrite, strontium ferrite, manganese
      ferrite, calcium ferrite, cadmium ferrite, silver ferrite, zirconium
      ferrite, and rare earth ferrites such as cerium ferrite or mixtures of
      ferrites, such as ferrites containing iron combined with at least one
      element selected from the group consisting of Mg, Zn, Ni, Co, Mn, Cu, Cd,
      Ca, Ba, Sr, Al, Cr, Ti, V, Mo, W, Na, Li, K, Sn, Pb, Sb, Bi, Ga, Ce, La,
      Th, other rare earth elements and mixtures thereof, with a preferred group
      being Mg, Ca, Sr, Ba, Mn, Cr, Co, Ni, Zn, Cd, and mixtures thereof, and
      particularly preferred metals being Mg or Mn. Examples of mixed ferrites
      are magnesium ferrite plus zinc ferrite, magnesium ferrite plus nickel
      ferrite magnesium ferrite plus cobalt ferrite, magnesium ferrite plus
      nickel ferrite plus zinc ferrite, magnesium ferrite plus manganese
      ferrite. As explained above, these ferrites may be physical mixtures of
      the ferrites or may contain crystals wherein the different metallic atoms
      are contained in the same crystal; or a combination of physical mixtures
      and chemical combinations. Some examples of a chemical combination would
      be magnesium zinc ferrite, magnesium chromium ferrite, zinc chromium
      ferrite and lanthanum chromium ferrite.
PAR  The valency of the metals in the catalysts do not have to be any particular
      values, although certain combinations are preferred or disclosed
      elsewhere. The determination of the valency of the ions is sometimes
      difficult and the results are uncertain. The different ions may exist in
      more than one valency state. However, a preferred catalyst is one which
      has the iron predominately in the Fe+++ state. Some ferrites are described
      in Ferromagnetism, by Richard M. Bozorth (D. Van Nostrand Co., Inc.,
      1951), which disclosure is hereby incorporated by reference.
PAR  Although the catalysts may be broadly defined as containing crystalline
      structure of iron, oxygen and the second metallic ingredient(s), certain
      types of catalysts are preferred. Valuable catalysts were produced
      comprising as the main active constituent in the catalyst surface exposed
      to the reaction gases, iron, oxygen and at least one element selected from
      the group of Mn, or Periodic Table Groups IIA, IIB or VIII such as those
      selected from the group consisting of magnesium, manganese, calcium,
      cadmium, cobalt, zinc, nickel, barium, strontium, and mixtures thereof.
      The Periodic Table referred to is the one on pages 400-401 of the Handbook
      of Chemistry and Physics (39th edition, 1957-58, Chemical Rubber
      Publishing Co., Cleveland, Ohio). Preferred catalysts have iron present as
      the predominant metal in the catalyst exposed in the reaction gases.
PAR  A preferred class of catalysts containing two second metallic ingredients
      are those of the basic formula Me.sub.a Cr.sub.b Fe.sub.c O.sub.4 where a
      can vary within the range of about 0.1 to about 3, b can vary from greater
      than 0 to less than 2 and c can vary from greater than 0 to less than 3.
      Me can be any of the metallic ingredients, other than chromium, previously
      described, particularly Periodic Table Groups IIA, IIB, III and VIII. In
      particularly, the metals from these groups that are desirable are Mg, Ba,
      La, Ni, Zn and Cd.
PAR  The preferred compositions exhibit a certain type of X-ray diffraction
      pattern. The preferred compositions do not have any sharp X-ray
      diffraction reflection peaks as would be found, e.g., in a highly
      crystalline material having the same chemical composition. Instead, the
      preferred compositions of this invention exhibit reflection peaks which
      are relatively broad. The degree of sharpness of the reflection peak may
      be measured by the reflection peak band width at half height (W h/2). In
      other words, the width of the reflection peak as measured at one-half of
      the distance to the top of the peak is the "band width at half height".
      The band width at half height is measured in units of .degree.2 theta.
      Techniques for measuring the band widths are discussed, e.g., in Chapter 9
      of Klug and Alexander, X-ray Diffraction Procedures, John Wiley and Son,
      N.Y., 1954. The observed band widths at half height of the preferred
      compositions of this invention are at least 0.16 .degree.2 theta and
      normally will be at least 0.20 .degree.2 theta.* For instance, excellent
      compositions have been made with band widths at half height of at least
      0.22 or 0.23 .degree.2 theta. The particular reflection peak used to
      measure the band width at one-half height is the reflection peak having
      Miller (hkl) indices of 220. (See, e.g., Chapter of Klug and Alexander,
      ibid). Applicants do not wish to be limited to any theory of the invention
      in regard to the relationship between composition activity and band width.
FNT  *The powder diffraction patterns may be made, e.g., with a Norelco constant
      potential diffraction unit type No. 12215/0 equipped with a wide range
      goniometer type No. 42273/0, cobalt tube type No. 32119, proportional
      counter type No. 57250/1; all coupled to the Norelco circuit panel type
      No. 12206/53. The cobalt K alpha radiation is supplied by operating the
      tube at a constant potential of 30 kilovolts and a current of 10
      milliamperes. An iron filter is used to remove K beta radiation. The
      detector voltage is 1660 volts and the pulse height analyzer is set to
      accept pulses with amplitudes between 10 and 30 volts only. Slits used are
      divergence 1.degree., receiving 0.006 inches and scatter 1.degree.. Strip
      chart recordings for identification are made with a scanning speed of
      1/4.degree. per minute, time constant of 4 seconds and a full scale at
      10.sup.3 counts per second. No correction is made for K.alpha. doublet or
      instrumental broadening of the band widths.
PAR  Suitable preferred ferrites according to this invention are zinc ferrites
      having X-ray diffraction peaks within the d-spacings 4.83 to 4.89, 2.95 to
      3.01, 2.51 to 2.57, 2.40 to 2.46, 2.08 to 2.14, 1.69 to 1.75, 1.59 to 1.65
      and 1.46 to 1.52, with the most intense peak being between 2.95 to 3.01;
      manganese ferrite having peaks at d spacings within or about 4.87 to 4.93,
      2.97 to 3.03, 2.50 to 2.58, 2.09 to 2.15, 1.70 to 1.76, 1.61 to 1.67 and
      1.47 to 1.53, (with other peaks) with the most intense peak being between
      2.52 to 2.58; magnesium ferrites having peaks between 4.80 to 4.86, 2.93
      to 2.99, 2.49 to 2.55, 2.06 to 2.12, 1.68 to 1.73, 1.58 to 1.63 and 1.45
      to 1.50 with the most intense peak being between 2.49 and 2.55; and nickel
      ferrites having peaks within the d spacings of 4.79 to 4.85, 2.92 to 2.98,
      2.48 to 2.54, 2.05 to 2.11, 1.57 to 1.63 and 1.44 to 1.49, with the most
      intense peak being within 2.48 to 2.54. The preferred manganese ferrites
      are those having the Mn predominately present as a valence of plus 2.
PAR  Ferrite formation may be accomplished by reacting an active compound of
      iron with an active compound of the designated metals. By active compound
      is meant a compound which is reactive under the conditions to form the
      ferrite. Starting compounds of iron or the other metal may be such as the
      nitrates, hydroxides, hydrates, oxalates, carbonates, acetates, formates,
      halides, oxides, etc. The starting compounds are suitably oxides or
      compounds which will decompose to oxides during the formation of the
      ferrite such as organic and inorganic salts or hydroxides. For example,
      manganese carbonate may be reacted with iron oxide hydrates to form
      manganese ferrite. Salts of the desired metals may be coprecipitated and
      the precipitate heated to form the ferrite. Desired ferrites may be
      obtained by conducting the reaction to form the ferrite at relatively low
      temperatures, that is, at temperatures lower than some of the very high
      temperatures used for the formation of some of the semi-conductor
      applications. Good results, e.g., have been obtained by heating the
      ingredients to a temperature high enough to produce the required ferrite
      but at conditions no more severe than equivalent to heating a 950.degree.
      or 1000.degree.C for  90 minutes in air and generally the maximum
      temperature will be less than 1300.degree.C and preferably less than
      1150.degree.C. Methods for preparing catalysts suitable for this invention
      are disclosed in U.S. Pat. Nos. 3,270,080; 3,284,536; 3,303,234-6;
      3,303,238; 3,308,182; 3,334,152; 3,342,890 and 3,450,787 and these
      disclosures are hereby incorporated by reference.
PAR  The solid sulfur containing compounds such as manganese sulfate can be
      incorporated along with manganese carbonate to form a sulfur containing
      manganese ferrite. Another method is to mix a ferrite, e.g. nickel ferrite
      with a solution of sulfuric acid. The resulting slurry can then be dried
      and pelleted or coated on a carrier and then dried.
PAR  The catalysts may contain an excess of iron over the stoichiometric amount
      to form the ferrite. For example, in a ferrite of the type MeFe.sub.2
      O.sub.4 the stoichiometric amount of iron would be 2 atoms per atom of Me.
      The iron (calculated as Fe.sub.2 O.sub.3) may be present in an amount of
      at least about 10 percent in excess of the stoichiometric amount and
      preferably may be present in an amount of at least 14 percent in excess.
      Suitable ranges of iron are from about 10 to 200 percent excess. Similarly
      the catalysts may contain an excess of Me over the stoichiometric amount.
PAR  The compositions of this invention may also comprise additives, such as
      disclosed in U.S. Pat. Nos. 3,270,080 and 3,303,238. Phosphorus, silicon,
      boron or mixtures thereof are examples of additives. Excellent catalysts
      may contain less than 5 weight percent, and preferably less than 2 weight
      percent, of sodium or potassium in the surface of the catalyst.
PAR  Carriers or supports for the catalyst may be employed such as alumina,
      pumice, silica and so forth. Diluents and binders may also be used. Unless
      stated otherwise, the compositions referred to in this application are the
      main active constituents of the dehydrogenation process during
      dehydrogenation and any ratios and percentages refer to the surface of the
      catalyst in contact with the gaseous phase during dehydrogenation.
PAR  The catalysts may be activated or regenerated by reducing with a reducing
      gas, e.g., such as hydrogen or hydrocarbons. For example, the preformed
      compositions may be reduced with, e.g., hydrogen at a temperature or at
      least 250.degree.C. with the temperature of reduction generally being no
      greater than 850.degree.C. The period of time for reduction will be
      dependent somewhat on the temperature of reduction.
PAR  The process of this invention utilizes either a fixed bed or moving bed,
      such as a fluidized catalyst, reactor. Reactors which have been used for
      the dehydrogenation of hydrocarbons by non-oxidative dehydrogenation are
      satisfactory such as the reactors for the dehydrogenation of n-butene to
      butadiene-1,3. Although means to remove heat from the reactor may be
      employed, such as coils, the invention is particularly useful with
      essentially adiabatic reactors where heat removal is a problem.
DETD
PAR  The following examples are only illustrative of the invention and are not
      intended to limit the invention. All percentages are weight percent unless
      specified otherwise. All conversions, selectivities and yields are
      expressed in mol percent of the designated feed.
PAC  EXAMPLE 1
PAR  This example shows the improvement in a barium ferrite (Columbian Carbon
      Company barium ferrite type EG-4 deposited on low surface area alumina
      (AMC&lt;1 m.sup.2 /g). The sulfur promoter was incorporated in the catalyst
      during preparation. All runs were made in a Vycor glass reactor. The feed
      was butene-2 at a liquid hourly space velocity (LHSV) of 1. The feed to
      the reactor comprised butene-2/steam/oxygen in the ratio of 1/30/0.6. The
      temperature of the reaction was 525.degree.C. The results are set out in
      Table I below:
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                   Yield                                       
                      Conversion                                               
                            Selectivity                                        
                                   mole %                                      
     Run    Promoter  mole %                                                   
                            mole%  Butadiene                                   
                                   per pass                                    
     __________________________________________________________________________
     control                                                                   
             0        20    25      5                                          
     1    6%(NH.sub.4).sub.2 SO.sub.4                                          
                      55    91     50                                          
     2    20%Al.sub.2 (SO.sub.4).sub.3.sup.. 18H.sub.2 O                       
                      49    89     44                                          
     3    6%FeSO.sub.4                                                         
                      51    89     45                                          
     % based on catalysts weight on support.                                   
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  This example shows the improvement achieved by adding sulfur to a magnesium
      ferrite catalyst, prepared by depositing Fe(NO.sub.3).sub.3 on MgO
      pellets, calcining at 900.degree.C. and reducing with H.sub.2 for 1 hour
      at 500.degree.C. Magnesium sulfate (2.2 grams) was added to the
      Fe(NO.sub.3).sub.3 solution (125 g Fe(NO.sub.3).sub.3 . 9H.sub.2 O) to
      give 0.6 gram of sulfur, in 100 ml. H.sub.2 O which solution was then
      deposited on 50 grams of MgO pellets, calcined at 900.degree.C., reduced
      with H.sub.2 for 1 hour at 500.degree.C. Similarly various other sulfur
      compounds as shown in Table II were added to the Fe(NO.sub.3).sub.3
      solution to give 0.6 grams of sulfur, calcined and reduced. Each run was
      made in a Vycor glass reactor with butene-2 at a flow of 1 LHSV. Steam was
      also present. The mole ratio of butene/steam/oxygen at a reaction
      temperature of 500.degree.C. was  1/30/0.6. The results are shown in Table
      II.
TBL                TABLE II                                                    
     ______________________________________                                    
                                          Yield                                
                       Conversion                                              
                                 Selectivity                                   
                                          mole %                               
     Run      Promoter mole %    mole%    Butadiene                            
                                          per pass                             
     ______________________________________                                    
     control                                                                   
               0       40         87        35                                 
     1      MgSO.sub.4 75         92        69                                 
     2      Cr.sub.2 (SO.sub.4).sub.3                                          
                       72         93        67                                 
     3      NH.sub.4 SCN                                                       
                       57         94        53                                 
     4      (NH.sub.4).sub.2 S.sub.2 O.sub.8                                   
                       57         95        54                                 
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  A nickel ferrite was prepared by mixing nickel oxide and ferric oxide in
      the presence of water. The slurry was dewatered and dried. The dried
      mixture was then calcined at 900.degree.C. for 1-11/2 hours. Promoted
      catalysts were prepared by adding 10% FeSO.sub.4 and 10% NiSO.sub.4 to
      separate portions of the catalyst prior to calcining. Butene-2, oxygen and
      steam were fed at a mole ratio of 1/0.6/30. The LHSV of butene-2 was 1.0.
      The temperatures of reactions and results are shown in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
                                 Yield                                         
     Run  Temp.                                                                
              Promoter                                                         
                     Conversion                                                
                           Selectivity                                         
                                 mole %                                        
                     mole %                                                    
                           mole %                                              
                                 Butadiene                                     
                                 per pass                                      
     __________________________________________________________________________
     control                                                                   
          430 0      59    92    54                                            
     1    420 10%FeSO.sub.4                                                    
                     65    90    58                                            
     2    420 10%NiSO.sub.4                                                    
                     66    92    61                                            
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  50 grams Mg O pellets (38% porosity) were impregnated under vacuum with
      iron nitrate solutions (125g Fe(NO.sub.3).sub.3 . 9H.sub.2 O in 150 ml. of
      water) the impregnated pellets and excess ferric nitrate was transferred
      to a porcelain dish and decomposed over an open flame. One portion of the
      coated pellets were calcined for 1 hour at 900.degree.C. Another portion
      of the catalyst was reduced with H.sub.2 for 1 hour at 500.degree.C. A
      portion of both catalysts was further treated with 1 cc. of concentrated
      (approx. 96%) H.sub.2 SO.sub.4. The conversion of butene-2 to butadiene
      was significantly improved by the addition of H.sub.2 SO.sub.4. The
      results are shown in Table VI below:
TBL                                    TABLE IV.sup.(1)                        
     __________________________________________________________________________
          Catalyst        Temps. of                                            
     Run  Preparation                                                          
                   Promoter                                                    
                          Reaction .degree.C.                                  
                                   C  S  Y                                     
     __________________________________________________________________________
     control                                                                   
          calc. 1 hr.                                                          
                   0      575      38 76 29                                    
          at 900.degree.C.                                                     
     1    calc. 1 hr.                                                          
                   1 cc. conc.                                                 
                          550      32 95 30                                    
          at 900.degree.C.                                                     
     control                                                                   
          red. w/H.sub.2 --                                                    
                   0      450      30 89 27                                    
          1 hr. at 500.degree.C                                                
     2    red. w/H.sub.2 --1                                                   
                   H.sub.2 SO.sub.4                                            
                          475      55 95 52                                    
          hr at 500.degree.C.                                                  
     __________________________________________________________________________
     .sup.(1) Butene-2 feed at LHSV of 1.0 at a mole ratio of butene-2/O.sub.2 
     /steam of                                                                 
     1/0.6/30                                                                  
     .sup.(2)Conversion/selectivity/yield                                      
     mole   mole mole %                                                        
     %      %    butadiene                                                     
                 per pass                                                      
PAC  EXAMPLE 5
PAR  A catalyst was prepared according to Example 4 but with MgSO.sub.4 (2.2g)
      added to iron nitrate solution at 500.degree.C. Under the same conditions
      and reactants as Example 4 the catalyst reduced for 1 hour with H.sub.2 at
      500.degree.C. gave C/S/Y of 62/94/58.
PAC  EXAMPLE 6
PAR  In a manner similar to Example 5 various sulfur compounds were added to the
      iron nitrate solution. The sulfur content was maintained at about 0.5 wt %
      of the catalyst. The same reactants and conditions as in Example 4 and 5
      were employed. At 500.degree.C. the results shown in Table V were
      obtained.
TBL                TABLE V                                                     
     ______________________________________                                    
     Run    Cat. preparation                                                   
                          Promoter    C   S   Y                                
     ______________________________________                                    
     control                                                                   
            calc. at 900.degree.C.                                             
                           0          16  88  14*                              
            for 1 hour                38  76  29**                             
     1      "             CdSO.sub.4  49  95  47                               
     2      "             MnSO.sub.4  37  97  36                               
     3      "             MgSO.sub.4  44  98  43                               
     4      "             (NH.sub.4).sub.2 SO.sub.4                            
                                      29  97  28                               
     5      "             ZnSO.sub.4  47  98  46                               
     6      "             NiSO.sub.4  40  97  39                               
     7      "             NH.sub.4 SCN                                         
                                      42  91  38                               
     control                                                                   
            calc. at 900.degree.C.                                             
                           0          40  87  35                               
            for 1 hr. and                                                      
            red. w/H.sub.2 for                                                 
            1 hr. at 550.degree.C                                              
     8      "             FeSO.sub.4  43  88  38                               
     9      "             CdSO.sub.4  46  91  42                               
     10     "             ZnSO.sub.4  57  92  52                               
     11     "             NiSO.sub.4  60  93  56                               
     12     "             NH.sub.4 SCN                                         
                                      57  94  53                               
     ______________________________________                                    
       *475.degree.C.                                                          
      **575.degree.C.                                                          
PAC  EXAMPLE 7
PAR  A nickel ferrite prepared according to Example 3 exhibits some improvement
      when treated prior to use with gaseous SO.sub.2. The C/S/Y of butene-2
      (LHSV-1, butene-2/oxygen/steam mol ratio of 1/0.6/30) over untreated
      catalyst is 59/92/54 (430.degree.C.) over the treated catalyst 66/90/59
      (430.degree.C.)
PAC  EXAMPLE 8
PAR  The oxidative dehydrogenation yield of a manganese ferrite prepared by
      calcining ferric oxide and manganous carbonate at 800.degree.C. for 1 hour
      was increased and stabilized by the incremental addition H.sub.2 SO.sub.4
      as shown in Table VI.
TBL                TABLE VI                                                    
     ______________________________________                                    
     Run    Promoter     Reaction Temp..sup.(1)                                
                                       C   S   Y.sup.(2)                       
                         .degree.C.                                            
     ______________________________________                                    
     control                                                                   
            0            400           47  84  40                              
     "                   490           25  55  14                              
     1      .13g H.sub.2 SO.sub.4.sup.(3)                                      
                         485           57  87  50                              
     2      .39g H.sub.2 SO.sub.4.sup.(3)                                      
                         450           68  91  62                              
     3      0            455           66  90  60                              
     ______________________________________                                    
      .sup.(1) butene-2 LHSV = 1 Bu-2/O.sub.2 /H.sub.2 O 1/0.6/30              
      .sup.(2) Conversion/selectivity/yield mole % butadiene                   
      .sup.(3) Concentrated 96% added with the feed.                           
PAL  Run 3 demonstrates the stabilizing effect of the H.sub.2 SO.sub.4
      previously added with the feed to Runs 1 and 2.
PAC  EXAMPLE 9
PAR  This example shows the activation of some metal ferrite catalyst by the
      addition of H.sub.2 SO.sub.4 with the butene-2 feed. The catalysts were
      prepared by calcining a mixture of ferric oxide and the metal carbonate at
      900.degree.C. for 1 hour. The results are shown in Table II.
TBL                                    TABLE VII                               
     __________________________________________________________________________
                                 .sup.(1) Conversion/selectivity/yield, mole   
                                 percent butadiene                             
                                 Temperature of Reaction                       
     Run                                                                       
        Catalyst   Promoter      450.degree.C.                                 
                                        500.degree.C.                          
                                                 525.degree.C.                 
                                                        550.degree.C.          
                                                              600.degree.C.    
     __________________________________________________________________________
     1  Barium ferrite                                                         
                   0             10/27/3                                       
                                        11/24/3  --     --    --               
     2  "          0.4 ml. conc. H.sub.2 SO.sub.4 /hr                          
                                 52/91/47                                      
                                        50/90/45.sup.(2)                       
                                                 --     --    --               
                   in feed                                                     
     3  Strontium ferrite                                                      
                   0             --      8/35/3  --     12/32/4                
                                                              15/30/5          
     4  "          L cc. conc. H.sub.2 SO.sub.4 /hr                            
                                 --     58/90/52 --     58/87/50               
                                                              46/85/39         
                   in feed                                                     
     5  Calcium ferrite                                                        
                   0             --     --       14/33/5                       
                                                        --    --               
     6  "          2. cc conc. H.sub.2 SO.sub.4 /hr                            
                                 --     --       37/83/31                      
                                                        --    --               
                   in feed                                                     
     7  Cobalt ferrite                                                         
                   0              9/85/7                                       
                                        18/79/14 --     24/71/17               
                                                              31/59/18         
     8  "          2. cc conc. H.sub.2 SO.sub.4 /hr                            
                                 --     --       --     10/96/10               
                                                              29/92/27         
                   in feed                                                     
     __________________________________________________________________________
      .sup.(1) Feed Butene-2 at 1 LHSV, mole ratio Bu-2/O.sub.2 /H.sub.2 O =   
      1/0.6.30                                                                 
      .sup.(2) 475.degree.C.                                                   
PAC  EXAMPLE 10
PAR  This example shows the activation of rare earth and other less common metal
      ferrites by addition of a sulfur compound prior to calcining. The metal
      ferrite was prepared by calcining the mixed metal compounds shown in Table
      VIII at 900.degree.C. for 1 hour.
TBL                                    TABLE VIII                              
     __________________________________________________________________________
                              Temp. of                                         
     Run Catalyst    Promoter Reaction                                         
                                     .sup.(1) Conv./Selec./Yield               
                              .degree.C                                        
                                     mole % butadiene                          
     __________________________________________________________________________
     1   Fe.sub.2 O.sub.3.H.sub.2 O.HCl.sub.4                                  
                     0        540    27/46/12                                  
     2   "           0.26g H.sub.2 SO.sub.4                                    
                              540    30/59/17                                  
                     (96%)                                                     
     3   Fe.sub.2 O.sub.3 --SrCO.sub.3.sup.(2)                                 
                     0        500    13/16/2                                   
     4   "           1.04g H.sub.2 SO.sub.4                                    
                              440    56/89/50                                  
                     (96%)                                                     
     5   Fe.sub.2 O.sub.3 --CeO.sub.2.H2O                                      
                     0        600    25/42/11                                  
     6   "           0.63gH.sub.2 SO.sub.4                                     
                              510    34/77/26                                  
                     (96%)                                                     
     7.sup.(4)                                                                 
         Fe.sub.2 O.sub.3 --Di.sub.2 O.sub.3.sup.(3)                           
                     0        450    34/73/25                                  
         0.5 wt% DiCl.sub.3                                                    
     8.sup.(4)                                                                 
         "           0.26g H.sub.2 SO.sub.4                                    
                              460    39/83/32                                  
                     (96%)                                                     
     __________________________________________________________________________
      .sup.(1) Butene-2/O.sub.2 /H.sub.2 O = 1/0.6/30 LHSV=1                   
      .sup.(2) Calcined at 950.degree.C.                                       
      .sup.(3) Di=didymium is used here to describe a mixture of rare earths,  
      e.g. a Di.sub.2 O.sub.3 is typically 45-46% La.sub.2 O.sub.3, 1- 2%      
      CeO.sub.2, 9-10% Pr.sub.6 O.sub.11, 32-33% Nd.sub.2 O.sub.3, 5-6% Sn.sub.
      O.sub.3, 3-4% Gd.sub.2 O.sub.3, 0.4% Yb.sub.2 O.sub.3 and 1-2% other rare
      earths                                                                   
      .sup.(4) Bu-2/O.sub.2 /He = 1/0.6/20 LHSV = 1                            
PAC  EXAMPLE 11
PAR  This example shows the improved results of a magnesium ferrite on a
      catalyst support. The conditions and results are reported in Table IX.
TBL                                    TABLE IX                                
     __________________________________________________________________________
                              .sup.(1) Conversion/Selectivity/Yield, mole %    
                              to                                               
                              Butadiene Temp., .degree.C.                      
     CATALYST             LHSV                                                 
                              450 475 500   525   550                          
     __________________________________________________________________________
     Fe.sub.2 O.sub.3 +MgO on 100S.sup.(2)                                     
                          1   --  --  14/47/6                                  
                                            13/45/6                            
                                                  --                           
     Fe.sub.2 O.sub.3 +MgO on 100S.sup.(2) +.4 cc H.sub.2 SO.sub.4             
                          1   --  --  --    36/88/32                           
                                                  37/87/32                     
     (96%)/hr in feed                                                          
     __________________________________________________________________________
      .sup.(1) Bu-2/O.sub.2 /Steam 1/0.6/30 LHSV = 1                           
      .sup.(2) Coated pellets calcined 4 hrs. at 1100.degree.C. Houdry 100S    
      98.5% alumina, 0.1-0.2 Na.sub.2 O                                        
PAC  EXAMPLE 12
PAR  This example was carried out in a fixed bed small scale adiabatic unit
      having a stainless steel reactor. The catalyst was magnesium ferrite
      treated with phosphoric acid to have a 3% phosphorus content. The feed was
      butene-2. The promoter, reactor conditions and results are set forth in
      Table X.
TBL                                    TABLE X                                 
     __________________________________________________________________________
     ADDITION OF SULFUR      REACTOR CONDITIONS         RESULTS                
     Run          conc..sup.(2)  mole ratio  Tin.sup.(5)                       
                                                  Tmax.sup.(6)                 
     No.                                                                       
        Hrs.sup.(1)                                                            
             Promoter                                                          
                  (ppm)                                                        
                       Gms..sup.(3)                                            
                             LHSV                                              
                                 steam/HC                                      
                                       O.sub.2 /C.sub.4.sup.(4)                
                                             .degree.F.                        
                                                  .degree.F.                   
                                                        C   S   Y              
     __________________________________________________________________________
     1            0          2.24                                              
                                 13.2  0.60  749  1140  58.4                   
                                                            90.6               
                                                                53             
        12   CH.sub.3 SH                                                       
                  30   12.3  2.24                                              
                                 13.2  0.60  747  1124  62.8                   
                                                            92.1               
                                                                57.8           
     2            0          2.24                                              
                                 13.2  0.60  747  1140  59.4                   
                                                            90.6               
                                                                53.8           
        23   CH.sub.3 SH                                                       
                  50   38.1  2.24                                              
                                 13.2  0.60  745  1117  61.4                   
                                                            92.3               
                                                                56.7           
     3            0          2.27                                              
                                 13.0  0.50  740  1105  54.9                   
                                                            92.5               
                                                                50.8           
        85   CH.sub.3 SH                                                       
                  30   87.0  2.27                                              
                                 13.0  0.50  740  1095  59.3                   
                                                            93.5               
                                                                55.5           
     4            0          2.27                                              
                                 13.2  0.51  740  1097  57.3                   
                                                            93.0               
                                                                53.3           
        30   SO.sub.2                                                          
                  15   57    2.27                                              
                                 13.2  0.51  740  1076  60.3                   
                                                            93.7               
                                                                56.5           
     5            0          2.27                                              
                                 13.2  0.51  740  1090  57.6                   
                                                            92.8               
                                                                53.5           
        50   SO.sub.2                                                          
                  5    8.6   2.27                                              
                                 13.2  0.51  740  1088  60.6                   
                                                            93.4               
                                                                56.6           
     6            0          2.27                                              
                                 14.8  0.73  710  1160  67.2                   
                                                            89.6               
                                                                60.2           
        13   SO.sub.2                                                          
                  7    3.2   2.27                                              
                                 14.8  0.73  710  1145  69.8                   
                                                            90.5               
                                                                63.2           
     7            0          2.26                                              
                                 14.8  0.73  710  1150  66.5                   
                                                            88.8               
                                                                59.1           
        49   CS.sub.2                                                          
                  14   23.2  2.26                                              
                                 14.4  0.73  710  1135  69.2                   
                                                            90.7               
                                                                62.8           
     8            0          2.26                                              
                                 14.4  0.73  710  1160  66.9                   
                                                            90.1               
                                                                60.2           
        44   CH.sub.3 SH                                                       
                  20   30.0  2.26                                              
                                 14.4  0.73  710  1150  68.4                   
                                                            90.9               
                                                                62.2           
     9            0          2.26                                              
                                 14.4  0.73  710  1160  66.7                   
                                                            90.0               
                                                                60.0           
        13   CH.sub.3 SH                                                       
                  4    2.4   2.26                                              
                                 14.4  0.73  710  1150  67.5                   
                                                            90.2               
                                                                60.8           
     10           0          2.26                                              
                                 14.4  0.71  710  1140  64.2                   
                                                            89.3               
                                                                57.3           
        41   CH.sub.3 SH                                                       
                  3    4.2   2.26                                              
                                 14.4  0.71  710  1130  63.9                   
                                                            89.9               
                                                                57.4           
        53        6    10.8  2.26                                              
                                 14.4  0.71  710  1128  67.4                   
                                                            90.9               
                                                                61.3           
     __________________________________________________________________________
      .sup.(1) Total hours that sulfur compound was fed to the reactor.        
      .sup.(2) Concentration ppm based on hydrocarbon feed.                    
      .sup.(3) Total grains of sulfur feed.                                    
      .sup.(4) C.sub.4 = butene-2                                              
      .sup.(5) Tin = inlet temperature .degree.F.                              
      .sup.(6) Tmax. = maximum temperature in bed .degree.F.                   
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the oxidative dehydrogenation of organic compounds in the
      presence of an oxygen containing gas, a metal ferrite catalyst, and at
      least a promoting amount of sulfur.
NUM  2.
PAR  2. The process according to claim 1 wherein the metal has an ionic radius
      approximately between 0.5 and 1.1 A.
NUM  3.
PAR  3. The process according to claim 1 wherein the metal is selected from the
      group consisting of Mg, Zn, Ni, Co, Mn, Cu, Cd, Ca, Ba, Sr, Al, Cr, Ti, V,
      Mo, W, Na, Li, K, Sn, Pb, Sb, Bi, Ga, Ce, La, the other rare earths and
      mixtures thereof.
NUM  4.
PAR  4. The process according to claim 3 wherein the metal is selected from the
      group consisting of Mg, Ca, Sr, Ba, Mn, Cr, Co, Ni, Zn, Cd, and mixtures
      thereof.
NUM  5.
PAR  5. The process according to claim 4 wherein the metal is Mg or Mn.
NUM  6.
PAR  6. The process according to claim 4 wherein the metal is comprised of at
      least two components.
NUM  7.
PAR  7. The process according to claim 6 wherein one of the components is Cr.
NUM  8.
PAR  8. The process according to claim 7 wherein the second metal component is a
      metal selected from Periodic Table Groups IIA, IIB, III, and VII.
NUM  9.
PAR  9. The process according to claim 1 wherein said organic compounds are
      hydrocarbons.
NUM  10.
PAR  10. The process according to claim 9 wherein butene is oxidatively
      dehydrogenated.
NUM  11.
PAR  11. The process for the oxidative dehydrogenation of organic compounds
      according to claim 1 wherein the sulfur is incorporated in the metal
      ferrite catalyst in a ratio of 0.001 to 0.5 atom of sulfur per atom of
      iron in said catalyst prior to the contact of said catalyst with the
      organic compounds.
NUM  12.
PAR  12. The process according to claim 11 wherein the metal has an ionic radius
      approximately between 0.5 and 1.1 A.
NUM  13.
PAR  13. The process according to claim 11 wherein the metal is selected from
      the group consisting of Mg, Zn, Ni, Co, Mn, Cu, Cd, Ca, Ba, Sr, Al, Cr,
      Ti, V, Mo, W, Na, Li, K, Sn, Pb, Sb, Bi, Ga, Ce, La, the other rare earths
      and mixtures thereof.
NUM  14.
PAR  14. The process according to claim 13 wherein the metal is selected from
      the group consisting of Mg, Ca, Sr, Ba, Mn, Cr, Co, Ni, Zn, Cd, and
      mixtures thereof.
NUM  15.
PAR  15. The process according to claim 14 wherein the metal is Mg or Mn.
NUM  16.
PAR  16. The process according to claim 11 wherein the metal is comprised of at
      least two components.
NUM  17.
PAR  17. The process according to claim 16 wherein one of the components is Cr.
NUM  18.
PAR  18. The process according to claim 17 wherein the second metal component is
      a metal selected from Periodic Table Groups IIA, IIB, III, and VIII.
NUM  19.
PAR  19. The process according to claim 11 wherein said organic compounds are
      hydrocarbons.
NUM  20.
PAR  20. The process according to claim 19 wherein butene is oxidatively
      dehydrogenated.
NUM  21.
PAR  21. The process for the oxidative dehydrogenation of organic compounds
      according to claim 1 wherein sulfur is added to the reaction in a mole
      ratio of sulfur to organic compounds of between 0.0003:1 and 0.5:1.
NUM  22.
PAR  22. The process according to claim 21 wherein there is a ratio of gram
      atoms of sulfur to a mole organic compounds of between about 0.001 : 1.0
      to 0.05 : 1.0.
NUM  23.
PAR  23. The process according to claim 21 wherein the metal has an ionic radius
      approximately between 0.5 and 1.1 A.
NUM  24.
PAR  24. The process according to claim 21 wherein the metal is selected from
      the group consisting of Mg, Zn, Ni, Co, Mn, Cu, Cd, Ca, Ba, Sr, Al, Cr,
      Ti, V, Mo, W, Na, Li, K, Sn, Pb, Sb, Bi, Ga, Ce, La, the oher rare earths
      and mixtures thereof.
NUM  25.
PAR  25. The process according to claim 24 wherein the metal is selected from
      the group consisting of Mg, Ca, Sr, Ba, Mn, Cr, Co, Ni, Zn, Cd, and
      mixtures thereof.
NUM  26.
PAR  26. The process according to claim 25 wherein the metal is Mg or Mn.
NUM  27.
PAR  27. The process according to claim 21 wherein the metal is comprised of at
      least two components.
NUM  28.
PAR  28. The process according to claim 27 wherein one of the components is Cr.
NUM  29.
PAR  29. The process according to claim 28 wherein the second metal component is
      a metal selected from Periodic Table Groups IIA, IIB, III, and VIII.
NUM  30.
PAR  30. The process according to claim 21 wherein said organic compounds are
      hydrocarbons.
NUM  31.
PAR  31. The process according to claim 30 wherein butene is oxidatively
      dehydrogenated.
NUM  32.
PAR  32. A process for the dehydrogenation of ethylbenzene to styrene
      comprising:
PA1  contacting ethylbenzene and SO.sub.2 in the vapor phase under
      dehydrogenation conditions with a catalyst comprising:
PA1  a ferrite of the spinel form having the formula
EQU  A.sub.a A'.sub.b Fe.sub.c O.sub.4
PA1  where A has a valence of plus 2 and is a metal selected from the group
      consisting of cobalt, nickel, zinc and magnesium; A' has a valence of plus
      3 and is selected from the group consisting of chromium and lanthanum; a
      has a value from 0.1 to about 3; b has a value from 0 to less than 2; c
      has a value from greater than 0 to about 3; and a+b+c has a value of 3; or
      a ferrite of the perovskite form having the formula
EQU  B.sub.d Cr.sub.e Fe.sub.f O.sub.3
PA1  where B has a valence of plus 3 and is selected from lanthanum and yttrium;
      d, e and f are each values from 0.5 to 1.5 and the sum of d, e, and f is
      2.
NUM  33.
PAR  33. A process according to claim 32 wherein the catalyst is a ferrite of
      the perovskite form having the formula
EQU  B.sub.d Cr.sub.e Fe.sub.f O.sub.3
PAL  where B has a valence of plus 3 and is selected from lanthanum and yttrium;
      d, e and f are each values from 0.5 to 1.5 and the sum of d, e and f is 2.
NUM  34.
PAR  34. A process according to claim 33 wherein B is lanthanum.
NUM  35.
PAR  35. A process according to claim 32 wherein the catalyst is a ferrite of
      the spinel form having the formula
EQU  A.sub.a A'.sub.b Fe.sub.c O.sub.4
PAL  where A is a metal selected from the group consisting of cobalt, nickel,
      zinc and magnesium; A' is a metal selected from chromium and lanthanum; a
      has a value from 0.1 to about 3; b has a value from 0 to less than 2; c
      has a value from greater than 0 to about 3; and a+b+c has a value of 3.
NUM  36.
PAR  36. A process according to claim 35 wherein the catalyst has the formula
EQU  AA'.sub.x Fe.sub.y O.sub.4
PAL  where A has a valence of plus 2 and is a metal selected from the group
      consisting of cobalt, nickel, zinc, and magnesium; A' is a metal having a
      valence of plus 3 and is selected from the group consisting of chromium
      and lanthanum; and x is a value from 0 to 1.5; y is a value from 0.5 to 2
      and x plus y has a value equal to 2.
NUM  37.
PAR  37. A process according to claim 36 wherein A is selected from zinc and
      magnesium; A' is chromium; x has a value from 0 to 1, y has a value from 1
      to 2, and the sum of the values of x and y is 2.
NUM  38.
PAR  38. A process according to claim 37 wherein the catalyst is ZnCrFeO.sub.4.
NUM  39.
PAR  39. A process according to claim 37 wherein the catalyst is MgCrFeO.sub.4.
NUM  40.
PAR  40. A process according to claim 35 wherein the dehydrogenation conditions
      include a temperature from 300.degree. to 700.degree.C.
NUM  41.
PAR  41. A process according to claim 32 wherein a diluent gas is also present.
NUM  42.
PAR  42. A cyclic process for the dehydrogenation of ethylbenzene to produce
      styrene which comprises:
PA1  1. contacting ethylbenzene with SO.sub.2 in the vapor phase under
      dehydrogenation conditions with a catalyst comprising:
PA2  a ferrite of the spinel form having the formula
EQU  A.sub.a A'.sub.b Fe.sub.c O.sub.4
PA2  where A has a valence of plus 2 and is a metal selected from the group
      consisting of cobalt, nickel, zinc and magnesium; A' is a metal having a
      valence of plus 3 and is selected from the group consisting of chromium
      and lanthanum; a has a value from 0.1 to about 3; b has a value from 0 to
      less than 2; c has a value from greater than 0 to about 3; and a+b+c has a
      value of 3; or a ferrite of the perovskite form having the formula
EQU  B.sub.d Cr.sub.e Fe.sub.f O.sub.3
PA2  where B has a valence of plus 3 and is selected from lanthanum and yttrium;
      d, e and f are each values from 0.5 to 1.5 and the sum of d, e and f is 2;
PAR  2. regenerating said ferrite catalyst with a gas containing free molecular
      oxygen;
PA1  3. contacting ethylbenzene and SO.sub.2 in the vapor phase under
      dehydrogenation conditions with said regenerated ferrite catalyst to
      obtain substantially the same yields of styrene as were obtained
      initially.
NUM  43.
PAR  43. A proces according to claim 42 wherein the dehydrogenation conditions
      include a temperature from 300.degree. to 700.degree.C, a liquid hourly
      space velocity of ethylbenzene from 0.15 to about 5.
NUM  44.
PAR  44. A process according to claim 43 wherein the surface area of the
      catalyst is less than 10 m..sup.2 /gram.
NUM  45.
PAR  45. A process according to claim 44 wherein a diluent gas is also present.
NUM  46.
PAR  46. A process for the dehydrogenation of ethylbenzene to styrene
      comprising:
PA1  contacting ethylbenzene and SO.sub.2 in the vapor phase under
      dehydrogenation conditions with a catalyst comprising:
PA2  a ferrite having two elements other than iron and oxygen with said elements
      being selected from the group consisting of (1) (a) a member selected from
      the group consisting of cobalt, nickel, zinc and magnesium together with
      (b) a metal selected from the group consisting of chromium and lanthanum
      or (2) a member selected from the group consisting of (a) lanthanum and
      yttrium together with (b) chromium.
NUM  47.
PAR  47. A process according to claim 46 wherein (1) (b) is chromium and (2) (a)
      is lanthanum.
NUM  48.
PAR  48. A process according to claim 41 wherein the molar ratio of diluent to
      ethylbenzene is from 3 to 35; the SO.sub.2 to ethylbenzene ratio is from
      0.0003 : 1.0 to 0.50 : 1.0 calculated as gram atoms of sulfur; and the
      liquid hourly space velocity of the ethylbenzene is from 0.1 to 10.
NUM  49.
PAR  49. A process according to claim 46 wherein the said SO.sub.2 is fed
      incrementally to said process.
NUM  50.
PAR  50. A process for the dehydrogenation of ethylbenzene to styrene
      comprising:
PA1  contacting ethylbenzene and SO.sub.2 in the vapor phase under
      dehydrogenation conditions with a catalyst comprising:
PA2  a ferrite selected from the group consisting of magnesium chromium ferrite,
      zinc chromium ferrite, lanthanum chromiun ferrite, nickel chromium ferrite
      and cobalt chromium ferrite.
NUM  51.
PAR  51. The process of claim 50 wherein the catalyst comprises lanthanum
      chromium ferrite.
NUM  52.
PAR  52. The process of claim 50 wherein the catalyst comprises nickel chromium
      ferrite.
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ABST
PAL  Butadiene is prepared by directing a C.sub.4 hydrocarbon stream through
      seven parallel adiabatic beds. The dehydrogenation period and the
      regeneration period are each about 9 1/5 minutes with evacuation and purge
      taking about 2 3/5 minutes of the 21 minute cycle. The temperature of the
      regeneration gas is individually adjusted in response to the summation of
      deviation of targeted conversion from average conversion and reactor
      deviation from average conversion amongst all reactors. Moreover, such
      adjustment minimizes deviations of each reactor from average conversion
      during the previous 21 minute cycle.
PAL  The dehydrogenation effluent is mixed and sent through a common quenching
      zone. The quenched product stream's density varies in response to the
      extent of conversion, permitting measurement of conversion for each three
      minutes. Average conversion for each cycle is measured by averaging the
      conversions for such seven time periods. The density data are directed to
      a digital computer. the data for each 3 minute period are a composite from
      four reactors. Deviation from average conversion of each reactor is
      designated by the computer using the relationships amongst the reactor
      deviations and the deviations of the 3 minute periods shown in 7
      simultaneous equations. The computer controls the increments of the amount
      of gas supplied to the regeneration gas, thus controlling the temperature
      of the regeneration gas in response to the summation of such reactor's
      deviation from average conversion during the 21 minutes prior to the end
      of its dehydrogenation step, and the deviation of average conversion from
      targeted conversion for such reactor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a process for dehydrogenating hydrocarbons in a
      bank of adiabatic beds and to computer control systems for reliably
      controlling conversion without significantly risking excessive conversion
      in any reactor bed.
PAC  PRIOR ART
PAR  Michaels, U.S. Pat. No. 3,647,909, describes a method in which methane is
      burned in the regeneration gas to supplement the heat attributable to the
      burning of the carbonaceous deposit formed in the adiabatic bed.
PAR  In the research laboratory, the speed of response of temperature measuring
      instruments in a single adiabatic bed permits the operator to maintain the
      adiabatic bed at high conversion during a great number of cycles. It was
      learned at an early date that an adiabatic bed could become successively
      cooler or successively hotter if care were not exercised to assure that
      the heat absorbed by the bed during regeneration was equal to the
      endothermic heat of dehydrogenation. The adiabatic bed was unattractive
      from the economic standpoint if operated at too low a temperature
      providing a disadvantageously low conversion. The catalyst in the
      adiabatic bed had a very short lift if operated at an excessively high
      temperature sometimes called sintering temperature, at which momentarily
      high conversion was attainable. As the catalyst was used, the temperature
      necessary for commercially acceptable conversion increased, so that just
      before a turnaround for catalyst replacement, the reactors have been
      operated at temperatures significantly higher than could be recommended
      for fresh catalyst. Thus, an operator needed to keep each bed within an
      appropriate temperature range, but the range shifted upwardly as the time
      for catalyst replacement approached.
PAR  Although the laboratory tests with adiabatic beds permit the operators to
      achieve high conversions, difficulties were encountered in commercial
      plants because operators tended to maintain bed temperatures which were
      adequately safe, thus avoiding rapid damage to the catalyst but producing
      less butadiene than theoretically possible at the very narrow temperature
      range of stable maximum conversion for the current catalyst. It has been
      customary to set the same targeted conversion for each reactor in a bank
      of reactors and to seek balanced performance amongst all reactors. As the
      catalyst aged, differences amongst reactors were detectable but there was
      no adequate method for measuring instantaneous fluctuations in the
      imbalance amongst the reactors. The type of temperature measuring devices
      employed industrially in the adiabatic beds tended to be slow in
      responding to small variations in operating conditions. Plants for making
      butadiene from a C.sub.4 hydrocarbon stream by the adiabatic process have
      directed the feedstock to a bank of reactors, and the hydrocarbon effluent
      from each reactor has been sent through a single quench system to provide
      a product stream from the bank of reactors. Similarly, the air heater for
      a bank of reactors has supplied hot regeneration gas to a plurality of
      reactors simultaneously, with the cycle timer opening and closing the
      valves between the reactors and the manifolds from the air heater.
PAR  When butane is converted to butadiene two moles of hydrogen are formed per
      mole of butadiene, forming three moles in the product stream, thus
      providing an average molecular weight which is approximately .sup.- that
      of the butane feedstock. Various approaches have been used for measuring
      the extent of conversion in the merged product stream from a bank of
      reactor beds. Such measurement may be a measurement of the hydrogen
      content, a measurement of the molecular weight, or other suitable
      indication of the extent of conversion. Particular advantages accrue from
      the use of instruments for measuring the gas density.
PAR  Many butadiene plants have been monitored by recording the reactor
      temperature fluctuations of the several reactors. It is also possible to
      monitor a butadiene plant by using charts recording fluctuations in gas
      density in the mixed, quenched product stream derived from a bank of n
      reactors, n being the number (e.g., 3 to 8) of reactors. In the
      development of the present invention, it was observed that there are n
      instances of minimum density per cycle time. Shortly after a perfect
      start-up subsequent to installing fresh catalyst, an adequately
      satisfactory balance amongst the n reactors can be achieved and evidenced
      by the charting of uniform minima of density of the quenched, mixed
      effluent.
PAR  After the brief use of fresh catalyst and until just prior to replacing the
      catalyst, it becomes increasingly difficult to approach perfect balance
      amongst the reactors. The adiabatic beds are likely to have differing
      catalyst activities, and/or other variations amongst the reactors, leading
      to imbalance amongst the reactors. Although the existence of imbalance
      amongst the reactors has been known, earlier literature has not described
      any reliable procedure for identifying which reactor required what
      adjustment in order to restore acceptable balance amongst the reactors.
PAR  Attempts to measure the extent of conversion in the dehydrogenation
      effluent from each reactor prior to the quenching proved unsatisfactory.
      Attempts to rely upon the measurements of temperature within the reactor
      bed failed to prevent imbalance amongst reactors. Efforts have generally
      been focused upon trying to restore the bank of reactors as closely as
      feasible to the ideal operation contemplated after a perfect start-up with
      fresh catalyst. Perfect balance amongst the reactors has been a goal
      toward which plant operators have generally aspired. Over a period of
      decades, a variety of plants utilizing banks of such adiabatic beds have
      been operated at less than peak efficiency because of the inadequacy of
      methods for adjusting the post-regeneration temperature of each reactor
      appropriately to properly regulate the next dehydrogenation step in such
      reactor.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the amount of heat supplied to
      each reactor during regeneration is adjusted to promote a conversion in
      the subsequent cycle at a level as close as feasible to the conversion
      level for which such reactor is currently targeted. Such adjustment of the
      heat content of the regeneration is automatically responsive to a
      computer-generated signal. The computer employs a signal which is the
      summation of the deviation of the reactor from average conversion and the
      deviation of the average from the targeted conversion for such reactor.
PAR  In preferred embodiments of the invention, the product from each of n
      reactors in a bank of reactors is quenched to provide a mixed product
      stream, and the signals from the measurement of the density of the mixed,
      quenched product stream or signals from any other suitable instrument for
      measuring the momentary indication of extent of conversion in such mixed,
      quenched product stream are fed to a computer. At or near the end of the
      on-stream period for each reactor, the conversion data for each of the n
      periods of 1/nth the cycle time are employed to obtain a measured value
      for the average conversion during such cycle time. Data are employed
      concerning the conversion for each of said n periods and the deviation
      from average for each of said n fractional periods. Such fractional
      deviation data cannot be readily interpreted because it represents mixed
      data from several reactors. For example, if there are seven reactors, each
      period includes data from at least three reactors. If there is a 21 minute
      cycle time and a 9 1/5 minute on-stream period, then each 3 minute period
      includes data from three reactors, with an additional reactor (total of 4)
      included for a small part of the 3 minute period, but the calculations are
      simplified by treating the 3 minute data as if it were generated by three
      reactors. The relationship between the more directly measurable seven
      fractional deviations and the more difficulty ascertainable approximate
      deviations of the seven reactors can be expressed by seven simultaneous
      equations.
PAR  The determination of what regeneration gas temperature should be employed
      for a particular reactor should be made while such reactor is imminently
      scheduled for regeneration; that is, after the on-stream period for such
      reactor is more than about 2/3 complete (substantially completely
      offstream) but before the regeneration is more than about one-fifth
      complete. It is sometimes convenient to designate such reactor as the most
      recently offstream reactor, but such narrower terminology is intended to
      embrace the reactor during such period when it is imminently scheduled for
      regeneration. The reactor is purged after being onstream and before
      regeneration, but the purging period is briefer than the period during
      which a reactor is imminently scheduled for regeneration.
PAR  In such 21 minute cycle system, the difference between the conversion for a
      reactor and the average conversion during the most recent 21 minutes
      provides a small number which may be positive, negative, or zero, and
      which can be designated as an approximation of the deviation for such
      reactor. The computer determines the approximate deviation for the reactor
      from the average conversion for the previous cycle. The computer also
      determines the deviation of such average conversion from the targeted
      conversion for that reactor. Heretofore butadiene plants have ordinarily
      been operated with targeted conversion being adjusted for a bank of
      reactors, so that previously the targeted conversion for each reactor in a
      bank was ordinarily the same. The computer control of the present
      invention has the very important advantage of making feasible the setting
      of each reactor for its own targeted conversion. Inasmuch as the computer
      dows not retain a memory of what is actually the conversion achieved in a
      particular reactor, but relies upon a plurality of deviations from the
      average conversion in the bank of reactors, the deviation of a reactor's
      conversion from its targeted conversion is advantageously determined by
      the summation of the reactor's deviation from average conversion and the
      deviation of the reactor's targeted conversion from such average
      conversion. Because measurements are conducted in a stream containing
      product from several reactors, a relatively complicated explanation is
      necessary in showing that the control system urges the process in each
      reactor to move toward the conversion level for which each reactor is
      targeted.
PAR  The computer generates a signal which is a correction signal related to the
      summation of the corrective signal indicative of the reactor's deviation
      from average conversion and the corrective signal indicative of the
      deviation of the targeted conversion of such reactor from said average
      conversion. The signal reflecting the thus measured summation of said two
      deviations is employed by the computer to generate the signals controlling
      the regeneration temperature. The air heater provides a stream containing
      steam, carbon dioxide, and air having a temperature usually above the
      methane auto ignition temperature. Hence, the methane injected near a
      reactor may be at least partially burned before the gas stream reaches the
      catalyst bed. The computer signals control the steps of increments of
      amounts of methane and/or other modifiers introduced into the air heater
      and into the supplemental fuel injection jets at each reactor, thus
      controlling the temperature of the regeneration gas, and thus controlling
      the end-of-regeneration temperature of that particular reactor. Such
      computer control of the temperature of a particular reactor promotes a
      conversion in such reactor in the subsequent cycle at a level as close as
      feasible to the targeted conversion level.
PAR  Because there is a reasonable correlation between the data relating to the
      average conversions during a series of 3 minute fractions and the maximum
      conversions during such series, it is convenient to employ signals from a
      meter measuring minimum gas density (i.e., maximum conversion) during such
      nth fraction of cycle time, but any appropriate measurement during such
      nth fraction of the cycle time which reasonably is translatable as a
      measurement of conversion might be substituted for such minimum density
      measurement.
PAR  The post-regeneration temperature of each bed is the resultant of the heat
      from burning the coke laid down in the previous cycle and the heat from
      burning the controlled amount of fuel gas (generally methane) injected
      into the regeneration gas, and other heat transfer characteristics of the
      regeneration gas. Reactors are conventionally provided with structural
      components assuring adequate gas mixing prior to contacting the catalyst
      bed and assuring uniform flow of the mixed gas stream through the catalyst
      bed, regardless of differences in the schematic indication of gas entry
      zones. It is sometimes appropriate to provide a cooling gas at a
      moderately low temperature such as 300.degree.F., and to inject such
      cooling gas to adjust the regeneration gas to the reactor at a temperature
      lower than the temperature of the hot gas from the air heater for the bank
      of reactors. Steam or compressed air are suitable examples of cooling
      gases. An air heater might be simultaneously sending hot air to three
      reactors, one with no supplemental temperature modification, one hotter
      than derived from the air heater becasue of injection of supplemental
      methane which instantly burns to heat the regeneration gas, and one cooler
      than the air heater because of injection of 300.degree.F. steam which
      instantly mixes to cool the regeneration gas before it reaches the
      catalyst bed. Computer-actuated operation of the valve system for a
      cooling gas (e.g., steam) so nearly resembles the corresponding operation
      of the valve system for the supplemental fuel supplied to the mixing zone
      associated with each reactor that such cooling system is omitted from the
      drawing in an effort to make the drawing more readily understood.
PAR  In accordance with the present invention, the signal from the computer
      makes fine tuning adjustments of the position of the valves supplying
      methane and/or cooling gas to the regeneration gas for each reactor.
PAR  Any process control system can exhibit a propensity toward excessively
      rapid correction of detected abnormalities. By limiting the maximum
      adjustments for a single regeneration, greater stability of operation is
      achieved while still being prompt enough to avoid runaway trends of
      conversion. Instead of making the adjustment which should theoretically
      restore the reactor for producing such targeted conversion for such
      reactor, such theoretical adjustment is appropriately adjusted in
      accordance with good engineering practice for automated instrument
      control. The computer retains a memory of all adjustments during recent
      cycles.
PAR  The adjustments of the type controlled by the present invention can be
      relatively infrequent during desired periods of perfect balance amongst
      the reactors. Partly because the conversion deviations are determined for
      each reactor imminently scheduled for regeneration (conveniently
      designated as constant surveillance) any significant deviation of
      conversion is detected promptly. The smallness of the adjustment required
      for thus promptly restoring the reactor toward its targeted conversion is
      among the significant advantages of the invention.
PAR  The heat input of the regeneration gas can be modified less satisfactorily
      by gas pressure, gas volume, gas density and/or other variables different
      from the preferred control of the degree of opening of the methane flow
      regulating valves at the air heater and for each reactor. Similarly,
      cooling excessively hot gas to provide to a reactor regeneration gas of
      suitable temperature is preferably controlled by a similar system of
      valves for cooling steam. It is convenient to describe all such variations
      of the heat content of the regeneration gas for the individual reactors
      primarily in terms of the preferred variations in the amount of a
      modifying gas.
PAR  At the air heater, in which the methane flow may be responsive to an
      adjustable temperature regulating control, it may be convenient to direct
      the signal from the computer to adjust the temperature regulating control
      which in turn adjusts the methane valve for the air heater. If a bank of
      reactors were equipped with a bank of as many air heaters as reactors,
      then an intermittently operated air heater would be macro-adjusted and
      microtuned to provide the reactor with regeneration gas having the
      appropriately adjusted temperature.
PAR  The regulation of the control valves for the modifying gas is more readily
      understood than any of the other appropriate engineering approaches for
      attaining the desired adjustment of the temperature of the regeneration
      gas. Of importance is the prompt detection of an approximate reactor
      deviation while the reactor is imminently scheduled for regeneration and
      the correction of the heat input for the next regeneration to readjust
      toward target conversion immediately.
PAR  The flow of concepts and signals processed by the computer in several
      embodiments can be shown in the following chart:
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PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a schematic flow sheet indicating the manner in which a signal
      from a meter measuring the conversion of the mixed, quenched product
      stream is converted by the digital computer into a signal effective in the
      micro-tuning of the temperature of regeneration gas for each reactor,
      whereby each reactor is brought promptly toward the targeted conversion
      for such reactor.
DETD
PAC  DETAILED DESCRIPTION OF DRAWINGS
PAR  Each reactor in a bank of reactors 120, 220, etc. 620, 720, as shown in
      FIG. 1, contains an adiabatic bed of chromia-alumina particles and heat
      retentive alumina particles. The primary control 846, including the cycle
      timer, provides for the automatic cycling of the process steps amongst the
      seven reactors. After an adiabatic bed in a reactor has been heated to an
      appropriately hot temperature by the flow of hot regeneration gas, such
      bed may be vacuum purged to remove air and combustion gases and optionally
      treated with a reducing gas to reduce the chromium oxide catalytic
      component to a lower valent state more effective as a catalyst. In an
      adiabatic dehydrogenation method, each bed is prepared for the
      dehydrogenation portion of the cycle by an appropriate treatment.
PAR  The dehydrogenation portion of the cycle is initiated by the opening of the
      valve permitting hydrocarbon to flow from manifold supply line 101,
      generally maintained at subatmospheric pressure. In previous decades, the
      market prices of paraffins and unsaturated hydrocarbons has been such that
      the adiabatic method has been particularly attractive for the conversion
      of butane to butadiene, but the method has engineering advantages for the
      manufacture of unsaturated hydrocarbons for which the demand is
      sufficiently reliable to merit the type of capital investment involved in
      a plant for adiabatic dehydrogenation. In a typical butadiene plant, the
      complete cycle is 21 minutes, as regulated by the cycle timer of the
      primary control system 846. The regeneration time and dehydrogenation time
      are each about 560 seconds (9 1/5 minutes) and the balance of the 21
      minute cycle time is required for the various intermediate and purging
      steps.
PAR  The effluent product stream from a reactor is withdrawn from a reactor and
      directed to a product manifold line 842. During a 21 minute cycle time,
      product effluent is collected from each of the seven reactors. Such mixed
      product stream is subjected to a quenching zone 843 to provide a stream of
      quenched, mixed product from the 7 reactors. Such mixed product stream has
      certain varying characteristics indicative of the extent of conversion in
      the reactors, and the measuring device for detecting such conversion is
      designated as a meter 844. After monitoring the conversion, the mixed,
      quenched product stream passes to the steps effective for the purification
      of the unsaturated hydrocarbon product 845.
PAR  AFter the dehydrogenation step in each reactor, there is appropriate
      purging of the hydrocarbon vapor, and the beginning of the regeneration,
      involving the injection of air effective in burning the coke deposited
      during the previous dehydrogenation portion of the cycle and having a
      sufficiently high temperature to provide heat transfer from the heated air
      to the catalyst bed. such hot air for regeneration flows through manifold
      line 108 from air heater 106. Air flows through line 107 into air heater
      106. The combustion of gaseous fuel (ordinarily methane) from fuel source
      102 through valve 103 heats such air. The thus heated air leaves the air
      heater 106 through line 108. A temperature regulating control is
      adjustable so that the heated air is as hot as required. The valve 103 may
      be responsive to such temperature regulating control.
PAR  In the drawings, there are notations of valves connecting a reactor with a
      C.sub.4 hydrocarbon stream, regeneration air and supplemental methane
      fuel. The final temperature of the adiabatic bed in a reactor is
      controlled in part by the temperature of the hot air in line 108
      (regulated by valve 103 controlling the amount of methane supplied to the
      air heater) and by the amount of supplemental modifying gas injected into
      the regeneration air from modifying gas manifold 105. Ordinarily, methane
      is the modifying gas, thus increasing regeneration gas temperature, but
      sometimes steam is a cooling gas. sometimes two similar systems are
      employed so that either of such modifying gases may be injected. Reactors
      and the manifold and valve system to the reactor assure complete mixing of
      gas streams prior to contacting the catalyst bed. Thus, any methane
      injected through line 105 is substantially burned to heat the regeneration
      air before it reaches the catalyst bed.
PAR  The description heretofore of the method of dehydrogenating a C.sub.4
      hydrocarbon stream to form a mixture comprising butylene and butadiene
      corresponds generally to the adiabatic dehydrogenation method as practiced
      in certain units prior to the development of the present invention.
PAR  Particular attention is directed to a digital computer 847 having an input
      signal through line 848 to the instrument for measuring the momentary
      extent of conversion at meter 844. The measurements of conversion as
      determined in the meter 844 are converted or transformed by the digital
      computer into a series of determinations of the deviation of each reactor
      from the average conversion and into a series of determinations of the
      deviation of such average conversion from the targeted conversion for that
      reactor and a series of signals, each signal being for a reactor a
      summation of such conversion deviation and such targeted deviation. During
      and/or immediately after the butadiene formation step, the digital
      computer determines from the data on the previous complete cycle, the
      average conversion and the deviation from average conversion for the
      reactor imminently scheduled for regeneration and determines from such
      data an appropriate correction factor, using also the data on the targeted
      conversion (set point) for such reactor, which correction factor may be
      zero, or a small positive or negative value applicable to the micro-tuning
      of the temperature of the regeneration gas for said reactor imminently
      scheduled for regeneration. The digital computer, by responding to the
      conversion measurements in the mixed, quenched product, provides the
      signals controlling the valve directinng the modifying gas (steam or
      methane) into the regeneration gas for the reactor undergoing
      regeneration, and thus controls the final temperature of the adiabatic
      bed, and thus regulates the extent of conversion in the next
      dehydrogenation cycle. The computer also sends a signal to adjust air
      heater temperature when appropriate.
PAR  Because the digital computer thus regulates the amount of modifying gas
      (methane or steam) sent to the regeneration gas for each of the reactors
      during regeneration, the reactors are brought toward the targeted
      conversion for each reactor, and thus ordinarily toward perfect balance
      amongst the reactors. As a result of the balancing by the computer, the
      range of deviation from targeted conversion amongst the seven reactors is
      significantly narrowed and is assuredly narrowed to within a range of plus
      or minus 5 per cent of the targeted conversion for each reactor.
      Heretofore, difficulties have been encountered in seeking to achieve the
      type of balance permitting optimum operation of the dehydrogenation plant,
      but the present invention assures better routine operation than was
      previously the general practice.
PAR  The mixed product stream, during each 9 1/5 minute period, has product from
      each of four reactors, thus complicating the problem of using the meter
      844 to measure a characteristic indicative of conversion and identifying
      the measurement of conversion for each of the seven reactors. The
      approximate deviation in conversion for each reactor is derived from seven
      successive measurements during 1/7 of the cycle time when there are seven
      reactors or n measurements of one-nth of the cycle time when there are n
      reactors. The period of dehydrogenation corresponds approximately to 3/7's
      of the cycle time, or a plurality of the 1/nth fractions of the cycle
      time. Every three minutes, or 1/nth cycle time, a new deviation for a
      different time period is thus generated.
PAR  The relationship amongst the deviations from average conversion can be
      expressed by seven simultaneous equations as follows in which the maximum
      conversion during a three minute period is measured for 7 such periods and
      averaged and the deviations for each 3 minute period are designated as the
      .DELTA.R. From the .DELTA.R data, the deviations for each reactor,
      designated as .DELTA.r, are determined from the simultaneous equations.
      The reactors are numbered in the order in which they go onstream.
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PAL  The computer employs this set of simultaneous equations to determine the
      deviation for the seventh (imminently scheduled for regeneration) reactor,
      and generates a correction signal which is the summation of such deviation
      from average conversion and the deviation of the targeted conversion from
      average conversion. When regeneration temperature for a reactor such as
      r.sub.1, has been corrected between period R.sub.1 and period R.sub.5, an
      appropriate approximate correction is applied for equations R.sub.6 and
      R.sub.7 to preserve the requirement for only seven unknowns from the seven
      equations.
PAR  The digital computer can solve such simultaneous equation for determining
      .DELTA.r.sub.7 and/or each of the seven approximate reactor deviations
      from average conversion. Such deviation is desirably very small.
      Heretofore in the absence of the present invention, butadiene plants have
      been operated at conditions at which a reactor deviation of the magnitude
      of 10 per cent has sometimes occurred several times per year. By reducing
      maximum monthly reactor deviations to as low as 5 per cent, significant
      improvements are achieved, and still better results are obtained when the
      14,400 reactor deviations per month are consistently less than about 1 per
      cent when all reactors are set for the same targeted conversion, and the
      deviations from average conversion are the only significant deviations.
PAR  By the use of the digital computer, the range of deviations from average
      conversion can be narrowed significantly so that the range of reactor
      deviations can be desirably about plus or minus 1 per cent and assuredly
      within the range of plus or minus 5 per cent. The automated control for
      minimizing unbalance amongst the conversion of the reactors permits more
      satisfactory operation of a bank of reactors. The computer control of
      regeneration gas temperature on an individual reactor individual
      regeneration basis also makes it feasible to adjust targeted conversion on
      an individual reactor individual dehydrogenation period basis. Shifts of a
      reactor or bank of reactors from one conversion level to another can be
      rate adjusted by controls of the type conveniently designated as ramp
      slope controls.
PAR  Ordinarily, the primary controls regulate the valve 103 so that the
      temperature of the air heater 106 is low enough that an amount of
      supplemental fuel is required during regeneration of each reactor.
      Moreover, the temperature of the hot air, containing some combustion
      gases, in line 108 is hot enough that the combination of such hot air and
      the thus ignited supplemental fuel from manifold line 105 is sufficient to
      raise the adiabatic bed to the temperature necessary for appropriate
      conversion in the next dehydrogenation step. The digital computer
      desirably includes a line 161 as a supplemental control signal for valve
      103 so that the temperature of the hot air in line 108 is within the range
      necessary for the microtuning signals 151, 251, etc. 751, to maintain the
      desired balance amongst the reactors. The signal from the computer to the
      air heater can modify the temperature regulating control which in turn
      adjusts the methane supply to the air heater. Under those circumstances in
      which the air heater, in order to meet the needs of another reactor,
      supplies air which is too hot, the regeneration gas for a particular
      reactor can be cooled by injection of a cooling gas at a temperature
      significantly cooler (at least about 500.degree.F. cooler) than the hot
      air from the air heater. Compressed air is suitable as a cooling gas.
      Oftentimes it is convenient to use steam at about 300.degree.F. as such
      cooling gas.
PAR  The nature of the invention is further clarified by a plurality of
      examples.
PAC  EXAMPLE 1
PAR  Fresh catalyst is supplied at a turn-around to each of seven reactors
      120-720. A hydrocarbon feed, consisting of a mixture of fresh butane and
      recycled C.sub.4 hydrocarbons (comprising butene-1, butene-2, and butane
      from purification system 845), is supplied through line 101. Each bed is
      brought to thee desired operating temperature (1075.degree.F.) and
      evacuated. The cycle timer controls the valves so that the hydrocarbon
      flows through each reactor for about 9 1/5 minutes, during which the
      dehydrogenation effluent flows from the reactor through a valve and
      through a reactor pipe and through a collection line of a manifold 842 to
      the quenching zone 843, wherein the gas temperature is cooled from the
      1075.degree. F. level to about 100.degree.F. The mixed, quenched gas
      stream is directed through meter 844. After such metering, the gas stream
      is sent to the purification system 845 in which butadiene and/or other
      products are recovered and purified.
PAR  Each reactor is purged and prepared for regeneration. During regeneration,
      hot air flows to a reactor through line 108, whereby the coke deposited in
      the reactor is burnt. Before and/or during the regeneration of reactor
      120, the digital computer 847 provides a signal for the correction of the
      temperature of the regeneration gas supplied to reactor 120. Ordinarily,
      no change in the adjustment of valve 103 for air heater will be needed.
      Usually it will not be necessary to cool the gas by dilution with a
      cooling gas such as steam at about 300.degree.F. Oftentimes the computer
      signal controls the micro-tuning of valve 123. The amount of methane
      supplied from line 105 is thus adjusted so that the conversion during the
      next dehydrogenation step will more closely match the targeted conversion
      for said reactor 120.
PAR  In accordance with some embodiments of the present invention, the density
      of the mixed, quenched gas stream is measured by meter 844 to detect an
      indication of conversion for the three minute period. It is sometimes
      advantageous to use the maximum conversion during such period as the
      desired indication. The memory of the computer notes such indication of
      conversion for each of the seven periods of 3 minutes each and obtains the
      average conversion for such seven measurements of the 21 cycle period, as
      well as the seven deviations for the seven periods, the .DELTA.R's of
      seven simultaneous equations. The computer determines, for the reactor
      imminently scheduled for regeneration, the deviation from average
      conversion as well as the deviation of such average conversion from
      targeted conversion. Moreover, the computer determines the summation of
      said two deviations. Usually each reactor in a bank of reactors is set for
      the same targeted conversion, but the individual control of regeneration
      by the computer of the present invention makes more appropriate the
      individual adjustment of targeted conversion for each reactor.
PAR  The computer generates for the reactor imminently scheduled for
      regeneration a correction signal which is related to a signal constituting
      said summation of the deviation of the reactor from average conversion and
      the deviation of targeted conversion from average conversion. If the
      correction signal is negative, indicating that there was more conversion
      in a particular reactor than targeted, then during the next regeneration
      period there should be a decrease in the temperature of the regeneration
      gas by decreasing the amount of methane supplied to such reactor. Line 151
      represents the signal from the computer 847 to valve 123 for achieving
      such micro-tuning control. If a sufficient lowering of regeneration
      temperature were not feasible, then the computer would send a supplemental
      correction signal by line 161 to valve 103 of air heater 106. if a
      sufficient lowering of the temperature of the regeneration gas were not
      feasible by the signals through 151 and 161, then the computer would
      actuate the system for injecting a cooling gas into the regeneration gas
      stream directed to such reactor. An example of a modifying gas having a
      cooling action would be steam at about 300.degree.F.
PAC  EXAMPLE 2
PAR  In a seven reactor system not initially equipped for the practice of the
      present invention, the gas density of the quenched, mixed product is
      measured during each 3 minutes during an appropriate time period. Such
      data are employed with the set of simultaneous equations previously
      described to determine reactor deviations for each of the seven reactors.
      The reactor deviations are tabulated to evaluate the range of reactor
      deviations. It is found that the range of gas gravity deviation is from
      -0.18 to about 0.018. The thus measured values are as follows:
TBL                    Gravity                                                 
     Reactor No.       Deviation                                               
     ______________________________________                                    
     1                 -0.018                                                  
     2                 -0.002                                                  
     3                 +0.002                                                  
     4                 +0.012                                                  
     5                 -0.002                                                  
     6                 +0.018                                                  
     7                 -0.01                                                   
     ______________________________________                                    
PAL  Such data illustrate the method of calculating average gas density during
      each three minute period and the method for calculating reactor deviation
      by the method of the present invention. Such data also illustrate the
      phenomena of a range of unbalance of the magnitude of plus or minus 0.02
      gas gravity units in the absence of the present invention. The range of
      reactor deviation is narrowed by adoption of the present invention to
      about plus or minus 0.005 gas gravity units. Such superior balancing
      amongst reactors improves daily performance of the system and permits
      setting the targeted conversion for the bank of reactors at a higher
      conversion level than would have been risked without the present
      invention.
PAC  EXAMPLE 3
PAR  A butadiene plant is designed to employ six reactors on a 24 minute cycle.
      The mixed, quenched dehydrogenation effluent is measured for density using
      a meter responsive to the instantaneous gas density of the flowing stream
      and the signals from the density meter are transmitted to the computer in
      which reactor deviations from targeted conversion for each reactor are
      automatically determined from such density measurement signals. The
      summation of the approximate deviation from average conversion and the
      deviation of the targeted conversion from such average conversion provides
      the deviation signal for each reactor, which signal is employed by the
      computer to control the micro-tuning of the valves for the injection of a
      modifying gas (methane or a cooling gas such as steam) during the next
      regeneration of such reactor.
PAC  EXAMPLE 4
PAR  A butadiene plant is designed to employ eight reactors on a 24 minute
      cycle. A meter measuring the hydrogen content of the mixed, quenched
      dehydrogenation effluent is employed to detect instantaneous variations in
      conversion and the signals from such meter are translated by the computer
      into correction signals controlling the micro-tuning of the supplemental
      methane valve during regeneration. In this manner, the balance amongst the
      reactors is enhanced so that the range of deviation in conversion amongst
      the eight reactors is transformed from about 7 per cent to about 0.5 per
      cent.
PAC  EXAMPLE 5
PAR  The dehydrogenation effluent from each of seven reactors is connected to a
      manifold system comprising a plurality of collection lines from the
      reactors and a common manifold line. A meter responsive to the
      instantaneous concentration of hydrogen in the gas stream is installed in
      a collection line from a reactor to a manifold line. At this zone, the gas
      temperature is so high as to be unsuitable for some types of
      instrumentation, but within the operating range of the hydrogen meter.
      Each valve for the modifying gas (e.g., supplemental methane) and the air
      heater temperature is micro-tuned in response to the signal generated in
      the computer in response to the indication of overall conversion in said
      particular reactor, as measured by the hydrogen meter during the
      immediately preceding dehydrogenation period. The computer determines a
      signal which is a summation of the deviation of the average conversion
      from targeted conversion and the deviation of conversion of such reactor
      from average conversion. Such direct measurement of conversion in a
      particular reactor, and use of the computer to control the regeneration in
      an effort to restore more nearly to its targeted conversion involves
      measurements in zones in which instrumentation difficulties might occur.
      Instrumentation and communication lines are provided for an alternative
      mode of operation. The mixed, quenched dehydrogenation effluent is
      directed through a zone in which the conversion during 1/nth of cycle
      period is measured by a densometer and the signals are transmitted to the
      computer. The deviations of each 1/nth of cycle time are employed by the
      computer to determine for the reactor imminently scheduled for
      regeneration a signal indicative of approximate deviation for each reactor
      from average conversion and a signal indicative of the deviation of
      average conversion from targeted conversion, and a signal which is the
      summation of such deviations. These signals are employed for regulating
      the valves for methane at the air heater and the supplemental methane for
      the individual reactor, thereby adjusting the reactor more closely to its
      targeted conversion. The effectiveness of the mode of operation featuring
      the measurement of gas density in the quenched, mixed stream is confirmed
      so that such indirectly determined summation of the two approximate
      deviations for a particular reactor is a practical alternative to a direct
      measurement of conversion in the dehydrogenation effluent from a
      particular reactor. Lower maintenance costs for instrumentation and lower
      capital investment for instrumentation are among the important advantages
      achieved by using the measurement of the quenched, mixed stream.
PAR  In a control test, an attempt is made to measure ethe density of a sample
      stream withdrawn from the hot effluent from a particular reactor and
      directed through a miniature quench zone prior to passage through the
      measuring zone and return down-stream in the hot effluent. The miniature
      quench system provided for the stream of sampling gas complies with the
      engineering standards satisfactory for instrumentation for several high
      temperature processes. However, the ease of polymerization and
      carbonization of components of the butadiene effluent stream made the
      attempted miniature quenching system quite unmanageable. The propensity
      for fouling up the miniature quenching system created excessive
      maintenance problems. The constrictions inherent in the sampling system
      significantly enhanced the probabilities of fouling of the miniature
      quenching system. By a series of tests it is established that the
      instrumentation for a butadiene plant should be positioned in a zone
      subsequent to the large quenched system or in the hot gas stream prior to
      quenching and that attempts to rely upon miniature quenching systems
      involve an objectionably high degree of unreliability, excessive cost, and
      other engineering disadvantages.
PAC  EXAMPLE 6
PAR  In a seven reactor system, the signals from the meter measuring conversion
      in the mixed, quenched dehydrogenation effluent are sent to a computer in
      which the signal processing involves storage in the memory of conversion
      data for a significant series of periods corresponding to 1/n cycle. The
      fluctuations in conversion are ordinarily within a relatively narrow
      range, so that signals relating to increments greater than the typical
      minimum provide useful data. At the end of each 1/nth cycle, the computer
      uses such data to determine average conversion and to determine
      appropriate deviations of conversion for each reactor (positive, negative,
      or zero) between such average conversion and reactor conversion. Deviation
      of targeted conversion from average conversion is also determined. The
      computer generates for the reactor imminently scheduled for regeneration
      indicative of the sum of the reactor deviation from average conversion and
      the deviation of average conversion from targeted conversion. A correction
      signal related to such summation signal actuates the micro-adjustment of
      the valves supplying modifying gas (e.g., cooling gas or fuel gas) for the
      regeneration for such reactor so that the post-regeneration temperature of
      the reactor is precisely controlled for each regeneration step. When
      necessary, the air heater temperature can be adjusted by such correction
      signal, and micro-tuning of the regeneration gas temperature can be
      adjusted by regulating the valve supplying modifying gas (supplemental
      methane or cooling gas) for the regeneration gas for such reactor. If all
      reactors are adjusted for the same targeted conversion, as has heretofore
      been ordinary, imperfections in balance amongst reactors are thus detected
      promptly, and because of such promptness of measurement of approximate
      deviation of each reactor, corrective adjustments can be made for the
      regeneration period following the dehydrogenation period during which the
      conversion measurements were made.
PAR  Various modifications in the invention are possible without departing from
      the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of preparing unsaturated hydrocarbons from a gaseous
      hydrocarbon feedstock, wherein during a complete cycle the feedstock is
      directed through a dehydrogenation system comprising n adiabatic reactor
      beds in parallel, n being the number of adiabatic reactor beds in said
      system, said n having the same numerical value throughout said system, and
      wherein the dehydrogenation effluent from each of the n adiabatic reactor
      beds is mixed and directed through a quenching zone to provide a mixed,
      quenched product stream, which during the complete cycle time for one
      adiabatic reactor bed contains the mixture of product from all of said
      adiabatic reactor beds, said cycle time being arbitrarily divided into n
      instances of 1/nth of the cycle time, said system comprising primary
      controls for conducting said dehydrogenation to seek from each of said
      adiabatic reactor beds a targeted conversion of hydrocarbon feedstock, the
      improvement which consists of:
PA1  making a series of n measurements of a characteristic indicative of the
      conversion of hydrocarbon feedstock during 1/nth of cycle time;
PA1  determining the average characteristic indicative of the conversion from
      the n instances of thus measured characteristic of conversion, said time
      average characteristic indicative of the conversion being a measurement of
      the average conversion of all reactors during said cycle time;
PA1  determining the approximate positive or negative deviation of measurement
      of a characteristic indicative of conversion from said average
      characteristic indicative of conversion, said deviation being determined
      for each of the n time periods;
PA1  utilizing said n deviations of time periods to determine for the adiabatic
      reactor bed imminently scheduled for regeneration the approximate positive
      or negative deviation of said adiabatic reactor bed from said average
      characteristic indicative of conversion;
PA1  determining for the adiabatic reactor bed imminently scheduled for
      regeneration the deviation of said targeted conversion from said average
      characteristic indicative of conversion;
PA1  generating for each adiabatic reactor bed as it is imminently scheduled for
      regeneration a summation signal indicative of the summation of conversion
      deviation of targeted conversion from average characteristic indicative of
      conversion and said approximate positive or negative deviation of said
      adiabatic reactor bed from said average characteristic indicative of
      conversion and generating a positive or negative correction signal related
      to said summation signal;
PA1  utilizing said correction signal for adjusting the temperature of the
      regeneration gas to said reactor during said scheduled regeneration at
      conditions adapted to restore as closely as feasible the conversion in
      said reactor in the subsequent cycle to said targeted conversions; and
PA1  repeating such adjustment of the temperature of the regeneration gas to
      each reactor for each regeneration to maximize approach toward targeted
      conversion.
NUM  2.
PAR  2. The method of claim 1 in which each of the n reactors has substantially
      the same targeted conversion whereby the individual adjustment of
      regeneration gas temperature minimizes the imbalance of conversion amongst
      the n reactors over a prolonged period of time and preserves a conversion
      range which is smaller than about plus or minus 5 per cent for the n
      reactor deviations in conversion during a complete cycle time.
NUM  3.
PAR  3. The method of claim 1 in which said correction signal for a reactor
      regulates the amount of a modifying gas injected into the hot air directed
      to such reactor, said modifying gas being selected from the group
      consisting of fuel gas and a cooling gas having a temperature at least
      500.degree.F. cooler than the hot air flowing toward the reactor.
NUM  4.
PAR  4. The method of claim 1 in which said correction signal for a reactor
      regulates at least one of at least two controls employed in regulating the
      temperature of the regeneration gas, one of said controls being for the
      fuel gas supplied to the air heater and another of said controls being for
      a modifying gas supplied to each reactor, said modifying gas being
      selected from the group consisting of fuel gas and a cooling gas having a
      temperature at least 500.degree.F. cooler than the hot air flowing toward
      the reactor.
NUM  5.
PAR  5. The method of claim 1 in which the density of the mixed, quenched
      product stream is the characteristic of such stream which is measured.
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ABST
PAL  Improved zinc ferrite oxidative dehydrogenation catalyst can be prepared by
      co-precipitating the catalysts from a solution of zinc and iron ions in
      the presence of a high molecular weight polyhydric material such as
      dextran in a 2 to 4 normal alkali metal hydroxide solution. The result of
      having the polyhydric material present is that the precipitate has the
      form of a granular gelatinous precipitate of improved processability. The
      catalyst itself is more active in dehydrogenations and physically stronger
      than comparable catalyst prepared by conventional methods. More
      importantly, zinc ferrite catalysts prepared in this manner have extremely
      long useful lives whereas those prepared by conventional methods have very
      short useful lives.
PARN
PAR  This application is a division of Ser. No. 365,916, filed June 1, 1973, now
      U.S. Pat. 3,849,545, which was a continuation-in-part of Ser. No. 122,162,
      filed Mar. 8, 1971, and now abandoned.
BSUM
PAR  The present invention relates to a zinc ferrite oxidative dehydrogenation
      catalyst more particularly the invention relates to a method for preparing
      the zinc ferrite catalyst and the method of using the zinc ferrite
      catalyst.
PAR  The types of dehydrogenation catalysts known are quite varied. Generally
      dehydrogenation catalysts comprise a metal compound or mixture of metal
      compounds. Such compounds include the metal oxides, metal salts such as
      the halides, phosphates, sulfates, molybdates, tungstates, and the like.
      Generally, these catalysts can be characterized as compounds containing a
      metal having a polyoxidation state, i.e., a metal having at least two
      oxidation states, in addition to the zero state. Suitable metals are found
      in Groups IVB, VB, VIB, VIIB, VIII, IB, IVA, VA and VIA of the Periodic
      Table* of elements. Particularly useful polyoxidation state metals are Ti,
      V, Cr, Mn, Fe, Co, Ni, Cu, Nb, Mo, Ru, Rh, Pd, Sn, Sb, W, Re, Os, Ir, Pt,
      Au, Hg, Tl, Pb, Bi and Po.
FNT  *Handbook of Chemistry and Physics, 45th Ed., 1964-1965. The Chemical
      Rubber Co., Cleveland, Ohio, p.B-2.
PAR  Among the preferred catalysts of this type are those which contain iron,
      oxygen and at least one other metallic element Me. The catalysts are often
      termed ferrites. Ordinarily the inonic radius of the second metallic
      ingredient(s) Me is small enough that the oxygen anions are not spread too
      far apart. That is, the elements must be able to form a crystalline
      structure with the iron and oxygen.
PAR  A preferred ferrite catalyst is that having a face-centered cubic form of
      crystalline structure. Examples of this type of catalyst are ferrites of
      the general formula MeO.Fe.sub.2 O.sub.3 where Me is a divalent metal
      cation such as Mg.sup.-.sup.- Ni.sup.-.sup.- or Zn.sup.-.sup.- . However,
      the spinel structure may not occur and other types of ferrites having a
      hexagonal crystal may be formed. The hexaggonal ferrites are within the
      scope of the definition of catalysts of this invention. Examples of
      ferrite catalysts are such as magnesium ferrite, cobalt ferrite, nickel
      ferrite, zinc ferrite, barium ferrite, strontium ferrite, manganese
      ferrite, calcium ferrite, cadmium ferrite, silver ferrite, zirconium
      ferrite, and rare earth ferrites such as cerium ferrite or mixtures of
      ferrites, such as ferrites containing iron combined with at least one
      element selected from the group consisting of Mg, Zn, Ni, Co, Mn, Cu, Cd,
      Ca, Ba, Sr, Al, Cr, Ti, V, Mo, W, Na, Li, K, Sn, Pb, Sb, Bi, Ga, Ce, La,
      Th, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and mixtures
      thereof with a preferred group being Mg, Ca, Sr, Ba, Mn, Cr, Co, Ni, Zn,
      Cd and mixtures thereof. A number of such catalyst are described in the
      following U.S. Pat: Nos. 3,420,911; 3,420,912, 3,428,703; 3,440,299;
      3,260,767; 3,274,285; 3,284,536; 3,303,234-7; 3,320,329; 3,334,152,
      3,336,408; 3,342,890; 3,404,193; 3,437,703; 3,446,869; 3,456,030.
PAR  It is an object of this invention to provide a process for producing a zinc
      ferrite oxidative dehydrogenation catalyst with a long useful life. It is
      a further object of this invention to provide a process of catalyst
      preparation that is easily carried out. It is a further object to provide
      a catalyst which will have long catalytic life and exhibit excellent
      physical strength. It is another object of this invention to provide an
      oxidative dehydrogenation catalyst which will give high yields of the
      desired dehydrogenation products. These and other objects and advantages
      of the present invention will become apparent from the following
      description of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method of preparing zinc ferrite
      dehydrogenation catalysts which have the intimate contact desirable and
      possible from the precipitation methods of preparation and yet have
      physical strength superior to the precipitated catalyst.
PAR  In the case of the zinc ferrite oxidative dehydrogenation catalyst several
      other improvements are obtained by the present invention including the use
      of higher oxygen to hydrocarbon ratios without substantial loss of
      selectivity thus higher yields, lower inlet temperatures, and longer
      catalyst life than analogous but conventionally prepared catalysts, under
      similar operating conditions.
PAR  Another advantage found with the present catalyst is the increased control
      of the reaction. Oxidative dehydrogenation reactions are exothermic thus
      some means must be employed to control the temperature. Two particular
      means are heat exchangers for heat removal or a diluent, such as steam, in
      the feed stream. In either case the instant catalyst provides greater
      control, but in the adibatic process it has been found that the quantity
      of steam diluent can be reduced from that normally required thus effecting
      a substantial utility savings.
PAR  Briefly stated, one aspect of the present invention is an improvement in
      the method of preparing a zinc ferrite oxidative dehydrogenation catalyst
      comprising contacting a solution of a soluble metal component comprising
      zinc and iron with a precipitating agent to precipitate an insoluble metal
      component comprising zinc and iron in the presence of a high molecular
      weight soluble polyhydric organic compound and calcining the precipitate
      wherein the improvement comprises employing as the precipitating agent
      solution of a hydroxide of a metal selected from the group consisting of
      Li, Na, K, Rb and Cs, said precipitating solution having a normality of
      between 2 and 4. As used herein and in the claims the term "metal
      component" is understood to mean zinc and iron alone or in admixture with
      other metal compounds having the same or different anions and/or cations.
      The term "normality" is used in its usual and conventional meaning and is
      understood to mean the gram equivalents of the dissolved substance per
      liter, i.e., the gram molecular weight of the dissolved substance divided
      by the hydrogen equivalent of the substance per liter of solution.
PAR  The mechanism of the polyhydric material is not fully understood. It is
      possible for some polyhydric compounds to form complexes with metals,
      however, this does not appear to be essential to the present invention.
      The high molecular weight of the polyhydric material imparts polymeric
      qualities of viscosity and surface tension to the solution. The term
      polyhydric is used to describe a material having at least two and
      preferably three or more hydroxyl groups or groups that produce hydroxyl
      groups under conditions of the preparation. The term high molecular weight
      is used to mean a material having a molecular weight of at least about
      3000 (number average) or more. The term soluble is used to indicate that
      the polyhydric material is sufficiently soluble to give the improved
      catalyst. It is also generally expected that the precipitating medium will
      be aqueous, however, it is contemplated that other solvents can be
      employed within the scope of this invention.
PAR  The molecular weight of the soluble polyhydric organic compounds is not
      critical, but it should be appreciated that lower molecular weights than
      about 3000 may not provide a satisfactory environment for the formation of
      the gel. Generally the molecular weight will be at least 4000 with the
      upper limit being set by solubility consideration and also the viscosity
      of the precipitating medium. Since the precipitating agent must contact
      the metal ions, the viscosity of the precipitating medium cannot be too
      great. Generally, soluble polyhydric materials that will allow mixing of
      the metal ions and precipitating agent will not have molecular weights of
      greater than 400,000.
PAR  The polyhydric organic compounds contemplated include polyhydric alcohols,
      including polyesters such as those derived from polybasic acids as adipic,
      succinic, sebacic, azelaic and phthalic polyols as pentaerythritol,
      xylitol and sorbitol, polyethers such as the condensation products of
      ethylene oxide, propylene oxide and mixtures thereof with polyols such as
      glycerol, pentaerythritol, xylitol, sorbitol and polysaccharides, and
      hydrolyzed polymers such as polyvinyl acetate to polyvinyl alcohol. The
      polyesters and polyethers are widely known and commercially used in the
      preparation of polyurethane films and foams.
PAR  A particularly preferred class of polyhydric compounds is polysaccharides
      having a molecular weight of at least about 3000. Included are
      polysaccharides containing repeating units of a single monosaccharide
      (homoglycans) or mixtured monosaccharide units (heteroglycans), for
      example L-fructose, xylan, D-xylose (mono) and tragacanth, D-xylose and
      D-galacturonic acid (hetero), The polysaccharides can contain substituents
      such as amino sugar units, pentose sugar units, uronic sugar units, sugar
      groups containing ethers and the like. The polysaccharides can be linear
      or branched, although branched polysaccharides, which constitute a
      preferred class herein, exhibit better solubility and are less likely to
      undergo retrogradation than the linear polysaccharides. The type of
      glycosidic linkage does not appear to be critical though generally the 1-4
      and 1-6 linkages are usually employed because of their abundance.
PAR  Some examples of useful polysaccharides are xylan, amylopectins, amylose,
      fructans, fucan, floridean starch, glycogens, starches, levans, dextrans,
      capreolan yeast glucan and gums and mucilages such as carob, tragacanth,
      locust bean, guaran, cashew, lemon, karaya, ghatti, cholla, arabic and
      damson. A preferred group of polysaccharides is selected from the group
      consisting of potato starch, corn starch, tapioca starch, arrowroot
      starch, gum arabic, gum tragacanth and dextran.
PAR  The high molecular weight polyhydric organic compound is typically present
      in the metal ion solution in the range of about 0.1 to 11 percent by
      weight based on the weight of metal in the metal component, or more
      usually 1 to 4 percent by weight based on the weight of metal in the metal
      component.
PAR  Soluble metal salts are known for essentially all metals. In specific
      regard to the metal components of the present invention the following
      soluble metal compounds are illustrative: titanium trichloride, vanadium
      diiodide, chromium (III) nitrate, manganese (II) titanate, iron (III)
      nitrate, cobalt (II) acetate, nickel nitrate, copper nitrate, niobium
      potassium fluoride, molybdenum dioxydichloride, ruthenium tetrachloride,
      rhodium dioxide, palladium chloride, stannous chloride, antimony
      trichloride, tungsten dioxydichloride, rhenium trichloride, osmium
      trichloride, iridium tribromide, platinum tetrachloride, gold chloride,
      mercuric nitrate, thallium acetate, lead fluorosilicate, bismuth dioxide,
      polonium tetrachloride, magnesium selenate, aluminum bromate, calcium
      chlorate, scandium chloride, zinc sulfate, strontium tetrasulfide, cadmium
      sulfate, barium trisulfide, beryllium bromide, lanthanum heptahydrate
      chloride, cesium carbonate, germanium tetrafluoride, europium iodide,
      gallium nitrate, selenium oxide, idium trichloride and the like.
PAR  In addition to compounds of the type listed above, less soluble compounds
      can be employed in conjunction with other materials and techniques which
      will increase their solubility. For example, many insoluble or poorly
      soluble compounds, e.g., Fe.sub.2 O.sub.3 and ZnO are soluble in hot
      concentrated acids. The addition of a cooled solution thereof to an
      alkaline solution will result in the precipitation of the insoluble
      hydroxide. Such techniques and manipulations are well known in the art and
      their application in the operation of the process of the present invention
      is contemplated.
PAR  In addition to the metals the catalyst often contain various non-metallic
      components which also serve as promoters, initiators, stabilizers or the
      like. Alkali metal compounds are frequently present in the oxidative
      dehydrogentation catalyst in limited quantities such as Li.sub.2 O,
      Na.sub.2 O and K.sub.2 O. Other additives are sulfur, phosphorus, silicon,
      boron or mixtures thereof, for example, sulfates, sulfites, sulfides,
      alkylmercaptains, sulfuric acid, phosphates, phosphoric acid, silica,
      silicates, boron trifluorides and the like. such additives are disclosed
      in U.S. Pat. Nos. 3,247,278; 3,270,080; 3,303,238; 3,324,195; 3,398,100.
PAR  Halogen is also often present in oxidative dehydrogenations to improve the
      results. The presence of halogen in the dehydrogenation zone is
      particularly effective when the compound to be dehydrogenated is
      saturated, such as a saturated hydrocarbon. The halogen present in the
      dehydrogenation zone may be either elemental halogen or any compound of
      halogen which would liberate halogen under the conditions of reaction.
      Suitable sources are such as hydrogen iodide, hydrogen bromide and
      hydrogen chloride, ethyl iodide, methyl bromide, methyl chloride,
      1,2-dibromoethane, ammonium iodide, ammonium bromide, ammonium chloride,
      sulfuryl chloride, etc. The halogen may be liberated partially or entirely
      by a solid source as shown in U.S. Pat. 3,130,241. Mixture of halogens and
      halogen sources can be used. The amount of halogen, calculated as
      elemental halogen, may be as little as about 0.0001 or less mole of
      halogen per mole of organic compound to be dehydrogenated to as high as
      0.2 or 0.5. The use of halogens in oxidative dehydrogenations is shown in
      U.S. Pat. Nos. 3,210,436; 3,207,805, 3,207,810; 3,277,207; 3,278,626;
      3,308,182-3; 3,308,200; 3,316,320; 3,356,750; 3,359,343; 3,374,283;
      3,382,290; 3,440,298; 3,442,968.
PAR  The catalysts may have the iron combined in crystalline structure with
      oxygen and zinc and one or more other metallic elements, as mentioned
      above. For example, a preferred type of ferrite is that essentially or
      approximately of the formula, MeFe.sub.2 O.sub.4, where Me represents zinc
      alone or with another divalent metal ion with an ionic radius
      approximately between 0.5 and 1.1 A., preferably between about 0.6 and 1.0
      A. Me may be, e.g., zinc and one of the divalent ions as Mg, Ca, Sr, Ba,
      Cr, Mn, Co, Ni or Cd to form a ferrite such as Zn.sub.o.5 Mg.sub.0.5
      Fe.sub.2 O.sub.4 or Zn.sub.0.25 Mg.sub.0.75 Fe.sub.2 O.sub.4. Moreover,
      the symbol Me may represent a combination of zinc ion with other metal
      ions which have an average valence of two.
PAR  Suitable catalysts may also be zinc ferrites wherein other metals are
      partially substituted for the iron. For example, atoms having a valence of
      +3 may be partially substituted for some of the Fe.sup.+.sup.+.sup.+
      atoms. Also, metal atoms having a valence of +4 may replace some of the
      Fe.sup.+.sup.+.sup.+ ions. However, the catalysts will still suitably have
      iron present in an amount described above in relation to the total atoms
      of the second metallic ingredients. Some ferrites are described in
      Ferromagnetism, by Richard M. Bozorth (D. Van Nostrand Co., Inc., 1951)
      which disclosure is hereby incorporated by reference.
PAR  The preferred compositions exhibit a certain type of X-ray diffraction
      pattern. The preferred compositions do not have any sharp X-ray
      diffraction reflection peaks as would be found, e.g., in a highly
      crystalline material having the same chemical composition. Instead, the
      ferrite composition of this invention exhibit reflection peaks which are
      relatively broad. The degree of sharpness of the reflection peak may be
      measured by the reflection peak band width at half height (W h/2). In
      other words, the width of the reflection peak as measured at one-half of
      the distance to the top of the peak is the "band width at half height".
      The band width at half height is measured in units of .degree.2 theta.
      Techniques for measuring the band widths are discussed, e.g. in Chapter 9
      of Klug and Alexander, X-ray Diffraction Procedures, John Wiley and Son,
      N.Y., 1954. Suitable preferred ferrites according to this invention are
      zinc ferrites having X-ray diffraction peaks within the d-spacings 4.83 to
      4.89, 2.95 to 3.01, 2.51 to 2.57, 2.40 to 2.46, 2.08 to 2.14, 1.69 to
      1.75, 1.59 to 1.65 and 1.46 to 1.52 with the most intense peak being
      between 2.51 to 2.57.
PAR  Ferrite formation may be accomplished by reacting an active compound of
      iron with an active compound of zinc. The hydroxide precipitates of the
      present invention are suitable active compounds. During the formation of
      the ferrites such hydroxides are converted to oxides.
PAR  The catalysts may contain an excess of iron over the stoichiometric amount
      to form the ferrite. for example, in a ferrite of the type MeFe.sub.2
      O.sub.4 the stoichiometric amount of iron would be 2 atoms per atom of Me.
      The iron (calculated as Fe.sub.2 O.sub.3) may be present in an amount of
      at least about 10 percent in excess of the stoichiometric amount and
      preferably may be present in an amount of at least 14 percent in excess.
      Suitable ranges of iron are from about 10 to 200 percent excess. Similarly
      the catalysts may contain an excess of the Me over the stoichiometric
      amount required.
PAR  The precipitating agent is a solution of lithium hydroxide, sodium
      hydroxide, potassium hydroxide, rubidium hydroxide, cesium hydroxide or a
      mixture of any of these hydroxides at a normality of between 2 and 4,
      preferably about 2.5 to 3.5. the normality of the alkali metal hydroxide
      solution is a very essential feature of the process of preparing the zinc
      ferrite catalyst. The precipitate obtained using a 2N solution was found
      to be highly gelatinous. This material was extremely difficult to handle
      during the purification. At 4N alkali metal hydroxide concentration the
      catalyst has good physical appearance, however, removal of residual alkali
      was found to be extremely difficult. The degree of water washing was
      prohibitive.
PAR  The precipitate prepared at 3N alkali metal hydroxide concentration is a
      more granular precipitate which is easily washed free of residual
      hydroxide and unreacted starting materials and easily recovered in a
      readily handled form. Preparation of the ferrite precursor at 3N alkali
      metal hydroxide concentration required a relatively short period of time
      and was easily reproducible.
PAR  The catalyst preparations are generally carried out at atmospheric
      pressure, although either sub or super atmospheric pressures, for example
      0.5 to 50 atmospheres can be employed if the conditions warrant.
      Temperature of the catalyst precipitation are relatively mild being at
      approximately room temperature (about 25.degree. C.). Temperatures lower
      than room can be employed so long as the reactants are sufficiently
      soluble, generally temperatures no lower than 20.degree. C. will be
      employed. Higher temperatures can be employed to improve the solubility of
      the reactants, but generally there is no need to exceed about 100.degree.
      C. At higher temperatures, i.e. 30.degree.-50.degree. C. or higher, the
      viscosity effect obtained from the high molecular weight polyhydric
      compound is decreased.
PAR  The solutions containing the zinc ion and the precipitation agent can be
      contacted in any of the ways previously employed for precipitation known
      and used in the prior art. The two solutions can be mixed together with
      mild or vigorous agitation depending on the size of particles desired. The
      metal ion containing solution is conveniently sprayed into a solution of
      the precipitating agent in the form of droplets or a steady stream. The
      droplets produce spheres of catalyst and the steady stream a cylindrical
      type catalyst. The catalysts prepared according to this invention have
      been found to have excellent reactivity in oxidative dehydrogenations and
      superior strength. The catalysts of this invention are suitable for both
      fixed and moving bed operations, such as a fluidized bed.
PAR  In the preparation of the catalysts the high molecular weight polyhydric
      organic compound is added to the solution of zinc ions (any other metal
      ions would also be in this solution). Generally if the ionic zinc solution
      were prepared by heating, the solution is cooled prior to adding the
      polyhydric compound, usually to 100.degree. C. or less, preferably to
      50.degree. C. or less. The precipitate which is obtained is a granular
      gelatinous material that is easily filtered. The recovered filtrate is
      washed and dried.
PAR  Zinc ferrites may be obtained by conducting the reaction to form the
      ferrites at relatively low temperatures, that is, at temperatures lower
      than some of the very high temperatures used for the formation of ferrites
      prepared for semiconductor application. The very intimate relationship of
      the zinc and iron reactants obtained by the co-precipitation of the
      present invention facilitates the reaction. Generally the temperature of
      reaction for the formation of zinc ferrites will be less than 1300.degree.
      C. and preferably less than 1150.degree. C. Preferably the ferrites are
      formed at 400.degree.-1100.degree. C. in a controlled atmosphere, e.g.
      air, nitrogen, helium, a reducing atmosphere such as hydrogen, carbon
      monoxide and the like. The reaction time at the elevated temperature in
      the formation of the zinc ferrite catalyst may run from 5 minutes to 4
      hours. Some improvement in the catalytic activity of zinc ferrites may be
      obtained by reducing the catalyst. The reduction may be accomplished prior
      to the initial dehydrogenation, or after the catalyst has been used. The
      reduction may be accomplished with any effective reducing gas which is
      capable of reducing iron to a lower valence such as hydrogen, carbon
      monoxide, or hydrocarbons. The temperature of reduction can be from
      200.degree. to 900.degree. C. or higher.
PAR  The preparation of catalysts is often described as an art. Experienced
      researchers and chemists often have difficulty reproducing a particular
      catalyst. This defect is even more often encountered in commercial
      production of catalysts. The gel precipitation method of the present
      invention adds the intangible but extremely valuable asset of giving an
      easily handled catalyst preparation method for preparing catalysts having
      consistent properties.
PAR  The catalysts of this invention can be applied to the dehydrogenation of a
      wide variety of organic compounds. Such compounds normally will contain
      from 2 to 20 carbon atoms, at least one
      ##EQU1##
      grouping, having a boiling point below about 350.degree. C., and may
      contain other elements, in addition to carbon and hydrogen such as oxygen,
      halogens, nitrogen and sulfur. Preferred are compounds having 2 to 12
      carbon atoms, and especially preferred are compounds of 3 to 6 or 8 carbon
      atoms. A particularly preferred grouping has 4 to 8 carbon atoms and is
      desirably hydrocarbon compounds.
PAR  Among the types of organic compounds which may be dehydrogenated by means
      of the process of this invention are nitriles, amines, alkyl halides,
      ethers, esters, aldehydes, ketones, alcohols, acids, alkyl aromatic
      compounds, alkyl heterocyclic compounds, cycloalkanes, alkanes, alkenes,
      and the like. Illustration of dehydrogenations include propionitrile to
      acrylonitrile; propionaldehyde to acrolein; ethyl chloride to vinyl
      chloride; methyl isobutyrate to methyl methacrylate; 2 or 3 chlorobutene-1
      or 2, 3 dichlorobutane to chloroprene; ethyl pyridine to vinyl pyridine;
      ethylbenzene to styrene; isopropylbenzene to .alpha.-methyl styrene;
      ethylchlorohexane to styrene; cyclohexane to benzene; ethane to ethylene
      to acetylene; propane to propylene or methyl acetylene, allene, or
      benzene; isobutane to isobutylene n-butane to butene and butadiene-1,3;
      n-butene to butadiene-1,3 and vinyl acetylene; methyl butene to isoprene;
      cyclopentane to cyclopentene and cyclopentadiene-1,3 ; n-octane to ethyl
      benzene and ortho-xylene; monomethylheptanes to xylenes; ethyl acetate to
      vinyl acetate;  2,4,4-trimethylpentane to xylenes; and the like. This
      invention may be useful for the formation of new carbon to carbon bonds by
      the removal of hydrogen atoms such as the formation of a carbocyclic
      compound from two aliphatic hydrocarbon compounds or the formation of a
      dicyclic compound from a monocyclic compound having an acyclic group such
      as the conversion of propene to diallyl. Representative materials which
      are dehydrogenated by the novel process of this invention include ethyl
      toluene, alkyl chlorobenzenes, ethyl naphthalene, isobutyronitrile, propyl
      chloride, isobutyl chloride, ethyl fluoride, ethyl bromide, n-pentyl
      iodide, ethyl dichloride, 1,3 dichlorobutane, 1,4 dichlorobutane, the
      chlorofluoroethanes, methyl pentane, methylethyl ketone, diethyl ketone,
      n-butyl alcohol, methyl propionate, and the like.
PAR  Suitable dehydrogenation reactions are the following: acyclic compounds
      having 4 to 5 non-quaternary contiguous carbon atoms to the corresponding
      olefins, diolefins or acetylenes having the same number of carbon atoms;
      aliphatic hydrocarbons having 6 to 16 carbon atoms and at least one
      quaternary carbon atom to aromatic compounds, such as
      2,4,4-trimethylpentene-1 to a mixture of xylenes; acyclic compounds having
      6 to 16 carbon atoms and no quaternary carbon atoms to aromatic compounds
      such as n-hexenes to benzene; cycloparaffins and cycloolefins having 5 to
      8 carbon atoms to the corresponding olefin, diolefin or aromatic compound,
      e.g., cyclohexane to cyclohexene to cyclohexadiene or benzene; aromatic
      compounds having 8 to 12 carbon atoms including one or two alkyl side
      chains of 2 to 3 carbon atoms to the corresponding aromatic with
      unsaturated side chain such as ethyl benzene to styrene.
PAR  The preferred compounds to be dehydrogenated are hydrocarbons with a
      particular preferred class being acyclic non-quaternary hydrocarbons
      having 4 to 5 contiguous carbon atoms or ethyl benzene and the preferred
      butene, 3-methyl-1-butene, 3-methyl-2-butene, isoprene, styrene or
      mixtures thereof. Especially preferred as feed are n-butene-1 or 2 and the
      methyl butenes and mixtures thereof such as hydrocarbon mixtures
      containing these compounds in at least 50 mol percent.
PAR  The dehydrogenation reaction may be carried out at atmospheric pressure,
      superatmospheric pressure or at sub-atmospheric pressure. The total
      pressure of the system will normally be about or in exccess of atmospheric
      pressure, although sub-atmospheric pressure may also desirably be used.
      Generally, the total pressure will be between about 4 p.s.i.a. and about
      100 or 125 p.s.i.a. Preferably, the total pressure will be less than about
      75 p.s.i.a. and excellent results are obtained at about atmospheric
      pressure.
PAR  The organic compounds to be dehydrogenated is contacted with oxygen in
      order for the oxygen to oxidatively dehydrogenate the compound. Oxygen may
      be fed to the reactor as pure oxygen, as air, as oxygen-enriched air,
      oxygen mixed with diluents, and so forth. Oxygen may also be added in
      increments to the dehydrogenation zone. Although determinations regarding
      the mechanism of reaction are difficult, the process of an oxidative
      dehydrogenation process is one wherein the predominant mechanism is by the
      reaction of oxygen with the hydrogen released from the hydrocarbon.
PAR  The amount of oxygen employed may vary depending upon the desired result
      such as conversion, selectivity and the number of hydrogen atoms being
      removed. Thus, to dehydrogenate butane to butene requires less oxygen than
      if the reaction proceeds to produce butadiene. Normally oxygen will be
      supplied (including all sources, e.g. air to the reacotr) in the
      dehydrogenation zone in an amount form about 0.2 to 1.5, preferably 0.3 to
      1.2, mols per mol of H.sub.2 being liberated from the organic compound.
      Ordinarily the mols of oxygen supplied will be in the range of from 0.2 to
      2.0 mols per mol of organic compound to be dehydrogenated and for most
      dehydrogenations this will be within the range of 0.25 to 1.5 mols of
      oxygen per mol of organic compound. Among the advantages noted are that
      the instant catalysts will allow higher ratios of oxygen to hydrocarbon
      than catalyst prepared conventionally. Higher oxygen to hydrocarbon ratios
      generally provide higher conversions with a corresponding decrease in
      selectivity, however, the catalysts of the present invention do not
      exhibit as rapid a decrease in selectivity as the analogous conventionally
      prepared catalyst thus providing higher yields than were possible
      previously.
PAR  Frequently the reaction mixture contains a quantity of steam or diluent
      such as nitrogen with the range generally being between about 2 and 40
      mols of steam per mol of organic compound to be dehydrogenated.
      Preferably, steam will be present in an amount from about 3 to 35 mols per
      mol of organic compound to be dehydrogenated and excellent results have
      been obtained within the range of about 5 to about 30 mols of steam per
      mol of organic compound to be dehydrogenated. The functions of the steam
      are several-fold, and the steam may not merely act as a diluent. Diluents
      generally may be used in the same quantities as specified for the steam.
      These gases serve also to reduce the partial pressure of the organic
      compound.
PAR  The temperature for the dehydrogenation reaction generally will be at least
      about 250.degree. C., such as greater than about 300.degree. C. or
      375.degree. C., and the maximum temperature in the reactor may be about
      700.degree. C. or 800.degree. C. or perhaps higher such as 900.degree. C.
      under certain circumstances. However, excellent results are obtained
      within the range of or about 350.degree. C. to 700.degree. C., such as
      from or about 400.degree. C. to or about 675.degree. C. The temperatures
      are measured at the maximum temperature in the dehydrogenation zone.
PAR  The gaseous reactants may be conducted through the reaction chamber at a
      fairly wide range of flow rates. The optimum flow rates will be dependent
      upon such variables as the temperature of reaction, pressure, particle
      size, and so forth. Desirable flow rates may be established by one skilled
      in the art. Generally the flow rates will be within the range of about
      0.10 to 10 liquid volumes of the organic compound to be dehydrogenated per
      volume of dehydrogenation zone containing catalyst per hour (referred to
      as LHSV). Usually the LHSV will be between 0.15 and about 5. For
      calculation, the volume of a fixed bed dehydrogenation zone containing
      catalyst is that original void volume of reactor space containing
      catalyst.
PAR  The following examples will further illustrate the invention as described
      above. Percentages are by weight unless otherwise specified. Results are
      given in mol %. The presence of the Zn Fe.sub.2 O.sub.4 was established by
      X-ray analysis as previously described. The produce analysis was by gas
      liquid chromatography.
PAC  EXAMPLE 1
PAC  Catalyst Preparation
PAR  The following reagents were used
TBL  ZnCl.sub.2       169.8    grams                                           
     FeCl.sub.3.6H.sub.2 O                                                     
                      672.0    grams                                           
     dextran (200,000-300,000)                                                 
                      6.0      grams   (2% based on                            
         (molecular weight)            ZnFe.sub.2 O.sub.4)                     
     3 N.NaOH         6.0      liters                                          
PAR  the ZnCl.sub.2 and FeCl.sub.3.6H.sub.2 O were added to 1 liter of
      demineralized water and the mixture heated until solution was obtained.
      The dextran was dissolved in a small amount of demineralized water then
      added to the ZnCl.sub.2 /FeCl.sub.3.6 H.sub.2 O solution. This mixture was
      stirred for 15 minutes and cooled in an ice bath. The cooled solution was
      sprayed into a 3N solution of NaOH through a 26 gauge needle which was
      moved in a circular motion over the NaOH solution. The precipitate was
      aged for 40 minutes, filtered under vacuum and washed thoroughly with
      water until the wash water indicated pH 6. The precipitate was then dried
      in an oven for about 16 hours at about 160.degree. C. under nitrogen. The
      dried precipitate was loaded into a 1 inch stainless steel reactor and
      calcined at 350.degree. C. for 2 hours under a flow of nitrogen.
PAR  a total of 140 grams of the calcined catalyst was dry ball milled for 12
      hours. A supported catalyst containing 40% actives was prepared using the
      following materials:
     Alumina (AMC*)   140 grams                                                
     ZnFe.sub.2 O.sub.4                                                        
                       94.3 grams                                              
     H.sub.3 PO.sub.4  40.7 ml                                                 
                      of 0.07167 g/ml                                          
                      H.sub.3 PO.sub.4 (3 wt. % H.sub.3 PO.sub.4               
                      based on ZnFe.sub.2 O.sub.4)                             
      *3 to 5 mesh, surface area .gtoreq. 1 mm/gram                            
PAR  The 40.7 ml of H.sub.3 PO.sub.4 was further diluted to a total of 150 ml
      solution. The ZnFe.sub.2 O.sub.4 was then added followed by the AMC
      support. The mixture was then dried in a tumbling machine.
PAC  EXAMPLE 2
PAR  The finished catalyst from Example 1 was loaded into a 1 inch diameter IPS
      stainless steel vertical reactor in a 125 cc bed. The catalyst was reduced
      by hydrogen for 11/2 hours at 700.degree. F (400 cc/min). The hydrogen was
      terminated and steam and nitrogen introduced as the reactor was cooled to
      reaction temperature. The nitrogen was terminated and a feed of n-butenes
      for conversion to butadiene LHSV of 1.5 started. The results are in mole
      %. The conditions and results are in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Conditions             Results                                            
     Total                                                                     
          Temp.                                                                
     hours on                                                                  
          inlet                                                                
              max Steam/O.sub.2 /Butenes                                       
                            Conversion/Selectivity/Yield                       
     stream                                                                    
          .degree.F                                                            
                  mol ratio mol %                                              
     __________________________________________________________________________
      20  610 830 20/0.550/1                                                   
                            61/93/57                                           
      420 610 880 18/0.717/1                                                   
                            70/93/65                                           
     1000 650 750 17/0.717/1                                                   
                            75/93/70                                           
     __________________________________________________________________________
PAR  The catalyst showed no loss of activity at 1000 hours at very high yields.
PAC  EXAMPLE 3
PAR  The catalyst was prepared as in Example 1 but was calcined at 450 C. for 2
      hours under nitrogen then loaded in the reactor and reduced for 11/2 hours
      at 750.degree. F. with hydrogen. An n-butene feed was introduced at 1.5
      LHSV. The other conditions and results are in Table II.
TBL                                    Table II                                
     __________________________________________________________________________
     Conditions             Results                                            
     Total                                                                     
          Temp.                                                                
     Hours on                                                                  
          inlet                                                                
              max Steam/O.sub.2 /Butenes                                       
                            Conversion/Selectivity/Yield                       
     Stream                                                                    
          .degree.F.                                                           
                  mol ratio mol %                                              
     __________________________________________________________________________
     300  600 850 20/0.550/1                                                   
                            70/95/67                                           
     301  620 860 18/0.550/1                                                   
                            72/95/68                                           
     801  630 900 18/0.717/1                                                   
                            78/94/73                                           
     1001 670 940 17/0.717/1                                                   
                            78/94/73                                           
     __________________________________________________________________________
PAR  In this Example and in Example 2 it should be noted that the large increase
      in conversion did not result in the expected loss of selectivity.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was followed with 3N KOH being used instead of
      NaOH. The precipitate was dried at 120.degree. C. under N.sub.2 and
      calcined at 450.degree. C. for 2 hours under nitrogen and dry ball milled
      for 30 hours and deposited on alumina as described. The catalyst was
      loaded into the 1 inch stainless steel reactor and reduced for 11/2 hours
      at 750.degree. F. with hydrogen. An n-butene feed at LHSV 1.5 was
      converted to butadiene. The results and conditions are in Table III.
TBL                                    Table III                               
     __________________________________________________________________________
     Conditions             Results                                            
     Total                                                                     
          Temp.                                                                
     Hours on                                                                  
          inlet                                                                
              max Steam/O.sub.2 /Butenes                                       
                            Conversion/Selectivity/Yield                       
     Stream                                                                    
          .degree.F                                                            
                  mol ratio mol %                                              
     __________________________________________________________________________
     20   640 840 20/.55/1  61/93.7/57.2                                       
      4   645 840 18/.55/1  60.1/93.8/56.4                                     
     __________________________________________________________________________
PAC  EXAMPLES 5 AND 6
PAR  In these examples 2N and 4N NaOH was employed respectively. No catalyst was
      prepared in each case.
PA0  2N NaOH
PAR  It was found that the precipitate was so gelatinous that the filter paper
      was plugged. The filter was extremely slow and washing of the filtrate
      impossible within reasonable period of time. After 8 hours of filtration,
      the washing had not really begun and further efforts were abandoned.
PA0  4N NaOH
PAR  This material filtered easily, however, after 16 hours of washing a pH of 6
      had not been achieved and the effort was abandoned.
PAC  EXAMPLE 7
PAR  This example presents a Zn ferrite prepared by a conventional slurry
      technique and shows the result of its use for the dehydrogenation of
      n-butenes.
TBL  Reactants                                                                 
     ______________________________________                                    
     Fe.sub.2 O.sub.3 (87%)                                                    
                       9144.6 grams                                            
     ZnO (99.7%)       3628.8 grams                                            
     ZnCl.sub.2         68.0 grams                                             
     Weight ratio of Fe.sub.2 O.sub.3 /ZnO = 2.2/1                             
     ______________________________________                                    
PAR  To the above solids 37 liters of water was added and slurried for 31/2
      hours then dried for 16 hours at 260.degree. F. The dried cake was
      granulated and blended with water and calcined at 1200.degree. F. for
      13.95 minutes by passage through an inclined calcination tube with a flow
      of nitrogen of 0.65 ft..sup.2 /minute counter to the direction of catalyst
      flow.
PAR  The same reactor as described in Example 1 was used for the runs reported
      in Table IV. The conditions and results are shown in Table IV. Fresh
      catalyst was used for each run.
TBL                                    Table IV                                
     __________________________________________________________________________
        Reduction                                                              
        (hrs)                                                                  
        Hydrogen    O.sub.2 /Stm/HC                                            
                           C/S/Y    T.sub.i                                    
                                        T.sub.max                              
     Run                                                                       
        400 cc/min                                                             
                Stream                                                         
                    mol ratio                                                  
                           mol %    (.degree.F.)                               
                                        (.degree.F.)                           
     __________________________________________________________________________
     1  11/2 at 1050.degree.F                                                  
                --  --     --       --  --                                     
                48  .55/17/1                                                   
                           61.4/91.2/56.0                                      
                                    677 951                                    
                1123/4                                                         
                    .55/17/1                                                   
                           62.6/93.2/58.3                                      
                                    676 916                                    
                138 .55/17/1                                                   
                           49.6/90.9/45.1                                      
                                    666 938                                    
                1431/4                                                         
                    .55/17/1                                                   
                           48.5/91.4/44.3                                      
                                    668 929                                    
     2  1 at 1050.degree.F                                                     
                    --     --       --  --                                     
                203/4                                                          
                    .55/20/1                                                   
                           59.8/92.5/55.3                                      
                                    629 924                                    
                701/4                                                          
                    .55/20/1                                                   
                           59.4/92.8/55.1                                      
                                    650 910                                    
                733/4                                                          
                    .55/17/1                                                   
                           61.6/92.1/56.7                                      
                                    648 932                                    
                771/4                                                          
                    .55/17/1                                                   
                           61.9/92.3/57.1                                      
                                    649 931                                    
                1421/2                                                         
                    .55/17/1                                                   
                           53.4/93.2/49.8                                      
                                    649 913                                    
                172 .55/17/1                                                   
                           49.7/90.7/45.1                                      
                                    640 936                                    
     3  11/2 at 950.degree.F.                                                  
                --  --     --       --  --                                     
                191/4                                                          
                    .55/20/1                                                   
                           56.8/92.4/52.5                                      
                                    650 910                                    
                691/4                                                          
                    .55/20/1                                                   
                           55.1/93.0/51.2                                      
                                    648 877                                    
                931/4                                                          
                    .55/20/1                                                   
                           55.2/93.7/51.7                                      
                                    646 912                                    
                951/2                                                          
                    .55/17/1                                                   
                           57.1/92.1/52.6                                      
                                    636 915                                    
                1641/4                                                         
                    .55/17/1                                                   
                           52.8/93.2/49.2                                      
                                    620 930                                    
                1811/2                                                         
                    .55/17/1                                                   
                           55.4/93.0/51.5                                      
                                    633 945                                    
                422 .55/17/1                                                   
                           45.5/93.2/42.4                                      
                                    636 900                                    
     __________________________________________________________________________
PAR  As can be seen from the Table there is a rapid and substantial decline in
      both conversion and selectivity with use.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In a process for the oxidative dehydrogenation of organic compounds
      having at least two adjacent, hydrogen containing carbon atoms in the
      presence of a catalyst wherein the improvement comprises utilizing a zinc
      ferrite catalyst prepared by the steps of (a) contacting a solution of a
      soluble metal component comprising zinc and iron with a precipitating
      agent to precipitate an insoluble metal component comprising zinc and
      iron, said solution containing in addition to the soluble metal component
      from 0.1 to 11 weight percent of a soluble polyhydric organic compound
      based on the weight of metal and (b) calcining the precipitate to form
      said zinc ferrite oxidative dehydrogenation catalyst, wherein the
      precipitating agent is a solution of a hydroxide of a metal selected from
      the group consisting of Li, Na, K, Rb, and Cs, said precipitating solution
      having a normality of between 2 and 4 and said polyhydric compound
      contains at least 2 hydroxyl groups and is selected from the group
      consisting of organic alcohols, polyesters, polyethers, polysaccharides
      and mixtures thereof having a molecular weight of at least about 3,000.
NUM  2.
PAR  2. The process according to claim 1 wherein the soluble polyhydric compound
      is selected from the group consisting of (a) polyesters derived from
      polybasic acids and polyols wherein the polybasic acids are adipic acid,
      succinic acid, sebacatic acid and azelaic acid and the polyols are
      pentaerythritol, xylitol and sorbitol, (b) polyethers being the
      condensation of ethylene oxide, propylene oxide and mixtures thereof with
      glycerol, pentaerythritol, xylitol, sorbitol and polysaccharides and (c)
      polysaccharides containing repeating units of a single monosaccharide or
      mixed monosaccharide units.
NUM  3.
PAR  3. The process according to claim 1 wherein the molecular weight of the
      polyhydric compound is between about 4000 and 400,000.
NUM  4.
PAR  4. The process according to claim 3 wherein the polyhydric compound has at
      least three hydroxyl groups per molecule.
NUM  5.
PAR  5. The process according to claim 3 wherein the polyhydric compound is a
      polyester or polyether.
NUM  6.
PAR  6. The process according to claim 4 wherein the polyhydric compound is a
      polysaccharide.
NUM  7.
PAR  7. The process according to claim 6 wherein the polysaccharide is branched.
NUM  8.
PAR  8. The process according to claim 7 wherein the polysaccharide has 1-4, 1-6
      or mixed glycoside linkage.
NUM  9.
PAR  9. The process according to claim 7 wherein the polysaccharide is dextran.
NUM  10.
PAR  10. The process according to claim 2 wherein the polyhydric compound is a
      polysaccharide selected from the group consist of xylan, amylopectins,
      amylose, fructans, fucan, floridean starch, glycogens, levans, dextrans,
      capreolan yeast glucan, potato starch, corn starch, tapioca starch,
      arrowroot starch, gum arabic and gum tragacanth.
NUM  11.
PAR  11. The process according to claim 1 wherein there is 0.1 to 4 weight
      percent of polyhydric compound.
NUM  12.
PAR  12. The process according to claim 1 wherein the solution of soluble metal
      component and the precipitating agent are contacted with agitation.
NUM  13.
PAR  13. The process according to claim 1 wherein the solution of soluble metal
      component is sprayed into the precipitating agent.
NUM  14.
PAR  14. The process according to claim 1 wherein said organic compounds have 4
      to 8 carbon atoms.
NUM  15.
PAR  15. The process according to claim 14 wherein the organic compounds are
      hydrocarbons.
NUM  16.
PAR  16. The process according to claim 15 wherein said hydrocarbons are acyclic
      non-quaternary compounds having 4 to 5 contiguous carbon atoms or ethyl
      benzene.
NUM  17.
PAR  17. The process according to claim 16 where the hydrocarbons are n-butenes.
NUM  18.
PAR  18. The process according to claim 9 wherein the organic compounds are
      n-butenes.
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ABST
PAL  A control system and method for regulating the reaction zone temperature in
      a process for the acid-catalyzed alkylation of an isoparaffin with an
      olefinic feed stream containing mixed olefins. The reaction zone
      temperature is adjusted to obtain the optimum for a given feed
      composition, in order to maximize the octane rating of the ultimate
      normally liquid alkylate product. The control system effects rapid
      compensation for continuing changes in feed composition which, at a fixed
      reaction zone temperature, otherwise adversely affect the octane rating.
PARN
PAC  RELATED APPLICATION
PAR  This application is a Division of my copending application Ser. No.
      468,955, filed May 10, 1974, all the teachings of which are incorporated
      herein via specific reference thereto. This application is filed in
      compliance with a requirement for restriction in Ser. No. 468,955.
BSUM
PAC  APPLICABILITY OF INVENTION
PAR  The control system herein described is intended for utilization in a
      process for the production of a normally liquid alkylate product via the
      reaction of an isoparaffin with an olefin. Although intended for use in
      any acid-catalyzed alkylation process -- e.g. sulfuric acid alkylation --
      my invention is most applicable to those processes effected with a
      hydrogen fluoride catalyst. For more than a quarter of a century, the
      demand for high octane fuels, possessing enhanced anti-knock
      characteristics, has increased at a staggering pace. These improved fuels
      are required in voluminous quantities to satisfy the ever-accelerating
      degree of consumption. Various processes have been developed which have
      proved successful in alleviating the intertwined problems attendant
      supply, quality and demand. Among the first of such processes was the
      acid-catalyzed alkylation of an isoparaffin with an olefin, both generally
      normally vaporous, to produce a higher molecular weight, normally liquid
      isoparaffin. Since isoparaffins, in contrast to normal paraffins, possess
      significantly higher octane ratings, and thus improve anti-knock
      properties, processes capable of efficiently effecting the alkylation
      reaction have gained wide acceptance within the petroleum industry.
PAR  For many economic and sound technical reasons, the alkylation process
      catalyzed by hydrogen fluoride appears to be preferred. HF alkylation of
      an isoparaffin with an olefin has, since the advent thereof, experienced a
      multitude of changes and improvements with respect to unit design and/or
      operating techniques. The control system encompassed by my inventive
      concept constitutes an improvement which affords enhancement of
      operational stability, while simultaneously providing economic advantages.
      Although applicable to the alkylation of an olefinic hydrocarbon having
      from about three to about seven carbon atoms per molecule, with an
      isoparaffin having from about four to about seven carbon atoms per
      molecule, the present control system is uniquely advantageous in those
      processes where isobutane is alkylated with an olefinic feed stream
      containing at least two olefins selected from the group consisting of
      propylene, 1-butene, 2-butene and isobutylene. Therefore, in the interest
      of brevity, further description of the present control system will be
      directed toward the HF-catalyzed alkylation of isobutane with mixed
      olefins having three or four carbon atoms per molecule. Many processes
      integrated into a single petroleum refining operation result in product
      streams containing significant quantities of lower molecular weight
      olefinic hydrocarbons. Principal among such processes is the well known
      fluid catalytic cracking process; others include thermal cracking, or
      pyrolysis units, coking operations and visbreaking. The olefinic feed
      streams are generally recovered by way of gas concentration facilities
      which are specifically intended to concentrate the C.sub.3 - and C.sub.4
      -olefins. Exemplary of such mixed olefin concentrates, recovered from one
      or more of the indicated processes, is one containing about 51.3 percent
      by volume propylene, 48.2 percent by volume of mixed butylenes and about
      0.5 percent by volume of mixed amylenes.
PAR  Investigations have indicated that the quality of the liquid alkylate
      product is, at a given reaction zone pressure, dependent upon the
      temperature at which the reaction mixture is maintained. Since the
      acid-catalyzed alkylation process is exothermic, temperature control of
      the reaction mixture, via indirect heat exchange with a suitable cooling
      medium, has been, and continues to be a commonly-practiced technique. This
      relatively simple temperature control system will suffice where the feed
      stream is a substantially pure olefinic hydrocarbon. However, the feed
      stream in virtually 100% of the acid-catalyzed alkylation processes
      constitutes a mixture of two or more of the aforementioned olefinic
      hydrocarbons. This contributes a significant degree of complexity with
      respect to temperature control of the reaction mixture. Considering, for
      the sake of illustration, substantially pure olefinic feed streams, the
      quality of the alkylate produced from 1-butene is improved through an
      increase in the reaction temperature, while that produced from either
      2-butene, or isobutylene is improved by a decrease in the reaction zone
      temperature. Additionally, a higher quality alkylate product is produced
      from a propylene feed stream at higher temperatures than those which are
      optimum for the alkylation of C.sub.4 -olefins. Since the character of the
      olefinic feed stream is dependent to a large extent upon the operation of
      other units within the overall refinery, which units are subject to their
      own peculiar operating parameters, the composition of the olefinic feed
      stream introduced into the alkylation system is constantly changing.
PAR  One popular prior art alkylation technique entails recycling a portion of
      the reaction zone effluent, after removal therefrom of the greater
      proportion of hydrogen fluoride, to the reaction zone. The principal
      advantage of such recycle resides in a reduction in overall utility cost
      for the entire unit. Initially, the total reaction mixture is introduced
      into the lower vessel of a stacked, two-vessel system. The lower vessel
      serves as a mixing, or soaking zone, after which the effluent is charged
      to the upper vessel which functions as an acid settler. There is provided
      an acid phase, as a bottoms stream, substantially free from the major
      portion of hydrocarbon, and an upper hydrocarbon phase free from the major
      portion of HF. An aliquot portion of the latter, having a hydrocarbon/HF
      mole ratio of about 20.0:1.0 to about 50.0:1.0, is recycled to the
      reaction zone, generally in admixture with the olefinic feed stream. The
      amount so recycled is most often in the range of about 20.0 to about 100.0
      percent, based upon the original feed stream. The hydrocarbon portion of
      the recycled stream is a mixture of alkylate product, unreacted isobutane
      and butanes. As such, it introduces an added factor which must be
      considered with respect to temperature control of the reaction mixture
      within the reaction zone. The present control system additionally
      compensates for the effect brought about by changes in the composition and
      temperature of this recycled effluent stream.
PAR  The control system of the present invention affords a method for effecting
      the rapid compensation of feed stream composition changes with respect to
      the quality of the normally liquid alkylate product. There is afforded an
      enhancement of the steady-state operation of the system, particularly with
      respect to the stability of alkylate product quality, as well as the
      economic advantages attendant an increase in operational efficiency.
PAC  OBJECTS AND EMBODIMENTS
PAR  A principal object of the present invention is to afford an improvement in
      the hydrogen fluoride-catalyzed alkylation of olefinic hydrocarbons. A
      corollary objective is to enhance the character of steady-state operation
      attendant the alkylation of a normally vaporous isoparaffin with a
      normally vaporous olefinic hydrocarbon to produce a normally liquid
      alkylate product.
PAR  A specific object of my invention involves the control of reaction zone
      temperature when alkylating an isoparaffin with a mixed olefinic feed
      stream while simultaneously recycling a portion of the alkylate product
      effluent to the reaction zone.
PAR  Therefore, one embodiment of my invention provides a control system for use
      in a process for alkylating an isoparaffin with an olefinic feed stream,
      to produce a normally liquid alkylate product, wherein (1) said feed
      stream contains at least two olefinic hydrocarbons and is contacted in
      admixture with a hydrogen fluoride catalyst, in a reaction zone, and (2)
      at least a portion of the reaction zone effluent is recycled thereto,
      which control system regulates the temperature within said reaction
      vessel, and comprises, in cooperative combination: (a) conduit means for
      introducing a cooling medium into said reaction zone, and for removing it
      therefrom, said cooling medium indirectly contacting the reaction mixture
      within said zone; (b) first flow-varying means for adjusting the flow of
      said cooling medium into said reaction zone; (c) second flow-varying means
      for adjusting the flow of effluent recycled to said reaction zone; (d) a
      hydrocarbon analyzer receiving a sample of said normally liquid alkylate
      product and developing an output signal representative of a composition
      characteristic of said sample; (e) first signal-receiving means to which
      said output signal is transmitted by said hydrocarbon analyzer, said first
      signal-receiving means in turn transmitting said signal to said first
      flow-varying means, whereby the flow of said cooling medium is adjusted in
      response to said composition characteristic; and, (f) second
      signal-receiving means to which said output signal is transmitted by said
      hydrocarbon analyzer, said second signal-receiving means in turn
      transmitting said signal to said second flow-varying means, whereby the
      flow of said recycled effluent is adjusted in response to said composition
      characteristic.
PAR  In another embodiment, my inventive concept encompasses a process for
      alkylating an isoparaffin with an olefinic feed stream, containing at
      least two olefins, which process comprises the steps of: (a) reacting said
      isoparaffin with said feed stream, in admixture with a hydrogen fluoride
      catalyst, in an alkylation reaction zone, at alkylating conditions
      resulting in a reaction product effluent containing normally liquid
      alkylate; (b) regulating the temperature of the reaction mixture, within
      said reaction zone, through indirect contact therein with a cooling
      medium, the flow of which is adjusted by first flow-varying means; (c)
      recycling at least a portion of the reaction zone effluent to said
      reaction zone, the flow of which is adjusted by second flow-varying means;
      (d) recovering said normally liquid alkylate from said product effluent;
      (e) introducing a sample of said alkylate into a hydrocarbon analyzer and
      developing therein an output signal which is representative of a
      composition characteristic of said sample; and, (f) transmitting said
      output signal to comparator means which compares the rate of change and
      actual value of said composition characteristic, generates a second output
      signal and transmits said second output signal to at least one of two
      signal-receiving means, the first of which transmits said signal to said
      first flow-varying means, whereby the flow of cooling medium is adjusted,
      and the second of which transmits said signal to said second flow-varying
      whereby the flow of said recycled effluent is adjusted, in response to
      said composition characteristic.
PAR  Other objects and embodiments will become apparent from the following
      additional description of the present inventive concept and the control
      system encompassed thereby. In other such embodiments, the hydrocarbon
      analyzer comprises a stabilized cool flame generator having a
      servo-positioned flame front, and the output signal generated thereby is
      representative of the octane number of the alkylate product sample.
PAC  PRIOR ART
PAR  Candor compels recognition and acknowledgment that the prior art is replete
      with a wide variety of publications, inclusive of issued patents, which
      are directed toward the acid-catalyzed alkylation of an isoparaffin with
      an olefin. This is particularly true with respect to hydrogen fluoride
      alkylation which traces its development over an approximate 30-year
      period. No attempt will be made herein to exhaustively delineate the
      hydrogen fluoride alkylation art; however, it is believed that a brief
      description of several innovations, for the purpose of illustrating the
      applicability of the present improvement, will serve to define the areas
      to which the present technique is applicable.
PAR  U.S. Pat. No. 3,560,587 (Cl. 260--683. 48) describes the hydrogen fluoride
      alkylation of an isoparaffin/olefin mixture in a system which incorporates
      a reaction cooler, reaction soaker and a hydrogen fluoride acid-settler.
      U.S. Pat. No. 3,686,354 (Cl. 260-- 683.43) is fairly illustrative of a
      complete hydrogen fluoride alkylation process including reaction vessels,
      reaction effluent separation for acid recovery, and product separation for
      the recovery of the normally liquid alkylate. In this particular system,
      the alkylate product is separated into a relatively high-octane fraction
      and a relatively low-octane fraction, the latter being further treated
      with additional isoparaffin and hydrogen fluoride catalyst.
PAR  The present control system is intended for utilization in HF-catalyzed
      alkylation processes of the type briefly described above. The integration
      and utilization of control systems in a petroleum refining process is
      considered to be among recent technological innovations. In this respect,
      the published literature is slowly developing its own field of art, some
      of which includes issued patents. For example, U.S. Pat. No. 3,759,820
      (Cl. 268--64) discloses the systematized control of a multi-reaction zone
      process in response to two different quality characteristics of the
      ultimately desired product. U.S. Pat. No. 3,649,202 (Cl. 23--253A)
      involves the control of reaction zone severity in response to the octane
      rating of the normally liquid product effluent, and is primarily directed
      toward the well known catalytic reforming process. Other examples of the
      sytematized control of petroleum refining processes are found in U.S. Pat.
      No. 3,751,229 (Cl. 23--253A), U.S. Pat. No. 3,748,448 (Cl. 235--151.12)
      and U.S. Pat. No. 3,756,921 (Cl. 196--132).
PAR  As hereinbefore stated, the present control system is utilized to alleviate
      the problems attendant reaction zone temperature control in an
      acid-catalyzed alkylation process wherein an isoparaffin is alkylated with
      a mixed olefinic feed stream and a portion of the reaction zone effluent
      is recycled thereto. These difficulties, principally arising out of the
      utilization of an olefinic feed stream containing propylene, 1-butene,
      2-butene and isobutylene do not appear to be recognized either in the
      appropriate alkylation art, or in the control system literature.
PAC  SUMMARY OF THE INVENTION
PAR  As hereinbefore set forth, my invention is directed toward an improvement
      in the control of reaction zone temperature while alkylating an
      isoparaffin/olefin reactant stream. Although applicable to the alkylation
      of isobutane with a butylene-containing feed stream, the process is also
      adaptable for utilization of other isoparaffinic and olefinic feed stocks.
      Suitable isoparaffinic hydrocarbons are those having from about four to
      about seven carbon atoms per molecule, including isobutane, isopentane,
      neopentane, one or more of the isohexanes and various branched-chain
      heptanes. Similarly, the olefinic reactant stream contains from about
      three to about seven carbon atoms per molecule, and is inclusive of
      propylene, 1-butene, 2-butene, isobutylene, the isomeric amylenes, hexenes
      and various heptenes.
PAR  The alkylation reaction mixture comprises hydrogen fluoride catalyst, an
      isoparaffin and a mixed olefinic feed stream. With respect to the latter,
      the feed stream generally contains at least two olefinic hydrocarbons
      selected from the group consisting of propylene, 1-butene, 2-butene and
      isobutylene. Hydrogen fluoride catalyst is utilized in an amount
      sufficient to provide a catalyst/hydrocarbon volume ratio, within the
      reaction zone, of from about 0.5 to about 3.0. As a general practice,
      commercial anhydrous hydrogen fluoride will be charged to the alkylation
      system as the catalyst. It is possible to use hydrogen fluoride which
      contains as much as about 10.0 percent water; however, excessive dilution
      should be avoided since it tends to reduce the alkylating activity of the
      catalyst while simultaneously introducing severe corrosion problems into
      the system. In order to reduce the tendency of the olefinic portion of the
      hydrocarbon feed stock to undergo polymerization prior to alkylation, the
      molar proportion of the isoparaffin to olefinic hydrocarbons is maintained
      at a value greater than about 1.0:1.0, up to about 20.0:1.0, and
      preferably from about 3.0:1.0 to about 15.0:1.0.
PAR  Alkylation reaction conditions include temperatures in the range of about
      0.degree. to about 200.degree.F., and preferably from about 30.degree.F.
      to about 110.degree.F. In view of the fact that the alkylation reactions
      are highly exothermic, suitable means for removing heat from the reaction
      zone is required. In general practice, the reaction zone is designed such
      that it functions as an indirect heat-exchanger. A cooling medium is
      introduced into the reaction zone and indirectly contacts the reaction
      mixture therein. Generally, the quantity of cooling medium introduced is
      controlled by direct response to the internal temperature of the reaction
      mixture. While such a basic technique admittedly offers some form of
      temperature control, it is clearly susceptible to a relatively large
      cycling range. In effect, this technique maintains the reaction zone
      temperature above a predetermined minimum and below a predetermined
      maximum, the latter to avoid additional polymerization reactions which
      adversely affect the product quality.
PAR  Alkylation pressures are sufficiently high to maintain the hydrocarbon feed
      stream and hydrogen fluoride catalyst in substantially liquid phase; that
      is, pressures from about 15 psig. to about 600 psig. The contact time in
      the alkylation reaction zone is conveniently expressed in terms of a
      space-time relationship which is defined as the volume of catalyst within
      the reaction zone divided by the volume rate per minute of hydrocarbon
      reactants charged to the zone. Usually, the space-time relationship will
      be less than about five minutes and preferably less than about two
      minutes. The product effluent from the alkylation reaction zone is
      introduced into a separation zone generally comprising a two-vessel
      stacked system. The mixture is initially introduced into the lower vessel
      which serves as a vertical mixer, or soaking zone. The mixer is sized and
      designed to provide an average residence time in the range of about 60
      seconds to about 1200 seconds. After the desired residence time, the
      effluent is introduced into the upper vessel which serves as a settler to
      provide a hydrocarbon stream substantially free from the major portion of
      hydrogen fluoride, and a settled hydrogen fluoride phase substantially
      free from the major proportion of hydrocarbons. In accordance with a
      relatively recent technique, at least a portion of the reaction zone
      effluent (the hydrocarbon stream) is emulsified and recycled to the
      alkylation reaction zone, in an amount from 20.0 to about 100.0 percent,
      based upon the original feed stream plus recycle. The settled hydrogen
      fluoride is recycled to the reaction zone in admixture with regenerated
      hydrogen fluoride. The reaction zone effluent generally contains a minor
      proportion of polymer products notwithstanding temperature control of the
      reaction mixture. In order to prevent the build-up of polymer products
      within the system, a relatively minor proportion of the settled hydrogen
      fluoride phase is introduced into an acid regenerator. Hydrogen fluoride
      recovered therefrom is recycled to the alkylation reaction zone.
PAR  That portion of the hydrocarbon phase separated in the settler vessel and
      not recycled to the reaction zone, is introduced into an isostripper
      fractionating column for the recovery of the normally liquid alkylate
      product. Propane, unreacted isobutane and a minor quantity of hydrogen
      fluoride catalyst are removed as an overhead stream and introduced into a
      separate settling zone, from which the hydrogen fluoride is recycled to
      the reaction zone. The hydrocarbon phase from this settler is introduced
      into a depropanizing column, with isobutane being removed as a bottoms
      fraction, recycled in part to the reaction zone and in part to the
      acid-regenerator for the purpose of stripping hydrogen fluoride from the
      polymer products which are removed as a bottoms phase. A principally
      vaporous phase, predominantly propane, and containing a minor quantity of
      hydrogen fluoride, is introduced into a hydrogen fluoride stripping
      column. The hydrogen fluoride is removed as an overhead fraction and
      introduced into the isostripper settler for ultimate return to the
      reaction zone. Propane is removed from the bottom of the hydrogen fluoride
      stripper and sent to storage; this stream is generally subjected to both
      alumina treating and potassium hydroxide treating to remove trace
      quantities of hydrogen fluoride. Similarly, although the normally liquid
      alkylate product is generally recovered substantially free from hydrogen
      fluoride, cautious operating techniques dictate that the same be subjected
      to similar treatments.
PAR  The foregoing is representative of a typical hydrogen fluoride alkylation
      process. As previously stated, the present control system is intended for
      integration into such a unit for the purpose of achieving a greater degree
      of efficiency with respect to reaction zone temperature control,
      accompanied by an enhancement of the steady-state operation of the entire
      system. As previously stated, the character of the olefinic feed stream to
      an HF alkylation unit is generally dependent upon the operation of other
      processes within the refinery. Since these other processes are subjected
      to their own peculiar operating parameters, the composition of the
      olefinic feed stream is constantly changing. This contributes a particular
      problem with respect to temperature control of the alkylation reaction
      zone mixture. Considering only propylene, 1-butene, 2-butene and
      isobutylene, the normally liquid alkylate product quality is improved by
      increasing the reaction temperature, with respect to 1-butene, and by
      decreasing the temperature of the reaction mixture with respect to
      2-butene and isobutylene. This anomaly is further compounded by virtue of
      the fact that a higher quality alkylate product results from a propylene
      feed stream processed at higher temperatures than those which are
      considered optimum for the alkylation of C.sub.4 -olefins.
PAR  As hereinbefore stated, a portion of the hydrocarbon phase recovered as an
      overhead stream from the settler, is recycled to the reaction zone.
      Although the hydrocarbon portion of this recycle stream is constantly
      changing, in view of the changes in the original olefinic feed stream to
      the unit, the hydrocarbon/HF mole ratio thereof will generally be in the
      range of about 20.0:1.0 to about 50.0:1.0. Recycling this mixture of
      alkylate product, unreacted isobutane and butanes introduces an added
      factor to be considered with respect to temperature control of the
      reaction mixture within the reaction zone. Through the use of the present
      control system, there is afforded additional compensation for the effect
      brought about by changes in the composition and temperature of this
      recycled effluent stream.
PAR  In accordance with the present invention, a hydrocarbon analyzer is
      employed to receive a sample of the normally liquid alkylate product
      removed as a bottoms stream from the isostripping column. An output
      signal, which is representative of a composition characteristic of the
      sample, is developed by the hydrocarbon analyzer. This output signal is
      transmitted to signal-receiving means, or controller means, the latter in
      turn transmitting the signal to flow-varying means whereby the flow of the
      cooling medium into the alkylation reaction zone is adjusted and the flow
      of recycled reaction zone effluent is adjusted, both in response to the
      varying composition characteristic. In a preferred embodiment, the output
      signal is initially transmitted to comparator means which compares the
      rate of change and actual value of said composition characteristic,
      generates a second output signal and transmits said second signal to at
      least one of the controller means, in order to regulate either the flow of
      cooling medium, or the flow of recycled effluent, or both. Complete
      details of the hydrocarbon analyzer, intended for utilization as an
      essential element of the present control system may be obtained upon
      reference to U.S. Pat. No. 3,463,613 (Cl. 23--230).
PAR  As stated therein, a composition characteristic of a hydrocarbon sample can
      be determined by burning the same in a combustion tube under conditions
      generating a stabilized cool flame. The position of the flame front is
      automatically detected and employed to develop a signal which, in turn, is
      utilized to vary a combustion parameter such as combustion pressure,
      induction zone temperature or air flow, in a manner which immobilizes the
      flame front regardless of changes in the composition characteristic of the
      hydrocarbon sample. The change in the combustion parameter, required to
      immobilize the flame front following a change of sample composition, is,
      therefore, correlatable with the composition characteristic change. An
      appropriate read-out device, of the type well known in the appropriate
      art, connecting with the hydrocarbon analyzer, may be calibrated in terms
      of the desired identifying characteristic as, for example, the octane
      rating.
PAR  The hydrocarbon analyzer is characterized as comprising a stabilized cool
      flame generator having a servo-positioned flame front. The type of
      analysis affected thereby is not a compound-by-compound analysis such as
      that presented by instruments including mass spectrometers and vapor-phase
      chromatographs. On the contrary, the analysis is represented by a
      continuous output signal which is responsive to and indicative of
      hydrocarbon composition and, more specifically, is correlatable with one
      or more conventional identifications or specifications of petroleum
      products including Reid vapor pressure, ASTM or Engler distillations, or,
      for motor fuels, anti-knock characteristics such as research octane
      number, motor octane number, or a composite thereof. The hydrocarbon
      analyzer receives a hydrocarbon sample (preferably continuously)
      containing predominately gasoline boiling range components; the output
      signal provides a direct measure of octane number. For brevity, the
      hydrocarbon analyzer is herein referred to as "an octane monitor."
PAR  The control system will further include comparator means which initially
      receives the output signal from the hydrocarbon analyzer, and compares the
      rate of change and actual value of composition characteristic with
      previously received values. The second output signal is generated and
      transmitted to the signal-receiving means, or flow controllers, to reset
      the set points thereof in response to successive comparisons of the
      composition characteristic. The flow control means in turn transmit the
      signal to the flow-varying means, whereby the flow of the cooling medium
      and the flow of the effluent recycle stream is adjusted in response
      thereto. Where desired, second comparator means can be included for
      comparing the actual value of the composition characteristic with
      previously determined deviation limits and for generating an adjustment
      output signal in response to this comparison. When the value lies beyond
      the set limits, and the rate of change with respect to time indicates that
      the value will continue to depart from such limits, the second comparator
      means will generate an adjustment signal to alter the rate of change.
      Details of comparator means, as utilized in a control system for a
      reaction process, may be found in U.S. Pat. No. 3,748,448 (Cl.
      235--151.12).
DRWD
PAR  In further describing my invention, reference will be made to the
      accompanying drawing which is presented for the sole purpose of
      illustrating a typical prior art HF alkylation process having integrated
      therein the control system and method of the present invention. In the
      drawing, the process is presented by way of a simplified flow diagram in
      which details such as pumps, instrumentation and other controls, quench
      systems, heat-exchange and heat-recovery circuits, valving, start-up lines
      and similar hardware have been eliminated as non-essential to an
      understanding of the techniques involved. The use of such miscellaneous
      appurtenances, to modify the process as illustrated, will be evident to
      those possessing the requisite skill in the art of petroleum refining
      technology.
DETD
PAC  DESCRIPTION OF DRAWING
PAR  The drawing will be described in conjunction with a commercially-scaled
      unit designed for the alkylation of isobutane with a mixed olefin feed
      stream, containing propylene, various butylenes and amylenes, in an
      exchanger-type reaction vessel. The olefinic charge stream, in the amount
      of about 5,482 Bbl./day, enters the process via line 1; make-up isobutane
      is introduced via line 3; and, field butane, in the amount of 923 Bbl./day
      is introduced into the system via line 20, the isobutane-rich portion
      thereof being recycled by way of line 2 to combine with the olefinic
      hydrocarbon and make-up isobutane mixture in line 1. Also introduced into
      the reactant mixture is a portion of the reaction zone effluent (8,316.66
      mol/hr.) via line 42, the source of which is hereinafter described. That
      this recycle stream is shown as being combined with the olefinic feed
      stream in line 1 is not essential to the present invention; that is, it
      could be shown as initially combining with the make-up isobutane being
      introduced via line 3. In any event, the entire reactant mixture continues
      through line 1, being introduced thereby into reactor 4. From these fresh
      feed charge streams, it is desired to produce a full boiling range,
      normally liquid alkylate product having a Reid vapor pressure of about
      10.0 lbs. and a clear (unleaded) octane rating of about 93.0.
PAR  With specific reference now to the drawing, 5,482 Bbl./day of the olefinic
      feed stream (884.45 mols/hr.), is introduced into the process through line
      1, and is admixed with 49,878 Bbl./day (7,107.45 mols/hr.) of an
      isobutane-rich recycle stream in line 2, containing 107.16 moles of HF
      acid; 2,452 Bbl./day (347.65 mols/hr.) of make-up isobutane (95.0 percent
      by volume) is introduced via line 3 and 8,316.66 mols/hr. of recycled
      effluent via line 42, containing 212.78 mols/hr. of HF acid. The mixture
      continues through line 1 into alkylation reactor 4 which is designed to
      function as a heat-exchanger having multiple feed injection points, which
      technique is well known and not, therefore, illustrated herein. Hydrogen
      fluoride, in an amount of 88,360 Bbl./day (54,255.23 mols/hr.), is
      recycled from settler 13 into reactor 4 by way of line 5. This stream is
      inclusive of 169.95 mols/hr. of regenerated acid from line 6, also
      containing 297.31 mols/hr. of an isobutane-rich stream and 107.16 mols/hr.
      of settled HF acid recovered in line 7 as hereinafter described. In
      reactor 4, the isobutane/olefinic hydrocarbon mole ratio is about 13.0:1.0
      and the HF acid/hydrocarbon volumetric ratio is about 1.48:1.0, exclusive
      of the recycle stream in line 42. Reactor 4 is maintained at a pressure of
      about 233 psig., with the HF acid and reactant stream being introduced at
      a temperature of about 100.degree.F. The material balance around reaction
      zone 4, exclusive of the HF acid stream, is presented in the following
      Table I, with the concentrations of the various components being given in
      terms of mols/hr. for convenience.
TBL                TABLE I                                                     
     ______________________________________                                    
     Reaction Zone Material Balance                                            
     Component    Charge        Effluent                                       
     ______________________________________                                    
     Ethane       0.92          0.92                                           
     Propylene    271.49        --                                             
     Propane      583.58        599.71                                         
     Butylenes    256.25        --                                             
     Isobutane    6896.52       6352.38                                        
     N-Butane     505.62        510.36                                         
     Amylenes     2.76          --                                             
     Isopentane   80.45         98.88                                          
     N-Pentane    0.59          --                                             
     Hexane-plus  37.85         541.63                                         
     Polymer Products                                                          
                  --            0.17                                           
     ______________________________________                                    
PAR  As hereinbefore set forth, HF alkylation of an isoparaffin/olefin reactant
      mixture is highly exothermic, and must be tempered through the use of a
      cooling medium. In the illustration, the exothermic heat of reaction is
      removed through the use of 8,017 gallons per minute of water (about
      85.degree.F.) entering via line 9, and exiting via line 8 at a temperature
      of about 90.degree.F. The total reaction product effluent is withdrawn
      through line 10 at a temperature of about 100.degree.F. and a pressure of
      about 218 psig.
PAR  The product effluent continues through line 10 into mixer/soaker 11 wherein
      it is maintained for an effective residence time of about eight minutes.
      After this holding period, the product effluent is transferred via line 12
      into HF acid settler 13. Settled HF acid is removed via line 14 in the
      amount of 88,013 Bbl./day (54,040.62 mols/hr.), at a pressure of about 203
      psig. Of this amount, 87,735 Bbl./day (53,870.77 mols/hr.) are diverted
      through line 5 as acid recycle to reactor 4. Generally, the remaining 278
      Bbl./day (169.95 mols/hr.) is accumulated until a sufficient quantity is
      available for introduction via line 14 into acid regenerator 15.
      Regenerator 15 functions at a bottom pressure of about 155 psig., a bottom
      temperature of about 350.degree.F., a top pressure of about 145 psig. and
      a top temperature of about 160.degree.F. HF acid is stripped from polymer
      products by the introduction, via line 16, of an isobutane-rich stream
      (212.22 mols/hr.), at a temperature of 450.degree.F. and a pressure of
      about 160 psig. Polymer products, in the amount of about 3.2 Bbl./day
      (0.17 mols/hr.) are recovered through line 17, at a pressure of about 155
      psig. and a temperature of about 350.degree.F. A portion of the
      isobutane-rich stream from line 16 is diverted through line 32 in the
      amount of about 85.09 mols/hr., cooled to a temperature of about
      100.degree.F., and introduced as reflux into acid regenerator 15. The
      overhead stream in line 6, comprising 297.31 mols/hr. of hydrocarbons and
      169.95 mols/hr. of regenerated HF acid, is recycled to combine with the
      settled acid in line 4, and returned to reactor 4. The material balance
      with respect to acid regenerator 15 is presented in the following Table
      II:
TBL                TABLE II                                                    
     ______________________________________                                    
     Acid Regenerator Material Balance                                         
     Component                                                                 
             Line Number                                                       
     14           32       16       6      17                                  
     ______________________________________                                    
     Propane --       1.00     6.46   7.46   --                                
     Isobutane                                                                 
             --       78.66    198.82 277.48 --                                
     N-Butane                                                                  
             --       4.91     6.45   11.36  --                                
     Isopentane                                                                
             --       0.52     0.48   0.99   --                                
     HF Acid 169.95   --       --     169.95 --                                
     Polymers                                                                  
             0.17     --       --     --     0.17                              
     ______________________________________                                    
PAR  The hydrocarbon-rich phase from settler 13, at a temperature of about
      100.degree.F. and a pressure of about 203 psig., is withdrawn through line
      18 in an amount of 16,633.32 mols/hr., of which 425.56 mols/hr. is HF
      acid. About 50.0 percent of this hydrocarbon-rich phase is diverted via
      line 42 to be combined with the olefinic feed stream in line 1. The
      remainder, consisting of 8,103.88 mols/hr. of hydrocarbons and 212.78
      mols/hr. of HF acid, is heated to a temperature of about 170.degree.F. and
      introduced into isostripper 19 at a pressure of about 152 psig. Field
      butane, at a temperature of about 100.degree.F., enters the upper section
      of isostripper 19 through line 20, in an amount of 133.07 mols/hr. A
      normal butane-rich stream, in the amount of 89.16 mols/hr., is recovered
      as a side-cut via line 21, and is subjected to treatment with potassium
      hydroxide for the removal of trace quantities of HF acid. Isostripper 19
      functions at a bottom temperature of about 371.degree.F., a bottom
      pressure of about 160 psig., a top temperature of about 140.degree.F. and
      a top pressure of about 152 psig. The normally liquid alkylate product is
      recovered through line 22 in an amount of about 5,932 Bbl./day (579.97
      mols/hr.), and is also subjected to caustic treating for acid removal. An
      isobutane-rich stream, in the amount of 6,897.43 mols/hr., including 19.42
      mols/hr. of a pump flush stream (not illustrated) from depropanizer 27, is
      recycled via lines 2 and 1 to reactor 4. Also recovered in line 2 is HF
      acid in the amount of 107.16 mols/hr. Overhead vapors, consisting of
      1,380.08 mols/hr. of hydrocarbons and 120.85 mols/hr. of HF acid, is
      withdrawn through line 23.
PAR  Of this amount, 690.04 mols/hr. of hydrocarbons and 13.69 mols/hr. of HF
      are utilized as reflux to isostripper 19; the composition of the
      hydrocarbon phase is about 0.91 moles ethane, 166.55 moles of propane,
      496.23 moles of isobutane, 24.92 moles of N-butane and 2.44 moles of
      isopentane. The component composition of the various charge and effluent
      streams, exclusive of HF acid, are presented in the following Tables III
      and IV:
TBL                TABLE III                                                   
     ______________________________________                                    
     Isostripper Feed Streams                                                  
     Component    Line 18       Line 20                                        
     ______________________________________                                    
     Ethane       0.92          --                                             
     Propylene    --            --                                             
     Propane      599.71        3.10                                           
     Butylenes    --            --                                             
     Isobutane    6352.38       62.63                                          
     N-Butane     590.72        64.99                                          
     Isopentane   98.88         1.52                                           
     N-Pentane    --            0.83                                           
     Hexane-plus  541.63        --                                             
     ______________________________________                                    
TBL                TABLE IV                                                    
     ______________________________________                                    
     Isostripper Effluent Streams                                              
     Component                                                                 
              Line 23   Line 2    Line 21 Line 22                              
     ______________________________________                                    
     Ethane   1.83      --        --      --                                   
     Propylene                                                                 
              --        --        --      --                                   
     Propane  336.11    412.71    --      --                                   
     Butylenes                                                                 
              --        --        --      --                                   
     Isobutane                                                                 
              987.75    5935.17   4.30    1.17                                 
     N-Butane 49.54     418.35    83.28   50.23                                
     Isopentane                                                                
              4.84      72.59     1.52    24.01                                
     N-Pentane                                                                 
              --        --        --      0.69                                 
     Hexane-plus                                                               
              --        37.85     0.06    503.72                               
     ______________________________________                                    
PAR  A portion of the overhead from line 23 is diverted as reflux to the top of
      isostripper 19; this portion consists of 690.04 mols/hr. of hydrocarbons
      and 13.69 mols/hr. of HF. The remainder is admixed with 14.05 mols/hr. of
      HF from line 24, and is introduced into settler 25. Settled acid, in the
      amount of 107.16 mols/hr., is recycled to reactor 4 by way of line 7 and
      5. Hydrocarbons, in the amount of 703.11 mols/hr., and HF acid, in the
      amount of 14.05 mols/hr., are introduced via line 26 into depropanizer 27.
      A propane concentrate, containing 14.05 mols/hr. of HF acid is recovered
      as an overhead stream in line 28 being introduced thereby into HF stripper
      29.
PAR  The bottoms stream, in an amount of 540.03 mols/hr., is withdrawn through
      line 30 and utilized as follows: 32.74 mols/hr. are employed as a pump
      flush stream (not illustrated); 297.31 mols/hr. are diverted through line
      16 for use in acid regenerator 15; and, 210.02 mols/hr. continue through
      line 30 for recycle to reactor 4 via line 2. Depropanizer 27 functions
      with a bottom pressure of about 315 psig., a bottom temperature of about
      220.degree.F., a top temperature of about 140.degree.F. and a top pressure
      of about 305 psig. The material balance for depropanizer 27 is presented
      in the following Table V:
TBL                TABLE V                                                     
     ______________________________________                                    
     Depropanizer Material Balance                                             
     Component                                                                 
              Line 26     Line 28     Line 30                                  
     ______________________________________                                    
     Ethane   0.92        0.92        --                                       
     Propane  169.72      159.40      10.31                                    
     Isobutane                                                                 
              504.63      2.74        501.88                                   
     N-Butane 25.38       --          25.38                                    
     Isopentane                                                                
              2.48        --          2.48                                     
     ______________________________________                                    
PAL  Hydrogen fluoride, in an amount of about 14.05 mols/hr. is withdrawn as an
      overhead stream in line 24, and admixed with the isostripper overhead in
      line 23. The 163.07 mols/hr. of hydrocarbons are recovered via line 31. HF
      stripper 29 functions with a top temperature of about 140.degree.F., and a
      pressure of about 310 psig. and a bottoms temperature of 150.degree.F.,
      and a pressure of about 320 psig.
PAR  The normally liquid alkylate product, withdrawn via line 22 has a Reid
      Vapor Pressure of about 9.9 lbs., a clear octane rating of about 93.3
      (research method), 104.2 with 3.0 cc. of tetraethyl lead, and a gravity of
      74.6 .degree.API. The results of a 100 ml. ASTM distillation are presented
      in the following Table VI:
TBL                TABLE VI                                                    
     ______________________________________                                    
     Alkylate Product ASTM Distillation                                        
     Volume Percent    .degree.F.                                              
     ______________________________________                                    
     Initial Boiling Point                                                     
                        92                                                     
      5.0%             119                                                     
     10.0%             136                                                     
     20.0%             170                                                     
     30.0%             196                                                     
     40.0%             206                                                     
     50.0%             212                                                     
     60.0%             218                                                     
     70.0%             223                                                     
     80.0%             234                                                     
     90.0%             273                                                     
     95.0%             --                                                      
     End Boiling Point 356                                                     
     ______________________________________                                    
PAR  Octane monitor 33 is field-installed adjacent isostripper 19; it utilizes a
      stabilized cool flame generator having a servo-positioned flame front. The
      flow of oxidizer (air) and fuel (alkylate product effluent from line 22)
      are fixed, as is the induction zone temperature. Combustion pressure is
      the parameter which is varied in such man- that the stabilized cool flame
      front is immobilized.
PAR  Upon experiencing and detecting a change in a composition characteristic,
      in this illustration octane number, the change in pressure required to
      immobilize the flame front within octane monitor 33 provides a direct,
      correlatable indication of the change in the sample delivered to the
      analyzer's combustion chamber by way of line 34. Typical operating
      conditions for the octane monitor are: air flow, 3,500 cc./min. (STP);
      fuel flow, 1.0 cc./min.; induction zone temperature, Research Octane,
      700.degree.F.; induction zone temperature, Motor Octane, 800.degree.F.;
      combustion pressure, 4.0 to 20.0 psig.; and, octane range (max.), 80 to
      102. The actual calibrated span of the octane monitor as herein employed,
      will generally be narrower. For example, where the target octane rating is
      95.0 Clear (Research Method), a suitable span may be 90-96 research
      octane. When such a relatively narrow span is employed, the octane number
      change is essentially directly proportional to the change in combustion
      pressure. As shown in the drawing, the sample system may comprise a sample
      loop taking, for example, liquid at a rate of about 100 cc./min. via line
      34 and returning it by way of line 35, the sample itself being injected,
      from an intermediate point, at a controlled rate by a metering pump to the
      combustion tube of the octane monitor.
PAR  The octane monitor output signal is transmitted through line 36 to
      ultimately reset the set point of controllers 39 and 44. The latter will
      then make the appropriate adjustments, by way of lines 40 and 45, in
      control valves 41 and 46, either to decrease, or increase the flow rates
      of the effluent recycle in line 42, and of the cooling medium in line 9.
      It is understood, of course, that control valve 46 can be installed in
      line 8, the cooling medium exit line from reaction zone 4. In a preferred
      technique, the octane monitor output signal is transmitted via line 36
      into comparator means 37, and therefrom through lines 38 and 43 into
      controllers 39 and 43 into controllers 39 and 44. Since the sample of
      alkylate product from line 22 is taken continuously, and a varying output
      signal is continously being transmitted via line 36, rapid compensation
      for the changes in the olefinic composition of the feed stream in line 1
      is afforded. Additionally, the effect of effluent recycle via line 42 is
      readily offset. Comparator 37 is capable of functioning to change either
      the flow of cooling medium through line 9, the flow of recycled effluent
      in line 42, or both. By checking the current output signal, received via
      line 36, against the previous signal, comparator 37 transmits the proper
      signal or signals to controllers 39 and 44 to correct for any indicated
      difference.
PAR  To illustrate further, it will be presumed that the olefinic feed stream
      composition changes to the extent that there is a decrease in the content
      of 1-butene, in which case the reaction zone temperature is too high, and
      an increase in the propylene content greater than the change in C.sub.4
      -olefins, in which case the temperature is too low. Octane monitor 33
      senses the decreasing octane rating of the alkylate product and transmits
      a corresponding output signal through line 36 to comparator 37. The latter
      compares and checks this current signal against the previous signal and
      transmits output signals via lines 43 and 38 to controllers 44 and 39, in
      order to correct the difference and reset the control points. The
      controllers in turn cause valves 46 and 41 to close such that the flow of
      cooling medium and effluent recycle is decreased, and the reaction zone
      temperature increased. When the ultimate effect is sensed by octane
      monitor 33, comparator 37 will compare and check the then current output
      signal, and make the appropriate change, or changes required to achieve
      the target octane number.
PAR  Through the utilization of the present control system, a refiner
      functioning with a mixed olefin feed stream, as the charge to an HF
      alkylation system, is afforded close control over either a desired target
      octane rating, or over maximizing the octane rating, regardless of the
      changes in feed composition.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for alkylating an isoparaffin with an olefinic feed stream
      containing at least two olefins, which process comprises the steps of:
PA1  a. reacting said isoparaffin with said feed stream in admixture with a
      hydrogen fluoride catalyst, in an alkylation reaction zone, at alkylating
      conditions resulting in a reaction product effluent containing normally
      liquid alkylate;
PA1  b. regulating the temperature of the reaction mixture, within said reaction
      zone, through indirect contact of said reaction mixture with a cooling
      medium passing through conduit means through said reaction zone, the flow
      of said cooling medium being adjusted by first flow-varying means
      connected to said conduit means;
PA1  c. separating said reaction product effluent into a hydrocarbon phase and
      an acid phase;
PA1  d. recycling a first portion of said hydrocarbon phase to said reaction
      zone, the flow of said first portion of hydrocarbon phase being adjusted
      by second flow-varying means connected to the recycle conduit to said
      reaction zone;
PA1  e. recovering said normally liquid alkylate from a second portion of said
      hydrocarbon phase;
PA1  f. introducing a sample of said alkylate into a hydrocarbon analyzer and
      developing therein a first output signal which is representative of a
      composition characteristic of said sample; and,
PA1  g. transmitting said first output signal to comparator means which compares
      the rate of change and actual value of said composition characteristic,
      said comparator generates a second output signal and transmits said second
      output signal to at least one of two signal-receiving means, the first of
      said signal-receiving means transmits said second signal to said first
      flow-varying means, whereby the flow of cooling medium passing throus said
      conduit means is adjusted, and the second of said signal-receiving means
      transmits said second signal to said second flow-varying means, whereby
      the flow of said recycled hydrocarbon phase through said recycle conduit
      is adjusted in response to said composition characteristic.
NUM  2.
PAR  2. The process of claim 1 further characterized in that said olefinic feed
      stream contains at least two olefins having from three to seven carbon
      atoms per molecule.
NUM  3.
PAR  3. The process of claim 1 further characterized in that said isoparaffin
      contains from four to seven carbon atoms per molecule.
NUM  4.
PAR  4. The process of claim 2 further characterized in that said olefinic feed
      stream contains at least two olefins selected from the group consisting of
      propylene, 1-butene, 2-butene and isobutylene.
NUM  5.
PAR  5. The process of claim 3 further characterized in that said isoparaffin is
      isobutane.
NUM  6.
PAR  6. The process of claim 1 further characterized in that said alkylating
      conditions include an isoparaffin/olefin molar ratio in the range of about
      1.1:1.0 to about 20.0:1.0 and a reaction zone temperature from about
      30.degree.F. to about 200.degree.F.
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ABST
PAL  Perfluoro compound-epoxy resin compositions manifesting oil and soil
      resistance said compositions comprising an epoxy resin and a block
      copolymer of the type [ABA].sub.n wherein A is a perfluoro group having
      from 8 to 10 carbon atoms, B is a low molecular weight functionality
      reactive with the epoxy resin and n is from 1 to about 5.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to oil and soil resistant compositions. More
      specifically this invention relates to perfluoro compound-epoxy resin
      compositions wherein the perfluoro compound is a block copolymer of the
      type [ABA].sub.n wherein A is a perfluoro group having from 8 to 10 carbon
      atoms; B is a low molecular weight functionality capable of reacting with
      the epoxy resin and chemically participating in the cure of the epoxy
      resin; and n is from one to about 5.
PAR  The perfluoro compound-epoxy resin compositions of this invention are
      particularly useful as binders for particulate aggregate systems and as
      surface topcoats for various substrates.
PAR  2. Description of the Prior Art
PAR  Dirt or soil is an undesirable agent which becomes attached to or
      detrimentally alters the appearance of a surface. The soils may be dry and
      particulate or composite of fluid and particulate matter. They may be
      aqueous, oil or airborne.
PAR  In light of recent detailed studies with respect to the destructive effects
      of dirt, grime and air pollutants on the internal and external surfaces of
      buildings, attention has been turned to the development of surfaces
      resistant to such soil.
PAR  Perfluoro compound-epoxy resin compositions have now been discovered which
      manifest outstanding soil and oil resistant properties and which are
      extremely effective as binders for particular aggregate systems or as
      surface topcoats for various substrates.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to perfluoro compound-epoxy resin compositions
      comprising an epoxy resin having more than one vicinal epoxy group in each
      molecule and a block copolymer of the type [ABA].sub.n wherein A is a
      perfluoro group having from about 8 to about 10 carbon atoms, B is low
      molecular weight functionality reactive with the epoxy resin and n is from
      one to about 5.
PAC  DESCRIPTION OF THE INVENTION
PAR  Increasing the fluorine content of perfluoro carbon compounds lowers the
      critical surface tension of the particular compound. It is this property
      that gives fluoronated surfaces their utility in antisoiling and dirt
      resistant applications. This can be readily seen by reference to Table I
      below which shows the critical surface tension in dynes per centimeter of
      polyethylene and halogenated polyethylenes of various chlorine and
      fluorine content.
      ##EQU1##
PAR  The perfluoro compounds useful in this invention are block copolymers of
      the type [ABA].sub.n. A in the block copolymer formula is a perfluoro
      group having from 8 to 10 carbon atoms. While both longer and shorter
      carbon chains can be used effectively to form the backbone of the
      perfluoro group, a chain of from about 8 to 10 carbon atoms has been
      selected for practical purposes such as ease of handling and availability.
      B of the block copolymer formula is a low molecular weight functionality
      (maximum molecular weight being about 300 - 3,000) reactive with the epoxy
      resin. By the phrase "reactive with the epoxy resin" as used herein is
      meant any functionality which is capable of reacting with the epoxy resin
      in such a way as to chemically participate in the curing of the epoxy
      resin at room temperature. B of block copolymer is derived from a compound
      having at least two functionalities, i,e. having at least sufficient
      stochiometry to fulfill the functions of two active hydrogens. This will
      be necessary to insure both the ready formation of the block copolymer
      itself and the reaction of the block copolymer with the epoxy resin during
      cure. Suitable compounds from which B may be derived or produced include
      polyethers, polyamines, carboxyls, hydroxyls, and anhydrides and the like.
      The value of n may be from one to about 5 in order to maintain the desired
      low molecular weight of the resultant block copolymer since an extremely
      high molecular weight would tend to reduce the overall effect of the
      perfluoro group present in the copolymer. An n value of 2 or 3 is
      preferred.
PAR  The block copolymer may be prepared by reacting hexafluoropropylene with
      iodine to produce an iodide and then reacting the resultant iodide with
      the B producing compound to give ABA + H + HI. The perfluoro group will
      comprise from about 25 to about 80% by weight of the block copolymer.
PAR  Particular perfluorocompounds which may be used in the compositions of the
      instant invention include those listed in Table II below.
TBL                TABLE II                                                    
     ______________________________________                                    
     Designation*    Name          Structure                                   
     ______________________________________                                    
     1. "TEF-3"                                                                
               Perfluoro aromatic Diester                                      
                                   (--C.sub.10 F.sub.21)                       
     2. "TEF-6"                                                                
               Perfluoro modified Aliphatic                                    
                                   (--C.sub.10 F.sub.21)                       
               Hydrocarbon                                                     
     3. "TEF-8"                                                                
               Polyether Adipate Derivative                                    
                                   (--C.sub.10 F.sub.21)                       
     4. "TEF-16"                                                               
               Fluorocarbon Polyether                                          
                                   (--C.sub.8 F.sub.17)                        
     5. "TEF-31"                                                               
               Perfluoro Modified Epoxide                                      
                                   (--C.sub.10 F.sub.21)                       
     6. "TEF-36"                                                               
               Hydroxyl containing (--C.sub.10 F.sub.21)                       
               Perfluoro Polymer                                               
     7. "RT-772"                                                               
               Perfluoro Alkylated Aromatic                                    
                                   (--C.sub.8 F.sub.17)                        
               Ester                                                           
     8. "ZC-643"                                                               
               Perfluoro Alkyl Polyether                                       
                                   (--C.sub.8 F.sub.17)                        
     ______________________________________                                    
      *all designated compositions are products of Thiokol Corporation.        
PAR  Organic resins recommended for use according to this invention consist
      essentially of epoxy resin compositions, which may be a single such resin
      with a well-defined molecular weight or a mixture of one or more resins in
      two or more ranges of molecular weight. The resin compositions preferably
      are liquid at room temperature (e.g., 25.degree. C).
PAR  A suitable epoxy resin is the diglycidyl ether of bisphenol A, normally
      formed as a condensation product of epichlorohydrin and bisphenol A [i.e.,
      bis(4-hydroxyphenyl) dimethyl methane]. Condensation products of
      epichlorohydrin with other polyhydric alcohols, which may or may not have
      such symmetry, also can be used, either in monomeric state or at
      relatively low degrees of polymerization, as suggested. Examples of
      additional suitable resins are the diglycidyl ether of bisphenol F (i.e.,
      bis (4-hydroxyphenyl) methane and the allyglycidyl mixed diether of
      bisphenol A.
PAR  The perfluoro compound and the epoxy resin may be mixed by any appropriate
      means. For example, the epoxy resin may be added to the perfluoro compound
      and the resultant mass can be heated with stirring until the two
      components are carefully mixed and the perfluoro compound has melted and
      dissolved. The perfluoro compound block copolymer will comprise from about
      0.5 to about 10 weight % of the perfluoro compound-epoxy resin
      composition, preferably about 2%.
PAR  After the mixture of perfluorocompound and epoxy resin have cooled to room
      temperature the required amount of hardener is added and thoroughly mixed
      therein. A basic polymerization hardener (cross-linking agent) is
      preferred, such as a poly-functional primary or secondary amine.
      Poly-functional phenols may also be used, as may polysulfide. An example
      of a satisfactory hardener is 2,4,6-tridimethyl aminoethyl phenol. Other
      examples of hardeners for the epoxy resin or resins used according to this
      invention, as well as of the resins themselves, will readily occur to
      those skilled in the art. The amount to be added will depend on the
      hardener used and the end use of the composition will be readily
      ascertained by one skilled in the art. The resultant mixture is a
      perfluoro-compound-epoxy resin composition having outstanding soil and oil
      resistant qualities which it is capable of imparting to surfaces when
      applied to such surfaces as a topcoat.
PAR  If desired, an aggregate powder may be added to the mixture obtained above
      and mixed until uniform in appearance. The amount, (if any), composition,
      and particle size of the aggregate will depend at least in part upon
      characteristics required in the end use to which the ultimate hardened
      composition is to be put. Typical of the aggregates which may be added are
      stone, sand, pebbles and the like.
PAR  Other new compositions such as ultraviolet absorbers may be added depending
      upon the end use of the composition in amount readily determinable by
      those skilled in the art.
PAR  The resultant mixture will manifest numerous advantages over similar epoxy
      resin-aggregate compositions which do not contain the perfluorocompound
      set forth herein. Such advantages include more uniform mixing of the
      compositions, easier troweling or application of the resultant
      composition, greater flexibility of the cured resin, and most unexpectedly
      a reduction of the cure time. Tests have shown that while a control epoxy
      resin system containing no fluorocarbon cured in 16 - 18 hours, the same
      system containing a perfluoro compound according to this invention cured
      in 3 -4 hours under the same conditions.
PAR  The perfluoro compound epoxy resin composition, whether or not it contains
      the aggregate powder, can be readily applied to the desired surface (e.g.
      cinder block, concrete, wood, metal, and the like) by any means known in
      the art, for example troweling. The composition will then proceed to cure
      fully at room temperature.
DETD
PAC  EXAMPLES
PAR  The following examples are intended to be merely illustrative of the
      invention and not in limitation thereof. Unless otherwise indicated, all
      quantities are by weight.
PAC  EXAMPLE 1
PAC  Preparation of Perfluoro Compound-Epoxy Resin Composition
PAR  Into a standard aluminum weighing dish, the required amount of perfluoro
      compound was added to the nearest 0.0001 g. Concentrations of 1 percent, 2
      percent, 3 percent and 4 percent of perfluoro compound based on the weight
      of the coating resin were used (see Table III). The resin ("EPIREZ 510")
      weight in this case was 5.0 gms for each compound prepared. The resin was
      added to the perfluoro compound, and the aluminum container was placed on
      a hot plate preheated to a surface temperature of approximately
      80.degree.C. Using a small, polished glass rod, the two components were
      completely mixed until the perfluoro compound melted and completely
      dissolved.
PAR  The mixture of perfluoro compound and resin cooled to room temperature and
      the required amount of hardener was added (1.0 gm each compound) and
      thoroughly mixed. An aggregate powder was then added (13.0 gm) and mixed
      until the mixture was uniform in appearance. Control samples were made by
      mixing in the resin, hardener and aggregate powder in the same order but
      at room temperature.
PAR  Using a Teflon coated sheet, 3 in. by 4 in. spaces were marked off, 3/4 in.
      masking tape was used for this. A sufficient amount of mixture to fill the
      3 in. by 4 in. space, about 8-10 gms for each space, was troweled on. The
      mixture was leveled and smoothed out. When a uniform surface was obtained,
      the sample was allowed to stand at room temperature
      (25.degree.C-26.degree.C) to fully cure.
PAR  After the samples were completely cured, each 3 in. by 4 in. sample panel
      was removed from the Teflon surface for wettability and stain removal
      testing.
TBL                TABLE III                                                   
     ______________________________________                                    
     VARIOUS PERFLUORO COMPOUNDS USED AND THEIR                                
     CONCENTRATIONS                                                            
     Sample No.  Compound     % Additive Level                                 
     ______________________________________                                    
     31-A        TEF-31       1                                                
     31-B        TEF-31       2                                                
     31-C        TEF-3        1                                                
     31-D        TEF-3        2                                                
     31-E        TEF-6        1                                                
     31-F        TEF-6        2                                                
     31-G        TEF-8        1                                                
     31-H        TEF-8        2                                                
     32-A        ZC-643       1                                                
     32-B        ZC-643       2                                                
     32-C        RT-772       1                                                
     32-D        RT-772       2                                                
     32-E        TEF-16       1                                                
     32-F        TEF-16       2                                                
     32-G        TEF-8        1                                                
     32-H        TEF-8        2                                                
     33-A        TEF-8        3                                                
     33-B        TEF-8        4                                                
     33-D        TEF-8        3                                                
     33-F        TEF-16       3                                                
     33-G        TEF-16       4                                                
     34-A        RT-772       3                                                
     34-B        RT-772       4                                                
     34-C        TEF-3        3                                                
     34-E        ZC-643       3                                                
     34-F        ZC-643       4                                                
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  Oil Wetting Test
PAR  The following test procedure was used to determine the wetting
      characteristics of the sample panels of Example 1. Basic Oil Test
      Solutions were prepared each comprising:
PA1  a) "PENNZOIL" SAE 10W motor oil
PA1  b) Heptane Solvent -- Commercial Grade
PA1  c) Methyl Blue Indicator -- Powder
PAC  Preparation of Test Solutions
PAR  Eleven concentrations of motor oil and heptane solvent were prepared,
      ranging from 0 percent oil to 100 percent oil by volume in the following
      manner:
PAR  Into a 7 dram glass vial, the required concentration of motor oil and
      heptane solvent were mixed directly, using small, magnetic stirrer and
      micro stirring bar. Into each vial, as it was being mixed, a few grains of
      the Methyl Blue indicator powder were added until a dark blue solution was
      obtained. Each solution was mixed for approximately 5 minutes to insure a
      uniform solution. All vials were capped during stirring. Each glass vial
      contained exactly 10 mls of test solution.
PAC  Procedure for Staining Test
PAR  Using a standard 2 ml medicine dropper, two uniform drops of the test
      solution were deposited on each panel prepared according to Example 1.
      Each drop was dropped directly upon the other and the tip of the dropper
      was held as close as possible without touching the first droplet. The
      uniformity of the height from which the solution dropped was very
      important because it determined the initial size of the droplet upon the
      surface. The droplet size can also be adversely affected by irregularities
      of the sample surface that causes the droplet to take an abnormal shape or
      spread erratically on the surface.
PAC  Measurement of Droplet
PAR  Measurements were taken on each two-drop oil stain in order to determine
      the wetting characteristics of each sample at the various concentrations
      of the oil/heptane solution.
PAR  The measurements in each case were obtained using a pair of calipers. The
      diameter of the drop pattern was taken and recorded in 1/32ths of an inch
      increments. The caliper points were placed as close as possible to both
      sides of each droplet pattern to obtain a measurement. Care must be taken
      at this step to insure that the tool points do not touch the droplet
      pattern itself as this could change the dimension of the droplet by
      disturbing it. The samples for the test must be placed on a level surface
      for accuracy. The results of the test appear in Table IV and show that the
      degree of wettability varies with variations in perfluoro compound used
      and perfluoro compound concentrations.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     DIAMETER OF STAIN OF VARIOUS COMPOSITIONS                                 
     Sample                                                                    
         SOLUTION COMPOSITION                                                  
     No. [Motor Oil in HEPTANE]                                                
     0%       10%  20%  30%  40%  50%  60%  70%  80%  90%   100%               
     __________________________________________________________________________
     31A 11/32                                                                 
              14/32                                                            
                   12/32                                                       
                        11/32                                                  
                              9/32                                             
                                  13/32                                        
                                       12/32                                   
                                            12/32                              
                                                 13/32                         
                                                      12/32 12/32              
     31B 14/32                                                                 
              11/32                                                            
                    9/32                                                       
                         9/32                                                  
                             10/32                                             
                                  13/32                                        
                                       12/32                                   
                                            11/32                              
                                                 12/32                         
                                                      11/32 11/32              
     31C 15/32                                                                 
              10/32                                                            
                    8/32                                                       
                         9/32                                                  
                              9/32                                             
                                   8/32                                        
                                        9/32                                   
                                             8/32                              
                                                  8/32                         
                                                       9/32  9/32              
     31D 12/32                                                                 
              13/32                                                            
                    8/32                                                       
                         8/32                                                  
                              8/32                                             
                                  10/32                                        
                                        8/32                                   
                                             8/32                              
                                                  8/32                         
                                                      10/32 10/32              
     31E      1-1/2"                                                           
                   1-1/4"                                                      
                        1-1/2                                                  
                             18/32                                             
                                  20/32                                        
                                       16/32                                   
                                            16/32                              
                                                 14/32                         
                                                      27/32 No Space           
     31F 21/32                                                                 
              18/32                                                            
                   13/32                                                       
                        13/32                                                  
                             11/32                                             
                                  13/32                                        
                                       12/32                                   
                                            12/32                              
                                                 12/32                         
                                                      12/32                    
     31G 11/32                                                                 
              11/32                                                            
                    9/32                                                       
                         8/32                                                  
                              8/32                                             
                                   8/32                                        
                                        8/32                                   
                                             8/32                              
                                                  8/32                         
                                                       9/32 12/32              
     31H 11/32                                                                 
               9/32                                                            
                    7/32                                                       
                         8/32                                                  
                              8/32                                             
                                   8/32                                        
                                       11/32                                   
                                             9/32                              
                                                  9/32                         
                                                      12/32 12/32              
     32A 1-1/2"         18/32                                                  
                             24/32                                             
                                  18/32                                        
                                       19/32                                   
                                            17/32                              
                                                 17/32                         
                                                      No Space                 
                                                            No Space*          
     32B 1-1/2"    21/32                                                       
                        17/32                                                  
                             17/32                                             
                                  14/32                                        
                                       16/32                                   
                                            14/32                              
                                                 15/32                         
                                                      No Space                 
                                                            No Space           
     32D 13/32                                                                 
               9/32                                                            
                    8/32                                                       
                         8/32                                                  
                             11/32                                             
                                  11/32                                        
                                        9/32                                   
                                             8/32                              
                                                  8/32                         
                                                       9/32 13/32              
     32C 14/32                                                                 
              11/32                                                            
                   10/32                                                       
                        10/32                                                  
                              8/32                                             
                                   9/32                                        
                                        9/32                                   
                                             9/32                              
                                                 10/32                         
                                                      11/32 11/32              
     32E 11/32                                                                 
              12/32                                                            
                   10/32                                                       
                         7/32                                                  
                              9/32                                             
                                  10/32                                        
                                       11/32                                   
                                             9/32                              
                                                 10/32                         
                                                      11/32 10/32              
     32F 15/32                                                                 
              10/32                                                            
                   10/32                                                       
                        10/32                                                  
                             10/32                                             
                                   9/32                                        
                                       10/32                                   
                                            10/32                              
                                                 10/32                         
                                                       9/32 10/32              
     32G 11/32                                                                 
               8/32                                                            
                   10/32                                                       
                        10/32                                                  
                             10/32                                             
                                  10/32                                        
                                        9/32                                   
                                             9/32                              
                                                  8/32                         
                                                      10/32 12/32              
     32H 10/32                                                                 
              12/32                                                            
                    9/32                                                       
                         9/32                                                  
                              9/32                                             
                                   8/32                                        
                                        8/32                                   
                                             9/32                              
                                                 11/32                         
                                                      10/32 10/32              
     33A 10/32                                                                 
               9/32                                                            
                    9/32                                                       
                         9/32                                                  
                             10/32                                             
                                   9/32                                        
                                        9/32                                   
                                            10/32                              
                                                 10/32                         
                                                      10/32 10/32              
     33B 10/32                                                                 
              10/32                                                            
                   10/32                                                       
                        11/32                                                  
                              8/32                                             
                                   8/32                                        
                                       11/32                                   
                                             8/32                              
                                                  9/32                         
                                                       9/32 10/32              
     33D 12/32                                                                 
               9/32                                                            
                    9/32                                                       
                         8/32                                                  
                             11/32                                             
                                   8/32                                        
                                        9/32                                   
                                            10/32                              
                                                 10/32                         
                                                       9/32  9/32              
     33F 12/32                                                                 
              11/32                                                            
                    9/32                                                       
                         9/32                                                  
                              8/32                                             
                                   8/32                                        
                                       10/32                                   
                                            11/32                              
                                                 10/32                         
                                                       9/32  9/32              
     33G 13/32                                                                 
              11/32                                                            
                    9/32                                                       
                        12/32                                                  
                             11/32                                             
                                  10/32                                        
                                        9/32                                   
                                             9/32                              
                                                 10/32                         
                                                       9/32 10/32              
     34A 13/32                                                                 
              10/32                                                            
                   10/32                                                       
                        10/32                                                  
                              9/32                                             
                                   9/32                                        
                                        8/32                                   
                                             8/32                              
                                                  9/32                         
                                                      10/32 11/32              
     34B 12/32                                                                 
              15/32                                                            
                    9/32                                                       
                         9/32                                                  
                              8/32                                             
                                   9/32                                        
                                        7/32                                   
                                             8/32                              
                                                  9/32                         
                                                      13/32 10/32              
     34C  9/32                                                                 
               9/32                                                            
                    9/32                                                       
                         9/32                                                  
                              9/32                                             
                                   9/32                                        
                                        9/32                                   
                                            11/32                              
                                                 11/32                         
                                                      10/32 10/32              
     34E &gt;1-1/4"   22/32                                                       
                        19/32                                                  
                             19/32                                             
                                  20/32                                        
                                       21/32                                   
                                            17/32                              
                                                 16/32                         
                                                      No Space                 
                                                            No Space           
     34F &gt;1-1/4"                                                               
              1"   20/32                                                       
                        18/32                                                  
                             20/32                                             
                                  16/32                                        
                                       18/32                                   
                                            18/32                              
                                                 17/32                         
                                                      No Space                 
                                                            No                 
     __________________________________________________________________________
                                                            Space              
     CON-                                                                      
     TROL                                                                      
         &gt;1-1/2"                                                               
              &gt;1-1/2"                                                          
                   1-1/4"                                                      
                        1-3/32"                                                
                             &gt;1-1/2"                                           
                                  &gt;1-1/2"                                      
                                       &gt;1"  &gt;25/32                             
                                                 &gt;1-2/32"                      
                                                      &gt;24/32                   
     __________________________________________________________________________
      *No space means that sample test area was completely stained by preceedin
      stain solutions.                                                         
PAC  EXAMPLE 3
PAC  Motor Oil Stain Removal
PAR  The following test was performed on the stained samples used previously in
      wetting test of Example 2 i.e. those having deposited on them drops of
      motor oil/Heptane solution with Methyl Blue indicator added for staining
      purpose.
PAC  Testing for Oil Stain Removal
PAR  All stained samples of Example 2 were first rinsed under hot running tap
      water to remove the heavy deposits of oil droplets. Then, all samples were
      placed in a bath containing sufficient "Sparkleclean" laboratory detergent
      and hot water to cover samples completely. The samples were cleaned in the
      bath for one-half hour, all samples were rinsed four times in water and
      they were then dried overnight in circulating oven at 40.degree.C about 18
      hours.
PAR  The dry samples were checked visually for degree of blue stain removal and
      the best removal results were manifested by samples 31A, 31B, 31E, 31G,
      31H, 32A, 32B, 32E, 32F, 32G and 32H.
PAR  The foregoing detailed description has been given for clarity of
      understanding only and no unnecessary limitations are to be understood
      therefrom. The invention is not limited to exact details shown and
      described for obvious modification will occur to one skilled in the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Perfluoro compound-epoxy resin compositions comprising an epoxy resin
      and a block copolymer of the type (ABA).sub.n wherein A is a perfluoro
      group having from about 8 to about 10 carbon atoms, B is a low molecular
      weight functionality, derived from a compound having at least sufficient
      stoichiometry to fulfill the functions of two active hydrogens, which is
      reactive with the epoxy resin, and n is from 1 to about 5 and wherein the
      block copolymer comprises from about 0.5 to about 10 weight percent of the
      perfluoro compound - epoxy resin composition, and more than one vicinal
      epoxy group is present in each epoxy resin molecule.
NUM  2.
PAR  2. Compositions according to claim 1 wherein the molecular weight of B is
      from about 300 to about 3,000.
NUM  3.
PAR  3. Compositions according to claim 1 wherein the perfluoro group A
      comprises from about 25 to about 80 weight percent of the block copolymer
      based on the total weight of the block copolymer (ABA).sub.n.
NUM  4.
PAR  4. Compositions according to claim 1 wherein the perfluoro group A of the
      block copolymer comprises from about 25 to about 80 weight percent of the
      block copolymer (ABA).sub.n ; the molecular weight of B is from about 300
      to about 3,000; and the block copolymer comprises from about 0.5 to about
      10 weight percent of the perfluoro compound-epoxy resin composition.
NUM  5.
PAR  5. Compositions according to claim 1 comprising additionally a
      polymerization hardener.
NUM  6.
PAR  6. Compositions according to claim 1 comprising additionally an aggregate
      powder.
NUM  7.
PAR  7. Compositions according to claim 1 comprising additionally a
      polymerization hardener and an aggregate powder.
NUM  8.
PAR  8. Compositions according to claim 4 comprising additionally a
      polymerization hardener.
NUM  9.
PAR  9. Compositions according to claim 4 comprising additionally an aggregate
      powder.
NUM  10.
PAR  10. Compositions according to claim 4 comprising additionally a
      polymerization hardener and an aggregate powder.
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ABST
PAL  Curable epoxide resin mixtures based on adducts, containing epoxide groups,
      which are obtained by reaction of certain long-chain aliphatic polyesters
      with an excess of diepoxide compounds, and linear or slightly branched
      polyesters, containing carbocyclic or heterocyclic rings and possessing 3
      or 4 terminal carboxyl groups, and having an average molecular weight of
      600 - 6,000, 0.7 - 1.2 equivalents of carboxyl groups being present in the
      curable mixture per 1 equivalent of epoxide groups. Curing these epoxide
      resin mixtures gives flexible moulded materials which are distinguished by
      high tear propagation resistance.
BSUM
PAR  The subject of the present invention are new, curable mixtures based on
      long-chain adducts, containing epoxide groups, and polyester-tricarboxylic
      acids and/or -tetracarboxylic acids, and the use of these curable epoxide
      resin mixtures for the manufacture of moulded materials.
PAR  It is known that the flexibility of moulded materials manufactured from
      epoxide resins can be increased by adding agents which impart flexibility,
      such as polyalkylene glycols or long-chain polyesters. However, this
      method of imparting flexibility has the drawback that the advantage of
      greater flexibility is achieved very much at the expense or other valuable
      mechanical properties.
PAR  It has already been proposed, in British Patent Specifications No.
      1,182,728 and No. 1,183,434, to use long-chain polyesters of a special
      structure for the (so-called) "advancement" of epoxide resins, or as
      agents for imparting flexibility in curable epoxide resin mixtures. The
      curing of the epoxide resins which have been (so-called) "advanced" in
      this way, or of epoxide resin mixtures which have been rendered more
      flexible in this way, gives flexible and impact-resistant moulded
      materials in which the mechanical properties are largely independent of
      the temperature.
PAR  It has not been found that curing of epoxide resin mixtures which contain
      epoxide resins which have been so-called advanced by means of long-chain
      aliphatic polyesters, and polyester-tricarboxylic acids and/or
      polyester-tetracarboxylic acids of a special structure, containing rings,
      gives flexible moulded materials which are distinguished, compared to the
      previously known flexible moulded materials, by a pronounced increase in
      the toughness (half the product of the tensile strength and the elongation
      at break) and in particular by a tear propagation resistance which is
      improved 3-fold to 6-fold.
PAR  Accordingly, the subject of the present invention are curable epoxide resin
      mixtures based on epoxide resins and polyester-tricarboxylic acids and/or
      -tetracarboxylic acids, characterised in that they contain
PAR  A. AT LEAST 60 PER CENT BY WEIGHT, BASED ON THE TOTAL AMOUNT OF EPOXIDE
      RESIN, OF ADDUCTS, CONTAINING EPOXIDE GROUPS, OF THE FORMULA I
      ##EQU1##
      wherein X.sub.1 and X.sub.2 each denote a hydrogen atom or the methyl
      group and A denotes the radical, obtained by removal of the 1,2-epoxyethyl
      groups, of a diglycidyl compound, or wherein A together with X.sub.1
      and/or X.sub.2 and with inclusion of the grouping
      ##EQU2##
      and/or
      ##EQU3##
      denotes the cycloaliphatic ring or the cycloaliphatic ring system of a
      partially reacted cycloaliphatic or cycloaliphaticaliphatic diepoxide
      compound, B denotes a long-chain polyester radical in which unsubstituted
      or substituted alkylene and/or alkenylene chains alternate with carboxylic
      acid ester groups, and the quotient Z/Q, wherein Z is the number of carbon
      atoms present in the recurring structural element of the radical B and Q
      is the number of oxygen bridges present in the recurring structural
      element of the radical B, has to be at least 4 and preferably at least 5
      and, furthermore, the total number of carbon atoms present in the radical
      B is at least 50, and
PAR  b. as curing agents, linear or slightly branched polyesters, possessing 3
      or 4 terminal carboxyl groups and having an average molecular weight of
      600 - 6,000, which contain at most 30, and preferably 2 - 20, structural
      elements of the formula II
      ##EQU4##
      wherein R.sub.1 and R.sub.2 denote divalent aliphatic, araliphatic,
      cycloaliphatic, cycloaliphatic-aliphatic, aromatic or
      heterocyclic-aliphatic radicals, and at least one of the two radicals
      R.sub.1 or R.sub.2 has to contain a carbocyclic or heterocyclic ring or a
      carbocyclic or heterocyclic ring system and not more than 4, preferably
      not more than 3, methylene groups are present in the structural element
      per ring, component (b) being present in an amount such that 0.7 - 1.2,
      preferably 0.9 - 1.0, equivalents of carboxyl groups are present in the
      mixture per 1 equivalent of epoxide groups.
PAR  Preferably, the curable epoxide resin mixtures contain, as curing agents,
      acid polyesters wherein R.sub.1 and R.sub.2 in the structural element of
      the formula II denote araliphatic, aromatic, cycloaliphatic,
      cycloaliphatic-aliphatic or heterocyclic-aliphatic radicals and not more
      than 2 methylene groups are present in the structural element per ring in
      the radical R.sub.1 and R.sub.2.
PAR  In a particular embodiment, the curable epoxide resin mixtures of the
      present invention consist only of the adducts, containing epoxide groups,
      of the formula I and the preferentially used polyester-tricarboxylic acids
      or -tetracarboxylic acids.
PAR  The adducts, containing epoxide groups, of the formula I are known
      compounds and can be manufactured in accordance with the process described
      in British Patent 1,182,728, by a reaction, entailing adduct formation, of
      diepoxide compounds with longchain dicarboxylic acids of the formula
EQU  HOOC--B--COOH
PAL  wherein B has the same meaning as in the formula I, at elevated
      temperatures and employing 0.5 to 0.3 equivalent of carboxyl groups per 1
      equivalent of epoxide groups.
PAR  All classes of diglycidyl compounds, such as, for example, diglycidyl
      ethers, diglycidyl esters of diglycidyl compounds of N,N-heterocyclic
      structures, such as hydantoin, dihydrouracil or benzimidazolone, and the
      cycloaliphatic diepoxides, are suitable for the manufacture of the adducts
      containing epoxide groups. Preferably, aromatic, cycloaliphatic or
      N-heterocyclic diglycidyl compounds and the cycloaliphatic diepoxide
      compounds are used.
PAR  The long-chain dicarboxylic acids used to manufacture the adducts
      containing epoxide groups are acid polyesters with two terminal carboxyl
      groups.
PAR  The preferentially used acid polyesters correspond to the formula III
      ##EQU5##
      wherein R.sub.3 and R.sub.4 denote unsubstituted or substituted alkylene
      or alkenylene chains and each of the two radicals R.sub.3 and R.sub.4 must
      contain at least such a number of carbon atoms that the sum in R.sub.3 and
      R.sub.4 together is at least 8, the number m being so chosen that the
      product of m and the sum (C atoms in R.sub.3 + C atoms in R.sub.4) is at
      least 50.
PAR  However, it is also possible to use acid polyesters which are manufactured
      by condensation of a suitable dicarboxylic acid with a mixture of two or
      more suitable diols, or conversely by condensation of a suitable diol with
      a mixture of two or more suitable dicarboxylic acids, in the correct
      mutual stoichiometric ratio. Of course, it is also possible to manufacture
      acid polyesters by condensation of mixtures of different dicarboxylic
      acids with mixtures of different diols, always providing that the
      conditions postulated above for the quotient Z/Q and the total number of
      carbon atoms in the polyester chain remain observed.
PAR  Long-chain acid polyesters which are obtained by addition reaction of (a +
      b) mols of a lactone with 1 mol of an aliphatic dicarboxylic acid and
      correspond to the formula IV
      ##EQU6##
      wherein R.sub.5 denotes an alkylene chain with at least 4 carbon atoms,
      R.sub.6 represents an aliphatic hydrocarbon radical and the numbers a and
      b are so chosen that the product of (a + b) and the sum of the C atoms in
      R.sub.5 is at least 50, are also suitable for the manufacture of the
      adducts containing epoxide groups.
PAR  In these long-chain polyesters, the recurring structural element in the
      polyester chain is thus formed by the lactone used, and only one oxygen
      bridge is contained in the structural element. In that case, the quotient
      Z/Q is equal to the number of carbon atoms in the hydrocarbon radical of
      the lactone from which the acid polyester is synthesised.
PAR  The manufacture of the adducts containing epoxide groups is as a rule
      effected by simply fusing together the diepoxide compound and the
      corresponding acid polyester in the prescribed stoichiometric ratios. As a
      rule, this is done in the temperature range of 100.degree. - 200.degree.C,
      preferably 130.degree. - 180.degree.C.
PAR  Before curing, up to 40 per cent by weight, based on the total amount of
      epoxide resin, of conventional epoxide resins can also be admixed to the
      adducts containing epoxide groups, but in that case the advantageous
      mechanical properties of the cured products are less pronounced than when
      using adducts of the epoxide resin which only contain epoxide groups.
PAR  The polyesters used as curing agent components in the epoxide resin
      mixtures according to the invention and having a molecular weight of 600 -
      6,000 and containing the structural element of the formula II, are
      obtained according to known methods by polycondensation of diols of the
      formula HO--R.sub.1 --OH with dicarboxylic acids of the formula
      HOOC--R.sub.2 --COOH, but these polyester components must be so chosen
      that either the diol component or the acid component or both components
      contain one or more rings and the aliphatic chains contained in the
      structural element of the formula II are not too long. For example, a
      dicarboxylic acid with more than 3 methylene groups in the molecule is
      only suitable for the purposes of the invention if the diol used for the
      esterification has an appropriate number of rings. Thus, a polyester
      manufactured from adipic acid and bis-(4-hydroxycyclohexyl)-methane or
      1,1-bis-(hydroxymethyl)-cyclohexene-3 would fulfil the abovementioned
      condition.
PAR  Of course, it is also possible to use polyesters which are manufactured by
      condensation of a suitable dicarboxylic acid with a mixture of two or more
      suitable diols, or conversely by condensation of a suitable diol with a
      mixture of two or more suitable dicarboxylic acids, in the correct mutual
      stoichiometric ratio. Naturally it is also possible to use polyesters
      which have been manufactured by condensation of mixtures of different
      dicarboxylic acids with mixtures of different diols, provided that the
      conditions postulated above for the structural elements remain observed.
PAR  Further, the molar ratio of the diol and the dicarboxylic acid must be so
      chosen, for the polycondensation, that the structural element of the
      formula II occurs at least three times in the polyester.
PAR  The following may be mentioned as dicarboxylic acids, containing at least
      one ring, which can be used to synthesise the polyesters containing the
      structural element of the formula II: phthalic acid, isophthalic acid,
      terephthalic acid, tetrachlorophthalic acid, tetrahydrophthalic acid,
      hexahydrophthalic acid, 4-methylhexahydrophthalic acid,
      3,6-endomethylene-tetrahydrophthalic acid,
      methyl-3,6-endomethylenetetrahydrophthalic acid,
      3,4,5,6,7,7-hexachloro-3,6-endomethylenetetrahydrophthalic acid, diphenic
      acid, phenylenediacetic acid, hydroquinone-0,0'-diacetic acid,
      diomethane-0,0'-diacetic acid and naphthalenedicarboxylic acids.
PAR  Where a diol containing at least one ring is chosen as a reactant for the
      esterification, examples of non-cyclic dicarboxylic acids which can be
      used are oxalic acid, malonic acid, succinic acid, glutaric acid, adipic
      acid and allylsuccinic acid.
PAR  The following may be mentioned as dialcohols, containing at least one ring,
      which can be used to synthesise the polyesters containing the structural
      element of the formula II: 1,1-, 1,2-, 1,3- and
      1,4-bis-(hydroxymethyl)-cyclohexane and the corresponding unsaturated
      cyclohexene derivatives, such as, for example,
      1,1-bis-(hydroxymethyl)-cyclohexene-3 and
      1,1-bis-(hydroxymethyl)-2,5-endomethylenecyclohexene-3; hydrogenated
      diphenols, such as cis-quinitol, trans-quinitol, resorcitol,
      1,2-dihydroxycyclohexane, bis-(4-hydroxycyclohexyl)-methane and
      2,2-bis-(4'-hydroxycyclohexyl)-propane; tricyclo(5.2.1.0.sup.2,6)
      decane-3,9- or -4,8-diol, adducts of glycols to
      diallylidenepentaerythritol, for example
      3,9-bis(hydroxyethoxyethyl)spiro-bi(metadioxane) and the diols containing
      the N-heterocyclic ring, such as
      1,3-bis-(2-hydroxyethyl)-5,5-dimethylhydantoin,
      1,3-bis-(2-hydroxy-n-propyl)-5-isopropylhydantoin,
      1,3-bis-(2-phenyl-2-hydroxyethyl)-5,5-diethylhydantoin,
      1,1'-methylene-bis-(3-.beta.-hydroxyethyl-5,5-dimethylhydantoin),
      1,1'-methylene-bis-(3-.beta.-hydroxy-n-propyl-5,5-dimethyl-hydantoin),
      1,3-bis-(2-hydroxyethyl)-benzimidazolone,
      1,3-bis-(2-hydroxy-n-propyl)-benzimidazolone,
      1,3-bis-(2-phenyl-2-hydroxyethyl)-benzimidazolone and the partially or
      completely benzhydrogenated derivatives.
PAR  To synthesise the polyesters it is also possible to use, as the diols,
      diphenols such as hydroquinone, resorcinol, pyrocatechol or diomethane (=
      2,2-bis(p-hydroxyphenyl)propane).
PAR  Where a dicarboxylic acid containing at least one ring is chosen as a
      reactant for the esterification, it is also possible to use non-cyclic
      diols, for example ethylene glycol, 1,2-propanediol, 1,3-propanediol,
      1,4-butanediol, 1,5-pentanediol and neopentyl glycol.
PAR  The linear polyesters containing 4 terminal carboxyl groups correspond to
      the formula V
      ##EQU7##
      wherein R.sub.1 and R.sub.2 have the same meaning as in the formula II, D
      denotes the organic radical, obtained by removing the 3 carboxyl groups,
      of a tricarboxylic acid, preferably of an aromatic tricarboxylic acid, and
      the number n, which indicates the number of structural elements
      ##EQU8##
      in the linear chain is 1 - 30, preferably 2 - 20.
PAR  These polyesters are manufactured by first synthesising a polyester
      containing hydroxyl end groups, of the formula
      ##EQU9##
      in accordance with known methods, by polycondensation of diols of the
      formula HO--R.sub.1 --OH with dicarboxylic acids of the formula
      HOOC--R.sub.2 --COOH in the appropriate molar ratio. Depending on the
      chosen molar ratio of diol to dicarboxylic acid and the completeness of
      the condensation reaction, polyesters of various chain lengths are
      obtained. The polyester containing hydroxyl groups is then reacted, in a
      second stage, with a tricarboxylic acid or its anhydride to give the
      tetracarboxylic acid of the formula V, for which reaction 1 mol of
      tricarboxylic acid or its anhydride is used per equivalent of hydroxyl
      group.
PAR  Examples of tricarboxylic acids which can be used are: trimellitic acid,
      trimesic acid, aconitic acid, citric acid, tricarballylic acid or
      butane-1,2,4-tricarboxylic acid. Instead of the tricarboxylic acid, its
      anhydrides can optionally be used. Preferably, aromatic tricarboxylic
      acids are used in this reaction.
PAR  The slightly branched polyesters containing 3 terminal carboxyl groups
      correspond to the formula
      ##EQU10##
      wherein R.sub.1 and R.sub.2 have the same meaning as in the formula II, Y
      denotes the hydrocarbon radical, obtained by removing the hydroxyl groups,
      of a trihydric aliphatic or cycloaliphatic alcohol or of a trihydric
      phenol and n denotes a number from 1 to 30,  preferably 2 to 20, and the
      quotient n/3 indicates the average number of structural elements
      ##EQU11##
      per linear branch chain.
PAR  These polyesters are manufactured in accordance with the following
      equation:
      ##EQU12##
PAR  Instead of a dicarboxylic acid, the corresponding dicarboxylic acid
      anhydride can also be used. Examples of the trihydric alcohols or phenols
      used as starting molecules in this reaction are: glycerol,
      1,1,1-trimethylolpropane, 1,1,1-trimethylolethane, hexane-1,2,6-triol,
      hexane-2,4,6-triol, butane-1,2,4-triol,
      3-hydroxymethyl-2,4-dihydroxypentane,
      3,4,8-trihydroxytetrahydrodicyclopentadiene, cyclohexane-1,2,3-triol as
      well as pyrogallol, phloroglucinol and hydroxy-hydroquinone
      (1,2,4-trihydroxybenzene).
PAR  In the above equation, it is also possible to employ a tricarboxylic acid
      of the formula Z(COOH).sub.3 as the starting molecule, Z denoting the
      trivalent hydrocarbon radical of this tricarboxylic acid. In that case, 1
      mol of the tribasic tricarboxylic acid must be reacted in each case with
      (3.sup.. n/3) mols of a dicarboxylic acid and (3.sup.. n/3) mols of a
      diol. The slightly branched polyesters, containing three terminal carboxyl
      groups, which are obtained in this way correspond to the formula
      ##EQU13##
      wherein R.sub.1 and R.sub.2 have the same meaning as in the formula II, Z
      denotes the hydrocarbon radical, obtained by removal of the carboxyl
      groups, of a tribasic aliphatic, cycloaliphatic or aromatic tricarboxylic
      acid and n denotes a number from 1 to 30, preferably from 2 to 20, with
      the quotient n/3 indicating the average number of the structural elements
PAC  ----O--R.sub.1 --O--C--R.sub.2 --C----
PAL  per linear branch chain.
PAR  The following are examples of tricarboxylic acids which can be used as
      tribasic starting molecules: trimellitic acid, trimesic acid, aconitic
      acid, citric acid, tricarballylic acid and butane-1,2,4-tricarboxylic
      acid; instead of the tricarboxylic acids, their anhydrides can optionally
      be employed.
PAR  The slightly branched polyesters, containing three terminal carboxyl
      groups, according to the general formulae VI and VII are manufactured
      according to the known melt condensation process. For this, the trihydric
      alcohols or phenols or tribasic carboxylic acids are mixed with the
      corresponding amounts of dicarboxylic acid or dicarboxylic acid anhydride
      and diol and allowed to react at 150.degree.-250.degree.C until the
      calculated acid equivalent weight has been reached. The condensation
      reaction is advantageously completed in vacuo.
PAR  The curing of the epoxide resin mixtures according to the invention, to
      give moulding materials, is suitably carried out in the temperature range
      of 100.degree.- 200.degree.C. The curing can also be carried out stepwise
      at different temperatures, in which case the pre-curing is carried out at
      a lower temperature and the post-curing then at a higher temperature. The
      curing can, if desired, also be carried out in two stages by first
      prematurely discontinuing the curing reaction, which gives a precondensate
      which is still fusible and soluble (a so-called "B-stage"). Such a
      precondensate can serve, for example, for the manufacture of "Prepregs",
      compression moulding compositions or, in particular, sintering powders.
PAR  In order to shorten the curing times, curing accelerators can also be added
      to the curable epoxide resin mixtures according to the invention. Suitable
      accelerators of this nature are, in particular, tertiary amines, their
      salts or quaternary ammonium compounds, for example
      2,4,6-tris(dimethylaminomethyl)-phenol, benzyldimethylamine,
      2-ethyl-4-methyl-imidazole and triamylammonium phenolate, but also alkali
      metal alcoholates, such as, for example, sodium hexanetriolate.
PAR  The term "curing", as used here, denotes the conversion of the above
      mixtures into insoluble and infusible, cross-linked products, as a rule
      with simultaneous shaping to give shaped articles, such as castings,
      pressings or laminates or sheet-like structures, such as lacquer films or
      adhesive bonds.
PAR  Accordingly, a further subject of the present invention is the process for
      the manufacture of shaped articles or sheet-like structures, characterised
      in that (a) epoxide resins which contain at least 60% by weight, based on
      the total amount of epoxide resin, of adducts, containing epoxide groups,
      of the formula I and (b) linear or slightly branched polyesters possessing
      3 or 4 terminal carboxyl groups and an average molecular weight of 600 -
      6,000, which contain at most 30, and preferably 2-20, structural elements
      of the formula II, in an amount of 0.7-1.2, preferably 0.9 - 1.0,
      equivalents of carboxyl group per 1 equivalent of epoxide group, are
      reacted with one another, whilst undergoing shaping, at an elevated
      temperature, preferably in the temperature range of 100.degree. -
      200.degree.C, until the crosslinked, infusible state is reached.
PAR  Furthermore, customary modifiers, such as extenders, fillers and
      reinforcing agents, pigments, dyestuffs, organic solvents, plasticisers,
      flow control agents, agents for conferring thixotropy, flameproofing
      substances and mould release agents can be added to the curable mixtures
      according to the invention at any stage before curing.
PAR  The following may be mentioned as examples of extenders, reinforcing
      agents, fillers and pigments which can be employed in the curable mixtures
      according to the invention: textile fibres, glass fibres, boron fibres,
      carbon fibres, cellulose, polyethylene powders, polypropylene powders,
      mica, asbestos, quartz powder, slate powder, aluminium oxide trihydrate,
      chalk powder, gypsum, antimony trioxide, bentones, silica aerogel
      ("AEROSIL"), lithopone, baryte, titanium dioxide, carbon black, graphite,
      iron oxide or metal powders, such as aluminium powder or iron powder.
PAR  Examples of suitable organic solvents for modifying the curable mixtures
      are toluene, xylene, n-propanol, butyl acetate, acetone, methyl ethyl
      ketone, diacetone-alcohol, ethylene glycol monomethyl ether, monoethyl
      ether and monobutyl ether.
PAR  Furthermore, other customary adjuvants, for example flameproofing agents,
      agents for conferring thixotropy, flow control agents, such as silicones,
      cellulose acetobutyrate, polyvinylbutyral, waxes, stearates and the like
      (which in part are also used as mould release agents) can be added to the
      curable mixtures.
PAR  The curable mixtures can be produced in the usual manner with the aid of
      known mixing equipment (stirrers, kneaders, mills and the like).
PAR  The curable epoxide resin mixtures are employed, above all, in the fields
      of the electrical industry and of laminating processes.
PAR  They can be used, in each case in a formulation suited to the particular
      application, in the unfilled or filled state, optionally in the form of
      solutions, as stoving lacquers, sintering powders, compression moulding
      compositions, dipping resins, casting resins, injection moulding
      formulations, impregnating resins and adhesives, tooling resins,
      laminating resins and potting and insulating compositions for the
      electrical industry.
PAC  Manufacture of the long-chain aliphatic polyesters
PAC  Polyester I
PAR  1,111 g (5.5 mols) of sebacic acid were mixed with 520 g (5.0 mols) of
      neopentyl glycol (corresponding to a molar ratio of 11 : 10) and the
      mixture was warmed to 185.degree.C under a nitrogen atmosphere. It was
      then left to react further for 5 hours at 185.degree.C and 2 hours under
      24 - 16 mm Hg. The resulting polyester was a yellow viscous mass having an
      acid equivalent weight of 1,080 (theory: 1,450).
PAC  Polyester II
PAR  1,168 g (8 mols) of adipic acid were mixed with 728 g (7 mols) of neopentyl
      glycol and the mixture was warmed to 170.degree.C under a nitrogen
      atmosphere. It was then warmed to 210.degree.C over the course of 4 hours
      and thereafter left to react further for 2 hours at 180.degree.C under 14
      mm Hg.
PAR  The resulting polyester is a yellow viscous mass having an acid equivalent
      weight of 705 (theory: 822).
PAC  Manufacture of the adducts containing epoxide groups
PAC  Adduct I
PAR  1,080 g (1.0 acid equivalent) of polyester I and 390 g (2.5 epoxide
      equivalents) of
      3',4'-epoxyhexahydrobenzal-3,4-epoxycyclohexane-1,1-dimethanol having an
      epoxide content of 6.4 epoxide equivalents/kg were allowed to react for 3
      hours at 140.degree.C. The resulting adduct was a highly viscous, dark
      brown mass having an epoxide equivalent weight of 968.
PAC  Adduct II
PAR  2,000 g (1.0 acid equivalent) of polyester II and 1,000 g (2.5 epoxide
      equivalents) of bisphenol A diglycidyl ether having an epoxide content of
      5.4 epoxide equivalents/kg were allowed to react for 3 hours at
      140.degree.C. The resulting adduct was a light brown, viscous mass having
      an epoxide equivalent weight of 1,290.
PAC  Adduct III
PAR  423 g (2.5 equivalents) of
      1-glycidyl-3-(2'-glycidyloxy-n-propyl)-5,5-dimethylhydantoin of the
      formula
      ##EQU14##
      having an epoxide content of 5.95 epoxide equivalents/kg were allowed to
      react with 705 g (1.0 equivalent) of the acid polyester II for 3 hours at
      150.degree.C. The resulting adducts had an epoxide equivalent weight of
      800.
PAC  Manufacture of the polyesters used as curing agents
PAC  Polyester A (Tricarboxylic acid)
PAR  23.0 g (0.25 mol) of glycerol were mixed with 366.0 g (2.5 mols + 3%
      excess) of 1,1-bis-(hydroxymethyl)-cyclohexene-3 and 500.5 g (3.25 mols)
      of hexahydrophthalic anhydride (corresponding to a molar ratio of 1:10:13)
      and the mixture was warmed to 170.degree.C.
PAR  The reaction mixture was allowed to react for 17 hours at 170.degree.C and
      for 28 hours under 50 mm Hg at the same temperature. During this reaction,
      28.0 g of water were split off. The resulting reaction product was a light
      yellow, clear, glassy mass having an acid equivalent weight of 1,103
      (theory: 1,111.3) and a glass transition temperature of 48.degree.C.
PAC  Polyester B (Tetracarboxylic acid)
PAR  924 g (6 mols) of hexahydrophthalic anhydride and 951 g (6.5 mols + 3%
      excess) of 1,1-bis-(hydroxymethyl)-cyclohexene-3 were fused together at
      180.degree.C and then allowed to react at 190.degree. - 200.degree.C under
      a N.sub.2 atmosphere until the acid equivalent was above 6,000. This
      required 48 hours. The hydroxyl equivalent weight of the product was
      1,452. 1,970 g (1.357 hydroxylequivalents) of this product were mixed with
      260.0 g (1.357 mols) of trimellitic anhydride, with addition of 1.5 ml of
      benzyldimethylamine, and the reaction mixture was warmed to 180.degree.C.
      It was then allowed to react for 91/2 hours at 180.degree.C.
PAR  The resulting product was brown, clear and glassy and had an acid
      equivalent weight of 821 (theory: 822) and a glass transition temperature
      of 74.degree.C.
PAC  Polyester C (Tetracarboxylic acid)
PAR  592 g (4.0 mols) of phthalic anhydride and 379.5 g (6 mols + 2% excess) of
      ethylene glycol (corresponding to a molar ratio of 2:3) were allowed to
      react for 35 hours in a sulphonation flask, fitted with a descending
      condenser, at 170.degree.-180.degree.C under nitrogen, and thereafter for
      a further 4 hours at the same temperature under a 50 mm Hg waterpump
      vacuum. The amount of water split off was then 74 g (theory: 72 g). The
      resulting product was clear and highly viscous and had a hydroxyl
      equivalent weight of 340.
PAR  384 g (2 mols) of trimellitic anhydride were added to 680 g (2 hydroxyl
      equivalents) of the product obtained above and fused together for 3 hours
      at 180.degree.C. The acid equivalent weight of the light yellow glassy
      product was then 288 (theory: 266).
PAC  Polyester D (Tricarboxylic acid)
PAR  23.0 g (0.12 mol) of trimellitic anhydride, 341 g (2.4 mols) of
      1,1-bis-(hydroxymethyl)-cyclohexene-3 and 365 g (2.4 mols) of
      1,2,3,6-tetrahydrophthalic anhydride were mixed, finely powdered in a
      mortar, introduced into a preheated sulphonation flask fitted with a
      descending condenser, and fused. The molar ratio of the components used is
      1:20:20. The resulting light yellow melt was then heated to 190.degree.C
      under nitrogen and the water produced by the polycondensation was
      distilled off continuously. After 14 hours' reaction time, 78 g of water
      (theory: 86 g) had been split off. The reaction product was then allowed
      to react for a further 3 hours under 50 mm Hg water-pump vacuum. In the
      course thereof, there was only a slight further rise in the acid
      equivalent weight, which was 1,705 at the end of the reaction (theory:
      1,904). The product is a light brown, clear, glassy mass.
PAC  Polyester E (Tetracarboxylic acid)
PAR  176.4 g (1.2 mols + 2% excess) of 1,4-bis-(hydroxymethyl)-cyclohexane and
      179.0 g (1.08 mols) of isophthalic acid (corresponding to a molar ratio of
      10:9) were mixed and 1 ml of dibutyltin dilaurate was added as the
      catalyst. The reaction mixture was then heated to 220.degree. -
      240.degree.C for 36 hours under nitrogen, in the course of which 41 g of
      water (theory: 39 g), containing a little of the glycol employed, were
      distilled off. The acid equivalent weight was 10,500 and the hydroxyl
      equivalent weight 1,312 (theory: 1,305).
PAR  262.5 g (0.2 hydroxyl equivalent) of the product obtained above and 38.4 g
      (0.2 mol) of trimellitic anhydride were fused for 6 hours under nitrogen
      at 180.degree.C. The acid equivalent weight of the resulting
      tetracarboxylic acid was 703 (theory: 752). The reaction was monitored by
      following the anhydride bands in the IR spectrum and was discontinued
      after these had disappeared completely.
DETD
PAC  EXAMPLES
PAC  Example 1
PAR  96.8 g (0.1 epoxide equivalent) of adduct I, 110.3 g (0.1 carboxyl
      equivalent) of polyester A and 0.1% of benzyldimethylamine were warmed to
      140.degree.C and well mixed. The mixture was briefly subjected to a vacuum
      to remove the air bubbles and then poured into prewarmed aluminium moulds,
      which had been treated with a release agent and were of size 150 .times.
      150 .times. 4 mm and 150 .times. 150 .times. 1 mm, and was cured for 16
      hours at 140.degree.C. Mouldings having the following properties were
      obtained.
TBL  ______________________________________                                    
     Tensile strength (according to                                            
                           = 11.5 N/mm.sup.2                                   
     VSM* 77,101)                                                              
     Elongation at break (according to                                         
                           = 380%                                              
     VSM 77,101)                                                               
     Toughness             = 21.8 N/mm.sup.2                                   
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  129 g (0.1 epoxide equivalent) of adduct II, 9.3 g (0.05 epoxide
      equivalent) of a bisphenol A diglycidyl ether having an epoxide content of
      5.4 epoxide equivalents/kg and 123 g (0.15 carboxyl equivalent) of
      polyester B were processed, cured and tested analogously to Example 1.
      Mouldings with the following properties were obtained:
TBL  Tensile strength (according to                                            
                              = 19.7 N/mm.sup.2                                
     VSM 77,101)                                                               
     Elongation at break (according to                                         
                              = 226%                                           
     VSM 77,101)                                                               
     Tear propagation resistance (according to                                 
     DIN** 53363)             = 11.9 kg                                        
     Toughness                = 22.3 N/mm.sup.2                                
     Tensile stress at 50% elongation                                          
                              = 6.6 N/mm.sup.2                                 
     *VSM = Normvorschrift des Vereins Schweiz.                                
     Maschinenindustrieller                                                    
     **DIN = Deutsche Industrie-Norm                                           
      N = Newton; 1 N/mm.sup.2 .congruent. 10 kp/cm.sup.2                      
              tensile strength .times. elongation at break                     
     Toughness =                                                               
              2                                                                
PAC  COMPARISON EXAMPLES
PAR  a. 100 g (0.0775 epoxide equivalent) of adduct II, 10 g (0.054 epoxide
      equivalent) of the bisphenol A diglycidyl ether used in Example 2, 18.7 g
      (0.129 equivalent of anhydride group) of hexahydrophthalic anhydride and
      0.1% of benzyldimethylamine were processed, cured and tested analogously
      to Example 1.
TBL  ______________________________________                                    
     Tensile strength (according to                                            
                              = 25.6 N/mm.sup.2                                
     VSM 77,101)                                                               
     Elongation at break (according to                                         
                              = 143%                                           
     VSM 77,101)                                                               
     Tear propagation resistance (according to                                 
     DIN 53,363)              = 2.7 kg                                         
     Toughness                = 18.3 N/mm.sup.2                                
     Tensile stress at 50% elongation                                          
                              = 6.1 N/mm.sup.2                                 
     ______________________________________                                    
PAR  b. 30 g (0.162 epoxide equivalent) of the bisphenol A diglycidyl ether used
      in Example 2, 70 g (0.199 epoxide equivalent) of a polypropylene glycol
      diglycidyl ether having an epoxide content of 3.06 epoxide equivalents/kg,
      57.9 g (0.376 equivalent of anhydride group) of hexahydrophthalic
      anhydride and 0.1% of benzyldimethylamine were processed, cured and tested
      analogously to EXAMPLE 1.
TBL  ______________________________________                                    
     Tensile strength (according to                                            
                              = 11.9 N/mm.sup.2                                
     VSM 77,101)                                                               
     Elongation at break (according to                                         
                              = 77%                                            
     VSM 77,101)                                                               
     Tear propagation resistance (according to                                 
     DIN 53,363)              = 2.9 kg                                         
     Toughness                = 4.6 N/mm.sup.2                                 
     Tensile stress at 50% elongation                                          
                              = 7.0 N/mm.sup.2                                 
     ______________________________________                                    
PAR  The mouldings produced according to the comparison examples show the same
      tensile stress at 50% elongation as the moulding obtained in Example 2.
      Accordingly, whilst all the mouldings are equally soft, the moulding
      produced according to Example 2 shows better toughness and in particular a
      tear propagation resistance which is improved four-fold.
PAC  EXAMPLE 3
PAR  12.7 g (0.1 epoxide equivalent) of 1,3-diglycidyl-5,5-dimethylhydantoin,
      80.0 g (0.1 epoxide equivalent) of adduct III and 57.6 g (0.2 carboxyl
      equivalent) of polyester C were mixed at 160.degree.C, subjected to a
      vacuum and processed, cured and tested analogously to Example 1. Mouldings
      with the following properties were obtained:
TBL  Tensile strength (according to                                            
                              = 11.5 N/mm.sup.2                                
     VSM 77,101)                                                               
     Elongation at break (according to                                         
                              = 140%                                           
     VSM 77,101)                                                               
     Tear propagation resistance (according to                                 
     DIN 53,363)              = 9.5 kg                                         
PAC  EXAMPLE 4
PAR  24.1 g (0.025 epoxide equivalent) of adduct I and 42.6 g (0.025 carboxyl
      equivalent) of polyester D were processed, cured and tested analogously to
      Example 1. Mouldings with the following properties were obtained:
TBL  Tensile strength (according to                                            
                              = 16.4 N/mm.sup.2                                
     VSM 77,101)                                                               
     Elongation at break (according to)                                        
                              = 325%                                           
     VSM 77,101)                                                               
     Tear propagation resistance (according to                                 
     DIN 53,363)              = 12.2 kg                                        
PAC  EXAMPLE 5
PAR  48.4 g (0.05 epoxide equivalent) of adduct I were mixed with 35.2 g (0.05
      carboxyl equivalent) of polyester E at 180.degree.C and processed, cured
      and tested analogously to Example 1. Mouldings with the following
      properties were obtained:
TBL  Tensile strength (according to                                            
                              = 9.5 N/mm.sup.2                                 
     VSM 77,101)                                                               
     Elongation at break (according to                                         
                              = 30%                                            
     VSM 77,101)                                                               
PAC  EXAMPLE 6
PAR  40.0 g (0.05 epoxide equivalent) of adduct III, 8.35 g (0.05 epoxide
      equivalent) of a triglycidylhydantoin having the following structure
      ##EQU15##
      and an epoxide content of 6.0 epoxide equivalents/kg and 54.0 g (0.1
      carboxyl equivalent) of polyester B were processed, cured and tested
      analogously to Example 1. Mouldings with the following properties were
      obtained.
TBL  ______________________________________                                    
     Tensile strength (according to                                            
                              = 14.9 N/mm.sup.2                                
     VSM 77,101)                                                               
     Elongation at break (according to                                         
                              = 120%                                           
     VSM 77,101)                                                               
     Tear propagation resistance (according to                                 
     DIN 53,363)              = 11 kg.                                         
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A curable epoxide resin composition based on adducts containing epoxide
      groups and polyester-tricarboxylic acids and/or -tetracarboxylic acids,
      characterised in that it comprises
PA1  a. at least 60 per cent by weight, based on the total amount of epoxide
      resin, of adducts containing epoxide groups, of the formula I
      ##EQU16##
      wherein X.sub.1 and X.sub.2 each denote hydrogen or methyl and A denotes
      the radical, obtained by removal of the 1,2-epoxyethyl groups of a
      diglycidyl compound, or wherein A together with X.sub.1 and/or X.sub.2 and
      with inclusion of the grouping
      ##EQU17##
      and/or
      ##EQU18##
      denotes the cycloaliphatic ring or the cycloaliphatic ring system of a
      partially reacted cycloaliphatic or cycloaliphatic-aliphatic diepoxide
      compound, B denotes a long-chain polyester radical obtained by removing
      both carboxyl groups from a polyester dicarboxylic acid in which
      unsubstituted or substituted alkylene and/or alkenylene chains alternate
      with carboxylic acid ester groups, and the quotient Z/Q, wherein Z is the
      number of carbon atoms present in the recurring structural element of the
      radical B and Q is the number of oxygen bridges present in the recurring
      structural element of the radical B, has to be at least 4 and,
      furthermore, the total number of carbon atoms present in the radical B is
      at least 50, and
PA1  b. as curing agents, linear or slightly branched polyesters possessing 3 or
      4 terminal carboxyl groups and having an average molecular weight of 600 -
      6,000, which contain at most 30, structural elements of the formula II
      ##EQU19##
      wherein R.sub.1 and R.sub.2 denote divalent aliphatic, araliphatic,
      cycloaliphatic, cycloaliphatic-aliphatic, aromatic or
      heterocyclic-aliphatic radicals, and at least one of the two radicals
      R.sub.1 or R.sub.2 has to contain a carbocyclic or heterocyclic ring or a
      carboxylic or heterocyclic ring system and not more than 4 methylene
      groups are present in the structural element per ring, component (b) being
      present in an amount such that 0.7 - 1.2 equivalents of carboxyl groups
      are present in the mixture per 1 equivalent of epoxide groups.
NUM  2.
PAR  2. A composition according to claim 1, characterised in that it comprises
      adducts, containing epoxide groups, of the formula I, wherein A denotes
      the radical, obtained by removing the 1,2-epoxyethyl groups of a
      diglycidyl compound containing an aromatic, cycloaliphatic or
      N,N-heterocyclic ring.
NUM  3.
PAR  3. A composition according to claim 2, characterised in that the radical A
      denotes the radical of a bisphenol-A diglycidyl ether.
NUM  4.
PAR  4. A composition according to claim 2, characterised in that the radical A
      denotes the radical of
      1-glycidyl-3-(2'-glycidyloxy-n-propyl)-5,5-dimethylhydantoin.
NUM  5.
PAR  5. A composition according to claim 1, characterised in that it comprises
      adducts, containing epoxide groups, of the formula I, wherein A together
      with X.sub.1 and X.sub.2 denotes the ring system obtained after partial
      reaction of
      3',4'-epoxyhexahydrobenzal-3,4-epoxycyclohexane-1,1-dimethanol.
NUM  6.
PAR  6. A composition according to claim 1, characterised in that it comprises,
      as curing agents, acid polyesters with the structural element of the
      formula II, wherein R.sub.1 and R.sub.2 denote araliphatic, aromatic,
      cycloaliphatic, cycloaliphatic-aliphatic or heterocyclic-aliphatic
      radicals and not more than 2 methylene groups are present in the
      structural element per ring in the radical R.sub.1 and R.sub.2.
NUM  7.
PAR  7. A composition according to claim 1 consisting essentially of adducts,
      containing epoxide groups, of the formula I and of acid polyesters with
      the structural element of the formula II.
NUM  8.
PAR  8. A composition according to claim 1, characterised in that it comprises
      adducts, containing epoxide groups, of the formula I, wherein B denotes
      the radical, obtained by removing both carboxyl groups, of a
      polyester-dicarboxylic acid of the formula
      ##EQU20##
      wherein R.sub.3 and R.sub.4 denote unsubstituted or substituted alkylene
      or alkenylene chains and each of the two radicals R.sub.3 and R.sub.4 must
      contain at least such a number of carbon atoms that the sum of the carbon
      atoms in R.sub.3 and R.sub.4 together is at least 8, and wherein the
      number m is so chosen that the product of m and of the sum of the C atoms
      in R.sub.3 + C atoms in R.sub.4 is at least 50.
NUM  9.
PAR  9. A composition according to claim 1, characterised in that it comprises
      adducts, containing epoxide groups, of the formula I, wherein B denotes
      the radical, obtained by removing both carboxyl groups of a
      polyester-dicarboxylic acid of the formula
      ##EQU21##
      wherein R.sub.5 denotes an alkylene chain with at least 4 carbon atoms,
      R.sub.6 represents an aliphatic hydrocarbon radical and the numbers a and
      b are so chosen that the product of (a + b) and of the sum of the C atoms
      in R.sub.5 is at least 50.
NUM  10.
PAR  10. A composition according to claim 1, characterised in that it comprises,
      as curing agents, linear polyesters, possessing 4 terminal carboxyl
      groups, of the formula
      ##EQU22##
      wherein R.sub.1 and R.sub.2 have the same meaning as in the formula II, D
      denotes the organic radical, obtained by removing the 3 carboxyl groups,
      of a tricarboxylic acid and the number n, which indicates the number of
      structural elements in the linear chain, is 1 - 30.
NUM  11.
PAR  11. A composition according to claim 10, characterised in that D denotes
      the trivalent radical of an aromatic tricarboxylic acid.
NUM  12.
PAR  12. A composition according to claim 11, characterised in that D denotes
      the radical of trimellitic acid.
NUM  13.
PAR  13. A composition according to claim 1, characterised in that it comprises
      slightly branched polyesters, possessing 3 terminal carboxyl groups, of
      the formula
      ##EQU23##
      wherein R.sub.1 and R.sub.2 have the meaning as in the formula II, Y
      denotes the hydrocarbon radical, obtained by removing the hydroxyl groups,
      of a trihydric aliphatic or cycloaliphatic alcohol or of a trihydric
      phenol and n denotes a number from 1 to 30, anf the quotient n/3 indicates
      the average number of the structural elements per linear branch chain.
NUM  14.
PAR  14. A composition according to claim 13, characterised in that Y in the
      formula represents the radical of glycerol.
NUM  15.
PAR  15. A composition according to claim 1, characterised in that it comprises
      slightly branched polyesters, possessing 3 terminal carboxyl groups, of
      the formula
      ##EQU24##
      wherein R.sub.1 and R.sub.2 have the meaning as in the formula II, Z
      denotes the hydrocarbon radical, obtained by removing the carboxyl groups,
      of a tribasic aliphatic, cycloaliphatic or aromatic tricarboxylic acid and
      n denotes a number from 1 to 30 and the quotient n/3 indicates the average
      number of the structural elements per linear branch chain.
NUM  16.
PAR  16. A composition according to claim 15, characterised in that Z in the
      formula denotes the radical of trimellitic acid.
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ABST
PAL  An adhesive composition for bonding together metal sheets in an extremely
      short time, which is an intimate mixture of (I) nylon 66, nylon 6, nylon
      610, nylon 11 or nylon 12 and (II) a semicrystalline copolyamide such as a
      copolyamide of hexamethylene diammonium adipate, hexamethylene diammonium
      sebacate and 6-amino-caproic acid, in a ratio by weight of (I):(II) from
      99:1 to 90:10.
PARN
PAC  CROSS REFERENCE TO THE RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 13,892, filed Feb. 25, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to techniques in joining together metal
      sheets and to adhesives. More particularly, the invention relates to a new
      and improved adhesive for forming a strong lap joint in a very short time
      in the process of joining the surfaces of metal sheet to metal sheet by
      means of an organic adhesive.
PAR  The term "metal sheet" as used herein is intended to cover a wide variety
      of metal sheets, important examples of which are iron and steel sheets,
      aluminum sheets, sheets of other metals, these metal sheets plated over
      their surfaces with metals such as zinc, tin, chromium, and aluminium,
      metal sheets chemically or electrolytically treated with chromic acid or
      phosphoric acid and metal sheets coated over their surface with an organic
      paint.
PAR  Metal sheets of the above stated character can be securely joined by the
      metal-sheet adhesive of the invention, which adhesive is prepared by
      physically mixing a crystalline, linear homopolyamide and a
      semicrystalline copolyamide and is used directly or as a solution thereof
      in a suitable solvent, as described more fully hereinafter.
PAR  Linear polyamides are known for their high physical strength and extremely
      tough nature in comparison with other plastics, and are therefore used
      singly or in combinations with other substance as adhesives for bonding
      metals and other substances. Examples of these combinations are admixtures
      of linear polyamides with novolak type phenolic resins and the like (for
      example, as disclosed in Japanese Patent Publication No. SHO 36-20569),
      thermosetting type adhesives prepared by adding epoxy resins and other
      hardening accelerators to linear polyamides, adhesives comprising linear
      polyamides coated with epoxy resins or diisocyanates to be thermoset at
      the time of bonding (for example, as disclosed in Japanese Patent
      Publication Nos. SHO 35-4221 and SHO 36-15636), and copolymers produced by
      grafting to linear polyamides other components (for example, as disclosed
      in Japanese Patent Publication No. SHO 40-17662).
PAR  Adhesives produced by admixing novolak type phenolics with linear
      polyamides, however, are deficient in high-speed or quick adhesion
      property with respect to metal sheets. This deficiency is all the more
      pronounced in adhesives produced by changing the character of a polyamide
      and rendering it into a thermosetting resin, such resins requiring a long
      time for setting and therefore being unsuitable for quick-bonding uses.
      Furthermore, copolymers formed by grafting other components to linear
      polyamides entail high production costs and are therefore not practical at
      present.
PAR  In order to complete quick-bonding procedures in rapid manner, it is
      obviously necessary that the adhesive has, as one of its physical
      properties, good adhesion with respect to the articles to be bonded. As a
      result of our research on the solidification phenomenon occurring when
      adhesives are cooled from the molten state, we have discovered that, in
      addition to this good adhesiveness, a high temperature dependency of the
      melt viscosity of the adhesive and the fact that the adhesive is one of a
      crystalline high polymer are important conditions for quick-bonding
      procedures.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to utilise the above stated
      discovery and other findings as set forth hereinafter to provide new
      quick-bonding adhesives for forming strong bonds between metal sheet
      surfaces in an extremely short time of the order of from 30 to 200
      milliseconds, which adhesives are not accompanied by the above described
      difficulties encountered with known adhesives of the linear polyamide
      type.
PAR  Another object is to provide a method of producing and methods of using the
      adhesives according to the invention.
PAR  According to the present invention in one aspect thereof, briefly
      summarized, there is provided an adhesive composition for bonding together
      metal sheets prepared by physically mixing together a crystalline linear
      homopolyamide (1) of a relative viscosity of at least 1.5 when measured in
      a solution of 1 g of polymer in 100 CC of 98% sulphuric acid and a
      semicrystalline copolyamide (2) in a ratio by weight of from 99:1 to
      90:10.
PAR  According to the present invention in another aspect thereof, there is
      provide a method of producing the adhesive composition of the invention.
PAR  In accordance with the present invention in still another aspect thereof,
      the adhesive prepared by physically mixing a crystalline linear
      homopolyamide and a semicrystalline copolyamide is applied directly as a
      coating by thermocompression bonding or by melt compression bonding, or in
      the form of a coating solution in a suitable solvent, onto parts of metal
      sheets to be bonded which have been cleaned to remove contaminants such as
      dust, oil, grease, and rust adhering thereto and is then dried, whereby an
      adhesive coating layer is formed on each part of the metal sheets to be
      bonded.
PAR  Each metal sheet part thus coated is placed in contact in lapped relation
      with a corresponding part thus coated, or not thus coated, of the
      counterpart metal sheet, and, as the parts thus in contact in lapped
      relation are heated and held at a temperature above the melting point of
      the crystalline linear homopolyamide in the adhesive, they are compressed
      together for a very short time of the order of from 30 to 200
      milli-seconds thereby to bond strongly one metal sheet to the other.
PAR  The nature, principles, details, and utility of the invention will be more
      clearly apparent from the following detailed description beginning with
      general considerations and concluding with specific examples of practice
      constituting preferred embodiments of the invention when read in
      conjunction with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawings:
PAR  FIG. 1 is a graphical representation indicating the relationships between
      the melt viscosity and temperature respectively of an adhesive according
      to the invention, a crystalline linear homopolyamide, and a polyethylene;
PAR  FIG. 2 is a graphical representation indicating the variations of heat
      absorbed in melting with temperature respectively of an adhesive of the
      invention, a crystalline linear homopolyamide, an amorphous polyamide, and
      a semicrystalline copolyamide; and
PAR  FIG. 3 is a graphical representation indicating the variations of heat
      evolved by crystallization with temperature respectively of an adhesive of
      the invention, a crystalline homopolyamide, an amorphous polyamide, and a
      semicrystalline copolyamide.
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PAC  DETAILED DESCRIPTION
PAR  The aforementioned importance of high temperature dependency of the melt
      viscosity of the adhesive and the crystalline macromolecular character of
      the adhesive will be more fully apparent from the following description
      with respect to an example of a metal sheet to metal sheet bonding process
      with an organic adhesive.
PAR  First the adhesive is heated and melted at a temperature above its melting
      point and is then caused to adhere to a metal sheet surface to be bonded.
      Alternatively, the metal sheet is heated to a temperature above the
      melting point of the adhesive, and the adhesive in solid state is caused
      to contact the metal sheet thus heated and thereby to be melted and to
      adhere to the metal plate to form an adhesive coating layer.
PAR  Next, the part of the metal sheet thus coated with the adhesive is placed
      in contact in lapped relation with a corresponding part similarly coated
      or not coated with adhesive of another counterpart metla sheet to which
      the first metal sheet is to be bonded. The parts thus placed in lapped
      contact are then heated to a temperature above the melting point of the
      adhesive thereby to melt the adhesive layer on both sheets or one of the
      sheets and compressed together for a very short time, being then cooled to
      a temperature below the crystallization temperature of the adhesive, the
      two metal sheets being thus bonded together.
PAR  In order to complete bonding of metal sheets in a very short time by a
      method in which such a heating, adhesion, and cooling process is utilized,
      each of these process steps must be carried out in a very short time as,
      for example, from 30 to 200 milliseconds.
PAR  Certain points relating to these process steps and the physical properties
      required of the adhesive will now be considered. In the step of heating
      the adhesive to a temperature above its melting point to melt the same and
      cause its adhesion to a metal surface, the lower the melt viscosity of the
      adhesive is, the better will the adhesive bonding step be carried out.
      Furthermore, since the melt viscosity of the adhesive decreases with
      increasing heating temperature, it is possible to lower the melt viscosity
      of the adhesive by increasing the heating temperature. However, since the
      metal sheet of high thermal conductivity is also heated to a high
      temperature at the same time, cooling requires a considerable time, and as
      a result the entire adhesion bonding process requires a long time and,
      therefore, becomes disadvantageous for quick bonding.
PAR  Therefore, for accomplishing quick bonding, it is desirable that the melt
      viscosity characteristic of the adhesive with respect to temperature be
      such that the melt viscosity varies greatly for a slight variation in
      temperature above the melting point of the adhesive.
PAR  More specifically, it is desirable that, in the process of quick bonding by
      melting of the adhesive, the melt viscosity decreases abruptly for a
      slight rise in temperature and that, upon completion of bonding, the melt
      viscosity rises abruptly for a slight decrease in temperature. By using an
      adhesive having such a melt viscosity characteristic, the bonding process
      can be carried out with relatively low quantity of power for heating and
      cooling, whereby such an adhesive is advantageous for quick bonding.
PAR  Unless an adhesive acquires an adhesive strength above a certain level
      immediately after cooling, there will be a possibility of the joined parts
      which have been caused once to adhere to each other separating in the
      succeeding process. For example, when an amorphous or semicrystalline
      high-polymer adhesive is used, the adhesive after compression adhesion and
      cooling tends to remain in a semimolten state and requires time to
      solidify, and time is required for the adhesive strength to become amply
      high, whereby high-speed or quick bonding is not possible.
PAR  A crystalline high-polymer material, however, solidifies from the molten
      state, and its crystallization progresses immediately at a temperature
      below its crystallization temperature, whereby it exhibits a mechanically
      tough characteristic. Accordingly, for quick bonding, the adhesive is
      required not only to have a high temperature dependency of melt viscosity
      but also to be a crystalline high polymer which crystallizes and exhibits
      high adhesive strength immediately after adhesion and cooling.
PAR  Because of their properties such as excellent metal adhesion, high
      temperture dependency of melt viscosity, and crystalline macromolecular
      nature, crystalline linear homopolyamides can be considered to be suitable
      for use in quick bonding.
PAR  When a crystalline linear homopolyamide is utilized singly for an adhesive,
      the proportion of the crystal portion thereof (i.e., degree of
      crystallization) has a great influence on the quick bonding process. More
      specifically, the smaller the proportion of the polyamide crystalline
      portion is, the more advantageous is the adhesive in carrying out in a
      short time the step of heating the adhesive to a temperature above its
      melting point until it assume a molten state. Therefore, a low degree of
      crystallization of the adhesive makes possible its melting in a short
      time.
PAR  When a semicrystalline copolyamide is used as an adhesive, it is
      advantageous for heating and melting in a short time since heat for
      melting a crystal portion is not necessary. However, crystallization after
      adhesion and cooling does not progress rapidly, and excessive time is
      required for attainment of sufficient adhesive strength, whereby quick
      bonding with such polyamides is not possible.
PAR  While it is possible, of course, even in the case of an adhesive of high
      degree of crystallization, to melt the adhesive in a short time by
      applying a large quantity of heat thereto, the metal sheets are also
      heated to a high temperature in this case and require much time to cool,
      whereby a long time is required for the entire adhesive bonding process.
PAR  That is, when quick bonding is carried out by utilizing the process steps
      of heating, melting, adhesion, and cooling of the adhesive, the adhesive
      must be a crystalline high polymer for promotion of the solidification
      thereof in the cooling step, but if the degree of crystallization is too
      high, an excessively long time will be required for heating and melting.
      Therefore, control of the degree of crystallization of the adhesive is an
      important factor in quick bonding.
PAR  We have found that it is possible to control the degree of crystallization
      of a crystalline linear homopolyamide by physically blending the
      crystalline linear polyamide with a semicrystalline copolyamide in a ratio
      by weight of from 99:1 to 90:10 thereby to produce an adhesive which has
      excellent adhesiveness with respect to metal sheets and its optimally
      suitable for use in quick bonding without losing its high temperature
      dependency of melt viscosity, which is a unique characteristic of linear
      homopolyamides.
PAR  Various properties of physical mixtures of crystalline linear
      homopolyamides and semicrystalline copolyamides will now be described with
      reference to FIGS. 1, 2, and 3.
PAR  In FIG. 1 the ordinate represents viscosity (poise), while thee abscissa
      represents temperature. Curve 1 represents variation of melt viscosity
      with temperature in an adhesive according to the invention, and curves 2
      and 3 respectively indicate similar relationships in a crystalline linear
      polyamide and in an example of a resin such as a polyethylene.
PAR  As is apparent from FIG. 1, the temperature dependencies of melt viscosity
      of the adhesive (curve 1) according to the invention and of the
      crystalline linear homopolyamide (curve 2) are remarkably higher than that
      of the polyethylene (curve 3), which is a representative example of other
      plastics. Furthermore, while the temperature dependency of melt viscosity
      of the adhesive of the invention is substantially the same as that of the
      crystalline homopolyamide, the values of melt viscosity are lower than
      those of the crystalline homopolyamide.
PAR  FIG. 2 shows relationships between heat absorption accompanying melting and
      temperature and indicates the behaviours of melting of samples
      respectively of an adhesive of the invention (curve 1), a crystalline
      linear homopolyamide (curve 2), an amorphous polyamide (curve 4), and a
      semicrystalline copolyamide (curve 5) were heated with a certain constant
      temperature rise rate.
PAR  As is apparent from FIG. 2, in the case of the adhesive (curve 1) of the
      invention and that of the crystalline homopolyamide (curve 2), sharp peaks
      due to heat absorption at the time of crystal melting are indicated in a
      certain temperature range determined by the kind of crystalline
      homopolyamide. The term "melting point" as used herein is defined as that
      temperature at which the melting heat exhibits a peak value. Since there
      is no crystal portion in an amorphous polyamide (curve 4), no heat
      absorption peak due to melting of crystals is observable. In the case of
      the semicrystalline copolyamide (curve 5), only a slight heat absorption
      due to melting is observable at a temperature lower than that of the peaks
      of the crystalline linear homopolyamide (curve 2) and the adhesive curve
      1) of the invention. Thus, these curves in FIG. 2 indicate the differences
      in the melting phenomena of crystalline linear homopolyamides, amorphous
      polyamides, and semicrystalline copolyamides.
PAR  It is also observable in FIG. 2 that, while there is no appreciable
      difference in the temperatures at which melting heat peaks are indicated,
      i.e., melting points, of the adhesive (curve 1) of the invention and of
      the crystalline linear homopolyamide (curve 2), the peak area (or area
      under the peaked part of the curve 1) of the adhesive of the invention is
      smaller. This indicates that the degree of crystallisation of the adhesive
      of the invention is lower than that of the crystalline linear
      homopolyamide which is the basic material and that the quantity of heat
      needed for melting of the crystals is lower for the adhesive of the
      invention. Thus, on this point the adhesive of the invention is
      advantageous over the basic crystalline linear polyamide used singly for
      quick melting and bonding.
PAR  The crystallization behavior of each of samples of an adhesive according to
      the invention (curve 1), a crystalline linear homopolyamide (curve 2), a
      semicrystalline copolyamide (curve 5), and an amorphous polyamide (curve
      4) when cooled from the molten state is indicated in FIG. 3.
PAR  As is apparent from this FIG. 3, the adhesive of the invention (curve 1)
      and the crystalline linear polyamide (curve 2) exhibit sharp peaks of heat
      generated by their crystallization to solidify. The amorphous polyamide
      (curve 4) does not evolve heat due to crystallization, while only a slight
      quantity of head evolution due to crystallization is observable in the
      case of the semicrystalline copolyamide (curve 5), and a rapid setting
      phenomenon does not occur in this case. Thus, the remarkable difference
      between the crystallization behaviour of the adhesive of the invention and
      that of an amorphous or semicrystalline copolyamide is clearly indicated.
PAR  When an adhesive according to the invention is once melted and cooled, the
      melt viscosity thereof rises abruptly with the cooling, whereby the
      adhesive solidifies, and crystallization progresses rapidly at a certain
      temperature. The resulting adhesive thereupon exhibits high physical
      strength.
PAR  In the case where heating, melting, adhesion, and cooling process steps are
      utilised, and, moreover, quick bonding is to be accomplished, the
      important requisites are, first, that the temperature dependency of the
      melt viscosity of the adhesive be high and, second, that the adhesive be a
      crystalline high polymer, as stated hereinbefore. In addition, it is
      necessary to accomplish melting with a small quantity of heat and,
      moreover, cause crystallization to progress rapidly in the cooling step,
      whereby control of the degree of crystallization becomes a most important
      requirement.
PAR  By using an adhesive according to the invention, all of these requirements
      can be satisfied, and when metal sheets are bonded with such an adhesive,
      each of the steps of heating, adhesion, and cooling can all be carried out
      in a short time of the order of from 30 to 200 milli-second, and a strong
      joint or bond can be formed between the metal sheets.
PAR  More specifically, by subjecting a film of an adhesive according to the
      invention to a short-time compression adhesion, for example, in 200
      milliseconds, on metal sheets heated to a temperature above the melting
      point of the adhesive, it is possible to prepare adhesive-coated metal
      sheets to which the adhesive-coating is strongly adhering. Then, by
      heating these coated metal sheets again to a temperature above the melting
      point of the adhesive and pressing together and cooling the surfaces to be
      bonded, which are thus coated with molten adhesive, in a very short time,
      for example, of the order of 50 milliseconds, metal sheets secured
      together by a strongly bonded joint can be obtained.
PAR  Thus, bonded joints can be formed in a very short time by the bonding
      method wherein an adhesive of the invention is used, whereby this method
      can be used to replace the conventional solder-joint method in forming
      side seam joints of cans or containers made of metal sheets. Accordingly,
      such a bonding method using adhesive according to the invention can be
      advantageously applied to a high-speed production such as automatic can
      manufacturing.
PAR  The compositions of adhesives suitable for use in accordance with the
      present invention will now be considered. Examples of crystalline linear
      homopolyamides, constituting one constituent of the adhesive of the
      invention, which we have found to be suitable are nylon 66
      (polyhexamethylene adipamide), nylon 6 (poly .epsilon.-caprolactam), nylon
      610 (polyhexamethylene sebacamide), nylon 11 (poly .omega.-undecamide),
      and nylon 12 (poly .omega.-dodecamide), which are generally available on
      the market.
PAR  Examples of semicrystalline copolyamides, constituting another constituent
      of the adhesive, which we have found to be suitable are copolyamides of at
      least two substances such as alkylene (e.g. C.sub.4 -C.sub.14) diamine
      such as hexamethylenediamine, alkylene dicarboxylic acid (e.g. C.sub.4
      -C.sub.14) such as adipic acid, or sebacic acid, aminocarboxylic acid
      (e.g. C.sub.4 -C.sub.14) such as 6-amino-caproic acid, 11-amino-undecanoic
      acid, or 12-amino-lauric acid.
PAR  Copolyamides (nylons) which are semicrystalline copolyamides are sold on
      the market under trademark names such as AMILAN CM 4000  and CM 4001 of
      the Toyo Rayon Company, Japan and ELVAMIDE of the E. I. Du Pont De Nemours
      & Company, Inc., U.S.A. The AMILANS are copolyamides of 6-amino-caproic
      acid, hexamethylene diamine, adipic acid and sebacic acid. AMILAN CM 4,000
      is a copolyamide of 40% by weight of 6-amino caproic acid, 35% by weight
      of hexamethylene diamine adipate and 25% by weight of hexamethylene
      diamine sebacate and has a relative viscosity of 2.65 when measured in a
      solution of 1 g polymer in 100 cc of 98% sulfuric acid at 20.degree.C
      while AMILAN CM 4,001 is a copolyamide of 30%, 40% and 30%, respectively
      of the same ingredients, and has a relative viscosity of 2.72. ELVAMIDE is
      a copolyamide of the same monomers as the AMILANS but with proportions of
      46%, 27% and 27%, respectively, and a relative viscosity of 2.65 as
      similar measured in sulphuric acid.
PAR  While a crystalline linear homopolyamide, constituting one constituent of
      the adhesive, which has a relative viscosity in 98-percent sulphuric acid
      of less than 1.5 (relative viscosity measured in a solution of 1 g polymer
      in 100 cc of 98% sulfuric acid at 20.degree.C) can be used for bonding, it
      has not been possible to obtain strong bonding strength because of the
      brittle character of the crystalline linear homopolyamide itself. It is
      preferable that the semicrystalline copolyamides, too, have a relative
      viscosity of at least 1.5.
PAR  The crystalline linear homopolyamide and the semicrystalline copolyamide
      can be physically mixed to form the adhesive of the invention by any of
      several methods. Examples of these methods are the solvent admixing method
      wherein a solvent in which both substances are highly soluble is used, the
      heated-roll kneading admixing method carried out in a stream of nitrogen,
      and the heat kneading method in which a screw-type extruder is used, of
      which the last mentioned method of admixing by means of a screw-type
      extruder is the most economical.
PAR  Results of tests relating to the composition and degree of crystallization,
      melt viscosity, melting point, temperature of crystallization, and
      adhesive bond strength due to quick bonding are indicated in Table 1 and
      2.
PAR  In the preparation of the samples of adhesives for these tests, the
      crystalline linear homopolyamides and the semicrystalline copolyamides
      were mixed in solid state in various proportions and heated and kneaded by
      means of an extruder provided with a nylon type screw of 40-mm. diameter
      and 1,120-mm effective length. The principal heating and kneading
      conditions were a temperature of from 200.degree. to 230.degree.C at the
      die part and a screw rotational speed of 30 rpm.
PAR  Pellets of the adhesive thus heated and kneaded were rendered into a film
      of 50-micron thickness by means of a film forming apparatus comprising an
      extruder provided with a nylon type screw of 25-mm diameter and 600-mm
      effective length and a T die of an extrusion or casting aperture of 0.3-mm
      width and 10-mm length mounted thereon. The principal heating and
      extruding conditions were a temperature at the die part of from
      200.degree. to 230.degree.C and a screw rotational speed of 40 rpm.
PAR  Polyamides are rather hydrophillic and the pellets or the adhesives are
      preferably dried in order to reduce water content thereof to, for example,
      less that 1% thereby to prevent possible blistering due to the evaporation
      of adsorbed water during the high speed bonding.
PAR  The metal sheets used in these tests were metal sheets prepared by roll
      coating a phenolic lacquer to a film thickness of 5 microns on Hi-Top (a
      Trade Mark for electrolytically-chromium treated steel sheets manufactured
      by the Toyo Kohan Company, Japan) and baking the lacquer thus coated at
      210.degree.C for 10 minutes in a baking oven.
PAR  The metal sheets thus painted were bonded by heating parts thereof to be
      bonded to a temperature of approximately 230.degree. to 250.degree.C,
      pressing thereon and cooling during 200 milliseconds pieces of the
      aforementioned 50-micron adhesive film, heating the surfaces of the metal
      sheets thus coated with the adhesive to a temperature of approximately
      230.degree. to 250.degree.C, and then pressing together and cooling during
      50 milliseconds the metal sheets with their respective adhesive film
      surfaces in mutual contact. In this manner the test samples or specimens
      were prepared.
TBL                                    Table 1                                 
     __________________________________________________________________________
                                        DEGREE                                 
             SEMICRYST     CRYSTAL-                                            
                                 MELT   OF    SHEAR                            
     CRYSTALLINE                                                               
             COPOLYAMIDE                                                       
                     MELTING                                                   
                           LIZATION                                            
                                 VISCOSITY                                     
                                        CRYSTAL-                               
                                              STRENGTH                         
     HOMOPOLY-       POINT TEMP. (poise)                                       
                                        LISATION                               
                                              (kg/cm.sup.2)                    
     AMIDE           (.degree.C)                                               
                           (.degree.C)  (count)                                
                                 *4     *5    *6                               
     __________________________________________________________________________
     Nylon 12                                                                  
             --                                                                
     only *1         184   154   15,500 400   230                              
     Nylon 12                                                                  
             Semicrystal-                                                      
             line copoly-                                                      
                     182   158   14,000 200   330                              
             amide *7                                                          
     Nylon 12                                                                  
             Semicrystal-                                                      
             line copoly-                                                      
                     183   152   13,000 230   300                              
             amide *8                                                          
     Nylon 11                                                                  
     only *2 --      193   165   18,000 450   210                              
     Nylon 610                                                                 
     only *3 --      225   196    3,900 430   190                              
     Nylon 610                                                                 
             Semicrystal-                                                      
                     225   195    4,000 160   275                              
             line copoly-                                                      
             amide *7                                                          
     __________________________________________________________________________
      *1 Relative viscosity in 98% H.sub.2 SO.sub.4 : 2.45                     
      *2 Relative viscosity in 98% H.sub.2 SO.sub.4 : 2.6                      
      *3 Relative viscosity in 98% H.sub.2 SO.sub.4 : 2.7                      
      *4 Apparent viscosity by using a flow tester (nylon 12, nylon 11         
      measurements at 220.degree.C, nylon 610 measurements at 240.degree.C).   
      *5 Reflection count during 1 second in incident angle for maximum        
      diffracted X-ray strength with 30-KV tube voltage and 30-mA tube current 
      with the use of an X-ray diffraction instrument manufactured by the Rigak
      Denki Company, Japan. Test sample was 50-micron film, and sample         
      reflection area was 3-mm .times. 20-mm.                                  
      *6 Bond area 3-mm .times. 20-mm; converted to kg/cm.sup.2 after shear    
      strength measurement (cross head speed 100 mm/min.).                     
      *7 A copolyamide of 30% by weight of 6-amino-caproic acid, 40% by weight 
      of hexamethylene diammonium adipate and 30% by weight of hexamethylene   
      diammonium sebacate having a relative viscosity of 2.72.                 
      *8 A copolyamide of 46% by weight of 6-amino-caproic acid, 27% by weight 
      of hexamethylene diammonium adipate and 27% by weight of hexamethylene   
      diammonium sebacate having a relative viscosity of 2.65.                 
      Note: The mixture ratio by weight of the crystalline homopolyamide and th
      semicrystalline copolyamide in each of the above mixtures was 95:5.      
TBL                                    Table 2                                 
     __________________________________________________________________________
                                          DEGREE                               
     CRYSTALLINE             CRYSTAL-                                          
                                   MELT   OF    SHEAR                          
     HOMOPOLY-                                                                 
              SEMICRYST                                                        
                       MELTING                                                 
                             LIZATION                                          
                                   VISCOSITY                                   
                                          CRYSTAL-                             
                                                STRENGTH                       
     AMIDE    COPOLYAMIDE                                                      
                       POINT TEMP. (poise)                                     
                                          LIZATION                             
                                                (kg/cm.sup.2)                  
     (parts)  (parts)  (.degree.C)                                             
                             (.degree.C)  (count)                              
     __________________________________________________________________________
     Nylon 12 only     184   154   15,500 400   230                            
     Nylon 12 (99)                                                             
              Semicrystalline                                                  
                       183   154   15,500 280   290                            
              copolyamide *1                                                   
              (1)                                                              
     Nylon 12 (97)                                                             
              Semicrystalline                                                  
                       182   154   15,500 240   300                            
              copolyamide *1                                                   
              (3)                                                              
     Nylon 12 (95)                                                             
              Semicrystalline                                                  
                       182   153   15,500 190   320                            
              copolyamide *1                                                   
              (5)                                                              
     Nylon 12 (90)                                                             
              Semicrystalline                                                  
                       180   153   14,500 150   290                            
              copolyamide *1                                                   
              (10)                                                             
     Nylon 12 (80)                                                             
              Semicrystalline                                                  
                       180   153   14,400 110   210                            
              copolyamide *1                                                   
              (20)                                                             
     __________________________________________________________________________
      *1 A copolyamide of 40% by weight of 6-amino-caproic acid, 35% by weight 
      of hexamethylene diammonium adipate and 25% by weight of hexamethylene   
      diammonium sebacate having a relative viscosity of 2.65.                 
PAR  As is apparent from Table 1, the melting points, crystallization
      temperatures, and melt viscosities of the adhesives prepared by physically
      mixing a crystalline linear homopolyamide and a semicrystalline
      copolyamide do not differ greatly from those of the crystalline polyamide,
      but the degrees of crystallization of these adhesives are lower, and their
      quick-bonding strengths are remarkably higher.
PAR  While the degree of crystallization is ordinarily determined from a
      measurement of specific gravity, such a determination cannot be made with
      respect to substances such as those examined in the instant tests which
      are mixtures of two substances of respectively different specific
      gravities. Therefore, we have taken diffracted X-ray strength, which has a
      direct relation to degree of crystallization, as an indication of the
      degree of crystallization. A higher value of diffracted X-ray strength
      indicates a higher degree of crystallization, but this indication, of
      course, is merely a relative quantity.
PAR  The incident angle producing maximum magnitude of diffracted X-ray strength
      was 10.7.degree. for nylon 12 and 10.6.degree. for nylon 11.
PAR  Various adhesives were prepared by mixing crystalline linear homopolyamides
      and semicrystalline copolyamides in various proportions, and the physical
      properties and quick-bonding strengths of the resulting adhesives were
      measured. Examples of the results thus obtained are set forth in Table 2.
PAR  The results of these tests indicate that the adhesive strength of the
      adhesive is maximum with a weight ratio of the crystalline linear
      homopolyamide and semicrystalline copolyamide of approximately 95:5, and
      the range of this ratio for high values of the adhesive strength is from
      99:1 to 90:10. While the melt viscosity and the degree of crystallization
      decreases when the weight proportion of the crystalline linear
      homopolyamide becomes less than 80%, the crystallization of the adhesive
      in the cooling step after quick adhesion cannot progress, whereby the
      quick-bonding property of such an adhesive becomes poor.
PAR  In order to indicate still more fully the nature and utility of the
      inventon, the following examples of practice, including production of the
      adhesive, application and adhesion bonding therewith, and adhesive
      strength, constituting preferred embodiments of the invention are set
      forth, it being understood that these examples are presented as
      illustrative only and are not intended to limit the scope of the
      invention.
PAC  EXAMPLE
PAR  94 parts of nylon 12 (relative viscosity 2.65 measured in a solution of 1 g
      polymer in 100 cc of 98%, sulfuric acid at 20.degree.C) constituting a
      crystalline linear homopolyamide and 6 parts of a copolyamide of 40% by
      weight of 6-amino-caproic acid, 35% by weight of hexamethylene diammonium
      adipate and 25% by weight of hexamethylene diammonium sebacate having a
      relative viscosity of 2.65 constituting a semicrystalline copolyamide were
      mixed in their solid state and were heat kneaded by means of an extruder
      provided with a nylon type screw of 40-mm diameter and 1,120-mm effective
      length. The heat kneading conditions were a die temperture of 200.degree.C
      and a screw rotational speed of 30 rpm.
PAR  Pellets of the adhesive heat kneaded in this manner were rendered into a
      50-micro-thick film by means of a film-forming apparatus comprising an
      extruder having a nylon type screw of 25-mm diameter and 600-mm effective
      length and a Tee die of 0.3-mm width and 10-mm length mounted on the
      extruder. The conditions of this extrusion step were a die temperature of
      200.degree.C and a screw rotation speed of 40 rpm.
PAR  Next surfaces to be bonded of various metal sheets to be joined as set
      forth in Table 3 were heated to approximately 230.degree.C and covered
      with strips of 3-mm width of the adhesive film prepared in the above
      described manner and caused to adhere thereon by pressing and cooling in
      200 milliseconds.
PAR  Each bonding surface thus coated with the adhesive was then heated again to
      approximately 230.degree.C and thereafter lap-jointed to the counterpart
      surface by pressing and cooling during approximately 70 milliseconds. The
      adhesive strengths (shear strengths in kg/cm.sup.2) of the joints thus
      produced and those of joints formed with nylon 12 used singly for bonding
      the same metal sheets are set forth in Table 3.
PAR  The principal physical properties of the adhesive prepared in the above
      described manner were a melting point of 182.degree.C, a crystallization
      temperature of 152.degree.C, a melt viscosity at 220.degree.C of 18,000
      poise, and a diffracted X-ray strength of 175 counts/second.
TBL                Table 3                                                     
     ______________________________________                                    
                        SHEAR STRENGTH                                         
                        (kg/cm.sup.2)                                          
     METAL SHEET BONDED   Adhesive                                             
                          of the    Nylon 12                                   
                          invention only                                       
     ______________________________________                                    
     Steel sheet          230       185                                        
     Tin-plated sheet     180       105                                        
     Tin-plated sheet,    280       200                                        
     coated with phenolic paint                                                
     Aluminum sheet       150       100                                        
     Sheet treated with chromic acid                                           
                          260       210                                        
     Sheet treated with chromic acid and                                       
                          330       230                                        
     coated with phenolic paint                                                
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An adhesive composition for bonding together metal sheets, said
      composition being a homogeneous blend consisting essentially of:
PA1  I. a crystalline linear homopolyamide selected from the group consisting of
      polyhexamethylene adipamide, poly .epsilon.-caprolactam, polyhexamethylene
      sebacamide, poly .omega.-undecamide, and poly .omega.-dodecamide, of a
      relative viscosity of at least 1.5 when measured in a solution of 1 g
      polymer in 100CC of 98% sulphuric acid at 20.degree.C and
PA1  Ii. a copolyamide of at least three members selected from the group
      consisting of alkylene diammonium carboxylates of alkylene diamines having
      4 to 14 carbon atoms and alkylene dicarboxylic acids having 4 to 14 carbon
      atoms, and alkylene amino carboxylic acids having 4 to 14 carbon atoms,
PAL  in a ratio by weight of (I): (II) from 99:1 to 90:10.
NUM  2.
PAR  2. An adhesive composition for bonding together metal sheets according to
      claim 1, wherein (II) is a copolyamide of at least three members selected
      from the group consisting of hexamethylene diammonium adipate,
      hexamethylene diammonium sebacate, 6-amino-caproic acid,
      11-amino-undecanoic acid and 12-amino-lauric acid.
NUM  3.
PAR  3. An adhesive composition for bonding together metal sheets, said
      composition being a homogeneous blend consisting essentially of:
PA1  I. a crystalline linear polyamide selected from the group consisting of
      polyhexamethylene sebacamide, poly .omega.-undecamide and poly
      .omega.-dodecamide, of a relative viscosity of at least 1.5 when measured
      in a solution of 1 g polymer in 100CC of 99% sulphuric acid and
PA1  Ii. a copolyamide of three members hexamethylene diammonium adipate,
      hexamethylene diammonium sebacate, and 6-amino-caproic acid, in a ratio by
      weight of (I):(II) from 99:1 to 90:10.
NUM  4.
PAR  4. An adhesive composition for bonding together metal sheets as claimed in
      claim 3 in which said crystalline homopolyamide is poly .omega.-dodecamide
      and said copolyamide is a copolyamide of apploximately 30% by weight of
      6-amino-caproic acid, approximately 40% by weight of hexamethylene
      diammonium adipate and approximately 30% by weight of hexamethylene
      diammonium sebacate.
NUM  5.
PAR  5. An adhesive composition for bonding together metal sheets as claimed in
      claim 3 in which said crystalline homopolyamide is poly
      .omega.-dodecamide, and said copolyamide is a copolyamide of approximately
      46% by weight of 6-amino-caproic acid, approximately 27% by weight of
      hexamethylene diammonium adipate and approximately 27% by weight of
      hexamethylene diammonium sebacate.
NUM  6.
PAR  6. An adhesive composition for bonding together metal sheets as claimed in
      claim 3 in which said crystalline homopolyamide is polyhexamethylene
      sebacamide and said copolyamide is a copolymer of approximately 30% by
      weight of 6-amino-caproic acid, approximately 40% by weight of
      hexamethylene diammonium adipate and approximately 30% by weight of
      hexamethylene diammonium sebacate.
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PAL  The invention relates to polyester resin modified with hydantoin diacid or
      hydantoin diol and cyclohexyl diethanolamine. The copolyesters are dyeable
      with acid type dyes to form brightly colored fibers and fabrics.
BSUM
PAR  This invention relates to a method of making new highly polymeric
      copolyester resins that are capable of being dyed with acid type dyes, to
      the new block copolyester resins and products made therefrom.
PAR  Polyester resins, such as polyethylene terephthalate, have no attraction
      for acid type dyes. This somewhat limits the type of fabrics in which the
      polyester is used.
PAR  It is an object of the invention to provide a shaped article from polyester
      having an affinity for said dyes.
PAR  Acid dyes, also known as anionic dyes, are organic acid salts generally
      represented as D -- SO.sub.3.sup.- Na.sup.+ . The acid dyes are known to
      be very bright colored. They are used in dyeing wools and polyamides
      (nylons). It is a purpose of this invention to provide modified polyesters
      that will accept acid dyes to form bright colored shaped articles such as
      fibers, films and molded articles.
PAR  In accordance with the present invention it has been found that a
      copolyester comprised of blocks of polyethylene terephthalate joined by
      blocks of a hydantoin diacid-cyclohexyl diethanolamine polymer or blocks
      of a hydantoin diacid-cyclohexyl diethanolamine polymer modified with
      another glycol such as hydantoin diol or a polymethylene glycol containing
      from 2 to 10 methylene groups or a diol such as Carbowax (polyethylene
      glycol ether) or Polymeg (polytetramethylene glycol ether) have good
      dyeability with acid dyes and excellent properties.
PAR  Hydantoin diacid or hydantoin diols are compounds having the structure
      shown in the following chemical formula:
      ##EQU1##
      where R.sub.1 and R.sub.2 are H or the same or different hydrocarbon
      radicals selected from the group consisting of alkyl, aryl, alkaryl,
      aralkyl and heterocyclic radicals, n and n' are integers from 1 to 6 and X
      is an ester forming radical such as --OH or --COOH radicals.
PAR  Representative examples of derivatives of hydantoin useful in the invention
      are:
PA1  Di(2-hydroxyethyl) dimethyl hydantoin
PA1  Di( 3-hydroxypropyl) dimethyl hydantoin
PA1  Di( 4-hydroxybutyl) dimethyl hydantoin
PA1  Di( 2-hydroxyethyl) diethyl hydantoin
PA1  Di( 2-hydroxyethyl) dipropyl hydantoin
PA1  Di( 2-hydroxyethyl) di-t-butyl hydantoin
PA1  Di( 2-hydroxyethyl) diphenyl hydantoin
PA1  Di( 2-hydroxyethyl) phenyl hydantoin
PA1  Di( 2-hydroxyethyl) methyl phenyl hydantoin
PA1  Di( 2-carboxymethyl) dimethyl hydantoin
PA1  Di( 2-carboxyethyl) dimethyl hydantoin
PA1  Di( 3-carboxypropyl) dimethyl hydantoin
PA1  Di( 4-carboxybutyl) dimethyl hydantoin
PA1  Di( 2-carboxyethyl) dimethyl hydantoin
PA1  Di( 2-carboxyethyl) dipropyl hydantoin
PA1  di( 2-carboxyethyl) di-t-butyl hydantoin
PA1  di( 2-carboxyethyl) diphenyl hydantoin
PA1  di( 2-carboxyethyl) methyl phenyl hydantoin
PA1  di( 2-carboxyethyl) benzyl hydantoin
PA1  di( 2-carboxyethyl) tryptophan hydantoin
PA1  di( 2-carboxyethyl) tryptophan hydantoin
PAR  The amount of the above modifying agent incorporated in the polymer is
      dependent on the depth of shade of the finished products desired and/or
      the original polyester properties to be retained. Generally 2 to 20
      percent by weight, preferably 5 to 15 percent by weight of modifying
      polyester based on the weight of the copolymer results in a desirable
      shade with good physical properties in the products. The modifying polymer
      blocks used have an average degree of polymerization in the range of from
      about 2 to about 20.
DETD
PAC  EXAMPLE 1
PAC  Hydantoin Diacid-Hydantoin Diol Cyclohexyl Diethanolamine Polymer
PAR  54.5 Grams di(2-carboxyethyl) dimethyl hydantoin, 21.6 grams
      di(2-hydroxyethyl) dimethyl hydantoin, 17.3 grams cyclohexyl
      diethanolamine, 0.01 gram H.sub.2 SO.sub.4 and 0.005 gram ZnAc.sub.2 were
      heated in a glass reactor for two hours at 0.5 millimeter of mercury
      pressure at 160.degree. C. and then the temperature was raised to
      190.degree. C. The product formed was a lower molecular weight polymer
      having a light tan color.
PAC  EXAMPLE 2
PAC  Melt Blending of Hydantoin Diacid/Cyclohexyl Diethanolamine Block with
      Polyethylene Terephthalate
PAR  45 Grams of high molecular weight polyethylene terephthalate having an
      intrinsic viscosity (I.V.) of 0.75 as determined in a
      phenol-tetrachloroethane (60/40) mixed solvent at 30.0.degree. C., said
      ethylene terephthalate containing antimony trioxide catalyst, were melted
      and then 5 grams of the polymer prepared in Example 1 were added. The
      molten mixture was heated and mixed for eight minutes at 0.5 millimeter of
      mercury pressure.
PAR  Fibers from the molten polymer were drawn by hand to approximately four
      times their original length. The fibers were dyed to a deep color with
      Acid Red 4 using the following method:
PAC  PROCEDURE FOR DYEING
PAR  A dye bath was made up with 2 percent by weight of Acid Red 4 dyestuff
      based on the weight of fiber being dyed. The total liquor to fiber ratio
      was maintained throughout the period at 50:1. The pH of the dye bath was
      adjusted to 4 by addition of sulfuric acid and a few drops of dispersing
      agent Triton X-100 were added. The dye bath was heated to boil and the
      fiber was added. Frequent agitation with a glass rod was necessary to
      ensure even level dyeing. The normal dyeing period is 90 minutes at
      boiling temperature.
PAC  EXAMPLE 3
PAR  54.4 Grams di(2-carboxyethyl) dimethyl hydantoin, 35.0 grams cyclohexyl
      diethanolamine, 0.01 gram ZnAc.sub.2 and 0.01 gram Sb.sub.2 O.sub.3 were
      heated in a glass reactor for two hours at 0.5 millimeter of mercury
      pressure at 160.degree. C. and then the temperature raised to 190.degree.
      C. to polymerize the product. The product after condensation
      polymerization for about one hour was a low molecular weight polymer,
      viscous liquid at room temperature and somewhat yellow in color.
PAC  EXAMPLE 4
PAC  Blending with Polyethylene Terephthalate
PAR  45 Grams of heel of low molecular weight polyethylene terephthalate polymer
      containing Sb.sub.2 O.sub.3 was polymerized to high molecular weight (I.V.
      0.75). Then 5 grams of the low molecular weight polymer prepared above in
      Example 3 was added and the mixture stirred for eight minutes at 0.5
      millimeter of mercury pressure and 280.degree. C.
PAR  Fibers drawn from the copolymer were dyed with Acid Red 4 to a deep red
      shade.
PAR  The term "intrinsic viscosity" is used herein as a measure of the degree of
      polymerization of the polymer. It is defined as follows:
      ##EQU2##
      wherein .eta..sub.r is the viscosity of a dilute 60/40
      phenol/tetrachloroethane mixed solvent solution of the polymer divided by
      the viscosity of the 60/40 phenol/tetrachloroethane mixed solvent itself
      measured under the same conditions as the polymer solution and C is the
      concentration of the polymer in grams per 100 cubic centimeters of
      solution. The intrinsic viscosity data were obtained by determining the
      viscosity of a solution of 0.4 gram of the polymer dissolved in 100 cubic
      centimeters of the 60/40 phenol/tetrachloroethane and the viscosity of the
      mixed solvent at 30.degree. C. and making the calculations necessary.
PAR  In the preparation of the polymeric polyesters, the preparation of the
      glycol esters and the polymerization are, in general, carried out in
      accordance with usual known techniques. Thus the reactions are preferably
      carried out in the absence of oxygen, generally in an atmosphere of an
      inert gas such as nitrogen or the like in order to lessen darkening and to
      make it possible to obtain a high molecular weight pale or colorless
      product. The polymerization or condensation reaction is carried out at
      reduced pressure, generally below 10 Torr and usually at or below one
      Torr, at a temperature in the range of from about 260.degree. to
      290.degree. C. The high molecular weight resin formed has an intrinsic
      viscosity of at least 0.3 and usually 0.4 or higher as determined in a
      60/40 phenol/tetrachloroethane mixed solvent at 30.degree. C.
PAR  Various catalysts can be used. Where ester interchange reactions are
      involved suitable catalysts are catalysts such as zinc acetate, manganese
      acetate, lead acetate and litharge. Also, various catalysts can be used
      for the condensation polymerization reaction. Suitable catalysts are
      antimony trioxide, litharge, lead acetate, glycol soluble compounds of
      titanium and glycol soluble compounds of cobalt.
PAR  Yarns produced from the copolyesters of the present invention are suitable
      for use in various applications. They are readily dyed with acid type dyes
      to deep shades.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A block polymer containing blocks of polyethylene terephthalate and
      polymer blocks selected from the group consisting of (A) blocks of a
      polymer of diacid having the hydantoin nucleus in its structure and
      cyclohexyl diethanolamine and (B) blocks of a polymer of diacid having the
      hydantoin nucleus in its structure and a mixture of cyclohexyl diethanol
      amine and a diol selected from the group consisting of hydantoin diol, a
      polymethylene diol containing from 2 to 10 methylene groups and polyether
      diols.
NUM  2.
PAR  2. The polymer of claim 1 in which the hydantoin materials have the general
      formula
      ##EQU3##
      where R.sub.1 and R.sub.2 are H or the same or different hydrocarbon
      radicals selected from the group consisting of alkyl, aryl, alkaryl,
      aralkyl and heterocyclic radicals, n and n' are integers from 1 to 6 and X
      is --OH in the hydantoin diol and X is --COOH in the hydantoin diacid.
NUM  3.
PAR  3. The polymer of claim 1 in which the hydantoin diacid has the general
      formula
      ##EQU4##
      where R.sub.1 and R.sub.2 are H or the same or different hydrocarbon
      radicals selected from the group consisting of alkyl, aryl, alkaryl,
      aralkyl and heterocyclic radicals and n and n' are integers from 1 to 6.
NUM  4.
PAR  4. The polymer of claim 1 in which the hydantoin diol has the general
      formula
      ##EQU5##
      where R.sub.1 and R.sub.2 are H or the same or different hydrocarbon
      radicals selected from the group consisting of alkyl, aryl, alkaryl,
      aralkyl and heterocyclic radicals and n and n' are integers from 1 to 6.
NUM  5.
PAR  5. The polymer of claim 3 in which di(2-carboxyethyl) dimethyl hydantoin is
      used.
NUM  6.
PAR  6. The polymer of claim 4 in which di(2-hydroxyethyl) dimethyl hydantoin is
      used.
NUM  7.
PAR  7. The polymer of claim 1 in which the modifying blocks comprise from about
      2 to about 20 percent by weight of the block copolymer and said modifying
      blocks have an average degree of polymerization of from 2 to 20.
NUM  8.
PAR  8. The block copolymer of claim 1 in the form of a dyed fiber.
NUM  9.
PAR  9. The block copolymer of claim 1 in the form of a film.
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PAL  A biaxially oriented polyethylene-2,6-naphthalate film, which comprises a
      blended mixture of
PA1  1. a polyethylene-2,6-naphthalate resin which may contain a unit derived
      from not more than 10mol% of a polyester-forming component other than a
      polyethylene-2,6-naphthalate-forming component, and
PA1  2. 0.5 to 10% by weight, based on the polyethylene-2,6-naphthalate resin
      (1), of a polyester resin other than the polyethylene-2,6-naphthalate
      resin (1) in which the amount of the homopolyester unit is at least 90
      mol%,
PAL  Said film having a softing point at least 1.degree.C. higher than the its
      equilibrium softening point, and a process for its production.
BSUM
PAR  This invention relates to a biaxially oriented polyethylene-2,6-naphthalate
      film containing a polyester resin other than polyethylene-2,6-naphthalate
      in an amount of 0.5 to 10% by weight based on the
      polyethylene-2,6-naphthalate, and a process for its production. This film
      has markedly improved Young's modulus and thermal resistance while
      retaining the superior electrical insulation of the
      polyethylene-2,6-naphthalate.
PAR  A melt-shaped biaxially oriented film of polyethylene-2,6-naphthalate resin
      which may contain a unit derived from not over 10 mol% of a polyester
      forming component other than a polyethylene-2,6-naphthalate-forming
      component is disclosed in published Germany application P 2163963.4. A
      polyethylene-2,6-naphthalate copolymer having copolymerized with not more
      than 10 mol% of a polyester-forming component other than the
      polyethylene-2,6-naphthalate-forming component retains good thermal
      resistance of a polyethylene-2,6-naphthalate homopolymer, and has
      excellent electrically insulating characteristics.
PAR  Further study has led to the discovery that a biaxially oriented
      polyethylene-2,6-naphthalate film, which comprises a blended mixture of
PA1  1. a polyethylene-2,6-naphthalate resin which may contain a unit derived
      from not more than 10 mol% of a polyester-forming component other than a
      polyethylene-2,6-naphthalate-forming component, and
PA1  2. a polyester resin in an amount of 0.5 to 10% by weight based on the
      polyethylene-2,6-naphthalate resin (1) in which the homopolyester unit
      other than the polyethylene-2,6-naphthalate resin (1) is contained in an
      amount of at least 90 mol%,
PAL  The softening point of the film being at least 1.degree.C. higher than the
      equilibrium softening point of the film, has markedly improved resistance
      to thermal degradation, especially that shown by break elongation after
      the film has been exposed to high temperatures for long periods of time,
      for example, 200.degree.C. for 400 hours, and improved Young's modulus.
PAR  According to the work of the inventors, when the
      polyethylene-2,6-naphthalate resin (1) is blended in the molten state with
      the polyester resin (2), the softening point of the blended mixture
      decreases gradually from the softening point of the
      polyethylene-2,6-naphthalate resin (1), and finally, reaches a certain
      point. This certain point is referred to as an equilibrium softening
      point, and it has been found that this softening point coincides with the
      softening point of a polyethylene-2,6-naphthalate copolymer obtained by
      copolymerising monomers of the same composition and proportion as the
      monomers which constitute the polyethylene-2,6-naphthalate resin (1) and
      the polyester resin (2). From this fact, the inventors presume that
      reaction occurs between the polyethylene-2,6-naphthalate resin (1) and the
      polyester resin (2), and there is a stage of forming a block copolymer,
      and finally a random copolymer will be obtained which is the same as that
      may be obtained by copolymerization.
PAR  The work of the inventors has led to the discovery that the improvement in
      resistance to thermal degradation and Young's modulus is achieved after
      the softening point of the polyethylene-2,6-naphthalate resin has
      decreased and before it decreases to a point at least 1.degree.C. higher
      than the equilibrium softening point, and that the improvement will be
      substantially lost when the softening point reaches the equilibrium
      softening point.
PAR  It is an object of this invention to provide a novel and useful film having
      improved resistance to thermal degradation and Young's modulus over films
      prepared from a polyethylene-2,6-naphthalate homopolymer and a
      polyethylene-2,6-naphthalate copolymer.
DETD
PAR  Other objects of this invention along with its advantages will become more
      apparent from the following description.
PAR  The polyethylene-2,6-naphthalate resin (1) to be used as a major polymer in
      the blended mixture may be any polymer in which at least 90 mol% of the
      structural units are ethylene-2,6-naphthalate units. Thus, the term
      "polyethylene-2,6-naphthalate resin (1)", used in this specification and
      appended claims, denotes not only a homopolymer of
      ethylene-2,6-naphthalate but also a polyethylene-2,6-naphthalate modified
      with less than 10 mol%, preferably less than 5 mol%, of a
      polyester-forming component other than a
      polyethylene-2,6-naphthalate-forming component.
PAR  In general, the polyethylene-2,6-naphthalate (1) is prepared by reacting
      naphthalene-2,6-dicarboxylic acid or its functional derivatives with
      ethylene glycol or its functional derivatives in the presence of a
      catalyst. The reaction conditions and operating procedures have been known
      in the art and are disclosed for example, in British Patent No. 604,073
      and U.S. Pat. No. 3,161,710. Where the polyester-forming component is used
      in an amount of less than 10 mol%, one or more suitable comonomers or
      modifiers are added to the polymerization system before the completion of
      the reaction of forming the polyethylene-2,6-naphthalate resin (1), and
      then the reaction is completed to form a copolyester.
PAR  The comonomer or modifier may be a compound having a divalent ester-forming
      functional group. Examples of this compound are dicarboxylic acids such as
      oxalic acid, adipic acid, phthalic acid, isophthalic acid, terephthalic
      acid, naphthalene-1,5-dicarboxylic acid, naphthalene-1,6-dicarboxylic
      acid, naphthalene-2,7-dicarboxylic acid, succinic acid, diphenyl ether
      dicarboxylic acid and lower alkyl esters of these dicarboxylic acids;
      hydroxycarboxylic acids such as p-hydroxybenzoic acid and
      p-hydroxyethoxybenzoic acid, and lower alkyl esters of these
      hydroxycarboxylic acids; and dihydric alcohols such as trimethylene
      glycol, tetramethylene glycol, hexamethylene glycol, or neopentyl glycol.
      The polyethylene-2,6-naphthalate or its modified product may have terminal
      hydroxyl and/or carboxyl groups capped with a monofunctional compound such
      as benzoic acid, benzoyl benzoic acid, benzyloxybenzoic acid or
      methoxypolyalkylene glycol. The polyethylene-2,6-naphthalate modified with
      a very small amount of a polyfunctional compound such as glycerol and
      pentaerythritol to such an extent that the linearity of the polymer is not
      substantially lost can also be used.
PAR  The polyester resin (2) to be used as a minor polymer in the blended
      mixture is a polyester resin in which the homopolyester unit is contained
      in an amount of at least 90 mol%. Examples of this polyester are those
      derived from a dicarboxylic acid component selected from terephthalic
      acid, isophthalic acid, adipic acid, oxalic acid, succinic acid,
      naphthalene-2,6-dicarboxylic acid, naphthalene-2,7-dicarboxylic acid,
      naphthalene-1,5-dicarboxylic acid, 4,4-diphenoxyethane dicarboxylic acid,
      4,4'-tetramethylene diphenyl dicarboxylic acid, and functional derivatives
      thereof and a glycol component selected from ethylene glycol, trimethylene
      glycol, tetramethylene glycol, hexamethylene glycol, neopentyl glycol, and
      functional derivatives thereof. The functional derivatives may, for
      example, be lower alkyl esters of the carboxylic acids, as illustrated
      with respect to the polyethylene-2,6-naphthalate.
PAR  The comonomer of modifier that can occupy not more than 10 mol% of units
      constituting the polyester resin (2) may, for example, be (a) dicarboxylic
      acids and glycols other than those described above as components which
      form at least 90 mol% of the above unit; (b) the compounds illustrated as
      the comonomer or modifier in the polyethylene-2,6-naphthalate resin (1),
      except the dicarboxylic acids and glycols (a) above; and (c)
      naphthalene-2,6-dicarboxylic acid and an ester-forming functional
      derivative thereof such as its lower alkyl ester.
PAR  The polyester resin (2) to be used as the minor polymer in the blended
      mixture may be any polyester illustrated above. Especially when the film
      of this invention is used as an electrically insulating material, it is
      preferred to select polyester resins (2) not containing a tertiary proton
      in their structural units.
PAR  It is possible to incorporate in the polyethylene-2,6-naphthalate resin (1)
      and/or polyester resin (2) various additives known in the field of film
      preparation. Examples of the additives are a delustering agent such as
      titanium dioxide, a stabilizer such as phosphoric acid, phosphorous acid
      and esters of these acids, and a slip agent such as finely divided silica
      and china clay.
PAR  Desirably, the polyethylene-2,6-naphthalate used in this invention has an
      intrinsic viscosity of 0.35 to 0.80, preferably 0.45 to 0.80, because
      polymers having intrinsic viscosities in this range exhibit good
      processabiluty when shaped into films. It is desirable that the polyester
      resin (2) have an intrinsic viscosity of at least 0.25, prefeably at least
      0.35. The higher the intrinsic viscosity, the better. Those having a melt
      viscosity of not more than 40,000 poises at a temperature 20.degree.C.
      higher than the melting point of the polyester resin (2) are preferred.
PAR  The intrinsic viscosity, as referred to in this specification and claims,
      is measured on an o-chlorophenol solution of polymer at 35.degree.C. and
      expressed in 100 cc/g.
PAR  The film of this invention can be produced by melt-shaping a mixture of (1)
      a polyethylene-2,6-naphthalate resin which may contain a unit derived from
      not more than 10 mol% of a polyester-forming component other than a
      polyethylene-2,6-naphhhalate-forming component and (2) 0.5 to 10% by
      weight, based on the polyethylene-2,6-naphthalate resin (1), of a
      polyester resin other than the above polyethylene-2,6-naphthalate resin,
      in which the amount of the homopolyester unit is at least 90 mol%, into a
      film so that the softening point of the resulting film is at least
      1.degree.C. higher than the equilibrium softening point of the film,
      biaxially orienting the resulting unstretched film, and if desired,
      heat-treating the stretched film.
PAR  In the present invention, the biaxially oriented and post heat-treated
      film, the biaxially oriented and not post heat-treated film and the
      unstretched film have the same softening point, and also the same
      equilibrium softening point. These values of the unstretched film do not
      change during biaxial orientation and post heat-treatment, probably
      because no chemical reaction occurs during the operation which may cause a
      reduction in the softening point of the blended mixture.
PAR  The melt-shaping of the mixture into a film under conditions such that the
      softening point of the film is at least 1.degree.C. higher than the
      equilibrium softening point of the film means that the heat history of the
      mixture during the formation of the blended mixture and during the melt
      shaping is not sufficient to reduce the softening point of the resulting
      film to the range between its equilibrium softening point and a
      temperature 1.degree.C. higher than it. The heat history is a factor of
      temperature and time, and can be experimentally determined by prescribing
      the blending and molding conditions for a certain mixture.
PAR  The film may be formed by pre-melting the blend components (1) and (2) to
      form a blended mixture in the form of molding pellets or chips and then
      melt-shaping this mixture. Or the blend components (1) and (2) are fed
      into a melt-extruder in various forms such as powder, pellet or chip in
      the premixed state or simultaneously, and blended while being
      melt-extruded.
PAR  Preferably, prior to melt-shaping, the polyethylene-2,6-naphthalate resin
      (1) and the polyester resin (2) are dried for at least 10 minutes,
      preferably at least 30 minutes, at a temperature of at least 120.degree.C.
      and up to 10.degree.C. under the melting point of the
      polyethylene-2,6-naphthalate (1) or the polyester resin (2) (whichever is
      lower).
PAR  The amount of the polyester resin (2) used as a minor component in the
      blended mixture is 0.5 to 10 % by weight, preferably 1 to 7 % by weight,
      more preferably 1 to 5 % by weight, based on the
      polyethylene-2,6-naphthalate resin (1). If the amount is less than 0.5 %
      by weight, there is no effect of mixing the polyester (2) and if it
      exceeds 10 % by weight, the resistance to thermal degradation and Young's
      modulus of the film obtained become poor.
PAR  An unstretched film to be used for formation of the biaxially oriented film
      may be prepared according to customary methods adopted for film formation
      in the art. Usually, the above-described blended mixture is melt shaped
      into an unstretched film at a temperature ranging from the melting point
      of the polyethylene-2,6-naphthalate resin (1) and polyester resin (2)
      (whichever is higher) to a temperature 60.degree.C. higher than this
      melting point. The resulting unstretched film is then biaxially oriented.
PAR  Preferably, the biaxial orientation treatment is performed by stretching
      the unstretched film in the extrusion direction of the unstretched film
      to, for example, at least 2.5 times to 5.5 times the original length of
      the unstretched film in the extrusion direction at a temperature of (the
      second order transition temperature of the unstretched film +
      10.degree.C.) to 170.degree.C., and in a direction across the extrusion
      direction of the unstretched film to, for example, 2.5 times to 5.5 times
      the original length in the direction across the extrusion direction at a
      temperature of (the second order transition temperature of the unstretched
      film + 3.degree.C.) to 160.degree.C. The biaxially stretching temperature
      is preferably higher in the stretching in the extrusion direction than in
      the stretching in the direction across the extrusion direction.
PAR  The second order transition point is an inflection point in the measurement
      of differential scanning calorimetry.
PAR  The biaxially oriented polyethylene-2,6-naphthalate film can, if desired,
      be post heat-treated. This heat-treatment can be performed under
      conditions not allowing free shrinkage of the film, for example, under
      relaxation allowing restricted shrinkage, or under tension at constant
      length, at a temperature, preferably, of 170.degree.C. to the melting
      point of the film, preferably 170.degree.C. to 10.degree.C. at the melting
      point of the film.
PAR  The polyethylene-2,6-naphthalate film produced in accordance with this
      invention has mechanical properties and electrical characteristics not
      inferior to those of a film of an ordinary polyethylene-2,6-naphthalate
      not blended with the polyester (2), and have markedly improved resistance
      to thermal degradation and Young's modulus. The thickness of the film can
      be changed as desired, but usually it is about 2 to 400 microns. The film
      may, of course, be in such a form as tape or band.
PAR  The biaxially oriented and post heat-treated films of this invention may be
      used directly as insulating materials for various electric and electronic
      machines, for example, as tapings for electric and electronic machines,
      materials for slot insulation for stage-phase insulation, condenser
      building materials, magnetic recording tapes-supports or photographic base
      films. Furthermore, they may be laminated with other insulating materials
      such as cloth, paper, glass and other inorganic substances, or may be used
      in the form of composite products.
PAR  The films of this invention obtained without post heat-treatment are useful
      as packaging and insulating heat-shrinkage films.
PAR  This invention will be described in greater detail by the following
      Examples and Comparative Examples.
PAR  The tensile mechanical properties (break strength, break elongation and
      Young's modulus) were determined at 23.degree.C. in an atmosphere having a
      relative humidity of 65%, using an Instron-type tensile tester under the
      following conditions:
PA1  Form of the sample: strip (15 cm .times. 1 cm)
PA1  Distance between chucks: 10 cm
PA1  Rate of pulling: 10 cm/min.
PAR  The breakdown voltage (BDV) was measured as follows:
PAR  By using a couple of disc-shaped electrodes of 25 mm diameter the voltage
      of an alternating current is raised up to the breakdown of film at a
      constant rate, i.e., 1 KV/sec.
PAR  The softening point was measured as follows:
PAR  The sample for measurement should be non-oriented and amorphous.
      Accordingly, a biaxially oriented film or a biaxially oriented and
      heat-treated film is melted for a very short time (preferably less than 3
      minutes) during which no substantial change in softening point occurs, at
      a temperature ranging from the melting point of the film to a temperature
      20.degree.C. higher than the melting point of the film and then rapidly
      cooled to render it non-oriented and amorphous in order to use it as the
      sample. An unstretched film may be used as such. The sample was
      heat-treated at 190.degree.C. for 60 minutes, and its softening point was
      determined by penetrometry. The rate of temperature raise was
      1.2.degree.C. per minute.
PAC  EXAMPLE 1 AND COMPARATIVE EXAMPLE 1
PAR  Dried polyethylene-2,6-naphthalate resin (1) having an intrinsic viscosity
      of 0.62 was melt extruded through a T die at 300.degree.C. and rapidly
      cooled on a casting drum held at 60.degree.C. to form a 330 micron-thick
      unstretched film (Run No. 1).
PAR  On the other hand, the above polyethylene-2,6-naphthalate (1) was mixed
      with each of the polyester resins (2) indicated in Table 1 using a V-type
      blender, and the mixture was dried. The dried mixture was melt-extruded at
      295.degree.C. through a T die, and rapidly cooled on a casting drum held
      at 60.degree.C. to form an unstretched film having a thickness of 335
      microns. Each of the polymer was maintained in the molten state for about
      7 minutes. (Runs Nos. 2 to 4, 6 to 10, 12 to 17, and 18 to 21)
PAR  Run No. 1 was repeated except using a polymer having an intrinsic viscosity
      of 0.62 and having copolymerized therewith 2 mol% of
      ethylene-2,7-naphthalate structural units, a polymer having an intrinsic
      viscosity of 0.61 and having copolymerized therewith 3 mol% of
      tetramethylene-2,6-naphthalate structural units, and a polymer having an
      intrinsic viscosity of 0.60 and having copolymerized therewith 3.5 mol% of
      ethylene terephthalate units. (Runs Nos. 5, 9 and 22)
PAR  The stretching and heat-setting conditions were as follows for all the
      films. Longitudinal stretching temperature 140.degree.C., longitudinal
      stretching ratio 3.5, transverse stretching temperature 130.degree.C., the
      transverse stretch ratio 3.7, heat-setting temperature 235.degree.C. and
      heat-setting time 15 seconds.
PAR  Run No. 2 was repeated except that polyester resin (2) of various intrinsic
      viscosities was used (Runs Nos. 23 - 32).
PAR  The mechanical and electrical properties of the films obtained above are
      shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Polyester resin (2)             Breaking                                  
                         Proportion  strength                                  
                         of poly-    (kg/cm.sup.2)                             
                                           Dielectric                          
                                                  Young's                      
                         ester resin                                           
                               Elongation                                      
                                     .times. 10.sup.3 of                       
                                           strength                            
                                                  modulus    Equili-           
                         (2) based                                             
                               at break-                                       
                                     resulting                                 
                                           (KV/mm) of                          
                                                  (kg/cm.sup.2)                
                                                        Softening              
                                                             brium             
                         on 2,6-PEN                                            
                               age (%)                                         
                                     films after                               
                                           resulting                           
                                                  .times. 10.sup.4             
                                                        point                  
                                                             softening-        
     Run                 resin (1)                                             
                               after heat                                      
                                     heat degra-                               
                                           films after                         
                                                  result-                      
                                                        (.degree.C.)           
                                                             point of          
     No.      Type    (.eta.)                                                  
                         to be mixed                                           
                               degradation                                     
                                     dation*                                   
                                           heat degra-                         
                                                  ing films                    
                                                        of result-             
                                                             resulting         
                         (wt%) LD WD LD WD dation*                             
                                                  LD WD ing films              
                                                             films             
     __________________________________________________________________________
                                                             (.degree.C.)      
      1 Comparison                                                             
              --      -- 0     28 33 1.45                                      
                                        1.41                                   
                                           287    5.65                         
                                                     6.38                      
                                                        270.9                  
                                                             270.9             
      2 Invention                                                              
              Poly(ethylene-                                                   
                      0.51                                                     
                         2     78 88 1.46                                      
                                        1.43                                   
                                           285    7.18                         
                                                     6.95                      
                                                        268.7                  
                                                             266.5             
              2,7-naphtha-                                                     
              late)                                                            
      3 "     "       0.51                                                     
                         6     63 58 1.41                                      
                                        1.43                                   
                                           290    6.93                         
                                                     7.02                      
                                                        265.2                  
                                                             255.3             
      4 Comparison                                                             
              "       0.51                                                     
                         13    19 23 1.35                                      
                                        1.37                                   
                                           287    5.31                         
                                                     5.82                      
                                                        261.8                  
                                                             241.8             
      5 "     --      -- 2     27 31 1.45                                      
                                        1.42                                   
                                           285    5.74                         
                                                     6.21                      
                                                        266.6                  
                                                             266.6             
                         (copoly-                                              
                         merized)                                              
      6 Invention                                                              
              Poly(tetra-                                                      
                      0.53                                                     
                         2     57 59 1.44                                      
                                        1.40                                   
                                           291    7.33                         
                                                     7.12                      
                                                        270.0                  
                                                             266.2             
              methylene-2,6-                                                   
              naphthalate)                                                     
      7 "     "       0.53                                                     
                         8     50 48 1.41                                      
                                        1.41                                   
                                           285    6.43                         
                                                     6.59                      
                                                        263.9                  
                                                             251.0             
      8 Comparison                                                             
              "       0.53                                                     
                         13    21 15 1.31                                      
                                        1.33                                   
                                           293    5.02                         
                                                     5.66                      
                                                        262.0                  
                                                             240.8             
      9 "     --      -- 3.3   29 30 1.47                                      
                                        1.41                                   
                                           288    5.56                         
                                                     6.14                      
                                                        266.4                  
                                                             266.4             
                         (copoly-                                              
                         merized)                                              
     10 Invention                                                              
              Poly(ethylene-                                                   
                      0.65                                                     
                         3     83 74 1.45                                      
                                        1.43                                   
                                           286    7.37                         
                                                     6.87                      
                                                        269.4                  
                                                             264.3             
              1,5-naphtha-                                                     
              late)                                                            
     11 Comparison                                                             
              Poly(ethylene-                                                   
                      0.65                                                     
                         13    13 22 1.33                                      
                                        1.31                                   
                                           287    5.32                         
                                                     5.63                      
                                                        260.8                  
                                                             240.3             
              1,5-naphtha-                                                     
              late)                                                            
     12 Invention                                                              
              Poly(hexa-                                                       
                      0.49                                                     
                         3     65 53 1.43                                      
                                        1.40                                   
                                           290    6.75                         
                                                     6.96                      
                                                        269.1                  
                                                             263.7             
              methylene-2,6-                                                   
              naphthalate)                                                     
     13 Comparison                                                             
              "       0.49                                                     
                         13    18 21 1.31                                      
                                        1.34                                   
                                           290    5.57                         
                                                     5.49                      
                                                        260.2                  
                                                             240.5             
     14 Invention                                                              
              Poly(tetra-                                                      
                      0.60                                                     
                         3     53 73 1.38                                      
                                        1.39                                   
                                           285    7.25                         
                                                     7.21                      
                                                        270.1                  
                                                             264.1             
              methylene tere-                                                  
              phthalate)                                                       
     15 Comparison                                                             
              "       0.60                                                     
                         13    17 13 1.26                                      
                                        1.29                                   
                                           286    5.48                         
                                                     6.02                      
                                                        260.0                  
                                                             241.0             
     16 Invention                                                              
              Polyethylene                                                     
                      0.50                                                     
                         3     49 45 1.39                                      
                                        1.43                                   
                                           288    6.83                         
                                                     6.99                      
                                                        269.6                  
                                                             264.4             
              oxalate                                                          
     17 Comparison                                                             
              "       0.50                                                     
                         13    17 19 1.27                                      
                                        1.25                                   
                                           287    5.22                         
                                                     56.4                      
                                                        259.7                  
                                                             240.9             
     18 Invention                                                              
              Polyethylene                                                     
                      0.75                                                     
                         2     77 83 1.45                                      
                                        1.39                                   
                                           283    7.41                         
                                                     7.01                      
                                                        268.8                  
                                                             266.5             
              terephthalate                                                    
     19 "     "       0.75                                                     
                         5     98 69 1.24                                      
                                        1.35                                   
                                           275    7.00                         
                                                     7.25                      
                                                        266.7                  
                                                             256.4             
     20 Invention                                                              
              Polyethylene                                                     
                      0.75                                                     
                         8     56 40 1.31                                      
                                        1.36                                   
                                           280    6.77                         
                                                     6.83                      
                                                        264.3                  
                                                             251.3             
              terephthalate                                                    
     21 Comparison                                                             
              "       0.75                                                     
                         13    23 26 1.35                                      
                                        1.33                                   
                                           272    5.35                         
                                                     5.89                      
                                                        261.7                  
                                                             239.8             
     22 "     --      -- 2.8   30 35 1.46                                      
                                        1.43                                   
                                           285    6.33                         
                                                     5.80                      
                                                        265.5                  
                                                             265.5             
                         (copoly-                                              
                         merized)                                              
     23 Invention                                                              
              Polyethylene                                                     
                      0.53                                                     
                         3     62 58 1.39                                      
                                        1.40                                   
                                           283    7.32                         
                                                     7.51                      
                                                        267.3                  
                                                             263.2             
              isophthalate                                                     
     24 "     Polytetra-                                                       
                      0.49                                                     
                         3     56 59 1.43                                      
                                        1.37                                   
                                           288    6.84                         
                                                     7.01                      
                                                        266.8                  
                                                             262.3             
              methylene                                                        
              isophthalate                                                     
     25 "     Polyethylene                                                     
                      0.46                                                     
                         3     37 45 1.33                                      
                                        1.39                                   
                                           279    6.73                         
                                                     6.77                      
                                                        262.1                  
                                                             257.0             
              succinate                                                        
     26 "     Polyethylene-                                                    
                      0.38                                                     
                         3     51 53 1.39                                      
                                        1.41                                   
                                           278    6.85                         
                                                     6.69                      
                                                        260.9                  
                                                             255.7             
              4,4'-diphenoxy                                                   
              ethane dicar-                                                    
              boxylate                                                         
     27 Invention                                                              
              Polyneopentyl-                                                   
                      0.51                                                     
                         3     89 79 1.37                                      
                                        1.47                                   
                                           280    7.31                         
                                                     7.48                      
                                                        268.0                  
                                                             265.8             
              2,6-naphthalate                                                  
     28 "     Polytrimethyl-                                                   
                      0.63                                                     
                         3     67 70 1.43                                      
                                        1.38                                   
                                           281    7.15                         
                                                     7.23                      
                                                        268.0                  
                                                             265.1             
              ene-2,6-naph-                                                    
              thalate                                                          
     29 "     Polytetra-                                                       
                      0.56                                                     
                         3     73 58 1.40                                      
                                        1.43                                   
                                           282    7.10                         
                                                     7.29                      
                                                        267.3                  
                                                             264.3             
              methylene-                                                       
              1,5-naphtha-                                                     
              late                                                             
     30 "     Polyethylene-                                                    
                      0.62                                                     
                         3     69 66 1.45                                      
                                        1.45                                   
                                           285    7.01                         
                                                     7.25                      
                                                        267.6                  
                                                             265.4             
              1,6-naphtha-                                                     
              late                                                             
     31 "     Polyhexa-                                                        
                      0.55                                                     
                         3     54 71 1.45                                      
                                        1.47                                   
                                           280    7.30                         
                                                     7.33                      
                                                        269.0                  
                                                             266.0             
              methylene tere-                                                  
              phthalate                                                        
     32 "     Polyethylene-                                                    
                      0.56                                                     
                         3     57 49 1.47                                      
                                        1.43                                   
                                           283    7.21                         
                                                     2.35                      
                                                        268.3                  
                                                             266.3             
              4,4'-tetra-                                                      
              methylene                                                        
              diphenyl di-                                                     
              carboxylate                                                      
     __________________________________________________________________________
      *Conditions for heat degradation, 200.degree.C., 400 hours, under free   
      shrinkage                                                                
      LD: Lengthwise direction                                                 
      WD: Widthwise direction                                                  
PAC  EXAMPLE 2
PAR  Poly(tetramethylene-2,6-naphthalate) was mixed in an amount of 2% by weight
      and 5% by weight with 2,6-PEN resin (1) having an intrinsic viscosity of
      0.63. Each of the mixtures was melt-extruded, and the resulting
      unstretched film was stretched and heat-set under the same conditions as
      in Run No. 1. (Runs Nos. 33 and 34)
PAR  Polyethylene terephthalate having copolymerized therewith 2 mol% of
      naphthalene-2,7-dicarboxylic acid was mixed in an amount of 2, 5 andd 13 %
      by weight with 2,6-PEN resin (1) ([.eta.] = 0.65) having copolymerized
      therewith 3 mol% of tetramethylene glycol. Each of the mixtures was
      melt-extruded, and the resulting unstretched film was stretched and
      heat-set under the same conditions as in Run No. 1. (Runs Nos. 35, 36 and
      37).
PAR  Polyethylene terephthalate (2% by weight) and poly
      (tetramethylene-1,5-naphthalate) (2% by weight) were mixed with 2,6-PEN
      resin (1) having an intrinsic viscosity of 0.63. The mixture was
      melt-extruded, and the resulting unstretched film was stretched and
      heat-set under the same conditions as in Run No. 1. (Run No. 38).
PAR  The physical properties of the resulting film are shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Polyester resin (2)       Breaking                                        
                  Proportion   strength                                        
                  of poly-     (kg/cm.sup.2)                                   
                                       Dielectric                              
                                              Young's                          
                  ester resin                                                  
                         Elongation                                            
                               .times. 10.sup.3 of                             
                                       strength                                
                                              modulus         Equili-          
                  (2) based                                                    
                         at break-                                             
                               resulting                                       
                                       (KV/mm) of                              
                                              (kg/cm.sup.2)   brium            
                  on 2,6-PEN                                                   
                         age (%)                                               
                               films after                                     
                                       resulting                               
                                              .times. 10.sup.4                 
                                                      Softening                
                                                              softening        
                  resin (1)                                                    
                         after heat                                            
                               heat degra-                                     
                                       films after                             
                                              resulting                        
                                                      point (.degree.C.)       
                                                              point of         
     Run          to be mixed                                                  
                         degradation                                           
                               dation* heat degra-                             
                                              films   of result-               
                                                              resulting        
     No.  Type (.eta.)                                                         
                  (wt%)  LD WD LD  WD  dation*                                 
                                              LD  WD  ing films                
                                                              films            
                                                              (.degree.C.)     
     __________________________________________________________________________
     33                                                                        
       Poly(tetra-                                                             
               0.55                                                            
                  2      65 77 1.45                                            
                                   1.43                                        
                                       288    7.23                             
                                                  6.83                         
                                                      260.8   254.1            
       methylene-2,6-                                                          
       naphthalate)                                                            
     34                                                                        
       "       0.55                                                            
                  5      58 67 1.38                                            
                                   1.43                                        
                                       289    6.77                             
                                                  6.91                         
                                                      255.9   247.6            
     35                                                                        
       Poly(ethylene                                                           
               0.68                                                            
                  2      51 69 1.40                                            
                                   1.47                                        
                                       279    6.96                             
                                                  6.77                         
                                                      261.3   255.7            
       terephthalate)                                                          
     36                                                                        
       "       0.68                                                            
                  5      48 46 1.37                                            
                                   1.34                                        
                                       283    6.62                             
                                                  6.73                         
                                                      256.4   249.6            
     37                                                                        
       "       0.68                                                            
                  13      7  8 1.32                                            
                                   1.33                                        
                                       273    5.32                             
                                                  5.54                         
                                                      247.1   233.3            
       Poly(ethylene                                                           
               0.65                                                            
                  2                                                            
       terephthalate)                                                          
     38                  60 63 1.43                                            
                                   1.41                                        
                                       285    7.11                             
                                                  7.21                         
                                                      256.2   247.9            
       Poly(tetra-                                                             
               0.53                                                            
                  1.5                                                          
       methylene-                                                              
       1,5-naphthalate)                                                        
     __________________________________________________________________________
      *Conditions for heat degradation, 200.degree.C., 400 hours, under free   
      shrinkage                                                                
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A biaxially oriented polyethylene-2,6-naphthalate film, which comprises
      a blended mixture of
PA1  1. a polyethylene-2,6-naphthalate resin having a unit derived from not more
      than 10 mol % of a polyester-forming component other than a
      polyethylene-2,6-naphthalate-forming component, and (2) 0.5 to 10% by
      weight, based on the polyethylene-2,6-naphthalate resin (1), of a
      polyester resin other than the polyethylene-2,6-naphthalate resin (1)
      which contains at least 90 mol % of units derived from a dicarboxylic acid
      component selected from the group consisting of terephthalic acid,
      isophthalic acid, adipic acid, oxalic acid, succinic acid, naphthalene-2,
      6-dicarboxylic acid, naphthalene-2,7-dicarboxylic acid,
      naphthalene-1,5-dicarboxylic acid, 4,4'-diphenoxyethane dicarboxylic acid,
      4,4'-tetramethylene diphenyl dicarboxylic acid and lower alkyl ester
      functional derivatives of these acids, and a glycol component selected
      from the group consisting of ethylene glycol, trimethylene glycol,
      tetramethylene glycol, hexamethylene glycol, neopentyl glycol and
      functional derivatives of these glycols, in which the amount of the
      homopolyester unit is at least 90 mol %,
PAL  said film having a softening point at least 1.degree.C. higher than its
      equilibrium softening point.
NUM  2.
PAR  2. The film of claim 1 wherein said film is a biaxially oriented and post
      heat-treated film.
NUM  3.
PAR  3. The film of claim 1 wherein said polyester resin (2) is a polyester
      resin not containing a tertiary proton in its structural units.
PATN
WKU  039377555
SRC  5
APN  5434009
APT  1
ART  142
APD  19750123
TTL  Polyesters having improved disperse dyeability
ISD  19760210
NCL  6
ECL  1
EXA  Page; Thurman K.
EXP  Tillman; Murray
INVT
NAM  Hahn; Maneung
CTY  Akron
STA  OH
INVT
NAM  Lin; Leroy C. T.
CTY  Uniontown
STA  OH
INVT
NAM  Tung; William C. T.
CTY  Tallmadge
STA  OH
ASSG
NAM  The Goodyear Tire & Rubber Company
CTY  Akron
STA  OH
COD  02
CLAS
OCL  260860
XCL  260 75N
EDF  2
ICL  C08G 6316
ICL  C08L 6702
FSC  260
FSS  860;75 N
UREF
PNO  3397253
ISD  19680800
NAM  Mertens et al.
OCL  260860
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NAM  Weissermel et al.
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ISD  19711100
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NAM  Barkey et al.
OCL  260860
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NAM  Habermeier et al.
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PAL  Di-2-Carboxyethyl Dimethyl Hydantoin, S-2572, Technical Bulletin, Dantocon
      TMPCE., Glycol Chemicals Inc., Williamsport, Penn., (1972).
LREP
FR2  Brunner; F. W.
FR2  Wallace, Jr.; J. M.
ABST
PAL  Polyethylene terephthalate block copolyesters having ethylene terephthalate
      blocks and hydantoin polymer blocks for improved disperse dyeability and
      improved antistatic properties. The copolyesters are prepared by
      conventional methods using blocks of low molecular weight polyethylene
      terephthalate and hydantoin polyester.
BSUM
PAR  This invention relates to new copolyester resins and to products therefrom
      having improved hydrophilicity and antistatic properties.
PAR  Fibers of polyester resins such as fibers of polyethylene terephthalate and
      fibers of copolyesters of terephthalic acid or its derivatives and glycols
      are known to have generally excellent physical and chemical properties.
      However, the hydrophobic nature of such fibers imparts some
      disadvantageous properties such as a tendency to build electrostatic
      charges on exposure to friction, poor soil release properties and somewhat
      uncomfortable wearing properties, particularly when worn next to a
      person's skin.
PAR  In the prior art two approaches have been used to try to overcome the
      hydrophobic properties of fibers such as polyester fibers: (1) treatment
      of the surface of such fibers with hydrophilic compounds to provide
      hydrophilic properties, and (2) by incorporation of a hydrophilic agent
      into the polymer by blending a hydrophilic material into the resin from
      which the fibers are produced. Fibers lose these agents on repeated
      laundering or drycleaning and thus lose the hydrophilic properties.
PAR  It is a purpose of the present invention provide a block copolyester with a
      hydrophilic polyester or copolyester resin built in to improve the
      hydrophilic properties of polyester fibers which are permanent.
PAR  In accordance with the present invention it has been found that
      copolyesters containing a hydantoin of the formula
      ##EQU1##
      where R.sub.1 and R.sub.2 are hydrogen, alkyl, aryl, alkaryl, aralkyl and
      heterocyclic radicals, n and n' are integers from 1 to 10 and X is an
      ester forming radical such as OH or COOH, incorporated in the polyester
      resins provide a block copolyester with permanently improved antistatic
      properties, improved hydrophilicity and improved dyeability with disperse
      dyes. Representative examples of alkyl radical are methyl, ethyl, propyl,
      butyl; aryl radicals are phenyl and diphenyl; alkaryl radicals are methyl,
      phenyl; aralkyl radicals are benzyl and phenethyl and heterocyclic
      radicals such as tryptophan. Thus the present invention provides fibers
      which retain the improved characteristics even with repeated laundering or
      drycleaning.
PAR  The representative derivatives of hydantoin are:
PA1  Di(2-hydroxyethyl) dimethyl hydantoin
PA1  Di(4-hydroxybutyl) dimethyl hydantoin
PA1  Di(2-hydroxyethyl) diethyl hydantoin
PA1  Di(2-hydroxyethyl) dipropyl hydantoin
PA1  Di(2-hydroxyethyl) ditertiarybutyl hydantoin
PA1  Di(2-hydroxyethyl) diphenyl hydantoin
PA1  di(2-hydroxyethyl) phenyl hydantoin
PA1  di(2-hydroxyethyl) methyl phenyl hydantoin
PA1  di(2-carboxymethyl) dimethyl hydantoin
PA1  di(2-carboxyethyl) dimethyl hydantoin
PA1  di(2-carboxypropyl) dimethyl hydantoin
PA1  di(4-carboxybutyl) dimethyl hydantoin
PA1  di(2-carboxyethyl) diethyl hydantoin
PA1  di(2-carboxyethyl) dipropyl hydantoin
PA1  di(2-carboxyethyl) ditertiarybutyl hydantoin
PA1  di(2-carboxyethyl) diphenyl hydantoin
PA1  di(2-carboxyethyl) methyl phenyl hydantoin
PA1  di(2-carboxyethyl) benzyl hydantoin
PA1  di(2-carboxyethyl) methyl tryptophan hydantoin.
PAR  The fibers of the invention are comprised of linear thermoplastic polyester
      resin in which from 99 to 90 percent of the polymer units are ethylene
      terephthalate units, the remainder of the units being derived from
      hydantoin or a derivative of hydantoin.
PAR  The following examples illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  In a reaction flask equipped with a heater, a column, a mechanical stirrer
      and a nitrogen inlet tube, were charged 27.2 grams of di(2-carboxyethyl)
      dimethyl hydantoin, 22.7 grams of di(2-hydroxyethyl) dimethyl hydantoin,
      0.01 milliliter of sulfuric acid of 30 percent solution in water and 0.05
      gram of zinc acetate. The reactor was heated to 210.degree. C. and the
      pressure was reduced to 0.3 millimeter of mercury pressure.
PAR  In three hours a polymer was formed. The product obtained was soluble in
      warm water and the color was a light tan.
PAC  EXAMPLE 2
PAR  Forty grams of polyethylene terephthalate having an intrinsic viscosity of
      0.70 prepared by conventional ester interchange and condensation using
      manganese octoate ester interchange catalyst and antimony trioxide and
      five grams of polyester prepared in Example 1 were blended together under
      vacuum. The mixture became clear, indicating a reaction had taken place.
      The product obtained was a highly crystalline fiber forming polymer having
      an intrinsic viscosity of 0.660 and a melting point of 251.degree. C. as
      measured by a Differential Scanning Calorimeter.
PAC  EXAMPLE 3
PAR  The polyester obtained in Example 2 was ground to a 20 mesh size powder.
      The powder was dried at 140.degree. C. under vacuum over night. (The dried
      sample was placed in a dessiccator in which a relative humidity of 81
      percent was maintained through the use of a saturated ammonium sulfate
      solution.) After four days the powder absorbed 0.93 percent of moisture,
      whereas the control polyester powder absorbed only 0.52 percent moisture.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A polyethylene terephthalate block copolyester in which the copolyester
      comprises a polymer of a derivative of a hydantoin diacid and a hydantoin
      diol having the general formula
      ##EQU2##
      where R.sub.1 and R.sub.2 are hydrogen, alkyl, aryl, aralkyl and
      heterocyclic compounds, n and n' are integers from 1 to 10 and X is --OH
      in the hydantoin diol and --COOH in the hydantoin diacid said copolyester
      block being present in the polyethylene terephthalate block copolyester in
      an amount of from 1 to 20 percent by weight of said block copolyester.
NUM  2.
PAR  2. Block copolyester of claim 1 comprising blocks of polyethylene
      terephthalate and blocks of a copolyester formed by reacting a compound
      selected from the group consisting of (A) di(2-hydroxyethyl) dimethyl
      hydantoin, di(4-hydroxy butyl) dimethyl hydantoin, di(2-hydroxyethyl)
      diethyl hydantoin, di(2-hydroxyethyl) dipropyl hydantoin,
      di(2-hydroxyethyl) ditertiary butyl hydantoin, di(2-hydroxyethyl) diphenyl
      hydantoin, di(2-hydroxyethyl) phenyl hydantoin, and di(2-hydroxyethyl)
      methyl phenyl hydantoin, with a compound selected from the group
      consisting of (B) di(2-carboxymethyl) dimethyl hydantoin,
      di(2-carboxyethyl) dimethyl hydantoin, di(2-carboxyethyl) dimethyl
      hydantoin, di(4-carboxybuty) dimethyl hydantoin, di(2-carboxyethyl)
      diethyl hydantoin, di(2-carboxyethyl) dipropyl hydantoin,
      di(2-carboxyethyl) ditertiary butyl hydantoin, di(2-carboxyethyl) diphenyl
      hydantoin di(2-carboxyethyl) methyl phenyl hydantoin, di(2-carboxyethyl)
      benzyl hydantoin and di(2-carboxyethyl) methyl tryptophan hydantoin.
NUM  3.
PAR  3. The block copolyester of claim 1 in which the copolyester is comprised
      of blocks of polyethylene terephthalate and blocks of a polymer of
      di(2-carboxyethyl) dimethyl hydantoin and di(2-hydroxyethyl) dimethyl
      hydantoin.
NUM  4.
PAR  4. The polyethylene terephthalate block copolyester of claim 1 in the form
      of a fiber.
NUM  5.
PAR  5. The polyethylene terephthalate block copolyester of claim 1 in the form
      of a film.
NUM  6.
PAR  6. The polyethylene terephthalate block copolyester of claim 1 in the form
      of a molded product.
PATN
WKU  039377563
SRC  5
APN  4730003
APT  1
ART  143
APD  19740524
TTL  Fire retardant polyester resins
ISD  19760210
NCL  13
ECL  1
EXA  Danison, Jr.; W. C.
EXP  Czaja; Donald E.
INVT
NAM  Klein; Howard Paul
CTY  Austin
STA  TX
INVT
NAM  Waddill; Harold George
CTY  Austin
STA  TX
ASSG
NAM  Jefferson Chemical Company, Inc.
CTY  Houston
STA  TX
COD  02
CLAS
OCL  260869
XCL  260 75H
XCL  260DIG24
EDF  2
ICL  C08L 6706
FSC  260
FSS  75 H;861;869;DIG. 24
UREF
PNO  3697625
ISD  19721000
NAM  Smith et al.
OCL  260869
FREF
PNO  1,933,064
ISD  19710300
CNT  DT
LREP
FR2  Bailey; James L.
FR2  Kirk, Jr.; John R.
ABST
PAL  A polymerizable fire retardant unsaturated polyester resin composition is
      prepared by reacting a dicarboxylic acid with a polyhydric compound and an
      effective amount of 4,5-dibromohexahydrophthalic anhydride or its
      corresponding acid. The resulting unsaturated polyester resin composition
      when mixed with a polymerizable monomer containing terminal unsaturation
      and cured exhibits improved flame resistance at low bromine
      concentrations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to polymerizable compositions of an unsaturated
      linear polyester. More particularly, the invention relates to
      polymerizable mixtures of unsaturated polyesters having improved fire
      retardant properties and the process of making such polyester
      compositions.
PAR  2. Description of the Prior Art
PAR  The production of infusible insoluble polyester resins which are
      flame-retardant and have a high resistance to heat is of considerable
      commercial importance. For instance, castings, moldings, and foamed
      articles on laminated structures bonded by polyester-type resins are, for
      many uses, desirably resistant to fire and/or are self-extinguishing.
      Structural members, such as pipes, wall coverings, panels, ash trays, etc.
      are further illustrations where flame-retardancy and/or self-extinguishing
      properties are desirable.
PAR  A number of flame-resistant unsaturated polyester resin compositions are
      known. One class of flame-resistant polyester resins contains Het acid
      (1,4,5,6,7,7-hexachlorobicyclo[2,2,1]-5-heptene-2,3-dicarboxylic acid) or
      its anhydride in the polyester composition. However, it is generally
      necessary to add phosphoric compounds in order to obtain the desired
      properties. Other flame-resistant polyester resin compositions contain
      fire retardant additives such as antimony trioxide or halogenated
      compounds such as halogenated hydrocarbons or halogenated phosphates, etc.
      These flame resistant polyester resins suffer from the disadvantage of
      producing products with a poor color stability. Still other fire resistant
      polyester resins have terminally located phosphonate groups built into the
      polyester structure as described, for example, in U.S. Pat. No. 3,150,208.
      Such polyester resins, however, are generally of poor stability and
      mediocre color.
PAR  Still other fire resistant unsaturated polyester resins contain bromine
      incorporated into the polyester molecule in an effective amount. For
      example, bromine is incorporated into an unsaturated polyester composition
      by direct bromination of a linear unsaturated polyester as disclosed, for
      example, in U.S. Pat. No. 3,536,782. However, such bromine-containing
      unsaturated polyesters are generally unacceptable in that high bromine
      concentrations are generally required in order to produce an effective
      level of fire retardancy.
PAR  Another class of bromine-containing unsaturated polyester resins of
      improved fire-retardance are those taught by U.S. Pat. No. 3,585,254
      wherein the half-ester of 4-cyclohexene-1,2-dicarboxylic anhydride
      (tetrahydrophthalic anhydride) and a polyol is brominated and the
      resulting product is thereafter reacted with a dibasic acid, such as
      maleic anhydride to complete the esterification to form the
      bromine-containing unsaturated polyester resin. Such polyester resin
      compositions suffer from the disadvantages of involving multi-step
      processes in their manufacture and produce an unsaturated polyester with a
      very high bromine concentration; e.g., 18 wt. % and higher.
PAR  From the foregoing, it can be readily seen that many attempts to fire
      retard the unsaturated polyester resins have been made but have always
      left much to be desired.
PAR  It is therefore an object of this invention to develop a fire retardant
      unsaturated polyester resin which avoids the aforementioned problems. It
      is also an object of this invention to develop a process whereby said fire
      retarding and/or self-extinguishing properties are accomplished in a
      one-step process.
PAR  It is yet another object of this invention to develop a process for the
      preparation of a fire retardant unsaturated polyester resin composition
      which retains its color, clarity and stability and has superior fire
      extinguishing properties at low bromine concentrations.
PAR  Still further objects of the present invention will become apparent from
      the detailed description given hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that unsaturated polyester resins of superior flame
      resistance are produced by simultaneously mixing and reacting a polyhydric
      alcohol, an ethylenically unsaturated dicarboxylic acid or anhydride and
      an effective amount of 4,5-dibromohexahydrophthalic anhydride or its
      corresponding diacid. The resulting unsaturated polyester resins when
      mixed with a polymerizable monomer containing terminal ethylenic
      unsaturation and cured provide infusible resin compositions of improved
      flame resistance at remarkably low bromine concentrations.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the instant invention, a polyhydric alcohol, an
      unsaturated dicarboxylic acid or its anhydride and
      4,5-dibromohexahydrophthalic anhydride are esterified in a one-step
      process to produce novel bromine-containing unsaturated polyester resin of
      improved fire resistance.
PAR  The polyhydric alcohols which may be employed in the process of the instant
      invention include any of the polyhydric alcohols that are well-known in
      the production of polyester resins. Such polyhydric alcohols include the
      aliphatic glycols such as, for example, ethylene glycol, propylene glycol,
      butanediol-1,4; the glycol ethers such as diethylene glycol, dipropylene
      glycol and the like and higher functionality polyhydric materials such as
      glycerol and sorbitol. Also suitable are dihydric materials such as
      bisphenol-A and hydrogenated bisphenol-A. The preferred polyhydric
      alcohols are the aliphatic glycols having from 2 to 10 carbon atoms and
      the aliphatic glycol ethers having from 4 to 20 carbon atoms.
PAR  The ethylenically unsaturated dicarboxylic acids which are suitable in the
      process of the instant invention include, among others, maleic acid,
      fumaric acid, itaconic acid, etc. and the corresponding anhydrides of the
      cis-acids and mixtures thereof. These ethylenically unsaturated
      dicarboxylic acids may be employed alone or in conjunction with saturated
      dicarboxylic acids or dicarboxylic acids containing only benzenoid
      unsaturation. Included among such suitable acids are adipic acid, azeleic
      acid, sebacic acid, dimerized fatty acids, phthalic acid, isophthalic
      acid, terephthalic acid, etc. or mixtures thereof, as well as the
      anhydrides of those acids. These acids are generally employed in
      conjunction with the unsaturated dicarboxylic acid in order to modify the
      degree of unsaturation and thereby the reactivity of the resulting
      polyester resin. Whenever employed, the saturated dicarboxylic acids are
      generally present in a mole ratio to the unsaturated dicarboxylic acid of
      from about 10:1 to 1:10, with a preferred ratio being between about 5:1
      and 1:5.
PAR  The 4,5-dibromohexahydrophthalic anhydride (also known as
      4,5-dibromo-1,2-cyclohexanedicarboxylic anhydride) is an easy to handle
      light solid having a melting point of 137.degree.-139.degree. C. It is
      prepared from readily available starting materials as described in U.S.
      Pat. No. 2,550,744. In the process of the instant invention, it is
      equivalently useful to employ the corresponding diacid,
      4,5-dibromohexahydrophthalic acid.
PAR  In the process of the instant invention, the polyhydric alcohol and the
      dicarboxylic acid (including the unsaturated dicarboxylic acid, the
      4,5-dibromohexahydrophthalic acid and the saturated dicarboxylic acid, if
      present) are employed in a mole ratio such that there is approximately one
      hydroxyl equivalent per carboxyl equivalent. Thus, with a diol such as
      propylene glycol the mole ratio of the glycol to the dicarboxylic acids is
      approximately 1:1. Generally, however, there is present a slight excess of
      the polyhydric alcohol.
PAR  In the unsaturated polyester resin compositions of the instant invention,
      an effective level of fire retardancy is obtained whenever the
      4,5-dibromohexahydrophthalic anhydride is employed in an amount of from
      about 5 to about 25 mole per cent of the total amount of dicarboxylic acid
      employed in the process of the instant invention with an amount of from
      about 10 to about 20 mole per cent being preferred. The resulting
      unsaturated polyester resin compositions when mixed with a polymerizable
      monomer containing terminal ethylenic unsaturation and cured into an
      infusible material exhibit excellent flame resistant at bromine
      concentrations of from approximately 2 to about 12 wt. %.
PAR  The esterification reaction of the instant invention is generally carried
      out at a temperature of from about 100.degree.C. to about 200.degree.C.
      with temperatures in the range of about 150.degree.C. to 175.degree.C.
      being preferred. The esterification should take place in a reaction vessel
      which is equipped with heating and cooling means, thermometer, agitator,
      means for providing an inert gas blanket under which to carry out the
      reaction, and means for removing the water of esterification.
PAR  The esterification reaction should preferably continue until the acid
      number of the reaction mixture has been reduced to 40 mg. of KOH per gram
      of mixture or less. A satisfactory product is obtained whenever the acid
      number of the resin composition is from about 0 to about 40 mg. KOH/g.
PAR  Although not essential, the esterification reaction is generally carried
      out in the presence of a solvent. Suitable solvents are generally those in
      which the dicarboxylic acids or acid anhydrides are at least partially
      soluble. Suitable solvents include, for example, aromatic solvents such as
      xylene, toluene and benzene. Whenever employed, the amount of solvent used
      is not critical and can vary widely. Amounts of solvent of from about 5%
      to about 90% by weight are satisfactory. For economic reasons, no more
      solvent should be employed than is necessary.
PAR  After the esterification reaction is completed, the solvent, if a solvent
      is employed, is removed from the reaction mixture. A suitable method
      involves stripping under vacuum.
PAR  To the resulting polyester resin is added an inhibitor in order to prevent
      premature gelation during manufacturing and storage. Such inhibitors and
      their dosages are well-known to those skilled in the art. For example,
      hydroquinone in an amount of approximately 0.01% by weight is satisfactory
      for this purpose. Other well-known inhibitors, such as quinone and
      tertiary butyl catechol, and the like, are also satisfactory.
PAR  The completed unsaturated fire-resistant polyester resin is then blended to
      the desired non-volatile concentration with an appropriate quantity of a
      polymerizable monomer which serves as a cross-linking agent in producing
      the infusible cured polyester. Typical polymerizable monomers including
      the vinyl monomers, such as styrene, vinyl toluene, diallyl phthalate,
      triethylcyanurate, diallyl maleate, diallyl fumarate, the isomers of
      dichlorostyrene, etc., and mixtures thereof. Also satisfactory are methyl
      methacrylate, ethyl methacrylate, methacrylate, ethyl acrylate, etc., and
      mixtures thereof. The preferred monomer, however, is styrene.
PAR  The bromine-containing unsaturated polyester resins of the instant
      invention are cured or polymerized into an infusible material by a free
      radical reaction by adding to the above-described resin composition a
      catalyst such as, for example, cumene hydroperoxide, tertiary butyl
      perbenzoate, tertiary butyl peroctoate, benzoyl peroxide, and the like.
      The resulting cured resin is a lightly colored material with excellent
      properties and a superior burn rate.
PAR  The invention is further illustrated, but not limited, by the following
      examples.
PAC  EXAMPLE 1
PAR  To a 2 liter, 3-necked flask was added two moles (304 g.) of
      4-cyclohexene-1,2-dicarboxylic anhydride and 1,200 ml. of acetic acid. The
      flask was placed in an ice bath and the contents (a partially soluble
      white slurry) were stirred and cooled to 10.degree.-15.degree.C. Then, 2
      moles (320 g.) of bromine was added drop-wise over a 2 hour period. The
      resulting orange slurry was allowed to warm up to room temperature
      (25.degree.C.) and stirred overnight. The final product slurry was removed
      by filtration, washed first with acetic acid, and then with normal heptane
      before drying in a vacuum oven. The resulting product was a white powdery
      solid with a melting point of 137.degree.-139.degree.C. The material was
      confirmed to be 4,5-dibromo-1,2-cyclohexanedicarboxylic anhydride
      (4,5-dibromohexahydrophthalic anhydride) and was obtained in a yield of
      78%.
PAC  EXAMPLE II
PAR  To a one-half liter resin flask equipped with stirrer, thermometer,
      nitrogen inlet and Dean Stark trap filled with xylene were added maleic
      anhydride -- 1 mole (98 g.); phthalic anhydride -- 0.7 moles (103 g.);
      4,5-dibromohexahydrophthalic anhydride -- 0.3 moles (94 g.); propylene
      glycol -- 2.2 moles (167 g.); and xylene -- 25 ml. The reactants were
      heated with stirring to 155.degree.-170.degree.C. while water was removed.
      When the acid number of the reaction mixture was reduced to 40.0 mg. KOH
      per gram sample, the product was stripped under vacuum (5 mm. Hg) at
      170.degree.C. to remove the solvent. An inhibitor (hydroquinone -- 0.01%
      by weight) was added to prevent premature gelation. When diluted with
      styrene (33% by weight), the resin contained 7.6% bromine. After curing,
      the resin was a lightly colored material with the following physical
      properties: Flexural strength, psi -- 9770; Flexural modulus, psi .times.
      10.sup.-.sup.5  --6.53; Heat deflection temperature, .degree.C. at 264 psi
      -- 84.degree.; Burn rate (ASTM D757) -- 0.1 in. per min.
PAR  After seven days' storage in an oven at 150.degree.C., the resin exhibited
      the following properties: % weight loss -- 2.7%; Flexural strength, psi --
      10900; Flexural modulus, psi .times. 10.sup.-.sup.5 -- 6.27.
PAR  Similarly prepared was a polyester resin from phthalic anhydride (1.7
      moles; 252 g.); maleic anhydride (2.0 moles; 196 g.); tetrabromophthalic
      anhydride (0.3  moles; 140 g.); and propylene glycol (4.4 moles; 334 g.).
      After dilution with styrene (33%), the resin contained 7.6% bromine. When
      cured, the following properties were obtained: Flexural strength, 9920
      psi; Flexural modulus, 6.61 psi .times. 10.sup.-.sup.5 ; heat deflection
      temperature at 264 psi, 86.degree.C.; Burn rate (ASTM D757), 0.4 in. per
      min.
PAR  After seven days' storage in an oven at 150.degree.C., the following
      properties were obtained: Weight loss, 2.8%; Flexural strength, 2480 psi;
      and Flexural modulus, 2.78 psi .times. 10.sup.-.sup.5.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for making a fire retardant infusible cured polyester
      bromine-containing resin comprising the steps of:
PA1  initially forming a bromine containing polyester resin having ester groups
      derived from an ethylenically unsaturated dicarboxylic acid or acid
      anhydride in the polyester chain by simultaneously mixing and reacting
PA2  a. polyhydric alcohol selected from the group consisting of aliphatic
      glycols having from 2 to 10 carbon atoms and aliphatic glycol ethers
      having from 4 to 20 carbon atoms;
PA2  b. an ethylenically unsaturated dicarboxylic acid or acid anhydride
      selected from the group consisting of maleic acid, maleic anhydride,
      fumaric acid, itaconic acid, and mixtures thereof, and
PA2  c. a 4,5-dibromohexahydrophthalic compound selected from
      4,5-dibromohexahydrophthalic anhydride and 4,5-dibromohexahydrophthalic
      dicarboxylic acid at a temperature of from about 100.degree.C to about
      175.degree.C to form a product having an acid number within the range of
      about 0 to 40 mg. KOH/g., wherein the dicarboxylic acid or anhydride (b)
      and the 4,5-dibromohexahydrophthalic compound (c) are collectively
      employed in an amount such that there is approximately one hydroxyl
      equivalent based on the polyhydric alcohol (a) per carboxyl equivalent and
      wherein the 4,5-dibromohexahydrophthalic compound (c) is present in an
      amount of from about 5 to about 25 mole percent of the total dicarboxylic
      acids (b) and (c);
PA1  mixing the resulting polyester resin with a cross linking agent which is a
      polymerizable monomer having terminal ethylenic unsaturation; and,
PA1  curing the resultant mixture to produce said fire retardant infusible cured
      polyester.
NUM  2.
PAR  2. The process according to claim 1 wherein the polyhydric alcohol is
      selected from the group consisting of ethylene glycol, propylene glycol,
      diethylene glycol, dipropylene glycol, and mixtures thereof.
NUM  3.
PAR  3. The process according to claim 2 wherein the ethylenically unsaturated
      dicarboxylic acid is selected from the group consisting of maleic acid,
      maleic anhydride, fumaric acid and mixtures thereof.
NUM  4.
PAR  4. The process according to claim 3 wherein 4,5-dibromohexahydrophthalic
      anhydride is present in an amount of from about 10 to about 20 mole per
      cent of the total dicarboxylic acids (b) and (c).
NUM  5.
PAR  5. The process according to claim 1 wherein the polymerizable monomer
      having terminal ethylenic unsaturation is selected from the group
      consisting of styrene, vinyl toluene, diallyl phthalate, triallyl
      cyanurate, triallylcitrate, diallylmaleate, diallylfumarate and mixtures
      thereof.
NUM  6.
PAR  6. The process according to claim 5 wherein the polymerizable monomer
      having terminal ethylenic unsaturation is styrene.
NUM  7.
PAR  7. A curable bromine-containing unsaturated polyester resin mixture
      consisting essentially of:
PA1  a polymerizable monomer cross-linking agent having terminal ethylenic
      unsaturation; and,
PA1  a polymerizable bromine-containing resin having ester groups derived from
      an ethylenically unsaturated dicarboxylic acid or acid anhydride in the
      polyester chain and being the reaction product of
PA2  a. a polyhydric alcohol selected from the group consisting of aliphatic
      glycols having from 2 to 10 carbon atoms and aliphatic glycol ethers
      having from 4 to 20 carbon atoms;
PA2  b. an ethylenically unsaturated dicarboxylic acid or acid anhydride
      selected from the group consisting of maleic acid, maleic anhydride,
      fumaric acid, itaconic acid and mixtures thereof, and
PA2  c. a 4,5-dibromohexahydrophthalic compound selected from
      4,5-dibromohexahydrophthalic anhydride and 4,5-dibromohexahydrophthalic
      dicarboxylic acid wherein the dicarboxylic acid or anhydride (b) and the
      4,5-dibromohexahydrophthalic compound (c) are collectively employed in an
      amount such that there is approximately one hydroxyl equivalent based on
      the polyhydric alcohol (a) per carboxyl equivalent, wherein the
      4,5-dibromohexahydrophthalic compound (c) is present in an amount of from
      about 5 to about 25 mole % of the total dicarboxylic acids (b) and (c) and
      wherein the reaction is accomplished at temperatures of 100.degree.C to
      175.degree.C.
NUM  8.
PAR  8. The composition of claim 7 wherein the polyhydric alcohol is selected
      from the group consisting of ethylene glycol, propylene glycol, diethylene
      glycol, dipropylene glycol and mixtures thereof.
NUM  9.
PAR  9. The composition of claim 8 wherein the ethylenically unsaturated
      dicarboxylic acid is selected from the group consisting of maleic acid,
      maleic anhydride, fumaric acid and mixtures thereof.
NUM  10.
PAR  10. The composition of claim 9 wherein the 4,5-dibromohexahydrophthalic
      anhydride is present in an amount of from about 10 to about 20 mole % of
      the total dicarboxylic acids (b) and (c).
NUM  11.
PAR  11. The composition of claim 10 wherein the polymerizable monomer having
      terminal ethylenic unsaturation is selected from the group consisting of
      styrene, vinyl toluene, diallyl phthalate, triallyl cyanurate,
      triallylcitrate, diallylmaleate, diallylfumarate and mixtures thereof.
NUM  12.
PAR  12. The composition of claim 11 wherein the polymerizable monomer having
      terminal ethylenic unsaturation is styrene.
NUM  13.
PAR  13. The cured unsaturated polyester resin of the composition of claim 7.
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ABST
PAL  Molding compositions based on polybutylene terephthalate distinguished by
      improved tracking resistance and containing, based on the total weight of
      the molding composition, from 5 to 50% by weight of a polyolefin.
BSUM
PAR  This application discloses and claims subject matter described in German
      patent application Ser. No. P 23 45 458.2, filed Sept. 9, 1973, which is
      incorporated herein by reference.
PAR  This invention relates to molding compositions based on polybutylene
      terephthalate.
PAR  Thermoplastic polyesters based on polybutylene terephthalate are becoming
      increasingly significant as starting materials for the manufacture of
      injection moldings. Polybutylene terephthalate, when used as an injection
      molding composition, has substantial advantages over other thermoplastic
      polyesters such as polyethylene terephthalate. In particular, polybutylene
      terephthalate is much simpler to use in injection molding techniques than
      polyethylene terephthalate. For example, it is possible to injection mold
      polybutylene terephthalate at a low temperature of from about 30.degree.
      to 60.degree.C to produce highly crystalline, dimensionally stable
      moldings in short cycle times. On account of the high rate of
      crystallization, even at low temperatures, no difficulty is encountered in
      removing the moldings from the molds. Furthermore, the dimensional
      stability of polybutylene terephthalate injection moldings is very good
      even at temperatures near or well above the glass temperature of
      polybutylene terephthalate.
PAR  In addition, injection moldings made of polybutylene terephthalate are
      distinguished by excellent mechanical properties. On account of its high
      degree of toughness, its good rigidity and its high surface hardness, this
      material has applications in the electrical industry, for example in
      electrical engineering and electronics.
PAR  In some applications, however, the not always satisfactory tracking
      resistance of the polybutylene terephthalate is a disadvantage. By
      tracking current we mean a current formed on the surface of an insulator
      on account of conductive impurities therein between two electrodes between
      which there is a potential difference. Tracking resistance, i.e. the
      ability of an insulating material to resist the formation of a tracking
      current, is becoming increasingly important in industry, for it has been
      found, when examining damaged electrical equipment, that the cause of the
      damage has not been a sudden short circuit but a tracking current acting
      over a long period.
PAR  It is thus an object of the invention to provide molding compositions based
      on polybutylene terephthalate which show improved tracking resistance.
PAR  According to the invention, this object is achieved with polybutylene
      terephthalate molding compositions containing, based on the total weight
      of the molding composition, from 5 to 50% by weight of a polyolefin.
PAR  The main component of the molding compositions of the invention is
      polybutylene terephthalate. Suitable polybutylene terephthalate is one
      having a relative viscosity of from 1.3 to 1.8 and preferably from 1.5 to
      1.7, as measured on a 0.5% solution in a 3:2 w/w mixture of phenol and
      o-dichlorobenzene at 25.degree.C. Polybutylene terephthalate is well
      known. It is manufactured, for example, by transesterification of
      terephthalic dialkyl esters derived from alcohols of from 1 to 8 carbon
      atoms, preferably dimethyl terephthalate, with butane-diol- 1,4, followed
      by polycondensation.
PAR  Polybutylene terephthalate which has been modified with up to 20% molar of
      other dicarboxylic acids or alcohols may also be used in the manufacture
      of the molding compositions of the invention. Suitable modifiers are for
      example aliphatic, cycloaliphatic or aromatic dicarboxylic acids. Examples
      thereof are adipic acid, azelaic acid, sebacic acid, dodecanodioic acid,
      cyclohexanodioic acid, isophthalic acid and naphthalenedioic acid.
PAR  Suitable alcoholic modifying agents are in particular aliphatic and
      cycloaliphatic glycols of from 2 to 10 carbon atoms, such as ethylene
      glycol, propylene glycol, hexamethylene glycol, neopentyl glycol,
      diethylene glycol and 1,4-bis-hydroxy-methylcyclohexane and also bisphenol
      A.
PAR  The properties of the material may also be improved by adding small amounts
      of trifunctional or polyfunctional cross-linkers thereto, e.g.
      trimethylolpropane and trimesic acid, such addition being effected by
      condensation.
PAR  To improve the tracking resistance of the polybutylene terephthalate, from
      5 to 50% by weight, based on the total weight of the molding composition,
      of a polyolefin is added thereto. Suitable polyolefins have an X-ray
      crystallinity at 25.degree.C of more than 15% by weight. Suitable
      polyolefins are for example polyethylene terephthalate, polypropylene,
      polymers of butene-1 and butene-2, poly-4-methylpentene-1- and copolymers
      of ethylene and propylene, ethylene and butenes and ethylene and
      4-methyl-pentene-1. Also suitable are copolymers of ethylene with other
      ethylenically unsaturated compounds such as vinyl esters derived from
      saturated carboxylic acids of from 2 to 6 carbon atoms, acrylates and
      methacrylates of alcohols of from 1 to 20 carbon atoms, acrylic acid,
      methacrylic acid, fumaric acid, maleic acid and itaconic acid and the
      esters of said carboxylic acids. It is also possible to use ethylene
      copolymers containing polymerized units of two or more of said comonomers,
      for example copolymers of ethylene, vinyl acetate and acrylic acid,
      copolymers of ethylene, acrylic acid and ethyl acrylate, and copolymers of
      ethylene, acrylic acid and 2-ethylhexyl acrylate. It is also possible to
      use two or more of said polyolefins in manufacturing the molding
      compositions of the invention. For example, suitable are mixtures of
      high-pressure polyethylene and an ethylene/vinyl acetate copolymer in a
      ratio of from 1:1 to 5:1 by weight, mixtures of high-pressure and
      low-pressure polyethylenes in a ratio of 99:1 to 1:99 by weight and
      mixtures of high-pressure and low-pressure polyethylenes together with
      ethylene/acrylic acid/acrylate copolymers. The molecular weight
      (determined by light scatter) of the polyolefins is at least 20,000. The
      polyolefins have a melt index of from 0.01 to 100 as measured at a
      temperature of 190.degree.C and under a load of 2.16 kg according to ASTM
      D 1238-65 T. We prefer to use a polyethylene having a density of from
      0.940 to 0.965 g/cm.sup.3 and a melt index (190.degree.C/2.16 kg) of from
      1 to 20 g/10 min., and copolymers of ethylene and vinyl acetate and
      copolymers of ethylene and acrylates. The ethylene copolymers contain at
      least 50% by weight of ethylene units. The comonomer content of the
      ethylene copolymers is generally from 3 to 40% by weight. The molding
      compositions of the invention contain said polyolefins preferably in
      amounts of from 10 to 30% by weight. The molding compositions of the
      invention may contain further additives such as reinforcing agents and
      fillers, e.g. glass fibers, glass spheres, asbestos, chalk and lime, and
      dyes, antistatic agents, pigments, stabilizers counteracting thermal and
      thermo-oxidative degradation and processing auxiliaries ensuring
      trouble-free extrusion and injection molding, in the usual amounts.
PAR  The molding compositions of the invention are preferably prepared by
      thorough mixing in the melt. We prefer to mix granular polybutylene
      terephthalate with one or more of said polyolefins, whereupon the mixture
      is melted in an extruder and homogenized. The homogeneous mixture is then
      extruded and granulated. Mixing is usually carried out at temperatures
      between 230.degree. and 280.degree.C. Preparation of the molding
      compositions of the invention may be suitably carried out in equipment
      commonly used in the plastics industry, for example extruders and
      kneaders.
PAR  The molding compositions of the invention are used for the manufacture of
      materials of high tracking resistance.
PAR  These mixtures are distinguished by a much higher tracking resistance than
      pure polybutylene terephthalate. Whereas moldings of pure polybutylene
      terephthalate provide a short circuit at voltages as low as about 420
      volts (as tested according to DIN 53,480, KB method, test solution A), the
      corresponding value for moldings of the invention is at or considerably
      above 600 volts.
PAR  Furthermore, the polybutylene terephthalate/polyolefin mixtures are
      distinguished by very good processing properties equivalent to those of
      pure polybutylene terephthalate and also by good mechanical properties.
      Injection molding procedures give highly crystalline and dimensionally
      stable moldings of good surface properties and favorable sliding friction
      properties at low molding temperatures of from about 30.degree. to
      60.degree.C.
PAR  The invention is further described with reference to the following Examples
      in which the parts are by weight. The tracking resistance test used is
      that laid down in DIN 53,480 on injection-molded round discs having a
      diameter of 80 mm and a thickness of 4 mm according to the KB method using
      the test solution A.
DETD
PAC  EXAMPLES 1 TO 7
PAR  Various quantities, as given in the Table below, of granular polybutylene
      terephthalate having a relative viscosity of 1.625 (as measured on a 0.5%
      solution in a 3:2 w/w phenol/o-dichlorobenzene mixture at 25.degree.C) and
      various amounts of polyolefins are intimately mixed, melted in an extruder
      and homogenized. The maximum temperature in the extruder is 265.degree.C.
      The homogeneous mixture is extruded and granulated after passing through a
      water bath. The well-dried granules are then injection molded to round
      discs having a diameter of 80 mm and a thickness of 4 mm. The results
      obtained are listed in the Table below, where they are compared with the
      tracking resistance of a disc of pure polybutylene terephthalate prepared
      under similar conditions.
TBL                TABLE                                                       
     ______________________________________                                    
     Ex.    Composition                                                        
     Polybutylene   Polyolefin                                                 
                              Tracking resistance                              
     terephthalate            (DIN 53,480, KB                                  
     (parts)        (parts)   method, Test                                     
                              solution A)                                      
     ______________________________________                                    
     1      90          A. 10     KB &gt; 600                                     
     2      80          B. 20     KB &gt; 600                                     
     3      80          C. 20     KB &gt; 600                                     
     4      70          D. 30     KB &gt; 600                                     
     5      80          E. 20     KB &gt; 600                                     
     6      75          F. 25     KB &gt; 550                                     
     7      90          G. 10     KB &gt; 600                                     
     Comp.                                                                     
     test   100         -- --     KB 420                                       
     ______________________________________                                    
PAL  Polyolefins:
PA1  A. polyethylene, d 0.953 g/cm.sup.3, M.I. 2.1 g/10 min (190.degree.C/2.16
      kg)
PA1  B. polyethylene, d 0.917 g/cm.sup.3, M.I. 1.4,g/10 min (190.degree.C/2.16
      kg)
PA1  C. polyethylene, d 0.923 g/cm.sup.3, M.I. 1.7 g/10 min (190.degree.C/2.16
      kg)
PA1  D. polyethylene, d 0.943 g/cm.sup.3, M.I. 6.2 g/10 min (190.degree.C/2.16
      kg)
PA1  E. polypropylene, intrinsic viscosity = 2.5
PA1  F. poly-4-methylpentene-1, intrinsic viscosity = 2.1
PA1  G. copolymer of ethylene and vinyl acetate containing 12% of vinyl acetate,
      M.I. 4.4 g/10 min (190.degree.C/2.16 kg).
PAL  The above intrinsic viscosities are determined at 130.degree.C in decalin.
CLMS
STM  We claim:
NUM  1.
PAR  1. Molding compositions based on polybutylene terephthalate and containing,
      based on the total weight of the molding composition, from 5 to 50% by
      weight of an olefin polymer selected from the group consisting of
      polyolefins and olefin polymers containing at least 50% by weight of
      olefin units, said olefin polymer having a melt index of from 0.01 to 100
      as measured at a temperature of 190.degree.C 2nd under a load of 2.16Kg.
NUM  2.
PAR  2. Molding compositions as set forth in claim 1 wherein the amount of
      olefin polymer is from 10 to 30% by weight based on the total weight of
      the molding composition.
NUM  3.
PAR  3. Molding compositions as set forth in claim 1 wherein the polybutylene
      terephthalate has a relative viscosity of from 1.3 to 1.8 as measured on a
      0.5% solution in a 3:2 w/w mixture of phenol and o-dichlorobenzene at
      25.degree.C.
NUM  4.
PAR  4. Molding compositions as set forth in claim 1 wherein the polybutylene
      terephthalate has a relative viscosity of from 1.5 to 1.7 as measured on a
      0.5% solution in a 3:2 w/w mixture of phenol and o-dichlorobenzene at
      25.degree.C.
NUM  5.
PAR  5. Molding compositions as set forth in claim 1 wherein said polybutylene
      terephthalate is modified with dicarboxylic acids selected from the group
      consisting of adipic acid, azelaic acid, sebacic acid, dodecanodioic acid,
      cyclohexanodioic acid, isophthalic acid and naphthalenedioic acid in
      amounts of up to 20% molar.
NUM  6.
PAR  6. Molding compositions as set forth in claim 1, wherein said polybutylene
      terephthalate is modified with up to 20% molar of aliphatic or
      cycloaliphatic glycols of from 2 to 10 carbon atoms.
NUM  7.
PAR  7. Molding compositions as set forth in claim 1 wherein the olefin polymers
      have an X-ray crystallinity at 25.degree.C of more than 15% by weight.
NUM  8.
PAR  8. Molding compositions as set forth in claim 1 wherein the polyolefin is
      polyethylene having a density of from 0.940 to 0.965 g/cm.sup.3 and a melt
      index of from 1 to 20 g/10 min as measured at a temperature of
      190.degree.C and under a load of 2.16 kg.
NUM  9.
PAR  9. Molding compositions as set forth in claim 1 wherein the olefin polymer
      is selected from the group consisting of copolymers of ethylene and vinyl
      acetate and copolymers of ethylene and acrylates wherein the copolymers
      contain at least 50% by weight of ethylene units.
NUM  10.
PAR  10. Molding compositions as set forth in claim 1 wherein the olefin
      polymers have a molecular weight of at least 20,000.
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ABST
PAL  Novel polypropylene compositions comprising blends of 85-97wt percent block
      copolymers of propylene and ethylene with 3-15wt percent linear
      polyethylene and a process therefor. The compositions exhibit improved
      impact and low temperature brittleness properties.
PARN
PAR  This is a division of application Ser. No. 344,683, filed Mar. 26, 1973
BSUM
PAR  This invention relates to a synergistic blend of a block copolymer
      composition of propylene and ethylene with linear polyethylene and a
      method of preparation thereof.
PAR  Polypropylene of high crystallinity has a number of desirable properties
      that make it a versatile material among current thermoplastic materials.
      It exhibits high yield strength and rigidity, a high heat distortion
      temperature and good surface hardness. It is essentially unaffected by
      most chemicals at or near ambient temperature and is highly resistant to
      stress cracking. Good scratch and abrasion resistance result in attractive
      parts. Its impact strength at temperatures above room temperature is
      moderately good, but polypropylene becomes increasingly brittle at lower
      temperatures. The ASTM low temperature brittleness point of polypropylene
      is approximately 70.degree.F, and the polymer becomes extremely brittle at
      low temperatures, such as at 32.degree.F.
PAR  Polypropylene has been used for the manufacture of shaped articles but some
      of its inherent deficiencies have unfortunately limited its use in many
      applications for which it would otherwise be well suited. For example, its
      low impact strength, i.e. high shock sensitivity, at extremely low
      temperatures is a disadvantage which has precluded its use for many
      extruded and molded items and in particular for rigid containers and
      packaging materials. Solid polypropylene is recognized in the plastic
      industry as possessing great commercial potential because it is superior
      in several respects to polyethylene, for example, polypropylene has a
      higher melting point, lower density and greater stiffness than does
      polyethylene, which latter material is considered unsuitable for injection
      molding of certain items such as luggage and battery cases.
PAR  Very little published data are available on the lowest temperature that
      different polypropylene compositions will sustain without fracture in
      standard tests. Some data are available on impact strengths at 0.degree.
      and 23.degree.C. While these data show that the impact strength decreases
      markedly as the temperature is lowered, it does not reveal the critical
      low temperature brittleness point by standard test or imply whether or not
      molded items will sustain rough handling at more extreme temperatures of
      such as at -10.degree.F (-23.degree.C) and below.
PAR  Attempts to improve the low temperature impact resistance of polypropylene
      have been made by addition of rubbery materials such as synthetic rubbers,
      polyisobutylene or amorphous ethylene/propylene random copolymers to
      polypropylene. The improvements have been minor, since they have been
      accompanied by less stiffness, lower stability and surface dullness. Also,
      severe difficulties are encountered in preparing intimate blends of the
      above mentioned compounds, the rubber material being present as chunks or
      discrete particles in the extruded blend. Polypropylene has also been
      chemically modified by the addition of a polyethylene block as a means of
      improving the low temperature brittleness. When such block copolymers or
      ethylene-propylene random copolymers are blended with polypropylene, the
      impact resistance of the polypropylene blend is increased, but usually now
      even to a value as high as that of either of the copolymers per se. A need
      therefore still exists in the art for a polypropylene composition which
      retains the high tensile strength and rigidity which is associated with
      polypropylene, but which has a higher impact resistance at very low
      temperatures while possessing molecular weight and melt flow in the
      commercially desired ranges.
PAR  It is an object of the present invention to provide a polypropylene
      composition which has improved low temperature impact resistance as
      compared to polypropylene as heretofore produced. A further object is to
      provide a polypropylene composition which improves the low temperature
      properties while substantially maintaining the other desirable properties.
      Another object is to provide a process for producing a polypropylene
      composition having improved low temperature impact resistance. Another
      object is to provide a process for producing a polypropylene composition
      which can be molded or processed in the same manner as conventional
      crystalline polypropylene. A still further object is to provide a process
      for preparing a polypropylene composition in situ. Other objects will
      become apparent as the description of the invention proceeds.
PAR  In summary, this invention provides a low temperature impact resistant
      polypropylene composition which is produced by blending 3-15 weight
      percent polyethylene based on the total polymer present, with the balance
      of the polymer consisting of a block copolymer of propylene and ethylene.
      The lower limit of 3 weight percent is the least amount of polyethylene
      which has a beneficial effect on the properties of the blend. The upper
      limit of 15 weight percent should not be exceeded to avoid excessive
      shrinkage and warpage of molded products prepared from the blend.
      Preferably the upper limit should be not more than 10 weight percent and
      most preferably the polyethylene content of the blend is between 3 and 5
      weight percent.
PAR  The polyethylene component should be a particulate linear polyethylene
      having a melt index in the range of about 0.2 to about 1.0 and more
      preferably in the range of about 0.5 to about 0.9. It should also have a
      relatively high density, i.e a density of at least 0.93. The methods of
      preparation of such particulate linear polyethylenes are well known in the
      art; see U.S. Pat. Nos. 2,825,721; 2,912,419 and 2,824,089. It is to be
      understood that for the purpose of this application linear polyethylene is
      defined as either the homopolymer of ethylene or as a random copolymer of
      ethylene and an .alpha.-olefin comonomer having from 3-8 carbon atoms. The
      maximum amount of comonomer should not exceed 5 percent mole.
PAR  The block-copolymer useful in this invention is one containing on the
      average from about 60 to about 95 percent by weight of a polypropylene
      block, which can contain a small amount of units derived from another
      .alpha.-olefin, e.g. ethylene, and from about 5 to about 40 percent by
      weight of a postblock of a random copolymer of ethylene and another
      .alpha.-olefin monomer, such as propylene. Preferably the postblock should
      represent on the average from about 10 to about 25 percent by weight of
      the total copolymer. The concentration of ethylene derived units in the
      random copolymer postblock should generally range between about 25 to
      about 75 mole percent and between 30 and 70 mole percent when propylene is
      the other .alpha.- olefin monomers. The most preferred ethylene content
      ranges between about 35 and 60 mole percent.
PAR  The block copolymer component is suitably prepared by a modification of the
      technique disclosed in U.S. Pat. No. 3,702,352, i.e. by a sequential
      polymerization process wherein a polypropylene preblock, containing from 0
      to about 5 mole percent another .alpha.-olefin having from 2-8 carbon
      atoms, e.g. ethylene is formed by polymerization in bulk or in a
      hydrocarbon diluent to form a slurry, said polymerization being carried
      out at elevated pressures in the presence of catalytic quantities of a
      catalyst formed by admixing a subhalide of a metal selected from the group
      of metals of Groups IVa, Va and VIa of the Periodic Table according to
      Mendeleef and an aluminum compound containing at least one carbon to metal
      bond. Suitable operating conditions include pressures in the range from
      about 150 to 800 psig and temperatures in the range from about 50.degree.
      to about 250.degree.F. After such polymerization to a solids content of
      from 10 to 60 percent by weight but preferably from 30 to 50 percent by
      weight, the preformed polymer slurry is introduced to a low pressure zone
      such as a cyclone or a bag filter-cyclone combination wherein volatile
      hydrocarbon constituents are flashed from the polymer to thereby obtain a
      substantially dry preformed polymer (i.e. containing no more than 5
      percent by weight of volatiles) followed by introducing this preformed
      polymer which still contains active catalyst residues into a continuously
      agitated vapor phase reaction zone maintained at pressures of from 0 to
      100 psig and temperatures of from about 60.degree. to 195.degree.F and
      introducing a mixture of ethylene and another .alpha.-olefin, preferably
      propylene, into said continuously agitated reaction zone and reacting the
      mixture in vapor phase to form a block of random-copolymer of ethylene and
      .alpha.-olefin onto the preblock to an extent of from 5 to about 40
      percent by weight based on the total weight of the block copolymer. The
      vapor phase reaction zone contains at least one but preferably two
      reactors in series each containing agitating means such as paddles on
      ribbon blades.
PAR  Although catalytic materials which have heretofore been indicated as useful
      include a metal subhalide from the Groups IVa, Va and VIa of the Periodic
      Table according to Mendeleef, for example, titanium trichloride and the
      subhalides of vanadium, zirconium, thorium etc., the preferred Group IVa
      metal is titanium trichloride and more specifically titanium trichloride
      cocrystallized with aluminum chloride according to the formula in
      nTiCl.sub.3.sup.. AlCl.sub.3, where n is a number from 1 to 5. As
      activators for the titanium trichloride the aluminum compounds containing
      at least one carbon to metal bond are preferred. Examples of such
      compounds are trialkyl aluminums wherein the alkyl groups contain from 1
      to 10 carbon atoms, but preferably aluminum triethyl or dialkyl aluminum
      monohalides, wherein the alkyl groups contain from 1 to 10 carbon atoms
      and the halide is chlorine. The amount of catalyst ranges from 0.01 to 10
      weight percent of the liquid monomer or diluent in the prepolymerization
      zone. The mole ratio of aluminum to titanium ranges from 0.01:1 to 3:1,
      preferably from 0.05:1 to 0.5:1. Typical catalyst productivities are
      between 500 to about 900 pounds polymer per pound of cataylst.
PAR  A minor amount of a polymer chain regulator such as hydrogen can be used in
      either the prepolymer reaction or the block-copolymer preparation to
      modify the melt flow and molecular weight of the polymer. Other known
      chain regulators may be used instead of hydrogen. Where chain regulators
      are used to terminate the growth of a polymeric chain of a growing
      .alpha.-olefin polymer, a certain amount of such terminated polymeric
      chains are believed to be present in the final composition as random
      copolymer or homopolymer chains, that is they do not form block copolymers
      and, as a consequence, the block copolymer component of this invention is
      believed to be a mixture of block copolymers with minor amounts of homo
      and random copolymers of the particular .alpha.-olefin used. The block
      copolymer is subsequently deashed by any conventional treatment, e.g. by
      the method of U.S. Pat. No. 3,415,799 for inactivation and removal of
      catalyst residues and removal of highly amorphous polymer. Such deashing
      procedures include treatment of the crude polymer with alcohols or
      mixtures of alcohols and hydrocarbons, such as heptane and an aliphatic
      alcohol of 1 to 4 carbon atoms, at suitable temperatures followed by
      separation of the polymer from the volatiles, e.g. by centrifugation or
      filtration. Residual volatile constituents are then removed from the wet
      block copolymer in a drying zone containing preferably two dryers arranged
      in series. Although any dryers can be used, it is especially convenient to
      use jacketed ribbon blenders equipped with means for passing a sweep gas
      such as nitrogen therethrough. The drying is carried out at elevated
      temperatures below the tacky point of the polymer typically in the range
      from 200.degree. to about 230.degree.F. The major portion of the solvent
      is removed in the first dryer, such that the polymer entering the second
      dryer will typically contain from about 0.5 to about 2 percent by weight
      of solvent. The final block copolymer exiting the second dryer only
      contains trace quantities (less than 0.1 percent) of solvent.
PAR  The blend of the present invention is conveniently prepared by adding to
      the block copolymer undergoing drying in the drying zone, preferably in
      the second dryer, about 3 to 15 percent of the particulate linear
      polyethylene, based on the total blend of polyethylene and block
      copolymer. Since the block copolymer in the second dryer is a free-flowing
      particulate material and remarkably capable of being mixed with linear
      polyethylene, it is thereby possible to achieve appreciable savings of
      time and equipment in preparing the blend, the need for additional mixing
      equipment being obviated. Also, various additives and/or modifiers may be
      added at this stage. Such additives and modifiers are well known and
      include oxidation inhibitors, heat stabilizers, slip additives, antistatic
      additives, colors, pigments, fillers etc. The final blend is subsequently
      extruded by conventional equipment into pellets.
PAR  It was unexpected to find that the blends of the invention exhibit
      synergistic effects with respect to various properties such as Izod impact
      strength and low temperature brittleness properties, while maintaining the
      desirable properties associated with polypropylene, e.g. moldability and
      stiffness as determined by tensile modulus. These excellent properties
      make them especially useful in the packaging field such as packaging of
      goods which are to be maintained at very low temperatures. Other important
      uses for the blends are found in the luggage industry for the production
      of molded lightweight luggage and containers subjected to low
      temperatures, as might be experienced in a luggage compartment of aircraft
      flying at high altitudes, and to subsequent rough handling upon unloading.
      Still another important use for the blends is in the production of battery
      cases.
DETD
PAR  The following specific examples illustrate the preparation of the novel
      blends of this invention.
PAR  Properties of the compositions as prepared herein were determined as
      follows: (a) Melt Flow: expressed in decigrams per minute as measured by
      ASTM-D-1233 employing a temperature of 230.degree.C, (b) Percent Olefin
      Incorporation: determined by infrared analysis, (c) Low Temperature
      Brittleness Temperature; .degree.C: as measured by ASTM D-746 except
      sample bars (0.25 .times. 1.5 .times. 0.075 inches) are cut from sheets
      pressed at 400.degree.F. The sheets are cooled in the press at 25.degree.F
      per minute. The samples are placed in the Scott Tester with the width
      parallel to the impact bar. A notch, 0.015 inch deep is cut across the
      thickness with a razor sharp edge; (d) Notched Izod Impact Strength:
      expressed in ft-lbs/inch notch as measured by ASTM D-256 at 73.degree.F;
      (e) Tensile Impact Test: expressed in ft-lbs/inch.sup.2 as measured at
      room temperature, -17.5.degree.C and -29.degree.C by ASTM-D-1822; (f)
      Tensile Modulus: expressed in lbs/in.sup.2 as measured by ASTM D-638.
PAC  EXAMPLE I
PAR  This example demonstrates the synergistic effects obtained by the blends of
      this invention. Block copolymers containing about 78 percent by weight of
      a polypropylene preblock and about 22 percent by weight of a radom
      copolymer post block of ethylene and propylene, wherein the ethylene
      content of the postblock was about 54 mole percent were prepared according
      to the procedure set forth below.
PAR  Propylene was polymerized in liquid phase in the presence of 0.2 mole
      percent hydrogen at about 400 psig and 240.degree.F using TiCl.sub.3.sup..
      1/3 AlCl.sub.3 catalyst combined with diethyl aluminum chloride (Al/Ti
      weight ratio of 2.3) in an amount corresponding to 1/lbs TiCl.sub.3 per
      800 lbs final block copolymer. The residence time was 1.8 hours, the
      solids content about 21 weight percent and the average production rate was
      1780 lbs/hour of polymer. The propylene homopolymer solids were separated
      in a cyclone - bag filter and then passed continuously through two,
      serially arranged, rotating ribbon blender reactors wherein the block
      polymerization took place. A monomer mixture having an ethylene/propylene
      mole ratio of 0.4 was fed to each of these reactors, which were maintained
      at 23 psig total pressure and a monomer partial pressure of about 25 psia.
      The temperature of the first reactor ranged between
      145.degree.-170.degree.F and that of the second reactor between
      150.degree.-170.degree.F. The total residence time (both reactors) was 2
      hours. The copolymer was subsequently deashed with an azeotropic mixture
      of isopropyl alocohol and heptane containing 0.1 percent HCl for 2 hours
      at 175.degree.F and 20 psig for removal of catalyst residues and highly
      amorphous polymer. The deashed polymer was separated by means of a drum
      filter, washed with the azeotrope, filtered and subsequently transferred
      to a first rotating ribbon blender-dryer where the solvent content was
      reduced to about 1 percent by weight. The resultant free flowing polymer
      particles were then fed to a second rotating ribbon blender-dryer where
      the solvent content was reduced to about 500 ppm.
PAR  The blends of the present invention were prepared by adding to the second
      dryer a linear polyethylene powder (homopolymer) having a melt index of
      0.8 and a density of 0.960 in amount corresponding to 4 percent by weight
      of the resulting blend of polyethylene and block copolymer. The average
      data from analyses of the blends and their components are shown in Table I
      below. A comparison of the actual and predicted physical properties
      provides an excellent demonstration of the synergistic effects obtained
      with the blends of the invention.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                     Block                                                     
                          Polyethylene                                         
                                 Blend                                         
                     Polymer     Actual                                        
                                      Predicted                                
     __________________________________________________________________________
     Melt flow-dg/min                                                          
                     3.0   0.8*  2.6                                           
     Notched Izod Impact-ft-lb/in                                              
                     3.6  4.0    6.4  3.6                                      
     Tensile Impact-ft-lb/in.sup.2                                             
     room temperature                                                          
                     200  100    192                                           
     17.5.degree.C   124  --     120                                           
     29.degree.C      98  --     104                                           
     Low Temp. Brittleness -.degree.C                                          
                     -21  -118   -27  -25                                      
     Tensile Modulus - lbs/in.sup.2                                            
                     176  --     172                                           
     __________________________________________________________________________
      *Melt Index at 190.degree.C                                              
PAC  EXAMPLE II
PAR  A blend according to the invention and similar to those of Example I was
      prepared from 5 parts polyethylene of Example I and 95 parts of a block
      copolymer containing on an average 21 weight percent ethylene-propylene
      post block. The post block contained about 47 mole percent ethylene
      derived units. The procedure for making the blends of this Example was
      similar to that of Example I, the pertinent process conditions being
      listed hereinafter: Prepolymer production: temperature 150.degree.F,
      pressure about 400 psig; calculated solids 48.6 percent; TiCl.sub.3
      productivity 875 lbs polymer/lb, residence time 2.6 hours; production rate
      4930 lbs/hr. Copolymer reactors: first stage exit temperature
      145.degree.F, second stage exit temperature 135.degree.F,
      ethylene/propylene mole ratio 0.3, monomer partial pressure 21 psia, total
      pressure 20 psig, total residence time 2.7 hours. Table II below
      summarizes the pertinent analytical data of the individual components and
      the blend.
TBL                                    TABLE II                                
     __________________________________________________________________________
                    Copolymer                                                  
                          Polyethylene                                         
                                 Blend                                         
                                 Actual                                        
                                      Predicted                                
     __________________________________________________________________________
     Melt flow-dg/min                                                          
                    4.8    0.8*  3.8                                           
     Izod Impact-ft-lb/in                                                      
                    2.8   4.0    10.0 2.9                                      
     Tensile Impact ft-lb/in.sup.2                                             
     at room temperature                                                       
                    --    100    201                                           
     17.5.degree.C  --    --     108                                           
     29.degree.C    --    --     103                                           
     Tensile Modulus - lb/in.sup.2                                             
                    156   --     151                                           
     __________________________________________________________________________
      *Melt Index at 190.degree.C                                              
PAC  EXAMPLE III
PAR  This control example which when compared to the previous Examples serves to
      demonstrate the importance of maintaining the melt index of the
      polyethylene below 1.0 was carried out exactly as Example II except that
      the linear polyethylene had a melt index of 1.1 (density of 0.960 and
      notched Izod impact of 4.0 ft-lb/in). The block copolymer component had a
      melt-flow of 4.0 and a notched Izod impact of 2.3 ft-lb/in. Analyses of
      the blend, which had a melt flow of 3.4 dg/min, showed no unexpected
      improvements in notched Izod impact, the actual and predicted values
      therefor both being 2.4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a binary polypropylene composition
      having synergistic impact properties which comprises:
PA1  1. polymerizing propylene in a slurry in the presence of a catalytic amount
      of a catalyst formed by admixing a subhalide of a metal selected from the
      metals of Groups IVa, Va and VIa of the Periodic Table according to
      Mendeleef and an aluminum compound containing at least one carbon to metal
      bond to a solids content of 10 to 60 percent by weight to form a
      polypropylene preblock;
PA1  2. removing any volatiles present with said preblock to a level of no more
      than 5 percent by weight;
PA1  3. transferring said preblock while it still contains active catalyst to a
      continuously agitated reaction zone;
PA1  4. introducing ethylene and another .alpha.-olefin having from 3 to 8
      carbon atoms to said reaction zone;
PA1  5. block copolymerizing said ethylene and other .alpha.-olefin onto said
      preblock in the vapor phase to form a random copolymer post block having
      from about 25 to about 75 mole percent ethylene derived units and
      constituting from about 5 to about 40 percent by weight of the total block
      copolymer;
PA1  6. deashing the block copolymer thus produced;
PA1  7. transferring the deashed copolymer to at least one agitated drying zone;
PA1  8. introducing a linear polyethylene having a melt index between about 0.5
      and about 0.9 and a density of at least 0.93 to the drying zone in an
      amount corresponding to between about 3 and about 15 percent by weight of
      the total of the linear polyethylene component and the block copolymer
      component, and
PA1  9. recovering the polypropylene composition from said drying zone.
NUM  2.
PAR  2. A process according to claim 1, wherein another .alpha.-olefin having
      from 2 to 8 carbon atoms is copolymerized with the propylene to form a
      preblock containing no more than 5 mole percent units derived from the
      other .alpha.-olefin.
NUM  3.
PAR  3. A process according to claim 1, wherein propylene is the other
      .alpha.-olefin of steps (4) and (5) and the random copolymer postblock
      contains from about 30 to about 70 mole percent of ethylene derived units.
NUM  4.
PAR  4. A process according to claim 1 wherein the linear polyethylene is a
      polyethylene homopolymer.
NUM  5.
PAR  5. A process according to claim 1, wherein the drying is carried out in two
      agitated dryers and the linear polyethylene is added to the second dryer.
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ABST
PAL  The process of hydrogenating olefin compounds utilizing certain
      hydrogenation catalysts can be interrupted or halted by the addition to
      the reaction mixture of an organometallic reducing agent. Hydrogenation
      can be resumed by subsequent addition of an alcohol or other compound
      capable of reacting with the reducing agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hydrogenation of unsaturated compounds has been investigated in many
      aspects, particularly with respect to the catalysts employed. For example,
      U.S. Pat. No. 3,130,237, suggests hydrogenating unsaturated compounds by
      the use of certain cobalt complexes. U.S. Pat. No. 3,205,218 teaches
      hydrogenation of olefinic compounds utilizing a complex of a nickel or
      cobalt compound with certain aluminum reactants. U.S. Pat. No. 3,113,986
      is related and suggests hydrogenation in the presence of the reaction
      products of certain metal alkoxides with aluminum trialkyls. Finally, U.S.
      Pat. No. 3,595,942 teaches selective hydrogenation of block copolymers
      with reaction products of aluminum trialkyls and metal alkoxides or
      carboxylates. In all of these catalyst systems, a ratio of organometallic
      reducing agent to carboxylate can be found which provides optimum
      hydrogenation activity. Other organometallic reducing agents also can be
      used, such as alkyl lithiums.
PAR  While the hydrogenation processes taught by the above patents are useful
      for reducing unsaturation, no means is provided for interrupting the
      hydrogenation with the capability of resuming hydrogenation if the latter
      is desired. Several important reasons exist for the desirability of a
      controlled interruption of this kind. For example, in a number of
      instances, it is desired to hydrogenate a stated percentage of the double
      bonds of the compound being hydrogenated. However, there is no direct
      means for ascertaining during the hydrogenation the extent of reduction
      which has been achieved. Consequently, it is necessary to rely upon
      experience for stopping the hydrogenation and recovering the product.
      This, of course, is an undesirable procedure especially where a given
      degree or level of hydrogenation may be critical to the quality or
      eventual end use of the reduced product. On the other hand, if the
      hydrogenation is stopped such as by the addition of water or the like or
      introduction of air, then it is virtually impossible to renew
      hydrogenation without injection of a completely new quantity of
      hydrogenation catalyst. This is undesirable. Another situation in which
      interruption is desirable is in the hydrogenation of unsaturated
      copolymeric compounds wherein it is desirable to reduce one type of double
      bond without materially affecting a second type of double bond in the same
      molecule. Thus, it is highly desirable to achieve a process which may be
      interrupted at will, permit removal of samples of the reaction mixture for
      testing of residual unsaturation or any other desirable property and at
      the same time to be able to resume hydrogenation if this is subsequently
      desirable.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide an improved
      hydrogenation process. It is a further object of the invention to provide
      a controlled hydrogenation process which may be interrupted and then
      resumed at will. Other objects will become apparent during the following
      detailed description of the invention.
PAC  STATEMENT OF THE INVENTION
PAR  Now, in accordance with the present invention, an improved hydrogenation
      process is provided wherein olefinically unsaturated hydrocarbons are
      hydrogenated in the presence of an active hydrogenation catalyst
      comprising the reaction product of a organometallic reducing agent and an
      alkoxide or carboxylate of a metal of the group consisting of cobalt,
      nickel or iron used at ratios selected for hydrogenaton activity and after
      a hydrogenation period, reversibly interrupting the hydrogenation by
      injection of a supplementary amount of organometallic reducing agent.
      Still in accordance with this invention, it has been found that
      hydrogenation may be resumed in the above interrupted system by addition
      thereto of an alcohol, organic acid or other suitable proton doning agent
      or a supplementary proportion of cobalt, nickel or iron carboxylate or
      alkoxide in an amount sufficient to react with the previously added
      supplementary organometallic reducing agent.
PAR  The unsaturated organic compounds which may be treated according to the
      invention may be monomeric or polymeric. Any hydrocarbon containing
      aliphatic unsaturation, that is, ethylenic or acetylenic unsaturation, may
      be reduced by the process of this invention. Exemplary of these
      aliphatically unsaturated hydrocarbons that may be hydrogenated are
      olefins and cycloolefins, such as butene-1, butene-2, 2-methylbutene-2,
      2,3-dimethylbutene-2, amylene, hexene-1, hexene-2,
      2-methylpentene-1,2-methylhexene-2, heptene-1, heptene-2, octene,
      dodecene, cyclohexene, methylcyclohexene, vinylcyclohexane, styrene,
      alpha-methylstyrene, etc., and acetylenic hydrocarbons, such as acetylene,
      propyne, butyne, ethynylbenzene, etc., and polyunsaturated hydrocarbons
      such as allenes dienes, polyenes, diynes, etc., such as allene, isoprene,
      vinylcyclohexene, etc., and mixtures of any of these unsaturated
      hydrocarbons. The process of this invention is accordingly of considerable
      importance in the hydrogenation of gasoline fractions, etc. It is also
      useful for the selective hydrogenation of feedstocks containing
      aliphatically and aromatically unsaturated hydrocarbons since only the
      aliphatic unsaturation is hydrogenated. Unsaturated hydrocarbon rubbers,
      as for example, natural rubber, polyisoprene, etc., can be hydrogenated,
      partially or completely, if desired, whereby they are made more resistant
      to attack by ozone.
PAR  More particularly, the block copolymers especially contemplated comprise at
      least one polymer block of a monoalkenylarene and at least one polymer
      block of a conjugated diene. Suitable block copolymers are the following:
PA1  polystyrene-polybutadiene
PA1  polystyrene-polyisoprene
PA1  polystyrene-polyisoprene-polystyrene
PA1  polystyrene-polybutadiene-polystyrene.
PAL  Homologs and analogs are contemplated as well, including especially block
      copolymers in which the monoalkenylarene may be not only styrene, but also
      higher homologs such as alpha-methylstyrene or tertiary butylstyrene. The
      conjugated dienes contemplated would normally be butadiene or isoprene as
      illustrated above, but may include other dienes such as piperylene or the
      like. Mixtures of these monomers may be present in each of the polymer
      blocks if so desired. The hydrogenation process also relates closely to
      the hydrogenation of tapered or random copolymers especially those
      involving monomers such as those listed above.
PAR  The hydrogenation catalyst especially contemplated comprises the reaction
      products of organometallic reducing agents (e.g. aluminum trihydrocarbyls
      or alkyl lithiums) with carboxylates or alkoxides of a metal of the group
      consisting of cobalt, nickel or iron, as well as mixtures thereof.
      Normally, the molar ratio of organometallic reducing agent to the metal
      carboxylate or alkoxide will be between 0.1:1 to 10:1 preferably between
      about 0.5:1 to 6:1 to obtain a catalyst with optimum activity. The
      hydrocarbyl substituents of the organometallic reducing agents preferably
      comprise those having from 2 to 10 carbon atoms, each including an alkyl
      radical such as ethyl, propyl, butyl, pentyl, hexyl, octyl, decyl and
      dodecyl. The metal carboxylates may comprise particularly salts of fatty
      acids preferably having from 2 to 10 carbon atoms per molecule. Typical
      species include cobalt or nickel octoate, iron hexoate and the like. The
      catalyst components may be added directly to the unsaturated compound or
      may be blended and added as a dispersion or solution to the organic
      unsaturated compound. Hydrogenation is continued at temperatures from
      about room temperature to about 200.degree.C, usually between about
      25.degree. and 150.degree.C, still more preferably between about
      35.degree. and 125.degree.C. Hydrogenation time will depend in part upon
      the temperature and hydrogen pressure and in part upon the reactivity of
      the unsaturated compound. Normally, hydrogenation will be carried out for
      periods between about 5 minutes and 8 hours, usually for a time between
      about 30 minutes and 4 hours. Preferably, the unsaturated compound (with
      particular reference to the polymeric compounds) is conducted in a
      relatively inert solvent such as aliphatic or naphthenic hydrocarbon or
      mixtures thereof. Hydrogenation pressures are usually below about 5,000
      psi, usually in the order to 250-1500 psi. The weight ratio of cobalt,
      nickel or iron to unsaturated compound will vary between wide limits but
      normally is between about 10.sup.-.sup.5 and about 10.sup.-.sup.2.
PAR  After the hydrogenation has been carried to an extent believed sufficient
      to warrant either analysis of the product or interruption of the
      hydrogenation, the process of the present invention comes into play
      whereby a supplementary amount of the same or different organometallic
      reducing agent is injected into the hydrogenation reaction mixture.
      Preferably, this supplementary amount is in the order of 0.75 to 2.5 moles
      per mole of cobalt, nickel or iron compound used in the preparation of the
      original catalyst. Injection may be by addition of the supplementary agent
      in the form of a solution in an inert solvent. Alternatively, the
      injection may be by means of feeding the supplementary material into a
      slip stream and recycling back to the hydrogenation vessel.
PAR  Another important reason for interrupting hydrogenation is concerned with
      plant schedules. In the normal course of plant operation, it may be
      necessary to hold the hydrogenation reaction mixture for a period of time
      before further working up due to the fact that the subsequent pieces of
      plant equipment such as vats, coagulators or the like may already be
      temporarily occupied with previous batches. Consequently, it is advisable
      to interrupt the hydrogenation during such holding periods so that the
      product is not hydrogenated beyond the desired extent.
PAR  The injection of the supplementary agent effectively interrupts
      hydrogenation and hence permits the withdrawal of samples for analysis,
      the addition of other process components, the holding of the reaction
      mixture without hydrogenation or for any other desired objective. The
      hydrocarbyl groups are preferably alkyl, aromatic or naphthenic
      hydrocarbons, preferably having from 2 to 10 carbon atoms each.
PAR  Subsequent to the interruption step, the reaction product may be treated
      either to permit resumption of hydrogenation or recovery of the
      hydrogenated product if this is indicated by analysis of samples withdrawn
      therefrom. The interrupting effect of the aluminum trihydrocarbyl is
      reversed by reaction of the supplementary amount with an aliphatic
      alcohol, polyhydric alcohol, carboxylic acid or water or with a
      supplementary carboxylate or alkoxide of cobalt, nickel or aluminum. The
      use of an alcohol is preferred. Although water is the lowest cost reactant
      for this purpose, its low solubility in hydrocarbons is unfavorable.
      Preferred alcohols are aliphatic monohydric alcohols having from 1 to 14
      carbon atoms, including especially alcohols from methyl to octyl. The
      amount of these reactants injected will be sufficient to react with the
      reducing agent at least to the extent that interruption of hydrogenation
      is effectively eliminated and hydrogenation can be resumed. Most reactants
      require a molar equivalence, i.e. approximately a mole of reactant for
      each mole of aluminum trihydrocarbyl added for interruption.
PAR  The conditions of resumed hydrogenation may be the same or may be different
      from those utilized prior to interruption. For example, if a copolymer of
      a conjugated diene and alkenylarene is being hydrogenated and analysis of
      the product during the interruption period indicates that all of the
      aliphatic unsaturation has been reduced, then hydrogenation conditions
      such as temperature may be increased to a point that hydrogenation of the
      unsaturation in the alkenylarene units takes place if this is desired. It
      is possible, of course, to utilize more than one interruption stage if
      this is necessary for periodic analysis or holding periods. The following
      examples illustrate the process of the present invention.
DETD
PAC  EXAMPLE I
PAR  A copolymer of styrene and isoprene was prepared by polymerization of a
      mixture of the two monomers in cyclohexane solution, resulting in a
      tapered copolymer having 37.5 wt.% styrene. The polymer, in cyclohexane
      solvent, was then subjected to hydrogenation utilizng a catalyst
      comprising the reaction product of 2.5 moles of aluminum triethyl per mole
      of nickel-2-ethylhexoate. The hydrogenation reacton conditions comprised
      700 psig hydrogen pressure, 80.degree.C, 18% polymer solids in the
      solution and 4.0 mmoles nickel per pound of polymer. After 180 minutes
      hydrogenation time, 93.5% of the olefinic unsaturation had been reduced.
      At this point, triethyl aluminum (TEA) was added, causing substantially
      complete interruption of hydrogenation. This was indicated by the fact
      that after holding for 30 additional minutes, the percent of hydrogenation
      of olefinic bonds had only increased about 1%. In a parallel run with no
      supplemental TEA being added, the percentage of olefin reduction is about
      97.3% after a total of 210 minutes hydrogenation under the same
      conditions. In the process according to the invention as described above,
      one mole of supplemental TEA was added per mole of nickel.
PAC  EXAMPLE II
PAR  Essentially the same conditions were utilized for the hydrogenation of the
      same type of polymer. Parallel runs were made in one of which, according
      to the process of the invention, supplemental TEA was added at about 94.5%
      olefin bond reduction in the polymer. According to FIG. I, it will be seen
      that this substantially completely interrupted hydrogenation as indicated
      by analysis for olefins in three successive time periods following the
      point of TEA addition.
PAR  In a parallel experiment, interruption of hydrogenation was attempted by
      depressing from 700 to 100 psig hydrogen pressure and reducing the rate of
      stirring from 920 rpm to 200 rpm. The course of hydrogenation is indicated
      by curve B on FIG. I. It will be noted that depressuring and reduction in
      stirring speed caused a moderate decrease in the rate of hydrogenation,
      but that hydrogenation continued in spite of these changes in reaction
      conditions. This indicates that a given target of residual olefin content
      could not be desirably achieved by these two changes in reaction
      conditions, but, as shown by curve A (process according to the invention)
      close control of target residual olefin is readily achieved by the
      addition of TEA without reducing hydrogen pressure or stirring speed.
PAC  EXAMPLE III
PAR  Restoration of hydrogenation activity to an interrupted hydrogenation
      reaction mixture can be achieved as shown below wherein supplemental
      2-ethylhexanol was injected into the mixture which had been interrupted by
      the addition of supplemental TEA. In this case, the original catalyst
      comprised the reaction product of three moles of TEA per mole of
      nickel-2-ethylhexoate, 11.1 mmoles nickel per pound of polymer being
      utilized. Hydrogenation of the polymer was continued at 700 psig hydrogen
      pressure at 90.degree.C. The solution contained 16.2 wt.% of the polymer
      which was a block copolymer having the structure polystyrene-polyisoprene
      in which the block molecular weights were 30,000 and 50,000. Hydrogenation
      was continued initially intil 25% of the olefinic unsaturation in the
      block copolymer had disappeared. At this point 22.2 mmoles of supplemental
      TEA per pound of polymer was added to the reaction mixture causing
      virtually complete interruption of hydrogenation. 2-Ethylhexanol was then
      added incrementally to the reaction mixture to determine the effect of its
      addition at various ratios relative to the supplemental TEA. The table
      below shows that the hydrogenation was resumed and that the rest of
      hydrogenation was readily controllable by deliberate limitation of the
      amount of TEA eliminated by reaction with the 2-ethylhexanol.
TBL                Table I                                                     
     ______________________________________                                    
     EFFECT OF EXCESS TEA ON CATALYST ACTIVITY                                 
                 Added alcohol Olefin                                          
     2-ethylhexanol                                                            
                 mmole/lb.     Loss                                            
     ml          polymer       (t.sub.1/2 (min).sup.1                          
     ______________________________________                                    
     0           0             .infin.                                         
     5           5.86          330                                             
     6           7.02          230                                             
     7           8.19          150                                             
     8           9.36          93                                              
     9           10.52         75                                              
     10          11.70         53                                              
     12          14.04         43                                              
     14          16.38         32                                              
     Blank Experiment with no excess TEA                                       
     --          --             22                                             
     ______________________________________                                    
      .sup.1 Time in minutes for half of the starting olefin content of the    
      polymer to disappear.                                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process for the hydrogenation of polymers of olefinically
      unsaturated hydrocarbons wherein the hydrocarbons are hydrogenated in the
      presence of a catalyst comprising the reaction product of 1.0-5.0 moles of
      an aluminum trihydrocarbyl per mole of an alkoxide or carboxylate of a
      metal of the group consisting of cobalt, nickel, iron or mixtures thereof,
      the improvement comprising hydrogenating the hydrocarbon and thereafter
      reversibly interrupting the hydrogenation by injection of supplementary
      aluminum trihydrocarbyl in an amount between 0.75 and 2.5 moles per mole
      of cobalt, nickel or iron.
NUM  2.
PAR  2. A process according to claim 1 wherein the hydrogenation catalyst is the
      reaction product of an aluminum trihydrocarbyl and a carboxylate of
      cobalt, iron or nickel and hydrogenation is reactivated subsequent to
      interruption by injecton of at least one carboxylate of cobalt, nickel or
      iron in an amount between about 0.4 and 1.5 moles per mole of
      supplementary aluminum trihydrocarbyl.
NUM  3.
PAR  3. A process according to claim 1 wherein hydrogenation is reactivated
      subsequent to interruption by injection of an aliphatic monohydric alcohol
      that is soluble in the reaction medium in an amount between 0.75 and 2.5
      moles per mole of supplementary aluminum trihydrocarbyl.
NUM  4.
PAR  4. A process according to claim 1 wherein the polymer comprises a
      polymerized conjugated diene.
NUM  5.
PAR  5. A process according to claim 4 wherein the polymer comprises a copolymer
      of at least one monoalkenylarene and at least one conjugated diene.
NUM  6.
PAR  6. A process according to claim 5 wherein the copolymer is a block
      copolymer.
NUM  7.
PAR  7. A process according to claim 3 wherein the alcohol is an aliphatic
      alcohol having 2-14 carbon atoms per molecule.
NUM  8.
PAR  8. A process according to claim 4 wherein hydrogenation is interrupted
      after at least about 90% of the olefinic double bonds have been reduced by
      hydrogenation.
NUM  9.
PAR  9. A process according to claim 6 wherein the polymer is a block copolymer
      having the structure polystyrene-polyisoprene.
NUM  10.
PAR  10. A process according to claim 6 wherein the polymer is a block copolymer
      having the structure polystyrene-polybutadiene-polystyrene.
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PAL  D. C. Allport, "Block Copolymers", John Wiley & Sons, New York, received at
      U.S. Patent Office Aug. 21, 1973, pp. 81-87 and 139-151.
ABST
PAL  The process disclosed herein involves the continuous preparation of a
      multiblock copolymer of two monomers or more such as butadiene and
      styrene, butadiene and isoprene, etc. This process comprises the alternate
      feeding of first one monomer stream and then another monomer stream
      differing in monomer composition from the first monomer stream, each
      stream of monomer being interrupted while the other stream of monomer is
      being fed continually into the polymerization system containing an anionic
      polymerization catalyst capable of polymerizing each of said monomers. A
      product stream is withdrawn from the polymerization system at the same
      rate as the total of the feed streams, thereby effecting a continual flow
      through the polymerization system. The rate of catalyst feed is controlled
      to give the desired molecular weight to the multiblock copolymer; the size
      of each block in the copolymer is controlled by the time of flow of the
      respective monomer and the concentration of monomer in the monomer feed;
      and the number of blocks is controlled by the number of alternating feed
      steps that are performed during the residence time in the polymerization
      system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a continous process for preparing a multiblock
      copolymer of two monomers such as styrene and butadiene, butadiene and
      isoprene, etc. More specifically this invention relates to the continous
      process of producing such multiblock copolymer by alternate feeding of the
      respective monomers into the continous polymerization system.
PAR  2. Related Prior Art
PAR  The preparation of block copolymers is generally effected in batch systems.
      In such cases the reaction is initiated with one monomer, together with
      diluent and catalyst in the reactor, and polymerization continued until
      that monomer has been completely polymerized to form the initial block.
      Then the second monomer is introduced and polymerization continued until
      that monomer is completely polymerized to form the second block, following
      which more of the first monomer is introduced to form the third block,
      etc.
PAR  Since it is considered necessary to have the system completely purged of
      one monomer before introducing the other, either by completing
      polymerization or by removal of unpolymerized monomer, it had not been
      considered that such multiblock copolymers could be produced by a
      continuous system.
PAR  British Pat. No. 1,160,234 is typical of the prior art in which a block
      copolymer of butadiene and isoprene is prepared in a batch operation.
      There is no mention of a continuous process for preparing the three block
      copolymer described therein.
PAR  U.S. Pat. Nos. 3,231,635 and 3,265,765 are typical prior art disclosures
      relating to the batch production of block copolymers of styrene and
      butadiene.
PAR  U.S. Pat. No. 3,198,774 discloses a continuous process for preparing block
      copolymers of butadiene and styrene using an alkyl halide to prevent
      gelation and reactor plugup. However patentees feed the butadiene and
      styrene simultaneously with the result that of the 22.6 percent styrene
      found in the resultant copolymer only 13.8 percent (based on total polymer
      content) is in the form of block copolymer.
PAC  STATEMENT OF THE INVENTION
PAR  In accordance with the present invention it has been found that block
      copolymers may be made by a continuous process in which alternate
      different streams of comonomers are fed continually to a polymerization
      system, the flow of one stream being terminated while the other stream is
      being fed to the polymerization system. The reaction mixture is agitated
      very efficiently to insure quick and uniform distribution of the monomers
      and initiator or catalyst. Initiator is added to the polymerization system
      either intermittently or continually at a rate such that the proportion of
      initiator based on the monomer concentration is such as to give the
      desired molecular weight in the resultant block copolymer. The
      polymerization product is flowed from the reaction system at the same rate
      as the total of the feed streams. The average number of blocks in the
      resultant multiblock copolymer is determined by the number of alternate
      cycles of feed stream effected during the residence period in the
      polymerization system. The molecular weight equivalent of each block is
      determined by the period of flow of the stream of monomer producing such
      block, provided the concentration of monomer in the monomer feed is
      constant.
PAR  Depending on the polymerization rate, the change of repeating units from
      one block of comonomer to the other comonomer repeating units may be
      gradual in accordance with how long it takes to use up the first comonomer
      remaining after the flow is terminated and flow of the second comonomer is
      initiated. This also depends somewhat on the relative polymerization
      tendencies of the two comonomers. For example with butadiene and styrene,
      in the presence of each other the butadiene polymerizes much more quickly
      than the styrene. Therefore when the butadiene flow is terminated and the
      styrene feed initiated, the butadiene will still polymerize more rapidly
      and probably be consumed before the styrene polymerization is initiated.
      Or it is possible that for a brief interim period there may be random
      copolymerization of the comonomers. This brief intermediate random
      copolymerization between respective blocks may not be objectionable since
      they generally produce little or no change in the properties of the
      resultant copolymers.
PAR  However, if it is desired to avoid this brief period of random
      copolymerization, this can be effected either by a short delay before
      initiating the flow of the next monomer or by interjecting a stream of
      diluent, preferably the same as used in the monomer streams, between the
      termination of the first monomer stream and the initiation of the flow of
      the second monomer stream. This stream of diluent should be continued only
      as long as required to complete polymerization of the first monomer.
      Subsequently after termination of the second monomer, it may be desirable
      to interject another stream of diluent before introduction of the next
      stream of comonomer.
PAR  However, it may be desirable to interject such a stream of diluent only
      between streams of monomer where the monomer whose flow has just been
      terminated has a much slower tendency to polymerize than the monomer whose
      flow is about to be initiated. In such case the flow of diluent gives such
      slower monomer sufficient time to polymerize before the faster
      polymerizing monomer is introduced. In the reverse case where the flow of
      the faster polymerizing monomer is being terminated and the flow of the
      slower polymerizing monomer is about to be initiated, an intermediate
      diluent flow is not as important since the faster monomer may continue to
      complete polymerization in the presence of the slower monomer. In most
      cases however, it is found that the abrupt change from one monomer stream
      to the other does not effect sufficient changes in properties of the
      ultimate multiblock copolymer that it is necessary to interject such
      diluent streams.
PAR  The monomers suitable for use in the practice of this invention include any
      vinyl or alphamethyl vinyl compounds capable of being polymerized by an
      anionic intiator. Particularly useful as comonomers for this purpose are
      alphaolefins such as ethylene, propylene, butene-1, isobutylene,
      n-pentene-1, 2-methyl-n-pentene-1, etc. up to olefins having ten carbon
      atoms; vinyl aryl and alphavinyl aryl compounds such as styrene,
      alphamethyl styrene, vinyl toluene, vinyl naphthalene, alphamethylvinyl
      toluene, vinyl diphenyl, and corresponding compounds in which the aromatic
      nucleus may have other alkyl derivatives up to a total of 8 carbon atoms
      or may have chlorine attached to the aromatic nucleus such as
      p-chloro-styrene m-chloro-styrene, 4-chloro-1-vinyl-naphthalene, etc.;
      dienes such as butadiene-1,3, isoprene, piperylene, chloroprene, and other
      dienes having up to 8 carbon atoms, acrylonitrile, methacrylonitrile,
      methyl methacrylate, vinyl acetate, and the like. Any combination of such
      comonomers may be used in the practice of this invention.
PAR  As previously indicated, the molecular weight of the resultant copolymer is
      determined by the concentration of initiator used in proportion to the
      total amount of monomer polymerized. This is in accordance with the well
      known principle that each molecule of initiator produces one molecule of
      polymer and that the amount of monomer gives as many polymer molecules as
      there are molecules of initiator. Therefore, the average molecular weight
      of the product may be obtained by dividing the total number of monomer
      molecules by the number of initiator molecules.
PAR  A "block" of repeating units is generally defined as a sequence or series
      of eight or more identical repeating units connected to each other.
      Analyses for block polymers may be made by various methods known in the
      art. For example, analysis for polystyrene may be made by oxidation with
      osmium tetraoxide according to the procedure published in Jour. Polymer
      Sci., Vol. 1, No. 5, P. 429 (1946).
PAR  In the process of this invention there may be as few as two blocks but it
      is generally advantageous to produce copolymers having at least three
      blocks and preferably at least five blocks. In many cases as many as
      fifteen or twenty blocks may be desired.
PAR  The initiator used in the polymerization is a compound containing a
      carbon-lithium or carbon-sodium linkage. This includes compounds
      corresponding to the formulas RLi and RNa, where R is an aliphatic,
      cycloaliphatic or aromatic hydrocarbon radical containing from 1 to 20
      carbon atoms. Among the many compounds suitable for this purpose are
      methyllithium, ethyllithium, isopropyllithium, n-butyllithium,
      sec.-butyllithium, t-butyllithium, amyllithium, hexyllithium,
      p-octyllithium, n-decyllithium, cyclohexyllithium, allyllithium,
      methallyllithium, phenyllithium, naphthyllithium, p-tolyllithium,
      p-butylphenyllithium, 4-phenylbutyllithium and the corresponding sodium
      compounds. Compounds containing two or more such carbon-metal linkages may
      also be used, such as dilithium butane, polylithium polymers, etc.
      Mixtures of two or more of the above may be employed. Particularly
      preferred is n-butyllithium.
PAR  Theoretically, each molecule of initiator produces a molecule of polymer,
      so the initiator level should be the reciprocal of the desired molecular
      weight in moles of initiator per mole of reactive monomer. In general,
      however, from 0.01 to 10 millimoles of initiator is required per mole of
      monomer to be polymerized, preferably from 0.05 to 5  millimole of
      initiator per mole of monomer.
PAR  An amount of initiator is added at the beginning or with the initial stream
      of monomer to begin the polymerization and in a proportion to give the
      desired molecular weight. Thereafter initiator is added either
      intermittently or continually to replace the amount lost in the exit
      stream. This subsequent addition may be performed during the flow of
      either or both monomer streams.
PAR  In the polymerization system, it is especially important to exclude
      materials harmful to the initiator. These materials include water, oxygen,
      carbon dioxide and other similar materials which "kill" or deactivate the
      initiator. Preferably the incoming monomers and diluent are treated to
      remove such impurities prior to introduction to the polymerization system.
PAR  The diluent is advantageously an aliphatic hydrocarbon of 6-10 carbon atoms
      which is inert to the initiator employed. The diluent can be one in which
      the polymer is soluble or partly soluble, or in which the copolymer may be
      suspended. Pentanes, hexanes, heptanes, cyclohexane, cyclohexene,
      pentenes, hexenes, heptanes, benzene, and toluene are preferred as
      diluents, especially hexanes and cyclohexanes. Mixtures of these may also
      be used.
PAR  From 200 to 900 parts by weight of diluent per 100 parts of monomer is
      generally sufficient to yield a fluid polymer solution or suspension which
      can be easily handled.
PAR  The temperature of the polymerization mass should be maintained between
      50.degree. and 175.degree.C. (120.degree.-350.degree.F.), preferably
      75.degree.-150.degree.C. (165.degree.-300.degree.F) in order to produce a
      fast rate of polymerization, and preferably is maintained at a relatively
      constant temperature throughout the course of the reaction period.
PAR  Polymerization is advantageously performed in an agitated, pressurized
      reactor which may be jacketed to allow for temperature control. Pressures
      are generally autogenous, although inert gases can be charged to the
      reactor to increase the pressure, if desired. Dry nitrogen, argon, helium
      or other inert gas can be used for this purpose. Normally pressures will
      be atmospheric or above, and can be as high as 10 atmospheres or more. The
      outlet for the exit flow of reaction mixture out of the reactor is
      advantageously located at a point remote from the inlets for the streams
      of monomer and catalyst.
PAR  The polymer product is posttreated according to regular procedures in such
      cases, preferably dropping the product solution in methanol or isopropanol
      containing antioxidant, to deactivate the initiator and to precipitate the
      copolymer which is then separated and dried before analysis and testing.
PAR  These copolymers, either by themselves or in blends with other polymers,
      are very useful in the construction of tires or other elastomeric products
      such as belts, hose or molded goods. Other polymers suitable for blending
      with these copolymers include natural rubber, isoprene or butadiene
      homopolymers, isoprene-styrene copolymers and butadiene-styrene copolymers
     .
DETD
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  The invention is illustrated by the following examples. These examples are
      given merely for purposes of illustration and are not intended in any way
      to restrict the scope of the invention nor the manner in which it can be
      practiced. Unless specified otherwise, parts and percentages are given by
      weight.
PAC  EXAMPLE I
PAR  Blends of 25.5 weight percent of butadiene-1,3 and 7.5 weight percent of
      styrene in cyclohexane are fed alternately into a 6.5 gallon reactor
      equipped with efficient agitation means, three inlets, an outlet remote
      from the inlets, and temperature control and measuring devices. A
      continuous flow of a catalyst stream of 1.5 weight percent n-butyllithium
      in hexane is also supplied at a rate sufficient to give a polymer having a
      DSV between 0.8 and 1.0 dg/l. Each styrene metering period is 15 minutes
      and each butadiene metering period is 7.5 minutes with the volumetric flow
      rate being constant and such as to give a reactor residence time of one
      hour. The reaction temperature is maintained at 245.degree.-250.degree.F.
      After a sufficient time for the system to reach a dynamic steady state, a
      number of polymer samples are collected at periods of more than one hour
      apart. The composite of these samples are tested for various properties
      with the results reported as C in Table I below.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated a number of times with variations in
      the duration of the respective styrene and butadiene feed times. These
      variations and the resultant variations in properties are also reported
      below in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Styrene blend - 7.5% by weight in cyclohexane                             
     Butadiene blend - 25.5% by weight in cyclohexane                          
     Flow rate constant at 6.5 gallons per hour                                
     n-BuLi fed continuously to give polymer DSV of 0.8 - 1.0 dg/l             
     Temp. 245-250.degree.F.                                                   
     Ex No.                                                                    
          Duration                                                             
                 Duration                                                      
                        Calc. Aver.                                            
                                DSV %   300%                                   
                                            Tensile                            
                                                 Elong.at                      
                                                      Shore "A"                
          of Sty.                                                              
                 of Bd. No. of      Styr.                                      
                                        Mod.                                   
                                            at Break                           
                                                 Break(%)                      
                                                      Hardness                 
          Cycle (min.)                                                         
                 Cycle (min.)                                                  
                        Blocks          (psi)                                  
                                            (psi)                              
     __________________________________________________________________________
     A    60     30     1.3     1.15                                           
                                    40.9                                       
                                        --  375  260  64.0                     
     B    20     10     4.0     0.83                                           
                                    39.8                                       
                                        400 600  600  68.5                     
     C    15     7.5    5.3     0.88                                           
                                    40.4                                       
                                        400 675  710  67.0                     
     D     8      4      10     0.88                                           
                                    44.9                                       
                                        425 900  910  73.5                     
     __________________________________________________________________________
      When the two blends were metered simultaneously the product is a very    
      soft, weak polymer with no elastomeric properties.                       
PAC  EXAMPLE III
PAR  Two mixtures, one of butadiene at 20 weight percent in hexane, and the
      other of isoprene at 40 weight percent in hexane, are charged alternately
      to the 6.5 gallon, well-agitated reactor. The metering time per cycle for
      the butadiene mixture is 15 minutes, followed by metering of isoprene
      blend for 7.5 minutes. This metering cycle is repeated throughout the
      experiment. Both mixtures are metered at a rate of 6.5 gallons per hour
      while on stream, so that the reactor residence time is one hour during the
      experiment. Normal butyllithium catalyst is continuously metered at a rate
      sufficient to give a polymer of 75,000 average molecular weight. The
      reaction temperature is maintained at 240.degree.F by means of a reactor
      jacket. The product contains 54 weight percent butadiene. The resulting
      multiblock copolymer is hydrogenated completely in a batch reactor, using
      nickel catalyst, to form a thermoplastic elastomer with good stress/strain
      properties (tensile at break = 960 psi, elongation at break = 740%, 100%
      modulus = 330 psi), a melting temperature of 95.degree.C and a glass
      transition temperature of -60.degree.C, showing that a good block
      copolymer of butadiene and isoprene is made by the process of the
      invention.
PAC  EXAMPLE IV
PAR  To a 20-gallon reactor forty pounds of hexane and 110.7 ml. of 15%
      n-butyllithium are charged. Then the temperature of the mixture is raised
      to 160.degree.F. and metering of a blend of isoprene/butadiene/hexane
      (20/30/50) is started. Over a 3 hour period total of 45 pounds of the
      blend is charged with the temperature maintained at 160.degree.F. The
      polymer obtained by this method is hydrogenated with Ni catalyst to
      complete hydrogenation level. The resulting polymer does not show
      properties of a thermoplastic elastomer. Differential thermal analysis
      shows that the polymer has a Tg of -55.degree.C but no melting point.
      These results demonstrate that a copolymer obtained by the simultaneous
      copolymerization of butadiene and isoprene does not have the desirable
      properties obtained in the multiblock copolymer obtained in Example III.
PAC  EXAMPLE V
PAR  The procedure of Example I is repeated a number of times using the
      following combinations of comonomers:
PA1  a. Butadiene and vinyl toluene
PA1  b. Isoprene and styrene
PA1  c. Butadiene and vinyl naphthalene
PA1  d. Isoprene and vinyl diphenyl
PA1  e. Butadiene and p-chlorostyrene
PAL  In each case multiblock copolymers are obtained having desirable properties
      as in Example I.
PAC  EXAMPLE VI
PAR  The procedures of Example I and V are repeated with similar results using
      in place of the n-butyllithium equivalent amounts respectively of
      n-amyllithium and n-hexyllithium.
PAC  EXAMPLE VII
PAR  The procedures of Examples I and II are repeated a number of times with
      similar results using in place of the n-butyllithium equivalent amounts
      respectively of the following as initiators
PA1  a. n-BuNa
PA1  b. Isoamyl Na
PA1  c. Na naphthalene
PA1  d. Na cyclohexane
PA1  e. Li cyclohexane
PAR  In addition to having alternating blocks of individual monomers, it is also
      possible by the process of this invention to have blocks of one monomer
      separated by a random copolymer block. This may be effected by using as
      the second monomer stream a mixture of two or more monomers capable of
      being copolymerized by the initiator being used. Likewise it is possible
      to prepare alternating blocks of different types of random copolymers by
      using as the first monomer feed stream one mixture of two or more monomers
      and then following this with a second monomer stream comprising a
      different mixture of two or more monomers. It is also contemplated that
      there may be more than two different types of alternating blocks, such as
      three or four different types of blocks such as a block of butadiene, a
      block of styrene, a block of isoprene, a block of styrene, a block of
      butadiene, etc. In such cases one or more of the blocks may also be of a
      random copolymer mixture of two or more monomers. The following examples
      illustrate some of these block copolymerizations.
PAC  EXAMPLE VIII
PAR  The procedure of Example I is repeated except that the blend of 7.5 weight
      percent styrene is replaced with a blend of 7.5 weight percent styrene and
      7.5 weight percent of butadiene in cyclohexane. The resultant blocks are
      of a random copolymer of styrene and butadiene and the block copolymer is
      substantially of the following structure where B represents a butadiene
      block and BS a random copolymer block of butadiene and styrene:
      B-BS-B-BS-B.
PAC  EXAMPLE IX
PAR  The procedure of Example I is repeated using in place of the butadiene
      blend a blend of 12.5 weight percent butadiene and 12.5 weight percent
      isoprene with the resultant copolymer having substantially the following
      block structure where BI represents the butadiene-isoprene block:
      BI-S-BI-S-BI.
PAC  EXAMPLE X
PAR  The procedure of Example I is repeated except that a third blend of 20
      weight percent of isoprene in cyclohexane is used with a metering period
      of 10 minutes. The resulting block copolymer has three types of blocks
      namely B, S and I.
PAC  EXAMPLE XI
PAR  The procedure of Example I is repeated except that after the first flow of
      the first monomer stream the initiator is fed in only during the flow of
      the styrene streams with the rate of initiator addition being adjusted so
      that the amount fed during the residence time is the same as in Example I.
      The results are similar to those of Example I.
PAR  While certain features of this invention have been described in detail with
      respect to various embodiments thereof, it will, of course, be apparent
      that other modifications can be made within the spirit and scope of this
      invention, and it is not intended to limit the invention to the exact
      details shown above except insofar as they are defined in the following
      claims:
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In a process for preparing a multiblock copolymer of two or more
      monomers, the steps of preparing said copolymer in a continuous system
      comprising (1) alternately feeding into a highly agitated polymerization
      system a first monomer stream, and then a second monomer stream, differing
      in monomer composition from the first monomer stream, each monomer stream
      being interrupted while the other monomer stream is flowed, and repeating
      continually the feeding of said alternating streams, (2) adding to the
      polymerization system an anionic polymerization catalyst capable of
      polymerizing each of said monomers, the rate of addition of said catalyst
      being controlled to give the desired molecular weight to the resultant
      multiblock copolymer, (3) withdrawing from said polymerization system a
      product stream at the same rate as the total of the said feed streams
      whereby there is substantially continual flow through said polymerization
      system.
NUM  2.
PAR  2. The process of claim 1 in which the size of each block in the resultant
      multiblock copolymer is controlled by the concentration and the length of
      the respective periods of flow of the said monomers, a longer period of
      flow of a stream of fixed concentration of particular monomer producing a
      higher molecular weight equivalent in the corresponding block of that
      monomer.
NUM  3.
PAR  3. The process of claim 1 in which the number of blocks in the resultant
      multiblock copolymer is controlled by the number of alternating monomer
      feed steps that are performed during the residence time in said
      polymerization system.
NUM  4.
PAR  4. The process of claim 1 in which a single monomer is used in each monomer
      stream.
NUM  5.
PAR  5. The process of claim 4 in which the amount of each monomer used is 5-95
      percent by weight of the total monomer content.
NUM  6.
PAR  6. The process of claim 4 in which the monomers are butadiene and styrene.
NUM  7.
PAR  7. The process of claim 6 in which the anionic catalyst is an n-alkyl
      lithium.
NUM  8.
PAR  8. The process of claim 6 in which the anionic catalyst is n-butyl lithium.
NUM  9.
PAR  9. The process of claim 4 in which the monomers are butadiene and isoprene.
NUM  10.
PAR  10. The process of claim 9 in which the anionic catalyst is an n-alkyl
      lithium.
NUM  11.
PAR  11. The process of claim 9 in which the anionic catalyst is n-butyl
      lithium.
NUM  12.
PAR  12. The process of claim 1 in which there are at least three alternate
      feedings of monomer during the residence period in said system.
NUM  13.
PAR  13. The process of claim 1 in which there are at least five alternate
      feedings of monomer during the residence period in said system.
NUM  14.
PAR  14. The process of claim 1 in which a third monomer stream differing in
      monomer composition from each of said first and second monomer streams is
      fed into said polymerization system after each feeding of said second
      monomer stream and prior to each repetition of the feeding of said first
      monomer stream.
NUM  15.
PAR  15. The process of claim 1 in which at least one of said monomer streams is
      a mixture of at least two copolymerizable monomers.
NUM  16.
PAR  16. The process of claim 1 in which the multiblock copolymer in said
      product stream is hydrogenated.
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ABST
PAL  Novel symmetrical bis(unsymmetrical t-alkyl and t-aralykl azo) compounds of
      the general formula I:
EQU  R -- N = N -- R.sub.12 -- N = N -- R'                      (I)
PAL  wherein R = R' = (R").sub.3 C--, e.g., 1,2-ethylene
      bis(4-t-butylazo-4-cyanovalerate); and the use of I for sequential
      generation of free radicals, e.g. styrene monomer and 1,2-ethylene
      bis(4-t-butylazo-4-cyanovalerate) are reacted to obtain polystyrene
      containing attached azo groups which in turn is reacted with methyl
      methacrylate monomer to obtain a block copolymer of polystyrene and
      poly(methyl methacrylate).
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division, of application Ser. No. 88,247, filed Nov. 9, 1970,
      which in turn is a continuation-in-part of application Ser. No. 725,180
      (now abandoned), filed Apr. 29, 1968, which is a continuation of
      application Ser. No. 616,158, filed Feb. 15, 1967 (now abandoned), which
      is a continuation of application Ser. No. 409,306, filed Nov. 5, 1964 (now
      abandoned) of Chester S. Sheppard et al.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new symmetrical bis(unsymmetrical t-alkyl or
      t-aralkyl azo) compounds (wherein "t" is tertiary) and to synthesis of
      organic compounds utilizing these novel compounds as sequential free
      radical initiators, especially to the preparation of polymers containing
      attached aliphatic azo groups and to block copolymerization using such
      azo-containing polymers.
PAR  Heretofore most syntheses which required sequential free radical initiation
      utilized two or more different compounds capable of providing free
      radicals; the compounds being selected to provide free radicals at
      different conditions as called for by the reaction. Commonly compounds
      falling into different chemical classes are used.
PAR  Bis azo compounds have been known for sometime. Examples of aliphatic bis
      phenylazos have been prepared. Preparation of
      trans-1,2-bis-phenylazocyclohexane
      ##SPC1##
PAL  Is disclosed by A. J. Bellamy et al., J. Chem. Soc., part C, Org. (1966),
      1989 - 1993. Preparation of t-butyl-bis(phenylazo)methane
      ##EQU1##
      is disclosed by F. Neugebauer et al., Liebigs Ann. Chem. 706, 107 - 111
      (1967). Other bis azo compounds are likewise disclosed in U.S. Pat. No.
      2,554,141, in U.S. Pat. No. 3,244,692 and in C. G. Overberger et al., J.
      Am. Chem. Soc. 80, 6556 (1958) and 77, 4651 (1955). None of these
      compounds are closely related to applicants novel bis-azo compounds.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to:
PAR  A. novel symmetrical bis(unsymmetrical t-alkyl or t-aralkyl azo) compounds
      of structure I:
EQU  R -- N = N -- R.sub.12 -- N = N -- R'
PAL  wherein:
PA1  R equals R' equals (R").sub.3 C;
PA1  (r").sub.3 c is a C.sub.4 to C.sub.20 t-alkyl, cycloalkyl, alkylcycloalkyl,
      arylcycloalkyl or aralkyl radical wherein R" is a C.sub.1 to C.sub.8
      alkyl, C.sub.7 to C.sub.12 aralkyl or C.sub.6 to C.sub.14 aryl radical,
      not more than one R" being aromatic in each (R").sub.3 C, and wherein 2 or
      3 of said R"s can join with the tertiary carbon atom to form a cyclo,
      bicyclo or tricyclo radical of three to 12 carbons;
PA1  R.sub.12 can be
      ##EQU2##
      R.sub.1 and R.sub.2 are separately selected from a C.sub.1 to C.sub.8
      alkyl, C.sub.3 to C.sub.12  cyclo-, bicyclo- or tricycloalkyl, C.sub.7 to
      C.sub.12 aralkyl or a 5 to 6 membered heterocyclic radical or, taken
      together, R.sub.1 and R.sub.2 can form a C.sub.3 to C.sub.11 alkylene
      diradical; one or more of each of the R.sub.1 s and R.sub.2 s can be
      substituted with lower alkoxy, hydroxy, carboxy, alkoxycarbonyl, acyloxy,
      halogen, cyano, amido or alkylsulfonato radicals; and R.sub.1 can also be
      a C.sub.6 to C.sub.14 aryl radical;
      ##EQU3##
      ##SPC2##
      or
      ##EQU4##
      R'.sub.13 is a C.sub.2 to C.sub.20 symmetrical aliphatic, cycloaliphatic,
      aromatic-aliphatic or aliphatic-cycloaliphatic diradical which optionally
      contains two or more (normally 2 - 6) non-adjacent oxygen, sulfur and/or
      nitrogen atoms in the backbone structure or, when R.sub.1 is not phenyl or
      substituted phenyl, a C.sub.6 to C.sub.12 symmetrical aromatic diradical;
PA1  R.sub.13 is a symmetrical C.sub.5 to C.sub.15 alkyl-cycloalkyl, C.sub.2 to
      C.sub.10  alkylene, C.sub.3 to C.sub.12 cycloalkylene, C.sub.6 to C.sub.12
      aryl or C.sub.8 to C.sub.15 alkyl-aryl diradical;
PA1  R.sub.3 is hydrogen or a C.sub.1 to C.sub.10 alkyl (e.g. methyl, butyl,
      octyl) or cycloalkyl
      ##SPC3##
PAL  radical;
PA1  each X" is separately selected from oxygen and sulfur;
PA1  R.sub.5 is a C.sub.1 to C.sub.10 alkyl or cycloalkyl or C.sub.6 to C.sub.12
      aromatic radical;
PA1  R.sub.6 is a lower alkyl (preferably C.sub.1 to C.sub.4) radical; and
PA1  R.sub.10 is hydrogen or a C.sub.1 to C.sub.10 alkyl or cycloalkyl or
      C.sub.6 to C.sub.12 aryl radical, and
PAR  B. in the preparation of organic compounds wherein sequential free radical
      initiation is utilized, to the improvement of using the novel (I)
      compounds as the source of the sequential free radical generation,
      especially to the preparation of azo-containing polymers from compounds I
      and monomers having ethylenic unsaturation; and to block copolymerization
      of such azo-containing monomers with other vinyl monomers.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The novel compounds of structure I can be prepared in a variety of ways.
      Several of the methods are described in the working examples. For example
      an azo compound containing an acylating group such as an anhydride, acid
      chloride, carboxylic acid or chloroformate may be coupled with an
      equivalent amount of a difunctional intermediate containing reactive
      groups such as diamines, diols, diphenols and dimercaptans. On the other
      hand, difunctional compounds such as diacid chlorides, dianhydrides,
      dicarboxylic acids, diisocyanates, dithioacid chlorides, and
      dichloroformates may be coupled with an equivalent amount of an azo
      compound containing a reactive functional group such as an alcohol, thiol,
      phenol or amine. Coupling reactions are well known to the art and involve
      well known organic reactions such as esterification, amidation,
      etherification, carbonate formation and many others. Especially suitable
      compounds for these coupling reactions are the unsymmetrical t-alkyl or
      t-aralkyl azo compounds containing acylating functions described in our
      copending application Ser. No. 667,352, filed Sept. 13, 1967.
PAR  In some cases it may be beneficial to carry out the coupling reaction on an
      azo precursor, such as the hydrazo, and then oxidize it to the azo after
      the coupling reaction.
PAR  Another method of preparing structure I compounds is to react a
      difunctional salt M.sub.2 Y" with an .alpha.-chloro azo compound of
      general structure II
      ##EQU5##
      wherein: M is an alkali metal (or alkaline earth metal in which case MY"
      would be the reaction); and R, R.sub.1, R.sub.2 and Y" are as defined
      above.
PAR  The sequential decompositions of I can be carried out by a variety of
      techniques. The preferred method is to use two different temperatures,
      wherein at the lower temperature, the reaction is carried out for such a
      time interval that only a partial decomposition of I is obtained, and
      subsequently, the second stage of the reaction is carried out at the
      higher temperature to completely decompose the remaining I. Another method
      is to use the same temperature for both stages, wherein the second stage
      is initiated after the first stage had been carried out for a specified
      time interval wherein only partial decomposition of I had occurred. Other
      methods of decomposing I either partially or completely that can be used
      include irradiation and chemical activation. Thus a variety of techniques
      can be used to decompose I in sequence.
PAR  Depending upon their structure, the 10-hour half-life temperature of the I
      compound can be varied from below 25.degree.C. to above 160.degree.C.
      Thus, when using thermal decomposition techniques only, the symmetrical
      bis azo compounds I can be used to generate free radicals in sequence at
      temperatures from about 20.degree.C. to about 200.degree.C. By employing
      irradiation or chemical activation techniques, the decomposition
      temperatures can be lowered to below 0.degree.C.
PAR  The amount of I that is used in the practice of the present invention will
      depend upon whether the I compound is used to generate free radicals in
      sequence for the purpose of supplying reactant species or initiating
      species. In the former case, stoichiometric amounts of I are used while in
      the latter case, relatively smaller amounts are used ranging from 0.005 to
      20.0 per cent by weight of the reactants used.
PAR  A preferred method of the present invention is to employ the I compounds as
      sequential free radical initiators for preparing block copolymers by
      partially decomposing I in the presence of at least one monomer containing
      ethylenic unsaturation to prepare an azo-containing polymer, i.e., one in
      which the copolymer contains attached undecomposed azo groups; and
      subsequently copolymerizing the azo-containing polymer with at least one
      other vinyl monomer for a time sufficient to complete the decomposition of
      the undecomposed azo portion of said azo-containing polymer. Standard
      polymerization techniques are used such as emulsion, suspension, solution
      and bulk free radical polymerizations.
PAR  Any ethylenically unsaturated monomer capable of being polymerized by free
      radical initiation can be used in the first step of the preferred block
      copolymer process. Illustrative are the vinyl-type monomers (e.g. styrene)
      and the conjugated dienes (e.g. butadiene, isoprene, chloroprene and
      hexadiene).
PAR  The expression "vinyl monomer" includes all those organic compounds
      containing at least one CH.sub.2 =C&lt; group in their molecule. Examples of
      these monomers are styrene, alpha-methylstyrene, dichlorostyrene, vinyl
      naphthalene, vinyl phenol, acrylic acid and the alpha-alkyl substituted
      acrylic acids; the esters of these unsaturated acids, such as methyl
      acrylate, methyl methacrylate, butyl methacrylate, and propyl acrylate;
      the vinylidene halides, such as vinylidene chloride, vinylidene bromide
      and vinylidene fluoride; vinyl esters of the inorganic acids, such as the
      halogen acids and hydrocyanic acid, as vinyl chloride, vinyl bromide,
      acrylonitrile, and methacrylonitrile; the vinyl esters of the
      monocarboxylic acids, such as vinyl acetate, vinyl chloroacetate, vinyl
      benzoate, vinyl valerate, and vinyl caproate; the vinyl esters of the
      polycarboxylic acids, such as divinyl succinate, divinyl adipate, vinyl
      allyl phthalate, vinyl methallyl pimelate, and vinyl methyl glutarate; the
      vinyl esters of the unsaturated acids, such as vinyl acrylate, vinyl
      crotonate, and vinyl methacrylate; the vinyl ethers, such as vinyl ethyl
      ether, vinyl butyl ether, and vinyl allyl ether; the vinyl ketones, such
      as vinyl butyl ketone, and vinyl ethyl ketone; and the allyl derivatives,
      such as allyl acetate, allyl butyrate, diallyl phthalate, diallyl adipate,
      methallyl propionate, allyl chloride, methallyl chloride, allyl acrylate,
      and methallyl methacrylate. The conjugated dienes, such as butadiene and
      chloroprene, are suitable.
PAR  Block copolymers are useful as compatibilizing agents for normally
      incompatible polymers.
PAR  Many novel compounds of the present invention are taught in the working
      examples. Some additional typical compounds of the general structure R --
      N = N -- R.sub.12 -- N = N -- R' which can be similarly prepared are
      illustrated below and many more will be obvious to those skilled in the
      art:
      ##SPC4##
      ##EQU6##
      ##SPC5##
      ##SPC6##
      ##SPC7##
      ##SPC8##
      ##SPC9##
      ##SPC10##
      ##SPC11##
      ##SPC12##
      ##SPC13##
      ##SPC14##
      ##SPC15##
      ##SPC16##
      ##SPC17##
      ##SPC18##
PAC  EXAMPLES
PAR  Numerous illustrative embodiments of this invention are presented below,
      but are not to be considered in limitation thereof.
PAC  EXAMPLE 1
PAC    Preparation of 1,2-Ethylene Bis (4-t-butylazo-4-cyanovalerate)
      ##EQU7##
PAR  To a stirred solution of 3.1 grams (.05 moles) of ethylene glycol and 10
      mls. of pyridine in 100 mls. of methylene chloride in a 250 ml. flask was
      added 22.9 grams (0.1 moles) of 4-t-butylazo-4-cyanovaleryl chloride over
      one-half hour holding the temperature at 15.degree.-20.degree.C with a
      cold water bath. After the addition was complete, the reaction mixture was
      then washed with water, 5% HCl, water, saturated NaHCO.sub.3 solution,
      dried over anhydrous Na.sub.2 SO.sub.4, filtered, and the methylene
      chloride evaporated under reduced pressure leaving 21.7 grams (97% yield)
      of a light yellow liquid. The infrared spectrum was in agreement with the
      structure of the desired compound with the exception of a small amount of
      unreacted acid chloride. The product was purified by passing it through an
      alumina column using pentane as the eluent.
PAC  EXAMPLE II
PAC  Block Copolymer From 1,2-Ethylene Bis (4-t-butylazo-4-cyanovalerate)
PAR  I. Preparation of Azo-containing Polystyrene
PAR  There was charged into a pyrex tube 1.0 grams of 1,2-ethylene
      bis(4-t-butylazo-4-cyanovalerate) of Example 1 and 20 grams of freshly
      distilled styrene monomer. The tube was flushed with nitrogen, sealed and
      heated to 70.degree.C for 8 hours at which time the reaction was stopped.
      The polymer was dissolved in benzene and precipitated from methanol. After
      3 reprecipitations by a similar technique, the polymer (A) was dried and
      weighed. The conversion to polystyrene was 90%.
PAR  II. Preparation of Block Polymer
PAR  A solution of 1.0 g. polymer (A) and 2.0 g. methyl methacrylate was added
      to a 16 .times. 150 mm. pyrex test tube. The tube was flushed with
      nitrogen, sealed and heated to 90.degree.C for 1 hour at which time
      reaction was complete. Copolymer (B) was dissolved in benzene and
      precipitated from methanol twice and dried under vacuum.
PAR  III. Compatibility Test
PAR  To a 16 .times. 150 mm. test tube was added the following chloroform
      solutions: 3.0 g. of a 13% polystyrene (Dow PS-3) solution, 3.0 g. of a
      13% polymethyl methacrylate (Acryloid A-11, Rohm & Hass) solution and 3.0
      g. of a 13% solution of copolymer (B). The tube was sealed and contents
      mixed thoroughly. A control mixture, containing only 13% chloroform
      solutions of the two homopolymers was prepared in a similar manner.
PAR  The control mixture demixed to form two layers in 0.5 to 1 hour while the
      mixture containing copolymer (B) remained stabilized for greater than 11
      days.
PAC  EXAMPLE III
PAC  Preparation of 1,4-Butylene Bis(4-t-butylazo-4-cyanovalerate)
      ##EQU8##
PAR  To a stirred solution of 1.9 grams (.0211 moles) of 1,4-butanediol and 4
      mls. of pyridine in 45 mls of diethyl ether in a 100 ml. flask was added
      9.7 grams (.0422 moles) of 4-t-butylazo-4-cyanovaleryl chloride over 5
      minutes holding the temperature at 25.degree.-30.degree.C with a water
      bath. After the addition was complete, the reaction was stirred an
      additional 3 hours at room temperature. The reaction was diluted with
      water to dissolve the pyridine hydrochloride and the ether layer
      separated. The ether layer was washed with 5% HCl, water, saturated
      NaHCO.sub.3 solution, dried over anhydrous Na.sub.2 SO.sub.4, filtered and
      the ether evaporated under reduced pressure to leave 9.15 grams (91%
      yield) of a light brown liquid. The crude product was purified by passing
      it through an alumina column using pentane as the eluent. The purified
      material weighed 5.7 grams and its infrared spectrum was in agreement with
      that of the desired compound.
PAC  EXAMPLE IV
PAC  Block Copolymer From 1,4-Butylene Bis(4-t-butylazo-4-cyanovalerate)
PAR  I. Preparation of Azo-containing Polystyrene
PAR  There was charged into a pyrex tube 1.0 g. of 1,4-butylene
      bis(4-t-butylazo-4-cyanovalerate) of Example III and 20 grams of freshly
      distilled styrene monomer. The tube was flushed with nitrogen, sealed and
      heated to 70.degree.C for 8 hours at which time the reaction was stopped.
      The polymer was dissolved in benzene and precipitated from methanol. After
      another reprecipitation by a similar technique, the polymer (C) was dried
      and weighed. The conversion to polystyrene was 90%.
PAR  II. Preparation of Block Polymer
PAR  A solution of 1.0 g. polymer (C) and 2.0 g. methyl methacrylate was added
      to a 16 .times. 150 mm. pyrex test tube. The tube was flushed with
      nitrogen, sealed and heated to 90.degree.C for 1 hour at which time
      reaction was complete. Copolymer (D) was dissolved in benzene and
      precipitated from methanol twice and dried under vacuum.
PAR  III. Compatibility Test
PAR  To a 16 .times. 150 mm. test tube was added the following chloroform
      solutions: 3.0 g. of a 13% polystyrene (Dow PS-3) solution, 3.0 g. of a
      13% polymethyl methacrylate (Acryloid A-11, Rohm & Hass) solution and 3.0
      g. of a 13% solution of of copolymer (D). The tube was sealed and contents
      mixed thoroughly. A control mixture, containing only 13% chloroform
      solutions of the two homopolymers was prepared in a similar manner.
PAR  The control mixture demixed to form two layers in 0.5 to 1 hour while the
      mixture containing copolymer (D) remained stabilized for greater than 14
      days.
PAC  EXAMPLE V
PAC  Preparation of Di(4-t-butylazo-4-cyanopentyl) Sebacate
      ##EQU9##
PAR  To a solution of 5.60 grams (.0286 moles) of 4-t-butylazo-4-cyanopentyl
      alcohol (prepared from t-butylhydrazine, NaCN and 1-acetyl-3-propanol) and
      2 mls. of pyridine in 25 mls. of ether in a 100 ml. flask was added 3.42
      grams (.0143 moles) of sebacoyl chloride over 5 minutes, holding the
      temperature at 25.degree.-30.degree.C with a water bath. After the
      addition was complete, the reaction was stirred for an additional 2 hours
      at room temperature. The reaction mixture was then diluted with water, the
      ether layer separated and washed with 5% HCl, water, saturated NaHCO.sub.3
      solution, dried over anhydrous sodium sulfate, filtered and the ether
      evaporated under reduced pressure. The crude product was a clear yellow
      liquid weighing 7.25 grams (91% yield). The crude product was purified by
      passing it through an alumina column using benzene as the eluent. The
      infrared spectrum of the purified material was in agreement with the
      structure of the desired compound.
PAC  EXAMPLE VI
PAC  Block Copolymer From Di(4-t-butylazo-4-cyanopentyl) Sebacate
PAR  I. Preparation of Azo-containing Polystyrene
PAR  There was charged into a pyrex tube 1.0 g. of
      di(4-t-butylazo-4-cyanopentyl) sebacate of example V and 20 grams of
      freshly distilled styrene monomer. The tube was flushed with nitrogen,
      sealed and heated to 70.degree.C for 8 hours at which time the reaction
      was stopped. The polymer was dissolved in benzene and precipitated from
      methanol. After another reprecipitation by a similar technique, the
      polymer (E) was dried and weighed. The conversion to polystyrene was 90%.
PAR  II. Preparation of Block Polymer
PAR  A solution of 1.0 g. of polymer (E) and 2.0 g. methyl methacrylate was
      added to a 16 .times. 150 mm. pyrex test tube. The tube was flushed with
      nitrogen, sealed and heated to 90.degree.C for 1 hour at which time
      reaction was complete. Copolymer (F) was dissolved in benzene and
      precipitated from methanol twice and dried under vacuum.
PAR  III. Compatibility Test
PAR  To a 16 .times. 150 mm. test tube was added the following chloroform
      solutions: 3.0 g. of 13% polystyrene (Dow PS-3) solution, 3.0 g. of a 13%
      polymethyl methacrylate (Acryloid A-11, Rohm and Hass) solution and 3.0 g.
      of a 13% solution of copolymer (F). The tube was sealed and contents mixed
      thoroughly. A control mixture containing only 13% chloroform solutions of
      the two homopolymers was prepared in a similar manner.
PAR  The control mixture demixed to form two layers in 0.5 to one hour while the
      mixture containing copolymer (F) remained stabilized for greater than 14
      days.
PAC  EXAMPLE VII
PAC  Preparation of Ethylene Bis(4-t-butylazo-4-methoxypentyl carbonate)
      ##EQU10##
PAR  To a solution of 1.6 grams (.006 moles) of 4-t-butylazo4-methoxypentyl
      chloroformate* in 20 ml. of pentane in a 100 ml. round bottom flask was
      added a solution of 0.19 grams (.003 moles) of ethylene glycol and 0.5
      grams (.006 moles) of pyridine in 10 mls. of methylene chloride dropwise
      over 1 hour. The reaction was stirred an additional one-half hour and then
      10 ml. of cold water added. The organic layer was separated, washed with
      5% HCl, water, saturated NaHCO.sub.3 solution, dried over anhydrous
      Na.sub.2 SO.sub.4, filtered and the solvent evaporated to leave 0.9 grams
      (60%) of a light yellow liquid. The infrared spectrum was in agreement
      with the structure of the desired product.
FNT  *The synthesis of the chloroformates used in Examples VII to XII are
      described in our copending application Ser. No. 667,352, filed Sept. 13,
      1967.
PAC  EXAMPLE VIII
PAC  Preparation of Ethylene Bis [4-t-butylazo-4-(p-t-butylthiophenoxy)pentyl
      carbonate]
      ##SPC19##
PAR  To a solution of 3.6 grams (.009 moles) of
      4-t-butylazo4-(p-t-butylthiophenoxy)pentyl chloroformate in 25 mls. of
      pentane in a 100 ml. round bottom flask was added a solution of 0.27 grams
      (.0045 moles) of ethylene glycol and 0.65 grams (.009 moles) of pyridine
      in 10 ml. of methylene chloride dropwise over 1 hour. The reaction was
      stirred an additional one-half hour and then 10 ml. of cold water added.
      The organic layer was separated washed with 5% HCl, water, saturated
      NaHCO.sub.3 solution, dried over anhydrous Na.sub.2 SO.sub.4, filtered and
      the solvent evaporated to leave 2.6 grams (73%) of a yellowish brown
      viscous liquid. The infrared spectrum was in agreement with the structure
      of the desired product.
PAC  EXAMPLE IX
PAC  Preparation of Ethylene Bis(4-t-butylazo-4-thiocyanopentyl carbonate)
      ##EQU11##
PAR  To a solution of 1.3 grams (.0045 moles) of 4-t-butylazo-4-thiocyanopentyl
      chloroformate in 25 mls. of pentane in a 100 ml. round bottom flask was
      added a solution of 0.14 grams (.0022 moles) of ethylene glycol and 0.35
      grams (.0045 moles) of pyridine in 10 mls. of methylene chloride over
      one-half hour and then 10 ml. of cold water added. The organic layer was
      separated, washed with 5% HCl, water, saturated NaHCO.sub.3 solution,
      dried over anhydrous Na.sub.2 SO.sub.4, filtered and the solvent
      evaporated to leave 1.2 grams (96% yield) of a light yellow liquid. The
      crude product was purified by passing it through an alumina column using
      pentane as eluent. The infrared spectrum of the purified material was in
      agreement with the structure of the desired product.
PAC  EXAMPLE X
PAC  Preparation of Ethylene Bis(4-t-butylazo-4-phenoxypentyl carbonate)
      ##EQU12##
PAR  To a solution of 4.8 grams (.0145 moles) of 4-t-butylazo-4-phenoxypentyl
      chloroformate in 25 ml. of pentane in a 100 ml. round bottom flask was
      added a solution of 0.45 grams (.0072 moles) of ethylene glycol and 1.2
      grams (.0145 moles) of pyridine in 10 mls. of methylene chloride over
      one-half hour at 25.degree.C. the reaction was stirred an additional
      one-half hour and then 10 ml. of cold water added. The organic layer was
      separated, washed with 5% HCl, water, saturated NaHCO.sub.3 solution,
      dried over anhydrous Na.sub.2 SO.sub.4, filtered and the solvent
      evaporated to leave 4.0 grams (87% yield) of a light yellow liquid. The
      crude product was purified by passing it through an alumina column using
      pentane as eluent. The infrared spectrum of the purified material was in
      agreement with the structure of the desired product.
PAC  EXAMPLE XI
PAC  Preparation of Ethylene Bis [4-t-butylazo-4-(octylthio)pentyl carbonate]
      ##EQU13##
PAR  To a solution of 7.5 grams (.02 moles) of 4-t-butylazo-4-(octylthio)pentyl
      chloroformate in 30 ml. of pentane in a 100 ml. round bottom flask was
      added a solution of 0.62 grams (.01 moles) of ethylene glycol and 1.6
      grams (.02 moles) of pyridine in 10 mls. of methylene chloride over
      one-half hour at 25.degree.C. The reaction was stirred an additional
      one-half hour and then 10 ml. cold water added. The organic layer was
      separated, washed with 5% HCl, water, saturated NaHCO.sub.3 solution,
      dried over anhydrous Na.sub.2 SO.sub.4, filtered and the solvent
      evaporated to leave 6.5 grams (87% yield) of a light brown liquid. The
      crude product was purified by passing it through an alumina column using
      pentane as the eluent. The infrared spectrum of the purified material was
      in agreement with the structure of the desired product.
PAC  EXAMPLE XII
PAC  Preparation of Ethylene Bis(4-t-butylazo-4-azidopentyl carbonate)
      ##EQU14##
PAR  To a solution of 4.2 grams (.015 moles) of 4-t-butylazo-4-azidopentyl
      chloroformate in 30 ml. of pentane in a 100 ml. round bottom flask was
      added a solution of 0.475 grams (.0075 moles) of ethylene glycol land 1.2
      grams (.015 moles) of pyridine in 10 mls. of methylene chloride over
      one-half hour at 25.degree.C. The reaction was stirred an additional
      one-half hour and then 10 ml. cold water added. The organic layer was
      separated, washed with 5% HCl, water, saturated NaHCO.sub.3 solution,
      dried over anhydrous Na.sub.2 SO.sub.4, filtered and the solvent
      evaporated to leave 3.4 grams (84% yield) of a yellow liquid. The crude
      product containing a small amount of unreacted chloroformate was purified
      by passing it through an alumina column using pentane as the eluent. The
      infrared spectrum of the purified material was in agreement with the
      structure of the desired product.
PAC  EXAMPLE XIII
PAC  Preparation of 1,3-Di(t-butylazocarbonyl)benzene
      ##SPC20##
PAL  A. preparation of the di-t-butylhydrazide of isophthalic acid
PAR  To a solution 52.7 grams (0.6 moles) of t-butylhydrazine in 400 grams of
      saturated salt solution in a 1 liter 4-neck round bottom flask equipped
      with a mechanical stirrer, thermometer, condenser, and dropping funnel was
      added 50 grams (.625 moles) of 50% NaOH. The temperature was adjusted to
      10.degree.C with an ice bath and a solution of 20.3 grams (0.1 moles) of
      isophthaloyl chloride in 75 mls. of methylene chloride was added dropwise
      through the dropping funnel over one-half hour holding the temperature at
      10.degree.C .+-. 2.degree.. At the end of the addition, the ice bath was
      removed and the reaction was stirred an additional 21/2 hours. A white
      solid formed during the stirring period. The mixture was filtered and the
      filter cake was washed twice with water and twice with methylene chloride
      and dried overnight. The dried material weighed 23.5 grams (77% yield) and
      decomposed with melting at 245.degree.C.
PAL  B. oxidation of the di-t-butylhydrazide of isophthalic acid
PAR  To a slurry of 1.5 grams (.005 moles) of the di-t-butylhydrazide of
      isophthalic acid in 25 ml. of pentane was added 4.87 grams (.01 moles) of
      lead tetraacetate (containing 10% acetic acid) and the mixture stirred 4
      hours at 35.degree.C. At the end of the reaction period the mixture was
      filtered and the pentane layer in the filtrate separated. The red pentane
      solution was washed with saturated NaHCO.sub.3 solution, water, dried over
      anhydrous Na.sub.2 SO.sub.4, filtered and the pentane evaporated leaving
      0.35 grams (23% yield) of an orange-red liquid. The crude product was
      purified by low temperature recrystallization to give an orange solid with
      a melting range of 40.degree.-45.degree.C and gassed at 90.degree.C. The
      infrared spectrum of the purified solid was in agreement with the
      structure of the desired compound.
PAC  EXAMPLE XIV
PAC  Preparation of Ethylene Bis(4-t-amylazo-4-cyanovalerate)
      ##EQU15##
      A. Preparation of butyl 4-t-amylazo-4-chlorovalerate
PAR  Butyl levulinate t-amylhydrazone was prepared in 90% yield by refluxing an
      aqueous solution of t-amylhydrazine with an equimolar amount of butyl
      levulinate.
PAR  To a solution of 90 grams (.316 moles) of butyl levulinate t-amylhydrazone
      in 150 mls. of pentane in a 500 ml. round bottom flask was passed 10.9
      grams (.154 moles) of chlorine holding the temperature at -20.degree.C
      with a dry ice- isopropanol bath. The chlorine was added over 30 minutes
      and then the reaction was stirred an additional 15 minutes at -20.degree.C
      and filtered. The filtrate was dried and the pentane evaporated leaving
      46.6 grams of crude butyl 4-t-amylazo-4-chlorovalerate.
PAL  B. preparation of butyl 4-t-amylazo-4-cyanovalerate
PAR  To a solution of 6.2 grams (.126 moles) of sodium cyanide in 100 mls. of
      75% aqueous methanol in a 300 ml. flask was added 36.6 grams (.125 moles)
      of butyl 4-t-amylazo-4-chlorovalerate dropwise over 50 minutes holding the
      temperature at 10.degree.C .+-. 2.degree. with a cold water bath. After
      the addition was complete, the cold water bath was removed and the
      reaction stirred for one hour. The reaction mixture was diluted with 300
      mls. of water and the product extracted with pentane. The pentane solution
      was washed with saturated NaHCO.sub.3 solution, dried over anhydrous
      sodium sulfate, filtered, and the pentane evaporated to leave 29.7 grams
      (83% yield) of crude butyl 4-t-amylazo-4-cyanovalerate.
PAL  C. preparation of 4-t-amylazo-4-cyanovaleric acid
PAR  To a solution of 27.7 grams (.0938 moles) of butyl
      4-t-amylazo-4-cyanovalerate in 50 mls. of methanol in a 200 ml. flask was
      added 6.4 grams (.094 moles) of 85% KOH pellets and the solution stirred
      for 2 hours at 25.degree.C and for one-half hour at 35.degree.C. The
      solution was then poured into 200 mls. of cold water and extracted with
      pentane and the pentane extract discarded. The aqueous layer was acidified
      to a pH of 3 with conc. HCl and then extracted with methylene chloride.
      The methylene chloride layer was dried over anhydrous Na.sub.2 SO.sub.4,
      filtered and the methylene chloride evaporated leaving 10.5 grams (50%
      yield) of a yellow liquid. The liquid was further purified by dissolving
      it in 10% NaOH and then precipitating it out with conc. HCl. This resulted
      in a creamy solid which was filtered off and dried to give 10.0 grams
      (M.P. 60.degree.-62.degree.C) of 4-t-amylazo-4-cyanovaleric acid.
PAL  D. preparation of 4-t-amylazo-4-cyanovaleryl chloride
PAR  To a stirred slurry of 10 grams (.0443 moles) of 4-t-amylazo-4-cyanovaleric
      acid in 50 mls. of pentane in a 100 ml. flask was added 9.37 grams(.045
      moles) of PCl.sub.5 over a 10 minute period. After the addition was
      complete, the reaction was stirred at room temperature for another 50
      minutes and poured into 100 mls. of ice water. The pentane layer was
      separated, washed with 10% NaHCO.sub.3 solution, dried over anhydrous
      Na.sub.2 SO.sub.4, filtered and the pentane evaporated to leave 9.0 grams
      (84% yield) of 4-t-amylazo-4-cyanovaleryl chloride.
PAL  E. preparation of Ethylene Bis(4-t-amylazo-4-cyanovalerate)
PAR  To a stirred solution of 0.508 grams (.0082 moles) of ethylene glycol and 2
      mls. of pyridine in 25 ml. pentane was added 4.0 grams (.0164 moles) of
      4-t-amylazo-4-cyanovaleryl chloride dropwise holding the temperature at
      25.degree.C .+-. 2.degree. with a water bath. After the addition was
      complete, the reaction was stirred for 1 hour at 24.degree.C, diluted with
      25 mls. water and the pentane layer separated. The pentane solution was
      washed with water, 5% HCl, water, and saturated NaHCO.sub.3 solution,
      dried over anhydrous Na.sub.2 SO.sub.4, filtered and the pentane
      evaporated to leave 3.2 grams (82% yield) of a clear yellow liquid. The
      infrared spectrum of the product was in agreement with the structure of
      the desired product.
PAC  EXAMPLE XV
PAC  Preparation of Ethylene Bis(4-t-cumylazo-4-cyanovalerate)
      ##EQU16##
      A. Preparation of butyl 4-t-cumylazo-4-chlorovalerate
PAR  Butyl levulinate t-cumylhydrazone was prepared in 84% yield by refluxing an
      aqueous solution of t-cumylhydrazine with an equimolar amount of butyl
      levulinate.
PAR  To a solution of 64 grams (0.2 moles) of butyl levulinate t-cumylhydrazone
      in 150 mls. of pentane in a 500 ml. round bottom flask was passed 7.1
      grams (0.1 moles) of chlorine holding the temperature at -20.degree.C with
      a dry ice-isopropanol bath. The chlorine was added over 30 minutes and
      then the reaction was stirred an additional 15 minutes at -20.degree.C and
      filtered. The filtrate was dried over anhydrous Na.sub.2 SO.sub.4,
      filtered and the pentane evaporated, leaving 33.6 grams (94.7% yield) of
      butyl 4-t-cumylazo-4-chlorovalerate.
PAL  B. preparation of butyl 4-t-cumylazo-4-cyanovalerate
PAR  To a solution of 1.77 grams (.036 moles) of sodium cyanide in 30 mls. of
      75% aqueous methanol in a 100 ml. flask was added 12.25 grams (.0246
      moles) of butyl 4-t-cumylazo-4-chlorovalerate dropwise over 50 minutes
      holding the temperature at 10.degree.C .+-. 2.degree. with a cold water
      bath. After the addition was complete, the cold water bath was removed and
      the reaction stirred for one hour. The reaction mixture was diluted with
      150 mls. of cold water and extracted with pentane. The pentane solution
      was washed with saturated NaHCO.sub.3 solution, dried over anhydrous
      sodium sulfate, filtered and the pentane evaporated to leave 10.7 grams
      (90% yield) of crude butyl 4-t-cumylazo-4-cyanovalerate.
PAL  C. preparation of 4-t-cumylazo-4-cyanovaleric acid
PAR  To a solution of 10.7 grams (.031 moles) of butyl
      4-t-cumylazo-4-cyanovalerate in 30 mls. of methanol in a 100 ml. flask was
      added 2.8 grams (.035 moles) of 50% NaOH and the solution stirred for 31/2
       hours at room temperature. The solution was then poured into 150 mls. of
      water and extracted with methylene chloride to remove the butyl alcohol
      and any unreacted ester. The aqueous layer was acidified to pH 3 with
      conc. HCl and the acid extracted with methylene chloride. The methylene
      chloride solution was dried over anhydrous Na.sub.2 SO.sub.4, filtered and
      the methylene chloride evaporated to leave 8.4 grams (94% yield) of
      4-t-cumylazo-4-cyanovaleric acid.
PAL  D. preparation of 4-t-cumylazo-4-cyanovaleryl chloride
PAR  To a stirred slurry of 8.4 grams (.029 moles) of
      4-t-cumylazo-4-cyanovaleric acid in 25 mls. of pentane in a 50 ml. flask
      was added 6.25 grams (.030 moles) of PCl.sub.5 over a 5 minute period.
      After the addition was complete, the reaction was stirred at room
      temperature for 1 hour and poured into 100 mls. of ice water. The pentane
      layer was separated, washed, with 10% NaHCO.sub.3 solution, dried over
      anhydrous Na.sub.2 SO.sub.4, filtered and the pentane evaporated to leave
      5.7 grams (64% yield) of 4-t-cumylazo-4-cyanovaleryl chloride.
PAL  E. preparation of Ethylene Bis(4-t-cumylazo-4-cyanovalerate)
PAR  To a stirred solution of 0.22 grams (.004 moles) of ethylene glycol and 1
      ml. of pyridine in 10 mls. of methylene chloride was added 2.2 grams
      (.0072 moles) of 4-t-cumylazo-4-cyanovaleryl chloride dropwise holding the
      temperature at 25.degree.C .+-. 2.degree.C. After the addition was
      complete, the reaction was stirred for 1 hour at room temperature, diluted
      with 25 mls. of water and the methylene chloride layer separated. The
      methylene chloride solution was washed with water, 5% HCl, water and
      saturated NaHCO.sub.3 solution, dried over anhydrous Na.sub.2 SO.sub.4,
      filtered and the methylene chloride evaporated to leave 1.6 grams (74%
      yield) of a clear yellow liquid. The infrared spectrum of the product was
      in agreement with the structure of the desired product.
PAC  EXAMPLE XVI
PAC  Preparation of 2,2-Bis[4-(1 -(t-butylazo)cyclohexoxy)phenyl]propane
      ##SPC21##
PAR  To a solution of 2.28 g. (.01 moles) of 4,4-isopropylidenediphenol in 25
      mls. of dimethylformamide in a 100 ml. beaker was added 1.6 grams (.02
      moles) of 50% NaOH and the mixture stirred 30 minutes at room temperature.
      To this solution was added 4.1 grams (.021 moles) of
      1-t-butylazo-1-chlorocyclohexane (prepared from cyclohexanone
      t-butylhydrazone and chlorine) dropwise at room temperature. After the
      addition was complete, the reaction was stirred 80 minutes at room
      temperature, poured into 150 ml. of water and extracted with pentane. The
      pentene solution was washed with water, dried over anhydrous Na.sub.2
      SO.sub.4, stirred over alumina, filtered and the pentane evaporated to
      leave 1.8 grams (32% yield) of a straw colored solid whose melting point
      was 66.degree.-68.degree.C.
PAR  The infrared spectrum of the crude product was in agreement with the
      structure of the desired compound.
PAC  EXAMPLE XVII
PAC  Preparation of Bis(1-t-butylazo-1,3-dimethylbutyl)ether
      ##EQU17##
PAR  To a slurry of 1.19 grams (.0283 moles) of sodium hydride in 50 ml. of
      dioxane in a 100 ml. reaction flask equipped with a magnetic stirrer,
      thermometer, addition funnel, and gas bubbler was added 5.25 grams (.0283
      moles) of 2-t-butylazo-2-hydroxy-4-methylpentane (prepared as in WL 1352
      from 2-t-butylazo-2-chloro-4-methylpentane and water) and the mixture
      stirred for 2 hours at 25.degree.C. At this point there was no further
      hydrogen evolution through the bubbler. To this mixture was added 5.77
      grams (.0283 moles) of 2-t-butylazo-2-chloro-4-methylpentane dropwise over
      15 minutes keeping the temperature at 20.degree.C. At the end of the
      addition the reaction was stirred an additional 21/2  hours at
      20.degree.C, poured into 200 ml. of ice water and extracted with pentane.
      The pentane solution was washed with water, dried over anhydrous sodium
      sulfate, filtered, stirred over alumina for 40 minutes, filtered and the
      pentane evaporated to leave 3.7 grams (34% yield) of a light yellow
      liquid. The infrared spectrum of the crude product is in agreement with
      the structure of the desired product. It also shows there is some methyl
      isobutyl ketone present.
PAC  EXAMPLE XVIII
PAC  Preparation of 1,4-Bis[ 1-(t-butylazo)-1,3-dimethylbutoxy]butane
      ##EQU18##
PAR  To a slurry of 1.98 grams (.047 moles) of sodium hydride in 50 ml. dioxane
      in a 100 ml. reaction flask equipped with a magnetic stirrer, thermometer,
      addition funnel, and gas bubbler, was added 2.11 grams (.0235 moles) of
      1,4-butanediol. The reaction was followed by hydrogen evolution and it
      required over 8 hours to complete so the reaction was stirred overnight.
      The next morning, 9.59 grams (.047 moles) of
      2-t-butylazo-2-chloro-4-methylpentane was added dropwise at room
      temperature to the stirred salt solution. After the addition was complete,
      the reaction was stirred 4 hours and then checked by gas chromatography.
      Gas chromatography indicated there was a small amount of unreacted
      2-t-butylazo-2-chloro-4-methylpentane left so the reaction was allowed to
      stir overnight. The next day, the reaction mixture was poured into 200
      mls. of cold water and extracted with pentane. The pentane solution was
      washed with H.sub.2 O, dried over anhydrous sodium sulfate, filtered and
      the pentane evaporated to leave 9.3 grams (93% yield) of a straw yellow
      liquid. The crude product was purified by column chromatography over
      alumina, using pentane as the eluent. The infrared spectrum of the
      purified material was in agreement with the structure of the desired
      product.
PAC  EXAMPLE XIX
PAC  Preparation of Di(1-t-butylazo-1,3-dimethylbutyl) Succinate
      ##EQU19##
PAR  To a slurry of 5.97 grams (.0221 moles) of sodium succinate in 75 mls. of
      dimethylformamide in a 200 beaker, warmed to 35.degree.C in a water bath,
      was added 9.0 grams (.0442 moles) of 2-t-butylazo-2-chloro-4-methylpentane
      dropwise. After the addition was complete, the reaction was stirred for 3
      hours at room temperature, poured into 200 ml. of cold water and extracted
      with pentane. The pentane solution was washed with water, dried over
      anhydrous Na.sub.2 SO.sub.4, filtered, stirred over alumina, filtered and
      the pentane evaporated to leave 6.0 grams (60% yield) of a light yellow
      liquid. The crude product was purified by column chromatography using
      pentane as eluent. The infrared spectrum of the purified product was in
      agreement with the structure of the desired product.
PAC  EXAMPLE XX
PAC  Preparation of Bis(1-t-butylazo-1,3-dimethylbutyl)Sulfide
      ##EQU20##
PAR  To a solution of 2.14 grams (.0271 moles) of sodium sulfide in 50 mls. of
      75% aqueous methanol in a 200 ml. beaker, cooled to 15.degree.C in a water
      bath, was added 11.05 grams (.0543 moles) of
      2-t-butylazo-2-chloro-4-methylpentane dropwise over a 15 minute period.
      After the addition was complete the reaction was stirred for 90 minutes at
      15.degree.C, poured into 200 mls. of water and extracted with pentane. The
      pentane solution was washed with water, dried over anhydrous sodium
      sulfate, filtered and the pentane evaporated to leave 7.7 grams (77%
      yield) of a yellow liquid. The infrared spectrum was in agreement with the
      structure of the desired product. The crude product was purified by low
      temperature recrystallization from pentane.
PAC  EXAMPLE XXI
PAC  Preparation of N,N'-Ethylene Bis(t-butylazoformamide)
      ##EQU21##
PAR  To a solution of 8 g. (.046 m) of isopropyl t-butylazocarboxylate in 25 ml.
      ethanol, cooled to 5.degree.C, was added 1.38 g. (.023 m) of
      ethylenediamine dropwise over 5 minutes. The temperature slowly rose to
      12.degree. and then subsided. The reaction was stirred an additional
      one-half hour and the ethanol stripped off. The resulting solid was
      slurried in warm benzene and filtered. The filter cake weighed 1.7 g. and
      had a melting point of 166.degree.-167.degree.C. The infrared spectrum of
      the yellow solid was in agreement with that of the title product.
PAR  Evaporation of the benzene from the filtrate left 2.3 g. of a yellow liquid
      whose infrared spectrum was in agreement with the structure of the mono
      product t-butylazo-N-(2-aminoethyl)formamide.
PAC  EXAMPLE XXII
PAC  Preparation of Di(1-t-butylazo-1-cyclohexyl) Sulfide
      ##SPC22##
PAR  A solution of 1.56 grams (0.2 moles) of sodium sulfide in 50 ml. of 75%
      aqueous methanol was prepared in a 200 ml. beaker and cooled to
      15.degree.C. To this solution was added 8.2 grams (.0404 moles) of
      1-t-butylazo-1-chlorocyclohexane dropwise over a 15 minute period. After
      the addition was complete, the reaction was stirred for 45 minutes at room
      temperature and poured into 100 ml. of cold water. A solid formed and was
      filtered off and dried. The dried material weighed 2.2 grams (30% yield).
      The infrared spectrum of the product was in agreement with the structure
      of the desired compound.
PAC  EXAMPLE XXIII
PAC  Preparation of Di(1-t-butylazo-1-methylethyl) Sulfide
      ##EQU22##
PAR  To a solution of 2.73 grams (.035 moles) of sodium sulfide in 30 ml. of
      water in a 200 ml. beaker was added 11.55 grams (.071 moles) of
      2-t-butylazo-2-chloropropane dropwise with rapid stirring over 15 minutes.
      After the addition was complete, the reaction was stirred for 1 hour at
      room temperature, poured into 100 ml. of water and extracted with pentane.
      The pentane solution was washed with 10% HCl, water, and saturated
      NaHCO.sub.3 solution, dried over anhydrous sodium sulfate, stirred over
      alumina, filtered and the pentane evaporated under reduced pressure to
      leave 3.0 grams (30% yield) of a straw yellow liquid. The infrared
      spectrum of the product was in agreement with that of the desired product.
PAC  EXAMPLE XXIV
PAC  Preparation of 1,6-Di[1-(t-butylazo)-1,3-dimethylbutylthio]hexane
      ##EQU23##
PAR  To a solution of 2.7 grams (.0412 moles) of 85% potassium hydroxide in 50
      ml. of methanol in a 250 ml. beaker was added 3.1 grams (.0206 moles) of
      1,6-hexanedithiol dropwise. After the addition was complete, the reaction
      was stirred for 30 minutes at room temperature and then cooled to
      15.degree.C. To the cooled solution was added 8.4 grams (.0412 moles) of
      2-t-butylazo-2-chloro-4-methylpentane dropwise over a 20 minute period
      keeping the temperature at 15.degree.C. After the addition was complete
      and the exotherm subsided, the reaction was stirred for an additional 60
      minutes at room temperature, poured into 150 ml. water and extracted with
      pentane. The pentane solution was washed with water, saturated NaHCO.sub.3
      solution and water, dried over anhydrous sodium sulfate, filtered and the
      pentane evaporated to leave 8.5 grams (85% yield) of a light yellow
      liquid. The infrared spectrum of the product was in agreement with the
      structure of the desired product.
PAC  EXAMPLE XXV
PAC  Preparation of 1,4-Cyclohexylenedimethyl Bis[2-(t-butylazo)isopropyl
      carbonate]
      ##SPC23##
PAL  A. preparation of 2-t-butylazo-2-hydroxypropane
PAR  2-t-butylazo-2-hydroxypropane was prepared by reacting aqueous sodium
      hydroxide and 2-t-butylazo-2-chloropropane in t-butyl alcohol. The
      2-t-butylazo-2-hydroxypropane was isolated by diluting the alcohol
      solution with water and extracting with pentane.
PAL  B. preparation of sodium 2-t-butylazo-isopropoxide
PAR  To a slurry of 1.96 grams (.0467 moles) of 57% sodium hydride (in mineral
      oil) in 70 ml. of dioxane in a 250 ml. reaction flask equipped with
      magnetic stirrer, thermometer, addition funnel and gas outlet, was added
      6.75 grams (.0468 moles) of 2-t-butylazo-2-hydroxypropane dropwise over 20
      minutes holding the temperature at 10.degree. to 15.degree.C. After the
      addition was complete, the reaction was stirred for 30 minutes at
      20.degree.C. The sodium salt slurry was then ready to be used in step D.
PAL  C. preparation of 1,4-cyclohexylenedimethyl bis chloroformate
PAR  To a cold solution (5.degree.C) of 15.8 grams (0.2 moles) of pyridine and
      39.2 grams (0.4 moles) of phosgene in 250 ml. of methylene chloride in a 1
      liter reaction flask was added 14.62 grams (0.1 mole) of solid
      1,4-cyclohexanedimethanol in small portions over 35 minutes, holding the
      temperature at 0.degree.C with an ice bath. After the addition was
      complete the reaction was stirred for 20 minutes at 0.degree.C. The ice
      bath was removed, the reaction slowly warmed to room temperature and
      stirred for 30 minutes and the excess phosgene stripped off by a water
      aspirator. A 200 ml. portion of ice water was added and the reaction
      mixture stirred until the pyridine hydrochloride dissolved. The methylene
      chloride layer was separated, washed with water, dried over anhydrous
      sodium sulfate, filtered and stripped. The product weighed 25.3 grams
      (93.5% yield) and was used as such in step D.
PAL  D. preparation of 1,4-cyclohexylenedimethyl bis[2-(t-butylazo)-isopropyl
      carbonate]
PAR  The slurry of sodium 2-t-butylazo-isopropoxide prepared in step B was
      cooled to 10.degree.C and a solution of 6.32 grams (.0233 moles) of
      1,4-cyclohexylenedimethyl bischloroformate in 10 ml. of methylene chloride
      added dropwise keeping the temperature at 15.degree.C. After the addition
      was complete and the exotherm subsided, the reaction was stirred for 60
      minutes at room temperature, poured into 200 ml. of cold water and
      extracted with methylene chloride. The methylene chloride solution was
      washed with water, dried over anhydrous sodium sulfate, stirred over
      alumina, filtered and the methylene chloride evaporated under reduced
      pressure. The residue was a light yellow liquid weighing 10.0 grams (100%
      yield) which slowly solidified. The infrared spectrum of the product was
      in agreement with that of the desired compound.
PAC  EXAMPLE XXVI
PAC  Preparation of S,S-1,6-Hexylene Bis[2-(t-butylazo)isopropyl thiocarbonate]
      ##EQU24##
      A. Preparation of 1,6-Hexylene Bis(thiochloroformate)
PAR  To a cold solution (5.degree.C) of 15.8 grams (0.2 moles) of pyridine and
      39.2 grams (0.4 moles) of phosgene in 250 ml. of methylene chloride in a 1
      liter reaction flask, was added 15.03 grams (0.1 mole) of
      1,6-hexanedithiol dropwise over 25 minutes holding the temperature at
      0.degree. to 5.degree.C with an ice bath. After the addition was complete
      the reaction was stirred for 15 minutes at 5.degree.C and 30 minutes at
      room temperature. The excess phosgene was stripped off by a water
      aspirator and the residue washed with 200 ml. of ice cold water to remove
      the pyridine hydrochloride. The methylene chloride layer was separated,
      washed again with water, dried over anhydrous sodium sulfate, filtered and
      the methylene chloride evaporated under reduced pressure to leave 27.4
      grams (100% yield) of a colorless liquid.
PAL  B. preparation of S,S-1,6-Hexylene Bis[2-(t-butylazo)isopropyl
      thiocarbonate]
PAR  A slurry of sodium 2-t-butylazo-isopropoxide was prepared as in Example XXV
      from 5.3 grams (.0368 moles) of 2-t-butylazo-2-hydroxypropane and 1.55
      grams (.0368 moles) of sodium hydride in 50 ml. of dioxane. The slurry was
      cooled to 15.degree.C and 5.02 grams (.0184 moles) of 1,6-hexylene
      bis(thiochloroformate) added dropwise over a 20 minute period, holding the
      temperature at 15.degree.C with a cold water bath. After the addition was
      complete, the reaction was stirred for 60 minutes at room temperature,
      poured into 150 ml. of cold water and extracted with pentane. The pentane
      solution was washed with water, saturated NaHCO.sub.3 solution and water,
      dried over anhydrous sodium sulfate, stirred over alumina, filtered and
      the pentane evaporated to leave 4.0 grams (44.5% yield) of a light yellow
      liquid. The infrared spectrum of the product was in agreement with the
      structure of the desired compound.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process for preparing a polymer by free radical initiation, the
      improvement which comprises polymerizing at least one monomer containing
      ethylenic unsaturation in the presence of a bis-azo compound having the
      formula:
EQU  R--N=N--R.sub.12 --N=N--R"                                 (I)
PAL  wherein
PA1  R equals R' equals (R").sub.3 C;
PA1  (r").sub.3 c is C.sub.4 -C.sub.20 t-alkyl, cycloalkyl, alkylcycloalkyl,
      arylcycloalkyl or aralkyl wherein R" is C.sub.1 -C.sub.8 alkyl, C.sub.7
      -C.sub.12 aralkyl or C.sub.6 -C.sub.14 aryl, not more than one R' being
      aromatic, and two or three of said R"s can join with the tertiary carbon
      atom to form a cyclo-, bicyclo- or tricyclo-hydrocarbon radical of 3-12
      carbons;
PA1  R.sub.12 is
      ##EQU25##
      R.sub.1 and R.sub.2 are C.sub.1 -C.sub.8 alkyl, C.sub.3 -C.sub.12 cyclo-,
      bicyclo- or tricycloalkyl, C.sub.7 -C.sub.12 aralkyl, or 5-6 membered
      heterocyclic wherein the hetero atom is O or N, R.sub.1 and R.sub.2 taken
      together can form a C.sub.3 -C.sub.11 alkylene diradical, one or more of
      each of the R.sub.1 s and R.sub.2 s can be substituted with lower alkoxy,
      hydroxy, carboxy, lower alkoxycarbonyl, lower alkylcarbonyloxy, halo,
      cyano, dimethylamido or lower alkylsulfonato radicals, and R.sub.1 can
      also be C.sub.6 -C.sub.14 aryl;
PA1  Y" is --NHNH--, --S--, --O--, --SS--,
      ##EQU26##
      or --X"R.sub.13 X"--; Z is --CN, --Cl, --Br, --X"R.sub.5, --N.sub.3,
      --SCN, --NCS, --OCN, --OOR, --OOH, --OH, --R.sub.5, --NO.sub.2,
      --NO.sub.3, --C.tbd.CR.sub.10, --C(=O)NH.sub.2, --C(=O)OR.sub.6,
      --C(=NH)NH.sub.2, --C(=NH)OR.sub.6, --OC(=O)H, --X"C(=X")X"R.sub.5,
      --X"C(=X")R.sub.5, --OOC(=O)R.sub.5,
      ##EQU27##
      ##SPC24##
PAL  or
      ##EQU28##
      R'.sub.13 is a C.sub.2 -C.sub.20 symmetrical diradical selected from
      alkyl, alkylaralkyl or alkylcycloalkylalkyl groups optionally containing
      two or more non-adjacent oxygen, sulfur or nitrogen atoms in the backbone
      structure, cycloalkyl or, when R.sub.1 is not phenyl or substituted
      phenyl, from C.sub.6 -C.sub.12 hydrocarbon aromatic;
PA1  R.sub.13 is a symmetrical C.sub.5 -C.sub.15 alkyl-cycloalkyl, C.sub.2
      -C.sub.10 alkylene, C.sub.3 -C.sub.12 cycloalkylene, C.sub.6 -C.sub.12
      hydrocarbon aryl or C.sub.8 -C.sub.15 alkyl-aryl diradical;
PA1  X" is oxygen or sulfur;
PA1  R.sub.5 is C.sub.1 -C.sub.10 alkyl or cycloalkyl or C.sub.6 -C.sub.12
      hydrocarbon aromatic;
PA1  R.sub.6 is lower alkyl; and
PA1  R.sub.10 is hydrogen, C.sub.1 -C.sub.10 alkyl or cycloalkyl or C.sub.6
      -C.sub.12 hydrocarbon aryl.
NUM  2.
PAR  2. The process of claim 1 wherein
PA1  R.sub.1 and R.sub.2 are C.sub.1 -C.sub.8 alkyl, C.sub.3 -C.sub.12 cyclo-,
      bicyclo- or tricycloalkyl, or C.sub.7 -C.sub.12 aralkyl, R.sub.1 and
      R.sub.2 taken together can form a C.sub.3 -C.sub.11 alkylene diradical,
      one or more of each of the R.sub.1 s and R.sub.2 s can be substituted with
      lower alkoxy, hydroxy, carboxy, lower alkoxycarbonyl, lower
      alkylcarbonyloxy, halo, cyano, dimethylamido or lower alkylsulfonato
      radicals, and R.sub.1 can also be C.sub.6 -C.sub.14 aryl; and
PA1  Z is --CH, --Cl, --Br, --X"R.sub.5, --N.sub.3, --SCN, --NCS, --OCN, --OOR,
      --OOH, --OH, --R.sub.5, --NO.sub.2, --NO.sub.3, --C.tbd.CR.sub.10,
      --C(=O)NH.sub.2, --C(=O)OR.sub.6, --C(=NH)NH.sub.2, --C(=NH)OR.sub.6,
      --OC(=O)H, --X"C(=X")X"R.sub.5, --X"C(=X")R.sub.5, --OOC(=O)R.sub.5,
PAL  or
      ##EQU29##
NUM  3.
PAR  3. The process of claim 2 wherein said monomer is styrene.
NUM  4.
PAR  4. A process for preparing block copolymers by sequential free radical
      initiation which comprises:
PA1  A. preparing an azo-containing polymer by polymerizing at least one monomer
      containing ethylenic unsaturation in the presence of a bis-azo compound
      (I) as defined in claim 1 for a time sufficient to partially decompose
      said bis azo compound; and
PA1  B. copolymerizing said azo-containing polymer with at least one other vinyl
      monomer for a time sufficient to complete the decomposition of the
      undecomposed azo portion of said azo-containing polymer.
NUM  5.
PAR  5. The process of claim 4 wherein
PA1  R.sub.1 and R.sub.2 are C.sub.1 -C.sub.8 alkyl, C.sub.3 -C.sub.12 cyclo-,
      bicyclo- or tricycloalkyl, or C.sub.7 -C.sub.12 aralkyl, R.sub.1 and
      R.sub.2 taken together can form a C.sub.3 -C.sub.11 alkylene diradical,
      one or more of each of the R.sub.1 s and R.sub.2 s can be substituted with
      lower alkoxy, hydroxy, carboxy, lower alkoxycarbonyl, lower
      alkylcarbonyloxy, halo, cyano, dimethylamido or lower alkylsulfonato
      radicals, and R.sub.1 can also be C.sub.6 -C.sub.14 aryl; and
PA1  Z is --CN, --Cl, --Br, --X"R.sub.5, --N.sub.3, --SCN, --NCS, --OCN, --OOR,
      --OOH, --OH, --R.sub.5, --NO.sub.2, --NO.sub.3, --C.tbd.CR.sub.10,
      --C(=O)NH.sub.2, --C(=O)OR.sub.6, --C(=NH)NH.sub.2, --C(=NH)OR.sub.6,
      --OC(=O)H, --X"C(=X")X"R.sub.5, --X"C(=X")R.sub.5, --OOC(=O)R.sub.5,
PAL  or
      ##EQU30##
NUM  6.
PAR  6. The process of claim 5 wherein the monomer of step A is styrene.
NUM  7.
PAR  7. The process of claim 6 wherein the vinyl monomer of step B is methyl
      methacrylate.
NUM  8.
PAR  8. The process of claim 7 wherein the azo-containing polystyrene is
      prepared by heating at about 70.degree.C. and wherein the
      polystyrene-poly(methylmethacrylate) copolymer is prepared by heating at
      about 90.degree.C.
NUM  9.
PAR  9. The process of claim 8 wherein the bis-azo compound is 1,2-ethylene
      bis(4-t-butylazo-4-cyanovalerate).
NUM  10.
PAR  10. The process of claim 8 wherein the bis-azo compound is 1,4-butylene
      bis(4-t-butylazo-4-cyanovalerate).
NUM  11.
PAR  11. The process of claim 8 wherein the bis-azo compound is
      di(4-t-butylazo-4-cyanopentyl)sebacate.
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ABST
PAL  A resinous blend composition, and thermoplastic film structures fabricated
      therefrom having improved physical properties, comprising a polyolefin
      (e.g., polypropylene & copolymers thereof with ethylene) containing a
      minor amount based on the weight of the polyolefin and sufficient to
      improve the heat sealing characteristics of films fabricated from such
      blends, of a normally solid, resinous, random multipolymer of a mixture
      comprising pentadiene, 1,3 and at least one other hydrocarbon compound
      containing ethylenic unsaturation copolymerizable therewith. Examples of
      such ethylenically unsaturated hydrocarbons include cyclopentadiene,
      isoprene, 2-methylbutene-2, tertiary butylstyrene, .beta.-pinene,
      dipentene, .beta.-phellandrene, .alpha.-methylstyrene, and mixtures
      thereof.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part of U.S. application Ser.
      No. 351,211 filed Apr. 16, 1973, now U.S. Pat. No. 3,865,903.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to resinous thermoplastic blend compositions
      suitable for employment in the fabrication of thermoplastic films and, in
      particular, oriented thermoplastic films such as oriented polypropylene or
      copolymers thereof with ethylene. Certain uncoated, oriented films such as
      polypropylene and ethylene-propylene copolymers have relatively high heat
      sealing temperatures and narrow heat sealing ranges in contrast to other
      available thermoplastic films such as polyethylene, for example.
      Additionally, such oriented films exhibit a tendency to disorient, shrink,
      and tear when attempts are made to heat seal them at their prerequisitely
      high heat sealing temperature.
PAR  In accordance with the present invention, a minor amount (e.g. from about 5
      percent to about 40 percent by weight) of a normally solid resin
      interpolymer of pentadiene with at least one other hydrocarbon having
      ethylenic unsaturation copolymerized therewith, is blended with, for
      example, polypropylene resin prior to extrusion of the polypropylene into
      a film structure. Specific embodiments of such normally solid resins
      include a multipolymer of a mixture of pentadiene, isoprene,
      cyclopentadiene and at least one of the following: 2-methylbutene-2,
      t-butylstyrene, .beta.-pinene, .beta.-phellandrene, dipentene,
      .alpha.-methylstyrene and mixtures thereof; and still more specifically,
      such multipolymers derived from a mixture comprising pentadiene and
      2-methylbutene-2 as its major components (and preferably in about equal
      parts by weight); mixtures thereof with t-butylstyrene, or with
      beta-pinene, or with a mixture of alpha methyl styrene, dipentene and
      beta-phellandrene. Oriented polypropylene film structures prepared from
      such resinous blend mixtures have been found to exhibit substantially
      lower minimum heat seal temperatures, thereby broadening its heat seal
      range. The interpolymer containing film has improved optical properties
      and a significantly improved, or higher, tensile modulus or stiffness
      thereby improving the film's processability on automatic packaging
      equipment.
PAR  The heat sealing characteristics of the novel film compositions of the
      present invention may be further improved by subjecting such films to
      electronic treatment such as corona discharge treatment utilizing
      techniques which are well known in the art.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,278,646 describes the employment of terpene polymers, such
      as .beta.-pinene for example, in additive amounts to improve the heat seal
      characteristics of oriented polypropylene film. However, such blends have,
      in instances, been found to have poor surface properties, increased
      blocking, narrow sealing ranges and poor dimensional stability. Other
      attempts to remedy the heat sealing difficulties of such oriented films
      include providing the film with a coating of material that is more heat
      sensitive and hence sealable at a lower temperature than the film itself.
      However, such coating techniques are both time consuming and costly,
      involving the formulation of special coating materials, special treatment
      of the film surface to insure coating adhesion as well as necessitating
      the employment of film coating equipment. Additionally, in many instances
      such coatings have been found to have an adverse effect on film physical
      properties such as increasing the blocking tendency of the coated films,
      reducing the film optical properties, and causing higher coefficients of
      friction.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, resinous compositions are
      provided which may be employed in the fabrication of oriented
      polypropylene film and film formed from ethylene-propylene copolymers
      which exhibits lower minimum heat seal temperatures, broadened heat seal
      temperature ranges and increased tensile modulus when compared to oriented
      polypropylene films or ethylene-propylene copolymer films which do not
      contain the modifying additive embodied for use herein. The novel resinous
      blend compositions of the present invention comprise polypropylene resin,
      as well as copolymers thereof such as ethylene-propylene copolymers, and
      of polypropylene with other thermoplastic resinous materials such as
      polybutene and copolymers thereof such as ethylene butene-1 copolymer in
      admixture with a minor amount sufficient to improve the heat sealing
      characteristics of the film fabricated from such blends, as for example on
      the order of from about 5 percent to about 40 percent by weight, and
      preferably from about 10 percent to about 30 percent by weight of a
      random, normally solid resin interpolymer of pentadiene with at least one
      other hydrocarbon having ethylenic unsaturation as hereinafter defined.
      The normally solid resin may be prepared by copolymerization of pentadiene
      1-3 with a hydrocarbon compound containing ethylenic unsaturation, such
      as, for example, methyl butenes, tertiary butylstyrene, beta-pinene,
      .beta.-phellandrene, dipentene, .alpha.-methylstyrene and mixtures
      thereof. Normally solid resinous interpolymers, as embodied for use
      herein, can be synthesized by employing conventional Friedel-Crafts (e.g.,
      aluminum chloride) catalyzed polymerization reactions of mixtures
      comprising pentadiene and said other copolymerizable hydrocarbons as more
      fully described herein. Particularly preferred are such interpolymers that
      have a melting point in the range of about 70.degree. to about
      140.degree.C (ring and ball).
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The interpolymer materials which may be used in accordance with the present
      invention to improve oriented film properties are random, normally solid,
      resinous multipolymers which include (A) interpolymers of pentadiene with
      another hydrocarbon having ethylenic unsaturation copolymerizable
      therewith (e.g. diolefins, including cyclopentadiene and isoprene), and
      (B) copolymers of (A) in mixture with one or more of the following:
      methylbutene; tertiary butylstyrene; beta-pinene; admixtures of
      .beta.-phellandrene, dipentene and .alpha.-methylstyrene. A paticularly
      suitable mixture for preparation of such interpolymers, is a mixture of
      pentadiene 1-3 and another diolefin or diolefins and more specifically, a
      mixture containing as its main components pentadiene 1-3 and
      2-methylbutene-2. One source of such mixture is a byproduct in the steam
      cracking of hydrocarbons for the production of ethylene or propylene and a
      specific example of which is the following comprising a mixture of C.sub.5
      hydrocarbons as the major component:
     3,3 dimethyl butene-1                                                     
                          1.11                                                 
     trans pentene-2      5.85                                                 
     cis pentene-2        3.09                                                 
     2-methylbutene-2     35.80                                                
     4-methylpentene-1 and                                                     
     2,3-dimethylbutene-1 2.68                                                 
     isoprene             3.29                                                 
     2-methylpentene-2 and                                                     
     cyclopentene         2.24                                                 
     2-methylpentene-2                                                         
     and cyclohexene      0.09                                                 
     pentadiene 1-3       36.30                                                
     cyclopentadiene      0.84                                                 
     piperylene dimers    8.72                                                 
PAR  The above olefin stream, containing a high percentage of pentadiene 1,3, is
      hereinafter referred to as the piperylene concentrate stream employed as
      the polymerizable mixture for preparing the interpolymers in illustration
      of specific embodiments of the invention.
PAR  Such polymerizable mixtures may per se be polymerized, for use as embodied
      herein, or in admixture with another ethylenically unsaturated hydrocarbon
      such as tertiary butylstyrene, .beta.-pinene, dipentene,
      .beta.-phellandrene .alpha.-methylstyrene and mixtures thereof to yield
      the multipolymer resins employed in the present invention.
PAR  In accord with the present invention, it is preferred that the multipolymer
      resins employed be produced from resinous mixtures which have pentadiene
      concentrations present in amounts ranging from about 10% to about 75%
      based on the weight of the polymerizable mixture. More specifically,
      pentadiene concentrations in the range of from about 15% to about 65% by
      weight may be advantageously employed to produce the multipolymer resins.
      For example, when multipolymers are produced from piperylene
      concentrate-tertiary butylstyrene mixtures, pentadiene 1,3 concentrations
      present in the polymerizable mixture may preferably range from about 15%
      to about 50% based on the total weight of polymerizable mixture. More
      specific embodiments include a polymerizable mixture comprising in weight
      ratio about 30 to about 80% of an approximately equal part by weight of a
      mixture of pentadiene 1,3 and methylbutene and 20 to 70% of t-butyl
      styrene. In the case of polymerizable mixtures comprising piperylene
      concentrate, dipentene, betaphellandrene and alpha-methylstyrene,
      pentadiene 1,3 concentrations in the polymerizable mixture may preferably
      range from about 15% to about 50% by weight. More specific embodiments
      include a polymerizable mixture comprising by weight from about 15 to
      about 50% pentadiene 1,3, 4-40% alpha-methylstyrene, 2-30% dipentene and 1
      to 15% beta-phellandrene. It should be understood however that the
      pentadiene 1,3 concentrations in the foregoing polymerizable mixtures are
      only preferred ranges and concentrations of pentadiene 1,3 outside such
      ranges may also be suitably employed.
PAR  U.S. Pat. Nos. 3,457,632 and 3,622,551, the disclosures of which are
      incorporated herein by way of reference, disclose olefinic mixtures of the
      type which may be employed in preparing the interpolymers useful in
      practice of the present invention.
PAR  The normally solid resinous interpolymers, prepared by use of standard
      Friedel-Crafts reactions by polymerization, in specific embodiment, of the
      aforenoted piperylene concentrate, or mixtures thereof with another
      copolymerizable hydrocarbon or hydrocarbons, can be conveniently
      polymerized in an inert organic diluent such as toluene. The resulting
      mixture is then brought into reactive contact with an acid metal halide
      polymerization catalyst such an anhydrous aluminum chloride, aluminum
      bromide, stannic chloride, titanium tetrachloride and the like with the
      aluminum chloride being a preferred embodiment. During the progress of the
      polymerization reaction, the reaction temperature is maintained within a
      range which desirably is suitable for relatively rapid polymerization
      without reaction surge, such as a temperature within the approximate range
      of 0.degree.C. to about 80.degree.C. Friedel-Crafts' catalyzed reaction
      techniques suitable for use in preparing the normally solid resinous
      additive employed in the present invention are described in aforenotes in
      U.S. Pat. Nos. 3,467,632 and 3,622,551.
PAR  In accord with the present invention, it is preferred that the normally
      solid resinous, interpolymer materials exhibit a melting point range (Ring
      and Ball) of from about 70.degree.C. up to about 140.degree.C.
PAR  The polypropylene resins which are particularly suitable for employment in
      the present invention are essentially isotactic, crystalline
      polypropylenes which exhibit the following range of properties:
TBL  Melt Flow Index      0.5 - 12                                             
     Crystalline Melting Point (.degree.F.)                                    
                          305 - 340                                            
     Inherent Viscosity   1.4 - 4.0                                            
     Molecular Weight     100,000 - 600,000                                    
      (Weight Average)                                                         
     Density (grams/cc.)  0.89 - 0.91                                          
PAR  Film forming copolymers of propylene with other olefins such as normally
      solid, crystalline ethylene-propylene copolymers may also be modified with
      the multipolymer compositions of the present invention. The film forming
      ethylene-propylene copolymers which are preferably employed may have
      either a random or block copolymer structure. In the case of random
      copolymers, up to 5 percent by weight ethylene (e.g., from about 0.5 to
      about 5%) may be employed in the copolymer, whereas in the case of block
      copolymers, up to 10 percent by weight (e.g., from about 0.5 to about 10%)
      of ethylene may be employed.
PAC  EXAMPLE I
PAR  A random multipolymer was prepared by anhydrous aluminum chloride catalyzed
      interpolymerization in toluene of a mixture comprising by weight 55.3% of
      the piperylene concentrate hereinbefore described; 9.7% of a mixture
      comprising dipentene and .beta.-phellandrene present in a weight ratio of
      about 2:1, respectively; and 35.0% of .alpha.-methylstyrene.
PAR  The resulting interpolymer had the following characteristic physical
      properties:
TBL  Melting Point, .degree.C.                                                 
                            79 - 80                                            
      (Ball and Ring)                                                          
     Molecular Weight       1442                                               
      (Weight Average)      1034                                               
      (Number Average)                                                         
     Bromine No.            6 - 10                                             
     Iodine No.             75 - 80                                            
     Acid Value             &lt;1                                                 
     Specific Gravity       0.978 - 0.980                                      
     Percent Crystallinity  0                                                  
     Tg (Glass Transition Temperature)                                         
                            32.degree.C.                                       
     Saponification No.     &lt;1                                                 
     Viscosity              f to g                                             
      (in toluene - 70%)                                                       
     Color                  Gardner 5 - 7                                      
      (50% toluol solution)                                                    
     Decomposition Temperature                                                 
                            205.degree.C                                       
      (in nitrogen)                                                            
PAR  The resinous interpolymer, when heated under nitrogen at a rate of
      10.degree.C. per minute, had an initial decomposition temperature of
      205.degree.C; a 0.0% weight loss at 200.degree.C. a 12.8% weight loss at
      300.degree.C.; and a 90.0% weight loss at 400.degree.C.
PAR  Such a resinous multipolymer was admixed with molten polypropylene resin by
      mixing at a temperature of about 350.degree.F. in a Brabender Plasticorder
      for about 20 minutes. The polypropylene resin employed was a high
      isotactic, crystalline polypropylene having the following properties:
TBL  Melt Index             4-5                                                
     Crystalline Melting Point (.degree.F)                                     
                            330-340                                            
     Inherent Viscosity     1.4-1.6                                            
     Molecular Weight       100,000-120,000                                    
     Density (grams/cc.)    0.910-0.890                                        
PAR  Following mixing, the blend was molded into plaques approximately 25 mils
      thick. The individual plaques were biaxially oriented at temperatures
      within the range of from about 280.degree.F. up to 310.degree.F., by
      stretching the plaques about 620 percent in one direction and subsequently
      stretching the monoaxially oriented plaque, in a direction perpendicular
      to the first stretch direction, about 400 percent. The final gauge of the
      additive containing biaxially oriented film was about 0.75 mil. The film
      samples were subsequently subjected to a corona discharge treatment to
      obtain a treatment level corresponding to at least 36 dynes/cm. wetting
      tension on one side of the film surface.
PAR  In the following Table I, various physical properties of the biaxially
      oriented films, produced as described in Example I are given and compared
      to the biaxially oriented polypropylene film devoid of the interpolymer as
      well as to biaxially oriented film containing a prior art additive, namely
      beta-pinene. The percentage levels are expressed as percent by weight
      based upon the total weight of the additive containing sample.
TBL                TABLE I                                                     
     ______________________________________                                    
     Additive       None   Example I    B-Pinene                               
                           Multipolymer                                        
     % Additive by wt:                                                         
                    0      10     20   30   30                                 
     ______________________________________                                    
     Haze %         2.0    1.8    1.7  2.0  0.3                                
     Gloss %        36     86.9   88.1 83.8 92                                 
     Modulus MD (MPSI)                                                         
                    488    429    372  373  352                                
     TD             430    399    406  406  535                                
     Elongation MD (%)                                                         
                    50     30     50   70   95                                 
     TD             60     40     50   50   70                                 
     Ultimate MD (MPSI)                                                        
                    20.1   17.6   14.9 12.7 15.0                               
     TD             23.6   18.9   18.5 13.6 22.0                               
     Yield MD (MPSI)                                                           
                    8.06   --     5.5  6.2  3.2                                
     TD             8.53   5.3    6.9  6.4  10.3                               
     Heat Seal Strength                                                        
     (gr/inch)                                                                 
     Seal Bar Temp .degree.F                                                   
     5 psi  200         0      0    60   40   20                               
     2 sec. 210         0      10   75   60   25                               
            220         0      50   120  120  40                               
            230         0      30   50   75   45                               
            240         0      165  25   90   50                               
            250         0      110  80   45   40                               
            260         0      50   170  90   60                               
            270         0      45   55   110  80                               
            280         5      85   90   90   155                              
            290         20     50   195  145  180                              
     ______________________________________                                    
PAR  As is apparent from the data in Table I, the interpolymer-containing films
      of the present invention exhibited considerably increased heat seal
      strength and a significantly broadened heat seal temperature range in
      comparison to the polypropylene film sample devoid of the interpolymer.
      Additionally, as shown, the interpolymer-containing film showed improved
      tensile modulus as well as superior optical properties. As also shown in
      Table I, the film structures of the present invention, when contrasted to
      films containing the prior art .beta.-pinene additive, exhibit superior
      heat seal characteristics as well as improved tensile modulus.
PAR  The heat seal measurements shown in Table I were obtained from sample film
      specimens which had been heat sealed together, treated side to untreated
      side, utilizing a sealing pressure of 5 p.s.i. for a duration or dwell
      time of 2.0 seconds. The values given for the heat seal strengths,
      expressed in grams per linear inch, represent the force required to
      separate the sealed film layers at a rate of about 12 inches per minute
      employing a Suter heat seal tester.
PAC  EXAMPLE II
PAR  A random multipolymer was prepared, following the procedure of Example I,
      by the polymerization of a mixture of 37.5% by weight of the piperylene
      concentrate; 37.5 % by weight of a mixture comprising dipentene and
      .beta.phellandrene present in a weight ratio of about 2:1 respectively;
      and 25.0% by weight of .alpha.-methylstyrene. The product multipolymer
      resin exhibited the following physical properties:
TBL  Melting Point, .degree.C.                                                 
                          97.degree.- 100.degree.C                             
     Molecular Weight                                                          
     (Weight Average)     1888                                                 
     (Number Average)     1153                                                 
     Bromine No.          12 - 16                                              
     Iodine No.           74 - 84                                              
     Acid Value           1 (maximum)                                          
     Specific Gravity     0.996 - 0.997                                        
     Percent Crystallinity                                                     
                          0                                                    
     Tg (Glass Transition Temperature)                                         
                          38.degree.C.                                         
     Saponification No.   1 (maximum)                                          
     Viscosity                                                                 
     (in toluene - 70%)   l to O                                               
     Color                                                                     
     (50% Toluol Solution)                                                     
                          Gardner 5 - 7                                        
     Decomposition Temperature                                                 
                          170.degree.C.                                        
PAR  The resinous multipolymer, when heated under nitrogen at a rate of
      10.degree.C. per minute, had an initial decomposition temperature of
      170.degree.C.; a 2.0% weight loss at 200.degree.c.; a 13.0% weight loss at
      300.degree.C.; and a 77.0% weight loss at 400.degree.C.
PAR  The resinous multipolymer was blended with polypropylene and fabricated
      into film samples following the procedure outlined in Example I.
PAR  In the following Table II, various physical properties of the
      multipolymer-containing, biaxially oriented films produced are given and
      compared to biaxially oriented polypropylene film devoid of the
      multipolymer as well as to biaxially oriented film containing the
      .beta.-pinene prior art additive.
TBL                TABLE II                                                    
     ______________________________________                                    
     Additive       None   Ex. II Multi-  B-Pinene                             
                                  polymer                                      
     % Additive by wt:                                                         
                    0      10     20   30   30                                 
     ______________________________________                                    
     Haze %         2.0    1.3    1.0  0.8  0.8                                
     Gloss %        86     90     92   90   92                                 
     Modulus MD (MPSI)                                                         
                    488    482    464  453  352                                
     TD             430    436    596  580  535                                
     Elongation MD (%)                                                         
                    50     60     65   80   95                                 
     TD             60     65     25   55   70                                 
     Ultimate MD (MPSI)                                                        
                    20.1   23.3   20.4 18.3 15.0                               
     TD             23.6   23.6   19.4 24.2 22.0                               
     Yield MD (MPSI)                                                           
                    8.06   --     8.3  8.9  8.2                                
     TD             8.53   --     10.0 10.4 10.3                               
     Heat Seal Strength                                                        
     (gr/inch)                                                                 
     Seal Bar Temp .degree.F                                                   
     5 psi  200         0      10   30   45   20                               
     2 sec. 210         0      45   80   40   25                               
            220         0      75   105  65   40                               
            230         0      95   180  65   45                               
            240         0      120  210  140  50                               
            250         0      95   190  125  40                               
            260         0      45   125  75   60                               
            270         0      145  240  145  80                               
            280         5      65   265  210  155                              
            290         20     55   235  195  180                              
     ______________________________________                                    
PAC  EXAMPLE II -- A
PAR  A random multipolymer was prepared, following the procedure of Example I,
      by the polymerization of a mixture of 90% by weight of the piperylene
      concentrate; 5% by weight of a mixture comprising dipentene and
      .beta.-phellandrene present in a weight ratio of about 2:1 respectively;
      and 5% by weight of .alpha.-methylstyrene. The product multipolymer
      exhibited the following physical properties:
TBL  Melting Point, .degree.C.                                                 
                          100                                                  
     Molecular Weight                                                          
      (Weight Average)    2350                                                 
      (Number Average)    1370                                                 
     Bromine No.          90                                                   
     % Crystallinity      0                                                    
     Tg (Glass Transition Temperature)                                         
                          48.degree.C.                                         
     Decomposition Temperature                                                 
                          190.degree.C.                                        
PAR  The resinous multipolymer, when heated under nitrogen at a rate of
      10.degree.C. per minute, had an initial decomposition temperature of
      190.degree.C; a 0.5% weight loss at 200.degree.C; a 6.2% of weight loss at
      300.degree.C.; and a 54.0% weight loss at 400.degree.C.
PAR  The resinous multipolymer was blended with polypropylene and fabricated
      into film samples following the procedure outlined in Example I.
PAR  In the following Table II-A, various physical properties of the
      multipolymer-containing, biaxially oriented films produced are given and
      compared to biaxially oriented polypropylene film devoid of the
      multipolymer additive.
TBL                TABLE II - A                                                
     ______________________________________                                    
     Additive          Example II-A Multipolymer                               
     % Additive by Wt.                                                         
                  0        10       20     30                                  
     ______________________________________                                    
     Haze %       2.0      1.2      1.2    1.3                                 
     Gloss %      86       87       88     87                                  
     Modulus MPSI (MD)                                                         
                  488      409      384    437                                 
     (TD)         480      422      474    389                                 
     Elongation                                                                
              MD      50       75     140    93                                
     %        TD      60       70     95     63                                
     Ultimate MD      20.1     17.6   14.2   12.3                              
     MPSI     TD      23.6     19.9   19.1   9.2                               
     Yield    MD      8.06     --     6.8    7.6                               
     MPSI     TD      8.53     --     --     7.2                               
     Heat Seal Strength                                                        
     (gr/in.)                                                                  
     Seal Bar Temp .degree.F                                                   
     5 psi, 2 sec.                                                             
     200          0        10       10     20                                  
     210          0        30       90     30                                  
     220          0        35       140    25                                  
     230          0        110      130    35                                  
     240          0        155      145    140                                 
     250          0        305      170    50                                  
     260          0        200      190    70                                  
     270          0        210      230    80                                  
     280          5        260      210    165                                 
     290          25       245      265    205                                 
     ______________________________________                                    
PAR  As shown from the data contained in Table II-A, the interpolymer containing
      film of Example II-A exhibited increased heat seal strength, a broadened
      heat seal range and superior optical properties in comparison to the
      control polypropylene film sample containing no multipolymer additive.
PAC  EXAMPLE II -- B
PAR  A random multipolymer was prepared, following the procedure of Example I,
      by the polymerization of a mixture of 85% by weight of the piperylene
      concentrate; 5% by weight of a mixture of dipentene and
      .beta.-phellandrene present in a weight ratio of about 2:1 respectively;
      and 10% by weight of .alpha.-methylstyrene. The product multipolymer
      exhibited the following physical properties:
TBL  Melting Point, .degree.C.                                                 
                             115                                               
     Molecular Weight                                                          
      (Weight Average)       4360                                              
      (Number Average)       1610                                              
     Bromine No.             89                                                
     % Crystallinity         0                                                 
     Tg (Glass Transition Temperature)                                         
                             61.degree.C.                                      
     Decomposition Temperature                                                 
                             190.degree.C.                                     
PAR  The resinous multipolymer, when heated under nitrogen at a rate of
      10.degree.C. per minute, had an initial decomposition of 190.degree.C.; a
      0.4% weight loss at 200.degree.C; a 4.5% weight loss at 300.degree.C; and
      a 45.0% weight loss at 400.degree.C.
PAR  The resinous multipolymer was blended with polypropylene and fabricated
      into film samples following the procedure outlined in Example I. In the
      following Table II-B, physical properties of the multipolymer -
      containing, biaxially oriented films produced are given and compared to
      biaxially oriented polypropylene film containing no multipolymer additive.
TBL                TABLE II - B                                                
     ______________________________________                                    
     Additive          Example II-B Multipolymer                               
     % Additive by Wt.                                                         
                  0        10       20     30                                  
     ______________________________________                                    
     Haze %       2.0      1.4      1.6    2.2                                 
     Gloss %      86       87       83     78                                  
     Modulus MPSI (MD)                                                         
                  488      408      443    463                                 
     (TD)         480      420      462    436                                 
     Elongation                                                                
              MD      50       90     115    120                               
     %        TD      60       88     78     95                                
     Ultimate MD      20.1     17.4   16.7   13.3                              
     MPSI     TD      23.6     20.8   18.7   14.9                              
     Yield    MD      8.06     --     7.7    8.4                               
     MPSI     TD      8.53     --     8.2    8.3                               
     Heat Seal Strength                                                        
      (gr/in.)                                                                 
     Seal Bar Temp .degree.F                                                   
     5 psi, 2 sec.                                                             
     200          0        0        0      0                                   
     210          0        0        10     0                                   
     220          0        5        20     10                                  
     230          0        40       60     15                                  
     240          0        100      140    35                                  
     250          0        60       80     170                                 
     260          0        145      125    170                                 
     270          0        160      130    115                                 
     280          5        185      150    150                                 
     290          25       210      175    195                                 
     ______________________________________                                    
PAR  As shown from the data contained in Table II-B, the interpolymer containing
      film of Example II-B exhibited increased heat seal strength, a broadened
      heat seal range and superior optical properties in comparison to the
      control polypropylene film sample containing no multipolymer additive.
PAC  EXAMPLE II -- C
PAR  The resinous multipolymer employed in Example II was blended with a
      crystalline, ethylene-propylene copolymer resin identified by the
      manufacturer as CPXO - 316. The resin was a normally solid, random
      copolymer containing from about 1.0 to about 1.2 percent by weight of
      ethylene. The resin had a melt flow index of 4.9 and a percent
      crystallinity of 59%.
PAR  In the following Table II - C, various physical properties of the
      multipolymer - containing, biaxially oriented ethylene-propylene film
      produced are given.
TBL                TABLE II - C                                                
     ______________________________________                                    
     Additive - Example II multipolymer                                        
     ______________________________________                                    
     % Additive by wt.                                                         
                      16          0                                            
     Haze %           2.5         0.6                                          
     Gloss %          87.5        91.1                                         
     Modulus MD (M.P.S.I.)                                                     
                      566         465                                          
     TD               347         293                                          
     Elongation MD (%)                                                         
                      27          47                                           
     TD               62          120                                          
     Ultimate MD (M.P.S.I.)                                                    
                      30.0        26.5                                         
     TD               17.9        20.1                                         
     Gauge (mils)     0.85        .49                                          
     Average Seal Strength                                                     
     (g./in.)                                                                  
     (230.degree. - 280.degree.F)                                              
                      218         15                                           
     ______________________________________                                    
PAR  As shown by the data in Table II-C, the interpolymer containing copolymer
      film exhibited a wide heat seal range, excellent heat seal strengths, good
      optical properties and high tensile modulus when compared to oriented
      ethylene-propylene (identical resin) films without the multipolymer
      additive.
PAC  EXAMPLE III
PAR  The piperylene concentrate and tertiary butylstyrene were blended to
      provide a mixture having a 4:1 molar ratio of pentadiene 1,3: tertiary
      butylstyrene, respectively. This mixture was aluminum chloride polymerized
      by the procedure as set forth in Example I to yield an interpolymer resin
      having the following physical properties:
TBL  Melting Point (.degree.C.)                                                
                          93.5                                                 
     (Ring and Ball)                                                           
     Gardner Color        4                                                    
     (50% in toluene)                                                          
     Viscosity            L                                                    
     (70% in toluene)                                                          
     Specific Gravity     0.9499                                               
     Iodine No. (Wijs)    96                                                   
PAC  EXAMPLE IV
PAR  The piperylene concentrate was blended with tertiary butylstyrene to
      provide a mixture having a 1.79:1 molar ratio of pentadiene 1,3: tertiary
      butylstyrene, respectively. This mixture was aluminum chloride polymerized
      as in Example I to yield a multipolymer resin having the following
      physical properties:
TBL  Melting Point (.degree.C.)                                                
                          100.5                                                
     (Ring and Ball)                                                           
     Gardner Color        4                                                    
     (50% in toluene)                                                          
     Viscosity            k - 1                                                
     (70% in toluene)                                                          
     Specific Gravity     0.9319                                               
     Iodine No. (Wijs)    69                                                   
PAC  EXAMPLE V
PAR  The piperylene concentrate and tertiary butylstyrene were blended to yield
      a mixture having a 2.57:1 molar ratio of pentadiene 1,3: tertiary
      butylstyrene, respectively. This mixture was aluminum chloride polymerized
      as outlined in Example I to yield a copolymer resin having the following
      physical properties:
TBL  Melting Point (.degree.C.)                                                
                          102.degree.C.                                        
     (Ring and Ball)                                                           
     Gardner Color        4                                                    
     (50% in toluene)                                                          
     Viscosity            Q - R                                                
     (70% in toluene)                                                          
     Specific Gravity     0.9524                                               
     Iodine No. (Wijs)    81                                                   
PAC  EXAMPLE VI
PAR  A mixture comprising pentadiene 1,3, isoprene and cyclopentadiene in a
      molar ratio of about 8:1:1, respectively, was aluminum chloride
      polymerized as described in Example I to provide a multipolymer resin of
      the following properties:
TBL  Melting Point (.degree.C.)                                                
                          100.degree.C.                                        
     (Ring and Ball)                                                           
     Gardner Color        8                                                    
     (50% in toluene)                                                          
     Viscosity            G - H                                                
     (70% in toluene)                                                          
     Specific Gravity     0.9462                                               
PAC  EXAMPLE VII
PAR  A mixture comprising (a) pentadiene 1,3, isoprene and cyclopentadiene in a
      molar ratio of about 8:1:1 respectively, was mixed with (b) beta-pinene in
      a weight ratio of about 5:7:1 respectively. This admixture was aluminum
      chloride polymerized as per Example I to provide a resin of the following
      properties:
TBL  Melting Point (.degree.C.)                                                
                          101                                                  
     (Ring and Ball)                                                           
     Gardner Color        6                                                    
     (50% in toluene)                                                          
     Viscosity            T - U                                                
     (70% in toluene)                                                          
     Specific Gravity     0.9322                                               
PAR  The multipolymer resins produced in accordance with Examples III, IV, V, VI
      and VII were blended with polypropylene and fabricated into film samples
      following the procedure outlined in Example I.
PAR  In the following Table III, various physical properties of the multipolymer
      containing films are given and when compared to the biaxially oriented
      polypropylene film devoid of the multipolymer resins.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Additive          Example III Multipolymer                                
                                           Example IV Multipolymer             
     __________________________________________________________________________
     Property          10%  20%  30%  40%  10%  20%  30%  40%                  
     __________________________________________________________________________
     COF F/F           .45  .44  .39  .45  .45  .44  .43  .50                  
     F/SS              .20  .21  .28  .24  .25  .20  .27  .25                  
     Haze (%)          .9   .8   .8   .8   1.0  .7   .8   .8                   
     Gloss (%)         90.4 90.0 89.1 92.3 91.4 91.3 91.2 93.5                 
     Ball Burst   72.degree.F                                                  
                       14.0 10.9 9.8  7.5  15.0 12.3 10.1 7.6                  
     (kg-cm/mil)  0.degree.F                                                   
                       9.1  8.8  8.8  6.8  11.1 10.4 7.3  6.1                  
     Tensile Ult. MD   20,300                                                  
                            19,700                                             
                                 15,300                                        
                                      13,100                                   
                                           18,900                              
                                                17,900                         
                                                     15,300                    
                                                          13,700               
     (psi)        TD   23,000                                                  
                            21,900                                             
                                 20,600                                        
                                      16,100                                   
                                           23,500                              
                                                22,200                         
                                                     20,600                    
                                                          17,100               
     Modulus      MD   364  473  455  450  426  422  506  422                  
     (kpsi)       TD   415  429  506  452  463  411  455  433                  
     Elongation   MD   91   85   88   95   95   65   88   68                   
     (%)          TD   73   72   77   75   81   80   77   73                   
     Handle       MD   17.7 20.1 14.8 15.3 14.3 15.9 15.9 18.0                 
     (1 mil equivalent)                                                        
                  TD   19.1 15.4 14.3 17.6 15.6 13.0 17.5 25.5                 
     Blocking (gm/in)  0.9  3.0  14.7 28.0 0.6  1.5  8.1  10.5                 
     Heat Seals                                                                
     LP (gm/in)   260.degree.F                                                 
                       0    10   20   23   0    0    25   0                    
     2 sec., 1/4 psi                                                           
                  280.degree.F                                                 
                       5    8    13   23   3    3    23   18                   
                  300.degree.F                                                 
                       20   20   20   23   15   23   23   10                   
     Sentinel (gm/in)                                                          
                  260.degree.F                                                 
                       0    18   30   25   0    25   10   8                    
     1/2 sec., 20 psi                                                          
                  280.degree.F                                                 
                       3    8    20   25   0    18   33   18                   
                  300.degree.F                                                 
                       14   18   13   30   9    10   20   60                   
     Additive          Example V Multipolymer                                  
                                           Example VI Multipolymer             
     __________________________________________________________________________
     Property          10%  20%  30%  40%  10%  20%  30%  40%                  
     __________________________________________________________________________
     COF F/F           .42  .36  .44  .51  .44  .45  .40  .43                  
     F/SS              .20  .21  .10  .23  .21  .18  .21  .24                  
     Haze (%)          1.2  .8   1.0  1.2  1.1  .8   .7   .8                   
     Gloss(%)          91.6 90.5 91.4 92.7 83.5 86.9 89.7 91.0                 
     Ball Burst   72.degree.F                                                  
                       15.1 12.0 9.4  7.1  7.5  8.4  7.3  5.9                  
     (kg-cm/mil)  0.degree.F                                                   
                       12.3 8.3  7.9  5.2  5.5  5.4  6.2  5.5                  
     Tensile Ult. MD   20,600                                                  
                            20,100                                             
                                 15,900                                        
                                      14,700                                   
                                           11,000                              
                                                12,000                         
                                                     13,900                    
                                                          13,200               
     (psi)        TD   21,500                                                  
                            21,700                                             
                                 18,900                                        
                                      19,600                                   
                                           11,300                              
                                                11,900                         
                                                     16,300                    
                                                          19,400               
     Modulus      MD   447  522  491  449  354  404  422  424                  
     (kpsi)       TD   413  454  509  492  325  360  451  428                  
     Elongation   MD   91   82   67   88   103  85   98   115                  
     (%)          TD   75   88   78   85   127  88   87   85                   
     Handle       MD   11.0 14.3 16.9 19.5 14.7 13.6 14.7 17.1                 
     (1 mil equivalent)                                                        
                  TD   11.3 18.4 18.2 19.9 13.8 17.8 18.0 19.1                 
     Blocking (gm/in)  0.8  2.0  5.0  22.3 1.5  3.2  6.7  13.9                 
      Heat Seals                                                               
     LP (gm/in)   260.degree.F                                                 
                       0    0    8    30   5    3    18   28                   
     2 sec., 1/4 psi                                                           
                  280.degree.F                                                 
                       3    5    13   23   13   5    28   38                   
                  300.degree.F                                                 
                       13   5    25   35   35   43   90   13                   
     Sentinel (gm/in)                                                          
                  260.degree.F                                                 
                       0    10   20   5    5    --   30   30                   
     1/2 sec., 20 psi                                                          
                  280.degree.F                                                 
                       0    13   50   15   18   8    23   53                   
                  300.degree.F                                                 
                       10   18   13   5    38   13   33   30                   
     Additive     Example VII Multipolymer                                     
     __________________________________________________________________________
     Property              10%      20%      30%      40%                      
     __________________________________________________________________________
     COF F/F                                                                   
     F/SS                  .40      .47      .46      .45                      
     Haze (%)              .21      .16      .26      .24                      
     Gloss (%)             .4       .7       1.0      1.0                      
     Ball Burst   72.degree.F                                                  
                           89.8     92.0     91.0     86.5                     
     (kg-cm/mil)  0.degree.F                                                   
                           11.8     13.1     9.6      6.9                      
     Tensile Ult. MD       10.0     10.2     8.5      6.4                      
     (psi)        TD       20,100   19,100   17,300   13,600                   
     Modulus      MD       21,600   22,200   20,900   18,400                   
     (kpsi)       TD       488      493      474      453                      
     Elongation   MD       360      506      497      492                      
     (%)          TD       89       62       100      93                       
     Handle       MD       85       87       88       95                       
     (1 mil equivalent)                                                        
                  TD       14.7     19.3     16.9     18.6                     
                           14.1     20.6     19.0     18.1                     
     Blocking (gm/in)                                                          
                           0.6      2.4      6.0      16.3                     
     Heat Seals                                                                
     LP (gm/in)   260.degree.F                                                 
                           0        8        45       20                       
     2 sec., 1/4 psi                                                           
                  280.degree.F                                                 
                           5        20       23       18                       
                  300.degree.F                                                 
                           18       33       43       35                       
     Sentinel (gm/in)                                                          
                  260.degree.F                                                 
                           0        10       20       13                       
     1/2 sec., 20 psi                                                          
                  280.degree.F                                                 
                           0        20       30       40                       
                  300.degree.F                                                 
                           13       18       18       30                       
     __________________________________________________________________________
PAR  As seen from preceding Table III, polypropylene films containing the
      additive multipolymer resins of Examples 3, 4, 5, 6 and 7 exhibited
      considerably increased heat seal strength and a significantly broadened
      heat seal temperature range in comparison to the polypropylene film sample
      devoid of the multipolymer resins. Additionally, the additive containing
      films exhibited increased tensile modulus.
PAR  Although the present invention has been described with preferred
      embodiments, it is to be understood that modifications and variations may
      be resorted to, without departing from the spirit and scope of this
      invention, as those skilled in the art will readily understand.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A resinous blend composition comprising a blend of an essentially
      isotactic crystalline ethylene-propylene copolymer containing a minor
      amount sufficient to improve the heat sealability of film prepared
      therefrom of from about 5% to about 40% by weight of a normal solid,
      resinous, random multipolymer of a mixture comprising pentadiene 1,3 and
      at least one other compound containing ethylenic unsaturation
      copolymerizable therewith.
NUM  2.
PAR  2. A resinous blend composition in accordance with claim 1 wherein said
      multipolymer comprises pentadiene 1,3 copolymerized with a member selected
      from the group consisting of cyclopentadiene, isoprene, 2-methylbutene-2,
      tertiary butylstyrene, .beta.-pinene, dipentene, .beta.-phellandrene,
      .alpha.-methylstyrene, and mixtures thereof.
NUM  3.
PAR  3. A resinous blend composition in accordance with claim 1 wherein said
      multipolymer comprises pentadiene 1,3 copolymerized with tertiary
      butylstyrene.
NUM  4.
PAR  4. A resinous blend composition in accordance with claim 1 wherein said
      multipolymer comprises pentadiene 1,3 copolymerized with cyclopentadiene,
      isoprene and 2-methylbutene-2.
NUM  5.
PAR  5. A resinous blend composition in accordance with claim 1 wherein said
      multipolymer comprises pentadiene copolymerized with .beta.-pinene.
NUM  6.
PAR  6. A resinous blend composition in accordance with claim 1 wherein said
      ethylene-propylene copolymer is a random copolymer containing up to 5% by
      weight of ethylene.
NUM  7.
PAR  7. A resinous blend composition in accordance with claim 1 wherein said
      multipolymer comprises pentadiene 1,3 copolymerized with dipentene,
      .beta.-phellandrene and .alpha.-methylstyrene.
NUM  8.
PAR  8. A resinous blend, as defined in claim 1, wherein the multipolymer has a
      melting point of about 70.degree. to about 125.degree.C.
NUM  9.
PAR  9. An oriented essentially isotactic crystalline ethylene-propylene
      copolymer film containing a minor amount by weight, sufficient to improve
      the heat seal characterized by said film of from about 5% to about 40% by
      weight of a normally solid, resinous, random multipolymer of a mixture
      comprising pentadiene 1,3 and at least one other hydrocarbon compound
      containing ethylenic unsaturation copolymerizable therewith.
NUM  10.
PAR  10. A film in accordance with claim 9 wherein said multipolymer comprises
      pentadiene 1,3 copolymerized with a member selected from the group
      consisting of cyclopentadiene, isoprene, 2-methylbutene-2, tertiary
      butylstyrene, .beta.-pinene, dipentene, .beta.-phellandrene,
      .alpha.-methylstyrene, and mixtures thereof.
NUM  11.
PAR  11. A film in accordance with claim 9 wherein said multipolymer comprises
      pentadiene 1,3 copolymerized with tertiary butylstyrene.
NUM  12.
PAR  12. A film in accordance with claim 9 wherein said multipolymer comprises
      pentadiene 1,3 copolymerized with cyclopentadiene, isoprene and
      2-methylbutene-2.
NUM  13.
PAR  13. A film in accordance with claim 9 wherein said multipolymer comprises
      pentadiene copolymerized with .beta.-pinene.
NUM  14.
PAR  14. A film as defined in claim 9 wherein the multipolymer has a melting
      point of from about 70.degree. to about 125.degree.C.
NUM  15.
PAR  15. A film in accordance with claim 9 wherein said multipolymer comprises
      pentadiene 1,3 copolymerized with dipentene, .beta.-phellandrene and
      .alpha.-methylstyrene.
NUM  16.
PAR  16. An oriented crystalline ethylene-propylene film as defined in claim 9
      containing about 5% to about 40% by weight of a normally solid, resinous,
      random multipolymer of a mixture comprising from about 15% to about 30% by
      weight of pentadiene 1,3, from about 20% to about 40% by weight of
      .alpha.-methylstyrene, from about 5% to about 30% by weight of dipentene,
      and from about 2% to about 15% by weight of .beta.-phellandrene.
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ABST
PAL  A composition comprising 90 to 20 % by might of at least one diene rubber
      or butyl rubber and 10 to 80 % by weight of halogen-containing,
      sulfur-curable, normally amorphous quadripolymer produced by contacting a
      mixture of (1) ethylene, (2) an .alpha.-olefin having the formula,
      R--CH=CH.sub.2 , wherein R is a hydrocarbon radical having 1 to 20 carbon
      atoms, (3) a hydrocarbon compound having a plurality of non-conjugated
      unsaturated bonds capable of polymerizing with a coordinated catalyst, and
      (4) a halogenated norbornene compound represented by the formula,
      ##SPC1##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are hydrogen atoms,
      hydrocarbon radicals having 1 to 20 carbon atoms, halogen atoms, or
      halogenated hydrocarbon radicals having 1 to 20 carbon atoms and
      containing at least one halogen atom as substituent, provided that
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have as a whole at least one halogen
      atom, with a coordinated catalyst comprising an organoaluminum compound of
      the formula, AlR'.sub.n X.sub.3.sub.-n, wherein R' is a hydrocarbon
      radical having 1 to 20 carbon atoms, X is a halogen atom, and n is any
      number of from 1.5 to 3, and a transition metal compound selected from the
      group consisting of vanadium compounds and titanium compounds, the molar
      ratio of said organoaluminum compound to said transition metal compound
      being from 5 : 1 to 0.5 : 1. The rate of vulcanization of the said
      quadripolymer is freely controllable by varying the non-conjugated diene
      content thereof.
PARN
PAC  CROSS-REFERENCE OF RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 335,774,
      filed Feb. 26, 1973 and issued as U.S. Pat. No. 3,876,595.
BSUM
PAR  This invention relates to a process for producing a sulfur-curable
      quadripolymer, characterized by contacting ethylene, an .alpha.-olefin, a
      non-conjugated diene, and a halogenated norbornene compound with a
      coordinated catalyst.
PAR  Concerning the process for producing a ternary copolymer, many research
      reports have been disclosed and numerous patents have been granted.
      However, since copolymers obtained by these processes possess no polar
      groups, they are inferior in oil resistance, tackiness, adhesion, and
      co-vulcanization with other rubber species, and hence, the use thereof as
      elastomer has been limited to some cases. If the above-mentioned physical
      properties are imparted to the copolymers, they will be expected to be
      used in many various uses. As a result of studies on copolymerization of
      .alpha.-olefins and monomers having a polar group, particularly a halogen
      atom, for the purpose of improving the aforesaid physical properties, the
      present inventors have now accomplished this invention.
PAR  Regarding copolymerization of a halogenated monomer and an .alpha.-olefin,
      Japanese Patent Publication No. 27,875/64 discloses the copolymerization
      of a halogen-containing .alpha.-olefin and one or more other
      .alpha.-olefins. However, in the copolymerization of ethylene and an
      .alpha.-olefin with an anionic coordinated catalyst, an aliphatic olefin
      is far less reactive than ethylene, and the reactivity tends to decrease
      as R in the formula, R--CH=CH.sub.2, becomes larger. The same applies to
      the case of a halogenated aliphatic olefin, and accordingly a large excess
      of the halogenated aliphatic olefin must be added to ethylene to expect
      copolymerization with ethylene. On the other hand, however, because of its
      molecular weight regulating effect, addition of a large amount of a
      halogenated olefin makes the formation of a high molecular weight
      copolymer difficult and frequently results in deterioration of various
      physical properties, such as dynamic properties and the like, of the
      copolymer.
PAR  Therefore, in order to obtain a high molecular weight copolymer, it is
      necessary to carry out polymerization at a low temperature such as, for
      example, about 0.degree.C. When the polymerization is carried out in
      homogeneous solution and if the polymerization temperature is low, the
      viscosity of the polymerization system will be extremely increased,
      bringing about difficulties in removal of the heat of reaction and in
      uniform agitation, thus causing a great deal of inconveniences in polymer
      production. In the case of a halogenated norbornene compound, which has a
      double bond in the ring having a very high polymerization activity, the
      reactivity of the compound with ethylene is so high that a high molecular
      weight copolymer may easily be produced. In some cases, it is even
      possible to use a molecular weight regulating agent. Consequently,
      polymerization is not required to be carried out at a low temperature,
      and, accordingly, the viscosity of the polymerization system may be kept
      low by conducting the polymerization at 20.degree. to 70.degree.C or
      thereabout. On the other hand, if a catalyst of the Ziegler-Natta type is
      used, a side reaction such as dehydrohalogenation or ring-opening
      polymerization is liable to occur because the organoaluminium compound in
      the catalyst acts as a Lewis acid.
PAR  The present inventors have found that these side reactions can be reduced
      to a minimum and a halogen-containing monomer can be copolymerized well
      with ethylene and an .alpha.-olefin to increase the halogen content of the
      polymer, by using an organoaluminum compound having a low Lewis acidity
      (i.e., in the formula AlR'.sub.n X.sub.3.sub.-n, 1.5 .ltoreq. n .ltoreq.
      3) and keeping the molar ratio of the organoaluminum compound to a
      transition metal compound within the range of from 5/1 to 0.5/1.
PAR  Thus, the present invention provides a process for producing a
      halogen-containing, sulfurcurable, normally amorphous quadripolymer,
      characterized by contacting a mixture of (1) ethylene, (2) an
      .alpha.-olefin having the formula, R--CH=CH.sub.2 wherein R is a
      hydrocarbon radical having 1 to 20 carbon atoms, (3) a hydrocarbon
      compound having a plurality of non-conjugated unsaturated bonds capable of
      polymerizing with a coordinated catalyst, and (4) a halogenated norbornene
      compound represented by the formula,
      ##SPC2##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are hydrogen atoms,
      hydrocarbon radicals having 1 to 20 carbon atoms, halogen atoms, or
      halogenated hydrocarbon radicals having 1 to 20 carbon atoms and
      containing at least one halogen atom as substituent, provided that
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have as a whole at least one halogen
      atom, with a coordinated catalyst comprising an organoaluminum compound of
      the formula, AlR'.sub.n X.sub.3.sub.-n wherein R' is a hydrocarbon radical
      having 1 to 20 carbon atoms, X is a halogen atom, and n is any number of
      from 1.5 to 3 and a transition metal compound selected from the group
      consisting of vanadium compounds and titanium compounds, the molar ratio
      of said organoaluminum compound to said transition metal compound being
      from 5 : 1 to 0.5 : 1.
PAR  The .alpha.-olefins, represented by the formula R--CH=CH.sub.2, to be used
      in this invention are preferably those which contain alkyl, aryl, aralkyl,
      alkylaryl, or cycloalkyl groups having 1 to 20 carbon atoms; those which
      contain an alkyl group having 1 to 8 carbon atoms give particularly good
      results. Examples of such compounds include propylene, butene-1,
      pentene-1, 4-methylpentene-1, hexene-1, heptene-1, octene-1, nonene-1,
      decene-1, 5-methylnonene-1, 5,5-dimethyloctene-1, 4-methylhexene-1,
      4-methylheptene-1, 6-methylheptene-1, 5,6,6-trimethylheptene-1, styrene,
      4-phenylheptene-1, 4-cyclohexylhexene-1, etc. In most cases, desirable
      results are obtained when ethylene and propylene or butene-1 are used.
PAR  The hydrocarbon compounds having a plurality of non-conjugated unsaturated
      bonds for use in this invention are those which can be used in preparing
      sulfur-curable EPT rubbers, such as non-conjugated polyene compounds of
      bridged-ring hydrocarbon compounds, monocyclic compounds, fused ring
      compounds, aliphatic hydrocarbon compounds, and spiro compounds. The
      non-conjugated polyene compounds include specifically dicyclopentadiene,
      tricyclopentadiene, 5-methyl-2,5-norbornadiene, 5-methylene-2-norbornene,
      5-ethylidene-2-norbornene, 5-isopropylidene-2-norbornene,
      5-isopropenyl-2-norbornene, 5-(1'-butenyl)-2-norbornene,
      5-(2'-butenyl)-2-norbornene, cyclooctadiene, vinylcyclohexene,
      1,5,9-cyclododecatriene, 6-methyl-4,7,8,9-tetrahydroindene,
      2,2'-dicyclopentenyl, trans-1,2-divinylcyclobutane, 1,4-hexadiene,
      1,6-octadiene, 6-methyl-1,5-heptadiene, etc.
PAR  The rate of curing of the copolymer obtained according to the process of
      the invention can be modulated by varying the non-conjugated diene content
      within the range of 1 to 100, most preferably about 2 to about 20, in
      terms of iodine value. The quadripolymer of this invention is
      characterized in that it can be sufficiently cured even when the degree of
      unsaturation corresponds to an iodine value smaller than generally
      required for sulfur-curing, owing to the crosslinking-accelerating effect
      of the halogen atoms contained in the copolymer.
PAR  The halogenated norbornene compounds usable in this invention have the
      formula,
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are hydrogen atoms, alkyl
      groups having 1 to 20 carbon atoms, halogen atoms such as F, Cl, Br, and
      I, or hydrocarbon radicals having 1 to 20 carbon atoms and containing at
      least one halogen atom, provided that R.sub.1, R.sub.2, R.sub.3 and
      R.sub.4 have as a whole at least one halogen atom. Typical examples of
      such compounds include 5-chloro-2-norbornene, 5-bromo-2-norbornene,
      5-iodo-2-norbornene, 5,5-dichloro-2-norbornene, 5,6-dichloro-2-norbornene,
      5,5,6-trichloro-2-norbornene, 5-chloro-6-methyl-2-norbornene,
      5-chloromethyl-2-norbornene, 5-bromomethyl-2-norbornene,
      5,6-dichloromethyl-2-norbornene, 5,5,6,6-tetrachloronorbornene,
      5-(1',2'-dichloroethyl)-2-norbornene,
      5-.omega.-chlorooctyl-6-octyl-2-norbornene, etc.
PAR  The organoaluminum compound of the formula AlR'.sub.n X.sub.3.sub.-n, as a
      component of the coordinated catalyst used in this invention, contains as
      R' preferably such groups as alkyl, aryl, aralkyl, alkylaryl, and
      cycloalkyl having 1 to 20 carbon atoms; particularly, an alkyl group
      having 1 to 6 carbon atoms gives favorable results. However, those
      containing other hydrocarbon radicals such as cyclopentadienyl group and
      alkenyl group may also be used, if necessary. In the above formula, X is
      chlorine, bromine, or iodine, or in some cases, may be fluorine, and n is
      any number of from 1.5 to 3. The organoaluminum compound is not
      necessarily a single compound, and may be any mixture having a mean
      composition corresponding to the formula.
PAR  Examples of such organoaluminum compounds include ethylaluminum
      sesquichloride, ethylaluminum sesquibromide, ethylaluminum sesquiiodide,
      methylaluminum sesquichloride, n-propylaluminum sesquichloride,
      isobutylaluminum sesquichloride, n-hexylaluminum sesquichloride,
      cyclohexylaluminum sesquichloride, 2-ethylhexylaluminum sesquichloride,
      laurylaluminum sesquichloride, diethylaluminum chloride, dimethylaluminum
      chloride, di-n-butylaluminum chloride, ethylpropenylaluminum chloride,
      dicyclopentadienylaluminum chloride, cyclohexylethylaluminum chloride,
      trimethylaluminum, triethylaluminum, tripropylaluminum,
      triisobutylaluminum, trihexylaluminum, tridecylaluminum,
      triphenylaluminum, tricyclohexylaluminum, tribenzylaluminum, and mixtures
      of these compounds in any proportions.
PAR  In the process of this invention, particularly preferable results are
      obtained when an ethylaluminum sesquihalide, a diethylaluminum halide or a
      mixture containing the two is used as the compound represented by the
      above-mentioned formula AlR'.sub.n X.sub.3.sub.-n.
PAR  The other component of the coordinated catalyst for use in this invention
      is a vanadium compound or a titanium compound. A preferred vanadium
      compound is a tri- to pentavalent vanadium compound having at least one
      group selected from the class consisting of halogens, alkoxy
      cyclopentadienyl, and symmetric or asymmetric diacylmethyl, particularly
      acylacetonyl. The above compounds include vanadium halides, vanadyl
      halides, vanadium acetylacetonate, vanadyl acetylacetonate, vanadium
      haloacetylacetonates, vandyl haloacetylacetonates, esters of orthovanadic
      acid such as vanadates containing a hydrocarbon radical having 1 to 20
      carbon atoms, particularly an alkyl group having 1 to 8 carbon atoms;
      vanadyl haloalkoxides, cyclopentadienylvanadium,
      halocyclopentadienylvanadium and the like. In some cases, other vanadium
      compounds capable of forming a coordinated catalyst with an organoaluminum
      compound may be used such as organic acid salts, phosphates, and
      salicylates.
PAR  Said vanadium compounds include specifically, for example, vanadium
      tetrachloride, vanadium trichloride, vanadyl trichloride, vanadyl
      tribromide, vanadium triacetylacetonate, vanadyl diacetylacetonate,
      vanadyl dichloroacetylacetonate, vanadyl monochlorodiacetylacetonate,
      ethyl orthovanadate, isobutyl orthovanadate, n-hexyl orthovanadate,
      cyclohexyl orthovanadate, phenyl orthovanadate, vanadyl
      diethoxymonochloride, vanadyl diethoxymonobromide, vanadyl
      di-n-octoxymonochloride, vanadyl monomethoxydichloride, vanadyl
      monoethoxydichloride, vanadyl stearoxydichloride,
      dicyclopentadienylvanadium, dicyclopentadienylvanadium dichloride and the
      like. Among these compounds, particularly vanadyl trichloride, vanadium
      tetrachloride, and esters of orthovanadic acid are economically
      advantageous and also give favorable results in most cases.
PAR  Preferable titanium compounds are those which have at least one halogen
      atom or alkoxy group, typical examples thereof being titanium
      tetrachloride and titanium tetrabutoxide.
PAR  Although the process of this invention is a polymerization process which
      makes use of a catalyst system comprising as essential components the
      aforesaid organoaluminum compound and transition metal compound, other
      suitable compounds may be further added as a third component to the
      catalyst system. Such compounds include, for example, electron-donating
      compounds having an interaction, such as coordination or charge-transfer,
      with the organoaluminum compounds, vanadium compounds, or titanium
      compounds; and various oxidizing substances to keep the aforesaid
      transition metal compounds from excessive reduction by the organoaluminum
      compounds, such excessive reduction being detrimental to the catalyst
      activity.
PAR  The electron-donating compounds include, for instance, amines, cyclic
      nitrogen compounds, acid amides, ethers, esters, ketones, aldehydes, and
      compounds of the Group Vb elements such as phosphorus, arsenic, antimony,
      and bismuth. The oxidizing substances include, for example, halogens,
      sulfur, metal halides, nitro compounds, nitroso compounds, nitrates,
      nitrites, N-oxides, p-oxides, azo compounds, sulfides, disulfides,
      quinones, acid halides, etc. Particularly in preparing a quadripolymer
      according to this invention, the presence of Lewis bases such as amines
      and ethers is desirable for the purpose of controlling the side reaction
      between the organoaluminum compounds and the halogenated norbornene
      compounds. Examples of such compounds are pyridine, triethylamine,
      tetrahydrofuran, and anisole. Favorable results are obtained when these
      compounds are used in an amount substantially equimolar to the transition
      metal catalyst.
PAR  In carrying out the process of this invention, the ratio of the
      organoaluminum compound to the transition metal compound is particularly
      important. When the molar ratio exceeds 5, the reaction system becomes
      turbid, indicating a state of suspension of minute particles. Formation of
      such a heterogeneous phase is due to interaction between the
      organoaluminum compound and the halogenated norbornene. The minute
      particles in the heterogeneous phase are occluded in the copolymer during
      after-treatments but can be extracted by reprecipitation by use of carbon
      tetrachloride-acetone. This evidently proves that the halogenated
      norbornene has not copolymerized with ethylene and propylene. Moreover,
      the copolymer obtained from the heterogeneous system is inferior in
      halogen content and random property, and hence tends to have an
      insufficient strength as an elastomer. On the other hand, when both
      components are used in a molar ratio within the range of from 5 : 1 to 0.5
      : 1, particularly from 5 : 1 to 2 : 1, it is possible to carry out the
      polymerization without formation of heterogeneous phase and to control the
      occurrence of side reactions such as dehydrohalogenation to a minimum so
      that an elastomer of a high halogen content and of excellent random
      property may be obtained.
PAR  The concentration of the vanadium or titanium compound used in the process
      of this invention is conveniently 0.01 to 50 millimoles, particularly 0.1
      to 5 millimoles, per liter of the reaction medium, and that of the
      organoaluminum compound is conveniently 0.05 to 100 millimoles,
      particularly 0.5 to 10 millimoles, per liter of the reaction medium.
PAR  In practical operation of the process of this invention, the catalyst
      components can be added to the reaction system in any way. For instance,
      in one method, the catalyst components are mixed and the mixture is added
      to the reaction medium containing the monomers, and in another method, the
      catalyst components are added separately to the reaction system. When a
      high catalyst activity is required, it is generally recommendable to mix
      the organoaluminum compound with the vanadium or titanium compound in the
      presence of the monomers.
PAR  The ratio of ethylene to propylene in the reactant solution is properly
      selected to obtain a copolymer of any desired composition. Generally, a
      proportion of propylene within the range of 50 to 98 mole-%, particularly
      70 to 95 mole-% or thereabout, is conveniently used, though a reaction
      system of other compositions may be chosen, if necessary.
PAR  The hydrocarbon compounds having a plurality of non-conjugated unsaturated
      bonds have, in general, different relative reactivities with ethylene and
      propylene. Therefore, in order to obtain a copolymer having excellent
      vulcanization characteristics in which the said hydrocarbon compound is
      uniformly distributed throughout the polymer molecule, it is desirable to
      feed the said hydrocarbon compound continuously or intermittently during
      copolymerization. It is particularly preferable to conduct the feeding at
      such a rate that the iodine value of the formed polymer may become
      substantially constant throughout the progress of polymerization. In such
      a manner, there is formed, for example, a copolymer having more improved
      vulcanization characteristics. It is preferable, in general, to add the
      non-conjugated hydrocarbon component in such an amount that the iodine
      value of the copolymer will fall within the range of 1 to 100,
      particularly 2 to 20. The concentration of the said component in the
      polymerization medium is conveniently 1 to 100 millimoles per liter,
      though may vary depending upon the rate of formation of the polymer and
      other conditions.
PAR  As for the halogenated norbornene compounds, there is also a difference
      between relative reactivities with ethylene and propylene. Therefore, in
      order to obtain a copolymer containing uniformly distributed halogen atoms
      and having favorable adhesive property and tackiness, it is desirable to
      feed the halogenated norbornene continuously or intermittently throughout
      the progress of copolymerization, though copolymerization can, of course,
      be conducted even when a large excess of said component is added at the
      beginning of polymerization. The concentration of the said component in
      the polymerization medium is conveniently 1 to 100 millimoles per liter,
      though may vary depending upon the rate of formation of the polymer and
      other conditions.
PAR  In carrying out the process of this invention, there may be used various
      molecular weight regulating agents and other additives including, for
      example, hydrogen, zincalkyls, allyl halides, and pyridine N-oxide.
      Particularly in the process of this invention, addition of hydrogen gives
      favorable results. By use of hydrogen in a reaction system containing the
      catalyst system of this invention, not only the catalytic activity is
      generally enhanced, but also a copolymer with a low gel content and having
      a satisfactory processability is more easily obtained.
PAR  When hydrogen is to be used as an additive, it can be added in any way. It
      may be added in admixture with ethylene and propylene monomers, or may be
      introduced in the form of a solution in a solvent. The amount of hydrogen
      to be added may vary depending on polymerization conditions, especially
      temperature, conversion, and monomer composition, and can be properly
      predetermined to conform to the desired molecular weight of the objective
      polymer. In most cases, it is generally adequate to dissolve in the
      polymerization medium about 0.01 to 50 mole-% of hydrogen based on the
      amount of ethylene and propylene dissolved in the medium. Particularly
      when the polymerization temperature is in the neighborhood of room
      tempeerature, temperature, presence of about 0.05 to 1 mole-% of hydrogen
      usually gives a copolymer of a suitable molecular weight. In the case of
      controlling the polymerization by a hydrogen concentration in the vapor
      phase in equilibrium with the polymerization solution, a hydrogen
      concentration of about 1 to 60 mole-% is often used. These numerical
      values, however, are only a guide and, if necessary, other hydrogen ratios
      can be used, depending on polymerization conditions.
PAR  The polymerization reaction can be conducted at any pressure within the
      range of from reduced pressure to superatmospheric pressure as high as 100
      kg/cm.sup.2.
PAR  As the reaction temperature, there may be used any temperature within the
      range of from a temperature as low as -78.degree.C to a temperature as
      high as 120.degree.C., though a temperature within the range of from
      20.degree. to 70.degree.C gives generally good results. As the
      polymerization temperature, there should be the optimum temperatures
      corresponding to the respective combinations of catalyst components. In
      selecting the polymerization temperature, it is useful to consider the
      activity deterioration with the lapse of time. The polymerization process
      may be either batchwise or continuous, and each monomer and the catalyst
      may be added to the reaction vessel at one time at the beginning or may be
      introduced continuously into the reaction vessel.
PAR  In carrying out the process of this invention, an inert solvent may
      generally be used. Alternatively, liquified monomers may be used as the
      medium. Suitable inert solvents are ordinary hydrocarbon compounds or
      halohydrocarbon compounds, for example, propane, butane, pentane, hexane,
      heptane, octane, petroleum ether, ligroin, other petroleum-based mixed
      solvents, benzene, toluene, xylene, cyclohexane, methylcyclo-hexane,
      methylene dichloride, ethylene dichloride, trichloroethane,
      tetrachloroethylene, butyl chloride, chlorobenzene, bromobenzene, etc.
PAR  On completion of the polymerization reaction, after-treatment is carried
      out in an ordinary manner to purify and recover the polymerization
      product. Applicable procedures of after-treatment are water treatment,
      steam treatment, alcohol treatment, alcohol-hydrochloric acid hydrochloric
      hydroloric acid-water treatment, alkali treatment, aqueous emulsifier
      solution treatment, and any after-treatment procedure used in the
      polymerization process using a Ziegler-Natta catalyst system.
PAR  Alternatively, without any of the above-mentioned after-treatments, the
      polymerization mixture may be salted out or the polymerization mixture as
      such may be subjected to removal of solvent to recover the solid matters.
      Further, an antioxidant or other additives may be added during or after
      the above-mentioned treatment.
PAR  The copolymer obtained by the process of this invention is solid at
      ordinary temperature and is a rubber-like elastomer, which generally can
      be milled on a roll-mill and can be subjected to conventional
      sulfur-curing. As compared with a conventional EPT rubber, the present
      copolymer is markedly improved particularly in tackiness, adhesion, and
      rate of curing, owing to the presence of halogen atoms in the molecule. It
      can be cross-linked also with metal oxides or with peroxides.
PAR  Since ethylene-propylene-diene terpolymers are excellent in weather
      resistance, thermal resistance and ozone resistance, they are often used
      to be blended with at least one diene rubber, such as natural rubber, SBR,
      butadiene rubber, isoprene rubber, etc., or butyl rubber. However, the
      terpolymers have low co-vulcanizability with the diene rubbers, and the
      physical properties of the blends are remarkably inferior to those of the
      diene rubbers alone. Therefore, in general, the terpolymers have been
      blended in very small proportions with the diene rubbers. On the other
      hand, the quadripolymers obtained by the process of this invention are
      excellent in co-vulcanizability with the diene rubbers, and may be blended
      in an amount of 10 to 80 % by weight with the diene rubbers according to
      objects.
PAR  The halogen atoms introduced into the present copolymer greatly affect the
      physical properties of the copolymer, and even a very low halogen content
      manifests considerable effect. However, it is generally desirable to
      introduce 0.3 % by weight or more of halogen. In order that the copolymer
      may acquire sufficiently random amorphous structure, the halogen content
      is preferably 10 % by weight or less, and the molar ratio of ethylene
      units to propylene units is preferably within the range of from 4 : 1 to 1
      : 4. Depending upon the ethylene-to-propylene ratio, a halogen content of
      more than 10 % may, in some cases, be tolerable.
DETD
PAR  The invention is illustrated below in further detail with reference to
      Examples, but the scope of this invention is not limited to the Examples.
PAC  EXAMPLE 1
PAR  Into a 2-liter separable flask provided with a gas inlet, in which the air
      had been thoroughly replaced by nitrogen, was introduced 1 liter of
      n-hexane, and the inside temperature was maintained at 30.degree.C. A
      mixed gas of 40 mole-% of ethylene and 60 mole-% of propylene was passed
      through the flask at a rate of 10 liters per minute. After 20 minutes, 1
      millimole of 5-ethylidene-2-norbornene and 10 millimoles of
      5-chloromethyl-2-norbornene were added to the flask. After the mixture in
      the flask had been thoroughly stirred, 4 millimoles of ethylaluminum
      sesquichloride and 2 millimoles of vanadyl trichloride (Al/V = 2/1) were
      added to the system to initiate polymerization while continuing the
      stirring and passing through the mixed gas. After continuing the reaction
      for 30 min, 15 ml of methanol was added to terminate the polymerization.
      The solution was withdrawn and thoroughly admixed with about 100 ml of a
      methanol solution containing 0.4 % of 2,6 -di-tert-butyl-p-cresol to
      remove the catalyst. The polymer-containing n-hexane solution was poured
      into a large volume of methanol to precipitate a white elastomeric
      copolymer. The precipitated copolymer was dried in vacuo at 60.degree.C to
      yield 6.47 g of a copolymer having an intrinsic viscosity [.eta.] of 0.90
      dl/g, as measured in xylene at 70.degree.C., and a propylene content of
      29.3 mole-%. A portion of the polymer was dissolved in carbon
      tetrachloride and poured into a large volume of acetone to reprecipitate
      the polymer. The polymers before and after reprecipitation were analyzed
      for chlorine to obtain the following results: The chlorine contents before
      and after reprecipitation were 1.60 % and 1.52 % by weight, respectively.
      The result of chlorine analysis showed that the copolymer contained 6.11 %
      by weight of 5-chloromethyl-2-norbornene monomeric units.
PAR  On the other hand, under conditions similar to those mentioned above,
      polymerization was initiated with 4 millimoles of ethylaluminum
      sesquichloride and 0.4 millimole of vanadyl trichloride (Al/V = 10/1). The
      polymerization system became turbid and a heterogeneous reaction took
      place. After 30 minutes, the reaction mixutre was subjected to an
      after-treatment similar to that mentioned above to obtain 18.70 g of a
      white, elastomeric copolymer having an intrinsic viscosity of 2.08 dl/g
      and a propylene content of 29.1 mole-%. Chlorine analysis revealed that
      the chlorine content of the polymer was 0.55 % by weight before
      reprecipitation and 0.15 % by weight after reprecipitation, indicating
      that 5-chloromethyl-2-norbornene is very difficult to copolymerize under
      the above-said polymerization conditions.
PAC  EXAMPLE 2
PAR  Into a 3-liter separable flask provided with a gas inlet, in which the air
      had been thoroughly replaced by nitrogen, was introduced 2 liters of
      n-hexane, and the flask was placed in a thermostat to maintain the inside
      temperature of 30.degree.C. A mixed gas of 40 mole-% of ethylene and 60
      mole-% of propylene was passed through the flask at a rate of 10 liters
      per minute. After the lapse of 20 minutes, 20 millimoles of
      5-ethylidene-2-norbornene, 30 millimoles of 5-chloromethyl-2-norbornene,
      16 millimoles of ethylaluminum sesquichloride, and 3.2 millimoles of
      vanadyl trichloride were added in 5 portions intermittently at 10 minutes
      intervals with stirring to allow the reaction to proceed. After the last
      addition, the reaction was continued for a further 30 minutes and then
      terminated by addition of 20 ml of methanol. After-treatment was carried
      out in a manner similar to that in Example 1 to obtain 124 g of a
      copolymer having an intrinsic viscosity [.eta.] of 2.29 dl/g, as measured
      in xylene at 70.degree.C., a propylene content of 32.9 mole-%, an iodine
      value of 6.8, and a chlorine content of 0.50 % by weight (the chlorine
      content is that of the polymer after reprecipitation and the same shall
      apply hereinafter), indicating that the polymer contained 2.0 % by weight
      of 5-chloromethyl-2-norbornene monomeric units.
PAR  One hundred parts by weight of the above-mentioned copolymer was compounded
      with 50 parts by weight of HAF carbon black, 5 parts by weight of zinc
      oxide, 1 part by weight of stearic acid, 1 part by weight of
      tetramethylthiuram monosulfide, 0.25 part by weight of
      mercaptobenzothiazole, and 1.0 part by weight of sulfur and vulcanized at
      160.degree.C. for 15 minutes to obtain a rubber having a modulus at 300 %
      elongation of 137 kg/cm.sup.2, a tensile strength of 299 kg/cm.sup.2 and
      an elongation of 490 %.
PAR  During the above-said vulcanization, the rate of vulcanization of the
      present copolymer was compared with that of an
      ethylene-propylene-ethylidene-norbornene copolymer by use of "Rheometer"
      at 160.degree.C. and 6 rpm. The maximum change in torque with time (
      .sub.max kg.sup.. cm/min) of the present copolymer was 1.65 and that of
      the EP(ENB) copolymer was 0.43, and this indicates that the rate of
      vulcanization of the present copolymer is several times as large as that
      of the EP(ENB) copolymer.
PAR  Further, the physical properties of the cured blend of the copolymer
      obtained above with SBR 1500 are shown in Table 1, in which the physical
      properties of the cured blend of the EP(ENB) copolymer with SBR are also
      shown for comparison.
TBL                Table 1                                                     
     ______________________________________                                    
               Present quadripolymer                                           
                             EP(ENB)                                           
     ______________________________________                                    
     [.eta.] (dl/g)                                                            
                 2.29            2.46                                          
     Propylene content                                                         
     (mole %)    32.9            36.3                                          
     Iodine value                                                              
                 6.8             7.0                                           
     Chlorine content                                                          
     (wt %)      0.50            0                                             
     ______________________________________                                    
     Weight ratio of                                                           
     copolymer/SBR                                                             
                 75/25     30/70     75/25  30/70                              
     ______________________________________                                    
     Tensile strength*                                                         
     at break (T.sub.B)                                                        
     (kg/cm.sup.2)                                                             
                  98       150        45    112                                
     Elongation at                                                             
     break (E.sub.B) (%)                                                       
                 270       320       240    290                                
     ______________________________________                                    
      *Compounding recipe: Same as above, except that the polymer blend was    
      substituted for the copolymer.                                           
      Vulcanization conditions: 160.degree.C, 15 min.                          
PAR  As is clear from the above, the present quadripolymer is superior in
      co-vulcanizability with diene rubber to the EP(ENB) copolymer.
PAC  EXAMPLE 3
PAR  A continuous polymerization under pressure was carried out at 44.degree.C.
      by using a 2-liter stainless steel autoclave. While feeding n-hexane at a
      flow rate of 3 liters per hour, ethylene and propylene were dissolved
      therein under a pressure of 20 kg/cm.sup.2  (gauge) and the residence time
      as a whole was adjusted to 16 minutes. The ethylene-to-propylene weight
      ratio was adjusted to 5 : 1. On the other hand, ethylaluminum
      sesquichloride, vanadyl trichloride, 5-chloromethyl-2-norbornene, and
      5-ethylidene-2-norbornene, each dissolved in n-hexane, were separately and
      continuously fed to the reactor. The molar ratio of ethylaluminum
      sesquichloride to vanadyl trichloride was 3 : 1, and the concentration of
      the aluminum-containing component in the reaction system was kept at about
      7 millimoles per liter. The feeding rate of 5-ethylidene-2-norbornene was
      regulated so that the iodine value of the formed polymer became about 13,
      and an equimolar amount of 5-chloromethyl-2-norbornene was added. In such
      a manner, operation was continued for 5 hours. The resulting polymer
      solution in n-hexane (about 80 g/liter) was subjected to an
      after-treatment in a conventional manner to obtain a copolymer having the
      following structural characteristics: intrinsic viscosity, 1.41 dl/g;
      propylene content, 38.1 mole-%; iodine value, 13.5; Mooney viscosity,
      ML.sub.1.sub.+4.sup.100.sup..degree.C, 48; chlorine content, 0.48 % by
      weight. The polymer was compounded in accordance with the same recipe as
      in Example 2 and vulcanized. The physical properties of the vulcanizate
      were compared with those of a conventional EP(ENB)
      (ethylenepropylene-ethylidenenorbornene terpolymer). As shown in Table 2,
      the present polymer showed superior tackiness.
TBL                Table 2                                                     
     ______________________________________                                    
                       Copolymer of                                            
                                 EP(ENB)                                       
                       Example 3                                               
     ______________________________________                                    
     ML.sub.1.sub.+4 (100.degree.C.)                                           
                         48          54                                        
     Propylene content (mole-%)                                                
                         38          36                                        
     Iodine value        13.5        18.2                                      
     Tackiness of compound (g/14 mm)                                           
                         710         460                                       
     M.sub.300 (160.degree.C./15 min.) (kg/cm.sup.2)                           
                         150         145                                       
     T.sub.B (160.degree.C./15 min.) (kg/cm.sup.2)                             
                         229         218                                       
     E.sub.B (160.degree.C./15 min.) (%)                                       
                         740         600                                       
     ______________________________________                                    
PAR  Further, each of the above-mentioned two polymers was vulcanized at
      160.degree.C. for 20 minutes and two specimens of each vulcanizate were
      bonded by means of 100 parts by weight of "S-Tack No. 1" and 3 parts by
      weight of "Desmodur" (Bayer Co.) as an adhesive. After having been kept at
      room temperature for 48 hours, the bonded specimens were tested for bond
      strength at a drawing speed of 20 mm per minute. The copolymer of Example
      3 showed a superior value of 2.5 kg/cm.sup.2 as compared with 1.0
      kg/cm.sup.2 in the case of EP(ENB).
PAC  EXAMPLE 4
PAR  Into a 2-liter separable flask, in which the air had been thoroughly
      replaced by nitrogen, was introduced 1 liter of toluene, and the inside
      temperature was kept at 20.degree.C. A mixed gas of 33.3 mole-% of
      ethylene, 50 mole-% of propylene, and 16.7 mole-% of hyrogen was passed
      through the flask at a rate of 12 liters per minute. After 20 minutes, to
      the system were added 1 millimole of dicyclopentadiene and 30 millimoles
      of 5-chloromethyl-2-norbornene, and then 2 millimoles of ethylaluminum
      sesquichloride and 0.4 millimole of vanadyl trichloride were added
      thereto, and the resulting mixture was subjected to reaction for 30
      minutes. After-treatment was carried out in a manner similar to that in
      Example 1 to yield 6.98 g of a copolymer having an intrinsic viscosity of
      0.89 dl/g, a propylene content of 14.7 mole-%, and a chlorine content of
      2.99 % by weight.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 was repeated using the same apparatus as in
      Example 1, except that the following modification was made: To the system
      were added 10 millimoles of 5-ethylidene-2-norbornene and 10 millimoles of
      5-chloromethyl-2-norbornene, and then 3 millimoles of diethylaluminum
      chloride and 1 millimole of vanadyl trichloride were added to initiate
      polymerization. After 30 minutes, the polymerization was terminated and
      the reaction mixture was subjected to after-treatment to obtain 7.49 g of
      a copolymer. The intrinsic viscosity thereof was 1.06 dl/g, the propylene
      content, 21.1 mole-%, the iodine value, 45.7, and the chlorine content,
      1.00 % by weight.
PAC  EXAMPLE 6
PAR  The procedure of Example 1 was repeated using the same apparatus as in
      Example 1, except that the following modification was made: Polymerization
      was effected by using 2 millimoles of triethylaluminum as the
      organoaluminum compound and 0.4 millimole of vanadium tetrachloride as the
      transition metal compound, provided that the composition of the mixed gas
      was 40 mole-% of ethylene and 60 mole-% of propylene, and each of the
      amounts of 5-ethylidene-2-norbornene and 5-chloromethyl-2-norbornene used
      was 10 millimoles. The resulting copolymer weighed 2.65 g and had an
      intrinsic viscosity of 1.21 dl/g and a chlorine content of 0.50 % by
      weight.
PAC  EXAMPLE 7
PAR  The procedure of Example 1 was repeated using the same apparatus as in
      Example 1, except that the following modification was made: While passing
      a mixed gas of ethylene and propylene, to the system were added 10
      millimoles of 5-ethylidene-2-norbornene and 10 millimoles of
      5-chloromethyl-2-norbornene, and then 0.4 millimole of pyridine was added.
      Polymerization was then initiated by the addition of 2 millimoles of
      ethylaluminum sesquichloride and 0.4 millimole of vanadyl trichloride, and
      the reaction was allowed to proceed for 30 minutes. The reaction mixture
      was subjected to a conventional after-treatment to obtain 9.19 g of a
      copolymer having an intrinsic viscosity of 1.47 dl/g, a propylene content
      of 28.3 mole-%, an iodine value of 32.4, and a chlorine content of 1.06 %
      by weight.
PAC  EXAMPLE 8
PAR  The procedure of Example 1 was repeated using the same apparatus as in
      Example 1, except that the following modification was made: To the system
      were added 10 millimoles of 5-ethylidene-2-norbornene and 10 millimoles of
      5-bromomethyl-2-norbornene, and polymerization was initiated with 3
      millimoles of ethylaluminum sesquichloride and 1 millimole of vanadyl
      trichloride to obtain 6.69 g of a copolymer having an intrinsic viscosity
      of 1.07 dl/g, a propylene content of 21.9 mole-%, and a bromine content of
      2.18 % by weight.
PAC  EXAMPLE 9
PAR  Under the same conditions as in Example 8, 5-chloro-2-norbornene was used
      in place of 5-bromomethyl-2-norbornene to obtain 16.19 g of a copolymer
      having an intrinsic viscosity of 1.97 dl/g, a propylene content of 30.2
      mole-%, an iodine value of 15.0, and a chlorine content of 0.39 % by
      weight. By using the same compounding formula as in Example 2, the
      copolymer was vulcanized at 160.degree.C. for 40 minutes, to obtain a
      rubber having M.sub.200 of 197 kg/cm.sup.2, a tensile strength of 238
      kg/cm.sup.2, and an elongation of 360 %.
PAC  EXAMPLE 10
PAR  Under the same conditions as in Example 8, 5,5,6-trichloro-2-norbornene was
      used in place of 5-bromomethyl-2-norbornene to obtain 17.05 g of a
      copolymer having an intrinsic viscosity of 3.99 dl/g, a propylene content
      of 28.7 mole-%, an iodine value of 18.0, and a chlorine content of 0.59 %
      by weight. The copolymer was vulcanized in a manner similar to that in
      Example 2 to obtain a rubber having M.sub.200 of 116 kg/cm.sup.2, a
      tensile strength of 116 kg/cm.sup.2, and an elongation of 200 %.
PAC  EXAMPLE 11
PAR  Under the same conditions as in Example 8, except that 10 millimoles of
      5-.omega.-chlorooctyl-6-octyl-2-norbornene was substituted for the
      5-bromomethyl-2-norbornene, polymerization was effected to obtain 13.21 g
      of a copolymer having an intrinsic viscosity of 1.38 dl/g, a propylene
      content of 26.3 mole-%, an iodine value of 14.7, and a chlorine content of
      0.45 % by weight.
PAC  EXAMPLE 12
PAR  Into the same flask as in Example 1 were introduced 1 liter of n-hexane and
      150 g of butene-1, and the inside temperature was maintained at
      30.degree.C. Into the flask was introduced gaseous ethylene at a rate of 4
      liters per minute. After 20 minutes, to the system were added 10
      millimoles of 5-chloromethyl-2-norbornene and 10 millimoles of
      5-ethylidene-2-norbornene, and then 2 millimoles of ethylaluminum
      sesquichloride and 0.4 millimole of vanadyl trichloride were added to
      initiate polymerization. After 30 minutes, the polymerization was
      terminated and the reaction mixture was subjected to a conventional
      after-treatment to obtain 3.73 g os
      ethylene-butene-1-ethylidenenorbornene-chloromethylnorbornene
      quadripolymer having an intrinsic viscosity of 0.73 dl/g and a chlorine
      content of 0.53 % by weight.
PAC  EXAMPLE 13
PAR  The physical properties of a vulcanizate of a blend of the quadripolymer
      obtained in Example 2 and a natural rubber were as shown in Table 3, in
      which the case of the same EP(ENB) terpolymer as used in Example 2 is also
      shown for comparison and the following compounding recipe and conditions
      were used.
TBL  ______________________________________                                    
     Compounding recipe:                                                       
     ______________________________________                                    
     Quadripolymer or EP(ENB)                                                  
                           25 parts by weight                                  
     terpolymer                                                                
     Natural rubber (Pale crepe)                                               
                           75 parts by weight                                  
     Stearic acid          2 parts by weight                                   
     ZnO                   35 parts by weight                                  
     TiO.sub.2             35 parts by weight                                  
     Oil (P-200)           5 parts by weight                                   
     Wax                   5 parts by weight                                   
     N-cyclohexylsulfenamide                                                   
                           0.35 part by weight                                 
     Sulfur                3.5 parts by weight                                 
     Curing conditions:  150.degree., 30 min.                                  
     ______________________________________                                    
TBL                Table 3                                                     
     ______________________________________                                    
                   Quadripolymer of                                            
                                Comparison                                     
                   this invention                                              
                                [EP(ENB)]                                      
     ______________________________________                                    
     Modulus M.sub.200 (kg/cm.sup.2)*                                          
                     19             18                                         
         M.sub.300 (kg/cm.sup.2)*                                              
                     26             26                                         
     Tensile strength T.sub.B                                                  
                     170            120                                        
     (kg/cm.sup.2)*                                                            
     Elongation (%)* 760            690                                        
     Extraction (% by weight)                                                  
                     2.49           5.68                                       
     (chloroform, Soxley,                                                      
     14 hrs.)                                                                  
     Swollen ratio (%)                                                         
                     371            403                                        
     (chloroform, 48 hrs.)                                                     
     ______________________________________                                    
      Note: *According to JIS K-6301                                           
PAR  The quadripolymer of this invention is excellent in tensile strength,
      elongation and the like of the vulcanizate of its blend with natural
      rubber, and when the composition was subjected to extraction with
      chloroform, the amount of the quadripolymer extracted was small. This
      means that the quadripolymer of this invention is excellent in
      co-vulcanizability.
PAC  EXAMPLE 14
PAR  The physical properties of a vulcanizate of a blend of the quadripolymer
      obtained in Example 2 with a butyl rubber are compared with those of the
      same EP(ENB) terpolymer as used in Example 2 in Table 4, in which the
      following compounding recipe and conditions were used.
TBL  ______________________________________                                    
     Compounding recipe:                                                       
     ______________________________________                                    
     Quadripolymer or EP(ENB)                                                  
                           20 parts by weight                                  
     terpolymer                                                                
     IIR (Polyser 301)     80 parts by weight                                  
     GPF carbon black      60 parts by weight                                  
     Oil (P-200)           20 parts by weight                                  
     ZnO                   5 parts by weight                                   
     Stearic acid          2 parts by weight                                   
     Tetramethylthiuram disulfide                                              
                           1.5 parts by weight                                 
     2-Mercaptobenzothiazole                                                   
                           0.5 parts by weight                                 
     Sulfur                1.5 parts by weight                                 
     Curing conditions: 160.degree.C, 17 min.                                  
     ______________________________________                                    
TBL                Table 4                                                     
     ______________________________________                                    
                   Quadripolymer of                                            
                                Comparison                                     
                   this invention                                              
                                [EP(ENB)]                                      
     ______________________________________                                    
     Modulus, M.sub.300 (kg/cm.sup.2)*                                         
                      64             54                                        
     Tensile strength T.sub.B                                                  
                     123            103                                        
     (kg/cm.sup.2)*                                                            
     Elongation E.sub.B (%)*                                                   
                     650            500                                        
     Tackiness (g/14 mm)**                                                     
                     460            280                                        
     ______________________________________                                    
      Note:                                                                    
      *According to JIS K-6301                                                 
      **Measured by means of a pick-up type tack meter manufactured by Toyo    
      Seiki Corporation                                                        
PAR  When the EP(ENB) terpolymer was blended with the butyl rubber, the
      tackiness was remarkably reduced, while the blending of the present
      quadripolymer with the butyl rubber resulted in only a small reduction in
      tackiness.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition comprising 90 to 20 % by weight of at least one diene
      rubber or butyl rubber and 10 to 80 % by weight of a halogen-containing,
      sulfur-curable, normally amorphous quadripolymer obtained by contacting a
      mixture comprising (1) ethylene, (2) an .alpha.-olefin of the formula
      R--CH=CH.sub.2 wherein R is a hydrocarbon radical having 1 to 20 carbon
      atoms, (3) a hydrocarbon compound having a plurality of non-conjugated
      unsaturated bonds capable of polymerizing with a coordinated catalyst, and
      (4) a halogenated norbornene compound represented by the formula,
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are hydrogen atoms,
      hydrocarbon radicals having 1 to 20 carbon atoms, halogen atoms, or
      halogenated hydrocarbon radicals having 1 to 20 carbon atoms and
      containing at least one halogen atom as substituent, provided that
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have as a whole at least one halogen
      atom, with a coordinated catalyst comprising an organoaluminum compound of
      the formula, AIR'.sub.n X.sub.3.sub.-n wherein R' is a hydrocarbon radical
      having 1 to 20 carbon atoms; X is a halogen atom; and n is any number of
      from 1.5 to 3 and a transition metal compound selected from the group
      consisting of vanadium compounds and titanium compounds, the molar ratio
      of said organoaluminum compound to said transition metal compound being
      from 5 : 1 to 0.5 : 1.
NUM  2.
PAR  2. A composition according to claim 1, wherein the mixture of monomers is
      contacted with the coordinated catalyst at a temperature of from
      -78.degree. to 120.degree.C.
NUM  3.
PAR  3. A composition according to claim 1, wherein the mixture of monomers is
      contacted with the coordinated catalyst at a temperature of from
      20.degree. to 70.degree.C.
NUM  4.
PAR  4. A composition according to claim 1, wherein R of the .alpha.-olefin is
      an alkyl, aryl, aralkyl, alkylaryl, or cycloalkyl group having 1 to 20
      carbon atoms.
NUM  5.
PAR  5. A composition according to claim 1, wherein the .alpha.-olefin is
      propylene, butene-1, pentene-1, 4-methylpentene-1, hexene-1, heptene-1,
      octene-1, nonene-1, decene-1, 5-methylnonene-1, 5,5-dimethyloctene-1,
      4-methylhexene-1, 4-methylheptene-1, 6-methylheptene-1,
      5,6,6-trimethylheptene-1, styrene, 4-phenylheptene-1, or
      4-cyclohexylhexene-1.
NUM  6.
PAR  6. A composition according to claim 1, wherein the .alpha.-olefin is
      propylene or butene-1.
NUM  7.
PAR  7. A composition according to claim 1, wherein the hydrocarbon compound
      having a plurality of non-conjugated unsaturated bonds in a non-conjugated
      polyene selected from the group consisting of dicyclopentadiene,
      tricyclopentadiene, 5-methyl-2,5-norbornadiene, 5-methylene-2-norbornene,
      5-ethylidene-2-norbornene, 5-isopropylidene-2-norbornene,
      5-isopropenyl-2-norbornene, 5-(1'-butenyl)-2-norbornene,
      5-(2'-butenyl)-2-norbornene, cyclooctadiene, vinylcyclohexene,
      1,5,9-cyclododecatriene, 6-methyl-4,7,8,9-tetrahydroindene,
      2,2'-dicyclopentenyl, trans-1,2-divinylcyclobutane, 1,4-hexadiene,
      1,6-octadiene, and 6-methyl-1,5-heptadiene.
NUM  8.
PAR  8. A composition according to claim 1, wherein the halogenated norbornene
      compound is 5-chloro-2-norbornene, 5-bromo-2-norbornene,
      5-iodo-2-norbornene, 5,5-dichloro-2-norbornene, 5,6-dichloro-2-norbornene,
      5,5,6-trichloro-2-norbornene, 5-chloro-6-methyl-2-norbornene,
      5-chloromethyl-2-norbornene, 5-bromomethyl-2-norbornene,
      5,6-dichloromethyl-2-norbornene, 5,6-dibromomethyl-2-norbornene,
      5,5,6,6-tetrachloronorbornene, 5-(1',2'-dichloroethyl)-2-norbornene, or
      5-.omega.-chlorooctyl-6-octyl-2-norbornene.
NUM  9.
PAR  9. A composition according to claim 6, wherein the non-conjugated polyene
      is 5-ethylidene-2-norbornene or 5-isopropylidene-2-norbornene.
NUM  10.
PAR  10. A composition according to claim 9, wherein the halogenated norbornene
      compound is 5-chloromethyl-2-norbornene or 5-bromomethyl-2-norbornene.
NUM  11.
PAR  11. A composition according to claim 1, wherein R' of the organoaluminum
      compound is an alkyl, aryl, aralkyl, alkylaryl, or cycloalkyl group having
      1 to 20 carbon atoms.
NUM  12.
PAR  12. A composition according to claim 1, wherein the organoaluminum compound
      is ethylaluminum sesquichloride, ethylaluminum sesquibromide,
      ethylaluminum sesquiiodide, methylaluminum sesquichloride,
      n-propylaluminum sesquichloride, isobutylaluminum sesquichloride,
      n-hexylaluminum sesquichloride, cyclohexylaluminum sesquichloride,
      2-ethylhexylaluminum sesquichloride, laurylaluminum sesquichloride,
      diethylaluminum chloride, dimethylaluminum chloride, di-n-butylaluminum
      chloride, ethylpropenylaluminum chloride, dicyclopentadienylaluminum
      chloride, cyclohexylethylaluminum chloride, trimethylaluminum,
      triethylaluminum, tripropylaluminum, triisobutylaluminum,
      trihexylaluminum, tridecylaluminum, triphenylaluminum,
      tricyclohexylaluminum, or tribenzylaluminum.
NUM  13.
PAR  13. A composition according to claim 1, wherein the organoaluminum compound
      is an ethylaluminum sesquihalide, a diethylaluminum halide, or a mixture
      of these compounds.
NUM  14.
PAR  14. A composition according to claim 1, wherein the transition metal
      compound is a tri- to penta-valent vanadium compound selected from the
      group consisting of vanadium halides, vanadyl halides, vanadium
      acetylacetonate, vanadyl acetylacetonate, vanadium haloacetylacetonates,
      vanadyl haloacetylacetonates, esters of orthovanadic acid containing a
      hydrocarbon radical of 1 to 20 carbon atoms, vanadyl haloalkoxides,
      cyclopentadienylvanadium, and halocyclopentadienylvanadiums.
NUM  15.
PAR  15. A composition according to claim 1, wherein the transistion metal
      compound is vanadium tetrachloride, vanadium trichloride, vanadyl
      trichloride, vanadyl tribromide, vanadium triacetylacetonate, vanadyl
      acetylacetonate, vanadyl dichloroacetylacetonate, vanadyl
      monochlorodiacetylacetonate, ethyl orthovanadate, n-hexyl orthovanadate,
      cyclohexyl orthovanadate, phenyl orthovanadate, vanadyl
      diethoxymonochloride, vanadyl diethoxymonobromide, vanadyl
      di-n-octoxymonochloride, vanadyl monomethoxydichloride, vanadyl
      monoethoxydichloride, vanadyl monostearoxydichloride,
      dicyclopentadienylvanadium, or dicyclopentadienylvanadium dichloride.
NUM  16.
PAR  16. A composition according to claim 1, wherein the transition metal
      compound is vanadyl trichloride, vanadium tetrachloride, or an ester of
      othovanadic acid.
NUM  17.
PAR  17. A composition according to claim 1, wherein the transition metal
      compound is titanium tetrachloride or titanium tetrabutoxide.
NUM  18.
PAR  18. A composition according to claim 1, wherein the catalyst contains as a
      third component an electron-donating compound selected from the group
      consisting of amines, cyclic nitrogen compounds, acid amides, ethers,
      esters, ketones, and compounds of the Group Vb elements.
NUM  19.
PAR  19. A composition according to claim 1, wherein the catalyst contains as a
      third component an oxidizing compound selected from the group consisting
      of halogens, sulfur, metal halides, oxygen, nitro compounds, nitroso
      compounds, nitrates, nitrites, N-oxides, P-oxides, azo compounds,
      sulfides, disulfides, quinones, and acid halides.
NUM  20.
PAR  20. A composition according to claim 1, wherein the molar ratio of the
      organoaluminum compound to the transition metal compound is from 5 : 1 to
      2 : 1.
NUM  21.
PAR  21. A composition according to claim 1, wherein the concentration of the
      transition metal compound in a reaction medium is 0.01 to 50 millimoles
      per liter.
NUM  22.
PAR  22. A composition according to claim 1, wherein the concentration of the
      organoaluminum compound in a reaction medium is 0.05 to 100 millimoles per
      liter.
NUM  23.
PAR  23. A composition according to claim 1, wherein the proportion of the
      propylene in the monomer mixture is 50 to 98 mole-%.
NUM  24.
PAR  24. A composition according to claim 1, wherein the diene rubber is
      selected from the group consisting of natural rubber, SBR, butadiene
      rubber, and isoprene rubber.
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ABST
PAL  Polymer electrolyte compositions having polymerized monomer units of the
      structural formula:
      ##SPC1##
PAL  Or acidic or alkaline salts of these compositions. R.sub.1 and R.sub.2 are
      hydrogen, methyl or ethyl. Also disclosed are methods for producing these
      compositions by reacting .beta.-propiolactone and a polymer composition
      including vinylpyridine monomer units, by hydrolyzing a neutral salt of
      the above structural formula to obtain a N-(2-carboxyethyl) poly- .gamma.
      -vinylpyridine acidic or alkaline salt, by reacting the N-(2-carboxyethyl)
      poly- .gamma. -vinyl-pyridine salt with an acid or alkali to form a
      corresponding acid, neutral or alkaline salt, and by reacting a diluted or
      weak acid or alkali under nonhydrolyzing conditions with a polymer of the
      above structural formula to form a corresponding acidic, neutral or basic
      salt.
PARN
PAC  CROSS REFERENCE TO A RELATED APPLICATION
PAR  This application is a continuation-in-part of copending U.S. Pat.
      application Ser. No. 160,541 filed July 7, 1971 by the inventors herein
      and now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  One embodiment of the invention is directed to an electrolyte composition
      comprising a polymer with a degree of polymerization defined in terms of
      inherent viscosity of from about 0.2 to about 5 at a concentration of
      0.5g./100 ml. methanol at 30.degree.C, having a plurality of connected
      monomer units of the structural formula:
      ##SPC2##
PAL  Wherein R.sub.1 and R.sub.2 are hydrogen, methyl or ethyl, n has an average
      value greater than about 0.2 and less than that producing an X-ray
      crystalline pattern of poly-.beta.-propiolactone homopolymer. Said polymer
      is N-(poly-.beta.-propiolactone) substituted poly-.alpha.-vinylpyridine,
      N-(poly-.beta.-propiolactone) substituted poly-.beta.-vinylpyridine or
      N-(poly-.beta.-propiolactone) substituted poly-.beta.-vinylpyridine.
      Preferably, said polymer comprises at least 10 mole percent of said
      monomer units and the average value of n is less than about 30. More
      preferably, the average value of n is less than about 5. Said polymer,
      according to different embodiments, can be a neutral, acidic or alkaline
      salt having a plurality of monomer units consisting of the structural
      formula set forth above.
PAR  In accordance with another embodiment, said polymer unit has the structural
      formula:
      ##SPC3##
PAL  The polymer of this embodiment can be a neutral acidic or alkaline salt
      having a plurality of monomer units consisting of the structural formula
      set forth.
PAR  The present invention is further directed to an electrolyte composition
      comprising a homopolymer having monomer units represented by the
      structural formula:
      ##SPC4##
PAL  Wherein R.sub.1 and R.sub.2 are hydrogen, methyl or ethyl, and n is the
      average graft chain length expressed by the repeating units of ring-opened
      pripiolactone, n having a value greater than about 0.2 and less than that
      producing an X-ray diffraction pattern of poly-.beta.-propiolactone
      homopolymer, the average degree of polymerization expressed in terms of
      the inherent viscosity of said polymer being from about 0.2 to 5 at a
      concentration of 0.5g/100 ml. methanol at 30.degree.C. Preferably, n is
      less than about 30 and, more preferably, less than about 5. Said polymer
      can be N-(poly-.beta.-propiolactone) substituted
      poly-.gamma.-vinylpyridine, or an acidic or alkaline salt thereof.
      Optionally, said polymer can be N-(poly-.beta.-propiolactone) substituted
      poly-.beta.-vinylpyridine, or an acidic or alkaline salt thereof. Finally,
      said polymer can be N-(poly-.beta.-propiolactone) substituted
      poly-.gamma.-vinylpyridine, or an acidic or alkaline salt thereof.
PAR  According to a further embodiment, said polymer of the immediately
      preceding paragraph can be N-(2-carboxyethyl) poly.alpha.-vinylpyridine or
      an acidic or alkaline salt thereof, N-(2-carboxyethyl)
      poly-.beta.-vinylpyridine or an acidic or alkaline salt thereof or
      N-(2-carboxyethyl) poly-.gamma.-vinylpyridine or an acidic or alkaline
      salt thereof.
PAR  The present invention also relates to an electrolyte composition comprising
      a graftpolymer, having a degree of polymerization expressed in terms of
      inherent viscosity of from about 0.2 to about 5 at a concentration of
      0.5g/100 ml. methanol at 30.degree.C., of:
PA1  a. polymerized vinylpyridine monomer units each of the structural formula:
      ##SPC5##
PA1  wherein R.sub.1 and R.sub.2 are hydrogen, methyl or ethyl;
PA1  b. .beta.-propiolactone.
PAL  Preferably, from about 1 to about 5 moles of .beta.-propiolactone are
      present per mole of vinylpyridine monomer. Said graftpolymer
      advantageously comprises at least 10 mole percent of said monomer units.
      Said composition can be graftpolymer of a homo-polyvinylpyridine and
      .beta.-propiolactone. Said composition can also be a graftpolymer of
      .beta.-propiolactone and a copolymer of vinylpyridines. Further, said
      polymerized vinylpyridine monomers can be present as a copolymer of at
      least one vinylpyridine with at least one other monomer copolymerizable
      therewith. Moreover, said polymerized vinylpyridine monomers can be
      blended with at least one other polymer. Advantageously, said
      vinylpyridine monomers are at least one member selected from the group
      consisting of 2-vinylpyridine, 5-ethyl-2-vinylpyridine,
      2-methyl-6-vinylpyridine, 2,4-dimethyl-6-vinylpyridine, 3-vinylpyridine,
      2-methyl-5-vinylpyridine 4-methyl-5-vinylpyridine, 4-vinylpyridine,
      2-methyl-4-vinylpyridine. Said graftpolymer can further include at least
      one other type of ethylenically-unsaturated monomer selected from the
      group consisting of styrene, acrylonitrile, methylacrylate, methyl
      methacrylate, vinylacetate, isoprene. Said graftpolymer can also include
      at least one other type of ethylenically-unsaturated monomer containing
      acidic functional groups selected from the group consisting of acrylic
      acid, methacrylic acid and crotonic acid, the number of acidic functional
      groups being less than the number of vinylpyridine monomers.
PAR  A further aspect of the invention concerns a method for preparing a polymer
      electrolyte comprising:
PA1  a. reacting in a substantially inert liquid reaction medium,
      .beta.-propiolactone and a polymer compositon including polymerized
      vinylpyridine monomer units each of the structural formula:
      ##SPC6##
PA1  wherein R.sub.1 and R.sub.2 are hydrogen, methyl or ethyl, to form a
      graftpolymer having monomer units of the structural formula:
      ##SPC7##
PA1  wherein n is greater than 0.2, and
PA1  b. recovering the graftpolymer from the reaction mixture.
PAL  Preferably, the reaction is carried out at a temperature below 160.degree.C
      and above the freezing point of the reaction medium. More preferably, said
      temperature is between 0.degree. and 100.degree.C. Said
      .beta.-propiolactone is most suitably present in an amount less than that
      producing a graftpolymer exhibiting X-ray crystalline patterns of
      .beta.-propiolactone homopolymer, preferably from about 1 to about 5 moles
      per mole of vinylpyridine monomer. Said substantially inert liquid
      reaction medium is advantageously a solvent or dispersant for said polymer
      composition and said graftpolymer. Said solvent in one embodiment is an
      aprotic solvent which activates the basicity of the vinylpyridine units,
      such as an alcohol or water. In this case, the reaction temperature is
      preferably about 0.degree. and 30.degree.C. In another embodiment said
      solvent is an aprotic solvent which rarely activates the basicity of the
      vinylpyridine units, such as chloroform or a hydrocarbon. In this case,
      the reaction temperature is preferably between 30.degree. and
      100.degree.C. Suitable solvents in general include chloroform, carbon
      tetrachloride, acetone, cyclohexanone, methylethylketone, tetrahydrofuran,
      a liquid hydrocarbon, methanol, ethanol, N,N-dimethylformamide,
      N,N-dimethylacetoamide, dimethylsulfoxide or N-methylpyrrolidine.
      Advantageously, about 300 to 3000 ml. of solvent or dispersant are
      employed per mole of said polymer composition. Said polymer composition
      can be a homopolymer or copolymer of vinylpyridine monomers. Said polymer
      composition preferably includes at least 10 mole percent of said
      polymerized vinylpyridine monomer units. Said polymer composition can be a
      blended polymer containing said polymerized vinylpyridine monomer units.
      Said polymerized vinylpyridine monomer units can also be present as a
      copolymer of at least one vinylpyridine with at least one other monomer
      copolymerizable therewith. Said vinylpyridine monomer units preferably are
      at least one member selected from the group consisting of 2-vinylpyridine,
      5-ethyl-2-vinylpyridine, 2-methyl-6-vinylpyridine,
      2,4-dimethyl-6-vinylpyridine, 3-vinylpyridine, 2-methyl-5-vinylpyridine,
      4-methyl-5-vinylpyridine, 4-vinylpyridine, 2-methyl-4-vinylpyridine. Said
      other monomer is preferably an ethylenically-unsaturated monomer selected
      from the group consisting of styrene, acrylonitrile, methylacrylate,
      methyl methacrylate, vinyl acetate and isoprene. Said other monomer
      optionally can contain acidic functional groups selected from the group
      consisting of acrylic acid, methacrylic acid and crotonic acid, the number
      of acidic functional groups being less than or equal to the number of
      vinylpyridine monomers.
PAR  In the above method embodiment .beta.-propiolactone can be added to an
      agitated liquid reaction medium containing the polymer composition in a
      controlled manner to minimize the temperature increase of the reaction
      system. Said .beta.-propiolactone can be added as a solution. Optionally,
      a mixture of the reacted components is sealed in an ampoule and thereafter
      reacted. Said graftpolymer can be recovered by flowing the solution
      containing said graftpolymer across a heated plate to form a film. On the
      other hand, the graftpolymer can be recovered from the solution by
      combining therewith a nonsolvent which effects the precipitation of said
      graftpolymer. Said nonsolvent in one embodiment is neither acidic or
      alkaline. In another embodiment, said nonsolvent is a strong acid or
      alkali. According to a further embodiment, the resultant graftpolymer
      which is in the form of a salt is neutralized by an alkali. In another
      embodiment, the resultant graftpolymer which is in the form of a salt is
      neutralized by an acid.
PAR  The present invention also relates to a method for preparing a polymer
      electrolyte comprising hydrolyzing a neutral salt of a polymer having a
      plurality of monomer units of the structural formula:
      ##SPC8##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, methyl or ethyl, to form an
      acidic or alkaline salt of a polymer having a plurality of monomer units,
      each of the structural formula:
      ##SPC9##
PAL  In one variation, said polymer is hydrolyzed by admixing said polymer in
      water or a solvent containing water and adding a strong acid or strong
      alkali thereto. Optionally, said polymer admixed in a solvent is mixed
      with an aqueous solution of a strong acid having a normality greater than
      1 or a strong alkali having a normality greater than 1. Finally, said
      neutral salt can be hydrolyzed in a solvent therefor by using a strong
      acid or strong alkali which reacts with said neutral salt to form a
      precipitate of said acidic or alkaline salt. Said acid is preferably a
      mineral acid and said alkali is preferably an alkali metal hydroxide. Said
      acid or said alkali is advantageously present in an amount from 1 to 2
      times the equivalent of the poly-.beta.-propiolactone units grafted to
      monomer units. Hydrolysis is suitably carried out at a temperature ranging
      from room temperature to the boiling point of water. In the case of using
      an alkali, said temperature is preferably below about 40.degree.C. Said
      acidic or alkaline salt of said polymer is preferably isolated from
      impurities by dissolving said acidic or alkaline salt and accompanying
      impurities in a solvent therefor and then reprecipitating the acidic or
      alkaline salt therefrom using a nonsolvent.
PAR  A still further embodiment concerns a method for preparing a polymer
      electrolyte comprising reacting an acid or an alkali, respectively, with
      an alkaline or acidic salt of a polymer having a plurality of monomer
      units of the structural formula:
      ##SPC10##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, methyl or ethyl, to form an
      acidic, neutral or alkaline salt therefor. In one variation, a weak acid
      having a K.sub.a greater than about 10.sup..sup.-5 is combined with an
      alkaline salt of said polymer to form either a neutral or acidic salt
      thereof. In a further variation, an alkali having a K.sub.b greater than
      about 10.sup..sup.-9 is combined with an acidic salt of said polymer to
      form either a neutral or alkaline salt thereof. Where said polymer
      contains hydrolyzable functional groups, said acid or alkali is
      advantageously select such that said functional groups will not be
      hydrolyzed. Optionally, a solution having a normality less than 1 of
      either a strong acid or strong alkali can be employed in place of the weak
      acids or alkalis.
PAR  An additional embodiment centers around a method for preparing a polymer
      electrolyte comprising reacting a diluted or weak acid with an acidity
      less than that for hydrolyzing poly-.beta.-propiolactone units, or a
      diluted or weak alkali with a basicity less than that for hydrolyzing
      poly-.beta.-propiolactone units with a polymer having a plurality of
      monomer units of the structural formula:
      ##SPC11##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, methyl or ethyl, to form a
      corresponding acidic, alkaline or neutral salt of said polymer. In the
      cases of a weak acid or weak alkali, the K.sub.a or K.sub.b, respectively,
      is preferably greater than 10.sup..sup.-5 or 10.sup..sup.-9. With respect
      to diluted acids or alkalis, such acids or alkalis can be strong acids or
      alkalis in a solution having a normality less than 1. Advantageously, said
      acid or alkali is a fully diluted mineral acid or alkali, an organic acid,
      an organic amine or ammonia.
PAC  DETAILED DESCRIPTION
PAR  In a first embodiment of the invention .beta.-propiolactone is reacted with
      starting material polymers which contain polymerized vinylpyridine units
      that are either chemically bonded or physically blended, to produce
      polymers containing N-(poly-.beta.-propiolactonyl) polyvinylpyridine
      units, in other words, graft-polymers. Herein the said graftpolymers are
      limited in their structures as such that the graft polymers should not
      show the X-ray crystalline patterns of .beta.-propiolactone homopolymer in
      their X-ray diagrams.
PAR  In this embodiment, polymers as the starting materials may be any of
      homo-polyvinylpyridines, copolymers of two or more than two kinds of
      vinylpyridines, copolymers of vinylpyridines with monomers which are
      copolymerizable with vinylpyridines, or polymers blended with such said
      polymers.
PAR  These starting materials may be obtained by homo- or co-polymerizing the
      monomers shown below, or blending the resulting polymers with other
      blendable polymers:
      ##SPC12##
PAL  wherein the radicals R.sub.1 and R.sub.2 are any of hydrogen, methyl and
      ethyl radicals.
PAR  As such monomers, the following vinylpyridines are for example available:
      2-vinylpyridine, 5-ethyl-2-vinylpyridine, 2-methyl-6-vinylpyridine,
      2,4-dimethyl-6-vinylpyridine, 3-vinylpyridine, 2-methyl-5-vinylpyridine,
      4-methyl-5-vinylpyridine, 4-vinylpyridine, 2-methyl-4-vinylpyridine.
PAR  The process of this embodiment treats polymers which contain polymerized
      vinylpyridine units either chemically bonded or physically blended, as the
      starting materials. The basic reactions are, however, those of the said
      vinylpyridine units, so the reactions of preparative process are
      represented by those of homo-polyvinylpyridines as follows:
PAR  Reactions of the process in this invention are as follows:
PA1  1. Poly-.alpha.-vinylpyridine as the starting material:
      ##SPC13##
PA1  2. Poly-.beta.-vinylpyridine as the starting material:
      ##SPC14##
PA1  3. Poly-.gamma.-vinylpyridine as the starting material:
      ##SPC15##
PAR  In these reaction formulas, m denotes the average degree of polymerization
      of polyvinylpyridine (determined experimentally) while n denotes the
      average degree of polymerization of the grafting
      poly-.beta.-propiolactone. m, defined in terms of inherent viscosity, is
      most preferably about 0.2-5 at a graft polymer concentration of 0.5g./100
      ml. methanol at 30.degree.C. n is the "average graft chain length
      expressed by the resulting units of the ring-opened .beta.-propiolactone."
      n values are limited as such that the corresponding graft-polymers should
      not show the X-ray crystalline patterns of poly-.beta.-propiolactone,
      which would appear with enough high n values. Though not limited, n values
      are preferably greater than 0.2 and within five but may be up to 30.
PAR  Describing further details of this embodiment, the starting polymer
      materials are in addition to the already discussed
      homo-polyvinylpyridines, copolymers of two or more than two different
      kinds of vinylpyridines with copolymerizable monomers such as styrenes,
      acrylonitrile, methacrylate, methyl methacrylate, vinylacetate, isoprene,
      etc., and blended polymers which contain polymerized vinylpyridine units.
      Copolymers and blended polymers which contain acidic functional groups
      whose mole fractions are equal to or exceed those of the vinylpyridine
      units, are not suitable as starting polymer units. Thus, special
      precautions must be taken with copolymers having acidic monomers and
      blended polymers having acid functional groups, e.g., those from acrylic
      acid, methacrylic acid and crotonic acid.
PAR  Polymerization can be carried out in suitable solvent or dispersant
      mediums. Solvent mediums may be those which either do not react with
      .beta.-propiolactone or react therewith in a relatively slow manner
      compared with the reaction of the pyridine nucleus therewith. For this
      reason, acidic or basic solvents are not preferred. Solvents need not
      necessarily dissolve starting polymers. As noted, the reactions may also
      be carried out even in the dispersion states.
PAR  Solvent and dispersant mediums may be classified into two categories: (a)
      protic, which activate the basicity of the polyvinylpyridine units and (b)
      aprotic, which rarely activate the said basicity. Generally with few
      exceptions, protic mediums (a) like alcohols and water give graftpolymers
      (GPVP) with shorter graft chain length n, while aprotic mediums (b) like
      chloroform and hydrocarbons give graftpolymers with longer graft chain
      length.
PAR  Examples of suitable mediums are (a) protic mediums of water, methanol,
      ethanol and formamide and (b) aprotic mediums of chloroform, carbon
      tetrachloride, acetone, cyclohexanone, methylethylketone, tetrahydrofuran,
      liquid hydrocarbons, N,N-dimethylformamide, N,N-dimethylacetoamide,
      dimethylsulfoxide, and N-methylpyrrolidone.
PAR  The reaction may be carried out below 160.degree.C and over the freezing
      temperature of the solution. The preferred reaction temperature is
      0.degree.-100.degree.C in order to prevent the production of by-products
      and to yield suitably fast rates of reaction. Necessarily, the reaction
      temperature, however, depends on the types of solvents, e.g., lower
      temperatures like 0.degree.-30.degree.C are suitable for solvents (a) like
      water and alcohols, while higher temperatures like 30.degree.-100.degree.C
      are suitable for solvents (b) like chloroform and hydrocarbons.
PAR  Many kinds of reaction techniques may be adopted in the present invention.
      In preferred methods .beta.-propiolactone itself or as a solution is added
      dropwise into the agitated solution or dispersion of a starting polymer
      containing polymerized vinylpyridine units, or the above said mixture is
      sealed in an ampoule and reacted with or without agitation. In the former
      method additional time for further agitation is preferred after the
      addition of .beta.-propiolactone in order to complete the reaction.
PAR  Caution is necessary in mixing the starting materials. Preferably the
      .beta.-propiolactone system is added to the system containing polymerized
      vinylpyridine units since the reverse often causes explosive reactions and
      sometimes the production of homo-poly-.beta.-propiolactone. If the latter
      approach is employed, the addition time of .beta.-propiolactone dropwise
      is advantageously such that the temperature of the reaction system does
      not increase too rapidly.
PAR  The amount of .beta.-propiolactone to be used is usually from 1 to 5 moles
      per 1 mole of the pyridine nucleus.
PAR  The concentrations of the solution or dispersions of the starting polymers
      are most suitably those in which agitation or stirring can be carried out
      easily. 300 to 3000 ml. of solvent per 1 mole of a starting polymer have
      been found effective for this purpose.
PAR  The resulting N-(poly-.beta.-propiolactone) substituted polymers may be
      treated by any of the following methods for example. When the resulting
      polymer is in a solution state, the solution may be poured on and spread
      over a glass plate and heated at 30.degree.-180.degree.C to give a film,
      or the solution may be poured into a non-solvent to yield a polymer
      precipitate. When the resulting polymer is produced as a precipitate, the
      precipitate may be either filtered or isolated by the evaporation of the
      solvent or by decantation.
PAR  Precipitation can be effected by pouring the polymer solution into a
      non-solvent as is well known. (Necessarily, the solubility or
      nonsolubility properties of a particular liquid are a function of a given
      polymer). Exemplary solvents and non-solvents are given in the following
      table taking an example of poly-4-vinylpyridine and the corresponding
      N-(poly-.beta.-propiolactone) substituted poly-4-vinylpyridine.
PAR  Among the solvents in Table A, hydrochloric acid and aqueous sodium
      hydroxide, or in general acidic and alkaline mediums change graft
      polymers, not only of poly-4-vinylpyridine but of any starting polymers
      containing polymerized vinylpyridine units, into the corresponding acidic
      and alkaline graft polymer salts or into the acidic and alkaline salts of
      polymers with N-(2-carboxyethyl) poly-vinylpyridine units as will be
      described. (The graft poly-4-vinylpyridine with shorter graft chain length
      n is near in its structure to N-(2-carboxyethyl) poly-4-vinylpyridine.)
      Thus, acidic and alkaline solvents are not suitable for precipitation if
      no change of the chemical structures of the graft polymers is desired.
PAR  The thus-prepared N-(poly-.beta.-propiolactone) substituted polymers having
      following characteristics:
TBL                TABLE A                                                     
     ______________________________________                                    
                           GPVP        GPVP                                    
     Solvent      PVP      with longer with shorter                            
                           graft chain graft chain                             
                           length "n"  length "n"                              
     ______________________________________                                    
     Hydrochloric                                                              
     acid (1 Normal)                                                           
                  Sol      Sol         Sol                                     
     Water        Insol    Insol       Sol                                     
     Aqueous sodium                                                            
                  Insol    Insol       Insol                                   
     hydroxide                                                                 
     (1 normal)                                                                
     Methanol     Sol      Sol         Sol                                     
     Ethanol      Sol      Sol         Sol                                     
     Dimethyl-    Sol      Sol         Sol                                     
     sulfoxide                                                                 
     Chloroform   Sol      Sol         Insol                                   
     Ether        Insol    Insol       Insol                                   
     Hexane       Insol    Insol       Insol                                   
     ______________________________________                                    
      Note:                                                                    
      PVP -- Poly-.gamma.-vinylpyridine,                                       
      GPVP -- Graft poly-.gamma.-vinylpyridine, i.e.,                          
      N-(poly-.beta.-propiolactone) substituted poly-.gamma.-vinylpyridine,    
      Sol -- soluble,                                                          
      Insol -- insoluble.                                                      
PAR  As common characteristics, the graft polymers of the invention serve as
      polymer electrolytes in any of the acidic, neutral and alkaline states,
      exhibit rather low electric inherent resistivities and have good
      dyeability.
PAR  Graft polymers from starting polymers with richer amounts of
      poly-vinylpyridine units are adhesive to glass, stone, wood, metal, etc.,
      and have sterilizing and antimold properties.
PAR  Solutions of water soluble graft polymers (shorter chain lengths) have
      lower surface tensions.
PAR  Thus, graft polymers or, in other words, N-(poly-.beta.-propiolactone)
      substituted polymers prepared by the method of this invention may be used
      as e.g., antielectrostatic polymers, highly dyeable polymers, adhesive,
      biionic (both cationic and anionic) surface active reagents, sterilizer,
      antimolds, ion exchange resins, etc. Most of the graft polymers are active
      in the acidic, neutral or alkaline states.
PAR  Although polymer electrolytes obtained by the first embodiment of the
      invention as described above have the abovementioned properties and
      characteristics, polymer electrolytes containing poly-.beta.-propiolactone
      units of longer chain length of n (which are mainly obtained in with
      aprotic solvents which rarely activate the basicity of the
      polyvinylpyridine units) have smaller electric charge densities so that
      they are sometimes not fully suitable for the intended use.
PAR  The second embodiment of the present invention improves upon this weak
      point by offering a method for preparing polymer electrolytes which have
      higher electric charge densities, specifically, through hydrolysis of the
      polymer electrolytes of the first embodiment of the invention with acids
      or bases.
PAR  To best explain the second embodiment of the invention reaction formulas
      thereof are set forth hereinafter. These formulas continue from the
      reaction formulas of the first embodiment in which polyvinylpyridines are
      used as starting materials. "(N-.alpha.)" designates
      N-(poly-.beta.-propiolactone-substituted) poly-.alpha.-vinylpyridine,
      (N-.beta.) designates N-(poly-.beta.-propiolactone-substituted)
      poly-.beta.-vinylpyridine, and (N-.gamma.) designates
      N-(poly.beta.-propiolactone-substituted) poly-.gamma.-vinylpyridine.
      ##SPC16##
PAR  In the above formulas, M.sup.(.sup.+) designates a cationic group, e.g.,
      when sodium hydroxide is used as an alkali, M.sup.(.sup.+) is sodium
      cation Na.sup.(.sup.+). X.sup.(.sup.-) designates an anion group, e.g.,
      when hydrochloric acid is used as an acid, X.sup.(.sup.-) is chlorine
      anion Cl.sup.(.sup.-).
PAR  N-(poly-.beta.-propiolactone-substituted) polymers to be hydrolyzed by this
      embodiment are not limited to those prescribed polymers, but may be those
      copolymers and blend polymers containing polymerized vinylpyridine units
      and hydrolyzable functional groups. However, copolymers having
      hydrolyzable functional groups other than poly-.beta.-propiolactone units
      which are hydrolyzed to contain carboxylic groups should be excluded,
      e.g., copolymers of acrylonitrile or methyl acrylate. Copolymers and blend
      polymers of styrene or vinylacetate can be used.
PAR  To hydrolyze N-(poly-.beta.-propiolactone-substituted) polymers,
      N-(poly-.beta.-propiolactone-substituted) polymers may be either dissolved
      or dispersed in water or in a solvent containing water, with a strong acid
      or alkali being added to the solution or mixture itself or as an aqueous
      solution (preferably greater than 1N). Another method is for
      N-(poly-.beta.-propiolactone-substituted) polymers dissolved in a solvent
      to be mixed with an aqueous strong acid or alkali (preferably greater than
      1N).
PAR  In these methods, the solvents, except water, should not be those which
      react with or are hydrolyzed by strong acid or alkalis.
PAR  Better examples of strong acids are mineral acids such as hydrochloric acid
      and sulfuric acid, while better examples of strong alkalis are alkali
      metal hydroxides. The amount of strong acid or alkali to be used may be
      that used in usual hydrolysis reactions, and is preferably the equivalent
      or up to twice the equivalent of the poly-.beta.-propiolactone units
      counted in monomer units.
PAR  The temperature of hydrolysis is most suitably from the room temperature up
      to the boiling point of water. Stirring or agitation is preferred when the
      reaction system is heterogeneous. Hydrolysis can be complete within a few
      minutes or up to 24 hours, depending upon the other reaction conditions.
PAR  In the above treatment, alkaline hydrolysis sometimes causes decompositions
      of polymers at higher temperatures. In this case lower temperatures below
      about 40.degree.C are preferred.
PAR  The thus-obtained salts of N-(2-carboxyethyl) polyvinylpyridines contain by
      products of oligo-poly-.beta.-propiolactone, hydroxy-propionic acid,
      acrylic acids and their salts in many cases. When these impurities are
      excessive in amount, the resulting mixture may be (1) dissolved in a
      solvent and reprecipitated in a non-solvent, (2) may be extracted with a
      solvent to isolate N-(2-carboxyethyl) polyvinylpyridine salts, or (3) the
      impurities may be extracted.
PAR  The solvents to be used depend upon the types and structures of the salts
      of N-(2-carboxyethyl) polyvinylpyridines. Some examples of solvents and
      non solvents for polymer salts derived from homopolymers of
      poly-2-vinylpyridine and poly-2-vinylpyridine are as shown in the
      following table.
TBL                TABLE B                                                     
     ______________________________________                                    
     Polymer         Hydrochloric  Sodium salt                                 
     Solvent         salt                                                      
     ______________________________________                                    
     Water           Soluble       Insoluble                                   
     1 N aqueous hydro-                                                        
                     Soluble       Soluble                                     
     chloride                                                                  
     1 N aqueous sodium                                                        
                     Insoluble     Insoluble                                   
     hydroxide                                                                 
     Methanol        Soluble       Soluble                                     
     Ether           Insoluble     Insoluble                                   
     Ethanol         Soluble       Soluble                                     
     Hexane          Insoluble     Insoluble                                   
     ______________________________________                                    
PAR  In obtaining the results of this table, hydrochloric salt was converted
      into sodium salt by treatment with sodium hydroxide, and sodium salt was
      converted into hydrochloric salt by treatment with hydrochloric acid.
      (Note that 1 N designates a 1 Normal solution.)
PAR  Polymers obtained by the methods of the second embodiment have higher
      electric charge densities than polymers obtained by the method of the
      first embodiment.
PAR  The third embodiment is characterized in that salts of N-(2-carboxyethyl)
      polyvinylpyridines are neutralized by acids or alkalis to give
      corresponding acidic salts, alkaline salts and neutral salts.
PAR  In relation to the second embodiment described thus far, the method of the
      third embodiment in which charge densities of the resulting polymers are
      big, is described below. [Charge densities and intensities of the
      resulting acid and basic polymer electrolytes of the third emodiment are
      almost the same as those of polymer electrolytes of the second embodiment
      while neutral polymer electrolytes of the third embodiment have the
      similar charge intensities as those of polymer electrolytes obtained by
      the method of the first embodiment.]
PAR  Reaction formulas of this embodiment are shown below, wherein (N-C-.alpha.)
      designates N-(2-carboxyethyl) poly-.alpha.-vinylpyridine, (N-C-.beta.)
      designates N-(2-carboxyethyl) poly-.beta.-vinylpyridine, and (N-C-.gamma.)
      designates N-(2-carboxyethyl) poly-.gamma.-vinylpyridine.
      ##SPC17##
PAR  In more detail, in this embodiment an acidic salt of N-(2-carboxyethyl)
      polyvinylpyridine is neutralized with alkali to produce a neutral salt,
      which is converted into an alkaline salt with further treatment with
      alkali. An alkaline salt of N-(2-carboxyethyl) polyvinylpyridine is
      neutralized with acid to produce a neutral salt, which is converted into
      an acidic salt by further treatment with acid.
PAR  An alkaline salt of the polymer is converted at the isoelectric point by
      the addition of about the equivalent amount of acid into a neutral salt,
      which is converted into an acidic salt by the addition of the further
      equivalent amount of acid.
PAR  On the other hand, an acidic salt of the polymer is converted at the
      isoelectric point by the addition of about the equivalent amount of alkali
      into a neutral salt, which is converted into an alkaline salt by the
      addition of the further equivalent amount of alkali.
PAR  The resulting polymers of this embodiment are characterized by their high
      electric charge densities.
PAR  Acids to be used in this embodiment are preferably weak acids which are
      more acidic than propionic acid (or a K.sub.a greater than about
      10.sup.-.sup.5). In the same manner, alkalis are preferably weak alkalis
      which are more basic than pyridine (or a K.sub.b greater than about
      10.sup.-.sup.9). Optionally, solutions having a normality less than about
      1 of either a strong acid or strong alkali can be employed. For example,
      fully a diluted mineral acid or alkali, an organic acid (e.g., acetic,
      propionic and capric acids), a primary, secondary or tertiary organic
      amine (e.g., methylamine) or ammonia may be used.
PAR  With copolymers or blend polymers whose functional groups may be
      hydrolyzed, weaker or diluted acids and alkalis which would not hydrolyze
      those functional groups are preferred.
PAR  The temperature and time conditions for this embodiment are preferably the
      same as those of the fourth embodiment to be set forth hereinafter.
PAR  The thus far described second and third embodiment of the invention relate
      to the hydrolysis of N-(poly-.beta.-propiolactone-substituted) polymers
      and the neutralization of the resulting polymers.
PAR  When no or little hydrolysis of the poly-.beta.-propiolactone units of
      N-(poly-.beta.-propiolactone-substituted) polymers is wanted, only
      increasing the ionic strength or intensity being desired, the following
      method of the fourth embodiment may be applied.
PAR  This embodiment is characterized in that
      N-(poly-.beta.-propiolactone-substituted) polymers obtained by method of
      the first embodiment are treated with an acid or alkali which is more
      acidic or basic than, respectively, propionic acid (or a K.sub.a greater
      than about 10.sup.-.sup.5) or a pyridine nucleus (or a K.sub.b greater
      than about 10.sup.-.sup.9), to produce corresponding acidic, alkaline or
      neutral salts. Optionally, a diluted acid or alkali comprised of a
      solution having a normality less than about 1 can be employed.
PAR  In this method, a diluted acid, diluted alkali, weak acid or weak alkali of
      the above strength which cannot, or rarely does, hydrolyze
      poly-.beta.-propiolactone units, is used to produce a corresponding
      polymer salt. For example, fully a diluted mineral acid or alkali, an
      organic acid (e.g., acetic, propionic and capric acids), a primary,
      secondary or tertiary organic amine (e.g., methylamine) or ammonia may be
      used.
PAR  The temperatures for the reaction of the fourth embodiment are most
      suitably below 100.degree.C, preferably near or below room temperature
      down to 0.degree.C. Lower temperatures can be employed so long as the
      reaction mixture forms a solution or dispersion. Depending upon the other
      conditions, the reaction time usually varies from a few minutes to an
      hour.
PAR  Reaction formulas for the method of this embodiment are shown below. These
      reaction formulas, however, illustrate the case employing
      N-(poly-.beta.-propiolactone-substituted) polymers (obtained by the
      representative reaction formulas of the method of the first embodiment
      using polyvinylpyridines as the starting materials).
PA1  1. From N-(poly-.beta.-propiolactone-substituted)
      poly-.alpha.-vinylpyridine:
      ##SPC18##
PA1  Reacted with acid HX:
      ##SPC19##
PA1  Treated with alkali MA:
      ##SPC20##
PA1  2. from N-(poly-.beta.-propiolactone-substituted)
      poly-.beta.-vinylpyridine:
      ##SPC21##
PA1  Treated with acid HX:
      ##SPC22##
PA1  Treated with alkali MA:
      ##SPC23##
PA1  3. from N-(poly-.beta.-propiolactone-substituted)
      poly-.gamma.-vinylpyridine:
      ##SPC24##
PA1  Treated with acid HX:
      ##SPC25##
PA1  Treated with alkali MA:
      ##SPC26##
PAR  In the above formulas, HX is acid, H is proton, X is anion, MA is alkali, M
      is cation and A is anion.
PAR  The method of this embodiment being as described above, the resulting
      polymers have the same charge density as and higher charge intensities
      than those of N-(poly-.beta.-propiolactone-substituted) polymers obtained
      by the method of the first embodiment.
PAR  Notably, where some hydrolysis occurs the average graft chain length n may
      be somewhat reduced as compared to the polymers of the first embodiment.
DETD
PAR  The following examples illustrate ways in which the principle of the
      invention has been applied, but are not to be construed as limiting its
      scope.
PAC  EXAMPLE 1
PAC  Preparation of poly-2-vinylpyridine
PAR  Into a three-necked flask, equipped with a stirrer and two condensers
      leading to a nitrogen inlet and a nitrogen outlet, were placed 120 g. of
      2-vinylpyridine, 100 ml. of water, 1.5 g. of gelatine dissolved in 50 ml.
      water, 0.05 g. of sodium butylnaphthalene sulfonate dissolved in 50 ml. of
      water, and 0.5 g of .alpha.,.alpha.-azobisisobutyronitrile. The mixture
      was polymerized in a nitrogen atmosphere with stirring at 50.degree.C for
      3 days.
PAR  The resulting powderly poly-2-vinylpyridine was washed with hot water in a
      high speed mixer several times and then filtered.
PAR  Softening temperature was 183.degree.-192.degree.C with an intrinsic
      viscosity of 2.03 measured at a concentration of 0.5 g. of
      poly-2-vinylpyridine/100 ml. of ethanol at 30.degree.C.
PAC  Reaction of poly-2-vinylpyridine with .beta.-propiolactone (preparation of
      polymer electrolytes by the method of the First Embodiment (TABLE 1-1)
PAR  10.5 g. of the thus-obtained poly-2-vinylpyridine and 150 ml. of a solvent
      in Table 1-1 were placed in a three-necked flask equipped with a stirrer,
      nitrogen outlet and a dropping funnel leading to a nitrogen inlet. The
      mixture was stirred at 20.degree.-25.degree.C in a nitrogen atmosphere
      until it became a homogeneous solution. 7.21 -28.8 g. (the amount
      depending upon each run as tabulated in Table A of .beta.-propiolactone
      were added from the dropping funnel dropwise into the solution which had
      been stirred and kept at 20.degree.-25.degree.C. After the addition of
      .beta.-propiolactone (for 40-168 min.) was finished, the reaction was
      continued for an additional hour.
PAR  The resulting homogeneous solution of the polymer electrolyte was then
      poured into strongly agitated n-hexane 10 times in volume of that of the
      solution to give a gummy mass which was then combined with n-hexane and
      ground in a high speed mixer a few times until a powderly polymer
      electrolyte was obtained.
PAR  Any of the resulting polymer electrolytes tabulated in Table 1-1 gave a
      film strongly adhesive to a glass, stone, steel, copper, aluminium, wood,
      or porcelain plate. Polymer electrolytes prepared in methanol have higher
      melting points and are soluble in water. Polymer electrolytes prepared in
      chloroform and N,N-dimethylformamide have higher melting points and are
      insoluble in water. The resulting films obtained on a plate of
      polytetrafluoroethylene are characteristic in their low electric volume
      inherent resistivities and higher surface resistivities.
TBL                                    TABLE 1-1                               
     __________________________________________________________________________
                Adding time                                                    
           .beta.-PL                                                           
                of .beta.-PL                                                   
                            Graft                                              
                                Softening  .sigma.                             
                                                 .rho.                         
     Run No.                                                                   
           (g.) (min.) Solvent                                                 
                            Ratio                                              
                                Temp. (.degree.C)                              
                                       .eta..sub.inh                           
                                           ohm   ohm/cm                        
     __________________________________________________________________________
     1-1   7.21 40     CHCl.sub.3                                              
                            2.10                                               
                                82 - 89                                        
                                       2.10                                    
                                           1.7.times.10.sup.14                 
                                                 1.6.times.10.sup.11           
     1-2   14.4 60     CHCl.sub.3                                              
                            2.04                                               
                                89 - 96                                        
                                       2.09                                    
                                           2.7.times.10.sup.14                 
                                                 1.4.times.10.sup.12           
     1-3   28.8 168    CHCl.sub.3                                              
                            2.31                                               
                                86 - 91                                        
                                       1.96                                    
                                           6.0.times.10.sup.13                 
                                                 3.5.times.10.sup.11           
     1-4   7.21 40     DMF  2.88                                               
                                 92 - 112                                      
                                       2.01                                    
                                           1.3.times.10.sup.14                 
                                                 8.4.times.10.sup.12           
     1-5   7.21 30     MeOH 1.80                                               
                                135 - 158                                      
                                       2.11                                    
                                           9.0.times.10.sup.14                 
                                                 1.6.times.10.sup.12           
     __________________________________________________________________________
      Reaction temperature = 20 - 25.degree.C. CHCl.sub.3 = chloroform. DMF = N
      N-dimethylformamide. MeOH = methanol. .sigma. = surface inherent         
      resistivity. .rho. = volume inherent resistivity. Resistivities were     
      measured at R.sub.h = 42%, temp. = 18.degree.C and Charged voltage -- 250
      V. Graft ratio = mole fraction of poly-.beta.-propiolactone units divided
      by the mole fraction of poly-2-vinylpyridine units. The amount of        
      poly-2-vinylpyridine used for every reaction is 10.5 g. Every reaction wa
      carried out in a nitrogen atmosphere. Inherent viscosity (.eta..sub.inh) 
      was measured at a concentration of 0.5 g./100 ml. methanol at 30.degree.C
                                                                               
PAC  Hydrolysis of polymer electrolytes of the first embodiment by acids or
      bases by the method of the second embodiment (Table 1-2)
PAR  Hydrolysis with sodium hydroxide
PAR  Run 1-1-1. 2.00 g. of the polymer electrolyte (Run 1-1) were dissolved in
      30 ml. of chloroform to give a homogeneous solution, which was mixed and
      then shaken with 14.1 ml. of 1 normal aqueous sodium hydroxide until the
      mixture became a milky emulsion. Chloroform and water were evaporated off
      from the emulsion in vacuum at room temperature to give a white mass,
      which was washed with water, dried and dissolved in 50 ml. of methanol.
      The insoluble portion was removed and the soluble portion, poured into
      water 10 times the volume of the methanol solution, to give a hydrolyzed
      polymer electrolyte.
PAR  Run 1-5-1. 1.71 g. of the polymer electrolyte (Run 1-5) were dissolved in
      30 ml. of methanol, and then mixed and agitated with 12 ml. of 1 normal
      aqueous sodium hydroxide to give a homogeneous solution. Methanol and
      water were removed by a vacuum evaporation at the room temperature leaving
      a white solid, which was washed with water, dried and dissolved in 50 ml.
      of methanol. The soluble portion in methanol was poured into water to
      precipitate a hydrolyzed polymer electrolyte.
PAR  Hydrolysis with hydrochloric acid
PAR  Run 1-1-2. 2.00 g. of the polymer electrolyte (Run 1-2) were dissolved in
      30 ml. of chloroform to give a homogeneous solution, which was mixed and
      agitated with 19.3 ml. of 1 normal hydrochloric acid. Volatile solvents
      and gas were removed from the mixture by vacuum evaporation at room
      temperature leaving a white solid, which was dissolved in 50 ml. of
      methanol. The resulting solution was poured into agitated ether 10 times
      the volume of the methanol solution, to precipitate a hydrolyzed polymer
      electrolyte.
PAR  Run 1-5-2. 1.73 g. of the polymer electrolyte (Run 1-5) were dissolved in
      30. ml. of methanol. The resulting solution was mixed and shaken with 14.3
      ml. of 1 normal hydrochloric acid. Volatile solvents and gases were
      removed from the resulting solution by vacuum evaporation at room
      temperature to yield a white solid, which was dissolved in 50 ml.
      methanol. The methanol solution was then poured into agitated ether 10
      times in volume of that of the solution to give a hydrolized polymer
      electrolyte precipitate.
PAR  The above four runs of hydrolyzing the polymer electrolytes obtained by the
      first embodiment were all carried out at room temperature
      (20.degree.-25.degree.C). Properties of the resulting hydrolyzed polymer
      electrolytes are tabulated in Table 1-2. As shown therein, the hydrolyzed
      polymer electrolytes have high softening points and low volume inherent
      resistivities. The resistivities were measured from the films obtained
      from the methanol solutions of the hydrolyzed polymer electrolytes.
TBL                                    TABLE 1-2                               
     __________________________________________________________________________
           Polymer electro-                                                    
                         Acid or                                               
                              Softening                                        
           lyte by the 1st                                                     
                         base Temp.     .sigma.                                
                                              .rho.                            
     Run No.                                                                   
           embodiment (g)                                                      
                    Solvent                                                    
                         (ml.)                                                 
                              (.degree.C)                                      
                                    .eta..sub.inh                              
                                        ohm   ohm/cm                           
     __________________________________________________________________________
     1-1-1 2.003    CHCl.sub.3                                                 
                         NaOH 208-228                                          
                                    1.58                                       
                                        1.8.times.10.sup.15                    
                                              6.0.times.10.sup.12              
                         14.1                                                  
     1-1-2 2.00     CHCl.sub.3                                                 
                         CHl  206-229                                          
                                    1.38                                       
                                        2.6.times.10.sup.15                    
                                              5.6.times.10.sup.12              
                         19.3                                                  
     1-5-1 1.71     MeOH NaOH 186-212                                          
                                    1.53                                       
                                        6.4.times.10.sup.15                    
                                              3.5.times.10.sup.13              
                         12.0                                                  
     1-5-2 1.73     MeOH HCl  186-219                                          
                                    1.46                                       
                                        1.8.times.10.sup.15                    
                                              5.2.times.10.sup.12              
                         14.3                                                  
     __________________________________________________________________________
      Every solvent is 30 ml. The hydrolyses were carried out at 20 -          
      25.degree.C. .sigma. is surface inherent resistivity, and .rho. is volume
      inherent resistivity measured at R.sub.h = 42%, temp. = 18.degree.C and  
      Charged voltage -- 250 V. .eta..sub.inh is inherent viscosity measured at
      a concentration of 0.5 g./100 ml. methanol. CHCl.sub.3  is chloroform, an
      MeOH is methanol. NaoH is sodium hydroxide, and HCl is hydrochloric acid.
PAC  Neutralizations of acid and base hydrolyzed polymers of the second
      embodiment by the method of the third embodiment
PAR  Run 1-5-2-1. 0.800 g. of the hydrolyzed polymer electrolyte (Run 1-5-2)
      were dissolved in 30 ml. of hydrochloric acid in a conical flask followed
      by the addition of 4.8 ml. of 1 normal aqueous sodium hydroxide. The
      mixture was agitated for 10 min. at room temperature. Water was removed
      from the resulting mixture by vacuum evaporation at room temperature
      leaving a solid, which was dissolved in 50 ml. of methanol, some portions
      being insoluble.
PAR  The solution, after removal of the insoluble portion by filtration, was
      poured into agitated water to precipitate a basic polymer electrolyte.
PAR  Inherent viscosity at the concentration of 0.5 g./100 ml. methanol at
      30.degree.C was 1.40. The softening temperature was
      192.degree.-222.degree.C while the surface inherent resistivity was
      9.8.times.10.sup.13 .OMEGA. (R.sub.h =42%, Temp. = 18.degree.C and charged
      voltage = 250 V.).
PAR  From the above Example 1, it can be concluded that:(a) neutral polymer
      electrolytes obtained by the method of the first embodiment have low
      softening temperatures because of low charge intensities; (b) neutral
      polymer electrolytes prepared in protic solvents in the first embodiment
      have higher softening temperatures than those prepared in aprotic
      solvents, because of the higher charge densities of the former; (c) acidic
      polymere electrolytes and basic polymer electrolytes prepared by the
      methods of the second or third embodiments have the highest softening
      temperatures due to high charge densities and intensities; (d) neutral
      polymer electrolytes prepared in protic solvents in the first embodiment
      and acidic polymer electrolytes prepared by the second or third embodiment
      are soluble in water, while neutral polymer electrolytes prepared in
      aprotic solvents in the first embodiment and basic polymer electrolytes
      prepared in the second or third embodiments are insoluble in water. Both
      series of polymers, however, are commonly soluble in methanol.
PAC  Neutralization of the polymer electrolyte of the first embodiment by the
      fourth embodiment
PAR  2.00 g. of the polymer electrolyte (Run 1-1) were dissolved in 30 ml. of
      methanol to give a homogeneous solution, into which was added 10 ml. of
      triethylamine dissolved in 30 ml. of water. The mixture was agitated at
      room temperature for 10 min. Solvents were removed from the mixture by
      vacuum evaporation to give a light yellow mass, which eas dissolved in 20
      ml. of methanol and reprecipitated in 150 ml. of acetone to give a white
      mass which was filtered and dried in a vacuum.
PAR  All the polymer electrolytes are very adhesive to metals such as steel,
      copper, aluminium, zinc and platinum, stone, porcelain, glass, wood,
      paper, skin, vegetables, etc. Films can be formed either by dry methods or
      melt methods on a tetrafluoroethylene coated plate. The films have
      clinging (not adhesive) properties to any type of electrically unearthed
      materials, due to the electric charges.
PAR  Water-soluble polymer electrolytes have properties and characteristics of
      surface active reagents, detergents, anti-mold, anti-bacteria powers.
PAC  EXAMPLE 2
PAC  Preparation of poly-2-vinylpyridine
PAR  60.0 g. of 2-vinylpyridine, 60 ml. of dry ligroin and 0.600 g. of
      .alpha.,.alpha.'-azobisisobutyronitrile were sealed in a glass ampoule in
      a nitrogen atmosphere. The ampoule was maintained at 50.degree.C without
      agitation for 7 days.
PAR  The resulting precipitate of poly-2-vinylpyridine was dissolved in a
      mixture of 25 ml. of pyridine and 240 ml. of toluene to yield a solution,
      which was poured into 2.8 liters of ligroin to produce a mass of
      poly-2-vinylpyridine. The mass was ground into powder in the presence of
      excess ligroin in a high speed mixer. The powder exhibited a softening
      temperature of 172.degree.-174.degree.C and an intrinsic viscosity in
      ethanol at 30.degree.C of 1.18 resulted.
PAC  Reaction of poly-2-vinylpyridine with .beta.-propiolactone (preparation of
      polymer electrolytes by the method of the first embodiment
PAR  6.3-8.4 g. of poly-2-vinylpyridine were dissolved in 150 ml. of methanol.
      The solution and 2.16-23.1 g. of .beta.-propiolactone were sealed in a
      glass ampoule in a nitrogen atmosphere to give a homogeneous solution,
      which was kept at 50.degree.C for 24 hours without agitation.
PAR  The resulting solution of the polymer electrolyte was added to a large
      quantity of 1 normal aqueous ammonia. The polymer electrolyte obtained was
      washed repeatedly into ten times the volume of rapidly stirred 1 normal
      ammonia in a mixer to give a powderly ammonium salt of a polymer
      electrolyte.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Run poly-2-vinyl-                                                         
                 .beta.-propio-                                                
                       softening                                               
                             Inherent                                          
                                   graft                                       
     No. pyridine (g.)                                                         
                 lactone                                                       
                       point viscosity                                         
                                   ratio                                       
                 (g.)  (.degree.C)                                             
     __________________________________________________________________________
     2-1 6.31    2.16  238-263                                                 
                             1.39  0.074                                       
     2-2 8.41    5.77  239-258                                                 
                             1.13  0.100                                       
     2-3 8.41    11.5  212-223                                                 
                             1.02  0.117                                       
     2-4 8.41    23.1  204-216                                                 
                             0.54  0.154                                       
     __________________________________________________________________________
PAL  Inherent viscosity was measured at a concentration of 0.500 g. of ammonium
      salt of polymer electrolyte/100 ml. of methanol at 30.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of poly-3-vinylpyridine
PAR  Into a polymerization reaction apparatus as described in Example 1 (for the
      preparation of poly-2-vinylpyridine) were placed 82 g. of 3-vinylpyridine,
      100 ml. of water, a solution of 1.2 g. gelatine in 50 ml. water, a
      solution of 0.04 g. of sodium butylnapthalene-sulfonate in 50 ml. of water
      and 0.5 g. of azobisisobutyronitrile in a nitrogen atmosphere. The
      polymerization reaction was carried out at 50.degree.C in a oil bath for 3
      days. At the end of this period the granule of the polymer was washed with
      normal water 4 times, washed with hot water 3 times and then filtered.
PAR  The softening point was 176.degree.-183.degree.C and the intrinsic
      viscosity was 1.76 measured at a concentration of 0.5 g. of
      poly-3-vinylpyridine /100 ml. of ethanol at 30.degree.C.
PAC  Reaction of poly-3-vinylpyridine with .beta.-propiolactone (preparation of
      polymer electrolytes by the method of the first embodiment
PAR  Into a reaction apparatus as described in the corresponding part of Example
      1 were placed 10.5 g. (0.10 mole) of this poly-3-vinylpyridine and 150 ml.
      of methanol, the apparatus being flushed with nitrogen. 7.21 g. to 14.4 g.
      of .beta.-propiolactone in the dropping funnel was slowly dropped into the
      reaction vessel over a period of 40 to 60 min. with stirring being
      continued one hour thereafter. At the end of this period, the polymer
      obtained was poured into ten times the volume of ether to give a gummy
      polymer. This gummy polymer was reprecipited repeatedly into ten times the
      volume of ether to yield a polymer electrolyte.
TBL                Table 3                                                     
     ______________________________________                                    
     Run   .beta.-propio-                                                      
                      Graft ratio Inherent                                     
                                          Softening                            
     No.   lactone                Viscosity                                    
                                          Point                                
           (g.)                           (.degree.C)                          
     ______________________________________                                    
     3-1   7.21       1.28        0.780   162-179                              
     3-2   14.4       1.31        0.620   128-142                              
     ______________________________________                                    
PAL  Reaction temperature was 25.degree.-28.degree.C. Inherent viscosity was
      measured at a concentration of 0.500 g. of polymer electrolyte/100 ml. of
      methanol at 30.degree.C.
PAR  A transparent film was made from this polymer-methanol solution.
PAC  Hydrolysis of polymer electrolyte obtained by the first embodiment by the
      acid by the method of the second embodiment
PAR  2.10 g. of the foregoing polymer electrolyte were placed in a conical flask
      and dissolved in 30 ml. of methanol. After 20 ml. of 1 normal hydrochloric
      acid solution was added to the polymer solution and the latter vigorously
      agitated, the solvent was removed by evaporator using a water pump. A
      light brown solid resulted.
PAR  The solid was placed in the conical flask and dissolved in 50 ml. of
      methanol. The resulting solution was separated into a soluble part and
      insoluble part. The soluble part was poured into ten times the volume of
      ether to produce a hydrolyzed polymer electroltye.
PAR  An inherent viscosity of 0.740 was measured at the concentration of 0.500
      g. of a hydrolyzed polymer electrolyte/100 ml. of methanol at 30.degree.C.
      The softening point was found to be 168.degree.-178.degree.C.
PAC  Neutralization of hydrolyzed polymer of the second embodiment by the method
      of the third embodiment
PAR  Run No. 3-1-1-1. 1.80 g. of hydrolyzed polymer were placed in a conical
      flask and dissolved in 30 ml. of methanol. After 16.8 ml. of 1 normal of
      sodium hydroxide solution were added into the polymer-methanol solution
      and the result vigorously agitated, solvents were removed through
      evaporation with a water pump to yield a sodium salt of a basic polymer
      electrolyte. The polymer was then washed with water, filtered and dried.
PAR  The softening point was determined to be 162.degree.-186.degree.C.
PAC  EXAMPLE 4
PAC  Preparation of poly-4 vinylpyridine
PAR  62 g. of freshly distilled 4-vinylpyridine and 0.025 g. of benzoylperoxide
      were placed in a glass tube, which was then flushed with nitrogen and
      sealed. The mixture was maintained at 50.degree.C in an oil bath for 24
      hr. At the end of this period, the polymer was dissolved in 1 liter of
      n-butanol and poured into a large quantity of water in a high speed mixer
      to give the granules of poly-4-vinylpyridine, which were filtered and
      dried.
PAR  The softening point was 221.degree.-227.degree.C while the inherent
      viscosity was determined to be 3.92 at a concentration of 0.500 g. of
      poly-4-vinylpyridine/100 ml. of methanol at 30.degree.C.
PAC  Reaction of poly-4-vinylpyridine with .beta.-propiolactone (preparation of
      polymer electrolytes by the method of the first embodiment
PAR  Into a reaction apparatus described in the corresponding part of Example 1
      were placed 2.63 g. of this poly-4-vinylpyridine and 50 ml. of water in a
      nitrogen atmosphere at 30.degree.C. 0.017 g. to 0.050 g. of
      .beta.-propiolactone in a dropping funnel were slowly dropped into the
      reaction flask for 2 hours, the mixture being stirred for 1 hour
      thereafter. At the end of this time, the reaction mixture was poured into
      200 ml. of n-butanol in a high speed mixer to give a gummy polymer.
PAR  This gummy polymer was washed with 100 ml. of n-butanol for several times
      in a high speed mixer, filtered and dried leaving a powderly polymer
      electrolyte.
PAR  This polymer, containing a considerable amount of an acid component and
      other by-products, exhibited a low softening point as shown below.
TBL                Table 4                                                     
     ______________________________________                                    
     Run No. .beta.-Propio-                                                    
                       Graft ratio                                             
                                  Inherent                                     
                                          Softening                            
             lactone              Viscosity                                    
                                          Point                                
             (g.)                         (.degree.C)                          
     ______________________________________                                    
     4-1     0.025     0.479      0.720   102-106                              
     4-2     0.017     0.489      1.09     97-103                              
     4-3     0.050     1.31       1.01    105-106                              
     ______________________________________                                    
PAR  Inherent viscosity was measured at a concentration of 0.500 g. of polymer
      electrolyte/100 ml. of methanol at 30.degree.C.
PAR  The polymer dissolved in methanol was spread on a glass plate at
      60.degree.-80.degree.C to give transparent film. The film was found to
      strongly adhere to the glass plate.
PAC  EXAMPLE 5
PAC  Reaction of poly-4-vinylpyridine with .beta.-propiolactone (preparation of
      polymer electrolytes by the method of the first embodiment)
PAR  Into a glass tube were placed 2.63 g. poly-4-vinylpyridine prepared as in
      Example 4, 50 ml. water or 80 ml. methanol and 0.025 g. of
      .beta.-propiolactone. The mixture was shaken, swept with nitrogen to
      remove air, sealed-off and maintained at 50.degree.C in an oil bath for 24
      hours.
PAR  Run No. 5-1. The reaction mixture which was obtained using 50 ml. water was
      poured into 200 ml. n-butanol with rapid stirring to give a gummy polymer
      which was washed further with 100 ml. n-butanol with rapid stirring to
      produce a powderly polymer electrolyte.
PAR  Run No. 5-2. The reaction mixture which was reacted in 80 ml. methanol was
      poured into 200 ml. of rapidly stirred ether to give a gummy polymer. The
      gummy polymer was washed further with 100 ml. rapidly stirred ether and a
      powderly polymer electrolyte resulted.
TBL                Table 5                                                     
     ______________________________________                                    
     Run No. Solvent   Graft ratio                                             
                                  Inherent                                     
                                          Softening                            
                                  viscosity                                    
                                          Point                                
             (ml.)                        (.degree.C)                          
     ______________________________________                                    
     5-1     Water     1.64       1.23    97-99                                
             50                                                                
     5-2     methanol  1.13       1.13    165-170                              
             80                                                                
     ______________________________________                                    
PAR  Inherent viscosity was measured at a concentration of 0.500 g. of polymer
      electrolytes/100 ml. of methanol at 30.degree.C.
PAR  As shown in Table 5, the polymer electrolyte of Run No. 5-1 exhibited a low
      softening point because of contaminating by-products. The polymer
      electrolyte of Run No. 5-2, on the other hand, had a high softening point.
PAC  EXAMPLE 6
PAC  Preparation of poly-4-vinylpyridine
PAR  Into a glass tube flushed with nitrogen were placed 64 g. freshly distilled
      4-vinylpyridine and 0.100 g. benzoyl-peroxide. The tube was sealed and the
      mixture maintained at 50.degree.C in an oil bath for 24 hours. At the end
      of this period, the resulting polymer was dissolved in 1 liter of
      methanol.
PAR  The polymer in the methanol solution was isolated by pouring the latter
      into 10 times the volume of rapidly stirred water to give
      poly-4-vinylpyridine. The poly-4-vinylpyridine was washed further with a
      large amount of water, filtered and dried.
PAR  The dried product exhibited a softening point of 242.degree.-253.degree.C
      and an intrinsic viscosity of 4.72 measured at a concentration of 0.500 g.
      of poly-4-vinylpyridine/100 ml. of ethanol at 30.degree.C.
PAC  Reaction of poly-4-vinylpyridine with .beta.-propiolactone (preparation of
      polymer electrolytes by the method of the first embodiment
PAR  Into a reaction apparatus as described in the corresponding part of Example
      1 were placed 2.63 g. of this poly-4-vinylpyridine and 90 ml. of methanol.
      The vessel was flushed with nitrogen and maintained at 30.degree.C. 0.017
      g. to 0.050 g. .beta.-propiolactone in a dropping funnel were added
      dropwise into the flask for 2 hours and the mixture was stirred 1 hour
      thereafter.
PAR  The polymer solution obtained was poured into 200 ml. of rapidly stirred
      ether to give a gummy polymer which was washed several times further with
      100 ml. of rapidly stirred ether to produce a powderly polymer
      electrolyte.
TBL                                    Table 6-1                               
     __________________________________________________________________________
     Run No.                                                                   
           .beta.-Propio-                                                      
                  Yield                                                        
                      Graft Inherent                                           
                                  Softening                                    
           lactone    ratio Viscosity                                          
                                  point                                        
           (g.)   (%)             (.degree.C)                                  
     __________________________________________________________________________
     6-1   0.017  91.3                                                         
                      0.780 2.47  173-186                                      
     6-2   0.025  89.4                                                         
                      1.46  2.53  181-186                                      
     6-3   0.050  79.4                                                         
                      2.55  2.51  129-139                                      
     __________________________________________________________________________
PAR  The amount of poly-4-vinylpyridine used for every reaction is 2.63 g.
      Inherent viscosity was measured at a concentration of 0.500 g. of polymer
      electrolyte/100 ml. of methanol at 30.degree.C.
PAR  The polymer dissolved in methanol was spread on a glass plate kept at
      60.degree.-80.degree.C to form a transparent film. The volume resistivity
      of the film was less than 1 .times. 10.sup.11 .OMEGA./cm. (measured at
      R.sub.h = 42%,Temp. = 18.degree.C and charged voltage = 250 V.).
PAC  Preparation of poly-4-vinylpyridine
PAR  Into a reaction apparatus as described in the corresponding part of Example
      1 were placed 60 g. freshly distilled 4-vinylpyridine, 200 ml. of 4%
      solution of sodium butylnaphthalene sulfonate and 0.6 g. of
      benzoyl-peroxide. This mixture was stirred at 30.degree.C for 4 hours.
PAR  At the end of this time, the polymer was dissolved in 2 liter methanol and
      the solution poured into a large volume of rapidly-stirred water to give
      poly-4-vinylpyridine. The poly-4-vinylpyridine was washed with water and
      dried.
PAR  The softening point was 164.degree.-166.degree.C. The intrinsic viscosity
      was found to be 1.20 measured at a concentration of 0.500 g. of
      poly-4-vinylpyridine/100 ml. of ethanol at 30.degree.C. Finally, the
      volume resistivity of this film was 4 .times. 10.sup.14 .OMEGA./cm.
      (R.sub.h = 42%, Temp. = 18.degree.C and charged voltage=250 V.).
PAC  Reaction of poly-4-vinylpyridine with .beta.-propiolactone (preparation of
      polymer electrolyte by the method of the first embodiment)
PAR  Into a reaction apparatus as described in the corresponding part of Example
      1 were placed 8.41 g. of poly-4-vinylpyridine and 150 ml. methanol. The
      mixture was stirred at 34.degree.C., 2.88 g. to 11.5 g. of
      .beta.-propiolactone in a dropping funnel were added dropwise into the
      flask for 30 min. and the mixture stirred for 1 hour thereafter.
PAR  At the end of this time, the polymer-methanol solution was poured into 1
      liter of rapidly-stirred ether to form a powderly polymer electrolyte
      which was washed further with ether and dried.
PAR  The polymer was extracted with 150 ml. of chloroform for 3 hours and the
      component dissolved in chloroform removed.
PAR  As shown in Table 6-2, the volume resistivity of this film was low.
TBL                Table 6-2                                                   
     ______________________________________                                    
                                            Volume                             
            .beta.-propio-          Softening                                  
                                            inherent                           
            lactone  Graft   Inherent                                          
                                    Point   resisti-                           
     Run No.                                                                   
            (g.)     ratio   viscosity                                         
                                    (.degree.C)                                
                                            vity (.OMEGA./cm)                  
     ______________________________________                                    
     6-4    2.83     0.678   1.85   136-143 5 .times. 10.sup.10                
     6-5    5.76     1.54    2.49   122-129 3 .times. 10.sup.10                
     6-6    11.5     1.53    1.20   112-122 3 .times. 10.sup.8                 
     ______________________________________                                    
PAL  The amount of poly-4-vinylpyridine used for every reaction was 8.41 g.
      Inherent viscosity was measured at a concentration of 0.500 g. of polymer
      electrolyte/100 ml. of methanol at 30.degree.C. The resistivities were
      measured under the conditions of R.sub.h = 42%, Temp. = 18.degree.C and
      charged voltage = 250 V.
PAC  EXAMPLE 7
PAC  Preparation of poly-4-vinylpyridine
PAR  Into a glass tube were placed 84 g. freshly distilled 4-vinylpyridine and
      0.04 g. benzoyl-peroxide at 50.degree.C in a nitrogen atmosphere. The tube
      was sealed and maintained at 50.degree.C in an oil bath for 24 hours.
PAR  At the end of this time, the resulting polymer was dissolved in 1 liter
      methanol and the result poured into a large quantity of rapidly-stirred
      water to give a powderly polymer. The powderly polymer was filtered and
      dried in a vacuum at the room temperature.
PAR  The polymer exhibited a softening point of 176.degree.-189.degree.C and an
      intrinsic viscosity of 2.80 measured at a concentration of 0.500 g. of
      polymer/100 ml. of ethanol at 30.degree.C.
PAC  Reaction of poly-4-vinylpyridine with .beta.-propiolactone (preparation of
      polymer electrolyte by the method of the first embodiment)
PAR  Into a glass tube were placed 1.05 g. poly-4-vinylpyridine and 30 ml.
      methanol, the mixture being agitated to provide a solution thereof. 0.360
      to 1.44 g. of .beta.-propiolactone were added to the polymer solution. The
      mixture of the polymer solution and .beta.-propiolactone was then sealed
      and kept at 50.degree.C in an oil bath for 24 hours.
PAR  After the reaction, the resulting polymer solution in methanol was poured
      into a large amount of rapidly-stirred ether to give a powderly polymer,
      which was washed with ether, filtered, and dried in a vacuum at room
      temperature leaving a powderly polymer electrolyte.
TBL                Table 7                                                     
     ______________________________________                                    
              .beta.-propio-             Softening                             
              lactone   Graft   Inherent point                                 
     Run No.  (g.)      ratio   viscosity                                      
                                         (.degree.C)                           
     ______________________________________                                    
     7-1      0.360     1.67    2.11     142-145                               
     7-2      0.721     1.49    2.12     134-136                               
     7-3      1.08      3.14    1.53     deliquiscent                          
     7-4      1.44      5.44     0.690   deliquiscent                          
     ______________________________________                                    
PAR  The amount of poly-4-vinylpyridine used for every reaction is 1.05 g.
      Inherent viscosity was measured at a concentration of 0.500 g. of polymer
      electrolyte/100 ml. of methanol at 30.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of poly-4-vinylpyridine
PAR  Into a polymerization reaction apparatus as described in the corresponding
      part of Example 1 were placed 127 g. freshly distilled 4-vinylpyridine,
      100 ml. of 0.5% solution of sodium butyl naphthalene sulfonate and 0.84 g.
      benzoylperoxide in nitrogen atmosphere. The mixture was stirred at
      30.degree.C for 4 hr., with the obtained polymer being subsequently
      dissolved in methanol. The polymer-methanol solution was poured into ten
      times the volume of rapidly stirred water, washed further with equal
      amounts of water for 8 times, filtered and dried to give powderly
      polyvinylpyridine.
PAR  The softening point was determined to be 183.degree.-185.degree.C. An
      intrinsic viscosity of 1.74 measured at a concentration of 0.5 g. of
      poly-4-vinylpyridine/100 ml. of ethanol at 30.degree.C resulted.
PAC  Reaction of poly-4-vinylpyridine with .beta.-propiolactone (preparation of
      polymer electrolytes by the method of the first embodiment)
PAR  Into a reaction apparatus as described in the corresponding part of Example
      1 were placed 10.514 g. of the above poly-4-vinylpyridine and 150 ml. of
      solvents as shown in Table 8-1 in a nitrogen atmosphere. The mixture was
      stirred at 30.degree.C and 3.60 - 28.8 g. of .beta.-propiolactone were
      added dropwise into the flask for 10-70 min. The mixture was subsequently
      stirred 1 hour and poured into ten times the volume of rapidly-stirred
      ether, washed 5 times further with ether, filtered and dried to give a
      powderly polymer electrolyte.
TBL                Table 8-1                                                   
     ______________________________________                                    
                    Dropping        Softening                                  
            .beta.-PL                                                          
                    time     Graft  point   Inherent                           
     Run No.                                                                   
            (g.)    (min.)   ratio  (C)     viscosity                          
     ______________________________________                                    
     8-1    3.60    10        0.995 128-130 1.65                               
     8-2    7.21    20       1.80   122-124 1.83                               
     8-3    14.4    40       3.49   106-112 1.60                               
     8-4    28.8    70       5.00   77-80   1.62                               
     8-5    7.21    10       1.01   92-97   1.62                               
     8-6    14.4    20       3.67   71-77   1.57                               
     ______________________________________                                    
PAR  The amount of poly-4-vinylpyridine used for every reaction was 10.5 g.
      Inherent viscosity was measured at a concentration of 0.500 g. of polymer
      electrolyte/100 ml. of methanol at 30.degree.C.
PAR  Runs 8-1 through 8-4 employed methanol as solvent while Runs 8-5 through
      8-6 used chloroform. The reaction temperature was 30.degree.C.
PAR  The methanol solutions of these polymer electrolytes were spread on glass
      plates at room temperature to give transparent films.
PAC  Hydrolysis of polymer electrolytes obtained of the first embodiment by
      acids or bases of the method of the second embodiment.
PAR  Hydrolysis with sodium hydroxide
PAR  Run 8-2-1. 3.00 g. of polymer electrolyte (Run 8-2) were dissolved in 40
      ml. of water to give a homogeneous solution, which was mixed and then
      shaken with 28.4 ml. of 0.55 normal aqueous hydroxide until the mixture
      formed a milky emulsion. Water was vacuum evaporated from the emulsion to
      yield a white mass, which was washed with water, dried and dissolved in 50
      ml. of methanol. The portion insoluble in methanol was discarded while the
      soluble portion was poured into water, 10 times the volume of the methanol
      solution, to produce a hydrolyzed polymer electrolyte.
PAR  Run 8-5-1. 3.00 g. of polymer electrolyte (Run 8-5) were dissolved in 30
      ml. of chloroform to give a homogeneous solution, which was mixed and
      agitated with 35.7 ml. of 0.55 normal aqueous sodium hydroxide leaving a
      white precipitation, which was washed with water, dried and dissolved in
      50 ml. of methanol.
PAR  The portion soluble in methanol was poured into water to precipitate a
      hydrolyzed polymer electrolyte.
PAR  Hydrolysis with hydrochloric acid
PAR  Run 8-2-2. 3.00 g. polymer electrolyte (Run 8-2) were dissolved in 40 ml.
      of water to give a homogeneous solution, which was mixed and agitated with
      13.6 ml. of 1.15 normal hydrochloric acid. Volatile solvents and gases
      were removed from mixture by vacuum evaporation forming a light green
      solid, which was dissolved in 50 ml. of methanol. The resulting solution
      was poured into agitated ether 10 times the volume of the solution, to
      precipitate a hydrolyzed polymer electrolyte.
PAR  Run 8-5-2. 2.97 g. of polymer electrolyte (Run 8-5) were dissolved in 30
      ml. of chloroform. The resulting solution was mixed and shaken with 17.4
      ml. of 1.15 normal hydrochloric acid. Volatile solvents and gases were
      removed from the resulting solution by vacuum evaporation to give a white
      solid, which was dissolved in 50 ml. of methanol. The resulting solution
      was poured into agitated ether, having a volume 10 times that of the
      solution, to precipitate a hydrolyzed polymer electrolyte.
PAR  The above four hydrolysis runs were all carried out at room temperature
      (20.degree.-25.degree.C).
PAR  The properties of the resulting hydrolyzed polymer electrolytes are
      tabulated in Table 8-2. As shown in Table 8-2, the hydrolyzed polymer
      electrolytes have high softening points and low volume inherent
      resistivities. The resistivities were measured from the films obtained
      from the methanol solutions of the hydrolyzed polymer electrolytes.
TBL                                    Table 8-2                               
     __________________________________________________________________________
                              Surface                                          
                                    Volume                                     
           polymer      Softening                                              
                              resisti-                                         
                                    resis-                                     
           electro-                                                            
                 Acid or base                                                  
                        point vity  tivity                                     
     Run No.                                                                   
           lyte (g.)                                                           
                   (ml.)                                                       
                        (C.)  (ohm) (ohm/cm)                                   
     __________________________________________________________________________
     8-2-1 3.00  28.4 NaOH                                                     
                        160-163                                                
                              1.2.times.10.sup.14                              
                                    3.2.times.10.sup.12                        
     8-2-2 3.00  13.6 HCl                                                      
                        210-230                                                
                              3.9.times.10.sup.14                              
                                    5.1.times.10.sup.12                        
     8-5-1 3.00  35.7 NaOH                                                     
                        187-192                                                
                              8.0.times.10.sup.14                              
                                    2.9.times.10.sup.12                        
     8-5-2 2.97  17.4 HCl                                                      
                        206-218                                                
                              1.5.times.10.sup.14                              
                                    9.1.times.10.sup.11                        
     __________________________________________________________________________
PAR  8-2-1 and 8-2-2 used water as the solvent while 8-5-1 and 8-5-2 employed
      chloroform. NaOH--sodium hydroxide, HCl--hydrochloric acid. Resistivities
      were measured at the conditions of R.sub.h = 42% at 18 C. and a charged
      voltage of 250 V.
PAC  Neutralizations of acid hydrolyzed polymers of the second embodiment by the
      method of the third embodiment
PAR  Run No. 8-5-1-1. 0.750 g. of the hydrolyzed polymer were dissolved in 30
      ml. of chloroform. 5.4 ml. of 1 normal hydrochloric acid were added to
      this solution and the mixture was stirred vigorously. The solvent was
      removed by evaporation under a reduced pressure to produce a light yellow
      solid which was dissolved in 50 ml. of methanol, the soluble and insoluble
      parts being separated. The soluble part was poured into 10 times the
      volume of ether to give acid polymer electrolyte.
PAC  EXAMPLE 9
PAC  Preparation of 2-vinylpyridine - acrylonitrile copolymer
PAR  Into a glass tube were placed 10.514 g. freshly distilled 2-vinylpyridine,
      5.306 g. freshly distilled acrylonitrile, 60 ml. N, N-dimethylformamide
      (DMF), 0.100 g. azobisisobutyronitrile in a nitrogen atmosphere. The tube
      was sealed and maintained in an oil bath for 24 hr. The obtained polymer
      solution was poured into 10 times the volume of rapidly-stirred water,
      filtered and dried in a vacuum to give a powderly copolymer.
PAR  The softening temperature was 202.degree.-224.degree.C while the intrinsic
      viscosity was 0.831 measured at a concentration of 0.5 g. of copolymer/100
      ml. of DMF at 30.degree.C. The yield was 93.5%. A volume resistivity of
      4.94 .times. 10.sup.13 .OMEGA./cm. was measured at R.sub.h = 42%, Temp.=
      18.degree.C and Charged voltage = 250 V.
PAC  Reaction of 2-vinylpyridine - acrylonitrile copolymer with
      .beta.-propiolactone (preparation of polymer electrolytes by the method of
      the first embodiment)
PAR  Into a reaction apparatus as described in the corresponding part of Example
      1 were placed 8.91 g. of the above copolymer and 150 ml. of chloroform in
      a nitrogen atmosphere. The mixture was stirred at 30.degree.C in an oil
      bath. 4.98 g. of .beta.-propiolactone were added dropwise into the flask
      for 30 min., stirring was continued for one additional hour. The polymer
      solution was then poured into ten times the volume of rapidly-stirred
      ether, filtered, and finally dried to yield a polymer electrolyte.
PAR  The polymer electrolyte exhibited a softening point of
      128.degree.-148.degree.C, an intrinsic viscosity of 0.765 (measured at a
      concentration of 0.5 g. of polymer electrolyte/100 ml. of DMF at
      30.degree.C.) a volume resistivity of 6.2 .times. 10.sup.12 .OMEGA./cm
      (measured at R.sub.h = 42%, Temp. = 18.degree.C and Charged voltage = 250
      V.).
PAR  A film made from this polymer was transparent and strongly adhesive to a
      glass plate.
PAC  EXAMPLE 10
PAC  Preparation of 2-vinylpyridine-3-vinylpyridine copolymer
PAR  Into a polymerization reaction apparatus as described in the corresponding
      part of Example 1 were placed 10.514 g. of freshly distilled
      2-vinylpyridine, 10.514 g. of freshly distilled 3-vinylpyridine, 100 ml.
      of water, a solution of 0.18 g. gelatine 50 ml. of water, a solution of
      0.01 g. sodium butyl naphthalene sulfonate in 50 ml. water, 0.01 g.
      azobisiobutyronitrile, in a nitrogen atmosphere. The mixture was stirred
      at 50.degree.C for 3 days. The resulting polymer was washed with ten times
      the volume of normal water and then three times with 10 times the volume
      of hot water, filtered and dried in a vacuum to give a copolymer.
PAR  The softening point was 182.degree.-194.degree.C while the inherent
      viscosity was 1.26, measured at a concentration of 0.5 g. copolymer /100
      ml. methanol at 30.degree.C.
PAC  Reaction of 2-vinylpyridine-3-vinylpyridine copolymer with
      .beta.-propiolactone (preparation of polymer electrolytes by the method of
      the first embodiment
PAR  Into a reaction apparatus as described in the corresponding part of Example
      1 were placed 10.514 g. of this copolymer and 150 ml. of methanol in a
      nitrogen atmosphere. The mixture was stirred at 25.degree.-28.degree.C in
      an oil bath. 7.206 g. of .beta.-propiolactone were added dropwise into the
      flask for 30 min., stirring being continued one hour thereafter. The
      obtained polymer solution was poured 3 times into 10 times the volume of
      rapidly-stirred ether, filtered, and dried to give a polymer electrolyte.
PAR  The polymer electrolyte had a softening point of 152.degree.-168.degree.C,
      an inherent viscosity of 0.68, measured at a concentration of 0.5 g. of
      polymer electrolyte/100 ml. methanol at 30.degree.C, and a yield of 92.1%.
PAR  A film made from this polymer electrolyte was transparent and strongly
      adhesive to a glass plate.
PAC  EXAMPLE 11
PAC  Preparation of poly-5-ethyl-2-vinylpyridine
PAR  Into a polymerization reaction apparatus as described in the corresponding
      part of Example 1 were placed 10.514 g. of freshly distilled
      5-ethyl-2-vinylpyridine, 50 ml. of water, a solution of 0.6 g. gelatine in
      25 ml. of water, a solution of 0.2 g. sodium butyl naphthalene sulfonate
      in 25 ml. of water, 0.25 g. azobisisobutyronitrile, in a nitrogen
      atmosphere. The mixture was stirred at 50.degree.C in an oil bath for 3
      days. The obtained polymer was washed 5 times with 10 times the volume of
      rapidly-stirred normal water, and then 3 times with hot water, filtered
      and dried to give granules of poly-5-ethyl-2-vinylpyridine.
PAR  The softening point was found to be 168.degree.-172.degree.C. An intrinsic
      viscosity of 1.12 measured at the concentration of 0.5 g.
      poly-5-ethyl-2-vinylpyridine/100 ml. ethanol at 30.degree.C was also
      determined.
PAC  Reaction of poly-5-ethyl-2-vinylpyridine with .beta.-propiolactone
      (preparation of polymer electrolytes by the method of the first
      embodiment)
PAR  Into a reaction apparatus as described in the corresponding part of Example
      1 were placed 13.114 g. poly-5-ethyl-2-vinylpyridine and 150 ml. of
      methanol in a nitrogen atmosphere. The mixture was stirred at
      25.degree.-28.degree.C in an oil bath. 7.206 g. of .beta.-propiolactone
      were added dropwise into the flask for 30 min., stirring being continued
      for one more hour. The polymer solution was poured several times into 10
      times the volume of rapidly-stirred ether, washed, filtered and dried to
      give the granules of polymer electrolyte.
PAR  The electrolyte exhibited a softening point of 128.degree.-138.degree.C, an
      inherent viscosity of 0.64, measured at a concentration of 0.5 g. of
      polymer electrolyte/100 ml. methanol at 30.degree.C, a volume resistivity
      of 6.8 .times. 10.sup.13 .OMEGA./cm. at R.sub.h = 40%, Temp. 20.degree.C,
      and Charged voltage = 250 V. A film made from this polymer was transparent
      and strongly adhesive to a glass plate.
PAC  EXAMPLE 12
PAC  Preparation of poly-2-methyl-4-vinylpyridine
PAR  Into a polymerization reaction apparatus as described in the corresponding
      part of Example 1 were placed 45 g. freshly distilled
      2-methyl-4-vinylpyridine, 50 ml. of water, a solution of 0.60 g. gelatine
      in 25 ml. water, a solution of 0.02 g. of sodium butyl naphthalene
      sulfonate in 25 ml. of water, 0.20 g. azobisisobutyronitrile in a nitrogen
      atmosphere. The mixture was stirred at 50.degree.C in an oil bath for 3
      days. The granules of the polymer obtained were washed with 10 times the
      volume of rapidly-stirred normal water and then 4 times with 4 times the
      volume of hot water, filtered and dried to give a fine granules of
      poly-2-methyl-4-vinylpyridine.
PAR  The softening point was 148.degree.-162.degree.C. The intrinsic viscosity
      was determined to be 0.98, measured at a concentration of 0.5 g.
      poly-2-methyl-4-vinylpyridine/100 ml. of ethanol at 30.degree.C.
PAC  Reaction of poly-2-methyl-4-vinylpyridine with .beta.-propiolactone
      (preparation of polymer electrolytes by the method of the first
      embodiment)
PAR  Into a reaction apparatus as described in the corresponding part of Example
      1 were placed 11.914 g. poly-2-methyl-4-vinylpyridine and 50 ml. of
      methanol. The reaction flask was flushed with nitrogen with the mixture
      being stirred at 25.degree.-28.degree.C in an oil bath. 7.206 g. of
      .beta.-propiolactone were added dropwise into the flask for 30 min. and
      the mixture was stirred one hour thereafter. The obtained polymer solution
      was poured 3 times into 10 times the volume of rapidly-stirred ether,
      filtered and dried to give granules of polymer electrolyte.
PAR  The granules had a softening point of 152.degree.-160.degree.C, an inherent
      viscosity of 0.433 measured at a concentration of 0.5 g. polymer
      electroylte/100 ml. of methanol at 30.degree.c, a surface resistivity 9.8
      .times. 10.sup.13 .OMEGA. measured at R.sub.h = 40%, temp. = 20.degree.C.
      and Charged voltage = 250 V.
PAR  A film made from this polymer was transparent and strongly adhesive to a
      glass plate.
PAC  EXAMPLE 13
PAC  Preparation of 3-vinylpyridine - styrene copolymer
PAR  Into a glass tube were placed 10.514 g. freshly distilled 3-vinylpyridine,
      10.415 g. freshly distilled styrene and 0.100 g. benzoyl-peroxide. The
      mixture was maintained at 60.degree.C in an oil bath for 24 hr. The
      resulting polymer solution was poured into 10 times the volume of rapidly
      stirred water, filtered and dried to give a 3-vinylpyridine-styrene
      copolymer.
PAR  The softening point of the polymer was 156.degree.-162.degree.C. The
      inherent viscosity was 0.433 measured at a concentration of 0.5 g.
      copolymer/100 ml. methanol at 30.degree.C.
PAC  Reaction of 3-vinylpyridine - styrene copolymer with .beta.-propiolactone
      (preparation of polymer electrolytes by the method of the first
      embodiment)
PAR  Into a reaction apparatus as described in the corresponding part of Example
      1 were placed 9 g. of the above copolymer and 150 ml. of methanol in a
      nitrogen atmosphere. The mixture was stirred at 25.degree.-28.degree.C.
      5.00 g. .beta.-propiolactone were added dropwise into the flask for 30
      min. The mixture thereafter was stirred 1 hr. The resulting polymer
      solution was poured 3times into 10 times the volume of rapidly-stirred
      ether, filtered and dried to give a polymer electrolyte.
PAR  The electrolyte was found to have a softening point of
      148.degree.-156.degree.C and an inherent viscosity of 0.450 measured at a
      concentration of 0.5 g. of polymer electrolyte/100 ml. methanol at
      30.degree.C.
PAR  A film made from this polymer electrolyte was transparent and strongly
      adhesive to a glass plate.
PAC  Hydrolysis of polymer electrolytes of the first embodiment by bases of the
      method of the second embodiment
PAR  Hydrolysis with sodium hydroxide
PAR  Into a conical flask were placed 5.00 g. of this polymer electrolyte and
      100 ml. of chloroform to give a solution to which was added 58 ml. of 1
      normal of sodium hydroxide. The polymer solution was then emulsified by
      being shaken vigorously and permitted to stand for 1 hr. The solvent in
      the emulsion was removed by evaporation under a reduced pressure to yield
      a white solid, which was washed with water, filtered and dried. This white
      solid and 50 ml. of methanol were placed into another conical flask and
      stirred. The parts soluble and insoluble in methanol were each isolated
      from each other. The soluble part was poured into 10 times the volume of
      water to produce a hydrolyzed polymer electrolyte.
PAR  The electrolyte exhibited a softening point of 152.degree.-160.degree.C, an
      inherent viscosity of 0.433, measured at a concentration of 0.5 g. of
      hydrolyzed polymer electrolyte/100 ml. of methanol at 30.degree.C, and a
      surface resistivity of film 9.8 .times. 10.sup.13 ohm measured at
      conditions of R.sub.h = 40%, temp. = 18.degree. and Charged voltage = 250
      V.
PAR  While several embodiments of the invention have been shown and described,
      other variations will be readily apparent to those skilled in the art.
      Therefore, the invention is not limited to these embodiments but is
      intended to cover all such variations as may be within the scope of the
      invention defined by the following claims:
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrolyte polymer having an inherent viscosity of from about 0.2 to
      about 5 at a concentration of 0.5 g./100 ml. methanol at 30.degree.C; at
      least 10 mole percent of said polymer being polymerized vinylpyridine
      units having grafted upon the nitrogen thereof poly-.beta.-propiolactone;
      and wherein said grafted vinyl pyridine unit is of the structural formula:
      ##SPC27##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, methyl or ethyl and n has an
      average value greater than about 0.2 and less than that producing an X-ray
      crystalline pattern of poly-.beta.-propiolactone homopolymer.
NUM  2.
PAR  2. The polymer of claim 1 wherein said polymer is
      N-(poly-.beta.-propiolactone) substituted poly-.alpha.-vinylpyridine.
NUM  3.
PAR  3. The polymer of claim 1 wherein said polymer is
      N-(poly-.beta.-propiolactone) and substituted poly-.beta.-vinylpyridine.
NUM  4.
PAR  4. The polymer of claim 1 wherein said polymer is
      N-(poly-.beta.-propiolactone) substituted poly-.gamma.-vinylpyridine.
NUM  5.
PAR  5. The polymer of claim 1 wherein said grafted vinylpyridine unit is
      represented by the structural formula:
      ##SPC28##
NUM  6.
PAR  6. The polymer of claim 1 wherein said grafted vinylpyridine unit is
      represented by the structural formula:
      ##SPC29##
NUM  7.
PAR  7. The polymer of claim 1 wherein said grafted vinylpyridine unit is
      represented by the structural formula:
      ##SPC30##
NUM  8.
PAR  8. The polymer of claim 1 wherein the average value of n is less than about
      30.
NUM  9.
PAR  9. The polymer of claim 1 wherein the average value of n is less than about
      5.
NUM  10.
PAR  10. The acidic salt of the polymer of claim 1 wherein said grafted vinyl
      pyridine unit is of the structural formula:
      ##SPC31##
PAL  wherein X.sup.- represents an anionic group.
NUM  11.
PAR  11. The alkaline salt of the polymer of claim 1 wherein said grafted
      vinylpyridine unit is of the structural formula:
      ##SPC32##
PAL  wherein M and A are respectively the cation and anion of alkali M.sub.r
      A.sub.p, r and p being integers greater than zero.
NUM  12.
PAR  12. An electrolyte polymer having an inherent viscosity of from about 0.2
      to 5 at a concentration of 0.5 g./100 ml. methanol at 30.degree.C and
      consisting essentially of repeating units of vinylpyridine having grafted
      upon the nitrogen thereof poly-.beta.-propiolactone; and wherein said
      grafted vinylpyridine unit is represented by the structural formula:
      ##SPC33##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, methyl or ethyl and n has an
      average value greater than about 0.2 and less than that producing an X-ray
      crystalline pattern of poly-.beta.-propiolactone homopolymer.
NUM  13.
PAR  13. The polymer of claim 12 wherein n is less than about 30.
NUM  14.
PAR  14. The polymer of claim 12 wherein n is less than about 5.
NUM  15.
PAR  15. The polymer of claim 12 wherein said polymer is
      N-(poly-.beta.-propiolactone) substituted poly-.alpha.-vinylpyridine, or
      an acidic or alkaline salt thereof.
NUM  16.
PAR  16. The polymer of claim 12 wherein said polymer is
      N-(poly-.beta.-propiolactone) substituted poly-.beta.-vinylpyridine, or an
      acidic or alkaline salt thereof.
NUM  17.
PAR  17. The polymer of claim 12 wherein said polymer is
      N-(poly-.beta.-propiolactone) substituted poly-.gamma.-vinylpyridine, or
      an acidic or alkaline salt thereof.
NUM  18.
PAR  18. The polymer of claim 1 wherein said polymerized vinylpyridine units are
      derived from a member selected from the group consisting of
      2-vinylpyridine,5-ethyl-2-vinylpyridine, 2-methyl-6-vinylpyridine, 2,
      4-dimethyl-6-vinylpyridine,
      3-vinylpyridine,2-methyl-5-vinylpyridine,4-methyl-5-vinylpyridine,
      4-vinylpyridine, 2-methyl-4-vinylpyridine.
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ABST
PAL  Flame retardant compounds, O,O-diaryl N,N-dialkyl phosphoramidates are
      prepared by reacting a phosphoramidohalidate or a phosphoramidic dihalide
      with a phenol in the presence of an alkali or alkaline earth metal
      hydroxide and a water-insoluble, water-immiscible, non-hydroxylic polar
      ketone which is a solvent for both the reactants and the product. High
      yields are obtained.
BSUM
PAR  The present invention relates to a new process for preparing O,O-diaryl
      N,N-dialkyl phosphoramidates which are useful as flame retardants.
PAC  BACKGROUND OF THE INVENTION
PAR  Phosphoramidates, e.g., (RO).sub.2 P(O)N(R).sub.2 wherein R is alkyl, are
      known compounds. These compounds have been prepared by reacting primary
      and secondary amines with phosphoric halides, substituted phosphoric
      halides, and organic halophosphates. These reactions are basically carried
      out in inert solvents such as ethers at low temperatures and the products
      are isolated after the separation of the amine salt by-product. The
      unsubstituted phosphoramidate (RO).sub.2 P(O)NH.sub.2 and particularly the
      diaryl phosphoramidate is a known compound (U.S. Pat. No. 3,240,729). This
      compound is an effective reactive flame retardant for use in preparing
      polyurethanes. These compounds are, however, unstable in caustic solution
      thereby rendering them undesirable for use in rayon spinning solutions.
      This problem has been unexpectedly overcome by forming the O,O-diaryl
      N,N-dialkyl phosphoramidate. This is claimed in the co-pending application
      of Eilers and Toy filed concurrent herewith.
PAR  In attempting to prepare O,O-diaryl N,N-dialkyl phosphoramidates by known
      routes numerous problems were encountered which were of significance to
      the commercial development of an economically competitive product. One of
      the processes investigated involves the reaction between a diaryl
      phosphorohalidate and a 100% excess of dialkyl amine. While quantitative
      yields of high purity in the reaction flask can be obtained, quantitative
      isolation of the final phosphoramidate product is not easily attained.
      Also, problems exist in the preparation of the diaryl phosphorohalidate
      intermediate.
PAR  Firstly, the diaryl phosphorohalidate, such as diphenyl phosphorochloridate
      (used hereinafter as exemplary) in alternatively prepared by chlorinating
      diphenyl hydrogen phosphonate or by the Todd process, the details of which
      are set forth more fully hereinafter. In chlorinating the phosphonate,
      hydrogen chloride is evolved as a by-product. The hydrogen chloride is
      soluble in the diphenyl phosphorochloridate making its removal difficult.
      Isolation of the pure compound without combination is, therefore,
      difficult. The economics of the final product require inexpensive starting
      materials. Low yields of the starting material raise its cost and tend to
      destroy the economics of the process.
PAR  A further problem is encountered when the phosphorochloridate is reacted
      with a secondary dialkyl amine. As a by-product of the reaction there is
      formed one mole of dialkyl amine hydrochloride per mole of product. This
      material flocculates and is extremely difficult to separate from the final
      product. Once the floc is separated, it is difficult and expensive to
      dispose of. For instance, dimethyl amine is an expensive reactant, and one
      extra mole of this amine is required for each mole of product. The loss of
      the amine in the by-product is economically unattractive. If the floc
      comes into contact with caustic, the dimethyl amine can be regenerated.
      Since the dimethyl amine is toxic, waste disposal techniques must,
      therefore, be carefully controlled. Regeneration and recycling of the
      amine is uneconomical and impractical.
PAR  The Todd process involves the reaction of the diaryl hydrogen phosphonate
      with a 100% excess of dialkyl amine in the presence of an excess of
      perchlorinated alkane, such as carbon tetrachloride. This process is even
      more costly than above and incurs basically the same disadvantages as the
      process discussed above.
PAR  It has now been found that these difficulties can be overcome and
      O,O-diaryl N,N-dialkyl phosphoramidates can be easily prepared by the new
      process of the present invention. The compounds as prepared by this new
      process find use as flame retardant agents in polymer compositions.
PAC  THE INVENTION
PAR  In accordance with the present invention, it has now been unexpectedly
      found that O,O-diaryl N,N-dialkyl phosphoramidates of the formula:
      ##SPC1##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, and R.sub.5 are the same or
      different radicals independently selected from the group consisting of
      hydrogen, alkyl, and hydroxyalkyl of from 1 to 4 carbon atoms, phenyl,
      alkoxy wherein the alkyl group has from 1 to 4 carbon atoms, chlorine,
      bromine, chloroalkyl or bromoalkyl of from 1 to 4 carbon atoms, and
      wherein R.sub.6 and R.sub.7 are the same or different allyl radicals of
      from 1 to 4 carbon atoms can be easily prepared by reacting a dialkyl
      phosphoramidic dihalide with a phenol in the presence of an alkali or
      alkaline earth metal hydroxide and a ketone solvent which is a solvent for
      both the reactants and the product. The ketone solvent is characterized as
      being a water-insoluble, water-immiscible, non-hydroxylic, polar compound.
      The use of the solvent prevents the formation of undesirable halide
      by-products and hydrolysis by-products which cleave the amine group from
      the phosphorus atom causing the reaction to cease. Hydrolysis of the
      products is also inhibited. It was unexpectedly found that the use of such
      a solvent prevents the hydrolysis of the phosphoramidic halides by the
      aqueous sodium hydroxide solution. It also permits a more complete
      reaction between the dialkyl phosphoramidic halide, the phenol, and the
      sodium hydroxide.
PAR  It has further been found that the alkali or alkaline earth metal hydroxide
      can be used in the absence of water with the ketone solvent. In the
      absence of the ketone solvent, aqueous sodium hydroxide would cause
      partial hydrolysis of the dialkyl phosphoramidic halide. This would result
      in a reduction in yield of the final desired product, the O,O-diaryl
      N,N-dialkyl phosphoramidate.
PAR  As water has a critical effect on the reaction system, weak hydroxide
      solutions are less preferred to concentrated solutions of at least 25%
      hydroxide, and preferably above 50%. Most preferably, no water is present
      in the reaction mixture and therefore it is preferable to add the alkali
      or alkaline earth metal hydroxide in solid form directly to the reaction
      mixture.
PAR  The water content of the reaction system, while detrimental to the
      formation of the pure O,O-diaryl N,N-dialkyl phosphoramidate, is useful in
      forming mixed aryl materials. By controlling the water content of the
      reaction system as well as the stoichiometric quantities of the reactants,
      the process of the invention can provide large quantities of monoaryl
      N,N-dialkyl phosphoramidic monochloride, such as O-phenyl N,N-dimethyl
      phosphoramidochloridate. The process could then be repeated using a
      different aryl reactant such as cresol or xylenol. A mixed phenyl-cresyl
      or phenyl-xylenyl product could thereby be obtained.
PAR  The N,N-dialkyl phosphoramidic halides which can be used in the process of
      the present invention correspond to the formula:
      ##SPC2##
PAL  wherein R.sub.1 -R.sub.7 are as defined hereinbefore, a is a number equal
      to 1 or 0 and hal is a halogen of chlorine or bromine. When a is 1, a
      mixed phenol product can be prepared. As used herein the term N,N-dialkyl
      phosphoramidic halide is intended to include both the
      phosphoramidohalidate (a=1) as well as the phosphoramidic dihalide (a=0).
      Preferably, a is zero (0), and the phosphoramidic halide is the dihalide
      and corresponds to the formula:
      ##EQU1##
      wherein Hal and R.sub.6 and R.sub.7 are as defined hereinbefore.
      Illustrative of these compounds are the dimethyl, diethyl, dipropyl, and
      dibutyl phosphoramidic dichlorides and dibromides. Also, the mixed amides
      such as the methyl ethyl, methyl propyl, ethyl propyl, ethyl butyl, and
      propyl butyl phosphoramidic dichlorides and dibromides can also be used.
      Mixtures of dihalides can also be used, if desired. Also, mixed monochloro
      monobromo compounds could be used but, as these compounds are more
      expensive, would be less attractive economically. The foregoing are given
      as illustrative and the invention is not intended to be limited thereto.
PAR  The further discussion of the invention will be made in reference to the
      preferred phosphoramidic dihalide species though the discussion is equally
      applicable to the phosphorochloridate species.
PAR  The phenol which is used in the present invention corresponds to the
      formula:
      ##SPC3##
PAL  wherein R.sub.1 -R.sub.5 are as defined hereinbefore. The terms "phenol"
      and "phenols" as used herein are used under the broad meaning of the terms
      to cover arylhydroxides except where it is clear from the context of the
      discussion that the specific compound "hydroxybenzene" is being referred
      to. Preferably, the compound which is used in the reaction is phenol
      though other compounds such as cresylic acid, xylenol, ethylphenol,
      propylphenol, butylphenol, phenylphenol, thymol, chlorophenic acid,
      hydroxyethylphenol, creosol, monobromophenol, guaiacol, and the like can
      also be used.
PAR  The phenol is used in an amount stoichiometrically equivalent to the
      phosphoramidic halide and preferably in slight excess. Generally, two
      moles plus a slight excess of the phenol are used per mole of
      phosphoramidic dihalide so as to provide the pure diaryl compound. It has
      been found that extremely effective results are obtained when 2.05 moles
      of phenol are used per mole of phosphoramidic dihalide. Mixed esters can
      be made by controlling the water content of the reaction as well as the
      stoichiometric quantities of the phenol. Based on the weight percent of
      hydroxide in the water, at 25% YOH the amount of the monohalide prepared
      ranges from about 40 to about 50%; at 50% YOH, the percentage of
      monohalide decreases to less than 10% (about 5%) and at 100% YOH only
      traces of monohalide are found. (Y=alkali or alkaline earth metal).
PAR  The phosphoramidic dihalide and the phenol are reacted in the presence of a
      ketone. The ketone must be a solvent for the phosphoramidic dihalide, the
      phenol, and the O,O-diaryl N,N-dialkyl phosphoramidate. The ketone must
      also be water-insoluble, e.g., less than 5 grams and preferably less than
      1 gram per 100 grams of water, polar and non-hydroxylic. To facilitate
      reaction, the ketone should normally be a liquid (at room temperature) and
      have a boiling point of under 200.degree.C. Surprisingly, the desired
      reaction does not proceed in the absence of the solvent and only partially
      in the presence of other organic solvents such as toluene.
PAR  The ketones which can be used in the present invention correspond to the
      formula:
EQU  R.sub.x C(O)R.sub.y
PAL  wherein R.sub.x is a C.sub.1 -C.sub.4 alkyl and R.sub.y is a C.sub.3
      -C.sub.8 alkyl, the total number of carbon atoms in the ketone not to
      exceed 10. The ketones can be simple (symmetrical) or mixed, e.g., R.sub.x
      and R.sub.y can be the same or different. Also, mixed solvent systems
      using 2 or more different ketones can also be used. Illustrative of the
      ketones which can be used are:
PA1  di-n-propyl ketone
PA1  diisopropyl ketone
PA1  di-n-butyl ketone
PA1  diisobutyl ketone
PA1  di-sec-butyl ketone
PA1  methyl n-propyl ketone
PA1  methyl isopropyl ketone
PA1  methyl n-butyl ketone
PA1  methyl isobutyl ketone
PA1  methyl sec-butyl ketone
PA1  pinacolone
PA1  methyl n-amyl ketone
PA1  methyl n-hexyl ketone
PA1  6-methyl-2-heptanone
PA1  methyl n-heptyl ketone
PA1  methyl n-octyl ketone
PA1  ethyl n-propyl ketone
PA1  ethyl n-butyl ketone
PA1  propyl isopropyl ketone
PA1  ethyl isobutyl ketone
PAL  Alicyclic ketone of the formula:
EQU  CH.sub.2 (CH.sub.2).sub.n C O
PAL  wherein n is an integer of 4 or 5 and wherein the hydrogens can be replaced
      with non-interfering groups such as C.sub.1 -C.sub.4 lower alkyl groups
      can also be used. The total carbon content preferably does not exceed 10.
      The ketones can be illustrated by cyclohexanone, 2-methylcyclohexanone,
      and cycloheptanone. The foregoing are given as illustrative of the ketones
      which can be used in the present invention and the invention is in no way
      intended to be limited thereto. Preferably, the ketone used is methyl
      isobutyl ketone.
PAR  The ketone is used in an amount sufficient to prevent caking of the
      by-product salt Na-Hal. Effective results are obtained when using the
      ketone in amounts of at least 1 liter, and preferably about 2 liter of
      ketone per mole of phosphoramidic dihalide.
PAR  In general, the process of the invention is accomplished by dissolving the
      phosphoramidic dihalide and the phenol in the ketone in a flask or kettle
      which is equipped with a stirrer. For effective results, the phenol is
      used in slight molar excess (2.05) per mole of phosphoramidic dihalide.
      The ketone solvent is generally used in an amount sufficient to provide at
      least one liter ketone per mole of phosphoramidic dihalide. The hydroxide
      which is used in the present reaction can be any of the alkali metal
      hydroxides and the alkaline earth metal hydroxides. Included within the
      term alkali metal hydroxides are the alkaline earth metal oxides.
      Illustrative of these compounds are sodium, potassium and lithium
      hydroxides, calcium oxide (lime), calcium hydroxide (slaked lime),
      strontium oxide and hydroxide, hydrous strontium hydroxide, barium oxide,
      and barium hydroxide. The hydroxide is to be utilized in an amount at
      least stoichiometrically equivalent to the phenol used. Preferably, the
      sodium hydroxide is used in slight excess, e.g., 2.10 moles sodium
      hydroxide per 2.05 moles phenol per 1 mole of phosphoramidic dihalide. The
      preferred hydroxide is sodium hydroxide. The remainder of the discussion
      of the present invention will be in reference to the specific compound
      sodium hydroxide as illustrative though the teachings will be applicable
      to the other listed hydroxides as well.
PAR  The hydroxide which is used in the reaction is preferably in the form of
      small particles such as thin flakes or ground pellets. Since the hydroxide
      is critical to and enters into the overall reaction, it is preferable that
      the hydroxide be used in a form which has a large a surface area as
      possible to facilitate reaction.
PAR  The temperature of the reaction should be maintained at an effective
      reaction level. Temperatures within the range of 25.degree.-60.degree.C.
      have been found to be effective though generally temperatures between
      40.degree. and 50.degree. are preferred. Higher temperatures are less
      preferable as hydrolysis of the product and the phosphoramidic dihalide
      starting material increases as the temperature increases. Since the
      reaction is exothermic, control of temperature may be accomplished by
      external cooling such as circulating brine or on an ice bath.
PAR  The reaction proceeds fairly rapidly and with phosphoramidic dihalides
      having lower alkyl substituents on the nitrogen the reaction is completed
      within about 2 hours. Less reactive phosphoramidic dihalides having higher
      alkyl substituents on the nitrogen may require additional reaction time.
PAR  Upon completion of the reaction, the product is washed with water. The
      reaction by-product is sodium halide which appears as a fine suspension in
      the ketone. The suspension is so fine that the sodium halide does not
      settle out and must be separated. This can be effectively accomplished by
      washing. The sodium halide will readily dissolve in the water even up to
      the saturation point. Thus, only as much water as is necessary to dissolve
      the theoretical amount of salt by-product need be used. The water can be
      drawn off the bottom in a separtory funnel. The product is generally
      washed until the salt and other basic components have been removed, e.g.,
      until a pH of about 8 is attained in the wash water.
PAR  While separation of the salt impurity by dissolution proves to be an
      effective laboratory technique, other mechanical and chemical separation
      methods such as centrifuging might find more effective use in an
      industrial plant.
PAR  After separating the salt, the product in the O,O-diaryl N,N-dimethyl
      phosphoramidate is isolated from the ketone. The most practical method is
      to distill off the ketone and recycle the ketone for the next reaction.
PAR  The compounds which can be prepared in accordance with the present
      invention are O,O-diaryl N,N-dialkyl phosphoramidates of the formula:
      ##SPC4##
PAL  wherein the R.sub.1 through R.sub.5 groups can be the same or different and
      an R group of one of the two aryl rings is not required to correspond to
      the similarly numbered R group on the other aryl ring, and R.sub.6 and
      R.sub.7 are C.sub.1 -C.sub.4 alkyl radicals. The R.sub.1 through R.sub.5
      groups can be and are preferably hydrogen. R.sub.1 -R.sub.5 can also be
      halogen such as chlorine and bromine, R.sub.1 -R.sub.5 can be C.sub.1
      -C.sub.4 alkyl such as methyl, ethyl, propyl, isopropyl, butyl, and
      tert-butyl. The alkyl compounds are intended to include substituted
      derivatives thereof.
PAR  Illustrative of the compounds which can be prepared by the process of the
      invention are:
PA1  O,o-diphenyl N,N-dimethyl phosphoramidate
PA1  O,o-dicresyl N,N-dimethyl phosphoramidate
PA1  O,o-dixylyl N,N-dimethyl phosphoramidate
PA1  O,o-diphenyl N,N-diethyl phosphoramidate
PA1  O,o-bis(ethylphenyl) N,N-dipropyl phosphoramidate
PA1  O-phenyl, O'-cresyl N,N-dimethyl phosphoramidate
PA1  O-cresyl, O'-xylyl N,N-dimethyl phorphoramidate
PAL  These are given as illustrative of the numerous compounds which can be
      prepared in accordance with the process of the invention. Numerous other
      compounds would be obvious to one skilled in the art, particularly in view
      of the numerous phosphoramidic dihalide and phenol reactants listed
      hereinbefore.
PAR  The compounds prepared by the process of the present invention are
      particularly useful as flame retardant additives for various polymer
      systems. Effective flame retardant results can be obtained in
      polyurethanes of both flexible and rigid, foamed and non-foamed varieties,
      cellulosics including wood, wood fiber, wool, and cotton; modified
      celluloses such as cellulose acetate and rayon; polyamides (nylons) olefin
      polymers such as polyethylene and polypropylene; natural and synthetic
      rubbers such as SBR (styrene-Butadiene-rubber); epoxy polymers; polyesters
      of the saturated and unsaturated varieties, such as polyethylene
      terephthalate; acrylic and methacrylic polymers including the derivative
      polymers of the esters, amides and nitriles; polyvinyl acetals such as
      polyvinyl acetal and polyvinyl butryal; phenolics such as
      phenol-formaldehyde polymers; bitumens or mixtures of hydrocarbons of
      natural or pyrogenous origin including asphalts and pitch; poly(phenylene
      oxide) polymers from 2,6-disubstituted phenol such as 2,6-dimethylphenol;
      polyethers such as polyethylene or polypropylene glycol and the glycerol
      and thioether derivatives; vinyl polymers such as vinyl acetate, vinyl
      halides (vinyl chloride), vinyl ethers (vinyl ethyl ether) vinyl esters of
      halogenated carboxylic acids (vinyl chloroacetate), aryl vinyls
      (styrenes), halostyrenes (chlorostyrene), polyvinyl alcohol polymers, as
      well as the copolymers of such vinyl polymers.
PAR  All types of polymer materials both synthetic as well as naturally derived
      can thus be effectively treated with the fire retardant additives of the
      present invention in order to reduce or retard the flammability
      characteristics of the polymer materials.
PAR  The compounds of the present invention are, in general, additive type flame
      retardants which can be admixed with or padded or coated onto the polymer
      to be flame retarded. The method of application would be obvious to one
      skilled in the art of any specific polymer system.
PAR  These compounds are in such amount as to provide the desired flame
      retardancy. Generally loadings of from 1 to 25%, by weight, depending on
      the polymer system, are effective.
PAR  The invention will be further illustrated in the Examples which follow.
DETD
PAC  E X A M P L E 1
PAR  16.2 grams (0.10 mole) of dimethyl phosphoramidic dichloride were admixed
      with 20 grams (0.22 mole) of phenol at 10.degree.C. in a flask containing
      200 milliliters methyl isobutyl ketone and which was cooled by an ice
      water bath. Pellets of sodium hydroxide were ground and slowly added to
      the reaction mixture until about 10 grams has been added. The maximum
      temperature was 42.degree.C. The ice bath was removed and 1 more gram of
      sodium hydroxide was added. No temperature rise was noted and the mixture
      was stirred overnight. The product was washed with water, the included
      sodium chloride by-product are separated and the methyl isobutyl ketone
      removed by distillation. The product yield was 26.4 grams or 91%. Gas
      chromotograph indicated 98.8% of the yield was true diphenyl N,N-dimethyl
      phosphoramidate indicating an actual final product yield of 90%.
PAR  It has been found that the quantities of water present during the reaction
      are critical to the production of high yields of O,O'diphenyl-N,N-dimethyl
      phosphoramidate. If a 25% solution of sodium hydroxide in water is used
      instead of pure sodium hydroxide, yields of less than 90% are obtained as
      illustrated in the following example.
PAC  E X A M P L E 2
PAC  Preparation of O,O'-diphenyl N,N-dimethyl phosphoramidate
PAR  322 grams (2 moles) of dimethyl phosphoramidic dichloride and 385.4 grams
      (4.10 mole) of phenol are added to a 5 liter flask containing about 2
      liters of methyl isobutyl ketone as solvent.
PAR  The dimethyl phosphoramidic dichloride was prepared by reacting 6000 grams
      (38.5 mole) of phosphorus oxychloride with 505 grams (11.2 mole) of
      dimethyl amine. The gaseous anhydrous dimethyl amine was added to the
      phosphorus oxychloride and the temperature of the reaction mixture was
      maintained with an ice water bath. The reaction mixture was then heated
      for 10 hours to drive off HCl. The product was purified by distillation.
PAR  The dimethyl phosphoramidic dichloride/phenol mixture was then stirred and
      the temperature of the reaction was maintained below 42.degree.C. with
      external cooling. 352 grams (2.2 mole) of sodium hydroxide in a 25%
      solution was added slowly to maintain temperature and the mixture was
      stirred an additional hour. The reaction mixture separated into three
      phases, a sodium chloride salt phase, a water phase, and a methyl isobutyl
      ketone phase. The liquid phases were decanted and the sodium chloride was
      washed two times with 50 milliliters of methyl isobutyl ketone. The methyl
      isobutyl ketone washings were combined with the other liquid phases and
      the methyl isobutyl ketone phase was separated from the aqueous phase. The
      methyl isobutyl ketone phase containing the reaction product was then
      washed four to six times with portions of water which in toto was less in
      volume than the volume of the methyl isobutyl ketone solution. The methyl
      isobutyl ketone was then stripped and the product purified by
      distillation. The yield of product which was identified by a gas
      chromotagraph as O,O'-diphenyl-N,N-dimethyl phosphoramidate was 23.4%. The
      intermediate compound, phenyl N,N-dimethyl phosphoramidochloridate
      comprised 48.4 % of the product.
PAC  E X A M P L E 3
PAR  The following compounds are prepared by the procedures of Examples 1 and 2
      by substituting the appropriate dialkyl phosphoramidic dihalide and phenol
      reactants therein:
PA1  a. O,O-dicresyl N,N-dimethyl phosphoramidate using N,N-dimethyl
      phosphoramidic dichloride and cresylic acid.
PA1  b. O,O-dixylyl N,N dimethyl phosphoramidate using N,N dimethyl
      phosphoramidic dichloride and xylenol.
PA1  c. O,O-diphenyl N,N-diethyl phosphoramidate using N,N-diethyl
      phosphoramidic dichloride and phenol.
PAC  E X A M P L E 4
PAR  Flame retardant compositions utilizing the compounds prepared by the
      process of the present invention are prepared and tested as follows:
PAR  Cellulose Acetate - the flame retardant compositions of examples 1 and 2
      are mixed in a 20 weight percent solution of cellulose acetate in an 80/20
      acetone/methanol solvent system. The solution is then cast into a 15 mil
      sheet, and air dried for 1 hour followed by an oven drying at
      70.degree.-80.degree.C. for about an hour. The fire retardant is used in
      such an amount that the final dry film contains a given percentage of fire
      retardant based on the dry weight of the acetate. Strips are then cut from
      the film and ignited in a bunsen burner flame.
PAR  Viscose Rayon - weighed samples of fire retardant of examples 1 and 2 are
      dissolved in a solvent such as dichloromethane and known weights of
      viscose rayon staples are alternately dipped into the solution and air
      dried until all the solution is consumed. The treated staples are then air
      dried over night, manually carded for homogeneity and ingited in a bunsen
      burner flame.
PAR  The results of the flame retardancy tests are shown in Table I below.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     COMPOUND STRUCTURE                                                        
                   HYDROLYSIS VISCOSE RAYON (5 grams)                          
                                            CELLULOSE ACETATE                  
                   (Resistance)                                                
                              Grams of Flame Retardant                         
                                            Grams of Flame Retardant           
                              0.15 0.30 0.50                                   
                                            2.5% 5.0% 10%                      
     __________________________________________________________________________
     (.phi.O).sub.2 P(O)N(CH.sub.3).sub.2                                      
                   GOOD       B/C  C/D  --  --   D    D                        
     (.phi.O).sub.2 P(O)NH.sub.2                                               
                   UNSTABLE IN                                                 
                              B    B    --  B/C  C    D                        
                   CAUSTIC SOLUTION                                            
     __________________________________________________________________________
     A = Flammable                                                             
     B = Partially Flammable                                                   
     C = Partially Self-Extinguishing                                          
     D = Self-Extinguishing                                                    
PAC  E X A M P L E 5
PAR  A 10% solution of polypropylene oxide alternatively named
      poly(2,6-dimethylphenylene oxide) obtained commercially under the
      trademark "PPO" in benzene compounds of Examples 1 and 2 was prepared. The
      solution was poured into petri dishes and dried at room temperature for
      approximately 24 hours. The flame retardants compound of Examples 1 and 2
      were admixed with the solution in an amount sufficient to provide loadings
      in the dried film of from 5 to 30% in increments of 5%. The so prepared
      samples were then inserted into a bunsen burner flame to determine flame
      retardancy. The samples were found to have flame retardant properties
      greater than an untreated control sample and better than the presently
      used triphenyl phosphate. The higher loadings were more effective than the
      lower loadings.
TBL                TABLE II                                                    
     ______________________________________                                    
     Polyphenylene Oxide                                                       
                    Loading                                                    
     ______________________________________                                    
     Fire Retardant 5%          10%                                            
     (Phenyl-O).sub.2 P(O)N(Me).sub.2                                          
                    just self exting.                                          
                                Self extinguishing                             
     Blank (Control)                                                           
                    burns       Burns                                          
     ______________________________________                                    
PAC  E X A M P L E 6
PAR  A polyurethane foam was prepared utilizing the following composition:
PAR  Grams:
PA1  200 - Varanol R. S. 450 hydroxyl No. 450
PA1  225.9 - Polymethylene polyphenyl isocyanate (PAPI)
PA1  50 - product of Example 5 (O,O-diphenyl N,N dimethyl phosphoramidate)
PA1  4 - silicone surfactant DC-193
PA1  2 - dimethylethanolamine
PA1  70 - trichlorofluormethane
PA1  1.5 - dibutyl tin dilaurate
PAR  These ingredients yielded a foam having a rise time of 55 seconds, and a
      density of 2.09 lb/cu.ft. The foam was of good appearance, and cell size,
      and over 94% of the cells were closed. The foam was self-extinguishing by
      ASTM test method D-1692.
PAR  The invention is defined in the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preparing O,O-diaryl N,N-dialkyl phosphoramidates which
      comprises reacting a phenol of the formula:
      ##SPC5##
PAL  wherein R.sub.1 -R.sub.5 independently represent hydrogen, C.sub.1 -C.sub.4
      alkyl and hydroxy alkyl, chlorine or bromine with an N,N-dialkyl
      phosphoamidic halide of the formula:
      ##SPC6##
      wherein R.sub.6 and R.sub.7 represent the same or different C.sub.1
      -C.sub.4 alkyl radicals, R.sub.1 -R.sub.5 are as defined hereinbefore, a
      is a number equal to 1 or 0 and Hal is a halogen of chlorine or bromine;
      said reaction being conducted in the presence of an alkali metal or an
      alkaline earth metal hydroxide in an amount at least stoichiometrically
      equivalent to the phenol, said hydroxide being used in concentrations of
      from 50 to 100% by weight, the remainder being composed of water; and a
      substantially water-insoluble, water-immiscible, non-hydroxylic, polar
      ketone which is a solvent for said phenol, said halide and
      phosphoramidate; said ketone being selected from the group consisting of
      ketones defined by the formula:
EQU  R.sub.x C(O)R.sub.y
PAL  wherein R.sub.x represents a C.sub.1 -C.sub.4 alkyl group and R.sub.y
      represents a C.sub.3 -C.sub.8 alkyl and alicyclic ketones of the formula:
EQU  CH.sub.2 (CH.sub.2).sub.n C O
PAL  wherein n is an integer of 4 or 5 and the lower alkyl substituted
      derivatives thereof; the total number of carbon atoms of said ketone not
      exceeding 10.
NUM  2.
PAR  2. The method as recited in claim 1 wherein said N,N dialkyl phosphramidic
      halide is N,N-dimethyl phosphoramidic dichloride.
NUM  3.
PAR  3. The method as recited in claim 1 wherein said solvent is methyl isobutyl
      ketone.
NUM  4.
PAR  4. The method as recited in claim 1 wherein said hydroxide is sodium
      hydroxide.
NUM  5.
PAR  5. The method as recited in claim 1 wherein said hydroxide is added in the
      solid state to a substantially water free reaction mixture of phenol.
NUM  6.
PAR  6. The method as recited in claim 5 wherein said hydroxide is sodium
      hydroxide.
NUM  7.
PAR  7. The method as recited in claim 1 wherein said phenol is phenol.
NUM  8.
PAR  8. The method as recited in claim 1 wherein said phosphoramidic halide is a
      phosphoramidic dihalide and approximately 2.05 moles of phenol is used per
      mole of phosphoramidic dihalide.
NUM  9.
PAR  9. The method as recited in claim 1 wherein said sodium hydroxide is used
      in the form of flakes.
NUM  10.
PAR  10. The method as recited in claim 1 wherein the temperature of reaction is
      within the range of from about 25.degree.C. to about 60.degree.C.
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ABST
PAL  A fuel feeding system for internal combustion engines, of the type
      comprising a carburettor with a throttle controlling the main flow of
      fuel-air mixture to the cylinders, the carburettor further comprising a
      pre-mixing chamber for the air-fuel mixture, which communicates with the
      engine intake duct by means of ports located both upstream and downstream
      of the throttle in its closed condition, said pre-mixing chamber feeding
      also with air-fuel mixture a secondary chamber, communicating both with
      the atmospheric air and with the intake duct downstream of the said
      throttle, whereby the fuel-air ratio is kept constant both at idling and
      at low RPM of the engine.
BSUM
PAR  It is known that, with a view to reducing as far as practicable the noxious
      exhaust emissions of an internal combustion engine, one of the most
      important routes to follow is that of feeding the engine concerned with a
      perfectly metered mixture, that is, one in which the ratio of the air
      weight to the petrol weight is such as to allow an almost complete
      combustion of the fed-in petrol. Inasmuch as the formation of the mixture
      and thus the metering of the petrol with respect to air are entrusted in
      the majority of the cases to the carburettor, improvements have been
      introduced in the latest years in the carburettor design, but more
      particularly in the constructional technique and the control of the
      mass-produced carburettors. The considerable uniformity of the functional
      features which has thus been achieved for the mass-produced carburettors
      has improved the situation from the point of view of pollution prevention,
      but a few considerable difficulties are still left, which the device of
      the present invention aims at doing away with.
PAR  Such difficulties are a result of the following factual situations:
PAR  A. The overall magnitude of internal frictions in the usual internal
      combustion engines is not the same for all the as-produced new engines,
      even when the machining tolerances are extremely strict and the checkups
      very accurate. Said overall magnitude of the internal frictions for a
      particular engine, moreover, varies during progress of use, that is,
      during the service life of the engine concerned. These variations of the
      magnitude of the internal frictions have, on the behaviour of the engine,
      an influence which, obviously, is much more conspicuous when the engine
      runs in no-load idling or when it delivers low powers; under these
      conditions, in fact, the thermal energy of combustion, as a whole, or to a
      considerable degree, is used just to overcome these frictional forces.
PAR  B. The conventional-type carburettors have a so-called principal system for
      the formation and metering of the mixture at fair and high powers; this
      principal system generally utilizes the negative pressure of a Venturi for
      the suction and metering of the petrol; they have, however, also another
      system, called idling and progression system, which is operative at
      no-power (that is, with the engine in no-load idling) and at moderate
      powers (that is when the engine is in progression). The adjustment of this
      additional system of the carburettor should thus be modified by the
      special intervention of an engineer, in connection with the magnitude of
      the internal frictions of the particular engine on which it is mounted and
      also in connection with the use during the service life of the engine in
      question.
PAR  c. In the intervention as in (b) above, the internal thermal power supplied
      by the combustion of the mixture, and thus the rate of flow of the mixture
      supplied to engine, should obviously be proportioned to the power absorbed
      by the frictional forces.
PAR  In the carburettors there are generally provided means for the adjustment
      of the idling and progression system, but the intervention by the engineer
      is not usually convenient if it is desired that the rate of flow of the
      mixture as at (c) above be varied without simultaneously altering the
      mixture ratio. If, then, the operation is not made by an engineer who is
      skilled and has adequate checking means available, the intervention can be
      conducive to an alteration of the admixture ratio and thus to an increase
      of pollutants in the exhausts, so that the intervention could compromise
      or even destroy the advantages which should be inherent in the
      improvements in the design and construction of the carburettors.
PAR  The device according to the present invention has been designed from a
      theoretical point of view by setting up a mathematical model; the
      theoretical results have been confirmed by field trials. An object of the
      invention is to solve the problem of providing an idling and progression
      system for which the admixture ratio is in no wise altered, not only in
      idling conditions but also in progression (that is, also for scarce powers
      as delivered by the engine within the entire field of operation of the
      idling and progression system), due to the effect of said intervention,
      which is carried out on a single adjustment means available to the
      engineer: the latter adapts thus to the particular magnitude of the
      internal frictions of the engine the rate of flow drawn under idling
      conditions by acting on the single adjustment means, so as to bring to the
      prescribed value the RPM of the idling engine.
PAR  The device is thus so constructed that the intervention does not give rise
      to an increase in the emissions and that it is not required a particular
      skill to the engineer and that exhaust gas analyzers are not necessary to
      check the effect of the manipulation.
PAR  In order to make it clear which are the basic ideas of the suggested
      device, it will be recalled in the following which is generally the
      functional diagram of the idling and progression system in a normal
      carburettor in the two extreme conditions of idling engine and engine
      operating under conditions of maximum progression, and which is the
      intervention which is possible by an engineer to match the thermal
      internal power supplied by the combustion of the mixture (and thus the
      rate of flow of the mixture) with the magnitude of the internal frictions
      of the engine concerned also in relation with the service life of the
      engine.
PAR  Subsequently, there will be illustrated a few exemplary embodiments of the
      device according to the present invention.
DRWD
PAR  In the accompanying drawings,
PAR  FIG. 1 diagrammatically shows a conventional carburettor viewed in
      cross-sectional view.
PAR  FIGS. 2 to 8 diagrammatically show in cross-sectional view embodiments of
      carburettors according to the present invention.
DETD
PAR  In FIG. 1 there is diagrammatically shown a conventional carburettor as
      viewed in a fragmentary cross-sectional view through the axis 1 of the
      feeding duct 2. The principal system of the carburettor is formed by the
      emulsion chamber 3 as fed through the calibrated hole 4 and to the duct 5
      by air drawn at 6, that is, upstream of the Venturi 7. In the chamber 3
      the petrol coming from the float chamber (not shown in the drawing)
      arrives through the duct 8 and to the calibrated hole 9. The premixture of
      air and petrol flows from the chamber 3 through the calibrated hole 10 and
      the duct 11 in the restricted area of the Venturi, where the maximum
      negative pressure existing on the intake duct is experienced upstream of
      the throttle 12 having its pin 13. The throttle 12 is depicted in the
      drawing in the position of maximum throttling, that is, with the lever 14
      (integral with the pin 13 and thus the throttle 12) in contact with the
      adjusting screw 15 screwed in the frame 16 of the carburettor body 17.
      With the throttle 12 closed as shown in the drawing, obviously the
      principal system described above is inoperative since the rate of flow of
      the air drawn in by the engine at a minimum and thus the negative pressure
      in the restricted area of the Venturi is virtually nil. With said position
      of the throttle, instead, there is the operation of the engine at idling
      for the feed supplied by the idling and progressions system. With said
      position of the throttle, the emulsion chamber 18 is fed by external air,
      both through the duct 5 with its mouth 6 and the calibrated hole 19, and
      also through the progression holes formed through the feed duct in the
      vicinity of the edge of the throttle 12 and upstream of the same when it
      is in the closure position. Two progression holes are indicated by way of
      example at 20 and 21, in the chamber 18 the petrol coming from the float
      chamber (not shown) comes through the duct 22 and the calibrated hole 23.
      The premixture of air and petrol arrives from the chamber 18 to the area
      24 of the intake duct (which is downstream of the throttle 12 and is thus
      under a considerable negative pressure) through the port 25 whose
      cross-sectional area can be adjusted by the conical-tip screw 26. It is
      known that for several reasons the edges of the throttle in its closed
      position do not stick to the inner cylindrical surface of the duct so that
      the engine, when idling, is fed by a rate of flow of air which flows
      through the throttle (that is, through the gap between the throttle edges
      and the internal cylindrical surface of the duct) and by a premixture rate
      of flow issuing from the port 25. Said premixture can be considerably rich
      so that, by being admixed with the above cited rate of flow of air, the
      mixture ratio is obtained which is required for a satisfactory engine
      operation. With a device of this kind, if the mixture feed is not adequate
      to the frictional energy of the engine, that is if, for example, the RPM
      of the idling engine is too low, the intervention by the engineer cannot
      take place by acting on the screw 15 only in the sense of increasing the
      rate of flow of air through the throttle since, the rate of flow and the
      title of the premixture being the same, the mixture drawn by the engine
      becomes leaner, nor the intervention can take place by acting on the screw
      26 only in the sense of increasing the premixture rate of flow because,
      the title and the rate of flow of air through the throttle being the same,
      the mixture drawn by the engine becomes richer. The engineer should thus
      act upon both screws but should have available not only a revolution
      counter but also an exhaust analyzer to maintain the mixture ratio at the
      value defined as the optimum value from the point of view of the exhaust
      pollutants. But even when he has made a correct intervention for the
      idling operation, he has impaired, by acting on the screw 15, the
      progression operation since, in fact, he has altered the initial position
      of the throttle edge with respect to the progression holes and has thus
      altered the title of the mixture drawn by the engine with very small
      throttle openings. With said throttle openings, in fact, the operation of
      the idling and progression system is based, as is known, on the fact that
      the edge of the throttle during the opening motion is displaced with
      respect to the progression holes. These holes thus pass from the area
      upstream of the throttle to the area downstream thereof and the overall
      cross section for induction of external air in the emulsion chamber 18 is
      decreased while the overall outlet section is increased in the negative
      pressure area in the intake duct. The result is a considerable increase in
      the negative pressure in the chamber 18 and thus an increase in the rate
      of flow of the delivered petrol; the arrangement and the cross-section of
      the holes are preset so that this increase of the rate of flow of petrol
      is proportional to the simultaneous increase in the rate of flow of air
      flowing through the throttle in its new position. In FIG. 1 there has been
      indicated at 12' the open throttle so that the holes 20 and 21 are
      downstream of the throttle: under these conditions the emulsion chamber is
      fed by external air only through the hole 19 while it is in communication
      with the negative pressure area of the duct through the holes 20, 21 and
      25.
PAR  Having thus recalled which is the situation as regards the idling and
      progression system of conventional type as shown in FIG. 1, the basic
      ideas of the device according to the invention can be made clear with the
      aid of FIG. 2, which diagrammatically shows, by way of non-limiting
      indication, one of the practical embodiments of the device concerned.
PAR  The principal system of FIG. 2 is wholly similar to that of FIG. 1. The
      device suggested in fact regards the idling and progression system which
      comprises in the first place (as can be seen in the drawing) the emulsion
      chamber 27 which is fed, under the idling conditions (that is with the
      throttle 12 in closed position) by external air both through the duct 5
      and the calibrated hole 28, and the progression holes 20, 21. Petrol
      arrives to the chamber 27 through the calibrated hole 23. The mixture of
      air and petrol flows from the chamber 27 to the area 24 of the intake duct
      downstream of the throttle 12 through the port 37 which, differently from
      the corresponding port 25 of FIG. 1, has a fixed calibration. The emulsion
      chamber 27 differs from the corresponding chamber 18 of FIG. 1 also for
      the presence of the calibrated port 29 for communication with the
      balancing chamber 30, which is typical of the device according to the
      invention. The chamber 30 is arranged in parallel relative to the chamber
      27 in the sense that it is also fed, under the idling conditions (that is
      with the throttle 12 in the closed position) by external air both through
      the duct 5 to the calibrated hole 31 (akin to hole 28), and through the
      holes 32 and 33 (akin to the progression holes 20 and 21), the chamber 30
      differs from the chamber 27 but due to the fact that it does not receive
      any petrol so that through the port 34 flows into the area 24 of the
      intake duct air only. The port 34 in the device suggested herein is
      adjustable for example by the conical tip screw 36.
PAR  The function of the compensation chamber 30 and of the hole 29 of
      communication with the emulsion chamber 27 can be clearly seen, at the
      outset, in the idling operation (throttle 12 closed) by observing that a
      manipulation of the screw 36 in the sense of increasing the area of the
      port 35 brings about an exactly opposite effect on the richness of the
      mixture in the two theoretical limiting conditions as follows: (a) zero
      area of the hole 29, and (b) extremely great area of the hole 29 so as to
      make identical the negative pressures in the chambers 27 and 30.
PAR  In fact, in the case (a) the increase of the area 35 gives rise to a
      greater rate of flow of air drawn by the engine, whereas the negative
      pressure in the emulsion chamber 27 and thus the rate of flow of petrol
      delivered by the hole 23 does not change. The result is that there is a
      leaner mixture drawn by the engine. In the case (b), conversely, the two
      chambers behave like a single chamber in which the overall area of the air
      inlet holes remains unaltered whereas the overall area of the outlet holes
      is increased by increasing the area of the port 35. There is thus a
      simultaneous and proportional increase of both the rate of flow of air and
      the rate of flow of petrol through the hole 23. The increased rate of flow
      of premixture is admixed with the constant rate of flow of air flowing
      through the throttle and causes the mixture drawn by the engine to become
      richer. Between these two hypothetical extreme cases (a) and (b) for which
      the richness of the mixture is altered in an opposite way by the
      modification of the port 35 there should be a particular case for which
      the alteration is nil. The theoretical calculation and the experience have
      shown the existence of a particular value of the area of the hole 29 at
      which the manipulation on the screw 36 permits to vary the overall rate of
      flow of mixture as drawn by the engine without altering the mixture ratio.
      Slight alterations, if desired, can be obtained with slightly different
      values with respect to the above indicated particular value.
PAR  Quite particular a feature of the suggested device is however the fact that
      the above indicated problem of regulation is solved not only for the
      idling operation but also for the operation at slight apertures of the
      throttle, that is, in progression: the reasoning as made above and
      relative to the two limiting hypothetical cases can be repeated, in fact,
      also with the throttle arranged, for example, in the position 12' of FIG.
      2 and it has been ascertained that with the same detail of the area of
      hole 29 also with the progression operation, the manipulations on the
      screw 36 do not originate any alterations in the mixture ratio. This is a
      consequence of the fact that, due to the presence of the holes 32 and 33,
      the behaviour of the two chambers 27 and 30 continues to be functionally a
      parallel one.
PAR  Due to such a parallel operation the device has another feature, that is
      the one of not impairing the possibility of obtaining in progression those
      considerable increases of the rate of flow of petrol which are gradually
      required by the opening of the throttle. The negative pressures which can
      be attained in the emulsion chamber 27 are, in fact, not below those which
      can be attained in the emulsion chamber 18 of a conventional carburettor.
PAR  The idling and progression system as described above permits also to solve
      another important problem, i.e. the one of avoiding that a portion of the
      petrol of the mixture is deposited on the internal walls of the intake
      duct during idling and progression operation. Under these conditions, in
      fact, the rate of flow of the mixture as drawn by the engine is extremely
      poor with respect to the cross-section of the intake duct (a cross-section
      which is designed for the maximum engine powers). The extremely low
      velocity of the mixture in the duct which is a result, encourages that
      deposit of petrol and causes considerable irregularities in feed and
      especially when the engine and the duct walls are not yet in steady
      thermal conditions. The possibility afforded for the solution of this
      problem by the device suggested herein, and the design conditions which
      are adapted to exploit this possibility, for example in the case of a
      carburettor body feeding a single cylinder, can be illustrated with the
      aid of FIG. 3.
PAR  The functional diagram of FIG. 3 is the same as that of FIG. 2, as can be
      seen by comparing the several equivalent members as indicated by the same
      numerals, even though the arrangement of the elements is not the same in
      the two diagrams. The important difference between the two Figures is that
      the emulsion chamber 27 does not communicate with the intake duct
      downstream of the throttle through the hole 37 directly in the area 24,
      but communicates with a duct 38 having a cross-sectional area which is
      very restricted with respect to the intake duct. The other end of the duct
      38 (possibly extended for example with a plastics tube slipped onto the
      fitting 39) can be brought to open in the vicinity of the induction valve
      of the particular cylinder which is fed by the carburettor body; obviously
      on account of the high velocity of the mixture flowing through the tube
      38, the defects mentioned above are done away with. It is interesting to
      note that with the device suggested herein, not only at idling but also in
      progression all the petrol is dispensed through the duct 38 since not only
      the variable port 35, but also the progression holes have only air flowing
      therethrough. In this particular approach this depends also on the
      specially provided elongate shape of the chamber 27 and the fact that the
      hole for the petrol 23 and the mixture outlet hole 37 are at one end of
      the chamber and at a lower level with respect to the other holes (in the
      intermediate portion of the chamber the air flow is always directed
      downwards so that the petrol is complied to emerge through the hole 37).
PAR  Another possible version of the device suggested herein, still for the case
      of a carburettor body feeding a single cylinder (as in FIG. 3) is shown in
      FIG. 4: the version of FIG. 4 is different from the previous one under two
      respects: (a) the fact that a single set of progression holes (indicated
      by way of example as the holes 40 and 41) by means of the duct 42 and the
      two holes 43 and 44, are in communication with the emulsion chamber 45 and
      the compensation chamber 46; by means of the same duct 42 and the same
      holes 43 and 44 the two chambers are always in communication through the
      calibrated hole 47, with the external air upstream of the throttle: the
      fluid-dynamic behaviour both in idling and progression of this diagram is
      obviously the same as that of the version shown in FIG. 3, while its
      construction is simpler); (b) not only the mixture emerging from the
      emulsion chamber 45 reaches, through the hole 48, the reduced
      cross-section duct 49, but also the air issuing from the balancing chamber
      46 reaches, through the adjustable port 50, said duct 49, the result is
      that, if the cross-sections are equal, that the petrol transfer velocity
      towards the intake valve of the particular cylinder fed by the carburettor
      body is increased.
PAR  The embodiment of the suggested device as shown in FIG. 5 preferably
      refers, instead, to the case of a carburettor body which feeds more
      cylinders simultaneously: with respect to the embodiment of FIG. 4, the
      embodiment of FIG. 5 differs only in that both the mixture emerging from
      the emulsion chamber 50 through the hole 52 and the air issuing from the
      hole 52, and the air issuing from the balancing chamber 51 through the
      calibrated hole 53, directly reach the intake duct downstream of the
      throttle rather than the restricted cross-section duct: in the case of a
      carburettor body feeding more than one cylinder, the negative pressure and
      the velocity of the mixture flow downstream of the throttle at idling and
      in progression do not pulsate between a zero value and a maximum value as
      in the case of a carburettor body per each cylinder; so that the above
      indicated problem is generally less serious, that is, the deposit of
      petrol on the duct walls.
PAR  It is obvious, however, that in order further to improve the carburation in
      the several cylinders, and thus minimize the emission of unburned fraction
      in the exhausts, especially when the engine is cold, the dispensing of
      premixture to the valves is an asset also in the case of a carburettor
      body feeding more cylinders. A version of the suggested device which is
      adapted to the purpose is, by way of suggestion, that shown in FIG. 7 with
      the aid of FIG. 6 which is reported to the only purpose of making clear
      the transition to the version of FIG. 7 starting from the versions
      described hereinabove. The several elements of the scheme in FIG. 6, in
      fact, are the same as already illustrated in the preceding Figures and the
      functional diagram is the same: the duct 54 is connected on the one side
      with the environment upstream of the throttle through the hole 55 and with
      the intake duct in the vicinity of the progression holes 56 and 57; at the
      other side it is connected through the hole 58 with the balancing chamber
      59, and through the hole 60 with the emulsion chamber 61, the latter being
      then connected through the hole 62 with the compensation chamber 59,
      through the hole 63 with the float chamber, through the hole 64 with the
      restricted cross-sectional area duct 65.
PAR  In the diagram of FIG. 7, the other details being the same and especially
      those referring to the balancing chamber 59, instead of the single chamber
      61 of FIG. 6 there is a plurality of emulsion chambers in parallel, for
      example in the number of four, as shown at 61.1, 61.2, 61.3, 61.4, that
      is, one for each of the cylinders of a four-cylinder internal combustion
      engine. These four chambers are connected, each, with the duct 54 through
      the holes 60.1, 60.2, 60.3, 60.4, each of which has an area which is one
      fourth of the area of the hole 60 of FIG. 6. They are connected with the
      balancing chamber 59 through the holes 62.1, 62.2, 62.3 and 62.4 each of
      which has an area which is one fourth of the area of the hole 62 of FIG.
      6. They are connected with the float chamber through the holes 63.1, 63.2,
      63.3, 63.4 each of which has an area which is one fourth of the area of
      the hole 63 of FIG. 6. They are further connected through the holes 64.1,
      64.2, 64.3 and 64.4, each of which has an area which is one fourth of the
      area of the hole 64 of FIG. 6, with the four restricted area ducts 65.1,
      65.2, 65.3 and 65.4 which bring the premixture issuing from each of the
      emulsion chambers in the vicinity of the induction valve of the
      corresponding engine cylinder.
PAR  FIG. 8 shows a partial view of a carburettor similar to that shown in FIG.
      2 and shows only the portion which has been modified.
PAR  More particularly in the curburettor of FIG. 8, between the small chamber
      30 and the duct 24 another port 70 opens, as controlled by a shutter 71,
      to whose stem 72 a cup 73 is fastened.
PAR  Between the cup 73 and the wall of the small chamber 30 a spring 74 is
      compressed.
PAR  The spring is calibrated so as to permit the opening of the port 70 when
      the pressure in the duct 24 falls below a preselected value. The opening
      of the port 70 in parallel with the adjustable port 35 carries out a
      supplemental feed when the engine runs at a RPM above idling, with the
      throttle in the position of minimum opening: this condition takes place
      for example in deceleration when the engine delivers a braking torque to
      the vehicle gears when the vehicle runs under inertial forces of its own.
PAR  By so doing, an excessive rarefaction of the mixture drawn by the engine is
      avoided and thus also the inherent difficulties in ignition and emission
      of considerable fractions of unburned fractions in the exhaust.
PAR  The characteristic of constancy of the mixture as obtained with the
      carburettor according to the invention permit to obtain the important
      result of increasing the rate of flow of mixture sent to the intake duct,
      with the supplementary flow through the port 70, without altering the
      air-petrol ratio which reaches the engine and which can be adjusted to its
      optimum value.
PAR  This alternative, as shown in FIG. 8 as introduced in the carburettor shown
      in FIG. 2, can similarly be introduced in any carburettor according to the
      invention, by arranging the port 70 in parallel with the adjustable port
      which dispenses the idling mixture to the intake duct.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A carburettor for an internal combustion engine, more particularly for a
      motor vehicle, said carburettor being of the kind essentially formed by at
      least a principal system for metering and forming the mixture drawn by the
      engine during its operation at fair and high powers, by at least an
      additional system called for idling and progression for metering and
      forming the mixture drawn by the engine during its operation at no power
      and at small powers, and by at least one throttle for throttling the
      mixture fed to the engine, the position of the throttle governing the
      magnitude of the power delivered by the engine when operating, the
      improvement wherein said carburettor is characterized in that said idling
      and progression system is essentially formed by at least one emulsion
      chamber and a compensation chamber, said at least one emulsion chamber and
      said compensation chamber communicating each by means of a calibrated hole
      with a duct which in turn communicates with the intake duct of the engine
      upstream of the throttle, at least one hole being provided in the feed
      duct in the vicinity of the throttle edge so as to arrive upstream of the
      throttle when the latter is closed, that is in the position of maximum
      throttling, and to come downstream of the throttle when the latter is in a
      position of slight opening, the feeding duct being put in communication
      through said at least one hole with a duct, said at least one emulsion
      chamber and compensation chamber communicating each with said duct and
      thus communicating each with the intake duct upstream of the throttle when
      the throttle is closed, downstream of the throttle when the latter is
      slightly open, said at least one emulsion chamber being in communication
      with the intake duct in the area downstream of the throttle through a
      respective calibrated hole and being further in communication with the
      float chamber through a calibrated hole, whereas said compensation chamber
      is in communication with the intake duct in the area downstream of the
      throttle through an adjustable section port, said at least one emulsion
      chamber being also in communication with said compensation chamber through
      a respective calibrated hole.
NUM  2.
PAR  2. A carburettor according to claim 1, further characterized in that said
      at least one emulsion chamber and said compensation chamber communicating
      each through a respective calibrated hole with a single duct which is in
      communication through at least a calibrated hole with the intake duct of
      the engine upstream of the throttle, said single duct communicating also
      with the intake duct of the engine through at least a calibrated hole
      which is provided in the vicinity of the throttle edge so as to become
      positioned upstream of the throttle when the latter is closed and to
      become positioned downstream of the throttle when the latter is only
      slightly open.
NUM  3.
PAR  3. A carburettor according to claim 1, wherein said at least one emulsion
      chamber and said compensation chamber communicate, each, through a
      respective calibrated hole with the intake duct of the engine upstream of
      the throttle, said at least one emulsion chamber and said compensation
      chamber further communicating through another respective calibrated hole
      with a duct which is a single one for all chambers, said single duct
      communicating with the intake duct of the engine through at least a
      calibrated hole which is provided in the vicinity of the edge of the
      throttle so as to become positined upstream of the throttle when the
      latter is closed and to become positioned downstream of the throttle when
      the latter is only slightly open.
NUM  4.
PAR  4. A carburettor according to claim 1, wherein said at least one emulsion
      chamber and said compensation chamber communicate each through a
      respective calibrated hole with the intake duct of the engine upstream of
      the throttle, said at least one emulsion chamber being in communication
      with the intake duct downstream of the throttle through a respective
      calibrated hole, being in communication with the float chamber through a
      respective also calibrated hole, and being in communication with the
      intake duct through at least a respective first calibrated hole provided
      in the vicinity of the edge of the throttle, said compensation chamber
      being in communication with the intake duct downstream of the throttle
      through an adjustable port, and being also in communication with the
      intake duct through at least a respective second calibrated hole provided
      in the vicinity of the edge of the throttle, said first and second
      calibrated holes provided in the vicinity of the throttle edge being
      arranged so as to become positioned upstream of the throttle when the
      latter is closed and to become positioned downstream of the throttle when
      the latter is only slightly open.
NUM  5.
PAR  5. A carburettor according to claim 1, wherein said compensation chamber
      communicates with said intake duct through an adjustable port and a
      further port, controlled by a shutter member moved to open when the
      pressure in said duct is below a preselected value.
NUM  6.
PAR  6. A carburettor according to claim 1 comprising at least a body formed by
      a principal system, an idling and progression system and a throttle, said
      carburettor body supplying the mixture to a single cylinder of the engine,
      in the idling and progression system an emulsion chamber being, as
      aforesaid, in communication with the intake duct in the area downstream of
      the throttle through a calibrated hole, said calibrated hole opening into
      a very restricted area duct with respect to the cross-section of the
      intake duct, the other end of the restricted section duct opening into the
      intake duct in the vicinity of the induction valve of the cylinder, the
      compensation chamber being, as aforesaid, in communication with the intake
      duct in the area downstream of the throttle through an adjustable section
      port, said adjustable section port possibly opening also into the
      aforementioned duct having a very restricted cross section.
NUM  7.
PAR  7. A carburettor according to claim 1 wherein said at least one emulsion
      chamber has an elongate shape, in said chamber the calibrated hole of
      communication with the intake duct in the area downstream of the throttle
      and the calibrated hole of communication with the float chamber being
      spaced apart and below with respect to the remaining calibrated holes of
      the same chamber.
NUM  8.
PAR  8. A carburettor according to claim 1, wherein a body of said carburettor
      feeds a plurality of engine cylinders, in which carburettor the idling and
      progression system is formed by as many emulsion chambers as there are
      cylinders fed by the carburettor, and by a compensation chamber, each of
      these emulsion chambers communicating through a respective calibrated hole
      with an air duct coming from the area upstream of the throttle, further
      communicating through a respective calibrated hole with said compensation
      chamber, through a respective calibrated hole with the float chamber, and
      through a respective outlet calibrated hole with the area of the intake
      duct downstream of the throttle, said respective outlet hole opening into
      a respective duct having a cross-section which is very restricted as
      compared with the section of the intake duct, the other end of said very
      restricted section duct opening in its turn in the vicinity of the
      induction valve of the respective cylinder.
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ABST
PAL  Carburetor for gasoline engine has connecting air-intake and gas mixture
      chambers separated by an adjustable, air-metering valve provided with
      throttle opening means of variable flow area and communicating with said
      connecting chambers for providing venturi effect. Gas metering member in
      gas mixture chamber adjustable with movement of valve to vary amount of
      gas globules metered out to mix with air throttled through the opening
      means in valve, according to demand of engine. Efficiency of carburetion
      improved by controlled suction of air at any given throttle opening, for
      combination with likewise controlled flow of gas globules, in a proportion
      with reference to said venturi effect which provides maximum power and
      performance efficiency at any given engine speed, while accomplishing
      substantially complete atomization of the gas globules at all engine
      speeds.
PARN
PAR  This is a continuation in-part of application Ser. No. 298,187, filed Oct.
      16, 1972, now U.S. Pat. No. 3,855,366.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, carburetors, as for gasoline engines, have been of a general
      type including a device for sending air through or over a liquid fuel, so
      as to produce an explosive mixture. In other words, the process of
      carburetion includes charging air with hydrocarbon, such as gasoline in
      finely divided liquid form, whereby the resulting gas globules can be
      burned for production of energy. In spite of the vast number of
      improvements heretofore made in conventional carburetors even the best of
      them have been inefficient in atomizing the gas globules, and in fact they
      only slobbered the gas out, especially at partial throttle. Such
      carburetors, have to a large extent, been unsatisfactory because when they
      were large enough for a given purpose they were too large for maximum
      efficiency at partial throttle, and when they were on the small side they
      were not sufficiently sensitive to accomplish good atomization of the gas
      but were too restrictive for accomplishing peak power performance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved carburetor, as for a gasoline
      engine, by which maximum operating efficiency is accomplished by
      accurately controlling the effective atomization of the gas globules with
      reference to selectively variable sizes of a venturi opening in the
      carburetor. For the purpose of efficiently controlling the mixture of the
      air and gas globules, in proportion to the degree of power required by an
      operator of the engine, a speed controlling accelerator is operable to
      shift a valving member across a passage between connecting air-intake and
      gas mixture chambers, selectively to vary the effective flow area of a
      throttle opening in the valving member, so that as the demand for power is
      increased, the flow area of the throttle opening is proportionately
      increased. With such opening movement of the valving member a gas supply
      tube, carried by the valving member and connected to a source of the gas,
      is likewise proportionately moved with reference to a metering device
      located within the gas mixing chamber, to meter out the gas in requisite
      proportion to the changes in flow area of the throttle opening. Thus, by
      varying the flow area of the venturi opening, the air pressure is varied
      proportionately and the speed of the air, and consequently that of the
      gas, is also varied. To this end, the gas metering device may include
      relatively movable parts which are operable by movement of the valving
      member to control the amount of atomized gas metered into the mixing
      chamber, in predetermined precise relationship to the controlled flow of
      air through the venturi opening to the mixing chamber. This gas metering
      device is particularly adaptable for mixing the gas globules and air,
      self-adjustably according to the requirements at various speeds of engine
      operation, to accomplish complete ignition and utilization of the gas
      globules at all such speeds.
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PAR  Objects of the invention, other than as described above, will be manifest
      from the following brief description and the accompanying drawings.
PAR  Of the accompanying drawings:
PAR  FIG. 1 is a top plan view of a carburetor embodying the features of the
      invention.
PAR  FIG. 2 is a front elevation of the carburetor shown in FIG. 1 on the same
      scale, and mounted on a gasoline engine block (partly broken away).
PAR  FIG. 3 is a vertical cross-section, taken on the line 3--3 of FIG. 1 and on
      the same scale.
PAR  FIG. 4 is a horizontal cross-section, taken on the line 4--4 of FIG. 3 and
      on the same scale.
PAR  FIG. 5 is an enlarged cross-section taken substantially on the line 5--5 of
      FIG. 4.
PAR  FIG. 6 is a view corresponding to FIG. 4, illustrating a modified form of
      the invention.
DETD
PAC  DESCRIPTION OF INVENTION
PAR  Referring to FIGS. 1 to 5 of the drawings generally, and to FIGS. 3 to 5
      particularly, the numeral 10 designates a carburetor, embodying the
      features of the invention, mounted on an engine block B (see FIG. 2) and
      including a tubular housing 11 having integral flange means 12 for
      securing the same on block B, thereby to align a passage 13 through the
      housing with a passage 14 in the blck B for connecting with a combustion
      chamber (not shown) of the engine.
PAR  The carburetor 10 may comprise top and bottom sections 15 and 16, including
      complementally connected, lateral extensions 15 and 16 thereof in a plane
      at right angles to the central axis of the tubular housing 11, and
      defining laterally spaced guide slots 17, 17 for slidable reception of
      spaced side edges of a slide-valve plate 18, said plate serving to divide
      the passage 14 into an outer air-intake chamber 19 and an inner gas-mixing
      chamber 20. The plate 18 is provided with a throttle aperture means 22
      therethrough, adapted to have a variable effective flow area, presented
      within the mixing chamber 20, the flow area being varied by sliding
      adjustment of the slide plate. As best shown in FIG. 4, the over-all size
      of the throttle aperture means 22 may be relatively large, with converging
      sides 22a thereof cooperating with the passage 14 of chamber 20 thereby
      defining a relatively small, generally triangular, air-throttling opening
      communicating with the axially aligned chambers 19 and 20, which
      triangular opening can be selectively enlarged in effective flow area by
      said movement of plate 18 to the right in the condition shown in FIGS. 1
      to 5.
PAR  Affixed to the slide plate 18, exteriorly of the tubular housing 11, to be
      movable with said plate, may be a fluid-gas supply tube 23 which extends
      through the wall 16a of the bottom section 16, below plate 18, and is
      slidably received through a perforated, gas-metering tube 24, suitably
      affixed between diametrically opposite wall portions of the passage 13, to
      be in otherwise fluid sealed relation thereto. Fluid gas may be supplied
      to the tube 23 from a source thereof (not shown), through flexible tubing
      23a, and the gas flow from the supply tube 23 into mixing chamber 20 is
      adapted to be automatically adjusted or varied by any sliding movement of
      the slide plate 18.
PAR  To this end, a free end of the gas-metering tube 24 within the tube 23, may
      be provided with a suitable opening 24a for centered reception
      therethrough of a tapered metering needle 25, which is selectively
      adjustable affixed to the passage wall 13. The arrangement is such that in
      all positions of axial sliding movement of the gas supply tube 23 with
      reference to the tapered needle 25, gas supplied through said tube 23
      exits into the adjusted, enclosed space 27 at the corresponding end of the
      metering tube, to be sucked through one or more uncovered apertures 28, 28
      of one or more series thereof extending longitudinally along the wall of
      the metering tube 24, (See FIG. 5)
PAR  Accordingly, in all axially adjusted positions of the gas supply tube 23
      and with all effective diameters of the tapered needle presented through
      the hole 24a in the exit end of the supply tube, the fixed metering tube
      24 accurately controls the amount of gas being metered out directly in
      proportion to the amount and speed of the air rushing through the
      effective venturi opening 22b, the variable flow area of which opening is
      controlled by the speed, or power required to be obtained from the engine.
      A V-shaped hood or shield 29 may be affixed in the throttle passage 14 to
      overlie the length of the gas-metering tube 24, for deflecting the air
      rushing through venturi opening 22b, uniformly to pass around said
      metering tube.
PAR  In use of the improved carburetor shown in FIGS. 1 to 5, in conjunction
      with a gasoline engine, having a known type of manually operable
      accelerator means for controlling the speed of the engine, the accelerator
      (not shown) is operable through the rod 30 to enlarge the effective flow
      area or the size of the venturi opening 22b, by sliding movement of the
      plate 18 in the guide slots 17 to the right from the position of the plate
      as shown in FIGS. 1 and 2. This movement, in addition to enlarging the
      effective flow-area of the venturi opening 22b, also enlarges the
      flow-area of the gas-metering opening 24a in the adjusted gas supply tube
      23, as well as exposing one or more additional holes 28 in the gas
      metering tube 24 for passage of additional gas from the supply tube into
      the path of the larger amount of air being sucked through the enlarged
      venturi opening 22b as described above.
PAR  In use or operation of the improved carburetor, described above in
      particular reference to FIGS. 1 to 5, with a gas-operated,
      internal-combustion engine, air is in known manner sucked into the
      air-intake chamber 19, through the adjustably effective venturi opening
      22b of slide-valve plate 18, and into the mixing chamber 20, to be
      thoroughly mixed with combustible gas globules or particles exuded or
      sucked from the aperture 28 at the discharge end 24 of tube 23 carried by
      the slidable plate 18. In other words, liquid gasoline is drawn into the
      air-intake chamber to be intimately mixed with the air rushing through the
      selectively adjusted venturi opening 22b as a relatively fine spray,
      generally in a ratio of about one part of gasoline by weight to fifteen
      parts of air, for example. The amounts and proportions of gasoline and air
      mixture which passes through the carburetor is, for the most part,
      variably controlled by an accelerator (not shown) which in turn adjusts
      the sliding movement of valve plate 18 carrying the gas tube 23 with it.
PAR  As the mixture leaves the carburetor 10, it is drawn into engine cylinder
      or cylinders, (not shown), where it will be exploded by ignition means in
      known manner. It is known, however, that even the best available
      carburetors have not been capable of accomplishing complete atomization of
      the gas globules. In other words, the gas globules were not completely
      consumed upon ignition of the same in the engine cylinders at some, if not
      all, acceleration speeds of operation of the engine. Complete atomization
      is accomplished by the improved carburetor, at all acceleration speeds, by
      selectively proportioning of the amount of gas metered into the gas and
      air mixing chamber 20. With a small, slow-speed setting of venturi or
      throttling opening 22b, generally as shown in FIGS. 3 and 4, a carefully
      measured, relatively small amount of gas is sucked from the end of the gas
      supply tube 23 by the proportionately effective amount of air sucked
      through the venturi opening. Accordingly, the amount of liquid gas sucked
      into the air passing through the gas and air mixing chamber 20 is so
      efficiently atomized that it can be accurately controlled by a preadjusted
      size of the venturi opening 22b. That is, the self-adjusting nature of the
      gas and air mixing structure shown and described is such that maximum
      speed or acceleration rate of the engine is possible with a minimum of gas
      consumption, as well as with accomplishment of complete atomization of the
      ignited gas globules.
PAR  In use of the improved carburetor for some purposes, reduction of the air
      speed into the air and gas mixing chamber 20 may be desirable to save gas
      while attaining maximum power. To this end, and in reference to the
      modification shown in FIG. 6, which corresponds substantially to FIG. 4,
      in conjunction with FIG. 2, the speed of the air passing into the mixing
      chamber 20 through the venturi opening 22b in the slide-plate 18 may be
      controlled by varying the effective flow area of the opening 22b.
      Automatic adjustment of said flow area may be accomplished as by means of
      the modified form of slide plate 18 shown in FIG. 6, wherein plate 18 is
      provided with a series of spaced passages or holes 31, 31, extending from
      at least one inner edge 22a of the plate 18, defining the adjustable size
      of the venturi opening 22b, to a longitudinally extending passage 32
      connecting with a vacuum tube 33 from a vacuum-operated, accelerator
      controlled, valve or motor 34 which, through a suitable linkage 37 to the
      slide control arm or rod 30 (See FIG. 2), adjusts the size of said venturi
      opening as well as the amount of gas being mixed with air passing through
      the same.
PAR  As an example, in operation of an engine at high speeds the carburetor can
      be self-operating, by the higher speeds of the air being sucked or drawn
      through the venturi opening 22b, correspondingly to reduce the size of the
      venturi opening and at the same time control the amount of gas fed through
      the same. It would be possible, for example, through variations in the
      number of openings 31 exposed in the effective venturi opening 22b to
      calculate and provide appropriate spacing and sizes of the gas metering
      openings 28 in the metering tube 24, thereby to attain maximum economy of
      gas use at the high speeds which heretofore would have resulted in
      un-burned gas with use of the prior art carburetors.
PAR  Normally, in the use of internal combustion engines too much carboration
      too quickly could cause an engine to stall. In use of the vacuum control
      described above, and particularly as best shown in FIG. 2 in relation to
      the automatic accelerator speed-control structure shown in FIGS. 5 and 6,
      operators, for example, can step on the usual accelerator pedal, and if
      there is no demand for more air the suction created in the vacuum motor 34
      will move the diaphram 34a thereof to shift the rigid arm 30 connected to
      the fuel feed tube 23, thereby to adjust the flow of air and fuel being
      fed to the carburetor accordingly. If, for example, until there is enough
      air going through the carburetor the diaphram 34a will, with resultant
      movement of the rod 30, control the throttle. The purpose of the vacuum
      motor 34, therefore, is to adjust the opening through the carburetor,
      automatically, in accordance with the air demand of the engine.
PAR  For this purpose, as best shown in FIGS. 2 and 6, the automatic accelerator
      speed-control linkage 38 may include an arm 38b pivoted to a fixed bracket
      39, with one end extent of 38a of the arm 38b pivoted to a vacuum operated
      shaft 40 of the vacuum motor 34, and an opposite end extent connected to
      the rod 30, for reciprocating the fuel supply tube 23. Also, at a point at
      or near the lower end of arm extent 38a, a stop portion 42 is suitably
      provided for engagement with throttle stop 43 on an end of an axially
      shiftable rod 45 of a known type of accelerator or like device (not
      shown), which is controlled by an operator. When the throttle stop 43 is
      retracted from the arm stop 42 with the throttle rod 45, it allows the
      vacuum device 34 to control the effective throttle opening 28 of the
      carburetor. A spring 44 or other suitable means provided in the vacuum
      pump will otherwise tend to close the carburetor throttle opening.
PAR  Other modifications of the invention may be resorted to without departing
      from the spirit thereof or the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A carburetor, as for a gasoline engine, comprising, a housing having
      connecting air-intake and gas-mixing chambers; a slide-valve member,
      adjustably mounted between said chambers, and having a venturi-aperture
      means of variable flow area therethrough, for passage of air from said
      air-intake chamber to said gas-mixing chamber with correspondingly varying
      venturi effect on said air; means for adjusting said slide-valve member to
      vary the flow area of said venturi-aperture means; and a gas metering
      device presented within said gas-mixing chamber, for supplying gas to said
      gas-mixing chamber for convergence with air passed through said
      venturi-aperture means, said slide-valve member including vacuum aperture
      means communicating with said venturi-aperture means; and accelerator
      speed-control means operable by variations in vacuum effect in said vacuum
      aperture means to adjust the size of the venturi opening, with resultant
      proportional automatic adjustment of the amount of gas being mixed with
      air passing through the effective venturi opening, said vacuum aperture
      means in the slide-valve member including a series of spaced passages
      communicating with said effective venturi aperture opening.
NUM  2.
PAR  2. A carburetor as in claim 1, including a vacuum operated, accelerator
      control device operatively connected to said slide-valve member to move
      the same and thereby adjust the size of the venturi opening, with
      resultant proportional automatic adjustment of the amount of gas being
      mixed with air passing through the effective venturi opening.
NUM  3.
PAR  3. A carburetor as in claim 1, said gas supply tube having a gas outlet
      orifice in a free end thereof presented within said gas mixing chamber;
      and a tapered stem being affixed to said housing to extend into said gas
      supply tube through said outlet orifice to vary the effective gas flow
      area thereof in proportion to relative movement of the supply tube, vacuum
      aperture means being provided in said slide-valve member for communicating
      with said venturi-aperture means; and a vacuum operated, accelerator speed
      control device operatively connected to said slide valve member to move
      the same and thereby adjust the size of the venturi opening, with
      resultant proportional automatic adjustment of the amount of gas being
      mixed with air passing through the effective venturi opening.
NUM  4.
PAR  4. A carburetor as for a gasoline engine, comprising: a housing having
      connecting air-intake and gas-mixing chambers, a slide-valve member,
      adjustably mounted between said chambers, and having a venturi-aperture
      means of variable flow area therethrough, for passage of air from said
      air-intake chamber to said gas-mixing chamber with correspondingly varying
      venturi effect on said air; means for adjusting said slide-valve member to
      vary the flow area of said venturi aperture means, and a gas metering
      device presented within said gas-mixing chamber, for supplying gas to said
      gas-mixing chamber for convergence with said air passed through said
      venturi aperture means; said gas metering device including relatively
      movable parts to vary the supply of gas to said chamber, said relatively
      movable parts of the gas metering device including a relatively fixed tube
      having therein a plurality of gas metering holes, and a gas supply tube
      relatively movable with reference to said relatively fixed tube, to open
      and close one or more said gas metering holes to said gas mixing chamber,
      said gas supply tube having a gas outlet orifice in a free end thereof
      presented within said gas mixing chamber; and a tapered stem being affixed
      to said housing to extend into said gas supply tube through said outlet
      orifice to vary the effective gas flow area thereof in proportion to
      relative movement of the supply tube, said slide-valve member including
      vacuum aperture means communicating with said venturi-aperture means; and
      accelerator speed-control means operable by variations in vacuum effect in
      said vacuum aperture means to adjust the size of the venturi opening, with
      resultant proportional automatic adjustment of the amount of gas being
      mixed with air passing through the effective venturi opening.
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ABST
PAL  A carburetor for use in combination with an internal combustion engine has
      a body with an induction passage formed therethrough; a variable venturi
      within the induction passage is effective for variably determining the
      opening of a venturi throat defined thereby; and a throttle valve situated
      in the induction passage downstream of the variable venturi is operatively
      connected to the variable venturi for positioning the variable venturi
      generally in accordance with the position of the throttle valve.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation of my co-pending application Ser. No.
      347,187 filed on Apr. 2, 1973 for the invention Variable Venturi
      Carburetor, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art carburetors, of the fixed venturi type, heretofore employed
      are required to provide a proper fuel-air mixture at idle engine operation
      as well as at maximum engine speeds with wide open throttle. The air flow
      at idle operation may be a little as 8.0 c.f.m. while at maximum engine
      speed and wide open throttle the air flow may be as great as 600.0 c.f.m.
      It can be seen that with such prior art carburetors it is attempted to
      provide proper fuel metering characteristics over a range of air flows
      varying in the order of 70:1. The main difficulty caused by the necessity
      to provide accurate metering control over a great airflow range arises
      from the fact that the carburetor which has a fixed venturi throat large
      enough to flow the required air capacity at conditions of wide open
      throttle, is also too large to generate a satisfactory metering signal or
      force at the venturi throat at low rates of air flow.
PAR  The general problem as set forth above was attempted to be solved by the
      prior art as by the development of, for example, four barrel carburetors
      having two or more staged barrels or bores so that only a select number of
      such bores were open to air flow during a first range of engine operating
      conditions and additional bores were opened to air flow during succeeding
      ranges of engine operating conditions. Such multistage prior art
      carburetors have not totally solved the problems and, indirectly, have
      often added new problems in such areas as, for example, achieving smooth
      transitional fuel flows as the carburetor is passing from a first stage to
      a second or third stage of its operation.
PAR  Others have heretofore attempted to obviate the necessity of a fixed
      venturi, or for that matter any venturi, by employing a variable
      positionable air valve within the induction passage upstream of a fuel
      metering valve operatively connected to such air valve. Spring means were
      employed to resiliently resist opening movement of the air valve which was
      urged in the opening direction by the air flow through the induction
      passage. Theoretically, the more the air valve opened the greater the rate
      of metered fuel flow to the induction passage. However, it can be readily
      appreciated that the metering accuracy of such prior art air valve
      carburetors was somewhat less than ideal especially when it is realized
      that springs usually have a spring rate tolerance of .+-. 8.0% while,
      under present emission requirements, fuel metering has a total tolerance
      of about 1.5%.
PAR  Heretofore, various forms of variable venturi carburetors have also been
      suggested primarily to provide for a greater range of required air flows.
      However, such carburetors have not been entirely successful in the past
      and are totally unacceptable in the present because of their inability to
      provide extremely closely controlled fuel metering requirements necessary
      to meet the various regulations relative to exhaust emissions. In the
      prior art, the variable venturi was often employed as both a variable
      venturi and a throttle valve with no additional throttle valve being
      employed downstream of such variable venturi. Consequently, the relatively
      very high engine developed manifold vacuum was applied to the various fuel
      discharge orifices resulting in an extremely high fuel metering
      depression. This, in turn, required that the fuel metering system, per se,
      had to be extremely sensitive to both air flow and change in value of the
      metering depression. Such sensitivity, as a practical matter, is
      impossible to attain especially in mass production where repeatability of
      performance over millions of units is essential.
PAR  Accordingly, the invention as herein disclosed and described is directed
      primarily to the solution of the above as well as other related problems.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a carburetor for an internal combustion engine
      comprises carburetor body means, induction passage means formed through
      said body means, a related source of fuel, variable venturi means situated
      in said induction passage means for variably determining a variably
      openable venturi throat, variably positionable throttle valve means
      situated in said induction passage means downstream of said variable
      venturi means, and connecting means operatively interconnecting said
      throttle valve means and said variable venturi means for causing said
      variable venturi means to assume positions determined by said throttle
      valve means and correspondingly determine the effective opening of said
      variably openable venturi throat.
PAR  Various general and specific objects and advantages of the invention will
      become apparent when reference is made to the following detailed
      description of the invention considered in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein for purposes of clarity certain details and/or
      elements may be omitted:
PAR  FIG. 1 illustrates, in cross-section, a variable venturi carburetor
      constructed in accordance with the teachings of the invention; and
PAR  FIG. 2 is a graph illustrating characteristic venturi vacuum curves
      generated by the typical prior art fixed venturi carburetor and by the
      carburetor of the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now in greater detail to the drawings, FIG. 1 illustrates a
      carburetor assembly 10 having a body or housing means 12 with an induction
      passage 14 formed therethrough with such induction passage 14 having an
      air inlet end 16 and an outlet for discharge end 18 leading to an inlet 22
      of the interior 24 of an intake manifold 26 of an associated internal
      combustion engine. A variably positionable throttle valve 28, mounted as
      on a throttle shaft 30 for pivotal rotation therewith, is situated within
      the induction passage and effective for controlling the flow of motive
      fluid or combustible mixture from said induction passage 14 into the
      intake passage 24 of engine manifold 26. Generally, such combustible
      mixture will, of course, be comprised of atmospheric air admitted into
      inlet end 16 and fuel supplied to the induction passage 14 from an
      associated fuel reservoir or fuel bowl assembly 32.
PAR  The fuel bowl assembly 32 is illustrated as comprising a suitable bowl or
      housing structure 34 which may contain a float member 36 controlling an
      associated fuel inlet needle valve assembly (not shown but well known in
      the art) so as to maintain the level of the fuel 38 within the bowl 34 at
      a preselected level as at 40.
PAR  As illustrated, the variable venturi may be comprised of a variably
      positionable venturi plate or member 54 which may be fixedly secured, in
      any suitable manner, as by fastener means 56, 58, to an internally
      disposed arm 60 which, in turn, is fixedly secured to a rotatable shaft 62
      journalled in the housing means 12. The venturi arrangement may
      preferrably, but not necessarily, be such as to define a generally
      rectangular opening at the throat of the variable venturi when viewed, for
      example, in the direction of arrow 64. In fact, opposite walls, one of
      which is shown at 66, may define flat planar surfaces permitting the
      variable or movable venturi plate 54 to be closely received therebetween
      for swingable motion about the centerline of rod or shaft 62. Such flat or
      planar surfaces would preferrably terminate as at a boundary line 68 from
      which the portion of the induction passage means 14 downstream thereof
      would transitionally change configuration until it became circular to
      accommodate a generally circular throttle valve as at 28.
PAR  A second lever 70, which may be situated generally outboard of the housing
      means 12, is suitably secured as at one end to shaft 62 for rotation
      thereabout and has it swingable arm portion connected as to linkage rods
      72 and 74. It is to be understood that lever 70 could be positioned
      internally of the carburetor body. Rod 74 comprises a portion of a dashpot
      assembly 76 which is illustrated as having an internal cylindrical chamber
      78 containing therein a suitable fluid and a slideable piston member 80
      through which the rod 74 freely extends as to be abuttably engageable
      therewith at its lower portion 82. A compression spring 84 also contained
      within chamber 78 continually resiliently urges piston 80 downwardly.
      Suitable sealing means such as at 86 may be provided for preventing the
      escape of damping fluid from chamber 78. Generally, as piston 80 is moved
      upwardly by rod 74, the fluid in chamber 78 above the piston 80 is forced
      to a position below the piston 80. This may be done as by calibrated bleed
      means 88 formed through piston 80 or any other such equivalent means well
      known in the art.
PAR  A third lever 42, which may be situated generally between the housing means
      12 and lever 70, is suitably fixedly secured to shaft 62 for rotation in
      unison therewith. The lever 42 may be provided with a somewhat downwardly
      depending and laterally extending abutment type arm portion 44 which, when
      in the position shown, abuts against surface 46 of lever 70. Further,
      suitable spring means, such as a coiled-type torsion spring 43, situated
      about an outboard portion of shaft 62, has its opposite spring arms 45 and
      47 operatively engaged with surfaces 49 and 46 of levers 42 and 70,
      respectively, thereby tending to rotate the variable venturi plate 54
      generally clockwise with respect to lever 70.
PAR  A lever 90 suitably fixedly secured to throttle shaft 30, for rotation
      therewith, is operatively connected to motion transmitting linkage means
      92 leading to, for example, the vehicle operator's foot-controlled
      throttle pedal 93 so that when moved in the direction of arrow 94 the
      throttle valve 28 is moved counter-clockwise in the opening direction
      about the centerline of throttle shaft 30.
PAR  A second lever 96 mounted on throttle shaft 30 in a manner permitting free
      relative motion with respect to and about shaft 30, has an arm portion 98
      pivotally connected to linkage 72. Levers 90 and 96, in turn, respectively
      have arm portions 100 and 102 which carry generally transversely extending
      abutment portions 104 and 106. A torsion spring 108, having its main coil
      generally about shaft 30, has its arm 110 and 112 respectively operatively
      engaged with lever arm portions 100 and 102 as to thereby normally
      resiliently maintain abutments 104 and 106 engaged with each other
      resulting in unitary motion of levers 90 and 96.
PAR  Suitable vent passage means 114, having a first end 116 communicating with
      a suitable source of atmospheric pressure (or a source indicative of such
      atmospheric pressure), has its other end 118 communicating with the
      interior 130 of the fuel bowl 34.
PAR  Fuel delivery and metering means is illustrated as preferrably comprising
      passage or conduit means 120 communicating with the fuel bowl 34 as at 122
      and with a second generally laterally disposed fuel delivery conduit means
      124 which has an end 128 communicating with induction passage 14
      preferably at a point immediately downstream of venturi throat portion 126
      of fixed venturi section 52.
PAR  Calibrated passage means 132, provided in conduit means 124, may be
      suitably contoured so as to cooperate with a contoured metering portion
      134 of a needle-like valve member 136 which may be pivotally secured as by
      a pivot member 138 to the movable venturi plate 54 as within a recess 140
      formed therein.
PAC  OPERATION OF INVENTION
PAR  The operation of the carburetor 10 is generally as follows. That is, if it
      is assumed that the associated engine is operating, as foot throttle pedal
      93 is moved counter-clockwise about pivot 95 linkage 92 is moved to the
      righ causing levers 90, 96, shaft 30 and throttle valve 28 to rotate
      generally counter-clockwise about the centerline of shaft 30 in the
      throttle valve opening direction. Such opening movement or motion is
      transmitted via cooperating linkage means 72 to lever 70 which rotates
      generally counter-clockwise about the centerline of shaft 62.
      Simultaneously therewith, because of the air flow through induction
      passage means 14, variable venturi plate 54 is similarly rotated about the
      centerline of shaft 62 as to maintain abutment or stop means 44 of lever
      42 (which rotates in fixed unison with venturi plate 54) in abuting
      engagement with surface or edge 46 of lever 70. Such abuting engagement is
      maintained against the relatively light opposing resilient force of spring
      74.
PAR  As lever 70 is thusly rotated counter-clockwise, stem or linkage 74 moves
      dashpot piston 80 upwardly through the fluid medium in chamber 78 forcing
      such fluid medium to pass through the calibrated passage means 88. If the
      rate of rotation of lever 90 is in excess of a predetermined rate, the
      resistance to flow of fluid medium through passage means 88 will be
      sufficient to retard the rate of upward movement of piston 80 to the
      degree resulting in the actual rate of rotation of lever 70 and variable
      venturi plate 54 being less than the rate of rotation of throttle lever
      90. If this condition is achieved, as for example, during requests for
      rapid acceleration or increased output power of the engine, abutment
      portions 104 and 106 of levers 90 and 96 will momentarily separate from
      each other against the resistance of spring 108 and will subsequently
      return to their abutting condition once sufficient travel of linkage 72
      and lever 70 is permitted by the time delay or dashpot means 76.
PAR  Such time delay means 76 is preferably provided to overcome a condition
      which may be referred to as fuel lag. That is, as between the fuel and
      air, fuel has a greater density and therefore greater inertia.
      Consequently, if the venturi plate 54 were to be suddenly rapidly opened,
      the volume rate of air flow would respond to the newly indicated desired
      rate of air flow much more rapidly than would the fuel. If this were to
      occur, the ratio of the fuel-air mixture might well become too lean (in
      terms of fuel) causing improper engine operation. Accordingly, by
      providing such time-delay means comprising 76, a maximum rate of opening
      movement of variable venturi plate 54 is established as to make sure that
      the fuel flow will have sufficient time to correspondingly respond to the
      indicated change in demand for rate of fuel flow.
PAR  Obviously, as throttle valve 28 is rotated clockwise toward the more nearly
      closed throttle position, lever 70 will positively follow such movement
      because stem 74 may slide relatively to piston 80, regardless of the
      resistance experienced by piston 80; this, in turn, causes corresponding
      positive movement of variable venturi plate 54 because of abutment 44
      being forced generally clockwise about shaft 62 by the motion of lever 70.
      Accordingly, it can be seen that under rapid throttle opening conditions
      the venturi opening lags the throttle opening which eliminates the need
      for an acceleration pump.
PAR  As should be evident, generally, the rate of fuel flow from fuel bowl 32 to
      the induction passage 14 (as from the discharge orifice or nozzle means
      128) is primarily dependent upon the metering pressure differential
      .DELTA.P (often referred to as metering depression) determined by the
      difference of P.sub.b - P.sub.v where P.sub.b is the pressure above the
      fuel 38 within the fuel bowl 34 and P.sub.v is the effective pressure
      (often referred to as venturi vacuum) in the induction passage 14 at or
      slightly downstream of the venturi throat or generally depicted by the
      variable dimension, D.
PAR  Unlike a carburetor having a fixed venturi throat dimension whereby,
      generally, a change in the volume rate of air flow therethrough produces a
      correlated change in the value of the venturi vacuum, a carburetor having
      a variable venturi does not exhibit such characteristics.
PAR  For example, in fixed venturi carburetors, the venturi vacuum or reduced
      pressure generated at the venturi throat is actually dependent on the
      velocity of flow of air through such venturi throat. However, in reality,
      because of the fact that the venturi throat is of a permanently fixed
      dimension (and therefore of a fixed flow area), such rate of flow of air
      is usually referred to in terms of a volume rate of flow because the rate
      of flow of air, described in either terms of volume rate of flow or
      velocity rate of flow is the same since velocity and volume are directly
      related.
PAR  In a carburetor of the invention employing a variable venturi, the venturi
      throat flow area is variable in accordance with the variable dimension, D.
      Therefore, the velocity rate of flow of air through the variable venturi
      throat is directly related to the volume rate of flow of air at all
      positions of the movable venturi plate 54.
PAR  Accordingly, it can be seen that because in a carburetor with a fixed
      venturi the generated venturi vacuum is proportional to the square of the
      rate of airflow through the venturi (see FIG. 2, curve A), the same
      relationship exists in a carburetor having a variable venturi, except that
      the specific values of venturi vacuum are different for each venturi
      opening at a given air flow. Further, for any given venturi opening, the
      venturi vacuum is proportional to the square of the air flow. It is also
      well known that the flow through a jet or restriction is proportional to
      the square root of the .DELTA.P across the jet. Thus, the dominant
      metering characteristic of the variable venturi carburetor is fuel flow
      directly proportional to air flow at any given venturi position.
PAR  In the carburetor of the invention, the movable venturi plate 54 is placed
      at a relatively close distance with respect to the fixed venturi section
      52 during curb idle engine operation (as for purposes of illustration
      might be considered to be depicted by the position of the various elements
      shown in FIG. 1) to thereby create a metering vacuum sufficient to cause
      metering fuel flow through passage means 120 and 124 into the induction
      passage 14 even though the volume rate of air flow at this condition of
      engine operation is, relatively, very small. By thusly closely spacing the
      movable venturi plate 54, the small volume rate of air flow, during curb
      idle engine operation, is caused to sufficiently accelerate through the
      venturi throat resulting in the necessary venturi vacuum being generated.
PAR  FIG. 2 graphically depicts the characteristic curves, of the prior art
      fixed venturi type carburetor and the variable venturi carburetor of the
      invention, by plotting the generated venturi vacuum, against the volume
      rate of air flow in each of such carburetors. Curve A represents the curve
      characteristically developed by the prior art fixed venturi carburetors
      while curve B characteristically represents a curve developed by the
      carburetor of the invention.
PAR  From an inspection of the graph of FIG. 2, it can be seen than curves A and
      B both originate from the zero point and intersect at a point 158.
      Further, if vertical dash-line 152 is assumed to represent a typical air
      flow for a particular engine at curb-idle operation, it can be seen that
      line 152 intersects curves B and A respectively at points 154 and 156 and
      that point 154 represents a substantially greater magnitude of generated
      venturi vacuum than that represented by point 156. It is also apparent
      that for all values of air flow between line 152 and point 158, curve B
      represents venturi vacuum values greater than those vacuum values
      represented by corresponding portion of curve A. Consequently, in order to
      reduce the effective magnitude of the venturi vacuum generated in the
      variable venturi of the invention and thereby effectively lower and shape
      the portion of the curve between points 154 and 158, as far as its effect
      on the fuel to be metered is concerned, metering type valving means 132
      and 134 are provided with metering surface 134 being carried by valving
      member 136 positioned by venturi plate 54.
PAR  Generally, the closer that venturi plate 54 is to venturi section 52 the
      greater will be the restriction to flow of metered fuel through the
      restriction passage means 132. This, of course, means that the effect of
      the actual vacuum generated at the venturi throat is to that degree
      diminished as a factor on the rate of metered fuel flow discharged at the
      nozzle means or discharge orifice 128. Further, as the venturi plate 54 is
      opened, the actual volume rate of air flow through the venturi throat may
      actually increase by a factor substantially greater than the resulting
      venturi vacuum. Therefore, in order to compensate for such a diverse
      relationship, metering surface 134 is moved further to the right as to
      provide for a greater effective fluid flow area as between surfaces 134
      and 132 thereby properly increasing the rate of metered fuel flow
      therethrough even though the magnitude of the generated venturi vacuum may
      not have greatly increased.
PAR  The preferred embodiment of the invention also provides additional benefits
      other than the ability of closely tailoring metered fuel flow to the
      volume rate of air flow during all conditions of engine operation. For
      example, upon engine shutdown the relatively low preload force of the
      relatively high rate spring 43 causes variable venturi plate 54, through
      lever 42, to rotate generally clockwise with respect to lever 70 until
      venturi plate 54, for example, contacts and abuts against the fixed
      venturi section 52. At this time, of course, throttle valve 28 will be
      closed as to its curb-idle position while lever 70 will assume its maximum
      clockwise position.
PAR  The provision of thusly causing the venturi plate 54 to abut against fixed
      venturi section 52 during engine shut down results in maximum reduction
      (if not total closure) of effective flow area through calibrated passage
      means 132. Further, during subsequent engine cranking where the volume
      rate of air flow is very low, the air thusly passing through the induction
      passage 14 serves to very slightly move the venturi plate 54 generally
      counter-clockwise, against the force of spring 43, and such slight
      movement is sufficient to form an opening through which the flows at a
      velocity sufficient to cause metered starting fuel flow through calibrated
      passage means 132 and into the induction passage 14. Once the engine is
      started, the resulting force of flow of curb idle air flow is sufficient
      to rotate venturi plate 54 counter-clockwise to the degree that related
      abutment member 44 abuts against lever 46 arresting further such relative
      movement of venturi plate 54. Thereafter, as should be obvious in view of
      the description hereinbefore presented, the position of venturi plate 54
      is determined by and correlated to the position of the throttle valve 28.
PAR  The fact that the invention provides a throttle valve in combination with a
      variable venturi results in another important benefit which is, the
      ability to very closely and accurately meter fuel flow in accordance with
      predetermined fuel requirements. That is, because the throttle valve is
      downstream of the variable venturi and the fuel discharge nozzle means,
      the manifold vacuum developed by the associated engine is not permitted to
      act directly on either the variable venturi or the fuel discharge nozzle
      as to effect the metering depression.
PAR  Although only one preferred embodiment of the invention has been disclosed,
      it is apparent that other embodiments and modifications of the invention
      are possible within the scope of the appended claims. For example,
      although preferred it is nevertheless not essential that such lost motion
      or spring means 43 be employed and to that extent it is possible to have
      variable venturi plate 54 operatively fixedly secured to lever 70. It is
      likewise possible that the preferred dashpot or time delay means 76 may be
      dispensed with or even replaced by other means providing the same ultimate
      function.
PAR  Further, it should clearly be understood that even though the invention has
      been disclosed, for purposes of simplicity and clarity, in only a single
      bore or induction passage embodiment, the invention may be practiced in
      the form of a multiple bore or induction passage carburetor or in some
      combination thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A carburetor for an internal combustion engine, comprising carburetor
      body means, induction passage means formed through said body means, a
      related source of fuel, variable venturi means situated in said induction
      passage means for variably determining a variably openable venturi throat,
      a fuel passage means comprising metering restriction means between said
      source of fuel and said induction passage and discharging fuel into said
      passage adjacent said venturi throat, the dominant metering characteristic
      of said carburetor being venturi depression at said throat proportional to
      the square of the airflow through said throat, fuel flow through said
      restriction means proportional to the square root of said metering
      depression, resulting in fuel flow directly proportional to airflow, said
      variable venturi means comprising a first fixed venturi section and a
      second variably positionable venturi section, said first venturi section
      and said second venturi section cooperating to define said variably
      openable venturi throat therebetween, variably positional throttle valve
      means situated in said induction passage means downstream of said variable
      venturi means, connecting means operative interconnecting said throttle
      valve means and said second variably positionable venturi section for
      causing said second venturi section to assume opening positions determined
      by the position of said throttle valve means and correspondingly determine
      the effective opening of said variably openable venturi throat over the
      entire range of throttle movements from closed throttle to wide open
      throttle, said restriction means comprising calibrated orifice metering
      means and calibrated valve metering means, said calibrated orifice
      metering means and said calibrated valve metering means being relatively
      movable with respect to each other in order to thereby cooperatively
      define an effective fuel metering area, and one of said calibrated
      metering means being directly positioned by said second variably
      positionable venturi section and not any portion of said connecting means
      in order to thereby assure said effective fuel metering area to be totally
      dependent upon the actual position of said second variably positionable
      venturi section and thereby assure said effective fuel metering area to be
      correct for the then existing effective opening of said variably openable
      venturi throat, said connecting means comprising first and second lost
      motion means, said first lost motion means enabling said throttle valve
      means to at times move in the throttle opening direction without
      absolutely causing a corresponding movement of said second venturi
      section, and said second lost motion means enabling said second venturi
      section to move toward a further reduced venturi throat opening after said
      throttle valve means has attained a curb idle position.
NUM  2.
PAR  2. A carburetor according to claim 1, and further comprising time delay
      means, said time delay means being effective to at least at times cause a
      retarding effect on movement of said second venturi section.
NUM  3.
PAR  3. A carburetor according to claim 2, wherein said time delay means
      comprises dashpot means.
NUM  4.
PAR  4. A carburetor according to claim 3, wherein said dashpot means comprises
      a chamber containing a fluid medium therein, a moveable wall member
      received within said chamber adapted to be moved in a manner to displace
      at least a portion of said fluid medium, resilient means biasing said
      movable wall member toward one position, means operatively connecting said
      movable wall member to said variable venturi means and effective for at
      times moving said wall member in a direction away from said one position,
      and restriction means for restricting the flow of said fluid medium from
      one side of said wall member to the other side thereof as said wall member
      is moved away from said one position.
NUM  5.
PAR  5. A carburetor according to claim 4, wherein said movable wall member
      comprises a piston-like plunger closely slidably received within said
      chamber.
NUM  6.
PAR  6. A carburetor according to claim 1, wherein said connecting means
      comprises spring means effective for at least at times permitting said
      throttle valve means to move in the throttle opening direction without
      simultaneously causing corresponding movement of a corresponding magnitude
      in said second venturi section, and further comprising time delay means,
      said time delay means being effective to at such times exhibit a retarding
      effect on the movement of said second venturi section.
NUM  7.
PAR  7. A carburetor according to claim 6 wherein said throttle valve means and
      said time delay means are operatively connected to said second venturi
      section.
NUM  8.
PAR  8. A carburetor according to claim 1, wherein said second lost motion means
      comprises resilient means normally tending to move said second venturi
      section in a direction resulting in a reduction in the opening of said
      variable venturi throat.
NUM  9.
PAR  9. A carburetor such as that recited in claim 1, wherein said connecting
      means limits opening of said second venturi section in accordance with
      throttle opening but at times permits limited closing of said second
      venturi section.
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ABST
PAL  A low flow liquid distributor for liquid/gas contact apparatus having a
      liquid feed splitter dividing the flow into a plurality of streams, an
      array of troughs extending across the cross sectional area of the contact
      apparatus, below the splitter, collects the plurality of streams and
      further divides the flow into a greater number of streams. A shallow pan
      situated under each of the troughs collects the streams and has upturned
      sides with drain openings extending upwardly from at least the junction
      with a downwardly sloping bottom of the pan of greater number than the
      streams deposited in the pan whereby low rates of liquid flow are
      obtainable and uniformly distributed onto a bed of tower packing for
      contact with a gas flowing therethrough.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The invention relates to a trough-type distributor and particularly to a
      liquid flow distributor for use in a liquid/gas contact tower wherein
      uniform distribution of low rates of liquid flow are desired.
PAR  2. Description of the Prior Art
PAR  Heretofore, continuous uniform distribution of liquids in numerous small
      streams and at relatively low flow rates of less than 2 gallons per minute
      per square foot of the cross sectional area of the chamber in a liquid/gas
      contact tower, without causing unstable operation, entrainment of the gas
      and reducing the free gas space to much less than 50% of the cross
      sectional area of the tower was unobtainable with the use of any of the
      various trough type distributors known to the art.
PAR  Various prior art distributors similar in some respects to the applicants
      are shown in U.S. Pat. Nos. 3,360,246; 3,392,967 and 3,158,171.
PAR  However the prior art distributors shown in said patents either do not have
      or have an additional distributing bottom pan with openings and tubes
      through which both the liquid and gas virtually pass and thereby cause
      unstable operation and entrainment. The drain openings in the bottom pan
      extend vertically and are essentially orifices in that they flow full with
      a head of liquid on them. Applicant's distributor differs from the prior
      art in that there are no vertical tubes or holes through which both the
      gas and liquid can flow simultaneously and has drain openings situated in
      the sides of the bottom pan which act as weirs to provide a greater number
      of smaller streams of partial liquid flow with a slight head on them.
PAC  SUMMARY OF THE INVENTION
PAR  A low flow liquid distributor for liquid/gas contact apparatus wherein the
      distributor has a liquid feed splitter such as a parting box with spaced
      weirs in the sidewalls directing streams of liquid into a plurality of
      troughs and shallow pans closed at their ends and extending transversely
      under the splitter and above a bed of tower packing in a chamber to
      support means adjoining an inner wall of the apparatus. Each of the
      troughs have spaced openings or weirs in the sidewalls which further
      uniformly divide the liquid flow into a greater number of streams which
      are directed to flow into the shallow pan. The liquid flow collected by
      each of the pans flows along the downwardly sloping bottom of the pan and
      out through a relatively larger number of spaced drain openings or weirs
      extending through relatively short upturned sidewalls of the pans and
      upwardly from the junction of the bottom and sidewalls. Hence, liquid
      flowing at a relatively low rate into and out of the pans is further
      uniformly divided by the weirs into a still greater number of smaller
      continuous streams of uniform size which distribute the liquid uniformly
      over the tower packings for engagement with the gas passing therethrough.
PAR  Therefore it is the primary object of the invention to provide a liquid
      flow distributor which can uniformly divide and distribute a liquid flow
      at a relatively low rate of at least 0.3 of a gallon per minute for each
      square foot of cross sectional area of the treating chamber in a
      liquid/gas contact apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary vertical cross sectional view through a
      conventional liquid/gas contact tower with the distributor of the instant
      invention supported therein above the tower packing;
PAR  FIG. 2 is a plan view of the distributor of the invention;
PAR  FIG. 3 is a cross sectional view through the distributor taken on line 3--3
      of FIG. 2;
PAR  FIG. 4 is a partial side view of one of the troughs and a bottom pan
      situated thereunder; and
PAR  FIG. 5 is a cross sectional view through one of the troughs taken on line
      5--5 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
PAR  Referring to FIG. 1, there is shown a typical liquid/gas contact apparatus
      or chemical treatment tower 10 having an outer jacket 12 extending around
      an inner sidewall 14, a top wall 16 and a bottom wall 18 enclosing in this
      instance a circular inner chamber of predetermined cross sectional area.
      Gas to be treated by the liquid flow enters at the bottom of the chamber
      through a gas inlet pipe 20 in the sidewall 14 and passes upwardly through
      a perforated support plate 22 supported by the sidewall 14, a bed of tower
      packing 24, around the liquid distributor 40 of the invention supported by
      means such as an annular ledge 14a shown projecting inwardly from the
      inner sidewall 14 and out a gas outlet pipe 26 in the top wall 16.
PAR  Liquid is fed, at a predetermined number of gallons per minute, through one
      or more liquid inlet pipes 28 passing through the sidewall 14 into the
      distributor 40 from which it passes downwardly onto and through the bed of
      tower packing 24, the packing support plate and out a liquid outlet pipe
      30 in the bottom wall 18.
PAR  In FIG. 2-5 there are shown various portions of the liquid distributor 40
      of the invention. The distributor 40 comprises a liquid feed splitter
      means such as, a parting box or trough 42 which receives the initial
      liquid flow or feed from the pipe or pipes 28 and divides the liquid flow
      into a number of streams. The parting box or trough 42 which may be of any
      suitable conventional type and cross sectional shape has a bottom 42a and
      opposed sidewalls 42b extending upwardly from the bottom wall 42a and
      longitudinally to end plates 42c closing off the opposite ends of the box.
      In each of the opposite sidewalls 42b are a plurality of spaced openings
      or weirs 42d which divide the liquid flow into a plurality of streams of
      substantially uniform size and volume and directs the streams into an
      array of troughs 44 supported, beneath the splitter 42, by the ledge 14a.
      The openings or weirs 42d are preferably of triangular shape but may be of
      any other suitable geometric shape such as circular, square, elliptical,
      parabolic or of any other polygonal shape.
PAR  Likewise, the cross sectional configuration of the parting box 42 and the
      troughs 44 may be rectangular, square, triangular, V-shape, half round or
      a circular section and combinations thereof.
PAR  As shown there are preferably four pairs or sets of V-shape or triangular
      shape openings or weirs 42d of substantial identical size and shape spaced
      longitudinally in the sidewalls 42b of the splitter 42. There being four
      weirs in each sidewall aligned substantially with the four weirs in the
      opposite sidewall providing a total of eight liquid streams of
      substantially uniform size divided into pairs or sets of two streams
      flowing into each of the four troughs 44.
PAR  The troughs 44 are preferably equally spaced and extend longitudinally and
      transversely beneath the splitter 42 to opposite ends adjacent opposite
      portions of the inner wall 14. Preferably the cross sectional
      configuration and size of each of the troughs 44 is identical and
      comprises as shown in FIG. 5 upwardly extending spaced vertical opposite
      sides 44a and converging side or bottom walls 44b extending downwardly
      from the opposite sides 44a to a lower central or bottom portion at the
      center of the bottom of the trough. Each trough 44 has a large number of
      equally spaced apertures or weirs 44c of identical size and shape in each
      of the sidewalls 44a. Preferably the weirs or apertures 44c each have a
      configuration defined by and located within diverging sides extending
      upwardly through the sidewalls from a bottom or low point of convergence
      adjacent the lower central portion of the trough to either a top side
      extending between the diverging sides or the top edge of the sidewalls.
      All of the bottom points of the weirs being substantially on the same
      horizontal plane and at substantially the same height above the lower
      central portion of the trough so that the level of the liquid flow in the
      trough will be at or the same distance from each of the bottom points of
      the weirs 44c. Hence, a rise in the level of the liquid flow above the
      bottom points of the weirs will divide the liquid flow into a plurality of
      streams of uniform size and volume. Also, it can be seen in FIGS. 3 and 5
      that the apertures 44c in one of the sidewalls 44a are staggered from, out
      of alignment with and located midway between those in the opposite wall of
      the troughs. Likewise, the apertures 44c in the facing or adjacent
      sidewall 44a of adjacent troughs are staggered relative to each other. The
      spacing and number of apertures or weirs 44c in each side of the trough
      depends on its length which is determined by its location in the cross
      sectional area of the chamber within the liquid/gas contact tower.
PAR  Referring to FIG. 2 and 3, adjustable support means are provided at the
      center of each trough 44 for leveling and supporting the parting box 42
      above the troughs 44 and maintaining the desired spacing of the troughs 44
      relative to the parting box. The support means comprises a pair of spaced
      angle brackets 44e fixed, to top flanges, and opposite sides 44a of the
      trough 44. A pair of threaded studs or bolts 44f are fixed at one of their
      ends to protruding legs on the angle brackets 44e, and extend upwardly
      through clearance holes in outwardly extending legs of a second pair of
      angle brackets 42f fixed to the opposite sides 42b of the splitter or
      parting box 42. There being a pair of an adjustable support nuts 44g
      threaded onto the studs 44f and which are in supporting engagement with
      the under side of the angle brackets 42f fixed to the splitter 42.
PAR  A second pair of lock nuts 42g are threaded onto the studs 44f and engage
      the opposite top sides of the brackets 42f. When it is desired to level
      and support the parting box 42 the nuts 42g are loosened, the support nut
      44g adjusted up or down until the splitter box 42 is level and the lock
      nuts 42g tightened to fix the level position of the splitter 42.
PAR  An elongated shallow pan 46 is provided which extends substantially
      parallel to and longitudinally under each of the troughs 44 and collects
      the streams of liquid flowing through each of the apertures 44c. Each pan
      46 has a bottom comprising a pair of inclined walls 46a which diverge and
      extend downwardly and outwardly substantially equal distances from a
      central ridge to opposite lower sides of the pan. The pan 46 is preferably
      positioned with the central ridge thereon located in the center and
      opposite the lower central portion of the trough 44. If desired the
      central ridge of the pan may be in contact with, spaced from or as shown
      fixed as by welding or riveting to the lower central portion of the trough
      44. A pair of short sidewalls 46b extend upwardly from the lower sides and
      in each of which there are a plurality of drain openings or weirs 46c of
      relatively greater number than the apertures 44c in each wall of the
      trough 44 above. All of the drain openings or weirs 46c are preferably of
      identical size and shape, extending upwardly from their bottom or lowest
      points situated on a single level plane at least at the junction 46d of
      the bottom wall 46a with the short sidewall 46b. Thus, each of the drain
      openings 46c with bottom points situated at or below the junction 46d
      includes the junction 46d between the short sidewalls 46b and the inclined
      bottom walls 46a.
PAR  The openings or weirs 46c may be of rectangular, triangular, circular,
      parabolic, elliptical, V-shape or any of the polygonal shape and may
      extend to and be open at the top edge of the short sidewalls 46b. As shown
      each drain opening or weir 46c has preferably a triangular or V-shape with
      diverging sides extending upwardly from a converging point located at the
      junction 46d between the bottom and sides at the lower side of the pan to
      a top surface extending between the diverging sides of the drain openings
      adjacent the top edge. Referring to FIG. 4 it can be seen that the drain
      weirs 46c in each of the short side 46b are also staggered from, out of
      alignment with, and equally spaced from one another and from each of the
      apertures 44c in the adjacent wall 44a of the trough 44 above. Hence, each
      liquid stream flowing out an aperture 44c flows onto and down the inclined
      bottom wall 46 to an imperforate portion of the short sidewall between the
      weirs 46c whereupon the liquid stream is divided and flows in both
      directions along the junction 46d between the bottom and sides of the pan
      to the weirs 46c. Also, the troughs 44 and pans 46 are arranged so that
      the drain weirs 46c and streams flowing from adjacent pans are staggered
      relative to each other, whereby a plurality of uniformly spaced and
      staggered smaller streams of uniform size and volume distribute the liquid
      flow uniformly over the cross sectional area of the chamber and bed of
      tower packing therein. The distributor of the instant invention has
      preferably at least three or more drain openings or weirs 46c in the short
      sidewalls of the pans 46 for each square foot of cross sectional area of
      the chamber in the liquid contact apparatus.
PAR  Means are provided for closing off the ends of the troughs and pans to
      prevent liquid draining therefrom comprising an end plate 48 fixed, as by
      welding or any other suitable way, to opposite ends of the troughs 44 and
      pans 46. Each of the plates 48 extend at an angle across the short sides
      46b of the pan and downwardly from the top of the troughs to the bottom of
      the pan 46 at which it is bent at substantially right angles to provide a
      support member or foot 48a. Each foot 48a extends outwardly, above the
      ledge 14a from the ends of troughs 44 and pans 46 which are cut off at an
      angle to suit the curvature of the inner wall 14 to an outer edge situated
      adjacent the inner wall 14 of the tower.
PAR  Leveling means are preferably provided for leveling and supporting each
      pair of troughs and attached pans comprising at least one adjustable
      leveling assembly 50 attached to the support member or foot 48a. Each
      leveling assembly 50 comprises a nut 50a fixed to the foot 48a, an
      adjustable threaded support screw or bolt 50b threaded through the nut 50a
      and extending through the foot into supporting engagement with the ledge
      14a and a check or lock nut 50c for locking the screw 50b in an adjusted
      position. Obviously, each assembly comprising a trough and a pan beneath
      it, is leveled by loosening the check nuts 50c, adjusting the support
      screws 50b, and retightening the check nuts to maintain the level of the
      assembly.
PAR  Preferably, each trough 44 and pan 46 beneath it has a pair of the leveling
      and supporting assemblies 50 at each end which may be any other suitable
      type leveling mechanism. For example, the foot 48a on the end plate 48 at
      each end of the trough may be bent to level the trough and rest directly
      on the ledge 14a. Alternatively, the leveling assembly 50 could be
      attached to the ledge 14a and arranged to engage the foot 48a. Obviously,
      the troughs 44 and pans 46 in the distributor are leveled so that the
      level of the liquid flow in them will be of uniform depth to provide
      streams of uniform size and volume.
PAR  The distributor 40 of the instant invention is preferably fabricated from
      sheet metal having properties which resist attack by the elements in the
      environments to which it will be subjected. For example, the sheet metal
      may be carbon steel, stainless steel, monel, inconel, titanium, or a
      combination thereof. The various components are formed by bending to the
      desired configuration, punched to produce the apertures or weirs therein
      and by welding some of the portions together. The size of the various
      components of the distributor are predetermined, so that when assembled
      the distributor will occupy no more than 50% of the cross sectional area
      of the chamber and thereby allow a free gas space of at least 50% of the
      cross sectional area of the chamber around the distributor.
PAR  A distributor made according to the invention has been tested and found to
      be particularly useful for uniformly distributing a liquid flow at
      relatively low rates of from approximately 3 gallons per minute per square
      feet down to 0.3 of a gallon per minute for each square foot of cross
      sectional area of the chamber. The distributor tested had a maximum
      diameter of approximately 595/8  inches and was supported in a chamber
      approximately 60 inches or 5 feet in diameter with a cross sectional area
      of approximately 20 square feet. The liquid flow was fed into the splitter
      means through three pipes situated between the pairs of weirs 42d. At flow
      rates of 6, 25 and 55 gallons per minute into the splitter 42, the
      distributor uniformly distributed 0.3, 1.27 and 2.80 gallons per minute
      respectively per square foot of the cross sectional area of the chamber,
      over the bed of tower packing.
PAR  The gas to be treated flows up through the bed of tower packing wherein the
      distributed liquid is contacted by the gas, around the pans 46, troughs 44
      and parting box 42 without being entrained by or disrupting the plurality
      of streams of liquid flowing from the distributor at relatively low rates.
PAR  Although the distributor is primarily for low flow rates it is obvious that
      it can if desired distribute the liquid at greater flow rates. Liquid
      introduced at increased rates of flow cause the level of the liquid to
      rise in the splitter 42, troughs 44 and pans 46. As the level of the
      liquid flow rises the size and volume of the streams increase in
      proportion to the increase in the size and area of the openings or weirs.
      When a larger amount is to be distributed the level of the liquid rises
      above and flows over the short sidewalls of the pan which also gives a
      fairly uniform distribution of the liquid flow.
PAR  Hence, the applicant's invention provides a liquid distributor useful for
      uniformly distributing large as well as relatively small amounts of liquid
      flow over a wide cross sectional area of a liquid gas contact tower or the
      like.
PAR  As many possible embodiments and modifications may be made without
      departing from the intended scope and spirit of the invention, it is to be
      understood that the invention includes all embodiments, modifications and
      equivalents thereof falling within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid distributor for use in a liquid/gas contact tower having
PA1  liquid feed splitter means for receiving a source of liquid feed and
      dividing the liquid feed into a plurality of liquid streams and
PA1  a plurality of troughs including apertures in opposite sidewalls thereof
      disposed beneath and extending transversely outward from the splitter
      means, across a chamber of predetermined cross sectional area to support
      means adjoining an inner wall of the contact tower, for receiving the
      liquid streams and further dividing the liquid feed into a greater number
      of streams, wherein the improvement comprises:
PA2  a pan disposed beneath each of the troughs for collecting, the liquid
      streams flowing from the trough and further dividing the liquid flowing
      into the pan and each pan having
PA3  a central ridge,
PA3  a pair of inclined bottom walls diverging outwardly and downwardly from the
      central ridge to opposite lower sides,
PA3  a pair of short sidewalls extending upwardly from a junction with the
      inclined bottom walls at the opposite lower sides, and
PA3  a plurality of drain openings located solely in each of the short sidewalls
      of the pan of greater number than the apertures in each sidewall of the
      trough and each of the drain openings having
PA4  a configuration defined by and situated within diverging sides extending
      upwardly from a bottom point of convergence located at least at the
      junction of the short sidewall with the inclined bottom wall and out of
      alignment with the apertures in an adjacent sidewall of the trough and
      there being at least three drain openings in the short sidewalls of the
      pans for each square foot of cross sectional area of the chamber;
PA2  converging walls, on each of the troughs, extending downwardly from the
      opposite sides to and converging at a lower central portion situated above
      and substantially opposite the central ridge of the pan beneath the
      trough, and wherein each of the apertures in the opposite sidewalls of the
      trough have a configuration defined by and located within diverging sides
      extending upwardly from a bottom point adjacent the lower central portion
      to a top side extending between the diverging sides; and means at opposite
      ends of the troughs and the pans for closing off and preventing the liquid
      from draining therefrom;
PA2  whereby a relatively low rate of liquid feed supplied to the distributor is
      divided by the apertures in the troughs, and thereafter further divided
      and uniformly distributed over the cross sectional area of the chamber by
      flowing down the inclined bottom wall and out of the bottoms of the drain
      openings at the junction without substantially increasing the level of the
      liquid in the pan.
NUM  2.
PAR  2. A liquid distributor according to claim 1 further comprising:
PA1  adjustable means, attached to the troughs for leveling and supporting the
      troughs, pans and the splitter means within the chamber and providing a
      substantially uniform depth of the liquid in the troughs, pans and the
      splitter means.
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ABST
PAL  A method for the production of mealy crude black powder from components
      consisting essentially of potassium nitrate, sulfur and carbon, all in
      particle form, comprises the steps of placing each component in a storage
      container, continuously withdrawing said components individually from said
      storage containers in the determined proportions, continuously feeding
      said separate components as particles into a circular oscillating
      cylindrical grinding zone consisting of at least two grinding zones
      rigidly interconnected and containing grinding elements, whereby said
      component particles are ground and mixed with each other with
      agglomeration of the individual component particles, and continuously
      withdrawing said mealy crude black powder. This mealy crude black powder
      is then compressed and granulated, followed optionally by further
      treatment such as polishing and graphitizing or grinding.
BSUM
PAC  THE PRIOR ART
PAR  The method for the production of black powder usually comprises the
      grinding of the three components KNO.sub.3, carbon and sulfur, mixing and
      agglomerating them, compressing the material thus obtained to a density of
      about 1.75 gm/cm.sup.3, as well as subsequent granulation and polishing.
      Originally the processes which included the steps of grinding, mixing,
      agglomerating, and compressing were carried out in mechanically operated
      stamping devices (Urbanski, Chemie und Technologie der Explosivstoffe,
      vol. III, Leipzig 1964, p. 369). Later the three components were ground
      separately; or for safety reasons two components were ground at one time,
      for example, KNO.sub.3 and sulfur or carbon and sulfur. Then the final
      mixing and agglomeration of the constituents of the black powder were
      effected in ball mills and edge mills, using in some cases the ball mill
      first as a premixing stage and then the edge mill. With the possibility of
      obtaining sulfur and carbon in a finely ground form, the method for the
      production of mealy crude black powder has beem simplified in many cases,
      since only KNO.sub.3 must be ground, and sulfur and carbon must be mixed
      as a binary batch. These two black powder portions thus obtained are fed
      jointly to the edge mill and mixed there thoroughly, while the three
      components are further ground and agglomerated, and the material is
      compressed.
PAR  There have been many attempts to replace this cumbersome process of the
      mixing and agglomeration by other methods. U.S. Pat. No. 1,017,286
      suggests kneading a mixture of a solution of one or several components of
      black powder with the remaining components, with simultaneous evaporation
      of the solvent, and then extruding the mealy crude black powder thus
      produced as a rolled strip. Belgian Pat. No. 705,475 describes a method in
      which the work of the edge mill is taken over by several pairs of rolls.
      The material charged into the center forms a coating on a roll of the
      first pair of rolls, which coating is displaced in both axial directions
      under kneading by additional centrally supplied material. After the
      coating has been formed on the entire width of the roll, it is peeled off
      and fed over a conveyer means to another pair of rolls working in the same
      manner. This process is repeated until the desired results are obtained.
PAR  According to German Auslegeschrift No. 2,005,549 the components KNO.sub.3,
      carbon and sulfur are first roughly mixed with each other, and then
      further mixed and ground in an air jet mill with simultaneous
      agglomeration. The polishing and graphitizing, usually carried out after
      the subsequent intermediate processes of compression and granulation, is
      effected in polishing drums holding charges of about 300 kg of granulated
      black powder. In order to obtain better results an operating time of
      several hours is required (Urbanski, l.c. p. 378). Graphitized black
      powder requires an additional processing time. Mealy powder from the
      granulated preliminary product is produced by grinding black powder in
      wooden drums covered with screens and filled with grinding elements.
PAR  The use of mechanically driven stamping device expectedly resulted in very
      low productivity; in addition, the method was dangerous because of the
      possible reactions of sulfur with the ambient air. The methods used later
      by the prior art have the disadvantage that continuous production is not
      possible with the use of ball mills and edge mills. In order to achieve a
      slightly more economical production, charges of 100 kg must be introduced
      into the edge mill which represent, however, a large enough accumulation
      of material to constitute an increased hazard. Another disadvantage is the
      fact that lengthy processing times with the above mentioned devices are
      necessary to achieve the desired effect; and a greater number of equipment
      parts must be provided, accommodated and operated. The above mentioned
      method of mixing a solution of one or more components with the remaining
      components requires a considerable number of devices for the production of
      the solution and drying after the final kneading process. The method of
      kneading between pairs of rolls requires considerable space, since the
      desired kneading effect is only achieved by arranging a sufficient number
      of these parts of the apparatus in series. The production of mealy crude
      black powder by means of an air jet mill requires a considerable amount of
      compressed air and thus consumes considerable energy. In addition, the
      material leaving the jet mill is mixed to a considerable extent with air,
      due to the close contact between the grinding air and the material to be
      ground, which renders the compression of the mealy crude black powder more
      difficult. The separation of the mealy crude black powder from the air
      requires separating and filter means which are costly and occupy large
      areas of plant space. The usual arrangements following the processes of
      compression and granulation likewise require that charges of about 300 kg
      be processed, which again leads to a large accumulation of crude black
      powder which constitutes a hazard. Here again it is not possible to have
      an economical continuous operation without personnel who would be exposed
      to this hazard.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention therefore to permit a more economical
      production of mealy crude black powder, compared to conventional methods,
      and its subsequent further treatment, and to permit the production in
      continuous operations at a minimum of expense, with minimum personnel
      requirement and in a production area where no personnel is present, and
      with maximum safety.
PAR  It is another object of the present invention to provide a method for the
      production of mealy crude black powder from components consisting
      essentially of potassium nitrate, sulfur and carbon all in particle form
      comprising the steps of placing each component in a storage container,
      continuously withdrawing said components individually from said storage
      containers in the determined proportions, continuously feeding said
      separate components as particles into a circular oscillating cylindrical
      grinding zone consisting of at least two grinding zones rigidly
      interconnected and containing grinding elements, whereby said component
      particles are ground and mixed with each other with agglomeration of the
      individual component particles, and continuously withdrawing said mealy
      crude black powder.
PAR  A yet further object of the invention is the further processing of the
      above mealy crude black powder to obtain a commercial product.
PAR  These and other objects of the present invention will become apparent as
      the description thereof proceeds.
DRWD
PAC  THE DRAWING
PAR  The FIGURE is a schematic flow diagram of the operation of the process of
      the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention provides a solution to the above-identified problem
      in which the components are withdrawn individually from their storage bins
      in the corresponding quantities and are fed to a tubular swing mill
      consisting of several rigidly connected grinding tubes mounted on rubber
      buffers and containing grinding elements, and which are set in circular
      oscillations by means of an eccentric drive, and ground and mixed until
      the individual particles are agglomerated. Due to these oscillations, a
      spiral path of the charged material through the series-connected grinding
      tubes is created opposite to the driving direction. The residence time
      required for the desired fineness of grinding, which depends on the amount
      of the charge, results, in addition to the grinding effect, also in an
      intensive mixing, kneading and "interlaced grinding" by grinding of the
      components with simultaneous preliminary compression, which is similar to
      the edge mill.
PAR  The present invention further provides a method for the production of mealy
      crude black powder from components consisting essentially of potassium
      nitrate, sulfur and carbon all in particle form comprising the steps of
      placing each component in a storage container, continuously withdrawing
      said components individually from said storage containers in the
      determined proportions, continuously feeding said separate components as
      particles into a circular oscillating cylindrical grinding zone consisting
      of at least two grinding zones rigidly interconnected and containing
      grinding elements, whereby said component particles are ground and mixed
      with each other with agglomeration of the individual component particles,
      and continuously withdrawing said mealy crude black powder.
PAR  According to a preferred embodiment of the invention, the potassium nitrate
      passes through a pregrinding zone within the tubular swing mill,
      preferably in a grain size of 0.1 to 0.5 mm, before the other components
      are added.
PAR  The danger of electrostatic ignition of the sulfur is reduced by the
      presence of KNO.sub.3. This danger is further reduced if air of high
      relative humidity, preferably 70% to 90%, is blown through the
      self-contained system of the tubular swing mill according to another
      embodiment of the invention.
PAR  The invention also relates to the further treatment of the mealy crude
      black powder after subsequent compression and granulation, in which the
      granulated black powder is fed into a tubular swing mill of the above
      described type but without containing any grinding elements, and is
      polished therein. Due to the circular oscillations of the mill, an
      oppositely directed spiral path is imparted to the granulated material,
      which results in a constant friction among the grains which causes the
      rounding of the sharp edges thereof, after a prolonged residence time.
PAR  If graphitization of the granulated black powder is required, this is
      effected after the polishing in the initial or polishing zone of the mill,
      in the subsequent graphitizing zone of the tubular swing mill. To this end
      graphite is charged into the graphitizing zone through a metering device.
PAR  Finally the invention also concerns the production of so-called "meal
      powder" from the above described material, by feeding the compressed and
      granulated black powder to a tubular swing mill, as it is used for the
      production of mealy crude black powder, and grinding it to meal powder.
PAR  The present invention has the advantages that, when compared to the known
      methods, an automatic continuous operation without the presence of
      personnel in the working area is made possible, while the energy and space
      requirements are reduced at the same time. The mealy crude black powder
      obtained has pressing properties as good as the material obtained by means
      of the older methods. Furthermore the crude black powder has a very
      uniform particle size of small spherical particles which pack down to a
      high density.
PAR  The following examples are merely illustrative of the present invention
      without being deemed limitative in any manner thereof.
PAC  EXAMPLE 1
PAR  In order to show the economical advantages of the invention, Table 1 below
      contains the energy requirements of prior art methods compared to the
      present invention.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Method of operation used                                                  
                      Electric power consumption                               
                      per 100 kg of mealy black                                
                      powder, in kwh                                           
     ______________________________________                                    
     Edge mill        18                                                       
     Air Jet mill     45                                                       
     Tubular swing mill                                                        
                       9                                                       
     ______________________________________                                    
PAR  A greater economy is also achieved in polishing, graphitizing and in the
      production of meal powder, compared with the conventional methods, because
      in this case too, considerable savings in personnel and space are made
      possible by the continuous operation.
PAC  EXAMPLE 2
PAR  In carrying out the method of producing mealy crude black powder from its
      components namely potassium nitrate, sulfur and carbon, a tubular swing
      mill device is utilized. This device is indicated as 7, 8 or 11 in the
      FIGURE and comprises at least two horizontal grinding tubes rigidly
      connected with each other which are mounted on rubber baffles 13, 14 or
      15, respectively. If the tubular swing mill is to grind the powder
      components such as in device 7, or to grind the powder to meal powder such
      as in device 11, then grinding elements such as spherical stone or steel
      balls are contained therein. If the tubular swing mill is to polish the
      crude black powder such as in device 8, then grinding elements are absent
      from this device. The tubes are set into circular oscillatory motion by an
      eccentric drive means coupled respectively with motor means 16, 17 or 18.
      In device 7 the component particles of black powder are then ground and
      mixed with each other until the individual particles are agglomerated.
PAR  Intermediate apparatus 12 is of known construction as disclosed in
      copending U.S. patent applications Ser. No. 274,493 filed July 24, 1972
      and Ser. No. 281,622 filed Aug. 18, 1972.
PAR  U.S. Ser. No. 274,493 discloses the densification and compression of black
      powder, while U.S. Ser. No. 281,622 discloses the granulation of black
      powder.
PAR  Crude black powder of the composition 75% KNO.sub.3, 10% sulfur and 15%
      carbon was produced, for example, with an output of 2 tons per shift. The
      KNO.sub.3 storage container 1 was filled at the start of the shift with
      1500 kg of potassium nitrate of 0.1 to 0.5 mm grain size, while the sulfur
      storage container 2 was filled with 200 kg sulfur, very finely ground, and
      the carbon storage container 3 was filled with 300 kg charcoal, very
      finely ground. KNO.sub.3 with a coarse grain was used because the metering
      becomes more difficult as the grain size decreases. KNO.sub.3 was fed to
      the tubular swing mill 7 which serves to grind, mix and agglomerate the
      components of black powder, through inlet A from the metering device
      conveyor belt 4 at the rate of 3.33 kg/min. The potassium nitrate is
      preground in the upper tube of the mill 7. Through inlet B of the tubular
      swing mill 7 the finely ground sulfur component was added at the rate of
      0.44 kg/min from the metering device conveyor belt 5, and carbon component
      was added at the rate of 0.66 kg/min from the metering device conveyor
      belt 6. In other embodiments other feedings points can be selected. In a
      further embodiment all three components can be charged jointly at one
      point. In the bottom tube of tubular swing mill 7 the joint grinding and
      mixing of the components takes place as well as the agglomeration of the
      particles. Through the outlet C of the tubular swing mill 7 issues the
      finished mealy crude black powder which can be fed to the following
      intermediate apparatus 12 which compresses and granulates the finished
      crude black powder, as described in U.S. Ser. No. 274,493 and U.S. Ser.
      No. 281,622, respectively.
PAR  The granulated black powder was either charged into the tubular swing mill
      8 in which it is polished in the upper tube and after passing through the
      upper tube, mixed if necessary at the outlet end of the upper tube, with
      graphite from container 9 from metering device conveyor belt 10 and coated
      completely in the bottom tube.
PAR  In a further embodiment the granulated black powder was charged into the
      tubular swing mill 11 to be ground into meal powder, after having been
      discharged from the intermediate apparatus 12. After having been processed
      through the tubular swing mills 8 or 11, the formed black powder can be
      subjected to further processing, such as finishing, and after screening or
      dust removal, it can be packaged.
PAR  As a yet further embodiment of the present invention, the black powder from
      apparatus 12 may be divided into two portions and simultaneously fed into
      tubular swing mills 8 and 11.
PAR  Although the present invention has been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of the new invention. All of these variations and modifications
      are considered to be within the true spirit and scope of the present
      invention as disclosed in the foregoing description and defined by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the production of mealy crude black powder from components
      consisting essentially of potassium nitrate, sulfur and carbon all in
      particle form comprising the steps of placing each component in a storage
      container, continuously withdrawing said components individually from said
      storage containers in the determined proportions, continuously feeding
      said separate components as particles into a circular oscillating
      cylindrical grinding zone consisting of at least two grinding zones
      rigidly interconnected and containing grinding elements, whereby said
      component particles are ground and mixed with each other with
      agglomeration of the individual component particles, and continuously
      withdrawing said mealy crude black powder.
NUM  2.
PAR  2. The method of claim 1 wherein said circular oscillating cylindrical
      grinding zone is a tubular swing mill consisting of several grinding tubes
      rigidly interconnected, said mill being mounted on flexible supports,
      containing grinding elements in said grinding tubes, and being set into
      circular oscillation by means of an eccentric drive.
NUM  3.
PAR  3. The method of claim 1, which comprises passing the potassium nitrate
      with a grain size of 0.1 to 0.5 mm through a pregrinding zone in said
      circular oscillating cylindrical grinding zone before said other
      components are introduced.
NUM  4.
PAR  4. The method of claim 1 which comprises passing air of high relative
      humidity through said circular oscillating cylindrical grinding zone which
      is a self-contained system.
NUM  5.
PAR  5. The method of claim 4 in which said air is of 70% to 90% relative
      humidity.
NUM  6.
PAR  6. A method for the finishing of mealy crude black powder, prepared
      according to the method of claim 1, comprising continuously compressing
      and granulating said powder in compression and granulation zones, and then
      continuously feeding said granulated powder to a circular oscillating
      cylindrical polishing zone devoid of grinding elements, whereby said
      granulated black powder is polished.
NUM  7.
PAR  7. The method of claim 6, which further comprises, after polishing said
      black powder in said polishing zone, continuously feeding said polished
      black powder into a circular oscillating cylindrical graphitizing zone,
      whereby said powder is graphitized.
NUM  8.
PAR  8. A method for the finishing of mealy crude black powder, prepared
      according to the method of claim 1, comprising continuously compressing
      and granulating said powder in compression and granulation zones, and then
      continuously feeding said granulated powder to a circular oscillating
      cylindrical grinding zone consisting of at least two grinding zones
      rigidly interconnected and containing grinding elements, whereby said
      granulated powder is ground into meal powder.
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ABST
PAL  Black powder pills of excellent ignition properties are obtained by a
       simfied process, wherein an aqueous solution of KNO.sub.3 is introduced
      into an alcoholic medium, such as ethanol, in the presence of finely
      divided particles of sulfur and wood charcoal and/or carbon black and a
      small amount of a polyvinyl pyrrolidone, whereby the KNO.sub.3 is
      precipitated in finely divided form in intimate mixture with the particles
      of sulfur and carbon. The resulting particulate mixture contains an
      extremely thin surface film of adsorbed polyvinyl pyrrolidone, and is
      separated from the liquid and dried. The modified black powder thus
      obtained can be safely handled in the dry state and compressed into pills
      possessing ignition properties equivalent to standard black powder
      granules. The novel process provides excellent particle size control and
      reproducibility and eliminates time consuming, hazardous steps and special
      apparatus used in the conventional commercial black powder process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Black powder finds considerable use for ignition of smokeless powder, time
      fuzes, squibs, rocket propulsion units, etc. It is no longer employed as a
      military propellant. Standard black powder contains 74.0 .+-. 1%
      KNO.sub.3, 15.6 .+-. 1% charcoal and 10.4 .+-. 1% sulfur.
PAR  In the manufacture of black powder, as conventionally practiced, charcoal
      and sulfur are pulverized together in a wheel mill, whereby some of the
      sulfur is incorporated into the pores of the charcoal. In view of the
      danger of explosion the potassium nitrate is ground separately in the
      wheel mill. The pulverized mixture of sulfur and charcoal is moistened,
      mixed with the nitrate and milled in a wheel mill, whereby the degree of
      incorporation is increased. The milled material is then pressed into cakes
      in a hydraulic press, and the cakes are broken up in a corning mill having
      adjustable rolls with corrugated surfaces, which reduce the material to
      the desired grain size. The product from the corning mill is screened to
      remove fines, which are returned to the wheel mill, and the coarse
      granules are passed through the corning mill a second time and then
      rescreened. The resulting granules are blended by tumbling in a rotating
      hardwood drum, wherein the powder is heated by friction to as much as
      65.degree.C. and any moisture is removed by evaporation. Since it is
      generally desired to glaze the powder, graphite is added to the contents
      of the drum before the powder is too dry. The dried powder is then
      screened into standard granulations.
PAR  Although the foregoing operations have optimized the manufacture of black
      powder, they are nonetheless time-consuming and hazardous, and require
      special types of apparatus. Recently, it has been proposed according to
      U.S. Pat. No. 3,660,546 to prepare meal black powder by simultaneously
      effecting the mixing, pulverizing and grinding of the sulfur, carbon and
      potassium nitrate by continuous introduction thereof into a jet mill,
      wherein air tangentially introduced under high pressure subdivides the
      particles by striking each other. The resulting powder is further
      processed by pressing into cakes, disintegration, screening, blending,
      etc., to produce standard black powder granules.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a simplified process
      for manufacturing a modified black powder, which provides excellent
      particle size control and reproducibility of results and avoids the time
      consuming and hazardous process steps and special apparatus associated
      with the conventional commercial process.
PAR  Another object is to provide a simplified process for manufacturing a
      modified black powder, which can be safely pressed into pellets having
      ballistic characteristics substantially equivalent to those of standard
      black powder granules.
PAR  A further object is to provide a simplified process for manufacturing a
      modified black powder, wherein part or all of the charcoal conventionally
      employed is replaced by an activated carbon black.
PAR  Other objects will become apparent as the invention is further described.
PAR  In accordance with the process of the present invention, the foregoing and
      other objects are obtained by mixing an aqueous solution of potassium
      nitrate with a liquid alcoholic medium, in which the KNO.sub.3 is
      insoluble, in the presence of finely divided sulfur and carbon from the
      group consisting of wood charcoal and carbon black and mixtures thereof,
      and a small amount of a high molecular weight polyvinyl pyrrolidone,
      whereby the KNO.sub.3 is precipitated in finely divided form in intimate
      mixture with the particles of sulfur and carbon. Preferably, the aqueous
      KNO.sub.3 solution is introduced into a suspension of finely divided
      sulfur and charcoal and/or carbon black in the liquid alcoholic medium
      containing the polyvinyl pyrrolidone dissolved therein. The solid material
      is then separated from the liquid as by filtration, and dried. The dried
      material thus obtained is a uniform, readily frangible material of low
      bulk density consisting essentially of an intimate mixture of the finely
      divided KNO.sub.3, sulfur and carbon ingredients containing a thin coating
      of the polyvinyl pyrrolidone. This material can be readily and safely
      pressed into strong pills and tablets of excellent ballistic properties
      which are substantially equal to those of standard black powder granules.
PAR  It was known to make a crude black powder approaching commercial powder in
      performance according to a field expediency procedure by introducing a hot
      solution of potassium nitrate containing a suspension of the sulfur and
      charcoal ingredients into alcohol, whereby the potassium nitrate was
      precipitated, after which the mixture was filtered and the damp cake was
      forced through a screen to form granules. The process produced powdery,
      frangible, low-density granules of insufficient bulk packing density even
      when a suggested binder such as starch was added. Also, the step of
      heating the potassium nitrate solution containing the slurried sulfur and
      charcoal ingredients presented a hazard, since the container walls were
      required to be kept moist to prevent formation of dry, explosible crust.
      Further, the amount of potassium nitrate in the final black powder varied
      excessively due to loss of potassium nitrate in the mother liquors (Thomas
      J. Hennesey, "Field Expedient Preparation of Black Powders", Frankford
      Arsenal Report M 67-16-1, February, 1967).
PAR  The process of the present invention, as illustrated in the examples,
      overcomes these deficiencies. Further, it produces a dried product, which
      due to the presence therein of polyvinyl pyrrolidone, can be safely
      processed and pressed into strong pills and tablets of black powder of
      controlled geometry and bulk density. Propellant ignition and burning rate
      characteristics can be varied by using the polyvinyl pyrrolidone and by
      controlling pill density. The black powder pills thus obtained possess
      excellent heat resistance and ignition properties, which can equal or even
      surpass those of standard DuPont black powder granules obtained by the
      conventional commercial black powder process previously described. In
      addition the present process eliminates the following process steps of the
      conventional commercial black powder process, including the special
      apparatus and hazards associated therewith:
PA1  a. wheel milling or jet milling
PA1  b. hydraulic pressing to form the cake
PA1  c. corning milling to break up the cake
PA1  d. graphite glazing and hot air drying
PAL  Also, the novel process lends itself to making improved and specialized
      igniter powders to replace black powder.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In carrying out the process of this invention, the aqueous KNO.sub.3
      solution is preferably introduced into a suspension of the finely divided
      sulfur and carbon particles in the alcoholic precipitating medium
      containing a small amount of dissolved polyvinyl pyrrolidone. Generally,
      it is necessary to employ a heated aqueous solution of KNO.sub.3 to obtain
      the concentrated solutions desirable for use in the present process. It
      has been unexpectedly found that a precipitated KNO.sub.3 of substantially
      finer particle size can be obtained by introducing the concentrated
      KNO.sub.3 solution into the alcoholic precipitation medium precooled to
      below ambient temperatures, e.g. 15.degree.C. and below. The finer
      particle size promotes a more intimate incorporation of the potassium
      nitrate with the other ingredients and produces a black powder pellet
      exhibiting faster ignition properties. Also, it has been found that by
      introducing the KNO.sub.3 solution into the alcoholic medium containing
      the sulfur and carbon as well as polyvinyl pyrrolidone, a smaller amount
      of KNO.sub.3 is lost in the mother liquors than when the sulfur and carbon
      are incorporated in the KNO.sub.3 solution.
PAR  The use of polyvinyl pyrrolidone according to the present invention
      provides a number of important and unobvious advantages. Thus, the
      polyvinyl pyrrolidone, although soluble in water and alcoholic solution,
      is substantive to the black powder, i.e. it is adsorbed from solution onto
      the surfaces of black powder particles as an extremely thin film or
      coating. This barrier coating of the oxidizer (KNO.sub.3) and the fuel
      components (sulfur and carbon) appears to prevent direct contact between
      the oxidizer and fuel particles, thereby reducing the hazard of processing
      the black powder without adversely affecting the burning properties of the
      black powder produced. Further, the presence of polyvinyl pyrrolidone in
      the alcoholic solution promotes the suspension and thorough blending of
      the finely divided sulfur, carbon and precipitated potassium nitrate black
      powder ingredients (which is difficult due to their different densities),
      thereby insuring the production of a dry homogeneous product, which can be
      pressed into pills or tablets of excellent mechanical strength and burning
      properties. Also, the polyvinyl pyrrolidone reduces the sensitivity of the
      black powder to friction and impact, thereby obviating the need for
      addition of moisture during processing thereof, as required in the steps
      of the conventional process; and the final pellets or pills of black
      powder produced according to the present invention are strong and less
      sensitive to friction and impact than the granules produced by the
      conventional process. Suitable polyvinyl pyrrolidones for use in the
      present process may vary widely in molecular weight and include products
      having an average molecular weight of from 40,000 to 360,000 by the
      osmometric method (J. Polymer Sci 10, 371 (1953)). The amount of polyvinyl
      pyrrolidone required is small and amounts between about 0.1 and 0.5 weight
      percent based on the black powder are generally suitable.
PAR  The sulfur and carbon ingredients should be finely divided for use in the
      process of the present invention. In the preferred embodiment of the
      present invention, the sulfur ingredient has an average particle size not
      exceeding about 10 microns (u); and as to the carbon ingredient, the wood
      charcoal, e.g. derived from alder and willow, has an average particle size
      not exceeding about 50 microns in largest dimension, while the carbon
      black has an average particle diameter not exceeding about 100
      millimicrons (mu) and a surface area not less than about 20 square meters
      per gram (by N adsorption B.E.T.) An especially preferred class of carbon
      blacks for use in the present invention is characterized by possessing an
      average particle diameter between about 10 and 50 millimicrons, a surface
      area between about 100 and 1000 square meters per gram and a moisture-free
      volatile matter content of between about 3% and 20% (by ASTM-D1620-60).
      Carbon blacks of the foregoing physical characteristics are available
      commercially and can be obtained by the incomplete combustion of gaseous
      or liquid hydrocarbons, e.g. channel black and furnace black. By replacing
      part of the wood charcoal with a carbon black, a superior black powder
      product possessing less moisture pickup or hygroscopicity is produced; and
      the black powder pellets obtained thereby are more readily consolidated,
      i.e. require less pressure and dwell time in the mold, thereby allowing
      increased production rate and product quality. In general, mixtures of
      about 1/3 to 3 parts by weight of carbon black per part of wood charcoal
      are preferred for use as the carbon ingredient in the present invention.
PAR  The following examples illustrate specific embodiments of the process of
      the present invention.
PAC  EXAMPLE 1.
PAR  45 Grams of KNO.sub.3 prills were dissolved in 45 ml. of water at about
      75.degree.C. 2.5 Grams of KNO.sub.3 were added to compensate for loss
      thereof in the filtrate -- see below.
PAR  6.24 Grams of commercial flowers of sulfur (particle size ca 3-4 u) and
      8.76 grams of activated carbon black marketed as Peerless 155 Carbon Black
      Powder by Cities Service Company, Columbian Division, Akron, Ohio, having
      a particle diameter (arithmetic mean) of 22 mu, a moisture free volatile
      matter content of 3.9% and surface area of 130 sq. meters per gram by N
      adsorption (B.E.T.), were suspended with vigorous agitation in a solution
      of 0.135 gram of polyvinyl pyrrolidone mol. wt. 90,000 and 0.6 gram of
      mercaptan terminated polyacrylic liquid polymer, having a Brookfield
      viscosity at 27.degree.C. of 17,200 cps., 1.90% mercaptan content and
      3,000 molecular weight, marketed as Hycar MTA by B. F. Goodrich Co., in
      135 ml. of 95% ethanol.
PAR  The alcoholic suspension of the fuel components was cooled to 15.degree.C.,
      after which the hot aqueous KNO.sub.3 solution was introduced gradually
      with vigorous agitation, whereby the KNO.sub.3 was precipitated in the
      form of very fine particles intimately mixed with the fuel components. The
      resulting mixture, which had a temperature of 35.degree.C., was filtered
      through a Buchner funnel and the filter cake was washed twice with 30 ml.
      portions of 95% ethanol and dried on a tray at 65.degree.C. The filtrate
      when evaporated to dryness yielded 2.4 grams of KNO.sub.3, corresponding
      to 4% by weight of the black powder mixture obtained, which is a
      substantially smaller loss of KNO.sub.3 in the filtrate than by the
      Hennesey procedure noted previously. The dry black powder thus obtained
      weighed 59.4 grams and was a uniform, frangible product of 0.52 gram/cc.
      apparent density. The product was pressed under 60,000 psi. into 1/4
      .times. 1/4 inch cylindrical pellets of 1.78 grams/cc. density.
PAC  EXAMPLE 2.
PAR  Same as example 1 except that mercaptan terminated acrylate liquid polymer
      was omitted and the carbon source consisted of a channel carbon black
      marketed as Superba Carbon Black Powder by Cities Service Company,
      Columbian Division, Akron, Ohio, having a particle diameter (arithmetic
      mean) of 14 mu, a moisture-free volatile matter content of 10.5%, and
      surface area of 695 sq. meters per gram by N adsorption (B.E.T.)
PAC  EXAMPLE 3.
PAR  Same as example 2 except that wood charcoal, having needle like particles
      of about 6 u diameter and 6-25 u length, was employed in place of the
      Superba Carbon Black Powder. The wood charcoal employed was obtained by
      ballmilling commercial wood charcoal marketed under the tradename
      "Cascade" by Shawinigan Chemicals Co., Canada.
PAC  EXAMPLE 4
PAR  Same as example 3 except that colloidal sulfur, particle size of about 1 u
      (obtained by introducing a solution of sulfur in N-methyl-2-pyrrolidone
      solvent into water, separating the fine flocculent precipitate thus
      obtained by filtration, washing the precipitate with ethanol and drying)
      was used in place of the flowers of sulfur.
PAC  EXAMPLE 5
PAR  Same as example 2 except that Molacco Carbon Black Powder, sold by Cities
      Service Co., Columbian Div., having a particle diameter of 62 mu, a
      surface area of 23 square meters per gram by N adsorption (B.E.T.) and a
      moisture-free volatile matter content of 0.3% was employed in place of the
      Peerless 155 Carbon Black.
PAC  EXAMPLE 6
PAR  Same as example 1 except that the carbon source consists of a 50/50 mixture
      by weight of Molacco Carbon Black Powder, as described in example 5 and
      ball-milled wood charcoal, as described in example 3.
PAR  The pellets thus obtained, as well as standard DuPont Class 1 black powder
      granules made by the conventional process noted above and pellets made by
      pressing pulverized Class 1 black powder granules into pellets of the
      aforedescribed size and density were tested according to the standard
      closed bomb test to determine the delay time to develop 60 psi. pressure.
TBL  ______________________________________                                    
                       Closed Bomb Test*                                       
     Black Powder      Delay Time to 60 psi.                                   
     ______________________________________                                    
     DuPont Class 1 granules                                                   
                          26 m secs                                            
     DuPont Class 1 pellets                                                    
                          32                                                   
     Example 1            27                                                   
     Example 2            26                                                   
     Example 3            26                                                   
     Example 4            24                                                   
     Example 5            39                                                   
     Example 6            26                                                   
     ______________________________________                                    
      *Described in U.S. Army Picatinny Arsenal Technical Report 2005, "Method 
      of Calculation of Interior Ballistic Properties of Propellants from Close
      Bomb Data", Arnold O. Pallingston and Murray Weinstein, June 1954.       
PAR  The table shows that according to the closed bomb test, black powder
      pellets made by the process of the present invention from wood charcoal
      and carbon blacks of the especially preferred class noted above are
      essentially equal to the standard DuPont Class 1 granules, and markedly
      superior to corresponding pellets obtained in example 5 with Molacco
      Carbon Black having a much larger particle size, smaller surface area and
      volatile content. However, even when carbon blacks, such as Molacco Carbon
      Black, having larger particle size, smaller surface area and/or lower
      moisture-free volatile content than carbon blacks of the aforesaid
      especially preferred class, are employed, it is possible to obtain black
      powder pellets exhibiting reduced delay times by mixing such carbon blacks
      with finely divided wood charcoal (example 6), and/or with a small amount,
      e.g. 0.1 to 5% based on the weight of the black powder, of a mercaptan
      terminated polyacrylic liquid polymer or a mercaptan terminated
      polybutadiene liquid polymer, or another additive known to increase the
      ignition rate of black powder, e.g. Pb.sub.3 O.sub.4 or resorcinol.
PAR  The foregoing disclosure is merely illustrative of the principles of this
      invention and are not to be interpreted in a limiting sense. We wish it to
      be understood that we do not desire to be limited to exact details of
      construction shown and described, because obvious modifications will occur
      to a person skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing black powder pellets consisting essentially of
      potassium nitrate, sulfur and carbon, which comprises:
PA1  dissolving the potassium nitrate in water,
PA1  mixing the aqueous potassium nitrate solution with an alcoholic
      precipitating medium, the aqueous potassium nitrate solution and the
      alcoholic medium being such that the potassium nitrate is essentially
      insoluble in the resulting mixture and precipitates therefrom in
      particulate form,
PA1  incorporating in the aqueous potassium nitrate solution or the alcoholic
      medium prior to the mixing step, the sulfur having an average particle
      size not greater than about 10 microns, the carbon selected from the group
      consisting of wood charcoal having an average particle size not greater
      than about 50 microns in longest dimension, and carbon black having an
      average particle size not exceeding about 100 millimicrons and a surface
      area not less than about 20 square meters per gram, and mixtures thereof,
      and a small amount of a polyvinyl pyrrolidone,
PA1  separating the resulting particulate mixture of potassium nitrate, sulfur
      and carbon containing polyvinyl pyrrolidone from said resulting mixture,
PA1  drying the particulate mixture, and
PA1  pressing the dry particulate black powder mixture into pellets.
NUM  2.
PAR  2. The process of claim 1, wherein the sulfur, carbon and polyvinyl
      pyrrolidone are incorporated in the alcoholic medium and the aqueous
      potassium nitrate solution is introduced into the alcoholic medium
      containing the sulfur, carbon and polyvinyl pyrrolidone.
NUM  3.
PAR  3. The process of claim 2, wherein the aqueous potassium nitrate solution
      contains about equal weights of potassium nitrate and water and the
      alcoholic medium consists essentially of ethanol, such that the resulting
      mixture contains not more than about 0.4 part by weight of water per part
      of ethanol.
NUM  4.
PAR  4. The process of claim 1, wherein the alcoholic medium comprises ethanol.
NUM  5.
PAR  5. The process of claim 1, wherein the alcoholic medium comprises
      2-propanol.
NUM  6.
PAR  6. The process of claim 1, wherein the carbon black has an average diameter
      between about 10 and 50 millimicrons, a surface area between about 100 and
      1000 square meters per gram and a moisture-free volatile matter content of
      between about 3 and 20%.
NUM  7.
PAR  7. The process of claim 1, wherein the polyvinyl pyrrolidone is present in
      amounts between about 0.1% and 0.5% based on the combined weight of the
      potassium nitrate, sulfur and carbon.
NUM  8.
PAR  8. The process of claim 1, wherein the carbon is a mixture of 1/3 to 3
      parts of carbon black per part of wood charcoal.
NUM  9.
PAR  9. The process of claim 1, wherein 0.1% to 5% of a mercaptan terminated
      acrylic liquid polymer, based on the combined weight of the potassium
      nitrate, sulfur and carbon, is present in the alcoholic medium.
NUM  10.
PAR  10. The process of claim 1, wherein the polyvinyl pyrrolidone has an
      average molecular weight of from 40,000 to 360,000.
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PAL  Production of a homogeneous mixture of plastics materials in powder form by
      subjecting a molten inhomogeneous mixture of two or more plastics to a
      maximum shear velocity of from 10.sup.4 to 10.sup.8 sec.sup.-.sup.1 for
      from 10.sup..sup.-2 to 10.sup..sup.-6 seconds; the pulverulent mixtures
      obtained are used in rotary sintering and injection molding.
BSUM
PAR  This invention relates to a process for the production of mixtures of
      plastics materials. In this process an inhomogeneous plastics melt is
      subjected to high shear velocities for a short period. The plastics
      mixtures thus obtained are in powder form.
PAR  A number of methods for the preparation of plastics mixtures is known. It
      is particularly difficult, however, to produce homogeneous mixtures of
      thermoplastics and polyisobutylene, for example
      polyethylene/polyisobutylene mixtures. In one conventional process, for
      example, polyisobutylene is premilled on a two-roll mill for 10 minutes at
      from 110.degree. to 120.degree.C and then mixed with polyethylene. A
      homogeneous mixture is obtained after approximately 10 to 15 minutes.
PAR  In another conventional process the polyisobutylene is plasticized in a
      heated rubber kneader, and a specific amount of the charge is removed from
      the kneader either once or a number of times and is replaced each time by
      the same amount of granular polyethylene. A homogeneous mixture of
      polyisobutylene and polyethylene is thus eventually obtained.
PAR  German Pat. No. 1,288,293 discloses a process for the production of
      polyethylene/polyisobutylene mixtures in two stages, in which
      polyisobutylene is prekneaded for a short period in a cooled kneading
      apparatus and is then mixed therein with polyethylene so as to produce a
      masterbatch in which the proportion of polyisobutylene must be at least
      50% by weight. This masterbatch is then comminuted and, in a second state,
      likewise prekneaded in a cooled kneading apparatus and diluted therein by
      the addition of polyethylene until the desired polyisobutylene
      concentration is achieved.
PAR  These conventional processes suffer from the drawback that polyisobutylene
      requires prekneading and that it is first necessary to prepare a
      masterbatch. Due to the high heat of friction generated during
      homogenization, it is necessary in one of the said processes to cool the
      polyisobutylene and the mixture of polyethylene and polyisobutylene to
      prevent degradation of the polyisobutylene. The prior art processes for
      the production of mixtures of polyethylene and polyisobutylene have the
      disadvantage that they require long homogenizing times so that the hourly
      throughputs which can be achieved with the apparatus are low.
PAR  It is an object of the invention to provide a simple process for the
      production of homogeneous mixtures of plastics materials, especially
      mixtures of polyethylene and polyisobutylene, in shorter times than have
      hitherto been possible.
PAR  We have found that this object is achieved by introducing an inhomogeneous
      plastics melt into a zone where it is subjected to a maximum shear
      velocity of from 10.sup.4 to 10.sup.8 sec.sup.-.sup.1 for a period of from
      10.sup.-.sup.2 to 10.sup.-.sup.6 seconds. The process of the invention is
      of particular interest where it is desired to prepare plastics mixtures
      which are difficult to produce by conventional methods, for example
      mixtures of (a) thermoplastic materials and (b) polyisobutylene,
      copolymers of isobutylene containing up to 10% by weight of polymerized
      units of 1,3-diolefins, and rubber.
PAR  The present process is primarily used for the production of
      polyethylene/polyisobutylene mixtures. In the process of the invention the
      polymers listed under (a) and (b) above may be mixed homogeneously in
      virtually all proportions, and mixtures of two or more thermoplastics may
      be prepared.
PAR  By thermoplastic materials or thermoplastics we mean polyolefins,
      polyamides, polyurethanes, polyesters and polymers of styrene,
      o-methylstyrene and .alpha.-methylstyrene. Particularly suitable
      polyolefins are the homopolymers of olefins having from 2 to 4 carbon
      atoms, such as polyethylene, polypropylene and polybutene-1. Suitable
      polyethylene has a density of from 0.915 to 0.960 g/cm.sup.3, and suitable
      polypropylene has an intrinsic viscosity of from 0.5 to 8 dl/g (measured
      at 130.degree.C in decahydronaphthalene). However, chlorinated
      polyethylene containing from 0.5 to 70% by weight of chlorine may also be
      used for the production of the plastics mixtures. Also suitable are
      copolymers of ethylene with butene-1 and copolymers of ethylene with other
      ethylenically unsaturated monomers such as vinyl esters of saturated
      aliphatic monocarboxylic acids of from 2 to 18 carbon atoms, vinyl ethers
      having from 3 to 12 carbon atoms and esters of unsaturated carboxylic
      acids such as acrylic and methacrylic esters derived from alcohols having
      from 1 to 8 carbon atoms, and polymers of ethylene and acrylic esters
      additionally containing from 91 to 30% by weight of free acrylic acid
      groups and/or methacrylic acid groups. The proportion of comonomers in the
      polymer may be up to 50% by weight of the total weight of the polymer. The
      melt index of the said polymers is usually between 0.1 and 100 g/10 min.
      (determined according to ASTM D 1238-57T).
PAR  Of the polymers listed under (b) above, polyisobutylene having a viscosity
      at 20.degree.C of from 0.3 to 1.5 .times. 10.sup.13, preferably from
      10.sup.6 to 10.sup.11, poises is particularly suitable. Also suitable are
      copolymers of isobutylene containing up to 10% by weight of units of other
      ethylenically unsaturated compounds or 1,3-diolefins. Suitable comonomers
      are, for example, isoprene, styrene, chloroprene, pentadiene-1,3,
      butadiene-1,3, cyclopentadiene and dimethyl butadiene.
DRWD
PAR  To carry out the process, the polymers from which a homogeneous mixture is
      to be made are fed in the form of an inhomogeneous melt to a device of the
      kind illustrated in FIGS. 1 and 3 of the accompanying drawings wherein
      FIGS. 1-4 are sectional views of the nozzles employed in the mixing
      devices of this invention and
PAR  FIG. 5 being a diagrammatical illustration of the process of the invention.
      The temperature of the inhomogeneous melt is between the melting point of
      the polymer having the lowest melting point of all components of the
      mixture and the maximum temperature which may be used without causing
      chemical change in the polymers. This temperature range is generally
      between 100.degree.C and 350.degree.C, preferably between 150.degree. and
      250.degree.C.
DETD
PAR  The mixing device shown in FIG. 1 consists essentially of three concentric
      nozzles. The atomizing (shearing) medium is passed through the inner gas
      nozzle 1 having a diameter of from 1 to 30 mm and through the outer gas
      nozzle 3 having an annular gap width of from 0.3 to 5 mm, preferably from
      0.9 to 1.3 mm, at an angle .beta. of from to 15.degree. to 70.degree. to
      the nozzle axis, and the plastics material, which has been melted in an
      extruder, is passed through the product nozzle 2 having an annular gap
      width of from 0.2 to 3 mm at an angle .alpha. of from 5.degree. to
      40.degree. to the nozzle axis, the said medium and the product being
      brought together in the orifice region of the threecomponent nozzle so
      that the inner gas stream impinges on the inner surface of the extruded
      tube of product at a distance x of from 2 to 8 mm from the inner edge of
      the orifice of the product nozzle, whilst the outer edge of the orifice of
      the outer gas nozzle is at a distance y of from 1 to 6 mm from the outer
      edge the orifice of the product nozzle. The inner sleeve 4 and the outer
      sleeve 5 serve to prevent the product from being unduly cooled by the gas
      streams, which are usually cooler. The inner nozzle heating means 6 and
      the outer nozzle heating means 7 serve to adjust or maintain the
      temperature so that the product is at its optimum mixing temperature. This
      temperature is monitored by means of thermocouples 8 and 9 located at the
      product nozzle inlet and at a point just upstream of the orifice of the
      product nozzle respectively. Gas is fed to the inner gas nozzle at 10, the
      product feed being at 11 and the outer gas inlet being at 12. The orifice
      cross section (gap width) of the product nozzle is adjusted by means of an
      appropriately dimensioned spacer ring 13 and the orifice gap width of the
      outer gas nozzle is adjusted by means of an appropriately dimensioned
      spacer ring 14. In the drawing the distances x and y indicate the upstream
      and downstream positions of the inner and outer gas nozzles respectively
      in relation to the product nozzle. The angle (cone angle) .alpha. of the
      product nozzle and the angle .beta. of the outer gas nozzle, both with
      reference to the common axis, are also shown in the drawing. Exact
      concentric alignment of the nozzles is ensured by centering collars on the
      cylindrical portions of the nozzles and the sleeves 4 and 5. So that the
      media can pass through said centering collars, the latter are provided
      with a number of bores or slots which may be inclined in the peripheral
      direction if it is desired to impart a twist to the flow of medium. The
      diameters of the individual bores in said collars are not critical, but
      the sum of the cross-sectional areas of the bores or slots in any one
      collar must be larger than the cross-sectional area of the associated
      annular nozzle gap, preferably a factor of from 1.2 to 4. If it is desired
      to impart a twist to the inner gas stream, a suitable deflecting member
      can be inserted at the inlet of the inner gas nozzle at 10.
PAR  In FIG. 1 the cone angle .alpha. of the product stream should be from
      5.degree. to 40.degree., preferably from 15.degree. to 25.degree., with
      reference to the nozzle axis. The angle of twist employed to provide a
      tube which is even over its entire circumference may be from 0.degree. to
      60.degree., preferably from 15.degree. to 45.degree.. The dimensions of
      the extruded tube are within the following limits: internal diameter 1-30
      mm, preferably 3-15 mm; wall thickness 0.2-3 mm, preferably 0.5-1.5 mm.
PAR  Preferred atomizing (shearing) media are air, inert gases or steam. The
      process is particularly economical when air is used as atomizing medium.
      If steam is used, the powder must be subsequently dried.
PAR  In FIGS. 1 and 2 the reference numeral 15 designates the zone in which the
      polymers are subjected to very high shear velocities for a short period.
      By shear velocity we mean the difference .DELTA.V between the velocities
      of two layers flowing past each other divided by the distance .DELTA.h
      separating the said layers in a direction perpendicular to the direction
      of flow, viz:
      ##EQU1##
      where .DELTA.V is the differential of the melt velocity. The melt velocity
      is calculated by dividing the throughput Q by the area F through which the
      melt emerges. The melt velocity in the region of the mixing zone' is
      between 1 and 200 m/sec, preferably between 10 and 120 m/sec. If, in
      equation I, .DELTA.V is replaced by Q/F, and if F is replaced by the
      expression
EQU  .pi. .times. d.sub.m .times. .DELTA.h                      II
PAL  where d.sub.m is the mean diameter of the product nozzle and .DELTA.h is
      the annular gap width, the following equation for calculating the maximum
      shear velocity D results:
      ##EQU2##
      Shear velocities, calculated according to equation III, required to
      produce homogeneous mixtures with the above-described apparatus are from
      10.sup.4 to 10.sup.8 sec.sup.-.sup.1 and preferably from 10.sup.5 to
      10.sup.7 sec.sup.-.sup.1. The residence time of the plastics melt in the
      shearing zone is calculated by dividing the length of the mixing zone 15
      by the melt velocity; is is from 10.sup.-.sup.2 to 10.sup.-.sup.6,
      preferably from 10.sup.-.sup.4 to 10.sup.-.sup.6, seconds.
PAR  The inhomogeneous melt may also be homogenized using a device as shown in
      FIGS. 3 and 4. The temperature of the melt in the device should be between
      100.degree. and 350.degree.C. The melt is fed to the device at the inlet
      20 and is extruded through fine bores 21 in the form of strands. The melt
      may be extruded through one such fine bore 21, as illustrated in FIG. 4,
      or through a plurality of such fine bores 21, as shown in FIG. 3. A device
      as illustrated in FIG. 3 contains from 1 to 150 bores 21 arranged in a
      circle. The diameter of the individual bores is from 0.5 to 3 mm,
      preferably from 0.7 to 1.5 mm. A stream of gas impinges on the extruded
      strands approximately perpendicularly thereto, the velocity of the gas
      stream being from 100 to 750 m/sec, preferably from 300 to 450 m/sec. The
      temperature of the gas stream is from 10.degree. to 350.degree.C. The
      pressure of the gas in the feed lines 22 of the devices as shown in FIGS.
      3 and 4 is from 2 to 120 atmospheres. Homogeneous mixing of the plastics
      materials takes place in the zone designated by 23. The length of the
      mixing zone 23 is from 0.5 to 5 mm. The area through which the melt
      emerges is calculated according to the equation F = n.pi. (.DELTA.h).sup.2
      where n is the number of bores and .DELTA.h is the diameter of one bore.
      Going on the same assumptions as used in calculating the maximum shear
      velocity for the device illustrated in FIG. 1, the maximum shear velocity
      D in the mixing zone of the devices illustrated in FIGS. 3 and 4 is
      calculated according to the following equation:
      ##EQU3##
      Using equation IV, maximum shear velocities occurring in the region of the
      mixing zone 23 are calculated to be from 10.sup.4 to 10.sup.8
      sec.sup.-.sup.1. The residence times of the plastics melt in the mixing
      zone are from 10.sup.-.sup.2 to 10.sup.-.sup.6 seconds.
PAR  The process of the invention is diagrammatically illustrated in FIG. 5. The
      desired components of the plastics mixture are withdrawn from storage
      vessels 30, 31 and 32 either in the form of granules or a melt and are fed
      via metering means 33 to an extruder 34 which conveys the resulting
      inhomogeneous melt through a heated pipe 35 to a mixing unit 36.
      Alternatively, two plastics materials may be mixed with each other and,
      for example, with a stabilizer, by supplying a stabilizer from one of the
      storage vessel, say storage vessel 32, via metering means 33 to the
      extruder 34. The mixing unit 36 used is a device of one of the types
      illustrated in FIGS. 1, 3 and 4, located at the top of the large-capacity
      vessel 37. The required gas, preheated if necessary, is passed to the
      mixing unit 36 through line 38. The pulverulent plastics mixture leaving
      the mixing unit 36 may be cooled in the upper part of the vessel 37 by
      injecting cold air at 39. The pulverulent plastics mixture passes through
      line 40 to a separator 41. The pulverulent plastics mixture is collected
      in a bunker 42 and the gas used for mixing the plastics materials is
      allowed to escape through line 43.
PAR  The process of the invention enables high hourly throughputs to be achieved
      due to the short mixing times required. Under optimum conditions there is
      virtually no degradation of the plastics materials. A particular advantage
      of the process is that the mixtures are obtained in powder form.
      Pulverulant plastics are known to have a wide range of applications. The
      pulverulent plastics mixtures are used, for example, in rotary sintering
      and molding processes. The mixtures of plastics materials produced by the
      process of the invention are used, for example, as carpet backings and
      coatings on metal surfaces. Mixtures of polyethylene and polyisobutylene
      are primarily used for the manufacture of non-blocking sheeting.
PAR  The process of the invention is further illustrated by the following
      Examples.
PAC  EXAMPLE 1
PAR  Granular polyethylene having a density of 0.920 g/cm.sup.3, a melt index
      (190.degree.C/2.16 kg) of 1.7 g/10 min and a crystallite melting point of
      108.degree.C is supplied, together with granular polyisobutylene having a
      molecular weight of 100,000 (according to Staudinger) in a ratio of 1:1 by
      weight, to a single-screw extruder where they are melted and passed
      through an electrically heated pipe to a mixing device of the kind
      illustrated in FIG. 1. The hourly throughput is 200 kg. In the mixing
      device used, the distances x and y are both 3.5 mm, angle .alpha. is
      17.5.degree. and angle .beta. 37.5.degree.. The temperature of the inner
      gas stream is 250.degree.C and that of the outer gas stream 80.degree.C.
      The thickness of the wall of the extruded tube is 1.2 mm. The ratio of the
      volume of the outer gas stream to that of the inner gas stream is 1.2:1,
      and the gas pressure is 50 atmospheres gauge. There is thus obtained a
      colorless powder containing 50% by weight of polyisobutylene. The density
      of the powder is 0.918 g/cm.sup.3 according to DIN 53,479. The particule
      size distribution is as follows:
EQU  92% &lt;500.mu.; 60% &lt;300 .mu.; 16% &lt;100.mu..
TBL  Properties of mixture    determined by:                                   
     __________________________________________________________________________
     melt index (g/10 min)                                                     
                      0.25    MFI 190.degree./2.16kg                           
                              ASTM-D-1238-65 T                                 
     density (g/cm.sup.3)                                                      
                      0.918   DIN 53 479                                       
     yield strength (kg/cm.sup.2)                                              
                      35      DIN 53 455                                       
     elongation (%)   500     DIN 53 455                                       
     modulus of elasticity (kg/cm.sup.2)                                       
                      505     DIN 53 455                                       
     torsion modulus (dynes/cm.sup.2)                                          
                      4.9.times.10.sup.8                                       
                              DIN 53 455                                       
     average particle size of poly-                                            
                      2-5 .mu.                                                 
                              electron microscope                              
     isobutylene particles                                                     
     __________________________________________________________________________
PAR  The resulting mixture is distinguished particularly by its excellent
      resistance to substances promoting environmental stresscracking.
PAR  The melt velocity in the mixing zone is calculated as follows:
      ##EQU4##
      The residence time in the mixing zone is calculated as follows: (length of
      atomizing zone is assumed to be 1 mm)
      ##EQU5##
      The maximum shear velocity D in the mixing zone is calculated as follows:
      ##EQU6##
PAC  EXAMPLE 2
PAR  Polyethylene having a density of 0.918 g/cm.sup.3, a melt index of 0.30
      g/10 min (190.degree.C/2.16 kg), and a crystallite melting point of
      104.5.degree.C and polyisobutylene having a molecular weight of 130,000
      according to Staudinger are fed to a single-screw extruder in a ratio of
      9:1 by weight. They are melted in the extruder and extruded through an
      electrically heated pipe to a mixing device of the type illustrated in
      FIG. 1. The throughput is 300 kg/hr of melt. The extruded tube has an
      internal diameter of 6.5 mm and a wall thickness of 1.2 mm. The distances
      x and y are both 4 mm, the angle .alpha. is 17.5.degree. and the angle
      .beta. 37.5.degree.. The gas pressure is 50 atmospheres gauge and the
      temperature of both gas streams is 80.degree.C, the ratio of the volume of
      the outer gas stream to that of the inner gas stream being 1.2:1. At a
      specific gas consumption of 4 m.sup.3 /kg (STP) there is obtained a powder
      having the following particle size distribution:
EQU  90% &lt;500 .mu.; 64% &lt;300 .mu.; 20% &lt;100.mu..
TBL  ______________________________________                                    
     Properties of mixture determined by                                       
     ______________________________________                                    
     melt index (g/10 min)                                                     
                      0.18     MFI 190.degree.C/2.16 kg                        
                               ASTM-D-1238-65 T                                
     density (g/cm.sup.3)                                                      
                      0.916    DIN 53 479                                      
     tensile strength at yield                                                 
                      100      DIN 53 455                                      
     (kg/cm.sup.2)                                                             
     tensile strength at break                                                 
     (kg/cm.sup.2)    160      DIN 53 455                                      
     elongation (%)   550      DIN 53 455                                      
     resistance to environmental                                               
     stress-cracking (hrs)                                                     
                      300      ASTM-D-1693-66                                  
     impact resistance (g)                                                     
                      250      ASTM-D-1709-67                                  
     average particle size of                                                  
     polyisobutylene particles                                                 
                      2-5 .mu. electron microscope                             
     ______________________________________                                    
PAR  Using equation III, the maximum shear velocity is calculated to be 3
      .times. 10.sup.6 sec.sup.-.sup.1. The residence time in the mixing zone is
      calculated by dividing the length of the mixing zone by the melt velocity;
      it is 2 .times. 10.sup.-.sup.4 seconds.
PAR  There is obtained a pulverulent polyethylene/polyisobutylene mixture
      containing 10% by weight of polyisobutylene. Sheeting prepared from the
      powder has a blocking value (in g/cm.sup.2) of 0. The blocking value
      corresponds to the force required to separate two 40/.mu. thick sheets,
      which have been pressed together at 70.degree.C under a pressure of 1
      kg/cm.sup.2, after the pressure has been released.
PAC  EXAMPLE 3
PAR  Polyethylene having a density of 0.918 g/cm.sup.3, a melt index of 17.8
      g/10 min. (190.degree.C/2.16 kg) and a crystallite melting point of
      104.5.degree.C is supplied, together with polyisobutylene having a
      molecular weight of 3000, a viscosity of 300 poises at 20.degree.C and a
      density of 0.889 g/cm.sup.3, to a single-screw extruder in a ratio of 99:1
      by weight. They are melted in the extruder and forced through an
      electrically heated pipe to a mixing device of the kind described in
      Example 1 and having a capacity of 200 kg/hr. There is obtained a
      polyethylene/polyisobutylene mixture containing 1% by weight of
      polyisobutylene.
TBL  ______________________________________                                    
     Properties of mixture  determined by:                                     
     ______________________________________                                    
     melting index (g/10 min)                                                  
                     20.0       MFI 190.degree.C/2 kg                          
                                ASTM-D-1238-65 T                               
     density (g/cm.sup.3)                                                      
                     0.9149     DIN 53 479                                     
     tensile strength at yield                                                 
     (kg/cm.sup.2)   92         DIN 53 455                                     
     tensile strength at break                                                 
     (kg/cm.sup.2)   100        DIN 53 455                                     
     elongation (%)  210        DIN 53 455                                     
     blocking value (g/cm.sup.2)                                               
                     3.6                                                       
     Maximum shear velocity calculated according to equation III:              
     12 .times. 10.sup.5 sec.sup.-.sup.1 ;                                     
     residence time; 9 .times. 10.sup.-.sup.5 seconds.                         
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  In a single-screw extruder at 250.degree.C, polypropylene having an
      intrinsic viscosity (measured at 130.degree.C in decahydronaphthalene) of
      3.2 dl/g and a density of 0.896 g/cm.sup.3 and polyisobutylene having a
      molecular weight of 100,000 according to Staudinger are melted in a ratio
      of 9:1 by weight and then mixed in the manner described in Example 1.
      There is obtained a polypropylene/polyisobutylene mixture containing 10%
      by weight of polyisobutylene. The pulverulent mixture is used for the
      manufacture of injection moldings.
TBL  ______________________________________                                    
     Properties of mixture  determined by:                                     
     ______________________________________                                    
     melt index (g/10 min)                                                     
                     2.1        MFI 190.degree.C/2.16 kg                       
                                ASTM-D-1238-65 T                               
     density (g/cm.sup.3)                                                      
                     0.8986     DIN 53 479                                     
     tensile strength at yield                                                 
     (kg/cm.sup.2)   170        DIN 53 455                                     
     tensile strength at break                                                 
     (kg/cm.sup.2)   153        DIN 53 455                                     
     elongation (%)  250        DIN 53 455                                     
     resistance to environ-                                                    
     mental stress-cracking                                                    
                     150        ASTM-D-1693-66                                 
     Shear velocity calculated according to equation III: 0.2 .times. 10.sup.  
     7 sec.sup.-.sup.1 ;                                                       
     residence time: 4 .times. 10.sup.-.sup.4 seconds.                         
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Polyethylene having a density of 0.946 g/cm.sup.3 and a melt index
      (190.degree.C/20 kg) of 6.2 and polyisobutylene having a molecular weight
      of 200,000 according to Staudinger are fed to a single-screw extruder in a
      ratio of 7:3 by weight. They are melted in the extruder at 275.degree.C
      and are then supplied to a mixing device of the kind described in Example
      1 at a rate of 125 kg/hr. There is obtained a polyethylene/polyisobutylene
      mixture containg 30% by weight of polyisobutylene. The powder has the
      following particle size distribution:
EQU  99% &lt;500.mu.; 75% &lt;300.mu.; 25% &lt;100.mu..
PAR  The mixture has a melt index of 3.5 g/10 min according to ASTM-D-1238-65 T
      and a density of 0.9372 g/cm.sup.3 according to DIN 53,479. The mixture is
      used as a carpet backing.
PAC  EXAMPLE 6
PAR  An inhomogeneous mixture of 50% by weight of polystyrene having a density
      of 1.05 g/cm.sup.3 and a melt index (200.degree.C/5 kg) of 9 and 50% of a
      copolymer consisting of 90% by weight of ethylene and 10% by weight of
      vinyl acetate and having a density of 0.936 g/cm.sup.3 and a melt index
      (190.degree.C/2.16 kg) of 4 is melted in a single-screw extruder at
      250.degree.C and supplied to a mixing device of the type illustrated in
      FIG. 4 at a rate of 250 kg/hr. The inhomogeneous melt is forced through 42
      bores having a diameter of 1 mm each and arranged in a circle. Using
      equation IV the maximum shear velocity is calculated to be 2.1 .times.
      10.sup.6 sec.sup.-.sup.1. The length of the mixing zone (1 mm) divided by
      the melt velocity of 70 m/sec gives a residence time of 1.4 .times.
      10.sup.-.sup.5 seconds. There is obtained a homogeneous mixture having a
      modulus of elasticity according to DIN 53,457 of 6,000 kg/cm.sup.2. This
      mixture is used as a flame-spraying powder. The particle size distribution
      is as follows:
EQU  97% &lt;500.mu.; 85% &lt;300.mu.; 30% &lt;100.mu..
PAC  EXAMPLE 7
PAR  An inhomogeneous mixture of 90% by weight of polyethylene having a density
      of 0.953 g/cm.sup.3 and a melt index (190.degree.C/20 kg) of 2.0 and 10%
      by weight of polyisobutylene having a molecular weight of 100,000
      according to Staudinger is melted in an extruder at 225.degree.C and fed
      to a mixing device of the kind illustrated in FIG. 4. The inhomogeneous
      melt is forced through 10 bores having a diameter of 1 mm each and
      arranged in a circle. The throughput is 125 kg/hr and the shear velocity,
      calculated according to equation IV, is 5.3 .times. 10.sup.6
      sec.sup.-.sup.1. The length of the mixing zone (2 mm) divided by the melt
      velocity of 110 m/sec gives a residence time of 1.8 .times. 10.sup.-.sup.5
      sec. There is obtained a polyethylene/polyisobutylene mixture containing
      10% by weight of polyisobutylene. The powder has the following particle
      size distribution:
EQU  92% &lt;500.mu.; 75% &lt;300.mu. ; 24% &lt;100.mu..
TBL  ______________________________________                                    
     Properties of mixture                                                     
                          determined by:                                       
     ______________________________________                                    
     melt index (g/10 min)                                                     
                    0.9       MFI 190.degree.C/2.16 kg                         
                              ASTM-D-1238-65 T                                 
     density (g/cm.sup.3)                                                      
                    0.953     DIN 53 479                                       
     modulus of elasticity                                                     
                    10,000    DIN 53 457                                       
     (kg/cm.sup.2)                                                             
     torsion modulus                                                           
                    5 .times. 10.sup.9                                         
                              DIN 53 455                                       
     (dynes/cm.sup.2)                                                          
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a pulverulent homogeneous mixture of
      plastic material which comprises:
PA1  a. extruding a nonhomogeneous mixture of two or more plastic materials
      through a nozzle means,
PAR  1. at a temperature between the melting point of the plastic material
      having the lowest melting point of all components of the mixture and the
      maximum temperature which may be used without causing a chemical change
      therein,
PA2  2. at a nozzle speed of from 1 to 200 m/sec.,
PA2  3. in an annular flow which tapers to a cone angle of from 5.degree. to
      40.degree. which has an annular gap width of from 0.2 to 3 mm and an angle
      of twist from 0.degree. to 60.degree. to form a molten tube having an
      internal diameter of from 1 to 30 mm and a wall thickness of from 0.2 to 3
      mm;
PA1  b. exposing said extruded nonhomogeneous mixture of plastic materials to a
      gas or steam shearing medium which is divided into inner and outer streams
      to create a high shear velocity whereby a homogeneous mixture of plastic
      material is formed,
PA2  1. said inner stream of gas or steam shearing medium having a diameter of
      from 1 to 30 mm and an elevated temperature sufficient to maintain said
      extruded nonhomogeneous mixture of plastic material in a molten state,
      said inner stream being so directed that it impinges upon the inner
      surface of said extruded tube of said nonhomogeneous mixture for a
      distance of from 2 to 8 mm before reaching the inner edge of the orifice
      of said product nozzle means,
PA2  2. said outer stream of gas or steam shearing medium, flowing in an annular
      space which tapers to a cone angle of from 15.degree. to 70.degree. and
      having an annular gap width of from 0.3 to 5 mm at an elevated temperature
      sufficient to maintain said extruded nonhomogeneous mixture in a molten
      state so that said outer stream being so directed that it impinges upon
      the outer surface of said extruded tube for a distance of from 1 to 6 mm
      before exiting from said nozzle means, the volume of said outer stream to
      said inner stream being 1.2:1;
PA1  c. said extruded nonhomogeneous mixture of plastic materials being subject
      to high shear velocities of from 10.sup.4 to 10.sup.8 sec.sup.-.sup.1 for
      from 10.sup.-.sup.4 to 10.sup.-.sup.6 seconds by said inner and outer
      streams; and
PA1  d. spraying the resultant pulverulent homogeneous mixture of plastic
      material and gas or steam shearing medium from the nozzle means into a
      cooling and collecting means.
NUM  2.
PAR  2. A process as set forth in claim 1, wherein the inhomogeneous mixture
      consists of polyethylene having a density of from 0.915 to 0.960
      g/cm.sup.3 and a polyisobutylene having a viscosity of from 0.3 to 1.5
      .times. 10.sup.13 poises.
NUM  3.
PAR  3. A process as set forth in claim 1, wherein the inhomogeneous mixture
      consists of polypropylene having an intrinsic viscosity of from 1.5 to 8
      dl/g and polyisobutylene having a viscosity of from 0.3 to 1.5 .times.
      10.sup.13 poises.
NUM  4.
PAR  4. A process as set forth in claim 1, wherein the inhomogeneous mixture
      consists of polystyrene and a copolymer of ethylene and vinyl acetate.
NUM  5.
PAR  5. A process as set forth in claim 1, wherein the inhomogeneous mixture
      consists of polyethylene having a density of from 0.915 to 0.960
      g/cm.sup.3 and a copolymer of isobutylene with up to 10% by weight of a
      monomer selected from the group consisting of isoprene, styrene,
      chloroprene, 1,3-pentadiene, 1,3-butadiene, cyclopentadiene and dimethyl
      butadiene.
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ABST
PAL  In a dental model, a plurality of parallel non-tapered guide pins are
      slidably seated within cylindrical cavities in an apertured retainer.
      Extending sections of the guide pins are secured within removable cast
      teeth, whereby the guide pins and their mating cavities permit withdrawal
      and replacement of the removable cast teeth while maintaining the
      alignment of the removable cast teeth with respect to the dental model.
BSUM
PAR  The present invention relates to dental models, and, more particularly, to
      guide pins and the seating thereof in dental models.
PAR  In the field of dentistry, false teeth are often retained in place by means
      of bridge work extending from the false tooth and anchored to adjacent
      healthy teeth. Other restoration techniques includes the capping of badly
      decayed or deformed teeth with either a full or a partial cap.
PAR  To accurately form and position the false teeth or caps, a dentist normally
      makes a negative impression of the affected teeth. The negative impression
      may be partial, unilateral or bilateral, depending upon the extent of work
      to be done, and serves as a mold for developing a die of the patient's
      teeth.
PAR  Pursuant to the teaching of the prior art, the die may be formed in the
      following manner. A plurality of tapered dowels are positioned within the
      negative impression to correspond with the center of each cavity, which
      cavity represent an existing tooth. These dowels may be maintained in
      place by means of a plurality of positioning pins, as shown in U.S. Pat.
      No. 3,521,354. In the alternative, a jig assembly such as shown in U.S.
      Pat. No. 2,851,728, may be used to properly position and orient the
      various dowels. To avoid the necessity for external and removable
      positioning pins or alignment devices, an alignment plate may be inserted
      within the negative impression, as described in U.S. Pat. No. 3,470,614.
      The alignment plate is permanently retained within the to-be-cast die and
      includes a dowel protruding therefrom to maintain alignment of the
      segregated cast teeth.
PAR  In an effort to overcome the need for external aligning mechanisms and
      devices, several alternatives have been developed. U.S. Pat. No.
      3,286,350, teaches the insertion of individual dowels within each of the
      cavities of the impression. These pins must be manually aligned during the
      setting of the die compound. U.S. Pat. No. 3,478,428, teaches a base
      having a plurality of parallel tapered dowels extending upwardly
      therefrom. Here, the base is laid within the negative impression such that
      each of the pins extends into the die compound disposed within the
      negative impression.
PAR  After each of the above described dowels or dowel assemblies have been
      mounted within the negative impression such that at least a portion of the
      dowels extend into the cavities representing the existing teeth, a die
      compound or pourable curable stone is poured into the impression until the
      latter is filled to a point approximating the patient's gum line. Thereby,
      at least a portion of each of the dowels is immersed within the poured
      stone and becomes a part thereof during the curing process. After curing,
      a wax or similar material is placed upon the stone surface. A further
      amount of die compound is then poured upon the cured stone to immerse the
      remaining parts of the dowels and form a base for the assembly.
PAR  After the two resulting stone molds have cured, the negative impression is
      removed. The composite mold structure is an exact duplication of the
      patient's teeth and the upper part of his gum. Removal of an individual
      tooth to prepare bridework on a cap is accomplished by making vertical
      cuts on either side of the affected tooth beyond the intersection of the
      two stone molds. The wax or similar material inserted intermediate the two
      poured stones permits facile separation therebetween such that the tooth
      may be easily severed from the base. The dowels extending downwardly from
      the tooth into the base, are smooth surfaced and tapered such that they
      may be easily broken loose from the base. Thereby, the tooth may be easily
      removed from the base and reinserted therein in a laterally correct
      position when the dowel is fully seated.
PAR  In each of the above referenced patents, the alignment dowels are tapered.
      The taper allows dirt or other contaminates to impede complete seating of
      the tooth. Without complete seating, the tooth may not be correctly
      positioned. Repeated insertion and removal of the alignment dowels will
      tend to loosen the dowel cavity resulting in a sloppy fit.
PAR  The prior art requirements for alignment of the pins is time consuming and
      is primarily dependent upon the skill of the particular dental technician,
      which may result in a high percentage of defective castings. Moreover, the
      prior art techniques do not automatically assure parallelism between the
      dowel pins. The lack of parallelism may result in difficulty when the
      selected tooth or teeth to be worked upon are to be removed.
PAR  It is therefore a primary object of the present invention to provide a
      plurality of pre-aligned parallel guide pins for use in dental models.
PAR  Another object of the present invention is to obviate the need for manually
      aligning guide pins parallel to one another when constructing a dental
      model.
PAR  Yet another object of the present invention is to provide a plurality of
      non-tapered guide pins for use in dental models.
PAR  Still another object of the present invention is to provide guide pins for
      removable cast teeth in a dental model wherein the lateral position of the
      cast teeth is not dependent upon the complete seating of the teeth.
PAR  A further object of the present invention is to provide a plurality of
      guide pins oriented parallel to one another which may be inserted within a
      dental impression without extraneous guide and alignment members.
PAR  A yet further object of the present invention is to provide self-cleaning
      guide cavities for guide pins within a dental model.
PAR  A still further object of the present invention is to provide a wear
      resistant precision fit between parallel guide pins and a retainer member
      thereof in dental models.
PAR  These and other objects of the present invention will become apparent to
      those skilled in the art as the description thereof proceeds.
DRWD
PAR  The present invention may be described with greater specificity and more
      clarity with reference to the following figures, in which:
PAR  FIG. 1 illustrates a perspective view of a dental model incorporating the
      present invention.
PAR  FIG. 2 illustrates a cross-sectional view of a dental model incorporating
      the present invention.
PAR  FIG. 3 illustrates a short curved section of the retaining base for the
      guide pins of the present invention.
PAR  FIG. 4 illustrates a cross-sectional view of the present invention inserted
      within a mold during the dental model forming process.
PAR  FIG. 5 illustrates the retaining base preformed on a unilateral
      configuration.
PAR  FIG. 6 illustrates the retaining base preformed in a bilateral
      configuration.
PAR  FIG. 7 illustrates a perspective view of a retaining base having a modified
      external surface.
DETD
PAR  Referring to FIG. 1, there is shown a perspective view of a dental model 1
      constructed in accordance with the teachings of the present invention. The
      dental model 1 includes a base 2 formed of readily commercially available
      pourable casting stone. The die 3, duplicating a patient's teeth and
      associated gum structure, is also formed of similar casting stone
      material. For completeness, die 3 includes a part of the buccal and
      lingual walls, 4 and 5, as well as each of the existing teeth 6.
PAR  For illustrative purposes, a single tooth 12 and its associated gum section
      13 has been severed from the die 3 by mesial and distal cuts, 10 and 11.
      These cuts have been made downwardly through die 3 to intersect the
      junction intermediate base 2 and the die. A plurality of guide pins 15
      extend downwardly from the gum section 13. These guide pins 15 mate with
      and are received by cylindrical cavities 21 disposed within a retainer 20.
      The latter is imbedded within base 2 during the dental model forming
      process such that its upper surface 22 is disposed in approximate
      alignment with the junction intermediate base 2 and die 3.
PAR  To further illustrate the retainer 20 and its associated guide pins 15 with
      respect to dental model 1, reference will be made to FIG. 2. Retainer 20
      is generally rectangular in cross-section and includes a plurality of rows
      of cylindrical cavities 21. A guide pin 15 is slidably insertable within
      each of cavities 21. In the preferred embodiment, retainer 20 is
      constructed of nylon or similar low friction stable material; the guide
      pins 15 are smooth surfaced and of metallic material such that they can
      easily slide within their respective cavity 21. Guide pins 15 are of
      greater length than the height of retainer 20 such that the upper
      extending section 19 can be flattened into a spade 25 having a serrated
      surface 26. Alternatively, the upper section 19 may be retained
      cylindrical with its surface serrated, or other means may be employed to
      obtain a structural interlocking relationship between the upper section 19
      and the surrounding material of die 3. The lower extremity of each of
      guide pins 15 may extend downwardly beneath the lower surface 27 of
      retainer 20 for 1/16 of an inch or more.
PAR  Retainer 20 is positioned within base 2 such that the upper surface 22 of
      the retainer is approximately coincident with the line of demarcation 17
      between base 2 and die 3.
PAR  During the formation of base 2 and die 3, the two parts are poured
      separately and wax or other similar lubricant is applied at the junction
      of the two pours such that there will be little if any physical adherence
      between base 2 and die 3. Thereby, only the mesial and distal cuts are
      necessary to separate a longitudinal segment of die 3 from the adjoining
      base.
PAR  As retainer 20 is preferably made of nylon or other similar low friction
      material, it becomes incumbent to provide some means whereby the retainer
      is permanently lodged or positioned within base 2. By providing retainer
      20 with a plurality of transverse ribs 24, movement of the retainer in the
      vertical axis in inhibited. These ribs may extend along the sides of
      retainer 20 and along the ends thereof (see FIG. 3). Ribs 24 may be
      dovetail shaped in cross-section as illustrated, or they may be of simple
      rectangular configuration. In either case, they will physically lock
      retainer 20 within base 2 to inhibit any movement along the axis of guide
      pins 15.
PAR  FIG. 3 illustrates a retainer 20 configured as a short curved element 30
      having a rectangular cross-section. Such an element may be employed where
      the dentist or dental laboratory technician wishes to prepare bridge work
      extending across only one or two missing teeth. The guide pins 15 may be
      arranged by columns in two parallel rows as shown, or, the guide pins of
      one row may be off-set with those of the adjacent row. The selection by
      number and spacing of pins is primarily dependent upon the size of the
      teeth to be worked upon such that at least one, and preferably several,
      guide pins are coincident with each of the teeth embodied in die 3. It may
      be appreciated by those skilled in the art that if two or more pins are
      associated with each tooth, not only will the tooth be laterally
      positioned but angular misalignment about the vertical axis will also be
      precluded.
PAR  Should the mesial or distal cuts be coincident with one or more guide pins
      15, the latter will be cleaned or severed by the cuts. Thereby, the
      pre-formation of the retainer 20 and guide pins 15 will accommodate any
      cuts to be made by a dental technician.
PAR  The process for using the present invention is illustrated in FIG. 4. A
      negative impression of the patient's teeth is obtained by partially
      filling a tray 50 with thermoplastic material 51. The filled tray is
      inserted within the patient's mouth such that the teeth and adjacent gums
      sink into and create a mold cavity within the thermoplastic material.
      Shortly thereafter, the thermoplastic material will cure and retain an
      exact impression of the patient's teeth and gums. This is an essentially
      standard technique presently used by most dentists.
PAR  To form the base 2 and die 3 (as shown in FIG. 1), the following process
      may be employed. A pourable casting stone, known as "pink stone" 35
      amongst the cognoscente, is poured into the negative impression up to at
      least the "margin" 36 or base of the tooth to form die 3. After the pink
      stone 35 has been compacted to preclude voids and remove any air bubbles,
      retainer 20, including the guide pins 15 inserted therein, is placed upon
      the surface 55 of the pink stone 35 such that the extending sections 19
      protrude into the pink stone below the margin 36. Preferably, the degree
      of extension of the guide pins 15 is such that the upper surface 22 of
      retainer 20 lies upon the surface 55. After the pink stone 35 is at least
      partially cured, wax or similar lubricant is swathed upon surface 55.
      Thence, additional pourable hardenable stone, generally referred to as
      "yellow stone" 37, is poured within the negative impression 52 to cover
      the pink stone 35 and retainer 20 with sufficient additional material to
      form a solid base 2. After the pink and yellow stone has hardened, the
      tray 50 is removed and the thermoplastic material 51 is peeled away to
      leave the dental model 1 as shown in FIG. 1.
PAR  When the mesial and distal cuts are made down through the line of
      demarcation 17 between the pink and yellow stone, the pink stone 35 will
      easily separate from the yellow stone 37 because of the previously applied
      wax or lubricant. As retainer 20 is of nylon or similar low friction
      non-adhering material, the pink stone 35 will easily sever therefrom also.
      The spade or serrated ends of guide pins 15 are firmly embedded within the
      pink stone 35 and as a section of the latter is lifted (see FIG. 1), the
      guide pins will be withdrawn from within retainer 20.
PAR  As mentioned above, the guide pins are cylindrical whereby the removed
      section of die 3 is laterally positioned with respect to the remaining
      part of the die on initial engagement of guide pins 15 with their
      respective cavities 21. If more than one guide pin extends from the
      removed section, the angular orientation of the removed section is
      immediately reestablished and easily duplicatable whenever the guide pins
      are reinserted within their respective cavities.
PAR  As all of the guide pins are formed within retainer 20 parallel to one
      another, two removable sections adjacent one another can be removed
      simultaneously or in any sequence without obstruction from adjacent
      removable sections.
PAR  Where base 2 is cut away or formed essentially coincident with the lower
      surface 27 of retainer 20, any dirt or impurity which may have lodged
      itself within cavities 21 will be pushed out therefrom by the insertions
      of guide pins 15 therein. Thereby, dirt or other particulate matter will
      not destroy the alignment or proper seating of the removable section.
      Moreover, if the guide pins 15 extend below surface 27 they can be lightly
      tapped to initially dislodge the cut section from the die 3.
PAR  Although not immediately apparent, the present invention permits adjacent
      normally contacting teeth to be maintained in contact with one another
      during the insertion of the removable sections. This feature greatly
      simplifies the forming of inlays or similar prosthetic items which are at
      least partly located in juxtaposition with adjacent teeth. It allows the
      formation and manufacture of these inlays so that they can be mounted upon
      the patient's tooth with a straight vertical movement while compensating
      for overhang by adjacent teeth. This feature is not available from prior
      art techniques as none of them are completely laterally and rotationally
      position the removable cast teeth until they are fully seated. Thus, with
      the prior art devices, the existence of the overhand may not be evident
      until the inlay is to be mounted upon the patient's tooth.
PAR  As shown in cross-section in FIG. 4, the part of retainer 20 adjacent the
      pink stone 35 may include a peripheral flange 57 to provide additional
      support to prevent the retainer from sinking into the pink stone. It also
      serves to provide a greater surface area and an angularly configured
      surface to more firmly seat the retainer 20 within the yellow stone 37.
PAR  FIGS. 5 and 6 illustrates a unilateral element 40 and a bilateral element
      45. These elements may be employed in preference to element 30 shown in
      FIG. 3 where extensive work is to be performed on one half of the
      patient's jaw or upon the full jaw. Again, two or more rows of guide pins
      15 are disposed within each of elements 40 and 45 in order that at least
      one pin be in alignment with every tooth, regardless of the size or
      position of the tooth.
PAR  As shown in FIG. 2, the retainer 20, particularly if configured as
      unilateral or bilateral elements 40, 45 shown in FIGS. 5 and 6, may be
      employed without the necessity for adding the yellow stone 37 to form base
      2. In this case, the length of retainer 20 is selected to extend beyond
      the area to be worked upon such that the extending sections 19 of guide
      pins 15 are firmly locked within the adjacent sections of pink stone 35.
      The rigidity of the guide pins 15, as provided by retainer 20, is
      sufficient to maintain the adjacent sections of the die 3 in alignment
      with one another despite removal of the centrally located removable
      sections.
PAR  Where a base 2 (see FIGS. 1 and 2) is to be employed but where it is
      desired that the lower surface 27 of retainer 20 is to be exposed to
      facilitate cleaning of cavities 21, a configuration for the retainer as
      shown in FIG. 7 may be employed. Retainer 60 includes one or more rows of
      guide pins 15 inserted therein. The external surface of retainer 60
      includes an outwardly extending flange 61 disposed at the lower periphery.
      A plurality of ribs 62, which may be dovetailed in cross-section, extend
      upwardly from flange 61 and terminate at a plane defined by the upper
      surface 63 of retainer 60. Flange 61 prevents retainer 60 from being drawn
      through base 2 (see FIG. 2) as the removable sections are pulled upwardly
      therefrom. The multiangular surfaces of flange 61 also aids in firmly
      seating retainer 60 within base 2. The vertically extending ribs 62
      provide a physical interlock with base 2 to prevent lateral movement of
      the retainer. It is to be understood that other flange and/or rib
      configurations may be employed to meet special and/or particular needs for
      lodging the retainer within the base.
PAR  In summary, the present invention provides a retainer having a plurality of
      parallel preformed guide pins slidably mounted therein. Thereby, all of
      the alignment devices and problems associated with prior art techniques
      are completely obviated. As the guide pins are cylindrical and seat within
      mating cavities, the removable sections are laterally postioned on initial
      engagement of the pins within the respective cavities. Where more than one
      guide pin is associated with each removable section, the removable section
      is angularly aligned in the vertical axis immediately upon engagement of
      the guide pins with their respective cavities. As all of the cavities for
      receiving the guide pins are formed parallel to one another,
      simultaneously insertion or removal of multiple guide pins is not impeded
      or restricted due to guide pin misalignment, as is common with prior art
      devices. In the seated position, the guide pins may extend through their
      respective cavities, which permits the guide pins to perform a self
      cleaning function in removing dirt or other particulate matter
      accidentally lodged within the respective cavities. The structural
      integrity of the retainer permits a technician to circumvent the pouring
      of the base, or yellow stone, without comprising the structural or
      positional integrity of the impression.
PAR  While the principles of the invention have now been made clear in an
      illustrative embodiment, there will be immediately obvious to those
      skilled in the art many modifications of structure, arrangement,
      proportions, the elements, materials, and components, used in the practice
      of the invention which are particularly adapted for specific environments
      and operating requirements without departing from those principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for forming a dental model with cast teeth which are
      selectively detachable and replaceable, the model being formed from a
      negative impression of a plurality of teeth, which negative impression
      includes buccal and lingual walls and wherein an uncured casting stone is
      poured into the negative impression to a depth sufficient to include
      margins, the teeth being removable and insertable while maintaining their
      alignment, said method comprising the steps of:
PA1  a. using a retainer having a plurality of parallel transversely oriented
      cylindrical cavities and of a length and configuration commensurate with
      the type and number of cast teeth to be removed from and inserted into the
      dental model;
PA1  b. removably inserting the body of each of a plurality of non-tapered guide
      pins into a mating one of the cylindrical cavities extending through the
      retainer, each of the guide pins having a perturbation disposed at one end
      thereof;
PA1  c. positioning the guide pins within the retainer to maintain the perturbed
      end of each of the guide pins external to the retainer;
PA1  d. locating the retainer adjacent the uncured casting stone to fully
      immerse the perturbed ends of the guide pins within the casting stone;
PA1  e. compacting the casting stone to fill any voids within the negative
      impression and to remove any air bubbles;
PA1  f. curing the casting stone to form a rigid composite assembly of casting
      stone and the perturbed ends of the guide pins, which assembly terminates
      at a nearer surface of the retainer; and
PA1  g. making mesial and distal cuts through the cured casting stone only to
      the surface of the retainer from which the perturbed ends of the guide
      pins extend to segregate a section of casting stone defining at least one
      cast tooth and having at least the perturbed end of one guide pin lodged
      therein but leaving the retainer intact; whereby, the guide pin or guide
      pins extending from the section and being non-tapered and slidably
      retained within the cylindrical cavities of the retainer prevent wobble
      and tilting of the section during removal and reinsertion thereof.
NUM  2.
PAR  2. The method as set forth in claim 1 further including the steps of:
PA1  a. swathing the surface of the casting stone with a lubricant; and
PA1  b. further pouring casting stone within the negative impression to cover
      the first poured casting stone and encase the retainer.
NUM  3.
PAR  3. The method as set forth in claim 2 further including the step of yet
      further pouring casting stone to form a base for the dental model.
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ABST
PAL  Thermosetting molds are formed with electrically conductive surfaces for
      use in high frequency energy flow molding of sheet materials. Preferably
      the mold of this invention has a highly electrically conductive layer
      preferably in an epoxy gel coat carrying electrically conductive particles
      of gold, silver or platinum and positioned over a compatible epoxy mold
      body. A vacuum molding technique is used to obtain good surface definition
      in surface molding.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of applicants' copending patent
      application Ser. No. 308,830 filed Nov. 22, 1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Flow molding with the use of high frequency energy such as radio frequency
      energy has come into widespread use in recent times particularly in the
      surface molding of shoe uppers. As well-known, in such procedures, a
      negative RTV silicone rubber mole is produced, positioned on a ground
      electrode and a sheet stock such as vinyl sheet stock to be surfaced is
      laid over the mold with a top electrode pressed thereon and radio
      frequency energy flowed through the mold to thermally soften the vinyl and
      allow it to take on the surface characteristics of the negative mold.
PAR  The molds used are frequently made from RTV silicone rubber in known flow
      mold making procedures. However, such RTV silicone rubber mold masters
      have limited life spans in high frequency flow molding. The RTV silicone
      rubber molds act to absorb heat causing increased dwell times in the mold
      and in some cases, absorb plasticizers and secondary plasticizers of the
      vinyl thereby causing weakening, swelling and dimensional change of the
      silicone rubber molds. The definition of the surface configuration to be
      transferred is sometimes lost after few molding operations. The silicone
      rubber in some cases tears or permanently distorts. These defects in the
      silicone rubber molds used in flow molding are well-known.
PAR  It has been suggested that more durable molds be formed. For example, epoxy
      molds have been suggested. However, it is found that when such epoxy molds
      are used in radio frequency flow molding, the epoxy tends to absorb heat
      at a rate 3 to 8 times greater than absorbed by silicone rubber thereby
      lengthening dwell times in the mold to an unacceptable degree. Moreover,
      detail of the surface configuration to be transferred is sometimes lost.
      The removal of heat by the epoxy is such that in some cases the vinyl
      sheet being molded never reaches a molten state to allow detail to be
      transferred.
PAR  Probably because of the foregoing problems, the art has in most cases
      continued to use RTV silicone mold masters in high frequency flow molding
      procedures.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a long life thermosetting mold
      for use in high frequency flow molding which mold does not absorb heat of
      molding in an amount to destroy or seriously affect the molding operation.
PAR  Another object of this invention is to provide a thermosetting plastic mold
      in accordance with the preceding object which has an electrically
      conductive molding surface.
PAR  It is still another object of this invention to provide a thermosetting
      plastic mold in accordance with the preceding objects which is resistant
      to adverse interaction with sheets being molded, retains transfer of
      definition for long time periods, is non-self-destructive under normal
      operation pressures and temperatures and has many of the advantageous
      characteristics of a metal mold including long life and high definition.
PAR  Still another object of this invention is to provide a method of flow
      molding incorporating the molds of this invention.
PAR  Still another object of this invention is to provide an improved vacuum
      assist step for use in obtaining good surface definition in flow molding.
PAR  According to the invention, a thermosetting plastic production mold is
      formed with an electrically conductive molding surface layer. Preferably
      the mold is formed with a surface layer of conductive particle filled
      resin, although in some cases the entire body of the mold can be
      conductive.
PAR  In a preferred method a vacuum is created between a sheet to be surface
      flow molded and the forming mold to enhance surface definition of the so
      molded sheet.
PAR  The electrically conductive surface layer is suitable for grounding in an
      RF flow molding machine. When used in this manner, no deleterious heat
      buildup occurs in the thermosetting plastic mold. High surface definition
      can be obtained in sheet materials molded over long time periods without
      cracking or shattering of the mold. Because of the high thermal
      conductivity as well as electrical conductivity of the surface layer,
      short molding cooling cycles and shorter dwell times than customarily used
      are obtained. Because the mold is rigid rather than flexible as with
      previous silicone rubber master molds, better detail such as detail of
      thread twist, needle perforation and the like is easily obtained. The
      conductive surface is preferably, continuous, liquid impervious and
      non-porous thus allowing for good surface definition in molding. The molds
      are rigid at temperatures and pressures used in conventional flow molding.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other features, advantages and objects of the present
      invention will be better understood from the following specification when
      read in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a top plan view of a shoe upper having surface detail and used to
      produce a production mold in accordance with this invention;
PAR  FIGS. 2-5 are semidiagrammatic illustrations of steps in the method of
      producing the thermosetting plastic mold of this invention;
PAR  FIG. 6 is a side cross sectional view through a thermosetting plastic mold
      in accordance with this invention;
PAR  FIG. 7 is a top plan view thereof; and
PAR  FIG. 8 is a semidiagrammatic showing of an improvement in conventional flow
      molding methods.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The high frequency flow molding conditions and apparatus used are as
      well-known in the art. For example, high frequency molding can be carried
      out at the following conditions:
     pressure (lbs/sq.in.on                                                    
                          0.5 to 1000 lbs/sq.in.                               
     sheet molded)                                                             
     dwell time           1-20 seconds                                         
     temperature          70.degree.F-400.degree.F                             
     frequency            20 - 54 megacycles                                   
     Wattage              7.0 to 70 kilowatts                                  
     cooling time under pressure                                               
     after dwell time under                                                    
     electrical energy    1 to 60 seconds                                      
     ______________________________________                                    
PAR  In such molding as known, a sheet material such as a vinyl sheet for
      example having a thickness of from 0.001 inch to 0.200 inch is placed over
      a production mold which is in turn placed on a ground electrode and a top
      electrode brought into contact with the vinyl sheet to press it against
      the production mold while the high frequency energy is passed
      therethrough. Slight flow molding occurs causing the sheet material to
      take on the surface contour and definition of the production mold. For
      example, as known in the shoe art, surface textures including stitching,
      perforation and the like can be imparted to a vinyl sheet during such flow
      molding. The surface contour and texture of a variety of shoe upper
      materials including stitched and embossed leather can be simulated. In
      some cases, the sheet to be molded need not be vinyl but other heat
      softening plastics and even surface treated leather can be surface flow
      molded by standard procedures.
PAR  The particular production mold used in flow molding is an important feature
      of the present invention. It has now been found that by using a
      thermosetting rigid plastic production mold having an electrically
      conductive surface, long life, high definition molds can be rapidly and
      inexpensively made for use in flow molding.
PAR  In an example of making a negative thermosetting plastic negative
      production mold of this invention, a conventional three-step process is
      used with the third step incorporating the conductive layer of this
      invention. In a first stage, a conventional flow molding mold box as
      diagrammatically shown at 10 in FIG. 2 has a rectangular frame 11
      thereover with a pattern or master 12 positioned therein. The pattern 12
      as best shown in FIG. 1, can be a leather-shoe upper having an embossed
      toe portion 13 with a line of stitching 14 therein and a series of
      perforations 15 with a leather grain 16 thereover. The object is to
      produce a mold which will reproduce the embossed, perforated and surface
      definition of the shoe master 12. The first stage is carried out by
      bonding the master 12 to a flat planar lower surface of the mold box as by
      the use of a double surface sticky tape which is compatible with the
      resins later used and which may be Minnesota Mining and Manufacturing
      Company two-way tape No. 419. A mold release agent containing an
      isopropyl-alcohol-water solution of polyvinyl alcohol is then brushed or
      sprayed onto all surfaces and allowed to dry for 30 minutes. Uncoated
      vinyl masters do not require the mold release. Four parts of Arcon epoxy
      T4051A are then mixed with 1 part Arcon T4051B by weight and degassed in a
      vacuum chamber having about 4 times the volume of the epoxy in accordance
      with known procedures. Arcon epoxy T4051A is a product of Allied Resin
      Corporation of East Weymouth, Massachusetts formed of a bisphenol
      A/epichlorohydrin epoxy resin filled with 50% by weight CaCO.sub.3 of a
      particle size ranging from 0.1 to 25 microns with an apparent epoxy
      equivalent weight of 360 .+-. 10. Arcon epoxy T4051B is a product of
      Allied Resin Corporation of East Weymouth, Mass. formed of
      polyoxypropyleneamine having an average molecular weight of 340 .+-. 50.
PAR  The epoxy mixture is then poured slowly over the master 12 and cured for 24
      to 36 hours at room temperature to produce a negative first stage epoxy
      mold 20. Curing can be carried out at 110.degree.F for 12 hours if
      desired.
PAR  As illustrated in FIG. 3, using the first stage mold 20, the general
      procedure illustrated in FIG. 2 is repeated in a second stage. In this
      second stage, the first stage epoxy mold is bonded to the mold box 10 with
      a two-surface stick tape. Ten parts by weight of a silicone rubber RTV
      664A, a trademarked product of General Electric Co. of Waterford, N.Y.
      containing a high strength methyl silane, addition curing, room
      temperature vulcanizing silicone rubber is mixed with 1 part by weight RTV
      664B, a trademarked product of General Electric Co. of Waterford, N.Y.,
      and containing a low molecular weight silicone rubber curing agent. The
      mixture is degassed in an area approximately 5 times the volume of the
      mixture after which the mixture is poured into the mold box and cured for
      24 hours at room temperature or until tack free. The resulting silicone
      rubber positive second stage mold 21 is then thus formed and may be
      postcured for 2 to 3 hours at 300.degree.F or until all surfaces are tack
      free. This results in a positive RTV silicone rubber mold 21, which is
      useful for forming the electrically conductive production mold of this
      invention.
PAR  In a third stage, a production mold of this invention is formed. Three
      parts by weight of T4083A, a product of Allied Resin Corporation of East
      Weymouth, Mass., formed of 24% by weight of bisphenol A/epichlorohydrin
      epoxy resin (molecular weight 360 .+-. 10) filled with 76% by weight of
      silver flake of a particle size ranging from 2 to 25 microns with an
      apparent epoxy equivalent weight of 700 .+-. 50 are mixed with 1 part by
      weight T4083B curing agent, a product of Allied Resin Corporation of East
      Weymouth, Mass., formed of methylethyl ketone solvent solution of two
      isomers 2,2,4 and 2,4,4 trimethylhexamethylenediamine and N-2
      hydroxypropylimidizol as follows:
TBL  2.79% by weight                                                           
                  2,2,4 trimethylhexamethylenediamine                          
     2.79% by weight                                                           
                  2,4,4 trimethylhexamethylenediamine                          
     1.72% by weight                                                           
                  N-2 hydroxypropylimidizol                                    
     92.7% by weight                                                           
                  methylethyl ketone                                           
PAL  The mixture is then sprayed onto the silicone rubber mold 21 in a mold box
      10 using a Paache No. 3 air brush to develop a film thickness of 0.010
      inch. The mold box 10 is then heated at 140.degree.F for 2 hours in an air
      circulating oven. This forms a gel coat of an epoxy over the silicone
      rubber positive mold 21. 100 parts of Arcon epoxy T4046A, a product of
      Allied Resin Corporation of East Weymouth, Mass., formed of an admixture
      of:
TBL  26.7% by weight                                                           
                bisphenol A/epichlorohydrin epoxy resin                        
                molecular weight of 360 .+-. 10                                
      5.4% by weight                                                           
                milled glass fibers (1/32 wide screen                          
                size)                                                          
     14.6% by weight                                                           
                Al.sub.2 O.sub.3 particle size 1 to 8 microns                  
     53.3% by weight                                                           
                Iron powder particle size 5-125 microns.                       
PAL  The above admixture, having an apparent epoxy equivalent weight of 675 .+-.
      10, is mixed together with 3 parts by weight Arcon T4046B formed of:
TBL  38.3% by weight                                                           
                  2,2,4 trimethylhexamethylenediamine                          
     38.3% by weight                                                           
                  2,4,4 trimethylhexamethylenediamine                          
     23.4% by weight                                                           
                  N-2 hydroxypropylimidizol                                    
PAL  The mixture is degassed in a mixing container having a volume approximately
      5 times the volume of the mixture. The mixture is then slowly poured into
      the mold over the gel coating and cured for 2 hours at 200.degree.F and
      then 3 hours at 350.degree.F. The completed third stage negative
      production mold is then cooled to room temperature and demolded slowly.
      Additional gel coating formed of T4083A in the proportions previously
      described are sprayed onto the sides and bottom of the mold so that all
      exterior surfaces have a volume resistivity of 1 .times. 10.sup..sup.-3
      ohms-cm with minimum film thickness of 0.005 inch. This additional coating
      is heated to 140.degree.F for 2 hours and postcured for 2 hours at
      350.degree.F.
PAR  The resultant production mold has a surface coating which is uniformly
      electrically conductive and which is eminently suitable for use in high
      frequency flow molding.
PAR  The resultant third stage mold 30 (FIGS. 6 and 7) has a rigid body 31 with
      an electrically conductive surface 32 preferably extending completely
      therearound and with a negative surface configurations 33 conforming to
      the surface configuration of the original 12. When placed in a high
      frequency flow molding apparatus diagrammatically illustrated in FIG. 5
      between a planar surfaced top electrode 36 and a bottom planar surfaced
      electrode 37 along with a vinyl sheet 38 to be molded, the surface
      configuration can easily be produced in the vinyl sheet at conventional
      pressures and frequency ranges. In fact, somewhat lower amounts of
      electrical energy are necessary. For example, a flow molding machine can
      be used for molding vinyl sheets having a thickness of 0.068 inch in the
      form of a vamp pattern having a surface area of 100 sq. inches. The mold
      30 is used and the machine operated at a pressure of 3 psi, dwell time of
      7 seconds, room temperature, frequency 48 megacycles, wattage 15 kilowatts
      drawing 1500 volts R.F. and cooling time under pressure 10 secones. Good
      surface texture is provided on a surface of the vamp. The mold 30 has a
      long life span with relatively inexpensive cost as compared with metal
      molds. The mold does not absorb heat because of its surface coating which
      is heat conductive as well as electrically conductive causing
      substantially all the heat to be absorbed in the vinyl resulting in short
      dwell times. Moreover, the surface coating of the epoxy prevents absorbing
      of dioctyl phthalate and secondary plasticizers from the vinyl. Shorter
      cooling cycles in the mold are possible becuase of the high thermal
      conductivity. The rigidity and wear resistance of the molds are excellent
      giving high surface definition and extremely good detail in the surface
      coating formed.
PAR  The epoxy mold of this invention essentially has all the characteristics of
      the mold without the high cost of producing a metal mold.
PAR  In an alternate form of the method of this invention, in some cases even
      better surface definition can be obtained in flow molding by removing
      gases from the area between the sheet to be molded and the mold during the
      molding operation. This can be easily carried out by evacuating the area
      between the platens after first forming a gas seal therebetween. Removal
      of air along with water vapor from the molding area enables more uniform
      control of the molding operation, removes ionizable gases and water vapor
      which could cause problems and prevents gas pocketing to allow free flow
      of material without resistance into deep cavities in the mold surface.
PAR  FIG. 8 illustrates the use of vacuum and removal of gases during flow
      molding. In this figure, the mold 30 previously described is positioned
      between platens 36 and 37 as previously described with a vinyl sheet 38
      interposed. The molding arrangement includes an encircling resilient
      gasket 50 attached to preferably the upper platen 36 and a solenoid flip
      valve 51 connecting a vacuum line 52 to the mold area. High frequency
      transmission lines 53 and 54 are attached to the platens as known in the
      art and a conventional hydraulic press 55 is used. Using the conditions of
      the above-noted example, the vinyl sheet 38 is positioned in the mold area
      with the mold attached to the lower platen 37. The platens are then
      partially closed to form a hermetic seal about the mold and vinyl sheet
      due to the contact of the encircling gasket 50 with both platens. The
      vacuum line 52 is then opened to create a vacuum in the molding area.
      Power is applied and molding carried out using conventional procedure
      after which the mold is allowed to cool. The solenoid flip valve is then
      opened to allow air to reenter the molding area whereby the chamber can be
      easily opened.
PAR  It should be understood that the creation of a vacuum which removes gases
      including water vapor from the molding area is useful in high frequency
      flow molding even where the electrically conductive molds of this
      invention are not used. Thus, the vacuum step has advantages even where
      metal or other molds in place of mold 30 are used. While it is preferred
      to obtain a high vacuum in the molding area during molding, any vacuum
      provides some advantages. Preferably a vacuum of 29 inches of mercury is
      used. The vacuum can be applied only to the area between the sheet to be
      molded and the surface textured area of the mold if desired rather than to
      the entire mold area. However, application of the vacuum to the entire
      mold area between the platens and surrounding the sheet is perferred.
PAR  While specific examples of this invention have been shown and described, it
      should be understood that many variations are possible. The plastic
      thermosetting mold need not be formed of an epoxy material and in some
      cases other thermosetting materials which have heat distortion rates above
      250.degree.F can be used. Such materials include other epoxys, polyesters,
      phenolics, silicones and combinations of these and the like. The specific
      fillers used to provide electrical conductivity can vary with silver, gold
      or platinum particles being preferred because the oxides thereof are
      highly electrically conductive while other metal oxides are
      non-conductive. The fillers can be in conventional finely divided particle
      forms such as powder, flakes, spheres or irregular shpaes. In some cases,
      the particles can be formed with cores of non-conductive or conductive
      materials and carry desired outer coatings of metals such as silver, gold
      or platinum in order to reduce cost while maintaining desired properties.
      For example, known silver coated copper particles are suitable for use in
      the molds of this invention. Preferably the electrically conductive
      surface layer of the mold has a thickness of at least 0.001 inch. The
      thickness can vary greatly depending on the frequency of R.F. energy used
      in the molding operation. Preferably the surface layer and mold body are
      of the same general family of plastics such as in the example given;
      however, different plastic materials can be used for each so long as they
      are compatible and evidence the desired characteristics of this invention.
PAR  In all cases it is preferred that the highly conductive surface layer of
      the mold have a volume resistivity no higher than 1 .times. 10.sup..sup.-1
      ohms-cm at 20.degree.C and more preferably be in the range of from 1
      .times. 10.sup.3 to 1 .times. 10.sup..sup.-5 ohms-cm at 20.degree.C.
      Preferably the conductive layer has a thickness of from 0.003 to 0.1 inch.
      The conductivity should be sufficient to avoid RF energy absorption and
      heat buildup in the mold. In some cases, the entire mold can be
      electrically conductive although surface layers as described are
      sufficient to achieve the results desired. Preferably, the molds have
      hardness values of at least 45 Shore D with minimum coating thicknesses of
      at least 25 microns.
PAR  In some cases, the entire mold can be electrically conductive although this
      does not significantly increase the advantageous properties of the mold.
      When the entire mold is electrically conductive, it is formed integrally
      of a thermosetting plastic material as described above. Thus epoxys,
      polyesters, phenolics, silicones and the like used for either the coating
      layer or base of the mold such as 30 is used for the entire mold body and
      has uniformly incorporated therein the conductive fillers of this
      invention as previously described. For example, a uniformly electrically
      conductive mold throughout can be formed using a silicone rubber positive
      mold such as 21, by pouring into the mold 21 a mixture comprising 100
      parts of Arcon epoxy T4046A and three parts by weight Arcon T4046B having
      uniformly incorporated therein 76% by weight of silver flakes of a
      particle size ranging from 2 to 25 microns. The molding material is mixed
      together and molded as previously described in the above example and a
      fully uniformly electrically conductive mold identical to mold 30 is
      formed except that the entire mold is electrically conductive. In this
      case, the entire mold has the uniform electrically conductive properties
      of the surface layer of mold 30.
PAR  While sheet molding has been described for use on shoe uppers, sheet
      molding of various types can be carried out with high frequency energy for
      various uses including producing of surface effects for handbags, shoes,
      clothing, automotive dashboards, place mats and other uses.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of flow molding to form a surface texture on a sheet material,
PA1  said method comprising,
PA1  positioning a mold on an electrode of a high frequency flow molding
      apparatus, said mold defining a body, a mold base and a mold outer surface
      carrying means for transferring a surface configuration to a sheet to be
      molded,
PA1  said mold body being formed of a rigid thermosetting resin material and
      having an electrically conductive layer forming a continuous path from
      said base to said means, said path being formed by a plurality of finely
      divided, uniformly dispersed metal surfaced particle fillers, with the
      metal selected from the group consisting of gold, silver and platinum,
PA1  and arranging a sheet to be molded, adjacent said mold means and backed by
      a second electrode of said high frequency molding apparatus,
PA1  applying heat and pressure to said sheet to be molded to cause transfer of
      said surface configuration to said sheet to be molded with said
      electrically conductive layer acting to prevent heat buildup in said mold.
NUM  2.
PAR  2. A method in accordance with the method of claim 1 wherein said mold has
      a surface layer only formed of a resin material having metal surfaced
      particles uniformly dispersed therein to give uniform electrically
      conductive properties to said layer.
NUM  3.
PAR  3. A method in accordance with the method of claim 2 in which said resin of
      said mold body and layer is an epoxy resin and said particles are silver
      particles with said layer having a volume resistivity of from 1 .times.
      10.sup..sup.-3 to 1 .times. 10.sup..sup.-5 ohms-cm at 20.degree.C.
NUM  4.
PAR  4. A method in accordance with the method of claim 1 wherein said pressure
      is in the range of from 0.5 to 100 psi and said temperature is in the
      range of from 80.degree.F to 400.degree. F with said heat and pressure
      being applied in the mold with a dwell time of from 1 to 20 seconds using
      a frequency of from 20 to 54 megacycles at a wattage of from 7 to 70
      kilowatts and a cooling time under pressure after dwell time of from 1 to
      60 seconds.
NUM  5.
PAR  5. A method in accordance with the method of claim 1 wherein a vacuum
      condition is created between said sheet and mold means to improve transfer
      of said surface configuration during said application of said heat and
      pressure.
NUM  6.
PAR  6. A method in accordance with the method of claim 1 wherein said layer has
      a volume resistivity of from 1 .times. 10.sup..sup.-3 to 1 .times.
      10.sup..sup.-5 ohms-cm at 20.degree.C.
NUM  7.
PAR  7. In a method of flow molding wherein a mold and sheet to be flow molded
      are positioned between a pair of platens and the platens are brought
      together to mold said sheet with a surface configuration, the improvement
      comprising,
PA1  said mold comprising a mold body, a mold base and a mold outer surface
      carrying means for transferring a surface configuration to said sheet to
      be molded, said mold body being formed of a rigid thermosetting plastic
      material and having an electrically conductive layer forming a continuous
      conductive path from said base to said means, said path being formed by a
      plurality of finely divided, uniformly dispersed, metal surfaced particles
      with the metal selected from the group consisting of gold, silver and
      platinum and said conductive layer having a volume resistivity of from 1
      .times. 10.sup..sup.-3 to 1 .times. 10.sup..sup.-5 ohms-cm at 20.degree.C.
NUM  8.
PAR  8. A method in accordance with the method of claim 7 wherein said
      electrically conductive layer has a thickness of from 0.001 inch to 0.1
      inch and said mold is formed of an epoxy having a hardness value of at
      least 45 Shore D.
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ABST
PAL  A process for the production of carbon micro-balloons and carbon
      micro-spheres which comprises reacting polymeric microparticles with
      sulfuric anhydride or chlorosulfonic acid so as to make the surface layer
      or the whole of the micro-particles infusible and then carbonizing the
      obtained micro-particles by heating them at a temperature above the
      decomposition point of the starting polymer.
BSUM
PAR  The present invention relates to a novel process for producing a carbon
      micro-balloon and a carbon micro-shpere, which are novel products and are
      widely useful in industry because of the superior properties of carbon,
      such as superior heat resistance, electric conductivity, friction
      property, chemical resistance, and the like.
PAR  There has, hitherto, been known that a carbon micro-balloon can be produced
      by carbonizing an organic micro-balloon made from an organic material such
      as a phenalic resin, or by dispersing an appropriate foaming agent into a
      specific pitch, making a micro-balloon particle therefrom, heating it to
      make a micro-balloon and then carbonizing it at higher temperatures.
      However, the former method has disadvantages that it is necessary to use
      an organic micro-balloon made from an organic material such as a phenalic
      resin and further it requires many steps. Besides, in the latter method it
      is necessary to prepare a specific pitch and therefore the method is not
      suitable for the industrial manufacture of the carbon product.
PAR  Under the circumstances, studies have been conducted to find a novel
      process for producing carbon products such as carbon micro-balloons and
      carbon micro-spheres without the disadvantages above-mentioned, and it has
      now been found that there can be easily produced the desired carbon
      micro-balloon and carbon micro-sphere by reacting a micro-particle made
      from one or more kinds of polymers with sulfuric anhydride or
      chlorosulfonic acid and then carbonizing the resulting modified
      micro-particle by heating.
PAR  According to the present invention, a micro-particle made from a polymer is
      reacted with sulfuric anhydride or chlorosulfonic acid so as to make the
      surface layer or the whole of the micro-particle infusible and the
      modified micro-particle is carbonized by heating to give the desired
      carbon micro-balloon or carbon micro-sphere, respectively. In the present
      method, it is not necessary to prepare previously a micro-balloon from the
      starting material and further any conventional polymer can be used as the
      starting material.
PAR  There have been known some methods for making a polymer infusible and
      improving the yield in the carbonization step, such as oxidization with
      oxygen, ozone or the like, halogenation with chlorine, bromine or the
      like, and carbonization in an atmosphere of phosphorous pentachloride or
      hydrogen chloride. The present inventors have studied various methods for
      carbonizing organic materials and have found that a cheaper material such
      as polyethylene and polystyrene can be used as the starting material and
      it can be easily carbonized by heating at around 1000.degree.C in a high
      carbonization yield such as 90 percent or more. In the present
      specification, the carbonization yield means the ratio by weight of
      carbonization residue to the carbon in the starting material.
PAR  When the starting material as mentioned above is heated in an atmosphere of
      inactive gas, such as nitrogen, helium or argon, or in a vacuum up to a
      temperature of 1000.degree.C, a carbon product can be hardly obtained.
      According to the present invention, however, when the starting material is
      previously reacted with sulfuric anhydride or chlorosulfonic acid, it can
      be substantially carbonized by heating at around 500.degree.C in an
      atmosphere of inactive gas, such as nitrogen, helium or argon, or in a
      vacuum.
PAR  Thus, the present invention provides a novel process for producing a carbon
      micro-balloon and a carbon micro-sphere by reacting a micro-particle made
      from one or more kinds of polymers with sulfuric anhydride or
      chlorosulfonic acid until the surface layer or the whole of the
      micro-particle is made infusible and then carbonizing the modified
      micro-particle by heating.
PAR  In the present invention, various kinds of polymers can be used as the
      starting material. One example of the polymer is a polymer obtained from a
      monomer having a vinyl group in the molecule, which has the following
      general formula:
      ##EQU1##
      wherein R.sub.1 is hydrogen, hydrocarbon, substituted hydrocarbon,
      hydrocarbonoxy, substituted hydrocarbonoxy, halogen, cyano, hydroxy,
      --OCOR.sub.2 or --COOR.sub.2 ; R.sub.2 is hydrogen, hydrocarbon or
      substituted hydrocarbon; and n is an integer which shows the degree of
      polymerization. Suitable examples of the polymer are an alkyl vinyl
      polymer (e.g. polyethylene, or polypropylene), and aryl vinyl polymer
      (e.g. polystyrene, or polyvinylnaphthalene), a vinyl ether polymer (e.g.
      polyethyl vinyl ether, or polyisobutyl vinyl ether), a halogenovinyl
      polymer (e.g. polyvinyl chloride), a polyvinyl ester (e.g. polyvinyl
      acetate), a polyacrylic ester (e.g. polymethyl acrylate), a polyvinyl
      nitrile (e.g. polyacrylonitrile) and the like.
PAR  Another example of the polymer is a polymer obtained from a monomer having
      a vinylidene group in the molecule, which has the following general
      formula:
      ##EQU2##
      wherein R.sub.1 and R.sub.2 are each hydrocarbon, substituted hydrocarbon,
      hydrocarbonoxy, substituted hydrocarbonoxy, halogen, cyano, --OCOR.sub.3
      or --COOR.sub.3 ; R.sub.3 is hydrogen, hydrocarbon or substituted
      hydrocarbon; and n is an integer which shows the degree of polymerization.
      Suitable examples of the polymer are an alkyl or aryl vinylidene polymer
      (e.g. polyisobutylene, or poly(.alpha.-methylstyrene)), a
      halogenovinylidene polymer (e.g. polyvinylidene chloride), a
      poly(.alpha.-alkyl acrylate) (e.g. polymethyl methacrylate, or polyethyl
      methacrylate), a cyanovinylidene polymer (e.g. polycyanovinylidene), and
      the like.
PAR  A further example of the polymer is a polymer obtained from a monomer
      having a conjugated double bond in the molecule, which has the following
      general formula:
      ##EQU3##
      wherein R.sub.1 is hydrogen, hydrocarbon, substituted hydrocarbon,
      halogen, cyano, --OCOR.sub.4 or --COOR.sub.4 ; R.sub.4 is hydrogen,
      hydrocarbon or substituted hydrocarbon; and n is an integer which shows
      the degree of polymerization. Suitable examples are polybutadiene,
      polyisoprene, polychloroprene (neoprene), and the like.
PAR  A still further example of the polymer is a copolymer of two or more kinds
      of monomers of the above polymers (I), (II) and (III), or a graft
      copolymer thereof. Suitable examples of the copolymer are
      ethylene-propylene copolymer, ethylenepropylene-dicyclopentadiene
      terpolymer, ethylene-propylene-ethylidenenorbornene terpolymer,
      styrene-acrylonitrile copolymer, styrene-acrylonitrile-butadiene
      terpolymer, ethylene-vinyl acetate copolymer, styrene-butadiene copolymer
      (SBR and high impact polystyrene are also included therein),
      butadieneacrylonitrile copolymer, ethylene-isobutylene-butadiene
      terpolymer, ethyl acrylate-.beta.-chloroethyl vinyl ether copolymer, butyl
      acrylate-acrylonitrile copolymer, vinyl chloride-ethylene copolymer, vinyl
      chloride-propylene copolymer, normal butene-isobutene copolymer,
      isobutylene-isoprene copolymer, acrylonitrile-methyl acrylate copolymer,
      acrylonitrile-vinyl acetate copolymer, acrylonitrile-methyl methacrylate
      copolymer, acrylonitrile-acrylic acid copolymer, acrylonitrile-methacrylic
      acid copolymer, acrylonitrile-vinyl chloride copolymer,
      acrylonitrile-vinylidene chloride copolymer, vinyl chloride-vinylidene
      chloride copolymer, and the like.
PAR  There may be further used other polymers, such as polyesters (e.g.
      polyethylene terephthalate, polyethylene isophthalate, polyethylene
      fumarate, polypropylene maleate, or polyparaethyleneoxy benzoate);
      polyamides (e.g. polycapramide (i.e. nylon-6), or
      polyhexamethylenedipolyamide (i.e. nylon-66); polyurethanes (e.g.
      polyethylene methylenebis(4-phenyl)carbamate, or polytetramethylene
      hexamethylenedicarbamate); polyalkylene ethers or poly(substituted
      alkylene ethers) (e.g. polyoxymethylene, polyethylene oxide, or
      poly(bischloromethyloxyethane)); polyphenylene oxides (e.g.
      poly-(2,6-dimethyl-1,4-phenylene oxide), or
      poly(2,6-diphenyl-1,4-phenylene oxide)); polymers containing formaldehyde
      as a monomer unit (e.g. xylene-formaldehyde polymer, methyl ethyl
      ketone-formaldehyde polymer, acetophenone-formaldehyde polymer,
      cyclohexanone-formaldehyde polymer, styrene-formaldehyde polymer,
      toluene-formaldehyde polymer, phenol-formaldehyde polymer,
      melamine-formaldehyde polymer, or urea-formaldehyde polymer); polymers
      containing bisphenol A as a monomer unit (e.g. bisphenol A-epichlorohydrin
      polymer, bisphenol A-phosgene polymer, or bisphenol A-4,4'-diphenylsulfone
      polymer); and unsaturated polyesters obtained from a monomer such as
      diallyl phthalate. There may be also used pitches obtained by purification
      of petroleum or by carbonization of coal.
PAR  Among those polymers, the preferred one is a polymer having at least 60
      percent of theoretical carbon content. Particularly, polystyrene and
      polyethylene are the most suitable starting material for the industrial
      production of carbon products in view of the low  cost thereof and the
      ease of making micro-particles therefrom. These polymers may be used in
      the present invention alone or in a form of a mixture of two or more kinds
      thereof.
PAR  The starting polymer is at first formed into a micro-particle which is
      substantially spherical. The micro-particle may be preferably prepared
      directly during the course of the polymerization process by suspension
      polymerization, emulsion polymerization or the like, but any other
      conventional methods may be used. The size of the micro-particle is
      preferably in a range of 1 .mu. to 1 cm, more preferably 10 .mu. to 1000
      .mu. in diameter in view of the utility of the final product carbon
      micro-balloon and carbon micro-sphere.
PAR  The micro-particle is reacted with sulfuric anhydride of chlorosulfonic
      acid at a temperature of below the melting or softening point of the
      micro-particle and above -30.degree.C, preferably above 0.degree.C, and
      thereby the surface layer of the micro-particle is made infusible to give
      a modified micro-particle.
PAR  The sulfuric anhydride may be used as it is, or in a mixture thereof with
      an optional amount of substantially anhydrous air or inactive gas (e.g.
      nitrogen, helium, or argon), or sulfuric acid, a halogenated solvent (e.g.
      methylene chloride, dichloroethane, or chloroform), dimethylformamide,
      dimethylsulfoxide, liquidized sulfur dioxide, or the like. The
      chlorosulfonic acid may be used as it is, or in a mixture thereof with an
      optional amount of a halogenated solvent (e.g. methylene chloride,
      dichloroethane, or trifluoroacetic acid), acetic acid, acetic anhydride,
      sulfuric acid, or the like.
PAR  The temperature in the modification step above-mentioned may be maintained
      at a fixed one within the range defined above through the whole reaction,
      but may be gradually risen. When the temperature is risen, the upper limit
      may be preferably at around 400.degree.C, since it causes undesirable side
      reactions to heat over the upper limit.
PAR  According to the modification treatment with sulfuric anhydride or
      chlorosulfonic acid, the starting micro-particle is modified from the
      surface. Accordingly, by selecting an appropriate reaction temperature and
      reaction time, the inner part of the micro-particle may be maintained
      without being modified, i.e. the inner part may be not reacted. The
      surface layer thus modified may be changed to an insoluble and infusible
      material by heating in a range of 100.degree.C to 400.degree.C, preferably
      250.degree.C to 400.degree.C.
PAR  The modified micro-particle is carbonized by heating at a temperature of
      above the main decomposition point of the starting material, at least
      above 500.degree.C in an atmosphere of an inactive gas (e.g. nitrogen,
      helium, or argon) or in a vacuum, and thereby the inner part (not
      modified) of the micro-particle is decomposed by heat and most of them are
      released out in a form of a gas to give the desired carbon micro-balloon,
      the inner part of which is hollow. When a carbon micro-balloon is
      produced, the upper limit of the heating temperature is suitably around
      1500.degree.C. By the way, when a graphitized micro-balloon is produced,
      the upper limit of the heating temperature is around 2000.degree.C to
      3000.degree.C.
PAR  The heating rate in the carbonization step may be lower than
      100.degree.C/minute, preferably lower than 50.degree.C/minute. Insofar as
      the heating rate is within this limit, no noticeable difference is seen in
      the yield and the mechanical properties of the carbonized product by the
      variation of the heating rate.
PAR  Thus, by changing the temperature and time in the modification step, the
      thickness of the modified surface layer of the micro-particle can be
      appropriately controlled and then the thickness of the shell of the carbon
      micro-balloon can be also controlled. Furthermore, when the micro-particle
      is reacted with sulfuric anhydride or chlorosulfonic acid sufficiently and
      thereby the whole of the micro-particle is modified (made infusible), the
      desired carbon micro-sphere, the inner part of which is not hollow, can be
      produced by carbonizing the modified micro-particle by heating in the same
      manner as described above.
PAR  As understood from the above explanations, the conditions for the
      modification treatment of the micro-particle made from polymers depend on
      the kind of the polymers, the size of the micro-particles, the thickness
      of the shell of the carbon micro-balloon to be obtained, the kind and
      concentration of the reagent to be used in the modification treatment, the
      reaction temperature and time during the modification treatment and so on.
      In order to obtain the carbon micro-balloon having a larger thickness, a
      higher reaction temperature, a longer reaction time and/or a higher
      concentration of the reagent may be used. The adoption of a higher
      reaction temperature and/or a higher concentration of the reagent may be
      effective in shortening the time for the modification treatment.
PAR  The carbon micro-balloon and carbon micro-sphere and their graphitized
      products obtained by the present invention have superior heat resistance,
      chemical resistance, electroconductivity and lubricity and are useful in
      various fields. For instance, their mixtures with thermosetting resins
      (e.g. epoxy resin, phenolic resin) or thermoplastic resins (e.g. Teflon,
      Nylon, polyacetal) are useful for the manufacture of mechanical parts of
      low friction and high abrasion resistance and also for the manufacture of
      electro-conductive and electro-thermal articles. Further, for instance,
      the products obtained by molding the said materials by the aid of a binder
      such as pitch or a phenolic resin and carbonizing the binder on heating to
      form carbon foam materials may be used as electrodes in fuel cells and
      air-zinc cells, thermal-insulating materials, filters for acids and
      alkalis and the like. The activation of the carbon foam materials can
      afford air filters having a small air resistance. Moreover, the carbon
      micro-balloon and its graphitized product are per se useful as
      thermal-insulating materials, sensitive carbons for telephones and the
      like.
PAR  The present invention is illustrated by the following examples but is not
      limited thereto.
DETD
PAC  EXAMPLE 1
PAR  Polystyrene micro-particles having 100 - 190 .mu. in diameter (5 g) were
      dispersed into fuming sulfuric acid (200 g) containing 30 percent by
      weight of sulfuric anhydride and then the mixture was reacted with
      agitation at 30.degree.C for 5 hours. After the reaction, polystyrene
      micro-particles were separated by filtration and washed with sulfuric acid
      and further washed sufficiently with water and dried in a vacuum at room
      temperature for 5 hours. The modified polystyrene micro-particles thus
      obtained were 12.1 g. The modified polystyrene micro-particles were
      carbonized by heating in nitrogen gas and raising the temperature at a
      rate of 300.degree.C/hour from room temperature up to 1000.degree.C to
      give carbon micro-spheres having no hollow portion in a yield of 91.8
      percent calculated on the starting polystyrene micro-particle.
PAC  EXAMPLE 2
PAR  In the same manner as described in Example 1, the modification reaction was
      carried out, excepting that the reaction time with fuming sulfuric acid
      was one hour. The modified polystyrene micro-particles obtained after
      drying in a vacuum were 9.3 g. The modified polystyrene micro-particles
      were carbonized by heating in nitrogen gas while raising the temperature
      at a rate of 300.degree.C/hour from room temperature up to 1000.degree.C
      to give carbon micro-balloons in a yield of 66.8 percent. The thickness of
      the shell of the micro-balloons was about 30 .mu. in average.
PAC  EXAMPLE 3
PAR  In the same manner as described in Example 1, the modification reaction was
      carried out, excepting that the concentration of sulfuric anhydride in
      fuming sulfuric acid was 60 percent by weight. The modified polystyrene
      micro-particles obtained after drying in vacuum were 14.8 g. The modified
      polystyrene micro-particles were carbonized by heating in nitrogen gas
      while raising the temperature at a rate of 300.degree.C/hour from room
      temperature up to 1000.degree.C to give carbon micro-spheres having no
      hollow portion in a yield of 98.8 percent.
PAC  EXAMPLE 4
PAR  Polystyrene micro-particles produced by suspension polymerization were
      passed through a screen and the polystyrene micro-particles having 149 -
      210 .mu. in diameter were contacted with sulfuric anhydride in nitrogen
      carrier gas with agitation at 80.degree.C for 2 hours and then carbonized
      by heating at nitrogen gas while raising the temperature in a rate of
      300.degree.C/hour up to 1000.degree.C. The yield of the carbon
      micro-balloon thus obtained was 42.6 percent calculated on the starting
      polystyrene micro-particle. The thickness of the shell of the
      micro-balloon was about 30 .mu. in average.
PAC  EXAMPLE 5
PAR  Polystyrene micro-particles having 210 - 297 .mu. in diameter were
      contacted with sulfuric anhydride in nitrogen carrier gas with agitation
      while raising the temperature at a rate of 10.degree.C/hour from
      80.degree.C up to 120.degree.C and then carbonized by heating and raising
      the temperature at a rate of 300.degree.C/hour up to 1000.degree.C to give
      carbon micro-sphere having no hollow portion in a yield of 87.1 percent.
PAC  EXAMPLE 6
PAR  Polystyrene micro-particles as in Example 4 were contacted with
      chlorosulfonic acid at 55.degree.C for 6 hours and then the chlorosulfonic
      acid was removed. The modified polystyrene micro-particles thus obtained
      were washed with acetic acid and dried, and then carbonized in nitrogen
      gas by raising the temperature at a rate of 300.degree.C/hour up to
      1000.degree.C to give carbon micro-balloons. The yield of the carbon
      micro-balloon was 31.3 percent.
PAC  EXAMPLE 7
PAR  Polystyrene micro-particles as in Example 4 were dipped into chlorosulfonic
      acid at room temperature and heated with agitation while raising the
      temperature at a rate of 60.degree.C/hour up to 145.degree.C and then it
      was allowed to stand at the same temperature for one hour. After removing
      chlorosulfonic acid, the modified polystyrene micro-particles were washed
      with acetic acid and dried, and then carbonized in nitrogen gas by raising
      the temperature at a rate of 300.degree.C/hour up to 1000.degree.C to give
      carbon micro-spheres. The yield was 88.7 percent.
PAC  EXAMPLE 8
PAR  High density polyethylene micro-particles having an average diameter of 150
      .mu. were dipped into chlorosulfonic acid and further treated in the same
      manner as described in Example 7. The product thus obtained was carbonized
      in nitrogen gas by raising the temperature at a rate of 300.degree.C/hour
      up to 1000.degree.C to give carbon micro-spheres. The yield was 85.3
      percent.
PAC  EXAMPLE 9
PAR  Trans-polybutadiene micro-particles (trans component: 88.5 percent) having
      an average diameter of 100 .mu. were contacted with sulfuric anhydride in
      nitrogen carrier gas with agitation at 100.degree.C for 2 hours and then
      carbonized by heating in nitrogen gas by raising the temperature at a rate
      of 300.degree.C/hour up to 1000.degree.C. The yield of the carbon
      micro-balloon thus obtained was 54.2 percent.
PAC  EXAMPLE 10
PAR  Acrylonitrile-butadiene copolymer micro-particles (acrylonitrile component:
      48 percent) having an average diameter of 300 .mu. were contacted with
      sulfuric anhydride in nitrogen carrier gas with agitation at 50.degree.C
      for 2 hours and then carbonized by heating in nitrogen gas and raising the
      temperature at a rate of 300.degree.C/hour up to 1000.degree.C. The yield
      of the carbon micro-balloon thus obtained was 32.9 percent.
PAC  EXAMPLE 11
PAR  S-B-S type styrene-butadiene copolymer micro-particles (styrene component:
      56 percent) having an average diameter of 300 .mu. were treated in the
      same manner as described in Example 10 to give carbon micro-balloons. The
      yield was 31.4 percent.
PAC  EXAMPLE 12
PAR  Each of the micro-particles of trans-polybutadiene, acrylonitrile-butadiene
      copolymer and styrene-butadiene copolymer, which were prepared in Examples
      9, 10 and 11, respectively, were dipped into chlorosulfonic acid at room
      temperature and then heated with agitation while raising the temperature
      at a rate of 60.degree.C/hour up to 110.degree.C and allowed to stand at
      the same temperature for one hour. After removing chlorosulfonic acid, the
      modified micro-particles were washed with acetic acid to give modified
      black micro-particles. The modified micro-particles were carbonized by
      heating in nitrogen gas up to 1000.degree.C to give carbon micro-balloons.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing carbon micro-balloons which comprises reacting
      micro-particles made from at least one polymer selected from the group
      consisting of an alkyl vinyl polymer, an aryl vinyl polymer, a vinyl ether
      polymer, a polyacrylic ester, a polyvinyl nitrile, an alkyl vinylidene
      polymer, an aryl vinylidene polymer, a cyanovinylidene polymer,
      polybutadiene, polyisoprene and polychloroprene with sufficient sulfuric
      anhydride or chlorosulfonic acid at a temperature of 0.degree.C. to
      400.degree.C. so as to render the surface layer of said micro-particles
      infusible while the inner part of the micro-particles is maintained
      without being so modified, and carbonizing the resulting modified
      micro-particles by heating at a temperature above the decomposition point
      of the starting polymer, said temperature being at least in the range of
      500.degree.C. to 1,500.degree.C.
NUM  2.
PAR  2. A process for producing carbon micro-spheres which comprises reacting
      micro-particles made from one or more polymers as set forth in claim 1
      with sufficient sulfuric anhydride or chlorosulfonic acid at a temperature
      of 0.degree.C. to 400.degree.C. until the whole of the micro-particles is
      rendered infusible, and carbonizing the resulting infusible
      micro-particles by heating at a temperature above the decomposition point
      of the starting polymer, said temperature being at least in the range of
      500.degree.C. to 1,500.degree.C.
NUM  3.
PAR  3. A process for producing graphitized micro-balloons according to claim 1,
      wherein the heating of the modified micro-particles is carried out at a
      temperature of from 1,500.degree.C to 3,000.degree.C.
NUM  4.
PAR  4. A process for producing graphitized micro-spheres according to claim 2,
      wherein the heating of the infusible micro-particles is carried out at a
      temperature of from 1,500.degree.C. to 3,000.degree.C.
NUM  5.
PAR  5. The process according to claim 1, wherein the sulfuric anhydride is used
      in a mixture with sulfuric acid.
NUM  6.
PAR  6. The process according to claim 2, wherein the sulfuric anhydride is used
      in a mixture with sulfuric acid.
NUM  7.
PAR  7. The process according to claim 1, wherein the sulfuric anhydride is used
      in a mixture with at least one gas selected from the group consisting of
      substantially anhydrous air, nitrogen, helium and argon.
NUM  8.
PAR  8. The process according to claim 2, wherein the sulfuric anhydride is used
      in a mixture with at least one gas selected from the group consisting of
      substantially anhydrous air, nitrogen, helium and argon.
NUM  9.
PAR  9. The process according to claim 1, wherein the polymer is an alkyl vinyl
      polymer or an aryl vinyl polymer.
NUM  10.
PAR  10. The process according to claim 2, wherein the polymer is an alkyl vinyl
      polymer or an aryl vinyl polymer.
NUM  11.
PAR  11. The process according to claim 9, wherein said polymer has a carbon
      content of at least 60 percent.
NUM  12.
PAR  12. The process according to claim 10, wherein said polymer has a carbon
      content of at least 60 percent.
NUM  13.
PAR  13. The process according to claim 9, wherein said alkyl vinyl polymer is
      polyethylene and said aryl vinyl polymer is polystyrene.
NUM  14.
PAR  14. The process according to claim 10, wherein said alkyl vinyl polymer is
      polyethylene and said aryl vinyl polymer is polystyrene.
NUM  15.
PAR  15. A carbon micro-balloon produced by the process according to claim 1.
NUM  16.
PAR  16. A carbon micro-sphere produced by the process according to claim 2.
NUM  17.
PAR  17. A graphitized micro-balloon produced by the process according to claim
      3.
NUM  18.
PAR  18. A graphitized micro-sphere produced by the process according to claim
      4.
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ABST
PAL  Method for controlling the parameters of injection molding processes in a
      machine having a barrel with a plasticating chamber and a screw, rotatably
      and slidably disposed in said chamber, hopper means adjacent one end of
      said chamber communicating therewith and nozzle means disposed in the
      other end of said chamber communicating with a mold. Control of the
      injection molding process is achieved through an event recognition
      philosophy by sensing screw position, screw injection velocity, melt
      temperature, comparing the values at certain instances during the work
      cycle with known or desired values and using these values, changes of
      values and differences of values to monitor and initiate changes in the
      process parameters.
PARN
PAR  This is a continuation, of application Ser. No. 194,280, filed Nov. 1,
      1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to advanced control systems for injection molding
      such as supplied by the Farrel Company, Division of USM Corporation,
      Ansonia, Conn. These controls may be said to be extensions of conventional
      control system concepts. In this regard, conventionally, a number of
      direct process variables such as melt temperature and shot volume are
      adjusted indirectly by manipulating or adjusting the various direct
      machine controls such as position limit switches, speed regulators, and
      timing devices which may be directly mounted upon the machine to effect
      these variables. Other direct process variables such as shot holding time
      and in mold time are conventionally controlled by timer without being
      controlled positively in direct relation to specific events within the
      injection process. In the advanced control system subsequently described,
      conventional machine sensors and actuators affecting the various events in
      the total process have been repositioned, replaced and supplemented, and
      the machine controls have been sequentially readjusted and made
      interresponsive to provide an overall control of the injection molding
      procedure not previously available.
PAR  Among the overall objectives of the control system, the advance control
      system is to control certain key process variables individually, or
      directly, by individually sensing the process parameters and generating
      appropriate feed-back signals, and then using these signals to initiate or
      perform the specific control task for adjustment of the process. This, to
      a large extent, enables the usual machine process control decisions to be
      taken out of the hands of manual operators and provides a system which
      produces an acceptable product under semi-automated and varied operating
      conditions. The advanced control system contemplated herein may be broken
      down into several subsystems performing individual or localized process
      control functions; and among these are melt temperature control, shot
      volume control and various monitoring of "remote" control process
      variables.
PAR  The present invention relates in general to method for controlling the
      plasticating or polymeric materials in injection molding processes. More
      specifically, this invention relates to (1 ) control of the heat energy
      supplied to or generated within the plasticating apparatus for melting and
      plasticating the material; (2) control of the quantity of plastic material
      subsequently injected into a mold associated with the machine; (3)
      sequential and quantitive control of the various pressures exerted on the
      plastic material during the injection process; and (4) the flexibility to
      provide coordinated adjustment of all of the above in response to product
      evaluation signals when direct input of these values is available.
PAR  The specific invention disclosed herein relates to the integrated control
      of the temperature of the barrel of the plasticator within which the
      polymeric material is being melted and mixed, in conjunction with the
      control of the rotational speed and back pressure of the plasticating
      screw within the apparatus which performs the actual plasticating
      function. The specific invention disclosed also relates to control of the
      stroke of the plasticating screw so that it will, first, draw back during
      mixing to a position providing exactly the shot volume desired, secondly,
      inject the charge at the desired velocity or pressure, thirdly,
      sequentially shift through the various pressures necessary to fill, pack
      and cure the material in the mold, and finally repeat the sequence.
PAR  It has been recognized that the plastic materials used in the injection
      molding processes today often require that the melt temperature be
      accurately controlled in order to carry out the injection molding process
      effectively. If the plastic material is either below or above the required
      temperatures the material may be incompletely plasticated or it may become
      discolored or otherwise deteriorated before or during injection molding
      procedure.
PAR  A further complication in the control of the temperature of polymeric
      material being plasticated is that the rate of heat transfer through the
      material is quite low and efforts to supply make-up heat from external
      sources such as through direct heating of the barrel or plasticating
      chamber tend to cause the material to deteriorate in the area of the
      interface between the material and the barrel itself at a time long before
      substantial heat has been conducted into the more central portions of the
      plasticating mass.
PAR  No controls existed prior to our invention to adjust and insure proper
      temperature of the melted, plasticated mass and to insure effective
      injection by a straightforward, sequential event-related approach. In many
      of the conventional plasticating and injection molding apparatus, the
      actual temperature of the mass injected is not measured or coordinatedly
      controlled during the continuing, repeated steps of the injection molding
      process. Much of the effort of control has been directed to a trial and
      error approach, finding acceptable values and then running a machine with
      these set values, with no provision for feed-back signals to check the set
      values. Specifically, these methods often only employ nominal temperature
      correction subsequent to the molding process consistent with visual
      observations of ineffective molding such as the aforementioned color
      changes or other material deterioration or the improper filling of a mold
      or other visible indications of unmixed or poorly mixed injection
      materials.
PAR  While these conventional machines have been somewhat satisfactory for
      manual operation on relatively low volume bases, the control methods
      employed therein have been totally unsatisfactory for high speed automatic
      molding machines. More particularly, the conventional control approaches
      would be totally unsatisfactory for a coordinated computer controlled
      machine which would be capable of detecting the individual imperfections
      in the molding process and product and making the appropriate on line
      corrections and adjustments in the process to effect a satisfactorily
      molded product.
PAR  Resolution of the shot to shot problems involved in control of the melt
      temperature, however, do not individually provide the necessary speed of
      production in control over the production process to bring about the
      economy, efficiency and quality of production necessary for automated,
      high speed production. That aspect of the system should be coupled to
      responsive event control of shot volume and a continuing monitor/control
      of the injection stroke of the plasticating screw.
PAR  Conventional methods of controlling the volume of material injected into a
      mold by an injection molding machine include various timing means,
      position limit switches and position control switches influencing the
      screw backstroke to control the amount of polymeric material collected
      within the mixing chamber and then injected into the mold. It should be
      recognized that these conventional controls systems utilize input commands
      which are not indicative of the particular process parameters, or true
      events of the process. These conventional controls merely initiate
      step-by-step functions set by trial and error. By such conventional
      control systems the various process pressures and flow rates developed
      within the system are controlled by manual adjustment of relief valves and
      flow control valves, timing devices and the like.
PAR  Such open loop control systems do not lend themselves readily to fully
      automatic control systems wherein the particular processes performed are
      controlled in response to deviations from the particular desired process
      parameters. Some attempts at semi-automation have been made by setting or
      adjusting these otherwise manually controlled devices by means of a punch
      card system which inputs certain commands into the process machine in
      certain desired sequences. These "refined" systems however are based on
      operator controlled systems inputting changes to the mentioned limit
      switches or time functions and not the actual process control, thereby
      effecting process operation by predetermined commands unresponsive to
      existing conditions.
PAR  While these conventional machines have been somewhat satisfactory for
      operation on relatively low volume basis, the control methods employed
      therein are totally unsatisfactory for a high-speed, fully automated
      molding machine. More particularly, the conventional control approaches
      would be totally unsatisfactory for a computer controlled machine
      including sensors capable of detecting the imperfections in its molding
      processes and products, and making appropriate corrections by adjustments
      in the particular process parameters which make up the molding process.
PAR  The present invention, then, relates to method for incrementally adjusting
      the temperature generated within one charge of the injection molding
      process, by coordinatedly controlling the speed of rotation of the screw,
      the back pressure of the screw and the barrel temperature of the
      plasticating chamber. In coordination with this, the invention includes
      method and apparatus for continually controlling the volume of the shot
      injected into the mold in the machine, and in addition the coordinated
      control of the sequential injection stroke of the screw according to the
      pressure and velocity patterns of the melt and screw during the injection
      process.
DRWD
PAR  The foregoing objects, features and advantages of the present invention
      will become more clearly apparent from the following detailed description
      such as to be read with reference to the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic presentation of the injection molding machine and
      control therefor, for performing the method in accordance with the
      invention;
PAR  FIG. 2 is a functional diagram of the velocity monitor control for
      performing the method in accordance with the invention
PAR  FIG. 2a is a graphic representation of position, velocity and pressure
      pattern with respect to time during injection molding;
PAR  FIG. 3 is a functional diagram of the melt temperature control for
      performing the method in accordance with the invention;
PAR  FIG. 4 is a functional diagram of the shot volume control for performing
      the method in accordance with the invention;
PAR  FIG. 5 is a functional diagram of the pressure monitor control for
      performing the method in accordance with the invention; and
PAR  FIG. 6 is a functional diagram of the temperature monitor control
      performing the method in accordance with the invention.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  Method for controlling the parameters of injection molding processes in a
      machine having a barrel with a plasticating chamber and a screw, rotatably
      and slidably disposed in said chamber, hopper means adjacent one end of
      said chamber communicating therewith and nozzle means disposed in the
      other end of said chamber communicating with a mold. The general work
      cycle of such machine includes introducing polymeric material into said
      chamber through said hopper, rotating said screw to plasticate said
      material during which the screw is retracted in said chamber, and
      injecting the plasticated material into the mold through the nozzle by a
      forward or injection thrust of the screw. Control of the injection molding
      process is achieved through an event recognition philosophy by sensing
      screw position, screw injection velocity, melt temperature, comparing of
      values at certain instances during the work cycle with known or desired
      values and using these values, changes of values and differences of values
      to monitor and initiate changes in the process parameters.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The subsequent description relates to a new method for a family of control
      systems for injection molding machines. As subsequently disclosed, a
      family ultimately consists of three members. The basic control system
      (FBC), the process control system (FPC) and preferably the multivariable
      computer control system (FMC), all of which are closely related. By
      coupling the second member of the system to the first member and
      subsequently the third member to the group of the first two members, the
      resultant systems demonstrate increasing degrees of sophistication which
      exhibit an increasing independence from the human factor.
PAR  The basic control system which will subsequently be described, by and large
      follows a control strategy similar to today's conventional injection
      molding machine control systems. It will be pointed out however that this
      conventional strategy is uniquely implemented by virtue of the new
      understanding of injection molding process control and the particular
      combinations of sensors and systems employed to direct the various modes
      of the injection molding process. The basic control system is particularly
      adapted to perform with the process control (FPC).
PAR  The overall objective of the process control, (FPC), is to maintain the
      quality of the molded part independent of disturbances and variations in
      the injection molding environment once the primary operator has
      established the various control settings for the modes of injection
      molding. This objective is achieved by either introducing changes into the
      process variables which have deviated from the original set values or by
      warning the basic operator giving an indication of the process parameter
      which has deviated from the original setting, and which previously
      resulted in an acceptably molded part.
PAR  The process control (FPC) as subsequently described includes five
      subsystems which may be variously selected and combined to provide certain
      injection molding mode controls. Specific description of the subsystems
      and their interrelation with each other and the process control system in
      its entirety will be subsequently discussed.
PAR  The multivariable computer control system (FMC) is a future development
      which will be compatible with the two previously mentioned systems, the
      FBC and the FPC, as a means of eliminating decision making by a human
      operator. It is anticipated that upon development of an automated
      inspection system capable of viewing a molded part and feeding back
      notations of defects or imperfections therein, the FMC may completely
      eliminate in-process human inputs. The FMC closes the control loop around
      the product. In absence of automated inspection, the results of human
      inspection may be reported to a computer. Using a multivariable control
      strategy, presently being developed, the computer may determine the
      necessary changes to the set points of the various control variables to
      produce a part with qualities conforming to the input specifications. The
      computer control system in its preferred form would interface directly
      with the injection molding machine control through the process control
      system FPC. The FMC would have the capacity to relate imperfections in a
      molded product to needed changes in the controllable process parameters.
      Calibrated voltages may be generated to direct changes in parameters and
      fed directly to the FPC which would incorporate the changes into the
      process.
PAR  The software upon which the FMC system is to be based is, in effect, a
      translation of the human thinking process into the domain of mathematics.
      The system normally starts out as an unskilled operator but by memorizing
      its experience it gradually becomes a skilled operator. Because of its
      consistency (given response for given input) and a tremendous memory even
      in the unskilled phase, the FMC should clearly outperform any human
      operator.
PAR  Referring now to the drawings in general, and to FIG. 1 in particular, the
      FBC controls an injection molding machine, indicated generally by
      reference numeral 2, adapted to be mated with the more advanced control
      systems FPC and FMC (not shown). Machine 2 includes a barrel 4 with a
      plasticating chamber 6 axially therein. Disposed within chamber 6 is
      plasticating screw 8 rotatably and slidably mounted therein. The screw 8
      is connected to a shaft 10 coupled to a source of rotary motion 12 and
      basic control 13 generally indicated as a block on the diagram but
      understood to be means such as an electric or hydraulic motor, well known
      in the art. Also connected to shaft 10 is means 14 also generally
      indicated in block form and understood to comprise conventional screw back
      pressure motor means and basic control 15 therefore.
PAR  Attached to barrel 4 is a feed hopper 18 generally communicating with
      chamber 6 through a feed orifice 20. Hopper 18 is conventionally disposed
      at the rearward portion of barrel 4 and chamber 6. At the forward end
      barrel 4 and chamber 6 is a nozzle 22 communicating generally with the
      injection mold M. Surrounding barrel 4 are heaters at 24 preferably in a
      plurality and individually controllable so that the varying amounts or
      degrees of heat may be supplied along the length of barrel 4.
PAR  Disposed in the forward end of barrel 4 is temperature sensing means such
      as temperature transducer 30, the sensing portion of which projects into
      chamber 6 generally in the nozzle area to accurately measure the
      temperature of the mass being plasticated within said chambers. Transducer
      30 is also proximate nozzle 22 in the preferred embodiment so that the
      frictional effect upon the material flowing through nozzle 22 during the
      injection stroke is also sensed. In the preferred embodiment the
      temperature transducer 30 provides a calibrated voltage signal directly
      proportional to the melt temperature.
PAR  Also communicating with the melt chamber 6 is pressure transducer 32 which
      is capable of supplying a calibrating voltage indicative of the pressure
      existing within the plasticated mass at chamber 6 during the injection
      cycle. Injection molding machine 2 is also equipped with a ram position
      transducer 34 capable of supplying a calibrated voltage indicative of the
      screw position. The output from position transducer 34 also includes a
      second calibrated voltage signal indicative of a velocity or speed of the
      screw, as shown in the preferred embodiment.
PAR  Conventional injection molding machines frequently used mechanical limit
      switches to sense clamp and injection positions as various points in the
      cycle. The FBC utilizes electrical position sensors capable of producing
      voltage indications of the various control functions at which they
      monitor. In such a manner the position of a switch or clamp may supply a
      voltage indicative of the position thereof so that this information may be
      directly fed back to the more advanced control systems subsequently
      discussed.
PAR  Likewise, in the elements in the FBC system for controlling the basic
      functions of injection molding, the hydraulic pressure relief valves are
      the electro-hydraulic type. Therefore, such machine parameters such as
      injection pressures, both high and hold, and back pressures as well as
      clamp pressures may be set by calibrated potentiometers which are an
      integral part of the basic pressure related valves control circuit. In
      adapting a conventional injection molding machine to the FBC type control
      system, the conventional manual flow control valves are replaced by servo
      valves which are used in conjunction with variable displacement pumps
      occurring within the back pressure means 16 and screw speed means 14. This
      substitution provides pressures and speeds which are accurately commanded
      and known at all times due to the precise linearity between the command
      signal and function which are characteristics of these types of controls.
      As with the position set points the pressures and speeds may be modified
      electrically.
PAR  The specific control items above mentioned such as servo valves,
      electro-hydraulic pressure release valves and electrical position sensors
      are well known in the art and readily available from controls equipment
      suppliers. Such controls are adapted to the conventional injection molding
      machine such as is illustrated in FIG. 1 to adapt it to be compatible with
      the control systems subsequently described. These control elements are
      presently used with coordinating systems capable of generating calibrated
      electrical voltages to direct the function of these electric control
      elements such as the PM-1000 control available from the General Electric
      Company.
PAR  In the FBC all timing functions are performed by electrical circuits as
      compared to conventional nonelectrical timing devices. Such devices are
      also widely known and readily available from various controls suppliers.
      These timers are used in the usual process molds included for timing mold
      cure, cycle delay, injection hold times by way of illustration. In using
      such electrical timing devices the usually included potentiometer means
      allows adjustment of the time constant for calibration of the device to
      meet the exact timing need or voltage output requirement.
PAR  Since the basic process controls are electroresponsive, the various
      individual functions performed or indicated thereby are conveniently
      adapted to include alarm functions. Thus high and low limit lights, alarm
      bells or other well known limit indications may be conveniently
      incorporated.
PAR  Process Control System -- The process control system FPC is a second
      generation control system which may be coupled directly to the basic
      control system FBC to perform a true process control function in the form
      of manipulating certain key process variables. The FPC through the various
      inputs of sensors and individual mode controls of the FBC may, in turn,
      direct the function of the various modes of the FBC. The FPC may thus
      monitor and readjust the process variables such that the ultimate molded
      parts are of a constant property. In the preferred embodiment subsequently
      described there are five identifiable subsystems which provide various
      modes of process control. These are: (1) velocity range monitor, (2) melt
      temperature control, (3) shot volume control, (4) pressure monitor and (5)
      melt temperature monitor.
PAR  It will be appreciated in subsequent portions of the specification that the
      controls are represented in block (functional) form as the basic building
      elements familiar to controls engineers and that the specific control
      elements are available from any one of a number of controls suppliers
      given the described sequence and function. As subsequently presented, the
      control system FPC is illustrated as an electro-mechanical composite of
      functional sensors, actuators, comparators, etc. The illustrative system
      is interdependent upon calibrated voltages generated by various elements
      within the system. Certain process parameters are input to the control by
      means of "set points", as subsequently described. Within the context of
      the present application, the set point may include a potentiometer or
      variable voltage device included in a voltage responsive circuit, wherein
      the device provides a calibrated voltage responsive of the set point of
      the control knob, or the like. The presently disclosed system is adapted
      to cooperate with the General Electric Company PM-1000 basic injection
      molding machine process controller operating as an integral portion of the
      FBC.
PAR  Velocity Range Monitor -- The velocity range monitor 40 serves as a
      coordinator for the other subsystems within the FPC group. As may be seen
      from FIG. 2, monitor 40 receives inputs from the other subsystems and, in
      turn, delivers outputs to many of these. The monitor serves to sequence
      the operation of subsystems where several respond to particular process
      eventskeyed from the position or velocity of screw 6.
PAR  Referring now to FIG. 2, a block diagram of the functional elements of the
      velocity range monitor 40 are shown. Monitor 40 receives both position and
      velocity inputs from position transducer 34. Transducer 34 may
      conveniently be a linear potentiometer with a tachometer device
      incorporated. A velocity input goes first to injection hold pressure
      control section 42. Section 42 includes an interrogator circuit 43, a
      velocity threshhold set point 44, and a comparator 45. A position signal
      is also supplied interrogator 43 from transducer 34. The output of
      comparator 45 is a voltage signal to the FBC (back pressure motor control
      15) to instruct the shift from high injection pressure to hold pressure.
      This signal is also supplied to the melt temperature control 50,
      subsequently described, to initiate a sample of melt temperature.
PAR  A second ("zero" velocity) section 46 includes a comparator 47 and a "zero"
      velocity set point 48. In response to its inputs, comparator 47 supplies a
      signal, preferably through a hold pressure timer 49 to the FBC, (back
      pressure control 15 generally) to initiate switch off of hold pressure and
      to initiate recharge of the chamber 6 and screw 8, and to the FPC, (shot
      volume control, 80), as subsequently described.
PAR  In operation, the screw injection velocity is supplied to interrogator 43.
      When the velocity reaches a "threshold" level, as set at 44 and compared
      at 45, an output signal is generated as indicated, to the FBC section 15
      controlling the screw 6 injection stroke, and to the FPC, melt temperature
      control 50. To insure that the threshhold velocity is not sensed on the
      initial rise of velocity of the screw on the injection stroke, a delay may
      be set in through interrogator 43. As illustrated, until the screw passes
      a particular set point (well within the stable velocity range), circuit 43
      is not activated to supply a signal to comparator 45.
PAR  The "zero" velocity section 46 supplies an output when the screw injection
      stroke is completed. Theoretically, when the screw ceases forward
      movement, or reaches zero velocity, the mold M is fully packed and
      material solidified and the injection stroke is completed. Practically
      speaking, forward velocity does not come to a definite halt. Rather, some
      nominal amount of movement continues, due to leakage of material, etc.
      Thus, a "zero" or nominal setting is set in at 48 to supply a nominal
      value to comparator 47. When the actual screw velocity drops to this low
      value, comparator 47 supplies an output signal. Preferably, the "zero"
      velocity signal is passed through a variable timer 49, which may provide a
      further preset delay, to any zero velocity signal. The zero velocity
      signal is supplied to the FBM (back pressure control 15) to switch off the
      hold pressure. The signal is also supplied to the shot volume control 60
      to give a position indication of the completion of the injection stroke.
PAR  A primary function of the velocity range monitor 40 is to direct the
      shifting of the pressure produced by injecting screw 6 from the high
      injection pressures to holding pressure, sequentially, in the requisite
      time frame. In conventional approaches to molding it will be recognized
      that these various events of pressure shifting from injection to hold,
      then to cure pressure settings, were arrived at through trial and error
      time settings with no feed back of the specific process events which were,
      in fact, occurring in the injection molding process. It is the function of
      the velocity range monitor 40 to recognize the occurrence of such events
      as "mold full," then direct the subsequent pressure shift to the holding
      pressure. The monitor then notes "mold seal" or solidification of the
      material at the nozzle 22, and directs the next desired pressure shift and
      subsequently directs the return of the ram and mixing screw to its proper
      return position.
PAR  In the performance of its function the velocity range monitor operates in
      conjunction with the position transducer 34 (FIG. 1). As seen in FIG. 2a
      as the plastic material is packed into the mold in the filling process,
      the ram or screw moves forward, at a velocity (at time T1) initiated in
      the back pressure control means 15 and under the general control of the
      integrated FBC. As the material is packed into the mold and it "fills",
      the injection ram velocity drops from the set value to a lower value due
      to the reduced flow (as shown at T2) of plastic material. The change in
      velocity may be noted to signal the "mold full" event, which then may be
      used to initiate a shift in pressure for the subsequent function.
PAR  FIG. 2a illustrates the pressure/position relationship of the injection
      stroke. The "mold full" event thus signals the appropriateness of the
      shift from the relatively high injection pressure to the more nominal
      holding pressure utilized during the solidification stage. it should be
      appreciated that the more quickly the "mold full" condition can be
      recognized, the more quickly and smoothly the shift from injection
      pressure to holding pressure may be effected. This prompt and smooth shift
      materially reduces or avoids the problem of flashing.
PAR  After the holding pressure is established, there is some continuing creep
      or movement of the screw 8 as the plastic material within the mold cools
      and shrinks. It is recognized that when solidification is complete at time
      T3, shrinkage is complete and movement of the screw 8 ceases.
PAR  If desired, a holding timer may be included to introduce a predetermined
      elapsed time between "zero velocity" and reduction of hold pressure to
      provide for additional curing of the molded part prior to its ejection
      from the machine and initiation of the next injection shot. It has been
      determined in certain operations that this additional hold time is desired
      subsequent to the occurrence of "zero velocity" to enhance certain
      properties of a molded product.
PAR  Melt Temperature Control -- Achieving a desired melt temperature and
      maintaining that temperature within enclosed limits once it has been
      reached is an important aspect of injection molding control. The control
      diagrammed in FIG. 3 performs in accordance with the invention as
      subsequently described. The fast response of plastic temperature to a
      change in command as well as the uniformity of temperature distribution
      within the melt are essential characteristics of such a control system. To
      achieve these characteristics the invented control adopts a priority
      sequence whereby the conversion of the mechanical energy to heat within
      the melt is utilized as much as possible in preference to conductive heat
      from the barrel heaters 24. The control also attempts to maintain as
      nearly an adiabatic condition as practical within the barrel/melt chamber
      6 by keeping the barrel zone heaters 24 at the selected melt temperatures.
      This approach minimizes heat flow from the heaters into the melt itself
      and thus minimizes temperature gradient in the transverse direction of the
      barrel.
PAR  The three process parameters which contribute toward the generation of melt
      temperature in the injection molding machine are: the barrel temperature,
      the back pressure on the plasticating screw, and the screw speed. For
      every material which is injection molded there are initial values of these
      three parameters, which, on the basis of past experiences, are felt
      capable of producing an acceptable product. In order to adjust the process
      parameters however, in the event that the molded part fails to come up to
      the required standards or the temperature strays from the preset value due
      to environmental changes, each of these parameters must be coordinately
      controlled so that the melt to be injected is restored to its proper
      temperature or adjusted to a different temperature felt to be more
      satisfactory. In order to effect this control of melt temperature each of
      the three parameters controlled by the melt temperature control 50 within
      the circuitry is adjusted by a nominal error setting, which for the
      purposes of this application will be designated a delta (.DELTA.) setting.
      Referring now to FIG. 3, the melt temperature control 50 subsystem is
      shown in block diagram form. Primary input to the control 50 comes from
      the melt temperature transducer 30 which, in FIG. 1, is located in the
      nozzle area 22 of the melt chamber 6. A second input to the melt
      temperature control 50 is the melt temperature set point 52. This value is
      the selected temperature for the melt to be injected and is also the
      nominal setting for the barrel temperature of the injection molding
      machine. As illustrated in the diagram, this set point input is
      conveniently a potentiometer or variable resistance device within a
      voltage circuit such that a calibrated voltage is produced and which may
      be fed into the control 50 and utilized therein. The inputs from melt
      temperature transducer 30 and melt temperature set point 52 are supplied
      to amplifier means 53 capable of generating a voltage signal directly
      proportional to the difference between the two input temperatures. This
      error signal is supplied to further amplifier means 54 herein labeled
      Priority Sequence Circuit. The priority circuit 54 studies the error
      signal and generates the previously mentioned delta signal to be supplied
      back to one of three subcircuits for the three previously mentioned
      parameters, which subcircuits effect the control and adjustment of the
      three previously mentioned parameters through the FBC and barrel
      temperature control 26 to establish the new melt temperature. Thus, the
      priority sequence circuit selectively activates: 1) amplifier means 57 to
      provide a control signal for the injection molding machine back pressure
      means 15; 2) amplifier 58 to supply a control signal to screw speed
      control means 13; or 3) amplifier means 59 to supply a control signal to
      the barrel heaters control 26. Screw back pressure set point 57a and screw
      speed set point 58a represent inputs of initial values of screw pressure
      and speed, anticipated to give a satisfactory melt temperature. A
      temperature stabilization circuit 55 is disposed between melt temperature
      transducer 30 and priority sequence 54. The function of this circuit 55 is
      to insure that control signals are not generated and supplied erroneously
      to the heater control 26 or back pressure control 15 or screw speed
      control 13 when the melt temperature is in a transient state.
      Stabilization circuit 55 disengages the function of the priority sequence
      circuit 54 at such times as when the melt temperature sensed by the
      transducer 30 is varying or changing. The melt temperature control 50 may
      be used individually to be directly coupled to the various related
      elements of the basic control system FBC. In the preferred embodiment
      illustrated, the melt temperature control 50 provides its signals to a
      portion of the overall FBC a portion of which is the previously mentioned
      coordinate control available from the General Electric Company, Salem,
      Virginia, as PM-1000. This control serves to collect several such control
      subsystem signals and supply a final control system signal to the basic
      control elements within the system FBC.
PAR  In operation, the melt temperature control circuit at 50 may respond either
      to direct input from a manual operator or from a sophisticated sensor
      system having the capability of determining an appropriate melt
      temperature. Assuming an actual melt temperature lower than a determined
      melt temperature, an operator or related FPC or FMC control may initiate a
      signal to readjust the melt temperature set point 52. The device at 52
      might be a manually set potentiometer or a servo control driven by an
      outside control as from the FMC. The new melt temperature set point is
      supplied directly to amplifier 59 and thus the barrel controls 26, to
      cause the barrel heaters 24 to go immediately to the new set point
      temperature. If the change between old and new melt set temperature points
      is quite small, the adjustment of barrel heat to the new set point may be
      sufficient to raise the melt temperature to the desired value. If the
      temperature difference is more significant, raising the barrel heat to set
      point may not result in sufficient heat to bring the plastic up to the
      desired temperature. When the melt temperature is stabilized and a
      difference or error signal exists between set point 52 temperature and
      melt temperature as taken by transducer 30, a control signal will be
      produced from amplifier 53 to raise the melt temperature toward the
      desired value. As previously mentioned whenever the error signal exists, a
      delta value is generated by the priority sequence circuit 54 to effect an
      increase in melt temperature. We have found a particular sequence of
      effecting the changes in the three parameters significantly more effective
      than other methods. According to the logic chosen for the priority
      sequence circuit 54, when a positive error exists between the melt
      temperature set point and the actual temperature, the screw speed will
      first be increased so as to decrease the error. The screw speed will be
      continually increased so long as an error exists, until the preset limit
      of screw speed is reached. This limit may be a process limitation imposed
      by a particular material or it may be an output limitation upon the
      injection molding machine itself such as upon the screw motor 12.
PAR  If the temperature error still exists upon reaching the screw speed limit,
      the screw back pressure will be proportionately increased in stepwise
      fashion until the preset limit of the back pressure is reached. If, after
      maximizing the back pressure, an error in the original direction still
      persists, the barrel heat set points 52 will be increased beyond the
      adiabatic level to provide a positive input of heat energy from the barrel
      heaters 24.
PAR  As was previously mentioned the screw speed is incrementally raised by the
      delta value in a stepwise fashion. The temperature stabilization circuit
      55 prevents a new delta value being added to screw speed by circuit 54
      until the previous value has had an effect on melt temperature and (the
      melt temperature) has, in fact, stabilized at the new level. When the
      stabilization circuit 55 senses the stable melt temperature and the
      differential amplifier 53 notes a continuing difference between the melt
      temperature and set point 52, the priority sequence circuit 54 will be
      enabled to generate a delta value once again to raise the screw speed by
      the proportional amount. Preferably, melting cycles will be repeated with
      further changes in screw speed inhibited until two successive cycles yield
      no significant melt temperature change. If after this stabilization the
      desired melt temperature has not been achieved, the screw speed will be
      incremented further by the delta value and stabilization allowed to
      reoccur.
PAR  If the upper limit of screw speed is reached and the temperature is still
      too low, the screw back pressure will be automatically incremented by the
      priority sequence circuit 54. Very likely the desired melt temperature
      will be attained before the preset limit of the back pressure is reached.
      It will be noted that the increase in back pressure is effected similarly
      to that of the increase in screw speed. A delta value is assigned by
      circuit 57 and inserted into the back pressure control 15 with further
      changes in back pressure inhibited until two successive cycles of no
      significant temperature change, i.e., stabilization. If the desired melt
      temperature is not attained before reaching the preset limits of back
      pressure, the barrel heater set points will be increased beyond the melt
      temperature set point 52 incrementally according to the delta values,
      after stabilization of any previous input, to effect the change in
      temperature. This incremental increase in barrel heater set point value
      will occur until the melt temperature is satisfied or the limit of barrel
      heater set points is reached. It is to be noted that, preferably, the
      temperature is sampled for each shot immediately after injection, in the
      nozzle area, so that the frictional effects of the plastic flow through
      the nozzle 22 will also be taken into account. In many cases significant
      effect exists in the nozzle area and which may have a substantial effect
      upon actual temperature of plastic entering mold M. Thus, it is desirable
      to place melt temperature transducer 30 in a position to record this
      effect and, further, to sample the melt temperature at a point in time in
      order to observe this frictional effect.
PAR  The specific sequence of adjustment of parameters in order to lower the
      melt temperature is supplied by priority sequence circuit 54. According to
      our invention the steps in lowering the melt temperature are generally the
      reverse of those followed for raising the melt temperature. When a command
      is given to lower the melt temperature the barrel heaters 24 will again be
      set to the new desired level by inputting the new melt temperature at set
      point 52.  After stabilization is allowed to occur, the back pressure will
      be decremented until the temperature error is reduced to zero or the lower
      limit of the back pressure has been reached. By way of explanation, this
      lower limited back pressure is generally a nominal value for any given
      material in a general melt temperature injection range. Some nominal back
      pressure on screw 8 is required in order to effect plastification of the
      material prior to injection. If the lower limit of back pressure is
      reached prior to reaching the desired melt temperature the screw speed
      then is incrementally lowered.
PAR  If the melt temperature is still not low enough when the screw speed
      reaches its lower practical limit, the barrel heater set points will be
      lowered below the melt temperature setting at 52. It will be only under
      extreme conditions or very limited allowable ranges of screw speed and
      back pressure that the barrel heater set point will have to deviate
      materially from the melt temperature set point 52. Therefore, in general,
      it can be assumed that the desired adiabatic condition will be prevalent
      since the predominant energy source is mechanical, coming from the
      combination of the action of screw 8 and back pressure thereon.
PAR  The response to accomplish change in melt temperature by the method of the
      invention is quite fast and, resultingly, the number of cycles required
      for stabilization is minimized. This is effected primarily because of the
      particular sequence we have chosen to effect these melt temperature change
      and control. It should be noted from the description of the operation that
      the control provides for maximum screw speed wherever feasible. This
      principle results in optimum recovery time and correspondingly maximizes
      the practical production rate. As was previously mentioned, it is
      desirable to sample the melt temperature immediately after injection so
      that the frictional effects may be taken into account. This is
      accomplished by coupling the melt temperature control 50 to the velocity
      range monitor control (see FIG. 2). In this manner the melt temperature
      measurement may take place upon the initiation of the velocity range
      monitor at the instant final friction is established.
PAR  Shot Volume Control -- Referring now to FIG. 4, the block diagram of the
      shot volume control subsystem 60 is illustrated. Initial values are set
      into the control to establish the nominal value of the screw back or
      recharge position. This value is set into the screw back position set
      point 62 and may be a variable potentiometer or other device for supplying
      a calibrated voltage signal. Thus, upon completion of an injection molding
      cycle and when so cycled by the controller, as the screw 8 and chamber 6
      fill, and the screw retracts back during the plasticating operation, it
      will so track until it reaches a position corresponding to the value set
      into the screw back position set point 62.
PAR  A desired final cushion size is established by setting a corresponding
      screw position into the control at final cushion size set point 64. This
      element is also a device capable of supplying a calibrated voltage signal.
      The input of this value establishes the desired forwardmost tracking
      position of the screw 8 during the injection stroke. A cushion is
      deliberately set in so that the screw does not bottom out against the
      nozzle area 22 on the injection stroke. This ensures that there will be
      adequate material available in the chamber to fill the mold prior to
      bottoming out. As the injection stroke is initiated, the position
      transducer 34 feeds information to the shot volume control 60, to
      differential amplifier 66. Amplifier 66 supplies an output indicative of
      the difference of cushion set point 64 and screw position 34 to a sample
      hold circuit 67. When zero velocity is detected at the end of the stroke
      by the velocity range monitor 40, the zero velocity signal from the
      velocity range monitor activates circuit 67 which samples the error in
      final screw position as determined by amplifier 66. This error is stored
      in memory means in circuit 67. This increment or decrement of error is
      then used to offset the screw back position set point 62 through amplifier
      68 which supplies a new (corrected) screw back position to comparator 69.
      Thus, when screw 8 recharges, it tracks back until the position as
      signaled by transducer 34 matches the new recharge position as supplied by
      amplifier 68 and determined by comparator 69. Comparator 69 then signals
      the FBC that the screw 8 is ready for another shot. If screw 8 stops prior
      to desired final cushion set point because the mold then is full, the
      screw recharge position value will be readjusted. The control will reset
      so that the total shot size is lessened and the screw 8 returned to a
      position short of the originally set position. If the ram passes the
      indicated final cushion set point approaching a bottoming out, a positive
      error signal will be developed. Upon comparison with the actual final
      cushion set point and the desired final cushion set point, a delta signal
      is generated which will drive the screw recharge position in a direction
      to enlarge the shot size. As with the previous subsystem, the shot volume
      control 60 relies upon the velocity range monitor 40 control to determine
      the regions of the velocity curves (FIG. 2a) such that "zero" velocity and
      "mold full" positions are identified. The shot volume control may then
      make its observations at these particular process events and thus readjust
      and recalculate shot volume size accurately.
PAR  This shot volume control subsystem ensures a desired preset cushion
      independent of changes in plastics temperatures and pressures and leakage
      of the screw or non-return check valve during injection. A conventional
      fixed screw back incorporating a limit switch determined set point would
      not take these factors into account. The effect in general, in
      conventional systems with position limit switches is a drift of final
      forward screw position either toward the mold (culminating in bottoming
      out) or away from the mold resulting in an excessive cushion.
PAR  Too little or no cushion may be accompanied by insufficient cavity pressure
      during curing within attendant inconsistency and part weight or size. Too
      large a cushion may result in a relatively large inventory of material
      that must be subjected to an additional heating cycle and corresponding
      possible degradation. Also excessive packing may occur with a large
      cushion, causing flashing especially in the case of thin wall parts. The
      philosophy of the newly invented control is to detect the actual final
      forward screw position at the end of the molding cycle and compare it with
      the desired preset forward position. If a difference exists the screw back
      positions (i.e., the return and melt decompression points) of the
      subsequent shot will be automatically reset by an amount that will tend to
      reduce the error difference to zero.
PAR  Pressure Monitoring System -- Referring now to FIG. 5 a block diagram of
      the pressure monitoring system 70 is illustrated. Screw position
      transducer 34 provides an input of screw 6 position during the injection
      stroke. A designated position where sampling is to occur is input through
      set point 71. These inputs are supplied to a comparator 72 which outputs a
      signal to a sample and hold circuit 73. Circuit 73 is capable of sampling
      a pressure from transducer 32 and holding the value for later reference.
      At a preselected sample position, the pressure signal is released to
      differential amplifier 74 where it is compared with a preselected ideal
      pressure signal supplied from set point 75. Amplifier may supply various
      monitors and alarms as null meter 76 or bells or lights 77 and 73 which
      may signal an out of tolerance condition.
PAR  A correlation may be generally found between repetitively successful
      injection shots and the injection pressure required to fill the mold. The
      pressure monitor system automatically samples the pressure at a
      preselected position of the screw during injection stroke and compares it
      with a set point. If the difference between the set point and actual
      pressure exceeds a preselected range, an alarm means may be actuated. This
      may be in form of a bell, a light or both, singly or in conjunction with a
      direct feed back to the injection stroke controller. This will warn the
      controller (operator or automatic control) that conditions have changed as
      by different melt or mold temperature or possibly by obstructions in the
      path of flow, to the extent that product qualities have been or will be
      affected. This range is preferably set by adjustable upper and lower limit
      potentiometers. These limits as well as the set point itself are typically
      dictated by experience. Parts with critical dimensional tolerances will
      require a relatively narrow range of allowable dynamic injection pressure.
      The point at which this pressure is sampled is adjustable to allow optimum
      correlation. To implement this feature a pressure transducer may be added
      to the injection hydraulic line and a positioned sensor such as a portion
      of the velocity range monitor control is utilized. In lieu of the position
      transducer in the injection hydraulic line, a sensor 34 in the mold nozzle
      or portion of the flow path may be utilized, as illustrated.
PAR  Melt Temperature Monitoring System -- Referring now to FIG. 6, a block
      diagram of the melt temperature monitoring system is illustrated.
PAR  It will be appreciated that the organization of the melt temperature
      monitoring system 80 is similar to the pressure monitor system 70 (FIG.
      5). A comparator 82 receives inputs from the screw position transducer 34
      and a preset sample position set point 83. The comparator 82 supplies an
      output, when the inputs match, to a sample and hold circuit 84. Circuit 84
      also receives a temperature input from transducer 30. Sample and hold
      circuit 84 retains the sampled temperature and also supplies a calibrated
      signal indicative thereof to a differential amplifier 85. Amplifier 85
      compares the sampled temperature with a preselected ideal temperature
      input from set point 86. Amplifier 85 may output to various alarms 87, 88
      and indicator or null meter 89 giving an indication of whether or not the
      sampled values are within the preselected tolerances.
PAR  As with injection pressure, it has been generally found that a correlation
      exists between melt temperature and satisfactorily movable parts. In the
      preferred embodiment, a monitoring system is illustrated which
      automatically samples the melt temperature at the time the final cushion
      is established. This monitoring system depends upon the velocity range
      monitor control to initiate action. When the screw reaches the final
      cushion position, as sensed by the zero velocity sensor of the velocity
      range monitor, that monitor may sample the temperature at the temperature
      transducer 30 and compare it to the set point. An alternative system, as
      shown in FIG. 6, provides a positive monitor of melt temperature. If a
      difference exceeds a preselected range as determined by alarms 87 and 88 a
      light or bell may be actuated. The controller will be alerted that
      conditions have changed and the process to cause a melt temperature
      difference. If the melt temperature control subsystem 50 is active it
      will, in time, effect a correction of the melt temperature. However, with
      the additional feature of the monitor 80, an operator has the opportunity
      to manually reset the temperature set points to effect a quicker
      adjustment of the melt temperature.
PAR  While certain embodiments of the method of our invention have been shown
      and described, it will be apparent that other adaptations and
      modifications may be made without departing from the scope of the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for controlling the parameters of an injection molding process,
      said molding process including; sequence of steps feeding material into a
      plasticating chamber, applying, by the use of heaters, a predetermined
      amount of heat to the chamber, rotating a plasticating screw located in
      the chamber at a predetermined speed to plasticate the material, slidably
      retracting the screw during plastication, under a predetermined back
      pressure, to a charged position to collect a quantity of plasticated
      material ahead of the screw, and injecting the material into a mold by a
      forward sliding thrust of the screw, the forward sliding thrust of the
      screw stopping at a predetermined standard position said control method
      comprising:
PA1  A. detecting the sliding speed of the screw during injection;
PA1  B. detecting the temperature of the plasticated material;
PA1  C. detecting the position of the screw during injection:
PA1  D. comparing the detected screw position with the predetermined standard
      position when the sliding speed of the screw is reduced substantially to
      zero;
PA1  E. adjusting the charged position of the screw to compensate for any
      difference in the detected screw position and the standard position for
      subsequent injection cycles;
PA1  F. comparing the detected temperature of the plasticated material with a
      predetermined standard temperature; and
PA1  G. adjusting the supply of heat energy to the plasticating chamber to
      compensate for any difference in the temperature of the plasticated
      material and the standard temperature for subsequent injection cycles by
      selectively adjusting rotational screw speed, back pressure, and the heat
      applied by the chamber heaters according to a priority sequence which
      maximizes the input of mechanical energy.
NUM  2.
PAR  2. A method for controlling the parameters of an injection molding process
      as described in claim 1, wherein the temperature of the plasticated
      material is compared to the predetermined standard temperature when the
      sliding speed of the screw declines rapidly, indicating that the mold is
      full.
NUM  3.
PAR  3. A method for controlling the parameters of an injection molding process
      as described in claim 1, further comprising, continuously controlling the
      temperature of the chamber heaters to maintain a substantially adiabatic
      condition between the plasticated material and the chamber walls.
NUM  4.
PAR  4. A method for controlling the parameters of an injection molding process
      as described in claim 1, wherein the detected screw position is compared
      with the predetermined standard position upon the expiration of a
      predetermined period after the sliding speed of the screw declines
      rapidly, indicating that the mold is full.
NUM  5.
PAR  5. A method for controlling the parameters of an injection molding process
      as described in claim 1, further comprising:
PA1  A. adjusting the forward pressure exerted by the screw to a predetermined
      holding pressure level and holding said level of pressure for a
      predetermined period, when the sliding speed of the screw declines
      rapidly, indicating that the mold is full; and
PA1  B. resuming the plasticating cycle, thereby retracting the screw to the
      charged position for subsequent injection cycling, after the predetermined
      period has elapsed.
NUM  6.
PAR  6. A method for controlling the parameters of an injection molding process
      as described in claim 5 wherein the predetermined period of holding
      pressure is terminated when the sliding speed of the screw reaches
      substantially zero.
NUM  7.
PAR  7. A method for controlling the parameters of an injection molding process
      as described in claim 3 wherein the priority sequence utilized to increase
      the temperature of the plasticated material comprises:
PA1  A. first, increasing the rotational speed of the screw to obtain, maximum
      compensation therefrom;
PA1  B. second, increasing the back pressure on the screw to obtain the maximum
      compensation therefrom; and
PA1  C. third, increasing the heat applied by the chamber heaters until full
      compensation is obtained.
NUM  8.
PAR  8. A method for controlling the parameters of an injection molding process
      as described in claim 3 wherein the priority sequence utilized to decrease
      the temperature of the plasticated material comprises:
PA1  A. first, decreasing the heat applied by the chamber heaters to obtain,
      maximum compensation therefrom;
PA1  B. second, decreasing the back pressure of the screw to obtain maximum
      compensation therefrom; and
PA1  C. third, decreasing the rotational speed of the screw until full
      compensation is obtained.
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ABST
PAL  A process and apparatus for continuous production of molded sheets of a
      foamed thermoplastic synthetic resin, wherein a synthetic resin is fed
      into a screw extruder and a low boiling point liquid expanding agent is
      introduced under high pressure into the extruder and admixed with the
      resin in the extruder and thereafter the resulting admixture is extruded
      in the form of a plurality of foam filaments to insure proper distribution
      of the admixture to the nozzles of the extruder. A gear pump is provided
      for each nozzle. Also, to avoid collapsing of the foam means are provided
      for tempering the foam filaments by the application of heat.
BSUM
PAR  The present invention relates to a process and apparatus for the production
      of sheets of foamed thermoplastic synthetic resins.
PAR  In the production of foam sheets the foaming of the thermoplastic synthetic
      resins is effected in the thermoplastic condition either by the
      development of gases or by means of gases previously introduced under
      pressure. However, it has been found that the foaming effect can also be
      obtained by bringing the synthetic resin, in the presence of a low-boiling
      liquid and/or a corresponding liquid mixture, which have a dissolving
      action on the the synthetic resin at least in the gaseous phase, to a
      temperature lying essentially above the boiling point of the liquid and/or
      liquid mixture at normal pressure and simultaneously to a high pressure,
      while being in a substantially closed container or the like; thereafter,
      the solution is driven out of the container through a narrow opening and
      thus is suddenly expanded thereby.
PAR  In this process, the largest portion of the solvent can be vaporized, and
      the foamed material extensively retains its structure during a subsequent
      cooling step which follows the expansion. The still hot, foamed synthetic
      resin can then be molded into any desired shaped articles with the use of
      a moderate pressure, e.g. about 0.1 to 0.5 atmospheres gauge. Thus, it is
      possible in this manner, for example, to obtain also larger blocks from
      which plates or panels in any desired thickness can then be cut to size.
PAR  It is advisable for conducting the process of the invention to fashion the
      container as an extruder with a screw (i.e. a screw conveyor) rotatably
      supported in a heated housing provided with openings for the entrance and
      discharge of the materials and to feed the synthetic resin and the solvent
      separately into the extruder; in this connection, the synthetic resin is
      introduced in the zone of the rear end of the screw, and the solvent is
      charged in a zone which is located more closely toward the center of the
      screw.
PAR  The size of the discharge opening of the die end for the synthetic resin
      filaments and the extruder output are adapted to each other in such a
      manner that the pressure ambient at the front end of the extruder is
      sufficiently higher than the vapor pressure of the solvent, whereby the
      objective is attained that the foaming of the solution takes place only
      after the foamable solution has exited from the discharger opening, rather
      than taking place in the discharge opening proper or even within the
      extruder.
PAR  It is an object of this invention to improve the conventional process and
      the associated apparatus for the production of foamed thermoplastic
      synthetic resin sheets of individual synthetic resin foam filaments, thin
      ribbons, or the like elongated continuous structures with respect to
      efficiency and quality.
PAR  The process of this invention provides that the foam filaments exiting from
      the die of the extruder means are aligned by an airstream, current, or
      jet; are subsequently made to assume an oscillating motion and are loosely
      layered into a continuous multi-layered web-like mass on a sieve-like
      conveyor belt moved to be offset by 90.degree. with respect to the
      oscillating motion of the foam filaments, and are pressed thereon by the
      pressure of the evacuated airstream, whereafter the layered plastic foam
      is continuously pressed into a crude sheet and preliminarily tempered
      (i.e. heated to remove the solvent expanding agent retained therein)
      between two sieve-like conveyor belts while simultaneously being passed
      through by hot air, and thereafter the crude sheet is subjected to a
      finishing tempering step without the use of pressure and then pressed into
      an endless synthetic resin foam sheet with the use of all-around pressure
      (i.e. from all sides) while passing through a heating zone and a
      subsequent cooling zone.
PAR  The process of this invention makes it possible to effect a continuous
      production of synthetic resin foam sheets, panels, or the like, of uniform
      quality in an uninterrupted fashion from the mixing of the individual
      components forming the synthetic resin foam to the finished, dimensionally
      accurate and tempered synthetic resin sheet which is ready for further
      processing in a correctly sized form.
PAR  For conducting the process of this invention, an apparatus is employed with
      a screw extruder preferably having two separate feed openings disposed one
      behind the other in the direction of the screw axis for the introduction
      of the synthetic resin and the readily boiling (i.e. low-boiling) liquid
      solvent, respectively, and having a nozzle unit or die with several
      discharge openings arranged in parallel. This apparatus is further
      characterized in that a pump preferably fashioned as a gear pump is
      associated with each of the discharge opening of the die and the pump is
      connected in the mass flow within the die and pumps the foamable extrudate
      composition to the individual discharger openings. The gear pumps are
      disposed preferably in the zone between a flow controlling means in the
      form of a projection for regulating and distributing the foamable feed
      into the nozzle unit and the discharge openings of the nozzle unit.
PAR  The apparatus of this invention eliminates the disadvantage that, for the
      extrusion of several foam filaments, a separate screw with a subsequent
      foaming nozzle is required for each foam filament. For example, if it is
      intended, as in the proposed process, to simultaneously extrude many, e.g.
      12,foam filaments, then 12 plasticizing screws are necessary according to
      the known methods which are fed independently of one another with the
      required materials (thermoplastic and expanding or blowing agent) in order
      to be able to produce the foamable solution or gel. It is extraordinarily
      difficult to adjust all governing variables so that all screws yield the
      same mixture and thus the same foam filament.
PAR  It was found that the assembly of a nozzle unit with several bores in front
      of a single screw extruder did not yield any appreciable success, either,
      since here again it is impossible to charge all nozzle bores uniformly; as
      a result, the individual foam filaments are very different in quality.
PAR  Only by the use of the extrusion unit of this invention, wherein the
      foamable resin solution or gel coming from the screw extruder is pumped to
      the individual nozzle discharge openings, and all nozzles are fed with the
      same mixture produced by one screw extruder, it is possible to ensure
      filaments are equal in quality. Likewise, it is substantially easier to
      adjust the mixture with respect to thermoplastic, on the one hand, and
      expanding agent, on the other hand, in an optimum fashion since only one
      screw extruder is to be charged.
PAR  It has proved to be practicable to drive the gear pumps used to meter the
      foamable material by means of a speed-variable drive, whereby the amount
      of the solution or gel conveyed by each pump can be exactly dosed or
      metered and thus the foam filament quality can be set to an optimum.
PAR  However, in addition to a uniform distribution of the substance and
      charging of the nozzle unit, it also proves to be very important to
      distribute the thus-formed foam material filaments uniformly and pass them
      on in this manner.
PAR  Therefore, it is contemplated in accordance with the invention to surround
      the discharge openings of the nozzle unit by a device for cooling the
      exiting foam filaments. An example for a suitable cooling device are
      annular air nozzles. These cool the filaments to temperatures varying from
      about 60.degree.to about 90.degree.C. Furthermore, according to a further
      embodiment of the invention, an air well charged with a heated air stream
      is connected to the discharge end of the nozzle unit. The filaments of
      foam material formed in this way after discharge from the nozzle unit
      prove to be smooth and porous. These foam filaments are guided at the exit
      of the air well between two vertical distributor plates executing an
      oscillatory motion. The amplitude and speed of the distributor plates are
      adjustable. The foam filaments exiting from the individual nozzles of the
      die are guided between the distributor plates by an air stream and are
      placed, by the oscillating motions of the plates, in layers onto a
      sieve-like conveyor belt disposed underneath the plates; the conveying
      direction of this belt extends in a direction offset by 90.degree. with
      respect to the motion direction of the distributor plates, and the belt
      constantly carries the thus-layered foam filaments away in a continuous
      manner. A draw-off or suction device for the air is arranged underneath
      the conveyor belt, which device firmly presses the filaments of foam
      material against the conveyor belt by means of the suction generated by
      the drawn-off air. This air is recirculated and charged again above the
      nozzles. Simultaneously, the warm air stream also serves for removing the
      expanding agent from the foamed synthetic resin. Depending on the degree
      of enrichment of the expanding agent in the air, a portion of the
      drawn-off air-blowing agent mixture can be fed to an expanding agent
      recovery plant. Fresh air must then be introduced correspondingly,
      preferably in the heated condition.
PAR  In order to obtain flawless molded sheets of foam material, the excess
      expanding agent retained in the filaments must be removed from the foam
      material. It was found that, after the first layering after leaving the
      nozzle, the foam filaments still contain so much expanding agent that a
      sheet, panel, or the like, pressed from these filaments collapses after a
      short period of time, being subjected to large dimensional changes
      therein.
PAR  This circumstance made it necessary to expose the foamed material to a
      period of prolonged temperature control or tempering to effect removal of
      the expanding agent. The tempering step can be conducted in a conventional
      manner either discontinuously or continuously to thereby stabilize the
      foam structure.
PAR  A continuous tempering operation as utilized according to the present
      process is advantageous. According to the invention, the provision is made
      to pass the foamed material, composed into a loose web by layering,
      through a combined preliminary pressing and preliminary tempering zone.
      Here, the foamed material is pressed continuously into a crude sheet or
      strip between sieve-like conveyor belts, the thickness of this sheet still
      being substantially above the thickness of the finished product (about 3
      to 4 times the thickness of the finished below Above and belwo the
      sieve-like conveyor belts, air nozzles are disposed which blow hot air of
      preferably 95.degree.-100.degree.C. at a pressure of 200 mm. H.sub.2 O
      column through the crude sheet. The air, enriched with expanding agent, is
      then drawn off underneath the conveyor belts and, in case of an
      appropriate expanding agent concentration, fed to an expanding agent
      recovery plant (not shown). The finishing tempering zone follows the
      combined preliminary pressing and preliminary tempering zone, the
      pre-pressed foam band passing through this finishing tempering zone, for
      example, on corresponding link conveyor belts or chain conveyor belts in
      several tiers. Here, hot air of 95.degree.-100.degree.C. is likewise blown
      continuously through the crude sheet of foamed material. The amount of air
      depends on the amount of expanding agent still present in the foam
      material. The length of the tempering zone must be sufficient for ensuring
      a minimum tempering period depending on the thickness of the crude sheet.
PAR  The finishing compression zone with the edge-forming device follows the
      finishing tempering zone. Here, the crude sheet is pressed to an endless
      sized sheet of foam material between two broad steel strips from the top
      and from the bottom, as well as two narrow steel bands laterially on the
      right-hand and left-hand sides. The finishing pressing or compression zone
      is subdivided into a heating zone and a cooling zone. In the heating zone,
      starting at the inlet of the pressing zone, the crude sheet is heated to a
      temperature of 115.degree.-120.degree.C. under a compressive pressure
      which is not too high, i.e. on the order of from about 0.1 to 0.5
      atmospheres gauge. In the subsequent cooling zone, the sheet of foam
      material is cooled to 40-50.degree.C. likewise under the same compressive
      pressure used in the heating zone. The foam sheet exits from the finishing
      pressing zone at this temperature and is passed on to the further
      processing steps, such as, for example, the manufacture of articles
      therefrom.
PAR  By the subdivision of the apparatus into a combined preliminary pressing
      and preliminary tempering zone, a subsequent finishing tempering zone, and
      a subsequent finishing pressing zone with edge-forming device and heating
      and cooling zones, it is possible by means of the process and associated
      apparatus of the present invention to produce, temper, and process the
      synthetic resin foam in a continuous operation.
DRWD
PAR  The invention is illustrated in the drawing in one embodiment and will be
      explained in greater detail with reference thereto wherein:
PAR  FIG. 1 shows a screw extruder for the extrusion of the filaments of foam
      material in accordance with this invention;
PAR  FIG. 2 shows a cross section of a die or nozzle unit of the screw extruder
      of FIG. 1;
PAR  FIG. 3 shows a foaming well adjoining the screw extruder;
PAR  FIG. 4 shows a preliminary pressing and tempering device and a finishing
      pressing device; and
PAR  FIG. 5 shows a plan view of the finishing pressing device in greater
      detail. FIG. 5a is the end view of the device.
DETD
PAR  The extruder shown in FIG. 1 has a rotatably supported screw 2 in the screw
      barrel 1; the screw is sealed at its rear end by the stuffing box 3. The
      feeding well 6 is disposed above the feed opening 5; the thermoplastic
      synthetic resin material, e.g. PVC, is fed to the screw 2 under pressure
      through the feeding well by the filling screw 4. The filling screw is
      driven via the drive means 7. The thermoplastic material is introduced
      into the filling well 6 via the feeding hopper 8. In the screw extruder 1,
      the thermoplastic synthetic resinous material is first compressed and
      plasticized by supplying heat thereto. Between the feed opening 5 for the
      synthetic resin and the feed opening 9 for a liquid solvent expanding
      agent, the screw 2 is equipped with the brake ring 10. The brake ring 10
      serves to prevent the expanding agent fed on one side from passing back to
      the other side located toward the rear end of the screw and perhaps
      exiting at the rear. The liquid expanding agent is added via the metering
      pump 12 and the pressure line 13 under a pressure of preferably 20-50
      atmospheres gauge; in this connection, the pressure employed is dependent,
      in particular, on the properties of the thermoplastic synthetic resinous
      material.
PAR  The expanding agent must be present in the liquid phase prior to exiting of
      the resin-solvent solution from the screw extruder, since otherwise the
      foaming process begins undesirably, in the screw extruder. The pressure
      required for this purpose depends on the temperature of the solution and
      the vapor pressure curve of the respective expanding agent. Thus, for
      example, the pressure for methylene chloride at a temperature of
      160.degree.C. must be at least about 20 atmospheres gauge, so that the
      methylene chloride is in the liquid phase. Preferably, the expanding agent
      is introduced under this pressure into the screw extruder.
PAR  In the front portion of the screw 2, the various components forming the
      extrudate are intimately mixed, and the foamable admixture or solution is
      fed to the die or nozzle unit 11. In order to obtain a smooth, for example
      round, strand of material from the die, it is important that the conveying
      efficiency of the screw be larger than the output speed attainable by the
      gas pressure, so that the foaming of the admixture (e.g. a gel) or
      solution does not take place already within the die or even within the
      screw barrel. The foaming of the extruded filament is terminated
      approximately 30-40 mm. behind the outlet of each nozzle. The velocity
      then is about 3-4 m./sec.
PAR  Suitable synthetic resins for processing into foam materials are especially
      PVC (i.e. polyvinyl chloride), polystyrene, and polyethylene, but other
      synthetic resins such as polyurethanes can also be employed.
PAR  It will be understood that the process of this invention was developed
      specifically for foaming hard PVC, which is a thermoplastic synthetic
      resin that is in practice difficult to expand while other resins, as
      heretofore described, can also be employed. In general, conventional
      foaming procedures may be employed for most of these other thermoplastic
      synthetic resins, but such procedures are not equally effective for
      foaming of PVC. Suitable liquid solvent expanding agents are, inter alia,
      acetone, methylene chloride, and monofluorotrichloromethane; optionally
      also mixtures of methylene chloride with benzene or acetone, and many
      others.
PAR  Suitable blowing or expanding agents for this invention in the liquid phase
      are generally those boiling, at normal atmospheric pressure, below about
      100.degree.C. and capable of dissolving the thermoplastic resins to be
      foamed at least at still higher temperatures under pressure. In connection
      with polyvinyl chloride, acetone, for example, is very well suitable; this
      solvent has merely a swelling effect at room temperature, but a good
      dissolving action at 150.degree.C. Methylene chloride exhibits a similar
      behavior. Also, acetone with water may be used. For polystyrene, methylene
      chloride is likewise suggested, often in a mixture with benzene or
      acetone; and for cellulose acetate, acetone, often together with ethyl
      acetate. The most favorable dissolving temperatures for the resins are
      about 150-300.degree.C., preferably up to about 200.degree.C., wherein the
      pressures are to be above 15 atmospheres gauge, preferably between about
      20 and 50 atmospheres gauge. The amount of expanding agents introduced
      into thermoplastic resin is dependent on the desired density of the foam
      as well as the foaming condition used. Addition of the expanding agent in
      an amount varying from about 35 to about 45% by volume of the solution is
      generally found to be particularly effective.
PAR  Operation of the apparatus of FIG. 1 will be further understood from the
      following example: The screw extruder 1 can be charged with the following
      substances as follows:
PAC  EXAMPLE 1
PAR  Polyvinyl chloride powder having a K-value (which represents the viscosity)
      of 68 is fed to the screw extruder 1 at a rate of 500 grams per minute,
      via the feed opening 5 after the addition of 2% by weight of lead stearate
      as the stabilizer and 1% of lubricant or mold release agent, i.e. lead
      sulfate. Methylene chloride is introduced via the feed opening 9 at a rate
      of 225 grams per minute and the materials are continuously mixed
      intimately in the screw extruder heated to 160.degree.C. For heating
      purposes, the screw barrel 1 of the extruder is equipped with the heating
      unit 14 having resistance elements surrounding the barrel. By means of the
      screw, the thus-formed PVC solution, being under a methyl chloride vapor
      pressure of about 30 atmospheres gauge, is ejected from the nozzles of the
      die at a high speed of about 3-4 m./sec. and a rate of 725 grams per
      minute and suddenly expanded during this process. The foaming procedure is
      terminated approximately at a distance of 30-40 mm. from exit end from the
      die. During this step, no stringy or fragmented product is obtained, but
      rather a smooth, finely porous filament having 6-10 times the diameter of
      the die opening, i.e. one millimeter, the specific gravity of this product
      being about 0.02 g/cm.sup.3.
PAR  It is apparent from FIGS. 1 and 2 that for the simultaneous extrusion of
      several foam filaments from a screw extruder, the die 11 is equipped on
      the exit end with, for example, 12 nozzles 15. Between the adjustable flow
      control means or projection 16 on the entrance side of the die 11 and the
      nozzles 15, respectively one gear pump 18 is associated with each nozzle
      15. These pumps pump the expandable mixture or solution coming from the
      screw extruder to the individual nozzles 15.
PAR  It proved to be advantageous to drive the gear pumps 18 by means of a
      speed-variable drive, not shown in detail, whereby the amount conveyed by
      each gear pump 18 can be accurately metered and thus the quality of the
      filament of foam material can be optimally set. Since all nozzles are
      charged with the same mixture produced in one screw extruder, all twelve
      foam filaments are identical to one another in quality. Also, it is
      substantially easier to adjust the mixture between the thermoplastic
      employed and the expanding agent in an optimum manner, since only one
      screw extruder is to be charged.
PAR  The nozzles 15 are surrounded on the exit side with annular air nozzles 17
      serving for cooling thereof. In FIG. 2, a schematic cross-sectional view
      of the nozzle unit 11 is illustrated, showing particularly the
      configuration of the flow cross section from the nozzle inlet to the
      individual bores of the nozzles 15 on the outlet side. The gear pumps are
      not shown, since they are disposed underneath the section plane.
PAR  The foam material filaments 21 exiting from the nozzles 15 enter the
      foaming well 19 as illustrated in FIG. 3. The filaments 21 of foam
      material are guided into the air well 20 by the heated air stream 22. At
      the end of the air well 20, the oscillating vertical distributor plates 23
      are attached. The oscillating motion of the distributor plates 23 can be
      effected, for example, by the push rod 24 via a crank drive. The
      oscillating distributor plates 23 deposit the foam filaments in layers on
      the sieve-like conveyor belt 25, the conveying direction of which extends
      offset by 90.degree. with respect to the moving direction of the
      distributor plates; this belt continuously discharges the thus-layered
      foam material 26. As lateral boundaries for the layers of foam filaments,
      the plates 27 are provided. The amplitude of oscillating and the velocity
      of the distributor plates are adjustable.
PAR  The height of depositing the filaments of foam material on the conveyor
      belt in the air-well can be adjusted as desired. This height is dependent
      on the thickness and the weight per unit of volume of the sheet of foam
      material to be produced. Preferably, a depositing height of about 40-400
      mm. is maintained.
PAR  The draw-off unit 28 for the circulated air is disposed underneath the
      conveyor belt 25, the foam filaments being firmly pressed against the
      conveyor belt by means of the drawn-off air stream. The thus-removed air
      is recirculated and again introduced into the air well 20 above the
      nozzles 15. The heated air simultaneously serves for the removal of the
      expanding agent from the filaments of foam material, and this operation
      depends on the degree of enrichment, i.e. depending on the concentration
      of expanding agent in the air, a portion of the drawn-off air is fed to an
      expanding agent recovery plant. Correspondingly, a portion of heated fresh
      air must then be replenished. After the layering of the foam filaments in
      the bottom of the foaming well 19 and after leaving the well on the
      conveyor belt 25, the foam filaments still contain such a quantity of
      expanding agent that a sheet pressed from these filaments collapses after
      a short period of time, while being subjected to large dimensional
      changes. For this reason, a continuous tempering or stabilization zone is
      connected to the foaming well 19.
PAR  The foam material 26 layered in the foaming well 19 passes, after leaving
      the foaming well, through the combined preliminary pressing and
      preliminary tempering zone 29, 30 shown in FIG. 4. Here, the foamed
      product is continuously pressed into a crude sheet 33 between the
      sieve-like conveyor belts 31, 32; the thickness of this crude sheet lies
      substantially above the finished thickness (i.e. about 3-4 times the
      thickness of the finished product). Above and below the sieve-like
      conveyor belts, air nozzles are arranged, not illustrated in detail, which
      blow hot air of preferably 95-100.degree.C. through the crude sheet under
      a pressure of 200 mm. H.sub.2 O column. The air, enriched with expanding
      agent, is drawn off at the bottom and, in case of an appropriate expanding
      agent concentration, fed to an expanding agent recovery plant. The
      finishing tempering zone 34 follows the combined preliminary pressing and
      preliminary tempering zone 29, 30; the pre-pressed foam strip 33 passes
      through this finishing tempering zone in several tiers on corresponding
      link or chain conveyor belts 35. At the ends of zone 34 guide rolls 36 are
      provided. Here, hot air of 95.degree.-100.degree.C. is likewise
      continuously blown through the crude sheet of foam material. The amount of
      air fed thereto is dependent on the amount of expanding agent still
      present in the crude foam sheet. The tempering zone must be dimensioned in
      its size so that a minimum tempering time is observed, which is dependent
      on the thickness of the crude sheet. The fresh air is fed at 37 and drawn
      off at 38 from the housing 39 surrounding the tempering zone.
PAR  The finishing pressing zone 40 with the edge-forming means follows the
      finishing tempering zone 34. Here, the crude sheet 33 (FIG. 5) is
      press-molded into an endless, sized foam material sheet by pressure
      rollers 46 between two broad steel bands 41 at the top and at the bottom,
      as well as two narrow steel bands 42 laterally on the right-hand and
      left-hand sides. The finishing pressing zone is subdivided into a heating
      zone 43 and a cooling zone 44. In the heating zone 43, starting with the
      inlet of the pressing zone 40, the crude sheet is heated to a temperature
      of 115.degree.-120.degree.C. under the compressive pressure of,
      preferably, 0.2 kg./cm.sup.2.
PAR  During the pressing operation, the filaments are no longer melted but
      rather are pressed into an endless web under the desired pressure, e.g.
      0.2 atmosphere gauge. During this operation, the hollow spaces between the
      individual filaments in the web are reduced, while the cross section of
      the filaments is only slightly diminished.
PAR  In the subsequent cooling zone 44, the foamed sheet is cooled to
      40.degree.-50.degree.C., likewise under the same compressive pressure. At
      this temperature, the finished foam sheet 45 leaves the finishing pressing
      zone and is passed on to further processing, e.g. manufacture into
      articles.
PAR  The process of this invention will be further understood from the following
      additional examples.
PAC  EXAMPLE II
PAR  The 12 of the filaments obtained from the apparatus shown in FIGS. 1 and 2
      and prepared as set forth in Example I are subsequently formed into a
      multi-layered web in a foaming well, the filaments being initially guided
      through an air well by air heated to 80.degree.C. and then oscillated back
      and forth over a conveyor belt sieve, each being extruded at a rate of
      about 60 grams per minute. The web formed having a thickness of about 250
      mm. and a width of about 500 mm. is then continuously passed to a
      preliminary pressing and preliminary tempering zone wherein the web is
      pressed under a pressure of about 0.05 atmosphere gauge between two
      conveyor belt sieves into a crude sheet having a thickness of about 100
      mm., hot air at 95.degree.-100.degree.C. being simultaneously directed
      through the sheet at a pressure of 200 mm. H.sub.2 O column. The air
      containing from 0.6 to 1.0% by volume of methylene chloride is drawn off
      and sent to a solvent recovering unit. Then the pre-pressed foamed PVC
      sheet passes for a period of about 50 minutes through a finishing
      tempering zone wherein hot air at 95.degree.-100.degree.C. under pressure
      of 150 mm. H.sub.2 O column and a rate of 10,000 M.sup.3 per hr. is blown
      through the sheet. Finally, the crude sheet is sent to the finishing
      pressing zone wherein the sheet is compressed on all four sides as shown
      in FIGS. 5 and 5a and is initially heated to 115.degree. to 120.degree.C.
      under a compressive pressure of 0.2 kg./cm.sup.2. Then the sheet is cooled
      while under this pressure to a temperature range of from
      40.degree.-50.degree.C. The sheet is under this compression for a period
      of about 15 minutes. The resultant foam sheet has a density of 0.03
      grams/cm.sup.3 and a methylene chloride content of less than 10% by
      weight.
PAC  EXAMPLE III
PAR  Using the procedures outlined in Examples I and II other foam sheets are
      prepared from the following components:
TBL  Run No. Resin         Expanding Agent                                     
     ______________________________________                                    
     1       PVC        methylene chloride and monofluoro-                     
                        trichloromethane                                       
     2       polyethylene                                                      
                        methylene chloride                                     
     3       polystyrene                                                       
                        methylene chloride and benzene                         
     ______________________________________                                    
PAR  In each case the final foam sheet produced had a residual expanding agent
      content of less than 10% by weight and a density ranging from about 0.03
      to about 0.1 grams/cm.sup.3. All products were capable of being processed
      into foam article without causing collapse of the foam structure.
PAR  It will be understood from the foregoing examples that the term "tempering"
      as used herein refers to the heat treatment of the foamed resins required
      for effecting substantial removal of the expanding agent.
PAR  While the novel principles of the invention have been described, it will be
      understood that various omissions, modifications and changes in these
      principles may be made by one skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for continuously producing an endless sheet product of a
      foamed thermoplastic synthetic resin comprising feeding a thermoplastic
      synthetic resin into an extruder, introducing at least about 35% based on
      the volume of the resultant admixture of a low-boiling volatile organic
      liquid expanding agent into the synthetic resin in said extruder under
      high pressure, said liquid expanding agent being capable of dissolving the
      thermoplastic resin at temperatures above 100.degree.C and under pressures
      greater than one atmosphere, admixing the resin and expanding agent to
      provide a fluid admixture, heating said fluid admixture to a temperature
      substantially above the boiling point of the liquid expanding agent under
      normal pressure and subjecting the fluid admixture to high pressures,
      extruding the admixture through a die of the screw extruder having a
      plurality of small extrusion nozzles whereby the admixture suddenly
      expands and forms a plurality of filaments of synthetic resin foam,
      aligning the foam filaments exiting from the nozzles by an air stream,
      placing the foam filaments into an oscillating motion, loosely layering
      the oscillating foam filaments into a continuous web on a sieve-like
      conveyor belt traveling offset by about 90.degree. with respect to the
      oscillating motion of the foam filaments, continuously pressing the
      thus-layered web of synthetic resin foam into a crude sheet between two
      sieve-like conveyor belts, tempering the crude sheet so formed by passing
      hot air therethrough whereby substantial removal of the expanding agent is
      effected, and thereafter forming said crude sheet into said endless sheet
      product.
NUM  2.
PAR  2. The process of claim 1, wherein said expanding agent is a solvent for
      said thermoplastic synthetic resin at least in the vapor phase and said
      admixture is a solution.
NUM  3.
PAR  3. The process of claim 1, wherein the fluid admixture is initially forced
      into said die by a screw conveyor, the admixture is divided into separate
      streams one for each of said nozzles, and each stream is pumped to a
      nozzle.
NUM  4.
PAR  4. A process according to claim 1, wherein said crude sheet is formed into
      said endless sheet product by applying pressure to each side of said crude
      sheet while passing said crude sheet through a heating zone and a
      subsequent cooling zone.
NUM  5.
PAR  5. A process according to claim 4, wherein the layered web of synthetic
      resin foam being continuously pressed into said crude sheet is
      simultaneously subjected to a preliminary tempering to remove a portion of
      the expanding agent therefrom, said preliminary tempering being
      accomplished by passing hot air through said crude sheet, and thereafter
      said crude sheet is subjected to a subsequent tempering to remove
      additional expanding agent therefrom, said subsequent tempering being
      accomplished by passing hot air therethrough.
NUM  6.
PAR  6. A process according to claim 5, wherein the amount of expanding agent
      introduced into the synthetic resin in said extruder is about 35 to 45%
      based on the volume of the admixture.
NUM  7.
PAR  7. A process according to claim 6, wherein said thermoplastic resin is hard
      polyvinyl chloride.
NUM  8.
PAR  8. A process according to claim 1, wherein the foam filaments are pressed
      on said sieve-like conveyor belt by means of the air stream utilized for
      aligning the foam filaments exiting from the nozzles.
NUM  9.
PAR  9. The process according to claim 1, wherein said endless sheet of
      synthetic foam is 1/4 to 1/3 as thick as said crude sheet.
NUM  10.
PAR  10. The process according to claim 5, wherein the preliminary tempering and
      subsequent tempering are accomplished at a temperature between about
      95.degree. to 100.degree.C.
NUM  11.
PAR  11. The process according to claim 5, wherein said crude sheet is heated to
      a temperature of about 115.degree. to 120.degree.C under a compressive
      stress of about 0.1 to 0.5 atmosphere gauge and thereafter cooled to about
      40.degree. to 50.degree.C under a pressure of about 0.1 to about 0.5
      atmosphere gauge to form said endless sheet product.
NUM  12.
PAR  12. The process accorinding to claim 1, wherein tempering is accomplished
      at a temperature of about 95.degree. to 100.degree.C.
NUM  13.
PAR  13. The process according to claim 1, wherein said thermoplastic synthetic
      resin is selected from the group consisting of polyvinyl chloride,
      polystyrene, polyethylene and polyurethane.
NUM  14.
PAR  14. The process according to claim 13, wherein said low-boiling liquid
      expanding agent boils under atmospheric pressure below about 100.degree.C.
NUM  15.
PAR  15. The process according to claim 14, wherein said low-boiling liquid
      expanding agent is selected from the group consisting of acetone,
      methylene chloride, monofluorotrichloromethane, a mixture of methylene
      chloride with benzene, a mixture of methylene chloride with acetone, a
      mixture of acetone and water and a mixture of acetone and ethyl acetate.
NUM  16.
PAR  16. The process according to claim 13, wherein said resin is polyvinyl
      chloride and said liquid low-boiling expanding agent is acetone, methylene
      chloride, or a mixture of acetone and water.
NUM  17.
PAR  17. The process according to claim 13, wherein said resin is polystyrene
      and said low-boiling liquid expanding agent is methylene chloride, a
      mixture of methylene chloride and benzene or a mixture of methylene
      chloride and acetone.
NUM  18.
PAR  18. The process according to claim 13, wherein said resin is cellulose
      acetate, and further wherein said low-boiling liquid expanding agent is
      acetone or a mixture of acetone and ethyl acetate.
NUM  19.
PAR  19. The process according to claim 14, wherein said thermoplastic resin and
      said low-boiling liquid expanding agent are combined under a pressure of
      about 20 to about 50 atmospheres gauge at a temperature of about
      150.degree. to about 300.degree.C.
NUM  20.
PAR  20. The process according to claim 19, wherein said thermoplastic resin and
      said low-boiling liquid expanding agent are combined at a temperature of
      about 150.degree. to 200.degree.C.
NUM  21.
PAR  21. The process according to claim 1, wherein about 35 to about 45% based
      on the volume of the admixture of said low-boiling liquid expanding agent
      is combined with said thermoplastic resin.
NUM  22.
PAR  22. The process according to claim 14, wherein the conveying efficiency of
      the screw in said screw extruder is such that foaming of the admixture of
      said thermoplastic resin and said low-boiling liquid expanding agent in
      the extruder die or the extruder screw barrel is prevented.
NUM  23.
PAR  23. The process according to claim 22, wherein the conveying efficiency of
      the extruder screw is such that foaming of the extrudate is terminated
      approximately 30 to 40 mm behind the outlet of each nozzle.
NUM  24.
PAR  24. A process for the continuous production of an endless sheet product
      from a foamed thermoplastic synthetic resin comprising feeding a
      thermoplastic synthetic resin into a screw extruder, introducing at least
      about 35% based on the volume of the resultant admixture of a low-boiling
      volatile organic liquid expanding agent into the synthetic resin in said
      extruder under high pressure, said liquid expanding agent being capable of
      dissolving the thermoplastic resin at temperatures above 100.degree.C and
      under pressures greater than one atmosphere, admixing the resin and
      expanding agent to provide a fluid admixture, heating the admixture of
      resin and expanding agent to a temperature substantially above the boiling
      point of the liquid expanding agent under normal pressure and subjecting
      the fluid admixture to high pressures, extruding the admixture through a
      die of the screw extruder having a plurality of small extrusion nozzles in
      such a way that the admixture expands after leaving the extruder into a
      plurality of filaments of synthetic resin foam, aligning the foam
      filaments exiting from the nozzles of said die by an air stream, loosely
      layering the foam filaments on a sieve-like moving conveyor belt to form a
      continuous web, the foam filaments being layered in a direction offset
      with respect to the motion direction of the conveyor belt, and forming the
      thus-layered web of synthetic resin foam into said endless sheet while
      continuously removing expanding agent therefrom.
NUM  25.
PAR  25. A process according to claim 24, wherein the layered web of synthetic
      resin foam is preliminarily pressed into a crude sheet and simultaneously
      subjected to preliminary tempering by blowing hot air therethrough for
      removing a portion of the expanding agent therein, said crude sheet
      thereafter being subjected to a second tempering by blowing hot air
      therethrough for effecting substantial removal of the expanding agent
      therein.
NUM  26.
PAR  26. A process according to claim 25, wherein the crude sheet is formed into
      said endless sheet product by heating said crude sheet to a temperature of
      about 115.degree. to 120.degree.C under a compressive stress of about 0.1
      to 0.5 atmospheres gauge and thereafter cooling to about 40.degree. to
      50.degree.C under a pressure of about 0.1 to 0.5 atmospheres gauge.
NUM  27.
PAR  27. A process according to claim 26, wherein said thermoplastic resin is
      hard polyvinyl chloride, and wherein the amount of liquid expanding agent
      is about 35 to 45% based on the volume of said admixture.
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PAL  In a method for injection moulding of the type wherein gas or vapor evolved
      from the resin being moulded is vent through a vent opening provided for a
      heated cylinder at an intermediate point thereof, the vent opening is
      maintained at a reduced pressure during metering and a small quantity of
      vaporizable liquid is admitted into the vent opening during injection for
      increasing the pressure therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for injection moulding.
PAR  Most raw materials utilized in an injection moulding machine or ejection
      moulding machine contain or evolve gas, air or moisture which are heated,
      evaporated and expanded while the raw materials are heated or melted in a
      heated cylinder of the moulding machine and such gas or vapor disperses
      and remains in the moulded articles as gas bubbles. To overcome this
      dificulty a so-called vent moulding machine is often used. In the ejection
      moulding machine a screw is continuously rotated in a heated cylinder so
      as to continuously eject the heated resin therein, whereas in the
      injection moulding machine, the rotation of the screw is intermittent so
      that while the screw is being stopped the resin stays in the heated
      cylinder and the volatile components and other gases expand. Since the
      pressure of the portion near the vent opening is reduced the resin will
      overflow through the vent opening thus causing vent up and closing of the
      vent opening. Accordingly, the vent effect is nullified. For this reason,
      in the injection moulding machine, while the screw is being stopped, the
      pressure of the portion near the vent opening is increased to or above the
      atmospheric pressure for preventing vent up.
PAR  Such a method is well known as disclosed in the specification of Japanese
      Pat. Publication No. 666 of 1971. This method will be described in the
      following with reference to FIGS. 1 and 2 of the accompanying drawings.
PAR  Thus, in an injection moulding machine, a valve 3 including a passage 2 is
      provided at a vent opening 1. The valve 3 is rotated for communicating the
      passage 2 with an inlet opening 5 or an exhaust opening 4. During rotation
      of screw 6 the valve 3 is maintained in the position shown in FIG. 1 so as
      to communicate the passage 2 with exhaust opening 4 which is connected to
      a vacuum pump (not shown) thus maintaining a reduced pressure in the vent
      opening 1. After completion of metering, rotation of screw 6 is stopped
      and the valve 3 is rotated to the position shown in FIG. 2 thus
      introducing to the vent opening 1 air under atmospheric pressure or
      pressurized inert gas through inlet opening 5 and passage 2, thus
      preventing vent up.
PAR  It should be understood that the rotation of valve 3 is effected by
      electric signals generated in synchronism with the start and stop of screw
      6.
PAR  Such prior art method, however, has the following disadvantages.
PAL  1. When increasing the pressure at the vent opening to the atmospheric
      pressure or above the atmospheric pressure which has been maintained under
      a reduced pressure, it takes a certain time before the pressure at the
      vent opening increases unless inlet opening of large diameter is used.
      This means that the reduced pressure condition persists a relatively long
      period after stopping the screw 6, thus causing vent up. Readily
      oxidizable material such as nylon will be colored or degraded by contact
      with air. Where the diameter of the bent opening is increased, it is
      necessary to use a large and expensive valve.
PAL  2. Where pressure is applied to the vent opening 1 by air or inert gas,
      although it is possible to prevent bent up, oxydation of the material is
      accelerated when pressurized air is used. Where pressurized inert gas is
      used, while oxidation of the raw material and vent up can be efficiently
      precluded, inert gas is generally more expensive than air and in addition
      supplement and maintainance of such gas must be made with care.
      Accordingly, use of inert gas is not advantageous for small factories.
PAR  The time required for the gas pressure to increase to or above the
      atmospheric pressure can be decreased by switching the valve to the
      atmosphere side before the screw is stopped, but this decreases the
      interval in which the reduced pressure is maintained at the vent opening
      thus decreasing the effect thereof.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved method for
      injection moulding capable of eliminating various defects described above.
PAR  Another object of this invention is to provide an injection moulding
      machine capable of efficiently venting gas or vapor evolved by the
      material being moulded and preventing vent up or overflow of the material
      while the screw of the machine is stopped.
PAR  Still another object of this invention is to provide a novel method for
      injection moulding which use vaporizable liquid for increasing the
      pressure in the vent opening during injection that will not be entrained
      in the raw material or moulded articles.
PAR  According to one aspect of this invention there is provided a method of
      injection moulding of the type utilizing an injection moulding machine
      including a heated cylinder having a vent opening at an intermediate point
      between the opposite ends thereof and a screw rotatably contained in the
      cylinder and wherein the screw is rotated during metering but stopped
      during injection, characterized by the steps of maintaining a reduced
      pressure in the vent opening during the rotation of the screw, and
      introducing into the vent opening a predetermined quantity of vaporizable
      liquid at the time when the rotation of the screw is stopped thus causing
      the liquid to evaporate to increase the pressure in the vent opening.
PAR  According to another aspect of this invention there is provided an
      injection moulding machine of the type comprising a heated cylinder having
      a vent opening at an intermediate point between the ends thereof, and a
      screw rotatably contained in the cylinder, the screw being rotated during
      metering but stopped during injection, characterized in that there are
      provided an evacuation system, a valve connected between the vent opening
      and the evacuation system, means for opening the valve during metering, a
      source of vaporizable liquid and valve means for supplying a predetermined
      quantity of the liquid into the vent opening when the rotation of the
      screw is stopped.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawings:
PAR  FIG. 1 shows a longitudinal sectional view of a prior art injection
      moulding machine with a vent opening;
PAR  FIG. 2 is an enlarged sectional view showing a vent opening and a valve
      utilized in the machine shown in FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view of an injection moulding machine
      embodying the invention;
PAR  FIG. 4 shows a cross-section of the machine shown in FIG. 3 taken along a
      line IV--IV, and
PAR  FIG. 5 is a sectional view showing a modified embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An injection moulding machine embodying the invention and shown in FIGS. 3
      and 4 comprises a heated cylinder 13 which may be heated by an electric
      heater, not shown, a screw 12 contained therein and a vent opening 11
      provided at an intermediate point of the cylinder. The diameter of a
      portion 12' of screw 12 corresponding to the vent opening 11 is reduced
      for facilitating escape of gas or vapor through the vent opening 11. The
      raw material, such as a powder of plastic, is supplied through a hopper 30
      and conveyed to the left by the screw 12. While being conveyed by the
      screw, the raw material is heated and becomes plastic. The material is
      then injection moulded into a metal mould 31 in a manner well known in the
      art.
PAR  An exhaust pipe 14 is connected to the vent opening 11 through a valve 16
      operated by a solenoid coil 15. Although not shown in the drawing, the
      lower end of the exhaust pipe 14 is connected to a suitable exhausting
      device, a vacuum pump for example. Liquid, for example water, is supplied
      to the vent opening through a supply pipe 17 including two serially
      arranged valves 19 and 21, respectively operated by solenoid coils 18 and
      20. With this arrangement it is possible to store a predetermined quantity
      of the liquid in a pipe section 22 between valves 19 and 21.
PAR  In operation, during metering, that is during a predetermined number of
      revolutions of the screw 12, valves 19 and 21 are closed to store the
      predetermined quantity of the liquid in the pipe section 22. During this
      period valve 16 in the exhaust pipe 14 is held open to exhaust gas or
      vapor evolved from the raw material. When metering is completed the screw
      is stopped and exhaust valve 16 is closed by an electric signal supplied
      to the solenoid coil 15. The electric signal is also applied to solenoid
      coil 18 to open valve 19. Accordingly, the liquid which has been stored in
      section 22 is supplied to the vent opening 11 as a fine stream or spray.
      The liquid thus supplied immediately vaporizes to immediately increase the
      pressure in the vent opening 11 from a sub-atmospheric pressure. At the
      same time, the surface of the raw material immediately below the vent
      opening is cooled by the liquid to form a thin film which is effective to
      prevent vent up. Electric signals are applied such that when the screw 12
      is restarted valve 19 is closed whereas valves 16 and 21 are opened. Then
      the vent opening 11 is evacuated and section 22 is filled with the liquid.
      A predetermined time later valve 21 is closed to store the predetermined
      quantity of the liquid in section 22.
PAR  In a modified embodiment shown in FIG. 5, valve 21 is omitted and the valve
      19 is opened for a predetermined interval by a timer, not shown, after the
      screw has stopped, thereby supplying a predetermined quantity of the
      vaporizable liquid into the vent opening.
PAR  The quantity of the liquid supplied into the vent opening is relatively
      small and it is advantageous to supply the liquid only to the opening of
      vent opening commucating the same with heated cylinder and to the portion
      of the screw near the vent opening. The invention has the following
      advantages.
PAL  1. The surface temperature of the raw material is decreased locally to
      prevent foaming due to evaporation of vaporizable components.
PAL  2. The temperature of the raw material and the portion of the cylinder near
      the vent opening is decreased to prevent adhesion or seizure of the raw
      material to the wall surface of the vent opening.
PAL  3. When water is used, it is possible to use it readily like air. Further,
      water can prevent oxydation of the raw material caused by air.
PAL  4. Since the quantity of the vaporizable liquid is small, it rapidly
      vaporizes as soon as it is supplied. Thus, there is no fear of the
      entrainment of the liquid in the molten raw material. Accordingly, the
      moulded articles do not contain any liquid.
PAR  In addition, water is cheaper and can be maintained with less trouble than
      inert gases. Although water has been used as the vaporizable liquid any
      other vaporizable liquids, particularly those inactive to resin, such as
      ethyl alcohol, can be used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of injection moulding of the type utilizing an injection
      moulding machine including a heated cylinder having a vent opening at an
      intermediate point between the opposite ends thereof and a screw rotatably
      contained in the cylinder and wherein the screw is rotated during metering
      but stopped during injection, the improvement which comprises the steps of
      maintaining a reduced pressure in said vent opening during the rotation of
      said screw, and introducing into said vent opening a predetermined
      quantity of vaporizable liquid at the same time when the rotation of said
      screw is stopped thus causing said liquid to evaporate to increase the
      pressure in said vent opening.
NUM  2.
PAR  2. The method according to claim 1 wherein said vaporizable liquid is
      supplied into said vent opening as a fine stream or spray.
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PAL  In a method of moulding gramophone records, the hole is formed by
      co-operating hole forming members which can extend into the mould cavity
      and which are pressed together at a position within the thickness of the
      record. One of the members is subsequently extended further and moves
      beyond this position, so that any web or flash which may be formed between
      the hole forming members is separated from the article after which the
      mould cavity opened and the article is removed. The machine described is
      for the injection moulding of gramophone records and one of the hole
      forming members is the nozzle tip of the injection nozzle. The other hole
      forming member is a counterpiece, which is the member which undergoes the
      further extension by pushing back the nozzle tip upon decompression of the
      mould cavity.
PARN
PAR  This is a continuation application of U.S. Ser. No. 356,180, filed May 1,
      1973 and now abandoned.
BSUM
PAR  This invention relates to the moulding of apertured articles in which an
      aperture is formed in the article during formation of the article in the
      mould cavity, and especially but not exclusively to the formation of a
      centre hole in a gramophone record during formation of the record in the
      mould cavity.
PAR  It is an object of the invention to provide an improved method of moulding
      apertured articles.
PAR  According to one aspect of the invention there is provided a method of
      moulding an apertured article including the steps of forming an aperture
      in the article during formation of the article in a mould cavity by
      causing co-operable hole forming members in respective mould parts to
      press together at a position within the thickness of the article
      subsequently moving one of said hole forming members beyond said position,
      and thereafter opening the mould cavity and removing the apertured article
      therefrom.
PAR  According to another aspect of the invention there is provided apparatus
      for moulding an apertured article comprising first and second mould parts,
      means for causing said mould parts to close together to define a mould
      cavity, co-operable hole forming members in respective mould parts, means
      for causing said co-operable hole forming members to press together within
      the thickness of an article being moulded in said cavity, one of said hole
      forming members being such that it does not extend to its fullest amount
      into said cavity when said co-operable hole forming members are first
      pressed together to form said aperture, and means for subsequently causing
      said one hole forming member to extend further into said cavity and move
      beyond the position at which said co-operable hole forming members are
      first pressed together.
PAR  The invention is especially suited to the injection moulding of gramophone
      records in which case one of said hole forming members may be the tip of
      the injection nozzle and the other of said hole forming members may be a
      co-operable counterpiece or anvil.
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect one example thereof will now be described with reference to
      the accompanying drawings, in which:
PAR  FIGS. 1, 2 and 3 illustrate diagrammatically sectional views of the centre
      portion of a mould cavity at various stages in the formation of an
      apertured gramophone record in accordance with the invention, and
PAR  FIG. 4 illustrates schematically injection moulding apparatus for the
      manufacture of gramophone records in accordance with the invention.
DETD
PAR  Referring firstly to FIG. 4, reference numerals 1 and 2 indicate generally
      the fixed and movable mould parts respectively. Matrices are secured to
      the faces 21 of the mould parts 1 and 2. A hopper 22 contains a supply of
      record material, for example in grannular form, which is fed to a heater
      and screw feeder 23 to which is secured an injection barrel 26. In
      practice, the heater is required only to produce the initial softening of
      the record material which is maintained in a softened state by the energy
      supplied by the screw feeder. The movable mould part 2 is reciprocated
      along guides (not shown) by a ram 24 under the influence of a hydraulic
      cylinder 25. The mouldable material is fed through the fixed mould part 1
      into the centre of the mould cavity through the injection barrel 26 to
      which is secured a nozzle having a nozzle tip 8. The movable mould part 2
      carries a counterpiece or anvil 9 co-operable with the nozzle tip 8. The
      various elements of the machine are mounted on a bed 27.
PAR  Referring now more particularly to FIGS. 1 to 3 of the drawings, there is
      shown an enlarged view of part of the apparatus for the injection moulding
      of gramophone records. The two mould parts 1 and 2 have matrices attached
      thereto. (The matrices do not appear in any of FIGS. 1 to 3 which show
      only a small portion of the centre of the mould parts. Mould part 1 is
      fixed while mould part 2 is reciprocable towards and away from mould part
      1 by any suitable known means. The mould parts define a mould cavity
      indicated generally by the reference numeral 3. Each mould part carries a
      record label 4. An injection nozzle 5 is reciprocable in a bore 6 in the
      fixed mould part 1. In the forward position, the nozzle 5 engages a
      conical seating portion 7 of the mould part 1. The nozzle 5 has a tip 8
      which can extend into the mould cavity 3 and which holds one of the labels
      4 centrally against the fixed mould part 1. A counterpiece or anvil member
      9 is reciprocable in a bore 10 in the movable part 2 and can extend into
      the mould cavity 3 to co-operate with the nozzle tip 8 in the formation of
      the centre hole of a gramophone record. The counterpiece 9 has an enlarged
      head 11 slidable in a bore 12 having a front shoulder 12A which determines
      the extent to which the counterpiece can extend into the mould cavity. The
      counterpiece 9 also serves to hold the other record label 4 against the
      movable mould part 2.
PAR  An operating cycle will now be described for the manufacture of a
      gramophone record. With the nozzle tip 8 and the counterpiece 9 in their
      forward or extended positions (i.e. with the nozzle 5 engaging seating 7
      in the mould part 1 and with the head 11 of the counterpiece 9 engaging
      the shoulder 12A in the mould part 2) a record label 4 is placed and held
      against a respective mould part by nozzle tip 8 and counterpiece 9. Mould
      part 2 is moved towards mould part 1 and mouldable material 13 is
      introduced between the record labels 4 through the nozzle 5, to reach the
      stage shown in FIG. 1 where the mould parts have not yet closed together.
PAR  As mould part 2 closes on mould part 1 to the position shown in FIG. 2, the
      mouldable material flows radially outwardly to fill the mould cavity 3 and
      produce a gramophone record 14. At the same time, the extended
      counterpiece 9 engages the nozzle tip 8 to form a hole in the centre of
      the record. The counterpiece 9 is of such a length that it engages the
      nozzle tip 8 before the mould part 2 completes its travel. The force
      P.sub.1 holding the nozzle 5 in its forward position is greater than the
      force P.sub.2 employed to hold the counterpiece 9 in its forward position.
      Hence when the counterpiece engages the nozzle tip, it stops. The mould
      part 2, however, continues its travel to complete the formation of the
      record 14. A space 15 is produced between the head 11 of the counterpiece
      9 and the shoulder 12A, as can be seen in FIG. 2. Typical forces P.sub.1
      and P.sub.2 applied to the nozzle 5 and the counterpiece 9 are 2 Tons and
      11/2 Tons respectively. Even with the application of such forces, a thin
      web or flash may be formed between the nozzle tip 8 and the counterpiece
      9. The present invention ensures that if any such flash is formed it is
      removed before the mould cavity is opened so that when the record is
      removed it has a neat clean centre hole. This is effected by reducing the
      force P.sub.1 applied to the nozzle 5 to a value P.sub.3, typically zero,
      which is lower than the force P.sub.2 applied to the counterpiece 9. The
      nozzle is moved by the counterpiece until the head 11 engages the shoulder
      12A thus forming gaps 16 and 17, as can be seen in FIG. 3.
PAR  It is desirable in the mass production of articles, such as gramophone
      records, to reduce the over-all cycling time of the machine as far as
      possible. In practice, therefore, the mould cooling cycle is usually
      terminated before the mouldable material is fully hardened. In view of
      this, in the preferred method, the force P.sub.1 is reduced to the value
      P.sub.3 upon decompression of the mould cavity. If the force P.sub.1 were
      reduced while the mould cavity was still under moulding pressure,
      distortion would probably occur due to the mouldable material tending to
      flow into the gaps 16 and 17. However, it will be appreciated that the
      force P.sub.1 may be reduced while the mould cavity is still under
      moulding pressure if the other parameters, such as choice of moulding
      material and cooling cycle, are such that distortion does not occur.
PAR  Since the nozzle 5, the injection barrel 26 and the screw feeder 23 are
      secured together as a rigid unit, they all move backwards when the
      counterpiece 9 pushes the nozzle tip 8 backwards upon the reduction of the
      force P.sub.1 to the value P.sub.3.
PAR  When the mould parts 1 and 2 separate, air or other gas may be introduced
      into the space 17 at atmospheric or greater pressure to assist in
      releasing the record from the fixed mould part 1 so that it remains
      attached to the movable mould part 2 from which it is subsequently
      removed. It is necessary for automatic operation to ensure that the record
      is always retained on a particular one of the mould parts when the mould
      parts separate. In this example, the record is retained on the movable
      mould part. In the absence of the additional movement of the counterpiece
      9 beyond the position at which it meets the nozzle tip 8, the formation of
      a web or flash across the aperture was found to hinder release of the
      record from the mould part 1 since the web remained connected to the sprue
      in the nozzle tip. Use of the invention was found to greatly assist in the
      release of the record from mould part 1. This is of great advantage
      whichever mould part is arranged to retain the record when the mould parts
      separate.
PAR  The initial movement of the counterpiece 9 when the force on the nozzle 5
      is reduced need only be sufficient to remove any flash which may be
      formed, for example 0.020 inches. In the above described example, this
      would mean that the space 15 was 0.020 inches, and that the sum of the
      extensions into the cavity of the nozzle tip 8 and the counterpiece 9 is
      0.020 inches greater than the thickness of the centre portion of the
      gramophone record 14. In the position shown in FIG. 2, the counterpiece 9
      may extend into the cavity by any suitable amount say 0.030 inches.
PAR  Although the invention has been described with reference to the injection
      moulding of gramophone records, it will be appreciated that the invention
      is applicable to the formation of other apertured articles.
PAR  It will have been noted that the nozzle tip 8 and the counterpiece 9 are of
      different diameters in the above described example. This feature is
      described and claimed in our co-pending British Pat. Specification
      1367680.
PAR  In this example, the counterpiece 9 is of a diameter equal to the desired
      centre hole and the nozzle tip 8 is of slightly greater diameter. The
      member which undergoes the additional extension is the one with the
      smaller diameter, both in the case of injection moulding and in the case
      of compression moulding from a cake of material.
CLMS
STM  What I claimed is:
NUM  1.
PAR  1. A method of moulding a gramophone record including the steps of
      introducing mouldable material into a mould cavity between first and
      second mould parts through a nozzle tip which also acts as a hole-forming
      member and forming an aperture in the record during the formation of the
      record in said mould cavity by causing said first and second co-operable
      hole-forming members in respective mould parts to press into contact at a
      position within the thickness of the record, thereby to form the hole,
      subsequently moving one of said hole-forming members beyond said position
      to sever any thin web remaining at said nozzle tip, and thereafter opening
      the mould cavity and removing the apertured record therefrom.
NUM  2.
PAR  2. A method according to claim 1 and including the step of decompressing
      the mould cavity before opening the cavity, at which step said movement of
      the one hole-forming member is effected.
NUM  3.
PAR  3. A method according to claim 1 in which said one hole forming member is
      caused to move beyond said position by reducing the force applied to the
      other of said hole forming members to a value below the force applied to
      said one hole forming member.
NUM  4.
PAR  4. A method according to claim 1 in which said one hole forming member is
      of smaller diameter than the other of said hole forming members.
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ABST
PAL  This invention relates to a method of forming a locking ring for the
      closure plug of a pressure vessel for storing fluid under pressure and
      particularly of the type having a deformable partition such as a bladder
      therein. The closure plug has a flanged inner end of diameter slightly
      less than the diameter of the port of the pressure vessel into which it is
      to be inserted and the locking ring normally is of greater diameter than
      said port and is foldable for insertion through said port so that it may
      then be restored to its original shape to encompass the closure plug and
      restrain outward movement thereof from such port.
PARN
PAR  This application is a division of copending applications Ser. No. 613,660,
      filed Feb. 2, 1967 now U.S. Pat. No. 3,537,481; Ser. No. 822,445, filed
      May 7, 1969 now U.S. Pat. No. 3,640,172; Ser. No. 188,955, filed Oct. 13,
      1971 now U.S. Pat. No. 3,733,682 and 336,840, filed Feb. 28, 1973 now U.S.
      Pat. No. 3,827,133.
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PAR  This invention relates to a method of forming a locking ring for the
      closure plug of a pressure vessel for storing fluid under pressure and
      particularly of the type having a deformable partition such as a bladder
      therein.
PAR  As conducive to an understanding of the invention, it is noted that where a
      pressure container has an opening or port with a removable closure plug
      therein, the use of a threaded plug is undesirable in that the threads may
      become worn and stripped with likelihood of blowing out of the plug when
      high pressures are attained in the container. In addition, if such plug
      can be removed before substantially all of the pressure is relieved in the
      container, when the mechanic disassembling the container has partially
      released the plug, it may suddenly blow out and cause severe injury.
PAR  To overcome such difficulties, a plug may be utilized having a reduced neck
      defining a shoulder and forming an enlarged inner end portion of smaller
      outside diameter than the port so that it may be inserted therein. A
      locking member in the form of a ring encompassing the reduced neck portion
      of the plug, has an outer diameter greater than that of said port and an
      inner periphery overlapped by the shoulder of the enlarged end portion of
      the plug and is seated in position with rigid portions of the locking
      member intervening between the inner rim of the port and said shoulder. By
      means of any suitable retaining element, such as a nut screwed on the
      externally threaded neck of the plug, which protrudes from the port, the
      plug may be releasably, yet securely affixed to said container. As the
      locking member is of greater diameter than the port, in order that it may
      be inserted therethrough into the container, it is made deformable as by
      having portions thereof relatively displaceable.
PAR  Where, to permit such deformation, the locking member is of resilient metal
      having one or more splits through the circumference thereof, such as a
      conventional split ring which may be of hardened spring steel, the
      pressure vessel bladder as it expands to expel liquid from the container,
      will come in contact with the portion of the surface of such ring which
      extends laterally outward from the shoulder of the plug and especially at
      high pressures, extrude through such split, thereby pinching or cutting
      the bladder with resultant destruction of the latter and failure of the
      pressure vessel.
PAR  In order to permit such deformation and provide a surface against which the
      pressure vessel bladder may abut which has no splits or discontinuities,
      as shown in U.S. Pat. Nos. 2,936,787 and 3,148,705, a locking member has
      been provided which comprises a plurality of arcuate segments arranged
      substantially in a ring, the adjacent ends of said segments being spaced
      from each other. The segments are desirably of hardened metal such as
      steel which will withstand the shearing action against the inner periphery
      of the locking member caused by the pressure of the enlarged end of the
      plug when the bladder is bearing thereon and the shearing action caused by
      the pressure of the locking member against the rim of the port. The
      segments are connected together by a resilient ring so as to be securely
      retained with respect thereto and so positioned that the top of the
      locking member will present an uninterrupted surface to the bladder, the
      resilient ring permitting relative displacement of portions of the locking
      member so that it may be deformed for insertion into the port, the locking
      member being self-restoring to its original shape.
PAR  Where the thickness of the resilient ring at the line of deformation or
      folding thereof for insertion is relatively great, such folding action
      will cause undue stress on the material of the resilient ring with
      resultant fatigue and possible tearing and consequent malfunctioning of
      the pressure vessel.
PAR  It is accordingly among the objects of the invention to provide an annular
      locking member and method of forming the same for use with a pressure
      vessel having a closure plug associated therewith, which locking member
      may readily be fabricated at relatively low cost and may readily be
      deformed for insertion into an opening of daiameter less than the unfolded
      diameter of the locking member, which locking member will provide an
      uninterrupted resilient surface and may be folded and unfolded without
      fatigue of the material of the resilient portion thereof at the region of
      folding which would cause tearing and resultant inoperativeness.
PAR  According to the invention these objects are accomplished by the
      arrangement and combination of elements hereinafter described and
      particularly recited in the claims.
DRWD
PAR  In the accompanying drawings in which are shown one or more of various
      possible embodiments of the several features of the invention,
PAR  FIG. 1 is a longitudinal sectional view of a pressure vessel with parts
      broken away taken along line I--I of FIG. 2;
PAR  FIG. 2 is a transverse sectional view taken along line II--II of FIG. 1;
PAR  FIG. 3 is a perspective view of the locking member before formation of the
      slits in the resilient ring;
PAR  FIG. 4 is a view similar to FIG. 3 showing a locking member after the slits
      have been formed;
PAR  FIG. 5 is an exploded perspective view partly in cross section showing a
      method of forming the locking member according to another embodiment of
      the invention;
PAR  FIG. 6 is a perspective view of still another embodiment of the invention
      during fabrication thereof and utilizing a continuous circular rigid ring,
      and
PAR  FIG. 7 is a view similar to FIG. 6 showing the locking member completed.
DETD
PAR  Referring now to the drawings, the locking member, according to the
      invention, is illustratively shown in FIG. 1 incorporated in a pressure
      vessel such as a pressure accumulator. This accumulator desirably
      comprises a rigid container 10 of material such as steel which is capable
      of withstanding high pressure.
PAR  The container has opposed ports, the upper port being designed to receive a
      standard pneumatic valve 12 and the lower port designated by the numeral
      11 serving as a liquid port.
PAR  Positioned in the container in conventional manner is a deformable
      partition, illustratively a bladder 13, the latter desirably being of
      rubber either natural or synthetic and capable of expanding in order to
      force liquid from the container and defining a gas chamber 14 and a liquid
      chamber 15 on opposed sides thereof.
PAR  The port 11 desirably has a cylindrical outlet plug 16 positioned therein,
      the latter having a longitudinal bore therethrough and having a flange 17
      at its inner end defining an annular shoulder 17a and a reduced neck
      portion 17b. The outer diameter of the flange is slightly less than the
      diameter of the port 11 so that it may readily be inserted therethrough
      and the neck 17b is of length such that it may protrude from port 11.
PAR  The plug 16 has a transverse wall 16a with passageways 16b therethrough and
      also has an axial bore through which extends the stem of a poppet valve 22
      normally urged outwardly by coil spring 24, the periphery of valve 22
      being designed to seat on the bevelled inner surface 23 of the bore of the
      plug.
PAR  The outlet plug 16 is affixed to the container 10 by a locking member 18 in
      the form of a ring constructed so that it may readily be deformed for
      insertion through port 11 into the container 10. As shown in FIGS. 1 to 4,
      for example, the locking member 18 comprises a resilient ring 25 and a
      plurality of arcuate segments, illustratively two in number and designated
      by the numerals 26, 27, preferably of hardened metal such as steel. Each
      of the segments is slightly less than 180.degree. of arc so that when
      juxtaposed to form a ring, the adjacent ends a, b may be spaced from each
      other as at 28 as is clearly shown in FIG. 2, for example. The ring formed
      by such juxtaposed segments has an inner diameter shown at 18a in FIG. 1,
      but slightly larger than the outer diameter of neck 17b of plug 16 so that
      the inner wall 18a of said segments 26, 27 may snugly encompass neck 17b
      with the shoulder 17a of the plug 16 resting on the inner periphery 17c of
      said segments. The outer diameter of the ring formed by said juxtaposed
      segments 26, 27 is greater than that of the port 11 so that the oblique or
      bevelled portion 19a of the segments 26, 27 which conform generally to the
      shape of the inner surface 19 of the container 10 adjacent port 11 may
      seat thereon.
PAR  The undersurface of each of the segments 26, 27 adjacent the inner
      periphery thereof each has a cylindrical lower section defining an arcuate
      hub 30 of width substantially equal to the difference between the outer
      diameter of neck 17b and the diameter of port 11 so that said hub, when
      positioned between neck 17b and port 11 will center the plug 16 in said
      port 11.
PAR  More particularly, referring to FIG. 1, each of the segments 26, 27
      comprises a flat lower face 30a, an outer side face having the arcuate
      lower section 30 which defines the hub, an intermediate section which
      defines the oblique or bevelled portion 19a and an arcuate upper section
      or rim 30b of larger diameter than section 30. The upper rim 30b is in the
      form of an inverted L with an upright portion 30c and a horizontal portion
      30d directed outwardly with an arcuate groove 30e being defined beneath
      portion 30d. The upright portion 31 rises from the outer periphery of
      shoulder 17a and the inner wall 18a of each segment depends from the inner
      periphery of each shoulder 17c.
PAR  In the preferred embodiment of the invention herein illustratively shown,
      the segments 26, 27 are designed to be mounted in the resilient ring so
      that they may be securely but releasably retained therein.
PAR  To this end, the lower surface of the ring 25 has a circular recess 30'e
      therein which is substantially L shaped in cross section complementary to
      the rim portions 30b of the segments so that such rim portions may be
      securely but releasably accommodated in said groove 30'e.
PAR  When the arcuate segments 26, 27 are mounted in the resilient ring 25, the
      resultant locking member 18 will have the shape shown in FIG. 1, the
      resilient ring 25 having an oblique or bevelled periphery 25a which is
      designed to form an extension of the bevelled surface 19a of the segments.
PAR  As shown in FIGS. 1, 2 and 4, the resilient ring 25 has a pair of
      diametrically opposed slits 29 therethrough which are aligned with the
      spaces 28 between the adjacent ends a--a and b --b of the segments. The
      slits 29 extend from the bottom edge of the resilient ring upwardly to a
      plane substantially aligned with the plane of the top surface 30f of the
      segments.
PAR  It is to be noted, referring to FIG. 1, that the width of the top surface
      39 of the resilient ring 25 is such that when the locking member 18 is
      positioned in the container 10 such surface 39 will fill the space between
      the inner surface of the container adjacent the port 11 and the adjacent
      portion of the inner end of the plug 16. Consequently, since the slits 29
      do not extend through the top surface 39 of the resilient ring, a
      substantially continuous surface will be provided which the expanding
      bladder 13 may contact during operation of the equipment.
PAR  In order to provide a liquid-tight seal between the neck 17b of plug 16 and
      the wall surface of port 11, a resilient sealing ring 20, preferably an O
      ring, encompasses the neck 17b between hub 30 and the reduced diameter
      portion 41 of a collar 42 which encompasses the neck 17b. A nut 21 screwed
      on the externally threaded portion 21' of neck 17b, when tightened, will
      securely retain the parts in assembled relationship.
PAR  In assembling the accumulator, the bladder 13 is passed through the port 11
      of the empty container 10. The valve stem (not shown) secured to the
      bladder is pushed through an opening in the upper end of the container 10
      and secured thereto by means of nut 12'. The plug 16 is then passed
      through the port 11 and the locking member 18 is deformed by being folded
      in two along a diametric line extending through the aligned spaces and
      slits 28, 29, such folding being permitted by the reason of the fact that
      the rigid arcuate segments 26, 27 are so spaced from each other.
PAR  The deformed locking member 18 may readily be passed through the port 11
      into the container and it is then released. By reason of the resilience of
      the folded resilient ring 25, it will assume its original ring-like shape
      so that it may readily be passed around the neck portion 17b of the plug
      16. The plug 16 can then be drawn outwardly until its shoulder 17c seats
      against the inner periphery 17a of the segments 26, 27 and the bevelled
      surface 19a of the segments seat on the inner surface 19 of container 10
      about port 11. The sealing ring 20 and collar 42 may then be placed around
      the neck 17b and moved therealong until the ring 20 is against hub 30. The
      nut 21 is then screwed on neck 17b and tightened securely to retain the
      shoulder 17c of the plug against the inner periphery 17a of the segments
      and the undersurface of the segments against the inner surface of the
      container 10 about port 11, the O ring 20 providing a dependable seal
      between the neck 17b and the wall of port 11.
PAR  By reason of the slits 29 in the lower portion of the resilient ring, the
      latter may readily be folded without tearing of the material of the
      resilient ring. Thus, due to the fact that the resilient ring 25 is a
      relatively thick in cross section, when it is folded to permit insertion
      through the port 11, the material adjacent the fold line would normally be
      stretched considerably due to such thickness. However, by reason of the
      slits 29 which extend through the major portion of the thickness of the
      resilient ring, when the latter is folded, the material at the upper end
      29' of the slits 29 will only stretch slightly thereby avoiding tearing
      thereof and enhancing the life of the sealing member 19.
PAR  It is also to be noted that the presence of the slits 29 does not weaken
      the resilient ring for in use the portion of the material adjacent the
      slits are not under tension, but when the expanded bladder presses against
      the upper surface 39 of the resilient ring it will tend to close the slits
      due to the elasticity of the ring.
PAR  In the embodiment shown in FIGS. 1 to 4, the resilient ring 25 and the
      arcuate segments 26 and 27 are formed separately as independent units and
      are then assembled, the slit 29 either being originally formed in the
      resilient ring 25 when it is molded, or cut therein as a separate
      operation. In such embodiment there is no bonding between the arcuate
      segments and the resilient ring. It is also within the scope of the
      invention to mold the arcuate segments and resilient ring in a single
      operation with the segments being spaced at 28 and with the slits 29 being
      formed during the molding operation.
PAR  Thus, as shown in FIG. 5, a mold can be provided having a bottom portion 31
      and a cover 32. The bottom portion of the mold is formed with
      diametrically opposed fins or separators 30' which are of height such that
      when the rigid segments 26, 27 are positioned in the bottom portion 31
      spaced by fins 30', the upper edges 30'a of the fins 30' will extend
      slightly above the top surface 30f of each of the segments. Thus, when the
      molding operation is completed in conventional manner, the resultant
      resilient ring will have the segments molded therein with the spaces 28
      and slits 29 formed as desired. It is also within the scope of the
      invention to form the locking member with a resilient ring and with a
      rigid ring 33, shown in FIG. 6 and thereupon to form the spaces 28 and
      slits 29 by sawing or cutting the locking member to a level above the top
      surface 30f of the rigid member thereby forming two separate arcuate
      segments.
PAR  With the construction above described, it is apparent that by reason of the
      fact that the thickness of the resilient ring at the fold line thereof has
      been materially reduced by reason of diametric slits 29, the locking
      member may readily be folded without undue strain on the material of the
      resilient ring adjacent the line of fold with resultant prevention of
      tearing of such resilient ring.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. The method of forming a locking member having a molded ring of resilient
      material, said ring having one portion uninterrupted and another portion
      having an annular recess therein, said ring being secured to plural
      arcuate rigid segments having adjacent spaced ends, said segments each
      having undercut configured portions complementary to said recess and
      adapted to coact therewith to securely retain said arcuate segments to
      said ring, comprising, disposing said segments in a mold cavity with said
      configured portions remote from mold surfaces, separating ends of said
      segments with spacer elements, said spacer elements projecting beyond said
      segments on sides thereof having said configured portions, and molding
      resilient material about said segments and about said undercut configured
      portions thereof and about said spacer elements to form said ring with
      said recess and with slits corresponding to said spacer elements extending
      partially through said ring.
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ABST
PAL  Hollow, reinforced plastic articles are molded in a closed molding chamber
      by employing an internal expandable bag to define the inside surface of
      the article to be molded. A nonstretchable sleeve surrounds at least a
      portion of the bag so that, when the bag is inflated during the molding
      operation, the sleeve accurately establishes the wall thickness of the
      article to be molded.
PARN
PAR  This is a continuation of Ser. No. 145,237, filed May 20, 1971 and now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improvement in techniques for the manufacture
      of hollow, fiber-reinforced articles, and more particularly it pertains to
      an inflatable mandrel to be used in forming the interior surface of molded
      hollow articles.
PAR  This invention is an improvement in the type of molding apparatus described
      in U.S. Pat. No. 2,977,269 to C. M. Nerwick and U.S. Pat. No. Re. 25,241
      to D. W. Randolph. According to the methods described in these patents,
      hollow cylindrical, fiber-reinforced plastic tanks have been successfully
      and economically pressure-molded. Generally, these methods include the
      steps of laying up fiber matting in a rigid mold casing in the approximate
      form of the desired article. A complete fiber form may include preformed
      matted fiber end wall caps which telescope into a laid-up, cylindrical
      sidewall portion.
PAR  An expandable bag or envelope which will define the interior shape of the
      finished article is positioned within the laid-up form in the mold. Rigid
      casing caps which shape the end walls of the final article are clamped to
      the ends of the mold casing to enclose the fiber mat form. With the fiber
      matting and mold thus assembled, the fiber matting is placed under a
      suitable moderate pressure by expanding the bag to hold it in place
      against the mold. The fiber matting is then permeated with a thermosetting
      resin or the like. The bag, besides defining the interior surface of the
      molded tank and determining the proper fiber-to-resin ratio, compresses
      the fiber lay-up in such a manner as to avoid migration of fibers with
      resin flow and resulting destruction of the lay-up.
PAR  The use of an expandable bag to compress the fiber lay-up and to form the
      interior shape of the molded article has been very successful in the
      production of fiber-reinforced hollow articles. However, more rigid and
      precise industry standards have necessitated even more accurate control of
      wall thickness and fiber-to-resin ratio.
PAR  According to such prior art techniques, a rubber bag is inflated to a
      predetermined pressure or series of pressures. The final volume occupied
      by the walls of the molded article depends principally on the bulk factor
      of the fiber lay-up, its compressibility, and the ultimate bag inflation
      pressure. To obtain a predetermined fiber-to-resin ratio in the finished
      molded article, it is necessary to control the compressed thickness of the
      fiber lay-up during resin injection and during subsequent molding
      operations. Variations from such an ideal or optimum final wall section
      thickness are the result of unavoidable slight differences in fiber lay-up
      assemblies and variances in inflation pressure. To some extent, the
      expandable bag does not correct but, rather, complies with deviations of
      the fiber matting from a desired final wall configuration.
PAR  When molding cylindrical hollow articles with domed, integral end walls, it
      is particularly difficult to maintain uniformity in the thickness of the
      fiber lay-up over the sidewall and end walls of the article. A given
      inflation pressure produces interdependent forces on the sidewall and end
      walls. Thus, it is difficult to adjust the inflation pressure to correct
      the force distribution on either the sidewall or end walls without
      affecting the other. If the expandable bag is inflated to a pressure where
      the end walls are sufficiently compressed, the sidewall of the article may
      be over-compressed. Over-compression of the sidewall may result in an
      unacceptably thin sidewall and/or a resin-starved sidewall and resin-rich
      end walls due to over-compaction of the sidewall lay-up and a resulting
      high concentration of fibers in the sidewall.
PAC  SUMMARY OF THE INVENTION
PAR  A bag or membrane is provided which, at least as to certain portions of the
      bag, may be inflated to a predetermined configuration and maintained at
      that configuration even though the inflating pressure to obtain that
      configuration is exceeded. The membrane is sufficiently flexible or
      pliable to be easily inserted into the fiber lay-up and extracted through
      an opening in the finished article.
PAR  Since at least certain portions of the membranes do not appreciably
      stretch, the walls of the article formed between these portions and the
      outer rigid mold casing will not vary in thickness when the inflation
      pressure increases beyond that which is necessary for proper wall
      thickness.
PAR  In the illustrated embodiment the portion of the membrane which will not
      expand beyond a predetermined configuration is determined by a cylindrical
      mandrel or sleeve which is slipped over and fixed to the cylindrical
      sidewall of an expandable envelope, such as a rubber bag. The assembled
      sleeve and bag are used in the production of cylindrical tanks having
      domed ends. The sleeve corresponds generally to the cylindrical sidewall
      portion of a tank. The sleeve cooperates with the cylindrical portion of
      the outer mold casing to accurately and repeatedly form cylindrical walls
      of uniform and optimum thickness. Since the sleeve is not appreciably
      stretched or dilated beyond a predetermined cylindrical configuration when
      it is subjected to an excess of inflation pressure, the thickness of the
      end walls of the tank may be controlled by adjusting the inflation
      pressure in a range above that which is necessary to suitably compress the
      cylindrical portions of the fiber lay-up.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross sectional view of a molding assembly having disposed
      therein fiber matting compressed between the outer mold casing and the
      inner inflatable core.
PAR  FIG. 2 is a view, on an enlarged scale, of a portion of FIG. 1 taken at an
      end of the cylindrical wall of the assembly.
PAR  FIG. 3 is a perspective view of the sleeve or mandrel of this invention.
PAR  FIG. 4 is a perspective view, similar to FIG. 3, showing a bag assembly
      according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the figures, a molding assembly 9 includes a rigid
      cylindrical mold casing 10 surrounding a cylindrical sidewall portion 11
      of a molded article or tank 12 of fiber-reinforced resin. The inner
      surface 13 of the cylindrical mold casing 10 defines the outer surface 14
      of the cylindrical sidewall portion 11 of the tank 12. A rigid, domed mold
      casing end wall cap 18 is secured to the lower end of the cylindrical
      casing 10. This domed end cap 18 forms an outwardly convex bottom end wall
      19 of the tank. At the upper end of the cylindrical mold casing 10 a rigid
      mold casing end wall cap 21, similar to the lower end cap 18, is provided
      to form a top end wall 22 of the fiber-reinforced tank 12.
PAR  Fiber-reinforcing material for each end wall 19 and 22 of the tank is
      provided in the form of cup-shaped fiber pre-forms whose production is
      familiar to those skilled in the art. A fiber pre-form for the bottom end
      wall 19 is set into the lower casing end cap 18. A felted mat of
      reinforcing fibers for the sidewall 11 is laid up within the cylindrical
      mold casing 10. Mating edges 23 and 24 of the fiber matting of the
      sidewall 11 and the pre-form for the lower end wall 19, respectively, are
      mutually tapered to form a smooth wall joint.
PAR  After the fiber matting of the sidewall 11 has been laid up in the
      cylindrical casing 10, the fiber pre-form of the top end wall 22 is
      inserted into the matting for the sidewall 11. Again, mating edges 26 and
      27 of the fiber matting of the sidewall 11 and the pre-form for the top
      end wall 22, respectively, are tapered to form a uniform wall joint. The
      top and bottom pre-forms and the fiber mat sidewall form a body which
      approximates the form of the final article.
PAR  The fiber pre-form of the top end wall 22 is provided with an aperture 28
      at its center or apex. Ultimately, this aperture may become a port of the
      finished tank. An inflation tube assembly 29 is inserted through this
      aperture 28 and a corresponding opening or hole 31 in the upper mold end
      wall cap 21. The inflation tube assembly 29 is adapted to sealingly clamp
      a mouth of an inflatable envelope or bag 32 of a rubber or a similar
      elastic material. The rubber bag 32 and a sleeve or mandrel 33 comprise an
      inflatable mold core. With the inflation tube assembly 29 extending
      through the aperture 28, the pre-form for the end wall 22 is positioned
      inside the edges 26 of the sidewall 11 and the upper cap 21 is clamped on
      the cylindrical casing 10 to enclose the fiber form. The rubber bag 32 and
      sleeve 33 in their deflated state are indicated generally by the phantom
      lines 36. The rubber bag 32 is inflated through the tube assembly 29 to
      compress the fiber matting of the end walls 19 and 22 and sidewalls 11.
PAR  The fibers reinforcing the sidewalls 11 and the end walls 19 and 22 may be
      loosely felted glass fibers held together with a suitable binder in a
      relatively compressible and porous form. After the rubber bag 32 and the
      sleeve 33 are inflated to hold the fiber form against the rigid mold
      casing 10, 18, and 21, a conventional liquid resin, settable by heat, a
      catalyst or the like, is then introduced through a supply line 40. The
      amount of resin introduced into the mold is sufficient to permeate the
      entire fiber body and provide a slight excess to insure that all of the
      air will be driven out of the mold through a set of vents 41. The
      compression of the fiber body lay-up by the rubber bag 32 and sleeve 33 is
      effective in preventing migration of the individual fibers of the lay-up
      with the flow of impregnating resin.
PAR  As mentioned above, the inflatable mold core includes a rubber bag 32,
      which is of conventional construction, and a sleeve 33. The sleeve 33 is
      formed of a flexible but relatively non-stretchable or inelastic material,
      such as vulcanized neoprenecoated glass cloth with a non-stretch straight
      weave. The flexibility of the bag 32 and sleeve 33 permits them to be
      extracted from the interior of a finished tank through the aperture 28. As
      shown in FIG. 3, the glass cloth may be fashioned from a sheet into a
      sleeve by overlapping a pair of its edges 46 and 47 and by joining these
      edges into a longitudinal seam by the application of heat, adhesive, or
      the like. As shown in FIG. 4, the sleeve 33 is positioned over the
      cylindrical portion of the rubber bag 32 and may be held in this position
      by taping it along its ends to the rubber bag.
PAR  The sleeve 33 is fabricated so that its outside diameter corresponds to the
      desired finished inside diameter of the sidewall 11 of the tank. The
      length of the sleeve is generally equal to the length of the tank sidewall
      11. The rubber bag 32 and sleeve 33 may be encased in a protective sheath
      of polyvinyl acetate film or nylon film or similar material which will
      protect the molding resin against the chemical action of vulcanizing
      agents or residues thereof associated with the bag or sleeve.
PAR  The inflatable core is normally inflated with air to a final pressure of
      about 25-30 p.s.i. This pressure is adequate to properly compact the fiber
      body to form an article having a predetermined suitable fiber-to-resin
      ratio. Under these pressures, the non-expandable sleeve 33 does not
      appreciably stretch. The tank sidewalls 11 are accurately and uniformly
      formed repeatedly from article to article.
PAR  In addition to providing uniform sidewall sections, the non-expandable
      sleeve 33 permits control of the compaction of the fiber end portions of
      the tank. Since the rubber bag 32 may be inflated to a pressure somewhat
      above the point at which the sidewalls are satisfactorily compressed
      without significant stretching of the sleeve 33 and over-compression of
      the sidewalls, an optimum force distribution on the end zones of the tank
      may be obtained.
PAR  As a result, the sidewalls may be produced with an optimum thickness and
      the end walls 19 may be likewise satisfactorily compressed to a desired
      thickness. In the past, when only an expandable and completely stretchable
      bag was used to compress the fiber body, the bag would tend to
      over-compress the sidewall pre-form and/or under-compress the end wall
      pre-forms. With the use of the non-stretchable mandrel or sleeve 33 of
      this invention, the rubber bag 32 may be inflated to higher pressures than
      could previously be used to compress the end portions 19 and 21 against
      the end caps 18 and 21.
PAR  The preferred embodiment utilizes a cylindrical, nonstretchable or
      inelastic sleeve 33 in combination with an inflatable, elastic rubber bag
      32 to mold tank wall sections more uniformly than has been possible in the
      past. The cylindrically formed sleeve may be easily fabricated from a
      relatively inexpensive sheet of fabric. The dome-shaped ends 34 and 35 of
      the rubber bag 32, extending longitudinally beyond the ends 48 of the
      sleeve 33, are unhindered by the sleeve and satisfactorily compress the
      top and bottom pre-forms. If desired, the inelastic sleeve 33 and rubber
      bag 32 may be replaced by an inflatable core having inelastic properties
      in both the cylindrical and end portions.
PAR  It is to be understood that the illustrated tank embodiment has been chosen
      only to represent that type of application to which this invention may be
      advantageously applied. Obviously, other hollow article or tank
      configurations are well suited for applications of this invention. The
      scope of the invention is not limited to the slavish imitation of all the
      details mentioned above. These have merely been given by way of an example
      of a presently preferred embodiment of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making hollow-reinforced resin articles of accurate wall
      thickness comprising positioning a hollow lay-up of loosely felted
      reinforcing fibers against the inner surface of a rigid mold having a
      cylindrical wall portion and domed end portions, venting said mold,
      providing in said mold an amount of uncured resin required to form said
      article, compressing said lay-up with an internally pressurized inflatable
      core, while confining only a cylindrical portion of the inflatable core
      with a substantially inextensible sleeve, inflating said inflatable core
      to a first pressure sufficient to fully expand said core against the
      interior of the sleeve until said fiber lay-up along said cylindrical
      portion is compressed to a desired state of compression, while maintaining
      said state of compression on said lay-up along said cylindrical portion
      increasing inflation of said core to a second pressure to further compress
      the portions of said lay-up along said domed ends in regions extending
      axially beyond said sleeve to a state of compression greater than that
      developed by said first pressure, curing said resin, deflating said core,
      and removing said core from the mold.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein said first and second
      pressures are selected to produce uniform compression of said lay-up.
NUM  3.
PAR  3. A method according to claim 1, including the further step of removing
      the molded article from the mold.
NUM  4.
PAR  4. A method of making hollow-reinforced resin articles of accurate wall
      thicknesss comprising positioning a hollow lay-up of loosely felted
      reinforcing fibers against the inner surface of a rigid mold having a
      cylindrical wall portion and domed end portions, venting said mold,
      providing in said mold an amount of uncured resin required to form said
      article, compressing the lay-up along said cylindrical wall portion to a
      desired thickness by inflating a member within said lay-up to a pressure
      sufficient to fully expand said member against substantially inextensible
      sleeve means, and, while maintaining said thickness by confining only the
      cylindrical portion of the inflatable member within said inextensible
      sleeve means, compressing the lay-up along said domed end portions to a
      desired thickness by increasing said pressure to further compress said
      lay-up in regions extending axially beyond said sleeve means.
NUM  5.
PAR  5. A method as set forth in claim 4, wherein said thicknesses are
      substantially equal.
NUM  6.
PAR  6. A method according to claim 4, including the further step of removing
      the molded article from the mold.
NUM  7.
PAR  7. A method of making hollow-reinforced articles of accurate wall thickness
      comprising positioning a hollow lay-up of loosely felted reinforcing
      fibers against the inner surface of a rigid mold having a cylindrical wall
      portion and domed end portions, venting said mold, providing in said mold
      an amount of uncured resin required to form said article, compressing said
      lay-up with an internally pressurized inflatable core, restraining the
      portion of the core contacting the fiber lay-up along the cylindrical
      portion when said core portion reaches a first pressure by an inexpansible
      sleeve portion of said core, after inflating said core to a pressure
      sufficient to fully expand the core portion against the sleeve, and, while
      restraining that core portion, further pressurizing the core to
      additionally compress the fiber lay-up along the domed end portions in
      regions extending axially beyond said sleeve, curing said resin, deflating
      said core, and removing said core from the mold.
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ABST
PAL  A dry alkaline earth metal silicate or an alkali metal silicate is reacted
      with a concentrated mineral acid to form silico-formic acid and hydrogen
      salt. The acid and hydrogen salt is reacted with a dry alkali metal
      carbonate or hydroxide to produce monosilanal. Monosilanol is reacted with
      water to produce monosilandiol.
PARN
PAC  CROSS-REFERENCE TO RELATED COPENDING APPLICATION.
PAR  This application is a continuation-in-part of copending U.S. patent
      application Ser. No. 262,485 filed June 14, 1972, which is a
      continuation-in-part of U.S. patent application Ser. No. 71,628, filed
      Sept. 11, 1970, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a process for the production of
      monosilandiol [H.sub.2 Si(OH).sub.2 ] by chemically reacting a dry
      alkaline earth metal silicate or an alkali metal silicate with a
      concentrated mineral acid forming silico-formic acid and a hydrogen salt.
      The silico-formic acid and hydrogen salt is then reacted with a dry
      alkaline earth metal or an alkali metal hydroxide or carbonate to form a
      solid white mass containing monosilanal and salt. Monosilanal reacts with
      water to form monosilandiol.
PAR  The present invention reacts one mol of a dry alkaline earth metal silicate
      or an alkali metal silicate with two mols of a concentrated mineral acid.
      The alkaline earth metal silicate usually used is calcium metasilicate.
      The alkali metal silicate usually used is sodium metasilicate.
      Concentrated sulfuric acid is usually used as the mineral acid. The
      alkaline earth metal carbonate usually used is calcium carbonate. The
      alkaline earth metal hydroxide usually used is calcium hydroxide. The
      alkali metal carbonate usually used is sodium carbonate. Many other
      compounds may be used to neutralize the silico-formic acid and hydrogen
      salt, such as metals, metal oxides, metal hydroxides, metal carbonates,
      alkaline earth metals, alkali metal oxides, and alkali metal salts of weak
      organic and inorganic acids.
PAR  I have discovered that monosilanal (H.sub.2 SiO) can be produced by the
      following steps:
PA1  1. Slowly add sodium metasilicate to sulfuric acid in the ratio of 1:2
      mols, while agitating; silico-formic acid (H.SiO.OH) and sodium hydrogen
      sulfate are produced.
PA1  2. The sodium hydrogen sulfate is then reacted with sodium carbonate in the
      ratio of 2:1 mols and forms a solid mass, containing monosilanal and
      sodium sulfate; carbon dioxide and oxygen are given off.
PA1  3. The above solid mass is then washed with water; the monosilanal reacts
      with water to form monosilandiol, and the sodium sulfate is filtered off.
PAR  The chemical reaction involved in the above steps to produce monosilanal is
      complicated. When the first half of the sodium metasilicate is added to
      the concentrated sulfuric acid, it reacts with the acid to form
      silico-dihydrogen sulfate [SiO.(HSO.sub.4).sub.2 ], sodium hydrogen
      sulfate and water. With the addition of the remaining sodium metasilicate
      it reacts with the silico-dihydrogen sulfate and sulfuric acid to form
      silico-formic acid and sodium hydrogen sulfate. Oxygen is evolved from the
      mixture in the later stage of the reaction. The sodium carbonate is then
      gradually mixed with the silico-formic acid and sodium hydrogen sulfate.
      Carbon dioxide and oxygen evolves from the semi-dry mixture and the
      hydrogen from the sodium hydrogen sulfate reacts with silico-formic acid
      to form monosilanal, sodium sulfate and water. It forms a solid mass in 1
      to 2 hours. The solid mass is washed with water to remove the sodium
      sulfate, and the water reacts with monosilanal to form monosilandiol.
      Chemical reactions to form monosilanic acid (H.SiO.OH), monosilanal
      (H.sub.2 SiO), and monosilandiol (H.sub.2 Si(OH).sub.2
PA1  1. 2na.sub.2 SiO.sub.3 + 4H.sub.2 SO.sub.4 .fwdarw. 2H.SiO.OH +
      4NaHSO.sub.4 + O.sub.2
PA1  2 2h.siO.OH + 4NaHSO.sub.4 + 2Na.sub.2 CO.sub.3 .fwdarw. 2H.sub.2 SiO +
      2Na.sub.2 SO.sub.4 + 2CO.sub.2 + O.sub.2 + 2H.sub.2 O
PA1  3. h.sub.2 siO + H.sub.2 O .fwdarw. H.sub.2 Si(OH).sub.2
PAR  Water must not be added in the above reaction until the sodium hydrogen
      sulfate has been reacted with an alkali. Water will prevent the production
      of monosilanal.
PAR  Monosilandiol produced in this invention is a white granular compound that
      readily reacts with many organic compounds and inorganic compounds, such
      as alcohols, glycols, phenols, urea, aldehydes, ketones, unsaturated
      hydrocarbons, halogen hydrocarbons, nitriles, amines, lignin and others.
      It may also be co-polymerized with organic compounds by a peroxide.
PAR  To test for silane groups produced in this invention, a suspension of the
      compound produced in this invention was made in water. A silver nitrate
      solution was added to the suspension and in a short time the silver
      nitrate was reduced; this caused the silver to be precipitated by the
      reduction, and caused the suspension to change from a brown to black
      color.
PAR  Monosilandiol may be used in the polymerization of many plastics,
      elastomers and natural products; as a filler in elastomers, resins,
      molding powder and pigments, as gas and oil absorbents, as a vehicle for
      insecticides and aromatics, as a thickening and thioxotropic agent for
      many liquids. It is readily soluble in dilute solutions of alkali metal
      hydroxide and will readily react with alkali metal hydroxide to form new
      compounds. It is readily soluble in "water glass" or solutions containing
      a salt of a weak acid and a strong base. When in solution, it may be used
      as a coating or it may be used as a paint when pigments are added.
PAR  The primary object of the present invention is to produce monosilanic acid
      (H.SiO.OH), and monosilanal (H.sub.2 SiO), which can be used to produce
      monosilandiol. A further object is to provide new and useful silicon
      compounds which will readily react with organic and inorganic compounds to
      form new and useful compounds. Still another object is to produce a
      silicon compound that is readily soluble in dilute alkali metal hydroxide
      solutions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  My invention will be illustrated in greater detail by the specific examples
      which follow, it being understood that these are merely illustrative of,
      and not limited to, procedures which may be used in the production of
      monosilandiol [H.sub.2 Si(OH).sub.2 ], in accordance with this invention.
PAC  EXAMPLE I
PAR  Sodium metasilicate pentahydrate is slowly added to concentrated sulfuric
      acid in the ratio of 1:2 mols over a period of 15 to 45 minutes, while
      agitating and keeping the temperature between 25.degree. and 85.degree.C.
      The reaction is completed in 4 to 12 hours, producing silico-formic acid
      and sodium hydrogen sulfate in the form of a white granular compound.
PAR  Sodium carbonate is slowly mixed with the above silicoformic acid and
      hydrogen sulfate in the ratio of one mole of sodium carbonate to one mole
      of silico-formic acid or until the pH is 8 to 10. Carbon dioxide and
      oxygen evolves from the mixture, and the mixture forms a solid mass in 1
      to 2 hours, containing monosilanal and sodium sulfate.
PAR  Chemical reactions to produce monosilanal and monosilandiol:
PA1  1. 2Na.sub.2 SiO.sub.3.5H.sub.2 O + 4H.sub.2 SO.sub.4 .fwdarw. 2H.SiO.OH +
      4NaHSO.sub.4 + O.sub.2 + 10 H.sub.2 O
PA1  2. 2h.siO.OH + 4NaHSO.sub.4 + 2Na.sub.2 CO.sub.3 .fwdarw. 2H.sub.2 SiO +
      4Na.sub.2 SO.sub.4 + 2CO.sub.2 +O.sub.2 +2H.sub.2 0
PA1  3. h.sub.2 siO + H.sub.2 O .fwdarw. H.sub.2 Si(OH).sub.2
PAC  EXAMPLE II
PAR  Dry granular potassium metasilicate is slowly added to concentrated
      sulfuric acid in the ratio of 1:2 mols over a period of about 15 to 45
      minutes, while aggitating and keeping the temperature between 25.degree.
      to 95.degree.C. The reaction is completed in 4 to 12 hours, producing
      silico-formic acid and potassium hydrogen sulfate in the form of a white
      granular compound.
PAR  Potassium carbonate is slowly mixed with the above silico-formic acid and
      potassium hydrogen sulfate in the ratio of one mol of potassium carbonate
      to 2 mols of potassium hydrogen sulfate or until the pH is 8 to 10. Carbon
      dioxide and oxygen evolve from the granular white mixture and the mixture
      forms a solid mass in 1 to 2 hours, containing monosilanal and potassium
      sulfate. The mass is washed with water to filter off the potassium
      sulfate, and the monosilanal (H.sub.2 SiO) reacts with water to form
      monosilandiol [H.sub.2 Si(OH).sub.2 ], a white granular compound.
PAC  EXAMPLE III
PAR  Dry granular sodium metasilicate is mixed with sodium hydrogen sulfate in
      the ratio of 1:4 mols; the chemical reaction starts in 1 to 5 minutes, and
      oxygen is evolved in the reaction, producing a white granular mixture of
      silico-formic acid, sodium hydrogen sulfate and sodium sulfate.
PAR  Sodium carbonate is gradually mixed with the above mixture in the ratio of
      one mol of sodium carbonate to two mols of sodium hydrogen sulfate, or
      until a pH 8 to 10 is reached. Oxygen and carbon dioxide evolves from the
      reaction and produces a white solid mass in about 1 to 2 hours, containing
      monosilanal and sodium sulfate. The mass is then washed with water,
      filtered, and a white granular compound, silandiol is produced.
PAR  Chemical reactions to produce monosilanal (H.sub.2 SiO) and monosilandiol
      [H.sub.2 Si(OH).sub.2 ]
PA1  1. na.sub.2 SiO.sub.3 + 4NaHSO.sub.4 .fwdarw. H.SiO.OH + 2NaHSO.sub.4 +
      2Na.sub.2 SO.sub.4
PA1  2. 2h.siO.OH + 4NaHSO.sub.4 + 2Na.sub.2 CO.sub.3 .fwdarw. H.sub.2 SiO +
      4Na.sub.2 SO.sub.4 + 2CO.sub.2 + O.sub.2 + 2H.sub.2 O
PA1  3. h.sub.2 siO + H.sub.2 O .fwdarw. H.sub.2 Si(OH).sub.2
PAC  EXAMPLE IV
PAR  Silico-formic acid and sodium hydrogen sulfate are mixed together in the
      ratio of 1:2 mols, then sodium carbonate is added to the above mixture in
      the ratio of 1 mol to 2 mols of sodium hydrogen sulfate. Oxygen and carbon
      dioxide evolve from the mixture, and the reaction is completed in about 30
      to 60 minutes, producing monosilanal and sodium sulfate in a solid white
      mass. The solid white mass is then washed with water, filtered, and
      monosilanal (H.sub.2 SiO) reacts with water to form a white granular
      compound, monosilandiol [H.sub.2 Si(OH).sub.2 ].
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. The method of producing monosilandiol by the following steps:
PA1  a. a dry alkali metal metasilicate is added, with agitation over a period
      of 15 to 45 minutes to a mineral acid in the ratio of 1:2 mols, and the
      temperature is kept between 25.degree. and 85.degree.C; the chemical
      reaction is completed in 4 to 12 hours, producing silico-formic acid and
      an alkali metal hydrogen salt in the form of a white granular mixture;
      then
PA1  b. an alkali metal carbonate is slowly mixed with the above silico-formic
      acid and alkali metal hydrogen salt until the pH is from 8 to 12; carbon
      dioxide and oxygen evolve from the mixture, and the mixture forms a solid
      mass in about 1 to 2 hours, which contains monosilanal and an alkali metal
      salt; then
PA1  c. water is mixed with the above solid mass and the alkali metal salt is
      filtered off and the water reacts with monosilanal, thereby forming
      silandiol (H.sub.2 Si(OH).sub.2), a white granular compound.
NUM  2.
PAR  2. The method of claim 1 wherein the alkali metal metasilicate is sodium
      metasilicate pentahydrate.
NUM  3.
PAR  3. The method of claim 1 wherein the alkali metal metasilicate is potassium
      metasilicate.
NUM  4.
PAR  4. The method of claim 1 wherein the alkali metal metasilicate is dry
      granular sodium metasilicate.
NUM  5.
PAR  5. The method of claim 1 wherein the mineral acid is concentrated sulfuric
      acid.
NUM  6.
PAR  6. The method of claim 1 wherein the mineral acid is concentrated
      phosphoric acid.
NUM  7.
PAR  7. The method of claim 1 wherein the alkali metal carbonate is sodium
      carbonate.
NUM  8.
PAR  8. The method of claim 1 wherein the alkali metal carbonate is potassium
      carbonate.
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ABST
PAL  A method for recovering substantially all of the fluorine and uranium
      values and at least 90 percent of the rare earth metal values from brine
      raffinate obtained as by-product in the production of phosphoric acid by
      the hydrochloric acid decomposition of tricalcium phosphate minerals. A
      basically reacting compound is added to the brine raffinate to effect a pH
      of at least about 9, whereby fluorine, uranium and rare earth metal values
      are simultaneously precipitated therefrom. These values may then be
      separately recovered from the precipitate by known processes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the recovery of fluorine, uranium and rare earth
      metal values from waste liquors produced as a by-product in the production
      of phosphoric acid by the hydrochloric acid decomposition of tricalcium
      phosphate minerals.
PAR  2. Description of the Prior Art
PAR  The production of phosphoric acid by the hydrochloric acid decomposition of
      tricalcium phosphate minerals is well known in the prior art. In such a
      process, of which U.S. Pat. No. 2,880,063 (issued in 1959 to Baniel et
      al.) and U.S. Pat. No. 3,311,450 (issued in 1967 to Alon et al.) are
      typical, a tricalcium phosphate mineral is digested with hydrochloric acid
      to form a digest solution which is filtered to remove insolubles
      containing calcium fluoride and most of the silica from the tricalcium
      phosphate mineral, thereby producing a filtrate termed the aqueous
      acidulate liquor, which contains CaCl.sub.2, HCl and H.sub.3 PO.sub.4 in
      addition to fluorine, uranium and rare earth metal values present in the
      tricalcium phosphate mineral treated. The acidulate liquor is contacted
      with a suitable organic solvent to extract H.sub.3 PO.sub.4 into the
      organic phase, which is subsequently separated from the aqueous phase and
      treated to recover phosphoric acid therefrom. During the extraction
      operation, some additional HCl is introduced to maintain a concentration
      of about 2 weight percent HCl in the aqueous phase throughout the
      extraction to improve the efficiency of phosphoric acid transfer into the
      organic solvent.
PAR  The aqueous phase obtained following this separation, termed the "brine
      raffinate," contains essentially all of the fluorine and rare earth metal
      values and a portion of the uranium values initially present in the
      acidulate liquor. Most uranium, however, remains in the organic phase
      containing the H.sub.3 PO.sub.4 and must be recovered therefrom subsequent
      to the extraction step recited above.
PAR  Discarding the brine raffinate thereby produced represents a significant
      loss of valuable fluorine, uranium and rare earth metal values. Uranium
      values, for example, upon recovery, concentration and purification are
      useful in serving as fuel for atomic reactors. Due to the large tonnages
      of tricalcium phosphate minerals which are annually produced by industry
      to obtain phosphoric acid, even the small concentrations of fluorine,
      uranium and rare earth metal values which are contained in these minerals
      represent a substantial source of these valuable elements in the
      aggregate.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, substantially all of the fluorine and
      uranium values and at least 90 percent of the rare earth metal values are
      recovered from tricalcium phosphate minerals by a process which comprises
      digesting the mineral with hydrochloric acid to form (1) a digest solution
      containing fluorine, uranium and rare earth metal values and (2) an
      insoluble residue, separating said insoluble residue from said solution,
      thereby producing an aqueous acidulate liquor containing fluorine, uranium
      and rare earth metal values, contacting said liquor with an organic
      solvent capable of dissolving phosphoric acid but having limited
      miscibility with water free of phosphoric acid to extract phosphoric acid
      from said liquor into the organic phase, separating said organic phase
      from the aqueous phase for subsequent removal of phosphoric acid from said
      organic phase, admixing a basically reacting compound with said separated
      aqueous phase to effect a pH of at least about 9, thereby forming a basic
      solution and precipitated solids containing fluorine, uranium and rare
      earth metal values, separating the precipitated solids from the basic
      solution and recovering the fluorine, uranium and rare earth metal values
      from the separated solids.
PAR  In the process of the present invention, substantially all of the fluorine
      and uranium values and at least 90 percent of the rare earth metal values
      are surprisingly and advantageously coprecipitated by the addition to the
      brine raffinate of a basically reacting compound in an amount sufficient
      to effect a pH of at least about 9, and preferably about 9 to 11, in the
      raffinate. In addition, precipitation of uranium values from the brine
      raffinate has been found not to be dependent on whether the uranium values
      present in the brine raffinate are in the hexavalent or tetravalent state.
      The present invention provides an efficient and economic recovery of
      valuable fluorine and uranium values and, most significantly, provides an
      efficient and economic recovery of the much more valuable rare earth metal
      values from tricalcium phosphate minerals, thus avoiding the economic
      penalty of discarding waste liquors produced as by-products from the
      production of phosphoric acid.
PAR  In addition, it has been found that from about 40 to 50% of the fluorine
      values initially present in the tricalcium phosphate mineral either remain
      in the insoluble residue as calcium fluoride following the hydrochloric
      acid digestion or are volatilized from the digest solution during
      digestion. In accordance with a specific embodiment of the present
      invention, the portion of the fluorine values present in the tricalcium
      phosphate mineral which transfers into and remains in the digest solution
      and which, therefore, transfers to the aqueous acidulate liquor and is
      recovered by the process of the present invention, may be significantly
      increased by providing in the digest solution an aluminum-containing
      compound which is soluble in the digest solution. Further, the amount of
      fluorine values volatilized and thus lost during digestion may be
      decreased by employing a digestion temperature of not greater than about
      110.degree.C., preferably about 90.degree. to 100.degree.C.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying FIGURE is a schematic diagram of the process of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The term "tricalcium phosphate mineral" as used herein is meant to include
      any mineral, such as phosphate rock (e.g., apatite) which contains
      tricalcium phosphate and small amounts of fluorine, uranium and rare earth
      metal values and which reacts with hydrochloric acid to form phosphoric
      acid. Typical of such minerals are phosphate rock, apatite and
      phosphorite. If phosphate rock is used, it may be either calcined or
      uncalcined rock.
PAR  The tricalcium phosphate minerals treated by the process of the present
      invention generally contain from about 2 to 4 weight percent fluorine, 50
      to 300 ppm uranium and 100 to 1,000 ppm rare earth metals, measured as the
      respective elements. The mineral generally contains fluorine values in the
      form of Ca.sub.5 (PO.sub.4).sub.3 F, and rare earth metals in the form of
      oxides, fluorides or phosphates. Typical of rare earth metals which may be
      present are yttrium, lanthanum, cerium and small amounts of gadolinum,
      ytterbium, europium, samarium and praseodymium. While the form which
      uranium takes in tricalcium phosphate minerals has not been precisely
      determined, uranium is generally thought to be present in both the
      hexavalent and tetravalent states in the form of calcium uranate or uranyl
      phosphate (U.sup..sup.+6) and calcium uranous fluoride or uranous
      phosphate (U.sup..sup.+4). Tricalcium phosphate minerals typically also
      contain from about 0.8 to 1.3 weight percent aluminum values as Al.sub.2
      O.sub.3, 0.8 to 1.5 weight percent iron values as Fe.sub.2 O.sub.3 ; 7.0
      to 9.0 weight percent silicon values as SiO.sub.2, 0.1 to 0.5 weight
      percent Na.sub.2 O, 0.1 to 0.5 weight percent K.sub.2 O, 0.2 to 1.0 weight
      percent sulfur values as SO.sub.3, and 3.0 to 7.0 weight percent volatile
      matter (i.e., water, organic carbon, carbonate carbon and nitrogen).
PAR  A typical tricalcium phosphate mineral which may be treated by the process
      of the present invention contains:
TBL  Ca values (as CaO)   45      weight percent                               
     P values (as P.sub.2 O.sub.5)                                             
                          32      "                                            
     F values (as elemental F)                                                 
                          3.5     "                                            
     SiO.sub.2            8.0     "                                            
     Al.sub.2 O.sub.3     1.0     "                                            
     Fe.sub.2 O.sub.3     1.3     "                                            
     U values (as elemental U)                                                 
                          200     ppm                                          
     Yttrium values (as elemental Y)                                           
                          300     ppm                                          
     Lanthanum values (as elemental La)                                        
                          70      ppm                                          
     Cerium values (as elemental Ce)                                           
                          30      ppm                                          
PAL  Up to about 100 ppm (as the elemental metals) of other rare earths may also
      be present. These include gadolinium, ytterbium, samarium, praseodymium,
      dysprosium, europium, lutetium, erbium and thulium. Such minerals also
      typically contain organic matter, as well as moisture. However, tricalcium
      phosphate minerals differing very considerably from that indicated either
      in composition or relative concentrations of components may also be
      satisfactorily processed.
PAR  In the process of the present invention, while any concentration of
      hydrochloric acid may be employed to digest the tricalcium phosphate
      mineral, it is preferred to employ an aqueous solution of hydrochloric
      acid which contains from about 20 to 37 weight percent HCl and most
      preferably from about 23 to 30 weight percent HCl. The amount of
      hydrochloric acid which is added to a tricalcium phosphate mineral to be
      treated is not critical, but is generally from about 100 to 110 percent of
      the stoichiometric amount required to react with the tricalcium phosphate
      content of the mineral to form phosphoric acid, and preferably from about
      103 to 108 percent. The time of digestion is not critical and varies
      widely with the composition of the tricalcium phosphate mineral which is
      treated, the amount of HCl added during digestion and other factors. For
      example, a digestion time of from about 1 to 2 hours is required for
      substantially complete digestion of a tricalcium phosphate mineral
      containing 80 weight percent tricalcium phosphate. It has been found that
      volatilization of fluorine values from the digest solution may be
      minimized by terminating the digestion step when all the tricalcium
      phosphate in the mineral is reacted. Likewise, while the digestion may be
      performed over a wide range of temperatures, it has been found that a
      temperature of not greater than 110.degree.C., and preferably about
      60.degree. to 100.degree.C., provides a substantial decrease in the amount
      of fluorine values volatilized from the digest solution.
PAR  Since the hydrochloric acid digestion of a tricalcium phosphate mineral
      typically provides an insoluble residue in the digest solution, separation
      of the residue is generally necessary before the digest solution is
      further processed. The separation of these solids may be effected by any
      standard solid separation process such as filtering, centrifuging or by
      decanting the digest liquor. An acidulate liquor results following the
      removal of the insoluble residue from the digest solution. A typical
      acidulate liquor contains:
TBL  CaCl.sub.2           27.0    weight percent                               
     H.sub.3 PO.sub.4     12.6    "                                            
     F values (as elemental F)                                                 
                          0.6     "                                            
     HCl                  2.0     "                                            
     AlCl.sub.3           0.7     "                                            
     FeCl.sub.3           0.8     "                                            
     U values (as elemental U)                                                 
                          80      ppm                                          
     Yttrium values (as elemental Y)                                           
                          100     ppm                                          
     Lanthanum values (as elemental La)                                        
                          20      ppm                                          
     Other Rare Earths (as elemental                                           
                          40      ppm (total)                                  
     metals)                                                                   
PAL  However, it will be appreciated that the composition of such a solution may
      vary considerably from that indicated depending upon the composition of
      the original tricalcium phosphate mineral which is treated and upon the
      conditions of digestion of the mineral. The fluorine values in the typical
      acidulate liquor described above are thought to be present in the form of
      complex ions such as fluosilicate (SiF.sub.6) and fluoaluminate (e.g.,
      AlF.sup..sup.+2, AlF.sub.2 .sup.+, etc.).
PAR  The acidulate liquor thereby obtained is contacted with a suitable organic
      solvent. Organic solvents which are suitable in the process of the present
      invention are those which are capable of dissolving phosphoric acid but
      have limited miscibility with water free of phosphoric acid, as well as
      with water containing phosphoric acid and calcium chloride. The solvents
      which can be used in the process may be ascertained by reference to data
      on the mutual miscibility of solvents and water, which is well-known in
      the art and is available from the literature, e.g., Seidell, Solubilities
      Of Organic Compounds, 3rd Edition, Volume 2, 1941, D. Van Nostrand Co.,
      Inc., New York City and Landolt-Bornstein, Physikalisch-Chemische
      Tabellen, 1912, Julius Springer, Berlin, Germany. Representative solvents
      coming within the above definition are, for example, lower aliphatic
      alcohols and ketones of limited mutual miscibility with water, such as
      alcohols containing 4 to 6 carbon atoms in the aliphatic group, used alone
      or in mixture, e.g., butanol, amyl alcohol, isoamyl alcohol, and also
      trialkyl phosphates, particularly those containing 2 to 8 carbon atoms in
      the individual alkyl group, such as tributyl phosphate and mixtures
      thereof. The contacting of the acidulate liquor with the organic solvent
      in the extraction step may be effected in any of the standard extraction
      apparatus employed for similar fluids. The contacting of the acidulate
      liquor with the selected organic solvent produces an organic phase and an
      aqueous phase. The organic phase has been found to contain essentially all
      of the phosphoric acid, hydrochloric acid and hexavalent uranium, which
      was initially present in the acidulate liquor, in addition to a small
      portion (up to about 10 weight percent) of the FeCl.sub.3 initially
      present in the acidulate liquor, as well as most of the HCl introduced
      during the extraction operation. The organic phase containing the
      phosphoric acid is separated from the extraction apparatus and is
      processed by known methods to recover the phosphoric acid and the organic
      solvent therefrom. See, e.g., U.S. Pat. Nos. 2,880,063 and 3,311,450. The
      recovered organic solvent may be recycled to the extraction step.
PAR  A brine raffinate remains following the separation of the phosphoric
      acid-organic phase. A typical brine raffinate contains:
TBL  CaCl.sub.2           26.0    weight percent                               
     HCl                  2.0     "                                            
     FeCl.sub.3           0.7     "                                            
     AlCl.sub.3           0.7     "                                            
     F values (as elemental F)                                                 
                          0.6     "                                            
     U values (as elemental U)                                                 
                          30      ppm                                          
     Yttrium values (as elemental Y)                                           
                          100     ppm                                          
     Lanthanum values (as elemental La)                                        
                          20      ppm                                          
     Other Rare Earths (as elemental                                           
                          40      ppm (total)                                  
     metals)                                                                   
PAR  Due to the marked tendency of uranium in the tetravalent state to remain in
      the aqueous phase and the tendency of hexavalent uranium to transfer into
      the organic phase during the extraction step, most of the uranium values
      present in the brine raffinate are in the tetravalent state following the
      extraction step. However, during subsequent processing of the brine
      raffinate, a small amount of the tetravalent uranium may be oxidized to
      the hexavalent state due to the sensitivity of tetravalent uranium to air
      oxidation at elevated pH. It should be recognized that the concentration
      of the above constituents in the brine raffinate and the precise
      components present in the brine raffinate may vary considerably from that
      indicated above depending on the composition of the tricalcium phosphate
      mineral treated by the process of the present invention, the conditions of
      digestion and the conditions of the extraction step.
PAR  An essential feature of the present invention is the addition to the brine
      raffinate of a basically reacting compound so as to adjust the pH of the
      raffinate to at least about 9, and preferably from about 9 to 11, in order
      to effect coprecipitation of substantially all of the fluorine and uranium
      values and at least 90 percent of the rare earth metal values from the
      brine raffinate. The basically reacting compounds which may be employed to
      effect such precipitation are generally selected from the group consisting
      of alkali hydroxides, alkaline earth hydroxides, alkali carbonates,
      alkaline earth oxides, alkaline earth carbonates, ammonium hydroxide,
      alkaline earth silicates and mixtures thereof. Preferred basically
      reacting compounds are sodium hydroxide, potassium hydroxide, ammonium
      hydroxide, sodium carbonate, calcium oxide and calcium carbonate.
PAR  When calcium carbonate or calcium silicate is employed as the basically
      reacting compound, a pH of 9 cannot be obtained utilizing the calcium
      silicate or calcium carbonate alone, and therefore, supplementary addition
      of another basically reacting compound (as, for example, calcium oxide) is
      required in order to effect the brine raffinate having a pH of at least
      about 9.
PAR  The selected basic reacting compounds may be added to the brine raffinate
      either as a solid or as an aqueous solution of the compound, or, in the
      case of ammonium hydroxide, may be added by bubbling gaseous NH.sub.3
      through the raffinate. The amount of the basically reacting compound added
      to the brine raffinate, varies according to the pH of the raffinate, which
      in turn varies according to the amount of HCl remaining in the brine
      raffinate after extraction, the relative basicity of the selected
      basically reacting compound and other factors. In general, the selected
      basically reacting compound will be added in an amount of from about 2 to
      5 weight percent of a brine raffinate containing 26 weight percent
      CaCl.sub.2, 2 weight percent HCl, 0.7 weight percent FeCl.sub.3, 0.7
      weight percent AlCl.sub.3, 0.6 weight percent fluorine values, 30 ppm
      uranium values and 160 ppm rare earth metal values. Various known sources
      of the above basically reacting compounds may be employed in the process
      of the present invention. For example, sea shells and limestone are
      effective sources of calcium carbonate. In addition, calcium silicate may
      be used in the form of spent bed sand discharged from a fluidized bed
      pyrohydrolizer unit which may be used for recovery of HCl from the basic
      solution containing CaCl.sub.2, as discussed below.
PAR  The temperature of the brine raffinate to which the selected basically
      reacting compound is added is not critical, but is preferably below the
      boiling point of the brine raffinate, which is generally from about
      105.degree. to 110.degree.C. To effect substantially complete
      precipitation of the fluorine, uranium and rare earth metal values of the
      brine raffinate and to increase the rate at which the fluorine, uranium
      and rare earth metal values are precipitated, the brine raffinate may be
      agitated (as by use of a mechanical stirrer) in the presence of the
      selected basically reacting compound. Such agitation is, however, not
      essential.
PAR  The period of time required to effect precipitation of substantially all of
      the fluorine and uranium values and at least 90 percent of the rare earth
      metal values from the brine raffinate varies according to the relative
      amounts of these values initially present in the brine raffinate, the
      selected basically reacting compound added to the brine raffinate and
      other factors.
PAR  The precipitated solids, obtained by the addition to the brine raffinate of
      the basically reacting compounds as discussed above, generally contain
      from about 95 to 100 percent of the uranium values (as elemental uranium),
      95 to 100 percent of the fluorine values (as elemental fluorine), and 90
      to 100 percent of the rare earth metal values (as elemental rare earth
      metals) which were initially present in the brine raffinate. In addition,
      the precipitated solids also contain up to approximately 100 percent of
      the aluminum and 100 percent of the iron values present in the brine
      raffinate. The fluorine values in the precipitate are thought to be in the
      form of calcium fluoride, and the aluminum to be present as a complex
      compound of the formula Al.sub.2 O.sub.3.CaCl.sub.2 .3CaO.10H.sub.2 O. The
      form which the uranium and rare earth metal values take in the
      precipitated solids has not been established with certainty, but is
      believed that such elements are present as hydrous uranium oxides, calcium
      uranate, and rare earth metal hydrous oxides, which may contain uranium in
      both the hexavalent and tetravalent states due to the sensitivity of
      tetravalent uranium to oxidation.
PAR  The precipitated solids obtained by the addition to the brine raffinate of
      the selected basically reacting compound as discussed above may be
      separated from the aqueous solution, herein termed the "basic solution,"
      by any standard solid separation procedure, such as by filtration,
      centrifuging or by decanting the aqueous basic solution. The separated
      solids may then be processed by known methods to individually recover the
      fluorine, uranium and rare earth metal values present in the precipitated
      solids. For example, if the precipitated solids are slurried with a
      solution of HCl, all the components of the mixture are leached out with
      the exception of calcium fluoride precipitate, thus isolating the fluorine
      values. The leach liquor from the above treatment for isolating CaF.sub.2
      contains uranium and rare earth metal values which may be concentrated or
      isolated by a number of methods. For example, the liquor may be
      concentrated by evaporation and the uranium values recovered by adsorption
      on an anion exchange resin according to the process of U.S. Pat. No.
      2,770,520. The rare earth metal values in the effluent from the exchange
      resin treatment can then be isolated by known methods such as the solvent
      extraction method set forth in Chemical and Nuclear Technology (S.
      Peterson and R. Wymer, ed., Addison-Wesley Publishing Co., 1963) p. 359,
      wherein the rare earth values present in the effluent are extracted
      therefrom as rare earth chlorides by use of di-2-ethylhexyl phosphoric
      acid, yielding an aqueous phase containing CaCl.sub.2 and AlCl.sub.3 which
      may then be recycled to the digest solution for the process of the present
      invention to provide a source for an aluminum-containing compound which is
      soluble in the digest solution.
PAR  The basic solution containing CaCl.sub.2 which is produced by the addition
      to the brine raffinate of the selected basically reacting compound as
      discussed above, may be calcined by known methods to produce hydrochloric
      acid which may then be recycled to the digestion step for admixture with
      additional tricalcium phosphate mineral. In addition, the basic solution
      may be passed through a fluidized bed pyrohydrolysis unit to recover
      hydrochloric acid. Since spent bed sand may from such a unit contain
      calcium silicate, it is employed as the basically reacting compound added
      to the brine raffinate, as discussed above.
PAR  As indicated above, an aluminum-containing compound which is soluble in the
      digest solution may be added to the digest solution during the digestion
      of the calcium phosphate mineral in order to increase the portion of the
      fluorine values present in the mineral which dissolves in the digest
      solution. Aluminum-containing compounds which are especially preferred are
      AlCl.sub.3, Al(OH).sub.3 and Al.sub.2 (SO.sub.4).sub.3 and mixtures
      thereof. The selected aluminum-containing compound should be added to the
      digest solution in an amount of from about 2 to 5 weight percent of the
      tricalcium phosphate mineral to be digested, and may be added as a solid
      or as an aqueous solution. The concentration of aluminum-containing
      compound in the aqueous solution is not critical and generally ranges from
      about 10 to 30 weight percent aluminum-containing compound.
PAR  As disclosed and claimed in U.S. Pat. No. 3,880,980 (issued Apr. 29, 1975)
      the amount of uranium which transfers from the acidulate liquor into the
      brine raffinate may be increased by treating the aqueous acidulate liquor
      (before the extraction thereof with the organic solvent) with a reductant,
      such as H.sub.2 S, to reduce the hexavalent uranium present in the
      acidulate liquor to the tetravalent state. Since uranium in the
      tetravalent state transfers into the aqueous phase more readily than does
      hexavalent uranium, a more complete transfer of uranium into the aqueous
      phase during extraction is effected, thereby allowing an increased
      recovery by the process of the present invention of uranium initially
      present in the tricalcium phosphate mineral.
PAR  Referring to the drawing, wherein a process of the present invention is
      diagrammatically illustrated, tricalcium phosphate mineral, e.g.,
      phosphate rock, containing 2 weight percent fluorine, 50 ppm uranium and
      0.1 weight percent rare earth metal values, is introduced through line 13
      into reactor 12 wherein the mineral is digested with hydrochloric acid,
      e.g., a 25 weight percent solution of HCl, introduced through line 10. An
      aluminum-containing compound, soluble in the digest solution, e.g., an
      aqueous solution comprising 30 weight percent of AlCl.sub.3, may be
      optionally introduced into reactor 12 through line 11. The digest solution
      is withdrawn from reactor 12 through line 14 and waste solids removed from
      the solution in separator 15 and discarded from the system through line
      35. The remaining solution, i.e., the acidulate liquor, is passed from
      separator 15 via line 16 to solvent extraction column 22 wherein the
      acidulate liquor is admixed with a suitable organic solvent, e.g.,
      butanol, which is introduced into column 22 via line 17, thereby forming
      organic phase 23 and aqueous phase 25. Organic phase 23 is withdrawn from
      extraction column 22 via line 24 and is treated by known processes to
      recover phosphoric acid therefrom.
PAR  Aqueous phase 25, i.e., the brine raffinate, is withdrawn from extraction
      apparatus 22 via line 26 and passed to vessel 28 into which a basically
      reacting compound, e.g., a mixture of finely ground calcium carbonate and
      calcium oxide, is introduced through line 27 to form solution having a pH
      of at least about 9 and to simultaneously precipitate solids containing
      fluorine, uranium and rare earth metal values. The basic solution and
      solids are withdrawn from vessel 28 via line 29 and passed to separator 30
      wherein the solids are separated from the aqueous solution containing
      CaCl.sub.2. The separated solids are removed from separator 30 via line 32
      and may then be treated by known processes to recover the uranium,
      fluorine and rare earth metal values therefrom. Following the separation
      of the above solids therefrom, the CaC1.sub.2 solution may then be
      withdrawn from separator 30 via line 31 and may be further treated by
      CaCl.sub.methods to recover HCl therefrom. The recovered HCl may be
      recycled to line 10 for admixture with additional tricalcium phosphate
      mineral.
PAR  The process of the present invention may be further illustrated by
      reference to the following examples, wherein parts are by weight unless
      otherwise indicated.
PAC  EXAMPLE 1
PAR  2000 Parts of a brine raffinate containing:
     CaCl.sub.2           25.7    weight percent                               
     HCl                  1.8     "                                            
     FeCl.sub.3           0.75    "                                            
     AlCl.sub.3           0.62    "                                            
     F values (as elemental F)                                                 
                          0.63    "                                            
     U values (as elemental U)                                                 
                          70      ppm                                          
     Yttrium values (as elemental Y)                                           
                          100     ppm                                          
     Lanthanum values (as elemental La)                                        
                          20      ppm                                          
     Other Rare Earths (as elemental                                           
                          40      ppm (total)                                  
     metals)                                                                   
PAL  is obtained as a by-product from the production of phosphoric acid by the
      hydrochloric acid decomposition of a tricalcium phosphate mineral. With
      continual vigorous stirring, 70 parts of ground clam shells containing
      97.2 weight percent CaCO.sub.3 is added to the brine raffinate over a
      period of 20 minutes. Subsequently, 10 parts of powdered slaked lime,
      containing greater than 98 weight percent Ca(OH).sub.2, is added to the
      raffinate, thereby effecting a pH of 9. The mixture is maintained at
      70.degree.C. for 3 hours with continuous agitation, during which period a
      precipitate is formed. At the conclusion of the 3-hour period the
      precipitate is separated from the basic solution by filtration, drained by
      suction and dried in an oven at 120.degree.C., yielding 97 parts of solids
      which are found by chemical analysis to contain:
TBL  F values (as elemental F)                                                 
                        12.8    weight percent                                 
     U values (as elemental U)                                                 
                        0.14    "                                              
     Rare earth metal values                                                   
                        0.3     "                                              
      (as the elemental metals)                                                
     Fe values (as Fe.sub.2 O.sub.3)                                           
                        7.6     "                                              
     Al values (as Al.sub.2 O.sub.3)                                           
                        4.8     "                                              
     CaCO.sub.3         25.     "                                              
PAR  Thus, about 98 percent of the fluorine, 97 percent of the uranium and 90
      percent of the rare earth metal values present in the brine raffinate are
      precipitated. Analysis of the precipitated solids by X-ray diffraction
      shows the fluorine values to be in the form of CaF.sub.2 and a substantial
      amount of the aluminum to be in the form of Al.sub.2
      O.sub.3.CaCl.sub.2.3CaO.10H.sub.2 O.
PAC  EXAMPLE 2
PAR  2000 Parts of brine raffinate having the composition shown in Example 1 is
      heated to 70.degree.C. and contacted with gaseous ammonia which is bubbled
      through the continuously stirred brine raffinate. A total of 25 parts of
      ammonia is passed into the solution over a period of about 2 hours. At
      periodic intervals, samples of the reaction mixture are withdrawn for pH
      measurement and chemical analysis to determine the fluorine and uranium
      values (as elemental fluorine and uranium, respectively) and rare earth
      metal values (as mixed oxides).
PAR  After 17.4 parts of NH.sub.3 have been added to the 2000 parts of brine
      raffinate, the pH of the raffinate is determined to be 7.5 and the percent
      of the rare earth metal values present in the raffinate which are
      precipitated is determined to be 60 percent. Approximately 100 percent of
      the fluorine and uranium values and 92 percent of the rare earth metal
      values are determined to be precipitated at a pH of 8.4 which corresponds
      to the addition to the 2000 parts of brine raffinate of 20.0 parts of
      NH.sub.3. The addition to the 2000 parts of brine raffinate of 22.2 parts
      of NH.sub.3 is determined to effect a pH of 9.1 and the precipitation of
      100 percent of the rare earth metal values, in addition, to 100 percent of
      the fluorine and uranium values, present in the brine raffinate.
PAC  EXAMPLE 3
PAR  2000 Parts of brine raffinate having the composition shown in Example 1 is
      heated to 70.degree.C. and continuously stirred while 71.5 parts of ground
      oyster shells containing 96.5 weight percent CaCO.sub.3 are added to the
      raffinate over a period of 4 hours. At periodic intervals, samples of the
      mixture are withdrawn for chemical analysis.
PAR  The following data are obtained.
TBL  ______________________________________                                    
     Parts Oyster Shells Added                                                 
                       Percent F Precipitated                                  
     ______________________________________                                    
     22.6              63                                                      
     27.0              75                                                      
     31.7              82                                                      
     36.9              87                                                      
     47.0              90                                                      
     58.4              96                                                      
     71.5              98                                                      
     ______________________________________                                    
PAL  After the last addition of oyster shells, the solids are precipitated by
      filtration and dried at 100.degree.C., yielding 92 parts of material which
      contained 13.2 percent by weight fluorine.
PAC  EXAMPLE 4
PAR  1000 Parts of brine raffinate having the composition of Example 1 is heated
      to 70.degree.C. and stirred continuously while 100 parts of an aqueous
      solution containing 30 parts of NaOH are added at a uniform rate over a
      period of 1 hour. The mixture is allowed to react for an additional hour
      at 70.degree.C., and the solids are then separated from the mixture by
      filtration and dried at 100.degree.C., yielding 27.5 parts of solids
      containing 21.8 percent be weight fluorine, corresponding to a recovery of
      about 95 percent of the fluorine initially present in the brine raffinate.
      X-ray diffraction analysis indicated that the major component of the solid
      is CaF.sub.2.
PAC  EXAMPLE 5
PAR  The following example illustrates the effect of adding an
      aluminum-containing compound to the hydrochloric acid digest solution
      which is soluble in that solution.
PAR  Three 100 part portions of a ground Florida phosphate rock containing:
TBL  Ca values (as CaO) 45      weight percent                                 
     P values (as P.sub.2 O.sub.5)                                             
                        30.2    "                                              
     F values (as elemental F)                                                 
                        3.5     "                                              
     SiO.sub.2          7.62    "                                              
     Al.sub.2 O.sub.3   0.85    "                                              
     Fe.sub.2 O.sub.3   1.30    "                                              
     U values (as elemental U)                                                 
                        270     ppm                                            
     Rare earth metal values                                                   
                        650     ppm                                            
     (as the elemental metals)                                                 
PAL  are digested for 2 hours at a temperature of 100.degree.C. The first 100
      part portion of the rock is digested with 270 parts of an aqueous
      hydrochloric acid solution containing 23 weight percent HCl. The second
      100 part portion of rock is digested with 270 parts of a 23 weight percent
      HCl solution and 4.0 parts AlCl.sub.3 .6H.sub.2 O, and the third 100 part
      portion is digested with 270 parts of a 23 weight percent HCl solution and
      8.0 parts of AlCl.sub.3 .6H.sub.2 O.
PAR  Each digest liquor is filtered to yield about 330 parts of a clear
      acidulate liquor. Upon analysis, each of the acidualte liquors is found to
      contain the following components in the amounts indicated:
TBL  CaCl.sub.2         27.0    weight percent                                 
     H.sub.3 PO.sub.4   12.6    "                                              
     FeCl.sub.3         0.8     "                                              
     U values (as elemental U)                                                 
                        75      ppm                                            
     Rare Earth Metal Values                                                   
                        185     ppm                                            
     HCl                2.0     weight percent                                 
PAL  The acidulate liquors, however, differ in composition in fluorine and
      aluminum content. The acidulate liquor obtained from the first 100 part
      rock portion to which no aluminum-containing compound is added during
      digestion is found to contain 0.58 weight percent fluorine values (as
      elemental F) and 0.67 weight percent Al (as AlCl.sub.3). The acidulate
      liquor obtained following the digestion of the 100 part rock portion to
      which 4.0 parts AlCl.sub.3 .6H.sub.2 O is added during digestion is found
      to contain 0.8 weight percent fluorine and 1.34 weight percent Al (as
      AlCl.sub.3). The acidulate liquor which is obtained from the third 100
      part rock portion, to which 8.0 parts AlCl.sub.3 .6H.sub.2 O. is added
      during digestion, is found to contain 0.92 weight percent fluorine and
      2.01 weight percent Al (as AlCl.sub.3).
PAR  Thus, the addition to the second and third 100 part rock portions of 4.0
      parts and 8.0 parts, respectively, of AlCl.sub.3 .6H.sub.2 O, effected a
      transfer to the acidulate liquor of 76 percent and 87 percent,
      respectively, of the total fluorine content of the rock, as compared with
      a transfer to the acidulate liquor of only 55 percent of the fluorine
      present in first 100 part rock portion to which no aluminum-containing
      compound was added during digestion.
PAR  Although certain preferred embodiments of the invention have been disclosed
      for purpose of illustration, it will be evident to one skilled in the art
      that various changes and modifications may be made therein without
      departing from the scope and spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for simultaneous recovery of fluorine, uranium and rare earth
      metal values from a tricalcium phosphate mineral containing same, which
      comprises:
PA1  a. contacting said mineral with hydrochloric acid to digest said mineral,
      thereby forming (1) a digest solution containing phosphoric acid, calcium
      chloride, fluorine, uranium and rare earth metal values and (2) an
      insoluble residue;
PA1  b. separating said insoluble residue from said digest solution;
PA1  c. contacting said separated digest solution with an organic solvent
      capable of dissolving phosphoric acid but having limited miscibility with
      water free of phosphoric acid, thereby forming an organic phase containing
      phosphoric acid and an aqueous phase containing calcium chloride and
      fluorine, uranium and rare earth metal values;
PA1  d. separating said organic phase from said aqueous phase;
PA1  e. admixing said separated aqueous phase with an amount of a basically
      reacting compound sufficient to effect a pH of at least about 9, thereby
      forming:
PA2  1. a basic solution containing calcium chloride and
PA2  2. precipitated solids containing fluorine, uranium and rare earth metal
      values; and
PA1  f. separating the precipitated solids containing fluorine, uranium and rare
      earth metal values from said basic solution.
NUM  2.
PAR  2. A process according to claim 1 wherein said tricalcium phosphate mineral
      is apatite.
NUM  3.
PAR  3. A process according to claim 1 wherein the basically reacting compound
      is added in an amount sufficient to effect a pH of about 9 to 11.
NUM  4.
PAR  4. A process according to claim 1 wherein said basically reacting compound
      is selected from the group consisting of alkali hydroxides, alkaline earth
      hydroxides, alkali carbonates, alkaline earth carbonates, ammonium
      hydroxide, alkaline earth silicates, alkaline earth oxides and mixtures
      thereof.
NUM  5.
PAR  5. A process according to claim 1 wherein said basically reacting compound
      is selected from the group consisting of alkali hydroxide, alkaline earth
      carbonate, alkaline earth oxide, and mixtures thereof and wherein the
      basically reacting compound is added in an amount sufficient to effect a
      pH of about 9 to 11.
NUM  6.
PAR  6. A process according to claim 1 wherein said separated digest solution is
      treated to reduce the hexavalent uranium content thereof to the
      tetravalent state prior to contacting said separated digest solution with
      said organic solvent.
NUM  7.
PAR  7. A process according to claim 1 wherein an aluminum-containing compound
      soluble in said digest solution is admixed with said digest solution.
NUM  8.
PAR  8. A process according to claim 7 wherein said aluminum-containing compound
      is selected from the group consisting of AlCl.sub.3, Al(OH).sub.3,
      Al.sub.2 (SO.sub.4).sub.3 and mixtures thereof.
NUM  9.
PAR  9. A process according to claim 5 wherein said mineral is contacted with
      said hydrochloric acid at a temperature of not greater than about
      110.degree.C.
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ABST
PAL  A fluorine containing heavy-metal oxide powder, particularly UO.sub.2
      powder, is subjected to a pyrohydrolysis treatment under the most complete
      exclusion of hydrogen.
PARN
PAR  This is a continuation, of application Ser. No. 256,007, filed May 23,
      1972, and now abandoned.
BSUM
PAR  The corrosion problem is of extreme importance in the development,
      construction and operation of nuclear power plants. This applies not only
      to the coolant water circulation, but also to the nuclear fuel itself. The
      nuclear fuels normally used at present are based on uranium dioxide and as
      sintered bodies are filled into tubular jackets. These then form the so
      called "fuel rods", which in turn are combined to form fewer elements
      which can be manipulated jointly. For reasons of neutron physics,
      zirconium alloys are used almost exclusively as the material for the
      tubular jackets. These alloys, as well as its neighbors in Group IVa of
      the periodic system of elements, are sensitive to fluorine. The presence
      of fluorine in the jackets must be prevented absolutely and reliably in
      order to prevent damage to the tubular jackets by the known, most
      detrimental consequences of fluorine.
PAR  Uranium dioxide, however, is processed predominantly from uranium
      hexafluoride (UF.sub.6). Thus, it is important in all manufacturing
      processes to remove fluorine as completely as possible from the uranium or
      uranium dioxide. Although a relatively high fluorine depletion is observed
      during the high sintering temperatures for UO.sub.2 pellets, it is,
      nevertheless, necessary to strive for a further reduction of the fluoride
      ion content. In general 25 ppm (part per million) of fluorine are
      permitted as the maximum pellet contamination. Frequently, however, even
      lower values are required.
PAR  Even in manufacturing processes wherein uranium is precepitated from an
      aqueous solution, for instance, of the UF.sub.6 hydrolysis solution, it is
      not possible to obtain sufficient separation. The precipitates of ammonium
      diuranate (NH.sub.4) .sub.2 U.sub.2 O.sub.7 and abbreviated (ADU) in most
      cases contain approximately 2%, and of ammonium uranyl carbonate
      (NH.sub.4).sub.4 (UO.sub.2 (CO.sub.3).sub.3) and abbreviated (AUC) contain
      approximately 0.05% of fluoride ion, which cannot be washed out. The
      problem therefore is to find an operationally easy-to-carry-out method for
      the removal of fluoride ions from heavy metal oxide products, particularly
      UO.sub.2 powder, thereby increasing the economy and operational safety of
      nuclear power plants. These problems of course arise not only in the case
      of uranium, but also with plutonium and other nuclear fuels which are
      generally called herein heavy metals.
PAR  According to the invention, we solve this problem by subjecting the nuclear
      fuel powder to a pyrohydrolysis treatment with the most thorough exclusion
      of hydrogen. "Pyrohydrolysis" is understood to mean the decomposition of
      metal compounds under the influence of steam at high temperatures.
PAR  Many manufacturing methods for uranium dioxide already provide for steam
      treatment in order to reduce the fluorine content to tolerable residual
      values equal to or less than 100 parts per million. The length of this
      treatment, which occurs simultaneously with the reduction of uranium in
      hydrogen, depends greatly upon the temperature. Because, however, the
      greatest reaction speed of the reduction occurs at appreciably lower
      temperatures than the temperature for pyrohydrolysis, the latter
      determines the reaction speed. This applies not only to these methods in
      which both process steps are carried out within a single reaction vessel,
      but also to these methods in which separate reaction vessels are used for
      the reduction and the pyrohydrolysis steps.
PAR  We have surprisingly found that pyrohydrolysis proceeds faster, with lower
      partial hydrogen pressures in the steam atmosphere. This means that in the
      absence of hydrogen it becomes possible to reduce substantially the time
      for the pyrohydrolysis treatment or, with equal time, to reduce
      substantially the residual fluorine content in the UO.sub.2 powder.
PAR  As was mentioned hereinabove, a reduction of the content of fluorine is
      necessary for reasons of quality and therefore in the last analysis serves
      to increase the life of the fuel rods of a nuclear reactor. In those
      cases, in which the corrosion problem might not be so important, this
      method results in considerable savings of time and is therefore
      economically advantageous.
DETD
PAR  The above statements are supported by the experimental results compiled in
      the following table. Described here is the pyrohydrolysis treatment of a
      UO.sub.2 powder prepared by the AUC method and reduced at 500.degree.C,
      which was treated on the basis of different treatment times with a
      hydrogen steam mixture or with steam alone at different temperatures. The
      powder originally contained here 460 ppm of fluorine, based on uranium.
TBL  __________________________________________________________________________
     No.  Temperature                                                          
                 Duration of treatment in minutes                              
                                   Results in                                  
     .degree.C   overall                                                       
                      with   with H.sub.2 O                                    
                                   ppm residual                                
                      H.sub.2 O/H.sub.2                                        
                                   fluorine                                    
                      mixture in                                               
                             Steam content                                     
                      a volumetric                                             
                             alone                                             
                      ratio of                                                 
                      9 : 1                                                    
     __________________________________________________________________________
     1    680    90      90  --    60                                          
     2    680    90   90 --  55                                                
     3    680    90   90 --  70                                                
     4    680    90   90 --  67                                                
     5    680    60   30 30  50                                                
     6    680    60   30 30  65                                                
     7    680    60   30 30  95                                                
     8    680    60   30 30  50                                                
     9    680    60   15 45  20                                                
     10   680    60   15 45  30                                                
     11   680    60   15 45  20                                                
     12   680    45   -- 45  20                                                
     13   680    45   -- 45  20                                                
     14   680    45   -- 45  25                                                
     15   650    45   -- 45  80                                                
     16   650    45   -- 45  50                                                
     17   650    45   -- 45  55                                                
     18   650    45   -- 45  70                                                
     __________________________________________________________________________
PAR  The above data show clearly that the fluorine content are reduced
      substantially with decreasing times of hydrogen presence and that in this
      connection a treatment temperature of above 650.degree.C is preferable. It
      is to be asumed that the residual fluorine content as is seen particularly
      from tests 12 to 14, can be reduced still further by extending the
      treatment duration. Suitable for carrying out the method is a vessel in
      which the ordinary reduction treatment of UO.sub.2 powder with hydrogen
      takes place. However, it may require a certain time to reduce the hydrogen
      content to nearly zero for the subsequent pyrohydrolysis treatment. In
      view of the substantial reduction of the hydrogen content or to obtain
      practical freedom of hydrogen which is essential for the invention, it is
      recommended to provide a second reaction vessel for the pyrohydrolysis
      only, into which the reduced UO.sub.2 powder is transferred.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of purification of a heavy metal oxide selected from uranium
      and plutonium oxides for use as a nuclear fuel contaminated with fluoride
      and hydrogen to produce a purified heavy metal oxide containing not more
      than 25 parts per million fluoride which comprises passing steam in
      contact with said contaminated heavy metal oxide to effect removal of
      substantially all the hydrogen and thereafter subjecting said heavy metal
      oxide to pyrohydrolysis in the absence of hydrogen by passing steam at a
      temperature above 650.degree.C in contact with said heavy metal oxide from
      which hydrogen has been removed to effect reduction of the fluorine
      content in said contaminated heavy metal oxide to no more than 25 parts
      per million.
NUM  2.
PAR  2. Method according to claim 1 wherein reduction of the fluorine content is
      effected in a zone separate from the zone for effecting removal of
      substantially all the hydrogen.
NUM  3.
PAR  3. Method according to claim 1 wherein the heavy metal oxide is uranium
      dioxide.
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ABST
PAL  Method for treating solid ore residue obtained by production of chromium
      chemicals from chromite ore, to reduce leaching of chromium compounds
      therefrom after disposal, which involves reducing the particle size of the
      residue prior to disposal so that at least about 20 percent by weight of
      the residue passes through a 200 mesh (U.S.) screen.
BSUM
PAC  BACKGROUND OF THE INVENTION AND DISCUSSION OF THE PRIOR ART
PAR  In the manufacture of chromium chemicals from chromite ore by the
      conventional alkali roasting process, chromite ore containing about 40 to
      50 percent chromic oxide (Cr.sub. 2 O.sub. 3) is drymilled to fine
      particle size, mixed with finely divided sodium carbonate, lime and
      leached residue from previous operation, and is roasted at temperature in
      the order of about 2000.degree.F. in an oxidizing atmosphere to oxidize
      the chromic oxide to form water-soluble hexavalent chromium compounds. The
      roast is then leached to extract the water-soluble chromium compounds,
      leaving a residue for which there is presently no use, and which generally
      is disposed of by dumping. In spite of use of efficient leaching methods,
      the residue still contains minor amounts of water-soluble chromium
      compounds which will bleed therefrom when the residue is wetted, as by
      exposure to rain. Such bleeding is objectionable because the soluble
      chromium compounds are toxic and raise a serious pollution problem. Some
      of the residual water-soluble chromium compounds in the residue have
      relatively low degree of solubility and bleed very slowly, hence cannot be
      readily leached to exhaustion. They nevertheless have sufficient
      solubility to pollute the environment by bleeding long after the residue
      has been discarded. Such bleeding can pose severe problems of ground water
      pollution. To stockpile these residues under conditions that they could
      not be wetted would be difficult and expensive.
PAR  The slowly bleeding chromium compounds contained in the residue obtained in
      the manufacture of chromium chemicals from chromite ore include calcium
      chromate, CaCrO.sub.4, and calcium alumino-chromate, 3CaO.Al.sub.2
      O.sub.3.CaCrO.sub. 4. 12H.sub. 2 O, which are very slowly soluble in
      water; tribasic calcium chromite, Ca.sub. 3 (CrO.sub. 4).sub.2, which
      decomposes slowly in the presence of water to produce water-soluble
      hexavalent chromium and insoluble trivalent chromium hydroxide; and basic
      ferric chromate, Fe (OH)CrO.sub. 4, which hydrolyses slowly in water to
      release chromate ions. The waste residue also contains some trivalent
      chromium compounds, but these are soluble to lesser extent only and are
      not major contributors to pollution. These residual, slowly soluble
      chromium compounds generally are present in amount of from about 0.7 to
      1.5 percent by weight of chromium. In addition, the residue usually
      contains minor amounts of soluble alkali metal chromate which was not
      completely removed in the leaching operation. The residue, when wetted,
      may bleed chromium salts to the extent that the aqueous bleed can contain
      up to thousands of ppm of chromium compounds, expressed as Cr, depending
      on the relative amounts of water and residue, efficiency of contact, and
      time of contact.
PAR  The prior art has attempted to solve the chromium bleeding problem by
      reducing the hexavalent chromium compounds to form trivalent chromium
      compounds which bleed only to negligible extent on exposure to water.
      Usually, this involved roasting the residue in the presence of a reducing
      agent. A number of reducing agents have been suggested for this purpose,
      such as coal, gaseous hydrocarbons, sulfuric acid or sulfuric pitch
      containing hydrocarbon waste material and heavy waste oil. It has also
      been proposed to use chemical reducing agents which do not require
      roasting to reduce the chromate in the residue, such as ferrous sulfate or
      spent hydrochloric pickle liquor. While effective, all of these methods
      require use of additional reagents, and, in the case of the reductive
      roasting operation, require additional amounts of fuel.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a method for
      treating the solid residue obtained in the production of chromates from
      chromite ore by roasting the ore under alkaline oxidizing conditions to
      form water-soluble chromate, followed by extraction of the chromate, which
      comprises reducing the particle size of the solid residue prior to
      disposal so that at least about 20 percent by weight of the residue, dry
      basis, passes through a 200 mesh (U.S.) screen. The method of the present
      invention is most effective if the size reduction is carried out in the
      presence of water.
PAR  Size reduction of the residue in accordance with the present invention
      reduces bleeding of chromate on contact with water at the disposal site,
      thereby reducing or eliminating a serious pollution problem. The reasons
      for this surprising reduction of bleeding propensity of chromium ore
      residue treated in accordance with the method of our invention are not
      entirely understood. However, we believe that particle size reduction
      increases the surface area of certain major constituents of the residue,
      particularly its major constituent tetracalcium alumino ferrite, which is
      believed to react with the chromate ions to form a highly insoluble
      chromium compound. While we do not wish to be bound by this explanation,
      we presently believe that the reactions which result in reduced chromate
      bleeding of the solid residue in accordance with the method of the present
      invention include hydrolysis of tetracalcium alumino ferrite at the newly
      formed surface of the solid residue and interaction of the intermediate
      hydrolysis product with chromate to form a calcium alumino ferrichromate
      of the formula 3CaO. xAl.sub. 2 O.sub. 3.yFe.sub. 2 O.sub. 3.CaCrO.sub. 4
      zH.sub. 2 O, which has low solubility in water.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION AND OF THE PREFERRED EMBODIMENTS
PAR  Even though the chromite ore prior to the alkaline roasting operation is
      usually subjected to particle size reduction so that it substantially
      completely passes through 200 mesh (U.S.) screen, agglomeration occurs in
      the roasting operation and the leached residue usually contains no more
      than about 2 to 5 percent by weight, dry basis, of particles passing
      through a 200 mesh (U.S.) screen. Particle size reduction of the leached
      residue in accordance with the method of the present invention can be
      effected by any suitable means. Suitable types of mills for effecting such
      size reduction include ball mills and rod mills, cone mills, hammer mills,
      pin mills, roller mills and the like. Ball mills and rod mills are
      eminently suitable because of their relative efficiency and capability of
      carrying out the grinding operation in the presence of water, as is
      preferred. If desired, milling may be combined with particle size
      classification and return of oversize particles to the milling operation,
      as is conventional procedure.
PAR  Particle size reduction in accordance with our invention may be carried out
      on the residue as obtained from the leaching operation, in which event it
      contains small amounts of water in the order of about 12 to 15 percent by
      weight. It may also be carried out on the leached residue after it has
      been dried. Desirably, it is carried out in the presence of about 15 to 50
      percent, preferably about 20 to about 40 percent, and most preferably
      about 30 to 35 percent by weight of water, based on the combined weight of
      the water and solids. At water levels lower than about 20 percent the
      material may have a tendency to compact, and grinding efficiency may be
      impaired. Use of water in amounts of more than about 40 percent is not
      ordinarily preferred because the ground solids are obtained in slurry form
      and may be difficult to transport. However, in the event it is desired to
      pump the ground solids in slurry form to the disposal site, water in
      amount of more than 40 percent may be advantageously employed.
PAR  We have found that in order to significantly reduce chromate leaching from
      the solid residue in accordance with the method of our invention, the
      solid residue should be reduced in particle size so that at least about 20
      percent by weight of the particles, dry basis, pass through 200 mesh
      (U.S.) screen. We theorize that under these conditions sufficient amount
      of tetracalcium alumino ferrite component of the residue will have its
      surface exposed for reaction with chromate present in the residue. More
      preferably, the residue is ground so that at least about 30 percent by
      weight of the residue, more preferably yet at least about 40 percent by
      weight of the residue, dry basis, passes through a 200 mesh (U.S.) screen.
PAR  The Examples set forth below illustrate the best mode presently
      contemplated for the practice of our invention.
PAC  EXAMPLE I
PAR  To illustrate the chromate bleeding characteristics of typical solid
      residue obtained in the production of chromates from chromite ore, the
      following experiments were conducted. The solid residue used in these
      experiments had been obtained from the chromium chemical process which
      involved roasting of chromite ore in the presence of sodium carbonate and
      lime under oxidizing conditions to form water-soluble chromate, followed
      by aqueous extraction of the chromate. The solid residue contained 16.5
      weight percent water, 0.10 weight percent water-soluble chromate expressed
      as Cr, and 0.92 weight percent acid-soluble chromate expressed as Cr.
      About 80 percent of this residue was coarser than 60 mesh (U.S.) and only
      about 3 percent was finer than 200 mesh (U.S.).
PAR  A 120 gram portion of the residue, equivalent to 100 grams dry residue, was
      mixed with 480 ml. of water and the resultant slurry was stirred gently.
      Chromate bled rapidly into the water phase, reaching a concentration of
      230 ppm (as Cr) within 15 minutes. Chromate concentration in the aqueous
      phase increased only slowly thereafter to about 250 ppm in 30 minutes and
      260 ppm in 3 hours. This test shows the chromate bleeding characteristics
      of the residue prior to treatment in accordance with the method of our
      invention.
PAR  A portion of that same residue was dried at 105.degree.C. and ground in a
      laboratory ball mill until about 33 percent by weight was reduced to -200
      mesh (U.S.) particle size. A 100 gram portion of this ground residue was
      mixed with 500 ml. of water and the resultant slurry was stirred gently.
      Chromate bled rapidly into the aqueous phase, reaching a concentration of
      about 200 ppm (as Cr) within minutes, but then decreased steadily to a
      level of about 20 ppm in one hour and about 5 ppm in three hours.
PAR  Another portion of that dried residue was ground in a laboratory ball mill
      until over 95 percent of the material passed through a 200 mesh (U.S.)
      screen. One hundred grams of this ground material were mixed with 500 ml.
      of water and the resultant slurry was stirred gently. Chromate bled
      rapidly into the aqueous phase, reaching a value of about 250 ppm (as Cr)
      within about 1 minute. However, chromate concentration in the aqueous
      phase then decreased rapidly to about 10 ppm in 15 minutes, 5 ppm in 30
      minutes and about 1 ppm in 3 hours.
PAR  To a 300 gram portion of the wet residue containing about 16.5 percent
      water were added 58 ml. of additional water to form a slurry. The slurry
      was ground in a laboratory ball mill for about 3 hours so that about 35
      percent by weight of the residue was reduced to particle size of less than
      200 mesh (U.S.). One hundred forty-three grams of the resulting mud,
      equivalent to 100 grams of the residue on dry basis, were mixed with 457
      ml. of water and the slurry was stirred gently. Small amounts of chromate
      bled into the aqueous phase reaching a maximum concentration of only about
      8 ppm (as Cr) in 15 minutes and thereafter decreasing steadily to about 5
      ppm in 2 hours.
PAR  The above experiments demonstrate that when residue treated in accordance
      with our invention process is contacted with water or ground in the
      presence of water, chromate which had initially diffused into the aqueous
      phase retransfers into the residue phase until certain equilibrium is
      established, which equilibrium under optimum condition may be in the order
      of about 1 ppm as Cr.
PAR  The "chromate bleeding index" as hereafter employed is a standardized water
      overlay test which involves shaking 8.3 grams of residue (dry basis) with
      100 ml. of water for 1 minute, allowing it to stand for 3 hours, followed
      by filtration and analysis of the liquid for chromate. The amount of
      chromate found, expressed as ppm Cr, is the chromate bleeding index.
      Suitable method for determining chromate in the liquid include the
      colorimetric determination of the violet color formed with
      diphenylcarbazide, as is conventional procedure.
PAC  EXAMPLE II
PAR  Solid residue containing about 16.8 percent water, 0.11 percent
      water-soluble chromate expressed as Cr, and 1.07 percent acid-soluble
      (total) chromate expressed as Cr, was fed into a ball mill containing
      about 400 pounds of steel balls at a rate of 280 pounds per hour along
      with about 90 pounds of water per hour. Average retention time of the
      material in the mill was 16 minutes. The ground mud product discharged
      from the mill was found to contain 37 percent water and had particle size
      of 53 percent by weight passing through 200 mesh (U.S.) screen on dry
      residue weight basis. The chromate bleeding index of the solid residue fed
      to the mill was 120; the chromate bleeding index of the product discharged
      from the mill, determined immediately after discharge from the mill, was
      20. Product discharged from the mill was stored in closed containers and
      samples were withdrawn periodically to determine the chromate bleeding
      index. Results are summarized in Table 1 below.
TBL                TABLE I                                                     
     ______________________________________                                    
            Age        Chromate                                                
                       Bleeding Index                                          
     ______________________________________                                    
     0                 20                                                      
     1 day             17                                                      
     2 days            15                                                      
     1 week            10                                                      
     2 weeks           7                                                       
     4 weeks           5                                                       
     10 weeks          2                                                       
     ______________________________________                                    
PAR  We have further discovered that if the solid residue contains minor amounts
      of caustic, as it usually does, typically in the form of sodium hydroxide,
      then if the ground residue is stored in the presence of air, its initially
      reduced bleeding index will tend to increase again over periods of time.
      Although we do not wish to be bound by this explanation, we believe this
      is due to reaction of the sodium hydroxide with carbon dioxide in the air
      to form sodium carbonate, which in turn in some way reacts with the bound
      chromium compounds to render them soluble. Thus, we have found that when
      the product obtained from Example II was stored outdoors in shallow
      troughs lined with sheet polyethylene, and core samples were withdrawn
      periodically and analysed for chromate bleeding properties, the chromate
      bleeding index increased with time, as shown in Table 2 below:
TBL                TABLE 2                                                     
     ______________________________________                                    
     Outdoor             Chromate                                              
     Storage Time        Bleeding Index                                        
     ______________________________________                                    
     1 day                7                                                    
     1 week              30                                                    
     2 weeks             50                                                    
     3 weeks             60                                                    
     4 weeks             90                                                    
     8 weeks             130                                                   
     ______________________________________                                    
PAR  We have found that if the ground solid residue is stored outside under
      conditions such that access to air is excluded, as in covered trenches,
      then the chromate bleeding index remains at its initial low level, as is
      the case when the ground residue is stored in sealed containers as shown
      in Table 1, above. However, we have further found that the chromate
      bleeding index can be maintained near its minimum level in outside storage
      with access to air if the alkali which may be present is neutralized, as
      shown in Example 3.
PAC  EXAMPLE III
PAR  A sample of the same solid residue as was used for Example II was ground in
      a laboratory ball mill in the presence of added water to obtain a slurry
      containing 37 weight percent water (on slurry basis) to particle size of
      53 percent through 200 mesh (U.S.). The chromate bleeding index of the
      slurry recovered from the mill was 5. It had a pH of about 12. The slurry
      was then treated with 20 percent hydrochloric acid in amount sufficient to
      reduce its pH to 10. The neutralized slurry was stored outside in the
      presence of air. Samples were withdrawn periodically for determination of
      chromate bleeding index. Results are summarized in Table 3.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Outdoor             Chromate                                              
     Storage Time        Bleeding Index                                        
     ______________________________________                                    
     1 day                5                                                    
     1 week               7                                                    
     2 weeks             10                                                    
     3 weeks             15                                                    
     4 weeks             17                                                    
     8 weeks             15                                                    
     ______________________________________                                    
PAR  The data in Tables 2 and 3 demonstrate the importance of neutralizing any
      alkaki which may be present in the residue for preserving the low bleeding
      properties of the ground residue. Hence, in preferred embodiment the
      ground residue is treated to reduce its pH to a level about 7 to 11,
      preferably about 8 to 10. To that end the ground residue may be slurried
      in water and acid added thereto, if the residue was ground dry, or acid
      may be added directly to the mill or to the ground residue slurry, as may
      be convenient under the circumstances, if the residue is ground in the
      presence of water, as is preferred. Any acid is suitable for that purpose,
      hydrochloric acid being preferred.
PAR  The data in Table 1 above shows that immediate reduction in chromate
      leaching index occurs on particle size reduction of the residue, but that
      reduction in chromate leaching index continues to take place over extended
      periods of time. In order to minimize leaching at the disposal site of
      freshly ground residue, it may be desirable to provide for intermediate
      storage of the ground residue prior to disposal at the disposal site under
      conditions such that water therefrom will not be carried into the
      environment, as by holding it in leak-proof storage containers until the
      chromate leaching index is reduced to desired level. Usually it will
      therefore be desirable to store the ground residue in slurry form before
      disposal, e.g. in holding bins for a period of 2 or 3 days until chromate
      leaching has reached equilibrium.
PAR  Since various changes and modifications may be made in the invention
      without departing from the spirit and essential characteristics thereof,
      it is intended that all matter contained in the above description shall be
      interpreted as illustrative only, the invention being limited only by the
      scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method for reducing bleeding of water-soluble chromium compounds
      from the solid residue obtained in the production of chromates from
      chromite ore by roasting the ore under alkaline oxidizing conditions to
      form water-soluble chromate, followed by extraction of the chromate, which
      comprises reducing the particle size of the solid residue prior to
      disposal so that at least about 20 percent by weight of the residue, dry
      basis, passes through a 200 mesh (U.S.) screen.
NUM  2.
PAR  2. The method of claim 1 wherein the particle size of the solid residue is
      reduced so that at least about 40 percent by weight of the residue, dry
      basis, passes through a 200 mesh (U.S.) screen.
NUM  3.
PAR  3. The method of claim 1 wherein particle size reduction is carried out in
      the presence of added water.
NUM  4.
PAR  4. The method of claim 3 wherein water is added to the residue in amount
      sufficient to obtain water concentration of about 15 to 50 percent by
      weight of the combined weight of solids and water.
NUM  5.
PAR  5. The method of claim 3 wherein water is added to the residue in amount
      sufficient to obtain water concentration of about 20 to 40 percent by
      weight of the combined weight of solids and water.
NUM  6.
PAR  6. The method of claim 3 wherein residue is neutralized by addition of acid
      to reduce its pH to from 7 to 11.
NUM  7.
PAR  7. The method of claim 1 wherein particle size reduction is effected in a
      ball mill or rod mill.
NUM  8.
PAR  8. The method of claim 7 wherein particle size reduction is carried out in
      the presence of water.
NUM  9.
PAR  9. The method of claim 7 wherein the particle size of the solid residue is
      reduced so that at least about 40 percent by weight of the residue, dry
      basis, passes through a 200 mesh (U.S.) screen, and wherein particle size
      reduction is carried out in the presence of added water in amount
      sufficient to obtain water concentration of 20 to 40 percent by weight of
      the combined weight of solids and water, and wherein the residue is
      neutralized by addition of acid to reduce its pH to from 7 to 11.
NUM  10.
PAR  10. The method of claim 9 wherein the residue is neutralized by addition of
      hydrochloric acid to a level of from 8 to 10.
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ABST
PAL  A process for the production of aluminum chloride from raw materials such
      as coal slate or bituminous shale is disclosed. The raw material should
      preferably have an ash content of at least 30% by weight, and with the
      aluminum content of the ash being at least 20%, calculated as Al.sub.2
      O.sub.3. The raw material is first calcined and then chlorinated with a
      gaseous stream containing chlorine and carbon monoxide to form the
      aluminum chloride product.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  As is well known in the art, bauxite is the primary raw material which is
      suitable for production of aluminum. Many of the bauxite deposits of a
      quality required for the Bayer process have almost become exhausted, with
      the result that extensive research has been conducted on other means of
      obtaining alumina compounds from other naturally occurring minerals, rocks
      and other substances which contain alumina.
PAR  An important technique for such recovery, which has received much recent
      attention, involves chlorination of these materials to produce anhydrous
      aluminum chloride. These chlorination processes can use, as raw materials,
      clay, bauxite of inferior quality, and other aluminum-containing
      materials. The essence of these processes is that some suitable reducing
      material is mixed with the starting aluminum-containing material and the
      mixture is treated with a suitable chlorinating agent. Coal, coke, or
      other carbon-containing material, e.g., carbon monoxide, are used as
      reducing agents. To obtain a product free from water, the physically and
      chemically bound water is first removed by preliminary heating and
      calcination.
PAR  It has been found, however, that the known processes of the type referred
      to above have several disadvantages. For example, the speed of the
      reaction is, from a practical point of view, too slow, while the
      conversion of alumna is considerably less than the theoretical value. This
      is probably due to the fact that, in the system to be chlorinated, the raw
      material containing the aluminum oxide forms a heterogeneous phase with
      the reducing material, and these two constituents are separated, even
      after thorough grinding and mixing, with resulting boundary surfaces which
      deleteriously influence the reactivity and speed of the reaction.
PAR  In accordance with the present invention, it has been found that the above
      disadvantages can be avoided, and excellent, nearly theoretical
      conversions to aluminum chloride can be obtained, if aluminum and the
      carbon-containing reducing agent are molecularly or substantially
      molecularly dispersed in a practically homogeneous phase, together with
      the chlorinating agent. Such conditions are satisfied by certain naturally
      occurring types of coal having a high ash-content. These include, in
      accordance with the coal-mineral classification, (1) coal slate, and (2)
      bituminous shale. Characteristically, the ash-content is from about 30 to
      50% weight for (1) and over 50% by weight for (2).
PAR  The ash of the above minerals are of two main types, depending on the
      geological circumstances of charring, these types of ash being the
      so-called clay and pyrite types. Particularly preferred are those raw
      materials which provide an ash with pyrite content. Furthermore, those
      materials providing an ash having a high aluminum content, i.e., those
      with at least 20% by weight of aluminum, calculated as Al.sub.2 O.sub.3,
      are preferred. Such material is to be found in the so-called knots rock,
      in which the carbon portion is in the form of very fine bituminite
      distribution, which is, from the point of view of chlorination, highly
      advantageous.
PAR  Thus the present invention comprises the process of production of aluminum
      chloride, free from water, by chlorination at high temperature. As raw
      materiala, coal slate, bituminous shale, carbonaceous and/or bituminous
      materials in which the ash content is at least 30% by weight and the ash
      contains at least 20% by weight of aluminum calculated as Al.sub.2 O.sub.3
      are used. This starting material is preferably ground, and the ground
      phase is calcined with simultaneous coking. The material so prepared is
      subjected to the action of chlorinating materials such as chlorine gas at
      high temperatures, about 700.degree. to 1000.degree.C, preferably in the
      presence of other reducing materials, e.g., carbon monoxide, and the
      aluminum chloride product free of water, is separated from the high
      temperature gas mixture.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will be more clearly understood from the following
      examples, although the invention is not in any way intended to be thereby
      limited.
PAC  EXAMPLE NO. 1
PAR  Coal slate of 1600 kcal caloric value, ground to powder (grain size 0.01-
      0.02 mm) was calcined in a rotary furnace with ceramic lining in a
      reducing atmosphere at a temperature of between 700.degree.-800.degree.C.
      As calcination proceeded, the raw material was simultaneously coked. The
      velocity of the solid material was adjusted such that total time in the
      heated zone was about 1/2 - 1 hour. After calcination/coking, the product
      was chlorinated in a mixture of carbon monoxide and chlorine gas in a
      1:1-3 proportion at 700.degree.-1000.degree.C. Chlorination was also
      conducted in a rotary furnace with ceramic lining. Passage through the
      heated zone lasted, on the average, about 90 minutes. The original
      SiO.sub.2 -content of the sample was 21.3%, the Al.sub.2 O.sub.3 -content
      22.3%, and the carbon content 42.7%. Thus, the raw material has an ash
      content in excess of 30% (57.3%) and an alumina content of the ash greater
      than 20% (38.9%). The mixture leaving the furnace had only 0.4%
      carbon-content. Al.sub.2 O.sub.3 content of the remainder was 9.2%.
      Conversion, referred to aluminum oxide and calculated from the weight of
      the aluminum chloride obtained, was 54%.
PAC  EXAMPLE NO. 2
PAR  Powder of naturally occurring carbonaceous material with a grain size of
      0.2-0.5 mm, having a caloric value of 3000 kcal, was calcined with a
      mixture of nitrogen and carbon monoxide in the proportion of 2-5:1, in a
      fluidization reactor for 20-40 minutes. During calcination, coking of the
      material took place simultaneously. After calcination/coking, the product
      was chlorinated, also in the fluidization reactor, at a temperature of
      700.degree.-1000.degree.C with a mixture of chlorine, carbon monoxide, and
      nitrogen in the proportion of 1-3:1:3-5. Duration of the chlorination was
      60-90 minutes. The starting material contained 10.5% SiO.sub.2, 16.2%
      Al.sub.2 O.sub.3 and 64.8% carbon. Here the ash content of the
      carbonaceous material is 35.2% and the alumina content of the ash is 46%
      which meet the required minimum 30% and 20% values, respectively. Upon
      completion of the reaction, the mixture contained 3.2% aluminum oxide. The
      calculated Al.sub.2 O.sub.3 conversion on the basis of the aluminum
      chloride formed was 81.3%.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A process for production of aluminum chloride consisting essentially the
      steps of: comminuting bituminous shale having an ash content of
      approximately 50% by weight and the aluminum content of the ash being at
      least 20%, calculated as Al.sub.2 O.sub.3 ; calcining the bituminous shale
      to remove physically and chemically bound water and to cause coking; and
      chlorinating the calcined bituminous shale with a gaseous stream
      containing chlorine and carbon monoxide to form the aluminum chloride.
NUM  2.
PAR  2. The process of claim 1 wherein the chlorinating step is carried out at a
      temperature of from 700.degree. to 1000.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein the ratio of chlorine to carbon monoxide
      employed in the chlorinating step is 1- 3:1.
NUM  4.
PAR  4. The process of claim 1 wherein the bituminous shale contains ash
      selected from the group consisting of clay and pyrite.
NUM  5.
PAR  5. The process of claim 1 wherein the bituminous shale comprises knots
      rock.
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ABST
PAL  An improvement in regenerative SO.sub.2 scrubbing systems which use sodium,
      potassium or ammonium carbonate to react with the SO.sub.2 to form
      sulfite, wherein a thiosulfate-rich aqueous solution of the carbonate is
      used to prevent oxidation of the sulfite to sulfate; to serve both as a
      source of the carbonate and as a source of sulfite-reducing agent; and
      finally to increase the salt concentration in the SO.sub.2 absorbent
      solution, to thereby permit operation of the scrubbing system at higher
      temperatures than those normally employed.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 222,760,
      filed Feb. 2, 1972 and now abandoned; of application Ser. No. 309,869,
      filed Nov. 27, 1972 and now abandoned; and of application Ser. No.
      347,261, filed Apr. 2, 1973 and now abandoned, all of which are assigned
      to the assignee of the present invention; and all are hereby incorporated
      by reference into the present application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to the treatment of gases
      containing sulfur dioxide, and more particularly, to an improvement in
      those processes for removal of sulfur dioxide from flue gases which use an
      aqueous absorbent containing sodium, potassium, or ammonium carbonate to
      convert the sulfur dioxide to sulfite. The term "sulfite" as used herein
      refers to both the sulfite and bisulfite form of the anion; and the term
      "carbonate" likewise refers to both the carbonate and bicarbonate form of
      the anion.
PAR  2. Description of the Prior Art
PAR  The art is extensive on the removal of SO.sub.2 from gaseous mixtures by
      means of aqueous absorbents containing alkaline sulfite-forming additives.
      The sulfite-forming additives include sodium, potassium and ammonium
      carbonates. The absorption of SO.sub.2 by suitable contact of an SO.sub.2
      -containing gas phase with an aqueous solution containing such additives
      is both rapid and efficient, provided certain conditions are satisfied.
      Efficient absorption depends upon operating with scrubbing solutions which
      contain a low equilibrium vapor pressure of SO.sub.2 over them. Such a
      condition is reached when the concentration of sulfite is relatively low,
      i.e. less than about five weight percent, and when the pH is relatively
      high, i.e. greater than 6.0.
PAR  Rapid absorption can be achieved, in general, by operating with scrubbers
      of proper design which provide adequate contact area between the liquid
      and the gas and in which turbulent flow conditions are maintained.
PAR  The state of the art of sulfur dioxide removal from industrial waste gases
      as of the year 1958 is presented by the Bureau of Mines (U.S. Department
      of the Interior) in its Information Circular 7836 entitled "Sulfur Dioxide
      -- Its Chemistry and Removal from Industrial Waste Gases" by D. Bienstock,
      L. W. Brunn, E. M. Murphy and H. E. Benson.
PAR  The difficulties associated with the use of the above-cited absorbents in
      the treatment of flue gases particularly, include the following. Firstly,
      and perhaps most serious, is the formation of sulfates by oxidation of the
      sulfites formed in the scrubber. Presumably, such sulfates result from
      reaction of the oxygen contained in the flue gas with either sulfite or
      bisulfite or by disproportionation of the sulfite or bisulfite. In any
      case, the relatively insoluble sulfate builds up in any regenerative
      system, that is one where the additive is regenerated for reuse in the
      scrubber, thus creating operational difficulties as well as resulting in
      consumption of absorbent. To prevent such build-up, a portion of the
      absorbent must be discarded, thus causing a waste of useful absorbent.
      Secondly, the regeneration of the additive has always been a problem in
      terms of cost. Any regeneration procedure which is effective but cheaper
      than those now known will be an improvement. Thirdly and lastly, the
      concentration of the additive in aqueous absorbents of the foregoing type
      has generally been small. Yet, adequate contact between gas and additive
      requires a relatively large volume of aqueous absorbent. Such dilute
      aqueous solutions impose an undesirably low temperature of operation in
      the scrubber. Higher concentrations of salts in the aqueous absorbent
      result in lower water vapor pressure over the scrubbing solution and thus
      permit higher scrubbing temperatures; and hence less reheat is required
      before the scrubbed gas is released to the atmosphere.
PAR  The primary object of the present invention is to provide an improvement in
      the processes of the type described which alleviates these problems.
      Patents which may be considered pertinent to the improvement are as
      follows:
TBL  U. S. 1,795,121                                                           
                    Hansen        Mar. 3, 1931                                 
     U. S. 2,729,543                                                           
                    Keller        Jan. 3, 1956                                 
     U. S. 3,236,589                                                           
                    Reinhall et al.                                            
                                  Feb. 22, 1966                                
     U. S. 3,431,070                                                           
                    Keller        Mar. 4, 1969                                 
     U. S. 3,523,755                                                           
                    McRae         Aug. 11, 1970                                
     U. S. 3,574,097                                                           
                    Urban         Apr. 6, 1971                                 
     U. S. 3,644,087                                                           
                    Urban         Feb. 22, 1972                                
     U. S. 3,710,548                                                           
                    Coughlin      Jan. 16, 1973                                
     Br.Pat. 134,943              Nov. 17, 1919                                
     Br.Pat. 292,186              June 11, 1928                                
     Br.Pat. 459,418              Jan. 7, 1937                                 
     German 208,633               May 16, 1908                                 
PAC  SUMMARY OF THE INVENTION
PAR  The process of the present invention is an improvement in those aqueous
      regenerative processes for the removal of SO.sub.2 from SO.sub.2
      -containing gas streams which have (1) a scrubbing circuit containing a
      scrubbing zone through which a recirculating stream of aqueous sodium,
      potassium or ammonium carbonate solution continuously passes in intimate
      contact with the SO.sub.2 -containing gas stream under sulfite-forming
      conditions to thereby convert the SO.sub.2 in gas stream to sulfite, and
      (2) a regeneration zone for regenerating the carbonate for reuse in the
      scrubbing zone.
PAR  The improvement comprises, in its broadest aspects, the following steps:
PAR  1. maintaining in the recirculating aqueous solution, throughout its entire
      traverse around the scrubbing circuit, a thiosulfate having the same
      cation as the carbonate and in a concentration of at least 10 percent by
      weight of the solution;
PAR  2. regulating the amount of sulfite in the recirculating aqueous solution
      so that its concentration is always less then 5 percent by weight thereof;
PAR  3. converting the sulfite formed in said scrubbing zone to thiosulfate
      while in the scrubbing circuit but in a sulfite-reduction zone separate
      from the scrubbing zone, by means of a sulfite-reducing agent;
PAR  4. withdrawing a minor portion of the recirculating aqueous solution from
      the scrubbing circuit to a regeneration zone wherein thiosulfate contained
      in the minor portion is converted by means of carbon monoxide to a mixture
      of carbonate and said sulfite-reducing agent; and
PAR  5. returning an effluent aqueous stream containing in admixture the
      carbonate and sulfite-reducing agent to said scrubbing circuit.
PAR  A brief general description will now be given of each step of our
      improvement. Step 1 requires the recirculating aqueous solution to contain
      an amount of thiosulfate in a concentration of at least 10 percent by
      weight of the solution. The maximum concentration is set by the solubility
      of the thiosulfate in the aqueous solution. The thiosulfate serves three
      separate and distinct purposes. Firstly, the thiosulfate serves as a
      source of carbonate and of sulfide at one and the same time. Secondly, the
      thiosulfate serves to greatly reduce the amount of sulfate formed by the
      reaction of sulfites and oxygen in the case of flue gases which normally
      contain unused oxygen in addition to SO.sub.2. For such purpose, the
      concentration of thiosulfate is preferably at least 15 weight percent
      thereof (see our above-cited copending application, Ser. No. 309,869).
      Thirdly, the thiosulfate serves to provide an essentially inert solute in
      the aqueous scrubbing circuit that permits high salt concentrations
      whereby water vapor pressure over the scrubbing solution is decreased and
      higher temperatures of operation in the scrubbing zone may be achieved,
      that is in the range of about 120.degree.  to 180.degree.F. For such
      purpose, a thiosulfate concentration of at least 25 weight percent is
      preferred, the upper limit again being determined by solubility and other
      practical considerations.
PAR  Step 2 provides for regulating the concentration of sulfite (i.e. SO.sub.3
      .sup.= and/or HSO.sub.3 .sup.-) in the recirculating aqueous solution so
      that it is always less than 5 percent by weight thereof. Such regulation
      ensures efficient absorption of SO.sub.2 and minimum risk of sulfate
      formation in the scrubbing circuit.
PAR  Step 3 recites the conversion of sulfite formed in the scrubbing zone to
      the corresponding thiosulfate, the same thiosulfate described in step 1.
      This conversion to thiosulfate is conducted in the scrubbing circuit while
      the recirculating solution is outside of the scrubbing zone itself. In
      other words, between the time the spent absorbent solution leaves the
      scrubbing zone and re-enters same, a major portion of the sulfite made in
      the pass through the scrubbing zone is converted to thiosulfate. Not all
      need be so converted, since it is desirable to have a small amount always
      present in the scrubbing circuit to reduce risk of H.sub.2 S formation.
      The conversion is effected by reduction with a sulfite-reducing agent. The
      sulfite-reducing agent may be MHS, M.sub.2 S, or M.sub.2 S.sub.x (where x
      is 2 to 5 inclusive) or any mixture thereof, along, sometimes, with minor
      amounts of elemental S, where M is alkali metal or NH.sub.4. The term
      "sulfide" as used herein and in the claims means any one of MHS, M.sub.2 S
      and M.sub.2 S.sub.x, or mixtures thereof. Suitable thiosulfate-forming
      conditions include a pH between 6 and 8, preferably between 6.7 and 7.8; a
      temperature between 120.degree. and 180.degree.F.; and a residence time
      generally not more than 5 minutes.
PAR  In step 4, a minor portion of the recirculating aqueous solution is
      withdrawn from the scrubbing circuit to a regeneration zone. By "a minor
      portion" is meant less than 50 percent by volume, but preferably less than
      10 percent. The precise amount withdrawn is determined by the thiosulfate
      concentration in the recirculating agueous solution, the higher the
      concentration, the smaller the portion that needs to be withdrawn, which
      is another reason for maintaining the thiosulfate concentration in the
      recirculating solution above 25 weight percent. The withdrawn portion,
      sometimes called a slip stream, is treated with CO, alone or in admixture
      with other gases, to yield a mixture of carbonate and sulfide in amounts
      sufficient to provide the required carbonate for absorption of SO.sub.2 in
      the scrubbing zone and the required sulfide for conversion of sulfite to
      thiosulfate in the sulfite reduction zone. The general conditions in the
      regeneration zone are as follows:
PA1  Temperature - 300.degree. to 600.degree.F.
PA1  Pressure - 10 to 100 atms.
PAL  By suitable adjustment of temperature, pressure and CO input, the ratio of
      mols of CO consumed to mols of thiosulfate converted may be regulated
      between about 2 and 4. If it is desired to reject the net sulfur input,
      which is mostly in the form of SO.sub.2, from the system in the form of
      H.sub.2 S, then a ratio of close to, but less than, 4 mols of CO consumed
      to mols of thiosulfate converted is selected since it favors the
      production of H.sub.2 S. As the ratio drops and approaches 2, there is an
      increasing production of polysulfides, i.e. M.sub.2 S.sub.x and, finally,
      of free elemental sulfur.
PAR  Finally, step 5 provides for the return of the effluent stream containing
      the required amounts of carbonate and sulfide to the scrubbing circuit,
      and specifically, to the sulfite-reduction zone so that the sulfide may
      react with the sulfite to produce thiosulfate before re-entry of the
      recirculating aqueous absorbent stream into the scrubbing zone. The
      carbonate so introduced is not affected, and is thereafter conducted to
      the scrubbing zone to pick up the SO.sub.2.
PAR  The improved process of the present invention, in its preferred embodiment,
      may be advantageously applied to the treatment of flue gases resulting
      from the combustion of sulfur-containing carbonaceous fuels. Such flue
      gases contain principally nitrogen with relatively minor amounts of
      CO.sub.2, O.sub.2, and SO.sub.2.
PAR  Our improved process, so applied, comprises the following steps:
PAR  1. passing said flue gas through a gas scrubbing zone which is maintained
      at a temperature between about 120.degree. and 180.degree.F.;
PAR  2. recirculating an aqueous solution through a circuit which includes the
      gas scrubbing zone in intimate contact with the flue gas to substantially
      absorb the SO.sub.2, the aqueous solution containing sodium, potassium or
      ammonium carbonate in at least sufficient amount to react with all the
      SO.sub.2 in the flue gas to form the corresponding sulfite (SO.sub.3
      .sup.= and/or HSO.sub.3 .sup.-), the concentration of the carbonate being
      less than 5 weight percent;
PAR  3. maintaining, in the recirculating aqueous solution throughout its entire
      traverse around the circuit, a thiosulfate having the same cation as the
      carbonate and having a concentration of at least ten percent by weight of
      the aqueous solution, and preferably at least 25 percent by weight;
PAR  4. regulating the amount of sulfite in the recirculating aqueous solution
      so that its concentration is always less than 5 percent by weight thereof;
PAR  5. maintaining the pH of the recirculating aqueous solution leaving the
      scrubbing zone between 6.0 and 7.8 (this may be done simply by regulating
      the amount of carbonate fed into the recirculating solution, in excess of
      that required to react with the SO.sub.2);
PAR  6. treating the recirculating aqueous solution after it leaves the
      scrubbing zone in its traverse around the circuit in a sulfite reduction
      zone which is separate from the scrubbing zone with a sulfide at a
      temperature between 120.degree. and 180.degree.F. and a pH between 6.3 and
      8, to effect conversion of sulfite to thiosulfate and to achieve
      substantially complete consumption of the sulfide;
PAR  7. withdrawing a portion of the recirculating aqueous solution which is
      less than 10 volume percent of the recirculating solution and conducting
      it to a regeneration zone;
PAR  8. reacting a gas containing CO as the essential reductant with the
      thiosulfate contained in the withdrawn portion under conditions to yield
      H.sub.2 S, alone or in admixture with elemental S, and an aqueous effluent
      product containing in admixture carbonate, bicarbonate, hydrosulfide and
      polysulfide, the temperature of the regeneration zone being between about
      300.degree. and 600.degree.F., and the pressure being between 10 and 100
      atmospheres;
PAR  9. regulating the volume of the withdrawn portion to provide sufficient
      thiosulfate for the production of the requisite quantities of carbonate
      and sulfide; and
PAR  10. returning the aqueous effluent product from the regeneration zone to
      the circuit to provide both the requisite carbonate for step 2 and the
      requisite sulfide for step 6.
DETD
PAC  SPECIFIC PREFERRED EMBODIMENT
PAR  The schematic flowsheet submitted herewith represents a specific preferred
      embodiment of the improved process of this invention. The sulfite-forming
      agent which is preferred for use in the scrubbing zone is potassium
      carbonate, K.sub.2 CO.sub.3, because of the high solubility of potassium
      thiosulfate, K.sub.2 S.sub.2 O.sub.3, in water. Actually, the carbonate
      will be a mixture of carbonate and bicarbonate as is true of any of the
      carbonates used in our improved process. The relative proportions of
      bicarbonate and carbonate are determined principally by the conditions
      maintained in the regeneration zone, later described.
PAR  Referring to the drawing, a flue gas is introduced into the bottom of the
      absorber or scrubber tower 10 through an inlet gas line 12. The
      composition of a typical flue gas from a coal-fired power station using
      coal with a sulfur content of 2.46 weight percent of the moisture-free
      coal is as follows, in volume percent: 74.63% N.sub.2 ; 13.98% CO.sub.2 ;
      3.30% O.sub.2 ; 0.17% SO.sub.2 ; and 7.92% H.sub.2 O. The scrubber 10 may
      be, for example, a conventional countercurrent or concurrent packed tower,
      spray tower, or other conventional scrubbing apparatus, but the
      conventional countercurrent packed tower is preferred. Aqueous absorbent
      containing the carbonate and the thiosulfate is continuously fed through a
      conduit 14 into the top of the tower 10.
PAR  A typical composition of absorbent fed through conduit 14 during normal
      operation of the recirculatory system in accordance with our invention is
      as follows: K.sub.2 S.sub.2 O.sub.3 - 50 percent by weight; K.sub.2
      CO.sub.3 and KHCO.sub.3 - 0.5 percent by weight; KOOCH- 5 percent by
      weight; sulfites expressed as KHSO.sub.3 - approximately 1.5 percent by
      weight; and K.sub.2 SO.sub.4 - 1 percent by weight, with the balance
      water. The presence of potassium formate (KOOCH) will be explained later.
      The flue gas is passed upwardly in countercurrent flow to the aqueous
      absorbent which enters the top of the tower. The temperature within the
      tower is maintained in this specific embodiment by way of example only, by
      any suitable means, at about 135.degree.F. The principal reactions
      occurring in the scrubber may be expressed by the following equations:
EQU  1a. K.sub.2 CO.sub.3 + SO.sub.2 = K.sub.2 SO.sub. 3 + CO.sub.2
EQU  1b. K.sub.2 SO.sub.3 + SO.sub.2 + H.sub.2 O = 2 KHSO.sub.3
EQU  1c. K.sub.2 CO.sub.3 + 2 SO.sub.2 + H.sub.2 O = 2 KHSO.sub.3 + CO.sub.2
EQU  1d. KHCO.sub.3 + SO.sub.2 = KHSO.sub.3 + CO.sub.2
EQU  1e. 2 KHCO.sub.3 + SO.sub.2 = K.sub.2 SO.sub.3 +  2 CO.sub.2 + H.sub.2 O
PAL  The pH is maintained at about 7 in the liquid stream leaving the tower
      through line 18 by control of carbonate concentration. The liquid entering
      the tower through line 14 generally will be from 0.2 to 0.8 units higher
      in pH depending on the liquid circulation rate. In no case should the pH
      in line 14 exceed a value of about 8.
PAR  The range of liquid circulation rates through line 18 is suitably between 2
      and 15 gallon/1000 CF, e.g. 10 gallon/1000 CF of gas entering the tower
      through line 12. No reaction between the SO.sub.2 and the thiosulfate was
      ever observed under these conditions, nor for that matter, between the
      oxygen of the flue gas and the thiosulfate.
PAR  The effluent stream leaving the bottom of the scrubber contains very little
      unreacted K.sub.2 CO.sub.3 or KHCO.sub.3, as these are converted to
      sulfites. The sulfite is, in reality, a mixture of K.sub.2 SO.sub.3 and
      KHSO.sub.3. The proportions of the sulfite to bisulfite increases with pH.
      At a pH of 7.0, the molar ratio of bisulfite to sulfite is approximately
      one. The K.sub.2 S.sub.2 O.sub.3  concentration remains essentially
      unchanged from that of the feed absorbent, as does that of the formate.
      Thus, the carbonate concentration has dropped close to zero, while the
      sulfite concentration expressed as weight percent equivalent KHSO.sub.3
      has increased to 2.0 weight percent. There is a small amount of sulfate in
      the effluent absorbent, e.g. about one percent or less of the sulfur
      absorbed, a significant improvement over the 5 to 10 percent generally
      found in such systems.
PAR  The efficiency of absorption of SO.sub.2 and composition of the scrubbing
      product is dictated by the feed rate and composition of the regenerated
      solution entering the scrubber system through conduit 36. The solution
      contains principally KSH along with other potassium sulfides and potassium
      polysulfides which react rapidly in the thiosulfate generator 32 with the
      bisulfite in the recirculated scrubber solution which enters through
      conduit 30. The reaction in the case of KSH is:
EQU  2. 2 KHSO.sub.3 + KSH = 3/2 K.sub.2 S.sub.2 O.sub.3 +  3/2 H.sub.2 O
PAL  This reaction occurs rapidly at the same or slightly higher temperature
      than that used in the scrubbing tower. In accordance with our preferred
      mode of operation, a sufficient residence time is provided in the
      thiosulfate generator 32 to provide for complete consumption of the KSH
      feed. This is essential to avoid evolution of H.sub.2 S into the treated
      stack gas, and is assured by maintaining a small excess of KHSO.sub.3 that
      is more than enough to react with the KHS. The reaction rate decreases
      with increasing pH and, for this reason, the operating pH should be
      maintained below 8 in the thiosulfate generator 32. A residence time of
      0.2 - 5 minutes is usually sufficient to provide for complete consumption
      of KSH in the thiosulfate generator 32 when the pH is in the preferred
      range of 6.7-7.8, e.g. 7.5.
PAR  Efficient absorption of SO.sub.2 in the scrubber 10 is obtained if the
      feedrate of K.sub.2 CO.sub.3 through line 36 is greater than 1/2  mol/mol
      SO.sub.2 fed through line 12. However, the feedrate of K.sub.2 CO.sub.3
      should be less than 1 mol/mol SO.sub.2 fed since, if it does, the pH in
      the entering solution in line 14 will exceed the maximum prescribed value
      of 8.
PAR  Similarly, the mol ratio of KSH to K.sub.2 CO.sub.3 in the feed solution in
      line 36 should not exceed the maximum value of 1.0 and should be below
      this value to provide for the presence of KHSO.sub.3 in the effluent from
      the K.sub.2 S.sub.2 O.sub.3 generator 32. On the other hand, the molar
      ratio of KSH to K.sub.2 CO.sub.3 must not be too low, for in this case,
      the sulfite concentration will build up to an unacceptably high value with
      resultant formation of undesirable sulfate. Suitably, the molar ratio of
      KSH to K.sub.2 CO.sub.3 should be in the range of about 0.75 to 0.98 in
      the feed solution entering through conduit 36.
PAR  The solution entering through conduit 36 will generally contain the salts
      KHCO.sub.3, K.sub.2 S.sub.x and small amounts of K.sub.2 S, in addition to
      K.sub.2 CO.sub.3 and KSH. These materials react similarly and the feed
      relationships may be more broadly defined as follows:
PAR  Efficient absorption of SO.sub.2 while maintaining the desired pH requires
      that, in the feed solution in conduit 36, the ratio
      ##EQU1##
      should be greater than one, but less than two. Similarly, adequate
      conversion of the absorbed SO.sub.2 to K.sub.2 S.sub.2 O.sub.3 via sulfite
      reduction without evolution of H.sub.2 S into the treated flue gas
      requires that the carbonates and sulfides in the feed solution in conduit
      36 have the ratio, sometimes called the "acceptability" ratio, which is
      defined as follows:
      ##EQU2##
      The terms are defined as follows: (S.sup.0) = gm atoms sulfur with valence
      number zero/100 gms solution.
PA1  (S.sup..sup.-2) = gm atoms sulfur with valence number equal to -2/100 gm
      solution.
PA1  .SIGMA.K = gm atoms of K/100 gms solution present in scrubber system feed
      solution as KHS, K.sub.2 S, K.sub.2 S.sub.x, K.sub.2 CO.sub.3, KHCO.sub.3,
      KOH, K.sub.2 SO.sub.3, KHSO.sub.3. K present in other compounds such as
      K.sub.2 SO.sub.4, KOOCH and K.sub.2 S.sub.2 O.sub.3 is excluded.
PAR  The acceptability ratio must be no greater than one and is preferably
      within the range of 0.75 to 0.98. In defining the acceptability ratio, the
      potassium fed to the scrubber system as KOH and/or K.sub.2 CO.sub.3 to
      make up for potassium loss from the system as K.sub.2 SO.sub.4 is
      included.
PAR  The effluent or spent absorbent is pumped by a pump 20 through a conduit 22
      to a point where a slip stream, e.g. 1 lb./130 lbs. of the main
      recirculating stream, is withdrawn by a conduit 24 through a filter 26 and
      thence to a K.sub.2 CO.sub.3 generator 28 while the main stream is
      conducted by a conduit 30 to a K.sub.2 S.sub.2 O.sub.3 generator 32. The
      primary purpose of the filter is to remove any accumulation of K.sub.2
      SO.sub.4 precipitate and any residual fly ash, and may be suitably placed
      anywhere in the system.
PAR  The K.sub.2 CO.sub.3 /KSH generator is a vessel in which the reaction of
      the spent absorbent, comprising principally K.sub.2 S.sub.2 O.sub.3, with
      a reducing gas containing CO as the principal reductant, is conducted to
      convert the thiosulfate to carbonate and sulfide at
      300.degree.-600.degree.F., e.g. 450.degree.F. and 10-100 atmospheres, e.g.
      500 psi. The input of gas and the input of liquid feed are controlled to
      provide a mol ratio of CO consumed to K.sub.2 S.sub.2 O.sub.3 converted at
      a value approaching, but no greater than 4 to 1.
PAR  The reducing agent used usually consists of a mixture of carbon monoxide,
      carbon dioxide and hydrogen since such a mixture is readily obtainable by
      partial combustion of hydrocarbonaceous fuel. The reaction is preferably
      carried out in the absence of a catalyst in which case the essential
      reducing agent is carbon monoxide since hydrogen is relatively inert under
      non-catalytic conditions. Reduction of the K.sub.2 S.sub.2 O.sub.3 in this
      fashion produces the desired carbonates and sulfides in accordance with
      the following simplified reactions.
EQU  3. K.sub.2 S.sub.2 O.sub.3 +  4 CO + 2 H.sub.2 O = K.sub.2 CO.sub.3 +  2
      H.sub.2 S +3CO.sub.2
EQU  4. K.sub.2 S.sub.2 O.sub.3 +  4 CO + 3 H.sub.2 O = 2 KHCO.sub.3 +  2
      H.sub.2 S + 2 CO.sub.2
EQU  5. K.sub.2 S.sub.2 O.sub.3 +  4 CO + H.sub. 2 O = 2 KSH + 4 CO.sub.2
PAL  In addition to the foregoing products, some potassium formate is produced
      according to the following reactions:
EQU  6. K.sub.2 CO.sub.3 +  2 CO + H.sub.2 O = 2 KOOCH + CO.sub.2
EQU  7. KHCO.sub.3 + CO = KOOCH + CO.sub.2
PAL  The presence of any elemental S in the product mixture may be explained by
      the following reaction:
EQU  8. 3 K.sub.2 S.sub.2 O.sub.3 +  8 CO + H.sub.2 O = 2 KSH + 2 K.sub.2
      CO.sub.3 +  4 S + 6 CO.sub.2
PAR  The amount of KOOCH formed reaches an equilibrium value which may be
      controlled, for example, by effecting incomplete conversion of the
      thiosulfate, i.e. between about 95 percent and just short of 100 percent.
      The equilibrium concentration of formate increases sharply as the
      thiosulfate conversion approaches 100 percent, to reach very high values
      in the regenerator effluent. We have found it desirable to maintain the
      concentration of formate in the regenerator effluent below 30 weight
      percent. High concentrations of formate, i.e. above about 30 weight
      percent, cause a substantial increase in sulfate formation and are thus
      undesirable. Otherwise, the formate seems to be inert so long as carbonate
      is present in the scrubber under the defined conditions. Concentrations of
      formate below 30 weight percent are useful since the presence of formate
      substantially decreases the water vapor present over the scrubbing
      solution.
PAR  The aqueous effluent product from the K.sub.2 CO.sub.3 + KSH regenerator 28
      is a solution of K.sub.2 CO.sub.3 -KHCO.sub.3 and KSH, K.sub.2 S, K.sub.2
      S.sub.x in water and contains, in addition, KOOCH. It is withdrawn through
      conduit 36. The water content should generally be somewhat greater than
      the minimum required to hold the salts in solution to prevent the steam
      pressure from building up to too high a value in the regenerator 28.
      Generally, the water content of the product solution will be in the range
      of 30 to 60 weight percent. The sulfide and carbonate content is adjusted
      to meet the requirements set forth previously in the acceptability ratio
      for the feed solution through line 36.
PAR  The desired acceptability ratio may be achieved by proper selection of
      conditions in the regeneration step.
PAR  Under normal operating conditions in the regenerator, the acceptability
      ratio of the product tends to be high, i.e. it contains too much sulfide
      sulfur. Several expedients may be used to reduce the ratio. Carbon dioxide
      may be added to the feed reducing gas; a regenerator configuration may be
      used which provides for countercurrent flow between the reducing gas and
      the salt solution, and finally, reduction in operating pressure and
      temperature tends to reduce the acceptability ratio. Of course, where the
      ratio is too low, it may be increased by reversal of the above procedures.
PAR  According to the provisions of the patent statutes, we have explained the
      principle, preferred construction and mode of operation of our invention
      and have illustrated and described what we now consider to represent its
      best embodiment. However, we desire to have it understood that, within the
      scope of the appended claims, the invention may be practiced otherwise
      than as specifically illustrated and described.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a regenerative process for the removal of SO.sub.2 from an SO.sub.2
      -containing gas stream which has (1) a scrubbing circuit containing a
      scrubbing zone through which a recirculating stream of aqueous sodium,
      potassium or ammonium carbonate solution continuously passes in intimate
      contact with said gas stream under sulfite-forming conditions to thereby
      convert the SO.sub.2 in the gas stream to sulfite, and (2) a regeneration
      zone for regenerating said carbonate for reuse in said scrubbing zone, the
      improvement which comprises
PA1  a. maintaining in said recirculating aqueous solution, throughout its
      entire traverse around said scrubbing circuit, a thiosulfate having the
      same cation as said carbonate and in a concentration of at least 10
      percent by weight of said recirculating solution;
PA1  regulating the amount of sulfite in said recirculating aqueous solution so
      that its concentration is always less than 5 percent by weight thereof;
PA1  c. converting the sulfite formed in said scrubbing zone to thiosulfate
      while in said scrubbing circuit, but in a sulfite-reduction zone separate
      from said scrubbing zone, by means of a sulfite-reducing agent;
PA1  d. withdrawing a minor portion of said recirculating aqueous solution from
      said scrubbing circuit to a regeneration zone wherein thiosulfate
      contained in said minor portion is converted by means of CO to a mixture
      of carbonate and said sulfite-reducing agent; and
PA1  e. returning an effluent aqueous stream containing in admixture said
      carbonate and said reducing agent to said scrubbing circuit.
NUM  2.
PAR  2. A process according to claim 1 wherein said carbonate is potassium
      carbonate and said sulfite-reducing agent is potassium sulfide.
NUM  3.
PAR  3. A process for removing SO.sub.2 from a flue gas containing the same
      which comprises
PA1  a. passing said flue gas through a gas scrubbing zone which is maintained
      at a temperature between about 120.degree. and 180.degree.F.;
PA1  b. recirculating an aqueous solution through a circuit including said gas
      scrubbing zone, in intimate contact with said flue gas, said aqueous
      solution containing sodium, potassium or ammonium carbonate in at least
      sufficient amount to react with all the SO.sub.2 in the flue gas;
PA1  c. maintaining in said recirculating aqueous solution, throughout its
      entire traverse around said circuit, a thiosulfate having the same cation
      as said carbonate and having a concentration of at least 10 percent by
      weight of said aqueous solution;
PA1  d. regulating the amount of sulfite in said recirculating aqueous solution
      so that its concentration is always less than 5 percent by weight thereof;
PA1  e. maintaining the pH of said recirculating aqueous solution leaving said
      scrubbing zone between 6 and 7.8;
PA1  f. treating said recirculating aqueous solution after it leaves said
      scrubbing zone in its traverse around said circuit in a sulfite reduction
      zone which is separate from said scrubbing zone with a sulfide at reducing
      conditions to effect conversion of said sulfite to thiosulfate and
      substantially complete consumption of said sulfide;
PA1  g. withdrawing a portion of said recirculating aqueous solution which is
      less than ten volume percent of said recirculating solution and conducting
      said portion to a regeneration zone;
PA1  h. reacting a gas containing CO as the essential reductant in a
      regeneration zone with the thiosulfate contained in said withdrawn portion
      of said recirculating aqueous solution to yield an aqueous effluent
      product containing in admixture said carbonate and said sulfide;
PA1  i. regulating the volume of said withdrawn portion to provide sufficient
      thiosulfate for the production of the requisite quantities of said
      carbonate and said sulfide; and
PA1  j. returning said aqueous effluent product from said regeneration zone to
      said circuit to provide both the requisite carbonate for step (b) and the
      sulfide for step (f).
NUM  4.
PAR  4. A process according to claim 3 wherein the carbonate is potassium
      carbonate.
NUM  5.
PAR  5. A process according to claim 4 wherein the concentration of the
      potassium carbonate in the aqueous solution entering the scrubbing zone is
      less than 5 weight percent and that of the thiosulfate is at least 25
      weight percent.
NUM  6.
PAR  6. A process according to claim 5 wherein the pH of the sulfite-reduction
      zone is maintained between 6.3 and 8 and the sulfide is substantially
      completely consumed before re-entry of the recirculating absorbent
      solution into the scrubbing zone.
NUM  7.
PAR  7. A process according to claim 6 wherein the reaction of the CO with
      thiosulfate in the regeneration zone is conducted at a temperature between
      300.degree. and 600.degree.F. and at a pressure between 10 and 100
      atmospheres.
NUM  8.
PAR  8. A process according to claim 7 wherein said aqueous effluent which is
      returned to said circuit in step (j) from the regeneration zone contains a
      mixture of sulfide and carbonate in the following ratio R,
      ##EQU3##
      where: R is no greater than 1.
PA1  (S.sup.0) = gram atoms sulfur with valence number zero/100 grams solution.
PA1  (S.sup..sup.-2) = gram atoms sulfur with valence number equal to -2/100
      gram solution.
PA1  .SIGMA.K = gram atoms of K/100 grams solution present in said aqueous
      effluent as KHS, K.sub.2 S, K.sub.2 S.sub.x, K.sub.2 CO.sub.3, KHCO.sub.3,
      KOH, K.sub.2 SO.sub.3, KHSO.sub.3.
NUM  9.
PAR  9. A process according to claim 8 wherein R is within the range of 0.75 to
      0.98.
NUM  10.
PAR  10. A process according to claim 9 wherein a stream of gas comprising CO
      and CO.sub.2 is fed into said regeneration zone, the CO.sub.2 content
      thereof being sufficient to maintain the value of R within said range of
      0.75 to 0.98.
NUM  11.
PAR  11. A process according to claim 10 wherein a stream of gas containing
      gaseous H.sub.2 S is removed from said regeneration zone.
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PAL  An improvement in wet regenerative SO.sub.2 scrubbing systems using a
      sulfite-forming additive wherein a thiosulfate-rich aqueous solution is
      used to prevent oxidation of sulfite to sulfate, to serve as a source of
      the sulfite-forming additive, and also to increase the salt concentration
      of the SO.sub.2 absorbent, to thereby permit operation of the scrubbing
      system at higher temperature.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation of application, Ser. No. 222,760, filed
      Feb. 2, 1972 and now abandoned. Other related applications, describing and
      claiming certain subject matter hereinafter disclosed are (1) an
      application, Ser. No. 309,869, filed Nov. 27, 1972, entitled "Improvement
      in the Removal of Sulfur Dioxide from Gases Containing Sulfur Dioxide and
      Oxygen" and now abandoned; (2) an application, Ser. No. 347,261, filed
      Apr. 2, 1973, entitled "A Regenerative Process for Removal of Suflur
      Dioxide" and now abandoned; and (3) an application, Ser. No. 358,786,
      filed May 9, 1973, entitled "Treatment of Gases Containing Sulfur
      Dioxide". All of the aforementioned applications were filed by Everett
      Gorin, Metro D. Kulik and Robert T. Struck, and have been assigned to
      Consolidation Coal Company.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the treatment of gases containing sulfur
      dioxide, and more particularly, to an improvement in those processes for
      removal of sulfur dioxide which use an aqueous absorbent containing a
      sulfite-forming additive in approximately the amount required to convert
      the sulfur dioxide to sulfite. The term "sulfite" as used herein refers to
      both the sulfite and bisulfite form of the anion.
PAR  2. Description of the Prior Art
PAR  The art is extensive on sulfur dioxide removal from flue gases by means of
      aqueous absorbents containing sulfite-forming additives. The
      sulfite-forming additives that are generally considered for the removal of
      sulfur dioxide are such materials as the oxides, hydroxides and carbonates
      of alkali and alkaline earth metals, as well as ammonia and its
      derivatives. The absorption of sulfur dioxide (SO.sub.2) by suitable
      contact of an SO.sub.2 -containing gas phase with an aqueous solution or
      slurry containing such additives is both rapid and efficient, provided
      certain conditions are satisfied. Efficient absorption depends upon
      operating with scrubbing solutions which contain a low equilibrium vapor
      pressure of SO.sub.2 over them. Such a condition is reached when the
      concentration of sulfite is relatively low, i.e. less than about five
      weight percent, and when the pH is relatively high, i.e. greater than
      about 5.5-6.0.
PAR  Rapid absorption can be achieved, in general, by operating with scrubbers
      of proper design which provide adquate contact area between the liquid and
      the gas and in which turbulent flow conditions are maintained.
PAR  The state of the art of sulfur dioxide removal from industrial waste gases
      as of the year 1958 is presented by the Bureau of Mines (U.S. Department
      of the Interior) in its Information Circular 7836 entitled "Sulfur Dioxide
      - Its Chemistry and Removal from Industrial Waste Gases" by D. Bienstock,
      L. W. Brunn, E. M. Murphy and H. E. Benson.
PAR  The difficulties associated with the use of the above-cited absorbents
      include the following. Firstly, the perhaps most serious, is the formation
      of sulfates by oxidation of the sulfites formed in the scrubber.
      Presumably, such sulfates result from reaction of the oxygen contained in
      the flue gas with the sulfites, either sulfite or bisulfite. In any case,
      the sulfate content of the absorbent builds up in any regenerative system,
      that is one where the additive is regenerated for reuse in the scrubber.
      To prevent such build-up, a portion of the absorbent must be discarded,
      thus causing a waste of useful absorbent. Secondly, the regeneration of
      the additive has always been a problem in terms of cost. Any regeneration
      procedure which is effective but cheaper than those now known will be an
      improvement. Thirdly and lastly, the concentration of the additive in
      aqueous absorbents of the foregoing type is very small since the low
      SO.sub.2 content of the gas requires a correspondingly small amount of
      additive. Yet adequate contact between gas and additive requires a
      relatively large volume of aqueous absorbent. Such dilute aqueous
      solutions impose an undesirably low temperature of operation in the
      scrubber. Higher concentrations of salts in the aqueous absorbent would
      permit higher temperature scrubbing, and hence less reheat is required
      before the scrubbed gas is released to the atmosphere.
PAR  The primary object of the present invention is to provide an improvement in
      the processes of the type described which alleviates these problems.
      Patents which may be considered pertinent to out improvement, although
      not, in our opinion, suggestive thereof are: U.S. Pat. Nos. 1,795,121 and
      3,523,755, and British Patents Nos. 134,943 and 459,418.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improvement is provided in
      those processes for removing SO.sub.2 from flue gases which use an aqueous
      absorbent containing a sulfite-forming additive. The improvement is the
      use of a thiosulfate-rich aqueous solution as the vehicle or carrier for
      the sulfite-forming additive. The particular thiosulfate used is one
      having the same cation as that of the sulfite-forming additive. Thus, when
      the sulfite-forming additive is an alkali metal, alkaline earth metal, or
      ammonium hydroxide, or carbonate, the thiosulfate would be, respectively,
      an alkali metal, an alkaline earth metal, or an ammonium thiosulfate.
PAR  The concentration of the thiosulfate in the aqueous absorbent is preferably
      as high as its solubility will permit. Desirably, the total salt content
      of the aqueous absorbent is of the order of 50 percent by weight or
      greater. The concentration of the sulfite-forming additive is generally
      less than two percent by weight in the circulating solution entering the
      scrubber.
PAR  It is apparent, therefore, that the thiosulfate is the principal component
      as between the two. In some instances, other solutes may be added to serve
      special purposes, an example of which will be mentioned later. The minimum
      concentration of the thiosulfate is 50 weight percent of the total
      sulfur-containing solutes in the absorbent as it leaves the scrubber, and
      preferably, is at least 25 percent by weight of the absorbent.
PAR  The maximum concentration of thiosulfate that is suitable is set by its
      solubility limit at the operating conditions. This can be as high as 75
      weight percent of the total sorbent for the more soluble salts such as
      potassium thiosulfate. It is possible to operate above the solubility
      limit of the thiosulfate wherein the insoluble portion is transported
      through the scrubber as a slurry. Generally, however, this mode of
      operation is not advantageous.
PAR  The sulfite-forming additive itself may be sparingly soluble. This is
      particularly true of the alkaline earth hydroxides and carbonates and, to
      a lesser extent, is true for sodium carbonate and bicarbonate. These
      materials may be fed to the scrubber system as slurries rather than as
      true solutions. They are converted to the soluble thiosulfate form within
      the scrubber system.
PAR  It is also desirable to operate, as was pointed out above, with low sulfite
      plus bisulfite concentrations in the circulating sorbent and, preferably,
      below 5 weight percent. This is desirable, both in order to achieve
      efficient SO.sub.2 absorption, and to minimize oxidation to sulfate.
PAR  The thiosulfate serves three purposes: (1) Its presence in large amount
      greatly reduces the amount of sulfate formed by the reaction of sulfites
      and oxygen in the flue gas. Yet, it, itself, is substantially inert to
      oxygen and SO.sub.2 when the pH is maintained between 6 and 8. (2) The
      thiosulfate serves as a source of the sulfite-forming additive. A small
      slip stream of the effluent product from the scrubber is withdrawn from
      the main recirculatory stream and subjected to reduction by a reducing
      agent to regenerate the sulfite-forming additive. At the same time, in the
      main recirculatory stream, the major portion of the sulfites formed in the
      scrubber are reacted rapidly and quantitatively with a reducing agent (for
      example, elemental sulfur, H.sub.2 S, HCOOH, and MHS) to convert the
      sulfites to the corresponding thiosulfate, provided the pH is maintained
      between 6 and 7.8. Thus, the sulfites are themselves used to replenish the
      thiosulfate, thus assuring a very low concentration of sulfites in the
      absorbent. A completely self-sufficient system is thus provided. (3) The
      third purpose served by the thiosulfate is to provide an essentially inert
      solid solute in the absorbent that permits high salt concentration whereby
      higher temperatures of operation may be achieved in the scrubber.
DETD
PAC  PREFERRED EMBODIMENT
PAR  The flowsheet submitted herewith represents a preferred embodiment of the
      improved process of this invention. The sulfite-forming additive which we
      prefer to use is potassium carbonate, K.sub.2 CO.sub.3, because of the
      high solubility of potassium thiosulfate, K.sub.2 S.sub.2 O.sub.3, in
      water.
PAR  Referring to the drawing, a gas stream containing SO.sub.2, e.g. a flue
      gas, is introduced into the bottom of the absorber or scrubber tower 10
      through an inlet gas line 12. The scrubber 10 may be, for example, a
      conventional countercurrent packed tower, spray tower, or other
      conventional scrubbing apparatus. Aqueous absorbent containing the
      sulfite-forming additive and the thiosulfate is continuously fed through a
      conduit 14 into the top of the tower 10. The composition of the absorbent
      fed through conduit 14 during normal operation of the recirculatory system
      is as follows: K.sub.2 S.sub.2 O.sub.3 - 55 percent by weight; K.sub.2
      CO.sub.3 - 0.2 to 0.3 percent by weight; and sulfites expressed as
      KHSO.sub.2 - approximately 2 percent by weight, with the balance water.
      The flue gas is preferably passed upwardly in countercurrent flow to the
      aqueous absorbent which enters the top of the tower. The temperature
      within the tower is preferably maintained, by any suitable means, between
      125.degree. and 160.degree.F. The principal reactions occurring in the
      scrubber are the following:
EQU  (1 a) K.sub.2 CO.sub.3 + SO.sub.2 = K.sub.2 SO.sub.3 + CO.sub.2
EQU  (1b) K.sub.2 SO.sub.2 + SO.sub.2 + H.sub.2 O = 2 KHSO.sub.3
PAL  The pH is maintained below 7.5, and preferably between about 6 and 7 in a
      manner described later in the liquid stream leaving the tower through line
      18. The liquid entering the tower through line 14 generally will be from
      0.2 or 0.8 units higher in pH depending on the liquid circulation rate. In
      no case must the pH in line 14 exceed a value of about 8.
PAR  The range of liquid circulation rates through line 18 is suitably between 5
      and 15 gallon/1000 CF of gas entering the tower through line 12. No
      reaction between the SO.sub.2 and the thiosulfate was ever observed under
      these conditions, nor for that matter, between the oxygen of the flue gas
      and the thiosulfate.
PAR  The effluent stream leaving the bottom of the scrubber contains essentially
      no K.sub.2 CO.sub.3, but only K.sub.2 S.sub.2 O.sub.3 and sulfites. The
      sulfite is, in reality, a mixture of K.sub.2 SO.sub.3 and KHSO.sub.3. The
      proportions of the sulfite to bisulfite increases with pH. At a pH of 7.0,
      the molar ratio of bisulfite to sulfite is approximately one. The K.sub.2
      S.sub.2 O.sub.3 concentration remains essentially unchanged from that of
      the feed absorbent, namely 55 weight percent. The K.sub.2 CO.sub.3
      concentration has dropped substantially to zero, while the sulfite
      concentration expressed as weight percent equivalent KHSO.sub.2 has
      increases to 2.0 weight percent. There is a small amount of sulfate in the
      effluent absorbent, e.g. about one percent or less of the sulfur absorbed,
      a significant improvement over the 5 to 10 percent generally found in such
      systems.
PAR  The efficiency of absorption of SO.sub.2 and compositions of the scrubbing
      product is dictated by the feed rate and composition of the regenerated
      solution entering the scrubber system through conduit 36. The solution
      normally contains KSH which reacts rapidly in the thiosulfate generator 32
      with the bisulfite in the recirculated scrubber solution which enters
      through conduit 30 via the reaction:
EQU  (2) 2 KHSO.sub.3 + KSH = 3/2 K.sub.2 S.sub.2 O.sub.3 + 3/2 H.sub.2 O
PAL  This reaction occurs rapidly at the same or slightly higher temperature as
      used in the scrubbing tower, i.e. at 125.degree.-170.degree.F. A
      sufficient residence time must be provided in the thiosulfate generator 32
      to provide for complete consumption of the KSH feed. This is essential to
      avoid evolution of H.sub.2 S into the treated stack gas. It is essential,
      for the same reason, that a small excess of KHSO.sub.3 be present. The
      reaction rate decreases with decreasing pH and, for this reason, the
      operating pH should be maintained below 8 in the thiosulfate generator 32.
      A residence time of 0.5-5 minutes is usually sufficient to provide for
      complete consumption of KSH in the thiosulfate generator 32 provided the
      pH is in the preferred range of 6.7-7.8 and the total sulfite
      concentration present in the effluent liquid expressed as KHSO.sub.3 is at
      least one weight percent.
PAR  The net overall reaction in the scrubber system may be expressed by the
      equation
EQU  (3) K.sub.2 CO.sub.3 + KSH + 2 SO.sub.2 = 3/2 K.sub.2 S.sub.2 O.sub.3 + 1/2
      H.sub.2 O + CO.sub.2
PAL  Thus, efficient absorption of SO.sub.2 is obtained if the feedrate of
      K.sub.2 CO.sub.3 through line 36 is approximately 1/2 mol/mol SO.sub.2 fed
      through line 12. However, the feedrate of K.sub.2 CO.sub.3 must not
      substantially exceed the above value since, if it does, the pH in the
      entering solution in line 14 will exceed the maximum prescribed value of
      8.
PAR  Similarly, the mol ratio of KSH to K.sub.2 CO.sub.3 in the feed solution
      should not exceed the maximum value of 1.0 as indicated by equation (3)
      and should be below this value to provide for the presence of KHSO.sub.3
      in the effluent from the K.sub.2 S.sub.2 O.sub.3 generator 32. On the
      other hand, the molar ratio of KSH to K.sub.2 CO.sub.3 must not be too
      low, for in this case, the sulfite concentration will build up to an
      unacceptably high value with resultant formation of undesirable sulfate.
      Suitably, the molar ratio of KSH to K.sub.2 CO.sub.3 should be in the
      range of about 0.75 to 0.98 in the feed solution entering through conduit
      36.
PAR  The solution entering through conduit 36 will more generally contain the
      salts KHCO.sub.3 and small amounts of K.sub.2 S in addition to K.sub.2
      CO.sub.3 and KSH. These materials react similarly and the feed
      relationships may be more broadly defined as follows:
PAC  Efficient absorption of SO.sub.2 requires that, in the feed, the ratio
      ##EQU1##
      should be close to, but not substantially exceed, one. Similarly, adequate
      conversion of the absorbed SO.sub.2 to K.sub.2 S.sub.2 O.sub.3 without
      evolution of H.sub.2 S into the treated gas requires that the feed ratio
      ##EQU2##
      be suitably maintained in the range of 0.75 to 0.98.
PAR  The effluent or spent absorbent is withdrawn from the scrubber through a
      conduit 18 to a filter 20 where any fly ash is removed. If the absorbent
      is a slurry rather than a solution only, then any fly ash obviously has to
      be removed before the flue gas enters the scrubber 10. From the filter,
      the absorbent is pumped by a pump 22 through a conduit 24 to a point where
      a slip stream, e.g. 1 lb./130 lbs. of main stream, is withdrawn by a
      conduit 26 to a K.sub.2 CO.sub.3 generator 28 while the main stream is
      conducted by a conduit 30 to a K.sub.2 S.sub.2 O.sub.3 generator 32.
PAR  The K.sub.2 CO.sub.3 generator is a vessel in which the reaction of the
      spent absorbent, comprising principally K.sub.2 S.sub.2 O.sub.3, with a
      strong reducing agent, is conducted to convert the thiosulfate to
      carbonate at 400.degree.-600.degree.F. and 20-100 atmospheres.
PAR  The reducing agent used usually consists of a mixture of carbon monoxide,
      carbon dioxide and hydrogen. The reaction is preferably carried out in the
      presence of a homogeneous, i.e. soluble, catalyst in which case the
      essential reducing agent is carbon monoxide. Reduction of the K.sub.2
      S.sub.2 O.sub.3 thus proceeds via the reactions
EQU  (4) K.sub.2 S.sub.2 O.sub.3 + 4 CO + 2 H.sub.2 O = K.sub.2 CO.sub.3 +2
      H.sub.2 S + 3 CO.sub.2
EQU  (5) K.sub.2 S.sub.2 O.sub.3 + 4 CO + 3 H.sub.2 O = 2 KHCO.sub.3 + H.sub.2 S
      + 2 CO.sub.2
EQU  (6) K.sub.2 S.sub.2 O.sub.3 + 4 CO + H.sub.2 O = 2 KSH + 4 CO.sub.2
PAR  One such homogeneous catalyst is KOOCH. Where KOOCH is used, its
      concentration generally should exceed about 10 weight percent of the
      solution.
PAR  Alternatively, KOOCH may be used directly as the reducing agent, in which
      case the principal reactions occurring are the following:
EQU  (7) K.sub.2 S.sub.2 O.sub.3 + 4 KOOCH + H.sub.2 O = 4 KHCO.sub.3 + 2 KSH
EQU  (8) KHCO.sub.3 + KHS = K.sub.2 CO.sub.3 + H.sub.2 S
PAL  Reaction (7) is conducted between 450.degree. and 600.degree.F. and
      preferably between 500.degree. and 550.degree.F. and at pressures between
      20 and 80 atmospheres and preferably between 25 and 80 atmospheres.
PAR  The KOOCH used in reaction (7) may be regenerated for reuse in a separate
      operation by the following non-catalytic reactions using CO as the
      reducing agent.
EQU  (9) K.sub.2 CO.sub.3 + 2 CO + H.sub.2 O = 2 KOOCH + CO.sub.2
EQU  (10) KHCO.sub.3 + CO = KOOCH + CO.sub.2
EQU  (11) KSH + CO + H.sub.2 O = KOOCH + H.sub.2 S
PAL  Operating conditions required for reactions (9), (10) and (11) are similar
      to those set forth above for the overall process and for reaction (7)
      itself. It is thus clear that reactions (7), (8), (9), (10) and (11) can
      be carried out simultaneously in the same unit operation. The overall
      result can then be expressed by reactions (4), (5) and (6) and KOOCH
      behaves thus as a homogenous catalyst.
PAR  It is also possible to utilize hydrogen and carbon dioxide as all or part
      of the reductant, either to regenerate the KOOCH, or to reduce the K.sub.2
      S.sub.2 O.sub.3 directly. In this case, however, the introduction of solid
      contact catalysts is required. Suitable catalysts are transition group
      metal sulfides such as CuS, NiS, CoS, etc., Subgroup VI sulfides such as
      MoS.sub.2 or WS.sub.2, or sulfided nobel metals such as Pt, Pd, Ir, etc.
      The catalysts may be used as the bulk sulfides, but preferably are
      supported on activated carbon.
PAR  Suitable operating conditions are similar to those set forth above for the
      non-catalytic operation, i.e. temperatures from 400.degree.-600.degree.F.
      and pressures from 50-100 atmospheres. Under the recited conditions, some
      KOOCH will usually be formed and its presence is indeed desirable to
      prevent decomposition of the thiosulfate to produce undesirable and
      unreactive sulfate.
PAR  The overall process may now be described by reactions such as:
EQU  (12) K.sub.2 S.sub.2 O.sub.3 + 4 H.sub.2 = 2 KSH + 3 H.sub.2 O
EQU  (13) K.sub.2 S.sub.2 O.sub.3 + 2 CO.sub.2 + 4 H.sub.2 = 2 KHCO.sub.3 + 2
      H.sub.2 S + H.sub.2 O
PAL  as well as reaction (8), discussed above.
PAR  The product from the K.sub.2 CO.sub.3 + KSH generator 28 will thus consist
      of a solution of K.sub.2 CO.sub.3 -KHCO.sub.3 and KSH in water and may
      contain, in addition, KOOCH. It is withdrawn through conduit 36. The water
      content should generally be the minimum required to hold the salts in
      solution to prevent the steam pressure from building up too high a value
      in generator 28. Generally, the water content of the product solution will
      be in the range of 15 to 35 weight percent. The KSH content must be
      adjusted to meet the requirements set forth previously for the scrubber
      feed through line 36. If the K.sub.2 S content is negligible, as is
      usually the case, then the mol ratio of KSH to the sum of the mols of
      K.sub.2 CO.sub.3 plus one-half the mols of KHCO.sub.3 should lie in the
      range of 0.75 to 0.98. The proper composition is obtained by adjusting the
      operating conditions in the generator 28, or by adjustment of the gas feed
      composition. Another method is described below.
PAR  The gases H.sub.2 S and CO.sub.2 produced in the K.sub.2 CO.sub.3 and KHS
      generator 28 are withdrawn through an outlet pipe 34. Another method of
      adjusting the ratio of KSH to K.sub.2 CO.sub.3 and KHCO.sub.3 is by
      reacting the mixture from generator 28 with some of the H.sub.2 S produced
      thereby, to produce KSH and KHCO.sub.3, according to the following
      equation:
EQU  (14) K.sub.2 CO.sub.3 + H.sub.2 S = KHCO.sub.3 +KSH
PAL  This reaction is best conducted at 250.degree.-400.degree.F. and 1 to 5
      atmospheres.
PAR  As stated previously the pH in the scrubber effluent in line 18 must be
      controlled to be below 7.5 and, preferably, to be within the range of 6 to
      7. Once the proper composition of the feed solution through line 36 is
      established, then pH control is effected by regulating its feedrate. An
      increase in feedrate will increase the pH and vice versa.
PAC  EXAMPLE
PAR  Flue gas at 300.degree.F. and containing 2400 ppm SO.sub.2 and 3.5 volume
      percent O.sub.2 was passed at a rate of 45,000 SCFH into a Venturi
      scrubber where it was quenched and saturated with water at 130.degree.F.
      The saturated gas stream was then passed through a 20-inch diameter tower
      packed to a depth of 40 inches with 1-inch polypropylene Intalox saddles.
PAR  An aqueous liquid absorbent was heated to 145.degree.F. and circulated
      through the packed tower at a rate of 10 gallons per minute. The pH of the
      liquid leaving the tower was maintained at 6.7 and the pH of the liquid
      entering the packed tower was maintained at 7.1.
PAR  Control of pH was maintained by pumping both the circulating liquid stream
      and an aqueous alkaline absorbent having the composition given below at a
      rate of 66 lbs/hr.
TBL  ______________________________________                                    
     KSH                 14.9 wt.%                                             
     K.sub.2 CO.sub.3    30.0 wt.%                                             
     H.sub.2 O           55.1 wt.%                                             
     ______________________________________                                    
PAL  into a thiosulfate generator which contained an inventory of liquid of 760
      pounds.
PAR  The liquid leaving the thiosulfate generator was completely free of KSH as
      it was quantitatively reacted in the thiosulfate generator.
PAR  Net liquid product was withdrawn at a rate of 65.5 lbs/hr. and had the
      following composition:
TBL  K.sub.2 S.sub.2 O.sub.3                                                   
                           59.0 wt.%                                           
     K.sub.2 SO.sub.3 + KHSO.sub.3                                             
                           2.0 wt.%                                            
     (Calculated as KHSO.sub.3)                                                
     K.sub.2 SO.sub.4      0.8 wt.%                                            
PAR  The flue gas left the scrubber at a temperature of 140.degree.F. with an
      SO.sub.2 content of 25 ppm. 99 Percent of the SO.sub.2 in the feed gas was
      removed.
PAR  According to the provisions of the patent statutes, we have explained the
      principle, preferred construction, and mode of operation of our invention
      and have illustrated and described what we now consider to represent its
      best embodiment. However, we desire to have it understood that, within the
      scope of the appended claims, the invention may be practiced otherwise
      than as specfically illustrated and described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for removing SO.sub.2 from a gas containing the same which
      comprises
PA1  a. recirculating an aqueous absorbent through a circuit which includes a
      gas scrubbing zone and a thiosulfate generation zone outside of said
      scrubbing zone but still in said circuit;
PA1  b. introducing into said gas scrubbing zone a sulfite-forming additive
      selected from the class consisting of the hydroxides and carbonates of the
      alkali metals, the alkaline earth metals, and ammonia in approximately the
      amount required to convert the SO.sub.2 in said SO.sub.2 -containing gas
      to sulfite;
PA1  c. maintaining in said recirculating aqueous absorbent a thiosulfate having
      the same cation as said sulfite-forming additive, the minimum
      concentration of said thiosulfate being 50 weight percent of the total
      sulfur-containing solutes in the aqueous absorbent as the latter leaves
      said scrubbing zone;
PA1  d. maintaining the pH of said recirculating aqueous absorbent in said
      scrubbing zone between 6 and 8;
PA1  e. passing said SO.sub.1 -containing gas through said gas scrubbing zone in
      contact with said recirculating aqueous absorbent, whereby an effluent gas
      stream containing a reduced amount of SO.sub.2 results, and an effluent
      water stream containing sulfites and thiosulfate is produced;
PA1  f. reacting sulfites formed in step (e) with a sulfite-reducing agent in
      said thiosulfate generation zone which is maintained at a pH between 6 and
      7.8 to convert said sulfites to the corresponding thiosulfate;
PA1  g. withdrawing a portion of said recirculating aqueous absorbent from said
      circuit;
PA1  h. subjecting said portion to reduction by a thiosulfate-reducing agent to
      produce fresh aqueous absorbent containing said sulfite-forming additive
      and said sulfite-reducing agent; and
PA1  i. returning said fresh aqueous absorbent to said thiosulfate generation
      zone.
NUM  2.
PAR  2. A process according to claim 1 in which the sulfite-forming additive is
      selected from the class consisting of the hydroxides and carbonates of the
      alkali metals and ammonia.
NUM  3.
PAR  3. A process according to claim 2 in which the concentration ofthe
      thiosulfate in said recirculating aqueous absorbent is between 25 and 75
      percent by weight of said absorbent.
NUM  4.
PAR  4. A process according to claim 3 in which the concentration of sulfites in
      said recirculating aqueous absorbent is below 5 weight percent.
NUM  5.
PAR  5. A process according to claim 4 in which the reaction recited in step (f)
      of claim 1 is conducted by treating said sulfites with a reducing agent
      selected from the class consisting of elemental sulfur and MHS where M is
      the aforesaid cation.
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ABST
PAL  A process is disclosed in which the heat generated, during neutralization,
     y ammonium sulfate of a solution of .xi.-caprolactam in sulfuric acid, is
      used to effect evaporation of water present, and the temperature is kept
      at about 40.degree.C to 50.degree.C, under subatmospheric pressure, so
      that substantial hydrolysis of the caprolactam is avoided while a
      substantial portion of the water present in the neutralization mixture is
      evaporated at the subatmospheric pressure, and the ammonium sulfate is
      crystallized substantially free from entrained caprolactam. The
      caprolactam is then separated from the aqueous phase.
BSUM
PAR  This application is a continuation-in-part of our application Ser. No.
      31,343 filed April 4, 1970 now abandoned, which in turn is a
      continuation-in-part of our application Ser. No. 520,555 filed Jan. 14,
      1966, also now abandoned.
PAR  The present invention relates to an improvement in processes for
      neutralizing acid solutions of caprolactam.
PAR  Most processes for the production of caprolactam involve obtaining
      solutions of caprolactam in a strong acid, generally sulfuric acid, in
      concentrations which vary according to the method of preparation. In each
      case, these acid solutions must be neutralized before the caprolactam can
      be recovered. The neutralizer generally used is ammonia, and the ammonium
      sulfate, obtained as a by-product of the treatment in the case of acid
      solutions with sulfuric acid, has considerable commercial value.
PAR  To obtain satisfactory crystallization of the ammonium sulfate formed by
      the neutralization reaction and in order to separate the caprolactam, the
      system must contain some water.
PAR  In presently known processes for neutralization and separation of
      caprolactam from an ammonium sulfate solution, it has been considered
      necessary to prevent the precipitation of ammonium sulfate crystals in the
      presence of caprolactam oil because of the possible entrainment of part of
      the lactam present by part of the ammonium sulfate. In order to prevent
      such entrainment, it was considered necessary to carry out the entire
      neutralization process in steps, namely: neutralization of the acid
      solution and separation of the caprolactam oil in a first step, and
      thereafter, evaporation of the aqueous solution of ammonium sulfate and
      subsequent precipitation of the crystals of this salt in a second step.
PAR  This technique required first, neutralization of the acid solution of the
      caprolactam with ammonia under conditions which would prevent
      precipitation of the ammonium sulfate, and for this purpose the heat of
      reaction was removed by refrigerants in order to prevent the water from
      evaporating. At this point two liquid layers were obtained: an upper oily
      layer consisting essentially of caprolactam, and a lower aqueous layer
      formed by the aqueous solution of ammonium sulfate, which still held about
      1% caprolactam in solution. The oily layer of caprolactam was separated
      from the aqueous layer, and the water in the latter was evaporated in
      order to permit the ammonium sulfate to crystallize. Multi-stage
      evaporating plants were ordinarily used in order to keep within economical
      limits the energy consumption required for this evaporation of the water,
      but these plants greatly increased the total cost of the process. The
      temperature in the successive stages of these plants rose to such high
      values that at the pH existing in the operation (about 4.5) roughly 1% of
      the caprolactam present was subject to hydrolysis, and for this reason, in
      general, it was necessary to extract the caprolactam from the aqueous
      solution of (NH.sub.4).sub.2 SO4 with organic solvents before sending it
      on to the evaporator.
PAR  An object of the present invention is to devise an improved process in
      which the neutralization of the acid solution of caprolactam, the
      separation of the oily layer of caprolactam from the aqueous solution of
      ammonium sulfate, and the evaporation of the water are carried out in a
      single stage. Other objects will be obvious from the following
      description.
PAR  In the process of the invention, the neutralization and the evaporation of
      the water take place at subatmospheric pressure ranging from between about
      0.055 and 0.095 atmospheres, and at low temperatures, no higher than about
      40.degree.-50.degree.C, and the heat of reaction of the neutralization is
      utilized as the major source of heat for evaporating the H.sub.2 O.
PAR  Accordingly, the invention makes it possible to do the following:
PA1  1. utilize the heat of the exothermic reaction between the strong acid
      (usually sulfuric acid) and the ammonia, for use in evaporating a
      substantial amount of the water;
PA1  2. carry out the evaporation process at low temperature in a single stage,
      which is the preferred form of execution, and which is found to be
      advantageous after utilization of the heat of reaction;
PA1  3. carry out in a single stage the neutralization of the acid solution and
      the precipitation of the ammonium sulfate crystals, without allowing the
      latter to entrain any considerable amount of caprolactam;
PA1  4. avoid any hydrolysis phenomena and hence avoid the need for extracting
      the caprolactam from the aqueous solutions of ammonium sulfate before
      sending the solutions to evaporation;
PA1  5. carry out, in the preferred form of execution, the following operations
      in a single apparatus: neutralization of the acid solution of caprolactam,
      at subatmospheric pressure and low temperature, dissolution of the
      ammonium sulfate in water, evaporation of the water and crystallization of
      the (NH.sub.4).sub. 2 SO4, and finally, separation of the caprolactam. The
      heat produced in the reaction at said pressure and temperature is such
      that the water evaporated in this single stage is in an amount at least
      three-fourths the amount of sulfuric acid concurrently neutralized.
PAR  Thus, with the present invention, from the exothermic reaction between
      sulphuric acid and ammonia (in se well known), there is developed a
      considerable amount of heat (also a well known phenomenon) which is
      exploited in this invention in the very reaction vessel itself for the
      evaporation (and not merely the heating) of an amount of water sufficient
      to cause the ammonium sulfate, which forms and is placed in solution, to
      crystallize and thus to separate from the liquid mass. The various steps
      are interconnected. The evaporation of a considerable amount of water in
      the reaction vessel (at least three-quarters of the amount of sulphuric
      acid) results from the fact that the evaporation takes place at relatively
      low temperature, which in turn means that the reaction environment must be
      maintained at low pressure; and the fact that this considerable amount of
      water is caused to evaporate leads to the obtaining, in this same reaction
      environment, of the crystallization, and thus the separation of the
      ammonium sulfate. All the water is eliminated by evaporation from the
      crystallizer without absorption of heat energy from the outside. This
      means that the heat generated by the neutralization is immediately
      absorbed by the change of state (evaporation) of the water, as this heat
      develops.
PAR  It is important to note that the amount of water that is evaporated in a
      unit of time is related to the amount of sulfuric acid that is neutralized
      in the same unit of time. The heat, which is continuously generated by the
      neutralization in other words is exploited to cause evaporation of a
      considerable amount of water. This contrasts with the prior known art,
      according to which there is merely exploitation of the residual heat
      possessed by the heated mass which is cooled slightly.
PAR  With the process of the present invention, moreover, the presence of water
      in the crystallizer is also important and advantageous. Crystallization
      from a good amount of water leads to formation of large, easily separable
      crystals. By feeding caprolactam in the presence of a large amount of
      water it is possible to use non-anhydrous caprolactam, which can be
      produced with commercially advantageous processes.
PAR  The essential difference between the present process and the prior art lies
      precisely in the "geographical" coincidence of the environment in which
      are carried out (a) the neutralization, (b) the elimination of the water
      at low pressure by evaporation and (c) the crystallization. Only as a
      result of this "geographical" coincidence does it become possible to
      exploit all of the heat produced by the reaction, for the purpose of
      evaporating the water. Furthermore, and again only as the result of this
      "geographical" coincidence is it possible to operate continuously at
      constant temperature because the reaction heat is absorbed by evaporation
      of the water or at least part of the water without having recourse, as was
      required in the prior art, to the subsequent steps of heating and cooling
      in order to store heat in the place where it was generated and then to
      transfer it to a "geographically" different place to utilize it.
PAR  The present invention makes possible the elimination of the following
      drawbacks which exist in known processes:
PA1  a. the possible loss of caprolactam with the solid phase (crystals of
      (NH.sub.4).sub.2 SO4) from the concentrated solutions of ammonium sulfate
      separated from the lactam oil.
PA1  b. The possible loss of caprolactam with the vapor phase in the evaporation
      of the H.sub.2 O.
PA1  c. Excessive complexity of the evaporating plant. With the method of
      invention, the number of pieces of apparatus in the plant is greatly
      reduced.
PAR  The first drawback is avoided by washing, in a centrifuge with H.sub.2 O,
      crystals of (NH.sub.4).sub.2 SO4 obtained from the concentrated solution
      of ammonium sulfate that is recovered.
PAR  The second drawback is eliminated by maintaining as low an operating
      temperature as possible (at 40.degree.C about) in the reactor in which the
      operation is carried out.
PAR  The improved process of the present invention can be carried out
      advantageously in a plant including at least one neutralizer and one
      settler in several units, or else in a single unitary complex.
DRWD
PAR  The process illustrated by the following examples was performed in
      apparatus which consisted essentially of the following items which are
      illustrated in the FIGURE of the attached drawing:
DETD
PAR  The crystallizer. A-1:
PAR  This is a vertical cylindrical vessel equipped with a circulation pump P 1.
PAR  This pump withdraws the mixture from the vessel through the pipe 12 at
      approximately one third of the height of the vessel and recycles it to the
      bottom of said vessel through the pipe 10 the heat exchanger K 1 and the
      pipe 11, which extends to the bottom of the vessel. The acid solution of
      caprolactam is fed to the suction side of the pump P1, whereas liquid
      ammonia is supplied to the delivery line 10. In such pipe 10, therefore,
      the acid solution of caprolactam, ammonia and the mother liquor recycled
      from the vessel mix together and reaction occurs between NH.sub.3 and the
      acid solution. Because the neutralization reaction is exothermic, the
      temperature of the resulting mixture increases. The liquid mixture passes
      then through the heat exchanger K 1, pipe 11 and is delivered to the
      bottom of the vessel, as above described.
PAR  The crystallizer is kept at an absolute pressure of 0.06 ata. corresponding
      to a boiling point of about 43.degree.C of the mother liquor. As a result,
      when the liquid mixture enters the crystallizer, it is subjected to a
      "flash" evaporation of water, followed by precipitation of ammonium
      sulfate crystals. The recycling of the mixture withdrawn from the vessel
      is adjusted so as to ensure that the three phases formed during the
      operation of the crystallizer, i.e., the lactam oil, the mother liquor
      (aqueous solution of (NH.sub.4).sub.2 SO.sub.4); and solid ammonium
      sulfate, are completely mixed in the vessel.
PAR  The mixture is continuously extracted from the crystallizer at
      approximately 2/3 of its height by the pump P 2 connected to the vessel
      through the pipe 14.
PAR  A condenser CS.sub.2 connected to the crystallizer by duct 30 provides for
      the condensation of the water evaporated in the crystallizer.
PAR  Downstream from said condenser there is provided a vacuum group, shown
      schematically in the FIGURE and consisting of a conventional ejector 40
      diagrammatically illustrated at the right of the condenser CS.sub.2. The
      water collected in the condenser can be recirculated to the crystallizer
      through duct 31 or delivered to a tank 33 through duct 32, depending upon
      the settings of the valves 34 and 35.
PAR  The first settler. S-1:
PAR  The extracted mixture passes from pump P 2 through conduit 15, valve 16 and
      conduit 17 into a conventional settler S-1, the upper part of which has a
      spillway for the mixture of two liquids, consisting of all the lactam oil
      and part of the mother liquor.
PAR  A turbid solution consisting of the crystallized salt and the remaining
      part of the mother liquor is tapped from the bottom of the settler.
PAR  The centrifuge C-2 is used for separating the ammonium sulfate from the
      mother liquor so as to obtain a practically dry salt. The centrifuge cake
      is washed with water from line 19, preferably demineralized water. The
      water is sprayed on the cake from a spray head 22 on line 19. The ammonium
      sulfate is carried off through a conduit 20; and the mother liquor passes
      through conduit 21 to the reservoir R1.
PAR  The second settler. S-3:
PAR  The mixture coming from the head of the first settler (S-1) passes through
      conduit 23 into a second conventional settler S-3, in which the lactam oil
      is separated from the mother liquor. The lactam oil is carried off from
      the settler S-3 through the discharge duct 24.
PAR  The mother liquor coming from the centrifuge C-2 through duct 21 and from
      the second settler S-3 through ducts 25 and 26 is collected in a reservoir
      R-1 and returned continuously to the crystallizer A-1 through duct 27,
      pump 28 and duct 29.
PAR  The following examples will illustrate the improved process of the present
      invention.
PAC  EXAMPLE 1 (FIG. 1)
PAR  A solution having the composition indicated below, and obtained in
      accordance with the known (e.g. U.S.P. 3,167,543) process of reacting
      hexahydrobenzoic acid with nitrosyl sulfuric acid, hydrolysis of the
      reaction mixture, and extraction of hexahydrobenzoic acid therefrom, has
      been made use of.
TBL  ______________________________________                                    
     Composition of the solution:                                              
     Caprolactam (denoted by CL)                                               
                         12.75%                                                
     By-products (denoted by BP)                                               
                         2.55%                                                 
     H.sub.2 SO.sub.4    51.00%                                                
     H.sub.2 O           33.70%                                                
     ______________________________________                                    
PAR  The recirculating pump P-1 is fed with 7.84 kg/h of a
      solution(4)containing:
TBL  CL                  1  kg.                                                
     BP                  0.2 kg.                                               
     H.sub.2 SO.sub.4    4  kg.                                                
     H.sub.2 O           2.64kg.                                               
PAL  and 1.35 kg/h of liquid NH.sub.3 is supplied to the delivery line 10.
PAR  When these rates were kept constant, the pH measured in the recirculation
      stream was kept between 4.5 and 5.
PAR  The ejector 40 diagrammatically illustrated at the right of the condenser
      CS2, was regulated so as to maintain an absolute pressure of 0.06 atm. in
      the crystallizer, with corresponding temperatures of 43.degree.C. in the
      liquid phase and 36.degree.C in the vapor phase.
PAR  The following quantities of material were collected:
PAR  From the condenser CS-2 about 3 kg/h of water containing about 0.004 kg. of
      caprolactam;
PAR  From the second settler S-3, 1.593 kg/h of lactam oil containing 0.993 kg.
      of caprolactam, 0.2 kg. of by-products, and 0.4 kg. of water;
PAR  From the centrifuge C-2, 5.35 kg/h of ammonium sulfate, with 0.052 kg/h of
      H.sub.2 O and 0.0025 kg/h of caprolactam. The washing of the cake on the
      centrifuge was carried out with about 0.8 kg/h of demineralized water. The
      mother liquors collected is the mother reservoir R-1 were recirculated,
      and their flow rate was about 20.36 kg/h.
PAR  The evaporation of the water within the crystallizer took place without any
      consumption of steam from the exchanger K-1.
PAC  EXAMPLE 2
PAR  A solution of epsilon caprolactam in sulfuric acid as obtained in a
      conventional manner by reaction of cyclohexanone and hydroxylamine
      sulfate, and having the following composition has been made use of:
TBL  Caprolactam (denoted by CL)                                               
                              43.25%                                           
     By-products (denoted by BP)                                               
                               0.53%                                           
     H.sub.2 SO4              56.22%                                           
PAR  The recirculating pump P-1 is fed(3)2.312 kg/h of a solution containing:
TBL  CL                         1.00 kg.                                       
     BP                        0.012 kg.                                       
     H.sub.2 SO4               1.300 kg.                                       
PAL  and 0.44 kg/h of liquid NH.sub.3 is fed to the delivery line 10.
PAR  Before continuous operation was started, the crystallizing apparatus was
      charged with an appropriate mixture of caprolactam in water (2.102 kg
      dissolved in 8.600 kg. of water) which is recirculated when continuous
      operation begins.
PAR  The pH, temperature, and pressures were the same as in the previous
      example.
PAR  All of the water condensed in CS-2 was recirculated into the crystallizer
      A-1.
PAR  The following quantities of material were collected:
PAR  From the second settler S-3, 1.422 kg/h of lactam oil containing 0.9992 kg.
      of CL, 0.012 kg. of BP, 0.4 kg of H.sub.2 O and 0.01 kg. of ammonium
      sulfate;
PAR  From the centrifuge C-2, 1.73 kg/h of ammonium sulfate, with 0.0008 kg/h of
      CL and 0.017 kg/h of H.sub.2 0. The washing of the cake on the centrifuge
      was carried out with about 0.25 kg/h of demineralized water.
PAR  Through an auxiliary inlet E-1, 0.153 kg/h or water is fed into the
      reservoir R-1 in order to restore the balance of water in the plant.
PAR  The mother liquors collected in the reservoir R-1 were recirculated at a
      flow rate of 7.7 kg/h.
PAR  The steam from the heat exchanger K-1 is not utilized. The heat of reaction
      is utilized in order to ensure the heat balance of the process.
PAC  EXAMPLE 3
PAR  The caprolactam solution treated in the example was identical with that
      used in Example 2 above.
PAR  In this case, to introduce into the cyrstallizer the water necessary for
      satisfactorily crystallizing the (NH.sub.4).sub.2 SO4, the process uses an
      aqueous solution of ammonium sulfate obtained from a previous phase of the
      preparation of caprolactam, i.e., from the preparation of the oxime.
PAR  The pump was supplied with the acid solution and the liquid NH.sub.3 was
      supplied to line 10 at the same flow rate as those disclosed in Example 2
      above.
PAR  In addition, the reservoir R-1 was fed with 7.03 kg/h of an ammonium
      sulfate solution coming from the syntheses of the oxime and containing
      4.36 kg. of H.sub.2 0 and 2.67 kg. of salt. This amount was added through
      the inlet E-1.
PAR  The pressures, temperatures and pH were identical with those of the
      previous Examples.
PAR  The following quantities of material were collected:
PAR  From the condenser CS-2, 4.556 kg/h water containing 0.006 kg of CL;
PAR  From the second settler S-3, 1.422 kg/h of oil, containing: 0.992 kg of
      caprolactam, 0.012 kg of BP, 0.004 kg of H.sub.2 0 and 0.01 kg of ammonium
      sulfate;
PAR  From the centrifuge C-2, 4.40 kg/h of ammonium sulfate with 0.002 kg/h of
      CL and 0.040 kg/h of H.sub.2 0. The washing of the cake in the centrifuge
      was carried out with 0.63 kg/h of demineralized H.sub.2 0.
PAR  The mother liquors collected in the reservoir R-1 were recirculated, at a
      flow rate of 26.23 kg/h.
PAR  The consumption of steam coming from the exchanger K-1 was 3.64 kg/h, which
      amounted ot 0.825 kg of steam per kilogram of salt crystallized, thus
      restoring the total heat balance of the plant to the most favorable
      conditions, due regard being paid to the fact that provision was also made
      for the separation of the ammonium sulfate introduced with the aqueous
      solution of the reservoir R-1.
PAR  Control analyses were made for the presence of caprolactam in the ammonium
      sulfate crystals obtained either by means of solution obtained in the
      process wherein hexahydrobenzoic acid is reacted with nitrosylsulfuric
      acid or by using the solution from the classical oxime process, and it was
      found that when the ammonium sulfate crystals were washed in the
      centrifuge with small amount of demineralized water, the caprolactam
      content of the crystals was less than 0.05% corresponding to the loss of
      about 0.3% or less in the case of the process proposed by applicants in
      accordance with the U.S. Pat. No. 3,022,291 and to a loss of less than
      0.1% in the case of the classical oxime process.
CLMS
STM  Having thus described our invention, what we claim is:
NUM  1.
PAR  1. In a process for neutralizing a solution of .xi. caprolactam in sulfuric
      acid wherein neutralization is effected with ammonia, and the ammonium
      sulfate, formed as a result of the neutralization is subsequently
      recovered in the presence of water, the improvement comprising
PA1  feeding into a reaction vessel an aqueous solution of .xi.-caprolactam in
      sulfuric acid, and a quantity of liquid ammonia sufficient to neutralize
      all the sulfuric acid, holding this mixture, including the water which is
      present, in this same vessel under subatmospheric pressure sufficient to
      maintain said vessel at a temperature of about 40.degree.C to 50.degree.C,
      and
PA1  utilizing the heat evolved by the exothermic reaction between the sulfuric
      acid and the ammonia to effect in said same vessel, simultaneously with
      the neutralization of the sulfuric acid by the ammonia, evaporation of the
      water present in said vessel, in an amount at least three-fourths the
      amount of sulfuric acid concurrently neutralized, and consequent
      crystallization in said vessel of the produced ammonium sulfate, so that
      substantial hydrolysis of the caprolactam is avoided while a substantial
      portion of the water present in the mixture is being evaporated and the
      ammonium sulfate is allowed to crystallize in said vessel substantially
      free from the caprolactam, and
PA1  drawing off the evaporated water from said same reaction vessel,
PA1  separating the caprolactam from the remaining mother liquor, and
PA1  separating the ammonium sulfate also from said mother liquor.
NUM  2.
PAR  2. A process as described in claim 1, in which the caprolactam oil is
      separated from the mother liquor prior to separation of the crystallized
      ammonium sulfate from the said mother liquor.
NUM  3.
PAR  3. A process as described in claim 1 in which the heat of neutralization
      constitutes the sole source of heat supplied to the mass to effect the
      evaporation of water therefrom.
NUM  4.
PAR  4. A process as described in claim 1 in which heat of neutralization
      constitutes the major source of heat, a minor portion of the heat being
      supplied from an outside source.
NUM  5.
PAR  5. In a continuous process for neutralizing a sulfuric acid solution of
      caprolactam, with liquid ammonia, by feeding a solution of caprolactam in
      sulfuric acid mixed with liquid ammonia into a reaction vessel, the
      improvement comprising during the neutralization of said solution
      continuously maintaining the reaction vessel and the neutralization mass
      substantially in the temperature range of from about 40.degree.C to about
      50.degree.C and under an absolute pressure of between about 0.055 and
      0.095 atmospheres, while using the heat evolved during the neutralization
      reaction to effect in said vessel evaporation at the subatmospheric
      pressure of a sufficient part of the water present to effect
      crystallization of said ammonium sulfate in said vessel, continuously
      removing from the reaction vessel the evaporated portion of the water
      content of the neutralization mass, the lactam oil, the crystallized
      ammonium sulfate, and the mother liquor, continuously separating the
      caprolactam as an oil phase from the aqueous ammonium sulfate layer which
      contains ammonium sulfate crystals, centrifuging the ammonium sulfate
      slurry, washing the ammonium sulfate crystals with cold water thereby to
      remove all but an inconsequential amount of caprolactam contained therein,
      and continuously recycling the combined mother liquors and wash liquors to
      the reaction vessel.
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PAL  The polymerization of hexachlorocyclotriphosphazene to
      poly(dichlorophosphazene) at elevated temperatures is a highly
      unpredictable process. The rate of polymerization varies over a wide range
      and is dependent on the history of the trimer and on the method of
      handling prior to polymerization.
PAL  It appears that small amounts of water may possibly function as catalytic
      species for the polymerization. The addition of controlled amounts of
      water to the system results in a marked increase in reaction rate, and the
      rigorous exclusion of water from the system inhibits the reaction. The
      results favor the view that complete exclusion of water from the system
      may result in a system that cannot be polymerized. Thus, water appears to
      be a key component for polymerization.
BSUM
PAR  The thermal polymerization of (PNCl.sub.2)3,4 to (NPCl.sub.2).sub.n is
      known and is described in U.S. Pat. No. 3,370,020 issued Feb. 20, 1969 to
      Allcock and Kugel and is described in a recently published text by H. R.
      Allcock entitled "Phosphorus-Nitrogen Compounds" published by Academic
      Press, New York, New York (1972), in the March 1974 issue of Scientific
      American and elsewhere in the literature.
PAR  As described in the above noted patent, thermal polymerization of
      (NPCl.sub.2).sub.m wherein m is 3, or 4, is effected by heating the
      cyclochlorophosphazenes at temperatures between about 200.degree.C and
      about 300.degree.C for between 30 minutes and 48 hours. The starting
      materials, as described in the patent
PA1  "must be substantially pure, i.e., they must contain not more than about 1%
      impurity such as water, for example".
PAR  The polymerization of hexachlorocyclotriphosphazene to
      poly(dichlorophosphazene) at elevated temperatures is a highly
      unpredictable process. The rate of polymerization varies over a wide range
      and is dependent on the history of the trimer and on the method of
      handling prior to polymerization.
PAR  It appears from this behavior that small amounts of water may possibly
      function as catalytic species for the polymerization. The addition of
      controlled amounts of water to the system results in a marked increase in
      reaction rate, and the rigorous exclusion of water from the system
      inhibits the reaction. The results favor the view that complete exclusion
      of water from the system may result in a system that cannot be
      polymerized. Thus, water appears to be a key component for polymerization.
PAR  With water present in the hexachlorocyclotriphosphazene in the range
      0.005-0.10 mol % wherein mol % equals moles H.sub.2 O [moles H.sub.2 O +
      moles (NPCl.sub.2).sub.3 ].times.100, the resulting
      polydichlorophosphazene was found to be substantially linear and the
      resulting high polymer is found to be soluble in benzene or
      tetrahydrofuran. Such polymer is suitable for conversion to derivatives as
      described in U.S. Pat. No. 3,515,688 issued June 2, 1970 and is clearly
      distinguishable from insoluble polymeric (NPCl.sub.2).sub.n which does not
      dissolve in benzene and which is not suitable for formation of such
      derivatives because it is crosslinked.
PAR  It has been found that at very low water concentrations, e.g., within the
      ranges from about 0.005 mol % and 0.10 mol % and preferably from about
      0.02 mol % to about 0.05 mol % water in (NPCl.sub.2).sub.3, polymers with
      a desired intrinsic viscosity for elastomers are obtained at relatively
      acceptable yields.
PAR  When more than about 0.2 mol % of water is present, the product of the
      polymerization process is found to have too low a molecular weight for
      elastomer applications.
PAR  At higher concentrations of water the yield of polymer in a given time
      decreased with increasing amounts of water and crosslinked polymer was
      formed.
PAR  In the single sheet of drawings forming a part of this application, the
      FIGURE is a graphical representation of results obtained by heating a
      sample of purified hexachlorocyclotriphosphazene at a temperature of
      250.degree.C for 21 hours, in the presence of various amounts of water up
      to 1 mol %.
PAR  In the (NPCl.sub.2).sub.n products of this invention n is from about 16 to
      about 20,000.
PAR  It was also found that increasing amounts of water results in a decrease in
      the intrinsic viscosity of the polymer formed.
PAR  In order to produce the linear
      ##EQU1##
      from crude hexachlorocyclotriphosphazene represented by the formula
      ##EQU2##
      hexachlorocyclotriphosphazene obtained from a commercial source was
      purified by sublimation at 50.degree.C/0.7 mm; the sublimate was twice
      recrystalized from dry hexane, then dried in vacuum for 15 hours, then
      resublimed. A weighed amount of the purified material was collected in a
      polymerization tube and a measured amount of water vapor was introduced
      into the vacuum line connected to the trimer-containing polymerization
      tube. The tube was then sealed and heated to 250.degree.C in a temperature
      controlled oven in order to polymerize the hexachlorocyclotriphosphazene.
      The polymerizates were characterized by reacting them with sodium
      trifluoroethoxide, e.g., as described in U.S. Pat. No. 3,370,020 to form
      poly(bistrifluoroethoxy)phosphazene. The derivatized polymers were then
      characterized by gel permeation chromatography.
PAR  The results obtained over the range 0% to 1.0 mol % water are shown in the
      FIGURE.
PAR  The invention is applicable to the polymerization of
      octachlorocyclotetraphosphazene and to other similar halophosphazenes in
      which Br is present instead of Cl.
PAR  Having described a preferred embodiment of the invention it is not intended
      that it be limited except as may be required by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the polymerization of chlorocyclophosphazenes to produce a
      substantially linear (NPCl.sub.2).sub.n polymer product in which n is from
      about 16 to about 20,000, wherein hexachlorocyclotriphosphazene,
      octachlorocyclotetraphosphazene or mixtures of said hexa- and
      octachlorocyclophosphazenes are polymerized at temperatures between
      200.degree. and 300.degree.C, the improvement which comprises conducting
      the polymerization in the presence of between 0.005 and 1.0 mol % of
      H.sub.2 O.
NUM  2.
PAR  2. The process of claim 1 wherein the water initially present is between
      about 0.02 and 0.10 mol %.
NUM  3.
PAR  3. The process of claim 1 wherein the amount of water is between 0.035 and
      0.05 mol %.
NUM  4.
PAR  4. The process of claim 1 wherein the amount of water is between 0.1 and
      1.0 mol %.
NUM  5.
PAR  5. The process of claim 1 wherein the starting material is
      hexachlorocyclotriphosphazene.
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PAL  A method of removing alumina from a crystalline aluminosilicate composition
      having a silica/alumina mole ratio of from above 3 to about 12 which
      comprises heating said aluminosilicate composition to a temperature of
      greater than 50.degree.C. to about 100.degree.C. in the presence of a
      cationic form of chromium, preferably Cr.sup.+.sup.3, in aqueous solution
      of above 0.01 Normal of a chromium salt of a mineral acid whereby the pH
      is less than 3.5, and such that the atomic ratio of chromium to aluminum
      is greater than 0.5 for a time sufficient to remove the alumina. The
      method of this invention permits the aluminosilicate composition to retain
      substantial crystallinity. Organic compound conversion with the
      dealuminized material formed by the method of this invention may be
      advantageously utilized.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of application Ser. No. 129,108, filed Mar.
      29, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the treatment of crystalline aluminosilicate
      compositions, especially crystalline aluminosilicate zeolites, with an
      ionic source of chromium whereby alumina is caused to be removed from the
      aluminosilicate composition. More particularly, this invention is directed
      to increasing the sorption capacity and the pore diameter of porous
      crystalline aluminosilicate zeolites having ordered three-dimensional
      networks of pores and channels by removal of alumina from the zeolite.
      This invention is further directed to incorporating a form of chromium
      into the zeolite in a non-ionic form where it can function, under
      appropriate conditions, as an oxidation catalyst. Thus, the invention is
      directed to a method of alumina removal, the resultant compositions and
      hydrocarbon conversion with the resultant compositions, especially
      cracking and oxidation.
PAR  2. Discussion of the Prior Art
PAR  Crystalline aluminosilicates have been contacted previously with sources of
      chromium. Thus, it is known to contact a zeolite with a solution of a
      chromium salt for purposes of ion exchange. U.S. Pat. No. 3,232,762
      discloses room temperature ion exchange of the sodium form of zeolite Y
      employing an aqueous solution of CrCl.sub.3.6H.sub.2 O. The final water
      washed material, pursuant to an example, contained 9.9 weight percent
      Cr.sub.2 O.sub.3 (or 6.7 weight percent chromium) and 2.9 weight percent
      Na.sub.2 O. These data indicate that the chromium chloride treatment of
      the zeolite is an ion exchange, chromium for sodium.
PAR  The Russian workers N. F. Ermolenko and L. V. Pansevich-Kolyada (Materialy
      Vses. Soveshch. po Tseolitam, 2nd, Leningrad 1964, pub. 1965, 171-178)
      reported that a zeolite A was prepared with alumina replaced by Cr.sub.2
      O.sub.3 via an ion exchange of chromium for aluminum. The method of
      Ermolenko et al. differs greatly from that of the present invention in
      that zeolite A has a SiO.sub.2 /Al.sub.2 O.sub.3 mole ratio of only 1.85
      .+-. 0.5 (U.S. Pat. No. 2,882,243) and the treatment temperature was
      110.degree.C. The present invention requires that the SiO.sub.2 /Al.sub.2
      O.sub.3 mole ratio be greater than 3 to about 12 for the very important
      reason that when said ratio is 3 or less, and an acidic medium is used,
      i.e., one having a pH of less than 3.5 as in the present invention, the
      crystal structure is destroyed. The object of the method of the present
      invention is to maintain the crystallinity under the conditions employed
      for the subsequent benefits rendered thereby.
PAR  The Russians (L. V. Pansevich-Kolyada et al.) again reported (Vesti Akad.
      Navuk Belarus. SSR. Ser. Khim. Navuk, 1970, (1), 85-89) that they prepared
      Cr.sup.+.sup.3 - containing zeolite A, X, Y and M by ion exchange of the
      zeolite with 0.01N chromium acetate solution. Only minimal exchange was
      obtained and, when the concentration of chromium acetate was increased,
      the crystal structures were destroyed (Note that zeolite X has a SiO.sub.2
      /Al.sub.2 O.sub.3 mole ratio of 2.5 .+-. 0.5, U.S. Pat. No. 2,882,244, and
      zeolite M has a ratio of 2.1 .+-. 0.1, U.S. Pat. No. 2,995,423). Although
      zeolite Y has a SiO.sub.2 /Al.sub.2 O.sub.3 mole ratio of between 3 and 6,
      their treatment conditions are different from those required in the
      present invention for effective removal, as opposed to exchange, of
      alumina (exemplified in Example 18 hereinafter).
PAR  In U.S. Pat. No. 3,459,815, there is disclosed a method of ion exchange of
      montmorillonite clay with a chromium salt. The ratio of chromium to
      aluminum in the patent method is less than 0.5, whereas said ratio
      required by the method of the present invention is greater than 0.5.
PAR  It is known, therefore, that zeolites generally can be treated with a
      source of chromium. However, the prior art has not revealed a method
      whereby a source of chromium can be used to substantially increase the
      sorption capacity of porous crystalline aluminosilicates by removal of
      substantial quantities of alumina as in the present invention. Moreover,
      not only is the alumina removed, but chromium is placed within the
      composition in a nonionic manner where it is available to function as an
      oxidation component. Treatment of crystalline aluminosilicates with a
      chromium salt of a mineral acid has heretofore, in the absence of the
      critical process parameters herein required, only provided ionically
      exchanged zeolites with no significant alumina removal while maintaining a
      substantially crystalline structure.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, this invention contemplates a process for removing alumina from a
      crystalline aluminosilicate composition having a SiO.sub.2 /Al.sub.2
      O.sub.3 mole ratio of from above 3 to about 12 which comprises heating
      said aluminosilicate to a temperature of greater than 50.degree.C. to
      about 100.degree.C. in the presence of a cationic form of chromium in
      solution of above 0.01 Normal at pH of less than 3.5 for a time sufficient
      to remove the alumina. The atomic ratio of chromium to aluminum required
      in the process of this invention is greater than 0.5.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  It has now been found that alumina can be removed from a crystalline
      aluminosilicate composition without substantially destroying its
      crystallinity by high temperature treatment of the aluminosilicate
      composition with an ionic source of chromium. Such can be accomplished in
      several ways, all of which require that the aluminosilicate composition
      and the source of ionic chromium be at a temperature of greater than
      50.degree.C. to about 100.degree.C. Temperatures substantially lower than
      50.degree.C. do not provide the desired alumina removal nor do they
      effectuate the deposition of the chromium in a non-exchangeable position
      within the composition being treated.
PAR  The preferred manner of effectuating alumina removal with concomitant
      increase in pore diameters of porous crystalline aluminosilicate
      compositions is to contact the composition with a solution of a chromium
      salt of a mineral acid. The aluminosilicate composition and salt solution
      are heated to a temperature of greater than 50.degree.C. to about
      100.degree.C. and maintained at that temperature until at least about 5
      percent by weight of the alumina is removed. Preferably, to insure that at
      least about 10 percent of the alumina is removed, the hot chromium salt
      solution is refluxed with the aluminosilicate composition for at least 1/2
      hour. It will be understood that the temperature and duration of the hot
      chromium salt solution contact is a time-temperature phenomenon. Thus, if
      one chooses to contact the crystalline aluminosilicate composition and
      maintain the temperature at 50.degree.C., a longer time will be required
      to effectuate the alumina removal than if 100.degree.C. is the
      temperature. Higher temperatures provided by refluxing enable the alumina
      to be removed in a shorter period of time.
PAR  Further, the crystalline aluminosilicate treated in accordance herewith
      must have a silica/alumina mole ratio of above 3 to about 12 and the
      atomic ratio of chromium (in the solution of above 0.01 Normal having a pH
      of less than 3.5) to aluminum in the aluminosilicate must be greater than
      0.5.
PAR  Crystalline aluminosilicate compositions which can be treated pursuant to
      the present invention include the crystalline aluminosilicate zeolites.
      While alumina can readily be removed from a silica/alumina cracking
      catalyst by the present method, the invention particularly contemplates
      the removal of alumina from porous zeolites. It should be understood that
      all crystalline zeolites can be treated, provided their silica/alumina
      mole ratio is from above 3 to about 12. These include both the natural
      types and the synthetic types. Non-limiting examples of natural zeolites
      which can be treated include faujasite, mordenite, erionite, phillipsite
      and clinoptilolite. Non-limiting examples of synthetic zeolites which can
      be treated include, in particular, mordenite, zeolites T, Y, synthetic
      offretite, ZSM-4, ZSM-5 and zeolite Beta. A particularly interesting
      aspect of the present invention involves the treatment of "dense" zeolites
      generally characterized by a pore diameter or aperture opening less than
      about 6 Angstroms. Erionite, offretite, zeolite T, phillipsite and
      cliniptilolite are all examples of dense zeolites. Generally speaking,
      these materials do not sorb substantial quantities of normal hexane or
      cyclohexane. Hence, their use in the catalytic cracking of gas oils has
      been severely restricted as gas oils contain molecules incapable of
      entering untreated or only ion exchanged dense zeolites. It will be
      understood that each zeolite species behaves differently to some extent
      from other members of the class, but that the present dealuminization
      procedure is applicable to all such materials.
PAR  In employing a chromium salt of a mineral acid to supply ionic forms of
      chromium, the chromium is in a trivalent positive state. Thus, when the
      term ionic chromium is utilized herein, trivalent positive chromium, i.e.,
      Cr.sup.+.sup.+.sup.+, is especially contemplated. In fact, ionic forms of
      chromium wherein the chromium is in a negatively charged anion provided
      substantially no alumina removal from alumina-containing materials when
      treated under the aforementioned refluxing conditions.
PAR  In carrying out the dealuminization pursuant to the present invention, it
      is important to utilize a high ratio of Cr.sup.+.sup.+.sup.+ to aluminum
      in the solid being treated. It has been found that the atomic ratio of
      chromium in the solution to aluminum in the material being treated should
      be greater than 0.5. Lesser ratios do not give any significant
      dealuminization as revealed in the examples herein.
PAR  Further, the pH of the solution of chromium cations must be less than 3.5
      in order to achieve worthwhile results in accordance with the process of
      this invention.
PAR  Specifically contemplated chromium salts include CrCl.sub.3,
      Cr(NO.sub.3).sub.3, CrK(SO.sub.4).sub.2 and CrBr.sub.3. It has been found
      that by employing a chromium salt under the aforementioned conditions,
      especially by refluxing the chromium salt with the crystalline
      aluminosilicate material, the porosity of materials can be substantially
      and remarkably changed. Thus, dense zeolites such as erionite can have
      their sorption capacity and pore diameter substantially changed. The
      aperture opening for erionite is about 5 Angstroms and in its as received
      state it sorbs less than 2.0 weight percent cyclohexane at 25.degree.C.
      and 20 mm Hg. By refluxing a naturally obtained erionite sample with
      aqueous CrCl.sub.3, its sorption capacity can be remarkably affected.
      Indeed, it has also been found that the dealuminized erionite sample sorbs
      at least 2.5 weight percent, e.g., 3.7 weight percent cyclohexane. Its
      pore diameter increases to at least 5.5 Angstroms. This sample can
      subsequently undergo desilication whereby its cyclohexane sorption is
      greater than 6.0 weight percent determined under the conditions above
      specified. In such case, the water sorption and n-hexane sorption
      properties are also improved with increase in the surface area without
      substantially any adverse effects of the crystallinity of the material.
PAR  It has also been found that when clinoptilolite in its as received state is
      refluxed with a chromium salt solution of the mineral acid, its pore
      diameter can be increased from a value of about 3.5 to greater than 4 and
      its sorption properties improved such that it sorbs at least 1.5 weight
      percent cyclohexane determined at 25.degree.C. under 20 mm Hg. pressure.
      Similarly, phillipsite, initially having a pore diameter of about 4.0
      Angstroms, can be so modified by treatment with a chromium salt solution
      that its pore diameter is at least 5.0 Angstroms and it becomes capable of
      sorbing at least 1.5 weight percent cyclohexane at 25.degree.C. and 20 mm
      Hg. Concomitantly, these materials become more useful for gas oil cracking
      especially in an ion exchanged form as will be seen from the data below.
PAR  Dealuminization has heretofore been performed employing either an acid or a
      chelating agent such as ethylenediaminetetraacetic acid (hereinafter
      EDTA). However, the use of chromium chloride solution in the manner of
      this invention has been found to provide a substantially better weight
      percent removal of alumina than provided by treatment with an acid, e.g.,
      hydrogen chloride. The chromium treatment is superior to EDTA treatment in
      that the resultant material is more porous. When zeolites were
      dealuminized and desilicated as explained below, it was found that both
      the n-hexane and cyclohexane sorption capacities increased after silica
      removal, in sharp contrast to the decreased sorption capacity after
      alumina removal by EDTA followed by silica removal.
PAR  Generally speaking, the amount of chromium salt solution used relative to
      the amount of crystalline aluminosilicate material being treated can vary
      widely. Many factors affect the selection of the relative amounts
      including the concentration of the chromium salt in the solution,
      temperature to be employed, the duration of the treatment, the degree of
      dealuminization desired and the specific material being treated. As a
      generalization, between 10 and 50 milliliters of salt solution are
      employed per gram of material being treated. The treatment at refluxing
      conditions is generally performed over a period of time ranging from 1/2
      to 24 hours in which case the degree of alumina removal, depending on the
      amount of chromium in solution, is between 5 and 80 percent.
      Dealuminization can be performed on the materials in their as synthesized
      or as received states. In the case of aluminosilicate materials to be ion
      exchanged, the material can be treated with the chromium salt solution
      first, then ion exchanged or it can be initially ion exchanged, then
      dealuminized with the chromium salt solution as above set forth.
      Furthermore, dealuminization and ion exchange can be performed
      simultaneously by employing a single solution containing the chromium salt
      of the mineral acid and a salt, the cation of which is desired to be
      ionically exchanged for the cations of the aluminosilicate material.
PAR  While not wishing to be bound by any theory, it is believed that the
      alumina removal from crystalline aluminosilicates is a second step
      following an initial exchange of the chromium ions for ions of the alumina
      containing substance. Subsequent treatment at high temperatures in the
      presence of excess chromium salts and water effectuates removal of the
      alumina from the framework which combines with the chromium present.
      Alumina is removed from the substance during which time a portion of the
      chromium goes into a non-exchanged position, i.e., it does not satisfy the
      electronegativity of the remaining alumina. This is substantiated by data
      obtained by refluxing an aqueous chromium chloride solution with
      faujasite. It was found that up to 6 weight percent chromium could be
      incorporated into the faujasite in a non-exchangeable form. Subsequent
      catalytic evaluations of this material in a rare earth exchanged form but
      containing the chromium revealed substantially the same excellent cracking
      activity and selectivity as the rare earth form without chromium, but with
      oxidation properties enabling its use in the conversion of carbon monoxide
      to carbon dioxide during catalytic regeneration. Such solves a number of
      the problems which occur in cyclic cracking processes where the incomplete
      combustion of the coke affects the entire process.
PAR  Experimental results revealed that the effect of contact time of the
      aqueous solution of chromium salt from 1 to 24 hours with varying
      normality from 0.5 to 2.0 does not change the degree of alumina removal
      substantially. However, an increase in the volume of aqueous chromium salt
      solution appreciably affects the rate of alumina removal although the
      relationship is not linear. At low alumina removals, the ratio of chromium
      to aluminum atoms removed is 5/1. At higher alumina removals, the ratio
      increases to 10/1 and higher although not all crystalline aluminosilicate
      materials behave identically.
PAC  DESILICATION
PAR  Dealuminized crystalline aluminosilicate materials can be desilicated to
      remove silica from the composition. Thus, it has been found that by
      contacting the dealuminized material with an alkali metal salt or ammonium
      salt, silica can be removed from the material without adversely affecting
      the crystallinity of the substance being treated. For example, a
      dealuminized natural erionite having, say, 30 percent of its alumina
      removed, can be desilicated to thus open up the porous structure so that
      it sorbs materials not appreciably sorbed without the
      dealuminization-desilication treatment. The silica is removed usually from
      the channels or pores of the porous material or from the surface. Thus,
      erionite, for instance, in untreated form having a pore diameter of about
      5 Angstroms can be dealuminized by the aforesaid chromium salt treatment
      and then subsequently desilicated such that its pore diameter is increased
      to at least 5.5 Angstroms. In so doing, the material is rendered
      substantially more porous and its cyclohexane sorption increases from
      about 2 weight percent to greater than 4 weight percent and generally
      greater than 6 weight percent determined at 25.degree.C. and 25 mm Hg. The
      relative amounts of alkali metal or ammonium salt employed, their
      normality, the duration of contact, the temperature of the solutions are
      not particularly critical in desilication after dealumination in
      accordance with the present invention. Generally speaking, a solution
      having a normality between 0.1 and 10.0 will be suitable. The degree of
      contact and the normality are generally correlated to the degree of silica
      removal desired bearing in mind that the silica being removed is silica
      which had previously been bonded to tetrahedral alumina in the crystal
      framework. Particularly suitable alkali metal and ammonium salts useful
      for this purpose include sodium chloride, sodium bromide, sodium sulfate,
      potassium chloride, potassium nitrate, lithium chloride, ammonium
      chloride, ammonium sulfate. If desired, an ammonium salt solution can be
      employed to effect removal of some of the occluded silica and ion exchange
      of at least a portion of the cations satisfying the electronegative charge
      of remaining aluminum in the structure, i.e., the tetrahedra in the case
      of a crystalline aluminosilicate zeolite.
PAC  HYDROCARBON CONVERSION
PAR  Using the preparative techniques described above, important and valuable
      catalytic substances can be prepared. For instance, as noted above, a
      synthetic faujasite of the Y variety can be dealuminized by chromium salt
      treatment of this invention. The chromium salt treatment can occur before,
      after or during ion exchange of the zeolite to remove originally contained
      alkali metal cations. The substance has been found to have exceptionally
      good catalytic uses. Based on gasoline selectivity and cracking activity
      of gas oils, it has been found that a steamed chromium salt treated
      dealuminized REY catalyst compares quite favorably to a steamed REY
      catalyst in cracking performance. The dealuminized material has the
      advantage over the REY catalyst of having high oxidation activity useful
      in promoting the conversion of CO to CO.sub.2 during the regeneration
      cycle of the cracking process.
PAR  This new technique enables the incorporation of an oxidation component into
      the molecular sieve component of a cracking catalyst without any adverse
      effect on its catalytic cracking properties. This oxidation component may
      be added either before or after or at the same time as the rare earth
      exchange of the molecular sieve. Thus, instead of adding a small amount of
      oxidation promoter into the amorphous matrix of the cracking catalyst,
      large amounts of oxidation promoter in the form of complexing chromium can
      be incorporated into the active molecular sieve material.
PAR  In order to more fully illustrate the nature of the present invention and
      the manner of practicing the same, the following examples are presented:
DETD
PAC  EXAMPLE 1
PAR  A natural erionite material obtained from Mt. Moses, Nevada and shown by
      X-ray to contain 20 percent clinoptilolite was employed for several
      treatments with a 1 Normal CrCl.sub.3 solution (pH 2.1) for the purpose of
      dealuminizing the zeolite. In each case the CrCl.sub.3 was refluxed
      through the erionite. The temperature of the treatment was about
      100.degree.C. and the chromium to aluminum atomic ratio varied from 0.8 to
      16.4, and times from 2 to 24 hours (Details in Table 4). Samples of
      erionite were withdrawn and the degree of alumina removal and the
      crystallinity of the sample was determined. Set forth below in Table 1 is
      a comparison of the degree of alumina obtained and the crystallinity of
      the sample over the various periods of refluxing.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Alumina removed --                                                        
                    None    8     20   38   44   64                            
     Crystallinity, % --                                                       
                    80     80     85   70   65   35                            
     ______________________________________                                    
PAL  The crystallinity was based upon the crystallinity of a standard. It should
      be noted that no crystallinity loss occurred until about 40 percent of the
      alumina was removed.
PAR  The 38 percent dealuminized sample was refluxed with 150 ml. per gram of
      1.0 N NaCl for 1 hour, filtered, and the procedure repeated two more
      times, removing 16 percent silica. Sorption capacity in surface area
      increased by both the dealuminization and the desilication provided by the
      sodium salt treatment. The data for the various samples is set forth in
      the table below. The water sorption was determined at 12 mm Hg and
      25.degree.C. and the normal hexane and the cyclohexane was determined at
      20 mm Hg and 25.degree.C.
TBL                TABLE 2                                                     
     ______________________________________                                    
               Sorption, Wt.%                                                  
                             S.A.,                                             
                     n-      Cyclo-        Crystal-                            
               H.sub.2 O                                                       
                     hexane  hexane  m.sup.2 /g                                
                                           linity                              
     ______________________________________                                    
     Erionite    13.3     5.2    1.7   286   80                                
     Dealuminized                                                              
                 16.6     9.4    3.7   371   70                                
     Then Desilicated                                                          
                 17.9    10.7    6.8   408   70                                
     ______________________________________                                    
PAL  The surface area was determined by the Brunauer-Emmet-Teller Procedure
      using nitrogen at -195.degree.C.
TBL                TABLE 2                                                     
     ______________________________________                                    
               Sorption, Wt.%                                                  
                             S.A.,                                             
                     n-      Cyclo-        Crystal-                            
               H.sub.2 O                                                       
                     hexane  hexane  m.sup.2 /g                                
                                           linity                              
     ______________________________________                                    
     Erionite    13.3     5.2    1.7   286   80                                
     Dealuminized                                                              
                 16.6     9.4    3.7   371   70                                
     Then Desilicated                                                          
                 17.9    10.7    6.8   408   70                                
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  10 Grams of a phillipsite-clinoptilolite composition was refluxed with 600
      ml. of 1.0 Normal CrCl.sub.3 solution (pH 2.1) for 2 hours at about
      100.degree.C. where the chromium to aluminum atomic ratio was 7.9.
      (Details in Table 10). Upon analysis, it was found that 41 percent of the
      alumina was removed. A 4g. portion of this sample was thereafter
      desilicated by contacting it with 600 ml. of 1.0 normal aqueous solution
      for NaCl for 1 hour, total of three contacts. In the table below, there is
      set forth the composition of the untreated material and its sorption
      properties as well as the composition after each of the above specified
      treatments.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     PHILLIPSITE-CLINOPTILOLITE                                                
     DESILICATION FOLLOWING DEALUMINIZATION                                    
                           Step 1    Step 2                                    
                           Aluminum Removal                                    
                                     Silicon Removal                           
     __________________________________________________________________________
     % Removal             41        14                                        
     Washed, Dried Catalyst                                                    
                     Untreated                                                 
     Analyses, Wt. %                                                           
      K              0.90  0.92      0.16                                      
      Na             5.0   0.84      3.7                                       
      Mg             3.90  1.8       2.42                                      
      SiO.sub.2      64.6  76.5      73.4                                      
      Al.sub.2 O.sub.3                                                         
                     16.2  11.4      12.7                                      
      Fe             0.77  2.07      2.42                                      
      Cr             --    0.63      --                                        
      Ash            80    88.5      87.0                                      
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                     6.8   11.4      8.0                                       
     Eq. K/Al        0.07  0.11      0.02                                      
     Eq. Na/Al       0.74  0.16      0.64                                      
     Eq. Mg/Al       1.02  0.67      0.87                                      
     n-Hexane Adsorption, Wt. %                                                
                     0.9   3.2       4.5                                       
     Cyclohexane Adsorption, Wt.%                                              
                     0.8   4.0       5.6                                       
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  Several samples of a natural erionite containing clinoptilolite were
      treated in different ways with a CrCl.sub.3 solution. Various treatments
      and the properties of the resultant products compared with the untreated
      material are set forth in Table 4.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     TREATMENT OF ERIONITE WITH CrCl.sub.3 -- DETAILS                          
     __________________________________________________________________________
     1.0 N. CrCl.sub.3, ml                                                     
                          120   600   1200(.times.2)                           
                                            600(.times.3)                      
                                                  600(.times.3)                
                                                        1200                   
     Erionite g.          20    20    40    20    20    4                      
     Contact Time (Reflux) Hrs.                                                
                          2     2      2(.times.2)                             
                                             2(.times.3)                       
                                                   24(.times.3)                
                                                        1                      
     Contact Temperature, (approx.) .degree.C.                                 
                          100   100   100   100   100   100                    
     No. of Contacts      1     1     2     3     3     1                      
     Ratio of Cr in Solution/Al in zeolite                                     
                          0.8   4.1   8.2   16.4  16.4  41.0                   
     Washed, Dried Catalyst g.                                                 
                          16.9  15.0  27.6  13.5  12.7  3.2                    
     Analyses Wt%                                                              
                    Untreated                                                  
      K             3.7   3.93  3.4   2.1   1.82  1.25  1.8                    
      Na            3.3   0.80  0.25  0.07  0.05  0.05  0.05                   
      Ca            3.0   2.66  0.90  0.57  --    --    0.52                   
      Mg            0.57  0.4   0.54  0.41  --    0.31  0.43                   
      SiO.sub.2     66.8  73.4  75.1  80.6  82.2  86.6  80.5                   
      Al.sub.2 O.sub.3                                                         
                    15.4  15.5  13.8  11.6  10.6  7.1   12.0                   
      Fe            1.95  2.30  2.12  2.0   1.56  2.05  1.98                   
      Cr            --    0.21  0.16  0.17  0.30  0.42  0.35                   
      Ash           81.1  86.2  93.2  90.1  83.6  84.5  89.0                   
     Aluminum Removal, Wt. %                                                   
                    --    8     20    38    44    64    35                     
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                    7.3   8.0   8.3   11.8  13.2  23.9  11.4                   
     Eq. K/Al       0.31  0.33  0.20  0.24  0.22  0.23  0.20                   
     Eq. Na/Al      0.48  0.11  0.04  0.01  0.01  0.02  0.01                   
     Eq. Ca/Al      0.50  0.44  0.15  0.13  --    --    0.11                   
     Eq. Mg/Al      0.16  0.11  0.15  0.15  --    0.19  0.15                   
     n-Hexane Adsorption, Wt. %                                                
                    5.2   5.7   7.5   9.4   8.2   9.6   --                     
     Cyclohexane Adsorption,                                                   
     Wt. %          1.7   2.2   2.7   3.7   5.8   7.4   --                     
     Crystallinity                                                             
     % Erionite     80    80    85    70    65    45    --                     
     % Clinoptilolite                                                          
                    20    35    35    40    30    35    --                     
     __________________________________________________________________________
PAL  From the table above, it will be seen that both the normal hexane and
      cyclohexane properties are improved from values of 5.2 to 9.6 and 1.7 to
      7.4 weight percent respectively indicating utility of the treated material
      for cracking gas oils.
PAC  EXAMPLE 4
PAR  Two samples of a natural erionite were treated, one with a refluxing 1.0
      normal aqueous CrCl.sub.3 solution and the other with a 0.01 N aqueous
      refluxing HCl solution. A summary of the two treatments is set forth in
      Table 5 below:
TBL                TABLE 5                                                     
     ______________________________________                                    
                 Erionite                                                      
     Solution      1.0 N CrCl.sub.3                                            
                                   0.01 N HCl                                  
     ______________________________________                                    
     pH                    2.1           1.9                                   
     cc/g Catalyst 6       30     30(.times.2)                                 
                                         150(.times.4)                         
     Contact Temperature                                                       
       (approx) .degree.C.                                                     
                   100     100    100    100                                   
     Reflux Time, hrs.                                                         
                   2       2      2       20                                   
     Number of Contacts                                                        
                   1       1      2      4                                     
     % Aluminum Removed                                                        
                   8       20      38    2                                     
     ______________________________________                                    
PAR  Contact of erionite with 30 volumes of refluxing 1.0 N CrCl.sub.3 (pH 2.1)
      for 2 hours removed 20 percent aluminum. Two such treats removed 38
      percent aluminum. In contrast, contact of the erionite with 600 volumes of
      refluxing 0.01 N HCl (pH 1.9) in 4 treats, 20 hours each, removed only 2
      percent aluminum. If the comparison is made on equal halide content,
      aluminum removal with CrCl.sub.3 (6 volumes refluxing 1.0 N CrCl.sub.3 for
      2 hours) is 8 percent vs. 2 percent for the HCl (600 volume refluxing 0.01
      N HCl, and much longer contact time).
PAR  Aluminum was also removed more easily from zeolite T prepared pursuant to
      U.S. Pat. No. 2,950,952 with CrCl.sub.3 than with HCl.
TBL                TABLE 6                                                     
     ______________________________________                                    
     Solution        1.0 N CrCl.sub.3                                          
                                 0.01 N HCl                                    
     ______________________________________                                    
     pH              2.1         1.9                                           
     cc/g Catalyst   300     300     300   300                                 
     Contact Temperature                                                       
       (approx.) .degree.C.                                                    
                     100     100     100   100                                 
     Reflux Time, minutes                                                      
                      10      60      10    60                                 
     % Aluminum Removed                                                        
                      15      89     nil    4                                  
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  40 Grams of a natural erionite containing clinoptilolite was dealuminized
      by contacting with 1200 ml. of an aqueous solution of 1.0 N normal
      CrCl.sub.3 (pH 2.1) at refluxing conditions for 2 hours, two contacts, the
      contact temperature being about 100.degree.C. Thereafter a portion of it
      was desilicated by refluxing the dealuminized erionite with 150 ml. of a
      1.0 N NaCl solution 3 times, each for an hour. 16 percent of the silica of
      the original sample was removed. Another portion was treated in the same
      manner with 1.0 N NH.sub.4 Cl, removing 15 percent of the silica. A
      portion of the dealuminized desilicated (NaCl) erionite was thereafter
      refluxed 4 times for an hour with 20 ml. 1.0 NH.sub.4 Cl aqueous solution.
      The data summarizing the resultant product is set forth in Table 7 below:
TBL                                    TABLE 7                                 
     __________________________________________________________________________
     ERIONITE - DESILICATION FOLLOWING DEALUMINIZATION                         
                              Then      Then NH.sub.4 Cl                       
                Original      De-Silicated                                     
                                        Exchanged                              
                Erionite                                                       
                     De-Aluminized                                             
                              NaCl NH.sub.4 Cl                                 
                                        After NaCl                             
     __________________________________________________________________________
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                7.3   11.8    9.9  10.1 10.0                                   
     Fe Content, Wt. %                                                         
                1.95  2.0     2.12 2.3  2.1                                    
     Cr Content, Wt. %                                                         
                --    0.17    0.18 0.15 0.19                                   
     Equivalents K/Al                                                          
                0.31  0.24    0.17 0.16 0.18                                   
     Na/Al      0.48  0.01    0.63 0.01 0.01                                   
     Ca/Al      0.50  0.13    0.03 0.03 0.03                                   
     Mg/Al      0.16  0.15    0.07 0.04 0.06                                   
     NH.sub.4 /Al(By Diff.)                                                    
                --    --      --   0.76 0.63                                   
     Total      1.45  0.53    0.90 1.00 1.00                                   
     Adsorptions, Wt. % (20 mm Press., Equilibrium, Room Temp.)                
     H.sub.2 O  13.3  16.6    17.9 --   --                                     
     n-Hexane   5.2   9.4     10.7 8.2  9.4                                    
     Cyclohexane                                                               
                1.7   3.7     6.8  9.2  7.7                                    
     Surface Area, m.sup.2 /g                                                  
                286   371     408  --   --                                     
     Crystallinity,                                                            
                80    70      70   85   90                                     
     % Erionite                                                                
     % Clinoptilolite                                                          
                20    40      30   40   35                                     
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  Several samples of zeolite T were refluxed for different periods of time
      with a 1.0 N CrCl.sub.3 solution. Other samples of zeolite T were refluxed
      with varying concentrations of the CrCl.sub.3 solution. Still other
      samples were given single and stepwise treatment of CrCl.sub.3 solution at
      reflux. Table 8 set forth below summarizes the effects of time, normality
      and methods of treatment with respect to the weight percent alumina
      removed.
TBL                                    TABLE 8                                 
     __________________________________________________________________________
     VARIABLES                                                                 
     TREATMENT OF ZEOLITE T WITH CrCl.sub.3                                    
     1.                                                                        
       Effect of Time (Reflux)                                                 
       ml. 1.0 N CrCl.sub.3 /g T                                               
                          Time, Hrs.      % Aluminum Removed                   
     __________________________________________________________________________
     15                   1               28                                   
     15                   6               27                                   
     15                   24              32                                   
     2.                                                                        
       Effect of Normality (Reflux)                                            
     Normality   ml/g T   Time, Hrs.      % Aluminum Removed                   
     __________________________________________________________________________
     0.5 (2.5 pH)                                                              
                 30       1               22                                   
     1.0 (2.1 pH)                                                              
                 15       1               28                                   
     2.0 (1.9 pH)                                                              
                 7.5      1               28                                   
     3.                                                                        
       Effect of Amount of CrCl.sub.3 (Reflux)                                 
                                 Ratio of Cr in                                
                                 Solution to Al                                
     Normality   ml/g T   Time, Hrs.                                           
                                 in Zeolite                                    
                                          % Aluminum Removed                   
     __________________________________________________________________________
     a. Single Treats                                                          
     1.0         7.5      6      0.8      15                                   
     1.0         15       6      1.5      27                                   
     2.0         7.5      1      1.5      28                                   
     2.0         30       1      6.2      70                                   
                                 Ratio of Cr in                                
                                 Solution to Al                                
     b. Stepwise Treats                                                        
                 ml/g T   Time,Hrs.                                            
                                 in Zeolite                                    
                                           % Aluminum Removed                  
     __________________________________________________________________________
     1.0         15       1      1.5      28                                   
     1.0         15 + 12  1 + 1  1.5 + 1.7                                     
                                          40                                   
     __________________________________________________________________________
PAC  EXAMPLE 7
PAR  Several samples of zeolite T were refluxed for 1 hour (temperature approx.
      100.degree.C.) with different chromium salt solutions each of which was a
      1.0 normal solution. 15 ml. solutions were employed per gram of zeolite T.
      Set forth in Table 9 below is a summary of the analysis and sorption
      properties of resultant materials compared with the untreated material.
TBL                                    TABLE 9                                 
     __________________________________________________________________________
     COMPARISON OF CHROMIUM SALTS                                              
                         1.0 N                                                 
                              1.0 N 1.0 N                                      
     Solution            CrCl.sub.3                                            
                              Cr(NO.sub.3).sub.3                               
                                    CrK(SO.sub.4).sub.2                        
     __________________________________________________________________________
     pH                  2.1  2.3   2.7                                        
     cc                  600  600   600                                        
     Zeolite T, g.        40   40    40                                        
     Contact Time (approx. 100.degree.C.), Hrs.                                
                          1    1     1                                         
     Washed, Dried Catalyst, g.                                                
                         31.6 32.1  36.1                                       
     Analyses, Wt.%                                                            
                   Untreated                                                   
      K            11.3  7.3  6.63  10.7                                       
      Na           2.3   0.24 0.24  0.17                                       
      SiO.sub.2    65.3  74.0 74.5  69.3                                       
      Al.sub.2 O.sub.3                                                         
                   18.5  15.2 15.1  15.9                                       
      Cr           --    0.91 1.0   &lt;0.2                                       
      Ash          83.3  90.6 88.8  90.2                                       
     Aluminum Removal, Wt.%                                                    
                   --    28   28    19                                         
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                   6.0   8.3  8.4   7.4                                        
     Eq. K/Al      0.73  0.63 0.57  0.88                                       
     Eq. Na/Al     0.28  0.03 0.04  0.02                                       
     n-Hexane Adsorption, Wt.%                                                 
                   6.3   7.5  7.6   5.0                                        
     Cyclohexane Adsorption,                                                   
     Wt. %         2.1   2.1  3.4   3.8                                        
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  Set forth in Table 10 is a comparison of the ease of aluminum removal from
      zeolites by refluxing the zeolite with a 1.0 N aqueous CrCl.sub.3. The
      duration of refluxing was as indicated in Table 10 below.
TBL                                    TABLE 10                                
     __________________________________________________________________________
     COMPARISON OF EASE OF ALUMINUM REMOVAL                                    
     FROM DENSE ZEOLITES WITH 1.0 N CrCl.sub.3                                 
                              Phillipsite-                                     
     Zeolite        T    Erionite                                              
                              Clinoptilolite                                   
                                      Na Mordenite                             
                                              ZSM-4                            
     __________________________________________________________________________
     Al.sub.2 O.sub.3 Content, Wt. %                                           
                    18.5 15.4 16.2    11.4    11.2                             
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                    6.0  7.3  6.8     11.9    12.6                             
     1.0 N CrCl.sub.3, Reflux, Hrs.                                            
                    1    2    2       2       1                                
     cc/g.          15   30   60      30      15                               
     Ratio, Cr in Sol/Al                                                       
     in cat.        1.7  4.1  7.9     5.2     3.6                              
     % Aluminum Removed                                                        
                    28   20   41      7       --                               
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                    8.3  8.3  11.4    12.9    12.8                             
     Cr, Wt. %      0.91 0.16 0.63    0.27    0.54                             
     Adsorption, n-Hexane                                                      
                    7.5  7.5  3.2     5.7     4.4                              
     Cyclohexane    3.2  2.7  4.0     7.2     4.5                              
     __________________________________________________________________________
PAL  It will be noted that the ZSM-4 zeolite was quite resistant to alumina
      removal with the treatment conditions employed. The increase in its silica
      to alumina mole ratio was slight i.e., 12.6 to 12.8.
PAC  EXAMPLE 9
PAR  In order to determine the effects of temperature of the chromium salt
      solution on the sodium form of zeolite Y, several comparative experiments
      were performed and the results are itemized in Table 11 below:
TBL                                    TABLE 11                                
     __________________________________________________________________________
                     STARTING                                                  
                     ZEOLITE                                                   
     NaY, g.               50    100   50    20    20    20    20              
     1.0 N CrCl.sub.3 Solution, ml.                                            
                           750   1500  750   600   600(.times.2)               
                                                         600   600(.times.2)   
     Ratio, Cr in Sol/Al in Cat.                                               
                           1.5   1.5   1.5   2.9   5.9   2.9   5.9             
     Temperature, (approx.).degree.C.                                          
                           100   100   100   100   100   25    25              
     Contact Time, hr.     0.5   2     24    2     2(.times.2)                 
                                                         2     2(.times.2)     
     Number of Contacts    1     1     1     1     2     1     2               
     Washed, Dried Cat.,g. 43.4  95.6  42.2  15.0  11.1  19.2  18.3            
     Analysis, Wt.%                                                            
      SiO.sub.2      63.6  71.4  71.6  74.0  81.5  96.8  66.9  67.4            
      Al.sub.2 O.sub.3                                                         
                     21.2  16.7  16.1  14.0  10.4  1.35  21.6  21.2            
      Na             8.55  1.4   1.7   1.4   0.95  0.02  3.14  2.34            
      Cr             --    6.4   7.1   7.0   4.9   1.04  4.8   4.8             
      Ash            82.2  84.4  81.8  83.8  82.3  87.8  81.3  81.1            
     Alumina Removal, wt.%                                                     
                     --    30    32    43    62    96    3     6               
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                     5.1   7.3   7.6   9.0   13.3  122   5.4   5.4             
     Eq. Na/Al       0.89  0.19  0.24  0.22  0.20  0.03  0.32  0.25            
     n-Hexane Adsorption, Wt.%                                                 
                     17.5  9.3   11.0  13.7  11.0  12.9  12.6  10.6            
     Cyclohexane Adsorption, Wt.%                                              
                     15.4  8.9   14.1  17.8  11.8  13.0  15.3  12.2            
     __________________________________________________________________________
PAL  It is noted that alumina removal occurred at reflux (100.degree.C) in every
      case. However, at room temperature, alumina was not removed from the
      zeolite as indicated by the SiO.sub.2 ratio. The CrCl.sub.3 treatment at
      room temperature had effected the exchange of chromium ions into the
      zeolite as taught by prior art.
PAR  It should be stated that in each case of chromium salt solution treatment,
      the material was filtered and washed until anion free. Thereafter it was
      generally dried at 100.degree.C. Such complete washing procedure is
      generally recommended to prevent the volitalization of undesirable
      components, for example the volitalization upon calcination of chromium
      oxychlorides, which is formed when excess CrCl.sub.3 is not completely
      washed out of the treated zeolite.
PAC  EXAMPLE 10
PAR  In illustration of the requirement that the crystalline aluminosilicate
      treated in accordance with this invention must have a silica/alumina mole
      ratio of between greater than 3 and about 12, the same analysis as
      outlined in Table 11 for zeolite Y (silica/alumina ratio between 3 and 6)
      was conducted on zeolite X (silica/alumina ratio of 2.5 .+-. 0.5). That
      analysis appears in Table 12, following. Note that the crystallinity of
      the zeolite X is destroyed and an amorphous product is obtained.
TBL                                    TABLE 12                                
     __________________________________________________________________________
     Zeolite X, g.          Starting                                           
                                50    50                                       
     CrCl.sub.3 Solution Normality                                             
                           Zeolite                                             
                                1.0   0.5                                      
     Volume of solution, ml.    750   750                                      
     Atomic Ratio, Cr. in Sol./Al in zeolite                                   
                                0.8   0.4                                      
     Temperature (approx.) .degree.C.                                          
                                100   100                                      
     Contact Time, Hrs.         2     2                                        
     Number of Contacts         1     1                                        
     Washed, Dried Cat., g.     10.8  54.6                                     
     Analysis, Wt.%                                                            
      SiO.sub.2            48.7 60.7  48.4                                     
      Al.sub.2 O.sub.3     32.8 22.0  31.8                                     
      Na                   14.9 0.06  0.11                                     
      Cr                   --   13.2  12.7                                     
      Ash                  81.7 --    79.6                                     
     Aluminum Removal      --   46    2                                        
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                           2.5  4.7   2.6                                      
     Eq. Na/Al             1.01 0.01  0.01                                     
     n-Hexane Adsorption, Wt.%                                                 
                           15.8 5.9   --                                       
     Cyclohexane Adsorption, Wt.%                                              
                           18.2 --    8.6                                      
     Crystallinity, X-ray  100  Amorphous                                      
                                      Amorphous                                
     __________________________________________________________________________
PAR  Observe also that, aside from the fact that the crystallinity of the
      zeolite X was destroyed, there was a drastic decrease in the amount of
      alumina removed when the atomic ratio of Cr to Al was dropped below 0.5
      (e.g., 0.4).
PAC  EXAMPLE 11
PAR  Several forms of a dealuminized lanthanum exchanged form of zeolite Y were
      prepared by different techniques. One involved treatment with a 15 ml. per
      gram zeolite 1.0 normal aqueous solution of CrCl.sub.3 followed by ion
      exchange with a 1.0 normal aqueous solution of LaCl.sub.3. Another such
      treatment involved initial exchange with the LaCl.sub.3 solution then
      dealuminization with the refluxing solution of CrCl.sub.3, 15 ml. per gram
      zeolite. A third exchange involved refluxing a mixed solution involving
      CrCl.sub.3 and LaCl.sub.3. The CrCl.sub.3 refluxing in each case was
      performed for 24 hours. A comparison of the resultant products against the
      original non-dealuminized sodium zeolite Y is set forth in Table 13.
TBL                                    TABLE 13                                
     __________________________________________________________________________
                                   Single                                      
                Original                                                       
                     CrCl.sub.3                                                
                            LaCl.sub.3                                         
                                   Solution                                    
                NaY  then LaCl.sub.3                                           
                            then CrCl.sub.3                                    
                                   CrCl.sub.3 + LaCl.sub.3                     
     __________________________________________________________________________
     SiO.sub.2, Wt. %                                                          
                63.6 71.4   71.6   66.0                                        
     Al.sub.2 O.sub.3, Wt. %                                                   
                21.2 14.5   13.1   12.4                                        
     Na, Wt. %  8.55 0.91   0.46   1.36                                        
     Cr, Wt. %  --   6.36   4.8    4.1                                         
     La, Wt. %  --   4.6    6.05   3.54                                        
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                5.1  8.4    9.3    9.0                                         
     % Alumina Removal                                                         
                --   37     45     43                                          
     __________________________________________________________________________
PAR  Several different dealuminized forms of zeolite Y were prepared by
      contacting the zeolite Y in a sodium form for varying periods of time with
      an aqueous solution of CrCl.sub.3 under refluxing conditions. A portion of
      the dealuminized zeolite Y in each case was back exchanged with a 1.0 N
      NaCl aqueous solution. The exchange comprised 3 refluxing operations, each
      of which was for one hour and utilized 300 ml. solution per gram zeolite.
      The various compositions of the dealuminized back sodium exchanged zeolite
      Y compositions are indicated in Table 14 below:
TBL                                    TABLE 14                                
     __________________________________________________________________________
     BACK EXCHANGE WITH 1.0 N NaCl                                             
                 Cr [-32% Al] Y                                                
                             Cr [-43% Al] Y                                    
                                         Cr [-62% Al] Y                        
                                                     Cr [-96% Al] Y            
                As Is                                                          
                     After Ex.*                                                
                            As Is                                              
                                 After Ex.                                     
                                        As Is                                  
                                             After Ex.                         
                                                    As Is After                
     __________________________________________________________________________
                                                          Ex.                  
     SiO.sub.2, Wt. %                                                          
                71.6 67.6   74.0 72.5   81.5 78.8   96.8  96.0                 
     Al.sub.2 O.sub.3, Wt. %                                                   
                16.1 16.6   14.0 14.8   10.4 12.1   1.35  2.4                  
     Na, Wt. %  1.7  4.09   1.4  3.7    0.95 3.0    0.02  0.16                 
     Cr, Wt. %  7.1  5.68   7.0  5.93   4.9  5.33   1.04  1.40                 
     SiO.sub.2 /Al.sub.2 O.sub.3, Ratio                                        
                7.6  6.9    9.0  8.4    13.3 11.1   122   68                   
     Equivalents Na/Al                                                         
                0.24 0.55   0.22 0.55   0.20 0.55   0.03  0.15                 
     Catalyst Identifi-                                                        
     cation Number                                                             
                1A          2A          3A          4A                         
     __________________________________________________________________________
      *125 ml/g?                                                               
PAL  Another portion of the same dealuminized but not back exchanged zeolite Y
      was given 3 similar ion exchange treatments with an aqueous 1.0 N NH.sub.4
      Cl solution. The composition of the various resultant materials is set
      forth in Table 15 below:
TBL                                    TABLE 15                                
     __________________________________________________________________________
     BACK EXCHANGE WITH 1.0 N NH.sub.4 Cl                                      
                 Cr [-32% Al] Y                                                
                             Cr [-43% Al] Y                                    
                                        Cr [-62% Al] Y                         
                                                     Cr [-96% Al] Y            
                As Is                                                          
                     After Ex.                                                 
                            As Is                                              
                                 After Ex.                                     
                                        As Is                                  
                                             After Ex.                         
                                                    As Is After                
     __________________________________________________________________________
                                                          Ex.                  
     SiO.sub.2, Wt. %                                                          
                71.6 73.5   74.0 76.8   81.5 81.8   96.8  95.9                 
     Al.sub.2 O.sub.3, Wt. %                                                   
                16.1 18.6   14.0 16.0   10.4 13.0   1.35  2.3                  
     Na, Wt. %  1.7  0.07   1.4  0.07   0.95 0.06   0.02  0.05                 
     Cr, Wt. %  7.1  6.36   7.0  6.73   4.9  5.44   1.04  1.38                 
     N, Wt. %   --   2.50   --   1.87   --   1.58   --    0.40                 
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                7.6  6.2    9.0  8.2    13.3 10.7   122   71                   
     Equivalents Na/Al                                                         
                0.24 0.01   0.22 0.01   0.20 0.01   0.03  0.05                 
     N/Al       --   0.49   --   0.43    --  0.44   --    0.59                 
     Catalyst Identifi-                                                        
     cation Number                                                             
                1B          2B          3B          4B                         
     __________________________________________________________________________
PAL  Another portion of the 33 percent by weight dealuminized zeolite Y was
      exchanged with an aqueous 1.0 N lanthanum chloride solution. The exchange
      comprised 3 refluxing operations, each of which was for 1 hour employing
      35 ml. per gram zeolite. The resultant composition had the properties
      indicated in Table 16 below:
TBL                TABLE 16                                                    
     ______________________________________                                    
     BACK EXCHANGE WITH 1.0 N LaCl.sub.3                                       
                    Cr [-43% Al] Y                                             
                    As Is    After Exchange                                    
     ______________________________________                                    
     SiO.sub.2, Wt. % 74.0       71.4                                          
     Al.sub.2 O.sub.3, Wt. %                                                   
                      14.0       14.5                                          
     Na, Wt. %        1.4        0.91                                          
     Cr, Wt. %        7.0        6.36                                          
     La, Wt. %        --         4.6                                           
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                      9.0        8.4                                           
     Equivalents Na/Al                                                         
                      0.22       0.14                                          
          La/Al       --         0.35                                          
     Catalyst Identifi-                                                        
     cation Number               2C                                            
     ______________________________________                                    
PAC  EXAMPLE 12
PAR  The various catalytic substances were calcined at 1000.degree.F. for 16
      hours and evaluated for the cracking of an East Texas light gas oil at
      900.degree.F. in a micro cat-c test. The weight and space velocities and
      catalyst to oil ratios are as reported in Table 17 below.
TBL                                    TABLE 17                                
     __________________________________________________________________________
     E. TEXAS LGO CRACKING                                                     
                                             Product Distribution, Wt.%        
                      Cat/Oil   Conversion                                     
                                      Selectivity,         C.sub.5 +           
                      Ratio WHSV                                               
                                Wt. % C.sub.5 + Gaso.                          
                                             C.sub.1 --C.sub.3                 
                                                  C.sub.4                      
                                                       Coke                    
                                                           Gaso.               
     __________________________________________________________________________
     NaY              2     3   33.5  73.4   7.0  5.0  14.6                    
                                                           24.6                
     Cr[-32% Al]Y     2     3   82.9  45.5   14.8 17.7 21.9                    
                                                           37.7                
     NaCl Exchanged 1A                                                         
                      2     3   76.6  46.7   12.1 13.2 27.9                    
                                                           35.8                
     NH.sub.4 Cl Exchanged 1B                                                  
                      2     3   36.1  56.8   12.3 13.8 16.1                    
                                                           20.5                
     Cr[-43% Al]Y     2     3   83.1  41.2   14.4 17.6 26.8                    
                                                           34.2                
     NaCl Exchanged 2A                                                         
                      2     3   75.2  44.9   12.0 12.0 31.1                    
                                                           33.8                
     NH.sub.4 Cl Exchanged 2B                                                  
                      2     3   74.7  31.9   21.2 18.8 28.1                    
                                                           23.8                
     Cr[-62% Al]Y     2     3   75.2  42.7   13.0 27.4 16.8                    
                                                           32.1                
     NaCl Exchanged 3A                                                         
                      2     3   70.7  51.5   11.0 12.5 25.0                    
                                                           36.4                
     NH.sub.4 Cl Exchanged 3B                                                  
                      2     3   49.5  50.2   13.9 14.8 21.1                    
                                                           24.8                
     Cr[-96% Al]Y     2     3   62.7  52.6   16.1 20.6 10.7                    
                                                           33.0                
     NaCl Exchanged 4A                                                         
                      2     3   29.6  61.9   12.1 11.1 14.9                    
                                                           18.3                
     NH.sub.4 Cl Exchanged 4B                                                  
                      2     3   54.8  47.1   17.5 15.5 19.9                    
                                                           25.8                
     La Exchanged Cr[-43% Al]Y (2C)                                            
                      2     3   87.8  36.8   14.4 17.0 31.8                    
                                                           32.3                
     Calcined 16 Hrs. at 950.degree.F.                                         
                      2     3   91.3  42.9   12.6 21.3 23.0                    
                                                           39.2                
     Steamed 24 Hrs. at 1200.degree.F.                                         
                      2     3   86.1  63.9   10.4 18.8  7.0                    
                                                           55.0                
                      1     6   80.7  66.7   8.7  21.0  3.6                    
                                                           53.8                
                      0.2   30  64.0  79.0   6.2  14.3  0.5                    
                                                           50.6                
     REY, Steamed 24 Hrs. at                                                   
     1200.degree.F.   1     6   92.7  54.1   14.4 22.2  9.3                    
                                                           50.2                
                      0.2   30  78.6  75.4   7.3  15.7  1.7                    
                                                           59.3                
                      0.1   60  70.6  79.1   5.8  14.4  0.7                    
                                                           55.8                
     __________________________________________________________________________
PAR  It will be seen that while the activity and selectivity did not compare
      favorably that after steaming it compared quite favorably to the standard
      REY material especially at the higher space velocities.
PAC  EXAMPLE 13
PAR  A fresh rare earth exchanged zeolite Y catalyst material was compared for
      its ability to oxidize carbon monoxide to carbon dioxide to another REY
      zeolite which had been dealuminized by treatment pursuant to this
      invention involving refluxing the zeolite with an aqueous solution of
      CrCl.sub.3 prior to the rare earth exchange. The silica to alumina mole
      ratio of the CrCl.sub.3 treated material was 8.4 (chromium content 6.36
      weight percent) while the ratio of untreated material was 4.9. In Table 18
      below there is set forth the oxidation abilities of the various materials
      at the temperatures specified. The carbon monoxide oxidation test was
      carried out by flowing a stream of 2 percent by volume carbon monoxide in
      air at 100 ml/min. over 1 cc. catalyst.
TBL                TABLE 18                                                    
     ______________________________________                                    
     Temperature, Wt. % Oxidized to CO.sub.2                                   
     .degree.F.   Fresh REY   Dealuminized REY                                 
     ______________________________________                                    
     450          --          7                                                
     500          --          55                                               
     550          --          92                                               
     600          2           97                                               
     650          4           100                                              
     700          9           --                                               
     750          54          --                                               
     800          100         --                                               
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  Several samples of 42 weight percent dealuminized REY catalyst containing
      6.36 weight percent chromium were employed for the cracking of a
      Mid-Continent wide cut gas oil at 900.degree.F. over a period of 10
      minutes. Similarly, a REY catalyst material which had not been
      dealuminized was tested for cracking of the same material under the same
      conditions. In Table 19 below, there is set forth a comparison of the
      cracking activities of these two materials both fresh and after
      regeneration. It will be noted that the C.sub.5 + gasoline selectivity
      compares quite favorably with the results obtained employing a
      non-dealuminized REY material. Bearing in mind the oxidation activity of
      this catalyst as shown from the table above, it is evident that it is a
      valuable cracking catalyst to maintain a favorable heat balance during
      catalytic cracking and regeneration steps normally employed.
TBL                                    TABLE 19                                
     __________________________________________________________________________
     MID-CONTINENT WIDE-CUT GAS OIL CRACKING                                   
                                        Product Distribution, Wt.%             
                 Cat/Oil   Conversion                                          
                                 Selectivity,        C.sub.5 +                 
                 Ratio WHSV                                                    
                           Wt. % C.sub.5 + Gaso.                               
                                        C.sub.1 --C.sub.3                      
                                             C.sub.4                           
                                                 Coke                          
                                                     Gaso.                     
     __________________________________________________________________________
     42% Dealuminized REY                                                      
     Fresh       1     6   72.6  58.4   9.4  20.4                              
                                                 0.4 42.4                      
     Regenerated once                                                          
                 1     6   61.5  59.3   7.4  14.6                              
                                                 3.0 36.5                      
     Regenerated twice                                                         
                 1     6   71.9  58.6   8.6  18.5                              
                                                 2.7 42.1                      
     Fresh       1     6   69.1  56.9   8.7  17.8                              
                                                 3.3 39.3                      
     Regenerated once                                                          
                 1     6   66.0  56.5   8.5  16.9                              
                                                 3.3 37.3                      
     REY                                                                       
     Fresh       1     6   82.8  48.8   11.7 24.0                              
                                                 6.7 40.4                      
     Regenerated once                                                          
                 1     6   81.3  46.9   12.3 25.1                              
                                                 5.8 38.1                      
     Fresh       0.5   12  73.9  55.8   9.5  20.0                              
                                                 3.2 41.2                      
     Regenerated once                                                          
                 0.5   12  71.0  56.1   9.4  18.9                              
                                                 3.0 39.8                      
     __________________________________________________________________________
PAC  EXAMPLE 15
PAR  In Table 20, set forth below, there is set forth the comparison of the
      cracking activity of various dense aluminosilicate zeolites and silica
      alumina. The cracking activity is expressed in the as is, i.e., the
      untreated form, the dealuminized form and the desilicated form. The extent
      of dealuminization and desilication is itemized. The table also presents
      the values obtained employing in one instance an erionite sample which was
      dealuminized, desilicated and ammonium exchanged.
TBL                                    TABLE 20                                
     __________________________________________________________________________
     GAS OIL CRACKING*                                                         
     WITH DE-ALUMINIZED AND DE-SILICATED ZEOLITES                              
                           Selec-                                              
                           tivity                                              
                               Yields                                          
                     Conversion                                                
                           C.sub.5 +                                           
                               C.sub.5 +                                       
     Catalyst        Wt. % Gaso.                                               
                               Gaso.                                           
                                   Dry Gas                                     
                                         C.sub.4                               
                                              coke                             
     __________________________________________________________________________
     Zeolite Phillipsite-                                                      
     Clinoptilolite                                                            
     As is           4.5                                                       
     De-aluminized 41%                                                         
                     28.3  56.7                                                
                               16.0                                            
                                   4.4   4.6  3.3                              
     Then De-silicated 14%                                                     
                     20.0  66.9                                                
                               13.4                                            
                                   2.0   2.1  2.6                              
     Zeolite T                                                                 
     As is           5.3                                                       
     De-aluminized 70%                                                         
                     59.8  45.4                                                
                               27.2                                            
                                   13.5  13.7 5.4                              
     De-silicated 30%                                                          
                     40.4  63.4                                                
                               25.6                                            
                                   5.4   6.3  3.1                              
     Natural Erionite                                                          
     As is           8.8                                                       
     De-aluminized 38%                                                         
                     40.1  27.0                                                
                               10.8                                            
                                   15.6  3.7  9.9                              
     Then de-silicated 16%                                                     
                     38.6  38.7                                                
                               14.9                                            
                                   10.7  6.4  6.5                              
     Then NH.sub.4 Cl Exchanged                                                
                     46.4  24.3                                                
                               11.3                                            
                                   18.0  3.6  13.5                             
     Silica Alumina (7.6% Al.sub.2 O.sub.3)                                    
     As is (S.A. 477 m.sup.2 /g)                                               
                     61.6  56.4                                                
                               34.7                                            
                                   8.9   13.5 4.4                              
     Steamed 6 hrs., 1300.degree.F.                                            
                     33.6  64.3                                                
                               21.6                                            
                                   4.4   7.0  0.6                              
     __________________________________________________________________________
      *E. Texas light gas oil, 900.degree.F., 2 cat/oil, 10 min.               
PAC  EXAMPLE 16
PAR  In Table 21 there is set forth a comparison of alumina removal from
      erionite with CrCl.sub.3 and alumina removal with EDTA.
TBL                                    TABLE 21                                
     __________________________________________________________________________
                               Via 1.0 N                                       
                               CrCl.sub.3                                      
                                      Via EDTA                                 
     __________________________________________________________________________
     Step 1                                                                    
           Aluminum Removal From                                               
          Erionite %           38     44                                       
          n-Hexane Adsorption, Wt. %                                           
                               9.4    6.7                                      
          Cyclohexane Adsorption, Wt.                                          
                               3.7    3.6                                      
          %                                                                    
     Step 2                                                                    
          Silica Removal, Wt. %*                                               
                               16     22                                       
          Analyses, Wt. %                                                      
     K                    3.7  1.7    2.1                                      
     Na                   3.3  3.8    4.4                                      
     Ca                   3.0  0.15   0.08                                     
     Mg                   0.57 2.12   0.09                                     
     SiO.sub.2            66.8 78.0   79.8                                     
     Al.sub.2 O.sub.3     15.4 13.4   13.3                                     
     Fe                   1.95 2.12   0.09                                     
     Cr                   --   0.18   --                                       
     Ash                  81.1 91.4   85.0                                     
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                          7.3  9.9    9.8                                      
     Eq. K/Al             0.31 0.17   0.20                                     
     Eq. Na/Al            0.48 0.63   0.73                                     
     Eq. Ca/Al            0.50 0.03   0.02                                     
     Eq. Mg/Al            0.16 0.07   0.03                                     
     n-Hexane Adsorption,                                                      
     Wt. %**              5.2  10.7   5.8                                      
     Cyclohexane Adsorp-                                                       
     tion, Wt. %**        1.7  6.8    1.2                                      
     __________________________________________________________________________
      *4 g. of zeolite from Step 1 contacted with 600 cc. refluxing 1.0 N NaCl 
      for one hour, filtered, repeated two more times.                         
      **determined at 20 mm Hg and 25.degree.C.                                
PAL  It will be noted that while EDTA is equally effective for alumina removal
      and provides substantially the same silica/alumina ratio of the erionite
      treated sample that for some unexplainable reason the sorption properties
      of the product provided by EDTA treatment are substantially inferior to
      those provided by treatment with CrCl.sub.3. Thus, the normal hexane
      sorption for the EDTA treated sample is little more than 1/2 the value
      obtained for the CrCl.sub.3 sample. The cyclohexane sorption value after
      subsequent silica removal is about 1/5 the value obtained for the
      CrCl.sub.3 treated sample after silica removal.
PAR  Dealuminized aluminosilicate compositions containing chromium prepared by
      the present method are useful in both hydrogenation and dehydrogenation of
      organic compounds especially paraffins. At temperatures between
      200.degree. and 800.degree.F. and between pressures of 0 and 3000 psig., a
      dealuminized zeolite, e.g., dealuminized zeolite Y can be employed to
      catalyze the hydrogenation of propylene. Similarly, by employing higher
      temperatures generally between the temperatures of 800.degree. and
      1300.degree.F. and pressures between 0 and 700 psig., hydrocarbons, e.g.,
      paraffins, can be dehydrogenated. In Table 22 below, there is set forth a
      comparison of propane dehydrogenation over various dealuminized zeolite Y
      samples in the as is and sodium back exchanged forms.
TBL                                    TABLE 22                                
     __________________________________________________________________________
     PROPANE DEHYDROGENATION                                                   
     Atmospheric Pressure, 1 cc. Cat., 10 cc. Propane/Min.                     
                                             62%                               
                                             Dealuminized                      
                Commercial                                                     
                          32% Dealuminized Zeolite Y                           
                                             Zeolite Y Cr[-96% Al]Y            
     Catalyst   Catalyst  As Is     NaCl Exch.                                 
                                             NaCl Exch.                        
                                                       NaCl Exch.              
     __________________________________________________________________________
     Wt. % Cr.  8.58           7.1  5.7      5.33      1.40                    
     g Cr in 1 cc. Cat.                                                        
                0.071          0.043                                           
                                    0.031    0.021     0.004                   
     Propane Conversion                                                        
                C.sub.3 =                                                      
                     C.sub.1 +C.sub.2                                          
                          C.sub.3 =                                            
                              C.sub.1 +C.sub.2                                 
                                   C.sub.3 =                                   
                                        C.sub.1 +C.sub.2                       
                                             C.sub.3 =                         
                                                  C.sub.1 +C.sub.2             
                                                       C.sub.3 =               
                                                           C.sub.1 +C.sub.2    
     __________________________________________________________________________
     850.degree.F                                                              
                1.5  0.1  2.0 Nil  3.3  &lt;0.1 3.9  0.1  0.7 0.1                 
     900.degree.F.                                                             
                2.2  1.0  2.1 &lt;0.1 4.2  0.1  5.5  0.2  2.0 0.1                 
     950.degree.F.                                                             
                4.3  0.2  4.1 0.3  6.0  0.2  9.5  0.6  2.0 0.1                 
     1000.degree.F.                                                            
                9.8  0.6  6.1 1.2  8.3  0.3  12.3 1.2  6.0 0.5                 
     1050.degree.F.                                                            
                17.6 2.0  8.4 3.9  11.7 0.7  17.1 3.2  7.8 1.0                 
     __________________________________________________________________________
PAL  The propane dehydrogenation is compared with a commercial catalytic
      substance comprising two volumes of silica gel powder mixed with 1 volume
      of a substance comprising a Cr.sub.2 O.sub.3 activated alumina supported
      catalyst containing 19 percent by weight Cr.sub.2 O.sub.3. The zeolite
      samples were back exchanged with sodium to decrease the cracking activity
      of the zeolite. It will be noted that at lower temperatures in particular
      the dealuminized silica/alumina composition provides a desirable amount of
      propylene with good selectivity.
PAC  EXAMPLE 17
PAR  In order to more specifically establish the criticality of the required
      limitations of the present invention, that is to remove alumina from a
      crystalline aluminosilicate without substantially destroying
      crystallinity, the following tests were conducted on Linde 13X (to
      establish criticality of silica/alumina mole ratio); erionite (to
      establish criticality of the chromium compound employed); Linde 5A (to
      establish criticality of the chromium compound and silica/alumina ratio);
      and zeolite NaY (to establish criticality of temperature, chromium to
      aluminum atomic ratio, pH and dilution). The results appear in Table 23.
TBL                                    TABLE 23                                
     __________________________________________________________________________
                                   Cr Compound &               Dilution        
     Critical Variable                                                         
               SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                               
                          Cr Compound                                          
                                   SiO.sub.2 /Al.sub.2 O.sub.3                 
                                                     Temp.                     
                                                        Cr/Al                  
                                                           pH  & Cr/Al         
     Starting Zeolite                                                          
               Linde 13X  Erionite Linde 5A          NaY                       
     g         Base                                                            
                  50  50  Base                                                 
                             20    Base                                        
                                      17.8  17.8  Base                         
                                                     20 20 20  4               
     __________________________________________________________________________
     Chromium Compound                                                         
                  CrCl.sub.3                                                   
                      CrCl.sub.3                                               
                             (NH.sub.4).sub.2 CrO.sub.4                        
                                      (NH.sub.4).sub.2 CrO.sub.4               
                                            Cr(OAC).sub.3                      
                                                      CrCl.sub.3               
     Solution Normality                                                        
                  1.0 0.5    0.7      2.9     1.0.sup.(1)                      
                                                     1.0                       
                                                        1.0                    
                                                           1.0 0.1             
     pH           2.1 2.5    7.6      7.2   4.5      2.1                       
                                                        2.1                    
                                                           4.0.sup.(2)         
                                                               2.4             
     ml.          750 750    600      240   240      200                       
                                                        120                    
                                                           120 400             
     Temp. (approx.).degree.C.                                                 
                  100 100    100      100   100       70                       
                                                        100                    
                                                           100 100             
     Contact Time, Hours                                                       
                   2   2      2        2     2        2  2  2   2              
     Number of Contacts                                                        
                   1   1      2        1     1        1  1  1   1              
     Ratio, Cr in Solu-                                                        
     tion/Al In Zeolite                                                        
                  0.8 0.4    7.1      0.6   0.6      1.0                       
                                                        0.6                    
                                                           0.6 6.0             
     Washed, Dried                                                             
     Zeolite                                                                   
     Code      A  B   C   D  E     F  G     H     I  J  K  L   M               
     Analysis, Wt.%                                                            
     SiO.sub.2 48.7                                                            
                  60.7                                                         
                      48.4                                                     
                          66.8                                                 
                             75.3  44.2                                        
                                      47.5  28.4  63.8                         
                                                     66.0                      
                                                        65.9                   
                                                           61.4                
                                                               77.1            
     Al.sub.2 O.sub.3                                                          
               52.8                                                            
                  22.0                                                         
                      31.8                                                     
                          15.4                                                 
                             17.3  38.2                                        
                                      40.8  23.8  21.0                         
                                                     18.5                      
                                                        17.4                   
                                                           19.1                
                                                                9.9            
     Na        14.9                                                            
                  0.06                                                         
                       0.1                                                     
                           3.3                                                 
                              0.7   4.7                                        
                                       1.4   3.0  10.2                         
                                                      2.2                      
                                                         2.4                   
                                                            3.2                
                                                                0.8            
     Ca        -- --  --   3.0                                                 
                             --     8.8                                        
                                       7.6   5.8  -- -- -- --  --              
     Cr        -- 13.2                                                         
                      12.7                                                     
                          -- 0.03  --  0.04 18.8  --   6.9                     
                                                         7.6                   
                                                            8.9                
                                                                6.9            
     Ash       81.7                                                            
                  --  79.6                                                     
                          81.1                                                 
                             87.5  &gt;95                                         
                                      67.5  67.5  80 81.6                      
                                                        82.4                   
                                                           76.9                
                                                               78.2            
     Alumina Removal,                                                          
     Wt. %     -- 46  2   -- NIL   -- NIL   NIL   -- 15 20 5   61              
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                2.5                                                            
                   4.7                                                         
                       2.6                                                     
                           7.3                                                 
                              7.4   2.0                                        
                                       2.0   2.0   5.2                         
                                                      6.1                      
                                                         6.4                   
                                                            5.5                
                                                               13.2            
     n-Hexane                                                                  
     Adsorption, Wt.%                                                          
               15.8                                                            
                   5.9                                                         
                      --   5.2                                                 
                              6.8  12.6                                        
                                       7.6   5.6  17.5                         
                                                     11.8                      
                                                        15.5                   
                                                           14.1                
                                                                8.3            
     Cyclohexane                                                               
     Adsorption Wt.%                                                           
               18.2                                                            
                  --   8.6                                                     
                           1.7                                                 
                             --     0.4                                        
                                      --    --    18.3                         
                                                     12.8                      
                                                        13.5                   
                                                           14.4                
                                                               11.3            
     Crystallinity,                                                            
                  Amor-                                                        
     X-ray      100                                                            
                  phous   -- --     100                                        
                                      55    15     100                         
                                                     45 60 70  30              
     __________________________________________________________________________
PAC  EXAMPLE 18
PAR  To establish the absolute minimum dilution for the chromium salt solution
      as being greater than 0.01 Normal, the procedure for Example 17 was
      repeated for zeolite Y, code M (Table 23), wherein the solution of
      CrCl.sub.3 used had a normality of 0.01. It is observed from the data thus
      generated (Table 23A) that, although chromium is exchanged into the
      zeolite structure at the expense of sodium as one would expect from the
      prior art, there is absolutely no alumina removal.
TBL                TABLE 23A                                                   
     ______________________________________                                    
     Critical Variable        Dilution                                         
     Starting Zeolite         NaY                                              
       g.                     4                                                
     Chromium Compound        CrCl.sub.3                                       
       Solution Normality     0.01                                             
       pH                     3.2                                              
       ml.                    2400                                             
     Temperature (approx.) .degree.C.                                          
                              100                                              
     Contact Time, Hours      2                                                
     Number of Contacts       1                                                
     Ratio, Cr in solution/Al                                                  
     in Zeolite               0.6                                              
     Analysis, Wt.%                                                            
       SiO.sub.2              62.6                                             
       Al.sub.2 O.sub.3       21.4                                             
       Na                     1.8                                              
       Cr                     7.9                                              
       Ash                    83.3                                             
     Alumina Removal, Wt.%    NIL                                              
     SiO.sub.2 /Al.sub.2 O.sub.3 Ratio                                         
                              5.0                                              
     n-Hexane Adsorption,                                                      
     Wt.%                     10.5                                             
     Crystallinity, X-Ray     90                                               
     ______________________________________                                    
PAR  Generally speaking, the compositions prepared by the treatment pursuant to
      the present invention can, if desired, be ion exchanged into a metal form,
      a hydrogen form or a hydrogen precursor form, in accordance with known
      techniques as described, for instance, in U.S. Pat. No. 3,140,253.
      Dealuminized compositions can be used for a wide variety of hydrocarbon
      conversion processes including isomerization, disproportionation,
      hydration of olefins, amination of olefins, oxidation, dehydrogenation,
      dehydration of alcohols, desulfurization, hydrofinishing, hydrogenation,
      reforming, hydrocracking, polymerization and the like. The temperatures,
      pressures, space velocities and other reaction conditions for these
      processes are those generally known in the art and described in numerous
      patents and publications. The reactants also are those described in the
      art. For reactions involving a hydrogenation or dehydrogenation function,
      it is desirable that the catalytic substance include a
      hydrogenation/dehydrogenation component suitably a Group VIII metal,
      especially a metal of the platinum series.
PAR  In the above specification, reference is made to a zeolite identified as
      ZSM-4. ZSM-4 is a relatively new zeolite which, in its as synthesized
      aluminosilicate form, has the following composition, expressed in terms of
      mole ratios of oxides:
EQU  0.9 .+-. 0.2 M.sub.2/n O : Al.sub.2 O.sub.3 : 3-20 SiO.sub.2
PAL   where M is a mixture of tetramethylammonium cations and alkali metal
      cations, especially sodium. Generally, the tetramethylammonium cations
      comprise between 1 and 50 percent of the cations in the as synthesized
      form. The particular ZSM-4 zeolite for use in the dealuminization process
      of this invention has a silica/alumina mole ratio of above 3 to about 12.
      ZSM-4 has a distinctive X-ray diffraction pattern which further identified
      it from other known zeolites. The original alkali metal cations of ZSM-4
      can be exchanged by ion exchange with other ions to form species of the
      zeolite which have exceptional catalytic properties.
PAR  ZSM-4 is generally prepared by forming a mixture of alumina, silica, sodium
      oxide, water and tetramethylammonium compounds such that the mixture has a
      composition, in terms of mole ratios of oxides, falling within the
      following range:
      ##EQU1##
      wherein R is a tetramethylammonium cation. The mixture is maintained under
      conditions of temperature and pressure until crystals are formed which
      crystals are separated and recovered.
PAR  Members of the family of ZSM-4 zeolites possess a definite distinguishing
      crystalline structure whose X-ray diffraction pattern has the following
      values:
TBL                TABLE 24                                                    
     ______________________________________                                    
     Interplanar Spacing d(A)                                                  
                            Relative Intensity                                 
     ______________________________________                                    
     9.1  .+-. .2            vs                                                
     7.94 .+-. .1            mw                                                
     6.90 .+-. .1           m                                                  
     5.97 .+-. .07          s                                                  
     5.50 .+-. .05           mw                                                
     5.27 .+-. .05           mw                                                
     4.71 .+-. .05           mw                                                
     4.39 .+-. .05          w                                                  
     3.96 .+-. .05          w                                                  
     3.80 .+-. .05          s                                                  
     3.71 .+-. .05          m                                                  
     3.63 .+-. .05          m                                                  
     3.52 .+-. .05          s                                                  
     3.44 .+-. .05          m                                                  
     3.16 .+-. .05          s                                                  
     3.09 .+-. .05          m                                                  
     3.04 .+-. .05          m                                                  
     2.98 .+-. .05          m                                                  
     2.92 .+-. .05          s                                                  
     ______________________________________                                    
PAL  These values were determined by standard techniques. The radiation was the
      K-alpha doublet of copper, and a Geiger counter spectrometer with a strip
      chart pen recorder was used. The peak heights, I, and the positions as a
      function of 2 times theta, where theta is the Bragg angle, were read from
      the spectrometer chart. From these, the relative intensities, 100
      I/I.sub.o, where I.sub.o is the intensity of the strongest line or peak,
      and d(obs.), the interplanar spacing in A, corresponding to the recorded
      lines, were calculated. In Table 24, the relative intensities are given in
      terms of the symbols vs = very strong, s = strong, m = medium, and mw =
      medium weak. It should be understood that this X-ray diffraction pattern
      is characteristic of all the species of ZSM-4 compositions. Ion exchange
      of the sodium ion with another cation reveals substantially the same
      pattern with some minor shifts in interplanar spacing and variation in
      relative intensity.
PAR  ZSM-5 compositions can be identified, in terms of mole ratios of oxides, as
      follows:
EQU  0.9 .+-. 0.2 M.sub.2 O : Al.sub.2 O.sub.3 : &gt; 5 SiO.sub.2 :
PAL  where M is a cation and n is the valence of said cation. In a preferred
      synthesized form the zeolite has a formula, in terms of mole ratios of
      oxides, as follows:
EQU  0.9 .+-. 0.2 M.sub.2/n O : Al.sub.2 O.sub.3 : 5-300 SiO.sub.2
PAL  wherein M is selected from the group consisting of a mixture of alkali
      metal cations, especially sodium, and tetraalkylammonium cations, the
      alkyl groups of which preferably contain 2-5 carbon atoms. Of course, the
      ZSM-5 zeolite for use in the present dealuminization process has a
      silica/alumina mole ratio of greater than 5 to about 12.
PAR  The original cations can be replaced in accordance with techniques
      well-known in the art, at least in part, by ion exchange with other
      cations. Preferred replacing cations include tetraalkylammonium cations,
      metal ions, ammonium ions, hydrogen ions and mixtures of the same.
      Particularly preferred cations are those which render the zeolite
      catalytically active, especially for hydrocarbon conversion. These include
      hydrogen, rare earth metals, aluminum, metals of Group II and VIII of the
      Periodic Table and manganese.
PAR  Members of the family of zeolites designated herein as ZSM-5 have an
      exceptionally high degree of thermal stability thereby rendering them
      particularly effective for use in processes involving elevated
      temperatures. In this connection, ZSM-5 zeolites appear to be one of the
      most stable families of zeolites known to date.
PAR  Members of the family of ZSM-5 zeolites possess a definite distinguishing
      crystalline structure whose X-ray diffraction pattern shows the following
      significant lines:
TBL                TABLE 25                                                    
     ______________________________________                                    
     Interplanar Spacing d(A)                                                  
                            Relative Intensity                                 
     ______________________________________                                    
     11.1  .+-. 0.3         s                                                  
     10.0  .+-. 0.3         s                                                  
     7.4  .+-. 0.2          w                                                  
     7.1  .+-. 0.2          w                                                  
     6.3  .+-. 0.2          w                                                  
     6.04 .+-. 0.2          w                                                  
     5.97 .+-. 0.2          w                                                  
     5.69 .+-. 0.1          w                                                  
     5.56 .+-. 0.1          w                                                  
     5.01 .+-. 0.1          w                                                  
     4.60 .+-. 0.1          w                                                  
     4.35 .+-. 0.1          w                                                  
     4.25 .+-. 0.1          w                                                  
     3.85 .+-. 0.1           vs                                                
     3.75 .+-. 0.05         s                                                  
     3.71 .+-. 0.05         s                                                  
     3.64 .+-. 0.05         m                                                  
     3.04 .+-. 0.05         w                                                  
     2.99 .+-. 0.05         w                                                  
     2.94 .+-. 0.05         w                                                  
     ______________________________________                                    
PAL  These values were determined by the same technique used to determine the
      X-ray values of Table 24, with the relative intensities given in terms of
      the symbols s= strong m = medium, w = weak, and vs = very strong.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of removing alumina from a crystalline aluminosilicate having a
      silica/alumina mole ratio of from above 3 to about 12 which comprises
      heating said aluminosilicate to a temperature of greater than 50.degree.C
      to about 100.degree.C in the presence of positive trivalent chromium ions
      in aqueous solution of above 0.01 Normal of a chromium salt of a mineral
      acid whereby the pH is less than 3.5 such that the atomic ratio of
      chromium in the solution to aluminum in the aluminosilicate is greater
      than 0.5 for a time sufficient to remove alumina.
NUM  2.
PAR  2. The method of claim 1 wherein said crystalline aluminosilicate is a
      zeolite.
NUM  3.
PAR  3. The method of claim 2 wherein said zeolite is one selected from the
      group consisting of erionite, phillipsite, clinoptilolite, zeolites T, Y,
      ZSM-4, ZSM-5 and mordenite.
NUM  4.
PAR  4. The method of claim 1 wherein said aluminosilicate is refluxed with said
      positive trivalent form of chromium until at least 10 percent of the
      alumina is removed.
NUM  5.
PAR  5. The method of claim 1 wherein the crystalline aluminosilicate contains
      alkali metal cations.
NUM  6.
PAR  6. The method of claim 5 wherein the crystalline aluminosilicate is also
      contacted with a salt of a cation which is desired to be exchanged for the
      alkali metal cations in the crystalline aluminosilicate, said cation to be
      exchanged for the alkali metal cations being selected from the group
      consisting of hydrogen, ammonium, alkylammonium, rare earth metal,
      aluminum, manganese, metals of Groups II and VIII of the Periodic Table of
      Elements and mixtures thereof.
NUM  7.
PAR  7. The method of claim 1 wherein after the crystalline aluminosilicate has
      been dealuminized, it is treated with a solution of an alkali metal salt
      or ammonium salt to remove silica therefrom.
NUM  8.
PAR  8. The method of claim 5 wherein said crystalline aluminosilicate is a form
      of zeolite Y.
NUM  9.
PAR  9. The method of claim 6 wherein said zeolite is a form of zeolite Y.
NUM  10.
PAR  10. The method of claim 7 wherein the crystalline aluminosilicate is
      treated with an aqueous solution of a sodium salt.
NUM  11.
PAR  11. The method of claim 10 wherein said sodium salt is NaCl.
NUM  12.
PAR  12. The method of claim 1 wherein said chromium salt is CrCl.sub.3.
NUM  13.
PAR  13. The method of claim 1 wherein said chromium salt is Cr(NO.sub.3).sub.3.
NUM  14.
PAR  14. The method of claim 1 wherein said chromium salt is
      CrK(SO.sub.4).sub.2.
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PAL  A method of manufacturing a silicon nitride powder comprises heating a bed
      of silicon powder in a furnace having an atmosphere containing nitrogen so
      that the silicon reacts with the nitrogen to produce silicon nitride. The
      exothermic reaction between the silicon and the nitrogen is monitored,
      either by comparing the temperature in the reaction bed with the
      temperature at another point in the furnace, or by allowing the nitrogen
      containing atmosphere to flow through the furnace and measuring the rates
      of flow of the atmosphere into and out of the furnace. The partial
      pressure of the nitrogen in the furnace atmosphere is then controlled in
      accordance with the exothermic reaction so as to ensure that the
      temperature in the bed does not exceed a predetermined value above which
      .beta.-phase silicon nitride is formed, the partial pressure of the
      nitrogen in the furnace being controlled by effecting at least one of the
      steps of:
PA1  A. diluting the nitrogen in the furnace atmosphere and,
PA1  B. evacuating the furnace.
PARN
PAR  This invention relates to silicon nitride products and is a
      continuation-in-part of my Application Ser. No. 55,019 filed July 15, 1970
      and now abandoned.
BSUM
PAR  In the manufacture of silicon nitride products from silicon nitride powder
      by hot pressing the powder, improved properties are obtained if the
      presence of the powder in the .beta.-phase is eliminated, or reduced to a
      very low level. The proportion of .beta.-phase powder that can be
      tolerated depends upon the intended use of the product to be formed from
      the powder, so that in some cases as much as 15% .beta.-phase powder may
      be acceptable.
PAR  Silicon nitride powder can be manufactured by heating silicon in an
      atmosphere containing nitrogen, and providing a predetermined temperature
      is not exceeded, the powder will be entirely in its .alpha.-phase. This
      predetermined temperature is in the region of between 1300.degree. and
      1400.degree.C, but it is sometimes very difficult to maintain the reaction
      temperature below this value, because the reaction is exothermic. Of
      course, if the reaction temperature is allowed to rise above the
      predetermined temperature, then an appreciable amount of the .beta.-phase
      material results in the silicon nitride powder produced. The object of
      this invention is to provide a method which minimises this disadvantage.
PAR  A method, according to one aspect of the invention, comprises heating a bed
      of silicon powder in a furnace having an atmosphere including nitrogen,
      sensing the temperature in the bed and comparing it with a temperature at
      another point in the furnace, and controlling the partial pressure of the
      nitrogen in the furnace atmosphere in accordance with the difference
      between the temperature so as to ensure that the temperatures in the bed
      does not exceed a predetermined value above which .beta.-phase silicon
      nitride is formed, the partial pressure of the nitrogen in the furnace
      being controlled by effecting at least one of the steps of:
PA1  A. diluting the nitrogen in the furnace atmosphere, and
PA1  B. evacuating the furnace.
PAR  A method, according to a further aspect of the invention, comprises heating
      a bed of silicon powder in a furnace and simultaneously passing through
      the furnace a nitrogen containing gas, monitoring the conditions within
      the furnace by measuring the rates of flow of gas into and out of the
      furnace and controlling the partial pressure of the nitrogen in the
      furnace atmosphere in accordance with the difference between the flow
      rates so as to ensure that the temperature in the bed does not exceed a
      predetermined value above which .beta.-phase silicon nitride is formed,
      the partial pressure of the nitrogen in the furnace being controlled by
      effecting at least one of the steps of:
PA1  a. diluting the nitrogen in the furnace atmosphere, and
PA1  b. evacuating the furnace.
PAR  The addition of .alpha.-phase silicon nitride powder to the silicon powder
      to be placed in the furnace bed is also found to facilitate control of the
      nitriding of the silicon powder. Preferably, more than 5% by weight of
      silicon nitride powder is present in the reaction bed. Also, where silicon
      nitride powder is added to the reaction bed it is generally found to be
      desirable to ensure that the tap density of the mixture is of the order of
      0.7 grams per c.c. In this respect, it is to be understood that the tap
      density of a powder is the density measured after the powder is tapped to
      compact it slightly.
DRWD
PAR  The accompanying drawing illustrated diagrammatically one example of
      apparatus for carrying out the method of the invention.
DETD
PAR  Referring to the drawing, the apparatus includes a furnace 11 within which
      is positioned a bed 12 which contains the silicon powder to be nitrided.
      The furnace includes a heater 13, and a thermocouple 14 within the bed 12.
      A further thermocouple 15 is contained within the furnace just outside the
      bed 12 and the thermocouples 14 and 15 are connected to a control circuit
      16. The interior of the furnace 11 is connected to an inlet pipe 17 into
      which a nitrogen/hydrogen mixture can be introduced under the control of a
      valve 18. A gas which is inert to the reaction, for example, argon, can
      also be introduced into the pipe 17 through a valve 19, and the interior
      of the furnace can be evacuated upon operation of a vacuum pump 21. The
      control circuit 16 controls the valves 18 and 19 and pump 21, and can also
      control a circuit 22 which supplies current to the heater 13. The supply
      of current to the heater 13 can be made to follow a predetermined
      schedule, for example by a cam control system. The furnace also includes a
      gas outlet valve 23.
PAR  During manufacture of silicon nitride powder, the bed 12 is heated in an
      atmosphere of nitrogen together with hydrogen and, conveniently, the
      atmosphere supplied to the furnace is forming gas, that is 90% nitrogen
      and 10% hydrogen. It is to be appreciated that although the silicon can be
      heated in the presence of nitrogen alone, this in general is not preferred
      since it is found to result in a reduction in the .alpha.-phase content of
      the silicon nitride produced. During heating, as the temperature of the
      furnace increases towards the required nitriding temperature the valve 18
      is arranged to be open to allow flow of nitrogen and hydrogen into the
      furnace while the valve 19 is closed and the pump 21 is off. The circuit
      16 senses the difference in temperature between the thermocouples 14, 15
      and, because the thermocouple 15 is nearer the heater 13, during the
      period that the furnace is heating up, the temperature of the thermocouple
      15 will exceed that of the thermocouple 14. Provided this relationship is
      maintained, the control circuit 16 is arranged to have no effect on the
      system, and the furnace is heated and maintained at the required nitriding
      temperature, which preferably is between 1150.degree.C and 1300.degree.C,
      so that the reaction to produce substantially .alpha.-phase silicon
      nitride powder proceeds smoothly. However, because the reaction is
      exothermic, as soon as nitriding begins, there will be a rise in
      temperature within the bed 12, so that the temperature of the thermocouple
      14 will approach, and then increase beyond, that of the thermocouple 15.
      The control circuit 16 is then arranged to decrease the nitrogen partial
      pressure in the furnace so as to slow down the nitriding reaction and
      thereby halt the increase in temperature of the reaction bed.
      Conveniently, if the temperature of the thermocouple 14 exceeds that of
      the thermocouple 15 by 100.degree.C, then the circuit 16 operates to
      dilute the nitrogen in the furnace, either by stopping or slowing down the
      flow of forming gas through the valve 18 or by opening the valve 19 to
      introduce the inert gas. Alternatively, the control circuit 16 can be
      arranged to evacuate the interior of the furnace through the pump 21 when
      the temperature of the thermocouple 14 exceeds that of the thermocouple 15
      and then to refill the furnace through the valves 18, 19 when the
      temperature of the thermocouple 14 falls. Further, if the control circuit
      16 is arranged to dilute the forming gas in the furnace atmosphere when
      exotherming occurs, but the exotherming is so extreme that the dilution
      does not control the reaction, the circuit 16 is then arranged to operate
      the pump 21 to evacuate the furnace. Further, the circuit 16 can be
      arranged to either reduce or remove the supply of heat from the heater to
      the furnace when exotherming occurs. However, once exotherming is
      established it is no longer possible to control the amount of exotherming
      by heater control alone unless small laboratory quantities of silicon, in
      the order of 1 gm, are being nitrided. However, it may be desirable to
      reduce or remove the supply of heat to the furnace in order to reduce
      reaction time.
PAR  As an alternative to the apparatus described above, the conditions within
      the furnace can be monitored by measuring with flow meters the rate of
      flow of nitrogen containing gas into and out of the furnace through the
      valves 18, 23 respectively and by controlling the amount of nitrogen
      available from the difference between the two flow rates. This method
      relies on the fact that when exotherming occurs, the nitrogen required for
      reaction with silicon increases suddenly, as well as the temperature.
PAR  As a further alternative, a single, three-way valve can be used to supply
      the nitrogen and the insert gas to the furnace, instead of the separate
      valves 18, 19 in the apparatus described above. The method of the
      invention will now be illustrated by reference to the following examples:
PAC  EXAMPLE 1
PAR  A bed of 500 grams of a mixture of silicon powder and 10% by weight of
      .alpha.-phase silicon nitride powder was first prepared. The silicon
      powder used was that sold by Dunstan and Wragg Limited as type 3.mu.
      which, as supplied, was found to consist of 90% of particles of size less
      than 8 microns. With the powder bed in position in the furnace, the
      temperature of the furnace was raised to 1150.degree.C with the valve 18
      open to supply a forming gas atmosphere to the furnace and the valve 19
      closed. The conditions within the furnace were monitored by means of the
      thermocouples 14, 15 and when the reaction began to proceed rapidly so
      that the temperature of the thermocouple 14 exceeded that of the
      thermocouple 15, the valves 18, 23 were closed to seal the chamber. When
      the reaction subsided, valve 18 was opened to bring the pressure in the
      furnace up to atmospheric, and then the valve 23 was opened. When the
      reaction again began to proceed rapidly this sequence was repeated and it
      was found to be possible in this way to control the temperature of the
      silicon powder bed at 1365.degree.C. This temperature was found to be
      convenient since it provided a reasonably fast reaction rate and was below
      the melting point of the silicon powder bed, that is temperature at which
      the silicon would have formed a molten pool and subsequent nitriding would
      have been inhibited. By controlling the temperature at 1365.degree. C, the
      reaction proceeded to completion in six hours and the resultant silicon
      nitride powder contained 92.5% of the .alpha.-phase material.
PAR  By way of contrast, a similar powder bed was prepared and was heated in a
      large laboratory furnace to 1275.degree.C without the flow of forming gas
      into the furnace being controlled. In this case, the silicon powder
      reacted so rapidly with the nitriding atmosphere that the temperature of
      the silicon bed rose to 1625.degree.C and produced a silicon nitride
      powder containing 45% of .beta.-phase silicon nitride in five minutes.
PAC  EXAMPLE 2
PAR  The procedure of example 1 was followed, but at the commencement of
      exotherming as determined by the temperature difference detected by
      thermocouples 14 and 15, the heat supply to the heaters 13 was reduced so
      that the furnace temperature was lowered from 1150.degree.C to
      1000.degree.C. The overall reaction time was reduced from 6 hours to 5
      hours.
PAR  It will be appreciated that as the heat supply is reduced, the temperature
      differential for controlling the opening and closing of the gas valve must
      be increased, in order to maintain the exotherming level at 1365.degree.C.
PAC  EXAMPLE 3
PAR  A procedure similar to example 1 was again followed, but in this case
      .alpha.-phase silicon nitride was not added to the silicon powder bed and
      the control circuit 16 controlled the reaction within the furnace 11 by
      alternately evacuating the furnace through the pump 21 and then refilling
      the furnace with a forming gas atmosphere. In this way the temperature of
      the silicon bed was maintained at 1365.degree.C and once again a powder
      high in .alpha.-phase silicon nitride was produced in six hours.
PAC  EXAMPLE 4
PAR  Again a similar procedure to example 1 was followed, but now the conditions
      within the furnace were controlled by varying the rate of flow of forming
      gas into the furnace through the valve 18. This method was found to give
      adequate control since when the flow rate of the gas was low, the large
      amounts of nitrogen required for reaction with the silicon caused the
      partial pressure of the nitrogen to decrease and hence the rate of
      nitriding reaction to decrease also. When the normal flow rate of forming
      gas into the furnace was 50 liters per hour, this value of course being
      decreased whenever exotherming began, it was found to be possible, using
      this method of control, to maintain the temperature of the silicon powder
      bed at 1365.degree.C until the reaction to produce a high .alpha.-phase
      silicon nitride powder was complete.
PAC  EXAMPLE 5
PAR  A 12 kilogram sample of the silicon powder used in the previous examples
      together with 15% by weight of silicon nitride powder was prepared and
      positioned in the reaction bed of a furnace. The furnace atmosphere was
      controlled by means of a three-way proportioning valve, the two inlets to
      the valve supplying forming gas and argon respectively. The conditions
      within the furnace were monitored by means of thermocouples in the
      reaction bed and adjacent the heater in the furnace, the difference in
      temperature values between these thermocouples being used to operate an
      electric motor controlling the proportions of forming gas and argon
      respectively allowed through the valve. The temperature of the furnace was
      raised and when the silicon bed had attained a temperature of
      1100.degree.C a strongly exothermic reaction began. By altering the
      relative proportions of forming gas and argon flowing into the furnace and
      thereby the partial pressure of nitrogen within the furnace, the bed
      temperature was conveniently held at 1320.degree.C to effect the nitriding
      reaction. When the reaction was almost complete as indicated by the
      temperature of the thermocouple in the reaction bed falling to the same
      value as that adjacent the furnace heater, the heater was used to raise
      the temperature of the furnace to 1300.degree.C. This additional raising
      of the furnace temperature was found to be necessary with large silicon
      powder batches and was to promote reaction of the silicon in the outer
      regions of the bed, since otherwise the reaction tended to occur only in
      the central regions of the bed which would have resulted in some of the
      powder remaining unreacted. When this additional heating was effected, the
      temperature of the thermocouple in the reaction bed again exceeded that of
      the thermocouple adjacent the heater and control of this final nitriding
      reaction was again effected by varying the proportions of the gases
      flowing through the proportioning valve. The reaction was complete after
      forty-eight hours and resultant powder was found to contain 89% of
      .alpha.-phase silicon nitride with very little unreacted silicon.
PAC  EXAMPLE 6
PAR  500 grams of silicon powder of mean particle size in the order of 2 microns
      was mixed with 125 grams of 90% .alpha.-phase silicon nitride of mean
      particle size in the order of 10 microns. The mixture was loaded into a
      reaction boat such that the tap density of the mixture was 0.65 gm/c.c.
      The boat was then positioned in the furnace 11 and the temperature of the
      furnace was raised at 400.degree.C per hour while forming gas containing
      90% nitrogen and 10% hydrogen was passed through the furnace by way of the
      valves 18, 23. Flow meters (not shown) were used to measure the rate of
      gas flow into and out of the furnace and the valves 18, 23 were controlled
      so that, during heating up of the furnace, the flow rates into and out of
      the furnace were equal and, conveniently, were 40 liters per hour. The
      temperature of the furnace 11 was raised until a value of 1150.degree.C
      was reached, at which temperature an exothermic reaction between the
      nitrogen and the silicon commenced so that, owing to the nitrogen being
      consumed in the reaction, the rate of flow of gas into the furnace began
      to exceed the rate of flow of gas out of the furnace. The flow meters were
      arranged to be of the differential thermal conductivity type and hence
      provided a voltage output proportional to the gas flow being measured. The
      output stages of the flow meters were then connected in series opposition
      so that, in response to differences between the gas flow rates measured by
      the flow meters, a control signal was obtained dependent upon this
      difference. This control signal was then arranged to control operation of
      the valve 19 so that when the flow of gas out of the furnace fell below
      the rate of flow of gas into the furnace, which as previously stated
      indicated exotherming, gas inert to the nitriding reaction was supplied to
      the furnace through the valve 19. In addition, the control signal was
      arranged to shut off the forming gas supplied through the valve 18 when
      exotherming occurred. With the valve 19 open and the valve 18 closed, the
      reaction died away until once again the flow of gas into the furnace
      became equal to the flow of gas out of the furnace. At this stage, the
      control signal from the flow meters disappeared which was arranged to
      cause the valve 19 to close and the valve 18 to open so that the reaction
      between the silicon and the nitrogen recommenced. When exotherming
      re-occurred, the flow of gas into the furnace once again exceeded the flow
      of gas out of the furnace so that the control signal again opened the
      valve 19 and closed the valve 18 to quench the reaction. This process
      continued until the reaction was completed when, of course, the rate of
      flow of gas into the furnace was equal to the rate of flow of gas out of
      the furnace even with the valve 18 open. Finally, the furnace temperature
      was raised to 1350.degree.C for 4 hours to ensure that conversion of the
      silicon powder to the silicon nitride was complete. The resulting silicon
      nitride powder was found to consist almost entirely of .alpha.-phase
      material.
PAR  It is to be appreciated that in this example, the flow meters replace the
      differential thermocouples 14, 15, although it is, of course, necessary to
      provide a thermocouple for detecting the furnace temperature.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of manufacturing a silicon nitride powder comprising heating a
      bed containing silicon powder in a furnace having an atmosphere including
      nitrogen, sensing the temperature in the bed and comparing said
      temperature with a further temperature at another point in the furnace
      outside said bed, and controlling the partial pressure of the nitrogen in
      the furnace atmosphere in accordance with the difference between said
      temperatures so as to ensure that the temperature in the bed does not
      exceed a predetermined value above which .beta.-phase silicon nitride is
      formed, the partial pressure of the nitrogen in the furnace being
      controlled by effecting at least one of the steps of:
PA1  a. diluting the nitrogen in the furnace atmosphere and,
PA1  b. evacuating the furnace.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the bed comprises a mixture of
      silicon powder and .alpha.-phase silicon nitride powder.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein the mixture of silicon powder and
      .alpha.-phase silicon nitride powder in the bed is arranged to have a tap
      density of the order of 0.7 grams per c.c.
NUM  4.
PAR  4. A method as claimed in claim 2 wherein more than 5% by weight of
      .alpha.-phase silicon nitride is present in the mixture.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the temperature of the silicon
      bed and the temperature at the point in the furnace spaced from the bed
      are sensed by a pair of thermocouples respectively.
NUM  6.
PAR  6. A method of manufacturing a silicon nitride powder comprising heating a
      bed containing silicon powder in a furnace having an atmosphere including
      nitrogen, sensing the temperature in the bed and comparing said
      temperature with a further temperature at another point in the furnace
      outside said bed, and controlling the partial pressure of the nitrogen in
      the furnace atmosphere in accordance with the difference between said
      temperatures so as to ensure that the temperature in the bed does not
      exceed a predetermined value above which .beta.-phase silicon nitride is
      formed, the partial pressure of the nitrogen in the furnace being
      controlled by diluting the nitrogen in the furnace atmosphere.
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ABST
PAL  Crystallized ammonium thiosulfate is manufactured by converting ammonia
      with oxygen containing sulfur dioxide in ammonium thiosulfate solution to
      ammonium bisulfite and ammonium sulfite in a first step, while maintaining
      a pH of from 5.5 to 7.0 and a reaction temperature of up to 80.degree.C.
      In a second step, the ammonium bisulfite and ammonium sulfite in the
      solution are converted with ammonia and sulfur to ammonium thiosulfate.
BSUM
PAR  The present invention relates to a process for the manufacture of ammonium
      thiosulfate from SO.sub.2 containing flue or sulfur combustion gases.
PAR  It is known to convert ammonium sulfite containing solutions or suspensions
      to ammonium thiosulfate by means of a slight excess of sulfur at
      temperatures of 80.degree.C and more in the presence of free NH.sub.3. The
      ammonium sulfite containing thiosulfate solution is generated in an
      ammonium thiosulfate mother liquor by feeding in NH.sub.3 and SO.sub.2.
      Usually, the reaction temperature of these processes is maintained at
      50.degree.C by cooling. The gaseous reactants may be fed in in the
      presence or absence of sulfur.
PAR  Furthermore, it is known to incite the formation of ammonium sulfite under
      conditions which already result in a partial conversion of the sulfite to
      thiosulfate, which shortens the reaction time necessary for the conversion
      of ammonium sulfite to thiosulfate. The reaction is generally further
      accelerated by operating at elevated temperatures (from 110.degree. to
      130.degree.C).
PAR  In these processes, the mother liquor may be circulated, but in industrial
      practice it has been observed that in this case a perfect crystallization
      of the ammonium thiosulfate is only possible when the amount of ammonium
      sulfate in the mother liquor does not exceed about 1 %.
PAR  In order to avoid the formation of ammonium sulfate as far as possible all
      known processes use oxygen-free SO.sub.2. According to Forster and Haufe
      however, ammonium sulfate is formed also in this case, the reaction
      corresponding to the following scheme:
EQU  4HSO.sub.3.sup.- .fwdarw. S.sub.3 O.sub.6.sup.2.sup.-  +
      SO.sub.4.sup.2.sup.-  +  2H.sub.2 O
PAR  When oxygen containing SO.sub.2 gases are used, the manufacturing process
      is additionally complicated by the oxidation conversion of ammonium
      sulfite or ammonium bisulfite to ammonium sulfate. This reaction, as
      Chertkov in J. appl. chem. USSR 32 (1959), pp. 2687-2690 has proved, is
      catalyzed by the presence of thiosulfate in the following manner:
EQU  SO.sub.3.sup.-.sup.-  + O.sub.2 + S.sub.2 O.sub.3.sup.-.sup.-  +
      3H.sup.+.fwdarw. S.sub.3 O.sub.6.sup.-.sup.-  + OH + H.sub.2 O
PAL  and
EQU  SO.sub.3.sup.-.sup.-  +  2OH + S.sub.2 O.sub.3.sup.-.sup.-  +
      2H.sup.+.fwdarw. S.sub.3 O.sub.6.sup.-.sup.-  +  2H.sub.2 O
EQU  S.sub.3 O.sub.6.sup.-.sup.-  + H.sub.2 O .fwdarw.S.sub.2
      O.sub.3.sup.-.sup.-  + SO.sub.4.sup.-.sup.-  +  2H.sup.+
PAR  His tests prove that increasing thiosulfate concentrations accelerate
      considerably the oxidation conversion to sulfate.
PAR  Furthermore it is generally known that ammonium thiosulfate (heavily
      depending on its concentration) transforms into sulfur dioxide and sulfur
      in acidic solution, while in alkaline solution ammonium thiosulfate
      decomposes into ammonium sulfate.
PAR  It has now been found that ammonium thiosulfate can be manufactured
      continuously with only insignificant formation of sulfate in the presence
      of oxygen containing sulfur dioxide. The process of the invention
      comprises converting ammonia with oxygen containing sulfur dioxide in
      ammonium thiosulfate solution to ammonium bisulfite and ammonium sulfite
      in a first step, while maintaining a pH of from 5.5 to 7.0 and a reaction
      temperature of up to 80.degree.C, and, in a second step, converting the
      bisulfite and sulfite being in the solution with ammonia and sulfur to
      ammonium thiosulfate.
PAR  A modification of the process comprises in the first step introducing
      continuously oxygen containing sulfur dioxide into a circulated ammonia,
      ammonium bisulfite and ammonium sulfite containing ammonium thiosulfate
      solution maintained at a pH of from 5.5 to 7.0 and a temperature of from
      60.degree. to 80.degree.C, and taking off the circulation system ammonium
      bisulfite and ammonium sulfite containing ammonium thiosulfate solution,
      and, in a second step, adding ammonia and sulfur, and recycling the
      sulfite-deficient ammonium thiosulfate solution into the first step.
PAR  A further modification of the process comprises converting the ammonium
      bisulfite being in the solution to ammonium sulfite by means of ammonia in
      a second step, and in a third step reacting the ammonium sulfite with
      sulfur.
PAR  The reaction of the process of the invention proceeds in the first step
      according to the following scheme:
EQU  2NH.sub.3 + SO.sub.2 + H.sub.2 O .revreaction. (NH.sub.4).sub.2 SO.sub.3
EQU  NH.sub.3 + SO.sub.2 + H.sub.2 O .revreaction. (NH.sub.4)HSO.sub.3
PAL  The ratio of bisulfite to sulfite is controlled by the amount of NH.sub.3.
PAR  In the subsequent second step, the ammonium thiosulfate solution saturated
      with ammonium sulfite and ammonium bisulfite is converted to ammonium
      thiosulfate according to the following scheme:
EQU  (NH.sub.4).sub.2 SO.sub.3 + S .fwdarw. (NH.sub.4).sub.2 S.sub.2 O.sub.3
EQU  (NH.sub.4)HSO.sub.3 + S + NH.sub.3 .fwdarw. (NH.sub.4).sub.2 S.sub.2
      O.sub.3
PAL  This conversion of the second step may be carried out in one single as well
      as in two separated operations, which may be continuous or batchwise.
PAR  Advantageously, the solution is saturated with ammonium sulfite and
      ammonium bisulfite in the first step in such a manner that after the
      reaction of the second step a saturated mother liquor containing about 70
      % of ammonium thiosulfate is obtained.
PAR  When from the crystallization an ammonium thiosulfate solution saturated at
      20.degree.C (about 60 % of ammonium thiosulfate is obtained for reuse in
      the first step, in this first step a solution is prepared which contains
      about 53 % of ammonium thiosulfate and 12.0 % of SO.sub.3.sup.-.sup.-  ,
      and which consists of from about 55 to 75 % of sulfite and from 45 to 25 %
      of bisulfite. This ammonium sulfite/ammonium hydrosulfite ratio
      corresponds to a pH of from 5.5 to 7.0 in the reaction solution.
PAR  Under these process conditions, the formation of sulfate decreases at the
      same rate as the periods of contact with the oxygen containing SO.sub.2
      gas decrease. Therefore, for carrying out this process step, a reaction
      apparatus is suitable which ensures a gas/liquid contact time as short as
      possible, for example, a Venturi scrubber. Moreover, it is advantageous to
      keep the residence time of the reaction solution in the first step as
      short as possible, for example from 0.1 to 1 second in the reaction zone.
      This process may also be carried out under conditions in which the
      reaction solution exceeds the solubility limit. The salt obtained in this
      case does not disturb the operation of the apparatus.
PAR  The process is carried out at reaction temperatures of about 60.degree. to
      80.degree.C. Intense cooling is therefore not necessary. From the heat
      balance results that a temperature of 70.degree.C in the first step is
      advantageous for the further conversion in the second step. However, also
      another temperature range is possible when required for any reasons.
PAR  The apparatus is advantageously a Venturi scrubber.
DETD
PAR  The present invention will be further understood by reference to the FIGURE
      which shows a Venturi scrubber consisting of trap 1, in which the reaction
      solution to be saturated is fed in via supply duct 2. By means of
      circulation pump 3, the reaction solution is pumped to jet 5 of the
      Venturi scrubber, thereby passing heat exchanger 4. In jet 5, the reaction
      solution is distributed into the gas stream which is fed in via duct 6.
      Waste gas is let off via exhaust 7. NH.sub.3 (8) is added also by means of
      pump 3. For further reaction in the second step, the reaction solution is
      discharged via duct 9 and forwarded to reactor 10, where the solution of
      the first step is converted to thiosulfate with the aid of NH.sub.3
      (supply duct 11) and sulfur (supply duct 12). The thiosulfate is forwarded
      via duct 13 into a crystallizer 15 which is drawn in broken lines. The
      ammonium thiosulfate mother liquor obtained in the crystallizer is
      recycled into the first step via duct 14 which is also drawn in broken
      lines.
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  140.0 kg of a 64 weight % ammonium thiosulfate mother liquor containing
      0.68 weight % of ammonium sulfate are introduced per hour into the first
      reaction step. For saturation of this solution with ammonium sulfite and
      ammonium bisulfite, an amount of gas of 43.8 Nm.sup.3 (Nm.sup.3 =Standard
      cubic meter)per hour is introduced which contains 12 volume % of sulfur
      dioxide, 79 volume % of nitrogen and 9 volume % of oxygen. By feeding in
      5.9 kg/h of NH.sub.3, the pH is kept constant at 6.1 to 6.2. The amount of
      charge of the first step is 55 1, the amount circulated per hour 2.5
      m.sup.3. By cooling, the temperature is maintained at 61.degree.C. A
      solution containing the following components is obtained:
TBL  56.9    weight   %      of   ammonium thiosulfate                         
     7.91    weight   %      of   ammonium sulfite                             
     0.70    weight   %      of   ammonium sulfate                             
     8.52    weight   %      of   ammonium bisulfite                           
PAL  which solution is forwarded to the second step. In this second step, the
      ammonium bisulfite is converted to ammonium sulfite by introducing 2.3
      kg/h of ammonia. For the conversion of ammonium sulfite to ammonium
      thiosulfate, also 7.2 kg/h of sulfur are added, advantageously in regular
      little portions or continuously. In addition to this, a constant excess of
      about 1 to 2 weight % of sulfur is maintained in the reaction solution by
      introducing once a corresponding amount. The reaction time is 4 hours at
      105.degree.C; if necessary, this temperature is attained by heating. The
      reaction proceeds in a weakly alkaline medium (pH of from 7.5 to 8.0,
      measured at 20.degree.C).
PAR  By this operation mode, a solution containing 74.9 weight % of ammonium
      thiosulfate is obtained. No ammonium sulfate is formed in the second step.
PAR  After filtration, the ammonium thiosulfate is separated from the mother
      liquor by crystallization. After removal of the crystallized portion, the
      mother liquor is recycled into the first step.
PAR  Under these conditions, an ammonium thiosulfate containing less than 1 % of
      ammonium sulfate is obtained.
PAC  EXAMAPLE 2
PAR  Under analogous operation conditions as indicated in Example 1, the batch
      of the first step is 182 kg/h of ammonium thiosulfate mother liquor
      containing 60.50 weight % of ammonium thiosulfate and 0.75 weight % of
      ammonium sulfate. 43.8 Nm.sup.3 per hour of gas are introduced which
      contains 16 volume % of sulfur dioxide, 79 volume % of nitrogen and 5
      volume % of oxygen. In addition, also 7.2 kg/h of NH.sub.3 are introduced,
      which results in a pH of 6.4 to 6.5. The solution discharged from the
      first step contains
TBL  53.50   weight   %      of   ammonium thiosulfate                         
     6.18    weight   %      of   ammonium sulfite                             
     0.87    weight   %      of   ammonium sulfate                             
     9.85    weight   %      of   ammonium bisulfite.                          
PAL  Maintaining the conditions indicated in Example 1, an amount of ammonia of
      3.6 kg/h is introduced as well as 9.8 kg/h of sulfur. 221.2 kg/h of
      ammonium thiosulfate solution containing 70.9 weight % of ammonium
      thiosulfate are obtained.
PAR  After crystallization, the mother liquor is recycled into the first step.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the continuous manufacture of crystallized ammonium
      thiosulfate which comprises: reacting ammonia with oxygen containing
      sulfur dioxide in an ammonium thiosulfate solution to form ammonium
      bisulfite and ammonium sulfite at a pH of from 5.5 to 7.0 and a
      temperature of up to 80.degree.C; and, in a second step, converting the
      ammonium bisulfite and ammonium sulfite in the solution formed with
      ammonia and sulfur to ammonium thiosulfate at a temperature of
      105.degree.C, said temperature being obtained by heating, if necessary.
NUM  2.
PAR  2. A process as claimed in claim 1, which comprises in the first step
      introducing continuously oxygen containing sulfur dioxide into a
      circulated ammonia, ammonium bisulfite and ammonium sulfite containing
      ammonium thiosulfate solution maintained as a pH of from 5.5 to 7.0 and a
      temperature of from 60.degree. to 80.degree.C, and thereby forming
      ammonium bisulfite and ammonium sulfite containing ammonium thiosulfate
      solution; adding ammonia and sulfur to the solution formed to convert the
      ammonium bisulfite and ammonium sulfite to ammonium thiosulfate; removing
      ammonium thiosulfate from the solution by crystallization; and recycling
      the remaining solution to the first reaction step.
NUM  3.
PAR  3. A process as claimed in claim 1, which comprises converting the ammonium
      bisulfite in the solution to ammonium sulfite by means of ammonia in a
      second step, and in a third step reacting the ammonium sulfite with
      sulfur.
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PAL  An improved method of making finely divided, dry metal halides and
      sulfides, such as chromium chloride and chromium sulfide which are
      suitable for use as lubricants and wear-proof and corrosion-proof agents
      for metals.
PARN
PAC  CROSS-REFERENCE TO PRIOR APPLICATION
PAR  This application is a continuation-in-part of co-pending Application Ser.
      No. 144,809, filed on May 19, 1971 which issued as a patent on October 30,
      1973, now U.S. Pat. No. 3,769,098.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improvement in the method of manufacturing
      fine powders of metal halide.
PAR  2. Description of the Prior Art
PAR  Chromium chloride, chromium bromide, aluminum chloride, aluminum bromide,
      etc. are used for surface treatment, such as in chromium cementation;
      aluminum cementation; chromium evaporation and aluminium evaporation of
      steel products. These metal halides are also used as the materials for the
      manufacture of pure metallic powders of these metals.
PAR  For the manufacture of these metal halides, a wet system has generally been
      adopted so far. However, in the case of the wet system, since a hydrate is
      liable to be produced, it is difficult to obtain an anydrous metal halide.
      Also, since a metal halide containing moisture produces oxide upon the
      surface treatment of steel products, such a metal halide containing
      moisture cannot be employed for surface treatment of steel.
PAR  On the other hand, in the case of a dry system, for instance, chromium
      chloride can be manufactured by the reaction of hydrogen chloride gas with
      chromium as described below:
EQU  Cr + 2 HCl .fwdarw. CrCl.sub.2 + H.sub.2.
PAL  However, chromium chloride, when produced, assumes the shape of a needle or
      mass, and in order to make such chromium chloride into fine powders, these
      materials must be mechanically pulverized because chromium chloride has
      the properties of deliquescence. However, such pulverization is
      industrially difficult in operation and the obtaining of yields of
      chromium chloride powder in abundance is impossible.
PAC  SUMMARY OF THE INVENTION
PAR  This invention aims at providing a method of manufacturing the fine powders
      of anhydrous metal halide industrially and easily. The invention also
      relates to a method of manufacturing fine powders of metal halide, which
      comprises evaporating a metal halide by heating to its fusing point or
      higher, an occluded body of the metal halide in a receptacle in a heating
      chamber, and then drying an inert gas at a low temperature; the inert gas
      is supplied in the heating chamber and the metal halide is evaporated and
      quenched, whereby, the halide is made into fine powders and the fine
      powders of that metal halide are emitted from the heating chamber in a dry
      state.
PAR  Further, this invention also relates to a method of manufacturing a fine
      powder-like lubricant consisting of chromium sulfide. The invention
      further relates to a process of manufacturing a fine powder-like
      lubricant, which comprises evaporating chromium halide by heating to its
      fusing point or higher, an occluded body of chromium halide in a
      receptacle in the heating chamber, and then supplying a dried mixed gas
      consisting of inert gas and hydrogen sulfide gas at a low temperature to
      the heating chamber; by the reaction of evaporated chromium halide with
      hydrogen sulfide gas, chromium sulfide is produced and chromium sulfide is
      quenched, whereby, the chromium sulfide is made into fine powders, and
      then the fine powders of chromium sulfide are emitted to the heating
      chamber in a dry state.
PAR  Furthermore, this invention relates to a process of wear-proof and
      corrosion-proof treatment by which both improved wear-proof and
      corrosion-proof metal products, such as steel products, or non-ferrous
      metals can be obtained.
PAR  The process of improving wear-proof metal products, such as, for instance,
      gears made of carbon steel, so far has been a known chemical process. For
      example, carburizing, hardening or nitriding and sulphurizing is known,
      and a physical process, such as induction hardening, is also known. On the
      other hand, other means for obtaining wear-proof liquid-like lubricant or
      powder-like lubricant are also known.
PAR  However, in the case of the improvement in wear-proofing mentioned above,
      there was a defect that the simultaneous improvement of wear-proofing and
      corrosion-proofing is impossible.
PAR  This invention aims at providing a process of wear-proofing and
      corrosion-proofing treatment by which both wear-proof and corrosion-proof
      metals can be improved. The invention relates to a process of wear-proof
      and corrosion-proof treatment of metal products, which comprises forming a
      chromium zone beforehand on the surface of metal products, such as iron
      and steel, or non-ferrous metals; and reacting the chromium with nitrogen,
      whereby chromium nitride is produced on the surface of the metal products.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a perspective view showing a hollow cylindrical metal halide
      occluded body;
PAR  FIG. 2 is a longitudinal sectional side view showing manufacture of metal
      halide according to this invention;
PAR  FIG. 3 is a view showing a longitudinal temperature distribution of a
      retort;
PAR  FIG. 4 is a view showing a temperature distribution of a section of the
      retort;
PAR  FIG. 5 is a longitudinal sectional side view showing the reaction of
      sulphur with metal products cemented with chromium or plated with
      chromium, performed in salt;
PAR  FIG. 6 is an enlarged schematic view showing a section through the surface
      of the metal products obtained according to the invention after a
      wear-proof and a corrosion-proof treatment was performed;
PAR  FIG. 7 is a diagram graphically showing a result of a wear-proof and
      corrosion-proof test; and
PAR  FIG. 8 is a longitudinal sectional side view showing appratus in which
      treatment by the reaction of chromium with sulphur is performed in the
      mixed gas atmosphere.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  First, as shown in FIG. 1, a metal halide occluded body 1, formed in the
      shape of a hollow cylinder, is manufactured from a porous body out of the
      same kind of metal (chromium in case of chromium halide); in this process,
      metal halide (for instance, chromium halide) is occluded in such a way
      that it does not contain carbon and oxidizing agent, such as moisture and
      hydroxyl; the resulting metal halide occluded body is placed in a retort 2
      (shown in FIG. 2).
PAR  Next, as seen in FIG. 2, inert gas, such as argon or nitrogen gas is
      supplied from a feed pipe 4 with a valve 3 connected to one end of the
      retort 2 and the air in the retort is replaced by the inert gas. Then,
      heating was carried out from the outer periphery of the retort 2 by means
      of an electric furnace 5 and thus a stream of said metal halide is
      generated in the retort. Then, a dried inert gas at low temperature is
      blown into the retort from the feed pipe 4 at one end of the retort 2.
      Evaporated metal halide in said retort is quenched with the inert gas (in
      order to perform a further quenching, the retort 2 is sometimes cooled by
      means of a cooling means 5') whereby the evaporated metal halide is made
      into fine powders and the stream of fine powders of this metal halide in
      inert gas is withdrawn into a storage tank 8 which is maintained in a
      dried condition from the other end of the retort 2 through a feed pipe 7
      with a valve 6 by means of which said inert gas stream is admitted.
PAR  At the upper part of the storage tank 8, there is a filter 9 for venting
      the inert gas and preventing the escape of fine powders of the metal
      halide; at the lower part of the storage tank 8, there is an exhaust port
      10' having a valve 10.
PAR  FIG. 3 shows a longitudinal temperature distribution curve for the retort
      2, in which: .theta..sub.1 indicates a temperature lower than the fusing
      point of metal halide, .theta..sub.2 indicates a temperature at the
      heating zone of the retort, and this temperature is higher than the fusing
      point of metal halide, .theta..sub.3 indicates a temperature lower than
      .theta..sub.2, and this temperature is lower than the fusing point of
      metal halide; in particular, there is no need of heating or heat
      retaining, but rather a remarkably lower temperature (about
      600.degree.-900.degree.C) than .theta..sub.2 is suitable for making
      evaporated metal halide into fine powders.
PAR  As to the temperature distribution in the retort, shown in section in FIG.
      3, it is necessary to maintain the temperature where inert gas flows lower
      than the temperature at the point where the metal halide occluded body is
      heated and it is also necessary to make the former temperature lower than
      the fusing point of metal halide in order to solidify the evaporated metal
      halide.
PAR  Further, in carrying out this invention, the heating chamber, (for
      instance, the retort) may be longitudinally or obliquely directed, instead
      of laterally, as shown in the drawing; or its section may be circular,
      oval, square or of other shape.
PAR  Instead of the electric furnace, a gas furnace or a heavy oil furnace may
      be used as the heating furnace. Further, any outer-heat system or
      inner-heat system or both inner- and outer-heat system may be adopted as a
      heating chamber.
PAR  The invention is illustrated further below with reference to the
      embodiments of this invention described herein:
PAR  The retort 2 in the apparatus shown in FIGS. 2 and 3 having a cylindrical
      retort is made of stainless SUS 27 of 5cm in diameter and 2m in length.
      Into this retort is introduced 100 kg of a chromium chloride halide
      occluded body consisting of chromium chloride (CrCl.sub.2) about 20 - 60%,
      iron (fe) 0.5% or less, aluminum oxide (Al.sub.2 O.sub.3) or silicon oxide
      (SiO.sub.2) about 5 - 30% and remaining amount of chromium. Then, argon is
      supplied to the retort from the feed pipe 5, thereby expelling the air in
      the retort and then the retort is heated by means of the electric furnace
      5. As the heating condition, .theta..sub.1 shown in FIG. 3 is determined
      at 20.degree.- 100.degree.C, .theta..sub.2 at 1000.degree.C, (higher than
      815.degree.C), the fusing point of chromium chloride, .theta..sub.3 at
      200.degree.- 400.degree.C (in order to perform further cooling, a cooling
      means 5' is employed and .theta..sub. 3 is sometimes determined at
      30.degree. - 100.degree.C) 20 l/min. of argon gas is supplied from the
      feed pipe 4 and a temperature distribution of the section of the retort
      inside is made, as shown in FIG. 4. The chromium chloride which is
      evaporated in the retort is quenched with argon gas to make into fine
      powders, and thus, the fine powders of anhydrous chromium chloride of
      0.5-1.mu. in diameter and of 99.9% in high purity was obtained.
PAR  This invention is carried out as described above, namely, the occluded
      metal halide body is placed in the heating chamber and is heated to its
      fusing point or higher; the metal halide is evaporated, dispersed, and
      then a dried inert gas at low temperature is introduced into the heating
      chamber. The metal halide which is evaporated and dispersed is quenched
      and solidified; therefore, the fine powders of metal halide thus obtained
      can be easily and continuously produced in abundance by skillfully
      utilizing the evaporating and dispersing action, as well as the cooling
      and solidifying action. Further, the cooling takes place with the inert
      gas, so that oxidation can be prevented and fine powders of anhydrous
      metal halide of high purity can be manufactured.
PAR  Further, instead of the inert gas used in the abovementioned illustrative
      embodiment, a dried mixed gas at low temperature consisting of 80% inert
      gas (for example, argon or nitrogen gas) and 20% hydrogen sulfide gas, is
      used; the mixed gas is introduced in the heating chamber from the feed
      pipe 4 at one end of the retort 2, and chromium sulfide is produced by the
      reaction of chromium halide which is evaporated in the retort with
      hydrogen sulfide gas and chromium sulfide is quenched; (in order to
      perform a further quenching, the retort 2 is sometimes cooled by means of
      the cooling means 5'); in this manner, chromium sulfide is made into fine
      powders. Further, it is remarked, that the fine powders of this chromium
      sulfide are stored in the storage tank 8, which is maintained in a drying
      condition. The chromium sulfide is introduced from the other end of the
      retort 2 through the feed pipe 7 with the valve 6 by means of said gas
      blown in. In this case, therefore, chromium sulfide, suitable as a
      lubricant, can easily and continuously be produced in abundance by
      skillfully utilizing the reaction of the chromium halide evaporated and
      dispersed with the hydrogen sulfide gas evaporated and dispersed, and the
      quenching and solidifying action by means of feed gas.
PAR  As explanation of the invention is made below with reference to FIGS. 5
      through 8 in other illustrative embodiments and examples.
PAC  EXAMPLE 1
PAR  A carbon steel gear is provided, having a chemical composition of C: 0.42%,
      Mn: 0.68%, Si: 0.21%, P: 0.015% and S: 0.026%. This gear is placed with a
      chromium chloride generating substance in an atmospheric furnace in which
      the atmosphere can be controlled from the outside. After the air in the
      furnace is eliminated, a temperature in the furnace is maintained at
      1000.degree.C for 5 hours, chromium is thus cemented on the surface of the
      gear and thereafter, the gear is at once put in oil and quenched so that
      hardening of the gear takes place.
PAR  Next, as shown in FIG. 5, in the case 12 provided in the electric furnace
      11, the quenched gears 14 are immersed for one hour and heated at
      200.degree.C in a mixed salt 13 of sodium sulfate (85%) and potash alum
      (15%). The gears are then aircooled. As shown in FIG. 6, a matrix 15 of
      tempered martensite, a chromium cementation zone 16 (15.mu.in average
      thickness), a chromium zone 17 (20.mu. in average thickness) and a
      chromium sulfide zone 18 (2.mu. in average thickness) are produced in
      turn. The structure of the matrix is illustrated in section by FIG. 6. A
      wear-proof and a corrosion-proof treated gear of HRC49 in surface hardness
      was thus obtained.
PAR  In similar fashion, another gear consisting of carbon steel of the same
      composition as described above is heated at 1000.degree.C, and after oil
      hardening, quenching is performed at 200.degree.C and thus a heat-treated
      gear of HRC49 in hardness was also obtained.
PAR  The two kinds of gears obtained, as described above, are engaged with gears
      of the same kind respectively without feed oil and are rotated. Then, a
      wear loss (decreased amount of tooth thickness) of tooth in pitch circle
      was measured. The test results showed that merely heat-treated gears are
      inferior in wear resistance, as indicated by line A of FIG. 7, and such a
      gear has no corrosion resistance. However, a wear- and corrosion-resistant
      treated gear, according to this invention, is remarkably excellent in wear
      resistance, as indicated by line B of FIG. 7 and also has
      corrosion-resistance.
PAC  EXAMPLE 2
PAR  Chromium cementation gears 14 which are made of carbon steel obtained with
      the same composition as that of Example 1 are placed in case 12 of
      electric furnace 11 as shown in FIG. 8. A mixed gas of 70% argon and 30%
      H.sub.2 S is supplied from gas feed port 21 in lid 20 on which fan 19 is
      mounted. The air in case 12 is vented from a port hole 22. Thereafter, the
      gears were taken out after heating at 600.degree.C for one hour.
PAR  In this example, too, a chromium sulfide zone is formed on the surface of
      the chromium zone on the gear and the same wear-resistance and
      corrosion-resistance, as in the case of Example 1, was obtained.
PAC  EXAMPLE 3
PAR  After a shaft made of brass is plated (5.mu.in thickness) with chromium,
      this shaft is reacted with sulfur in mixed salt, as shown in FIG. 1, and
      thus chromium sulfide (1.mu.in thickness) was produced on the surface.
PAR  When this shaft was inserted in the hole of a bearing and was slided
      reciprocatingly, wear loss was lowered to 1/5 as compared with a shaft
      made of brass which was not so treated.
PAR  Since this invention is constituted as described hereinabove, it has been
      found that the chromium sulfide has a lubricating property, namely, a
      wear-resistance is produced on the surface of the chromium zone having
      corrosion-resistance by merely performing a treatment such as the reaction
      of the chromium zone in sulfide after the chromium zone was formed on the
      surface of metal products merely by chromium cementation or chromium
      plating. In this manner, both wear-resistance and corrosion-resistance of
      the gears can be improved.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process of producing the sulfide of chromium or aluminum which
      comprises the steps of: placing a chromium or aluminum chloride or bromide
      occluded mass in the shape of a porous hollow cylinder which does not
      contain carbon, moisture, hydroxyl ions or oxidizing agent in a closed
      heating chamber; heating said mass to at least the fusing point of said
      chromium or aluminum chloride or bromide; vaporizing the chromium or
      aluminum chloride or bromide produced thereby in a stream of a dried
      gaseous mixture supplied to said chamber at a low temperature, said low
      temperature being lower than the temperature at the point where the
      chromium or aluminum chloride or bromide occluded body is heated and lower
      than the fusing point of said bromide or chloride, and said gaseous
      mixture consisting of an inert gas and hydrogen sulfide gas, and thus
      directly reacting the vaporized chromium or aluminum chloride or bromide
      with the hydrogen sulfide component of said dried gaseous mixture whereby
      the corresponding metal sulfide is produced; and quenching and recovering
      the chromium or aluminum sulfide so produced in the form of a fine dry
      powder in the presence of the said inert gaseous component of the dried
      gaseous mixture.
NUM  2.
PAR  2. The process of manufacturing chromium sulfide, according to claim 1,
      wherein said inert gas is selected from the group consisting of argon and
      nitrogen.
NUM  3.
PAR  3. The process of manufacturing chromium sulfide, according to claim 1,
      wherein chromium chloride is used.
NUM  4.
PAR  4. The process of manufacturing chromium sulfide, according to claim 1,
      wherein chromium bromide is used.
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ABST
PAL  A process is disclosed for the desulfurization of gases containing hydrogen
      sulfide, as well as their decyanization and removal of sulfurous acid when
      the gases contain hydrogen cyanide or sulfurous acid and in which process
      a napthoquino chelate compound is employed on a component of an absorption
      medium.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 210,249, filed Dec. 20, 1971 and entitled "Desulfurizing Process for
      Hydrogen Sulfide-Containing Gases", and now abandoned.
BSUM
PAR  This invention relates to a process for treating gases which contain
      hydrogen sulfide and in which gases there may also be present hydrogen
      cyanide and sulfurous acid and the like. More particularly, the invention
      relates to a wet process for treating gases which contain the
      above-mentioned materials and in which process hydrogen sulfide is
      recovered as sulfur, hydrogen cyanide, if present in the gas being
      simultaneously caught as a thiocyanate by atomic sulfur formed as a
      by-product and sulfur dioxide, if also coincidentally present likewise
      being removed from the gases.
PAR  A number of processes for the wet desulfurization of gases containing
      hydrogen sulfide are well known, such as the Seaboard process, the Thylox
      process and the Giammarco process. These processes have become famous as
      the conventional processes from the wet desulfurization of hydrogen
      sulfide-containing gases. However, these known processes still exhibit
      certain insufficencies and defects. For example, in the Seaboard process,
      the absorbed hydrogen sulfide is discharged into the air during
      regeneration of the absorption medium, consequently this process results
      in air pollution, causing decay and damage in animals and plants and, as
      well, discoloration and corrosion of metal wares. In the Thylox process, a
      poisonous arsenite is employed for desulfurization, therefore, handling of
      the materials and operation of the process involve dangers. Moreover,
      complicated operations, such as water washing and extraction must be
      conducted for removal of the arsenite from recovered sulfur. In the
      Giammarco process, a condensed solution containing an arsenite at a
      concentration many times higher than that of the Thylox process is
      employed as the desulfurization catalyst. Accordingly, even greater care
      must be taken when handling the catalyst than in the Thylox process and
      the removal of the arsenite from the recovered sulfur must be conducted
      repeatedly.
PAR  In addition to the process discussed above, a further desulfurization
      process using benzoquinone has been proposed. However, since the
      oxidation-reduction potential of benzoquinone is as high as about 0.7 volt
      as shown in Table 1 given hereinafter, its autocatalytic activity is high
      and its catalytic life is very short. Consequently, this process is of no
      practical value.
PAR  This is also true with respect to the Stretford process which employs an
      anthraquinone-2,5 or 2,6-disulfonate as a catalyst component such
      component having a low oxidation-reduction potential of about 0.228 volt
      and, therefore, sufficient desulfurizing effect cannot be obtained even
      when it is used in a very large quantity. In order to obviate the
      disadvantage of the Stretford process, there was proposed a process in
      which a metal, such as vanadium, arsenic or iron, an alkali salt and a
      tartarate are used in combination. This process is one in which the
      desulfurization principles of each of the Thylox, Giammarco and Vetrocoke
      processes are utilized in combination and a certain effect is attained
      therewith. (See Canadian Pat. No. 672,084). However, the Stretford process
      or its modification is nothing more than a mere combination of the Thylox
      process with other known techniques, and in both post treatments should be
      conducted to remove vanadium or the like and arsenic. Furthermore, the
      desulfurizing effect attained by the Stretford process or its modification
      is insufficient. For these reasons, neither is of practical value.
PAR  Another very effective process for desulfurization of hydrogen
      sulfide-containing gases in which an acidic group is introduced into a
      quinone or hydroquinone or a salt thereof to render it water-soluble and
      the resulting water-insoluble quinone or hydroquinone derivative is used
      as the catalyst is also known (see U.S. Pat. No. 3,459,495).
PAR  Although the foregoing defects of the conventional processes can be
      overcome by this last mentioned process, it is still insufficient for the
      following reasons. The desulfurizing activity of the absorption medium can
      be exerted only about one day after packing of the absorption medium into
      an absorption tower. Further, since the rate of the oxidation reaction is
      relatively low, it is necessary to provide an oxidation tower of a very
      large size and feed a large quantity of air to the oxidation tower.
      Accordingly, if it is desired to treat large quantities of gases, the
      equipment size must be greately enlarged with consequent enlargement of
      the operation area, and a very large amount of the absorption medium must
      be circulated through the equipment.
PAR  There exists, therefore, a need for a process which overcomes the
      disadvantage and defects of the above-mentioned processes and the present
      invention fulfills this need.
PAC  THE OBJECT OF THE INVENTION
PAR  It is a primary object of this invention to provide an absorption medium
      for desulfurization which can desulfurize a hydrogen sulfide-containing
      gas at a high efficiency.
PAR  Another object of this invention is to provide a desulfurization process in
      which by utilizing a high catalytically active naptho-quino chelate
      compound it is possible to employ neutral and acidic aqueous solutions as
      well as alkaline aqueous solutions.
PAR  It is still another object of this invention to provide a desulfurization
      process in which an aqueous solution of glycerin, ethyleneglycol monoethyl
      ether or di-n-butylamine which have a high dissolving power to hydrogen
      sulfide and sulfur dioxide are employed as the absorption medium.
PAR  The foregoing and other objects are attained by this invention as is
      readily apparent from the following detailed description thereof which is
      to be taken in conjunction with the sole figure of the accompanying
      Drawing.
DRWD
PAC  THE DRAWING
PAR  The drawing illustrates a curve showing the relation between the frequency
      of .gamma.c=0 (in cm.sup.-1) and the redox potential (volt .times.
      10.sup.-.sup.2) in benzoquinone, naphthoquinone and anthraquinone
      compounds. From the drawing, it is seen that naphthoquinone compounds to
      be used in this invention have an appropriate redox potential.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, the foregoing disadvantages and
      shortcomings or defects of desulfurization processes are overcome by
      providing a process for the desulfurization of hydrogen sulfide-containing
      gases comprising contacting such gases with an absorption medium
      comprising a naphthaquino chelate compound as a catalytic component of the
      absorption medium and increasing the rate of oxidative activation of the
      desulfurization catalyst by such compound which is formed by aging for an
      appropriate time a mixture of (A) a hydrogen-sulfide-oxidizing catalyst
      formed by introducing into a quinone or hydroquinone an acid group, a salt
      thereof, a thioglycol group, a thiol group, a hydrozyl group, a lower
      alkyl group having 1 to 3 carbon atoms or a lower alkoxy group having 1 to
      3 carbon atoms so that the standard oxidation reduction potential E.sub.o
      of the catalyst is within a range of from 0.45 to 0.7 volt, and (B) a
      precursor of a chelating agent formed by reacting a compound of a metal
      selected from metals belonging to groups V, VI, VII and VIII in the fourth
      period of the Periodic Table with an aliphatic carboxylic acid or
      hydroxycarboxylic acid, the chelate compound so formed being stable in the
      presence of hydrogen sulfide, absorbing the hydrogen sulfide into the
      absorption medium, contacting the absorption medium with oxygen and
      converting the hydrogen sulfide to sulfur, while regenerating the
      naptho-quino chelate compound, recirculating the regenerated chelate
      compound for further use and recovering hydrogen sulfide-free gases. In
      addition, the process of this invention also includes the decyanization of
      the hydrogen sulfide-containing gases when hydrogen cyanide is present in
      the gases, the hydrogen cyanide being caught and removed as a thiocyanate
      by activated atomic sulfur, as well as the conversion of sulfurous acid
      gas, that is sulfur dioxide, to sulfur when sulfurous acid gas is present
      in the hydrogen sulfide-containing gases. Consequently, sulfurous acid gas
      or sulfur dioxide in the gases being treated is coincidentally removed.
PAR  Expressed in another manner, the subject invention comprises an improved
      process in which hydrogen sulfide-containing gases are passed through an
      aqueous medium containing (1) a material having an oxidation-reduction
      potential in an aqueous solution at 25.degree.C. of 0.45 to 0.70 v and
      which material is selected from the group consisting of derivatives of
      quinones, hydroquinones and their salts, and (2) a chelated complex
      compound having the formula
EQU  (Alk-polyoxypolycarbonate).sub.n M.sup.II
PAL  wherein Alk is an alkali metal atom or ammonium ion, M.sup.II represents a
      metal selected from metals belonging to Groups V, VI, VII and VIII in
      Period IV of the Periodic Table and n represents a number from 1 to 3, in
      the presence of molecular oxygen, thereby simultaneously desulfurizing the
      gas and regenerating the absorbent solution.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In carrying out the practice of this invention, there may be employed as
      metals of Groups V, VI, VII or VIII in the fourth period of the Periodic
      Table, for example, vanadium, chromium, manganese, iron, cobalt and
      nickel, as well as arsenic and selenium. Vanadium and iron are especially
      preferred.
PAR  As the aliphatic carboxylic acid or hydroxycarboxylic acid that can be
      employed in carrying out the process of this invention, there can be
      mentioned, for example, oxalic acid, citric acid, tartaric acid, glutaric
      acid and the like.
PAR  The reaction of a compound of the above-mentioned metals, such as a
      hydroxide or chloride, with the aliphatic carboxylic acid or
      hydroxycarboxylic acid is conducted in water or an alcohol at an
      appropriate pH, generally ranging from 4 to 10 according to customary
      methods. The so formed chelating agent precursors are represented by the
      following general formula:
EQU  (Alk-Y).sub.n M.sup.II
PAL  wherein Alk stands for an alkali metal or ammonium group, M.sup.II
      designates a metal belonging to Groups V, VI, VII or VIII in the fourth
      period of the Periodic Table, n represents a number from 1 to 3 and Y is
      an acid or hydroxyl residue of the aliphatic carboxylic acid or
      hydroxycarboxylic acid.
PAR  Examples of the chelating agent precursor obtained by employing tartaric
      acid or its alkali salt as the starting material are as follows:
      ##EQU1##
      wherein M' is hydrogen, ammonium or an alkali metal such as sodium and
      potassium and M.sup.II is as defined above and preferably vanadium or
      iron.
PAR  The amount of the chelating agent precursor employed in accomplishing the
      process of this invention can vary widely being optionally chosen, and
      sufficient and satisfactory results can be obtained when it is added in an
      amount of from about 0.01 to about 50% by weight, based on the quinone or
      hydroquinone compound employed.
PAR  The utilization of a chelating agent precursor, such as mentioned above
      provides a further advantage in that even when the metal has come into
      contact wiith hydrogen sulfide in the absorption liquid, precipitation of
      a metal sulfide is prevented by its protective activity.
PAR  The quinone or hydroquinone compounds suitable for use in this invention
      are those which may be chelated by some treatment or other and have a
      solubility in water or organic solvent containing water without
      polymerization activity. As suitably useful quinone or hydroquinone
      compounds meeting such conditions, there can be mentioned those having a
      group such as those set forth below and having an oxidation-reduction
      potential ranging from about 0.45 to about 0.7 volt, measured at
      25.degree.c.
PAC  Groups to be introduced
PA0  a. sulfonic group (--SO.sub.3 H)
PA0  b. carboxylic group (--COOH)
PA0  c. alkali metal or alkaline earth metal salts of acid groups (a) and (b)
      (--SO.sub.3 Na, --COONa, etc.)
PA0  d. thioglycol group (--S--CH.sub.2 --COOH)
PA0  e. thiol group (--SR in which R is an alkyl group)
PA0  f. hydroxyl group (--OH)
PAL  These groups (a) to (f) are hereinafter referred to merely as "radicals".
      Quinones and hydroquinones which can be used in this invention are
      represented by the following general formulae:
      ##SPC1##
PAL  wherein O(OH) stands for a quinone or hydroquinone structure and X
      designates a radical such as those mentioned above.
PAR  In the above formulae, the position of O(CH) is merely a typical
      illustrative instance and it can be attached to any optional position. For
      example, the .alpha.-type is shown above with respect to the
      naphthoquinone, but the .beta.-type is included in the naphthoquinones
      which can be used in this invention. Further, the radical X can be
      attached to any optional position other than the position to which O(OH)
      is attached. Moreover, the number of the radical X present is also
      optional. Specific examples of the radical-introduced quinonens and
      hydroquinones that can be used in this invention are as follows:
TBL  Compound              Structural Formula                                  
     __________________________________________________________________________
     1,4-naphthoquinone                                                        
     1,2-naphthoquinone                                                        
     1,4-naphthoquinone-2-sulfonic acid                                        
     and its salt                                                              
     1,2-naphthoquinone-4-sulfonic acid                                        
     and its salt                                                              
     1,4-naphthoquinone-2-carboxylic acid                                      
     and its salt                                                              
     1,2-naphthoquinone-4-carboxylic acid                                      
     and its salt                                                              
     2-methyl-1,4-naphthoquinone                                               
     2,3-dimethyl-1,4-naphthoquinone                                           
     2,5-dimethyl-1,4-naphthoquinone                                           
     2,6-dimethyl-1,4-naphthoquinone                                           
     2-methyl-1,4-naphthoquinone-3-sulfonic                                    
     acid and its salt                                                         
     2-alkylthio-1,4-naphthoquinone                                            
     2-carboxymethylmercapto-1,4-naphthoquinone                                
     1,4,5,8-naphthodiquinone                                                  
     1,2,3,4-naphthodiquinone                                                  
     2-hydroxy-1,4-naphthoquinone                                              
     5-hydroxy-1,4-naphthoquinone                                              
     6-hydroxy-1,4-naphthoquinone                                              
     2,5-dihydroxy-1,4-naphthoquinone                                          
     2,6-dihydroxy-1,4-naphthoquinone                                          
     2,7-dihydroxy-1,4-naphthoquinone                                          
     2,8-dihydroxy-1,4-naphthoquinone                                          
     5,6-dihydroxy-1,4-naphthoquinone                                          
     5,8-dihydroxy-1,4-naphthoquinone                                          
     2,5,8-trihydroxy-1,4-naphthoquinone                                       
     3,5,7-trihydroxy-1,4-naphthoquinone                                       
     2,3-dihydroxy-1,4-naphthoquinone                                          
     6,7-dihydroxy-1,4-naphthoquinone                                          
     2,3,6-trihydroxy-1,4-naphthoquinone                                       
     2,3,5,8-tetrahydroxy-1,4-naphthoquinone                                   
     5,6,8-trihydroxy-1,4-naphthoquinone                                       
     2-methoxy-1,4-naphthoquinone                                              
     2-methoxy-3-hydroxy-1,4-naphthoquinone                                    
     __________________________________________________________________________
PAR  The oxidation-reduction state and the deposition of sulfur are shown in the
      following table with respect to typical quinone compounds.
TBL                                    Table                                   
     __________________________________________________________________________
                  E.sub.o as measured                                          
     Oxidized Form                                                             
                  at 25.degree.C. (volt)                                       
                            State of Sulfur Deposition                         
     __________________________________________________________________________
     o-benzoquinone                                                            
                  0.787     no sulfur precipitate, extreme                     
                            formation of tionic acid                           
     3-hydroxy-o-benzo-                                                        
                  0.713     small amount of sulfur                             
     quinone                precipitate                                        
     p-benzoquinone                                                            
                  0.699     "                                                  
     1,4-naphthoquinone                                                        
                  0.484     sulfur precipitate                                 
     9,10-anthraquinone                                                        
                  0.154     no sulfur precipitate                              
     1,2-naphthoquinone-                                                       
                  0.628     sulfur precipitate                                 
     4-sulfonic acid                                                           
     1,4-naphthoquinone-                                                       
                  0.533     good precipitation of sulfur                       
     2-sulfonic acid                                                           
     1,4-naphthoquinone-                                                       
                  --        sulfur precipitate                                 
     2,3-dicarboxylic acid                                                     
     2-hydroxy-1,4-naphtho-                                                    
                  0.351     "                                                  
     quinone                                                                   
     5-hydroxy-1,4-naphtho-                                                    
                  0.452     "                                                  
     quinone                                                                   
     4-amino-1,2-naphtho-                                                      
                  0.352     "                                                  
     quinone                                                                   
     9,10-anthraquinone-                                                       
                  0.187     very slow and insufficient                         
     2-sulfonic acid        precipitation of sulfur                            
     1,2-anthraquinone-                                                        
                  --        "                                                  
     4-sulfonic acid                                                           
     anthraquinone-2,6-                                                        
                  0.228     "                                                  
     disulfonic acid                                                           
     1-hydroxy-9,10-                                                           
                  0.132     no sulfur precipitate                              
     anthraquinone                                                             
     __________________________________________________________________________
PAR  In this invention, the above-mentioned quinone or hydroquinone is mixed
      with the chelating agent precursor, and the mixture is aged. The aging is
      conducted over a wide time range generally from as short as about 10
      minutes to about 12 hours and preferably about 30 minutes to about 3
      hours. The resulting naphtho-quino chelate compound is used as an
      absorption medium in the form of an aqueous solution of a concentration of
      0.01 to 500 mole/Kl, preferably 1 to 20 mole/Kl.
PAR  One of the features of this invention is that an aqueous solution to be
      used as the absorption medium can have a pH value of a broad range of
      generally from about 3 to about 10. In view of the fact that in the
      conventional methods known desulfurization is possible only in an aqueous
      solution, it will readily be understood that the process of this invention
      can be applied broadly in various fields.
PAR  Furthermore, the aqueous solution employed as the absorption medium can
      also contain an organic solvent such as ethyleneglycol, diethyleneglycol,
      glycerin, compounds having the formula R.sub.1 O--(CH.sub.2).sub.2 --OH in
      which R.sub.1 is an alkyl group having 1 to 4 carbon atoms, and
      di-n-butylamine. These organic solvents may be incorporated into the
      absorption medium alone or as mixtures of two or more of them. The ether
      type compounds are more preferred than the glycol type compounds. The
      aqueous solution may comprise up to 98% of glycol, ethyleneglycol or
      diethylene glycol or up to 97% of 2-ethoxyethanol, 2-methoxyethanol,
      2-propoxyethanol or 2-butoxyethanol. In the case of di-n-butylamine, the
      upper limit of the concentration is 50%.
PAR  Glycol and its derivatives and 2-ethoxyethanol and its derivatives are used
      because of their high dissolving powers towards hydrogen sulfide and
      sulfur dioxide. More specifically, by utilizing such high dissolving
      powers, sulfur dioxide and hydrogen sulfide in a gas to be treated are
      transferred to such solvent to cause a reaction between them in the
      following manner:
EQU  SO.sub.2 + H.sub.2 S = H.sub.2 O + 2S
PAL  Then, excess hydrogen sulfide is oxidized by the naphthoquino chelate
      compound in the solvent or water to precipitate sulfur. Di-n-butylamine is
      used for attaining good precipitation and separation of sulfur. More
      specifically, when di-n-butylamine is added and the temperature is
      elevated according to need, it exhibits an activity which results in
      formation of coarse particles of precipitated sulfur, and hence, sulfur
      can be separated very easily.
PAR  When hydrogen cyanide is contacted with sulfur of ordinary form, it hardly
      reacts with the sulfur, and hence, there is practically no conversion to
      thiocyanate. In contrast, if sulfur is in the atomic state, hydrogen
      cyanide reacts with it very readily and it is easily converted to a
      thiocyanate. When the naphtho-quino chelate compound of this invention is
      present, atomic sulfur is readily formed and in a particle size
      distribution in which the maximum particle size is within a range of from
      about 0.01 to about 2.mu.. As may be readily understood from this fact,
      sulfur is in a highly active state, and it reacts with hydrogen cyanide to
      form a thiocyanate as follows:
EQU  HCN + atomic S .fwdarw. HCNS
PAR  An instance of the sulfur particle size distribution in the absorption
      liquid observed when the operation is continued for 15 hours is as
      follows:
     particle size (.mu.)                                                      
                    amount of particles (%)                                    
     ______________________________________                                    
     below 0.1      80                                                         
     0.1 to 1       15                                                         
     1 to 2          5                                                         
     ______________________________________                                    
PAR  In general, the desulfurization process of this invention using the
      above-mentioned naphtho-quino chelate compound is continuously carried out
      by employing an absorption tower and an oxidation tower. More
      specifically, the above-mentioned absorption medium is sprinkled from the
      head of the absorption tower and is contacted with a
      hydrogen-sulfide-containing gas introduced from the bottom of the tower to
      absorb hydrogen sulfide in the absorption medium. The hydrogen
      sulfide-absorbed liquid is fed to the oxidation tower, and by blowing
      oxygen in the formed air, oxygen or an oxygen-containing gas under
      atmospheric or elevated pressure into the oxidation tower, sulfur is
      precipitated. Simultaneously, the catalyst is converted to the oxidized
      form again and is recirculated to the absorption tower.
PAR  However, the process of this invention can also be carried out in one
      column or tower and divided into two portions, one portion being an
      absorption zone and the other portion being an oxidation zone. It is also
      possible to charge the absorption medium in one column and feed a hydrogen
      sulfide-containing gas and air or oxygen simultaneously into this column
      to effect absorption and oxidation coincidentally in the one column.
      Moreover, in the practice of this invention, when a gas to be treated is a
      sulfur dioxide-containing gas such as a gas which is to be fed to a Claus
      furnace, it is possible to incorporate a water-insoluble naphthoquinone
      compound into the reaction mixture, convert it to a water-soluble
      sulfonate during the operation and use it repeatedly as the catalyst
      component.
PAR  Since the naphtho-quino chelate compound has a high oxidation rate, the
      residence time in the oxidation tower can be reduced to one half or one
      third as compared with conventional naphthoquinone derivatives.
      Furthermore, the amount of oxygen require can also be reduced, and hence,
      excessive oxidation can be prevented. Moreover, since the conversion of
      hydrogen sulfide to sulfur is highly accelerated, the alkalinity of the
      absorption medium can be lowered and a neutral or acidic aqueous solution
      can be used according to need. In addition, in the case where a solution
      of the naphtho-quino chelate compound in a mixture of an organic solvent
      and water is used as the absorption medium, the occurrence of a series of
      sodium thiosulfate forming reactions, such as those represented by the
      following equation:
EQU  Na.sub.2 S .fwdarw. Na.sub.2 S.sub.2 O.sub.3
PAL  can be prevented.
PAC  THE EXAMPLES
PAR  In order to illustrate the invention more fully, the following illustrative
      example is set forth. It is to be understood that the example is
      illustrative and not limitative. In the example all parts and percents are
      by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  Synthetic resin fillers having a diameter of 15 mm were packed to a height
      of 800 mm into a glass tube having an inner diameter of 50 mm and a length
      of 100 mm. An absorption medium such as set forth below was sprinkled into
      the tube from the top and a hydrogen sulfide-containing gas was introduced
      from the bottom of the tube to flow in counter-current contact with the
      absorption medium and absorb hydrogen sulfide in the absorption medium.
      Then, the absorption medium was introduced into an empty glass tube having
      an inner diameter of 50 mm and a length of 1000 mm and air was blown into
      this tube to precipitate sulfur. The precipitated sulfur was removed from
      the absorption medium which was then recirculated to the absorption tube.
PAR  Run 1
PAR  Sodium 1,4-naphthoquinone-2-sulfonate was used as the catalyst and compound
      (I) disclosed above was used as the chelating agent precursor, the mixture
      being aged for 1 hour.
PAR  Run 2
PAR  1,4-Naphthoquinone-2,3-dicarboxylic acid was used as the catalyst and
      compound (III), disclosed above was used as the chelating agent precursor,
      the mixture being aged for 2 hours.
PAR  Run 3
PAR  Sodium 1,2-naphthoquinone-4-sulfonate was used as the catalyst and compound
      (VII) disclosed above was used as the chelating agent precursor, the
      mixture being aged for 1 hour.
PAR  Run 4
PAR  Sodium 1,4-naphthoquinone-2-sulfonate was used as the catalyst and compound
      (I) disclosed above was used as the chelating agent precursor, the mixture
      being aged for 1.5 hours.
PAR  Each run was repeated without employing the chelating agent precursor. The
      gas treated in runs 1 to 3 was composed of a mixture of 6% of CO.sub.2 and
      94% of N.sub.2 mixed with 5% of H.sub.2 S. In run 4, hydrogen cyanide was
      fed at a rate of 3 g/m.sup.3 together with the above gaseous mixture.
PAR  Operating conditions were as follows:
TBL                  Chelating agent                                           
                               Chelating agent                                 
                     precursor not used                                        
                               precursor used                                  
     __________________________________________________________________________
     Catalyst con-   5         0.8                                             
     centration (mole/Kl)                                                      
     Complex con-    0         0.1                                             
     centration (%)                                                            
     Temperature (.degree.C.)                                                  
                     25        25                                              
     pH of absorption                                                          
                     8.5 .+-. 0.05                                             
                               8.5 .+-. 0.5                                    
     medium (adjusted                                                          
     by sodium carbonate)                                                      
     Flow rate of ab-                                                          
                     2         2                                               
     sorption medium (l/hr)                                                    
     Liquid amount (l/m.sup.3 of gas)                                          
                     10        10                                              
     Gas feed rate (l/hr).                                                     
                     150       150                                             
     Gas residence time                                                        
     in absorption tube (sec)                                                  
                     35        15                                              
     in oxidation tube (min)                                                   
                     10        6                                               
     __________________________________________________________________________
PAR  Results of each run are as follows:
TBL  Chelating agent Chelating agent                                           
     precursor not used                                                        
                     precursor used                                            
                                  Remarks                                      
     ______________________________________                                    
     Run 1 97%           100%         desulfuri-                               
                                      zation ratio                             
     Run 2 95%           100%         "                                        
     Run 3 96%           100%         "                                        
     Run 4 47%           99.8%        thiocyani-                               
                                      formation ratio                          
     ______________________________________                                    
PAR  The process of this invention is also effective for removing hydrogen
      sulfide and sulfur dioxide from a gas containing CO.sub.2 at a high
      concentration. In other words, when the naphtho-quino chelate of this
      invention is employed, the pH of the absorption medium can be changed
      throughout the alkaline, neutral and acidic ranges optionally depending on
      the composition of the gas to be treated. This feature will be apparent
      from the following runs.
PAR  Run 5
PAR  An aqueous solution containing 0.08 mole of sodium
      1,4-naphthoquinone-2-sulfonate/kl of water was mixed with 0.01% of the
      iron salt of compound (I) disclosed above as the chelating agent precursor
      to form a naphtho-quino chelate, the mixture being aged for 1.5 hours. A
      gas composed of a mixture of 6% of CO.sub.2 and 94% of N.sub.2 mixed with
      5% of H.sub.2 S and 1% of HCN was treated at a pH of 3.5. Although the
      ratio of formation of thiocyanate compound was reduced to 37%, the
      desulfurization ratio was maintained at 99.8%.
PAR  Run 6
PAR  An aqueous solution containing 0.5 mole of sodium
      1,4-naphthoquinone-2-sulfonate/kg of water was mixed with 0.3% of the iron
      salt of compound (III) disclosed to form a naphtho-quino chelate compound,
      the mixture being aged for 1.5 hours. A gas containing 1% of H.sub.2 S,
      60% of CO.sub.2, 38% of N.sub.2 and 1% of CS.sub.2 was treated with the
      absorption medium of a pH of 3.5. The desulfurization ratio was maintained
      at 98% though the CO.sub.2 content in the gas was very high. Absorption of
      CS.sub.2 was hardly observed. When the above procedures were repeated with
      the absorption medium at a pH of 9.5, the ratio of removal of CS.sub.2 was
      as high as 80%.
PAR  Run 7
PAR  An aqueous solution containing 0.2 mole of sodium
      1,4-naphthoquinone-2-sulfonate/kl of water was mixed with 0.2% of the iron
      salt of compound (VI disclosed above as the chelating agent precursor to
      form a naphtho-quino chelate compound, the mixture being aged for 1.5
      hours. Then, the aqueous solution was mixed with ethyleneglycol to form an
      aqueous solution containing 80% of ethyleneglycol. A gas composed of a
      mixture of 3% of H.sub.2 S, 10% of O.sub.2 and 87% of N.sub.2 mixed with
      1.5% of SO.sub.2 was treated in the same manner as in Run 1. The
      desulfurization ratio was 99.7% and the ratio of SO.sub.2 removal was 97%.
PAR  Run 8
PAR  In this run, a mixed solvent comprising 70% of 2-ethoxyethanol, 2% of
      di-n-butylamine, 10% of glycerin and 18% of water was used, and it was
      attempted to conduct the reaction while dissolving H.sub.2 S, HCN and
      SO.sub.2 sufficiently in the solvent. The above mixed solvent containing
      0.5 mole/Kl of ammonium 2-methyl-1,4-naphthoquinone-3-sulfonate was
      incorporated with 0.06% of an iron salt of compound (I) disclosed above to
      form a naphtho-quino chelate compound, the mixture being aged for 1.5
      hours. A gas containing 5% of H.sub.2 S, 2% of SO.sub.2 and 1% of HCN, the
      balance being air, was treated with the so formed absorption medium under
      2 atmospheres pressure while employing an apparatus for melting sulfur by
      heating and agglomerating it. The desulfurization ratio was 99.8%, the
      ration of SO.sub.2 removal was 98% and the decyanization ratio
      (thiocyanate formation ratio) was 98.3%. In this run, sulfur was recovered
      in the form of large particles composed of pure sulfur.
PAR  Run 9
PAR  When a gas to be treated contained SO.sub.2 in addition to H.sub.2 S, a
      large quantity of the gas could be treated at a maximum desulfurization
      efficiency with equipment of small size by employing an absorption medium
      mixed with water-soluble naphthoquinone per se, allowing the
      naphthoquinone to react with sodium bisulfite formed by the reaction of
      SO.sub.2 in the absorption column, converting the resulting water-soluble
      sodium 1,4-naphthoquinone-2-sulfonate to a naphtho-quino chelate compound.
      The reactions involved are expressed as follows:
      ##SPC2##
PAR  When the gas containing 0.3% of H.sub.2 S and 0.18% of SO.sub.2, the
      balance being air (gas to be treated in a Claus Furnace), was treated in
      the above mentioned manner, the desulfurization ratio was 100% and the
      ratio of SO.sub.2 removal was 99.2%.
PAR  The present invention presents many advantages from the foregoing
      experimental results, it will readily be understood that when the
      naphtho-quino chelate compound of this invention is employed, the amount
      of the starting quinone or hydroquinone compound used can be greatly
      reduced. As compared with the conventional process in which the quinone or
      naphthoquinone compound is not converted to a naphtho-quino chelate (see
      U.S. Pat. No. 3,459,495), the amount of the starting quinone or
      naphthoquinone compound used is reduced to about one tenth, but the
      desulfurization ratio attained is substantially 100%. The desulfurizing
      effect is very conspicuous. Moreover a gas containing carbon dioxide at
      high concentration exceeding as much as sixty percent can be effectively
      treated. In addition sulfur dioxide-containing gases which are to be fed
      to a Claus furnace can also be easily treated.
PAR  Furthermore, since the oxidation rate in the oxidation tower is increased
      by the use of the chelate compound of this invention, the size of the
      oxidation tower can be reduced by about thirty to fifty percent and hence,
      the height of the absorption tower can be decreased to about two thirds.
      Simultaneously, it is possible to reduce the amount of the circulated
      absorption medium to 40% of the amount required in the conventional
      processes when the same amount of the gas is treated. This effect is very
      conspicuous when a large quantity (for example, 200,000 to 5,000,000
      m3/hr) of a gas is desulfurized, and the number of towers or stages can be
      reduced to one half or less, as compared with the conventional processes.
PAR  Moreover, when the naphtho-quino chelate compound of this invention is
      employed, there is attained addition advantage in that the ratio of
      formation of sodium thiosulfate can be controlled below 60% which is
      impossible by any of the conventional wet desulfurization techniques. In
      addition, in the case of a gas containing hydrogen cyanide, it can be
      substantially converted to thiocyanate compound, and therefore,
      decyanization as well as desulfurization can be attained in this
      invention.
PAR  In the conventional wet desulfurization processes using a quinone type
      catalyst, iron parts of towers, tanks and the like are extremely corroded,
      and additional large expenditures are inevitably necessary for forming
      inner coatings or the like to prevent such corrosion. In contrast, in this
      invention using the naphtho-quino chelate compound such undesired
      corrosion is hardly existent in the iron parts of towers, tanks and other
      equipment because the metal, such as iron, is present in the chelate
      compound and it has no substantial metal reactive property. For example,
      the interval of the regular corrosion examination can be prolonged to more
      than 3 years. Thus, this invention makes great economical contributions to
      the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the desulfurization of hydrogen sulfide-containing gases
      comprising mixing (A) a hydrogen sulfide oxidizing catalyst having a
      standard oxidation-reduction potential, Eo, in a range of from about 0.45
      to 0.7 volt, and selected from the group consisting of quinones and
      hydroquinones having present therein at least one substituent selected
      from the group consisting of sulfonic and carboxylic acid groups and
      alkali and alkaline earth metal salts thereof, thioglycol, thiol,
      hydroxyl, lower alkyl and lower alkoxy groups with (B) a precursor of a
      chelating agent which is selected from the group consisting of the
      reaction product of a metal selected from the group consisting of the
      metals of groups V, VI, VII and VIII in the fourth period of the Periodic
      Table, arsenic and selenium with an acid selected from the group
      consisting of oxalic, citric, tartaric and glutaric acids; aging the
      mixture of (A) and (B) for from about 10 minutes to about 12 hours and
      forming a naphthoquino chelate compound, forming an absorption medium
      comprising said chelate compound, contacting a hydrogen sulfide-containing
      gas with said absorption medium, and absorbing the hydrogen sulfide from
      said gas, contacting the absorption medium with an oxidizer selected from
      the group consisting of air, oxygen and oxygen-containing gas, and
      converting said hydrogen sulfide to sulfur while regenerating said
      naphtho-quino chelate compound, recirculating the regenerated naptho-quino
      chelate compound for further use and recovering a substantially hydrogen
      sulfide-free gas.
NUM  2.
PAR  2. A process according to claim 1 including converting hydrogen cyanide
      when present in the hydrogen sulfide-containing gas to thiocyanate.
NUM  3.
PAR  3. A process according to claim 1 including converting sulfurous acid gas
      when present in the hydrogen sulfide-containing gas to sulfur.
NUM  4.
PAR  4. A process according to claim 1 wherein the absorption medium has a pH in
      a range of from about 3 to about 10.
NUM  5.
PAR  5. A process according to claim 1 wherein the absorption medium contains
      water, di-n-butylamine and at least one member selected from the group
      consisting of glycerin, monoethyleneglycol, diethyleneglycol and compounds
      represented by the formula RO--(CH.sub.2).sub.2 --OH in which R is an
      alkyl group having 1 to 4 carbon atoms.
NUM  6.
PAR  6. A process according to claim 1 wherein absorption and oxidation are
      carried out in two separate towers.
NUM  7.
PAR  7. A process according to claim 1 wherein absorption and oxidation are
      carried out in two separate zones in one tower.
NUM  8.
PAR  8. A process according to claim 1 comprising passing the hydrogen
      sulfide-containing gas and the oxidizer through one tower simultaneously.
NUM  9.
PAR  9. A process according to claim 1 wherein the hydrogen sulfide-containing
      gas also includes sulfur dioxide and a water-soluble naphthoquinone is
      employed as the catalytic starting material, said naphthoquinone being
      converted in situ to water-soluble sulfonic acidic compound which
      catalyzes the reaction.
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ABST
PAL  A recycle loop method and recuperative heating system is provided for
      thermally recombining hydrogen and oxygen, such as may be desired in
      connection with a dissociated gas stream from a containment vessel for a
      nuclear reactor under loss of coolant accident conditions. The dissociated
      charge stream is preferably heated by indirect heat exchange with a
      resulting water vapor containing combined stream to effect heat
      conservation and, also preferably, the recuperative heat exchange
      operation and the high temperature recombining reaction are carried out in
      a unitary zone incorporating electrical, non-flame, heat input means. A
      particular feature of the present system resides in having the recycle of
      a portion of the resulting combined stream from the recombiner section
      pass into admixture with the hydrogen-oxygen containing charge stream to
      preclude an explosive condition and further having the quantity of such
      recycle regulated responsive to a temperature differential being measured
      across the recombiner zone as an indication of the oxygen level in such
      charge stream.
PARN
PAR  This application is a Division of my copending application Ser. No.
      308,354, filed Nov. 21, 1972 now U.S. pat. No. 3,853,482 which in turn is
      a continuation-in-part of application Ser. No. 216,714, filed Jan. 10,
      1972, now U.S. Pat. No. 3,791,923.
BSUM
PAR  The present invention relates to a method and means for handling
      dissociated water in a gas stream containing hydrogen and oxygen so as to
      effect a high temperature, thermal recombination of the two gases into
      water vapor.
PAR  More particularly, the invention is directed to providing a system for
      carrying out the thermal recombination of hydrogen and oxygen in a gas
      stream which can result from a "loss of coolant accident" in connection
      with nuclear power generating facilities.
PAR  With respect to a nuclear power plant which utilizes water as a core
      coolant, there might be an accidental loss of the coolant and it is
      postulated that radiolysis and metal-water reactions, under the particular
      conditions involved, could dissociate the water and generate hydrogen and
      oxygen. Typically, the dissociated gas could be about 21% hydrogen
      (H.sub.2), 5% oxygen (O.sub.2) and the balance primarily nitrogen
      (N.sub.2). In the presence of excess oxygen, the lower explosive limit
      (LEL) of hydrogen is about 4.1% or, with the presence of excess H.sub.2
      the LEL of O.sub.2 is about 5%. If either level is reached, an explosive
      condition exists within the containment vessel surrounding the nuclear
      reactor itself. As a result, it may be considered a principal object of
      this invention to provide a system to connect directly with the nuclear
      containment vessel and embody means to prevent the build-up of hydrogen to
      any dangerous limit.
PAR  A further object of the invention is to provide a system which does not
      discharge gases to the atmosphere by virtue of recycling a quantity that
      may be necessary to hold the temperature and/or the O.sub.2 content below
      an explosive limit; returning only an amount to the containment vessel
      equal to that being withdrawn, and cooling any remainder to provide a
      dischargeable condensate.
PAR  In connection with the system itself, it is an object of the present
      invention to provide for a recuperative form of heat exchange means in
      combination with a unitary form of thermal recombiner and, additionally,
      embody the use of an O.sub.2 analyzer or temperature sensing means to in
      turn regulate the splitting of the resulting combined gas stream and to
      thereby control the amount of gas recycle.
PAR  Broadly, the present invention provides a recycle system in a method for
      thermally recombining dissociated hydrogen and oxygen in a loss of coolant
      gaseous stream from a nuclear reactor containment, which comprises: (a)
      passing the dissociated gaseous charge stream into admixture with a
      resulting high temperature water vapor containing combined gaseous stream
      obtained as hereinafter set forth, (b) subsequently passing the resulting
      higher temperature gaseous stream into a high temperature recombiner zone
      wherein the stream is heated under non-flame conditions to effect the
      reaction of hydrogen and oxygen and thereby provide a resulting water
      vapor containing combined gaseous stream, (c) subsequently splitting the
      resulting combined gaseous stream and recycling a regulated proportion
      thereof into admixture with the dissociated charge stream as aforesaid,
      and (d) effecting the regulation of the quantity of such recycle portion
      of the combined gaseous stream responsive to a sensing of the temperature
      level at the recombiner zone so as to maintain non-explosive conditions at
      said zone.
PAR  In another broad aspect, the present invention provides a heat recuperative
      method for thermally recombining dissociated hydrogen and oxygen in a loss
      of coolant gaseous stream from a nuclear reactor, which comprises: (a)
      passing the dissociated gaseous charge stream into an elongated pathway
      heat exchange zone and elevating the temperature of such stream by
      indirect heat exchange with a resulting high temperature water vapor
      containing combined gaseous stream obtained as hereinafter set forth, (b)
      subsequently passing the partially heated gaseous stream into a high
      temperature recombiner zone wherein the stream is heated under non-flame
      conditions to effect the reaction of hydrogen and oxygen and to provide a
      resulting water vapor containing combined gaseous stream, (c) passing the
      latter in heat exchange with the inlet gaseous stream as aforesaid, (d)
      subsequently splitting the resulting combined gaseous stream and recycling
      a regulated proportion thereof into admixture with the dissociated charge
      stream, and (e) regulating the quantity of such recycle portion of the
      combined gaseous stream responsive to a sensing of the temperature level
      of said resulting combined stream from the recombiner zone so that there
      is maintained non-explosive conditions at such zone.
PAR  In still another aspect, the present invention provides a recuperative
      thermal system, or apparatus arrangement, for recombining dissociated
      hydrogen and oxygen in a waste gas stream, which comprises in combination,
      an elongated recombiner chamber having a gas stream inlet means and a
      combined gas outlet means connective thereto, inlet passageway means
      within said chamber which is in indirect heat exchange with a gas outlet
      passageway means therein, a heating section in said chamber intermediate
      the gas inlet and outlet means and non-flaming heating means supplying
      heat to said heating section, temperature measuring-controller means
      connected into said system to measure temperature rise across said
      recombiner chamber, recycle conduit means with control valve means therein
      connective between said gas inlet and said gas outlet means, additional
      conduit means from said gas outlet means with valve means therein for
      regulating the discharge of a combined gas stream flow from the system,
      and means connecting said temperature measuring-controller means to each
      of said valve means whereby the proportional amounts of gas recycle and
      combined gas stream flow can be regulated responsive to temperature levels
      across the recombiner chamber.
PAR  Preferably, electric heating will be provided through the use of electric
      heating coil means around a recombiner zone, or there can be resistant
      heating within the zone, such that there is resulting indirect non-flame
      heating conditions to provide for the high temperature requirements to
      effect the reaction between hydrogen and oxygen. The resultant
      non-explosive combined product stream of H.sub.2 O and nitrogen is then
      returned to the nuclear reactor containment, as well as recycled into
      admixture with the charge stream being withdrawn from the containment
      vessel.
PAR  The thermal recombination is carried out in accordance with the equation of
      2H.sub.2 + O.sub.2 = 2H.sub.2 O + Heat of Reaction. In addition to the
      heat supplied by electric energy, there will be indirect heat exchange
      with resulting substantial heating to the incoming dissociated gas stream
      from the outgoing recombined gas stream leaving the thermal recombiner
      section. For example, it is contemplated that the dissociated gas stream
      from the containment vessel could be of the order of 200.degree. F. and
      through indirect heat exchange with the resulting recombined gas stream
      can be elevated to a temperature of the order of 750.degree. F. or more.
      External electric heating will then be required to bring the gas stream
      level to the order of 1100.degree. F. to initiate recombination in
      accordance with the reaction set forth hereinbefore. Typically, the
      electric heating plus the heat of reaction will provide a gaseous stream
      leaving the recombiner zone at a temperature of the order of 1330.degree.
      F. to then pass in heat exchange relationship with the incoming
      dissociated gas stream. Heat of reaction or heat of formation for water
      vapor provides approximately 160.degree. C. or about 240.degree. F. for
      each mole percent of oxygen combined with hydrogen. Thus, it will be
      evident that there is a definite value and advantage to providing a
      unitary form of heat exchange-thermal recombiner whereby there is
      recuperative heating embodied in the overall system.
PAR  The desired flow through the heat exchange zones and the recombiner zone
      may be effected by the passage of the withdrawn dissociated gas through
      compressor means ahead of the neat exchange zones or alternatively, there
      may be ejector or eductor means downstream from the recombiner means such
      that positive flow is maintained through the heat exchange passageways and
      through the thermal recombiner zone. Flow must also be maintained for
      recycling at least a portion of the resulting combined stream into
      admixture with the dissociated gas stream being withdrawn from the
      containment vessel. In other words, it is not intended to limit the
      present invention to the use of compressor means or any one specific
      apparatus arrangement for maintaining flow through the recycle or loop
      design recombiner system.
PAR  Inasmuch as the free oxygen present in the dissociated gas stream will
      combine with, or burn, the free hydrogen present at the recombining
      conditions to effect heat of formation of approximately 240.degree. F. for
      each mole percentage of O.sub.2, it is possible to measure temperature
      within, or following, the recombiner zone as a measure of free O.sub.2
      present in the charge stream to such reaction zone.
PAR  It also may be considered a feature of the present improved method of
      operation, as well as the apparatus arrangement provided, to make use of
      temperature sensing or measuring means across the recombiner zone whereby
      the splitting and recirculation of a portion of the recombined stream can
      be carried out responsive to a temperature differential which, in turn, is
      an indication of the oxygen content in the dissociated gas stream. In
      other words, in lieu of oxygen analyzer means, there can be the use of
      temperature measuring means that is connective with suitable electric or
      pneumatic control means to, in turn, operate valving means in a recycle
      line as well as valve means in a conduit effecting the return of a portion
      of the recombined stream to the containment vessel such that a regulated
      portion of the water vapor-combined stream (with only a trace of oxygen)
      can be recycled into admixture with the dissociated gas stream to retain
      the oxygen level therein below a lower explosive limit.
PAR  That portion of the product stream or recombined stream which is admixed
      with the dissociated gas stream and is recycled to the recombiner can
      remain at a high temperature equal to that leaving the recombiner or
      provided after heat exchange with the incoming gas stream; however, the
      portion of the recombined stream which is available for return to the
      containment vessel is preferably cooled to a temperature of about
      200.degree. F. This cooling step may be carried out through conventional
      shell and tube heat exchange arrangements or by other conventional means.
      In the event that educator means is utilized to effect the gas stream flow
      through the recombiner zone and through the recirculating system, there
      may be sufficient cooling through the use of water eduction power so that
      the resulting gaseous stream will need no further cooling prior to return
      back to the nuclear reactor containment vessel. However, it may only be
      necessary to effect the removal of excess water from the resulting educted
      and cooled recombined stream prior to returning a regulated portion to the
      containment vessel.
PAR  From the apparatus aspects, various forms of heat exchange zones and
      thermal recombiner sections may be utilized; however, in all cases there
      shall be suitable provision for expansion of internal tubes and baffle
      plates to insure the accommodation of the high temperature conditions
      which will be encountered. Also, a preferred or desired form of heat
      exchange-recombiner zone will provide for elongated, adjacent indirect
      heat exchange passageways and baffles to provide for recrossing flows,
      whereby there is an optimum amount of heat given up to the incoming
      dissociated gas stream in order to, in turn, minimize the heat input
      energy required to bring the gas stream up to a reaction temperature.
      Insulation can also be used to advantage to retain heat in the heat
      exchange zones as well as around the recombiner section to encompass
      heating coils.
DRWD
PAR  Reference to the accompanying drawing and the following descriptions
      thereof will serve to illustrate diagrammatically an embodiment of the
      improved recycle operation and recuperative heating system for effecting
      the thermal recombining of hydrogen and oxygen and, additionally, will
      serve to assist in pointing out the use of the temperature
      measuring-controlling means for regulating the recycle stream whereby the
      amount of oxygen to the recombiner is retained below an explosive level.
PAR  FIG. 1 of the drawing is a flow diagram indicating the improved form of
      recuperative thermal recombining system in turn embodying the use of a
      temperature measuring-controlling means and a unitary heat
      exchange-thermal recombiner chamber, such as is suitable for accommodating
      a dissociated gas stream which may occur from a loss of coolant accident
      in connection with nuclear power generating facilities.
PAR  FIG. 2 is a diagrammatic drawing indicating merely a portion of the flow
      system to illustrate that flow eductor means may be utilized in such
      system in place of the charge gas stream compressor means whereby to
      maintain flow through the system.
DETD
PAR  Referring now to FIG. 1 of the drawing, there is indicated in dash lines a
      nuclear reactor containment vessel 1 with gas withdrawal means 2 and gas
      return inlet means 3. A conduit 4 is shown connecting with gas withdrawal
      means 2 and is utilized to pass a dissociated gas stream by way of
      compressor means 5 to additional conduit means 6 and into a unitary heat
      exchange-thermal recombiner chamber 7.
PAR  The chamber 7 is used to bring the hydrogen-oxygen-nitrogen stream up to a
      reaction temperature (of about 1100.degree. F.) such that there may be the
      desired thermal reaction between hydrogen and oxygen to form water vapor.
      Diagrammatically, the present chamber 7 shows a header section 8, as
      defined by tube sheet 10, discharging into a plurality of tubes 9 which,
      in turn, extend through a lower tube sheet 11 into a recombiner section
      12. The thermal recombiner section 12 is preferably heated by electric
      resistance from either external coils or internal coil means. The latter
      could be of Calrod resistor type whereby there is a non-flame form of high
      temperature heating to initiate the desired reaction between the oxygen
      and hydrogen. The present embodiment shows electric power supply lines at
      13 connective with a heat control unit 14 which in turn connects through
      lines 15 and 16 to resistor coil means 17, as well as through lines 18 and
      19 to resistor coil means 20. This arrangement is merely diagrammatic and
      not limiting. Additionally, there is indicated a thermocouple at 21
      connective through line 22 to the heat control means 14 such that there
      may be a proper and regulated electric power supply to resistor units 17
      and 20 responsive to the heating needs of the recombiner section 12.
PAR  As hereinbefore set forth, the resulting product stream or "recombined
      stream", which is primarily water vapor and nitrogen, will pass from the
      recombiner zone 12 at a temperature of the order of 1330.degree. F. Thus,
      in accordance with the present invention, this high temperature gaseous
      stream is utilized to advantage by passing it in a recuperative form of
      heat exchange relationship with the incoming dissociated gas stream
      through the use of spaced baffle means, such as 23 and 24, whereby the
      high temperature stream is channeled in countercurrent flow around the
      plurality of tubular member 9 so as to effect an optimum amount of heat
      transfer to the incoming stream.
PAR  A combined stream leaving outlet port means 25 of chamber 7 passes by way
      of a conduit 26 with valve means 27, to cooler means 28 as well as to
      recycle conduit means 29, with control valve 30, such that there is
      passage of a regulated and controlled portion of low oxygen content gas
      into admixture with the hydrogen containing stream from the containment
      vessel 1. This portion of the combined stream passing by way of lines 26
      and 29 to be recycled back to the heat exchange-recombiner zone can stay
      at a high temperature; however, that portion which is to be returned to
      the containment vessel will preferably be cooled by suitable cooling means
      capable of reducing the return gas stream temperature to the order of
      200.degree. F. The present drawing indicates cooler 28 connecting through
      conduit means 31 with the return port means 3 at containment vessel 1.
      Typically, water or other inexpensive low temperature heat exchange medium
      will be made available for cooler means 28 to effect the reduction in the
      combined gas stream returning to the containment vessel.
PAR  In accordance with a particular feature of the present invention, a
      temperature measuring-controller means 34 is shown connective at 33 with
      the interior of the conduit means 4 whereby there can be a continuous
      measurement of the gas temperature of the dissociated gas stream ahead of
      the heat exchanger and recombiner zones and a connection to the recombiner
      section outlet at 32 in order to obtain a temperature measurement from the
      resulting recombined stream. Actually, as heretofore set forth, the
      temperature measurement can be used to note a temperature differential and
      a resulting indication of O.sub.2 content in the charge stream to the
      recombiner section. Thus, in the same manner an oxygen analyzer could be
      used, the temperature measuring-controller means 34 is utilized to
      regulate the quantity of recycle through conduit 29 in an amount to keep
      the oxygen content in line 4 well below 5% (which is the lower explosive
      limit of O.sub.2 heretofore set forth when in the presence of excess
      H.sub.2). Preferably, to insure a safe operation, the oxygen content will
      be maintained below 1 or 2% in order to provide a factor of safety in the
      operation of the system. Diagrammatically, the present drawing indicates
      temperature recorder-controller means 34 connecting by way of lines 35 and
      36 to the respective valves 30 and 27. The controller 34 may make use of
      electric, electronic or pneumatic power and signals to effect the desired
      regulation of the control valve means 27 and 30 and it is not intended to
      limit the present invention to any one particular form of control means or
      regulator means. It is, of course, a part of the present system, and the
      operation thereof, to proportion the flows into conduit 29 by closing
      valve 27 and opening valve 30, or, conversely, opening valve 27 and
      closing valve 30, responsive to the lessened or increased needs of an
      oxygen deficient stream into the dissociated gas stream passing through
      conduit 4 to the heat exchange-recombiner section. In other words, the
      controller means 34 will note changes in oxygen level through temperature
      measurement and will carry out the regulation and proportioning of recycle
      flow to insure maintaining the flow in conduit 4 below an explosive limit.
PAR  As an illustration of the operation of the present system, the following
      conditions are set forth: Preferably, the system will be maintained with
      nitrogen under a positive pressure ready for the reception of a
      dissociated gas stream from the containment vessel 1. Then, under an
      accident condition, the compressor 5 will maintain a flow of a constant
      quantity of gas, as for example at about 200.degree. F. and of the order
      of 250 SCFM. This constant quantity flow at 200.degree. is then introduced
      into the heat exchange section of vessel 7 whereby there can be an
      elevation in temperature of from about 200.degree. to about 750.degree. F.
      at the discharge ends of tubes 9. Electric heating is then utilized to
      increase temperature from 750.degree. to at least about 1100.degree. F.
      whereby the hydrogen-oxygen reaction can take place for recombination into
      water vapor. The resulting combined gas stream from recombiner section 12
      will be at about 1330.degree. F. and can pass by way of axial zone 12'
      into the baffled passageways around tubes 9 to be discharged into conduit
      26 at about 700.degree. F. The 700.degree. recycle stream can be carried
      by way of conduit 29, without reduction in temperature, into admixture
      with the dissociated gas in conduit 4; however, cooler means such as
      indicated at 28 will be provided to lower that portion of the combined
      stream carrying back to containment vessel 1 through conduit 31 to a
      reduced temperature level of about 200.degree. F.
PAR  Typically, pressure within the system may be maintained relatively low and
      of the order of 5 to 10 psig although greater pressures in the system will
      assist in reducing the initial temperature required to start the
      recombining reaction within the thermal recombiner section. It is also
      desirable to return a volume flow to the containment vessel substantially
      equal to the quantity being withdrawn from the containment. Thus, where
      there is initially about 50 SCFM discharge from the containment, then an
      equal quantity will be returned thereto.
PAR  Depending upon the oxygen concentration in the dissociated stream, there
      can be an increase or decrease in the amount of recycle in the 250 SCFM
      flow provided by the compressor 5 discharging into the heat
      exchange-combiner vessel. In other words, during a loss of coolant
      accident, as the oxygen concentration upstream from the compressor falls
      below a predetermined level, such as 1 or 2%, then the temperature
      sensing-controller means 34 can sense a lower O.sub.2 content from the
      temperature readings and can regulate through its control means the
      opening and closing of the valves 27 and 30 respectively whereby an
      increased volume of gas can be processed with respect to the containment
      vessel itself.
PAR  A recirculating system, as provided hereby, imposes no theoretical limit on
      system capacity, flow values selected are merely typical, and the highest
      encountered among reliable estimates. In practice the system must only be
      capable of removing oxygen and hydrogen at a rate greater than the maximum
      rate of generation by radiolysis and zirconium-water reaction.
      Furthermore, the system is stable, in that it can correct for undesirable
      oxygen concentrations. Once the situation within the containment gets
      under control, the system will process increasing gas quantities, thereby
      providing maximum utilization of its benefits. The present recirculating
      system, unlike a "once-through" unit does not rely upon being able to vent
      gases after being "held up" for the half-life of the radio-active
      components; this minimizes the chances of radioactive emissions above
      permissible levels, from this source.
PAR  In FIG. 2 of the drawing, there is indicated a modified apparatus and flow
      arrangement to the extent that conduit 4 connects directly with chamber 7
      and outlet line 26 having control valve 27 connect with eductor or ejector
      means 37 as well as with recycle line 29 which connects to eductor means
      42. The eductor 37 connects through line 38 to a separator or "knock-out"
      chamber 39, the off-take of which connects through line 31 to containment
      vessel 1. Excess water is withdrawn from vessel 39 by way of line 40 and
      valve 41. The recycle of a portion of the combined gas stream through line
      29 back to line 4 is assisted by the eductor means 42 discharging to line
      29' and separator chamber 43, and then to return line 44. Diagrammatically
      there is shown a water jet stream from line 45, having control valve 46',
      supplying eductor 37 and a water or steam stream from line 46, with
      control valve 47, supplying eductor 42.
PAR  With respect to the control of the split in the combined gaseous stream for
      recycle, the operation is similar to FIG. 1, in that the main valves 27
      and 30, as well as eductor flow stream valves 46' and 47, will be
      regulated responsive to the sensor-controller means 34 in the manner
      heretofore described. Additional control lines 35' and 36' provide for
      having eductor flows correlate with valve throttlings. In summary, the
      embodiment of FIG. 2 does, however, show a modified system for maintaining
      recirculating flow from the containment vessel and gas return thereto, as
      well as gas recycle to lower the oxygen level in the charge stream, all
      through the use of the eductor means 37 and 42, rather than utilize the
      compressor arrangement. Also, since the eductor means 42 will cause a
      temperature drop in the recycle stream, it is of definite advantage to
      have the heat exchange arrangement for the dissociated gas stream ahead of
      the recombiner section.
PAR  In still another apparatus arrangement, there might well be utilized an
      eductor means in line 4, ahead of the heat exchanger-recombiner chamber 7
      and, in this position, a single eductor might well eliminate the need of
      the two separate eductor means 37 and 42 which are downstream from the
      recombiner. In other words, flow motivating means, such as one or more
      eductors, in lieu of using a compressor in line 4 can be utilized to
      maintain the recirculating flow in the system.
PAR  It will be obvious to those skilled in the processing arts that various
      modifications may be made in the system by way of decreasing heat exchange
      and increasing heat input means, etc., and there can be substitution of
      equivalent forms of apparatus, or operational procedures, and that various
      changes in construction details may be made. For example, different tube
      arrangements and heat exchange flows or baffle arrangements may be made in
      connection with the heat exchange passageway means for chamber 7 as well
      as variations in effecting heating with respect to the thermal recombiner
      section of the unitary heat exchange-recombiner chamber. Still further,
      variations in temperature sensing-control means or in oxygen analysis and
      control means, as well as placement thereof in the system, may be utilized
      to cause regulated and proportioned recycle flow responsive to a change in
      oxygen level and/or temperature at the recombiner section such that there
      is the continuous safe, lower limit of oxygen present to preclude
      explosion in the system. In some cases, it may be sufficient to utilize
      merely one temperature sensor, such as in the recombiner section or at an
      outlet therefrom, rather than sensors ahead of and downstream from the
      recombiner zone. Also, various locations and arrangements may be utilized
      with respect to compressor and/or eductor means to effect the desired gas
      flows or pressure in the overall system.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method for thermally recombining dissociated hydrogen and oxygen in a
      loss of coolant gaseous stream from a nuclear reactor containment which
      comprises:
PA1  a. passing the dissociated gaseous charge stream into admixture with a
      resulting high temperature water vapor containing combined gaseous stream
      obtained as hereinafter set forth,
PA1  b. subsequently passing the resulting higher temperature gaseous stream
      into a recombiner zone having a temperature therein sufficiently high to
      effectuate association with said dissociated gaseous charge stream wherein
      the stream is heated under non-flame conditions to effect the reaction of
      hydrogen and oxygen and providing a resulting water vapor containing
      combined gaseous stream,
PA1  c. subsequently splitting the resulting combined gaseous stream and
      recycling a regulated proportion thereof into admixture with the
      dissociated charge stream as aforesaid, and
PA1  d. effecting the regulation of the quantity of such recycle portion of the
      combined gaseous stream responsive to the sensing of the temperature level
      at said high temperature recombiner zone so that there is maintained an
      oxygen content therein below an explosive level.
NUM  2.
PAR  2. The method of claim 1 further characterized in that the sensing of the
      temperature level at the recombiner zone provides for measurements ahead
      of and downstream from such zone whereby to produce a differential
      temperature measurement across said zone and, in turn, sense changes in
      oxygen level in the stream to said zone.
NUM  3.
PAR  3. A heat recuperative method for thermally recombining dissociated
      hydrogen and oxygen in a loss of coolant gaseous stream from a nuclear
      reactor containment, which comprises:
PA1  a. passing the dissociated gaseous charge stream into an elongated pathway
      heat exchange zone and elevating the temperature of such stream by
      indirect heat exchange with a resulting high temperature water vapor
      containing combined gaseous stream obtained as hereinafter set forth,
PA1  b. subsequently passing the partially heated gaseous stream into a high
      temperature recombiner zone wherein the stream is heated under non-flame
      conditions to effect the reaction of hydrogen and oxygen and providing a
      resulting water vapor containing combined gaseous stream,
PA1  c. passing the latter in heat exchange with the inlet gaseous stream as
      aforesaid,
PA1  d. subsequently splitting the resulting combined gaseous stream and
      recycling a regulated proportion thereof into admixture with the
      dissociated charge stream as aforesaid, and
PA1  e. regulating the quantity of such recycle portion of the combined gaseous
      stream responsive to the sensing of the temperature level of the resulting
      combined gaseous stream from the recombiner zone so that there is
      maintained an oxygen content therein below an explosive level.
NUM  4.
PAR  4. The method of claim 3 further characterized in that a quantity of the
      resulting combined gaseous stream is returned to the containment in an
      amount substantially equivalent to that being withdrawn therefrom and such
      returned portion is cooled down to a temperature of the order of
      200.degree. F.
NUM  5.
PAR  5. The method of claim 3 further characterized in that the dissociated
      gaseous stream being withdrawn from the containment and the recycle
      portion is passed through a compressor means providing a substantially
      uniform maximum flow quantity being introduced into the recombiner zone,
      whereby a steady state volume can be provided and the volume provided for
      return to the containment is substantially equivalent to that being
      withdrawn therefrom.
NUM  6.
PAR  6. The method of claim 3 further characterized in that the heating under
      non-flame conditions is carried out to provide a reaction initiation
      temperature of about 1100.degree. F. and two after stages of cooling are
      provided for the resulting combined gaseous stream from heat exchange with
      the charge stream and from additional heat exchange for that portion
      returned to the containment such that the temperature is reduced to the
      order of 200.degree. F.
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PAL  Method of hardening powdered titania (titanium dioxide) so as to make it
      attrition-resistant and to enhance its properties as a catalyst carrier.
      The method involves thoroughly dispersing powdered titanium dioxide in
      water, removing the excess water, drying and then calcining the product at
      a temperature between 650.degree.C and 900.degree.C. Preferably a large
      excess of water is used, at least 37% to effect dispersion; and dispersion
      may be aided by use of a surfactant, a water soluble organic compound or a
      highly polar inorganic compound. The excess water may be removed by
      filtration or the use of flocculants.
PAL  The resultant powdered material is particularly useful as a carrier for
      oxidising ortho-xylene to phthalic anhydride.
BSUM
PAR  Catalysts for use in fluid bed processes such as the oxidation of o-xylene
      to phthalic anhydride must have good fluidizing characteristics and have a
      high degree of resistance to attrition. Fluidizing characteristics are
      related to particle size and size distribution. If the catalyst has been
      manufactured by impregnating or coating with active components a catalyst
      carrier which is intrinsically weak, large quantities of fine particles
      will be produced early in its life. These will impair fluidization,
      initiating the phenomenon known as chanelling whereby unduly high gas
      velocities exist in certain regions of the bed cross section and perhaps
      even causing the formation of `dead-spots' on some areas of the
      distribution plate. Under these circumstances, in contrast to a perfect
      fluid bed, reaction conditions vary widely throughout the bed making
      optimization of yield impossible. In addition, excessive quantities of
      finely divided catalyst are present in the disperse phase of the reactor,
      placing an additional load on catalyst filters. These will either have to
      operate at excessive differential pressures or provision be made in
      reactor design to allow for additional filter surface area. In addition,
      the presence of greater quantities of fine catalyst will increase the risk
      of uncontrolled reactions occurring in this region and consequently of
      fire.
PAR  The use of titania as a carrier for oxidation reactions carried out in
      fixed beds (particularly when oxidizing o-xylene to phthalic anhydride) is
      well known to those experienced in the art but its use has not so far been
      found practical in fluid beds because of the poor mechanical strength of
      titania particles available. The object of this invention is to provide a
      method of hardening powdered titanium dioxide (anatase or rutile) for use
      as a catalyst carrier.
PAR  According to the invention, a method of hardening powdered titania
      comprises thoroughly dispersing the powder in water, removing the excess
      water, drying and calcining. Dispersion is preferably carried out using a
      large excess of water. If the quantity used is not in excess of the
      minimum needed just to wet the titania and achieve complete dispersion,
      the final product may be of variable quality.
PAR  Dispersion may be aided by using additions of agents such as surfactants,
      certain water soluble organic compounds and highly polar inorganic
      compounds.
PAR  For practical purposes, the excess water should first be removed to yield a
      paste which can be dried easily. This may be achieved by filtration, the
      incorporation of flocculants in the original `mix' used or other suitable
      methods.
PAR  The paste must then be dried prior to calcination. The most suitable drying
      conditions are dependant on the moisture content of the paste and the area
      of surface exposed to the drying conditions.
PAR  If this is not done, the rapid evolution of water vapour will cause
      disintegration of the structure of the base and may result in the
      formation of pores thus lowering its strength. If the drying temperature
      is too low, the time required may be excessive.
PAR  Careful control of the calcination stage is important, because this affects
      the hardness and surface area of the final product. Also, in the case of
      anatase, if too high a temprature is used isomerization to rutile will
      take place which will reduce the selectivity of catalysts made from it for
      certain reactions.
PAR  A suitable product is obtained if the dried anatase paste is calcinated at
      temperatures between 700.degree. - 900.degree.C, preferably between
      800.degree. - 850.degree.C. If rutile is employed the lower limit can be
      650.degree.C.
PAR  We have found, that if during the initial dispersion procedure the quantity
      of water added is increased, mixing is made easier. For example, the
      addition of 37 parts of water to 63 parts of British Titan Products AHR
      grade anatase enables satisfactory mixing to be carried out, even in large
      batches.
PAR  In the presence of this large excess of water, the powdered anatase is
      dispersed very readily. In order to process this material further, it is
      necessary to remove the excess water present. Failure to do so will make
      the drying procedure very difficult to carry out. The excess water may be
      removed by means of suitable, commerically available equipment e.g. rotary
      drum vacuum filtration. Alternatively, the wetting procedure may be
      modified to reduce the quantity of water required.
PAR  The use of suitable additives in this operation has been found both to aid
      mixing and reduce the total volume of water needed. The product obtained
      then has a soft cheese like consistency, can be handled more conveniently
      and requires less drying before calcination.
PAR  Examples of commercial ionic surfactants which can be used as additives
      are:-- Bitran 02 -- a cationic surfactant which is a long chain amine
      derivative; Arquad S/50 -- a cationic quarternary ammonium salt, and the
      sodium sulphonate-based Teepol.
PAR  Use of a surfactant eases mixing although usually with a resultant loss of
      hardness of the final product but not necessarily to such a degree that it
      cannot be used successfully as a catalyst carrier.
PAR  Examples of water soluble organic compounds which can be used include
      acetone, acetic acid, methyl alcohol, ethyl alcohol, propanol, n butanol
      and 2 butanol. The improved ease of mixing obtained by using these water
      soluble organic compounds is also usually accompanied by some reduction in
      the hardness of the final product but not necessarily to such a degree
      that it cannot be used successfully as a catalyst carrier.
PAR  Examples of highly polar inorganic compounds which can be used include
      hydrochloric acid, nitric acid, phosphoric acid, caustic soda and sodium
      nitrate.
PAR  Another method of producing a product suitable for drying is by the use of
      a flocculant as an additive in the wetting stage. Zimmite, a flocculating
      agent of the modified polyacrylamide type has been found to be
      particularly suitable. The flocculating agent may conveniently be used by
      adding in the aqueous phase to the titania which has been dispersed in a
      large excess of water. The mixture is then stirred until the suspension
      coagulates. After settling, the supernatant liquid is syphoned off leaving
      a wet pulp which can be partially dewatered by pressing.
PAR  The mechanical strength of the catalyst carrier normally obtained using
      this method is comparable to that using water alone.
DETD
PAC  EXAMPLE 1
PAR  Anatase and Water Alone
PAR  1 kg of commercial pigment grade anatase e.g. British Titan Products Ltd.
      grade AHR was dispersed in 600 g of water. The excess was removed by
      filtration, yielding a paste containing 25% by wt. of water. This was then
      placed in a tray in a one inch deep layer and then dried in an oven at
      100.degree.C for 4 hours. The dried material was placed directly into a
      muffle at 800.degree.C and calcined for two hours giving a product with a
      friability index of 74.
PAC  EXAMPLE 2
PAR  Addition of a Surfactant
PAR  1 kg of commercial pigment grade anatase e.g. British Titan Products Ltd.
      grade AHR and 440 mls of an aqueous solution of 0.75. Bitran 02 a cationic
      surfactant were mixed together with stirring, and left to dry in a 1 inch
      layer for 15 hours at ambient temperature before calcination as in Example
      1 giving a product with a friability index of 65.
PAC  EXAMPLE 3
PAR  The Use of Flocculant to Remove Excess Water
PAR  1 kg of commercial pigment grade anatase e.g. British Titan Products Ltd.
      grade AHR was dispersed in 2 liters of water. To this 1.17 liters of 0.2%
      Zimmite a modified polyacrylamide in water was added with stirring. Two
      hours was then allowed for the anatase to coagulate and settle. The
      supernatent liquid was syphoned off, and a wet doughlike material (ca. 38%
      water content) left which was further dewatered by pressing. This was
      placed in a drying tray in a 1 inch deep layer and heated at 120.degree.C
      for 4 hours.
PAR  The material obtained by this method can also be dried at high temperatures
      (150.degree.C) without impairing the properties of the final product. The
      dried material is calcined as in Example 1 giving a product with a
      friability index of 75.
PAC  EXAMPLE 4
PAR  1 kg of British titan Products Ltd. grade RSM rutile was dispersed in 600 g
      of water. The excess water was removed by filtration yielding a paste
      containing 25% by wt. of water. This was then placed in a tray in a one
      inch deep layer and then dried in an oven at 100.degree.C for 4 hours. The
      dried material was placed directly into a muffle at 800.degree.C and
      calcined for two hours giving a product with a friability index of 85.
PAC  EXAMPLE 5
PAR  1 kg of commercial pigment grade anatase, e.g. British Titan Products Ltd.
      grade AHR anatase, and 550 mls of a solution of 0.1% v/v conc. nitric acid
      in water were mixed together with stirring. A smooth, homogeneous paste
      was readily obtained which was then dried in a 1 inch thick layer for 10
      hours at 70.degree.-80.degree.C before calcination (as in example 1)
      giving a product with a friability index of 71.5.
PAC  EXAMPLE 6
PAR  1 kg of commercial pigment grade anatase. e.g. British Titan Products Ltd.
      grade AHR anatase, and 720 mls of a solution of 1% w/v sodium hydroxide in
      water were mixed together with stirring. A smooth, homogeneous paste was
      readily obtained which was then dried in a 1 inch thick layer for 15 hours
      at 80.degree.C before calcination (as in example 1) giving a product with
      a friability index of 76.2.
PAC  EXAMPLE 7
PAR  1 kg of commercial pigment grade anatase e.g. British Titan Products Ltd.
      grade AHR anatase, and 700 mls of a solution of 1. w/v sodium nitrate in
      water were mixed together with stirring. A smooth homogeneous paste was
      readily obtained which was then dried in a 1 inch thick layer for 15 hours
      at 80.degree.C before calcination (as in example 1) giving a product with
      a friability index of 75.2.
PAC  EXAMPLE 8
PAR  1 kg of commercial pigment grade anatase, e.g. British Titan Products Ltd.
      grade AHR anatase, and 520 mls of a solution of 10% v/v butan 2-ol in
      water were mixed together with stirring. A smooth, homogeneous paste was
      readily obtained which was then dried in a 1 inch thick layer for 10 hours
      at 70.degree.-80.degree.C before calcination (as in example 1) giving a
      product with a friability index of 68.9.
PAC  TESTING
PAR  The resistance of anatase samples to mechanical disintegration is compared
      by the modified ball-mill test, which was originally developed for testing
      the microstrength of coke (H. E. Blyden, W. Noble, H. L. Riley, J. Iron &
      Steel Institute, 47P. 1937. 75P 1939).
PAR  In this method, which differs from the original only in experimental
      details resulting from the different strengths of two materials, 1 gm of
      base of 14-16 B.S.S. size grading is placed in a 3/4 inch dia. 81/2 long
      steel tube together with three 1/4 inch dia. steel balls and rotated for
      370 revolutions at 25 R.P.M.
PAR  The friability index is defined as the percentage of base which after
      testing is retained on a 25 B.S sieve. The greater the strength of the
      material the higher the friability index.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of hardening powdered titania comprising thoroughly dispersing
      a composition consisting essentially of commercial pigment grade anatase
      or rutile in a large excess of water, removing excess water to form a
      paste of said titania and water, drying said paste and then calcining the
      titania at a temperature of 650.degree.C to 900.degree.C.
NUM  2.
PAR  2. A method according to claim 1 and in which the removal of the excess
      water is achieved by filtration.
NUM  3.
PAR  3. A method according to claim 1 and in which the powdered titania is
      anatase.
NUM  4.
PAR  4. A method according to claim 3 and in which the anatase is British Titan
      Products AHR grade anatase.
NUM  5.
PAR  5. A method according to claim 1 and in which the calcination temperature
      is between 800.degree.C and 850.degree.C.
NUM  6.
PAR  6. A method according to claim 1 in which the amount of water, as a
      percentage of the water plus titanium dioxide, is at least 37%.
NUM  7.
PAR  7. A carrier for oxidising ortho-xylene to phthalic anhydride which
      consists of titania prepared in accordance with the method of claim 1.
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PAL  A method for controlling the hydrogen ion concentration of an aqueous
      solution is provided, which method comprises adding to an aqueous
      solution, microcapsules prepared by encapsulating an acid material with a
      polymer, which is dissolved in or swelled with water in an alkaline state
      only, and/or microcapsules prepared by encapsulating an alkaline material
      with a polymer, which is dissolved in or swelled with water in an acid
      state only, and adding an aqueous acid solution or an aqueous alkaline
      solution to the system.
BSUM
PAR  The present invention relates to a method of controlling hydrogen ion
      concentration of an aqueous solution by use of microcapsules to maintain a
      constant hydrogen ion concentration regardless of the variation in the
      composition of the solution. More particularly, the invention relates to a
      method of controlling a hydrogen ion concentration of an aqueous solution
      by use of microcapsules prepared by encapsulating an acid material with a
      so-called alkalisoluble polymer, i.e., a polymer soluble in water in only
      an alkaline state, or microcapsules prepared by encapsulating an alkaline
      material with a so-called acid-soluble polymer, i.e., a polymer soluble in
      water in only an acid state.
PAR  2. Description of the Prior Art
PAR  In a chemical reaction by use of an aqueous solution, it frequently happens
      that the hydrogen ion concentration of the aqueous solution must be
      maintained at a constant value, and for the purpose a pH buffer solution
      is usually used. As such buffer solution, there are known Kolthoff's
      buffer solution, Sorensen's buffer solution, Clark-Lub's buffer solution,
      McIlvanes's buffer solution, and Walpole buffer solution, which are
      mixtures of aqueous solutions of weak acids or weak alkali and the salts
      of them. However, if it is desired to increase the buffering power of the
      buffer solution, the concentration of the salt must be increased, which
      makes it improper to use such buffer solution in a a reaction system which
      will form precipitations by the presence of the salt or in an enzyme
      reaction which will delicately be influenced by the concentration of the
      salt.
PAR  For overcoming such difficulties, there have been proposed buffer solutions
      prepared by using compound each having an atomic group showing various
      dissociation characteristics in the one molecule. Among them a buffer
      solution containing tris-hydroxymethylaminomethane as the main component,
      i.e., a so-called tris buffer solution is used frequently for particularly
      biochemical experiments. However, the buffer solution is expensive and
      then it is improper to use such solution in a large amount.
PAC  SUMMARY OF THE INVENTION
PAR  The capsules for the buffer solution of this invention are based on a new
      principle quite different from the principle of buffer solution. That is
      to say, the buffer action in this invention occurs by such mechanism that
      when the capsules for buffer solution by the present invention are
      dispersed in an aqueous reaction system, they are maintained in an
      ordinary dispersion system, and no materials are dissolved in the aqueous
      phase in the original state, but when the pH of the reaction system is
      varied by the addition of an acid or an alkali to the reaction system, an
      alkali or an acid in the capsules is released in the reaction system in
      such amount as necessary for compensating the variation of the pH, whereby
      the pH of the reaction system is maintained at a constant value.
      Accordingly, in the initial stage of the reaction, the concentration of
      the salts and the buffer reagent in the reaction solution are
      substantially zero and hence the capsules give no bad influences on the
      reaction.
PAR  Also, in the capsules for the buffer solution by the present invention, the
      buffering range may be preliminary determined by the properties of the
      core material and encapsulating materials and the diameter of the capsules
      regardless of the amount of the capsules. Therefore, at the use of such
      capsules, it is unnecessary to measure or control the amount of the
      capsules to be added, i.e., a proper amount of the capsules may be added
      to the reaction system. Moreover, the capsules may be added to the
      reaction system during the progress of the reaction, which makes the
      handling of the capsules profitable remardably compared with conventional
      buffer solutions. Furthermore, the capsules can be readily removed from
      the reaction system if necessary.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described by referring to the drawing, in which FIG. 1 is
      a schematic cross sectional view of a microcapsule for pH buffer solution
      by the present invention and FIG. 2 is a graph showing the variation of
      the pH of distilled water having dispersed therein oxalic acid-containing
      microcapsules of cellulose acetate phthalate when aqueous sodium hydroxide
      solution is added to the aqueous dispersion.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  As shown in FIG. 1 which shows an embodiment of the microcapsule used in
      the invention, a solid acid powder 1 is encapsulated closed by a polymer
      shell 2 which is dissolved in only an alkaline solution and consitutes
      also the continuous phase of the capsule. Because the polymer shell of the
      capsule is non-permeable for a neutral solvent or an acid solvent, the
      encapsulated material is not diffused into such a kind of solvent or
      solution. However, if the solution is alkalified by a reaction product or
      an additive added to the solution afterward, the capsule shell is attacked
      by the solution and swelled to increase the permeability of the shell and
      thus a part of the acid within the capsule is released into the solution
      to neutralize it. When the solution is neutralized by such mechanism, the
      permeability of the capsule shell is reduced to control the release of the
      excessive amount of the acid in the solution. In such manner the pH of the
      solution is maintained at a constant value unless an alkali is not freshly
      added to the solution.
PAR  In case of buffering a solution under reaction from being carried into an
      acid state during reaction, capsules prepared by encapsulating an alkali
      with an acid-soluble polymer are used. The buffering action of the
      capsules to acid will be understood by the above-mentioned case of the
      acid-containing capsules.
PAR  By adding both of the acid-containing capsules and the alkali-containing
      capsules in a solution, a stable solution is obtained showing buffering
      actions in any case where the variation of the pH of the system is caused
      by acid or alkali.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Now, the materials used in this invention will be explained hereinafter. As
      the core materials to be encapsulated, any inorganic or organic strong
      acid or week acid and alkaline materials may be utilized. For instance,
      the acids used in this invention include sulfuric acid, hydrochloric acid,
      nitric acid, sulfamic acid, formic acid, phosphoric acid, oxalic acid,
      succinic acid, citric acid, etc., and the alkalis used in this invention
      include sodium hydroxide, potassium hydroxide, sodium carbonate, sodium
      bicarbonate, n-dibutylamine, di-potassium phosphate, di-sodium phosphate
      and trihydroxymethylamino-methane, etc. Sodium phosphate and potassium
      phosphate may also be employed as the acid material in this invention.
PAR  As the polymers for shells of microcapsules, polymers showing specific
      solubility and swellability in a specific hydrogen ion concentration are
      used. As the polymer for capsule shell containing acid, so-called
      alkali-soluble polymers are used.
PAR  Examples of the polymers include cellulose derivatives such as cellulose
      acetatephthalate, ethylhydroxyethyl cellulose hydroxypropyl methyl
      cellulose phthalate and the like; starch derivatives such as starch
      acetatephthalate and the like; a vinylic copolymer of a vinyl monomer such
      as vinyl acetate, vinylbutyl ether, and styrene and maleic anhydride;
      acrylic copolymers such as methyl acrylate-methacrylic acid copolymer,
      styrene-acrylic acid copolymer, and the like; and di-basic acid monoesters
      such as polyvinyl acetatephthalate and the like.
PAR  A compound having a property of being swelled by alkali, such as shellac,
      casein resin, etc., may also be used as the alkali-soluble polymers in
      this invention.
PAR  As the polymers for capsule shells containing alkali therein, so-called
      acid-soluble polymers are used in this invention.
PAR  Examples of such polymers include cellulose derivatives such as
      diethylaminomethyl cellulose, cellulose acetate
      N,N-di-n-butyl-aminohydroxypropyl ether, and the like; a
      vinyldiethylaminevinyl acetate copolymer; polyvinyldiethylaminoaceto
      acetal; polydiethyl-aminomethylstyrene; polyvinyl pyridine and a copolymer
      of a vinyl monomer and vinyl pyridine; and vinyl derivatives.
PAR  Furthermore, such materials as being swelled by acid, such as Nylon, etc.,
      may also be used.
PAR  The microcapsules used in this invention may be prepared by the following
      way.
PAR  Almost all of the shells for capsules prepared by known encapsulation
      methods are regarded as semipermeable membranes (see, A. Kondo,
      Microcapsules, published by Nikkan Kogyo Shinbun Sha on April 1970). For
      instance, the shell material for capsules used in the process disclosed in
      the specification of French Patent No. 1,362,935 is semipermeable and such
      capsules are unsuitable for the purpose of this invention.
PAR  That is to say, such compounds as having semipermeable property are not
      used as the materials for capsules in the present invention. The capsule
      shell made of a non-permeable material in this invention has a thickness
      of more than few microns, preferably more than 5 microns and is required
      to have no pin holes.
PAR  As the process for making the capsules used in this invention, the
      processes described in the specifications of Japanese Patent Application
      Nos. 3042/1969 corresponding to U.S. Pat. No. 3,691,090, 62, 738/1969,
      corresponding to U.S. Pat. No. 3,703,576 and Japanese Patent Publication
      No. 9836/1971; and 9382/1970 corresponding to British Patent No. 1,338,151
      or Canadian Patent NO. 923,384 or U.S. Pat. No. 3,714,065 are particularly
      suitable. By the processes disclosed in these specifications; and acid or
      an alkali as the core material to be encapsulated is dispersed or
      dissolved in a solution of the polymer usuable under the conditions in
      this invention, the solution or dispersion is further dispersed by
      emulsification in a concentrated aqueous salt solution capable of salting
      out the solution or (high boiling) solvent of low vaper pressure which
      does not substantially dissolve the both components as liquid paraffin,
      and then the solvent for the polymer is evaporated away under a reduced
      pressure or by heating to provide capsules.
PAR  The particle sized of the capsules used in this invention are generally
      from 10 microns to 1 centimeter but capsules having other sizes than above
      may of course by used in accordance with conditions to be employed. From
      the view point of easiness in handling or removal and of uniform progress
      of the buffering action, however, the use of capsules having sizes of from
      100 microns to few milimeters is particularly profitable. The content of
      the acid or the alkali as the core material in capsule may be desirably
      selected by the conditions employed. A better understanding of the present
      invention will be attained from the following examples, which are merely
      intended to be illustrative and not limitative of the present invention.
PAR  The invention is illustrated by the following examples.
PAC  EXAMPLE 1.
PAR  15 g of cellulose acetatephthalate (made by Wako Pure Chemical Industries,
      Ltd.) was dissolved in 125 ml of acetone and 35 g of oxalic acid powder
      having a size of from 50 microns to 200 microns was dispersed in the
      solution. Thereafter, the dispersion was added with stirring to 600 ml of
      aqueous solution of 40% ammonium sulfate having a pH of 1.0 and having
      dispersed therein 30 g of starch. By elevating the temperature of the
      system to 40.degree.C under a slightly reduced pressure and stirring the
      system for 4 hours under the same condition, 42 g. of cellulose acetate
      phthalate capsules having particle sizes of from 200 microns to 700
      microns and having filled therein oxalic acid were obtained. The capsules
      were collected, washed thoroughly with water to remove salts and acid
      attached to the surfaces of the capsules, and then dried.
PAR  When 2.0 g of the oxalic acid-containing capsules of cellulose acetate
      phthalate were dispersed in 150 ml of distilled water, the pH of the
      aqueous system was not varied. Then, while stirring the dispersion at a
      temperature of 35.degree.C, a 1/5 normal aqueous sodium hydroxide solution
      was added dropwise to the dispersion at a rate of 1.9 g/min, during which
      the variation of the pH of the system was recorded. The results are shown
      in FIG. 2. As shown in FIG. 2, the pH value of the aqueous solution was
      maintained at a constant value of 9 in a deviation range of 0.3 in pH unit
      by the presence of the capsules until 13 ml of the 1/5 normal sodium
      hydroxide solution was added.
PAR  The variation of the pH value in the presence of the capsules in accordance
      with this invention differed clearly from the control case shown in the
      figure, in which distilled water was used in place of the capsule
      dispersion.
PAC  EXAMPLE 2.
PAR  1.5 g of shellac was dissolved in 40 ml of iso-propanol and 8.5 g of
      sulfamic acid having diameters of shorter than 200 microns was dispersed
      in the solution. Then, the dispersion was added with stirring to 300 ml of
      aqueous 40% ammonium sulfate solution.
PAR  By elevating the temperature of the system to 40.degree.C under a slightly
      reduced pressure and stirring continuously the system for 2 hours, 9.5 g
      of shellac capsules having filled therein sulfamic acid and having
      diameters of 100 microns to 500 microns were obtained. The capsules were
      collected and dried as in Example 1.
PAR  When 1 g of the capsules thus dried were dispersed in 100 ml of distilled
      water, the pH value of the aqueous system was not substantially varied.
      When 1/10 normal sodium carbonate soluiton was added dropwise to the
      solution, the buffering action was observed.
PAC  EXAMPLE 3.
PAR  2.0 g of cellulose acetate di-n-butylaminohydroxy propyl ether (made by
      Wako Pure Chemical Industries, Ltd.) (hereinafter, called CABP) was
      dissolved in 50 ml of acetone and then 8 g of sodium carbonate monohydrate
      having particle sizes of less than 200 microns was dispersed in the
      solution. The dispersion was added with stirring to 300 ml of aqueous 50%
      magnesium chloride solution having a pH of 13. By elevating the
      temperature of the system to 40.degree.C under a slightly reduced pressure
      and stirring the system continuously for 3 hours, 7.5 g of CABP capsules
      having filled therein sodium carbonate and having diameters of 100 microns
      to 500 microns were obtained. The capsules were collected and dried as in
      Example 1. When 1 g of the capsules thus, obtained were dispersed in 100
      ml of distilled water, the pH value of the system was not substantially
      changed. When 5 ml of 1/10 normal hydrochloric acid was added to the
      system, the buffering action was observed.
PAC  EXAMPLE 4.
PAR  3g of cellulose acetate phthalate was dissolved in 50 ml of acetone and a
      sol prepared by impregnating 3 g of silica gel powder having grain sizes
      of from 5 microns to 20 microns with 5 g of formic acid was dispersed in
      the solution. Then, the dispersion thus prepared was added with stirring
      to 300 ml of liquid paraffin cooled to 5.degree.C. By elevating the
      temperature of the system to 40.degree.C under a slightly reduced pressure
      and stirring the system continuously for 3 hours, 10.9 g of capsules
      having filled therein silica gel powder impregnated with formic acid
      having sizes of 500 microns to 800 microns were obtained. The capsules
      gave the buffering action as in Example 1-3.
PAC  EXAMPLE 5.
PAR  2.0 g of the formic acid-containing capsules of cellulose acetate phthalate
      obtained in Example 4 and 2.0 g of the sodium carbonate-containing
      capsules of CABP obtained in Example 3 were dispersed together in 100 ml
      of distilled water. The pH of the system was 6.5. When 2 ml. of 1/10
      normal sodium carbonate solution was added dropwise to the dispersion with
      stirring, the pH of the system was increased but when few milliliters of
      the solution was added further to the system, the pH of the system was not
      varied. Then, when 6 ml of 1/10 normal hydrochloric acid was added to the
      system, the pH of the system was changed to 5.5 but when few milliliters
      of the hydrochloric acid solution was added further to the system, the pH
      of the system was not substiantially changed.
PAR  Although the present invention has been adequately described in the
      foregoing specification and examples included therein, it is readily
      apparent that various changes and modifications may be made without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for controlling the hydrogen ion concentration of an aqueous
      alkali solution which comprises adding to the aqueous alkali solution an
      aqueous solution containing a dispersion of microcapsules prepared by
      encapsulating an acid material with a polymer which is non-permeable prior
      to attack by alkali, said polymer being swelled in an alkali state only,
      the term "swelled" meaning the attacking of said polymer by said solution
      so that the microcapsule shell is swelled to increase the permeability
      thereof and thus permit part of the acid within said microcapsule to be
      released into the solution to neutralize alkali present.
NUM  2.
PAR  2. A method for controlling the hydrogen ion concentration of an aqueous
      acidic solution which comprises adding to the aqueous acidic solution an
      aqueous solution containing a dispersion of microcapsules prepared by
      encapsulating an alkali material with a polymer which is non-permeable
      prior to attack by acid, said polymer being swelled in an acid state only,
      the term "swelled" meaning the attacking of said polymer by said solution
      so that the microcapsule shell is swelled to increase the permeability
      thereof and thus permit part of the alkali within said microcapsule to be
      released into the solution to neutralize acid present.
NUM  3.
PAR  3. The method of claim 1 wherein said polymer, which is swelled with water
      in alkaline state only is a member selected from the group consisting of
      cellulose acetate phthalate, ethylhydroxy ethyl cellulose, hydroxyprophyl
      methyl cellulose phthalate, starch acetate phthalate, a copolymer of a
      vinyl monomer and maleic anhydride, a methyl acrylatemethacrylic acid
      copolymer, a styrene-acrylic acid copolymer, and polyvinyl acetate
      phthalate.
NUM  4.
PAR  4. The method of claim 2, wherein said acid material is a member selected
      from the group consisting of sulfuric acid, hydrochloric acid, nitric
      acid, sulfamic acid, formic acid, phosphoric acid, oxalic acid, succinic
      acid, citric acid, sodium phosphate, and potassium phosphate.
NUM  5.
PAR  5. The method of claim 1, wherein said alkaline material is a member
      selected from the group consisting of sodium hydroxide, potassium
      hydroxide, sodium carbonate, sodium bicarbonate, di-sodium phophate,
      di-potassium phosphate, n-dibutylamihne, and trihydroxymethylamino
      methane.
NUM  6.
PAR  6. The method of claim 2, wherein said polymer, which is swelled with water
      in the acid state only is a member selected from the group consisting of
      diethylaminomethyl cellulose, cellulose acetate,
      N,N-di-n-butylaminohydroxypropyl, a vinyldiethylamine-vinyl acetate
      copolymer, polyvinyldiethylaminoaceto acetal, polydiethylaminomethyl
      styrene, polyvinyl pyridine, copolymers of a vinyl monomer and vinyl
      pyridine, and nylon.
NUM  7.
PAR  7. The method of claim 1, in which said polymer which is swelled with water
      in the alkaline state only is replaced with a high molecular weight
      material selected from the group consisting of shellac and casein resin.
NUM  8.
PAR  8. The process of claim 1 wherein the acid material encapsulated with the
      polymer is citric acid.
NUM  9.
PAR  9. The process of claim 2 wherein the alkali material encapsulated by said
      polymer is selected from the group consisting of sodium carbonate and
      sodium bicarbonate.
NUM  10.
PAR  10. The process of claim 1 wherein the microcapsules have a particle size
      of 10 microns to 1 centimeter.
NUM  11.
PAR  11. The process of claim 2 wherein the microcapsules have a particle size
      of 10 microns to 1 centimeter.
NUM  12.
PAR  12. A method for controlling the hydrogen ion concentration of an aqueous
      alkali solution which comprises adding to the aqueous alkali solution an
      aqueous solution containing a dispersion of microcapsules prepared by
      encapsulating an acid material with a polymer which is non-permeable prior
      to attack by alkali, said polymer being swelled in an alkali state only,
      the term "swelled" meaning the attacking of said polymer by said solution
      so that the microcapsule shell is swelled to increase the permeability
      thereof and thus permit part of the acid within said microcapsule to be
      released into the solution to neutralize alkali present, said polymer
      being cellulose acetate phthalate.
NUM  13.
PAR  13. A method for controlling the hydrogen ion concentration of an aqueous
      alkali solution which comprises adding to the aqueous alkali solution an
      aqueous solution containing a dispersion of microcapsules prepared by
      encapsulating an acid material with a polymer which is nonpermeable prior
      to attack by alkali, said polymer being swelled in an alkali state only,
      the term "swelled" meaning the attacking of said polymer by said solution
      so that the microcapsule shell is swelled to increase the permeability
      thereof and thus permit part of the acid within said microcapsule to be
      released into the solution to neutralize alkali present, said polymer
      being a casein resin.
NUM  14.
PAR  14. A method for controlling the hydrogen ion concentration of an aqueous
      acidic solution which comprises adding to the aqueous acidic solution an
      aqueous solution containing a dispersion of microcapsules prepared by
      encapsulating an alkali material with a polymer which is nonpermeable
      prior to attack by acid, said polymer being swelled in an acid state only,
      the term "swelled" meaning the attacking of said polymer by said solution
      so that the microcapsule shell is swelled to increase the permeability
      thereof and thus permit part of the alkali within said microcapsule to be
      released into the solution to neutralize acid present, said polymer being
      N,N-di-n-butylamino hydroxypropyl ether.
NUM  15.
PAR  15. A method for controlling the hydrogen ion concentration of an aqueous
      alkali solution which comprises adding to the aqueous alkali solution an
      aqueous solution containing a dispersion of microcapsules prepared by
      encapsulating citric acid with a polymer which is nonpermeable prior to
      attack by alkali, said polymer being swelled in an alkali state only, the
      term "swelled" meaning the attacking of said polymer by said solution so
      that the microcapsule shell is swelled to increase the permeability
      thereof and thus permit part of the acid within said microcapsule to be
      released into the solution to neutralize alkali present, said polymer
      being cellulose acetate phthalate.
NUM  16.
PAR  16. A method for controlling the hydrogen ion concentration of an aqueous
      alkali solution which comprises adding to the aqueous alkali solution an
      aqueous solution containing a dispersion of microcapsules prepared by
      encapsulating citric acid with a polymer which is non-permeable prior to
      attack by alkali, said polymer being swelled in an alkali state only, the
      term "swelled" meaning the attacking of said polymer by said solution so
      that the microcapsule shell is swelled to increase the permeability
      thereof and thus permit part of the acid within said microcapsule to be
      released into the solution to neutralize alkali present, said polymer
      being a casein resin.
NUM  17.
PAR  17. A method for controlling the hydrogen ion concentration of an aqueous
      acidic solution which comprises adding to the aqueous acidic solution an
      aqueous solution containing a dispersion of microcapsules prepared by
      encapsulating an alkali material selected from the group consisting of
      sodium carbonate and sodium bicarbonate with a polymer which is
      nonpermeable prior to attack by acid, said polymer being swelled in an
      acid state only, the term "swelled" meaning the attacking of said polymer
      by said solution so that the microcapsule shell is swelled to increase the
      permeability thereof and thus permit part of the alkali within sid
      microcapsule to be released into the solution to neutralize acid present,
      said polymer being N,N-di-n-butylamino hydroxypropyl ether.
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ABST
PAL  Radioassay for vitamin B-12 using the unknown quantity of non-radioactive
      vitamin B-12 released from serum mixed with the radioactivity of a known
      quantity of radioactive vitamin B-12 tracer. A solution of intrinsic
      factor having a binding capacity less than the quantity of serum vitamin
      B-12 and radioactive vitamin B-12 is used to bind a portion of the vitamin
      B-12 mixture. The vitamin B-12 not bound to intrinsic factor is removed by
      addition of a bentonite-containing tablet. The quantity of radioactive
      vitamin B-12 bound to intrinsic factor is compared with standard values
      and the unknown serum vitamin B-12 obtained.
PAL  In the steps of the procedure the acid assay medium is pre-combined with
      the radioactive tracer so that the radioactive vitamin B-12 tracer
      receives the same treatment as serum vitamin B-12. Certain of the other
      reagent solutions are pre-combined and the concentration of the components
      adjusted so that the volume used of each of these other reagent solutions
      is the same in different assay steps. Thus, fewer pipetting steps are
      necessary.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the radioassay for vitamin B-12. More
      particularly, the invention relates to a radioassay for vitamin B-12 using
      the principle of radioisotope dilution in which improved techniques for
      the separation of vitamin B-12  not bound by intrinsic factor (IF) are
      provided as well as novel formulation of reagent solutions and their order
      of addition to achieve a more rapid and simpler method than those
      heretofore used in analogous assay procedures.
PAR  2. Description of the Prior Art
PAR  Principles of the methods to which the present improvements are directed
      are taught in the following references:
PA1  Lau, K.-S. Gottlieb, C. W., Wasserman, L. R., and Herbert, V., Measurement
      of Serum Vitamin B-12 Level Using Radioisotope Dilution and Coated
      Charcoal. Blood 26, 202 (1965)
PA1  Herbert, V., Gottlieb, C. W., and Lau, K.-S, Hemoglobin-coated Charcoal
      Assay for Serum Vitamin B-12. Blood 28, 130 (1966)
PA1  U.s. pat. No. 3,442,819.
PAR  In particular, the principle of the present assay known as radioisotope
      dilution is described in Example IX of said U.S. Pat. No. 3,442,819. In
      this procedure the serum vitamin B-12 and radioactive vitamin B-12 compete
      for limited binding capacity of IF. The portion of the radioactive vitamin
      B-12 and serum vitamin B-12 not bound must be removed. A number of
      previously reported methods of removing or separating the bound from the
      free vitamin B-12 are reported in the following:
PA1  Dialysis
PA1  Barakat, R. M., and Ekins, R. P. (1963). An Isotopic Method for the
      Determination of Vitamin B-12 Levels in Blood, Blood 21, 70-79
PA1  Friedner, S., Josephson, B., and Levin, K. (1969) Vitamin B-12
      Determination by Means of Radioisotope Dilution and Ultrafiltration. Clin.
      Chim. Acta 24, 171-179
PA1  Diethylaminoethyl (DEAE) Cellulose
PA1  Frenkel, E. P., Keller, S., and McCall, M. S. (1966) Radioisotopic Assay of
      Serum Vitamin B-12 with the Use of DEAE Cellulose, J. Lab. Clin. Med. 68,
      510-522
PA1  Tibbling, G. (1969). A Method for Determination of Vitamin B-12 in Serum by
      Radioassay; Clin. Chim. Acta 23, 209-218
PA1  Protein Coated Charcoals
PA1  Lau, K. S., Gottlieb, C. W., Wasserman, L. R. and Herbert, V. (1965)
      Measurement of Vitamin B-12 Level Using Radioisotope Dilution and
      Charcoal, Blood 26, 202-214
PA1  Herbert, V., Gottlieb, C. W. and Lau, K. S. (1966) Hemoglobin-coated
      Charcoal Assay for Serum Vitamin B-12, Blood 28, 1930-132
PA1  Raven, J. L., Walker, P. L., and Barkham, P. (1966) Comparison of the
      Radioisotope Dilution-coated Charcoal Method and a Microbiological Method
      (L. leichmanni) for Measuring Vitamin B-12 in Serum. J. Clin. Path. 19
      610-613
PA1  Herbert, V., U.S. Pat. 3,442,819 (1969)
PA1  Precipitation of Bound Vitamin B-12
PA1  Rothenberg, S. P. (1963), Radioassay of Serum Vitamin B-12 by Quantitating
      the Competition Between Co.sup.57 B-12 and Unlabelled B-12 for the Binding
      Sites of Intrinsic Factor. J. Clin. Invest. 42, 1391-1398
PA1  Sephadex
PA1  Wide, L. and Killander, A. (1971). A Radiosorbent Technique for the Assay
      of Serum Vitamin B-12. Scand. J. Clin. Lab. Invest. 27, 151-159
PA1  Solid Phase-bound Intrinsic Factor
PA1  Cesca, M., and Lundkvist, U., Use of Solid Phase Intrinsic Factor for
      Radiosorbent Assay of Vitamin B-12. Clin. Chim. Acta 32 (1971) 339-354
PA1  Ion Exchange Resins
PA1  Brombacher, P. J., Gijzen, A. H. J., and Soons, M. P. J., A Systematic
      Investigation on the Assay of Vitamin B-12 in Serum by Radioisotope
      Dilution, Clin. Chim. Acta 36 (1972) 493-498
PA1  Roos, P., in Symposium on "in vitro" Procedures with Radioisotopes in
      Clinical Medicine, Vienna 1969. IAEA-SM-124/27.
PAR  All of these prior separation techniques have certain disadvantages. Thus,
      the use of charcoal solutions has detrimental effects as reported in "The
      Separation of Free and Bound Vitamin B-12", British Journal of
      Haematology, J. F. Adams and Fiona C. McEwan, 1974, 26, 581. In addition,
      the main disadvantages of charcoal suspensions is non-homogeneity of dose
      and introduction of additional suspension-carrying volume of fluid into
      each tube. Column methods also require time consuming elution, and may
      generate larger quantities of radioactive waste. Gel exclusion columns
      require exactly reproducible configuration, with respect to geometry and
      flow rate. Solid phase systems such as immobilized IF (such as those
      commercially available from Pharmacia) require prolonged agitation (about
      three hours) of a solid/liquid system and subsequent washing of the solid
      support to remove occluded material during centrifugation.
PAR  Substantially all of the foregoing difficulties are avoided by the present
      process in which bentonite, preferably in the convenient form of a
      pre-measured tablet, is utilized to adsorb unbound radioactive and serum
      vitamin B-12 . This adsorbent is easily separated from the assay media by
      centrifugation and results in uniformly high recoveries.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, serum vitamin B-12 and
      radioactive vitamin B-12 tracer compete for IF of limited binding
      capacity, i.e., less binding capacity than required to bind all of the
      serum and radioactive vitamin B-12. Thereafter, free radioactive vitamin
      B-12 and free serum vitamin B-12 are separated from IF-bound vitamin B-12
      prior to measuring radioactivity for reference with a curve constructed by
      the use of vitamin B-12 standards. The separation of free vitamin B-12 and
      free serum vitamin B-12 from the radioactive vitamin B-12 and serum
      vitamin B-12 bound thereto is executed by adding an effective amount of
      bentonite to adsorb free radioactive vitamin B-12 and free serum vitamin
      B-12 whereby the sample solution of IF with bound radioactive vitamin B-12
      and serum vitamin B-12 can be physically segregated from solid bentonite
      with adsorbed free vitamin. Thus, the radioactivity in liquid phase is
      proportional to the quantity of bound vitamin. The amount of bentonite
      added per assay tube is not critical provided that each tube receives the
      same quantity, hence, the advantage of tableting this mineral. A 10 mg
      tablet (not including inert carrier cellulose) is convenient for the
      sample size used.
PAR  Other novel and advantageous aspects of the present improved assay relate
      to the pre-combination of the acid assay media and the radioactive tracer.
      This and other combined reagents described below produce an overall
      convenience to the technician practicing the assay. In the instance of
      this combination of assay media and tracer, the desirable result is that
      the radioactive tracer undergoes the same treatment as the serum vitamin
      B-12. Other reagent solutions utilized include: HSA pre-combined with
      standards, HSA pre-combined with IF, and a cyanide reagent. The acid
      medium in conjunction with the cyanide reagent and the heat step effect
      the release of vitamin B-12 and denaturation of indigenous binders. The
      latter reagents are so formulated with respect to concentration of the
      components as to permit the use of the same volume of each of the reagent
      solutions in performing the assay. This means that all reagent solutions
      other than the combined acid assay medium and tracer solution can be
      measured with the same size pipette. The number of fluid measurements is
      reduced and extremely simplified for the technician.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plot of a standard curve for use in the present assay. Values
      obtained from unknown serum can be applied to the curve to find serum
      vitamin B-12 concentrations.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Example I: Practice of the Radioactive Assay Procedure
PAR  The following reagents are utilized:
PAR  Reagent 1 is a tablet containing 10 mg of bentonite, inert binder and
      cellulose.
PAR  Reagent 2 is intrinsic factor made up at 20 mg/100 ml H.sub.2 O and
      filtered and to which human serum albumin (HSA)* has been added. (0.70
      .+-. 0.01 grams HSA per 100 ml sterile water.) It is adjusted to give
      B.sub.o of 50% (approximately). (Greater dilution may be required if
      B.sub.o &gt; 50%. See calculation No. 9 below for definition of B.sub.o.)
FNT  HSA solutions contain 0.001% thimerosal preservative.
PAR  Reagent 3** is 20% 0.25 .+-. 0.02 N HCl and 80% 0.9% NaCl in water. Vitamin
      B-12 Co.sup.57 is added to this medium prior to use and is adjusted to
      give 65 .+-. 3 pg/ml.
FNT  **Other media which may alternatively be used are: (i) 1M acetic acid (ii)
      0.5M acetic acid (iii) 0.25M glycine buffer, pH 3.4
PAR  In general, whichever acid or buffer is selected, it is used in an amount
      to generate a pH of about 1.9 - 3.5 in the media after reaction between
      the assay media, serum and IF. The results obtained with the acetic acid
      and glycine buffer as a releasing agent for vitamin B-12 are similar to
      those obtained by the use of HCl/saline.
PAR  Reagent 4 is potassium cyanide (0.05 mg/ml) and is prepared as follows:
      dissolve 100-105 mg of potassium cyanide in sterile water, add 2.0 ml of
      0.1 N sodium hydroxide (4 g NaOH/liter) and make up to 1000.0 .+-. 0.1 ml
      with sterile water. Dilute 1:1 for working dilution.
PAR  The assay steps may be as follows (mixing after each addition):
PAR  1. A series of test tubes are labelled 1 through N. To each tube add 1 ml
      of Reagent 3.
PAR  2. To tubes 1 and 2 add 200 ul of Standard A and to tubes 3 through 7 add
      200 ul of Standards B through F.
PA1  a. Standard A is O pg Vitamin B-12/ml
PA1  b. Standards B through F are
EQU  B = 100 pg B-12/ml; C = 250 pg B-12/ml
EQU  D = 500 pg B-12/ml; E = 1,000 pg B-12/ml
EQU  F = 2,000 pg B-12/ml
PAR  3. To tubes 8 through N et. seq. add 200 ul of unknown sera.
PAR  4. Add to all tubes 200 ul of Reagent 4.
PAR  5. All test tubes are placed in 100.degree.C water bath for 15 minutes.
PAR  6. Remove tubes and cool to room temperature, add 200 ul of Reagent 2 to
      tubes 2 through N et. seq. Allow to stand 30 minutes at ambient room
      temperature. Do not add any Reagent 2 to Tube 1.
PAR  7. At the end of 30 minutes add 1 adsorbent tablet (Reagent 1) to each
      tube. Vortex each tube 10 seconds, allow to stand 5 minutes and centrifuge
      for 10 minutes or sufficient time and sufficient number RPM, e.g., 2500,
      to pack the adsorbent thoroughly.
PAR  8. The supernatant is decanted into counting vials and counted on a
      suitable instrument.
PAR  9.Calculations:
PA1  B/b.sub.o is calculated
PA1  B = amount of radioactivity in the supernate of the serum or standard tube
      minus the radioactivity in the supernate of the blank tube
PA1  B.sub.o = amount of radioactivity in the supernate of the zero standard
      tube minus the radioactivity in the supernate of the blank tube
      ##EQU1##
PAR  Standard Curve:
PAR  Plot B/B.sub.o versus pg/ml value of standards A to F, for example on
      logit/log paper.
PA0  Unknowns
PAR  Read pg/ml from standard curve using B/B.sub.o values obtained above.
TBL  REAGENT ADDITION CHART                                                    
              Tracer  Standard or        Intrinsic                             
     Tube No. (ml)    Serum (ul) KCN (ul)                                      
                                         Factor (ul)                           
     ______________________________________                                    
     1 Blank  1       200        200     --                                    
     2 Trace  1       200        200     200                                   
      Binding                                                                  
     3-7 Stan-                                                                 
              1       200        200     200                                   
      dards                                                                    
     8-N Sera 1       200        200     200                                   
                       Boil 15 min.                                            
     ______________________________________                                    
PAR  Utilizing the above procedure, the following data was collected and is
      shown below in Table 1. The standard values were used to plot the graph
      shown in FIG. 1:
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Calculations                                                              
                                 Bound as                                      
                                 % of Trace                                    
                                       Vitamin B-12                            
                                 Binding                                       
                                       in Picograms/ml                         
     Tubes                                                                     
          Sample  CPM     CPM-Blank                                            
                                 (O Std.)                                      
                                       From Graph                              
     __________________________________________________________________________
     1A   Blank Tubes                                                          
                  91)                                                          
                      110                                                      
     1B           128)                                                         
     2A   Trace Binding                                                        
                  5775    5665)   100%                                         
          (O Standard)      )5640                                              
                            )                                                  
     2B           5725    5615)                                                
     3A   100 picogram/                                                        
                  4420    4310   76.4%                                         
          ml standard                                                          
     3B           4506    4396   77.9%                                         
     4A   250 picogram/                                                        
                  3221    3111   55.2%                                         
          ml standard                                                          
     4B           3292    3182   56.4%                                         
     5A   500 picogram/                                                        
                  2314    2204   39.1%                                         
          ml standard                                                          
     5B           2343    2233   39.6%                                         
     6A   1000 picogram/                                                       
                  1454    1344   23.8%                                         
          ml standard                                                          
     6B           1464    1354   24.0%                                         
     7A   2000 picogram/                                                       
                   816     706   12.5%                                         
          ml standard                                                          
     7B            887     777   13.8%                                         
     8A   Serum un-                                                            
                  1800    1690   30.0% 740 picograms/ml                        
          known No. 1                                                          
     8B           1812    1702   30.2% 730 picograms/ml                        
     9A   Serum un-                                                            
                  2697    2587   45.9% 385 picograms/ml                        
          known No. 2                                                          
     9B           2569    2459   43.6% 420 picograms/ml                        
     __________________________________________________________________________
PAC  Example II: Superiority of Bentonite Adsorbent
PAR  To demonstrate the superior performance of bentonite in the removal of free
      vitamin B-12 from the reaction medium, the following work was done:
PAR  To 1.0 ml of solution containing 0.20 ml of 0.255 N HCl, 0.80 ml of 0.9%
      NaCl and 65 pg of Vitamin B-12 -Co 57 (100 uCi/.mu.g) was added 0.20 ml of
      pooled serum. This was followed by 0.20 ml of KCN solution (10 .mu.g KCN)
      and heating for 15 minutes at 100.degree.C.
PAR  After cooling to room temperature, in each case, 0.010 gm of a
      silicate-mineral was added and the tubes were vortexed for 10 seconds. The
      supernatant was counted for 1 minute after centrifugation at 2,900 rpm for
      10 minutes.
PAR  Positive controls were extracted with
PA1  i. *Tetra-Count tablets
PA1  ii. Charcoal 10 mg/0.8 ml of 0.9% NaCl
FNT  *Tetra-Count tablets are commercially available tablets containing 10 mg of
      bentonite and are available from Bio-Rad Laboratories, Richmond,
      California.
TBL                      Percent of Total                                      
     Mineral             Radioactivity Recovered                               
     ______________________________________                                    
     Dickite             3.1                                                   
     Pyrophyllite        2.7                                                   
     Metabentonite (potash bentonite)                                          
                         13.8                                                  
     Kaolinite           7.2                                                   
     Attapulgite         24.3                                                  
     Florisil            38.1                                                  
     Bentonite           99.6                                                  
     Controls                                                                  
     Tetra-Count tablet  99.2                                                  
     Charcoal suspension 98.0                                                  
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method for the radioassay of vitamin B-12 in a serum sample
      solution in which a radioactive vitamin B-12 tracer and serum vitamin B-12
      compete for intrinsic factor (IF) of limited binding capacity, and
      thereafter free radioactive vitamin B-12 and free serum vitamin B-12 are
      separated from IF and the radioactive vitamin B-12 and serum vitamin B-12
      bound thereto prior to measuring radioactivity for reference to standard
      values, the improvement comprising separating free radioactive vitamin
      B-12 and free serum vitamin B-12 from IF and the radioactive vitamin B-12
      and serum vitamin B-12 bound thereto by adding an effective amount of
      bentonite to adsorb free radioactive vitamin B-12 and free serum vitamin
      B-12 whereby the supernatent solution of IF with bound radioactive vitamin
      B-12 and serum vitamin B-12 can be physically segregated from solid
      bentonite with adsorbed free radioactive vitamin B-12 and free serum
      vitamin B-12.
NUM  2.
PAR  2. A method for separating free vitamin B-12 and a blood serum solution
      comprising combining an effective amount of bentonite with said solution
      to adsorb vitamin B-12 not bound by serum protein, and separating
      bentonite with said adsorbed vitamin B-12 relative to said solution.
NUM  3.
PAR  3. A method in accordance with claim 2 wherein said bentonite is combined
      by dispersing it through said blood serum solution, and thereafter said
      solution is centrifuged to cause said relative separation.
NUM  4.
PAR  4. An improved radioassay for vitamin B-12 including the steps of providing
      a first solution containing acid and a preselected amount of radioactive
      vitamin B-12; providing a blood serum sample; combining a second solution
      containing cyanide ions with said first solution and said blood serum
      sample; heating said last-named combination of solutions to reduce the
      binding capacity of the serum proteins to free vitamin B-12 therefrom;
      providing a third solution containing intrinic factor (IF) and human serum
      albumin; combining said third solution with a cooled combination of said
      first solution, second solution and serum sample following said heating
      step to competitively bind a portion of the radioactive vitamin B-12 and
      serum vitamin B-12 by said IF; and separating free radioactive vitamin
      B-12 and free serum vitamin B-12 from radioactive vitamin B-12 and serum
      vitamin B-12 bound by said IF.
NUM  5.
PAR  5. The improved radioassy in accordance with claim 4 wherein the
      concentration of the components of said blood serum sample, second
      solution, and third solution are adjusted so that the volume used of each
      is the same.
NUM  6.
PAR  6. The improved radioassay in accordance with claim 4 wherein said
      separation of free radioactive vitamin B-12 and free serum vitamin B-12
      from bound radioactive and serum vitamin B-12 is executed by treating the
      combination of said first, second and third solutions and said serum
      sample with an effective amount of bentonite to adsorb free radioactive
      vitamin B-12 and free serum vitamin B-12.
NUM  7.
PAR  7. The improved radioassay in accordance with claim 4 wherein said first
      solution contains acid derived from a member of the group consisting of
      hydrochloric acid, acetic acid and glycine buffer, and wherein the acid
      content is adjusted so that after reaction between said first solution,
      serum sample and IF, the pH is about 1.9 - 3.5.
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ABST
PAL  An X-ray contrast method containing as the essential radioopaque ingredient
      finely divided tantalum metal dispersed in a liquid vehicle having
      critical viscosity and flow properties. The metal has an average particle
      diameter in the range from about 0.5 to about 30 microns, and preferably
      in the range from about 1 to about 5 microns in a physiologically and
      pharmaceutically acceptable amount for use in obtaining X-ray films of
      sufficient clarity and detail for use in bronchography.
PARN
PAR  This application is a continuation-in-part of copending Ser. No. 272,632,
      filed July 17, 1972, now abandoned.
BSUM
PAR  The present invention relates to compositions to be introduced into the
      lungs, to serve as bronchographic contrast media and especially to oily
      suspensions but not limited to suspensions of an oily nature containing as
      the essential X-ray opaque ingredient finely divided tantalum metal.
PAR  The essential object of bronchographic contrast media is to provide a
      coating on various parts of the bronchial tree of the lung, the coating
      being opaque to X-rays. Such a coating allows an X-ray film of the coated
      parts of the bronchial tree to be produced in which such parts of the
      bronchial tree can be visualized in considerable detail and clarity. It is
      generally recognized that a contrast medium, to be effective, must contain
      an X-ray opaque (radioopaque) agent. This agent should have certain
      characteristics, the prime three being the ability to block the passage of
      X-rays (radioopacity), the ability to stick or cling to the mucosa lining
      the bronchial walls and safety for use in the lung. The ability to block
      the passage of X-rays (radioopacity) depends on the atomic number, i.e.,
      the position in the periodic table of the elements. The ability to stick
      to the mucosa lining the bronchial walls is related to the condition of
      said tissue, the various surface characteristics of the X-ray opaque agent
      and the properties of the suspending vehicle. Safety requires that these
      be such that the X-ray opaque agent coat the mucosa lining the bronchial
      tree without causing excessive irritation to normal or diseased bronchial
      tissue and that the contrast medium be eliminated from the bronchial tree
      in a clinically safe and convenient manner. Other important parameters to
      be considered in choosing X-ray opaque agents for bronchographic contrast
      media are compatibility with common contrast media ingredients, such as
      suspending agents, viscosity builders, surfactants and dispersing agents,
      etc. and compatability with therapeutic agents which might be incorporated
      into the contrast medium, such as antibiotics, anesthetics, etc. A still
      further requirement is that the contrast medium be of acceptable thickness
      or viscosity; the medium should flow readily into the bronchi and
      bronchiols of the lung without allowing significant flow into the
      pulmonary paranchyma.
PAR  Heretofore, the literature has disclosed the use of iodine containing
      compounds as X-ray opaque agents in various compositions (see e.g., U.S.
      Pat. No. 3,021,260; U.S. Pat. No. 3,033,757, and U.S. Pat. No. 3,047,466).
      Among such iodine containing compounds, the iodized vegetable oils, e.g.,
      iodized poppyseed oil, tend to have the iodine more or less strongly bound
      to the oil and furthermore some of the iodine may be in the free form. The
      presence of iodine, whether strongly bound or not, may be dangerous when
      used in patients who are sensitive to iodine. In other iodine containing
      compounds, e.g., propyliodone marketed under the trademark "Dionosil," the
      iodine is chemically bound, hence less toxic than free iodine. However,
      iodine, whether free, strongly bound or chemically bound acts as a local
      irritant and causes inflammation of the bronchi and bronchiols of the
      human lung. Even in non-sensitive patients, such iodine containing agents
      may produce iodism.
PAR  The usual and acceptable mechanism for elimination of a bronchographic
      contrast media from the lungs is postural drainage and normal
      expectoration. In addition, iodine containing agents are often hydrolyzed
      in the lungs and the liberated iodine excreted by the kidneys thus
      increasing the chance of toxicity. It has been suggested that the addition
      of a material, e.g., sulfanilamide, to the contrast medium composition may
      hasten removal of the iodine containing agent. This only adds to the
      possibility of toxicity.
PAR  Unlike conventional iodine containing X-ray opaque agents, the tantalum
      metal of the present invention is completely inert and is not toxic to
      body tissue. The literature also discloses that powdered tantalum has been
      employed as a medium for bronchography (Invest. Radiol., Vol 3, 229-237,
      1968). However, the only successful method of administration to the lungs
      prior to this invention has been by insufflation of the powder. There are
      many disadvantages associated with insufflation of powdered tantalum, the
      major disadvantage being that the powder is potentially flammable and may
      either burn or explode if the equipment being employed to administer the
      powder is not properly grounded in order to prevent sparks.
PAR  It is therefore the object of this invention to provide bronchographic
      X-ray contrast media compositions containing tantalum metal which can be
      conveniently and safely administered to the lungs in order to obtain
      sharp, clear X-ray films of the bronchial tree.
PAR  We have now discovered that when tantalum metal, not heretofore recognized
      as having utility in liquid bronchographic contrast media compositions, is
      incorporated in such liquid compositions having a critical viscosity and
      flow properties as hereinafter described and introduced into the bronchial
      tree of the lung, they allow X-ray films of surprisingly sharp clarity and
      detail to be made of the bronchial tree. In addition, tantalum metal is
      highly compatible with most common contrast media ingredients.
PAR  More specifically, in accordance with the present invention there are
      provided bronchographic contrast media compositions containing as the
      essential X-ray opaque ingredient a finely divided tantalum metal having
      an average particle diameter in the range from about 0.5 to 30 microns,
      and preferably in the range from about 1 to about 5 microns dispersed in a
      liquid vehicle.
PAR  Preferably the liquid vehicle will be an oily vehicle comprising fixed,
      bland vegetable oils or triglycerides. Exemplary of such oils would be,
      for example, almond oil, coconut oil, cottonseed oil, glyceryl trioleate,
      olive oil, palm oil, palm kernel oil, peanut oil, persic oil, safflower
      oil and sesame oil.
PAR  The finely divided tantalum powder is present in the contrast media
      compositions in a physiologically and pharmaceutically acceptable amount
      for use in obtaining X-ray films of sufficient clarity and detail for use
      in bronchography.
PAR  As used herein, the expression "physiologically and pharmaceutically
      acceptable amount" is intended to refer to that amount of X-ray opaque
      ingredient which when combined with common contrast media ingredients of a
      non-opaque nature (suspending agent, viscosity builder, surfactant, etc.)
      will give a smooth, flowable, evenly dispersed contrast media. Amounts
      greater than the aforementioned can yield a dispersion which is
      excessively viscous and difficult to flow into the bronchial tree of the
      lung. Lesser amounts than contemplated will fail to furnish the desired
      coating of the bronchial tree and will not allow the preparation of X-ray
      films of sufficient clarity and detail. This physiologically and
      pharmaceutically acceptable amount generally lies in the range from about
      20% to about 70% by weight of the total contrast media and the preferred
      range is from about 30% to about 40% by weight of the contrast media.
PAR  While it is not completely understood why the tantalum metal possesses
      extremely high ability to produce clear and detailed bronchograms, it is
      believed that the explanation is as follows: The ability of the tantalum
      metal to block the passage of X-rays is related to the atomic structure of
      the metal itself. The ability of the tantalum metal to produce a clear and
      detailed bronchogram depends on coating the bronchial tree with the
      tantalum metal. According to our invention the contrast medium containing
      the tantalum metal is introduced into the upper part of the bronchial
      tree. The average sized patient is given approximately 15 to 20 mls. on
      each side within 15 to 20 seconds.  The liquid contrast medium flows into
      the bronchi and bronchiols under the influence of gravity depositing a
      thin layer or coating of tantalum metal. The extent of coating depends
      among other factors on the viscosity of the contrast medium. If the
      viscosity is too high, flow of the contrast medium into the smaller
      bronchiols is inhibited. If the viscosity is too low, the contrast medium
      will flow into the pulmonary parenchyma resulting in a bronchogram of
      inferior quality because of alveola filling. The high ability of tantalum
      metal to adhere to the walls of the bronchial tree is probably related to
      the surface properties of the metal particles. It is also probable that
      the vehicle aids in the adherence of the metal particles.
PAR  The contrast media of the present invention may be prepared by addition of
      the finely divided tantalum metal to a liquid vehicle of an appropriate
      viscosity. The tantalum metal can be dispersed thoroughly throughout the
      vehicle by tumbling or agitation or any other solid dispersing technique
      generally known in the art.
PAR  An appropriate viscosity refers to a viscosity such that the medium flows
      readily into the bronchi and bronchiols of the lung without allowing
      significant flow into the pulmonary parenchyma. This appropriate viscosity
      generally lies in the range from about 100 centipoise to about 1,000
      centipoise at body temperature (considered to be about 37.degree. C.) and
      the preferred range is from about 500 centipoise to about 800 centipoise.
      This viscosity is intended to refer to an "apparent viscosity" as
      described in the art determined with a one point viscometer such as the
      Brookfield Viscometer.
PAR  It is also desirable but not necessary that the vehicle exhibit some degree
      of plastic or pseudoplastic flow with thixotropic properties. This
      behavior described in the art as non-Newtonian flow can be detected and
      measured with a variable shear rate viscometer such as the Rheomat 15
      Viscometer. When measured on this type of viscometer the vehicle generally
      has a "plastic viscosity" in the range from about 50 centipoise to about
      400 centipoise, preferably in the range from about 250 centipoise to about
      350 centipoise and a "zero-shear rate viscosity" in the range from about
      200 centipoise to about 600 centipoise, preferably in the range from about
      350 centipoise to about 500 centipoise. A comprehensive definition of
      various viscosity terms can be found in chapter 1 of "Viscosity and Flow
      Measurement" published by Interscience, Inc., second printing, 1966. The
      actual value of the viscosity of the vehicle will depend considerably on
      the type of viscometer used to measure the viscosity.
PAR  The above desired viscosity may be obtained in the oily vehicle by the
      addition of a metallic soap which is oil soluble. These soaps are prepared
      from hydroxides of polyvalent metallic ions and fatty acids containing
      from about 12 to about 18 carbon atoms. Exemplary of the polyvalent metals
      are aluminum, calcium, or magnesium. The fatty acid may be, for example,
      lauric, palmitic, stearic, oleic, linoleic or myristic. Most
      advantageously an oily vehicle with suitable non-Newtonian flow properties
      can be prepared from peanut oil and a metallic soap such as aluminum
      stearate.
PAR  The amount of metallic soap generally lies in the range from about 5% to
      about 15% by weight of the total vehicle and the preferred range is from
      about 8% to about 12% by weight of the vehicle. The flow properties of
      this type of oily vehicle will depend to a greater or lesser extent on the
      method of preparation. The suggested method of preparation is as follows:
      The metallic soap is melted in the peanut oil at about 121.degree. C. and
      stirred for a period of time, 15 minutes is usually sufficient to insure
      proper mixing and dispersion. The mixture is cooled to room temperature at
      a controlled rate while stirring, the preferred cooling rate is about
      1.degree. C. per 3 to 5 minutes.
PAR  Safety also requires that a bronchographic contrast media be sterile when
      introduced into the human lung. Any appropriate method of sterilization
      known in the art can be used. The following is an example which has been
      found to be effective and convenient. Aluminum stearate is melted in
      peanut oil at about 121.degree. C. and stirred for about 15 minutes. The
      vehicle is placed in a dry air sterilizing oven at 160.degree. C. for
      about 2 hours. The finely divided tantalum metal can also be sterilized by
      heating at 160.degree. C. for about 2 hours in a dry air sterilizing oven.
      The sterile tantalum metal can be added aseptically to the sterile vehicle
      and dispersed thoroughly by tumbling. The mixture should be cooled to room
      temperature at a controlled rate, usually 1.degree. C. per 3 to 5 minutes.
      The contrast media tends to be excessively viscous if cooled at a faster
      rate and excessively thin if cooled at a slower rate.
PAR  The amount of tantalum metal of the present invention which can be used in
      a bronchographic contrast media depends on the amount necessary for
      coating the bronchial tree of the lung without causing excessive
      thickening of the contrast media. It has been that because the tantalum
      metal tends to be more effective as an X-ray opaque agent than the iodine
      containing agents, a lesser amount of the tantalum metal need be
      incorporated into the contrast media.
PAR  Aqueous suspensions of finely divided tantalum metal are also intended to
      be included in the present invention. As thickening and suspending agents
      in aqueous suspensions there can be used gum tragacanth, sodium
      carboxymethylcellulose, hydroxyethylcellulose, carragheen and its
      derivatives, starch, acacia gums, agar agar and pectin. Those skilled in
      the contrast media art know other thickening and suspending agents.
      Methods of preparation and sterilization of aqueous suspension are also
      well known in the art.
PAR  The contrast media of the invention can also contain as optional
      ingredients a surfactant; dispersing agents, preservatives; buffers; and
      medicinal agents such as antibiotics and anesthetics in proportions to
      give any desired effect. These are conventional components of contrast
      media compositions, and materials suitable for this purpose need not be
      enumerated, for they are well known to those skilled in the contrast media
      art.
PAR  Medicinal agents are employed in a beneficial amount normally ranging from
      about 0.01% to about 5% by weight of the contrast media, the surfactants
      in an amount from about 0.01% to about 6% by weight of the contrast media,
      dispersing agents in an amount from about 0.01% to about 4% by weight of
      the contrast media, preservatives in an amount from about 0.01% to about
      2% by weight of the contrast media, buffers in an amount from about 0.02%
      to about 10% by weight of the contrast media and suspending agents in an
      amount from about 0.5% to about 30% by weight of the contrast media.
TBL  EXAMPLE 1                                                                 
     Ingredients:            Percent                                           
     ______________________________________                                    
     Finely divided tantalum metal                                             
                             40.0                                              
     Aluminum stearate       5.4                                               
     Peanut oil              54.6                                              
     Total                   100.0                                             
     ______________________________________                                    
TBL  EXAMPLE 2                                                                 
     Ingredients:            Percent                                           
     ______________________________________                                    
     Finely divided tantalum metal                                             
                             30.0                                              
     Aluminum stearate       6.0                                               
     Dioctyl sodium sulfosuccinate                                             
                             0.7                                               
     Peanut oil              63.3                                              
     Total                   100.0                                             
     ______________________________________                                    
TBL  EXAMPLE 3                                                                 
     Ingredients:            Percent                                           
     ______________________________________                                    
     Finely divided tantalum metal                                             
                             35.00                                             
     Sodium carboxymethylcellulose                                             
                             1.30                                              
     Sodium chloride         0.58                                              
     Methyl p-hydroxy benzoate                                                 
                             0.06                                              
     Water                   63.06                                             
     Total                   100.0                                             
     ______________________________________                                    
TBL  EXAMPLE 4                                                                 
     Ingredients:            Percent                                           
     ______________________________________                                    
     Finely divided tantalum metal                                             
                             35.0                                              
     Magnesium palmitate     10.0                                              
     Cottonseed oil          55.0                                              
     Total                   100.0                                             
     ______________________________________                                    
TBL  EXAMPLE 5                                                                 
     Ingredients:            Percent                                           
     ______________________________________                                    
     Finely divided tantalum metal                                             
                             50.0                                              
     Calcium laurate         8.0                                               
     Sesame oil              42.0                                              
     Total                   100.0                                             
     ______________________________________                                    
PAR  It will be appreciated that various modifications and changes may be made
      in the contrast media compositions of the invention in addition to those
      enumerated above by those skilled in the contrast media art without
      departing from the essence of the invention, and accordingly, the
      invention is to be limited only within the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process of producing a bronchiograph using tantalum the
      improvement which comprises employing the tantalum in a composition
      comprising about 20 to about 70% by weight of finely divided tantalum
      metal having an average diameter of from about 0.5 to about 30 microns and
      from about 5% to about 15% of a metallic soap which is oil soluble and
      prepared from a hydroxide of a polyvalent metallic ion and a fatty acid
      containing from about 12 to about 18 carbon atoms, dispersed in a liquid
      vehicle which comprises the remainder of the composition said vehicle
      having an apparent viscosity of from about 100 centipoise to about 1,000
      centipoise at body temperature as measured by a Brookfield Viscometer, and
      exhibiting non-Newtonian flow properties in an effective amount and
      administering said composition.
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ABST
PAL  A method is disclosed for inhibiting and alleviating gastrointestinal side
      effects often encountered during therapy with antiinflammatory agents such
      as indomethacin, phenylbutazone, oxyphenylbutazone and the like. The
      method comprises the administration to a mammal receiving such therapy of
      a prostaglandin derivative of formula 1,
      ##SPC1##
PAL  In which
PA1  A. W is C = O, X and Y each are single bonds, Z is either C = O, CHOH or
      C(CH.sub.3)OH, R.sup.1 and R.sup.2 each are hydrogen, R.sup.3 is
      (CH.sub.2).sub.3 CH.sub.3 and R.sup.4 is hydrogen or lower alkyl;
PA1  B. W is CHOH, X and Y each are single bonds, Z is either CHOH or
      C(CH.sub.3)OH, R.sup.1 and R.sup.2 each are hydrogen, R.sup.3 is
      (CH.sub.2).sub.3 CH.sub.3 and R.sup.4 is hydrogen or lower alkyl;
PA1  C. W is C = O, X is a single bond, Y is a trans double bond, Z is CH.sub.2,
      CHOH or C(CH.sub.3)OH, R.sup.1 and R.sup.2 each are hydrogen and R.sup.3
      is (CH.sub.2).sub.3 CH.sub.3 and R.sup.4 is hydrogen or lower alkyl;
PA1  D. W is C = O, X is a single bond, Y is a trans double bond, Z is CHOH,
      R.sup.1 and R.sup.2 each are hydrogen, R.sup.3 is cyclohexyl and R.sup.4
      is hydrogen or lower alkyl;
PA1  E. W is C = O, X is a cis double bond, Y is a trans double bond, Z is CHOH,
      or C(CH.sub.3)OH, R.sup.1 is hydrogen and R.sup.2 is hydrogen or methyl,
      R.sup.3 is (CH.sub.2).sub.3 CH.sub.3 and R.sup.4 is hydrogen or lower
      alkyl; or
PA1  F. W is C = O, X is a cis double bond, Y is a trans double bond, Z is CHOH,
      R.sup.1 and R.sup.2 each are methyl, R.sup.3 is (CH.sub.2).sub.3 CH.sub.3
      and R.sup.4 is hydrogen or lower alkyl.
PAL  Also disclosed are useful pharmaceutical compositions for treating
      inflammatory conditions comprising a combination of a gastrointestinal
      side effect-inhibiting dose of the above prostaglandin derivative of
      formula 1 and a therapeutic dose of an antiinflammatory agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of Invention
PAR  This invention relates to a method and to compositions for reducing or
      treating gastrointestinal side effects caused by antiinflammatory agents.
      More particularly, this invention relates to the finding that the
      adminstration of certain prostaglandin derivatives to a mammal inhibits
      and alleviates the gastrointestinal side effects, for example, ulceration,
      gastrointestinal bleeding, epigastric distress, diarrhea, melena and the
      like, associated with antiinflammatory drug therapy.
PAR  B. Background of the Invention
PAR  Antiinflammatory agents, for example, indomethacin, phenylbutazone,
      oxyphenylbutazone, aspirin and the like, are useful for the treatment of
      arthritic and rheumatic diseases. However, the use of these agents is
      associated with a rather high incidence of side effects, the most serious
      being those related to gastrointestinal reactions. In fact, it has been
      stated that one of the most common reasons for discontinuing therapy with
      such agents is the development of a peptic ulcer.
PAR  Realizing the serious drawback of this form of therapy, Y. H. Lee, et al.,
      Arch. Int. Pharmacodyn. Ther., 192, 370 (1971), administered various known
      antiulcer compounds to rats treated with a gastric ulcer-producing dose of
      indomethacin to evaluate the possible utility of serveral types of
      antiulcer compounds in reducing the ulcerogenic activity of indomethacin.
      Some of the compounds evaluated, for example propantheline bromide, proved
      to be effective but only when administered at does much higher than their
      usual therapeutic dose.
PAR  In a related development it has been suggested that certain prostaglandin
      derivatives may be of value for the treatment of peptic ulcers. This
      suggestion is based on the finding that prostaglandin E.sub.1 and several
      of its analogs inhibit gastric acid secretion; for example, see W.
      Lippmann, Ann. N.Y. Acad. Sci., 180, 332 (1971).
PAR  In view of the foregoing the finding of the present disclosure is
      surprising and interesting indeed. Namely, it has been found that the
      prostaglandin derivatives of the present disclosure inhibit ulcer
      formation and alleviate the symptoms concerned therewith at doeses
      substantially less than those required for the inhibition of the basal
      secretion of gastric acid.
PAR  This finding is even more surprising in light of the finding that similar
      inhibition and treatment of aspirin-induced ulcers is achieved at doses of
      prostaglandins substantially more than required for the inhibition of
      basal secretion of gastric acid.
PAR  Furthermore, other gastrointestinal disturbances associated with the
      antiinflammatory agents as well as the diarrheal effect associated with
      larger doses of the natural prostaglandins, for example, prostaglandin
      E.sub.1 [J.J. Misiewicz, et al., Lancet, 1, 648 (1969)], are antagonized
      and minimized.
PAR  It is worth noting at this point that the natural PGE.sub.1, PGE.sub.2,
      PGF.sub.1.sub..alpha. and PGF.sub.2.sub..alpha. do have the disadvantage
      of being relatively unstable, see T.O. Oesterling, et al., J. Pharm. Sci.,
      61, 1861 (1972). For example, it is well known that the 11-hydroxy group
      of PGE.sub.1 and PGE.sub.2 participates readily in dehydration reactions
      under both basic and acidic conditions, see S. Bergstrom et. al., J. Biol.
      Chem. 238, 3555 (1963), E.J. Corey et al., J. Amer. Chem. Soc., 90, 3245
      (1968), J.E. Pike et al., J. Org. Chem. 34, 3552 (1969) and "The
      Prostaglandins, Progress in Research,"  S.M.M. Karim, Ed.,
      Wiley-Interscience, New York, 1972, p. 10.
PAR  As realized by those skilled in the art this inherent disadvantage of the
      natural compounds must always be taken in account when considering the
      practical aspects of preparation, formulation or storage of these
      compounds. In contrast, the compounds of formula 1 are free from this
      disadvantage.
PAC  SUMMARY OF THE INVENTION
PAR  According to the method of this invention an effective gastrointestinal
      side effect-inhibiting amount of the prostaglandin derivative of formula
      1,
      ##SPC2##
PAL  in which
PA1  a. W is C = O, X and y each are single bonds, Z is either C = O, CHOH or
      C(CH.sub.3) OH, R.sup.1 and R.sub.2 each are hydrogen, R.sup.3 is
      (CH.sub.2).sub.3 CH.sub.3 and R.sup.4 is hydrogen or lower alkyl;
PA1  b. W is CHOH, X and Y each are single bonds, Z is either CHOH or
      C(CH.sub.3)OH, R.sup.1 and R.sup.2 each are hydrogen, R.sup.3 is
      (CH.sub.2).sub.3 CH.sub.3 and R.sup.4 is hydrogen or lower alkyl;
PA1  c. W is C = O, X is a single bond, Y is a trans double bond, Z is CH.sub.2,
      CHOH or C(CH.sub.3)OH, R.sup.1 and R.sup.2 each are hydrogen and R.sup.3
      is (CH.sub.2).sub.3 CH.sub.3 and R.sup.4 is hydrogen or lower alkyl;
PA1  d. W is C = O, X is a single bond, Y is a trans double bond, Z is CHOH,
      R.sup.1 and R.sup.2 each are hydrogen, R.sup.3 is cyclohexyl and R.sup.4
      is hydrogen or lower alkyl;
PA1  e. W is C = O, X is a cis double bond, Y is a trans double bond, Z is CHOH
      or C(CH.sub.3)OH, R.sup.1 is hydrogen and R.sup.2 is hydrogen or methyl,
      R.sup.3 is (CH.sub.2).sub.3 CH.sub.3 and R.sup.4 is hydrogen or lower
      alkyl; or
PA1  f. W is C = O, X is a cis double bond, Y is a trans double bond, Z is CHOH,
      R.sup.1 and R.sup.2 each are methyl, R.sup.3 is (CH.sub.2).sub.3 CH.sub.3
      and R.sup.4 is hydrogen or lower alkyl;
PAL  is administered to an antiinflammatory agent-treated mammal so that the
      gastrointestinal side effects induced by the antiinflammatory agent
      therapy are reduced.
PAR  In another aspect of this invention there is disclosed a pharmaceutical
      composition in unit dosage form for treating inflammatory conditions
      comprising a combination of a gastrointestinal side effect-inhibiting dose
      of the prostaglandin derivative of formula 1 and a therapeutic dose of an
      antiinflammatory agent.
PAC  DETAILS OF THE INVENTION
PAR  It should be noted that, like the natural prostaglandins, the compounds of
      formula 1 have two side chains which are in a trans relationship to each
      other. Also, like the natural prostaglandins, a double bond in the acid
      side chain of the compounds of this invention has the cis configuration
      and the double bond in the side chain bearing the hydroxy group has the
      trans configuration.
PAR  Notwithstanding the preceding considerations the compounds of this
      invention having one or more asymmetric carbon atoms can exist in the form
      of various stereochemical isomers, i.e. racemates and enantiomorphs. It is
      to be understood that such racemates and enantiomorphs are included within
      the scope of this invention.
PAR  Furthermore, it is to be understood that the pictorial representation used
      herein illustrating the compounds of this invention, is to be construed as
      including such racemates and enantiomorphs. More explicitly, in formula 1
      the dotted line joining the acid side chain to the cyclopentane ring and
      the solid line joining the alkyl or substituted alkyl side chain are used
      for the purpose of illustrating the trans relationship of these two side
      chains and should not be construed as limiting the compounds to one
      enantiomorph but rather as including all possible enantiomorphs having
      this trans relationship.
PAR  The prostaglandin derivatives of this invention in which R.sup.4 is
      hydrogen, i.e. the acid derivatives of formula 1 form pharmaceutically
      acceptable salts with suitable inorganic and organic bases. These derived
      salts possess the same activity as the parent acid and are included within
      the scope of this invention. The acid is transformed in excellent yield
      into the corresponding pharmaceutically acceptable salts by neutralization
      of said acid with the appropriate inorganic or organic base. The salts are
      administered in the same manner as the parent acid compounds. Suitable
      inorganic bases to form these salts include, for example, the hydroxides,
      carbonates, bicarbonates or alkoxides of the alkali metals or alkaline
      earth metals, for example, sodium, potassium, magnesium, calcium and the
      like. Suitable organic bases include the following amines; lower mono-,
      di- and trialkylamines, the alkyl radicals of which contain up to three
      carbon atoms, such as methylamine, dimethylamine, trimethylamine,
      ethylamine, di- and triethylamine, methylethylamine, and the like; mono-,
      di- and trialkanolamines, the alkanol radicals of which contain up to
      three carbon atoms, such as mono-, di- and triethanolamine;
      alkylene-diamines which contain up to six carbon atoms, such as
      hexamethylene diamine; cyclic saturated or unsaturated bases containing up
      to six carbon atoms, such as pyrrolidine, piperidine, morpholine,
      piperazine and their N-alkyl and N-hydroxyalkyl derivatives, such as
      N-methyl-morpholine and n-(2-hydroxyethyl)piperidine, as well as pyridine.
      Furthermore, there may be mentioned the corresponding quaternary salts,
      such as the tetraalkyl (for example tetramethyl), alkyl-alkanol (for
      example methyl-trimethanol and trimethyl-monoethanol) and cyclic ammonium
      salts, for example the N-methyl-pyridinium,
      N-methyl-N-(2-hydroxyethyl)-pyrrolidinium, N,N-dimethylmorpholinium,
      N-methyl-N-(2-hydroxyethyl)-morpholinium, N,N-dimethyl-piperidinium and
      N-methyl-N-(2-hydroxyethyl)-piperidinium salts, which are characterized by
      an especially good water-solubility. In principle, however, there can be
      used all the ammonium salts which are physiologically compatible.
PAR  The term "lower alkyl" as used herein contemplates straight chain
      hydrocarbon radicals containing from one to three carbon atoms and
      includes methyl, ethyl and propyl.
PAR  The compounds of formula 1 in which Z is C(CH.sub.3)OH or CHOH and R.sup.1
      and R.sup.2 are each hydrogen or methyl are described in the co-pending
      patent application of Abraham, et al., Ser. No. 351,381, filed Apr. 16,
      1973 and entitled "Alkyl Derivatives of Prostanoic Acids and Preparation
      Thereof."
PAR  The compounds of formula 1 in which Z is CH.sub.2 and R.sup.4 is hydrogen
      or methyl are described by C.J. Sih et al., Tetrahedron Letters, 2435
      (1972). Esters other than methyl are readily prepared from the latter acid
      by known methods.
PAR  The compounds of formula 1 in which Z is C = O and CHOH, R.sup.1 and
      R.sup.2 each are hydrogen and R.sup.3 is (CH.sub.2).sub.3 CH.sub.3 are
      described in several publications, for example see Dutch Pat. No.
      7,208,955, published Jan. 2, 1973.
PAR  The compounds of formula 1 in which R.sup.3 is cyclohexyl are prepared by
      subjecting 2-(6-carboxyhexyl)-1-(tetrahydropyran-2-yl)oxycyclopentan-3-al
      methyl ester, described in Dutch Pat. No. 7,208,955, cited above, to a
      sequence of reactions described in British Pat. No. 1,218,998, published
      Jan. 13, 1971. More specifically, the latter compound is treated with
      (3-cyclohexyl-2-oxopropyl)phosphoric acid dimethyl ester prepared by
      reacting ethyl cyclohexylacetate with diethyl methylphosphonate according
      to the procedure of E.J. Corey and G.T. Kwiatkowski, J. Amer. Chem. Soc.,
      88, 5654 (1966), to obtain
      trans-2-(4-cyclohexyl-3-oxo-1-butneyl)-5-[(tetrahydropyran-2-yl)oxy]cyclop
     entaneheptanoic acid methyl ester. The last-named compound is reduced with
      sodium borohydride to obtain
      trans-2-(4-cyclohexyl-3-hydroxyl-1-butenyl)-5-[(tetrahydropyran-2-yl)oxy]c
     yclopentaneheptanoic acid methyl ester, which is converted to its
      corresponding acetate on treatment with pyridine and acetic anhydride.
      Treatment of the corresponding acetate with an acid, preferably aqueous
      acetic acid, gives
      trans-2-(4-cyclohexyl-3-acetoxy-1-butenyl)-5-hydroxycyclopentaneheptanoic
      acid methyl ester, which is oxidized with chromic acid in acetone (Jones
      reagent) to yield trans-2-(
      4-cyclohexyl-3-acetoxy-1-butenyl)-5-oxocyclopentaneheptanoic acid methyl
      ester. Treatment of said last-named compound with sodium methoxide or
      sodium carbonate affords the desired compound of formula 1,
      trans-2-(4-cyclohexyl-3-hydroxy-1-butenyl)-5-oxocyclopentaneheptanoic acid
      methyl ester, as a mixture of epimers with respect to the asymmetric
      carbon atom to which the hydroxyl is attached. If desired, this mixture is
      separated into its individual epimers by chromatography. Furthermore, if
      desired, the latter compound, either as a mixture of epimers or as an
      individual epimer, is converted to its corresponding acid by treatment
      with aqueous sodium or potassium hydroxide in a lower alkanol.
PAR  When the prostaglandin derivatives of formula 1 are employed according to
      the method of this invention, they are administered alone or in
      combination with an antiinflammatory agent with or without a
      pharmaceutical carrier. In the general embodiment of this invention the
      route of administration of the active ingredients is not critcial. The
      prostaglandin derivative and the antiinflammatory agent are both capable
      of being administered perorally or parenterally, simultaneously or
      separately. The proportions of the prostaglandin derivative and of the
      antiinflammatory agent, if present, are determined by their solubilities,
      by the chosen route of administration and by standard biological practice.
      For many reasons oral administration is preferred. A convenient and
      practical pharmaceutical composition in solid form entails the
      prostaglandin derivative, and if desired the antiinflammatory agent,
      containing such excipients as starch, lactose, sucrose, cellulose, certain
      types of clay, silica and flavoring and coating agents; see for example,
      "Remington's Pharmaceutical Sciences," 14th ed., Mack Publishing Co.,
      Easton, Penn., 1970, p. 1649.
PAR  Typical therapeutic compositions containing both the prostaglandin
      derivative and the antiinflammatory agent in solid form comprise mixtures
      of these derivatives with indomethacin in a 1:10 to 1:1,000 ratio by
      weight or with phenylbutazone or oxyphenylbutazone in a 1:5 to 1:100
      ratio.
PAR  Alternatively, the derivatives with or without the antiinflammatory agent
      are readily made up in the form of sterile solutions, emulsions and
      suspensions for oral administration. The solutions are prepared according
      to well known techniques; see for example, "Remington's Pharmaceutical
      Sciences,"  cited above, p. 1478. A convenient formulation for the water
      soluble salts of acid derivatives of formula 1, noted above, is in the
      form of a sterile aqueous solution containing 1 to 10% by weight of the
      derivative. Suitable suspending agents for preparing formulations of the
      mixture of the prostaglandin derivative and the antiinflammatory agent
      include water soluble gums, for example, gum arabic, gum tragacanth and
      other pharmaceutically acceptable suspending or dispersing agent, for
      example, pectin, sodium alginate, alginic acid, acacia mucilage,
      carboxypolymethylene, sodium carboxymethyl cellulose, agar, bentonite,
      cetyl alcohol, gelatin, methyl cellulose, polyvinyl alcohol,
      polyvinylpyrrolidone, propylene glycol monostearate, sodium lauryl
      sulfate, sorbitan monooleate, stearyl alcohol, carrageenin, malt extract,
      oleyl alcohol, quillaja, tragacanth mucilage and the like.
PAR  Typical therapeutic composition in the form of sterile solutions, emulsions
      and suspensions comprise a mixture of the prostaglandin derivative of this
      invention with indomethacin in 1:10 to 1:1,000 ratio by weight and the
      active ingredients constituting 2 to 60% by weight of the composition.
PAR  The derivatives with or without the antiinflammatory agent may be
      administered parenterally. For parenteral administration, the derivative
      (and agent) is dissolved or suspended in liquid carriers such as distilled
      water or oils of synthetic, animal, petroleum or vegetable origin, for
      example, soybean oil, sesame oil, mineral oil or propylene glycol, see
      also the suspending agents cited above. The usual preservatives and other
      ingredients used for pharmaceutical preparations for parenteral dose may
      also be incorporated. The concentration of the active agent in these
      preparations for parenteral use in selected to provide a generally useful
      composition.
PAR  In general, the pharmaceutical compositions are most desirably administered
      at a concentration level that will generally afford effective results
      without causing any harmful or deleterious side effects. The prostaglandin
      derivatives are given preferably at a daily dose range of from about 0.1
      mcg to 50 mg/kg, although as aforementioned variations will occur.
      However, a dosage level that is in the range of from about 1.0 mcg to
      about 10 mg per kilo is most desirably employed in order to achieve
      effective results. With respect to the prophylactic treatment of this
      invention, it is to be understood that the prostaglandin derivative may be
      administered separately to a host receiving therapeutic treatment with an
      antiinflammatory agent or it may be combined with a therapeutic dose of
      the antiinflammatory agent and the combination administered in unit dosage
      form to the host in need of antiinflammatory therapy. Therapeutic doses
      for indomethacin usually range from about 0.1 to 10 mg/kg/day; for man the
      recommended peroral dose ranging from 0.5 to 4 mg/kg/day or a daily dose
      of about 25 to 200 mg. Therapeutic doses for phenylbutazone and
      oxyphenylbutazone usually range from 1 to 20 mg/kg/day; the recommended
      peroral dose for man ranging from 2 to 16 mg/kg/day or a daily dose of
      about 100 to 800 mg.
PAR  The gastrointestinal side effect inhibiting property of the compositions of
      the present invention are demonstrable in standard pharmacological tests.
      For example, in procedures similar to the in vivo test described by Y. H.
      Lee et al., cited above, for evaluating the effects of a test compound on
      indomethacin-induced ulcers in the rat, the compounds of formula 1 are
      shown to be effective, see Examples 1 and 2.
PAR  The relevance of the Lee test to the clincal situation of
      indomethacin-induced ulcers is supported by the fact that, as N.O.
      Rothermich, J. Amer. Med. Assoc., 195, 531 (1966) found a correlation
      between indomethacin dosage and the occurence of ulcers in man, Lee found
      a similar correlation in the rat.
PAR  Furthermore, the unexpected advantage of the compounds and combinations of
      this invention in that they do not cause diarrhea at therapeutic doses is
      demonstrated readily in an in vivo test in which the compound or
      combination is given perorally in 0.2% sodium carboxymethylcellulose in
      water to female mice or rats, the appearance or absence of diarrhea being
      recorded 60 minutes later.
PAR  In this latter test the compounds of this invention, for example
      2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid or its
      corresponding (+)- or (-)-enantiomorph, do not cause an appreciable
      diarrheal effect in female mice at 240 mg/kg whereas prostaglandin E.sub.2
      causes diarrhea in 50% of the test animals at 43 mg/kg.
DETD
PAR  The following examples illustrate further this invention.
PAC  EXAMPLE 1
PAR  By following the procedure of Lee et al., cited above, for the production
      of the indomethacin-induced ulcer in rats, the property of the compounds
      of formula 1 to inhibit such ulcers is readily demonstrable. More
      specifically: male albino rats (170 - 190 g; Sprague-Dawley strain,
      Canadian Breeding Laboratories), caged individually, were fasted 24 hr
      with free access to water until the start of the experiment. Indomethacin
      was given intraperitoneally. The animals were killed 5 hr later and the
      ulcer formation in the glandular portion of the stomach determined. The
      compound of formula 1 was administered perorally immediately after the
      indomethacin. The percent inhibition of ulcer formation versus the
      semilogarithm of the dose (mg/kg) was plotted and the dose at which 50%
      inhibition occurred (ED.sub.50) was read from the graph.
PAR  Analysis of variance and regression study were used in the evaluation of
      the data.
PAR  Indomethacin was administered (0.5 ml) as an aqueous suspension (2 drops of
      polysorbate 80 per 14 ml of H.sub.2 O). Polysorbate 80 is a mixture of
      sorbitol and its anhydrides copolymerized with ethylene oxide. The
      compounds of formula 1 were given (0.2 ml) in a 0.2% sodium carboxymethyl
      cellulose aqueous suspension.
PAR  The results of such a test for
      2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid to inhibit the
      ulcer formation induced by 20 mg/kg i.p. of indomethacin are given in the
      following table. For comparative purposes the results obtained for
      propantheline bromide are also included.
TBL  __________________________________________________________________________
                  Dose   No. of                                                
                              Ulcers Formed                                    
     Compound     (mg/kg,p.o.)                                                 
                         Animals                                               
                              Mean .+-. S.E.M.                                 
                                       % Inhibition                            
                                               ED.sub.50                       
     __________________________________________________________________________
     None         --     9    10.4 .+-. 1.3                                    
                                       --     --                               
     2-(3-hydroxy-3-                                                           
                  0.30   9     3.2 .+-. 0.5***                                 
                                       69     0.11                             
     methyloctyl)-5-oxocyclo-                                                  
                  0.15   9     4.6 .+-. 0.6**                                  
                                       56     --                               
     pentaneheptanoic acid                                                     
                  0.075  9     5.9 .+-. 0.8**                                  
                                       43     --                               
     propantheline                                                             
                  6.0    8     4.1 .+-. 0.9**                                  
                                       61     3.0                              
     bromide      3.0    9     5.0 .+-. 1.0**                                  
                                       52     --                               
                  1.5    9     6.9 .+-. 0.9*                                   
                                       36     --                               
     __________________________________________________________________________
      *** P &lt; 0.001,                                                           
       ** &lt; 0.01,                                                              
       * &lt;0.05                                                                 
PAR  The results show that
      2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid decreased the
      number of indomethacin-induced ulcers, exhibiting an ED.sub.50 of 0.11
      mg/kg, p.o. over a period of five hours. By comparison propantheline
      bromide under the same conditions was 27 times less potent having an
      ED.sub.50 of 3.0 mg/kg, p.o.
PAC  EXAMPLE 2
PAR  By following the procedure of Example 1 the effects of compounds of formula
      1 other than 2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid
      on indomethacin-induced ulcers are demonstrable. Accordingly, the results
      obtained with such other compounds of formula 1 are exemplified by the
      following list in which the relative potency of each compound with respect
      to 2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid is noted.
TBL  ______________________________________                                    
                             Relative Potency                                  
     Compound                .+-. S.E.M.                                       
     ______________________________________                                    
     (-)-2-(3-Hydroxy-3-methyloctyl)-5-                                        
     oxocyclopentaneheptanoic acid                                             
                             1.01 .+-. 0.40                                    
     (+)-2-(3-Hydroxy-3-methyloctyl)-5-                                        
     oxocyclopentaneheptanoic acid                                             
                             1.02 .+-. 0.42                                    
     trans-2-(3-Hydroxyoctyl)-5-oxocyclo-                                      
     pentaneheptanoic acid   0.45 .+-. 0.12                                    
     trans-2-(3-Hydroxyoctyl)-5-oxocyclo-                                      
     pentaneheptanoic acid   0.64 .+-. 0.20                                    
     trans-2-(3-Methyl-3-oxooctyl)-5-oxo-                                      
     cyclopentaneheptanoic acid                                                
                             0.43 .+-. 0.14                                    
     trans-2-(3-Hydroxy-3-methyl-1-                                            
     octenyl)-5-oxocyclopentane-                                               
     heptanoic acid          1.07 .+-. 0.33                                    
     trans-2-(3-Hydroxy-1-octenyl)-5-                                          
     oxocyclopentaneheptanoic acid                                             
                             0.74 .+-. 0.20                                    
     trans-2-(4-Cyclohexyl-3-hydroxy-                                          
     1-butenyl)-5-oxocyclopentane                                              
     heptanoic acid          0.13 .+-. 0.06                                    
     trans,cis-7-[2-(3-Hydroxy-1-                                              
     octenyl)-5-oxocyclopentyl]-5-                                             
     heptenoic acid (Isomer A)*                                                
                             0.37 .+-. 0.21                                    
     trans,cis-7-[2-(3-Hydroxy-1-                                              
     octenyl)-5-oxocyclopentyl]-5-                                             
     heptenoic acid (Isomer B)                                                 
                             0.37 .+-. 0.14                                    
     trans,cis-7-[2-(3-Hydroxy-4,4-                                            
     dimethyl-1-octenyl)-5-oxocyclo-                                           
     pentyl]-5-heptenoic acid                                                  
                             4.8                                               
     ______________________________________                                    
      *This compound is epimeric with the following compound with respect to th
      asymmetric carbon atom in the side chain bearing the hydroxyl group. It i
      distinguished from the following compound by being less polar on silica  
      gel thin layer chromatography plates and is arbitrarily designated isomer
      A. The following compound is then designated isomer B. These compounds ar
      described in Dutch Patent No. 7,208,955, cited above.                    
PAC  EXAMPLE 3
PAR  A comparison of the ED.sub.50 for inhibiting indomethacin-induced ulcers
      and the ED.sub.50 for inhibiting gastric acid secretion for compounds of
      formula 1 is exemplified in the following list. Both ED.sub.50 's are
      determined in the rat. The ED.sub.50 for inhibiting indomethacin-induced
      ulcers is obtained according to the method of Example 1. The ED.sub.50 for
      inhibiting gastric acid secretion is obtained according to the method of
      Lippmann, cited above.
TBL  __________________________________________________________________________
                      ED.sub.50 for inhibiting                                 
                                  Ed.sub.50 for inhibiting                     
                      indomethacin-induced                                     
                                  gastric acid                                 
     Compound         ulcer       secretion                                    
     __________________________________________________________________________
     2-(3-hydroxy-3-methyloctyl)-                                              
                      0.11        4.3                                          
     5-oxocyclopentaneheptanoic                                                
     acid                                                                      
     (+)-2-(3-hydroxy-3-methyl-                                                
                      0.11        5.2                                          
     octyl)-5-oxocyclopentane-                                                 
     heptanoic acid                                                            
     (-)-2-(3-hydroxy-3-methyl-                                                
                      0.11        ca. 12                                       
     octyl)-5-oxocyclopentane-                                                 
     heptanoic acid                                                            
     trans,cis-7-[2-(3-hydroxy-                                                
                      ca. 0.02    ca. 1.0                                      
     4,4-dimethyl-1-octenyl)-5-oxo-                                            
     cyclopentyl]-5-heptenoic acid                                             
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  The inhibitory efect of the compounds of formula 1 on the formation of
      phenylbutazone-induced ulcers in rats is demonstrable by the method
      exemplified herein by the choice of
      2-(3-hydroxy-3-methyloctyl)-5-ococyclopentaneheptanoic acid as the
      compound of formula 1.
PAR  Male albino rats (140 - 150 g; Sprague - Dawley strain, Canadian Breeding
      Laboratories), caged individually were fasted 24 hours with free access to
      water until the start of the experiment.
      2-(3-Hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid was given
      orally in a suspension of 0.2 ml of 0.2% sodium carboxymethylcellulose in
      water. Thirty minutes later phenylbutazone (300 mg/kg) in 0.4 ml of an
      aqueous suspension (1 drop of polysorbate 80 per 14 ml of H.sub.2 O) was
      given orally. The animals were killed 18 hours later and the ulcer
      formation (i.e. number of ulcers) in the glandular portion of the stomach
      determined. The percent inhibition of ulcer formation versus the
      semilogarithm of the dose (mg/kg) was plotted and the dose at which 50%
      inhibition occurred (ED.sub.50) was read from the graph.
PAR  The results of a test according to the preceding method is summarized in
      the following table.
TBL  __________________________________________________________________________
               Dose     No. of                                                 
                              Ulcers Formed                                    
     Test Compound                                                             
               mg/kg. p.o.                                                     
                        Animals                                                
                              Mean .+-. S.E.M.                                 
                                        % Inhibition                           
     __________________________________________________________________________
      None     --       10    5.4 .+-. 1.0                                     
     __________________________________________________________________________
     2-(3-hydroxy-3-                                                           
               30       9     1.2 .+-. 0.5                                     
                                        78                                     
     methyloctyl)-5-                                                           
               15       9     2.8 .+-. 0.6                                     
                                        48                                     
     oxocyclopentane-                                                          
                7.5     10    4.1 .+-. 1.0                                     
                                        24                                     
     heptanoic acid                                                            
     __________________________________________________________________________
PAR  The results show that
      2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid decreases the
      number of phenylbutazone-induced ulcers, exhibiting an ED.sub.50 of about
      15 mg/kg, p.o. over an 18 hr period.
PAR  By replacing phenylbutazone with an equivalent amount of oxyphenylbutazone
      in the procedure of this example, the inhibitory effect of the compounds
      of formula 1 on the formation of oxyphenylbutazone-induced ulcers in rats
      is demonstrated.
PAC  EXAMPLE 5
PAR  a. The following tablet compositions are illustrative of such compositions
      of this invention:
PAR  The prostaglandin derivative,
      2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid (2.0 g), is
      mixed with 196 g. lactose, 44 g microcrystalline cellulose, 4 g stearic
      acid and 4 g of finely divided silica (Cabosil). The mixture is granulated
      with addition of a small amount of ethyl alcohol, dried, milled; and
      compressed into tablets weighing 250 mg each or filled into capsules in
      amounts of 250 mg each, to make 1,000 tablets or capsules containing 2.0
      mg of the active ingredient per tablet or capsule.
PAR  In same manner but using 10.0 g of
      2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid and 188 g of
      lactose, together with the same amounts of microcrystalline cellulose,
      stearic acid and silica as above, 1,000 tablets or capsules containing 10
      mg of the active ingredient per tablet or capsule are obtained.
PAR  Again in the same manner but adding 25 g of indomethacin and using 0.125 g
      of the prostaglandin derivative and 172.875 g of lactose together with the
      same amount of microcrystalline cellulose, stearic acid and silica as
      above, 1,000 tablets or capsules containing 0.125 mg of the prostaglandin
      derivative in combination with 25 mg of indomethacin are obtained.
PAR  Again in the same manner but adding 40 g of phenylbutazone or
      oxyphenylbutazone and using 156 g of lactose together with the same
      amounts of microcrystalline cellulose, stearic acid and silica as above,
      1000 tablets or capsules containing 2.0 mg of the prostaglandin derivative
      in combination with 40 mg of phenylbutazone or oxyphenylbutazone are
      obtained.
PAR  Again in the same manner but addiing 25 g of indomethacin and using 0.40 g
      of
      trans,cis-7-[2-(3-hydroxy-4,4-dimethyl-1-octenyl)-5-oxocyclopentyl]-5-hept
     anoic acid as the prostaglandin derivative and using 172.60 g of lactose
      together with the same amounts of microcrystalline cellulose, stearic acid
      and silica as above, 1,000 tablets or capsules containing 0.40 mg of the
      prostaglandin derivative in combination with 25 mg of indomethacin are
      obtained.
PAR  Again in the same manner, but replacing the above prostaglandin derivative
      by the same weight of another compound of formula 1, corresponding tablet
      compositions for the other compounds are obtained.
PAR  b. The following liquid compositions are illustrative of such compositions
      of this invention.
PAR  The prostaglandin derivative,
      2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid (250 mg), is
      dissolved in pyrogen-free water (900 ml) by adjusting the pH to 7.5 - 8.5
      with sodium hydroxide solution and adding sufficient sodium chloride or
      sodium citrate or glucose to make the solution isotonic. A preservative
      such as 0.1 percent weight by volume of methylparaban and 0.015 percent
      weight by volume of propylparaban or 0.5 percent weight by volume of
      chlorobutanol is added, the solution is made up to 1,000 ml, sterilized by
      filtration or autoclaving, and filled into sterile ampoules or vials, to
      make a solution for parenteral or oral administration containing 0.25 mg
      of the active ingredient per milliliter.
PAR  In the same manner, but using 500 mg of
      2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid and proceeding
      as above but without addition of sodium chloride or citrate or glucose, a
      solution containing 0.5 mg/ml of the active ingredient is obtained.
PAR  Again in the same manner, but using, instead of sodium hydroxide, lithium,
      potassium, calcium or ammonium hydroxide, or aqueous solutions of
      methylamine, dimethylamine, trimethylamine, ethylamine, diethylamine,
      triethylamine, methyl-ethylamine, mono-, di-, or triethanolamine,
      ethylenediamine, hexamethylenediamine, pyrrolidine, piperidine,
      morpholine, piperazine, N-methylmorpholine, N-(2-hydroxyethyl)piperidine,
      or pyridine, or quaternary bases containing the tetramethyl,
      methyl-triethanol, or trimethylmonoethanol ammonium ion, or the
      N-methylpyridinium, N-methyl-N-(2-hydroxyethyl)-pyrrolidinium,
      N,N-dimethylmorpholinium, N-methyl-N-(2-hydroxyethyl)-morpholinium,
      N,N-dimethylpiperidinium, or N-methyl-N-(2-hydroxyethyl)piperidinium ions,
      the corresponding salts of
      2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic acid are also
      obtained.
PAR  Again in the same manner but replacing the above prostaglandin derivative
      by the same weight of another compound of formula 1, corresponding liquid
      compositions for the other compounds are obtained.
PAR  The prostaglandin derivative,
      trans,cis-7-[2-(3-hydroxy-4,4-dimethyl-1-octenyl)-5-oxocyclopentyl]-5-hept
     anoic acid (1.0 g) and indomethacin (40.0g) are sterilized separately by
      autoclaving. Under sterile conditions the latter compounds are mixed with
      920 ml of sterile sesame oil and 14 ml of sterile benzyl alcohol, and made
      up to 1,000 ml with sterile sesame oil. The resulting sterile solution for
      parenteral administration contains 1.0mg/ml of the prostaglandin
      derivative and 40.0mg/ml of indomethacin. The suspension is filled into
      vials under sterile conditions.
PAR  c. The following suspension composition is illustrative of such
      compositions of this invention.
PAR  The prostaglandin derivative,
      trans,cis-7-[2-(3-hydroxy-4,4-dimethyl-1-octenyl)-5-oxocyclopentyl]-5-hept
     anoic acid (1.0 g) and indomethacin (40.0 g) each are micronized to below
      40.mu. particle size. The two active ingredients are then mixed with 200
      ml of water and 140 ml of sugar syrup. Methylparaben (0.625 g) and
      propylparaben (0.125 g) are dissolved in 100 ml of glycerin with the aid
      of heat and sodium alginate (25.0 g) is added to the glycerin solution.
      The glycerin mixture is then added to the above mixture of the active
      ingredients. The resulting mixture is stirred until an even dispersion is
      obtained. Flavourings may optionally be added at this point. Thereafter,
      the suspension is diluted with sufficient water to a volume of 1,000 ml.
      The resulting suspension for oral administration contains 1.0 mg/ml of the
      prostaglandin derivative and 40.0 mg/ml of indomethacin.
PAC  EXAMPLE 6
PAC  3-(Cyclohexyl-2-oxopropyl)phosphoric Acid Dimethyl Ester
PAR  Dimethyl methylphosphonate (93 g) is dissolved in tetrahydrofuran (250 ml),
      cooled to -70.degree.C, and while stirring the mixture with a mechanical
      stirrer, butyllithium (2.35 molar in hexane; 350 ml) is added at such a
      rate that the reaction temperature does not increase above -65.degree.C
      (addition time .about.3 hr). Cyclohexylacetyl chloride (40 g) is then
      added in tetrahydrofuran (30 ml) and again the temperature is not allowed
      to increase above -65.degree.C during the addition. The mixture is stirred
      at -70.degree.C for 30 min then allowed to rise to room temperature. The
      solvent is removed under reduced pressure. The residue is rendered acidic
      with HCl and dissolved in ether. The ether layer is separated, washed with
      water, dried and concentrated. The residue is distilled to give the pure
      title compound, b.p. 138.degree. - 140.degree.C/0.5 mm Hg.
PAC  EXAMPLE 7
PAC  trans-2-(4-Cyclohexyl-3-oxo-1-butenyl)-5-[(tetrahydropyran-2-yl)-oxy]cyclop
     entaneheptanoic Acid Methyl Ester
PAR  To the stirred suspension of sodium hydride (6.32 g; 5% suspension) in
      dimethoxyethane (400 ml), (3-cyclohexyl-2-oxopropyl)phosphoric acid
      dimethyl ester (37.3 g), described in Example 6, in dimethoxyethane (300
      ml) is added. The stirring is continued for 20 min then
      2-(6-carboxyhexyl)-1-(tetrahydropyran-2-yl)oxycyclopentan-3-al methyl
      ester (34 g), described in Dutch Pat. No. 7,208,955 cited above, is added
      in dimethoxyethane (400 ml) over a period of 20 min. After 10 min the
      reaction mixture is rendered neutral with one equiv. of acetic acid and
      diluted with ether. The ether layer is separated and washed first with
      saturated NaCl solution and then with water. After drying (MgSO.sub.4) the
      ether layer is concentrated. The residue is subjected to chromatography on
      1 kg of silica gel. Elution with ether-hexane (3:7) gives the title
      compound, .nu..sub.max.sup. CHCl.sbsp.3 1,735, 1,665, 1,620, 1,030
      cm.sup.-.sup.1.
PAC  EXAMPLE 8
PAC  trans-2-(4-Cyclohexyl-3-hydroxy-1-butenyl)-5-[(tetrahydropyran-2-yl)oxy]cyc
     lopentaneheptanoic Acid Methyl Ester Acetate
PAR  To an ice cold solution of
      trans-2-(4-cyclohexyl-3-oxo-1-butenyl)-5-[(tetrahydropyran-2-yl)oxy]cyclop
     entaneheptanoic acid methyl ester (43 g), prepared in Example 7, in 200 ml
      of methanol, sodium borohydride (3.8 g) is added portionwise. After
      stirring for 30 min. acetic acid (4.2 ml) is added. The mixture is
      concentrated under reduced pressure. The residue is taken up in ether. The
      ether solution is washed to neutral with water and saturated NaCl
      solution, dried and evaporated to yield
      trans-2-(4-cyclohexyl-3-hydroxy-1-butenyl)-5-[(tetrahydropyran-2-yl)oxy]cy
     clopentaneheptanoic acid methyl ester, .nu..sub.max.sup. CHCl.sbsp.3 3,450,
      1,735, 1,030 cm.sup.- .sup.1.
PAR  The latter compound (40.6 g) is dissolved in pyridine (57 ml). Acetic
      anhydride (106 ml) is added and the mixture stirred at room temperature
      for 2 hr. The solution is cooled in ice and the excess anhydride is
      destroyed by adding carefully some methanol. The solvent is evaporated and
      the residue taken up in ether. The ether solution is washed with water,
      dried and the solvent removed to yield the title compound,
      .nu..sub.max.sup. CHCl.sbsp.3 1,735, 1,240, 1,030 cm.sup.-.sup.1.
PAC  EXAMPLE 9
PAC  trans-2-(4-Cyclohexyl-3-acetoxy-1-butenyl)-5-oxocyclopentaneheptanoic Acid
      Methyl Ester
PAR  trans-2-(4-Cyclohexyl-3-hydroxy-1-butenyl)-5-[(tetrahydropyran-2-yl)oxy]cyc
     lopentaneheptanoic acid methyl ester acetate (44 g), described in Example
      8, is dissolved in acetic acid (426 ml), water (212 ml) and
      tetrahydrofuran (35.7 ml). The mixture is stirred at 60.degree.C (bath
      temperature) for 3 hr. The solvent is removed under reduced pressure. The
      residue is taken up in ether. The ether solution is washed with water,
      dried and evaporated to yield
      trans-2-(4-cyclohexyl-3-acetoxy-1-butenyl)-5-hydroxycyclopentaneheptanoic
      acid methyl ester .nu..sub.max.sup. CHCl.sbsp.3 3,451, 1,730, 1,240
      cm.sup.-.sup.1.
PAR  To a chilled (-70.degree.C) solution of the latter compound (34.5 g) in
      acetone (300 ml) a solution of 8N chromic acid (Jones reagent) is added.
      The addition is stopped when the orange color persists (40 ml). Stirring
      is continued for 4 more hr. The reaction mixture is allowed to come to
      room temperature and the solvent removed by distillation under reduced
      pressure. The residue is taken up in ether. The ether extract is washed
      with water, dried and evaporated to dryness. The residue is subjected to
      chromatography on silica gel. Elution with ether-hexane (1:1) yields the
      title compound, .nu..sub.max.sup. CHCl.sbsp.3 1,735, 1,240 cm.sup.-.sup.1,
      nmr (CDCl.sub.3) .delta. 2.05 (s,3H), 3.65 (s,3H), 5.4 (m, 1H), 5.55
      (m,2H).
PAC  EXAMPLE 10
PAC  trans-2-(4-Cyclohexyl-3-hydroxy-1-butenyl)-5-oxocyclopentaneheptanoic Acid
      Methyl Ester
PAR  To a suspension of
      trans-2-(4-cyclohexyl-3-acetoxy-1-butenyl)-5-oxocyclopentaneheptanoic acid
      methyl ester (265 g), prepared as described in Example 9, in methanol (287
      ml) is added a solution of sodium methoxide (prepared from 172 g of sodium
      and 148 ml of methanol). The reaction mixture is stirred at room
      temperature for 90 min. then rendered neutral with one equivalent of
      acetic acid. The solvent is evaporated. The residue is taken up in ether.
      The ether solution is washed with water, dried and the solvent removed to
      yield the title compound, .nu..sub.max.sup. CHCl.sbsp.3 3,450, 1,735
      cm.sup.-.sup.1.
PAR  The latter compound is a mixture of epimers with respect to the asymmetric
      carbon to which the hydroxy group is attached. By subjecting the preceding
      product (22.5 g) to chromatography on silica gel (1 kg) using ether-hexane
      (1:1) as eluant, the product is separated into its two epimeric forms
      which are arbitrarily designated Isomer A (less polar isomer) and Isomer B
      (more polar isomer); the polarity being determined by the order in which
      these isomers are eluted.
PAR  Isomer A: nmr (CDCl.sub.3) .delta. 3.67 (s,3H), 4.26 (m,1H), 5.64 (m,2H).
PAR  Isomer B: nmr (CDCl.sub.3) .delta. 3.67 (s,3H), 4.23 (m,1H), 5.62 (m,2H).
PAC  EXAMPLE 11
PAC  trans-2-(4-Cyclohexyl-3-hydroxy-1-butenyl)-5-oxocyclopentaneheptanoic Acid
PAR  To a solution of
      trans-2-(4-cyclohexyl-3-hydroxy-1-butenyl)-5-oxocyclopentaneheptanoic acid
      methyl ester, Isomer A (11.56 g), described in Example 10, in 53 ml of
      methanol is added 10% NaOH (18.3 ml). The mixture is stirred at room
      temperature for 2 hr then rendered acidic with 10% HCl and diluted with
      ether. The ether solution is washed with water, dried and evaporated to
      yield Isomer A of the title compound, .nu..sub.max.sup. CHCl.sbsp.3 1730,
      1710 cm.sup.-.sup.1.
PAR  In the same manner but replacing
      trans-2-(4-cyclohexyl-3-hydroxy-1-butenyl)-5-oxocyclopentaneheptanoic acid
      methyl ester, Isomer A, with the corresponding Isomer B, there is obtained
      Isomer B of the title compound, .nu..sub.max.sup. CHCl.sbsp.3 1,730, 1,705
      cm.sup.-.sup.1.
PAC  EXAMPLE 12
PAC  (+)- and (-)-2-(3-Hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic Acid
PAR  Bioconversion of 2-(3-oxooctyl)-5-oxocyclopentaneheptanoic acid methyl
      ester, described in U.S. Pat. No. 3,707,548, issued Dec. 26, 1972, with
      resting cells of Saccharomyces cerevisiae (ATCC-4125) gives
      (+)-2-(3-hydroxyoctyl)-5-oxocyclopentaneheptanoic acid and the optically
      active enantiomer of the corresponding acid of the starting material,
      (-)-2-(3-oxooctyl)-5-oxocyclopentaneheptanoic acid. Conversion of the
      latter acid to its corresponding methyl ester with diazomethane followed
      by treatment of the ester with methyl magnesium iodide and hydrolysis of
      the resulting (-)-2-(3-hydroxy-3-methyloctyl)-5-oxocyclopentaneheptanoic
      acid methyl ester with sodium hydroxide in aqueous methanol gives the
      desired (-)-enantiomorph, [.alpha.].sub.D.sup.25 -20.4.degree.
      (CHCl.sub.3).
PAR  Esterification of the former compound from the bioconversion with
      diazomethane and oxidation of the resulting ester with chromic acid in
      acetone (Jones reagent) gives
      (+)-2-(3-oxooctyl)-5-oxocyclopentaneheptanoic methyl ester, which on
      treatment analogous to its above (-)-enantiomorph, i.e. treatment with
      methyl magnesium iodide followed by hydrolysis, gives the desired
      (+)-enantiomorph, [.alpha.].sub.D.sup. 25 + 14.3.degree. (CHCl.sub.3).
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of reducing the incidence of gastrointestinal side effects in a
      mammal during the treatment of inflammatory conditions with an
      antiinflammatory agent, which comprises administering to said mammal a
      gastrointestinal side effect inhibiting amount within the range of about
      1.0 microgram to about 10 milligrams per kilogram of trans,
      cis-7-[2-(3-hydroxy-4,4-dimethyl-1-octenyl)-5-oxocyclopentyl]-5-heptenoic
      acid during said treatment.
NUM  2.
PAR  2. A pharmaceutical composition in unit dosage form for treating
      inflammatory conditions comprising a combination of a gastrointestinal
      side effect-inhibiting dose within the range of about 1.0 microgram to
      about 10 milligrams per kilogram of trans,
      cis-7-[2-(3-hydroxy-4,4-dimethyl-1-octenyl)-5-oxocyclopentyl]-5-heptenoic
      acid and a therapeutic dose of an antiinflammatory agent.
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ABST
PAL  A hair-dressing composition for setting and imparting greater luster to
      hair which comprises, a hydrophilic polymer containing at least 3% by
      weight structural units which contain at least one sulfonate group.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to cosmetic compositions. More particularly, this
      invention relates to compositions such as hair lacquers and hair lotions
      for setting and adding luster to the hair.
PAR  2. Description of the Prior Art
PAR  Various synthetic resins have been used extensively to prepare hair
      compositions which add luster to the hair and for setting hair. Examples
      of these synthetic resins include polyvinylpyrrolidone,
      vinylpyrrolidone/vinylacetate copolymers, alkyl or alkanol amine salts of
      acrylic acid ester/monoethylenically unsaturated acid copolymers and alkyl
      or alkanol amine salts of maleic acid monoester/alkylvinyl ether
      copolymers. The resins which are used in the hair treating compositions
      must have a variety of properties such as (1) solubility in water,
      alcohols or mixtures thereof, (2) good compatibility with other components
      for cosmetic compositions (especially with propellants when used in the
      form of an aerosol spray), (3) good hair-setting properties and (4) good
      adhesion. Furthermore, hair treated with the resins should have (1) high
      gloss, (2) exhibit no flaking, (3) have no tackiness and exhibit good curl
      retention at high humidities, and (4) have good washability.
PAR  The conventional resins presently in use are satisfactory in some of the
      properties listed above. However, they also lack some of the other
      desirable properties. For example, the homopolymer or copolymers of
      vinylpyrrolidone have good hair-setting properties, but they have the
      objectionable property of flaking when hair treated with the resins is
      combed. In addition, treated hair tends to become so soft and tacky in
      humid atmospheres that individual fibers of the treated hair will adhere
      to each other, which makes combing or brushing difficult. The salts of
      acrylic acid ester copolymers impart good adhesion to the hair and do not
      flake as readily, but they have poor washability properties and poor curl
      retention properties at high humidities. The salts of maleic acid
      monoester copolymers exhibit many of the good properties desired for hair
      treating compositions. However, they have poor compatibility with
      halogenated hydrocarbons which are used as propellants in aerosol sprays.
PAR  A need, therefore, continues to exist for a hair composition whose
      properties are optimum with regard to all of the properties desired in a
      hair treating composition.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of this invention is to provide a cosmetic
      composition having improved properties.
PAR  Another object of this invention is to provide a hair dressing composition.
PAR  Yet another object of this invention is to provide a hair-setting
      composition.
PAR  Still another object of this invention is to provide a hair spray
      composition for setting and adding luster to the hair.
PAR  Briefly, these objects and other objects of the invention as hereinafter
      will become more readily apparent can be attained by a cosmetic
      composition which comprises a hydrophilic polymer containing at least 3
      weight % of structural units containing at least one sulfonate group,
      (hereinafter referred to as the sulfonate-containing unit).
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The sulfonate group in the sulfonate-containing unit of the polymer of the
      invention may be represented by the following formulas:
      ##EQU1##
      wherein M is a metal, m is the valency of M, and M' is ammonia or an
      organic amine. Suitable examples of M include alkali metals such as Li, Na
      and K, and alkaline earth metals such as Ca and Mg. Suitable examples of
      M' are ammonia (NH.sub.3), primary amines such as methyl amine, ethyl
      amine and monoethanol amine, secondary amines such as dimethyl amine,
      diethyl amine, diethanol amine, methylethanol amine and morpholine, and
      tertiary amines such as trimethyl amine, triethanol amine and imidazoline
      derivatives. Preferred examples of M are the alkali metals, while the
      preferred examples of M' are primary, secondary and tertiary amines
      containing lower alkyl (C.sub.1 - C.sub.3) substituents or hydroxyalkyls
      (C.sub.1 - C.sub.3), and morpholine.
PAR  The sulfonate-containing unit of this invention can be represented by the
      following formula:
      ##EQU2##
      wherein Z is a trivalent unit which constitutes the main chain of the
      hydrophilic polymer, X is a divalent linking group, and n is 0 or 1. A
      more specific representation of formula (3) is:
      ##EQU3##
      wherein R is H, a hydrocarbon radical containing from 1 - 4 carbon atoms,
      or nitrile (--CN), and X and n are the same as shown in formula (3).
      Suitable examples of group X in formulas (3) and (4) include --A--,
      ##SPC1##
PAL  --cooa--, --ooc--a--, --conh--a-- and --COO--(AO).sub.p -- A--, wherein A
      is lower alkylene (C.sub.1 - C.sub.4), p is an integer from 1 - 10, and
      the benzene rings can have at least one substituent.
PAR  More specific representations of the structural unit represented by formula
      (4) are:
      ##EQU4##
      wherein R is H or methyl, R' is methyl or ethyl, a is 0 or 1, b is an
      integer from 0 to 4, c is an integer from 1 to 3, and p is an integer from
      1 to 10. Among the units represented by the formulas (5) through (10), the
      most preferred representations are units shown by the formula (7).
PAR  The content of the sulfonate-containing unit in the hydrophilic polymer
      should be at least 3% by weight, when the solubility of the polymer in
      water or alcohols and other properties of the resulting cosmetic
      composition are considered. Preferably the content of the
      sulfonate-containing unit is in the range of 3 - 95% by weight, more
      preferably 10 - 50% by weight.
PAR  The hydrophilic polymer of this invention may also contain at least one
      other structural unit. Examples of these structural units are units which
      are derived from comonomers which will be described in the processes for
      producing the hydrophilic polymer. The preferred structural units can be
      represented by the formula:
      ##EQU5##
      wherein R.sub.1 is H or methyl, and R.sub.2 is an alkyl containing from 1
      to 20 carbon atoms or a hydroxyalkyl containing from 1 to 4 carbon atoms.
      Mixtures of the structural units can also be advantageously used.
PAR  The hydrophilic polymer of this invention can be produced by any
      conventional method. Thus, the polymer may be obtained by polymerizing an
      ethylenically unsaturated monomer containing a sulfonic acid (or its salt)
      group (hereinafter referred to as the sulfonate-containing monomer), or by
      copolymerizing the monomer with at least one polymerizable comonomer. If a
      monomer containing a free sulfonic acid group is used, the free acid group
      of the resulting polymer is neutralized with a basic compound. Another
      method of obtaining the hydrophilic polymer comprises producing a
      homopolymer or a copolymer containing no sulfonate group or sulfonic acid
      group as an intermediate, and then subjecting the intermediate to
      sulfonation by treating the polymer with a sulfonating agent such as
      sulfuric acid, chlorosulfuric acid or a sulfone, followed by
      neutralization with a basic compound. For example, styrene (or acrylic
      acid) is polymerized to form polystyrene (or polyacrylic acid) as the
      intermediate. Thereafter, the polymer is reacted with sulfuric acid (or a
      sulfone).
PAR  Examples of the sulfonate-containing monomer used for the production of the
      hydrophilic polymer are represented by the following formulas:
      ##EQU6##
EQU  CH.sub.2 =CH--(CH.sub.2).sub.b --SO.sub.3 H (or salt)      (13)    wherein
      R, R', a, b, c and p are as defined before.
PAR  Suitable sulfonate-containing monomers of formulas (12) to (17) include
      para-and ortho styrene sulfonic acid and 3-vinyltoluene-6-sulfonic acid,
      formula (12); ethylene sulfonic acid and 1-propene-3-sulfonic acid,
      formula (13); sulfomethyl acrylate, 2-sulfoethyl acrylate, 3-sulfopropyl
      acrylate, and methacrylates corresponding thereto, formula (14);
      N-acryloyl taurine and N-methacryloyl taurine, formula (15); vinyl
      sulfoacetate and vinylsulfopropionate, formula (16); sulfoethyloxyethyl
      acrylate, sulfoethylpoly (oxyethylene) acrylates and methacrylates
      corresponding thereto, formula (17); and salts thereof. Mixtures of these
      monomers may also be used.
PAR  A comonomer(s) can be reacted with the sulfonate-containing monomer.
      Suitable comonomers used with the sulfonate-containing momoner include
      aliphatic acid esters of unsaturated alcohols such as vinyl acetate, vinyl
      propionate, allyl acetate, allyl propionate, and the like; aliphatic vinyl
      ethers such as methyl vinyl ether, ethyl vinyl ether, lauryl vinyl ether,
      and the like; styrene compounds such as styrene, vinyltoluene, vinyl
      naphthalene, and the like; alkyl acrylates such as methyl acrylate, ethyl
      acrylate, 2-ethylhexyl acrylate, lauryl acrylate, oleyl acrylate, and the
      like; alkyl methacrylates corresponding to the above acrylates;
      hydroxyalkyl acrylates such as hydroxymethyl acrylate, hydroxethyl
      acrylate, hydroxypropyl acrylate, and the like; hydroxyalkyl methacrylates
      corresponding to the above acrylates; alkylene (C.sub.1 -C.sub.4) oxide
      adducts of acrylic acid or methacrylic acid; acrylamides; methacrylamides
      and acrylonitrile. Of these comonomers, the preferred ones are alkyl
      (C.sub.1 -C.sub.20) acrylates, alkyl (C.sub.1 -C.sub.20) methacrylates,
      hydroxyalkyl (C.sub.1 -C.sub.4) acrylates and hydroxyalkyl (C.sub.1
      -C.sub.4) methacrylates. Mixtures of these comonomers may also be used.
PAR  When the sulfonic groups in the resulting polymer are free acid groups,
      they are neutralized with a basic compound. Suitable basic compounds
      include alkali metal hydroxides such as lithium, potassium, sodium
      hydroxides, and the like; ammonia; alkyl amines such as monomethyl amine,
      dimethyl amine, trimethyl amine, monoethyl amine, diethyl amine, triethyl
      amine, and the like; aminoalcohols such as mono- di- and triethanol
      amines, mono-, di- and tripropanol amines, aminoethyl ethanol amine,
      aminomethyl propanol amine, aminomethyl propanediol, and the like and
      morpholine.
PAR  The polymerization reaction of this invention can be conducted by any
      suitable procedure such as solution or suspension polymerization.
      Preferably, the reactions are conducted by a solution polymerization
      procedure in the presence of a solvent and a catalyst at the reflux
      temperature of the solvent. Suitable solvents include aliphatic alcohols
      containing from 1 to 4 carbon atoms, dioxane, methyl ethyl ketone,
      acetone, tetrahydrofuran, methyl Cellosolve, ethyl Cellosolve, and
      mixtures thereof. A mixture of any of the solvents with a small quantity
      of water (e.g., 95% by volume alcohol solution) can also be used. Suitable
      catalysts include peroxides such as benzoyl peroxide, acetyl peroxide,
      lauroyl peroxide, and the like and azo compounds such as .alpha., .alpha.'
      - azobisisobutyronitrile, azobisdimethyl valeronitrile, and the like. All
      the other reactions such as sulfonation and neutralization reactions which
      are used throughout the process of this invention are well known
      procedures.
PAR  The hydrophilic polymer of this invention can be used in various kinds of
      hair dressing compositions such as hair sprays for setting hair, hair
      setting lotions, other hair lotions, hair liquids, hair conditioners, hair
      tonics, hair coloring preparations and hair bleaching preparations. The
      polymer is particularly useful in hair dressing compositions for use in
      setting hair or adding luster to the hair.
PAR  The hair dressing composition of this invention comprises the hydrophilic
      polymer and one or more components which are used in conventional hair
      dressing compositions. The composition can be prepared by incorporating
      the hydrophilic polymer as an additive into a conventional hair dressing
      composition or it can be used in the composition in place of one or more
      conventional components. The amount of the polymer used in the hair
      dressing composition may vary over a wide range according to the kind of
      hair dressing composition desired. Generally, from 0.1 to 20% by weight,
      preferably from 0.5 to 10% by weight of the polymer is used based on the
      total weight of the composition. Suitable conventional components which
      may be used in the hair dressing composition of this invention are
      solvents such as water, ethanol, ethylene glycol, propylene glycol,
      glycerine, ethyleneglycol monoethyl ether, and the like; mineral oils,
      vegetables oils, waxes, polyoxyalkylene ethers, resins such as polyvinyl
      pyrrolidone, or the like; lanolin, lanolin derivatives, perfumes, dyes,
      pigments, softening agents, emollients, lustering agents, stimulants,
      antiseptics, lubricants, penetrants, plasticizers and diluents.
PAR  Optimum use of the hydrophilic polymer of this invention is achieved when
      the polymer is used to prepare compositions which add luster to the hair
      and set the hair such as aerosol sprays and hair-setting lotions. These
      compositions can be prepared from the polymer in the same manner
      conventional compositions are prepared from conventional resins. For
      example, a hair spray can be prepared by dissolving the hydrophilic
      polymer in a solvent, and then placing the resulting solution with a
      propellant in a suitable pressure container fitted with a spray nozzle. A
      hair-setting lotion can be prepared by just mixing the polymer and a
      solvent.
PAR  Suitable solvents for use in the spray and lotion composition include
      water, (C.sub.1 -C.sub.4) aliphatic alcohol dioxane, methyl ethyl ketone,
      acetone, tetrahydrofuran, methyl Cellosolve, (ethylene glycol monomethyl
      ether) ethyl Cellosolve, (ethylene glycol monoethyl ether) and mixtures
      thereof. The preferred solvents include water, ethanol, and water-ethanol
      mixtures for the lotions and ethanol for the sprays. Suitable propellants
      for the sprays include halogenated hydrocarbons such as
      trichloromonofluoromethane, dichlorodifluoromethane,
      dichlorotetrafluoroethane, and the like, liquified petroleum gases such as
      propane, butane, and the like and mixtures thereof.
PAR  The amounts of the hydrophilic polymer, the solvent and the propellant used
      for the formulation of the sprays encompass the ranges listed below.
TBL  ______________________________________                                    
     Polymer 0.5 - 5 wt % (preferably 1 - 3 % by weight)                       
     Solvent 20 - 65 wt % (preferably 25 - 50 % by weight)                     
     Propellant                                                                
             30 - 79.5 wt% (preferably 47 - 72 % by weight)                    
     ______________________________________                                    
PAR  The amounts of the hydrophilic polymer and the solvent used for the
      formulation of the lotions encompass the ranges listed below.
TBL  ______________________________________                                    
     Polymer 1 - 10 wt % (preferably 3 - 8% by weight)                         
     Solvent 90 - 99 wt % (preferably 92 - 97% by weight)                      
     ______________________________________                                    
PAR  Optional additives may be incorporated into the hair sprays and lotion
      formulations. These additives include plasticizers such as glycerine,
      ethylene glycol, sorbitol, polyethylene glycol, and dialkylphthalates such
      as dimethylphthalate, dibutylphthalate, and the like; and lanolin, dyes,
      perfumes, and other hair dressing components inclusive of the ones listed
      earlier.
PAR  When the hydrophilic polymer is used to prepare shampoos and hair rinses,
      it is used in amounts of 2-4 weight % based on the total weight of the
      composition.
PAR  It has also been found that the hydrophilic polymer can be advantageously
      used in other cosmetic compositions other than hair dressing compositions.
      These cosmetic compositions are cosmetics which have been used to cover
      human skin or finger to toe nails with a thin film of material. The
      cosmetics include lipsticks, nail lacquers and various creams and lotions.
      The amount of the polymer used in the cosmetic composition generally
      ranges from 0.5 to 5 percent by weight of the total weight of the cosmetic
      composition.
PAR  The hair and cosmetic compositions formulated with the polymer of this
      invention have several advantages. Thus, in the case of hair dressing
      compositions, the compositions have (1) good hair-setting properties, (2)
      good stability (because the hydrophilic polymer has good compatibility
      with other components), and (3) good removability when the hair is washed
      (because the hydrophilic polymer is soluble in water). Furthermore, hair
      treated with the composition has (1) good gloss, (2) exhibits no flaking
      (because the hydrophilic polymer has good adhesion to the hair fibers),
      and (3) exhibits no tackiness and has good curl retention even at high
      humidities. When the polymer is used in shampoos and hair rinses, hair
      treated with compositions containing the polymer have good gloss.
      Lipsticks and finger nail lacquers which contain the polymer of the
      invention in the cosmetic compositions exhibit good adhesion to the skin
      or nails as well as having good film-forming properties.
PAR  Having generally described this invention, a further understanding can be
      obtained by reference to certain specific examples which are provided
      herein for purposes of illustration only and are not intended to be
      limiting unless otherwise specified.
PAC  EXAMPLE 1
PAR  Into a four-necked, round-bottomed flask equipped with a thermometer, a
      reflux condenser, a dropping funnel and an agitator, was charged 140g of
      sulfopropyl methacrylate, 200g of ethyl methacrylate, 170g of hydroxethyl
      methacrylate, 430g of ethyl acrylate, 700g of ethyl alcohol and 5g of
      azobisdimethylvaleronitrile. The stirred mixture was heated at reflux
      (about 79.degree.-81.degree.C.) under a nitrogen atmosphere for 6 hours. A
      copolymer solution in ethyl alcohol was obtained with a polymerization
      degree of over 99 percent. To the stirred copolymer solution was added
      dropwise an alkaline solution which was obtained by dissolving 26g of
      caustic soda in a mixture of a small amount of water and 300g of ethanol.
      By this procedure was obtained about 50% by weight of a solution
      containing a neutralized copolymer whereby the solution had a viscosity of
      about 40,000 cps. at 25.degree.C.
PAC  EXAMPLE 2
PAR  Into the same flask used in Example 1, was charged 140g of sodium
      sulfopropyl methacrylate, 380g of ethyl methacrylate, 160g of hydroxyethyl
      methacrylate, 320g of ethyl acrylate and 900g of a 95% by volume aqueous
      solution of ethanol. The stirred mixture was refluxed at
      79.degree.-81.degree.C under a nitrogen atmosphere for 6 hours, while a
      solution was added dropwise thereto which was obtained by dissolving 5g of
      azobisdimethylvaleronitrile in 100g of a 95% by volume aqueous solution of
      ethanol. By this procedure there was obtained about a 50% by weight
      solution of a copolymer which solution had a viscosity of about 45,000 cps
      at 25.degree.C and a polymerization degree greater than 99 percent.
PAC  EXAMPLE 3
PAR  Example 2 was repeated wherein 140g of sodium sulfoethyl methacrylate, 350g
      of ethyl methacrylate, 170g of hydroxethyl methacrylate, 340g of ethyl
      acrylate and 900g of a 95% by volume aqueous solution of ethanol was used.
      By this procedure was obtained a 50% by weight solution of a copolymer
      which solution had a viscosity of about 43,000 cps at 25.degree.C.
PAC  EXAMPLE 4
PAR  Example 2 was repeated wherein 140g of sodium styrene sulfonate, 300g of
      ethyl methacrylate, 140g of hydroxyethylmethacrylate, 420g of
      ethylacrylate and 900g of a 95% by volume aqueous solution of ethanol was
      used. By this procedure was obtained a 48% by weight solution of a
      copolymer which solution had a viscosity of about 37,000 cps at
      25.degree.C.
PAC  EXAMPLE 5
PAR  Example 2 was repeated wherein 140g of sodium ethylene sulfonate, 380g of
      ethylmethacrylate 140g of hydroxyethyl methacrylate, 340g of
      3-methoxybutyl methacrylate and 900g of a 95% by volume aqueous solution
      of ethanol was used. By this procedure was obtained a 48% by weight
      solution of a copolymer which solution had a viscosity of about 35,000 cps
      at 25.degree.C.
PAC  EXAMPLE 6
PAR  Example 2 was repeated wherein 140g of sodium N-acryloyl taurine, 360g of
      ethylmethacrylate, 140g of hydroxyethyl methacrylate, 360g of ethyl
      acrylate and 900g of a 95% by volume aqueous solution of ethanol was used.
      By this procedure was obtained a 50% by weight solution of a copolymer
      which solution had a viscosity of about 47,000 cps at 25.degree.C.
PAC  EXAMPLE 7
PAR  Example 2 was repeated wherein 140g of sodium vinyl sulfoacetate, 350g of
      ethylmethacrylate, 140g of hydroxyethyl methacrylate, 370g of
      ethylacrylate and 900g of a 95% by volume aqueous solution of ethanol was
      used. By this procedure was obtained a 49% by weight solution of a
      copolymer which solution had a viscosity of about 35,000 cps at
      25.degree.C.
PAR  The following examples illustrate formulations of cosmetic compositions of
      this invention.
PAC  EXAMPLE 8
PAR  A 2g quantity of each of the copolymer solutions obtained from Examples 1
      to 7 were separately dissolved in 18g portions of ethanol. To each of the
      resulting solutions, 15g of trichloromonofluoromethane, 35g of
      dichlorodifluoromethane and 0.04g of a perfume were mixed and each mixture
      was charged into a glass pressure bottle fitted with a spray nozzle. By
      this procedure there was obtained a series of clear hair sprays.
PAR  Essentially the same procedure was used to prepare two other sprays which
      contained the conventional resins one of which was vinylether-maleic
      anhydride copolymer (X) and the other was polyvinyl pyrrolidone (Y)
      instead of a polymer formulation of this invention. Table 1 shows the
      various properties of the hair sprays prepared which were determined by
      the following test procedures.
PAR  A. Curl retention properties
PAR  Washed hair tresses (1g .times. 13cm) were curled on curlers, and then the
      curled hair was sprayed for 10 seconds by a spray from an aerosol spray
      nozzle held at a distance of 15 cm from the hair. The treated tresses were
      suspended in a humidity chamber at room temperature and a 95-100% relative
      humidity. The curl retention (C.R.) was calculated by the following
      equation:
      ##EQU7##
      wherein L is the total length of the hair tress (13cm.), L.sub.o is the
      length after curling and setting, and L.sub.t is the length after 2 hours
      exposure in the humidity chamber.
PAR  B. Tackiness
PAR  a. The hair tresses were treated and allowed to stand in the humidity
      chamber as described above (A). The tackiness of the tresses was tactually
      determined.
PAR  b. Films about 8 microns in thickness of the compositions were sprayed on
      glass plates which were left overnight in an air-conditioned chamber at
      25.degree.C. and at 40 and 65% R.H. Tackiness of the films was evaluated
      by a sward hardness rocker.
PAR  C. Flaking
PAR  The treated hair tresses described in (A) were dried at 60.degree.C for 2
      hours, and were suspended overnight in an air-conditioned chamber at
      25.degree.C and at 65% R.H. Flaking of the treated hair tresses was tested
      by running a comb through the tresses 50 times followed by visual
      observation.
PAR  D. Gloss
PAR  The glossiness of the treated hair tresses was tested by visual observation
      of the hair tresses which were treated by the procedure of (C).
TBL                                    TABLE I                                 
     __________________________________________________________________________
              Spray Properties                                                 
     Resins   Curl                Sward Rocker                                 
     Contained                                                                 
              Retention                                                        
                    Tackiness     Hardness                                     
     in Sprays                                                                 
              (%)   65% R.H.                                                   
                          95-100% R.H.                                         
                                  40% R.H.                                     
                                        65% R.H.                               
                                              Flaking                          
                                                   Gloss                       
     __________________________________________________________________________
     Example 1                                                                 
              95    None  None    58    46    None Good                        
     Example 2                                                                 
              95    None  None    60    50    None Good                        
     Example 3                                                                 
              96    None  None    60    48    None Good                        
     Example 4                                                                 
              91    None  None    58    43    None Good                        
     Example 5                                                                 
              93    None  None    60    44    None Good                        
     Example 6                                                                 
              92    None  None    58    43    None Good                        
     Example 7                                                                 
              93    None  None    60    44    None Good                        
     X(conventional)                                                           
              80    None  a little                                             
                                  58    38    None Not Good                    
     Y(conventional)                                                           
              50    None  Much    50    24    Much Not Good                    
     __________________________________________________________________________
PAC  EXAMPLE 9
PAR  A 10g sample of each of the copolymer solutions obtained from Examples 1-7
      was separately dissolved in 40g of ethanol. With each one of the resulting
      solutions was mixed 0.1g of perfume, 1g of a lanolin derivative and 49g of
      water. By this procedure was obtained a series of clear hair setting
      lotions.
PAC  EXAMPLE 10
PAR  A 1.5g sample of each of the copolymer solutions obtained from Examples 1-7
      was separately dissolved in 20g of ethanol and 70g of water. With each one
      of the resulting solutions was mixed 0.5g of boric acid, 0.1g of perfume
      and 8g of polyethyleneglycol. By this procedure was obtained a series of
      acidic face lotions.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A sprayable hair-setting composition which comprises a hydrophilic
      copolymer and a solvent selected from the group consisting of water, a
      (C.sub.1 -C.sub.4) aliphatic alcohol, dioxane, methylethyl ketone,
      acetone, tetrahydrofuran, ethylene glycol monomethyl ether, ethylene
      glycol monoethyl ether and mixtures thereof and a propellant, said
      hydrophilic copolymer having 3-95 per cent by weight of a structural unit
      of the formula
      ##EQU8##
      wherein R is H or methyl and c is an integer from 1 to 3 and 97 to 5% by
      weight of at least one comonomer selected from the group consisting of a
      (C.sub.1 -C.sub.20) alkyl acrylate, a (C.sub.1 -C.sub.20) alkyl
      methacrylate, a (C.sub.1 -C.sub.4) hydroxyalkyl acrylate, and a (C.sub.1
      -C.sub.4) hydroxyalkyl methacrylate, said hydrophilic copolymer being
      present in an amount effective to set hair.
NUM  2.
PAR  2. The sprayable hair-setting composition of claim 1 having 0.5 to 5 wt. %
      hydrophilic copolymer, 20-65 wt. % solvent and 30-79.5 wt. % propellant.
NUM  3.
PAR  3. The sprayable hair-setting composition of claim 1, wherein the
      propellant is selected from the group consisting of a halogenated
      hydrocarbon gas and a liquefied petroleum gas.
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ABST
PAL  Toothpaste containing sodium bicarbonate as the principal abrasive together
      with essential oil flavoring agent in a thickened water-glycerol vehicle
      in which the water:glycerol ratio is in the range of about 0.4:1 to 0.7:1.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 295,068,
      filed on Oct. 4, 1972 now abandoned.
PAR  Cross reference is made to copending applications Ser. Nos. 389,827, filed
      on Aug. 20, 1973; 295,073, filed on Oct. 4; 1972; and 419,741 filed on
      Nov. 28, 1973, whose entire disclosures are incorporated herein by
      reference.
BSUM
PAR  This invention relates to toothpastes (i.e., dental creams) and more
      particularly to toothpastes containing dispersed particles of baking soda.
PAR  Baking soda has been employed in many fields and is a common household
      ingredient. In past years, its use in dentifrices particularly tooth
      powders, has been proposed but has not received much acceptance generally.
      The typical dentifrices which have significant consumer acceptance in
      recent years are toothpastes having a high content of water-insoluble
      abrasives such as dicalcium phosphate or other insoluble phosphates in an
      aqueous humectant base.
PAR  The development of a practical and effective baking soda toothpaste capable
      of consumer acceptability presents many special considerations. Among the
      factors which are to be considered are the unique character of baking soda
      chemically, physically and cosmetically when considered and employed as a
      toothpaste ingredient. For example, it is comparatively water-soluble and
      tends to release carbon dioxide in an aqueous system. It is extremely
      salty to the taste which is probably one of the more important factors in
      the purchase and use of a particular product. Other factors in formulation
      of a suitable product include the over-all cleaning and polishing power of
      the product, its stability and appearance combined with special care in
      manufacture, etc.
PAR  In accordance with various aspects of this invention, it is now possible to
      prepare a unique baking soda toothpaste which is effective in promoting
      hygiene in the oral cavity and capable of consumer desirability or
      acceptability by the public. Such product will have acceptable cleaning,
      polishing and other desirable characteristics so as to have a beneficial
      effect upon parts of the dentition (which may include the teeth and its
      surrounding or adjacent elements or structures including plaque, calculus,
      gingiva, mucous membranes, saliva, etc.). In particular, it tends to leave
      with the consumer a desirable clean mouth or clean mouth-feel effect. The
      product can be formulated so it is stable upon aging or storage without
      significant release of carbon dioxide, bubbles or other forms of
      undesirable separation or reaction. It is possible to produce and maintain
      a unique granular textured appearance comprising a substantially dispersed
      non-crystalline-appearing granulate which is due in part to the
      substantially homogeneous distribution of a sufficiently high
      concentration of macroscopic crystalline bicarbonate particles or granules
      in an otherwise smooth, continuous base or matrix, contributing to
      appearance, taste, effect and usage by the consumer.
PAR  One aspect of this invention relates to toothpastes (i.e. dental creams)
      containing about 20 to 60% of abrasive particles, principally sodium
      bicarbonate in a thickened water-glycerol vehicle, the water:glycerol
      ratio being in the range of about 0.4:1 to 0.7:1, said composition
      containing an essential oil flavoring agent which is present in an amount
      in the range of about 0.5 to 1.5%, preferably in the range of about 0.8 to
      1.2%, e.g. 0.9 or 1%.
PAR  The toothpastes of this invention preferably contain at least about 25 to
      about 60%, more preferably at least about 35 to about 41% sodium
      bicarbonate as shown in the examples. The sodium bicarbonate is preferably
      the principal abrasive, by weight. The particle size of the sodium
      bicarbonate particles may vary; it is preferred that they be largely below
      about 0.4 mm in diameter, with a major proportion by weight being above
      about 0.01 mm in diameter. The vehicle in which the sodium bicarbonate
      particles are dispersed is preferably aqueous, but its amount and
      character are preferably such that the sodium bicarbonate is primarily in
      the undissolved solid state in the toothpaste. It will be understood,
      however, that when the teeth are brushed the sodium bicarbonate particles
      will tend to dissolve in the saliva.
PAR  Although the sodium bicarbonate particles are relatively soft as compared
      to most conventional abrasive particles used in toothpastes they do exert
      a mechanical cleaning effect on the teeth. For instance, in a radioactive
      dentin abrasion [RDA] test a toothpaste containing about 50% of
      bicarbonate of soda, as the sole abrasive, may show an RDA value of about
      100 whereas when the abrasive-free vehicle of that toothpaste is tested
      similarly the RDA value is only in the neighborhood of 50.
PAR  Known dental creams containing relatively high proportions of sodium
      bicarbonate tend to have too salty a taste. This may possibly be due to
      the dissolution of part of the sodium bicarbonate in the water-glycerol
      vehicle in which water:glycerol ratio is about 2:1. When, however, this
      ratio is lowered to about 0.8:1 with a view to reducing the amount of
      dissolved sodium bicarbonate, the toothpaste becomes unstable on an aging
      at elevated temperatures (e.g. 110.degree.F and 120.degree.F). Thus, in
      aging tests of such toothpastes the oily flavor components (e.g.
      peppermint oil) incorporated in the dental cream show an increased
      tendency to separate from the rest of the cream; such separation has an
      adverse affect on appearance and flavor. Surprisingly, it is found that
      when the ratio is decreased still further, this separating tendency is
      markedly reduced while, at the same time, the toothpaste has a desirable
      less salty taste.
PAR  For some reason, unknown to applicants, the abovenoted tendency to flavor
      separation is particularly marked when the sodium bicarbonate particles in
      the dental cream are of relatively large size, e.g. having particle
      diameters principally above 150 or 200 microns, and this invention is
      especially important in that case.
PAR  Other abrasives may also be present in addition to the sodium bicarbonate.
      Examples are finely divided silica, which may be of the crystalline or
      amorphous variety (e.g. micronized crystalline silica or silica gel, such
      as the silica gels sold as Syloid 63, Syloid 74, Syloid 244); alumina,
      such as hydrated alumina or alpha-alumina, zirconium silicate and
      amorphous or crystalline aluminosilicates. A particularly suitable
      compatible abrasive additive is calcium carbonate. The amount of added
      abrasive is generally less than the amount of sodium bicarbonate, e.g. in
      the range of about 5 to 25% of the toothpaste.
PAR  The toothpaste may also contain a small amount of titanium dioxide powder,
      which has been found to have a marked polishing effect on the teeth when
      used in the sodium bicarbonate toothpaste. The weight of titanium dioxide
      particles in the toothpaste is generally only a small fraction, e.g. less
      than about 10% and more than 0.1% on the weight of sodium bicarbonate,
      preferably about 0.1 to 5.0%, optimally about .5 to 2% thereof but is
      generally above about 0.1% of the weight of the toothpaste. For instance,
      the amount of TiO.sub.2 may be included in amounts up to about 6.0%,
      preferably about 0.2 to 0.6% of the weight of the toothpaste. The particle
      size of the TiO.sub.2 is preferably below 1 micron, e.g. 0.05-0.8 micron.
PAR  Examples of suitable flavoring oils are oils of spearmint, peppermint,
      wintergreen, sassafras, clove, sage, eucalyptus marjoram, cinnamon, lemon
      and orange, as well as sodium methylsalicylate. Preferably the amount of
      flavoring oil is above about 0.5% and below about 2%, e.g. about 0.8 to
      1.2%.
PAR  The water-glycerol vehicle preferably contains a thickening agent (e.g. a
      gelling agent). The amount thereof can be adjusted depending upon the
      amount of bicarbonate present and TiO.sub.2 where included, in accordance
      with procedures known in the art with respect to thickening of the
      vehicle.
PAR  The calculation with respect to the amount of sodium bicarbonate and
      TiO.sub.2 may be readily gleaned from the examples and from the respective
      ratios of the other ingredients, viz., the water-glycerol ratio (i.e.,
      0.4:1 to 0.7:1), flavoring oil (i.e., 0.5 to 2.0%), thickening agent
      (i.e., 0.5 to 2.0%), surface-active agent (i.e., .05 to 5%) and the like.
PAR  Gelling agents for toothpaste vehicles are well known in the art. These are
      often high polymers (e.g. gums or other thickening agents) which are
      soluble or swellable in water or aqueous medium. Sodium
      carboxymethylcellulose has given excellent results. Other materials are
      gum tragacanth, gum arabic, gum karaya, sodium alginate, hydroxyethyl
      cellulose, methyl cellulose, ethyl cellulose, carrageen and other
      polysaccharides, polyvinyl pyrollidones or such thickening agents as
      "Veegum" (a complex magnesium aluminum silicate). The amount of thickening
      agent used in the practice of this invention is preferably sufficient to
      impart to the mixture the pasty consistency, body and the non-tacky nature
      which is characteristic of conventional dental creams or toothpastes. As
      is well known, such dental creams are extrudable from ordinary collapsible
      toothpaste tubes to form a ribbon of substantial thickness (e.g. about 3/8
      inch) which if left undisturbed, substantially retains its original
      thickness over a period of, say, one minute or more (and does not
      penetrate substantially into the bristles of a toothbrush when resting on
      the ends of such bristles for a similar period); but which preferably
      offers no substantial resistance to brushing or to deformation when, for
      instance, one touches it lightly with a finger; and which has little tack,
      in that it does not tend to form a string when the finger is pulled away
      from the ribbon. The proportion of thickening agent is often within the
      range of about 0.5 to 2%, such as about 0.8 to 1.5%, of the toothpaste.
PAR  An organic surface active agent is preferably used in the compositions of
      the present invention to aid in the prophylactic action and in the
      thorough dispersion of the composition throughout the oral cavity, and to
      improve cosmetic acceptability and detersive and foaming properties. Among
      these are water-soluble salts of the higher alkyl sulfates, such as sodium
      lauryl sulfate or other suitable alkyl sulfate having 8 to 18 carbon atoms
      in the alkyl group; water-soluble salts of sulfonated monoglycerides of
      higher fatty acids such as sodium coconut monoglyceride sulfonate or other
      suitable sulfonated monoglyceride of a fatty acid of 10 to 18 carbon
      atoms; salts of amides of higher fatty acid (e.g. 12 to 16 carbon atom
      acids) with lower aliphatic amino acids (e.g. taurine or sarcosine) or
      other amino acid of 2 to 6 carbon atoms, such as
      sodium-N-methyl-N-palmitoyl tauride, sodium N-lauroyl, N-myristoyl or
      N-palmitoyl sarcosinates; water-soluble salt of the esters of such fatty
      acids with isethionic acid or with glycerol monosulfate, such as the
      sodium salt of the monosulfated monoglyceride of hydrogenated coconut oil
      fatty acids; water-soluble salts of olefin sulfonates, e.g. alkene
      sulfonates or hydroxyalkane sulfonates or mixtures thereof having 12 to 18
      carbon atoms in the carbon chain of the molecule; water-soluble soaps of
      higher fatty acids such as those of 12-18 carbon atoms e.g. coconut fatty
      acids. The cation of the salt may be, for instance, sodium (which is
      preferred) potassium or mono-di- or triethanolamine. Mixtures of
      surface-active agents may be used. A particularly suitable mixture which
      provides a high foaming powder with little or no irritating effect
      comprises a higher alkyl sulfate and a higher fatty acid sarcosinate, e.g.
      in a ratio of about 1:2 to 2:1, such as about 1:1; instead of all or part
      of the sarcosinate a higher fatty acid monoglyceride sulfonate may be
      present.
PAR  Other suitable surface-active materials include nonionic agents such as
      condensates of sorbitan monostearate with approximately 60 moles of
      ethylene oxide, condensates of ethylene oxide with propylene oxide
      condensates of propylene glycol (available under the trademark
      "Pluronics") and amphoteric agents such as quaternized imidazole
      derivatives which are available under the trademark "Miranol" such as
      Miranol C.sub.2 M. Cationic surface-active germicides and anti-bacterial
      compounds may also be used. Such compounds include
      di-isobutyl-phenoxyethoxyethyl dimethyl benzyl ammonium chloride, benzyl
      dimethyl stearyl ammonium chloride, tertiary amines, having one fatty
      alkyl group (of from 12 to 18 carbon atoms) and two (poly) oxyethylene
      groups attached to the nitrogen (typically containing a total of from
      about 2 to 50 ethenoxy groups per molecule) and salts thereof with acids,
      and compounds of the structure:
      ##EQU1##
      where R is a fatty alkyl group consisting from about 12 to 18 carbon
      atoms, and x, y and z total 3 or higher, as well as salts thereof with
      mineral or organic acids. It is preferred to use from about 0.05 to 5
      percent by weight of the foregoing surface-active materials in the instant
      dentifrice preparations.
PAR  The proportion of surface-active agent is preferably within the range of
      about 0.05-5% of the toothpaste, more preferably in the range of about 1
      to 3%, such as about 1-1/2 to 2%.
PAR  In accordance with certain aspects of this invention, cationic
      antibacterial agents are included in the compositions of the present
      invention. Such agents include:
PA1  N.sup.1 -(4-chlorobenzyl)-N.sup.5 -(2,4-dichlorobenzyl) biguanide
PA1  p-chlorophenyl biguanide
PA1  4-chlorobenzyhydryl biguanide;
PA1  4-chlorobenzhydrylguanylurea;
PA1  N-3-lauroxypropyl-N.sup.5 -p-chlorobenzylbiguanide;
PA1  1-(lauryldimethylammonium)-8-(p-chlorobenzyldimethylammonium) octane
      dichloride;
PA1  5,6-dichloro-2-guanidinobenzimidazole;
PA1  N.sup.1 -p-chlorophenyl-N.sup.5 -laurylbiguanide;
PA1  5-amino-1,3-bis (2-ethylhexyl)-5-methylhexahydropyrimidine; cetyl
      pyridinium chloride
PAL  and their non-toxic acid addition salts, particularly the fluorides and the
      dihydrogen fluorides. 1,6-di-(p-chlorophenylbiguanidohexane) is
      particularly preferred. These agents may be used in amounts ranging from
      about 0.01 to 5 percent by weight or the dentifrice.
PAR  A sweetening agent may be present. Suitable sweetening agents include
      lactose, maltose, sorbitol, sodium cyclamate, perillartine, saccharine and
      ammoniated glycyrrhizin (e.g. its monoammonium salt). At present it is
      preferred to use a noncariogenic type of sweetening agent such as
      saccharine, e.g. in amounts of 0.1 to 0.2%.
PAR  The dental cream may also contain a fluoride-containing anticaries agent.
      There are many water-soluble inorganic salts which are suitable sources of
      fluoride ions. Among these are sodium, potassium, ammonium, and lithium
      and amine fluorides. The monofluorophosphate salts are also useful and
      include Na.sub.4 P.sub.3 O.sub.9 F, K.sub.4 P.sub.3 O.sub.9 F,
      (NH.sub.4).sub.4 P.sub.3 O.sub.9 F, Na.sub.3 KP.sub.3 O.sub.9 F,
      (NH.sub.4) NaP.sub.3 O.sub.9 F, and Li.sub.4 P.sub.3 O.sub.9 F. Complex
      water-soluble fluoride-containing salts such as fluorosilicate (i.e.,
      Na.sub.2 SiF.sub.6), fluorozirconate (i.e., Na.sub.2 ZrF.sub.6),
      fluorostannite (i.e., KSnF.sub.3), fluoroborate (i.e., NaBF.sub.4),
      fluorotitanate (i.e., NaTiF.sub.5), and fluorogermanate (i.e., K.sub.2
      GeF.sub.6) may also be useful. The fluoride ion may also be supplied by an
      organic fluoride which yields fluoride ions in water. Suitable organic
      compounds include mono-, di-, and triethanolamine hydrofluoride. These
      materials are present in an effective but non-toxic amount, usually within
      the range to provide about 0.01 to 1 percent by weight of the
      water-soluble fluorine content thereof to the dentifrice. Sodium fluoride,
      and sodium mono-fluorophosphate are the preferred compounds.
PAR  Various other materials may be incorporated into the dentifrice
      preparations of this invention. Examples thereof are coloring and
      whitening agents, preservatives, silicones, chlorophyll compounds, and
      mixtures thereof, and other constitutents. These adjuvants are
      incorporated in the instant compositions in amounts which do not
      substantially adversely affect the properties and characteristics desired
      and are selected and used in proper amount depending upon the particular
      type of preparation involved.
PAR  The following Examples are given to illustrate this invention further. In
      this application all proportions are by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  A toothpaste is prepared by forming a gel by mixing a gelling agent, in
      this case sodium carboxymethylcellulose ("CMC"), with glycerol and water
      (in the presence of a sweetener, sodium saccharin, and a preservative,
      sodium benzoate), adding sodium bicarbonate (baking soda) chalk, and
      titanium dioxide powder to the gel, then adding a surfactant and
      peppermint flavor (rich in peppermint oil) and thereafter degassing the
      mixture under vacuum. The proportions used are: 40% baking soda, 5% chalk,
      0.4% titanium dioxide, 15.4% water, 33.5% glycerol, 1% sodium lauryl
      sulfate, 2% of a solution of 35% sodium N-lauroyl sarcosinate in a mixture
      of 35% water and 30% glycerol, 1.1% CMC, 0.9% water insoluble flavor, 0.5%
      sodium benzoate and 0.2% sodium saccharin.
PAR  The baking soda powder in U.S.P. grade having the following particle size
      distribution in which percentages represent the cumulative per cent
      retained on the named sieve, and sieve sizes are U.S. Standard): No. 45
      Sieve, trace; No. 70 sieve (sieve opening 210 microns), 27%; No. 80 sieve
      (sieve opening 177 microns) 66.5%, No. 100 sieve (sieve opening 149
      microns), 92.5%; No. 170 sieve (sieve opening 88 microns), 99%.
PAR  The chalk is a grit-free U.S.P. Non Fer Al Chalk containing at least 98%
      CaCO.sub.3 with no more than 0.2% insoluble in dilute HCl. Its particle
      size is such that over 99% passes through a U.S. Standard No. 325 mesh
      sieve, the particles being principally in the 1 to 10 micron size, the
      average particle size being about 3 microns.
PAR  The titanium dioxide used is a grit-free anatase powder at least 99.0% of
      which passes through a No. 325 U.S. Standard sieve and whose mean particle
      diameter (as measured on a Kahn sedimentation balance) is below 1 micron.
      Microscopic measurements indicate its average particle diameter is 0.3
      micron.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that the proportion of baking soda is
      increased to 41%, the proportion of glycerol is correspondingly reduced to
      32.5%, and a smaller particle size baking soda is used.
PAR  The baking soda powder is U.S.P. grade having the following particle size
      distribution (in which percentages represent the cumulative per cent
      retained on the named sieve, and sieve sizes are U.S. Standard) No. 45
      sieve (sieve opening 350 microns), trace; No. 100 sieve (sieve opening 149
      microns), 0.5%; No. 170 sieve (sieve opening 88 microns), 20%, No. 200
      sieve (sieve opening 74 microns), 35%; No. 325 sieve (sieve opening 44
      microns), 70%; No. 400 sieve, 80%.
PAC  EXAMPLE 3
PAR  Example 1 is repeated except that the proportion of chalk is increased to
      10% and the proportion of baking soda is corresponding lowered to 35%.
PAC  EXAMPLE 4
PAR  Example 1 is repeated except that the proportion of glycerol is increased
      to 37.5%, the proportion of water is reduced to 10.4% and the amount of
      baking soda is 41%.
PAC  EXAMPLE 5
PAR  Example 1 is repeated except that the proportion of glycerol is increased
      to 43.4%, the proportion of water is reduced to 10.4% and the amount of
      baking soda is 35%.
PAC  EXAMPLE 6
PAR  This Example illustrates the use of unlined aluminum toothpaste tubes with
      certain baking soda toothpastes.
PAR  a. A toothpaste is made up (using, for instance, the method of Example 1)
      of 40% of the baking soda powder (of Example 1) 5% of calcium carbonate,
      (of Example 1), 0.4% titanium dioxide of Example 1, 33.4% glycerol, 15.4%
      deionized water, 1.1% CMC (Hercules 7MF), 2% of a solution of 35% sodium
      N-lauroyl sarcosinate in a mixture of 35% water and 30% glycerol, about 1%
      sodium lauryl sulfate, 1% flavor (water-insoluble  essential oil flavoring
      agent; e.g., essential oil mixture rich in peppermint oil), 0.5% sodium
      benzoate, and 0.2% sodium saccharin.
PAR  b. Example 6a is repeated except that 0.5% of fumed silica (Cab-O-Sil) is
      included, the amount of calcium carbonate is raised to 10%, the amount of
      baking soda is decreased to 35% and amount of glycerol is decreased to
      32.9%.
PAR  c. Example 6b is repeated except that the amount of calcium carbonate is
      decreased to 5% and the amount of glycerol is raised to 37.9%.
PAR   d. Example 6a is repeated four times, with additional inclusion of various
      proportions of non-acidic dicalcium phosphate dihydrate in the
      formulation, i.e., in amounts of 0.04%, 0.2%, 0.4% and 0.8% (based on the
      weight of the formulation without said phosphate); the first case (0.04%)
      the titanium dioxide is omitted. The dicalcium phosphate dihydrate is of
      dentifrice grade and has an average particle diameter of about 4 microns
      and its pH (measured in 20% slurry thereof in water) is in the range of
      7.2 to 7.9; it yields phosphate ions on contact with water.
PAR  e. Example 6a is repeated with the additional inclusion of insoluble sodium
      metaphosphate in the formulation in the amount of 0.8% (based on the
      weight of the formulation without said phosphate). The insoluble sodium
      metaphosphate is of dentifrice grade having an average particle size of
      about 5 microns; its pH (measured in 20% slurry thereof in water) is in
      the range of 5.3 to 6.3; it yields phosphate ions on contact with water.
PAR  f. Example 6a is repeated except that 5% micronized silica is substituted
      for the calcium carbonate, a different essential oil flavor is used, the
      amount of flavor is 0.9% and the amount of glycerol is 33.5%.
PAR  g. Example 6a is repeated except that 3% micronized silica is included, the
      calcium carbonate is omitted, the amount of baking soda is increased to
      42%, and the toothpaste contains 0.9% of an essential oil flavor.
PAR  h. Example 6 a is repeated except that 5% precipitated silica is
      substituted for the calcium carbonate:
PAR  i. Example 6a is repeated except that 5% anhydrous dicalcium phosphate is
      substituted for the calcium carbonate, the toothpaste contains 0.9% of an
      essential oil flavor and the amount of glycerol is increased to 33.5%).
      The anhydrous dicalcium phosphate is a fine non-acidic powder of
      dentifrice grade. Its pH (as measured on a 20% slurry thereof in water) is
      7.6- 7.8; it yields phosphate ions, in low concentration, on contact with
      water.
PAR  j. Example 6a is repeated except that 5% zirconium silicate is substituted
      for the calcium carbonate (with minor change in proportion and type of
      flavor).
PAR  k. Example 6a is repeated except that 5% beta phase calcium pyrophosphate
      is substituted for the calcium carbonate. The calcium pyrophosphate is a
      fine powder of dentifrice grade. Its pH (as measured on a 20% slurry
      thereof in water) is 5.2-5.3.
PAR  Each of the foregoing toothpastes is placed in an individual toothpaste
      tube of unlined aluminum of high purity (99.7% Al or purer) and aged. On
      aging at 120.degree.F the tube filled with the 6a toothpaste tends to
      swell or is found to have a foamy product film in contact with the inner
      aluminum walls of the tube, tubes filed with the 6b, c, d, f, g, h, i, j,
      and k toothpastes do not show such effects. The 6e  toothpaste shows
      substantially less tendency to react with the walls of the tube than the
      6a toothpaste.
PAR  The fumed silica (as in Example 6b) is described in Encyclopedia of
      Chemical Technology Kirk-Othmer 2nd Edition, Vol. 18 at pages 62 and 67,
      for instance. It is within the broader scope of the invention to use the
      fumed silica in baking soda toothpaste from which the compatible
      water-insoluble abrasive (such as calcium carbonate) has been omitted, in
      unlined aluminum tubes. It is also within the broader scope of the
      invention to employ, in place of the fumed silica, very finely dispersed
      or dissolved silica in other forms such as alkali metal silica such as
      sodium silicate, e.g. hydrated sodium silicate supplied in flake form
      containing Na.sub.2 O . SiO.sub.2 .H.sub.2 O in a ratio of about
      1:2-3.2:5, or sodium silicate solutions (water glass) such as those in
      which the Na.sub.2 O:SiO.sub.2 ratio is at least about 1:2, or sodium
      silicate formed in situ in the dental cream, or colloidal silica or
      precipitated silica (see Encyclopedia of Chemical Technology, Kirk-Othmer,
      2nd edition Vol. 18, pages 63 and 66-67 , for instance) or other silicate.
PAR  The dicalcium phosphate dihydrate of Example 6 d is a commercial stabilized
      dentifrice grade of this material. A description of the method of
      preparation of dicalcium phosphate dihydrate and of its stabilization is
      found in U.S. Pat. of Schlaeger et al No. 3,169,096 Feb. 9, 1965, whose
      disclosure is incorporated herein by reference. See also "Cosmetic
      Science" Vol. 1 pub. 1972 (Wiley Interscience) edited by Balsam and
      Sagarin pages 477-479. One typical analysis of dicalcium phosphate
      dihydrate indicates that its content of water-soluble material is 0.18%
      (and its percent water-solubles expressed as P.sub.2 O.sub.5 is 0.11%). A
      typical stabilizer content is a mixture of about 1-2% of sodium calcium
      pyrophosphate and a smaller amount, e.g. about 0.4%, of pyrophosphoric
      acid.
PAR  The insoluble sodium metaphosphate of Example 6 e is a commercial
      dentifrice grade of this material. Its method of preparation and
      properties are described in the previously cited "Cosmetic Science" at
      pages 480-481 and "Phosphorus and Its Compounds" by Van Wazer Vol. 2 pub.
      1961 (Interscience) pages 1652-1653.
PAR  The anhydrous dicalcium phosphate of Example 10i and the calcium
      pyrophosphate of Example 6k are commercial dentifrice grades of these
      materials. See the previously cited "Phosphorus and Its Compounds" page
      1651 and "Cosmetic Science" pages 479-480.
PAC  EXAMPLE 7
PAR  Example 6 a is repeated except that the toothpaste contains added anhydrous
      disodium phosphate (incorporated as a water-soluble powder) in amount of
      (a) 0.05% and (b) 0.01%, the amount of water in the toothpaste being
      adjusted accordingly to total 100%. In each case, on aging in unlined
      aluminum tubes (as in Example 6) the filled tubes do not swell or gas and
      (after 9 weeks aging at 120.degree.F.) the inner walls of the tubes are
      found to be gold-colored, the wall color in the tube containing the 7 b
      toothpaste being very light. On inspection of the inner walls of the
      unlined aluminum tubes containing the 6 d toothpastes (again after 9 weeks
      at 120.degree.F.) they are found to be dark (when the pastes contain 0.8%
      or 0.4% of the dicalcium phosphate dihydrate) or golden (when the tubes
      contain 0.04% and 0.2% of the dicalcium phosphate dihydrate); on
      inspection of the inner walls of the unlined aluminum tubes containing the
      6 k toothpaste they are found to be golden after 3 and 6 weeks aging at
      120.degree.F. and dark after 9 weeks of such aging. It is belived that the
      toothpastes containing the dicalcium phosphate dihydrate contain (or form,
      on aging) small amounts of dissolved phosphate ions (e.g. orthophosphate
      and/or pyrophosphate) which may act on the aluminum walls, or on the
      aluminum oxide layer on said walls, to form a protective layer thereon.
      The amount of dissolved phosphate ion present in the preferred
      compositions is sufficient to inhibit the gas-forming reaction between the
      alkaline toothpaste composition and the aluminum walls of the tube but the
      amount of the phosphate or acidic ingredient therein is insufficient to
      cause a gas-forming reaction (e.g. resulting in swelling or bursting of
      the tube) between the ingredients of the toothpaste; the tendency for the
      latter reaction can, of course, be tested by placing the composition in a
      suitably lined aluminum tube (whose walls are thus substantially inert to
      the composition) and aging for several weeks (e.g. 9  weeks) at an
      elevated temperature (e.g. 120.degree.F.).
PAR  Storage of the toothpastes of other types in unlined aluminum tubes is
      discussed in such patents as U.S. Pat. Nos. 3,662,060 and 3,678,155 and
      Austrian Pat. No. 267,070. As is well known to consumers of toothpastes,
      aluminum toothpaste tubes are squeezable and deformable to express the
      toothpaste from the nozzle of the tube and the main body of the tube is of
      relatively thin, ductile, aluminum.
PAR  The baking soda used in the Examples is a product made by precipitation
      from solution (as by treating a sodium carbonate solution with carbon
      dioxide to precipitate the bicarbonate) followed by drying, curing with
      carbon dioxide gas and screening to the desired particle size (generally
      without substantial crushing or pulverizing).
PAR  These particles are generally monoclinic crystals or tablets or
      conglomerates thereof (e.g. twinned crystals) some having projecting
      spike-like portions of generally rhombohedral shape with many reentraut
      angles.
PAR  The toothpastes of the foregoing Examples are non-effervescent. Thus when
      diluted with water they do not actively evolve bubbles of carbon dioxide.
PAR  The toothpastes of this invention have an alkaline pH, generally in the
      range of about 8.5 to 9.5, usually below about 9.1.
PAR  The dentin abrasion of the toothpastes may be determined by the procedure
      based on a radioactive technique described by Grabenstetter et al in the
      "Journal of Dental Research", Volume 37, P. 1060 (1958) as modified by the
      description by Stookey et al. in the "Journal of Dental Research," Volume
      47, page 524 (July-August 1968).
PAR  In the preparation of the toothpastes of this invention the abrasive
      particles are blended with all or part of the vehicle and then subjected
      to subatmospheric pressure (e.g. a vacuum of about 26 to 30 inches of
      mercury, corresponding to an absolute pressure or up to about 100 mm Hg)
      remove dispersed gas. The vacuum treatment is, however, discontinued,
      despite continued formation of gas bubbles under vacuum, before the pH
      (i.e. the pH of the vacuum treated mixture minus the pH of the mixture
      without vacuum treatment) reaches one pH unit and preferably less, e.g.
      1/2 unit; this avoids decomposition of sodium bicarbonate and production
      of sodium carbonate during degassing.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that variations may be made therein without
      departing from the spirit of the invention. The "Abstract" given above is
      merely for the convenience of technical searchers and is not to be given
      any weight with respect to the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A toothpaste containing about 20 to 60% of abrasive particles containing
      at least about 25% sodium bicarbonate in a vehicle containing sufficient
      liquids and including a water-glycerol mix, the water-glycerol ratio being
      in the range of about 0.4 to 0.7:1, said vehicle consisting essentially of
      about 5 to 35% water and said glycerol and a sufficient amount of gelling
      or thickening agent to impart to the dental cream the pasty consistency,
      body and non-tacky nature which is characteristic of conventional dental
      creams or toothpastes, said toothpaste containing a water-insoluble
      essential oil flavoring agent in the range of about 0.5 to 1.5%, said
      sodium bicarbonate being primarily in the undissolved solid state, said
      dental cream having a granular textured appearance comprising a
      substantially dispersed noncrystalline appearing granulate of macroscopic
      crystalline bicarbonate granules in an otherwise smooth continuous matrix.
NUM  2.
PAR  2. Toothpaste as in claim 1 containing about 35 to 41% sodium bicarbonate.
NUM  3.
PAR  3. Toothpaste as in claim 1 containing sodium bicarbonate of particle
      diameter principally above 150 microns but below 0.4 mm.
NUM  4.
PAR  4. Toothpaste as in claim 3 containing sodium carboxymethylcellulose as
      gelling agent.
NUM  5.
PAR  5. Toothpaste as in claim 1 containing a compatible surfactant.
NUM  6.
PAR  6. Toothpaste as defined in claim 1 wherein said bicarbonate has a particle
      size largely below about 0.4 mm in diameter.
NUM  7.
PAR  7. Toothpaste as defined in claim 1 wherein a major proportion by weight of
      said bicarbonate has a particle size above about 0.01 mm in diameter.
NUM  8.
PAR  8. Toothpaste as defined in claim 1 additionally containing about 5 to 25%
      of a further abrasives ingredient.
NUM  9.
PAR  9. Toothpaste as defined in claim 1 additionally containing less than about
      25% calcium carbonate.
NUM  10.
PAR  10. A toothpaste as defined in claim 1 wherein said vehicle contains a
      thickening agent.
NUM  11.
PAR  11. Toothpaste as defined in claim 1 wherein sodium bicarbonate is
      generally monoclinic crystals, some of which have projecting spike-like
      portions of generally rhombohedral shape with many reentraut angles.
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ABST
PAL  Toothpaste containing sodium bicarbonate as the principal abrasive and a
      lesser amount of another compatible abrasive. Examples of these are chalk,
      silica, alumina, zirconium silicate of sodium aluminosilicate, or a
      mixture thereof, said other abrasive constituting at least about 3% of the
      toothpaste.
PARN
PAR  This application is a continuation in part of application Serial No.
      419,741, filed on November 28, 1973 which in turn is a continuation in
      part of our copending applications serial nos. 295,094 of October 4, 1972
      now abandoned and 389,827 of August 20, 1973, now abandoned, whose entire
      disclosures are incorporated by reference.
PAR  Cross reference is made to copending applications Ser. Nos. 295,068, filed
      on Oct. 4, 1972; and 295,073, filed on Oct. 4, 1972, whose entire
      disclosures are incorporated herein by reference.
BSUM
PAR  This invention relates to toothpastes containing dispersed particles of
      sodium bicarbonate.
PAR  Baking soda has been employed in many fields and is a common household
      ingredient. In past years, its use in dentifrices particularly tooth
      powders, has been proposed but has not received much acceptance generally.
      The typical dentifrices which have significant consumer acceptance in
      recent years are toothpastes having a high content of water-insoluble
      abrasives such as dicalcium phosphate or other insoluble phosphates in an
      aqueous humectant base.
PAR  The development of a practical and effective baking soda toothpaste capable
      of consumer acceptability presents many special considerations. Among the
      factors which are to be considered are the unique character of baking soda
      chemically, physically and cosmetically when considered and employed as a
      toothpaste ingredient. For example, it is comparatively water-insoluble
      and tends to release carbon dioxide in an aqueous system. It is extremely
      salty to the taste which is probably one of the more important factors in
      the purchase and use of a particular product. Other factors in formulation
      of a suitable product include the over-all cleaning and polishing power of
      the product, its stability and appearance combined with special care in
      manufacture, etc.
PAR  In accordance with various aspects of this invention, it is now possible to
      prepare a unique baking soda toothpaste which is effective in promoting
      hygiene in the oral cavity and capable of consumer desirability or
      acceptability by the public. Such product will have acceptable cleaning,
      polishing and other desirable characteristics so as to have a beneficial
      effect upon parts of the dentition (which may include the teeth and its
      surrounding or adjacent elements or structures including plaque, calculus,
      gingiva, mucous membranes, saliva, etc.). In particular, it tends to leave
      with the consumer a desirable clean mouth or clean mouth-feel effect. The
      product can be formulated so it is stable upon aging or storage without
      significant release of carbon dioxide bubbles or other forms of
      undesirable separation or reaction. It is possible to produce and maintain
      a unique granular textured appearance comprising a substantially dispersed
      non-crystalline-appearing granulate which is due in part to the
      substantially homogeneous distribution of a sufficiently high
      concentration of macroscopic crystalline bicarbonate particles or granules
      in an otherwise smooth, continuous base, or matrix, contributing to
      appearance, taste, effect and usage by the consumer.
PAR  One aspect of the invention relates to a toothpaste containing an abrasive
      content comprising a major proportion of sodium bicarbonate and a minor
      proportion of a water-insoluble dental abrasive material compatible with
      said bicarbonate in the dental cream. Thus the toothpaste contains
      dispersed abrasive particles, the abrasive being a mixture of sodium
      bicarbonate, which constitutes the major proportion of the abrasive by
      weight and preferably makes up about 25 to 60% of the toothpaste, and a
      lesser amount of the compatible water-insoluble dental abrasive which may
      be chalk, silica, alumina, zirconium silicate, sodium aluminosilicate, or
      other compatible silicate or carbonate which is non-reactive with the
      bicarbonate, or a mixture of two or more of such water-insoluble
      abrasives. Advantageously the amount of water-insoluble abrasive is over
      1% and preferably at least about 3% of the toothpaste. The compatible
      water-insoluble dental abrasives referred to earlier may be broadly
      included in amounts of about 1 to 3-25%, preferably about 5 to 15.
PAR  Although the sodium bicarbonate particles are relatively soft as compared
      to most conventional abrasive particles used in toothpastes they do exert
      a mechanical cleaning effect on the teeth. For instance, in a radioactive
      dentin abrasion (RDA) test a toothpaste containing about 50% of
      bicarbonate of said, as the sole abrasive, may show an RDA value of about
      100 whereas when the abrasive-free vehicle of that toothpaste is tested
      similarly the RDA value is only in the neighborhood of 50.
PAR  The toothpastes of this invention preferably contain at least about 20%,
      more preferably at least about 30%, sodium bicarbonate. The particle size
      of the sodium bicarbonate particles may vary; it is preferred that they be
      largely below 0.4 mm in diameter, with a major proportion by weight being
      above 0.01 mm in diameter. The vehicle in which the sodium bicarbonate
      particles are dispersed is preferably aqueous, but its amount and
      character are preferably such that the sodium bicarbonate is primarily in
      the undissolved solid state in the toothpaste. It will be understood,
      however, that when the teeth are brushed the sodium bicarbonate particles
      will tend to dissolve in the saliva.
PAR  In one particularly preferred form of the invention the added abrasive is
      chalk. It is found that only a small proportion of this ingredient (e.g.
      in the range of about 5 to 15% of the toothpaste) greatly improves the
      cleaning power of the sodium bicarbonate toothpaste. Inaddition, the
      presence of the chalk appears to promote an improvement in the stability
      of the toothpaste on aging at elevated temperatures such as a decrease in
      the tendency for essential oils, used as flavors, to separate from the
      toothpaste on aging at 110.degree.F or 120.degree.F, e.g. when the
      particles of sodium bicarbonate are of relatively large size, e.g. over
      150 microns in diameter.
PAR  The addition of the compatible water-insoluble abrasive such as chalk,
      silca, alumina, zirconium silicate, and the like, or mixtures thereof is
      found to yield a sodium bicarbonate toothpaste which has improved cleaning
      power combined with resistance to flavor separation and which does not
      tend to form gas on storage. In contrast, when such common dental
      abrasives as dicalcium phosphate dihydrate or insoluble sodium
      metaphosphate are added to the sodium bicarbonate toothpaste in similar
      amounts (e.g. 5%) considerable quantities of gas are formed even on short
      term storage (e.g. at 120.degree.F).
PAR  The average particle size of the chalk is preferably less than 20 microns,
      most preferably below 10 microns, and above 1 micron.
PAR  The silica may be of the crystalline or amorphous type. In either case the
      particle size is preferably below 20 microns, e.g. 2 to 10 microns.
      Micronized crystalline silica or silica gel, such as the silica gels sold
      as Syloid 63, Syloid 74 and Syloid 244 are examples.
PAR  The alumina may be of the hydrated or unhydrated type. For hydrated alumina
      the average particle size is preferably less than 20 microns, most
      preferably below 10 microns and above 1 or 2 microns.
PAR  When zirconium silicate is employed its average particle size is preferably
      below 5 microns, e.g., below 3 microns and above 0.3 micron.
PAR  One particularly suitable alumina is in the form of flat flakes of
      alpha-alumina crystals, of disk- or plate-like configuration, said flakes
      having a mean (by weight) particle diameter of less than about 7 microns
      (e.g. about 2 to 7 microns). The flat alpha-alumina crystals, and a
      process for preparing them, are described in U.S. patent 3,121,623. The
      dentifrice is preferably substantially free of anhydrous alumina particles
      having diameters above 15 microns and thicknesses above about 2 microns.
      While it is most preferred to use alumina flakes whose mean particle
      diameter is less than five microns (e.g. about 3 to 4 microns) it is
      within the broader scope of this invention to use alumina flakes of larger
      diameters but similar thickness, such as alumina flakes, described in the
      aforesaid U.S. Pat. No. 3,121,623 having average diameters of 9, 12 or 15
      or more microns, free of particles over 40 microns in diameter (preferably
      free of particles over about 20 microns in diameter) and substantially
      free of particles having thicknesses above about  3 microns. In a
      preferred form of the invention the alpha-alumina flakes are uncoated and
      free of adhesion to particles of other materials. It is also within the
      broader scope of the invention to include other alpha-aluminas, or other
      abrasives of Mohs hardness above 6, in admixture with the alpha-alumina
      flakes. For instance, one may replace about one half of the alumina flakes
      by a pulverized alpha-alumina of irregular shape and having a mean
      particle size of about 3 to 4 microns (with all said irregular particles
      being less than about 7 microns in their largest dimension); thus, the
      toothpaste may contain, say, 3% of the flakes and 2% of said irregular
      particles.
PAR  A typical alkali or alkaline earth metal aluminosilicate is a complex
      having a refractive index of about 1.45, a moisture content of about 5-20%
      (e.g. 10%) an alumina content of up to about 10% (e.g. 8%) a silica
      content of at least about 70%, a sodium oxide (or other alkali metal or
      alkaline earth metal oxide, e.g. calcium oxide) content of up to about 10%
      (e.g. 7%) and a particle size of below 40 microns, preferably about 1 to
      20 microns.
PAR  Examples of mixtures are blends of chalk and hydrated alumina in, say,
      equal amounts, or 25/75 or 75/25.
PAR  The toothpaste may also contain a small amount of titanium dioxide powder,
      which has been found to have a marked polishing effect on the teeth when
      used in the sodium bicarbonate toothpaste.
PAR  The weight of titanium dioxide particles in the toothpaste is generally
      only a small fraction, e.g., less than about 10% and more than about 0.1
      on the weight of sodium bicarbonate, preferably about 0.1 to 5%, optimally
      about 0.5 to 2% thereof but is generally above about 0.1% of the weight of
      the toothpaste. For instance, the amount of TiO.sub.2 may be included in
      amounts up to 6.0% preferably about 0.2 to 0.6% of the weight of the
      toothpaste. The particle size of the TiO.sub.2 is preferably about 0.1 to
      1 micron.
PAR  The vehicle of the toothpaste is made up of suitable liquid preferably
      containing a thickening agent (e.g. a gelling agent). As indicated the
      vehicle is preferably aqueous, but it is within the broader scope of the
      invention to employ non-aqueous vehicles. Generally the liquid will
      contain a humectant or other viscous water-miscible material such as
      glycerol, sorbitol, polyethylene glycol, mannitol or mixtures thereof.
      When water is present it preferably constitutes about 5 to 35% (e.g. about
      10 to 30%) of the total vehicle. Superior results (such as better taste)
      are obtained when the proportion of water is relatively low, e.g. about 10
      to 20% of the total toothpaste, such as when the sodium bicarbonate:water
      ratio is in the range of about 3:1 to 6:1.
PAR  Gelling agents for toothpaste vehicles are well known in the art. These are
      often high polymers (e.g. gums or other thickening agents) which are
      soluble or swellable in water or aqueous medium. Sodium
      carboxymethylcellulose has given excellent results. Other materials are
      gum tragacanth, gum arabic, gum karaya, sodium alginate, hydroxyethyl
      cellulose, methyl cellulose, ethyl cellulose, carrageen and other
      polysaccharides, polyvinyl pyrollidones or such thickening agents as
      "Veegum" (a complex magnesium aluminum silicate). The amount of thickening
      agent used in the practice of this invention is preferably sufficient to
      impart to the mixture the pasty consistency, body and the non-tacky nature
      which is characteristic of conventional dental creams or toothpastes. As
      is well known, such dental creams are extrudable from ordinary collapsible
      toothpaste tubes to form a ribbon of substantial thickness (e.g. about 3/8
      inch) which if left undisturbed, substantially retains its original
      thickness over a period of, say, one minute or more (and does not
      penetrate substantially into the bristles of a toothbrush when resting on
      the ends of such bristles for a similar period); but which preferably
      offers no substantial resistance to brushing or to deformation when, for
      instance, one touches it lightly with a finger; and which has little tack,
      in that it does not tend to form a string when the finger is pulled away
      from the ribbon. The proportion of thickening agent is often within the
      range of about 0.5 to 2%, such as about 0.8 to 1.5%, of the toothpaste.
PAR  An organic surface active agent is preferably used in the compositions of
      the present invention to aid in the prophylactic action and in the
      thorough dispersion of the composition throughout the oral cavity, and to
      improve cosmetic acceptability and detersive and foaming properties. Among
      these are water-soluble salts of the higher alkyl sulfates, such as sodium
      lauryl sulfate or other suitable alkyl sulfate having 8 to 18 carbon atoms
      in the alkyl group; water-soluble salts of sulfonated monoglycerides of
      higher fatty acids such as sodium coconut monoglyceride sulfonate or other
      suitable sulfonated monoglyceride of a fatty acid of 10 to 18 carbon
      atoms; salts of amides of higher fatty acid (e.g. 12 to 16 carbon atom
      acids) with lower aliphatic amino acids (e.g. taurine or sarcosine) or
      other amino acid of 2 to 6 carbon atoms, such as
      sodium-N-methyl-N-palmitoyl tauride, sodium N-lauroyl, N-myristoyl or
      N-palmitoyl sarcosinates; water-soluble salt of the esters of such fatty
      acids with isethionic acid or with glycerol monosulfate, such as the
      sodium salt of the monosulfated monoglyceride of hydrogenated coconut oil
      fatty acids; water-soluble salts of olefin sulfonates, e.g. alkene
      sulfonates or hydroxyalkane sulfonates or mixtures thereof having 12 to 18
      carbon atoms in the carbon chain of the molecule; water-soluble soaps of
      higher fatty acids such as those of 12-18 carbon atoms e.g. coconut fatty
      acids; or a sulfo amide ester detergent such as N-2-ethyl laurate
      potassium sulfoacetamide (the lauric acid ester of the monoethanolamide of
      sulfoacetic acid, sometimes termed ethyl sulfocolaurate). The cation of
      the salt may be, for instance, sodium (which is preferred) potassium or
      mono-, di- or triethanolamine. Mixtures of surface-active agents may be
      used. A particularly suitable mixture which provides a high foaming powder
      with little or no irritating effect comprises a higher alkyl sulfate and a
      higher fatty acid sarcosinate, e.g. in a ratio of about 1:2 to 2:1, such
      as about 1:1, instead of all or part of the sarcosinate a higher fatty
      acid monoglyceride sulfonate or olefin sulfonate may be present.
PAR  Other suitable surface-active materials include nonionic agents such as
      condensates of sorbitan monostearate with approximately 60 moles of
      ethylene oxide, condensates of ethylene oxide with propylene oxide
      condensates of propylene glycol (available under the trademark
      "Pluronics") and amphoteric agents such as quaternized imidazole
      derivatives which are available under the trademark "Miranol" such as
      Miranol C.sub.2 M. Cationic surface-active germicides and anti-bacterial
      compounds may also be used. Such compounds include
      di-isobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride, benzyl
      dimethyl stearyl ammonium chloride, tertiary amines, having one fatty
      alkyl group (of from 12 to 18 carbon atoms) and two (poly) oxyethylene
      groups attached to the nitrogen (typically containing a total of from
      about 2 to 50 ethenoxy groups per molecule) and salts thereof with acids,
      and compounds of the structure:
      ##EQU1##
      where R is a fatty alkyl group consisting from about 12 to 18 carbon
      atoms, and x, y and z total 3 or higher, as well as salts thereof with
      mineral or organic acids. It is preferred to use from about 0.05 to 5
      percent by weight of the foregoing surface-active materials in the instant
      dentifrice preparations.
PAR  The proportion of surface-active agent is preferably within the range of
      about 0.05-5% of the toothpaste, more preferably in the range of about 1
      to 3%, such as about 11/2 to 2%.
PAR  In accordance with certain aspects of this invention, cationic
      antibacterial agents are included in the compositions of the present
      invention. Such agents include;
PA1  N.sup.1 -(4-chlorobenzyl)-N.sup.5 -(2,4-dichlorobenzyl) biguanide
PA1  p-chlorophenyl biguanide
PA1  4-chlorobenzyhydryl biguanide;
PA1  4-chlorobenzylhydrylguanylurea;
PA1  N-3-lauroxpropyl-N.sup.5 -p-chlorobenzylbiguanide;
PA1  1-(lauryldimethylammonium)-8-(p-chlorobenzyldimethylammonium) octane
      dichloride;
PA1  5,6-dichloro-2-guanidinobenzimidazole;
PA1  N.sup.1 -p-chlorophenyl-N.sup.5 -laurylbiguanide;
PA1  5-amino-1,3-bis (2-ethylhexyl)-5-methylhexahydropyrimidine cetyl pyridinium
      chloride
PAL  and their non-toxic acid addition salts, particularly the fluorides and the
      dihydrogen fluorides. 1,6-di-(p-chlorophenylbiguanidohexane) is
      particularly preferred. These agents may be used in amounts ranging from
      about 0.01 to 5 percent by weight of the dentifrice.
PAR  Any suitable flavoring or sweetening materials may be employed in
      formulating a flavor for the compositions of the present invention.
      Examples of suitable flavoring constituents include the flavoring oils,
      for example, oils of spearmint, peppermint, wintergreen, sassafras, clove,
      sage, eucalyptus, marjoram, cinnamon, lemon and orange, as well as
      methylsalicylate. Suitable sweetening agents include lactose, maltose,
      sorbitol, sodium cyclamate, perillartine, saccharine and ammoniated
      glycyrrhizin (e.g. its monoammonium salt). Suitably, flavor and sweetening
      agent together comprise from about 0.01 to 5 percent or more of the
      compositions of the instant invention. Preferably the amount of flavoring
      oil is above 0.3%, e.g. 0.8 to 1.2%.
PAR  The dental cream may also contain a fluoride-containing anticaries agent.
      There are many water-soluble salts which are suitable sources of fluoride
      ions. Among these are sodium, potassium, ammonium, and lithium and amine
      fluorides. The monofluorophosphate salts are also useful and include
      Na.sub.4 P.sub.3 O.sub.9 F, K.sub.4 P.sub.3 O.sub.9 F, (NH.sub.4).sub.4
      P.sub.3 O.sub.9 F, Na.sub.3 KP.sub.3 C.sub.9 F, (NH.sub.4).sub.3 NaP.sub.3
      O.sub.9 F, and Li.sub.4 P.sub.3 O.sub.9 F. Complex water-soluble
      fluoride-containing salts such as fluorosilicate (i.e., Na.sub.2
      SiF.sub.6), fluorozirconate (i.e., Na.sub.2 ZrF.sub.6), fluorostannite
      (i.e., KSnF.sub.3), fluoroborate (i.e., NaBF.sub.4), fluorotitanate (i.e.,
      NaTiF.sub.5), and fluorogermanate (i.e., K.sub.2 GeF.sub.6) may also be
      useful. The fluoride ion may also be supplied by an organic fluoride which
      yields fluoride ions in water. Suitable organic compounds include mono,
      di-, and triethanolamine hydrofluoride. These materials are present in an
      effective but non-toxic amount, usually within the range to provide an
      amount such as about 0.01 to 1 per cent fluorine in the dentifrice. Sodium
      fluoride, and sodium monofluorophosphate are the preferred compounds.
PAR  Various other materials may be incorporated into the dentifrice
      preparations of this invention. Examples thereof are coloring and
      whitening agents, preservatives, silicones, chlorophyll compounds, and
      mixtures thereof, and other constituets. These adjuvants are incorporated
      in the instant compositions in amounts which do not substantially
      adversely affect the properties and characteristics desired and are
      selected and used in proper amount depending upon the particular type of
      preparation involved.
PAR  The following Examples are given to illustrate this invention further. In
      this application all proportions are by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  A toothpaste is prepared by forming a gel by mixing a gelling agent, in
      this case sodium carboxymethylcellulose ("CMC"), with glycerol and water
      (in the presence of a sweetener, sodium saccharin, and a preservative,
      sodium benzoate), adding sodium bicarbonate (baking soda) chalk and
      titanium dioxide powder to the gel, then adding a surfactant, a flavor and
      thereafter degassing the mixture under vacuum. The proportions used are:
      baking soda, 35%; chalk, 10%; titanium dioxide, 0.4%; deionized water,
      15.4%; glycerol, 33.5%; CMC, 1.1%; solution of 35% sodium N-lauroyl
      sarcosinate in a mixture of 35% water and 30% glycerol, 2%; sodium lauryl
      sulfate, 0.98%; sodium benzoate, 0.5%; sodium saccharin, 0.2%; flavor,
      0.9%.
PAR  The baking soda powder is U.S.P. grade having the following particle size
      distribution in which percentages represent the cumulative per cent
      retained on the named sieve, and sieve sizes are U.S. Standard: No. 45
      sieve, trace; No. 70 sieve (sieve opening 210 microns), 27%; No. 80 sieve
      (sieve opening 177 microns) 66.5%; No. 100 sieve (sieve opening 149
      microns), 92.5%; No. 170 sieve (sieve opening 88 microns), 99%.
PAR  The chalk is a grit-free U.S.P. Non Fer Al Chalk containing at least 98%
      CaCO.sub.3 with no more than 0.2% insoluble in dilute HCl. Its particle
      size is such that over 99% passes through a U.S. Standard No. 325 mesh
      sieve, the particles being principally in the 1 to 10 micron size, the
      average particle size being about 3 microns.
PAR  The titanium dioxide used is a grit-free anatase powder at least 99.0% of
      which passes through a No. 325 U.S. Standard sieve and whose mean particle
      diameter (as measured on a Kahn sedimentation balance) is below 1 micron.
      Microscopic measurements indicate its average particle diameter is 0.3
      micron.
PAR  The toothpaste has good cleaning power and whiteness and ages well in tests
      at 8.degree.F, 40.degree.F, 110.degree.F, 120.degree.F. Because of the
      relatively large particle size of the baking soda a ribbon of the
      toothpaste, extruded from its tube, has a finely textured grainy
      appearance to the naked eye. The toothpaste has a pleasant feel during
      brushing; while the large particles of baking soda are palpable they break
      down to smaller particles easily under the pressure of the toothbrush and
      under the action of the saliva.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that 5% hydrated alumina substituted for the
      10% chalk, the proportion of baking soda correspondingly increased to 40%
      and the flavor used is a blend of essential oils, largely peppermint.
PAR  The hydrated alumina has the following particle size distribution, and is
      alpha alumina trihydrate:
PA1  28-40% finer than 5 microns
PA1  56-67% finer than 10 microns
PA1  85-93% finer than 20 microns
PA1  94-99% finer than 30 microns
PAC  EXAMPLE 3
PAR  Example 2 is repeated except that instead of the 5% of hydrated alumina
      there is employed 5% zirconium silicate powder of the following particle
      size distribution:
PAR  80% finer than 1.25 microns
PAR  90% finer than 1.77 microns
PAR  95% finer than 2.15 microns
PAR  99% finer than 2.50 microns
PAC  EXAMPLE 4
PAR  Example 2 is repeated except that instead of the 5% of hydrated alumina
      there is used 5% of micronized silica, and half the baking soda is
      replaced by a more finely divided baking soda having the following
      particle size distribution (in which percentages represent the cumulative
      per cent retained on the named sieve, and sieve sizes are U.S. Standard):
      No. 45 sieve (sieve opening 350 microns), trace; No. 100 sieve (sieve
      opening 149 microns), 0.5%; No. 170 sieve (sieve opening 88 microns), 20%;
      No. 200 sieve (sieve opening 74 microns), 35%; No. 325 sieve (sieve
      opening 44 microns), 70%; No. 400 sieve, 80%.
PAR  It is also within the broader scope of the invention to use calcium
      pyrophosphate (e.g. the .beta. or .gamma. form of calcium pyrophosphate,
      or mixtures of those forms in various proportions such as in about 1:1
      ratio, e.g. 53% .beta., 47% .gamma.), having an average particle size
      below about 20 microns, e.g. about 1 or 2 to 10 microns, for all or part
      of the water-insoluble abrasive in the toothpaste.
PAR  Another aspect of this invention relates to the degassing of toothpastes
      containing high proportions of sodium bicarbonate particles. It is found
      that when such toothpastes are subjected to high vacuum, e.g. above 26
      inches of mercury, the paste bubbles and expands but, unlike conventional
      toothpastes, it does not contract to subtantially its original volume on
      continuted vacuum treatment, but instead continues to expand. It has now
      been found that an excellent deaerated product, having good stability and
      desirable rheological characteristics can be produced by subjecting the
      toothpaste containing sodium bicarbonate to a vacuum of at least 26 inches
      of mercury so that it expands to a volume which is at least 150% (e.g.
      about 200%) of its volume at atmospheric pressure and then discontinuing
      the treatment at high vacuum when the expanded mixture begins to contract
      but while its volume is still at least 150% of its volume at atmospheric
      pressure.
PAC  EXAMPLE 5
PAR  This Example illustrates the degassing treatment of this invention.
PAR  18.3 parts of glycerol; 1.1 part of sodium carboxymethyl cellulose; 0.5
      part of sodium benzoate; 0.2 part of sodium saccharin and 15.4 parts of
      water are mixed at 110.degree.-115.degree.F. for 20 minutes and placed in
      a vertical cylindrical container equipped with a stirrer, specifically a
      Dopp mixer which has a series of intermeshing counter-rotating radially
      disposed mixing rods located all along its height. Then five parts of
      calcium carbonate (chalk), 40 parts of sodium bicarbonate, 0.4 part of
      titanium dioxide are added and mixed slowly while a vacuum of 271/2 inches
      of mercury is applied; the speed of mixing is then increased; during this
      vacuum treatment, which lasts about 5 minutes, the batch rises to a volume
      about two-thirds greater than its volume before vacuum is applied and then
      decreases somewhat. The mixture is then vented to the atmosphere and 0.975
      parts of sodium lauryl sulfate and 2 parts of a solution of 35% sodium
      lauroyl sarcosinate in a water-glycerol (35-30%) mixture are then added, a
      vacuum 28.2 inches of mercury is applied and the mixture is kept under the
      vacuum for about 5 minutes while stirring; during this time, the volume of
      the batch increases and decreases somewhat, the volumes being little
      greater than observed during the preceding vacuum treatment. The mixture
      is then vented to the atmosphere. 15.1 parts of glycerol are added and the
      mixture is then stirred under a vacuum of 28 inches of mercury for about 5
      minutes during which treatment its volume increases by more than 100%
      (i.e. to a volume which is more than 200% of the original volume) and then
      begins to decrease somewhat. At the conclusion of this 5 minutes period,
      the vessel is vented to the atmosphere while the volume of the mixture is
      still about 75-100% greater than its volume just prior to this vacuum
      treatment. One part of essential oil flavor is then added, stirring is
      resumed while a vacuum of 281/2 inches is applied; stirring under this
      vacuum is continued for about 12 minutes, after which the vessel is vented
      to the atmosphere; during this 12 minute period, the expansion of the
      mixture is similar to that observed during the immediately preceding
      vacuum treatment. Just before the mixture is vented to the atmosphere, the
      expansion of the mixture is still evident.
PAR  It is preferable to discontinue the vacuum treatment, even though expansion
      may continue before the change in pH (i.e. the pH of the vacuum treated
      mixture minus the pH of the mixture without vacuum treatment) reaches one
      pH unit and preferably less, e.g. 1/2 unit; this avoids decomposition of
      sodium bicarbonate and production of sodium carbonate during degassing.
PAC  EXAMPLE 6
PAR  This Example illustrates the use of alpha alumina flakes in the baking soda
      toothpaste.
PAR  The toothpaste is made up (using, for instance, the method of Example 1) of
      40% of the baking soda powder of Example 1, 5% of alpha-alumina flakes,
      0.4% titanium dioxide of Example 1, 33.4% glycerol, 15.4% deionized water,
      1.1% CMC (Hercules 7MF), 2% of a solution of 35% sodium N-lauroyl
      sarcosinate in a mixture of 35% water and 30% glycerol, 1% sodium lauryl
      sulfate, 1% flavor (water-insoluble essential oil flavoring agent; e.g.,
      essential oil mixture rich in peppermint oil), 0.5% sodium benzoate and
      0.2% sodium saccharin.
PAR  The alpha alumina flakes have a mean (by weight) particle diameter of about
      4 microns, all the particles thereof have diameters less than 10.1
      microns, about 85-95% (by weight) have diameters less than 6.0 microns and
      about 30-35% have particle diameters less than 3.5 microns.
PAR  The characteristics of the toothpaste of this Example are like those given
      in Example 1 above. It has very good resistance to flavor separation. It
      also shows much greater polishing effect, on the enamel, than the
      toothpaste of Example 1 (i.e. 64% repolish).
PAC  EXAMPLE 7
PAR  Example 6 is repeated except that the toothpaste contains 0.22% sodium
      fluoride (the glycerine content being correspondingly decreased by 0.22%).
      The toothpaste shows excellent aging characteristics including very good
      resistance to flavor separation on aging and very good retention of
      fluoride consent.
PAR  The percent repolish is determined by a test in which sections of human
      dental enamel, upon which have been ground flat areas, are first polished,
      then dulled with chalk, and then brushed with a slurry of a dentifrice for
      5000 reciprocal strokes. A "Monsanto Tooth Reflectance Instrument" is
      employed to measure the specular reflectance of the surface after each
      step described above. The dulled surface is adjusted so that it is
      approximately 150 units (Monsanto Instrument) lower than the polished
      surface. The polishing ability of the dentifrice is expressed by the
      following equation:
      ##EQU2##
      Where SR.sub.polished, SR.sub.dulled and SR.sub.5000 strokes are
      respectively the specular reflectance values of the enamel surface after
      the initial polishing, after dulling with chalk, and after brushing with a
      dentifrice slurry.
PAC  EXAMPLE 8
PAR  Example 6 is repeated except that the toothpaste contains 0.76% sodium
      monofluorophosphate (the glycerine content being correspondingly decreased
      by 0.76%).
PAC  EXAMPLE 9
PAR  Examples 6, 7 and 8 are repeated except that the alpha-alumina flakes have
      a mean particle diameter of 5 microns, substantially all being less than
      about 12 microns in diameter.
PAC  EXAMPLE 10
PAR  This Example illustrates the use of sodium monofluorophosphate in a baking
      soda toothpaste containing calcium carbonate.
PAR  a. The toothpaste is made up (using, for instance the method of Example 1)
      of 40% of the baking soda powder (of Example 1), 5% of calcium carbonate
      (of Example 1), 0.4% titanium dioxide of Example 1, 32.65% glycerol,
      15.41% deionized water, 1.1% CMC (hercules 7MF), 2% of a solution of 35%
      sodium N-lauroyl sarcosinate in a mixture of 35% water and 30% glycerol,
      0.98% sodium lauryl sulfate, 1% flavor (water-insoluble essential oil
      flavoring agent; e.g., essential oil mixture rich in peppermint oil), 0.5%
      soidum benzoate, 0.2% sodium saccharin, and 0.76% sodium
      monofluorophosphate.
PAR  The toothpaste shows good retention of fluoride content on aging.
PAR  b. Example 10 is repeated except that the proportion of glycerol is
      increased to about 35.2%, the amount of water is decreased to about 12.9%
      and the flavor is an essential oil having a spearmint taste.
PAC  EXAMPLE 11
PAR  This Example illustrates the use of unlined aluminum toothpaste tubes with
      certain baking soda toothpastes.
PAR  a. A toothpaste is made up (using, for instance, the method of Example 1)
      of 40% of the baking soda powder (of Example 1) 5% of calcium carbonate,
      (of Example 1), 0.4% titanium dioxide of Example 1, 33.4% glycerol, 15.4%
      deionized water, 1.1% CMC (Hercules 7MF), 2% of a solution of 35% sodium
      N-lauroyl sarcosinate in a mixture of 35% water and 30% glycerol, about 1%
      sodium lauryl sulfate, 1% flavor (water-insoluble essential oil flavoring
      agent; e.g., essential oil mixture rich in peppermint oil), 0.5% sodium
      benzoate, and 0.2% sodium saccharin.
PAR  b. Example 11a is repeated except that 0.5% of fumed silica (Cab-O-Sil) is
      included, the amount of calcium carbonate is raised to 10%, the amount of
      baking soda is decreased to 35% and amount of glycerol is decreased to
      32.9%.
PAR  c. Example 11b is repeated except that the amount of calcium carbonate is
      decreased to 5% and the amount of glycerol is raised to 37.9%.
PAR  d. Example 11ais repeated four times, with additional inclusion of various
      proportions of non-acidic dicalcium phosphate dihydrate in the formuation,
      i.e., in amounts of 0.04% 0.2%, 0.4% and 0.8% (based on the weight of the
      formulation without said phosphate); the first case (0.04%) the titanium
      dioxide is omitted. The dicalcium phosphate dihydrate is of dentifrice
      grade and has an average particle diameter of about 4 microns and its pH
      (measured in 20% slurry thereof in water) is in the range of 7.2 to 7.9;
      it yields phosphate ions on contact with water.
PAR  e. Example 11a is repeated with the additional inclusion of insoluble
      sodium metaphosphate in the formulation in the amount of 0.8% (based on
      the weight of the formulation without said phosphate). The insoluble
      sodium metaphosphate is of dentifrice grade having an average particle
      size of about 5 microns; its pH (measured in 20% slurry thereof in water)
      is in the range of 5.3 to 6.3; it yields phosphate ions on contact with
      water.
PAR  f. Example 11a is repeated except that 5% micronized silica (as in Example
      4) is substituted for the calcium carbonate, a different essential oil
      flavor is used, the amount of flavor is 0.9% and the amount of glycerol is
      33.5%.
PAR  g. Example 11a is repeated except that 3% micronized silica (as in Example
      4) is included, the calcium carbonate is omitted, the amount of baking
      soda is increased to 42%, and the toothpaste contains 0.9% of an essential
      oil flavor.
PAR  h. Example 11a is repeated except that 5% precipitated silica is
      substituted for the calcium carbonate:
PAR  i. Example 11a is repeated except that 5% anhydrous dicalcium phosphate is
      substituted for the calcium carbonate, the toothpaste contains 0.9% of an
      essential oil flavor and the amount of glycerol is increased to 33.5%).
      The anhydrous dicalcium phosphate is a fine non-acidic powder of
      dentifrice grade. Its pH (as measured on a 20% slurry thereof in water) is
      7.6-7.8; it yields phosphate ions, in low concentration, on contact with
      water.
PAR  j. Example 11a is repeated except that 5% zirconium silicate of Example 3
      is substituted for the calcium carbonate (with minor change in proportion
      and type of flavor).
PAR  k. Example 11a is repeated except that 5% beta phase calcium pyrophosphate
      is substituted for the calcium carbonate. The calcium pyrophosphate is a
      fine powder of dentifrice grade. Its pH (as measured on a 20% slurry
      thereof in water) is 5.2-5.3.
PAR  Each of the foregoing toothpastes is placed in an individual toothpaste
      tube of unlined aluminum of high purity (99.7% Al or purer) and aged. On
      aging at 120.degree.F the tube filled with the 11a toothpaste tends to
      swell or is found to have a foamy product film in contact with the inner
      aluminum walls of the tube, tubes filed with the 11b, c, d, f, g, h, i, j,
      and k toothpastes do not show such effects. The 11e  toothpaste shows
      substantially less tendency to react with the walls of the tube than the
      11a toothpaste.
PAR  The fumed silica (as in Example 11b) is described in Encyclopedia of
      Chemical Technology Kirk-Othmer 2nd Edition, Vol. 18 at pages 62 and 67,
      for instance. It is within the broader scope of the invention to use the
      fumed silica in baking soda toothpaste from which the compatible
      water-insoluble abrasive (such as calcium carboante) has been omitted, in
      unlined aluminum tubes. It is also within the broader scope of the
      invention to employ, in place of the fumed silica, very finely dispersed
      or dissolved silica in other forms such as alkali metal silica such as
      sodium silicate, e.g. hydrated sodium silicate supplied in flake form
      containing Na.sub.2 O . SiO.sub.2.H.sub.2 O in a ratio of about 1:2-3.2:5,
      or sodium silicate solutions (water glass) such as those in which the
      Na.sub.2 O:SiO.sub.2 ratio is at least about 1:2, or sodium silicate
      formed in situ in the dental cream, or colloidal silica or precipitated
      silica (see Encyclopedia of Chemical Technology, Kirk-Othmer, 2nd edition
      Vol. 18, pages 63 and 66-67, for instance) or other silicate.
PAR  The dicalcium phosphate dihydrate of Example 11d is a commercial stabilized
      dentifrice grade of this material. A description of the method of
      preparation of dicalcium phosphate dihydrate and of its stabilization is
      found in U.S. Pat. of Schlaeger et al No. 3,169,096 Feb. 9, 1965, whose
      disclosure is incorporated herein by reference. See also "Cosmetic
      Science" Vol. 1 pub. 1972 (Wiley Interscience) edited by Balsam and
      Sagarin pages 477-479. One typical analysis of dicalcium phosphate
      dihydrate incidates that its content of water-soluble material is 0.18%
      (and its percent water-solubles expressed as P.sub.2 O.sub.5 is 0.11%). A
      typical stabilizer content is a mixture of about 1-2% of sodium calcium
      pyrophosphate and a smaller amount, e.g. about 0.4%, of pyrophosphoric
      acid.
PAR  The insoluble sodium metaphosphate of Example 11c is a commercial
      dentifrice grade of this material. Its method of preparation and
      properties are described in the previously cited "Cosmetic Science" at
      pages 480-481 and "Phosphorus and Its Compounds" by Van Wazer Vol. 2 pub.
      1961 (Interscience) pages 1652-1653.
PAR  The anhydrous dicalcium phosphate of Example 11i and the calcium
      pyrophosphate of Example 11k are commercial dentifrice grades of these
      materials. See the previously cited "Phosphorus and Its Compounds" page
      1651 and "Cosmetic Science" pages 479-480.
PAC  EXAMPLE 12
PAR  Example 11a is repeated except that the toothpaste contains added anhydrous
      disodium phosphate (incorporated as a water-soluble powder) in amount of
      (a) 0.05% and (b) 0.01% the amount of water in the toothpaste being
      adjusted accordingly to total 100%. In each case, on aging in unlined
      aluminum tubes (as in Example 11) the filled tubes do not swell or gas and
      (after 9 weeks aging at 120.degree.F.) the inner walls of the tubes are
      found to be gold-colored, the wall color in the tube containing the 12b
      toothpaste being very light. On inspection of the inner walls of the
      unlined aluminum tubes containing the 11d toothpastes (again after 9 weeks
      at 120.degree.F.) they are found to be dark (when the pastes contain 0.8%
      or 0.4% of the dicalcium phosphate dihydrate) or golden (when the tubes
      contain 0.04% and 0.2% of the dicalcium phosphate dihydrate); on
      inspection of the inner walls of the unlined aluminum tubes containing the
      11k toothpaste they are found to be golden after 3 and 6 weeks aging at
      120.degree.F. and dark after 9 weeks of such aging. It is believed that
      the toothpastes containing the dicalcium phosphate dihydrate contain (or
      form, on aging) small amounts of dissolved phosphate ions (e.g.
      orthophosphate and/or pyrrophosphate) which may act on the aluminum walls,
      or on the aluminum oxide layer on said walls, to form a protective layer
      thereon. The amount of dissolved phosphate ion present in the preferred
      compositions is sufficient to inhibit the gas-forming reaction between the
      alkaline toothpaste composition and the aluminum walls of the tube but the
      amount of the phosphate or acidic ingredient therein is insufficient to
      cause a gas-forming reaction (e.g. resulting in swelling or bursting of
      the tube) between the ingredients of the toothpaste; the tendency for the
      latter reaction can, of course, be tested by placing the composition in a
      suitably lined aluminum tube (whose walls are thus substantially inert to
      the composition) and aging for several weeks (e.g. 9 weeks) at an elevated
      temperature (e.g. 120.degree.F.).
PAR  Storage of the toothpastes of other types in unlined aluminum tubes is
      discussed in such patents as U.S. Pat. Nos. 3,662,060 and 3,678,155 and
      Austrian Pat. No. 267,070. As is well known to consumers of toothpastes,
      aluminum toothpastes tubes are squeezable and deformable to express the
      toothpaste from the nozzle of the tube and the main body of the tube is of
      relatively thin, ductile, aluminum.
PAC  EXAMPLE 13
PAR  This Example illustrates the use of olefin sulfonate surfactant in a baking
      soda toothpaste; these olefin surfactants are found to produce very good
      foaming during tooth brushing despite the fact that the medium (saliva and
      baking soda toothpaste) has a relatively high concentration of dissolved
      electrolyte.
PAR  a. The toothpaste formulation is the same as that of Example 11 except that
      in place of the solution of the sarcosinate there is included about 0.7%
      of a sodium olefin sulfonate detergent and the amount of water is
      increased to about 16.6%.
PAR  b. The toothpaste formulation is the same as in Example 11 except that in
      place of the sodium lauryl sulfate and the solution of the sarcosinate
      there is included about 1.7% of a sodium olefin sulfonate detergent and
      the amount of water is increased to about 16.5%.
PAR  The olefin sulfonate detergent used in Example 13 is a reaction product of
      SO.sub.3 and an olefin mixture (such as may be obtained by cracking
      paraffin wax) containing approximately equal amounts of 15, 16, 17 and 18
      carbon atom olefins and having an average chain length of about 161/2
      carbon atoms. Other olefin sulfonate surfactants may be employed in the
      baking soda dentifrice. The olefin sulfonate surfactants are well known in
      the detergent art. Generally they contain long chain alkenyl sulfonates or
      long chain hydroxyalkane sulfonates (with the OH being on a carbon atom
      which is not directly attached to the carbon atom bearing the --SO.sub.3
      -- group). More usually, the olefin sulfonate detergent comprises a
      mixture of these two types of compounds in varying amounts, often together
      with long chain disulfonates or sulfate-sulfonates. Such olefin sulfonates
      are described in many patents, such as U.S. Pat. Nos. 2,061,618;
      3,409,637; 3,332,880; 3,420,875; 3,428,654; 3,506,580, and British Pat.
      No. 1,139,158, and in the article by Baumann et al in
      Fette-Seifen-Anstrichmittel 72 no. 4 p. 247-253 (1970). All the
      above-mentioned disclosures are incorporated herein by reference. As
      indicated in these patents and published literature, the olefin sulfonates
      may be made from straight chain .alpha.-olefins, internal olefins, olefins
      in which the unsaturation in a vinylidene side chain (e.g. dimers of alpha
      olefins), etc. or, more usually, mixtures of such compounds, with the
      .alpha.-olefin usually being the major constituent. The sulfonation is
      usually carried out with sulfur trioxide under low, partial pressure, e.g.
      SO.sub.3 highly diluted with inert gas such as air or nitrogen or SO.sub.3
      under vacuum. This reaction generally yields an alkenyl sulfonic acid,
      often together with a sultone; the resulting acidic material is generally
      then made alkaline and treated to open the sultone ring to form
      hydroxyalkane sulfonate and alkenyl sulfonate. The number of carbon atoms
      in the olefin is usually within the range of 10 to 25, more commonly 12 to
      20, e.g a mixture of principally C12, C14 and C16 having an average of
      about 14 carbon atoms or a mixture of principally C14, C16 and C18 having
      an average of about 16 carbon atoms. The preferred olefin sulfonates are
      sodium salts but it is within the broader scope of the invention to use
      other water-soluble salts such as ammonium or potassium salts.
PAR  The baking soda used in the Examples is a product made by precipitation
      from solution (as by treating a sodium carbonate solution with carbon
      dioxide to precipitate the bicarbonate) followed by drying, curing with
      carbon dioxide gas and screening to the desired particle size (generally
      without substantial crushing or pulverizing).
PAR  These particles are generally monoclinic crystals or tablets or
      conglomerates thereof (e.g. twinned crystals) some having projecting
      spike-like portions of generally rhombohedral shape with many reentrant
      angles. See FIG. 1 which is a photomicrograph of the crystals used in
      Example 1 and FIG. 2 which is a view thereof in a scanning electron
      microscope; FIG. 3 is a photomicrograph of the crystals used in Example 4;
      these are FIGS. of Ser. no. 295,094.
PAR  The toothpastes of the foregoing Examples are noneffervescent. Thus when
      diluted with water they do not actively evolve bubbles of carbon dioxide.
PAR  The toothpastes of this invention have an alkaline pH, generally in the
      range of about 8.5 to 9.5, usually below about 9.1.
PAR  The dentin abrasion of the toothpastes may be determined by the procedure
      based on a ratio active technique described by Grabenstette et al in the
      "Journal of Dental Research", Volume 37, P. 1060 (1958) as modified by the
      description by Stookey et al. in the "Journal of Dental Research," Volume
      47, page 524 (July-August 1968).
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that variations may be made therein without
      departing from the spirit of the invention. The "Abstract" given above is
      merely for the convenience of technical searchers and is not to be given
      any weight with respect to the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dental cream containing an abrasive content comprising at least about
      20% sodium bicarbonate in a vehicle containing sufficient liquids, said
      vehicle consisting essentially of about 5 to 35% water admixed with about
      45 to 15% viscous water miscible polyol humectant or mixtures thereof, and
      a sufficient amount of gelling or thickening agent to impart to the dental
      cream the pasty consistency, body and the non-tacky nature which is
      characteristic of conventional dental creams or toothpastes, and over 1%
      of a water-insoluble dental abrasive material compatible with said
      bicarbonate in the dental cream and about 0.01 to 1.% fluorine selected
      from the group of water soluble fluorine salts consisting of sodium,
      potassium, ammonium, lithium and amine fluorides; complex water soluble
      fluorine salts selected from the group consisting of fluorosilicate,
      fluorozirconate, fluorostannite, fluoroborate, fluorotitanate and
      fluorogermanate and organic fluorides selected from the group consisting
      of mono-, di-, and triethanolamine hydrofluoride, said sodium bicarbonate
      being primarily in the undissolved solid state, said dental cream having a
      granular textured appearance comprising a substantially dispersed
      non-crystalline appearing granulate of macroscopic crystalline bicarbonate
      granules in an otherwise smooth continuous matrix.
NUM  2.
PAR  2. A dental cream as in claim 1 wherein said insoluble abrasive is present
      in amount of at least about 3% of the dental cream and is selected from
      the group consisting of silica, alumina, silicates and carbonates
      non-reactive with the bicarbonate.
NUM  3.
PAR  3. A dental cream as in claim 2 wherein the total abrasive content is about
      25 - 60% and is dispersed in an aqueous humectant medium.
NUM  4.
PAR  4. A dental cream as in claim 3 which contains calcium carbonate.
NUM  5.
PAR  5. A dental cream as in claim 3 which contains flat flakes of
      alpha-alumina.
NUM  6.
PAR  6. A dental cream as in claim 5 containing sodium fluoride.
NUM  7.
PAR  7. A dental cream as in claim 1 containing sodium monofluorophosphate.
NUM  8.
PAR  8. A dental cream as in claim 1 wherein said water insoluble dental
      abrasive material is included in amounts of about 3-25%.
NUM  9.
PAR  9. A dental cream as in claim 1 wherein the sodium bicarbonate - water
      ratio is about 3:1 to 6:1.
NUM  10.
PAR  10. A dental cream as defined in claim 1 further including a non-soap
      synthetic detergent.
NUM  11.
PAR  11. A dental cream as defined in claim 1 further including at least about
      0-5% of a suitable flavoring oil.
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ABST
PAL  Preparation of a dentifrice composition containing an insolubilized salt of
      1,6-di-(p-chlorophenyl biguanido) hexane antimicrobial agent such as the
      disarcosinate monomeric salt or monofluorophosphate polymeric salt. The
      insolubilized salt may be pre-formed or formed in situ in the dentifrice
      composition. The insolubilized material is antimicrobially effective and
      provides desirable cosmetic effect.
PARN
PAR  This application is a continuation-in-part of Ser. No. 197,498, filed Nov.
      10, 1971, now abandoned.
PAR  This invention relates to dentifrice compositions which contain an
      antibacterial agent which is effective in promoting oral hygiene, such as
      by reducing dental plaque, improving gingival conditions and reducing
      formation of dental calculus. In particular, it relates to dentifrice
      compositions which contain such an agent in the form of a water-insoluble
      salt.
PAR  1,6-DI-(P-CHLOROPHENYL BIGUANIDO) HEXANE HAS BEEN DISCLOSED FOR ITS
      DESIRABLE EFFECT IN INHIBITING THE GROWTH OF MANY MICRO-ORGANISMS SUCH AS
      Lactobacillus acidophilus odontolyticus and has, therefore, been
      recommended for incorporation into oral compositions.
PAR  However, the use of this agent as the free base or in the form of
      water-soluble salts thereof such as the di-acetate or digluconate has
      revealed some undesirable cosmetic effects such as brown dental enamel
      staining and bitter taste.
PAR  It is an object of this invention to prepare oral compositions which
      contain insolubilized 1,6-di-(p-chlorophenyl biguanido) hexane which do
      not stain teeth even upon repeated use and which do not impart an
      undesirable taste to the oral composition. Unexpectedly, these materials,
      although insoluble, are effective in promoting oral hygiene. Other
      advantages of the invention will be apparent from the following
      disclosure.
PAR  In accordance with certain of its aspects, this invention relates of
      preparing a dentifrice composition comprising a non-toxic insolubilized
      1,6-di-(p-chlorophenyl biguanido) hexane antibacterial agent in amount
      corresponding to about 0.01-5% by weight of the free base thereof and a
      dentifrice vehicle in which said agent is distributed.
PAR  Water-insoluble salts of 1,6-di-(p-chlorophenyl biguanido) hexane include
      salts which are monomeric in nature and contain monovalent anions, such as
      the disarcosinate (particularly di-N-C.sub.12 -C.sub.16 alkoyl
      sarcosinates), and dibenzoate salts, as well as salts which appear to be
      polymeric in nature and which contain polyvalent anions, such as salts of
      weak acids, including phosphate, citrates, malates, tartrates and
      tartronates, as well as fluorine containing salts, such as
      monofluorophosphates, hexafluoroaluminate, hexafluorosilicate,
      hexafluorostannate, fluorozirconate and the like.
PAR  These insoluble salts are typically formed by reaction between
      1,6-di-(p-chlorophenyl biguanido) hexane or its relatively soluble salts
      such as the acetate, gluconate, fluoride and the like in aqueous solution
      with a salt or weak acid containing the desired anion to form a more
      insoluble salt. Since it is particularly desired to employ the insoluble
      salts in dentifrice compositions, it is preferable that the anion be
      acceptable and compatible with an oral composition such as a dentifrice or
      a mouthwash. Indeed, a soluble form of the antibacterial agent may react
      with an additional component of an oral composition such as sodium
      monofluorophosphate or sodium N-lauroyl sarcosinate to form the
      appropriate insoluble salt in situ. It is preferred that materials such as
      sodium carboxymethyl cellulose which form extremely insoluble salts with
      the antimicrobial agent not be present in oral composition, or if present,
      be in substantially less than stoichiometric amounts with regard to the
      antimicrobial agent.
PAR  The structure or formula apparently possessed by the insoluble monomeric
      salt and the polymeric salt may be as follows:
PAL  Monomer -
PA1  Anion.sup.- .sup.+ Chlorhexidine.sup.+ .sup.- Anion
PAL  wherein .sup.+ Chlorhexidine.sup.+  refers to the cation of
      1,6-di-(p-chlorophenyl biguanido) hexane and Anion.sup.-  and .sup.- Anion
      each refer to a monovalent anion; and
PAL  Polymer -
PAR  (. . . .sup.+ Chlorhexidine .sup.+ .sup.- anion.sup.- .sup.+
      Chlorohexidine.sup.+  . . .)
PAL  wherein .sup.+Chlorhexidine.sup.+ has the meaning set forth above and
      .sup.-Anion.sup.- is a polyvalent anion. In a polymer, typically at least
      2 and even 10 or more Chlorhexidine moieties may be present. The compounds
      containing polyvalent anion described above constitute a particular aspect
      of this invention.
PAR  For dentifrice compositions, the disarcosinate monomeric salt and
      monofluorophosphate polymeric salts are particularly preferred; the former
      particularly because in the presence of up to stoichiometric amounts of
      N-lauroyl sarcosine or soluble salt thereof it forms a particularly
      antimicrobially effective precipitated salt and in the presence of excess
      N-lauroyl sarcosine or soluble salt thereof, it disperses in water and
      can, therefore, be easily incorporated into a mouthwash as well as a
      dentifrice, and the latter particularly because of its ability to provide
      fluorine to the composition. Furthermore, when the disarcosinate salt
      (e.g. the di-N-lauroyl sarcosinate salt) is formed and the amount of
      N-lauroyl sarcosine is less than up to stoichiometric with regard to the
      antimicrobial agent, particularly desirable control of the growth of
      antimicrobial organisms can be effected. This is especially the case when
      the precipitated salt is formed before incorporation into the dentifrice.
      It is preferred that such a preformed salt be dissolved in the flavour
      prior to incorporation into the dentifrice. The insoluble salts described
      in the instant specification may all be satisfactorily incorporated into
      oral and dentifrice compositions such as toothpastes or creams, or
      visually clear, i.e. transparent or translucent, dentifrice gels.
      Typically, they are present as discrete particles and in clear gels may
      actually be observed within or on the surface of the gel. Opaque creams
      may also be formulated to permit particles or stripes to be observed on
      the surface. Insoluble salts which can be dispersed, such as the
      disarcosinate salt in the presence of excess N-lauroyl sarcosine or
      water-soluble salt thereof, can be satisfactorily incorporated into a
      mouthwash as well as a dentifrice.
PAR  The insolubilized antibacterial agent is used in the oral composition in
      amount corresponding to 0.01-5% by weight, preferably 0.05-1%, based on
      the free base form of the antibacterial agent.
PAR  Dentifrice compositions which include the water-insoluble salt normally
      have a pH between about 5 and 10 and preferably about 6-8. The pH can be
      maintained with a buffering system. Citric acid, malic acid, tartaric acid
      and the like can be employed in such a buffering system. A portion of such
      materials can react in situ with 1,6-di-(p-chlorophenyl biguanido) hexane
      or water-soluble salt thereof to form the water-insoluble polymer. It is
      noted that at about pH 10, the free base of the antibacterial agent is
      insoluble and is, therefore, when in such state, included within the scope
      of the oral compositions of this invention. The dentifrice vehicle
      typically includes dentally acceptable substantially water-insoluble
      polishing agent of the type commonly employed in dental creams, chewable
      tablets, powders and visually clear gels. There is a relatively large
      number of such materials known in the art. Representative materials
      include, for example, dicalcium phosphate, tricalcium phosphate, insoluble
      sodium metaphosphate, aluminium hydroxide including hydrated alumina,
      colloidal silica, magnesium carbonate, calcium carbonate, calcium
      pyrophosphate, bentonite, etc., including suitable mixtures thereof. It is
      preferred to use the water-insoluble phosphate salts as the polishing
      agents and more particularly, insoluble sodium metaphosphate and/or a
      calcium phosphate, such as dicalcium phosphate dihydrate. Crystalline
      silica having particles of sizes up to about 5 microns, a mean particle
      size of up to about 1.1 microns, and a surface area of up to about 50,000
      cm.sup.2 /g is also particularly desirable.
PAR  The hydrated alumina sold by Alcoa as C333, which contains 64.9% alumina,
      0.008% silica, 0.003% ferric oxide, 0.25% sodium oxide, 0.37% moisture (at
      10.degree.C), all amounts being by weight, has a particle size such that
      all particles are less than 50 microns and 84% are less than 20 microns
      and has a specific gravity of 2.42, is a particularly desirable polishing
      agent in dentifrice compositions containing the insolubilized
      antibacterial agent, and particularly the insolubilized disarcosinate of
      1,6-di-(p-chlorophenyl biguanido) hexane. When visually clear gels are
      employed, a polishing agent of colloidal silica, such as those sold under
      the trade mark Syloid as Syloid 72 and Syloid 74 or under the trade mark
      Santocel as Santocel 100 and alkali metal aluminosilicate complexes are
      particularly useful, since they have refractive indices close to the
      refractive indices of gelling agent-liquid (including water and/or
      humectant) systems commonly used in dentifrices.
PAR  The polishing agent may be the sole carrier material, particularly when the
      dentifrice is a tooth powder. Typically, other ingredients are present in
      the carrier and the amount of polishing agent is up to 95%, by weight of
      the carrier. In the case of a dental cream the polishing agent is
      generally about 20-75% by weight of the carrier, in a visually clear gel
      about 5-50% by weight and in a tooth powder or chewable tablet it is
      generally up to about 95% by weight of the carrier. When the
      aluminosilicate complex is employed it typically has a refractive index of
      about 1.44-1.47, up to about 20% by weight of moisture and up to about 10%
      by weight of sodium oxide.
PAR  In the preparation of tooth powders, it is usually sufficient to admix
      mechanically, e.g., by milling, the various solid ingredients, in
      appropriate quantities and particle sizes.
PAR  In dental cream and gel formulations the liquids and solids should
      necessarily be proportioned to form a creamy or gel mass of desired
      consistency which is extrudable from an aerosol container or a
      collapsible, e.g., aluminium or lead tube. In general, the liquid in the
      dental cream will comprise chiefly water, glycerine, aqueous solutions of
      sorbitol, propylene glycol, polyethylene glycol 400, etc., including
      suitable mixtures thereof. It is advantageous usually to use a mixture of
      both water and a humectant or binder such as glycerine or sorbitol. The
      total liquid content will generally be about 20 - 75% by weight of the
      formulation. In clear gels where the refractive index is an important
      consideration, about 10-30% by weight of water, 0 to about 80% by weight
      of glycerine and about 20-80% by weight of sorbitol is preferably
      employed. It is preferred to use also a gelling agent in dental creams and
      clear gels such as methyl cellulose, hydroxyethyl celluose, polyvinyl
      pyrrolidone and starch, usually in an amount up to about 10%, and
      preferably about 0.2-5% of the formula.
PAR  Organic surface-active agents which may be used in the compositions of the
      present invention to achieve increased prophylactic action, assist in
      achieving thorough and complete dispersion of the instant compositions
      throughout the oral cavity, and render the instant compositions more
      cosmetically acceptable. The organic surface active material may be
      anionic, nonionic, ampholytic, or cationic in nature, and it is preferred
      to employ as the surface active agent a detersive material which imparts
      to the composition detersive and foaming properties. Suitably such
      detergents are water-soluble salts of substantially saturated higher
      aliphatic acyl amides of lower aliphatic amino carboxylic acid compounds,
      such as those having 12 to 16 carbons in the fatty acid, alkyl or acyl
      radicals, and the like.
PAR  Examples of the last mentioned amides are N-lauroyl sarcosine, and the
      sodium, potassium, and ethanolamine salts of N-lauroyl, N-myristoyl or
      N-palmitoyl sarcosine which should be substantially free from soap or
      similar higher fatty acid material which tends to substantially reduce the
      effect of these compounds. The use of these sarcosinate compounds in
      dentifrice compositions of the present invention is particularly
      advantageous since these materials exhibit a prolonged and marked effect
      in the inhibition of acid formation in the oral cavity due to carbohydrate
      breakdown in addition to exerting some reduction in the solubility of
      tooth enamel in acid solutions. Furthermore, the antibacterial agent and
      the sarcosinate can react in situ to form desirable insoluble salts in
      accordance with the invention.
PAR  Other particularly suitable surface active materials include nonionic
      agents such as condensates or sorbitan monostearate with approximately 60
      moles of ethylene oxide, condensates of ethylene oxide with propylene
      oxide on propylene glycol ("Pluronics") and amphoteric agents such as
      quaternized imidazole derivatives which are available under the trademark
      "Miranol" such as Miranol C.sub.2 M.
PAR  It is noteworthy that insoluble salts including fluorine in the anion, such
      as the monofluorophosphate salt of 1,6-di-(p-chlorophenyl biguanido)
      hexane are particularly desirable in the presence of quaternized imidazole
      amphoteric surface active agents. Dentifrice compositions containing these
      materials are highly effective in preventing brown staining of dental
      enamel and possess substantially no bitter taste. These salts also
      effectively provide antibacterial effect to the dentifrice compositions.
      Cationic surface active germicides and antibacterial compounds such as
      di-isobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride, benzyl
      dimethyl stearyl ammonium chloride, tertiary amines, having one fatty
      alkyl group (of from 12 to 18 carbon atoms) and two (poly) oxyethylene
      groups attached to the nitrogen (typically containing a total of from
      about 2 to 50 ethanoxy groups per molecule) and salts thereof with acids,
      and compounds of the structure
      ##EQU1##
      where R is a fatty alkyl group containing from about 12 to 18 carbon
      atoms, and x, y, and z total 3 or higher, as well as salts thereof with
      mineral or organic acids, may also be used. It is preferred to use from
      about 0.05 to 5% by weight of the foregoing surface-active materials in
      the instant oral preparations.
PAR  Various other materials may be incorporated in the oral preparations of
      this invention. Examples thereof are colouring or whitening agents or
      dyestuffs, preservatives, silicones, chlorophyll compounds, ammoniated
      materials such as urea, diammoniumphosphate and mixtures thereof, and
      other constituents. These adjuvants are incorporated in the instant
      compositions in amounts which do not substantially adversely affect the
      properties and characteristics desired and are selected and used in proper
      amount depending upon the particular type of preparation involved.
PAR  The insolubilized antibacterial agents employed in accordance with this
      invention do not impart a bitter or undesirable taste to oral
      compositions. The taste of the compositions may be modified by employing
      said suitable flavouring or sweetening materials. Examples of suitable
      flavouring constituents include the flavouring oils, e.g. oils of
      spearmint, peppermint, wintergreen, sassafras, clove, sage, eucalyptus,
      marjoram, cinnamon, lemon and orange, as well as methylsalicylate.
      Suitable sweetening agents include sucrose, lactose, maltose, sorbitol,
      sodium cyclamate, perillartine and saccharine. Suitably,
      flavour-sweetening agent may together comprise from about 0.01 to 5% or
      more of the compositions of the instant invention.
PAR  The compositions of the present invention may also contain a
      fluorine-containing compound having a beneficial effect on the care and
      hygiene of the oral cavity, e.g. diminution of enamel solubility in acid
      and protection of the teeth against decay. Examples thereof include sodium
      fluoride, stannous fluoride, potassium fluoride, potassium stannous
      fluoride (SnF.sub.2 -KF), potassium fluorozirconate, sodium
      hexafluorostannate, stannous chlorofluoride, and sodium
      monofluorophosphate. These materials, which dissociate or release
      fluorine-containing ions, suitably may be present in an effective but
      non-toxic amount, such as up to about 2% and usually within the range of
      about 0.1 to 1% by weight of the water soluble fluorine content thereof.
      Potassium hexafluorozirconate, sodium hexafluorostannate and sodium
      monofluorophosphate can form insoluble polymeric salts with the
      antibacterial agent in situ in the dentifrice composition and still be
      present in excess. Sodium fluoride, stannous fluoride and sodium
      monofluorophosphate are particularly preferred, as well as mixtures
      thereof.
PAR  Additional antibacterial agents may also be employed in the oral
      preparations of the instant invention to provide a total content of such
      agents of up to about 5% by weight. Typical antibacterial agents include
PA1  N.sup.1 -(4-chlorobenzyl)-N.sup.5 -(2,4-dichlorobenzyl) biguanide;
PA1  p-chlorophenyl biguanido;
PA1  4-chlorobenzhydryl biguanide;
PA1  4-chlorobenzhydrylguanylurea;
PA1  N-3-lauroxypropyl-N5-p-Chlorobenhylbiguanide,
PA1  1-(lauryldimethylammonium)-8-(p-chlorobenzyldimethylammonium) octane
      dichloride;
PA1  5,6-dichloro-2-guanidoinobenzimidazole;
PA1  N.sup.1 -p-chlorophenyl-N5-laurylbiguanide;
PA1  5-amino-1,3-bis(2-ethylhexyl)-5-methylhexahydro pyrimidine;
PA1  1,6-bis-(2-ethylhexylbiguanido) hexane
PAL  and their non-toxic acid addition salts.
PAR  Synthetic finely divided silica such as those sold under the trade marks
      Cab-o-Sil M-5, Syloid 244, Syloid 266 and Aerosil D-200 may also be
      employed in amounts of about 1-5% by weight to promote thickening or
      gelling and to improve clarity of the dentifrice.
PAR  When dentifrices, and particularly visually clear gels are prepared it may
      be desired to keep the gas or air content in the composition to a minimum.
      This may be particularly effectively done in the "Unimix" apparatus
      described in "Process Engineering", Sept. 11, 1970, Pages 81-85. In this
      apparatus a mixing tool can be rotated in clockwise or counter-clockwise
      manner, and the action of the mixing tool is followed by the action of a
      scraper blade to ensure that the working surface of the apparatus is
      scraped clean. Preferably, a plastic such as polytetrafluorethane is used
      as the scraper since it is compatible with the various ingredients of the
      dentifrice. The positioning of the mixing tool and the scraper from a
      raised central column in the apparatus and the further presence of a
      hydraulically operated vacuum tight lid permits but little air to enter
      the formulation during processing. Thus, gelling agent and a portion of
      liquid including water and/or humectant can be efficiently blended in the
      Unimix apparatus. Then the remaining liquid can be separately blended with
      the polishing agent and additional components (except for post-added
      components, such as flavouring oil) in the Unimix, and then the two
      dispersions blended together in the Unimix apparatus. If desired, the
      small amount of air can be largely removed under the depressurised
      conditions in the apparatus. The apparatus can be used to blend
      ingredients at room temperature as well as higher temperatures.
PAR  The following specific examples are further illustrative of the nature of
      the present invention but it is understood that the invention is not
      limited thereto. Oral compositions are prepared in the usual manner,
      except as indicated, and all amounts and proportions are by weight except
      as otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  The following dentifrice is prepared:
TBL  The following       dentifrice is prepared:                               
     Components          Parts                                                 
     ______________________________________                                    
     Glycerine           20                                                    
     Hydroxyethylcellulose                                                     
                         1.2                                                   
     Hydrated alumina (Alcoa C333)                                             
                         52                                                    
     Sodium N-lauroyl sarcosinate                                              
                         2                                                     
     1,6-di-(p-chlorophenyl biguanido)                                         
     hexane digluconate  0.886                                                 
     Sodium saccharin    0.2                                                   
     Flavour (peppermint)                                                      
                         1                                                     
     Water               Balance to                                            
                         100                                                   
     ______________________________________                                    
PAR  In this dentifrice, 1,6-di-(p-chlorophenyl biguanido) hexane N-lauroyl
      disarcosinate is formed in situ and is dispersed due to the presence of
      excess sodium N-lauroyl sarcosinate.
PAR  The dentifrice above is also varied to include 0.125%, 0.25% and 0.5% of
      sodium N-lauroyl sarcosinate to form in situ precipitates of
      1,6-di-(p-chlorophenyl biguanido) hexane di-N-lauroyl sarconsinates which
      provide effective control of bacterial growth, aids in reduction of
      formation of dental plaque, does not cause stain of dental enamel and is
      compatible with the flavour.
PAC  EXAMPLE 2
PAR  The following dentifrice is prepared:
TBL  The following dentifrice is prepared:                                     
     Components          Parts                                                 
     ______________________________________                                    
     Glycerine           20                                                    
     Hydroxyethylcellulose                                                     
                         1.2                                                   
     Crystalline Silica (Minusil 5                                             
     microns)            45                                                    
     Miranol C.sub.2 M   1                                                     
     1,6-di-(p-chlorophenyl biguanido                                          
     hexane monofluorophosphate                                                
                         0.55                                                  
     Sodium saccharin    0.2                                                   
     Flavour (spearmint) 1                                                     
     Water               Balance to                                            
                         100                                                   
     ______________________________________                                    
PAR  In this dentifrice 1,6-di-(p-chlorophenyl biguanido) hexane
      monofluorophosphate is preformed and added together with the silica.
PAR  This dentifrice reduces the number of bacteria in the oral cavity, reduces
      formation of dental plaque, does not cause stain of dental enamel and has
      acceptable flavour.
PAC  EXAMPLE 3
PAR  The following dentifrice wherein precipitated 1,6-di-(p-chlorophenyl
      biguanido) hexane di-N-lauroyl sarcosinate is formed in situ is prepared:
TBL  Components          Parts                                                 
     ______________________________________                                    
     Glycerine           20                                                    
     Hydroxyethyl cellulose                                                    
                         1                                                     
     Sodium saccharin    0.2                                                   
     Hydrated alumina (Alcoa C333)                                             
                         52                                                    
     Miranol C.sub.2 M   1                                                     
     Flavour             1                                                     
     Ethanol             0.5                                                   
     1,6-di-(p-chlorophenyl biguanido)                                         
     hexane digluconate (20% solution)                                         
                         4.428                                                 
     Sodium N-lauroyl sarcosinate                                              
                         0.607                                                 
     Water               19.265                                                
     ______________________________________                                    
PAR  The dentifrice is prepared by dispersing hydroxyethyl cellulose in
      glycerine and separately dissolving sodium N-lauroyl sarcosinate in water.
      The solution is added to the dispersion together with sodium saccharin.
      1,6-di-(p-chlorophenyl biguanido) hexane digluconate solution is then
      slowly added to the other components with mixing for 1-11/2 hours.
      Hydrated alumina and then flavour and ethanol are then mixed into the
      preparation. Finally, Miranol C.sub.2 M is added and the dentifrice
      deaerated.
PAR  In the dentifrice British Aluminium MH 100 abrasive may replace Alcoa C333
      as the hydrated alumina.
PAC  EXAMPLE 4
PAR  The following dentifrice containing preformed 1,6-di-(p-chlorophenyl
      biguanido) hexane di-N-lauroyl sarcosinate is prepared:
TBL  Components          Parts                                                 
     ______________________________________                                    
     Glycerine           20                                                    
     Hydroxyethyl cellulose                                                    
                         1                                                     
     Sodium saccharin    0.2                                                   
     Hydrated alumina (Alcoa C333)                                             
                         52                                                    
     Miranol C.sub.2 M   1                                                     
     Flavour             1                                                     
     Ethanol             0.5                                                   
     1,6-di-(p-chlorophenyl biguanido)                                         
     hexane di-N-lauroyl sarcosinate                                           
                         1.06                                                  
     Water               23.24                                                 
     ______________________________________                                    
PAR  The dentifrice is prepared by rapidly stirring dispersing hydroxyethyl
      cellulose in glycerine. Sodium saccharin and water are added to the
      dispersion followed by hydrated alumina. Miranol C.sub.2 M and a solution
      of flavour, ethanol and 1,6-di-(p-chlorophenyl biguanido) hexane
      di-N-lauroyl sarcosinate are then mixed into the preparation. The
      dentifrice is then deaerated.
PAR  The dentifrice can also be prepared by adding solid 1,6-di-(p-chlorophenyl
      biguanido) hexane di-N-lauroyl sarcosinate together with the saccharin and
      water and mixing into the dispersion for 90 minutes.
PAR  The dentifrices of Examples 3 and 4 containing 1,6-di-(p-chlorophenyl
      biguanido) hexane di-N-lauroyl sarcosinate all aged well and exhibited
      antimicrobial activity. The greatest effectiveness against microorganisms
      was exhibited by the dentifrice in which the precipitate was preformed and
      dissolved in flavour during preparation.
PAC  EXAMPLE 5
PAR  1,6-di-(p-chlorophenyl biguanido) hexane monofluorophosphate is prepared by
      mixing dilute stoichiometric solutions of 1,6-di-(p-chlorophenyl
      biguanido) hexane digluconate and sodium monofluorophosphate in water to
      obtain an off-white oily precipitate of water-insoluble
      1,6-di-(p-chlorophenyl biguanido) hexane monofluorophosphate, having a
      melting point of 183.degree.-184.degree.C.
PAC  EXAMPLE 6
PAR  1,6-di-(p-chlorophenyl biguanido) hexane citrate is prepared by mixing
      dilute solutions of sodium citrate and 1,6-di-(p-chlorophenyl biguanido)
      hexane digluconate. The product obtained 1,6-di-(p-chlorophenyl biguanido)
      hexane citrate, is first an oil at room temperature which slowly becomes a
      sticky solid.
PAR  It will be apparent to one skilled in the art that various modifications of
      the above Examples may be made thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of preparing a dentifrice composition which comprises mixing in
      a dentifrice vehicle a non-toxic insolubilized salt of
      1,6-di-(p-chlorophenyl biguanido) hexane antimicrobial agent in amount
      corresponding to about 0.01-5% by weight of the free base thereof wherein
      said antimicrobial agent is in the form of a monomer salt selected from
      the group consisting of disarcosinate salt and dibenzoate salt and a
      polymer salt.
NUM  2.
PAR  2. The method of preparing the dentifrice composition claimed in claim 1
      wherein said insolubilized salt is preformed prior to mixing in said
      dentifrice vehicle.
NUM  3.
PAR  3. The method of preparing the dentifrice composition claimed in claim 2
      wherein said insolubilized salt is a polymer salt selected from the group
      consisting of phosphate, citrate, malate, tartrate, tartronate,
      monofluorophosphate, hexafluoroaluminate, hexafluorosilicate,
      hexafluorostannate and fluorozirconate.
NUM  4.
PAR  4. The method of preparing the dentifrice composition claimed in claim 3
      wherein said insolubilized salt is the monofluorophosphate salt.
NUM  5.
PAR  5. The method of preparing the dentifrice composition claimed in claim 2
      wherein said insolubilized salt is the di-N-lauroyl sarcosinate salt.
NUM  6.
PAR  6. The method of preparing the dentifrice composition claimed in claim 5
      wherein said insolubilized salt is formed by reaction of
      1,6-di-(p-chlorophenyl biguanido) hexane or salt thereof with up to a
      stoichiometric amount of sodium N-lauroyl sarcosinate.
NUM  7.
PAR  7. The method of preparing the dentifrice composition claimed in claim 6
      wherein said preformed insolubilized salt is dissolved in flavour prior to
      incorporation into the dentifrice.
NUM  8.
PAR  8. The method of preparing the dentifrice composition claimed in claim 1
      wherein said insolubilized salt is formed in situ upon mixing in said
      dentifrice vehicle.
NUM  9.
PAR  9. The method of preparing the dentifrice composition claimed in claim 8
      wherein said insolubilized salt is the di-N-lauroyl sarcosinate monomer
      salt.
NUM  10.
PAR  10. The method of preparing the dentifrice composition claimed in claim 8
      wherein said insolubilized salt is a polymer salt selected from the group
      consisting of phosphate, citrate, malate, tartrate, tartronate,
      monofluorophosphate, hexafluoroaluminate, hexafluorosilicate,
      hexafluorostannate and fluorozirconate.
NUM  11.
PAR  11. The method of preparing the dentifrice composition claimed in claim 10
      wherein said insolubilized salt is the monofluorophosphate salt.
NUM  12.
PAR  12. The method of preparing the dentifrice claimed in claim 1 wherein said
      dentifrice vehicle includes about 5-95% by weight of a dentally acceptable
      substantially water-insoluble polishing agent.
NUM  13.
PAR  13. The method of preparing the dentifrice claimed in claim 12 wherein said
      dentifrice vehicle includes about 0.05-5% by weight of an amphoteric
      quaternized imidazole surface-active agent.
NUM  14.
PAR  14. The method of preparing the dentifrice claimed in claim 12 wherein said
      dentifrice vehicle comprises a gelling agent and a liquid including water,
      a humectant or mixtures thereof.
NUM  15.
PAR  15. The method of preparing the dentifrice claimed in claim 14 wherein said
      polishing agent is present in amount of about 20-75% by weight and
      comprises a hydrated alumina.
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PAL  Anticariogenic oral compositions such as dentifrices and mouthwashes
      comprising a water-soluble fluoride salt and an indium (III)-malic acid
      water-soluble complex as a stable and dental enamel reactive source of
      indium.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of the copending application of
      William E. Cooley, Ser. No. 52,774, filed July 6, 1970, which in turn is a
      continuation-in-part of the application of William E. Cooley, Ser. No.
      848,081, filed Aug. 6, 1969 (now abandoned), which in turn is a
      continuation-in-part of the application of William E. Cooley, Ser. No.
      737,328, filed June 17, 1968 (now abandoned), which in turn is a
      continuation-in-part of the application of William E. Cooley, Ser. No.
      546,511, filed May 2, 1966 (now abandoned).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improved oral compositions useful in caries
      prophylaxis containing a water-soluble complex of indium (III) and malic
      acid.
PAR  By the term "oral composition" as used herein is meant a product which in
      the ordinary course of usage is not intentionally ingested, but is
      retained in the oral cavity for a time sufficient to contact substantially
      all of the dental surfaces. Such products include, for example,
      dentifrices, mouthwashes, chewing gums, and dental prophylaxis pastes and
      topical solutions for application in the dental office. The oral
      compositions for caries prophylaxis herein contemplated do not require
      ingestion for anticaries effect.
PAR  The efficacy of fluoride in caries prophylaxis is well established, to the
      extent that the topical application of aqueous solutions of various
      water-soluble fluorides has become a routine procedure in many dental
      offices and clinics. Moreover, toothpaste compositions containing certain
      fluorides have recently been recognized as effective against caries by the
      American Dental Association.
PAR  It is known that certain metallic ions can have a significant effect on the
      anticariogenic efficacy of fluorides. For example, a body of scientific
      literature shows that the use of a source of stannous ions in conjunctions
      with fluoride gives a more effective anticariogenic product than is
      attained with fluoride alone [J. C. Muhler et al., J.A.D.A. 51, 665
      (1955)]. More recently, relatively low concentrations of In(III) have been
      found to coact with fluorides to provide a high level of anticariogenic
      activity (U.S. Pat. 3,175,951, granted Mar. 30, 1965).
PAR  One of the problems which has developed in the formulation of stable oral
      compositions containing In(III) is the propensity of this metal to
      hydrolyze to form insoluble "indium hydroxide" and/or react with other
      constituents of the composition to form very stable complexes or highly
      insoluble compounds. The occurrence of any of the foregoing can render the
      In(III) non-reactive with dental enamel.
PAR  Similar problems have been faced in the formulation of oral products
      containing stannous tin, and various solutions have been posed. For
      example, Holliday et al., U.S. Pat. No. 3,105,798, granted Oct. 1, 1963,
      teach the use of aldonate complexes of stannous tin, such as stannous
      gluconate, to provide a water-soluble source of stannous tin in a stable
      and enamel-reactive form. Although such complexing anions are useful in
      conjunction with stannous tin, they do not provide an effective means for
      preventing hydrolysis of In(III).
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that In(III) forms a water-soluble complex with
      the malate ligand which is sufficiently stable to prevent hydrolysis and
      conversion of In(III) to inactive species, but which is highly reactive
      with dental enamel.
PAR  It is an object of this invention to provide an oral composition which
      contains effective levels of In(III) in a form which resists hydrolysis
      and conversion to non-reactive species and is reactive with dental enamal
      throughout the life of the composition.
PAR  These and other objects will become apparent from the following
      description.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In general, this invention comprises aqueous oral compositions for caries
      prophylaxis containing a water-soluble fluoride salt and an indium-malic
      acid water-soluble complex as a stable and dental-enamel reactive source
      of In(III), the pH of said composition being from about 2.5 to 7.0.
PAR  A wide variety of fluorides can be used in the compositions of this
      invention. Specifically, any water-soluble fluoride which is capable of
      providing at least 25 p.p.m. of fluoride ion in aqueous solution can be
      used to realize the benefits of this invention.
PAR  Among the fluoride salts contemplated for use in this invention are the
      following:
PAC  INORGANIC FLUORIDES
PA1  Sodium fluoride
PA1  Potassium fluoride
PA1  Lithium fluoride
PA1  Cesium fluoride
PA1  Ammonium fluoride
PA1  Aluminum fluoride
PA1  Cupric fluoride
PA1  Indium fluoride
PA1  Lead fluoride
PA1  Ferric fluoride
PA1  Nickel fluoride
PA1  Palladium fluoride
PA1  Silver fluoride
PA1  Zinc fluoride
PA1  Zirconium fluoride
PAC  ORGANIC FLUORIDES
PA0  I. water-soluble amine hydrofluorides such as the following:
PA1  Hexylamine hydrofluoride
PA1  Laurylamine hydrofluoride
PA1  Myristylamine hydrofluoride
PA1  Decanolamine hydrofluoride
PA1  Octadecenylamine hydrofluoride
PA1  Myristoxyamine hydrofluoride
PA1  Diethylaminoethyloctoylamide hydrofluoride
PA1  Diethanolaminoethyloleylamide hydrofluoride
PA1  Diethanolaminopropyl-N'-octadecenylamide dihydrofluoride
PA1  1-ethanol-2-hexadecylimidazoline dihydrofluoride
PA1  Octoylethanolamine hydrofluoride
PAR  Those compounds of this class which contain at least one hydrocarbon
      radical such as an alkyl, alkylol, alkenyl or alkylene radical having from
      8 to 20 carbon atoms are especially preferred for use in the compositions
      of this invention because of their surface-active properties. These and
      other operable amine hydrofluorides as well as a method for their
      preparation are disclosed by Schmid et al., in U.S. Pat. 3,083,143,
      granted Mar. 26, 1963.
PA0  Ii. compounds of the formula
EQU  (HOC.sub.x H.sub.2x).sub.n N.sup.+ (C.sub.y H.sub.2y.sub.+1).sub.4.sub.-n
      F.sup.=
PAL  wherein x and y are each integers from 1 to 4, and n is an integer from 1
      to 3. Such compounds include, for example, dimethyldiethanol ammonium
      fluoride, trimethylethanol ammonium fluoride, and methyltriethanol
      ammonium fluoride. Further examples and methods of preparing these
      compounds are found in U.S. Pat. 3,235,459, granted Feb. 15, 1966.
PA0  Iii. water-soluble additional compounds of amino acids and hydrofluoric
      acid or fluorides:
PAR  Examples of this class of fluorides include:
PA1  Betaine hydrofluoride
PA1  Sarcosine stannous fluoride
PA1  Alanine stannous fluoride
PA1  Glycine potassium fluoride
PA1  Sarcosine potassium fluoride
PA1  Glycine hydrofluoride
PA1  Lysine hydrofluoride
PA1  Alanine hydrofluoride
PA1  Betaine zirconium fluoride
PAR  Additional operable examples of this class of compounds as well as a method
      for their preparation are disclosed by Schmid in Canadian Patent 594,553,
      granted Mar. 15, 1960.
PAR  The quantity of fluoride salt employed in the compositions of this
      invention must be sufficient to provide at least about 25 parts of
      fluoride ions per million parts of the total composition. Extremely large
      amounts of fluoride ions do not appreciably enhance the desirable
      properties of the composition and may cause it to have toxic effects.
      Accordingly, the compositions of this invention do not contain a total or
      more than 4,000 parts fluoride ion per million parts of the total
      composition, and in the case of dentifrice compositions, preferably not
      more than about 3,000 parts per million.
PAR  As hereinbefore stated, the indium-malic acid water soluble complex is an
      essential component of the compositions of the present invention; however,
      additional indium can be provided by any water-soluble non-toxic In(III)
      compound. Preferred supplemental In(III) compounds for the purpose of this
      invention are InCl.sub.3, In(ClO.sub.4).sub.3, In(NO.sub.3).sub.3,
      In.sub.2 (SO.sub.4).sub.3. Mixtures of the foregoing indium compounds can
      be used to provide indium in the practice of this invention.
PAR  Preferably, indium fluoride will be used as a source of at least a portion
      of the total In(III). In any event, the total In(III) content must be from
      about 10 to about 7,500 p.p.m., the preferred range being from about 25 to
      about 4,000 p.p.m., and the most preferred range being from about 100 to
      about 4,000 p.p.m. If the concentration of In(III) is greater than about
      7,500 p.p.m., the reaction of fluoride with the dental enamel will be
      impaired.
PAR  The indium-malic acid water soluble complex is formed by reacting a
      water-soluble indium salt with malic acid or with a malic acid salt of a
      cation having a stability constant which is less than the formation
      constant of the corresponding soluble complex, the molar ratio of malic
      acid or malic acid salt to indium salt being in a range of from about 1:1
      to about 6:1. A molar ratio of 2.98:1 is most preferred. Among the salts
      of malic acid which can be used to prepare said complex are the alkali
      metal (e.g., sodium and potassium), ammonium, and substituted ammonium
      (e.g., mono-, di- and triethanolammonium) salts of malic acid.
PAR  The pH of the compositions of this invention lies between about 2.5 and 7,
      the preferred range being from about 4.0 to 6.5. Above about pH 7 loss of
      In(III) available for reaction with enamel can be too rapid; and, certain
      flavoring substances, especially esters, deteriorate rapidly. Too low a
      pH, below about 2.5, produces an astringent taste which is highly
      objectionable to most people. It also accelerates the hydrolysis of
      certain of the sudsing agents thereby producing an unpleasant "fatty acid
      taste" and reducing the amount of sudsing obtained in use. Furthermore, pH
      values below 2.5 tend to cause corrosion of metal tubes in which the
      composition may be stored, and tend to hydrolyze other ingredients such as
      condensed phosphates if used as abrasives. Such hydrolysis can decrease
      the availability of In(III) by providing anions with which it can form
      very stable complexes or with which it can precipitate as highly insoluble
      compounds.
PAR  In addition to water, and the essential ingredients described herein, the
      compositions of this invention can contain the usual dentifrice,
      mouthwash, etc., components. For example, toothpastes typically contain an
      abrasive material, sudsing agent, binders, humectants, flavoring and
      sweetening materials.
PAR  The abrasives preferably should be relatively insoluble and relatively
      stable at the pH ranges herein specified. They desirably should not be too
      abrasive so as to scratch the surface of the teeth or unduly abrade the
      dentin, but they desirably should have just sufficient abrading power to
      clean the teeth. In the practice of this invention, any dental abrasives
      can be used which have these properties, and are sufficiently compatible
      with In(III) ion and fluoride ions.
PAR  Preferred abrasives for use in the fluoride-containing dentifrices of this
      invention include the insoluble condensed phosphates and the
      water-impervious, cross-linked, thermosetting resins. Examples of such
      insoluble condensed phosphates include calcium pyrophosphate, insoluble
      highly polymerized calcium polyphosphate -- sometimes called calcium
      polymetaphosphate, and insoluble highly polymerized sodium polyphosphate
      -- sometimes called insoluble sodium metaphosphate. Examples of operable
      resin abrasives are the particulate condensation products of formaldehyde
      with melamine and/or urea, and others fully described in U.S. Pat.
      3,070,510, granted Dec. 25, 1962. Mixtures of abrasives can be used.
PAR  The total amount of abrasive materials in dentifrices of this invention can
      range from 0.5% to 95% by weight of the dentifrice. Preferably,
      toothpastes contain from 20% to 60% by weight, and tooth powders contain
      from 60% to 95% by weight.
PAR  Dentifrices conventionally contain sudsing agents, although these are not
      critical in the practice of the present invention. Any of the commonly
      used sudsing agents can be used if they are reasonably stable and form
      suds within the pH range of the compositions of this invention. Examples
      of suitable sudsing agents include, but are not limited to, water-soluble
      alkyl sulfates having alkyl groups of from about 8 to 18 carbon atoms,
      such as sodium lauryl sulfate; water-soluble salts of sulfonated
      monoglycerides of fatty acids having from 10 to 18 carbon atoms, such as
      sodium coconut monoglyceride sulfonate; salts of fatty acid amides of
      taurines, such as sodium-N-methyl-N-palmitoyl tauride; salts of fatty acid
      esters of isethionic acid and substantially saturated aliphatic acyl
      amides of saturated aliphatic monoaminocarboxylic acids having 2 to 6
      carbon atoms and in which the acyl radical contains 12 to 16 carbon atoms,
      such as sodium N-lauroyl sarcoside. Mixtures of two or more sudsing agents
      can also be used.
PAR  Sudsing agents can be used in the compositions of this invention in an
      amount of from 0.5% to 5.0% by weight of the total composition.
PAR  In preparing toothpastes, it is necessary to add some thickening material.
      Preferred thickening agents are hydroxyethylcellulose and water-soluble
      salts of cellulose ethers such as sodium carboxymethylcellulose and sodium
      carboxymethylhydroxyethylcellulose. Natural gums such as gum karaya, gum
      arabic, and gum tragacanth also can be used as thickeners, but may tend to
      cause undesirable odors or flavors in some formulations. Colloidal
      magnesium aluminum silicate or finely divided silica can be used as a part
      of the thickening agent for improvement in texture. Thickening agents in
      an amount of from 0.5% to 5.0% by weight of toothpaste, can be used to
      form a satisfactory toothpaste.
PAR  Suitable humectants include glycerine, sorbitol, and other polyhydric
      alcohols. The humectants may comprise up to about 35% of the toothpaste
      composition.
PAR  Oral compositions additionally contain small amounts of flavorings, such as
      oil of wintergreen, oil of peppermint, oil of spearmint, oil of sassafras,
      and oil of anise. Small amounts of sweetening agents such as saccharin,
      dextrose, and levulose are also conventionally added to such compositions.
PAR  Toothpastes generally contain from about 5% to about 50% water.
PAR  The dental enamel reactivity of the indium contained in an oral composition
      such as a dentifrice can be determined by measuring the amount of In(III)
      uptake by an enamel sample after exposure to the dentifrice according to
      the following procedure:
PAR  Tooth chips having a surface area of 25 to 35 mm.sup.2 are mounted on
      plastic rods and coated with a dental plastic so that only the enamel
      surfaces are exposed. The surfaces are cleaned and polished and etched by
      immersion in a 2M solution of perchloric acid for one minute. The tooth
      chips are again cleaned and polished and placed in an agar-lactic acid
      decalcifying medium (comprised of 6% agar of the "pH 5" type in .04N
      lactic acid) for 48 hours at 5.degree.C.
PAR  After exposure to the decalcifying medium, the tooth chips are cleaned and
      immersed in a slurry comprised of 1 part of the dentifrice to be tested
      and 3 parts of saliva, rotating the chips in the slurry at about 200
      r.p.m. for 21 minutes. The treated chips are rinsed in distilled water,
      the dental plastic is removed and the dentin portion of the tooth chips is
      ground off from the underside of the chips so that only the treated dental
      enamel remains.
PAR  The dental enamel is analyzed for In and this value is expressed in
      micrograms per square centimeter (.mu.g/cm.sup.2).
PAR  The stability of the dentifrice on storage with respect to supplying
      available In(III) to react with dental enamel can be measured as a
      function of the age of the dentifrice in the following manner.
PAR  After specified intervals of time, soluble In(III) is determined by mixing
      1 part of the dentifrice with 3 parts of distilled water for 10 minutes.
      The solids are then removed by centrifugation for 30 minutes at 12,000
      r.p.m. and the In(III) concentration in an aliquot of the supernatant is
      determined by emission spectrography. Results are reported as parts
      soluble In(III) per million.
DETD
PAR  The following examples illustrate the invention with greater particularity.
PAC  EXAMPLE I
PAR  The following toothpaste composition is prepared by conventional methods:
TBL  Ingredient             % by Weight                                        
     ______________________________________                                    
     Calcium pyrophosphate  40.00                                              
     Sorbitol (70% aqueous solution)                                           
                            20.00                                              
     Glycerine              10.00                                              
     Sodium coconut monoglyceride                                              
                            0.81                                               
      sulfonate                                                                
     Sodium lauryl sulfate  0.70                                               
     Sodium carboxymethylcellulose                                             
                            1.00                                               
     Magnesium aluminum silicate                                               
                            0.40                                               
     Saccharin              0.12                                               
     Flavor                 0.85                                               
     Color                  0.48                                               
     Indium fluoride (InF.sub.3 . 3H.sub.2 O)                                  
                            0.40                                               
     Malic acid             0.727                                              
     Water                  balance                                            
     Total In(III)          2,088 ppm                                          
     Molar ratio of malic acid                                                 
                            2.98:1                                             
      anion to total In(III)                                                   
     pH 4.8                                                                    
     ______________________________________                                    
PAR  The indium-malic acid water-soluble complex is formed in situ during the
      preparation of the formulation by conventional methods. Substantially the
      same results are obtained by pre-forming the complex prior to
      incorporation into the above composition.
PAR  The composition of this example is found to yield good In(III) uptake
      values when tested in the manner hereinbefore described. Effective levels
      of soluble In(III) are detected in the composition after aging for one
      year.
PAR  Regular use of this product in the conventional manner yields substantial
      reductions in caries incidence.
PAR  Additional toothpaste embodiments of this invention are set forth below:
TBL                     EXAMPLES                                               
                        II     III                                             
     Ingredient           % by Weight                                          
     ______________________________________                                    
     Calcium pyrophosphate                                                     
                          40.00    40.00                                       
     Sorbitol (70% aqueous solution)                                           
                          20.00    20.00                                       
     Glycerine            10.00    10.00                                       
     Sodium coconut mono- 0.81     0.81                                        
      glyceride sulfonate                                                      
     Sodium lauryl sulfate                                                     
                          0.70     0.70                                        
     Sodium carboxymethylcellulose                                             
                          1.10     1.10                                        
     Magnesium aluminum silicate                                               
                          0.40     0.40                                        
     Saccharin            0.12     0.12                                        
     Flavor               0.85     0.85                                        
     Color (0.1% aqueous solution)                                             
                          0.48     0.48                                        
     Methyltriethanolammonium fluoride                                         
                          0.96                                                 
     Sodium fluoride               0.22                                        
     Indium chloride InCl.sub.3    0.25                                        
     Indium perchlorate [In(ClO.sub.4).sub.3 ]                                 
                          0.45                                                 
     Malic acid           0.15     0.91                                        
     Water                balance                                              
     Total In(III) (ppm)  1,250    1,300                                       
     Molar ratio of complexing acid                                            
                          1:1      6:1                                         
      anion to total In(III)                                                   
     pH adjusted to       4.8      5.2                                         
     ______________________________________                                    
PAR  The indium-malic acid water-soluble complex is formed in situ. As disclosed
      in Example I, similar results are obtained by pre-forming the complex.
PAR  Each of the above compositions contains effective levels of dental
      enamel-reactive In(III) for periods up to one year. These compositions
      provide an effective means for caries prophylaxis when used in the
      conventional manner.
PAC  EXAMPLE IV
PAR  A conventional mouthwash in accordance with this invention is prepared
      having the following composition:
TBL  Ingredient             % by Weight                                        
     ______________________________________                                    
     Ethyl alcohol          16.00                                              
     Glycerine              10.00                                              
     Indium fluoride (InF.sub.3 . 3.sub.2 O)                                   
                            0.01925                                            
     Malic acid             0.03500                                            
     Flavoring              0.08                                               
     Saccharin              0.04                                               
     Water                  balance                                            
     Total In(III)          100 ppm                                            
     Molar ratio of malic acid                                                 
                            2.98:1                                             
      ion to total In(III)                                                     
     pH adjusted to 4.5                                                        
     ______________________________________                                    
PAR  The indium-malic acid water-soluble complex is formed in situ. A pre-formed
      complex gives substantially similar results when added to the formulation.
PAR  This mouthwash contains stable levels of enamel-reactive In(III) over a
      long period of time and yields a significant reduction in enamel
      solubility.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oral composition for caries prophylaxis comprising (1) a
      water-soluble fluoride salt in a quantity sufficient to provide from about
      100 to about 4000 p.p.m. of fluoride ion, and (2) an indium-malic acid
      water-soluble complex, the molar ratio of malic acid to indium being in a
      range of from about 1:1 to about 6:1, said composition having a total
      In(III) content of from about 10 to about 7,500 p.p.m. and a pH in the
      range from about 4.0 to 6.5.
NUM  2.
PAR  2. The composition of claim 1 wherein the indium-malic acid water-soluble
      complex has a molar ratio of 2.98:1 of malic acid to indium.
NUM  3.
PAR  3. The composition of claim 1 wherein the water-soluble fluoride is indium
      fluoride.
NUM  4.
PAR  4. The composition of claim 1 wherein the water-soluble fluoride is sodium
      fluoride.
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ABST
PAL  Oral compositions such as toothpastes, mouthwashes and the like containing
      a particular substantive bis-biguanide compound which inhibits the
      formation of plaque and caries, and a specific amino carboxylate compound
      which inhibits the tendency of the bis-biguanide compound to produce a
      stain on oral surfaces, preferably while maintaining the bis-biguanide as
      a water-soluble salt.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 338,463, filed Mar. 6, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention is "oral compositions" which term is used
      herein to designate products which in the ordinary course of usage are
      retained in the oral cavity for a time and in a manner sufficient to
      contact essentially all of the dental surfaces, but are not intentionally
      ingested. Such products include, for example, dentifrices, mouthwashes,
      prophylaxis pastes and topical solutions.
PAR  The bis-biguanide compounds of this invention are known, having been
      disclosed in U.S. Pat. 2,684,924, Rose et al., patented July 27, 1954;
      U.S. Pat. 2,990,425, Senior et al., patented June 27, 1961; U.S. Pat.
      2,830,006, Burtwell et al., patented Apr. 8, 1958; and U.S. Pat.
      2,863,019, Burtwell et al., patented Dec. 9, 1958. All of said patents are
      incorporated herein by reference. The anti-plaque activity of the
      bis-biguanides is known.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that if the specific bis-biguanide compounds
      disclosed herein and the specific amino carboxylate compounds disclosed
      herein are used together in the oral cavity in the concentrations set
      forth herein, with the amino carboxylate compound in a molar excess as set
      forth hereinafter, and the compounds either being used together or
      sequentially, the stain that is normally caused by continuous use of the
      bis-biguanide compounds alone is effectively reduced. It is preferred that
      the amino carboxylate compound and the bis-biguanide compound be used
      together.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The bis-biguanide compounds of this invention have the generic formula
      ##EQU1##
      wherein A and A' each represent either (1) a phenyl radical which
      optionally is substituted by an alkyl or alkoxy group containing from 1 to
      about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl group
      containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n may optionally be interrupted by oxygen or sulfur atoms,
      aromatic nuclei, etc. The salts of the above compounds are especially
      desirable. The water soluble salts are the most desirable since it is then
      possible to form clear solution compositions. Suitable water soluble salts
      include the acetate, the hydrochloride, and especially the gluconate salt
      of the above compounds. Water-insoluble salts are disclosed in my
      copending applications, Ser. Nos. 338,464 filed Mar. 6, 1973 and 463,495,
      filed Apr. 24, 1974, said applications being continuations-in-part of
      application Ser. No. 267,816, filed June 30, 1972, all of said
      applications being incorporated herein by reference. Water-insoluble salts
      for the purpose of this application are those having a solubility in
      25.degree.C. water of less than about 0.04%. Specific examples of these
      bis-biguanide compounds are disclosed hereinafter.
PAR  The above compounds are effective anti-plaque agents which demonstrate
      anti-caries activity. However, when compositions containing these
      compounds are used continuously in a program of oral hygiene, a rather
      offensive brown stain forms on the oral surfaces which is resistant to
      removal by ordinary brushing with conventional dentifrices. This stain
      problem prevents compositions containing these bis-biguanide compounds
      from being accepted by the consumer. The bis-biguanide compounds are
      normally used in amounts of from about 0.01 to about 2.5% by weight of the
      composition, preferably from about 0.05% to about 1.2%, and most
      preferably from about 0.1% to about 0.8%. Depending upon the composition,
      lesser or greater amounts may be used. In general, all that is required is
      to have an effective amount of the bis-biguanide salt in the mouth
      sufficient to give anti-plaque and/or anti-caries effectiveness.
PAR  The specific amino carboxylate compounds which have been found to be
      effective in preventing stain, but which do not precipitate the
      bis-biguanide compound are nitrilo triacetic acid (NTA) and hendic and
      (2-hydroxyethylnitrilodiacetic acid), and the water-soluble salts of these
      amino carboxylates. The pharmaceutically acceptable water-soluble salts,
      e.g., sodium, potassium, ammonium, indium, and stannous salts are
      especially preferred. Mixtures of the amino carboxylate compounds can also
      be used.
PAR  Similar amino carboxylates, including ethylenediaminetetraacetic acid and
      iminodiacetic acid precipitate the bis-biguanide compound.
PAR  The concentration of the amino carboxylate compound in the oral
      compositions of this invention can range from about 0.10% to about 1.25%
      by weight in excess of the amount which will react with the bis-biguanide
      compound present. Within the pH range of the oral compositions of the
      present invention, it is to be understood that the amino carboxylate
      compounds react with the bis-biguanide compounds in the ratio of two moles
      of amino carboxylate compound to one mole of bis-biguanide compound. Oral
      compositions which in the ordinary course of usage could be accidentally
      ingested should contain lower concentrations of amino carboxylate
      compound. Thus, a mouthwash in accordance with this invention preferably
      contains less than about 1% by weight of amino carboxylate compound.
      Dentifrice compositions, topical solutions and prophylaxis pastes, the
      latter to be administered professionally, can contain up to about 1.25% by
      weight, preferably from about 0.1% to about 1.0% by weight of amino
      carboxylate compound. If desired, one can use a lesser amount, so long as
      it is effective to reduce the stain.
PAR  The pH of the compositions of this invention is preferably maintained
      within the range of from about 4.5 to about 9.5. Below about 4.5, damage
      to dental enamel can occur. Above about 9.5, the alkalinity becomes
      cosmetically undesirable and may irritate soft tissue in the mouth. When
      the amino carboxylate compound is NTA or its salts, the pH is desirably in
      the range of about 4.5 to about 8.0, preferably about 6.5 to about 7.5.
      When the amino carboxylate compound is hendic acid or its salts, the pH is
      desirable in the range of about 4.5 to about 7.5, preferably from about
      5.0 to about 7.5. The pH of the compositions of the invention can be
      adjusted if necessary, by commonly used acidifying agents such as acetic
      acid, gluconic, acid, etc., or alkalizing agents such as sodium hydroxide,
      potassium hydroxide, etc.
PAR  In addition to the essential components of the oral compositions of this
      invention as described in the foregoing, such compositions can also
      contain carriers suitable for use in the oral cavity. Such carriers
      include the usual components of toothpaste, toothpowder, mouthwash,
      prophylaxis pastes and the like as more fully described hereinafter.
PAR  In addition to the amino carboxylate compound of this invention, it is
      possible to include a phosphorus-containing anti-calculus agent as
      disclosed in my copending application. Ser. No. 463,495, filed April 24,
      1974, for ORAL COMPOSITIONS FOR PLAQUE, CARIES, AND CALCULUS RETARDATION
      WITH REDUCED STAINING TENDENCIES. Said application is incorporated herein
      by reference. However, if a solution is desired containing water soluble
      bis-biguanide salt, then the phosphorus-containing anti-calculus agent
      should not be used since it will form an insoluble salt with the
      bis-biguanide compound.
PAR  A dentifrice, especially toothpaste, containing an anti-calculus agent is a
      preferred embodiment of this invention. Toothpaste compositions
      conventionally contain abrasive materials, sudsing agents, binders,
      humectants, flavoring and sweetening agents.
PAR  The abrasive should preferably be one which does not adsorb the
      bis-biguanide compound.
PAR  Suitable sudsing agents are those which are reasonably stable and form suds
      throughout a wide pH range, and which will not react with the
      bis-biguanide compound, i.e., non-soap nonionic, cationic, zwitterionic
      and amphoteric organic synthetic detergents.
PAR  The nonionic synthetic detergents which can be used with the oral
      compositions of the present invention may be broadly defined as compounds
      produced by the condensation of alkylene oxide groups (hydrophilic in
      nature) with an organic hydrophobic compound which may be aliphatic or
      alkyl-aromatic in nature. The length of the hydrophilic or polyoxyalkylene
      radical which is condensed with any particular hydrophobic group can be
      readily adjusted to yield a water-soluble compound having the desired
      degree of balance between hydrophilic and hydrophobic elements.
PAR  For example, a well-known class of nonionic synthetic detergents is made
      available on the market under the trade name of "Pluronic." These
      compounds are formed by condensing ethylene oxide with a hydrophobic base
      formed by the condensation of propylene oxide with propylene glycol. The
      hydrophobic portion of the molecule which, of course, exhibits water
      insolubility has a molecular weight of from about 1,500 to about 1,800.
      The addition of polyoxyethylene radicals to this hydrophobic portion tends
      to increase the water solubility of the molecule as a whole and the liquid
      character of the products is retained up to the point where
      polyoxyethylene content is about 50% of the total weight of the
      condensation product.
PAR  Other suitable nonionic synthetic detergents include:
PAR  1. The polyethylene oxide condensates of alkyl phenols, e.g., the
      condensation products of alkyl phenols having an alkyl group containing
      from about 6 to 12 carbon atoms in either a straight chain or branched
      chain configuration, with ethylene oxide, the said ethylene oxide being
      present in amounts equal to 10 to 60 moles of ethylene oxide per mole of
      alkyl phenol. The alkyl substituent in such compounds may be derived from
      polymerized propylene, diisobutylene, octane, or nonane, for example.
PAR  2. Those derived from the condensation of ethylene oxide with the product
      resulting from the reaction of propylene oxide and ethylene diamine --
      products which may be varied in composition depending upon the balance
      between the hydrophobic and hydrophilic elements which is desired. For
      example, compounds containing from about 40% to about 80% polyoxyethylene
      by weight and having a molecular weight of from about 5,000 to about
      11,000 resulting from the reaction of ethylene oxide groups with a
      hydrophobic base constituted of the reaction product of ethylene diamine
      and excess propylene oxide, said base having a molecular weight of the
      order of 2,500 to 3,000, are satisfactory.
PAR  3. The condensation product of aliphatic alcohols having from 8 to 18
      carbon atoms, in either straight chain or branched chain configuration,
      with ethylene oxide, e.g., a coconut alcohol ethylene oxide condensate
      having from 10 to 30 moles of ethylene oxide per mole of coconut alcohol,
      the coconut alcohol fraction having from 10 to 14 carbon atoms.
PAR  4. Long chain tertiary amine oxides corresponding to the following general
      formula,
EQU  R.sub.1 R.sub.2 R.sub.3 N O,
PAL  wherein R.sub.1 contains an alkyl, alkenyl or monohydroxy alkyl radical of
      from about 8 to about 18 carbon atoms from 0 to about 10 ethylene oxide
      moieties, and from 0 to 1 glyceryl moiety, and R.sub.2 and R.sub.3 contain
      from 1 to about 3 carbon atoms and from 0 to about 1 hydroxy group, e.g.,
      methyl, ethyl, propyl, hydroxyl ethyl, or hydroxy propyl radicals. The
      arrow in the formula is a conventional representation of a semi-polar
      bond. Examples of amine oxides suitable for use in this invention include
      dimethyldodecylamine oxide, oleyldi(2-hydroxyethyl)amine oxide,
      dimethyloctylamine oxide, dimethyldecylamine oxide,
      dimethyltetradecylamine oxide, 3,6,9-trioxaheptadecyldiethylamine oxide,
      di(2-hydroxyethyl)tetradecylamine oxide, 2-dodecoxyethyldimethylamine
      oxide, 3-dodecoxy-2-hydroxypropyldi(3-hydroxypropyl)amine oxide,
      dimethylhexadecylamine oxide.
PAR  5. Long chain tertiary phosphine oxides corresponding to the following
      general formula
EQU  RR'R"P O
PAL  wherein R contains an alkyl, alkenyl or monohydroxyalkyl radical ranging
      from 8 to 18 carbon atoms in chain length, from 0 to about 10 ethylene
      oxide moieties and from 0 to 1  glyceryl moiety and R' and R" are each
      alkyl or monohydroxyalkyl groups containing from 1 to 3 carbon atoms. The
      arrow in the formula is a conventional representation of a semipolar bond.
      Examples of suitable phosphine oxides are:
PA0  dodecyldimethylphosphine oxide,
PA0  tetradecyldimethylphosphine oxide,
PA0  tetradecylmethylethylphosphine oxide,
PA0  3,6,9-trioxaoctadecyldimethylphosphine oxide,
PA0  cetyldimethylphosphine oxide,
PA0  3-dodecoxy-2-hydroxypropyldi(2-hydroxyethyl)phosphine oxide,
PA0  stearyldimethylphosphine oxide,
PA0  cetylethylpropylphosphine oxide,
PA0  oleyldiethylphosphine oxide,
PA0  dodecyldiethylphosphine oxide,
PA0  tetradecyldiethylphosphine oxide,
PA0  dodecyldipropyiphosphine oxide,
PA0  dodecyldi(hydroxymethyl)phosphine oxide,
PA0  dodecyldi(2-hydroxyethyl)phosphine oxide,
PA0  tetradecylmethyl-2-hydroxypropylphosphine oxide,
PA0  oleyldimethylphosphine oxide,
PA0  2-hydroxydodecyldimethylphosphine oxide.
PAR  6. Long chain dialkyl sulfoxides containing one short chain alkyl or
      hydroxy alkyl radical of 1 to about 3 carbon atoms (usually methyl) and
      one long hydrophobic chain which contains alkyl, alkenyl, hydroxy alkyl,
      or keto alkyl radicals containing from about 8 to about 20 carbon atoms,
      from 0 to about 10 ethylene oxide moieties and from 0 to 1 glyceryl
      moiety. Examples include:
PA0  octadecyl methyl sulfoxide, 2-ketotridecyl methyl sulfoxide,
PA0  3,6,9-trioxaoctadecyl 2-hydroxyethyl sulfoxide,
PA0  dodecyl methyl sulfoxide,
PA0  oleyl 3-hydroxy propyl sulfoxide,
PA0  tetradecyl methyl sulfoxide,
PA0  3-methoxytridecyl methyl sulfoxide
PA0  3-hydroxytridecyl methyl sulfoxide,
PA0  3-hydroxy-4-dodecoxybutyl methyl sulfoxide.
PAR  The zwitterionic synthetic detergents useful in the oral compositions of
      the present invention can be broadly described as derivatives of aliphatic
      quaternary ammonium, phosphonium, and sulfonium compounds, in which the
      aliphatic radicals can be straight chain or branched, and wherein one of
      the aliphatic substituents contains from about 8 to 18 carbon atoms and
      one contains an anionic water solubilizing group, e.g., carboxy,
      sulfonate, sulfate, phosphate, or phosphonate. A general formula for these
      compounds is:
      ##EQU2##
      wherein R.sup.2 contains an alkyl, alkenyl, or hydroxy alkyl radical of
      from about 8 to about 18 carbon atoms, from 0 to about 10 ethylene oxide
      moieties and from 0 to 1 glyceryl moiety; Y is selected from the group
      consisting of nitrogen, phosphorus, and sulfur atoms; R.sup.3 is an alkyl
      or monohydroxyalkyl group containing 1 to about 3 carbon atoms; x is 1
      when Y is a sulfur atom and 2 when Y is a nitrogen or phosphorus atom,
      R.sup.4 is an alkylene or hydroxyalkylene of from 1 to about 4 carbon
      atoms and Z is a radical selected from the group consisting of
      carboxylate, sulfonate, sulfate, phosphonate, and phosphate groups.
PAR  Examples include:
PA0  4-[N,N-di(2-hydroxyethyl)-N-octadecylammonio]-butane-1-carboxylate;
PA0  5-]S-3-hydroxypropyl-S-hexadecylsulfonio]-3-hydroxypentane-1-sulfate;
PA0  3-[P,P-diethyl-P-3,6,9-trioxatetradecoxylphosphonio]-2-hydroxypropane-1-pho
     sphate;
PA0  3-[N,N-dipropyl-N-3-dodecoxy-2-hydroxypropylammonio]-propane-1-phosphonate;
PA0  3-(N,N-dimethyl-N-hexadecylammonio)propane-1-sulfonate;
PA0  3-(N,N-dimethyl-N-hexadecylammonio)-2-hydroxypropane-1-sulfonate;
PA0  4-[N,N-di(2-hydroxyethyl)-N-(2-hydroxydodecyl)ammonio]butane-1-carboxylate;
PA0  3-[S-ethyl-S-(3-dodecoxy-2-hydroxypropyl)sulfonio]-propane-1-phosphate;
PA0  3-[-P,P-dimethyl-P-dodecylphosphonio]-propane-1-phosphonate; and
PA0  5-[N,N-di(3-hydroxypropyl)-N-hexadecylammonio]2-hydroxypentane-1-sulfate.
PAR  The cationic synthetic detergents useful in the oral compositions of the
      present invention can be broadly defined as quaternary ammonium compounds
      having 1 long alkyl chain containing from about 8 to about 18 carbon atoms
      such as lauryl trimethylammonium chloride; cetyl pyridinium chloride;
      cetyl trimethylammonium bromide;
      di-isobutylphenoxyethoxyethyl-dimethylbenzylammonium  chloride;
      coconutalkyltrimethylammonium nitrite; cetyl pyridinium fluoride; etc.
      Especially preferred are the quaternary ammonium fluorides described in
      U.S. Pat. 3,535,421 incorporated by reference hereinbefore, where said
      quaternary ammonium fluorides have detergent properties.
PAR  The amphoteric synthetic detergents useful in the present invention can be
      broadly described as derivatives of aliphatic secondary and tertiary
      amines in which the aliphatic radical can be straight chain or branched
      and wherein one of the aliphatic substituents contains from about 8 to
      about 18 carbon atoms and one contains an anionic water solubilizing
      group, e.g., carboxylate, sulfonate, sulfate, phosphate, or phosphonate.
      Examples of compounds falling within this definition are sodium
      3-dodecylaminopropionate, sodium 3-dodecylaminopropane sulfonate,
      dodecyl-beta-alanine, N-alkyl-taurines such as the one prepared by
      reacting dodecylamine with sodium isethionate according to the teaching of
      U.S. Pat. No. 2,658,072, N-higher alkyl aspartic acids such as those
      produced according to the teaching of U.S. Pat. No. 2,438,091, and the
      products sold under the trade name "Miranol" and described in U.S. Pat.
      No. 2,528,378.
PAR  The sudsing agent can be present in the dentifrice compositions of this
      invention in an amount from 0.5% to 5% by weight of the total
      compositions.
PAR  It is preferable to have a water-soluble fluoride compound present in an
      amount to give a fluoride concentration of from about 0.0025% to about
      5.0%, preferably from about 0.005% to about 2.0%, to provide additional
      anti-caries effectiveness. Suitable fluoride sources are disclosed in the
      examples given hereinafter. Preferred fluorides are sodium fluoride,
      stannous fluoride, indium fluoride, and sodium monofluorophosphate. The
      fluorides will give an insoluble bis-biguanide salt, however, and should
      only be used where that is acceptable. U.S. Pat. 3,535,421 and Agricola et
      al's U.S. Pat. application Ser. No. 329,783, filed Feb. 19, 1973, are
      incorporated herein by reference.
PAR  All parts, percentages and ratios herein are by weight unless otherwise
      indicated.
PAR  In preparing toothpastes, it is ncessary to add some thickening material to
      provide a desirable consistency. Preferred thickening agents are
      hydroxyethyl cellulose and water-soluble salts of cellulose ethers such as
      sodium carboxymethyl cellulose and sodium carboxymethyl hydroxyethyl
      cellulose. Natural gums such as gum karaya, gum arabic, and gum tragacanth
      can also be used. Colloidal magnesium aluminum silicate or finely divided
      silica can be used as part of the thickening agent to further improve
      texture. Thickening agents in an amount from 0.5% to 5.0% by weight of the
      total composition can be used.
PAR  It is also desirable to include some humectant material in a toothpaste to
      keep it from hardening. Suitable humectants include glycerine, sorbitol,
      and other edible polyhydric alcohols. The humectant can comprise up to
      about 36% by weight of the toothpaste composition.
PAR  Suitable flavoring agents include oil of wintergreen, oil of peppermint,
      oil of spearmint, oil of sassafras, and oil of clove. Sweetening agents
      which can be used include saccharin, dextrose, levulose and sodium
      cyclamate.
PAR  In its method aspect, the present invention comprises a method of reducing
      dental plaque and/or caries by applying to the oral cavity an effective
      amount of a composition of the invention. Any amount which is sufficient
      to achieve the desired reduction is an effective amount. Generally, an
      amount which supplies at least about 0.001 g. per usage of the
      bis-biguanide compound is effective.
DETD
PAR  Several representative oral compositions illustrating this invention are
      set forth in the following examples.
PAC  EXAMPLE I
PAR  A solution is prepared containing 0.2 gram chlorhexidine [1,6-di-(N.sup.5
      -p-chlorophenyl-N.sup.1 -diguanido)hexane]digluconate; 1.0 gram disodium
      nitrilotriacetate (NTA); 0.05 gram acetic acid; and 98.78 grams water,
      said solution having a pH of about 6.1. No precipitate forms. The
      resulting clear composition, when used in the mouth, inhibits the
      formation of plaque, calculus, caries and gingivitis, but with continued
      use, does not form the large amount of stain that would result if the NTA
      was not present.
PAC  EXAMPLE II
PAR  0.025 gram sodium fluoride was added to 100 grams of the solution of
      Example I. This solution inhibits the formation of plaque and calculus,
      and in addition, has greater anti-caries effectiveness.
PAC  EXAMPLE III
PAR  A solution is prepared containing 0.2 gram chlorhexidine digluconate; 1.0
      gram sodium hendate; 1.0 gram polyoxyethylene (20) sorbitan monolaurate;
      0.036 gram sodium hydroxide; and 97.76 grams water, the solution having a
      pH of 6.5 This solution, when used in the mouth on a regular basis,
      inhibits the formation of plaque, calculus and caries without excessive
      stain formation.
PAR  Several mouthwash compositions illustrating this invention are set forth in
      the following examples.
TBL  ______________________________________                                    
                     Percent by Weight                                         
     Component  Ex.        IV     V    VI   VII  VIII                          
     ______________________________________                                    
     Glycerine         10.0   10.0   10.0 10.0 10.0                            
     Ethyl alcohol     16.5   16.5   16.5 16.5 16.5                            
     Polyoxyethylene (2) sorbitan                                              
                       1.00   1.00   1.00 1.50 2.00                            
      monoisostearate                                                          
     Sodium saccharin  .045   .045   .045 .045 .045                            
     Chlorhexidine digluconate                                                 
                       0.1    0.15   0.15 0.15 0.15                            
     Flavor            .088   .088   .088 .088 .088                            
     Dipotassium NTA   0.5                     0.9                             
     Disodium hendate         0.9                                              
     Diammonium hendate              0.9                                       
     Stannous nitrilotriacetic acid       0.9                                  
     Sodium fluoride                           0.10                            
     Water             balance                                                 
     ______________________________________                                    
      Adjust pH to 7.                                                          
PAC  EXAMPLE IX
PAR  A tooth powder which constitutes yet another embodiment of this invention
      has the following formulation:
TBL  Component        Percent by Weight                                        
     ______________________________________                                    
     Calcium pyrophosphate                                                     
                      91.30                                                    
     Polyoxyethylene (20)                                                      
                      1.30                                                     
      sorbitan monolaurate                                                     
     Sodium saccharin 0.25                                                     
     Flavoring        1.45                                                     
     Chlorhexidine diacetate                                                   
                      0.70                                                     
     Disodium nitrilotriacetate                                                
                      1.00                                                     
     ______________________________________                                    
PAR  When diluted with water and brushed upon the teeth in the conventional
      manner, this composition has a pH of approximately 7.0. The composition
      retards the formation of plaque, calculus, and caries without excessive
      staining.
PAC  EXAMPLE X
PAR  A prophylaxis paste for use in the dental office for removal of stains and
      polishing the tooth surface after mechanical removal of calculus is
      formulated as follows:
TBL  Component        Percent by Weight                                        
     ______________________________________                                    
     Composition A:                                                            
     Navajo pumice    77.1                                                     
     TiO.sub.2        4.0                                                      
     Glycerine        15.352                                                   
     Hydroxyethylcellulose                                                     
                      .222                                                     
     Sodium saccharin .326                                                     
     Glycine fluoride 1.0                                                      
     Sodium nitrilotriacetate                                                  
                      2.0                                                      
     Composition B:                                                            
     Chlorhexidine digluconate                                                 
                      2.7                                                      
     Water            97.30                                                    
     ______________________________________                                    
PAR  Immediately prior to use, 5.5 gm. of Composition A are mixed with 5.5 gm.
      of Composition B to attain the desired texture and adjusted to pH 7.0. The
      paste is then applied to the tooth surfaces with a rubber prophylactic cup
      in the conventional manner. This composition inhibits the formation of
      plaque, calculus, and caries without adverse effects of stain formation.
PAC  EXAMPLE XI
PAR  A toothpaste prepared in accordance with this invention has the following
      composition:
TBL  Component           Percent by Weight                                     
     ______________________________________                                    
     Precipitated urea/formaldehyde                                            
                         31.00                                                 
      condensate (abrasive)                                                    
     Sorbitol (70% aqueous solution)                                           
                         6.25                                                  
     Glycerine           18.00                                                 
     Polyoxyethylene sorbitan                                                  
                         1.50                                                  
      (20) monoisostearate                                                     
     Hydroxyethylcellulose                                                     
                         1.15                                                  
     Magnesium aluminum silicates                                              
                         0.40                                                  
     Sodium saccharin    0.04                                                  
     Flavoring           0.95                                                  
     Disodium ethane-1-hydroxy-                                                
                         0.50                                                  
      1,1-diphosphonate                                                        
     Sodium nitrilotriacetate                                                  
                         0.9                                                   
     Sodium monofluorophosphate                                                
                         3.00                                                  
     Sodium fluoride     0.03                                                  
     Chlorhexidine digluconate                                                 
                         0.15                                                  
     Water               balance                                               
     ______________________________________                                    
PAR  Mole ratio polyphosphonate/fluoride about 2.4.
PAR  pH adjusted to 7.5 with 5N.NaOH.
PAR  This composition is effective in retarding the formation of dental calculus
      when used in a conventional manner. This composition also inhibits plaque
      and caries.
PAC  EXAMPLE XII
TBL  Component        Percent by Weight                                        
     ______________________________________                                    
     Chlorhexidine digluconate                                                 
                      0.15                                                     
     NTA (Na.sub.2 salt)                                                       
                      0.9                                                      
     Brij. 35 SP      1.0                                                      
     Ethanol          12.0                                                     
     Glycerol         6.0                                                      
     Water            balance                                                  
     ______________________________________                                    
PAC  EXAMPLE XIII
PAR  Oral surfaces are treated sequentially with a 0.2% aqueous solution of
      chlorhexidine digluconate and a 1% aqueous solution of disodium
      nitrilotriacetate containing 0.25% sodium fluoride.
PAR  When in the above examples the following water-soluble fluoride agents are
      substituted, either wholly or in part, for the sodium fluoride,
      substantially equivalent results are obtained in that the formulas provide
      additional anti-caries activity: sodium monofluorophosphate, stannous
      fluoride, potassium fluoride, lithium fluoride, cesium fluoride, ammonium
      fluoride, indium fluoride, stannous fluorozirconate, lead fluoride,
      palladium fluoride, zinc fluoride, zirconium fluoride, hexylamine
      hydrofluoride, laurylamine hydrofluoride, myristylamine hydrofluoride,
      decanolamine hydrofluoride, octadecenylamine hydrofluoride, myristoxyamine
      hydrofluoride, diethylaminoethyloctoylamide hydrofluoride,
      diethanolaminoethyloleylamide hydrofluoride,
      diethanolaminopropyl-N'-octadecenylamine dihydrofluoride,
      1-ethanol-2-hexadecylimidazoline dihydrofluoride, octoylethanolamine
      hydrofluoride, octyltrimethylammonium fluoride,
      dodecylethyldimethylammonium fluoride, tetraethylammonium fluoride,
      dilauryldimethylammonium fluoride, .DELTA..sup.8,9
      -octadecenylbenzyldimethylammonium fluoride, dioctyldiethylammonium
      fluoride, cyclohexylcetyldimethylammonium fluoride,
      furfuryllauryldimethylammonium fluoride, phenoxyethylcetyldimethylammonium
      fluoride, N:N'-tetramethyl-N:N'-dilaurylethylene-diammonium difluoride,
      N-cetylpyridinium fluoride, N:N-dilauryl-morpholinium fluoride,
      N-myristyl-N-ethylmorpholinium fluoride,
      N-(octylaminocarbonylethyl)-N-benzyl-dimethylammonium fluoride,
      N-(.beta.-hydroxydodecyl)trimethylammonium fluoride,
      N-phenyl-N-hexadecyldiethylammonium fluoride,
      N-cyclohexyl-N-octadecyldimethylammonium fluoride,
      N-(2-carbomethoxyethyl)-N-benzyldimethylammonium fluoride,
      N-(2-carbocyclohexoxyethyl)-N-myristyldimethylammonium fluoride,
      N-(2-carbobenzylloxyethyl)N-dodecyldimethylammonium fluoride,
      N-[2-(N:N'-dimethylaminocarbonyl)-ethyl]-N-dodecyldiethylammonium
      fluoride, N-carboxymethyl-N-eicosyldimethylammonium fluoride, betaine
      hydrofluoride, sarcosine stannous fluoride, alanine stannous fluoride,
      glycine potassium fluoride, sarcosine potassium fluoride, glycine
      hydrofluoride, lysine hydrofluoride, alanine hydrofluoride, betaine
      zirconium fluoride, and mixtures thereof in, e.g., 1:1 proportions. The
      glycine fluorides are preferred.
PAR  When in the above examples the following surface-active agents are inserted
      in an amount of from about 1 to 2% as an additional ingredient,
      substantially equivalent results are obtained, except that the
      compositions have enhanced detergency effects: polypropylene glycol (M.W.
      1700) polyoxyethylene (M.W. 1500); polyoxypropylene (70) ethylenediamine
      polyoxyethylene (100); coconut alcohol polyoxyethylene (20);
      dimethyldodecylamine oxide; oleyldi(2(2-hydroxyethyl)amine oxide;
      dimethyloctylamine oxide; dimethyldecylamine oxide;
      dimethyltetradecylamine oxide; 3,6,9-trioxaheptadecyldiethylamine oxide;
      di(2-hydroxyethyl)tetradecylamine oxide; 2-dodecoxyethyldimethylamine
      oxide; 3-dodecoxy-2-hydroxypropyldi(3-hydroxypropyl)amine oxide;
      dimethylhexadecylamine oxide; dodecyldimethylphosphine oxide;
      tetradecyldimethylphosphine oxide; tetradecylmethylethylphosphine oxide;
      3,6,9-trioxaoctadecyldimethylphosphine oxide; cetyldimethylphosphine
      oxide; 3-dodecoxy-2-hydroxypropyldi(2-hydroxyethyl)phosphine oxide;
      stearyldimethylphosphine oxide; cetylethylpropylphosphine oxide;
      oleyldiethylphosphine oxide; dodecyldiethylphosphine oxide;
      tetradecyldiethylphosphine oxide; dodecyldipropylphosphine oxide;
      dodecyldi(hydroxymethyl)phosphine oxide;
      dodecyldi(2-hydroxyethyl)phosphine oxide;
      tetradecylmethyl-2-hydroxypropylphosphine oxide; oleyldimethylphosphine
      oxide; 2-hydroxydodecyldimethylphosphine oxide; octadecyl methyl
      sulfoxide; 2-ketotridecyl methyl sulfoxide; 3,6,9-trioxaoctadecyl
      2-hydroxyethyl sulfoxide; dodecyl methyl sulfoxide; oleyl 3-hydroxypropyl
      sulfoxide; tetradecyl methyl sulfoxide; 3-methoxytridecyl methyl
      sulfoxide; 3-hydroxytridecyl methyl sulfoxide; 3-hydroxy-4-dodecoxybutyl
      methyl sulfoxide;
      4-[N,N-di(2-hydroxyethyl)-N-octadecylammonio]-butane-1-carboxylate;
      5-[S-3-hydroxypropyl-S-hexadecylsulfonio]-3-hydroxypentane-1-sulfate;
      3-[P,P-diethyl-P-3,6,9-trioxatetradecoxylphosphonio]-2-hydroxypropane-1-ph
     osphate;
      3-[N,N-dipropyl-N-3-dodecoxy-2-hydroxypropylammonio]-propane-1-phosphonate
     ; 3-(N,N-dimethyl-N-hexadecylammonio)propane-1-sulfonate;
      3-(N,N-dimethyl-N-hexadecylammonio)-2-hydroxypropane-1-sulfonate;
      4-[N,N-di(2-hydroxyethyl)-N-(2-hydroxydodecyl)
      ammonio]-butane-1-carboxylate;
      3-[S-ethyl-S-(3-dodecoxy-2-hydroxypropyl)sulfonio]-propane-1-phosphate;
      3-[P,P-dimethyl-P-dodecylphosphonio]-propane-1-phosphonate;
      5-[N,N-di(3-hydroxypropyl)-N-hexadecylammonio]2-hydroxypentane-1-sulfate;
      dodecyltrimethylammonium chloride; nonylbenzylethyldimethylammonium
      nitrate; tetradecylpyridinium bromide;
      octadecylbutylpropylmethylphosphonium nitrite; decyldimethylsulfonium
      chloride; (hexylphenyl)dimethylbenzylammonium fluoride;
      eicosyldimethylbenzylphosphonium chloride; coconut-alkylmethylmorpholinium
      nitrate; octadecylmethylbenzylsulfonium sulfate; laurylpyridinium
      chloride; laurylpyridinium bromide; laurylpyridinium bisulfate;
      laurylpyridinium-5-chloro-2-mercaptobenzothiazole;
      laurylpicolinium-p-toluenesulfonate; tetradecylpyridinium bromide;
      cetylpyridinium chloride; cetylpyridinium bromide; laurylisoquinolinium
      bromide; laurylisoquinolinium saccharinate; alkylisoquinolinium bromide;
      N-cetyl-N-ethyl-morpholinium ethosulfate; benzalkonium chloride;
      monoquaternaries R.sub.4 N.sup.+X.sup.- (one R group is fatty);
      octadecyltrimethylammonium chloride; coconut alkyl trimethylammonium
      chloride; dodecylbenzyltri(octyl-decyl)ammonium  chloride;
      monoquaternaries R.sub.4 N.sup.+X.sup.- (two R groups are fatty);
      dihexadecyldimethylammonium chloride; dicoconut alkyl dimethylammonium
      chloride; monoquaternaries R.sub.4 N.sup.+X.sup.- (three R groups are
      fatty); tri(hydrogenated tallow) methylammonium chloride; distilled tallow
      amine acetate; diamine acetates; N-oleyl propylene diamine monoacetate;
      condensation product of octyl phenol with 15 moles of ethylene oxide per
      mole of octyl phenol; dimethyldodecylamine oxide; dodecyldimethylphosphine
      oxide; tetradecyl methyl sulfoxide;
      3-(N,N-dimethyl-N-hexadecylammonio)propane-1-sulfonate;
      3-dodecylaminopropionate; and dodecyl-beta-alanine.
PAR  When in the above examples, the following bis-biguanide compounds are
      substituted, eitherwholly or in part (50%) for the preferred chlorhexidine
      digluconate, substantially equivalent results are obtained in that plaque,
      calculus, caries and gingivitis are inhibited with reduced staining as
      compared to the use of the bis-biguanide compounds alone
      1,6-bis-(2-ethylhexylbiguanidohexane)dihydrochloride; 1,6-di-(N.sup.5
      -phenyl-N.sup.1 -diguanido)hexane tetrahydrochloride; 1,6-di-(N.sup.5
      -phenyl-N.sup.5 -methyl-N.sup.1 -diguanido)hexane dihydrochloride;
      1,6-di(N.sup.5 -o-chlorophenyl-N.sup.1 -diguanido)hexane dihydrochloride;
      1,6-di(N.sup.5 -2,6-dichlorophenyl-N.sup.1 -diguanido)-hexane
      dihydrochloride; 1,6-di[N.sup.5 -p-methoxyphenyl-N.sup.1 -diguanido]hexane
      dihydrochloride; 1,6-di-(N.sup.5 -p-nitrophenyl-N.sup.1 -diguanido)hexane
      dihydrochloride; .omega.,.omega.'-di(N.sup.5 -phenyl-N.sup.1
      -diguanido)-di-n-propylether dihydrochloride; .omega.,.omega.'-di (N.sup.5
      -p-chlorophenyl-N.sup.1 -diguanido)-di-n-propylether tetrahydrochloride;
      1,6-di(N.sup.5 -2,4-dichlorophenyl-N.sup.1 -diguanido)hexane
      tetrahydrochloride; 1,6-di-(N.sup.5 -p-methylphenyl-N.sup.1 -diguanido)
      hexane dihydrochloride; 1,6-di-(N.sup.5 -2,4,5-trichlorophenyl-N.sup.1
      -diguanido)hexane tetrahydrochloride; 1,6-di[N.sup.5
      -alpha-(p-chlorophenyl)ethyl-N.sup.1 -diguanido]hexane dihydrochloride;
      .omega.,.omega.'-di(N.sup.5 -p-chlorophenyl-N.sup.1 -diguanido)m-xylene
      dihydrochloride; 1,12-di-(N.sup.5 -p-chlorophenyl-N.sup.1 -diguanido)
      dodecane dihydrochloride; 1,10-di(N.sup.5 -phenyl-N.sup.1 -diguanido)
      decane tetrahydrochloride; 1,12-di(N.sup.5 -phenyl-N.sup.1 -diguanido)
      dodecane tetrahydrochloride; 1,6-di(N.sup.5 -p-chlorophenyl-N.sup.1
      -diguanido)hexane tetrahydrochloride; ethylene bis (1-tolyl biguanide);
      ethylene bis (p-tolyl biguanide); ethylene bis(3,5-dimethylphenyl
      biguanide); ethylene bis(p-tolyl biguanide;ethylene bis(3,5-dimethylphenyl
      biguanide); ethylene bis(p-tert-amylphenyl biguanide); ethylene
      bis(nonylphenyl biguanide); ethylene bis (phenyl biguanide); ethylene
      bis(N-butylphenyl biguanide); ethylene bis(2,5-diethoxyphenyl biguanide);
      ethylene bis(2,4-dimethylphenyl biguanide); ethylene bis(o-diphenyl
      biguanide); ethylene bis(mixed amyl naphthyl biguanide); N-butyl ethylene
      bis(phenyl biguanide); trimethylene bis(o-tolyl biguanide); N-butyl
      trimethylene bis(phenyl biguanide); tetramethylene bis(1-tolyl biguanide);
      the specific compounds disclosed in U.S. Pat. No. 2,863,919, Birtwell et
      al., (Dec. 9, 1958), said patent being incorporated herein by reference;
      the specific compounds disclosed in U.S. Pat. No. 3,468,898, Cutler et
      al., (Sept. 23, 1969), said patent being incorporated herein by reference;
      and the corresponding pharmaceutically acceptable salts of all of the
      above such as the acetates; gluconates; hydrochlorides; hydrobromides;
      citrates; bisulfites; fluorides; polymaleates; N-coconut alkyl
      sarcosinates; phosphites; hypophophites, perfluorooctanoates; silicates;
      sorbates; salicylates; maleates; tartrates; fumarates;
      ethylenediaminetetraacetates; iminodiacetates; cinnamates; thiocyanates;
      arginates; pyromellitates; tetracarboxybutyrates; benzoates; glutarates;
      monofluorophosphates; perfluoropropionates; and the salts prepared by
      reacting the following salts with the bis-biguanide compounds: disodium
      ethane-1-hydroxy-1,1-diphosphonate; disodium salt of
      ethane-1,2-dicarboxy-1,2-diphosphonic acid; dipotassium salt of
      ethane-1,2-dicarboxy-1,2-dihydroxy-1,2-diphosphonic acid; the monocalcium
      salt of ethene-1,2-dicarboxy-1-phosphonic acid; the mono-magnesium salt of
      ethane-1,2-dicarboxy-1-hydroxy-1,1-diphosphonic acid; the
      di(triethanolammonium) salt of ethane-1,2-dicarboxy-1,2-diphosphonic acid;
      the disodium salt of ethane-1,2-dicarboxy-1,2-diphosphonic acid;
      diammonium salt of ethane-1,2-dicarboxy-1,2-diphosphonic acid; monocalcium
      salt of ethane-1,2-dicarboxy-1,2-dihydroxy-1,2-diphosphonic acid;
      distannous salt of ethane-1,2-dicarboxy-1-hydroxy-1,2-diphosphonic acid;
      indium salt of ethene-1,2-dicarboxy-1-phosphonic acid; triammonium salt of
      ethane-1,2-dicarboxy-1,2-dihydroxy-1,2-diphosphonic acid; trisodium salt
      of ethene-1,2-dicarboxy-1-phosphonic acid; distannous salt of
      ethane-1,2-dicarboxy-1,2-diphosphonic acid; hexasodium salt of cyclic
      tetraphoxphonic acid; trisodium salt of
      methanecyclohexylhydroxydiphosphonic acid; diammonium salt of
      methanecyclobutylhydroxydiphosphonic acid; monocalcium salt of
      methanecyclopentylhydroxydiphosphonic acid; distannous salt of
      methanecycloheptylhydroxydiphosphonic acid; indium salt of
      methanecyclooctylhydroxydiphosphonic acid; triaamonium salt of
      methanecyclononylhydroxydiphosphonic acid; trisodium salt of
      methanecyclodecylhydroxydiphosphonic acid; distannous salt of
      methanecyclohexylhydroxydiphosphonic acid;
      methanecycloalkylhydroxydiphosphonic acid; tris(1-phosphonoethyl)amine;
      tetrasodium salt of tris(2-phosphono-2-propyl)amine; dipotassium salt of
      bis(phosphonomethyl)-1-phosphonoethyl amine; monocalcium salt of
      bis(phosphonomethyl)-2-phosphono-2-propyl amine; monomagnesium salt of
      bis(1-phosphonoethyl)phosphonomethyl amine; distannous salt of
      bis(2-propyl)phosphonomethyl amine; Victamide and mixtures thereof, e.g.,
      1:1 and 1:1:1 ratios.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oral composition effective in inhibiting bis-biguanide tooth staining
      and the formation of plaque, caries and calculus comprising a carrier
      suitable for use in the oral cavity, and
PA1  A. from about 0.01% to about 2.5% by weight of a tooth-staining
      bis-biguanide compound, otherwise tending to produce a rather offensive
      brown tooth stain, and having the generic formula:
      ##EQU3##
      wherein A and A' each represent either (1) a phenyl radical which can
      contain as substituents up to two alkyl or alkoxy groups containing from 1
      to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl,
      or naphthyl moieties; or the pharmaceutically acceptable salts thereof;
      and
PA1  b. from about 0.10% to about 1.25% by weight, in excess of the molar amount
      which will react with the bis-biguanide compounds of an amino carboxylate
      compound which in said concentration range effectively reduces said
      bis-biguanide tooth stain, without precipitating said tooth-staining
      bis-biguanide, and which is selected from the group consisting of nitrilo
      triacetic acid and its pharmaceutically acceptable water-soluble salts;
      said composition having a pH of from about 4.5 to about 8.0.
NUM  2.
PAR  2. The composition of claim 1 wherein the bis-biguanide compound is a
      water-soluble salt.
NUM  3.
PAR  3. The composition of claim 2 wherein the pH is from about 6.5 to about
      7.5.
NUM  4.
PAR  4. The composition of claim 2 containing a water-soluble source of fluoride
      in a quantity sufficient to provide fluoride in an amount of from about
      0.0025% to about 5.0% as F.sup.-.
NUM  5.
PAR  5. The composition of claim 2 containing from about 0.05% to about 1.2% by
      weight of the bis-biguanide compound and from about 0.1% to about 1% by
      weight of the amino carboxylate compound.
NUM  6.
PAR  6. The composition of claim 2 wherein the bis-biguanide compound is
      [1,6-di-(N.sup.5 -p-chlorophenyl-N.sup.1 -diguanido) hexane] digluconate,
      and the aminocarboxylate compound is disodium nitrilotriacetate.
NUM  7.
PAR  7. The composition of claim 2 wherein the bis-biguanide compound is present
      as a pharmaceutically acceptable salt selected from the group consisting
      of the hydrochloride, acetate, and gluconate salts.
NUM  8.
PAR  8. The composition of claim 2 wherein A - (X).sub.z is an ethylhexyl group
      and n is 6.
NUM  9.
PAR  9. The composition of claim 2 wherein A and A' are each p-chlorophenyl
      groups, z and z' are 0, and n is 6.
NUM  10.
PAR  10. The process of inhibiting bis-biguanide tooth staining and dental
      plaque and caries, comprising the steps of:
PA1  A. contacting the oral cavity with a composition comprising a carrier
      suitable for use in the oral cavity, and a tooth-staining bis-biguanide
      compound otherwise tending to produce a rather offensive brown tooth
      stain, upon continuous oral use, and having the generic formula:
      ##EQU4##
      wherein A and A' each represent either (1) a phenyl radical which can
      contain as substituents up to two alkyl or alkoxy groups containing from 1
      to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 to 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms an
      aralkyl radical containing from 7 to about 12 carbon atoms; wherein n is
      an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl,
      or naphthyl moieties; or the pharmaceutically acceptable salts thereof,
      the amount of said composition being sufficient to provide at least 0.001
      grams of the said bis-biguanide compound; and
PA1  B. contacting said oral cavity with a second composition comprising a
      carrier suitable for use in the oral cavity, and from about 0.10% to about
      1.25% by weight, in excess of the molar amount which will react with the
      amount of bis-biguanide compound of Step A, of an amino carboxylate
      compound which in said  concentration range effectively reduces said
      bis-biguanide tooth stain without precipitating said tooth-staining
      bis-biguanide and which is selected from the group consisting of nitrilo
      triacetic acid and its pharmaceutically acceptable water-soluble salts;
      said composition having a pH of from about 4.5 to about 8.0.
NUM  11.
PAR  11. A process of inhibiting dental plaque and caries comprising the step of
      contacting the oral cavity with a composition comprising a carrier
      suitable for use in the oral cavity, and
PA1  A. from about 0.01% to about 2.5% by weight of a tooth-staining
      bis-biguanide compound otherwise tending to produce a rather offensive
      brown tooth stain, upon continuous use, and having the generic formula:
      ##EQU5##
      wherein A and A' each represent either (1) a phenyl radical which can
      contain as substituents up to two alkyl or alkoxy groups containing from 1
      to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 to 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl,
      or naphthyl moieties; or the pharmaceutically acceptable salts thereof;
      and
PA1  B. from about 0.01% to about 1.25% by weight, in excess of the molar amount
      which will react with the tooth-staining bis-biguanide compounds of an
      amino carboxylate compound which in said concentration range effectively
      reduces said bis-biguanide tooth stain without precipitating said
      tooth-staining bis-biguanide and which is selected from the group
      consisting of nitrilo triacetic acid and its pharmaceutically acceptable
      water-soluble salts; said composition having a pH of from about 4.5 to
      about 8.0.
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ABST
PAL  A novel class of acid addition salts of aminomethyl-o-hydroxyphenones
      having ultraviolet absorbing properties in the 300-350 mu range having the
      following formula:
      ##SPC1##
PAL  Wherein R represents hydrogen or an alkyl radical of from 1 to 4 carbon
      atoms, R.sub.1 and R.sub.2 each represents an alkyl radical of from 1 to 4
      carbon atoms, n has a value of 1 to 3 and X is an acid moiety selected
      from the group of hydrochloric, hydrobromic, sulfuric, phosphoric, acetic,
      formic, propionic, p-toluene sulfonic, behenic, benzene sulfonic,
      tartaric, citric and benzoic acids. These salts have been found to be skin
      substantive and particularly adapted for use as sun-screening and/or
      sun-tanning agents.
PARN
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      230,458, filed Feb. 29, 1972, now abandoned, and incorporates herein the
      disclosure of the parent application.
BSUM
PAR  This invention relates to a novel class of acid salts of
      aminomethyl-o-hydroxyphenones which have useful ultraviolet absorbing
      properties. More particularly, this invention relates to addition salts of
      aminomethyl-o-hydroxyphenones having ultraviolet absorbing properties in
      the 300-350 m.mu. range peaking between 300 and 325 m.mu. and to methods
      of making and using the same.
PAR  Various organic compounds are known to possess the ability to absorb
      electromagnetic radiations within the band of 2,900 to 3,700 A. When such
      compounds are incorporated into various plastic materials such as, for
      instance, transparent plastic sheets and foils, the resultant products act
      as filters for all of the radiation passing therethrough transmitting only
      such radiations as are not absorbed by the sheet and/or absorbing agent.
      It is thereby made possible to screen out undesirable radiations and to
      utilize such transparent plastic sheet and foil materials as a filter in
      connection with a large number of applications including, for example, as
      wrappings for food products and the like. While a large number of organic
      compounds have already been proposed for use as absorbents for radiations
      in the above-noted range, their incorporation into plastic sheet and foil
      materials and their use has been limited to the purposes noted above.
PAR  It is known that a great concern exists with respect to ultraviolet
      radiations emanating from the sun. The sun-derived radiations which are
      known to have deleterious effects are those having wavelengths of between
      about 250 m.mu. and 400 m.mu.. The effects of radiation on the human skin
      is a subject of highly specialized study wherein skin sensitivity and
      substantivity as well as absorbability resulting for instance from suntan
      and sunburn of harmful wavelengths must be taken into consideration for
      composition proposed as a suntanning agent. The rays of the sun which
      cause burning of the skin are those whose wavelengths are between 295 and
      320 m.mu., whereas those which cause tanning have wavelengths between 325
      and 370 m.mu..
PAR  Other effects of ultraviolet radiation which are also of considerable
      importance relate to the photochemical degradation of many products which
      are either unstable following exposure to such radiation or are affected
      to the extent that they are no longer useful or, for that matter, salable.
      Many plastic materials when exposed to ultraviolet radiation within the
      range of 250 to 400 m.mu., and particularly 325 to 400 m.mu., undergo
      degradation resulting in the substantial development of undesirable color
      bodies with a subsequent loss in transparency of the plastic. Food
      products, in addition to becoming discolored, often are, following such
      exposure, unfit for human consumption. Thus, for instance, following
      prolonged exposure to ultraviolet light, fruits, edible oils, butter and
      other food products tend to spoil and turn rancid. Further, it is well
      known that colored articles such as dyed textiles fade following exposure
      to sunlight and, in particular, to ultraviolet light. Many plastic
      materials in addition to developing undesirable color resulting in the
      reduction of transparency also become brittle, lose their elasticity,
      crack and eventually completely deteriorate. Paints, varnishes, lacquers
      and the like are particularly prone to these effects, although in
      connection with these latter materials, the transparency factor may be of
      paramount concern.
PAR  Accordingly, it is an object of this invention to provide a relatively
      inexpensive composition which displays optimum absorption activity for
      ultraviolet radiations within the range of 320 to 400 m.mu..
PAR  Another object of the invention is to provide a method for making such
      ultraviolet radiation absorbent compositions.
PAR  Still another object of the invention is to provide ultraviolet absorbing
      compositions containing a new compound.
PAR  Yet a further object of the invention is to provide compositions
      particularly adapted for use as sun-tanning and/or sun-screening agents
      containing the compounds of the invention.
PAR  Other objects and advantages of the present invention will become apparent
      from consideration of the following description.
PAR  The new compounds of the invention can be represented by the formula:
      ##SPC2##
PAL  wherein R represents hydrogen or lower alkyl such as methyl, ethyl, propyl,
      isopropyl, butyl, isobutyl and tert. butyl, R.sub.1 and R.sub.2 each
      represents an alkyl group such as methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl and tert. butyl, n has a value of 1 to 3 and X is an acid
      selected from the group of acids including hydrochloric, hydrobromic,
      sulfuric, phosphoric, acetic, formic, propionic, p-toluene sulfonic,
      behenic, citric, benzene sulfonic, tartaric and benzoic acids. The
      compounds of the invention are, thus, the acid addition salts of
      aminomethyl-o-hydroxyphenones.
PAR  Phenyl substituents in the above composition are excluded since compounds
      in this group absorb ultraviolet light beyond the wavelength useful for
      the purposes of preventing burning of the skin. For example, the chloride
      salt of 254-dihydroxyphenylphenone shows absorption activity in the
      330-350 m.mu. range and peak activity about 338-340 m.mu., which is beyond
      the wavelengths which cause sun burning but which fall within those which
      provide desirable sun tanning.
PAR  According to the invention, the compounds of the above formulae are
      prepared by reacting a compound having the following formula:
      ##SPC3##
PAL  wherein R has the same meaning as set out above with formaldehyde and a
      secondary amine having the formula:
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are each as above defined, at a temperature
      between about 50.degree. and about 100.degree.C. under a pressure of from
      atmospheric to about 200 psig. in an aqueous medium to provide the
      corresponding aminomethyl-o-hydroxyphenone and then reacting this
      intermediate product with an acid selected from the above group to form
      the acid addition salt thereof. Preferably the reaction to form the
      aminomethyl-o-hydroxyphenone is effected under reflux conditions in the
      presence of an inert diluent and most preferably in the presence of an
      alcohol such as ethanol, isopropanol, methanol and the like. Generally,
      the acid is added after removing the diluent and, in cases where the
      reaction mixture is at a temperature above 80.degree.C., after the
      intermediate product mixture is cooled to a temperature between about
      50.degree. and about 75.degree.C.
PAR  Heat has been found to accelerate the reaction to form the phenone,
      although temperatures varying from room temperature to the reflux
      temperature of the reaction mixture at whatever pressure is applied can be
      employed. The formaldehyde can be employed in the form of its highly
      concentrated aqueous solution or as paraformaldehyde.
PAR  Examples of particularly useful secondary amine reactants are
      dimethylamine, methylethylamine, diethylamine, dipropylamine,
      diisobutylamine, di-n-butylamine, and diisopropylamine. Other secondary
      amines which can be employed include di-t-butylamine, ethylpropylamine,
      n-butylethylamine and others.
PAR  In the resulting aminomethylhydroxyphenone intermediates of the present
      invention, it is necessary that the amine grouping be a tertiary amine
      group having strongly basic properties so that it will readily react with
      the acid to form a stable salt. Since secondary amines are weakly basic,
      their addition salt derivatives are comparatively unstable and, thus, the
      secondary amine group is excluded from the products of the present
      process.
PAR  The novel acid addition salts of the invention are characterized in that
      they display high absorption activity for radiations in the 300-350 m.mu.
      range and reach peak absorption within the range of 310 to 330 m.mu.. It
      is thus seen that they absorb most of the radiation producing burning of
      the skin and some radiation producing tanning while transmitting some
      radiation in the tanning range. The tanning as compared to the
      sun-screening effect is dependent on the thickness of the film containing
      the active component as well as on the concentration of the active
      component in such film. For example, a 2% or less solution of the active
      agent will allow tanning and substantially no burning while a 10% solution
      acts as a total sunscreen blocking out both tanning and burning rays.
PAR  The compounds of the invention are also characterized by their excellent
      substantivity to proteinaceous material such as skin and hair. As a
      result, they have the considerable advantage in that they are resistant to
      removal by water. This represents an improvement over the presently
      available commercial sun-tan agents such as glyceryl p-aminobenzoate and
      2-hydroxy-4-methoxy-5-benzophenonesulfonic acid as these compounds are not
      substantive to skin and hair and are, therefore, easily washed off on
      contact with water.
PAR  Suitable carriers for the acid salts of this invention include water and
      aqueous solutions of methanol, ethanol, glycerol, isopropanol, emulsions
      in vegetable oil or mineral oil, water being preferred in concentrations
      between about 60 and 100  percent of the carrier solution. The salt is
      generally employed in the solution in concentrations between about 0.05
      and about 25% of the total solution. For applications to the skin or hair,
      a salt concentration of between about 0.4 and 10% is preferred.
PAR  The present acid addition salts may also be employed for other applications
      such as ingredients in plastic compositions to prevent their degradation
      under extended exposure to ultraviolet light and to prevent deterioration
      of edible products packaged in such plastic material. Being water soluble
      and highly stable, the present compounds are easily incorporated during
      the manufacture of the plastic and thus display important advantages over
      compounds containing zwitterion structure which are substantially
      insoluble in water and which, being weak bases, form less stable salts.
DETD
PAR  The following examples will serve to illustrate the invention but are
      nowise to be construed as limiting the scope thereby.
PAC  EXAMPLE 1
PAR  Preparation of the compound having the formula:
      ##SPC4##
PAR  27 G. Resacetophenone, 39 g. dimethylamine (40% aqueous), 23 g. water, 18
      g. formaldehyde (37% aqueous) and 125 g. ethanol were refluxed for four
      hours at 83.degree.C. Thereafter, the excess ethanol and dimethylamine
      were distilled off. 18 cc. concentrated hydrochloric acid (38% aqueous)
      were added to the resultant reaction mixture until Congo Blue acidity had
      been reached. The reaction mixture was then evaporated to dryness on a
      steam bath forming a tacky solid.
PAR  A 5% solution of the compound as set out in the above formula in water was
      applied to the skin of a number of subjects and allowed to air dry
      thereon. Thereafter, the skin was exposed to ultraviolet light. The skin
      in the area to which the solution had been applied was protected whereas
      the skin which had not been covered with the solution showed evidence of
      burning.
PAR  The protection afforded by a solution of glyceryl p-aminobenzoate and a
      solution of a product of the example to skin following washing with water
      was determined by applying solutions of each of the compounds to different
      areas of skin, allowing the same to dry thereon and then washing the areas
      with water. It was found that while the product of this example afforded
      protection on exposure of the skin to ultraviolet light, burn areas
      developed at the sites where the glyceryl p-aminobenzoate had been
      applied. The foregoing results demonstrate the substantivity of this
      product in contrast to the non-substantivity of the commercial glyceryl
      p-aminobenzoate.
PAC  EXAMPLE 2
PAR  Preparation of a compound having the formula:
      ##SPC5##
PAR  83 G. 2-hydroxy-4-methoxyacetophenone (0.5 mole), 155 g. dimethylamine (40%
      aqueous), 93 g. water, 75 g. formaldehyde (37% aqueous) and 500 g. ethanol
      were mixed together and the resultant mixture heated under reflux at
      83.degree.C. for 12 hours. The ethanol and dimethylamine still present
      were then distilled off and the mixture cooled to room temperature. 70 Ml.
      concentrated hydrochloric acid (38% aqueous) was added until Congo Blue
      acidity was reached. The reaction mixture was then evaporated on a steam
      bath forming a tacky solid.
PAR  When the product of this example was applied to the skin as described for
      the novel addition salt in Example 1, similar results were obtained.
PAC  EXAMPLE 3
PAR  Preparation of a compound having the formula:
      ##SPC6##
PAR  The procedure as set out in Example 1 was followed with the exception that
      the dimethylamine was replaced by an equivalent amount of diethylamine.
      Following completion of the reaction, the alcohol and diethylamine were
      distilled off and an equimolar amount of acetic acid was used in place of
      the hydrochloric acid of Example 1. The reaction mixture was evaporated on
      a steam bath forming a tarry solid.
PAR  When this compound was applied to the skin by the procedure disclosed for
      the acid addition salt in Example 1, substantially the same results were
      obtained.
PAR  Hair was immersed in a 5% solution of the compound of the example. The
      excess material was squeezed out and the hair dried. The hair so treated
      was more resistant to light fading than hair which had been subjected to
      similar treatment but in the absence of the effective compound of the
      example.
PAR  Hair which had been subjected to dyeing was thereafter treated with a
      solution of the compound of this example. Following exposure to
      ultraviolet light, the hair maintained its color without change.
      Untreated, dyed hair, when subjected to ultraviolet light exposure
      underwent a noticeable change in color.
PAC  EXAMPLE 4
PAR  A hair shampoo having the following composition was prepared in the
      conventional manner:
TBL  Lauric monoglyceride sodium sulfate                                       
                              20.00%                                           
     Behenic acid             3.00%                                            
     Triethanolamine          3.00%                                            
     Citric acid              0.70%                                            
     Perfume                  0.40%                                            
     Water                    72.75%                                           
PAR  There was then added to the resultant shampoo sufficient compound of
      Example 1 to provide a concentration of 0.5% in the formulation. A further
      batch of shampoo was similarly prepared but using, instead of the compound
      of Example 1, the compound of Example 3. After shampooing with the
      formulations thusly prepared, the hair was exposed to ultraviolet
      radiation. No discoloration or embrittlement was observed in any instance.
      When the procedure was repeated using subjects with dyed hair,
      substantially the same results were obtained.
PAR  The aminomethyl-o-hydroxyphenones of the invention are also useful as
      filters for ultraviolet radiation in plastics in place of the ultraviolet
      absorbing agents heretofore available. In addition, they may be used in
      the preparation of filter layers for photographic elements, such as color
      photographs on opaque supports which are susceptible to image degradation
      on exposure to ultraviolet radiation. Such filter elements prepared with
      the compounds of the invention evidence high absorption of radiation
      between the wavelengths 310-350 m.mu. and this absorption does not
      diminish even after prolonged exposure.
PAC  EXAMPLE 5
PAR  Preparation of a compound having the formula:
      ##SPC7##
PAR  96 G. 2-hydroxy-4-butoxyacetophenone (0.5 mole), 155 g. dimethylamine (40%
      aqueous), 93 g. water, 75 g. formaldehyde (37% aqueous) and 500 g.
      propanol are mixed together and the resultant mixture heated under reflux
      conditions for 12 hours. The propanol and dimethylamine remaining after
      reaction are then distilled off and the mixture cooled to 60.degree.C.
      temperature. 70 ml. propionic acid is added until a pH of 3.5 is reached.
      The mixture is then evaporated on a steam bath until a soft solid is
      formed. When the product of this example is applied to the skin as
      described for the novel addition salt in Example 1, no burning occurs
      where the compound is applied.
PAC  EXAMPLE 6
PAR  Preparation of a compound having the formula:
      ##SPC8##
PAR  The procedure as set out in Example 1 is followed with the exception that
      the dimethylamine is replaced by an equivalent amount of di-t-butylamine.
      Following completion of the reaction, the alcohol and ditertiary
      butylamine are distilled off and an equal molar amount of phosphoric acid
      is used in place of the hydrochloric acid of Example 1 until a pH of 3 is
      obtained. The reaction mixture is evaporated on a steam bath forming a
      soft solid. When this compound is applied to the skin by the procedure for
      the addition salt in Example 1, substantially no burning occurs where the
      compound is applied.
PAC  EXAMPLE 7
PAR  The preparation of a compound having the formula:
      ##SPC9##
PAR  The procedure as set out in Example 2 is followed with the exception that
      2-hydroxy-4-methoxyacetophenone is replaced with
      2-hydroxy-4-methoxybutyrophenone and dimethylamine is replaced with
      diethylamine in equivalent amounts. Following the completion of the
      reaction, the alcohol and diethylamine are distilled off and an equal
      molar amount of sulfuric acid is used in place of the hydrochloric acid of
      Example 1. The reaction mixture is evaporated on a steam bath forming a
      solid product. When this compound is applied to the skin by the procedure
      disclosed for the addition salt in Example 1, substantially no burning
      occurs in the areas where the compound is applied.
PAC  EXAMPLE 8
PAR  The preparation of a compound having the formula:
      ##SPC10##
PAR  The procedure as set out in Example 1 is repeated except that
      benzensulfonic acid is substituted for hydrochloric acid. When this
      compound is applied to the skin by the procedure disclosed for the
      addition salt in Example 1, substantially no burning occurs where this
      compound is applied.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sun tanning and hair protecting composition comprising between about
      0.4% and about 10% by weight of a compound selected from the group
      consisting of acid addition salts of a compound having the formula:
      ##SPC11##
PAL  wherein R is hydrogen or an alkyl having from 1-4 carbon atoms, R.sub.1 and
      R.sub.2 each represents an alkyl having from 1-4 carbon atoms and n has a
      value of 1 to 3, said compound having ultra-violet absorption in the sun
      burning range of 300-350 m.mu. while transmitting radiation in the sun
      tanning range; and a carrier selected from the group consisting of water,
      vegetable oil, mineral oil, and aqueous solutions of methanol, ethanol,
      glycerol and isopropanol.
NUM  2.
PAR  2. The composition of claim 1 wherein the acid of the addition salt is
      selected from the group consisting of hydrochloric acid, acetic acid,
      hydrobromic acid, sulfuric acid, phosphonic acid, formic acid, propionic
      acid, p-toluene sulfonic acid, benzene sulfonic acid, behenic acid, citric
      acid, benzoic acid, and tartaric acid.
NUM  3.
PAR  3. The composition of claim 1 wherein said compound has the formula:
      ##SPC12##
NUM  4.
PAR  4. The composition of claim 1 wherein said compound has the formula:
      ##SPC13##
NUM  5.
PAR  5. The composition of claim 1 wherein said compound has the formula:
      ##SPC14##
NUM  6.
PAR  6. The composition of claim 1 wherein said compound has the formula:
      ##SPC15##
NUM  7.
PAR  7. The composition of claim 1 wherein said compound has the formula:
      ##SPC16##
NUM  8.
PAR  8. Method of protecting hair against discoloration on exposure to
      ultraviolet radiation comprising applying to the hair an effective amount
      of the composition of claim 1 prior to such exposure.
NUM  9.
PAR  9. Method of protecting skin against undue tanning or burning on exposure
      of the skin to ultraviolet radiation which comprises applying to the skin
      an effective amount of the composition of claim 1 prior to such exposure.
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ABST
PAL  An addition compound of one mol of a nucleotide and 1 to 4 mols of an amino
      carboxylic acid or an amino sulfo acid. The compound is used as an agent
      for protection against actinic radiation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Actinic radiation is a type of radiation which may induce chemical
      reactions. The ultraviolet portion of sunlight, for example, is an
      important actinic radiation. As the effect of actinic radiation on living
      organisms may be very harmful, all parts of the body which may be exposed
      to actinic radiation must be protected, and this is particularly true of
      human skin. In order to protect the skin against actinic radiation, it is
      common practice to apply preparations to the skin having agents which tend
      to essentially absorb the actinic radiation.
PAR  One well known compound for this purpose is, for example, p-aminobenzoic
      acid, but this compound has the serious drawback of showing insufficient
      absorption in the ultraviolet portion of the spectrum.
PAR  More recently purines and pyrimidines, as well as purine derivatives, such
      as the fluoro, chloro and methyl derivatives of purines, have been
      recommended as ultraviolet absorbing agents. However, these compounds do
      not show the degree of solubility which are required for the practical use
      of these compounds in protective preparations. Moreoever, they show only
      little absorption between 290 and 320 nm.
PAR  Even more important is the following phenomenon. It is known from radiation
      biology that ultraviolet radiation has a harmful effect on DNS and RNS.
      This results in the dimerization of two adjacent pyrimidine bases. This
      dimerization cannot be reversed by, for example, heat treatment. The most
      frequent dimer is the thymine dimer which may occur in the form of 6
      possible isomers. The biological significance of the thymine dimers may be
      recognized by the fact that with decreasing survival rate of
      transformability of bacteria the number of dimers increases. Most
      recently, such ultraviolet damage has also been observed on human
      epidermic cells. The formation rate of dimers is at a maximum at 280 nm,
      whereas ultraviolet radiation at about 240 nm is capable of cleaving
      dimers which have already been formed. This is in agreement with the
      biological observation that the damage in bacterial DNS caused by
      radiation at 280nm may be reversed by a second radiation at 240 nm.
      Although the thymine dimers represent the most important and most frequent
      lethal damage caused by ultraviolet radiation, dimers of the other
      pyrimidines and other types of defects may play also an important role.
PAR  From the foregoing, it is evident that a protective agent against actinic
      radiation in the ultraviolet area should not only protect against the
      erythemae generating wave lengths between 290 nm and 315 nm, with an
      erythemae maximum at 300 nm, but should also shield against ultraviolet
      radiation at about 280 nm, while, on the other hanad, it should show the
      highest possible radiation transmittance at 240 nm. This would have the
      effect that erythemae and damage at the pyrimidine bases of the nycleic
      acids are prevented and at the same time the pyrimidine dimers which may
      already be formed are reversed.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a novel group of compounds having use as agents
      for protection against actinic radiation. The new compounds are
      stocheiometric addition compounds consisting of one mol of a nucleotide
      and one to four mols of an amino carboxylic acid of amino sulfo acid.
PAR  The compounds show strong absorption of ultraviolet radiation up to about
      320 nm and although showing strong absorption in the ultraviolet area and
      particularly at about 280 nm, nevertheless, show a minimum of absorption
      at about 240 nm which is completely unexpected.
PAR  As a further advantage, the compounds are akin to the skin cells i.e.,
      compatible with the skin, and show sufficient water solubility so that
      they can incorporated in aqueous skin protective compositions.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The new compounds of the present invention are stoicheiometric addition
      compounds of one mol of a nucleotide and one to four mols of an amino
      carboxylic acid or an amino sulfo acid.
PAR  The nucleotide may be any of the known nucleotides. Nucleotides are the
      phosphoric acid esters of N-glycosides of purines or pyrimidines, such as
      adenine, guanine, cytosine, uracil or thymine. As an example, the sodium
      salt of adenosine-5'-diphosphoric acid may be described by the following
      formula:
      ##EQU1##
PAR  The nucloetides in the form of mono-,di-or tri-phosphates are natural
      products, but the nucleotides may also be made synthetically. Examples of
      mucleotides are: adenosine-5'-monophosphoric acid,
      adenosine-2'-diphosphoric acid, cytidine-3'-triphosphoric acid,
      uridine-3'-diphosphoric acid, guanosine-2-monophosphoric acid,
      uridine-5'monophosphoric acid sodium salt, cytidine-2'-triphosphoric acid,
      guanosine-5'-monophosphoric acid ammonium salt, etc.
PAR  In the above list water soluble salts, such as the ammonium and alkali
      metal salts, can be substituted for the acids.
PAR  The nucleotides, being natural products, are materials which are akin to
      the skin cells.
PAR  Since that part of a nucleotide which consists of a N-glycoside derived
      from a purine or a pyrimidine compound and a sugar, such as for example a
      pentose such as ribose, is called a nucleoside, the new compounds of the
      invention may be described by the following general formula:
EQU  [nucleoside . (PO.sub.3).sub.n.Me.sub.n.sub.+1 ]AS.sub.m
PAL  wherein Nucleoside.(PO.sub.3).sub.n.Me is a natural or synthetic
      nucleotide, Me is a hydrogen, alkali metal, ammonium or amine cation, n is
      an integer from 1 to 3, m is an integer from 1 to (n+1) and AS is an amino
      carboxylic acid or an amino sulfo acid or the alkali metal salt, ammonium
      salt, amine salt, or acid amide thereof.
PAR  The amino acids to be used in preparing the new compounds may be aliphatic,
      aromatic, naphthenic, or heterocyclic amino carboxylic or amino sulfo
      acids containing from 1 to 20 carbon atoms, and may also be substituted,
      for example by OH groups. They may contain carboxylic groups and sulfo
      groups at the same time. In addition, salts of the amino acids, such as
      the alkali metal salts, etc., can be used. Preferably, the amino acids are
      basic amino acids. According to a particular embodiment of the invention,
      the amino acids contained in one molecular compound of the invention are
      different from each other.
PAR  Examples of amino acids which may be contained in the molecular compounds
      according to the invention are as follows: o-aminobenzoic acid,
      p-aminobenzoic acid, amino salicylic acid, sulfanilic acid,
      5-amino-5-sulfo salicylic acid, aminophenol sulfo acid,
      1-amino-2-hydroxynaphthalene sulfate, Na-amino isophthalate, histidine,
      arginine, cystine, aminonaphtoic sulfo acid, etc.
PAR  The new compounds may be prepared by different methods. In general,
      separate solutions of the nucleotide and of the amino acid are prepared.
      The solvent for the nucleotide is preferably water. Also, for the amino
      acid, water is the preferred solvent, however, other solvents, such as
      acetone, have also been found to be very well suited.
PAR  The two solutions are mixed together. If a precipitate forms it is filtered
      off, suspended in water and is subsequently brought into solution again by
      the addition of alkali. From the solution thus formed, the new addition
      compound may be obtained by known methods, such as, for example,
      evaporation to dryness, application of vacuum, freeze drying, etc.
DETD
PAR  The following examples illustrate the preparation of compounds of the
      invention
PAC  EXAMPLE I
PAR  Preparation of uridine-p-aminobenzoic acid:
PAR  1 mole uridine-5-monophosphoric acid is dissolved in 10 parts water.
      Separately, 2 moles n-aminobenzoic acid are dissolved in 90 parts
      anhydrous acetone, The solution of the uridine phosphoric acid is slowly
      added with stirring to the solution of the n-aminobenzoic acid. A
      precipitate forms which is filtered off and is dried at 40.degree.C until
      it is free of acetone. Thereafter, the filter cake is suspended in water,
      and NaOH is added until the precitate dissolves. The solution of
      uridine-5'-monophosphoric acid-(p-Na-aminobenzoate).sub.2 is evaporated
      under reduced pressure. A white crystalline compound is obtained.
PAC  EXAMPLE 2
PAR  Preparation of adenosine-tryptophane:
PAR  1 mol adenosine-5'-monophosphoric acid is dissolved in 5 parts water.
      Separately, 2 mols tryptophane are dissolved in 5 parts water. Thereafter,
      the solution of the amino acid is poured into 9 parts of a 2:1 mixture of
      methanol and acetone. To this mixture the solution of the nucleotide is
      slowly added. A. precipitate forms. This precipitate is filtered off and
      dried at 60.degree.C. Then the precipitate is suspended in water. To the
      suspension the exact amount of NaOH is added to neutralize the free
      carboxylic groups of the tryptophane. The precipitate dissolves. The
      solution is evaporated under reduced pressure, and a white crystalline
      powder is obtained, which consists of adenosine-5'-monophosphoric
      acid-(Na-tryptophanate).sub.2.
PAC  EXAMPLE 3
PAR  Preparation of adenosine-5'-monophosphoric acid-(p-aminobenzoic
      acid-Na).sub.2.
PAR  1 mol of adenosine-5'-monophosphoric acid is dissolved in 5 parts water. 2
      mols of p-aminobenzoic acid are dissolved in 9 parts of a mixture of
      methanol and water. The two solutions are slowly mixed with stirring. A
      precipitate forms, which is filtered off and dried at 60.degree.C.
      Thereafter, the cake is suspended in water, and to the solution thus
      obtained NaOH is added in a sufficient amount to neutralize the carboxyl
      groups of the amino acid. The precipitate redissolves. The water is
      evaporated under reduced pressure, and a white, crystalline residue is
      obtained which consists of the desired molecular compound.
PAC  EXAMPLE 4
PAR  Preparation of guanosine-5'-diphosphoric
      acid-mono-Na-(3-amino-2-K-napthoate)-(5-diammonium-5-amino-3-sulfosalicyla
     te).
PAR  4.63 g(0.01 mol) guanosine-5'-diphosphoric acid-mono-Na salt are dissolved
      in 100 ml distilled water, 2.25 g (0.01 mol) 3-amino-K-2-napthoate and
      2.67 g(0.01 mol) 5-amino-3-sulfosalicylic acid diammonium salt are
      dissolved together in 200 ml distilled water, and this solution is added
      to the solution of the guanosine-5'-diphosphoric acid mono-Na salt. The
      solution is thoroughly stirred and is evaporated under reduced pressure.
      The crystal cake obtained may be recrystallized from water/propanol. The
      yield is 100%.
PAR  The following Table 1 lists additional compounds of the invention along
      with their physical properties.
TBL                                    TABLE I                                 
     __________________________________________________________________________
        Molecular   Brutto        N(%)    pH  UV- Extinction coefficients      
     No.                                                                       
        Compound    Formula   M.W.                                             
                                  calc.                                        
                                      found                                    
                                          (c= spec-                            
                                                  (c=0.005; d-l; water)        
                                          0.005)                               
                                              trum                             
                                                  mol.Ext.coeff.               
                                                         E250/                 
                                                             E280              
                                                                E290/          
                                                         E260                  
                                                             E260              
                                                                E260           
     __________________________________________________________________________
     1. Uridine-5'-mono-                                                       
                    C.sub.31 H.sub.37 N.sub.6 O.sub.13 P                       
                              732.63                                           
                                  11.45                                        
                                      11.43                                    
                                          6.5 .lambda.max=                     
                                                  .epsilon.=278000.+-.4%       
                                                         0.77                  
                                                             0.69              
                                                                1.51           
        phosphoric acid-                      233m.mu.                         
        (tryptophane).sub.2                                                    
     2. Adenosine-5'-mono-                                                     
                    C.sub.24 H.sub.26 N.sub.7 O.sub.11 PNa.sub.2               
                              665.34                                           
                                  14.75                                        
                                      14.89                                    
                                          6.5 .lambda.max=                     
                                                  .epsilon.=253000.+-.4%       
                                                         0.89                  
                                                             0.70              
                                                                0.4            
        phosphoric acid-                      265m.mu.                         
        (Na-p-aminobenzoate).sub.2                                             
     3. Uridine-5-Na-mono-                                                     
                    C.sub.16 H.sub.18 N.sub.3 O.sub.11 PNa.sub.2               
                              505.21                                           
                                  8.30                                         
                                      8.13                                     
                                          6.95                                 
                                              .lambda.max=                     
                                                  .epsilon.=173500.+-.4%       
                                                         0.79                  
                                                             0.71              
                                                                0.32           
        phosphoric acid-                      206m.mu.                         
        (Na-p-aminobenzoate)                                                   
     4. Uridine-5'-mono-                                                       
                    C.sub.15 H.sub.20 N.sub.8 O.sub.11 PNa.sub.2               
                              676.47                                           
                                  16.55                                        
                                      16.85                                    
                                          7.0 .mu.max=                         
                                                  .epsilon.=156000.+-.4%       
                                                         0.75                  
                                                             0.42              
                                                                0.09           
        phosphoric acid-                      210m.mu.                         
        (Na-histidine).sub.2                                                   
     5. Adenosine-5'-mono-                                                     
                    C.sub.32 H.sub.36 N.sub.9 O.sub.11 PNa.sub.2               
                              799.68                                           
                                  15.8                                         
                                      15.07                                    
                                          7.0 .lambda.max=                     
                                                  .epsilon.=320000.+-.4%       
                                                         0.76                  
                                                             0.67              
                                                                0.33           
        phosphoric acid-                      220m.mu.                         
        (Na-tryptophane).sub.2                                                 
     6. Uridine-5-mono-                                                        
                    C.sub.31 H.sub.25 N.sub.6 O.sub.13                         
                              776.59                                           
                                  10.8                                         
                                      10.53                                    
                                          7.25                                 
                                              .lambda.max=                     
                                                  .epsilon.=329200.+-.4%       
                                                         0.71                  
                                                             0.76              
                                                                0.30           
        phosphoric acid-                      222m.mu.                         
        (Na-tryptophane).sub.2                                                 
     7. Adenosune-5'-mono                                                      
                    C.sub.22 H.sub.26 N.sub.7 O.sub.15 PNa.sub.2 S.sub.2       
                              769.23                                           
                                  12.72                                        
                                      12.65                                    
                                          6.35                                 
                                              .lambda.max=                     
                                                  .epsilon.=332000.+-.4%       
                                                         0.82                  
                                                             0.45              
                                                                0.46           
        phosphoric acid-                      274m.mu.                         
        (o-Na-aminophenol-                                                     
        sulfonate).sub.2                                                       
     8. Cytidine-5'-mono-                                                      
                    C.sub.21 H.sub.26 N.sub.5 O.sub.16 PS.sub.2 Na.sub.2       
                              745.57                                           
                                  9.39                                         
                                      9.04                                     
                                          6.60                                 
                                              .lambda.max=                     
                                                  .epsilon.=298000.+-.4%       
                                                         1.41                  
                                                             1.07              
                                                                0.69           
        phosphoric acid-                      215m.mu.                         
        (Na-o-aminophenol                                                      
        sulfonate).sub.2                                                       
     9. Adenosine-5'-mono-                                                     
                    C.sub.22 H.sub.26 N.sub.7 O.sub.13 S.sub.2 P               
                              737.62.2                                         
                                  13.3                                         
                                      13.5                                     
                                          6.50                                 
                                              .lambda.max=                     
                                                  .epsilon.=265500.+-.4%       
                                                         1.06                  
                                                             0.21              
                                                                0.11           
        phosphoric acid-                      208m.mu.                         
        (Na-sulfanilate).sub.2                                                 
     10.                                                                       
        Cytidine-5'-mono-                                                      
                    C.sub.27 H.sub.34 N.sub.5 O.sub.14 PNa.sub.2               
                              729.39                                           
                                  9.65                                         
                                      9.50                                     
                                          6.65                                 
                                              .lambda.max=                     
                                                  .epsilon.=189000.+-.4%       
                                                         0.75                  
                                                             1.15              
                                                                0.40           
        phosphoric acid-                      224m.mu.                         
        (Na-tyrosine).sub.2                                                    
     11.                                                                       
        Uridine-5'-mono-                                                       
                    C.sub.27 H.sub.31 N.sub.4 O.sub.15 PNa.sub.2               
                              728.35                                           
                                  7.43                                         
                                      7.80                                     
                                          7.05                                 
                                              .lambda.max=                     
                                                  .epsilon.=164500.+-.4%       
                                                         0.64                  
                                                             0.62              
                                                                0              
        phosphoric acid-                      224m.mu.                         
        (Na-tyrosine).sub.2                                                    
     12.                                                                       
        Cytidine-5'-mono-                                                      
                    C.sub.31 H.sub.36 N.sub.7 O.sub.12 PNa.sub.2               
                              775.65                                           
                                  12.70                                        
                                      12.70                                    
                                          7.0 .lambda.max=                     
                                                  .epsilon.=295500.+-.4%       
                                                         0.71                  
                                                             1.11              
                                                                0.42           
        phosphoric acid-                      223m.mu.                         
        (Na-tryptophane).sub.2                                                 
     13.                                                                       
        Adenosine-5'-mono-                                                     
                    C.sub.24 H.sub.28 N.sub.7 O.sub.11 P                       
                              621.34                                           
                                  15.73                                        
                                      16.16                                    
                                          6.2 .lambda.max=                     
                                                  .epsilon.=236000.+-.4        
                                                         0.82                  
                                                             0.89              
                                                                0.57           
        phosphoric acid-                      265m.mu.                         
        (p-aminobenzoic                                                        
        acid).sub.2                                                            
     14.                                                                       
        Cytidine-5'-Na-mono-                                                   
                    C.sub.16 H.sub.19 N.sub.4 O.sub.12 PNa.sub.2               
                              504.25                                           
                                  11.10                                        
                                      11.30                                    
                                          7.35                                 
                                              .lambda.max=                     
                                                  .epsilon.=161000.+-.4%       
                                                         0.66                  
                                                             1.00              
                                                                0.51           
        phosphoric acid-(Na-p-                206m.mu.                         
        amino-benzoic acid)                                                    
     15.                                                                       
        Guanosine-5'-mono-                                                     
                    C.sub.24 H.sub.24 N.sub.7 O.sub.20 PS.sub.2 Na.sub.4       
                              917.59                                           
                                  10.68                                        
                                      10.01                                    
                                          7.05                                 
                                              .lambda.max=                     
                                                  .epsilon.=358000.+-.4%       
                                                         1.3 0.44              
                                                                0.14           
        phosphoric acid-                      215m.mu.                         
        (5-aminosulfosal-                                                      
        icylate).sub.2                                                         
     16.                                                                       
        Guanosine-5'-mono-                                                     
                    C.sub.30 H.sub.30 N.sub.7 O.sub.14 PS.sub.2 Na.sub.2       
                              853.73                                           
                                  11.48                                        
                                      11.18                                    
                                          6.85                                 
                                              .lambda.max=                     
                                                  .epsilon.=333000.+-.4%       
                                                         1.86                  
                                                             0.47              
                                                                0.31           
        phosphoric acid-                      210m.mu.                         
        (5-aminonaphthalene-1-                                                 
        sulfate).sub.2                                                         
     17.                                                                       
        Guanosine-5'-mono-                                                     
                    C.sub.30 H.sub.30 N.sub.7 O.sub.16 PS.sub.2 Na.sub.2       
                              885.71                                           
                                  11.07                                        
                                      10.57                                    
                                          6.85                                 
                                              .lambda.max=                     
                                                  .epsilon.=346000.+-.4%       
                                                         1.37                  
                                                             0.53              
                                                                0.41           
        phosphoric acid                       215m.mu.                         
        (1-amino-2-hydroxy-                                                    
        naphthlene sulfate).sub.2                                              
     18.                                                                       
        Uridine-5'-mono-                                                       
                    C.sub.23 H.sub.25 N.sub.4 O.sub.12 P Na.sub.2              
                              642.27                                           
                                  8.74                                         
                                      8.15                                     
                                          6.65                                 
                                              .lambda.max=                     
                                                  .epsilon.=231000.+-.4%       
                                                         0.82                  
                                                             0.69              
                                                                0.33           
        phosphoric acid-(p-                   260m.mu.                         
        amino benzoate).sub.2                                                  
     19.                                                                       
        Adenosine-5'-mono                                                      
                    C.sub.17 H.sub.20 N.sub.6 O.sub.9 P Na.sub.2               
                              529.28                                           
                                  15.85                                        
                                      15.10                                    
                                          6.8 .lambda.max=                     
                                                  .epsilon.=210500.+-.4%       
                                                         0.73                  
                                                             0.50              
                                                                0.22           
        phosphoric acid-Na-                   210m.mu.                         
        (p-aminobenzoate)                                                      
     20.                                                                       
        Cytidine-5'-mono-                                                      
                    C.sub.23 H.sub.26 N.sub.5 O.sub.12 P Na.sub.2              
                              641.31                                           
                                  10.92                                        
                                      10.97                                    
                                          5.9 .lambda.max=                     
                                                  .epsilon.=255500.+-.4%       
                                                                0.35           
        phosphoric acid-                      270m.mu.                         
        (p-aminobenzoate).sub.2                                                
     21.                                                                       
        Cytidine-5'-mono-                                                      
                    C.sub.16 H.sub.19 N.sub.4 O.sub.12 P Na.sub.2              
                              504.25                                           
                                  11.11                                        
                                      11.30                                    
                                          7.35                                 
                                              .lambda.max=                     
                                                  .epsilon.=161000.+-.4%       
                                                         0.66                  
                                                             1.00              
                                                                0.51           
        phosphoric acid -Na-                  206m.mu.                         
        (p-aminobenzoate)                                                      
     22.                                                                       
        Cytidine-5'-mono-                                                      
                    C.sub.16 H.sub.18 N.sub.3 O.sub.11 P Na.sub.2              
                              505.21                                           
                                  8.31                                         
                                      8.13                                     
                                          6.95                                 
                                              .lambda.max=                     
                                                  .epsilon.=173500.+-.4%       
                                                         0.79                  
                                                             0.71              
                                                                0.32           
        phosphoric acid-Na-                   206m.mu.                         
        (p-aminobenzoate)                                                      
     __________________________________________________________________________
PAR  The following Table illustrates the ultraviolet absorption characteristics
      at wave lengths of 300 nm, 280 nm, and 240 nm for the compounds of the
      invention, as well as other known compounds which have been used in the
      past as sun protective agents.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                            UV Absorption in %                                 
            Compound        300 nm                                             
                                  280 nm                                       
                                        240 nm                                 
     __________________________________________________________________________
     1. Adenine             14    52    100                                    
     2. Cytosine            95    98    100                                    
     3. Uracil              42    45    90                                     
     4. Guanine             11    62    73                                     
     5. Hypoxanthine        6     65    100                                    
     6. p-Aminobenzoic acid 100   100   91                                     
     7. p-Aminobenzoate     94    100   95                                     
     8. o-Aminophenol sulfate                                                  
                            72    70    98                                     
     9. Anthranilic acid(o-Aminobenzoic                                        
                            84    48    99                                     
        acid)                                                                  
     10.                                                                       
        4-Aminosalicylic acid                                                  
                            99    99    98.5                                   
     11.                                                                       
        Salicylic acid      94    74    98                                     
     12.                                                                       
        5-Amino-3-sulfosalicylic acid-Na.sub.2                                 
                            26    0     87                                     
     13.                                                                       
        Adenosine-5'-monophosphoric                                            
                            6     8     80                                     
        acid-Na.sub.2                                                          
     14.                                                                       
        Cytidine-5'-monophosphoric acid-Na.sub.2                               
                            3     88    86                                     
     15.                                                                       
        Uridine-5'-monophosphoric acid-Na.sub.2                                
                            0     55    70                                     
     16.                                                                       
        Uridine-5'-monophosphoric acid-                                        
                            76    99    79                                     
        (p-aminobenzoate).sub.2                                                
     17.                                                                       
        Cytidine-5'-monophosphoric acid-                                       
                            98    100   78                                     
        (p-aminobenzoate).sub.2                                                
     18.                                                                       
        Adenosine-5'-monophosphoric acid-                                      
                            99    100   73                                     
        (p-aminobenzoate).sub.2                                                
     19.                                                                       
        Uridine-5'-monophosphoric acid-Na                                      
                            52    95    77                                     
        (p-aminobenzoic acid)Na                                                
     20.                                                                       
        Cytidine-5'-monophosphoric acid-                                       
                            73    97    78                                     
        Na-(p-aminobenzoate)                                                   
     21.                                                                       
        Adenosine-5'-monophosphoric acid-                                      
                            65    90    77                                     
        Na-(p-aminobenzoic acid)Na                                             
     22.                                                                       
        Cytidine-5'-monophosphoric acid-                                       
                            55.5  79    98                                     
        (o-aminobenzoic acid).sub.2 Na.sub.2                                   
     __________________________________________________________________________
PAR  As may be seen from Table 2, the purine, pyrimidines, nucleotides, as well
      as the usual ultraviolet protective agents show either too strong
      absoprtion at 240 nm, i.e. they prevent the reversion of the dimer
      formation, or they do not give sufficient protection at 300 nm of 280 nm,
      respectively, and thus, cannot prevent erythemae and dimer formation. The
      components of the invention, as illustrated by samples 16-21 in the Table,
      however, fulfill these requirements in a most surprising manner.
PAR  The following table illustrates the water solubility of compounds of the
      invention as compared with other known sun protective compounds.
TBL                TABLE 3:                                                    
     ______________________________________                                    
     Solubility in Water at 20.degree.C (%)                                    
     ______________________________________                                    
     1.  Adenine                    0.084                                      
     2.  Cytosine                   0.400                                      
     3.  Uracil                     0.200                                      
     4.  Adenosine-5'-monophosphoric acid-(p-amino-                            
                                    1.00                                       
         benzoate).sub.2                                                       
     5.  Adenosine-5'-monophosphoric acid-Na-                                  
                                    4.00                                       
         (p-aminobenzoate)                                                     
     6.  Cytidine-5'-monophosphoric acid-(p-amino                              
                                    &gt;10.00                                     
         benzoate).sub.2                                                       
     7.  Cytidine-5'-monophosphoric acid -Na-                                  
                                    1.00                                       
         (p-aminobenzoate)                                                     
     8.  Uridine-5'-monophosphoric acid-(p amino                               
                                    5.00                                       
         benzoate).sub.2                                                       
     9.  Uridine-5'-monophosphoric acid-Na-                                    
                                    9.20                                       
         (P-aminobenzoate)                                                     
     ______________________________________                                    
PAR  The compounds may be used as new and extremely active agents for the
      protection against radiation, for which purpose they may be incorporated
      into aqueous or diluted alcoholic solutions, lotions, liquid or pasty
      emulsions and ointments. The compounds can be used in an amount of 0.1% to
      99.9% by weight of the cosmetic or pharmaceutical composition.
PAR  The compounds find useful application for commercial skin protection, by
      light sensitive persons, in dermatology, as sun protective agents, as
      agents for the protection of genes and cells. The compounds of the
      invention may be combined with other known radiation protective agents,
      skin protecting agents and/or medicinal agents.
PAR  Examples of Skin preparations incorporating the compounds of the invention
      are as follows in weight percent.
PA0  Water Base Lotion:
PA1  60% deionized water
PA1  5% polyoxyethylene sorbitan fatty acid ester
PA1  20% paraffinium liquidum
PA1  5% petrolatum
PA1  5% sorbitan fatty acid ester
PA1  5% uridine-5'-monophosphoric acid-(p-aminobenzoic acid-Na).sub.2
PA0  Alcohol Base Lotion:
PA1  40% ethyl alcohol
PA1  57% deionized water
PA1  3% adenosine-5'-monophosphoric acid-(p-aminobenzoic acid-Na).sub.2
PA0  Ointment:
PA1  65% petrolatum
PA1  34.5% lanolin
PA1  0.5% adenosine-tryptophane
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly point out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A topical composition for protection against actinic radiation,
      comprising a dermatologically acceptable inert carrier suitable for
      application to human skin, and having dispersed therein from 0.1% to 99.9%
      by weight of a compound of the formula:
EQU  [Nucleoside (PO.sub.3).sub.n.Me.sub.n.sub.+ 1 ]AS.sub.m
PAL  wherein the nucleoside is a glycoside of a compound selected from the group
      consisting of adenine, guanine, cytosine, uracil and thymine; Me is a
      cation selected from the group consisting of hydrogen, an alkali metal,
      and ammonium; n is an integer from 1 to 3; m is an integer from 1 to (n +
      1); and AS is acid having from 1 to 20 carbon atoms and selected from the
      group consisting of an amino carboxylic acid and an amino sulfo acid.
NUM  2.
PAR  2. The composition of claim 1, wherein the dermatologically acceptable
      inert carrier is an aqueous solution.
NUM  3.
PAR  3. The composition of claim 1, wherein AS is selected from the group
      consisting of an alkali metal salt of an amino carboxylic acid, an alkali
      metal salt of an amino sulfo acid, an ammonium salt of an amino carboxylic
      acid and an ammonium salt of an amino sulfo acid.
NUM  4.
PAR  4. The composition of claim 1, wherein AS is p-amino benzoic acid.
NUM  5.
PAR  5. A method of protecting human skin against actinic radiation, comprising
      the step of applying to the skin a dermatologically acceptable inert
      carrier containing an effective amount of a compound having the formula:
EQU  [Nucleoside (PO.sub.3).sub.n.Me.sub.n.sub.+ 1 ]AS.sub.m
PAL  wherein the nucleoside is a glycoside of a compound selected from the group
      consisting of adenine, guanine, cytosine, uracil and thymine; Me is a
      cation selected from the group consisting of hydrogen, an alkali metal,
      and ammonium; n is an integer from 1 to 3; m is an integer from 1 to (n +
      1); and AS is an acid having from 1 to 20 carbon atoms and selected from
      the group consisting of an amino carboxyoic acid and an amino sulfo acid.
NUM  6.
PAR  6. The method of claim 5, where AS is selected from the group consisting of
      an alkali metal salt of an amino carboxylic acid, and alkali metal salt of
      an amino sulfo acid, an ammonium salt of an amino carboxylic acid and an
      ammonium salt of an amino sulfo acid.
NUM  7.
PAR  7. The method of claim 5, wherein AS is p-aminobenzoic acid.
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PAL  Skin can be lightened by application of a composition containing a skin
      lightening amount of niacin and a physiologically acceptable carrier. Such
      a composition contains from 0.2% to about 10% by weight of niacin and
      optionally also a compound which absorbs ultra-violet light in the range
      290-360 nm to counteract the tanning and burning effect of sunlight.
PARN
PAR  This is a continuation, of application Ser. No. 322,251, filed Jan. 9,
      1972. Now U.S. Pat. No. 3,861,689.
PAR  This invention relates to skin cosmetic preparations which have a
      lightening effect on the skin.
PAR  Hitherto, skin preparations have been concerned with maintaining the colour
      of the skin against exposure to ultra-violet light and have been based
      upon materials which deflect and scatter incident ultra-violet light of
      the wavelength which produces the burning and tanning, or which absorb
      this light.
PAR  The colour of normal human skin is due to the presence of melanin,
      haemoglobin and carotenoids. Of these pigments, melanin is of prime
      importance in considerations of skin pigmentation and cosmetology. Melanin
      is synthesised by melanocytes, specialised cells of the basal layer of
      epidermis characterised by the presence of tyrosinase; this enzyme is
      responsible for the aerobic oxidation of 1-tyrosine to dopa and to dopa
      quinone, which in turn is converted to indole-5, 6-quinone. This monomer
      is then oxidised and polymerised to form a large polymer melanin which is
      believed to be attached, through its quinone linkages, to the amino or
      sulphydryl groups of the protein matrix of the pigment granules. Melanin
      is found in the form of fine dark-brownish granules. In highly pigmented
      skin the granules may also be present in the more deeply situated layers.
      The melanocytes in the skin of Negroes are similar to those in white races
      though generally more dendritic and larger. In skin of white races the
      melanocytes have a restricted production of small but fully melanized
      granules; in melanocytes of albinos, numerous granules are formed but they
      do not become melanized. It is believed that all melanocytes are capable
      of forming melanin, but except in very dark skins, only a proportion of
      those are engaged in this process. Thus, it is generally believed that the
      number of melanocytes in the skin does not vary substantially from
      individual to individual, only the melanin density and the distribution
      within the melanocytes varies widely amongst individuals.
PAR  Pigmentation of skin involves formation of melanin granules by melanocytes
      and their dispersion into the epidermis. While the melanocytes are sole
      producers of melanin the malpighian cell is the vehicle of melanin
      distribution or dispersion.
PAR  There has now been found a compound which lightens the skin, by, it is
      believed, retarding the melanin dispersion.
PAR  Accordingly, the present invention provides a skin lightening composition
      comprising up to 10% by weight of niacin in a cosmetically and a
      physiologically acceptable carrier.
PAR  It is believed that niacin reduces the effective concentration of cyclic
      adenylic acid (cyclic 3'-5'-AMP) which is thought to act as the second
      messenger mediating the action of various hormones including the
      melanocyte stimulating hormone involved in the dispersion of melanin.
      Cyclic 3' - 5'-AMP phosphodiesterase is an enzyme which degrades cyclic
      3'-5'-AMP to adenosine-5'-monophosphate. The activity of this enzyme has
      now been shown to be stimulated by niacin. Thus niacin is believed to
      reduce the effective concentration of cyclic 3'-5'-AMP and hence the
      dispersion of melanin granules.
PAR  Niacin is, of course, known by other names, viz, nicotinic acid or pyridine
      .beta.-carboxylic acid, and has been used in dietary treatments. It may be
      included in the skin cosmetic preparations of the invention in amounts
      from 0.1 to 10%, preferably 0.5-3% by weight of composition.
PAR  Suitable carriers are the conventional formulations in the cream, lotion,
      ointment and aerosol art.
PAR  Sunburn, melanogenesis, and pigmentation of skin are closely associated
      responses to irradiation by the erythemogenic spectrum. The
      photobiological changes that cause erythema also lead to melanogenesis and
      increased pigmentation. The so-called erythemogenic spectrum is generally
      considered to include wavelengths between 290 and 320 nm, with peaks at
      297 or 300 - 307 nm. Light of wavelengths greater than 320 nm is not
      thought to produce erythema.
PAR  The increase of melanin pigment that follows exposure of skin to solar
      radiation or ultra-violet light from artificial sources involves two
      distinct photobiological processes:
PA1  i. immediate pigment darkening of preformed pigment without induction of
      erythema, and
PA1  ii. the primary melanization involving induction of erythema, formation of
      new pigment and its dispersion.
PAL  The wavelengths which lie in the range of 320-420 nm with a broad maxima at
      420 nm are responsible for the immediate pigment darkening in skin of
      preformed pigment without induction of erythema. Primary melanisation is
      most effectively initiated by wavelengths shorter than 320 nm.
PAR  We have discovered a skin lightening composition which also imparts
      protection from the immediate pigment darkening and the primary
      melanization due to exposure to solar radiation.
PAR  Accordingly, in a second aspect the present invention provides a skin
      lightening composition comprising up to 10% by weight of niacin and an
      ultra-violet absorber absorbing in the range of 290 - 320 nm, preferably
      urocanic acid and/or a compound of the formula
      ##SPC1##
PAL  wherein R.sup.2 is alkyl containing from 1 to 4 carbon atoms, preferably
      CH.sub.3, and R.sup.3 can be alkyl containing from 4 to 10 carbon atoms,
      preferably C.sub.6 H.sub.13 or an alkoxyalkyl group of the type --R.sup.4
      --O--R.sup.5, wherein R.sup.4 is alkylene containing from 1 to 4 carbon
      atoms and R.sup.5 is alkyl containing from 1 to 4 carbon atoms.
PAR  To endow the compositions with tanning prevention properties, a compound
      having maximum absorption in the tanning ray region of the spectrum, viz,
      320 - 360 nm may be used. Examples of such compounds have the general
      formula
      ##SPC2##
PAL  wherein R is alkyl containing from 4 to 12 carbon atoms, preferably C.sub.8
      H.sub.17.
PAR  These general classes of ultra-violet absorber will now be referred to as
      "u.v. absorbers (a) "and" (b)" respectively.
PAR  Of the foregoing examples, the preferred U.V. absorbers are selected from
      urocanic acid alone, and Givtan F (commercially available from Givaudin).
      For compositions having tanning prevention properties also, Cyasorb 531
      (commercially available from the American Cyanamid Company) is the
      preferred U.V. absorber (b) to be used in association with niacin and a
      U.V. absorber (a).
PAR  The advantages of using niacin in association with a U.V. absorber in each
      of the ranges 290-320 nm and 320-360 nm, is that the resultant skin
      preparation not only lightens the skin, but protects it from both burning
      rays and tanning rays.
PAR  Appropriate amounts of U.V. absorbers (a) are from 0.1 to 4% by weight of
      composition and of U.V. absorber (b) 0.1 to 4% by weight of composition,
      and when urocanic acid is used, the latter may be present in 0.1 to 10% by
      weight of the composition.
PAR  The present invention will be further described by way of the following
      examples of cosmetic creams:
TBL                Example 1                                                   
                          Example 2                                            
                                 Example 3                                     
                                        Example 4                              
                                               Example 5                       
                                                      Example                  
                                                             Example 7         
                   % by weight                                                 
                          % by weight                                          
                                 % by weight                                   
                                        % by weight                            
                                               % by weight                     
                                                      % by weight              
                                                             % by              
     __________________________________________________________________________
                                                             weight            
     Mineral oil   3.00   --     3.00   3.00   3.00   3.00   3.00              
     Glycerol monostearate                                                     
                   3.00   --     3.00   3.00   3.00   3.00   3.00              
     Nipagin       0.10   0.05   0.10   0.10   0.10   0.10   0.10              
     Stearic acid  10.00  24.00  10.00  10.00  10.00  10.00  10.00             
     Disodium orthophosphate                                                   
                   0.70   --     0.70   0.70   0.70   0.70   0.70              
     Citric Acid   0.04   --     0.04   0.04   0.04   0.04   0.04              
     Sodium Hydroxide                                                          
                   0.46   0.20   0.46   0.46   0.46   0.46   0.46              
     Triethanolamine                                                           
                   --     1.00   --     --     --     --     --                
     Urocanic Acid 0.50   0.05   0.05   --     --     2.00   --                
     Niacin        1.00   1.00   1.00   3.00   2.00   1.00   10.00             
     Givtan F      --     2.00   2.00   --     2.00   2.00   --                
     CyasorbUV531  --     2.00   2.00   --     --     --     --                
     Polyethylene glycol                                                       
                   5.00   --     5.00   5.00   5.00   5.00   5.00              
     Isopropylmyristate                                                        
                   --     4.00   --     --     --     --     --                
     Glycerol      --     7.50   --     --     --     --     --                
     Water to      100    100    100    100    100    100    100               
     __________________________________________________________________________
PAR  The skin lightening effect of the formulation of these inventions has been
      demonstrated in clinical testing in human subjects against a placebo
      formulation without any actives. The skin lightening effect is gradual and
      reversible - the colour of the skin returning to normal a few weeks after
      discontinuing use of this cream. The formulation based on the present
      invention provides a safe and gradual means of obtaining a fairer
      complexion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of lightening the skin which comprises applying to the skin a
      composition containing a skin lightening amount of niacin of from 0.2 to
      about 10% by weight and a physiologically acceptable carrier for niacin.
NUM  2.
PAR  2. A cosmetic composition for application to the skin comprising a skin
      lightening amount of niacin of from about 0.2 to about 10% by weight, from
      0.1 to 10% by weight of urocanic acid absorbing in the range of 290-320 nm
      and a physiologically acceptable carrier for niacin.
NUM  3.
PAR  3. A cosmetic composition for application to the skin comprising a skin
      lightening amount of niacin of from 0.2 to 10% by weight and from 0.1 to
      4% by weight of an ultra-violet absorber absorbing in the range of 290-320
      nm having the formula
      ##SPC3##
PAL  wherein R.sup.2 is alkyl having 1-4 carbon atoms, R.sup.3 is alkyl having
      4-10 carbon atoms, or an alkoxyalkyl group of the formula --R.sup.4
      --O--R.sup.5, wherein R.sup.4 is alkylene having 1-4 carbon atoms and
      R.sup.5 is alkyl having 1-4 carbon atoms and a physiologically acceptable
      carrier for niacin.
NUM  4.
PAR  4. A cosmetic composition for application to the skin comprising a skin
      lightening amount of niacin of from 0.2 to 10% by weight and from 0.1 to
      4% by weight of an ultra-violet absorber absorbing in the range of 320-360
      nm represented by the formula
      ##SPC4##
PAL  wherein R is an alkyl group containing from 4 to 12 carbon atoms and a
      physiologically acceptable carrier for niacin.
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ABST
PAL  A fatty composition for use in producing cosmetic compositions comprising a
      mixture of at least one cosmetic fatty body and at least one non-toxic
      copolymer of the formula:
      ##EQU1##
      wherein R.sub.1 represents a saturated hydrocarbon chain, linear or
      branched, having from 1-19 carbon atoms;
PAL  R.sub.2 represents a member selected from the group consisting of
PAL  A.
      ##EQU2##
      wherein R.sub.4 has the same meaning as R.sub.1 but is different from
      R.sub.1 in the same copolymer,
PAL  B. --CH.sub.2 --R.sub.5, wherein R.sub.5 represents a saturated hydrocarbon
      chain, linear or branched, having from 5-25 carbon atoms,
PAL  C. --O--R.sub.6, wherein R.sub.6 is a saturated hydrocarbon chain having
      from 2 to 18 carbon atoms, and
PAL  D.
      ##EQU3##
      wherein R.sub.7 is a saturated hydrocarbon chain, linear or branched,
      having from 1-19 carbon atoms, and
PAL  R.sub.3 represents hydrogen when R.sub.2 represents (a), (b), or (c) or
      R.sub.3 represents methyl when R.sub.2 represents (d). The copolymer must
      contain at least 15 weight percent of at least one monomer of unit Ia or
      of unit Ib in which the saturated hydrocarbon chain, linear or branched,
      has at least 7 carbon atoms.
PAL  This fatty composition is employed to produce a cosmetic makeup
      composition, such as lip rouge, in paste or stick form, or mascara, and is
      present in said cosmetic composition in amounts of 99.5-15 percent by
      weight of the total weight of the cosmetic composition.
BSUM
PAR  The present invention relates to a new fatty composition usefully employed
      in the production of cosmetic products and especially for makeup products
      such as lip rouge in stick or paste form and mascara. The present
      invention relates to cosmetic compositions containing said fatty
      composition.
PAR  As is well known cosmetic compositions of the type as lip rouge in stick or
      paste form, or mascara, are constituted principally by a fatty base which
      is a mixture of one or more waxes and one or more oils.
PAR  The oils and the waxes which can be used for the production of such makeup
      composition are diverse, their choice depending principally on the
      ultimate use of the compositions.
PAR  Up to now, one has exclusively visualized the use of certain waxes or oils
      of animal, vegetable or mineral origin, or of certain synthetic substances
      having properties analogous to those of natural substances and thus being
      able to advantageously replace them.
PAR  Although utilized currently in cosmetics, these waxes and oils, which are
      of natural or synthetic origin, do not permit to confer to lip rouges in
      stick or in paste form or to mascara totally satisfactory characteristics
      notably in that which concerns on the one hand the firmness of the sticks
      and on the other hand the brightness, the improved adherence and the
      persistence of the film deposited on the lips or on the eyebrows.
PAR  In effect it is necessary on the one hand that lip rouge in the form of a
      stick exhibits good firmness so that during application it does not break
      or fracture and on the other hand that lip rouge in the form of the paste
      and mascara exhibit good adherence while having sufficient brightness.
PAR  The applicants, after considerable research, have surprisingly found that
      it was possible to produce excellent makeup products and notably lip rouge
      in stick or in paste form, as well as mascara, having the different
      characteristics mentioned above when there is used as the fatty base a
      composition containing in admixture at least one cosmetic fatty body and
      at least one copolymer of a particular type having great affinity for the
      fatty body and being non-toxic.
PAR  The present invention has then for an object a new fatty composition for
      use in the production of cosmetic products, this new fatty composition
      being characterized by the fact that it comprises in admixture at least
      one cosmetic fatty body and at least one non-toxic copolymer having the
      following formula:
      ##EQU4##
      wherein R.sub.1 represents a saturated hydrocarbon chain, linear or
      branched, having from 1 to 19 carbon atoms; R.sub.2 represents a member
      selected from the group consisting of
PAR  a.
      ##EQU5##
PAR  wherein R.sub.4 has the same meaning as R.sub.1 but is different from
      R.sub.1 in the same copolymer,
PAR  b. --CH.sub.2 --R.sub.5, wherein R.sub.5 represents a saturated hydrocarbon
      chain, branched or linear, having from 5 to 25 carbon atoms,
PAR  c. --O--R.sub.6, wherein R.sub.6 represents a saturated hydrocarbon chain
      having from 2 to 18 carbon atoms, and
PAR  d.
      ##EQU6##
PAR  wherein R.sub.7 represents a saturated hydrocarbon chain, linear or
      branched, having from 1 to 19 carbon atoms and R.sub.3 represents hydrogen
      when R.sub.2 represents radicals (a), (b) or (c) or R.sub.3 represents
      methyl when R.sub.2 represents radical (d), the said copolymer being able
      to be constituted by at least 15% by weight of at least one monomer
      derived from a unit Ia or from a unit Ib in which the hydrocarbon chains,
      saturated or branched, have at least 7 carbon atoms.
PAR  According to the invention, the term "fatty body" means a wax or a mixture
      of waxes or even a mixture of at least one wax and at least one oil.
      Preferably, the fatty body according to the invention is constituted by
      from 6 to 100% of at least one wax and from 0 to 94% of at least one oil.
PAR  The presence in the fatty composition of at least one copolymer such as
      defined above permits to impart to makeup products present in the form of
      the stick a great resistance to breaking, excellent brightness and good
      holding power for the film deposited on the lips.
PAR  For the compositions present in the form of a paste, and notably lip rouges
      or lip polishes, the presence of at least one copolymer imparts to these
      compositions very good unctuousness, great flexibility and excellent
      brightness of the film deposited on the lips as well as good adherence and
      improvement in the holding power of the brightness of the film.
PAR  For compositions present in the form of mascara, the presence of a
      copolymer also improves the adherence of the film and increases the
      resistance to water of the film deposited on the eyelashes.
PAR  Copolymers such as described above exhibit the characteristic of being fat
      soluble, that is, they have a great affinity for the waxes and the oils
      with which they are admixed. It is this important property which achieves
      the excellent qualities of the cosmetic compositions produced with the
      fatty composition of the present invention.
PAR  This fat solubility of the copolymers is due to the presence of at least
      15% by weight of at least one monomer carrying a fatty chain having from 7
      to 25 carbon atoms.
PAR  According to the invention, the fatty body is present in an amount between
      about 65 to 98%, preferably between 75 to 95%, and the copolymer is
      present in amounts between 2 to 35%, preferably 5 to 25% relative to the
      total weight of the fatty composition.
PAR  It must be remarked that in the fatty composition according to the
      invention, the copolymer such as defined above can be used alone or in
      admixture with another copolymer of the same type or even in admixture
      with a fat soluble homopolymer.
PAR  Representative of such homopolymers are those resulting from the
      homopolymerization of vinyl esters having from 9 to 22 carbon atoms or of
      alkyl acrylates or alkyl methacrylates, the alkyl radicals having from 10
      to 20 carbon atoms.
PAR  Preferably the homopolymer is selected from the group consisting of
      polyvinyl stearate, polyvinyl stearate crosslinked with the aid of
      divinylbenzene, diallylether or diallyl phthalate,
      polystearylmethacrylate, polyvinylaurate, polylaurylmethacrylate,
      polystearylacrylate, polylaurylacrylate, these polyacrylates and
      polymethacrylates being able to be cross-linked with the aid of ethylene
      glycol dimethacrylate or tetraethylene glycol dimethacrylate.
PAR  As has been stated above, the fatty body can be constituted by one or more
      waxes and in this case, they can be for example ozokerite, lanolin,
      lanolin alcohol, hydrogenated lanolin, acetylated lanolin, lanolin wax,
      beeswax, Candellila wax, microcrystalline wax, Carnauba wax, cetyl
      alcohol, stearyl alcohol, spermaceti, cocoa butter, fatty acids of
      lanolin, petrolatum, Vaseline, mono-, di- and triglycerides which are
      solid at 25.degree.C, fatty esters which are solid at 25.degree.C,
      silicone waxes such as methyloctadecane-oxypolysiloxane and poly
      (dimethylsiloxy) stearoxysiloxane, stearyl monoethanolamide, rosin and its
      derivatives such as the abietates of glycol and glycerol, hydrogenated
      oils solid at 25.degree.C, sucroglycerides, and the oleates, myristates,
      lanolates, stearates and dihydroxystearates of Ca, Mg, Zr and Al.
PAR  The fatty body can also be constituted by a mixture of at least one wax and
      at least one oil and in this case the oil can be for example, paraffin
      oil, Purcellin oil, perhydrosqualene, sweet almond oil, avocado oil,
      calophyllum oil, ricin oil, horse oil, hog oil, olive oil, mineral oil
      having a boiling point between 310.degree. and 410.degree.C, silicone oil
      such as dimethylpolysiloxane, linoleic alcohol, linolenic alcohol, oleyl
      alcohol, the oil of cereal germs as the oil of wheat germ, isopropyl
      lanolate, isopropyl palmitate, isopropyl myristate, butyl myristate, cetyl
      myristate, hexadecyl stearate, butyl stearate, decyl oleate, acetyl
      glycerides, the octanoates and decanoates of alcohols and polyalcohols
      such as those of glycol and glycerol, ricin oleates of alcohol and
      polyalcohols such as those of cetyl, isostearyl alcohol, isocetyl
      lanolate, isopropyl adipate, hexyl laurate and octyl dodecanol.
PAR  As can be seen from formula I, the copolymers included in the fatty
      composition result from the copolymerization of at least one vinyl ester
      and at least one other monomer which can be an .alpha.-olefin, an
      alkylvinylether or an allyl or methallyl ester.
PAR  The .alpha.-olefins, the alkylvinylethers and the allyl or methallyl esters
      not being homopolymerizable monomers as opposed to vinyl esters, it
      follows that the copolymers which result from the copolymerization of at
      least one vinyl ester and at least one non-homopolymerizable monomer such
      as those mentioned above, are in general constituted by 50 to 95 molar
      percent of at least one unit Ia and from 50 to 5 molar percent of at least
      one unit Ib, wherein R.sub.2 represents the radicals --CH.sub.2 --R.sub.5,
      --O--R.sub.6 or
      ##EQU7##
PAR  The copolymers can also result from the copolymerization of at least one
      vinyl ester and at least one other vinyl ester different from the first.
PAR  In this case, as indicated above, the vinyl esters are homopolymerizable
      and the copolymers of this type are generally constituted by 10 to 90
      molar percent of at least one unit Ia and from 90 to 10 molar percent of
      at least one unit Ib wherein R.sub.2 represents the radical
      ##EQU8##
PAR  Representative vinyl esters leading to unit of formula Ia, or to the unit
      of formula Ib in which R.sub.2 =
      ##EQU9##
      include vinyl acetate, vinyl propionate, vinyl butanoate, vinyl octanoate,
      vinyl decanoate, vinyl laurate, vinyl stearate, vinyl isostearate,
      vinyl-2,2-dimethyloctanoate, vinyl dimethylpropionate, and vinyl
      cecanoate.
PAR  Representative .alpha.-olefins leading to the unit of formula Ib wherein
      R.sub.2 = CH.sub.2 --R.sub.5, include 1-octene, 1-dodecene, 1-octadecene,
      1-eicosene, and mixtures of .alpha.-olefins having from 22 to 28 carbon
      atoms.
PAR  Representative alkylvinylethers leading to the unit of formula Ib wherein
      R.sub.2 = --O--R.sub.6, including ethylvinylether, n-butylvinylether,
      isobutylvinylether, decylvinylether, dodecylvinylether, cetylvinylether
      and octadecylvinylether.
PAR  Representative allyl or methallyl esters leading to the unit of formula Ib
      wherein R.sub.2 =
      ##EQU10##
      include allyl and methallyl acetates, propionates, dimethylpropionates,
      butyrates, hexanoates, octanoates, decanoates, laurates,
      2,2-dimethylpentanoates, stearates and eicosanoates.
PAR  The copolymers such as have been described above can also be crosslinked
      with the aid of certain types of crosslinking agents which have for their
      purpose the sensible increase in their molecular weight.
PAR  This cross-linking is effected during the copolymerization and the
      cross-linking agents can be either of the vinyl type or the allyl or
      methallyl types.
PAR  Representative cross-linking agents include tetraallyloxyethane,
      divinylbenzene, divinyloctanedioate, divinyldodecanedioate, and
      divinyloctadecanedioate.
PAR  The copolymers employed in the present invention are, for the most part,
      known and have a molecular weight between about 2,000 and 500,000 and
      preferably between 4,000 and 200,000.
PAR  Representative copolymers usefully employed in the fatty composition
      according to the invention, include the following: vinyl acetate/allyl
      stearate, vinyl acetate/vinyl laurate, vinyl acetate/vinyl stearate, vinyl
      acetate/octadecene, vinyl acetate/octadecylvinylether, vinyl
      propionate/allyl laurate, vinyl propionate/vinyl laurate, vinyl
      stearate/1-octadecene, vinyl acetate/1-dodecene, vinyl
      stearate/ethylvinylether, vinyl propionate/cetylvinylether, vinyl
      stearate/allyl acetate, vinyl-2,2-dimethyloctanoate/vinyl laurate,
      allyl-2,2-dimethylpentanoate/vinyl laurate, vinyl dimethylpropionate/vinyl
      stearate, allyldimethylpropionate/vinyl stearate, vinyl propionate/vinyl
      stearate cross-linked with 0.2% of divinylbenzene,
      vinyldimethylpropionate/vinyl laurate cross-linked with 0.2% of
      divinylbenzene, vinyl acetate/octadecylvinylether cross-linked with 0.2%
      of tetraallyloxyethane, vinyl acetate/allyl stearate cross-linked with
      0.2% of divinylbenzene, vinyl acetate/1-octadecene cross-linked with 0.2%
      of divinylbenzene and allyl propionate/allyl stearate cross-linked with
      0.2% divinylbenzene.
PAR  The copolymers cross-linked or not, usefully employed in the present
      invention can be obtained according to conventional methods, i.e. by
      polymerization in mass, in suspension, in solution or in emulsion.
PAR  Preferably the polymerization is effected in solution in an organic solvent
      or in suspension in water.
PAR  As catalysts, one can use, for example benzoyl peroxide, lauroyl peroxide,
      or azobisisobutyronitrile.
PAR  The temperature of polymerization is generally between 50.degree. to
      130.degree.C.
PAR  The present invention also has for an object cosmetic compositions, solid
      or semi-solid, containing as the fatty composition, the composition such
      as defined above.
PAR  According to the invention, the amount of fatty composition in the cosmetic
      composition, is generally between about 99.5 to 15% by weight with respect
      to the total weight of the cosmetic composition, it being understood that
      the amount of the copolymer relative to the total weight of the cosmetic
      composition cannot be lower than 1.5% by weight thereof.
PAR  The compositions according to the invention can be present either in the
      form of a lip rouge in stick or in paste form or in the form of a mascara.
PAR  When the compositions according to the invention are present in the form of
      sticks, they can be either lip rouges, or lip polishes. The difference
      between these two forms of the invention resides in the fact that the lip
      polishes do not contain or contain only a very small amount of dyes which
      serve only to tint the stick but which do not permit it to impart to the
      lips any significant amount of coloration.
PAR  In this particular form of the invention the fatty composition is
      preferably present in an amount between 75 to 99.5% with respect to the
      total weight of the stick.
PAR  The various components which can be introduced into these sticks are those
      conventionally used for this type of formulation. Among those one can
      mention, in particular, are dyes, soluble or insoluble, which are
      generally present in an amount between about 6 to 15%, solvents for
      certain dyes insoluble in the fatty body, and particularly eoisne
      derivatives, pearlescent agents in an amount of 2 to 20%, perfumes,
      anti-solar agents, antioxidants and perservatives.
PAR  Among the different dyes for lip rouges, one can mention in particular: the
      eosines and other halogenated derivatives of fluorescein (bromo-acids) and
      principally those known under the name of D and C Red No. 21, D and C Red
      No. 27, D and C Orange No. 5, inorganic pigments such as the oxides of
      iron, chromium, ultramarines (polysulfides of amino silicates) titanium
      dioxide, these compounds being employed in amounts of about 1 to 6%,
      organic pigments such as: D and C Red No. 36 and D and C Orange No. 17.
PAR  Finally in the list of dyes one can also include lakes such as the calcium
      lakes of D and C Red Nos. 7, 21 and 27, barium lakes of D and C Red Nos. 6
      and 9, aluminum lakes of D and C Red No. 21 and D and C Yellow Nos. 5 and
      6, and the zirconium lakes of D and C Red No. 21 and of D and C Orange No.
      5.
PAR  Among the solvents for the dyes insoluble in the oils, one can mention
      glycols, esters of tetrahydrofurfuryl, polyethyleneglycols and
      monoalkanolamides.
PAR  Among the pearlescent agents one can mention particularly: bismuth
      oxychloride, mica-titanium and the crystals of guanine.
PAR  Among the antioxidant agents, one can mention particularly those of the
      phenolic type such as the propyl, octyl and dodecyl esters of gallic acid,
      butylated hydroxy anisole, butylated hydroxy toluene and
      nordihydroguaiaretic acid.
PAR  When the compositions are present in the form of pastes, they can also be
      lip rouges or lip polishes and contain then the same ingredients as the
      sticks. In this form of the invention, the fatty composition is also
      present in amounts essentially identical to that of the sticks.
PAR  However, in this latter case, the amount of wax is considerably lower and
      it is recommended preferably not to exceed 85% wax with respect to the
      total weight of the fatty composition.
PAR  These compositions which are in the form of sticks or pastes are preferably
      anhydrous although in certain cases they can contain certain quantities of
      water not exceeding generally 8 to 10% with respect to the total weight of
      the cosmetic composition.
PAR  When the cosmetic compositions according to the invention are present in
      the form of mascara, they are in a semi-solid form and can be either
      anhydrous or aqueous.
PAR  In this particular form of the invention, the amount of the fatty
      composition is preferably between 15 to 40% with respect to the total
      weight of the mascara.
PAR  When the mascara is anhydrous it contains in addition to the fatty
      composition a volatile component in an amount generally between about 35
      to 50% with respect to the total weight of the mascara. Among the volatile
      components one can mention in particular are isoparaffin, oil of
      turpentine, isopropyl alcohol, ethyl alcohol, white spirits and the like.
PAR  When to the contrary the mascara is aqueous in form (generally in the form
      of an oil-in-water emulsion) it contains preferably from 50 to 70% by
      weight of water with respect to the total weight of the mascara, from 8 to
      20% of an emulsifying agent such as the oleostearate of amino propanediol,
      the stearate or oleate of amino propanediol, of morpholine, or mono-, di-
      or triethanolamine, of mono-, di or tri-isopropanolamine,
      polyoxyethylenated fatty ethers or esters, or polyglycerols of fatty
      ethers or esters, etc. and a substance to improve the adherence and the
      drawing of the mascara, such as for example, derivatives of cellulose
      including hydroxy cellulose or even of gum arabic.
PAR  The mascaras which are either anhydrous or aqueous also contain dyeing
      agents and in particular certain pigments such as carbon black or black
      iron oxide, chromium oxides, yellow and red iron oxides and additionally
      certain metallic powders such as those of silver or aluminum.
PAR  The mascaras according to the invention can also contain other components
      conventionally employed such as perfumes, antioxidants and preservatives.
PAR  As has been indicated above the compositions which are present in the form
      of sticks, pastes or mascaras must not contain a quantity of copolymer
      lower than 1.5% by weight relative to the total weight of these types of
      compositions.
PAR  In that which concerns the maximum concentration of the copolymers in the
      cosmetic compositions, this is generally a function of the relative
      amounts of the fatty composition and is about 35% and preferably about 25%
      for sticks and pastes and about 15%, preferably about 10% for the mascara.
DETD
PAR  The following examples are given to illustrate the invention.
PAC  EXAMPLES OF PREPARING COPOLYMERS
PAC  Example 1
PAR  60% vinyl acetate/40% allyl stearate (molar ratio of 85% vinyl acetate/15%
      allyl stearate).
PAR  Into a one liter round bottomed flask provided with a mechanical agitator,
      nitrogen lead-in tube and a condenser, there are introduced 60 grams of
      vinyl acetate, 40 grams of allyl stearate and 3.4 grams of benzoyl
      peroxide in solution in 100 grams of toluene. The solution is heated with
      agitation for 18 hours at 100.degree.C. After distillation of 75 grams of
      toluene under reduced pressure, 120 grams of methanol previously heated to
      50.degree.C are introduced therein. Vinyl methanol acetate azeotrope
      (boiling point equal 63.8.degree.C) is distilled up to the recovery of
      about 100 grams of the mixture and then 120 grams of methanol heated to
      50.degree.C are again introduced. About 120 grams of the mixture are again
      distilled off. Then there are added 500 grams of methanol and the mixture
      is heated with agitation for 10 minutes at the boiling point of methanol.
      The polymer passes into solution which remains cloudy. The reaction
      mixture is then left to cool with agitation at 20.degree.C and the polymer
      precipitates in the form of a paste. The remaining methanol is removed and
      the polymer is reprecipitated with methanol. After the elimination of the
      methanol, 400 grams of ethanol are introduced and the resulting mixture is
      heated with agitation for 10 minutes at the boiling point of ethanol.
      Thereafter the mixture is permitted to cool to 20.degree.C with agitation.
      After removal of the ethanol containing the allyl stearate which has not
      reacted, the polymer is reprecipitated a last time with methanol. The
      polymer which precipitates is isolated and dried under reduced pressure
      without heating.
PA0  Yield: 40%
PA0  Viscosity: 0.83 cp M.sub.n = 10,000.
PAC  Example 2
PAR  Preparation of 35% vinyl acetate/65% allyl stearate (molar ratio of vinyl
      acetate 67%/allyl stearate 33%).
PAR  Into a 500 milliliter round bottomed flask provided with a condenser, a
      nitrogen lead-in tube and an agitation means, there are introduced 35
      grams of vinyl acetate, 65 grams of allyl stearate and 3.4 grams of
      benzoyl peroxide in solution in 100 grams of benzene. The solution is
      heated to reflux, with agitation for 19 hours. Then 3.4 grams of benzoyl
      peroxide in solution in 10 grams of benzene are introduced therein and the
      polymerization is continued for 14 additional hours. Finally 1.7 grams of
      benzoyl peroxide in solution in 5 grams of benzene are introduced in the
      reaction mixture and the polymerization is continued for 9 hours. The
      mixture is then left to cool, after which the solution is dumped into two
      liters of methanol. The polymer precipitates in the form of a white powder
      which is dried at 50.degree.C under reduced pressure.
PA0  Yield: 96%
PA0  Viscosity: 1.10 cp.
PAC  Examples 3 to 23
PAR  By operating in a similar manner other copolymers have been obtained. These
      are listed in Table A below.
TBL                                    EXAMPLES OF PREPARATION - TABLE         
     __________________________________________________________________________
     Example                                                                   
           Copolymer prepared                                                  
                            Mole %                                             
                                  Weight %                                     
                                        Solvent                                
                                               Nature and %                    
                                                      Precipitating            
                                                              Viscosity        
                                               of catalyst                     
                                                      agent   (cp)             
                                                      (b)     (a)              
     __________________________________________________________________________
     3     Vinyl acetate    53    30    Isopropanol                            
                                               AIBN 2%                         
                                                      methanol                 
                                                              0.81             
           Vinyl laurate    47    70           (c)                             
     4     Vinyl acetate    70    40    Methanol                               
                                               AIBN 1%                         
                                                      Methanol                 
                                                              1.95             
           Vinyl stearate   30    60                                           
     5     Vinyl propionate 43    25    Isopropanol                            
                                               AIBN 3%                         
                                                      Methanol                 
                                                              0.74             
           Vinyl laurate    57    75                                           
     6     Vinyl stearate   77    80    Isopropanol                            
                                               AIBN 3%                         
                                                      Octane  0.70             
           1-octadecene     23    20                                           
     7     Vinyl acetate    66    50    Isopropanol                            
                                               AIBN 2%                         
                                                      Evaporate                
                                                              0.70             
           Dodecene         34    50                  dryness                  
     8     Vinyl acetate    81    60    Isopropanol                            
                                               AIBN 2%                         
                                                      Water   0.76             
           1-octadecene     19    40                                           
     9     Vinyl stearate   50    80    Methanol                               
                                               AIBN 3%                         
                                                      Evaporate                
                                                              1.10             
           Ethyl vinyl ether                                                   
                            50    20                  dryness                  
     10    Vinyl propionate 94    85    Isopropanol                            
                                               AIBN 2%                         
                                                      Water   0.79             
           Cetyl vinyl ether                                                   
                             6    15                                           
     11    Vinyl acetate    77    50    Isopropanol                            
                                               AIBN 3%                         
                                                      Water   0.70             
           Octadecyl vinyl ether                                               
                            23    50                                           
     12    Vinyl propionate 90    80    Methanol                               
                                               AIBN 3%                         
                                                      Water   1.11             
           Allyl laurate    10    20                                           
     13    Vinyl stearate   53    80    Methanol                               
                                               AIBN 4%                         
                                                      Methanol                 
                                                              0.89             
           Allyl acetate    47    20                                           
     14    Vinyl-2,2-dimethyl octanoate                                        
                            72    70    Methanol                               
                                               AIBN 4%                         
                                                      Methanol                 
                                                              1.01             
           Vinyl laurate    28    30                                           
     15    Allyl-2,2-dimethyl pentanoate                                       
                            25    20    Methanol                               
                                               AIBN 3%                         
                                                      Methanol                 
                                                              0.69             
           Vinyl laurate    75    80                                           
     16    Vinyl dimethyl propionate                                           
                            38    20    Methanol                               
                                               AIBN 1%                         
                                                      Methanol                 
                                                              1.27             
           Vinyl stearate   62    80                                           
     17    Allyl dimethyl propanoate                                           
                            48    30    Methanol                               
                                               AIBN 4%                         
                                                      Methanol                 
                                                              0.70             
           Vinyl stearate   52    70                                           
     18    Vinyl propionate 57    30    Acetone                                
                                               AIBN 3%                         
                                                      Evaporation              
                                                              0.97             
           Vinyl stearate cross-linked                dryness                  
           with 0.2% of divinylbenzene                                         
                            43    70                                           
     19    Vinyl dimethyl propanoate                                           
                            24    15    Isopropanol                            
                                               AIBN 2%                         
                                                      Methanol                 
                                                              0.76             
           Vinyl laurate cross-linked                                          
           with 0.2% of divinylbenzene                                         
                            76    85                                           
     20    Vinyl acetate    77    50    Benzene                                
                                               AIBN 3%                         
                                                      Ethanol 0.61             
           Octadecyl vinyl ether cross-                                        
           linked with 0.2% of tetra-                                          
           allyloxyethane   23    50                                           
     21    Vinyl acetate    62    30    Isopropanol                            
                                               AIBN 2%                         
                                                      Methanol                 
                                                              0.68             
           Allyl stearate cross-linked                                         
           with 0.2% of divinylbenzene                                         
                            38    70                                           
     22    Vinyl acetate    75    50    Isopropanol                            
                                               AIBN 2%                         
                                                      Evaporation              
                                                              0.6              
           1-octadecene cross-linked                  dryness                  
           with 0.2% of divinylbenzene                                         
                            25    50                                           
     23    Allyl propionate 23    10    Acetone                                
                                               AIBN 2%                         
                                                      Evaporation              
                                                              0.74             
           Vinyl stearate cross-linked                                         
                            77    90                  dryness                  
           with 0.2% of divinylbenzene                                         
     __________________________________________________________________________
      Remarks: All the copolymers of Examples 3-23 have been prepared by heatin
      in solution at 80.degree.C for 24 hours.                                 
      (a) The viscosities have been measured in a 5% solution in toluene at    
      34.6.degree.C.                                                           
      (b) After the termination of the polymerization reaction, the mixture is 
      poured into one of the solvents indicated above to precipitate the       
      copolymer.                                                               
      (c) AIBN = azobisisobutyronitrile.                                       
PAC  EXAMPLES OF COMPOSITIONS ACCORDING TO THE INVENTION
PAC  Example I
PAR  One prepares in accordance with the invention a lip rouge in the form of a
      stick having the following composition:
     Fatty composition A     89.9     grams                                    
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Trimethyl-benzylidene-heptanone-anti-solar                                
                             1        g                                        
        agent                                                                  
     Perfume                 1        g                                        
     Dyes:                                                                     
     Titanium oxide          4.5      g                                        
     D and C Red No. 36      1        g                                        
     Aluminum lake of F.D.C. Yellow 6                                          
                             1        g                                        
     Aluminum lake of D and C Red No. 27                                       
                             1.5      g                                        
PAR  Fatty composition A is an admixture of the following
TBL  Ozokerite               16       g                                        
     Lanolin                 28       g                                        
     Oleyl alcohol           10       g                                        
     Cetyl ricinoleate       20       g                                        
     Triglycerides of octanoic acid                                            
                             20       g                                        
     Oil of wheat germ       1        g                                        
     Copolymer according to Example 1                                          
                             5        g                                        
PAC  Example II
PAR  One prepares in accordance with the invention a pearlescent lip rouge in
      the form of a stick having the following composition:
TBL  Fatty Composition B     79.9     g                                        
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Trimethyl-benzylidene-heptanone-anti-solar                                
        agent                1        g                                        
     Dyes:                                                                     
     Titanium oxide          1        g                                        
     Aluminum lake of D and C Red No. 27                                       
                             1.5      g                                        
     Black iron oxide        1        g                                        
     Yellow iron oxide       0.5      g                                        
     Mica-titanium           15       g                                        
PAR  Fatty composition B is an admixture of the following components:
TBL  Candellila wax          9         g                                       
     Microcrystalline wax    4        g                                        
     Mineral oil             13       g                                        
     Cetyl ricinoleate       15       g                                        
     Lanolin                 15       g                                        
     Lanolin - liquid        25       g                                        
     Isopropyl lanolate      14       g                                        
     Copolymer according to Example 3                                          
                             5        g                                        
PAC  Example III
PAR  One prepares according to the invention a transparent lip polish in the
      form of a stick having the following composition:
TBL  Fatty composition C     96.9     g                                        
     Butylated hydroxy anisole - antioxidant                                   
                             0.1      g                                        
     Perfume                 1        g                                        
     Dyes:                                                                     
     Zirconium lake of D and C Red No. 21                                      
                             0.5      g                                        
     D and C Red No. 36      1        g                                        
     Aluminum lake o F. D. C. Yellow No. 5                                     
                             0.5      g                                        
PAR  Fatty composition C is an admixture of the following components:
TBL  Ozokerite               12.5     g                                        
     Carnauba wax            2        g                                        
     Candellila wax          2        g                                        
     Hydrogenated lanolin    5        g                                        
     Ricin oil               38.5     g                                        
     Oleyl alcohol           15       g                                        
     Isopropyl lanolate      10       g                                        
     Lanolin - liquid        5        g                                        
     Copolymer of Example 1  10       g                                        
PAC  Example IV
PAR  One prepares in accordance with the invention a lip rouge in the form of a
      stick having the following composition:
TBL  Fatty composition D     89.9     g                                        
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Trimethyl-benzylidene-heptanone-anti-solar                                
        agent                1        g                                        
     Perfume                 1        g                                        
     Dyes:                                                                     
     Titanium oxide          4.5      g                                        
     D & C Red No. 36        1        g                                        
     Aluminum lake of F.D.C. Yellow 6                                          
                             1        g                                        
     Aluminum lake of D and C Red No. 27                                       
                             1.5      g                                        
PAR  Fatty composition D is identical to fatty composition C except that the 10
      grams of the copolymer of Example 1 are replaced by the following mixture:
TBL  Copolymer according to Example 2                                          
                             6        g                                        
     Polyvinylstearate       4        g                                        
PAC  Example V
PAR  One prepares according to the invention a lip rouge in the form of a stick
      having the following composition:
TBL  Fatty composition E     89.8     g                                        
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Trimethyl-benzylidene-heptanone-anti-solar                                
        agent                1        g                                        
     Perfume                 1        g                                        
     Dyes:                                                                     
     Titanium oxide          2.2      g                                        
     Aluminum lake of D and C Red No. 27                                       
                             3.6      g                                        
     Black iron oxide        0.4      g                                        
     D and C Red No. 36      0.9      g                                        
     Aluminum lake of D & C Yellow No. 6                                       
                             1        g                                        
PAR  Fatty composition E is an admixture of the following components:
TBL  Microcrystalline wax    9        g                                        
     Lanolin                 30       g                                        
     Oleyl alcohol           9        g                                        
     Cetyl ricinoleate       20       g                                        
     Triglycerides of octanoic acid                                            
                             16       g                                        
     Isopropyl lanolate      10       g                                        
     Oil of wheat germ       1        g                                        
     Copolymer of Example 4  5        g                                        
PAR  In fatty composition E the copolymer according to Example 4 can
      advantageously be replaced by the same quantity of one of the copolymers
      prepared according to Examples 5, 6, 7 or 9.
PAC  Example VI
PAR  One prepares according to the invention a lip rouge in the form of a stick
      having the following composition:
TBL  Fatty Composition E'    82.5     g                                        
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Perfume                 1        g                                        
     Dyes:                                                                     
     Titanium oxide          1.8      g                                        
     D and C Orange No. 5    0.3      g                                        
     Aluminum lake of D and C Yellow No. 6                                     
                             8.8      g                                        
     D and C Red No. 6       5.5      g                                        
PAR  Fatty composition E' is identical to fatty composition E except that the 5
      grams of the copolymer according to Example 4 have been replaced by the
      same quantity of the copolymer according to Example 10.
PAC  Example VII
PAR  One prepares in accordance with the invention a pearlescent lip rouge in
      the form of a stick having the following composition:
TBL  Fatty composition E"    78.85    g                                        
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Perfume                 1        g                                        
     Dyes:                                                                     
     Zirconium lake of D and C Red. No. 21                                     
                             0.8      g                                        
     Black iron oxide        0.05     g                                        
     D and C Orange No. 5    0.2      g                                        
     D and C Red No. 36      0.8      g                                        
     Aluminum lake of D and C Yellow No. 6                                     
                             3.2      g                                        
     Mica-titanium           15       g                                        
PAR  Fatty composition E" is identical to fatty composition E except that the 5
      grams of copolymer according to Example 4 have been replaced by the same
      quantity of the copolymer according to Example 11.
PAC  Example VIII
PAR  One prepares according to the invention a lip rouge in the form of a stick
      having the following composition:
TBL  Fatty composition F     89.62    g                                        
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Perfume                 1        g                                        
     Dyes:                                                                     
     D and C Red No. 30      5        g                                        
     Calcium lake of D and C Red No. 7                                         
                             0.8      g                                        
     D and C Red No. 36      0.5      g                                        
     Titanium oxide          2.6      g                                        
     Black iron oxide        0.38     g                                        
PAR  Fatty composition F is an admixture of the following components:
TBL  Ozokerite               13       g                                        
     Lanolin - liquid        8        g                                        
     Oleyl alcohol           15       g                                        
     Carnauba wax            3        g                                        
     Ricin oil               44       g                                        
     Isopropyl lanolate      12       g                                        
     Copolymer of Example 20 5        g                                        
PAC  Example IX
PAR  One prepares in accordance with the invention a lip polish in the form of a
      paste having the following composition:
TBL  Fatty composition G     97.9     g                                        
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Perfume                 1        g                                        
     Dyes:                                                                     
     Titanium oxide          0.2      g                                        
     Zirconium lake of D and C Red No. 21                                      
                             0.3      g                                        
     Aluminum lake of F.D.C. Yellow No. 6                                      
                             0.2      g                                        
     D and C Red No. 36      0.3      g                                        
PAR  Fatty composition G is an admixture of the following components:
TBL  Lanolin                 30       g                                        
     Lanolin-liquid          30       g                                        
     Vaseline                10       g                                        
     Mineral oil             9        g                                        
     Microcrystalline wax    1        g                                        
     Copolymer of Example 17 20       g                                        
PAR  In this fatty composition G the copolymer according to Example 17 can
      advantageously be replaced by a copolymer prepared according to Examples
      19 and 22.
PAC  Example X
PAR  One prepares in accordance with the invention a pearlescent lip polish in
      the form of a paste having the following composition:
TBL  Fatty Composition H     80.9     g                                        
     Butylated hydroxy anisole - antioxidant                                   
                             0.1      g                                        
     Perfume                 1        g                                        
     Dyes: -Aluminum lake of D and C Red No. 27                                
                             0.5      g                                        
     D and C Red No. 36      0.5      g                                        
     Aluminum Lake of F.D.C. Yellow No. 5                                      
                             0.5      g                                        
     Bismuth oxychloride     16.5     g                                        
PAR  Fatty composition H is an admixture of the following
TBL  Lanolin                 30       g                                        
     Lanolin wax             4        g                                        
     Oleyl alcohol           13       g                                        
     Cetyl ricinoleate       10       g                                        
     Mineral oil             3        g                                        
     Ricin oil               20       g                                        
     Copolymer of Example 13 20       g                                        
PAR  In fatty composition H the copolymer according to Example 13 can
      advantageously be replaced by the same quantity of a copolymer prepared
      according to Examples 12, 15 and 16.
PAC  Example XI
PAR  One prepares in accordance with the invention a lip polish in the form of a
      paste having the following composition:
TBL  Fatty composition I     97.04    g                                        
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Perfume                 1        g                                        
     Dyes:                                                                     
     Zirconium lake of D and C Red No. 21                                      
                             0.4      g                                        
     Calcium lake of D and C Red No. 7                                         
                             0.12     g                                        
     Black iron oxide        0.14     g                                        
     Aluminum lake of D and C Yellow No. 6                                     
                             1.2      g                                        
PAR  Fatty composition I is an admixture of the following components:
TBL  Microcrystalline wax    1.5      g                                        
     Ozokerite               2.5      g                                        
     Lanolin                 15       g                                        
     Mineral oil             37       g                                        
     Bentonite - cationic    4        g                                        
     Copolymer of Example 23 10       g                                        
PAC  Example XII
PAR  One prepares in accordance with the invention a slightly pearlescent lip
      polish in the form of a paste having the following composition:
TBL  Fatty composition J     93.95    g                                        
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Perfume                 1        g                                        
     Dye:                                                                      
     Zirconium lake of D and C Red No. 21                                      
                             0.2      g                                        
     D and C Red No. 21      0.05     g                                        
     Calcium lake of D and C Red No. 7                                         
                             0.2      g                                        
     Aluminum lake of D and C Yellow No. 6                                     
                             0.5      g                                        
     Mica-titanium           4        g                                        
PAR  Fatty composition J is an admixture of the following components:
TBL  Microcrystalline wax    2.5      g                                        
     Ozokerite               3        g                                        
     Lanolin - liquid        28       g                                        
     Mineral oil             11       g                                        
     Lanolin                 23       g                                        
     Solidified mineral oil  15       g                                        
     Bentonite - cationic    7.5      g                                        
     Copolymer of Example 18 10       g                                        
PAR  In this fatty composition the copolymer according to Example 18 can
      advantageously be replaced by the same quantity of the copolymer prepared
      according to Examples 14, 20 or 21.
PAC  Example XIII
PAR  One prepares in accordance with the invention a lip polish in the form of a
      paste having the following composition:
TBL  Fatty composition K    97.570    g                                        
     Butylated hydroxy toluene - antioxidant                                   
                            0.1       g                                        
     Perfume                1         g                                        
     Dyes:                                                                     
     Black iron oxide       0.035     g                                        
     D and C Red No. 6      0.37      g                                        
     D and C Red No. 36     0.175     g                                        
     Yellow iron oxide      0.75      g                                        
PAR  Fatty composition K is an admixture of the following components:
TBL  Microcrystalline wax    1.5      g                                        
     Ozokerite               2        g                                        
     Lanolin - liquid        28       g                                        
     Mineral oil             11       g                                        
     Lanolin                 20       g                                        
     Solidified mineral oil  15       g                                        
     Bentonite - cationic    7.5      g                                        
     Copolymer according to Example 17                                         
                             15       g                                        
PAR  In fatty composition K the copolymer according to Example 17 can be
      replaced by mixture of copolymers prepared according to Examples 8 and 11
      (10 grams of copolymer according to Example 8 and 5 grams of the copolymer
      according to Example 11).
PAC  Example XIV
PAR  One prepares according to the invention a lip rouge in the form of a paste
      having the following composition:
TBL  Fatty composition L     85.9     g                                        
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Bentonite - cationic    5        g                                        
     Perfume                 1        g                                        
     Dye:                                                                      
     Titanium oxide          1        g                                        
     Aluminum lake of D and C Red No. 27                                       
                             3        g                                        
     Calcium lake of D and C Red No. 7                                         
                             4        g                                        
PAR  Fatty composition L is an admixture of the following components:
TBL  Lanolin                 18       g                                        
     Isopropyl lanolate      18       g                                        
     Mineral oil             4        g                                        
     Oleyl alcohol           10       g                                        
     Hydrogenated lanolin    8        g                                        
     Cetyl ricinoleate       8        g                                        
     Ricin oil               18       g                                        
     Copolymer of Example 1  20       g                                        
PAC  Example XV
PAR  One prepares in accordance with the invention a lip rouge in the form of a
      paste having the following composition:
TBL  Fatty compolisition M   83.9     g                                        
     Butylated hydroxy anisole - antioxidant                                   
                             0.1      g                                        
     Perfume                 1        g                                        
     Bentonite - cationic    3        g                                        
     Dyes:                                                                     
     Titanium oxide          1        g                                        
     Aluminum lake of D and C Red No. 27                                       
                             3        g                                        
     D and C Red No. 30      3        g                                        
     Calcium lake of D and C Red No. 7                                         
                             5        g                                        
PAR  Fatty composition M is identical to fatty composition G except that 20
      grams of the copolymer of the latter are replaced by a mixture of:
TBL  Copolymer of Example 1  10       g                                        
     Copolymer of Example 6  5        g                                        
     Polyvinylstearate cross-linked with                                       
     the aid of divinylbenzene                                                 
                             5        g                                        
PAC  Example XVI
PAR  One prepares according to the invention a lip rouge in the form of a paste
      having the following composition:
TBL  Fatty composition N     76.9     g                                        
     Butylated hydroxy toluene - antioxidant                                   
                             0.1      g                                        
     Perfume                 1        g                                        
     Bentonite - cationic    4        g                                        
     Dyes:                                                                     
     Calcium lake of D and C Red No. 7                                         
                             1.5      g                                        
     D and C Red No. 30      3        g                                        
     Aluminum lake of F.D.C. Red No. 5                                         
                             1.5      g                                        
     Mica-titanium           12       g                                        
PAR  Fatty composition N is an admixture of the following components:
TBL  Microcrystalline wax    1        g                                        
     Candellila wax          2        g                                        
     Lanolin wax             5        g                                        
     Ricin oil               8        g                                        
     Cetyl ricinoleate       8        g                                        
     Mineral oil             20       g                                        
     Isopropyl lanolate      11       g                                        
     Triglycerides of decanoic acid                                            
                             15       g                                        
     Copolymer of Example 21 30       g                                        
PAR  In this fatty composition the copolymer according to Example 21 can
      advantageously be replaced by the copolymer according to Example 23.
PAC  Example XVII
PAR  One prepares in accordance with the invention a mascara having the
      following composition:
TBL  Fatty composition O     18       g                                        
     Oleostearate of aminopropanediol                                          
                             12       g                                        
     Hydroxyethylcellulose   1        g                                        
     Demineralized water     58.8     g                                        
     Black iron oxide        10       g                                        
     Methyl para-hydroxy benzoate                                              
                             0.2      g                                        
PAR  Fatty composition O is an admixture of the following components:
TBL  Carnauba wax            99       g                                        
     Copolymer of Example 1  11       g                                        
PAC  Example XVIII
PAR  One prepares in accordance with the invention a mascara having the
      following composition:
TBL  Fatty composition P     18       g                                        
     Oleostearate of aminopropanediol                                          
                             12       g                                        
     Hydroxyethylcellulose   1        g                                        
     Demineralized water     58.8     g                                        
     Yellow iron oxide       6        g                                        
     Black iron oxide        4        g                                        
     Methyl para-hydroxy benzoate                                              
                             0.2      g                                        
PAR  Fatty composition P is an admixture of the following components:
TBL  Carnauba wax            89       g                                        
     Copolymer of Example 2  11       g                                        
PAR  In this fatty composition the copolymer of Example 2 can advantageously be
      replaced by the same quantity of a copolymer according to Examples 3, 5,
      7, 8 and 18.
PAC  Example XIX
PAR  One prepares in accordance with the invention a mascara having the
      following composition:
TBL  Fatty composition Q     18       g                                        
     Oleostearate of aminopropanediol                                          
                             12       g                                        
     Hydroxyethylcellulose   1        g                                        
     Demineralized water     58.8     g                                        
     Polysulfide of aminosilicate                                              
                             8        g                                        
     Black iron oxide        2        g                                        
     Methyl para-hydroxy benzoate                                              
                             0.2      g                                        
PAR  Fatty composition Q is an admixture of the following components:
TBL  Carnauba wax            89       g                                        
     Copolymer of Example 12 11       g                                        
PAR  In this fatty composition the copolymer of Example 12 can advantageously be
      replaced by the same quantity of the copolymer prepared according to
      Examples 20, 21 and 23.
PAC  Example XX
PAR  One prepares according to the invention an anhydrous mascara by admixing
      the following components:
TBL  Fatty composition R     39       g                                        
     Isoparaffin             56.8     g                                        
     Black iron oxide        4        g                                        
     Methyl para-hydroxy benzoate                                              
                             0.2      g                                        
PAR  Fatty composition R is an admixture of the following components:
TBL  Beeswax                 62.5     g                                        
     Lanolin alcohol         12.5     g                                        
     Acetylated lanolin      10       g                                        
     Copolymer of Example 14 15       g                                        
PAC  Example XXI
PAR  One prepares in accordance with the invention an anhydrous mascara by
      admixing the following components:
TBL  Fatty composition S     39       g                                        
     Isoparaffin             56.8     g                                        
     Black iron oxide        4        g                                        
     Methyl para-hydroxy benzoate                                              
                             0.2      g                                        
PAR  Fatty composition S is an admixture of the following components:
TBL  Beeswax                 62.5     g                                        
     Lanolin alcohol         12.5     g                                        
     Acetylated lanolin      10       g                                        
     Copolymer of Example 9  15       g                                        
PAR  In this fatty composition the copolymer of Example 9 can advantageously be
      replaced by an equal quantity of the copolymer prepared according to
      Examples 5, 6, 7, 15 and 19 or a mixture of these copolymers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fatty composition for use in producing a cosmetic composition selected
      from the group consisting of a lip rouge and a mascara, comprising a
      mixture of:
PA1  i. at least one cosmetic fatty body consisting essentially of about 6-100%
      by weight of at least one cosmetic wax and 0-94% of at least one cosmetic
      oil, and
PA1  ii. a non-toxic, fat soluble copolymer having the formula:
      ##EQU11##
      wherein: R.sub.1 represents a saturated hydrocarbon chain, linear or
      branched, having from 1 to 19 carbon atoms,
PA1  R.sub.2 represents a member selected from the group consisting of
PA1  a.
      ##EQU12##
      wherein R.sub.4 has the same meaning as R.sub.1 but is different from
      R.sub.1 in the same copolymer,
PA1  b. --CH.sub.2 --R.sub.5, wherein R.sub.5 represents a saturated hydrocarbon
      chain, linear or branched, having from 5 to 25 carbon atoms,
PA1  c. --O--R.sub.6, wherein R.sub.6 represents a saturated hydrocarbon chain,
      having from 2 to 18 carbon atoms, and
PA1  d.
      ##EQU13##
      wherein R.sub.7 represents a saturated hydrocarbon chain, linear or
      branched, having from 1 to 19 carbon atoms, and R.sub.3 represents
      hydrogen when R.sub.2 represents radicals (a), (b) or (c) or R.sub.3
      represents methyl when R.sub.2 represents radical (d), the said copolymer
      including at least 15% by weight of at least one monomer of unit Ia or
      unit Ib, wherein said saturated hydrocarbon chain, linear or branched, has
      at least 7 carbon atoms, said copolymer having a molecular weight between
      2,000 and 500,000 and being present in an amount of about 2-35% by weight
      relative to the total weight of the fatty composition.
NUM  2.
PAR  2. The fatty composition according to claim 1 wherein said wax is selected
      from the group consisting of ozokerite, lanolin, lanolin alcohol,
      hydrogenated lanolin, acetylated lanolin, lanolin wax, beeswax, candellila
      wax, microcrystalline wax, carnauba wax, cetyl alcohol, stearyl alcohol,
      spermaceti, cocoa butter, a fatty acid of lanolin, petrolatum, a mono-,
      di- and tri-glyceride solid at 25.degree.C, a fatty ester solid at
      25.degree.C, a silicone wax, stearyl monoethanolamide, rosin, glycol
      abietate, glycerol abietate, a hydrogenated oil solid at 25.degree.C, a
      sucroglyceride and an oleate, myristate, lanolate, stearate and
      dihydroxystearate of calcium, magnesium, zirconium and aluminum.
NUM  3.
PAR  3. The fatty composition according to claim 1, wherein said oil is selected
      from the group consisting of paraffin oil, perhydrosqualene, sweet almond
      oil, avocado oil, calophyllum oil, ricin oil, horse oil, hog oil, olive
      oil, a mineral oil having a boiling point between
      310.degree.-410.degree.C, a silicone oil, linoleic alcohol, linolenic
      alcohol, oleyl alcohol, cereal germ oil, isopropyl lanolate, isopropyl
      palmitate, isopropyl myristate, butyl myristate, cetyl myristate,
      hexadecyl stearate, butyl stearate, decyl oleate, an acetyl glyceride, an
      octanoate and decanoate of glycol and glycerol, a ricinoleate of cetyl
      alcohol and isostearyl alcohol, isocetyl lanolate, isopropyl adipate,
      hexyl laurate and octyl dodecanol.
NUM  4.
PAR  4. The fatty composition of claim 1, wherein said copolymer is crosslinked
      with a crosslinking agent selected from the group consisting of
      tetraallyloxyethane and divinylbenzene.
NUM  5.
PAR  5. The composition according to claim 1 where, in the unit of formula Ib,
      R.sub.2 represents
      ##EQU14##
      which is derived from a vinyl ester selected from the group consisting of
      vinyl acetate, vinyl propionate, vinyl butanoate, vinyl octanoate, vinyl
      decanoate, vinyl laurate, vinyl stearate, vinyl isostearate,
      vinyl-2,2-dimethyloctanoate, vinyl dimethylpropionate and vinyl cecanoate.
NUM  6.
PAR  6. The composition according to claim 1 where, in the unit of formula Ib,
      R.sub.2 represents the radical --CH.sub.2 --R.sub.5 which is derived from
      an .alpha.-olefin selected from the group consisting of 1-octene,
      1-dodecene, 1-octadecene, 1-eicosene, and a mixture of .alpha.-olefins
      having from 22 to 28 carbon atoms.
NUM  7.
PAR  7. The composition according to claim 1 where, in the unit of formula Ib,
      R.sub.2 represents the radical --O--R.sub.6 which is derived from an
      alkylvinylether selected from the group consisting of ethylvinylether,
      n-butylvinylether, isobutylvinylether, decylvinylether, dodecylvinylether,
      cetylvinylether and octadecylvinylether.
NUM  8.
PAR  8. The composition according to claim 1 where, in the unit of formula Ib,
      R.sub.2 represents the radical
      ##EQU15##
      which is derived from an allyl or methallyl ester selected from the group
      consisting of allyl or methallyl acetate, propionate, dimethylpropionate,
      butyrate, hexanoate, octanoate, 2,2-dimethylpentanoate, decanoate,
      laurate, stearate and eicosanoate.
NUM  9.
PAR  9. Composition according to claim 1 wherein said copolymer is constituted
      by 50 to 95 mole % of a unit of formula Ia and of 50 to 5 mole % of a unit
      of formula Ib, wherein R.sub.2 represents a member selected from the group
      consisting of --CH.sub.2 --R.sub.5, --O--R.sub.6 and
      ##EQU16##
NUM  10.
PAR  10. Composition according to claim 1 wherein said copolymer is constituted
      by 10 to 90 mole % of a unit of formula Ia and 90 to 10 mole % of a unit
      of formula Ib in which R.sub.2 represents the radical
      ##EQU17##
NUM  11.
PAR  11. A cosmetic composition selected from the group consisting of a lip
      rouge and a mascara comprising the fatty composition of claim 1 in an
      amount between 99.5 and 15% by weight of the total weight of the cosmetic
      composition and a dye in an amount of 6-15 weight percent, the amount of
      said copolymer relative to the total weight of said cosmetic composition
      being at least 1.5% by weight.
NUM  12.
PAR  12. The cosmetic composition of claim 11, wherein said fatty composition is
      present in an amount between 75 and 99.5% and the quantity of the wax in
      said fatty composition does not exceed 85% relative to the total weight of
      said fatty composition.
NUM  13.
PAR  13. The cosmetic composition of claim 11, wherein water is also present in
      an amount not exceeding 8-10% relative to the total weight of said
      cosmetic composition.
NUM  14.
PAR  14. The cosmetic composition of claim 11, wherein said fatty composition is
      present in an amount between 15 and 40% by weight and also contains water
      in an amount from 50-70% by weight of the total weight of said cosmetic
      composition.
NUM  15.
PAR  15. The composition according to claim 11 which is anhydrous.
NUM  16.
PAR  16. A lip polish comprising the fatty composition of claim 1 in an amount
      between 99.5 and 15% by weight of the total weight of the cosmetic
      composition, and an amount of dye from none to an amount sufficient to
      tint the lip polish, the amount of said copolymer relative to the total
      weight of said cosmetic composition being at least 1.5% by weight.
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ABST
PAL  The propagation and modification of feline calcivirus (FCV) in feline
      tissue cultures and the development of calicivirus vaccine useful for the
      prevention of feline calicivirus respiratory infections in cats, said
      vaccine comprising a modified virus strain of FCV.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a divisional application of my co-pending application Ser. No.
      525,689, filed Nov. 21, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Feline calicivirus infection is a common and serious disease of cats
      usually associated with the respiratory tract. There has been many
      serotypes reported in the literature as causing from slight respiratory
      problems to severe pneumonia in cats. Reports in the literature indicate
      that this disease is responsible for approximately half the clinical cases
      of feline respiratory infections. The virus infects the epithelial cells
      of the nose, lung, pharynx, trachea and eye, causing epitheliolysis and
      necrosis. Resultant signs vary from inapparent infection to mild
      respiratory disease to severe respiratory disease with pneumonia and
      sometimes death. Further ulcerative lesions of the nose and tongue are
      often associated with the disease as are anorexia and pyrexia. The virus
      is shed from the nose, eyes and mouth through the course of the clinical
      disease. Feline calicivirus infections are often severe and complicated
      further by bacteria when resistance becomes low. Mortality may be
      significant, especially in young kittens. The transmission of feline
      calicivirus to susceptible cats is generally by intranasal instillation,
      for example, by droplets expelled in sneezing or by contact (usually nose
      to nose). Resistance following recovery from natural or experimental
      infection is of moderate duration.
PAR  The FCV group of serotypes was formerly called Picorna virus. This name was
      changed by the International Committee on viral nomenclature in 1971
      designating this viral group as Picorna viradae in the genus calicivirus.
      The first isolation of a feline calicivirus serotype was reported by L. B.
      Fastier in Amer. J. Vet. Res., 18, 382 (1957). Since then, several reports
      have appeared in the literature which confirm the isolation of feline
      calicivirus from feline subjects in various parts of the world which
      identify the virus as a feline member of calicivirus, and which describe
      the transmission, epidemiology and histologic characteristics of the
      disease, as well as the infections observed from different serotypes. For
      example, see J. L. Bittle et al., Amer. J. Vet. Res., 21, 547 (1960) and
      22, 374 (1961); F. Burki, Arch. F. die Gesam. Vir., 15, 690 (1965); R. A.
      Crandall, Proc. Soc. Exptl. Biol. & Med. 126, 240 (1967); Kahn &
      Gillespie, Cornell Vet., 60, 669 (1970); Holzinger & Kahn, Amer. J. Vet.
      Res., 31, 1623 (1970); and E. Takahashi et al., Jap. J. Vet. Sci., 33, 81
      (1971).
PAR  An excellent up-to-date review is provided by Gillespie and Scott in the
      book "Advances in Veterinary Science and Comparative Medicine", Volume 17,
      by C. A. Brandly and C. E. Cornelius, pages 176-188, Academic Press, Inc.,
      New York, 1973. Previous attempts at immunization with feline calicivirus
      are termed impractical by Gillespie & Scott (page 189). To date, no
      effective vaccine is available for protecting cats against feline
      calicivirus.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, it has been found that feline
      calicivirus (FCV) can be propagated in feline tissue cultures, preferably
      kidney and tongue, and the virulence of the virus so modified and reduced
      that no symptoms of the disease are observed upon parenteral inoculation.
PAR  Accordingly, the present invention produces a modified or attenuated strain
      of live, feline calicivirus which when parenterally inoculated, preferably
      intramuscularly, into cats, it immunizes the cats to virulent FCV disease.
      A vaccine is also provided which is attenuated to an extent that it will
      stimulate an antibody respose effectively immunizing the cats for
      prolonged periods.
PAR  The vaccine is safe in that it will not cause disease in cats that receive
      it by the parenteral route nor will the modified feline calicivirus pass
      from the vaccinated cat to other cats in contact with it, thereby
      eliminating the possibility of increasing the virulence of the virus by
      animal passage. This constitutes a significant advance in the control of
      disease due to feline calicivirus.
PAR  Live, virulent feline calicivirus can be obtained from cats infected with
      the virus according to methods of isolation and identification described
      in the literature [e.g., see J. L. Bittle et al., Amer. J. Vet. Res., 21,
      547 (1960)]. The preferred serotypes of feline calicivirus for utilization
      in this invention are those which are serologically related as determined
      by conventional techniques, e.g., cross serumneutralization tests. On page
      183 (Table I) of Gillespie and Scott (ibid.), a listing of several feline
      calicivirus serotypes is shown. Among the most preferred for purposes of
      this invention are the two serotypes designated as "F-9" and "F-S". The
      F-9 strain has been deposited in American Type Culture Collection (ATCC)
      No. VR-782.
PAR  In general, virus isolations can be made by swabbing the nasal and
      conjuntival membranes of infected cats with moist, sterile, cotton swabs
      which are then placed in a suitable feline tissue culture medium, followed
      by standard serial passages in order to replicate and isolate the virus. A
      particularly suitable culture medium is one derived from the cortical
      tissue of kidneys from 8- to 12-week old kittens which is trypsinized by a
      method similar to that described by J. Youngner [Proc. Soc. Exptl. Biol. &
      Med., 85, 202 (1954)] for monkey kidney cells.
PAR  In preparing the vaccines of this invention, it has been found that
      attenuation and modification of the virulent feline calicivirus can be
      readily accomplished by a relatively few, at least about 10, preferably at
      least 13, and generally about 13 to 35, serial passages, including
      purification by standard terminal dilution techniques, in feline tissue
      utilizing lower incubation temperatures of about 30.degree..+-.2.degree.C,
      preferably 29.degree.-31.degree.C. Purification of the viral preparations
      may be accomplished by conventional tube or plague methods during or
      following the course of serial passages.
PAR  Feline calicivirus is capable of propagation in such feline tissue culture
      systems, for example, lung, testicle, kidney, thymus, tongue and embryonic
      fetal tissue, and also in established cell lines, such as, for example,
      Crandall's cat kidney cell line (CrFK), cat tongue cell lines, e.g., at
      the third passage level (Fc3Tg), and feline neurofibrosarcoma cell line
      (FNFS). Feline tongue cell lines are most preferred.
PAR  The passage time intervals should be such as to sufficiently allow the
      virus to replicate between passages, preferably from 1 to 6 days. The
      optimum passage time interval can readily be determined by standard
      techniques, for example, by cytopathic observations, such as by allowing
      the virus to grow during a particular passage prior to the point where a
      gross cytopathic effect (CPE) can be observed while continuing incubation.
PAR  The obtention of successful vaccines by the present low passage-low
      temperature method is rather surprising in view of the fact that serial
      passage in feline tissue at normal incubation temperatures, about
      35.degree.-37.degree.C., does not alter or modify the virus or its
      pathogenicity at approximately the same number of passages.
PAR  In accordance with this invention, therefore, a process is provided for
      attenuating virulent feline calicivirus (FCV) for the production of a
      vaccine capable when injected into cats of immunizing them against FCV
      which comprises introducing an inoculum of virulent FCV into a nutrient
      fluid feline tissue culture medium which is non-toxic to said virus,
      propagating said virus by incubating said nutrient tissue culture medium
      at a temperature of about 30.degree..+-.2.degree.C for a period of 1 to 6
      days, and thereafter separating an inoculum of said virus and serially
      passing the virus through other such feline tissue cultures for a total of
      at least about 10 passages.
PAR  The viral preparations produced by this invention may be diluted to adjust
      their potency, and they may have added to them stabilizers, such as
      dextrose and lactose, or other non-toxic substances. The viral
      preparations may also be desiccated, e.g., by freeze drying, for storage
      purposes or for subsequent formulation into liquid vaccines. Stabilizers
      useful in the freeze drying of viruses are described in W. A. Rightsel et
      al., Cryobiology, 1967, 3:423 and D. Greiff et al., Advances in Freeze
      Drying, L. Rey, Ed., pp. 103-122, Hemann, Paris, 1966. In addition, the
      vaccines may be utilized in a mixture with other immunogenic vaccines for
      administration to cats.
DETD
PAR  The manner in which our invention is carried out is described in greater
      detail in conjunction with the following specific experiments. It is
      understood that these specific experiments are by way of illustration, and
      not by limitation.
PAC  EXAMPLE I
PAR  A sample of live virulent feline calicivirus (F-9 serotype, ATCC No.
      VR-782), cultured and isolated according to the procedure described by J.
      L. Bittle et al., Amer. J. Vet. Res., 21, 547, (1960), is added to
      monolayers of a feline diploid tongue cell line in standard culture tubes
      or leighton tubes (16 .times. 125 mm) prepared as follows. The tongue cell
      line used is the Fc3Tg line referred to in K. M. Lee et al., Cornell
      Veterinarian, 59, 539 (1969). Each cell line tube, containing 1-2 ml of
      growth medium consisting of Eagles Minimum Essential Medium (MEM)
      supplemented with 10% fetal calf serum, 0.1% lactalbumin hydrolysate, 30
      units penicillin, 30 mcg streptomycin and 2.5 mcg amphotericin, is seeded
      with 1 ml feline tongue cells (200,000 cells per ml). If necessary, the pH
      is adjusted with sodium bicarbonate to maintain a pH of about 7.2 - 7.8.
      The cells are allowed to grow at about 35.degree..+-.2.degree.C until a
      monolayer of cells is achieved. Fluids are then poured off and 1-2 ml of a
      maintenance medium (same as above except that 1-2% fetal calf serum is
      utilized) is added. About 4 to 6 such tubes are utilized per viral
      passage.
PAR  To each tissue culture tube is added the F-9 feline calicivirus inoculum.
      The thus-seeded tube is maintained at about 29.degree.-31.degree.C until a
      cytopathic effect (CPE) is observed by microscopic examination (about 2-7
      days). When the CPE reaches about 75-90% of the monolayer, the contents of
      the tube are harvested and 0.2 ml inoculums are subjected to identical
      serial passages for 6 additional passages (7 passages total). After the
      7th passage, a standard terminal dilution purification is performed
      utilizing Eagles MEM supplemented with the aforementioned antibiotics as
      the diluent with incubation maintained at 29.degree.-31.degree.C. After 7
      days, the final tube which is positive with 75-90% CPE is harvested and
      the entire procedure repeated twice for a total of 10 passages. An 11th
      passage is performed for purposes of increasing volume by inoculating a
      0.5 ml sample from the 10th passage into flasks containing monolayers of
      feline diploid tongue cell cultures obtained by propagation of the tongue
      cells as previously described. At the end of the 11th passage, the pool is
      harvested, identified and titrated by known methods.
PAR  The pool thus prepared constitutes a bulk vaccine which may be diluted
      according to the titer or may have added thereto stabilizers or other
      nontoxic substances. For use as a vaccine, it may be desiccated or it may
      be prepared in liquid form.
PAR  In propagating and attenuating the virus, any nontoxic nutrient fluid
      tissue culture medium may be utilized. In addition to the supplemented
      Eagles MEM medium described above, it will be understood that other
      nontoxic nutrient fluid tissue culture mediums may also be used.
PAC  EXAMPLE II
PAR  1 Ml of a vaccine prepared according to Example I and titrated to a virus
      titer at 35.degree..+-.2.degree.C of 10.sup.4.1 TCID.sub.50 /ml
      (determined by CPE) is administered intramuscularly to three susceptible
      cats. Two other cats are maintained as unvaccinated controls. All 5 cats
      are previously determined to be sero-negative to feline calicivirus.
      Evidence of severe FCV disease is generally observed starting with pyrexia
      on the second day and other clinical signs seen from about the fourth day
      onward after normal contact or challenge with virulent feline calicivirus.
      The antibody titer of all 5 cats prior to vaccination is less than 1:3 and
      one month later, just prior to challenge, the antibody titer of the 3
      inoculated cats averages 1:15 as compared to less than 1:3 for the 2
      unvaccinated controls. All 5 cats are challenged intranasally with
      virulent feline calicivirus (F-9 serotype) applied by a nebulizer (each
      cat in an enclosed atmosphere; total dose of 0.025 ml containing about
      10.sup.6 TCID.sub.50). The cats are observed for three weeks for evidence
      of clinical disease. All of the three vaccinated cats remain normal with
      no clinical disease or symptoms in contrast to the two unvaccinated
      controls which become very ill with FCV disease exhibiting typical
      symptoms such as febrile response, running eyes and nose, lack of appetite
      and general malaise.
PAC  EXAMPLE III
PAR  Live virulent feline calicivirus, cultured and isolated according to the
      procedure described by J. L. Bittle et al., ibid., and denoted by said
      investigators as an "F-9" isolate, was serially passed 7 consecutive times
      in primary feline kidney tissue cultures at 1-6 day intervals at about
      35.degree.C., followed by 3 successive terminal dilutions in similar
      tissue cultures for a total of 10 passages (virulent virus). The virus was
      than adapted to a feline tongue cell line (Fc3Tg) at 37.degree.C. (11th
      passage). Three additional passages were made in CrFK cells at
      37.degree.C. The 14th passage virus was tested in cats and found to cause
      typical clinical signs of FCV infection (virus is still virulent).
PAR  The 11th passage virus (designated P-O) was also passed in tubes containing
      a feline tongue cell line (Fc3Tg cells) at 29.degree.-31.degree.C. for a
      total of 8 successive passages (P-8) at 1-6 day intervals followed by 3
      successive terminal dilutions (P-11) in similar tongue cultures at this
      temperature. Two additional passages (P-13) were made to provide a pool
      followed by two more passages (P-15) which was used as a master seed. Five
      further passages (P-20) were performed to build up volume. The P-13, P-15
      and P-20 viral passages were identified by serum neutralization tests with
      specific F-9 goat antiserum. Vaccination of cats with said P-13, P-15 and
      P-20 viral passages produce significant amounts of protective antibodies
      enabling the animals to resist virulent feline calicivirus.
PAC  EXAMPLE IV
PAR  1 Ml of the vaccine prepared in Example III (P-20 passage) and having a
      virus titer at 35.degree.C. of about 10.sup.5.5 TCID.sub.50 /ml
      (determined by CPE) was administered intramuscularly to four cats which
      were previously determined to be seropositive to FCV (serotype unknown).
      The mean titer before vaccination was determined to be about 1:64 and the
      mean titer one month after vaccination was found to be about 1:292.  Two
      of the cats were challenged with virulent feline calicivirus [FPV-255
      serotype; see Kahn & Gillespie, Cornell Vet., 60, 669 (1970) and Amer. J.
      Vet. Res., 32, 521 (1971); and Holzinger & Kahn, Amer. J. Vet. Res., 31,
      1623 (1970); sample received from Kahn] at 31/2 months and the other two
      cats at 5 months. The challenge was applied with a nebulizer as described
      in Example II. For three weeks post challenge the cats were observed daily
      with no clinical signs of disease observed. In contrast, unvaccinated
      controls exhibited typical severe manifestation of FCV disease. This
      example shows that a simple dose of vaccine given to already exposed cats
      increased antibody formation about 4-5 times, and, when challenged with
      virulent feline calicivirus, the animals were protected.
PAC  EXAMPLE V
PAR  500 Ml of the virus material obtained at the P-20 passage level described
      in Example III was added to 500 ml of N-Z amine lactose glutamate
      stabilizer and dispensed into standard vaccine vials that were dried by
      conventional freezedrying procedures. For inoculation purposes, the vials
      were reconstituted with 1 ml pyrogen-free sterile distilled water (mean
      titer about 10.sup.5.3 TCID.sub.50 /ml). Prior to vaccination, all
      experimental cats were found to have an antibody titer of less than 1:2. 1
      Ml of the thus-prepared vaccine was administered intramuscularly to ten
      susceptible cats with five other unvaccinated cats maintained as controls.
      One month later, the ten vaccinated cats were given an identical booster
      dose intramuscularly. Antibody determinations before and two weeks after
      the booster inoculation, as shown below, resulted in about a 7-fold
      increase in antibody formation.
TBL  ______________________________________                                    
                 Before       2 Weeks                                          
                 Booster      After Booster                                    
     ______________________________________                                    
     Cat No. 1     1:3            1:93                                         
     Cat No. 2     1:23           1:370                                        
     Cat No. 3     1:30           1:837                                        
     Cat No. 4     1:8            1:40                                         
     Cat No. 5     1:40           1:70                                         
     Cat No. 6     1:70           1:120                                        
     Cat No. 7     1:53           1:70                                         
     Cat No. 8     1:4            1:14                                         
     Cat No. 9     1:53           1:471                                        
     Cat No. 10    1:53           1:160                                        
                   1:34 (mean)    1:225 (mean)                                 
     ______________________________________                                    
PAR  In addition to the preparation of the instant vaccines from live virulent
      feline calicivirus, this invention is also concerned with the preparation
      of a FCV vaccine using the virus, preferably the F-9 serotype, that has
      been modified by the method heretofore described. It would be commercially
      impractical for the preparation of a vaccine to use as the starting
      material for each new batch of vaccine live virulent feline calicivirus
      obtained from infected cats and then go through the requisite serial
      passages in order to acquire the modified virus for use as a vaccine. This
      invention, therefore, embodies the method of preparing a FCV vaccine which
      comprises using as the starting virus one that has already been modified
      by serial passages in feline tissue culltures as previously described,
      that is, a "seed" virus from a master batch of attenuated virus.
      Accordingly, there is herein provided a process of preparing a feline
      calicivirus vaccine which comprises propagating an attenuated feline
      calicivirus, which attenuated virus is produced by the process heretofore
      described, by sufficient serial passages at an incubation temperature of
      about 32.degree.-37.degree.C. in a suitable nutrient fluid feline tissue
      culture medium which is non-toxic to said virus until said fluid medium
      contains from about 10.sup.3 to about 10.sup.8 tissue culture infectious
      doses of said attenuated virus per ml and harvesting the fluid vaccine.
PAR  By use of the procedures described herein, a modified feline calicivirus
      can be readily cultivated in large quantities and in high concentrations.
      Using feline tissue culture propagated modified feline calicivirus, for
      example, the F-9 serotype, in concentrations of at least about 10.sup.3,
      and generally from about 10.sup.3 to about 10.sup.8, tissue culture
      infectious doses of virus per 1.0 ml of final vaccine, and by parenterally
      administering 1 ml of such vaccine to cats, there is stimulated in such
      vaccinated cats the production of protective FCV antibodies comparable to
      those produced by natural infections without producing the usual
      pathological symptoms of disease due to feline calicivirus. The vaccinated
      cats are also able to resist challenges with the disease-producing virus.
PAR  A marked increase in the antibody response has been observed upon the
      parenteral administration of a second, and even a third or more, "booster"
      dose of the instant vaccines. For example, it has been found that
      beneficial results are obtained when a second intramuscular injection is
      given about two weeks following the initial vaccination. For best results,
      it is recommended that the second injection be given not sooner than about
      3-4 weeks following the first injection.
PAR  As a further feature of this invention, it has been found that enhancement
      of antibody production can be accomplished, in addition to the
      aforementioned parenteral administration of booster doses of the instant
      vaccines, by the exposure of cats, which have been previously immunized by
      parenteral administration, preferably I.M., of the instant vaccines, to
      feline calicivirus, for example, the F-9 serotype, by the intranasal
      route, which virus either has been modified according to the present
      invention or is in its non-modified virulent form.
PAR  Such intranasal instillation following parenteral vaccination produces
      significantly high levels of antibodies that persist for long periods of
      time. For example, when such treated animals are challenged with virulent
      virus, the protection afforded is much more solid, as demonstrated by the
      lack of clinical disease symptoms after challenges with high tissue
      culture infectious doses of virulent, non-modified feline calicivirus. For
      best results, it is recommended that a sufficient time elapse for the cat
      to become sensitized after the initial parenteral vaccination in order to
      develop at least a minimal degree of immunity as reflected by increased
      antibody formation before subjecting the animal to the subsequent
      intranasal contact with virulent FCV. Preferably, the intranasal
      instillation is given within 2-5 weeks following the initial parenteral
      vaccination.
PAR  Intranasal instillation is readily accomplished by inhalation of the feline
      calicivirus either by conventional aerosol formulations sprayed into the
      nasal passages or by droplets applied to the outer nostrils or in the
      nasal passages. A suitable concentration of feline calicivirus, for
      example, the F-9 serotype, whether modified as described hereinbefore or
      in its live virulent unattenuated form, for intranasal instillation
      purposes following initial vaccination by parenteral administration is
      from about 10.sup.3 to about 10.sup.8 tissue culture infectious doses per
      ml.
PAR  It is believed that the initial vaccination by the parenteral route
      followed by contact with FCV, either modified or not, by the respiratory
      route constitutes a novel method of immunization against feline
      calicivirus. Such method provides the animal with a humoral antibody
      response and a local immunity to the respiratory tract that is much more
      protective against disease due to FCV. Thus, a means is provided for
      effective, long-lasting protection against most serotypes of FCV.
PAC  EXAMPLE VI
PAR  1 Ml of the vaccine prepared in Example III (P-20 passage level) and having
      a virus titer at 35.degree.C of about 10.sup.5.5 TCID.sub.50 /ml was
      administered intramuscularly to a susceptible cat (Cat A) which was
      previously determinated to be sero-negative to FCV. One other cat was
      maintained as an unvaccinated control. One month after the initial
      inoculation date, the vaccinated cat was given a second 1 ml injection
      intramuscularly. About 31/2 months after the initial inoculation date, the
      vaccinated cat and the unvaccinated control were subjected to intranasal
      instillation of &gt;10.sup.3 TCID.sub.50 of virulent feline calicivirus
      (FPV-255) with a nebulizer as similarly performed in Example II. The
      following results were obtained, indicating a significantly higher
      antibody response and lack of clinical disease symptoms when intranasal
      administration of the virus follows parenteral vaccination.
TBL  ______________________________________                                    
     Antibody Response                                                         
     Titer at time  Titer One Month                                            
                                 Clinical Symptoms                             
     of Intranasal  after Intranasal                                           
                                 after Intranasal                              
     Instillation   Instillation Instillation                                  
     ______________________________________                                    
     Cat A  1:18        1:180        none                                      
     Control                                                                   
            &lt;1:2        1:120        severe                                    
     ______________________________________                                    
PAR  The foregoing Example VI demonstrates the feature of this invention whereby
      cats are afforded effective long-lasting immunization against FCV by the
      process which comprises first administering parenterally to a cat a
      vaccine of at least about 10.sup.3 tissue culture infectious doses of an
      attenuated feline calicivirus, preferably the F-9 serotype, which virus
      was attenuated by at least 10 one- to six-day serial passages through
      feline tissue cultures in a nutrient fluid at an incubation temperature of
      about 30.degree..+-.2.degree.C, followed by a subsequent administration to
      said cat by the respiratory route of from about 10.sup.3 to about 10.sup.8
      tissue culture infectious doses of feline calicivirus in its live virulent
      unattenuated form. Similar results are also obtainable with the
      respiratory administration of from about 10.sup.3 to about 10.sup.8 tissue
      culture infectious doses of feline calicivirus which has been attenuated
      according to the methods of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vaccine for immunizing cats against feline calicivirus comprising at
      least about 10.sup.3 tissue culture infectious doses of an attenuated
      feline calicivirus per ml, which vaccine is capable of stimulating the
      production of protective feline calicivirus antibodies comparable to those
      produced by natural infections when parenterally administered into
      non-immune cats and without producing the usual pathological symptoms of
      disease due to feline calicivirus.
NUM  2.
PAR  2. A vaccine for immunizing cats against feline calicivirus comprising at
      least about 10.sup.3 tissue culture infectious doses of an attenuated
      feline calicivirus, which virus was attenuated by at least 10 one- to
      six-day serial passages through feline tissue cultures in a nutrient fluid
      at an incubation temperature of about 30.degree..+-.2.degree.C.
NUM  3.
PAR  3. A vaccine for immunizing cats against feline calicivirus comprising from
      about 10.sup.3 to about 10.sup.8 tissue culture infectious doses of
      attenuated feline calicivirus serotype F-9 per ml, which virus was
      attenuated by at least 10 one- to six-day serial passages through feline
      tongue cell cultures in a nutrient fluid at an incubation temperature of
      about 30.degree..+-.2.degree.C.
NUM  4.
PAR  4. A vaccine for immunizing cats against feline calicivirus comprising a
      dry solid dosage unit form containing at least about 10.sup.3 tissue
      culture infectious doses of an attenuated feline calicivirus, which virus
      was attentuated by at least 10 one- to six-day serial passages through
      feline tissue cultures in a nutrient fluid at an incubation temperature of
      about 30.degree..+-.2.degree.C, and made solid by drying at low
      temperature the fluid vaccine.
NUM  5.
PAR  5. The vaccine of claim 4 wherein said feline calicivirus is the F-9
      serotype.
NUM  6.
PAR  6. A method of immunizing cats against feline calicivirus which comprises
      parenterally administering to a cat at least 1 ml of the claim 2 vaccine.
NUM  7.
PAR  7. A method of immunizing cats against feline calicivirus which comprises
      parenterally administering to a cat at least 1 ml of the claim 3 vaccine.
NUM  8.
PAR  8. A method of immunizing cats against feline calicivirus which comprises
      intramuscularly inoculating a cat with at least 1 ml of the claim 2
      vaccine and about two weeks later so inoculating said cat again.
NUM  9.
PAR  9. A method of immunizing cats against feline calicivirus which comprises
      intramuscularly inoculating a cat with at least 1 ml of the claim 2
      vaccine and about 3-4 weeks later so inoculating said cat again.
NUM  10.
PAR  10. A method of immunizing cats against feline calicivirus which comprises
      intramuscularly inoculating a cat with at least 1 ml of the claim 3
      vaccine and about 3-4 weeks later so inoculating said cat again.
NUM  11.
PAR  11. A method of immunizing cats against feline calicivirus which comprises
      parenterally administering to a cat a vaccine containing at least about
      10.sup.3 tissue culture infectious doses of an attenuated feline
      calicivirus, which virus was attenuated by at least 10 one- to six-day
      passages through feline tissue cultures in a nutrient fluid at an
      incubation temperature of about 30.degree..+-.2.degree.C, and subsequently
      administering to said cat by the respiratory route from about 10.sup.3 to
      about 10.sup.8 tissue culture infectious doses of feline calicivirus in
      its live virulent unattenuated form.
NUM  12.
PAR  12. A method of immunizing cats against feline calicivirus which comprises
      intramuscularly inoculating a cat with at least 1 ml of the claim 9
      vaccine and about 2-5 weeks later administering to said cat by the
      respiratory route from about 10.sup.3 to about 10.sup.8 tissue culture
      infectious doses of feline calicivirus in its live virulent unattenuated
      form.
NUM  13.
PAR  13. A method of immunizing cats against feline calicivirus which comprises
      parenterally administering to a cat at least 1 ml of the claim 2 vaccine
      and about 2-5 weeks later administering to said cat by the respiratory
      route from about 10.sup.3 to about 10.sup.8 tissue culture infectious
      doses of feline calicivirus which has been attenuated according to the
      process which comprises introducing an inoculum of live infectious feline
      calicivirus into a nutrient fluid culture medium which is non-toxic to
      said virus and contains viable feline tongue cells, propagating said virus
      by incubating said inoculated fluid medium at a temperature of about
      30.degree..+-.2.degree.C for a period of 1 to 6 days and thereafter
      separating an inoculum of said virus thereform and serially passing the
      virus through other such feline tongue cultures for a total of at least
      about 10 passages.
NUM  14.
PAR  14. A method of immunizing cats against feline calicivirus which comprises
      intramuscularly inoculating a cat with at least 1 ml of the claim 10
      vaccine and about 2-5 weeks later administering to said cat by the
      respiratory route from about 10.sup.3 to about 10.sup.8 tissue culture
      infectious doses of feline calicivirus attenuated according to the process
      which comprises introducing an inoculum of live infectious feline
      calicivirus into a nutrient fluid culture medium which is non-toxic to
      said virus and contains viable feline tongue cells, propagating said virus
      by incubating said inoculated fluid medium at a temperature of about
      30.degree..+-.2.degree.C for a period of 1 to 6 days and thereafter
      separating an inoculum of said virus therefrom and serially passing the
      virus through other such feline tongue cultures for a total of at least
      about 10 passages.
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BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to insecticides, but more particularly, it relates
      to a combination of insecticides which is effective in controlling the
      growth of various lepidopterous larvae on various crops and in controlling
      the damage from such larvae.
PAR  In the control of various lepidopterous larvae, there have been provided
      several insecticides, which have at least in part been effective in the
      control of the growth thereof. Under normal conditions, or under ideal
      environmental conditions, larvae feed and grow rapidly within a short
      period of time. Thus, economic crops or ornamental plants left untreated
      are fully available for the various forms of insect larvae to consume and
      damage.
PAR  Many chemical insecticides which are useful in controlling insects on
      economic crops do not control well the insect larvae belonging to the
      order Lepidoptera. Some offer minimal control or control of only early or
      later growth stages (instars) of the said larvae. Further, during the
      course of use, said larvae may become resistant to minimal levels of
      insecticide. In both instances, larger quantities may be used without
      added benefit, but with added cost and environmental contamination.
PAR  Attempts have been made and some practices adopted to develop and use
      separate applications of insecticides to provide broader control of
      injurious and economically important lepidopterous larvae and other
      insects. In some combinations, the beneficial effects of such insecticides
      has been partial and unspecific. Again, large quantities of chemical
      insecticide combinations may be necessary, adding to cost and
      environmental problems.
PAR  Therefore, it is the primary purpose of the present invention to provide an
      effective and yet practical insecticide combination which can control not
      only the first but also later instars (growth stages) of various
      lepidopterous larvae that feed on various vegetable crops, field crops,
      deciduous fruits and nut crops, shade and forest trees and ornamental
      flowers, shrubs and the like.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention provides a combination of at least two insecticides to give
      a more complete and effective control of the growth of various
      lepidopterous larvae on various crops. The effect of this combination is
      to combine and integrate the best properties of the individual
      insecticides such as an environmentally compatable biological insecticide
      and reduced amounts of chemical insecticide to provide economic control of
      a spectrum of larval stages of the various lepidopterous larvae.
PAR  The combination of insecticide which has proven most effective in the
      control of such lepidopterous larvae is the biological insecticide,
      Bacillus thuringiensis (B.t.) and the chemical insecticide,
      N'-(4-chloro-o-tolyl)-N,N-dimethylformamidine (chlordimeform).
PAR  In the control of the various lepidopterous larvae, Bacillus thuringiensis
      (B.t.) is a naturally occuring biological insecticide, environmentally
      safe, highly specific, and effective as a stomach poison only for
      lepidopterous larvae. Bacillus thuringiensis causes immediate cessation of
      feeding and causes subsequent death of said larvae. That is, newly hatched
      or developing insect larvae feeding on any plant treated with Bacillus
      thuringiensis insecticide (for simplification and clarification herein
      after referred to as B.t.,) will succumb to the specific biological
      mechanisms provided thereby.
PAR  According to the present invention, growth of the larvae is effectively
      controlled by a combination of B.t. insecticide and the chemical
      chlordimeform insecticide. The chlordimeform is effective in controlling
      small larvae, but it also has ovicidal properties.
PAR  The combined and integrated properties of the B.t. insecticide and the
      chlordimeform insecticide provide more effective and longer control of the
      growth of such lepidopterous larvae at low rates of each component. Also,
      the rate of the chlordimeform may stress the insect, and under these
      conditions, the activity of the B.t. insecticide is apparently more
      pronounced. Thus, the combination of mixtures appear to be synergistic in
      effect. By different use of such combinations or mixtures, the synergistic
      effect is substantiated in the effective and practical control of such
      lepidopterous larvae.
PAR  The combinations of insecticides of the present invention is made quite
      simply in that different amounts and proportions of the individual
      insecticide are mixed together to provide an effective and economical
      application. For example, B.t. is mixed with chlordimeform,
      N'-(4-chloro-o-tolyl)-N,N-dimethylformamidine, and the combination added
      to water in a spray tank or each component may be added to water and mixed
      together. The two insecticides may be mixed with each other in different
      proportions, for example, the B.t. and chlordimeform may be in equal parts
      or in a proportion where there is more B.t. than chlordimeform, or
      conversely where there is more chlordimeform than B.t. For example, there
      may be 0.25 lbs. per acre of B.t., and 0.125 lbs. per acre of
      chlordimeform, or 0.25 lbs. per acre of chlordimeform and 0.125 lbs. per
      acre of B.t. The combination which has been found to be generally most
      advantageous, is a mixture of equal proportions of both the B.t. and the
      chlordimeform. For example, this would be one-eighth to one-half lb. per
      acre of each of the B.t. and chlordimeform.
DETD
PAR  The following examples will further illustrate the present invention and
      its advantages in the treatment and control of various lepidopterous
      larvae.
PAC  EXAMPLE 1
PAR  A series of tests were made to compare B.t. and
      N'-(4-chloro-o-tolyl)-N,N-dimethylformamidine, and combinations thereof,
      for control of the cabbage looper (Trichoplusia ni), and the fall armyworm
      (Spodoptera frugiperda) and the imported cabbage worm (Pieris rapae) on
      fall cabbage. In this test, B.t. wettable powder was applied at 2.0 lbs.
      per acre, was compared with B.t. and the chlordimeform at one-eighth and
      one-sixteenth lb. per acre, applied alone and in combination. In the round
      Dutch cabbage that was treated, was a moderate infestation of the cabbage
      looper and a very light infestation of imported cabbage worm and fall
      armyworm. Similar rows of 3 feet by 50 feet were arranged in a random
      design. Each treatment was replicated five times. The insecticidal spray
      was applied with a hand pressure sprayer delivering 50 gallons per acre
      and Triton B-1956 spreader-sticker, was added at the rate of 4 ml. per
      gallon of the final spray. Seven applications of the combined insecticide
      were made in a six week period. During the growing season, three weekly
      larval counts were made. At the harvest, treatments were graded as
      follows:
PA1  Class 1 - no visible feeding to the head or wrapper leaves;
PA1  Class 3 - four or more wrapper leaves damaged.
PAR  Results of the tests are provided in Table I below. The results as
      provided, show the average number of surviving larvae and pupae per 100
      plants, as provided by the application of the different insecticides and
      combinations thereof. Also, the grades of the resultant plant are
      provided.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                      Average per 100 plants of surviving                      
                      larvae and pupae    % Plants in                          
              Dosage/Acre                                                      
                      Cabbage                                                  
                             Fall  Imported                                    
                                          Class                                
                                              Class                            
     Material (lb)    looper armyworm                                          
                                   cabbageworm                                 
                                          1   3                                
     __________________________________________________________________________
     B.t..sup.1                                                                
              0.125   17     2     0      60  8                                
     Chlordimeform.sup.2                                                       
              0.125   41     0     2      30  16                               
     B.t. +   0.125 +                                                          
     Chlordimeform                                                             
              0.125    5     0     1      88  0                                
     B.t.     0.0625  23     0     0      45  9                                
     Chlordimeform                                                             
              0.0625  17     0     1      51  7                                
     B.t. +   0.0625 +                                                         
     Chlordimeform                                                             
              0.0625  16     0     0      89  0                                
     B.t.     2.0      2     0     0      90  0                                
     Untreated        93     8     6       8  46                               
     __________________________________________________________________________
      .sup.1 Source DIPEL WP (brand name of Bacillus thuringiensis 16,000      
      International Units (IU) per milligram or 7.26 Billion International Unit
      (BIU) of potency per pound from Abbott Laboratories.                     
      .sup.2 Source FUNDAL (brand name of chlordimeform from Schering A. G.    
      (Berline/Bergkamon) and Nor-AM (USA)                                     
PAR  As shown in Table I, the combinations of B.t. and chlordimeform of the
      present invention at one-eighth and one-sixteenth lb/acre was equal to
      B.t. alone at 2 lb/acre. Also, as shown, the combination of B.t. and
      chlordimeform at one-sixteenth lb/acre was superior to either product used
      alone at one-eighth lb/acre when a number of marketable heads was
      measured. In this test, it clearly appears that the combination of the
      B.t. and chlordimeform have a synergistic reaction, in that the
      combination produces a superior result over either of the insecticides
      alone.
PAC  EXAMPLE 2
PAR  A similar test to that of Example 1 was performed to compare various
      insecticides and combinations thereof, including B.t., for control of the
      cabbage looper (Trichoplusia ni), the Diamondback moth (Plutella
      maculipennis) and the imported cabbage worm (Pieris rapae) on spring
      cabbage. In the test, B.t. and two chlordimeform sources were applied
      separately at low rates and in combination. Single rows of round Dutch
      cabbage, 3 feet by 50 feet, were arranged in a random design. Each
      treatment was replicated 5 times. The sprays were applied by a hand
      operated pressure sprayer at a rate of 50 gallons per acre. Six weekly
      applications were made over a six week period, and Triton B-1956
      spreader-sticker was added to each spray at the rate of 4 ml. per gallon.
PAR  Four weekly larval counts were made. Each replicate was assessed as to the
      marketability as follows:
PA1  Class 1 - minimal feeding to the outer leaves;
PA1  Class 2 - damage to the outer leaves, but no injury to the head; and
PA1  Class 3 - injury and damage to the head.
PAR  The results of the tests are provided below, in Table II:
TBL                                    TABLE II                                
     __________________________________________________________________________
                       Average per 100 plants of surviving larvae and          
                                                            % Plants in        
               Dosage/Acre                                                     
                       Cabbage                                                 
                            Percent                                            
                                  Diamondback                                  
                                         Percent                               
                                               Imported                        
                                                      Percent                  
                                                            Class              
                                                                Class          
     Material  (lb)    looper                                                  
                            reduction                                          
                                  moth   reduction                             
                                               cabbageworm                     
                                                      reduction                
                                                            1   2              
     __________________________________________________________________________
     B.t..sup.1                                                                
               0.25    33   51    2      80    1      98    37  10             
     Chlordimeform A.sup.2                                                     
               0.25    7    89    1      90    14     79    10  41             
     Chlordimeform B.sup.3                                                     
               0.25    7    89    1      90    16     76    13  35             
     B.t. +    0.25 +                                                          
     Chlordimeform A                                                           
               0.25    3    95    0      100   0      100   87   1             
     B.t. +    0.25 +                                                          
     Chlordimeform B                                                           
               0.25    5    92    1      90    2      97    85   2             
     B.t.      0.125   23   66    1      90    2      97    24  17             
     Chlordimeform A                                                           
               0.125   4    94    1      90    12     82    13  34             
     B.t. +    0.125 +                                                         
     Chlordimeform A                                                           
               0.125   1    98    0      100   0      100   91   1             
     Untreated         67         10           67            0  90             
     __________________________________________________________________________
      .sup.1 DIPEL WP, brand name of Bacillus Thuringiensis 16,000 IU/mg(7.26  
      BIU per lb) from Abbott Laboratories                                     
      .sup.2 FUNDAL, brand name of chlordimeform from Schering A. G.           
      (Berlim/Bergkamen) and Nor-Am (USA)                                      
      .sup.3 GALECRON, brand name of chlordimeform from CIBA-Geigy             
PAR  As shown in Table II, B.t. was applied at 0.125 and 0.25 lb./acre and
      chlordimeform A was applied at the same rates, whereas chlordimeform B, a
      similar formulation of chlordimeform, was applied at 0.25 lb./acre. Also,
      as shown in the results of Table II, the combination of 0.125 lb. of
      chlordimeform A and 0.125 lb. of B.t. was superior in marketable heads
      when compared to B.t., chlordimeform A or chlordimeform B as a single
      spray at 0.25 lb./acre. The results of this test clearly indicate a
      synergistic action of the combination of B.t. with the chlordimeform
      insecticides.
PAC  EXAMPLE 3
PAR  A series of tests were made on Fall collards to compare B.t. and
      chlordimeform alone and in combination for control of the cabbage looper
      (Trichopulsia ni) and the Fall armyworm (Spodoptera frugiperda).
PAR  In these tests, B.t. was applied at 0.25, 0.5, and 2.0 lb./acre, whereas
      chlordimeform was applied at 0.25 and 0.5 lb./acre. A combination of B.t.
      and chlordimeform were applied at 0.25 and 0.5 of each insecticide per
      acre. The collards were arranged in a random block design of single rows,
      3 feet by 50 feet. Each treatment was replicated five times. The
      insecticide sprays were applied by a hand pressure sprayer delivering 50
      gallons per acre. Triton B-1956 was used as a spreader-sticker at the rate
      of 4 ml. per gallon of final spray. Seven applications were made at weekly
      intervals over a period of six weeks. During the test, three separate
      larval counts were taken and averaged. At harvest, five plants from each
      replicate were examined for injured leaves. The results of the test are
      provided below, in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
                      Average per 100 plants of surviving larvae               
                                            Percent plants with                
                                                           Percent             
                      and pupae             this many leaves                   
                                                           injured             
     Material Dosage/Acre                                                      
                      Cabbage                                                  
                           Percent                                             
                                 Fall Percent                                  
                                            injured        plants              
              (lb)    looper                                                   
                           reduction                                           
                                 Armyworm                                      
                                      reduction                                
                                            0  1   2-10                        
                                                       10+                     
     __________________________________________________________________________
     B.t..sup.1                                                                
              0.5     18   78    2    67    88 7    5  0   12                  
     Chlordimeform.sup.2                                                       
              0.5     11   87    1    83    64 14  22  0   36                  
     B.t. +   0.5 +                                                            
     Chlordimeform                                                             
              0.5      5   94    1    83    98 1    1  0    2                  
     B.t.     0.25    24   71    1    83    78 8   13  1   22                  
     Chlordimeform                                                             
              0.25    15   82    0    100   75 7   17  1   25                  
     B.t. +   0.25 +                                                           
     Chlordimeform                                                             
              0.25    10   88    0    100   92 4    4  0    8                  
     B.t.     2.0      6   93    0    100   95 5    0  0    5                  
     Untreated        82         6          12 9   70  9   88                  
     __________________________________________________________________________
      .sup.1 DIPEL WP, brand name of Bacillus thuringiensis 16,000 IU/mg (7.26 
      BIU per lb) from Abbott Laboratories                                     
      .sup.2 FUNDAL brand name of chlordimeform from Schering A. G.            
      (Berlin/Bergkmon) or Nor-Am (USA)                                        
PAR  As shown in the Table, the combination of B.t. and chlordimeform at the low
      rate of 0.25 lb./acre provided greater control than chlordimeform used
      alone at 0.5 lb./acre, and at least equal the control provided by B.t. at
      0.5 lb./acre when determining the plant injury. Also, as shown in the
      Table, the best protection for the collard plants was provided by the
      application of B.t. alone at 2.0 and 0.5 lb./acre, and the combination of
      B.t. and chlordimeform at 0.5 and 0.25 lb./acre. This effectiveness of the
      combination of B.t. and chlordimeform shows that such combination has a
      synergistic action.
PAC  EXAMPLE 4
PAR  A test was run to compare various insecticides, including B.t. alone and
      B.t. in combination with chlordimeform for control of cabbage looper
      (Trichoplusia ni) on cabbage. The test was made on plots of 4 rows of 25
      plants of market prize cabbage, arranged in a random design. Each
      treatment was replicated four times. Then the insecticidal sprays were
      applied by a back-pack hand sprayer at rates of 50 and 100 gallons per
      acre. The sprays were applied over a period of six weeks. The damage
      ratings were taken on five heads selected at random from each plot, six
      and 13 days after the last application. The following score was used for
      such damage, if any.
PA1  0 equal to no damage
PA1  1 equal to non-economic damage
PA1  3-5 equal to economic damage to the head
PAR  The results of the test are provided below in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                      Damage Scores                                            
                Amt./Acre   6 Days     13 Days                                 
     Material   (lb)        Post-Ap.   Post-Ap.                                
     ______________________________________                                    
     B.t..sup.1 0.5         2.11       1.90                                    
                1           2.01       1.86                                    
     Chlordimeform.sup.2                                                       
                1           1.68       1.38                                    
                0.25        1.75       1.24                                    
                0.5         2.09       1.44                                    
     B.t. +     0.5 + 0.25  1.56       1.12                                    
     Chlordimeform                                                             
                1 + 0.5     0.95       0.78                                    
     Untreated  --          3.78       3.80                                    
     ______________________________________                                    
      .sup.1 DIPEL WP, brand name of Bacillus thuringiensis 16,000 IU/mg (7.26 
      BIU per lb) from Abbott Laboratories                                     
      .sup.2 FUNDAL, brand name of chlordimeform from Schering A.G.            
      (Berlin/Bergkamon) or Nor-AM (USA)                                       
PAR  As shown in Table IV, B.t. at 0.5 and 1.0 lb./acre gave commercial control.
      However, the combinations of B.t. and chlordimeform were better. As shown
      in the results provided in Table IV, the combination of B.t. and
      chlordimeform provide a synergistic action.
PAC  EXAMPLE 5
PAR  A series of tests were made on tomatoes to compare B.t. and chlordimeform
      alone and in combination for control of tomato pinworm (Keiferia
      lycopersicella).
PAR  In these tests on tomatoes, in small plots, the tomato pinworm was the most
      important economic pest. The insecticides individually and in combination
      were applied by sprays for ten applications over a two-month period. The
      spray applications were applied by a powdered pressure sprayer at 90 to
      125 gallons per acre. From the tests, leaf injury data and yield were
      determined as shown below in Tables V and VI.
PAR  The leaf injuries were taken by examining the top three (3) leaves on two
      (2) plants in each plot. At each of the four (4) harvests, the total yield
      from each plot was recorded.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Mean Number of Tomato Pinworm Larval Injuries/3 Top Leaves/2 Plants on    
     Power-                                                                    
     Sprayed Plots                                                             
                       Larval Damages/3 Top Leaves/2 Plants on Date            
     Treatment         Total Count                                             
     Material Amt./100 Gals                                                    
                       3 Days  4/4 ns                                          
                                    4/18  5/1 ns                               
     __________________________________________________________________________
     B.t..sup.1 +                                                              
     Chlordimeform.sup.2                                                       
              2 oz. + 2 oz.                                                    
                       1.75    .75  0.00                                       
                                        a 1.00                                 
     B.t. +                                                                    
     Chlordimeform                                                             
              4 oz. + 4 oz.                                                    
                       2.50    .25  0.50                                       
                                        ab                                     
                                          1.75                                 
     Chlordimeform                                                             
              8 oz.    2.75    1.00 1.00                                       
                                        ab                                     
                                          0.75                                 
     B.t.     1/2 lb.  8.00    1.00 3.25                                       
                                        ab                                     
                                          3.75                                 
     Untreated                                                                 
              --       18.25   3.75 8.25                                       
                                        c 6.25                                 
     __________________________________________________________________________
      .sup.1 DIPEL SP, brand name of Bacillus thuringiensis 16,000 IU/mg (7.26 
      BIU per lb) from Abbott Laboratories                                     
      .sup.2 FUNDAL, brand name of chlordimeform from Schering A. G.           
      (Berlin/Bergkmon) or Nor-Am (USA)                                        
TBL                table vi                                                    
     ______________________________________                                    
     mean Number of Fruit/Plot, Four Pickings                                  
     Treatment                Mean No.                                         
     Material       Amt./100 Gals.                                             
                                  Fruit/Plot                                   
     ______________________________________                                    
     B.t..sup.1     1/2 lb.       79                                           
     Untreated      --            80                                           
     Chlordimeform.sup.2                                                       
                    1/2 lb.       89                                           
     Chlordimeform +                                                           
     B.t.           4 oz. + 4 oz. 91                                           
     Chlordimeform + B.t.                                                      
                    2 oz. + 2 oz. 116                                          
     ______________________________________                                    
      .sup.1 DIPEL SP, brand name of Bacillus thuringiensis 16,000 IU/mg (7.26 
      BIU per lb) from Abbott Laboratories                                     
      .sup.2 FUNDAL, brand name of chlordimeform from Schering A. G.           
      (Berlin/Bergkmon) or Nor-Am (USA)                                        
PAR  As shown in Tables V and VI, B.t. at 0.5 lb/100 gallons gave commercial
      control of the growth of the tomato pinworm larvae. However, the
      combination of B.t. and chlordimeform at a lesser quantity (e.g. 2 oz. + 2
      oz/100 gals.) gave superior control. As clearly indicated in the results
      provided in Tables V and VI, the combination of B.t. and chlordimeform
      provide a synergistic action.
PAR  The results provided in the Examples above show that the combination of
      B.t. with chlordimeform provide a synergistic action which is effective in
      control of the various types of lepidopterous larvae on various plants. In
      addition to the plants shown in the Examples, the combination of B.t. with
      chlordimeform provides control of tomato fruitworm (Heliothis zea) on
      staked tomatoes, and for control of budworm and bollworm (Heliothis spp)
      on cotton. Also, the combination of B.t. with chlordimeform provides
      control of lepidopterous on other cole plants, leafy vegetables, tobacco,
      corn and the like. Combination of the B.t. with chlordimeform provides
      effective control of lepidopterous larvae at lower rates and provides an
      opportunity for economics and less environmental accumulation of the
      chemical agent.
PAR  The combination insecticide may be utilized in diverse formulations,
      including the adjuvants and carriers normally employed for facilitating
      the dispersion of active ingredients for agricultural applications,
      recognizing a known fact that the dosage, formulation, mode of application
      of a chemical agent and other variables may affect its activity in any
      given application. Thus, the just-described B.t. insecticide combination
      may be formulated as a solution or dispersion, in aqueous or non-aqueous
      media, as a powdery dust, as a wettable powder, as an emulsifiable
      concentrate, as a granule, or as any of several other known types of
      formulations, depending on the desired mode of application. These growth
      regulatory compositions may be applied as sprays, dips, dust, or granules
      to the plant situs in which growth regulation of the larvae is desired.
PAR  In order to provide compositions in the form of dust, granules, water
      dispersible powders, aqueous solutions, dispersions, or emulsions and
      solutions or dispersions in organic liquids, the carrier or diluent agent
      in such formulations may be a finely divided solid, an organic liquid,
      water, a wetting agent, a dispersing agent, or emulsifying agent, or any
      suitable combination of these. Generally, when liquids and wettable
      powders are prepared a conditioning agent comprising one or more
      surface-active agents or surfactants is present in amounts sufficient to
      render a given composition containing the active compounds readily
      dispersible in water or in oil.
PAR  The surface active agent used in the invention here can be a wetting,
      dispersing or emulsifying agent which will assist dispersion of the
      compound. The surface-active agent or surfactant can include such anionic,
      cationic and non-ionic agents as have heretofore been generally employed
      in plant control compositions of similar type. Suitable surface-active
      agents are set forth, for example, in "Detergents and Emulsifiers" 1971
      Annual by John W. McCutcheon, Inc.
PAR  In general, less than 10% by weight of the surface-active agent will be
      used in compositions of this invention, and ordinarily the amount of
      surface-active agent will range from 1 - 5% but may even be less than 1%
      by weight.
PAR  Additional surface-active agents can be added to the formulations to
      increase the ratio of surfactant:active ingredient up to as high as 5:1 by
      weight. Such compositions may have a greater biological effectiveness than
      can be expected from a consideration of the activity of the components
      used separately. When used at higher ratios, it is preferred that the
      surfactant be present in the range of one-fifth to five parts surfactant
      for each one part of active agent.
PAC  WETTABLE POWDERS
PAR  Wettable powders are water-dispersible compositions containing the active
      material, an inert solid extender, and one or more surfactants to provide
      rapid wetting and prevent heavy flocculation when suspended in water.
PAR  The inert extenders which are preferred for use in the wettable powders of
      this invention containing the active compounds are of mineral origin.
PAR  The classes of extenders suitable for the wettable powder formulations of
      this invention are the natural clays, diatomaceous earth and synthetic
      mineral fillers derived from silica and silicate. Most preferred fillers
      for this invention are kaolinites, attapulgite clay, montmorillonite
      clays, synthetic silicas, synthetic magnesium silicate and calcium sulfate
      dihydrate.
PAR  Among the more preferred surfactants are the non-ionic and anionic types,
      and those most suitable for the preparation of the dry, wettable products
      of this invention are solid forms of compounds known to the art as wetters
      and dispersants. Occasionally a liquid, non-ionic compound classified
      primarily as an emulsifier may serve as both wetter and dispersant.
PAR  Most preferred wetting agents are alkylbenzene and alkylnapthalene
      sulfonates, sulfated fatty alcohols, amines or acid amides, long chain
      acid esters of sodium isethionate, esters of sodium sulfosuccinate,
      sulfated or sulfonated fatty acid esters, petroleum sulfonates, sulfonated
      vegetable oils, and ditertiary acetylenic glycols. Preferred dispersants
      are methyl cellulose, polyvinyl alcohol, lignin sulfonates, polymeric
      alkylnaphthalene sulfonates, sodium napthalene sulfonates, polymethylene
      bisnapthalene sulfonate, and sodium-N-methyl-N-(long chain acid) taurates.
PAR  Wetting and dispersing agents in these preferred wettable powder
      compositions of the invention are usually present at concentrations of
      from about 0.5 weight percent to 5 weight percent. The inert extender than
      completed the formulation. Where needed, 0.1 weight percent to 1.0 weight
      percent of the extender may be replaced by a corrosion inhibitor or an
      anti-foaming agent or both.
PAR  Thus, wettable powder formulations of the invention will contain from about
      25 to 90 weight percent active material, from 0.5 to 2.0 percent wetting
      agent, from 0.25 to 5.0 weight percent dispersant, and from 9.25 to 74.25
      weight percent inert extender, as these terms are described above.
PAR  When the wettable powder contains a corrosion inhibitor or an anti-foaming
      agent or both, the corrosion inhibitor will not exceed about 1 percent of
      the composition, and the anti-foaming agent will not exceed about 0.5
      percent by weight of the composition, both replacing equivalent amounts of
      the inert extender.
PAC  DUSTS
PAR  Dusts are dense powder compositions which are intended for application in
      dry form. Dusts are characterized by their free-flowing and rapid settling
      properties so that they are not readily windborn to areas where their
      presence is not desired. They contain primarily an active ingredient and a
      dense, free-flowing, solid extender. Their performance is sometimes aided
      by the inclusion of a wetting agent, and convenience in manufacture
      frequently demands the inclusion of an inert absorptive grinding aid.
PAR  The wettable powder as described above can also be used in the preparation
      of dusts. While such wettable powders can be used directly in dust form,
      it is more advantageous to dilute them by blending with the dense dust
      diluent. In this manner, dispersing agents, corrosion inhibitors, and
      anti-foam agents may also be found as component of a dust.
PAR  Thus, the dust compositions of this invention will comprise from about 0.5
      to 20.0 weight percent active ingredient, 5 to 25 weight percent filler, 0
      to 1.0 weight percent wetting agent and from about 30 to 90 weight percent
      dense, free-flowing extender, as these terms are used herein. Such dust
      formulations can contain, in addition, minor amounts of dispersants,
      corrosion inhibitors, and anti-foam agents derived from the wettable
      powders used to make the dust.
PAC  EMULSIFIABLE OILS
PAR  Emulsifiable oils are usually solutions of active material in non-water
      miscible solvents together with a surfactant.
PAR  For the compounds of this invention, emulsifiable oils can be made by
      mixing the active ingredient with a solvent and surfactant. Suitable
      solvents for the compound of this invention are chlorinated solvents,
      non-water miscible ethers, esters, or ketones alone or in admixture with
      aromatic hydrocarbons. Suitable surfactants are those ionic or non-ionic
      agents known to the art as emulsifying agents.
PAR  Emulsifying agents most suitable for the emulsifiable oil compositions of
      this invention are long-chain alkyl or mercaptan polyethoxy alcohols,
      alkylaryl polyethoxy alcohols, sorbitan fatty acid esters, polyoxyethylene
      ethers with sorbitan fatty acid ester, polyethylene glycol esters with
      fatty rosin acids, fatty alkylol amide condensates, calcium and amine
      salts of fatty alcohol sulfates, oil soluble petroleum sulfonates or,
      preferably mixtures of these emulsifying agents. Such emulsifying agents
      will comprise from about 1 to 10 weight percent of the total composition.
      As described above, however, up to 5 parts of emulsifying agent for each
      part of active ingredient can be used.
PAR  Thus, emulsifiable oil compositions of the present invention will consist
      of from about 10 to 50 weight percent active ingredient, about 40 to 82
      percent solvents, and about 1 to 10 weight percent emulsifier, as these
      terms are defined and used above.
PAR  In some instances, the oil solution may be intended merely for extension
      with other oils, and in this instance, the emulsifying agent may be
      omitted and may be replaced by additional solvent.
PAC  GRANULES
PAR  Granules are physically stable, particulate compositions containing a
      compound of this invention which adheres to or is distributed through a
      basic matrix of a coherent, inert carrier with microscopic dimensions. In
      order to aid leaching of the active ingredient from the granule, a
      surfactant can be present.
PAR  The inert carrier is preferably of mineral origin, and suitable carriers
      are natural clays, some pyrophyllites and vermiculite. Suitable setting
      agents are anionic or non-ionic.
PAR  For the granule compositions of this invention, most suitable carriers are
      of two types. The first are porous, absorptive pre-formed granules, such
      as pre-formed and screened granular attapulgite or heat expanded,
      granular, screened vermiculite. On either of these, a solution of the
      active agent can be sprayed and will be absorbed at concentrations up to
      25 weight percent of the total weight. The second type are initially
      powdered kaolin clays, hydrated attapulgite or bentonite clays in the form
      of sodium, calcium or magnesium bentonites. Water-soluble salts such as
      sodium salts may also be present to aid in the disintegration of the
      granules in the presence of moisture. These ingredients are blended with
      the active components to give mixtures that are granulated, followed by
      drying to yield formulations with the active component distributed
      uniformly throughout the mass. Such granules can also be made with 25 to
      30  weight percent active component but more frequently a concentration of
      about 10 weight percent is desired for optimum distribution. The granular
      compositions of this invention are most useful in a size range of 15-30
      mesh.
PAR  The most suitable wetting agents for the granular compositions of this
      invention depend upon the type of granule used. When pre-formed granules
      are sprayed with active material in liquid form, the most suitable wetting
      agents are non-ionic, liquid wetters miscible with the solvent. These are
      more generally known in the art as emulsifiers and comprise alkylaryl
      polyether alcohols, alkyl polyether alcohols, polyoxyethylene sorbitan
      fatty acid esters, polyethylene glycol esters with fatty or rosin acids,
      fatty alkylol amide condensations, oil soluble petroleum or vegetable oil
      sulfonates, or mixtures of these. Such agents will usually comprise up to
      about 5 weight percent of the total composition.
PAR  When the active ingredient is first mixed with a powdered carrier and
      subsequently granulated, liquid non-ionic wetters can still be used, but
      is is usually preferable to incorporate at the mixing stage, one of the
      solid, powdered anionic wetting agents such as those previously listed for
      the wettable powders. Such agents will comprise about 0 to 2 weight
      percent of the total composition.
PAR  Thus, the preferred granular formulations of this invention comprise about
      5 to 30 weight percent active material, about 0 to 5 weight percent
      wetting agent, and about 65 to 95 percent inert mineral carrier, as these
      terms are used herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for inhibiting the growth of lepidopterous larvae on
      plants comprising 1 to 2 parts of Bacillus thuringiensis and 1 part of
      chlordimeform having the structure
      ##SPC2##
NUM  2.
PAR  2. The composition according to claim 1, wherein said Bacillus
      thurengiensis and said chlordimeform are included in equal parts in said
      composition.
NUM  3.
PAR  3. The composition according to claim 1, wherein said composition includes
      two parts of Bacillus thurengiensis and one part of chlordimeform.
NUM  4.
PAR  4. A method of controlling the growth of lepidopterous larvae on a plant
      selected from the group consisting of cole plants, leafy vegetables,
      tomatoes, cotton, corn, and tobacco, which comprises applying a larvae
      growth-inhibiting amount of the composition of claim 1 to said plant.
NUM  5.
PAR  5. The method according to claim 4, wherein said composition includes equal
      parts of Bacillus thurengiensis and chlordimeform.
NUM  6.
PAR  6. The method according to claim 4, wherein said composition includes two
      parts of Bacillus thurengiensis and one part of chlordimeform.
PATN
WKU  039378144
SRC  5
APN  4559878
APT  1
ART  172
APD  19740329
TTL  Compositions for safe extension of storage life of foods
ISD  19760210
NCL  6
ECL  1
EXA  Yoncoskie; R. A.
EXP  Jones; Raymond N.
INVT
NAM  Nickerson; John T. R.
CTY  Buzzards Bay
STA  MA
INVT
NAM  Darack; John R.
CTY  Holliston
STA  MA
ASSG
NAM  Dirigo Corporation
CTY  Boston
STA  MA
COD  02
RLAP
COD  72
APN  180099
APD  19710913
PSC  03
CLAS
OCL  424 93
XCL  424 10
XCL  426 61
XCL  426335
EDF  2
ICL  A61K 3700
ICL  A23B  400
ICL  A23B  700
FSC  426
FSS  7;9;61;227;321;335;331;334;532;43;52;56;332;151;59
FSC  424
FSS  93;10
UREF
PNO  3022176
ISD  19620200
NAM  Lawrence et al.
XCL  426151
FREF
PNO  1,130,634
ISD  19681000
CNT  UK
OREF
PAL  Preonas, D. L. et al., "Growth of Staphyloccus Aureus MF31 on the Top and
      Cut Surfaces of Southern Custard Pies," Applied Microbiology, July 1969,
      pp. 68-75.
LREP
FR2  Zallen; Joseph
ABST
PAL  A spoilage control composition containing an inoculum of Pediococcus
      cerevisiae or Lactobacillus viridescens and a combination of a sorbic acid
      compound and a propionic acid compound which permits the benign organism
      to grow but suppresses the common food-borne disease organisms and
      spoilage organisms.
PARN
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 180,099, Filed Sept. 13, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to a method of safely extending the storage life of
      foods, particularly those susceptible to contamination and spoilage, as
      for example, chicken salad, custard-filled foods and fish fillets. In
      particular this invention relates to a method for treating such foods so
      as to not only extend the storage life but also inhibit the growth of
      common food-borne disease organisms, as for example, Staphylococcus and
      Salmonella species.
PAR  It should be noted that while this invention relates principally to easily
      spoiled foods as above, it is not intended for use with cultured food
      products such as creamed cottage cheese, cultured buttermilk, yogurt and
      the like. Such cultured food products are intended and do contain a
      substantial microbiological population when sold and present entirely
      different problems with respect to contamination and spoilage.
PAR  The food products with which the present invention is primarily concerned
      are very susceptible to both the growth of spoilage organisms and the
      growth of food-borne disease organisms. Thus, it has heretofore been
      exceedingly difficult to handle in satisfactory commercial manner such
      products as custard pies, eclairs, battered fish fillets, potato salad,
      egg salad, cooked lobster meat, cooled peeled shrimp, chicken salad, crab
      meat salad, and tuna salad because of rapid spoilage even when under
      refrigeration. Part of the problems with regard to such foods has been the
      difficulty in proper initial handling of the foods and the growth of
      food-borne disease organisms and spoilage organisms through many sequences
      in the cycle of preparation and storage. Further, it is difficult with
      respect to such foods to provide any microbial reducing treatment, as for
      example, sterilization or pasturization without seriously impairing the
      flavor or texture of the food.
PAR  Proposals have been made in the past for treating food with non-toxic
      acidic chemicals which metabolize readily. Thus, in U.S. Pat. No.
      2,711,976, amino acids such as glycine or serine are suggested to increase
      the resistance of custard foods to spoilage organisms and Staphylococcus.
      U.S. Pat. No. 2,898,372, suggests calcium acetate propionate to reduce the
      mold in bread. U.S. Pat. No. 2,866,819 refers to the use of sorbic acid as
      a fungistat and preservative in foods generally. U.S. Pat. NO. 2,910,368
      discloses the use of EDTA with sorbic acid to increase the shelf life of
      vegetable salads containing an acidic edible dressing. U.S. Pat. No.
      2,992,114 suggests sorbic acid and mild heat treatment for the
      preservation of fruit and vegetables. U.S. Pat. No. 3,021,219 proposes
      sorbic acid to prevent mold in bread.
PAR  In a paper published in Applied Microbiology, Volume 18, pages 68-75 (July,
      1969), Preonas et al reported on the use of a mixture of sorbic acid and
      propionic acid to retard the growth of Staphylococcus aureus on the top
      and cut surfaces of Southern Custard Pies. Although some retardation was
      found, it was noted that inhibition was affected by the moisture gradient
      so that the package would require refrigeration after opening. Further,
      there was evidence of mold formation after nine days. However, such prior
      art chemicals, used as described, could extend the storage life of the
      foods so as to permit growth of Clostridium.
PAR  One object of the present invention is to provide a novel method of safely
      extending the storage life of foods.
PAR  A further object of this invention is to provide such a method which is
      particularly adapted to foods highly susceptible to contamination and
      spoilage.
PAR  Another object of this invention is to provide such a method which
      concurrently inhibits the growth of common food-borne disease organisms.
PAR  A further object of this invention is to provide a preservative material
      for safely extending the storage life of foods.
PAR  Another object of this invention is to provide such a preservative material
      which also inhibits the growth of common disease-born organisms.
PAR  Other objects and advantages of this invention will be apparent from the
      description and claims which follow.
PAC  SUMMARY OF INVENTION
PAR  The present invention is concerned with extending the useful storage life
      of food products which are highly susceptible to contamination and
      spoilage as, for example, custard-type foods, salads and fish fillets. The
      present invention comprises broadly suppressing common food pathogens and
      common spoilage organisms in such food products and then rendering such
      food products unpalatable after a finite period of time.
PAR  The means for accomplishing this invention comprise the combination of an
      inoculum of a benign organism which is a non-pathogenic member of the
      Lactobacteriaciae and a bacteriostatic organic acid composition. The
      bacteriostatic organic acid composition permits the benign organism to
      grow but suppresses the common food-borne disease organisms and spoilage
      organisms. After a finite period of time, the benign organism inoculum has
      grown to a point where it now causes a undesirable flavor in the food, so
      that the food must now be discarded.
PAR  Among the bacteria which can be used for the inoculum are those such as
      Pediococcus cerevisiae, which normally grow in food in a temperature range
      of 40.degree. to 86.degree. F. Other suitable organisms include
      Lactobacillus viridescens. It should be noted that there are certain
      species in the Lactobacteriaceae family which normally do not grow below
      about 50.degree. F and hence would not be suitable in this invention for
      products which would normally be stored under refrigeration. Cultures for
      the above-identified organisms are available from collections maintained
      for such purposes, as for example, American Type Culture Collection of
      Rockville, Maryland.
PAR  The bacteriostatic organic acid is preferably selected from those which are
      active with only minimal effect on flavor and which inhibit spoilage and
      food-borne disease organisms at 40.degree. to 86.degree. F but do not
      inhibit the inoculum. We have found that a mixture of sorbic acid with
      potassium, calcium or sodium propionate provides such selective inhibition
      with minimum effect on flavor, thus inhibiting salmonallae, Staphylococcus
      aureus and spoilage organisms, but permitting the growth of the inoculum,
      Sorbic acid alone won't inhibit pathogens.
PAR  Among the products which are particularly benefited by the method and
      products of this invention are custardtype food such as custard pies,
      eclairs, Boston cream pies, squash pies, salads, such as chicken salad,
      egg salad, potato salad, tuna salad, crab meat salad, ham salad, lobster
      salad, shrimp salad and fish fillets. In the past, many of these food
      products have been implicated in the transmission of food-borne diseases
      of salmonellae of Staphylococcus aureus origin.
PAR  The chemical mixture and inoculum can be added separately to the food
      product or may be added together. In addition to an inoculum consisting of
      a single organism, the inoculum can be a combination of two or more
      non-pathogenic members of the Lactobacteriaceae characterized as growing
      in food in the temperature range of approximately 40.degree. to 86.degree.
      F.
PAR  The percentages of sorbic acid compound and propionate compound that are
      useful in this invention are generally quite small. Larger amounts can be
      used but do add little to their effectiveness in this invention. Thus,
      sorbic acid is effective in a concentration as low as about 0.10%. It is
      preferred that the sorbic acid be used in a concentration of about 0.15%,
      which approximates its solubility in water. If a salt of sorbic acid is
      used, as for example, sodium or potassium sorbate, slightly higher
      concentrations should be used.
PAR  With respect to propionic acid, a propionate salt is preferred over the
      acid because of better odor and flavor. Sodium propionate and calcium
      propionate are effective in concentrations as low as about 0.10%. It is
      preferred that the propionate be used in a concentration of about 0.45% so
      that the preferred combination is 0.15% sorbic acid and 0.45% sodium
      propionate.
PAR  The amount of inoculum used in this invention will vary according to the
      length of the desired period of time before the organism causes the off
      flavor or unpalatability by its growth. Generally, the percentage by
      weight of the dried culture per pound of food material should be no less
      than about 0.002%. At lower percentages, the period of time before the
      food becomes unpalatable may be unduly long. The percentage of dried
      culture in the specific examples 1 - 10 represents 0.02% of dried culutre
      per pound of food product.
PAR  In addition to extending the normal storage life of such food products the
      present invention also provides a warning to discard the food if the food
      has been improperly handled. Thus, the invention will render the food
      products unpalatable when they have been improperly stored, held at a
      temperature higher than normal refrigeration or stored for too long a
      period of time. In other words, the food products will become unpalatable
      when or if they have been held for a significant time at higher than
      normal temperatures or for too long a period of time even at normal
      temperatures.
PAR  The present invention differs from all other previously described products
      intended to extend the storage life or preserve a food product. The
      product of this invention creates self-limiting preservation and
      controlled spoilage so that the product will become unpalatable
      automatically as soon as it is beyond the conditions of safe storage.
DRWD
PAC  SPECIFIC EXAMPLES OF INVENTION
PAR  In the following Examples 1 - 7 the term "chemical mixture" is used to
      define a mixture of one part sorbic acid and three parts sodium
      propionate: the term "inoculum" is used to mean "Pediococcus cerevisiae"
      ATTC8042 in the proportion of 0.1 gram of the dried culture per pound of
      chemical mixture. Unless otherwise specified, the chemical mixture was
      added in such proportions to provide a concentration of approximately
      0.15% sorbic acid and 0.45% sodium propionate in the particular food
      product.
PAC  EXAMPLE 1
PAR  Custard filling from fresh, commercially purchased vanilla eclairs was
      mixed with Staphlyococcus aureus (Type B-2) and separated into separate
      portions. One portion received no further treatment. Another portion was
      treated with the chemical mixture. Each portion was examined for its count
      of enterotoxic staphylococci. The portions were then both incubated for
      two days at 86.degree.F. After this incubation, organoleptic observations
      and counts for enterotoxic staphylococci were made on all samples.
PAR  The portion that was not treated increased its staphylococci count one
      thousandfold and had a medicinal odor. The treated portion had about the
      same staphylococci count as it did initially and the normal vanilla odor
      and flavor.
PAC  EXAMPLE 1 A
PAR  Example 1 was repeated, this time incubating at 40.degree.F. The untreated
      portion spoiled in 7 days while that treated with the chemical mixture was
      still satisfactory after 7 days.
PAC  EXAMPLE 1 B
PAR  Example 1 was repeated, this time incorporating the inoculum. The product
      spoiled in 14 days due to the growth of both spoilage-type bacteria and
      the Pediococcus cerevisae.
PAC  EXAMPLE 2
PAR  Freshly prepared chicken salad was inoculated with Salmonella typhimurium.
      One portion was left untreated and the other treated with the chemical
      mixture. Counts were made for Salmonella on both portions and then the
      samples were incubated for two days at 86.degree.F.
PAR  The untreated portion was putrid and had a Salmonella count ten times as
      highly as initially. The treated portion had a normal odor and a slight
      decrease in Salmonella count.
PAC  EXAMPLE 3
PAR  In a variation of Example 2, the treated and untreated portions were
      incubated for ten days at about 40.degree.F, with spoilage type bacteria
      counts made before and after. The untreated samples increased their count
      of spoilage bacteria one thousandfold while the treated sample did not
      increase and in some instances slightly decreased its count.
PAC  EXAMPLE 4
PAR  In another variation of Example 2, inoculum of Pediococcus cerevisiae was
      added to the portion treated with the chemical mixture. The samples were
      incubated for four days at 75.degree.F. The untreated samples were putrid
      while the treated samples were only very slightly putrid with a
      substantial increase in Pediococcus cerevisiae.
PAC  EXAMPLE 5
PAR  Breaded fish fillets were divided into two portions. One portion was
      untreated while the surface of the other portion was treated with chemical
      mixture and inoculum. The storage life of the treated fillets at
      40.degree.F was approximately ten days beyond that of the untreated
      portion. At the time of spoilage of the treated sample, one-third of the
      bacteria present were of the ordinary spoilage type while two-thirds were
      Pediococcus cerevisiae.
PAC  EXAMPLE 6
PAR  A combination of the chemical mixture and the inoculum was packaged
      together in moisture-proof containers. Some containers were incubated at
      about 72.degree.F for four weeks while others were incubated at
      40.degree.F for about four weeks. In both cases there was significant
      survival of Pediococcus cerevisiae. In the case of the 40.degree.F sample,
      there was substantially no decrease in the count of Pediococcus
      cerevisiae.
PAC  EXAMPPLE 7
PAR  Following the techniques of Example 1 addition of the inoculum and chemical
      mixture to chicken salad containing Salmonella typhimurium was found to
      extend the safe storage life to 14 days at 40.degree.F, the growth being
      principally spoilage-type bacteria and Pediococcus cerevisiae.
PAC  EXAMPLE 8
PAR  The filling from a number of eclairs was placed in an electric blender,
      inoculated with a culture of Lactobacillus viridescens (ATCC 12706), and
      mixed. Plate cultures were prepared with APT agar and incubated
      anaerobically at 75.degree.F (23.9 C) for 5 days to determine the count of
      lactobacilli.
PAR  Portion A was removed to a sterile breaker and held for 24 hours at
      86.degree.F (30 C) and Portion B removed to a sterile petri dish, and held
      for 14 days at 40.degree.F (4.4 C) after which counts were made for
      lactobacilli as indicated above.
PAR  The weight of the remaining eclair material in the blender was then
      determined and 0.15% of sorbic acid and 0.45% of sodium propionate were
      added and mixed.
PAR  Portion C was removed to a sterile beaker and held for 24 hours at
      86.degree.F and Portion D removed to a sterile petri dish and held for 14
      days at 40.degree.F, after which counts for lactobacilli were made, as
      indicated above.
PAR  The filling from a number of eclairs was placed in a blender, inoculated
      with a culture of Pediococcus cereivisiae (ATCC 8042), and mixed. Plate
      cultures were prepared with APT agar and incubated anaerobically at
      75.degree.F for 5 days to determine the count of pediococci.
PAR  Portion E was removed to a sterile beaker, and held at 86.degree.F for 24
      hours, and Portion F removed to a sterile petri dish and held at
      40.degree.F for 14 days after which counts for pediococci was made as
      indicated above.
PAR  The weight of the remaining eclair material was determined and 0.15% of
      sorbic acid and 0.45% of sodium propionate were added and mixed.
PAR  Portion G was removed to a sterile beaker and held for 24 hours at
      86.degree.F and Portion H removed to a sterile petri dish and held at
      40.degree.F for 14 days, after which counts were made for pediococci as
      indicated above.
PAC  EXAMPLE 9
PAR  A quantity of chicken salad was placed in a blender, inoculated with a
      culture of Lactobacillus viridescens (ATCC 12706), and mixed. Plate
      cultures were prepared with APT agar and incubated anaerobically at
      75.degree.F for 5 days to determine the count of lactobacilli.
PAR  Portion I was removed to a sterile beaker and held at 86.degree.F for 24
      hours and Portion J removed to a sterile petri dish and held at
      40.degree.F for 14 days, after which counts were made as indicated above
      to determine the number of lactobacilli.
PAR  The weight of the remaining chicken salad was determined and 0.15% of
      sorbic acid and 0.45% of sodium propionate were added and mixed.
PAR  Portion K was removed to a sterile beaker and held for 24 hours at
      86.degree.F, and Portion L removed to a sterile petri dish and held at
      40.degree.F for 14 days, after which counts were made, as indicated above,
      to determine the number of lactobacilli.
PAC  EXAMPLE 10
PAR  A portion of chicken salad was added to a blender. A culture of Pediococcus
      cerivisiae (ATCC 8042) was added and mixed. Plate cultures were prepared
      with APT agar and incubated anaerobically for 5 days at 75.degree.F to
      determine the count of pediococci.
PAR  Portion M was removed to a sterile beaker and held for 24 hours at
      86.degree.F and Portion N removed to a sterile petri dish for 14 days at
      40.degree.F, after which counts were made as indicated above to determine
      the number of pediococci. The weight of the remaining chicken salad was
      determined and 0.15% of sorbic acid and 0.45% of sodium propionate were
      added and mixed.
PAR  Portion O was removed to a sterile beaker and incubated at 86.degree.F for
      24 hours and Portion P removed to a sterile petri dish and placed at
      40.degree.F for 14 days, after which counts were made to determine the
      number of pediococci, as indicated above.
PAR  The results of Examples 8, 9 and 10 are shown in Table 1. The data shows
      that both Lactobacillus viridescens and Pediococcus cerevisiae grow in
      custard filling or chicken salad in the temperature range of about
      40.degree. to 86.degree.F. Both grow well even in the presence of the
      chemical mixture at 86.degree.F but somewhat slower at 40.degree.F.
      Nevertheless, the growth at 40.degree.F is sufficient to cause spoilage
      after a reasonable extension of storage life.
TBL                                    Table 1                                 
     __________________________________________________________________________
                            Time and Temp. of                                  
                                       Count per gram                          
     Sample code                                                               
            Material and Treatment                                             
                            incubation (Ave. of 2 plates)                      
     __________________________________________________________________________
     none   custard with L. viridescens                                        
                            none       5,800,000                               
     none   custard with P. cerivisiae                                         
                            none       6,400,000                               
     none   chicken with L. viridescens                                        
                            none       16,000,000                              
     none   chicken with P. cerivisiae                                         
                            none       18,000,000                              
     A      custard with L. viridescens                                        
                            24 hours at 86 F                                   
                                       620,000,000                             
     C      Custard with L. viridescens                                        
              plus chemicals                                                   
                            24 hours at 86 F                                   
                                       600,000,000                             
     B      custard with L. viridescens                                        
                            14 days at 40 F                                    
                                       700,000,000                             
     D      custard with L. viridescens                                        
              plus chemicals                                                   
                            14 days at 40 F                                    
                                       130,000,000                             
     E      custard with P. cerivisae                                          
                            24 hours at 86 F                                   
                                       780,000,000                             
     G      custard with P. cerivisae                                          
              plus chemicals                                                   
                            24 hours at 86 F                                   
                                       620,000,000                             
     F      custard with P. cerivisiae                                         
                            14 days at 40 F                                    
                                       780,000,000                             
     H      custard with P. cerivisiae                                         
              plus chemicals                                                   
                            14 days at 40 F                                    
                                       140,000,000                             
     I      chicken with L. viridescens                                        
                            24 hours at 86 F                                   
                                       370,000,000                             
     K      chicken with L. viridescens                                        
              plus chemicals                                                   
                            24 hours at 86 F                                   
                                       410,000,000                             
     J      chicken with L. viridescens                                        
                            14 days at 40 F                                    
                                       1,100,000,000                           
     L      chicken with L. viridescens                                        
              plus chemicals                                                   
                            14 days at 40 F                                    
                                       510,000,000                             
     M      chicken with P. cerivisiae                                         
                            24 hours at 86 F                                   
                                       400,000,000                             
     O      chicken with P. cerivisiae                                         
              plus chemicals                                                   
                            24 hours at 86 F                                   
                                       460,000,000                             
     N      chicken with P. cerivisiae                                         
                            14 days at 40 F                                    
                                       1,100,000,000                           
     P      chicken with P. cerivisiae                                         
              plus chemicals                                                   
                            14 days at 40 F                                    
                                       450,000,000                             
     __________________________________________________________________________
PAC  EXAMPLE 11.
PAR  A custard filling was prepared from milk, sugar, egg yolk and flour. This
      was heated, then diluted one to one with sterilized distilled water. A
      portion of this mixture was inoculated with a culture of Salmonella
      typhimurium and a count for the number of the above organisms present in
      the inoculated menstrum was made by plating serial dilutions on bismuth
      sulfite agar.
PAR  The inoculated material was divided into two portions to one of which
      (labelled C) one-tenth percent by weight of sorbic acid was added. To the
      other portion (labelled D) one-tenth percent sorbic acid and three-tenths
      percent sodium propionate were added. These portions were then incubated
      for seven days at 70.degree. - 75.degree. F after which counts for
      Salmonellae were made on each portion by plating serial dilutions on
      bismuth sulfite agar.
     __________________________________________________________________________
     Material        Results - Salmonellae per gram                            
     __________________________________________________________________________
                     1      2       ave.                                       
     Starting material (0 days)                                                
                     1,000,000                                                 
                            960,000 960,000                                    
     Sample C (0.1% sorbic acid)                                               
       (7 days)      7,200,000                                                 
                            6,000,000                                          
                                    6,600,000                                  
     Sample D (0.1% sorbic acid                                                
       plus 0.3% sodium                                                        
       propionate)                                                             
       (7 days)       460,000                                                  
                            420,000 440,000                                    
     __________________________________________________________________________
PAR  The experiments show that in diluted custard filling containing Salmonella
      and 0.1% of sorbic acid during 7 days incubation at 70.degree. -
      75.degree. F, the number of Salmonella increased by approximately 10
      times.
PAR  In diluted custard filling containing Salomonella, 0.1% of sorbic acid and
      0.3% of sodium propionate during 7 days incubation at 70.degree. -
      75.degree. F., the number of Salmonella decreased slightly.
PAR  It is concluded that sorbic acid along will not inhibit Salmonella
      typhimurium.
PAC  EXAMPLE 12
PAR  Chicken salad samples were prepared as follows:
PAR  1. Contol - nothing added
PAR  2. 0.15% sorbic acid and 0.45% sodium propionate added
PAR  3. 0.15% sorbic acid and 0.45% sodium propionate and 0.002% "Accel" (a
      dried culture of Pediococcus cereisiae on a carrier) added
PAR  4. 0.15% sorbic acid, 0.45% sodium propionate and 0.008% "Accel" added
PAR  5. 0.15% sorbic acid, 0.45% sodium propionate and 0.02% "Accel" added.
PAR  At the start an aerobic count was made on sample 1 using Eugon agar with
      0.5% of peptone and incubating at 68.degree. F for 5 days.
PAR  At the start anaerobic counts were made on samples 3, 4, and 5 (after
      mixing) on APT agar and incubating for 3 days at 85.degree. F.
PAR  All prepared samples were incubated for 7 days at 50.degree. F after which
      they were observed for odor and bacterial counts were made as follows:
PAR  Samples 1 and 2 - aerobic counts were made on Eugon agar with 0.5% of
      peptone, cultures incubated for 5 days at 68.degree. F.
PAR  Samples 3, 4 and 5 - anaerobic counts were made on APT agar, cultures
      incubated for 3 days at 85.degree. F.
TBL                                    RESULTS                                 
     __________________________________________________________________________
     Sample                                                                    
         Time of                                                               
               odor Type of                                                    
                          Actual Count                                         
         count      Count                                                      
     __________________________________________________________________________
     1   start OK   aerobic                                                    
                          30,000                                               
                          32,000  31,000/g                                     
     2   "     "    not made                                                   
     3   "     "    anaerobic                                                  
                          65,000                                               
                          77,000  71,000/g                                     
     4   "     "    anaerobic                                                  
                          168,000                                              
                          172,000 170,000/g                                    
     5   "     "    anaerobic                                                  
                          750,000                                              
                          860,000 810,000/g                                    
     1   7 days                                                                
               slightly                                                        
                    aerobic                                                    
                          39,000,000                                           
         at 50 F                                                               
               putrid     44,000,000                                           
                                  42,000,000/g                                 
     2   "     OK   aerobic                                                    
                          5,000,000                                            
                          6,200,000                                            
                                  5,600,000/g                                  
     3   "     slightly                                                        
                    anaerobic                                                  
                          12,100,000                                           
               sour       8,000,000                                            
                                  10,000,000/g                                 
     4   "     "    anaerobic                                                  
                          17,200,000                                           
                          15,600,000                                           
                                  16,000,000/g                                 
     5   "     sour anaerobic                                                  
                          44,000,000                                           
                          38,000,000                                           
                                  41,000,000/g                                 
     __________________________________________________________________________
PAR  It was concluded that the addition of Pediococcus cerevisiae cause chicken
      salad, stabilized with sorbic acid and solium propionate, to deteriorate
      or go bad when the sample is mishandled, as illustrated by samples 3, 4
      and 5 being sour after holding for 7 days at 50.degree. F.
PAR  Chicken salad stabilized with sorbic acid and sodium propionate without the
      addition of Pediococcus cerevisiae does not deteriorate as soon as the
      same type of sample containing such under conditions of mishandling, as
      illustrated by sample 2, which did not display any off odor after holding
      for 7 days at 50.degree. F. It is thus clear that a benign organism, such
      as Pediococcus cerevisiae is necessary to signal that the food should be
      discarded.
CLMS
STM  We claim:
NUM  1.
PAR  1. A spoilage control composition for use with food products highly
      susceptible to contamination and spoilage selected from the group of foods
      consisting of custard-type foods, salads and fish fillets, comprising: the
      combination of an inoculum of bacteria and an organic acid compound which
      inhibits the growth of common food-borne disease and spoilage organisms in
      the temperature range of approximately 40.degree. to 86.degree. F., but
      only slightly inhibits the growth of the inoculum at such temperatures;
      the inoculum being a non-pathogenic member of the Lactobacteriaciae which
      is characterized as growing in food in the temperature range of
      approximately 40.degree. to 86.degree. F.; said inoculum being either
      Pediococcus cerevisiae or Lactobacillus viridescens; said orgnaic acid
      compound being a mixture of sorbic acid compound with propionate compound;
      said sorbic acid compound being either sorbic acid, potassium sorbate or
      sodium sorbate and said propionate compound being either sodium propionate
      or potassium propionate or calcium propionate; each said compound being
      present at a concentration of at least 0.10%; said composition being
      characterized in that the growth of common disease and spoilage organisms
      in such food are inhibited, but said inoculum grows for a finite period of
      time until it causes an undesirable flavor in the foods, thus causing the
      food to be discarded.
NUM  2.
PAR  2. The composition of claim 1 wherein the inoculum is Pediococcus
      cerevisiae.
NUM  3.
PAR  3. The composition of claim 1 wherein the inoculum is Lactobacillus
      viridescens.
NUM  4.
PAR  4. The composition of claim 1 wherein the sorbic acid compound has a
      concentration of at least 0.10%, the propionate compound at least 0.10%
      and the inoculum at least 0.002%.
NUM  5.
PAR  5. The composition of claim 4 wherein the inoculum is Pediococcus
      cervisiae.
NUM  6.
PAR  6. The composition of claim 4 wherein the inoculum is Lactobacillus
      viridescens.
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ABST
PAL  The present invention provides new salts and complexes of lysozyme and of
      basic derivatives of lysozyme with bile acids, processes for the
      preparation thereof and the pharmaceutical use thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is known, lysozyme is a natural protein found in biological fluids which
      has an enzymatic activity and a marked lytic action on various saprophytic
      and pathogenic bacteria. From a biological point of view, it has a
      defensive role, i.e. it can protect the organism from attack by pathogenic
      viral and bacterial mecroorganisms and, as such, lysozyme is considered to
      be an endogenous antibiotic.
PAR  The structure of lysozyme has been completely elucidated; it consists of
      129 amino acid residues, the radicals of dibasic amino acids being
      particularly abundant, there being 11 residues of arginine, six residues
      of lysine and one of histidine. This particular composition of lysozyme
      gives it a strong positive charge and a high isoelectric point (around
      11), which differentiates it from the majority of the other proteins, in
      which the acidic character generally prevails.
PAR  In view of the biological interest connected with the basic properties of
      lysozyme, numerous derivatives of lysozyme have also been prepared, these
      having an even higher positive charge than lysozyme itself. Some of these
      derivatives (see British Patent Specification No. 1,209,214) are obtained,
      for example, by blocking the acid functions of the dicarboxylic amino acid
      residues (aspartic acid and glutamic acid) by esterification or by
      converting the .epsilon.-amino-groups of the lysine radicals into the more
      basic .epsilon.-guanidino-groups to give radicals of homoarginine or by
      using both procedures.
PAR  Biologically, all the above derivatives retain or enhance the antiviral
      activity of the original lysozyme on the RNA- and the DNA-viruses and are
      able to form complexes with them by neutralisation of the opposite
      charges, with consequent precipitation. The guanidyl-lysozymes also retain
      the typical anti-bacterial lytic activity of lysozyme.
PAR  The above-described properties enable lysozyme and its more basic
      derivatives to form water-soluble salts with strong acids, for example
      hydrochloric acid, as well as with weak acids, for example ascorbic acid.
      Lysozyme and its basic derivatives also have a marked tendency to form
      complexes, which are generally insoluble, with many anionic
      macromolecules, for example with nucleic acids and with electronegative
      colloids.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there are provided salts and complexes
      of lysozyme and of basic derivatives of lysozyme with bile acids, which
      salts and complexes are water-soluble or only slightly water-soluble.
PAR  In other words, these anionic surfactants (bile acids) are also able to
      bind with the basic nitrogen atoms of the protein molecule (lysozyme) to
      produce ionic bonds. Other forces can also be involved in the interactions
      between the bile acids and the protein and thus the surfactant may be
      associated, in the form of a complex, with the protein in excess of the
      stoichiometric amounts predicted by the number of cationic charges.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  These new substances are of great potential interest from a pharmacological
      point of view because they appear to enhance the basic antiviral activity
      of the lysozyme compounds by a mechanism of action which can be correlated
      to the surfactant action of the bile acids or also by synergism with a
      specific antiviral activity of the bile acids themselves.
PAR  It is already known that, when surface-active agents are incubated with
      microorganisms, they apparently react with the cell membrane; cell
      constituents, such as potassium, amino acids, purines and pyrimidines,
      diffuse into the incubation medium and protoplasts are rapidly lysed.
      Thus, the increased permeability of the biological membranes, caused by
      the surfactants, synergistically potentiates the known antiviral and
      antibacterial activities of lysozyme and of its basic derivatives.
PAR  Typical fields of action of the new substances according to the present
      invention include the therapeutic treatment of herpes simplex and herpes
      zoster, recurrent aphthosis, rhinitis and colitis of viral origin and
      other viral diseases, including certain carcinogenic diseases.
PAR  The particular affinity towards the biliary routes makes the new compounds
      potentially more specifically active in this direction. The antiviral
      activity of lysozyme is accompanied by its anti-inflammatory and
      anti-toxic actions, which are useful for combating a large variety of
      pathological affections.
PAR  The preparation of the new salts and complexes is quite simple. Generally,
      lysozyme or a basic derivative thereof is reacted directly, in the form of
      the free base, with a slight excess of a bile acid. The reaction is
      usually carried out in an aqueous medium or in a medium containing organic
      solvents, preferably at ambient temperature but in any case at a
      temperature which is sufficiently low as to not cause any denaturating of
      the protein substance. The reaction time is relatively short and is
      generally less than 4 - 6 hours. As the salification proceeds, the
      lysozyme and the bile acid, which are completely or partly insoluble in
      water, gradually pass into solution, giving pH values around neutrality.
      After filtering off possible traces of excess and, therefore, insoluble
      matter, the desired salt is isolated by lyophilisation, concentration to
      dryness at a reduced temperature and pressure or by precipitation with
      organic solvents. In other cases in which the salt formed is only
      sparingly soluble in water, it can be isolated directly by filtration.
      Instead of a direct interaction between the basic protein and the bile
      acid, the preparation can, in some cases, be carried out more
      advantageously by reacting a simple salt of the lysozyme compound, for
      example lysozyme hydrochloride, with a salt of a bile acid, for example a
      sodium salt. A double decomposition reaction rapidly takes place to give
      the desired compound; the means and the conditions of the reaction are
      similar to those already described above.
PAR  Since different types of basic groups are present in lysozyme and in its
      derivatives, some of which have different degrees of basicity, it is also
      possible to obtain compounds with different degrees of salification or
      complexing, i.e., complete or partial, and the content of the individual
      components can, therefore, vary widely. It is also possible to obtain
      double salts containing different acidic anions. In all the cases, the
      compounds obtained can be purified, if necessary, for example by washing
      with appropriate organic solvents which can dissolve and eliminate any
      unreacted bile acid present.
PAR  Examples of basic derivatives of lysozyme which can be used for the
      preparation of the new salts include lysozyme methyl ester,
      guanidyl-lysozyme, guanidyl-lysozyme methyl ester and
      alkylamidino-lysozymes. The bile acids which can be used include, for
      example, cholic acid, desoxycholic acid, dehydrocholic acid, glycocholic
      acid, taurocholic acid and the like.
PAR  The new compounds are colourless, crystalline solids, without a definite
      melting point. They possess varying degrees of solubility in water and all
      of them are insoluble in common organic solvents, for example diethyl
      ether, petroleum ether, ligroin, benzene and cyclohexane. They are
      generally split by acids and by strong alkalis.
PAR  The analysis of the new compounds can be carried out by direct titration of
      the components. The lysozyme content in the new compounds can be
      determined by measuring the lysis of Micrococcus lysodeikticus suspensions
      (see A. U. Di Nardo, Igiene Moderna, 60, 485/1967) and by evaluating the
      absorption of the ultra-violet light at 281 m.mu. in accordance with the
      methods described in the literature. The content of bile acid is usually
      determined, after acidification with hydrochloric acid, by extraction with
      chloroform or by direct filtration of the acid released and subsequent
      titration with aqueous sodium hydroxide solution, using phenolphthalein as
      indicator.
PAR  In some cases, it is more convenient to use the characteristic colorimetric
      reactions; for example, dehydrocholic acid can also be determined by the
      colour reaction with m-dinitrobenzene in an alkaline medium by G. Saba's
      method (see J. Biochem., 30, 61/1939) as modified by C. Bergamini and W.
      Versorese (see Lo Sperimentale, 4, 79/1953); taurocholic acid can also be
      assayed colorimetrically after direct reaction with 65% sulphuric acid by
      the method described in the literature (see T. Inutsuka, Fukuoka
      Igaku-Zassi, 48, 733/1957).
PAR  The following Examples are given for the purpose of illustrating the
      present invention:
PAC  EXAMPLE 1
PAR  9.4 g. desoxycholic acid were suspended in 150 ml. distilled water,
      whereafter a stoichiometric quantity of 1 N aqueous sodium hydroxide
      solution was cautiously added. The solution thus obtained was decolorised
      with charcoal and filtered. A solution of 20 g. lysozyme hydrochloride in
      150 ml. distilled water was then added, while stirring. An abundant
      precipitate formed immediately. The reaction mixture was stirred for
      another 30 minutes and the product was separated by centrifuging, washed
      by slurrying with 50 ml. water and isolated by the same procedure. After
      drying under vacuum at ambient temperature and subsequent purification by
      washing with diethyl ether, 24.5 g. lysozyme desoxycholate were obtained
      in the form of a colourless, crystalline solid, which was sparingly
      soluble in water. The analysis gave a lysozyme content of 78% and a
      desoxycholic acid content of about 18% (water content 4%).
PAC  EXAMPLE 2
PAR  In a manner analogous to that described in Example 1 but reacting the
      sodium salt of desoxycholic acid with guanidyl-lysozyme hydrochloride,
      there was obtained the desoxycholate of guanidyl-lysozyme, having the same
      physical properties and a similar analytical composition with regard to
      the content of bile acid and lysozyme derivative.
PAC  EXAMPLE 3
PAR  The reaction of sodium desoxycholate with lysozyme methyl ester
      hydrochloride in a manner analogous to that described in Example 1, gave
      the corresponding desoxycholate of methyl-lysozyme.
PAC  EXAMPLE 4
PAR  By reacting sodium desoxycholate with guanidyl-lysozyme methyl ester
      hydrochloride in a manner analogous to that described in Example 1, there
      was obtained the desoxycholate of methyl guanidyl-lysozyme.
PAC  EXAMPLE 5
PAR  10 g. lysozyme (free base) were suspended in 100 ml. distilled water and
      mixed with 3.5 g. desoxycholic acid. The suspension was stirred at ambient
      temperature for 2 hours. The reaction mixture was then evaporated to
      dryness at a reduced temperature and pressure and the residue obtained was
      washed thoroughly with chloroform, by slurrying, to eliminate excess free
      desoxycholic acid. After drying under vacuum, the desoxycholate of
      lysozyme was obtained. It had the same physico-chemical and analytical
      characteristics as the product of Example 1.
PAC  EXAMPLE 6
PAR  In a manner analogous to that described in Example 5 but reacting
      desoxycholic acid with guanidyl-lysozyme, there was obtained the
      desoxycholate of guanidyl-lysozyme in the form of a colourless,
      crystalline substance, which corresponded analytically to the compound
      obtained in Example 2.
PAC  EXAMPLE 7
PAR  15 g. lysozyme (free base) were suspended in 100 ml. distilled water and
      then 3 g. dehydrocholic acid were added portionwise to give a solution.
      Traces of excess dehydrocholic acid were removed by filtration, whereafter
      the filtrate was decolorised with charcoal and lyophilised. The residue
      consisted of the dehydrocholate of lysozyme in substantially quantitative
      yield; the compound was a colourless, crystalline solid which was very
      soluble in water. The analysis gave a content of lysozyme of 81% and a
      content of dehydrocholic acid of about 16%.
PAC  EXAMPLE 8
PAR  Dehydrocholic acid was reacted with guanidyl-lysozyme in a manner analogous
      to that described in Example 7 to give the dehydrocholate of
      guanidyl-lysozyme which had the same physical properties and a similar
      analytical composition with regard to the content of bile acid and of
      guanidyl-lysozyme, as the product of Example 7.
PAC  EXAMPLE 9
PAR  20 g. lysozyme hydrochloride in 50 ml. distilled water were added, while
      stirring, to a solution of 9.6 g. dehydrocholic acid suspended in 20 ml.
      distilled water and mixed with a stoichiometric quantity of 1 N aqueous
      sodium hydroxide solution. The reaction mixture was kept for 3 hours,
      while stirring, at 0.degree.C. The crystals formed were filtered off and
      dried in a vacuum to give a crude product (21.5 g.) which was washed twice
      by slurrying with a total of 300 ml. chloroform to remove free
      dehydrocholic acid and then filtered and dried again in a vacuum. 19 g. of
      the dehydrocholate of lysozyme were obtained in the form of an almost
      colourless crystalline solid. The analytical composition was similar to
      that of the product of Example 7, the lysozyme content being 80% and the
      dehydrocholic acid content being 17%.
PAC  EXAMPLE 10
PAR  The reaction of sodium dehydrocholate with guanidyl-lysozyme hydrochloride
      in a manner analogous to that described in Example 9 gave the
      corresponding dehydrocholate of guanidyl-lysozyme.
PAC  EXAMPLE 11
PAR  A solution of 15 g. lysozyme hydrochloride in 100 ml. distilled water was
      added, while stirring, to a solution obtained by dissolving 10.3 g. sodium
      taurocholate in 150 ml. distilled water and then decolorising with
      charcoal. The suspension obtained was kept for 30 minutes, while stirring,
      at ambient temperature and then the product was removed by filtration,
      washed with 50 ml. water, filtered and dried in a vacuum. The taurocholate
      of lysozyme thus obtained in a yield of 20 g., was a crystalline, almost
      colourless solid. The analysis gave a content of lysozyme of 74% and a
      content of taurocholic acid of 21% (water content = 4%).
PAR  The present invention also includes within its scope pharmaceutical
      compositions containing the new salts and complexes of lysozyme and of
      basic derivatives of lysozyme. These pharmaceutical compositions can be
      administered orally, rectally or parenterally in admixture with a solid or
      liquid pharmaceutical carrier.
PAR  Solid compositions for oral administration include compressed tablets,
      pills, dispersible powders and granules. In such solid compositions, one
      of the new salts or complexes is admixed with at least one inert diluent,
      such as calcium carbonate, starch, alginic acid or lactose. Solid
      compositions for rectal administration can be made by mixing the active
      materials with conventional suppository bases. The solid compositions may
      also comprise, as is normal practice, additional substances other than
      inert diluents, for example, lubricating agents, such as magnesium
      stearate.
PAR  Liquid compositions for oral administration include pharmaceutically
      acceptable emulsions, solutions, suspensions, syrups and elixirs
      containing inert diluents commonly used in the art, such as water and
      liquid paraffin. Besides inert diluents, such compositions may also
      comprise adjuvants, such as wetting and suspension agents and sweetening
      and flavouring agents.
PAR  The compositions according to the present invention, for oral
      administration, include capsules of absorbable material, such as gelatine,
      containing one of the new salts or complexes, with or without the addition
      of diluents or excipients.
PAR  Preparations according to the present invention for parenteral
      administration include sterile aqueous or non-aqueous solutions,
      suspensions or emulsions. Examples of non-aqueous solvents or suspending
      media include propylene glycol, polyethylene glycol, vegetable oils, such
      as olive oil, and injectable organic esters, such as ethyl oleate. These
      compositions may also contain adjuvants, such as wetting, emulsifying and
      dispersing agents. They may be sterilised, for example, by filtration
      through bacteria-retaining filters, by incorporation into the compositions
      of sterilising agents, by irradiation or by heating. They may also be
      produced in the form of sterile solid compositions, which can be dissolved
      in sterile water or some other sterile injectable medium immediately
      before use.
PAR  The percentage of the new salt or complex in the compositions of the
      present invention may be varied, it being necessary that it should
      constitute a proportion such that a suitable dosage for the desired
      therapeutic effect shall be obtained. In general, the preparations of the
      present invention should be administered orally, rectally or parenterally
      to give 25 to 100 mg. of active substance per day. Parenteral
      administration can be, for example, by the intramuscular, intravenous or
      intrabursal routes.
PAR  The following Examples illustrate pharmaceutical compositions according to
      the present invention:
PAC  EXAMPLE 12
TBL  ______________________________________                                    
     500 mg. tablets are prepared containing:                                  
     ______________________________________                                    
     lysozyme desoxycholate                                                    
                           250     mg.                                         
     starch                150     mg.                                         
     lactose               95      mg.                                         
     magnesium stearate    5       mg.                                         
     ______________________________________                                    
PAC  EXAMPLE 11
TBL  ______________________________________                                    
     500 mg. tablets are prepared containing:                                  
     ______________________________________                                    
     lysozyme taurocholate 300     mg.                                         
     starch                180     mg.                                         
     magnesium stearate    20      mg.                                         
     ______________________________________                                    
PAR  The compositions described in the two above Examples 12 and 13 are intended
      for oral administration to humans for the alleviation and treatment of
      viral infections.
CLMS
STM  We claim:
NUM  1.
PAR  1. A salt or complex of a member selected from the group consisting of
      lysozyme, guanidyl lysozyme, methyl lysozyme and methyl guanidyl lysozyme
      with a bile acid.
NUM  2.
PAR  2. A salt or complex according to claim 1 which is lysozyme desoxycholate.
NUM  3.
PAR  3. A salt or complex according to claim 1 which is guanidyl-lysozyme
      desoxycholate.
NUM  4.
PAR  4. A salt or complex according to claim 1 which is methyl lysozyme
      desoxycholate.
NUM  5.
PAR  5. A salt or complex according to claim 1 which is methyl guanidyl-lysozyme
      desoxycholate.
NUM  6.
PAR  6. A salt or complex according to claim 1 which is lysozyme dehydrocholate.
NUM  7.
PAR  7. A salt or complex according to claim 1 which is guanidyl-lysozyme
      dehydrocholate.
NUM  8.
PAR  8. A salt or complex according to claim 1 which is lysozyme taurocholate.
NUM  9.
PAR  9. A salt or complex according to claim 1 wherein the bile acid is selected
      from the group consisting of cholic acid, desoxycholic acid, dehydrocholic
      acid, glycocholic acid, taurocholic acid.
NUM  10.
PAR  10. A pharmaceutical composition comprising a salt or complex of a member
      selected from the group consisting of lysozyme, guanidyl lysozyme, methyl
      lysozyme and methyl guanidyl lysozyme with a bile acid, in admixture with
      a solid or liquid pharmaceutical diluent or carrier.
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ABST
PAL  Compositions derived from spleens of vertebrata and process for obtaining
      the said compositions which are useful for increasing or decreasing the
      normal rate of tissue growth.
PARN
PAC  PRIOR APPLICATIONS
PAR  This application is a continuation of application Ser. No. 64,033 filed
      July 21, 1970, now abandoned, which in turn is a continuation of
      application Ser. No. 344,182 filed Feb. 12, 1964, now abandoned, which in
      turn is a continuation-in-part of application Ser. No. 503,344 filed Apr.
      22, 1955, now abandoned.
BSUM
PAR  The invention relates to novel growth regulating compositions derived from
      the spleen of vertebrata, especially warm blooded animals and to a novel
      process for the preparation of the said growth regulating compositions.
PAR  Tissue extracts which can be used therapeutically in the treatment of
      degenerative conditions, in cases of unsatisfactory cell regeneration,
      etc. are known. One way of preparing such extracts comprises wounding an
      animal by cutting, abrasion, penetrating or breaking the skin, cutting out
      the granulation tissue formed in the wounds after they have healed and
      extracting the granulation tissue. A variation of the process comprises
      cultivating on nutrient plasma the said granulation tissue and other kinds
      of connective tissue, injuring the resulting tissue cultures and
      extracting the said injured cultures.
PAR  Another modification of the known process comprises injecting the extracts
      of the granulation tissue into animals, withdrawing blood from the
      injected animals after a certain period of time and preparing a serum from
      the said blood. All these processes, however, are rather expensive and the
      yield of effective materials obtained thereby is quite small.
PAR  It is an object of the invention to provide novel growth regulating
      compositions derived from activated spleens.
PAR  It is another object of the invention to provide a novel, economical
      process for the preparation of growth regulating compositions derived from
      activated spleens.
PAR  It is a further object of the invention to provide a novel method of
      regulating the growth of tissues.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAR  The novel growth regulating compositions of the invention are protein-free
      extracts derived from spleens of vertebrata, especially warm blooded
      animals, which have been activated or stimulated by irradiation or by
      chemical stimulation and are in the form of aqueous solutions having 10 to
      60 mg of solids per ml of solution. The composition gives a negative
      Heller's test and sulfosalicylic acid reaction and positive glucose
      oxydase reaction, Molish reaction, xanthoprotein reaction, Millon's
      reaction and ninhydrin reaction and has an absorption maximum in
      hydrochloric acid solution at 247 .mu.. Paper chromatography shows the
      presence of the desoxy ribosides of adenine, uracil, cytosin, guanine and
      hypoxanthine and glutamic acid, asparagic acid, glycine, alanine, serine,
      valine and leucine.
PAR  The stimulation or the activation of the spleen of vertebrata may be
      effected either by administering to them one or more of the chemical
      compounds defined below or by subjecting the said spleens to irradiation.
      The amount of chemical stimulation or irradiation necessary to produce the
      desired effect can be easily determined by preliminary tests. The amounts
      of roentgen (R) needed to stimulate an organ (stimulating irradiation) is
      known and therefore it is possible to adjust the desired stimulation
      depending upon the type of irradiation. The dosages of the chemical
      treatment or of the irradiation should be below those dosages which cause
      irreparable damage to the organ and possible death of the vertebrata.
      These dosages are well known to those skilled in the art and can be
      obtained from many texts in this field.
PAR  Any type of irradiation is suitable which stimulates the spleen. Examples
      of suitable types are very short radium radiation, longwave, middlewave or
      shortwave X-ray radiation, grenz ray radiation (Bucky rays), ultraviolet
      light, infra-red, longwave heat radiation, corpuscular ray radiation such
      as by canal rays, rapidly moving electrons, positrons, neutrons and
      similar elementary particles or particles derived from radioactive
      isotopes. Ultrasonic waves may also be used for stimulation. Irradiation
      has the advantage that it is possible to focus most type of waves to the
      specific part of the body to be treated and to concentrate the said rays
      upon a specific plane of the animal's body.
PAR  The chemical stimulants are hypotonic aqueous solutions which are injected
      intravenously into the animal. Examples of suitable solvents are distilled
      water or hypotonic solutions whose ion concentrations may be between zero
      and a value which still causes hemolysis in the animal.
PAR  Examples of suitable chemical stimulants are salts which in aqueous
      solution form ions such as sodium chloride, sodium phosphate, sodium
      sulfate, other buffer compounds, dispersed substances which will not be
      removed in the urine but will be stored in the reticulo-endothelial system
      (RES) of the organism such as colloidal sulfur and india ink, dyestuffs
      particularly biologically active dyestuffs having a specific range of
      fluorescence such as methylene blue, eosine, trypan red, trypan blue,
      porphyrine, etc. and therapeutically active compounds such as ethyl
      palmitate, phenol derivatives, benzoic acid derivatives such as the methyl
      p-hydroxybenzoate, p-amino benzene and hemolytically active substances
      such as saponins and polyethylene glycol esters of fatty acids.
      Radioactive elements and compounds such as radioactive cobalt, iodine or
      phosphorus may also be used as chemical stimulants but are preferably used
      as indicators for the above-mentioned chemical stimulants.
PAR  The process of the invention for the preparation of growth regulating
      compositions derived from activated spleens comprises (1) stimulating the
      spleen of vertebrata by irradiation or intravenous injection of hypotonic
      solutions, (2) comminuting the spleen, (3) extracting the spleens with
      aqueous solutions, (4) removing proteins from the aqueous extract (5)
      neutralizing the protein-free solution and subjecting the solution to
      dialysis with a membrane adapted to pass compounds having a molecular
      weight up to 4500, (6) removing fatty materials from the inner dialysate
      and (7) concentrating the inner dialysate to a concentration of 10 to 60
      mg of solids per ml.
PAR  The extraction of the spleen may be effected with water but an aqueous
      solution of lower alkanols such as ethanol and/or butanol is preferred
      since the deproteination step is preferably effected by precipitation from
      85 % or higher alkanol solutions. The lower alkanols are easily removed
      after the deproteination by evaporation under vacuum at relatively low
      temperatures. Deproteination may also be effected by the addition of
      perchloric acid or trichloroacetic acid. The perchloric acid is removed by
      precipitation as potassium perchlorate which introduces inorganic ions in
      the solution of the final product. Fractionated deproteination with
      trichloroacetic acid gives somewhat lower yields since it is not as easily
      controlled as the use of lower alkanols.
PAR  The dialysis to decrease the amount of low molecular weight components
      having a weight below 4500 is preferably effected at low temperatures of
      the order of about 2.degree.C. using water or dilute lower alkanols such
      as 10% aqueous ethanol as the dialysis media. Cellophane tubes have been
      found to be particularly suitable as the dialysing material although other
      dialysis materials may be used.
PAR  If necessary the pH of the inner dialysate is adjusted to about 7 and the
      solution is filtered to remove any salts that may precipitate. The
      solution is then concentrated under vacuum at temperatures not above
      30.degree.C., i.e. 20.degree.-25.degree.C. to a concentration of 10 to 60
      mg of solids per ml of solution.
PAR  The removal of fatty material may be effected before or after the dialysis
      step and is effected by extraction with organic solvents such as ethyl
      ether to obtain clear aqueous solutions.
PAR  The concentrated solution obtained by concentration of the inner dialysate
      can be administered after sterile filtration topically, intramuscularly or
      transcutaneously. The spleen extracts are stable and may be stored for
      prolonged periods of time without suffering any loss of activity. However,
      if desired, a perservative such as phenol, cresol, etc. may be added.
      Preservatives to prevent a secondary infection of the solution after
      opening of the container in which it is supplied may also be added. The
      compositions of the invention are useful growth regulants. Growth
      regulation means that the spleen extract of the invention can increase or
      decrease the normal rate of growth of tissues depending upon the condition
      of the treated tissue. The spleen extract can enlarge the size of a spleen
      in a normal animal but if the spleen in the animal is enlarged, the
      administration of the spleen extract leads to a distinct reduction of the
      spleen hypertrophy.
PAR  The unique growth regulating properties of the spleen extract have been
      demonstrated on guinea pigs. Depending upon the original condition of
      connective tissue as discussed in the preceding paragraph, the same dose
      of the spleen extract of the invention accelerated cell growth in
      connective tissue poor in cells and inhibited cell growth in connective
      tissue rich in cells.
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it should be understood that the
      invention is not intended to be limited to the specific embodiments.
DETD
PAC  EXAMPLE I
PAR  Healthy young calves weighing about 60 kg received on the 14th, 12th and
      10th day prior to slaughtering intravenous injections of 250 cc of a 0.01%
      aqueous india ink solution which amounted to 5% of the amount of
      circulating blood. After the animals were slaughtered, the organs showing
      visible accumulation of india ink in the reticulo endothelium such as the
      spleen and thymus were removed. The spleens of the calves showed under
      histologic examination a non-inflammatory hyper-plasia with a considerable
      reticulosis of the red pulpa and were about 50% heavier than the weight of
      spleens of untreated calves of the same age.
PAR  10 kg of the said spleens were frozen and ground through a finely
      perforated disc in a meat grinder. The finely ground spleen was admixed
      with 65 liters of 70% aqueous ethyl alcohol and the mixture was stirred
      for 2 hours at 0.degree.C. After standing overnight at 0.degree.C., the
      clear supernatant liquor was siphoned off and the residue was centrifuged.
      Although it is not always necessary, the extracted glands were again
      comminuted in the meat grinder and then were stirred for 2 hours with 40
      liters of 60% aqueous ethyl alcohol at 0.degree.C. After standing
      overnight at 0.degree.C., the supernatant liquid was siphoned off and the
      residue was centrifuged. The comminuted spleens were extracted a third
      time in the same manner with 30 liters of 60% aqueous ethyl alcohol and
      the spleen residue was then discarded.
PAR  The three extracts were combined and then brought to a total concentration
      of 85% by volume of ethyl alcohol by the addition of 95 to 100% ethyl
      alcohol thereto which caused proteins to precipitate. The protein
      precipitate was removed by filtration and the clear filtrate was
      evaporated in a circulation evaporator to a final volume of 10 liters. 95
      to 100% ethyl alcohol was added to the concentrated solution to readjust
      the ethyl alcohol content to 85% by volume. The solution was allowed to
      stand at 0.degree.C. during which additional inactive proteins
      precipitated which were removed by filtration.
PAR  The resulting solution was again concentrated in vacuo to 10 liters and
      after cooling, the solution was shaken with 3 to 4 liters of ethyl ether
      to extract fatty material. The ether extract was separated and the
      concentration of the ethyl alcohol in the solution was again adjusted to
      85% by volume. After filtering off the precipitated proteins, the clear
      solution was concentrated to a total volume of 5 liters, allowed to stand
      for several days at 0.degree.C. and was then clarified by filtration
      through an asbestos filter. The resulting solution should be free from
      protein and if necessary the precipitation from 85% ethyl alcohol should
      be repeated.
PAR  The pH of the protein-free solution was adjusted to 7 and was dialyzed in a
      cellophane tube against an equal volume of a 10% aqueous ethyl alcohol
      solution. The outer dialysate was removed and the dialysis was repeated
      against the same volume of the 10% aqueous ethyl alcohol solution. The
      inner dialysate was then evaporated in vacuo to a concentration of 40 mgm
      of dry substance per milliliter. The clear yellowish aqueous solution was
      filtered under sterile conditions and filled into 5 cc ampules under
      sterile conditions.
PAR  The product had a negative reaction in Heller's test and the sulfosalicylic
      acid test showing the lack of proteins and exhibited a positive reaction
      in the glucose oxydase test, Molish test, xanthoprotein text, Millon's
      test and ninhydrin test. Its adsorption maximum in hydrochloric acid
      solution was at 247 .mu.. Paper chromatography showed the presence of
      desoxyribosides of adenine, uracil, cytosine, guanine and hypoxanthine and
      glutamic acid, asparaginic acid, glycine, alanine, serine, valine and
      leucine. The dry product had an average molecular weight of 4500.
PAC  EXAMPLE II
PAR  An iodine containing X-ray agent was injected into a young calf for X-ray
      visualization of the spleen. As soon as the spleen became visible on the
      X-ray screen, the calf was narcotized and the spleen was laid open.
      Several radium needles were applied thereto for 30 minutes and the wound
      was then sewed up. The calf's urine was then collected until the iodine
      was completely secreted from the spleen after which the animal was
      slaughtered. The spleen was removed, comminuted and extracted as in
      Example I to obtain a protein-free solution.
PAC  PHARMACOLOGICAL STUDY
PAC   I. Effect on mouse spleens:
PAR  The effect of the spleen extract produced by the process of Example I on
      mouse spleens was determined. In one test, the mice were injected once
      intravenously with 0.05 cc of the extract and the ATP-ase activity and
      weight of the mouse spleens were determined and compared with a control
      group of mice. In the second test, the test mice received a daily dose of
      0.3 cc of the extract for 13 days after which the said comparisons were
      made. The results are summarized in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                              Weight of                                        
                ATP-ase-                                                       
                      Increase %                                               
                              Spleen In                                        
                                     Increase %                                
      Dosage    Activity                                                       
                      over Controls                                            
                              mgm    over Controls                             
     __________________________________________________________________________
     Control Animals                                                           
                90.73  0      147.2   0                                        
     Test Animals                                                              
     after 48 hours-                                                           
                93.09 2.6     241.4  65.4                                      
     one dose of 0.05                                                          
     cc                                                                        
     Test Animals                                                              
     after 13 days-                                                            
                99.15 6.5     275.4  87.1                                      
     daily dose 0.3 cc                                                         
     __________________________________________________________________________
PAR  The results of Table I show that an average weight increase of about 65% in
      the spleen is obtained after only 48 hours with a single injection and
      after 13 days an average weight increase of about 87% in the spleen is
      obtained. At the same time, the activity of ATP-degrading ferments
      increases only slightly so that a distinct reduction of the ATP-ase
      activity results.
PAR  Various modifications of the process of the invention may be made without
      departing from the spirit or scope thereof and it is to be understood that
      the invention is to be limited only as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of compositions derived from spleens which
      comprises recovering the spleens of vertebrata selected from the group
      consisting of vertebrata whose spleen has been irradiated with a
      stimulating dose below the dose which irreparably damages the organ and
      vertebrata which have received intravenous injections of hypotonic aqueous
      solutions of a chemical stimulant, comminuting the said spleens,
      extracting the comminuted spleens with an aqueous solution, precipitating
      proteins from the aqueous extract by the addition thereto of a member
      selected from the group consisting of lower alkanols, perchloric acid and
      trichloroacetic acid, neutralizing the protein-free solution and
      subjecting it to dialysis with a membrane adapted to pass compounds having
      a molecular weight up to 4500, extracting fatty material from the
      resulting inner dialysate with a lower alkyl ether to obtain a clear
      aqueous solution and concentrating the resulting aqueous inner dialysate
      solution to a concentration of 10 to 60 mg of solid per milliliter of
      solution.
NUM  2.
PAR  2. The process of claim 1 wherein the comminuted spleens are extracted with
      up to 70% aqueous ethyl alcohol.
NUM  3.
PAR  3. The process of claim 1 wherein the proteins are removed by precipitation
      from at least 85% aqueous ethyl alcohol.
NUM  4.
PAR  4. The process of claim 1 wherein the dialysis is effected against
      distilled water.
NUM  5.
PAR  5. The process of claim 1 wherein the dialysis is effected against dilute
      aqueous ethyl alcohol.
NUM  6.
PAR  6. An activated spleen extract produced by the process of claim 1
NUM  7.
PAR  7. An extract of claim 6 wherein the vertebrata are calves.
NUM  8.
PAR  8. A process for the preparation of compositions derived from spleens which
      comprises recovering the spleens of calves selected from the group
      consisting of calves whose spleens have been subjected to stimulating
      irradiation below the dose which irreparably damages the spleens and
      calves who have received the intravenous injections of hypotonic aqueous
      solutions of a chemical stimulant, comminuting the spleens, extracting the
      spleens with aqueous ethyl alcohol having a concentration up to 70%,
      precipitating proteins from the said extracts by adjusting the ethyl
      alcohol concentration to at least 85%, extracting the protein-free
      solutions with a lower alkyl ether to remove fatty substances, subjecting
      the resulting solution to dialysis with a cellophane membrane against an
      equal volume of a 10% aqueous ethyl alcohol solution and concentrating the
      inner dialysate to a concentration of 10 to 60 mg of solids per ml.
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ABST
PAL  The invention relates to a saccharase inhibitor derived from
      Actinoplanaceae Strain CBS 961.70, including mutants and variants thereof,
      means for the production of said saccharase inhibitors comprising
      cultivation of Actinoplanaceae Strain CBS 961.70, including mutants and
      variants thereof, in appropriate nutrient solutions which are
      characterized by being starch free under conditions most favorable to
      growth and production of said saccharase inhibitor and recovering a
      saccharase inhibitor from culture broths of said nutrient solutions, as
      well as the use of said inhibitor in pharmaceutically acceptable
      therapeutic compositions suitable for use in the treatment and relief of
      conditions indicative of adiposity, diabetes, pre-diabetes, hyperlipaemia
      (atherosclerosis), caries and the like.
PARN
PAR  This is a division, of copending application Ser. No. 336,741 filed Feb.
      28, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that in animals and man, after consumption of foodstuffs and
      beverages containing saccharose, hyperglycaemias occur which are caused by
      rapid splitting of the saccharose by saccharases of the digestive tract
      according to the following equation
PAC  Saccharase
EQU  Saccharose .fwdarw. Glucose + Fructose
PAL  These hyperglycaemias are particularly strong, and of long-lasting
      pronounced character, with diabetics. With adipose subjects, the
      alimentary hyperglycaemia frequently causes a particularly intense insulin
      secretion which in turn leads to increased fat synthesis and reduced fat
      degradation.
PAR  These saccharase inhibitors according to the invention, obtained and
      isolated according to the above methods, considerably reduce the
      alimentary hyperglycaemia and hyperinsulinaemia in rats dosed with
      saccharose.
PAR  It is furthermore known that caries occur particularly strongly and
      frequently after consumption of beverages and foodstuffs containing
      saccharose [for example, B. W. Gold: Advances in Applied Microbiology 11
      (1969) 135-157]. An inhibition of the splitting of saccharose by the
      inhibitors according to the invention reduces the formation of cariogenic
      substances.
PAR  These inhibitors are therefore suitable for use as a therapeutic agent for
      the following indications: adiposity, hyperlipaemia (atherosclerosis),
      diabetes, pre-diabetes and caries.
PAC  RELATIONSHIP TO COPENDING APPLICATIONS
PAR  United States patent application Ser. No. 213,066, filed Dec. 28, 1971, now
      U.S. Pat. No. 3,876,766, entitled "GLYCOSIDE-HYDROLASE ENZYME INHIBITORS"
      discloses that microorganisms of the order Actinomycetales form inhibitors
      for glycoside-hydrolases, and in particular inhibitors for
      glycoside-hydrolases of preferentially carbohydrate-splitting enzymes of
      the digestive tract. One group of these inhibitors is relatively
      heat-stable and stable to acid and alkali at room temperature. Chemically
      speaking, these inhibitors belong to the class of the oligosaccharides or
      polysaccharides or their derivatives.
PAR  Thus, for example, in Examples 28-38 of the aforesaid application describes
      the isolation of such an amylase inhibitor derived from the
      Actinoplanaceae strain CBS 961.70 belonging to the order Actinomycetales.
      The culture solutions resulting from fermentations of this strain under
      optional conditions contain about 30,000-40,000 AIU/ml., and the purest
      inhibitors isolated therefrom possess specific activities of 3-8 .times.
      10.sup.6 amylase inhibitor units (AIU .mu. g).
PAR  In copending application Ser. No. 336,687, filed Feb. 28, 1973, now U.S.
      Pat. No. 3,855,066, there is disclosed the production of amylase
      inhibitors from strain CBS 614.71 by cultivating the same in a nutrient
      medium containing starch.
PAC  THE PRESENT INVENTION
PAR  It has now been discovered that by the use of the Actinoplanaceae strain
      CBS 961.70, including the new strain CBS 614.71 and its mutants and
      variants, in conjunction with nutrient solutions which are free from
      starch cultures containing more than 10 SIU/ml can be obtained.
PAR  The invention, accordingly, provides a novel process for the production of
      a saccharase inhibitor which comprises culturing a microorganism of the
      family Actinoplanaceae, Strain CBS 961.70, a mutant or variant thereof, in
      a nutrient culture which does not contain starch under aerobic conditions
      for a period of time sufficient for the production of said saccharase
      inhibitor and separating said saccharase inhibitor from said nutrient
      culture medium.
PAR  As used herein, the expression "a mutant or variant" of Strain CBS 961.70
      is defined as strains derived from Strain CBS 961.70 by mutations either
      spontaneous or induced such as by bombardment with mutagenic radiation and
      variants of the strain produced from it by processes other than mutations.
      Strain CBS 614.71 is an example of such a mutant or variant.
PAR  In the specification and claims the abbreviation "CBS" refers to strains
      that have been deposited at the Centraalbureau voor Schimmelcultures,
      Baarn, Netherlands, under the stated Accession Number.
PAR  It has been found that the culture solutions of the Strain CBS 961.70
      prepared in accordance with the techniques of copending application Ser.
      No. 213,066, filed Dec. 28, 1971, now U.S. Pat. No. 3,876,766 frequently
      also possess a slight saccharase-inhibiting activity, but the isolation
      and preparation in pure form of the saccharase inhibitor formed is very
      difficult due to the presence of considerable amounts of amylase inhibitor
      in the culture solution.
PAR  It has now been discovered that it is possible to suppress the formation of
      amylase inhibitor while at the same time promoting the formation of
      saccharase inhibitor.
PAR  This invention provides a method of producing a saccharase inhibitor
      comprising growing Actinoplanaceae Strain CBS 961.70 or a mutant or
      variant thereof in a starch-free nutrient medium to produce a culture, and
      separating the saccharase inhibitor from the culture.
PAR  In this method, the nutrient medium must be free of starch. A preferred
      nutrient medium is a solution having the composition 3.5 percent of
      glucose, 0.5 percent of casein hydrolysate, 1.3 percent of yeast extract,
      0.3 percent of K.sub.2 HPO.sub.4 and 0.3 percent of CaCO.sub.3 ; pH
      adjusted to 7.8 with KOH before sterilization. Such solutions after
      innoculation and several days' fermentation with Strain CBS 961.70, yield
      cultures which contain more than 10 SIU/ml (SIU = Saccharase Inhibitor
      Unit). At a content of 300 - 700 AIU/ml (AIU = Amylase Inhibitor Unit) an
      SIU/AIU ratio of 15 .times. 10.sup..sup.-3 - 30 .times. 10.sup..sup.-3
      results. (f = SIU/AIU .times. 10.sup.3).
PAR  The yield of saccharase inhibitor in the method of the invention can be
      increased further if maltose is added to the nutrient solution. If, for
      example, 1.5 percent of maltose is added to the above-mentioned nutrient
      solution, culture broths containing 16 - 18, and even up to 24, SIU/ml are
      obtained.
PAR  A decisive factor in obtaining a favorable SIU/AIU ratio is the duration of
      growth. If growth is stopped shortly before reaching, or just on reaching,
      the maximum SIU content, which depending on the inoculation can happen
      after only 1.5 to 2 days' fermentation, f-values of up to 180 are
      obtained.
PAR  As has heretofore been stated, instead of the Strain CBS 961.70 it is also
      possible to use its mutants and variants such as Strain CBS 614.71.
PAR  The saccharase inhibitor can be isolated from the appropriately fermented
      culture solution by any suitable method. One such method is concentrating
      the culture broth in vacuo to 1/10 - 1/20 of the original volume, with
      subsequent lyophilization. Alternatively the inhibitor may be precipitated
      from the concentrated broth with 4 - 10 parts by volume of organic solvent
      such as an alcohol or ketone, preferably with 5 - 9 parts by volume of
      acetone. One preferred and particularly simple method is adsorption of the
      inhibitor from the neutral (preferably pH 5-8) culture solution on 0.5 - 4
      percent, preferably 1-2 percent of active charcoal and subsequent
      desorption with an aqueous alcohol or aqueous acetone, especially at acid
      pH values, preferably with 50 percent strength aqueous acetone at pH 2-3.
      The desorbate is subsequently concentrated in vacuo to 1/50 - 1/200,
      preferably 1/100, of the initial volume (of the culture) and is
      subsequently precipitated with organic solvents, preferably acetone. In
      general, in order to isolate purer preparations, a preliminary adsorption
      of the brown dyestuffs which contaminate the culture solution is
      preferably carried out on 1 - 2 percent of active charcoal at acid pH
      values (pH values of 1-4, preferably 2-3), at which low pH, surprisingly,
      the adsorption of the saccharase inhibitor does not occur to a significant
      extent.
PAR  The present invention also includes a pharmaceutical composition containing
      as an active ingredient the saccharase inhibitor produced by the method of
      this invention, in admixture with a solid or semi-liquid diluent.
PAR  Examples of such diluents include: (a) fillers and extenders, e.g., starch,
      sugars, mannitol, and silicic acid; (b) binding agents, e.g.,
      carboxymethyl cullulose and other cellulose derivatives, alginates,
      gelatine and polyvinyl pyrrolidone; (c) moisturizing agents, e.g.,
      glycerol; (d) disintegrating agents, e.g., agar-agar, calcium carbonate
      and sodium bicarbonate; (e) agents for retarding dissolution, e.g.,
      paraffin; (f) resorption accelerators, e.g., quaternary ammonium
      compounds; (g) surface active agents, e.g., cetyl alcohol, glycerol
      monostearate; (h) adsorptive carriers, e.g., kaolin and bentonite; (i)
      lubricants, e.g., talc, calcium and magnesium stearate and solid
      polyethylene glycols.
PAR  The inhibitor may also be added to foodstuffs and beverages containing
      saccharose.
PAR  Particular examples of the pharmaceutical compositions of this invention
      are suspensions, granules, chewing gum, toothpaste, foodstuffs and
      beverages containing the saccharase inhibitor.
PAR  The saccharase inhibitor produced by the method of this invention is
      generally to be administered orally in amounts of 100-10,000 SIU/kg body
      weight per therapeutic administration, which will be once or several times
      daily before, during or after meals.
PAR  The invention further provides medicaments in dosage unit form containing
      saccharase inhibitor produced by the method of the invention.
PAR  The term "medicament in dosage unit form" as used here means physically
      discrete coherent portions suitable for medical administration, each
      containing a predetermined individual quantity of the inhibitor, the said
      quantity being such that one portion is required for a single therapeutic
      administration in accordance with guidelines set forth above. Examples of
      such medicaments in dosage unit form according to the invention are
      tablets, dragees, capsules, sticks of chewing gum and ampoules containing
      the inhibitor.
PAC  AMYLASE TEST
PAR  One amylase inhibitor unit (1 AIU) is defined as the amount of inhibitor
      which inhibits two amylase units to the extent of 50 percent. One amylase
      unit (AU) is the amount of enzyme which in one minute, under the test
      conditions indicated below, splits 1 .mu. equivalent of glucosidic bonds
      in starch. The .mu. equivalent of split bonds are determined
      colorimetrically with dinitrosalicyclic acid as .mu. equivalent of
      reducing sugar formed and are quoted, with the aid of a maltose
      calibration curve, as .mu. equivalent of maltose equivalents. To carry out
      the test, 0.1 ml of amylase solution (20 - 22 AU/ml) is mixed with 0 - 10
      .mu. g of inhibitor or 0-20 .mu. g of the solution to be tested in 0.4 ml
      of 0.02 M sodium glycerophosphate buffer/0.001 M CaCl.sub.2 at pH 6.9 and
      equilibrated for about 10 - 20 minutes in a water bath at 35.degree.C. The
      mixture is then incubated for 5 minutes at 35.degree.C with 0.5 ml of a 1
      percent strength starch solution (soluble starch of Messrs. Merck,
      Darmstadt, No. 1252) which has been prewarmed to 35.degree.C, and 1 ml of
      dinitrosalicylic acid reagent (according to P. Bernfeld in
      Colowick-Kaplan, Meth. Enzymol., Volume 1, page 149) is then added. To
      develop the color, the batch is heated for 5 minutes on a boiling water
      bath, then cooled and treated with 10 ml of distilled water. The
      extinction at 540 nm is measured against a correspondingly made-up blank
      without amylase. For evaluation, the amylase activity which is still
      present after addition of inhibitor is read off from a previously recorded
      amylase calibration curve and the percentage inhibition of the amylase
      employed is calculated therefrom. The percentage inhibition is plotted as
      a function of the quotient
      ##EQU1##
      and the 50% inhibition point is read off from the curve and converted to
      AIU/mg of inhibitor.
PAC  SACCHARASE TEST
PAR  One saccharase inhibitor unit (SIU) is defined as the amount of inhibitor
      which inhibits two saccharase units to the extent of 50 percent. One
      saccharase unit (SU) is the amount of enzyme which in 1 minute, under the
      test conditions indicated below, splits 1 .mu. mol of saccharose into
      glucose and fructose. The .mu. mol of glucose formed is determined
      quantitatively with the aid of the glucose oxidase reaction under
      conditions under which further splitting of saccharose by the saccharase
      no longer occurs. To carry out the test, 0.05 ml of a saccharase
      solution.sup.1) adjusted to 0.12 SU is mixed with 0 - 20 .mu. g of
      inhibitor or 0-20 .mu.l of the solution to be tested and made up to 0.1 ml
      with 0.1 M sodium maleate buffer of pH 6.0. The mixture is equilibrated
      for 10 minutes at 35.degree.C and then mixed with 0.1 ml of an 0.05 M
      saccharose solution in 0.1 M sodium maleate buffer of pH 6.0, which has
      been prewarmed to 35.degree.C. The mixture is incubated for 20 minutes at
      35.degree.C and the saccharase reaction is stopped by adding 1 ml of
      glucose oxidase reagent.sup.2) and incubated for a further 30 minutes at
      35.degree.C. Thereafter, 1 ml of 50 percent strength H.sub.2 SO.sub.4 is
      added and the mixture is measured at 545 nm against a corresponding blank.
      For evaluation, the percentage inhibition of the saccharase employed is
      calculated and converted, from the 50 percent inhibition point, with the
      aid of a glucose calibration curve, to SIU/g or SIU/liter.
FNT  1. Solubilized saccharase from the mucous membrane of the small intestine
      of pigs, according to B. Borgstrom and A. Dahlquist, Acta Chem. Scand. 12,
      (1958), page 1997. Diluted with 0.1 M sodium maleate buffer of pH 6 to the
      appropriate SU content.
FNT  2. The glucose oxidase reagent is made by dissolving 2 mg of glucose
      oxidase (Messrs. Boehringer No. 15,423 EGAB) in 100 ml of 0.565 M
      tris-HCl-buffer of pH 7 and subsequently adding 1 ml of detergent solution
      (2 g of Triton 100 + 8 g of 95 percent strength ethanol, analytical
      grade), 1 ml of dianisidine solution (260 mg of o-dianisidine 0.2HCl in 20
      ml of H.sub.2 O) and 0.5  ml of 0.1 percent strength aqueous peroxidase
      solution (Messrs. Boehringer No. 15,302 EPAP).
DETD
PAR  The following examples illustrate the best mode now contemplated for
      carrying out the invention.
PAC  EXAMPLE 1
PAR  1 liter Erlenmeyer flasks containing 120 ml of a nutrient solution of
      composition 3.5 percent of glucose, 0.5 percent of casein hydrolysate, 1.3
      percent of yeast extract, 0.3 percent of CaCO.sub.3, 0.3 percent of
      K.sub.2 HPO.sub.4, (the pH being adjusted prior to sterilization to 7.8
      with KOH and the solution being sterilized for 30 minutes at
      121.degree.C), are inoculated with 4 ml of a 3-day old pre-culture of
      Strain CBS 961.70 in a nutrient solution of composition 3 percent of
      glycerine, 3 percent of soya flour and 0.2 percent of CaCO.sub.3, obtained
      by incubation on a rotary shaking machine at 28.degree.C, and the charges
      are incubated at 24.degree.C after 3 days of incubation, a culture broth
      is obtained which contains 9.1 SIU/ml and 240 AIU/ml and after 4 days'
      incubation contains 10.4 SIU/ml and 675 AIU/ml.
PAC  EXAMPLE 2
PAR  When maltose in various concentrations is added to the nutrient solution
      used in Example 1 and the solution is inoculated and incubated according
      to Example 1, the following yields of SIU/ml and AIU/ml are obtained:
     Maltose  After 3 days    After 5 days                                     
     concentra-                                                                
     tion %   AIU/ml    SIU/ml    AIU/ml  SIU/ml                               
     ______________________________________                                    
     0        363       11.2      444     8.8                                  
     0.5      479       12.7      614     11.3                                 
     1.0      383       13.6      688     12.5                                 
     1.3      337       15.7      725     12.7                                 
     1.8      274       16.6      678     14.4                                 
     2.2      287       16.8      600     15.5                                 
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  To the nutrient solution of Example 1 is added 1.3 percent of maltose and
      the procedure of Example 1 is repeated, a culture broth is obtained which
      after 2 days' fermentation contains 14.4 SIU/ml and 81 AIU/ml and after 4
      days' fermentation contains 14.5 SIU/ml and 580 AIU/ml.
PAC  EXAMPLE 4
PAR  1 liter Erlenmeyer flasks which contain 120 ml of a nutrient solution of
      composition 3 percent of glucose, 1 percent of maltose, 0.5 percent of
      casein hydrolysate, 1.3 percent of yeast extract, 0.3 percent of
      CaCO.sub.3, 0.3 percent of K.sub.2 HPO.sub.4 (the pH being adjusted to 7.2
      with Na.sub.2 CO.sub.3 before sterilization and the mixture being
      sterilized for 30 minutes at 121.degree.C) are inoculated with 4 ml of a 3
      days' old pre-culture of Strain CBS 961.70 in a nutrient solution of
      composition 3 percent of glycerine, 3 percent of soya flour, 0.2 percent
      of CaCO.sub.3, obtained by incubation on a rotary shaking machine at up to
      28.degree.C, and the batch is incubated at 24.degree.C after 4 days of
      incubation, a culture broth is obtained which contains 22 SIU/ml and 500
      AIU/ml.
PAC  EXAMPLE 5
PAR  500 ml of a brown culture solution of the Strain CBS 961.70 fermented
      according to Example 4 and containing 22,000 SIU/liter were adjusted to pH
      2.5 with half-concentrated HNO.sub.3, treated with 5 g of active charcoal
      (Messrs. Merck) and stirred for 10 minutes. The mixture was centrifuged
      for 15 minutes at 10,000 rpm and the clear, yellow supernatant liquid was
      neutralized with ammonia. Thereafter it was concentrated to 50 ml on a
      rotary evaporator at 20 mm Hg and this concentrated solution was treated
      with 50 ml of acetone to precipitate inactive constituents. The clear
      filtrate was added dropwise to 400 ml of acetone while stirring and the
      precipitate which formed was collected on a filter, washed with acetone
      and ether and dried in vacuo at room temperature. Yield: 1.4 g with 6,000
      SIU/g .gtoreq. 70 percent yield, relative to the activity.
PAC  EXAMPLE 6
PAR  500 ml of a culture solution of the Strain CBS 961.70 fermented according
      to Example 4 and containing 22,000 SIU/liter were worked up according to
      Example 5 but were precipitated with ethanol instead of with acetone.
      Yield: 0.6 g with 7,000 SIU/g .gtoreq. 38 percent yield, relative to the
      activity.
PAC  EXAMPLE 7
PAR  1 liter of a dark brown culture solution (21,000 SIU/liter) fermented
      analogously to Example 4 was adjusted to pH 2.5 with half-concentrated
      nitric acid, 10 g of active charcoal (Messrs Merck) and 10 g of the filter
      aid Clarcell were added and the mixture was stirred for 10 minutes. It was
      filtered through a filter provided with a 1 - 2 cm high Clarcell layer and
      the filtrate was neutralized with ammonia. The filter cake was discarded.
      1.5 percent of active charcoal were added to the neutral filtrate (19,000
      SIU/liter) and the mixture was stirred for 10 minutes and then again
      filtered. The filtrate still contained approximately 10 percent of the
      activity and was discarded. (If this residual activity is also to be
      isolated, a further adsorption with 0.5 percent of active charcoal is
      carried out and the charcoal residues are combined). The charcoal residue
      containing the saccharase activity was washed with a little water and then
      stirred 3 times for 10 minutes with 50 ml portions of 50 percent strength
      acetone at pH 2.5 (HCl) for desorption of the activity. Thereafter, the
      mixture was in each case filtered and the three desorbates were combined.
      They were concentrated to 10 ml in a rotary evaporator and the viscous
      concentrate was treated with the same volume (10 ml) of methanol, while
      stirring. The precipitate formed was centrifuged off. The clear light
      brown 50 percent strength solution in methanol was then added dropwise,
      while stirring, to 250 ml (= 12.5 volumes) of absolute acetone. The
      precipitate formed settled out well and after decanting the deep yellow
      supernatant liquid the residue was taken up in absolute acetone and
      washed. It was filtered off and further rinsed once with absolute acetone
      and once with ether. Thereafter it was dried in vacuo at room temperature.
      Yield: 850 mg with 12,500 SIU/g .ltoreq. 51 percent yield (relative to
      units in the culture broth).
TBL                                    TABLE                                   
     __________________________________________________________________________
     (Activity yields from working up)                                         
                                                   SIU                         
                                                f=                             
                                                   AIU     SIU                 
                          Volume                           Yield               
     Working-up Step      (ml)   SIU/L   AIU/L  .times.10.sup.3                
                                                      SIU  (%)                 
     __________________________________________________________________________
     1)   Original solution                                                    
                          1,000  21,000  0.5.times.10.sup.6                    
                                                42    21,000                   
                                                           100                 
     2)   After 1st active charcoal                                            
          adsorption (pH 2.5)                                                  
                          1,000  19,000  0.4.times.10.sup.6                    
                                                48    19,000                   
                                                           90                  
     3)   After 2nd active charcoal                                            
          adsorption (pH 7.0)                                                  
                          1,000  2,000                2,000                    
                                                           (discard-           
                                                           ed: 10%)            
     4)   1st desorbate   45     260,000 3.5.times.10.sup.6                    
                                                75    11,500                   
                                                           55                  
     5)   2nd desorbate   45     92,000  2.times.10.sup.6                      
                                                46    4,100                    
                                                           19.5} 81            
     6)   3rd desorbate   45     30,000  0.75.times.10.sup.6                   
                                                40    1,350                    
                                                           6.5                 
     7)   Concentrated to 10 ml on                                             
          rotary evaporator                                                    
                          10     1,500,000                                     
                                         22.times.10.sup.6                     
                                                68    15,000                   
                                                           72                  
     8)   50% methanol precipita-                                              
          tion (filtered) 18     730,000 12.times.10.sup.6                     
                                                61    13,200                   
                                                           63                  
     9)   Supernatant liquid from                                              
          acetone precipitation                                                
                          260    8,400                2,200                    
                                                           (discard-           
                                                           ed: 10%             
     10)  Precipitate     0.85 g 12,500                                        
                                       /g                                      
                                         0.22.times.10.sup.6                   
                                              /g                               
                                                56    10,600                   
                                                           51                  
     __________________________________________________________________________
PAC  EXAMPLE 8
PAL  (experimental arrangements for demonstrating the action of saccharase
      inhibitors on rats)
PAR  To produce an alimentary hyperglycaemia and hyperinsulinaemia fasting rats
      (n = 6) are given 2.5 g/kg of saccharose orally. Six other rats are given,
      additionally to the saccharose, the saccharase inhibitor manufactured
      analogously to Example 5, in the indicated dosage. The blood glucose and
      the serum insulin are examined at the indicated time intervals after
      administration of saccharose. The blood samples are obtained from the
      retro-orbital venous plexus. Blood glucose is determined in an
      autoanalyzer [Technicon according to Hoffman: J. biol. Chem. 120, 51
      (1937)], and serum insulin according to the methods of Hales and Randle:
      Biochem. J. 88, 137 (1963).
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Average blood glucose values in mg/100 ml .+-. ls of fasting rats at      
     various times after oral                                                  
     administration of saccharose .+-. active compound analogously to Example  
     5.                                                                        
     Dose/kg, administered orally                                              
                     10      20      30      60      120 min.                  
     __________________________________________________________________________
     Control without saccharose                                                
                      67 .+-. 7.1                                              
                              72 .+-. 4.6                                      
                                      68 .+-. 5.3                              
                                              66 .+-. 5.0                      
                                                      71 .+-. 3.3              
     Control with saccharose                                                   
                     134 .+-. 15                                               
                             140 .+-. 16                                       
                                     126 .+-. 12                               
                                             117 .+-. 20                       
                                                     103.+-. 3.0               
     100 SIU in saccharose                                                     
                      96 .+-. 4.4                                              
                              93 .+-. 6.2                                      
                                      92 .+-. 5.6                              
                                              92 .+-. 3.4                      
                                                     95 .+-. 11                
     __________________________________________________________________________
            Legend                                                             
            P&lt;0.05                                                             
            P&lt;0.001 against control with saccharose                            
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Average serum insulin values in .mu.U/ml .+-. ls of fasting rats at       
     various times after oral                                                  
     administration of saccharose .+-. active compound analogously to Example  
     5.                                                                        
     Dose/kg, administered orally                                              
                     10          20  30      60      120 min.                  
     __________________________________________________________________________
     Control without saccharose                                                
                     8.8 .+-. 1.8                                              
                             9.8 .+-. 1.4                                      
                                     10.8 .+-. 2.3                             
                                             10.7 .+-. 4.6                     
                                                     8.1 .+-. 0.7              
     Control with saccharose                                                   
                     22.2 .+-. 11                                              
                             35.3 .+-. 14                                      
                                     19.3 .+-. 5.0                             
                                             16.7 .+-. 5.3                     
                                                     8.1 .+-. 1.1              
     100 SIU in saccharose                                                     
                     9.9 .+-. 4.3                                              
                             11.1 .+-. 3.5                                     
                                      7.6 .+-. 1.7                             
                                             14.8 .+-. 3.8                     
                                                     10.2 .+-. 2.8             
     __________________________________________________________________________
            Legend                                                             
            P&lt;0.05                                                             
            P&lt;0.01                                                             
            P&lt;0.001 against control with saccharose                            
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition containing as an active ingredient a
      therapeutically effective quantity of a saccharase inhibitor mixed with a
      solid or semi-liquid diluent, wherein said saccharase inhibitor is
      produced by a method comprising growing Actinoplanaceae strain CBS 961.70
      in a starch-free nutrient medium to produce a culture and separating the
      saccharase inhibitor from the culture.
NUM  2.
PAR  2. A pharmaceutical composition containing as an active ingredient a
      therapeutically effective quantity of a saccharase inhibitor mixed with a
      solid or semi-liquid diluent, wherein said saccharase inhibitor is
      produced by a method comprising growing Actinoplanaceae strain CBS 614.71
      in a starch-free nutrient medium to produce a culture and separating the
      saccharase inhibitor from the culture.
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ABST
PAL  A process for antagonizing the pharmacologic effects of a narcotic agent in
      warm-blooded animals, and compositions for effecting this process are
      disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The problems associated with narcotic abuse and addiction and of the
      seemingly ubiquitous narcotics addict are very well known in today's
      society. Also well-known are the problems associated with curing an addict
      of his drug dependence. Because very often there is a psychological as
      well as a physiological dependence, the addict, once he has been withdrawn
      (cured) from his physiological drug dependence, will often return to
      narcotic usage for other, possibly psychological, reasons. Thus a long
      term treatment and rehabilitation program for the narcotics addict has
      been suggested as being necessary (p. 259, A. Goth, Medical Pharmacology,
      2nd ed., C. V. Mosby, 1964). In addition, this long term program should
      allow the addict to otherwise function normally (i.e., attend school,
      maintain a job) during the ameliorative process. The drug, methadone, is
      today being utilized to aid in such long term treatment and rehabilitation
      programs.
PAR  A major problem associated with long term methadone therapy is the fact
      that the drug itself is an addicting narcotic with euphoriant properties;
      thus one is not curing addiction but merely making it less objectionable.
PAR  It is well-known (see for example, pp. 274-278, The Pharmacological Basis
      of Therapeutics, L. S. Goodman, and A. Gillman, Third ed., 1966,
      MacMillan), that certain agents (called narcotic antagonists) are able to
      prevent or abolish some or all of the clinical effects of a dose of
      morphine or heroin in man and animals. Thus, for example, nalorphine
      prevents or abolishes, in appropriate species, narcotic induced euphoria,
      analgesia, drowsiness, respiratory depression and other well-known effects
      and side effects associated with narcotic usage. Several narcotic
      antagonists are in use clinically, for example, to treat narcotic-induced
      respiratory depression. It is also known that in patients who are
      physically dependent on narcotic usage small doses of a narcotic
      antagonist, such as nalorphine, will precipitate acute withdrawal symptoms
      qualitatively identical to those seen after abrupt withdrawal of the
      narcotic agent. Thus, administration of the antagonist may be used as a
      simple, albeit unpleasant, method to test for physical dependence of the
      suspected narcotics addict.
PAR  Many reports in the recent literature (see for example, Agonist and
      Antagonist Actions of Narcotic Analgesic Drugs, H. W. Kosterlitz, H. O. J.
      Collier, and J. E. Fillarreal, editors, MacMillan, 1972, and references
      cited therein) propose the prophylactic use of a narcotic antagonist as an
      alternate medicinal approach to methadone therapy for the long term
      treatment and amelioration of narcotics addicts. Thus, it has been
      observed (M. Fink, A. M. Freedman, R. Resmick and A. Zaks in Agonist and
      Antagonist Actions of Narcotic Analgesic Drugs, H. W. Kosterlitz, H. O. J.
      Collier, and J. E. Villarreal, editors, MacMillan, 1972) that when most
      previously detoxified narcotics addicts, who are receiving prophylactic
      therapy with a narcotic antagonist, are challanged with a narcotic agent
      they do not experience any of the expected clinical effects of the
      narcotic and their use of narcotic agents, in most cases, is eventually
      reduced.
PAC  SUMMARY OF THE INVENTION
PAR  The invention sought to be patented in its process aspect resides in the
      concept of a process for antagonizing the effect of a narcotic agent in
      warm-blooded animals which comprises administering to a warm-blooded
      animal in need thereof a sufficient amount of a compound of the formula:
      ##SPC1##
PAL  wherein R is ethyl or benzyl; and the pharmacologically acceptable acid
      addition salts thereof.
PAR  The invention sought to be patented in its first subgeneric process aspect
      resides in the concept of the process for antagonizing the effect of a
      narcotic agent in warm-blooded animals which comprises administering to a
      warm-blooded animal in need thereof a sufficient amount of the compound
      .alpha.-dimethylamino-.alpha.-(cis-2-ethoxy-cyclohexyl)-m-cresol.
PAR  The invention sought to be patented in its second subgeneric process aspect
      resides in the concept of the process for antagonizing the effect of a
      narcotic agent in warm-blooded animals which comprises administering to a
      warm-blooded animal in need thereof a sufficient amount of the compound
      .alpha.-dimethylamino-.alpha.-(cis-2-benzyloxycyclohexyl)-m-cresol.
PAR  The invention sought to be patented in its third subgeneric process aspect
      resides in the concept of the process for antagonizing the effect of a
      narcotic agent in warm-blooded animals which comprises administering to a
      warm-blooded animal in need thereof a sufficient amount of the compound
      (1)-.alpha.-dimethylamino-2-(cis-2-benzyloxycyclohexyl)-m-cresol.
PAR  The invention sought to be patented in a principal composition aspect
      resides in the concept of the compound having the formula:
      ##SPC2##
PAL  substantially free of the trans epimer; and the pharmacologically
      acceptable acid addition salts thereof.
PAR  The tangible embodiments of the principal composition aspect of the
      invention possess the inherent general physical properties in the free
      base form of being colorless to yellow oils, or solids, substantially
      insoluble in water, and generally soluble in organic solvents such as
      ether, benzene, hexane, acetone and pyridine. In the form of their acid
      addition salts they are generally white or off-white crystalline solids,
      appreciably soluble in water. Examination of the compound reveals, upon
      infrared, ultraviolet, and nuclear magnetic resonance spectrographic
      analysis, spectral data supporting the molecular structure hereinbefore
      set forth. The aforementioned physical characteristics, taken together
      with the nature of the starting materials, the elemental analysis, and the
      products obtained therefrom, further confirm the molecular structure
      hereinbefore set forth.
PAR  The tangible embodiments of the principal composition aspect of the
      invention possess the inherent applied use characteristic of exerting
      narcotic antagonizing effects in warm-blooded animals as evidenced by
      pharmacological evaluation according to standard test procedures. In
      addition, the dose needed to produce these desirable narcotic antagonizing
      effects has been demonstrated to elicit, at most, only minimal analgesic
      effects when evaluated by standard pharmacological test procedures.
PAR  The invention sought to be patented in a second composition aspect resides
      in the concept of a composition suitable for administration to a
      warm-blooded animal comprising:
PAR  (a) the compound of the formula:
      ##SPC3##
PAL  and the pharmacologically acceptable acid addition salts thereof;
PAR  and (b) a pharmacologically acceptable carrier.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A convenient starting material for preparing the compositions of the
      instant invention is
      dl-cis-2-(.alpha.-dimethylamino-m-methoxymethoxybenzyl)cyclohxanol. This
      material may be prepared, for example, by condensing
      m-methoxymethoxybenzaldehyde and cyclohexanone under basic conditions to
      produce m-methoxymethoxybenzalcyclohexanone, which is reacted with
      dimethylamine producing
      dl-2-(.alpha.-dimethylamino-m-methoxymethoxybenzyl)cyclohexanone,
      Reduction of the ketone function produces a mixture of the cis and trans,
      dl-amino alcohols. The separation of the cis and trans isomers as well as
      the resolution of their respective racemic mixtures is within the skill of
      the art. This synthesis of starting material, as well as the isolation of
      the cis isomer, and the resolution of the dl racemic mixture, is fully
      described in the art, for example in Belgian Pat. No. 797,827. The
      remainder of the synthesis of the compositions of the invention will now
      be described using as an example, the specific product,
      1-.alpha.-dimethylamino-.alpha.-(cis-2-benzyloxycyclohexyl)-m-cresol.
PAR  The secondary alcohol function of
      1-cis-2-(.alpha.-dimethylamino-m-methoxymethoxybenzyl)cyclohexanol is
      first metalated, for example, by treatment with n-butyl lithium in
      tetrahydrofuran. The resulting lithium alcoholate is next alkylated with
      benzyl chloride and after acid hydrolysis of the methoxymethoxyl
      protecting group, the product,
      1-.alpha.-dimethylamino-.alpha.-(cis-2-benzyloxycyclohexyl)-m-cresol is
      isolated and may be purified by standard procedures, for example, column
      chromatography and recrystallization. It will be obvious to those skilled
      in the art that treatment of the lithium alcoholate of
      1-cis-2-(.alpha.-dimethylamino-m-methoxymethoxybenzyl) cyclohexanol with
      an ethylating agent such as triethyloxonium fluoroborate will enable one
      to prepare
      1-.alpha.-dimethylamino-.alpha.-(cis-2-ethoxycyclohexyl)-m-cresol by a
      process analogous to that outlined above.
PAR  It will be obvious to those skilled in the art that the 1-cis isomer of the
      amino alcohol will yield 1-cis products and that utilization of d-cis or
      dl-cis amino alcohols will likewise yield d-cis or dl-cis products, and
      that the utilization of these additional isomers in the above described
      reactions is fully equivalent to and contemplated by the teachings herein.
PAR  In practicing the process aspect of the invention, the instant compositions
      can be administered in a variety of dosage forms, the oral route being
      used primarily for maintenance therapy while injectables tend to be more
      useful in acute emergency situations.
PAR  The daily dose requirements vary with the particular compositions being
      employed, the severity of the symptoms being presented, and the animal
      being treated.
PAR  The dosage also varies with the size of the animal. With large animals
      (about 70 kg. body weight), by the oral route, the dose is from about 5
      milligrams to about 100 milligrams, and preferably from about 10 to about
      50 milligrams, approximately every 4 hours, or as needed. By parenteral
      route, the ordinarily effective dose is from about 20 milligrams to about
      50 milligrams, preferably about 25 milligrams per day.
PAR  For unit dosages the active ingredient can be compounded into any of the
      usual oral or parenteral dosage forms including tablets, capsules and
      liquid preparations such as elixirs and suspensions containing various
      coloring, flavoring, stabilizing and flavor masking substances. For
      compounding oral dosage forms the active ingredient can be diluted with
      various tableting materials such as starches of various types, calcium
      carbonate, lactose, sucrose and dicalcium phosphate to simplify the
      tableting and capsulating process. A minor proportion of magnesium
      stearate is useful as a lubricant. For compounding parenteral dosage forms
      the active ingredient can be suspended in various isotonic media such as
      glucose or saline solution or the active ingredient in the form of an acid
      addition salt may be dissolved in an isotonic medium and injected as a
      solution. In all cases, of course, the proportion of the active ingredient
      in said composition will be sufficient to impart narcotic antagonizing
      activity thereto. This will range upward from about 0.0001 percent by
      weight of active ingredient in said composition.
PAR  As has been previously stated, the dose necessary to evoke narcotic
      antagonism in warm-blooded animals has been observed to produce only
      minimal analgesic effects when tested in the same species of animal. This
      broad separation of narcotic antagonizing and analgesic effects is a
      desirable characteristic and is an additional benefit inuring to the
      practice of the instant invention. Thus, for example, a withdrawn
      narcotics addict receiving prophylactic therapy with a narcotic antagonist
      as taught by the instant invention would not be expected to experience any
      significant analgesia, ordinarily considered an undesirable unnecessary
      and unwanted side effect of narcotic antagonist maintanance therapy.
PAR  Where used in this specification and claims, the terminology "antagonizing
      the effect of a narcotic agent" means:
PAR  1. the reversal of the clinical manifestations of a narcotic overdose, such
      as respiratory depression;
PAR  and 2. the elimination of the euphoriant and other effects of narcotic
      usage which are sought after by one who abuses narcotic drugs.
PAR  The following examples further illustrate the best mode contemplated by the
      inventors of carrying out their invention.
DETD
PAC  EXAMPLE 1
PAC  m-Methoxymethoxybenzalcyclohexanone
PAR  m-Methoxymethoxybenzaldehyde (167 g., 1.0 mole) and cyclohexanone (318 ml.,
      3.0 moles) were refluxed for 4 hours under nitrogen with a solution of
      potassium hydroxide (50 g., 0.89 moles) in water (1 liter). After cooling
      the oily layer was extracted with ether (twice). The ether solution was
      washed with water (thrice), brine, dried (Na.sub.2 SO.sub.4), and
      evaporated. The residue was distilled and the product obtained as a yellow
      oil (132 g.), b.p. 173.degree.-176.degree. at 0.3 mm.
      .lambda..sub.max.sup.95% EtOH 287 m.mu. (.epsilon. 13,100). I. R. Max
      .sub.KBr 1685, 1600, 1580 cm.sup..sup.-1. NMR (CDCl.sub.3): .delta. 5.2
      (2H singlet, --OCH.sub.2 O), 3,48 (3H singlet, --OCH.sub.3).
PAC  EXAMPLE 2
PAC  Cis-2-[.alpha.-Dimethylamino-m-(Methoxymethoxy)Benzyl]Cyclohexanol and
PAC  Trans-2-[.alpha.-Dimethylamino-m-(Methoxymethoxy)Benzyl]
PAC  Cyclohexanol Maleate
PAR  A solution of m- methoxymethoxybenzalcyclohexanone (100 g. 4 .times.
      10.sup..sup.-1 moles) in ether (100 ml.) was cooled to -5.degree. in a
      pressure bottle and treated with 50 ml. dimethylamine (7.5 .times.
      10.sup..sup.-1 moles) and left at room temperature during 60 hours. The
      reaction mixture was then added dropwise under nitrogen to a stirred
      suspension of LiAlH.sub.4 (20 g.) in ether (1.4 liters) over 1 hour. The
      reaction mixture was stirred during one further hour and then refluxed
      during 2 hours. The ice cooled reaction mixture was treated with 3 percent
      aqueous NaOH solution (100 ml.) and filtered. The precipitated solids were
      washed with boiling ether and the combined filtrates evaporated to a
      volume of about 1 liter. The ether layer was extracted (twice) with an
      excess of dilute HCl followed by a water extraction. The combined aqueous
      extracts were back washed with ether basified with ice and 50 percent NaOH
      and extracted with ether (twice). The ether layers were washed with brine,
      dried (K.sub.2 CO.sub.3) and evaporated to an oil (46 g.) shown by glc to
      consist of two major components. The oil was chromatographed on a Woelm
      alumina column (1.5 Kg. neutral activity Grade III) built in
      benzene-hexane 1:1. Benzenehexane, benzene and early benzene 10 percent
      ether fractions eluted 25.8 g.
      trans-2-[.alpha.-dimethylamino-m-methoxymethoxy)benzyl]cyclohexanol. NMR
      (CDCl.sub.3): .delta. 2.28 (6H singlet, N(CH.sub.3).sub.2), 3.0 (1H
      doublet J=3 cps, CH N(CH.sub.3).sub.2), 3.3-3.8 (1H broad multiplet CH
      OH), 3.48 (3 H singlet, OCH.sub.3), 5.17 (2H singlet, --OCH.sub.2 O--)
      ppm.
PAR  Later benzene-ether fractions (9:1 through 1:2) eluted
      cis-2-[.alpha.-dimethylamino-m-(methoxymethoxy)benzyl]cyclohexanol. NMR
      (CDCl.sub.3): .delta. 2.1 (6H singlet, N(CH.sub.3).sub.2), 3.47 (3H
      singlet, --OCH.sub.3), 3.37-3.7 (overlapping multiplets CH OH and CH
      N(CH.sub.3).sub.2), 5.21 (2H singlet --OCH.sub.2 O--) ppm.
PAR  The maleate salt of the trans compound, m.p. 147.degree.-148.degree., was
      crystallized from acetone-dichloromethane. NMR (CDCl.sub.3): .delta. 2.97
      (6H singlet, N(CH.sub.3).sub.2), 3.48 (3H singlet, --OCH.sub.3), 3.73 (1H
      broad multiplet, CH OH), 4.0 (1H singlet, J=3 cps CH N(CH.sub.3).sub.2),
      5.2 (2H singlet, --OCH.sub.2 O--), 6.3 (2H singlet, vinylic proton maleate
      anion), 10.75 (3H broad peak W 1/2 H 24 cps -- exchangeable protons).
      Found: C, 61.74; H, 7.77; N, 3.19. Calcd. for C.sub.21 H.sub.31 NO.sub.7
      (409.47): C, 61.59; H, 7.63; N, 3.42.
PAC  EXAMPLE 3
PAC  dl-.alpha.-Dimethylamino-.alpha.-(cis-2-Ethoxycyclohexyl)-m-Cresol,
PAC  Hydrochloride, Hemihydrate
PAR  The lithium alcoholate of
      dl-cis-2-(.alpha.-dimethylamino-m-methoxymethoxybenzyl)cyclohexanol
      [prepared from 11.8 g., (.04 mol.) of amino alcohol and 25 ml. of 1.6M
      butyl lithium in tetrahydrofuran] was stirred, under nitrogen, overnight
      with triethyloxonium fluoroborate [prepared from .045 mol. epichlorohydrin
      as described by Meerwein, Org. Syn. 46, 113 (1966)].
PAR  The reaction mixture was filtered from solids and evaporated to an oil. The
      oil was dissolved in ether, washed with 1N NaOH and extracted with cold 1N
      H.sub.2 SO.sub.4. The aqueous layer was washed with ether, made basic with
      4N NaOH, and re-extracted into ether. The ether extract was washed with
      water and dried (Na.sub.2 SO.sub.4).
PAR  Tlc analysis indicated a mixture of starting material and a less polar
      product which were separated by descending column chromatography on a
      Woelm alumina column developed with chloroform. The less polar fraction (4
      g.) of
      cis-2-ethoxy-.alpha.-(m-methoxymethoxyphenyl)-N,N-dimethylcyclohexanemethy
     lamine was obtained as an oil. NMR (CDCl.sub.3): .delta. 2.1 (6H singlet
      N(CH.sub.3).sub.2), 1.04 (3H triplet J=7 cps., CH.sub.3 CH.sub.2 O--),
      3.47 (3H singlet CH.sub.3 OCH.sub.2 O--), 5.15 (2H singlet CH.sub.3
      OCH.sub.2 O--) ppm. The oil in tetrahydrofuran (100 ml.) was treated with
      5 ml. 4.6N isopropanolic HCl during 4 days at room temperature.
      Evaporation affored
      dl-.alpha.-dimethylamino-.alpha.-(cis-2-ethoxycyclohexyl)-m-cresol,
      hydrochloride, hemihydrate as a hygroscopic solid, m.p.
      155.degree.-160.degree.. Found: C, 63.09; H, 9.26; N, 4.37. C.sub.17
      H.sub.27 NO.sub.2 HCl.1/2 H.sub.2 O requires: C, 63.23; H, 9.05; N, 4.34
      percent.
PAC  EXAMPLE 4
PAC  .alpha.-Dimethylamino-.alpha.-(cis-2-Benzyloxycyclohexyl)-m-Cresol,
      Hydrochloride
PAL  1-isomer
PAR  1-Cis-2-(.alpha.-dimethylamino-m-methoxymethoxybenzyl)cyclohexanol (10 g.,
      34 mmol.) in dry tetrahydrofuran was treated with a solution of n-butyl
      lithium in hexane (1.6 molar, 24.5 ml., 39 mmol.) at 0.degree.. After 45
      min. the reaction mixture was cooled to -70.degree. and treated with a
      solution of benzyl chloride (4.3 g., 3.9 ml., 34 mmol.) in tetrahydrofuran
      (20 ml.) followed by sodium iodide 5.1 g. (34 mmol.). The reaction mixture
      was refluxed, under nitrogen during 24 hr., filtered from solids and
      evaporated to an oil. The oil was dissolved in ether, washed with 1N NaOH
      and extracted with cold 1N H.sub.2 SO.sub.4. The aqueous layer was washed
      with ether, made basic with 4N NaOH, and re-extracted into ether. The
      ether extract was washed with water and dried (Na.sub.2 SO.sub.4). Tlc
      indicated a mixture of approximately equal quantities of a less polar
      product with starting material. The residue (10.5 g.) after evaporation of
      the ether was subjected to descending dry-column chromatography on Woelm
      alumina. Elution with chloroform afforded 5.0 g. of oily
      1-cis-benzyloxy-.alpha.-(m-methoxymethoxyphenyl)-N,N-dimethylcyclohexane
      methylamine [.alpha.].sub.D -118.9.degree. (c, 0.979 methanol). NMR
      (CDCl.sub.3): .delta. 2.12 (6H singlet N(CH.sub.3).sub.2 --), 3.45 (3H
      singlet, CH.sub.3 O--CH.sub.2 --), 5.17 (2H singlet CH.sub.3 OCH.sub.2
      O--), 7.39 (5H singlet, C.sub.6 H.sub.5 CH.sub.2 O). Further elution of
      the column with CHCl.sub.3 :MeOH (3:1) afforded 5 g. of starting material.
      The
      1-cis-benzyloxy-.alpha.-(m-methoxymethoxyphenyl)-N,N-dimethylcyclohexane
      methylmine (4.5 g.) in tetrahydrofuran (50 ml.) was treated with 5 ml. of
      4.6N HCl in isopropanol at room temperature during 60 hours. After
      evaporation of solvent the residue was triturated with ether and
      recrystallized from acetone to give
      1-.alpha.-dimethylamino-.alpha.-(cis-2-benzyloxycyclohexyl)-m-cresol,
      hydrochloride, hemiacetone solvate, m.p. 175.degree.-176.degree.,
      [.alpha.].sub.D -83.15 (c, 0.989 methanol) NMR: (DMSO) .delta. 2.08 (3H
      singlet 1/2 CH.sub.3 COCH.sub.3). Found: C, 69.41; H, 8.43; H, 3.38; Cl,
      9.21. C.sub.22 H.sub.30 NO.sub.2 Cl.1/2 CH.sub.3 COCH.sub.3 requires: C,
      69.68; H, 8.21; N, 3.46; Cl, 8.75 percent.
PAL  dl-series
PAR  In a similar manner there was obtained
      dl-.alpha.-dimethylamino-.alpha.(cis-2-benzyloxycyclohexyl)-m-cresol,
      hydrochloride m.p. 257.degree.-258.degree.. Found: C, 70.27; H, 8.18; N,
      3.45; Cl, 9.64. C.sub.22 H.sub.30 NO.sub.2 Cl requires: C, 70.29; H, 8.04;
      N, 3.73; Cl, 9.43 percent.
PAC  EXAMPLE 5
PAC  Antagonism of Morphine Induced Loss of Righting Reflex
PAR  Groups of three male Charles River rats (160 to 200 g.) were dosed
      subcutaneously with morphine base at 75 mg/kg. The degree of narcosis was
      measured at 15 and 30 minutes after injection. Criterion was loss of
      righting reflex. Antagonists were administered 40 minutes after the
      morphine. The degree of antagonism was measured at 20 minute intervals for
      2 hours. Nalorphine at 2 mg/kg. served as a positive control while one
      group of morphinized rats in each determination received no antagonist and
      served as negative controls. Compounds were dissolved in water or
      suspended in Tween-80 and water and were administered intramuscularly.
      Each dose of the antagonist was tested in a minimum of three experiments.
      At least three doses of each antagonist was used to determine the
      ED.sub.50. For each experiment the degree of reversal, by the antagonist,
      of the loss of righting reflex induced by morphine was calculated in the
      following manner. The total number of periods of loss of righting reflex
      in the experimental group was divided by the total number of periods of
      loss of righting reflex in the control group. This number was converted to
      percent and subtracted from 100 to give percent reversal of loss of
      righting reflex. The dose for which a 50 percent reversal of the loss of
      righting reflex was observed is the ED.sub.50.
TBL                Results                                                     
     ______________________________________                                    
                                ED.sub.50                                      
     Compound                   (Mg/kg)                                        
     ______________________________________                                    
     (dl)-.alpha.-dimethylamino-.alpha.-(cis-2-ethoxycyclohexyl)-              
                                2.0                                            
       m-cresol                                                                
     (dl)-.alpha.-dimethylamino-.alpha.-(cis-2-benzyloxycyclohexyl)-           
                                0.95                                           
       m-cresol                                                                
     (l)-.alpha.-dimethylamino-.alpha.-(cis-2-benzyloxycyclohexyl)-            
                                0.35                                           
       m-cresol                                                                
     Nalorphine                 1.0                                            
     ______________________________________                                    
CLMS
STM  The subject matter which the applicants regard as their invention is
      particularly pointed out and distinctly claimed as follows:
NUM  1.
PAR  1. A process for antagonizing the effect of a narcotic agent in
      warm-blooded animals which comprises administering to a warm-blooded
      animal in need thereof a sufficient amount of a compound of the formula:
      ##SPC4##
PAL  wherein R is ethyl or benzyl; and the pharmacologically acceptable acid
      addition salts thereof.
NUM  2.
PAR  2. The process according to claim 1 wherein said compound is
      .alpha.-dimethylamino-.alpha.-(cis-2-ethoxycyclohexyl)-m-cresol.
NUM  3.
PAR  3. The process according to claim 1 wherein said compound is
      .alpha.-dimethylamino-.alpha.-(cis-2-benzyloxycyclohexyl)-m-cresol.
NUM  4.
PAR  4. The process according to claim 1 wherein said compound is
      (1)-.alpha.-dimethylamino-.alpha.-(cis-2-benzyloxycyclohexyl)-m-cresol.
NUM  5.
PAR  5. A narcotic antagonist composition for administration to a warm-blooded
      animal comprising:
PA1  a. an amount, sufficient to elicit a narcotic antagonist response in a
      warm-blooded animal affected by a narcotic, of the compound of the
      formula:
      ##SPC5##
      and the pharmacologically acceptable acid addition salts thereof;
PA1  and b. a pharmaceutically acceptable carrier.
NUM  6.
PAR  6. The composition according to claim 5 wherein said compound is
      substantially free from its d-enantiomeric isomer.
NUM  7.
PAR  7. The composition of claim 5 in unit dose form.
NUM  8.
PAR  8. The composition of claim 6 in unit dose form.
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ABST
PAL  A stable composition of the sulfated octapeptide,
      ##EQU1##
      having cholecystokinin activity, is obtained by lyophilizing an aqueous
      solution of the octapeptide and NaCl.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The sulfated octapeptide
      ##EQU2##
      has been found to possess cholecystokinin activity. As such it stimulates
      gall bladder contraction and is useful as a diagnostic aid in x-ray
      examination of the gall bladder in the same manner as cholecystokinin. For
      such purposes the sulfated octapeptide may be dissolved in water for
      injection to form an injectable which is administered either intravenously
      or subcutaneously to mammalian species, e.g., dogs or cats.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide compositions of
      ##EQU3##
      which are stable and retain the efficacy of the octapeptide during
      storage. Another object is to provide methods for preparing the stabilized
      compositions of the present invention. These and other objects of the
      present invention will be apparent from the following description.
PAC  SUMMARY OF THE INVENTION
PAR  A stable composition of the sulfated octapeptide
      ##EQU4##
      is obtained by lyophilizing an aqueous solution of the sulfated
      octapeptide and sodium chloride.
PAC  DETAILED DESCRIPTION
PAR  A stable composition of the sulfated octapeptide,
      ##EQU5##
      comprises a lyophilized powder of the sulfated octapeptide and sodium
      chloride.
PAR  The preparation of the sulfated octapeptide per se is described in U.S.
      Pats. 3,723,406 and 3,734,946. The disclosure of these patents are
      incorporated herein by reference. As indicated therein the sulfated
      octapeptide possesses cholecystokinin activity, that is it stimulates gall
      bladder contraction and so is useful as a diagnostic aid in X-ray
      examination of the gall bladder in the same manner as cholecystokinin.
PAR  The compositions of the present invention are prepared from an aqueous
      solution of the sulfated octapeptide and sodium chloride. A liter of this
      solution contains 2500 mcg and 21.43 g of sodium chloride. The pH is
      adjusted with sufficient sodium hydroxide (as 1 N solution) or
      hydrochloric acid (as 1 N solution), if necessary, to adjust the pH to
      from 5.50 to 6.50.The solution is brought to a volume of 1  liter by the
      addition of a sufficient quantity of water for injection.
PAR  The foregoing solution is sterilized by filtration, aseptically filled into
      sterile vials, lyophilized, and sealed after filling the head space in the
      vial with sterile filtered anhydrous nitrogen. The sealed vials are then
      stored at temperatures of 5.degree.C or below.
PAR  The lyophilized composition contains the sulfated octapeptide and sodium
      chloride. It has been found convenient to fill the vials before
      lyophilization with 2.1 ml of a solution prepared as described above. The
      resulting vial after lyophilization then contains 5.25 mcg of sulfated
      octapeptide and 45.0 mg of sodium chloride.
PAR  The lyophilized material has excellent stability on storage and is readily
      reconstituted for injection by the addition of sterile water for
      injection. Preferably, the quantity of water for injection used for
      reconstitution is that amount which forms an isotonic solution.
DETD
PAR  The following example illustrates the present invention without, however,
      limiting the same thereto. The sulfated octapeptide in each of the
      following examples is
      ##EQU6##
PAC  EXAMPLE
PAR  The solution is prepared by adding 2500 mcg of
      ##EQU7##
      and 21.43 g of sodium chloride to about 900 ml of water for injection,
      USP. If necessary, the pH is adjusted to between 5.50 and 6.50 with
      addition of slight amount of either a 1 N solution of sodium hydroxide or
      a 1 N solution of hydrochloric acid. The volume is then adjusted to 1.0
      liter by addition of water for injection, USP.
PAR  The solution is then filtered through a sterilizing membrane, and filled
      aseptically into 5 cc vials at 2.1 ml/vial. The vials are stoppered with
      fluted stoppers in the raised position and frozen. The vials are then
      lyophilized for 24 hours at a temperature of -30.degree.C, then for 46
      hours at a temperature of 25.degree.C, and finally for one hour at a
      temperature of 37.degree.C. The vials are then vented with dry sterile
      nitrogen and the stoppers placed in the closed position. The vials are
      then sealed and stored at a temperature of -20.degree.C or lower.
PAR  The lyophilized vial is reconstituted by addition of 5 ml of sterile water
      for injection.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of enhancing the stability of the octapeptide
      ##EQU8##
      against degradation during storage, which comprises lyophilizing a
      solution containing per liter about 2500 mcg of said octapeptide and about
      21.43 g of sodium chloride, and a sufficient quantity of water for
      injection to adjust the volume to about 1 liter, the pH of the solution
      being adjusted to from 5.50 to 6.50, if necessary, by addition of sodium
      hydroxide or hydrochloric acid.
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ABST
PAL  A novel insulin composition of improved stability and compatibility
      comprising in an aqueous suspension crystallized insulin and amorphous
      des-phenyl-alanine.sup.B1 insulin of the same species, and a method for
      its manufacture.
BSUM
PAR  The present invention relates to a novel pharmacological insulin
      composition having antidiabetic activity, and to a method for preparing
      it.
PAR  Up to the present, two methods have been employed for preparing insulin
      compositions having a depot effect: the one is to add to the insulin, in
      addition to zinc ions, retarding agents, such as
      bis-(4-amino-quinaldine-6)-N,N'-urea hydrochloride, globine or protamine,
      the other one is to use suspensions of crystallized or amorphous insulin.
PAR  The onset of activity of insulin obtained from crystal suspensions is slow
      and its effect continues, in many cases, for too long a time, whilst the
      effect caused by a suspension of amorphous insulin sets in immediately but
      wears off too rapidly.
PAR  Therefore, crystallized and amorphous insulins have also been combined to
      assure a more favorable time-effect ratio.
PAR  With such a combination, however, one has to make sure that amorphous
      insulin is not converted into crystallized insulin during the time of
      storage. Such a conversion has hitherto been prevented by using insulins
      of different species, for example crystallized bovine insulin and
      amorphous porcine insulin.
PAR  Such a combination has, however, the disadvantage of causing the formation
      of antibodies against the two species. Some years ago, mono-species
      insulins were used for the first time, thus assuring, when resistance to
      insulin occurs for immunological reasons, that use can be made of a
      different insulin which had not yet been administered, for example porcine
      insulin instead of bovine insulin. This possibility is, however, excluded
      when combinations of insulins of different species are used.
PAR  It has now been found that amorphous des-phenyl-alanine.sup.B1 insulin and
      insulin having complete insulin crystals of the same species can be mixed
      to yield a stable combination without risking a conversion of amorphous
      des-phenyl-alanine.sup.B1 insulin (des-Phe.sup.B1 insulin) into a
      crystallized one. Even the presence of zinc ions does not cause any
      conversion.
PAR  Since, except for missing phenyl-alanine, des-phenyl-alanine.sup.B1 insulin
      has the same immunogenic groupings as the corresponding complete insulin,
      the two insulins represent a two-phase (crystallized/amorphous) stable
      system which shows the immunological properties of a mono-species insulin.
PAR  Hence, the present invention provides an insulin composition containing, in
      addition to crystallized insulin, amorphous des-phenyl-alanine.sup.B1
      insulin of the same species in an aqueous suspension.
PAR  The pH-value of this suspension is advantageously adjusted to about 6.8 -
      7.6, preferably to 7.0 - 7.4, and the suspension contains up to
      340.gamma./100 I.U. of zinc ions.
PAR  The insulin crystals in the suspension advantageously have a uniform size
      of from 15 to 34 microns. The crystal suspension may contain, in addition
      to the zinc ions advantageously present in a concentration of
      200.gamma./I.U. corresponding to 80 mg/ml of Zn, salts such as sodium
      acetate, advantageously in a concentration of 0.1 to 0.2%, or sodium
      chloride, advantageously in a concentration of 0.5 to 1 %, and/or
      preservatives, such as 4-hydroxy-benzoic acid methyl ester, advantageously
      in a concentration of about 0.1 %.
PAR  The composition of the insulin preparation may be varied within certain
      limits. The ratio of crystallized insulin to amorphous des-Phe.sup.B1
      insulin is responsible for the time-effect ratio and may range from about
      60 : 40 to 80 : 20, preferably from 70 : 30 to 75 : 25. The overall
      insulin content of the composition is advantageously from 40 to 80
      I.U./ml.
PAR  This invention moreover provides a method for making the aforementioned
      composition, which comprises mixing a suspension of insulin crystals with
      a suspension of amorphous des-phenyl-alanine.sup.B1 insulin of the same
      species.
PAR  Des-Phe.sup.B1 insulin has already been disclosed in the art but its
      property of forming stable two-phase systems with complete insulins of the
      same species has not been recognized as yet.
PAR  The composition according to the invention has a long-lasting insulin depot
      effect. Even after having been stored for one year at 25.degree.C, it has
      not changed as far as its physical condition and its biological activity
      are concerned.
PAR  The composition is used as depot insulin for the treatment of diabetes
      mellitus. It is especially suitable for being administered to patients for
      the first time in order to prevent antibodies from being formed against
      several insulin species.
DETD
PAR  The following Examples illustrate the invention, the parts and percentages
      being by weight unless stated otherwise.
PAC  EXAMPLE 1
PAC  A. Preparation of a zinc insulin crystal suspension
PAR  16 Grams of pure crystallized insulin having a minimum activity of 25
      I.U./mg, calculated on dry substance, were dissolved in 750 ml of 0.02N
      hydrochloric acid containing 0.013 % of zinc ions in the form of zinc
      chloride. 250 ml of a solution containing 0.95 % of glacial acetic acid
      and 2.8 % of sodium chloride was added to this insulin solution. The clear
      mixture was then sterilized by sterile filtration over a membrane layer.
      Subsequently, sterile 4N sodium hydroxide was added to the
      sterile-filtered solution in such an amount that its pH-value ranged from
      5.4 to 5.6. The amorphous insulin suspension obtained was stirred for a
      short time at room temperature under sterile conditions and then placed in
      a fridge at +4.degree. to +7.degree.C to initiate crystallization.
PAR  After a maximum storage time of 36 to 40 hours, rhombohedral crystals of
      uniform shape and size of from 18 to 30 microns were obtained. The
      crystals were centrifuged off at low speed in sterile beakers, whereupon
      small amorphous portions, if any, were separated. The centrifuged crystals
      were then again suspended in 1 l of a sterile buffered neutral insulin
      dilution solution (composed as in Table 1) (stock suspension).
PAC  TABLE 1
PAR  Composition of the insulin dilution solution:
PAR  10 liters of solution contained
PAR  10 g of Solbrol M (p-hydroxy-benzoic acid methyl ester) = 0.1 %
PAR  14 g of sodium acetate + 3 H.sub.2 O = 0.14 % = 0.01mol
PAR  75 g of sodium chloride = 0.75 %
PAR  1.66 g of zinc chloride (ZnCL.sub.2) = 80.GAMMA. of Zn.sup.+.sup.+/ml
PAL  and sodium hydroxide up to pH 7.4, the whole being filtered under sterile
      conditions.
PA0  Determination of the insulin crystal content in the stock suspension
PAR  For determining the insulin crystal content in the stock suspension, 4
      times 1 ml (full pipette) was taken from the crystal suspension after
      intimate mixing by means of a magnetic stirrer, and the content of insulin
      was determined according to the following methods:
PA1  1. Gravimetrical determination upon drying, using acetone and ether and
      weighing.
PA1  2. Spectrophotometrical determination of the ultraviolet band at 280 m .mu.
      upon dissolution of the crystals.
PA1  3. Determination of the nitrogen content.
PA0  Preparation of the depot component containing 40 I.U./ml
PAR  Depending on the insulin content determined in the stock suspension, the
      sterile dilute solution was then standardized by further dilution to reach
      the desired insulin content of 40 I.U./ml. Maximum yield: 10 liters.
PAC  B. Preparation of the amorphous component of des-phenyl-alanine.sup.B1
      insulin
PAR  6.304 g of des-Phe-alanine.sup.B1 insulin were dissolved in 3.5 l of a
      solution liquid of the composition indicated in Table 2.
PAC  TABLE 2
PAR  Composition of the des-Phe.sup.B1 -solution liquid:
PAR  5 Liters of solution contained
PAR  5 g of Solbrol M (p-hydroxybenzoic acid methyl ester) = 0.1 %
PAR  2.85 ml of glacial acetic acid containing about 0.14 % of Na-acetate + 3
      H.sub.2 O
PAR  37.5 g of sodium chloride = 0.75 %
PAR  830 mg of zinc chloride (anhydrous) = 80 .GAMMA. of Zn.sup.+.sup.+/ml
PAR  2.6 ml of 4N hydrochloric acid.
PAR  The clear solution of des-Phe.sup.B1 insulin was then sterilized by means
      of a membrane filter and diluted to a volume of 3.9 l by adding 400 ml of
      a solution liquid which, after filtration of the insulin, had been passed
      through the same sterile filter. By addition of 4N sterile sodium
      hydroxide solution of pH is adjusted to 7.4 (consumption 13.6 ml). By
      further dilution with 34 ml of a sterile neutral insulin dilution
      solution, a final volume of 3.948 l was reached and thus standardized to
      an insulin content of 40 I.U./ml, based on an activity of the
      des-Phe.sup.B1 starting insulin of 25 I.U./mg.
PAC  C. Preparation of a depot composition ready for being filled into ampoules
PAR  The crystal-containing depot component preapred according to A was mixed
      with the component prepared according to B, containing amorphous
      des-Phe.sup.B1 insulin, at a volumetric ratio of 70 : 30, to yield a
      composition containing 28 I.U. of a crystallized component and 12 I.U. of
      an amorphous component, both making up 40 I.U. per ml. The suspension was
      filled under sterile conditions into bottles each containing 10 ml.
PAC  EXAMPLE 2
PAR  60 Parts of the component prepared according to A were mixed with 40 parts
      of the component prepared according to B, whereupon a composition was
      obtained containing 24 I.U. of a crystallized component and 16 I.U. of an
      amorphous component, both making up 40 I.U. per ml. The suspension was
      filled under sterile conditions in to bottles of 10 ml each.
PAC  EXAMPLE 3
PAR  75 Parts of the component prepared according to A were mixed with 25 parts
      of the component according to B to yield a composition containing 30 I.U.
      of the crystallized component and 10 I.U. of the amorphous component,
      together making up 40 I.U. of insulin per ml. The suspension was filled
      under sterile conditions into bottles of 10 ml each.
PAC  EXAMPLE 4
PAR  80 Parts of the component prepared according to A were mixed with 20 parts
      of the component prepared according to B to yield a composition containing
      32 I.U. of the crystallized component and 8 I.U. of the amorphous
      component, both making up 40 I.U. of insulin per ml. The suspension was
      filled under sterile conditions into bottles of 10 ml each.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An insulin composition for providing an alternative to an immunological
      resistance to insulin of different mixed species of insulin which
      comprises, in an aqueous suspension, a crystallized insulin and an
      amorphous des-phenyl-alanine.sup.B1 insulin of the same species, having a
      pH value in the range of from 6.8 to 7.6, containing zinc ions in an
      amount of up to 340.gamma./100 I.U., wherein the insulin crystals have a
      uniform size of from 15 to 35 microns; wherein the ratio of crystallized
      insulin to amorphous des-phenyl-alanine.sup.B1 insulin ranges from 60 : 40
      to 80 : 20; and wherein the insulin content is from 40 to 80 I.U. per ml.
NUM  2.
PAR  2. An insulin composition as claimed in claim 1, wherein the two insulin
      components are porcine.
NUM  3.
PAR  3. An insulin composition as claimed in claim 1, wherein the two insulin
      components are bovine.
NUM  4.
PAR  4. A process for the manufacture of an aqueous insulin composition as
      claimed in claim 1, which comprises mixing a suspension of insulin
      crystals with a suspension of amorphous desphenyl-alanine.sup.B1 insulin
      of the same species.
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ABST
PAL  A process for preparing a pyrogen-free plasma substitute consisting of
      treating hydroxyethyl starch having a DS of 0.5 - 0.6 (preferably 0.55)
      and an intrinsic viscosity of 0.28 - 0.30 with an acid to lower the
      molecular weight; adjusting it to the desired hydroxyethyl starch having a
      DS of 0.55 and an intrinsic viscosity of 0.08- 0.14; adding a depyrogen
      reagent, such as Raney-nickel to it, if necessary, obtaining an isotonic
      aqueous solution containing 6% of hydroxyethyl starch and other various
      salts, preferably, adding sodium chloride (0.5%), potassium chloride
      (0.03%), calcium chloride dihydrate (0.02%), sodium lactate (0.224%), and
      glucose (1%)(W/V%) to 6% hydroxyethyl starch solution; and then adjusting
      the pH of the obtained iostonic aqueous solution to 6.2 .+-. 0.5.
PARN
PAR  This is a Continuation of Application Ser. No. 213,553, filed Dec. 29, 1971
     .
BSUM
PAR  This invention relates to an excellent plasma substitute including
      artificial starch which is able to be used with safety and effectiveness
      for clinical use. The new plasma substitute relating to this invention is
      very useful for maintaining blood pressure in the case of hemorrhogic
      shock without provoking the adverse reactions such as the accumulation of
      colloidal substances in tissue and destruction, and aggultination of red
      cell as is frequently observed by using polymers as a plasma substitute.
      Moreover, the present plasma substitute in this invention has an excellent
      character that it can be administrated intravenously in large amounts
      without chill, fever and antigenicity because the procedure of depyrogen
      is carried out in the technical processes for production of the injection.
      To date, many kinds of colloidal plasma expanders and substitutes have
      been applied to clinical use. Although most of the colloidal substances
      are not homogeneous substances physiologically, such colloidal substances
      having a high viscosity possess an increased capacity for maintaining the
      blood pressure. On the other hand, the lack of excretion of such
      substances into the urine is so insufficient that tissue lesions due to
      its accumulation are apt to occur. Such colloidal substances include
      Arginine, Gelatin, and Polyvinylpyrrolidone (PVP), etc. In the present
      time, it is clinically preferable to use Dextran or artificial gelatin.
      However, there are defects in the Dextran, or artificial gelatin, too.
      That is to say, Dextran causes renal lesion or anaphylactic shock to 6 - 8
      percent of the patients to whom it is given. Owing to the gelification of
      artificial gelatin at room temperature, it is unhandy to use in the case
      of an emergency. Moreover, the artificial gelatin causes the destruction
      of red cells. It is difficult to say that both Dextran and artificial
      gelatin are ideal raw materials for plasma expanders and substitutes.
      Generally speaking, starch, of which the structure is similar to glycogen,
      is acceptable to the body tissues because the starch does not function as
      a foreign substance in vivo. In particular, soluble starch is hydrolyzed
      so rapidly by .alpha.-amylase in the blood that it can't be used as plasma
      substitute.
PAR  Since Wiedersheim reported in 1957 that a hydroxy-ethylated starch was
      available as a plasma substitute because of its weak toxicity and strong
      resistivity to .alpha.-amylase, the researches into hydroxyethyl starch
      (abbreviated as HES hereinafter) for use as a plasma expander have been
      continued by numerous investigators. But the attention of the
      investigators had been directed to an effect only for maintaining blood
      pressure by way of using hydroxyethyl starch having a high DS (degree of
      substitution of hydroxyethyl group) and high molecular weight. As a result
      of this fact, the excretion, accumulation, and hydrolysis of HES in body
      tissue have been ignored. The present inventors traced that the reason why
      it was impossible to use the colloidal solution as the plasma substitute
      was due to its causing tissue lesions from to the accumulation of the
      substances administrated as plasma substitute. As a result, the very
      important point on the research is directed to the fact that a tissue
      lesion is not caused by the administration of HES, even if the plasma
      expanding effect decreases slightly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows blood polysaccharides concentrations after infusion of HES,
      Soluble Starch, Dextran and PVP into Rabbits.
PAR  FIG. 2 shows relations betwees DS of HES and blood polysaccharides
      concentration of Excretory Rate in Urine after infusion into Rabbits.
PAR  FIG. 3 shows relation between average molecular weight and intrinsic
      viscosity.
PAR  FIG. 4 shows relation between half life and intrinsic viscosity of
      hydrolysates of HES.
PAR  FIG. 5 shows relation between DS and hydrolysis rate by pig pancreas
      .alpha.-amylase in vitro.
PAR  FIG. 6 shows influence of plasma expanders on the red blood cells of rabbit
      after 60 minutes of incubation.
PAR  FIG. 7 shows influence of plasma extenders on the human red blood cells
      after 60 minutes of incubation.
PAR  FIG. 8 shows effect on arterial blood pressure of Dog.
PAR  FIG. 9 shows effect on pH of arterial blood in Dog.
PAR  FIG. 10 shows blood and urinary concentration of HES in Rabbits following
      infusion 30 ml./kg of Hespander.
PAR  FIG. 11 shows liver and kidney from Rabbit 10 days after 100 ml./kg
      transfusion of plasma expander.
PAR  FIG. 12 shows gel-filtration on Sephadex G-200 of Native HES and HES
      preparation.
DETD
PAR  The present invention is accomplished based on the following items.
PAL  1. The concentration of the ccolloidal substances in blood and urine after
      intravenous infusion of HES, soluble starch, Dextran, and PVP into
      rabbits.
PAR  After administrating intravenously the isotonic solutions containing 6% of
      HES with various DS, Dextran commercial available, 6% of soluble starch,
      and 3.5% and 6% of PVP, the concentrations of colloidal substances in
      blood are measured each hour. As shown in FIG. 1, in proportion to the
      increase of molecular weight, HES disappears slowly from blood and HES
      with high DS is more persistent in the blood when the HES is equal in
      molecular weight. Furthermore, the relation between the persistence of the
      colloidal substances in blood and the excretion into urine is shown in
      FIG. 2. From FIGS. 1 and 2, the persistence of HES with DS 0.5 - 0.6 in
      blood is nearly equal to that of Dextran (average molecular weight
      75,000). Therefore, it is concluded that HES with DS 0.55 was preferable
      to use as plasma substitute.
PAL  2. The relation between the molecular weight and intrinsic viscosity of HES
      and its half-life period in blood.
PAR  Pathological examinations for main tissue are carried out by the
      intravenous infusion of HES (DS 0.54 and molecular weight 233,600) which
      shows the same concentration in the blood as Dextran (average molecular
      weight 75,000) and Dextran into rabbits daily for one month. The lesion of
      the main tissue is not observed in 10 and 30 ml/kg treated rabbits but a
      stronger lesion is observed in 90 ml/kg of HES treated rabbits than in
      Dextran treated rabbits. From consideration of the above results, after
      hydrolyzing HES with hydrochloric acid to prepare the desired HES with a
      low molecular weight, the relation between the molecular weight and
      intrinsic viscosity, and a half-life period in blood of hydrolysed HES are
      obtained.
PAR  FIG. 3 shows the relation between the intrinsic viscosity and molecular
      weight which is determined by Archibald's method. The following equation
      is established from FIG. 3.
PA0  average Molecular Weight = 1.037 .times.  10.sup.6 .times. [.eta.] -  7.360
      .times.  10.sup.4 [.eta.] : 0.103 - 0.300
PAR  Next, FIG. 4 shows the relation between the intrinsic viscosity and a
      half-life period (min.) of HES with DS 0.5 - 0.6 in blood. From the
      relation obtained above, the intrinsic viscosity of HES may be considered
      as an objective and reliable indication of the quality of HES; therefore
      it is possible to select the HES having the high safety based on the
      intrinsic viscosity.
PAL  3. Hydrolysis rate of HES by pig-pancreas .alpha.-amylase
PAR  The hydrolysis rate of HES by .alpha.-amylase is dependent only on the
      degree of substitution of the hydroxyethyl group without considering the
      molecular weight of HES. In the case of a condition wherein 77% of the
      soluble starch is hydrolyzed by .alpha.-amylase, HES with a DS of 0.92 is
      not decomposed. FIG. 5 shows the resistance against .alpha.-amylase of HES
      in the range of DS 0.4-0.7. From FIG. 5, it may be considered that HES
      with a high DS remains in the body tissue for a long period because the
      HES with more than DS 0.6 is resistant to .alpha.-amylase and is less
      subject to hydrolysis. According to 1 - 3 mentioned above, HES with DS
      0.5-0.6 and an intrinsic viscosity of 0.08-0.14 is preferable to use as a
      plasma substitute. However, there are indicated factors which must be
      clarified to produce the HES preparation in a commercial scale. That is to
      say, it is required for the HES preparation that the molecular weight of
      the HES with a molecular weight 200,000-300,000 as raw material must be
      constantly reduced to the desired molecular weight and that the turbidity
      caused by colloidal substances and pyrogen must be completely removed.
PAR  Fortunately, it is clarified that it may be able to obtain the desired HES
      with constant low molecular weight by treating the high molecular HES in
      dilute solution with a dilute acid and also to remove the white turbidity
      by its treatment, as shown in the examples. Additionally, if the HES is
      contaminated with pyrogen, it can be easily removed using the technique in
      the Japanese Pat. No. 609,559 by the present inventor. By these
      treatments, the technical problems have now been resolved. Further, in
      order to obtain the ideal plasma substitute for clinical use, all of the
      examinations such as the safety to the red cells, the ability for
      maintaining the blood pressure, the prevention of acidosis, and the rapid
      disappearance from the tissues in the case of intravenous infusion in
      large amounts are carried out, respectively. As the results of the
      following examinations (4-9), it is confirmed that the HES preparation as
      shown in the Example 7 is most appropriate.
PAL  4. Lowering of the acute toxicity.
PAR  HES preparation (Example 7) is compared with 6% HES (DS 0.54, .eta. 0.300)
      which is not treated with acid and Dextran (M.W. 75,000). From the
      results, it can be stated that the safety of the HES preparation increases
      exceedingly according to the lowering of its acute toxicity as shown in
      Table 1.
PAL  5. Morphological influence on red cells.
PAR  Isotonicities of various plasma substitutes are examined by morphological
      change of red cells after rabbit and human red cells are incubated with
      plasma substitute. In the case of saline and the HES preparation (Example
      7), the morphological change of red cells is not observed, respectively.
      Red cells of rabbit incubated with low molecular weight Dextran (M.W.
      40,000) and clinical Dextran (M.W. 70,000) are agglutinative. Some
      artificial gelatin preparations show the worst influence for red cells as
      shown in FIGS. 6 and 7.
TBL                                    Table 1                                 
     __________________________________________________________________________
     LD.sub.50 Values (ml/kg) of HES (DS 0.55 & M.W. 230,000) and              
     __________________________________________________________________________
     HESPANDER                                                                 
     Animals                                                                   
          route                                                                
              sex ex.7   HES (DS 0.55 & M.W. 230,000)                          
                                         Dextran-75                            
                  preparation                                                  
                         6% in Saline                                          
     __________________________________________________________________________
     Rabbits                                                                   
          i.v.                                                                 
              male                                                             
                  416    225             --                                    
              female                                                           
                  419    230             323                                   
     Mice i.v.                                                                 
              male                                                             
                  360    210             208                                   
              female                                                           
                  --     216             202                                   
          i.p.                                                                 
              male                                                             
                  &gt;600   &gt;450            --                                    
              female                                                           
                  &gt;600   &gt;450            --                                    
     Rats i.v.                                                                 
              male                                                             
                  262    --              136                                   
              female                                                           
                  193    --              125                                   
     __________________________________________________________________________
PAL  6. The effect for maintaining blood pressure in a hemorrhagic dog
PAR  When anesthetized dogs are bled the volume of 30 ml/kg at the bleeding rate
      of 10 ml/min. and immediately receive an equal volume of the plasma
      substitute (6% HES in 0.9% NaCl) by an intravaneous adminstration, the
      plasma substitute shows the same effect for maintaining arterial blood
      pressure of the treated dogs as Dextran (average molecular weight 75,000)
      as shown in FIG. 8. The pH value of arterial blood of a Ringer treated dog
      changes to acidic as shown in FIG. 9. On the other hand, the HES
      preparation (Example 7) can prevent a tendency to acidosis of arterial
      blood.
PAL  7. Persistence of HES in blood of rabbit
PAR  The concentration of colloidal substances which remain in blood is examined
      after intravenous infusion into a rabbit. The rate of disappearance of HES
      (Example 7) in blood is slightly rapid as compared with clinical Dextran,
      but the persistence of HES in the blood is enough to manifest the activity
      as a plasma substitute as compared with Dextran (average molecular weight
      40,000) (see FIG. 10).
PAL  8. examination on accumulation of HES
PAR  the accumulation of HES (Example 7) in tissues is not observed in the case
      of the usual dose after intravenous infusion of it into mouse.
      Additionally, even if the presence of HES is observed instantly in liver
      and spleen, the functional lesion of the reticuloendo therial system is
      not caused. When clinical Dextran (average molecular weight 75,000) is
      infused intravenously into rabbit in large amounts (100 ml/kg) at a time,
      the histological lesions of kidney and liver are observed. On the other
      hand, no lesion of the kidney and liver is observed by administrating
      intravenously the same amount of HES (Example 7). FIG. 11 shows
      photographs of tissues of corresponding kidney and liver.
PAL  9. Anaphylactoid reaction
PAR  The anaphylactoid reaction of rate and mice to Dextran has been known as
      consisting of edema and erythema of paws, ears and snout. In addition the
      occurrence of a combined anaphylactoid and purpuric reaction, when an
      injection of agar is given prior to Dextran, has been demonstrated.
      Investigators emphasize the role of histamine release from mast cells.
PAR  The present experiment is aimed at clarifying the possibility of the
      occurrence of anaphylactoid reaction in rats and mice injected with HES
      preparation (Example 7) and agar.
PAR  An intravenous injection of Dextran produced an acute, serous anaphylactoid
      inflammation in the ears, snout and tail of rats and mice. On the other
      hand, in animals injected with Example 7 preparation, no such inflammation
      was observed. Moreover anaphylactoid purpura appeared in the paws, ears
      and tail of rats and mice when an injection of agar was given prior to
      Dextran. In animals injected with the Example 7 preparation and agar, no
      symptoms of anaphylactoid purpura were obtained. These results suggest
      that the Example 7 preparation do not release histamine from mast cells
      under the conditions employed.
PAR  Immunogenicity
PAR  Rabbits, guinea pigs and mice received injections of Dextran or Example 7
      preparation with complete Freud's adjuvant. Sera from all bleedings were
      analysed by passive cutaneous anaphylaxis reaction. Arthus reaction in
      rabbits and active anaphylaxis reaction in guinea pigs were performed too.
PAR  No antibodies to Dextran and the Example 7 preparation were detectable in
      rabbits and guinea pigs. This indicates that, under the conditions of
      immunization and testing employed, Dextran and the Example 7 preparation
      are not immunogenic in rabbits and guinea pigs.
PAR  When mice were injected with small quantities of Dextran or the Example 7
      preparation, circulating antibodies were detected. But mice could be
      paralysed by the injection of relatively large quantities of
      polysaccharides. Large volumes of Dextran or Example 7 preparation, given
      via the intravenous route to nonimmunized humans do not lead to antibody
      production. Perhaps such large doses in man induce a state of
      immunological paralysis as in mice.
PAR  It has been shown that human sera contain Dextran reacting antibodies of
      varying types. These antibodies react with Dextran after infusion, so
      anaphylactic reaction occurs.
PAR  One hundred and six normal human sera were investigated by passive
      cutaneous anaphylaxis reaction in the pressence of antibodies reacting to
      Dextran or the Example 7 preparation. Three sera gave positive a reaction
      to Dextran. One of them reacted weakly to the Example 7 preparation. As
      described above, it is suggested that the Example 7 preparation possesses
      less possibility of the occurrence of anaphylactic reaction than Dextran.
PAC  EXAMPLE 1
PAR  Twenty eight gr. of hydroxyethylstarch (DS 0.50 to 0.60, intrinsic
      viscosity 0.28 to 0.30) were dissolved in 80 ml of distilled water for
      injection (Japanese Pharmacopoeia VIII) at about 50.degree.C under
      stirring. To the resultant solution, 35 ml of 0.5 N--HCl and  0.1- 1.0 gr.
      of activated charcoal were added and the mixture was gently boiled for 1
      hour. After cooling, either 1N--NaHCO.sub.3 or 1N--NaOH was added to
      adjust the pH to 7.0- 7.4. When the reaction mixture was not pyrogen-free,
      it was treated with 5- 50mg of depyrogen reagent (preferably, Raney
      nickel).
PAR  The insoluble material was removed by filtration, and the obtained solution
      was filtered clearly.
PAR  The filtrate was adjusted to 400 ml in total volume with distilled water
      for injection (Japanese Pharmacopoeia VIII). The resultant solution was a
      viscous and clear aqueous solution which contained 5.8- 6.2% of
      hydroxyethylstarch and sodium chloride, and showed a turbidity of 6.1 ppm
      and viscosity of 1.85 cp (intrinsic viscosity 0.08 - 0.14). The isotonic
      injection for plasma substitute was obtained by adding moderately NaCl and
      another salts to this solution.
PAC  EXAMPLE 2
PAR  Seven gr. of hydroxyethylstarch (DS 0.5- 0.6, intrinsic viscosity 0.30)
      were dissolved in 80 ml of distilled water for injection (Japanese
      Pharmacopoeia VIII) at about 50.degree.C under stirring.
PAR  To this solution, 1.0 ml of 1N--HCl and 0.1- 1.0 gr. of activated charcoal
      were added and the mixture was gently boiled for 1 hr.
PAR  After cooling, 1N--NaHCO.sub.3 or 1N--NaOH was added to adjust the pH to
      7.0- 7.4.
PAR  When the reaction mixture was not pyrogen-free, it was treated with 5 - 50
      mg of depyrogen reagent (preferable, Raney Nickel). The mixture was
      filtered to obtain a clear solution, and then the filtrate was adjusted to
      100 ml in total volume with distilled water for injection (Japanese
      pharmacopoeia VIII). Moreover, NaCl, KCl, CaCl.sub.2, Na-lactate and
      glucose were moderately added to this solution.
PAR  As a result, the isotonic injection for plasma substitute was obtained.
PAC  EXAMPLE 3
PAR  Fourteen gr. of hydroxyethylstarch (DS 0.5- 0.6, intrinsic viscosity 0.30)
      were dissolved in 140 ml of distilled water for injection (Japanese
      Pharmacopoeia VIII) at about 50.degree.C under stirring.
PAR  To the resultant solution, 3.26 ml of 0.5N--HCl and 0.1- 1.0g of activated
      charcoal were added and the mixture was gently boiled for 1 hour.
PAR  After cooling, 1N-NaHCO.sub.3 or 1N-NaOH was added to adjust the pH to 7.0-
      7.4. When the reaction mixture was not pyrogen-free, it was treated with
      1- 50mg of a depyrogen reagent such as Raney Nickel. This mixture was
      filtered to obtain a clear solution, and then the filtrate was adjusted to
      200 ml of isotonic solution in total volume by adding distilled water for
      injection (Japanese Pharmacopoia VIII), NaCl, KCl, CaCl.sub.2, Na-lactate
      and glucose.
PAR  The resultant solution was capable for to use as a product by means of
      packing, sealing and sterilizing by heating at 100.degree.C for 1 hour.
PAC  EXAMPLE 4
PAR  Fourteen gr. of hydroxyethylstarch (DS 0.5- 0.6, instrinsic viscosity 0.30)
      were dissolved in 140 ml of distilled water for injection (Japanese
      Pharmacopoeia VIII) at about 50.degree.C under stirring.
PAR  To this solution, 3.26 ml of 0.5N-HCl was added and it was kept at
      100.degree.C for 1 hour and cooled. If necessary, the mixture was treated
      with activated charcoal. After cooling, the mixture was adjusted to a pH
      of 7.0- 7.4 with 1N--NaHCO.sub.3 or 1N--NaOH, and then 1.0g of NaCl, 0.06g
      of KCl, 0.04g of CaCl.sub.2 .2H.sub.2 O, 0.448g of Na-lactate and 2g of
      glucose were added and dissolved in this solution. If necessary, a
      depyrogen reagent such as  1- 50mg of Raney nickel was added and heated at
      90.degree.- 100.degree.C for 30 minutes, and then activated charcoal was
      subsequently added, completely stirred and filtered.
PAR  The resultant solution was adjusted to 200 ml in total volume with
      distilled water for injection (Japanese Pharmacopoeia VIII) and pH was
      adjusted to 6.2 .+-. 0.5. The solution was filtered clearly, packed in a
      container and sealed.
PAR  It was used as a product through sterilizing by heating at 100.degree.C for
      1 hour.
PAC  EXAMPLE 5
PAR  When hydroxyethylstarch was hydrolyzed by HCl with the same manner as
      Example 1, the HES solution exhibted the values of turbidity (ppm) and
      viscosity (cp) depending on the concentration of HCl as shown in Table II.
TBL                Table II                                                    
     ______________________________________                                    
     Relations between HCl-concentration                                       
     and turbidity or viscosity of HES                                         
     HCl-concentration                                                         
                     turbidity   viscosity                                     
     (normal)        (ppm)       (cp)                                          
     ______________________________________                                    
     0.00625         22.6        4.64                                          
     0.01250         18.0        3.11                                          
     0.01875         10.5        2.34                                          
     0.02500         8.0         1.87                                          
     0.03125         4.0         1.57                                          
     0.03750         4.3         1.57                                          
     ______________________________________                                    
      (1) The turbidity was measured by nephlometer (TY3 Type; Made in Corp.   
      Elmer Optical).                                                          
      (2) The viscosity was measured by a rotation viscometer (BL Type; Made in
      Tokyo Keiki Co., Ltd.)                                                   
PAC  EXAMPLE 6
PAR  HES (DS 0.54, intrinsic viscosity 0.30, MW 232000) was treated with
      0.0125N--HCl shown in Example 5 by the same manner as Example 1.
PAR  The resultant HES solution was clear and showed DS 0.54, intrinsic
      viscosity 0.101 and turbidity 6.0 ppm. The gel-filtration of this solution
      was carried out with Sephadex G-200. In this case, column size of 2.5cm x
      40cm and flow adapter were used. Elution was ascending method and its
      speed was 0.2- 0.3 ml/min. (0.048- 0.061 ml/cm.sup.2 /min). The volume for
      the following test was 0.25 ml (2.5mg) and one fraction volume was 3 ml.
      The determination of saccharide was carried out by the Anthron Method, and
      its results were shown in FIG. 12.
PAR  That is to say, the part of polymer was broadly shifted to a lower
      molecular side as much as 40% by the treatment with acid. Moreover, it was
      concluded from the intrinsic viscosity of hydroxyethyl starch in the last
      solution that the average molecular weight was about 40,000.
PAC  EXAMPLE 7
PAR  HES (DS 0.5 - 0.6 preferable 0.55, intrinsic viscosity 0.3) was treated
      with the same manner as in Examples 1- 5. The resultant HES solution
      possessed a DS 0.55 and intrinsic viscosity of 0.08-0.14 (preferable
      0.10). The solution was adjusted to a pH of 6.2 .+-. 0.5 and was adjusted
      to 100 ml in total volume with hydroxyethylstarch 6%, NaCl 0.5% (including
      NaCl which was produced by neutralization), KCl 0.03%, CaCl.sub.2
      .2H.sub.2 O 0.02%, Na-lactate 0.224% and glucose 1% (W/V%).
PAR  This slightly turbid solution was filtered clearly, packed in bottles, and
      sealed. This HES preparation can be used as the product of plasma
      substitute by means of sterilizing by heating at 100.degree.C for 1 hour.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a plasma substitute for injection by treating
      hydroxyethyl starch having a DS of 0.5-0.6 and an intrinsic viscosity of
      0.28-0.30 dl/g in water with dilute hydrochloric acid to obtain a
      hydroxyethyl starch solution having a DS of 0.5-0.6 and an intrinsic
      viscosity of 0.08-0.14 dl/g, adding physiologically acceptable
      electrolytes and glucose to the solution and then diluting the solution
      with sufficient water to give an isotonic plasma substittute having an
      oncotic pressure and osmotic pressure equal to those of plasma.
NUM  2.
PAR  2. The process of claim 1, wherein the hydrochloric acid concentration is
      0.01 to 0.03 N and the concentration of hydroxyethyl starch having an
      intrinsic viscosity of 0.28-0.30 dl/g is 8 to 10 percent.
NUM  3.
PAR  3. The process of claim 1, wherein the amount of the electrolytes and
      glucose added produce final concentrations of 0.5% (w/v) of sodium
      chloride, 0.03% (w/v) of potassium chloride, 0.02% (w/v) of calcium
      chloride dihydrate, 0.224% (w/v) of sodium lactate and 1% (w/v) of
      glucose.
NUM  4.
PAR  4. An isotonic plasma substitute having an oncotic pressure and osmotic
      pressure equal to those of plasma, consisting of 6% (w/v) hydroxyethyl
      starch having a DS of 0.5 - 0.6 and an intrinsic viscosity of 0.08-0.14
      dl/g, physiologically acceptable electrolytes, glucose and water.
NUM  5.
PAR  5. An isotonic plasma substitute consisting of 6% (w/v) hydroxyethyl starch
      having a DS of 0.5 - 0.6 and an intrinsic viscosity of 0.08-0.14 dl/g,
      0.5% (w/v) sodium chloride, 0.03% (w/v) potassium chloride, 0.02% (w/v)
      calcium chloride dihydrate, 0.224% (w/v) sodium lactate and 1% (w/v)
      glucose, and water.
PATN
WKU  039378225
SRC  5
APN  4906268
APT  1
ART  125
APD  19740722
TTL  Method for treating psoriasis
ISD  19760210
NCL  5
ECL  1
EXP  Goldberg; Jerome D.
INVT
NAM  DeLong; Donald C.
CTY  Indianapolis
STA  IN
INVT
NAM  Gerzon; Koert
CTY  Indianapolis
STA  IN
ASSG
NAM  Eli Lilly and Company
CTY  Indianapolis
STA  IN
COD  02
CLAS
OCL  424181
EDF  2
ICL  A61K 3171
FSC  424
FSS  181
UREF
PNO  3674774
ISD  19720700
NAM  Williams et al.
OCL  424180
LREP
FR2  Ashbrook; Charles W.
FR2  Smith; Everet F.
ABST
PAL  Psoriasis is treated topically, orally or parenterally with pyrazofurin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Psoriasis is a chronic inflammatory skin disease of unknown cause,
      characterized by the development of reddish patches of skin covered with
      silvery-white imbricated scales. The disease generally affects the
      extensor surfaces of the body, along with the back and the scalp. It is
      believed that the disease is determined in part by a genetically dominant
      trait. Psoriasis is generally not seen at birth, but can begin at any age
      from early childhood to extreme old age, and is normally most severe
      between the ages of 10 and 50. The disease does not appear to be
      communicable, and environmental causes are not apparent. Factors often
      influencing psoriasis include local trauma, preceding mild inflammatory
      diseases, psychosomatic factors, and climate, especially low relative
      humidity.
PAR  While several treatments are currently available for psoriasis, no
      therapeutic method assures a cure. Prolonged use of any agent usually
      reduces its effectiveness. Agents commonly used in treating psoriasis
      include coal tar, ammoniated mercury, anthralin, and topical
      corticosteroids such as fluocinolone acetonide, fluorandrenolide, and
      triamcinolone acetonide. Methotrexate has been used systemically in the
      treatment of severe and extensive psoriasis; however, its extreme toxicity
      is generally a limiting factor in its use. Antimetabolite drugs such as
      aminopterin, thioguanine, and Azaribine have also been used.
PAR  Extensive research has been directed toward finding better methods of
      treatment, and even potential cures, for psoriasis. An effective topical
      treatment would be especially useful and desirable. Comaish and Juhlin
      have indicated that while methotrexate is useful in treating psoriasis
      systemically, it is not successful when used topically; Arch. Dermatol.,
      100, 99 (1969). Only one antimetabolite, fluorouracil, has been claimed to
      be topically effective against psoriasis; Z. Haut. Geschlechtskrankh, 44,
      361 (1969).
PAR  Pyrazofurin is a C-nucleoside antimetabolite obtained initially by
      fermentation of a strain of Streptomyces candidus. The isolation and
      characterization of pyrazofurin is described in detail in U.S. Pat. No.
      3,674,774. The generic name pyrazofurin replaces the generic name
      pyrazomycin in accordance with nomenclature adopted by the United States
      Adopted Names Council. This C-nucleoside has demonstrated utility as an
      antifungal and antibacterial agent. In accordance with this invention,
      pyrazofurin is useful in treating psoriasis, and is especially useful when
      applied topically due to its almost complete topical absorption
      properties.
PAR  It is an object of the present invention to provide a new and improved
      method for treating psoriasis, which method comprises administering
      pyrazofurin to a patient afflicted with the disease, the administration
      being either topical, oral, or parenteral, or by a combination of these
      routes.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a new and improved method of treating psoriasis.
      In particular, this invention provides a method of treating psoriasis
      comprising administering to a subject suffering from psoriasis and in need
      of treatment an effective amount of pyrazofurin, which compound has the
      formula
      ##SPC1##
PAL  According to the invention, the compound of the above formula is
      administered to a patient suffering from psoriasis by the topical, oral,
      or parenteral route.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Pyrazofurin is a C-nucleoside having the above formula and is
      systematically named
      4-hydroxy-3.beta.-D-ribofuranosylpyrazole-5-carboxamide. According to this
      invention, pyrazofurin is administered to a patient suffering from
      psoriasis and in need of treatment. The preferred route of administration,
      mainly because of simplicity of use and because of the unique topical
      absorption properties of pyrazofurin, is by topical application. The
      preferred method of treatment comprises applying an effective amount of a
      compound of the above formula directly to the psoriatic lesion. Generally,
      the compound is formulated for topical application as an ointment or as a
      solution. Ointments and solutions for topical administration can be
      formulated with any of a number of pharmaceutically acceptable carriers,
      including animal and vegetable oils, mixtures of waxes, solid and liquid
      hydrocarbons, glycols, and the like. A typical ointment composition for
      treating psoriasis according to this invention, for example, comprises the
      following ingredients per gram of ointment:
TBL                    mg.                                                     
     ______________________________________                                    
     Pyrazofurin          1-50                                                 
     Polyethylene glycol 300                                                   
      (N.F.)             500-700                                               
     Polyethylene glycol 4000                                                  
      (U.S.P.)           299-450                                               
     ______________________________________                                    
PAL  A typical solution containing the compound of the above formula and being
      of a suitable formulation for topical administration comprises the
      following:
TBL                    mg.                                                     
     ______________________________________                                    
     Pyrazofurin          1-50                                                 
     Glycerine (U.S.P.)  950-999                                               
     ______________________________________                                    
PAR  In carrying out the novel method of treating psoriasis provided herein,
      pyrazofurin is formulated as a suitable ointment or solution, such as that
      described hereinabove for example, and the ointment or solution is
      administered directly to a psoriatic lesion at a rate of about 25 to about
      125 mcg. per square cm. of skin surface once every 1 to 4 days until the
      disease is controlled. Generally, the ointment or solution is applied to
      the affected skin area for a period of time necessary to relieve the
      symptoms of psoriasis. Prolonged periods of treatment may be required in
      cases of severe psoriasis and when maintenance therapy is desired.
PAR   As hereinbefore indicated, pyrazofurin can also be administered orally.
      The general oral dosage regimen will include from about 0.5 to about 12
      mg. per kg. of body weight, administered at a rate of about once every 3
      to 8 days, or as needed for the desired psoriasis control, up to the level
      of intolerance if any is noted. A dose of about 3 mg. per kg. once each
      week is generally preferred. The treatment will generally continue for a
      period of time sufficient to achieve control of the psoriatic lesions. For
      oral treatment of psoriasis according to this invention, the active
      ingredient is generally formulated in tablets, in gelatin capsules, or in
      solution or suspension with a suitable diluent or carrier. Suitable
      pharmaceutical diluents or carriers include lactose, sucrose, starch
      powder, cellulose, calcium sulfate, sodium benzoate, and the like. A
      typical tablet formulation, for example, may consist of the following
      ingredients:
TBL                    mg.                                                     
     ______________________________________                                    
     Pyrazofurin         350                                                   
     Lactose             250                                                   
     Starch powder       250                                                   
     Dicalcium phosphate anhydrous                                             
                         100                                                   
     Stearic acid         25                                                   
     Magnesium stearate   25                                                   
     ______________________________________                                    
PAR  A suitable empty telescopying gelatin capsule for oral administration will
      contain from about 50 to about 500 mg. of pyrazofurin, admixed with a
      suitable diluting substance, such as starch for example, in the amount of
      about 500 mg. Such a capsule would be administered about once every 3 to
      15 days, both for therapeutic as well as maintenance control of psoriasis.
PAR  In the case of parenteral administration, pyrazofurin is formulated with
      any of a number of pharmaceutically acceptable carriers to constitute an
      injectable liquid solution. Typical carriers include water or saline
      solutions, or suitable buffered aqueous solutions. Aromatic alcohols, such
      as phenol, can also be added to the solution for stabilization if desired.
      Generally, the drug will be dissolved in water, buffered to a neutral
      solution and lyophilized to a dry powder, ready for reconstitution by the
      addition of water when needed. A preferred route of parenteral
      administration when treating psoriasis according to this invention is the
      intravenous route. A dosage regimen will consist of administering
      pyrazofurin in the amount of about 0.1 to about 10 mg. per kg. of body
      weight at intervals of every 3 to 8 days. Generally, a dose of about 3 to
      5 mg. per kg. per week administered intravenously will be sufficient to
      promote improvement of psoriatic lesions. Toxic effects, such as
      stomatitis or diarrhea, may be observed in some patients with higher dose
      regimens. Maintenance therapy can be accomplished by a reduced dosage
      regimen adjusted to the individual requirements of the particular patient
      being treated.
PAR  As hereinbefore indicated, pyrazofurin is a known coupound, obtained
      initially by fermentation of a strain of Streptomyces candidus. The
      isolation and characterization of pyrazofurin (pyrazomycin) is described
      in detail in U.S. Pat. No. 3,674,774.
PAR  Pyrazofurin is an antimetabolite which appears to have the same biological
      mode of action as does 6-azauridine and
      2',3',5'-tri-O-acetyl-6-azauridine. In particular, all of these drugs are
      converted to the corresponding 5'-phosphate ester in the animal organism.
      The biological action of the 5'-phosphate ester is thought to depend upon
      the interference with the biosynthesis of pyrimidine precursors of nucleic
      acids by the inhibition of the activity of orotidylic acid decarboxylase.
      The biological actions of antimetabolites is discussed in detail by
      Plevova et al., Biochem. Pharmacol., 20, 2071 (1971); and Pasternak et
      al., J. Biol. Chem., 234, 2992 (1959).
PAR  Pyrazofurin can be administered to a human afflicted with psoriasis and in
      need of treatment. The novel process provided herein for treating
      psoriasis consists of oral, topical, or parenteral administration of the
      antipsoriatic agent. In the case of topical treatment, an effective amount
      of pyrazofurin is applied directly to the psoriatic lesion. When psoriasis
      is treated orally according to the invention, pyrazofurin is administered
      orally in the form of a tablet or capsule or as a liquid solution or
      suspension. In the case of parenteral treatment of psoriasis, the route
      most preferred is the intravenous route.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of treating psoriasis in humans comprising the administration
      to a patient suffering from psoriasis an effective dose for treating
      psoriasis of a compound having the formula
      ##SPC2##
NUM  2.
PAR  2. The method of claim 1, wherein the compound is administered topically.
NUM  3.
PAR  3. The method of claim 1, wherein the compound is administered orally.
NUM  4.
PAR  4. The method of clam 1, wherein the compound is administered parenterally.
NUM  5.
PAR  5. The method of claim 4, wherein the compound is administered
      intravenously.
PATN
WKU  039378233
SRC  5
APN  5159067
APT  1
ART  125
APD  19741018
TTL  Topical anti-inflammatory compositions and methods of use
ISD  19760210
NCL  14
ECL  1
EXP  Rosen; Sam
INVT
NAM  Dea; Frank Jeng
CTY  Newport Beach
STA  CA
INVT
NAM  Schroer; Richard Allen
CTY  Silverado
STA  CA
ASSG
NAM  Nelson Research & Development Co.
CTY  Irvine
STA  CA
COD  02
CLAS
OCL  424210
XCL  424211
XCL  424212
XCL  424217
XCL  424218
XCL  424224
XCL  424263
EDF  2
ICL  A61K 3166
ICL  A61K 3144
FSC  424
FSS  224;263;210;211;212;217;218
FREF
PNO  2,150,791
ISD  19730600
CNT  FR
OREF
PAL  Goyer et al., Chem. Abst., Vol. 69, (1968), p. 94854f.
LREP
FR2  Voet; Martin A.
ABST
PAL  Compositions especially useful for treating inflammation topically in
      animals comprising an active compound having the structural formula
      ##SPC1##
PAL  Where R is H, lower alkyl, lower alkoxy, halogen, CF.sub.3, NO.sub.2, OH,
      CN, COOR.sub.1,
      ##EQU1##
      NHCOR.sub.1 or NR.sub.1 R.sub.2 where R.sub.1 and R.sub.2 are each
      selected from the group consisting of H and lower alkyl, R, R.sub.1 and
      R.sub.2 being the same or different, and n is 0-5; and where X is an alkyl
      or alkenyl chain having 2-8 carbon atoms, one of which carbon atoms may be
      in the form of a carbonyl group, and Y is hydrogen, alkyl, aryl, aralkyl
      or aryl and aralkyl substituted with one or more R; and pharmaceutically
      acceptable salts thereof, together with a pharmaceutical carrier
      containing an effective amount of an active radical having the structural
      formula
      ##SPC2##
PAL  Where n is 1-4 and A is H or
      ##SPC3##
PAL  And Z is H or --CH=NOH or --CONHOH and one and only one Z in a heterocyclic
      ring is H.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to novel compositions. More
      particularly, the present invention relates to novel compositions having
      enhanced anti-inflammatory activity.
PAR  2. Background of the Prior Art
PAR  French Patent Publication Nos. 2,150,791 and 2,150,792generically disclose
      some of the active compounds set forth in the present application as being
      selective inhibitors of prostaglandin and slow reacting substance, a
      substance related to prostaglandin, having smooth muscle stimulatory
      activity. Topical use of these compounds is not possible, however, because
      of failure of these compounds to penetrate the skin in therapeutically
      effective amounts.
PAC  SUMMARY OF THE INVENTION
PAR  We have now discovered these compounds may be used topically if they are
      formulated in combination with an active radical which enhances the
      topical penetration of these active compounds.
PAR  The present invention therefore relates to a composition comprising an
      active compound having the structural formula
      ##SPC4##
PAL  Where R is selected from the group consisting of H, lower alkyl, lower
      alkoxy, halogen, CF.sub. 3, NO.sub. 2, OH, CN, COOR.sub. 1, CONR.sub. 1
      R.sub. 2, NHCOR.sub. 1 and NR.sub. 1 R.sub. 2 where R.sub. 1 and R.sub. 2
      are each selected from the group consisting of H and lower alkyl; R,
      R.sub. 1 and R.sub. 2 being the same or different, and n is 0-5; and where
      X is selected from the group consisting of an alkyl or alkenyl chain
      having 2-8 carbon atoms, one of which carbon atoms may be in the form of a
      carbonyl group, and Y is selected from the group consisting of hydrogen,
      alkyl, aryl, aralkyl and aryl and aralkyl substituted with one or more R;
      and pharmaceutically acceptable salts thereof, together with a topical
      pharmaceutical carrier containing an effective amount of an active radical
      having the structural formula
      ##SPC5##
PAL  Where n is 1-4 and A is H or
      ##SPC6##
PAL  And Z is H or --CH=NOH or --CONHOH and one and only one Z in a heterocyclic
      ring is H.
PAR  The method of the present invention utilizes the active compound together
      with a topical pharmaceutical carrier containing an effective amount of
      the active radical and relates to a method for enhancing the topical
      treatment of inflammation in animals including humans comprising applying
      topically to an animal an effective amount of the composition described
      above.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The active compound has the formula
      ##SPC7##
PAR  The active radical has the formula
      ##SPC8##
PAL  where n is 1-4 and A is H or
      ##SPC9##
PAL  and Z is H or --CH=NOH or --CONHOH and one and only one Z in a heterocyclic
      ring is H.
PAR  The term "topical pharmaceutical carrier" as used herein and in the
      appended claims refers to those conventional pharmaceutically acceptable
      topical carriers including, but not limited to ointments, aqueous
      solutions, aerosols, suspensions or oil solutions. The proportion of the
      active compound in the composition may be widely varied. It is only
      necessary that the active ingredient of the invention be present in the
      carrier in sufficient concentration such that a conventional topical
      dosage form contains an effective amount of active compound.
PAR  The manner of application of the foregoing formulations is generally
      conventional: one to four times daily application of the topical
      formulation to the inflamed area by spraying or coating the inflamed area
      with a conventional amount of the selected topical formulation. The
      concentration of active compound which is to be used in the topical
      formulation ranges from about 0.1 to about 5% and preferably about 0.5 to
      about 3% by weight.
PAR  The term "pharmaceutically acceptable salt" as used herein and in the
      appended claims refers to those pharmaceutically acceptable salts
      conventionally employed, such as sodium potassium, ammonium, triethyl
      ammonium salts.
PAR  The term "topical treatment of inflammation" refers to the method whereby
      some or all of the signs and symptoms of inflammation are at least
      temporarily diminished or alleviated by topical application. Examples of
      conditions to which the foregoing method is applicable are sunburn,
      arthritis, eczema, dermatitis, uveitis, etc.
PAR  The term "animals" as used herein and in the appended claims refers
      generally to mammals and includes domesticated animals and humans.
PAR  Referring more particularly to the active compounds, X is an alkyl or
      alkenyl chain having 2-8 carbon atoms and preferably 2-4 carbon atoms, one
      of which carbon atoms may be in the form of a carbonyl group.
PAR  Y may be hydrogen or straight or branch chain alkyl radicals having 1-12
      carbon atoms, such as, for example, methyl, ethyl, propyl, n-butyl,
      pentyl, hexyl, heptyl, etc.; aryl, such as, for example, phenyl, 1- and
      2-naphthyl, biphenylyl, 2- or 3- thienyl, 2- or 3-benzo [b] thienyl, 2- or
      3-furyl, 2- 3-indenyl, etc.; and aralkyl, such as, for example, benzyl,
      phenethyl, 1- and 2-naphthylmethyl, biphenylmethyl, 2- or 3-thienylmethyl,
      etc. Y may also be aryl or aralkyl substituted with one or more
      substituents R.
PAR  The substituent R is H, lower alkyl or lower alkoxy, that is, having 1- 3
      carbon atoms and preferably 1-2 carbon atoms, halogen and preferably --Br,
      --Cl or --F, CF.sub. 3, NO.sub. 2, OH, CN, COOR.sub. 1, CONH.sub. 2,
      CONR.sub. 1 R.sub. 2, NH.sub. 2, NHCOR.sub. 1 or NR.sub. 1 R.sub. 2 where
      R.sub. 1 and R.sub. 2 are H or lower alkyl, that is, having 1-3 carbon
      atoms and preferably 1-2carbon atoms and n is 0-5 R substituents. Further,
      R, R.sub. 1 and R.sub.2 may be the same or different. Preferred R
      substituents are Br and Cl.
PAR  Preferred active compounds include those compounds of the foregoing
      structural formula wherein X is an alkyl or alkenyl chain having 3 carbon
      atoms, with or without a carbonyl group, R is H and Y is a benzyl group or
      benzyl group substituted with Br or Cl, preferably in the para position.
PAR  Generally, the active compounds disclosed herein may be made by methods
      known to those of skill in the art as exemplified by French Patent
      Publication Nos. 2,150,791 and 2,150,792.
PAR  Referring more particularly to the active radicals, these compounds are
      known in the art and can be made by conventional methods known to those of
      skill in the art of synthetic organic chemistry. Examples of active
      radicals include compounds having the formula
      ##SPC10##
PAL  2-pyridine aldoxime-N-methyl chloride (2-PAM chloride);
PAR  compounds having the formula
      ##SPC11##
PAL  4-pyridine aldoxime-N-methyl chloride (4-PAM chloride);
PAR  compounds having the formula
      ##SPC12##
PAL  1,3-Bis-(pyridinium-4-aldoxime)-propane dichloride (TMB-4);
PAR  compounds having the formula
      ##SPC13##
PAL  2-pyridine hydroxamic acid N-methyl chloride; and
PAR  compounds having the formula
      ##SPC14##
PAL  4-pyridine hydroxamic acid N-methyl chloride.
PAR  The foregoing radicals having been shown associated with a chloride salt,
      but other conventional salts including other halide salts, sulfate,
      methanesulfate, etc. may be used.
PAR  The foregoing active radicals significantly enhance the topical penetration
      of the active compounds described earlier.
PAR  The amount of active radical which may be used in the present invention is
      an amount effective to enhance topical penetration and ranges generally
      from about 0.5 to about 5% and preferably about 1 to about 3% by weigiht
      of the final composition.
PAC  EXAMPLE I
PAR  A number of tests were performed comparing the topical anti-inflammatory
      activity of representative active compounds alone or in combination with
      effective amounts of active radical. The tests were performed on guinea
      pigs using a known animal inflammation model, namely the guinea pig
      UV-erythema test. In this test, a large area on the back of each guinea
      pig used in the test was shaved and depilitated. 18-24 hours after
      depilitation, each animal received a constant amount of irradiation by
      fixing the distance from the back of the animal to the light source (11
      cm), the area of the surface to be irradiated (2 rings, 2 cm in diameter),
      the duration of the irradiation (30 seconds) and the intensity of
      irradiation emitted from the source (360 watt mercury vapor lamp with
      vycor glass heat filter). (Welhelmi and Domingez, Arch Internat.
      Pharmcodyn. 85, 129, 195l).
PAR  The weight of the animals was monitored closely, and the guinea pigs were
      randomized before each experiment.
PAR  After the exposure to radiation, each guinea pig was painted (using a
      Q-tip) with about 0.75 ml of the appropriate test solution. The solution
      was uniformly spread over the entire shaved area. Four animals were used
      for each test solution and/or concentration.
PAR  Because of the evaluation methods used in the test, two controls were used.
      One control involved treatment of animals with a placebo in order to be
      sure that normal inflammation developed and is designated "control
      (placebo)". A second control involved treatment of animals with a proven
      anti-inflammatory composition to ensure the test procedure was working
      properly and is designated "control (active)". The "control (active)"
      composition was a topical composition containing 3% Compound A and 3%
      2-PAM chloride (see Table 2).
PAR  The development of the erythema was recorded at hourly intervals for six
      hours using a subjective grading system in which each irradiated spot was
      given a number (0,1,2,3) depending upon the severity of the reaction. The
      reaction corresponding to each number was defined as follows:
PA1  0 -- no redness
PA1  1 -- reddish tint without distinct outline
PA1  2 -- definite outline of reddish tint
PA1  3 -- bright red
PAR  The percent decrease of erythema in drug-treated animals compared to
      control animals treated with the same composition less the drug was
      calculated.
PAR  The topical composition used was 90% PEG (polyethylene glycol-300) and 10%
      water. The amount of chloride salt of active radical used was either
      equi-molar (1.times.) to the first active compound or some multiple
      (2.times. etc) of the molar concentration of the active compound. The
      control always contained the highest concentration of the second active
      compound to be used in that test.
PAC  RESULTS
PAR  The results are tabulated in Table 1. Compound structures are given in
      Table 2. Each set of data represents an individual experiment. Active
      compounds are identified alphabetically.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Conditions                                                                
               % Protection at                                                 
     A.        1 hour                                                          
                     2 hrs 3 hrs                                               
                                4 hrs                                          
                                     5 hrs                                     
                                          6 hrs                                
     __________________________________________________________________________
     Control (placebo)                                                         
               0     0     0    0    0    0                                    
     1% Compound A                                                             
               20.6  33.3  16.7 8.3  8.3  8.3                                  
     1% Compound A +                                                           
               0     27.6  29.0 4.3  0    0                                    
     1X 2-PAM                                                                  
     3% Compound A                                                             
               0     27.6  25.0 12.3 8.3  0                                    
     3% Compound A +                                                           
               79.4  72.0  50.0 29.0 12.3 8.3                                  
     1X 2-PAM                                                                  
     B.                                                                        
     Control (placebo)                                                         
               0     0     0    0    0    0                                    
     Control (active)                                                          
               83.0  58.5  50.0 16.7 5.7  0                                    
     1% Compound B                                                             
               17.0  16.5  16.7 0    0    0                                    
     1% Compound B +                                                           
               33.0  16.5  44.4 0    0    0                                    
     1X 2-PAM                                                                  
     3% Compound B                                                             
               17.0  16.5  5.7  0    0    0                                    
     3% Compound B +                                                           
               67.0  50.0  33.4 0    0    0                                    
     1X 2-PAM                                                                  
     C.                                                                        
     Control (placebo)                                                         
               0     0     0    0    0    0                                    
     Control (active)                                                          
               85.1  59.9  45.7 21.0 8.3  0                                    
     Compound C                                                                
               4.6   2.1   11.3 0    0    0                                    
     1% Compound C +                                                           
               42.5  12.5  12.3 4.3  0    0                                    
     1X 2-PAM                                                                  
     3% Compound C                                                             
               4.5   19.8  27.7 11.3 0    0                                    
     3% Compound C +                                                           
               57.5  26.7  24.7 12.3 4.3  0                                    
     1X 2-PAM                                                                  
     D.                                                                        
     Control (placebo)                                                         
               0     0     0    0    0    0                                    
     Control (active)                                                          
               42.6  56.5  37.7 12.3 0    0                                    
     1% Compound D                                                             
               13.8  18.5  12.3 0    0    0                                    
     1% Compound D +                                                           
               24.1  25.0  16.7 0    0    0                                    
     1X 2-PAM                                                                  
     3% Compound D                                                             
               27.6  30.5  20.3 4.3  0    0                                    
     3% Compound D +                                                           
               0     25.0  29.0 8.3  0    0                                    
     1X 2-PAM                                                                  
     E.                                                                        
     Control (placebo)                                                         
               0     0     0    0    0    0                                    
     Control (active)                                                          
               83.0  41.5  39.0 11.4 0    0                                    
     1% Compound E                                                             
               0     8.5   5.7  0    0    0                                    
     1% Compound E +                                                           
               34.0  25.0  29.0 11.4 0    0                                    
     1X 2-PAM                                                                  
     3% Compound E                                                             
               83.0  33.5  39.0 16.7 0    0                                    
     3% Compound E +                                                           
               83.0  33.5  39.0 16.7 0    0                                    
     1X 2-PAM                                                                  
     F.                                                                        
     Control (placebo)                                                         
               0     0     0    0    0    0                                    
     Control (active)                                                          
               62.1  42.9  45.5 17.8 13.2 0                                    
     1% Compound A +                                                           
               25.0  0     4.4  -4.2 -4.2 -4.2                                 
     1X 3-PAM                                                                  
     3% Compound A +                                                           
               -13.0 -21.7 -9.1 -4.2 -4.2 -4.2                                 
     1X 3-PAM                                                                  
     1% Compound A +                                                           
               50.0  57.2  45.5 26.1 13.2 13.2                                 
     1X 4-PAM                                                                  
     3% Compound A +                                                           
               50.0  71.4  49.8 17.7 13.2 13.2                                 
     1X 4-PAM                                                                  
     __________________________________________________________________________
PAR  The foregoing tests demonstrate that 2-PAM chloride and 4-PAM chloride are
      comparable in their effect on enhancing penetration of the
      anti-inflammatory compounds, though they have no effect on inflammation
      themselves. Surprisingly, 3-PAM chloride, a structurally analogous
      compound, has no effect or even a negative effect on enhancing penetration
      of the anti-inflammatory compoundss.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Compound         X                  Y                                     
     __________________________________________________________________________
                      O                                                        
                      .parallel.                                               
     A                --CH.sub.2 --CH--C--                                     
                      .vertline.                                               
                      Y                                                        
                      O                                                        
                      .parallel.                                               
     B                --CH.sub.2 --CH--C--                                     
                                         H                                     
                      .vertline.                                               
                      Y                                                        
                      O                                                        
                      .parallel.                                               
     C                --CH.sub.2 --CH--C--                                     
                                         --(CH.sub.2).sub.3 --CH.sub.3         
                      O                                                        
                      .parallel.                                               
     D                --CH.sub.2 --(CH.sub.2).sub.2 --CH--C--                  
                      .vertline.                                               
                      Y                                                        
                      O                                                        
                      .parallel.                                               
     E                --C--CH--CH.sub.2 --                                     
                      .vertline.                                               
                      Y                                                        
     F                --CH.sub.2 --CH--CH.sub.2 --                             
                      .vertline.                                               
                      Y                                                        
     2-PAM chloride   3-PAM chloride     4-PAM chloride                        
     __________________________________________________________________________
PAC  EXAMPLE II
PAR  3% randomly tritiated Compound F (Table 2) was incorporated into a
      formulation containing 0 and 2.times. the molar concentration of 2-PAM
      respectively in propylene glycol. 0.5 cc of each formulation was placed in
      the reservoir chamber of a hairless mouse skin penetration model
      (Stoughton, R.B., Prog. Biol. Sc. in Relation to Dermatology, Cambridge
      University Press, Vol. 2, pp 263-274 (1964) while 10 cc of physiological
      buffer was placed in the receptor chamber. At various time intervals,
      aliquot samples were removed from the receptor chamber and analyzed for
      .sup.3 H-Compound F as an indication of its rate of penetration in the
      presence and absence of 2-PAM. Results in Tables 3 and 4 illustrate the
      advantageous effect of 2-PAM on Compound F resulting in a reduction of the
      lag time as well as an enhanced rate of penetration.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Cumulative Amounts of Compound F                                          
     Penetrated Through Hairless Mouse Skin                                    
     (nanomoles per cm.sup.2)                                                  
                   40   50   60   70   80 hrs                                  
     __________________________________________________________________________
     3% .sup.3 H-Compound F in PEG                                             
                   8.8  13.0 17.0 21.2 25.3                                    
     3% .sup.3 H-Compound F + 2X                                               
                   14.8 19.2 23.7 28.2 32.6                                    
      2-PAM chloride in PEG                                                    
     __________________________________________________________________________
     Table 4                                                                   
                     Lag time* (hours)                                         
     3% .sup.3 H-Compound F in PEG                                             
                     19                                                        
     3% .sup.3 H-Compound F + 2X 2-PAM                                         
                     8                                                         
        chloride in PEG                                                        
     __________________________________________________________________________
      *Time requires for a minimum detectable amount of .sup.3 H-Compound F to 
      penetrate through hairless mouse skin.                                   
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition for treating inflammation comprising about 0.1 to about 5%
      of an active compound having the structural formula
      ##SPC15##
PAL  where R is selected from the group consisting of H, lower alkyl, lower
      alkoxy, halogen, CF.sub. 3, NO.sub. 2, OH, CN, COOR.sub. 1, CONR.sub. 1
      R.sub. 2, NHCOR.sub. 1 and NR.sub. 1 R.sub. 2, R.sub. 1 and R.sub. 2 are
      each selected from the group consisting of H and lower alkyl, R, R.sub. 1
      and R.sub. 2 being the same or different, and n is 0-5; and where X is
      selected from the group consisting of an alkyl chain and an alkenyl chain
      having 2-8 carbon atoms, one of which carbon atoms may be in the form of a
      carbonyl group; and Y is selected from the group consisting of hydrogen,
      alkyl, aryl, aralkyl or aryl and aralkyl substituted with one or more R,
      and pharmaceutically acceptable salts thereof, together with a topical
      pharmaceutical carrier containing an effective amount of an active radical
      having the structural formula
      ##SPC16##
PAL  where n is 1-4, A is selected from the group consisting of H and
      ##SPC17##
PAL  Z is selected from the group consisting of H, --CH=NOH and CONHOH where one
      and only one Z in each heterocyclic ring is H.
NUM  2.
PAR  2. The composition of claim 1 where X is an alkyl chain having a 3 carbon
      atoms.
NUM  3.
PAR  3. The composition of claim 2 where X contains a carbonyl group adjacent a
      ring.
NUM  4.
PAR  4. The composition of claim 3 where Y is selected from the group consisting
      of
      ##SPC18##
NUM  5.
PAR  5. The composition of claim 4 wherein R is selected from the group
      consisting of H, halogen and CF.sub. 3 and n is 1.
NUM  6.
PAR  6. A method for treating inflammation in animals comprising applying
      topically to an animal an effective amount of the composition of claim 1.
NUM  7.
PAR  7. A method for treating inflammation in animals comprising applying
      topically to an animal an effective amount of the composition of claim 4.
NUM  8.
PAR  8. A composition for treating inflammation comprising about 0.5 to about 3%
      of an active compound having the structural formula
      ##SPC19##
PAL  where X is selected from the group consisting of an alkyl chain and an
      alkenyl chain having 3 carbon atoms, one of which carbon atoms may be in
      the form of a carbonyl group; and Y is selected from the group consisting
      of
      ##SPC20##
PAL  where R is selected from the group consisting of H, lower alkyl, lower
      alkoxy and halogen, and pharmaceutically acceptable salts thereof,
      together with a topical pharmaceutical carrier containing about 0.5 to
      about 5% of an active radical having the structural formula
      ##SPC21##
PAL  where n is 1-4, A is selected from the group consisting of H and
      ##SPC22##
PAL  Z is selected from the group consisting of H, --CH=NOH and CONHOH where one
      and only one Z in each heterocyclic ring is H.
NUM  9.
PAR  9. A method for treating inflammation in animals comprising applying
      topically to an animal an effective amount of a composition of claim 8.
NUM  10.
PAR  10. A composition for treating inflammation comprising about 0.5 to about
      3% of an active compound having the structural formula
      ##SPC23##
PAL  where X is selected from the group consisting of an alkyl chain and an
      alkenyl chain having 3 carbon atoms, one of which carbon atoms may be in
      the form of a carbonyl group; R is selected from the group consisting of H
      and halogen and pharmaceutically acceptable salts thereof, together with a
      topical pharmaceutical carrier containing about 0.5 to about 5% of an
      active radical having the structural formula
      ##SPC24##
PAL  where n is 1-4, A is selected from the group consisting of H and
      ##SPC25##
PAL  Z is selected from the group consisting of H, =CH=NOH and CONHOH where one
      and only one Z in each heterocyclic ring is H.
NUM  11.
PAR  11. A composition for treating inflammation comprising about 0.5 to about
      3% of .alpha.-(4-chlorobenzyl)-.alpha. -benzyl-4-hydroxyacetophenone
      phenyl hydrogen phosphoric acid or a pharmaceutically acceptable salt
      thereof, together with a topical pharmaceutical carrier containing about
      0.5 to about 5% of a compound having the structural formula
      ##SPC26##
PAL  where one Z is H and one Z is --CH=NOH.
NUM  12.
PAR  12. A composition for treating inflammation comprising about 0.5 to about
      3% of an active compound having the structural formula
      ##SPC27##
PAL  where X is selected from the group consisting of an alkyl chain and an
      alkenyl chain having 3 carbon atoms, one of which carbon atoms is in the
      form of a carbonyl group; and Y is selected from the group consisting of
      ##SPC28##
PAL  where R is selected from the group consisting of H, lower alkyl, lower
      alkoxy and halogen, and pharmaceutically acceptable salts thereof,
      together with a topical pharmaceutical carrier containing about 0.5 to
      about 5% of an active compound having the structural formula
      ##SPC29##
PAL  where n is 1-4, A is selected from the group consisting of H and
      ##SPC30##
PAL  Z is selected from the group consisting of H, --CH=NOH CONHOH where one and
      only one Z in each heterocyclic ring is H.
NUM  13.
PAR  13. A method for treating inflammation of the skin in animals comprising
      applying topically to an animal an effective amount of a composition of
      claim 12.
NUM  14.
PAR  14. A composition for treating inflammation comprising about 0.5 to about
      5% of an active compound having the structural formula
      ##SPC31##
PAL  where X is selected from the group consisting of an alkyl chain and an
      alkenyl chain having 3 carbon atoms, one of which carbon atoms is in the
      form of a carbonyl group; R is selected from the group consisting of H and
      halogen and pharmaceutically acceptable salts thereof, together with a
      topical pharmaceutical carrier containing about 0.5 to about 5% of an
      active compound having the structural formula
      ##SPC32##
PAL  where n is 1-4, A is selected from the group consisting of H and
      ##SPC33##
PAL  Z is selected from the group consisting of H, =CH=NOH and CONHOH where one
      and only one Z in each heterocyclic ring is H.
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ABST
PAL  This invention discloses compounds of the formula
      ##EQU1##
      wherein R.sup.1 is alkyl; R.sup.2 is selected from the group consisting of
      hydrogen, alkyl, alkenyl, haloalkyl and cycloalkyl; R.sup.3 is selected
      from the group consisting of hydrogen, alkyl, alkenyl, haloalkyl,
      cycloalkyl and
      ##EQU2##
      WHEREIN D is selected from the group consisting of alkyl, alkenyl, alkoxy,
      alkylthio, halogen, haloalkyl, nitro and dialkylamino; and u is an integer
      from 0 to 3; X.sup.1, X.sup.2, X.sup.3 and X.sup.4 are independently
      selected from the group consisting of oxygen and sulfur; m and n are each
      integers from 0 to 1; Z.sup.1 is selected from the group consisting of
      alkyl, alkenyl and
      ##EQU3##
      WHEREIN A is selected from the group consisting of alkyl, alkenyl, alkoxy,
      alkylthio, haloalkyl, halogen, nitro, alkylsulfoxide, alkylsulfone and
      dialkylamino; and q and p are each integers from 0 to 3; Z.sup.2 is
      selected from the group consisting of hydrogen and Z.sup.1, provided that
      when Z.sup.2 is hydrogen then n is zero; and Y is selected from the group
      consisting of alkyl, alkenyl, alkoxy, alkenyloxy, alkylthio, amino,
      alkylamino, dialkylamino and
      ##EQU4##
      WHEREIN E is selected from the group consisting of alkyl, alkenyl, alkoxy,
      alkylthio, halogen, nitro, alkylsulfoxide, alkylsulfone and dialkylamino;
      f is an integer from 0 to 3; Q is selected from the group consisting of
      oxygen, sulfur, alkylene, alkyleneoxy and alkylenethio; and t is an
      integer from 0 to 1. The above compounds are useful as insecticides and
      acaricides.
PARN
PAR  This application is a division of application Ser. No. 311,079, filed Dec.
      1, 1974, now U.S. Pat. No. 3,835,205, issued Sept. 10, 1974.
BSUM
PAR  This invention relates to new compositions of matter and more specifically
      relates to new chemical compounds of the formula
      ##EQU5##
      wherein R.sup.1 is alkyl; R.sup.2 is selected from the group consisting of
      hydrogen, alkyl, alkenyl, haloalkyl and cycloalkyl; R.sup.3 is selected
      from the group consisting of hydrogen, alkyl, alkenyl, haloalkyl,
      cycloalkyl and
      ##EQU6##
      WHEREIN D is selected from the group consisting of alkyl, alkenyl, alkoxy,
      alkylthio, halogen, haloalkyl, nitro and dialkylamino; and u is an integer
      from 0 to 3; X.sup.1, X.sup.2, X.sup.3 and X.sup.4 are independently
      selected from the group consisting of oxygen and sulfur; m and n are each
      integers from 0 to 1; Z.sup.1 is selected from the group consisting of
      alkyl, alkenyl and
      ##EQU7##
      wherein A is selected from the group consisting of alkyl, alkenyl, alkoxy,
      alkylthio, haloalkyl, halogen, nitro, alkylsulfoxide, alkylsulfone and
      dialkylamino; and q and p are each integers from 0 to 3; Z.sup.2 is
      selected from the group consisting of hydrogen and Z.sup.1, provided that
      when Z.sup.2 is hydrogen then n is zero; and Y is selected from the group
      consisting of alkyl, alkenyl, alkoxy, alkenyloxy, alkylthio, amino,
      alkylamino, dialkylamino and
      ##EQU8##
      wherein E is selected from the group consisting of alkyl, alkenyl, alkoxy,
      alkylthio, halogen, nitro, alkylsulfoxide, alkylsulfone and dialkylamino;
      f is an integer from 0 to 3; Q is selected from the group consisting of
      oxygen, sulfur, alkylene, alkyleneoxy and alkylenethio; and t is an
      integer from 0 to 1.
PAR  The compounds of the present invention are unexpectedly useful as
      insecticides and acaricides.
PAR  In a preferred embodiment of this invention R.sup.1 is lower alkyl; R.sup.2
      is selected from the group consisting of hydrogen, lower alkyl, lower
      alkenyl and lower haloalkyl; R.sup.3 is selected from the group consisting
      of hydrogen, lower alkyl, lower alkenyl, lower haloalkyl, cycloalkyl of
      from 3 to 7 carbon atoms and
      ##EQU9##
      wherein D is selected from the group consisting of lower alkyl, lower
      alkenyl, lower alkoxy, lower alkylthio, chlorine, bromine, fluorine, lower
      haloalkyl, nitro and di(lower alkyl)-amino; u is an integer from 0 to 3;
      Z.sup.1 is selected from the group consisting of lower alkyl, lower
      alkenyl and
      ##EQU10##
      wherein A is selected from the group consisting of lower alkyl, lower
      alkenyl, lower alkoxy, lower alkylthio, lower haloalkyl, chlorine,
      bromine, fluorine, nitro, lower alkylsulfoxide, lower alkylsulfone and
      di(lower alkyl)amino; and q and p are each integers from 0 to 3; Z.sup.2
      is selected from the group consisting of hydrogen and the preferred
      Z.sup.1 ; and Y is selected from the group consisting of lower alkyl,
      lower alkenyl, lower alkoxy, lower alkenyloxy, lower alkylthio, amino,
      lower alkylamino, di(lower alkyl)amino and
      ##EQU11##
      wherein E is selected from the group consisting of lower alkyl, lower
      alkenyl, lower alkoxy, lower alkylthio, chlorine, bromine, fluorine,
      nitro, lower alkylsulfoxide, lower alkylsulfone and di(lower alkyl)amino;
      f is an integer from 0 to 3; Q is selected from the group consisting of
      oxygen, sulfur, lower alkylene, lower alkyleneoxy and lower alkylenethio;
      and t is an integer from 0 to 1.
PAR  The term lower as used herein designates a straight or branched carbon
      chain of up to six carbon atoms.
PAR  The compounds of the present invention can be readily prepared by reacting
      a compound of the formula
      ##EQU12##
      wherein Hal designates halogen, preferably chlorine or bromine and
      X.sup.4, n, Z.sup.2, R.sup.1, R.sup.2 and R.sup.3 are as heretofore
      described, with a compound of the formula
      ##EQU13##
      wherein M is an alkali metal such as sodium or potassium and Z.sup.1,
      X.sup.1, X.sup.2, X.sup.3, m and Y are as heretofore described. This
      reaction can be effected by combining the reactants in an organic reaction
      medium such as methyl ethyl ketone and optionally in the presence of a
      catalytic amount of potassium iodide. The reactant can then be heated at
      the reflux temperature of the mixture for a period of from about 2 to
      about 18 hours. After this time the mixture can be filtered to remove the
      inorganic salt which has formed. The remaining filtrate can then be
      stripped of solvent by evaporation to yield the desired product which can
      be used as such or can be further purified by common techniques in the art
      such as washing, distillation and the like.
PAR  The compounds of formula II can be prepared by reacting a compound of the
      formula
      ##EQU14##
      wherein Hal designates halogen and X.sup.4, n, Z.sup.2 and R.sup.1 are as
      heretofore described with about an equimolar amount of a carbamoyl
      chloride of the formula
      ##EQU15##
      wherein R.sup.2 and R.sup.3 are as heretofore defined. This reaction can
      be effected by combining the reactants in an inert organic reaction medium
      in the presence of an acid acceptor such as a tertiary amine or alkali
      metal carbonate. The reaction mixture can be heated at a temperature of
      from about 50.degree.C to the reflux temperature of the mixture for a
      period of from about 1/2 to about 18 hours. After this time the reaction
      mixture can be filtered to remove the acid acceptor halide and can then be
      stripped of solvent to yield the desired product as a residue. The product
      can then be used as such or can be further purified by conventional
      techniques well known in the art.
PAR  The compounds of formula II wherein at least one of R.sup.2 and R.sup.3 is
      hydrogen can also be prepared by reacting a compound of formula IV with an
      isocyanate of the formula
PA1  R.sup.3 --n=c=o (vi)
PAL  wherein R.sup.3 is as heretofore defined. This reaction can be effected by
      slowly adding a solution of the isocyanate of formula VI in an inert
      solvent such as benzene to a solution of the compound of formula IV in an
      inert organic solvent such as benzene in the presence of a catalytic
      amount of dibutyltin dilaurate. After the addition is completed the
      reaction mixture can be heated at a temperature of up to the reflux
      temperature of the mixture for a period of up to several hours to ensure
      completion of the reaction. After this time the reaction mixture can be
      distilled to remove the solvent and unreacted starting materials to yield
      the desired product. This product can then be used as such or can be
      further purified by standard procedures.
PAR  The compounds of formula III are known in the art and can be prepared by
      the methods described by Malatesta and Pizotti, Chimica e Industria
      (Milan) 27, 6-10 (1945); and Melnikov and Grapov, Zhur. Vsesoyuz Khim.
      Obschchestva in D.I. Mendeleeva, 6 No. 1; 119-20 (1961).
PAR  Exemplary useful compounds of formula IV for preparing the compounds of the
      present invention are N-methoxy-.alpha.-chloroacetamide,
      N-ethoxy-.alpha.-bromoacetamide, N-isopropoxy-.alpha.-chloroacetamide,
      N-butoxy-.alpha.-chloroacetamide, N-pentyloxy-.alpha.-chloroacetamide,
      N-hexyloxy-.alpha.-chloroacetamide, N-methoxy-.alpha.-chloropropionamide,
      N-ethoxy-.alpha.-chlorobutyramide, N-methoxy-.alpha.-chloropentanamide,
      N-methoxy-.alpha.-chlorohexanamide,
      N-propoxy-.alpha.-methoxy-.alpha.-chloroacetamide,
      N-t-butoxy-.alpha.-ethoxy-.alpha.-chloroacetamide,
      N-methoxy-.alpha.-methylthioacetamide,
      N-methoxy-.alpha.-pentoxy-.alpha.-chloroacetamide,
      N-methoxy-.alpha.-phenyl-.alpha.-chloroacetamide,
      N-methoxy-.alpha.-phenoxy-.alpha.-chloroacetamide,
      N-methoxy-.alpha.-(3,4-dichlorophenyl)-.alpha.-chloroacetamide,
      N-methoxy-.alpha.-(2-methoxyphenyl)-.alpha.-chloroacetamide,
      N-methoxy-.alpha.-(4-methylphenyl)-.alpha.-chloroacetamide,
      N-methoxy-.alpha.-(4-dimethylaminophenyl)-.alpha.-chloroacetamide,
      N-ethoxy-.alpha.-(4-nitrophenyl)-.alpha.-chloroacetamide,
      N-methoxy-.alpha.-benzyl-.alpha.-chloroacetamide, N-methoxy-
      -(4-methylsulfinylphenyl)-.alpha.-chloroacetamide,
      N-methoxy-.alpha.-(4-methylsulfonylphenyl)-.alpha.-chloroacetamide and the
      like.
PAR  Exemplary useful carbamoyl chlorides of formula V are carbamoyl chloride,
      N-methylcarbamoyl chloride, N,N-dimethylcarbamoyl chloride,
      N-ethylcarbamoyl chloride, N-propylcarbamoyl chloride, N-butylcarbamoyl
      chloride, N-pentylcarbamoyl chloride, N-hexylcarbamoyl chloride,
      N-allylcarbamoyl chloride, N-pent-4-enylcarbamoyl chloride,
      N-chloromethylcarbamoyl chloride, N-.beta.-chloroethylcarbamoyl chloride,
      N-.beta.-bromoethylcarbamoyl chloride,
      N-.beta.,.beta.,.beta.-trichloroethylcarbamoyl chloride,
      N-cyclopropylcarbamoyl chloride, N-cyclopentylcarbamoyl chloride,
      N-cyclohexylcarbamoyl chloride, N-cycloheptylcarbamoyl chloride,
      N-phenylcarbamoyl chloride, N-(4-chlorophenyl)carbamoyl chloride,
      N-(4-bromophenyl)carbamoyl chloride,
      N-(2-methyl-4-trifluoromethylphenyl)carbamoyl chloride,
      N-(2-methoxyphenyl)carbamoyl chloride, N-(3-nitrophenyl)carbamoyl
      chloride, N-(2-dimethylaminophenyl)carbamoyl chloride,
      N-(3-methylthiophenyl)carbamoyl chloride, N-(4-allylphenyl)carbamoyl
      chloride, N-methyl-N-cyclohexylcarbamoyl chloride, N,N-dimethylcarbamoyl
      chloride, N,N-dihexylcarbamoyl chloride,
      N-methyl-N-(3,4-dichlorophenyl)-carbamoyl chloride and the like.
PAR  Exemplary useful isocyanates of formula VI are methyl isocyanate, ethyl
      isocyanate, propyl isocyanate, butyl isocyanate, pentyl isocyanate, hexyl
      isocyanate, phenyl isocyanate, 4-fluorophenyl isocyanate, cyclohexyl
      isocyanate, cyclobutyl isocyanate, cyclopropyl isocyanate, 3-ethylphenyl
      isocyanate, 2-ethoxyphenyl isocyanate and the like.
PAR  The manner in which the compounds of the present invention can be prepared
      is more specifically illustrated in the following examples.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 1-Chloro-2-(N-methyl-carbamoyloxy)-2-methoxyiminoethane
PAR  N-Methoxychloroacetamide (3.5 grams), benzene (60 ml) and dibutyltin
      dilaurate (1 drop) were charged into a glass reaction vessel equipped with
      a mechanical stirrer, thermometer and reflux condenser. Methyl isocyanate
      (2.0 grams) dissolved in benzene (15 ml) was added dropwise to the
      reaction mixture at room temperature and with stirring. After the addition
      was completed the reaction mixture was heated at reflux, with stirring for
      a period of about 2 hours. After this time the reaction mixture was
      distilled to remove benzene and unreacted isocyanate leaving an oily
      residue. The residue was subjected to vacuum (0.1 mm Hg) whereupon it
      solidified. The solid was recrystallized from a carbon
      tetrachloride-hexane mixture to yield a white crystalline solid. The solid
      was washed with hexane and dried to yield the desired product
      1-chloro-2-(N-methylcarbamoyloxy)-2-methoxyiminoethane having a melting
      point of 80.degree.-82.degree.C.
PAC  EXAMPLE 2
PAC  Preparation of S-[2-(N-Methylcarbamoyloxy)-2-methoxyiminoethyl] O,O-Diethel
      Thiolothionophosphate
PAR  1-Chloro-2-(N-methylcarbamoyloxy)-2-methoxyiminoethane (4.32 grams; 0.02
      mole), methyl ethyl ketone (70 ml), potassium O,O-diethel
      thiolothionophosphate (6.72 grams; 0.03 mole) and a few crystals of
      potassium iodide were charged into a glass reaction flask equipped with a
      mechanical stirrer, thermometer and reflux condenser. The reaction mixture
      was then heated at reflux overnight. After this time the reaction mixture
      was cooled to room temperature and was filtered to remove inorganic salts.
      The salts were washed with acetone and the washings were combined with the
      filtrate. The resulting solution was stripped of solvents in a rotary
      evaporator. The remaining residue was dissolved in ether and the ether
      solution was washed with water and dried over anhydrous magnesium sulfate.
      The dried solution was filtered and stripped of ether on a steam bath to
      yield a pale yellow oil. This oil was dried under a vacuum (0.10 mm Hg)
      for a period of about 10 minutes and passed through a sintered glass
      filter to yield the desired product
      S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]  O,O-diethel
      thiolothionophosphate as a pale yellow oil.
PAC  EXAMPLE 3
PAC  Preparation of S-[2-(N-Methylcarbamoyloxy)-2-methoxy-iminoethyl] O-Ethyl
      N-Isopropylthiolophosphoramidate
PAR  1-Chloro-2-(N-methylcarbamoyloxy)-2-methoxyiminoethane (9.00 grams; 0.05
      mole), methyl ethyl ketone (70 ml), potassium O-ethyl
      N-isopropylthiolophosphoramidate (13.2 grams; 0.06 mole) and a few
      crystals of potassium iodide were charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture was then heated at reflux for a period of about 24 hours.
      After this time the reaction mixture was cooled to room temperature and
      was filtered to remove inorganic salts. The salts were washed with acetone
      and the washings were combined with the filtrate. The resulting solution
      was stripped of solvent in a rotary evaporator. The remaining residue was
      dissolved in methylene chloride and the methylene chloride solution was
      washed with water and dried over anhydrous magnesium sulfate. The dried
      solution was filtered and stripped of methylene chloride on a steam bath
      to yield an oil. This oil was dried further under a vacuum (0.20 mm Hg)
      for a period of fifteen minutes to yield the desired product
      S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl] O-ethyl
      N-isopropylthiolophosphoramidate, as a red oil.
PAC  EXAMPLE 4
PAC   Preparation of 1-Chloro-2-(N-isopropylcarbamoyloxy)-2-ethoxyiminoethane
PAR  N-Ethoxychloroacetamide (6.9 grams; 0.05 mole), benzene (70 ml) and
      dibutyltin dilaurate (1 drop) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      Isopropylisocyanate (5.1  grams; 0.06 mole) dissolved in benzene (20 ml)
      is incrementally added to the reaction mixture, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 2 hours. After this time the
      reaction mixture is distilled to remove benzene and unreacted starting
      material thereby yielding the desired product
      1-chloro-2-(N-isopropylcarbamoyloxy)-2-ethoxyiminoethane.
PAC  EXAMPLE 5
PAC  Preparation of S-[2-(N-Isopropylcarbamoyloxy)-2-ethoxyiminoethyl] O-Methyl
      N-t-Butylthiolophosphoramidate
PAR  1-Chloro-2-(N-isopropylcarbamoyloxy)-2-ethoxyiminoethane (4.5 grams; 0.02
      mole), methyl ethyl ketone (50 ml), potassium O-methyl
      N-t-butylthiolophosphoramidate (6.6 grams; 0.03 mole) and a few crystals
      of potassium iodide are charged into a glass reaction flask equipped with
      a mechanical stirrer, thermometer and reflux condenser. The reaction
      mixture is then heated at reflux for a period of about 6 hours. After this
      time the reaction mixture is cooled to room temperature and is filtered to
      remove inorganic salts. The salts are washed with acetone and the washings
      combined with the filtrate. The resulting solution is stripped of solvents
      in a rotary evaporator. The remaining residue is dissolved in ether and
      the ether solution is washed with water and dried over anhydrous magnesium
      sulfate. The dried solution is filtered and stripped of ether to yield the
      desired product S-[2-(N-isopropylcarbamoyloxy)-2-ethoxyiminoethyl]
      O-methyl N-t-butylthiolophosphoramidate.
PAC  EXAMPLE 6
PAC  Preparation of 1-Chloro-2-(N-phenyl-carbamoyloxy)-2-propoxyiminoethane
PAR  N-Propoxychloroacetamide (15.1 grams; 0.1 mole), benzene (80 ml) and
      dibutyltin dilaurate (1 drop) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      Phenylisocyanate (12.1 grams; 0.12 mole) dissolved in benzene (25 ml) is
      incrementally added to the reaction mixture, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 20 hours. After this time the
      reaction mixture is distilled to remove benzene and unreacted starting
      material thereby yielding the desired product
      1-chloro-2-(N-phenylcarbamoyloxy)-2-propoxyiminoethane.
PAC  EXAMPLE 7
PAC  Preparation of O-[2-(N-Phenylcarbamoyloxy)-2-propoxyiminoethyl]
      Ethyl-N-isopropylphosphonamidate
PAR  1-Chloro-2-(N-phenylcarbamoyloxy)-2-propoxyiminoethane (13.5 grams; 0.05
      mole), methyl ethyl ketone (60 ml), potassium
      ethyl-N-isopropylphosphonamidate (9.4 grams; 0.05 mole) and a few crystals
      of potassium iodide are charged into a glass reaction flask equipped with
      a mechanical stirrer, thermometer and reflux condenser. The reaction
      mixture is then heated at reflux for a period of about 6 hours. After this
      time the reaction mixture is cooled to room temperature and is filtered to
      remove inorganic salts. The salts are washed with acetone and the washings
      combined with the filtrate. The resulting solution is stripped of solvents
      in a rotary evaporator. The remaining residue is dissolved in ether and
      the ether solution is washed with water and dried over anhydrous magnesium
      sulfate. The dried solution is filtered and stripped of ether to yield the
      desired product O-[2-(N-phenylcarbamoyloxy)-2-propoxyiminoethyl]
      ethyl-N-isopropylphosphonamidate.
PAC  EXAMPLE 8
PAC  Preparation of
      1-Chloro-2-(N-3,4-dichlorophenylcarbamoyloxy)-2-methoxyiminoethane
PAR  N-Methoxychloroacetamide (12.3 grams; 0.1 mole), benzene (50 ml) and
      dibutyltin dilaurate (1 drop) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      3,4-Dichlorophenylisocyanate (27.6 grams; 0.1 mole) dissolved in benzene
      (40 ml) is incrementally added to the reaction mixture with stirring, at
      room temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 4 hours. After this time the
      reaction mixture is distilled to remove benzene and unreacted starting
      material thereby yielding the desired product
      1-chloro-2-(N-3,4-dichlorophenylcarbamoyloxy)-2-methoxyiminoethane.
PAC  EXAMPLE 9
PAC  Preparation of S-[2-(N-3,4-Dichlorophenylcarbamoyloxy)-2-methoxyiminoethyl]
      S-Hexyl N,N-Dimethyldithiolophosphoramidate
PAR  1-Chloro-2-(N-3,4-dichlorophenylcarbamoyloxy)-2-methoxyiminoethane (14.8
      grams; 0.05 mole), methyl ethyl ketone (60 ml), potassium S-hexyl
      N,N-dimethyldithiolophosphoramidate (13.9 grams; 0.05 mole) and a few
      crystals of potassium iodide are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is then heated at reflux for a period of about 6 hours.
      After this time the reaction mixture is cooled to room temperature and is
      filtered to remove inorganic salts. The salts are washed with acetone and
      the washings combined with the filtrate. The resulting solution is
      stripped of solvents in a rotary evaporator. The remaining residue is
      dissolved in ether and the ether solution is washed with water and dried
      over anhydrous magnesium sulfate. The dried solution is filtered and
      stripped of ether to yield the desired product
      S-[2-(N-3,4-dichlorophenylcarbamoyloxy)-2-methoxyiminoethyl] S-hexyl
      N,N-dimethyldithiolophosphoramidate.
PAC  EXAMPLE 10
PAC  Preparation of 1-Chloro-2-(N-cyclopropylcarbamoyloxy)-2-ethoxyiminoethane
PAR  N-Ethoxychloroacetamide (13.7 grams; 0.1 mole), benzene (60 ml) and
      dibutyltin dilaurate (1 drop) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      Cyclopropylisocyanate (10 grams; 0.12 mole) dissolved in benzene (20 ml)
      is incrementally added to the reaction mixture, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 2 hours. After this time the
      reaction mixture is distilled to remove benzene and unreacted starting
      material thereby yielding the desired product
      1-chloro-2-(N-cyclopropylcarbamoyloxy)-2-ethoxyiminoethane.
PAC  EXAMPLE 11
PAC  Preparation of O-[2-(N-Cyclopropylcarbamoyloxy)-2-ethoxyiminoethyl]
      2-Methylphenyl(4-bromophenyl)thionophosphinate
PAR  1-Chloro-2-(N-cyclopropylcarbamoyloxy)-2-ethoxyiminoethane (11 grams; 0.05
      mole), methyl ethyl ketone (80 ml), potassium
      2-methylphenyl(4-bromophenyl)thionophosphinate (17  grams; 0.05 mole) and
      a few crystals of potassium iodide are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is then heated at reflux for a period of about 8 hours.
      After this time the reaction mixture is cooled to room temperature and is
      filtered to remove inorganic salts. The salts are washed with acetone and
      the washings combined with the filtrate. The resulting solution is
      stripped of solvents in a rotary evaporator. The remaining residue is
      dissolved in ether and the ether solution is washed with water and dried
      over anhydrous magnesium sulfate. The dried solution is filtered and
      stripped of ether to yield the desired product
      O-[2-(N-cyclopropylcarbamoyloxy)-2-ethoxyiminoethyl]
      2-methylphenyl(4-bromophenyl)thionophosphinate.
PAC  EXAMPLE 12
PAC  Preparation of
      1-Chloro-2-(N-.beta.-chloroethylcarbamoyloxy)-2-hexyloxyiminoethane
PAR  N-Hexyloxychloroacetamide (19 grams; 0.1 mole), benzene (100 ml) and
      dibutyltin dilaurate (1 drop) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      .beta.-Chloroethylisocyanate (12.6 grams; 0.12 mole) dissolved in benzene
      (25 ml) is incrementally added to the reaction mixture, with stirring, at
      room temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 3 hours. After this time the
      reaction mixture is distilled to remove benzene and unreacted starting
      material thereby yielding the desired product
      1-chloro-2-(N-.beta.-chloroethylcarbamoyloxy)-2-hexyloxyiminoethane.
PAC  EXAMPLE 13
PAC  Preparation of
      S-[2-(N-.beta.-Chloroethylcarbamoyloxy)-2-hexyloxyiminoethyl]
      O-(4-Methylthiophenyl) Methylthiolophosphonate
PAR  1-Chloro-2-(N-.beta.-chloroethylcarbamoyloxy)-2-hexyloxyiminoethane (15
      grams; 0.05 mole), methyl ethyl ketone (75 ml), potassium
      O-(4-methylthiophenyl) methylthiolophosphonate (13.6 grams; 0.05 mole) and
      a few crystals of potassium iodide are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is then heated at reflux for a period of about 5 hours.
      After this time the reaction mixture is cooled to room temperature and is
      filtered to remove inorganic salts. The salts are washed with acetone and
      the washings combined with the filtrate. The resulting solution is
      stripped of solvents in a rotary evaporator. The remaining residue is
      dissolved in ether and the ether solution is washed with water and dried
      over anhydrous magnesium sulfate. The dried solution is filtered and
      stripped of ether to yield the desired product
      S-[2-(N-.beta.-chloroethylcarbamoyloxy)-2-hexyloxyiminoethyl]
      O-(4-methylthiophenyl) methylthiolophosphonate.
PAC  EXAMPLE 14
PAC  Preparation of
      1-Chloro-2-[N-(2-methoxyphenyl)-carbamoyloxy]-2-methoxyiminoethane
PAR  N-Methoxychloroacetamide (12.3 grams; 0.1 mole), benzene (60 ml) and
      dibutyltin dilaurate (1 drop) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      2-Methoxyphenylisocyanate (15 grams; 0.1 mole) dissolved in benzene (30
      ml) is incrementally added to the reaction mixture, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 3 hours. After this time the
      reaction mixture is distilled to remove benzene and unreacted starting
      material thereby yielding the desired product
      1-chloro-2-[N-(2-methoxyphenyl)carbamoyloxy]-2-methoxyiminoethane.
PAC  EXAMPLE 15
PAC  Preparation of S-{2-[N-(2-Methoxyphenyl)carbamoyloxy]-2-methoxyiminoethyl}
      O-(4-Trifluoromethylphenyl) Phosphoramidate
PAR  1-Chloro-2-[N-(2-methoxyphenyl)carbamoyloxy]-2-methoxyiminoethane (13.6
      grams; 0.05 mole), methyl ethyl ketone (60 ml), potassium
      O-(4-trifluoromethylphenyl) phosphoramidate (14.7 grams; 0.05 mole) and a
      few crystals of potassium iodide are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is then heated at reflux for a period of about 6 hours.
      After this time the reaction mixture is cooled to room temperature and is
      filtered to remove inorganic salts. The salts are washed with acetone and
      the washings combined with the filtrate. The resulting solution is
      stripped of solvents in a rotary evaporator. The remaining residue is
      dissolved in ether and the ether solution is washed with water and dried
      over anhydrous magnesium sulfate. The dried solution is filtered and
      stripped of ether to yield the desired product
      S-{2-[N-(2-methoxyphenyl)-carbamoyloxy]-2-methoxyiminoethyl}
      O-(4-trifluoromethylphenyl) phosphoramidate.
PAC  EXAMPLE 16
PAC  Preparation of
      1-Chloro-2-[N-(2-methyl-4-methylthiophenyl)carbamoyloxy]-2-methoxyiminoeth
     ane
PAR  N-Methoxychloroacetamide (12.3 grams; 0.1 mole), benzene (60 ml) and
      dibutyltin dilaurate (1 drop) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      2-Methyl-4-methylthiophenylisocyanate (21.5 grams; 0.12 mole) dissolved in
      benzene (30 ml) is incrementally added to the reaction mixture, with
      stirring, at room temperature. After the addition is completed the
      reaction mixture is heated at reflux for a period of about 2 hours. After
      this time the reaction mixture is distilled to remove benzene and
      unreacted starting material thereby yielding the desired product
      1-chloro-2-[N-(2-methyl-4-methylthiophenyl)carbamoyloxy]-2-methoxyiminoeth
     ane.
PAC  EXAMPLE 17
PAC  Preparation of
      S-{2-[N-(2-Methyl-4-methylthiophenyl)carbamoyloxy]-2-methoxyiminoethyl}
      O-(2-Dimethylaminophenyl) O-(4-Nitrophenyl) Thiolothionophosphate
PAR  1-Chloro-2-[N-(2-methyl-4-methylthiophenyl)carbamoyloxy]-2-methoxyiminoetha
     ne (15.1 grams; 0.05 mole), methyl ethyl ketone (75 ml), potassium
      O-(2-dimethylaminophenyl) O-(4-nitrophenyl) thiolothionophosphate (19.6
      grams; 0.05 mole) and a few crystals of potassium iodide are charged into
      a glass reaction flask equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is then heated at reflux for a
      period of about 8 hours. After this time the reaction mixture is cooled to
      room temperature and is filtered to remove inorganic salts. The salts are
      washed with acetone and the washings combined with the filtrate. The
      resulting solution is stripped of solvents in a rotary evaporator. The
      remaining residue is dissolved in ether and the ether solution is washed
      with water and dried over anhydrous magnesium sulfate. The dried solution
      is filtered and stripped of ether to yield the desired product
      S-{2-[N-(2-methyl-4-methylthiophenyl)carbamoyloxy]-2-methoxyiminoethyl}
      O-(2-dimethylaminophenyl) O-(4-nitrophenyl) thiolothionophosphate.
PAC  EXAMPLE 18
PAC  Preparation of
      1-Chloro-2-(N-4-nitrophenyl-carbamoyloxy)-2-methoxyiminoethane
PAR  N-Methoxychloroacetamide (12.3 grams; 0.1 mole), benzene (80 ml) and
      dibutyltin dilaurate (1 drop) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      4-Nitrophenylisocyanate (16.4 grams; 0.1 mole) dissolved in benzene (30
      ml) is incrementally added to the reaction mixture, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 4 hours. After this time the
      reaction mixture is distilled to remove benzene and unreacted starting
      material thereby yielding the desired product
      1-chloro-2-(N-4-nitrophenylcarbamoyloxy)-2-methoxyiminoethane.
PAC  EXAMPLE 19
PAC  Preparation of S-[2-(N-4-Nitrophenylcarbamoyloxy)-2-methoxyiminoethyl]
      S-(2-Methoxyphenyl) 4-Methylsulfonylphenyldithiolophosphonate
PAR  1-Chloro-2-(N-4-nitrophenylcarbamoyloxy-2-methoxyiminoethane (14.3 grams;
      0.05 mole), methyl ethyl ketone (100 ml), potassium S-(2-methoxyphenyl)
      4-methylsulfonylphenyldithiolophosphonate (20.6 grams; 0.05 mole) and a
      few crystals of potassium iodide are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is then heated at reflux for a period of about 12 hours.
      After this time the reaction mixture is cooled to room temperature and is
      filtered to remove inorganic salts. The salts are washed with acetone and
      the washings combined with the filtrate. The resulting solution is
      stripped of solvents in a rotary evaporator. The remaining residue is
      dissolved in ether and the ether solution is washed with water and dried
      over anhydrous magnesium sulfate. The dried solution is filtered and
      stripped of ether to yield the desired product
      S-[2-(N-4-nitrophenylcarbamoyloxy)-2-methoxyiminoethyl]
      S-(2-methoxyphenyl) 4-methylsulfonylphenyldithiolophosphonate.
PAC  EXAMPLE 20
PAC  Preparation of
      1-Chloro-2-(N-3-allylphenyl-carbamoyloxy)-2-methoxyiminoethane
PAR  N-Methoxychloroacetamide (12.3 grams; 0.1 mole), benzene (80 ml) and
      dibutyltin dilaurate (1 drop) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      3-Allylphenylisocyanate (16 grams; 0.1 mole) dissolved in benzene (30 ml)
      is incrementally added to the reaction mixture, with stirring, at room
      temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 2 hours. After this time the
      reaction mixture is distilled to remove benzene and unreacted starting
      material thereby yielding the desired product
      1-chloro-2-(N-3-allylphenylcarbamoyloxy)-2-methoxyiminoethane.
PAC  EXAMPLE 21
PAC  Preparation of O-[2-(N-3-Allylphenylcarbamoyloxy)-2-methoxyiminoethyl]
      3-Methylsulfinylphenyl(4-methylthiophenyl)phosphinate
PAR  1-Chloro-2-(N-3-allylphenylcarbamoyloxy)-2-methoxyiminoethane (14.1 grams;
      0.05 mole), methyl ethyl ketone (100 ml), potassium
      3-methylsulfinylphenyl(4-methylthiophenyl)phosphinate (18.2 grams; 0.05
      mole) and a few crystals of potassium iodide are charged into a glass
      reaction flask equipped with a mechanical stirrer, thermometer and reflux
      condenser. The reaction mixture is then heated at reflux for a period of
      about 6 hours. After this time the reaction mixture is cooled to room
      temperature and is filtered to remove inorganic salts. The salts are
      washed with acetone and the washings combined with the filtrate. The
      resulting solution is stripped of solvents in a rotary evaporator. The
      remaining residue is dissolved in ether and the ether solution is washed
      with water and dried over anhydrous magnesium sulfate. The dried solution
      is filtered and stripped of ether to yield the desired product
      O-[2-(N-3-allylphenylcarbamoyloxy)-2-methoxyiminoethyl]
      3-methylsulfinylphenyl(4-methylthiophenyl)phosphinate.
PAC  EXAMPLE 22
PAC  Preparation of 1-Chloro-2-(N-2-dimethylaminophenylcarbamoyloxy)
      2-methoxyiminoethane
PAR  N-Methoxychloroacetamide (12.3 grams; 0.1 mole), benzene (60 ml) and
      dibutyltin dilaurate (1 drop) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      2-Dimethylaminophenylisocyanate (16.2 grams; 0.1 mole) dissolved in
      benzene (30 ml) is incrementally added to the reaction mixture with
      stirring at room temperature. After the addition is completed the reaction
      mixture is heated at reflux for a period of about 3 hours. After this time
      the reaction mixture is distilled to remove benzene and unreacted starting
      material thereby yielding the desired product
      1-chloro-2-(N-2-dimethylaminophenylcarbamoyloxy) 2-methoxyiminoethane.
PAC  EXAMPLE 23
PAC  Preparation of
      O-[2-(N-2-Dimethylaminophenylcarbamoyloxy)-2-methoxyiminoethyl]
      O-Pent-3-enyl- S-Ethyl Thiolophosphate
PAR  1-Chloro-2-(N-2-dimethylaminophenylcarbamoyloxy)-2-methoxyiminoethane (14.2
      grams; 0.05 mole), methyl ethyl ketone (80ml), potassium O-pent-3-enyl
      S-ethyl thiolophosphate (12.4 grams; 0.05 mole) and a few crystals of
      potassium iodide are charged into a glass reaction flask equipped with a
      mechanical stirrer, thermometer and reflux condenser. The reaction mixture
      is then heated at reflux for a period of about 4 hours. After this time
      the reaction mixture is cooled to room temperature and is filtered to
      remove inorganic salts. The salts are washed with acetone and the washings
      combined with the filtrate. The resulting solution is stripped of solvents
      in a rotary evaporator. The remaining residue is dissolved in ether and
      the ether solution is washed with water and dried over anhydrous magnesium
      sulfate. The dried solution is filtered and stripped of ether to yield the
      desired product
      O-[2-(N-2-dimethylaminophenylcarbamoyloxy)-2-methoxyiminoethyl]
      O-pent-3-enyl S-ethyl thiolophosphate.
PAC  EXAMPLE 24
PAC  Preparation of 1-Chloro-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoethane
PAR  N-Methoxychloroacetamide (12.3 grams; 0.1 mole), benzene (75 ml) and
      triethylamine (12 grams; 1.2 mole) are charged into a glass reaction flask
      equipped with a mechanical stirrer, therometer and reflux condenser.
      N,N-Dimethylcarbamoyl chloride (11 grams; 0.1 mole) dissolved in benzene
      (25 ml) is incrementally added to the reaction mixture, with stirring, at
      room temperature. After the addition is completed the reaction mixture is
      heated at reflux for a period of about 3 hours. After this time the
      reaction mixture is distilled to remove benzene and unreacted starting
      material thereby yielding the desired product
      1-chloro-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoethane.
PAC  EXAMPLE 25
PAC  Preparation of O-[2-(N,N-Dimethylcarbamoyloxy)-2-methoxyiminoethyl]
      O-Ethyl 2-Methyl-4-chlorobenzylphosphonate
PAR  1-Chloro-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoethane (10grams; 0.05
      mole), methyl ethyl ketone (60ml), potassium O-ethyl
      2-methyl-4-chlorobenzylphosphonate (15.6 grams; 0.05 mole) and a few
      crystals of potassium iodide are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is then heated at reflux for a period of about 4 hours.
      After this time the reaction mixture is cooled to room temperature and is
      filtered to remove inorganic salts. The salts are washed with acetone and
      the washings combined with the filtrate. The resulting solution is
      stripped of solvent in a rotary evaporator. The remaining residue is
      dissolved in ether and the ether solution is washed with water and dried
      over anhydrous magnesium sulfate. The dried solution is filtered and
      stripped of ether to yield the desired product
      O-[2-(N,,N-dimethylcarbamoyloxy)-2-methoxyiminoethyl]  O-ethyl
      2-methyl-4-chlorobenzylphosphonate.
PAC  EXAMPLE 26
PAC  Preparation of
      1-Chloro-1-methyl-2-(N-methyl-N-cyclohexycarbamoyloxy)-2-methoxyiminoethan
     e
PAR  N-Methoxy-.alpha.-chloropropionamide (13.8 grams; 0.1 mole), benzene (70
      ml) and triethylamine (12 grams; 0.12 mole) are charged into a glass
      reaction flask equipped with a mechanical stirrer, thermometer and reflux
      condenser. N-Methyl-N-cyclohexylcarbamoyl chloride (17.9 grams; 0.1 mole)
      dissolved in benzene (30 ml) is incrementally added to the reaction
      mixture, with stirring, at room temperature. After the addition is
      completed the reaction mixture is heated at reflux for a period of about 3
      hours. After this time the reaction mixture is distilled to remove benzene
      and unreacted starting material thereby yielding the desired product
      1-chloro-1-methyl-2-(N-methyl-N-cyclohexylcarbamoyloxy)-2-methoxyiminoetha
     ne.
PAC  EXAMPLE 27
PAC  Preparation of
      S-[1-Methyl-2-(N-methyl-N-cyclohexylcarbamoyloxy)-2-methoxyiminoethyl]
      S-[.gamma.-(3-Allylphenyl)propyl] N,N-Diethyldithiolophosphoramidate
PAR  1-Chloro-1-methyl-2-(N-methyl-N-cyclohexylcarbamoyloxy)-2-methoxyiminoethan
     e (15.0 grams; 0.05 mole), methyl ethyl ketone (60 ml), potassium
      S-[.gamma.-3-allylphenyl)propyl] N,N-diethyldithiolophosphoramidate (17.5
      grams; 0.05 mole) and a few crystals of potassium iodide are charged into
      a glass reaction flask equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is then heated at reflux for a
      period of about 8 hours. After this time the reaction mixture is cooled to
      room temperature and is filtered to remove inorganic salts. The salts are
      washed with acetone and the washings combined with the filtrate. The
      resulting solution is stripped of solvents in a rotary evaporator. The
      remaining residue is dissolved in ether and the ether solution is washed
      with water and dried over anhydrous magnesium sulfate. The dried solution
      is filtered and stripped of ether to yield the desired product
      S-[1-methyl-2-(N-methyl-N-cyclohexylcarbamoyloxy)-2-methoxyiminoethyl]
      S-[.gamma.-(3-allylphenyl)propyl] N,N-diethyldithiolophosphoramidate.
PAC  EXAMPLE 28
PAC  Preparation of
      1-Chloro-1-(4-chlorophenyl)-2-(N,N-diethylcarbamoyloxy)-2-methoxyiminoetha
     ne
PAR  N-Methoxy-.alpha.-(4-chlorophenyl)-.alpha.-chloroacetamide (23.3 grams; 0.1
      mole), benzene (100 ml), and triethylamine (12 grams; 0.12 mole) are
      charged into a glass reaction flask equipped with a mechanical stirrer,
      thermometer and reflux condenser. N,N-Diethylcarbamoyl chloride (13.5
      grams; 0.1 mole) dissolved in benzene (25 ml) is incrementally added to
      the reaction mixture, with stirring, at room temperature. After the
      addition is completed the reaction mixture is heated at reflux for a
      period of about 4 hours. After this time the reaction mixture is distilled
      to remove benzene and unreacted starting material thereby yielding the
      desired product
      1-chloro-1-(4-chlorophenyl)-2-(N,N-diethylcarbamoyloxy)-2-methoxyiminoetha
     ne.
PAC  EXAMPLE 29
PAC  Preparation of
      O-[1-(4-Chlorophenyl)-2-(N,N-diethylcarbamoyloxy)-2-methoxyiminoethyl]
      O,O-Diethyl Phosphate
PAR  1-Chloro-1-(4-chlorophenyl)-2-(N,N-diethylcarbamoyloxy)-2-methoxyiminoethan
     e (16.6 grams; 0.05 mole), methyl ethyl ketone (100 ml), potassium
      O,O-diethyl phosphate (9.6 grams; 0.05 mole) and a few crystals of
      potassium iodide are charged into a glass reaction flask equipped with a
      mechanical stirrer, thermometer and reflux condenser. The reaction mixture
      is then heated at reflux for a period of about 12 hours. After this time
      the reaction mixture is cooled to room temperature and is filtered to
      remove inorganic salts. The salts are washed with acetone and the washings
      combined with the filtrate. The resulting solution is stripped of solvents
      in a rotary evaporator. The remaining residue is dissolved in ether and
      the ether solution is washed with water and dried over anhydrous magnesium
      sulfate. The dried solution is filtered and stripped of ether to yield the
      desired product
      O-[1-(4-chlorophenyl)-2-(N,N-diethylcarbamoyloxy)-2-methoxyiminoethyl]
      O,O-diethyl phosphate.
PAR  Additional compounds within the scope of the present invention which can be
      prepared by the procedures of the foregoing examples are as follows:
      S-(2-carbamoyloxy-2-methoxyiminoethyl) O,O-diethyl thiolothionophosphate,
      S-(2-carbamoyloxy-2-methoxyiminoethyl) O,O-diethyl thiolophosphate,
      S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]  O,O-diethyl
      thiolophosphate, S-[2-(N-butylcarbamoyloxy)-2-methoxyiminoethyl]
      O,O-dipropyl thiolothionophosphate,
      S-[2-hexylcarbamoyloxy-2-methoxyiminoethyl]  O-(2-ethylphenyl)
      O-(4-fluorophenyl) thiolothionophosphate,
      S-[2-(N-cyclobutylcarbamoyloxy)-2-methoxyiminoethyl]   O-(3-allylphenyl)
      O-(2-ethoxyphenyl) thiolothionophosphate,
      S-[2-(N-cyclopentylcarbamoyloxy)-2-methoxyiminoethyl]  O-(4-butylphenyl)
      O-(4-hexylphenyl) thiolothionophosphate,
      S-[2-(N-cycloheptylcarbamoyloxy)-2-methoxyiminoethyl]  O-(3-propoxyphenyl)
      O-(4-iodophenyl) thiolothionophosphate,
      S-[1-methoxy-2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]
      O-(4-pent-3-enylphenyl) O-(3-hexyloxyphenyl) thiolothionophosphate,
      S-[1-ethoxy-2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]
      O-(4-ethylthiophenyl) O-(4-trichloromethyl) thiolothionophosphate,
      S-[1-propoxy-2-(N-methylcarbamoyloxy)methoxyiminoethyl]  O,O-dimethyl
      thiolothionophosphate,
      S-[1-hexyloxy-2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]  O,O-dimethyl
      thiolothionophosphate,
      S-{1-(2-methylphenyl)-2-[N-(4-isopropylphenyl)carbamoyloxy]-2-methoxyimino
     ethyl}  O,O-diethyl thiolophosphate,
      S-{--(3-propylphenyl)-2-[N-(4-bromophenyl)carbamoyloxy]-2-methoxyiminoethy
     l}  O,O-diethyl thiolophosphate,
      S-{1-(4-pentylphenyl)-2-[N-(4-fluorophenyl)carbamoyloxy]-2-methoxyiminoeth
     yl}  O,O-diethyl thiolophosphate,
      O-[2-(N-methylcarbamolyoxy)-2-methoxyiminoethyl]  O-ethyl
      methylphosphonate, S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]
      O-ethyl ethylthiolophosphonate,
      S-[2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoethyl]  O-ethyl
      ethylthiolophosphonate,
      S-[2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoethyl]  O-phenyl
      ethylthiolophosphonate,
      S-[2-N,N-dimethylcarbamoyloxy)-2-methoxyiminoethyl]
      O-(4-ethylsulfonylphenyl) ethylthiolophosphonate,
      S-[2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoethyl]
      O-(3-propylsulfonylphenyl) ethylthiolophosphonate,
      S-[2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoethyl]
      O-(4-hexylsulfonylphenyl) ethylthiolophosphate, S-
      1-methylthio-2-[N-(4-ethoxyphenyl)carbamoyloxy]-2-methoxyiminoethyl
      O-(2-propylthiophenyl) ethylthiolophosphonate,
      S-{1-(4-bromophenyl)-2-[N-(4-propoxyphenyl)carbamoyloxy]-2-methoxyiminoeth
     yl}  O-(2-hexylthiophenyl) ethylthiolophosphonate,
      S-{1-(4-fluorophenyl)-2-[N-(4-hexyloxyphenyl)carbamoyloxy]-2-methoxyiminoe
     thyl}  O-(3-propylsulfinylphenyl) ethylthiolophosphonate,
      S-{1-(2-dimethylaminophenyl)-2-[N-(4-trifluoromethylphenyl)carbamoyloxy]-2
     -methoxyiminoethyl}  O-(-dipropylaminophenyl) ethylthiolophosphonate,
      S-{1-(2-methylsulfonylphenyl)-2-[N-(3-allylphenyl)-carbamoyloxy]-2-methoxy
     iminoethyl}  O-(4-dihexylaminophenyl) ethylthiolophosphonate,
      O-{1-(4-dipropylaminophenyl)-2-[N-(4-ethylthiophenyl)carbamoyloxy]-2-metho
     xyiminoethyl} (4-hexylsulfinylphenyl)ethylphosphinate,
      O-{1-(3-nitrophenyl)-2-[N-(4-propylthiophenyl)carbamoyloxy]-2-methoxyimino
     ethyl} (3,4-dichlorophenyl)propylphosphinate,
      O-{1-(2-methoxyphenyl)-2-[N-(3-hexylphenyl)carbamoyloxy]-2-methoxyiminoeth
     yl} dibutylphosphinate,
      S-{1-(4-ethoxyphenyl)-2-[N-(4-pent-3-enylphenyl)carbamoyloxy]-2-methoxyimi
     noethyl} dihexylthiolophosphinate,
      S-{1-(4-propoxyphenyl)-2-[N-(4-propylthiophenyl)carbamoyloxy]-2-methoxyimi
     noethyl} diethylthiolothionophosphinate,
      S-{1-(3-hexyloxyphenyl)-2-[N-(4-hexylthiophenyl)carbamoyloxy)-2-methoxyimi
     noethyl} dipropylthiolothionophosphinate, O-{1-(3-methylthiophenyl)-2
      -[N-(4-trichloromethylphenyl)carbamoyloxy]-2-methoxyiminoethyl}
      dimethylthionophosphinate,
      O-{1-(4-ethylthiophenyl)-2-[N-(4-iodophenyl)carbamoyloxy]-2-methoxyiminoet
     hyl} dimethylthionophosphinate,
      O-{1-(3-propylthiophenyl)-2-[N-(4-diethylaminophenyl)carbamoyloxy]-2-metho
     xyiminoethyl} dimethylthionophosphinate,
      S-{1-(4-butylthiophenyl)-2-]N-(3-dibutylaminophenyl)carbamoyloxy]-2-methox
     yiminoethyl} diethylthiolophosphinate,
      S-{1-(4-hexylthiophenyl)--hexylthiophenyl)-2-[N-(4-dihexylaminophenyl)carb
     amoyloxy]-2-methoxyiminoethyl} diethylthiolophosphinate,
      S-{1-(4-iodophenyl)-2-[N-(2-ethyl-4-chlorophenyl)-carbamoyloxy]-2-methoxyi
     minoethyl} diethylthiolophosphinate,
      S-[1-(2-allylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoethyl]
      diethylthiolophosphinate,
      S-[1-(4-trifluoromethylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyimino
     ethyl] diethylthiolophosphinate,
      S-[1-(4-trichloroethylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoe
     thyl] diethylthiolophosphinate,
      S-[1-(3-.beta.-bromoethylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyimi
     noethyl] diethylthiolophosphinate,
      S-[1-(2-pent-3-enylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoethy
     l] diethylthiolophosphinate,
      S-[1-(4-methylsulfonylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoe
     thyl] diethylthiolophosphinate,
      S-[1-(4-ethylsulfonylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoet
     hyl] diethylthiolophosphinate,
      S-[1-(4-propylsulfonylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoe
     thyl] diethylthiolophosphinate,
      S-[1-(4-hexylsulfonylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoet
     hyl] diethylthiolophosphinate,
      S-[1-(3-methylsulfinylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoe
     thyl] diethylthiolophosphinate,
      S-[1-(3-ethylsulfinylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoet
     hyl] diethylthiolophosphinate,
      S-[1-(4-propylsulfinylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoe
     thyl] diethylthiolophosphinate,
      S-[1-(4-hexylsulfinylphenyl)-2-(N,N-dimethylcarbamoyloxy)-2-methoxyiminoet
     hyl] diethylthiolophosphinate,
      S-[1-(4-dihexylaminophenyl)-2-(N,N-dimethylcarbamoyloxy)-
      2-methoxyiminoethyl] diethylthiolophosphinate,
      O-[1-phenoxy-2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]  O-ethyl
      N-methylphosphoramidate,
      O-[1-phenylthio-2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]  O-butyl
      N-ethylphosphoramidate,
      O-[1-methylthio-2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]  O-hexyl
      N-hexylphosphoramidate,
      O-[1-ethylthio-2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]  O-allyl
      N,N-dipropylphosphoramidate,
      O-[1-butylthio-2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]
      O-pent-3-enyl N,N-dibutyl,
      S-[1-(3,4-dichlorobenzyl)-2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]
      S-methyl N-isopropyldithiolophosphoramidate,
      S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl] S-ethyl
      N-t-butyldithiolophosphoramidate,
      S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl] S-propyl
      N-isopropyldithiolophospohoramidate,
      S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl] S-butyl
      N-isopropyldithiolophosphoramidate,
      S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl] S-hexyl
      N-isopropyldithiolophosphoramidate,
      S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]
      methyl-N-isopropylthiolophosphonamidate,
      S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]
      ethyl-N-t-butylthiolophosphonamidate,
      S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]
      propyl-N-ethylthiolophosphonamidate,
      S-[2-(N-methylcarbamoyloxy)-2-methoxyiminoethyl]
      hexyl-N-isopropylthiolothionophosphinate, and the like.
PAR  For practical use as insecticides or acaricides, the compounds of this
      invention are generally incorporated into insecticidal or acaricidal
      compositions which comprise an inert carrier and an insecticidally or
      acaricidally toxic amount of such a compound. Such insecticidal or
      acaricidal compositions, which can also be called formulation, enable the
      active compound to be applied conveniently to the site of the insect or
      acarid infestation in any desired quantity. These compositions can be
      solids such as dusts, granules or wettable powders; or they can be liquids
      such as solutions, aerosols or emulsifiable concentrates.
PAR  For example, dusts can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites or the vermiculites,
      usually of a particle size range of from about 0.3 to 1.5 mm. Wettable
      powders, which can be dispersed in water and/or oil to any desired
      concentration of the active compound, can be prepared by incorporating
      wetting agents into concentrated dust compositions.
PAR  In some cases the active compounds are sufficiently soluble in common
      organic solvents such as kerosene or xylene so that they can be used
      directly as solutions in these solvents. Frequently, solutions of
      insecticides or acaricides can be dispersed under superatmospheric
      pressure as aerosols. However, preferred liquid insecticidal or acaricidal
      compositions are emulsifiable concentrates, which comprise an active
      compound according to this invention and as the inert carrier, a solvent
      and an emulsifier. Such emulsifiable concentrates can be extended with
      water and/or oil to any desired concentration of active compound for
      application as sprays to the site of the insect or acarid infestation. The
      emulsifiers most commonly used in these concentrates are nonionic or
      mixtures of nonionic with anionic surface-active agents.
PAR  A typical insecticidal or acaricidal composition according to this
      invention is illustrated by the following example, in which the quantities
      are in parts by weight.
PAC  EXAMPLE 30
PAC  Preparation of a Dust
TBL         Product of Example                                                 
                         10                                                    
            Powdered talc                                                      
                         90                                                    
PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, freeflowing dust of the desired particle size
      is obtained. This dust is suitable for direct application to the site of
      the insect or acarid infestation.
PAR  The compounds of this invention can be applied as insecticides or
      acaricides in any manner recognized by the art. One method for destroying
      insects or acarids comprises applying to the locus of the insect or acarid
      infestation, an insecticidal or acaricidal composition comprising an inert
      carrier and, as an essential active ingredient, in a quantity which is
      toxic to said insects or acarids, a compound of the present invention. The
      concentration of the new compounds of this invention in the insecticidal
      or acaricidal compositions will vary greatly with the type of formulation
      and the purpose for which it is designed, but generally the insecticidal
      or acaricidal compositions will comprise from about 0.05 to about 95
      percent by weight of the active compounds of this invention. In a
      preferred embodiment of this invention, the insecticidal or acaricidal
      compositions will comprise from about 5 to 75 percent by weight of the
      active compound. The compositions can also comprise such additional
      substances as other pesticides, stabilizers, spreaders, deactivators,
      adhesives, stickers, fertilizers, activators, synergists and the like.
PAR  The compounds of the present invention are also useful when combined with
      other insecticides or acaricides in the compositions heretofore described.
      These other insecticides or acaricides can comprise from about 5 to about
      95% of the active ingredients in the compositions. Use of the combinations
      of these other insecticides or acaricides with the compounds of the
      present invention provide insecticidal and/or acaricidal compositions
      which are more effective in controlling insects or acarids and often
      provide results unattainable with separate compositions of the individual
      compounds. The other insecticides or acaricides with which the compounds
      of this invention can be used in the insecticidal or acaricidal
      compositions to control insects or acarids include halogenated compounds
      such as DDT, methoxychlor, TDE, lindane, chlordane, isobenzan, aldrin,
      dieldrin, heptachlor, endrin, mirex, endosulfon, dicolfol and the like;
      organic phosphorus compounds such as TEPP, schradan, ethion, parathion,
      methyl parathion, EPN, demeton, carbophenothion, phorate, zinophos,
      diazinon, malathion mevinphos, dimethoate, DBD, ronnel, oxydemeton-methyl,
      dicapthon, chlorothion, phosphamidon, naled, fenthion, trichlorofon, DDVP
      and the like; organic nitrogen compounds such as dinitro-o-cresol,
      dinitrocyclohexylphenol, DNB. DNP, binapacril, azobenzene and the like;
      organic carbamate compounds such as carbaryl, ortho 5353 and the like;
      organic sulfur compounds such as phenothiazine, phenoxathin, lauryl
      thiocyanate, bis(2-thiocyanoethyl)ether, isobornyl thiocyanoacetate and
      the like; as well as such substances usually referred to as fumigants as
      hydrogen cyanide, carbon tetrachloride, calcium cyanide, carbon disulfide,
      ethylene dichloride, propylene dichloride, ethylene dibromide, ethylene
      oxide, methyl bromide, paradichlorobenzene and the like.
PAR  The compounds of the present invention can also be combined with fungicidal
      and nematocidal chemical compounds to form pesticidal compositions useful
      for the control of fungi and in some cases soil nematodes as well as
      insects or acarids. Typical examples of such fungicidal chemical compounds
      are ferbam, nabam, zineb, ziram, thiram, chloranil, dichlone, glyodin,
      cycloheximide, dinocap, maneb, captan, dodine, PCNB,
      p-dimethylaminobenzenediazo sodium sulfonate and the like; while examples
      of nematocidal compounds are chloropicrin, O,O-diethyl
      O-(2,4-dichlorophenyl) phosphorothioate, tetrachlorothiophene, dazomet,
      dibromochloropropane and the like.
PAR  The new compounds of this invention can be used in many ways for the
      control of insects or acarids. Insecticides or acaricides which are to be
      used as stomach poisons or protective materials can be applied to the
      surface on which the insects or acarids feed or travel. Insecticides or
      acaricides which are to be used as contact poisons or eradicants can be
      applied directly to the body of the insect or acarid, as a residual
      treatment to the surface on which the insect or acarid may walk or crawl,
      or as a fumigant treatment of the air which the insect or acarid breathes.
      In some cases, the compounds applied to the soil or plant surfaces are
      taken up by the plant, and the insects or acarids are poisoned
      systemically.
PAR  The above methods of using insecticides are based on the fact that almost
      all the injury done by insects is a direct or indirect result of their
      attempts to secure food. Indeed, the large number of destructive insects
      can be classified broadly on the basis of their feeding habits. Among the
      insects which can be effectively controlled by the compounds of the
      present invention are the chewing insects, such as the Mexican bean beetle
      and the southern armyworm; the piercing-sucking insects, such as the pea
      aphid, the cereal leaf beetle, the housefly, the grape leafhopper, the
      chinch bug, the lygus bug, the oyster shell scale, the California red
      scale, the Florida red scale, the soft scale and mosquitoes; the internal
      feeders, including borers, such as the European corn borer, the peach twig
      borer and the corn earworm, worms or weevils, such as the codling moth,
      the alfalfa weevil, the cotton boll weevil, the pink boll worm, the plum
      curculio, the red banded leaf roller, the melonworm, the cabbage looper
      and the apple maggot, leaf miners, such as the apple leaf miner, the birch
      leaf miner and the beet leaf miner, and gall insects, such as the wheat
      joint worm and the grape phylloxera. Insects which attack below the
      surface of the ground are classified as subterranean insects and include
      such destructive pests as the wooly apple aphid, the Japanese beetle, the
      onion maggot and the corn rootworm.
PAR  Mites and ticks are not true insects. Many economically important species
      of mites and ticks can be controlled by the compounds of this present
      invention, such as the red spider mite, the two-spotted mite, the
      strawberry spider mite, the citrus rust mite, the cattle tick, the poultry
      mite, the citrus red mite and the European red mite. Chemicals useful for
      the control of mites are often called miticides, while those useful for
      the control of both mites and ticks are known specifically as acaricides.
PAR  The quantity of active compound of this invention to be used for insect or
      acarid control will depend on a variety of factors, such as the specific
      insect involved, intensity of the infestation, weather, type of
      environment, type of formulation and the like. For example, the
      application of only one or two ounces of active chemical per acre may be
      adequate for control of a light infestation of an insect or acarid under
      conditions unfavorable for its feeding, while a pound or more of active
      compound per acre may be required for the control of a heavy infestation
      of insects or acarids under conditions favorable to their development.
PAR  The insecticidal and acaricidal activity of the compounds of the present
      invention was demonstrated in experiments carried out for the control of a
      variety of insects at various concentrations. The test procedures and the
      results are shown below.
PAC  MEXICAN BEAN BEETLE - STOMACH POISON
PAR  Foliar portions of potted Dwarf Horticultural bean plants in first true
      leaf growth stage are dipped in agitated test solution containing the
      compound of this invention, allowed to air dry and removed to holding
      racks provided with a subterranean water source. Three test plants are
      used for each test unit. Five third-instar larvae of Mexican Bean Beetle
      are caged on treated plants for 72 hours. After this time observations are
      made for insect mortality.
PAC  TWO-SPOTTED SPIDER MITE - CONTACT POISON
PAR  Potted horticultural beans at growth stage when primary leaves are
      approximately one inch long are infested with two-spotted spider mites
      twenty-four (24) hours prior to treatment, insuring establishment of
      adults and egg deposition at time of treatment.
PAR  The candidate compound is dissolved in a suitable solvent (acetone,
      methanol or other) or prepared as wettable powders and diluted to
      appropriate concentration with deionized water containing wetting and/or
      dispersing agents as appropriate.
PAR  Infested host plants, as above, are dipped in agitated solution of the
      candidate compound, allowed to air dry, provided with subterrranean water
      source and held for observation. Three plants are used for each unit of
      treatment.
PAR  Initial mortality and phytotoxicity are determined forty-eight (48) to
      seventy-two (72 ) hours after treatment by removing and observing one leaf
      from each plant. Final observations of mortality are made seven (7) days
      after treatment by removal and observation of the second primary leaf.
PAC  HOUSEFLY - LIQUID BAIT
PAR  The candidate compound is prepared as an acetone or wettable powder-based
      aqueous formulation containing 5 percent (W:V) dissolved granular sugar.
      One milliliter, expressed in ppm active ingredient, is pipetted onto the
      center of a 9 cm petri dish. Two-day old housefly adults, loaded into a
      4-inch hemispherical wire mesh container, are then caged over the liquid
      bait. Approximately six (6) hours later a water-moistened wad of
      cellucotton is placed on top of the wire mesh cage and retained there
      overnight.
PAR  Observations are made for 24-hour mortality. Mortality induced may be by
      ingestion, contact or repellent-induced starvation.
PAC  BOLL WEEVIL - LIQUID BAIT
PAR  The candidate compound is prepared as an acetone or wettable powder-based
      aqueous formulation containing 5 percent (W:V) dissolved granular sugan.
      One milliliter, expressed in ppm active ingredient, is pipetted onto a 9
      cm filter paper in a 9 cm petri dish. Five (5) Boll Weevil adults are
      introduced and the petri dish cover affixed.
PAR  Observations are made for mortality after 72 hours. Mortality induced may
      be by contact, ingestion or fumigant action.
PAC  TWO-SPOTTED SPIDER MITE - SYSTEMIC ACTION
PAR  Cranberry bean plants grown under greenhouse conditions, in first true leaf
      growth stage and in soil of low moisture content are infested during a
      two-hour period with Two-Spotted Spider Mites (Tetranychus telarius).
      Twenty ml. of an aqueous solution of the candidate compound at a desired
      concentration is applied to the soil as a surface drench. Twenty-four
      hours later plants are provided subterranean watering for 48 hours.
      Percentage mite mortality is observed 96 hours after application of the
      candidate compound to the soil surface. All test units are in triplicate.
PAC  MEXICAN BEAN BEETLE - SYSTEMIC ACTION
PAR  Cranberry bean plants grown under greenhouse conditions, in the first true
      leaf stage and in soil of low moisture content are treated with 20 ml. of
      an aqueous solution of the test compound at a desired concentration.
      Thereafter the bean plants are infested with Mexican Bean Beetles. The
      plants are supplied with water and light as required. After a period of
      several days the insect mortality is observed.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     TEST RESULTS                                                              
     Percent Control                                                           
     Insect and Test Procedure*                                                
     Test Compound                                                             
               Concentration ppm                                               
                         MBB-SP                                                
                              TSM-C                                            
                                   HF-B                                        
                                       BW-B                                    
                                           TSM-S                               
                                                MBB-S                          
     __________________________________________________________________________
     Product of Ex. 2                                                          
               1000       30  100  100 100 --   --                             
     "         500       --   100  100 100 --   --                             
     "         250       --   100  100 100 --   --                             
     "         100       --    96  100 100 --   --                             
     "         50        --   --   --  --   84  100                            
     "         25        --   --   --  --   68  10                             
     Product of Ex. 3                                                          
               1000      100  100  100 100 --   --                             
     "         500       100  100  100 100 --   --                             
     "         250       100  100  100 100 --   --                             
     "         100        30  100  100 100 --   --                             
     "         50        --   --   --  --  100  100                            
     "         25        --   --   --  --  100  70                             
     "         10        --   --   --  --  100  70                             
     "         5         --   --   --  --  100  10                             
     __________________________________________________________________________
      *MBB-SP = Mexican Bean Beetle - Stomach Poison                           
      TSM-C = Two-Spotted Spider Mite - Contact Poison                         
      HF-B = Housefly - Bait                                                   
      BW-B = Boll Weevil - Bait                                                
      TSM-S = Two-Spotted Spider Mite - Systemic                               
      MBB-S = Mexican Bean Beetle - Systemic                                   
CLMS
STM  I claim:
NUM  1.
PAR  1. An insecticidal or acaricidal composition comprising an inert carrier
      and, as an essential active ingredient, in a quantity toxic to insects or
      acarids, a compound of the formula
      ##EQU16##
      wherein R.sup.1 is lower alkyl; R.sup.2 is selected from the group
      consisting of hydrogen, lower alkyl, lower alkenyl and lower haloalkyl;
      R.sup.3 is selected from the group consisting of hydrogen, lower alkyl,
      lower alkenyl, lower haloalkyl, cycloalkyl of from 3 to 7 carbon atoms and
      ##EQU17##
      wherein D is selected from the group consisting of lower alkyl, lower
      alkenyl, lower alkoxy, lower alkylthio, chlorine, bromine, fluoring, lower
      haloalkyl, nitro and di(lower alkyl)amino; u is an integer from 0 to 3;
      X.sup.1, X.sup.2, X.sup.3 and X.sup.4 are independently selected from the
      group consisting of oxygen and sulfur; m and n are each integers from 0 to
      1; Z.sup.1 is selected from the group consisting of lower alkyl, lower
      alkenyl and
      ##EQU18##
      wherein A is selected from the group consisting of lower alkyl, lower
      alkenyl, lower alkoxy, lower alkylthio, lower haloalkyl, chlorine,
      bromine, fluoring, nitro, lower alkylsulfoxide, lower alkylsulfone and
      di(lower alkyl)amino; and q and p are each integers from 0 to 3; Z.sup.2
      is selected from the group consisting of hydrogen and Z.sup.1, provided
      that when Z.sup.2 is hydrogen then n is zero; and Y is selected from the
      group consisting of lower alkyl, lower alkenyl, lower alkoxy, lower
      alkenyloxy, lower alkylthio, amino, lower alkylamino, di(lower alkyl)amino
      and
      ##EQU19##
      wherein E is selected from the group consisting of lower alkyl, lower
      alkenyl, lower alkoxy, lower alkylthio, chlorine, bromine fluorine, nitro,
      lower alkylsulfoxide, lower alkylsulfone and di(lower alkyl)amino; f is an
      integer from 0 to 3; Q is selected from the group consisting of oxygen,
      sulfur, lower alkylene, lower alkyleneoxy and lower alkylenethio; and t is
      an integer from 0 to 1.
NUM  2.
PAR  2. A method of destroying insects which comprises constacting said insects
      with an insecticidal composition of claim 1 in a quantity which is toxic
      to said insects.
NUM  3.
PAR  3. A method of destroying acarids which comprises contacting said acarids
      with an acaricidal composition of claim 1 in a quantity which is toxic to
      said acarids.
PATN
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ABST
PAL  An anthelmintic composition comprising a combination of 0,0-dimethyl
      (2,2,2-trichloro-1-hydroxyethyl)phosphonate and
      1-6-phenyl-2,3,5,6-tetrahydroimidazo[2,1-b]thiazole hydrochloride and a
      method for control of gastrointestinal, cutaneous and lung-infesting
      parasites in equine species.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      399,651, filed Sept. 21, 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to anthelmintic compositions and a method for
      controlling internal parasites in equine species.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The control of internal animal parasites by the use of drugs or drug
      combinations can be a difficult problem because drugs must be toxic to the
      parasites and non-toxic to the host. Thus, the discovery of a drug or drug
      combination effective for the control of gastrointestinal, cutaneous and
      lung-infesting parasites is difficult because of these adverse
      requirements.
PAR  The organophosphorus compound, 0,0-dimethyl
      (2,2,2-trichloro-1-hydroxyethyl)phosphonate, (a component of the present
      invention) hereinafter referred to as "trichlorfon," is useful for the
      removal of bots (Gasterophilus intestinalis and Gasterophilus nasalis),
      ascarids (Parascaris equorum) and pinworms (Oxyuris equi) from mammals
      such as horses when administered at the recommended dosage of 40 mg./kg.
      body weight. At this dosage level, however, 0,0-dimethyl
      (2,2,2-trichloro-1-hydroxyethyl)phosphonate has only about 30% efficacy
      against small strongyles and only about 5-10% efficacy against large
      strongyles [Equine Medicine and Surgery: A Text and Reference Work, page
      169 (1970), published by American Veterinary Publications, Inc., 114 North
      West Street, Wheaton, Illinois]. Since trichlorfon is quite toxic to
      mammals, higher dosages are not recommended if toxic manifestations are to
      be avoided.
PAR  The other component of the present compositions,
      1-6-phenyl-2,3,5,6-tetrahydroimidazo [2,1-b] thiazole hydrochloride, also
      referred to herein after as "levamisole hydrochloride," is an anthelmintic
      which is very effective for the removal of ascarids, pinworms and the most
      pathogenic large strongyle, Strongylus vulgaris. By itself, levamisole
      hydrochloride is somewhat less effective in the removal of the large
      strongyle, Strongylus edentatus. The efficacy of
      1-6-phenyl-2,3,5,6-tetrahydroimidazo [2,1-b] thiazole hydrochloride
      against small strongyles when administered to horses (Clarkson et. al.,
      Annals of Tropical Medicine and Parasitology, Volumn 65, No. 1, 1971) is
      not uniformly high even at a dose of 20 mg./kg. The mean efficiency of
      levamisole hydrochloride was 13.0% at 7.5 mg./kg. (two animals); 5.6% at
      10.0 mg./kg. (two animals); 61.4% at 15 mg./kg. (four animals); and 63.4%
      at 20 mg./kg. (seven animals). At the dosage levels of 20 mg./kg., or
      higher, the resulting toxicosis produces profuse sweating, lacrimation and
      hyperexcitability.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has been found that by combining trichlorfon with levamisole
      hydrochloride, there is obtained a combination that is particularly useful
      in that it has excellent efficacy against small strongyle without
      evidencing increased mammalian toxicity.
PAR  The present invention provides an anthelmintic for equine species,
      particularly horses, donkeys, ponies, burrows, and mules, comprising
      trichlorfon and levamisole hydrochloride in a weight ratio of from about 2
      to 5 parts by weight of trichlorfon to each part by weight of levamisole
      hydrochloride. The composition of this invention is especially useful in
      the control of ascarids, bots, large strongyles and pinworms, in various
      animals infested therewith, particularly in the control of small
      strongyles in horses. The present compositions are also effective for
      controlling cutaneous parasites such as Habronema muscae, H. microstoma,
      H. draschia and lung parasites such as Dictyocaulus arnfieldi.
PAR  It was further found that excellent results are obtained in equine species
      such as horses by the oral administration of a combination of about 40
      mg./kg. body weight of trichlorfon and 8 mg./kg. body weight of levamisole
      hydrochloride.
PAR  The composition of this invention may be administered orally, or may be
      injected intravenously, subcutaneously, or intraperitoneally. Oral
      administration may be in the form of (1) a powder that can be mixed in the
      feed, (2) a bolus administered by means of a balling gun, (3) a mixture
      either dissolved or dispersed in water and administered by means of a
      stomach tube or drench, (4) a dose syringe such as used to administer a
      paste, and (5) a mash or pelleted feed formulation.
PAR  The desired therapeutic effect of the combination of trichlorfon and
      levamisole hydrochloride may also be obtained by administering the
      anthelmintics separately but in an immediate sequential manner rather than
      as a mixture to obtain similar results.
PAR  In practice, the anthelmintic composition of this invention will generally
      be formulation with conventional solid or liquid adjuvants or formulation
      aids. Illustrative of the preparation of such an anthelmintic composition
      is the following:
PAR  Components A and B are prepared separately by blending the following solid
      ingredients together:
     Composition of Component A                                                
     ______________________________________                                    
      Ingredient        Percent by Weight                                      
     ______________________________________                                    
     Trichlorfon        47.6                                                   
     Cab-o-Sil (fused silica)                                                  
                         0.1                                                   
     Dextrose, anhydrous                                                       
                        52.3                                                   
     Composition of Component B                                                
     ______________________________________                                    
      Ingredient        Percent by Weight                                      
     ______________________________________                                    
     Levamisole . HCl   15.4                                                   
     Cab-o-Sil           0.1                                                   
     Lactose, anhydrous 84.5                                                   
     ______________________________________                                    
PAR  At a dosage level of 8 mg. of levamisole hydrochloride per kilogram of
      animal body weight and 40 mg. of trichlorfon per kilogram of animal body
      weight, one would use 9.56 grams of Composition of component A with 5.92
      grams of Composition of component B for each 250 pounds of animal body
      weight to be treated. The total daily dose of anthelmintics based on ratio
      of 5 to 1 trichlorfon to levamisole may vary from 4 grams to about 40
      grams depending on the weight of the animal.
PAR  The active components of this invention can be used in other equine species
      as ingredients of compositions such as tablets; the principal active
      components are mixed with conventional tableting ingredients such as corn
      starch, lactose, sucrose, sorbitol, talc, stearic acid, magnesium
      stearate, dicalcium phosphate, gums, or similar materials as non-toxic
      pharmaceutically acceptable diluents or carriers. The tablets or pills of
      the novel compositions can be laminated or otherwise compounded to provide
      a dosage form affording the advantage of prolonged or delayed action or
      predetermined successive action of the enclosed medication. For example,
      the tablet or pill can comprise an inner dosage and an outer dosage
      component, the latter being in the form of an envelope over the former.
      The two component compositions can be separated by an enteric layer which
      serves to resist disintegration in the stomach and permits the inner
      portion to pass intact into the duodenum or to be delayed in release. A
      variety of materials can be used for such enteric layers or coatings, such
      materials including a number of polymeric acids or mixtures of polymeric
      acids with such materials as shellac, shellac and cetyl alcohol, cellulose
      acetate and the like. A particularly advantageous enteric coating
      comprises a styrene maleic acid copolymer together with known materials
      contributing to the enteric properties of the coating.
PAR  The liquid forms in which the novel compositions of the present invention
      may be incorporated for administration include suitably flavored emulsions
      with edible oils, such as, cottonseed oil, sesame oil, coconut oil, peanut
      oil, and the like, as well as elixirs and similar pharmaceutical vehicles.
      Sterile suspensions or solutions can be prepared for parenteral use.
      Isotonic preparations containing suitable preservatives are also desirable
      for injection use.
PAR  The term dosage form as described herein refers to physically discrete
      units suitable as unitary dosage for equine species, each unit containing
      a predetermined quantity of active components calculated to produce the
      desired therapeutic effect in association with the required pharmaceutical
      diluent, carrier or vehicle. The specification for the novel dosage forms
      of this invention are indicated by characteristics of the active
      components and the particular therapeutic effect to be achieved or the
      limitations inherent in the art of compounding such active components for
      therapeutic use in mammals as disclosed in this specification. Examples of
      suitable oral dosage forms in accord with this invention, for example,
      tablets, capsules, pills, powder packets, granules, wafers, cachets,
      teaspoonfuls, dropperfuls, ampules, vials, segregated multiples of any of
      the foregoing and other forms as herein described.
PAC  SPECIFIC EXAMPLES
PAR  In order that the present invention may be more fully understood, the
      following examples are given primarily by way of illustration. No specific
      details or enumerations contained therein should be construed as
      limitations on the present invention, except insofar as they appear in the
      appended claims. All parts and percentages are by weight unless otherwise
      specifically designated.
DETD
PAC  EXAMPLE 1
PAR  In this example, the test animal is a 296 kg. horse which is naturally
      infected with parasites. In the critical tests, efficacy evaluations are
      made to determine activity against naturally acquired infections of bots,
      ascarids, large and small strongyles and pinworms.
PAR  After weighing out the trichlorfon and levamisole hydrochloride for the
      desired dosage, 40 mg./kg. and 8 mg./kg. body weight, respectively, the
      materials are dissolved in combination in 250 ml. of deionized water.
      Gastric intubation is used to administer the solution, and the tube is
      rinsed with 250 ml. of deionized water to insure complete administration
      to the animal.
PAR  A complete collection is made of the feces excreted during a six-day
      interval between treatment and necropsy. At 24-hour intervals, feces are
      collected, weighed, crumpled, mixed and sampled by the removal of 500 g.
      for each 5,000 g. or fraction thereof. The sample is fixed by saturation
      with 10% formalin solution, and the remains are carefully picked through
      to count the large parasites (bots, ascarids, pinworms and large
      strongyles).
PAR  The animal is killed and necropsied after a six-day post-treatment
      interval, and a complete examination is made of the contents and linings
      of the gastrointestinal tract for the large parasites. In addition, a
      sampling procedure similar to that described for the feces is employed on
      the cecal, ventral colon, and dorsal colon contents to estimate the number
      of small parasites.
PAR  In this particular case, the combination is effective in the removal of 96%
      of the small strongyles. The combination is also effective in the removal
      of the most pathogenic large strongyle, Strongylus vulgaris and bots
      (Gasterophilus spp.). The results are summarized in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Critical Activity of                                                      
     Levamisole.HCl/Trichlorfon in Horses                                      
     ______________________________________                                    
     Percent Removal.sup.(a)                                                   
     ______________________________________                                    
     Large         Small                                                       
     Strongyles    Strongyles Bots                                             
     ______________________________________                                    
     S.v.    S.e.                 G.i.    G.n.                                 
     ______________________________________                                    
      96     58        96         99      100                                  
     100     67        93         97      100                                  
     100     100       85         59      --                                   
     ______________________________________                                    
      .sup.(a) S.v. = Strongylus vulgaris                                      
      S.e. = Strongylus edentatus                                              
      G.i. = Gasterophilus intestinalis                                        
      G.n. = Gasterophilus nasalis                                             
PAC  EXAMPLE 2
PAR  In this example, 1-6-phenyl-2,3,5,6-tetrahydroimidazo-[2,1-b]thiazole
      hydrochloride is administered orally to a horse at a dose level of 8
      mg./kg. body weight. The results, summarized in Table II, shows that
      1-6-phenyl-2,3,5,6-tetrahydroimidazo[2,1-b]thiazole hydrochloride is not
      very effective for removal of small strongyles from horses.
TBL                TABLE II                                                    
     ______________________________________                                    
     Critical Activity of Levamisole Hydrochloride                             
     at 8 mg./kg. Against Strongyles in Horses                                 
     ______________________________________                                    
     Percent Removal.sup.(a)                                                   
     ______________________________________                                    
     Large         Small                                                       
     Strongyles    Strongyles Bots                                             
     ______________________________________                                    
     S.v.    S.e.                 G.i.    G.n.                                 
     ______________________________________                                    
     100     47        24         &lt;1      0                                    
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  In this example, 0,0-dimethyl (2,2,2-trichloro-1-hydroxyethyl)phosphonate
      was administered orally to four horses at a dosage level of 40 mg./kg.
      body weight. The results, summarized in Table III, show that 0,0-dimethyl
      (2,2,2-trichloro-1-hydroxyethyl)phosphonate at 40 mg./kg. body weight is
      not very effective for the removal of either large or small strongyles
      from horses.
TBL                TABLE III                                                   
     ______________________________________                                    
     Critical Activity of Trichlorfon at 40 mg./kg.                            
     Against Strongyles in Horses                                              
     ______________________________________                                    
     Percent Removal                                                           
     ______________________________________                                    
     Large Strongyles    Small Strongyles                                      
     ______________________________________                                    
     Strongylus Strongylus                                                     
     vulgaris   edentatus                                                      
     10         5            30                                                
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. An anthelmintic composition for controlling strongyles in equine species
      comprising 0,0-dimethyl (2,2,2-trichloro-1-hydroxyethyl)phosphonate and
      1-6-phenyl-2,3,5,6-tetrahydroimidazo[2,1-b]thiazole hydrochloride in an
      amount of from 4 grams to about 40 grams in a weight ratio of 5 parts by
      weight of 0,0-dimethyl (2,2,2-trichloro-1-hydroxyethyl)phosphonate to each
      part by weight of 1-6-phenyl-2,3,5,6-tetrahydroimidazo[2,1-b]-thiazole
      thiazole hydrochloride.
NUM  2.
PAR  2. A method for controlling strongyles in equine species, which comprises
      administering orally or parenterally to said infested equine species an
      anti-strongyles effective amount of a composition of 5 parts by weight of
      0,0-dimethyl (2,2,2-trichloro-1-hydroxyethyl)-phosphonate to each part by
      weight of 1-6-phenyl-2,3,5,6-tetrahydroimidazo[2,1-b]thiazole
      hydrochloride.
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PAL  Science, Vol. 40, No. 3574, pp. 1367-1373,  (1963).
PAL  Soap & Sanitary Chemicals, Vol. 18, No. 4, pp. 97-99, 105 & 107, (1942).
PAL  Pesticide Index, Freak, p. 196, (1963).
PAL  Modern Insecticides & World Food Prod., Gunther & Jeppson, P. 249, (1960).
ABST
PAL  A fly killing composition in granular form characterized by synergistic
      attractant properties, an unusually long useful life, and substantial
      resistance to inactivation due to moisture. The composition comprises a
      combination base of granular, dark colored fly attractant such as fish
      food containing meat by-product material, in conjunction with a cooked,
      bright yellow, sugar-based attractant. These materials are coated with and
      absorb into the interstices thereof fly-toxic quantities of a mixture of
      2,2-dichlorovinyl 0,0-dimethyl phosphate and 0,0-dimethyl
      0-2,4,5-trichlorophenylphosphorothioate. A dusting powder applied to the
      insecticide impregnated particles assures that the surfaces thereof
      present a dull appearance notwithstanding the presence of a substantial
      amount of sugar in the bait formulation. The resultant fly killing
      composition is extremely effective in attracting flies thereto, and by
      virtue of the fact that the toxicants thereof are absorbed into the
      attractant base, the bait is not susceptible to moisture inactivation and
      flies alighting thereon are not repelled by the toxicant but rather are
      quickly killed thereby. The preferred method of use comprises spreading a
      thin layer of granular bait on the ground or other surface proximal to
      areas where flies tend to congregate, for example in dairy barns or
      poultry-keeping pens.
PARN
PAC  CROSS REFERENCE
PAR  This is a continuation-in-part of copending application Ser. No. 359,767,
      filed May 14, 1973 now abandoned and entitled FLY KILLING COMPOSITION. The
      common subject matter of the parent application is expressely incorporated
      by reference herein.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a fly killing composition for use on the ground
      or other horizontal surfaces and which is especially useful in areas of
      high fly population such as dairy barns and poultry-keeping pens. More
      particularly, it is concerned with a composition that has improved fly
      attractant characteristics in conjunction with an unusually long useful
      life and is substantially impervious to the inactivating effects of
      moisture.
PAR  In the past, granular fly killing compositions for use in the areas
      described have comprised coarsely ground, granular sugar as an attractant
      base in conjunction with an insecticide coating thereover. Typical
      insecticides used in these formulations included 2,2-dichlorovinyl
      0,0-dimethyl phosphate and 0,0-dimethyl
      0-2,4,5-trichlorophenylphosphorothioate, each being used alone or in
      combination. The former is commonly referred to in the art as "DDVP", and
      the latter is referred to as "ronnel".
PAR  In practice however, the presently available fly killing compositions are
      deficient in several important respects. First, they generally exhibit
      only very short active fly-killing lives, which of course necessitates
      continual removal of spent bait and replacement thereof. For example,
      conventional granulated sugar based fly baits treated with DDVP alone are
      normally effective only for a period of about 48 hours, and even this time
      is lessened during extremely hot and humid weather. Similarly, a
      combination of DDVP and ronnel on granulated sugar usually has a maximum
      effective life of no longer than about 2 or 3 days. Lack of longevity is
      believed to be at least partly attributable to the fact that the toxicants
      are not significantly absorbed into the sugar attractant but reside on the
      surfaces of the crystals thereof and thus dissipate rather rapidly into
      the atmosphere, particularly during hot weather use when the pesticide is
      most sorely needed.
PAR  The effectiveness of these baits is further diminished because of the fact
      that moisture in the form of rainfall or the like serves to at least
      partially inactivate the composition because the sugar dissolves in
      rainwater and the granules either wash away or slowly disentegrate,
      causing rapid loss of the toxic agent. Hence, it is often necessary to
      replace these compositions after a rainfall because of the fact that they
      are no longer capable of killing flies.
PAR  Finally, some fly baits, particularly of the granulated sugar type which
      have only a surface coating of toxicant thereon have in fact repelled
      flies initially attracted thereto before the same could be killed. This is
      believed to occur at least in part because the shiny surfaces of the sugar
      granules repels the flies and the toxicant is relatively ineffective
      unless the insects directly contacted the active agent or are subjected to
      a lethal dose of the vapor thereof.
PAR  Hence, there is a great need in the art for an effective fly killing
      composition which attracts flies thereto without a subsequent repellent
      effect, is operative for an extended period of time, and can be employed
      without fear of rapid inactivation by virtue of adverse atmospheric
      conditions.
PAC  SUMMARY
PAR  The granular fly killing composition in accordance with the invention
      broadly comprise a major proportion of bright yellow, cooked, sugar-based
      attractant in conjunction with dark, highly absorptive meat-containing
      attractant granules interspersed therethrough. These granular base
      materials are treated with fly toxic quantities of 2,2-dichlorovinyl
      0,0-dimethyl phosphate and 0,0-dimethyl
      0-2,4,5-trichlorophenylphosphorothioate in order to thoroughly impregnate
      the same and effect at last partial absorption of the toxicant agents into
      the interstices of the base. A dusting powder applied to the treated
      granules renders the particles thereof of such dull appearance that there
      is no tendency for flies to be repelled from the bait because of shiny
      surface characteristics. The resultant final product is basically yellow
      in color with the dark meat-containing granules scattered throughout. This
      combination of colors has proven to be synergistically effective in
      attracting flies, and acc
PAR  It is known that sufficiently dark granules can in some instances attract
      insects such as mosquitos by virtue of their appearance alone; however, in
      the development of the present invention it has been unexpectedly
      discovered that fly attraction is measurably enhanced when bright yellow,
      sugar-based fly attractant materials are incorporated therewith to form a
      less expensive combination attractant base of pleasing appearance to the
      user.
PAR  The bright yellow attractant base is preferably a mixture of sugar, corn
      syrup, corn grits and cereal, egg yolk and milk powders, vegetable oil and
      yellow food grade dye which are mixed, cooked and granulated into bits. In
      this connection, especially advantageous results are obtained by cooking
      the base in a continuous extrusion cooker followed by chopping or crushing
      in conventional apparatus to yield a free-flowing, irregular granular
      product. Coating of toxicant impregnated bits with a dry powder
      composition similar to the formula of the base bits increases the
      attractant properties of the base, not only with respect to house flies,
      but also other species of flies such as blow flies. This is a particularly
      desirable feature of the present invention, in that blow flies and similar
      species are not generally attracted to sugar baits.
PAR  The dark meat-containing component of the compositions hereof is likewise
      preferably an extrusion cooked, absorptive product which contains beef
      meat scraps and by-products, dried poultry by-products, and ground meals
      such as cottonseed, soybean, milo, wheat and dehydrated alfalfa.
PAR  It has also been found that through the use of appropriate quantities of
      the defined insecticides, the toxicants are rendered non-repellent to
      flies and give kills equivalent to relatively high levels of each when
      used alone. Therefore, it is possible to employ minimum amounts of each of
      the two insecticides, and when used with the attractant base described, a
      synergistic result is produced thereby.
PAR  A prime advantage of the fly killing compositions of the present invention
      results from the fact that they remain active for extremely long periods,
      both during storage and when in actual use. For example, a typical
      composition in accordance with the invention remains effective for up to
      seven days even under outdoor exposure conditions. Moreover, the
      composition is highly resistant to moisture inactivation from rainfall,
      and therefore can be employed in areas heretofore impossible to protect
      using prior fly killing compositions. The unexpectedly long useful life of
      the fly killing composition appears to be attributable to the fact that
      the organic matter thereof absorbs the active toxicant agents and very
      slowly releases the same over time substantially at the rate required for
      killing of flies exposed thereto. Most importantly, this effect obtains
      even after the composition has been on the ground for an extended period
      of time, for example two to three times longer than the effective fly
      killing lives of conventional sugar baits.
PAR  The method of use of the improved fly killing composition disclosed herein
      involves simply spreading a thin layer of the material in fly attracting
      dispostion. This can either be directly on the flooring of barns, or on
      the ground in livestock pens or the like where flies normally congregate.
DETD
PAC  DETAILED DESCRIPTION
PAR  As outlined above, it has been found that highly absorptive, dark colored,
      granular attractant base materials containing meat by-products such as
      beef scraps and by-products and dried poultry materials is especially
      effective as a fly attractant when used in conjunction with a bright
      yellow colored, cooked, sugar-based attractant. Although the meat
      by-products are believed to be the principal fly attractant agent in the
      dark granules, such materials can also be mixed with ground meals such as
      cottonseed, soybean, milo, wheat and dehydrated alfalfa and mixtures
      thereof to good effect. The following percentages of such components have
      been found to yield particularly efficacious dark attractant materials,
      when extruded or pelletized into a relatively coarse, granular state:
TBL                TABLE I                                                     
     ______________________________________                                    
     Beef Scraps and By-Products                                               
                       15.00 - 20.00%                                          
     Dried Poultry By-Products                                                 
                       10.00 - 15.00%                                          
     Cottonseed Meal   15.00 - 20.00%                                          
     Soybean Meal      10.00 - 15.00%                                          
     Pulverized Milo   15.00 - 20.00%                                          
     Wheat Middlings   1.00 - 5.00%                                            
     Dehydrated Alfalfa Meal                                                   
                       10.00 - 15.00%                                          
     ______________________________________                                    
PAL  (All percentages given by weight; remaining components, if any, are inert
      ingredients).
PAR  The above-defined dark attractant compositions also find utility as fish
      food for use in commercial-scale fish farming, and the components listed
      give exemplary fish food compositions. While such dark attractant granules
      can serve alone as a fly attractant, they are somewhat objectionable for
      several reasons. Specifically, such materials are relatively expensive to
      produce, especially when large quantities thereof are needed. Furthermore,
      the uniformly dark appearance thereof renders the resulting composition
      unattractive to the eye, and makes it difficult to discern the remains of
      flies killed thereby.
PAR  In this connection it has been found that an extremely effective fly
      attracting and killing composition can be produced by using as little as
      from 2 to 20% by weight of such fish food pellets, with the major
      proportion of the remainder of the composition (e.g., from about 70 to 90%
      by weight), being composed of a bright yellow, sugar-based product. For
      example, particularly effective bright yellow sugar-based attractants
      comprise the following:
TBL                TABLE II                                                    
     ______________________________________                                    
     .sup.1 Sugar      40.00 - 60.00                                           
     Corn Syrup        10.00 - 15.00                                           
     Corn Grits        20.00 - 30.00                                           
     Corn Cereal        5.00 - 10.00                                           
     Egg Yolk Powder   0.01 - 0.10                                             
     Milk Powder       0.25 - 1.00                                             
     Vegetable Oil     1.00 - 5.00                                             
     Yellow Food Grade                                                         
      Coloring         0.15 - 0.50                                             
     ______________________________________                                    
      .sup.1 all data given in parts by weight                                 
PAR  Following conventional extrusion cooking of the above mixture, the cooked
      product is cut and sized utilizing a standard rotary cracker or chopper
      and an 8 mesh screen, with the fines being separated out.
PAR  The dark and yellow attractant base materials described are then thoroughly
      admixed and subsequently sprayed with a mixture of 2,2-dichlorovinyl
      0,0-dimethyl phosphate and 0,0-dimethyl
      0-2,4,5-trichlorophenylphosphorothioate in order to produce an effective
      fly killing composition. This mixture is employed in an amount that is
      toxic to flies in proximity thereto but is not repellent to the insects.
      That is, it has been found that when excessive amounts of these
      insecticides are employed, an undesirable fly repellant effect can be
      produced. Additionally, amounts can be used which tend to diminish the
      "arrestant" effect of the composition. In such a case, flies will
      initially be attracted by the composition and commence to land or stay on
      the bait only momentarily and thereby not be subjected to a lethal dose of
      the toxic agents. By virtue of the use of an organic compressed material
      such as dark colored fish food for the principal attractant, the pesticide
      agents are only slowly and relatively uniformly released therefrom. This
      rate is not significantly affected even if it rains on the product since
      the water cannot readily wash the agents out of the interior cavities of
      the fish food granules.
PAR  Therefore, it is necessary to utilize the defined insecticide within the
      relatively narrow limits of practical use. In particular, it has been
      found that a mixture of from 0.10 to 3% 2,2-dichlorovinyl 0,0-dimethyl
      phosphate and from 0.25 to 2% of 0,0-dimethyl
      0-2,4,5-trichlorophenylphosphorothioate is particularly advantageous, both
      percentages being by weight and based upon the total weight of the treated
      granules. In the most preferred form, DDVP is employed at a level of about
      0.47 weight percent while ronnel is used at a level of about 0.54 weight
      percent, both toxicants being admixed in a minimum of methylene chloride
      or other suitable volatile solvent. As much as possible, the solvent
      employed is volatized during subsequent preparation procedures in order to
      minimize any repellent effects of the solvent itself and to "fix" the
      toxicants within the base therefor.
PAR  In the use of the preferred treated insecticide-treated attractant granules
      described above, it has also been found helpful to coat the latter with a
      dusting powder comprising finely ground, particulate composition
      containing dried milk, dried egg yolks, yellow food dye and a density
      controlling agent such as hydrated amorphous silica oxide. A coating using
      such a composition is most effectively applied to the base granules after
      the toxicant solution thereon has dried and absorbed into the interstices
      thereof to impart a dull surface appearance to the bait particles. The
      compositions can advantageously contain from 0-10% dried milk, from 0-5%
      dried egg yolks, 0.1-5% hydrated amorphous silica oxide and from 0-0.5%
      yellow dye, all percentages by weight based upon the total weight of the
      fly-killing composition.
PAR  The following example is given in order to illustrate the production of
      preferred fly killing composition in accordance with the invention, but
      the specifics thereof are not to be construed as limitations on the
      overall scope of the invention.
PAC  EXAMPLE
PAR  A dark, brown-black pelletized fish food composition containing the
      components listed below was prepared by admixing the various components
      and extruding the latter in a conventional cooker-extruder using steam and
      elevated pressures. The ingredients employed in the production of this
      fish food product are as follows:
TBL                TABLE III                                                   
     ______________________________________                                    
     Cottonseed Meal          15.50    lbs.                                    
     Soybean Meal             13.25                                            
     Pulverized Milo          15.33                                            
     Dicalcium Phosphate      3.77                                             
     Salt                     0.55                                             
     Vitamin Concentrate      0.45                                             
     Wheat Middlings          4.40                                             
     Dehydrated Alfalfa Meal  10.00                                            
     Beef Scraps and By-Products                                               
                              18.50                                            
     Dried Poultry By-Products                                                 
                              13.50                                            
     Molasses                 2.50                                             
     Bentonite                1.25                                             
     Calcium Carbonate        1.00                                             
                              100.00   lbs.                                    
     ______________________________________                                    
PAR  Upon exiting from the extruder the cooked product was cut and sized through
      an 8 mesh screen in order to produce a granular, dark, absorptive organic
      fly attractant.
PAR  In like manner, the bright yellow, sugar based component of the composition
      was produced by extrusion-cooking methods. In particular, the following
      ingredients were intitially admixed and passed through a standard
      cooker-extruder under normal operating conditions of high temperature,
      pressure and shear:
TBL                TABLE IV                                                    
     ______________________________________                                    
     .sup.1 Sugar           52.00                                              
     Corn Syrup             12.00                                              
     Corn Grits             26.00                                              
     Egg Yolk Powder        0.06                                               
     Milk Powder            0.50                                               
     Vegetable Oil          2.00                                               
     Yellow Dye (Food Grade)                                                   
                            0.38                                               
     ______________________________________                                    
      .sup.1 all data given in parts by weight                                 
PAR  After cooking, the bright yellow product was sized by utilization of a
      conventional rotary chopper or cracker which employs a pair of rotating,
      slightly spaced rollers for sizing. Following chopping, the yellow
      granular material was passed through a vibrating 8 mesh screen whereupon
      the correctly sized granules were collected and the larger granules
      returned to the chopper for further treatment. Any fines carried with the
      8 mesh granules were removed by screening the latter with a 20 mesh
      screen, whereupon the fines were returned for inclusion with the next
      batch.
PAR  The final fly killing composition comprised the following ingredients, all
      given on a weight percentage basis:
TBL                TABLE V                                                     
     ______________________________________                                    
     Yellow Sugar Base      81.20%                                             
     Dark Fish Food Granules                                                   
                            15.00%                                             
     67% Ronnel (Dow Chemical Co.)                                             
                            0.80%                                              
     93% DDVP (Shell Chemical Co.)                                             
                            0.50%                                              
     Beta Napthol (Stabilizer for DDVP)                                        
                            0.50%                                              
     Dried Milk Powder (Carnation Co.)                                         
                            1.50%                                              
     Dried Egg Yolk Powder  0.25%                                              
     .sup.1 Hisil(R) 233    0.22%                                              
     Yellow Brilliant Dye   0.33%                                              
                            100.00%                                            
     ______________________________________                                    
      .sup.1 Hydrated amorphous silica oxide sold by PPG Industries of         
      Pittsburgh, Pennsylvania                                                 
PAR  The above listed constituents were handled in the following manner. The
      completely cooled fish food and yellow sugar based granules were first
      introduced into a rotary barrel tumbler and thoroughly admixed. A
      previously prepared toxicant solution containing the DDVP, ronnel and beta
      napthol in a minimum of methylene chloride solvent was then sprayed onto
      the tumbling attractant base granules while mixing thereof continued. At
      this point the initial liquid toxicant solution was allowed to dry and
      absorb into the base materials for a period of at least about 10 minutes.
PAR  The treated base granules were then coated with a dry particulate mixture
      of the blended milk, egg yolks, silica oxide and dye while tumbling was
      continued for about 10 minutes. The resulting finished granular product
      was generally bright yellow in color with partially coated brown-black
      fish food pellets interspersed throughout.
PAR  Additionally, it should be noted that the residual solvent employed in the
      toxicant solution has been proven by field test not to be repellent to
      flies, and that any other appropriate solvent of like properties can be
      employed in its place.
PAR  Compositions in accordance with the invention as a class give excellent fly
      killing results when utilized in any area where flies congregate. This
      enhanced utility is believed to stem from the fact that a synergistic fly
      attractant action occurs through the use of yellow sugar-based granules in
      conjunction with dark, organic, meat-containing granules such as the
      exemplary fish food preparation described. Moreover, by virtue of the fact
      that the toxicants utilized are at least partially absorbed into the
      carrier base therefor, the arrestant and killing effects alluded to
      previously are amplified, and the toxicants do not exhibit a repellent
      tendency on flies. This feature also provides the compositions hereof with
      a high degree of resistance to moisture inactivation, permitting
      utilization of the compositions in outside areas around dairy barns or the
      like.
PAR  In field tests with the present fly killing compositions it has been
      demonstrated that the latter give considerably higher kills over extended
      periods of time than those of the prior art. It is also significant that
      the identical toxicants are employed in some of the prior compositions, as
      compared to those presently employed. Nevertheless, a significantly higher
      kill resulted with the instant compositions, thus confirming the
      synergistic effect thereof.
PAR  The flies killed in these tests were of many varieties, for example Musca
      domestica, Fannia, Phormia and Callephora. Additionally, a number of other
      insects such as ants, sowbugs and roaches can also be killed after
      adequate contact with the present composition.
PAR  It has also been found that the fly baits hereof are useable in virtually
      any area where flies congregate. For example, the compositions can be
      spread in fly attracting disposition around dairy barns, poultry houses or
      other livestock pens to good effect. In this connection, it was determined
      that one-fourth pound quantity of the composition of the Example is
      adequate to effectively cover an area of about 500 square feet and protect
      the latter from flies for an extended period.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. A fly killing composition, comprising: from about 2 to 20% by weight,
      based upon the total weight of the composition, of a dark, organic,
      absortive granular component comprising:
TBL  Beef Meal Scraps and By-Products                                          
                          15.00 -   20.00%                                     
     Dried Poultry By-Products                                                 
                          10.00 -   15.00%                                     
     Cottonseed Meal      15.00 -   20.00%                                     
     Soybean Meal         10.00 -   15.00%                                     
     Pulverized Milo      15.00 -   20.00%                                     
     Wheat Middlings      1.00 -     5.00%                                     
     Dehydrated Alfalfa Meal                                                   
                          10.00 -   15.00%                                     
PAL  wherein all precentages immediately above are given on a weight basis and
      separately total 100%;
PA1  from about 70 to 90% by weight, based upon the total weight of the
      composition of a cooked yellow, sugar-based granular component comprising:
TBL  Sugar                40.00 -   60.00%                                     
     Corn Syrup           10.00 -   15.00%                                     
     Corn Grits           20.00 -   30.00%                                     
     Corn Cereal          5.00 -    10.00%                                     
     Egg Yolk Powder      0.01 -     0.10%                                     
     Milk Powder          0.25 -     1.00%                                     
     Vegetable Oil        1.00 -     5.00%                                     
     Yellow Food Grade Coloring                                                
                          0.15 -     0.50%                                     
PA1  wherein all precentages immediately above are given on a weight basis and
      separately total 100%;
PA1  a toxicant mixture residing on the surface of said granular components and
      being at least partially absorbed into the interstices thereof, said
      toxicant mixture comprising from about 0.10 to 3.00% by weight
      2,2-dichlorovinyl 0,0-dimethyl phosphate, based upon the total weight of
      the composition, and from about 0.25 to 2.00% by weight 0,0-dimethyl
      0-2,4,5-trichlorophenylphosphorothioate, based upon the total weight of
      the composition; and
PA1  a particulate coating mixture on said granular components and comprising
      from about 0 to 10% dried milk, from about 0-5% dried egg yolks, from
      about 0.1 to 5% hydrated amorphous silica oxide and yellow food dye in
      sufficient quantity to give the coating mixture a yellow color, all
      percentages being based on the total weight of the composition.
NUM  2.
PAR  2. The fly killing composition of claim 1, wherein said 2,2-dichlorovinyl
      0,0-dimethyl phosphate is employed in an amount of about 0.57% by weight
      and said 0,0-dimethyl 0-2,4,5-trichlorophenylphosphorothioate is employed
      in an amount of about 0.54% by weight, both based upon the total weight of
      the composition.
NUM  3.
PAR  3. A method of killing flies which comprises placing in fly attracting
      disposition a composition which comprises:
PA1  from about 2 to 20% by weight, based upon the total weight of the
      composition, of a dark, organic, absortive granular component comprising:
TBL  Beef Meal Scraps and By-Products                                          
                          15.00 -   20.00%                                     
     Dried Poultry By-Products                                                 
                          10.00 -   15.00%                                     
     Cottonseed Meal      15.00 -   20.00%                                     
     Soybean Meal         10.00 -   15.00%                                     
     Pulverized Milo      15.00 -   20.00%                                     
     Wheat Middlings      1.00 -     5.00%                                     
     Dehydrated Alfalfa Meal                                                   
                          10.00 -   15.00%                                     
PA1  wherein all percentages immediately above are given on a weight basis and
      separately total 100%;
PA1  from about 70 to 90% by weight, based upon the total weight of the
      composition of a cooked yellow, sugar-based granular component comprising:
TBL  Sugar                40.00 -   60.00%                                     
     Corn Syrup           10.00 -   15.00%                                     
     Corn Grits           20.00 -   30.00%                                     
     Corn Cereal          5.00 -    10.00%                                     
     Egg Yolk Powder      0.01 -     0.10%                                     
     Milk Powder          0.25 -     1.00%                                     
     Vegetable Oil        1.00 -     5.00%                                     
     Yellow Food Grade Coloring                                                
                          0.15 -     0.50%                                     
PA1  wherein all precentages immediately above are given on a weight basis and
      separately total 100%;
PA1  a toxicant mixture residing on the surface of said granular components and
      being at least partially absorbed into the interstices thereof, said
      toxicant mixture comprising from about 0.10 to 3.00% by weight
      2,2-dichlorovinyl 0,0-dimethyl phosphate, based upon the total weight of
      the composition, and from about 0.25 to 2.00% by weight 0,0-dimethyl
      0-2,4,5-trichlorophenylphosphorothioate, based upon the total weight of
      the composition; and
PA1  a particulate coating mixture on said granular components and comprising
      from about 0 to 10% dried milk, from about 0-5% dried egg yolks, from
      about 0.1 to 5% hydrated amorphous silica oxide and yellow food dye in
      sufficient quantity to give the coating mixture a yellow color, all
      percentages being based on the total weight of the composition.
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PAL  Compounds of the formula:
      ##SPC1##
PAL  Wherein R is hydrogen prepared in unit dosage form with appropriate
      pharmaceutical carrier for oral and parenteral administration and process
      of producing regression in subjects with advanced or disseminated mammary
      cancer in woman.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 393,851, filed Sept. 4, 1973, now abandoned which in turn is a
      continuation-in-part of application Ser. No. 160,900, filed July 8, 1971
      (now abandoned), which in turn is a continuation of application Ser. No.
      855,050, filed Sept. 3, 1969 (now abandoned), which in turn is a
      continuation-in-part of application Ser. No. 823,490, filed May 9, 1969
      (now abandoned).
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to new and useful pharmaceutical compositions, in
      unit dosage form, comprising a compound of the formula:
      ##SPC2##
PAL  Wherein R is hydrogen in association with a pharmaceutical carrier. The
      invention also encompasses a process for producing regression of advanced
      or disseminated mammary cancer by administering to said subjects the
      foregoing compositions.
DETD
PAC  DETAILED DESCRIPTION
PAR  The term androstane is used herein to designate 5.alpha.-androstane.
PAR  The compound can be prepared following the instructions in U.S. Pat. No.
      3,262,949. 7.beta.,17.alpha.-dimethyltestosterone
      (7.beta.,17.alpha.-dimethylandrost-4-ene-17.beta.-ol-3-one) is prepared
      according to Example 15 of U.S. Pat. No. 3,262,949.
PAR  It has been found in accordance with the present invention that regression
      of advanced or disseminated mammary cancer can be obtained in human
      subjects by the systemic administration of a compound of the Formula I.
      The term advanced or disseminated mammary cancer is used to designate a
      general class of treatable tumors whether or not a particular patient has
      responded previously to hormonal therapy with steroid agents, nonsteroidal
      hormonal agents, or ablative procedures. Advantageously the administration
      of a compound of the Formula I in women does not provoke significant
      virilizing side effects such as acne, hirsutism, increased libido or
      clitoral enlargement.
PAR  The following Table I is a tabulation of eight human females treated with
      7.beta.,17.alpha.-dimethyltestosterone. The Response* is evaluated in
      accordance with criteria developed by The Cooperative Breast Cancer Group
      (Cooperative Breast Cancer Group: Protocol 1 -- A cooperative study to
      evaluate experimental steroids in the therapy of advanced breast
      carcinoma. Cancer Chemo, Rpts. 11). A regression is called only if
      measurable tumor masses shrink, osteolytic lesions recalcify, and there
      are no lesions during the treatment period. An additional requirement is
      that the regression must be concurred in by two extramural examiners who
      review X-ray films, photographs and measurements without knowning which
      patient received which compound.
PAR  7.beta.,17.alpha. -Dimethyltestosterone is also known by the code number
      U-22,550.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     7.beta.,17.alpha.-dimethyltestosterone as Late Hormonal Therapy in        
     Advanced Breast Cancer                                                    
     (3.4 mg./kg./day by mouth for 6 weeks to 9 months)                        
                                     Previous                                  
                                           7.beta.,17.alpha.-dimethyltestostero
                                           ne                                  
           Maestec-        Previous  Treatment                                 
     Pt.                                                                       
        Age                                                                    
            tomy                                                               
                Site of Metastasis                                             
                           Treatment Response                                  
                                           Dose mg./day                        
                                                   Response*                   
     __________________________________________________________________________
     1. 53 1962 Osseous    Castration                                          
                                     Regression                                
                                           250     Osseous Regression          
                           Cortisol  "                                         
     2. 63 1966 Osseous    Cortisol +                                          
                           triiodothyronine                                    
                                     Failure                                   
                                           250     Osseous Regression          
                           Stilbestrol                                         
                                     "                                         
     3. 63 1963 Osseous    Stilbestrol                                         
                                     Failure                                   
                                           250     Osseous Regression          
                           Ethynyl estradiol                                   
                                     "                                         
     4. 57 1959,                                                               
                Visceral: lung                                                 
                           Stilbestrol                                         
                                     Failure                                   
                                           200     Pulmonary Regression        
           1967                                                                
     5. 58 1966 Visceral: RLQ mass                                             
                           Delatestryl                                         
                                     Failure                                   
                                           200     Visceral & Osseous          
                Osseous    Chlorambucil                                        
                                     "             Regression                  
     6. 54 1954,                                                               
           1957 Visceral:                                                      
                Pleural Osseous                                                
                           Stilbestrol                                         
                                     Failure                                   
                                           200     Osseous Regression          
     7. 53 1963 Osseous    .DELTA..sup.i -testololactone                       
                                     Failure                                   
                                           150     Osseous Regression          
                           Testosterone                                        
                           propionate                                          
                                     "             (Unreviewed)                
                           5-Fluorouracil                                      
                                     "                                         
     8. 52 1961 Osseous    Cortisol +                                          
                           Triiodothyronine                                    
                                     Failure                                   
                                           300     Osseous Regression          
                                                   (Unreviewed)                
     __________________________________________________________________________
PAR  The compositions of the present invention are presented for administration
      to humans and animals in unit dosage forms, such as tablets, capsules,
      pills, powders, granules, sterile parenteral solutions or suspensions, and
      oral solutions or suspensions, and oil-water emulsions containing suitable
      quantities of the compound of Formula I.
PAR  For oral administration either solid or fluid unit dosage forms can be
      prepared. For preparing solid compositions such as tablets, the compound
      of Formula I is mixed with conventional ingredients such as talc,
      magnesium stearate, dicalcium phosphate, magnesium aluminum silicate,
      calcium sulfate, starch, lactose, acacia, methylcellulose, and
      functionally similar materials as pharmaceutical diluents or carriers.
      Wafers are prepared in the same manner as tablets, differing only in shape
      and the inclusion of sucrose or other sweetener and flavor. In their
      simplest embodiment, capsules, like tablets, are prepared by mixing the
      steroid with an inert pharmaceutical diluent and filling the mixture into
      a hard gelatin capsule of appropriate size. Soft gelatin capsules are
      prepared by machine encapsulation of a slurry of the steroid with an
      acceptable vegetable oil, light liquid petrolatum or other inert oil.
PAR  Fluid unit dosage forms for oral administration such as syrups, elixirs,
      and suspensions can be prepared. The water-soluble forms can be dissolved
      in an aqueous vehicle together with sugar, aromatic flavoring agents and
      preservatives to form a syrup. An elixir is prepared by using a
      hydro-alcoholic (ethanol) vehicle with suitable sweeteners such as sugar
      and saccharin, together with an aromatic flavoring agent.
PAR  Suspensions can be prepared with a syrup vehicle with the aid of a
      suspending agent such as acacia, tragacanth, methylcellulose and the like.
PAR  For parenteral administration, fluid unit dosage forms are prepared
      utilizing the steroid and a sterile vehicle, water being preferred. The
      steroid, depending on the vehicle and concentration used, can be either
      suspended or dissolved in the vehicle. In preparing solutions the steroid
      can be dissolved in water for injection and filter sterilized before
      filling into a suitable vial or ampul and sealing. Advantageously,
      adjuvants such as a local anesthetic, preservative and buffering agents
      can be dissolved in the vehicle. To enhance the stability, the composition
      can be frozen after filling into the vial and the water removed under
      vacuum. The dry lyophilized power is then sealed in the vial and an
      accompanying vial of water for injection is supplied to reconstitute the
      liquid prior to use. Parenteral suspensions are prepared in substantially
      the same manner except that the steroid is suspended in the vehicle
      instead of being dissolved and sterilization cannot be accomplished by
      filtration. The steroid can be sterilized by exposure to ethylene oxide
      before suspending in the sterile vehicle. Advantageously, a surfactant or
      wetting agent is included in the composition to facilitate uniform
      distribution of the steroid.
PAR  The term unit dosage form as used in the specification and claims refers to
      physically discrete units suitable as unitary dosages for human subjects
      and animals, each unit containing a predetermined quantity of active
      material calculated to produce the desired therapeutic effect in
      association with the required pharmaceutical diluent, carrier, or vehicle.
      The specifications for the novel unit dosage forms of this invention are
      dicated by and directly dependent on (a) the unique characteristics of the
      active material and the particular therapeutic effect to be achieved, and
      (b) the limitations inherent in the art of compounding such an active
      material for therapeutic use in humans and animals, as disclosed in detail
      in this specification, these being features of the present invention.
      Examples of suitable unit dosage forms in accord with this invention are
      tablets, capsules, pills, suppositories, powder packets, granules, wafers,
      cachets, teaspoonfuls, tablespoonfuls, dropperfuls, ampuls, vials,
      segragated multiples of any of the foregoing, and other forms as herein
      described.
PAR  The dosage of the steroid for treatment depends on route of administration;
      the age, weight, and condition of the patient; and the particular disease
      to be treated. A daily dosage of from about 150 to 300 mg., in single or
      divided doses, embraces the effective range for treatment. The dosage is
      calculated on the basis of from about 1 to about 50 mg./kg. by weight of
      subject to be administered daily, although for injectable dosage forms,
      less frequent administration, e.g., 1 to 3 times per week, is preferred.
PAR  The steroid is compounded with a suitable pharmaceutical carrier in unit
      dosage form for convenient and effective administration. In the preferred
      embodiments of this invention, the dosage units contain the steroid in 50,
      100, 200 and 500 mg. amounts for systemic treatment; and 5 to 25% w/v for
      parenteral treatment. The dosage of compositions containing a compound of
      Formula I and one or more other active ingredients is to be determined
      with reference to the usual dosage of each such ingredient.
PAR  In addition to the administration of a compound of Formula I as the
      principal active ingredient of compositions for treatment of the
      conditions described herein, the said compound can be combined with other
      compounds to obtain advantageous combinations of properties. Such
      combinations include a compound of Formula I with thiotepa (20-60 mg.),
      chlorambucil (0.03-0.2 mg./kg.), cyclophosphamide (2.5-40 mg./kg.),
      fluorouracil (6-12 mg./kg.), vinblastine sulfate (0.1-0.5 mg./kg.), and
      dromostanolone propionate (50-100 mg. three times a week).
PAR  A compound of the Formula I, alone or in combination with one of the above
      drugs can also be administered at the time of mastectomy or other surgical
      procedure.
PAR  The following examples are illustrative of the best mode contemplated by
      the inventors for carrying out their invention and are not to be construed
      as limiting.
PAC  EXAMPLE 1
PAR  A lot of 10,000 tablets, each containing 50 mg. of
      7.beta.,17.alpha.-dimethyltestosterone is prepared from the following
      types and amounts of ingredients:
TBL  7.beta.,17.alpha.-dimethyltestos-                                         
      terone, micronized    500       gm.                                      
     Dicalcium phosphate    1,500     gm.                                      
     Methylcellulose, U.S.P. (15 cps.)                                         
                            60        gm.                                      
     Talc                   150       gm.                                      
     Corn starch            200       gm.                                      
     Calcium stearate       12        gm.                                      
PAR  The steroid and dicalcium phosphate are mixed well, granulated with 7.5
      percent solution of methylcellulose in water, passed through a No. 8
      screen and dried carefully. The dried granules are passed through a No. 12
      screen, mixed thoroughly with the talc, starch and stearate, and
      compressed into tablets.
PAR  These tablets are useful in the treatment of breast cancer at a dose of 1
      tablet 4 times a day to post-menopausal woman with advanced or
      disseminated mammary cancer.
PAC  EXAMPLE 2
PAR  One-thousand two-piece hard gelatin capsules, each containing 250 mg. of
      7.beta.,17.alpha.-dimethyltestosterone are prepared from the following
      types and amounts of ingredients:
TBL  7.beta.,17.alpha.-dimethyltestosterone,                                   
      micronized            250       gm.                                      
     Talc                   25        gm.                                      
     Magnesium stearate     2.5       gm.                                      
PAR  The ingredients are mixed well and filled into capsules of the proper size.
PAR  Capsules so prepared are useful in the initial treatment of breast cancer
      at a dose of one capsule 4 times a day.
PAC  EXAMPLE 3
PAR  One-thousand tablets for sublingual use are prepared from the following
      ingredients:
TBL  7.beta.,17.alpha.-dimethyltestosterone,                                   
      micronized            50        gm.                                      
     Polyethylene glycol, 4,000                                                
      powdered              150       gm.                                      
     Polyethylene glycol, 6,000                                                
      powdered              75        gm.                                      
PAR  The ingredients are mixed well and compressed into sublingual-type tablets
      weighing 275 mg.
PAR  These tablets placed under the tongue are useful in the treatment of
      advanced or disseminated mammary cancers at a dose of 1 tablet 3 times a
      day.
PAC  EXAMPLE 4
PAR  Soft gelatin capsules for oral use, each containing 25 mg. of
      7.beta.,17.alpha.-dimethyltestosterone, are prepared by first dispersing
      the micronized steroid in corn oil to render the material capsulatable and
      then encapsulating in the usual manner.
PAR  One or two capsules taken 4 times a day are useful in the treatment of
      breast cancer.
PAC  EXAMPLE 5
PAR  1,000 Tablets, each containing 50 mg. of
      7.beta.,17.alpha.-dimethyltestosterone are made from the following types
      and amounts of ingredients:
TBL  7.beta.,17.alpha.-dimethyltestosterone                                    
                            50        gm.                                      
     Lactose                360       gm.                                      
     Microcrystalline cellulose NF                                             
                            120       gm.                                      
     Starch                 16        gm.                                      
     Magnesium stearate powder                                                 
                            4         gm.                                      
PAR  The ingredients are screened and blended together and pressed into 550 mg.
      tablets.
PAR  The tablets are useful in the treatment of advanced breast cancer
      subsequent to mastectomy at a dose of from 3 to 6 tablets daily.
PAC  EXAMPLE 6
PAR  A sterile preparation suitable for intramuscular injection and containing
      50 mg. of 7.beta.,17.alpha.-dimethyltestosterone in each milliliter is
      prepared from the following ingredients:
TBL  7.beta.,17.alpha.-dimethyltestosterone                                    
                            50        gm.                                      
     Benzyl benzoate        200       ml.                                      
     Methylparaben          1.5       gm.                                      
     Propylparaben          0.5       gm.                                      
     Cottonseed oil q.s.    1,000     ml.                                      
PAR  One milliliter of this sterile preparation is injected once a day in the
      treatment of advanced or disseminated mammary cancers.
PAC  EXAMPLE 7
PAR  A sterile preparation suitable for intramuscular injection and containing
      50 mg. of 7.beta.,17.alpha.-dimethyltestosterone in each milliliter is
      prepared from the following ingredients:
TBL  7.beta.,17.alpha.-dimethyltestosterone,                                   
      sterile micronized    50        gm.                                      
     Polyethylene glycol, 4,000                                                
                            30        gm.                                      
     Sodium chloride        9         gm.                                      
     Polysorbate 80         4         gm.                                      
     Benzyl alcohol         9         gm.                                      
     Water for injection q.s.                                                  
                            1,000     ml.                                      
PAR  The polyethylene glycol, sodium chloride, polysorbate 80 and benzyl alcohol
      are dissolved in the water and the solution sterilized by passage through
      a sterilizing filter. Sterile 7.beta.,17.alpha.-dimethyltestosterone is
      then mixed aseptically with the sterile vehicle. The suspension is filled
      aseptically into sterile 2 milliliter ampuls.
PAR  Two milliliters of this suspension injected intramuscularly once every
      other day is useful in the treatment of advanced or disseminated mammary
      cancers.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing regression of advanced or disseminated mammary
      cancer comprising the oral or parenteral administration of
      7.beta.,17.alpha.-dimethyltestosterone in association with a
      pharmaceutical carrier to an adult woman with advanced or disseminated
      mammary cancer, wherein from about 1 to about 50 mg. of compound selected
      per kg. of said adult woman's weight/day is administered.
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ABST
PAL  Novel pyrano[3,2-c][1,2]benzothiazine 6,6-dioxides are disclosed,
      substituted on the 3 position by a lower alkyl, carboxaldehyde, or
      hydroxymethyl group and, optionally substituted on the 5 position by a
      lower alkyl group. The corresponding aldehyde thiosemicarbazone
      derivatives of these compounds are also disclosed. Pharmaceutical
      compositions containing the substituted pyrano[3,2-c][1,2]benzothiazine
      6,6-dioxides of this invention are useful in the treatment of
      hyperacidity; certain of these compounds also demonstrate anti-allergy
      activity.
PARN
PAR  This is a division of application Ser. No. 365,399 filed May 29, 1973.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to novel pyrano[3,2-c][1,2]benzothiazine
      6,6-dioxides having the formula I:
      ##SPC1##
PAL  wherein R represents hydrogen and lower alkyl and R' represents lower
      alkyl, formyl and hydroxymethyl and the corresponding aldehyde
      thiosemicarbazone derivatives thereof. These compounds, and pharmaceutical
      compositions containing them, have anti-secretory activity and are useful
      in the treatment of hyperacidity; certain of these compounds demonstrate
      anti-allergy activity.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel compounds of this invention have the general formula I:
      ##SPC2##
PAL  wherein R represents hydrogen and lower alkyl and R' represents lower
      alkyl, formyl and hydroxymethyl and the corresponding aldehyde
      thiosemicarbazone derivatives thereof.
PAR  Compounds having formula I wherein R and R' are as described above exhibit
      anti-secretory effects and can be used in relieving gastric hyperacidity.
      When administered to mammals, such as rats and guinea pigs in a suitable
      vehicle, as described below, they inhibit the gastric secretion of
      hydrochloric acid; acidity in the stomach is thus reduced. Pharmaceutical
      compositions containing compounds of formula I are indicated in the
      management of gastric hyperacidity and in the treatment of peptic ulcer
      resulting from such hyperacidity.
PAR  Compounds of formula I, when tested according to the procedure of H. Shay,
      Gastroenterology 5: p. 43 (1945) are effective in reducing gastric acidity
      in the pylorus ligated rat, when administered intraperitoneally at a
      dosage of 5 to 20 mg/kg of body weight. At a dosage of 5 to 40 mg/kg of
      body weight, administered intraduodenally, the same compounds are
      effective in reducing gastric acidity when subjected to this last
      mentioned test. Thus, the effective dose range for treatment of gastric
      hyperacidity is from 5 to 40 mg/kg of body weight of the mammal being
      treated, administered parenterally. Pharmaceutical compositions containing
      compounds having formula I may be administered in an aqueous gum
      tragacanth suspension as an intramuscular injection. The dosage regimen of
      from 5 to 40 mg/kg of body weight may be varied depending upon the
      severity of the condition and the weight, age and sex of the mammal being
      treated. As a particularly active class of compounds having anti-secretory
      activity, there may be mentioned those having formula I above, wherein R
      represents lower alkyl, preferably methyl, ethyl and butyl; and R'
      represents lower alkyl (preferably methyl), formyl and hydroxymethyl and
      the corresponding aldehyde thiosemicarbazone derivatives thereof.
PAR  Compounds of formula I wherein R represents lower alkyl, preferably methyl,
      ethyl and butyl, and R' represents formyl and hydroxymethyl have also been
      found to be useful in the treatment of allergic conditions. These
      compounds have been found to reduce responses to antigen challenge by
      inhibiting antibody and antigen reactions in mammals when tested in
      accordance with the procedure of I.Mota, Life Sciences, 4: No. 7, p.
      465-474 (1963) and Ovary, Z. et al., Proc. Soc. Exptl. Biol. Med. 81: p.
      584-586 (1952). The compounds may be administered to mammals such as rats
      or guinea pigs, parenterally or orally, at dosages of approximately 100
      mg/kg of body weight.
PAR  Aforementioned compounds having anti-allergic properties may be
      administered in a parenterally acceptable vehicle such as a gum tragacanth
      suspension or they may be combined with pharmaceutical diluents such as
      lactose, cornstarch and the like and formulated into tablet or capsule
      dosage forms.
PAR  Pharmaceutical compositions containing aforementioned compounds having
      anti-allergic properties are useful in the management of allergic
      conditions such as bronchial asthma. To treat bronchial asthma, a dose of
      100 mg/kg of body weight administered orally or parenterally is suggested.
      This dosage may be varied depending on the condition of the patient.
PAR  The novel compounds of this invention having formula I above may be
      prepared by either of the following procedures.
PAR  According to one process, described in co-pending application Ser. No.
      365,398, filed May 29, 1973, compounds of formula I:
      ##SPC3##
PAL  wherein R represents hydrogen and lower alkyl; R' represents lower alkyl
      and formyl, are prepared by reacting a starting material of the formula II
      or III:
      ##SPC4##
PAL  wherein R represents hydrogen and lower alkyl, with a boron trifluoride
      compound (preferably boron trifluoride etherate) and, in the case of
      starting material II, with an acid anhydride of the formula IV:
EQU  (R'CH.sub.2 CO).sub.2 O IV
PAL  wherein R' represents hydrogen or lower alkyl, to obtain a boron complex
      intermediate having the formula V:
      ##SPC5##
PAL  wherein R represents hydrogen, lower alkyl and lower acyl and R' represents
      lower alkyl; and treating intermediate V with a Vilsmeier reagent
      (phosphorus oxychloride together with dimethylformamide), followed by
      hydrolysis.
PAR  The Vilsmeier reagent used is phosphorus oxychloride (POCl.sub.3) with
      dimethylformamide (DMF). The substituents obtained on final compound I
      depend on the boron intermediate V used. For example, if R' in the boron
      intermediate V is methyl (i.e., the substituent in the 4-position is
      methyl) and DMF is used, a final compound I is obtained wherein R' is
      3-formyl, as in Examples VII to X. However, when R' in the boron
      intermediate V is ethyl and DMF is used, a final compound I is obtained
      wherein R' is 3-methyl, as in Example XI.
PAR  Another unusual result occurs during the preparation of the compounds of
      this invention when 3-acetyl-2H-1,2-benzothiazin-4(3H)-one 1,1-dioxide is
      used as the starting material III in the process of aforementioned
      co-pending application Serial No. 365,398, filed May 29, 1973: an acetyl
      group attaches to the nitrogen atom of the boron intermediate complex,
      i.e.,
      5-acetyl-2,2-difluoro-4-methyl-2H-1,3,2-dioxaborino[5,4-c]1,2-benzothiazin
     e 6,6-dioxide is formed (see Example IV). During the second step of the
      reaction, this 5-acetyl group is removed and the nitrogen atom in the
      final compound is unsubstituted.
PAR  The starting materials II and III above are prepared by known methods or
      obvious adaptations thereof, as described in Zinnes, H. et al.,
      "1,2-Benzothiazines. II. The Preparation and Sodium Borohydride Reduction
      of 3-Acyl-2H-1,2-benzothiazin-4(3H)-one 1,1-Dioxides", J. Org. Chem 30:
      2241-2246 (1965) and in Zinnes, H. et al., "1,2-Benzothiazines. III. The
      Preparation of 2H-1,2-Benzothiazin-4(3H)-one 1,1-Dioxide by the
      Acid-Catalyzed Deacetylation of .beta.-Diketone", J. Org. Chem 31: 162-165
      (1966).
PAR  The boron trifluoride compound used is, preferably, boron trifluoride
      etherate.
PAR  According to a second method, certain compounds of the subject invention
      having formula I:
      ##SPC6##
PAL  wherein R represents hydrogen and lower alkyl and R' represents
      hydroxymethyl may be prepared by treating the corresponding
      4-hydroxy-2-lower alkyl-2H-1,2-benzothiazin-3-yl(methylsulfinyl)-methyl
      ketone S,S-dioxide having formula VI below:
      ##SPC7##
PAL  wherein R is as defined above, with formaldehyde to obtain intermediate VII
      below:
      ##SPC8##
PAL  wherein R is as defined above, and thermally treating intermediate VII to
      eliminate CH.sub.3 SOH. Starting material VI and its preparation are
      generally described in co-pending U.S. Ser. No. 174,947, filed Aug. 25,
      1971, now U.S. Pat. No. 3,806,644. The reaction procedure for converting
      starting material VI into the corresponding hydroxymethyl final compounds
      is generally described in co-pending application U.S. Ser. No. 309,329,
      filed Nov. 24, 1972, now U.S. Pat. No. 3,798,240.
PAR  In formulas I to VII above, the terms used to describe substitutents are
      more fully defined as follows: "lower alkyl" is meant to include lower
      aliphatic hydrocarbons having 1 to 6 (preferably 1 to 4) carbon atoms in
      the carbon chain such as methyl, ethyl, propyl, isopropyl, butyl, and
      isobutyl. The acyl in the term "lower acyl" is meant to include lower
      alkyl carboxylic acids wherein the "lower alkyl" moiety has the above
      described meaning.
PAR  In order to further illustrate the practice of this invention, the
      following examples are included:
PAC  EXAMPLE I
      ##SPC9##
PAC  Preparation of
      2,2-difluoro-4,5-dimethyl-2H-1,3,2-dioxaborino-[5,4-c][1,2]benzothiazine
      6,6-Dioxide (Procedure A)
PAR  Seventy-one grams (0.5 mole) of boron trifluoride etherate is added to 42.3
      g. (0.2 mole) of 2-methyl-2H-1,2-benzothiazin-4(3H)-one 1,1-dioxide* in
      102 g. (1.0 mole) of acetic anhydride. The mixture is heated for 4 hrs. on
      a steam bath and then refluxed for 1 hr. The mixture is cooled, diluted
      with 250 ml. of ether, stirred and filtered to yield lt. brown solid
      complex; mp 163.degree.-172.degree.C. [Dry weight = 58.7 g. (97%)]. The
      analytical sample is obtained by recrystallization from ethyl acetate:
      Skellysolve C; mp. 213.degree.-214.degree.C.
PAR  Anal. Calcd for C.sub.11 H.sub.10 BF.sub.2 NO.sub.4 S: C, 43.88; H, 3.35;
      H, 4.65; S, 10.65. Found: C, 44.16; H, 3.43; N, 4.55; S, 10.75.
FNT  *Prepared by the method of H. Zinnes, R. A. Comes and J. Shavel, Jr., J.
      Org. Chem., 31, 162 (1966).
PAC  Example II
      ##SPC10##
PAC  Preparation of
      4-ethyl-2,2-difluoro-5-methyl-2H-1,3,2-dioxaborino-[5,4-c]1,2-benzothiazin
     e 6,6-Dioxide (Procedure A)
PAR  Starting with 2-methyl-2H-1,2-benzothiazin-4(3H)-one 1,1-dioxide* and
      following the procedure A of Example I, but substituting propionic
      anhydride for acetic anhydride,
      4-ethyl-2,2-difluoro-5-methyl-2H-1,3,2-dioxaborino[5,4-c]1,2-benzothiazine
      6,6-dioxide is obtained having an mp of 134.degree.-136.degree.C.
PAR  Anal. Calcd: C.sub.12 H.sub.12 BF.sub.2 NO.sub.4 S: C, 45.74; H, 3.84; N,
      4.45; F, 12.06. Found: C, 45.62; H, 3.94; N, 4.19; F, 12.17.
FNT   *Prepared by the method of H. Zinnes, R. A. Comes and J. Shavel, Jr., J.
      Org. Chem., 31, 162 (1966).
PAC  EXAMPLE III
      ##SPC11##
PAC  Preparation of
      2,2-difluoro-4,5-dimethyl-2H-1,3,2-dioxaborino-[5,4-c]-1,2-benzothiazine
      6,6-Dioxide (Procedure B)
PAR  Boron trifluoride etherate (142 g., 1.0 mole) is added to a mixture of 101
      g. (0.4 mole) of 3-acetyl-2-methyl-2H-1,2-benzothiazin-4(3H)-one
      1,1-dioxide* and 100 ml. of Ac.sub.2 O. This mixture is heated on a steam
      bath (permitting volatiles to escape) for 2 hours, then refluxed for 1 hr.
      After standing overnight, the mixture is diluted with about 500 ml.
      Et.sub.2 O, cooled, scratched and filtered. The crude 1t. brown crystals
      are washed several times with ether and dried to yield 76.5% of material
      melting at 174.degree.-183.degree.C. The analytical sample from EtOAc:
      Skelly C melted at 213.degree.-214.degree.C. and is identical to the
      material prepared by Example I.
FNT   *Prepared by method of H. Zinnes, R. A. Comes, F. R. Zuleski, A. N. Caro
      and J. Shavel, Jr., J. Org. Chem., 30, 2241 (1965).
PAC  EXAMPLE IV
      ##SPC12##
PAC  Preparation of
      5-acetyl-2,2-difluoro-4-methyl-2H-1,3,2-dioxaborino-[5,4-c]1,2-benzothiazi
     ne 6,6-Dioxide (Procedure B)
PAR  Starting with 3-acetyl-2H-1,2-benzothiazin-4(3H)-pne 1,1-dioxide* and
      following procedure B of Example III,
      5-acetyl-2,2-difluoro-4-methyl-2H-1,3,2-dioxaborino[5,4-c]1,2-benzothiazin
     e 6,6-Dioxide is obtained having an mp of 195.degree.-197.degree.C.
PAR  Anal. Calcd: C.sub.12 H.sub.10 BF.sub.2 NO.sub.5 S: C, 43.80; H, 3.06; S,
      9.74. Found: C, 44.13; H, 3.08; S, 9.85.
FNT   *Prepared by the method of H. Zinnes, R. A. Comes and J. Shavel, Jr., J.
      Org. Chem., 31: 162 (1966)
PAC  EXAMPLE V
      ##SPC13##
PAC  Preparation of
      5-ethyl-2,2-difluoro-4-methyl-2H-1,3,2-dioxaborino-[5,4-c]1,2-benzothiazin
     e 6,6-Dioxide (Procedure B)
PAR  Starting with 3-acetyl-2-ethyl-2H-1,2-benzothiazin-4(3H)-one 1,1-dioxide
      and following the procedure B of Example III,
      5-ethyl-2,2-difluoro-4-methyl-2H-1,3,2-dioxaborino[5,4-c]1,2-benzothiazine
      6,6-Dioxide is obtained having an mp of 167.degree.-169.degree.C.
PAR  Anal. Calcd.: C.sub.12 H.sub.12 BF.sub.2 NO.sub.4 S: C, 45.74; H, 3.84; S,
      10.18. Found: C, 45.50; H, 3.87; S, 10.39.
PAC  EXAMPLE VI
      ##SPC14##
PAC  Preparation of
      5-n-butyl-4-methyl-2H-1,3,2-dioxaborino[5,4-c]1,2-benzothiazine
      6,6-Dioxide (Procedure B)
PAR  Starting with 3-acetyl-2-n-butyl-2H-1,2-benzothiazin-4(3H)-one 1,1-dioxide
      and following the procedure B of Example III,
      5-n-butyl-4-methyl-2H-1,3,2-dioxaborino[5,4-c]1,2-benzothiazine
      6,6-dioxide is obtained having an mp of 100.degree.-102.degree.C.
PAR  Anal. Calcd: C.sub.14 H.sub.16 BF.sub.2 NO.sub.4 S: C, 49.00; H, 4.73; S,
      9.34. Found: C, 49.16; H, 4.73; S, 9.41.
PAC  EXAMPLE VII
      ##SPC15##
PAC  Preparation of
      5-methyl-4-oxo-4H,5H-pyrano[3,2-c][1,2]benzothiazine-3-carboxaldehyde
      6,6-Dioxide (Procedure C)
PAR  A solution of reagent is prepared by the slow addition of 153 g. (1.0 mole)
      of phosphorus oxychloride to ice cold DMF (365 g., 5 moles). The
      temperature is maintained below 10.degree.C by use of a cooling bath.
      After stirring for an additional half-hour, 150 g. (0.5 mole) of
      2,2-difluoro-4,5-dimethyl-2H-1,3,2-dioxaborino[5,4-c]-1,2-benzothiazine
      6,6-dioxide is added and the reaction mixture is stirred for 15 minutes.
      The mixture is heated for 2 hours on a steam bath and poured over 2500 ml.
      ice water. After standing overnight, the mixture is filtered to yield 1t.
      brown solid product; mp 246.degree.-254.degree.C. Dry weight equals 131.6
      g. (90% yield). The analytical material, recrystallized from DMF, melted
      at 258.degree.-259.degree.C (dec).
PAR  Anal. calcd for C.sub.13 H.sub.9 NO.sub.5 S: C, 53.61; H, 3.11; N, 4.81; S.
      11.01. Found: C, 53.33; H 3.09; N, 4.90; S, 10.83.
PAC  EXAMPLE VIII
      ##SPC16##
PAC  Preparation of
      5-methyl-4-oxo-4H,5H-pyrano[3,2-c][1,2]benzothiazine-3-carboxaldehyde
      3-thiosemicarbazone 6,6-dioxide hemihydrate
PAR  The product of Example VII is reacted with thiosemicarbazide in dioxane to
      obtain
      5-methyl-4-oxo-4H,5H-pyrano[3,2-c][1,2]-benzothiazine-3-carboxaldehyde
      3-thiosemicarbazone 6,6-dioxide hemihydrate having an mp of
      227.degree.-229.degree.C (dec).
PAR  Anal. Calcd: C.sub.14 H.sub.12 N.sub.4 S.sub.2 O.sub.4.1/2 H.sub.2 O: C,
      45.03; H, 3.51; N. 15.00; S, 17.17. Found: C, 45.13; H, 3.49; M, 14.91; S,
      16.85.
PAC  EXAMPLE IX
      ##SPC17##
PAC  Preparation of 5-ethyl-4-oxo-4H,5H-pyrano
      [3,2-c][1,2]benzothiazine-3-carboxaldehyde 6,6-dioxide (Procedure C)
PAR  Starting with
      5-ethyl-2,2-difluoro-4-methyl-2H-1,3,2-dioxaborino[5,4-c]1,2-benzothiazine
      6,6-dioxide from Example V and following procedure C of Example VII,
      5-ethyl-4-oxo-4H, 5H-pyrano[3,2-c][1,2]benzothiazine-3-carboxaldehyde
      6,6-dioxide is obtained having an mp of 160.degree.-162.degree.C.
PAR  Anal. Calcd: C.sub.14 H.sub.11 NO.sub.5 S: C, 55.08; H, 3.63; N, 4.59.
      Found: C, 54.96; H, 3.56; N, 4.11.
PAC  EXAMPLE X
      ##SPC18##
PAC  Preparation of
      5-n-butyl-4-oxo-4H,5H-pyrano[3,2-c][1,2]benzothiazine-3-carboxaldehyde
      6,6-dioxide (Procedure C)
PAR  Starting with
      5-n-butyl-4-methyl-2H-1,3,2-dioxaborino[5,4-c]1,2-benzothiazine
      6,6-dioxide from Example VI, and following procedure C of Example VII
      5-n-butyl-4-oxo-4H, 5H-pyrano[3,2-c] [1,2]benzothiazine-3-carboxaldehyde
      6,6-dioxide is obtained, having an mp of 108.degree.-110.degree.C.
PAR  Anal. Calcd.: C.sub.16 H.sub.15 NO.sub.5 S: C, 57.65; H, 4.54; N, 4.20.
      Found: C, 57.70; H, 4.58; N, 4.24.
PAC  EXAMPLE XI
      ##SPC19##
PAC  Preparation of 3,5-Dimethylpyrano[3,2-c][1,2]benzothiazin-4(5H)-one
      6,6-dioxide (Procedure C)
PAR  Starting with
      4-ethyl-2,2-difluoro-5-methyl-2H-1,3,2-dioxaborino[5,4-c]-1,2-benzothiazin
     e 6,6-dioxide from Example II and using procedure C of Example VII, the
      subject compound is obtained as an almost colorless crystalline product;
      mp 214.degree.-216.degree.C (from chloroform: Skellysolve C).
PAR  Anal. Calcd: C.sub.13 H.sub.11 NO.sub.4 S: C, 56.31; H, 4.00; N, 5.05.
      Found: C, 56.20; H, 3.97; N, 5.07.
PAC  EXAMPLE XII
      ##SPC20##
PAC  Preparation of 4-hydroxy-2-methyl-2H-1,2-benzothiazin-3-yl
      (methylsulfinyl)methyl ketone S,S-dioxide
PAR  This was prepared by reacting 64.8 g of ethyl 4-hydroxy-2-methyl
      2H-1,2-benzothiazin-3-carboxylate 1,1 -dioxide* with 35 g of NaH (57%
      suspension in mineral oil) in a mixture of 960 ml of benzene and 480 ml of
      DMSO. A mixture of 480 ml of DMSO, 960 ml of benzene and 35 g of NaH (57%
      suspension in mineral oil) is heated, with stirring, under a stream of
      nitrogen for one and one-half hours at 75.degree.C. on a water bath. The
      clear solution that formed was cooled to 25.degree.C. on an ice bath. The
      bath was removed and 64.8 g of ethyl
      4-hydroxy-2-methyl-2H-1,2-benzothiazin-3-carboxylate 1,1-dioxide was
      added. The temperature rose to 38.degree.C. The reaction mixture was
      stirred for one and one-half hours and diluted to a 5 liter volume with
      anhydrous ether. A heavy gum precipitated. The supernatant liquid was
      decanted. The gum was washed with anhydrous ether several times and then
      dissolved in 400 ml of water. The aqueous solution was adjusted to pH 6 in
      the cold with glacial acetic acid. All that precipitated was extracted
      with methylene chloride (five 100 ml portions). The combined methylene
      chloride extracts were dried over sodium sulfate and taken down to a solid
      under reduced pressure. The salt was recrystallized from CH.sub.3 CN, mp
      160.degree.-161.degree.C. Yield 47 g (62% of theory).
PAR  Anal. Calcd: C.sub.12 H.sub.13 NO.sub.5 S.sub.2 : C, 45.70; H, 4.16; N,
      4.44; S, 20.33. Found: C, 45.79; H, 3.97; N, 4.29; S, 20.05.
FNT   *Prepared as in U.S. Pat. No. 3,501,466
PAC  EXAMPLE XIII
      ##SPC21##
PAC  Preparation of
      3-(hydroxymethyl)-5-methylpyrano[3,2-c][1,2]benzothiazin-4(5H)-one
      6,6-dioxide (Procedure D)
PAR  A solution of 4.0 g (0.0127 mole) of
      4-hydroxy-2-methyl-2H-1,2-benzothiazin-3-yl(methylsulfinyl)methyl ketone
      S,S-dioxide (prepared in Example XII), 500 ml of methanol, 6.3 g (0.078
      mole) of 37% formaldehyde and 15 drops of piperidine is maintained at
      reflux for 1 hour, concentrated to remove the methanol, diluted with 200
      ml of toluene and heated to 100.degree.C. The toluene solution is decanted
      from a small amount of undissolved material and heated at the boiling
      point for one-half hour, allowing about half of the volume to distill off.
      The cooled solution is decanted from some separated red oil. The crystals
      that separate on standing are filtered; weight 0.9 g (24.2%); mp
      201.degree.-205.degree.C. Recrystallization from methanol gives pure
      product; mp 213.degree.-215.degree.C.
PAR  Anal. Calcd: C.sub.13 H.sub.11 NSO.sub.5 : C, 53.24; H, 3.78; N, 4.78.
      Found: C, 53.06; H, 3.66; N, 4.58.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preventing asthmatic symptoms which comprises administering
      to a mammal in need thereof an effective amount of a compound of the
      formula:
      ##SPC22##
PAL   wherein R represents lower alkyl; and R' represents carboxaldehyde and
NUM  2.
PAR  2. A method according to claim 1 wherein 100 mg/kg of body weight of the
      compound is administered to a mammal.
PATN
WKU  039378292
SRC  5
APN  3936767
APT  1
ART  125
APD  19730831
TTL  Medicinal preparation for treatment of various forms of leprosy
ISD  19760210
NCL  12
ECL  11
EXP  Goldberg; Jerome D.
INVT
NAM  Reznik; Vladimir Savich
STR  ULITSA Gospitalnaya 34, kv. 34
CTY  Kazan
CNT  SU
INVT
NAM  Pashkurov; Nikolai Grigorievich
STR  ULITSA Druzhby 6, kv. 20
CTY  Kazan
CNT  SU
INVT
NAM  Muslinkin; Abdurakhim Abdurakhimovich
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CTY  Kazan
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NAM  Zhurkina; Elena Nikolaevna
STR  PROSPEKT Kosmonavtov 86, kv. 48
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NAM  Goloschapov; Nikolai Mikhailovich
STR  ULITSA Druzhby, 9, kv. 110
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CNT  SU
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NAM  Steklovsky; Vladimir Konstantinovich
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CNT  SU
CLAS
OCL  424250
EDF  2
ICL  A61K 31495
FSC  424
FSS  250
OREF
PAL  Chemical Abstracts, 76:59464 b (1972).
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  A medicinal preparation for treatment of various forms of leprosy,
      containing as the active principle, p,p
      bis-(2,4-dioxy-6-methylpyrimidinyl-5-sulfonamido)diphenylsulfone of the
      following formula:
      ##SPC1##
BSUM
PAR  The present invention is concerned with a novel medicinal preparation for
      treatment of various forms of leprosy.
DETD
PAR  Known in medical practice are the following preparations for said purposes:
      sulphonic preparations (diamino-diphenylsulfone, sulphetrone,
      diacetyldiamonodiphenylsulfone); sulphonylamides (sulphadimethoxin,
      sulphalene, sulphomethoxin); phenazine derivatives (clophazimine or
      lymprene). The most effective preparations among all those stated above
      are the sulfonic ones.
PAR  Said preparations, sulfonic inclusive, are toxic and possess side effects
      upon hemopoietic organs (anemia), the function of the liver (sometimes
      down to an acute parenchymatous hepatitis), as well as depress the
      protective power of the organism.
PAR  Administration of the aforesaid preparations concurrently with vitamins,
      biopreparations, stimulants, preparations of Fe, As, etc. reduces but
      slightly their toxic action.
PAR  It is therefore an essential object of the present invention to provide a
      novel medicinal preparation for treatment of various forms of leprosy,
      possessing a reasonably wide range of therapeutic effect.
PAR  It is another object of the present invention to provide a medicinal
      preparation for treatment of various forms of leprosy, stimulating
      hemopoiesis, the function of the liver and protective ability of the human
      organism.
PAR  In accordance with said and other objects the invention resides in that the
      herein-proposed medicinal preparation contains as the active principle
      p,-p-bis(2,4-dioxy-6-methylpyrimidinyl-5-sulfonamido)diphenylsulfone of
      the following formula:
      ##SPC2##
PAR  Said preparation is essentially a light-yellow finely crystalline odorless
      powder having a slightly bitterish taste, sparingly soluble in water,
      physiological saline, 0.1-1-percent aqueous novocain solution, insoluble
      in ethyl alcohol. The preparation is soluble in diluted alkalis,
      dimethylformamide and dimethysulfoxide. Aqueous solutions of the
      preparation give an acid reaction. M.p. of the preparation lies at
      233.degree.-234.degree.C, at temperatures above 235.degree.C it
      decomposes; the preparation withstands heating at 150.degree.C during 2
      hours, at 100.degree.C during 5 hours without decomposition.
PAR  Toxicity of the preparation with respect to warm-blooded animals (white
      mice, rats, cats) features LD.sub.50 = 2600 mg/kg body weight which is
      one-fifth the toxicity of the principal antileprotic medicine, viz.,
      diaminodiphenylsulfone.
PAR  The present medicinal preparation is recommended to be administered
      internally both per se and in combination with inert carriers for tablets.
      Examples of such carriers are sugar, starch, baking soda, barium salts.
PAR  It is expedient ot use tablets containing 0.1-0.3 g of the active
      principle.
PAR  When administered parenterally (for intramuscular and subcutaneous
      injections) the preparation is recommended to comprise the aforesaid
      active principle in conjunction with solvents such as distilled water,
      physiological saline or 0.1-1.0-percent aqueous novocain. It is expedient
      that use be made of solutions containing 1-12 weight percent of the active
      principle.
PAR  Under ambulant-therapy conditions, alongside with internal administration
      of the preparation in the form of powder or tablets, also parenteral
      administration of the preparation is practicable, containing the active
      principle in combination with sunflower-seed, castor, vaseline, camphor,
      or chaulmoogra oil. Content of the active principle in emulsions is
      expedient to vary within 10 to 25 weight percent depending upon each
      particular case.
PAR  In some cases, depending upon medical indications, it is recommendable to
      use the preparation containing the active principle in conjunction with a
      pharmaceutical excipient for suppositories which is a mixture of cocoa oil
      with anhydrous lanolin. It is expedient that suppositories be used having
      the content of the active principle from 5 to 15 weight percent.
PAR  Toxico-biological action of the preparation was studied in animals of the
      three species, viz., white mice, rats and cats. As a result, it was
      established that introduction of the medicinal preparation into an
      animal's organism during a three-month period provokes no changes,
      according to the data of biochemical and histomorphological analyses, in
      the internal organs, endocrine glands, brain, nerves and blood as compared
      to the control animals.
PAR  There was studied the influence of the preparation upon the synthesis of
      RNA in the lymphocytes of the human peripheral blood and in the cell
      culture of the rat's spleen and established that the present medicinal
      preparation promotes the synthesis of RNA in the lymphocytes of the human
      peripheral blood. This may be considered as an evidence of possible
      differentiation of the lymphocytes or of potentiation of their specific
      function under the effect of the preparation. In its turn, the latter fact
      testifies to the fact that the preparation is non-toxic and acts as a
      stimulant of the protective power of the organisms by virtue of an
      increased immune response.
PAR  These data do not exclude the possibility of either bacteriostatic or
      bactericidal effect of the preparation upon the causative agent of
      leprose.
PAR  Cinical experiments were conducted on 99 patients, of which 92 suffered
      from lepromatous leprosy, 5 patients, from the reactive tuberculoid form
      of the disease and 2 patients, from tuberculoid leprosy.
PAR  Treatment was applied for 54 months. According to the duration of the
      disease the patients fell into the following groups: under 5 years - 18
      persons, from 6 to 10 years - 20, from 11 to 20 years - 40, and over 20
      years - 21 patients.
PAR  The majority of patients had previously been treated with other
      antileprotics; some patients showed drug resistance with respect to
      antileprotic preparations.
PAR  The lepric process was characterized by diffuse and focal infiltration,
      while histological examination revealed specific granuloma with a great
      number of Mycobacterium leprae.
PAR  Patients were administered the medicinal preparation in doses of 0.1, 0.2,
      and 0.3 g as powder or tablets b.i.d. or t.i.d. some patients were
      administered the preparation intramuscularly in a dose of 2-3 ml of 1-12
      percent solution of the active principle in water, physiological saline or
      in a 0.5 percent aqueous novocain. Clinical examinations showed the best
      therapeutic result to be obtained when administering a 10 percent solution
      of the preparation in distilled water. Any attempt to obtain solutions
      with the concentration of the active principle in excess of 12 wt.%
      results in falling out of the substance as a precipitate.
PAR  In the course of treatment, leprous reactions in the patients, as well as
      neurites, inflammatory processes of the mucous membranes in the nose,
      throat, eye, etc. disappeared.
PAR  The regress of the disease started in 3-6 weeks and was characterized by
      the resolution of infiltrates and lepromas, appearance of a great amount
      of granular forms of the causative agent and bacterial decomposition, as
      well as occurrence of a sharply marked fibrosis both along the periphery
      of the foci of lesion and at the center thereof.
PAR  In analyzing clinico-biochemical data there was noted the sharply
      pronounced antipyretic effect of the preparation and (though less
      manifested) the anabolic effect thereof.
PAR  In 7 patients during the course of treatment a transformation of the
      lepromatous form of the disease into the tuberculoid form occurred, which
      was evidenced by the disclosure of the tuberculoid structure in
      histological examinations conducted during the course of treatment.
PAR  In all patients resistant to sulfonic antileprotic preparations, a good
      therapeutic effect was observed.
PAR  None of the 36 patients dismissed for ambulant therapy, showed a recurrence
      of the disease during the following four years.
PAR  In addition, the preparation was applied as emulsions based on
      sunflower-seed, castor, vaseline, camphor or chaulmoogra oil. When the
      preparation was administered as emulsions, best results were observed from
      the introduction of emulsions containing 20 wt.% of the active principle
      based upon sunflower-seed, camphor or castor oil. Said emulsions were
      injected intramuscularly once or twice per week.
PAR  In some individual patients, according to medical indications, the
      preparation was applied as suppositories containing 5-15 wt.% of the
      active principle. No irritating effect upon the mucous membranes was
      observed, whereas a markedly pronounced antipyretic action was rendered.
PAR  During many-year treatment none of the patients was found to suffer from
      any side effect of the preparation irrespective of the form in which it
      was administered (i.e., powder, tablets solutions, emulsions or
      suppositories).
PAR  Contraindications for the application of the preparation are terminal
      stages of the disease, grave affections of the kidneys or cardiovascular
      system accompanied by renal or cardiovascular insufficiency.
PAR  The medicinal preparation according to the invention for treatment of
      various forms of leprosy is stable when under long-term storage. Check
      samples of the preparation stored in darkness at 18.degree.-25.degree.C
      during 5 years, were found to retain the appearance, melting point,
      IR-spectrum data, solubility and pH value of an aqueous solution.
PAR  The preparation has to be stored in dark-glass jars closed by covers. When
      under storage the preparation must be protected against direct sunlight
      and abnormal ambient-air humidity.
PAR  In addition to the specific therapeutic effect the preparation also
      promotes the processes of intracellular metabolism, enhances the quantity
      of RNA in a cell which leads to an easier differentiation of the
      lymphocytes into phagocytic forms and to the completion of phagocytosis
      that is heavily depressed in patients suffering from the lepromatous form
      of leprosy. This contributes to the transformation of the lepromatous form
      of the disease into the tuberculoid one.
PAR  In the course of treatment patients show an increased amount of
      erythrocytes, higher percentage of hemoglobin and normalized protein
      metabolism. The latter is of special importance, since leprotic patients
      suffer from hypoalbuminemia.
PAR  Besides, the proposed preparation proves to be effective also in treatment
      of patients resistant to sulfonic or some other antileprotic therapy.
PAR  When determining the concentration of sulfonic preparations in the blood
      during treatment with diaminodiphenylsulfone, sulphetrone and the
      inventive preparations, it was observed that the concentration of the
      inventive preparation is twelve times as high as that of
      diaminodiphenylsulfone, both being administered as a powder at a dose of
      0.1 g s.i.d. Futhermore, Injection of 2 ml of a 10 percent solution of the
      inventive preparation gave a concentration in the blood four times that
      which resulted from the introduction of 1 ml of 15-10 percent solution of
      sulphetrone.
PAR  High specific activity, absence of any harmful side effects, as well as
      stimulating effect upon the protective power of the human organism, all
      this enables the inventive medicinal preparation for treatment of various
      forms of leprosy to be considered as the most effective of the all
      heretofore known antileprotics.
CLMS
NUM  1.
PAR  1. A medicinal preparation for the treatment of various forms of leprosy,
      containing as the active principle p,p
      bis-(2,4-dioxy-6-methylpyrimidinyl5-sulfonamido) diphenyl sulfone of the
      formula:
      ##SPC3##
PAL  in an amount effective for treating leprosy in combination with
NUM  2.
PAR  2. A medcinal preparation as claimed in claim 1, containing the active
NUM  3.
PAR  3. A medicinal preparation for the treatment of various forms of leprosy,
      containing as the active principle p,p
      bis-(2,4-dioxy-6-methylpyrimidinyl-5-sulfonamido) diphenyl sulfone of the
      formula:
      ##SPC4##
PAL  in an amount effective for treating leprosy in combination with a 0.1-1
NUM  4.
PAR  4. A medicinal preparation for the treatment of various forms of leprosy,
      containing as the active principle p,p
      bis-(2,4-dioxy-6-methyl-pyrimidnyl-5-sulfonamido)diphenyl sulfone of the
      formula:
      ##SPC5##
PAL  in an amount effective for treating leprosy in combination with a
NUM  5.
PAR  5. A medicinal preparation as claimed in claim 4, containing the active
NUM  6.
PAR  6. A medicinal preparation for the treatment of various forms of leprosy,
      containing as the active principle p,p
      bis-(2,4-dioxy-6-methyl-pyrimidinyl-5-sulfonamido) diphenyl sulfone of the
      formula:
      ##SPC6##
PAL  in an amount effective for treating leprosy in combination with a
NUM  7.
PAR  7. A medicinal preparation according to claim 6 containing the active
NUM  8.
PAR  8. A medicinal preparation as claimed in claim 7, containing the active
NUM  9.
PAR  9. A medicinal preparation for the treatment of various forms of leprosy,
      containing as the active principle p,p
      bis-(2,4-dioxy-6-methyl-pyrimidindyl-5-sulfonamido) diphenyl sulfone of
      the formula:
      ##SPC7##
PAL  in an amount effective for treating leprosy in combination with a
NUM  10.
PAR  10. A medicinal preparation as claimed in claim 9, containing the active
NUM  11.
PAR  11. A method for the treatment of leprosy in humans comprising
      administering internally or parenterally a composition comprising an
      amount effective against leprosy of
      p,p-bis(2,4-dioxy-6-methylpyrimidinyl-5-sulfonamido) diphenyl sulfone of
      the formula:
      ##SPC8##
NUM  12.
PAR  12. A method according to claim 11 wherein the composition comprises a
      pharamceutically acceptable solid or liquid carrier.
PATN
WKU  039378306
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APN  5261139
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TTL  5-Pivaloyloxy-5-(1-phenylethyl) barbituric acid, analgetic composition
      and method based thereon
ISD  19760210
NCL  2
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STA  MA
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CLAS
OCL  424254
EDF  2
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FSC  424
FSS  254
ABST
PAL  5-Pivaloyloxy-5-(1-phenylethyl) barbituric acid, a method of treating
      symptoms of pain in warm-blooded animals employing said compound and a
      therapeutic composition containing same are disclosed.
PARN
PAR  This is a continuation of application Ser. No. 378,482, filed July 12,
      1973, now U.S Pat. No. 3,894,023.
BSUM
PAR  This invention relates to a selected 5-substituted barbituric acid having
      utility as an analgetic, to a method of treating symptoms of pain in
      warm-blooded animals employing said analgetic and to a therapeutic
      composition containing same.
PAR  More specifically, this invention relates to
      5-pivaloyloxy-5-(1-phenylethyl) barbituric acid, a compound having the
      formula
      ##SPC1##
PAR  Various 5-substituted barbituric acids have been previously prepared and
      reported in the literature. Thus, U.S Pat. No. 3,464,990 discloses
      barbituric acids having certain hydroxy phenylalkyl, lower alkoxy
      phenylalkyl or aralkoxy phenylalkyl substituents, together with hydrogen
      or a lower alkyl, alkenyl or alkynyl group at the 5-position; these
      compounds are taught to be useful as tranquilizers. The synthesis of
      5-methyl-5-substituted benzyl barbituric acids is reported by J. P.
      Trivedi and J. J. Trivedi in Journal Indian Chem. Soc., Vol. 35, No. 9,
      1958. While no specific therapeutic uses for these compounds are
      disclosed, the purpose of the synthesis was to prepare compounds which
      would not have convulsive properties.
PAR  Recently it has been found that a series of 5-substituted-5-phenylalkyl
      barbituric acids have analgetic properties. These compounds, which include
      compounds having the formula I but having an acyloxy group of 2 to 4
      carbon atoms at the 5-position in the barbituric acid ring instead of the
      pivaloyloxy group of the compound of this invention, are more fully
      described in Belgian Pat. No. 775,117, granted Nov. 9, 1971.
PAR  While the compounds disclosed in the aforementioned Belgian patent are
      useful analgetics, it has now been found that providing a pivaloyloxy
      group at the 5-position in the barbituric acid ring markedly enhances the
      therapeutic index of the compounds. By therapeutic index is meant the
      LD.sub.50 of a compound divided by its ED.sub.50, or the dose required to
      kill one-half of the test animals divided by the dose required to produce
      the desired therapeutic effect in one-half of the test animals. It will be
      apparent that the larger the therapeutic index, the greater the margin of
      safety and the more desirable the drug.
PAR  The compound of this invention is readily prepared by reacting
      5-hydroxy-5-(1-phenylethyl) barbituric acid with a pivaloyl halide
      (trimethylacetyl halide) in the presence of a base, such as pyridine,
      triethylamine, etc. Preparation of 5-hydroxy-5-(1-phenylethyl) barbituric
      acid is described in Belgian Pat. No. 775,117; it is provided by treating
      5-(1-phenylethyl) barbituric acid with aqueous hydrogen peroxide in the
      presence of acetic acid. Pivaloyl chloride is a commercially available
      material; alternately it can be prepared by reacting the acid with excess
      thionyl chloride according to the process described by R. E. Kent and S.
      M. McElvain, Org. Synth. Coll. Vol. 3, p. 490 (1955). Pivaloyl bromide can
      also be synthesized according to the same procedure using thionyl bromide
      instead of thionyl chloride.
PAR  Preferably the preparation of the compound of this invention is carried out
      using an excess of base as a solvent. By "excess of base" is meant more
      than an equimolar amount of base. Optionally, an inert diluent can be
      employed as a co-solvent together with at least an equimolar amount of
      base. Suitable inert diluents include dimethyl formamide, dimethyl
      sulfoxide, dimethyl acetamide, hexamethylphosphoramide, etc.
PAR  Compound I is readily obtained in high yields and excellent purity, and is
      conveniently isolated from the reaction mixtures by techniques such as
      distillation, crystallization, preparative column chromatography, etc.
PAR  For this application, the compound can be formulated for oral or parenteral
      administration according to conventional techniques. Effectiveness and
      toxicity of this compound is such that each dosage unit can contain from 5
      to 500 mg. of active material. Compositions for oral administration can be
      solid or liquid and can take the form of syrups, isotonic solutions,
      tablets, capsules etc. Suitable solid physiologically acceptable carriers
      include lactose, magnesium stearate, sucrose, talc, stearic acid, gelatin,
      polyvinyl pyrrolidone etc. Exemplary liquid physiologically acceptable
      carriers are peanut oil, olive oil, sesame oil and water. Furthermore, the
      carrier may include a time delay material such as glyceryl monostearate or
      glyceryl distearate, alone or in combination with a wax.
PAR  If a solid carrier is used, the preparation can be tabletted, placed in a
      hard gelatin capsule or in the form of a troche or lozenge. The amount of
      solid carrier will vary widely but preferably will be from about 25 mg. to
      about 1 gm. If a liquid carrier is used, the preparation may be in the
      form of a soft gelatin capsule, placed in an ampule or in a liquid
      suspension.
PAR  For parenteral administration, the carrier or excipient may be a sterile,
      parenterally acceptable liquid; e.g. water or a parenterally acceptable
      oil; e.g., arachis oil contained in ampules.
PAR  While any of the above compositions are efficacious, preferred are tablets
      for oral administration.
PAR  All tests were conducted on adult albino male mice (Charles River strain);
      the dosage consisted of the active agent suspended in 10% aqueous acacia
      and was administered orally and/or subcutaneously as indicated.
PAR  Acute oral toxicity was determined in the conventional manner. The results
      were expressed as LD.sub.50, the dose required to produce death in 50% of
      the animals treated, determined graphically, with the 95% limits shown in
      parentheses.
PAR  Two established procedures were employed to determine analgetic activity.
      The method described by Eddy, N. B., and Leimbach, D., J. Pharmacol.
      Exptl. Therap. 107, 385 (1953) was followed, with the following
      modifications, in the first procedure. Mice are pretested by placing them
      individually on the cleaned surface of a copper water bath, the
      temperature of which is maintained at 54.degree.-55.degree.C. The reaction
      time of this noxious thermal stimulus is the time in seconds required for
      either licking of the paws or jumping, such that all four paws leave the
      surface of the plate. The drug is then administered orally or
      subcutaneously, generally at five dosage levels, (10 mice per dosage
      level) and the reaction times are redetermined at intervals of 1/2 hour, 1
      hour, and 2 hours; the time of peak activity is the time at which the
      greatest number of animals is protected. From the pretreatment reaction
      times the mean and standard deviations are computed. The cut-off time is
      taken to be the mean reaction time plus 2 standard deviation units.
      Reaction times equal to or exceeding this cut-off time are considered to
      represent analgetic responses. The dosage required to produce an analgetic
      response in 50% of the animals (ED.sub.50 and 95% limits) is computed
      graphically.
PAR  In the second procedure, the method of Siegmund, E., et al. reported in
      Proc. Soc. Exptl. Biol. and Med. 95, 729, (1957) was generally followed.
      The method is based on the antagonism by both non-narcotic and narcotic
      analgetics of a syndrome induced in mice following intraperitoneal
      injection of phenyl-p-quinone. The syndrome is characterized by
      intermittent contractions of the abdomen, twisting and turning of the
      trunk, and extension of the hind legs, beginning 3 to 10 minutes after the
      injection and persisting for more than one hour. The test drug is
      administered orally at four to five dosage levels. At the time of peak
      activity, 0.25 ml. of a 0.02 per cent solution of phenyl-p-quinone in 5
      per cent (aqueous) ethyl alcohol is injected intraperitoneally. Inhibition
      of the syndrome is considered an analgetic response.
PAR  The following example will serve to illustrate the practice of this
      invention.
DETD
PAC  EXAMPLE
PAR  The amount of 5 g. of 5-hydroxy-5-(1-phenylethyl) barbituric acid, prepared
      following the procedure described in Belgian Pat. No. 775,117, was
      dissolved in a mixture of pivaloyl chloride (5 ml.) and 60 ml. pyridine.
      The mixture was heated at 75.degree.C overnight, then cooled and poured
      into ice containing 60 ml. of concentrated hydrochloric acid. The product
      was extracted four times with ethyl acetate, and the combined extracts
      washed with saturated sodium chloride solution, sodium bicarbonate
      solution, dilute hydrochloric acid and sodium chloride solution. After
      drying over anhydrous sodium sulfate, solvent was removed by evaporation
      on a Buchi Rotovapor apparatus. The resulting product was purified by
      column chromatography (230 g. silica gel). Elution with 5% ethyl acetate
      in benzene solution followed by recrystallization from benzene provided
      5-pivaloyloxy-5-(1-phenylethyl) barbituric acid, m.p.
      205.degree.-207.degree.C.
PAR  Analysis -- Calc'd for C.sub.17 C.sub.20 O.sub.5 N.sub.2 : C, 61.43; H,
      6.07; N, 8.43. Found: C, 61.83; H, 6.04; N, 8.39.
PAR  Pharmacological testing of this compound gave the following results:
TBL                    Dosage, mg/kg                                           
     ______________________________________                                    
     Acute Toxicity                                                            
      LD.sub.50 (oral)   690(560-840)                                          
     Analgetic Activity                                                        
      Hot-Plate ED.sub.50 (oral)                                               
                         &lt;3.1                                                  
      Hot-Plate ED.sub.50 (subcutaneous)                                       
                          (not dose-related)                                   
                         &gt;40 &lt;80                                               
     Phenyl-p-quinone     (not dose-related)                                   
     Writhing             26% active at 100 mg/kg                              
                          30% active at 200 mg/kg                              
                          10% active at 400 mg/kg                              
     Therapeutic Index                                                         
      LD.sub.50 /ED.sub.50 (oral) = &gt;230                                       
     Time of Peak Activity                                                     
                          1/2 hour                                             
     ______________________________________                                    
CLMS
NUM  1.
PAR  1. A therapeutic composition for treatment of symptoms of pain in a
      warm-blooded animal comprising a physiologically acceptable carrier and an
      analgetically effective amount of 5-pivaloyloxy-5-(1-phenylethyl)
NUM  2.
PAR  2. A method of treating symptoms of pain in a warm-blooded animal which
      comprises administering to said animals an analgetically effective amount
      of a compound as claimed in claim 1.
PATN
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TTL  Chloromethyl nitropyridines as antimicrobials
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ISD  19721000
NAM  Domenico
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PAL  Hurst, J., J. Chem. Soc. (C), (1968), pp. 1487-1490.
LREP
FR2  Jones; S. Preston
ABST
PAL  Chloromethyl nitropyridine compounds which correspond to one of the
      formulae
      ##SPC1##
PAL  Wherein R represents dichloromethyl, trichloromethyl and n represents an
      integer of 1 or 2, with the proviso that when n is 2, the R groups are not
      ortho to each other, and compositions containing said compounds are
      employed as broad spectrum antimicrobials for the control of both fungal
      and bacterial organisms.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 386,653,
      filed Aug. 8, 1973, now abandoned.
BSUM
PAC  PRIOR ART
PAR  Various nitropyridines are known in the prior art, and such known compounds
      include various amino substituted nitro(trifluoromethyl)pyridines taught
      in U.S. Pat. Nos. 3,132,019; 3,495,969 and 3,634,439; various substituted
      nitropyridines taught in U.S. Pat. Nos. 3,574,841; 3,252,858; 3,547,935;
      3,629,472 and 3,630,714; various halo nitro(trifluoromethyl)pyridines
      taught as bactericides and fungicides in U.S. Pat. No. 3,699,108, other
      compounds known in the prior art include mono- and
      dibromomethyl-nitropyridine taught in Hurst, et al., J. Chem. Soc. (C)
      1968, pages 1487-1490.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the use of chloromethyl nitropyridines
      and compositions containing said compounds as broad spectrum
      antimicrobials. The chloromethyl nitropyridines employed are those
      corresponding to one of the formulae
      ##SPC2##
PAL  In these and succeeding formulae, R represents dichloromethyl or
      trichloromethyl and n represents an integer of 1 or 2, with the proviso
      that when n is 2, the R groups are not ortho to each other.
PAR  The chloromethyl nitropyridines employed in the present invention are
      crystalline solids or oils which are not soluble in water and are soluble
      in many common organic solvents.
PAR  Representative compounds employed in the present invention include
PA1  3-(Dichloromethyl)-2-nitropyridine;
PA1  4-(Dichloromethyl)-2-nitropyridine;
PA1  5-(Dichloromethyl)-2-nitropyridine;
PA1  6-(Dichloromethyl)-2-nitropyridine;
PA1  3-(Trichloromethyl)-2-nitropyridine;
PA1  4-(Trichloromethyl)-2-nitropyridine;
PA1  5-(Trichloromethyl)-2-nitropyridine;
PA1  6-(Trichloromethyl)-2-nitropyridine;
PA1  2-(Dichloromethyl)-3-nitropyridine;
PA1  4-(Dichloromethyl)-3-nitropyridine;
PA1  5-(Dichloromethyl)-3-nitropyridine;
PA1  6-(Dichloromethyl)-3-nitropyridine;
PA1  3,5-Bis(dichloromethyl)-2-nitropyridine;
PA1  3,6-Bis(dichloromethyl)-2-nitropyridine;
PA1  4,6-Bis(dichloromethyl)-2-nitropyridine;
PA1  2,4-Bis(dichloromethyl)-3-nitropyridine;
PA1  2,5-Bis(dichloromethyl)-3-nitropyridine;
PA1  2,6-Bis(dichloromethyl)-3-nitropyridine;
PA1  4,6-Bis(dichloromethyl)-3-nitropyridine;
PA1  3-(Dichloromethyl)-5-(trichloromethyl)-2-nitropyridine;
PA1  3-(Dichloromethyl)-6-(trichloromethyl)-2-nitropyridine;
PA1  4-(Dichloromethyl)-6-(trichloromethyl)-2-nitropyridine;
PA1  3-(Trichloromethyl)-5-(dichloromethyl)-2-nitropyridine;
PA1  3-(Trichloromethyl)-6-(dichloromethyl)-2-nitropyridine;
PA1  4-(Trichloromethyl)-6-(dichloromethyl)-2-nitropyridine;
PA1  2-(Dichloromethyl)-4-(trichloromethyl)-3-nitropyridine;
PA1  2-(Dichloromethyl)-5-(trichloromethyl)-3-nitropyridine;
PA1  2-(Dichloromethyl)-6-(trichloromethyl)-3-nitropyridine;
PA1  4-(Dichloromethyl)-6-(trichloromethyl)-3-nitropyridine;
PA1  2-(Trichloromethyl)-4-(dichloromethyl)-3-nitropyridine;
PA1  2-(Trichloromethyl)-5-(dichloromethyl)-3-nitropyridine;
PA1  2-(Trichloromethyl)-6-(dichloromethyl)-3-nitropyridine;
PA1  4-(Trichloromethyl)-6-(dichloromethyl)-3-nitropyridine;
PA1  3,5-Bis(trichloromethyl)-2-nitropyridine;
PA1  3,6-Bis(trichloromethyl)-2-nitropyridine;
PA1  4,6-Bis(trichloromethyl)-2-nitropyridine;
PA1  2,4-Bis(trichloromethyl)-3-nitropyridine;
PA1  2,5-Bis(trichloromethyl)-3-nitropyridine;
PA1  2,6-Bis(trichloromethyl)-3-nitropyridine; and
PA1  4,6-Bis(trichloromethyl)-3-nitropyridine.
PAR  The chloromethyl nitropyridine compounds have been found to be of high
      toxicity to many bacterial or fungal organisms such as, for example,
      Staphylococcus aureus, Escherichia coli, Candida albicans, Trichophyton
      mentagrophytes, Bacillus subtilis, Aspergillus terreus, Aerobacter
      aerogenes, Candida pelliculosa, Pullularia pullulans, Salmonella typhosa,
      Mycobacterium phlei, Pseudomonas aeroginosa, Pseudomonas sp. Strain 10,
      Rhizopus nigricans, Ceratocystis ips, Cephaloascus fragans, Trichoderm sp.
      and Rhizoctonia solani. The compounds are of low toxicity to terrestrial
      plants and may be applied to many plants and their habitats in
      bactericidal and fungicidal amounts to obtain excellent controls of the
      microbial organisms which attack the seeds, roots or above-ground portions
      of terrestrial plants. Such practice protects the terrestrial plants and
      seeds and improves crop yield and the emergence and growth of seedlings.
      In further operations, it has been found that the compounds may be
      included in adhesives, cooling waters, inks, plasticizers, latices,
      resinous polymeric materials, fuels, greases, soaps, detergents, shampoos,
      cutting oils and oil or latex paints to prevent mold and mildew and the
      degradation of such products resulting from microbial attack. By resinous
      polymeric materials is meant natural and synthetic resinous polymers and
      plastic compositions or films derived therefrom. Also, the compounds
      advantageously may be distributed in natural and synthetic fabrics, and
      paper or other cellulosic products, or may be employed in the impregnation
      of wood, lumber, wallboard, and plaster to protect such products from the
      attack of the bacterial organisms of rot, mold, mildew and decay.
PAR  The dichloromethyl and trichloromethyl containing nitropyridine compounds
      of the present invention can be prepared by the liquid phase chlorination
      of an appropriate nitropicoline or nitrolutidine at atmospheric or
      superatmospheric pressures. In carrying out the preparation employing
      ordinary liquid phase chlorination techniques, an appropriate
      nitropicoline or nitrolutidine is contacted with gaseous chlorine in the
      presence of an inert solvent, such as, for example, carbon tetrachloride,
      chloroform, perchloroethylene or other non-reactive chlorination solvents
      conventionally employed for liquid phase chlorination reactions. The
      reaction is carried out at atmospheric pressure and at temperatures of
      from about 20.degree.C. to about 120.degree.C. and usually in the presence
      of actinic radiation.
PAR  In following the progress of the reaction, vapor phase chromatography is
      usually employed to determine the degree of completion. Upon completion of
      the reaction, usually in about 4 to about 8 hours, the product is
      recovered from the reaction mixture by conventional techniques of
      crystallization and evaporation of the solvent under reduced pressure.
PAR  In carrying out the process employing presure chlorination techniques, a
      mixture of an appropriate nitropicoline or nitrolutidine, an inert
      solvent, such as one of those set forth above, and a catalytic amount of a
      catalyst such as sulfuryl chloride are charged to a pressure reaction
      vessel and the temperature of the mixture is brought up to about
      50.degree.C. to about 120.degree.C. Gaseous chlorine is charged to the
      vessel in an amount sufficient to provide a chlorine pressure of between
      about 250 to about 300 psig (pounds per square inch gauge). After a
      suitable reaction period (from about 4 to about 48 hours), the reaction
      vessel is vented and the product recovered from the reaction mixture by
      evaporation of the solvent therefrom under reduced pressure.
PAR  The products of the above preparation techniques can be purified if desired
      by conventional techniques of solvent washing and/or recrystallization
      from solvents such as hexane, chloroform, methylene chloride, pentane or
      mixtures thereof.
PAR  In the protection and preservation of inks, adhesives, soaps, detergents,
      greases, fuels, cutting oils, texiles, fabrics, latices, resinous
      plasticizers, polymeric materials and paper, good results are obtained
      when the compounds are incorporated in such products in the amount of from
      about 0.0001 to about 50 percent by weight.
PAR  In the protection of seeds, good results are obtained when the seeds are
      treated with the compounds at a dosage of about 2 to about 8 ounces per
      100 pounds of seed. In addition to the direct treatment of seeds for their
      protection, the compounds are adapted to be readily and conveniently
      distributed in soil for the rapid control of soil-borne fungi.
PAR  The distribution of at least a minimum effective dosage of the chloromethyl
      nitro pyridine compounds in soil is essential for the practice of the
      present invention. In determining an effective dosage of the active
      compounds, at least a fungicidal amount of the desired toxicant should be
      employed. In general, good control of the fungal organisms is obtained
      when the compounds are distributed in the soil in the amount of from about
      1.5 to 50 parts or more by weight per million parts by weight of soil.
      However, the effective amount of the compound to be employed will vary
      according to the compound being employed and according to the quantity of
      soil treated.
PAR  In field applications, the compounds may be distributed in the soil by
      broadcast methods wherein the entire field is treated, or in row
      applications wherein the row area to be planted is treated. In broadcast
      methods, the compounds can be distributed at a dosage of 2.5 to 500 pounds
      per acre. Such dosages are employed through a cross-section of the soil as
      to provide for the presence therein of an effective concentration of the
      treating agent. In other applications, the compounds can be distributed in
      the rows where the crop is to be planted. In such row treatment the
      compounds can be employed at a rate of from about 1 to about 5 pounds per
      acre. In field application any of the conventional methods such as
      drenching, drilling, row placement, etc. may be used to distribute the
      chemical in the soil at a dosage of 2.5 to 500 lb. per acre for the
      surface area of the soil actually treated to produce effective control of
      soil fungi. This does not, however, limit the application methods to those
      conventionally practiced.
PAR  The quantity of treating compositions to be applied to the soil may vary
      considerably provided that the required dosage of active ingredient is
      applied to facilitate the penetration and distribution of said ingredient
      in growth media. The required amount of the active ingredient in the soil
      conveniently may be supplied per acre treated in from 1 quart to 20
      gallons or more of the liquid carrier, dispersed in 6 or more acre inches
      of irrigation water, or in from 50 to 2,000 pounds of inert solid carrier.
      A quantity of chemical is applied to produce a beneficial concentration in
      the quantity of soil treated.
PAR  In the preservation of wood, wallboard and plaster excellent results are
      obtained when the compounds are incorporated by conventional treatment of
      these products in the amount of from about 0.05 to about 3 pounds or more
      per cubic foot (0.0016 g./cc.) of wood, wallboard or plaster product. In
      the treatment of fruit, good results are obtained with liquid washes
      containing from about 1 to about 100 parts per million by weight of
      compound.
PAR  In the preservation and protection of oil and latex paints and primers
      against destruction caused by the growth of bacteria, the compounds are
      preferably employed at concentrations of from about 0.01 to about 3
      percent by weight.
PAR  The method of the present invention can be carried out employing unmodified
      compounds or by employment of liquid or dust compositions containing the
      toxicants. In such usage, the compounds are modified with one or a
      plurality of chemically inert additaments or adjuvants including water,
      organic solvents, petroleum oils, petroleum distillates, naphthas or other
      liquid carriers, polymeric thickening agents, urea, surface-active
      dispersing agents and finely divided inert solids. In compositions wherein
      the adjuvant or helper is a finely divided solid, a surface-active agent
      or the combination of a surface-active agent and a liquid diluent, the
      carrier cooperates with the active component so as to facilitate the
      invention and to obtain an improved result.
PAR  The exact concentration of the toxicants to be employed in the treating
      compositions is not critical and may vary considerably provided the
      required dosage of the effective agent is supplied. The concentration of
      toxicant in liquid compositions generally is from 0.0001 to 50 percent by
      weight. Concentrations up to 95 percent by weight are oftertimes
      conveniently employed. In dusts, the concentrations of the toxicant can be
      from about 0.1 to 95 percent by weight. In compositions to be employed as
      concentrates, the toxicants can be present in a concentration of from 5 to
      98 percent by weight.
PAR  In further embodiments, the compounds as employed in accordance with the
      present invention, or compositions containing the same, can be
      advantageously employed in the present invention in combination with one
      ore more pesticidal or preservative compounds to obtain products of
      enhanced properties. In such embodiments, such pesiticidal or preservative
      compounds are employed either as a supplemental toxicant, an additament or
      as an adjuvant. Representative pesticidal or preservative compounds
      include substituted phenols, cresols, substituted cresols and their heavy
      metal salts, bisphenols and thiobisphenols; halogenated salicylanilides,
      organosulfur compounds, carbamate compounds, quaternary ammonium
      compounds, organometallic compounds, inorganic salts and miscellaneous
      other compounds such as phenol; cresol; trichlorophenols;
      tetrachlorophenols; pentachlorophenol; p-chloro-m-cresol; di- and
      tribrominated salicylanilides; 2,2'-methylene-bis(3,4,6-trichlorophenol);
      2,2'-thiobis(4,6-dichlorophenol);
      1-(3-chloroallyl)-3,5,7-triaza-1-azoniaadamantane chloride;
      halo(alkylsulfonyl)pyridines; halo(alkylsulfinyl)pyridines;
      2,4',5-tribromosalicylanilide; 2-chloro-4-cyclohexylphenol;
      2-chloro-4-cyclopentylphenol; 2,2'-bis(3,4,6-trichlorophenyl)methane;
      2,2'-bis(5-chloro-2-hydroxyphenyl)methane; halogenated trifluoromethyl
      salicylanilide; zinc dimethyldithiocarbamate; 2-mercaptobenzothiazole;
      3,5-dimethyltetrahydro-1,3,5-2H-thiadiazine-2-thione;
      2,3-dinitro-1,4-dithiaanthraquinone; dodecyl pyridinium chloride; alkyl
      dimethyl benzyl ammonium chloride; dialkyl dimethyl ammonium chloride;
      phenylmercuric acetate; phenyl mercuric oleate; phenyl mercuric
      propionate; chloromethyoxy acetoxy mercuripropane; bis-tributyl tin oxide;
      bis-tripropyl tin oxide; copper pentachlorophenate; copper
      8-hydroxyquinolate; mercuric chloride; boric acid; sodium borate;
      ethylmercuric chloride; 9-undecylenic acid; or 10,10'-oxybisphenoxarsine
      and 1,4-bromobisacetobutene.
DETD
PAC  DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAR  The following examples illustrate the present invention and the manner by
      which it can be practiced, but, as such, should not be construed as
      limitations upon the overall scope of the same.
PAC  EXAMPLE I
PAR  Various chloromethyl nitropyridine concentrates were prepared by admixing a
      predetermined amount of each of the compounds with a predetermined amount
      of isopropanol. These concentrates were thereafter dispersed in varying
      amounts of warm melted nutrient agar to prepare culture media containing
      one of said pyridine compounds in amounts of 1, 10, 100 and 500 parts per
      million parts of the ultimate dispersion (PPM). The melted agar dispersion
      was poured into petri dishes and allowed to solidify. The solidified
      surface in each dish was inoculated with a 24-hour broth culture of one of
      the organisms Staphylococcus aureus, Escherichia coli, Candida albicans,
      Trichophyton mentagrophytes, Bacillus subtilis, Aspergillus terreus,
      Aerobacter aerogenes, Candida pelliculosa, Pullularia pullulans,
      Salmonella typhosa, Mycobacterium phlei, Pseudomonas aeruginosa,
      Pseudomonas sp Strain 10, Rhizopus nigricans, Ceratocystis ips,
      Cephaloascus fragans and Trichoderm sp. In a check operation, petri dishes
      containing toxicant free nutrient agar are each inoculated in the same
      manner with the above named organisms. The dishes were thereafter
      incubated for 5 days after which they were observed to determine the
      minimum concentration of each compound tested to give 100 percent kill and
      control of the growth of the test organisms in the nutrient agar. At the
      time of these observations, the check dishes are found to support a heavy
      growth of the above named organisms. The results of these observations are
      set forth below in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Compound Minimum Concentration of Test Compound in PPM Necessary          
     Employed to Give 100 Percent Control of the Organisms                     
              Sa Ca Ec Pa Ps St Mp Bs Cp Aa Pp Cf Ci Ts At Rn                  
     __________________________________________________________________________
     2-(Dichloro-                                                              
     methyl)-6-(tri-                                                           
     chloromethyl)-3-                                                          
     nitropyridine                                                             
              1  10 100                                                        
                       500                                                     
                          500                                                  
                             100                                               
                                1  1  10 100                                   
                                            10 10 10 100                       
                                                        10 10                  
     5-(Dichloro-                                                              
     methyl)-2-nitro-                                                          
     pyridine 10 10 10 100                                                     
                          100                                                  
                             10 10 1  10 10 10 10 10 10 1  10                  
     6-(Trichloro-                                                             
     methyl)-3-nitro-                                                          
     pyridine 10 1  100                                                        
                       100                                                     
                          100                                                  
                             10 10 1  10 10 100                                
                                               10 1  10 10 10                  
     6-(Dichloro-                                                              
     methyl)-2-nitro-                                                          
     pyridine 100                                                              
                 100                                                           
                    500                                                        
                       -- -- 500                                               
                                100                                            
                                   10 100                                      
                                         500                                   
                                            100                                
                                               100                             
                                                  100                          
                                                     100                       
                                                        10 100                 
     __________________________________________________________________________
      Sa = Staphylococcus aureus                                               
      Ca = Candida albicans                                                    
      Ec = Escherichia coli                                                    
      Pa = Pseudomonas aeruginosa                                              
       Ps = pseudomonas Sp. strain 10                                          
      St = Salmonella typhosa                                                  
      Mp = Mycobacterium phlei                                                 
      Bs = Bacillus subtilis                                                   
      Cp = Candida pelliculosa                                                 
      Aa = Aerobacter aerogenes                                                
      Pp = Pullularia pullulans                                                
      Cf = Cephaloascus fragans                                                
      Ci = Ceratocystis ips                                                    
      Ts = Trichoderm Sp                                                       
      At = Aspergillus terreus                                                 
      Rn = Rhizopus nigricans                                                  
      --= not tested                                                           
PAC  EXAMPLE II
PAR  An acetone solution of one of 6-(trichloromethyl)-3-nitropyridine,
      5-(dichloromethyl)2-nitropyridine or
      6-(trichloromethyl)-2-(dichloromethyl)-3-nitropyridine was employed for
      the treatment of sandy loam soil infested with a natural soil fungi
      population including Rhizoctonia solani. In such operation samples of the
      fungus-infested soil were placed in sealable containers and various
      acetone solutions of the toxicant were added to each sample in a
      concentration appropriate to provide the total soil sample in the
      container with an amount of one of 0.4, 1.5, 6 and 25 parts by weight of
      toxicant per million parts by weight of soil (PPM). At the same time,
      checks were prepared by treating containers of the same infested soil with
      an amount of acetone equal to that employed in the corresponding test
      containers. The soil samples were sealed and rolled to distribute the
      toxicant uniformly throughout the sample. After an incubation period of 3
      days at 25.degree.C. aliquot amounts of each soil sample were taken and
      diluted in sterile water blanks. Two drops of each of the resulting
      soil-water suspensions were placed in a petri dish to which 10 milliliters
      of rose bengal agar were added. The poured plates were incubated for 6
      days at 25.degree.C., following which they were examined and a count made
      of the total fungal colony population on each. The extent to which each
      toxicant effected control as compared with the checks, is shown in the
      following table:
TBL                TABLE II                                                    
     ______________________________________                                    
     Toxicant Percent Control of Total Soil                                    
     Employed Fungi at Indicated Toxicant                                      
              Concentration in PPM                                             
     ______________________________________                                    
            .4      1.5        6        25                                     
     ______________________________________                                    
     6-(tri-                                                                   
     chloro-                                                                   
     methyl)-                                                                  
     3-nitro-                                                                  
     pyridine 63        99        100     100                                  
     5-(di-                                                                    
     chloro-                                                                   
     methyl)-                                                                  
     2-nitro-                                                                  
     pyridine 0         65         85     99                                   
     6-(tri-                                                                   
     chloro-                                                                   
     methyl)-                                                                  
     2-(di-                                                                    
     chloro-                                                                   
     methyl)-                                                                  
     3-nitro-                                                                  
     pyridine 0         34        100     99                                   
     Control  0          0         0       0                                   
     ______________________________________                                    
PAC  EXAMPLE III
PAR  In this operation, containers containing Rhizoctonia solani infected, sandy
      loan soil samples were treated with an acetone solution of
      6-(trichloromethyl)-3-nitropyridine by drenching onto the soil sample, a
      water diluted aliquot of the above toxicant in an amount sufficient to
      give soil sample containing 6, 25 and 100 parts by weight of the toxicant
      per million parts by weight of soil (PPM). In control operations, controls
      were prepared by treating containers of the same infected soil with an
      amount of acetone equal to the amount employed in the corresponding test
      containers. The containers were immediately sealed and incubated for 6
      days at 25.degree.C. The containers were thereafter unsealed and aerated.
      Five cotton seeds were planted on the top of the soil in each container
      and a sand cap added. The soil was moistened and placed in a room
      maintained at 25.degree.C, under conditions of high humidity. At the end
      of 14 days, the containers were examined to determine the pre-emergent
      control of Rhizoctonia solani and at the end of 19 days, the resulting
      seedlings were evaluated to determine post-emergent control of the above
      organism, the activity of the test compound being determined by comparison
      with the control containers. The results of these determinations are set
      forth below in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Compound Dosage      Control of Rhizoctonia                               
     Employed of Active   solani                                               
              Compound                                                         
            in PPM    Pre-        Post-                                        
            in Soil   Emergent    Emergent                                     
     ______________________________________                                    
     6-(tri-  100         100         100                                      
     chloro-                                                                   
     methyl)- 25          60          50                                       
     3-nitro-                                                                  
     pyridine 6           60          20                                       
     Acetone                                                                   
     Control  --           0           0                                       
     ______________________________________                                    
CLMS
NUM  1.
PAR  1. A method for killing microbes selected from the group consisting of
      bacteria and fungi which comprises contacting said microbes with an
      antimicrobial amount of a chloromethyl nitropyridine compound
      corresponding to one of the formulae
      ##SPC3##
PAL  wherein R represents dichloromethyl or trichloromethyl and n represents an
      integer of 1 or 2, with the proviso that when n is 2, the R groups are not
NUM  2.
PAR  2. The method of claim 1 wherein the halomethyl nitropyridine is
NUM  3.
PAR  3. The method of claim 1 wherein the halomethyl nitropyridine is
NUM  4.
PAR  4. The method of claim 1 wherein the halomethyl nitropyridine is
NUM  5.
PAR  5. The method of claim 1 wherein the halomethyl nitropyridine is
NUM  6.
PAR  6. A method for killing soil fungi which comprises treating soil with a
      fungicidal amount of a chloromethyl nitropyridine compound corresponding
      to one of the formulae
      ##SPC4##
PAL  wherein R represents dichloromethyl or trichloromethyl and n represents an
      integer of 1 or 2, with the proviso that when n is 2, the R groups are not
NUM  7.
PAR  7. The method of claim 6 wherein the halomethyl nitropyridine is
NUM  8.
PAR  8. The method of claim 6 wherein the halomethyl nitropyridine is
NUM  9.
PAR  9. The method of claim 6 wherein the halomethyl nitropyridine is
NUM  10.
PAR  10. The method of claim 6 wherein the halomethyl nitropyridine is
      6-(dichloromethyl)-2-nitropyridine.
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PAL  The invention provides novel aminoethyl esters of 2,2-diphenylcyclopropane
      carboxylic acids which are anti-tussive agents.
PARN
PAR  This is a division of application Ser. No. 214,473 filed Dec. 30, 1971.
BSUM
PAR  The present invention provides esters of
      2,2-diphenyl-cyclopropane-carboxylic acids having the formula:
      ##SPC1##
PAL  In which R is hydrogen, halogen, lower alkyl or lower alkoxy, n is zero or
      1, and R.sub.1 and R.sub.2 which may be the same or different each denote
      an alkyl radical or R.sub.1 and R.sub.2 are joined together and, with the
      nitrogen atom to which they are attached, form a 5- to 7-membered
      heterocyclic ring which can contain another hetero-atom in addition to the
      nitrogen, provided that, if n is 0, R.sub.1 and R.sub.2 are not ethyl, and
      the salts of these esters with non-toxic acids. Preferably, R.sub.1 and
      R.sub.2 each denote a lower alkyl radical. Also preferred are compounds in
      which R.sub.1 and R.sub.2, together with the nitrogen atom to which they
      are attached, form a pyrrolidono, piperidino, lower alkyl-substituted
      piperidino, morpholino, perhydroazepino, piperazino, or N-(lower
      alkyl)piperazino. The term "lower alkyl" denotes an alkyl radical having
      at most 4 carbon atoms.
PAR  The invention also provides a process for the preparation of the compounds
      of formula I, which comprises reacting a metal salt, preferably the sodium
      or potassium salt, of a 2,2-diphenyl-cyclopropane-carboxylic acid with a
      compound of general formula:
      ##EQU1##
      in which X represents chlorine, bromine or iodine, and R.sub.1, R.sub.2
      and n are as defined above. The reaction is carried out in an alcoholic
      solvent, preferably ethanol or isopropanol, at the boiling point of the
      said solvent.
PAR  Another process according to the present invention comprises reacting a
      2,2-diphenyl-cyclopropane-carboxylic acid chloride with an amino-alcohol
      of formula:
      ##EQU2##
      in which R.sub.1, R.sub.2 and n are as defined above. The reaction can be
      carried out in an organic solvent such as diethyl ether, tetrahydrofuran,
      benzene, toluene, xylene, dimethylformamide or N-methyl-pyrrolid-2-one.
      The amino-alcohol (III) may be converted initially into its metal
      derivative, preferably into its sodium or potassium derivative. If the
      amino-alcohol is not converted into its metal derivative, the reaction is
      carried out in the presence of a tertiary amine such as triethylamine.
PAR  The compounds according to the invention display valuable pharmacological
      properties, in particular a marked anti-tussive action.
PAR  The following Examples illustrate the invention.
DETD
PAC  EXAMPLE 1
PAC  .beta.-Piperidino-ethyl ester of 2,2-diphenyl-cyclopropane-carboxylic acid
      ##EQU3##
PAR  100 ml. of isopropanol and 0.21 mol of powdered sodium hydroxide are added
      to a mixture of 0.1 mol of 2,2-diphenyl-cyclopropane-carboxylic acid and
      0.11 mol of piperidino-.beta.-chloroethane hydrochloride. The mixture is
      heated under reflux for 8 hours, 300 ml. of water are added and the
      mixture extracted with diethyl ether. The ether phase is washed with
      water, dried over sodium sulphate, and the ether removed in vacuo to yield
      the base.
PAC  Preparation of the hydrochloride
PAR  A solution of hydrogen chloride in diethyl ether is added dropwise, with
      stirring, to a solution of the crude base in 100 ml. of diethyl ether,
      until the pH reaches 1. The mixture is triturated, and the product
      crystallises out. It is filtered off, washed with diethyl ether, dried and
      recrystallised from isopropanol. The hydrochloride thus obtained, on rapid
      heating melts at 178.degree.-80.degree.C; yield 78%.
PAR  Analysis C.sub.23 H.sub.28 ClNHO.sub.2, N% calculated 3.63; found 3.67.
PAC  EXAMPLE 2
PAC  2-(2'-pyrrolidino-ethoxy)-ethyl ester of 2,2-diphenyl-cyclopropane
      carboxylic acid
      ##EQU4##
PAR  A solution of 0.1 mol of 2-(2'-pyrrolidino-ethoxy)ethanol in 30 ml. of
      anhydrous toluene is added dropwise to 0.1 mol of sodium hydride in 20 ml.
      of anhydrous toluene. The mixture is allowed to cool and then stirred for
      1 hour at ambient temperature. A solution of 0.1 mol of
      2,2-diphenyl-cyclopropane-carboxylic acid chloride in 30 ml. of anhydrous
      toluene is then added dropwise. When cool, the mixture is stirred for 2
      hours at ambient temperature. 300 ml. of water are added and the mixture
      extracted with diethyl ether. The extract is dried over sodium sulphate,
      and the solvent is removed in vacuo to yield the base.
PAC  Preparation of the citrate
PAR  A solution of 0.1 mol of crude base in 250 ml. of diethyl ether is added
      dropwise, with stirring, to 0.1 mol of citric acid in 80 ml. of
      isopropanol. The mixture is stirred for 1 hour at ambient temperature and
      then triturated. The product crystallises out, is filtered off, washed
      with diethyl ether, dried, and recrystallised from isopropanol, to yield
      the citrate: ill-defined melting point at 102.degree.-108.degree.C; yield
      70%.
PAR  Analysis C.sub.30 H.sub.37 NO.sub.10, N% calculated 2.45; found 2.48.
PAC  EXAMPLE 3
PAC  .beta.-Morpholino-ethyl ester of 2,2-diphenyl-cyclopropane-carboxylic acid
      ##EQU5##
PAR  A solution of 0.1 mol of 2,2-diphenyl-cyclopropane-carboxylic acid chloride
      in 30 ml. of anhydrous benzene is added dropwise to a mixture of 0.1 mol
      of .beta.-morpholino-ethanol and 0.1 mol of triethylamine in 50 ml. of
      anhydrous benzene. The mixture is allowed to cool and then stirred for 2
      hours at ambient temperature. 300 cc. of water are added, the mixture is
      extracted with diethyl ether, the extract dried over sodium sulphate, and
      the solvent removed in vacuo to yield the base.
PAC  Preparation of the hydrochloride
PAR  A solution of hydrogen chloride in diethyl ether is added dropwise, with
      stirring, to a solution of crude base in 100 ml. of diethyl ether, until
      pH 1 is reached. The mixture is triturated, and the product crystallises;
      it is filtered off, washed with diethyl ether and recrystallised from
      isopropanol to yield the hydrochloride: melting point
      150.degree.-152.degree.C; yield 76%.
PAR  Analysis C.sub.22 H.sub.26 ClNO.sub.3, N% calculated 3.61; found 3.62.
PAR  Other compounds having the general formula I were also prepared by the
      procedures described in the above Examples; these compounds are listed in
      Table I below.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Formula         n  Method of                                              
                               Yield, %                                        
                                    Derivative                                 
                                            Crystal-                           
                                                   Melting                     
                                                        Analysis               
     I         R.sub.1  working             lisation                           
                                                   point                       
     Example                                                                   
          R    N.angle.                     solvent                            
                                                   .degree.C                   
     No.       R.sub.2                                                         
     __________________________________________________________________________
     4    H    dimethyl-                                                       
                     0  Example 1                                              
                               60   hydrochloride                              
                                            isopropanol                        
                                                   135  N% calculated          
                                                                4.05           
               amino    Example 2                                              
                               74                       found   4.02           
                        Example 3                                              
                               72                                              
     5    H    pyrroli-                                                        
                     0  Example 1                                              
                               63   hydrochloride                              
                                            isopropanol                        
                                                   164-5                       
                                                        N% calculated          
                                                                3.77           
               dino     Example 2                                              
                               70                       found   3.76           
                        Example 3                                              
                               78                                              
     6    H    piperi-                                                         
                     0  Example 1                                              
                               78   hydrochloride                              
                                            isopropanol                        
                                                   178-80                      
                                                        N% calculated          
                                                                3.63           
               dino     Example 2                                              
                               77                       found   3.67           
                        Example 3                                              
                               79                                              
     7    H    perhydro-                                                       
                     0  Example 1                                              
                               59   hydrochloride                              
                                            ethanol                            
                                                   200-2                       
                                                        N% calculated          
                                                                3.50           
               azepino  Example 2                                              
                               63                       found   3.49           
                        Example 3                                              
                               75                                              
     8    H    morpho-                                                         
                     0  Example 1                                              
                               62   hydrochloride                              
                                            methyl ethyl                       
                                                   150-2                       
                                                        N% calculated          
                                                                3.61           
               lino     Example 2                                              
                               74           ketone      found   3.62           
                        Example 3                                              
                               76                                              
     9    H    N-methyl-                                                       
                        Example 1                                              
                               57   dihydro-                                   
                                            ethanol                            
                                                   202  N% calculated          
                                                                6.39           
               piperazino                                                      
                     0  Example 2                                              
                               76   chloride            found   6.36           
                        Example 3                                              
                               74                                              
     10   H    3'-methyl-                                                      
                     0  Example 3                                              
                               65   hydrochloride                              
                                            isopropanol                        
                                                   190  N% calculated          
                                                                3.50           
               piperidino                               found   3.49           
     11   H    4'-methyl-                                                      
                     0  Example 3                                              
                               77   hydrochloride                              
                                            isopropanol                        
                                                   192  N% calculated          
                                                                3.50           
               piperidino                               found   3.55           
     12   H    2'6'- 0  Example 3                                              
                               45   hydrochloride                              
                                            isopropanol                        
                                                   184  N% calculated          
                                                                3.38           
               dimethyl-                                found   3.20           
               piperidino                                                      
     13   p-CH.sub.3                                                           
               pyrrolidino                                                     
                     0  Example 3                                              
                               58   maleate isopropanol                        
                                                   162  N% calculated          
                                                                2.92           
                                            ethyl       found   2.89           
                                            acetate                            
     14   p-CH.sub.3                                                           
               piperidino                                                      
                     0  Example 3                                              
                               63   maleate ethyl  131  N% calculated          
                                                                2.73           
                                            acetate     found   2.80           
     15   p-Cl piperidino                                                      
                     0  Example 3                                              
                               69   hydrochloride                              
                                            isopropanol                        
                                                   163  N% calculated          
                                                                3.08           
                                                        found   3.20           
     16   p-CH.sub.3                                                           
               piperidino                                                      
                     0  Example 3                                              
                               76   oxalate methanol                           
                                                   173  N% calculated          
                                                                2.80           
                                                        found   2.69           
     17   H    pyrroli-                                                        
                     1  Example 2                                              
                               70   citrate iso-   102-8*                      
                                                        N% calculated          
                                                                2.45           
               dino     Example 3                                              
                               72           propanol    found   2.48           
                                    oxalate iso-   134  N% calculated          
                                                                2.98           
                                            propanol    found   2.87           
     18   H    piperi-                                                         
                     1  Example 2                                              
                               69   citrate iso-   105-10*                     
                                                        N% calculated          
                                                                2.39           
               dino     Example 3                                              
                               75           propanol    found   2.34           
     19   H    perhydro-                                                       
                     1  Example 2                                              
                               71   hydro-  ethyl  119  N% calculated          
                                                                3.15           
               azepino  Example 3                                              
                               72   chloride                                   
                                            acetate     found   3.15           
     20   H    N-methyl-                                                       
                     1  Example 2                                              
                               68   dihydro-                                   
                                            iso-   170  N% calculated          
                                                                5.82           
               piperazino                                                      
                        Example 3                                              
                               76   chloride                                   
                                            propanol    found   5.76           
     __________________________________________________________________________
       *Pasty melting                                                          
PAR  The pharmacological properties of the esters of
      2,2-diphenyl-cyclopropane-carboxylic acid and of their addition salts with
      non-toxic acids are demonstrated in the following tests, which were
      carried out on SPF rats and mice, on guinea pigs and on cats.
PAR  The products tested are dissolved in a 9% sodium chloride solution or, if
      they are insoluble in this solution, suspended using "Tween 80" (for oral
      and intraperitoneal administration) or dissolved in polyethylene glycol
      300 (for intravenous administration).
TBL  The volumes administered are                                              
     ______________________________________                                    
     Rat               1 ml./kg.                                               
     Mouse             0.5 ml./20 g.                                           
     Guinea Pig        1 ml./kg.                                               
     Cat               1 ml./kg.                                               
     ______________________________________                                    
PAR  1. Acute toxicity
PAR  The acute toxicity is determined on batches, each of two rats. The doses
      administered extend from 4 to 512 mg./kg. in geometrical progression,
      constant ratio 2.
PAR  Table II below gives the 0 to 100 (%) lethal doses, two days after
      treatment, in mg./kg. administered intraperitoneally.
TBL                TABLE II                                                    
     ______________________________________                                    
     Compound of Example No.                                                   
                      LD.sub.0    LD.sub.100                                   
     ______________________________________                                    
     1 and 6          64          128                                          
     2 and 17         32          128                                          
     3 and 8          128         256                                          
     4                128         256                                          
     5                128         256                                          
     7                64          128                                          
     9                64          128                                          
     10               64          256                                          
     11               64          256                                          
     12               32          128                                          
     13               128         256                                          
     14               256         512                                          
     15               128         256                                          
     16               128         512                                          
     18               64          256                                          
     19               64          128                                          
     20               64          128                                          
     ______________________________________                                    
PAR  2. Anti-tussive activity: Domenjoz method
PAR  Cats are anaesthetised by intraperitoneal injection of 30 mg./kg. of sodium
      mebubarbital. The arterial pressure is measured on the femoral artery by a
      Statham P 23 Db gauge. A tracheotomy is carried out; a Y-shaped cannula
      allows a part of the air breathed out to be branched off onto a Statham PM
      6 gauge; the cardiac rhythm is measured by integration of the QRS
      complexes of the electrocardiogram. All these measurements are amplified
      and recorded on a Beckman Dynograph. The two upper laryngeal nerves are
      very carefully dissected and stimulated for 10 seconds by a surging
      current generated by a Hugo Sachs Stimulator I: voltage 3 volts, duration
      50 minutes, frequency 50 cycles/second. The test products are injected
      into the femoral vein. The first stimulation takes place 5 minutes after
      administration of the product and then every 5 minutes until the reaction
      returns to the initial amplitude. Each nerve is stimulated in turn
      (left-hand nerve: 5, 15, 25 minutes etc; right-hand nerve 10, 30, 40
      minutes etc. after treatment).
PAR  The intravenous administration of 1 to 2 mg./kg. of codeine phosphate
      reversibly inhibits the reaction to the stimulation.
PAR  Table III below shows the activity of the products, defined as follows:
PA1  0 inactive
PA1  + marked diminution of cough
PA1  ++ suppression of cough for 5 to 15 minutes
PA1  +++ suppression of cough for more than 15 minutes
TBL                TABLE III                                                   
     ______________________________________                                    
     Compound of Example No.                                                   
                       Rating                                                  
     ______________________________________                                    
     1 and 6           +++                                                     
     2 and 17          +                                                       
     3 and 8           +-4 +                                                   
     5                 ++                                                      
     7                 ++                                                      
     9                 +                                                       
     10                ++                                                      
     11                +                                                       
     12                ++                                                      
     13                ++                                                      
     14                ++                                                      
     15                +                                                       
     16                +                                                       
     18                ++                                                      
     19                +                                                       
     20                +                                                       
     ______________________________________                                    
PAR  3. Antalgic activity
PAR  The products to be tested are administered orally to batches of six mice
      each weighing 19-21 g. One hour afterwards, 0.20 ml. of an
      aqueous-alcoholic solution containing 0.02% of phenylbenzoquinone
      (phenylbenzoquinone: 20 mg, 96% alcohol; 5 ml; water q.s.p. 100 ml) is
      injected intraperitoneally. The number of reactions (stretching of the
      body) from the 5th to the 10th minutes following the injection of
      phenylbenzoquinone is counted.
PAR  Table IV gives the percentage inhibition relative to control animals.
     __________________________________________________________________________
              Compound of Example No.                                          
     Dose, mg/kg                                                               
              1   2   3                                                        
     administered                                                              
              and and and 4  5  7  9  10 11 12 13 14 15 16 18 19 20            
     orally   6   17  8                                                        
     __________________________________________________________________________
     16       10  57  --  23 -- 25 14 21 22 45 24 35 29 40 43  3 26            
     32       --  38  37  --  0 -- -- -- -- -- -- -- -- -- -- -- --            
     64       31  63  --  17 -- 25 19 46 38 36 24 38 29 28 55 26 38            
     128      --  --  41  -- 19 -- -- -- -- -- -- -- -- -- -- -- --            
     __________________________________________________________________________
PAR  4. Local anaesthetic activity
PAR  This is investigated by the technique of Bulbring and Wajda. The backs of
      male guinea pigs weighing 350-450 g. are shaved with an electric razor.
      0.1 ml. of a solution of the compounds to be tested is injected into the
      dermis (only those products which are soluble in the sodium chloride
      solution and give a pH of 6 to 7 are examined). Four points spaced 2 cm
      apart are marked on the skin, the product being administered at two of
      these and the solvent being administered at the remaining two. The skin
      reflex is examined by pricking each point six times with a mounted
      bristle. The number of positive reactions is counted and an inhibition
      percentage is calculated from the total number of positive reactions over
      the course of 30 minutes. Table V gives the inhibition percentages
      measured as a function of the concentrations of the solutions. The
      compounds of Examples 7, 18 and 19 are insoluble under the experimental
      conditions.
TBL                TABLE V                                                     
     ______________________________________                                    
     Concentration                                                             
     0/00                  0.25     0.50   1                                   
     Compound                                                                  
     ______________________________________                                    
     Example 1 and 6   14       32       64                                    
     Example 2 and 17  --        0       19                                    
     Example 3 and 8   --        0       26                                    
     Example 4         68       87       97                                    
     Example 5         84       81       97                                    
     Example 9         --        0       35                                    
     Example 10        --       36       62                                    
     Example 11        18       49       81                                    
     Example 12        49       78       89                                    
     Example 13        --       31       32                                    
     Example 14        --       34       40                                    
     Example 15        --       26       38                                    
     Example 16        --        0       46                                    
     Example 20        --        0        0                                    
     ______________________________________                                    
PAR  Clinical experiments were also carried out with the product of Example 1 on
      subjects suffering from chronic bronchitis. Not only suppression of the
      cough, but also facilitation of expectoration, and even a reduction in the
      latter and a sensation of feeling better, were observed.
PAR  The compounds of formula I can be administered orally at a dose of 50 to
      600 mg. daily.
PAC  Formulation for gelatine-coated pills
PAR  Gelatine-coated pills containing 50 mg. of the compound of Example 1, to be
      administered at the rate of 1 to 6 gelatine-coated pills daily, taken in 1
      to 3 doses.
PAC  Formulation of a syrup
TBL  Compound of Example 1                                                     
                          100 mg.                                              
     Flavoured syrup      100 ml.                                              
PAL  to be administered at the rate of 100 to 300 mg. daily, in 1 to 3 doses.
PAC  Formulation for suppositories
TBL  Compound of Example 1                                                     
                          100 mg.                                              
     Cacao butter, q.s.p.  2 g.                                                
PAL  to be administered at the rate of 1 to 3 suppositories daily.
PAR  The invention thus includes within its scope pharmaceutical compositions
      comprising, in association with a compatible pharmaceutical carrier, at
      least one compound of formula I or non-toxic acid addition salt thereof,
      preferably in a form for oral administration such as a tablet,
      sugar-coated pill, gelatine-coated pill, or syrup.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cough-suppressing composition comprising (1) an effective, non-toxic
      amount of an ester of a 2,2-diphenylcyclopropane-carboxylic acid of the
      formula:
      ##SPC2##
      in which R is hydrogen, halogen, lower alkyl, or lower alkoxy, n is zero
      or 1, and R.sub.1 and R.sub.2 taken together form, with the nitrogen to
      which they are attached, piperidino or lower alkyl-substituted piperidino;
      or a non-toxic acid addition salt of said ester and (2) a pharmaceutically
      acceptable excipient.
NUM  2.
PAR  2. A pharmaceutical composition according to claim 1 in which the active
      ingredient is the .beta.-piperidinoethyl ester of
      2,2-diphenyl-cyclopropanecarboxylic acid.
NUM  3.
PAR  3. A pharmaceutical composition according to claim 1 in which the active
      ingredient is the .beta.-(4'-methyl-piperidino)ethyl ester of
      2,2-diphenylcyclopropanecarboxylic acid.
NUM  4.
PAR  4. A pharmaceutical composition according to claim 1 in which the active
      ingredient is the .beta.-(2',6'-dimethyl-piperidino)ethyl ester of
      2,2-diphenyl-cyclopropanecarboxylic acid.
NUM  5.
PAR  5. A pharmaceutical composition according to claim 1 in which the active
      ingredient is the .beta.-piperidinoethyl ester of
      2,2-di-(p-methyl-phenyl)-cyclopropanecarboxylic acid.
NUM  6.
PAR  6. A pharmaceutical composition according to claim 1 in which the active
      ingredient is the 2-(2'-piperidino-ethoxy)-ethyl ester of
      2,2-diphenyl-cyclopropanecarboxylic acid.
NUM  7.
PAR  7. The pharmaceutical composition of claim 1 in a form suitable for oral
      administration.
NUM  8.
PAR  8. The pharmaceutical composition of claim 1 suitable for administration as
      a suppository.
NUM  9.
PAR  9. A method of suppressing cough which comprises administering to a subject
      suffering therefrom an effective, non-toxic amount of an ester of a
      2,2-diphenyl-cyclopropanecarboxylic acid of the formula:
      ##SPC3##
PAL  in which R is hydrogen, halogen, lower alkyl, or lower alkoxy, n is zero or
      1, and R.sub.1 and R.sub.2 taken together form, with the nitrogen to which
      they are attached, piperidino or lower alkyl-substituted piperidino; or a
      non-toxic acid addition salt of said ester.
NUM  10.
PAR  10. The method of claim 9 wherein said ester is the .beta.-piperidinoethyl
      ester of 2,2-diphenyl-cyclopropanecarboxylic acid.
NUM  11.
PAR  11. The method of claim 9 wherein said ester is the .beta.-(4'
      -methyl-piperidino)-ethyl ester of 2,2-diphenylcyclopropanecarboxylic
      acid.
NUM  12.
PAR  12. The method of claim 9 wherein said ester is the
      .beta.-(2',6'-dimethyl-piperidino) ethyl ester of
      2,2-diphenyl-cyclopropanecarboxylic acid.
NUM  13.
PAR  13. The method of claim 9 wherein said ester is the .beta.-piperidinoethyl
      ester of 2,2-di-(p-methylphenyl)-cyclopropanecarboxylic acid.
NUM  14.
PAR  14. The method of claim 9 wherein said ester is the
      2-(2'-piperidino-ethoxy)-ethyl ester of
      2,2-di(p-methyl-phenyl)-cyclopropanecarboxylic acid.
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ABST
PAL  Bis-basic substituted aromatic polycyclic compounds of the following
      structure are useful in treating conditions of delayed hypersensitivity:
      ##SPC1##
PAL  Wherein [W] represents an aromatic polycyclic nucleus selected from
      fluoranthene, fluorene, fluoren-9-ol, fluoren-9-one, dibenzofuran,
      dibenzothiophene, carbazole, N-(lower)alkyl carbazole, xanthene, xanthone,
      thioxanthene, phenoxathiin, or anthraquinone; Y represents carbonyloxy,
      carbonylthio, oxygen, divalent sulfur or carbonyl with the provisos that
      when Y is carbonyloxy or carbonylthio, [W] is other than thioxanthene,
      phenoxathiin or anthraquinone, when Y is oxygen or divalent sulfur, [W] is
      other than thioxanthene or phenoxathiin, and when Y is carbonyl, [W] is
      other than fluoren-9-ol or anthraquinone; A represents a straight or
      branched alkylene chain of from 1 to 6 carbon atoms with the proviso that
      when Y is carbonyloxy or carbonylthio, A contains at least 2 straight
      chain carbon atoms, that is, an ethylene radical; R represents hydrogen, a
      straight or branched lower alkyl group of from 1 to 4 carbon atoms, phenyl
      or benzyl; and pharmaceutically useful acid addition salts.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to the use of bis-basic substituted aromatic
      polycyclic derivatives wherein the basic substituents contain a piperidino
      radical for treating conditions of delayed hypersensitivity.
PAC  DESCRIPTION OF PRIOR ART
PAR  The following patents disclose bis-basic substituted aromatic polycyclic
      derivatives wherein the basic substituents contain a piperidono radical:
      U.S. Pat. No. 3,707,471 discloses bis-basic ether and thioether
      derivatives of fluoranthene. U.S. Pat. Nos. 3,592,819 and 3,692,907
      discloses bis-basic ether and thioether derivatives of fluorene,
      fluoren-9-ol and fluoren-9-one. U.S. Pat. No. 3,673,191 discloses
      bis-basic ether and thioether derivatives of dibenzothiophene. Belgian
      Pat. No. 776,555 discloses bis-basic ether and thioether derivatives of
      xanthene and xanthone. Belgian Pat. No. 767,201, which is equivalent to
      pending U.S. application Ser. No. 37,312, discloses bisbasic ether
      derivatives of anthraquinone. U.S. Pat. No. 3,531,489 discloses bis-basic
      ester and thioester derivatives of fluoranthene. U.S. Pat. No. 3,647,860
      discloses bis-basic ester derivatives of fluorene. U.S. Pat. No. 3,718,685
      discloses bis-basic ester derivatives of fluoren9-ol. U.S. Pat. No.
      3,662,062 discloses bis-basic ester and thioester derivatives of
      fluoren-9-one. Great Britain Pat. No. 1,262,052, which is equivalent to
      pending U.S. application Ser. No. 833,717, discloses bis-basic ester
      derivatives of dibenzofuran. Great Britain Pat. No. 1,304,651 discloses
      bis-basic ketone derivatives of fluoranthene. Great Britain Pat. No.
      1,286,755 discloses bis-basic ketone derivatives of fluorene and
      fluoren-9-one. Belgian Pat. No. 772,582, which is equivalent to pending
      U.S. application Ser. No. 72,171, discloses bis-basic ketone derivatives
      of dibenzofuran. Great Britain Pat. No. 1,292,567 discloses bis-basic
      ketone derivatives of dibenzothiophene. Great Britain Pat. No. 1,312,534,
      which is equivalent to pending U.S. application Ser. No. 137,055,
      discloses bis-basic ketone derivatives of thioxanthene. Belgian Pat. No.
      776,535 which is equivalent to pending U.S. application Ser. No. 97,379,
      discloses bis-basic ketone derivatives of xanthene and xanthone. W. German
      Pat. No. 2,231,067, which is equivalent to pending U.S. application Ser.
      No. 158,122, discloses bis-basic ketone derivatives of phenoxathiin. Each
      of these disclosures describes the compounds therein as being useful as
      antiviral agents and do not suggest or render obvious the use of the
      compounds disclosed herein in the treatment of conditions of delayed
      hypersensitivity.
PAC  SUMMARY OF INVENTION
PAR  Bis-basic substituted aromatic polycyclic compounds of the following
      structure are useful in treating conditions of delayed hypersensitivity:
      ##SPC2##
PAL  wherein [W] represents an aromatic polycyclic nucleus selected from
      fluoranthene, fluorene, fluoren-9-ol, fluoren9-one, dibenzofuran,
      dibenzothiophene, carbazole, N-(lower)alkyl carbazole, xanthene, xanthone,
      thioxanthene, phenoxathiin, or anthraquinone; Y represents carbonyloxy,
      carbonylthio, oxygen, divalent sulfur or carbonyl with the provisos that
      when Y is carbonyloxy or carbonylthio, [W] is other than thioxanthene,
      phenoxathiin or anthraquinone, when Y is oxygen or divalent sulfur, [W] is
      other than thioxanthene or phenoxathiin, and when Y is carbonyl, [W] is
      other than fluoren-9-ol or anthraquinone; A represents a straight or
      branched alkylene chain of from 1 to 6 carbon atoms with the proviso that
      when Y is carbonyloxy or carbonylthio, A contains from 2 to 6 carbon
      atoms; R represents hydrogen, a straight or branched lower alkyl group of
      from 1 to 4 carbon atoms, phenyl or benzyl; and pharmaceutically
      acceptable acid addition salts.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The compounds of this invention are bis-piperidinoalkylene derivatives of
      fluoranthene, as represented by the following general Formula II,
      bis-piperidinoalkylene derivatives of fluorene, fluoren-9-ol,
      fluoren-9-one, dibenzofuran, dibenzothiophene, carbazole, and
      N-(lower)alkyl carbazole, as represented by the following respective
      Formulas III-VII, bis-piperidinoalkylene derivatives of xanthene,
      xanthone, thioxanthene, phenoxathiin and anthraquinone, as represented by
      the following respective Formulas VIII-XII.
      ##SPC3##
TBL  X                     Formula                                             
     ______________________________________                                    
     --CH.sub.2 --         III                                                 
     --CH--                IV                                                  
     .vertline.                                                                
     OH                                                                        
     --C--                 V                                                   
     .parallel.                                                                
     --O--                 VI                                                  
     --S--                 VII                                                 
     --N--                                                                     
     .vertline.                                                                
     R.sup.1               VII                                                 
     ______________________________________                                    
      ##SPC4##
TBL  Z                Z.sup.1   Formula                                        
     ______________________________________                                    
     --CH.sub.2 --  O            VIII                                          
     .parallel.                                                                
     --C--          O            IX                                            
     --CH.sub.2 --  S            X                                             
     O              S            XI                                            
     O                                                                         
     .parallel.                                                                
     --C--          --C--        XII                                           
                    .parallel.                                                 
                    O                                                          
     ______________________________________                                    
PAR  In the above general Formulas II to XII, R represents hydrogen, straight or
      branched lower alkyl group of from 1 to 4 carbon atoms, phenyl or benzyl,
      and may be attached to any one of the carbon atoms of the piperidino
      radical; A represents a straight or branched alkylene chain of from 1 to 6
      carbon atoms with the proviso that when Y is carbonyloxy or carbonylthio,
      A contains at least 2 straight chain carbon atoms, that is, an ethylene
      group; Y represents carbonyloxy, carbonylthio, oxygen, divalent sulfur, or
      carbonyl with the following exceptions: in the compounds of general
      Formula IV, that is, bis-piperidinoalkylene derivatives of fluoren-9-ol, Y
      is other than carbonyl; in the compounds of general Formulas X and XI,
      that is, bispiperidinoalkylene derivatives of thioxanthene and
      phenoxathiin, Y is other than carbonyloxy, carbonylthio, oxygen or
      divalent sulfur; in the compounds of general Formula XII, Y is other than
      carbonyloxy, carbonylthio, or carbonyl; R.sup.1 in the compounds of
      general Formula VII represents hydrogen or a lower alkyl group of from 1
      to 4 carbon atoms.
PAR  In the compounds of general Formula II one of the basic substituents as
      represented by
      ##SPC5##
PAL  is attached to any one of the carbon atoms of the naphthalene portion of
      the tetracyclic nucleus, and the other such basic substituent is attached
      to any one of the carbon atoms of the benzenoid ring of the tetracyclic
      nucleus. In the compounds of general Formulas III to XII one of the basic
      substituents is attached to any one of the carbon atoms of one benzenoid
      ring of the tricyclic nucleus, and the other basic substituent is attached
      to the other such benzenoid ring.
PAR  Illustrative examples of straight or branched alkyl groups which R may
      represent in general Formulas I to XII are methyl, ethyl, n-propyl,
      isopropyl, n-butyl, isobutyl and tert-butyl.
PAR  Lower alkyl groups which R.sup.1 may represent in the compounds of general
      Formula VII are methyl, ethyl, n-propyl and n-butyl.
PAR  Illustrative examples of compounds of this invention are
      2,7-bis(3-piperidinopropyl)-9-oxofluorene-2,7-dicarboxylate,
      2,7-bis[4-(4-methylpiperidino)butyl]-9-oxofluorene2,5-dicarboxylate,
      2,7-bis(2-piperidinoethyl)-9-oxofluorene2,7-dicarbothiolate,
      2,7-bis(2-piperidinoethoxy)fluoren-9-one,
      2,7-bis(3-piperidinopropylthio)fluoren-9-one,
      2,7-bis[5-(4-benzylpiperidino)valeryl]fluoren-9-one,
      2,5-bis(2-piperidinoacetyl)fluoren-9-one,
      bis(6-piperidinohexyl)fluorene-2,7-dicarboxylate,
      bis(3-piperidinopropyl)fluorene-2,7-dicarbothiolate,
      2,7-bis(4-piperidinobutoxy)fluorene,
      2,5-bis[3-(4-ethylpiperidino)propoxy]fluorene,
      1,7-bis(2-piperidinoethylthio)fluorene,
      2,7-bis(3-piperidinopropionyl)fluorene,
      3,6-bis(3-piperidinobutyryl)fluorene,
      bis(2-piperidinoethyl)fluoren-9-ol-2,7-dicarboxylate,
      2,7-bis(5-piperidinopentoxy)fluoren-9-ol,
      bis(4-piperidinobutyl)dibenzofuran-2,6-dicarboxylate,
      bis(3-piperidinopropyl)dibenzofuran-2,8-dicarbothiolate,
      2,6-bis(3-piperidinobutoxy)dibenzofuran,
      2,8-bis(4-piperidinobutyryl)dibenzofuran,
      2,8-bis(4-piperidinobutyryl)dibenzothiophene,
      2,6-bis[4-(4-phenylpiperidino)butoxy]dibenzothiophene,
      bis(3-piperidinopropyl)dibenzothiophene-2,8-dicarboxylate,
      3,6-bis(4-piperidinobutyryl)-N-methylcarbazole,
      2,8-bis(2-piperidinoethoxy)-N-ethylcarbazole,
      3,6-bis(2-piperidinoacetyl)carbazole,
      bis(4-ethylpiperidinobutyl)carbazole-3,6-dicarboxylate,
      bis(piperidinopentyl)xanthene-3,6-dicarboxylate,
      2,7-bis(2-piperidinoethoxy)xanthene,
      2,7-bis(4-piperidinobutyryl)xanthen-9-one,
      3,6-bis(3-piperidinopropylthio)xanthen-9-one,
      bis(3-piperidinoisobutyl)-9-oxoxanthene-3,6-dicarboxylate,
      2,8-bis(4-piperidinobutyryl)thioxanthene,
      2,8-bis(2-piperidinoacetyl)thioxanthene,
      2,8-bis(3-piperidinopropoxy)anthraquinone,
      2,6-bis(2-piperidinoethoxy)anthraquinone,
      2,7-bis(4-piperidinobutyryl)phenoxathiin,
      2,8-bis[3-(4-ethylpiperidino)propionyl]phenoxathiin,
      bis(4-piperidinobutyl)fluoranthene-3,9-dicarboxylate,
      4,8-bis(3-piperidinopropoxy)fluoranthene,
      3,9-[4-(4-phenylpiperidino)butoxy]fluoranthene,
      3,9-bis(4-piperidinobutyryl)fluoranthene,
      3,9-bis(5-piperidinopentylthio)fluoranthene.
PAR  Pharmaceutically acceptable acid addition salts of the base compounds of
      this invention are those of any suitable inorganic or organic acid.
      Illustrative suitable inorganic acids are hydrochloric, hydrobromic,
      sulfuric, and phosphoric acids. Illustrative suitable organic acids are
      lower aliphatic hydrocarbon monocarboxylic acids, such as, glycolic or
      lactic acid; lower aliphatic lower alkoxyhydrocarbon monocarboxylic acids,
      such as, methoxyacetic or ethoxyacetic acids; lower aliphatic lower
      alkanoyl-hydrocarbon monocarboxylic acids, such as, pyruvic acid; lower
      aliphatic hydrocarbon dicarboxylic acids, such as malonic, succinic,
      methylsuccinic, glutaric, .alpha.-methylglutaric, .beta.-methylglutaric,
      itaconic, maleic, citraconic, homocitraconic, or fumaric acid; lower
      aliphatic hydroxy hydrocarbon dicarboxylic acids, such as, malic or
      tartaric acid; lower aliphatic lower alkoxy-hydrocarbon dicarboxylic
      acids, such as, .alpha.,.beta.-dimethoxysuccinic or ethoxymaleic acid;
      lower aliphatic hydrocarbon tricarboxylic acids, such as, aconitic or
      tricarballylic acid; lower aliphatic hydroxyhydrocarbon tricarboxylic
      acids, such as, citric acid. Additionally organic sulfonic acids, such as
      lower alkane sulfonic acids, for example, methanesulfonic or
      ethanesulfonic acid, or lower hydroxy-alkane sulfonic acids, for example,
      2-hydroxyethane sulfonic acid are suitable. Particularly useful are
      pharmacologically acceptable acid addition salts with mineral acids, such
      as hydrochloric acid. Mono- or di-acid salts may be formed, and the salts
      may be hydrated, for example, monohydrate, or substantially anhydrous.
PAR  Introduction of an antigen, or a foreign substance, into an organism
      results in a specific immunological response changing the reactivity of
      the organism towards the antigen and substances closely resembling the
      antigen. This response is usually a heightened reactivity to the antigen.
      This heightened reactivity is due in part to the production of antibodies
      which can result in an immediate hypersensitivity and in part to a
      cell-mediated immunity which can result in delayed hypersensitivity.
      Cell-mediated immunity is dependent upon the presence of cells sensitized
      to antigen, primarily thymus-modified lymphocytes, which specifically
      interact with the antigen. Macrophages are also involved in the processing
      of antigen and in the effector mechanisms leading to delayed
      hypersensitivity.
PAR  The type of substances which elicit delayed hypersensitivity are many and
      various. They may be organic chemicals, including drugs, simple chemical
      derivatives, or protein-containing antigens of micro-organisms, such as,
      bacteria, viruses, fungi or protozoa, or tissue antigens. Conditions of
      delayed hypersensitivity are associated with numerous pathological
      disorders, for example, contact hypersensitivity in the skin, rejection of
      tissue grafts or transplants, autoimmune diseases and certain infectious
      diseases. Such pathological disorders often involve, in addition to the
      cell-mediated delayed hypersensitivity responses, humoral antibody
      responses involving the production of antigen-specific antibodies.
      Generally, treatment of these disorders has been with immunosuppressive
      agents, such as, purine analogs, folic acid antagonists, alkylating agents
      and corticosteroids. Such agents have been found to be non-specific in
      their immunosuppressant effects, that is, they suppress both the humoral
      antibody and delayed (cellmediated) hypersensitivity responses. [Drug
      Therapy 1, no. 4, pp. 3-16 (1971)]. The compounds disclosed herein are
      unique in that they suppress only the delayed hypersensitivity response
      without concurrent suppression of the humoral immune response.
PAR  The compounds disclosed herein suppress delayed hypersensitivity responses
      thereby rendering the compounds useful in patients in the treatment of
      conditions of delayed hypersensitivity resulting from infectious diseases,
      specifically tuberculosis, streptococcus, staphylococcus and pneumococcus
      diseases, typhoid fever, undulant fever, chancroid, whoopingcough and
      leprosy; toxoids and vaccines, particularly diphtheria toxoid and smallpox
      vaccination; contact hypersensitivity in the skin, specifically from
      nickel salts, primrose or poison ivy, poison oak and paraphenylene
      diamine; rejection of tissue grafts and transplants; and auto-immune
      diseases, specifically rheumatoid arthritis, systemic lupus erythematosus,
      glomerular nephritis, rheumatic fever, ulcerative colitis, diabetes
      mellitus, pernicious anemia, coeliac disease, primary atypical pneumonia,
      Hashimoto's thyroiditis, multiple sclerosis, peripherial neuritis,
      pemphigus, Addison's disease and Grave's disease.
PAR  The utility of the compounds disclosed herein in the treatment of
      conditions of delayed hypersensitivity is manifested by the ability of the
      compounds to suppress delayed hypersensitivity reactions in vitro in the
      macrophage migration inhibition test (MMIT) and in vivo in the
      experimental allergic encephalomyelitis (EAE) test, which are well
      recognized tests for detecting agents or compounds effective in treating
      conditions of delayed hypersensitivity. Immunology for Students of
      Medicine, 3rd edition, 1970, F.A. Davis Company, pp. 498-500; Federation
      Proceedings 27, No. 1, pp. 3-15, (1968); Advances in Immunology 5, pp.
      131-208 (1966).
PAR  As used herein, the term patient means warm blooded animals, particularly
      mammals and humans. The compounds disclosed herein may be administered to
      a patient orally, parenterally, or topically either alone or in the form
      of pharmaceutical preparations. Pharmaceutical preparations containing
      conventional pharmaceutical carriers and as active ingredients compounds
      of this invention can be employed in unit dosage forms such as solids, for
      example, tablets, capsules and pills, or liquid solutions, suspensions, or
      emulsions for oral and parenteral and administration. The quantity of
      compound administered can vary over a wide range to provide from about 0.1
      mg/kg (milligrams per kilogram) to about 200mg/kg of body weight of the
      patient per day, and preferably from about 1 mg/kg to 100mg/kg of body
      weight of the patient per day, to achieve the desired effect. Unit doses
      can contain from about 5 mg to 1.0 g of a compound of this invention and
      may be administered, for example, from 1 to 4 times daily.
PAR  The compounds of this invention can be prepared by several methods. The
      bis-piperidinoalkylene ester and thioesters, that is, compounds of general
      Formula I wherein Y represents carbonyloxy or carbonlythio can be prepared
      by the reaction of a compound of the formula
      ##EQU1##
      wherein R.sup.2 is OH, halogen, such as, chlorine or bromine, or lower
      alkoxy, such as, methoxy or ethoxy and [W.sup.1 ] represents fluoranthene,
      fluorene, fluoren-9-one, dibenzofuran, dibenzothiophene, carbazole,
      N-(lower)alkyl carbazole, xanthene or xanthone; with a piperidinoalkanol
      or piperidinoalkylthiol of the formula
      ##SPC6##
PAL  wherein A.sup.1 is a straight or branched alkylene chain of from 2 to 6
      carbon atoms; R represents hydrogen, lower alkyl of from 1 to 4 carbon
      atoms, phenyl or benzyl and R.sup.3 is oxygen or sulfur. The
      esterification can be achieved by allowing the compound of Formula XIII
      wherein R.sup.2 is hydroxy, to react with the appropriate
      piperidinoalkanol or piperidinoalkylthiol in an inert solvent in the
      presence of a catalyst and employing general methods for removing water
      from the reaction site. Preferred solvents are chloroform, isopropyl
      alcohol, dioxane, and toluene. The reaction may be catalyzed by the use of
      mineral acids including hydrochloric, sulfuric or certain organic acids
      such as p-toluene-sulfonic acid. Methods whereby water can be removed from
      the reaction include the use of water scavengers such as the carbodiimides
      or by the azeotropic removal of water. The reaction will proceed at
      temperatures ranging from 50.degree.-150.degree.C. over a period of 6 to
      72 hours depending upon the solvent and catalyst.
PAR  Preferably, the esterification can be achieved by allowing the acid halide,
      where R.sup.2 in the above Formula XIII is halogen, to react with the
      appropriate piperidinoalkanol or piperidinoalkylthiol. The esters and
      thioesters of this invention can be produced in a variety of inert
      solvents over a wide range of temperatures and reaction time. The solvents
      of choice include chloroform, dioxane, tetrahydrofuran, and the aromatic
      solvents such as benzene and toluene. In chloroform, the reaction is
      generally complete within one hour at the reflux temperature of the
      solvent, although the reaction time can range from 15 minutes to 3 days.
PAR  The bis-basic ester and thioester derivatives of general Formula I may also
      be prepared by a transesterification reaction in which a (lower)alkoxy
      ester, that is, a compound of Formula XIII wherein R.sup.2 is, for
      example, methoxy or ethoxy, is reacted with the appropriate
      piperidinoalkanol or piperidinoalkylthiol under suitable conditions. This
      type of reaction is catalyzed by alkaline or acid catalysts and is
      reversible. The basic esters may be obtained by causing the equilibrium to
      be shifted by removing the piperidinoalkanol or piperidinoalkylthiol
      component or by employing a large excess of the piperidinoalkanol or
      piperidinoalkylthiol. Preferably, the reaction is carried out by removing
      the alkanol or alkylthiol component with the use of an alkaline catalyst.
      The alkanol or alkylthiol component may be removed by direct distillation
      or distillation with a suitable solvent. Suitable alkaline catalysts are
      alkali metals, such as, sodium or potassium; alkali lower alkoxides, such
      as, sodium methoxide or sodium ethoxide; or alkali amides such as lithium
      or sodium amide. Suitable solvents are those forming an azeotropic
      distillation mixture with the alkanol or alkylthiol component, for
      example, benzene or toluene, or a solvent which boils sufficiently higher
      than the alkanol or alkylthiol to permit its removal by distillation at a
      temperature below that of the boiling range of the solvent.
PAR  The bis-piperidinoester and thioester derivatives of general Formula I
      wherein [W] represents fluoren-9-ol or fluorene may be prepared by the
      reduction of the corresponding fluoren-9-one compound. The reduction of
      the fluoren9-one derivatives can be carried out either chemically or by
      hydrogenation in the presence of a catalyst. Hydrogenation of the
      fluorenone bis esters takes place in a stepwise fashion. Thus, at room
      temperature and at low pressure, one equivalent of hydrogen is rapidly
      absorbed to give the fluorenol derivative. Subsequent uptake of hydrogen
      is much slower so that if the fluorene derivative is desired, the reaction
      mixture should be heated to shorten the reaction periods. The
      hydrogenation can be carried out in any of a variety of solvents such as
      water, alcohols such as ethanol or methanol, dimethylformamide, or
      mixtures of these solvents. The fluorene compound is hydrogenated in the
      acid addition salt form. Hydrogenation catalysts such as palladium or
      platinum, supported or unsupported, may be used in this hydrogenation.
PAR  The fluorenol esters of this invention may be prepared by the chemical
      reduction of the corresponding base form of the fluorenone derivatives
      such as with sodium borohydride, lithium borohydride, and the like, at
      0.degree.- 100.degree.C for 10 minutes to 4 hours in a suitable solvent
      such as water, ethanol and the like. The fluorenone bis-basic esters and
      thioesters may be added to the borohydride reagent, either as the base
      dissolved in an organic solvent such as alcohols, or as the salt in an
      aqueous or aqueousalcoholic solution. In the latter case, an excess of
      borohydride reagent should be used to compensate for reagent consumed by
      neutralization of the salt.
PAR  Additional methods for the preparation of bis-basic ester and/or thioester
      derivatives of fluoranthene, fluorene, fluoren-9-ol, and fluoren-9-one are
      set forth respectively in U.S. Pat. Nos. 3,531,489, 3,647,860, 3,718,685
      and 3,662,062, and the appropriate portions of each patent are
      incorporated herein by reference thereto.
PAR  The compounds of general Formula I wherein Y is oxygen or divalent sulfur,
      that is, bis-piperidinoalkylene ether and thioether derivatives may be
      prepared by the reaction of one equivalent of a diol or dithiol derivative
      of the formula
EQU  HR.sup.4 [W.sup.2 ] R.sup.4 H Formula XV wherein R.sup.4 represents oxygen
      or divalent sulfur; and [W.sup.2 ] represents fluoranthene, fluorene,
      fluoren-9-ol, fluoren-9-one, dibenzofuran, dibenzothiophene, carbazole,
      N-(lower)-alkyl carbazole, xanthene, xanthone, or anthraquinone; with two
      equivalents of a piperidinoalkylhalide of the formula
      ##SPC7##
PAL  wherein Hal represents chlorine, bromine or iodine; A is a straight or
      branched alkylene chain of from 1 to 6 carbon atoms; and R is hydrogen,
      lower alkyl of from 1 to 4 carbon atoms, phenyl or benzyl; in the presence
      of a base. Typical piperidinoalkyl halides are, for example,
      2-piperidinoethylchloride, 3-piperidinopropylbromide,
      3-piperidinoisobutylchloride, and 3-(4-methylpiperidino)propylchloride.
PAR  Alternatively, the bis-piperidinoalkylene ether and thioether derivatives
      of general Formula I may be prepared by the reaction of a
      bis-.omega.-haloalkylether or thioether derivative of the formula
EQU  Hal-A-R.sup.4 --W.sup.2 --R.sup.4 -A-Hal Formula XVII
PAL  wherein Hal, A, R.sup.4 and [W.sup.2 ] have the meanings defined
      hereinabove with piperidine or an appropriately substituted piperidine.
      The bis-.omega.-haloalkyl ether and thioether derivatives of Formula XVII
      are obtained by the reaction of a diol or dithiol derivative of [W.sup.2 ]
      with a haloalkylhalo, that is, Hal-A-Hal wherein Hal and A have the
      meanings defined hereinabove, in the presence of a base.
PAR  Suitable bases for the above described reaction are sodium methoxide,
      sodium hydride, sodium amide, sodium hydroxide, and potassium hydroxide.
      Suitable solvents include aromatic hydrocarbons, such as benzene, toluene
      and xylene; halogenated aromatics, such as, chlorobenzene; aprotic
      solvents, such as, N,N-dimethylformamide, N,N-dimethylacetamide, and
      dimethylsulfoxide; alcohols, such as, ethanol or isopropyl alcohol;
      ketones, such as, acetone; ethers, such as, tetrahydrofuran or dioxane;
      water; or mixtures of these solvents.
PAR  When either sodium methoxide, sodium amide or sodium hydride, for example,
      is used as the base, the reaction is carried out in an anhydrous medium,
      such as anhydrous toluene or chlorobenzene. About 2.5 equivalents of the
      base is added to a suspension of a diol or dithiol derivative of Formula
      XV, in the anhydrous solvent, and the mixture is heated. In the case where
      sodium methoxide is used, the methanol formed may be removed
      advantageously by azeotropic distillation. About 2.5 equivalents of the
      halide, either a piperidinoalkylhalide or a haloalkylhalo derivative is
      added, and the mixture heated to reflux for a period which may vary from
      about 4 to 24 hours. The products are isolated by customary procedures.
PAR  In the method where an alkali hydroxide, such as potassium hydroxide is
      used as the base, two different procedures may be used. In the one
      procedure a 25 to 50 per cent aqueous solution of the alkali hydroxide
      (about 2.5 equivalents) is added to a suspension of a diol or dithiol
      derivative of Formula XV in a suitable aromatic solvent, for example
      xylene. This mixture is then heated to boiling, stirring being optional,
      and the water removed by azeotropic distillation. The reaction mixture,
      now being essentiallly anhydrous, is treated with about 2.5 equivalents of
      either a piperidinoalkylhalide or a haloalkylhalo derivative. In the other
      procedure the reaction is carried out in a heterogenous medium of water
      and an aromatic hydrocarbon, such as, toluene or xylene. For example, one
      equivalent of a diol or dithiol derivative of Formula XV is suspended in
      the aromatic hydrocarbon. To this suspension is added about 2.5
      equivalents of a hydrohalide salt of a piperidinoalkylhalide derivative or
      a haloalkylhalo derivative in a minimum volume of water after which a 25
      to 50% solution of the alkali hydroxide (about 5 equivalents when using a
      piperidinoalkylhalide derivative and about 2 equivalents when using a
      haloalkylhalo derivative) is added with efficient stirring. This mixture
      is heated to reflux for about 6 to 24 hours, and the product is isolated
      from the hydrocarbon layer.
PAR  The reaction between the bis-.omega.-haloalkylether or thioether derivative
      of Formula XVII and piperidine may be carried out under a variety of
      conditions. For example, the compound of Formula XVII may be heated
      together with a large excess of the piperidine, the excess piperidine
      serving as both the reaction medium and the hydrohalide acceptor. Or, 1
      equivalent of the bis(.omega.-haloalkyl)ether or thioether, and 4
      equivalents of the piperidine may be heated together in one of a number of
      different types of solvents, for example, in aromatic solvents, such as,
      benzene, toluene, xylene, or chlorobenzene; or lower molecular weight
      alcohols, such as, methanol, ethanol or isopropyl alcohol; or lower
      molecular weight ketones, such as, acetone or methyl ethyl ketone. The
      reaction between the halo compound and the piperidine is usually promoted
      by the addition of either sodium or potassium iodide, the iodide being
      used in either catalytic or stoichiometric amounts. In some cases, it may
      be advantageous to use only 2 equivalents of the piperidine for each
      equivalent of the bis-.omega.-haloalkylether or thioether, an excess of
      either powdered potassium carbonate or sodium carbonate being used as the
      hydrohalide acceptor.
PAR  Additional methods for the preparation of bis-piperidinoalkylene ether and
      thioether derivatives of fluoranthene are set forth in U.S. Pat. No.
      3,707,471; of fluorene, fluoren-9-ol, and fluoren-9-one are set forth in
      U.S. Pat. Nos. 3,592,819 and 3,692,907; of dibenzothiophene are set forth
      in U.S. Pat. 3,673,191; of xanthene and xanthone are set forth in Belgian
      Pat. No. 776,555; of 2,6- and 2,7-bis-piperidinoalkylene ether
      anthraquinone derivatives are set forth in Belgian Pat. No. 767,201; and
      the appropriate portions of each disclosure are incorporated herein by
      reference thereto. The additional methods set forth in these disclosures
      may be appropriately applied to the preparation of bis-piperidinoalkylene
      ether and thioether derivatives of dibenzofuran, carbazole and
      anthraquinone.
PAR  The compounds of general Formula I wherein Y is carbonyl, and [W]
      represents fluoranthene, fluorene, dibenzofuran, dibenzothiophene,
      carbazole, N(lower)alkyl carbazole, xanthene, thioxanthene, or
      phenoxathiin, may be prepared by an amination reaction of a
      bis-.omega.-haloalkanoyl derivative of the formula
      ##EQU2##
      wherein Hal is chlorine, bromine or iodine; A is a straight or branched
      alkylene chain of from 1 to 6 carbon atoms; and [W.sup.3 ] represents
      fluoranthene, fluorene, dibenzofuran, dibenzothiophene, carbazole,
      N-(lower)alkyl carbazole, xanthene, thioxanthene or phenoxathiin; with
      piperidine or an appropriately substituted piperidine.
PAR  The amination reaction may be carried out under a variety of conditions.
      For example, a compound of Formula XVIII may be heated together with a
      large excess of the piperidine, the excess piperidine serving as the
      reaction medium and the hydrohalide acceptor. Or, one equivalent of a
      compound of Formula XVIII and four equivalents of the piperidine, may be
      heated together in one of a number of different types of solvents, for
      example, in aromatic solvents, such as, benzene, toluene, or xylene;
      ethers, such as, tetrahydrofuran, or dioxane; ketones, such as, acetone or
      butanone; aprotic solvents, such as, N,N-dimethylformamide,
      N,N-dimethylacetamide, or dimethyl sulfoxide; or mixtures of these
      solvents with water. The reaction between a compound of Formula XVIII
      wherein Hal is Cl and the piperidine, is frequently promoted by the
      addition of either sodium iodide or potassium iodide, the iodide being
      used in either catalytic or stoichiometric amounts. In some cases, it may
      be advantageous to use only two equivalents of the piperidine for each
      equivalent of the bis-.omega.-haloalkanoyl derivative, an excess of an
      inorganic base, such as, powdered sodium carbonate or potassium carbonate
      being used as the hydrohalide acceptor. The reaction will proceed normally
      in 12 hours to two weeks at temperatures of from -30.degree. to
      150.degree.C.
PAR  Alternatively, the amination reaction may be carried out on a derivative of
      a compound of Formula XVIII, such as, the bis-ketal derivative that may be
      prepared by allowing the bis-.omega.-haloalkanoyl derivative and an excess
      of ethyl orthoformate to react in the presence of an acid catalyst such as
      hydrochloric acid for several days in a polar solvent such as ethanol or
      tetrahydrofuran.
PAR  The bis-.omega.-haloalkanoyl derivatives of Formula XVIII can be prepared
      by a Friedel-Crafts acylation reaction of an appropriate aromatic
      polycyclic compound as represented by [W.sup.3 ]. Suitable acylating
      agents which may be used are, for example, chloroacetyl chloride,
      bromoacetyl bromide, 3-chloropropionyl chloride, 4-chlorobutyryl chloride,
      5-chloro-4-methylvaleryl chloride and 4-chloro-3-ethyl-butyryl chloride.
PAR  The acylation reaction may be carried out in a variety of solvents and
      under catalysis of a variety of Lewis acids. The temperature and duration
      of the reaction may be varied to allow for optimum reaction conditions. A
      preferred procedure is to combine one equivalent of an appropriate
      aromatic polycyclic compound as represented by [W.sup.3 ] with 2.5
      equivalents of an acylating agent in methylene chloride followed by
      portionwise addition of aluminum chloride. The temperature of the reaction
      is maintained below zero degrees with continuous stirring. After the
      additions are complete the temperature may be elevated to
      25.degree.-40.degree.C for 12 to 36 hours. The reaction mixture is worked
      up in the usual manner by decomposing the complex with ice water/HCl. The
      product obtained is recrystallized from methylene chloride, chloroform, or
      the like. The procedure may be varied such that there is a reverse
      addition of acylating agent and Lewis acid, or a reverse addition of
      aromatic polycyclic compound and Lewis acid. The more reactive halogen
      derivative, that is, the bis-.omega.-iodoalkanoyl derivative, may be
      prepared from the corresponding bis-chloro derivative using a halogen
      exchange reaction under the conditions generally employed in the
      Conant-Finkelstein reaction.
PAR  The acylation reaction described above results in bis-.omega.-haloalkanoyl
      derivatives of Formula XVIII wherein the position of substitution on the
      various aromatic polycyclic compounds is the following:
      3,9-bis-.omega.-haloalkanoylfluoranthene;
      2,7-bis-.omega.-haloalkanoylfluorene; 2,6- and
      2,8-bis-.omega.-haloalkanoyldibenzofuran; 2,6- and
      2,8-bis-.omega.-haloalkanoyldibenzothiophene;
      3,6-bis-.omega.-haloalkanoylcarbazole;
      2,7-bis-.omega.-haloalkanoylxanthene;
      2,7-bis-.omega.-haloalkanoylthioxanthene; and 2,7- and
      2,8-bis-.omega.-haloalkanoylphenoxathiin.
PAR  The bis-piperidinoalkanoyl derivatives of general Formula I wherein [W]
      represents fluoranthene, fluorene, dibenzofuran, dibenzothiophene,
      carbazole, or N-(lower)-alkylcarbazole, and A is an alkylene chain of from
      3 to 6 carbon atoms may be prepared by the reaction of a dinitrile
      derivative of the formula
EQU  NC --W.sup.4 --CN Formula XIX
PAL  wherein [W.sup.4 ] represents fluoranthene, fluorene, dibenzofuran,
      dibenzothiophene, carbazole or N-(lower)alkylcarbazole with a Grignard
      reagent of the formula
      ##SPC8##
PAL  wherein R.sup.5 is bromine or chlorine; m is an integer of from 3 to 6; and
      R is hydrogen, lower alkyl of from 1 to 4 carbon atoms, phenyl or benzyl.
      The reaction will proceed in from 1 to 24 hours at a temperature ranging
      from room temperature to about 80.degree.C. The Grignard reagent may be
      prepared by reacting magnesium and piperidinoalkyl C.sub.3-6 -halide
      wherein the halide is bromine or chlorine; a preferred solvent for this
      reaction is tetrahydrofuran. The dinitrile derivatives of Formula XIX may
      be prepared from known diamines by a Sandmeyer reaction on the tetrazonium
      salts or from known dicarboxylic acid derivatives by dehydration of the
      corresponding amides by standard procedures.
PAR  The bis-piperidinoalkanoyl derivatives of general Formula I wherein [W] is
      xanthene, thioxanthene or phenoxathiin, and wherein A is an alkylene chain
      of from 3 to 6 carbon atoms may be prepared by the reaction of a Grignard
      reagent of the above Formula XX with a bis-amide derivative of the formula
      ##EQU3##
      wherein [W.sup.5 ] represents xanthene, thioxanthene or phenoxathiin, and
      R.sup.6 and R.sup.7 represent hydrogen or lower alkyl, or NR.sup.6 R.sup.7
      together form a saturated monocyclic heterocyclic group, such as,
      pyrrolidino or piperidino. The addition of the Grignard reagent is carried
      out at low temperatures ranging from -70.degree.C to 0.degree.C, and the
      reaction mixture is then warmed to 0.degree. to 80.degree.C for 1 to 24
      hours. The bis-amide derivatives may be prepared by generally known
      procedures from the corresponding bis-acids.
PAR  The bis-piperidinopropionyl derivatives of general Formula I wherein [W]
      represents fluoranthene, fluorene, dibenzofuran, dibenzothiophene,
      xanthene, thioxanthene or phenoxathiin may be prepared by a Mannich
      reaction of a bis-acetyl derivative of the formula
      ##EQU4##
      wherein [W.sup.6 ] represents fluoranthene, fluorene, dibenzofuran,
      dibenzothiophene, xanthene, thioxanthene or phenoxathiin with piperidine
      or an appropriately substituted piperidine in the presence of
      formaldehyde. By combining one equivalent of a compound of Formula XXII
      and two or more equivalents of the piperidine with three or more
      equivalents of formaldehyde the reaction will proceed in from a few
      minutes to 24 hours in solvents such as water, acetic acid, ethanol,
      butanol, dioxane, and tetrahydrofuran and at temperatures equivalent to
      the reflux temperature of the solvent. In this reaction either of two
      sources of formaldehyde may be employed. When formalin is used the
      reaction may be conducted with a suspension of a compound of Formula XXII
      or a co-solvent such as methanol may be added to allow the reaction to
      proceed in a homogeneous medium. When the source of formaldehyde is
      paraformaldehyde the reaction is carried out in an organic solvent such as
      those mentioned above. It is sometimes desirable to add a slight excess of
      hydrochloric acid to promote depolymerization of paraformaldehyde either
      during the reaction or at the end of the reaction.
PAR  The piperidine employed in this reaction may be added to the reaction
      medium as the hydrochloride salt or as the base form with subsequent in
      situ formation of the hydrochloride salt by the addition of hydrochloric
      acid.
PAR  The bis-acetyl derivatives of Formula XXII may be prepared by a
      Friedel-Crafts acylation reaction on fluoranthene, fluorene, dibenzofuran,
      dibenzothiophene, xanthene, thioxanthene, or phenoxathiin, or by a
      reaction of a bis-acid chloride derivative of the same aromatic polycyclic
      compounds with dimethyl-cadmium, which can be prepared from methyl
      Grignard and cadmium chloride. The bis-acid chlorides can be prepared by
      conventional procedures.
PAR  The bis-piperidinoalkanoyl derivatives of fluoren-9-one and xanthone, that
      is, compounds of general Formula I wherein Y is carbonyl and [W]
      represents fluoren-9-one or xanthone can be prepared by oxidation of the
      corresponding fluorene or xanthene bis-piperidinoalkanoyl derivatives, the
      preparations of which are described hereinabove. This oxidation reaction
      may be carried out using dichromate anion such as sodium dichromate or
      potassium dichromate as the oxidizing agent. The reaction will proceed in
      from 15 minutes to 6 hours at a temperature of from 80.degree.C to
      120.degree.C. The amount of oxidizing agent is limited to the
      stoichiometric quantity required for oxidation of the 9-methylene group of
      the fluorene or xanthene derivative. Suitable solvents for this conversion
      are, for example, water, acetic acid and tert-butyl alcohol, or
      combinations of these solvents. For example, by combining three moles of a
      bis-piperidinoalkanoyl fluorene or xanthene derivative of general Formula
      I, wherein Y is carbonyl, and [W] is fluorene or xanthene, dissolved in
      acetic acid with four moles of sodium dichromate and refluxing the mixture
      for 1 to 3 hours, the corresponding fluoren-9-one and xanthone derivatives
      are obtained.
PAC  EXAMPLE 1
PAC  Bis(3-piperidinopropyl)fluoranthene-3,8-dicarboxylate dihydrochloride
PAR  To 400 ml of chloroform is added 15.0 g (0.046 mole) of
      fluoranthene-3,8-dicarbonyl chloride and 13.3 g (0.093 mole) of
      3-piperidinopropanol and the resulting solution is heated at reflux. After
      a short time, the product separates from the refluxing reaction mixture
      and after refluxing for a total time of 3 hours a yellow product is
      separated by filtration and is crystallized twice from methanol-ethyl
      acetate to give bis(3-piperidinopropyl)-fluoranthene-3,8-dicarboxylate
      dihydrochloride, M.P. 258.degree.-260.degree.C.
PAC  EXAMPLE 2
PAC  Bis(3-piperidinopropyl)-9-oxofluorene-2,7-dicarboxylate dihydrochloride
PAR  A suspension of 30.5 g (0.12 mole) of fluoren-9-one-2,7-dicarbonyl chloride
      in 1 liter of dry chloroform free from ethanol is stirred and treated with
      37.5 g (0.26 mole) of 3-piperidino-1-propanol resulting in a mildly
      exothermic reaction. The resulting mixture is stirred and refluxed for two
      hours, cooled to room temperature, filtered, and the filtrate washed three
      times with 250 ml portions of saturated sodium bicarbonate solution. The
      chloroform solution is then washed with water and saturated sodium
      chloride solution, dried over anhydrous sodium sulfate, and filtered. Most
      of the solvent is removed from the filtrate on a steam bath under vacuum,
      and the residue is dissolved in butanone. The solution is made acidic to
      Congo Red with ethereal HCl causing the product to precipitate as a yellow
      crystalline solid. The solid is filtered, recrystallized from
      butanone-methanol and dried to give
      bis(3-piperidinopropyl)-9-oxofluorene-2,7-dicarboxylate dihydrochloride,
      M.P. 2.93.degree.-295.degree.C (dec.).
PAC  EXAMPLE 3
PAC  Bis(3-piperidinopropyl)fluorene-2,7-dicarboxylate dihydrochloride
PAR  A solution of 20.0 g (0.04 mole) of
      bis(3-piperidinopropyl)-9-oxofluorene-2,7-dicarboxylate dihydrochloride in
      water to make a total volume of 240 ml is hydrogenated over 8.0 g of 10%
      palladium on charcoal for 2 days at 53.degree.C on a Parr hydrogenation
      apparatus. The mixture is decanted from the catalyst, filtered through
      filter aid, treated with charcoal and refiltered. The solution is made
      basic to phenolphthalein with 20% sodium hydroxide and is extracted three
      times with CHCl.sub.3. The combined extracts are washed twice with water,
      dried over anhydrous sodium sulfate and filtered. The filtrate is made
      acidic to Congo Red with ethereal HCl. Most of the solvent is removed on a
      steam bath under vacuum, and the resulting solid is recrystallized from
      methanol-ether and from absolute ethanol and vacuum dried to give
      bis(3-piperidinopropyl)fluorene-2,7-dicarboxylate dihydrochloride.
PAC  EXAMPLE 4
PAC  Bis(3-piperidinopropyl) 9-hydroxyfluorene-2,7-dicarboxylate dihydrochloride
      hydrate
PAR  A solution of 10.3 (0.020 mole) of
      bis(3-piperidinopropyl)-9-oxofluorene-2,7-dicarboxylate dihydrochloride in
      350 ml of warm water is cooled to room temperature and added to 3 g (0.079
      mole) of NaBH.sub.4 in 15 ml of water with swirling. The resulting product
      is extracted 5 times with ether, and the combined ether extracts are
      washed with water, then with NaCl solution, and dried over anhydrous
      MgSO.sub.4. The mixture is filtered, the filtrate treated with ethereal
      HCl and most of the solvent distilled off. The residue is dissolved in 50
      ml of hot ethanol, filtered through filter aid and the filtrate
      refrigerated. The crystallized solid is filtered off and is recrystallized
      twice from ethanol to give bis(3-piperidinopropyl)
      9-hydroxyfluorene-2,7-dicarboxylate dihydrochloride hydrate.
PAC  EXAMPLE 5
PAC  Bis(3-piperidinopropyl)dibenzofuran-2,8-dicarboxylate dihydrochloride
      monohydrate
PAR  A solution of 12.8 g (0.044 mole) of dibenzofuran-2,8-dicarbonyl chloride
      and 12.6 g (0.088 mole) of 3-piperidinopropanol in 1 liter of chloroform
      is refluxed for 4 hours. Upon dilution with diethyl ether, the product is
      collected and crystallized from ethanol, to give
      bis(3-piperidinopropyl)dibenzofuran-2,8-dicarboxylate dihydrochloride
      monohydrate, M.P. 252.degree.-253.degree.C.
PAC  EXAMPLE 6
PAC  Bis(3-piperidinopropyl)dibenzothiophene-2,6-(and 2,8)-dicarboxylate
      dihydrochloride monohydrate
PAR  A solution of 12.0 g (0.038 mole) of a mixture of dibenzothiophene-2,6-(and
      2,8)-dicarbonyl chloride and 11.4 g (0.08 mole) of 3-piperidinopropanol in
      500 ml of chloroform is heated at reflux for 24 hours. The solid which
      separates is treated with 25% aqueous sodium carbonate and the free base
      which results is extracted with ether, dried over anhydrous magnesium
      sulfate and treated with ethereal hydrogen chloride. The dihydrochloride
      salt is recrystallized several times from methanol-ethyl acetate to yield
      bis(3-piperidinopropyl)-dibenzothiophene-2,6-(and 2,8-)dicarboxylate
      dihydrochloride monohydrate, consisting of approximately 75% of the
      2,6-isomer and 25% of the 2,8-isomer, M.P. 248.degree.-256.degree.C.
PAC  EXAMPLE 7
PAC  Bis(3-piperidinopropyl)-9-ethylcarbazole-3,6-dicarboxylate dihydrochloride
PAR  To 250 ml of isopropyl alcohol is added one equivalent of
      9-ethylcarbazole-3,6-dicarboxylic acid, 2 equivalents of
      3-piperidinopropylchloride, and a catalytic amount of
      benzyltrimethylammonium chloride. The mixture is heated to reflux for 2
      hours. Upon cooling a solid forms which is collected, washed with ether,
      dried and dissolved in water. The aqueous solution is made basic with
      saturated sodium bicarbonate, and the product is extracted with ether. The
      ether solution is washed with water, dried, and acidified with ethereal
      HCl. The resulting precipitate is recrystallized from methanol-butanone to
      give bis(3-piperidinopropyl)-9-ethylcarbazole-3,6-dicarboxylate
      dihydrochloride.
PAC  EXAMPLE 8
PAC  Bis(3-piperidinopropyl)xanthone-2,7-dicarboxylate dihydrochloride
PAR  To 14.2 g (0.05 mole) of xanthone-2,7-dicarboxylic acid is added 150 ml
      (2.1 moles) of thionyl chloride and 100 ml of dry tetrahydrofuran. The
      resulting solution is refluxed for three hours after which the solvent and
      excess thionyl chloride are removed at reduced pressure on a steam bath.
      The residue is dissolved in 500 ml of dry methylene chloride, treated with
      activated charcoal and filtered. To the filtrate, containing
      xanthone-2,7-dicarboxylic acid chloride, is added 18.6 g (0.13 mole) of
      3-piperidinopropanol. The resulting mixture is refluxed 1.5 hours and let
      stand for three days. The solvent is removed, and the residue is dissolved
      in dilute hydrochloric acid and washed with methylene chloride. The
      aqueous layer is made basic with 15% sodium carbonate solution and
      extracted with methylene chloride. This solution is washed with dilute
      sodium carbonate solution and water and then dried over anhydrous
      magnesium sulfate. Upon filtering, the solvent is removed under reduced
      pressure and the residue dissolved in isopropyl alcohol and converted to
      the dihydrochloride with ethanolic-HCl. The product is precipitated with
      diethyl ether, filtered and purified from isopropanol-methanol to give
      bis(3-piperidinopropyl)xanthone-2,7-dicarboxylate dihydrochloride.
PAC  EXAMPLE 9
PAC  Bis(3-piperidinopropyl)xanthene-2,7-dicarboxylate dihydrochloride
PAR  When in Example 8, xanthene-2,7-dicarboxylic acid is substituted for
      xanthone-2,7-dicarboxylic acid,
      bis(3-piperidinopropyl)xanthene-2,7-dicarboxylate dihydrochloride is
      obtained.
PAC  EXAMPLE 10
PAC  Bis(2-piperidinoethyl) 9-oxofluorene-2,7-dicarbothiolate dihydrochloride
PAR  12.2 grams (0.04 mole) of 9-oxofluorene-2,7- dicarbonyl chloride and 15.4
      grams (0.085 mole) of piperidinoethanethiol hydrochloride are mixed in 500
      ml of dried chloroform. The reactants are refluxed with stirring for two
      hours and allowed to cool to room temperature. The mixture is diluted with
      180 ml of saturated sodium bicarbonate solution and 165 ml water. After
      thorough mixing, the layers are separated and the aqueous layer is
      extracted twice with chloroform. The combined chloroform extracts are
      washed with water and saturated sodium chloride and dried over MgSO.sub.4.
      After filtering the MgSO.sub.4, the filtrate is acidified to Congo Red
      paper with ethereal HCl. Upon concentration and cooling, a yellow
      crystalline precipitate of bis(2-piperidinoethyl)
      9-oxoflourene-2,7-dicarbothiolate dihydrochloride separates. It is
      filtered off, washed with ether, dried and recrystallized from methanol,
      M.P. 265.degree.-7.degree.C.
PAC  EXAMPLE 11
PAR  When in the procedure of Example 10, fluoranthene-3,9-dicarbonyl chloride
      or dibenzofuran-2,8-dicarbonyl chloride is substituted for
      9-oxofluorene-2,7-dicarbonyl the following respective products are
      obtained:
PA1  Bis(2-piperidinoethyl)fluoranthene-3,9-dicarbothiolate dihydrochloride, and
PA1  Bis(2-piperidinoethyl)dibenzofuran-2,8-dicarbothiolate dihydrochloride.
PAC  EXAMPLE 12
PAC  3,9-Bis(3-piperidinopropoxy)fluoranthene
PAR  To 200 ml of water containing 16.0 g (0.4 mole) of sodium hydroxide and
      15.7 g (0.067 mole) of 3,9-dihydroxyfluoranthene are added 200 ml of
      toluene and 29.8 (0.15  mole) of 3-piperidinopropyl chloride hydrochloride
      and the heterogeneous reaction mixture is stirred at reflux for 24 hours.
      After cooling, the organic layer is washed with water, dried over
      magnesium sulfate, and concentrated in vacuo. The residue is crystallized
      from ether to give 3,9-bis(3-piperidinopropoxy)fluoranthene, M.P.
      92.degree.-93.degree.C.
PAC  EXAMPLE 13
PAC  2,7-Bis(4-piperidinobutoxy)fluorene dihydrochloride
PAR  A solution of 13.1 g (0.075 mole) of 4-piperidinobutyl chloride in 100 ml
      of toluene is added to a mixture of 4.9 g (0.025 mole) of
      2,7-dihydroxyfluorene and 2.7 g (0.05 mole) of sodium methoxide in 200 ml
      of toluene. The mixture is refluxed with stirring for 12 hours. Upon
      cooling, the mixture is filtered to remove the precipitated sodium
      chloride. The toluene solution is washed with water, then with sodium
      chloride solution and dried over anhydrous magnesium sulfate. This mixture
      is filtered and the filtrate acidified to Congo Red with ethereal HCl. Teh
      precipitate is collected and recrystallized from butanonemethanol to give
      2,7-bis(4-piperidinobutoxy)fluorene dihydrochloride.
PAC  EXAMPLE 14
PAC  2,7-Bis(2-piperidinoethoxy)fluoren-9-one dihydrochloride
PAR  A mixture of 5.3 g (0.025 mole) of 2,7-dihydroxyfluoren-9-one in 100 ml of
      toluene, 16.2 g (0.088 mole) of 2-piperidinoethylchloride hydrochloride
      and 5.0 g (0.125 mole) of sodium hydroxide in 40 ml of water is heated at
      reflux for 15 hours with stirring. Upon cooling, the layers are separated.
      The toluene layer is washed with water and saturated sodium chloride
      solution, dried over anhydrous magnesium sulfate and filtered. The
      filtrate is acidified to Congo Red with ethereal HCl, and the resulting
      precipitate is collected, washed with ether and recrystallized from
      butanone-methanol to give 2,7-bis(2-piperidonoethoxy)fluoren-9-one
      dihydrochloride, M.P. 304.degree.-306.degree.C.
PAC  EXAMPLE 15
PAC  2,8-Bis(3-piperidinopropoxy)dibenzofuran dihydrochloride
PAR  To 200 ml of water containing 13.0 g (0.33 mole) of sodium hydroxide and
      12.0 g (0.06 mole) of 2,8-dihydroxydibenzofuran are added 250 ml of
      toluene and 29.7 g (0.15 mole) of 3-piperidinopropyl chloride
      hydrochloride, and the heterogeneous reaction mixture is heated to reflux
      with stirring for 24 hours. When cool, the organic layer is washed with
      water, dried over magnesium sulfate then concentrated in vacuo. The
      remaining oily residue is dissolved in ether and treated with ethereal HCl
      to give the desired product which is recrystallized twice from
      methanol-ethyl acetate yielding 2,8-bis(3-piperidonopropoxy)dibenzofuran
      dihydrochloride, M.P. 245.degree.-246.5.degree.C.
PAC  EXAMPLE 16
PAC  2,8-Bis(3-piperidinopropoxy)dibenzothiophene dihydrochloride
PAR  To 200 ml of water containing 12.0 g (0.3 mole) of sodium hydroxide and 8.5
      g (0.039 mole) of 2,8-dihydroxydibenzothiophene are added 200 ml of
      toluene and 19.8 g (0.1 mole) of 3-piperidinopropyl chloride
      hydrochloride, and the heterogeneous reaction mixture is stirred and
      heated to reflux for 16 hours. After cooling, the organic layer is washed
      with water, dried over magnesium sulfate, and concentrated in vacuo. The
      free base is chromatographed on alumina, using chloroform as the eluant.
      After removing the chloroform from the fraction collected, the oily
      residue is dissolved in ether and treated with ethereal hydrogen chloride.
      The resulting solid is purified by two recrystallizations from
      methanol-butanone to give 2,8-bis(3-piperidinopropoxy)dibenzothiophene
      dihydrochloride, M.P. 240.degree.-242.degree.C.
PAC  EXAMPLE 17
PAC  N-Ethyl-3,6-bis(2-piperidinoethoxy)carbazole hydrochloride
PAR  A mixture of 15.5 g (0.05 mole) of N-ethyl-3,6-carbazolediol diacetate,
      18.4 g (0.1 mole) of 2-piperidinoethylchloride hydrochloride, 10.8 g (0.2
      mole) of sodium methoxide and 400 ml of chlorobenzene is refluxed for 24
      hours. Upon cooling, the reaction mixture is filtered, and the filtrate is
      washed with several portions of water, dried over anhydrous magnesium
      sulfate, diluted with ether and acidified with ethereal HCl. The resulting
      precipitate is collected and recrystallized from methanol-ethyl acetate to
      give N-ethyl-3,6-bis(2-piperidinoethoxy)carbazole dihydrochloride, M.P.
      248.degree.-250.degree.C.
PAC  EXAMPLE 18
PAC  2,7-Bis(2-piperidinoethoxy)xanthene
PAR  To 20 g (0.093 mole) of 2,7-dihydroxyxanthene in 350 ml of chlorobenzene
      are added 16.5 g (0.3 mole) of sodium methoxide and 60 ml of methanol. The
      reaction mixture is stirred and heated during which time the methanol is
      removed by distillation. The mixture is cooled and 34.7 g (0.26 mole) of
      2-piperidinoethyl chloride hydrochloride is added. After refluxing with
      stirring for 4 hours the mixture is cooled and 100 ml of water plus 10 ml
      of 50% NaOH solution are added. The mixture is stirred for 15 minutes and
      100 ml of chloroform is added. The organic layer which separates is washed
      with 5% NaOH solution, then with water, dried over anhydrous magnesium
      sulfate, filtered and concentrated to a solid which is recrystallized from
      hexane to give 2,7-bis(2-piperidinoethoxy)xanthene.
PAC  EXAMPLE 19
PAC  3,6-Bis(2-piperidinoethoxy)xanthone
PAR  To 54.5 g (0.239 mole) of 3,6-dihydroxyxanthen-9-one is added 240 ml of
      methanol and 29.0 g (0.717 mole) of sodium methoxide with stirring after
      which 700 ml of chlorobenzene is added. Methanol is distilled off until
      the reaction temperature reaches 130.degree.C. After cooling the reaction
      mixture to less than about 100.degree.C, 74.5 g (0.5 mole) of
      2-piperidinoethylchloride is added and the reaction mixture refluxed for
      41/2 hours followed by the addition of 600 ml of water and 20 ml of 50%
      NaOH with stirring continued for 1/2 hour. The mixture is cooled and
      chloroform is added to completely dissolve the product. The
      chlorobenzene-chloroform layer is separated and the aqueous layer is
      extracted into chloroform. The combined organic layers are washed with
      water, dried over anhydrous magnesium sulfate and evaporated to give a
      dark brown oil which solidified upon cooling. The solid is dissolved in
      boiling ethanol, precipitated with water, cooled and filtered. The
      resulting solid is dried in vacuo and recrystallized from hexane to give
      3,6-bis(2-piperidinoethoxy)xanthone, M.P. 134.degree.-134.5.degree.C.
PAC  EXAMPLE 20
PAC  2,7-Bis(2-piperidinoethoxy)anthraquinone dihydrochloride hemihydrate
PAR  With efficient stirring, 100 g (0.42 mole) of 2,7-dihydroxyanthraquinone is
      dissolved in 500-700 ml of about 10% potassium hydroxide solution. This
      solution is filtered and evaporated to dryness in a rotary evaporator. The
      reddish brown solid is dried in a vacuum oven at 100.degree.C, ground to a
      fine powder, then redried at 100.degree.C. To a stirred suspension of 30 g
      of the powdered diphenoxide, containing about 24 g (0.075 mole) of the
      dipotassium salt of 2,7-dihydroxyanthraquinone, in 200 ml of xylene is
      heated to reflux and a small amount of water collected. A solution of
      2-piperidinoethyl chloride in 100 ml of xylene, prepared from 53.3 g (0.29
      mole) of 2-piperidinoethyl chloride hydrochloride, is added and the
      resulting mixture heated to reflux for about 24 hours. The mixture is
      poured into about 500 ml of water, and the solid which separates at the
      xylene/water interface is removed by filtration, washed with hot water and
      dried. This major portion of the free base is recrystallized from a
      mixture of hot methanol and chloroform, then dissolved in chloroform and
      acidified to Congo Red with ethereal HCl and diluted with ether. The
      precipitate is suspended in boiling methanol (12-20 ml per gram) and a
      small volume of water is added to effect solution. This solution is
      filtered, reduced about 1/4 in volume, diluted with additional methanol
      and chilled. The recrystallized dihydrochloride is filtered and dried in a
      vacuum oven at 100.degree.C to give
      2,7-bis(2-piperidinoethoxy)anthraquinone dihydrochloride hemihydrate, M.P.
      275.degree.-277.degree.C.
PAC  EXAMPLE 21
PAC  2,6-Bis(2-piperidinoethoxy)anthraquinone dihydrochloride
PAR  When in Example 20, 2,6-dihydroxyanthraquinone is substituted for
      2,7-dihydroxyanthraquinone, 2,6-bis(2-piperidinoethoxy)anthraquinone
      dihydrochloride is obtained, M.P. 285.degree.-287.degree.C.
PAC  EXAMPLE 22
PAC  2,8-Bis(3-piperidinopropylthio)dibenzothiophene dihydrochloride
PAR  When the appropriate molar equivalent amount of
      dibenzothiophene-2,8-dithiol is substituted for
      2,8-dihydroxydibenzothiophene in the procedure described in Example 16,
      2,8-bis(3-piperidinopropylthio)dibenzothiophene dihydrochloride is
      obtained.
PAC  EXAMPLE 23
PAC  2,7-Bis(4-piperidinobutylthio)fluorene dihydrochloride
PAR  When in the procedure of Example 13, fluorene-2,7-dithiol is substituted
      for 2,7-dihydroxyfluorene, 2,7-bis(4-piperidinobutylthio)fluorene
      dihydrochloride is obtained.
PAC  EXAMPLE 24
PAC  2,8-Bis(3-piperidinopropylthio)dibenzofuran dihydrochloride
PAR  When in the procedure of Example 15, dibenzofuran-2,8-dithiol is
      substituted for 2,8-dihydroxydibenzofuran,
      2,8-bis(3-piperidinopropylthio)dibenzofuran dihydrochloride is obtained.
PAC  EXAMPLE 25
PAC  3,9-Bis[2-(4-methylpiperidino)acetyl]fluoranthene dihydrochloride
PAR  A solution of 3.9 g (0.011 mole) of 3,9-bis(chloroacetyl)fluoranthene, 8.7
      g (0.088 mole) of 4-methylpiperidine, 3.5 g of potassium iodide and 100 ml
      of butanone is refluxed with stirring for 16 hours then poured into water
      after which 500 ml of methylene chloride is added. The organic layer which
      separates is washed with a water-saturated sodium chloride solution, dried
      over magnesium sulfate and filtered. The filtrate is acidified with
      ethereal HCl and the solid which precipitates is recrystallized from
      methanol-butanone to give
      3,9-bis[2-(4-methylpiperidino)acetyl]fluoranthene dihydrochloride, M.P.
      228.degree.-321.degree.C.
PAC  EXAMPLE 26
PAC  3,9-Bis[4-(4-methylpiperidino)butyryl]fluoranthene dihydrochloride
PAR  A solution of 20.6 g (0.05 mole) of 3,9-bis(4-chlorobutyryl)fluoranthene,
      39.6 g (0.4 mole) of 4-methylpiperidine, 16.6 g of potassium iodide and
      200 ml of butanone is refluxed with stirring for 24 hours then poured into
      water. The organic layer which separates is washed with a water-saturated
      sodium chloride solution, dried over magnesium sulfate, filtered and the
      filtrate acidified with ethereal HCl. The solid which precipitates is
      recrystallized three times from methanol-butanone to yield
      3,9-bis[4-(4-methylpiperidino)butyryl]fluoranthene dihydrochloride, M.P.
      254.degree.-256.degree.C.
PAC  EXAMPLE 27
PAC  3,9-Bis[4-(4-tert-butylpiperidino)butyryl]fluoranthene
PAR  In the procedure of Example 26 only substituting for 4-methylpiperidine,
      33.9 g (0.24 mole) of 4-tert-butylpiperidine, the solid obtained on workup
      is recrystallized once from chloroform-acetone and once from
      methanolbutanone to yield
      3,9-bis[4-(4-tert-butylpiperidino)butyryl]fluoranthene, M.P.
      150.degree.-152.degree.C.
PAC  EXAMPLE 28
PAC  2,7-Bis(4-piperidinobutyryl)fluorene
PAR  A mixture of 18.8 g (0.05 mole) of 2,7-bis(4-chlorobutyryl)fluorene,
      prepared in Example 10, 34.0 g (0.4 mole) of piperidine, 16.6 g (0.1 mole)
      of potassium iodide in 200 ml of butanone is stirred and refluxed for
      three days. The reaction mixture is poured into 1000 ml of water, and the
      solid which is precipitated is filtered and recrystallized twice from
      chlorform-acetone to give 2,7-bis(4-piperidinobutyryl)fluorene, M.P.
      157.degree.-159.degree.C.
PAC  EXAMPLE 29
PAC  2,7-Bis[4-(4-methylpiperidino)butyryl]fluorene
PAR  Following the procedure of Example 28 only substituting for piperidine,
      39.6 g (0.4 mole) of 4-methylpiperidine, 2,7-bis[
      4-(4-methylpiperidino)butyryl]fluorene is obtained which is recrystallized
      twice from chloroform-acetone, M.P. 179.5.degree.-181.degree.C.
PAC  EXAMPLE 30
PAC  2,7-Bis[4-(4-benzylpiperidino)butyryl]fluorene
PAR  Following the procedure of Example 28 only substituting for piperidine,
      70.0 g (0.4 mole) of 4-benzylpiperidine,
      2,7-bis[4-(4-benzylpiperidino)butyryl]fluorene is obtained which is
      recrystallized from chloroform-acetone, M.P. 135.degree.-137.degree.C.
PAC  EXAMPLE 31
PAC  3,6-Bis(4-piperidinobutyryl)fluorene dihydrochloride
PAR  To a solution of 2.5 equivalents of 3-piperidinopropyl magnesium chloride,
      prepared from magnesium and 3-piperidinopropylchloride in tetrahydrofuran,
      is added dropwise a solution of 1 equivalent of 3,6-dicyanofluorene
      dissolved in tetrahydrofuran. After the addition is complete the mixture
      is gently refluxed for 2 hours and stirred at room temperature for an
      additional 4 hours. The Grignard complex is decomposed by treating the
      reaction mixture dropwise with a saturated solution of ammonium chloride
      until the precipitation of magnesium salt is complete. The mixture is
      filtered and the filtrate is concentrated in vacuo. The residue is
      dissolved in dilute hydrochloric acid with warming then filtered. The
      aqueous solution is made alkaline and extracted with several portions of
      ether. The ether layers are combined, dried over magnesium sulfate and
      treated with ethereal HCl to give 3,6-bis(4-piperidinobutyryl)fluorene
      dihydrochloride, which is recrystallized from methanol-ethyl acetate.
PAC  EXAMPLE 32
PAC  2,7-Bis(4-piperidinobutyryl)fluoren-9-one
PAR  A solution of 9.0 g (0.019 mole) 2,7-bis(4-piperidinobutyryl)fluorene, 7.54
      g (0.0253 mole) sodium dichromate and 300 ml of glacial acetic acid is
      stirred and refluxed for 1 hour. The reaction mixture is evaporated to
      semi-dryness and made basic using concentrated ammonium hydroxide. The
      solid which precipitates is filtered, washed with water and
      chromatographed on alumina using chloroform as the eluant. The solvent is
      removed from the fraction collected, leaving a solid residue which is
      recrystallized three times from chloroform-acetone to yield
      2,7-bis(4-piperidinobutyryl)fluoren-9-one, M.P. 168.degree.-170.degree.C.
PAC  EXAMPLE 33
PAC  2,7-Bis[5-(4-benzylpiperidino)valeryl]fluoren-9-one
PAR  Following the procedure of Example 32 and substituting 17.0 g (0.025 mole)
      of 2,7-bis[5-(4-benzylpiperidino)valeryl]fluorene, the solid obtained is
      recrystallized twice from chloroform-acetone to yield
      2,7-bis[5-(4-benzylpiperidino)valeryl]fluoren-9-one, M.P.
      124.degree.-126.degree.C.
PAC  EXAMPLE 34
PAC  2,8-Bis(4-piperidinobutyryl)dibenzofuran
PAR  A mixture of 17.0 g (0.045 mole) of 2,8-bis(4-chlorobutyryl)dibenzofuran,
      68.0 g (0.8 mole) of piperidine and 2.0 g of potassium iodide in 500 ml of
      butanone is heated at reflux for 72 hours then filtered. The filtrate is
      concentrated to one-half its original volume then diluted with 600 ml of
      water. The resulting semi-solid is purified by chromatography on neutral
      alumina using methylene chloride as the eluant. The solvent is removed
      from the fraction collected leaving a solid residue which is
      recrystallized from pentane to give
      2,8-bis(4-piperidinobutyryl)dibenzofuran, M.P. 70.degree.-71.degree.C.
PAC  EXAMPLE 35
PAC  2,8-Bis[4-(4-methylpiperidino)butyryl]dibenzofuran
PAR  Following the procedure of Example 34, only substituting for piperidine,
      79.2 g (0.8 mole) of 4-methylpiperidine and recrystallizing from
      ether-pentane 2,8-bis[4-(4-methylpiperidino)butyryl]dibenzofuran is
      obtained, M.P. 72.degree.-73.degree.C.
PAC  EXAMPLE 36
PAC  2,8-Bis(4-piperidinobutyryl)dibenzothiophene
PAR  A mixture of 28.0 g (0.072 mole) of
      2,8-bis(4-chlorobutyryl)dibenzothiophene, 49.4 g (0.58 mole) of piperidine
      and 2.0 g of potassium iodide in 200 ml of tetrahydrofuran is heated at
      125.degree.C with stirring for 24 hours in a Parr general purpose bomb.
      The reaction mixture is cooled, filtered, and the filtrate is evaporated
      in vacuo leaving a residue which is washed with water and recrystallized
      twice from acetone to give 2,8-bis(4-piperidinobutyryl)dibenzothiophene,
      M.P. 93.degree.-95.degree.C.
PAC  EXAMPLE 37
PAC  2,8-Bis[4-(4-methylpiperidino)butyryl]dibenzothiophene
PAR  Following the procedure of Example 36, but substituting for piperidine,
      57.42 g (0.58 mole) 4-methylpiperidine and recrystallizing from
      chloroform-acetone gives
      2,8-bis[4-(4-methylpiperidino)butyryl]dibenzothiophene, M.P.
      136.degree.-137.5.degree.C.
PAC  EXAMPLE 38
PAC  N-Ethyl-3,6-bis(4-piperidinobutyryl)carbazole dihydrochloride hemihydrate
PAR  A mixture of 19.5 g (0.048 mole) of
      N-ethyl-3,6-bis(4-chlorobutyryl)carbazole, 34.0 g (0.4 mole) of piperidine
      and 2.0 g of potassium iodide in 250 ml of p-dioxane is heated at reflux
      for 68 hours with stirring, then filtered. Upon cooling, the mixture is
      diluted with 500 ml of water, and the resulting semi-solid is dissolved in
      ether, washed repeatedly with water and dried over magnesium sulfate. The
      ethereal solution is treated with ethereal HCl to give
      N-ethyl-3,6-bis(4-piperidinobutyryl)carbazole dihydrochloride hemihydrate,
      which is recrystallized from methanol-ethyl acetate, M.P.
      138.degree.-142.degree.C.
PAC  EXAMPLE 39
PAC  3,6-Bis(4-piperidinobutyryl)carbazole
PAR  A solution of 15.0 g (0.04 mole) of 3,6-bis(4-chlorobutyryl)carbazole, 85.0
      g (1.0 mole) of piperidine and 2.0 g of potassium iodide in 15 ml of
      tetrahydrofuran is heated at 110.degree.C in a reaction bomb for 24 hours
      with stirring. Upon cooling, the reaction mixture is filtered and diluted
      with 700 ml of ice water. The resulting solid is washed with water, dried
      over magnesium sulfate and recrystallized from chloroform-petroleum ether
      (75.degree.-90.degree.C) and then from acetone to give
      3,6-bis(4-piperidinobutyryl)carbazole, M.P. 171.degree.-173.degree.C.
PAC  EXAMPLE 40
PAC  2,7-Bis(4-piperidinobutyryl)xanthene
PAR  A mixture of 19.6 g (0.05 mole) of 2,7-bis(4-chlorobutyryl)xanthene, 34.0 g
      (0.4 mole) of piperidine, 16.6 g (0.1 mole) of potassium iodide and 200 ml
      of butanone is refluxed with stirring for 21/2 days. The reaction mixture
      is poured into 1000 ml of water, and the solid which precipitates is
      filtered and recrystallized from methylene chloride-acetone then from
      acetone to give 2,7-bis(4-piperidinobutyryl)xanthene, M.P.
      115.degree.-117.degree.C.
PAC  EXAMPLE 41
PAC  2,7-Bis(piperidinoacetyl)xanthene dihydrochloride
PAR  To a solution of 200 ml of piperidine in 500 ml of tetrahydrofuran are
      added 33.5 g (0.1 mole) of 2,7-bis(2-chloroacetyl)xanthene and 2g of
      potassium iodide with warming. The reaction mixture is allowed to stand
      for 7 days, filtered and the filtrate evaporated to dryness, leaving a
      residue which is treated with dilute acid and filtered. The filtrate is
      made alkaline, and the resulting oily product is extracted with methylene
      chloride. The methylene chloride solution is acidified with ethereal HCl
      which gives an oily product that is recrystallized from methanol-diethyl
      ether then vacuum dried to give 2,7-bis(piperidinoacetyl)xanthene
      dihydrochloride, M.P. 260.degree.-262.degree.C.
PAC  EXAMPLE 42
PAC  2,7-Bis(4-piperidinobutyryl)xanthone
PAR  To a solution of 9.8 g (0.025 mole) of 2,7-bis(4-piperidinobutyryl)xanthene
      in 300 ml of glacial acetic acid is added 9.8 g (0.033 mole) of sodium
      dichromate over 1/2 hour. The mixture is stirred for 11/2 hours, refluxed
      for 1 hour, then evaporated to near dryness, cooled, diluted with water
      and made alkaline with 28% NH.sub.4 OH solution. The resulting solid is
      extracted with methylene chloride, chromatographed on alumina using
      methylene chloride as the eluant, recrystallized from heptane and dried
      under vacuum at 60.degree.C to give the title compound, M.P.
      93.degree.-95.degree.C.
PAC  EXAMPLE 43
PAC  2,7-Bis(5-piperidinovaleryl)thioxanethene
PAR  A mixture of 20 g of 2,7Bis(5-chlorovaleryl)thioxanthene, 2 g of potassium
      iodide, 70 ml of piperidine and 150 ml of tetrahydrofuran is heated in a
      Paar bomb at 100.degree.C with stirring for 48 hours. Upon cooling, the
      solvent is evaporated, and the remaining material is poured into water
      then filtered. The residue is recrystallized several times from heptane to
      give 2,7-bis(5-piperidinovaleryl)thioxanthene, M.P.
      98.5.degree.-99.5.degree.C.
PAC  EXAMPLE 44
PAC  2,7-Bis[5-(4-propylpiperidino)valeryl]thioxanthene
PAR  When in Example 43 an appropriate molar equivalent amount of
      4-propylpiperidine is substituted for piperidine,
      2,7-bis[5-(4-propylpiperidino)valeryl]thioxanthene is obtained.
PAC  EXAMPLE 45
PAC  2,8-Bis(5-piperidinovaleryl)phenoxathiin
PAR  A mixture of 35 g (0.08 mole) of 2,8-bis(5-chlorovaleryl)phenoxathiin, 2 g
      potassium iodide, 100 ml piperidine and 100 ml tetrahydrofuran is heated
      for 24 hours with stirring in a Parr bomb at 110.degree.C. After cooling
      the mixture is filtered and washed with tetrahydrofuran, and the filtrate
      is evaporated to dryness. The residue is cooled and diluted with water.
      The mixture is extracted twice with ether, the ether extracts combined and
      filtered. The filtrate is evaporated to dryness, cooled and diluted with
      pentane followed by filtering off of the solid, washing with pentane and
      drying. The residue is recrystallized from isopropanol to yield
      2,8-bis(5-piperidinovaleryl)phenoxathiin, M.P.
      128.5.degree.-129.5.degree.C.
PAC  EXAMPLE 46
PAC  2,7-Bis(4-piperidinobutyryl)fluorene dihydrochloride
PAR  By the procedure of Example 28, 2,7-bis(4-piperidinobutyryl)fluorene is
      prepared and dissolved in a chloroformbutanone mixture. The resulting
      solution is acidified withi ethereal HCl, and the solid precipitate
      recrystallized three times from methanol-butanone to give
      2,7-bis(4-piperidinobutyryl)fluorene dihydrochloride, M.P.
      286.degree.-288.degree.C.
PAC  EXAMPLE 47
PAC  2,7-Bis(5-piperidinovaleryl)xanthone
PAR  Following the procedure of Example 42, only substituting for
      2,7-bis(4-piperidinobutyryl)xanthene, 25.8 g (0.05 mole)
      2,7-bis(5-piperidinovaleryl)xanthene and using 600 ml of glacial acetic
      acid and 19.7 g (0.066 mole) sodium dichromate, the solid obtained is
      recrystallized from a benzene-heptane mixture to give the title compound,
      M.P. 109.degree.-110.degree.C.
PAC  EXAMPLE 48
PAC  3,8-Bis(4-piperidinobutyryl)fluoranthene dihydrochloride
PAR  A solution of 2.5 equivalents of 3-piperidinopropylmagnesium chloride in
      tetrahydrofuran and 1 equivalent of 3,8-dicyanofluoranthene [N. Campbell
      et al, J. Chem. Soc., 2784 (1950)] dissolved in tetrahydrofuran are
      combined and refluxed for 2 hours followed by stirring for several hours
      at room temperature. The reaction mixture is treated with saturated
      ammonium chloride, and the organic layer is extracted into chloroform and
      treated with dilute HCl. The chloroform is distilled off, and the aqueous
      solution is filtered, cooled, made alkaline and extracted with several
      portions of ether. The ether layers are combined, dried over magnesium
      sulfate and treated with ethereal HCl. The precipitate is recrystallized
      from methanol-ethyl acetate to give
      3,8-bis(4-piperidinobutyryl)fluoranthene dihydrochloride.
PAC  EXAMPLE 49
PAC  3,9-Bis[5-(4-benzylpiperidino)valeryl]fluoranthene
PAR  Following the procedure of Example 26 with the exception that 13.2 g (0.03
      mole) of 3,9-bis(5-chlorovaleryl)fluoranthene, prepared from fluoranthene
      and 5-chlorovalerylchloride, and 42.0 g (0.24 mole) of 4-benzylpiperidine
      are used, the solid obtained on workup is recrystallized twice from
      chloroform-acetone yielding
      3,9-bis[5-(4-benzylpiperidino)valeryl]fluoranthene, M.P.
      126.5.degree.-128.degree.C.
PAC  EXAMPLE 50
PAC  2,7-Bis(4-chlorobutyryl)fluorene
PAR  To a solution of 23.6 g (0.142 mole) of fluorene and 50.0 g (0.35 mole) of
      4-chlorobutyryl chloride in 1500 ml of methylene chloride chilled to
      -20.degree.C is added 39.8 g (0.298 mole) of aluminum chloride with rapid
      stirring. The reaction mixture is refluxed four hours, stirred at room
      temperature for 16 hours, then poured onto ice/conc. HCl. The organic
      layer is separated, washed with saturated sodium bicarbonate solution and
      dried over magnesium sulfate. After filtration, the methylene chloride
      solution is evaporated to dryness and the solid residue recrystallized
      from acetone to yield 2,7-bis(4-chlorobutyryl)fluorene, M.P.
      172.degree.-175.degree.C.
PAC  EXAMPLE 51
PAR  When in the procedure of Example 50 the polycyclic aromatic compounds and
      the haloalkanoyl halides listed below are employed the respective products
      listed below are obtained:
     Polycyclic                                                                
               Haloalkanoyl                                                    
     Aromatic   Halide         Product                                         
     __________________________________________________________________________
     fluorene 4-chlorovaleryl                                                  
                         2,7-bis(5-chlorovaleryl)fluorene,                     
              chloride   M.P. 124-125.degree.C.                                
     N-ethylcarbazole                                                          
              4-chlorobutyryl                                                  
                         3,6-bis(4-chlorobutyryl)-N-ethyl-                     
              chloride   carbazole, M.P. 106-108.degree.C.                     
     N-ethylcarbazole                                                          
              5-chlorovaleryl                                                  
                         3,6-bis(5-chlorovaleryl)-N-ethyl-                     
              chloride   carbazole, M.P. 94-95.degree.C.                       
     carbazole                                                                 
              4-chlorobutyryl                                                  
                         3,6-bis(4-chlorobutyryl)carbazole,                    
              chloride   M.P. 195-198.degree.C.                                
     dibenzofuran                                                              
              4-chlorobutyryl                                                  
                         2,8-bis(4-chlorobutyryl)dibenzofuran,                 
              chloride   M.P. 102-104.degree.C.                                
     dibenzofuran                                                              
              5-chlorovaleryl                                                  
                         2,8-bis(5-chlorovaleryl)dibenzofuran.                 
              chloride                                                         
     dibenzothiophene                                                          
              4-chlorobutyryl                                                  
                         2,8-bis(4-chlorobutyryl)dibenzo-                      
              chloride   thiophene, M.P. 131-133.degree.C.                     
     phenoxathiin                                                              
              5-chlorovaleryl                                                  
                         2,7-bis(5-chlorovaleryl)phenoxathiin,                 
              chloride   M.P. 121-122.degree.C and 2,8-bis(5-chloro-           
                         valeryl)phenoxathiin, M.P. 130-132.degree.C.          
     thioxanthene                                                              
              5-chlorovaleryl                                                  
                         2,7-bis(5-chlorovaleryl)thioxanthene                  
              chloride                                                         
     thioxanthene                                                              
              4-chlorobutyryl                                                  
                         2,7-bis(4-chlorobutyryl)thioxanthene,                 
              chloride   M.P. 115-116.degree.C.                                
     xanthene 4-chlorobutyryl                                                  
                         2,7-bis(4-chlorobutyryl)xanthene,                     
              chloride   M.P. 131-132.degree.C.                                
     xanthene 2-chloroacetyl                                                   
                         2,7-bis(2-chloroacetyl)xanthene,                      
              chloride   M.P. 200-201.degree.C.                                
     xanthene 5-chlorovaleryl                                                  
                         2,7-bis(5-chlorovaleryl)xanthene.                     
              chloride                                                         
     fluoranthene                                                              
              2-chloroacetyl                                                   
                         3,9-bis(2-chloroacetyl)fluoranthene                   
              chloride                                                         
     fluoranthene                                                              
              4-chlorobutyryl                                                  
                         3,9-bis(4-chlorobutyryl)fluoranthene                  
              chloride                                                         
     dibenzofuran                                                              
              4-chloro-2-methyl-                                               
                         2,8-bis(4-chloro-2-methylbutyryl)-                    
              butyryl chloride                                                 
                         dibenzofuran                                          
     __________________________________________________________________________
PAC  EXAMPLE 52
PAC  2,8-Dicyanodibenzothiophene
PAR  To a mixture of one equivalent of 2,8-dibenzothiophenedicarboxylic acid,
      prepared by a Friedel-Crafts reaction between dibenzothiophene and oxalyl
      chloride, and 2.2 equivalents of p-toluenesulfonamide is added 4.5
      equivalents of phosphorous pentachloride. After the initial reaction
      subsides the reaction mixture is heated to 200.degree.C to remove the
      volatile secondary products. The solid residue remaining is cooled and
      treated with pyridine and water. The suspension is filtered, washed with
      water and suspended in a dilute sodium hydroxide solution followed by
      filtration and washing with water to give 2,8-dicyanodibenzothiophene
      which is recrystallized from a dimethylformamide-water combination. In
      like manner 2,6-dicyanodibenzothiophene is prepared.
PAC  EXAMPLE 53
PAR  When in the procedure of Example 52, 4,6-dibenzofurandicarboxylic acid [H.
      Gilman and R. Young, J. Am. Chem. Soc. 57, 1121 (1935)] or
      1,7-fluorenedicarboxylic acid [Bamberger and Hooker, Ann. 229, 151, 154,
      161 (1885)] is substituted for 2,8-dibenzothiophenedicarboxylic acid, the
      following respective products are obtained:
PA1  4,6-dicyanodibenzofuran, and
PA1  1,7-dicyanofluorene.
PAC  EXAMPLE 54
PAC  2,5-Dicyanofluorene
PAR  To one equivalent of 2,5-diaminofluorene [G. Morgan and R. Thomason, J.
      Chem. Soc., 2695 (1926)] dissolved in dilute hydrochloric acid and cooled
      to 0.degree.C is added 2.2  equivalents of sodium nitrile, and the mixture
      is cautiously neutralized with sodium carbonate. This mixture is added
      portionwise to a cold solution of 2.5 equivalents of cuprous cyanide with
      stirring to give 2,5-dicyanofluorene which is purified from a
      dimethylformamide-water combination. In like manner 2,7- and
      3,6-dicyanofluorene may be prepared.
PAC  EXAMPLE 55
PAR  When in the procedure of Example 54, 3,7-diaminodibenzothiophene [R. Brown
      et al., J. Am. Chem. Soc. 74, 1165 (1952)] or 3,8-diaminodibenzofuran [M.
      Culinane, J. Chem. Soc. 2365 (1932)] is substituted for
      2,5-diaminofluorene, the following respective products are obtained;
PA1  3,7-dicyanodibenzothiophene, and
PA1  3,8-dicyanodibenzofuran.
PAR  Additional examples for the preparation of bispiperidinoalkanoyl
      derivatives of fluoranthene are set forth in Great Britain Pat. No.
      1,304,651, of fluorene and fluoren-9-one are set forth in Great Britian
      Pat. No. 1,286,755, of dibenzofuran are set forth in Belgian Pat. No.
      772,582, of dibenzothiophene are set forth in Great Britain Pat. No.
      1,292,567, of thioxanthene are set forth in Great Britain Pat. No.
      1,312,534, of xanthene and xanthone are set forth in Belgian Pat. No.
      776,535, and of phenoxathiin are set forth in W. German Pat. No.
      2,231,067, and the appropriate examples disclosed therein are incorporated
      herein by reference thereto.
PAR  The following examples are illustrative of pharmaceutical preparations
      containing compounds of general Formula I as active ingredients.
PAC  EXAMPLE 56
PAR  An illustrative composition for tablets is as follows:
TBL                               Per Tablet                                   
     (a)   bis(3-piperidinopropyl)fluorene-                                    
           2,7-dicarboxylate dihydrochloride                                   
                                  100.0 mg                                     
     (b)   wheat starch           15.0 mg                                      
     (c)   lactose                33.5 mg                                      
     (d)   magnesium stearate     1.5 mg                                       
PAR  A portion of the wheat starch is used to make a granulated starch paste
      which together with the remainder of the wheat starch and the lactose is
      granulated, screened and mixed with the active ingredient, that is, (a),
      and the magnesium stearate. The mixture is compressed into tablets
      weighing 150 mg each.
PAC  EXAMPLE 57
PAR  An illustrative composition for a parenteral injection is the following
      wherein the quantities are on a weight to volume bases.
TBL  ______________________________________                                    
                                  amount                                       
     (a)     3,6-bis(2-piperidinoethoxy)-                                      
             xanthone             100.0 mg                                     
     (b)     sodium chloride      q.s.                                         
     (c)     water for injection to make                                       
                                   10.0 ml                                     
     ______________________________________                                    
PAR  The composition is prepared by dissolving the active ingredient, that is
      (a), and sufficient sodium chloride in water for injection to render the
      solution isotonic. The composition may be dispensed in a single ampule
      containing 100 mg of the active ingredient for multiple dosage or in 10
      ampules for single dosage.
PAC  EXAMPLE 58
PAR  An illustrative composition for hard gelatin capsules is as follows:
TBL                               Per Capsule                                  
     (a)   3,9-bis(4-methylpiperidinoacetyl)-                                  
           fluoranthene dihydrochloride                                        
                                  200.0 mg                                     
     (b)   talc                    35.0 mg                                     
PAR  The composition is prepared by passing the dry powders of (a) and (b)
      through a fine mesh screen and mixing them well. The powder is then filled
      into No. 0 hard gelatin capsules at a net fill of 235 mg per capsule.
PAC  EXAMPLE 59
PAR  An illustrative composition for pills is as follows:
TBL                               Per Pill                                     
     (a)    2,8-bis(4-piperidinobutyryl)di-                                    
            benzothiophene        200 mg                                       
     (b)    corn starch           130 mg                                       
     (c)    liquid glucose         20 ml                                       
PAR  The pills are prepared by blending the active ingredient (a) and the corn
      starch then adding the liquid glucose with thorough kneading to form a
      plastic mass from which the pills are cut and formed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of treating conditions of delayed hypersensitivity which
      comprises administering to a patient in need thereof a compound selected
      from the formula
      ##SPC9##
PAL  wherein [W] is an aromatic polycyclic nucleus selected from fluoranthene,
      fluorene, fluoren-9-ol, fluoren-9-one, or anthraquinone; each Y is
      selected from carbonyloxy, carbonylthio, oxygen, divalent sulfur, or
      carbonyl with the provisos that when Y is carbonyloxy or carbonylthio, [W]
      is other than fluoren-9-ol or anthraquinone; A is selected from a straight
      or branched alkylene chain of from 1 to 6 carbon atoms with the proviso
      that when Y is carbonyloxy or carbonylthio, A contains from 2 to 6 carbon
      atoms; R is selected from hydrogen, a straight or branched lower alkyl
      group of from 1 to 4 carbon atoms, phenyl or benzyl; or pharmaceutically
      acceptable acid addition salt thereof, in an amount effective to suppress
      delayed hypersensitivity.
NUM  2.
PAR  2. A method of claim 1 wherein each Y is selected from carbonyloxy or
      carbonylthio.
NUM  3.
PAR  3. A method of claim 2 wherein [W] is selected from fluoranthene, fluorene,
      fluoren-9-ol, or fluoren-9-one.
NUM  4.
PAR  4. A method of claim 1 wherein each Y is selected from oxygen or divalent
      sulfur.
NUM  5.
PAR  5. A method of claim 4 wherein [W] is selected from fluoranthene, fluorene,
      fluoren-9-ol, fluoren-9-one, or anthraquinone.
NUM  6.
PAR  6. A method of claim 1 wherein each Y is carbonyl.
NUM  7.
PAR  7. A method of claim 6 wherein [W] is selected from fluoranthene, fluorene,
      or fluoren-9-one.
NUM  8.
PAR  8. A method of claim 7 wherein [W] is fluoranthene.
NUM  9.
PAR  9. A method of claim 8 wherein the compound is
      3,9-bis(4-piperidinobutyryl)fluoranthene or a pharmaceutically acceptable
      acid addition salt thereof.
NUM  10.
PAR  10. A method of claim 7 wherein [W] is fluorene.
NUM  11.
PAR  11. A method of claim 10 wherein the compound is
      2,7-bis(4-piperidinobutyryl)fluorene or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  12.
PAR  12. A method of claim 7 wherein [W] is fluoren-9-one.
NUM  13.
PAR  13. A method of claim 12 wherein the compound is
      2,7-bis(4-piperidinobutyryl)fluoren-9-one or a pharmaceutically acceptable
      acid addition salt thereof.
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ABST
PAL  The present invention relates to new pharmaceutical compositions comprising
      an .alpha.-receptor blocker, a .beta.-receptor blocker and a
      pharmaceutical carrier and to a method of using said compositions in the
      treatment of high blood pressure and angina pectoris.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATION
PAR  This is a continuation-in-part application of our co-pending application
      Ser. No. 180,492, filed Sept. 14, 1971, now abandoned.
BSUM
PAR  The invention relates to new pharmaceutical preparations which contain as
      active substances a .beta.-receptor blocker and an .alpha.-receptor
      blocker. These pharmaceutical preparations are particularly suitable for
      treating high blood pressure and angina pectoris in warm-blooded animals.
PAR  By treating angina pectoris with .beta.-blockers, the intention is to avoid
      excessive stimulation of the heart by inhibiting the sympathomimetic
      amines, adrenalin and noradrenalin. Simultaneously, however, the basically
      vasodilative action of adrenalin and noradrenalin, which occur as chemical
      carrier substances in the sympathetic nervous system, is reversed to cause
      a vasoconstrictive action. Increased heart activity, which is undesirable
      in the case of angina pectoris results therefrom.
PAR  Furthermore, in the treatment of high blood pressure with an
      .alpha.-receptor blocker, which produces a peripheral vasodilatation, the
      sympathetic nervous system is reflexly activated. Rapid heart action
      (tachycardia etc.) results which causes distress and counteracts
      vasodilatation, so that only an insufficient lowering of pressure results.
PAR  The above mentioned side effects are very largely eliminated by the
      preparations according to the invention.
PAR  Suitable .beta.-blockers are in particular compounds of the formula
      ##EQU1##
      in which Ar represents an isocyclic, homocyclic or heterocyclic radical
      which contains at least one six-membered aromatic ring (preferably a
      phenyl, naphthyl, tetralyl, indolyl, or indanyl radical) and which is
      bonded directly with the radical of the molecule and can be substituted by
      one more lower alkyl, alkoxy, alkenyl, alkenyloxy, aklinyl, alkinyloxy,
      alkylmercapto, alkylsulphonyl, hydroxyalkyl, aminoalkyl, alkylamino,
      dialkylamino, alkanoyl, alkanoyloxy, benzamido, or alkanoylamino radicals,
      aryl, aryloxy, arylamino, arylmercapto, arylsulphonyl, arylsulphonylamino,
      arylamino, aryl-lower alkoxy, lower halogen-alkyl, alkoxyalkyl,
      monoalkylaminoalkyl, or dialkylaminoalkyl radicals, nitro, hydroxy, amino,
      and/or, cyano groups and/or halogen atoms, and R represents a lower,
      especially a branched, alkyl or hydroxyalkyl radical, primarily the tert.
      butyl, sec. butyl, or preferably the isopropyl radical.
PAR  In the above mentioned substituents of the radical Ar are lower alkyl
      radicals chiefly those containing at least 6 carbon atoms, for example
      methyl, ethyl, propyl, isopropyl, straight or branched butyl, pentyl or
      hexyl radicals bonded in any desired position.
PAR  Lower alkenyl radicals are, for example, those containing at most 6 carbon
      atoms, especially allyl or methallyl radicals. A suitable lower alkinyl
      radical is preferably the propargyl radical. Examples of alkanoyl radicals
      are primarily propionyl or butyryl radicals, preferably, however, the
      acetyl radical. Aryl radicals are primarily naphthyl radicals, or
      especially phenyl radicals. Halogen atoms are especially fluorine or
      chlorine atoms.
PAR  A preferred group of .beta.-blockers are the compounds of formula I,
      wherein R has the meanings as indicated and Ar represents a phenyl radical
      substituted by an unsaturated radical, for example a lower alkenyl,
      alkinyl, alkenyloxy, alkinyloxy, or cyano group, and compounds of formula
      I, wherein R has the meanings indicated and Ar represents a phenyl radical
      substituted by a lower hydroxyalkyl, alkanoylamino, or mercaptoalkyl
      group.
PAR  .beta.-Blockers that may be specially mentioned are:
      1-(1-naphthyloxy)-2-hydroxy-3-isopropylaminopropane,
      1-(3-tolyloxy)-2-hydroxy-3-isopropylaminopropane, 1-(3,5-xylyloxy)
      -2-hydroxy-3-isopropylaminopropane, 1-(2-cyano-3-methyl
      phenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-methylmercaptophenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-allylphenoxy) -2-hydroxy-3-isopropylaminopropane,
      1-(4-acetamidophenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-allyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(4-methansulfonylamidophenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(5,6,7,8-tetrahydro-1-naphtoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(4-Benzamidophenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(4-Indanyloxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-bromophenoxy)-2-hydroxy-3-isopropylaminopropane, 1-(4-cyanophenoxy)
      -2-hydroxy-3-isopropylaminopropane,
      1-(2-cyanophenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-ethinylphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-methoxymethylphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-hydroxymethylphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-propargyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-methoxyphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-isopropoxyphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-methallyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(4-indolyloxy)-2-hydroxy-3-isopropylaminopropane,1-(2-phenylphenoxy)-2-h
     ydroxy-3-isopropylaminopropane,
      1-(2-phenoxyphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(2-chloro-5-methylphenoxy)-2-hydroxy-3-tert.-butylaminopropane,
      1-(2-cyanophenoxy)-2-hydroxy-3-tert.-butylaminopropane,
      1-(2-ethinylphenoxy)-2-hydroxy-3-tert.-butylaminopropane,
      1-(2-allylphenoxy)-2-hydroxy-3-tert.-butylaminopropane,
      1-(2-phenylphenoxy)-2-hydroxy-3-tert.-butylaminopropane,
      1-(2-methoxymethylphenoxy)-2-hydroxy-3-tert.-butylaminopropane,
      1-(4-acetamidophenoxy)-2-hydroxy-3-tert.-butylaminopropane,
      1-(2-hydroxymethylphenoxy)-2-hydroxy-3-tert.-butylaminopropane,
      1-(2-allyloxyphenoxy)-2-hydroxy-3-tert.-butylaminopropane,
      1-(2-cyanophenoxy)-2-hydroxy-3-tert.-pentylaminopropane,
      1-(4-allyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(4-methallyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(4-propargyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane,
      1-(4-allyloxyphenoxy)-2-hydroxy-3-tert.-butylaminopropane,
      1-(2-methoxyphenoxy)-2-hydroxy-3-tert.-pentylaminopropane and
      1-(2-methoxyphenoxy)-2-hydroxy- 3-(1,1-dimethylbutyl)-aminopropane.
PAR  Further examples of .beta.-blockers that may be considered are those of the
      formula
      ##EQU2##
      wherein Ar represents a phenyl, naphthyl, tetralyl, or indanyl radical,
      which can also be substituted by lipophil substituents, for example
      halogen atoms, nitro groups, lower alkyl and/or alkoxy radicals, R denotes
      a lower, preferably a branched, hydroxyalkyl or alkyl radical, and R.sub.1
      represents a hydrogen atom or a lower alkyl radical. Preferred compounds
      of this group are:
PAR  1-(3,4-dichlorophenyl)-1-hydroxy-2-isopropylaminoethane
      (dichloroisoproterenol), 1-(1'-naphthyl)-1-hydroxy-2-isopropylaminoethane
      (Pronethalol),
      1-(2,5-dimethoxyphenyl)-1-hydroxy-2-methyl-2tert.-butylaminoethane,
      1-(4-methansulfonylaminophenyl)-1-hydroxy-2-isopropylaminoethane,
      1-(5,6,7,8-tetrahydro-1-naphthyl)-1-hydroxy-2-sec.-butylaminoethane and
      1-(4-nitrophenyl)-1-hydroxy-2-isopropylaminopropane.
PAR  Suitable .alpha.-blockers are any sympatholytically active compounds such,
      for example, as dihydroergot alkaloids, such as dihydroergotamine,
      dihydroergocornine, dihydroergocristine or dihydroergocryptine,
      2-benzyl-2-imidazoline,
      N-(2-chloroethyl)-N-(1-methyl-2-phenoxyethyl)-benzylamine,
      2-(piperidinomethyl)-1,4-benzodioxan,
      6-allyl-6,7-dihydro-5H-dibenz[c,e]azepine,
      1,4-bis-(1,4-benzodioxan-2-ylmethyl)-piperazine,
      N-(2-chloroethyl)-dibenzylamine, and primarily
      2-[N-(m-hydroxyphenyl)-p-toluidinomethyl]-2-imidazoline.
PAR  The .alpha.- and .beta.-blockers mentioned hereinabove may be present in
      the form of isomer mixtures, pure isomers (racemates), or optical
      antipodes, according to the number of their asymmetric carbon atoms. They
      are used preferably in each case in the form of the more effective or less
      toxic isomers or antipodes.
PAR  The cited .alpha.- and .beta.-blockers furthermore may be in the free form
      or in the form of their non-toxic salts. As non-toxic salts there may be
      considered especially salts with organic or inorganic acids such, for
      example, as: hydrohalic acids, sulphuric acids, phosphoric acids, nitric
      acids, perchloric acids, aliphatic, alicyclic, aromatic or heterocyclic
      carboxylic or sulphonic acids, for example formic, acetic, propionic,
      succinic, glycolic, lactic, malic, tartaric, citric, ascorbic, maleic,
      hydroxymaleic, or pyruvic acid; also phenylacetic, benzoic,
      p-aminobenzoic, anthranilic, p-hydroxybenzoic, salicylic or
      p-aminosalicylic acid, embonic acid, methanesulphonic, ethanesulphonic,
      hydroxyethanesulphonic and ethylenesulphonic acid; furthermore,
      halobenzenesulphonic, toluenesulphonic, naphthalenesulphonic acid or
      sulphanilic acid; as well as cyclohexyl-sulphamic acid, methionine,
      tryptophane, lysine, or argenine.
PAR  The invention relates therefore to pharmaceutical preparations which
      contain a .beta.-blocker, especially one of those mentioned hereinabove,
      together with an .alpha.-blocker, especially one of those mentioned
      hereinabove, and to the manufacture of these preparations and furthermore
      to the application of these active substances in the form of the said
      preparations for the treatment of high blood pressure or of angina
      pectoris.
PAR  Of quite especial value are pharmaceutical preparations that contain as
      .beta.-blocker: 1-(1-naphthyloxy)-2-hydroxy-3-isopropylamino-propane,
      1-(3-tolyloxy)-2-hydroxy-3-isopropylamino-propane,
      1-(2-allylphenoxy)-2-hydroxy-3-isopropylamino-propane,
      1-(4-acetamidophenoxy)-2-hydroxy-3-isopropylamino-propane, or above all,
      1-(2-allyloxyphenoxy)-2-hydroxy-3-isopropylamino-propane, or
      1-(4-allyloxyphenoxy)-2-hydroxy-3-isopropylamino-propane, and as
      .alpha.-blocker one of the .alpha.-blockers mentioned above, above all
      2-[N-(m-hydroxyphenyl)-p-toluidinomethyl]-2-imidazoline.
PAR  The invention is thus very particularly concerned with preparations which
      contain 1-(2-allyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane or
      1-(4-allyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane together with
      2-[N-(m-hydroxyphenyl)-p-toluidinomethyl]-2-imidazoline.
PAR  Accordingly, the use of these preferred preparations is also a special
      feature of the invention.
PAR  The ratio of .beta.-blocker to .alpha.-blocker may vary within wide limits
      in the new preparations. The dosage of the new preparations naturally
      depends upon the effectiveness of the .alpha.- and .beta.-blockers
      concerned and the individual needs of the patient. In the case of the
      .beta.-blocking component, for example, it may lie in the range between
      the simple individual dose and double the individual dose; but preferably
      the simple individual dose is used. Thus, for example, the particularly
      preferred preparations mentioned above may contain 40 to 80 mg, especially
      40 mg, of 1-(2-allyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane
      hydrochloride or 100 to 200 mg, especially 100 mg, of
      1-(4-allyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane hydrochloride,
      respectively. The dosage of the .alpha.-blocking component may lie between
      the simple individual dose and a dose 21/2 times the individual dose; but
      preferably the simple individual dose is used. Thus, for example, the
      preferred preparations just mentioned may contain 20 to 50 mg, especially
      20 mg, of 2-[N-(m-hydroxyphenyl)-p-toluidinomethyl]-2-imidazoline
      hydrochloride.
PAR  In general, the ratio of the .beta.-blocking to the .alpha.-blocking
      component is preferably from 5 to 1 up to 1 to 40, most preferably from 2
      to 1 up to 1 to 30.
PAR  The pharmaceutical preparations of the invention are particularly suitable
      for oral application and may contain the usual carriers such, for example,
      as lactose, starch, gelatine, colloidal silica, magnesium stearate, talc,
      phenylvinylpyrrolidone, and similar substances. They can furthermore be
      combined with other therapeutically valuable substances. They are
      available for example, in the form of tablets, dragees, or capsules. They
      are obtained in the usual way. For a rectal application the pharmaceutical
      preparations are especially in the form of suppositories, that are
      obtained in the usual way.
PAR  The .alpha.-blockers and .beta.-blockers used are known or can be
      manufactured in a manner known per se.
PAR  The following Examples illustrate the invention, without thereby in any way
      limiting the scope thereof.
DETD
PAC  EXAMPLE 1
PAR  Tablets containing 40 mg of 1-(2-allyloxyphenoxy)
      -2-hydroxy-3-isopropylaminopropane-hydrochloride (racemate) and 20 mg of
      2-[N-(m-hydroxyphenyl)-p-toluidinomethyl]-2-imidazoline-hydrochloride can
      be manufactured from, for example, the following ingredients:
TBL  Composition                                                               
     ______________________________________                                    
     1-(2-allyloxyphenoxy)-2-hydroxy-3-                                        
     isopropylaminopropane-hydrochloride                                       
                              40 mg                                            
     2-[N-(m-hydroxyphenyl)-p-toluidino=                                       
     methyl]-2-imidazoline-hydrochloride                                       
                              20 mg                                            
     Lactose                  113 mg                                           
     Wheat starch             90 mg                                            
     Colloidal silica         10 mg                                            
     Polyvinyl pyrrolidone    10 mg                                            
     Talcum                   15 mg                                            
     Magnesium stearate        2 mg                                            
                              300 mg                                           
     ______________________________________                                    
PAC  Manufacture
PAR  The two active substances are mixed with the lactose, the colloidal silica
      and a part of the wheat starch. The mixture is passed through a sieve and
      kneaded with an aqueous-alcoholic solution of polyvinylpyrrolidone until a
      plastic mass is obtained. This mass is forced through a sieve, dried and
      the dry granulate again passed through a sieve. The remaining wheat
      starch, talc and magnesium stearate are then admixed and the resulting
      mixture compressed into tablets of 300 mg each with dividing groove.
PAR  The dose is 1 tablet 3 times daily to a maximum of 2 tablets 4 times daily.
PAC  EXAMPLE 2
PAR  Tablets containing 20 mg of
      -(-)-1-(2-allyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane-hydrochloride
      and 20 mg of
      2-[N-(m-hydroxyphenyl)-p-toluidinomethyl]-2-imidazoline-hydrochloride can
      be manufactured from, for example, the following ingredients:
TBL  Composition                                                               
     ______________________________________                                    
     l-(-)-1-(2-allyloxyphenoxy)-2-hydroxy-3-                                  
     isopropylaminopropane-hydrochloride                                       
                                20 mg                                          
     2-[N-(m-hydroxyphenyl)-p-toluidinomethyl]-                                
     2-imidazoline-hydrochloride                                               
                                20 mg                                          
     Lactose                    47 mg                                          
     Wheat starch               45 mg                                          
     Colloidal silica            5 mg                                          
     Polyvinyl pyrrolidone       5 mg                                          
     Talcum                      7 mg                                          
     Magnesium stearate          1 mg                                          
                                150 mg                                         
     ______________________________________                                    
PAC  Manufacture
PAR  The two active substances are mixed with the lactose, the colloidal silica
      and a part of the wheat starch. The mixture is passed through a sieve and
      kneaded with an aqueous-alcoholic solution of polyvinylpyrrolidone until a
      plastic mass is obtained. This mass is forced through a sieve, dried and
      the dry granulate again passed through a sieve. The remaining wheat
      starch, talc and magnesium stearate are then admixed and the resulting
      mixture compressed into tablets of 150 mg each with dividing groove.
PAR  The dose is 1 tablet 3 times daily to a maximum of 2 tablets 4 times daily.
PAC  EXAMPLE 3
PAR  Tablets containing 100 mg of 1-(4-allyloxyphenoxy)
      -2-hydroxy-3-isopropylaminopropane-hydrochloride and 20 mg of
      2-[N-(m-hydroxyphenyl)-p-toluidinomethyl]-2-imidazoline-hydrochloride can
      be manufactured from, for example, the following ingredients:
TBL  Composition                                                               
     ______________________________________                                    
     1-(4-allyloxyphenoxy)-2-hydroxy-3-iso=                                    
     propylaminopropane-hydrochloride                                          
                                100 mg                                         
     2-[N-(m-hydroxyphenyl)-p-toluidino=                                       
     methyl]-2-imidazoline-hydrochloride                                       
                                 20 mg                                         
     Lactose                    232 mg                                         
     Wheat starch               180 mg                                         
     Colloidal silica            15 mg                                         
     Polyvinyl pyrrolidone       20 mg                                         
     Talcum                      28 mg                                         
     Magnesium stearate          5 mg                                          
                                600 mg                                         
     ______________________________________                                    
PAC  Manufacture
PAR  The two active substances are mixed with the lactose, the colloidal silica
      and a part of the wheat starch. The mixture is passed through a sieve and
      kneaded with an aqueous-alcoholic solution of polyvinylpyrrolidone until a
      plastic mass is obtained. This mass is forced through a sieve, dried and
      the dry granulate again passed through a sieve. The remaining wheat
      starch, talc and magnesium stearate are then admixed and the resulting
      mixture compressed into tablets of 600 mg each with dividing groove.
PAR  The dose is approx. 1 to 2 tablets 3 times daily.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pharmaceutical preparation for the treatment of angina pectoris and
      high blood pressure, containing a .beta.-receptor blocker selected from
      the group consisting of
      1-(2-allyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane and
      1-(4-indanyloxy)-2-hydroxy-3-isopropylaminopropane or a non-toxic salt
      thereof and an .alpha.-receptor blocker,
      2-[N-(m-hydroxyphenyl)-p-toluidinomethyl]-2-imidazoline, or a non-toxic
      salt thereof together with a pharmacuetical carrier wherein the
      .beta.-blocker and the .alpha.-blocker are in a ration of from 5 to 1 to 1
      to 40.
NUM  2.
PAR  2. A pharmaceutical preparation as claimed in claim 1, containing the
      .beta.-blocker and the .alpha.-blocker in a ratio from 2 to 1 up to 1 to
      30.
NUM  3.
PAR  3. A pharmaceutical preparation for the treatment of angina pectoris and
      high blood pressure, containing effective amounts of a .beta.-receptor
      blocker selected from the group consisting of
      1-(2-allyloxyphenoxy)-2-hydroxy-3-isopropylaminopropane and
      1-(4-indanyloxy)-2-hydroxy-3-isopropylaminopropane or a non-toxic salt
      thereof and an .alpha.-receptor blocker,
      2-[N-(m-hydroxyphenyl)-p-toluidinomethyl]-2-imidazoline, or a non-toxic
      salt thereof together with a pharmaceutical carrier.
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ABST
PAL  Compounds of the following general formula are useful in the treatment of
      conditions of delayed hypersensitivity.
      ##SPC1##
PAL  Wherein X represents a bond, --CH.sub.2 --, or oxygen; Y represents a
      vinlyene group, --CH(OH)--, carbonyl, oxygen, divalent sulfur, or
      carbonyloxy with the proviso that when Y is oxygen, divalent sulfur or
      carbonyloxy, X represents a bond; A represents a straight or branched
      alkylene chain of from 1 to 6 carbon atoms with the proviso that when Y is
      vinlyene, A contains from 1 to 5 carbon atoms; and with the proviso that
      when Y is carbonyloxy, A contains from 2 to 6 carbon atoms; each of
      R.sup.1 and R.sup.2 is selected from hydrogen, a straight or branched
      lower alkyl group of from 1 to 4 carbon atoms; or alkenyl of 3 to 6 carbon
      atoms having the vinyl unsaturation in other than the 1-position, and
      pharmaceutically acceptable acid addition salts thereof.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to the use of bis-basic substituted sulfur
      containing heterocyclic derivatives.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Bis-basic ether and thioether derivatives of dibenzothiophene are described
      in U.S. Pat. 3,673,191. Bis-basic ketone derivatives of dibenzothiophene
      are described in Belgian Pat. 766,577. Bis-basic ketones of thioxanthene
      are described in Great Britain Pat. 1,312,534  which is equivalent to
      pending U.S. application Ser. No. 137,055. Bis-basic ketones of
      phenoxathiin are described in Netherlands 72/09010 which is equivalent ot
      pending U.S. application Ser. No. 158,122. Each of these references
      disclose the compounds therein as being useful as antiviral agents. These
      disclosures do not describe or suggest the use of the compounds in
      treating conditions of delayed hypersensitivity.
PAC  SUMMARY OF INVENTION
PAR  Bis-basic derivatives of the following formula are useful in treating
      conditions of delayed hypersensitivity.
      ##SPC2##
PAL  Wherein X represents a bond, --CH.sub.2 --, or oxygen; Y represents a
      vinylene group, --CH(OH)--, carbonyl, oxygen, divalent sulfur, or
      carbnoyloxy with the proviso that when Y represents oxygen, divalent
      sulfur or carbonyloxy, X represents a bond; A represents a straight or
      branched alkylene chain of from 1 to 6 carbon atoms with the proviso that
      when Y is a vinylene group, A contains from 1 to 5 carbon atoms, and with
      the proviso that when Y is carbonyloxy, A contains from 2 to 6 carbon
      atoms; each of R.sup.1 and R.sup.2 represents hydrogen, a straight or
      branched lower alkyl group of from 1 to 4 carbon atoms; or alkenyl of 3 to
      6 carbon atoms having the vinyl unsaturation in other than the 1-position;
      and pharmaceutically acceptable acid addition salts thereof.
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  As can be seen from the above general Formula I the compounds of this
      invention may be dibenzothiophene derivatives when X is a bond, or
      thioxanthene derivatives when X is --CH.sub.2 --, or phenoxathiin
      derivatives when X is oxygen.
PAR  In the above general Formula I one of the basic substituent groups as
      represented by
      ##EQU1##
      is attached at any carbon atom of one benzenoid ring of the tricyclic
      nucleus, and the other basic substituent is attached at any carbon atom of
      the other benzenoid ring.
PAR  Illustrative examples of straight or branched alkylene chains which A
      represents in general Formula I are methylene, ethylene, propylene,
      butylene, pentylene, hexylene, isobutylene, 2-methylethylene, and
      3-ethylbutylene.
PAR  Illustrative examples of straight or branched lower alkyl groups which
      R.sup.1 and R.sup.2 may represent in general Formula I are methyl, ethyl,
      n-propyl, n-butyl, isobutyl, isopropyl, and tert-butyl.
PAR  Pharmaceutically acceptable acid addition salts of the base compounds of
      this invention are those of any suitable inorganic or organic acid.
      Illustrative suitable inorganic acids are hydrochloric, hydrobromic,
      sulfuric, and phosphoric acids. Illustrative suitable organic acids are
      lower aliphatic hydrocarbon monocarboxylic acids, such as, glycolic or
      lactic acid; lower aliphatic lower alkoxy-hydrocarbon monocarboxylic
      acids, such as, methoxyacetic or ethoxyacetic acids; lower aliphatic lower
      alkanoyl-hydrocarbon monocarboxylic acids, such as, pyruvic acid; lower
      aliphatic hydrocarbon dicarboxylic acids, such as malonic, succinic,
      methylsuccinic, glutaric, .alpha.-methylglutaric, .beta.-methylglutaric,
      itaconic, maleic, citraconic, homocitraconic, or fumaric acid; lower
      aliphatic hydroxy hydrocarbon dicarboxylic acids, such as, malic or
      tartaric acid; lower aliphatic lower alkoxy-hydrocarbon dicarboxylic
      acids; such as, .alpha.,.beta. -dimethoxysuccinic or ethoxymaleic acid;
      lower aliphatic hydrocarbon tricarboxylic acids, such as, aconitic or
      tricarballylic acid; lower aliphatic hydroxy-hydrocarbon tricarboxylic
      acids, such as, citric acid. Additionally organic sulfonic acids, such as
      lower alkane sulfonic acids, for example, methanesulfonic or
      ethanesulfonic acid, or lower hydroxy-alkane sulfonic acids, for example,
      2-hydroxyethane sulfonic acid are suitable. Particularly useful are
      pharmacologically acceptable acid addition salts with mineral acids, such
      as, hydrochloric acid. Mono- or di-acid salts may be formed, and the salts
      may be hydrated, for example, monohydrate, or substantially anhydrous.
PAR  Illustrative examples of compounds of general Formula I are
      2,8-bis(4-aminobutoxy)dibenzothiophene,
      2,8-bis(2-diethylaminoethylthio)dibenzothiophene,
      3,7-bis(2-isopropylaminoethoxy)dibenzothiophene,
      bis(3-diallylaminopropyl)dibenzothiophene-2,8-dicarboxylate,
      bis(3-diisopentylaminopropyl)dibenzothiophene-2,6-dicarboxylate,
      2,8-bis(5-diethylaminovaleryl)dibenzothiophene,
      2,8-bis(2-dibutylaminoacetyl)dibenzothiophene,
      3,7-bis(3-dimethylaminopropionyl)dibenzothiophene,
      .alpha.,.alpha.'-bis(3-diethylaminopropyl)dibenzothiophene-2,6-dimethanol,
      2,8-bis[4-(dimethylamino)-1-butenyl]dibenzothiophene,
      2,7-bis(2-diethylaminoacetyl)thioxanthene,
      1,6-bis(3-diallylaminopropionyl)thioxanthene, .alpha.,.alpha.
      '-bis(3-diethylaminopropyl)thioxanthene-2,7-dimethanol, .alpha.,.alpha.
      '-bis(3-dimethylaminoethyl)thioxanthene-1,6-dimethanol,
      2,7-bis(4-diethylamino-1-butenyl)thioxanthene,
      1,6-bis(3-dipropylamino-1-propenyl)thioxanthene,
      2,8-bis(5-dimethylaminovaleryl)phenoxathiin,
      2,7-bis(3-dibutylaminopropionyl)phenoxathiin,
      3,7-bis(4-ethylaminobutyryl)phenoxathiin, .alpha.,.alpha.
      '-bis(2-diethylaminoethyl)phenoxathiin-2,7-dimethanol, and
      2,8-bis(5-dimethylamino-1-pentenyl)phenoxathiin.
PAR  The compounds of general Formula I may be prepared by several methods. The
      compounds of general Formula I wherein X is a bond, and Y is oxygen or
      divalent sulfur, that is, bis-basic ether or thioether derivatives of
      dibenzothiophene may be prepared by the reaction of one equivalent of a
      dibenzothiophene diol or dithiol derivative with two equivalents of a
      haloalkylamine of the formula
      ##EQU2##
      wherein Hal represents chlorine, bromine or iodine; A is a straight or
      branched alkylene chain of from 1 to 6 carbon atoms; and each of R.sup.1
      and R.sup.2 is hydrogen, a straight or branched lower alkyl group of from
      1 to 4 carbon atoms; or alkenyl of 3 to 6 carbon atoms having the vinyl
      unsaturation in other than the 1-position; in the presence of a base.
      Typical haloalkylamines are, for example, N,N-diethyl-2-chloroethylamine
      or N,N-diisopropyl-3-chloropropylamine.
PAR  Alternatively the bis-basic ether or thioether derivatives of
      dibenzothiophene may be prepared by the reaction of a
      bis-.omega.-haloalkylether or thioether derivative of the formula
      ##SPC3##
PAL  wherein Y.sup.1 is oxygen or divalent sulfur, and A and Hal have the
      meanings defined above, with an amine of the formula
      ##EQU3##
      wherein R.sup.1 and R.sup.2 have the meanings defined hereinbefore. The
      bis-.omega.-haloalkylether or thioether of Formula III is obtained by the
      reaction of a dibenzothiophene-diol or dithiol with a haloalkylhalo
      derivative, that is, Hal-A-Hal wherein A is a straight or branched
      alkylene chain of from 1 to 6 carbon atoms, and Hal is chlorine, bromine
      or iodine in the presence of a base.
PAR  Suitable bases for the above described reactions are sodium methoxide,
      sodium hydride, sodium amide, sodium hydroxide, and potassium hydroxide.
      Suitable solvents include aromatic hydrocarbons, such as benzene, toluene
      and xylene; halogenated aromatics, such as, chlorobenzene; aprotic
      solvents, such as, N,N-dimethylformamide, N,N-dimethylacetamide, and
      dimethylsulfoxide; alcohols, such as, ethanol or isopropyl alcohol;
      ketones, such as, acetone; ethers, such as, tetrahydrofuran or dioxane;
      water; or mixtures of these solvents.
PAR  When either sodium methoxide, sodium amide or sodium hydride, for example,
      is used as the base, the reaction is carried out in an anhydrous medium,
      such as anhydrous toluene or chlorobenzene. About 2.5 equivalents of the
      base is added to a suspension of a dibenzothiophene-diol or dithiol, in
      the anhydrous solvent, and the mixture is heated. In the case where sodium
      methoxide is used, the methanol formed may be removed advantageously by
      azeotropic distillation. About 2.5 equivalents of the halide, either a
      haloalkylamine or a haloalkylhalo derivative is added and the mixture
      heated to reflux for a period which may vary from about 4 to 24 hours. The
      products are isolated by customary procedures.
PAR  In the method where an alkali hydroxide, such as potassium hydroxide is
      used as the base, two different procedures may be used. In the one
      procedure a 25 to 50 percent aqueous solution of the alkali hydroxide
      (about 2.5 equivalents) is added to a suspension of a
      dibenzothiophene-diol or dithiol in a suitable aromatic solvent, for
      example, xylene. This mixture is then heated to boiling, stirring being
      optional, and the water removed by azeotropic distillation. The reaction
      mixture, now being essentially anhydrous, is treated with about 2.5
      equivalents of either a haloalkylamine or a haloalkylhalo derivative. In
      the other procedure the reaction is carried out in a heterogenous medium
      of water and an aromatic hydrocarbon, such as, toluene or xylene. For
      example, one equivalent of a dibenzothiophene-diol or dithiol is suspended
      in the aromatic hydrocarbon. To this suspension is added about 2.5
      equivalents of a hydrohalide salt of a haloalkylamine derivative or a
      haloalkylhalo derivative in a minimum volume of water after which a 25 to
      50% solution of the alkali hydroxide (about 5 equivalents when using a
      haloalkylamine derivative and about 2 equivalents when using a
      haloalkylhalo derivative) is added with efficient stirring. This mixture
      is heated to reflux for about 6 to 24 hours, and the product is isolated
      from the hydrocarbon layer.
PAR  The reaction between the bis-.omega.-haloalkylether or thioether derivative
      of Formula III and an amine as represented by Formula IV may be carried
      out under a variety of conditions. For example, the compound of Formula
      III may be heated together with a large excess of the amine, the excess
      amine serving as both the reaction medium and the hydrohalide acceptor.
      Or, 1 equivalent of the bis(.omega.-haloalkyl)ether or thioether, and 4
      equivalents of the amine may be heated together in one of a number of
      different types of solvents, for example, in aromatic solvents, such as,
      benzene, toluene, xylene, or chlorobenzene; or lower molecular weight
      alcohols, such as, methanol, ethanol or isopropyl alcohol; or lower
      molecular weight ketones, such as, acetone or methyl ethyl ketone. The
      reaction between the halo compound and the amine is usually promoted by
      the addition of either sodium or potassium iodide, the iodide being used
      in either catalytic or stoichiometric amounts. In some cases, it may be
      advantageous to use only 2 equivalents of the amine for each equivalent of
      the bis-.omega.-haloalkylether or thioether, an excess of either powdered
      potassium carbonate or sodium carbonate being used as the hydrohalide
      acceptor.
PAR  Additional methods for the preparation of bis-basic ether and thioether
      derivatives of dibenzothiophene, that is, compounds of general Formula I
      wherein X is a bond and Y is oxygen or divalent sulfur, are set forth in
      U.S. Pat. 3,673,191 columns 7, 8, and 9 and the appropriate portion
      thereof are incorporated herein by reference thereto.
PAR  The compounds of general Formula I wherein X is a bond and Y is
      carbonyloxy, that is, bis-basic ester derivatives of dibenzothiophene may
      be prepared by several methods. For example, a dibenzothiophene
      dicarboxylic acid or a reactive derivative thereof, such as, an acid
      halide or ester of the formula
      ##SPC4##
PAL  wherein W is OH, halogen, such as chlorine or bromine, or lower alkoxy,
      such as, methoxy or ethoxy, is reacted with an aminoalkanol of the formula
      ##EQU4##
      wherein A.sup.1 is a straight or branched alkylene chain of from 2 to 6
      carbon atoms, and each of R.sup.1 and R.sup.2 is hydrogen, a straight or
      branched lower alkyl group of from 1 to 4 carbon atoms, or alkenyl of 3 to
      6 carbon atoms having the vinyl unsaturation in other than the 1-position.
      The esterification can be achieved by allowing the dibenzothiophene
      dicarboxylic acid, where W in the above Formula V is hydroxy, to react
      with an appropriate aminoalkanol in an inert solvent in the presence of a
      catalyst and employing general methods for removing water from the
      reaction site. Preferred solvents are chloroform, isopropyl alcohol,
      dioxane, and toluene. The reaction may be catalyzed by the use of mineral
      acids including hydrochloric, sulfuric or certain organic acids such as
      p-toluene-sulfonic acid. Methods whereby water can be removed from the
      reaction include the use of water scavengers such as the carbodiimides or
      by the azeotropic removal of water. The reaction will proceed at
      temperatures ranging from 50.degree.-150.degree.C over a period of 6 to 72
      hours depending upon the solvent and catalyst.
PAR  Preferably, the esterification can be achieved by allowing the acid halide,
      where W in the above Formula V is halogen, to react with the appropriate
      aminoalkanol. The esters of this invention can be produced in a variety of
      inert solvents over a wide range of temperatures and reaction time. The
      solvents of choice include chloroform, dioxane, tetrahydrofuran, and the
      aromatic solvents such as benzene and toluene. In chloroform, the reaction
      is generally complete within one hour at the reflux temperature of the
      solvent, although the reaction time can range from 15 minutes to 3 days.
PAR  The bis-basic ester derivatives of dibenzothiophene may also be prepared by
      a transesterification reaction in which a (lower)alkoxy ester of the
      dibenzothiophene dicarboxylic acid, where W in the above Formula V is, for
      example, methoxy or ethoxy, is reacted with the appropriate aminoalkanol
      under suitable conditions. This type of reaction is catalyzed by alkaline
      or acid catalysts and is reversible. The basic esters may be obtained by
      causing the equilibrium to be shifted by removing the lower alkanol
      component or by employing a large excess of the aminoalkanol. Preferably,
      the reaction is carried out by removing the lower alkanol component with
      the use of an alkaline catalyst. The lower alkanol may be removed by
      direct distillation or distillation with a suitable solvent. Suitable
      alkaline catalysts are alkali metals, such as, sodium or potassium; alkali
      lower alkoxides, such as, sodium methoxide or sodium ethoxide; or alkali
      amides such as lithium or sodium amide. Suitable solvents are those
      forming an azeotropic distillation mixture with the lower alkanol, for
      example, benzene or toluene, or a solvent which boils sufficiently higher
      than the alkanol to permit removal of the alkanol by distillation at a
      temperature below that of the boiling range of the solvent.
PAR  The compounds of general Formula I wherein Y is carbonyl may be prepared by
      an amination reaction of a bis-.omega.-haloalkanoyl derivative of the
      formula
      ##SPC5##
PAL  wherein Hal is chlorine, bromine or iodine; A is a straight or branched
      alkylene chain of from 1 to 6 carbon atoms; and X is a bond, --CH.sub.2 --
      or oxygen; with an amine of the formula HNR.sup.1 R.sup.2 wherein each of
      R.sup.1 and R.sup.2 is hydrogen, a straight or branched lower alkyl group
      of from 1 to 4 carbon atoms, or alkenyl of 3 to 6 carbon atoms having the
      vinyl unsaturation in other than the 1-position.
PAR  The amination reaction may be carried out under a variety of conditions.
      For example, a compound of Formula VII may be heated together with a large
      excess of the amine, the excess amine serving as the reaction medium and
      the hydrohalide acceptor. This method is particularly suitable for readily
      available amines, the excess of which can be easily removed from the
      reaction mixture by, for example, distillation at reduced pressure or by
      washing the product with water. Or, one equivalent of a compound of
      Formula VII and four equivalents of the amine, may be heated together in
      one of a number of different types of solvents, for example, in aromatic
      solvents, such as, benzene, toluene, or xylene; ethers, such as,
      tetrahydrofuran, or dioxane; ketones, such as, acetone or butanone;
      aprotic solvents, such as, N,N-dimethylformamide, N,N-dimethylacetamide,
      or dimethyl sulfoxide; or mixtures of these solvents with water. The
      reaction between a compound of Formula VII wherein Hal is Cl and the
      amine, is frequently promoted by the addition of either sodium iodide or
      potassium iodide, the iodide being used in either catalytic or
      stoichiometric amounts. In some cases, it may be advantageous to use only
      two equivalents of the amine for each equivalnet of the
      bis-.omega.-haloalkanoyl derivative, an excess of an inorganic base, such
      as, powdered sodium carbonate or potassium carbonate being used as the
      hydrohalide acceptor. The reaction will proceed normally in 12 hours to
      two weeks at temperatures of from -30.degree. to 150.degree.C.
PAR  Alternately, the amination reaction may be carried out on a derivative of a
      compound of Formula VII, such as, the bis-ketal derivative that may be
      prepared by allowing the bis-.omega.-haloalkanoyl derivative and an excess
      of ethyl orthoformate to react in the presence of an acid catalyst such as
      hydrochloric acid for several days in a polar solvent such as ethanol or
      tetrahydrofuran.
PAR  The bis-(.omega.-haloalkanoyl)dibenzothiophene derivatives, that is,
      compounds of Formula VII wherein X is a bond, wherein the position of
      substitution is 2,6- or 2,8- can be prepared by a Friedel-Crafts acylation
      of dibenzothiophene. Suitable acylating agents which may be used include
      chloroacetyl chloride, bromoacetyl bromide, 3-chloropropionyl chloride,
      4-chlorobutyryl chloride, 5-chlorovaleryl chloride,
      5-chloro-4-methylvaleryl chloride, and 5-chloro-3-methylvaleryl chloride.
PAR  The acylation reaction may be carried out in a variety of solvents and
      under catalysis of a variety of Lewis acids. The temperature and duration
      of the reaction may be varied to allow for optimum reaction conditions. A
      preferred procedure is to combine one equivalent of dibenzothiophene with
      2.5 equivalents of an acylating agent in methylene chloride followed by
      portionwise addition of aluminum chloride. The temperature of the reaction
      is maintained below zero degrees with continuous stirring. After the
      additions are complete the temperature may be elevated to
      25.degree.-40.degree.C for 12 to 36 hours. The reaction mixture is worked
      up in the usual manner by decomposing the complex with ice water/HCl. The
      product obtained is recrystallized from methylene chloride, chloroform, or
      the like. The procedure may be varied such that there is a reverse
      addition of acylating agent and Lewis acid, or a reverse addition of
      aromatic hydrocarbon and Lewis acid. The more reactive halogen derivative
      that is, the bis-(.omega.-iodoalkanoyl)dibenzothiophene, may be prepared
      from the corresponding bis-chloro derivative using a halogen exchange
      reaction under the conditions generally employed in the Conant-Finkelstein
      reaction.
PAR  The major product in the Friedel-Crafts acylation reaction is
      2,8-bis-(.omega.-haloalkanoyl)dibenzothiophene. However, the course of the
      reaction is such that the major isomer is generally accompanied by
      significant quantities of other isomeric forms of
      bis-(.omega.-haloalkanoyl)dibenzothiophene. By the proper choice of
      crystallizing solvents these isomers can be separated.
PAR  The bis-(.omega.-haloalkanoyl)thioxanthene derivatives, that is, compounds
      of Formula VII wherein X is --CH.sub.2 --, wherein the position of
      substitution is 2,7-, and the bis-(.omega.-haloalkanoyl)phenoxathiin
      derivatives, that is, compounds of Formula VII wherein X is oxygen,
      wherein the position of substitution is 2,7- or 2,8- can be prepared by
      the same procedure as that described hereinabove for the preparation of
      the bis-(.omega.-haloalkanoyl)dibenzothiophene derivatives, by
      substituting respectively thioxanthene and phenoxathiin for
      dibenzothiophene in the procedure as described.
PAR  Suitable amines for use in the amination reaction include ammonia, or a
      compound which is a potential source of ammonia, for example,
      hexamethylenetetramine; primary amines, such as, ethylamine, propylamine
      and methylamine; and secondary amines, such as, diethylamine, dibutylamine
      diisopropylamine and dipentylamine.
PAR  The bis-basic ketone derivatives of Formula I wherein X is a bond, A is an
      alkylene chain of 3 to 6 carbon atoms, and R.sup.1 and R.sup.2 are other
      than hydrogen, may also be prepared by the reaction of a dinitrile
      derivative of dibenzothiophene with a Grignard reagent of the formula
      R.sup.5 Mg(CH.sub.2).sub.m NR.sup.3 R.sup.4 (Formula VIII) wherein R.sup.5
      is bromine or chlorine, m is an integer of 3 to 6, and each of R.sup.3 and
      R.sup.4 is a straight or branched lower alkyl group of from 1 to 4 carbon
      atoms or alkenyl of 3 to 6 carbon atoms having the vinyl unsaturation in
      other than the 1-position. The reaction will proceed in from 1 to 24 hours
      at a temperature ranging from room temperature to about 80.degree.C. The
      Grignard reagent, may be prepared by reacting magnesium and an aminoalkyl
      halide of the formula R.sup.5 (CH.sub.2).sub.m NR.sup.3 R.sup.4 wherein
      R.sup.5, m, and --NR.sup.3 R.sup.4 have the meaning defined hereinabove. A
      preferred solvent for this reaction is tetrahydrofuran. The dinitrile
      derivative of dibenzothiophene may be prepared from known diamines by aa
      Sandmeyer reaction on the tetrazonium salts or from known dibenzothiophene
      dicarboxylic acids by dehydration of the corresponding amides by standard
      procedures.
PAR  The bis-ketone derivatives of Formula I wherein X is --CH.sub.2 -- or
      oxygen, A is an alkylene chain of from 3 to 6 carbon atoms and R.sup.1 and
      R.sup.2 are other than hydrogen, may also be prepared by the reaction of a
      Grignard reagent of the above Formula VIII with a bis-amide derivative of
      thioxanthene or phenoxathiin of the formula
      ##SPC6##
PAL  wherein X.sup.1 is --CH.sub.2 -- or oxygen, and R.sup.6 and R.sup.7 are
      hydrogen or a lower alkyl group. The addition of the Grignard reagent, is
      carried out at low temperatures ranging from -70.degree.C to 0.degree.C,
      and the reaction mixture is then warmed at 0.degree. to 80.degree.C for 1
      to 24 hours. The bis-amide derivatives may be prepared by generally known
      methods from the corresponding bis-acids.
PAR  The bis-basic ketone compounds of general Formula I wherein A is --CH.sub.2
      CH.sub.2 --, and both of R.sup.1 and R.sup.2 are not hydrogen may also be
      prepared by a Mannich reaction of a bis-acetyl derivative of the formula
      ##SPC7##
PAL  wherein X is a bond, --CH.sub.2 -- or oxygen, with an amine of the formula
      HNR.sup.1 R.sup.2 wherein R.sup.1 and R.sup.2 have the meanings defined in
      general Formula I except that both of R.sup.1 and R.sup.2 are not
      hydrogen, in the presence of formaldehyde. By combining one equivalent of
      a compound of Formula X and two or more equivalents the amine with three
      or more equivalents of formaldehyde the reaction will proceed in from a
      few minutes to 24 hours in solvents such as water, acetic acid, ethanol,
      butanol, dioxane, and tetrahydrofuran and at temperatures equivalent to
      the reflux temperature of the solvent. In this reaction either of two
      sources of formaldehyde may be employed. When formalin is used the
      reaction may be conducted with a suspension of a compound of Formula X or
      a co-solvent such as methanol may be added to allow the reaction to
      proceed in a homogeneous medium. When the source of formaldehyde is
      paraformaldehyde the reaction is carried out in an organic solvent such as
      those mentioned above. It is sometimes desirable to add a slight excess of
      hydrochloric acid to promote depolymerization of paraformaldehyde either
      during the reaction or at the end of the reaction.
PAR  The amine employed in this reaction may be added to the reaction medium as
      the hydrochloride salt or as the base form with subsequent in situ
      formation of the hydrochloride salt by the addition of hydrochloric acid.
      Typical amines which may be utilized in the above reaction include
      dimethylamine, dibutylamine, n-propylamine, diisopropylamine and
      methylamine.
PAR  The bis-acetyl derivative of Formula X may be prepared by a Friedel-Crafts
      acylation reaction on dibenzothiophene, thioxanthene or phenoxathiin or by
      a reaction of a dibenzothiophene, thioxanthene or phenoxanthiin bis-acid
      chloride with dimethyl-cadmium, which can be prepared from methyl Grignard
      and cadmium chloride. The bis-acid chlorides may be prepared from the
      corresponding bis-acids by conventional procedures.
PAR  The compound of general Formula I wherein Y is
      ##EQU5##
      are obtained by the reduction of the corresponding ketone derivatives,
      that is, compounds of Formula I wherein Y is carbonyl, the preparation of
      which is described hereinabove, using sodium borohydride as the reducing
      agent. Suitable solvents for this reaction are ethers, such as,
      tetrahydrofuran or dioxane, lower alcohols, such as, methanol or isopropyl
      alcohol, or water. The reaction time may vary from about 30 minutes to 25
      hours, and the reaction temperature may vary from about -20.degree. to
      100.degree.C. When water or methanol are used as solvents, a base such as
      sodium hydroxide is used in order to minimize the rate at which the sodium
      borohydride decomposes.
PAR  The compounds of general Formula I wherein Y is a vinylene group are
      prepared by dehydration of a compound of Formula I wherein Y is
      ##EQU6##
      and A contains 2 or more carbon atoms, the preparation of which is
      described above. Dehydration is accomplished by dissolving the bis-alkanol
      derivative in a high boiling solvent such as ethylene glycol or ethylene
      glycol monoethylether, adding a dehydrating agent, such as, concentrated
      HCl or concentrated H.sub.2 SO.sub.4, then heating the reaction mixture to
      about 100.degree.C on a steam bath for from one to thirty minutes. The
      vinylene derivatives may be isolated and purified by standard procedures.
      For example, the reaction mixture can be made alkaline and the product
      extracted with ether; or, any unreacted starting material may be separated
      from the final product by passage through a chromatographic column.
PAR  Introduction of an antigen, or a foreign substance, into an organism
      results in a specific immunological response changing the reactivity of
      the organism towards the antigen and substances closely resembling the
      antigen. This response is usually a heightened reactivity to antigen. This
      heightened reactivity is due in part to the production of antibodies which
      can result in an immediate hypersensitivity and in part to a cell-mediated
      immunity which can result in delayed hypersensitivity. Cell-mediated
      immunity is dependent upon the presence of cells sensitized to antigen,
      primarily thymus-modified lymphocytes, which specifically interact with
      the antigen. Macrophages are also involved in the processing of antigen
      and in the effector mechanisms leading to delayed hypersensitivity.
PAR  The type of substances which elicit delayed hypersensitivity are many and
      various. They may be organic chemicals, including drugs, simple chemical
      derivatives, or protein-containing antigens of micro-organisms, such as,
      bacteria, viruses, fungi or protozoa, or tissue antigens. Conditions of
      delayed hypersensitivity are associated with numerous pathological
      disorders, for example, contact hypersensitivity in the skin, rejection of
      tissue grafts or transplants, auto immune diseases and certain infectious
      diseases. Such pathological disorders often involve, in addition to the
      cell-mediated delayed hypersensitivity responses, humoral antibody
      responses involving the production of antigen-specific antibodies.
      Generally, treatment of these disorders has been with immunosuppressive
      agents, such as, purine analogs, folic acid antagonists, alkylating agents
      and corticosteroids. Such agents have been found to be non-specific in
      their immunosuppressant effects, that is, they suppress both the humoral
      antibody and delayed (cell-mediated) hypersensitivity responses. [Drug
      Therapy 1, no. 4, pp. 3-16 (1971)]. The compounds disclosed herein are
      unique in that they suppress only the delayed hypersensitivity response
      without concurrent suppression of the humoral immune response.
PAR  The compounds disclosed herein suppress delayed hypersensitivity responses
      thereby rendering the compounds useful in patients in the treatment of
      conditions of delayed hypersensitivity resulting from infectious diseases,
      specifically tuberculosis, streptococcus, staphylococcus and pneumococcus
      diseases, typhoid fever, undulant fever, chancroid, whooping-cough and
      leprosy; toxoids and vaccines, particularly diphtheria toxoid and smallpox
      vaccination; contact hypersensitivity in the skin, specifically from
      nickel salts, primrose or poison ivy, poison oak and paraphenylene
      diamine; tissue grafts and transplants; and auto immune diseases,
      specifically rheumatoid arthritis, systemic lupus erythematosus,
      glomerular nephritis, rheumatic fever, ulcerative colitis, diabetes
      mellitus, pernicious anemia, coeliac disease, primary atypical pneumonia,
      Hashimoto's thyroiditis, multiple sclerosis, peripherial neuritis,
      pemphigus, Addison's disease and Grave's disease.
PAR  The utility of the compounds disclosed herein in the treatment of
      conditions of delayed hypersensitivity is manifested by the ability of the
      compounds to suppress delayed hypersensitivity reactions in vitro in the
      macrophage migration inhibition test (MMIT) and in vivo in the
      experimental allergic encephalomyelitis (EAE) test, which are well
      recognized tests for detecting agents or compounds effective in treating
      conditions of delayed hypersensitivity. Immunology for Students of
      Medicine, 3rd edition, 1970, F. A. Davis Company, pp. 498-500; Federation
      Proceedings 27, No. 1, pp. 3-15, (1968); Advances in Immunology 5, pp.
      131-208 (1966).
PAR  As used herein, the term patient means warm blooded animals, particularly
      mammals and humans. The compounds disclosed herein may be administered to
      a patient orally, parenterally or topically either alone or in the form of
      pharmaceutical preparations. Pharmaceutical preparations containing
      conventional pharmaceutical carriers and as active ingredients compounds
      of this invention can be employed in unit dosage forms such as solids, for
      example, tablets, capsules and pills, or liquid solutions, suspensions, or
      emulsions for oral and parenteral administration. The quantity of compound
      administered can vary over a wide range to provide from about 0.1 mg/kg
      (milligrams per kilogram) to about 200mg/kg of body weight of the patient
      per day, and preferably from about 1 mg/kg to 100mg/kg of body weight of
      the patient per day, to achieve the desired effect. Unit doses can contain
      from about 5 mg to 1.0 g of a compound of this invention and may be
      administered, for example, from 1 to 4 times daily.
DETD
PAR  The following specific examples are illustrative of the compounds of
      general Formula I.
PAC  EXAMPLE 1
PAC  2,8-Bis(2-dimethylaminoethoxy)dibenzothiophene dihydrochloride
PAR  To 200 ml of chlorobenzene is added 16.1 g (0.0745 mole) of 2,8
      -dihydroxydibenzothiophene, 16.8 g (0.156 mole) of 2-dimethylaminoethyl
      chloride and 8.3 g (0.154 mole) of sodium methoxide. The mixture is
      stirred and heated to reflux for 16 hours. The cooled reaction mixture is
      filtered and the filtrate is washed with several portions of water, then
      dried over anhydrous magnesium sulfate. The chlorobenzene solution is
      evaporated in vacuo. The oily residue is dissolved in ether and treated
      with ethereal hydrogen chloride to give
      2,8-bis(2-dimethylaminoethoxy)dibenzothiophene dihydrochloride which is
      crystallized from methanol-butanone, M.P. 248.degree.-250.degree.C.
PAC  EXAMPLE 2
PAC  2,8-Bis(2-dimethylaminoethylthio)dibenzothiophene dihydrochloride
PAR  When the appropriate molar equivalent amounts of
      dibenzothiophene-2,8-dithiol is substituted for
      2,8-dihydroxydibenzothiophene in the procedure described in Example 1,
      2,8-bis(2-dimethylaminoethylthio)dibenzothiophene dihydrochloride is
      obtained.
PAR  Additional examples of the preparation of bis-basic ether and thioether
      derivatives of dibenzothiophene of Formula I are described in U.S. Pat.
      3,673,191 at columns 9 to 12 and the appropriate examples disclosed
      therein are incorporated herein by reference thereto.
PAC  EXAMPLE 3
PAC  Bis(3 -diethylaminopropyl)dibenzothiophene-2,8-dicarboxylate
      dihydrochloride
PAR  A solution of 7.6 g (0.025 mole) of dibenzothiophene-2,8 -dicarbonyl
      chloride and 6.5 g (0.05 mole) of 3-diethylaminopropanol in 1 liter of
      chlorofrom is heated at reflux for two hours. The solution is concentrated
      to 500 ml, diluted with petroleum ether (75.degree.-90.degree.) and the
      precipitated solid is crystallized from methanol-isopropanol and finally
      from water-acetone to yield bis(
     3-diethylaminopropyl)dibenzothiophene-2,8-dicarboxylate dihydrochloride,
      M.P. 243.degree.-245.degree.C.
PAC  EXAMPLE 4
PAC  Bis(3-dibutylaminopropyl)dibenzothiophene-2,6-(and 2,8)-dicarboxylate
      dihydrochloride hemihydrate
PAR  A solution of 12.0 g (0.038 mole) of a mixture of dibenzothiophene-2,6(and
      2,8)-dicarbonyl chloride and 14.5 g (0.078 mole) of 3
      -dibutylaminopropanol in 500 ml of chloroform is heated at reflux for 24
      hours. The solid which separates is treated with 25% aqueous sodium
      carbonate and the free base which results is extracted with ether, dried
      over anhydrous magnesium sulfate and treated with ethereal hydrogen
      chloride. The dihydrochloride salt is recrystallized several times from
      butanone to yield bis(3 -dibutylaminopropyl)dibenzothiophene-2,6-(and
      2,8)-dicarboxylate dihydrochloride hemihydrate consisting of C. 40% of the
      2,6-isomer and 60% of the 2,8-isomer, M.P. 144.degree.-146.degree.c.
PAC  EXAMPLE 5
PAC  Bis(3 -diisopentylaminopropyl)dibenzothiophene-2,6-(and 2,8)-dicarboxylate
      dihydrochloride
PAR  When 3-diisopentylaminopropanol is used in place of 3-dibutylaminopropanol
      and the procedure of Example 4 is followed,
      bis(3-diisopentylaminopropyl)dibenzothiophene-2,6(and 2,8)dicarboxylate
      dihydrochloride is obtained after an additional crystallization from
      ethanol-butanone-pentane consisting of approximately 70% of the 2,6-isomer
      and 30% of the 2,8-isomer, M.P. 110.degree.-118.degree.C.
PAC  EXAMPLE 6
PAC  Bis(5-dimethylamino-2,2-dimethylpentyl)dibenzothiophene-2,6(and
      2,8)-dicarboxylate dihydrochloride
PAR  When 5-dimethylamino-2,2-dimethylpentanol is used in place of
      3-dibutylaminopropanol and the procedure of Example 4 is followed, and
      after a final crystallization from methanol-butanone,
      bis(5-dimethylamino-2,2-dimethylpentyl)dibenzothiophene-2,6(and
      2,8)-dicarboxylate dihydrochloride is obtained consisting of approximately
      88% of the 2,6-isomer and 12% of the 2,8-isomer, M.P.
      245.degree.-251.degree.C.
PAC  EXAMPLE 7
PAC  Bis(2-diethylaminoethyl)dibenzothiophene-2,6(and 2,8)-dicarboxylate
      dyhydrochloride
PAR  When 2-diethylaminoethanol is used in place of 3-dibutylaminopropanol and
      the procedure of Example 4 is followed,
      bis(2-diethylaminoethyl)dibenzothiophene- 2,6(and 2,8)-dicarboxylate
      dihydrochloride is obtained consisting of approximately 74% of the
      2,6-isomer and 26% of the 2,8-isomer, M.P. 219.degree.-225.degree.C.
PAC  EXAMPLE 8
PAC  Dibenzothiophene-2,6(and 2,8)-dicarboxylic acid
PAR  To 800 ml of carbon disulfide cooled to -10.degree.C is added 56 g (0.42
      mole) of aluminum chloride and 36.8 g (0.2 mole) of dibenzothiophene. To
      this mixture is added, with stirring, 101 g (0.8 mole) of oxalyl chloride
      dissolved in 100 ml of carbon disulfide and the resulting brown mixture is
      stirred at -10.degree.C for 4 hours and at 28.degree.C for 64 hours. The
      mixture is decomposed with cold dilute hydrochloric acid, and after
      removal of carbon disulfide, the product is filtered and purified by
      extraction with dilute sodium hydroxide. The alkaline solution is filtered
      and converted back to acid. The product does not melt below 320.degree.C.
PAC  EXAMPLE 9
PAC  Dibenzothiophene-2,6(and 2,8)-dicarbonyl chloride
PAR  Dibenzothiophene-2,6(and 2,8)dicarbonyl chloride is prepared from
      dibenzothiophene-2,6(and 2,8)dicarboxylic acid by the thionyl
      chloride-pyridine method and purified by crystallization from toluene, M.P
      235.degree.-237.degree.C.
PAC   EXAMPLE 10
PAC  2,8-Bis(bromoacetyl)dibenzothiophene
PAR  To a solution of 5.0 g (0.019 mole) of 2,8-diacetyldibenzothiophene in 200
      ml of chloroform is added dropwise 6.1 g (0.038 mole) of bromine in 25 ml
      of chloroform with stirring under gentle reflux. After refluxing for an
      additional hour the reaction mixture is cooled and the precipitate
      filtered and crystallized from acetic acid to give
      2,8-bis(bromoacetyl)dibenzothiophene, M.P. 187.degree.-189.degree.C.
      (dec.).
PAC  EXAMPLE 11
PAC  2,6-Bis(bromoacetyl)dibenzothiophene
PAR  Following the procedure of Example 10, only substituting for
      2,8-diacetyldibenzothiophene, 5.0 g (0.019 mole) of
      2,6-diacetyldibenzothiophene, 2,6-bis(bromoacetyl)dibenzothiophene is
      obtained.
PAC  EXAMPLE 12
PAC  2,8-Bis(dimethylaminoacetyl)dibenzothiophene dihydrochloride
PAR  A mixture of 18.4 g (0.05 mole) of 2,8-bis(bromoacetyl)dibenzothiophene and
      25 g (0.57 mole) of dimethylamine in 350 ml of tetrahydrofuran is heated
      at 60.degree.C for 3 hours in a stainless steel reaction bomb. The excess
      amine and solvent are removed in vacuo, and the resulting residue is
      dissolved in ether and treated with ethereal HCl to give
      2,8-bis(dimethylaminoacetyl)dibenzothiophene dihydrochloride which is
      recrystallized from methanol-ether. M.P. &gt;340.degree.C
PAC  EXAMPLE 13
PAC  2,6-Bis(dimethylaminoacetyl)dibenzothiophene dihydrochloride
PAR  Following the procedure of Example 12, only substituting for
      2,8-bis(bromoacetyl)dibenzothiophene, 18.4 g (0.05 mole) of
      2,6-bis(bromoacetyl)dibenzothiophene, 2,6
      -bis(dimethylaminoacetyl)dibenzothiophene dihydrochloride is obtained.
PAR  The preparation of additional examples of bis-basic ketone derivatives of
      dibenzothiophene of general Formula I and appropriate starting materials
      are set forth in Belgian patent 766,557 of which the appropriate examples
      are incorporated herein by reference thereto.
PAC  EXAMPLE 14
PAC  2,8-Bis(4-diethylaminobutyryl)thioxanthene dihydrochloride
PAR  A mixture of 32.6 g (0.08 mole) of 2,8-bis(4-chlorobutyryl)thioxanthene, 2
      g of potassium iodide, 100 ml of diethylamine and 100 ml of
      tetrahydrofuran is heated for 24 hours with stirring in a Paar bomb at
      110.degree.C. Upon cooling, the mixture is evaporated to near dryness. The
      residue is dissolved in methylene chloride, washed with water then with
      saturated NaCl solution, dried over magnesium sulfate and filtered. The
      filtrate is evaporated to near dryness and recrystallized several times
      from methanol-diethyl ether and from acetone-methanol to give
      2,8-bis(4-diethylaminobutyryl)thioxanthene dihydrochloride. M.P.
      188.degree.-191.degree.C.
PAC  EXAMPLE 15
PAC  2,8-Bis(2-diethylaminoacetyl)thioxanthene dihydrochloride hydrate
PAR  A mixture of 35.1 g (0.10 mole) of 2,8-bis(2-chloroacetyl)thioxanthene, 2 g
      of potassium iodide, 200 ml of diethylamine and 500 ml of tetrahydrofuran
      is warmed on a steam bath and allowed to stand at room temperature for 7
      days with occasional shaking then filtered. The filtrate is evaporated to
      dryness leaving a residue which is dissolved in dilute HCl and filtered.
      The filtrate is made alkaline, extracted with methylene chloride, washed
      with water then saturated NaCl solution, dried over magnesium sulfate and
      filtered. The filtrate is acidified with ethereal HCl, and the resulting
      product is recyrstallized from diethyl ether and methanol. After drying in
      vacuo and hydrating in a constant hymidity chamber,
      2,8-bis(2-diethylaminoacetyl)thioxanthene dihydrochloride hydrate is
      obtained. M.P. 122.degree.-124.degree.C.
PAC  EXAMPLE 16
PAC  2,7-Bis(2-chloroacetyl)thioxanthene
PAR  To a mixture of 99.18 g (0.5 mole) of thioxanthene, 141.0 g (1.45 mole) of
      2-chloroacetyl chloride and 3 liters of dried methylene chloride, cooled
      to -20.degree.C, is added slowly over 1/2 hour 146.7 g (1.1 mole) of
      aluminum chloride maintaining a temperature below -10.degree.C. The
      reaction mixture is allowed to warm slowly to room temperature then
      refluxed for 4 hours. Upon cooling to room temperature, the mixture is
      decomposed by pouring into 2 liters of ice water and the layers are
      separated. The aqueous layer is extracted with methylene chloride after
      which the methylene chloride layers are combined and evaporated to a small
      volume and cooled. The resulting solid is filtered off and recrystallized
      from acetone to give 2,7-bis(2-chloroacetyl)thioxanthene. M.P.
      175.degree.-177.degree.C.
PAC  EXAMPLE 17
PAC  2,7-Bis(4-chlorobutyryl)thioxanthene
PAR  Following the procedure of Example 16, only substituting for 2-chloroacetyl
      chloride, 173.3 g (125 mole) of 4-chlorobutyryl chloride the solid
      obtained is recrystallized from pentane and from heptane-benzene to give
      2,7-bis(4-chlorobutyryl)thioxanthene. M.P. 115.degree.-116.degree.C.
PAR  The preparation of additional examples of bis-basic ketone derivatives of
      thioxanthene of general Formula I and appropriate starting materials are
      disclosed in Great Britain patent 1,312,534 which is equivalent to pending
      U.S. application Ser. No. 137,055, and of which the appropriate examples
      are incorporated herein by reference thereto.
PAC  EXAMPLE 18
PAC  2,7-Bis(5-chloroacetyl)phenoxathiin
PAC  2,8-Bis(5-chloroacetyl)phenoxathiin
PAR  To a mixture of 100.0 g (0.5 mole) phenoxathiin, 141.1 g (1.25 mole) of
      2-chloroacetyl chloride and 3 liters of dried methylene chloride cooled to
      -20.degree.C is added slowly over one-fourth hour 146.7 g (1.1 moles) of
      aluminum chloride, maintaining a temperature of below -10.degree.C. The
      reaction mixture is allowed to warm slowly to room temperature and then
      refluxed for 4 hours and cooled to room temperature. The mixture is
      decomposed by pouring cautiously into 3 liters of ice water, and the
      layers are separated. The aqueous layer is extracted again with methylene
      chloride. The methylene chloride layers are combined and evaporated to a
      small volume and cooled. The resulting solids are recrystallized from
      acetone to yield 2,7-bis(5-chloroacetyl)phenoxathiin and
      2,8-bis(5-chloroacetyl)phenoxathiin as a mixture. M.P.
      199.degree.-206.degree.C.
PAC  EXAMPLE 19
PAC  2,7-Bis(2-diethylaminoacetyl)phenoxathiin dihydrochloride
PAR  A mixture of 24.7 g (0.07 mole) 2,7- and
      2,8-bis(2-chloroacetyl)phenoxathiin (mixture from Example 18), 2 g of
      potassium iodide, 200 ml of diethylamine and 500 ml of tetrahydrofuran is
      allowed to stand for 7 days and then filtered and the filtrate
      concentrated. The residual concentrate is dissolved in 10% HCl, filtered,
      the filtrate is made alkaline and extracted twice with methylene chloride.
      The extracts are combined, filtered and the filtrate evaporated about
      one-half volume. After cooling the filtrate is acidified with ethereal HCl
      to Congo Red. The resulting precipitate is diluted twice with ethyl ether,
      the solid filtered off and dried. The solid is recrystallized from
      methanol and diethyl ether and dried to give
      2,7-bis(2-diethylaminoacetyl)phenoxathiin dihydrochloride. M.P.
      176.degree.-179.degree.C. The 2,8-isomer was not isolated.
PAC  EXAMPLE 20
PAC  2,7-Bis(3-diethylaminopropionyl)phenoxathiin dihydrochloride
PAR  A mixture of 22.4 g (0.03 mole) 2,7-bis(3-chloropropionyl)phenoxathiin, 1 g
      of potassium iodide, 75 ml of diethylamine and 75 ml of tetrahydrofuran is
      allowed to stand for 3 days then filtered and the filtrate evaporated to
      dryness. The residue is dissolved in ethanol and acidified with etheral
      HCl to Congo Red. The solution is diluted with ethyl ether and the solid
      filtered off. The solid is thrice dissolved in methanol, filtered,
      precipitated with ethyl ether and filtered. The resulting product is dried
      to give 2,7-bis(3-diethylaminopropionyl)phenoxathiin dihydrochloride. M.P.
      189.degree.-190.degree.C.
PAR  The synthesis of additional bis-.omega.-haloalkanoylphenoxathiin starting
      materials for the preparation of bis-basic ketone derivatives of
      phenoxathiin are set forth in Netherlands patent 72/09010 which is
      equivalent to pending U.S. application Ser. No. 158,122, and of which the
      appropriate examples are incorporated herein by reference thereto. These
      appropriate bis-.omega.-haloalkanoylphenoxathiin derivatives may be used
      with an appropriate amine to prepare addition examples of bis-basic ketone
      derivatives of phenoxathiin of general Formula I.
PAC  EXAMPLE 21
PAC  2,8 -Bis(4-dimethylaminobutyryl)dibenzothiophene dihydrochloride
PAR  A mixture of 28.0 g (0.072 mole) of
      2,8-bis(4-chlorobutyryl)dibenzothiophene, 200 ml of 25% aqueous solution
      of dimethylamine and 2.0 g of potassium iodide in 200 ml of
      tetrahydrofuran is heated at 125.degree.C with stirring for 24 hours in a
      Paar general purpose bomb. The reaction mixture is cooled, then filtered,
      and the filtrate is evaporated in vacuo leaving a residue which is
      dissolved in ether, treated with ethereal HCl and recrystallized from
      methanol-acetone to give 2,8-bis(4-dimethylaminobutyryl)dibenzothiophene
      dihydrochloride. M.P. 93.degree.-95.degree.C.
PAC  EXAMPLE 22
PAC  .alpha. ,.alpha.'-Bis(3-dimethylaminopropyl)dibenzothiophene-2,8-dimethanol
PAR  To a cooled, stirred solution of 21.7 g (0.053 mole) of
      2,8-bis(4-dimethylaminobutyryl)dibenzothiophene dissolved in 200 ml of
      tetrahydrofuran is added a solution of 4.2 g (0.11 moles) of sodium
      borohydride contained in a solution of 50 ml of methanol and 5 ml of a 10%
      sodium hydroxide solution. The resulting mixture is allowed to warm
      gradually to room temperature and stirring continued overnight. The
      reaction mixture is diluted with water, and the solid which forms is
      filtered, washed with water and air dried. The solid product is dissolved
      in 10% hydrochloric acid solution filtered and the filtrate made alkaline
      with 10% sodium hydroxide solution. The alkaline filtrate is extracted
      with methylene chloride. The organic extract is washed with water,
      followed by a wash of saturated sodium chloride solution, dried over
      anhydrous magnesium sulfate filtered and evaporated to dryness in vacuo.
      The residue containing .alpha. ,.alpha.'
      -bis(3-dimethylaminopropyl)dibenzothiophene-2,8-dimethanol is
      recrystallized twice from benzene.
PAC  EXAMPLE 23
PAR  Following the procedure of Example 22, only substituting for
      2,8-bis(4-dimethylaminobutyryl)dibenzothiophene, appropriate amounts of
      2,8-bis(4-diethylaminobutyryl)thioxanthene or
      2,7-bis(3-diethylaminopropionyl)phenoxathiin the following respective
      products are obtained: .alpha.,.alpha.'
      -bis(3-dimethylaminopropyl)thioxanthene-2,8-dimethanol, .alpha. ,.alpha.'
      -bis(2-diethylaminoethyl)phenoxathiin-2,7-dimethanol.
PAC  EXAMPLE 24
PAC  2,8-Bis(4-dimethylamino-1-butenyl)dibenzothiophene
PAR  A mixture of 10.2 g (0.035 mole) of .alpha. ,.alpha.'
      -bis(3-dimethylaminopropyl)dibenzothiophene-2,8-dimethanol, 25 ml of
      ethylene glycol monoethyl ether and 25 ml of concentrated hydrochloric
      acid is heated on a steam bath for 5 minutes. The mixture is then diluted
      with an equal volume of water and made alkaline with a 20% sodium
      hydroxide solution and extracted with ether. The ether extracts are
      combined, washed with water and saturated sodium chloride solution, dried
      over anhydrous magnesium sulfate, filtered and evaporated to dryness in
      vacuo. The residue is recrystallized from ethanol and isopropyl alcohol to
      give 2,8-bis(4-dimethylamino-1-butenyl)dibenzothiophene.
PAC  EXAMPLE 25
PAR  Following the procedure of example 24, only substituting for .alpha.
      ,.alpha.' -bis(3-dimethylaminopropyl)dibenzothiophene-2,8-dimethanol,
      appropriate amounts of .alpha.,.alpha.'
      -bis(3-dimethylaminopropionyl)thioxanthene- 2,8-dimethanol or
      .alpha.,.alpha.' -bis(3-diethylaminoethyl)phenoxathiin- 2,7-dimethanol,
      the follwoing respective products are obtained:
PA0  2,8-bis(4-dimethylamino-1-butenyl)thioxanthene,
PA0  2,7-bis(3-diethylamino-1-propenyl)phenoxathiin.
PAR  The following Examples 26-29 are illustrative of suitable pharmaceutical
      preparations containing compounds of general Formula I.
PAC  EXAMPLE 26
PAR  An illustrative composition for tablets is as follows:
TBL                              Per Tablet                                    
     (a)    2,8-bis(dimethylaminoacetyl)-                                      
            dibenzothiophene dihydrochloride                                   
                                 100.0 mg                                      
     (b)    wheat starch         15.0 mg                                       
     (c)    lactose              33.5 mg                                       
     (d)    magnesium stearate   1.5 mg                                        
PAL  A portion of the wheat starch is used to make a granulated starch paste
      which together with the remainder of the wheat starch and the lactose is
      granulated, screened and mixed with the active ingredient, that is, (a),
      and the magnesium stearate. The mixture is compressed into tablets
      weighing 150 mg each.
PAC  EXAMPLE 27
PAR  An illustrative composition for a parenteral injection is the following
      wherein the quantities are on a weight to volume bases.
TBL  ______________________________________                                    
                                  Amount                                       
     (a)    2,8-bis(4-diethylaminobutyryl)-                                    
            thioxanthene dihydrochloride                                       
                                  100.0 mg                                     
     (b)    sodium chloride       q.s.                                         
     (c)    water for injection to make                                        
                                  10.0 ml                                      
     ______________________________________                                    
PAL  The composition is prepared by dissolving the active ingredient, that is
      (a), and sufficient sodium chloride in water for injection to render the
      solution isotonic. The composition may be dispensed in a single ampule
      containing 100 mg of the active ingredient for multiple dosage or in 10
      amuples for single dosage.
PAC  EXAMPLE 28
PAR  An illustrative composition for hard gelatin capsules is as follows:
TBL                              Per Capsule                                   
     (a)   bis(3-diethylaminopropyl)dibenzo-                                   
           thiophene-2,8-dicarboxylate                                         
           dihydrochloride       200.0 mg                                      
     (b)   talc                  35.0 mg                                       
PAL  The composition is prepared by passing the dry powders of (a) and (b)
      through a fine mesh screen and mixing them well. The powder is then filled
      into No. 0 hard gelatin capsules at a net fill of 235 mg per capsule.
PAC  EXAMPLE 29
PAR  An illustrative composition for pills is as follows:
TBL                              Per Pill                                      
     (a)   2,8-bis(2-dimethylaminoethoxy)-                                     
           dibenzothiophene dihydrochloride                                    
                                 200 mg                                        
     (b)   corn starch           130 mg                                        
     (c)   liquid glucose         20 ml                                        
      The pills are prepared by blending the active ingredient (a) and the corn
      starch then adding the liquid glucose with thorough kneading to form a
      plastic mass from which the pills are cut and formed.
PAC  EXAMPLE 30
PAC  2,7-Bis(5-diallylaminovaleryl)thioxanthene
PAR  A mixture of 22.3 g (0.05 mole) of 2,7-bis(5-chlorovaleryl)thioxanthene, 1
      g of potassium iodide, 100 ml of diallylamine and 200 ml of
      tetrahydrofuran is placed in a Paar bomb and heated to 120.degree.C with
      stirring for 24 hours. Upon cooling, the mixture is filtered and the
      filtrate evaporated to dryness. The resulting residue is dissolved in
      dilute HCl and extracted with ether. The aqueous portion is made basic,
      extracted with methylene chloride, dried over magnesium sulfate and
      filtered. The filtrate is heated to boiling, treated with charcoal,
      filtered and filtrate evaporated to dryness. The residue is
      chromatographed on a column of alumina and eluted with methylene chloride.
      The resulting oil is dissolved in diethyl ether, dried over molecular
      sieves, filtered and the ether evaporated. This process is repeated
      several times to yield 2,7-bis(5-diallylaminovaleryl)thioxanthene.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of treating conditions of delayed hypersensitivity which
      comprises administering to a patient in need thereof a compound selected
      from the formula
      ##SPC8##
PAL  wherein X is selected from a bond, --CH.sub.2 --, or oxygen;  each Y is
      selected from a vinylene group,
      ##EQU7##
      carbonyl, oxygen, divalent sulfur, or carbonyloxy with the proviso that
      when Y is selected from oxygen, divalent sulfur or carbonyloxy, X is a
      bond; A is selected from a straight or branched alkylene chain of from 1
      to 6 carbon atoms with the proviso that when Y is a vinylene group, A
      contains from 1 to 5 carbon atoms and with the proviso that when Y is
      carbonyloxy, A contains from 2 to 6 carbon atoms; each R.sup.1 and R.sup.2
      is selected from hydrogen, a straight or branched alkyl group of from 1 to
      4 carbon atoms, or alkenyl of 3 to 6 carbon atoms having the vinyl
      unsaturation in other than the 1-position; and pharmaceutically acceptable
      acid addition salts thereof, in an amount effective to suppress delayed
      hypersensitivity.
NUM  2.
PAR  2. A method of claim 1 wherein each of R.sup.1 and R.sup.2 is straight or
      branched lower alkyl of from 1 to 4 carbon atoms.
NUM  3.
PAR  3. A method of claim 2 wherein each Y is a vinylene group.
NUM  4.
PAR  4. A method of claim 2 wherein each Y is
      ##EQU8##
NUM  5.
PAR  5. A method of claim 2 wherein each Y is carbonyl.
NUM  6.
PAR  6. A method of claim 2 wherein each Y is oxygen.
NUM  7.
PAR  7. A method of claim 2 wherein each Y is divalent sulfur.
NUM  8.
PAR  8. A method of claim 2 wherein each Y is carbonyloxy.
NUM  9.
PAR  9. A method of claim 5 wherein the compound is
      2,8-bis(2-diethylaminoacetyl)thioxanthene or a pharmaceutically acceptable
      acid addition salt thereof.
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ABST
PAL  Antibiotics of the group A204, X537A, dianemycin, monensin, nigericin, and
      X206, the deshydroxymethyl derivatives of monesin and nigericin, and their
      physiologically acceptable salts and esters, improve the digestive
      efficiency of certain herbivorous animals. Oral administration of the
      antibiotics to ruminant animals having a developed rumen function, and to
      animals which ferment fibrous vegetable matter in the cecum, changes the
      digestive fermentation to produce more propionates relative to the
      production of acetates, thereby improving feed utilization.
PARN
PAC  CROSS-REFERENCE
PAR  This application is a division of application Ser. No. 323,599 filed Jan.
      15, 1973, now U.S. Pat. No. 3,839,557, which is a continuation-in-part of
      my copending application Ser. No. 220,304, filed Jan. 24, 1972, now U.S.
      Pat. No. 3,794,732.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For many years, the animal science industry has tried to increase the
      efficiency of feed utilization by animals. The ruminant animals are of
      particular economic importance, and so, necessarily, is the efficiency of
      the utilization of ruminants' feed.
PAR  In the course of investigating the efficiency of feed use, the mechanism by
      which ruminants digest and degrade the components of their feed to form
      molecules which can be metabolically utilized has been intensively
      studied. The mechanism of carbohydrate utilization is now well known.
      Microorganisms in the rumen of the animal ferment the carbohydrate to
      produce monosaccharides, and then degrade the monosaccharides to pyruvate
      compounds.
PAR  It is to be understood that the rumen produces 2-carbon, 3-carbon, and
      4-carbon compounds in the form of acids and salts and other derivatives of
      the acids. Since it is impossible to identify precisely what form the
      various compounds take, those compounds are referred to in the art
      respectively as acetates, propionates, and butyrates.
PAR  Pyruvate is then metabolized by microbiological processes to either
      acetates or propionates. Two acetate compounds may be combined thereafter,
      still in the rumen, to form a butyrate. Leng, "Formation and Production of
      Volatile Fatty Acids in the Rumen," Physiology of Digestion and Metabolism
      in the Ruminant (Phillipson et al. ed.), Oriel Press, pages 408-10.
PAR  The animal can utilize butyrates, propionates, and acetates with differing
      degrees of efficiency. Utilization of those compounds, which are
      collectively known as volatile fatty acids (VFA), occurs after absorption
      from the gut of the animal. Butyrates are utilized most efficiently, and
      acetates the least efficiently. However, the relative efficiency of use of
      butyrates is negated by the inefficiency of the manufacture of butyrates,
      which must be made from acetates in the rumen.
PAR  One of the major inefficiencies in the rumen is in the manufacture of
      acetates. Since they are made by the degradation of pyruvates, each
      molecule of an acetate which is produced is accompanied by a molecule of
      methane. Most of the methane produced is lost through eructation. Since a
      butyrate is made from two acetate molecules, each molecule of the
      relatively efficiently used butyrates results in the loss to the animal of
      two molecules of methane, with all of the associated energy.
PAR  Thus, the efficiency of carbohydrate utilization can be increased by
      treatments which cause the animal to produce propionates rather than
      acetates from the carbohydrates. Further, the efficiency of feed use can
      be effectively monitored by observing the production and concentration of
      propionate compounds in the rumen. If the animal is making more
      propionates, it will be found to be using its feed more efficiently.
PAR  The relative efficiency of utilization of the VFA's is discussed by
      McCullough, Feedstuffs, June 19, 1971, page 19; Eskeland et al., J. Anim.
      Sci. 33, 282 (1971); and Church et al., Digestive Physiology and Nutrition
      of Ruminants, vol. 2 (1971), pages 622 and 625.
PAR  It has been well established that the efficiency of feed utilization by a
      ruminant animal can be readily determined by chemical analysis of the
      fermentation occurring in the rumen. For example, Marco et al., U.S. Pat.
      3,293,038 taught the use of alkylated phenols as feed additives for
      improved feed efficiency. They illustrated an in vitro rumen fermentation
      test, and in vivo animal feeding studies, which were evaluated by chemical
      analysis of the rumen contents for acetates and propionates.
PAR  O'Connor et al., J. Anim. Sci. 30, 812-18 (1970), reported the results of
      in vitro rumen fermentation tests on a large number of compounds. German
      Patent 2,059,407 reported the use of a hemiacetal of chloral and starch as
      a feed additive which inhibits the formation of methane and produces
      higher than normal levels of propionic and butyric acids.
PAR  Marco et al., U.S. Pat. 3,522,353 taught the use of halogenated acyclic
      carboxylic acids as feed additives. It was there shown that the compounds
      produced in vitro increases in propionate production, and also increased
      feed efficiency in animals fed those compounds. To a similar effect is
      Erwin et al., U.S. Pat. 3,564,098.
PAR  The condition called ketosis is a manifestation of faulty VFA balance,
      which amounts to a clinical illness. Ruminant animals maintained on a diet
      which naturally degrades to a high proportion of acetates and low
      proportion of propionates are likely to suffer from ketosis. Dairy animals
      are particularly prone to the condition. Under stress, such as the onset
      of high lactation, insufficient propionates are available. As a result,
      more acetates are used leading to a high concentration of ketones in the
      body and especially in the bloodstream. A treatment for ketosis is to feed
      propionic acid, a precursor of propionic acid, or glucose which tends to
      metabolize to propionates. Clearly, if the rumen could be caused to
      produce more propionates than normal from the diet, ketosis incidence
      could be reduced.
PAC  SUMMARY
PAR  I have now discovered a novel method of increasing the efficiency of feed
      utilization by ruminant animals having a developed rumen function. An
      antibiotic chosen from the group A204, dianemycin, monensin, X537A,
      nigericin and X206, the deshydroxymethyl derivatives of monensin and
      nigericin, and their physiologically-acceptable salts and esters is orally
      administered to the ruminant animals whose feed efficiency is to be
      increased.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  I have invented a method of improving feed utilization by ruminants having
      a developed rumen function which comprises oral administration to the
      ruminants of an effective propionate-increasing amount of a compound
      chosen from the group A204, dianemycin, X537A, monensin, nigericin, and
      X206, the deshydroxymethyl derivatives of monoensin and nigericin, and
      their physiologically-acceptable esters and salts. The preferred
      antibiotics of my method are monensin and A204.
PAR  My invention is useful to ruminants which have a developed rumen function.
      Young ruminants, basically those still unweaned, function as monogastric
      animals. They use their simple liquid feeds just as monogastric animals
      do. As the young ruminants begin to eat solid feed, containing cellulose,
      starch, and other carbohydrates, the function of the rumen begins to
      develop, and the microbiological population of the rumen increases. After
      the animal has eaten solid feed for a time, its rumen reaches its full
      development and continues to operate throughout the animal's life.
PAR  It is to be understood that the usefulness of my method is not limited to
      animals which are being fattened or to young growing animals. When my
      method is applied to adult animals, such as dairy cows or breeding stock,
      its benefit is seen as reducing feed consumption necessary to maintain
      animal performance.
PAR  My invention is functional in all of the ruminants, that is, the animals
      which have multiple stomachs, one of which is a rumen. The
      economically-important ruminant animals are cattle, sheep, and goats.
PAR  At least a propionate-increasing amount of one of my antibiotics must be
      administered in order to gain the benefit of the present invention. In
      general, propionate-increasing amounts are in the range of from about 0.05
      mg. of antibiotic per kg. of body weight per day to about 2.5 mg./kg./day.
      The preferred range of administration rates is from about 0.1 mg./kg./day
      to about 1.5 mg./kg./day. Those skilled in the art will recognize that the
      optimum rate of administration for a given animal is variable, and may at
      times fall outside the ranges here stated.
PAR  The compounds which I here disclose as effective in improving feed
      utilization are all antibiotics of related structures. Each of the
      antibiotic compounds is made up of a chain of oxygen-containing rings,
      with a single carboxylic acid moiety at one end of the molecule and one or
      more hydroxyl moieties at the other end of the molecule.
PAR  An unusual complex salt is formed with monovalent metal ions by all of the
      antibiotics active in my method. A complex is formed between one molecule
      of the antibiotic and one ion of the metal. The oxygen atoms in the linked
      rings of the antibiotic molecule complex with the metal ion. Thus, the
      antibiotic molecule forms a loop or ball around the ion. A weak covalent
      bond is formed between the ion and each oxygen atom. The ends of the
      molecule are fastened together by hydrogen bonding between the carboxyl
      group and a hydroxyl group at the opposite end of the antibiotic molecule.
      Thus, the ion is completely enclosed within the antibiotic molecule. The
      unusual result is that the metal salt of the antibiotic is insoluble in
      water but is soluble in organic solvents.
PAR  The ion-transport properties of the antibiotic are significantly affected
      by its ability to form these unusual complexes. Pinkerton et al., J. Mol.
      Biol. 49, 533-46 (1970).
PAR  It is expected that other antibiotics which have the general structure and
      property just described will be useful in my method. Such compounds
      clearly fall within the scope of my invention.
PAR  Dianemycin has very recently been structurally characterized.
      ##SPC1##
PAL  Steinrauf et al., Biochemical and Biophysical Research Communications 45,
      1279-87 (1971).
PAR  Gorman et al., U.S. Pat. 3,577,531 taught the description, preparation, and
      characteristics of dianemycin, and referred to an earlier article about it
      by Lardy et al., Arch. Biochem. Biophysics 78, 587-97 (1958).
PAR  Dianemycin is a fermentation product of an organism which is a strain of
      Streptomyces hygroscopicus, and is on unrestricted deposit under the
      identifying number NRRL 3444 at the Northern Utilization Research and
      Development Div., Agricultural Research Service, United States Department
      of Agriculture, 1815 North University Street, Peoria, Ill. 61604.
PAR  Nigericin has been known at various times as helexin C, antibiotic X464,
      antibiotic K178, polyetherin A, and azalomycin M. It has been structurally
      characterized by Stainrauf et al., Biochemical and Biophysical Research
      Communications 33, 29 (1968). The structure is shown below.
      ##SPC2##
PAR  Nigericin was originally reported by Harnes, et al., Antibiotics and
      Chemotherapy I, 594-96 (1951). It has also been described in Gorman et
      al., U.S. Pat. 3,555,150.
PAR  The organism which produces nigericin, a strain of Streptomyces
      violaceoniger, is on unrestricted deposit as NRRL B1356 at the Northern
      Research and Development Div., Agricultural Research Service, United
      States Department of Agriculture.
PAR  Nigericin is produced by fermentation in any of several types of
      fermentation media. It is not produced efficiently in synthetic media, but
      requires a complex nitrogen source such as fishmeal, distiller's residues,
      cottonseed meal, or soybean flour. The medium must also include a carbon
      source such as a starch, a sugar, or the like.
PAR  Nigericin is best produced by first inoculating an aerated starter tank
      with a vegetative inoculum. The contents of the starter tank is used, when
      the fermentation is proceeding actively, to inoculate a production tank.
      The production tank is maintained at about 28.degree.C., and is supplied
      with sterile air at a rate from about half to about twice the tank's
      volume per minute.
PAR  The nigericin is harvested after about 4 to 6 days of growth. Most of the
      activity is in the cells, which are filtered out of the broth. Extraction
      with an alcohol, concentration, transfer of the activity first to aqueous
      alcohol and then to benzene and chromatography isolate the nigericin.
PAR  Those skilled in the art will recognize that all the antibiotic production
      processes discussed below must be conducted under sterile conditions in
      order to obviate contamination. Specific cautions to that effect will not
      be given or needed in the examples below.
DETD
PAR  The example below shows in more detail the method of producing nigericin.
PAC  EXAMPLE 1
PAR  A vegetative inoculum is prepared by growing the Streptomyces organism
      known as NRRL B1356 on agar slants made up of 10 g. of dextrin, 2 g. of an
      enzyme-digested casein, 1 g. of beef extract, 1 g. of yeast extract, and
      sufficient water to make 1 liter. The slants are grown for 3 days at
      28.degree.C.
PAR  The spores are harvested from the slants and transferred to a 30-liter
      starter tank containing the following sterile medium.
TBL  ______________________________________                                    
            3%            soybean flour                                        
            2%            brown sugar                                          
            0.5%          cornsteep liquor                                     
            0.1%          K.sub.2 HPO.sub.4                                    
                          tap water                                            
     ______________________________________                                    
PAR  The starter tank is grown for 3 days at 28.degree.C. One cubic foot per
      minute of sterile air is bubbled through the medium.
PAR  The contents of the starter tank are transferred aseptically to a 550-liter
      production tank containing the above medium. The fermentation is allowed
      to continue for 5 days at 28.degree.C., while 20 c.f.m. of sterile air is
      bubbled through the medium.
PAR  The broth is filtered with diatomaceous filter aid. The wet filter cake is
      extracted with 250 l. of methanol and the extract is concentrated to 45 l.
      The concentrated extract is extracted with an equal volume of butyl
      acetate, which is then washed with 0.2M K.sub.2 HPO.sub.4, washed with
      water, and concentrated to a paste. The paste is extracted with 4.5 l. of
      petroleum ether, which is then evaporated to 1 kg. of oil.
PAR  The oil is partitioned in 2 l. of two parts of 90% aqueous methanol and
      three parts of petroleum ether, and then the petroleum ether is extracted
      twice with more 90% aqueous methanol. All the aqueous methanol portions
      are combined and concentrated to an oil, which is dissolved in benzene and
      adsorbed on an 1800 g. activated alumina column. Elution with, in
      succession, benzene, benzene + 10% ether, ether, and ether + 10% ethanol
      recovers the nigericin activity as the mixed sodium-potassium salt, m.p.
      225.degree.-35.degree.C. Conversion to the free acid, m.p.
      170.degree.-72.degree.C., is accomplished by partitioning the salt between
      ether and dilute hydrochloric acid.
PAR  Monensin was described by Haney et al., U.S. Pat. 3,501,568. The substance
      known as monensin is actually a mixture of four factors, all of which are
      included in the term monensin. The structure shown below is the acid form
      of monensin factor A.
      ##SPC3##
PAL  Monensin is produced by fermentation by an organism which is on
      unrestricted deposit under the number ATCC 15413 at the American Type
      Culture Collection, 12301 Parklawn Drive, Rockville, Md. 20852.
PAR  Antibiotic A204 is described in U.S. Pat. 3,705,238, issued Dec. 5, 1972.
      The term A204 is used to include the several factors obtained by
      fermentation with the A204-generating organism on unrestricted deposit as
      NRRL 3384 at the Northern Utilization Research and Development Division,
      Agricultural Research Service, U.S. Department of Agriculture, Peoria,
      Ill. Details of the fermentation process are given in the above
      application.
PAR  Factor I of A204 is the most important and abundant. Factor II comprises
      about 5 percent of the A204 mixture produced. The other factors are
      produced in minor amounts. The structure below is that of the acid form of
      A204 I.
      ##SPC4##
PAR  Antibiotic X206 was first reported in 1951, Berger et al., J. Am. Chem.
      Soc. 73, 5295-98 (1951). The Streptomyces organism from which it can be
      grown is available from the International Center of Information on
      Antibiotics, c/o L. Delcambe, 32, Bd. de la Constitution, Liege, Belgium,
      which lists the organism on page 31 of its Bulletin No. 3 (1966).
PAR  X206 has been characterized as a molecule very similar to the other
      antibiotic compounds of my method.
      ##SPC5##
PAL  Blount et al., Chemical Communications, 1971, 927-28.
PAR  The same article illustrates X206 as being wrapped around a monovalent
      metal ion in the same way that the other antibiotics complex with ions.
      The compound is aptly described as "wrapped around the silver in such a
      way that its backbone describes a path similar to that of the seam on a
      tennis ball."
PAR  The general methods of producing X206 are very similar to the methods of
      producing nigericin which have been described. X206 is harvested from both
      the fermentation broth and from the cells. After filtration of the broth,
      it is extracted with an ester solvent. The solvent is concentrated and
      extracted with an aqueous buffer at alkaline pH. The product is in the
      solvent phase.
PAR  The cells are extracted with alcohol and concentrated. The concentrate is
      extracted with an ester solvent, which is concentrated. Chromatography of
      both of the extracts isolates X206.
PAR  The following example illustrates the production of X206.
PAC  EXAMPLE 2
PAR  The Streptomyces organism, obtained from the I.C.I.A. as above, is used to
      grow a vegetative inoculum. Spores are inoculated on agar slants made as
      follows.
TBL  ______________________________________                                    
     10 g.                dextrin                                              
     2 g.                 enzyme-digested casein                               
     1 g.                 beef extract                                         
     1 g.                 yeast extract                                        
                          water to make 1 liter                                
     ______________________________________                                    
PAR  After 3 days at 28.degree.C., spores are harvested from the slants and
      transferred to a 30-liter starter tank containing the following medium.
TBL  ______________________________________                                    
            3%            soybean flour                                        
            2%            brown sugar                                          
            0.5%          cornsteep liquor                                     
            0.1%          K.sub.2 HPO.sub.4                                    
                          water                                                
     ______________________________________                                    
PAR  The starter tank is supplied with 1 cubic foot per minute of sterile air
      which is bubbled through the medium. After 3 days of growth at
      28.degree.C., the starter tank is harvested. Its contents are transferred
      aseptically to a 550 l. production tank containing the above medium. The
      fermentation is supplied with a continuous flow of 20 c.f.m. of sterile
      air. Production of X206 reaches its maximum after 6 days of growth at
      28.degree.C.
PAR  The fermentation broth is filtered with diatomaceous earth filter aid. X206
      is present in both the filter cake and the filtrate.
PAR  To the filtrate is added 10 percent of NaCl and 50 percent of butyl
      acetate. After 30 minutes' stirring, the organic layer is separated and
      concentrated to 5 percent of its volume. The solution is then extracted
      with ice-cold 0.2M K.sub.2 HPO.sub.4 with KOH added to pH 8.9. The organic
      phase is then concentrated to 1 liter.
PAR  Xylene is added, and the concentrate is further concentrated to 60 g.,
      which is dissolved in 200 ml. of benzene and adsorbed on a 500 g.
      activated alumina column. More benzene is added to develop the
      chromatogram, and the active material is then eluted with ether containing
      increasing amounts of ethanol up to 23%. The fractions active against
      Bacillus E are collected.
PAR  X206 is harvested from the cells as follows. The filter cake is extracted
      first with 30 l. of ethanol and then with 200 l. of methanol. The combined
      alcohol solutions are concentrated to 4 l. and mixed with 10 l. of butyl
      acetate. The resulting solution is extracted with alkaline ice-cold 0.2M
      K.sub.2 HPO.sub.4 solution.
PAR  The organic phase is then further concentrated and chromatographically
      purified in the same manner used for purifying the harvest from the
      filtrate.
PAR  The fractions from the filtrate and from the cake assaying active against
      Bacillus E are further purified by first dissolving in the smallest
      possible amount of ether. Then petroleum ether is added and the ether
      evaporated off. The mixture is cooled to 0.degree.C. for a day and then
      filtered. The filtrate is concentrated further and the precipitation from
      petroleum ether is repeated.
PAR  The second filtered solution is evaporated and the oily residue dissolved
      in ether. A large amount of petroleum ether is added and the mixture
      concentrated with heat until X206 crystallizes. The crystals are the mixed
      sodium-potassium salt, m.p. 201.degree.-03.degree.C.
PAR  The free acid, m.p. 126.degree.-28.degree.C., is prepared by sulfuric acid
      treatment of the above salt. It is optically active,
      [.alpha.].sub.D.sup.29 + 15.degree. in methanol, has no characteristic UV
      absorption, and is soluble in alcohols, esters, acetone, ether, and
      petroleum ether, almost insoluble in water and aqueous bases. It is not
      stable in mineral acid or strong bases. Analysis of the crystalline acid
      finds 63.32% C; 9.64% H; 26.90% O.
PAR  Some salts of X206 have been found to have the following melting points.
TBL  ______________________________________                                    
            Sodium        185.degree.-87.degree.C.                             
            Potassium     211.degree.-13.degree.C.                             
            Silver        153.degree.-56.degree.C. (dec.)                      
            Barium        149.5.degree.-56.degree.C.                           
     ______________________________________                                    
PAR  The antibiotic X537A has been disclosed and structurally characterized in
      Netherlands Patent 70.12,108. The structure is shown below.
      ##SPC6##
PAR  The organism by which X537A is produced by fermentation is on deposit at
      the International Center of Information on Antibiotics, c/o L. Delcambe,
      32, Bd. de la Constitution, Liege, Belgium. The organism is listed on page
      41 of the Center's Bulletin No. 3 (1966).
PAR  X537A is produced by growing the organism on agar slants for 4 to 6 days.
      Spores are harvested from the slants and inoculated into shaker flasks
      containing a medium containing complex nitrogen sources such as soybean
      meal, cornsteep solids, distillers' residues, or the like. After about 2
      to 4 days of growth, the inoculum is used to start cultures in production
      shaker flasks.
PAR  Suitable production media may be based on carbon sources such as starches,
      sugars, and the like, and on nitrogen sources such as enzyme-digested
      casein. Maximum production is obtained after about 2 to 3 days' growth at
      about 25.degree.-30.degree.C. Initial pH of the medium should be about 6.0
      to 7.5, and harvest pH should be about 6.5 to 8.0.
PAR  Most of the X537A is in the cells. It is isolated by filtering the solids
      from the fermentation broth and extracting the filter cake with an ester
      solvent. X537A is precipitated by concentration of the extract, washing
      with base, further concentration, and addition of petroleum ether. It is
      purified by recrystallization.
PAR  The following example provides a detailed process for making X537A.
PAC  EXAMPLE 3
PAR  The X537A-producing organism obtained from the I.C.I.A. is inoculated on
      slants of the following agar.
PA1  10 g./l. dextrin
PA1  2 g./l. N-Z amine A
PA1  1 g./l. beef extract
PA1  1 g./l. yeast extract
PA1  20 g./l. agar  distilled water
PAR  The cultures are grown for 6 days at 30.degree.C. Then spores are
      aseptically harvested as a suspension in sterile water.
PAR  The spore suspension is used to inoculate starter cultures of the following
      sterile medium. One ml. of spore suspension is added to each 100 ml. of
      medium.
PA1  15 g./l. cerelose
PA1  15 g./l. soybean meal
PA1  5 g./l. cornsteep solids
PA1  2 g./l. CaCO.sub.3
PA1  5 g./l. NaCl  tap water
PAR  Starter cultures are grown in 500 ml. shaker flasks on 250-rpm rotary
      shakers for 36 hours at 30.degree.C.
PAR  The harvested starter cultures are used to inoculate production flasks by
      aseptically adding 5 ml. of starter culture to 100 ml. of the following
      production medium.
PA1  20 g./l. cerelose
PA1  10 g./l. soluble starch
PA1  30 g./l. peptone
PA1  4 g./l. N-Z amine A
PA1  5 g./l. MgSO.sub.4 .7H.sub.2 O
PA1  5 g./l. blackstrap molasses
PA1  2 g./l. CaCl.sub.2  tap water
PAR  Initial pH of the medium is 7.0. The 500-ml. production flasks are shaken
      for 3 days at 30.degree.C. on a 250-rpm rotary shaker. Final pH at harvest
      is 7.5.
PAR  X537A is isolated from the broth in the following manner. Fifty liters of
      broth is filtered with diatomaceous filter aid. The wet filter cake is
      suspended in 25 l. of butyl acetate, and the mixture is stirred overnight
      at room temperature. The suspension is filtered again, and the water layer
      of the filtrate is discarded. The butyl acetate layer is concentrated
      under vacuum to about 750 ml., washed with 10 percent sodium carbonate
      solution, and dried over anhydrous sodium sulfate. The dried solution is
      concentrated again to 75 ml. and diluted with an equal volume of petroleum
      ether. A solid material separates, which is then extracted in a Soxhlet
      apparatus with 1 l. of petroleum ether for 2 days. The extract is
      evaporated to dryness, and the residue is suspended in 25 ml. of petroleum
      ether and filtered, yielding a sodium salt of X537A. The salt is
      recrystallized from ether-petroleum ether.
PAR  The sodium salt is converted to the acid by dissolving in ether and washing
      with dilute sulfuric acid. Removal of the ether leaves an oily residue
      which crystallizes from ethanol. The recrystallized acid has a vague
      melting point of 100.degree.-09.degree.C. The optical rotation of the acid
      is [.alpha.].sub.D.sup.26 -7.2.degree. (methanol). The ultraviolet
      absorption spectrum of the acid shows maxima at 317 m.mu. and 249 m.mu..
      Microanalysis finds 67.88 percent carbon and 9.48 percent hydrogen.
PAR  The barium salt, m.p. 156.degree.-60.degree.C., the potassium salt, m.p.
      177.degree.-78.degree.C., and the sodium salt are conveniently prepared
      from the free acid by shaking solutions of the free acid in ether with
      aqueous solutions of the metal hydroxide or carbonate. The salt is in the
      ether phase in each case. The sodium salt, recrystallized from
      benzene-ligroin and dried at 100.degree.C., has m.p. of
      168.degree.-71.degree.C., and [.alpha.].sub.D.sup.26 -30.degree.
      (methanol).
PAR  The antibiotics which are operable in my method are all acids, and have the
      common property of organic acids of forming salts. Representatives of the
      inorganic bases forming physiologically-acceptable cationic salts with the
      antibiotics include the alkali metal hydroxides such as lithium hydroxide,
      sodium hydroxide and potassium hydroxide; the alkali metal carbonates and
      bicarbonates such as lithium carbonate and sodium bicarbonate; the
      alkaline earth metal hydroxides and carbonates such as calcium hydroxide
      and magnesium carbonate; and like inorganic bases.
PAR  Illustrative of the organic bases forming physiologically-acceptable salts
      with the antibiotics are the primary, secondary and tertiary C.sub.1
      -C.sub.4 lower alkyl and lower hydroxyalkyl amines such as ethylamine,
      isopropylamine, diethylamine, methyl-n-butylamine, ethanolamine, and
      diethanolamine.
PAR  The ammonium salts of the antibiotics are prepared with ammonia or ammonium
      hydroxides.
PAR  The salts of the antibiotics are prepared according to procedures commonly
      employed for the preparation of cationic salts. For example, the free acid
      form of the antibiotic is dissolved in a suitable solvent, and an aqueous
      or organic solvent solution of the desired base is added to the antibiotic
      solution. The antibiotic cationic salts can be isolated by filtration and
      recrystallization or by evaporation of the solvent and purification by
      recrystallization.
PAR  Physiologically-acceptable esters can readily be made from the acid group
      of the antibiotics of my method. For example, alkyl esters such as methyl,
      isopropyl, and butyl, cycloalkyl esters such as cyclopropyl and
      cyclohexyl, and aryl esters such as phenyl are made by reaction of the
      acid with a diazo derivative of the substituent to be added. The reaction
      goes with stirring at room temperature in a suitable solvent such as
      ether.
PAR  Esters can also be made by acylation of one or more of the hydroxy groups
      of these antibiotics. For example, esters are made by acylation with
      groups such as formyl, acetyl, hexanoyl and benzoyl by reaction with an
      anhydride of the group to be added. Reaction occurs in pyridine at room
      temperature overnight.
PAR  The following example shows the method by which the deshydroxymethyl
      derivatives of monensin and nigericin are made.
PAC  EXAMPLE 4
PAR  A solution of 10.0 g. of monensin sodium salt and 3.5 g. of sodium
      borohydride in 250 ml. of absolute ethanol was allowed to stand overnight
      at room temperature. In the morning, the excess borohydride was decomposed
      by dropwise addition of acetic acid. The mixture was diluted with 2500 ml.
      of saturated NaCl solution, and was extracted three times with ether. The
      combined ether extracts were then washed twice with water and once with
      saturated NaCl solution. The ether layer was then dried over magnesium
      sulfate and evaporated to dryness. The residue was 4.0 g. of a mixture of
      monensin and dihydromonensin, in which the ring opposite the acid group
      has been opened at the oxygen atom. Dihydromonensin is an amorphous
      compound. Its NMR spectrum shows a broad singlet at .delta.3.44.
PAR  The residue prepared above was dissolved in 70 ml. of t-butanol and mixed
      with a solution of 10.3 g. of sodium metaperiodate in 100 ml. of water.
      The mixture was allowed to stand overnight at room temperature and was
      evaporated to dryness under vacuum. The residue was taken up in ether and
      filtered. The filtrate was in turn evaporated to dryness under vacuum to
      produce 3.68 g. of amorphous product. That product was chromatographed on
      a 180 g. column of silica gel, first with 1:4 ethyl acetate:benzene and
      then with 1:3 ethyl acetate:benzene. The eluted fractions which were found
      to contain deshydroxymethylmonensin were combined, the solvent was
      evaporated under vacuum, and the product was recrystallized from
      acetone-water. The product was 1.19 g. of deshydroxymethylmonensin, the
      melting point of which was 78.degree.-80.degree.C. Its elemental analysis
      was 65.31 percent C, 9.64 percent H. The structure is shown below.
      ##SPC7##
     The sodium salt of deshydroxymethylmonensin, m.p.
      155.degree.-158.degree.C., was made by titrating a sample of the acid form
      with NaOH solution, and extracting the reaction mixture with ether. An IR
      spectrum of the sodium salt exhibits a strong band at 6.42 and a weak band
      at 5.91.mu.. Its NMR spectrum shows a singlet at .delta.3.37, and a
      doublet at .delta.5.26.
PAR  It is well known in the veterinary pharmaceutical art that conditions
      within the animal frequently change an antibiotic to chemical forms other
      than that in which it was administered. Therefore, the form in which it
      may be administered does not affect the method of treatment and may be
      chosen for reasons of economics, convenience, and toxicity.
PAR  The experimental examples which follow show that the antibiotic molecules
      which have been modified by formation of physiologically-acceptable esters
      and salts are effective in my method. The terms X206, A204, nigericin,
      X537A, monensin, and dianemycin are used in this specification and claims
      to include physiologically-acceptable esters and salts of those
      antibiotics.
PAR  The effectiveness of my method of modifying the ratio of volatile fatty
      acids produced in the rumen was first proven by means of in vitro tests.
      The test method I used is shown below.
PAC  EXAMPLE 5
PAR  Rumen fluid is obtained from a steer which has a surgically-installed
      fistula opening into the rumen. The steer is maintained on a high-grain
      ration, the composition of which follows:
TBL         69.95%   coarse ground corn                                        
            10%      ground corncobs                                           
            8%       soybean meal (50% protein)                                
            5%       alfalfa meal                                              
            5%       molasses                                                  
            0.6      urea                                                      
            0.5%     dicalcium phosphate                                       
            0.5%     calcium carbonate                                         
            0.3%     salt                                                      
            0.07%    Vitamin A and D.sub.2 premix                              
            0.05%    Vitamin E premix                                          
            0.03%    trace mineral premix                                      
PAR  A sample of rumen fluid is strained through four layers of cheesecloth and
      the eluate is collected in a vacuum bottle. The particulate matter
      retained by the cheesecloth is resuspended in enough physiological buffer
      to return it to the original volume of the rumen fluid, and the eluate is
      strained again. The buffer used is described below:
PA1  0.316 g./l. Na.sub.2 HPO.sub.4
PA1  0.152 g./l. KH.sub.2 PO.sub.4
PA1  2.260 g./l. NaHCO.sub.3
PA1  0.375 g./l. KCl
PA1  0.375 g./l. NaCl
PA1  0.112 g./l. MgSO.sub.4
PA1  0.038 g./l. CaCl.sub.2
PA1  0.008 g./l. FeSO.sub.4 .7H.sub.2 O
PA1  0.004 g./l. MnSO.sub.4
PA1  0.004 g./l. ZnSO.sub.4 .7H.sub.2 O
PA1  0.002 g./l. CuSO.sub.4 .5H.sub.2 O
PA1  0.001 g./l. CoCl.sub.2
PAR  Cheng et al., J. Dairy Sci. 38, 1225, (1955).
PAR  The two eluates are pooled in a separatory funnel and allowed to stand till
      particulate matter separates to the top. The clear layer is then diluted
      1:1 with the same buffer, and adjusted to pH 7.0 with HCl or NaOH.
PAR  Ten ml. of the diluted rumen fluid prepared above is placed in a 25 ml.
      flask with 40 mg. of the same feed shown above. The compound to be tested
      is weighed out and dissolved in an appropriate solvent. The solution is
      placed on the finely powdered ration in each test flask and dried. Five
      mg. of soybean protein is also added per flask. Four replicate flasks are
      used per treatment.
PAR  Two sets of four untreated control flasks each are also prepared. One set
      of control flasks is incubated for 16 hours at 38.degree.C. with the test
      flasks. The other set of four untreated control flasks are zero-time
      controls, to which 2 ml. of 25 percent metaphosphoric acid is added as
      soon as the flasks are prepared to stop the fermentation.
PAR  Fermentation in the incubated test and control flasks is stopped at the end
      of 16 hours by addition of 2 ml. of 25 percent metaphosphoric acid to each
      flask.
PAR  All of the samples are allowed to settle, and the supernatant is analyzed
      by gas chromatographic methods for acetate, propionate, and butyrate.
PAR  The analysis for each volatile fatty acid found in the zero-time controls
      is subtracted from the analyses of the untreated controls and of the test
      flasks. The resulting values reflect the amount of each VFA produced
      during the 16-hour fermentation period. The values obtained from the four
      replicate flasks on each treatment are averaged.
PAR  The data below are reported as the ratio of VFA's produced in treated
      flasks to VFA's produced in untreated control flasks. This method of
      reporting the data shows most clearly the results of the changes in the
      chemistry of the rumen brought about by my method of feed utilization
      improvement.
TBL  __________________________________________________________________________
     Compound  Rate      Acetate                                               
                              Propionate                                       
                                    Butyrate                                   
     __________________________________________________________________________
     Monensin Na Salt                                                          
               100  mcg./ml.                                                   
                         1.08 0.96  0.84                                       
               50        0.89 1.90  0.56                                       
               25        0.94 1.91  0.49                                       
               10        0.94 1.56  0.80                                       
               5         0.81 1.91  0.70                                       
               2         0.91 1.76  0.95                                       
               1         0.89 1.41  0.80                                       
               0.5       0.95 1.25  0.82                                       
               0.25      0.97 1.15  0.87                                       
     Monensin diacetate                                                        
               50   mcg./ml.                                                   
                         1.05 1.27  0.65                                       
               25        1.05 1.04  0.86                                       
               10        0.97 1.26  0.82                                       
               5         1.11 0.97  0.86                                       
               1         1.09 0.93  0.92                                       
     Deshydroxymethyl-                                                         
               25        0.89 2.00  0.39                                       
     monensin                                                                  
               10        0.89 1.55  0.84                                       
               5         0.90 1.68  0.52                                       
               1         0.94 1.42  0.82                                       
               0.2       0.93 1.15  0.93                                       
               0.25      0.95 1.24  0.93                                       
     Acetyl monensin                                                           
               0.25      0.92 1.37  0.86                                       
     A204 I    25        1.06 1.83  0.39                                       
               1         0.94 1.18  0.90                                       
               0.25      0.98 1.09  0.89                                       
     A204 II   25        1.00 1.49  0.67                                       
               10        0.90 1.55  0.86                                       
               1         0.94 1.34  0.77                                       
               0.5       0.92 1.31  0.78                                       
               0.25      0.93 1.28  0.81                                       
     X206      10        0.93 1.32  0.70                                       
               2         0.97 1.17  0.89                                       
               0.5       1.01 1.08  0.89                                       
     Dianemycin                                                                
               25   mcg./ml.                                                   
                         1.00 1.74  0.63                                       
               10        0.92 1.56  0.79                                       
               5         1.03 1.60  0.66                                       
               1         0.99 1.21  0.87                                       
               0.5       1.00 1.10  0.89                                       
               0.2       1.03 1.13  0.87                                       
               0.25      0.99 1.07  0.94                                       
               0.1       1.02 0.99  0.97                                       
     Nigericin 25        0.89 1.56  0.76                                       
               10        0.84 1.48  0.88                                       
               5         0.86 1.72  0.70                                       
               1         0.92 1.26  0.88                                       
               0.5       0.93 1.18  0.92                                       
               0.2       0.97 1.14  0.88                                       
               0.25      0.90 1.16  0.98                                       
     Deshydroxymethyl-                                                         
               0.25      0.97 1.13  0.97                                       
     nigericin                                                                 
     Acetyl nigericin                                                          
               10        0.88 1.39  0.75                                       
               2         1.01 1.30  0.72                                       
               0.5       1.03 1.18  0.76                                       
               0.25      0.97 1.10  0.97                                       
     X537A     10        0.83 1.80  0.73                                       
               5         0.82 2.03  0.71                                       
               1         0.96 1.23  0.88                                       
               0.2       1.02 1.06  0.95                                       
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  The following tests were done in exactly the same way except that the rumen
      fluid which was put into the system was obtained from slaughtered sheep,
      rather than fistulated cattle.
TBL  __________________________________________________________________________
     Compound  Rate    Acetate                                                 
                            Propionate                                         
                                  Butyrate                                     
     __________________________________________________________________________
     Monensin Na Salt                                                          
               50 mcg./ml.                                                     
                       0.97 1.77  0.39                                         
     Monensin Na Salt                                                          
               10 mcg./ml.                                                     
                       0.94 1.79  0.45                                         
     __________________________________________________________________________
PAC  EXAMPLE 7
PAR  In order to prove that my method is not limited to ruminants fed on
      high-protein or high-energy diets, the following in vitro experiment was
      performed. The procedure was exactly as Example 5 except that the rumen
      fluid was obtained from a steer on an all-roughage diet, and the substrate
      supplied to the flasks was ground alfalfa hay. The test compound was
      monensin sodium salt.
TBL  ______________________________________                                    
     Rate        Acetate    Propionate Butyrate                                
     ______________________________________                                    
     25 mcg./ml. 0.87       1.34       0.85                                    
     5 mcg./ml.  0.86       1.34       0.84                                    
     1 mcg./ml.  0.96       1.11       1.06                                    
     0.2 mcg./ml.                                                              
                 0.99       1.05       1.13                                    
     0.04 mcg./ml.                                                             
                 1.00       1.00       1.03                                    
     ______________________________________                                    
PAR  The data above show that my method is effective in increasing production of
      propionates in the rumen of animals on a low-energy diet.
PAR  The data tabulated above show that all the antibiotics named are effective
      in increasing propionate production in the rumen, regardless of the form
      in which the antibiotic is fed and regardless of the diet which the
      ruminants may be fed.
PAR  Further tests have been conducted in vivo. The tests were performed in
      animals which have had fistulas installed in their rumens. It is thus
      possible to withdraw specimens of the contents of the rumen.
PAR  The animal is fed a known amount of a known diet each day containing an
      accurately measured dose of the compound. If the animal should choose not
      to eat his whole daily ration, the uneaten portion is placed directly in
      the rumen through the fistula. Two hours after feeding, a sample of the
      rumen fluid is taken from the animal and several 100 ml. aliquots are
      placed in flasks. Fermentation is topped immediately in some of the flasks
      by addition of 50 ml. of 25 percent metaphosphoric acid. The other flasks
      are incubated at 38.degree.C. After one hour, fermentation in the
      incubated flasks is stopped in the same way.
PAR  Thus, the production of VFA's in the rumen fluid is measured over a 1-hour
      period, without the interference of absorption from the rumen which is
      actually occurring in the animal at all times.
PAR  The contents of each flask are strained through four layers of cheesecloth
      and centrifuged at 1500 rpm for 10 minutes. The eluate is analyzed for VFA
      contents by a gas chromatograph. The production of acetate, propionate,
      and butyrate over the 1-hour period is determined by subtracting the
      zero-time concentrations from the concentrations measured in the incubated
      samples.
PAC  EXAMPLE 8
PAR  The test reported in the following table was conducted with mature
      fistulated steers weighing about 1,000 kg. each. Two steers were fed a
      normal diet, similar to the high-grain feed shown above, and two steers in
      each treatment group were fed the identical diet but with monensin sodium
      salt added. The results are shown below as the changes in the
      concentrations in the rumen of acetate, propionate, and butyrate measured
      in millimoles per liter of rumen fluid. The number reported is the
      concentration of the treated samples, averaged over four analyses in a
      14-day treatment period, minus the average concentration during a control
      period before treatment.
TBL  ______________________________________                                    
     Level       Acetate    Propionate Butyrate                                
     ______________________________________                                    
     Control     -5.7       -1.3       -1.5                                    
     Control     6.0        5.4        2.8                                     
     .2 mg./kg./day                                                            
                 -3.2       10.9       -3.1                                    
     .5 mg./kg./day                                                            
                 -0.8       30.1       -7.0                                    
     .5 mg./kg./day                                                            
                 4.4        17.2       -3.3                                    
     ______________________________________                                    
PAR  The data from the cattle test above can also be shown as changes in
      propionate production. The table below shows the ratio of propionate
      production of the cattle during the treatment period of the propionate
      production of the same cattle during a control period before treatment.
TBL  ______________________________________                                    
     Monensin Level    Ratio of Production                                     
     ______________________________________                                    
     Control           1.06                                                    
     Control           1.05                                                    
     0.2 mg./kg./day   1.60                                                    
     0.5 mg./kg./day   2.43                                                    
     0.5 mg./kg./day   2.12                                                    
     ______________________________________                                    
PAR  It is clear that propionate production is sharply increased over control
      animals when monensin is added to the cattle's diet.
PAC  EXAMPLE 9
PAR  Similar tests were performed with fistulated sheep. The results of those
      tests, expressed as changes in concentrations, are shown in this table.
TBL  ______________________________________                                    
     Level       Acetate    Propionate Butyrate                                
     ______________________________________                                    
     Control     20.6       2.7        3.7                                     
     0.8 mg./kg./day                                                           
                 14.4       14.8       -0.3                                    
     1.0 mg./kg./day                                                           
                 9.8        14.9       -1.3                                    
     ______________________________________                                    
PAR  It will be seen that the monensin treatments reduced acetate concentration
      as compared with the controls. It is obvious that the propionate
      concentration was increased by treatment with monensin.
PAR  The tests which have been reported above also showed subjective evidence of
      reduced susceptibility to bloat of the treated animals. Bloat is a highly
      harmful condition which results from excess gas accumulation in the rumen.
      The afflicted animal is unable to dispose of the gas by eructation due to
      the entrapment of gas in a stable foam. Foaminess of the rumen is a
      predisposing factor for bloat.
PAR  The animals treated in the tests shown above had rumen contents before
      treatment with monensin which were consistently quite foamy. The operators
      performing the tests noticed foaminess in the control animals and in the
      treated animals before treatment was begun. However, as soon as treatment
      with the antibiotic compound was begun, the foaminess in treated cattle
      decreased. The change in foaminess of rumen contents was observed in 5 of
      the 6 treated cattle. Thus, it is believed that an additional benefit of
      oral administration of the antibiotic compounds of my method is a
      decreased susceptibility to bloat.
PAC  EXAMPLE 10
PAR  Six fistulated Hereford heifers weighing an average 325 kg. were randomly
      allotted to 3 groups. All groups were given monensin sodium salt in their
      diet at the rates shown in the table.
PAR  On the 9th and 16th days of monensin administration, samples of rumen
      contents were taken from each animal and analyzed for VFA. The data are
      reported as ratios of molar concentrations, in the order
      acetate/propionate/butyrate.
PAR  The data show very clearly the beneficial effects of my method of
      increasing feed utilization by increasing propionate concentration in the
      rumen.
PAR  The published control ratio is 2.90/1/0.64. Hungate, The Rumen and Its
      Microbes, page 270, Academic Press.
TBL  ______________________________________                                    
            Monensin Rate                                                      
            1.3 mg./kg./day                                                    
                      1.7 mg./kg./day                                          
                                  2.0 mg./kg./day                              
     ______________________________________                                    
     Ratio, Day  9                                                             
              0.84/1/0.10 0.81/1/0.10 0.91/1/0.15                              
     Ratio, Day 16                                                             
              1.09/1/0.11 1/1/0.11    1.03/1/0.12                              
     ______________________________________                                    
PAR  In this experiment, the data show that the animals' feed utilization has
      been changed dramatically. As compared with the control, the ratio of
      propionate to acetate has been tripled, and the ratio of propionate to
      butyrate has been increased by a factor of more than five.
PAR  Administration of the antibiotic compounds of my method prevents and treats
      ketosis as well as improves feed utilization. The causative mechanism of
      ketosis is a deficient production of propionate compounds. A presently
      recommended treatment is administration of propionic acid or feeds which
      preferentially produce propionates. It is obvious that my method, which
      encourages propionate production from ordinary feeds, will reduce
      incidence of ketosis.
PAR  I have found that monensin and the other antibiotic compounds of my method
      increase the efficiency of feed utilization in ruminant animals when they
      are administered orally to the animals. The easiest way to administer the
      antibiotics is by mixing them in the animal's feed.
PAR  However, the antibiotic compounds can be usefully administered in other
      ways. For example, they can be incorporated into tablets, drenches,
      boluses, or capsules, and dosed to the animals. Formulation of the
      antibiotic compounds in such dosage forms can be accomplished by means of
      methods well known in the veterinary pharmaceutical art.
PAR  Capsules are readily produced by filling gelatin capsules with any desired
      form of the desired antiobiotic. If desired, the antiobiotic can be
      diluted with an inert powdered diluent, such as a sugar, starch, or
      purified crystalline cellulose in order to increase its volume for
      convenience in filling capsules.
PAR  Tablets of the antibiotics of my method are made by conventional
      pharmaceutical processes. Manufacture of tablets is a well-known and
      highly advanced art. In addition to the active ingredient, a tablet
      usually contains a base, a disintegrator, an absorbent, a binder, and a
      lubricant. Typical bases include lactose, fine icing sugar, sodium
      chloride, starch and mannitol. Starch is also a good disintegrator as is
      alginic acid. Surface-active agents such as sodium lauryl sulfate and
      dioctyl sodium sulphosuccinate are also sometimes used. Commonly-used
      absorbents again include starch and lactose while magnesium carbonate is
      also useful for oily substances. Frequently-used binders are gelatin,
      gums, starch, dextrin and various cellulose derivatives. Among the
      commonly used lubricants are magnesium stearate, talc, paraffin wax,
      various metallic soaps, and polyethylene glycol.
PAR  My method can also be practiced by the administration of the antibiotic
      compound as a slow-pay-out bolus. Such boluses are made as tablets are
      made except that a means to delay the dissolution of the antibiotic is
      provided. Boluses are made to release for lengthy periods. The slow
      dissolution is assisted by choosing a highly water-insoluble form of the
      antibiotic. A substance such as iron filings is added to raise the density
      of the bolus and keep it static on the bottom of the rumen.
PAR  Dissolution of the antibiotic is delayed by use of a matrix of insoluble
      materials in which the drug is embedded. For example, substances such as
      vegetable waxes, purified mineral waxes, and water-insoluble polymeric
      materials are useful.
PAR  Drenches of my antibiotics are prepared most easily by choosing a
      water-soluble form of the antibiotic. If an insoluble form is desired for
      some reason, a suspension may be made. Alternatively, a drench may be
      formulated as a solution in a physiologically-acceptable solvent such as a
      polyethylene glycol.
PAR  Suspensions of insoluble forms of my antibiotics can be prepared in
      nonsolvents such as vegetable oils such as peanut, corn, or sesame oil; in
      a glycol such as propylene glycol or a polyethylene glycol; or in water,
      depending on the form of the antibiotic chosen.
PAR  Suitable physiologically-acceptable adjuvants are necessary in order to
      keep the antibiotic suspended. The adjuvants can be chosen from among the
      thickeners, such as carboxymethylcellulose, polyvinylpyrrolidone, gelatin,
      and the alginates. Many classes of surfactants serve to suspend
      antibiotics. For example, lecithin, alkylphenol polyethylene oxide
      adducts, naphthalenesulfonates, alkylbenzenesulfonates, and the
      polyoxyethylene sorbitan esters are useful for making suspensions in
      liquid nonsolvents.
PAR  In addition many substances which effect the hydrophilicity, density, and
      surface tension of the liquid can assist in making suspensions in
      individual cases. For example, silicone anti-foams, glycols, sorbitol, and
      sugars can be useful suspending agents.
PAR  The suspendable antibiotic may be offered to the grower as a suspension, or
      as a dry mixture of the antibiotic and adjuvants to be diluted before use.
PAR  My antibiotics may also be administered in the drinking water of the
      ruminants. Incorporation into drinking water is performed by adding a
      water-soluble or water-suspendable form of the desired antibiotic to the
      water in the proper amount. Formulation of the antibiotic for addition to
      drinking water follows the same principles as formulation of drenches.
PAR  The most practical way to treat animals with the antibiotic compounds of my
      method is by the formulation of the compound into the feed supply. Any
      type of feed may be medicated with the antibiotic compounds, including
      common dry feeds, liquid feeds, and pelleted feeds.
PAR  The methods of formulating drugs into animal feeds are well known. It is
      usual to make a concentrated drug premix as a raw material for medicated
      feeds. For example, typical drug premixes may contain from about one to
      about 400 grams of drug per pound of premix. The wide range results from
      the wide range of concentration of drug which may be desired in the final
      feed. Premixes may be either liquid or solid.
PAR  The formulation of ruminant feeds containing the proper amounts of my
      antibiotic compounds for useful treatment is well understood. It is
      necessary only to calculate the amount of compound which it is desired to
      administer to each animal, to take into account the amount of feed per day
      which the animal eats and the concentration of antibiotic compound in the
      premix to be used, and calculate the proper concentration of antibiotic
      compound, or of premix, in the feed.
PAR  All of the methods of formulating, mixing, and pelleting feeds which are
      normally used in the ruminant feed art are entirely appropriate for
      manufacturing feeds containing the antibiotic compounds of my method.
PAR  It is not my intention to limit the scope of my invention to any particular
      formulations or methods of administration. My invention is a method of
      increasing the efficiency of feed utilization by ruminant animals by the
      oral administration of certain antibiotics. However the administration may
      be accomplished, it remains my method.
PAR  It is usual to treat economic animals, including ruminants, with a variety
      of growth promotors, diseasepreventives, and disease treatments throughout
      their lives. Such drugs are often used in combination. My method may be
      practiced in combination with other treatments.
PAR  As has been shown, oral administration of the antibiotics effective in my
      method beneficially alters the production of propionates relative to the
      production of acetates in the rumen. The same treatment also benefits
      monogastric animals which ferment fibrous vegetable matter in the cecum.
      The monogastric animals here referred to are those which consume fibrous
      vegetable food and digest at least part of it by microbiological
      fermentation in the cecum. The cecal fermentation follows a chemical
      pathway similar to rumen fermentation.
PAR  Horses, swine, and rabbits are exemplary animals which digest a part of
      their food by cecal fermentation. The overall feed utilization of such
      animals is improved by the oral administration of the antibiotics
      effective in my method by means of a beneficial change in the
      propionate/acetate ratio. Horses and rabbits are exemplary of animals in
      which cecal fermentation is a major part of the total digestive process,
      and in which my antibiotics are accordingly particularly beneficial.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of increasing the efficiency of feed utilization by ruminant
      animals having a developed rumen function which comprises the oral
      administration to such animals of a propionate-increasing amount of an
      antibiotic selected from the group consisting of X206, dianemycin,
      nigericin, the deshydroxymethyl derivative of nigericin, and their
      physiologically acceptable esters and salts.
NUM  2.
PAR  2. The method of claim 1 wherein the ruminant animals are cattle.
NUM  3.
PAR  3. The method of claim 1 in which the ruminant animals are sheep.
NUM  4.
PAR  4. The method of claim 1 in which the compound is administered at a rate of
      from about 0.05 mg./kg./day to about 2.5 mg./kg./day.
NUM  5.
PAR  5. The method of claim 1 in which the compound is administered at a rate of
      from about 0.1 mg./kg./day to about 1.5 mg./kg./day.
NUM  6.
PAR  6. The method of claim 5 in which the ruminant animals are cattle.
NUM  7.
PAR  7. The method of claim 5 in which the ruminant animals are sheep.
NUM  8.
PAR  8. The method of claim 1 in which the compound administered is selected
      from the group consisting of X206 and its physiologically-acceptable
      esters and salts.
NUM  9.
PAR  9. The method of claim 1 in which the compound administered is selected
      from the group consisting of dianemycin and its physiologically-acceptable
      esters and salts.
NUM  10.
PAR  10. The method of claim 1 in which the compound administered is selected
      from the group consisting of nigericin, the deshydroxymethyl derivative of
      nigericin, and their physiologically-acceptable esters and salts.
PATN
WKU  039378373
SRC  5
APN  5046289
APT  1
ART  125
APD  19740909
TTL  Substituted chromone-3-carbonitriles, carboxamides and carboxylic acids
      useful for preventing asthmatic symptoms
ISD  19760210
NCL  1
ECL  1
EXA  Robinson; Allen J.
EXP  Waddell; Frederick E.
INVT
NAM  Klutchko; Sylvester
CTY  Hackettstown
STA  NJ
INVT
NAM  Brown; Richard E.
CTY  Hanover
STA  NJ
INVT
NAM  Von Strandtmann; Maximilian
CTY  Rockaway
STA  NJ
ASSG
NAM  Warner-Lambert Company
CTY  Morris Plains
STA  NJ
COD  02
RLAP
COD  74
APN  312154
APD  19721204
PSC  01
PNO  3862143
CLAS
OCL  424283
EDF  2
ICL  A61K 3135
FSC  424
FSS  283
FSC  260
FSS  345.2
UREF
PNO  3692796
ISD  19720900
NAM  Freedman
OCL  260345.2
LREP
FR2  Graddis; Albert H.
FR2  Chow; Frank S.
FR2  Kelly; Anne M.
ABST
PAL  Substituted chromone-3-carbonitriles, carboxamides and carboxylic acids
      having the structural formula:
      ##SPC1##
PAL  Wherein R.sub.1 represents hydrogen, halogen, lower alkyl, hydroxy, lower
      alkoxy, or acyloxy; R.sub.2 represents hydrogen, lower alkyl, fluorinated
      lower alkyl, alkoxycarbonyl, carboxy, or lower alkyl carboxylic acid; Z
      represents cyano, carboxy, alkoxycarbonyl, or
      ##EQU1##
      wherein X represents amino, N-lower-alkylamino, hydroxylamino,
      N-lower-alkylhydroxylamino, ureido, piperidino, or anilino, with the
      proviso that when R.sub.2 represents hydrogen, Z represents cyano or
      ##EQU2##
      wherein X has the same meaning as given above; and wherein R.sub.2 and Z
      together may form a substituted pyrrole ring; and the corresponding
      non-toxic, pharmaceutically acceptable salts.
PARN
PAR  This is a division of application Ser. No. 312,154 filed Dec. 4, 1972, now
      U.S. Pat. No. 3,862,143.
BSUM
PAR  The present invention relates to substituted chromone-3-carbonitriles,
      carboxamides and carboxylic acids having the following structural formula:
      ##SPC2##
PAL  Wherein R.sub.1 represents hydrogen, halogen, lower alkyl, hydroxy, lower
      alkoxy, or acyloxy; R.sub.2 represents hydrogen, lower alkyl, fluorinated
      lower alkyl, alkoxycarbonyl, carboxy, or lower alkyl carboxylic acid; Z
      represents cyano, carboxy, alkoxycarbonyl, or
      ##EQU3##
      wherein X represents amino, N-lower-alkylamino, hydroxylamino,
      N-lower-alkylhydroxylamino, ureido, piperidino, or anilino, with the
      proviso that when R.sub.2 represents hydrogen, Z represents cyano or
      ##EQU4##
      wherein X has the same meaning as given above; and wherein R.sub.2 and Z
      together may form a substituted pyrrole ring; and the corresponding
      non-toxic, pharmaceutically acceptable salts.
PAR  Among the preferred species of substituted chromone-3-carbonitriles,
      carboxamides and carboxylic acids, there may be mentioned those compounds
      having structural formula I above wherein R.sub.1 represents hydrogen,
      halogen, lower alkoxy, hydroxy or acetoxy; R.sub.2 represents hydrogen,
      lower alkyl, trifluoromethyl, alkoxycarbonyl, carboxy or lower alkyl
      carboxylic acid; Z represents cyano, carboxy, alkoxycarbonyl or
      ##EQU5##
      wherein X represents amino, N-lower-alkylamino, hydroxylamino,
      N-methylhydroxylamino, ureido, piperidino, or anilino, with the proviso
      that when R.sub.2 represents hydrogen, Z represents cyano, or
      ##EQU6##
      wherein X has the same meaning as given above; and wherein R.sub.2 and Z
      together may form a dioxo-substituted pyrrole ring; and the corresponding
      non-toxic, pharmaceutically acceptable salts thereof.
PAR  A particularly preferred group of compounds having structural formula I
      above are those wherein R.sub.1 represents hydrogen, halogen, lower
      alkoxy, hydroxy or acetoxy; R.sub.2 represents hydrogen, lower alkyl,
      trifluoromethyl, alkoxycarbonyl, carboxy, or lower alkyl carboxylic acid;
      and Z represents cyano, or
      ##EQU7##
      wherein X represents amino, N-lower-alkylamino, hydroxylamino,
      N-methylhydroxylamino, ureido, piperidino, or anilino; and wherein R.sub.2
      and Z together may form a dioxo-substituted pyrrole ring; and the
      corresponding non-toxic pharmaceutically acceptable salts thereof.
PAR  An additional particularly preferred group of compounds having the
      structural formula I above are those wherein R.sub.1 represents hydrogen,
      halogen, lower alkoxy, hydroxy or acetoxy; R.sub.2 represents lower alkyl,
      trifluoromethyl, alkoxycarbonyl, carboxy or lower alkyl carboxylic acid;
      and Z represents cyano, carboxy, alkoxycarbonyl or
      ##EQU8##
      wherein X represents amino, N-lower-alkylamino, hydroxylamino,
      N-methylhydroxylamino, ureido, piperidino, or anilino; and wherein R.sub.2
      and Z together may form a dioxo-substituted pyrrole ring; and the
      corresponding non-toxic pharmaceutically acceptable salts thereof.
PAR  The compounds of this invention are active in the prevention of allergic
      and asthmatic conditions. For example, in tests conducted by the
      procedures described in Mota, I., Life Sciences, 7: 465 (1963) and Ovary,
      Z. et al., Proc. Soc. Exptl. Biol. Med., 81: 584 (1952), these compounds
      are capable of protecting mammals such as rats and guinea pigs from
      allergic and asthmatic conditions at dose levels of from 5 to 100 mg/kg,
      when administered parenterally or orally. In use, the compounds of this
      invention may be combined with a parenterally acceptable vehicle such as a
      gum tragacanth saline suspension to provide dosage forms suitable for
      parenteral administration; or they may be combined with pharmaceutical
      diluents such as lactose, cornstarch, microcrystalline cellulose,
      Polyethylene Glycol 4000  and/or 6000, and the like, and formulated into
      tablet or capsule forms. A dose of 5 to 100 mg/kg of body weight is
      suggested for relieving allergic conditions. This dosage regimen may be
      varied depending upon the severity of the condition, the age, weight, and
      sex of the mammal being treated and the route of administration.
PAR  For treating human beings, a dose of 50 to 100 mg administered four times
      daily, orally or by inhalation in the form of an aerosal spray, is
      prescribed to give symptomatic relief of asthma. The therapeutic spectrum
      of the compounds of this invention may be broadened by combination with
      sympathomimetic agents such as isoproterenol or with steroids such as
      cortisone or its derivatives orally or by inhalation in the form of an
      aerosal spray, is prescribed to give symptomatic relief of asthma. The
      therapeutic spectrum of the compounds of this invention may be broadened
      by combination with sympathomimetic agents such as isoproterenol or with
      steroids such as cortisone or its derivatives.
PAR  In addition to the above pharmaceutical activities, certain compounds of
      this invention also exhibit anti-secretory effects and gastric anti-ulcer
      activity in experimental mammals such as rats. Compounds demonstrating
      this last mentioned activity include those compounds of the general
      formula I above wherein R.sub.1 represents hydrogen, halogen, lower
      alkoxy, hydroxy, or acetoxy; R.sub.2 represents hydrogen, lower alkyl,
      trifluoromethyl, alkoxycarbonyl; carboxy or lower alkyl carboxylic acid;
      and Z represents cyano. When these 3-cyano derivatives are tested
      according to the procedure described in Shay, H. et al., Gastroenterology
      5: 43 (1945), in the pylorus ligated rat, they exhibit an ED.sub.50 of 20
      mg to 50 mg/kg of body weight.
PAR  The compounds of this invention may be prepared by a number of different
      procedures. For example, compounds of the general formula IV:
      ##SPC3##
PAL  wherein R.sub.1 represents hydroxy, lower alkoxy, or acyloxy; R.sub.2
      represents hydrogen, lower alkyl, fluorinated lower alkyl, alkoxycarbonyl,
      carboxy or lower carboxylic acid; and Z represents cyano, carbamoyl or
      carboxy; and R.sub.2 and Z may together form a substituted pyrrole ring,
      are prepared by a novel process described in U.S. Pat. No. 3,825,574
      starting with substituted o-hydroxybenzoyl acetonitriles. The starting
      substituted orthohydroxybenzoyl acetonitriles, having the structure V:
      ##SPC4##
PAL  wherein R.sub.3 is hydroxy or lower alkoxy are easily prepared by known
      methods or obvious adaptations thereof, as described in Chem. Ber. 50:
      1292-1305 (1917).
PAR  According to the novel process described in aforementioned U.S. Pat. No.
      3,825,574, o-hydroxy-benzoyl acetonitriles having the general formula V
      above are reacted with an acid derivative having the formula VI, VII, or
      VIII:
      ##EQU9##
      wherein R.sub.4 represents lower alkyl, fluorinated lower alkyl,
      carbalkoxy, or, together with the
      ##EQU10##
      of formula VI, forms an up to 5 carbon atom cyclic anhydride, in the
      presence of a base such as triethylamine, an alkali metal hydride,
      alkoxide, or hydroxide, or preferably, pyridine. Acylation and subsequent
      ring closure take place to afford a chromone nitrile of formula IX wherein
      R.sub.1 and R.sub.2 have the meanings described above for formula IV:
      ##SPC5##
PAR  One of the especially preferred features of this novel process is the
      facility with which chromone derivatives having substituents in the
      2-position are prepared, i.e., through the use of the acid reactant VI or
      VII above. Suitable acid reactants include acetic anhydride,
      acetylchloride, succinic anhydride, trifluroacetic anhydride or ethyl
      oxalyl chloride.
PAR  In order to prepare compounds according to structure IX in which R.sub.2
      represents hydrogen, the acid derivative used is the aceticformic
      anhydride of formula VIII above. The phenolic oxygen in position 7 is also
      acylated under these conditions and may be isolated as such, or the acyl
      group may be hydrolyzed during workup. In the former case, treatment with
      a mild base regenerates the phenol.
PAR  In the second step of the novel process of this invention, compounds having
      the formula IX above are hydrolyzed to the corresponding amides or acids
      with mineral acid. Acids which may be used are hydrochloric, sulfuric,
      phosphoric and the like.
PAR  In the case where R.sub.2 represents ethoxycarbonyl and Z represents
      carbamoyl, further refluxing with acid promotes ring closure and the
      formation of a substituted-pyrrole ring, i.e. a dioxo-substituted pyrrole
      ring.
PAR  Similarly, compounds of the instant invention having the general formula X:
      ##SPC6##
PAL  wherein R.sub.2 and B equal lower alkyl, are prepared using a compound of
      the formula XI:
      ##SPC7##
PAL  as a starting material. Compound XI which is described in Casini, G. et
      al., J. Het. Chem. 6: 279 (1969), is reacted with acetic anhydride and a
      base, such as potassium carbonate, to afford a
      2-substituted-chromone-3-carboxylic acid ester having formula X, which may
      be converted to the corresponding 3-carboxylic acid by reaction with
      aqueous hydrochloric acid.
PAR  Other compounds of the instant invention, having the general formula XII:
      ##SPC8##
PAL  wherein R.sub.1 represents hydrogen, halogen, or lower alkoxy, are prepared
      by a novel process described in U.S. Pat. No. 3,853,921. As described in
      aforementioned U.S. Pat. No. 3,853,921, compound XII is prepared by
      refluxing together a 3-formylchromone having formula XIII:
      ##SPC9##
PAL  with formic acid and hydroxylamine. Starting Compound XIII is prepared by
      oxidizing 3-(hydroxymethyl)chromones with an oxidizing agent, such as
      sodium dichromate with glacial acetic acid, concentrated nitric acid or
      potassium persulfate. The 3-(hydroxymethyl)chromones are prepared in
      accordance with the description set forth in U.S. Pat. Ser. No. 3,798,240.
PAR  Additional compounds of the instant invention, having the general formula
      XIV:
      ##SPC10##
PAL  wherein R.sub.1 represents hydrogen, halogen, or lower alkyl and X
      represents amino, N-lower-alkylamino, hydroxylamino,
      N-lower-alkylhydroxylamino, ureido, piperidino, or anilino are prepared by
      treating an acid chloride of the formula XV:
      ##SPC11##
PAL  wherein R.sub.1 is as described in formula XIV above, with the appropriate
      amines, hydroxylamines, ammonium hydroxide, piperidines, anilines, urea or
      hydrozines employing standard procedures. The starting acid chloride XV is
      prepared in accordance with the procedure set forth in U.S. Pat. No.
      3,849,446.
PAR  Salts of acidic compounds of this invention may be prepared using known
      techniques, i.e., by combination with an equivalent amount of an inorganic
      base; by combination with an alkali metal salt of a lower alkyl carboxylic
      acid; or by combination with an equivalent amount of an organic base in an
      appropriate solvent.
PAR  In all of the above formulas, definitions for R.sub.1, R.sub.2, R.sub.3,
      R.sub.4, Z, X, and B are based on the following meanings: the term "lower
      alkyl" and the alkyl portion of "lower alkoxy" are meant to include lower
      aliphatic hydrocarbons having from 1 to 7 carbon atoms in the carbon
      chain, preferably 1 to 4 carbon atoms, such as methyl, ethyl, propyl,
      isopropyl, butyl, or isobutyl.
PAR  The term "acyloxy" is meant to include lower alkyl carboxylic acids wherein
      "lower alkyl" has the above described meaning. Similarly in the term
      "alkoxycarbonyl" the alkoxy moiety is meant to include lower aliphatic
      hydrocarbon groups of 1 to 7 carbon atoms, preferably 1 to 4 carbon atoms,
      as described above.
PAR  The term "lower carboxylic acid" is meant to include carboxylic acids in
      which the aliphatic hydrocarbon chain contains from 1 to 4 carbon atoms.
PAR  The term "fluorinated lower alkyl" is meant to include lower alkyl groups
      as described above wherein one or more hydrogen atoms have been replaced
      by fluorine.
DETD
PAR  The following examples are provided to further illustrate our invention.
PAC  EXAMPLE 1
      ##SPC12##
PAC  7-Hydroxy-4-oxo-4H-1-benzopyran-3-carbonitrile acetate and
      7-Hydroxy-4-oxo-4H-1-benzopyran-3-carbonitrile.
PAR  To a mixture of 105 g (1.2 mol) of formyl acetic anhydride and 40 ml of
      pyridine cooled to -10.degree.C was added 16.5 g (0.1 mol) of
      2,4-dihydroxybenzoylacetonitrile. This mixture was stirred overnight,
      allowing the reaction to warm to room temperature. The mixture was
      evaporated in vacuo and the residue was triturated with ethanol and
      filtered to give 23.3 g of crude material. Recrystallization of this solid
      from absolute ethanol gave 5.3 g of 7-hydroxy-4-oxo-4H-1-benzopyran-3
      -carbonitrile acetate, mp 178.degree.-180.degree.C.
PAR  Anal. Calcd. C.sub.12 H.sub.7 O.sub.4 N: C, 62.89; H, 3.08, N, 6.11. Found:
      C, 63.18; H, 3.25; N, 6.22.
PAR  The ethanolic filtrate from the recrystallization was evaporated and the
      residue was dissolved in dil. ammonium hydroxide soln. This was then
      acidified with 2N hydrochloric acid to give
      7-hydroxy-4-oxo-4H-1-benzopyran-3-carbonitrile, mp
      292.degree.-293.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.5 O.sub.3 N: C, 64.17; H, 2.69; N, 7.48.
      Found: C, 64.19; H, 2.86; N, 7.46.
PAC  EXAMPLE 2
      ##SPC13##
PAC  1-[(4-oxo-4H-1-benzopyran-3-yl)carbonyl]piperidine.
PAR  A solution of 6.0 g (0.029 mol) of chromone-3-carbonylchloride was added
      over several minutes to a stirred solution of 15.6 g (0.18 mol) of
      piperidine in 120 ml of chloroform. The temperature rose to 50.degree..
      After 5 minutes the solution was poured into a mixture of 200 ml 1N
      hydrochloric acid and 200 g of ice. The organic phase was separated, dried
      (Na.sub.2 SO.sub.4) filtered and concentrated; wt 4.8 g (64%); mp
      127.degree.-130.degree.. Recrystallization from ethylacetate gave pure
      amide; mp 133.degree.-135.degree..
PAR  Anal. Calcd. for C.sub.15 H.sub.15 NO.sub.3 : C, 70.02; H, 5.88; N, 5.44.
      Found: C, 69.75; H, 5.72; N, 5.35.
PAC  EXAMPLE 3
      ##SPC14##
PAC  Sodium 4-oxo-4H-1-benzopyran-3-carbohydroxamate.
PAR  A solution of 8.34 g (0.12 mol) of hydroxylamine hydrochloride in 125 ml of
      water was mixed with 100 ml of methylenechloride. Solid sodium carbonate
      (50 g) was added with cooling. With stirring, a solution of 16.5 g (0.079
      mol) of chromone-3-carbonylchloride in 250 ml of methylene chloride was
      added over a period of 5 minutes, keeping the temp. at 15.degree. with ice
      bath cooling. After 15 minutes reaction time the thick mixture was
      filtered and washed with 200 ml of ice-water. The damp filter cake was
      recrystallized from 100 ml of water, wt 1.5 g (8.4%); mp &gt; 300.degree..
PAR  Anal. Calcd. for C.sub.10 H.sub.7 NO.sub.4 Na: C, 52.88; H, 2.66; N, 6.17;
      Na, 10.12. Found: C, 53.12; H, 2.78; N, 6.22; Na, 10.01.
PAC  EXAMPLE 4
      ##SPC15##
PAC  N-isopropyl-4-oxo-4H-1-benzopyran-3-carboxamide.
PAR  A solution of 10.4 g (0.05 mol) of chromone-3-carbonylchloride in 200 ml of
      methylenechloride was added over a 5 minute period to a stirred mixture of
      4.13 g (0.07 mol) of isopropylamine, 200 ml of methylenechloride and 25 g
      of potassium carbonate powder, keeping the temperature at 20.degree. with
      ice bath cooling. After 15 minutes the solids were filtered and 300 ml of
      ether was added to the filtrate. This solution was washed twice with 100
      ml of water and then twice with 100 ml of 2% sodium bicarbonate (to remove
      the chromone-3-carboxylic acid impurity). The organic phase was dried
      (Na.sub.2 SO.sub.4), filtered and concentrated to give 7.5 g (65%) of
      crude product; mp 104.degree.-106.degree.. Recrystallization from ether
      gave pure amide; mp 106.degree.-108.degree..
PAR  Anal. Calcd. for C.sub.13 H.sub.13 NO.sub.3 : C, 67.52; H, 5.67; N, 6.06.
      Found: C, 67.29; H, 5.62; N, 6.06.
PAC  EXAMPLE 5
      ##SPC16##
PAC  [(4-oxo-4H-1-benzopyran-3-yl)carbonyl]urea.
PAR  A hot solution of 10.4 g (0.05 mol) of chromone-3-carbonylchloride in 150
      ml of benzene was added over two minutes to a stirred boiling mixture of
      3.6 g (0.06 mol) of urea, 100 ml of benzene and two drops of conc.
      sulfuric acid. The mixture was stirred at reflux for 2 hrs., cooled and
      filtered; wt 12.3 g; mp 200.degree.-217.degree.. Recrystallization from
      dimethylformamide gave 63% yield of pure product, mp
      247.degree.-250.degree..
PAR  Anal. Calcd. for C.sub.11 H.sub.8 N.sub.2 O.sub.4 : C, 56.90; H, 3.47; N,
      12.07. Found: C, 56.85; H, 3.45; N, 12.08.
PAC  EXAMPLE 6
      ##SPC17##
PAC  4-oxo-4H-1-benzopyran-3-carboxanilide.
PAR  A solution of 10.4 g (0.04 mol) of chromone-3-carbonylchloride in 200 ml of
      methylenechloride was added over a period of 5 minutes to a stirred
      mixture of 6.51 g (0.07 mol) of aniline, 30 g powdered potassium carbonate
      and 100 ml of methylenechloride, keeping the temperature at 25.degree.
      with ice bath cooling. After one hour the solids were filtered and the
      filtrate was concentrated; wt 7.5 g; mp 215.degree.-217.degree..
      Additional material was recovered by dissolving the carbonate filtercake
      in water and filtering off the product; wt 4.9 g; mp
      215.degree.-217.degree.; total wt 12.4 g (94%). Recrystallization from
      chloroform-petroleum ether gave pure amide; mp 215.degree.-217.degree..
PAR  Anal. Calcd. for C.sub.16 H.sub.11 NO.sub.3 : C, 72.44; H, 4.18; N, 5.28.
      Found: C, 72.42; H, 4.27; N, 5.25.
PAC  EXAMPLE 7
      ##SPC18##
PAC  N-methyl-4-oxo-4H-1-benzopyran-3-carbohydroxamic acid.
PAR  A quantity of 6.26 g (0.075 mol) of N-methylhydroxylamine hydrochloride
      (50% excess) was dissolved in 25 ml of water. Chloroform (50 ml) and then
      excess potassium carbonate was added to saturate the aqueous phase. With
      stirring a solution of 10.4 g (0.05 mol) of chromone-3-carbonylchloride in
      125 ml of chloroform was added. After one hour the solids, containing the
      potassium salt of the product, were filtered and the filtercake was
      dissolved in 100 ml of water and acidified with acetic acid to give 6.2 g
      of the free hydroxamic acid; mp 174.degree.-176.degree.. Another 2.2 g of
      free hydroxamic acid was obtained from the above chloroform filtrate; mp
      178.degree.-181.degree.; total wt 8.4 g (77%). Recrystallization from
      2-propanol gave pure product; mp 192.degree.-194.degree..
PAR  Anal. Calcd. for C.sub.11 H.sub.9 NO.sub.4 : C, 60.27; H, 4.14; N, 6.39.
      Found: C, 60.21; H, 4.11; N, 6.33.
PAC  EXAMPLE 8
      ##SPC19##
PAC  4-oxo-4H-1-benzopyran-3-carboxamide.
PAR  A quantity of 0.9 g (0.0043 mol) of
      4-oxo-4H-1-benzopyran-3-carbonylchloride was added gradually to a stirred
      quantity of 15 ml of conc. ammonium hydroxide at room temperature. All
      solid went into solution when crystals gradually separated. After 15 min.
      the solid was filtered and washed with water; wt 0.4 g (48.8% yield); mp
      220.degree.-225.degree.. Two recrystallizations from 2-propanol gave pure
      material melting at 250.degree.-252.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.7 NO.sub.3 : C, 63.49; H, 3.73; N, 7.41.
      Found: C, 63.57; H, 3.83; N, 7.55.
PAC  EXAMPLE 9
      ##SPC20##
PAC  1-[8-methoxy-4-oxo-4H-1-benzopyran-3-yl)carbonyl]piperidine
PAR  A solution of 5.0 g. (0.021 mole) of
      8-methoxy-4-oxo-4H-1-benzopyran-3-carbonyl chloride in 100 ml of
      chloroform was added to a stirred solution of 20 g. of piperidine in 100
      ml. of methylene chloride over a period of five minutes. The temperature
      rose to 35.degree.C. After 15 minutes reaction time the solution was
      stirred with 350 ml. 1N hydrochloric acid for 15 minutes. The organic
      phase was separated, dried over MgSO.sub.4 and concentrated to give 3.8 g.
      (63%) of crude solid. Recrystallization from ethylacetate gave pure amide;
      m.p. 202.degree.-204.degree..
PAR  Anal. Calcd. for C.sub.16 H.sub.17 NO.sub.4 : C, 66.88; H, 5.96; N, 4.88.
      Found: C, 67.04; H, 5.97; N, 4.82.
PAC  EXAMPLE 10
      ##SPC21##
PAC  4-Oxo-4H-1-Benzopyran-3-carbonitrile
PAR  A mixture of 26.1 g. (0.15 mole) of 4-oxo-4H-1-benzopyran-3-carboxaldehyde,
      13.1 g. (0.19 mole) of hydroxylamine hydrochloride, 18.4 g. (0.27 mole) of
      sodium formate and 250 ml of 99% formic acid was heated with stirring at
      reflux for 21/2  hours. Water was added to 1-liter volume. The separated
      solid was filtered from the cooled mixture, washed well with water and
      dried to give 13 g. (51%) of crude nitrile melting at
      138.degree.-145.degree.C. Recrystallization from ethylacetate gave pure,
      white crystals melting at 174.degree.-176.degree..
PAR  Anal. Calcd for C.sub.10 H.sub.5 NO.sub.2 : C, 70.17; H, 2.94; N, 8.18.
      Found: C, 70.18; H, 3.05; N, 8.22.
PAC  EXAMPLE 11
      ##SPC22##
PAC  4-Oxo-4H-1-Benzopyran-3-Carboxylic Acid
PAR  A mixture of 3.1 g. (0.018 mole) of 4-oxo-4H-1-benzopyran-3-carbonitrile
      and 100 ml of conc. hydrochloric acid was heated at reflux for one-half
      hour. All solid went into solution at 15 min. and solid began to separate
      at the end of one-half hour. The mixture was concentrated at reduced
      pressure to one-half volume. Water (100 ml) was added to precipitate
      additional solid. The filtered solid was washed with 20 ml of water and
      dried to give 2.5 g. of crude acid.
PAR  Purification was effected by stirring the above crude acid with 250 ml of
      5% sodium bicarbonate, extracting most of the undissolved solid with 50%
      ether-methylene chloride, separating aqueous phase, acidifying with conc.
      hydrochloric acid and filtration of separated 3-carboxylic acid product;
      wt. 1.9 g., m.p. 190.degree.-195.degree.C; % yield = 55.2.
      Recrystallization from ethylacetate gave pure material melting at
      199.degree.-201.degree.C.
PAR  Anal. Calcd for C.sub.10 H.sub.6 O.sub.4 : C, 63.16; H, 3.18. Found: C,
      62.93; H, 3.19.
PAC  EXAMPLE 12
      ##SPC23##
PAC  6-Bromo-4-Oxo-4H-1-Benzopyran-3-Carbonitrile
PAR  A mixture of 5.06 g. (0.02 mole) of
      6-bromo-4-oxo-4H-1-benzopyran-3-carboxaldehyde, 1.53 g. (0.022 mole) of
      hydroxylamine hydrochloride, 2.72 g. (0.04 mole) of sodium formate and 100
      ml of 99% formic acid was heated to reflux. The resulting solution was
      maintained at reflux for 21/2 hours. Water (300 ml) was added to
      precipitate 3.1 g. of crude nitrile; m.p. 211-215. Recrystallization from
      acetonitrile-water gave 1.5 g. of purified nitrile (30% yield); m.p
      215.degree.-218.degree.. Further recrystallization from acetonitrile gave
      analytical quality nitrile; m.p. 216.degree.-219.degree..
PAR  Anal. Calcd for C.sub.10 H.sub.4 NO.sub.2 Br: C, 48.03; H, 1.61; N, 5.60.
      Found: C, 47.90; H, 1.65; N, 5.54.
PAC  EXAMPLE 13
      ##SPC24##
PAC  8-Methoxy-4-oxo-4H-1-benzopyran-3-carbonitrile
PAR  A mixture of 5.2 g. (0.026 mole) of
      8-methoxy-4-oxo-4H-1-benzopyran-3-carboxaldehyde, 2.08 g. (0.03 mole) of
      hydroxylamine hydrochloride and 75 ml. of 97% formic acid was heated with
      stirring until all solid dissolved (T=60.degree.C). A quantity of 3.4 g.
      (0.05 mole) of sodium formate was added. The resulting slurry was heated
      to reflux. After 15 minutes all solid was in solution. After 3 hours of
      reflux the solution was cooled, water (300 ml.) was added and the
      separated solid was filtered, washed with water and dried; wt. 3.6 g.
      (68%); m.p. 225.degree.-230.degree.. Recrystallization from
      tetrahydrofuran gave pure nitrile; m.p. 232.degree.-234.degree..
PAR  Anal. Calcd for C.sub.11 H.sub.7 NO.sub.3 : C, 65.67; H, 3.51; N, 6.96.
      Found: C, 65.71; H, 3.48; N, 7.05.
PAC  EXAMPLE 14
      ##SPC25##
PAC  7-Hydroxy-2-methyl-4-oxo-4H-1-benzopyran-3-carboxylic acid.
PAR  A mixture of 5.2 g of
      7-hydroxy-4-oxo-2-methyl-4H-1-benzopyran-3-carbonitrile, 20 ml of conc.
      sulfuric acid and 5 ml of water was heated for 5 hours at an internal
      temperature of 130.degree.. The mixture was poured onto ice. The solid was
      filtered and recrystallized from ethanol, mp 286.degree.-287.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.8 O.sub.5 : C, 60.00; H, 3.66. Found: C,
      59.93; H, 3.55.
PAC  EXAMPLE 15
      ##SPC26##
PAC  3-Carboxy-7-hydroxy-4-oxo-4H-1-benzopyran-2-propionic acid.
PAR  Prepared from 3-cyano-7-hydroxy-4-oxo-4H-1-benzopyran-2-propionic acid as
      described in Example 14. The product was recrystallized from ethanol, mp
      218.degree.-219.degree.C.
PAR  Anal. Calcd for C.sub.13 H.sub.10 O.sub.7 : C, 56.12; H, 3.62. Found: C,
      55.69; H, 3.70.
PAC  EXAMPLE 16
      ##SPC27##
PAC  7-Hydroxy-4-oxo-4H-1-benzopyran-2,3-dicarboxylic acid.
PAR  A mixture of 2.0 g (7.2 mmol) of ethyl
      3-carbamoyl-7-hydroxy-4-oxo-4H-1-benzopyran-2-carboxylate in 10 ml of 80%
      sulfuric acid was heated over a steam bath for 1 hr. and then poured into
      50 ml of water. This was filtered and the filtrate evaporated in vacuo.
      The gummy residue was triturated with a minimum amount of water, the solid
      filtered and dried, mp 255.degree.-257.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.6 O.sub.7 : C, 52.81; H, 2.42. Found: C,
      52.89; H, 2.87.
PAC  EXAMPLE 17
      ##SPC28##
PAC  3,4-Dihydro-7-hydroxy-4H-pyrrolo[3,4-b][1]benzopyran-1,3,4(2H)-trione.
PAR  A mixture of 3.5 g (0.013 mol) of ethyl
      3-carbamoyl-7-hydroxy-4-oxo-4H-1-benzopyran-2-carboxylate in 100 ml of
      glacial acetic acid was refluxed for 3 hrs. The solid was filtered and
      recrystallized from aqueous dimethylformamide, mp &gt;  300.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.5 O.sub.5 N: C, 57.15; H, 2.18; N, 6.06.
      Found: C, 56.89; H, 2.32; N, 5.93.
PAC  EXAMPLE 18
      ##SPC29##
PAC  7-Acetoxy-4-oxo-2-methyl-4H-1-benzopyran-3-carbonitrile.
PAR  A mixture of 5 g of 2,4-dihydroxybenzoyl acetonitrile, 15 ml of pyridine
      and 7.5 ml of acetic anhydride was left overnight at room temperature. The
      next morning the crystals were filtered and recrystallized from ethanol,
      mp 140.degree.-141.degree. C.
PAR  Anal. Calcd. for C.sub.13 H.sub.9 NO.sub.4 : C, 64.20; H, 3.73, N, 5.76.
      Found: C, 64.07; H, 3.73; N, 5.76.
PAC  EXAMPLE 19
      ##SPC30##
PAC  7-Hydroxy-4-oxo-2-methyl-4H-1-benzopyran-3-carbonitrile.
PAR  A slurry of 7.3 g of
      7-acetoxy-4-oxo-2-methyl-4H-1-benzopyran-3-carbonitrile in 45 ml of
      methanol was treated with 75 ml of 1N sodium hydroxide solution. The
      mixture was stirred for 5 minutes, cooled in ice and acidified with 4N
      HCl. The solid was filtered and recrystallized from methanol, mp &gt;
      300.degree. C.
PAR  Anal. Calcd. for C.sub.11 H.sub.7 NO.sub.3 : C, 65.67; H, 3.51; N, 6.96;
      Found: C, 65.56; H, 3.46; N, 6.89.
PAC  EXAMPLE 20
      ##SPC31##
PAC  3-Cyano-7-hydroxy-4-oxo-4H-1-benzopyran-2-propionic acid.
PAR  A mixture of 8.85 g of 2,4-dihydroxybenzoyl acetonitrile, 25 ml of pyridine
      and 15 g of succinic anhydride was stirred at room temperature overnight.
      The next morning the solid was filtered and recrystallized from methanol,
      mp 300.degree.-301.degree. C.
PAR  Anal. Calcd. for C.sub.13 H.sub.9 NO.sub.5 : C, 60.24; H, 3.50; N, 5.40.
      Found: C, 59.96; H, 3.46; N, 5.25.
PAC  EXAMPLE 21
      ##SPC32##
PAC  7-Hydroxy-4-oxo-2-(trifluoromethyl)-4H-1-benzopyran-3-carbonitrile.
PAR  A slurry of 8.85 g of 2,4-dihydroxybenzoyl acetonitrile in 40 ml of
      trifluoroacetic anhydride was cooled to 0.degree.C. and treated dropwise
      with 7 ml of pyridine. The resulting yellow solution was set aside at room
      temperature for 6 days. The reaction mixture was concentrated to a paste,
      water and ice were added, and the solid product filtered.
      Recrystallization from acetonitrile gave the analytical sample, mp
      255.degree.-257.degree. C.
PAR  Anal. Calcd. for C.sub.11 H.sub.4 NO.sub.3 F.sub.3 : C, 51.78; H, 1.58, N,
      5.49. Found: C, 51.82; H, 1.66; N, 5.92.
PAC  EXAMPLE 22
      ##SPC33##
PAC  Ethyl 3-cyano-7-hydroxy-4-oxo-4H-1-benzopyran-2-carboxylate.
PAR  A mixture of 12.82 g (0.08 mol) of 2,4-dihydroxybenzoylacetonitrile, 32.8 g
      (0.24 mol) of ethyl oxalyl chloride and 120 ml of pyridine was stirred
      overnight. The mixture was filtered, the cake was discarded, and the
      filtrate evaporated in vacuo to give a dark brown oil. This was slowly
      poured into cold 2NHCl. The solid was filtered and recrystallized from
      ethanol gave 13.7 g (66%) of cream colored plates, mp
      262.degree.-264.degree.C.
PAR  Anal. Calcd. for C.sub.13 H.sub.9 O.sub.5 N: C, 60.24; H, 3.50; N, 5.40.
      Found: C, 60.48; H, 3.52; N, 5.36.
PAC  EXAMPLE 23
      ##SPC34##
PAC  7-Hydroxy-4-oxo-2-methyl-4H-1-benzopyran-3-carboxamide.
PAR  A slurry of 1 g of 7-hydroxy-4-oxo-2-methyl-4H-1-benzopyran-3-carbonitrile
      in 6 ml of conc. sulfuric acid was heated for 3 hours on the steam bath.
      The mixture was poured onto ice. The solid was filtered and recrystallized
      from ethanol, mp 289.degree.-290.degree.C.
PAR  Anal. Calcd. for C.sub.11 H.sub.9 NO.sub.4 : C, 60.27; H, 4.14; N, 6.39.
      Found: C, 60.17; H, 4.12; N, 5.90.
PAC  EXAMPLE 24
      ##SPC35##
PAC  7-Hydroxy-4-oxo-2-(trifluoromethyl)-4H-1-benzopyran-3-carboxamide.
PAR  A mixture of 3 g of
      7-hydroxy-4-oxo-2-(trifluoromethyl)-4H-1-benzopyran-3-carbonitrile, 4 ml
      of conc. sulfuric acid and 1 ml of water was heated for 11/2  hours at an
      internal temperature of 120.degree.-135.degree.C. The clear dark solution
      was poured onto ice. The solid was filtered and recrystallized from
      methanol, mp &gt; 310.degree. C.
PAR  Anal. Calcd. for C.sub.11 H.sub.6 NO.sub.4 F.sub.3 : C, 48.37; H, 2.21; N,
      5.13. Found: C, 48.41; H, 2.21; N, 4.99.
PAC  EXAMPLE 25
      ##SPC36##
PAC  Ethyl 3-carbamoyl-7-hydroxy-4-oxo-4H-1-benzopyran-2-carboxylate.
PAR  A mixture of 25.0 g (0.097 mol) of ethyl
      3-cyano-7-hydroxy-4-oxo-4H-1-benzopyran-2-carboxylate in 230 ml conc.
      sulfuric acid was stirred at room temperature overnight. The mixture was
      then poured into 1.5 l of ice water with stirring. The resulting solid was
      filtered off, washed with water, and dried. 16.5 g (60%) mp &gt; 320.degree.
      C. from acetonitrile.
PAR  Anal. Calcd. for C.sub.13 H.sub.11 O.sub.6 N: C, 56.32; H, 4.00; N, 5.05.
      Found: C, 56.20; H, 4.08; N, 5.32.
PAC  EXAMPLE 26
      ##SPC37##
PAC  2-Methyl-4-oxo-4H-1-benzopyran-3-carboxylic acid.
PAR  A solution of 10.0 g. (0.0458 mole) of methyl
      2-methyl-4-oxo-4H-1-benzopyran-3-carboxylate in 100 ml. of conc.
      hydrochloric acid was maintained at 80.degree.-90.degree. for 20 minutes.
      Ice (400 g.) was added and the separated tacky solid was filtered and
      washed well with water. The crude product was dissolved in 300 ml. of 5%
      sodium bicarbonate and the insoluble portion was extracted away with 300
      ml. of ether. The aqueous phase was acidified with conc. hydrochloric acid
      to give 6.4 g. (68.3%) of white acid; m.p. 120.degree.-135.degree..
      Recrystallization from 2-propanol gave pure product; m.p.
      145.degree.-147.degree..
PAR  Anal. Calcd for C.sub.11 H.sub.8 O.sub.4 : C, 64.70; H, 3.95. Found: C,
      64.79; H, 4.11.
PAC  EXAMPLE 27
      ##SPC38##
PAC  Methyl 2-methyl-4-oxo-4H-1-benzopyran-3-carboxylate.
PAR  A stirred mixture of 22.0 g. (0.112 mole) of methyl salicyloylacetate, 600
      ml. of xylene, 60 g. of powdered potassium carbonate and 60 ml. of acetic
      anhydride was heated to 80.degree.. After evolution of CO.sub.2 was
      complete the temperature was raised to 125.degree.-130.degree. for one
      hour. The mixture was filtered and the filtrate stirred for 2 hours with
      200 ml. of water. The organic phase was separated, washed twice with 100
      ml. of water, dried over Na.sub.2 SO.sub.4 and concentrated to give 15 g.
      (61.5%) of tacky ester. Recrystallization from ethylacetate gave pure
      product; m.p. 116.degree.-118.degree..
PAR  Anal. Calcd for C.sub.12 H.sub.10 O.sub.4 : C, 66.05; H, 4.62. Found: C,
      66.03; H, 4.59.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preventing asthmatic symptoms in a mammal in need thereof
      which comprises the administration of from about 5 to about 100 mg/kg of
      body weight of a compound of the formula:
      ##SPC39##
PAL  wherein R.sub.1 represents hydrogen, halogen, lower alkyl, hydroxy, lower
      alkoxy, or lower alkanoyloxy; R.sub.2 represents hydrogen, lower alkyl,
      fluorinated lower alkyl, lower alkoxycarbonyl, carboxy, or lower alkyl
      carboxylic acid; Z represents cyano, carboxy, lower alkoxycarbonyl or
      ##EQU11##
      wherein X represents amino, N-lower-alkyl-amino, hydroxylamino,
      N-lower-alkylhydroxylamino, or ureido, with the proviso that when R.sub.2
      represents hydrogen, Z represents cyano or
      ##EQU12##
      wherein X has the same meaning as given above; or the corresponding
      non-toxic, pharmaceutically acceptable salts thereof.
PATN
WKU  039378381
SRC  5
APN  3724972
APT  1
ART  125
APD  19730621
TTL  Orally active bronchospasmolytic compounds and their preparation
ISD  19760210
NCL  7
ECL  1
EXP  Drezin; Norman A.
NDR  7
NFG  9
INVT
NAM  Wetterlin; Kjell Ingvar Leopold
CTY  Sandby
CNT  SW
INVT
NAM  Svensson; Leif Ake
CTY  Lund
CNT  SW
ASSG
NAM  Aktiebolaget Draco
CTY  Lund
CNT  SW
COD  03
PRIR
CNT  SW
APD  19661019
APN  14182/66
RLAP
COD  71
APN  55791
APD  19700717
PSC  04
RLAP
COD  90
APN  55676
APD  19700717
PSC  04
RLAP
COD  92
RLAP
COD  82
APN  676288
APD  19671018
PSC  03
CLAS
OCL  424311
XCL  2605706
XCL  424330
EDF  2
ICL  A61K 3122
ICL  A61K 31135
FSC  424
FSS  311;330
UREF
PNO  2460144
ISD  19490100
NAM  Moore et al.
OCL  260570.6
UREF
PNO  3180887
ISD  19650400
NAM  Zolss et al.
OCL  424311
UREF
PNO  3341594
ISD  19670900
NAM  Thoma et al.
OCL  424330
UREF
PNO  3365496
ISD  19680100
NAM  Pear et al.
OCL  424330
OREF
PAL  Zoelss, et al., Chemical Abstracts, Vol. 63, pp. 6895-6896 (1965).
PAL  Chemical Abstracts, 61:13242d (1964).
PAL  Chemical Abstracts, 59:8655(c) (1963).
LREP
FRM  Brumbaugh, Graves, Donohue & Raymond
ABST
PAL  Novel compounds are disclosed having useful activity as bronchodilators of
      improved longevity of action and reduced incidence of side effects. These
      compounds are described by the formula:
      ##EQU1##
      wherein R.sub.1 is a member of the class consisting of tertiary butyl and
      cyclobutyl, and R.sub.2 is a hydrogen or 2 to 5 carbon atom acyl radical,
      and pharmaceutically acceptable salts thereof. The activity of these
      compounds is compared to previously known bronchodilators such as 1-(3',
      5'-dihydroxyphenyl)-2-(isopropylamino)-ethanol, having the common name
      orciprenaline, and 1-(3', 4'-dihydroxyphenyl-2-isoproplyamino-ethanol,
      having the common name isoprenaline.
PARN
PAR  This is a continuation-in-part of our copending applications Ser. Nos.
      55,791 and 55,676, filed July 17, 1970, which in turn are respectively
      both continuations-in-part of application Ser. No. 676,288, filed Oct. 18,
      1967, now abandoned.
BSUM
PAR  The present invention relates to compounds effective in the treatment of
      reversible obstructive lung conditions of various genesis, particularly
      asthmatic conditions, the preparation of such compounds, compositions
      containing them, and the use for therapeutic purposes of such compounds.
      In particular, the present invention relates to certain
      1-(3',5'-dihydroxyphenyl)-2-alkylamino ethanols and
      1-(3',5'-diacyloxyphenyl)-2-alkylamino ethanols, wich are
      bronchospasmolytically active and have unexpected specificity and
      longevity of action.
PAR  The new compounds of the present invention have the structural formulas
      ##EQU2##
      wherein R.sub.1 is a member of the class consisting of tertiary butyl and
      cyclobutyl and R.sub.2 is hydrogen or the acyl radical of a 2-5 carbon
      fatty acid. These compounds have long duration of activity as
      bronchospasmolytic agents and, surprisingly, cause only very weak side
      effects, especially effects on the cardiovascular system. The acyl
      derivatives are useful intermediates in the preparation of free hydroxy
      compounds, as well as being useful pharmacological agents in their own
      right.
PAR  The compounds of the present invention are also useful for the relaxation
      of the smooth muscles of the sphincter Oddi and the gall duct to relieve
      effects such as biliary colic, biliary dyskinesia and morphine spasms. The
      compounds of the present invention, when administered, cause a decrease of
      the pressure of the hepatic duct, but do not, in sphincter-active doses,
      have significant side effects on the heart or the intestinal system. This
      is a pronounced advantage relative to prior art compounds such as
      isoprenaline.
PAR  For years, sympathomimetic agents have been among the most important class
      of compounds in the treatment of asthma. Among the leading compounds used
      for this purpose is epinephrine, given by injection, for the relief of
      reversible obstructive lung conditions.
PAR  A great number of 1-(3',4'-dihydroxyphenyl)-2-amino ethanols having
      bronchospasmolytic activity are known. Epinephrine and isoprenaline are
      the most important commercially of this class of compounds. However,
      compounds of this type with the two hydroxyl groups in the 3,4-position of
      the benzene ring are attached in the patient by certain enzymes, i.e.,
      catechol-O-methyltransferase (COMT), found, inter alia, in the liver. The
      COMT attack on these compounds inactivates them, and therefore their
      bronchodilator activity is typically of relatively short duration.
      Compounds having the two hydroxyl groups in the 3,5-position of the
      benzene ring are not attacked by COMT. However, rather few compounds of
      this last-mentioned type are known. The known compounds may be summarized
      by the general formula:
      ##EQU3##
PAR  A compound of formula II wherein R.sub.3 is hydrogen and R.sub.4 is a
      methyl group has been described in German Patent No. 865,315. Compounds of
      formula II wherein R.sub.3 is hydrogen and R.sub.4 is
      2-hexyl,2-heptyl,2-octyl or n-butyl have been described in Belgian Patent
      No. 635,889. Compounds wherein R.sub.3 is hydrogen and R.sub.4 is the
      group
      ##EQU4##
      wherein R.sub.5 is hydrogen or methyl, are described in Irish Patent
      application No. 1167/63. Compounds wherein R.sub.3 is hydrogen or methyl,
      and R.sub.4 is isopropyl have been described in British Patent No.
      920,623. These known compounds of formula I are bronchospasmolytically
      active of longer duration than those compounds containing the
      3,4-dihydroxyphenyl groups, but they are generally found to cause an
      increase in the heart frequency, and this markedly reduces the therapeutic
      value of these substances.
PAR  These drugs are believed to act on the adrenergic receptor sites which are
      found widely distributed throughout the body and are classified, depending
      on the response elicited, into .alpha.- and .beta.-receptors. Lands et al.
      in 1966 published data on the basis of which it was postulated that there
      are two different types of adrenergic .beta.-receptors, designated
      respectively .beta..sub.1 and .beta..sub.2. The .beta..sub.1 -receptors
      are, among other places, located in the heart muscles while .beta..sub.2
      -receptors are associated with the bronchial muscles. These findings of
      Lands et al. were based upon a rank order classification of a series of
      sympathomimetic amines of the general formula
      ##EQU5##
      Lands' study included testing of compounds in which R.sub.6 was hydrogen
      and R.sub.7 was isopropyl, tertiary butyl, secondary butyl, and
      cyclopentyl; and compounds of which R.sub.6 was methyl or ethyl, and
      R.sub.7 was isopropyl.
PAR  The use of the sympathomimetic amines in the treatment of reversible
      obstructive lung conditions is generally believed due to the ability of
      these compounds to stimulate the .beta..sub.2 -receptors in the bronchial
      system. The stimulation of the bronchial system by the sympathomimetic
      amines leads to relief of bronchoconstriction and improved lung mechanics
      as measured, for example, by various spirometric tests.
PAR  However, the sympathomimetic amines have side effects, which are mainly due
      to their stimulation of adrenergic receptors in organs other than the
      bronchial muscle. Thus, stimulation of the .beta..sub.2 -receptors in the
      bronchial muscle to achieve bronchodilation is commonly accompanied by
      simultaneous stimulation of the .beta..sub.1 -receptors in the myocardium.
      Such .beta..sub.1 - activity leads to tachycardia and an increase in the
      cardiac output. When .alpha.-receptors are stimulated in addition, there
      is peripheral vasoconstriction and increased blood pressure. Thus, with
      the compounds previously available, bronchodilation was usually
      accompanied by undesirable and potentially dangerous cardiovascular
      stimulation. This is the most serious side effect of the sympathomimetic
      amines, especially in patients suffering from cardiovascular diseases such
      as coronary sclerosis, arrhythmias, and hypertension. In addition, the
      cardiovascular effects can increase the pulmonary blood volume. This may
      lead to an exaggeration of a disturbed ventilation-perfusion ratio in the
      lung, especially on overdosage, and to a worsening of hypoxemia, even
      though airway obstruction is diminished. The foregoing factors limited the
      dose of the sympathomimetic amines which could be used, and, indeed,
      represented potential risk in the use of such compounds.
PAR  Despite the large number of sympathomimetic amines which have been
      described in the published literature, relatively few compounds have in
      the last analysis shown sufficient effectiveness to have achieved
      substantial value in the relief of reversible obstructive lung conditions.
      The compounds which have been used for the practical clinical treatment of
      these conditions are the following:
      ##EQU6##
PAR  Epinephrine [1-(3',4'-dihydroxyphenyl)-2-(methylamino)-ethanol] given by
      injection has been and still is the drug of choice in the treatment of
      acute asthmatic attacks, but by inhalation it has now been almost
      completely replaced by isoprenaline
      [1-(3',4'-dihydroxyphenyl)-2-(isopropyl amino)-ethanol]. Epinephrine
      whether given by subcutaneous injection (0.2-0.5 ml of a 1 in 1,000
      solution) or by aerosol inhalation of a 1% solution, is an effective drug
      in reversing airway obstruction. However, it stimulates .alpha.- and
      .beta..sub.1 - as well as .beta..sub.2 -receptors and therefore causes
      tachycardia, increased cardiac output and sometimes an increase in blood
      pressure; and arterial oxygen desaturation may become worse.
      ##EQU7##
PAR  Isoprenaline is also an effective drug in relieving airway obstruction.
      However, it stimulates .beta..sub.1 and .beta..sub.2 -receptors equally
      and it, too, has a tendency to produce therefore cardiovascular
      stimulation, especially tachycardia. Again, there may be no improvement in
      arterial oxygen desaturation, and in many instances, the PaO.sub.2 falls.
      The cardiovascular effects are especially evident when the tablets (10 mg)
      are sucked or crushed in the mouth.
PAR  Most often, however, isoprenaline is given by inhalation either as a spray
      or from a portable pressurized aerosol. This latter device produces an
      aerosol mist the particles of which are of optimum size for a penetration
      deep into the lungs and for this reason it is all too easy for the patient
      to administer an overdose. Portable pressurized aerosols should be
      prescribed only when the doctor has satisfied himself that the patient
      fully understands the risks. Misuse of isoprenaline has been suggested as
      one of the most important causes of increased mortality in asthma
      primarily reported in England, where the use of isoprenaline aerosols
      achieved wide currency. Fortunately, since warnings about the dangers of
      overdosage from these aerosols have appeared, there has been a fall in
      asthma deaths.
PAR  The bronchodilator activity of epinephrine and isoprenaline is relatively
      short-lived, owing to rapid enzymic inactivation. When given with atropine
      methonitrate, the effect is prolonged, but it seems likely that because of
      the side effects and short duration of action these bronchodilators will
      in the future be superseded by new sympathomimetic amines such as the
      compounds of the present invention.
      ##EQU8##
PAR  Ephedrine [1-phenyl-2-(methylamino)propanol] has been used in this country
      for the oral treatment of chronic asthma alone or in combination with
      other drugs. Ephedrine, however, has considerable disadvantages, primarily
      a CNS-simulating effect which leads to anxiety and sleeping disturbances.
      Peripheral side effects are sweating, vasoconstriction and a contraction
      of the urogenital sphincters. Like other compounds, it also affects the
      heart, causing palpitations and tachycardia.
      ##EQU9##
PAR  Orciprenaline has achieved substantial use in Europe as a bronchodilator.
      Orciprenaline is believed by some to be an improvement over both
      epinephrine and isoprenaline from the standpoint of longevity of action
      and reduced incidence of cardiovascular side effects. This compound,
      however, shows less potency than previously used bronchodilators.
      Orciprenaline has not been approved for use in this country.
PAR  In contrast to the foregoing, the compounds of the present invention have
      been found to exhibit improved selectivity for the bronchial muscles
      relative to the cardiovascular system. Because stimulation of the
      cardiovascular system is thought to be a cause of the adverse effects of
      many of the prior art compounds on blood oxygen pressures, it is expected
      that the compounds of the present invention will be less likely to lead to
      a fall in blood oxygen pressure then compounds such as epinephrine or
      isoprenaline. The compounds of the present invention have the added
      advantage of improved longevity of action over all of the compounds
      described above. Moreover, it has been found that the specifically claimed
      compound terbutaline exhibits another important advantage in that it
      affords improved arteriel oxygen tension in asthmatic patients. This
      improvement has been observed in a number of clinical trials. It is
      believed that the improvement in arteriael oxygen tension is related to a
      relaxation, by terbutaline of small airways (i.e., airways less than 2 mm.
      in diameter) as well as large airways.
PAR  These advantages are obtained according to the present invention by
      preparing compounds of the above formula II and physiologically acceptable
      acid addition salts thereof by known methods such as:
PAR  A. reduction of a diketo compound of the formula III in the presence of an
      amine of the formula IV according to the following reaction scheme:
      ##EQU10##
      whereafter R.sub.8, if necessary, is replaced by hydrogen;
PAR  B. reaction of compounds of the formulas VI and VII according to the
      following reaction scheme:
      ##EQU11##
      whereafter R.sub.8 and R.sub.9, if necessary, are replaced by hydrogen;
PAR  C. reduction of a compound of the formula IX according to the following
      scheme:
      ##EQU12##
      whereafter R.sub.8 and R.sub.9, if necessary, are replaced by hydrogen. In
      the formulas III to IX, R.sub.1 is as defined above, R.sub.8 is hydrogen
      or a group readily replaceable by hydrogen, such as for example alkyl or
      aryl radical of not more than 5 carbon atoms or mono or bicyclic aralkyl
      group of not more than 11 carbon atoms such as benzyl or naphthylmethyl
      and R.sub.9 is hydrogen or a mono or bicyclic aralkyl group of not more
      than 11 carbon atoms.
PAR  D.
      ##EQU13##
      where R.sub.8 has the above-stated meaning.
PAR  It will be appreciated that the compounds according to the invention exist
      in the form of optically active isomers. The isomers may be isolated, if
      desired, in a conventional manner.
PAR  The preferred method for the preparation of compounds of the formula II is
      Method C above. Starting materials of the formula IX can be obtained by a
      variety of routes. Some of the possible ways are outlined in the following
      reaction schemes where the numbers and letters underneath the arrows
      indicate an example illustrating the reaction:
      ##EQU14##
PAR  a. by catalytic reduction, e.g. with Raney nickel or with palladium
      charcoal, or platinum oxide or
PAR  b. chemical reduction, e.g. with lithium aluminum hydride or sodium
      borohydride in which case R.sub.8 is a hydroxyprotective group, or
PAR  c. chemical reduction of the carbonyl group, e.g. with lithium aluminum
      hydride or sodium borohydride, whereafter the hydroxy-protective groups
      R.sub.8 and R.sub.9 may be removed by catalytic reduction, e.g. with
      palladium charcoal or platinum oxide.
PAR  If in the formula VIII R.sub.8 is an alkyl group, this can be replaced by
      hydrogen by ether-splitting agents, for example by using boron tribromide,
      at low temperature or by heating with hydrogen halides; in this case the
      alcoholic hydroxyl group is advantageously protected by acetylation, and
      the splitting carried out using hydrobromic acid in anhydrous glacial
      acetic acid or glacial acetic acid/acetic anhydride, and then hydrolyzed.
      If in the formula VIII R.sub.8 is an acyl residue, this can be split off
      by treatment with acids if the free hydroxy compound is desired. If in the
      formula VIII R.sub.8 and R.sub.9 means aralkyl, this can be removed by
      hydrogenolysis.
PAR  The new 1-(3',5'-dihydroxyphenyl)-2-alkylaminoethanols and
      1-(3',5'-diacyloxyphenyl)-2-alkylaminoethanols of the instant invention
      are very good bronchodilators and have only very weak cardioaccelerating
      effect in therapeutically effective doses. Thus in both in vitro and in
      vivo the compound 1-(3',5'-dihydroxyphenyl)-2-(t-butylamino)-ethanol
      (which has been given the generic name "terbutaline") has proved to be a
      more potent bronchodilator than
      1-(3',5'-dihydroxyphenyl)-2-(isopropylamino)-ethanol (orciprenaline) and
      the duration of the effect of terbutaline is longer than that of
      orciprenaline. Parallel tests showed that the cardioaccelerating effect of
      terbutaline is significantly less than that of orciprenaline. This
      relation between the heart stimulatory effect and the bronchodilator
      effect has been demonstrated, for example, in spontaneously beating guinea
      pig auricle preparation and spirally cut trachea preparation, both
      preparations being immersed in the same bath. [This procedure is more
      fully described below in Example 5 (b)]. When the compound according to
      the present invention was slowly infused in the bathing solution a
      bronchodilation was obtained without any effect on the heart muscle
      preparation. The weak cardioaccelerating effect of the t-butylamino
      compound according to the invention has also been verified in circulatory
      studies of the compound in anesthetized cat.
PAR  The weakening of the cardioaccelerating effect is thus obtained by
      replacing a secondary open chain carbon atom with a tertiary one or making
      it part of a cycloalkyl group. Although the compound of formula I
      specifically described herein is one in which the group R.sub.1 is
      t-butyl, such compounds in which the group R.sub.1 is cyclobutyl are also
      included within the scope of the invention. The essential feature is that
      the tertiary carbon atom or the cycloalkyl group is linked directly to the
      nitrogen atom.
PAR  The new compounds according to the invention may be administered in the
      form of salts with physiologically acceptable acids. Suitable acids which
      may be used are, for example, hydrochloric, hydrobromic, sulphuric,
      fumaric, citric, tartaric, maleic or succinic acid.
PAR  The invention further provides pharmaceutical compositions comprising an
      active ingredient at least one of the compounds according to the invention
      in association with a pharmaceutical carrier. Such compositions may be
      designed for oral, bronchial, rectal or parenteral administration.
PAR  To produce pharmaceutical preparations in the form of dosage units for oral
      application containing a compound of the invention in the form of the free
      base, or a pharmaceutically acceptable salt thereof, the active ingredient
      may be mixed with a solid, pulverized carrier, for example, lactose,
      saccharose, sorbitol, mannitol, a starch such as potato starch, corn
      starch, maize starch or amylopectin, a cellulose derivative or gelatin,
      and also may include lubricants such as magnesium or calcium stearate or a
      Carbowax or other polyethylene glycol waxes and compressed to form tablets
      or centers for dragees. If dragees are required, the centers may be
      coated, for example, with concentrated sugar solutions which may contain
      gum arabic, talc and/or titanium dioxide, or alternatively with a lacquer
      dissolved in easily volatile organic solvents or mixtures of organic
      solvents. Dyestuffs can be added to these coatings. For the preparation of
      soft gelatin capsules (pearl-shaped closed capsules) consisting of gelatin
      and, for example, glycerol, or similar closed capsules, the active
      substance may be admixed with a Carbowax. Hard gelatin capsules may
      contain granulates of the active substance with solid, pulverized carriers
      such as lactose, saccharose, sorbitol, mannitol, starches (for example
      potato starch, corn starch, or amylopectin), cellulose derivatives or
      gelatin, and may also include magnesium stearate or stearic acid. Dosage
      units for rectal application may be in the form of suppositories
      comprising the active substance in admixture with a neutral fatty base, or
      gelatin rectal capsules comprising the active substance in admixture with
      a Carbowax or other polyethylene glycol waxes. Each dosage unit preferably
      contains 0.5 to 50 mg of active ingredient.
PAR  Liquid preparations for oral application may be in the form of syrups,
      suspensions or emulsions, for example containing from about 0.1 to 20% by
      weight of active substance and also, if desired, such adjuvants as
      stabilizing agents, suspending agents, dispersing agents, flavoring agents
      and/or sweetening agents.
PAR  Liquid preparations for rectal administration may be in the form of aqueous
      solutions containing from about 0.1 to 2% by weight of active substance
      and also, if desired, stabilizing agents and/or buffer substances.
PAR  For parenteral application by injection the carrier may be a sterile,
      parenterally acceptable liquid, e.g., pyrogen-free water or an aqueous
      solution of polyvinylpyrrolidone, or a parenterally acceptable oil, e.g.,
      arachis oil and optionally stabilizing agents and/or buffer substances.
      Dosage units of the solution may advantageously be enclosed in ampoules,
      each dosage unit preferably containing from 0.05 to 5 mg of active
      ingredient.
PAR  For administration to the bronchia, the compositions are advantageously in
      the form of a spray solution or spray suspension. The solution or
      suspension advantageously contains from 0.1 to 10% by weight of the active
      ingredient.
PAR  The present invention is fully illustrated by the following examples of the
      synthesis and use of the compounds which have been discovered:
PAR  A. Examples 1-4 illustrate the basic principles of the synthesis of the
      dihydroxyphenyl compounds.
PAR  B. Example 5 and FIGS. 1-8 show the ability of terbutaline to selectively
      bring about relaxation of the bronchial muscles.
PAR  C. Example 6 and FIG. 9 illustrate the practical application of terbutaline
      to the treatment of asthma.
PAR  Examples Exampples 7 and 8 show pharmacological effects of the
      corresponding cyclobutyl compounds
      [1-(3',5'-dihydroxyphenyl)-2-cyclobutylamino ethanol] as measured in
      laboratory tests.
PAR  E. Example 9 sets forth toxicity data on the compounds of this invention.
PAR  F. Example 10 illustrates the resolution of the compounds of the present
      invention into their optical isomers.
PAR  G. Examples 11 and 12 set forth synthesis procedures for the preparation of
      the 3',5'-diacyloxyphenyl compound of the present invention.
PAR  H. Examples 13 to 18 set forth the results of pharmacological tests of
      3',5'-diacyloxyphenyl analogues of terbutaline; and
PAR  I. Examples 19 to 27 illustrate various pharmaceutical preparations into
      which the present invention may be formulated.
DRWD
PAR  In the following Examples the Figures referred to are:
PAR  FIG. 1 illustrates the duration of the effect of terbutaline and
      orciprenaline against histamine induced bronchoconstriction (guinea pig
      0.95 kg), bronchospasmolytic effect being determined according to the
      method of Konzett & Rossler;
PAR  FIG. 2 illustrates the effect of epinephrine (EPE) and terbutaline on
      spirally cut trachea and right auricle from the guinea pig. Both
      preparations are dissected out from the same animal and run under
      identical experimental conditions;
PAR  FIG. 3 shows the effect of epinephrine (EPE), norepinephrine (NE) and
      isoprenaline (IPR) on spirally cut trachea and right auricle from the
      guinea pig. Both preparations are dissected out from the same animal, and
      run under identical experimental conditions;
PAR  FIG. 4 shows the effect of epinephrine (EPE) and orciprenaline on spirally
      cut trachea and right auricle from the guinea pig. Both preparations are
      dissected out from the same animal and run under identical experimental
      conditions;
PAR  FIG. 5 illustrates the effect of epinephrine (EPE) and terbutaline on the
      rate and force of isolated rabbit heart;
PAR  FIG. 6 illustrates the effect of epinephrine (EPE), orciprenaline and
      terbutaline on the rate and force of isolated rabbit heart;
PAR  FIGS. 7 and 8 illustrate the effect of terbutaline on the sphincter of
      Oddi; and
PAR  FIG. 9 illustrates the effect of terbutaline when used in the practical
      treatment of asthmatic patients.
DETD
PAC  A. SYNTHESIS OF DIHYDROXYPHENYL COMPOUNDS
PAC  Example 1. Preparation of
      3,5-dibenzyloxy-.omega.-(t-butylamino)acetophenone used as a starting
      material
PAL  a. Ethyl 3,5-dihydroxybenzoate
PAR  308 g. of .alpha.-resorcyclic acid were dissolved in 1000 ml of absolute
      ethanol and 25 ml of concentrated sulphuric acid were added. The reaction
      mixture was boiled under reflux for 20 hours. The ethanol was evaporated
      and the residue poured into water and extracted with ether. The etheral
      phase was washed with sodium bicarbonate solution and water and dried with
      magnesium sulphate. When the ether was evaporated, a crystallizing residue
      was obtained.
PAL  b. 3,5-Dibenzyloxybenzoic acid
PAR  In a two-liter three necked flask supplied with a stirrer and a reflux
      condenser 221 g of ethyl 3,5-dihydroxybenzoate, 750 ml of absolute
      ethanol, 360 ml of benzyl chloride and 210 g of potassium carbonate were
      introduced. The reaction mixture was boiled under reflux, stirred for 20
      hours and filtered hot. The ethanol was evaporated and to the residue
      water and sodium hydroxide were added to alkaline reaction. The water
      phase was extracted with ether and the ether phase dried with magnesium
      sulphate. The ether was evaporated and remaining benzyl chloride was
      distilled off under reduced pressure. The remaining oil was refluxed for
      three hours on a water bath with 150 g of potassium hydroxide in 750 ml of
      ethanol and 50 ml of water. The ethanol was evaporated and 250 ml of water
      were added. On acidifying the solution with 5 N hydrochloric acid, the
      3,5-dibenzyloxybenzoic acid crystallized. It was crystallized from ethyl
      acetate: M.p. 214.degree.-216.degree.C.
PAL  c. 3,5-Dibenzyloxy-benzoyl-chloride
PAR  167 g of 3,5-dibenzyloxybenzoic acid and 400 ml of redistilled thionyl
      chloride were refluxed on an oil bath for 1 hour. Excess thionyl chloride
      was distilled off at reduced pressure, and the remaining mass
      crystallized. The product was recrystallized from petroleum ether (B.p.,
      60.degree.-85.degree.C.) : M.P. 73.degree.-74.degree.C.
PAL  d. 3,5-Dibenzyloxy-diazo-acetophenone
PAR  Diazomethane was prepared by slowly adding 86 g of
      N-nitroso-o-toluenesulphomethylamide in ether to a solution of 24 g of
      potassium hydroxide in 40 ml of water and 100 ml of diethylene-glycol
      monoethyl ether in 40 ml of ether. The reaction flask was heated to
      55.degree.-65.degree.C. on a water bath, and the diazomethane formed was
      distilled with ether into a receiver containing 71 g of
      3,5-dibenzyloxybenzoyl-chloride in 250 ml of absolute ether at
      -25.degree.C. The reaction mixture was slowly allowed to reach room
      temperature. The ether solution was directly used in the next reaction.
PAL  e. 3,5-dibenzyloxy-.omega.-bromoacetophenone
PAR  To the ether solution from the previous reaction were added 300 ml of
      benzene and ether saturated with hydrogen bromide until the evolution of
      nitrogen ceased. When the solution was evaporated, the residue
      crystallized. The crystals were dissolved in xylene, precipitated with
      petroleum ether (B.p. 40.degree.-60.degree.C.) and washed with absolute
      ether: M.p. 82.degree.-84.degree.C. In a similar manner
      3,5-dibenzyloxy-.omega.-chloroacetophenone was prepared. M.p.
      78.degree.-80.degree.C.
PAL  f. 3,5-Dibenzyloxy-.omega.-(t-butylamino)-acetophenone
PAR  1.5 g of t-butylamine and 85 ml of absolute ethanol were placed in a 250 ml
      flask provided with a reflux condenser and the mixture was heated to
      reflux. The reaction was performed under nitrogen. At the reflux
      temperature, 4.1 g of 3,5-dibenzyloxy-.omega.-bromoacetophenone in 15 ml
      of benzene were added. The mixture was refluxed for twenty hours and after
      evaporation a yellow oil was recovered. This oil was shaken with absolute
      ether and white crystals were formed (t-butylamine hydrobromide). The
      crystals were filtered off and washed with ether. To the combined ether
      phases 10% hydrobromic acid was added and a white precipitate was formed.
      This precipitate was filtered off, thoroughly washed with water and ether,
      and recrystallized from ethanol: M.p. 196.degree.-198.degree.C.
PAL  g. 3,5-Dibenzyloxyacetophenone
PAR  70 g of 3,5-dibenzyloxy-benzoyl-chloride in dry benzene were slowly added
      to a solution of diethyl ethoxy-magnesium-malonate prepared in known
      manner. The reaction mixture was refluxed overnight, and after cooling 300
      ml of benzene and 200 ml of 5-N sulphuric acid were added to hydrolyze the
      mixture. The benzene phase was washed 3 times with water and dried with
      magnesium sulphate. The benzene was evaporated and the excess of diethyl
      malonate distilled off under reduced pressure. To the residue 400 ml of
      dioxane, 80 ml of water and 40 ml of conc. hydrochloric acid were added.
      The reaction mixture was heated for 24 hours on an oil bath at
      130.degree.C. After evaporation a brown oil remained, which crystallized
      on standing. Recrystallized from ethanol: M.p. 60.degree.-61.degree.C.
PAL  h. 3,5-Dibenzyloxyacetophenone
PAR  5.0 g of 50% sodium hydride suspension and a few ml of benzene were
      introduced in a 500 ml three-necked flask, supplied with a stirrer, reflux
      condenser and dropping funnel. 18.1 g of ethyl 3,5-dibenzyloxybenzoate in
      150 ml of dry benzene were added. The reaction mixture was stirred and
      heated on an oil bath (90.degree.-100.degree.C.), and 4.5 g of ethyl
      acetate in 25 ml of dry benzene were slowly added and then heated and
      stirred for 7 hours. The reaction mixture was cooled. A few ml of ethanol
      were added and the whole was then poured into 150 ml of 50% acetic acid
      solution. The acidic water phase was extracted with ether. The ether phase
      was washed with water, sodium bicarbonate solution and water, and then
      dried with magnesium sulphate. After evaporation an oil was recovered.
      This oil was treated with 80 ml of dioxane, 16 ml of water and 8 ml of
      concentrated hydrochloric acid and the mixture was heated on an oil bath
      at 130.degree.-140.degree.C. for 15 hours. After evaporation, ether was
      added and the ether phase washed with water, 2-N sodium hydroxide solution
      and water. The ether phase was then evaporated and the residue was
      dissolved in hot ethanol and 200 ml of 1-N sodium hydroxide solution was
      added. The mixture was refluxed for 5 hours in order to hydrolyze
      remaining ethyl 3,5-dibenzyloxybenzoate. The ethanol was evaporated and
      the water phase extracted with ether. The ether phase was washed with
      water, dried with magnesium sulphate and evaporated. The remaining oil
      crystallized from petroleum ether (B.p. 80.degree.-110.degree.C.). M.p.
      61.5.degree.-62.0.degree.C.
PAL  i. 3,5-Dibenzyloxy-.omega.-bromoacetophenone
PAR  11.2 g of copper (II) bromide were placed in a three-necked flask provided
      with a stirrer and a reflux condenser. 25 ml of ethyl acetate were added
      and the mixture was heated to reflux under stirring. 10 g of
      3,5-dibenzyloxyacetophenone in 30 ml of hot chloroform were added and the
      reflux was continued until the black-green color changed to light brown.
      The copper (I) bromide formed was filtered off, and after evaporation of
      the filtrate a brown oil was recovered which soon crystallized.
      Recrystallized from ethanol: M.p. 82.degree.-84.degree.C. Alternatively
      this step (i) may be replaced by (j) or (k).
PAR  j. 3,5-Dibenzyloxy-.omega.-bromoacetophenone
PAR  In a 250 ml three-necked flask, supplied with stirrer and a reflux
      condenser and a dropping funnel, 5.0 g of 3,5-dibenzyloxyacetophenone in
      90 ml chloroform were introduced. Then 15 drops of glacial acetic acid
      saturated at 0.degree.C. with hydrogen bromide were added to the solution.
      4 ml of a solution prepared from 2.4 g of bromine and 25 ml chloroform
      were added. The reaction mixture was heated to reflux and then rapidly
      cooled to 0.degree.C. The remaining bromine solution was slowly added
      under stirring and cooling, and then stirred for another hour at room
      temperature and finally heated for half an hour at reflux temperature.
      After cooling to room temperature nitrogen was introduced to remove
      remaining hydrogen bromide. Petroleum ether (B.p. 60.degree.-85.degree.C.)
      was added and the reaction mixture was washed with cold sodium bicarbonate
      solution and water saturated with sodium chloride. The organic phase was
      dried with magnesium sulphate and evaporated. The remaining oil
      crystallized on standing. Recrystallized from ethanol: M.p.
      85.degree.-84.degree.C.
PAL  k. 3,5-Dibenzyloxy-.omega.-bromoacetophenone
PAR  20.0 g of 3,5-dibenzyloxyacetophenone were dissolved in 460 ml of dry ether
      and cooled to 0.degree.C. 9.7 g of bromine dissolved in 30 ml of dry,
      ethanol-free chloroform were added slowly. During the addition, the
      temperature was kept at 0.degree.C. The temperature of the reaction
      mixture was then allowed to rise to room temperature and was kept there
      for 2.5 hours under stirring. The ether was then evaporated at room
      temperature and an oil was recovered, which soon crystallized. The product
      is identical with that received in Example 1j.
PAC  Example 2. Preparation of
      1-(3',5'-dihydroxyphenyl)-2-(t-butylamino)-ethanol and its salts
PAR  a. To a solution of 6.8 g of the hydrate of
      1-glyoxyloyl-3,5-dibenzyloxy-benzene in 50 ml of methanol were added 7.0 g
      of t-butyl-amine and 30 ml of benzene. The reaction mixture was refluxed
      for 3 hours and evaporated. The remaining oil crystallized when ethanol
      was added. M.p. 78.5.degree.-79.5.degree.C. 2.5 g of this compound in 75
      ml absolute ethanol were hydrogenated under normal conditions with Raney
      nickel. After filtering off the catalyst and evaporation, the remaining
      oil was dried with ethanol/benzene. The base in ethanol was treated with
      hydrogen bromide in ethanol and evaporated. The residue can be
      crystallized from glacial acetic acid/chloroform.
PAR  The IR spectrum of this product is identical with that of the product in
      2c.
PAR  b. To a solution of 3.5 g of 3',5'-dibenzyloxyphenyl-epoxyethane in 100 ml
      of ethanol was added 2.7g of t-butylamine in 20 ml of ethanol. The
      reaction mixture was refluxed for 4 hours and then evaporated. The
      crystalline residue can be recrystallized from absolute ether. The melting
      point of 1-(3',5'-dibenzyloxyphenyl)-2(t-butylamino)-ethanol is
      119.degree.-122.degree.C. The preparation of salt and the reduction can be
      performed in the same way as described under 2a.
PAR  c. 2.4 g of 3,5-dibenzyloxy-.omega.-(t-butylamino)acetophenone hydrobromide
      in 200 ml of glacial acetic acid were hydrogenated in the presence of 0.3
      g of 10% palladium charcoal at room temperature and normal pressure.
      Ethanol was added to dissolve precipitated reaction product. The catalyst
      was filtered off and the residue evaporated to dryness, 50 ml absolute
      ethanol was added and the solution hydrogenated in the presence of 0.3 g
      of 10% palladium charcoal at 35.degree.C. and 5 atmospheres pressure. The
      catalyst was filtered off and the residue evaporated to dryness. It was
      recrystallized from glacial acetic acid and chloroform: M.p.
      93.degree.-97.degree.C., for the monohydrate. The non-hydrated compound
      has the melting point 205.degree.-206.degree.C. (decomposition).
PAR  d. To a solution of 32 g of benzyl-t-butylamine in 300 ml of absolute
      ethanol at reflux temperature was added 32 g of
      3,5-dibenzyloxy-.omega.-bromoacetophenone in 10 ml of dry benzene. The
      mixture was refluxed for 20 hours and then evaporated. When absolute ether
      was added to the residue, benzyl-t-butylamine hydrobromide was
      precipitated. The precipitated compound was filtered off and to the
      filtrate was added an excess of 2 N sulphuric acid. This caused
      precipitation of the hydrogen sulphate of
      3,5-dibenzyloxy-.omega.-(benzyl-t-butylamino)-acetophenone which was
      recrystallized from acetone/ether. If the product is crystallized from
      different organic solvents, the melting point will vary with the type and
      amount of solvent of crystallization, but the product can be used directly
      for hydrogenation.
PAR  15 g of 3,5-dibenzyloxy-.omega.-(benzyl-t-butylamino)-acetophenone hydrogen
      sulphate in 200 ml of glacial acetic acid were hydrogenated in a Parr
      pressure reaction apparatus in the presence of 1.5 g of 10% palladium
      charcoal at 50.degree.C. and 5 atmospheres pressure. The reaction time was
      5 hours. The catalyst was filtered off, the filtrate was evaporated to
      dryness and the hydrogen sulphate of
      1-(3',5'-dihydroxyphenyl)-2-(t-butylamino)-ethanol was received. This
      compound is hygroscopic, but it can be transformed into a non-hygroscopic
      sulphate in the following manner.
PAR  The hydrogen sulphate was dissolved in water and the pH of the solution was
      adjusted to 5.6 (pH-meter) with 0.1 N sodium hydroxide solution. The water
      solution was evaporated to dryness and the residue dried with absolute
      ethanol/benzene and once more evaporated to dryness. The remaining crystal
      mixture was extracted in a Soxhlet extraction apparatus with absolute
      methanol. From the methanol phase the sulphate of
      1-(3',5'-dihydroxyphenyl) -2 -(t-butylamino)-ethanol crystallized. M.p.
      246.degree.-248.degree.C.
PAR  The sulphate can also be prepared in the following manner: After the
      hydrogenation with palladium charcoal in glacial acetic acid the catalyst
      was filtered off. At elevated temperature the theoretical amount of
      anhydrous sodium acetate was added, the solution stirred for 5  minutes,
      at which time the sodium sulphate was precipitated and then filtered off
      from the hot solution. From the filtrate the sulphate of
      1-(3',5'-dihydroxyphenyl)-2(t-butylamino)-ethanol was isolated.
PAR  e. To 6.3 g of 3,5-diacetoxy-.omega.-bromoacetophenone dissolved in 100 ml
      of dry benzene were added 7.0 g of benzyl-t-butylamine in 50 ml of dry
      benzene. The mixture was reflused for three hours and then evaporated.
      When absolute ether was added to the residue, benzyl-t-butylamine
      hydrobromide was precipitated and filtered off. The ether phase was
      treated with hydrogen bromide in ether until the solution was slightly
      acid.
PAR  The precipitated salt mixture was treated with water in order to dissolve
      benzyl-t-butylamine hydrobromide. The crystals were filtered off, washed
      with water and recrystallized by dissolving in ethanol and precipitating
      with absolute ether. The hydrobromide of
      (3,5-diacetoxy)-.omega.-(benzyl-t-butylamino)-acetophenone has the M.p/
      171.degree.-173.degree.C.
PAR  1.1 g of this salt were dissolved in warm absolute ethanol and 0.1 g 10%
      palladium charcoal were added. The solution was then hydrogenated at
      50.degree.C. and 5 atmospheres pressure overnight. The catalyst was
      filtered off and the volume of the solution reduced by evaporation. The
      hydrobromide of 1-(3',5'-diacetoxyphenyl)-2-(t-butylamino)-ethanol with 1
      mole of water was precipitated by the addition of ether. M.p.
      108.degree.-111.degree.C. The protective acetyl groups may be removed by
      boiling the 1-(3',5'-diacetoxyphenyl)-2-(t-butylamino)-ethanol
      hydrobromide with 1% hydrobromic acid for three hours. After evaporation
      and drying the product was recrystallized as described in Example 2c.
PAC  Example 3. Preparation of
      1-(3',5'-dibenzyloxyphenyl)-2-(benzyl-t-butylamino)-ethanol
PAR  To 18.3 g of 3',5'-dibenzyloxy-.omega.-(benzyl-t-butylamino)-acetophenone
      in ethanol were added 2 g of sodium borohydride. The reaction mixture was
      allowed to stand overnight. Some methanol was added and the solution was
      evaporated. To the residue was added water and 2-N sodium hydroxide
      solution and the water phase was extracted with ether. The ether phase was
      dried with magnesium sulphate. The ether was evaporated and an oil was
      collected, which crystallized on standing. M.p. 78.degree.-79.degree.C.
      The resulting 1-(3',5'-dibenzyloxyphenyl)-2-(benzyl-t-butylamino)-ethanol
      can be converted to the corresponding
      1-(3',5'-dihydroxyphenyl)-2-(t-butylamino)-ethanol by replacing benzyl
      groups with hydrogen in a known manner.
PAC  Example 4. Preparation of
      1-(3',5'-dihydroxyphenyl)-2-(cyclobutylamino)-ethanol hydrobromide
PAR  5.5 g of benzyl-cyclobutylamine were dissolved in 100 ml of absolute
      ethanol and 7.0 g of 3,5-dibenzyloxy-.omega.-bromoacetophenone in 30 ml of
      dry benzene were added to this solution. The reaction mixture was refluxed
      overnight and then evaporated. When absolute ether was added to the
      residue, the benzyl-cyclobutylamine hydrobromide was precipitated and
      filtered off. With the addition of 10% hydrobromic acid to the filtrate,
      the 3,5-dibenzyloxy-.omega.-(benzyl-cyclobutylamino)-acetophenone
      hydrobromide was precipitated. It was recrystallized from acetone/ether.
      M.p. 85.degree.-88.degree.C.
PAR  4.2 g of the recrystallized product were dissolved in ethanol and 0.5 g of
      10% palladium charcoal were added. The hydrogenation was performed in a
      Parr pressure reaction apparatus at 50.degree.C. and 5 atmospheres
      pressure. The reaction time was about 15 hours. The catalyst was filtered
      off and on evaporation the product crystallized. It was recrystallized
      from ethanol/ether. The melting point of
      1-(3',5'-dihydroxyphenyl)-2-(cyclobutylamino)-ethanol hydrobromide is
      227.degree.-228.degree.C.
PAC  B. PHARMACOLOGICAL TESTS OF TERBUTALINE
PAR  The present invention may be more fully understood by the following example
      of the pharmacological properties of the novel compounds claimed herein.
PAC  Example 5
PAL  a. Bronchospasmolytic effect in vitro
PAR  The effect of the relaxation of isolated bronchial muscle of a racemic
      mixture of terbutaline was compared with epinephrine and orciprenaline on
      spirally cut trachea from the guinea pig according to the method
      originally described by Castillo and Beer [J. Pharmacol. Exp. Ther. 90
      (1947) page 104] and later modified by Constantine [J. Pharm. Pharmacol.
      17 (1965) page 384].
PAR  In this test, guinea pigs are stunned with a blow on the head and bled to
      death. The trachea is dissected out, cut spirally and mounted in an organ
      bath (25 ml) in Krebs solution continuously aerated with oxygen (95%) and
      carbon dioxide (5%). Pilocarpine (1 .mu.g/ml) is added to bring the
      preparation into a state of contraction. The tension of the preparation is
      measured and is usually about 2 gm. initially. Dose response curves for
      epinephrine and each of the test compounds are then evaluated on the same
      muscle preparation. All comparisons of potency are made at ED.sub.50
      values (i.e., micrograms/ml) of compound needed to produce 50% relaxation
      of the trachea. When tested in accordance with this procedure the compound
      of the present invention, terbutaline, was found to be about two times as
      active as orciprenaline and slightly less potent than (-)-epinephrine.
PAR  b. Bronchospasmolytic effect in vivo
PAR  Orciprenaline and terbutaline were also tested in vivo according to the
      method described by Konzett and Rossler [Arch. Exp. Path. Pharmak. 195
      (1940) page 71]. In the method of Konzett and Rossler, the animal is
      ventilated with a constant volume of air. When a certain pressure has been
      reached in the lung, the volume of air which is in excess of the pulmonary
      capacity will escape through the valve. This surplus of air is recorded.
      The testing compounds in the Konzett and Rossler method, bronchial
      contraction is provoked by administration of histamine. The histamine
      reduced the capacity of the airways, and the measured overflow increases.
      In order to see to what extent a test compound counteracts the
      histamine-induced bronchospasm, the animal is first given an injection of
      the test compound which is followed 3 minutes later by exposure to
      histamine. Comparison of the overflow measured in the protected animal
      with the overflow induced by a non-protected animal following exposure to
      histamine shows the effectiveness of various compounds to control the
      bronchospastic effect of histamine.
PAR  The bronchospasmolytic effect of terbutaline measured in accordance with
      the Konzett and Rossler procedure was compared with the effect of
      orciprenaline, both compounds being administered intravenously. The
      results are graphically shown in FIG. 1. As can be seen for most of the
      period of the test, terbutaline was in the order of twice as effective as
      orciprenaline in controlling histamine-induced bronchospasms.
PAR  Similar results were obtained when the cyclobutyl compound was tested. The
      bronchospasmolytic effect of
      1-(3',5'-dihydroxyphenyl)-2-(cyclobutylamino)-ethanol when measured as
      described above was found to be about 1.2 times as active as orciprenaline
      and about 0.4 times as active as epinephrine.
PAR  c. Effect on heart, dual preparation test, in vitro
PAR  The relation between the heart stimulatory effect and bronchodilator effect
      was studied in vitro on auricle-trachea-preparation from the guinea pig in
      order to compare the effect on the heart and the effect on the bronchial
      muscle under identical experimental conditions. Both spontaneously bearing
      auricle and spirally-cut trachea were placed in the same bath in Krebs
      solution. Both preparations were taken from the same animal.
PAR  The compound to be tested was slowly infused into the bathing solution and
      the tension was measured for each of the auricle and trachael
      preparations. As the concentration of the compound rose with time, it was
      easy to observe on which muscle the test compound was more effective and
      the time (or concentration) at which the effect became observable.
PAR  In carrying out this dual preparation test, epinephrine was used as a
      reference. Epinephrine causes bronchodilation and heart muscle stimulation
      in the same concentration range. Infusion of epinephrine was made over a
      period of ten minutes. After washing and recovery, the test solution was
      infused in the same manner and the effect of the test compound was
      compared with the effect of epinephrine.
PAR  FIG. 2 sets forth a typical result of this experiment comparing the effect
      of epinephrine with the effect of terbutaline infused at two different
      rates. In a like manner, epinephrine is compared, in FIG. 3, with
      norepinephrine (NE) and isoprenaline (IPR), and FIG. 4 compares
      epinephrine with orciprenaline.
PAR  Referring more specifically to FIG. 2, the upper portion of each chart
      thereof represents the tension continuously recorded of the auricle
      preparation (shaded area 1 for the effect of epinephrine on the auricle,
      ref. no. 2 for the effect of terbutaline infused at a rate of 0.2
      .mu.g/min on the auricle, and ref. no. 3 for the effect of terbutaline
      infused at a rate of 0.375.mu.g/min on the auricle). The upper boundary of
      each of the shaded areas (for example, ref. no. 4 of the shaded area 1)
      represents the maximum tension of the spontaneously beating auricle while
      the lower boundary (ref. no. 5 of shaded area 1) represents the minimum
      tension of the spontaneously beating auricle.
PAR  As can be seen in FIG. 2, as epinephrine is infused, the maximum tension of
      the spontaneously beating auricle increases with time, and increasing
      concentration of epinephrine (ref. no. 1 of FIG. 2). By contrast, during
      the time period when epinephrine infused at a rate of 0.375
      micrograms/minutes nearly doubled the maximum tension of the auricle,
      terbutaline infused at the same rate (ref. no. 3 of FIG. 2) had little
      observable effect on the auricle.
PAR  The concurrent measurements of the relaxation of the tracheal preparation
      in the same test show that while terbutaline had little effect on the
      auricle, its effect on the trachea was nearly as potent as the effect of
      epinephrine. Thus, referring to FIG. 2, there is shown the relaxation of
      the tracheal muscle upon infusion of 0.375 .mu.g/minute of epinephrine
      (ref. no. 6). It is apparent that epinephrine is affecting both the
      auricle and tracheal preparations over the concentration range tested.
      This same measurement of the relaxation of the tracheal muscle for
      terbutaline (ref. no. 7 of FIG. 2) shows that terbutaline infused at a
      rate of 0.375 .mu.g/minute had an effect on the tracheal muscle nearly
      comparable to that of epinephrine infused at the same rate.
PAR  Referring to FIG. 3, norepinephrine illustrates the behavior of a
      sympathomimetic amine which is a poor bronchodilator. It has a strong
      effect on the heart muscle (ref. no. 8) without affecting the bronchial
      muscles (ref. no. 9). In intepreting curves 8 and 9, reference should be
      made to the related control test on epinephrine for the auricle (ref. no.
      10) and trachea (ref. no. 11) preparations. FIG. 3 also shows a test on
      this same preparation of the effect of isoprenaline (IPR) and FIG. 4 shows
      the effect of orciprenaline (ORC) on tracheal-auricle preparations. The
      effect of isoprenaline on the auricle (ref. no. 12) and trachea (ref. no.
      13) are to be compared with the related control curves (ref. nos. 10 and
      11) of FIG. 3, while the effect of orciprenaline on the trachea (ref. no.
      14) and auricle (ref. no. 15) preparations are to be compared with the
      related control using epinephrine for that test, (ref. nos. 16 and 17). As
      can be seen from FIGS. 3 and 4, both isoprenaline and orciprenaline are
      strong cardiac stimulants in relation to their bronchodilator effect.
PAR  d. Effect on the heart -- Langendorff preparation in vitro
PAR  The effect of the compound of the present invention was also studied on
      isolated rabbit heart (Langendorff preparation) the method used as
      described by Anden et al. (Acta Pharmacol. et Toxicol., 21 (1964) page
      247). In this procedure, the isolated heart is mounted in a Krebs solution
      and the test compound is injected into it. Measurements are continuously
      recorded of the rate and force of contraction.
PAR  The top portion of FIG. 5 displays the results of a first series of tests
      injecting epinephrine (EPE) at various concentrations. The tests using
      epinephrine establish a standard of comparison to evaluate subsequent test
      compounds in the same preparation. It is apparent that epinephrine causes
      an increase in the heart rate (ref. no. 18 of FIG. 5 upper) relative to
      the baseline therefor (ref. no. 19) and also an increase in the force of
      contraction (ref. no. 20) relative to the baseline of the force record
      (ref. no. 21). Increasing the amount of injected epinephrine to 0.2
      micrograms and 0.4 micrograms increases both the chronotropic (rate) and
      inotropic effects (force) recorded.
PAR  The middle and lower portions of FIG. 5 show a comparison using this same
      test procedure of the effect on the heart of terbutaline (TER) with the
      effect on the heart of epinephrine. It is apparent that the effect of
      terbutaline on the heart is weak (ref. nos. 22, 23, 24, 25, 26 and 27),
      while the effect of epinephrine is readily observable (ref. nos. 28, 29,
      30 and 31).
PAR  It is estimated from these data that the effect of terbutaline onthe
      isolated rabbit heart is only about one-fiftieth of that of epinephrine.
PAR  The effect of orciprenaline (ORC) is compared with epinephrine and
      terbutaline in FIG. 6. The cardioaccelerating effect of orciprenaline
      shown in FIG. 6 is about one-fourth that of epinephrine and substantially
      more than the effect on the heart of terbutaline.
PAR  Employing this same procedure the cardiac stimulatory effect of
      1-(3',5'-dihydroxyphenyl)-2-(cyclobutylamino)-ethanol was measured. The
      test results showed that the effect on the heart of the cyclobutyl
      compound was less than 0.1 times that of epinephrine.
PAR  e. Effect on sphincter of Oddi
PAR  The effect of terbutaline on the choledochoduodenal sphincter of young,
      healthy cats was studied. Young animals weighing at least 2.0 kg were
      used. After being deprived of food but not water for 24 hours, they were
      anesthetized with pentobarbitol (40 mg/kg i.p.). The terminal portion of a
      common bile duct was isolated and cannulated toward the duodenum. The
      hepatic part of the bile duct was drained to prevent distention. The
      pressure was continuously recorded by the open tip technique. Details of
      the experimental set up have been published by Liedberg and Halabi [Acta.
      Chir. Scand. 136 (1970) page 208.] Heart rate was recorded on all
      experiments and blood pressure by arterial cannulation in some.
PAR  The effect of terbutaline and isoprenaline on bile duct pressure and
      duodenal pressure are graphically set forth in FIGS. 7 and 8. Referring to
      the upper curve of FIGS. 7 and 8, the heart rate is continuously recorded.
      Concurrent records are made in the middle curve and lower curve of the
      pressures measured respectively in the common bile duct and in the lower
      duodenum.
PAR  As shown in FIG. 7, injection of 1 .mu.g/kg of terbutaline (TRB)
      substantially reduces the common bile duct pressures (ref. no. 33) but
      only slightly affects the heart rate (ref. no. 32) and the duodenal
      pressure (ref. no. 34) This shows that terbutaline relaxes the sphincter
      with minimum effect on the heart rate and duodenum. By contrast,
      isoprenaline, although it reduces common bile duct pressure (ref. no. 36),
      and thereby relaxes the sphincter, also produces marked tachycardia (ref.
      no. 35).
PAR  As a control in this test, the animal was also treated with 0.5
      international units per kg of cholecystokinin (CCK). CCK relaxed the
      sphincter (ref. no. 38) and markedly stimulated the duodenum (ref. no.
      39).
PAR  In a second test of the effect of terbutaline and isoprenaline on the
      sphincter (see FIG. 8), the duodenal motility was measured without being
      affected by CCK.
PAR  In the unstimulated sphincter a rhythmic activity independent on the
      duodenal motility is found. The i.v. injection of terbutaline relaxed the
      sphincter (ref. no. 40) with minimum effects on heart rate (ref. no. 41)
      and duodenum motility (ref. no. 42) whereas isoprenaline both produced
      tachycardia (ref. no. 43) and inhibited duodenal motility (ref. no. 44).
PAR  Of 25 cats, 20 responded in this way to terbutaline in the dose range
      0.5-4.0 .mu.g/kg; the other five responded similarly to 5-10 .mu.g/kg.
      Isoprenaline in a dose of 0.5-4.0 .mu.g/kg had a similar effect on the
      sphincter, but differed markedly from terbutaline in its effect on heart
      rate and intestinal activity.
PAC  C. CLINICAL TESTS OF TERBUTALINE
PAC  Example 6. Clinical Studies
PAR  Clinical studies have been made on the use of terbutaline in the treatment
      of asthmatic conditions. For control purposes in this study, the activity
      of the compound of the present invention was compared with orciprenaline.
PAR  All the patients were hospitalized for severe bronchial asthma. Before the
      patients were selected for the trial, spirometry was performed before and
      after isoprenaline inhalations to make sure that their obstruction was at
      least partly reversible by bronchodilating drugs. The tests were performed
      when the patients were in a relatively steady state of moderate asthmatic
      discomfort. Every morning during the trial control measurements of forced
      expiratory volume in one second (FEV.sub.1.0) were made. These values had
      to be less than 70% of the predicted normal value taking in consideration
      sex, age and heights. All the patients were under treatment of different
      drugs for their asthma. Other bronchodilating drugs were withdrawn at
      least 6 hours before the start of the measurements. Most of the patients
      were treated with steroids, antibiotics and expectorants before the start
      of the trial. This regimen was continued unchanged during the trial
      period.
PAR  Twenty-four took part in the study, 10 male and 14 female. Average age was
      51 years (range 15-71 years), mean body weight 64 kg (range 44-88 kg.) and
      height 166 cm (range 150-187 cm).
PAL  Methods
PAR  The trial was performed as a double blind study during three consecutive
      days with the patients serving as their own control. The drugs and doses
      used were terbutaline, 5.0 mg, and 7.5 mg and orciprenaline, 20 mg
      (Alupent).sup.1 Tablets containing 2.5 mg of terbutaline and placebo
      tablets with the same shape, color, etc. as these were used..sup.2 Only
      one dose of either terbutaline or orciprenaline was given each day. The
      patients always received four tablets, e.g. if the dose was 20 mg of
      orciprenaline, the patient got three placebo tablets with the same
      appearance as terbutaline 2.5 mg tablets and one Alupent tablet. The order
      of treatment was randomized according to the principle of Latin squares.
FNT  .sup.1 Boerhringer/Ingelheim Batch No. 80008
FNT  .sup.2 Placebo tablets to Alupent were manufactured by AB Draco Lund,
      Sweden
PAR  Lung function tests were made immediately before the administration of the
      tablets and after 1, 2, 3, 5 and 7 hours. FEV.sub.1.0 was measured using a
      Vitalograph spirometer. The highest value of three measurements on each
      occasion was used in the calculations. All the patients had been trained
      to perform the tests the day before the start of the trial. After 3 and 7
      hours, the patients were questioned for side effects. The same, specially
      trained, nurse assisted throughout the whole investigation.
PAR  The "Student's" t-test was used for statistical evaluation of the results.
      The degree of significance for the differences is given as almost
      significant (p&lt;0.05.sup.x) significant (p&lt;0.01.sup.xx) and highly
      significant (p&lt;0.001.sup.xxx).
PAL  Results
PAR  The bronchodilating effect of the drugs expressed as changes in FEV.sub.1.0
      in percent of the starting values is illustrated graphically in FIG. 9.
      Both the drugs gave a clearcut increase of the spirometric values.
      However, the improvement obtained by terbutaline (5.0 mg/dose) was
      significantly greater than that of orciprenaline (20 mg/dose).
PAR  The duration of action also favored terbutaline. The maximal response
      obtained by orciprenaline occurred after 2 hours, at which time
      terbutaline showed better but not maximal effect. The maximum effect of
      terbutaline was reached after 3 hours.
PAR  The difference between terbutaline and orciprenaline regarding the changes
      of FEV.sub.1.0 was statistically significant after 3 hours (p&lt;0.001), 5
      hours (p&lt;0.01) and 7 hours (p&lt;0.05).
PAL  Discussion
PAR  The study showed that orally given terbutaline was effective in relaxing
      bronchial obstruction in asthmatic patients. The duration of action was
      considerbly longer and presumably longer than 5 hours. The results
      indicate that a dose of 5 mg of terbutaline was superior to 20 mg of
      orciprenaline, which dose is recommended by the manufacturer, with respect
      to both maximum effect and duration of effect.
PAR  The combination of pronounced broncholytic effect, negligible circulatory
      effects and a remarkably long duration of action makes it reasonable to
      expect that an oral dose of 5 mg of terbutaline administered 2-4 times a
      day, depending on the severity of the disease, is suitable for continuous
      daily use by patients with bronchial asthma. This statement applies not
      only to relaxation of acute bronchial obstruction, but also to the use as
      a prophylaxis against asthmatic attacks. Experiences from a study of the
      long term effects of oral terbutaline (5.0 mg 3 times daily) supports this
      expectation.
PAC  D. Laboratory tests of 1-(3',5'-dihydroxyphenyl)-2-cyclobutylamino ethanol
PAR  The pharmacological properties of
      1-(3',5'-dihydroxyphenyl-2-(cyclobutylamino)-ethanol of the present
      invention has been compared with
      1-(3',4'-dihydroxyphenyl)-2-(cyclobutylamino)-ethanol. For identity, the
      compounds tested were assigned code numbers as follows:
      ##EQU15##
PAR  The tests, described in more detail below, compared KWD2025 (claimed in
      this application) with KWD2109 (described in the prior art). In some
      tests, KWD2025 and 2109 were compared with each other, and in other tests,
      these two compounds were each compared, in activity, to epinephrine, and
      the comparative activity of the two compounds was derived.
PAR  The object of these tests was to determine the selectivity of
      bronchospasmolytic effect relative to the effect on the heart. For KWD2025
      (of the present invention) and KWD2109 (of the prior art), this was done
      separately by measuring the effect on the bronchii and the heart in
      laboratory animals, both in vitro and in vivo. The results showed that
      KWD2109 was of greater overall activity than KWD2025; however, its
      activity in stimulating the heart was very much greater. Therefore,
      KWD2025 showed a substantial improvement in selectivity as a
      bronchospasmolytic agent; or, in other words, in doses providing equal
      bronchospasmolytic activity, the effect on the heart of KWD2025 was
      materially reduced.
PAC  EXAMPLE 7.
PAR  a. Bronchospasmolytic effect in vitro
PAR  The trachea from a guinea pig was dissected out and spirally out. It was
      mounted in a water-jacketed bath (37.degree.C.) in Kreb's solution and
      aerated with oxygen (95%) and carbon dioxide (5%). Pilocarpine (1
      .mu.g/ml) was added. The load was about 2 g and the relaxation was
      recorded by means of a Grass force displacement transducer and a Grass
      polygraph model 5. The compound KWD2109 was tested on six preparations in
      which epinephrine was used as reference.
PAR  In this test, it was found that KWD2109 as a bronchospasmolytic agent was
      14 times as effective as KWD2025. KWD2109 was 8.6 .+-. 1.7 times as
      effective as epinephrine in six tests.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Isolated guinea pig trachea.                                              
     Effect of KWD2109 compared                                                
     with Epinephrine and KWD2025                                              
                Effect x   Number of  Effect x                                 
     Compound   Epinephrine                                                    
                           Experiments                                         
                                      KWD2025                                  
     ______________________________________                                    
     KWD2109    8.6 .+-. 1.7                                                   
                           6          14                                       
     ______________________________________                                    
PAR  b. Bronchospasmolytic effect in anesthetized cat
PAR  Cats of both sexes (2.5-4 kg) were initially anesthetized with Nembutal 35
      mg/kg intraperitoneally. Bronchospasmolytic effect was recorded according
      to Konzett & Rossler. Bronchoconstriction was produced by intravenous
      injections of histamine into the jugular vein. The drug was injected by
      the same route 3 minutes before the injection of histamine. Overflow was
      recorded by means of a Grass volume transducer. Changes in arterial mean
      pressure and heart rate were continuously recorded on a Grass polygraph.
      KWD2109 was used as a reference. Heart rate and arterial mean pressure
      were continuously recorded during the experiment. Three cats were used.
PAR  bronchospasmolytic bronochospasmolytic effect of KWD2109, by the Konzett &
      Rossler procedure was 7.2 times the activity of KWD2025.
PAR  c. Protecting effect against histamine aerosol in intact guinea pigs
PAR  The compounds KWD2109 and KWD2025 have been compared in preventing
      bronchospasm induced by histamine aerosol in guinea pigs.
PAR  The drug was injected intraperitoneally 15 minutes (Table 2) or
      administered orally 30 minutes (Table 3) before histamine treatment. The
      dose of the drugs protecting 50 per cent of the animals for more than 4
      minutes is denoted "ED50". In untreated animals only 1-2 percent will
      withstand the histamine aerosol for more than 4 minutes.
PAR  To study the duration of the effect, 2 mg/kg was administered orally to
      intact guinea pigs at different time intervals before the histamine
      treatment. Two series each including eleven groups of six animals was
      studied. The groups were tested in histamine aerosol 10, 20, 30, 40, 50,
      60, 120, 180, 240, 300 and 360 minutes after the administration of the
      compound. The per cent of animals in each group protected more than 4
      minutes and more than 10 minutes was determined.
PAR  The results are given in Tables 2 and 3. After intraperitoneal
      administration, KWD2109 is 3.5 times as active as KWD2025 (i.e. 3.5 times
      as much KWD2025 was required to produce the effect of KWD2109). The test
      was repeated using orally administered drugs. By the oral route, KWD2109
      was 3.1 times as active as KWD2025.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Intact guinea pigs treated by                                             
     histamine-aerosol 15 minutes                                              
     after i.p. administration of                                              
     drugs                                                                     
                   ED50 mg/kg  Number of                                       
     Compound      m .+-. s.e. animals                                         
     ______________________________________                                    
     KWD2109       0.17 .+-. 0.02                                              
                               40                                              
     KWD2025       0.60 .+-. 0.07                                              
                               40                                              
     ______________________________________                                    
      s.e. (standard error) according to Miller and Tainter Proc. Soc. Exp.    
      Biol. 57, 261,1944.                                                      
TBL                TABLE 3                                                     
     ______________________________________                                    
     Intact guinea pigs treated by                                             
     histamine-aerosol 30 minutes                                              
     after peroral administration                                              
     of drugs                                                                  
                ED50 mg/kg        No. of                                       
     Compound   m .+-. s.e.       animals                                      
     ______________________________________                                    
     KWD2109    0.55 .+-. 0.14    40                                           
     KWD2025    1.7 .+-. 0.3      40                                           
     ______________________________________                                    
      s.e. (standard error) according to Miller & Tainter Proc. Soc. Exp. Biol.
      57,261, 1944.                                                            
PAR  d. Effect on isolated guinea pig heart
PAR  The isolated guinea pig heart was perfused according to Langendorff. The
      method used is described by Anden et al. (Acta. Pharmacol. et Toxicol. 21,
      247, 1964). Contractions in the heart were recorded by means of a force
      displacement transducer and aa Grass polygraph Model 7. Epinephrine was
      used as reference. KWD2109 and KWD2025 were tested on the same
      preparation. The comparisons of effects were based on dose for 50 percent
      increase in chronotropic effect and 10 percent increase in inotropic
      effect.
PAR  The results are given in Tables 4 and 5
TBL                TABLE 4                                                     
     ______________________________________                                    
     Isolated guinea pig heart. Effect                                         
     of KWD2109 on heart rate. Compari-                                        
     son is made with KWD2025 and epinephrine                                  
                Effect x   Number of  Effect x                                 
     Compound   Epinephrine                                                    
                           Experiments                                         
                                      KWD2025                                  
     ______________________________________                                    
     KWD2109    11.8 .+-. 6.5                                                  
                           3          168                                      
     ______________________________________                                    
     TABLE 5                                                                   
     ______________________________________                                    
     Isolated guinea pig heart. Effect                                         
     on force. Comparison is made with                                         
     KWD2025 and epinephrine                                                   
                Effect x   Number of  Effect x                                 
     Compound   epinephrine                                                    
                           Experiments                                         
                                      KWD2025                                  
     ______________________________________                                    
     KWD2109    5.5 .+-. 3.2                                                   
                           3          79                                       
     ______________________________________                                    
PAR  Comparison of the test results from Examples 7a to 7d shows that KWD 2109
      is between 3 and 7 times more active as a bronchospasmolytic agent than
      KWD 2025; however, the effect on the heart of KWD 2109 is in the order of
      80 to 160 times the effect of KWD 2025. Thus, when used in equal
      bronchospasmolytic doses, KWD 2025 provides a substantially reduced effect
      on the heart.
PAR  This conclusion is confirmed by simultaneous tests of the effect on KWD
      2025 and KWD 2109 on the heart and bronchii in the following laboratory
      test:
PAC  Example 8. Direct comparison of heart muscle and tracheal muscle effects
PAR  a. Effect on isolated guinea pig auricle and trachea
PAR  The left auricle was dissected out and mounted together with spirally-cut
      trachea from the same animal in a 100 ml bath in Kreb's solution
      (37.degree.C.) well aereated with a mixture of oxygen (95%) and carbon
      dioxide (5%). The auricle was electrically stimulated with square wave
      pulses from a Techtronic Stimulator (voltage 2-4; duration: 10 m sec;
      frequency 1 per second). This is, in general, the same procedure described
      above in Example 5c. By conducting the tests of the two organs in the
      identical bath and under identical experimental conditions it is possible
      to demonstrate directly that KWD2025, in a dose sufficient to produce an
      effect on the trachea, has a materially reduced effect on the auricle.
PAR  Using the dual bath preparation, tests were made of the effect on the
      trachea and auricle of KWD2025 (of the present invention) and of the known
      drugs KWD2109 and epinephrine. The drug to be tested was added to the bath
      in the predetermined amount and allowed to act upon the organs for 10
      minutes.
PAR  The bronchospasmolytic effect of KWD2109 was 8 to 10 times the effect of
      epinephrine (measured as the relative amounts of test compound required to
      produce an equal effect). When doses of KWD2109 and epinephrine that
      produced the same effect on the trachea were compared, the effect of
      KWD2109 on the auricle of the same order as that of epinephrine.
PAR  The bronchospasmolytic effect of KWD2025 was 0.8 and 0.9 times the effect
      of epinephrine When doses of KWD2025 and epinephrine producing the same
      effect on the trachea were compared the effect on KWD 2025 on the auricle
      (inotropic effect) was only 0.1 to 0.33 times the effect of epinephrine.
PAR  b. Tests on anesthetized cat
PAR  The relative bronchospasmolytic and cardiovascular effects of compounds can
      be tested in the method of Konzett & Rossler (see Example 5b above). As
      has already been described, the test animal is force-ventilated and the
      effect of various compounds in controlling histamine-induced
      bronchoconstriction, as reflected by overflow of the forced ventilation in
      excess of lung capacity, is used as a measure of the bronchospasmolytic
      effect. Concurrently in the same animal, changes in heart rate and
      arterial mean pressure can be simultaneously recorded.
PAR  In carrying out this procedure, bronchoconstriction in the test animal is
      induced by injection of histamine. The ability of KWD2025 and KWD2109 to
      control the histamine-inducred bronchoconstriction is measured by
      injecting the test compound 3 minutes before injection of the test
      compound, and before injection of histamine, the effect of the test
      compound on the heart rate is recorded.
PAR  The results of this test showed that in equal bronchospasmolytically
      effective doses, KWD2109  had a more pronounced effect on the heart rate
      than did KWD2025.
PAL  Summary of Tests on KWD2025 in Examples 7 and 8
PAR  From the test results given above it is seen that KWD2109 shows an in vitro
      bronchospasmolytic activity which is about 14 times better than that of
      KWD2025 (Example 7a). In the in vivo tests on guinea pig
      bronchospasmolytic acitivity KWD2109 has an effect which is about 3 times
      that of KWD2025 after intraperitoneal and oral administration (Example
      7c). After intravenous injection in cats, the bronchospasmolytic effect of
      KWD2109 is about 7 times that of KWD2025 (Example 7b). These differences
      in bronchospasmolytic effect obtained in the different tests probably are
      due to a more rapid inactivation of KWD2109 compared with that of KWD2025.
PAR  KWD2109, however, has an in vitro chronotropic effect on the heart rate
      which is about 170 times greater than that of KWD2025, and KWD2109 has a
      positive inotropic effect on the heart which is about 80 times that of
      KWD2025 (Example 7d). Thus, in terms of therapeutic index for
      bronchospasmolytic effect over the effect on the heart and giving KWD2025
      the index 1.0, KWD2109 has the value of 0.083 when the inotropic heart
      effect is considered. It is evident that while KWD2109 exhibits a greater
      bronchospasmolytic activity than KWD2025 in the in vitro tests, the
      pronounced effect on the heart of KWD2109 as compared with KWD2025 is a
      great drawback.
PAR  The pronounced effect of KWD2109 on the heart as compared with KWD2025 was
      verified in the in vitro study on isolated guinea pig auricle and trachea
      when mounted in the same bath, where it was shown that KWD2109 increased
      the force of contraction in the auricle in concentrations where it relaxed
      the trachea, while KWD2025 relaxed the trachea without affecting the
      auricle [Example 8a].
PAR  The highly selective effect on the bronchial muscles which is exhibited by
      KWD2025 makes KWD2025 a bronchospasmolytic agent which is clearly superior
      to the previously known compound KWD2109.
PAC  E. TOXICITY TESTS
PAC  Example 9. Toxicity tests
PAR  The toxicity of a racemic mixture of terbutaline for mice after i.v., s.c.
      and oral administration is given in Table 6. For comparison corresponding
      LD.sub.50 values are given for orciprenaline.
TBL                TABLE 6                                                     
     ______________________________________                                    
     Acute toxicity in mice                                                    
                        LD.sub.50 mg/kg mice                                   
                                      Number of                                
     Compound    Adm.   (base)        animals                                  
     ______________________________________                                    
     Terbutaline i.v.    47           25                                       
       "         s.c.   240           25                                       
       "         oral   3200          20                                       
     Orciprenaline                                                             
                 i.v.    80           25                                       
       "         s.c.   295           25                                       
       "         oral   4800*         --                                       
     ______________________________________                                    
      *According to Engelhart et al.;Arzneimittelforschung 11, (1961), 521-525 
PAR  Toxicity measurements on the cyclobutyl compounds of the present invention
      shows an LD.sub.50 for KWD2025
      [1-(3',5'-dihydroxyphenyl)-2-(cyclobutylamino)ethanol]after i.v.
      administration in mice is 54 mg/kg body weight.
PAR  The compounds of the present invention have a very favorable ratio of
      cardiac stimulation to broncho-spasmolytic activity. This unexpected
      property makes them particularly suitable for treatment of bronchospastic
      conditions, such as asthma and other related ailments affecting the
      respiratory system.
PAC  F. OPTICAL ISOMERS
PAR  The compounds of the present invention, as is apparent from their
      structure, are optically active. They can be resolved in the usual manner,
      as illustrated by the following example:
PAC  Example 10. Optical resolution of
      1-(3',5'-dihydroxyphenyl)-2-(benzyl-t-butylamino)-ethanol
PAR  a. Optical resolution of
      1-(3',5'-dibenzyloxyphenyl-2-(benzyl-t-butylamino)-ethanol
PAR  25.0 g of 1-(3',5'-dibenzyloxyphenyl)-2-(benzyl-t-butylamino)-ethanol
      (racemic base) were dissolved in 375 ml of methanol under heating and 19.0
      g of (-)dibenzoyl-tartaric acid in 125 ml of methanol were added. The
      mixture was refluxed for 30 minutes. After evaporation an oil was
      recovered. This was dissolved in boiling isopropanol and water was added
      until turbidity appeared and then a few ml of isopropanol to get a clear
      solution. The solution was left over night to crystallize and 37.0 g of a
      white crystalline product was isolated. Another 7.0 g were recovered from
      the filtrate after reduction of the volume. The two fractions were mixed
      and dissolved in 1100 ml of absolute ethanol, filtered and allowed to
      crystallize. This product was recrystallized from absolute ethanol until
      the rotation remained constant (6 times [.alpha.].sub.D.sup.20 =
      -34.2.degree. (1% in absolute methanol). Yield 4.5 g.
PAR  b. Preparation of (-)-1-(3',5'-dihydroxyphenyl)-2-(t-butylamino)-ethanol
      hydrobromide
PAR  4.0 g of the product of part (a) were suspended in water, ether was added
      and then aqueous ammonia. The extraction of the base was performed with
      two portions of ether. Diluted hydrobromic acid was added to the ether
      phase and stirred for 1.5 hours. A white crystalline product was formed.
      This was filtered off and washed with water and dry ether. Yield 2.8 g
      [.alpha.].sub.D.sup.20 = +33.3.degree. (1% in absolute methanol).
PAR  This product was dissolved in 75 ml of absolute ethanol and 0.15 g of 10%
      palladium charcoal were added and the hydrogenation performed at room
      temperature for four hours at 5 atmospheres pressure. The catalyst was
      filtered off and the residue evaporated to dryness. A small amount of
      ethanol was added to dissolve the product and then ether was added until
      turbidity was observed. The crystalline precipitate which separated after
      standing, was filtered off with suction and was dried for 7 hours (over
      boiling toluene) Yield 1.2 g.
PAR  Br.sup.- (calculated) = 26.1%; Br.sup.- (found) = 25.8%;
      [.alpha.].sub.D.sup.20 = - 34.6.degree. (1% in absolute methanol) M.p.
      241.degree.-242.degree.C.
PAR  c. Preparation of (+)-1-(3',5'-dihydroxyphenyl)-2-(t-butylamino)-ethanol
      hydrobromide
PAR  23.7 g base of 1-(3',5'-dibenzyloxyphenyl)-2-(benzyl-t-butylamino)-ethanol,
      derived from the collected supernatant solutions from the preparation of
      the (-)-1-(3',5'-dibenzyloxyphenyl)-2-(benzyl-t-butylamino)-ethanol, were
      dissolved in 250 ml of methanol and 18.2 g of (+)-dibenzoyl-tartaric acid
      in 250 ml of methanol were boiled under reflux for 60 minutes. The product
      was then worked up in the same way as described above and recrystallized
      from absolute ethanol (twice) [.alpha.].sub.D.sup.20 = + 34.3.degree. (1%
      in absolute methanol). Yield 10.5 g.
PAR  The hydrobromide was made from 9.5 g of this salt in the same way as
      described above. Yield 6.2 g [.alpha.].sub.D.sup.20 = - 33.0.degree. (1%
      in absolute methanol). The hydrogenation of 5.5 g of this product was
      performed as earlier described. It was crystallized from ethanol/ether.
      Yield 2.7 g [.alpha.].sub.D.sup.20 = + 34.2.degree. (1% in absolute
      methanol).
PAR  Br.sup.- (calculated) = 26.1%; Br.sup.- (found) = 25.8%; M.P.
      241.degree.-243.degree.C.
PAC  G. PREPARATION OF DIACYLOXY PHENYL COMPOUNDS
PAR  While the compounds of the present invention are conveniently used in the
      free dihydroxy form, they may also be used in the form of the dialkanoyl
      esters. Illustrative acyloxy groupings which may be substituted for the
      hydroxy phenyl groups are:
      ##EQU16##
      The preparation and use of the esters is illustrated by the following
      examples:
PAC  Example 11. Preparation of
      1-(3',5'-diacetoxyphenyl)-2-(t-butylamino)-ethanol
PAR  a. Preparation of 3,5-dihydroxy-.omega.-(t-butylamino)-acetophenone
      hydrobromide
PAR  27.0 g of 3,5-dibenzyloxy-.omega.-(benzyl-t-butylamino)acetophenone
      hydrobromide were dissolved in 400 ml of glacial acetic acid and
      hydrogenated at atmospheric pressure and room temperature in the presence
      of 3.0 g of 10% palladium charcoal. When the calculated amount of hydrogen
      was taken up the hydrogenation was stopped. Absolute ethanol was added to
      dissolve the formed crystalline product. The catalyst was filtered off and
      the volume of the filtrate was reduced by evaporation until
      crystallization started. Yield 20.0 g.
PAR  b. Preparation of 3,5-diacetoxy-.omega.-(t-butylamino)acetophenone
      hydrobromide
PAR  3.0 g of 3,5-dihydroxy-.omega.-(t-butylamino)acetophenone hydrobromide were
      refluxed under stirring with 2.5 g of acetic anhydride in 75 ml of glacial
      acetic acid under nitrogen atmosphere for 16 hours. The solvent was
      evaporated and the residue dissolved in ethanol. The addition of absolute
      ether, crystallized the product,
      3,5-diacetoxy-.omega.-(t-butylamino)-acetophenone hydrobromide. It was
      recrystallized from methanol/ether.
PAR  Yield 2.0 g M.p. 191.degree.-193.degree.C.
PAR  c. Preparation of 1-(3',5'-diacetoxyphenyl)-2-(t-butylamino)-ethanol
      hydrobromide
PAR  1.0 g of 3,5-diacetoxy-.omega.-(t-butylamino)acetophenone hydrobromide was
      dissolved in absolute ethanol and hydrogenated in a Parr pressure reaction
      apparatus at 50.degree.C and 5 atmospheres pressure for 17 hours in the
      presence of 0.1 g of 10% palladium charcoal. The catalyst was filtered off
      and the volume of the filtrate was reduced by evaporation. By the addition
      of absolute ether, the hydrobromide of
      1-(3',5'-diacetoxyphenyl)-2-(t-butylamino)ethanol crystallized.
PAR  Yield 0.7 g.; M.p. 108.degree.-111.degree.C.
PAR  The compounds 1-(3',5'-diisobutyryloxyphenyl)-2-(t-butylamino)-ethanol
      hydrobromide (M.p. 168.degree.-170.degree.C.),
      1-(3',5'-dipropionyloxyphenyl)-2-(t-butylamino)-ethanol hydrobromide (M.p.
      114.degree.-116.degree.C.) were prepared according to the same method as
      described for the preparation of
      1-(3',5'-diacetoxyphenyl)-2-(t-butylamino)-ethanol hydrobromide.
PAC  Example 12. Preparation of
      1-(3',5'-dipivaloyloxyphenyl)-2-(t-butylamino)-ethanol
PAR  a. Preparation of
      3,5-dipivaloyloxy-.omega.-(benzyl-t-butylamino)-acetophenone hydrobromide
PAR  To 16.0 g of 3,5-dipivaloyloxy-.omega.-bromoacetophenone in 200 ml of dry
      benzene were added 22.0 g of benzyl-t-butylamine. The reaction mixture was
      refluxed for four hours and then allowed to stand at room temperature for
      15 hours. The benzene phase was evaporated to dryness and absolute ether
      was added. Benzyl-t-butylamine hydrobromide crystallized out and was
      filtered off. 50 ml of 10% hydrobromic acid were added to the filtrate
      under stirring and a crystalline product of
      3,5-dipivaloyloxy-.omega.-(benzyl-t-butylamino)-acetophenone hydrobromide
      was formed.
PAR  Yield 11.0 g; M.p 162.degree.-167.degree.C.
PAR  b. Preparation of 1-(3',5'-dipivaloyloxyphenyl)-2-(t-butylamino)-ethanol
      hydrobromide
PAR  3.0 g of 3,5-dipivaloyloxy-.omega.-(benzyl-t-butylamino)-acetophenone
      hydrobromide were dissolved in absolute ethanol and hydrogenated in a Parr
      pressure reaction apparatus for 20 hours at 50.degree.C. and 5 atmospheres
      pressure in the presence of 0.3 g of 10% palladium charcoal. The catalyst
      was filtered off and the filtrate evaporated to dryness. The residue was
      crystallized from chloroform/ether/petroleum ether. (B.p.
      60.degree.-85.degree.C.).
PAR  Yield 1.8 g; M.p. 190.degree.-192.degree.C.
PAC  H. PHARMACOLOGICAL TESTS ON 1-(3',5'-DIACYLOXYPHENYL)-2-AMINOETHANOLS
PAR  As in examples 7 and 8, the objective is to ascertain the selectivity as a
      bronchospasmolytic agent, relative to cardiac effects, shown by the test
      compounds.
PAR  The compounds evaluated are referred to by code numbers and structural
      formulas noted below. The comparisons made are based on weight basis
      unless otherwise stated.
      ##EQU17##
PAR  For purposes of comparison, terbutaline was used in a number of the
      following tests. Terbutaline has the formula:
      ##EQU18##
PAC  Example 13. Bronchospasmolytic effect in vitro
PAR  The trachea from a guinea pig was dissected out and spirally cut. It was
      mounted in a water-jacketed bath (37.degree.C.) in Krebs solution and
      aerated with oxygen (95%) and carbon dioxide (5%). Pilocarpine (2
      .mu.g/ml) was added. The load was adjusted to about 2 g and relaxations in
      the trachea were recorded by means of a Grass force displacement
      transducer and a Grass polygraph model 5 (see Example 5 above). The
      cumulative method was used (-)-Epinephrine was used as reference. The
      comparisons presented in Table 7 are based on ED.sub.50 -values.
TBL                TABLE 7                                                     
     ______________________________________                                    
                 Bronchospasmolytic                                            
                 effect x (-)  Number of                                       
     Substance   epinephrine   Experiments                                     
     ______________________________________                                    
     Terbutaline 0.8 .+-. 0.1  10                                              
     KWD2037     0.7 .+-.      3                                               
     KWD2057     0.4           1                                               
     KWD2058     0.6 .+-. 0.2  3                                               
     ______________________________________                                    
PAC  Example 14. Bronchospasmolytic effect in the anesthetized cat.
PAR  Bronchospasmolytic effect was studied according to the method of Konzett &
      Rossler (see Example 5b above). Bronchospasm was induced by i.v.
      injections of histamine into the left jugular vein. Overflow was recorded
      by means of a Grass volume transducer and a Grass polygraph model 5.
      Changes in arterial mean pressure and heart rate, were continuously
      recorded during the experiment. Terbutaline was used as reference in all
      experiments. The comparisons are based on ED.sub.50 -values. The results
      are given in Table 8.
TBL                TABLE 8                                                     
     ______________________________________                                    
                 Bronchospasmolytic                                            
                                Number of                                      
     Substance   effect x Terbutaline                                          
                                Experiments                                    
     ______________________________________                                    
     KWD2037     0.7 .+-. 0.1   2                                              
     KWD2057     0.5            1                                              
     KWD2058     1.0 .+-. 0.1   3                                              
     ______________________________________                                    
PAC  Example 15. Protecting effect against histamine aerosol in guinea pigs
PAR  Male guinea pigs (200--300 g) were used. Bronchoconstriction was produced
      by letting the animals inhale a histamine aerosol. The histamine (0.4 mg
      base/ml) was nebulized under standard conditions with two devices
      according to Rooth and Petersen (Acta. Med. Scand. Supplement 228, 1
      (1949). In these experiments, the end point for the exposure of the
      animals in the aerosol was the observation of a sudden decrease of the
      respiratory frequency. Each test substance was injected intraperitoneally
      15 minutes (40 animals) or administered orally 30 minutes (40 animals)
      before histamine treatment. The dose protecting 50 percent of the animals
      for more than 4 minutes is denoted ED.sub.50 (see Table 9). In untreated
      material only 1-2 percent will withstand the histamine aerosol for more
      than 4 minutes.
TBL                TABLE 9                                                     
     ______________________________________                                    
                 ED 50 (mg/kg)                                                 
                              ED 50 (mg/kg)                                    
     Substance   i.p. adm.    oral adm.                                        
     ______________________________________                                    
     Terbutaline  0.15        0.4                                              
     KWD2037     0.7          0.4                                              
     KWD2057     0.2          1.0                                              
     KWD2058     1.0           0.15                                            
     KWD2085      0.13         0.24                                            
     ______________________________________                                    
PAR  All the esters tested but KWD2085 are somewhat less effective than
      terbutaline in protecting the guinea pigs to withstand the histamine
      aerosols after i.p. administration. After oral administration, however,
      the esters are equal or more effective than terbutaline with the exception
      of KWD2057. The di-isobutyric ester (KWD2058) is 2.5 times more effective
      than terbutaline after oral administration.
PAC  Example 16. Effect on isolated heart from guinea pig
PAR  The isolated guinea pig heart was perfused according to Langendorff. The
      method used is described by Anden et al. [Acta Pharmacol. et Toxicol. 21,
      247, (1964)]. Contractions in the heart were recorded by a force
      displacement transducer and a Grass polygraph model 5. The recovery of the
      heart was tested with (-) epinephrine between every dose of the substance
      tested. Terbutaline was used as reference. The results are given in Table
      10.
TBL                TABLE 10                                                    
     ______________________________________                                    
                           Effect on force                                     
                                        No. of                                 
             Effect on heart                                                   
                           of contraction x                                    
                                        Experi-                                
     Substance                                                                 
             rate x terbuatline                                                
                           terbutaline  ments                                  
     ______________________________________                                    
     KWD2037 0.05 .+-. 0.01                                                    
                           0.03 .+-. 0.01                                      
                                        4                                      
     KWD2057 0.06          0.00         2                                      
     KWD2058 0.00          0.00         2                                      
     ______________________________________                                    
PAR  The common feature of all esters tested is that they per se have no direct
      effect on the heart muscle, but that they, due to hydrolysis, cause a weak
      effect. With KWD2058 no effect was obtained on the heart rate in doses up
      to 100 .mu.g.
PAC  Example 17. Haemodynamic studies
PAR  The haemodynamic effects of KWD2058 and terbutaline were studied in
      anesthetized cats after i.v. injection in the left femoral vein. Three
      experiments were done. The effects on arterial mean pressure, pulse
      pressure (right carotid artery) and heart rate were recorded.
PAR  To study the effect of the compounds on the peripheral vascular resistance,
      constant flow was arranged in the right hind limb on two cats by means of
      a Sigma motor pump connected to arteria femoralis. Injections were made
      intra-arterially and variations in the peripheral resistance were recorded
      as pressure changes. The results are given in Table 11.
TBL                TABLE 11                                                    
     ______________________________________                                    
     Arterial mean pressure                                                    
                      (0.4+0.1) .times. terbutaline                            
     Pulse rate       (0.4.+-.0.1) .times. terbutaline                         
     Heart rate       (0.4.+-.0.1) .times. terbutaline                         
     Change in peripheral                                                      
       resistance     (0.4.+-.0.1) .times. terbutaline                         
     ______________________________________                                    
PAC  Example 18. Toxicity study in mice
PAR  The toxicity was studied in mice (NMRI, male, 18-28 g) 24 hours after i.v.
      and oral administration. The animals were observed during five days. No
      further deaths occurred. The results are given in Table 12.
TBL                TABLE 12                                                    
     ______________________________________                                    
                        LD 50 +     Number of                                  
     Compound    Adm.   Standard error                                         
                                    animals                                    
     ______________________________________                                    
     Terbutaline i.v.   52 .+-. 3   50                                         
                 p.o.   3200        20                                         
     KWD2037     i.v.   112 .+-. 5  50                                         
                 p.o.   2100        40                                         
     KWD2057     i.v.   70 .+-. 4   60                                         
                 p.o.   2200        40                                         
     KWD2058     i.v.   52 .+-. 4   50                                         
                 p.o.   2150        50                                         
     KWD2085     i.v.   23 .+-. 2   50                                         
                 p.o.   2200        40                                         
     ______________________________________                                    
PAL  Discussion on Tests on Diesters, Examples 13-18
PAR  The compounds KWD2037, KWD2057, KWD2058 and KWD 2085 have per se weaker
      bronchospasmolytic effect in vitro than terbutaline, and much less direct
      heart effect than terbualine. terbutaline. vivo, where the esters are
      enzymatically hydrolyzed to terbutaline, the bronchospasmolytic effect in
      anesthetized cat (after i.v. administration) is about the same as that of
      terbutaline. Haemodynamic studies in cat reveal that the effect of KWD2058
      on arterial mean pressure, pulse pressure, heart rate and peripheral
      vascular resistance is about half of that of terbutaline. All the esters
      show good effect in protecting intact guinea pigs from a histamine aerosol
      after i.p. administration as well as after p.o. administration.
PAR  These data show, therefore, that the diesters of terbutaline shown
      generally at least as much selectivity in bronchospasmolytic effect
      relative to cardiovascular effects as terbutaline.
PAR  The compounds KWD2037, KWD2057, KWD2058 and KWD 2085 exhibit an improved
      oral absorption in comparison with terbutaline as is indicated by their
      higher oral toxicity. The compound KWD2058 shows a particularly good oral
      absorption in comparison with terbutaline as is seen in the ED.sub.50 test
      result at oral administration in Table 9.
PAC  I. PHARMACEUTICAL COMPOSITIONS
PAR  The following examples illustrate how the compounds of the instant
      invention can be incorporated in pharmaceutical compositions:
TBL  Example 19.                                                               
               Aerosol for inhalation                                          
               Active substance   1.00 g                                       
               Miglyol            0.20 g                                       
               Frigen 11/12/113/114                                            
                                  ad 100.0 g                                   
     Example 20.                                                               
               Tablets                                                         
               Each tablet contains:                                           
               Active substance   5.0 mg                                       
               Maize starch       25.0 mg                                      
               Lactose            205.0 mg                                     
               Gelatin            1.5 mg                                       
               Talc               12.0 mg                                      
               Magnesium stearate 1.5 mg                                       
                                  250.0 mg                                     
     Example 21.                                                               
               Suppositories                                                   
               Each suppository contains:                                      
               Active substance   5.0 mg                                       
               Ascorbyl palmitate 1.0 mg                                       
               Suppository base                                                
               (Imhausen II)      ad 2,000.0 mg                                
     Example 22.                                                               
               Syrup                                                           
               Active Substance   0.200 g                                      
               Liquid glucose     30.0 g                                       
               Sucrose            50.0 g                                       
               Ascorbic acid      0.1 g                                        
               Sodium pyrosulfite 0.01 g                                       
               Disodium edetate   0.01 g                                       
               Orange essence     0.025 g                                      
               Certified color    0.015 g                                      
               Purified water     ad 100.0 g                                   
     Example 23.                                                               
               Injection solution                                              
               Active substance   0.500 mg                                     
               Sodium pyrosulfite 0.500 mg                                     
               Disodium edetate   0.100 mg                                     
               Sodium chloride    8.500 mg                                     
               Sterile water for injection                                     
                                  ad1.00 ml                                    
     Example 24.                                                               
               Inhalation solution                                             
               Active substance   5.00 g                                       
               Sodium pyrosulfite 0.10 g                                       
               Disodium edetate   0.10 g                                       
               Purified water     ad 100.0 ml                                  
     Example 25.                                                               
               Solution for rectal adminis-                                    
               tration (Rectal Vials)                                          
               Active substance   5.0 mg                                       
               Sodium pyrosulfite 1.5 mg                                       
               Disodium edetate   0.3 mg                                       
               Sterile water      ad 3.0 ml                                    
     Example 26.                                                               
               Sublingual tablets                                              
               Each tablet contains:                                           
               Active substance   5.00 mg                                      
               Lactose            85.00 mg                                     
               Agar               5.00 mg                                      
               Talc               5.00 mg                                      
                                  100.00 mg                                    
     Example 27.                                                               
               Drops                                                           
               Active substance   2.00 g                                       
               Ascorbic acid      1.00 g                                       
               Sodium pyrosulfite 0.10 g                                       
               Disodium edetate   0.10 g                                       
               Liquid glucose     50.00 g                                      
               Absolute alcohol   10.00 g                                      
               Purified water     ad 100.00 ml                                 
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of producing bronchial dilation in animals, including humans,
      in need therof, comprising the administration of a therapeutically
      effective amount of a compound selected from the group consisting of
      ethanol amines having the formulas
      ##EQU19##
      wherein R.sub.2 is the acyl radical of a 2-5 carbon fatty acid and
      pharmaceutically acceptable salts thereof.
NUM  2.
PAR  2. The method according to claim 1 wherein said compound is
      1-(3',5'-dihydroxyphenyl)-2-(tert.-butylamino)ethanol or a
      pharmaceutically acceptable salt thereof.
NUM  3.
PAR  3. The method according to claim 1 wherein said compound is
      1-(3',5'-diisobutyryloxyphenyl)-2-(tert.-butylamino)ethanol or a
      pharmaceutically acceptable salt thereof.
NUM  4.
PAR  4. A composition for producing bronchial dilation comprising a
      therapeutically effective amount of a compound selected from the group
      consisting of the ethanol amines having the formulas:
      ##EQU20##
      wherein R.sub.2 is the acyl radical of a 2-5 carbon fatty acid and
      pharmaceutically acceptable salts thereof, in combination with a
      pharmaceutical carrier.
NUM  5.
PAR  5. The composition according to claim 4 wherein said compound is
      1-(3',5'-dihydroxyphenyl)-2-(tert.-butylamino)ethanol or a
      pharmaceutically acceptable salt thereof.
NUM  6.
PAR  6. The composition as described in claim 4, wherein said compound is
      present in the range of 0.1 to 20 percent by weight.
NUM  7.
PAR  7. The composition of claim 4 in dosage unit form containing said compound
      in the range of 0.05 to 50 milligrams.
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ABST
PAL  The topical application of
      7-(5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-3.a
     lpha.-methyl-1.alpha.-cyclopentyl)-cis-5-heptenoic acid,
      7-(5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-1.a
     lpha.-cyclopentyl)-cis-5-heptenoic acid, or
      7-(2.beta.-[(3RS)-hydroxy-3-methyl-trans-1-octenyl]-5-oxo-1.alpha.-cyclope
     ntyl)-cis-5-heptenoic acid to a wound surface can be employed to attenuate
      bleeding. The compounds are prepared from the prostaglandin PGA.sub.2.
PARN
PAR  This is a division of application Ser. No. 446,835 filed Feb. 28, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The control of bleeding during surgery is of considerable importance for
      the prevention of blood loss and the maintenance of a clear surgical
      field. For the prevention of gross bleeding from an exposed severed large
      artery or vein, where there is considerable intravascular pressure,
      mechanical means, such as pressure or clamping, or cauterization are
      employed. For the control of bleeding from small blood vessels, where
      intravascular pressure does not prevent clotting, various methods may be
      used. One method comprises the topical application of thrombin to the
      wound surface whereby clotting is promoted by direct action of the
      thrombin on fibrinogen. Other methods employ substances which arrest
      bleeding by providing a mechanical matrix that facilitates clotting.
      Various absorbable substances used for this purpose are absorbable gelatin
      sponge (Gelfoam); oxidized cellulose (oxycel), or fibrin foam. A
      combination of such substances with thrombin (e.g. by saturating a pad of
      the absorbable substance with a thrombin solution) is especially
      effective.
PAR  The present invention provides an improved method for the attenuation of
      bleeding at a wound surface. The method comprises the topical application
      to the wound surface of an effective amount of a prostaglandin derivative
      selected from the group consisting of:
PA1  A.
      7-(5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-3.a
     lpha.-methyl-1.alpha. -cyclopentyl)-cis-5-heptenoic acid;
PA1  B.
      7-(5.alpha.-hydroxy-2.alpha.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-1.
     alpha.-cyclopentyl)-cis-5-heptenoic acid; and
PA1  C.
      7-(2.beta.-[(3RS)-hydroxy-3-methyl-trans-1-octenyl]-5-oxo-1.alpha.-cyclope
     ntyl)-cis-5-heptenoic acid.
PAR  The invention also contemplates the novel chemical compound:
PA1  7-(5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-3.al
     pha.-methyl-1.alpha.-cyclopentyl)-cis-5-heptenoic acid.
PAL  Said compound is useful in the method hereinabove described.
PAR  Also contemplated by this invention is the chemical compound
      7-[5.alpha.-hydroxy-3.alpha.-methyl-2.beta.-(3-oxo-trans-1-octenyl)-1.alph
     a.-cyclopentyl]-cis-5-heptenoic acid, which is useful as an intermediate
      for preparing
      7-(5.alpha.-hydroxy-2.beta.-](3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-3-.
     alpha.-methyl-1.alpha.-cyclopentyl)-cis-5-heptenoic acid.
PAR  It is believed that the capacity of the compounds above-described to arrest
      bleeding is a consequence of their ability to promote platelet aggregation
      which is the initial step of the clotting process and is necessary for
      releasing platelet factors that act to convert prothrombin to thrombin.
      The method of the invention therefore, offers advantages in that the
      attenuation of bleeding is accomplished by a physiological process which
      avoids mechanical means and the introduction into the wound of a foreign
      protein (thrombin). It will be appreciated that the method is less
      effective in controlling bleeding from larger blood vessels where
      intravascular pressure might prevent clot formation. The method is
      especially useful to control bleeding from capillaries or small veins.
PAR  In practicing the method of the invention, the particular compound employed
      for the control of bleeding can be applied topically to the wound surface
      in a number of ways. The compound can be dissolved in a pharmacologically
      acceptable, non-toxic, aqueous sterile solution (such as physiological
      saline or physiological saline buffered to pH 7.4). The solution can be
      applied by irrigation or spraying. For such purposes, a syringe or an
      aerosol spray can be employed. Further, the compound, dissolved in a
      sterile solution, can be applied to a pad of an absorbable substance
      (absorbable gelatin sponge, oxidized cellulose, or fibrin foam) which is
      then placed on the wound surface. The pad acts as a preformed network to
      trap the blood, and it can be kept in place after closure of the wound
      since the pad is completely absorbed in 4 to 6 weeks.
PAR  When the compounds are applied dissolved in an aqueous solution, the active
      ingredient can be present at a concentration of from about 50 to about
      1000 .mu.g/ml. A concentration of from about 200 to about 500 .mu.g/ml is
      preferred.
PAR  The amount of compound required to effect attenuation of bleeding will vary
      with the size of the wound surface, the source of the bleeding, and the
      severity of the bleeding. In general, the compound is applied in small
      incremental amounts until the desired attenuation is achieved.
PAR  The compounds utilized in the method of this invention are prepared from
      the known starting materials PGA.sub.2 or 15-epi-PGA.sub.2.
      15-epi-PGA.sub.2 can be obtained from the coral Plexaura homomalla by a
      procedure as described by A. Weinheimer and R. Spraggins in Tetrahedron
      Letters, 59, 5185 (1969), and PGA.sub.2 can be prepared from
      15-epi-PGA.sub.2 by an epimerization procedure as described by Bundy et
      al. in Ann. of the New York Acad. of Sci., 180, 76 (1971).
      7-(5.alpha.-Hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-1.a
     lpha.-cyclopentyl)-cis-5-heptenoic acid and
      7-(2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-5-oxo-1.alpha.-cyclo
     pentyl)-cis-5-heptenoic acid are described in U.S. Patent Application Ser.
      No. 383,007, filed July 26, 1973. The preparation of the compounds
      employed in the method of this invention from readily available starting
      materials is described below in Examples I to VIII.
DETD
PAC  EXAMPLE I
PAC  7-(5.alpha.-Hydroxy-2.beta.-[(3R)-3-Hydroxy-Trans-1-Octenyl]-1.alpha.-Cyclo
     pentyl)-Cis-5-Heptenoic Acid
PAC  and
PAC  7-(5.beta.-Hydroxy-2.beta.-[(3R)-3-Hydroxy-Trans-1-Octenyl]-1.alpha.-Cyclop
     entyl)-Cis-5-Heptenoic Acid
PAR  An ice-cooled solution of 4.0 g. of
      7-(2.beta.-[(3R)-3-hydroxy-trans-1-octenyl]-5-oxo-1.alpha.-cyclopent-3-eny
     l)-cis-5-heptenoic acid (15-epi-PGA.sub.2) in 110 ml. of a 10:1 mixture
      methanol water is treated with 2.2 g. of sodium borohydride, and stirred
      at 25.degree. for 7 hours. The mixture is concentrated under vacuum at
      40.degree., the residue diluted with water, acidified with acetic acid and
      the mixture partitioned with ether. After washing and drying, the extract
      is evaporated and the residue chromatographed on silica. Elution with 35%
      ethyl acetate-hexane affords the first title product as an oil,
      .lambda..sub.max.sup.film 2.95, 3.4, 5.8, 7.1, 8.1, 8.8, 9.7, 10.3 .mu..
      NMR: .delta. 5.48 (M, 4, olefinic H), 4.62 (2, OH), 4.28 (M, 2, 9 and
      15-H) ppm. Mass spectrum: M.sup.+ at m/e 338 (theory 338), M.sup.+-H.sub.2
      O at m/e 320.2331 (theory  320.2350).
PAR  Further elution with 40% ethyl acetate-hexane gives the second title
      product as an oil, .lambda..sub.max.sup.film 3.0, 3.4, 5.8, 7.1, 8.1,
      9.35, 10.3 .mu.. NMR: .delta. 5.55 (M, 4, olefinic H), 4.58 (s, OH), 4.05
      (M, 2, 9 and 15-H) ppm. Mass spectrum: M.sup.+ at m/e 338 (theory 338).
      M.sup.+-H.sub.2 O at m/e 320.2384 (theory 320.2350).
PAC  EXAMPLE II
PAC  7-[5.alpha.-Hydroxy-2.beta.-(3-Oxo-Trans-1-Octenyl)-1.alpha.-Cyclopentyl]-C
     is-5-Heptenoic Acid
PAR  A solution of 3.63 g. of
      7-(5.alpha.-hydroxy-2.beta.-[(3R-3-hydroxy-trans-1-octenyl]-1.alpha.-cyclo
     pentyl)-cis-5-heptenoic acid in 250 ml. of dioxane is treated with 3.63 g.
      of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone and stirred at 55.degree. for
      40 hours under nitrogen. The solution is concentrated under vacuum at
      40.degree. and the residue chromatographed on silica. Elution with 30%
      ethyl acetate-hexane yields 1.8 g. of the title product as an oil,
      .lambda..sub.max.sup.film 3.0 (shoulder), 3.4, 5.8, 6.0 (shoulder), 6.15
      (shoulder), 7.1, 8.1, 10.2 .mu.. UV: .lambda..sub.max.sup.EtOH 232 m.mu.
      (.epsilon. 12,000). NMR: .delta. 6.72 (dd, 1, J=5.3 and 15, 13-H), 6.08
      (d, 1, J=15, 14-H), 5.40 (M, 2, 5, and 6-H), 4.25 (M, 1, 9-H) ppm. Mass
      spectrum: QM.sup.+ at m/e 337 (theory 337), QM.sup.+-H.sub.2 O at m/e 319
      (theory 319).
PAC  EXAMPLE III
PAC  7-(5.alpha.-Hydroxy-2.beta.-[(3RS)-3-Hydroxy-3-Methyl-Trans-1-Octenyl]-1.al
     pha.-Cyclopentyl)-Cis-5-Heptenoic Acid
PAR  An ice-cooled solution of 1.7 g. of
      7-[5.alpha.-hydroxy-2.beta.-(3-oxo-trans-1-octenyl)-1.alpha.-cyclopentyl]-
     cis-5-heptenoic acid in 150 ml. of tetrahydrofuran is treated with 15 ml.
      of 3M methyl magnesium bromide in ether dropwise over 10 minutes under
      nitrogen. After stirring at 0.degree. for 45 minutes, the mixture is added
      to ammonium chloride solution, acidified with acetic acid and extracted
      with ether. After washing and drying, the extract is evaporated and the
      residue chromatographed on silica. Elution with 35% ethyl acetate-hexane
      affords 1.07 g. of the title product as an oil, .lambda..sub.max.sup.film
      3.0, 3.4, 5.8, 8.1, 10.3 .mu.. NMR: .delta. 5.42 (M, 4, olefinic H), 5.12
      (s, 3, OH), 4.20 (M, 1, 9-H), 1.28 (s, 15-CH.sub.3) ppm. Mass spectrum:
      QM.sup.+-H.sub.2 O at m/e 335 (theory 335).
PAC  EXAMPLE IV
PAC  7-(2.beta.-[(3RS)-3-Hydroxy-3-Methyl-Trans-1-Octenyl]-5-Oxo-1.alpha.-Cyclop
     entyl)-Cis-5-Heptenoic Acid
PAR  An ice-cooled solution of 1.02 g. of
      7-(5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-1.a
     lpha.-cyclopentyl)-cis-5-heptenoic acid in 80 ml. of acetone is treated
      dropwise with Jones reagent until the orange color persists. After
      stirring at 0.degree. for 1/2 hour, the mixture is treated with 5 ml. of
      methanol and dilute sodium bicarbonate until basic. The mixture is diluted
      with water, acidified with acetic acid and extracted with ether. After
      washing and drying, the extract is evaporated and the residue
      chromatographed on silica. Elution with 30% ethyl acetate-hexane gives
      0.12 g. of the title product as an oil, .lambda..sub.max.sup.film 3.0,
      3.4, 5.75, 7.1, 8.15, 8.65, 10.3 .mu.. NMR: .delta. 6.80 (s, 2, OH), 5.72
      (M, 2, 13 and 14-H), 5.52 (M, 2, 5 and 6-H), 1.30 (s, 15-CH.sub.3) ppm.
      Mass spectrum: QM.sup.+ at m/e 351 (theory 351 ).
PAC  EXAMPLE V
PAC  7-[2.beta.-[(3S)-3-Hydroxy-Trans-1-Octenyl]-3.alpha.-methyl-5-Oxo-1.alpha.-
     Cyclopentyl]-Cis-5-Heptenoic Acid
PAC  and
PAC  7-[2.beta.-[(3S)-3-Hydroxy-Trans-1-Octenyl]-3.beta.-Methyl-5-Oxo-1.alpha.-c
     yclopentyl]-Cis-5-Heptenoic Acid
PAR  A solution of 3.0 g. of PGA.sub.2 in 60 ml. of THF is added dropwise to an
      ice-cooled mixture of 24 ml. of 3M methyl magnesium bromide and 5.0 g. of
      cuprous chloride in 120 ml. of THF and stirred at 0.degree.C for 1 hour.
      The mixture is added to aqueous ammonium chloride solution and extracted
      with ether. After washing with water and drying over magnesium sulfate,
      the extract is concentrated to give crystalline material. Filtration
      followed by recrystallization from ether-pentane affords 1.2 g. of the
      first title product, m.p. 68.degree.-70.degree.C; .lambda..sub.max.sup.KBr
      3.0 (shoulder), 3.5, 5.8, 6.9, 7.6, 8.05, 8.55, 10.3 .mu.; NMR: .delta.
      6.93 (s, 2, OH), 5.54 (m, 13 and 14-H), 5.38 (m, 5 and 6-H), 4.16 (m, 1,
      15-H); Mass spectrum: M.sup.+ at m/e 350.2476 (theory 350.2455).
PAR  Evaporation of the filtrates and silica chromatography of the residue with
      30% ethylacetate in hexane followed by crystallization from ether-pentane
      gives 0.09 g. of the second title product, m.p. 72.degree.-74.degree.C;
      UV: .lambda..sub.max.sup.film 3.0 (shoulder), 3.5, 5.8 (shoulder), 5.9,
      7.0, 8.15, 8.45, 10.4 .mu.; NMR: .delta. 7.05-6.22 (m, 2, OH), 5.48 (m, 4,
      olefinic), 4.15 (m, 1, 15-H) ppm; Mass spectrum: M.sup.+ at m/e 350.2460
      (theory 350.2455).
PAC  EXAMPLE VI
PAC  7-(5.alpha.-2.beta.-[(3S)-3-Hydroxy-Trans-1-Octenyl]-3.alpha.-methyl-1.alph
     a.-cyclopentyl)-Cis-5-Heptenoic Acid
PAC  and
PAC  7-(5.beta.-Hydroxy-2.beta.-[(3S)-3-Hydroxy-Trans-1-Octenyl]-3.alpha.-methyl
     -1.alpha.-cyclopentyl)-Cis-5-Heptenoic Acid
PAR  An ice-cooled solution of 7.8 g. of
      7-(2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-3.alpha.-methyl-5-oxo-1.alpha.
     -cyclopentyl)-cis-5-heptenoic acid in 150 ml. of methanol is treated with
      3.5 g. of sodium borohydride and stirred at 0.degree.C for 2 hours. The
      mixture is diluted with water and acidified with acetic acid. Extraction
      of the resulting mixture with ether, followed by washing, drying and
      evaporation of the extract gives the crude product. Silica chromatography
      with 30 % ethyl acetate in hexane affords 3.5 g. of the first title
      product as an oil; .lambda..sub.max.sup.film 3.0, 3.5, 5.85, 6.9, 7.15,
      8.1, 8.9, 9.8, 10.35 .mu.; NMR: .delta. 5.57 (s, 3, OH), 6.0-5.17 (m, 4,
      olefinic), 4.21 (m, 2, 9 and 15-H), 1.01 (d, J=4.5, 11-methyl) ppm; Mass
      spectrum: M.sup.+ at m/e 352.2670 (theory 352.2613).
PAR  Further elution with 30% ethyl acetate in hexane affords 3.0 g. of the
      second title product as an oil; UV: .lambda..sub.max.sup.film 3.0, 3.5,
      5.85, 6.9, 7.15, 8.2, 10.4 .mu.; NMR: .delta. 5.61 (s, 3, OH), 5.52 (s, 4,
      olefinic), 4.10 (m, 2, 9 and 15-H), 0.91 (d, J=4.5, 11-methyl) ppm; Mass
      spectrum: M.sup.+ at m/e 352 (theory 352), M.sup.+-H.sub.2 O at m/e
      334.2564 (theory 334.2507).
PAC  EXAMPLE VII
PAC  7-[5.alpha.-Hydroxy-3.alpha.-methyl-2.beta.-(3-Oxo-Trans-1-Octenyl)-1.alpha
     .-Cyclopentyl]-Cis-5-Heptenoic Acid
PAR  A solution of 3.3 g. of
      7-(5.alpha.-hydroxy-2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-3.alpha.-meth
     yl-1.alpha.-cyclopentyl)-cis-5-heptenoic acid and 3.0 g. of
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone in 100 ml. of dioxane is stirred
      at 55.degree.C for 22 hours. After filtering, the solution is evaporated
      and the residue chromatographed on silica. Elution with 25% ethyl actate
      in hexane affords 2.9 g. of the title product as an oil;
      .lambda..sub.max.sup.film 3.0 (shoulder), 3.5, 5.85, 6.0, 6.2, 6.9, 8.2
      (broad), 10.25 .mu.; UV: .lambda..sub.max.sup.EtOH 233 m.mu. (.epsilon.
      14,000); NMR: .delta. 6.75 (dd, J=16, 7.5, 13-H), 6.32 (s, 2, OH), 6.19
      (d, J=16, 14-H), 5.48 (m, 2, 5 and 6-H), 4.32 (m, 1, 9-H) ppm; Mass
      spectrum: M.sup.+ at m/e 350.2499 (theory  350.2455).
PAC  EXAMPLE VIII
PAC  7-(5.alpha.-Hydroxy-2.beta.-[(3RS)-3-Hydroxy-3-Methyl-Trans-1-Octenyl]-3.al
     pha.-Methyl-1.alpha.-Cyclopentyl)-Cis-5-Heptenoic Acid
PAR  An ice-cooled solution of 1.0 g. of
      7-[5.alpha.-hydroxy-3.alpha.-methyl-2.beta.-(3-oxo-trans-1-octenyl)-1.alph
     a.-cyclopentyl]-cis-5-heptenoic acid in 50 ml. of THF is treated with 8 ml.
      of 3M methyl magnesium bromide and stirred at 0.degree.C for two hours.
      The mixture is added to aqueous ammonium chloride solution and extracted
      with ether. After washing with water and drying over magnesium sulfate,
      the extract is evaporated and the residue chromatographed on silica.
      Elution with 25% ethyl acetate in hexane affords the title product as an
      oil, UV: .lambda..sub.max.sup.film 3.0, 3.5, 5.85, 6.9, 8.95, 9.75, 10.33
      .mu.; NMR: .delta.5.8-5.2 (m, 4, olefinic), 5.43 (s, 3, OH), 4.30 (m, 1,
      11-H), 1.30 (s, 15-methyl), 1.0 (d, J=5, 11-methyl) ppm; Mass spectrum:
      M.sup.+-H.sub.2 O at m/e 348.2682 (theory 348.2664).
PAC  EXAMPLE IX
PAR  Rats are anesthetized and the skin and connective tissue cut through so
      that a vein is exposed. A standardized nick of the vein 1 to 2 mm. deep is
      made by a lancet to yield a free flow of blood. Into the bleeding surface
      is dripped (one drop every 5-6 seconds) a solution of the compound
      dissolved in physiological saline. The time required (in seconds) for
      bleeding is measured. A control group of rats are treated simarly with a
      physiological saline solution which does not contain the test compound. A
      significant decrease in bleeding time indicates activity.
PAR  Using
      7-(2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-5-oxo-1.alpha.-cyclo
     pentyl)-cis-5-heptenoic acid dissolved in physiological saline at a
      concentration of 200 .mu.g/ml., the following results are obtained.
TBL              No. of Bleeding Time (sec.)                                   
                 Animals                                                       
                        .+-. Standard Error                                    
     ______________________________________                                    
     Control       10       97.4 .+-. 6.2                                      
     7-(2.beta.-[(3RS)-3-                                                      
                   10       77.8 .+-. 5.6                                      
     hydroxy-3-methyl-                                                         
     trans-1-octenyl]-                                                         
     5-oxo-1.alpha.-cyclo-                                                     
     pentyl)-cis-5-                                                            
     heptenoic acid.                                                           
                 Significance: &lt;0.05                                           
     ______________________________________                                    
PAC  EXAMPLE X
PAR  Rats are anesthetized and the abdominal cavity is opened so that a portion
      of the large intestine is exposed to show an extensive matrix of small
      blood vessels. A 1-2 cm. superficial cut across the vessels is made with a
      scalpel. Into the wound is dripped a solution of the test compound
      dissolved in physiological saline. The time required (in seconds) for
      bleeding to stop is measured. A control group of rats are treated
      similarly with a physiological saline solution which does not contain the
      test compound. A significant decrease in bleeding time indicates activity.
PAR  Using
      7-(2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-5-oxo-1.alpha.-cyclo
     pentyl)-cis-5-heptenoic acid dissolved in physiological saline at a
      concentration of 400 .mu.g/ml., the following results are obtained:
TBL              No. of Bleeding Time (sec.)                                   
                 Animals                                                       
                        .+-. Standard Error                                    
     ______________________________________                                    
     Control       6        395 .+-. 25                                        
     7-(2.beta.-[(3RS)-3-                                                      
                   7        174 .+-. 16.9                                      
     hydroxy-3-methyl-                                                         
     trans-1-octenyl]-                                                         
     5-oxo-1.alpha.-cyclo-                                                     
     pentyl)-cis-5-                                                            
     heptenoic acid.                                                           
                 Significance: &lt;0.001                                          
     ______________________________________                                    
PAC  EXAMPLE XI
PAR  Fasted male rats are given an injection (IV) into the leg vein of the test
      compound dissolved in physiological saline. Blood is obtained by cardiac
      puncture at intervals after the injection. Whole blood clotting times (Lee
      White) are determined. A control group of rats are similarly treated by
      injection with physiological saline which does not contain the test
      compound. The results are shown below:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Mean Lee White Clotting Time                                              
     (Sec. .+-. Standard Error)                                                
     Compound                                                                  
           Dose (.mu.g/kg)                                                     
                   No. of Rats                                                 
                           1 min.  No. of Rats                                 
                                           5 min.   Significance               
     __________________________________________________________________________
     Control                                                                   
           --      8       341.2 .+-. 13.1                                     
                                   7       340.7 .+-. 13.6                     
     A     250     11      330.0 .+-. 22.9                                     
                                   9       296.7 .+-. 18.5                     
                                                    N.S. (1 min. and 5 min.)   
     Control                                                                   
           --      9       378.3 .+-. 12.4                                     
                                   8       356.3 .+-. 25.1                     
     A     500     9       281.7 .+-. 12.4                                     
                                   7       242.1 .+-. 24.9                     
                                                    &lt;0.01 (1 min. and 5 min.)  
     Control                                                                   
           --      9       393 .+-. 10.9                                       
                                   8       401 .+-. 8.4                        
     B     500     11      358 .+-. 10.9                                       
                                   8       363 .+-. 9.0                        
                                                    &lt;0.05 (1 min. and 5 min.)  
     Control                                                                   
           --      10      405.0 .+-. 21.1                                     
                                   8       373.1 .+-. 24.9                     
     B     250     10      363.8 .+-. 14.2                                     
                                   5       369.0 .+-. 22.2                     
                                                    N.S. (1 min. and 5 min     
     Control                                                                   
           --      8       433.1 .+-. 9.8                                      
                                   5       435.0 .+-. 9.2                      
     C     500     8       405.0 .+-. 12.5                                     
                                   6       412.5 .+-. 16.3                     
                                                    N.S. (1 min. and 5         
     __________________________________________________________________________
                                                    min.)                      
      N.S. = Not significant                                                   
      KEY TO COMPOUNDS TESTED                                                  
      Compound A:                                                              
      7-(2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-5-oxo-1.alpha.-cycl
     pentyl)-cis-5-heptenoic acid                                              
      Compound B:                                                              
      7-[5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-1.
     lpha.-cyclopentyl)-cis-5-heptenoic acid                                   
      Compound C:                                                              
      7-(5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-3.
     lpha.-methyl-1.alpha.-cyclopentyl)-cis-5-heptenoic acid                   
PAC  EXAMPLE XII
PAR  Human whole blood (containing 3.8% sodium citrate) is centrifuged at about
      422 G for 3 minutes at 5.degree.C in a Sorvall Centrifuge (or equivalent)
      to separate the red blood cells from the platelet rich plasma (PRP). The
      supernatant PRP is separated and the remainder is centrifuged at 1200 G
      for 12 minutes to obtain a platelet poor plasma for dilution and
      standardization of the instrument. In an automated Payton aggregometer, a
      cell containing 1.0 ml. of PRP is stirred at 1,100 RPM, and the compound
      to be tested is added dissolved in 0.2 ml. of buffered saline to give a
      concentration of 1-10 .mu.g/ml. The curve of percent light transmission at
      610 m.mu. is followed for six minutes. Active compounds exhibit a
      significant increase in light transmission over a control run without the
      addition of the test compound. A standard is also run using adenosine
      diphosphate (ADP) as the agent added to PRP for inducing platelet
      aggregation. Using the change in light transmissions obtained with the
      test compound as compared to the change obtained with ADP, the platelet
      aggregating activity of the test compounds can be expressed in terms of
      their equivalency to ADP, which is a potent aggregating agent. The
      concentrations of the test compounds calculated to be equivalent to ADP
      for inducing aggregation are given in the following table:
TBL  Compound                                                                  
            Concentration (.mu.M)                                              
                           Equivalent to ADP,                                  
                           (.mu.M)*                                            
     ______________________________________                                    
     A      13.5           7.2; 4.2 (Mean: 5.7)                                
     A      8.1            6.8; 3.7 (Mean: 5.3)                                
     B      13             8.0; 5.6 (Mean: 6.8)                                
     B      7.8            6.3                                                 
     C      13             5.2                                                 
     C      7.8            2.2; 5.1 (Mean: 3.7)                                
     ______________________________________                                    
      *Mean values calculated from 2 values. Otherwise, single values are given
      Compound A:                                                              
      7-(2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-5-oxo-1.alpha.-cycl
     pentyl)-cis-5-heptenoic acid                                              
      Compound B:                                                              
      7-[5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-1.
     lpha.-cyclopentyl)-cis-5-heptenoic acid                                   
      Compound C:                                                              
      7-(5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-3.
     lpha.-methyl-1.alpha.-cyclopentyl)-cis-5-heptenoic acid                   
PAR  Platelet aggregation is the initial step in the blood clotting process and
      is necessary for the release of factors from the platelets which act to
      convert prothrombin to thrombin. Agents which promote platelet
      aggregation, therefore would be expected to promote clotting and the
      platelet aggregation test, described above, is useful for predicting in
      vivo clotting activity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the attenuation of bleeding at a wound surface which
      comprises the topical application to the wound surface of an effective
      amount of a compound selected from the group consisting of:
PA1  a.
      7-(5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-3.a
     lpha.-methyl-1.alpha.-cyclopentyl)-cis-5-heptenoic acid;
PA1  b.
      7-(5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-1.a
     lpha.-cyclopentyl)-cis-5-heptenoic acid; and
PA1  c.
      7-(2.beta.-[(3RS)-hydroxy-3-methyl-trans-1-octenyl]-5-oxo-1.alpha.-cyclope
     ntyl)-cis-5-heptenoic acid.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the compound is
      7-(5.alpha.-hydroxy-2.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-3.a
     lpha.-methyl-1.alpha.-cyclopentyl)-cis-5-heptenoic acid.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the compound is
      7-(5.alpha.-hydroxy-1.beta.-[(3RS)-3-hydroxy-3-methyl-trans-1-octenyl]-1.a
     lpha.-cyclopentyl)-cis-5-heptenoic acid.
NUM  4.
PAR  4. A method as defined in claim 1 wherein the compound is
      7-(2.beta.-[(3RS)-hydroxy-3-methyl-trans-1-octenyl]-5-oxo-1.alpha.-cyclope
     ntyl)-cis-5-heptenoic acid.
NUM  5.
PAR  5. A method as defined in claim 1 wherein the compound is applied dissolved
      in physiological saline or physiological saline buffered to pH 7.4.
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ABST
PAL  An agricultural germicide having the formula
      ##SPC1##
PAL  Wherein R represents C.sub.1-12 alkyl, alkenyl, alkynyl, benzyl or
      chlorobenzyl.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an agricultural germicide having the formula
      ##SPC2##
PAL  Wherein R represents C.sub.1-12 alkyl, alkenyl, alkynyl, benzyl or
      chlorobenzyl.
PAR  2. Description of the Prior Art
PAR  Agricultural germicidal compositions of the o-methylbenzanilide type are
      effective in preventing diseases, such as rice sheath blight, bacterial
      leaf blight, tomato late blight, cucumber anthracnose, haricot stem rot,
      alternaria leaf spot, powdery apple mildew, orange phoma rot, wheat bund,
      rusting of wheat, barley, turf, coffee, ornamental plants, vegetables,
      cereals and grasses, smut and Rhizoctonia and Fusarium soil diseases; and
      are also effective as disinfectants for seeds.
PAR  Effective benzanilide compounds are disclosed in German Patent Application
      Publication No. 1,907,436 and British Pat. No. 1,217,868.
PAR  In the former specification, o-methylbenzanilides are disclosed and in the
      latter specification, benzanilides having the formula
      ##SPC3##
PAL  Wherein Y.sub.n represents a hydrogen atom, X represents an oxygen atom,
      R.sup.2 represents NR.sup.3 R.sup.4 wherein R.sup.3 represents a hydrogen
      atom and R.sup.4 represents an alkoxyphenyl group, are disclosed.
PAR  The prior art compounds are ineffective against certain plant and soil
      diseases. However, a need continues to exist for agricultural germicides
      with improved effectiveness for inhibiting plant and soil diseases and
      improved antimicrobial spectrum.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the invention is to provide an agricultural
      germicide with improved effectiveness against plant and soil diseases.
PAR  Briefly, this object and other objects of the present invention as
      hereinafter will become more readily apparent can be attained by
      agricultural germicide compounds having the formula
      ##SPC4##
PAL  Wherein R represents C.sub.1-12 alkyl, alkenyl, alkynyl, benzyl or
      chlorobenzyl.
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Among the o-methylcarboxyanilides of the present invention,
      3'-alkoxy-2-methylbenzanilides exhibit especially superior germicidal
      effects as well as protective and therapeutic effects for sheath blight in
      rice. The compounds of the invention are permeable in plants so that the
      compounds may be applied not only by spraying or sprinkling, but also by
      applying to paddy fields or treating soil. Moreover, the germicidal effect
      is persistent for a long period of time. The compounds are only slightly
      toxic to warm blooded animals, so that no noticeable toxic symptoms were
      observed after oral administration of 10,000 mg/kg to mice.
PAR  The compounds of the invention may be prepared by either of the following
      reactions.
      ##SPC5##
PAL  In the reactions, X represents a halogen (Cl, Br, I) and R is defined as
      above.
PAR  In Reaction (I), suitable dehydrohalogenating agents include tertiary
      amines, e.g., triethylamine, dimethylaniline, pyridine; or alkalis, e.g.,
      sodium carbonate, sodium bicarbonate or the like. Twice the stoichiometric
      amount of the aniline compound may also be used as the dehydrohalogenating
      agent. Suitable reaction solvents include any solvent which is inert to
      the o-methylbenzoylhalide or the aniline compound, such as benzene,
      toluene, acetone, ether, dioxane, acetonitrile, or the like. A suitable
      reaction temperature is between -20.degree. to about 100.degree.C.
PAR  In reaction (II), suitable dehydrohalogenating agents include tertiary
      amines and alkali carbonates or hydroxides, e.g., sodium hydroxide,
      potassium hydroxide, or the like. Suitable reaction solvents include the
      solvents used in reaction (I) as well as water and lower aliphatic
      alcohols. A suitable reaction temperature is between -20.degree. and about
      100.degree.C, which will produce a high yield.
PAR  In reaction (III), the compounds may be prepared by the addition of a
      dehydrating agent to a mixture of o-toluic acid and the aniline compound,
      in the presence or absence of a base, by a one step reaction. Reaction
      (III) is the most advantageous industrially for obtaining high purity
      compounds in high yields. In reaction (III), suitable dehydrating agents
      include phosphorus oxychloride, phosphorus trichloride, phosphorous
      pentachloride, phosphorus tribromide, thionyl chloride, sulfuryl chloride,
      sulfonic acids, sulfuric acid, hydrogen halides, carbodiimides, alumina
      and silica. Suitable bases include tertiary amines, e.g., trimethyl amine
      and pyridine; carbonates, e.g., sodium carbonate and sodium bicarbonate;
      and alkali hydroxides, e.g., sodium hydroxide. Suitable reaction solvents
      include benzene, toluene, xylene, chlorobenzene, acetone,
      methylethylketone, ether, dioxane, tetrahydrofuran, dimethyl formamide,
      acetonitrile, chloroform, carbon tetrachloride or the like. A suitable
      reaction temperature is between -20.degree. and about 200.degree.C, and a
      suitable reaction time is 1 -  20 hours.
DETD
PAR  Having generally described this invention, a further understanding can be
      obtained by reference to certain specific examples which are provided
      herein for purposes of illustration only and are not intended to be
      limiting unless otherwise specified.
PAC  EXAMPLE 1
PAC  Preparation of 3'-methoxy-2-methylbenzamide
PAR  A 15.5 g (0.1 mol) portion of o-methylbenzoyl chloride was added dropwise
      to a stirred solution of 11.9 g (0.1 mol) of m-methoxyaniline and 10.1 g
      (0.1 mol) of triethylamine in 250 ml of ether and the resulting solution
      was cooled. After addition of the o-methylbenzoylchloride, the mixture was
      stirred at room temperature for an additional 5 hours, and the reaction
      mixture was washed with water to remove triethylamine hydrochloride. The
      ether layer was dried over anhydrous sodium sulfate and the ether was
      removed whereby 23.9 g (99%) of fine white prisms having a melting point
      of 142.degree.-143.degree.C were obtained. IR cm.sup.-.sup.1 (KBr-tablet),
      .nu..sub.NH 3250 (S). .nu..sub.CO 1655(S), 1610(S).
PAC  EXAMPLE 2
PAC  Preparation of 2'-ethoxy-2-methylbenzanilide
PAR  A 19.9 g (0.1 mol) portion of o-methylbenzoyl bromide was added dropwise
      with cooling to a mixture of 13.7 g (0.1 mol) of o-ethoxyaniline and 8.4 g
      (0.1 mol) of sodium bicarbonate in 200 ml of acetone with stirring. After
      addition of the o-methylbenzoyl bromide, the reaction mixture was warmed
      to 40.degree.C and the mixture was refluxed and stirred for another 40
      hours. After filtering, the ether was distilled from the reaction mixture
      and the residual material was re-dissolved in ether and washed with water.
      The ether layer was dried over anhydrous sodium sulfate, the ether was
      removed and the product was distilled to obtain 24.1 g (94.5%) of a clear
      pink liquid having a boiling point of 148.degree.C/0.04 mm Hg and
      n.sub.D.sup.20 of 1.5929. IR cm.sup.-.sup.1 (film) .nu..sub.NH 3295(S),
      .nu..sub.CO 1655,1615(S).
PAC  EXAMPLE 3
PAC  Preparation of 3'-iso-propoxy-2-methylbenzanilide
PAR  A 22.7 g (0.1 mol) portion of 3'-hydroxy-2-methylbenzanilide was dissolved
      in 100 ml of 1N-potassium hydroxide solution. To this solution 150 ml of
      ethanol was added and the mixture was stirred for one hour, which was
      followed by the addition of 12.3 g (0.1 mol) of isopropylbromide. After
      the addition of the iso-propylbromide, the reaction mixture was warmed and
      stirred under reflux for 4 hours. After distillation of most of the
      ethanol, the oily material remaining was extracted with benzene and the
      residue was distilled to obtain 20.9 g (77.9%) of a red, viscous oil
      having a boiling point of 186.degree.C/0.08 mm Hg. The product was
      recrystallized from a mixture of benzene and n-hexane (1:1 ) as white
      prismatic crystals having a melting point of 92.degree.C. IR
      cm.sup.-.sup.1 (KBr-tablet) .nu..sub.NH 3250(S), .nu..sub.CH 2980(S),
      .nu..sub.CO 1660(S), 1610(S).
PAC  EXAMPLE 4
PAC  Preparation of 3'-n-butoxy-2-methylbenzanilide
PAR  A 22.7 g (0.1 mol) portion of 3'-hydroxy-2-methylbenzanilide was dissolved
      in 80 ml of dimethyl sulfoxide and to this solution was added a solution
      of 5.6 g (0.1 mol) of potassium hydroxide in 40 ml of water. The white
      mixture was cooled with water, and 30 ml of dimethyl sulfoxide containing
      13.7 g (0.1 mol) of n-butylbromide was added dropwise to the solution with
      stirring. After the addition, the mixture was warmed and kept at
      40.degree. to 50.degree.C for 3 hours. The reaction mixture was poured
      into 700 ml of water and the oily material formed was extracted with
      benzene. The benzene layer was washed with water, dehydrated over
      anhydrous sodium sulfate and the benzene was removed to obtain the
      product, which was recrystallized from a mixture of benzene and n-hexane
      (1:2 ) to obtain 26.3 g (92.9%) of greyish needle-like crystals having a
      melting point of 87.degree.C. IR cm.sup.-.sup.1 (KBr-tablet) .nu..sub.NH
      3260(S), .nu..sub.CO 1645(S), 1620(S).
PAC  EXAMPLE 5
PAC  Preparation of 3'-n-amyloxy-2-methylbenzanilide
PAR  A 22.7 g (0.1 mol) portion of 3'-hydroxy-2-methylbenzanilide was dissolved
      in 80 ml of dimethyl sulfoxide and to this solution was added a solution
      of 4.0 g (0.1 mol) of sodium hydroxide in 40 ml of water. The whole
      mixture was cooled with ice water and 15.1 g (0.1 mol) of n-amylbromide
      was added dropwise with stirring. After the addition, the reaction mixture
      was warmed and kept at 70.degree. to 80.degree.C for 3 hours. The reaction
      mixture was poured into 500 ml of water, and the precipitated product was
      filtered and washed with water and dried. The product was recrystallized
      from ethanol to obtain 23.8 g (80.0%) of white needles having a melting
      point of 90.degree.C. IR cm.sup.-.sup.1 (KBr-tablet) .nu..sub.NH 3270(S),
      .nu..sub.CO 1645(S).
PAC  EXAMPLE 6
PAC  Preparation of 3'-allyloxy-2-methylbenzanilide
PAR  A 22.7 g (0.21 mol) portion of 3'-hydroxy-2-methylbenzanilide was mixed
      with 5.6 g of KOH dissolved in 120 ml of ethanol, and the mixture was
      added with cooling and stirring to 12.1 g (0.1 mol) of allylbromide. After
      the addition, the reaction mixture was warmed and kept at 40.degree.C to
      50.degree.C for 2 hours. The reaction mixture was poured into 500 ml of
      ice water, and the precipitated product was filtered and washed with water
      and dried. The product was recrystallized from ethanol to obtain 20.2 g
      (75.5%) of white powdery crystals having a melting point of
      85.degree.-89.degree.C. IR cm.sup.-.sup.1 (KBr-tablet) .nu..sub.NH
      3250(S), .nu..sub.CO 1655(S).
PAC  EXAMPLE 7
PAC  Preparation of 3'-propargyloxy-2-methylbenzanilide
PAR  A mixture of 22.7 g (0.1 mol) of 3'-hydroxy-2-methylbenzanilide, 11.9 g
      (0.1 mol) of propargylbromide, 10.6 g (0.1 mol) of sodium carbonate and
      250 ml of acetone was prepared and the mixture was refluxed for 4 hours
      with stirring. After cooling, the reaction mixture was filtered and the
      acetone was removed by distillation. The residual material was dissolved
      in benzene, washed with water and dehydrated over anhydrous sodium
      sulfate. The benzene was removed and the product was recrystallized from
      aqueous ethanol to obtain a 23.2 g (87.7%) of fine white needles having a
      melting point of 93.degree.-95.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of 3'-benzyloxy-2-methylbenzanilide
PAR  A 9.1 g (0.04 mol) portion of 3'-hydroxy-2-methylbenzanilide was dissolved
      in a solution of 2.3 g (0.041 mol) of potassium hydroxide in 50 ml of
      ethanol, and 5.1 g (0.04 mol) of benzylchloride was added dropwise to the
      above solution with stirring at room temperature. After the addition, the
      reaction mixture was warmed and refluxed for 3 hours. The reaction mixture
      was poured into 200 ml of water and the precipitated product was filtered
      and washed with water and dried. The product was recrystallized from 90%
      methanol to obtain 7.5 g (60.5%) of white needles having a melting point
      of 114.degree.-115.degree.C. IR cm.sup.-.sup.1 (KBr-tablet) .nu..sub.NH
      3230 (m), .nu..sub.CO 1645 (S).
PAC  EXAMPLE 9
PAC  Preparation of 3'-methoxy-2-methylbenzanilide
PAR  A 13.6 g (0.1 mol) portion of o-methylbenzoic acid, 10.9 g (0.1 mol) of
      m-methoxyaniline and 10.1 g (0.1 mol) of triethylamine were dissolved in
      250 ml of toluene. A 4.6 g (0.033 mol) amount of phosphorus trichloride
      was added dropwise to the above solution with stirring at
      20.degree.-60.degree.C. After the addition, the reaction mixture was
      stirred at 80.degree.-90.degree.C for 3 hours. The reaction mixture was
      cooled and washed with water to remove the triethylamine hydrochloride,
      and the product was dried over anhydrous sodium sulfate. The toluene was
      removed to give 22.8 g (95%) of fine white prismatic crystals having a
      melting point of 142.degree.-143.degree.C.
PAC  EXAMPLE 10
PAC  Preparation of 2'-ethoxy-2-methylbenzanilide
PAR  A 13.6 g (0.1 mol) portion of o-methylbenzoic acid and 13.7 g of
      o-ethoxyaniline were dissolved in 200 ml of acetone. A 4.7 g (0.033 mol)
      amount of phosphorus pentoxide was gradually added to the prepared
      solution at 30.degree.-40.degree.C. After the addition, the reaction
      mixture was refluxed for 3 hours with stirring. The acetone was removed
      and the residual product was poured into water and was extracted with
      toluene. The toluene layer was dried over anhydrous sodium sulfate and the
      toluene was removed to obtain 24.1 g (94.5%) of a clear pink liquid,
      having a boiling point of 148.degree.C/0.04 mm Hg and n.sub.D.sup.20 of
      1.5929.
PAC  EXAMPLE 11
PAC  Preparation of 3'-iso-propoxy-2-methylbenzanilide
PAR  A 13.6 g (0.1 mol) portion of o-methylbenzoic acid, 15.1 g (0.1 mol) of
      m-isopropoxyaniline and 10.1 g (0.1 mol) of triethylamine were dissolved
      in 100 ml of xylene. A 5.1 g (0.033 mol) amount of phosphorus oxychloride
      was added dropwise to the prepared solution with stirring at
      90.degree.-100.degree.C. Stirring of the resulting solution was continued
      at 90.degree.-100.degree.C for 3 hours. The reaction mixture was cooled
      and washed with water, and the product was dried over anhydrous sodium
      sulfate. The xylene was removed to obtain 20.9 g (77.9%) of white
      prismatic crystals having a melting point of 92.degree.-94.degree.C.
PAC  EXAMPLE 12
PAC  Preparation of 3'-n-propoxy-2-methylbenzanilide
PAR  A 13.6 g (0.1 mol) portion of o-methylbenzoic acid and 15.1 g (0.1 mol) of
      m-n-propoxy-aniline were dissolved in 100 ml of chlorobenzene. An 11.9 g
      (0.1 mol) amount of thionylchloride was added dropwise to the prepared
      solution at 40.degree.-50.degree.C, and the mixture was stirred at
      90.degree.-95.degree.C for 4 hours, whereby sulfur dioxide and hydrogen
      chloride were continuously generated. After the reaction, the reaction
      mixture was poured into ice water and extracted with a mixture of benzene
      and hexane. The product was recrystallized from the mixed solvent to
      obtain 23.6 g (88%) of white needles having a melting point of
      92.degree.-94.degree.C.
PAR  Typical active ingredients prepared by the above processes are listed
      below. The compound numbers appearing below will be referred to later in
      the text.
PAL  Compound No. 1
PA1  2'-methoxy-2-methylbenzanilide
PA1  white prisms
PA1  melting point 74.degree.-75.degree.C
PAL  Compound No. 2
PA1  3'-methoxy-2-methylbenzanilide
PA1  fine white prisms
PA1  melting point 142.degree.-143.degree.C
PAL  Compound No. 3
PA1  4'-methoxy-2-methylbenzanilide
PA1  white needles
PA1  melting point 136.degree.-137.degree.C
PAL  Compound No. 4
PA1  2'-ethoxy-2-methylbenzanilide
PA1  clear pinkish oil
PA1  boiling point 148.degree.C/0.04 mm Hg
PAL  Compound No. 5
PA1  3'-ethoxy-2-methylbenzanilide
PA1  white needles
PA1  melting point 115.degree.-116.degree.C
PAL  Compound No. 6
PA1  4'-ethoxy-2-methylbenzanilide
PA1  white needles
PA1  melting point 149.degree.-149.5.degree.C
PAL  Compound No. 7
PA1  2'-iso-propoxy-2-methylbenzanilide
PA1  clear reddish brown oil
PA1  boiling point 143.degree.-145.degree.C/0.01 mm Hg
PAL  Compound No. 8
PA1  3'-iso-propoxy-2-methylbenzanilide
PA1  white prisms
PA1  melting point 92.degree.C
PAL  Compound No. 9
PA1  4'-n-propoxy-2-methylbenzanilide
PA1  powdery white crystals
PA1  melting point 151.degree.-152.degree.C
PAL  Compound No. 10
PA1  3'-n-pentyloxy-2-methylbenzanilide
PA1  white needles
PA1  melting point 90.degree.C
PAL  Compound No. 11
PA1  3'-octyloxy-2-methylbenzanilide
PA1  white needles
PA1  melting point 95.degree.C
PAL  Compound No. 12
PA1  3'-n-dodecyloxy-2-methylbenzanilide
PA1  powdery white crystals
PA1  melting point 65.degree.-66.degree.C
PAL  Compound No. 13
PA1  2'-allyloxy-2-methylbenzanilide
PA1  pale reddish brown oil
PA1  boiling point 151.degree.C/b 0.025 mm Hg
PAL  Compound No. 14
PA1  3'-allyloxy-2-methylbenzanilide
PA1  powdery white crystals
PA1  melting point 85.degree.-89.degree.C
PAL  Compound No. 15
PA1  3'-propargyloxy-2-methylbenzanilide
PA1  fine white powder
PA1  melting point 93.degree.-95.degree.C
PAL  Compound No. 16
PA1  3'-benzyloxy-2-methylbenzanilide
PA1  white needles
PA1  melting point 114.degree.-115.degree.C
PAL  Compound No. 17
PA1  3'-2-chlorobenzyloxy-2-methylbenzanilide
PA1  fine white needles
PA1  melting point 116.degree.C
PAL  Compound No. 18
PA1  3'-n-propoxy-2-methylbenzanilide
PA1  white prisms
PA1  melting point 92.degree.-93.degree.C
PAL  Compound No. 19
PA1  2'-sec-butoxy-2-methylbenzanilide
PA1  white needles
PA1  melting point 75.degree.-77.degree.C
PAL  Compound No. 20
PA1  3'-n-butoxy-2-methylbenzanilide
PA1  greyish needles
PA1  melting point 87.degree.C
PAR  The active ingredients may be used in the form of conventional
      compositions, e.g., solutions, emulsions, wettable powders, fine granules,
      granules, and dust. However, the active ingredient alone may be applied.
      These compositions may be prepared by conventionally mixing the active
      ingredient with a diluting agent, such as a liquid or solid carrier, and
      if necessary, with an emulsifier or a dispersing agent. Suitable liquid
      diluents or carriers include water, aromatic hydrocarbons, e.g., xylene,
      benzene and methyl naphthalene; chlorinated aromatic hydrocarbons, e.g.,
      chlorobenzene; mineral oils, e.g., paraffin; alcohols, e.g., methanol,
      propanol; polar solvents, e.g., dimethylformamide, dimethylsulfoxide, or
      the like. Suitable solid diluents or carriers include talc, clay, kaolin,
      hydrated silica, wood powder, sand, or the like. Suitable emulsifiers
      include polyoxyethylene esters of aliphatic carboxylic acids,
      polyoxyethylene ethers of aliphatic alcohol or the like. Suitable
      dispersing agents include alkali metal salts, alkaline earth metal salts
      or ammonium salts of alkyl sulfonic acids, alkylarylsulfonic acids or
      lignin sulfonic acids, and methylcellulose or the like.
PAR  Synergistic effects may be obtained when the active ingredient is combined
      with other germicidal compounds, e.g., Neo-Asozin(ferric ammonium salts of
      methane arsonic acid), Polyoxin (antibiotic fungicide), Validamycin
      (antibiotic fungicide), Phenazin (phenazin-5-oxide); insecticidal
      compounds, e.g., Sumithion (O,O-dimethyl) O-(
     3-methyl-4-nitrophenyl)phosphorothioate), Baycid (O,O-dimethyl O-(
     3-methyl-4-methylthiophenyl)phosphorothioate) or spanon (hydrochloric acid
      salt of N-(2-methyl-4-chlorophenyl)-N,N-dimethylformamidine). The active
      ingredients may also be combined with fertilizers, soil conditions, or the
      like. The compounds of the invention are preferably applied in the
      following quantities.
PAL  Dilute solution:
PAR  50-300 l of 100-2,000 ppm dilution per 10 a
PAL  Powder composition:
PAR  1-5 Kg of 0.5-10% powder formulation per 10 a.
PAL  Soil treatment:
PAR  100-5,000 g of the active ingredient per 10 a.
PAL  Seed treatment:
PAR  A seed is coated with 0.01-5% of the active ingredient based on the weight
      of the seed.
PAR  Typical compositions are listed below.
PAL  Composition No. 1 -- Powder
PAR  Compound No. 1 (4%), diatomaceous earth (5%) and clay (91%) were crushed
      and mixed uniformly to give a dust formulation.
PAL  Composition No. 2 -- Wettable Powder
PAR  Compound No. 2 (50%) diatomaceous earth (45%), sodium dinaphthylmethane
      sulfonate (2%) and sodium lignin sulfonate (3%) were mixed and uniformly
      crushed to give a wettable powder.
PAL  Composition No. 3 -- Emulsion
PAR  Compound No. 3 (30%), cyclohexanone (20%), polyoxyethylene alkylaryl ether
      (11%), calcium alkylbenzene sulfonate (4%) and methyl naphthalene (35%)
      were uniformly mixed to give an emulsifiable concentrate.
PAL  Composition No. 4 -- Fine granules
PAR  To 4% polyethylene glycol was added 60.degree.-250 mesh sea sand and the
      mixture was thoroughly stirred to coat the polyethyleneglycol uniformly
      onto the sand. The mixture prepared above (94%), and 6% of a mixture
      composed of 70% Compound 5 and 30% clay were thorougly stirred to give the
      granules.
PAL  Composition No. 5 -- Granules
PAR  Compound No. 5 (10%), sodium lauryl sulfate (2%), sodium lignin sulfonate
      (5%), carboxymethyl cellulose (2%) and clay (81%) were mixed uniformly and
      crushed. Water (20%) was added to the mixture, which was kneaded and
      extruded with an extrusion granulating machine. The mixture was dried and
      granulated using 14-32 mesh sieves to obtain granules.
PAR  The agricultural effects of the compounds of the invention are shown in the
      experiments below.
PAC  EXPERIMENT 1
PAC  Protective effect against rice sheath blight
PAR  Fifteen young rice plants (Oryza sativa L.var Kinmaze) were transplanted to
      a pot with contents resembling paddy-field conditions, and, at the
      six-leaf stage, the plants were sprayed with the germicidal wettable
      powder, "Composition No. 2", suspended in water. After drying, a portion
      of 3-day-old cultures of Pellicuralia sasakii, grown on potato sucrose
      agar medium in Petri dishes at 28.degree.C, was picked and inoculated into
      the leaf sheath of the plants, which were then left for 8 days in a high
      humidity chamber kept at 28.degree.C. The length of the infection or
      infestation lesion formed on the sheath of the rice plant was measured.
      The results of the tests (3 pots were used for each test) are shown in
      Table 1.
PAR  The protection value was calculated as follows:
      ##EQU1##
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Germicidal    Concentration                                               
                            Total Protection                                   
                                        (Chemical                              
     ingredient    (ppm)    length of                                          
                                  value injury)                                
                            lesions                                            
                                  (%)   phytotoxicity                          
                            (cm)                                               
     __________________________________________________________________________
     Compound                                                                  
             No. 1 500      14.2  95.5  None                                   
             No. 2 "        4.5   98.6  "                                      
             No. 3 "        32.5  89.6  "                                      
             No. 4 "        4.3   98.6  "                                      
             No. 5 "        0     100   "                                      
             No. 6 "        42.5  86.4  "                                      
             No. 7 "        1.4   99.6  "                                      
             No. 8 "        0     100   "                                      
             No. 9 "        24.5  92.1  "                                      
             No. 10                                                            
                   "        4.5   98.6  "                                      
             No. 11                                                            
                   "        14.3  95.5  "                                      
             No. 12                                                            
                   "        42.5  86.4  "                                      
             No. 13                                                            
                   "        3.2   99.0  "                                      
             No. 14                                                            
                   "        0     100   "                                      
             No. 15                                                            
                   "        0     100   "                                      
             No. 16                                                            
                   "        0     100   "                                      
             No. 17                                                            
                   "        12.5  96.0  "                                      
             No. 18                                                            
                   "        0     100   "                                      
             No. 19                                                            
                   "        0     100   "                                      
             No. 20                                                            
                   "        4.3   98.6  "                                      
     *Reference                                                                
     Compound                                                                  
             No. 101                                                           
                   500      228.4 26.8  None                                   
               102 "        253.2 18.9  "                                      
               103 "        269.3 13.7  "                                      
               104 "        310.4 0.5   "                                      
               105 "        292.5 6.3   "                                      
               106 "        310.6 0.5   "                                      
               107 "        194.5 37.7  "                                      
     Polyoxine PS                                                              
      emulsion     25       43.2  86.2  None                                   
     Neo-Asozine                                                               
      solution     16.2     0     100   "                                      
     Non-treated   --       312.1 0     "                                      
     Polyoxine PS emulsion                                                     
                        Antibiotic Fungicide, Active Ingredient as polyoxin B. 
                        . .3% 30,000 Dmu/g                                     
     Neo-Asozine solution                                                      
                        Ferric ammonium salts of methane arsonic acid, active  
                        ingredient. . .6.5%                                    
     The reference compounds are disclosed in German Application No.           
     1,907,436 and British patent No. 1,217,868.                               
     __________________________________________________________________________
      *Reference compound                                                      
      No. 101 2-methylbenzanilide                                              
      No. 102 2'-methyl-2-methylbenzanilide                                    
      No. 103 2'-ethyl-2-methylbenzanilide                                     
      No. 104 4'-ethyl-2-methylbenzanilide                                     
      No. 105 4'-hydroxy-2-methylbenzanilide                                   
      No. 106 4'-methoxy-2-chlorobenzanilide                                   
      No. 107 4'-methoxy-2-nitrobenzanilide                                    
PAC  EXPERIMENT 2
PAC  Therapeutic effect on rice plant sheaths
PAR  Fifteen rice plant seedlings (Oryza sativa L.var Kinmaze) were transplanted
      to a pot duplicating paddy-field conditions. A portion of 2-day-old
      cultures (Pellicuralia sasakii), grown on potato sucrose agar medium in
      Petri dishes at 28.degree.C, was inoculated into the sheaths of the
      seedlings, which were then kept for 2 days in a high humidity chamber at
      28.degree.C. Then seedlings were sprayed with the suspension of a wettable
      powder, Composition No. 2 , in water. The sprayed seedlings were kept for
      another 6 days in the above chamber. The lengths of lesions formed on the
      sheaths of the plants were measured. The results of the tests (3 pots were
      used for each test) are shown in Table 2. The therapeutic value was
      calculated as follows:
TBL                 Total length of lesions in treated plants                  
     Therapeutic value (%) = 1 -           .times. 100                         
                    Total length of lesions in non-treated plants              
     TABLE 2                                                                   
     __________________________________________________________________________
     Germicidal                                                                
                Total length                                                   
                            Therapeutic  Phytotoxicity                         
     ingredient                                                                
               of lesions   value        (Chemical injury)                     
               (cm)         (%)                                                
               CONCENTRATION                                                   
               500 ppm                                                         
                     50 ppm 500 ppm                                            
                                  50 ppm 500 ppm                               
                                               50 ppm                          
     __________________________________________________________________________
     Compound                                                                  
          No. 1                                                                
               29.2  [229.5]                                                   
                            91.1  [26.3] None  [None]                          
          No. 2                                                                
               0     [7.2]  100   [97.7] "     ["]                             
          No. 3                                                                
               42.5  [284.5]                                                   
                            87.0  [8.6]  "     ["]                             
          No. 4                                                                
               8.4   [240.3]                                                   
                            97.4  [22.8] "     ["]                             
          No. 5                                                                
               0     [0]    100   [100]  "     ["]                             
          No. 6                                                                
               38.4  [259.0]                                                   
                            88.2  [16.8] "     ["]                             
          No. 7                                                                
               10.3  [236.2]                                                   
                            96.8  [24.1] "     ["]                             
          No. 8                                                                
               0     [0]    100   [100]  "     ["]                             
          No. 9                                                                
               24.5  [294.5]                                                   
                            92.5  [5.4]  "     ["]                             
          No. 10                                                               
               0     [13.4] 100   [95.7] "     ["]                             
          No. 14                                                               
               0     [12.4] 100   [96.0] "     ["]                             
          No. 15                                                               
               0     [10.7] 100   [96.6] "     ["]                             
          No. 18                                                               
               0     [0]    100   [100]  "     ["]                             
          No. 19                                                               
               0     [0]    100   [100]  "     ["]                             
          No. 20                                                               
               0     [0]    100   [100]  "     ["]                             
     Non-      326.4 [311.2]                                                   
                            0     [0]    "     ["]                             
     treated                                                                   
     __________________________________________________________________________
PAC  EXPERIMENT 3
PAC  Protective effect against Sheath blight in rice plants
PAR  Fifteen rice plants at the six-leaf stage (Oryza sativa L.var Kinmaze) were
      planted in a pot having a diameter of 15 cm, and 10% granules of the
      compounds shown in the following Table 3, which were prepared similarly to
      "Composition No. 5", were uniformly delivered to the surface water of the
      pot in a given dosage. The plants were then kept in a greenhouse. Seven
      days after the treatment, 3-day-old cultures (Pellicuralia sasakii), grown
      on a potato sucrose agar medium in Petri-dishes at 28.degree.C, were
      inoculated into the sheath of the seedlings, which were then left for 8
      days in a high humidity chamber at 28.degree.C. The lengths of the
      infested lesions formed on the sheaths of the rice plants were measured.
      The results of the tests (3 pots were used for each test) are shown in
      Table 3. The protection value was calculated as follows:
TBL              total length of lesions in treated plants                     
     Protection value (%) = 1 -        .times. 100                             
                 total length of lesions in non-treated plants                 
     TABLE 3                                                                   
     __________________________________________________________________________
     Germicidal     Protection value (%)                                       
                                      (Chemical injury)                        
     ingredient     Dosage in active ingredient                                
                                      Phytotoxicity                            
                    (500 g/10 a)                                               
     __________________________________________________________________________
     Compound                                                                  
             No. 2  97.5              None                                     
             No. 5  100               None                                     
             No. 8  100               None                                     
             No. 10 94.9              None                                     
             No. 14 96.2              None                                     
             No. 15 95.7              None                                     
             No. 18 98.3              None                                     
             No. 19 100               None                                     
             No. 20 96.2              None                                     
     Non-treated    0                 None                                     
     __________________________________________________________________________
PAC  EXPERIMENT 4
PAC  Effect on cotton seedling blight
PAR  The cotton seeds were treated with wettable powders prepared following the
      procedure described in Composition No. 2 in amounts of 1.0, 0.5 or 0.1% by
      weight of the cotton seeds. Rhizoctonia solani, cultured on wheat bran
      culture and diluted 40 times with soil, was used to fill each pot having a
      diameter of 15 cm, and 20 of the treated cotton seeds were sown in the
      soil. The pots were kept in a greenhouse until the seedlings grew to the
      two-leaf stage and were then kept in an inoculation chamber at 25.degree.C
      at a relative humidity of 90% for 2 days. The number of normally grown
      seedlings was counted. Three pots were used for each treatment.
TBL                       Number of normally                                   
     Percent normally     grown seedlings                                      
                    =                   .times. 100                            
     grown seedling       Total number of                                      
                          seedlings                                            
     TABLE 4                                                                   
     ______________________________________                                    
                              Percent   (Chemical)                             
                              normally  injury)                                
     Germicidal  Concentration                                                 
                              grown     Phyto-                                 
     ingredient  (%)          seedling  toxicity                               
     ______________________________________                                    
     Compound No. 1                                                            
                 1.0          100       None                                   
                 0.5          95.0      None                                   
                 0.1          80.0      None                                   
     Compound No. 2                                                            
                 1.0          100       None                                   
                 0.5          100       None                                   
                 0.1          100       None                                   
     Compound No. 3                                                            
                 1.0          100       None                                   
                 0.5          92.5      None                                   
                 0.1          77.5      None                                   
     Compound No. 4                                                            
                 1.0          100       None                                   
                 0.5          100       None                                   
                 0.1          97.5      None                                   
     Compound No. 5                                                            
                 1.0          100       None                                   
                 0.5          100       None                                   
                 0.1          100       None                                   
     Compound No. 6                                                            
                 1.0          100       None                                   
                 0.5          92.5      None                                   
                 0.1          85.0      None                                   
     Compound No. 7                                                            
                 1.0          100       None                                   
                 0.5          100       None                                   
                 0.1          100       None                                   
     Compound No. 8                                                            
                 1.0          100       None                                   
                 0.5          100       None                                   
                 0.1          100       NOne                                   
     Compound No. 9                                                            
                 1.0          100       None                                   
                 0.5          100       None                                   
                 0.1          90.0      None                                   
     Compound No. 13                                                           
                 1.0          100       None                                   
                 0.5          100       None                                   
                 0.1          100       None                                   
     Compound No. 14                                                           
                 1.0          100       None                                   
                 0.5          100       None                                   
                 0.1          100       None                                   
     Compound No. 15                                                           
                 1.0          100       None                                   
                 0.5          100       None                                   
                 0.1          100       None                                   
     Compound No. 16                                                           
                 1.0          100       None                                   
                 0.5          100       None                                   
                 0.1          100       None                                   
     Compound No. 17                                                           
                 1.0          100       None                                   
                 0.5          95.0      None                                   
                 0.1          80.0      None                                   
     Benlate     1.0          95.0      None                                   
     50% wettable                                                              
                 0.5          72.5      None                                   
     powder      0.1          45.0      None                                   
     Non-treated              0         None                                   
     ______________________________________                                    
PAC  EXPERIMENT 5
PAC  Effect on Bakanae disease in rice plants
PAR  Wettable powders prepared similarly to Composition No. 2 were applied to
      rice seeds which were naturally infected with Gibberella fujikuroi in
      amounts of 0.2%, 0.1%, or 0.05% by weight of the rice seeds. Rice seeds
      (100) were sown into pots filled with soil, were kept at
      30.degree.-35.degree.C at a relative humidity of 90% for 10 days and then
      were kept in a greenhouse at high humidity for 15 days. The number of
      infected seedlings was counted.
TBL                     number of infected                                     
     infected seedlings seedlings                                              
                  =                   .times. 100                              
     (%)                total number of                                        
                        seeding                                                
     TABLE 5                                                                   
     ______________________________________                                    
     Germicidal Concentration                                                  
                            Infected                                           
     ingredient (%)         Seedling Phytotoxicity                             
                            (%)                                                
     ______________________________________                                    
     Compound No. 1                                                            
                0.2          0       None                                      
                0.1         3        None                                      
                0.05        12       None                                      
     Compound No. 2                                                            
                0.2         0        None                                      
                0.1         0        None                                      
                0.05        0        None                                      
     Compound No. 3                                                            
                0.2         0        None                                      
                0.1         4        None                                      
                0.05        16       None                                      
     Compound No. 4                                                            
                0.2         0        None                                      
                0.1         0        None                                      
                0.05        7        None                                      
     Compound No. 5                                                            
                0.2         0        None                                      
                0.1         0        None                                      
                0.05        0        None                                      
     Compound No. 6                                                            
                0.2         0        None                                      
                0.1         0        None                                      
                0.05        4        None                                      
     Compound No. 7                                                            
                0.2         0        None                                      
                0.1         0        None                                      
                0.05        0        None                                      
     Compound No. 8                                                            
                0.2         0        None                                      
                0.1         0        None                                      
                0.05        0        None                                      
     Compound No. 9                                                            
                0.2         0        None                                      
                0.1         4        None                                      
                0.05        12       None                                      
     Compound No. 13                                                           
                0.2         0        None                                      
                0.1         0        None                                      
                0.05        2        None                                      
     Compound No. 14                                                           
                0.2         0        None                                      
                0.1         0        None                                      
                0.05        0        None                                      
     Compound No. 15                                                           
                0.2         0        None                                      
                0.1         0        None                                      
                0.05        0        None                                      
     Compound No. 16                                                           
                0.2         0        None                                      
                0.1         0        None                                      
                0.05        0        None                                      
     Compound No. 17                                                           
                0.2         0        None                                      
                0.1         2        None                                      
                0.05        8        None                                      
     *Reference                                                                
     Compound No. 101                                                          
                0.2         3        None                                      
                0.1         19       None                                      
                0.05        42       None                                      
     reference                                                                 
     Compound No. 102                                                          
                0.2         6        None                                      
                0.1         16       None                                      
                0.05        38       None                                      
     Reference                                                                 
     Compound No. 103                                                          
                0.2         8        None                                      
                0.1         21       None                                      
                0.05        42       None                                      
     Reference                                                                 
     Compound No. 104                                                          
                0.2         10       None                                      
                0.1         25       None                                      
                0.05        47       None                                      
     Reference                                                                 
     Compound No. 105                                                          
                0.2         13       None                                      
                0.1         26       None                                      
                0.05        51       None                                      
     Reference                                                                 
     Compound No. 106                                                          
                0.2         9        None                                      
                0.1         17       None                                      
                0.05        36       None                                      
     Reference                                                                 
     Compound No. 107                                                          
                0.2         12       None                                      
                0.1         22       None                                      
                0.05        48       None                                      
     Benlate    0.2         9        None                                      
     50% wettable                                                              
                0.1         14       None                                      
     powder     0.05        34       None                                      
     Non-treated                                                               
                --          65       None                                      
     ______________________________________                                    
      The reference compounds are disclosed in German Application No. 1,907,436
      and British Patent No. 1,217,868.                                        
      *Reference compound                                                      
      No. 101 2-methylbenzanilide                                              
      No. 102 2'-methyl-2-methylbenzanilide                                    
      No. 103 2'-ethyl-2-methylbenzanilide                                     
      No. 104 4'-ethyl-2-methylbenzanilide                                     
      No. 105 4'-hydroxy-2-methylbenzanilide                                   
      No. 106 4'-methoxy-2-chlorobenzanilide                                   
      No. 107 4'-methoxy-2-nitrobenzanilide                                    
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A method of protecting plants against agricultural fungi or bacteria,
      which comprises: applying a fungicidally or bacteriocidally effective
      amount of a 2-methylbenzanilide compound having the formula
      ##SPC6##
PAL  wherein R represents C.sub.1-12 alkyl, to plants, seeds or soil.
NUM  2.
PAR  2. A method of protecting plants against agricultural fungi or bacteria,
      which comprises: applying a fungicidally or bactericidally effective
      amount of a 2-methylbenzanilide compound having the formula
      ##SPC7##
PAL  wherein R represents allyl to plants, seeds or soil.
NUM  3.
PAR  3. A method of protecting plants against agricultural fungi or bacteria,
      which comprises: applying a fungicidally or bactericidally effective
      amount of a 2-methylbenzanilide compound having the formula
      ##SPC8##
PAL  wherein R represents propargyl to plants, seeds or soil.
NUM  4.
PAR  4. Fungicidal or bactericidal composition which comprises an inert carrier
      and as an active ingredient, a fungicidally or bactericidally effective
      amount of a 2-methylbenzanilide compound having the formula
      ##SPC9##
PAL  wherein R represents C.sub.1-12 alkyl.
NUM  5.
PAR  5. Fungidical or bactericidal composition which comprises an inert carrier
      and as an active ingredient, a fungicidally or bactericidally effective
      amount of a 2-methylbenzanilide compound having the formula
      ##SPC10##
PAL  wherein R represents allyl.
NUM  6.
PAR  6. Fungicidal or bactericidal composition which comprises an inert carrier
      and as an active ingredient, a fungicidally or bactericidally effective
      amount of a 2-methylbenzanilide compound having the formula
      ##SPC11##
PAL  wherein R represents propargyl.
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ABST
PAL  The invention relates to new compounds of formula I
      ##SPC1##
PAL  and salts thereof with pharmaceutically acceptable acids, in which formula
      all the substituents may be hydrogen, while R.sub.1 and R.sub.2 may
      furthermore be a methyl group, R.sub.3 an alkyl group, an alkoxy-alkylene
      group, an alkylthioalkylene group, an alkylsulphoxyalkylene group or an
      alkylsulphonalkylene group having up to 8 carbon atoms or a benzyl group,
      and R.sub.4, R.sub.5 and R.sub.6 a halogen atom, an alkyl group, an alkoxy
      group or an alkylthio group having up to 6 carbon atoms, a benzyloxy
      group, --OH, --NH.sub.2, a mono- or dialkylamino group, in which the alkyl
      group(s) contain(s) 1 or 2 carbon atoms, --CN or --CF.sub.3, and two of
      the substituents R.sub.4, R.sub.5 and R.sub.6 may each represent a
      metanitro group or together a trimethylene group, a tetramethylene group,
      a methylene dioxy group, an ethylene dioxy group, a benzo group, a
      pyridino group, an indeno-1,2-, a 1,4-benzthiazino-2,3 group or a
      1,4-benzoxthiino-2,3 group, with the exception of the HCl salt of the
      compound in which R.sub.5 and R.sub.6 each represent an orthochlorine atom
      and R.sub. 1, R.sub.2, R.sub.3 and R.sub.4 each represent hydrogen.
PARN
PAR  This is a division of application Ser. No. 279,971, filed Aug. 11, 1972.
BSUM
PAR  The compounds according to the invention have interesting pharmacological
      properties. They have in particular a very strong central activity which
      may be expressed both in an anti-depressive activity, whether or not
      caused by monoamino oxidase inhibition, and in a sedative or
      anticonvulsive activity.
PAR  In particular those compounds according to the invention in which both
      R.sub.1 and R.sub.2 represent a hydrogen atom have a strong activity.
PAR  The monoamino oxidase inhibiting effect of compounds of formula I was found
      in experiments in which a quantity of the compound to be tested was
      administered intraperitoneally or orally to five male albino mice. One
      hour after the administration the animals were injected subcutaneously
      with tryptamine hydrochloride in a quantity of 250 mgms/kgm. This quantity
      caused no mortality in animals which had not received the compound to be
      tested but dis cause mortality in the animals which had been treated.
      Eighteen hours after the administration of tryptamine hydrchloride it was
      determined how many treated animals had died. The ED.sub.50 was determined
      from the results.
PAR  The antidepressive effect of compounds of formula I was also determined in
      the tetrabenazine test. In this test a quantity of the compound to be
      tested was administered intraperitoneally or orally to five male albino
      mice. After 45 minutes the animals were injected subcutaneously with 80
      mgms per kgm of tetrabenazine. After another 45 minutes the degree of
      ptosis was determined and compared with the ptosis of animals which had
      received tetrabenazine alone. The ED.sub.50 was determined from the
      results.
PAR  The sedative effect of compounds according to the invention was found in
      the hexobarbital narcotising test. In this test a compound to be tested
      was administered intraperitoneally and orally, respectively, 60 minutes
      prior to a dose of hexobarbital (30 mgms/kgm) which was just less than
      narcotic. Induction of narcosis was the criterion for the activity of the
      substance. The ED.sub.50 was calculated from a series of experiments with
      varying dosages.
PAR  The anticonvulsive effect of compounds according to the invention against
      superamaximal electric shock was determined in female mice 30 minutes
      after an intraperitoneal administration or 60 minutes after an oral
      administration of the compound to be tested.
PAR  The influence of compounds on the convulsive effect of a supramaximal
      intravenously administered dose of pentamethylene tetrazol (50 mgms/kgm)
      was also determined in female mice 30 minutes after an intraperitoneal
      administration or 60 minutes after an oral administration of a compound.
PAR  The antidepressive compounds according to the invention are particularly
      suitable for use in the therapy of neurotic and psychotic disturbances, in
      particular of the depressive syndrome and also for the treatment of
      psychosomatic disturbances. The substances may therefore be administered
      to depressive patients as a psychostimulant.
PAR  The sedative compounds are excellently suitable for use as an ataractic.
      They may successfully be used for the treatment of mild psychoneurotic
      phenomena.
PAR  The anti-convulsive compounds may be used in the treatment of epileptic
      patients.
PAR  The cmpounds, including the HCl salt of O-(2-amino-ethyl)
      2,6-dichlorobenzaldoxim, may be administered in the conventional manners
      after having been brought in a suitable form of administration. They may
      be injected or be administered orally or rectally. As forms of
      administration are therefore to be considered inter alia: injection
      liquids, pills, tablets, coated tablets, capsules, powders, and the like.
PAR  The way in which, the quantity in which and the frequency with which the
      substances are to be administered to the patient may vary for each
      individual patient also in accordance with the severity of the
      disturbances. In general, the practitioner will have no trouble in
      choosing the correct therapy for a given patient.
PAR  The dosing of sedative and antidepressive compounds will in general be from
      10 to 500 mgms daily for adults. As a rule a quantity of from 10 to 150
      mgms will be sufficient.
PAR  Anti-convulsives according to the invention will generally be administered
      in dosages of from 100 to 500 mgms daily.
PAR  The compounds according to the invention, including the HCl salt of
      0-(2-aminoethyl)2,6-dichlorobenzaldoxim may be processed according to
      methods commonly used in pharmacy to compositions, for example, by mixing
      an active substance with or dissolving it in solid or liquid carriers.
PAR  As such are to be considered the conventional carriers, for example, water
      made isotonic with blood, if desired, for example, by means of kitchen
      salt, glycerin, chalk, calcium phosphate, lactose, powdered sugar, calcium
      carbonate. As swelling agents in tablets and coated tablets may be used,
      for example, potato starch, maize starch, arrow root (amylum marantae),
      carboxy methylcellulose, gelatin and acacia gum.
PAR  As lubricants may be used talcum, magnesium stearate, calcium stearate, and
      stearic acid. Compositions for oral administration may contain in addition
      flavouring substances, for example, sugars or vanilla extract.
PAR  As preservatives may be used, for example, propyl-p-hydroxy-benzoate and
      benzyl alcohol. The compositions may contain in addition surface-active
      substances, for example, mono-, di- and tri-esters of higher fatty acids.
PAR  As examples of pharmaceutically acceptable acids with which the compounds
      can form salts may be mentioned: hydrohalogenic acids, for example,
      hydrochloric acid, hydrobromic acid, in addition other inorganic acids,
      for example, sulphuric acid, nitric acid, phosphoric acid, and organic
      acids, for example, citric acid, acetic acid, oxalic acid, fumaric acid,
      lactic acid, succinic acid, sulphamic acid, benzoic acid, tartaric acid,
      gallic acid.
PAR  The compounds according to the invention may be prepared according to
      methods which are known per se.
PAR  The invention therefore also relates to a method of preparing new oxim
      ethers, characterized in that compounds of formula I
      ##SPC2##
PAL  and salts thereof with pharmaceutically acceptable acids, in which formula
      all the substituents may be hydrogen while R.sub.1 and R.sub.2 may
      furthermore represent a methyl group, R.sub.3 an alkyl group, an
      alkoxyalkylene group, an alkylthioalkylene group, an alkylsulphoxyalkylene
      group, an alkylsulphonalkylene group having up to 8 carbon atoms or a
      benzyl group, and R.sub.4, R.sub.5 and R.sub.6 may each be a halogen atom,
      an alkyl group, an alkoxy group or an alkylthio group having up to 6
      carbon atoms, a benzyloxy group, a hydroxy group, an amino group, an
      alkylamino group or a dialkylamino group, in which the akyl group(s)
      contain(s) 1 or 2 carbon atoms, a nitrile group or a trifluoromethyl group
      and two of the substituents R.sub.4, R.sub.5 and R.sub.6 may each be a
      meta nitro group or together a trimethylene group, a tetramethylene group,
      a methylenedioxy group, an ethylenedioxy group, a benzo group, a pyridino
      group, an indeno-1,2 group, a 1,4-benzthiazino-2,3 group or a
      1,4-benzoxthiino-2,3 group, with the exception of the HCl salt of the
      compound in which R.sub.5 and R.sub.6 each represent an orthochlorine atom
      and R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each represent a hydrogen atom,
      are prepared according to methods which are known for the preparation of
      this type of compounds and according to methods analogous thereto.
PAR  For example, compounds according to the invention may be prepared by
      reacting a compound of formula II
      ##SPC3##
PAL  wherein M is a hydrogen atom or an alkali metal atom, with a compound of
      formula III
      ##EQU1##
       wherein X is a halogen atom, preferably a bromine or chlorine atom or a
      tosyloxy group and Y is a hydrogen atom or an acyl group, for example, an
      alkoxycarbonyl group or a carbobenzoxy group, which, after the coupling
      reaction, is split off by hydrolysis.
PAR  The reaction may be carried out in a suitable solvent. As such are to be
      considered inter alia: alcohols, for example, methanol, ethanol, ketones,
      for example, acetone and methylethyl ketone, and ethers, for example,
      dioxane, dimethylglycol ether.
PAR  When M in formula II is a hydrogen atom, it may be recommendable to add an
      acid binder to the reaction mixture. As such may be mentioned inter alia
      alcoholates, potassium carbonate and sodium carbonate, tertiary amines,
      pyridine and the like.
PAR  The temperature of the reaction mixture may vary between rather wide
      limits. As a rule, however, it will be between 0.degree. and 50.degree.C.
PAR  The oxims of formula II may be obtained in the conventional manner from the
      corresponding aldehydes or ketones by means of hydroxylamine. The oximates
      may be prepared from the oxims by adding the oxims, whether or not
      dissolved in alcohol, to a solution of potassium or sodium alcoholate or
      -hydroxide in alcohol.
PAR  The compounds according to the invention may alternatively be obtained by
      reacting a compound of formula IV
      ##SPC4##
PAL  with a compound of formula V
      ##EQU2##
      wherein Y is a hydrogen atom, or an acylgroup for example an
      alkoxycarbonyl group or a carbobenzoxy group which, after the coupling
      reaction, is split off by hydrolysis.
PAR  The reaction may be carried out in a suitable solent. As such may be
      mentioned: alcohols, pyridine, dioxane, dimethylformamide,
      tetrahydrofurane and the like or mixtures thereof. In general the reaction
      temperature lies between room temperature and the boiling point of the
      solvent. An alternative method of preparing compounds according to the
      invention is that in which an oxim of formula II (M = H) is reacted with
      an imine of the formula VI
      ##EQU3##
      wherein R'.sub.1 is an acyl group which is split off after the reaction by
      hydrolysis.
PAR  The reaction may be carried out in a suitable solvent, for example,
      dioxane, benzene.
PAR  The compounds according to the invention may also be obtained by reacting a
      compound of formula VII
      ##SPC5##
PAL  wherein X is a halogen atom, preferably a bromine atom or a tosyloxy group,
      with ammonia or methylamine.
PAR  The reaction may be carried out, for example, in alcohols.
PAR  The starting substances of formula VII may be obtained by reacting oxims of
      formula II (M = H) in the presence of an acid binder with a halogen
      compound of formula VIII
      ##EQU4##
      wherein X has the same meaning as in formula VII and Hal is a halogen
      atom, preferably a bromine atom. When in formula II one or more of the
      substituents R.sub.4, R.sub.5 and R.sub.6 is a primary or secondary amino
      group and a hydroxy group, respectively, it is preferably protected with
      an acyl group and a benzyl group, respectively, which groups are
      subsequently split off by hydrolysis or hydrogenolysis.
DETD
PAR  In order that the invention may be readily carried into effect certain
      examples thereof will now be described in greater detail.
PAR  1. 4'-methyl-O-(2-aminoethyl)acetophenoneoxim-HCl
PAR  A solution of 3.23 gms of 0-(2-aminoethyl) hydroxylamine dihydrochloride
      and 3.35 gms of 4'-methylacetophenone in a mixture of 15 mls of pyridine
      and 30 mls of absolute ethanol was refluxed for 2 hours. The solvent was
      then distilled off in vacuo and the residue, after dissolving in little
      water, was washed three times with diethyl ether. 30 mls of 2N sodium
      hydroxide solution were then added to the washed solution and the whole
      was again extracted three times with ether. This ether extract was washed
      three times with water and then dried on sodium sulphate. After distilling
      off the solvent in vacuo the residue was neutralised with alcoholic
      hydrochloric acid. From this neutralised solution the hydrochloride of
      4'-methyl-0-(2-aminoethyl)acetophenone oxim crystallised after the
      addition of ether. The product was crystallised again from a mixture of
      absolute ethanol and ether, melting point 183.degree.- 185.degree.C.
PAR  2. 0-(2-aminoethyl)-3',4'-ethylene-dioxy-acetophenone oxim-HCl
PAR  4.8 gms of 3', 4'-ethylenedioxyacetophenone oxim were added to a solution
      of 0.100 mol of sodium (2.30 gms) in 75 mls of absolute ethanol. The oxim
      dissolved. 0.050 mol of 2-bromoethylaminohydrobromide were then added
      (10.25 gms). The mixture was stirred at room temperature for 2 hours. Then
      it was sucked off from the NaBr formed and the filtrate was evaporated in
      vacuo until it was free from solvent. The residue was dissolved in water
      (50 mls) and ether (50 mls) and the water layer was separated. The
      ethereal layer was washed two times with 25 mls of water and dried on
      Na.sub.2 SO.sub.4. The ether was removed in vacuo, an oil being formed.
      This oil was dissolved in approximately 20 mls of absolute alcohol and
      acidified with alcoholic hydrochloric acid. By the addition of ether the
      HCl salt crystallised out. After cooling the crystallised substance was
      sucked off. After crystallisation from alcohol the melting point was
      203.degree.-206.degree.C.
PAR  3a. 0-(2-bromoethyl)4'methylhexanopheneone oxim
PAR  20.5 gms of 4'-methylhexanophenone oxim were dissolved in a solution of 4.6
      gms of sodium in 100 mls of absolute ethanol. At 20.degree.C and while
      stirring this solution was added to a mixture of 60 mls of 12,
      dibromoethane and 50 mls of N,N-dimethylformamide. The reaction mixture
      was then heated to 65.degree. and kept at this temperature for 16 hours.
      The formed precipitate was then sucked off and the filtrate was
      concentrated in vacuo. After the addition of 200 mls of water the
      concentrate was extracted with chloroform (2 .times. 100 mls). The extract
      was dried on sodium sulphate, concentrated in vacuo and then distilled in
      a high vacuum (0.005 mm). The distillate (boiling point
      111.degree.-114.degree.C/0.005 mm) contained, in addition to
      4'-methyl-hexanophenone oxim, the O-(2-bromo-ethyl)-4'-methylhexanophenone
      oxim.
PAR  b. 0-(2-aminothyl)4'-methyl-hexanophenone oxim.HCl.
PAR  A solution of 9.0 gms of this distilled bromine compound in 50 mls of
      ethanol was mixed with 50 mls of concentrated ammonia. This mixture was
      then stirred in a closed vessel at 65.degree. for 16 hours and then
      concentrated in vacuo. The concentrate was mixed with 50 mls of ether and
      then extracted three times with 20 mls of N hydrochloric acid. The acid
      extract was washed with 50 mls of ether, then rendered alkaline with 40
      mls of 2N sodium hydroxide solution and again extracted three times with
      30 mls of ether. This ethereal extract was dried on sodium sulphate,
      concentrated, and the remaining oil was distilled in a high vacuum. The
      distillate (boiling point 121.degree.-122.degree.C/0.3 mm) was taken up in
      25 mls of diethylether and neutralised with 2N ethanolic hydrochloric acid
      as a result of which the above substance crystallised out. After
      crystallisation from ethyl acetate the melting point was
      97.degree.-98.degree.C.
PAR  4a. 0-(2-p. toluene sulphoxyloxy ethyl)-4 'methyl propionphenone oxim.
PAR  12.7 gms of p-toluenesulphonylchloride were added to a solution of 13.8 gms
      of 0-(2-hydroxyethyl)-4'-methyl propiophenone oxim (synthetised from 4'
      methylpropiophenone oxim and ethelene oxide under the influence of lithium
      ethanolate in ethanol) in 20 mls of pyridine while stirring and cooling in
      ice water. The reaction mixture was stirred while cooling for another 15
      minutes and then at room temperature for 3 hours. The reaction mixture was
      then poured on a mixture of 90 gms of ice and 30 mls of concentrated
      hydrochloric acid. The separated solid was extracted three times with 50
      mls of benzene. The solution in benzene was washed with 2N hydrochloric
      acid and then with dilute carbonate solution. After drying the solution on
      potassium carbonate the solvent was removed in vacuo and the residue
      crystallised from a mixture of 35 mls of benzene and 55 mls of petroleum
      ether.
PAR  b. 0-(2-aminoethyl)-4'-methyl propiophenone oxim HCl.
PAR  A suspension of 3.6 gms of the compound prepared sub 4a in 100 mls of
      concentrated ammonia and 100 mls of ethanol was shaken at room temperature
      for 15 hours and then at 80.degree. for another 7 hours in an autoclave.
      The excessive ammonia and a part of the solvent were distilled off in
      vacuo until the residue turned cloudy. After the addition of 15 mls of 2N
      sodium hydroxide solution, this residue was extracted 3 times with totally
      100 mls of ether. The ether extract was then extracted 2 times with 10 mls
      of 2N hydrochloric acid. This acid extract was again made alkaline with 5
      mls of 50% sodium hydroxide solution and then extracted with toally 30 mls
      of chloroform. This extract was dried on sodium sulphate after which the
      solvent was removed in vacuo. The residue was distilled in a high vacuum.
      By neutralising the distillate with 6 mls of alcoholic hydrochloric acid
      and then adding 30 mls of ether, a crystalline substance was obtained.
      Melting point after recrystallisation from diethylether
      124.5.degree.-25.5.degree.C.
PAR  5a. 0-{2-(N-ethoxycarbonylamino)ethyl}-4'-methylthioacetophenone oxim.
PAR  A solution of N-ethoxycarbonylethylene imine, obtained by reacting 1.4 mls
      of ethylene imine with 2.4 mls of ethylchloroformate under the influence
      of triethylamine in 30 mls of absolute benzene was mixed, while stirring,
      with a solution of 4.1 gms of 4'-methylthioacetophenone oxim in benzene.
      The reaction mixture was then heated to the boiling temperature while
      stirring and then it was stirred at this temperature for another 30
      minutes. After leaving the mixture to stand at room temperature for 16
      hours it was mixed with water and the benzene layer was then separated.
      This benzene layer was washed 3 .times. with water and then dried on
      sodium sulphate. After removing the solvent the above-mentioned substance
      was obtained by fractional crystallisation from ethanol and petroleum
      ether.
PAR  b. 0-(2-aminoethyl)-4'-methylthio acetophenone oxim.HCl
PAR  Of this ethoxy carbonyl compound 0.21 gms were dissolved in 4 mls of
      ethanol. After the addition of 2.0 mls of 3N sodium hydroxide solution
      this solution was refluxed for 4 hours. The solvent was then partly
      removed in vacuo and the residue extracted 3 .times. with ether after the
      addition of some water. The ethereal solution was shaken with 2.00 mls of
      1.2N hydrochloric acid and, after the layers had separated, once again
      with water. 1.8 ml of 3N sodium hydroxide solution were added to the acid
      extract and the latter was extracted again two times with ether. This
      latter ether extract was dried on sodium sulphate, then evaporated, and
      the resulting residue neutralised with alcoholic hydrochloric acid after
      which the substance crystallised. After crystallisation from
      ethanol/diethyl ether 1 : 1 the melting point was
      215.degree.-219.degree.C.
PAR  6. 0-(2-amino-ethyl)-acetophenone-oxim hydrochloride.
PAR  0.050 mol of acetophenone oxim (6.75 gms) were added to a solution of 0.200
      mol of sodium (4.60 gms) in 75 mls of ethanol supra. 0.100 mol of
      2-bromoethylamine hydrobromide (20.5 gms) were then added after which the
      mixture was stirred at room temperature for 2 hours. The formed NaBr was
      then sucked off and the filtrate was evaporated in vacuo until free from
      solvent. The residue was dissolved in 75 mls of ether +75 mls of water,
      the water layer was separated and the ether layer was washed two times
      with 25 mol of water. Subsequently the ether layer was extracted with 50
      mls of 2 N HCl and then with 20 mls of water. The acid extracts were made
      basic with 75 mls of 2N NaOH and then extracted three times with 50 mls of
      ether. The collected ether extracts were washed three times with 20 mls of
      water and dried on Na.sub.2 SO.sub.4. The ether was evaporated in vacuo as
      a result of which an oil was obtained. This oil was dissolved in 5 mls of
      absolute alcohol and acidified to pH 4 with alcoholic hydrochloric acid. A
      crystalline substance precipitated as a result of the addition of ether.
      This substance was sucked off and dried, and recrystallised from a mixture
      of absolute alcohol and ether. Melting point 173.degree.-175.degree.C.
PAR  7. 0-(2-amino-ethyl)-methyl-.alpha.-naphthyl-ketoxim-hydrochloride.
PAR  0.025 mol of methyl-.alpha.-napthyl-ketoxim (4.63 gms) were added to a
      solution of 0.100 mol of sodium (2.30 gms) in 75 mls of absolute ethanol.
      The oxim dissolved. 0.050 mol of 2-bromoethylamine hydrobromide (10.25
      gms) were then added. The mixture was stirred at room temperature for 2
      hours. The formed NaBr was sucked off and the filtrate was evaporated in
      vacuo until free from solvent. The residue was dissolved in water (50 mls)
      and ether (50 mls) and the water layer was separated. The ether layer was
      washed two times with 25 mls of water and dried on Na.sub.2 SO.sub.4. The
      ether was removed in vacuo in which an oil was formed. This oil was
      dissolved in approximately 20 mls of absolute alcohol and acidified with
      alcoholic hydrochloric acid. By the addition of ether the HCl salt
      crystallised. After cooling this was sucked off. After two
      recrystallisations from alcohol the melting point was
      236.degree.-238.degree.C.
PAR  8. 0-(2-amino-ethyl)-isobutyrophenone oxim hydrochloride.
PAR  0.050 mol of isobutyrophenone oxim (8.15 gms) were added to a solution of
      0.200 mol of sodium (4.60 gms). This oxim dissolved substantially
      entirely. This was mixed with 0.100 mol of 2-bromoethyl-amine hydrobromide
      (20.5 gms). The mixture was stirred at room temperature for 2 hours. Then
      it was sucked off from the formed precipitate of NaBr and the filtrate was
      evaporated in vacuo until it was free from solvent. The residue was
      dissolved in 75 mls of ether, the water layer was extracted and the ether
      layer was washed 2 times with 25 mls of water. The ether layer was then
      acidified with 50 mls of 2N HCl, then separated and extracted once again
      with 25 mls of water. The acid extracts were made basic with 75 mls of 2N
      NaOH and extracted three times with 50 mls of ether. The collected ether
      extracts were washed three times with 25 mls of water and then dried on
      Na.sub.2 SO.sub.4. After removing the ether in vacuo a colourless oil
      remained. This was dissolved in 10 mls of absolute alcohol. The solution
      was acidified with alcoholic hydrochloric acid to pH 4 after which ether
      was added and a crystalline substance precipitated. This was sucked off
      and dried, after cooling. Melting point 90.5.degree.-92.5.degree.C.
PAR  The following compounds were obtained in an analogous manner according to:
PA1  method A: compound of formula II + compound of formula III
PAL  or
PA1  method B: compound of formula IV + compound of formula V.
      ##SPC6##
TBL  R.sub.3 R.sub.4                                                           
                  R.sub.5                                                      
                      R.sub.6                                                  
                          Meltpoint .degree.C                                  
                                   method                                      
                                       sedative                                
                                            anti- anti-                        
                                            convulsive                         
                                                  depressive                   
     __________________________________________________________________________
             2.OCH.sub.3  110,5-111                                            
                                   A   -    +     +                            
             2.OC.sub.4 H.sub.9                                                
                          70       B   +    +     -                            
             3,4--O--CH.sub.2 O                                                
                          187-188  A   -    -     +                            
     CH.sub.3                                                                  
             4.CH.sub.3   183-185  vb1            +                            
     CH.sub.3                                                                  
             2.CH.sub.3                                                        
                  4 CH.sub.3                                                   
                          137-140  A   -    -     +                            
     CH.sub.3                                                                  
             3,4--CH.sub.2 --CH.sub.2 --CH.sub.2                               
                          193-195  B   -    +     +                            
     CH.sub.3                                                                  
             3,4--O--CH.sub.2 --CH.sub.2 --O                                   
                          203-206  vb2 -    +     +                            
     CH.sub.3                                                                  
             4SCH.sub.3   215-219  vb5      +     +                            
     CH.sub.3                                                                  
             3Cl  4 OCH.sub.3                                                  
                      5Cl 158-159  A   -    +     +                            
     CH.sub.3                                                                  
             3,4-pyridino-2,3                                                  
                          235-237  B   -          +                            
     CH.sub.3                                                                  
             3,4-indeno-2,3                                                    
                      257-265                                                  
                          B                 +                                  
     CH.sub.3                                                                  
             2,3-benzo                                                         
                      4OCH.sub.3                                               
                          174-175  A        +     +                            
     CH.sub.3                                                                  
             3,4-benzoxthi-                                                    
                          190-195  B              +                            
             ino-2,3                                                           
     C.sub.2 H.sub.5                                                           
             3CH.sub.3    157-159  B              +                            
     C.sub.2 H.sub.5                                                           
             4CH.sub.3    124,5-125,5                                          
                                   vb4 -    -     +                            
     nC.sub.3 H.sub.7                                                          
             4CH.sub.3    82-83    B              +                            
     nC.sub.3 H.sub.7                                                          
             2,3 benzo                                                         
                      4OCH.sub.3                                               
                          148-149,5                                            
                                   A   -    +     +                            
     nC.sub.5 H.sub.11                                                         
             3CH.sub.3    kpt.base 116-B          +                            
                          118/0,03                                             
     nC.sub.5 H.sub.11                                                         
             4CH.sub.3    97-98    vb3 -    +     +                            
     nC.sub.5 H.sub.11                                                         
             3CH.sub.3                                                         
                  4CH.sub.3                                                    
                          86,5-88  B              +                            
     nC.sub.5 H.sub.11                                                         
             3,4--O--CH.sub.2 --O                                              
                          105      A   -    -     +                            
     nC.sub.5 H.sub.11                                                         
             4--SCH.sub.3 131,5-133                                            
                                   A   +    -     +                            
     nC.sub.5 H.sub.11                                                         
             2OH          94-96    B              +                            
     nC.sub.5 H.sub.11                                                         
             4OH          80-84    B              +                            
                          maleaat                                              
     nC.sub.5 H.sub.11                                                         
             4CF.sub.3    96-100   A   +    -     +                            
     nC.sub.5 H.sub.11                                                         
             2Cl  4CH.sub.3                                                    
                          oil, base                                            
                                   B              +                            
     nC.sub.5 H.sub.11                                                         
             3Cl  4CH.sub.3                                                    
                          50       B              +                            
     nC.sub.5 H.sub.11                                                         
             3Cl  4OH     142-143 base                                         
                                   B              +                            
     nC.sub.5 H.sub.11                                                         
             2CH.sub.3                                                         
                  4Cl 5CH.sub.3                                                
                          122-123  B              +                            
     nC.sub.5 H.sub.11                                                         
             2NH.sub.2    oil base B              +                            
     nC.sub.5 H.sub.11                                                         
             4NH.sub.2    oil base B   -          +                            
     nC.sub.5 H.sub.11                                                         
             3NH.sub.2                                                         
                  4CH.sub.3                                                    
                          kpt 136-8/0,05                                       
                                   B              +                            
                          base                                                 
     nC.sub.5 H.sub. 11                                                        
             4CN          kpt 124-8/0,01                                       
                                   B              +                            
                          base                                                 
     CH.sub.2 C.sub.6 H.sub.5                                                  
                          176-176.5                                            
                                   A   -    +     +                            
     CH.sub.2 --S--C.sub.3 H.sub.7                                             
                          100-101  A   -    -     +                            
     CH.sub.2 --SO--C.sub.3 H.sub.7                                            
                          144-146  B              +                            
     CH.sub.3             173-175  vb 6                                        
                                       -    +     +                            
     CH.sub.3                                                                  
             2,3-benzo    236-238  vb7            +                            
     i.C.sub.3 H.sub.7    90,5-92,5                                            
                                   vb8 -    -     +                            
     H       H    H   H   142-124  A   -    +     +                            
             2CH.sub.3    142,5-144,5                                          
                                   A   -    +     +                            
             2nC.sub.4 H.sub.9                                                 
                          93,5-95  B   +    +     -                            
             3OCH.sub.3   129-130  A   -    +     +                            
             4OCH.sub.3   159-160  A   -    +     +                            
             4OCH.sub.2 C.sub.6 H.sub.5                                        
                          213-214  A              +                            
             2Cl          128-129,5                                            
                                   A   +    -     +                            
             4Cl          193-195  A   -    +     +                            
             2Cl  4Cl     179-181  A   -    +     +                            
             2Cl  6Cl     120      A   -    +     +                            
             2Br          135,5-136,5                                          
                                   A   -    +     +                            
             4N(CH.sub.3).sub.2                                                
                          186,5-187                                            
                                   A   +    +     +                            
     CH.sub.3                                                                  
             4OCH.sub.3   189-191  A   -    -     +                            
     CH.sub.3                                                                  
             3OCH.sub.3                                                        
                  4OCH.sub.3                                                   
                          212-214  A   +    -     +                            
     CH.sub.3                                                                  
             2CH.sub.3                                                         
                  4OCH.sub.3                                                   
                          157-158  A   -    +     +                            
     CH.sub.3                                                                  
             4Cl          192-194  B              +                            
     CH.sub.3                                                                  
             3,4-benzo    237-240  A   +          +                            
     C.sub.2 H.sub.5      152-154  A   -    -     +                            
     C.sub.2 H.sub.5                                                           
             2CH.sub.3    62-64    B              +                            
     C.sub.2 H.sub.5                                                           
             4OCH.sub.3   152-153  A   +    -     +                            
     C.sub.2 H.sub.5                                                           
             4OC.sub.2 H.sub.5                                                 
                          145-146  A   -    -     +                            
     C.sub.2 H.sub.5                                                           
             4OnC.sub.4 H.sub.9                                                
                          158,5-159,5                                          
                                   A   -    +     +                            
     C.sub.2 H.sub.5                                                           
             4Cl          150-151  A   -    -     +                            
     C.sub.2 H.sub.5                                                           
             2Cl  4OCH.sub.3                                                   
                          130-131  A   -    +     +                            
     C.sub.2 H.sub.5                                                           
             3F   4OCH.sub.3                                                   
                          180      A   -    -     +                            
     C.sub.2 H.sub.5                                                           
             3NO.sub.2    188-189  A   -    -     +                            
     C.sub.2 H.sub.5                                                           
             2NO.sub.2                                                         
                  4OCH.sub.3                                                   
                          197-198  A   -    -     +                            
     nC.sub.3 H.sub.7     94,5-95,5                                            
                                   A   -    -     +                            
     nC.sub.3 H.sub.7                                                          
             4Cl          82-84    B              +                            
     C.sub.3 H.sub.5                                                           
             4F           95,5-97,5                                            
                                   A   -    -     +                            
                          maleaat                                              
     nC.sub.4 H.sub.9     82,5-84  A   -    +     +                            
     nC.sub.4 H.sub.9                                                          
             2Cl          127- 132/0,15                                        
                                   B              +                            
                          kpt base                                             
     nC.sub.4 H.sub.9                                                          
             4Cl          96-98    B                                           
     nC.sub.4 H.sub.9                                                          
             2,3-benzo    oil, base                                            
                                   B              +                            
     nC.sub.5 H.sub.11    93,5-94  A   -    +     +                            
     nC.sub.5 H.sub.11                                                         
             2CH.sub.3    150/0,07 B   -          +                            
                          kpt base                                             
     nC.sub.5 H.sub.11                                                         
             3OCH.sub.3   79-80    B              +                            
     nC.sub.5 H.sub.11                                                         
             2Cl          oil, base                                            
                                   A   -    -     +                            
     nC.sub.5 H.sub.11                                                         
             3Cl          98,5-99,5                                            
                                   A   -    -     +                            
                          maleaat                                              
     nC.sub.5 H.sub.11                                                         
             4Cl          88-90    A   +    -     +                            
     nC.sub.5 H.sub.11                                                         
             2Cl  4Cl     oil, base                                            
                                   A   +    -     +                            
     nC.sub.5 H.sub.11                                                         
             3Cl  4Cl     82-86    A   -    -     +                            
     nC.sub.5 H.sub.11                                                         
             2F           oil, base                                            
                                   B              +                            
     nC.sub.5 H.sub.11                                                         
             4F           71-73    A   -    -     +                            
     nC.sub.5 H.sub.11                                                         
             4Br          96-99    A   -    -     +                            
     nC.sub.5 H.sub.11                                                         
             2CH.sub.3                                                         
                  4Cl     75-76,5  B   -    -     +                            
     nC.sub.5 H.sub.11                                                         
             3Cl  4OCH.sub.3                                                   
                          106-108,5                                            
                                   B              +                            
     nC.sub.5 H.sub.11                                                         
             3NO.sub.2    oil, base                                            
                                   A   -    +     +                            
     nC.sub.5 H.sub.11                                                         
             3,4-benzo    80-81    B              +                            
     nC.sub.5 H.sub.11                                                         
             2,3-benzo    oil, base                                            
                                   A   +    -     +                            
     3-methyl             127-128,5                                            
                                   A   -    -     +                            
     butyl                maleaat                                              
     nC.sub.6 H.sub.13    115-116  A   -    +     +                            
                          maleaat                                              
     cyclo                139,5-142                                            
                                   B              +                            
     hexyl                                                                     
     nC.sub.7 H.sub.15    112,5-114                                            
                                   A   +    +     +                            
                          maleaat                                              
     CH.sub.2 OC.sub.3 H.sub.7                                                 
                          90-91    A   -          +                            
                          maleaat                                              
     __________________________________________________________________________
PAL  If nothing is stated in the columns R.sub.3, R.sub.4, R.sub.5, R.sub.6, the
      substituent in question is a hydrogen atom.
PA1  + active
PA1  - not active or substantially not active.
PAC  TABLET
PA1  50 mgms 0-(2-amino-ethyl)4'-methoxy-1'-butyronaphthone oxim HCl
PAR  335 mgms lactose
PAR  60 mgms of potatoe starch
PAR  25 mgms talcum
PAR  5 mgms magnesium stearate
PAR  5 mgms gelatin
PAC  SUPPOSITORY
PA1  50 mgms 0-(2-amino-ethyl)-3'-chloro-4'-hydroxyhexanophenone oxim HCl.
PAR  1500 mgms of suppository mass
PAC  Injection liquid
PA1  25 gms 0-(2-amino-ethyl)4'-methylacetophenone oxim HCl
PAR  1.80 gms methyl-p.hydroxybenzoate
PAR  0.20 gms propyl-p.hydroxybenzoate
PAR  9.0 gms of sodium chloride
PAR  4.0 gms polysorbate 80 U.S.P. water to 1000 mls.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of combatting depression in a mammal exhibiting depressive
      symptoms comprising administering to said mammal an antidepressively
      effective quantity of an antidepressive composition suitable for
      administration to mammals comprising an antidepressive amount of a
      compound of the formula
      ##SPC7##
PAL  or salts thereof with pharmaceutically acceptable acids wherein R.sub.1 is
      a moiety selected from the group consisting of hydrogen and methyl,
      R.sub.2 is a moiety selected from the group consisting of hydrogen and
      methyl, R.sub.3 is a moiety selected from the group consisting of
      hydrogen, alkyl, alkoxyalkyl alkylthioalkyl, alkylsulphoxyalkyl each of up
      to eight carbon atoms and benzyo, R.sub.4 and R.sub.5 are each moieties
      selected from the group consisting of hydrogen, alkoxy of up to six carbon
      atoms, alkyl of up to six carbon atoms and halogen and R.sub.6 is a moiety
      selected from the group consisting of trifluoromethyl and halogen with the
      proviso that at least one of R.sub.1, R.sub.2 and R.sub.3 is other than
      hydrogen when two of R.sub.4, R.sub.5 and R.sub.6 are orthochloro.
NUM  2.
PAR  2. The method of claim 1 wherein from 10 to 500 mg of the compound is
      administered to the mammal daily.
NUM  3.
PAR  3. The method of claim 1 wherein from 10 to 150 mg of the compound is
      administered to the mammal daily.
NUM  4.
PAR  4. The method of claim 1 wherein the compound is
      0-(2-amino-ethyl)-4'(trifluoro-methyl)-hexanophenone oxime.
PATN
WKU  039378420
SRC  5
APN  3702898
APT  1
ART  125
APD  19730615
TTL  Method of treating conditions of delayed hypersensitivity using
      bis-basic substituted acenaphthene derivatives
ISD  19760210
NCL  4
ECL  1
EXP  Rosen; Sam
INVT
NAM  Shemano; Irving
CTY  Cincinnati
STA  OH
ASSG
NAM  Richardson-Merrell Inc.
CTY  Wilton
STA  CT
COD  02
CLAS
OCL  424330
EDF  2
ICL  A61K 31135
FSC  424
FSS  325;330
OREF
PAL  Chem. Abst. Subject Index - 8th Collect. - Vol. 66-75, (1967-1971), pp.
      44S-46S.
LREP
FR2  Hattan; L. Ruth
FR2  Retter; Eugene O.
FR2  Rauchfuss, Jr.; George W.
ABST
PAL  Novel 3,6-bis basic ketone derivatives of acenaphthene useful in treating
      conditions of delayed hypersensitivity are disclosed.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the use of bis-basic ketone derivatives of
      acenaphthene in treating conditions of delayed hypersensitivity.
PAR  The compounds of this invention are disclosed in copending application Ser.
      No. 317,248, filed Dec. 21, 1972.
PAR  The compounds of this invention are prepared from readily available
      acenaphthene. British Pat. No. 291,347 discloses a Friedel-Crafts
      preparation of a bis-(chloroacetyl)derivative of acenaphthene, having the
      reported configuration:
      ##SPC1##
PAL  The closest prior art known to applicants, Chemical Abstracts 59,
      12724.sup.a (1963), discloses a Friedel-Crafts diacetylation of
      acenaphthene in order to prepare a compound having the structure:
      ##SPC2##
PAL  Although the abstract describes the compound as a 2,5-diacetyl derivative
      of acenaphthene, the presently recommended Chemical Abstracts nomenclature
      is that of a 3,6-diacetyl derivative of acenaphthene, the acenaphthene
      ring system being numbered as indicated below:
      ##SPC3##
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the use of new 3,6-bis-basic ketones of
      acenaphthene in treating conditions of delayed hypersensitivity. The
      compounds of the present invention may be represented by the following
      general formula:
      ##SPC4##
PAL  Wherein A is a straight or branched alkylene chain having from 1 to 6
      carbon atoms; and Y is selected from the group consisting of:
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are individually selected from the group
      consisting of hydrogen, lower alkyl having from 1 to 6 carbon atoms,
      cycloalkyl having from 3 to 6 carbon atoms, alkenyl having from 3 to 6
      carbon atoms in which the unsaturation is in a position other than the
      1-position of the alkenyl group;
      ##EQU2##
      WHEREIN N IS AN INTEGER OF FROM 4 TO 6, AND R.sub.3 is selected from the
      group consisting of hydrogen, lower alkyl having from 1 to 4 carbon atoms,
      phenyl and benzyl in which said R.sub.3 group is linked to any of the
      heterocyclic carbon atoms;
      ##EQU3##
      wherein X is selected from the group consisting of oxygen and NR.sub.4, in
      which R.sub.4 represents hydrogen or a lower alkyl group having from 1 to
      4 carbon atoms; and the pharmaceutically acceptable acid addition salts
      thereof.
PAR  The compounds contemplated to be within the scope of the present invention
      as represented by formula (IV) include both the free base form as well as
      the pharmaceutically acceptable acid addition salts thereof. In general
      such salts are crystalline materials which are soluble in water and
      hydrophilic organic solvents and which are more stable than their
      corresponding free base forms. Certain salts, such as
      3,6-bis(2-diethylaminoacetyl) acenaphthene dihydrochloride, have a
      tendency to absorb moisture and be hygroscopic in nature.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As can be seen from the general formula (IV) above, the basic ketone
      groups,
      ##EQU4##
      are linked to the tricyclic acenaphthene ring system by a replacement of
      the hydrogens in the 3- and 6-positions. Each basic ketone group consists
      of a basic amino function at its terminal end, separated from the
      acanaphthene nucleus by an alkylene chain of prescribed length, and
      connected to the aromatic nucleus by a ketone bridging function. It is
      also apparent that each basic ketone group is located on a benzenoid
      moiety of the aromatic nucleus.
PAR  One of the most convenient methods of obtaining the starting materials used
      in the preparation of the products of the present invention is via a
      Friedel-Crafts addition reaction to acenaphthene. The disubstituted
      3,6-isomers are the isomers most commonly and readily obtained and are the
      particular position isomers described and claimed herein. It is probable
      that other methods of synthesis would provide additional position isomers
      which, in turn, would be expected to produce bis-basic ketones of
      acenaphthene which would be equally useful.
PAR  It is apparent from the general description of formula (IV) above, that
      compounds in which the symbol Y represents the groups:
      ##EQU5##
      have the structures more fully shown by general formulas (V), (VI) and
      (VII) below. In each of the formulas A, R.sub.1, R.sub.2, R.sub.3, X and n
      have the meanings previously assigned.
      ##SPC5##
PAR  The symbol A in each of the above formulas (IV), (V), (VI) and (VII)
      represents an alkylene group having from 1 to 6 carbon atoms and serves to
      separate the amino function from the ketone bridging function by at least
      one carbon atom. In other words the carbonyl oxygen and the amino nitrogen
      do not share the same carbon atom. Each alkylene group can be a straight
      or branched aliphatic chain and both alkylene groups can be the same or
      different. Preferably, however, the compounds of the present invention
      have alkylene groups which are both the same and which are straight
      aliphatic carbon chains. Illustrative of the various alkylene groups which
      are represented by the symbol -A- are: ethylene, 1,3-propylene,
      1,4-butylene, 1,5-pentylene, 1,6-hexylene, 2-methyl-1,4-butylene and
      3-methyl-1,5-pentylene.
PAR  Each of the amino groups represented by the symbol
      ##EQU6##
      in formula (V) above can be a primary, secondary or a tertiary amino.
      Preferably, both of the amine groups are the same and even more preferably
      they represent a tertiary amine. The symbols R.sub.1 and R.sub.2 can
      represent either hydrogen or a lower alkyl group. The term lower alkyl as
      used with regard to these amino groups relates to groups having from 1 to
      6 carbon atoms. Illustrative of such groups are both straight or branched
      chain alkyl radicals such as: methyl, ethyl, propyl, isopropyl, n-butyl,
      sec.butyl, isoamyl, n-pentyl and n-hexyl. When R and R.sub.1 each
      represent a lower alkyl group, a preferred subgenus is formed.
PAR  The R.sub.1 and R.sub.2 groups may also represent an alicyclic or
      cycloalkyl group having from 3 to 6 carbon atoms. Illustrative of such
      groups are the cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl groups.
PAR  The term alkenyl used in reference to groups R.sub.1 and R.sub.2 of formula
      (V) above represents an unsaturated group having from 3 to 6 carbon atoms.
      Additionally, the unsaturation must reside in a position other than the
      1-position of the alkenyl group. Illustrative of such groups are the
      allyl, 3-butenyl and the 4-hexenyl radicals.
PAR  Each of the heterocyclic groups of formula (VI), represented by the
      structure
      ##EQU7##
      can be a monocyclic or a substituted monocyclic heterocyclic radical. Such
      groups typify saturated, monocyclic, heterocyclic radicals which are
      generally useful in lieu of the dilower alkylamino groups present in the
      compounds of the present invention and include heterocyclic 5, 6 or 7
      membered rings, i.e., the symbol n may be a whole integer of from 4 to 6.
      The R.sub.3 substituent on the heterocyclic ring can be hydrogen, a
      straight or branched chain lower alkyl group having from 1 to 4 carbon
      atoms, the phenyl and benzyl radicals and may be present on any one of the
      heterocyclic carbon atoms. Illustrative of such heterocyclic radicals are
      the piperidino, 1-pyrrolidinyl, 3-methylpiperidino, 4-methylpiperidino,
      4-tert-butylpiperidino, 4-benzylpiperidino and 4-phenylpiperidino
      radicals.
PAR  Each of the heterocyclic groups of formula (VII), represented by the
      structure
      ##EQU8##
      contains, in addition to the ring-containing nitrogen atom, a second
      hetero atom, represented by the symbol X, which can be either oxygen or
      another nitrogen atom in the form of the radical --NR.sub.4. The symbol
      R.sub.4 represents either hydrogen or a straight or branched chain lower
      alkyl radical having from 1 to 4 carbon atoms. Examples of heterocyclic
      radicals represented by this structure include the morpholino, piperazino,
      N-methylpiperazino, N-ethylpiperazino and N-isopropylpiperazino radicals.
PAR  Illustrative of the 3,6-bis-basic ketones of acenaphthene generally
      contemplated to be within the scope of formula (IV) are:
      3,6-bis[2-(diethylamino)acetyl] acenaphthene,
      3,6-bis[2-(dibutylamino)acetyl]acenaphthene,
      3,6-bis[2-(dimethylamino)acetyl]acenaphthene, 3,6-bis
      [2-(diisopropylamino)acetyl]acenaphthene,
      3,6-bis(2-piperidinoacetyl)acenaphthene,
      3,6-bis[5-(dimethylamino)valeryl]acenaphthene,
      3,6-bis[4-(diethylamino)butyryl] acenaphthene,
      3,6-bis[2-(diallylamino)acetyl]acenaphthene,
      3,6-bis[2-(dicyclohexylamino)acetyl]acenaphthene, 3,6-bis
      (4-morpholinobutyryl)acenaphthene,
      3,6-bis[4-(4-methylpiperazino)butyryl]acenaphthene,
      3,6-bis[5-(4-methylpiperidino)valeryl]acenaphthene and
      3,6-bis(4-aminobutyryl) acenaphthene.
PAR  The expression "pharmaceutically acceptable acid addition salts" is
      intended to apply to any non-toxic organic or inorganic acid addition
      salts of the base compounds represented by formula (IV). Illustrative
      inorganic acids which form suitable salts include hydrochloric,
      hydrobromic, sulphuric and phosphoric acid and acid metal salts such as
      sodium monohydrogen orthophosphate and potassium hydrogen sulfate.
      Illustrative organic acids which form suitable salts include the mono, di
      and tricarboxylic acids. Illustrative of such acids are, for example,
      acetic, glycolic, lactic pyruvic, malonic, succinic, glutaric, fumaric,
      malic, tartaric, citric, ascorbic, maleic, hydroxymaleic, benzoic,
      hydroxybenzoic, phenylacetic, cinnamic, salicylic, 2-phenoxybenzoic and
      sulfonic acids such as methane sulfonic acid and 2-hydroxyethane sulfonic
      acid. Either the mono or the di-acid salts can be formed, and such salts
      can exist in either a hydrated or a substantially anhydrous form. In
      general, the acid addition salts of these compounds are crystalline
      materials which are soluble in water and various hydrophilic organic
      solvents and which in comparison to their free base forms, generally
      demonstrate higher melting points and an increased chemical stability.
PAR  The 3,6-bis-basic ketones of acenaphthene can be prepared using a variety
      of methods. The preferred method for the preparation of the instant
      compounds is to react a 3,6-bis(.omega.-haloacyl) derivative of
      acenaphthene with an amine or substituted amine in accordance with the
      following reaction scheme:
      ##SPC6##
PAL  wherein A and Y have the meanings previously assigned, and Hal is either
      chlorine, bromine or iodine.
PAR  The 3,6-bis(.omega.-haloacyl) acenaphthene derivatives which are used as
      starting materials are readily obtained via a Friedel-Crafts acylation of
      acenaphthene. Suitable acylating agents which can be employed include
      chloroacetyl chloride, bromacetyl bromide, 3-chloropropionyl chloride,
      4-chlorobutyryl chloride, 5-chlorovaleryl chloride,
      5-chloro-4-methylvaleryl chloride and 5-chloro-3-methylvaleryl chloride.
      The acylation reaction may be conducted in various solvents under
      catalysis using a variety of Lewis acids. The temperature and duration of
      the reaction may be varied to allow for optimum reaction conditions. A
      preferred procedure is to combine one equivalent of acenaphthene with 2.5
      equivalents of the acylating agent dissolved in methylene chloride
      followed by the portionwise addition of 2.2 equivalents of aluminum
      chloride. Generally, the temperature of the reaction mixture is maintained
      at temperatures less than 0.degree.C. Once the aluminum chloride addition
      has been completed, the temperature can be elevated from 25.degree. to
      40.degree.C. to insure completion of the reaction. The reaction mixture is
      treated in the usual manner by decomposing the addition complex with ice
      water and hydrochloric acid. The product so obtained is recrystallized
      from methylene chloride, chloroform, methanol or methanolic mixtures of
      organic solvents. The procedure may also be varied such that there is a
      reverse addition of aromatic hydrocarbon and Lewis acid. The more reactive
      halogen derivative, that is, the bis(.omega.-iodoacyl)acenaphthene may be
      prepared from the corresponding bis(.omega.-chloroacyl) derivative using a
      halogen exchange reaction under the conditions generally employed in the
      Conant-Finkelstein reaction.
PAR  Of the typical amines useful in the above reaction sequence there can be
      mentioned, for example, ammonia, or a potential source of ammonia such as
      hexamethylenetetramine, primary amines such as ethylamine or propylamine,
      and secondary amines, such as diethylamine, dibutylamine, piperidine,
      4-methylpiperidine, morpholine, piperazine or N-ethylpiperazine.
PAR  The amination of bis(.omega.-haloacyl)acenaphthenes may be carried out
      under a variety of conditions. For example, the compound may be heated
      together with a large excess of the amine, the excess amine serving both
      as the reaction medium and the hydrohalide acceptor. This method is
      particularly suitable for those readily available amines, the excess of
      which can readily be removed from the reaction mixture as, for example, by
      distillation under reduced pressure or by washing the product with water.
      Alternatively, one equivalent of the 3,6-bis(.omega.-haloacyl)acenaphthene
      reactant may be heated with four equivalents of the amine using a variety
      of different types of organic solvents. For example, aromatic solvents
      such as benzene, toluene or xylene; ethers such as diethyl ether,
      tetrahydrofuran or dioxane; ketones such as acetone or butanone; aprotic
      solvents such as N,N-dimethylformamide, N,N-dimethylacetamide or
      dimethylsulfoxide; and mixtures of these solvents with water may all be
      utilized. When the reactant is a chloro-derivative, the reaction is
      frequently promoted by the addition of either sodium or potassium iodide,
      the iodide being used in either catalytic or stoichiometric amounts. In
      certain instances it may be advantageous to use only two equivalents of
      the amine, Y-H, for each equivalent of the
      3,6-bis(.omega.-haloacyl)acenaphthene employed, using an excess of an
      inorganic base such as powdered sodium or potassium carbonate as a
      hydrohalide acceptor. The reaction normally proceeds in from about 12
      hours to 14 days at temperatures ranging from about -30.degree. to
      150.degree.C. Where volatile amines are employed, the reaction is best
      conducted under pressure in a suitable pressure reactor or autoclave;
      however, atmospheric or lower pressure may also be utilized.
PAR  Alternatively, the amination reaction can be conducted with a derivative of
      a 3,6-bis(.omega.-haloacyl)acenapthene, such as a bis-ketal derivative.
      These derivatives are prepared by allowing a
      3,6-bis(.omega.-haloacyl)acenaphthene to react with an excess of ethyl
      orthoformate in a polar solvent such as ethanol or tetrahydrofuran in the
      presence of an acid catalyst, such as hydrochloric acid, for several days.
      The 3,6-bis-basic ketones of acenaphthene are obtainable by subsequently
      hydrolyzing the aminoketal derivative using dilute acid.
PAR  The compounds of the present invention in which the symbol A represents an
      alkylene chain of from 3 to 6 carbon atoms can be prepared by the reaction
      of a Grignard reagent with a bis-ester or bis-amide of acenaphthene as
      represented in the following reaction sequence:
      ##SPC7##
PAL  In the above reaction the symbol W is selected from the group consisting
      of:
      ##EQU9##
      wherein R.sub.5 and R.sub.6 each represent hydrogen, lower alkyl having
      from 1 to 6 carbon atoms and when R.sub.5 and R.sub.6 are taken together
      with the nitrogen atom to which they are attached represent a saturated
      monocyclic heterocycle, and
PA1  b. OR.sub.7 wherein R.sub.7 represents a straight or branched lower alkyl
      having from 1 to 6 carbon atoms, phenyl or benzyl;
PAL  X is bromine or chlorine; q is an integer of from 3 to 6; and Y is as
      previously defined with the further proviso that it may not include a
      hydrogen atom attached to the nitrogen atom.
PAR  The Grignard reaction proceeds in from about 1 to 24 hours at a temperature
      ranging from about -70.degree. to about 80.degree.C. The Grignard reagent,
      XMg(CH.sub.2).sub.q --Y is prepared in the usual manner by the reaction of
      magnesium with an aminoalkyl halide, care being taken to exclude moisture.
      The acenaphthene bis-amides and bis-esters, which are used as starting
      materials for this reaction, are derived from 3,6-acenaphthene
      dicarboxylic acid using conventional methods known to those skilled in the
      art.
PAR  The compounds represented in general formula (IV) above, in which the
      symbol A represents ethylene, can also be prepared by means of a Mannich
      reaction as indicated in the following reaction sequence:
      ##SPC8##
PAL  By combining one equivalent of 3,6-diacetylacenaphthene and two or more
      equivalents of an amine Y--H with three or more equivalents of
      formaldehyde, the condensation reaction will proceed in from about 1 to
      about 24 hours in solvents such as water, acetic acid, ethanol, butanol,
      dioxane and tetrahydrofuran. Generally, the condensation is conducted at
      temperatures equivalent to the reflux temperature of the solvent employed.
      Using this reaction either one of two sources of formaldehyde can be
      employed.  If aqueous formalin is used as the formaldehyde source, the
      reaction can be conducted as a suspension with 3,6-diacetylacenaphthene.
      Alternatively, a co-solvent such as methanol may be added to allow the
      reaction to proceed in a homogeneous medium. If paraformaldehyde is the
      source of formaldehyde, the reaction can be conducted in any of the
      aforementioned organic solvents. It is frequently desirable to add a
      slight excess of hydrochloric acid to promote the depolymerization of
      paraformaldehyde either during the reaction or upon the completion of the
      reaction.
PAR  The secondary amine, Y--H, employed in this reaction may be added to the
      reaction medium as a hydrochloride salt or in the form of its free base
      with the hydrochloride salt being subsequently formed in situ by the
      addition of hydrochloric acid. Typical secondary amines which are employed
      in this reaction include dimethylamine, dubutylamine, piperidine,
      4-methylpiperidine, morpholine and N-ethylpiperazine.
PAR  The 3,6-diacetylacenaphthene starting material can be prepared via the
      Friedel-Crafts acylation of acenaphthene itself or, alternatively, by
      means of a Grignard reaction using methylmagnesium halide on a 3,6-bis
      amide or bis ester of acenaphthene.
PAR  Introduction of an antigen, or a foreign substance, into an organism
      results in a specific immunological response changing the reactivity of
      the organism towards the antigen and substances closely resembling the
      antigen. This response is usually a heightened reactivity or increased
      resistance to the antigen. This heightened reactivity is due in part to
      the production of antibodies which can result in an immediate
      hypersensitivity and in part to a cell-mediated immunity which can result
      in delayed hypersensitivity. Cell-mediate immunity is dependent upon the
      presence of cells sensitized to antigen, primarily thymus-modified
      lymphocytes, which specifically interact with the antigen. Macrophages are
      also involved in the processing of antigen and in the effector mechanisms
      leading to delayed hypersensitivity. The type of substances which elicit
      delayed hypersensitivity are many and various. They may be organic
      chemicals, including drugs, simple chemical derivatives, or
      protein-containing antigens of micro-organisms, such as, bacteria,
      viruses, fungi or protozoa, or tissue antigens. Conditions of delayed
      hypersensitivity are associated with numerous pathological disorders, for
      example, contact hypersensitivity in the skin, rejection of tissue grafts
      or transplants, autoimmune diseases and certain infectious diseases. Such
      pathological disorders often involve, in addition to the cell-mediated
      delayed hypersensitivity responses, humoral antibody responses involving
      the production of antigen-specific antibodies. Generally, treatment of
      these disorders has been with immunosuppressive agents, such as, purine
      analogs, folic acid antagonists, alkylating agents and corticosteroids.
      Such agents have been found to be non-specific in their immunosuppressant
      effects, that is, they suppress both the humoral antibody and delayed
      (cell-mediated) hypersensitivity responses. [Drug Therapy 1, no. 4, pp.
      3-16 (1971)]. The compounds disclosed herein are unique in that they
      suppress only the delayed hypersensitivity response without concurrent
      suppression of the humoral immune response.
PAR  The compounds disclosed herein suppress delayed hypersensitivity responses
      thereby rendering the compounds useful in patients in the treatment of
      conditions of delayed hypersensitivity resulting from infectious diseases,
      specifically tuberculosis, streptococcus, staphylococcus and pneumococcus
      diseases, typhoid fever, undulant fever, chancroid, whooping-cough and
      leprosy; toxoids and vaccines, particularly diphtheria toxoid and smallpox
      vaccination; contact hypersensitivity in the skin, specifically from
      nickel salts, primrose or poison ivy, poison oak and paraphenylene
      diamine; rejection of tissue grafts and transplants; and autoimmune
      diseases, specifically rheumatoid arthritis, systemic lupus erythematosus,
      glomerular nephritis, rheumatic fever, ulcerative colitis, diabetes
      mellitus, pernicious anemia, coeliac disease, primary atypical pneumonia,
      Hashimoto's thyroiditis, multiple sclerosis, peripherial neuritis,
      pemphigus, Addison's disease and Grave's disease.
PAR  The utility of the compounds disclosed herein in the treatment of
      conditions of delayed hypersensitivity is manifested by the ability of the
      compounds to suppress delayed hypersensitivity reactions in vitro in the
      macrophage migration inhibition test (MMIT) and in vivo in the
      experimental allergic encephalomyelitis (EAE) test, which are well
      recognized tests for detecting agents or compounds effective in treating
      conditions of delayed hypersensitivity. Immunology for Students of
      Medicine, 3rd edition, 1970, F. A. Davis Company, pp. 498-500; Federation
      Proceedings 27, No. 1, pp. 3-15, (1968); Advances in Immunology 5, pp.
      131-208 (1966).
PAR  As used herein, the term patient means warm blooded animals, particularly
      mammals and humans. The compounds disclosed herein may be administered to
      a patient orally, parenterally, or topically either alone or in the form
      of pharmaceutical preparations. Pharmaceutical preparations containing
      conventional pharmaceutical carriers and as active ingredients compounds
      of this invention can be employed in unit dosage forms such as solids, for
      example, tablets, capsules and pills, or liquid solutions, suspensions or
      emulsions for oral and parenteral administration. The quantity of compound
      administered can vary over a wide range to provide from about 0.1 mg/kg
      (milligrams per kilogram) to about 200 mg/kg of body weight of the patient
      per day, and preferably from about 1 mg/kg to 100 mg/kg of body weight of
      the patient per day, to achieve the desired effect. Unit doses can contain
      from about 5 mg to 1.0 g of a compound of this invention and may be
      administered, for example, from 1 to 4 times daily.
PAR  The invention described herein is more particularly illustrated by means of
      the following specific examples:
PAC  EXAMPLE I
PAC  3,6-Bis(2-chloroacetyl)acenaphthene
PAR  To a solution of 77.1 g (0.5 mole) of acenaphthene and 141.1 g (1.25 mole)
      of chloroacetyl chloride in 3 liters of methylene chloride which has been
      chilled to -20.degree.C., is added 146.7 g (1.1 mole) of aluminum chloride
      in increments with stirring. The temperature is maintained below
      -10.degree.C. during addition, stirred in the cold for an additional 2
      hours and allowed to warm slowly to room temperature. The mixture is
      refluxed for an additional 4 hours, cooled overnight and cautiously poured
      into 3 liters of ice water. The resulting layers are separated and the
      organic layer washed with a dilute hydrochloric acid solution followed by
      a wash with a saturated sodium chloride solution. The methylene chloride
      layer is separated, dried over anhydrous magnesium sulfate, treated with
      charcoal, filtered and the filtrate is concentrated to a small volume. The
      resulting solid so obtained is filtered, washed and air dried, m.p.
      184.degree.-187.degree.C. Recrystallization from hot acetone results in a
      product having a m.p. 188.degree.-191.degree.C. Its NMR spectrum
      identified the compound as 3,6-bis(2-chloroacetyl)acenaphthene.
PAC  EXAMPLE II
PAR  3,6-Bis[2-(diethylamino)acetyl] acenaphthene dihydrochloride
PAR  A mixture of 30.7 g (0.1 mole) of 3,6-bis(2-chloroacetyl)acenaphthene, 100
      ml of diethylamine and 2 g of potassium iodide is dissolved in 500 ml of
      tetrahydrofuran and allowed to stand in a stoppered flask for 8 days. The
      resulting amine salt which forms is filtered, washed with tetrahydrofuran
      and the combined filtrates reduced to dryness in vacuo. The residue is
      dissolved in methylene chloride, treated with charcoal and acidified using
      ethereal hydrochloric acid. The resulting solid which forms is filtered,
      recrystallized from a methanol-ether solution and further recrystallized
      from a methanol-ethyl acetate solution to yield a product, hygroscopic in
      nature, which indicated by its analysis to be a tetrahydrate having a m.p.
      220.5.degree.-222.degree.C. (dec), .lambda. .sub.max.sup.(EtOH) 283.
PAC  EXAMPLE III
PAR  In accordance with the procedure described in Example I, but substituting
      for the chloroacetyl chloride the appropriate molar equivalent amounts of
      bromoacetyl bromide, 3-chloropropionyl chloride, 4-chlorobutyryl chloride,
      5-chloro-4-methylvaleryl chloride and 5-chlorovaleryl chloride the
      following compounds are respectively obtained:
      3,6-bis(2-bromoacetyl)acenaphthene, 3,6-bis
      (3-chloropropionyl)acenaphthene, 3,6-bis(4-chlorobutyryl)acenaphthene,
      3,6-bis(5-chloro-4-methylvaleryl) acenaphthene.
PAC  EXAMPLE IV
PAR  In accordance with the procedure for Example II, but substituting for
      diethylamine the appropriate molar equivalent amounts of piperidine,
      dimethylamine, morpholine, diallylamine and dibutylamine, the following
      compounds are obtained, respectively:
      3,6-bis(2-piperidinoacetyl)-acenaphthene dihydrochloride hydrate, M.P.
      275.degree.-278.degree.C, 3,6-bis[2-(dimethylamino)acetyl]acenaphthene
      dihydrochloride hydrate, M.P. 273.degree.-276.degree.C,
      3,6-bis(2-morpholinoacetyl)acenaphthene dihydrochloride,
      3,6-bis[2-(diallylamino)acetyl]-acenaphthene dihydrochloride and
      3,6-bis[2-(dibutylamino)acetyl]acenaphthene dihydrochloride.
PAC  EXAMPLE V
PAR  Following the procedure in Example II, but substituting an equivalent
      amount of 3,6-bis(3-chloropropionyl)acenaphthene for
      3,6-bis(2-chloroacetyl)acenaphthene, the compound
      3,6-bis[3-(diethylamino)propionyl]acenaphthene dihydrochloride is
      obtained.
PAC  EXAMPLE VI
PAC  3,6-Bis[4(diethylamino)butyryl]acenaphthene dihydrochloride
PAR  A mixture of 36.1 g (0.10 mole) of 3,6-bis(4-chlorobutyryl)acenaphthene, 2
      g of potassium iodide, 100 ml of diethylamine and 100 ml of tetrhydrofuran
      is placed in a bomb and heated for 24 hours at 120.degree.C. Upon cooling,
      the mixture is filtered and the filtrate evaporated to dryness. The cooled
      residue is dissolved in 300 ml of 10% hydrochloric acid, filtered and the
      acid filtrate made alkaline with a 20% sodium hydroxide solution. The
      resulting 3,6-bis[4-(diethylamino)butyryl]acenaphthene so obtained is
      filtered and subsequently recrystallized from a methanol-ethyl acetate
      solution.
PAR  Following the above procedure but substituting an equivalent amount of
      3,6-bis(5-chlorovaleryl)acenaphthene for the
      3,6-bis(4-chlorobutyryl)acenaphthene, results in the preparation of the
      compound 3,6[5-(diethylamino)valeryl]acenaphthene.
PAR  Following essentially the same procedure but substituting the appropriate
      molar equivalent amounts of pyrrolidine, morpholine, 4-methylpiperidine
      and 3-methylpiperidine for the diethylamine above, results in the
      formation of the following 3,6-bis-basic ketones of acenaphthene:
      3,6[4-(1-pyrrolidinyl)butyryl]acenaphthene,
      3,6-bis(4-morpholinobutyryl)acenaphthene, 3,6-bis
      [4-(4-methylpiperidino)butyryl]acenaphthene and 3,6-bis
      [4-(3-methylpiperidino)butyryl]acenaphthene.
PAC  EXAMPLE VII
PAR  The following Example is illustrative of the antiviral activity for the
      compounds of the present invention.
PAR  Thirty mice each weighing approximately 18 to 20 gms are divided into two
      groups, a control group containing 20 animals and a test group fo 10
      animals. All of the animals are challenged with a fatal dose (4LD.sub.50)
      of encephalomyocarditis virus. The test group of animals are treated
      prophylactically using a parenteral composition containing
      3,6-bis[2-(diethylamino)acetyl]acenaphthene dihydrochloride tetrahydrate
      as the active ingredient dissolved in an aqueous solution of 0.15%
      hydroxyethylcellulose. The composition contains the active ingredient in
      an amount such that each dosage contains 0.25 ml which is equivalent to a
      dose level of 250 mg per kg. The control group receives a subcutaneous
      placebo containing the same volume of vehicle without, of course, the
      active ingredient. Observations over a ten day period show a termination
      of all the control animals within a period of from 4 to 5 days, with the
      treated group of animals surviving for a statistically longer period of
      time.
PAC  EXAMPLE VIII
PAC  Preparation of a capsule formulation
PAR  An illustrative composition for hard gelatin capsules is prepared as
      follows:
TBL                         Per Capsule                                        
     (a)   3,6-Bis[2-(diethylamino)acetyl]                                     
           acenaphthene dihydrochloride                                        
                                  200 mg                                       
     (b)   Talc                    35 mg                                       
PAR  The formulation is prepared by passing the dry powders through a fine mesh
      screen and mixing them well. The powder is then filled into No. 0 hard
      gelatin capsules at a net fill of 235 mg per capsule.
PAR  Similarly, a soft gelatin capsule can be prepared in which the talc is
      omitted. The capsule can be filled directly with the dry
      3,6-bis[2-(diethylamino)acetyl] acenaphthene dihydrochloride powder as a
      granulation, slug or compressed tablet using a rotary die or plate mold in
      which the soft gelatin capsule is formed.
PAC  EXAMPLE IX
PAC  Preparation of a tablet formulation
PAR  An illustrative composition for tablets is as follows:
TBL                       Per Tablet                                           
     (a)  3,6-bis[2-(dimethylamino)acetyl]                                     
          acenaphthene dihydrochloride                                         
                                 100       mg                                  
     (b)  Wheat starch           15        mg                                  
     (c)  Lactose                33.5      mg                                  
     (d)  Magnesium stearate     1.5       mg                                  
PAL  A granulation is prepared by mixing the lactose with the starch and
      granulated starch paste. The granulation is screened and mixed with the
      3,6-bis[2-(dimethylamino) acetyl]acenaphthene dihydrochloride and
      magnesium stearate. The mixture is compressed in tablets weighing 150 mg
      each.
PAC  EXAMPLE X
PAC  Preparation of a pill formulation
PAR  An illustrative composition for pills is as follows:
TBL                          Per Pill                                          
     (a)     3,6-bis(2-piperidinoacetyl)                                       
             acenaphthene dihydrochloride                                      
                                   100     mg                                  
     (b)     Starch, corn          90      mg                                  
     (c)     Liquid glucose        20      mg                                  
PAR  The pills are prepared by blending the active ingredient with the corn
      starch, adding the liquid glucose, and forming a plastic mass through a
      kneading action. The pills are cut and formed from the plastic pill mass.
PAC  EXAMPLE XI
PAC  Preparation of parenteral formulation
PAR  The following aqueous emulsion illustrates a useful parenteral composition:
TBL  Each ml                                                                   
     Contains Ingredients        Amount                                        
     ______________________________________                                    
     50     mg    3,6-bis[5-(diethylamino)-                                    
                  valeryl]acenaphthene                                         
                                     1.000  g                                  
     100    mg    Polyoxyethylene sorbitan                                     
                  monooleate         2.000  g                                  
     0.0064       Sodium chloride    0.128  g                                  
                  Water for injection, q.s.                                    
                                     20.000 ml                                 
     ______________________________________                                    
PAR  The above composition is prepared by preparing a solution of 0.64 g of
      sodium chloride in 100 ml of water suitable for injection. The
      polyoxyethylene sorbitan monooleate is mixed with the
      3,6-bis[5-(diethylamino)-valeryl]acenaphthene and a sufficient amount of
      the sodium chloride solution is added to the active ingredient and
      polyoxyethylene sorbitan monooleate to make 20 ml. The solutions are
      shaken and autoclaved for 20 minutes at 110.degree.C. at 15 p.s.i.g. steam
      pressure. The resulting composition can be dispensed in a single ampule
      for multiple dosage or as 1 ml ampules for single dosages.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of treating conditions of delayed hypersensitivity which
      comprises administering to a patient in need thereof a 3,6-bis-basic
      ketone of acenaphthene having the formula:
      ##SPC9##
PAL  wherein A is a straight or branched alkylene chain having from 1 to 6
      carbon atoms; and Y is selected from the group consisting of:
      ##EQU10##
      wherein R.sub.1 and R.sub.2 are individually selected from the group
      consisting of hydrogen, lower alkyl having from 1 to 6 carbon atoms,
      cycloalkyl having from 3 to 6 carbon atoms, alkenyl having from 3 to 6
      carbon atoms in which the unsaturation is in a position other than the
      1-position of the alkenyl group;
PA1  and the pharmaceutically acceptable salts thereof, in an amount effective
      to suppress delayed hypersensitivity.
NUM  2.
PAR  2. A method of claim 1 wherein each R.sub.1 and R.sub.2 is a lower alkyl
      group having from 1 to 6 carbon atoms.
NUM  3.
PAR  3. A method of claim 2 wherein the compound is
      3,6-bis[2-(diethylamino)acetyl]acenaphthene, or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  4.
PAR  4. A method of claim 2 wherein the compound is
      3,6-bis[2-(dimethylamino)acetyl]acenaphthene, or a pharmaceutically
      acceptable acid addition salt thereof.
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ABST
PAL  A process for preparing a bean odor-free soy bean product which comprises
      subjecting a soy milk to lactic fermentation in the presence of a lactic
      acid bacterium as a starter and subjecting the resultant fermented soy
      milk to distillation under reduced pressure, the soy bean product being
      suitable for the manufacture of a nutritional drink or beverage product
      free from a bean odor due to its high protein concentration and excellent
      palatability.
BSUM
PAR  The present invention relates to a bean odor-free soy bean product and its
      production.
PAR  In recent days, there is a growing interest in vegetable proteins,
      particularly in soy bean proteins, from the view-points of protein
      resources and nutrition, and various studies have been made on their
      utilization. With the growing studies on the utilization of soy beans for
      meat substitute foodstuffs, milk substitute drinks and substitutes for
      dairy products, the elimination of the negative factors for the use of soy
      beans, particularly of the unpleasant bean odors (i.e. beany and bitter
      flavors), has become an important problem to be solved.
PAR  The known components of bean odors are carbonyl compounds (e.g. n-hexanal),
      volatile aliphatic alcohols (e.g. isopentanol, n-hexanol), phenolic acids
      (e.g. p-hydroxybenzoic acid), volatile fatty acids and amines having not
      more than 10 carbon atoms, etc. [Agr.Biol.Chem., 29, 855; ibid., 30, 364;
      ibid., 30, 863; ibid., 31, 88, etc.]. However, the relationship between
      these bean odor components and the kind and strength of the bean odors has
      been not fully clarified.
PAR  For elimination or modification of bean odors, various attempts have been
      made. For instance, it is known that moist heating of a dough comprising
      defatted soy bean flour and water by the direct application of steam
      thereto gives a bland flavor product [U.S. Pat. No. 3,142,571]. Although
      such moist heating (toasting) decreases the beany and bitter flavors
      inherent to soy beans, a flavor incompatible with various foods is newly
      produced with the deterioration of functional properties such as protein
      solubility. It is also known that the fermentation of soy milks (soy bean
      juices) with enzymes, bacteria and yeasts is effective in elimination of
      the beany and bitter flavors and the treatment of the fermented soy milks
      with proteases results in the increase of the protein solubility [U.S.
      Pat. No. 3,585,047; British patent 1,093,013]. The application of such
      methods is effective in eliminating the bean odors but only incompletely
      and produces unfavorably a new fermentation odor. It is particularly
      disadvantageous that the protease treatment imparts a remarkable bitter
      taste to the resulting product. In addition to the methods as mentioned
      above, there are known some others: e.g. the addition of fruit juices
      [J.Food Science, 36, 729]; the use of ion exchange resins [U.S. patent
      3,154,531]; the application of distillation under reduced pressure
      [Shokuhin Kogyo ("Food Industry"), 10 (16), 48-52 (1967) (Japan)] etc.
      However, none of them is satisfactorily effective in elimination of the
      bean odors.
PAR  As is well known, soy milks are per se useful as nutritional drinks or
      beverages. They are also useful as the starting material for manufacture
      of various soy bean processed products. Thus, the elimination of the
      unpleasant bean odor from soy milks may make them much more valuable as
      foodstuffs.
PAR  A main object of the present invention is to embody a method for
      elimination of the bean odors from soy bean products, particularly from
      soy milks. Another object of this invention is to embody a method for
      elimination of the beany and bitter flavors characteristic to soy beans
      from soy bean products, particularly from soy milks, without producing any
      new unpleasant odor. Another object of the invention is to embody a
      process for preparing a bean odor-free soy milk without deterioration of
      the protein solubility. A further object of the invention is to embody a
      process for preparing a bean odor-free soy bean product excellent in savor
      and texture. A still further object of the invention is to embody a
      process for preparing a bean odor-free soy bean drink or beverage
      excellent in palatability and proteinous colloidal stability. These and
      other objects will be apparent to those skilled in the art from the
      foregoing and subsequent descriptions.
PAR  According to the present invention, a soy milk is subjected to lactic
      fermentation and the fermented soy milk is allowed to distill under
      reduced pressure, whereby the bean odor present in the soy milk is
      satisfactorily eliminated.
PAR  These treatments are essential in the process of this invention, because
      the execution of only either one of them does not afford any satisfactory
      result in the elimination of the bean odor. Although the mechanism of the
      elimination of the bean odor by the above process is still uncertain, it
      may be assumed that the bean odor is partly eliminated as the result of
      the lactic fermentation and partly modified to other flavor components,
      which are readily and effectively eliminated together with the
      fermentation odor produced in the lactic fermentation by the distillation
      under reduced pressure. Since high temperatures are not used in the said
      process, the functional properties of the proteins in the soy milk are not
      materially deteriorated and the protein solubility can be maintained as in
      the original.
PAR  The term "soy milk" herein used is intended to mean any aqueous dispersion
      containing soy bean proteins. The preferred one is obtained by extraction
      of defatted soy beans with water or aqueous alkali solution, if necessary,
      followed by removal of water-insoluble materials therefrom. It may also be
      the one obtained by dispersing soy bean proteins isolated from soy beans
      in water.
PAR  The lactic fermentation is carried out by fermenting the soy milk in the
      presence of a lactic acid bacterium as a starter. In order to have the
      fermentation proceed smoothly and also to prevent the putrefaction of the
      fermentation mixture, the soy milk is favorably previously sterilized by
      heating, incorporated with any saccharide utilizable by the lactic acid
      bacterium and adjusted to pH 6.0 to 7.5. With respect to the sterilization
      by heating, care should be taken to avoid the deterioration of the
      functional properties of the soy bean proteins. Thus, for example, the
      sterilization at a temperature of 60.degree. to 80.degree.C for a period
      of 10 to 30 minutes is recommendable. Examples of the saccharide are
      lactose, glucose, etc. The amount of the saccharide to be incorporated may
      be usually from 0.01 to 5 % by weight, preferably from 0.1 to 2 % by
      weight on the basis of the amount of the fermentation mixture.
PAR  The lactic acid bacterium may be any conventional one used for lactic
      fermentation belonging to the Lactobacillus genus, Streptococcus genus,
      Leuconostock genus, Pediococcus genus, etc. Specific examples of the
      lactic acid bacterium are Lactobacillus acidophilus, Lactobacillus
      bulgaricus, Streptococcus lactis, Streptococcus cremoris, Streptococcus
      durans, Streptococcus thermophilus, Leuconostock citrovorum, etc. Among
      them, particularly preferred are Lactobacillus acidophilus, Lactobacillus
      helveticus and Streptococcus thermophilus. These bacteria may be used
      alone or in combination. The amount of the lactic acid bacterium to be
      added may be usually from 2 to 4 % by weight based on the fermentation
      mixture.
PAR  The fermentation temperature and the fermentation period may be
      appropriately decided depending on the kind of the lactic acid bacterium
      to be used. Usually, the preferred fermentation temperature is from
      30.degree. to 45.degree.C and the optimum fermentation period is from 15
      to 20 hours. Even a shorter period of time such as one hour is, however,
      still sometimes effective.
PAR  The progress of the fermentation may be traced by checking the acidity of
      the fermentation mixture. When, for instance, the initial pH of the
      fermentation mixture is about 6.4, the fermentation may be continued until
      the acidity reaches about 0.5 to 0.9. An excessive fermentation reaching,
      for instance, an acidity of more than 4 is usually unfavorable, because
      the resulting product may be given a salty taste upon neutralization which
      may be necessitated at any later stage.
PAR  As the result of the lactic fermentation, the pH is lowered. In case of the
      pH being below about 6, the soy milk is normally coagulated. Such
      coagulated soy milk is usually subjected to distillation under reduced
      pressure after homogenization by a conventional manner, for instance,
      using a homomixer, a homogenizer or the like. If the soy milk is not
      coagulated as the result of the lactic fermentation, it may be subjected
      to the distillation as such, i.e. without previous homogenization. When
      desired, the adjustment to a suitable pH may be made at this stage, i.e.
      after the lactic fermentation and before the distillation.
PAR  The distillation is effected under reduced pressure, i.e. under any
      pressure lower than atmospheric pressure. In general, it may be carried
      out at a temperature of 10.degree. to 85.degree.C (preferably 40.degree.
      to 70.degree.C) under a pressure of not more than 500 mmHg (preferably 55
      to 250 mmHg). When the temperature is higher than about 90.degree.C,
      functional properties of the soy bean proteins may be deteriorated. The
      distillation at a temperature lower than about 5.degree.C and/or under a
      pressure higher than about 700 mmHg may not be effective in the
      elimination of the volatile components which cause the beany and bitter
      flavors. Also, the distillation may be effected while introducing steam
      into the fermented soy milk. In other words, the distillation includes not
      only an ordinary distillation but also a steam distillation. Reducing the
      atmosphere in the reaction vessel wherein the distillation is effected may
      be accomplished by the use of a conventional apparatus such as a rotary
      evaporator. An apparatus for high temperature short time sterilization may
      sometimes be employed as such for establishment of the desired atmosphere
      as above. The extent of the distillation under reduced pressure can be
      readily determined by experiment or by experience according to the kind of
      an apparatus used therein. In this respect, it is one recommendation to
      carry out the distillation in such a manner that a certain amount of water
      is added to the fermentation mixture (usually one-half to one-third of the
      volume of the latter) and then the amount of water nearly equal to the
      added amount is distilled out or that a certain amount of water is simply
      distilled out from the fermentation mixture (usually one-third to
      one-fourth of the volume of the starting soy milk).
PAR  For interruption of the fermentation, heating to 60.degree. to 85.degree.C
      may be adopted. However, heating of the fermented soy milk at a pH around
      the isoelectric point (e.g pH 4 to 5 ) tends to promote the deterioration
      of the functional properties of the soy bean proteins and should be
      avoided. Thus, the adjustment to an appropriate pH prior to the
      distillation is favorable. But, such pH adjustment may be omitted when the
      distillation is effected at a temperature of 60.degree. to 70.degree.C.
PAR  The thus produced soy milk product is free from the beany aand bitter
      flavors characteristic of soy beans and does not have any new roasting or
      fermenting odor. It shows a high nitrogen soluble index (NSI), and no
      material NSI decrease in comparison with that of the original soy milk is
      seen. Also, it shows only a scarce deterioration in gel formation property
      or any other functional properties.
PAR  The above soy milk product may be used as the starting material for the
      manufacture of bean odor-free soy bean products such as soy been cheese
      and textured vegetable protein according to per se conventional
      procedures.
PAR  When desired, the neutralization for making a pH of around 7 may be
      effected at any step after the lactic fermentation, for instance, prior to
      or after the homogenization or after the distillation under reduced
      pressure.
PAR  Further, treatment with a protease may be carried out simultaneously with
      or prior to the lactic fermentation. In such case, the adjustment of the
      pH in the distillation under reduced pressure below the isoelectric point
      is advantageous in affording a lactic fermentation drink or beverage
      product which has an excellent savor and is well palatable with the
      preservation of a high protein content.
PAR  In the manufacture of such a lactic fermentation drink or beverage product,
      it is notable that the bitter taste produced as the result of the protease
      treatment can be eliminated by the lactic fermentation simultaneously or
      subsequently effected and the distillation under reduced pressure
      performed thereafter. It is also notable that the fermented soy milk after
      the protease treatment and the lactic fermentation shows considerable
      decreases in the acidity and the viscosity after the distillation under
      reduced pressure at a pH below the isoelectric point, compared with those
      before such distillation.
PAR  While no conventional lactic fermentation drink or beverage can maintain
      such a high protein concentration as 10 to 12 % by weight, the lactic
      fermentation drink or beverage product of this invention can effect this
      result. Thus, this invention makes it possible to manufacture such a
      product efficiently with an apparatus of small capacity. Further, the
      product is of high nutritional value in having a much higher protein
      concentration than that of a conventional product. It is highly
      advantageous that, in spite of having such a high protein concentration,
      the product does not give a bad feel to the mouth such as a sticky or
      powdery taste but imparts a bland taste due to the reduced acidity and
      viscosity as mentioned above.
PAR  The protease to be used in the said treatment may be appropriately selected
      taking the pH of the soy milk and the optimum pH of the protease into
      consideration. When, for instance, the protease treatment is carried out
      simultaneously with the lactic fermentation, the pH of the soy milk moves
      to the acidic side. Therefore, the use of a protease having an optimum pH
      on the acidic side (e.g. "Morsin" manufactured by Morishin Pharmaceutical
      Co., Ltd.; "Sanprose" manufactured by Ueda Chemical Co., Ltd.; "Rapidase"
      manufactured by Takeda Chemical Industries, Ltd.) is favored. When the
      protease treatment is effected prior to the lactic fermentation, the soy
      milk to be treated has a pH of around 7.0, and therefore the use of a
      neutral protease (e.g. "Protin" manufactured by Daiwa Chemical Co., Ltd.;
      "Protease Amano" manufactured by Amano Pharmaceutical Co., Ltd.) is
      preferred. The amount of the protease to be used may be usually from
      0.0001 to 0.1 % by weight, preferably from 0.0005 to 0.002 % on the basis
      of the amount of the soy milk.
PAR  The fermented soy milk after the protease treatment and the lactic
      fermentation is adjusted to a pH not higher than an isoelectric point,
      usually not more than 4 and preferably from 3.0 to 3.8, after or during
      homogenization. By such pH adjustment, the fermented soy milk in a
      coagulated state is made easily applicable to the distillation under
      reduced pressure in the subsequent step and also is imparted a certain
      acidity. For the pH adjustment, there may be used such an acid as
      hydrochloric acid, phosphoric acid, citric acid, tartaric acid, succinic
      acid, malic acid or the like.
PAR  After the distillation under reduced pressure is accomplished, the
      resulting product is subjected to sterilization while heating at a
      temperature of 70.degree. to 85.degree.C. If desired, such product may be
      incorporated with a flavoring agent, a pigment, a gummy substance, etc.,
      followed by homogenization. The thus obtained product is rather a
      condensed product suitable for storage and transportation and may be
      diluted appropriately upon drinking.
DETD
PAR  Practical and presently preferred embodiments of the present invention are
      illustratively shown in the following Examples wherein % is by weight.
PAC  EXAMPLE 1
PAR  Defatted soy bean obtained by extraction of soy beans with n-hexane at a
      low temperature was dispersed in water, and a small amount of sodium
      hydroxide was added thereto. Removal of insoluble materials from the
      resultant mixture gave a soy milk having a solids content of 6 %. To the
      soy milk (2 kg), lactose (30 g) was added, and the resultant mixture was
      sterilized by heating at 80.degree.C for 20 minutes, and the pH was
      adjusted to 6.3. After the addition of Lactobacillus acidophilus as a
      starter in an amount of 4 % to the said mixture, fermentation was carried
      out at 37.degree.C to make an acidity of 0.6. The coagulated soy milk was
      homogenized by the aid of a homomixer, neutralized with sodium hydroxide
      to make pH 6.8 and heated at 70.degree.C for 30 minutes so as to interrupt
      the fermentation. To the fermentation mixture, there was added a half
      volume of water, and distillation under reduced pressure was carried out
      by the use of a rotary evaporator to remove a nearly equal volume of water
      with respect to the added volume whereby a soy milk product free from a
      bean odor was obtained.
PAC  EXAMPLE 2
PAR  To a soy milk (2 kg) obtained as in Example 1, glucose (20 g) was added,
      and the resulting mixture was heated at 80.degree.C for 20 minutes and the
      pH was adjusted to 6.6. After the addition of Lactobacillus acidophilus
      and Streptococcus thermophilus as starters in an amount of 3 % to the said
      mixture, fermentation was carried out at 37.degree.C for 20 hours to make
      an acidity of 0.7. The resultant mixture was homogenized by the aid of a
      homomixer and neutralized with sodium hydroxide to make pH 7.2. To the
      fermentation mixture, there was added a half volume of water, and
      distillation under reduced pressure was carried out at 65.degree.C by the
      use of a rotary evaporator to remove a nearly equal volume of water with
      respect to the added volume whereby a soy milk product free from a bean
      odor was obtained.
PAC  EXAMPLE 3
PAR  A soy milk in a coagulated state obtained is in Example 1 was homogenized
      and subjected to distillation under reduced pressure at 50.degree.C while
      blowing steam therein. The resultant mixture was neutralized with sodium
      hydroxide to make pH 6.7 and heated at 75.degree.C for 20 minutes to give
      a soy milk product free from a bean odor.
PAC  EXAMPLE 4
PAR  Defatted soy bean as in Example 1 was dispersed in water, and insoluble
      materials were removed. Hydrochloric acid was added to the water solution
      to make a curd. The curd was admixed with water and adjusted to make pH
      6.8 whereby a soy milk having a protein concentration of 9.0 % and an NSI
      of 92 was obtained. To the soy milk (2.0 kg), lactose (40 g) and sucrose
      (190 g) were added, and a protease (Rapidase manufactured by Takeda
      Chemical Industries, Ltd.) (0.016 g) and Streptococcus thermophilus of an
      acidity of 0.75 (30 g) were further added thereto. Fermentation was
      carried out at 35.degree.C for 16 hours and the mixture coagulated. A
      flavoring agent (e.g. honey) (230 g) was added thereto, and the resultant
      mixture was homogenized while adjusting the pH with tartaric acid at
      5.degree. to 8.degree.C to 3.6. After the addition of water (1.0 l), the
      resultant mixture was subjected to distillation under reduced pressure by
      the aid of a rotary evaporator to remove the nearly equal volume of water
      with respect to the added volume. The resulting mixture was heated at
      80.degree.C for about 20 minutes to sterilize it and cooled to 5.degree.
      to 8.degree.C whereby a condensed product having a pH of 3.6 and an
      acidity of 1.20 was obtained. The condensed product was diluted with water
      to make a 2.5 fold dilution, which was used for drinking.
PAR  The comparison of the properties of the above diluted product for drinking
      and those of a 2.5 fold dilution of the fermented soy milk before the
      distillation under reduced pressure which was adjusted to pH 3.6 is shown
      in the following Table 1:
TBL                Table 1                                                     
     ______________________________________                                    
              2.5 Fold dilution                                                
                           2.5 Fold dilution                                   
              of the condensed                                                 
                           of the product                                      
              product obtained                                                 
                           obtained without                                    
              by distillation                                                  
                           distillation                                        
     ______________________________________                                    
     Viscosity (cps)                                                           
                2.5            25                                              
     Acidity    0.47           0.54                                            
     Flavor     Neither bean odor                                              
                               Bean odor and                                   
                nor fermentation                                               
                               fermentation odor                               
                odor                                                           
     Palate     Smooth         Viscous and powdery                             
     ______________________________________                                    
PAR  The protein concentration of the said diluted product was 2.9 %, and its
      NSI and pH were respectively 92.9 and 3.6.
PAR  In the product adjusted to pH 3.6 without protease treatment in the above
      operation, there was produced a large amount of precipitates.
PAC  EXAMPLE 5
PAR  Defatted soy bean as in Example 1 was dispersed in water, and insoluble
      materials were removed to obtain a soy milk having a protein concentration
      of 5.0 %. To the soy milk (2.0 kg), a protease (Protin manufactured by
      Daiwa Chemical Co., Ltd.) (0.03 g) was added, and treatment was effected
      at 40.degree.C for 5 hours. After the addition of lactose (30 g) and
      sucrose (170 g), the resultant mixture was stirred, and a mixed starter
      consisting of Lactobacillus acidophilus and Streptococcus thermophilus was
      added thereto. Fermentation was carried out at 35.degree.C for 15 hours. A
      flavoring agent (e.g. honey) (230 g) was added thereto, and the resultant
      mixture was homogenized and adjusted to pH 3.5 with hydrochloric acid at
      5.degree. to 8.degree.C. The resulting mixture was evaporated under
      reduced pressure by the use of a rotary evaporator to remove about a
      one-third volume of water and sterilized by heating to afford a condensed
      product having a pH of 3.5 and an acidity of 1.15. Dilution of the
      condensed product in an amount of 2.5 fold gave a diluted product having
      an acidity of 0.45.
PAR  Dilution of the product as above but before the distillation under reduced
      pressure in an amount of 1.7 fold to make the same protein concentration
      as that of the 2.5 fold dilution showed an acidity of 0.55.
PAC  EXAMPLE 6
PAR  To 1 kg of a soy milk obtained as in Example 1, lactose (5 g) and
      Streptococcus lactis (20 g) as a starter were added, and fermentation was
      carried out at 35.degree.C for 2 hours. After the addition of water (200
      g), the resultant mixture was subjected to distillation under reduced
      pressure by the aid of a rotary evaporator to remove the nearly equal
      amount of water with respect to the added amount and then adjusted to pH
      6.8. The incorporation of a flavoring agent into the resulting mixture
      gave a drink free from a bean odor and of good acceptability.
PAC  EXAMPLE 7
PAR  To 1 kg of a soy milk obtained in Example 1, Streptococcus thermophilus (30
      g) was added as a starter, and the resultant mixture was kept at
      50.degree.C to make an acidity of 0.20. While maintaining the resulting
      mixture at the same temperature as above, .delta.-gluconolactone (2 g) was
      added thereto for coagulation. Then, the obtained curd was subjected to
      curd breaking, condensation, whey separation, salt addition and mellowing
      according to a conventional procedure for manufacture of a cheese product.
      The obtained cheese product was free from a bean odor and had an excellent
      texture.
PAC  EXAMPLE 8
PAR  The test samples as shown in Table 2 were prepared and given to 5 panel
      members. The results are shown in Table 2, wherein the numerals indicate
      the orders of the test samples of which the odors were more improved (i.e.
      the smaller numerals indicating better ranks).
TBL                                    Table 2                                 
     __________________________________________________________________________
     No.                                                                       
        Test sample            Evaluation (on the average)                     
     __________________________________________________________________________
     1  Soy milk               5 5 5 5 5 (5.0)                                 
     2  Soy milk--                                                             
               Distillation    2 4 4 4 4 (3.6)                                 
               under reduced                                                   
               pressure                                                        
     3  Soy milk--                                                             
               Distillation                                                    
                       --Lactic                                                
                               3 1 2 3 2 (2.2)                                 
               under reduced                                                   
                       fermen-                                                 
               pressure                                                        
                       tation                                                  
     4  Soy milk--                                                             
               Lactic          4 3 3 2 3 (3.0)                                 
               fermentation                                                    
     5  Soy milk--                                                             
               Lactic  --Distillation                                          
                               1 2 1 1 1 (1.2)                                 
               fermen- under reduced                                           
               tation  pressure                                                
     __________________________________________________________________________
PAR  Note: (1) The test sample No. 5 was the bean odor-free soy milk product
      obtained as in Example 1. The fermentation conditions for the test samples
      Nos. 3 and 5 and the distillation under reduced pressure for the test
      samples Nos. 2 and 3 were as in Example 1. Prior to and/or after the
      fermentation for the test samples, heat sterilization and pH adjustment
      were effected. (2) The distillates obtained by the distillation of the
      test samples Nos. 2 and 5 under reduced pressure were subjected to
      examination, and it was noted that the one involving to the test sample
      No. 2 contained an extremely scarce amount of odor components.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for elimination of a bean odor from a soy milk which comprises
      subjecting the soy milk containing added saccharide to lactic fermentation
      until the acidity thereof is not more than 4 and then distilling the
      resulting fermented soy milk at a temperature of 10.degree. to
      85.degree.C. under a pressure of not more than 500 mmHg.
NUM  2.
PAR  2. The method according to claim 1, wherein the soy milk is obtained by
      extraction of defatted soy beans with water.
NUM  3.
PAR  3. The method according to claim 2, wherein the soy milk is adjusted to pH
      6.0 to 7.5.
NUM  4.
PAR  4. The method according to claim 3, wherein the soy milk contains said
      saccharide in a concentration of 0.01 to 5% by weight.
NUM  5.
PAR  5. The method according to claim 4, wherein the saccharide is lactose or
      glucose.
NUM  6.
PAR  6. The method according to claim 1, wherein the lactic fermentation is
      effected in the presence of a lactic acid bacterium as a starter at a
      concentration of 2 to 4 % by weight.
NUM  7.
PAR  7. The method according to claim 6, wherein the lactic acid bacterium is
      Lactobacillus acidophilus, Lactobacillus helveticus or Streptococcus
      thermophilus.
NUM  8.
PAR  8. The method according to claim 1, wherein the lactic fermentation is
      effected until the soy milk is coagulated.
NUM  9.
PAR  9. The method according to claim 8, wherein the coagulated soy milk is then
      homogenized.
NUM  10.
PAR  10. The method according to claim 1, wherein the distillation under reduced
      pressure is effected at a temperature of 40.degree. to 70.degree.C under a
      pressure of 55 to 250 mmHg.
NUM  11.
PAR  11. The method according to claim 1, wherein the soy milk after the lactic
      fermentation is neutralized at any stage of the procedure.
NUM  12.
PAR  12. A process for preparing a bean odor-free soy milk product which
      comprises subjecting a soy milk to lactic fermentation until the acidity
      thereof is about 0.5 to 0.9 and then subjecting the resulting fermented
      soy milk to distillation at a temperature of 10.degree. to 85.degree.C.
      under a reduced pressure of not more than 500 mmHg.
NUM  13.
PAR  13. The process according to claim 12, wherein the soy milk is treated with
      a protease simultaneously with or prior to the lactic fermentation.
NUM  14.
PAR  14. The process according to claim 13, wherein the soy milk after the
      lactic fermentation is adjusted to a pH of not more than the isoelectric
      point.
NUM  15.
PAR  15. The process according to claim 14, wherein the pH is adjusted to not
      more than 4.
NUM  16.
PAR  16. The process according to claim 15, wherein the pH is adjusted to 3.0 to
      3.8.
NUM  17.
PAR  17. A process for preparing a drink product which comprises subjecting a
      soy milk to protease treatment and lactic fermentation, and fermentation
      being carried out until the acidity of the fermented soy milk is not more
      than 4, homogenizing the resulting soy milk, adjusting the pH of the
      resultant soy milk to not more than 4 and subjecting the thus obtained soy
      milk to distillation at a temperature of 10.degree. to 85.degree.C. under
      a reduced pressure of not more than 500 mmHg.
NUM  18.
PAR  18. The process according to claim 17, wherein the protease treatment is
      effected prior to the lactic fermentation.
NUM  19.
PAR  19. The process according to claim 18, wherein the protease treatment is
      effected in the presence of a neutral protease.
NUM  20.
PAR  20. The process according to claim 17, wherein the protease treatment is
      effected simultaneously with the lactic fermentation.
NUM  21.
PAR  21. The process according to claim 20, wherein the protease treatment is
      effected in the presence of an acidic protease.
NUM  22.
PAR  22. The method according to claim 6, wherein the lactic acid bacterium
      belongs to a genus selected from the group consisting of Lactobacillus,
      Streptococcus, Leuconostoc and Pediococcus.
NUM  23.
PAR  23. The process according to claim 12, wherein the distillation under
      reduced pressure is effected at a temperature of 40.degree. to
      70.degree.C. under a pressure of 55 to 250 mmHg.
NUM  24.
PAR  24. The process according to claim 17, wherein the distillation under
      reduced pressure is effected at a temperature of 40.degree. to
      70.degree.C. under a pressure of 55 to 250 mmHg.
NUM  25.
PAR  25. The process according to claim 12, wherein a saccharide is added to the
      soy milk prior to the lactic fermentation.
PATN
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APT  1
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TTL  Process for producing processed low salt soybean paste
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NCL  4
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INVT
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CTY  Tokyo
CNT  JA
ASSG
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LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  An improved process for producing soy bean paste miso by adding lactic acid
      at the early stage of fermentation to effect lowering of the pH, thereby
      resulting in a salt content of less than 10%.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improved process for producing processed foods
      such as soy bean paste and the processed foods obtained thereof.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The conventional bean processed foods, especially soy bean paste called
      "Miso" in Japan widely used for Japanese soup, etc. as seasoning, which is
      made from primarily soy beans, rice or wheat, which protein carbohydrate
      and fats, etc. ferment to the tasteful components with an effected by
      affection of brewing or ripening bacteria such as yeast.
PAR  Such soy bean paste usually contains more than 10% salt and, more usually
      around 13% salt, which amount is the lower limit so as to avoid
      deterioration and decomposition of the quality of the paste. Therefore, no
      soy bean paste containing salt less than 10% is currently available. Such
      conventional soy bean paste is not for suitable for persons suffering from
      hypertension.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of this invention is to provide a processing method for
      the soy bean paste containing less than 10% salt and being deterioration
      free.
PAR  Another object of this invention is to provide a process for the
      preparation of a bean paste having more taste than a conventional paste
      having a salt content more than of 10%.
PAR  Still another object of this invention is to provide the tasty soy bean
      paste processed by the above process.
PAR  Further objects will be apparent with reference to the description
      hereunder.
PAR  The improved process according to this invention comprises the steps of
      adding 0.05 - 0.5% (75% density) lactic acid or organic acid into the
      conventional components of bean paste at its early stage, lowering the PH
      of said paste at said early stage, brewing and ripening said paste with
      salt less than 10%.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The inventor knows that the bean paste containing salt less than 10%
      deteriorates or decomposes or rots which process is caused by the
      decomposing bacteria.
PAR  The inventor noticed that the lactic acid was a major organic acid
      contained therein which effects the lowering of the ph. The inventor then
      has considered that said lactic acid helped to prevent the deterioration
      or rotting of the paste, instead of salt. Then the inventor has made many
      experiments of adding the lactic acid to research the optimal amount of
      the lactic acid.
PAR  The experiment using 60kg of the raw materials showed that the low salt soy
      bean paste could be obtained. In this case, the addition of 8% salt with
      the lactic acid of 0.1-0.2% caused the paste to be unstable, while more
      than 0.5% of the lactic acid caused the paste to be sour and such paste
      was not suitable as an edible seasoning.
PAR  The process according to this invention was tested at 15-35.degree.C with
      addition of the lactic acid at the early stage of processing under the
      following composition in the table.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Boiled Soy                                                                
            Rice Yeast                                                         
                   Salt   Lactic Acid                                          
                                  Ferment                                      
                                         Water                                 
     __________________________________________________________________________
     Bean                                                                      
     41kg   19kg(8%)                                                           
                   4.8kg(8%)                                                   
                          180kg(0.3%)                                          
                                  480cc  100cc                                 
     __________________________________________________________________________
PAR  Further analytical results of examples after 9 day from the processing are
      shown in the following Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Examples            1       2       3                                     
     ______________________________________                                    
     Amount of lactic acid added                                               
                      (%)    0.3     0.5   1.0                                 
     PH                      4.84    4.63  4.30                                
     Acidity I        (cc)   12.1    13.1  15.5                                
     Acidity II       (cc)   9.8     9.5   8.9                                 
     Formalic nitrogen                                                         
                      (%)    0.40    0.39  0.37                                
     Aquasoluble nitrogen                                                      
                      (%)    1.05    1.12  1.08                                
     All nitrogen     (%)    1.87    1.83  1.68                                
     Ni decompose ration                                                       
                      (%)    21.23   21.53 21.85                               
     Ni dissolution ratio                                                      
                      (%)    56.16   61.21 64.30                               
     Straight sugar   (%)    14.79   14.62 19.17                               
     Water            (%)    49.52   48.26 45.03                               
     Salt             (%)    9.48    9.38  9.68                                
     ______________________________________                                    
PAR  After a certain duration for ripening the usual paste, 0.3% lactic acid,
      vapor boiled soy bean and yeast were added, so that the salt density
      became lower than 10%, then the paste having been ripened for a certain
      duration.
PAR  As a result, the good and fine soy bean paste was obtained without any
      deterioration and/or rotting.
PAR  As a modification, the usual paste (30kg) + low salt paste (30kg with
      lactic acid as same amount of 60kg paste) = low salt soy bean paste (60kg)
PAR  As a further modification, the process further comprises addition of
      various seasonings to the low salt soy bean paste, to form food products
      such as, catchup, mayonnaise, cheese, butter, sauces and the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for producing a fermented miso soybean paste including the
      steps of:
PA1  a. fermenting an aqueous cooked paste containing soybeans with yeast in the
      presence of salt, and
PA1  b. brewing and ripening the paste,
PA1  the improvement comprising adding from 0.05-0.5% lactic acid to the soybean
      paste at the initiation of fermentation step (a) thereby lowering the pH
      of the paste and maintaining the fermentation at a temperature of
      15.degree.-35.degree.C thereby producing a soybean paste having a salt
      content less than 10% and devoid of deterioration.
NUM  2.
PAR  2. The process of claim 1 wherein about 0.3% lactic acid is added.
NUM  3.
PAR  3. In a process of producing a fermented miso soybean paste including
      fermenting an aqueous cooked soybeancontaining paste with a fermenting
      yeast source and in the presence of salt and allowing the fermentation to
      continue to produce a soybean-containing miso paste product, the
      improvement comprising adding to the initial fermentation mixture from
      0.05-0.5% lactic acid, the fermentation thus producing a low salt miso
      product having a salt content less than 10% and free from spoilage.
NUM  4.
PAR  4. The process of claim 3 wherein about 0.3% lactic acid is added.
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ISD  19730800
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ABST
PAL  The digestibility and protein content of straw is enhanced by treating it
      with dilute acid, ammoniating the acid-treated straw, and fermenting it
      with a yeast such as Candida utilis. The so-treated straw is useful as a
      feed for ruminants and other animals.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention relates to and has among its objects the provision of novel
      processes for increasing the digestibility and protein content of straw
      whereby to provide nutritious animal feeds. Further objects of the
      invention will be evident from the following description wherein parts and
      percentages are by weight unless otherwise specified.
PAR  Over 200 million tons of cellulosic agricultural wastes are produced each
      year in the U.S. Naturally, the disposal of such a large quantity presents
      problems. Much of this waste is disposed of by burning, but such method
      has been increasingly under criticism because of the air pollution that
      results. Many cities and states have totally or partially banned the open
      burning of straw and similar cellulosic agricultural wastes.
PAR  Straw contains components such as cellulose and hemicellulose which could
      make it desirable as an animal feed, especially for ruminants.
      Unfortunately, its low digestibility and low protein content presently
      prevent its use in feedlots.
PAR  Various methods have been advocated for enhancing the digestibility or the
      nutritive value of straw. For example, digestibility can be increased by
      treating the straw with sodium hydroxide. The nutritive value of straw can
      be supplemented by adding thereto a non-protein nitrogen source. In
      addition, efforts have been made to produce high-protein feeds by applying
      submerged microbial fermentation to cellulosic substrates. The above
      methods, however, have disadvantages either because they are too expensive
      or because they do not yield products of acceptable food value and
      digestibility, or both.
PAR  The invention described herein provides means for obviating the problems
      outlined above. By application of the processes of the invention straw is
      converted into products which exhibit substantial increases in both
      digestibility and protein content. In addition, the processes of the
      invention are simple and do not require any elaborate equipment or
      expensive reagents so that economic advantages are gained.
PAR  In general, according to the invention, straw is first treated with dilute
      acid. The acid-treated straw is ammoniated and then fermented with a yeast
      or other microorganism.
PAR  The invention is of wide versatility and may be applied to straws of cereal
      grains, such as rice, wheat, oats, barley, rye, etc. and those of grasses
      such as orchard green, bent, red fescue, Kentucky blue, rye grass (annual
      or perennial), etc. The digestibility and protein value of agricultural
      wastes such as leaves and stems may also be enhanced by the processes of
      the invention.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In a practice of the invention, straw--preferably in comminuted form such
      as chopped or ground--is first hydrolyzed by treatment with dilute
      sulphuric acid. This is accomplished by mixing the straw (1 part) with
      about 2 to 4 parts of aqueous sulphuric acid having a normality of about
      0.1 to 1, and holding the mixture at about 100.degree. to 125.degree. C.
      for about 30 to 60 minutes. It is, of course, obvious that at the higher
      temperatures in the said range--i.e., above 100.degree. C.--the reaction
      is carried out in pressure-resistant equipment. In addition, it should be
      noted that the higher the temperature, the less concentrated the acid need
      be to attain the desired result. In a preferred embodiment of the
      invention, one part of straw is treated with 3 parts of 0.5 N sulphuric
      acid at 121.degree. C. for 30 minutes. The acid treatment in accordance
      with the invention primarily causes the hemicellulose content of the straw
      to be converted into monomeric sugars such as xylose, glucose, mannose,
      arabinose, and galactose. In a later stage of the process of the
      invention, these sugars are utilized as a carbon source for the growth of
      yeast or other microorganism.
PAR  After completion of the acid treatment, the resulting mass is adjusted to a
      pH of 4.0-4.5 by addition of ammonia or ammonium hydroxide. This partial
      neutralization step provides the appropriate pH for microbial growth in a
      subsequent step, and also provides a nitrogen source required for the
      growth of the microorganism.
PAR  Next, the ammoniated mass is inoculated with a yeast or other microorganism
      and fermented under aerobic conditions. Typical microorganisms useful in
      the process of the invention are Candida utilis, Pullularia
      (Aureobasidium) pullulans, and Trichoderma viride. Generally, the
      fermentation is conducted at a temperature of about 25.degree.-30.degree.
      C. for a period of 1 to 7 days. Preferably, some means of agitation should
      be applied to the fermenting mass, such as stirring, shaking, tumbling, or
      the like so that the mass will be properly aerated.
PAR  The inoculation may be with a pure culture of the selected microorganism or
      it may be with a portion of straw material which had previously been
      fermented in accordance with the invention. Thus in operating the process
      in a continuous fashion, a small portion of fermented straw may be
      recycled and used as the inoculum for the next succeeding fermentation.
PAR  Following completion of the fermentation, the mass is dried, for example,
      by conventional hot air dehydration. Products of the invention exhibit a
      3- to 4-fold increase in protein content. In addition, digestibility is
      increased by 40% or more.
PAR  The process of the invention may be carried out batch-wise or continuously.
      For example, the fermentation step can be carried out in a continuous
      manner by providing a conveyor which carried the fermenting mass through a
      chamber equipped with temperature control, ventilation means, and means to
      tumble or otherwise agitate the mass. Other methods of continuous
      operation will be obvious to those skilled in the art.
PAR  An advantage of the invention is that it renders unnecessary the elaborate
      controls and procedures required in submerged liquid fermentations. For
      example, in accordance with the invention the substrate under fermentation
      is a moist fibrous mass containing about 20-33% solids and 80-67% water.
      It is pervious to air so that it can be effectively aerated by simple
      tumbling, shaking, or stirring. The use of spargers, pumps, and the like
      required in submerged liquid fermentations are not needed. Also, in
      accordance with the invention the various conditions of pH, temperature,
      and the like need not be rigorously controlled. Thus the elaborate control
      mechanisms required with submerged liquid fermentations are unnecessary.
      Foaming problems frequently encountered in submerged liquid fermentations
      do not occur in the process of the invention. Another advantage of the
      invention is that it yields a product which in its entirety is useful as
      an animal feed. This is in contrast to systems of submerged liquid
      fermentation where the products must be harvested from the fermentation
      broth by centrifugation or other costly procedure.
PAR  A basic advantage of the invention is that we utilize the absorptive
      properties of the straw for providing a substrate in optimum condition for
      carrying out the fermentation. Thus in the acid-treating step, the portion
      of the straw which is not hydrolyzed retains its fibrous nature and acts
      as a matrix to hold water, sugars, and other soluble solids. When this
      mass is ammoniated in the next step, the formed ammonium sulphate is held
      in the fibrous matrix with the other soluble components. Thus there is
      made available a material in prime condition for fermentation. It contains
      water, mineral salts, and carbon and nitrogen sources required for growth
      of the microorganism. Moreover, all these components are held in the
      matrix of the fibrous straw material, forming a semi-solid mass so that
      the fermentation can be carried out in simple fashion by tumbling in the
      presence of air and eliminating all the elaborate equipment and controls
      which would be required if the substrate were a liquid.
DETD
PAC  EXAMPLES
PAR  The invention is further demonstrated by the following illustrative
      examples.
PAR  Annual ryegrass (Lolium multiform Lam) was sun-dried and ground to pass a
      20-mesh screen. The straw (1 part) was mixed with 3 parts of 0.5 N H.sub.2
      SO.sub.4 and the mixture heated in a pressure cooker at 121.degree. C. for
      30 minutes.
PAR  The acid-treated straw was removed from the pressure cooker, cooled to room
      temperature and enough ammonium hydroxide was mixed with it to provide a
      pH of 4.0-4.5.
PAR  The ammoniated material was divided into three samples, and each was
      inoculated with 5% of its weight of a culture of a different
      microorganism. The microorganisms used were Candida utilis (NRRL Y-1084),
      Pullularia pullulans (NRRL Y-6220), and Trichoderma viride (OM-9123). The
      inoculated samples were placed in loosely-capped bottles which were
      secured to a device which provided continuous tumbling action to the
      fermenting mass. The fermentation was carried out at room temperature for
      3 days. After completion of the fermentation the products were analyzed
      for protein content and assayed for digestibility.
PAR  Another series of runs was also carried out as described above, but with a
      difference in the temperature used in the acid treatment, namely,
      100.degree. C. instead of 121.degree. C.
PAR  Digestibility
PAR  In vitro rumen digestibility was determined as follows: A 0.5 g. sample of
      the candidate material and 35 ml. of rumen fluid were placed in a 50-ml.
      screw-capped bottle. The rumen fluid was obtained from a fistulated
      Holstein bull, and was mixed with a mineral and buffer solution at a ratio
      of 1:1. The mineral and buffer solution contained 9.88 g. of NaHCO.sub.3,
      9.3 g. of Na.sub.2 HPO.sub.4.12H.sub.2 O, 0.47 g. of NaCl; 0.57 g. of KCl,
      0.04 g. of CaCl.sub.2, and 0.06 g. of MgCl.sub.2 in one liter of water.
      The rumen fluid was gassed with CO.sub.2 and warmed to 39.degree. C. prior
      to inoculation with the candidate material. The mixture of the candidate
      material and rumen fluid was incubated for 3 days at 39.degree. C. and
      then filtered through a sintered glass crucible (Pyrex, 30 ml., coarse)
      and the solid material on the filter dried overnight at 105.degree. C. The
      weight loss was reported as percentage digestibility.
PAR  The results are summarized in the table below.
TBL  ______________________________________                                    
            Acid treatment                                                     
                        Fermentation,                                          
                                   Digestibility                               
                                           Protein.sup.a                       
     Run    Temp., .degree.C.                                                  
                        microorgan-                                            
                                   %       %                                   
                        ism used                                               
     ______________________________________                                    
     1      121         C. utilis  46.7    12.4                                
     2      100         do.        42.8    9.3                                 
     3      121         P. pullulans                                           
                                   44.4    13.9                                
     4      100         do.        --      8.2                                 
     5      121         T. viride  43.8    10.9                                
     6      100         do.        42.6    9.2                                 
     Control.sup.b                                                             
            --          --         32.7    3.1                                 
     ______________________________________                                    
      .sup.a Protein = Organic N .times. 6.25                                  
      .sup.b Untreated ryegrass straw                                          
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A process for increasing the digestibility and protein content of straw,
      which consists of
PA1  a. mixing 1 part of straw with about 2 to 4 parts of aqueous sulphuric acid
      having a normality of about 0.1 to 1, and holding the mixture at about
      100.degree. to 125.degree. C. for about 30 to 60 minutes,
PA1  b. adding to the acid-treated straw an amount of ammonia to provide a pH of
      about 4.0-4.5,
PA1  c. aerobically fermenting the ammoniated acid-treated straw, which is a
      moist fibrous mass having a solids content of about 20-33% and a moisture
      content of about 80-67%, with a microorganism selected from the group
      consisting of Candida utilis, Pullularia pullulans, and Trichoderma
      viride, at a temperature of about 30.degree. C. for a period of about 1 to
      7 days, and
PA1  d. drying the so-fermented product.
NUM  2.
PAR  2. A process for increasing the digestibility and protein content of straw,
      which consists of
PA1  a. mixing one part of straw with about 3 parts of aqueous sulphuric acid
      having a normality of about 0.5, and holding the mixture under autogenous
      pressure at a temperature of about 121.degree. C. for about 30 minutes,
PA1  b. cooling the resulting acid-treated straw to room temperature and adding
      thereto an amount of ammonia to provide a pH of about 4.0-4.5,
PA1  c. inoculating the ammoniated acid-treated straw, which is a moist,
      fibrous, semi-solid mass having a solids content of about 25% and a
      moisture content of about 75%, with about 5% of a culture of a
      microorganism selected from the group consisting of Candida utilis,
      Pullularia pullulans, and Trichoderma viride, and aerobically fermenting
      the inoculated mass by tumbling it in the presence of air, said
      fermentation being conducted at a temperature of about 30.degree. C. for
      about 1 to 7 days, and
PA1  d. drying the so-fermented product.
NUM  3.
PAR  3. The process of claim 2 wherein the straw is ryegrass straw.
NUM  4.
PAR  4. The process of claim 2 wherein the microorganism is Candida utilis.
NUM  5.
PAR  5. The process of claim 2 wherein the microorganism is Pullularia
      pullulans.
NUM  6.
PAR  6. The process of claim 2 wherein the microorganism is Trichoderma viride.
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ABST
PAL  Processes for preparing nutrient compositions for animal feeds to obtain
      rapid and homogeneous impregnation of animal feed material with a nutrient
      material, such processes comprising preparing a dry mixture of from 35 to
      48 parts of urea with 65 to 52 parts of urea phosphate, fusing the mixture
      at a temperature of from about 72.degree. to 90.degree.C, absorbing the
      mixture in an animal feed material, and cooling the product to provide a
      feed having a low moisture content and substantially free of germs, molds,
      and bacteria.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to new processes for preparing nutritive
      compositions for animal feeds, and more particularly, the present
      invention provides processes for imbuing materials utilized for animal
      feeds with a mixture of urea and urea phosphate.
PAR  The nutritional properties of urea-urea phosphate mixtures are known. The
      combination of these two ingredients, in contrast to urea alone, has the
      advantage of being less toxic and of supplying phosphorus. Aside from dry
      mixtures, various processes have been proposed to permit the absorption of
      a urea-urea phosphate mixture by animal feed materials.
PAR  In outline, these prior suggested processes involve dissolving urea and
      urea phosphate in an appropriate solvent, such as water, ethyl alcohol,
      and propylene glycol, or in pseudo-liquid products such as sugar-beet
      molasses or sugar-cane molasses. This solution is then absorbed on a
      material which is suitable for animal feed. The resulting product is
      thereafter dried as necessary, sometimes using the heat of a complementary
      neutralization reaction and then by effecting the final drying using
      classical methods. The finished product is usually ground thereafter.
PAR  These prior art processes all present certain disadvantages, notably that
      of providing a final product having too high a moisture content.
      Furthermore, such finished products are not free from germs, mold spores,
      and bacteria.
PAC  THE INVENTION
PAR  The present invention avoids these difficulties and, additionally, provides
      numerous other advantages which will appear to those skilled in the art
      from a consideration of this disclosure and the examples. Briefly, the
      processes of this invention comprise preparing a dry mixture of from 35 to
      48 parts of urea with each 65 to 52 parts of urea phosphate; melting the
      mixture at a temperature from about 72.degree. to 90.degree.C,
      impregnating one or more animal feed materials with the molten mixture,
      and then cooling the product so formed. All parts, percentages,
      proportions and ratios herein are by weight, unless otherwise stated.
PAR  According to one preferred embodiment of the present invention, instead of
      a physical mixture of urea-urea phosphate, a unique crystalline salt is
      used, in which salt the composition is substantially the urea-urea
      phosphate eutectic mixture. This urea-urea phosphate compound can be
      prepared by reacting, at a temperature between about 50.degree. and
      80.degree.C, a phosphoric acid containing from about 45 to about 65
      percent P.sub.2 O.sub.5 with a sufficient quantity of urea to form a
      mixture containing from 64 to 60 percent urea and from 36 to 40 percent
      phosphoric acid, (based on H.sub.3 PO.sub.4). Cooling the aqueous solution
      so produced provides crystals of a urea-urea phosphate composition which
      after separation from the liquid phase, has a composition in the
      neighborhood of 61.5 percent urea and 38.5 percent of 100 percent
      phosphoric acid.
PAR  This particular preferred embodiment is advantageous in that it replaces
      the two crystallization steps necessary separately to crystallize the urea
      and urea phosphate by themselves and in that it avoids the difficulties
      inherent in the overall operation of mixing the two crystals (it being
      necessary in obtaining a homogeneous mixture of crystals to have crystals
      of similar size, shape, density, and so on).
PAR  According to another embodiment of the invention, the acidity of the
      impregnated feed obtained herein can be varied to a greater or lesser
      extent by the addition of alkaline materials which increase the pH.
      Examples of materials desirably used herein are soda, lime, magnesia,
      potash, or mixtures of two or more of such basic substances. This also
      augments the quantity of the elements sodium, calcium, magnesium, and
      potassium in the finished animal feeds. The neutralization with such
      alkaline materials can be carried out progressively during the cooling of
      the impregnated material, that is, the animal feed material into which the
      fused urea-urea phosphate mixture is absorbed. The addition of such basic
      material is carried out to avoid any excessive increase of the temperature
      which would cause decomposition of the nitrogen compounds in the molten
      mixture. Alternatively, the basic material can be added to the impregnated
      material.
PAR  In another embodiment of the invention, sulfates, desirably inorganic
      sulfates, can be added to the molten urea-urea phosphate mixture. A
      particularly preferred inorganic sulfate is ammonium sulfate. Such sulfate
      addition is carried out so that the ratio of nitrogen-sulfur in the final
      product reaches a value of at least about 13, this value conforming to the
      actual nutritional requirement for animal feeds.
PAR  In still another embodiment of this invention, trace elements such as
      cobalt, copper, manganese, zinc, and the like can be added to the melt of
      urea and urea phosphate. Such trace elements can, for example, be added in
      the form of finely powdered sulfates which dissolve in the aforesaid
      molten mixture.
PAR  According to yet another embodiment of the invention, it has been
      established that it is advantageous to introduce vitamins, such as vitamin
      A, vitamin D, and vitamin E. By reason of their thermolabile nature, these
      are introduced into the mixture just before passing the feed through the
      final finishing operation, such as a press. The types and dosages of the
      vitamins used depends in essence upon the degree of enrichment of the
      impregnated substrate and in view of the nutritional requirements of the
      finished ration, which will be readily determined by one skilled in the
      art based on such considerations.
PAR  According to another embodiment, it has been discovered that the finishing
      of the urea-urea phosphate impregnated feed material, then possibly
      neutralized by any of the aforesaid methods, is facilitated by employing
      molasses or a molasses product introduced directly onto the impregnated
      substances either before introduction into or within the interior of the
      same finishing equipment, in the case of using an extrusion press.
PAR  The quantity of added molasses material is from about 0.1 to 20 parts of
      molasses to 100 parts by weight of impregnated substrate, and preferably
      from 2 to 10 parts of molasses for each 100 parts of impregnated
      substrate. This addition is especially advantageous for vegetable
      materials strongly enriched in mineral salts and which, because of this,
      are difficult to pass through the perforations used to produce the
      finished enriched feed in the form of cylindrical granules. Furthermore,
      the addition of glycide to the feed is nutritionally important for
      increasing the appetite of the animals and for augmenting the energy
      content of the feed so produced.
PAR  The feed substances to be impregnated, also called absorbent substances or
      feed materials herein, should be used in an appropriate form to facilitate
      absorption of the melt. The conditions which are required in the absorbent
      for optimal results are those well known for all absorption processes.
      Thus, it is known that a material which is porous or spongy favors
      absorption. It is also known that an appropriate fineness of grinding
      enhances absorption.
PAR  The impregnation of the urea-urea phosphate mixture or eutectic composition
      by the substance used for feeding animals can be carried out either by
      impregnation of the urea-urea phosphate mixture or composition by the
      aforesaid substance, or in a preferred method by spraying the molten
      urea-urea phosphate mixture or composition onto the surface of the feed
      substance to be impregnated, this latter advantageously being in divided
      form. The particles of the substance to be impregnated can be kept in
      motion in the entire conventional mixing apparatus providing a single
      agitation system. The spraying or dispersion can be effected by any
      appropriate means, for example, by an apparatus using a simple pipe system
      to supply a calibrated orifice, or by an arrangement with jets or by such
      other means useful for applying the molten mixture to the agitated
      particles of the substance to be impregnated.
PAR  The quantities of absorbent feed material used in the present invention
      depend upon their nature and their physical state. Suitable materials for
      use in the present invention can readily be selected by one skilled in the
      art after understanding the present disclosure, by considering the
      absorbent and its properties, together with the desired characteristics of
      the final product.
PAR  The present invention permits absorption of the melted urea-urea phosphate
      mixture by substances containing a greater or lesser amount of cellulose.
      Such substances include alfalfa, ground fodder, straw, corn cobs, and
      vegetable waste including such well-known industrial products as miller's
      tailings, bran, broken rice, and other ground materials or dehydrated
      products such as brewer's grains, sugar-beet or fruit pulps, and the like.
      Among all these products, oil press cakes offer excellent results with
      respect to the urea-urea phosphate melts, and are accordingly preferred in
      certain embodiments of the invention.
PAR  It will be understood from the present description that the invention is
      equally useful in preparing animal feeds with whole grains cooked in the
      molten mixture and pulverized after cooling. The present invention also
      permits the preparation of feeds with products practically free of
      cellulose, such as cereal and other farinaceous flours.
PAR  It is equally possible, according to this invention to prepare animal feed
      compositions starting with mineral substances capable of being impregnated
      with the urea-urea phosphate melts. This is done with a view to
      facilitating particle size reduction after cooling or of conferring
      particular properties on the product, as for example, salt licks.
PAR  The feed compositions prepared according to this invention can be given in
      a selected amount as-is to the animals or they can readily be incorporated
      into the total ration. These nutrient compositions according to the
      present invention are adapted to feed a variety of animals. They are
      particularly suited for feeding bovine animals, such as cattle and the
      like.
PAR  Among numerous advantages according to the invention is the rapid and
      homogeneous impregnation of animal feed substances by the fluid urea-urea
      phosphate melt. This leads directly to a finished product having a very
      low water content, in fact, a water content less than the initial moisture
      absorption. The invention also obviates the necessity for grinding the
      final product. By the combined effect of the heat, the acidity, and the
      absence of water, the process of the present invention provides a feed
      which is free of germs, mold spores, and bacteria and therefore of any
      toxic products produced by such microorganisms.
PAR  The present invention equally provides an appreciable economy in the
      quantity of absorbent material which can be used, in contrast to the
      solubilization technique of the prior art, for a given amount of nitrogen
      and phosphorus. It has been found according to the present invention that
      for a given quantity of some absorbent feed materials, it is possible to
      absorb considerably more urea and urea phosphate than is the case in prior
      art processes.
DETD
PAR  The following examples are given to illustrate embodiments of the invention
      as it is presently preferred to practice it. It will be understood that
      these examples are illustrative, and the invention is not to be considered
      as restricted thereto except as indicated in the appended claims.
PAC  EXAMPLE I
PAR  Forty parts of urea and 60 parts of urea phosphate are dry-mixed, and 65
      parts of the mixture so obtained is heated to 85.degree.C with agitation
      until complete melting is obtained. There is then progressively introduced
      into the melt, while providing heating and light agitation, 35 parts of
      Chinese hemp palm kernel cake (from the palm trachycarpus) having the
      following particle distribution:
PA1  16.3% having a diameter greater than 0.8 mm.
PA1  40.2% having a diameter between 0.4 and 0.8 mm.
PA1  43.5% having a diameter less than 0.44 mm. The water content of this
      material is 12%.
PAR  After mixing is complete, the temperature is allowed to drop to ambient. A
      pulverized product is obtained having a water content of 4% and containing
      the equivalent of 120 g of protein material for each 100 g of product. The
      particle size distribution of this product is:
PA1  19.5% with a diameter between 1 and 2 mm.
PA1  54.5% with a diameter between 0.5 and 1 mm.
PA1  26.0% with a diameter of less than 0.5 mm.
PAC  EXAMPLE II
PAR  A dry mixture of 40 parts of urea and 60 parts of urea phosphate is
      prepared, and 55 parts of this mixture is heated to 85.degree.C with
      agitation until a complete melting and fusion is obtained. While
      maintaining the temperature and with mild agitation, 45 parts of palm
      kernel cake is added, the cake having a moisture content of 12% and the
      following particle size distribution:
PA1  0.25% with a diameter greater than 0.4 mm.
PA1  43.0% having a diameter between 0.25 and 0.4 mm.
PA1  56.75% with a diameter less than 0.25 mm.
PAL  The mixture is thereafter permitted to cool to room temperature.
PAR  A pulverulent product is obtained with a moisture content of 5% and
      contains the equivalent of 100 g of protein material for each 100 g of
      product. The final product is similar to that produced in Example I.
PAC  EXAMPLE III
PAR  A dry mixture of 40 parts of urea and 60 parts of urea-phosphate is
      prepared, and 50 parts is melted as in the preceding Examples. Under
      constant heating and agitation, there is introduced progressively into the
      50 parts of the mixture, 50 parts of dried sugar-beet pulp. After cooling,
      an acid, pulverulent product is obtained having the same appearance as the
      starting material and containing the equivalent of 95 g of protein matter
      for each 100 g of final product.
PAC  EXAMPLE IV
PAR  A mixture of 33 g urea phosphate and 22 g urea is prepared by dry mixing,
      the mass is fused at 85.degree.C under constant agitation, and 30 g of
      Chinese hemp palm kernel oil cake identical to that of Example II is
      progressively introduced with heating and mild agitation. The product is
      cooled to 60.degree.C, and 15 g of lightly carbonated slaked lime is
      progressively added.
PAR  The product obtained, without drying or grinding, is a "flowing" powder
      with a pH of 6.5, a moisture content of 8% (as opposed to 12% in the
      starting press cake), and has the following size distribution:
PA1  7% having a diameter between 1 and 2 mm.
PA1  22% having a diameter between 0.5 and 1 mm.
PA1  71% having a diameter less than 0.5 mm. The weighted average ratio of Ca/P
      in the product is 1.2.
PAC  EXAMPLE V
PAR  This example shows the treatment of the press cake of Example I according
      to the prior art technique. Fortyeight parts of urea phosphate and 32
      parts of urea are dissolved in 20 parts of water at 50.degree.C. To 65
      parts of this solution is progressively added 35 parts of the cake of
      Example I with heating and mild agitation. After homogenization and mixing
      the product contains 16.6% water, of which 13% comes from the initial
      solution, so that a drying operation is required for its preservation and
      use.
PAR  This product is accordingly charged to a carefully controlled dryer to
      avoid decomposition of the urea and urea phosphate. After removal of the
      water due to the starting solution absorbed by the cake, the final product
      contains:
PA1  4 parts water
PA1  40 parts cake solids
PA1  60 parts urea/urea phosphate mixture and the equivalent of 108 g of protein
      for each 100 g of final product.
PAC  COMPARISON OF EXAMPLES I AND V
PAR  These comparisons are carried out starting with identical quantities of the
      same cake. It can be seen that the process of the present invention
      provides a higher grade of protein matter than the prior art process.
PAR  It should be noted that calculations also show that the process of the
      present invention permits an important saving of energy by comparison with
      prior art processes. The thermodynamic data are as follows:
PAR  Heat of fusion of urea/urea phosphate eutectic:
EQU  .DELTA.Hf = + 43.+-. 2 cal/g (laboratory measurement)
PAR  Specific heats:
PAR  Urea phosphate: +0.35 cal/deg. C-g (laboratory measurement).
PAR  Urea: +0.32 cal/deg. C-g
PAR  Cake: +0.3 cal/deg. C-g
PAR  Urea phosphate/urea solution: About 0.7 cal/deg. C-g.
PAR  Heats of solution:
PAR  Urea phosphate: + 7.65 Kcal/mole
PAR  Urea: + 3.60 Kcal/mole
PAR  From these data, calculations for a reference temperature of 20.degree.C
      shows:
PAC  FOR EXAMPLE I
PAR  It is necessary to supply +4956 calories to prepare 100 g of product at
      85.degree.C or 76 cal/g of urea/urea phosphate eutectic.
PAC  FOR EXAMPLE V
PAR  It is necessary to supply +13,900 calories to prepare 100 g of dry product
      at 70.degree.C (beyond 70.degree.C the urea and urea phosphate melt and it
      is additionally necessary to include the heat of fusion). This product
      contains 60 percent of eutectic mixture, and this accordingly uses +231.7
      cal/g of urea/urea phosphate eutectic.
PAC  EXAMPLE VI
PAR  A horizontal mixer having baffle strips is charged with 500 kg of dried
      sugar-beet pulp and 33 kg of powdered calcium carbonate, and after 10
      minutes of mixing, 126 kg of a molten mixture of urea and urea phosphate
      is trickled through 1 centimeter diameter orifices into the mixer and onto
      the agitated pulp. The urea-urea phosphate contains a balanced ratio of 60
      parts of urea phosphate to 40 parts of urea and is previously kept at a
      temperature of 80.degree.C. Ten minutes after introduction of the molten
      mixture is completed the contents of the mixer are charged into an
      extrusion press and formed into cylindrical granules having a diameter of
      8 mm.
PAR  The animal feed so obtained has the following composition:
PA1  Total phosphorus 1.47%
PA1  Calcium 2.39%
PA1  Total nitrogen 5.85%
PAC  EXAMPLE VII
PAR  A 6,000-liter horizontal mixer is charged with 1,000 kg of dried sugar-beet
      pulp and 500 kg of dried alfalfa. After 10 minutes of mixing, 375 kg of a
      molten mixture of urea and urea phosphate, having the same ratio as that
      in Example I and previously brought to a temperature of 80.degree.C, is
      flowed into the mixer through 1-centimeter diameter orifices.
PAR  The time for the introduction of the molten mixture is about 40 minutes.
      Thereafter, 100 kg of powdered calcium carbonate is dumped into the
      mixture and after 30 minutes of further mixing, the mixer contents are
      introduced into an extrusion press.
PAR  After a few minutes of running, 6% molasses is directly introduced into the
      press ahead of the extrusion plate. It is established that such molasses
      injection can provide a production rate of 2 to 2.5 tons/hr of animal feed
      through the extrusion plate.
PAR  The animal feed obtained has the following composition:
PA1  Total phosphorus 2.18%
PA1  Calcium 2.71%
PA1  Total nitrogen 6.85%
PAC  EXAMPLE VIII
PAR  A mixer is charged with 870 kg of dried sugar-beet pulp, and then the
      agitated pulp bed is sprayed with 30 kg of a molten mixture of urea and
      urea phosphate, the balanced ratio being 55 parts of urea phosphate to 45
      parts of urea and the molten mixture previously being brought to a
      temperature of 85.degree.C. After 5 minutes, 3 kg of "Rovimix A/D.sub.3
      50/5", that is, 150 million International Units of vitamin A and 15
      million International Units of vitamin D.sub.3, together with 1.5 kg of
      "Rovimix E 10", that is, 15,000 International Units of vitamin E, are
      introduced into the mixer.
PAR  The thus impregnated pulp is then introduced into the extrusion press where
      80 kg of sugar-beet molasses is added. After extrusion, the animal feed
      obtained in the form of cylindrical granules has the following
      composition:
PA1  Total nitrogen 1.08%
PA1  Total phosphorus 0.65%
PA1  Calcium 0.07%
PAC  EXAMPLE IX
PAR  This Example shows the preparation of a crystallized composition of
      urea-urea phosphate. At a temperature of 80.degree.C, 118 kg of urea is
      dissolved in 106 kg of phosphoric acid containing 50% P.sub.2 O.sub.5. The
      mixture is cooled and the crystals which precipitate are recovered by
      centrifugation. There is thus obtained 126 kg of white urea-urea phosphate
      crystals having a composition of 61.5% urea and 38.5% of 100% phosphoric
      acid.
PAR  These crystals so obtained can be utilized in lieu of the urea-urea
      phosphate mixture of Examples I-IV, VI, and VII herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing nutrient compositions for feeding animals which
      comprises preparing a dry mixture containing 35 to 48 parts of urea with
      65 to 52 parts of urea phosphate, melting the urea-urea phosphate mixture
      so obtained at a temperature of from 72.degree. to 90.degree.C, absorbing
      the molten mixture in an animal feed material, and cooling the feed
      material containing the mixture.
NUM  2.
PAR  2. A process according to claim 1 wherein the urea-urea phosphate mixture
      is a crystalline material containing about 61.5 percent urea and 38.5
      percent of 100 percent phosphoric acid.
NUM  3.
PAR  3. A process according to claim 2 wherein the crystalline material is
      prepared by reacting at a temperature of about 50.degree. to about
      80.degree.C, phosphoric acid containing from about 45 to about65 percent
      P.sub.2 O.sub.5 with sufficient urea to provide a mixture containing from
      64 to 60 percent urea and from 36 to 40 percent phosphoric acid, cooling
      the aqueous mixture so obtained to precipitate urea-urea phosphate
      crystals, and separating the crystals from the aqueous liquid.
NUM  4.
PAR  4. A process according to claim 1 wherein during the cooling a basic
      material is added.
NUM  5.
PAR  5. A process according to claim 4 wherein the basic material is soda, lime,
      magnesia, potash, or two or more of such basic materials.
NUM  6.
PAR  6. A process according to claim 1 wherein a basic material is added to the
      molten urea-urea phosphate mixture before absorption of the molten mixture
      in the animal feed material.
NUM  7.
PAR  7. A process according to claim 6 wherein the basic material is soda, lime,
      magnesia, potash, or two or more of such basic materials.
NUM  8.
PAR  8. A process according to claim 1 wherein at least one sulfate is added to
      the molten mixture so as to obtain a ratio of nitrogen to sulfur in the
      final product of at least 13:1.
NUM  9.
PAR  9. A process according to claim 1 wherein nutritional trace elements are
      added to the molten mixture.
NUM  10.
PAR  10. A process according to claim 1 wherein vitamins A, D, E, or two or more
      thereof are added to the cooled feed material.
NUM  11.
PAR  11. A process according to claim 1 wherein molasses is added to the feed
      material in the proportion of 0.1 to 20 parts of molasses to 100 parts of
      feed material containing the urea-urea phosphate mixture.
NUM  12.
PAR  12. A process according to claim 1 wherein the molten urea-urea phosphate
      is dispersed onto the surface of particles of the feed material.
NUM  13.
PAR  13. A process according to claim 1 wherein the animal feed material is
      cellulosic.
NUM  14.
PAR  14. A process according to claim 1 wherein the animal feed material is
      Chinese hemp palm kernel cake.
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ABST
PAL  A method of preserving foodstuffs by placing them in a container of given
      volume in which air at atmospheric pressure is present and selectively
      removing the oxygen from the air in the container while maintaining
      substantially atmospheric pressure therein is disclosed. According to the
      invention, a flow of air is established through the container by means of
      an external conduit in which the oxygen in the air is catalytically
      reacted with hydrogen gas concurrently generated and added to the air flow
      for at least a predetermined length of time after which the generation and
      addition of hydrogen gas is terminated when the hydrogen/oxygen reaction
      falls below a given level. Various embodiments of the apparatus for
      practicing the method according to this invention are described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the preservation of foodstuffs which are
      perishable through oxidation or organic decomposition by maintaining the
      foodstuffs in an inert gas atmosphere and more particularly to a method of
      and means for preserving foodstuffs by maintaining them in a container of
      air at substantially atmospheric pressure from which oxygen has been
      removed by generating hydrogen and reacting it with such oxygen without
      substantial increase in the hydrogen content of the air in the container
      or substantial decrease in the pressure of the air in the container.
PAR  The major constituent of air is nitrogen gas (N.sub.2) which comprises over
      75% of dry air at sea level, on the average, both by weight and by volume,
      whereas oxygen gas (O.sub.2) normally comprises over 20% of dry air, both
      by weight and by volume, with the balance of about 2% of dry air being
      composed of trace amounts of other gases. It has long been known that if
      the oxygen is removed from the air in a container of foodstuffs, the
      remaining nitrogen rich atmosphere will contribute markedly to the
      preservation of such foodstuffs. Thus, U.S. Pat. No. 77,768 granted to
      Schoonmaker in 1868 proposed to preserve grain by placing it in a
      substantially sealed container and providing means for circulating the air
      in the container through a closed system over a heated bed of oxidizable
      solids to remove the oxygen from the air. Similarly, U.S. Pat. No. 709,431
      granted to Baker in 1902 teaches the inclusion of oxidizable solids within
      a substantially sealed volume containing perishable foodstuffs for the
      purpose of removing the oxygen from the air in such volume. According to
      the teaching of both patents, means are provided for maintaining
      atmospheric pressure within the volume or container.
PAR  However, the oxidizable solids must be periodically replaced and the
      effectiveness of each charge of oxidizable solids in removing the oxygen
      from the air in the container or volume will steadily decrease over the
      life thereof.
PAR  It is an object of this invention to provide a method and means for
      preserving perishable foodstuffs by removing the oxygen from a container
      of air surrounding such foodstuffs which do not involve the use of
      oxidizable solids and in which the rate of removal of the oxygen is solely
      dependent on amount of oxygen present in the air.
PAR  According to the teaching of U.S. Pat. No. 677,837 granted to Wrightnour in
      1901, it was proposed to preserve perishable foodstuffs by introducing
      liquid air into a closed volume containing such foodstuffs and rely on the
      fact that nitrogen gas is given off first in the evaporation of liquid air
      to force out the air present in the volume and provide a nitrogen rich
      atmosphere in such volume. However, the charge of liquid air must be
      replaced before any appreciable evaporation of oxygen gas therefrom thus
      requiring more or less constant attendance and frequent maintenance.
      Similarly, U.S. Pat. Nos. 3,239,360 and 3,415,310 teach the replacement of
      the air in a substantially closed volume containing perishable foodstuffs
      with an inert gas such as nitrogen gas from a prepared source thereof.
PAR  It is another object of this invention to provide a method of and means for
      utilizing the nitrogen gas present in the air in a container for
      perishable foodstuffs as the inert gas required to preserve such
      foodstuffs by removing the oxygen therefrom and without adding inert gas
      from a prepared source other than the air.
PAR  It has been proposed in a series of patents to use various methods and
      means for preserving perishable foodstuffs by controlling the relative
      amount of oxygen and carbon dioxide present in the air in a volume
      containing such foodstuffs (see, for example, U.S. Pat. Nos. 2,780,923 and
      3,102,777- 3,102,780). However, such methods and means have required some
      degradation in the foodstuffs to provide the carbon dioxide involved
      therein.
PAR  It is a further object of this invention to reduce toward a minimum the
      production of carbon dioxide by the degradation of perishable foodstuffs
      due to oxidation thereof and to reduce toward minimum the amount of carbon
      dioxide present in the air contained in a container with perishable
      foodstuffs.
PAR  It has heretofore been proposed to use various oxidizable gaseous or
      vaporous substances to remove oxygen from the air in a substantially
      closed volume containing perishable foodstuffs by reacting such substances
      with the oxygen in the air. For example. U.S. Pat. No. 2,789,059 teaches
      the use of substances such as water gas, methane, benzene, alcohol or
      other hydrocarbons including butane to react with the oxygen in the air in
      a volume containing perishable foodstuffs. However, the oxidation of such
      substances produces byproducts which may contaminate the foodstuffs to
      give them an undesirable taste and, in fact, the substances themselves
      will tend to impart an undesirable taste to the foodstuffs. In addition,
      it is necessary to maintain a continuous supply of such substances for use
      in removing the oxygen from the air.
PAR  It is yet another object of this invention to remove the oxygen from the
      air in a container for perishable foodstuffs by reacting it with a gaseous
      substance which is tasteless and which produces tasteless byproducts when
      oxidized.
PAR  Finally, it has been proposed heretofore, to scavenge or purge oxygen from
      substantially closed containers by introducing hydrogen gas into such
      containers. For example, in U.S. Pat. No. 3,437,428 it is proposed to add
      hydrogen gas from a prepared source to the air in a container and react
      the resultant mixture in a catalytic bed to combine the oxygen and
      hydrogen into water. According to U.S. Pat. No. 3,598,518, oxygen is
      removed from closed containers by first flushing the containers with
      hydrogen gas and then filling the containers with the desired inert gas.
      However, hydrogen is dangerous to store and use in large quantities since
      it is inflammable and explosive in the presence of oxygen.
PAR  It is yet another object of this invention to remove the oxygen present in
      the air present in a container with perishable foodstuffs by reacting such
      oxygen with hydrogen to produce water without increasing the hydrogen
      content of the air in the container and without requiring the storage or
      use of much more hydrogen than is required to combine with the oxygen
      available from the air within container.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, foodstuffs are preserved by placing them
      within a container of air at atmospheric pressure. An air flow through
      such container is established by means of a substantially closed conduit
      system including a gas pump which conduit system has its inlet and outlet
      coupled to the container at spaced locations. Hydrogen gas is generated
      and introduced into the substantially closed conduit system at a point
      intermediate the gas pump and the outlet of the conduit for at least a
      given predetermined length of time. A catalytic means is interposed in the
      substantially closed conduit intermediate the point of introduction of the
      hydrogen and the outlet of the conduit for reacting the hydrogen gas with
      the oxygen in the air flow. The level of oxygen present in the air flow
      thus determines the level of the reaction which occurs with the hydrogen
      in the catalytic means and the generation and introduction of hydrogen is
      terminated after the end of the above-mentioned predetermined length of
      time when the level of reaction in the catalytic means decreases to a
      point corresponding to the desired low level of oxygen in the gas flow.
      The pressure of the nitrogen rich atmosphere within the defined volume may
      be maintained near atmospheric by providing for the introduction of small
      amounts of air during operation. In addition, it is contemplated that the
      rate at which hydrogen is generated and introduced into the gas flow may
      be varied in response to the level of oxygen present in such gas flow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of this invention will be more
      fully understood from a reading of the following detailed description of
      preferred embodiments of the invention in conjunction with the attached
      drawing wherein:
PAR  FIG. 1 is a rear view in perspective of an embodiment of this invention
      wherein the container is provided by a conventional commercially available
      apartment size refrigerator with the various elements of this invention
      operatively coupled to such refrigerator.
PAR  FIG. 2 is a side view in elevation of the inside surface of the side wall
      of the refrigerator of FIG. 1 showing elements of this invention which are
      mounted internally of such refrigerator.
PAR  FIG. 3 is a perspective view partially in cross-section showing a catalytic
      bed suitable for use according to the teaching of this invention.
PAR  FIG. 4 is a cross-sectional view of an electrolytic device suitable for use
      in the generation of hydrogen gas according to the teaching of this
      invention.
PAR  FIG. 5 is a top view of the electrolytic tank of FIG. 4.
PAR  FIG. 6 is a cross-sectional view of a relief valve suitable for use
      according to the teaching of this invention with the active element
      thereof shown in one of its operative positions.
PAR  FIG. 7 is a cross-sectional view identical to FIG. 6 showing the active
      element thereof in a second operative position.
PAR  FIG. 8 is a top view in elevation of the relief valve of FIGS. 6 and 7.
PAR  FIG. 9 is a wiring diagram showing the elements of this invention
      schematically together with their electrical interconnection.
PAR  FIGS. 10a and 10b together constitute a wiring diagram for an alternate
      embodiment of this invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an embodiment of this invention as applied to a
      conventional commercially available apartment size refrigerator 11 is
      shown in perspective from the rear. The refrigerator 11 comprises an
      insulated generally rectangular box-like body 12 open at one side. An
      insulated door 13 is hinged along one of its vertical edges 14 to the open
      side of the body 12 and is provided with a handle 15 for selectively
      closing the open side of the body 12.
PAR  The refrigerator 11 includes an appropriate power unit 16 including a
      compressor which may be driven by an electric motor connected to a power
      source by means of a power cord 18. The compressor of the power unit 16 is
      connected to an appropriate cooling coil system 17 filled with an
      appropriate refrigerant and a portion of which extends within the
      refrigerator 11 to provide means for maintaining the temperature within
      the refrigerator 11 below atmospheric in a manner well-known in the prior
      art.
PAR  As shown in FIG. 1, the refrigerator 12 is mounted on a frame 20 together
      with apparatus according to the teaching of this invention, a portion of
      such apparatus being mounted on and extending through the insulated side
      wall 19 of the body 12 of the refrigerator 11 into communication with the
      interior thereof as best shown in FIG. 2. The purpose of the apparatus
      according to this invention is to maintain a nitrogen rich atmosphere
      within the interior of the refrigerator 11 and to this end an air pump 22,
      which may take the form of an electrically driven centrifugal blower, is
      mounted on the side wall 19 with its inlet 23 communicating with the
      interior of the refrigerator 11 through the side wall 19. The outlet of
      the air pump 22 communicates with a substantially closed conduit 24, a
      portion of which is formed by a catalytic bed 26 as will be more fully
      described hereinafter. The conduit 24 extends through the side wall 19
      into the interior of the refrigerator 11 where it forms a series of
      convolutions mounted on the inner surface of the side wall 19 by means of
      a mounting plate 27 and terminates in an open end or outlet 28 which is
      spaced from the inlet 23. A drain pipe 29 communicates with the lowest
      point of the convolutions formed by the conduit 24 within the refrigerator
      11, the drain pipe passing out through the side wall 19 of the
      refrigerator 11 and through an appropriate P-trap 30 into communication
      with an electrolytic tank 32, as will be more fully described hereinafter.
PAR  The electrolytic tank 32 is mounted on the frame 20 below the refrigerator
      11 and contains water which is to be dissociated into oxygen and hydrogen
      through electrical action. To this end, the electrolytic tank 32 is
      provided with appropriate electrodes and electrical terminals, as will be
      more fully described hereinafter. The oxygen generated by electrolysis is
      wasted to the air through appropriate apertures in the top of the
      electrolytic tank 32 whereas the hydrogen generated by electrolysis is
      trapped and fed through an appropriate pipe 33 into the conduit 24
      intermediate the air pump 22 and the catalytic bed 26. Thus, it will be
      seen that the hydrogen generated by electrical dissociation of the water
      in the electrolytic tank 32 will be conducted through the pipe 33 into the
      air flow established through the conduit 24 by the air pump 22. Such
      hydrogen gas will become intermixed with the air prior to its passage
      through the catalytic bed 26 and thus the purpose of the catalytic bed 26
      is to cause the hydrogen gas to react with oxygen gas in the air flow to
      produce water. The reaction between oxygen and hydrogen is sufficiently
      exothermic to heat the catalytic bed 26 to an elevated temperature thus
      causing the water formed to vaporize and be carried through the catalytic
      bed 26 by the air flow.
PAR  Upon emergence from the catalytic bed 26 the air flow will consist of a
      nitrogen rich gas containing water vapor. Such air flow passes through the
      remainder of the conduit 24 including the convolutions thereof within the
      refrigerator 11 where the water vapor is condensed and the remaining
      nitrogen rich gas exits from the outlet 28 of the conduit into the
      interior of the refrigerator 11. The condensed water vapor flows to the
      lowest point of the convolutions of the conduit within the refrigerator
      where it is conducted back through the drain pipe 29 and into the
      electrolytic tank 32. It will be understood that the low temperature
      within the refrigerator 11 will aid in condensing the water vapor and that
      the P-trap 30 will prevent oxygen gas generated in the electrolytic tank
      from entering the refrigerator 11 through the drain pipe 29.
PAR  In operation, a complex air flow pattern will be established within the
      refrigerator 11 between the outlet 28 of the conduit 24 and the inlet 23
      of the air pump 22. Thus, the nitrogen rich gas exiting from the outlet 29
      of the conduit 24 will tend to mix with the oxygen bearing air within the
      refrigerator 11 for recirculation by the air pump 22 through the conduit
      24. Such recirculation of the gases within the refrigerator 11 through the
      conduit 24 including the catalytic bed 26 will result in substantially all
      of the oxygen therein being combined with hydrogen introduced into the
      conduit 24 through the pipe 33 to form water leaving a nitrogen rich
      atmosphere within the refrigerator 11.
PAR  It is well known that the deterioration of foodstuffs is largely due to the
      presence of oxygen in the air surrounding such foodstuffs and that such
      deterioration can be inhibited, if not completely avoided, by preventing
      oxygen gas from reaching the foodstuffs. Deterioration of foodstuffs
      results both from bacterial action and from oxidation of various elements
      of the foodstuffs. Thus, surrounding the foodstuffs with a nitrogen rich
      atmosphere from which substantially all of the oxygen has been removed
      will greatly inhibit such deterioration and can substantially eliminate
      such deterioration in the chilled interior of a refrigerator which is in
      the conventional apparatus used to inhibit food deterioration.
PAR  Each time the door 13 of the refrigerator 11 is opened warm, oxygen bearing
      air will, of course, enter the body 12 of the refrigerator 11, mixing with
      the cold nitrogen rich gas within the refrigerator. Thus, it will be
      necessary, not only to cool the gases within the refrigerator after the
      door 13 is closed, but also to remove any oxygen gas which may have
      entered the refrigerator 11. Thus, according to the teaching of this
      invention, the apparatus for removing the oxygen from within the
      refrigerator 11 is adapted to operate each time the refrigerator door 13
      is opened for a sufficient length of time to remove any oxygen which may
      have entered the refrigerator 11 while the door 13 was open.
PAR  It will be understood that hydrogen gas is highly flammable and therefore
      dangerous in large volumes. Thus, according to one important aspect of
      this invention, hydrogen gas is generated only as needed and any
      concentration of hydrogen gas within the refrigerator 11 substantially
      higher than is normally found in the atmosphere is avoided. To this end,
      and according to the teaching of this invention, the apparatus of this
      invention is adapted to generate hydrogen gas for a given period of time
      after each closure of the door 13 of the refrigerator 11. Such given
      period of time is just sufficient to generate enough hydrogen to combine
      with enough oxygen in the catalytic bed 26 to heat the catalytic bed 26 to
      a preselected minimum elevated temperature provided the level of oxygen
      present in the gas is above a preselected minimum. If the catalytic bed 26
      reaches the preselected minimum temperature within the given time period,
      then the generation of hydrogen gas is continued until the reaction
      between hydrogen and oxygen in the catalytic bed falls below that
      necessary to maintain such temperature, due to depletion of oxygen in the
      air flow through the catalytic bed 26.
PAR  Thus, it is impossible for apparatus according to the teaching of this
      invention to produce an excess of hydrogen gas within the refrigerator 11
      under normal operating conditions. Furthermore, it is unnecessary to store
      large amounts of hydrogen gas for use in producing a nitrogen rich
      atmosphere within the refrigerator 11 according to the teaching of this
      invention. As will be more fully explained hereinafter, the apparatus of
      this invention is easily adapted to include various safety devices to
      avoid the production of excess hydrogen gas under abnormal operating
      conditions.
PAR  Referring now to FIG. 3, a cross-sectional view of the catalytic bed 26
      according to the teaching of this invention is shown. Such catalytic bed
      26 comprises a simple section of conduit 36 filled with a plurality of
      platinum coated ceramic beads or pellets 37. The pellets 37 are shaped in
      such a way that they do not pack tightly with respect to each other but
      rather form a myriad of interstices therebetween to provide various
      passageways for the flow of gases through the bed 26. The pellets 37 are
      retained within the conduit 36 of the bed 26 by means of perforated walls
      or screens 38 at each end thereof.
PAR  A depression or indentation is formed in the side wall of the conduit 36 of
      the catalytic bed 26 intermediate the ends thereof to form a socket or cup
      39 in which a thermally sensitive switch 40 is mounted in heat conducting
      relation to the catalytic bed. The switch 40 is designed to close when the
      catalytic bed reaches a certain predetermined temperature and to remain
      closed until the temperature of the catalytic bed again drops below such
      predetermined temperature. As will be more fully described hereinafter,
      the switch 40 functions to cause the apparatus of this invention to
      continue to generate hydrogen so long as the reaction between hydrogen and
      oxygen in the catalytic bed is proceeding at a level sufficient to heat
      the catalytic bed above such predetermined temperature.
PAR  Referring to FIGS. 4 and 5, an electrolytic tank 32 suitable for use in
      generating hydrogen according to the teaching of this invention is shown.
      Such tank comprises a cup-shaped body 42 adapted to contain water. The
      open end of the body 42 is closed by a cap 43 having a centrally located
      aperture provided with a coupling tube 44 to which the pipe 33 for
      conducting hydrogen from the tank 32 to the conduit 24 may be connected.
      The cap 43 is also provided with a first plurality of apertures 45
      arranged in circular array about the coupling tube 44 through each of
      which projects a different one of a plurality of terminal posts 46. The
      terminal posts 46 are mounted through a cathode terminal ring 47 which
      rests on the upper surface of the cap 43 with the terminal posts 46
      depending therefrom through the apertures 45 into the upper portion of the
      interior of the body 42.
PAR  The cathode of the electrolytic tank is provided by a pair of coaxial
      perforated metallic cylinders 48 and 49 mounted by one of their ends on
      the inner end of the terminal posts 46 in electrically conducting relation
      thereto.
PAR  An imperforate cylindrical baffle member 50 coaxially surrounds the cathode
      cylinders 48 and 49 and has its upper end mounted on the inner surface of
      the cap 43 in substantially gas-tight relation thereto. A second circular
      array of a plurality of apertures 55 through the cap member 43 surrounds
      the array of apertures 45. A second plurality of terminal posts 56, each
      extending through a different one of the plurality of apertures 55, are
      mounted on an anode terminal ring 57 which rests on the upper surface of
      the cap 43 with the terminal posts 56 depending therefrom through the
      apertures 55 into the upper portion of the body 42. A pair of perforated
      metal cylinders 58 and 59, one surrounding the other and both coaxially
      surrounding the baffle member 50 and the cathode cylinders 48 and 49, are
      mounted on the terminal posts 56 in electrical conducting relation
      thereto. The cathode and anode cylinders 48, 49, 58 and 59 may be made of
      rolled stainless steel perforated sheet, for example, and the body 42, cap
      43 and baffle member 50 may be made of an appropriate glass or plastic
      which will not corrode when exposed to water including sufficient
      electrolytes to enable electrolysis of the water to take place.
PAR  It will be understood that when an appropriate potential difference is
      established between the cathode and anode cylinders immersed in water
      within the electrolytic tank 42, such water will tend to be dissociated
      with hydrogen gas collecting at the cathode cylinders 48 and 49 and oxygen
      gas collecting at the anode cylinders 58 and 59. We have found that the
      use of perforated anode and cathode cylinders tends to enhance the
      production of gases by causing bubbles of such gases to free themselves
      more rapidly from the cylinders and percolate to the surface of the water
      for collection. It will be understood that the hydrogen gas is trapped
      within the baffle 50 and conducted out through the coupling tube 44 and
      into the tube 33. However, referring to FIG. 5, it will be seen that
      certain of the apertures 55 have been left open by not providing the anode
      terminal ring 57 with a terminal post 56 corresponding to all of the
      apertures 55. Thus the oxygen produced at the anode cylinders 58 and 59
      and percolating to the surface of the water is free to escape into the
      atmosphere through the apertures 55 which are not closed by terminal posts
      56.
PAR  We have found that the use of distilled water including in solution 20% by
      weight of potassium hydroxide as the electrolyte in the electrolytic tank
      32 will enable the dissociation of sufficient hydrogen for use in
      apparatus according to the teaching of this invention at less than about
      10 volts with reasonable power requirements. Thus, the electrical
      requirements of the electrolytic tank 32 can be easily supplied by means
      of a full wave rectifier operating on conventional household current, as
      will be more fully described hereinafter.
PAR  It will be understood that as the oxygen is removed from the air within the
      refrigerator 11, there will be a tendency for the pressure of the
      remaining gases within the refrigerator 11 to fall below atmospheric
      pressure. This result is undesirable for two reasons. First, it will tend
      to result in the influx of oxygen bearing air into the refrigerator 11 and
      secondly, to the extent that the refrigerator 11 is capable of sustaining
      a reduced pressure, it will make it difficult to open the door 13 of the
      refrigerator.
PAR  For the above reasons, it is necessary to maintain the pressure of the
      gases within the refrigerator 11 at atmospheric pressure and to this end
      we have found it to be desirable to include a relief valve 61 as shown in
      FIGS. 6, 7 and 8 in the system. Referring to FIG. 6, such relief valve
      comprises a tube 62 sealed through a wall of the system and having a
      flange 63 at one end thereof. A rubber diaphragm 64 is mounted across the
      tube 62 as by means of bolts 65 and collar 66. The diaphragm 64 has a
      pinhole 68 formed therethrough at its center. Thus as as best shown in
      FIG. 7, when a positive pressure appears at one side of the diaphragm 64
      with respect to the other side thereof, the rubber diaphragm will be
      distended causing the pinhole 68 to become enlarged and allowing the
      passage of air therethrough to equalize the pressures on opposite sides of
      the diaphragm 64.
PAR  Referring to FIG. 1, it has been found that the optimum location for the
      relief valve 61 is on the housing of the centrifugal blower 22. The
      precise location of the relief valve 61 is preferably selected so that the
      operation of the blower 22 will have minimum effect on the relief valve
      61. Thus, it will be understood that is a pressure below atmospheric
      should develop in the system during operation, the diaphragm 64 would tend
      to be distended in such a way as to allow the passage of sufficient air
      through the pinhole 68 to restore atmospheric pressure. Such air will
      enter the system immediately prior to the catalytic bed 26 thus tending to
      insure the immediate removal of oxygen therefrom before it enters the
      refrigerator 11. In any event, when the refrigerator door 13 is opened the
      relief valve 61 would be actuated should the pressure within the
      refrigerator 11 be lower than atmospheric thus enabling the door 13 to be
      opened without undue effort and avoiding the requirement for undue
      structural rigidity of the refrigerator walls.
PAR  Referring again to FIG. 1, the electrical elements in addition to the
      centrifugal blower 22, electrolytic tank 33 and catalytic bed temperature
      sensor 40, according to one embodiment with respect to the refrigerator
      11. Such electrical elements include a momentary contact, single pole,
      single throw start switch 70 mounted with respect to the door 13 such that
      the contacts thereof will be momentarily closed each time the door 13 is
      closed. The start switch 70 is electrically connected to the timer control
      circuit 72 as is the centrifugal blower 22 and one lead of the catalytic
      bed temperature control switch 40. The timer control circuit 72 is
      electrically connected to the oxygen content control circuit 74 as is the
      other lead of the catalytic bed temperature switch 40 and an indicator
      light 76. The oxygen content control circuit is electrically connected to
      the primary windings of a double primary, single secondary transformer 78.
      The secondary winding of the transformer 78 is connected to a full wave
      bridge rectifier 79 the output of which is connected across the electrodes
      of the electrolytic tank 32. A power cord 80 electrically connected to the
      timer control circuit provides the power for the apparatus according to
      the teaching of this invention.
PAR  Referring to FIG. 9, a wiring diagram of the apparatus according to the
      embodiment of FIG. 1 is shown in which like reference numerals are used to
      designate the elements and circuits shown in FIG. 1. Thus the terminals of
      the power cord 80 are shown connected to the timer control circuit
      contained within dotted lines 72 of FIG. 9. As shown in FIG. 9, the timer
      control circuit includes a normally closed single pole, single throw motor
      driven timer switch 82, a double pole, double throw, solenoid actuated
      switch 84 and a terminal board 88 having ten terminals. As shown in FIG.
      9, only the normally open contacts of the double pole double throw
      solenoid actuated switch 84 are used and the poles of the switch 84 are
      wired in parallel with each other.
PAR  One of the input terminals of the power cord 80 is connected both to the
      first terminal of the terminal board 88 and to the switching element of
      the normally closed switch 81 of the motor driven timer switch 82. The
      other terminal of the power cord 80 is connected through the solenoid 85
      of the double pole, double throw, solenoid operated relay 84 to one side
      of the timer motor 82 of the motor driven timer switch 82.
PAR  The normally open momentary contact start switch 70 is connected between
      terminals 1 and 2 of the terminal board 88. Terminal 2 of the terminal
      board 88 is connected to terminal 3 thereof which in turn is connected to
      the contact elements of both poles of the double pole, double throw,
      solenoid operated relay 84 as well as to the opposite side of the solenoid
      85. Thus, the momentary closing of the start switch 70 will activate the
      solenoid 85 moving the actuator elements of the double pole, double throw
      switches to their alternate positions. It will be seen that the actuator
      elements of the double pole, double throw switches are connected to the
      contact element of the normally closed switch 81 of the motor driven timer
      switch 82. Thus, upon movement of the actuator elements of the double
      pole, double throw switches to their alternate positions the solenoid 85
      will be connected across the input terminals of the power cord 80 through
      the double pole, double throw switches and the normally closed switch 81
      thus maintaining the double pole, double throw switches in their alternate
      positions. The motor 83 of the motor driven timer switch 82 is connected
      in parallel with the solenoid 85 through terminal 4 of the terminal board
      88 and thus will begin to turn and will continue to turn until it
      momentarily opens the contacts of the switch 81 at the end of the time
      period for which it is designed. The momentary opening of the contacts of
      the switch 81 will deactivate the solenoid 85 allowing the contacts of the
      double pole double throw switches to open thus deactivating the timer
      control circuit and inactivating the apparatus but for the operation of
      other elements thereof to be described hereinafter.
PAR  It will be seen from FIG. 9 that the oxygen content control circuit
      enclosed in dotted lines 74 comprises a pair of double pole, double throw,
      solenoid operated switches 92 and 94 together with a terminal board 98
      having four terminals thereon. The solenoid 93 of the switch 92 is
      connected in parallel with the solenoid 85 of the switch 84 through the
      noramlly open catalytic bed temperature switch 40. Thus, when the
      catalytic bed 26 has reached a predetermined temperature due to the
      reaction of oxygen and hydrogen therein, the switch 40 will close and if
      the switch 81 of the motor controlled timer switch 82 has not yet opened,
      the switch 92 will be operated. It will be seen that the indicator light
      76 is connected across the solenoid 93 of the switch 92 through the
      actuator and alternate contact of one pole 90 of the double pole, double
      throw switch 92. Thus, the indicator light 76 will be activated whenever
      the catalytic bed temperature switch 40 is closed providing a visual
      indication that the reaction between oxygen and hydrogen in the catalytic
      bed 26 is above a predetermined level.
PAR  The actuator element and alternate contact of the other pole 91 of the
      double pole throw solenoid actuated switch 92 is connected in parallel
      with the switch 81 of the motor driven timer switch 82 through terminals 9
      and 10 of the terminal board 88 of the timer control circuit 72. Thus the
      apparatus will remain in operation even though the switch 81 is open at
      the end of the predetermined time interval.
PAR  It will be seen that terminals 1 and 4 of the terminal board 98 of the
      oxygen content control circuit 74 are connected to terminals 3 and 4 of
      the terminal board 88 of the timer control circuit 72. It will also be
      seen that one primary winding of the double primary windings of the
      transformer 78 are permanently connected to terminals 1 and 4 of the
      terminal board 98 of the oxygen content control circuit 74. Since the
      secondary winding of the transformer 78 is connected to the full wave
      bridge rectifier 79 which is in turn connected to the electrolytic tank
      32, it will be seen that power will be supplied to the electrolytic tank
      32 at all times while the apparatus of this invention is in operation.
PAR  However, as shown in FIG. 9, the second primary winding of the double
      primary windings of the transformer 78 are connected to terminals 2 and 3
      of the terminal board 98 which in turn are connected to terminals 1 and 4
      through the respective poles 96 and 97 of the switch 94 when the contacts
      are in their normal position. Since the solenoid 95 of the switch 94 is
      connected in parallel with the solenoid 93 of the switch 92 and thus in
      series with the catalytic bed temperature switch 40, the switch elements
      96 and 97 of the switch 94 will be thrown to their alternate position
      whenever the temperature switch 40 is closed. In their alternate position
      the switch elements 96 and 97 disconnect the second primary winding of the
      double primary windings of the transformer 78 from the terminals 1 and 4
      of the terminal board 98 and therefore inactivate such second primary
      winding. It will be understood that the inactivation of such second
      primary winding will reduce the turns ratio in the transformer 78 thereby
      reducing the power applied to the electrolytic tank 32 through the power
      supply 79. Thus the generation of hydrogen in the electrolytic tank 32
      will be reduced by about half as soon as the catalytic bed 26 has reached
      the predetermined termperature for which the temperature switch 40 is set.
      By this means, the possibility that an excess of hydrogen will be
      generated during operation of the apparatus is reduced and in fact the
      actual operation of the apparatus disclosed in FIGS. 1 and 9 has shown
      that the oxygen will be removed from the air within the refrigerator 11
      without a detectable increase in the hydrogen content of such air.
PAR  It will be understood, when the level of the reaction between oxygen and
      hydrogen in the catalytic bed 26 falls below that necessary to maintain
      the temperature at which the switch 40 is set to close, such switch 40
      will open and the apparatus will be inactivated. Whenever the door 13 of
      the refrigerator 11 is opened and subsequently reclosed, the cycle of
      operation of the apparatus will be restarted by the momentary closure of
      the start switch 70 by the closure of the door 13.
PAR  Referring to FIGS. 10A and 10B a schematic diagram of a different
      embodiment of the apparatus of this invention is shown. The embodiment
      shown in FIGS. 10A and 10B differs from the embodiment shown in FIG. 9 in
      that the embodiment of FIGS. 10A and 10B includes means for varying the
      generation of hydrogen gas in more direct proportion to the oxygen content
      of the air in the refrigerator 11. Thus, as shown in FIG. 10B, a
      transformer 101 having a single primary winding and a single secondary
      winding is substituted for the transformer 78 of FIG. 9 which has a double
      primary winding and a single secondary winding. The generation of hydrogen
      gas is instead controlled by a means 102 connected in series with the
      electrolytic tank across the power supply. Since all of the other
      electrical elements of the embodiment shown in FIGS. 10A and 10B are
      substantially identical to the electrical elements of the embodiment shown
      in FIG. 9, like reference numerals have been used to designate like
      elements in FIGS. 9, 10A and 10B. It will be seen by comparison that the
      apparatus shown in FIG. 10A is identical to the timer control circuit 72
      and start switch 70 as shown in FIG. 9 and operates in the same way as
      described hereinabove with respect to FIG. 9.
PAR  Referring to FIG. 10B, it will be seen that the double pole, double throw,
      solenoid actuated switch 94 has been omitted. It will also be seen that
      the indicator light 76 has been omitted and that the switch element 91 of
      the double pole double throw solenoid actuated switch 92 is not included
      in the circuit, the switch element 90 thereof being connected in parallel
      with the switch 81 of the motor driven timer switch 82. The centrifugal
      blower motor 22 and the catalytic bed temperature switch 40 are connected
      in the circuit in the same way as in the apparatus of FIG. 9. However, a
      fuse element 103 has been connected in series with the solenoid 93 of the
      switch 92. Such fuse element may be of the type designed to open after a
      predetermined period of continuous operation, for example, in order to
      inactivate the apparatus if the temperature switch 40 remains closed for
      an excessive period of time.
PAR  As shown in FIG. 10B, the full wave bridge rectifier circuit may consist of
      four solid state diodes 104 in appropriate array. The means 102 connected
      in series with the electrolytic tank 32 across the output of the rectifier
      may take a variety of forms and is conveniently connected in the circuit
      in parallel with the centrifugal blower motor 22 as shown.
PAR  For example, the means 102 may comprise a thermistor control device with
      the thermistor element thereof mounted in heat conducting relation with
      respect to the catalytic bed 26 as described in connection with the
      temperature switch 40. Such thermistor control device would of course be
      adapted to vary the power applied to the catalytic tank 32 in direct
      relation to the temperature of the catalytic bed 26. Thus the generation
      of hydrogen could be caused to decrease from maximum as the temperature of
      the catalytic bed decreases from a predetermined temperature above that
      necessary to maintain the temperature switch 40 in its closed position.
      This would tend to insure that the amount of hydrogen generated in the
      catalytic tank will not be in excess of that needed to react with the
      oxygen present in the air flow through the catalytic bed.
PAR  It will be understood that although this invention has been described as
      applied to a conventional refrigerator, it could also be applied to
      unrefrigerated containers or to only part of the volume of a refrigerator.
PAR  The amount of water condensed from the air flow after it has passed through
      the catalytic bed 26 will vary depending on the moisture content of the
      air flow initially as well as upon the time rate of reaction between
      hydrogen and oxygen in the catalytic bed 26. It is anticipated that little
      if any make-up water will be required in the catalytic tank 32 yet the
      provision for the supply of such make-up water utilizing an appropriate
      inlet and float controlled valve would be an obvious expedient. Similarly,
      as shown in FIG. 1, an overflow outlet from the electrolytic tank 32 may
      be provided to drain any excess water to an evaporation pan of the type
      normally utilized in frost-free refrigerators or the return line may be
      diverted.
PAR  The combination of the apparatus of this invention with a refrigerator
      provides many non-obvious features of advantage. For example, the
      operation of the apparatus of this invention will tend to provide the
      function of maintaining the refrigerator in a frost-free condition. Also,
      as mentioned above, the fact that the nitrogen rich atmosphere within a
      refrigerator will be chilled will tend to reduce the diffusion of oxygen
      bearing gases into the nitrogen rich atmosphere. The compatability of the
      apparatus according to the teaching of this invention with conventional
      refrigerator structures is apparent from FIG. 1 of the drawing.
PAR  It is anticipated that those skilled in the art will make many additions to
      and modifications of the embodiments of this invention as disclosed in the
      drawing and described hereinabove without departing from the scope of the
      teaching of this invention. Thus, although some of such modifications and
      additions have been mentioned hereinabove, it is not to be implied that
      other modifications and additions could not be made.
PAR  However, there are certain basic principles according to the teaching of
      this invention which must be observed. For example, the time rate of
      generation of hydrogen gas must not exceed 40% of the time rate of air
      flow through the substantially closed conduit during the initial
      predetermined length of time of operation of the apparatus according to
      the teaching of this invention and must decrease thereafter. This is true,
      since air normally comprises 20% by volume of oxygen gas and since a given
      volume of oxygen gas requires twice the volume of hydrogen gas to combine
      therewith into water (H.sub.2 O).
PAR  In fact, tests conducted thus far indicate that apparatus according to the
      teaching of this invention will provide useful results where the initial
      maximum time rate of generation of hydrogen gas is less than 1% of the
      time rate of air flow through the substantially closed conduit. The
      optimum time rate for the generation of hydrogen gas is believed to be a
      function of the relationship between the time rate of air flow through the
      substantially closed conduit to the total substantially closed volume in
      which the nitrogen rich atmosphere is to be produced. It has been found
      that if the time rate of air flow is high in comparision to such total
      volume, then the time rate of generation of hydrogen gas should be a
      proportionately smaller percentage of such time rate of air flow in order
      to avoid any increase in the hydrogen content of the atmosphere in such
      volume.
PAR  In an actual test of apparatus according to the embodiment of this
      invention as shown in FIGS. 1-9, an atmosphere of nitrogen with only trace
      amounts of other gases, including hydrogen was established in a volume of
      about 24 cubic inches (including the substantially closed conduit) in
      about 15 minutes using an estimated time rate of air flow of about 3 cubic
      feet per minute and an estimated time rate of hydrogen generation of about
      1 cubic inch per minute. In this test, the electrolytic tank was operated
      at 9 volts and 40 amperes for about 5 minutes, after which the voltage and
      current were reduced to 4 volts and 17 amperes respectively, until the
      catalytic bed temperature switch deactivated the apparatus at the end of a
      further time period of about 10 minutes.
PAR  It will be understood that the above test does not constitute an optimized
      example of the method and apparatus of this invention. However, such test
      does show that the desired result can be obtained using the teaching of
      this invention in practical time periods and at practical power levels.
PAR  The optimization of the method and apparatus of this invention through the
      use of fuel cell or thermo-electric devices to both recover electric power
      from the exothermic reaction and to control such reaction is contemplated.
      A fuel cell is, of course, a type of catalytic means in the broad sense of
      this invention.
PAR  Although not shown in the drawing, it is desirable to thermally insulate
      the catalytic means from the ambient atmosphere in order to prevent
      variations in ambient temperatures, for example, from affecting the
      operation of the apparatus.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of preserving foodstuffs comprising the steps of:
PA1  a. placing said foodstuffs in a container of air at atmospheric pressure
      that may be selectively sealed substantially air-tight;
PA1  b. sealing said container substantially air-tight with said foodstuffs
      therein and establishing air flow of given time rate through said
      container by means of a substantially closed circuit system external to
      said container and including a gas pump, said conduit having its inlet and
      outlet coupled to said container at spaced locations;
PA1  c. generating hydrogen gas at a given time rate less than 40% of said given
      time rate of air flow for a given predetermined length of time and
      introducing said hydrogen gas into said substantially closed conduit
      system at a point in said conduit system intermediate said gas pump and
      said outlet of said conduit;
PA1  d. reacting said hydrogen gas with the oxygen in said air flow in a
      catalytic means interposed in said substantially closed conduit
      intermediate said point of introduction of said hydrogen gas and said
      outlet of said substantially closed conduit;
PA1  e. admitting air into said substantially closed conduit system intermediate
      said gas pump and said catalytic means during operation in an amount just
      sufficient to maintain substantially atmospheric pressure in said
      container and said conduit system;
PA1  f. thermally or electrically sensing the level of reaction of said hydrogen
      gas with said oxygen in said catalytic means;
PA1  g. after the end of said predetermined length of time, decreasing said
      given time rate of generation of said hydrogen gas in a direct relation to
      said level of reaction of said hydrogen gas with said oxygen in said
      catalytic means; and
PA1  h. restarting said predetermined length of time each time said container is
      opened and subsequently substantially resealed after a prior said
      predetermined length of time.
NUM  2.
PAR  2. The method of claim 1 wherein said step of sensing the level of reaction
      of said hydrogen gas with said oxygen in said catalytic means includes the
      step of sensing the temperature of said catalytic means.
NUM  3.
PAR  3. The method of claim 2 wherein the step of decreasing said given time
      rate of generation of said hydrogen gas in direct relation to the level of
      reaction of said hydrogen gas with said oxygen in said catalytic means
      includes the step of terminating said generation of hydrogen gas when the
      temperature of said catalytic means falls below a given temperature.
NUM  4.
PAR  4. The method of claim 1 wherein said step of generating hydrogen gas is
      carried out through the electrolysis of water into hydrogen and oxygen,
      collecting said hydrogen and wasing said oxygen to the atmosphere.
NUM  5.
PAR  5. The method of claim 4 including the steps of condensing the water vapor
      from said air flow by cooling means surrounding said substantially closed
      conduit intermediate said catalytic means and said outlet of said conduit,
      collecting said condensed water vapor and conducting said condensed and
      collected water vapor into said electrolytic means.
NUM  6.
PAR  6. The method of claim 4 wherein said step of decreasing said given time
      rate of generation of said hydrogen gas in a direct relation to the level
      of reaction of said hydrogen gas with said oxygen in said catalytic means
      comprises varying the power applied to said electrolytic means in direct
      proportion to said level of reaction.
NUM  7.
PAR  7. The method of claim 6 wherein said power applied to said electrolytic
      means is varied in a direct proportion to the temperature of said
      catalytic means.
NUM  8.
PAR  8. Apparatus for preserving foodstuffs comprising:
PA1  a. means defining a container for a given volume of air at atmospheric
      pressure including means for selectively sealing said container
      substantially air-tight;
PA1  b. means establishing air flow of given time rate through said container
      including a gas pump interposed in a substantially closed conduit having
      its inlet and outlet communicating with said container at spaced
      locations;
PA1  c. means for generating hydrogen gas at a given time rate less than 40% of
      said given time rate of air flow during a given predetermined length of
      time and for introducing said hydrogen gas into said substantially closed
      conduit system at a point in the conduit intermediate said gas pump and
      said outlet of said substantially closed conduit;
PA1  d. catalytic means for reacting said hydrogen gas with the oxygen in said
      air flow interposed in said conduit intermediate said point of
      introduction of said hydrogen gas into said conduit and said outlet of
      said conduit;
PA1  e. pressure sensitive valve means extending through the wall of said
      substantially closed conduit intermediate said gas pump and said catalytic
      means and adapted to admit air into said conduit when the gas pressure
      within said conduit is below atmospheric pressure;
PA1  f. means for thermally or electrically sensing the level of reaction
      between said hydrogen gas and said oxygen in said catalytic means and for
      decreasing the time rate of generation of hydrogen gas in a direct
      relation to said level of reaction between said hydrogen gas and said
      oxygen in said catalytic means;
PA1  g. means for operating said means for generating hydrogen gas independently
      of said means for sensing the level of reaction between said hydrogen gas
      and said oxygen in said catalytic means for a given predetermined length
      of time including switch means for restarting said given predetermined
      length of time upon opening and subsequent closure of said means for
      selectively sealing said container substantially air-tight after the end
      of a prior said given predetermined length of time.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 wherein said means for generating
      hydrogen gas comprises an electrolytic tank adapted to dissociate water
      into hydrogen gas and oxygen gas, collect the hydrogen gas and waste the
      oxygen gas to the atmosphere.
NUM  10.
PAR  10. Apparatus as claimed in claim 9 including means for condensing water
      vapor interposed in said substantially closed conduit between said
      catalytic means and said outlet of said conduit and means for conducting
      said condensed water vapor into said electrolytic tank.
NUM  11.
PAR  11. Apparatus as claimed in claim 8 wherein said catalytic means includes a
      plurality of platinum coated ceramic pellets packed into a section of said
      substantially closed conduit, said pellets having interstices therebetween
      for the passage of gases therethrough.
NUM  12.
PAR  12. Apparatus as claimed in claim 9 wherein said means for sensing the
      level of reaction between said hydrogen gas and said oxygen in said
      catalytic means and for decreasing the time rate of generation of hydrogen
      gas in a direct relation thereto comprises a temperature sensitive means
      mounted in heat exchanging relation with said catalytic means and
      electrically connected to vary the amount of electrical power applied to
      said electrolytic tank.
NUM  13.
PAR  13. Apparatus as claimed in claim 12 wherein said temperature sensitive
      means comprises a temperature sensitive switch electrically connected to
      interrupt the application of electrical power to said electrolytic tank
      when the temperature of said catalytic means is below a given temperature.
NUM  14.
PAR  14. Apparatus as claimed in claim 12 wherein said temperature sensitive
      means comprises a thermistor control circuit.
NUM  15.
PAR  15. Apparatus as claimed in claim 10 including means for maintaining a
      substantially constant water level in said electrolytic tank.
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ABST
PAL  Method and apparatus for preparing a chip-type snack is disclosed. A dough
      is prepared and sheeted. An elongated shaped ribbon is cut from the dough
      sheet. The ribbon is passed through a deep fat fryer and then separated
      into individual chips by fracturing the ribbon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to snack products and more particularly to
      chip-type snack products.
PAR  The food products which are sold in the general category of snack items are
      many and varied, typically including such things as chips (e.g., potato
      chips and corn chips), puffs (e.g., corn puffs), etc. Snack iems account
      for a large volume in the food industry. Generally, snack items are eaten
      apart from a regular meal and often different snack items are served at
      the same time. When snacks are served, normally at least one chip-type
      snack is included. One of the most popular chip-type snacks is the potato
      chip or fabricated potato chip.
PAR  The present invention relates to new method and apparatus for preparing
      fabricated, shaped chip-type snacks. The present invention will be
      described primarily with regard to preparation of potato chips; however,
      it should be recognized that various other types of fabricated chips (such
      as corn chips or wheat chips) may be prepared using the present invention.
PAR  It has been known in the past to prepare chip-type snacks by preparing a
      dough sheet and cutting individual sections from the dough sheet. The
      sections are then fried to form chips. A major difficulty has been
      confronted in controlling the movement of the individual sections through
      the deep fat fryer. A partial solution has been provided by operating a
      continuous belt in the upper portion of the fryer which assists in moving
      the sections through the fryer. Some sections, however, may clump together
      resulting in unfried or only partially fried chips. Other sections may
      remain in the fryer too long and become overly fried or burned. The
      present invention overcomes such problems by moving a continuous ribbon of
      chips positively through a frying system and then separating the ribbon
      into individual chips by fracturing the ribbon between chips.
PAC  THE PRESENT INVENTION
PAR  The method of the present invention includes preparation of a dough
      material, sheeting and cutting the dough material into a ribbon of dough
      pieces, frying the ribbon of dough pieces to produce a ribbon of chips and
      then severing the fried, shaped ribbon into individual chips.
PAR  The dough may be prepared from any of various particulate starchy food
      materials such as potato granules, potato flakes, wheat flour, rice flour,
      corn grits and the like. The dough, when preparing fabricated potato
      chips, may be prepared from a mixture of potato flakes and potato
      granules. Alternatively the dough may be prepared solely from either
      potato flakes or potato granules. The dough may have various other added
      ingredients. The total moisture content is such that the dough has
      satisfactory handling characteristics. In other words, the dough has
      sufficient cohesiveness to stick together as a sheet and not so much
      adhesiveness to stick to equipment. Water is added to the particular
      material in an amount sufficient to form a dough. The total moisture
      content of the dough may vary somewhat depending on the particular
      starchyfood material being used but will typically be in the range of 25
      to 45 percent. The term "percent" and the like, as used herein, will mean
      by weight unless otherwise indicated. The preferred moisture level is
      about 40 percent.
PAR  The dough is sheeted to any desired thickness. The thickness typically will
      be about 0.025 inch; however, the thickness may be as small as 0.010 inch
      or as great as 0.10 inch. The preferred dough sheet thickness is about
      0.015 to 0.06 inch. The dough sheet may be cut into any desired shape of
      pieces (i.e., unfried chips) such as round or oval. The pieces remain
      connected by a narrow portion thereby providing a continuous ribbon of
      pieces. The connecting portion is large enough to permit processing of the
      ribbon through the fryer and shaper without separation or breakage of the
      ribbon. The connecting portion is small enough to permit easy separation
      of the chips after removal from the fryer by fracturing the connecting
      portion. The connecting portion, for example, may be about one-eighth to
      three-eighths inch in width and the chips may be about 1 to 2 inches in
      diameter.
PAR  The ribbon is transported through a bath of hot oil to fry the ribbon. The
      moisture content during frying is reduced, for example, to less than 5
      percent. Any type of frying oil may be used such as cottonseed oil,
      coconut oil, peanut oil and the like. The temperature of the frying oil is
      sufficient to fry the dough pieces to form fried chips but not so high as
      to burn the oil (i.e., below the smoke point of the oil). During frying
      the dough is puffed or expanded and flavor is developed. The dough
      typically will expand about 100 percent in thickness during frying. In
      other words, the final thickness of the puffed chip may be about twice
      that of the unpuffed dough. The amount of expansion may be increased or
      decreased, if desired, such as by confining the dough during frying. The
      frying oil may be at a temperature of about 250.degree. to 410.degree.F.,
      preferably about 320.degree. to 380.degree.F., typically 350.degree.F. The
      frying time will generally be about 5 to 30 seconds, preferably 8 to 20
      seconds.
PAR  The fried ribbon is pliable immediately upon leaving the fryer and becomes
      brittle or friable after about 5 to 10 seconds. Although the exact
      mechanism is not fully known, it is believed that the change from the
      pliable state to the friable state is a result of two factors, namely,
      cooling and dehydration. The change appears to be irreversible in the
      absence of the addition of major amounts of water. The friable chips are
      then separated into individual chips by applying tension (e.g., bending
      force) to the ribbon causing a fracture across the connecting portion. In
      other words, one chip is held while a moment of force is applied to the
      adjacent chip sufficient to cause a fracture across the connecting
      portion.
PAR  Apparatus suitable for carrying out the present invention is shown in the
      drawings.
DRWD
     In the drawings:
PAR  FIG. I shows a schematic view of the apparatus suitable for carrying out
      the present invention;
PAR  FIG. II shows the dough preparation section for the present invention;
PAR  FIGS. III and IV show a dough sheeting section;
PAR  FIGS. V-VII show a dough cutting section for the present invention;
PAR  FIGS. VIII-X show various views of a fryer suitable for use in the present
      invention;
PAR  FIG. XI shows a chip severing section of the invention;
PAR  FIG. XII shows another embodiment of the chip severing section of the
      present invention.
PAR  FIG. XIII shows a ribbon of dough pieces prior to frying;
DETD
PAR  The apparatus 10 (FIG. I) of the present invention may include a mixing
      section 11, sheeting section 12, cutting section 13, frying section 14,
      and finishing section 16.
PAR  The mixing section 11 may include any type of apparatus suitable for the
      preparation of a dough such as from dehydrated potato material, typically
      potato granules, and water. The mixing section 11 may be a continuous
      auger mixer 21 (FIG. II) or alternatively a paddle mixer. The auger mixer
      21 may include a hopper 22, a barrel 23, a cut flight screw 24 and a motor
      25. The screw auger 24 may be suitably supported at each end by bearings
      26 and 27. The screw auger is rotatably driven by electric motor 25. The
      potato material may be added to the hopper 22 and is gradually pulled down
      into the barrel 23 by the screw aauger 24. A water line 28 supplies the
      desired amount of water to the mixer 21. The auger 24 intimately mixes the
      potato material and the water to form the dough. The water is present in
      an amount sufficient to form a dough that will stick together or in other
      words remain cohesively fused. Preferably, the water is not present in an
      amount so great as to make the dough adhesive and create sticking problems
      during processing. The water typically may be present in an amaount of
      from about 25  to 45 percent, preferably about 40 percent by weight, based
      on the total weight of the dough. The added moisture is permitted to
      equilibrate throughout the dough, for example, by providing a residence
      time for the dough in the mixer of about 5 to 10 minutes.
PAR  The dough may be sheeted using any desired sheeting apparatus such as the
      sheeting section 12 (FIGS. I, III and IV) which may include a support
      frame 31, a pair of smooth rolls 32, 33 and a hopper 34. The support frame
      31 may be prepared from sheet or plate metal and includes a pair of side
      walls 35 and 36, as well as a front wall 37 and a rear wall 38. The rolls
      32 and 33 are rotatably supported in frame 31 such as by bearings 39 and
      40. The rolls 32 and 33 may be metal rolls which are rotatably driven by
      motor 41. The rolls 32 and 33 are spaced to provide the desired thickness
      of dough sheet. In the preparation of fabricated potato chips, the
      thickness of the dough sheet may be about 0.02 to 0.03 inch.
PAR  The dough sheet 42 may be cut into a ribbon of chips with each chip
      remaining connected to the adjacent chips, see FIG. XIII. One type of
      cutting apparatus is a reciprocating punch. Another type of apparatus 13
      for cutting the ribbon of chips is shown in FIGS. V-VII and is further
      described and claimed in U.S. Pat. 3,872,752, filed on even date herewith.
      The cutting apparatus 13 includes a support frame 43, a cutter roll 44, a
      smooth roll 45 and a transfer roll 46. The support frame 43 may be
      constructed of sheet or plate metal and may include a rear wall 47, a
      front wall 48 and a pair of side walls 49 and 50. The cutter roll 44 may
      be a metal drum mounted on a shaft 51 which is rotatably supported in
      suitable bearings (not shown) in walls 49 and 50. The cutter roll 44 may
      be prepared from a metal drum by machining away the surface thereof to
      leave a pair of cutting ridges 52 and 53 (FIG. VII). The ridges 52 and 53
      have sufficient depth to cut through the dough sheet 42. The smooth roll
      45 may be a metal drum mounted on a shaft 54 which is rotatably supported
      in side walls 49 and 50 such as by bearings (not shown). The smooth roll
      45 abuts against the ridges 52 and 53 of roll 44 thereby providing a
      cutting surface. The transfer roll 46 may be a metal drum mounted on a
      shaft 55 which is rotatably supported in side walls 49 and 50 such as by
      bearings (not shown). The rolls 44, 45 and 46 may be driven by an electric
      motor (not shown). If desired, the rolls 44, 45 and 46 may be provided
      with vacuum ports for positively gripping of the dough sheet 42. The
      smooth roll 45, for example, may have vacuum ports 56 for gripping the
      waste portion 42a of dough sheet 42. A vacuum manifold 57 supplies a
      vacuum to ports 56 in a conventional manner. The vacuum, of course, is
      applied only over the zone where gripping of portion 42a is desired. The
      waste portion 42a may be recycled at any point prior to the sheeting
      section. Cutting roll 44 may have vacuum ports 58 and a vacuum manifold 59
      for gripping the ribbon of dough pieces 42b. The transfer roll 46 may have
      vacuum ports 61 and a vacuum manifold 62. The vacuum manifolds 57, 59 and
      62 may be of conventional design.
PAR  The fryer may be of any type through which the ribbon may be passed during
      frying such as the type shown in U.S. patent application Ser. No. 355,259.
      The fryer section 14 (FIGS. VIII-X) may include a support frame 66, a
      frying tank 67, a conveying wheel 68 and a continuous conveying belt
      system 69. The support frame 66 may be constructed from any structural
      material such as tubing, angle iron stock and the like such as by welding.
      The frying tank 67 may be constructed from sheet metal and is secured in
      frame 66 such as by bolts (not shown).
PAR  The tank 67 has an oil inlet pipe 64 for receiving heated oil from any
      suitable external heater (not shown) and may be returned to the heater by
      an oil outlet pipe 65 from tank 67. Any conventional frying oil heater may
      be used. Such heaters are typically of two types, direct external heaters
      and indirect external heaters. The direct external heater applies heat,
      such as by a gas flame, directly to a conduit through which the oil is
      passing. The indirect external heater applies heat to a conduit through
      which a heat transfer fluid such as steam is passing. The heat transfer
      fluid and the cooking oil are both passed through a heat exchanger in
      separate conduits and the cooking oil picks up heat energy from the heat
      transfer fluid. The indirect external heater is preferred in the present
      invention since more uniform heat is applied to the cooking oil resulting
      in less degradation of the oil. The heaters in either case may be of a gas
      fired type or of an electrical resistance type.
PAR  The conveying wheel 68 may include a metal drum 71 which is supported on a
      shaft 72. The shaft 72 may be rotatably mounted in a pair of bearings 73
      and 74 which are secured to support frame 66. The wheel 68 may have a row
      of gear teeth 76 and 77 at each side (See FIG. IX) for purposes
      hereinafter described. The wheel 68 further includes a perforated frying
      surface 78 which may be provided by wire screen or perforated metal sheet.
      The frying surface 78 may be of any desired shape.
PAR  The continuous conveying belt system 69 may include a continuous link chain
      80 supported on gear wheels 81, 82, 83 and 84. Gear wheel 81 has a pair of
      rows of gear teeth spaced substantially the same as gear teeth rows 76 and
      77 of wheel 68. Gear wheel 81 is mounted on a shaft 85 which is rotatably
      supported in bearings 86 and 87. The gear wheels 82 and 83 may be
      identical to gear wheen 81. The gear wheel 84 may be similar, however, it
      is mounted in such a manner that it may be pivoted to maintain tension on
      link chain 80. In other words, gear wheel 84 has a shaft 91 which is
      rotatably mounted in bearings (not shown) in levers 92 and 93. The levers
      92 and 93 are secured to the flanges 94 and 96 of frame 66 by pivot pin
      97. A pair of pneumatic or hydraulic-air operated cylinders 98 and 99 are
      provided for driving the gear wheel upwardly to tighten the chain 80. The
      cylinders 98 and 99 are secured to the support frame 66 at the lower ends
      thereof and secured to levers 92 and 93 at the upper  ends thereof. The
      link chain 80 is designed for engagement with the various gear teeth on
      wheels 68, 81, 82, 83 and 84. Chain 80 further includes a perforated
      frying surface 101 which mates with surface 78 of wheel 68. The perforated
      surface 101 may be provided by wire screen or perforated metal sheet which
      is attached to each of the links of chain 80. The surfaces 78 and 101 may
      be shaped the same and for example may be flat to provide flat chips.
      Alternately, the surface 78 may be convex and surface 101 may be concave
      thereby producing chips having a shaped cross section. If desired, the
      dough pieces may be fried flat and later shaped.
PAR  The surfaces 78 and 101 may be spaced apart typicaly 0.02 to 0.06 inch when
      frying a chip having a thickness of 0.02 inch. The perforations typically
      may be 1/16 inch in diameter and there are sufficient perforations per
      inch to provide adequate contact of the ribbon with oil during frying. A
      drip pan 100 may be provided to catch any oil that may drip from the belt
      system 69.
PAR  The finishing section 15 (FIGS. I and XI) may include a conveyor 106, a
      salter 107, a conveyor 108 and a chip separator or severing section 109.
      The conveyors 106 and 108 may be conventional continuous belt conveyors
      especially if handling flat chips. They may be provided with plates such
      as 112 and 113 (FIG. XI) for supporting the upper reach of the respective
      belt. In the case of handling chips having shaped cross section, the
      conveyors preferably are similarly shaped thereby cradling the ribbon of
      chips. The salter 107 may be of any design suitable for metering out the
      desired amount of salt or other flavoring onto the row of chips. The chip
      separator 109 may be any device that impinges against the individual chips
      thereby resulting in a fracture across the narrow portion 116 (FIG. XIII)
      between the chips. The chips then fall into a container 117. One preferred
      embodiment of the severing section 109 is shown in FIG. XI.
PAR  Severing section 109 may include a wheel 121 which holds the advancing
      ribbon of chips against the belt conveyor 108. The severing section 109
      further includes a wheel 122 which impinges against the ribbon forcing
      same downwardly to fracture the connection portion 116. In other words,
      the lower most portion of wheel 122 is located on a plane that is lower
      than the surface of belt conveyor 108 thus causing the chips to break or
      separate at the weakest point which is the connecting portion 116. The
      wheels 121 and 122 may be free wheeling; however, wheels 121 and 122
      preferably are driven such as with an electric motor at a rate slightly
      faster than the rate at which the ribbon is advancing wheel 121, thus,
      providing a slight pulling force on the ribbon.
PAR  Another embodiment 109a of the severing section is shown in FIG. XII. The
      severing section 109a includes a wheel 121a which holds the advancing
      ribbon of chips against the belt conveyor 108a and a finger 122which
      forces the chips downward thereby breaking the chips apart. The finger
      122a may be made of a spring steel material.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing a chip snack comprising:
PA1  preparing a dough by mixing a starchy food material and water, said dough
      having high enough moisture content to provide the dough with sufficient
      cohesiveness to permit sheeting of the dough and less than that amount of
      moisture that would cause the dough to be adhesive and stick to equipment,
      the moisture content of said dough being about 25 to 45 percent by weight;
PA1  sheeting the dough;
PA1  cutting the sheeted dough into a ribbon having alternating wide portions
      and narrow portions;
PAR  frying the ribbon in an oil bath, said ribbon extending from the point at
      which said ribbon enters the bath to the point at which the ribbon exits
      the frying bath; and
PA1  then fracturing the ribbon at said narrow portions, said fracturing taking
      place at least 5 seconds after the ribbon has exited said bath, said
      ribbon having become friable, thereby separating the fried ribbon at the
      narrow portions into individual chips.
NUM  2.
PAR  2. The process of claim 1 wherein said chip snack comprises potato chips.
NUM  3.
PAR  3. The process of claim 1 wherein said ribbon is fractured by holding one
      wide portion while applying a moment of force to the adjacent wide
      portion.
NUM  4.
PAR  4. The process of claim 2 wherein said starchy food material comprises
      dehydrated potato material.
NUM  5.
PAR  5. The process of claim 4 wherein said wide portions are cut substantially
      round in shape.
NUM  6.
PAR  6. The process of claim 4 wherein said wide portions are each cut
      substantially oval in shape.
NUM  7.
PAR  7. The process of claim 2 narrow portions are about one-eighth to
      three-eighths inches in width.
NUM  8.
PAR  8. A process for preparing a chip snack comprising:
PA1  mixing dehydrated particulate potato material and water to form a dough,
      the moisture content of said dough being between about 25 to 45 percent by
      weight of the dough;
PA1  sheeting the dough
PA1  cutting the sheeted dough to provide a ribbon including wide portions and
      narrow portions, said sheeted dough being between 0.01 and 0.10 inches in
      thickness, said wide portions being between about 1 and 2 inches in
      diameter and said narrow portions being between about one-eighth and
      three-eighths inches in width;
PA1  frying the dough ribbon in an oil bath, the ribbon extending from the point
      at which the ribbon enters the frying bath to the point at which the
      ribbon exits the frying bath during the frying step;
PA1  aging the fried ribbon at least 5 seconds until the ribbon becomes friable;
      and
PA1  fracturing the ribbon across said narrow portions to provide fabricated
      fried potato chips.
NUM  9.
PAR  9. The process of claim 8 wherein said fracturing is produced by holding
      one of said wide portions while applying a moment of force to the adjacent
      wide portion.
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TTL  Process for improving the digestibility of hemicellulose-free straw
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ABST
PAL  Straw from which the hemicellulose has been removed is not digestible by
      ruminants. By application of the invention this material is rendered
      digestible. The process of the invention involves treatment of the
      hemicellulose-free straw with dioxane containing a small proportion of
      hydrochloric acid.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to and has among its objects the provision of novel
      processes for improving the digestibility of hemicellulose-free straw.
      Further objects of the invention will be evident from the following
      description wherein parts and percentages are by weight unless otherwise
      specified.
PAR  Hemicellulose is an excellent medium on which yeasts may be grown for the
      production of protein concentrates. The hemicellulose required for such
      procedure may be obtained from straw by known processes, for example,
      extraction of the straw with mild acid preferably containing a cationic
      detergent such as cetyl trimethylammonium bromide. The residue of the
      extraction--the hemicellulose-free straw--has little value. It cannot be
      employed as a feed or a component of feeds because it is not digestible by
      ruminants. Consequently, this residue must be disposed of by burning or
      other pollution-creating technique, generally at expense to the processor
      and to the enviroment.
PAR  Attempts to enhance the digestibility of the residue by known procedures
      are futile. For instance, it is known that the digestibility of whole
      straw (straw still containing its natural content of hemicellulose) can be
      greatly enhanced by treating it with dilute alkali, typically, with a 2%
      aqueous solution of NaOH applied at room temperature for 1 hour. When,
      however, this same dilute alkali treatment is applied to
      hemicellulose-free straw, no improvement in digestibility is achieved.
PAR  The invention described herein provides a means for obviating the problems
      outlined above. In particular, the invention provides novel processes for
      treating hemicellulose-free straw whereby to enhance its digestibility.
      The invention is applicable to hemicellulose-free straw derived from
      straws of cereal grains such as rice, wheat, oats, barley, rye, etc., or
      grasses such as orchard green, bent, red fescue, Kentucky blue, rye grass
      (annual or perennial), etc.
PAR  In a practice of the invention, the hemicellulose-free straw is soaked in
      acidified dioxane (also known as 1,4-diethylene dioxide). Such an amount
      of dioxane is used that the straw is completely immersed in the liquid.
      Acidification of the dioxane is accomplished by mixing in about 1 to 2% of
      HCl based on the weight of dioxane. The soaking is continued at room
      temperature for about 1 hour. Stirring may be applied continuously or at
      intervals to secure good contact of the straw with the acidified dioxane.
PAR  After completion of the soaking operation, the treated straw is washed
      thoroughly with hot water to remove dioxane and HCl, and then dried.
PAR  The products of the invention are useful for feeding ruminants as they have
      a digestibility of 25 to 38%, whereas the untreated hemicellulose-free
      straw has a digestibility of zero.
PAR  It is believed that the acidified dioxane treatment of the invention
      destroys the cellulose-lignin bonds in the hemicellulose-free straw. The
      destruction of these bonds frees the cellulose for digestion by ruminant
      animals, which cannot digest the cellulose-lignin complex. It should be
      noted, however, that the above theory forms no part of the present
      invention, the operability of which has been demonstrated.
DETD
PAC  EXAMPLES
PAR  The invention is further demonstrated by the following illustrative
      examples.
PAR  A. Fifty grams of hemicellulose-free ryegrass straw (the preparation of
      which is described below) was placed in a beaker with 500 ml. of dioxane
      containing 1% of HCl. The mixture was kept at room temperature for 1 hour
      with occasional stirring. The mixture was then filtered through four
      layers of cheesecloth, washed ten times with hot water, and dried.
PAR  A sample of this product and a sample of the untreated hemicellulose-free
      ryegrass straw were tested for digestibility as described below.
PAR  B. The process described in part A was applied to hemicellulose-free rice
      straw. The product and a sample of the starting material were tested for
      digestibility.
PAR  C. For purpose of comparison, a sample of hemicellulose-free ryegrass straw
      (1 part) was treated with 6 parts of water containing 2% NaOH at room
      temperature for 1 hour. The resulting alkali-treated straw was tested for
      digestibility.
PAR  The results obtained are summarized in the following table.
TBL  ______________________________________                                    
                                         Digesti-                              
               Type of straw             bility                                
     Run       (hemicellu- Treatment     %                                     
               lose-free)                                                      
     ______________________________________                                    
     A         ryegrass    dioxane -- 1% HCl                                   
                                         38                                    
     Control   ryegrass    none           0                                    
     B         rice        dioxane -- 1% HC1                                   
                                         25                                    
     Control   rice        none           0                                    
     C (Control)                                                               
               ryegrass    2% NaOH        0                                    
     ______________________________________                                    
PAR  Hemicellulose-free Straw.
PAR  The hemicellulose-free straw used as the starting material in the above
      examples was prepared as follows: One hundred g. of ground straw (passed
      through a 20-mesh screen) was mixed with 1.51. of 1 N. sulphuric acid, 30
      g. of cetyl trimethylammonium bromide, and 30 g. of decalin
      (decahydronaphthalene). The mixture was heated to boiling and refluxed for
      an hour. Then, the mixture was filtered through four layers of
      cheesecloth. The solid residue collected on the filter cloth was washed 4
      times with hot (90.degree.--100.degree. C.) water and twice with acetone,
      then dried overnight in air at room temperature.
PAR  Digestibility.
PAR  In vitro rumen digestibility was determined as follows: A 0.5 g. sample of
      the candidate material and 35 ml. of rumen fluid were placed in a 50-ml
      screw-capped bottle. The rumen fluid was obtained from a fistulated
      Holstein bull, and was mixed with a mineral and buffer solution at a ratio
      of 1:1. The mineral and buffer solution contained 9.88 g. of NaHCO.sub.3,
      9.3 g. of Na.sub.2 HPO.sub.4.12H.sub.2 O, 0.47 g. of NaCl, 0.57 g. of KCl,
      0.04 g. of CaCl.sub.2, and 0.06 g. of MgCl.sub.2 in 1 l. of water. The
      rumen fluid was gassed with CO.sub.2 and warmed to 39.degree.C. prior to
      inoculation with the candidate material. The mixture of the candidate
      material and rumen fluid was incubated for 3 days at 39.degree. C. and
      then filtered through a sintered glass crucible (Pyrex, 30 ml., coarse)
      and the solid material on the filter dried overnight at 105.degree. C. The
      weight loss was reported as percentage digestibility.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A process for improving the digestibility of hemicellulose-free straw,
      which comprises
PA1  a. soaking the hemicellulose-free straw for about one hour at room
      temperature in dioxane containing about 1 to 2% HCl, the amount of dioxane
      being enough to completely immerse the straw therein,
PA1  b. removing dioxane and HCl from the so-treated straw by washing it with
      hot water, and
PA1  c. drying the treated and washed straw.
NUM  2.
PAR  2. The process of claim 1 wherein the starting material is
      hemicellulose-free ryegrass straw.
NUM  3.
PAR  3. The process of claim 1 wherein the starting material is
      hemicellulose-free rice straw.
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ABST
PAL  Method for hollowing out an article of food such as a fruit or vegetable so
      that a shell of substantially uniform predetermined thickness is formed. A
      rotating knife is rotated about its axis, while an end area of an article
      of food is guided with a curved guide member against the rotating knife.
      The guide member loosely supports the food for rotation and translation
      about its longitudinal axis while maintaining the knife a predetermined
      distance from the surface of the food. The distance between the guide and
      the blade is adjustable to control the thickness of the shell.
PARN
PAR  This is a division of application Ser. No. 212,943, filed Dec. 28, 1971,
      now U.S. Pat. No. 3,780,435.
BSUM
PAR  This invention relates to a method for hollowing out an article of food
      such as a fruit or vegetable to form a shell of substantially uniform
      thickness.
PAR  In the culinary arts, it is frequently desired to hollow out an article of
      food such as for instance a squash or an eggplant to form a shell which is
      then stuffed with some other food. It is extremely important that the
      shell which is formed be of substantially uniform thickness throughout
      both for purpose of structural rigidity and attractive appearance.
PAR  In the prior art, fruits and vegetables have been manually hollowed by the
      use of a hand knife to cut away the inside of the fruit or vegetable.
      However, there has been no way in the prior art to insure that the
      finished shell is of relatively uniform thickness throughout, this being
      entirely dependent upon the skill of the person performing the hollowing
      operation. Further, no means has been provided in the prior art by which
      the thickness of the shell could be controlled.
PAR  It is therefore an object of the present invention to provide a method for
      hollowing out an article of food which provides a shell of substantially
      uniform thickness.
PAR  It is a further object of the invention to provide a method and apparatus
      for cutting a hollowed portion in an article of food wherein the
      cross-sectional area of the hollow portion is greater than the
      cross-sectional area of the cutting means used.
PAR  It is a further object of the invention to provide a cutting device for
      hollowing out an article of food to form a shell, the thickness of which
      can be controlled.
PAR  The guide means guides the article of food onto the blade means so that the
      blade means contacts one end area of the article of food at a position
      displaced from the longitudinal axis of the article of food and at a
      distance from the surface of the article of food equal to the
      predetermined thickness of the shell to be formed. The blade means is
      power driven and rotates about its axis and the article of food is rotated
      and advanced onto the blade means while resting in the guide means. A
      shell is formed which is of the predetermined thickness and the hollow
      area of the shell because of the relative rotation of the blade means and
      the article of food is larger than the area of the blade means.
PAR  The above objects are accomplished by providing a cutting device which
      includes a longitudinally extending blade means having a longitudinally
      extending, curved guide means extending in substantially the same
      direction as the blade means for guiding the article of food while it is
      being hollowed.
PAR  Both the blade means and the guide means are attached at one end to a
      support means which includes a motor for rotating the blade means. The
      guide means is tiltably adjustable with respect to the support means and
      its position with respect to the blade means may be changed to provide
      shells of different thicknesses.
PAR  The structure and operation of the invention will become clearer by
      referring to the following figures and detailed description of an
      embodiment of the invention.
DRWD
PAR  FIG. 1 is a side view of a device according to the invention.
PAR  FIG. 2 is a partially cutaway enlargement of the front part of the device
      illustrated in FIG. 1.
PAR  FIG. 3 is a sectional view taken through line 3--3 in FIG. 2.
PAR  FIG. 4 is a sectional view of a subassembly of the cutting device
      illustrated in FIG. 1 taken through lines 4--4 of FIG. 3.
PAR  FIG. 5 is a sectional view of a subassembly of the cutting device
      illustrated in FIG. 1 taken through lines 5--5 of FIG. 3.
PAR  FIG. 6 is an exploded perspective view of a subassembly of the cutting
      device of FIG. 1.
PAR  FIG. 7 is a perspective view of a cam shaft utilized in the cutting device
      of FIG. 1.
PAR  FIG. 8 is a side view of a preferred embodiment of a table model cutting
      device according to the invention.
PAR  FIGS. 9 and 10 are side views of cutting blades used in the cutting device
      of the invention.
DETD
PAR  FIG. 1 shows a side view of an embodiment of a manually operated cutting
      tool according to the invention. The cutting tool of FIG. 1 includes a
      housing 1 which houses a motor for rotating cutting blade 6. An electrical
      cord 3 is shown in FIG. 1 which is plugged into a conventional electrical
      outlet to provide a power source for the motor. In the alternative, a
      self-contained power source such as a battery source may be used for the
      motor and may also be housed in housing 1. Switch 2 is located on housing
      1 and is used to turn the motor on and off.
PAR  Referring to FIG. 2 the motor (not shown) rotates shaft 12 which has gear
      13 concentrically mounted. Gear 13 is in mesh with larger gear 14 which
      has shaft 11 concentrically and removably mounted therein by fins 16a as
      shown in FIG. 9. The rotation of shaft 12 by the motor thereby provides a
      torque to shaft 11.
PAR  Guide 4 shown in FIGS. 1 and 2 is also attached to housing 1 and may be
      removably attached to surface 22 by means of extensions 9 and 10 which fit
      into slots 23, 24 and 26 as shown in FIG. 3. Additionally, member 10a is
      secured to surface 22 which has a detent for accommodating ball 10b which
      is secured to the bottom of Guide 4. In the alternative, Guide 4 may be
      permanently secured to surface 22 of housing 1 by standard means, for
      instance by brackets.
PAR  Guide 4 extends in substantially the same direction as shaft 11 and blade
      6. Guide 4 is a curved surface along its length and has ears 7 extending
      up on either side of the cutting portion of blade 6. While the ears 7 are
      shown in FIG. 1 as rising steeply to a point high on each side of the
      cutting portion, the shape of the front of the guide may be modified to
      suit individual requirements. For instance, if desired, the ears could be
      substantially shorter than shown in FIG. 1 and at a greater angle to the
      bottom of the guide.
PAR  The distance between the guide 4 and the cutting blade 6 is adjustable by
      turning knob 5 which causes guide 4 to pivot so that the angle between
      guide 4 and blade 6 is varied. Referring to FIGS. 4, 5 and 6,
      subassemblies 57 and 58 are part of housing 1 and is attached to the rear
      part of housing 1 by screws mounted through holes 29 and 30 in rear plate
      27 of part 58. Part 57 to which guide means 4 is secured fits over part 58
      as shown in FIGS. 5 and 6, so that portions 39 and 42 of part 58 are
      inside of and abut surfaces 32 and 67 of part 57, and surfaces 40 and 41
      are inside of and abut surfaces 37 and 50 of part 57. Part 58 thus fits
      snugly inside of and is embraced by part 57. Parts 57 and 58 are held
      together by a shaft 25 shown in FIG. 3 which fits through holes 34, 38,
      47, and 49 of parts 57 and 58. Shaft 25 may have retainers on its ends to
      insure that it does not come out of the holes.
PAR  Cam shaft 52 having knob 5 attached to one thereof and eccentrics 53 and 54
      located thereon is inserted in holes 35, 43, 37, 44, 45, 50 and 51 of
      parts 57 and 58. When cam shaft 52 is rotated by knob 5 eccentrics, 53 and
      54 bear against rear surface 27 of part 58 which transmits a forwardly
      directed force to part 57. Since this forwardly directed force occurs near
      the upper portion of part 57 with respect to pivot shaft 25, part 57
      pivots around shaft 25 causing guide means 4 to be displaced with respect
      to stationary located shaft 11 and blade 6. Hence the thickness of the
      shell formed is controlled by rotating knob 5.
PAR  An article of food is hollowed out to form a shell of substantially uniform
      thickness by placing the article of food in guide 4 while cutting blade 6
      is rotating. Guide 4 is adjusted so that the cutting blade contacts the
      article of food at a position on an end area of the article which is
      displaced from the longitudinal axis of the article as shown in FIG. 2.
      The article and tool are then relatively rotated with respect to each
      other either by rotating the article or the tool as the article is
      advanced on the blade. The advancing is stopped at a desired point before
      the blade cuts through the other end area of the article and a
      substantially uniform shell is formed. In order to ensure hollowing out of
      the entire desired area, the knife means should have an effective
      transverse cutting dimension of at least half of the transverse dimension
      of the desired hollowed out area. For instance, in FIG. 2 it is seen that
      the distance between the parallel cutting edges of blade 6 is greater than
      half of the transverse dimension of the shell. To change the thickness of
      the shell, it is only necessary to rotate knob 5 thereby tilting guide 4
      with respect to part 8 of housing 1 and displacing it with respect to the
      blade to change the thickness of the shell.
PAR  FIGS. 1 and 2 show cutting blade 6 which is a cutting band of advantageous
      configuration.
PAR  FIG. 9 shows an alternate blade means which may be used with the cutting
      tool of the invention. In FIG. 9 assembly blade 15 is comprised of shaft
      16 having fins 16a on one end thereof and cutting portion 17 on the other
      end thereof. Cutting portion 17 is comprised of 3 cutting bands which are
      spaced equidistantly around a 360.degree. arc.
PAR  FIG. 10 shows blade assembly 18 comprised of shaft 19 and cutting portion
      20 which comprises an elongated criss-crossing continuous band. The
      cutting blades disclosed herein have been found to be particularly
      effective in hollowing out articles of food.
PAR  FIG. 8 shows a table model embodiment of a cutting device 60 according to
      the invention. The cutting device 60 comprises housing 63 for housing a
      motor for rotating cutting means 61. Housing 63 has an on-off switch 64
      and knob 65 thereon for adjusting the position of guide 62 with respect to
      shaft 61. The operation of cutting device 60 is similar to the operation
      of cutting tool of FIG. 1. However, in using cutting tool 60, the article
      of food is always rotated to provide the relative rotation between the
      tool and the article of food. Because cutting tool 60 is placed on a table
      where it is self-supporting, the operator has two hands available to
      manipulate the article of food. Motor housing 63 may be a universal
      housing which can accommodate many different accessories besides the
      cutting blade/guide combination of the invention.
PAR  While I have disclosed and described the preferred embodiments of my
      invention, I wish it understood that I do not intend to be restricted
      solely thereto, but that I do intend to include all embodiments thereof
      which would be apparent to one skilled in the art and which come within
      the spirit and scope of my invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of hollowing out an article of food such as a fruit or
      vegetable having a longitudinal axis and two end areas to provide a shell
      of substantially, uniform thickness, comprising;
PA1  rotating a knife about its axis, guiding one of said end areas of said
      article of food against said rotating knife with a curved guide member
      loosely supporting said article of food for (1) rotation about said
      longitudinal axis and (2) translation in a direction substantially
      parallel to said longitudinal axis, relatively rotating said knife and
      said article of food with respect to each other about said longitudinal
      axis of said article of food while the guide maintains said knife a
      predetermined distance from the surface of said article of food and while
      simultaneously advancing said knife into said article of food in the
      longitudinal direction to a point short of the other end area of said
      article of food, thereby forming a shell of substantially uniform
      thickness and removing an inside area of the article of food which is
      greater than the crosssectional area of the knife.
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ABST
PAL  Viscoelastic materials such as gelled food products are differently colored
      in zones with polymeric dyes. When a polymeric dye is added to a zone of a
      viscoelastic material, such as a gelled food product, it does not migrate
      from the zone; thus permitting an essentially permanently multizoned
      colored product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to varicolored, multizoned, viscoelastic materials
      having a common phase. Preferably, it relates to semi-solid viscoelastic
      foodstuffs having zoned coloration.
PAR  Viscoelastic materials such as flexible soft plastics and gels present a
      peculiar coloring property. Due to their semi-solid, semi-fluid nature,
      these materials permit conventional dyes to migrate throughout their
      entire body. While this migration (which appears as color "spreading" or
      "leaking") is of no consequence in uniformly colored items, it does pose a
      problem when a varicolored product is desired. Varicolored products of
      this type include flexible children's plastic toys, multicolored cosmetic
      items, rubber objects containing dye-printed labels, and gelled
      foodstuffs, such as gelatin desserts and pies. Solutions to this problem
      have offered disadvantages of their own. Particulate colored lakes, while
      not appreciably migrating in the products, tend to cloud and haze finished
      products and to present settling problems during processing. Paints and
      other surface treatments can rub off and present a much different
      appearance than readily desired.
PAC  STATEMENT OF THE INVENTION
PAR  It has now been found that the problem of dye migration in viscoelastic
      materials is solved when the dye employed is polymeric. Thus, a
      composition or article having a plurality of zones which differ from one
      another in color but which have a common phase is made up of viscoelastic
      material with a set concentration of polymeric dye in at least one, but
      not all, of these zones. In a preferred application, the viscoelastic
      material is a foodstuff, especially a gel, such as gelatin so that
      foodstuffs with distinct permanent color variations are provided.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The colored compositions of this invention are made up of a multizoned
      substrate of viscoelastic material having, in some zones, a polymeric dye.
PAC  THE SUBSTRATES
PAR  The substrates employed in these compositions are characterized as
      semi-solids and as being viscoelastic materials. They are plastic masses
      and may be in the form of gels, rigid plastic articles, or plastic films.
      Included within the class of substrates colored by the present invention
      are viscoelastic polymers such as synthetic rubbers, highly plasticized
      polymers such as polyvinylchloride containing from 5 to 50% of a
      plasticizer, e.g., dioctyl phthalate, or 6 to 10 carbon alcohols. In a
      preferred embodiment, the substrate is a viscoelastic edible composition.
      Among the most common of these compositions are aqueous protein gels --
      exemplified by gelatin, and aqueous polysaccharide gels -- exemplified by
      pectin gels. Other protein gels include partially hydrolyzed collagen
      glues, casein, and egg albumin gels. Polysaccharide gels additionally
      include gels of pectic and pectinic acids; gels of seaweed polysaccharides
      such as algin, alginic acid derivatives -- for example, propylene
      alginate, the carrageenans, furcellaran, and agar. These compounds are
      merely representative, and other substrates having viscoelastic properties
      may be used as well. Preferred substrates are aqueous-based and contain
      substantial amounts (at least 50% by weight) of water in a common phase
      among zones. Most preferred substrates contain from 60% to 98% by weight
      of water.
PAR  These viscoelastic substrates are formed by conventional methods known to
      the art, which in and of themselves are not a part of this invention.
PAC  THE DYES
PAR  Polymeric dyes must be employed in this invention. A polymeric dye contains
      two parts: a chromophore part, indicatable by Ch, which supplies the
      color; and a nonchromophore part, indicated by B, which joins the
      chromophores into a polymer. These dyes may assume the structure
      ##EQU1##
      or the structure
      ##EQU2##
      wherein n is an integer greater than 1, such as from 2 to 4,000,
      especially 10 to 3,000. Although the average molecular weights which
      correspond to these values of n of course depend upon the size of B and
      Ch, it is generally preferred to employ polymeric dyes of molecular weight
      1,000 to 1,000,000, so long as they do contain a plurality of
      chromophores. A preferred molecular weight range is from 2,000 to 400,000.
PAR  While it is not wished to limit this invention to any particular
      chromophore, Ch, or nonchromophore, B, there are restraints on these
      components. In the overall molecule, for each part by weight of Ch there
      can be from 0.1 to 2  parts of B. If the amount of B is lowered below 0.1
      parts, there are problems with color predictability and reproducability.
      If the amount of B is raised above about 2 parts, the diluent effect of B
      on the colorant's intensity becomes great, and suitably colored products,
      except for pastels, are not obtained. Especially good results are obtained
      when for each part by weight of Ch there is from 0.2 to 1.5 parts of B.
PAR  The chromophores employed, Ch, are organic materials. Inorganic colors,
      such as the ferricyanides and the like, are not suitable. Due to their
      polymeric nature, the final products can be made so large that they cannot
      be absorbed out of the gastrointestinal tract into the blood stream, and
      thus be totally nontoxic. This desirable property is achieved when
      molecular weights are 2,000 or 5,000 or larger. Thus it is possible in the
      preferred food applications to incorporate chromophores which previously
      were not usable in foods because of toxicity.
PAR  Exemplary chromophores include known azo dyes such as CI Acid Yellow No. 36
      ##SPC1##
PAL  This list is intended merely to be illustrative and is not to be construed
      as limiting the specific chromophores or even classes of chromophores
      which can be employed.
PAC  THE LINKING GROUPS, B
PAR  The chromophores are linked into polymers via linking groups, B. The B
      groups are organic. They provide a plurality of active groups which attach
      to a plurality of chromophores; or, if the chromophores are so-called
      "reactive chromophores", having their own reactive groups, they can merely
      provide active cites to which the chromophores can attach.
PAR  Examples of the first type of B include simple links providing two active
      groups, such as the two olefinic groups in divinylbenzene or
      1,4-butadiene; the two hydroxyl groups ethylene glycol, or hydroquinone,
      or more complex links providing a large number of active groups, such as
      poly(1,2-butadiene), polyacrylic acid, polyethyleneimine (both linear and
      branched), poly-2 or 4-vinylpiperidine, polybuteneamine, polyvinylalcohol,
      polyvinyl-(3-aminopropyl)-ether, cyclopolydiallylamine,
      poly-2-aminoethylmethacrylate, polyvinyl(2-aminoethyl)-ether,
      polyacrolein, poly-2-amino-1-vinylethanol, and polyepichlorohydrin.
PAR  Examples of the second type of B include cellulose, polyethers,
      hydrocarbons, and the like.
PAR  The linking groups may also include nonchromophoric groups which modify the
      polymer's properties; for example, its solubility in water or oil.
PAR  These polymeric dyes can be made by methods known in the art. As this
      invention involves an application of these dyes rather than the dyes per
      se, a detailed description of the production will not be provided. The
      Examples contain several representative preparations, however, and
      additional represenative preparations may be found in the art such as in
      U.S. Pat. No. 3,304,297 issued on Feb. 14, 1967 to Wegmann et al; in
      Belgian Pat. No. 645,458 issued on Sept. 21, 1964 to BASF; in U.S. Pat.
      No. 2,994,693 issued on Aug. 1, 1961 to Blake et al.; in Japanese
      Published Patent 1966-14434 of Ida et al., published on Aug. 12, 1966; and
      in the article by Ida et al. appearing at Yakugaku Zasshi 89 (4) 524-530
      published in 1969.
PAC  THE COLORED PRODUCTS
PAR  The products of this invention have a plurality of zones, at least one of
      which contains a coloring amount of a polymeric dye. A "coloring amount"
      of a polymeric dye is defined to be an amount which will impart a
      noticeable or desirable degree of coloration to a zone. While the exact
      amount of dye employed as a "coloring amount" varies widely depending upon
      the color desired, the dye used, and the nature of the substrate, as a
      rule, from about 1 ppm weight to about 2% by weight of dye, especially
      from 25 to 2,000 ppm by weight of dye, basis substrate, may satisfy the
      requirement for a "coloring amount".
PAR  All the zones should not be identically colored, since if the product is
      uniformly colored there is little reason to use the present invention, as
      color migration and spreading would not be a problem. The variation from
      one zone to another may be achieved by using different concentrations of a
      single polymeric dye in the various zones, by only coloring a portion of
      the zones, or by using different polymeric dyes in the different zones. As
      will be recognized, combinations of colors may be used.
PAR  The color products are formed by dissolving the polymeric dye in the
      substrate material, usually when the substrate material is in a
      fluid-liquid state, and thereafter permitting the substrate to take on its
      semi-solid state. The multizoned nature of the colored products may be
      achieved by casting a plurality of separate zones from various polymeric
      dye-colored substrates. In another variation, the colored substrates may
      be lightly mixed or polymeric dyes may be gently swirled through the
      substrate to give a varicolored effect.
DETD
PAR  The invention will be further illustrated by the following Examples. There
      are to demonstrate the invention and are not to be construed as limiting
      its scope.
PAC  EXAMPLE I
PAR  A. A 15 g portion of polyacrylic acid is dissolved in 75 ml of concentrated
      sulfuric acid with stirring at room temperature for 40 minutes. The
      polyacrylic acid solution is then stirred at 40.degree.C while 140 ml of
      2.15 M hydrozoic acid (HN.sub.3) in benzene is added dropwise with
      stirring over a period of 4.5 hours. The reaction, a Schmidt
      rearrangement, is continued at 40.degree.C for about 14 hours. The mixture
      is then stripped of benzene to give an almost clear yellow solution, which
      is cooled to 5.degree.C. Methanol (150 ml) is then added. The resulting
      emulsion is centrifuged at high speed for 30 minutes to separate the
      precipitate. The precipitate is dissolved in 50 ml of water and gives a
      yellow solution. This solution is precipitated by addition to methanol,
      the precipitate being once again dissolved and precipitated a third time
      for purification. 12.06 Grams of a white solid are recovered. Elemental
      analysis shows this product to be a copolymer of acrylic acid (mole ratio
      0.46) and vinylamine (mole ratio 0.54).
PAR  B. 10 Grams of the product of Part A are dissolved in 35 ml of water. An
      11% solution of sodium hydroxide is then dripped in to a pH of 9. 28.5
      Grams of N-acetylsulfanilyl chloride is added in small portions over a
      period of 5.5 hours. The pH of the solution is increased throughout the
      addition in order to keep the polymer is solution, gradually increasing
      from an initial pH of about 9 to a final pH of about 12.5. After
      completing the addition of N-acetylsulfanilyl chloride, conditions are
      maintained constant for one hour and then the cloudy yellow solution which
      results is filtered. The resulting clear yellow solution is dripped into a
      stirred 25% solution of acetic acid to give a white precipitate, which is
      collected, rinsed with water, and dried in vacuo to give 20.8 g of a white
      powder.
PAR  18.7 Grams of the white powder is suspended in 75 ml of 10% aqueous
      hydrochloric acid, and this mixture is heated at reflux with stirring
      under argon for 1 hour (to hydrolyze the N-acetyl group). A clear yellow
      solution results. This solution is cooled to about 50.degree.C and dripped
      warm into an aqueous solution of sodium acetate in an ice bath. The
      resulting slurry is filtered and washed with dilute aqueous acetic acid
      (pH3). After drying in vacuo, 11.5 g of a fine white powder is recovered,
      which upon NMR analysis is shown to be the following polymeric
      sulfanilamide
      ##SPC2##
PAR  C. 2.975 Grams of the polysulfanilamide product of Part B is dissolved in
      45 ml of 10% hydrochloric acid and 200 ml of water with stirring. 1.0 N
      aqueous sodium nitrite solution (11.0 ml) is added to give a dark yellow
      solution, which is then dripped gradually into a solution of 2.46 g of
      Schaeffer's salt in 67 ml of 10% aqueous sodium hydroxide and 90 ml of
      water, while stirring in an ice bath. The resulting deep red solution is
      stirred in the ice bath for 30 minutes, treated with 10% aqueous
      hydrochloric acid to a pH of 2 to yield an orange suspension which is
      centrifuged. The separated solids are purified by dialysis to yield 4.4 g
      of an intense orange colorant having a color similar to that of Sunset
      Yellow (FD&C Yellow No. 6). Analysis showed that this dye has the
      following structure
      ##SPC3##
PAR  D. A dye concentrate and several typical substrates are prepared. One gram
      of the dye of part C is dissolved in 1,000 ml of water.
PAR  A gelatin substrate is prepared by dissolving 7 g of dry gelatin on 250 ml
      of hot water.
PAR  A pectin substrate is prepared by dissolving and boiling 5 g of pectin
      (jelly grade) in 250 ml of water.
PAR  An agar substrate is prepared by dissolving 5 g of agar in 250 ml of water.
PAR  Each of the three substrates, while in liquid form, is divided into two
      equal portions. One portion of each substance is added to about 125 ml of
      the dye concentrate, which is enough to impart an orange color darker than
      requied in orange jellies, gelatin desserts, candies, and the like. These
      colored substrates are poured into 1,000 ml beakers and cooled until they
      become semi-solid. The remaining (uncolored) substrates are then added to
      the beakers on top of the corresponding colored substrates and cooled
      until semi-solid. The beakers are inspected. The color layers are separate
      with no evidence of color migration or spreading into the uncolored zone.
      The samples are stored in a refrigerator for 28 days. After that time they
      are inspected again. No evidence of color migration is noted.
PAR  E. The experiments of part D are repeated using the monomeric FD&C Yellow
      No. 6 (Sunset Yellow) instead of the polymeric dye. Shortly after the
      uncolored portions of substrate are added on top of the colored portions,
      some color migration into the uncolored portion is noted. After the 28-day
      standing period, substantial migration of color is noted -- no clear
      definition between zones is possible.
PAC  EXAMPLE II
PAR  The preparation of polysulfanilamide in accord with parts A and B of
      Example I is repeated, the product differing from the product of Example I
      only in insignificant variations in molar ratios.
PAR  1.0 Grams of the above product is dissolved in 10 ml of 10% aqueous
      hydrochloric acid and 40 ml of water to yield a clear yellow solution.
      This solution is stirred at room temperature while 2.48 ml of a 1.0 N
      aqueous sodium nitrite solution is added. This solution is then added over
      a period of 5 minutes to a solution of 738 ml of Pyrazolone T,
      ##SPC4##
PAL  in 15 ml of 10% aqueous sodium hydroxide and 20 ml of water while stirring
      in an ice bath. A deep red solution results. This solution is acidified
      with 10% hydrochloric acid. At pH 2 a yellow-orange precipitate forms,
      which is separated and purified by dialysis. This product is dried and
      upon analysis found to be the following polymeric coloring:
      ##SPC5##
PAL  (wherein X is NH.sub.2 or OH). This colorant is similar in color to
      Tartrazine (FD&C Yellow No. 5),
      ##SPC6##
PAR  When this colorant is added to certain zones of viscoelastic substrates,
      such as semi-solid plastics, it does not appreciably migrate from the
      certain zones into other zones.
PAC  EXAMPLE III
PAR  A. Polyscience Corporation's commercial branched polyethyleneimine of
      molecular weight 1,200 is treated in accordance with the general
      procedures of parts A and B of Example I with -N-acetylsulfanilyl chloride
      in aqueous base and hydrolyzed to yield a polymeric sulfanilamide
      ##SPC7##
PAR  B. 209 Milligrams of the sulfanilamide of Part A is dissolved in 1.5 ml of
      10% HCl and 5 ml of H.sub.2 O and diazotized with 0.16 ml of 5.8 M aqueous
      sodium nitrite, and then added to 13.8 ml of a solution of 1.0 g of
      8-amino-1-naphthol-3,6-disulfonic acid,
      ##SPC8##
PAL  in 10 ml of 10% sodium hydroxide and 40 ml of H.sub.2 O. The resulting
      solution is deep purple. It is neutralized with hydrochloric acid and
      purified. The product has the chemical formula
      ##SPC9##
PAR  C. A three-colored gelatin dessert is prepared using the polymeric dye of
      this Example as well as the dyes of Examples I and II.
PAR  A solution of 5 g of gelatin, 50 mg of the colorant of this Example, 10 g
      of sugar, and grape flavor is prepared in 250 ml of hot water. 50-60
      Milliliters of this solution is added to each of four large parfait
      glasses and permitted to cool and gel.
PAR  A solution of 5 g of gelatin, 50 mg of the colorant of Example I, 10 g of
      sugar, and orange flavor is prepared in 250 ml of hot water. The solution
      is cooled to about room temperature and poured into the parfait glasses on
      top of the burgundy-colored layer and chilled to set.
PAR  Finally, a solution of 5 g of gelatin, 50 mg of the colorant of Example II,
      10 g of sugar, and lemon flavor is prepared in 250 ml of hot water. The
      resulting yellow solution is cooled to about room temperature and poured
      into the parfait glasses on top of the orange-colored layer and chilled.
      The resulting gelatin dessert has three distinct and separate layers. No
      color migration is noted initially or after several weeks of refrigerated
      storage.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multicolored composition comprising a plurality of zones of
      viscoelastic edible substance, said zones containing different effective
      coloring amounts of polymeric dye of a molecular weight of from 2000 to
      400,000, said dye being represented by the structural formula selected
      from the formulae --(Ch B).sub.n
PAL  and
      ##EQU3##
      wherein n is an integer greater than 1, Ch is an organic chromophore and B
      is a non-chromophoric organic linking group, and said zones thereby
      differing in color from one another.
NUM  2.
PAR  2. The composition of claim 1, wherein said structural formula is
      ##EQU4##
NUM  3.
PAR  3. The composition of claim 1, wherein said edible substance is a gel.
NUM  4.
PAR  4. The composition of claim 3, wherein said edible substance is a gelled
      polysaccharide.
NUM  5.
PAR  5. The composition of claim 4, wherein said edible substance is a gelled
      solution of gelatin.
NUM  6.
PAR  6. The composition of claim 3, wherein said edible substance is a pectin
      gel.
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ABST
PAL  This invention provides a process for preparing a baked cracker which
      comprises placing a quantity of bakable dough having a rubbery consistency
      which tends to resume its original shape when free of compressive forces
      between two surfaces, compressing said quantity of dough therebetween by
      bringing said surfaces together for a predetermined distance and heating
      the dough while it is contained between said surfaces until baking is
      completed. There is also provided an apparatus for preparing baked
      products comprising a pair of plates and means for maintaining the
      surfaces of said plates a predetermined distance one from the other.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  NONE
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  This invention deals with a process, and an apparatus therefor, for baking
      a dough of a rubbery consistency which tends to resume its original shape
      when free of compressive forces.
PAR  This invention also deals with an apparatus for performing the above
      process, said apparatus comprising a pair of plates and means for
      maintaining the surfaces of said plates a predetermined distance one from
      the other. Preferably said plate surfaces are part of a continuous band.
PAR  B. Description of the Prior Art
PAR  It is well known in the art to heat or cook doughy products when these are
      contained between two surfaces. However, in the prior art all such baking
      has been with respect to doughy mixtures of a liquid of fluid nature
      wherein the liquid dough is more or less heated in a mold therefor. The
      product obtained by this well known process is typically light, cellular
      in texture, and either soft and pliable, or brittle and easily fractured,
      without much strength. By contrast, this invention is directed to the
      baking of doughs having what can be termed a rubbery consistency, that is
      to say, this invention deals with the baking of doughs which tend to
      resume their original shape when freed or compressive forces. The product
      obtained by this invention is dense, firm and strong, and uniformly free
      of air pockets.
PAC  SUMMARY OF THE INVENTION
PAR  This invention deals with a novel process for the baking of a dough of
      rubbery consistency, i.e. one which tends to resume its original shape
      when free of forces of compression. Such a dough, when compressed into a
      shape, won't hold this shape.
PAR  In the conventional manner for baking such a dough one uses a "sheeter".
      Such dough to be baked is usually rolled into a reasonably thin sheet.
      This rolling is necessary also to attain the release of air from the
      dough. The sheets are then cut into desired sections, each comprising a
      unit of product. Often there is a waste of dough area between each cut
      unit, (i.e. when the cut sections are round).
PAR  When such a rubbery dough is rolled there is a tremendous problem
      encountered in view of the tendency of the dough to adhere to the roller,
      even if the roller is coated with a conventional release agent.
      Accordingly, to get a rubbery dough into a reasonably thin form so that it
      can be placed on a baking surface (a sheeter) it is necessary to overcome
      the tendency of the dough, as it is rolled, to stick or adhere to the
      roller. Also to attain a thin sheet of dough of rubbery consistency prior
      to its being baked into a cracker it is necessary to overcome the
      resistance of such dough to deformation and the tendency of the dough to
      retain its original configuration. The tendency of the dough to stick to
      the roller as it is being pressed free of air and thinned out has
      previously been overcome by constant dusting with flour, in addition to
      using rollers coated with release substances.
PAR  Other expedients utilized in attempting to readily roll out rubbery doughs
      has been to carefully adjust the temperature and pressure at which the
      dough was being rolled. Further expedients have been to try to control the
      moisture contents of such rubbery doughs which is necessary to avoid
      having the dough stick to the rollers or lose its original shape. Such
      adjustment of moisture content has led to the need for careful control of
      the atmosphere where such rubbery dough is being rolled, necessitating
      costly air-conditioning equipment. Further, considerable experimentation
      is required when new ingredients are added to the base rubbery dough
      mixture such as vegetables or edible seeds, which affect the moisture
      content of the dough and hence its stickiness and tendency to resist
      thinning. When such ingredients are added research into readjustments of
      time, pressure, temperature and humidity of the dough environment is
      required in order to secure a ready working of the rubbery dough.
      Accordingly, all these problems involved when a rubbery dough formulation
      is changed inhibit the manufacture of products of varying ingredients
      formed from a rubbery dough base.
PAR  A further requirement of the prior art is that the rolled dough is
      punctured prior to baking (docking) to permit gases formed on baking to
      escape, without unduly puffing the cracker.
PAR  According to my invention I have found that these problems and certain of
      these prior art steps can be overcome or eliminated by placing a quantity
      of bakable dough having a rubbery consistency and having a tendency to
      resume its original shape when free of compressive forces between two
      surfaces and then compressing said quantity of dough therebetween by
      bringing said surfaces together a predetermined distance and heating the
      dough until baking is complete while it is contained between said
      surfaces. My invention also includes an apparatus for carrying out the
      above process.
PAR  In a preferred embodiment of my invention the surfaces are parts of
      continuous bands whereby my process can be rendered continuous and also in
      my preferred embodiment the bands are subjected to a heating operation
      with the rubbery dough contained therebetween and the baked product then
      removed with the band surface being recycled to render the process
      entirely continuous.
PAR  I have found that several unexpected advantages flow from my invention. My
      process makes "docking" or the step of puncturing the dough to permit the
      release of gases from the baking dough needed by conventional procedures
      entirely unnecessary and thus completely eliminates a step required by the
      prior art. It also makes the cutting operation unnecessary, and also
      causes no waste of dough.
PAR  A further advantage of my invention is it tends to make the heating
      uniform. This is accomplished because the dough is compressed over the
      major portion of its area a uniform amount and thus is heated uniformly.
      Further, the use of heat conducting material for the surfaces constraining
      the dough helps to evenly and efficiently transmit the heat to both sides
      of the dough being baked.
PAR  A further advantage of my invention is that baked products, especially
      crackers, produced by my process have a "home-made" appearance and,
      therefore, are more appealing to the consumer. The texture and appearance
      of the product produced by my process can also be varied by having the
      surfaces of the plates or bands I employ embossed with any desirable
      configuration which will leave its imprint on the dough being baked and
      will produce a final product having a desired surface texture. By
      introducing deliberate variations in the size and shape of the original
      pellets, which were squeezed flat to form the cracker, the crackers may be
      made to appear hand made, while in fact having the uniformity of thickness
      and texture provided by machine manufacture, and enjoying the advantages
      of the lower costs of mass production.
PAR  A further advantage of my invention is that it permits the baking of a
      rubbery dough having any predetermined desirable thinness. This produces a
      cracker having highly desirable crispness and feel and, as has been
      indicated previously, one which has this desirable quality uniformly in
      the entire product. Thus, my process readily enables one to produce a
      final product which has a uniformly firm body devoid of flakiness.
PAR  Also, my invention enables one to add a variety of ingredients to the basic
      rubbery dough being baked and instantly be able to transform it to a final
      product of predetermined thickness without running into problems of
      careful control of temperature, pressure, and humidity during the rolling
      or forming operations. Variations in dough elasticity and viscosity and
      stickiness due to temperature and humidity conditions and the effect of
      added ingredients are rendered insignificant. In baking processes
      heretofore practiced, these factors are of great importance.
PAR  A further advantage of my invention is that it permits one apparatus to
      make a variety of different shaped crackers. By changing the overall shape
      of the pellets to be squeezed, (such as, triangular, oblong, square,
      toroidal, etc.) the ultimate major shape of the cracker may be determined.
      The shape of the pellets may be determined in the extrusion or compression
      processes.
PAR  In short, when the dough to be processed is a very stiff, gummy, sticky or
      rubbery dough, which is to be formed and baked, or if not baked, processed
      by other suitable means which are the equivalent of baking, it has been
      found that previously available bakery equipment for handling, rolling,
      sheeting, cutting, and baking operations is useless unless such dough is
      liberally and frequently dusted with dry flour on its surfaces, the
      difficult properties of the dough rendering standard equipment inefficient
      and ineffective. Since dusting with flour during processing is undesirable
      with respect to taste, production efficiency, ease of sanitation and good
      housekeeping practices and, most important, results in an inferior
      product, my invention for processing the dough is the essence of this
      inventive procedure.
PAR  Novel attributes of my invention and its advantages with respect to
      existing art are as follows:
PAR  1. Very stiff, sticky and rubbery dough can be effectively handled in mass
      production. Baking equipment heretofore offered as standard equipment in
      the baking industry cannot effectively manipulate this type of dough.
PAR  2. It makes possible the production of the snack product without the
      necessity of certain standard operations and procedures common in the
      production of snack products heretofore offered. Examples: No docking is
      required, no dough conditioning and "relaxing" is required, no dusting
      with flour during processing is required, and no cutting of sheeted dough
      is required so that waste is also eliminated. The elimination of these
      steps is an entirely unexpected improvement particularly as I achieve a
      superior product while, at the same time, eliminating costly steps.
PAR  3. My process permits the processing of the snack product dough over a wide
      range of temperature and moisture conditions within the dough ingredients,
      and in the ambience as well, without need for compensating adjustments in
      the proportions of ingredients, dough preparation, or controlled room
      temperature or humidity during manufacture.
PAR  4. My invention produces a product having the appearance of a hand-made,
      "home-made" snack, thus enhancing its appeal, while retaining the
      advantages of being manufactured by mass production techniques. Other
      products heretofore produced have the regular appearance commonly
      identified with manufacture by machine.
PAR  5. My invention offers the possibility for the product to be produced in
      various sizes, shapes and configurations, while still retaining its
      home-made appearance.
PAR  Advantages of the product produced by my invention with respect to a
      cracker made from a rubbery dough composition are
PAR  1, It has a desirable degree of crispness and firmness, for pleasant
      chewability.
PAR  2. it has thinness and texture heretofore difficult to obtain, such as to
      provide a distinctive feel in the mouth and a pleasing appearance in the
      hand.
PAR  3. It is firm enough to resist breaking while used with thick dip
      dressings, or for hors d'ouvres, but not so hard as to be brittle. Other
      snack crackers and also potato chips heretofore offered for these purposes
      are found to break easily while being prepared with dips or spreads, and
      come apart awkwardly while eaten.
PAR  4. It is uniformly dense, without random air pockets which are found in
      other snack crackers and products heretofore offered in various forms and
      shapes.
PAR  5. It is suitable to be used with numerous types of flavoring ingredients
      such as onion, garlic, cheese, bacon, smoked meat, various condiments,
      seasonings, herbs and seeds while still retaining the advantageous
      properties as above.
PAR  It is obvious the product produced by the process of my invention may be
      made into various forms and shapes.
DRWD
PAR  The apparatus which is useful in the practice of my invention can be
      illustrated in FIGS. 1 and 2.
PAR  FIG. 1 illustrates a batch type cracker molder and carrier
PAR  FIG. 2 illustrates a continuous band oven type molder.
DETD
PAR  In carrying out my process using the batch type of molder illustrated in
      FIG. 1 the following steps are taken
PA1  Step 1. Is the deposit of rubbery pellets on the bottom plate in any
      desired array.
PA1  Step 2. Clamp the top plate to the bottom plate, with spacers for desired
      thickness of cracker.
PA1  Step 3. Bake molder and dough in oven.
PA1  Step 4. Disassemble clamped plates, remove finished crackers and return
      molder to loading process.
PAR  It is obvious that the plates may be clamped together by any suitable
      means, while including the spacers. The spacers can preferably be
      approximately one-eighth to one-sixteenth inch in height for the control
      of cracker thickness. Such spacers can be protuberances in the top and/or
      bottom plates which maintain the plates a desired distance apart.
PAR  The thickness of the plates will depend on the material and stiffness of
      the material used, and the dimensions of the pressure plates. It is very
      important that the plates be strong enough to force the heavy rubbery
      dough into shape and to resist any deformation of the dough without losing
      the uniformity of desired spacing for thickness of the cracker. Textured
      surfaces provide a more attractive appearance. Tetrafluoropolyethylene
      (TFE) or equivalent release coatings aid in clean efficient processing.
      The pressure plates may be any suitable size, and are typically the size
      of standard baking pans, so that they may fit evenly into the oven pans
      and into various standard materials handling carts and racks, etc.
PAR  Auxiliary equipment which may be used in the practice of my invention is as
      follows
PAR  1. Suitable standard measuring and weighing apparatus to prepare the
      ingredients.
PAR  2. Standard chopping, blending and mixing equipment to produce the dough.
PAR  3. Equipment designed to form the dough into pellets, either spherical,
      partially spherical, cylindrical, triangular, toroidal, cubic or in any
      desired shape, such that each of these pellets may be further formed into
      a cracker, according to the design of the product desired. This equipment
      should be capable of depositing these pellets in a suitable array on the
      cracker forming apparatus.
PAR  4. Equipment designed to compress and compact the pellets to remove air
      pockets contained in the dough after the pellets were formed. Such
      equipment may also be designed to compress and compact the pellets to
      remove air pockets simultaneously with the pellet formation.
PAR  5. Special equipment, part of this invention, to form the pellets into
      individual crackers, and to act as carriers of the unbaked cracker forms
      into the oven for baking.
PAR  6. Standard oven equipment having a timed bake cycle, with automatic
      transport of the dough into and out of the heat zone. Typical types are
      the rotary oven, traveling oven, and continuous band oven (tunnel oven).
PAR  7. For very high production rates, special oven equipment, part of this
      invention, consisting of a new type of continuous band oven herein
      described.
PAR  8. Standard equipment for materials handling and storage.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a batch type cracker molder and carrier.
PAR  In this embodiment in FIG. 1a, 1 shows a top pressure plate. A plate made
      of aluminum metal is preferable as this helps reduce hot spots and uneven
      baking because of the superior heat conductivity of aluminum. A
      tetrafluoropolyethylene coated surface is preferable. A
      tetrafluoropolyethylene coated textured surface is most preferable. The
      dough pellets 3 are placed at the bottom pressure plate 4 in any desired
      manner. The spacers 2 are for keeping the plates apart the desired
      distance.
PAR  FIG. 1b shows the loaded cracker molder clamped together. A preferable
      spaced distance is about one-eighth to one-sixteenth inch for a suitable
      cracker thickness. The spacer 2 can be a plug randomly placed over the
      surface or can be suitable protuberances in the top and/or bottom plates.
PAR  FIG. 1c shows examples of dough pellets before 13, 14 and 15 and after 16,
      17, 18 the pressure is applied.
PAR  FIG. 2 shows the continuous band oven type cracker molder of this
      invention. A loading zone 5 deposits dough pellets on the lower conveyor
      belt 6 comprising a band, preferably a solid steel conveyor band for
      suitable rigidity, which may be supported by a flat surface 12 while
      traveling through the heat zone and which is driven by motor means 8. This
      machine 5 will preferably extrude, form or roll or partially compress the
      pellets prior to their deposition on the band, so as to remove entrapped
      air and to make the dough more dense. In addition there is an upper band 9
      driven by the same or separate motor means as the lower band to move in th
      same direction as and uniformly with the lower band 6, said upper band
      containing suitable spacers 10 to keep the band surfaces a predetermined
      space apart. Said upper band may also be supported by a flat surface 19
      while traveling through the heat zone. When the bands meet at the input
      end, the dough is compressed to the desired thinness and the compressed
      dough passes through a heating zone 11. After heating (or baking) is
      completed the bands separate and suitable means, such as a scraper on the
      upper band, are preferably utilized to remove the baked dough product
      which is collected and removed.
PAR  It is to be understood that either the upper or the lower band, or both,
      can carry the spacers. Further, the upper and lower bands may come
      together abruptly as shown in the drawing. However, these bands may also
      be caused to come together gradually before they run parallel. The upper
      and lower bands would, of course, run parallel one to another in the
      heating zone. It should also be understood that either the upper or the
      lower band, or both, may be textured so as to provide a textured surface
      to the finished product.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAC  Example 1
PAR  A typical formulation of base ingredients for a rubbery consistency dough
      useful for example as a cracker base utilized in this invention is
PA1  41/2 cups wheat flour
PA1  31/2 oz. vegetable or cooking oil
PA1  4 oz. water
PAL  These ingredients, when mixed with flavoring ingredients, will yield about
      11/2 pounds of snack product when processed as later described.
PAR  The above cracker base ingredients may vary as follows:
PA1  wheat flour -- 31/2 cups to 5 cups (a few percent of the wheat flour may be
      replaced by a few percent of soy or cottonseed flour).
PA1  oil -- 3 to 4 oz. (may be replaced by equivalent amount of hydrogenated
      vegetable shortening).
PA1  water -- 31/2 to 41/2 oz.
PAR  A rubbery dough will result from these ingredients in the proportions shown
      for use in the invention.
PAR  Sample flavoring ingredients to be added to the above base ingredients
PA1  poppy seeds
PA1  salt
PA1  pepper and/or chopped onions
PAR  A specific example of flavor ingredients which may be added to the above
      cracker base ingredients are
TBL  sesame seeds           2 tbsp.                                            
     salt                   4 tsp.                                             
     garlic (chopped)       1 oz.                                              
PAR  A further specific example of the flavor ingredients which may be added to
      the above cracker base ingredient
TBL  caraway seeds         4 tsp.                                              
     salt                  4 tsp.                                              
     pepper                5/8 tsp.                                            
PAR  Similarly other flavoring ingredients previously listed may be used in
      numerous combinations, while maintaining the desired properties of the
      cracker.
PAR  It is preferred that the dry ingredients be mixed well first, and the wet
      ingredients then added to the mixture. The oil and water may be mixed
      first by stirring or blended by standard means, and then added to the dry
      mixture. The resulting mixture is then kneaded and mixed until of uniform
      consistency.
PAR  The dough thus prepared is then fed into the equipment designed to form it
      into pellets for further processing. Several methods are possible:
PA1  a. Sheeting the dough to a relatively thick cross-section in special
      equipment coated with fluorocarbon non-stick material, and then punching
      out the pellets onto the carrying surface of the forming apparatus in
      desired array.
PA1  b. Compressing the dough through extrusion orifices and cutting off the
      desired amount for each pellet.
PA1  c. Rotary die process designed to deposit the pellets in place for further
      processing.
PAR  While the pellets are being formed it is highly preferable that all air
      pockets be removed. This should preferably be performed prior to further
      shaping of the product or simultaneously with the final shaping or
      squeezing of the product. The removal of air pockets may be accomplished,
      for example, by the compression of rolling the dough upon itself, as in
      shaping a sphere or cylinder.
PAC  Example 2
PAR  This is another example of the formation of a cracker by the process of
      this invention. These are produced by squeezing the pellets formed of
      about three-fourths inch diameter .times. three-eighths inch thick of the
      rubbery dough formulation of the type set forth in Example 1 between two
      flat metal surfaces which are coated with fluorocarbon release film, and
      which are spaced apart approximately one-eighth to one-sixteenth inch. An
      appropriate design may be embossed or engraved on the surfaces to be in
      contact with the dough. This apparatus not only forms the cracker to final
      shape, but is used as the carrier of the dough thus shaped into the oven
      throughout the baking process. Baking is done at 400.degree. -
      450.degree.F. for about 17- 20 minutes or, if desired, at 350.degree.F.
      for about 30- 40 minutes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing a baked cracker which comprises compressing
      between two surfaces at a distance of about one-eighth to one-sixteenth of
      an inch a quantity of bakable dough having a rubbery consistency which
      tends to resume its original shape when free of compressive forces and
      wherein said dough consists essentially of wheat flour, and wherein a few
      percent of said wheat flour is replaced by a few percent of soy or
      cottonseed flour, vegetable or cooking oil, or an equivalent amount of
      hydrogenated vegetable shortening and water between two surfaces, present
      in amounts in said dough in the ratio of 31/2 cups to 5 cups wheat flour
      to 3 to 4 ounces oil to 31/2 to 41/2 ounces water, and baking said dough
      while it is compressed between said surfaces.
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ABST
PAL  A glass decorating color is applied to a glass article but is not bonded
      permanently to the glass. A finely divided heat settable plastic material
      is applied to the article over the impermanently bonded color and onto
      glass surface areas beyond the area covered by the color. Heat setting of
      the plastic material, even though insufficient to permanently bond the
      color itself to the glass, forms a smooth plastic film over the decoration
      and fixes the color with respect to the glass surface.
BSUM
PAR  This invention relates to glass articles to which a plastic coating is
      applied, and is particularly directed to decoration of such articles with
      glass decorating colors.
PAR  The application of a plastic "skin" or coating on the outside surface of a
      glass article, especially a glass container such as a carbonated beverage
      bottle, is useful because it protects the glass surface from the surface
      abrasion which would otherwise inevitably occur in manufacture, labeling,
      filling, packing, and/or use. The plastic coating prevents scratching of
      the underlying glass, which would reduce its strength. The plastic also
      provides a degree of "cushion" and thereby softens an impact blow which
      might otherwise cause breakage. Moreover, when applied to a glass
      container for pressurized beverages, the plastic coating resists
      scattering of glass fragments if the container is broken.
PAR  The plastics used for such coatings are well known in the art. They are
      referred to herein as finely divided heat settable plastic materials, as
      distinguished from materials which are applied as sheets or sleeves. As
      applied to the article, the coating is typically clear and transparent,
      although it may be colored, or made translucent or opaque, if desired, by
      including a pigment, coloring ingredient, or opacifier in it.
PAR  Such coatings can be applied to glass articles by a variety of coating
      techniques. According to one coating technique, a heat settable resin in
      fine particle form is applied by the electrostatic dry powder spray
      process. The resin particles are electrostatically charged oppositely to
      the glass article (which acts as a ground) and are projected toward the
      article by a relatively gentle air current. The attraction of opposite
      charges draws the charged particles to the article, to which they adhere
      electrostatically. The glass article is first heated so that it becomes
      electrically conductive and thereby can act as a ground, and the heat will
      partially fuse the adhered particles. A final heat setting step is
      necessary to completely fuse the particles so that they coalesce to form a
      smooth, continuous coating which is adherent to the glass surface.
PAR  In another technique for applying a thin plastic protective coating to a
      glass article, as described in more detail in Pat. No. 3,060,057, the
      plastic coating material is in the form of a plastisol or a liquid
      emulsion of plastic resin droplets in a plasticizer or dispersant. The
      glass article is dipped in the plastisol bath so the viscous liquid wets
      the article and thereby coats it. After excess coating liquid has drained,
      the article is heated to set or harden the plastic film on the glass. The
      resulting coating is smooth and continuous, and is adherent to the glass
      surface.
PAR  Another well known technique for applying a plastic coating to glass
      articles is by use of a fluidized bed. The plastic material, comprising
      finely divided particles of a heat settable resin, is maintained as an
      aereated or fluidized bed. The container to be coated, heated to a
      temperature sufficient for at least partial setting of the particles by
      fusion thereof, is dipped in the bed so that it becomes coated, then is
      removed and heated at higher temperature to coalesce or set the particles
      and form a smooth continuous coating.
PAR  A related process is the electrostatic fluidized bed process, wherein the
      fluidized bed of the plastic resin particles is electrostatically charged.
      When the glass article to be coated (which acts as a ground) is passed
      through the bed of charged particles, the charge tends to adhere the
      particles to it. The glass container may be heated for conductivity, but
      the heating is not sufficient to effect complete fusion of the particles
      that are adhered to it, and a final heating at higher temperature is used
      to set the plastic as a continuous smooth coating.
PAR  Materials suitable for such coating processes include a variety of finely
      divided heat settable plastics, including polyethylene, polyvinyl
      chloride, and ethylene vinyl acetate resins in powder form, plastisols
      (the resin there being dispersed in a liquid), and other materials.
      Especially useful are the ionic copolymers of alpha olefins and alpha
      beta-ethylenically unsaturated carboxylic acids, generally of the type
      described in Pat. No. 3,264,272. One such ionic copolymer material which
      is formed from ethylene and methacrylic acid is available commercially
      from DuPont under their trademark "Surlyn". This material in particular
      has been promoted in the market by reason of its clarity, its elasticity
      and its degree of adherence to glass.
PAR  In the manufacture of glass articles it is, of course, often desirable or
      essential to apply a decoration to the article. (As used herein, the term
      "decoration" is used broadly to mean one or more colors applied to the
      glasses, including without limitation written or printed language such as
      a trademark or label, pictures, designs, and the like. The decoration may
      be translucent, transparent or opaque, including black or white.)
PAR  It is requisite that any glass decoration, regardless of its nature, be
      durably secured in place on the article. That is to say, there must be a
      degree of adherence between the decoration and the glass surface that is
      sufficient to withstand the type of handling to which the article will be
      exposed in use, so that the decoration will not be rubbed off or smeared
      or chipped in ordinary usage, and will not be partially or wholly removed
      by whatever type of rinse or detergent wash the article may be expected to
      encounter in manufacture or filling.
PAR  This invention is particularly concerned with those types of decorations
      which are known in the industry as "glass decorating colors", i.e.,
      organic inks, inorganic colors (such as vitreous frits) and decal type
      decorations, as distinguished from paper labels and the like, wherein the
      decoration is applied to a backing or carrier that is glued to the glass.
      Glass decorating colors typically require heating to above 150.degree. F.
      to bond permanently to the glass.
PAR  Such colors are applied to glass articles by known processes of silk
      screening, offset printing, and decal applying. As heretofore practiced,
      each such process has typically required that the decorating color be
      thermally bondable to glass, and each process has required a heating
      procedure for permanently bonding the color to the glass surface, so that
      it will not wash or smear off in further processing or in use. The
      decorating colors have heretofore included special high temperature
      activated binders or components by which the coloring ingredients are
      bonded to the glass. Such thermally activated binders are of course an
      element of the cost of such colors, and the necessity of activating them
      is an element of the cost of the overall processing step.
PAR  More specifically, the heat activated binder component may be an inorganic
      ("ceramic") component such as a glass frit (as in the so-called ACL or
      "applied color labeling" materials) which must be melted at temperatures
      above at least 800.degree. F. and more typically at
      1100.degree.-1200.degree. F. Fusion of the frit binds the coloring
      ingredients to the article surface. Alternatively, the thermally actuated
      binder component may be organic, as in the inks used in silk screening and
      the offset printing technique. An organic ink binder must be bonded by
      heating to about 350.degree.-500.degree. F.
PAR  In the screen decorating process, the decorating color is the form of a
      viscous paste or slip. This material is applied to delineated regions of
      the glass article, by being pressed or squeegeed through a stencil in the
      form of a fine mesh screen which is placed in registry on the surface of
      the article. When the screen is separated from the article, the color
      remains on the article in the delineated area, and quickly dries to a
      chalky or powdery form which is only very loosely adherent to the glass
      surface. This material is not permanently bonded to the glass surface, and
      will easily smudge upon the slightest contact or wiping.
PAR  In order to durably bond the color to the glass surface, the screen
      decorated article has heretofore been subjected to a temperature above
      800.degree. F., if the color was an inorganic slip, or to a temperature of
      350.degree.-500.degree. F. if the color was organic in nature, to bond the
      color to the surface of the glass article. For inorganic colors, this
      reheating typically requires a cycle for example of 45-60 minutes
      duration, and of course involves a capital expenditure and very
      substantial space requirements for both the heating equipment and
      conveyors. Moreover, it is a substantial operating cost in terms of fuel
      cost, article handling and maintenance. A further description of the
      screen decorating process, which is well known, is given in "The Art of
      Decorating Glass" by V. H. Remington, published by B. F. Drakenfeld & Co.
      Inc., Washington, Pa., pages 5-13, to which reference is hereby made.
PAR  The offset printing process is generally used to apply organic colors. In
      that technique, as is known in the art, one or more colors are applied to
      a printing or offset pad from inking stamps. The colors are then
      transferred from the printing pad to the glass articles as the pad rolls
      over the articles. A further description of the offset printing process is
      given in "A New Offset Process for Glass Decorating" by Sumner W. Raymond,
      Society of Glass Decorators, papers presented at Second Annual Meeting,
      1965, pages 28-30.
PAR  Like the screen decorating techniques, the offset printing technique also
      requires a heating step in order to cure or harden the ink or coloring
      ingredient on the glass surface. For the inks commonly used, this is done
      by heating to a temperature in the range of approximately 350.degree. to
      500.degree. F.
PAR  In the use of thermal release decals for applying color decoration to glass
      articles, the decorating color is carried on a temporary backing sheet
      (usually paper), onto which the color layer is adhered by a wax. The color
      is usually inorganic, i.e., a glass frit which can be fused to the glass
      article. The side of the color opposite that adhered to the backing sheet
      is also coated with a layer of the wax or other suitable heat effective
      adhesive, which permits the color layer to be temporarily adhered to the
      article prior to permanent bonding. The temperature required to melt the
      wax or adhesive to release the decal from the backing, and also to
      temporarily adhere it to the glass surface, is approximately 225.degree.
      to 300.degree. F. Much higher heating, to a temperature above about
      800.degree. F., is required to permanently bond the color to the article.
      A further description of the decal process for glass decoration is given
      in U.S. Pat. No. 3,445,309, and in "The Art of Decorating Glass"
      previously identified, at pages 17-18, to which reference is hereby made.
PAR  In each of the aforementioned decorating techniques, the color is
      impermanently bonded to the glass surface, as initially applied thereto,
      and it has always been considered necessary to effect a final bonding by
      heating the decorated article to the higher temperatures needed to form
      the final bond. Such heating has been done before any further
      manufacturing operation can be carried out and before the article can
      otherwise be handled or processed. This fact has imposed a definite
      limitation and considerable expense, especially where inorganic frit
      material is applied. As previously stated, frit bonded materials after
      application and before firing comprise only a powdery or chalky layer
      which is very easily smudged or smeared or blown off. In order to prevent
      that from happening, the decorated but unfired article has had to be
      handled very carefully as the slightest contact could mar the appearance
      of the image.
PAR  This invention is predicated in part upon the concept and discovery that it
      is possible to apply a plastic coating directly over an unbonded, unfired
      or impermanently bonded decorated glass article, prior to the application
      thereto of the heat required to permanently bond the color decoration to
      the glass surface. Application of the finely divided plastic coating over
      the unbonded decoration on the glass surface can in fact be carried out
      without disruption or damage to the latter. The invention is also
      predicated in part upon the discovery that, instead of carrying out the
      heating which has previously been necessary to permanently bond glass frit
      decorating colors to glass surfaces, the color can instead be fixed with
      respect to the glass by setting the plastic coating, which can be carried
      out at much lower temperatures than necessary to bind inorganic colors,
      and that the heating involved in setting the plastic coating may be used
      simultaneously to bond an organic color decoration.
PAR  In accordance with this invention, the decorating color is first applied to
      the glass surface, but is not fired, so that it remains loosely or
      imperfectly bonded thereon. The decorating step may be done in any manner
      suitable to place the color on the surface as by any of the decorating
      techniques already described, including screen decorating, offset
      printing, or decal application. In contrast to the past techniques, no
      separate heat bonding step as has previously been necessary is then
      utilized to permanently bond the applied decoration to the article, before
      further processing. Instead, a plastic coating is applied to the article
      directly over the imperfectly bonded decorating color. The finely divided
      plastic coating must extend beyond the area covered by the decoration. The
      plastic is then heated to set it as a smooth continuous film. Permanence
      of the decoration is achieved by setting of the plastic coating, and the
      final hardened coating covers and protects the decoration. The coating
      adds brilliance and depth to the decoration, giving it an appearance it
      would not display if it were not coated.
PAR  It is important to understand that setting of the plastic coating can, in
      the case of inorganic colors, be carried out at temperatures well below
      the temperature to which the decoration would have to be heated for
      permanent bonding. Thus, inorganic ACL type decorating materials must
      ordinarily be fired above about 800.degree. F.; in contrast, in this
      invention such high temperatures are avoided altogether and the plastic
      overcoat can be set at temperatures in the range of 350.degree. to
      500.degree. F. In this instance the decoration is never actually bonded
      directly to the glass; it is fixed in place and protected by the plastic
      coating over it.
DRWD
PAR  A further description of the invention and its advantages is given in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is an axial section of a narrow neck glass bottle decorated and
      plastic coated in accordance with the invention, with the relative
      thicknesses of the decorating color and the plastic coating greatly
      exaggerated for purposes of illustration, and
PAR  FIG. 2 is a flow diagram illustrating in abbreviated form the steps of
      carrying out a method in accordance with the invention.
DETD
PAR  The following examples set forth several alternative techniques for
      carrying out the invention, but they should not be taken as representing
      the only specific processes for doing so.
PAC  EXAMPLE I
PAR  This example constitutes the presently preferred method of carrying out the
      invention for silk screen decoration of a conventional soda-lime glass pop
      bottle and then applying a coating of the Surlyn resin previously
      identified.
PAR  An ACL glass color constitutes the decorating color. This material includes
      a glass frit component which fuses at about 1150.degree. F. As coloring
      ingredients it includes titania and inorganic pigments. Such glass colors
      are widely used by the industry for conventional silk screen decoration of
      glass articles, and can be obtained from Drakenfeld, Harshaw Chemical
      Company, and others. They are supplied and applied in the form of a
      "slip", which includes a liquid vehicle or squeegee oil that establishes
      the consistency necessary for application through the screen.
PAR  The decorating color is screened onto the container on a conventional
      screen decorating machine, for example as manufactured by Carl Strutz &
      Co., Mars, Pa.; Applied Color Equipment Co., Sapulpa, Okla.; and Star
      Equipment Co., Washington, Pa. The decoration may include a label or
      trademark, and other printed information, and/or a design. In the
      application of a single color, the vehicle dries rapidly in air, before
      the plastic coating is applied. The thus dried decorating color is a
      chalky or powdery film which is not bonded to the glass and could easily
      be wiped off. Ordinarily in order to bond this type of decoration
      permanently to the glass it would be necessary to fire the article at the
      temperature at which the glass frit would fuse, which would require a
      temperature of about 1150.degree. F. The frit would then form a hard
      enamel-like decoration.
PAR  In accordance with this invention, however, instead of firing the color
      decoration, a Surlyn plastic coating is applied directly over the dried
      but unbonded decoration. The plastic material in powder form is applied by
      the electrostatic fluidized bed process as described previously, using a
      "Pherostatic" Coater, produced and sold by Electrostatic Equipment
      Corporation of New Haven, Connecticut. The bottles are carried on a
      continuous line by chucks which grip them at the finish (i.e., the cap or
      closure end portion). The bottles are first carried through an oven and
      preheated to a temperature of about 150.degree.-360.degree. F. (surface
      temperature as measured by optical pyrometer). Such heating does not fuse
      the frit, but is advantageous to improve electrical conductivity of the
      bottles so that they can act as grounds in the plastic coating step, and
      to improve the coating thereof by the plastic. The bottles are carried
      through a "waterfall" or cascade of charged resin particles flowing over
      the adjacent edges of two spaced parallel fluidized beds. The apparatus is
      operated at 30,000 to 90,000 volts DC. After removal from the coater the
      adherent particulate resin particles are then set by heating to form a
      smooth continuous film. This is done by passing the bottles through a
      continuous oven, e.g., at a temperature of about 390.degree. to
      600.degree. F., for a period of 3 minutes to 45 seconds. The bottles are
      air cooled to 250.degree., then quenched by a water rinse to about
      200.degree. F. (this prevents hazing of the plastic coating).
PAR  In the final product, the decorating color is not fused or adhered directly
      to the glass, but rather is fixed in position on the glass by the plastic
      film over it, which is bonded to the glass at least in regions beyond
      those covered by the decorating color. The plastic coating adds a depth
      and brilliance to the decoration which an uncoated bottle would not
      display.
PAR  If the plastic coating is carefully removed by stripping or peeling it from
      the bottle, portions of the decorating color can be seen to be adherent to
      the plastic film, rather than to the bottle, and tend to come off with the
      film. Thus, although the decorating color is not bonded to the bottle, the
      coating protects it so that the decoration will not be removed by the
      ordinary use of the bottle.
PAC  EXAMPLE II
PAR  In this example the plastic coating is applied to a screen decorated bottle
      by the electrostatic dry powder spray process. The screen decoration is
      applied as in Example I. After the decoration has been screened on, the
      bottles are preheated to a temperature of about 300.degree.-360.degree. F.
      (surface temperature as measured by optical pyrometer), in order for the
      resin particles to adhere optimally prior to setting. The resin is sprayed
      with a DeVilbiss Model No. 348 dry powder spray apparatus, operated at 60
      kv DC output. The sprayed, charged particles adhere to the grounded
      bottles and partially fuse upon contact. The adherent particulate material
      is then fused to a clear, smooth, continuous film by heating the bottle in
      an oven to a peak temperature of 390.degree. F., over a three minute
      period and then cooling.
PAR  If the plastic coating is carefully cut and peeled away from the bottle, it
      is found again that the decorating color is not bonded to the bottle, but
      is fixed in place and protected by the plastic coating over it.
PAC  EXAMPLE III
PAR  As another alternative to the electrostatic fluidized bed coating procedure
      or the dry powder spray process referred to in Examples I and II, the
      plastic coating may be applied over the imperfectly bonded decorating
      color by the plastisol dip process. Plastisols for glass coatings are
      available commercially; one example is the polyvinyl chloride plastisol
      which is commercially available from G & S Plastics Company of Cleveland,
      Ohio, under the designation Plastisol 2342. Ohio,
PAR  Since the plastisol is a liquid material, as opposed to the dry plastic
      materials of Examples I and II, the decorating color used should be one
      which will not be dissolved or adversely affected by contact with the
      plastisol; in a given instance, this is easily determined by simple test.
      Nonetheless, the color need not be permanently bonded to the glass surface
      prior to application of the plastisol. Indeed, this fact provides an
      operating and economic advantage in that inclusion of bonding ingredients
      necessary for permanent bonding which would increase the cost of the
      decorating color, and special heating steps necessary to cause such
      bonding are unnecessary and can advantageously be omitted.
PAR  The plastisol is coated onto the bottle, to which the color has been
      applied, by dipping the bottle in a bath of the plastisol. After draining,
      the plastic is set by heating to dry the film; by way of example, the
      plastisol identified above is placed in an oven at about 480.degree. F.
      for 6 minutes, and then cooled in air. The decorating color, which is not
      itself permanently bonded to the glass, and which otherwise would soon be
      smeared or removed in use, is protected by the set plastic coating, so the
      color will not be removed during ordinary handling. The resulting coating
      is smooth and clear and imparts a high degree of brilliance and depth to
      the decorating color.
PAC  EXAMPLE IV
PAR  An organic color ink may be used as the decorating color instead of an
      inorganic or so-called ceramic color. Such glass decorating inks are
      readily available from commercial sources as identified above, and can be
      applied by conventional screen decorating techniques and offset printing.
      In order to bond to the glass, such inks must ordinarily be heated to
      about 350.degree. F. (Such organic ink decorating colors are by nature not
      as permanent as ceramics or ACL type colors, nonetheless they are widely
      used for certain purposes such as labeling containers for dried foods,
      etc.) Since the plastic coating itself will protect and cover the
      decorating color, it is not necessary actually to bond the ink to the
      glass before applying the coating. Moreover, binder components as are
      presently included to provide permanence of color in use can be omitted or
      modified, it only being necessary that the color (whether organic ink or
      ceramic) adhere sufficiently to the glass to permit the plastic coating to
      be applied over it.
PAR  The plastic coating may be applied over the ink by any of the techniques
      previously described.
PAC  EXAMPLE V
PAR  In this example the bottle is decorated with a conventional thermal release
      decal. The decal color is a glass frit which requires firing at about
      1100.degree.-1200.degree. to be bonded permanently to the glass. This
      color is temporarily adhered to a paper backing by a wax which melts at
      about 250.degree.-300.degree. F. A layer of wax also covers the side of
      the color layer that will be placed toward the glass, and is used to
      temporarily adhere the color to the glass. Such decals are commercially
      obtainable from The Meyercord Co., Carole Stream, Ill. When the decal, on
      its backing, is placed in contact with the bottle and heated to the
      release temperature, it is simultaneously temporarily affixed to the
      container as it is released from its backing. The wax adhesive provides
      temporary positioning but does not permanently bond the color to the glass
      surface (which ordinarily would require heating to a temperature of
      1100.degree.-1200.degree. F. in order to fuse the glass frit binder). By
      this invention such a permanent direct bonding step is avoided and the
      plastic coating is used to cover and protect the decal.
PAR  The plastic coating is applied directly over the wax adhered decal, for
      example by any of the coating techniques of Examples I-III. As in those
      examples, the coating extends onto the glass surface in regions beyond
      those covered by the decal, and when the coating is set as a smooth
      continuous film, the decal is covered and protected by it. The wax or
      thermal decal adhesive which would not otherwise provide adequate
      permanence, suffices here because of the protective coating which itself
      is affixed to the decal which in turn adhered to the glass surfaces around
      the edges of the decal. From the foregoing, it will be appreciated that
      decals for this use need not have glass frit colors, but may be of other
      colors which would otherwise be too impermanent for use.
PAC  EXAMPLE VI
PAR  In this example a decoration is applied by means of the offset printing
      process. For this purpose a conventional organic ink decorating color may
      be used, as referred to in Example IV. The ink is applied using a "Markem"
      offset printing machine in accordance with the conventional offset
      printing process referred to above. The decorating color is protected for
      use by reason of the application and setting of a plastic coating over it,
      which may be done for example by any of the coating techniques above
      described.
PAC  EXAMPLE VII
PAR  It should be understood that the invention is not limited to single color
      decorations. Where two or more colors are to be applied, as by silk
      screening or offset printing, it will be necessary that the first colors
      be adhered to the article sufficiently to permit the final color to be
      applied over them--they do not necessarily have to be bonded permanently
      onto the article, since the ultimate protection will be provided by the
      plastic coating.
PAR  For a multi-color decoration, it is desirable to use a heated screen and
      hot melt decorating colors, for very rapid drying of all colors prior to
      the last color, in accordance with known decorating processes. The final
      color is then applied by screening on an ACL color or an ink. The plastic
      coating can be applied over the impermanently bonded colors, and will
      protect all three.
PAR  While it will be understood that the foregoing examples illustrate various
      details of embodiments of the invention in order that others may practice
      the same, it will be understood that the invention is not limited to
      utilization of these specific techniques set forth therein, but may be
      carried out in accordance with other techniques within the scope of the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of permanently decorating a glass container comprising,
PA1  applying to an outside surface region of a preformed glass container a
      glass decorating color which requires heating to a temperature higher than
      about 150.degree. F. to bond permanently to the glass surface,
PA1  then, prior to heating said container with the said decorating color
      thereon to a temperature effective for such permanent bonding to occur,
      coating a finely divided heat settable plastic onto said glass container,
      the said plastic being coated over the applied color and extending on said
      glass surface beyond the surface region on which said color has been
      applied,
PA1  then anchoring said plastic to said glass container by heating the
      decorated and thus coated container to set the plastic so that it forms a
      smooth continuous film,
PA1  and cooling the container,
PA1  the resultant plastic film being supported by and anchored to the surface
      of said glass container at least over the region beyond that covered by
      the said decorating color,
PA1  thereby producing a final permanently decorated glass container wherein
      said film provides a permanent outer covering over said decorating color
      which encloses and protects the latter on the glass surface, the
      decorating color being captured between the film and the glass surface and
      not extending to the outside surface of said film.
NUM  2.
PAR  2. The method of claim 1 wherein said plastic is set by heating to a
      temperature below the temperature necessary for said decorating color to
      be permanently bonded to said glass surface,
PA1  the decorating color being held in place on said glass surface by the
      plastic film over it.
NUM  3.
PAR  3. The method of claim 2 wherein said decorating color is an inorganic
      screen decorating color which must be heated to a temperature above the
      temperature at which said plastic is set, to be bonded permanently to said
      glass surface, and which remains unbonded to the glass under the plastic
      film.
NUM  4.
PAR  4. The method of claim 1 wherein said decorating color includes a glass
      frit component which must be melted at a temperature above 800.degree. F.
      in order for said decorating color to be permanently bonded to said glass
      surface,
PA1  and wherein said plastic is set at a temperature below the temperature
      necessary to cause said frit component to be permanently bonded to said
      glass surface, the decorating color being fixed with respect to the
      article by the plastic film.
NUM  5.
PAR  5. The method of claim 1 wherein said decorating color is an organic ink
      and is permanently bonded to the glass surface during the same heating of
      the plastic coated article by which the plastic is set.
NUM  6.
PAR  6. The method of claim 1 wherein said decorating color is applied by a silk
      screen decorating process.
NUM  7.
PAR  7. The method of claim 1 wherein said decorating color is applied by offset
      printing.
NUM  8.
PAR  8. The method of claim 1 wherein a multiplicity of differently colored
      decorating colors are applied to said container sequentially, all such
      sequentially applied colors but the last being permanently bonded to the
      container before the last color is applied, the last such decorating color
      being imperfectly bonded when said plastic is coated over it.
NUM  9.
PAR  9. The method of claim 8 wherein all of the decorating colors but the last
      to be applied are thermoplastic, and wherein the last to be applied is a
      ceramic which requires heating to a temperature of at least 800.degree. F.
      to become durably bonded to the glass surface, and wherein said ceramic is
      not heated to a temperature sufficient to bond it to the glass surface,
      all of the decorating colors being sandwiched with respect to the glass
      surface by the resulting plastic film over them.
NUM  10.
PAR  10. The method of claim 1 wherein said plastic is a resin in finely divided
      discrete particle form.
NUM  11.
PAR  11. The method of claim 10 wherein said plastic is an ionic copolymer of an
      alpha olefin and an alpha-beta olefin.
NUM  12.
PAR  12. The method of claim 1 wherein said plastic is a plastisol.
NUM  13.
PAR  13. The method of claim 1 wherein said plastic is heat settable at a
      temperature between about 350.degree. and 500.degree. F.
NUM  14.
PAR  14. The method of claim 1 wherein said coating is carried out by the
      electrostatic fluidized bed process, the article, with the decorating
      color applied to it but imperfectly bonded thereon, being coated as it
      passes in proximity to a fluidized bed of particles of said plastic which
      particles are electrostatically charged oppositely from said article.
NUM  15.
PAR  15. The method of claim 1 wherein said container is heated after said
      decorating color has been applied to it, such heating being sufficient for
      said container to be rendered conductive for said coating to be applied by
      an electrostatic process but insufficient to permanently bond said
      decorating color to said container.
NUM  16.
PAR  16. The method of claim 1 wherein said plastic is a finely divided resin
      and is applied by an electrostatic dry powder spray process.
NUM  17.
PAR  17. The method of claim 1 wherein said plastic is a plastisol,
PA1  said article being dipped into a bath of said plastisol after said
      decorating color has been applied to said surface region and while said
      decorating color is impermanently bonded to said glass surface.
NUM  18.
PAR  18. A method of permanently decorating a glass container comprising,
PA1  applying to a surface region of a preformed glass container a glass
      decorating color which is not bonded permanently to the glass surface,
PA1  then coating a finely divided heat settable plastic onto said glass
      container, the said plastic being coated over the unbonded applied color
      and extending on said glass surface beyond the surface region on which
      said color has been applied,
PA1  then heating the thus coated container to set the plastic so that it forms
      a smooth continuous film which is anchored to the container,
PA1  and cooling the container,
PA1  the resulting plastic film being supported by and adherent to the surface
      of said glass container at least over the region beyond that covered by
      the said decorating color,
PA1  the unbonded decorating color being covered and protected by the plastic
      film,
PA1  thereby producing a final permanently decorated glass container wherein
      said film provides a permanent outer covering over said decorating color
      which encloses and protects the latter on the glass surface, the
      decorating color being captured between the film and the glass surface and
      not extending to the outside surface of said film.
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ABST
PAL  A glass article is decorated with a thermoplastic ink which contains no
      frit. A finely divided heat fusible polymeric coating material is applied
      to the article over the ink. The article is heated to a temperature at
      which the particles of coating material fuse to form a smooth continuous
      film over the ink while the latter is in melted, semi-liquid condition.
      The melted ink diffuses into (but not through) the polymer film over it,
      thereby forming a melt-melt bond. The polymeric film imparts a
      serviceability to the ink which it would not otherwise display.
PARN
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 378,493, filed July 12, 1973.
BSUM
PAR  The invention relates to the decoration of glass articles with
      thermoplastic inks which ordinarily would not be serviceable for such use,
      and the combining of such inks with a coating by which they are made
      serviceable.
PAR  In the manufacture of glass articles, it is of course often desirable or
      essential to apply a decoration to the article. (As used herein, the term
      "decoration" is used broadly to mean, without limitation, trademarks,
      labels, instructions for use, contents, pictures, designs, or other
      written or printed material. The decoration may be translucent,
      transparent, or opaque, and may be of one or more colors including black
      or white.) Whatever the decoration, it must be serviceable for the normal
      use of the article; that is to say, the decoration should not smear,
      abrade, rub off, chip, or be removed by whatever type of rinse or
      detergent wash the article might be expected to encounter in its ordinary
      use or in the handling incidental to its manufacture or filling. Thus, the
      standard decorating compositions used in labeling pop bottles, for
      example, are formulated to withstand abrasion in filling lines and in use,
      and to resist the usual washes and so on.
PAR  In order to provide such serviceability or durability, it is the most
      common practice to decorate glass bottles with a frit-containing
      composition that includes a glassy component which is bonded to the glass
      surface by firing at high temperature. The fired, enamel-like frit fixes
      the coloring pigments on the article's surface. Organic inks for glasses
      are known, which also are united with the glass by firing.
PAR  Such compositions or "colors" are most frequently applied by the screen
      decorating process. For screenability the composition is often made up as
      a viscous, water-containing slip or, alternatively, as a hot melt or
      thermoplastic material which is solid at room temperature but becomes a
      screenable semi-liquid paste when heated to a temperature of about
      120-200.degree. F. The decorating material, whether water slip or hot
      melt, is applied to delineated regions of the glass article by being
      squeegeed through a stencil in the form of a screen of silk or wire which
      is placed in registry on the surface of the article. When the screen is
      separated from the article, the decorating material remains on the article
      in the delineated area and dries by loss of water (if a slip) or quickly
      solidifies (if a hot melt). At this stage the decorating material is very
      poorly and impermanently adherent to the glass surface, and is a waxy,
      chalky or powdery layer which is not serviceable. It will smudge upon
      contact, and is too easily removable in washing. It becomes durable and
      serviceable only if heated so that it fuses and unites integrally to the
      glass.
PAR  Thus, in order durably to bond such colors to the glass surface, the screen
      decorated article has heretofore had to be subjected to a special, high
      temperature firing step which unites the decoration with the glass
      surface. Inorganic frit-containing colors must be fired at a temperature
      above 800.degree. F., and organic colors at temperatures of
      350.degree.-500.degree. F. For the inorganic colors this reheating
      typically requires a cycle of roughly 45-60 minutes duration. For the
      organics, the firing cycle is shorter, but in either case there is
      involved a substantial capital expenditure (and very substantial space
      requirements) for the heating equipment and conveyors. Moreover, there is
      a substantial operating cost in terms of fuel, article handling and
      maintenance. However, such firing has been necessary to bond the
      decoration so as to provide permanence.
PAR  The cost of such decorating materials is relatively high, in large part
      because of the expense of frit or other bonding components and the heat
      treatment necessary for bonding. This relatively high cost has had the
      affect of restricting use of such materials to relatively small surface
      areas or portions of the decorated articles. (Organic colors, which do not
      require quite such high temperature firing, do not provide the intensity
      of color of frit bonded colors, and hence are less useful.) Speaking
      generally, it has not been economically practical to screen decorate a
      large percent of the decoratable surface area of glass containers, at
      least on the high volume products. For that reason, frit decorated
      containers generally do not have large color panels, stripes or designs
      covering a high percent of their surface area, although from a
      merchandising standpoint larger color areas would open up new
      possibilities for enhancing the appeal and visibility of containers.
PAR  This invention is directed to a procedure by which color decoration can be
      applied to much larger glass surface areas than would otherwise be
      economically feasible. Much lower cost materials can be used, but the
      prolonged or high temperature firing cycles that have heretofore been
      necessary are avoided. At the same time, the decoration is fully
      serviceable, even though it is not united with the glass surface. This is
      achieved with the utilization of colors which are not bonded durably to
      the article, and which do not require formulation with the expensive frit
      or bonding ingredients that have largely been responsible for the
      relatively high costs of the decorating colors previously used. In
      general, colors can be used which would not, in the absence of anything
      more, adequately resist the abrasion, water or alkali attack to which the
      article is subjected in its ordinary use.
PAR  A thermoplastic or hot melt color is used in carrying out the invention and
      is applied by the screen decorating technique. It solidifies very rapidly,
      almost instantly, on the cooler ware. The color (sometimes referred to
      hereinafter as an "ink") is formulated so as to become semi-liquid, with a
      consistency suitable for screening, upon moderate heating. It may be
      similar to known hot melt colors, except that it can be and desirably is
      compounded without the heretofore conventional frit binding ingredients.
      Such components are not necessary for bonding and, while they are not
      harmful, they are not necessary.
PAR  Hot melt colors or inks are well known per se and usually include as the
      vehicle a wax or waxlike material having a melting point between about
      120.degree. and 200.degree. F. Examples of such waxy vehicle constituents
      are carnauba wax, paraffin wax, microcrystalline wax, beeswax, palmitic
      acid, stearic acid, and solid soaps. This is preferably the bulk of the
      vehicle, e.g., about 60-85% by weight. The vehicle may also include a
      binder for adhering the ink to the glass. For example, about 5-25% resin
      or the like is useful as a binder and hardener. Ethyl cellulose may also
      be present (e.g., 2-15% of the vehicle) as a viscosity promoter and
      hardening agent.
PAR  The pigment or coloring ingredient incorporated with the vehicle may be
      particulate inorganic material, e.g., TiO.sub.2 or Cr.sub.2 O.sub.3, which
      is insoluble in the vehicle, or it may be an organic dye, or a mixture of
      organic and inorganic colorants. It is desirable to omit any volatiles
      which would have to be removed for solidification to occur and any
      solvents which would affect the coating resin when the latter is applied.
      The ink itself does not comprise the invention and its constituents are
      not critical. From this disclosure those skilled in the art will readily
      be able to formulate a variety of suitable thermoplastic inks.
PAR  The ink sets up rapidly when applied to the surface of ware which is at a
      temperature below the screening temperature, for example at ambient
      temperature. Second or multiple colors having successively higher melting
      points can be sequentially overprinted on the first color, in order to
      provide a multicolor decoration. None of the layers of ink, however, are
      permanently bonded to the surface of the glass, and the process is
      characterized by the absence of any baking or firing operation which would
      unite the decoration to the glass surface as a frit is united. The
      decoration remains on the glass surface as a waxy deposit, and is easily
      removable.
PAR  A finely divided discrete particle fusible resin is applied over the ink.
      The article is preferably heated for this purpose so that upon contacting
      the article, the resin particles will soften or fuse sufficiently to
      become at least partially adherent to it.
PAR  The article is then passed through an oven which does not fire or bake the
      ink onto it, but which melts both the fusible resin and the ink, causing
      the resin particles to flow together to form a smooth, continuous film
      over the ink. At the same time this heating operation causes some
      diffusion of the ink into the polymeric film. However, it is important
      that the ink does not migrate entirely through the coating film, to the
      outside surface. In the final product the ink is protected by a continuous
      layer of polymeric coating over it, there being a melt-melt type bond
      between the solidified resin and ink.
PAR  It might be expected that the fusion of a particulate resin over a fluid
      ink would cause undesirable loss of sharpness or blurring of the
      decoration. Nonetheless, I have found that this does not occur and a high
      degree of sharpness and distinctness is maintained, and that in fact the
      melted state of the ink during polymer fusion (and optionally, during
      polymer laydown) facilitates or improves the bond of the polymer to the
      ink. In this connection, it is advantageous to apply the ink through a
      screen which is 200 mesh or finer (U.S. Standard) screen. Ordinarily, for
      applying glass frit type decorations, 165 mesh screens are used. This
      results in a relatively thick lay-down of decoration and thus utilizes a
      greater amount of material per unit decorated area. Use of screens of
      smaller mesh sizes has been found feasible in this invention, by reason of
      the omission of particulate frit component. This reduces the cost of
      materials used and also contributes to maintaining sharpness of definition
      in the product, in that the relatively thin layer of ink tends to blur
      less around the edges than a thicker layer when the polymer particles
      impinge on the ink and are fused over it.
PAR  The application of polymeric coatings on glass articles, including
      carbonated beverage bottles, is known per se. Such coatings are useful to
      protect the glass surface from surface abrasion which otherwise would
      inevitably occur in manufacturing, labeling, filling, packing, and/or use.
      The polymeric coating prevents scratching of the underlying glass, which
      would reduce its strength. The coating also provides a degree of cushion
      and thereby softens impact blows which might otherwise cause breakage.
      Moreover, when applied to a glass container for pressurized beverages, the
      coating resists scattering of glass fragments if the container is broken.
PAR  In the past, polymeric coatings have been applied over decorations which
      must first be physically united with the glass and bonded in place. That
      procedure was recently recommended in Ceramic Industry Magazine,
      September, 1973, pp. 34-37. In that technique the decoration is not melted
      or semi-liquid during fusion of the polymer, and there is no diffusion of
      the already hardened decoration into the coating such that a zone or layer
      of mixed decoration and coating is provided between the decoration and the
      coating.
PAR  In accordance with this invention, the coating material which is applied
      over the ink is a finely divided resin which is fusible at a temperaure at
      which the ink itself is semi-liquid. By the term "fusible" as used herein
      in reference to the coating, is meant that the coating particles will heat
      soften so as to flow together or coalesce to form a smooth, continuous
      film. Preferred for this purpose are the so-called ionomer resins which
      are ionic copolymers of alpha olefins and alpha, beta-ethylenically
      unsaturated carboxylic acids, for example of the type described in U.S.
      Pat. No. 3,264,272. One such ionic copolymer material which is formed from
      ethylene and methacrylic acid is available commercially from DuPont under
      their trademark "Surlyn", grade AD 5001. This material in particular has
      been promoted in the market by reason of its clarity, elasticity and
      degree of adherence to glass. It begins to fuse (within the above meaning)
      at about 204.degree. F. It is not a solvent for the ink, and does not have
      an adverse chemical affect on the ink. Other heat-fusible resins which may
      be used include without limitation polyethylene, polyvinyl chloride, and
      ethylene vinyl acetate resins, in powder form. Such resins may also be
      prepared as sprayable emulsions, for gun application, with an emulsifier
      and a vehicle. In this case the resin particles are dispersed in the
      liquid, but fuse together upon heating, at a temperature at which the ink
      is semi-liquid. The resin may also be prepared as a screenable liquid, for
      application on a screen decorating machine.
PAR  The polymeric coatings can be applied to glass articles by a variety of
      coating techniques. In the coating technique which is presently preferred,
      dry fine particle resin is applied by the electrostatic dry powder spray
      process. The resin particles are electrostatically charged oppositely to
      the glass article (which acts as a ground) and are projected toward the
      article by a relatively gentle air current. The attraction of opposite
      charges draws the charged particles to the article, to which they adhere
      electrostatically. For this purpose the article is desirably heated to
      about 150.degree.-360.degree. F., which improves the electrical
      conductivity of the glass. At such temperatures the adhered resin
      particles will partially but not thoroughly fuse together. A final higher
      heating is necessary to completely fuse the particles so that they
      coalesce to form a smooth, continuous coating which is adherent to the
      glass surface.
PAR  Another useful method for applying the polymeric coating to glass articles
      is the fluidized bed technique. The resin is maintained as an aereated or
      fluidized mass while the article, heated to a temperature sufficient for
      at least partial fusion of the resin particles, is moved through the bed
      so that it becomes coated, then is removed and heated at higher
      temperature to coalesce or set the particles and form a smooth continuous
      coating.
PAR  Still another type of coating process which can be used is the
      electrostatic fluidized bed process. In that process the resin particles
      are maintained as a fluidized bed which is electrostatically charged. When
      the glass article to be coated (which is grounded) is passed through the
      bed of charged particles, the charge tends to adhere the particles to it.
      Prior to coating, the glass container is heated for better conductivity to
      a point at which the ink becomes melted, but the heating is not sufficient
      to effect complete fusion of the resin particles on the article, and a
      final heating at higher temperature is used to set the plastic as a
      continuous smooth coating.
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PAR  A further description of the invention and its advantages is given in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is an axial section of a narrow neck glass bottle decorated and
      polymer coated in accordance with the invention, with the relative
      thicknesses of the ink and the polymer layers greatly exaggerated for
      purposes of illustration;
PAR  FIG. 2 is an enlarged section showing the zone of interdiffusion of ink and
      polymer; and
PAR  FIG. 3 is a flow diagram illustrating in abbreviated form the steps of
      carrying out a method in accordance with the invention.
DETD
PAR  The following examples set forth several alternative techniques for
      carrying out the invention, but they should not be taken as representing
      the only specific processes for doing so.
PAC  EXAMPLE I
PAR  This example constitutes the presently preferred method of carrying out the
      invention for screen decoration of a conventional soda-lime glass pop
      bottle and then applying a Surlyn coating. The bottles may optionally have
      first been given a standard pyrolytic metal oxide (TiO.sub.2 or SnO.sub.2)
      coating and olefinic lubricity coating, for example as described in U.S.
      Pat. No. 3,323,889, but this does not affect the decorating or coating
      steps.
PAR  The decorating color is a non-reactive hot melt or thermoplastic ink. It
      contains a vehicle which is a wax or waxlike material having a melting
      point of about 120.degree.-200.degree. F., preferably about 165.degree. F.
      No volatiles (requiring evaporation for the ink to solidify) are present.
      An organic or inorganic pigment is mixed with the vehicle. No frit is
      needed and none is included. The ink would not be serviceable if not
      protected by the polymeric overcoat, being deficient in adherence and wash
      resistance. Such inks can be obtained from Drakenfeld Colors, Hercules
      Incorporated, Washington, Pa., under their designation Hot Organics, and
      from other sources. They are usually supplied in the form of a solid block
      which is melted on a heated screen for application, to establish a soft,
      melted-butterlike consistency for application through the screen.
PAR  The decorating color is screened onto the container on a conventional
      screen decorating machine, for example, as manufactured by Carl Strutz &
      Co., Mars, Pa.; Applied Color Equipment Co., Sapulpa, Okla.; and Star
      Equipment Co., Washington, Pa. Depending on the particular silk screening
      screen printing machine used, the ink may be applied at high rates, e.g.,
      200 bottles per minute. A further description of hot melt screen
      decorating is given in U.S. Pat. No. 2,731,912. A 200 mesh to 300 mesh
      screen is desirable, for minimum ink usage and thickness. The decoration
      may include a label, trademark, printed information, a design, etc. The
      squeegeed composition will solidify very rapidly after withdrawal of the
      screen stencil, on a bottle which is essentially at ambient temperature,
      e.g., 72.degree. F. The solidified material is a waxy, somewhat chalky
      layer which is not united to or bonded on the glass and can easily be
      washed or scratched off. Nonetheless, no fusion, bonding or firing step is
      used; in fact, the ink would not form any better bond with the glass if it
      were fired at high temperature. If the ink decorated but uncoated articles
      are exposed to a standard simulated line tester (such as the American
      Glass Research Abuse Line Simulator), the ink is so abraded as to be
      completely unacceptable; similarly, if exposed to a rinse test to simulate
      the exposure as given by industrial rinsers (such as the Emhart Rinser),
      the ink fails. The decoration is not serviceable unless and until coated.
PAR  A number of different colors of ink can be superimposed in quick succession
      on the article to produce intricate multicolor designs or decorations,
      using a multiple color decorating machine.
PAR  In accordance with the practice of this invention, the resin is applied
      directly over the decoration, without bonding reaction or curing of the
      ink. Preferably, Surlyn resin powder is applied by the electrostatic dry
      powder spray process. The bottles are carried on a continuous line by
      chucks which grip them at the finish (i.e., the cap or closure end
      portion). The bottles are first carried through an oven and preheated to a
      temperature of about 300.degree.-360.degree. F. (surface temperature as
      measured by optical pyrometer). Such heating improves the electrical
      conductivity of the bottles so that they can better act as grounds in the
      resin coating step, which improves the effectiveness of electrostatic
      coating step. The resin is sprayed by a conventional dry powder spray
      apparatus, for example a DeVilbiss Model No. 348, operated at 60 kv DC
      output. The sprayed, charged particles adhere to the grounded bottles and
      partially fuse upon contact.
PAR  After removal from the spray apparatus, the adherent particulate resin
      particles are then set by heating to form a smooth continuous film. This
      is done by passing the bottles through a continuous oven at a temperature
      of about 390.degree. to 600.degree. F., for a period of 3 minutes to 45
      seconds. This melts the ink to a semi-liquid state, however the melted ink
      does not "ball up" or run, but remains in place on the glass as a
      semi-liquid as the resin particles fuse over it. In the case of Surlyn,
      the resin also cures or cross-links as it forms the final hardened
      coating. The bottles are air cooled to 250.degree., then quenched by a
      water rinse to about 200.degree. F. (this prevents hazing of the plastic
      coating).
PAR  In the final product, the decorating color is not united to the glass as a
      frit-containing ink would be. It adheres to the glass like a wax, and is
      further protected on the glass by the polymeric film over it, which is
      bonded to the glass in regions beyond those covered by the decorating
      color. The polymer coating adds a depth and brilliance to the decoration
      which an uncoated bottle does not display. The coating is much thinner
      than the glass wall, and is suitably about 5 mils thick, but this is not
      critical.
PAR  If the polymeric coating is carefully removed by stripping or peeling it
      from the bottle, it can be seen that an area of ink remains on the bottle
      as a thin film, while some of the ink is pulled off with the polymer. It
      has diffused into the polymer, not all the way through the latter, but
      partially into it. A slanting or wedgelike slice through the film makes
      apparent the interdiffusion of the ink and polymer. This is believed to
      improve the bond of the polymer through the ink. The ink is not brittle
      and retains its thermoplastic character, but the coating protects it so
      that the ink is not removed or affected by the ordinary use of the bottle.
PAC  EXAMPLE II
PAR  In this example the polymeric coating is applied to a screen decorated
      bottle by the electrostatic fluidized bed process.
PAR  The screen decoration is applied as in Example I. After the decorating
      step, the bottles are preheated to about 150.degree.-360.degree. F.
      (surface temperature as measured by optical pyrometer).
PAR  The bottles are then carried through an electrostatically charged fluidized
      bed of the coating resin particles. The charging apparatus is operated at
      30,000 to 90,000 volts DC. After removal from the bed, the adherent
      particulate resin particles are then set by heating to form a smooth
      continuous film. The ink is melted and the adherent particulate material
      is fused over it by passing the bottles through an oven at a peak
      temperature of 390.degree. F., over a three minute period. The coating is
      complete after cooling.
PAR  If the plastic coating is carefully cut and peeled away from the bottle,
      again it is found that the decorating color is interdiffused with the
      polymeric coating. Application of too thick a decoration can cause
      diffusion through the coating, which is often detrimental to appearance.
PAC  EXAMPLE III
PAR  It should be understood that the invention is not limited to single color
      decorations. Where two or more colors are to be applied, they are applied
      sequentially as hot melts, and set up rapidly. In the subsequent resin
      fusion step, all of the colors remelt, but they do not mix undesirably or
      blur during the fusion.
PAC  EXAMPLE IV
PAR  The coating provides maximum protection for the article if it covers
      substantially the entire surface of the article excepting the finish
      portion. However, where protection for the article is not a prime
      consideration, use of the ink plus coating on even limited areas can
      provide a full serviceability of the ink, and a degree of protection for
      the glass surface, with minimal cost increase. For example, the coating
      may be applied only to a limited area, so as just to cover the decoration
      and a small adjacent glass surface area. For this purpose, it is
      advantageous to use a polymeric coating composition which itself is
      screenable, so that it can be screened on over the coating, preferably on
      the same decorating machine as that used to apply the ink. This has the
      advantage of eliminating need for separate coating applying spray or
      fluidized bed, or the like. The coating is heated until fused over the
      ink.
PAR  While the foregoing examples illustrate various details of embodiments of
      the invention in order that others may practice the same, it will be
      understood that the invention is not limited to utilization of these
      specific techniques set forth therein, but may be carried out in
      accordance with other techniques within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for decorating a previously formed article of glassware,
      comprising,
PA1  applying to a glass surface area of the previously formed article a
      decoration of a thermoplastic ink which is solid at room temperature but
      which becomes semi-fluid upon heating, said ink being applied by silk
      screening it onto the article at a temperature at which the ink is
      semi-fluid, the article being at a lower temperature at which the ink
      solidifies rapidly on the glass surface area, when it contacts the
      article,
PA1  coating a layer of finely divided polymeric coating material onto the
      decorated article and over the ink thereon, said coating material being a
      resin which is fusible at a temperature above the temperature at which the
      ink becomes semi-fluid,
PA1  heating the article with the ink decoration and resin layer thereon to a
      temperature at which the ink again becomes semi-liquid and the resin fuses
      to form a smooth continuous protective film on said article and
      melt-unites to said decoration,
PA1  and cooling the coated, decorated article, thereby providing a final
      decorated article of glassware wherein said film provides a permanent
      outer coating which covers and protects said decoration on said glass
      surface area, the decoration being in solid but thermoplastic remeltable
      condition under the said outer coating.
NUM  2.
PAR  2. The method of claim 1 wherein said coating material comprises discrete
      solid resin particles which are fusible only at a temperature higher than
      the temperature at which said ink is applied.
NUM  3.
PAR  3. The method of claim 1 wherein said ink comprises a thermoplastic vehicle
      and a pigment carried by said vehicle.
NUM  4.
PAR  4. The method of claim 1 wherein said ink comprises a waxy vehicle which
      melts in the range of 120.degree.-200.degree. F., and a pigment, but
      contains no glass frit.
NUM  5.
PAR  5. The method of claim 4 wherein said pigment is an organic dye.
NUM  6.
PAR  6. The method of claim 1 wherein said coating is carried out by the
      electrostatic fluidized bed process, the article with the ink on it in
      semi-liquid state being coated as it passes in proximity to a fluidized
      bed of particles of said coating material which particles are
      electrostatically charged oppositely from said article.
NUM  7.
PAR  7. The method of claim 1 wherein said coating is carried out by an
      electrostatic dry powder spray process.
NUM  8.
PAR  8. The method of claim 1 wherein said ink displays abrasion and alkali
      resistance which, in the absence of the film overlying it, would be
      inadequate to withstand the abrasion and alkali attack incidental to
      ordinary use of the article.
NUM  9.
PAR  9. The method of claim 1 wherein a multiplicity of differently colored inks
      are applied to said article sequentially,
PA1  at least one of such inks being applied over an earlier applied ink,
PA1  all of said inks having thermoplastic characteristics as defined herein.
NUM  10.
PAR  10. The method of claim 1 wherein said coating material is an ionic
      copolymer of an alpha olefin and an alpha, betaethylenically unsaturated
      olefin.
NUM  11.
PAR  11. The method of claim 1 wherein said coating material is fused at a
      temperature between 350.degree. and 500.degree. F.
NUM  12.
PAR  12. The method of claim 1 wherein said ink becomes semi-liquid at a
      temperature between about 120.degree. and 200.degree. F.
NUM  13.
PAR  13. The method of claim 1 wherein said ink is applied by the silk screen
      process and is permitted to solidify on said article,
PA1  said article is reheated, prior to application of said coating, to a
      temperature at which said ink is semi-liquid,
PA1  the particles of said coating are charged electrostatically in the
      application thereof, and
PA1  said article is thereafter heated to a higher temperature, with the coating
      particles adherent thereon, to fuse said coating over the semi-liquid ink.
NUM  14.
PAR  14. The method of claim 1 wherein said coating and ink are interdiffused
      while both are semi-liquid, but said ink is not diffused to an outer
      surface of the coating.
NUM  15.
PAR  15. The method of claim 1 wherein said ink is applied by hot melt screening
      through a screen which is 200 mesh or smaller.
NUM  16.
PAR  16. The method of claim 1 wherein said resin is coated onto said article by
      silk screening over said ink.
NUM  17.
PAR  17. A method for decorating a previously formed article of glassware,
      comprising,
PA1  applying to a glass surface area of the previously formed article a
      thermoplastic ink which is solid at room temperature but which becomes
      semi-liquid upon heating, said ink being silk screened onto the article as
      a semi-liquid but solidifying rapidly by cooling on the article,
PA1  heating the article to a temperature at which the ink on it becomes
      semi-liquid,
PA1  coating a layer of finely divided particulate polymeric coating material
      onto the heated article and over the semi-liquid ink thereon, said coating
      material being a heat fusible resin,
PA1  heating the article with the ink decoration and resin layer thereon to a
      temperature at which said resin fuses to form a smooth continuous film
      over said article and melt-unites to said ink decoration,
PA1  and cooling the coated, decorated article, thereby providing a final
      decorated article of glassware wherein said film provides a permanent
      outer coating which covers and protects said decoration on said glass
      surface area, the decoration being in solid but thermoplastic remeltable
      condition under the said outer coating.
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ABST
PAL  After vacuum pressure impregnating an insulated coil with liquid polyester
      resin the outer surface of the combination is treated to cause a quick low
      temperature gellation of an outer shell of the resin to thereby
      encapsulate the remaining liquid portion. A subsequent high temperature
      cure is imposed for a relatively long period of time to solidify the
      liquid inner portion and to fully cure the resin throughout the
      insulation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electrical insulation methods and more
      particularly to methods of curing resin impregnated insulation structures.
PAR  A common object in the insulation of electro-magnetic coils is to obtain a
      high thermal conductivity of the insulation structure so as to enable an
      increase in current density in the coils without exposing the organic
      electrical insulating materials to excessively high temperatures. To this
      end, the process of vacuum-pressure impregnating (VPI) an insulated coil
      with a solventless varnish to reduce the number and size of voids in the
      insulation and thereby enhance its electrical insulation properties is
      well known in the art. In order to obtain a sufficiently long shelf life
      time for the resin, subsequent to the coil being impregnated, it is cured
      by slow curing agents which generally require heat in order to achieve a
      cure of the varnish within a reasonable time. The heat in turn tends to
      lower the viscosity of the impregnating varnish before the chemical
      reaction occurs thereby resulting in the draining out of substantial
      quantities of varnish due to gravitational forces. In particular, field
      coils which are cured in a stationary position are more susceptible to
      this phenomena than are armature coils which are commonly rotated during
      the curing procedure. As a consequence, many air pockets are formed within
      the coils and in the interstices between the coil and the pole pieces or
      laminations, with the air pockets tending to impede heat conductivity from
      the coil, and thus limiting rated power output.
PAR  A known approach to solving the resin drainage problem is that of providing
      additional resin curing acceleration in the outer portion of the
      insulation, thereby causing the resin in the outer portion to cure more
      rapidly and providing an impervious shell which prevents an outward loss
      of resin and allows a slow controlled cure of the resin in the inner
      portions of the insulation. This is shown in U.S. Pat. No. 3,778,536
      issued to Robert W. Smearing on Dec. 11, 1973, and assigned to the
      assignee of the present invention. In such a process it is important that
      the cure acceleration is not only reactive with the resin but that it is
      insoluble therewith. If it were soluble with the resin it would tend to
      leach out into the inner portion of the resin impregnant and also into the
      VPI tank to contaminate the resin therein.
PAR  With the use of epoxy resins there are various known accelerators which
      fulfill the requirements of insolubility. However, there are certain
      applications where the use of epoxy resins as varnish impregnants of
      insulation is not desirable for other reasons. For example, when
      insulating the coils of a motor armature, the entire assembly of coils and
      rotor is normally placed in the VPI tank and impregnated with the resin.
      If epoxy resin is used, the coils will tend to be bonded to the armature,
      thereby precluding any subsequent rewinding of the coils, a process which
      in some industries is commonly done every few years, as for example, in
      the rail vehicle traction motor industry.
PAR  Another disadvantage of the use of an epoxy resin as the impregnating
      varnish is that it tends to cure to a hard and brittle state and therefore
      has a tendency to crack under stress. Further, with many cured epoxy resin
      compositions, they tend to increase in viscosity with shelf life, a
      characteristic which is undesirable for an insulation structure.
PAR  It is therefore an object of this invention to provide an insulated coil
      with improved thermal conductivity characteristics utilizing the superior
      properties of polyester resin varnishes.
PAR  Another object of this invention is the provision in an insulation assembly
      for preventing the drainage of varnish impregnant between the impregnating
      stage and the curing stage.
PAR  Yet another object of this invention is the provision for an insulated coil
      structure which has a long shelf life.
PAR  Still another object of this invention is the provision for accelerating
      the cure of the impregnant periphery without contamination of the VPI
      tank.
PAR  A further object of this invention is the provision for curing a varnish
      impregnated coil without bonding it to its support structure.
PAR  Another object of this invention is the provision for a solid insulation
      structure which is soft and pliable and not prone to cracking.
PAR  Yet another object of this invention is the provision for a coil insulation
      structure which is economical to manufacture and extremely effective in
      use.
PAR  These objects and other factors and advantages become more readily apparent
      upon reference to the following description when taken in conjunction with
      the appended drawings.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, in accordance with one aspect of the invention a permeable
      electrical insulating material is applied to a coil in sheet or tape form
      and the assembly is vacuum pressure impregnated with a liquid, chemical
      reactive, cross linkable, polyester resin. A quick curing of the resin is
      then induced at the periphery of the material to encapsulate the liquid
      resin which is subsequently slowly cured by exposure to high temperatures
      for longer periods of time.
PAR  In one embodiment of the invention the insulating material is impregnated
      with a polyester resin catalyzed for a high temperature cure and the
      assembly is removed from the VPI tank. A highly reactive chemical cross
      linking agent is then applied to the periphery of the assembly to rapidly
      form a gelled or cured surface thereon. The encapsulated liquid varnish is
      subsequently cured at elevated temperatures to form a compact homogeneous
      structure.
PAR  In another embodiment of the invention a quick curing of the periphery of
      the polyester resin impregnant is induced by exposure to ultra-violet (UV)
      irradiation under room temperature conditions to encapsulate the liquid
      core.
PAR  In the drawings as hereinafter described, a preferred embodiment and
      modified embodiment are depicted; however, various other modifications can
      be made thereto without departing from the true spirit and scope of the
      invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an electro-magnetic coil partially taped with insulating
      material.
PAR  FIG. 2 illustrates a process flow chart indicating sequential steps in
      accordance with an embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a coil 11 is shown having multiple windings 12
      around which are wrapped a plurality of layers of dielectric material 13.
      The coil 11 is typical of that used for the field coils in a motor or
      generator; however, the process of the present invention applies as well
      to any coils having a dielectric material applied thereto which is vacuum
      pressure impregnated with a solventless varnish to form a substantially
      homogeneous structure exhibiting high thermal conductivity
      characteristics. Typically the dielectric material 13 comprises a
      composite of mica and glass tape or the like which is wrapped either by
      machine or by manual operation. Alternatively the coil may be helically
      wrapped with alternate layers of absorbent tape and dielectric tape. The
      wrapped coils may subsequently be treated individually or they may be
      installed in their respective component with that component subsequently
      being subjected to the appropriate conditions for completion of the
      process. For example, in the case of motor field coils, the wrapped coils
      may be installed in the stator and the stator with its plurality of coils
      is then passed through the remaining phases of the process.
PAR  The sequence of steps following the winding process is indicated in FIG. 2
      wherein the coil is heated to eliminate any moisture or volatiles that may
      be present therein. After its temperature is reduced, it is placed in a
      vacuum impregnating tank wherein a vacuum is drawn to remove gases from
      the wrapping. The insulating material 13 is then impregnated with a liquid
      resin and pressurized to further the impregnation process before removing
      the coil from the VPI tank. A quick cure of the periphery is then induced
      in a manner described hereinafter and the assembly is then baked in an
      oven for a longer period of time to cure the remaining liquid resin to a
      solid condition. The impregnating resin used in the process is preferably
      of the polyester type which upon being heated, polymerizes into a tough,
      elastic resinous body.
PAR  One of such resins which is commercially available is that made by the
      General Electric Company and commonly known as GE-702 resin. The polyester
      resins employed are liquids having a viscosity of 300 to 2,000 cps and
      being substantially free of solvents. They consist of resinous
      esterification products of aromatic dicarboxylic acids or their
      anhydrides, unsaturated dicarboxylic acids or their anhydrides and long
      chain dicarboxylic acids with aliphatic diols such as ethylene glycol,
      propylene glycol, dimethyl propylene glycol, butylene glycol, diethylene
      glycol, and triethylene glycol. To obtain the desired viscosity which will
      allow for easy impregnation, these high molecular weight polyesters are
      reduced with unsaturated reactive monomers such as styrene, vinyl toluol,
      dichloro styrene, diallyl phthalate, and triallyl cyanurate.
PAR  Another additive is an elevated temperature catalyst to assist in the
      hardening process when the resin is subjected to high temperatures for
      relatively long periods of time. Examples of catalysts used are
      dicumylperoxide and tertiery-butyl perbenzoate.
PAR  Still further, depending on the peroxide applied, a cobalt naphthenate,
      cobalt octoate, or tertiery amine activator such as dimethyl aniline or
      diethyl aniline may be added to the resin to speed up the reaction.
PAR  After the coil has been impregnated with resin, it is removed from the VPI
      tank and immediately treated on its outer surface to cause that surface to
      harden or cure before there is any significant drainage of the resin from
      the coil. In this way the liquid resin in the bulk of the insulating
      material is encapsulated within the shell of the quickly cured periphery
      where it remains throughout the subsequent slow curing process at elevated
      temperatures.
PAR  In accordance with the preferred embodiment of the invention quick
      gellation or curing of the varnish periphery at low temperature is
      accomplished by subjecting the surface of the impregnated coil to a highly
      reactive chemical cross linking agent. The agents are solutions in
      plasticisers or monomers of organic peroxides such as methyl ethyl ketone
      peroxide, methyl isobutyl ketone peroxide, cyclohexanone peroxide, bis
      (1-hydroxycyclohexyl) peroxide, diacetyl peroxide, isopropyl percarbonate,
      dilauryl peroxide, cumyl hydroperoxide and benzoylperoxide. The
      diisocyanates can also be used but are not preferred because of their
      toxic nature.
PAR  These agents can be applied to the surface of the impregnated coil in any
      of a number of ways, as for example, in a spray booth by means of a
      conventional paint spray gun or by exposing the impregnated coil for a
      short period of time to a finely divided mist of the agent in a fog
      chamber. The agent will tend to migrate inwardly into the resin
      (approximately 30-60 thousandths of an inch) before curing so as to
      provide a substantial skin around the liquid resin upon curing.
PAR  In accordance with an alternate embodiment of the invention quick gellation
      or curing of the varnish periphery at ambient temperature is accomplished
      by the incorporation of an ultra-violet radiation activator such as
      Trigonal 14, which is isobutyl benzoin ether, produced by Noury Chemical
      Corporation, as the VPI resin and the ultra-violet irradiation of the
      impregnated coil.
PAR  The following example illustrates the use of a suitable agent in curing a
      polyester resin in accordance with this invention.
PAC  EXAMPLE 1
PAR  An edgewise wound field coil was wrapped with turn insulation consisting of
      0.010 inch asbestos paper and with ground insulation of two wrappings of
      half lapped creped Nomex, an aromatic nylon fiber based paper, and two
      layers of glass cloth. The coil was heat dried and then vacuum-pressure
      impregnated with a solventless polyester resin varnish containing a
      catalyst, dicumyl peroxide, a diluent, vinyl toluene, and an activator
      0.5% cobalt naphthenate. After removal from the vacuum tank, the coil was
      sprayed with a 50% methyl ethyl ketone peroxide solution and transferred
      to an oven at 125.degree.C for cure. The outside skin of the insulation
      gelled rapidly within 1 to 2 minutes and the remainder within 2 hours
      after which time the temperature of the oven was increased to 165.degree.C
      for final cure. The amount of resin drippings was significantly reduced
      and a solid void-free insulation obtained.
PAR  In accordance with the modified embodiment of the invention, a quick cure
      of the polyester resin periphery is accomplished by ultra-violet (UV)
      irradiation of the outer surface of the impregnated coil. An illustrative
      example of such a process is as follows.
PAC  EXAMPLE 2
PAR  A steel bar 3 inches wide was wrapped with two layers of creped Nomex and
      two layers of glass cloth to represent a section of a field coil. The bar
      was then vacuum pressure impregnated in a solventless polyester varnish
      containing the diluent vinyl toluene, the catalyst dicumyl peroxide, and
      the activator, 1% Trigonal 14. The bar was removed from the VPI tank and
      subjected at its periphery to the irradiation of a UV source (black light
      lamp) for 2 minutes in which time the surface of the impregnated bar cured
      and lost its tackiness. The cure of the internal portion of the resin was
      subsequently accomplished in an oven at 125.degree.c for 2 hours followed
      by a final cure at 165.degree.C for 2 hours. A 21/2 inch square section of
      the cured insulation was cut from both the irradiated and the
      non-irradiated sides of the bar to view the internal structure of the
      cured resin. The surface of the UV irradiated side was shiny and saturated
      whereas the surface of the opposite, non-irradiated, side appeared dull
      and dry. The weight of the UV irradiated section was 9.128 grams, whereas
      the non-irradiated section weighed only 8.069 grams, the balance in weight
      being lost due to drainage.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method of insulating an electro-magnetic coil comprising the steps of:
PA1  a. applying a permeable electrical insulating material to the coil;
PA1  b. applying a first chemical catalyst throughout said material, said
      chemical catalyst being reactive with a resin at elevated temperatures but
      relatively unreactive therewith at room temperatures;
PA1  c. vacuum pressure impregnating said material throughout with a liquid,
      chemically reactive, cross linkable resin;
PA1  d. thereafter inducing a quick cure to solidify said resin on the surface
      of said impregnated material, thereby encapsulating the liquid resin which
      is in the bulk of said material; and
PA1  e. subsequently exposing said material to elevated temperatures to cure
      said liquid resin and thereby form a solid structure throughout said
      material.
NUM  2.
PAR  2. A method of insulating an electro-magnetic coil as set forth in claim 1
      wherein said first chemical catalyst is added to said liquid resin and the
      steps of applying said catalyst and of impregnating said material with
      said resin are accomplished concurrently.
NUM  3.
PAR  3. A method of insulating an electro-magnetic coil as set forth in claim 1
      wherein said cross linkable resin is a polyester resin.
NUM  4.
PAR  4. A method of insulating an electro-magnetic coil as set forth in claim 1
      wherein the step of inducing curing is accomplished by applying to the
      surface of the impregnated material a highly reactive chemical cross
      linking agent.
NUM  5.
PAR  5. A method of insulating an electro-magnetic coil as set forth in claim 4
      wherein said cross linking agent is of the class of peroxides.
NUM  6.
PAR  6. A method of insulating an electro-magnetic coil as set forth in claim 1
      wherein the step of inducing curing is accomplished by the ultra-violet
      irradiation of the outer surface of the impregnated material.
NUM  7.
PAR  7. A method of insulating an electro-magnetic coil as set forth in claim 1
      wherein the step of quick curing said resin on the surface is accomplished
      within a period of less than 3 minutes.
NUM  8.
PAR  8. A process for treating the surface of an insulated coil impregnated with
      a polyester resin to prevent the resin from draining out during a
      subsequent heating process comprising:
PA1  exposing the surface of the coil to an accelerator agent selected from the
      group consisting of peroxides and isocyanates.
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ABST
PAL  Water-damaged electrical equipment is rehabilitated by treatment with a
      bath comprising a paraffinic oil, a polymethyl aromatic compound, a salt
      formed from the reaction of an N-alkyl polymethylenediamine and a dimer
      acid, and an inert organic solvent.
BSUM
PAR  This invention relates to a method for the rehabilitation of water-damaged
      electrical equipment. More specifically, this invention relates to a
      method for the rehabilitation of water-damaged electrical equipment which
      comprises the treatment of said equipment with a bath comprising a
      paraffinic oil, a polymethyl aromatic compound, a salt formed from the
      reaction of an N-alkyl polymethylenediamine and a dimer acid, and an inert
      organic solvent.
PAR  It has been shown in the prior art that electrical equipment which has been
      immersed in water, whether it be a result of high tides (salt water) or
      flood waters, must normally be dismantled, thoroughly cleaned, oven dried,
      and reassembled in order to complete rehabilitation. It has now been
      discovered that such procedures may no longer be necessary in view of the
      fact that said damaged electrical equipment may be treated without
      dismantling, oven drying, and reassembling by virtue of treatment with the
      hereinafter described novel bath. The utilization of the above-mentioned
      bath will allow areas which have been subjected to severe flooding a more
      inexpensive and faster means of rehabilitating crucial electrical
      equipment necessary in major disaster areas. The utilization of the
      above-mentioned will allow for a more thorough cleaning by a displacement
      of all moisture with various aspects of the hereinafter described bath,
      said cleaning will be performed in the most minute cracks and crevices of
      the damaged equipment.
PAR  The bath of the method of this invention, namely, a paraffinic oil, a
      polymethyl aromatic compound, a salt formed from the reaction of an
      N-alkyl polymethylenediamine and a dimer acid, and an inert organic
      solvent may be utilized for the revitalization of wet-electrical equipment
      for on-site use in the situations of emergency which may warrant such use.
PAR  It is therefore an object of this invention to provide a method for the
      rehabilitation of water-damaged electrical equipment.
PAR  A further object of this invention is to provide a method for the
      rehabilitation of water-damaged electrical equipment utilizing a bath
      comprising certain compositions of matter which will permit the recovery
      of the rehabilitated electrical equipment in a more expedient manner.
PAR  In one aspect an embodiment of this invention resides in a process for the
      rehabilitation of water-damaged electrical equipment which comprises the
      treatment of said equipment with a bath comprising a paraffinic oil, a
      polymethyl aromatic compound, a salt formed from the reaction of N-alkyl
      polymethylenediamine and a dimer acid, and an inert organic solvent at
      treatment conditions, and recovering the resultant rehabilitated
      electrical equipment.
PAR  A specific embodiment of this invention resides in a method for treatment
      of water-damaged electrical equipment comprising relays, switch gears,
      motor controls, motors and armatures which comprises treating said
      water-damaged electrical equipment with a bath comprising 25.0 percent by
      weight of a paraffinic oil possessing a Saybolt Universal Second value of
      100 at 100.degree. F., 25.0 percent of p-xylene, 10.0 percent of a salt
      formed from the reaction of 1 equivalent of N-propyl-1,3-propylenediamine
      with 1 equivalent of malonic acid, and 40.0 percent of a coal tar naphtha
      possessing a boiling point of 320.degree. F. at a temperature in the range
      of from about 35.degree. F. to about 50.degree. F. and a pressure of about
      1 atmosphere and recovering the rehabilitated electrical equipment
      comprising relays, switch gears, motor controls, motors, and armatures.
PAR  A second specific embodiment of this invention resides in a method for
      treating water-damaged electrical equipment comprising relays, switch
      gears, motor controls, and armatures with a bath comprising 20.0 percent
      by weight of a paraffinic oil possessing a Saybolt Universal Second value
      of 95 at 100.degree. F. as determined by ASTM test No. D-88, 20.0 percent
      by weight of pseudocumene, 10.0 percent by weight of a salt formed from
      the reaction of 1 equivalent of N-n-butyl-1,6-hexylenediamine with 1
      equivalent of oxalic acid and 45.0 percent by weight of naphthalene at a
      temperature of 75.degree. F. and a pressure of 1 atmosphere and recovering
      the resultant rehabilitated electrical equipment comprising relays, switch
      gears, motor controls, motors, and armatures.
PAR  Other objects and embodiments will be found in the following further
      detailed description of the present invention.
PAR  As hereinbefore set forth the present invention is concerned with a method
      for the treatment of water-damaged electrical equipment, said method being
      effected by treatment of the water-damaged electrical equipment with a
      bath comprising a paraffinic oil, a polymethyl aromatic compound, a salt
      formed from the reaction of an N-alkyl polymethylenediamine and a dimer
      acid, and an inert organic solvent. The treatment is effected under
      conditions which include a temperature in the range of from about
      35.degree. F. to about 90.degree. F. and a pressure of from atmospheric to
      about 100 atmospheres. Another variable which is employed in the present
      invention is the amount of different components which comprise the
      treating bath. The paraffinic oil comprises from about 5.0 percent to
      about 40.0 percent by weight of the bath, the polymethyl aromatic compound
      comprises from about 10.0 to about 29.0 percent by weight of the bath, the
      salt formed from the reaction of an N-alkyl polymethylenediamine and a
      dimer acid comprises from about 1.0 percent to about 10.0 percent by
      weight of the bath and the inert organic solvent comprises from about 40.0
      percent to about 65.0 percent by weight of the bath. It should be noted
      that the different variables of the weight percentages of the different
      components may be varied to any extreme within the above set forth
      limitations and that no specific limitations  hereinafter cited is
      conclusive as to the percentages comprising the bath.
PAR  Examples of paraffinic oils which may be employed in the bath of the
      present invention will comprise all paraffinic oils possessing a Saybolt
      Universal Second value of 110 to a Saybolt Universal Second value of 90
      measured at 100.degree. F. by ASTM test No. D-88. Suitable examples of
      polymethyl aromatic compounds which may be employed in the bath of the
      present invention will include o-xylene, m-xylene, p-xylene,
      1,2,3-trimethylbenzene, pseudocumene, 1,2,5-trimethylbenzene,
      1,2,3,4-tetramethylbenzene, 1,2,3,4,5-pentamethylbenzene,
      1,2,3,4,5,6-hexamethylbenzene, etc. Suitable examples of salts which may
      be employed in the bath of the present invention will include any salt
      formed from the reaction of an N-alkyl polymethylenediamine with a dimer
      acid, such as the reaction of N-propyl-1,3-propylenediamine with malonic
      acid, N-n-amyl-1,3-propylenediamine with acetylene dicarboxylic acid,
      N-n-butyl-1,6-hexylenediamine with oxalic acid,
      N-tallow-1,3-propylenediamine and a mixture of fatty acids and polymerized
      olefinic acids, commonly known as VR-1 acid or D50 MEX acid, having a
      carbon range of from about 25 carbon atoms to about 100 carbon atoms, etc.
      The reaction in which the salt is formed from the reaction of an N-alkyl
      polymethylenediamine and a dimer acid may be effected before composition
      of the bath, or if desired, in situ, said components being present in the
      range of about 1 equivalent of the N-alkyl polymethylenediamine to about 1
      equivalent of the dimer acid. Examples of suitable inert organic solvents
      which may be employed in the bath of the present invention will comprise
      any organic solvent which is inert to the bath such as n-pentane,
      n-hexane, n-heptane, n-octane, isooctane (2,2,4-trimethylpentane),
      benzene, toluene, naphthalene, anthracene, naphtha solvent, coal tar
      naphtha solvents possessing boiling points from about 300.degree. F. to
      about 400.degree. F., etc.
PAR  It is understood that the aforementioned paraffinic oils, polymethyl
      aromatic compounds, N-alkyl polymethylenediamines, dimer acids and inert
      organic solvents are only representative of the class of compounds which
      may be employed in the bath and that the present invention is not
      necessarily limited thereto.
PAR  The process of this invention may be effective in a suitable batch type
      operation. For example, when a batch type operation is employed, the
      water-damaged electrical equipment is thoroughly rinsed with clean fresh
      water to remove any salt, dirt or slime and subsequently immersed or
      treated with the bath comprising the paraffinic oil, the polymethyl
      aromatic compound, the salt formed from the reaction of an N-alkyl
      polymethylenediamine and a dimer acid, and an inert solvent. After a
      predetermined period of time, the treatment of the bath is terminated and
      the equipment is allowed to stand for a period of time up to about 24
      hours before placing into service. It is also contemplated within the
      scope of the batch type operation that the water-damaged electrical
      equipment may be treated with the bath through the utilization of an
      aerosol spray. When such aerosol spray is used, the bath comprising the
      paraffinic oil, the polymethyl aromatic compound, the salt formed from the
      reaction of an N-alkyl polymethylenediamine and a dimer acid and an inert
      organic oxide is placed in a pressured container, said pressure resulting
      from the presence of a substantially inert gas such as the freons,
      nitrogen or helium. The bath is applied to the electrical equipment
      through use of a spray from the aerosol by means of the directed partial
      pressure emittance from the top of the can.
PAR  Examples of basic types of electrical equipment which may be rehabilitated
      would include relays, switch gears, motor controls, motors, and armatures.
DETD
PAR  The following examples are given to illustrate the method of the present
      invention which, however, are not intended to limit the generally broad
      scope of the present invention in strict accordance therewith.
PAC  EXAMPLE I
PAR  In this example a bath is prepared by the mixture of 25.0 percent by weight
      of a paraffinic oil possessing a Saybolt Universal Second value of 100 at
      100.degree. F. as measured by ASTM test No. D-88, 25.0 percent of
      p-xylene, 10 percent by weight of a salt formed from the reaction of 1
      equivalent of N-propyl-1,3-propylenediamine with 1 equivalent of malonic
      acid, and 40.0 percent by weight of coal tar naphtha possessing a boiling
      point of 320.degree. F. Electrical equipment consisting of relays, switch
      gears, motor controls, motors, and armatures are immersed in a salt water
      bath and subsequently left to stand for a period of time comprising 3
      hours. After the completion of the 3-hour period of time, the electrical
      equipment is immersed in a vessel of clean fresh water 3 repetitive times
      within a 10 minute period of time. After treatment with the clean fresh
      water, the electrical equipment is then immersed in the bath prepared as
      hereinbefore set forth for a period of time comprising 25 minutes at a
      temperature of 40.degree. F. and a pressure of 1 atmosphere. At the end of
      this time the electrical equipment is removed from the bath and left to
      stand for a period of time comprising 24 hours. After the passage of the
      24-hour period of time, the electrical equipment is tested, said tests
      indicate that the equipment is rehabilitated.
PAC  EXAMPLE II
PAR  In this example a bath is prepared by a mixture of 13.5 percent by weight
      of a paraffinic oil possessing a Saybolt Universal Second value of 100 at
      100.degree. F. as determined by ASTM test No. D-88, 29.0 percent by weight
      of o-xylene, 7.5 percent of a salt formed from the reaction of 1
      equivalent of N-n-amyl-1,3-propylenediamine with 1 equivalent of acetylene
      dicarboxylic acid, and 50.0 percent by weight of a coal tar naphtha
      possessing a boiling point of 320.degree. F. Electrical equipment
      consisting of relays, switch gears, motor controls, motors, and armatures
      are submerged in a slime liquid bath for a period of time comprising 1
      hour and left to stand for a period of time comprising 2 hours. At the end
      of this period of time the electrical equipment is immersed in a clean
      fresh water bath 3 repetitive times in a time period of 15 minutes. After
      the 15 minutes, the electrical equipment is then immersed in the above set
      forth bath for a period of time comprising 2 hours at a temperature of
      about 75.degree. F. After the period of 2 hours, the electrical equipment
      is removed from the bath and left to stand for a period of time comprising
      18 hours. After the 18-hour period of time the equipment is tested, said
      tests indicate that the electrical equipment is rehabilitated.
PAC  EXAMPLE III
PAR  A bath is prepared by the mixture of 20 percent by weight of a paraffinic
      oil possessing a Saybolt Universal Second value of 95 at 100.degree. F. as
      determined by ASTM test No. D-88, 20.0 percent by weight of pseudocumene,
      10 percent by weight of a salt formed by the reaction of 1 equivalent of
      N-n-butyl-1,6-hexylenediamine with 1 equivalent of oxalic acid, and 50
      percent by weight of naphthalene, said bath being held in a pressurized
      aerosol container under a blanket of nitrogen pressure. A small electronic
      hand-held calculator is submerged in salt water for a period of time
      comprising 1 hour. The calculator is then repetitively submerged in a
      clean fresh water bath over a period of time comprising 20 minutes. At the
      end of this 20-minute period of time, the small hand-held calculator is
      sprayed through the use of the aerosol can with the bath as above set
      forth and left to stand for a period of time comprising 18 hours at a
      temperature of 50.degree. F. The small hand-held calculator is tested for
      accuracy after the 18-hour period of time, said tests indicate that small
      hand-held calculator is rehabilitated.
PAC  EXAMPLE IV
PAR  In this example a bath is prepared by the mixture of 20.0 percent by weight
      of a paraffinic oil possessing a Saybolt Universal Second value of 100 at
      100.degree. F. as measured by ASTM test No. D-88, 30.0 percent by weight
      of p-xylene, 5.0 percent by weight of a salt formed from the reaction of 1
      equivalent of N-tallow-1,3-propylenediamine with 1 equivalent of a mixture
      of fatty acids and polymerized olefinic acids having a carbon number of
      36, commonly referred to in industry as VR-1 acid or D50 MEX acid, and
      45.0 percent by weight of a coal tar naphtha possessing a boiling point of
      320.degree. F. Electrical equipment consisting of relays, switch gears,
      motor controls, motors and armatures are immersed in a salt water bath and
      subsequently left to stand for a period of time comprising 3 hours. After
      the completion of the 3-hour period of time, the electrical equipment is
      immersed in a vessel of clean fresh water 3 repetitive times within a 25
      minute period of time. After treatment with clean fresh water, the
      electrical equipment is then immersed in the bath prepared as hereinbefore
      set forth for a period of time comprising 30 minutes at a temperature of
      50.degree. F. and a pressure of 1 atmosphere. At the end of this time, the
      electrical equipment is removed from the bath and left to stand for a
      period of time comprising 24 hours. After the passage of the 24-hour
      period of time, the electrical equipment is tested, said tests indicate
      that the equipment is rehabilitated.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method for the rehabilitation of water-damaged electrical equipment
      which comprises treating said equipment with a bath consisting essentially
      of an inert organic solvent, a paraffinic oil having a Saybolt Universal
      Second value of from 90 to 110 at 100.degree.F., a polymethyl aromatic
      compound, and a salt selected from the group consisting of the reaction
      product of N-propyl-1, 3-propylenediamine with malonic acid, N-n-amyl-1,
      3-propylenediamine with acetylene dicarboxylic acid, and N-n-butyl-1,
      6-hexylenediamine with oxalic acid, and removing the resultant
      rehabilitated equipment from said bath.
NUM  2.
PAR  2. The method of claim 1 further characterized in that the treatment
      conditions include a temperature of from about 35.degree. F. to about
      90.degree. F. and a pressure of from about one atmosphere to about 100
      atmospheres.
NUM  3.
PAR  3. The method of claim 1 further characterized in that the paraffinic oil
      comprises from about 5.0 percent to about 40.0 percent by weight of the
      bath.
NUM  4.
PAR  4. The method of claim 1 further characterized in that the polymethyl
      aromatic compound comprises from about 10.0 percent to about 29.0 percent
      by weight of the bath.
NUM  5.
PAR  5. The method of claim 1 further characterized in that said salt comprises
      from about 1.0 percent to about 10.0 percent by weight of the bath.
NUM  6.
PAR  6. The method of claim 1 further characterized in that the inert organic
      solvent comprises from about 40.0 percent to about 65.0 percent by weight
      of the bath.
NUM  7.
PAR  7. The method of claim 1 further characterized in that the bath comprises
      25.0 percent by weight of a paraffinic oil possessing a Saybolt Universal
      Second value of 100 at 100.degree. F., 25.0 percent of p-xylene, 10.0
      percent by weight of a salt formed from the reaction of one equivalent of
      N-propyl-1,3-propylenediamine with one equivalent of malonic acid, and
      40.0 percent by weight of a coal tar naphtha possessing a boiling point of
      320.degree. F.
NUM  8.
PAR  8. The method of claim 1 further characterized in that the bath comprises
      13.5 percent by weight of a paraffinic oil possessing a Saybolt Universal
      Second value of 100 at 100.degree. F., 29.0 percent by weight of o-xylene,
      7.5 percent by weight of a salt formed from the reaction of one equivalent
      of N-n-amyl-1,3-propylenediamine with one equivalent of acetylene
      dicarboxylic acid, and 50.0 percent by weight of a coal tar naphtha
      possessing a boiling point of 320.degree. F.
NUM  9.
PAR  9. The method of claim 1 further characterized in that the bath comprises
      20.0 percent by weight of a paraffinic oil possessing a Saybolt Universal
      Second value of 95 at 100.degree. F., 20.0 percent by weight of
      pseudocumene, 10.0 percent by weight of a salt formed from the reaction of
      one equivalent of N-n-butyl-1,6-hexylenediamine with one equivalent of
      oxalic acid, and 50.0 percent by weight naphthalene.
NUM  10.
PAR  10. The method of claim 1 further characterized in that the bath is applied
      to the water-damaged electrical euqipment through the utilization of an
      aerosol spray can.
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ABST
PAL  A solvent method for the metallization of a non-conductive surface with
      gold, nickel or copper is shown whereby on a substrate a thermosensitive
      coordination complex of palladium is deposited; the complex has the
      formula LmPdXn wherein L is a ligand or unsaturated organic radical, X is
      a halide, alkyl group or a bidentate ligand and m is an integer from 1 to
      4 and n is from 0 to 3; trimethyl phosphite palladium dichloride complex
      is an appropriate illustration of the complex; the palladium complex is
      applied on the substrate in a suitable non-aqueous solution such as
      tetrahydrofuran solution; the complex is then baked in air at elevated
      temperature; the exposure to high temperature decomposes the complex
      leaving a residue which is catalytic to the deposition of gold, nickel,
      cobalt or copper from an electroless bath thereof; the non-conductive
      material is then immersed in an electroless bath to metallize the areas
      which have been rendered catalytic; the preferred thermosensitive
      coordination complex of palladium is trimethyl phosphite palladium
      dichloride; a requirement for a proper thermal exposure of the complex is
      that the substrate is capable of withstanding the elevated temperatures
      such as above 210.degree.C; illustrative organic substrates are
      polyimides, polysulfones, silicones, vulcanizates, fluoroplastics,
      polyphenylene sulfides, polyparabanic acids, and polyhydantoin, etc.
BSUM
PAR  This invention relates broadly to a process for metallizing non-conductive
      surfaces by depositing metals from electroless metal plating baths. More
      specifically, this invention relates to a thermal decomposition, on a
      non-conductive substrate, of a desired layer of a thermal decomposition
      product which is catalytic to gold, nickel, cobalt or copper in an
      electroless bath for deposition of these metals on the substrate. More
      particularly, this invention relates to a process for manufacturing
      flat-flexible or additive and semi-additive circuitry by thermally
      decomposing a composition deposited as a continuous thin film on a
      substrate. A coordination complex of precious metal compound applied to a
      non-conductive substrate and thereafter decomposed will deposit thereon
      metal from an electroless bath on the residue of the film in a pattern or
      as a continuous film; the residue of the complex renders catalytic the
      deposited area to the metal ion in the electroless bath. This
      decomposition permits, by additive electroless process or semi-additive
      process the subsequent formation of circuit pattern of intricate design
      and desirable resolution. With respect to the semi-additive process the
      resist and back etch operation is with respect to the electroless deposit
      only. However, the subtractive process whereby an electrolytic deposit is
      made and then the same is appropriately backetched is also possible when
      practicing the present method.
PAR  Printed circuits and flat flex circuitry have been used in numerous
      electrical and electronic applications in many industries. A number of
      methods for producing selected metallic patterns on a variety of
      non-conductive surfaces are known and these processes include
      electroplating, electroless plating as well as various printing processes,
      and etching processes.
PAR  It has been recognized that satisfactory products and good economy are
      achieved when using electroless plating techniques to deposit the metal
      upon selected areas of the non--conductive surface. In general,
      electroless plating requires a sensitization of the substrate in the areas
      upon which metal is to be deposited from electroless solution. This
      sensitization is achieved by providing a pattern of a salt of precious
      metal on the substrate in the areas where it is desired to reduce the
      electroless metal from the solution thereof.
PAR  The emplacement of the salts which are catalytic to the reduction of
      electroless metal may be accomplished by the well - known techniques of
      complete coverage of the substrate or masking the substrate or selectively
      applying the catalytic material as by silk screening or by the use of
      photographic techniques. These techniques and the techniques for
      depositing the thin film of metal from an electroless solution are
      disclosed in numerous patents, among them U.S. Pat. Nos. 3,259,559,
      3,562,005 and 3,377,174.
PAR  Several problems have been associated with prior art processes. It is most
      important to ensure that there is satisfactory adhesion between the
      precious metal catalytic deposit and the subsequently deposited
      electroless metal. If the adhesion is insufficient, the circuits fail such
      as when subjected to mechanical handling or heat shock and the conductive
      layer may become separated from the substrate. Other techniques have
      produced copper, nickel or gold deposits which are brittle and which bend
      or otherwise exhibit unsatisfactory ductility in service.
PAR  Moreover, there are a number of disadvantages inherent in prior art
      techniques for producing the metallized pattern on the non-conductive
      surfaces. For example, in masking techniques, the problems of registration
      of the mask and poor edge definition of the metallic pattern are serious
      and the inefficiencies and expenses associated with wasting the mask where
      it comprises a photo resist are self-evident. Other problems associated
      with masking are that various solvents must be used, some of which may
      have a deleterious effect on the catalysts. Where photographic techniques
      are used, the process is more difficult to carry out because the
      photographic emulsions must be protected from ambient light conditions to
      prevent non-selective fixing of the catalytic material. The number of
      processing steps required for development is relatively large with
      attendant cost and inefficiency and the final product has often been found
      to have an unacceptable surface roughness.
PAR  It has now been found that contrary to prior art experience, in processes
      wherein the catalyst is emplaced on the desired substrate and heating
      steps are involved to drive off the volatile ligand components from the
      complex and the carrier solvent for the complex, the employment of the
      desired complex such as of the formula [(CH.sub.3 O).sub.3 P].sub.2
      PdCl.sub.2, in combination with the proper solvent, has little damaging
      effect upon the substrate. It has been found that an electroless coating
      upon the so-prepared substrate has an acceptable surface smoothness and
      especially adhesion.
PAR  It is therefore the primary object of this invention to provide an improved
      method for depositing electroless metal upon a non-conductive substrate.
PAR  It is a further and more specific object of this invention to provide a
      thermal decomposition process wherein a material catalytic to the
      reduction of electroless metal is deposited as a continuous film upon a
      non-conductive surface.
PAR  It is a further and related object of this invention to provide such a
      process which is efficient to use and which achieves the production of a
      strong and adherent conductor pattern on a variety of inexpensive,
      flexible insulating materials.
PAR  It is a further related object of this invention to provide a process which
      produces flexible substrates which are capable of being soldered, useful
      for printed circuits and flat flexible circuitry, and which substrates are
      durable, heat resistant and inexpensive and are built on an organic,
      polymeric base which will withstand the thermal and mechanical stress of
      electrical discharge, thermocompression, and dip soldering as a means of
      attaching conductor leads to said circuitry.
PAR  It is a further and more specific object of this invention to provide a
      technique for depositing upon a non-conductive substrate material which is
      catalytic to the subsequent reduction of gold, nickel, cobalt or copper
      from an electroless bath thereof and to achieve this catalyzation of the
      non-conductive surface by a thermal decomposition technique which is
      simple and efficient to use.
PAR  It is a further and related object of this invention to provide a
      thermo-decomposable complex of a metallic salt in combination with a
      solvent providing a reaction which is catalytic to reduction of
      electroless metal.
PAR  These and other objects of this invention are achieved in a method for the
      general electroless deposition of metals upon a non-conductive substrate
      on a polyimide film wherein a thin film of a thermosensitive coordination
      complex of palladium is first applied to the substrate.
PAR  As an illustration of a suitable circuit, FIG. 1* shows a lead frame
      produced when practicing the present invention.
PAR  The coordination complex of palladium has the formula:
EQU  LmPdXn
PAL  wherein L is a ligand or unsaturated organic group; Pd is the palladium
      metal base of the complex; X is a halide, alkyl group, or bidentate
      ligand; and m and n are integers, i.e., m is from 1 to 4 and n is from 0
      to 3.
PAR  In the complex above L is: a phosphine moiety or a phosphite moiety each is
      substituted with substituents such as aromatic mononuclear (e.g. phenyl)
      or polynuclear (e.g. naphthyl) or an alkyl group or mixed alkyl groups of
      1 to 10 carbon atoms in the alkyl group; a nitrile such as an aromatic
      nitrile e.g. benzonitrile or an aliphatic nitrile e.g. acetonitrile
      generally having up to 8 carbon atoms in said nitrile moiety; a diene such
      as an aliphatic diene from 4 to 8 carbon atoms e.g. 1,3-butadiene or an
      alicyclic diene e.g. a cyclooctadiene; or an amine e.g. alkylene di- or
      tetraamine of 2 to 4 carbon atoms in the alkylene portion thereof such as
      triethylene tetramine, ethylene diamine; triethanol amine, diethanol
      alkylamine of 1 to 4 carbons in the alkyl group, etc.
PAR  Platinum complexes of the above will also be suitable except from cost
      standpoint. Nickel and copper complexes were tried, but thermal
      decomposition yielded only metal oxides which were not catalytic.
PAR  Representative compounds are:
PAR  Bis-triphenylphosphine palladium dichloride, bis-triphenylphosphine
      dimethyl palladium, bis(triphenylphosphine) di(secondarybutyl) palladium,
      bis-triphenylphosphine palladium oxalate, bis-triphenylphosphine palladium
      borohydride, bis-triphenylphosphine palladium diamine,
      tris-triphenylphosphine palladium chloride, tetrakis-triphenylphosphine
      palladium (0); bis-triethyl phosphine and bis-tri-n-butyl phosphine
      palladium chloride or the dialkyl e.g. dimethyl, dibutyl, etc., oxalate,
      and borohydride substituents of the complex, bis-trimethylphosphite
      palladium dichloride or the dialkyl e.g. dimethyl, disec.butyl, etc.,
      oxalate, succinate, citrate, and borohydride substitutions,
      bis-benzonitrile and bis-acetonitrile palladium dichloride, 1,3-butadiene
      palladium dichloride, and bis-triethylene tetramine palladium dichloride
      and bis-triethylene tetramine palladium oxalate. With respect to alkyl
      moieties, described above, these are generally from 1 to 6 carbon atoms,
      preferably from 1 to 4 carbon atoms.
PAR  Synthesis of the above-mentioned bis-trimethylphosphite palladium
      dichloride and related compounds will now be described.
PAR  Palladium-phosphorous coordination complexes are synthesized specifically
      by slowly adding organo-phosphine or organo-phosphite compounds to an
      organic solvent slurry of palladium dichloride at reduced temperature.
      These complexes may be purified by freezing the pure crystals from a
      saturated solution of a suitable solvent. Bis-trimethylphosphite palladium
      dichloride, for example, is produced by slowly adding trimethylphosphite
      to an acetone slurry of palladium dichloride at ice water temperature.
      Crystals may be purified in tetrahydrafuran by freezing the saturated
      solution. The alkyl substituted compounds are made by adding lithium alkyl
      to the desired organo-phosphorus metal chloride complex in an ether
      solution. Chloride moieties are replaced with the corresponding alkyl
      group or groups. Oxalate or borohydride substitutions are made by adding
      sodium oxalate or sodium borohydride to an ether solution of the desired
      chloride complex. Tetrakis, zero valent (0), complexes are synthesized by
      adding an additional quantity of organo-phosphorus compound to an organic
      solution of the bis-organo phosphorus metal dichloride, an then adding a
      strong reducing agent such as hydrazine. The chloride moiety is displaced
      leaving a metal atom with four organo-phosphorus ligands coordinated with
      a net zero valence.
PAR  In general, the palladium complex materials can be synthesized by simple
      precipitation and filtration, or solvent evaporation procedures, and
      stored as crystals or in solutions until needed for specific product
      applications. Such applications may include besides the previously
      described surface catalyzation of non-conductive materials, the also
      previously described, electroless and nonaqueous immersion plating of
      palladium, electrolytic deposition of palladium and chemical vapor
      deposition of palladium on a heated substrate. Before a successful deposit
      can be made, the substrate must be prepared in an appropriate manner.
DETD
PAR  Illustrative moieties of the above complexes are set forth below;
      preparation of these show the numerous complexes which may be synthesized.
PAR  1. Bis-triphenylphosphine palladium dichloride [(C.sub.6 H.sub.5).sub.3
      P].sub.2 PdCl.sub.2. Dissolve 2 moles, plus 5% excess, of
      triphenylphosphine in acetone. Dissolve 1 mole of palladium dichloride in
      water with a slight excess of chloride ion ether from HCL or KCL. Slowly
      pour phosphine solution into palladium solution with stirring till lemon
      yellow precipitate complete (10 min.). Filter crystals and wash first with
      water then with acetone. Dried crystals represent 94% of theoretical
      yield.
PAR  2. Tetra-kis-triphenylphosphine palladium zero valent -[(C.sub.6
      H.sub.5).sub.3 P].sub.4 Pd.degree. decomp. temp. 98.degree.C. Slurry 1
      mole of bis-triphenylphosphine palladium dichloride and 2 moles, plus 5%
      excess, of triphenylphosphine in ethanol under nitrogen. Add 2-1/2 moles
      of hydrazine in ethanol dropwise to the stirring solution. Stir for
      one-half hour. Filter, wash with ethanol, dry in vacuum.
PAR  3. Bis-triphenylphosphine palladium dimethyl -[(C.sub.6 H.sub.5).sub.3
      P].sub.2 Pd (CH.sub.3).sub.2 decomp. temp. 275.degree.C. Place 1 mole of
      bis-triphenylphosphine palladium dichloride in an ether slurry. Add 2
      moles of methyl lithium, plus a 15% excess, in ether solution, and allow
      to stir for 1 hour to insure complete alkyl displacement of chloride
      ligands. Filter, wash with water and then with ether to remove all lithium
      chloride and unused lithium alkyl. Dry in air.
PAR  4. Bis-tri-n-butylphosphine palladium dichloride -[(C.sub.4 H.sub.9).sub.3
      P].sub.2 PdCl.sub.2 Decomp. temp. 155.degree.C. Dissolve 2 moles, plus a
      5% excess, of tri-n-butyl phosphine in methanol. Slurry 1 mole of
      anhydrous palladium dichloride in acetone. Slowly pour the phosphine
      solution into the palladium slurry with stirring. Crystals are obtained by
      evaporating solvents. Avoid contact with water; this complex forms
      unstable hydrates.
PAR  5. Bis-tri-n-butylphosphine palladium dimethyl -[(C.sub.4 H.sub.9).sub.3
      P].sub.2 Pd (CH.sub.3).sub.2 decomp. temp. 145.degree.C. Dissolve 1 mole
      of bis-tri-n-butylphosphine palladium dichloride in ether. Add 2 moles,
      plus a 5% excess, of methyl lithium slowly and allow to stir for 10 min.
      Evaporate to dryness with air. Crystals melt at 60.degree.C and begin to
      evaporate if decomposition temperature is not reached quickly. Material
      decomposed by U.V. light.
PAR  6. Bis-triethylphosphine palladium dichloride -[(C.sub.2 H.sub.4).sub.3
      P].sub.] PDCl.sub.2 decomp. temp. 150.degree.C. Slowly pour solution of 2
      moles of triethylphosphine in alcohol, plus 5% excess, into slurry of
      anhydrous palladium dichloride in acetone with stirring. Evaporate to
      dryness. Avoid contact with water; this complex forms highly unstable
      hydrates.
PAR  7. Bis-triethylphosphine palladium dimethyl -[(C.sub.2 H.sub.5).sub.3
      P].sub.2 Pd(CH.sub.3).sub.2 decomp, temp. -- Dissolve 1 mole of
      bistriethylphosphine palladium dichloride in ether. Add 2 moles, plus 5%
      excess of methyl lithium slowly and allow to stir for 10 min. Evaporate to
      dryness with nitrogen. Material decomposes in air and is extremely U.V.
      sensitive.
PAR  8. Bis-triphenylphosphine palladium disecondary butyl -[(C.sub.6
      H.sub.3).sub.3 P].sub.2 Pd[CH.sub.3)CHC.sub.2 H.sub.5 ].sub.2 decomp.
      temp. -- Place 1 mole of bis-triphenylphosphine palladium dichloride in an
      ether slurry. Add 2 moles of secondary butyl lithium plus a 5% excess and
      allow to stir for 1 hour. Remove crystals by filtration. Wash with water
      and then with ether and dry in air.
PAR  9. Bis-triphenylphosphine palladium oxalate -[(C.sub.6 H.sub.5).sub.3
      P].sub.2 PdC.sub.2 O.sub.4 decomp. temp. 293.degree.C. Dissolve 1 mole of
      bis-triphenylphosphine palladium dichloride in acetone. Slurry 1 mole plus
      5% excess of sodium oxalate in water. Pour phosphine solution into oxalate
      slurry and allow to stir for 10 min. Filter crystals and dry.
PAR  10. Bis-triethylphosphine palladium oxalate -[(C.sub.2 H.sub.5).sub.3
      P].sub.2 PdC.sub.2 O.sub.4 decomp. temp. 275.degree.C. Dissolve 1 mole of
      bis-triethylphosphine palladium dichloride in alcohol. Slurry 1 mole plus
      5% excess of sodium oxalate in acetone. Pour the phosphine solution into
      the oxalate slurry and allow to stir for 10 min. Crystals are obtained by
      evaporating solvents.
PAR  11. Palladium acetylacetonate - Pd(C.sub.5 H.sub.7 O.sub.2).sub.2 decomp.
      temp. 240.degree.C. Place 1 mole of palladium dichloride in water solution
      with a slight excess of chloride ion as from HCl. Place 2 moles plus a 5%
      excess of sodium acetylacetonate in water solution. Mix the two solutions
      slowly with stirring and allow to stir for 20 min. Filter the crystals and
      wash with water.
PAR  12. Bis-triphenylphosphine palladium borohydride -[(C.sub.6 H.sub.5).sub.3
      P].sub.2 Pd (BH.sub.4).sub.2 decomp. temp. -- Place 1 mole of
      bis-triphenylphosphine palladium dichloride in an acetone slurry. Dissolve
      2 moles of sodium borohydride, plus 5% excess, in a high molecular weight
      alcohol. Slowly pour the borohydride solution into the chilled phosphine
      slurry with stirring. After 5 minutes of stirring evaporate to dryness
      with nitrogen gas. Store in dark freezer.
PAR  13. Bis-trimethylphosphine palladium dichloride -[(CH.sub.3 O).sub.3
      P].sub.2 PdCl.sub.2 decomp. temp. 210.degree.C. Place 1 mole of palladium
      dichloride in acetone slurry. Add 2 moles of trimethyl phosphite dropwise
      with stirring, allow to stir for 2 hours. Evaporate to dryness and
      redissolve in warm tetrahydrafuran. After shaking warm solution in calcium
      chloride crystals filter through fine pore filter. Complex recrystallizes
      on cooling and may be filtered and washed with cold tetrahydrafuran.
PAR  14. Bis-benzonitrile palladium dichloride (C.sub.6 H.sub.5 C.tbd.N).sub.2
      PdCl.sub.2 decomp. temp. 85.degree.C. Place 2 gm of palladium dichloride
      in 50 ml of benzonitrile and warm mixture to 100.degree.C. After 30 min.
      of stirring at 100.degree.C. the palladium dichloride will dissolve to
      give a red solution. After filtering, the still warm solution is poured
      into 300 ml of petroleum ether to precipitate out the crystals. Crystals
      are removed by filtration and washed with cold petroleum ether.
PAR  15. 1,3-butadiene palladium dichloride - C.sub.4 H.sub.6 PdCl.sub.2 decomp.
      temp. 95.degree.C. Place 2 gm of bis-benzonitrile palladium dichloride in
      a benzene solution. Bubble 1,3-butadiene through solution till color
      becomes yellow. Continue bubbling till crystals no longer fall out. Filter
      crystals.
PAR  16. Bis-acetonitrile palladium dichloride -(CH.sub.3 C.tbd.N).sub.2 decomp.
      temp. 130.degree.C. Place 2 gm of palladium dichloride in 20 ml of
      acetonitrile and warm till all palladium dichloride dissolves. Vacuum
      filter while still hot, then cool to precipitate crystals. Filter.
PAR  17. Bis-triethylenetetramine palladium oxalate -[H.sub.2 NCH.sub.2
      (CH.sub.2 NHCH).sub.2 CH.sub.2 NH.sub.2 ]Pd.degree.C.sub.2 O.sub.4.
      Dissolve 1 mole of palladium dichloride in water. Dissolve 2 moles plus 5%
      excess of triethylenetetramine in water. Mix the two solutions and stir
      for 30 min. Add 2 moles of silver nitrate aqueous solution and stir till
      all silver chloride precipitates. Filter silver chloride and add 1 mole of
      sodium oxalate to filtrate.
PAR  With respect to the polymer film, sheets, slats, shapes, or forms, the
      surface preparation is as follows. A polymer such as polyimide film is
      first degreased by a solvent dip. The most suitable degreasing agents are
      fluorinated hydrocarbons such as Freon; other effective degreasing agents
      are chlorinated hydrocarbons such as 1,1,1-trichloroethane,
      trichloroethylene and carbon tetrachloride; and aromatic solvents such as
      xylene, toluene and chlorobenzene.
PAR  After degreasing, the polymer film such as polyimide film is dipped in a
      caustic solution for one minute which attacks the imide linkage of the
      polymer, removes some low molecular weight fractions and generates a thin
      gel like coating on the surface. After a water rinse, the film is dipped
      in an acid solution, e.g. citric acid to neutralize the caustic. The film
      is then washed in deionized water and dried at 80.degree.-100.degree.C
      with care not to set the thin gel like coating; or the washed film may be
      dried with an air jet. The caustic surface conditioning improves adhesion
      of the metal to the polyimide film (such as Kapton) reduces porosity in
      the coating and eliminates blistering.
PAR  A number of caustic based solutions have been used for surface conditioning
      of polyimide films. Sodium hydroxide solutions ranging in concentration
      from 4 to 20% have been used with success. Mixtures of 5% sodium hydroxide
      - 5% hydrazine hydrate have also been successfully used. A mixture of
      benzene sulfonic acid-phenol-sodium hydroxide at 80.degree.C. in
      accordance with a method disclosed in U.S. Pat. No. 3,394,023 also
      successfully was used to condition polyimide film. With this type of
      catalization process, it was found that a much less drastic surface
      conditioning was necessary than is required with commercial chemical
      absorbtion type catalyst processes. A 4% sodium hydroxide solution is
      preferred for economic reasons. This concentration was found to be quite
      sufficient to remove the low molecular weight surface material previously
      mentioned.
PAR  Many acids have been used to neutralize the caustic on the surface after
      conditioning. They include hydrochloric, nitric, sulfuric, hydrofluoric
      and citric. Citric is the preferred neutralizer because it does not attack
      or modify the polyimide surface as the inorganic and mineral acids do.
PAR  A polyimide film is then dipped into an organic solution of an
      organo-palladium complex, and withdrawn at a controlled rate; the solvent
      readily evaporates leaving a thin film of evenly dispersed complex. When
      the film is heated in air, the complex thermally decomposes leaving a
      layer of palladium residue which is entrained upon apparently a
      repolymerization of the gel coating at the polyimide's surface. Subsequent
      immersion of the film in an electroless gold, nickel or copper bath will
      produce rapid nucleation of the plating metal on the catalyzed surface.
PAR  Teflon and other fluorocarbons may be metallized using the same procedure
      after the surface has been prepared by etching with a saturated solution
      of sodium in naphtha (Tetro-etch). Glass plate can also be metallized in
      this manner, however, the glass surface must be coated with a thin primer
      coating of epoxy which is first cured to achieve adequate bonding of the
      plated metal. Most any substrate which will stand a temperature of
      210.degree.C. for a few seconds and which is inert to the solvent
      environment of the catalyst solution can be metallized by this technique.
PAR  Suitable inert substrates are described below.
PAR  For example, epoxy resins having a temperature capability of 550.degree.F
      are suitable, tetrafluoro ethylene mentioned above and fluoroethylene
      polymers of a temperature resistance of at least 400.degree.F are
      suitable. Other substrates and their useful upper temperature are
      polyarylsulfone (500.degree.F) polyparabanic acid (550.degree.F--
      disclosed in U.S. Pats. 3,547,897; 3,591,562; and 3,661,859); the
      previously mentioned polyimides and polyimides-amides (480.degree.F);
      polyphenylene sulfide (500.degree.F); polysulfones (345.degree.F);
      silicone polymers, e.g., dimethyl or diphenyl siloxanes (room temperature
      vulcanizates--500.degree.F) and poly-2,4-imidazolidinediones
      (polyhydantions) (manufactured by Bayer A. G. Germany and available from
      Mobay Chemical, Pittsburg, Pa.). A number of the above polymers are
      described in Lee et al., New Linear Polymers, McGraw-Hill, N. Y., N. Y.
      (1967).
PAR  In general all high temperature polymers, i.e., having a temperature
      capable of resisting solder dip temperatures of 210.degree.C to
      220.degree.C are useful. In accordance with this invention, the preferred
      polymer substrates are capable of withstanding the above temperatures for
      a time sufficient in a solder dip (about a 5 to 10 sec. dip). Of the above
      substrates, the polyimides are the first choice.
PAR  The polymers mentioned above may be in sheet, film, slab, or of a desired
      shape, etc. and may be filled with inert fillers to make the same rigid
      when necessary.
PAR  As a solvent for the catalyst, it must be chosen on the basis of specific
      criteria. It must be a solvent in which the palladium complex is highly
      soluble, it must wet and should slightly swell the gel coating at the
      polyimide's surface, and it must have a sufficiently high vapor pressure
      that the solvent flashes off quickly and evenly. The preferred solvent for
      this purpose is tetrahydrofuran. The organic solvents available and which
      were used successfully include benzene, dimethylsulfoxide,
      dimethylacetamide, formamide, dimethyl formamide, acetone, methanol,
      carbon tetrachloride, chloroform, toluene, 1,1,1-trichloroethane,
      isopropyl alcohol, ethyl ether, methyl ethyl ketone, and mixtures of
      solvents such as 50% benzene-50% tetrahydrofuran, 90% isopropyl
      alcohol-10% tetrahydrofuran, and 80% benzene-20% methyl ethyl ketone.
PAR  The substrate with the thin film of thermally decomposable complex upon it
      is then exposed to a hot, and preferably humid, air environment in which
      the complex is thermally decomposed to the catalytic residue.
PAR  In the preferred embodiment, a non-conductive substrate is metallized by
      applying to it one of a thermally sensitive coordination complex of
      palladium such as one having the formula: [(CH.sub.3 O).sub.3 P].sub.2
      PdCl.sub.2.
PAR  The concentration of the complex or one of the other complexes in a
      suitable solvent e.g. in the tetrahydrofuran solvent is from 6 gm/1 to 25
      gm/1 and in a series of runs were of a metal concentration of 2.0 to 6.0
      gm/1 Pd. Preferably, a complex concentration of 12.0 gm/1 to 18 gm/1 or a
      metal concentration of 3.0 gm/1 Pd to 12.0 gm/1 represent a desired
      concentration. Thereafter the film, catalytic to electroless nickel,
      copper, gold or cobalt is exposed to a bath suitable for depositing
      electroless copper, cobalt, nickel or gold which is deposited onto the
      catalytic film. The desired circuitry areas are then selectively masked
      and the exposed spaces between the circuitry areas are deactivated such as
      by slight back etching to assure that the electroless metal as well as the
      catalytic residue has no effect on the circuit performance.
PAR  In the event later back etching of copper or nickel is desired such as
      after electroless copper deposition of a continuous film, or after
      electrolytic build up of circuitry areas, further gold or tin - lead or
      other inert alloy combinations or multimetallic materials of the common
      solder classes are deposited on the pattern with specific areas masked
      with an appropriate composition as it is well known in the art. The
      pattern may be completed by appropriately removing the masking composition
      and back etching the electroless copper deposit with a suitable etchant
      which is selective to the metal e.g. copper, such as ammonium persulfate,
      and which will not attack the overlying metal.
PAR  The criteria for choosing the most desirable palladium complex for the
      thermal-catalyzation of polyimide surfaces include: a material which is
      readily soluble in the preferred solvent systems; a material chemically
      stable in air, and stable in solution at operating temperatures; and a
      thermal decomposition temperature which is optimum for bonding palladium
      residue to the polymer substrate such as polyimide; thus the complex
      should not have a decomposition temperature of above 300.degree.C.
PAR  The complex found to be most appropriate for the pyrolytic catalyzation of
      polyimide surfaces is the above-mentioned bis-trimethylphosphite palladium
      dichloride. The decomposition temperature of this complex is 210.degree.C.
      A minimum concentration of 8.4 gm/1 of the complex, giving a metal
      concentration of 2.1 gm/1 Pd catalyst solution produces a catalyzed
      polyimide surface on which 9-10 microinches of high integrity nickel
      deposits after a three minute immersion at 76.degree.C in an agitated
      electroless nickel bath of the composition identified below as
      "Electroless Nickel I." Suitable electroless baths are identified herein
      below.
TBL  ______________________________________                                    
     Electroless Coppers:                                                      
      I.      Copper Sulphate        10 gm/l                                   
              Sodium Hydroxide       10 gm/l                                   
              Formaldehyde (37-41% W/V)                                        
                                     10 ml/l                                   
              Sodium Potassium Tartrate                                        
                                     50 gm/l                                   
     II.      Cupric Oxide           3.0 gm/l                                  
              Sodium Hypophosphite   10 gm/l                                   
              Ammonium Chloride      0.1 gm/l                                  
     III.     Copper Sulphate        13.8 gm/l                                 
              Sodium Potassium Tartrate                                        
                                     69.2 gm/l                                 
              Sodium Hydroxide       20 gm/l                                   
              Formaldehyde (36% W/V,*                                          
               12.5% CH.sub.3 OH)    40 ml/l                                   
              2-Mercaptobenzothiazole                                          
                                     0.003%                                    
              *weight by volume                                                
              Bath Temp: Ambient                                               
     Electroless Nickel:                                                       
      I.      Nickel Chloride        80 gm/l                                   
              Sodium Citrate         100 gm/l                                  
              Ammonium Chloride      50 gm/l                                   
              Sodium Hypophosphite   10 gm/l                                   
              Bath Temp.: 100.degree.F .+-. 20                                 
     II.      Nickel Chloride Hexahydrate                                      
                                     20 gm/l                                   
              Ethylene Diamine (98%) 45 gm/l                                   
              Sodium Hydroxide       40 gm/l                                   
              Sodium Borohydride     0.67 gm/l                                 
              Bath Temp.: 180.degree.F                                         
     Electroless Cobalt:                                                       
      I.      Cobalt Chloride Hexahydrate                                      
                                     30 gm/l                                   
              Sodium Citrate Pentahydrate                                      
                                     35 gm/l                                   
              Ammonium Chloride      50 gm/l                                   
              Sodium Hopophosphite, Monohydrate                                
                                     20 gm/l                                   
              Bath Temp.: 180.degree.F                                         
     II.      Cobalt Sulphate, Heptahydrate                                    
                                     24 gm/l                                   
              Ammonium Sulphate      40 gm/l                                   
              Sodium Hypophosphite   20 gm/l                                   
              Sodium Citrate         80 gm/l                                   
              Sodium Lauryl Sulphate 0.1 gm/l                                  
              Bath Temp.: 180.degree.F                                         
     ______________________________________                                    
PAL  Other baths which were tried and worked were Shipley NL-63 (a nickel bath),
      Richardson-NIKLAD 759-A (nickel); Shipley XP7006 (nickel).
PAR  Representative electroless copper baths which were used are the following:
      Dynachem 240; Shipley 328Q; McDermid 9055.
PAR  Some of the illustrated baths are well known in the art and reference may
      be had to U.S. Pat. No. 3,095,309 and 3,546,009 which disclose electroless
      copper deposition baths and to Brenner, "Metal Finishing" November 1954,
      pages 68 to 76, which disclose electroless nickel baths. Electroless gold
      baths are disclosed in U.S. Pats. 3,123,484; 3,214,292; and 3,300,328 the
      disclosure of which is incorporated by reference. Typically, the
      electroless metal baths comprise a source of the metal ions, a reducing
      agent for those ions, a complexing agent and a compound for pH adjustment.
PAR  With respect to the above bath the alkali baths are a second choice when
      using the poly imides, poly imides-amides, poly parabanic acid, or poly
      hydantoins; an acid or neutral electroless bath is preferred.
PAC  EXAMPLE I
PAR  A solution of bis-trimethylphosphite palladium dichloride is made by
      dissolving in tetrahydrafuran at a concentration of 2.1 to 3 gm/1 Pd. A
      piece of polyimide which has been soaked for 1 min. in a 20% sodium
      hydroxide solution, water rinsed, neutralized in 50% HCl for 1 min., water
      rinsed, acetone rinsed, and dried at 100.degree.C for 1 min. is dipped in
      the palladium catalyst solution for 30 sec. As the polyimide strip is
      withdrawn from the catalyst solution, the tetrahydrafuran solvent flashes
      off leaving a monomolecular film of bis-trimethylphosphite palladium
      dichloride complex. The film is then baked in a moist air oven at
      210.degree. C to decompose the complex to an adherent film of palladium
      metal. When the treated film is immersed in an electroless copper bath
      Shipley 328Q (as well as the copper baths given previously) approximately
      5 .mu. in. of copper will deposit evenly over the film surface in 2 min.
      The copper layer is then electrolytically built up to 50-100 .mu.  in. in
      a copper sulfatesulfuric acid bath. After washing and drying the
      metallized film is coated with a photoresist, printed with a suitable
      circuitry pattern (a lead frame pattern shown in FIG. 1), developed and
      washed. The film is then put back into the electrolytic copper bath and
      the circuitry patterns selectively built up to one-half mil over which is
      plated 500-100 .mu. in. of tin lead or other solder alloy. After washing
      the photoresist is solvent stripped and the exposed non-circuitry base
      copper is removed with selective etch such as ammonium persulfate, thus
      leaving a printed flexible circuit ready for solder contacting.
PAC  EXAMPLE II
PAR  The procedure set forth in Example I is repeated but instead as in Example
      I bis-triphenylphosphine palladium dimethyl is used as the catalyst
      complex.
PAC  EXAMPLE III
PAR  The procedure set forth in Example I is repeated but instead as in Example
      I palladium complex identified as 4) above is used.
PAC  EXAMPLE IV
PAR  The procedure as set forth in Example I is used and the complex of Example
      II is used in a 50--50 mixture of benzene and tetrahydrafuran as the
      catalyst solvent.
PAC  EXAMPLE V
PAR  The procedure as set forth in Example I is repeated but citric, or nitric
      acid, is used to neutralize the caustic.
PAC  EXAMPLE VI
PAR  The procedure as set forth in Example I is repeated but a 5% sodium
      hydroxide -5% hydrazine is used as a surface treatment solution.
PAC  EXAMPLE VII
PAR  The procedure set forth in Example I is repeated but sulfonic
      acid-phenol-sodium hydroxide is used as a surface treatment solution.
PAC  EXAMPLE VIII
PAR  The procedure set forth in Example I is repeated but sodium hydroxide from
      4-20% is used for surface preparation of a film of poly imide-amide or
      poly parabanic acid.
PAC  EXAMPLE IX
PAR  The procedure set forth in Example I is used and an electroless metal bath
      of nickel, cobalt and gold is used and deposits of good quality are
      obtained.
PAC  EXAMPLE X
PAR  The procedure is repeated as in Example I but nickel is used in the
      circuitry as defined in bath "Electroless Nickel I."
PAC  EXAMPLE XI
PAR  The procedure is repeated as in Example I but the initial deposit of copper
      is then masked, the electroless copper deposit back etched rather than
      building up the circuitry.
PAR  With respect to electrolytic deposits which are employed to build up the
      circuit patterns electrolytically, the following baths are suitable:
     a.   Copper Sulfate        28.0 oz./gal                                   
          Sulfuric Acid         7.0 oz./gal                                    
           Room Temp. Bath      (15 to 25.degree.C)                            
           ASF (amperes per square foot)                                       
                                about 10                                       
     or:                                                                       
     b.   Copper Fluoroborate   60 oz./gal                                     
          Copper (as metal)     16 oz./gal                                     
           Temp. of Bath - 120.degree.F                                        
     or:                                                                       
     c.   Copper Cyanide        2-3.5 oz./gal                                  
          Sodium Cyanide        3.7-5.9 oz./gal                                
          Free Sodium Cyanide   1.5-210 oz./gal                                
          Sodium Hydroxide      0-1/2 oz./gal                                  
PAR  Further, tin may be overplated for better solder adhesion. Typical tin, as
      well as tin-lead electrolytic compositions, are listed in "Metals
      Finishing Guidebook Directory", Metal and Plastic Publications Inc.,
      Westwood, N.J. (published annually). This publication also provides
      sufficient description of various other electrolytic compositions suitable
      for flat and/or flexible circuitry uses (as well as electroless baths).
PAR  In accordance with the above method and when the circuit pattern on a
      Kapton (H-film, i.e., polyimide) was overplated with the electrolytic
      copper deposit from bath a. above, peel strength (90.degree. peel test)
      values of as high as 4.5 psi have been observed for a one mil film with a
      one mil overplate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the decomposition of a metal into an inert substrate from a
      bath containing said metal, said metal comprising the steps of:
PA1  applying to said substrate a thin film of a thermally decomposable complex
      of palladium or platimum having the formulae
PA1  LmPdXn or
PA1  LmPtXn wherein
PA1  L is a ligand or an unsaturated organic group; Pd or Pt is palladium or
      platinum metal; X is a halide, an alkyl group or a bidentate ligand; and m
      is from 1 to 4 and n is from 0 to 3;
PA1  exposing said substrate to which said complex has been applied to heat at a
      temperature of about 300.degree.C and less to effect decomposition of said
      complex and to create a residue catalytic to a metal in an electroless
      bath solution; and
PA1  depositing a metal from said electroless bath on said substrate in an area
      rendered catalytic by decomposition of said complex.
NUM  2.
PAR  2. The process as defined in claim 1 and wherein the complex is
      bis-trimethylphosphite palladium dichloride.
NUM  3.
PAR  3. The method as defined in claim 1 and wherein said ligand L is a
      phosphine moiety, a phosphite moiety; a nitrile moiety; a diene moiety; a
      diamine, a tetramine; diethanol alkyl amine; or a triethanol alkyl amine;
      X is a halide, i.e., chloride, bromide, or iodide, an alkyl group of 1 to
      6 carbon atoms, or a bidentate ligand of oxalate, succinate, citrate or
      borohydride.
NUM  4.
PAR  4. As an article of manufacture, a polyimide film having a circuit pattern
      thereon defined by an electroless metal deposit and as catalyst for said
      electroless deposit a thermal decomposition product of a complex defined
      in claim 1.
NUM  5.
PAR  5. A method for the metallization of a non-conductive substrate with
      nickel, cobalt, gold or copper comprising the steps of:
PA1  a. applying to said substrate a thermally sensitive, coordination complex
      of palladium or platinum having the formula
PA1  LmPdXn or
PA1  LmPtXm
PA1  b. forming residue catalytic to electroless nickel, cobalt, gold or copper
      on said substrate by decomposing the said complex at a temperature from
      210.degree.C to 300.degree.C; and immersing said substrate in an
      electroless solution of nickel, cobalt, gold or copper and depositing
      nickel, cobalt, gold or copper therefrom on the catalytic film formed by
      decomposition of said palladium or platinum complex.
NUM  6.
PAR  6. A process as recited in claim 5 wherein the palladium complex is
      trimethyl phosphite palladium dichloride.
NUM  7.
PAR  7. A process as recited in claim 5 wherein the said substrate after
      application of said complex and electroless metal in a nickel, cobalt, or
      copper electroless bath solution is masked and exposed to further additive
      electroless deposition.
NUM  8.
PAR  8. A process as recited in claim 7 wherein said substrate after said
      further additive deposition is stripped of said mask and back etched in
      areas wherein said electroless metal has been deposited.
NUM  9.
PAR  9. A method for the preparation of an inert substrate to electroless
      deposition of a metal upon said substrate comprising the steps of:
PA1  a. applying to said substrate a thin film of a thermally decomposable
      coordination complex of palladium having the formula
EQU  LmPdXn
PA1  wherein L = a ligand or unsaturated organic group, Pd is metal palladium
      and
PA2  X = a halide, alkyl group or bidentate ligand,
PA2  m is an integer from 1 to 4 and n is from 0 to 3, and
PA1  b. exposing said substrate to which said complex has been applied, to heat,
      at a temperature of about 300.degree.C and less, to effect decomposition
      of said complex and create residue catalytic to a metal in an electroless
      bath.
NUM  10.
PAR  10. The process as defined in claim 9 and wherein the complex is
      bis-trimethylphosphite palladium dichloride.
NUM  11.
PAR  11. A process as recited in claim 9 wherein said complex is
      bis-triphenylphosphine palladium dimethyl.
NUM  12.
PAR  12. A process as recited in claim 9 wherein said complex is
      bis-tri-n-butylphosphine palladium dichloride.
NUM  13.
PAR  13. A process as recited in claim 9 wherein said complex is palladium
      acetylacetonate.
NUM  14.
PAR  14. The process as defined in claim 9 and wherein the substrate is etched
      before applying said complex to same.
NUM  15.
PAR  15. The process as defined in claim 9 and wherein a complex or a mixture of
      complexes is applied to said substrate and said complex is
      bis-triphenylphosphine palladium dichloride; bis-triphenylphosphine
      dimethyl palladium; bis(triphenylphosphine) di(secondarybutyl) palladium;
      bis-triphenylphosphine palladium oxalate; bis-triphenylphosphine palladium
      borohydride; bis-triphenylphosphine palladium diamine;
      tris-triphenylphosphine palladium chloride; tetrakis-triphenylphosphine
      palladium (0); bis-triethyl phosphine or bis-tri-n-butyl phosphine
      palladium chloride or the dialkyl, oxalate, and borohydride bidentate
      substituents of said complex; bis-trimethylphosphite palladium dichloride
      or the dialkyl oxalate, succinate, citrate, and borohydride bidentate
      substituent of said complex; bis-benzonitrile, palladium dichloride;
      bis-acetonitrile palladium dichloride, 1,3-butadiene palladium dichloride;
      bis-triethylene tetramine palladium dichloride or bis-triethylene
      tetramine palladium oxalate, or mixtures thereof; said alkyl moieties,
      defined above, being from 1 to 6 carbon atoms.
NUM  16.
PAR  16. The method as defined in claim 9 and wherein the ligand is a phosphite
      or phosphine substituted with (a) aromatic mono or polynuclear groups, (b)
      an alkyl group or mixed alkyl group of 1 to 10 carbon atoms in said alkyl
      group; an aromatic nitrile, an aliphatic nitrile, said aromatic or
      aliphatic group having from 1 up to 8 carbon atoms in said nitrile moiety;
      an aliphatic diene of 4 to 8 carbon atoms; an alicyclic diene, an alkylene
      diamine or a tetramine of 2 to 4 carbon atoms in the alkylene portion
      thereof; or triethanol or diethanol alkylamine of 1 to 4 carbon atoms in
      the alkyl group.
NUM  17.
PAR  17. As an article of manufacture a nonconductive substrate having a circuit
      pattern thereon defined by an electroless metal deposit and as catalyst
      for said electroless deposit a thermal decomposition product of the
      complex defined in claim 9.
NUM  18.
PAR  18. The article of manufacture as defined in claim 17 with an electrolytic
      overplate on said catalyst and electroless deposit.
NUM  19.
PAR  19. The article of manufacture as defined in claim 17 and wherein the
      complex is trimethyl phosphite palladium dichloride.
NUM  20.
PAR  20. As an article of manufacture, a polyimide film having a circuit pattern
      thereon defined by an electroless metal deposit and as catalyst for said
      electroless deposit a thermal decomposition product of a complex defined
      in claim 9.
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ABST
PAL  Aluminum or an aluminum alloy is plated on a metallic substrate from a bath
      of molten aluminum or aluminum alloy containing 0.005 to 1.0% (preferably
      0.01 to 0.5%) strontium and/or 0.01 to 5.0% antimony. The metal substrate
      is preferably iron, steel, or a noniron metal such as copper, titanium,
      nickel, cobalt, chromium, tantalum, tungsten, vanadium or zirconium. The
      bath may also contain 1.0 to 15.0% by weight silicon and 0.005 to 1.0%
      beryllium.
BSUM
PAC   FIELD OF THE INVENTION
PAR  The present invention relates to the coating of an aluminum-containing
      layer upon ferrous-metal and nonferrous-metal substrates and, more
      particularly, to the deposition of aluminum or an aluminum alloy from a
      molten bath upon a metallic substrate.
PAC   BACKGROUND OF THE INVENTION
PAR  It has previously been proposed to deposit aluminum or aluminum alloy on a
      ferrous-metal substrate by dipping the latter into a molten bath of
      aluminum or aluminum alloy. An advantage of the aluminum-containing
      coating is that it generally has a higher resistance to corrosion than
      zinc (the most common galvanizing metal) and also has a greater resistance
      to high-temperature environments than coatings of lead, zinc or tin.
PAR  However, depositing a satisfactory coating of aluminum or an aluminum alloy
      onto a metal substrate is not simple since the coating character is
      affected by the oxidic surface normally present on the bath. Other
      problems which arise in the coating of aluminum onto metallic substrates
      from a bath or melt of the metal include the contamination of the
      workpiece surface and the high interfacial tension even when the substrate
      surface is clean and the aluminum is pure.
PAR  It has been proposed heretofore to overcome these disadvantages by
      introducing into a molten bath of aluminum, 0.005 to 0.13% by weight of
      sodium or potassium when the workpiece is a ferrous metal (iron or steel)
      or a metal such as chromium, nickel or titanium. Under these conditions,
      firmly adherent and uniform surface coating of aluminum alloys cannot be
      obtained.
PAR  Where ferrous metals constitute the substrate, the dipping of the workpiece
      into a bath of molten aluminum results in the formation of a reaction zone
      at which iron aluminum is formed. This metallic layer is brittle and of a
      thickness which depends upon the duration of immergence of the substrate
      in the aluminum bath.
PAR  The intermetallic iron-aluminide layer may have a thickness of 50 to 150
      microns and is so brittle that, upon bending of the workpiece, the
      intermetallic layer cracks and results in spalling of the coating layer.
PAR  To avoid this disadvantage it has been proposed to provide barrier layers,
      e.g. of chromium, cobalt, molybdenum, nickel or tungsten, and to permit
      diffusion of the barrier metal into the structure of the ferrous metal
      underlying the barrier. Thereafter the aluminizing treatment is carried
      out with a diminished tendency toward formation of iron aluminide.
      However, even with this system it is not possible to completely prevent
      iron aluminide from forming and spalling, although to a lesser degree,
      thereby posing a problem. Furthermore, the diffusion operation and the
      deposition of the bearer layer is a time-consuming treatment which seldom
      is economical and may not be convenient or even possible.
PAR  It has also been proposed to control the thickness of the intermetallic
      (iron-aluminide) layer so that the latter has a thickness of 0.05 to 0.15
      mm and contains 17 to 30% by weight aluminum by depositing the aluminum
      from a bath which contains magnesium and/or calcium as alloying elements.
      These systems are also not fully satisfactory. Finally, mention may be
      made of systems in which aluminum-silicon alloys are deposited upon
      metallic substrates from baths which contain calcium, strontium or barium
      to alter the structure of the layer. Even these systems have not proved
      fully satisfactory.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide an improved
      aluminum coating for ferrous and nonferrous metal which will have
      satisfactory structure and integrity and will be less prine to spalling
      than earlier aluminum or aluminum-alloy coatings.
PAR  It is another object of this invention to provide a method of forming an
      improved aluminum or aluminum-alloy coating on metallic substrates.
PAR  Yet another object of the invention is to provide a bath for depositing an
      aluminum or aluminum-alloy coating upon a metal substrate.
PAC  SUMMARY OF THE INVENTION
PAR  I have now found that the foregoing objects can be readily attained by the
      deposition of aluminum or an aluminum-alloy from a melt or bath thereof
      which contains 0.005 to 1.0% (preferably 0.01 to 0.5%) by weight strontium
      and/or 0.01 to 5.0% by weight antimony upon a ferrous or nonferrous
      metallic substrate by fire aluminization (pyroaluminization) without the
      disadvantages hitherto encountered. More specifically, the tendency toward
      spalling is reduced, the layers have substantially greater structural
      integrity and resistance to high temperatures and corrosion than earlier
      aluminum or aluminum-alloy layers, and the coating can be carried out
      without the difficulties hitherto encountered.
PAR  I have discovered that molten baths which consist of aluminum or aluminum
      alloys and strontium and/or antimony in the amounts stated preserve a
      bright and oxide-free surface which does not become contaminated.
      Apparently this is a consequence of the fact that strontium and antimony
      scarcely oxidize at temperatures of a bath above 800.degree.C whereas
      calcium and alkali metals such as sodium readily oxidize or burn at
      700.degree.C so that additional alkali metal must be fed into the melt and
      considerable quantities of the oxidized metal form a dross or slag layer
      on the surface. Consequently, the strontium and/or antimony greatly reduce
      the quantities of additives introduced into the bath over what would
      otherwise be required.
PAR  Strontium and/or antimony, added to a molten aluminum or aluminum-alloy
      bath, significantly reduce the interfacial tension between the surface of
      the substrate and the molten bath so that the latter rapidly wets the
      surfaces of the substrate brought into contact with the bath.
PAR  The advantage of this reduction in interfacial tension is that the
      substrate need not be moved or agitated by vibration or any other special
      technique, nor is it necessary to heat the melt or to provide for
      prolonged immersion times.
PAR  When the bath consists essentially of aluminum or an aluminum alloy and
      strontium and/or antimony is employed, it is sufficient to operate with a
      bath temperature of 600.degree. to 850.degree.C and an immersion time of 5
      to 60 seconds depending upon the mass of the substrate.
PAR  While applicant does not wish to be bonded by any theory regarding the
      surprising efficacy in aluminum or aluminum-alloy coating obtained by the
      addition of strontium and/or antimony to the melt, it appears that an
      unusually thin intermetallic layer of iron-aluminide is formed on
      ferrous-metal substrates, the layer being not in excess of 15 microns and
      generally between 10 and 15 microns.
PAR  Of course, other alloying elements may be added to the bath to obtain
      structural modification of the aluminum coating. For example, 1.0 to 15.0%
      silicon in the bath has been found to be highly desirable and beryllium in
      an amount of 0.005 to 1.0% by weight has been found to promote the effect
      of strontium and/or antimony, even to the point of reducing the quantities
      of the latter which may be required for a particular purpose.
PAR  The substrate may be composed of a ferrous metal, i.e. iron or steel, or a
      nonferrous metal, such as copper, titanium, cobalt, chromium, tentalum,
      tungsten, nickel, vanadium or zirconium or alloys of one of these metals
      with another or of three or more of the aforementioned metals, or alloys
      of the listed metals with iron.
PAR  The substrate may be in a finished (machined) or an unmachined state, e.g.
      in the form of sheets, wire or bars, and it has been noted that the
      invention is most effective when the coating is applied to thin structures
      of the substrate metal, e.g. thin sheet metal. For thin substrates, the
      immersion time may be, say, 15 seconds instead of about 1 to 3 minutes as
      required for massive stock of the identical steel.
PAR  According to the invention, the substrate surface is cleaned by any
      conventional technique, e.g. degreasing with a solvent and/or pickling, so
      that the surface is free from grease, dust and oxide and has been slightly
      etched. The substrate may be coated with layers of aluminum or
      aluminum-alloy in an intermittent process, e.g. by repeatedly immersing
      the substrate into and withdrawing it from the steel melt or by continuous
      techniques, e.g. passing the substrate slowly through a bath corresponding
      to the present invention.
PAR  The layers applied according to the present invention adhere firmly and are
      highly deformable, i.e. resistant to bending stress, and are uniform and
      nonferrous. Surprisingly, the melt of the aluminum or aluminum-alloy layer
      containing strontium and/or antimony according to the invention maintains
      substantially constant chemical composition for prolonged periods because
      the strontium and antimony do not burn out and are deposited concurrently
      with the aluminum or aluminum alloy. The bath remains free of dross or
      slag layers and, as noted, relatively short immersion time and low
      immersion temperatures can be used, so that the substrates can even be
      articles having a precipitation-hardened structure which is not adversely
      affected.
PAR  The pyroaluminized materials produced according to the invention may be
      used as starting materials for making equipment or other structures
      designed to resist high temperatures, oxidation and corrosion including
      exhaust mufflers and pipes of internal combustion engines, the grates of
      chemical roasting plants or internal elements such as wires in
      electrostatic precipitators. Because of its high reflection, the coating
      layer may be used in reflectors of electric household appliances such as
      radiant heaters or toasters.
DETD
PAC  SPECIFIC EXAMPLES
PAC  Example I
PAR  a. A section of a 0.5 millimeter thick strip of commercial carbon steel was
      first degreased in ethylene perchloride vapor, then pickled in dilute
      hydrochloric acid and thereafter rinsed in hot water and dried.
PAR  The immersion bath consisted of an aluminum alloy which contained 5%
      silicon and had an initial weight of 5 kilograms. The bath was at a
      temperature of 720.degree.C. The sheet steel was quickly dipped under the
      surface of the molten bath in order to avoid an oxidation of the surface
      of the steel. After an immersion bath of 10 seconds, the sheet metal
      specimen was withdrawn from the molten aluminum. Parts of the sheet steel
      had not yet been completely coated with aluminum. A second sheet steel
      element was rapidly dipped into the molten Al and Si bath and was then
      continually moved in the bath to ensure a good wetting of the sheet metal
      with the molten material. After an immersion in the molten bath of AlSi
      for 10 seconds, the sheet metal was withdrawn from the molten material and
      still exhibited individual uncoated areas. An uninterrupted layer of
      dip-coated aluminum was formed only when the sheet steel had been immersed
      for a longer time of about 30 seconds and had been constantly moved during
      this time. The resulting intermetallic layer of Fe.sub.x Al.sub. y had a
      thickness of 40 micrometers.
PAR  b. In another experiment, 0.2% sodium as an additional alloying element was
      admixed with the immersion bath of an aluminum alloy containing 5% Si of a
      gray-blue oxide skin formed on the initially bright surface of the molten
      bath. To eliminate the risk of a formation of faults on the dipped
      articles as a result of this oxide skin, the oxide was removed from the
      surface of the molten bath immediately before the sheet steel was dipped.
      After an immersion time of ten seconds, the sheet steel was removed from
      the molten aluminum and cooled. The aluminum coating had a dull blue-gray
      surface and exhibited some adhered oxide particularly on the side where
      the steel strip had entered the molten aluminum first. At these points,
      the aluminum coating could easily be peeled off by hand. The microscopic
      examination of the steel specimen showed that an Fe.sub.x Al.sub.y alloy
      interlayer in a thickness of 30 microns had formed during the immersion in
      the molten aluminum. About 30 minutes after the addition of sodium, such a
      large amount of sodium had burnt out that the sodium content of the molten
      bath of Al and Si had decreased below 0.001%.
PAR  c. For another experiment, a new molten bath of aluminum and 5% Si was
      prepared and 0.1% strontium was added as a second alloying element instead
      of sodium. The steel was pretreated as in the preceding experiments. The
      surface of the molten bath of aluminum had not lost its silver-bright
      appearance as a result of the addition of strontium. The steel specimen
      which had been removed from the immersion bath after ten seconds had a
      silver-bright, nonporous coating of aluminum. Microscopic examination
      showed that the interlayer of Fe.sub.x Al.sub.y had an average thickness
      of 15 microns. By the chemical analysis of the immersion bath it was found
      that even after an operation for more than 8 hours the strontium content
      of the immersion bath had decreased only by about 10% of the initial
      strontium content. In this case, a realloying with the additive element
      was not required whereas such realloying of the sodium-containing
      immersion baths was required already after 20 to 30 minutes.
PAC  EXAMPLE II
PAR  The article to be dipped consisted of a 0.5 millimeter thick sheet steel
      having the same composition as that used in Example I. The steel was
      pretreated as in Example I. Experiments were conducted to compare the
      results obtained with the following molten immersion baths of aluminum,
      each of which was used in an initial amount of 5 kilograms.
PA1  a. Al, 12.5% Si
PA1  b. Al, 12.5% Si, 0.2% Na
PA1  c. Al, 12.5%, Si, 0.5% Sb
PAL  Compared to Example I, the eutectic alloys used as immersion baths
      permitted the use of the immersion bath at a lower temperature of
      680.degree.C.
PAR  Just as in Example I, the binary immersion bath (a) required a longer
      immersion time of at least 30 seconds compared to immersion baths (b) and
      (c) and a continual movement of the dipped article in the molten bath of
      Al and Si in order to ensure a good wetting of the sheet steel with the
      molten material and the formation of an uninterrupted aluminum layer by
      dip coating. The resulting Fe.sub.x Al.sub.y formed by the reaction had an
      average thickness of 35 microns and was much thicker than said interlayer
      formed in the immersion baths which contained sodium (about 25 microns)
      and antimony (about 15 microns), in which only an immersion time of 10
      seconds was required. Must as in Example I, the immersion bath which
      contained antimony had the advantage that there was not a tendency to
      oxidize and burn out. After 20-30 minutes, so much of the added sodium had
      burnt out that the immersion bath the showed the same behavior as the
      molten bath (a).
PAC  EXAMPLE III
PAR  Sheet steel specimens having a thickness of 0.4 millimeter and containing
      18% Cr and 8% Ni were dipped into the following molten baths of Al and Si,
      which were used in initial weight of 5 kilograms:
PA1  d. 7 Si 0.1 Na aluminum alloy
PA1  e. 7 Si 0.1 Sr aluminum alloy.
PAR  Where a temperature of about 700.degree.C was selected for the immersion
      bath, the immersion time in the Sr-containing alloy (e) could be reduced
      to 5 seconds whereas an immersion for this time in the sodium-containing
      alloy (d) did not result in a completely covering, faultless aluminum
      coating. The average thickness of the Fe.sub.x Al.sub.y interlayer under
      the Sr-containing Al and Si coating was only 10 micrometers. Another
      disadvantage of the sodium-containing immersion bath was the rapid
      burn-out of the sodium.
PAC  EXAMPLE IV
PAR  All oxide and grease were removed from round bars which were 15 millimeters
      in diameter and which consisted of a 6a14V titanium alloy. The bars were
      then immersed into molten baths consisting of 99.5% aluminum and the
      following admixtures:
PA1  f. 0.2% Na
PA1  g. 0.1% Sr.
PAR  In case of a temperature of 730.degree.C of the sodium bath and an
      immersion time of 2 minutes, the immersion in the Sr-containing alloy
      resulted as in all preceding examples in such brighter and, above all,
      faultless aluminum coatings compared to the sodium-containing alloy (f).
      In neither of these two cases was a reaction zone between titanium and the
      aluminum coating apparent in a microscopic examination.
PAC  EXAMPLE V
PAR  All oxide and grease was removed from nickel bars 15 millimeters in
      diameter, and the bars were then dipped for two minutes into one or the
      other of the two molten baths of pure aluminum used also in Example IV and
      at 730.degree.C. As regards the surface appearance and the presence of
      faults on the aluminum coating, the results were the same as in Example
      IV. the Ni.sub.x Al.sub.y interlayer formed by the reaction had an average
      thickness of 20 microns.
PAR  The following tables indicate the compositions of the immersion baths of
      aluminum (Table I) and the properties (Table II) of the coatings made from
      said baths on different substrates.
TBL                Table I                                                     
     ______________________________________                                    
     Composition of Immersion Baths of Aluminum                                
     Alloying Elements in Percent by Weight                                    
     Number  Si       Be       Sr     Sb     Na                                
     ______________________________________                                    
     1       5        --       --     --     --                                
     2       5        --       --     --     0.2 .sup.+)                       
     3       5        --       0.1    --     --                                
     4       12.5     --       --     --     --                                
     5       12.5     --       --     --     0.2 .sup.+)                       
     6       12.5     --       --     0.5    --                                
     7       7        --       --     --     0.2 .sup.+)                       
     8       7        --       0.1    --     --                                
     9       --       --       --     --     0.2 .sup.+)                       
     10      --       --       0.1    --     --                                
     11      5        --       0.1    0.5    --                                
     12      --       0.7      0.1    --     --                                
     13      --       0.7      --     0.5    --                                
     14      --       0.7      0.1    0.5    --                                
     ______________________________________                                    
      Note:                                                                    
      .sup.+) 30 minutes after the addition of sodium, it is ineffective becaus
      it has been burnt out except for a remainder of about 0.001% Na.         
TBL                Table II                                                    
     ______________________________________                                    
     Properties of Dip-coated Aluminum                                         
     Layers of Various Compositions                                            
     Alloy Immer-  Thick-   Sur-                                               
     Number                                                                    
           sion    ness of  face  Bending Test                                 
     Time      Fe.sub.x Al.sub.y                                               
                        of      Tend-                                          
               Layer    Al      ency  Cracks.sup.+.sup.+.sup.)                 
                        Coat-   to                                             
     sec.      microns  ing     Spall Size   Number                            
     ______________________________________                                    
     Example I (Substrate S; Bath Temperature 720.degree.C):                   
     ______________________________________                                    
     1     10.sup.+.sup.)                                                      
                   ii       s     appr. smaller                                
                                               equal                           
     1     20.sup.+.sup.)                                                      
                   ii       s     appr. smaller                                
                                               equal                           
     1     30.sup.+.sup.) 40                                                   
                   s        appr. smaller                                      
                                        larger                                 
     2     10      ii       m     i.o.d.                                       
                                        smaller                                
                                               equal                           
     2     20      30       m     i.o.d.                                       
                                        smaller                                
                                               equal                           
     3     10      15       s     none  none   none                            
     Example II                                                                
               (Substrate S; Bath Temperature 680.degree.C):                   
     ______________________________________                                    
     4     10.sup.+.sup.)                                                      
                   ii       s     small smaller                                
                                               smaller                         
     4     20.sup.+.sup.)                                                      
                   ii       s     small smaller                                
                                               smaller                         
     4     30.sup.+.sup.)                                                      
                   35       s     small smaller                                
                                               equal                           
     5     10      ii       m     i.o.d.                                       
                                        smaller                                
                                               equal                           
     5     20      25       m     i.o.d.                                       
                                        smaller                                
                                               equal                           
     6     10      15       s     none  none   none                            
     Example III                                                               
               (Substrate E; Bath Temperature 700.degree.C):                   
     ______________________________________                                    
     7     5       ii       m     i.o.d.                                       
                                        smaller                                
                                               equal                           
     8     5       10       s     none  none   none                            
     Example IV                                                                
               (Substrate T; Bath Temperature 730.degree.C):                   
     ______________________________________                                    
      9    120      0       m     i.o.d.                                       
                                        equal  equal                           
     10    120      0       s     none  none   none                            
     Example V (Substrate N; Bath Temperature 730.degree.C):                   
     ______________________________________                                    
      9    120     20       m     i.o.d.                                       
                                        equal  equal                           
     10    120     19       s     none  none   none                            
     (Substrate S; Bath Temperature 720.degree.C):                             
     ______________________________________                                    
     11     10     17       s     none  none   none                            
     (Substrate S; Bath Temperature 730.degree.C):                             
     ______________________________________                                    
     12     10     15       s     none  none   none                            
     13     10     16       s     none  none   none                            
     14     10     12       s     none  none   none                            
     ______________________________________                                    
     .sup.+.sup.)                                                              
          Immersed article is constantly moved up and down in                  
          immersion bath                                                       
     .sup.+.sup.+.sup.)                                                        
          Compared to coatings of pure aluminum;                               
     S    0.5 millimeter thick sheet of commercial carbon steel;               
     E    0.4 millimeter thick sheet of 18Cr8Ni steel;                         
     T    Bar of 16A14V titanium alloy, 15 millimeters in                      
          diameter                                                             
     N    Nickel bar 15 millimeters in diameter;                               
     i.i. Partly interrupted Fe.sub.x Al.sub.y layer of irregular              
          thickness;                                                           
     m    Duller in appearance than pure aluminum coatings;                    
     s    Silver-bright appearance;                                            
     appr.                                                                     
          appreciable;                                                         
     i.o.d.                                                                    
          increased oxide deposits.                                            
CLMS
STM  I claim:
NUM  1.
PAR  1. A hot dip method of producing an aluminum-alloy coating comprising the
      steps of immersing a metallic substrate into a bath of molten
      aluminum-alloy consisting essentially of 0.005 to 1.0% by weight of
      strontium and/or 0.01 to 5.0% by weight antimony balance aluminum and
      metallic impurities due to the producing process, for a period sufficient
      to deposit an aluminum-alloy coating on said substrate.
NUM  2.
PAR  2. The method defined in claim 1 wherein said bath contains 1.0 to 15% by
      weight silicon.
NUM  3.
PAR  3. The method defined in claim 1 wherein said bath contains 0.1 to 0.05% by
      weight strontium.
NUM  4.
PAR  4. The method defined in claim 1 wherein said substrate consists of ferrous
      metal or a metal selected from the group which consists of copper,
      titanium, nickel, cobalt, chromium, tantalum, tungsten, vanadium and
      zirconium and alloys thereof with eah other and with iron.
NUM  5.
PAR  5. The method as defined in claim 1 wherein said substrate is immersed in
      said bath for a period ranging from 5 seconds to 3 minutes and said bath
      is at a temperature of 600.degree. to 850.degree.C.
NUM  6.
PAR  6. The method defined in claim 1 wherein said substrate is immersed in said
      bath for a period ranging from 15 to 60 seconds and said bath is at a
      temperature of 600.degree. to 850.degree.C.
NUM  7.
PAR  7. A method of producing an aluminum or aluminum-alloy coating comprising
      the steps of immersing a metallic substrate into a bath of molten aluminum
      or aluminum-alloy consisting essentially of:
PA1  0.005% to 1.0% Sr by weight, and/or
PA1  0.01% to 5.0% Sb
PA1  up to 15% Si
PA1  up to 1% Be; and
PA1  balance aluminum,
PAL  for a period sufficient to deposit an aluminum or aluminum-alloy coating on
      said substrate.
PATN
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ABST
PAL  A new and improved resin composition having both thermoplastic and
      thermosetting properties and suitable for use for coating fabrics to
      produce fusible interlinings. The resin composition consists of a
      terpolymer having the following formula:
      ##EQU1##
      where R is selected from the group consisting of ethylene, propylene and
      butylene, a and b are substantially equal, a plus b  equals 20c, X is a
      radical selected from the group consisting of CONH.sub.2 and COOH and n is
      an integer from 100 to 300. The composition also contains an aminoplast.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved fusible interlining.
      Fusible interlinings have been used in the manufacture of apparel for a
      number of years. Broadly fusible interlinings are woven, nonwoven or knit
      fabrics which have one or both surfaces coated with a thermoplastic resin
      material so that when the interlining is heated, the thermoplastic resin
      will melt and adhere the interlining to another fabric such as the outer
      apparel fabric. The advantages of such fusible interlinings are their ease
      of handling, simplicity of processing, reproducibility in manufacturing a
      plurality of garment parts of the same shape and form, and their economic
      advantage.
PAR  A major problem with these fusible interlinings is the poor resistance of
      the thermoplastic material to dry cleaning fluids and hot water or boiling
      water washing. A technique for improving the dry cleanability of the
      fusible interlining is to include a thermosetting resin in the coating
      along with the thermoplastic material. When the fusible interlining is
      adhered to the outer apparel, the thermosetting resin is also cross-linked
      to improve the dry cleanability of the laminate. However, it is difficult
      to control the cross-linking of the thermosetting resins. The
      thermosetting resin may cross-link before the thermoplastic material has
      been heated sufficiently to adhere the interlining to the outer fabric.
      The interlining is often stored for a period of time before it is used and
      in these instances, the thermosetting resin may start to cross-link during
      storage and hinder the further use of the fusible interlining material.
PAR  Also, the fusible interlining, if it does contain a thermosetting resin
      should be fusible to the outer apparel and cross-linkable at relatively
      low temperatures and pressures to allow wide acceptability and usage on
      the various types of pressing and fusing machines used in the industry.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  We have now discovered a new fusible coating composition which will produce
      a laminate having good washing characteristics and excellent dry cleaning
      characteristics. Our new coating composition is a combination of
      thermoplastic and thermosetting resins and our new coating composition
      will readily cross-link at relatively low temperatures and pressures and
      on the various standard fusing presses used in the industry today.
      Furthermore, our new composition has an excellent shelf life and may be
      stored for many months without detrimental effects on the performance of
      the fusible interlining when it is fused to the outer apparel fabric.
PAR  Our new thermoplastic/thermosetting composition consists of a copolymer
      having the following formula:
      ##EQU2##
      where R is selected from the group consisting of ethylene, propylene and
      butylene, a and b are substantially equal, a plus b equals 20c, X is a
      radical selected from the group consisting of amide radicals and carboxyl
      radicals and n is an integer of from 100 to 300. Our new composition also
      contains an aminoplast whereby the composition will melt and become
      adhesive at moderately elevated temperatures and will cross-link without
      the addition of catalyst. The fusing and cross-linking will occur over a
      12 second period at temperatures of from 250.degree.F to 350.degree.F.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENT INVENTION
PAR  The thermoplastic portion of our new thermoplastic/thermosetting
      composition is an olefin, vinyl chloride, copolymer preferably an
      ethylene, vinyl chloride terpolymer. The polymer contains both ethylene
      groups and vinyl chloride groups and the numbers of these groups are
      substantially the same. The terpolymer also contains amide and/or carboxyl
      radicals generally in an amount of about 5% or less, so that the number of
      amide or carboxyl radicals is 1/twentieth of the total olefin and vinyl
      chloride groups.
PAR  The amide and/or carboxyl radicals provide the cross-linking sites in the
      polymer to provide the thermosetting nature of our new composition when
      combined with an aminoplast. Any of the well-known aminoplast
      cross-linking agents such as ureaformaldehyde resins, triazine
      formaldehyde resins, melamine resins and the like may be used. It is
      preferred that the melamine cross-linking agents be used as these are
      easier and simpler to cross-link with the olefin, vinyl chloride copolymer
      resin. The thermoplastic/thermoset resin composition of the olefin, vinyl
      chloride copolymer and aminoplast is applied to any of the well-known base
      fabrics which may be woven fabrics, knitted fabrics, nonwoven fabrics and
      the like. The coating may be an overall coating or a patterned coating and
      either one or both surfaces of the fabric may be coated.
PAR  In manufacturing our new fusible interlinings, it is preferred that the
      starting ethylene, vinyl chloride, copolymer be in powder form. The
      powdered form is preferred over the latex form as the powder appears to be
      less chemically reactive and not as cross-linkable under shelf life
      conditions as is the latex. It is believed that this may be due to the
      smaller particles and more intimate mixing inherent in a latex as compared
      to a powder. Also, the powder does not strike through the fabric and gives
      better printing control if the composition is to be applied in a pattern.
      Also in the final product, the larger particle size of the powder is less
      readily attacked by dry cleaning solvents as are the smaller latex
      particles.
PAR  To the olefin, vinyl chloride copolymer powder a high solids level
      aminoplast, usually in an alcohol-water solution, is mixed with the powder
      and the material thickened to provide a paste which may be readily applied
      to the base fabric by standard coating apparatus.
PAR  Suitable aminoplasts which may be used in our fusible interlinings are
      melamine formaldehydes, triazine formaldehydes and ureaformaldehydes, in
      either liquid or powder form. Generally from about 10 to 60 percent of the
      composition is the aminoplast.
PAR  The olefin, vinyl chloride terpolymer must have a cross-linkable mer
      present as described above and generally from about 1 to 5% of the
      copolymer should be of this cross-linkable mer. The copolymer must have a
      sufficient level of vinyl chloride mer present. It is believed this is
      essential as the vinyl chloride will give off hydrogen chloride gas upon
      heating which it is theorized acts as a catalyst in the cross-linking
      reaction. The critical nature of our new fusible interlining is that there
      is no catalyst readily available in the thermoplastic/thermosetting
      coating. This gives the interlining an excellent shelf life as there is no
      catalyst to initiate or speed up the cross-linking reaction, yet
      unexpectedly when heated a catalyst for the cross-linking reaction is
      available through the release of hydrogen chloride gas by the vinyl
      chloride portion of the copolymer. This allows for rapid cross-linking of
      the polymer at relatively low temperatures and short time periods. This
      makes our new fusible interlining suitable for use with present equipment
      available to the industry without having to make modifications in
      temperature or pressures and without having to slow down operations and
      make operations uneconomical.
PAR  In manufacturing our new fusible interlining, the paste as described above
      of the olefin vinyl chloride copolymer and the aminoplast is applied to
      the base fabric as is well known in the manufacture of fusible
      interlinings. The fabric with the coating thereon is dried for 20 to 30
      seconds at about 220.degree.F. to adhere the coating to the base fabric.
      These conditions raise the temperature of the resin itself to about
      150.degree.F. and there is no significant cross-linking of the resin at
      this time. The fabric is then applied to the outer apparel fabric or
      material to which it is to be laminated. The lamination is accomplished at
      from about 250.degree.F. to about 350.degree.F. for a time period of about
      12 seconds and under pressures of about three pounds per square inch which
      gives good adherence between fabrics and also cross-links the coating
      composition to provide a laminate which has excellent washability and dry
      cleanability.
PAR  The invention is further illustrated by the following example which should
      not, however, be construed as fully delineating the scope of this
      discovery.
PAC  EXAMPLE
PAR  A thermoplastic-thermosetting coating composition is made by starting with
      a melamine formaldehyde cross-linking resin sold by the Monsanto Company
      under the tradename "Uformite." The resin is in a isopropanol-water
      solvent and contains about 80% solids. About 60 parts of the resin are
      used. To the melamine formaldehyde resin about 100 parts of an ethylene,
      vinyl chloride terpolymer in powder form is added. The ethylene, vinyl
      chloride terpolymer contains about 5% amide groupings and contains about
      equal portions of ethylene and vinyl chloride monomers. The combination is
      thickened to form a paste and ammonia or an ethanol amine added to make
      the system alkaline stable. A woven fabric weighing about 70
      grams/yd..sup.2 is coated with this paste by applying the paste to one
      surface of the fabric using a rotary screen printer. About 30 grams per
      square yard of the paste are added to the fabric in an 11 by 13 dot
      pattern. The coated fabric is passed through a drying oven for
      approximately 25 seconds with the oven at a temperature of about
      220.degree.F. to adhere the paste to the fabric and dry the paste.
PAR  The fabric with the coating thereon may then be stored at room temperature
      for periods of time of from 6 months to a year or more without serious
      strength loss upon bonding. When it is desired to laminate the fusible
      interlining to the outer apparel fabric, this is accomplished by taking
      the outer apparel fabric placing it against the coated surface and heating
      the laminate to about 300.degree.F. for 12 seconds at pressures of about 3
      pounds per square inch to produce a well bonded laminate which readily
      withstands washing and dry cleaning conditions.
PAR  Although a specific example of the invention has been set forth herein, it
      is not intended to limit the invention thereto, but to include all of the
      variations and modifications falling within the scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fusible interlining comprising a fabric carrying a coating of a
      thermoplastic-thermosetting composition consisting of a terpolymer having
      the following formula:
      ##EQU3##
      where R is selected from the group consisting of ethylene, propylene and
      butylene, a and b are substantially equal, a plus b equals 20c, x is a
      radical selected from the group consisting of CONH.sub.2 and COOH, n is an
      integer of from 100 to 300, and an aminoplast whereby the coating will
      soften and become adhesive at elevated temperatures of about 150.degree.F.
      and will cross-link without the addition of any catalyst when heated to a
      temperature of from 250.degree.F. to 350.degree.F. for no longer than a 12
      second period.
NUM  2.
PAR  2. A fusible interlining according to claim 1 wherein the fabric is a woven
      fabric.
NUM  3.
PAR  3. A fusible interlining according to claim 1 wherein the coating is in a
      discontinuous pattern on one surface of the fabric.
NUM  4.
PAR  4. A fusible interlining according to claim 1 wherein the aminoplast is a
      melamine formaldehyde resin.
NUM  5.
PAR  5. A fusible interlining according to claim 1 wherein the coating contains
      from about 10 to 60% by weight of an aminoplast.
NUM  6.
PAR  6. A fusible interlining according to claim 1 wherein X is CONH.sub.2.
NUM  7.
PAR  7. A fusible interlining according to claim 1 wherein R is ethylene.
NUM  8.
PAR  8. A fusible interlining according to claim 1 wherein the fabric is a woven
      fabric, the coating is in a discontinuous pattern on one surface of the
      fabric, R is ethylene, X is CONH.sub.2 and the aminoplast is a
      melamine-formaldehyde resin.
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PAL  A high temperature resistant filtration material is produced having outer
      layers of a nonwoven fabric made of fibers of an aromatic polyamide having
      repeating units of the formula
      ##SPC1##
PAL  A first inner layer of nonwoven fabric made of glass fibers and a second
      inner layer woven from yarns of glass or said aromatic polyamide. The
      fibers of the layers are interentangled by needling to form an integral
      structure.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a multilayer high temperature resistant
      filtration material made from glass and an aromatic polyamide.
PAC  BACKGROUND OF THE INVENTION
PAR  High temperature resistant filtration materials have been prepared by
      needling fine denier Nomex or fiberglass into supportive scrim made from
      the same material. When Nomex was utilized it was necessary to calender or
      otherwise compact the material after needling in order to obtain the
      desired air permeability. During usage said material tended to swell back
      to its precalendered density, resulting in leakage of fine dust particles
      and lowered efficiency.
PAR  In the case of filtration material made entirely of fibrous glass, it is
      not necessary to calender such material and high efficiencies were
      obtained. However, as a result of the poor flex strength of glass fiber,
      the longevity of this material is limited.
PAC    SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a high temperature resistant
      filtration material or felt is produced which does not have to be
      calendered to achieve the desired air permeability, thereby assuring
      permanence of product density during use and continued high filtration
      efficiencies. Additionally, the product has good flex strength and, thus,
      can be utilized for a relatively long time.
PAR  The product of this invention is obtained by needling together a multilayer
      composite having outer layers of nonwoven fabric or batting of Nomex
      fibers, a first inner layer of nonwoven fiberglass material and a second
      inner layer which is a woven fabric or scrim of glass or Nomex yarn. The
      fiber entanglement resulting from the needling locks the layers together
      to form an integral product.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The layers of the high temperature resistant filtration material or felt of
      this invention are needled together by one or more passes through a needle
      loom. All the layers can be assembled prior to the first needling
      operation or the layers can be added in stages in a multistep needling
      operation.
PAR  The two outer layers of the composite are formed of nonwoven fabric or
      batting of an aromatic polyamide known as Nomex, which is composed of
      recurring units of the formula
      ##SPC2##
PAL  The fibers should be of fine denier, not exceeding five, with the denier of
      the fiber preferably being in the range of 1.5 to 3. The weight of each
      Nomex layer should preferably be in the range of 1.5 to 10 ozs./yd..sup.2
      The nonwoven glass layer should be composed of fine denier fiberglass
      having a maximum denier of about 5. The weight preferably should be in the
      range of about 1 to 10 ozs./yd..sup.2
PAR  The woven fabric or scrim layer is made of yarn of either Nomex polyamide
      or glass. Preferably, the weight of the fabric is within the range of 0.75
      to 10 ozs./yd..sup.2
PAC  EXAMPLE
PAR  The nonwoven Nomex materials used for the outside layers were carded
      cross-laid webs of 2 denier Nomex fibers having an average length of about
      two inches. Each of the webs weighed about 3.5 ozs./yd..sup.2
PAR  The Nomex woven fabric or scrim was made of single ply yarn which was spun
      from 2 denier, 2 inch fibers and which had a yarn number of 8.5 based on
      the cotton system (American hank). There were 18 yarns per inch in both
      the warp and fill directions.
PAR  The glass woven fabric or scrim was made of continuous glass filaments of
      diameter size G of electrical grade E glass and had a yarn number of 37
      (glass system). There were 14 yarns per inch in the warp direction and 13
      yarns per inch in the fill direction.
PAR  The nonwoven glass fabric or batt was composed of fine denier glass fibers
      lightly bonded with a thermosetting resin.
PAR  A filtration material was made using 5 passes through a needleloom. In the
      first pass, a layer of the nonwoven Nomex was needled into a layer of the
      Nomex scrim using the following needleloom settings:
PA1  Strokes/Minute = 582
PA1  Penetrations/Inch.sup.2 = 380
PA1  Needle Penetration Depth - 3/4 inch
PA1  Manufacturing Speed - 12 ft./min. (take-up roll advance)
PAR  The scrim side of the composite obtained from the first pass was covered
      with a layer of the glass batting which in turn was covered with a layer
      of the nonwoven Nomex material and this assembly was needled together by a
      pass through a needleloom using the same settings as in the first pass.
PAR  The product was then further consolidated by three more passes through a
      needleloom at the following settings:
TBL  Needleloom Settings                                                       
                       3rd Pass                                                
                             4th Pass                                          
                                   5th Pass                                    
     __________________________________________________________________________
     Strokes/minute    650   650   650                                         
     Penetrations/inch.sup.2                                                   
                       550   550   550                                         
     Needle Penetration Depth (inch)                                           
                       5/8   3/8    3/16                                       
     Manufacturing Speed (ft./min.)                                            
                       9.6   9.6   9.6                                         
     (take-up roll advance)                                                    
     __________________________________________________________________________
PAR  A second product was then made by the above procedure except that the
      above-described glass scrim was substituted for the Nomex scrim. The
      properties of the two products are set forth in the following table:
TBL                TABLE 1                                                     
     ______________________________________                                    
                     Product 1 Product 2                                       
     ______________________________________                                    
     Nomex (top and bottom layers)                                             
                       3.5 oz./yd..sup.2                                       
                                   3.5 oz./yd..sup.2                           
     Nomex scrim       3.5 oz./yd..sup.2                                       
     Glass media       1.5 oz./yd..sup.2                                       
                                   1.5 oz./yd..sup.2                           
     Glass scrim                   4.5 oz./yd..sup.2                           
     Thickness inches  0.092-0.097 0.087-0.091                                 
     Mullen burst psi  345-375     210-255                                     
     Air Flow, cfm/ft..sup.2, 0.5"                                             
                       27-30       24-26                                       
     H.sub.2 O .DELTA. Pressure                                                
     Thermal stability, percent                                                
     shrinkage 24 hrs. at 450.degree.F.                                        
     Machine Direction 1.0%        0.0%                                        
     Cross Direction   1.0%        0.5%                                        
     Tensile strength 2" strip                                                 
     Machine Direction 134 lbs.    102 lbs.                                    
     Cross Direction   134 lbs.    167 lbs.                                    
     Elongation at 100 lbs. percent                                            
     Machine Direction 13%         78%                                         
     Cross Direction   18%         33%                                         
     ______________________________________                                    
PAR  The filtering efficiencies of the two products are set forth in the
      following table:
TBL                TABLE 2                                                     
     ______________________________________                                    
     Dust Particle                                                             
                  Filter Efficiency in Percent                                 
     Size                                                                      
     in                                                                        
     Microns      Product 1     Product 2                                      
     ______________________________________                                    
     0.5          95            84                                             
     1.0          99            99                                             
     2.0          99            100                                            
     3.0          100           --                                             
     ______________________________________                                    
      Note: These samples were all tested with 3.6 inches of water .DELTA. P.  
PAR  It will be apparent that many modifications and variations can be effected
      without departing from the scope of the novel concepts of the present
      invention and the illustrative details disclosed are not to be construed
      as imposing undue limitations on the invention.
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STM  We claim:
NUM  1.
PAR  1. A high temperature resistant filtration material comprising:
PA1  a. Two outer layers of nonwoven fabric of fibers of an aromatic polyamide
      having repeating units of the formula
      ##SPC3##
PA1  b. A first inner layer of nonwoven fabric of glass fibers, and
PA1  c. A second inner layer of woven fabric made of yarns of glass or said
      aromatic polyamide,
PAL  said layers being needled together into an integral structure.
NUM  2.
PAR  2. A filtration material as claimed in claim 1 wherein said fibers of an
      aromatic polyamide of said outer layer have a maximum denier of 5.
NUM  3.
PAR  3. A filtration material as claimed in claim 1 wherein the glass fibers of
      said first inner layer have a maximum denier of about 5.
NUM  4.
PAR  4. A high temperature resistant filtration material comprising:
PA1  a. Two outer layers of nonwoven fabric of fibers which have a maximum
      denier of about 5 and are composed of an aromatic polyamide having
      repeating units of the formula
      ##SPC4##
PA1  b. A first inner layer of nonwoven fabric of glass fibers having a maximum
      denier of about 5, said layer having a weight of about 1 to 10
      ozs./yd..sup.2
PA1  c. A second inner layer of woven fabric made of yarns of glass or said
      aromatic polyamide, said fabric having a weight of about 0.75 to 10
      ozs./yd..sup.2
PAL  said layers being needled together into an integral structure.
NUM  5.
PAR  5. A filtration material as claimed in claim 4 wherein said woven fabric is
      made of yarn containing continuous glass filaments.
NUM  6.
PAR  6. A filtration material as claimed in claim 4 wherein said woven fabric is
      made of spun yarn containing fibers of said aromatic polyamide.
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ABST
PAL  A multilayer floor covering is provided which is suitable for use as a
      playing surface of an athletic facility. The floor covering comprises a
      composite needlepunched material in which a fiber batt bottom layer is
      needled into a support layer so that a portion of the fiber batt protrudes
      through the top of the support layer, a layer of polyurethane elastomer
      adhered to the composite needlepunched material and a top wear coating of
      polyurethane adhered to the layer of urethane elastomer.
BSUM
PAR  The present invention relates to a novel laminated material suitable for
      use as a floor covering for an athletic facility.
PAR  The playing surface of an athletic facility such as a field house must meet
      many strict requirements. To meet the requirements of a particular sport
      such as basketball, surfaces have been used which not only necessitate
      expensive maintenance but are unsuitable for other sports and other uses.
      For instance, the wooden floors used on basketball courts must be
      frequently refinished and are damaged by contact with footwear other than
      sneakers.
PAR  In accordance with the present invention, there is provided a floor
      covering for an athletic facility which is characterized by a rugged
      surface structure, good dimensional stability, low compression set, a
      basketball bounce similar to that of a wooden floor, friction
      characteristics designed for safe running and stopping, self-healing when
      penetrated by spiked shoes, ability to support loads, low slip when wet
      and comfortable feel underfoot. These characteristics make the present
      floor covering material suitable as a surface for a wide variety of sports
      as well as other uses such as dancing, an auditorium floor, etc.
PAR  The floor covering material is a laminate containing a number of layers
      each of which performs a specific function and the combination of which
      give the properties described above. The lower portion of the laminate is
      a composite needlepunched material in which the bottom layer is a fibrous
      batt that has been needled into a fabric or film support layer so that a
      minor portion of the batt protrudes through the support layer while the
      bulk of the fibrous batt remains as a fiber layer at least 1/16 inch
      thick. A layer of polyurethane elastomer is adhered to the composite
      needlepunched material and a wear coating of abrasion resistant
      polyurethane is adhered to the top of the urethane elastomer layer.
      Preferably, the elastomer is applied to the support side of the composite
      needlepunched material so that the fiber layer of at least 1/16 inch
      thickness forms the bottom layer of the floor covering material. However,
      a satisfactory product can also be obtained when the composite
      needlepunched material is reversed and the elastomer adhered to the fiber
      layer.
PAR  Referring to the drawing, there is shown a multilayer product 10 having as
      its bottom structure a needlepunched material formed from a fibrous batt
      11 which has been needled into a support layer 12 of woven fabric so that
      a portion of the fiber batt 11 protrudes through the top of the support
      layer, but a major portion of the fiber batt forms a layer of fibers 16 on
      the bottom of the product. A layer of polyurethane elastomer 14 is adhered
      to the top of the support layer and is covered with an abrasion resistant
      polyurethane coating 15.
PAR  The fiber batt used in the bottom layer should be at least 9 ounces per
      square yard, preferably 10-80 ounces per square yard, and in the final
      product the layer of fibers below the support layer 12 must be at least
      1/16 inch thick, preferably within the range of 1/16 to 5/16 inch in
      thickness. This layer serves as a resilient pad and provides comfort
      underfoot. Additionally, this layer prevents spikes, cleats or other
      similar sharp articles from penetrating through to the floor. The fiber
      batt can be made from any of the fibers commonly used in the production of
      needlepunched carpeting such as nylon, polypropylene, polyester, acrylic
      fibers and mixtures thereof.
PAR  The fiber batt is needled into a support so that a portion of the fiber
      batt protrudes through the support layer. Generally, the needle density is
      in the range of about 200 to 1600 punches per square inch. The support
      layer is preferably a woven or knitted fabric but can also be a nonwoven
      fabric or a polymeric film. In addition to anchoring the fiber batt, the
      support layer provides dimensional stability to the final product. The
      support layer preferably has a weight of about 2 to 5 ounces per square
      yard. Thus, the total weight of the composite of the fiber batt plus the
      support layer is preferably between about 12 and 85 ounces per square
      yard. The resilience of this composite should be in the range of about 10
      to 30, measured as the percent rebound of a 7/8 inch diameter, 46 gram
      steel ball dropped from a height of one meter.
DRWD
PAR  In the preferred embodiment shown in the drawing, the portion of the fiber
      batt protruding through the support layer provides points of solid
      attachment for the subsequent layer applied on top of the support layer.
      Optionally, the portion of the fiber batt protruding through the support
      layer can be impregnated with a latex composition which will more firmly
      lock the fibers in place. It is also possible to obtain a satisfactory
      product by reversing the needlepunched material so that the polyurethane
      elastomer is applied to fiber layer 16.
DETD
PAR  When the elastomeric polyurethane layer used as less than 3/16 inch in
      thickness, it is sometimes difficult to obtain a product having a smooth
      upper surface if the side of the needlepunched material to which the
      elastomer layer is applied has a rough fibrous surface. To insure a smooth
      product when using such an elastomeric layer, it is preferable to apply
      the elastomer to a surface which has been impregnated with a latex
      composition as described above or to smooth the surface of the
      needlepunched material such as by singeing, buffing or shearing.
PAR  The elastomeric polyurethane layer bonded to the composite needlepunched
      material provides resilience, ball bounce, foot comfort and self-sealing.
      The layer of polyurethane elastomer is preferably 3/64 to 3/8 inch in
      thickness and weighs about 40 to 360 ounces per square yard. Other
      required properties of this layer are set forth in TABLE I.
TBL                TABLE I                                                     
     ______________________________________                                    
     POLYURETHANE ELASTOMER PROPERTIES                                         
     Property                Requirements                                      
     ______________________________________                                    
     Density (gm/cm.sup.3)   0.5 to 1.6                                        
     Hardness (Shore A).sup.1                                                  
                             30 to 90                                          
     Resilience.sup.2        20 to 50                                          
     Compression Set.sup.3 (percent)                                           
                             maximum of 35                                     
     Compression Strength (10 percent                                          
      deflection p.s.i.)     30 to 200                                         
     Compression Strength (50 percent                                          
      deflection p.s.i.)     200 to 1800                                       
     Ultimate Elongation (percent)                                             
                             80 -- minimum                                     
     Ultimate Tensile Strength (p.s.i.)                                        
                             200 -- minimum                                    
     Tear Strength.sup.4 (p.l.i.)                                              
                             50 -- minimum                                     
     Cold Crack (180.degree. Bend, No Crack)                                   
                             Pass 40.degree.F.                                 
     Water Absorption.sup.5  Maximum of 6                                      
     Taber Abrasion (weight loss milli-                                        
      grams).sup.6           Maximum of 4000                                   
     Flammability, Pill Test (DOC-FF-2-70)                                     
                             Pass                                              
     ______________________________________                                    
      .sup.1 ASTM D-2240-68, measured one week after curing.                   
      .sup.2 Percent rebound of 7/8 inch diameter steel ball weighing 46 grams 
      dropped from a height of one meter.                                      
      .sup.3 ASTM D-395, Method B, 50 percent compression for 72 hours at      
      23.degree.C.                                                             
      .sup.4 ASTM D-624, Die C.                                                
      .sup.5 168 hours at 23.degree.C. percent weight gain.                    
      .sup.6 CS 17 wheel, 500 grams per wheel, 5,000 cycles.                   
PAR  The elastomer layer is further characterized in that the holes formed by
      3/8 inch length needle-track spikes reclose after removal of the spikes.
      It is preferred that polyurethane elastomer be resistant to burning
      cigarettes. Such resistance is obtained by using polyurethane elastomers
      which are thermosetting, such as those obtained by reacting polyester
      polyols with isocyanates employing greater than stoichiometric amounts of
      isocyanate and/or using at least one reactant with a functionality greater
      than two. With therosetting polyurethanes, no surface deformation is
      caused by a cigarette laid on the surface burning from end to end.
PAR  There are presently many known polyurethane elastomers which meet the above
      requirements. Suitable polyurethane elastomers are disclosed in U.S. Pat.
      Nos. 3,594,352 and 3,595,814.
PAR  Specific examples of polyurethane compositions which meet the requirements
      of this invention are as follows:
PA1  A. the composition of Example III, U.S. Pat. No. 3,595,814. which contains
      a carbamate.
PA1  B. the compositions of Examples II and III of U.S. Pat. No. 3,594,352.
PA1  C. a composition prepared by combining 6.8 grams of a blend of crude
      polyaryl polyisocyanate and diphenylmethanediisocyanate (functionality
      2.3, equivalent weight 133 per N=C=O group, sold commercially as PAPI 901
      by Upjohn Co.) with the following blend and then curing:
TBL  Polypropylene Glycol (molecular weight 2200)                              
                                53.3 grams                                     
     Calcined Kaolin            40.0 grams                                     
     Stannous Octoate           0.3 grams                                      
PA1  D. a prepolymer prepared by heating together for 3 hours at 70.degree.C., a
      mixture 1700 grams of poly(propylene oxide) adduct of trimethylolpropane
      (molecular weight 1600) and 400 grams of toluene diisocyanate (80 percent
      2, 4/20 percent 2,6, isomer). The prepolymer is blended with a premixture
      of the following composition and cured for one week at room temperature.
TBL  Polypropylene glycol (molecular weight 1300)                              
                                1300 grams                                     
     Zinc oxide                 2500 grams                                     
     Dibutyltindilaurate        17 grams                                       
     2,6 di(tertiary butyl) para cresol                                        
                                4 grams                                        
PA1  E. 6.6 grams of Methylene bis (Orthochlor Aniline) are melted and blended
      with 150 grams of polypropylene glycol (molecular weight 2000). To this
      blend are added 0.06 grams of Stannous Octoate, 10 grams of titanium
      dioxide and 10 grams of CaCO.sub.3 and then 19 grams of toluene
      diisocyanate (80 percent 2,4; 20 percent 2,6 isomer) are added. The
      composition is then cured for 30 minutes at 150.degree.C.
PAR  The components of suitable compositions, such as those listed above, can be
      changed in accordance with known technology to vary the properties of the
      elastomeric products within the acceptable ranges listed in
PAR  TABLE I. For instance, the crosslinking density of the above-mentioned
      product of Example III of U.S. Pat. 3,595,814 can be lowered by using a
      higher molecular weight polyoxypropylene triol and/or less trimethylol
      propane to give a product having a higher elongation.
PAR  The top coating of polyurethane should be about 0.5 to 6 mils thick. The
      coating should have high abrasion resistance, proper friction
      characteristics and resistance to staining and soiling. Generally, the
      abrasion resistance of the top coating is much higher than that of the
      material used in the polyurethane elastomer layer.
PAR  The required properties of the top coating are given in TABLE II.
TBL                TABLE II                                                    
     ______________________________________                                    
     POLYURETHANE TOP COAT PROPERTIES                                          
     Property                  Requirement                                     
     ______________________________________                                    
     Taber Abrasion.sup.1 (weight loss in milligrams)                          
                               0 to 500                                        
     Ultimate Elongation (percent)                                             
                               80 minimum                                      
     Cold Crack (180.degree. Bend)                                             
                               Pass 40.degree.F.                               
     Water Absorption.sup.2    0 to 8                                          
     ______________________________________                                    
      .sup.1 CS-17 wheel, 500 grams per wheel, 5,000 cycles, total weight loss 
      in milligrams.                                                           
      .sup.2 168 hours at 23.degree.C., percent weight gain.                   
PAR  The top coating should have the same hole resealing property as the
      elastomeric layer. Additionally, it is preferred that the polyurethane
      composition of the top coating be thermosetting in order to obtain a
      resistance to burning cigarettes similar to that of the preferred urethane
      elastomers.
PAR  To have a safe surface for athletic events the coefficient of friction
      between the surface and the soles of athletic footwear cannot be too low
      or it will be slippery or too high, or it will cause unduly sudden stops.
      In general, the coefficient of static friction between the top coating and
      leather, polyvinyl chloride and neoprene, both dry and wet, should be in
      the range of 0.4 to 1.5 as measured by ASTM D-1894-63.
PAR  Specific examples of polyurethane top coating compositions meeting the
      requirements of this invention are set forth below. In each of these
      examples, the isocyanate-polylol adduct was prepared by adding the
      isocyanate slowly to a mixture containing the remaining ingredients while
      controlling the conditions so that the temperature did not exceed about
      60.degree.C. The mixture was then slowly heated to about 75.degree. to
      100.degree.C. and maintained at that temperature until the free isocyanate
      content was approximately constant.
TBL  ______________________________________                                    
                                      Grams                                    
     (F)    Polypropylene Adipate     560                                      
            (Equivalent weight 560)                                            
            2,4 Toluene Diisocyanate  140                                      
            Di tert. Butyl p Cresol    1                                       
            Dimethyl Silicone Oil (200 CSTK)                                   
                                      0.2                                      
            Titanium Dioxide Pigment  140                                      
            Carbon Black Pigment       10                                      
            Silica (passes 400 mesh)  100                                      
            Silica Aerogel             30                                      
            Xylol                     150                                      
            Toluol                    250                                      
            Ethyl Acetate             100                                      
     ______________________________________                                    
PAR  The mixture was formed into a thin layer and cured for one week at 35
      percent relative humidity to give a product having the following
      properties (measured by test methods of TABLES I and II).
TBL  ______________________________________                                    
     Properties        Requirements                                            
     ______________________________________                                    
          Hardness (Shore A)                                                   
                           80                                                  
          Ultimate Elongation                                                  
          (percent)        180                                                 
          Ultimate Tensile                                                     
          Strength (p.s.i.)                                                    
                           3,000                                               
          Taber Abrasion   Less than 75 milligrams loss                        
          Tear Strength                                                        
          (Die C, p.l.i.)  300                                                 
          Water Absorption                                                     
          (percent)        less than 2                                         
          Cold Crack (180.degree. Bend)                                        
                           Pass 40.degree.F.                                   
     (G)  Polyethylene Adipate                                                 
          (MW 2000)        63.6                                                
          3,3' Diphenylmethane                                                 
          Diisocyanate     36.4                                                
          Butylated Hydroxy -                                                  
                           toluene 0.1                                         
          2,2',4,4', Tetrahydroxy                                              
          benzophenone     0.1                                                 
          Silica Aerogel   5                                                   
          Toluol           60                                                  
          Methyl ethyl ketone                                                  
                           40                                                  
     ______________________________________                                    
PAR  After being formed into a thin layer and cured as in Example (F), a product
      was obtained having the following properties:
TBL  Hardness (Shore A)                                                        
                       75                                                      
     Ultimate Tensile Strength                                                 
                       4,000                                                   
     (p.s.i.)                                                                  
     Ultimate Elongation (percent)                                             
                       300                                                     
     Tear, Die C (p.l.i.)                                                      
                       350                                                     
     Taber Abrasion    Less than 50 milligrams loss                            
     Water Absorption (percent)                                                
                       less than 2                                             
PAR  The floor covering has a total thickness of about 7/64 to 3/4 of an inch,
      weights about 60 to 450 ounces/square yard, has a resilience of about 20
      to 50 as measured by the method described in TABLE I, passes flammability,
      pill test (DOC-FF-1-70) tested on its face, possesses a face hardness of
      30 to 90 as determined by the procedure described in TABLE I and has a
      thermal expansion of less than 0.005 in./ft./.degree.F. The basketball
      bounce of the product meets the minimum requirement of 49 inches as
      determined by the NCAA test method (a regulation basketball which meets
      the required 49 inch minimum rebound specification when dropped on a
      hardwood floor is dropped from a height of 6 feet, measured from the
      bottom of the ball, and the rebound height to the top of the ball is
      measured).
PAR  Where it is desired to provide surface having a high coefficient of static
      friction suitable for track events, this can be obtained by modifying or
      roughening the product of the present invention. Thus, for instance, a
      strip going around the outside of an installation can be modified to
      provide a running track. Suitable procedures for accomplishing such
      modification include embossing the top surface of the floor covering and
      incorporating particulate matter into the top surface such as by gluing
      particles of polyurethane elastomer to the top of the elastomer layer
      prior to the addition of the top coating. In the modified or roughened
      areas the layer of polyurethane elastomer can be thinner and can have a
      thickness of only 1/32 of an inch.
PAR  The floor covering is installed by adhesively bonding the bottom fiber
      layer to the floor of the athletic facility. If desired, adhesives can be
      used which form a moisture barrier between the floor and the bottom fiber
      layer.
PAR  The following example is given to further illustrate the invention, but it
      is to be understood that the invention is not to be limited in any way by
      the details described therein.
PAC  EXAMPLE
PAR  A sample of a composite needlepunched material was prepared by needling a
      batt of polypropylene fibers having a weight of 30 ounces per square yard
      into a scrim of polypropylene yarn having a weight of 3.4 ounces/square
      yard using a needling density of 800 punches per square inch. A fibrous
      layer 1/5 inch thick was attached to one side of the scrim while fiber
      ends protruded through the other side of the scrim. The protruding fibers
      were impregnated with a latex coating of 7 ounces per square yard. The
      resilience (measured as in TABLE I) of the composite product was 18.
PAR  A 1/8 inch thick layer of polyurethane elastomer was applied to the latex
      coating and cured by heating at 275.degree.F. for 20 minutes. The
      polyurethane elastomer employed was a commercially available product
      similar to the carbamate containing composition described in Example III
      of U.S. Pat. No. 3,598,814 except that it had a somewhat lower crosslink
      density. The cured elastomer had the properties set forth in TABLE III,
      the test procedures being the same as those set forth in TABLE I.
TBL                TABLE III                                                   
     ______________________________________                                    
     Weight                 125 oz./sq. yd.                                    
     Density                1.4 grams/cm.sup.3                                 
     Hardness (Shore A)     60                                                 
     Resilience (Percent Rebound)                                              
                            35                                                 
     Compression Set (Percent)                                                 
                            4                                                  
     Compression Strength 10 percent                                           
     deflection (p.s.i.)    100                                                
     Compression Strength 50 percent                                           
     deflection (p.s.i.)    500                                                
     Ultimate Elongation (percent)                                             
                            300                                                
     Tear Strength (p.l.i.) 100                                                
     Cold Crack (180.degree. Bend, No Crack)                                   
                            Pass 0.degree.F.                                   
     Water Absorption (percent)                                                
                            Less than 2                                        
     Taber Abrasion (weight loss in                                            
     milligrams)            1,000                                              
     Flammability, Pill Test                                                   
                            Pass                                               
     ______________________________________                                    
PAR  A polyurethane top coating solution was spread on top of the elastomer
      layer to give a coating of about 3 mils thick. The coating composition was
      that described above in Example (F) and it was cured for one week at room
      temperature and at least 35 percent relative humidity.
PAR  When the final multilayer product was walked on with 1/4 inch and 3/8 inch
      runners needle spikes the holes in the top coating and elastomer layers
      completely reclosed after removal of the spikes and when a king sized
      cigarette was laid flat on the product surface and allowed to burn from
      end to end there was no deformation of the product surface. Other
      properties are set forth in TABLE IV with the test procedures being the
      same as those described in TABLES I and II.
TBL                TABLE IV                                                    
     ______________________________________                                    
     PRODUCT OF EXAMPLE                                                        
     ______________________________________                                    
     Thickness (inches)      3/8                                               
     Face Hardness (Shore A) 60                                                
     Resilience (percent rebound)                                              
                             35                                                
     Basketball Bounce (inches)                                                
                             49                                                
     Taber Abrasion (mgm weight loss)                                          
                             Less than 75                                      
     Thermal Expansion (in./ft./.degree.F.)                                    
                             Less than .001                                    
     Cold Crack (180.degree. Bend)                                             
                             No Crack 40.degree.F.                             
     Fadeometer (hours to appearance change)                                   
                             200+                                              
     Flammability, Pill Test, Face                                             
                             Pass                                              
     Coefficient of Static Friction of Top Surface                             
     (ASTM D-1894-63)                                                          
               Vs leather   (Wet       0.8                                     
                            (Dry       0.4                                     
               Vs PVC       (Wet       1.0                                     
                            (Dry       0.6                                     
               Vs Neoprene  (Wet       0.8                                     
                            (Dry       0.6                                     
     ______________________________________                                    
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the scope of the novel concepts of the present
      invention and the illustrative details disclosed are not to be construed
      as imposing undue limitations on the invention.
PAR  In the claims, the properties recited are based on the test methods
      described in the specification.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multilayer product suitable for use as a floor covering of an athletic
      facility comprising a composite needlepunched material having a fiber batt
      bottom layer at 10 to 80 ounces per square yard needled into a support
      layer of fabric or film so that a minor portion of the fiber batt
      protrudes through the top of said support layer and a major portion of the
      fiber batt remains as a fibrous layer at least 1/16 inch thick attached to
      the bottom of said support layer; a layer of polyurethane elastomer of
      from 3/64 inch to 3/8 inch thick adhered to the top of said composite
      needlepunched material, said polyurethane elastomer having a Shore A
      hardness of 30 to 90, a resilience of 20 to 50 percent rebound, a
      compression set of not greater than 35 percent, an ultimate elongation of
      at least 80 percent, an ultimate tensile strength of at least 200 p.s.i.,
      a density of 0.5 to 1.6 gm./cm..sup. 3 and a tear strength of at least 50
      p.l.i,; and a wear coating of polyurethane having a high abrasion
      resistance adhered to the top of said layer of urethane elastomer said
      wear coating providing said multilayer product with a smooth surface.
NUM  2.
PAR  2. A multilayer product as claimed in claim 1 wherein said wear coating has
      a Taber Abrasion of 0 to 500 milligrams weight loss with a CS 17 wheel,
      500 grams per wheel and 5,000 cycles.
NUM  3.
PAR  3. A multilayer product as claimed in claim 1 wherein said polyurethane
      elastomer and said polyurethane wear coating are thermoset materials which
      are resistant to burning cigarettes.
NUM  4.
PAR  4. A multilayer product as claimed in claim 1 having a thickness of about
      1/8 to 3/4 inch, a weight of about 60 to 450 oz./sq./yd., a resistance of
      20 to 50 percent rebound and a thermal expansion of less than 0.005
      in./ft./.degree.F.
NUM  5.
PAR  5. A multilayer product as claimed in claim 1 wherein the portion of the
      fiber batt protruding through the top of the support layer is impregnated
      with a latex composition.
NUM  6.
PAR  6. A multilayer product as claimed in claim 1 wherein said wear coating
      provides a smooth surface having a coefficient of static friction of about
      0.4 to 1.5 versus dry and wet leather, polyvinyl chloride and neoprene as
      measured by ASTM-D-1894-63.
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PAL  Tires, especially radial carcass tires, have the properties of their
      sidewalls improved by forming at least the outer surface of the sidewalls
      from organic peroxide vulcanizates of one or more mixes of elastomers of
      the diene type and of the ethylene-propylene type.
PARN
PAR  This is a continuation of application Ser. No. 255,615, filed May 22, 1972,
      now abandoned.
BSUM
PAR  The present invention relates to improvements in tires, particularly of the
      radial carcass type, by use of mixes which are particularly well adapted
      to the demands made on said tires and contain, in addition to ordinary
      elastomers of the diene type, also elastomers of the ethylene-propylene
      type.
PAR  The sidewalls of a tire, that is to say the outer covering of the carcass,
      require a very high fatigue strength. Upon each revolution, the sidewalls
      flex and the repeated flexings during the life of the tire reach an
      impressive number of the order of several tens of millions. The fatigue
      strength of the sidewall rubber must be particularly high in the case of
      radial carcass tires -- in this type of tire the carcass is much more
      flexible, with the result that the deformation of the sidewalls and
      therefore the rate of working of the sidewall rubber are much greater than
      in the case of bias carcass tires.
PAR  In addition to high fatigue strength, the sidewalls require good protection
      from external agents and in particular from atmospheric ozone. Ozone in
      the long run causes the formation and propagation of cracks on and in the
      sidewalls and its action is more intense the more the elastomer is
      subjected to high stresses. In the absence of effective protection against
      ozone, the life of radial carcass tires may be limited in certain
      countries not by wear of the tread but by the action of ozone on the
      sidewalls, because of a relatively high amount of ozone in the atmosphere
      together with a hot, moist climate.
PAR  In order to impart to the sidewalls of tires both good resistance to
      fatigue and good resistance to ozone, the thought came to mind of
      incorporating in the sidewalls, in addition to the ordinary elastomers
      having good resistance to fatigue, also special elastomers having good
      resistance to ozone.
PAR  There was considered in particular the use of chloroprene -- known also
      under the name of neoprene-- and of terpolymers of ethylene, propylene and
      a copolymerizable diene.
PAR  Neoprene has the drawback that it is a very costly product and on the other
      hand does not supply complete protection against ozone. It therefore does
      not provide a solution which is fully satisfactory both from a technical
      and an economic standpoint. Elastomers of the ethylene-propylene type have
      the advantage that their cost is definitely more favorable than that of
      neoprene. However, whatever their extent of unsaturation, they have the
      drawback of insufficient compatibility of vulcanization with the diene
      elastomers, which leads to limiting the proportion of this type of
      elastomer which can be associated with the diene elastomers and therefore
      limiting the protection against ozone. In particular, mixes of a
      terpolymer of ethylene-propylene and natural rubber vulcanized with sulfur
      have satisfactory resistance to ozone if they contain sufficient
      terpolymer, but in such case the resistance to fatigue and the ability to
      adhere in the vulcanized state to conventional mixes leaves much to be
      desired. One is led to limit the proportion of terpolymer to 25 to 30% of
      the total of the elastomers. With this content the protection against
      ozone is insufficient, and while the cracks are less numerous, they are
      deeper; furthermore the fatigue strength, which is acceptable for a bias
      carcass tire, is insufficient for a radial carcass tire. Another drawback
      is noted -- white mixes for sidewalls of the conventional type yellow
      under ultraviolet rays, despite the presence of elastomers of low
      unsaturation.
PAR  The present invention is directed at alleviating these drawbacks. It makes
      it possible to produce tires, and particularly radial carcass tires, whose
      sidewalls employ only relatively inexpensive elastomers having high
      resistance to flexure fatigue and to ozone, no tendency to undergo
      internal separation, and do not yellow, in the case of white sidewalls,
      under the action of ultraviolet rays.
PAR  The tire in accordance with the invention whose sidewalls are formed, at
      least on the outer surface, of one or more mixes of elastomers of the
      diene type and of the ethylene-propylene type is characterized by the fact
      that the portions of the sidewalls formed of the said mixes are vulcanized
      by means of an organic peroxide.
PAR  The ethylene-propylene elastomer which is of preferred use is an
      ethylene-propylene-diene terpolymer containing a small proportion, of the
      order of 5%, of a diene selected generally from among ethylidene
      norbornene, hexadiene-1,4, or, more exceptionally, from among methylene
      norbornene, dicyclopentadiene, cyclo-octadiene-1,5, and methyl
      tetrahydroidene. However, one can use an ethylene-propylene copolymer,
      which, however, has the drawback of being more difficult to work, of
      providing poorer protection against ozone for the same quantity, and of
      requiring more peroxide. In this connection, it is particularly surprising
      that it is advantageous to covulcanize with peroxides an
      ethylene-propylene-diene terpolymer into which a diene has been introduced
      to facilitate a sulfur vulcanization. This fact is all the more surprising
      since in general elastomers or blends of elastomers give the best results
      with sulfur, particularly with respect to fatigue strength.
PAR  The amount of elastomer of the ethylene-propylene type to be used is
      between about 15% and about 60% by weight of the total of the elastomers,
      the balance being formed of ordinary diene elastomers. A smaller amount --
      about 20% to about 30% by weight constitutes the preferable range -- can
      be used with a terpolymer having a high content of macromolecules of high
      molecular weight, that is to say a terpolymer having a Mooney plasticity
      of more than about 100.degree. at 100.degree. C. or more than about
      80.degree. at 130.degree.C. The best proportion is between about 30% and
      about 40% by weight for an ordinary terpolymer containing a relatively
      large number of macromolecules of relatively low molecular weight, that is
      to say, having a Mooney plasticity of between about 50 and about 100 at
      100.degree.C. As already stated, the use of an ethylene-propylene
      copolymer requires a higher proportion for the same effectiveness.
      However, one can use such a copolymer possibly mixed with a terpolymer.
PAR  The diene elastomer to be associated with the terpolymer or the copolymer
      of the ethylene-propylene type may be either natural rubber or a synthetic
      rubber of the polybutadiene type, a polyisoprene, a styrene-butadiene
      copolymer (SBR), or else a mixture of natural rubber and/or the above
      synthetic rubbers. The use of different types of diene elastomers
      obviously makes it possible to obtain a compromise between the advantages
      and disadvantages of the different elastomers. One can also use an
      elastomer similar to diene elastomers, such as transpolypentene.
PAR  The amount of organic peroxide to be used is from about 1 to about 10 parts
      by weight per 100 parts by weight of elastomers, and preferably from about
      2 to about 5 parts by weight, in the case of commercial organic peroxides
      containing 40% by weight of active product.
PAR  Among the organic peroxides which can be employed, mention may be made by
      way of example of dicumyl peroxide, aryl or diaryl peroxides, diacetyl
      peroxide, benzoyl peroxide, dibenzoyl peroxide, di-tert.-butyl peroxide,
      tert.-butylcumyl peroxide, 2,5-bis(tert.-butylperoxy)-2,5-dimethyl hexane,
      etc.
PAR  There are available on the market various packaged products known under
      their trademarks; mention may be made of:
PA1  Dicup 40, manufactured by Hercules Powder Co., containing 40% dicumyl
      peroxide,
PA1  Perkadox Y12, manufactured by Noury van der Lande, containing 40%
      bis(tert.-butyl-peroxy-isopropyl) benzene,
PA1  Peroximon F40, manufactured by Montecatini Edison, S.p.A., containing 40%
      bis(tert.-butyl-peroxy) diisopropyl benzene,
PA1  Trigonox, manufactured by Noury van der Lande, containing 40%
      1,1-di-tert.-butyl-peroxy 3,3,5-trimethyl cyclohexane,
PA1  Varox, manufactured by R. T. Vanderbilt Co., containing 50%
      2,5-dimethyl-2,5-di(tert.-butyl peroxy) hexane,
PA1  Luperko, manufactured by Wallace & Tiernan, Inc., containing 45%
      2,5-dimethyl-2,5-bis(tert.-butyl peroxy) hexyne-3.
PAR  Together with the organic peroxide and in order to reduce the quantity
      thereof, it is favorable to employ as activator for the peroxide a product
      such as sulfur, methacrylates, such as allylmethacrylate, ethylene-glycol
      dimethacrylate, polyethylene-glycol dimethacrylate, trimethylol-propane
      trimethacrylate, etc., or the condensation product of furfural and
      acetone.
PAR  The sulfur is employed in very small amount (e.g., from about 0.1 to about
      0.3 part by weight for every 100 parts by weight of elastomers), which
      amount would not be sufficient for vulcanization in the absence of
      peroxide and accelerator.
PAR  The mixture includes, in addition to the elastomers and the vulcanization
      system, also the customary ingredients such as antioxidant, extender or
      plasticizing oil, fillers (carbon black, silica, titanium and zinc
      oxides), in proportions similar to those found in sidewall rubbers,
      depending on the properties desired. Thus, the mixtures contain from about
      30 to about 65 parts by weight of carbon black per 100 parts by weight of
      elastomer.
PAR  The vulcanization by the peroxides of sidewall mixes having a base of
      elastomers of the ethylene-propylene type associated with diene elastomers
      surprisingly results in a number of advantages over the sulfur-vulcanized
      mixtures, namely:
PAR  1. Improvement in the resistance to ozone for an equal amount of
      ethylene-propylene elastomer. This advantage is the greater the more
      ethylene-propylene-diene terpolymer is used and the higher its average
      molecular weight;
PAR  2. Improvement of the adherence to conventional mixes in vulcanized
      condition: the sidewall rubber adheres better to the carcass and
      therefore, without risk of internal separation in the sidewall, one can
      use more elastomer of ethylene-propylene type and therefore enjoy better
      protection against ozone;
PAR  3. Improvement in the resistance to fatigue, particularly due to flexure.
      This result is particularly surprising since the fatigue strength of the
      vulcanized products of ordinary diene elastomers, in particular natural
      rubber, and also of the ethylene-propylene terpolymers used alone, is
      poorer when an organic peroxide is used as the vulcanizing agent instead
      of sulfur;
PAR  4. Elimination of the yellowing of white mixes under the action of
      ultraviolet rays;
PAR  5. Improvement of the mechanical properties (in particular rupture force)
      and elasticity (loss by hysteresis).
PAR  The advantages provided by the invention are of such a nature that they
      make it possible to employ blends of diene elastomers and copolymers or
      terpolymers of ethylene-propylene as sidewall rubber of radial carcass
      tires, which was unknown and impossible prior to the invention.
DRWD
PAR  The accompanying drawing shows a tire in accordance with the invention,
      seen in a radial or transverse half section.
DETD
PAR  In this drawing, various component elements of the tire can be noted,
      namely, the inner covering 10, the carcass composed of cords 12 embedded
      in a calendering rubber 13 and anchored around bead wires 14, a crown
      reinforcement composed of two plies 15 and 16 preferably of metal cords,
      its outer sidewall 11 being formed of four layers of rubber 17, 18, 19 and
      20, and a tread 21. The sidewall rubber layer 17, placed on the carcass
      cords 12 embedded in the calendering rubber 13, is a conventional mix
      having a base of diene elastomers. The layer 17 is covered with layers 18
      and 19 of black mix, and with the layer 20 of white mix. These surface
      layers 18, 19 and 20 are formed in accordance with the invention of mixes
      having a base of one or more diene elastomers and one or more elastomers
      of the ethylene-propylene copolymer type or ethylene-propylene-diene
      terpolymer type, these mixes being vulcanized by an organic peroxide and
      containing less than 0.5 part by weight of sulfur per 100 parts by weight
      of elastomers. As a variant, the layer 17 could be made of a mix of the
      same type as the layers 18, 19 and 20. The opposite or inner sidewall of
      this tire, not shown, does not contain a white-mix layer, it being
      replaced by a black-mix layer of the same nature as the layers 18 and 19.
      Thus, as shown in the drawing, the outer surface layer portions have a
      thickness at least about one-fourth the thickness of the sidewalls.
PAR  The following examples show various manners of carrying out the invention
      and bring out the advantages of the various compositions, in particular as
      compared with a conventional vulcanization with sulfur.
PAR  In order to facilitate the description of the examples and avoid
      repetitions, it is advisable first of all to give certain information
      which applies to several examples.
PAC  a. Base Composition
PAR  Without exception, all the examples use the following base compositions
      indicated per 100 parts by weight of elastomers:
TBL  Base Composition                                                          
               A  A.sub.1                                                      
                     A.sub.2                                                   
                        B      C C.sub.1                                       
                                    C.sub.2                                    
                                       C.sub.3                                 
                                             D  D.sub.1                        
                                                   D.sub.2                     
                                                      D.sub.3                  
     __________________________________________________________________________
     EPT       35 40 50 35    35 30 25 20    35 40 35 35                       
     Natural rubber                                                            
               65 60 50 65    30 35 40 45    65 60 30 --                       
     SBR 1502  -- -- -- --    35 35 35 35    -- -- 35 65                       
     Antioxidant  1     1     1              1                                 
     Stearic acid 1     1     1              1                                 
     FEF Black    35    30    35             --                                
     Oil          8     5     5              --                                
     Zinc oxide   5     5     5              35                                
     Titanium oxide                                                            
                  --    --    --             40                                
     __________________________________________________________________________
PAR  The EPT's (ethylene-propylene-diene terpolymers) used in the above
      compositions are Epsyn 55 in Compositions A and D and variants, and Nordel
      1470 in Compositions B and C and variants, except if another
      ethylene-propylene terpolymer or copolymer is specified.
PAR  Epsyn 55 is an ethylene-propylene-ethylidene norbornene terpolymer with 44%
      propylene, an iodine number of 24, and Mooney viscosity of 84 at
      100.degree.C., manufactured by the Copolymer Rubber and Chemical Corp.
PAR  Nordel 1470 is an ethylene-propylene-hexadiene-1,4 terpolymer containing
      39% propylene, an iodine number of about 20, and a Mooney viscosity of 82
      at 100.degree.C., manufactured by E. I. Du Pont de Nemours & Co.
PAC  b. Vulcanization System
PAR  In most of the examples, for every 100 parts by weight of elastomers, there
      is used the peroxide system P comprising 0.21 part by weight of sulfur and
      3.5 parts by weight of Dicup 40 which contains 40% dicumyl peroxide as
      active product. Some examples employ the same ingredients in the same
      relative proportion but in smaller or larger quantity for the same amount
      of elastomer, or else a different commercial peroxide in equivalent
      proportion.
PAR  Peroxide vulcanization is compared with various sulfur vulcanizations in
      accordance with the following systems (based on 100 parts of elastomers);
TBL                  S.sub.1                                                   
                           S.sub.2 S.sub.3 S.sub.4                             
     ______________________________________                                    
     Sulfur            1.4     1.5     1     3                                 
     MBTS (mercaptobenzo-                                                      
                       0.6     --      --    1.2                               
      thiazole disulfide)                                                      
     DPG (diphenyl guanidine)                                                  
                       0.4     0.3     --    --                                
      or DOTG (diortholyl                                                      
      guanidine)                                                               
     Santocure (N-cyclohexyl-2-                                                
                       --      0.8     --    --                                
      benzothiazole sulfenamide)                                               
     Tuads (tetramethyl thiuram                                                
                       --      --      1     --                                
      disulfide)                                                               
     MBT (mercaptobenzothiazole)                                               
                       --      --      0.5   --                                
     ______________________________________                                    
PAR  Finally, a mixed vulcanization system (M) containing for every 100 parts of
      elastomers 0.3 part of sulfur, 2.5 parts of Dicup-40 and 0.5 part of
      Santocure was also tested.
PAR  In all cases the mixes were vulcanized for 15 minutes at 164.degree.C.
PAC  C. Tests
PAR  The flexure fatigue tests were carried out by means of the De Mattia test.
      A test specimen of a width of 25 mm, a length of 150 mm, and a thickness
      of 6 mm, having a transverse groove of a depth of 3 mm, was subjected to
      repeated flexings. The width in millimeters of the cut is measured at the
      end of a given number of cycles. The formation of the notch by flexing can
      be facilitated by an initiation.
PAR  Verification of the action of ozone is carried out by placing a testpiece
      of a length of 50 mm, a width of 20 mm, and a thickness of 2.5 mm in an
      ozone chamber and subjecting it to elongations of 25% at a frequency of 30
      cycles per minute for 48 hours. The length of the notches is measured in
      millimeters.
PAR  The adherence test is carried out by covulcanizing two testpieces over a
      part of their surfaces, one of them consisting of the control mix and the
      other of the mix to be adhered. The force in kg necessary to separate the
      two testpieces is measured. When the adherence is good, the separation
      takes place within the thickness of one of the testpieces and it is stated
      that there is cleavage (letter C in the following tables). When the
      adherence is poor, the separation takes place at the interface of the two
      testpieces, and then it is said that there is separation (letter D in the
      tables). The control mixes used have the following formulas:
TBL            T.sub.1                                                         
                      T.sub.2   T.sub.3   T.sub.4                              
     ______________________________________                                    
     Natural rubber                                                            
                 50       --        100     50                                 
     Polybutadiene                                                             
                 15       --        --      --                                 
     SBR 1500    35       100       --      --                                 
     Neoprene    --       --        --      50                                 
     Stearic acid                                                              
                 1        1         1       1                                  
     Antioxidant 2        1.5       1       1                                  
     HAF Black   55       --        35      35                                 
     ISAF Black  --       65        --      --                                 
     Oil         20       30        --      10                                 
     ZnO         3        3         3       5                                  
     Sulfur      1.6      1.8       2.0     1                                  
     Santocure   1        0.7       0.7     --                                 
     2-mercapto- --       --        --      0.7                                
      imidozoline                                                              
     ______________________________________                                    
PAC  EXAMPLE 1
PAR  In this example the properties of two mixes, vulcanized with peroxides in
      accordance with the invention, for sidewalls of radial carcass tires are
      compared with three similar mixes vulcanized with sulfur and suitable only
      for sidewalls of biased carcass tires:
TBL  Mix No.         1     2     3     4     5                                 
     __________________________________________________________________________
     Base composition                                                          
                     A     A     B     B     B                                 
     Vulcanization system                                                      
                     P     S.sub.1                                             
                                 P     S.sub.2                                 
                                             S.sub.3                           
     Modulus at 100%, kg/cm.sup.2                                              
                     99    129.5 106   125   160                               
     Loss at 60 C., %                                                          
                     26.4  27.3  22.7  26.3  23.8                              
     Rupture strength, kg/cm.sup.2                                             
                     168   120   146   94    64                                
     Elongation at rupture, %                                                  
                     625   525   660   500   330                               
     De Mattia with initiation                                                 
                     9     14    4     16    25                                
      (160,000 cycles)                                                         
     De Mattia without initiation                                              
                     2     25    0     22    25                                
      (500,000 cycles)                                                         
     Action of ozone 0     0     0     0     0                                 
     Adherence to T.sub.1                                                      
                     C     D     C     C     D                                 
                     8 kg  5 kg  12-15 kg                                      
                                       6-11 kg                                 
                                             3-4 kg                            
     Adherence to T.sub.2                                                      
                     C     C     C     C     C                                 
                     40 kg 20 kg 15 kg 10 kg 3-4 kg                            
     __________________________________________________________________________
PAR  The peroxide vulcanization remarkably improves the rupture strength, the
      resistance to flexure fatigue and the adherence.
PAC  EXAMPLE 2
PAR  In this example there are compared various mixes of the invention which
      differ from each other in the nature and proportion of the elastomer of
      ethylene-propylene type.
PAR  Peroxide vulcanization gives results superior to sulfur vulcanization, even
      with a substantially higher proportion of EPT. This example also shows
      that the use of EPT is preferable over that of the EPR (ethylene-propylene
      copolymer).
TBL  Mix No.         6     7       8     9     10    11    12                  
     __________________________________________________________________________
     Base composition                                                          
                     A     A.sub.1 A.sub.2                                     
                                         A     A     A     A                   
     EPT or EPR      .rarw.                                                    
                           Nordel 1470                                         
                                   .fwdarw.                                    
                                         Epsyn Keltan                          
                                                     EPR   Epsyn               
                                         70    820   404   55                  
     % EPT           35    40      50    35    35    35    35                  
     System of vulcanization                                                   
                     P     P       P     P     P     P     S.sub.1             
     Modulus at 100%, kg/cm.sup.2                                              
                     91.5  88      92    104   106   91    117                 
     Loss at 60.degree.C., %                                                   
                     21.6  23.1    24.9  24.7  24.1  28.1  28.1                
     Rupture strength, kg/cm.sup.2                                             
                     192   178     166   156   186   118   120                 
     Elongation at rupture, %                                                  
                     650   667     675   590   610   597   550                 
     De Mattia with initiation                                                 
       500,000 cycles                                                          
                     4     4       2                       25                  
       320,000 cycles                    11    15    12                        
     De Mattia without initiation                                              
      1,600,000 cycles                                                         
                     4     2       0                                           
       500,000 cycles                    5     10    5     25                  
     Action of Ozone 0     0       0     0     0     5     0                   
     Adherence to T.sub.1                                                      
                     C     C       C                 D     C                   
                     37-42 kg                                                  
                           24-49 kg                                            
                                   19-27 kg                                    
                                         --    --    10-14 kg                  
                                                           13-27               
     __________________________________________________________________________
                                                           kg                  
TBL  The characteristics of the EPT's and EPR's used as well as those of       
     similar EPT's or EPR's are indicated below:                               
                                   Mooney     Manufactured                     
     Tradename  Propylene %                                                    
                       Diene       viscosity at 100.degree.                    
                                                by                             
     __________________________________________________________________________
     NORDEL 1470                                                               
                39     1,4-hexadiene                                           
                                   82         E. I. Du Pont                    
     NORDEL 1070                                                               
                42     "           83         de Nemours & Co.                 
     NORDEL 1700                                                               
                30     "           135                                         
     EPSYN 55   44     Ethylidene-norborene                                    
                                   84         Copolymer Rubber                 
     Epsyn 70   42     "           97         and Chemical                     
     EPSYN 70A  43     "           100        Corp.                            
     KELTAN 820 50     Dicyclopentadiene                                       
                                   93         Dutch Staatsmijnen               
     KELTAN 712 38     Ethylidene-norbornene                                   
                                   97           (DSM)                          
     KELTAN 578 28     "           89                                          
     KELTAN 714 PO III                                                         
                38     "           83                                          
     INTOLAN 255                                                               
                23     "           81         International                    
                                              Synthetic Rubber                 
                                              Co. Ltd.                         
     VISTALON 3708                                                             
                26     "           83         Esso Research S.A.               
     EPR 404    60     none        43                                          
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  In this example on the one hand various diene elastomers are compared and
      on the other hand there is shown the possibility of using a reduced amount
      of a terpolymer having a high content of macromolecules of high molecular
      weight.
PAR  An SBR can be used as diene elastomer. On the other hand, with an EPT
      having a high content of macromolecules of high molecular weight such as
      Nordel 1700, one can use a reduced proportion of EPT and obtain good
      protection against ozone.
PAR  Nordel 1700 is an ethylene-propylene-hexadiene-1,4 terpolymer with 30%
      propylene, and a Mooney viscosity at 100.degree.C. of 135, manufactured by
      E. I. Du Pont de Nemours & Co.
TBL  Mix No.         13    14    15    16    17    18                          
     __________________________________________________________________________
     Base composition                                                          
                     B     C     C     C.sub.1                                 
                                             C.sub.2                           
                                                   C.sub.3                     
     EPT             NORDEL 1470 NORDEL 1700                                   
     % EPT           35    35    35    30    25    20                          
     System of vulcanization                                                   
                     P     P     P     P     P     P                           
     Modulus at 100%, kg/cm.sup.2                                              
                     89    109   158   152   141   149                         
     Loss at 60.degree.C.,%                                                    
                     22.5  24.1  24.4  23.4  23.1  21.9                        
     Rupture strength, kg/cm.sup.2                                             
                     170   138   140   144   146   170                         
     Elongation at rupture, %                                                  
                     695   650   490   510   510   520                         
     De Mattia with initiation                                                 
                     5     5     25    11    11    11                          
      500,000 cycles                                                           
     De Mattia without initiation                                              
                     2     2     0     0     0     4                           
      500,000 cycles                                                           
     Action of Ozone 0     0     0     0     0     0                           
     Adherence to T.sub.1                                                      
                     C     C     C     C     C                                 
                     10 kg 15 kg 5 kg  7 kg  10 kg --                          
     __________________________________________________________________________
TBL  Example 4                                                                 
     In this example mixes vulcanized with different amounts and               
     types of peroxides are compared.                                          
     Mix No.         19    20    21    22    23                                
     __________________________________________________________________________
     Base composition                                                          
                     A     A     A     A     A                                 
     System of vulcanization                                                   
                     P .times. 4/7*                                            
                           P     P .times. 10/7*                               
                                       P     M                                 
     Modulus at 100%, kg/cm.sup.2                                              
                     66.7  91.5  109   87.5  96.9                              
     Loss at 60.degree.C., %                                                   
                     30    21.6  18.7  22.9  24.1                              
     Rupture strength, kg/cm.sup.2                                             
                     156   192   190   182   156                               
     Elongation at rupture, %                                                  
                     770   650   590   670   660                               
     De Mattia with initiation                                                 
                     3     5     10    4     7                                 
      500,000 cycles                                                           
     De Mattia without initiation                                              
                     2     3     5     1     4                                 
     1,600,000 cycles                                                          
     Action of Ozone 0     0     0     0     0                                 
     Adherence to T.sub.1                                                      
                     D     D     C     D                                       
                     5-6 kg                                                    
                           5-7 kg                                              
                                 7-10 kg                                       
                                       6-18 kg                                 
     Adherence to T.sub.2                                                      
                     C     C     C     C                                       
                     12-28 kg                                                  
                           37-38 kg                                            
                                 38-45 kg                                      
                                       30-45 kg                                
     Adherence to T.sub.3                                                      
                     --    C     --    --    C                                 
                           37-42 kg          43-46 kg                          
     __________________________________________________________________________
      *System P, but in an amount reduced or increased in the proportion of 4/7
      or 10/7.                                                                 
PAR  The increase in the amount of organic peroxide reduces the resistance to
      flexure fatigue but improves the adherence.
PAR  In place of the Dicup 40, one can use an equivalent amount of another
      organic peroxide (instead of 3.5 parts by weight of Dicup 40, 2.8 parts by
      weight of Peroximon F40 in mix No. 22).
PAR  A mixed sulfur and peroxide vulcanization can be used, but this is not of
      any particular advantage.
PAC  EXAMPLE 5
PAR  As shown by the following example, different types of fillers and in
      different quantites can be used.
TBL  Mix No.         24    25    26    27                                      
     __________________________________________________________________________
     Base composition                                                          
                     C     C     C     C                                       
     FEF Black       30    --    40    50                                      
     SAF Black       --    30    --    --                                      
     Oil             5     5     7     10                                      
     System of vulcanization                                                   
                     P     P     P     P                                       
     Modulus at 100%, kg/cm.sup.2                                              
                     110   104   128   149                                     
     Loss at 60.degree.C., %                                                   
                     24.7  28.8  28.1  31.4                                    
     Rupture strength, kg/cm.sup.2                                             
                     144   172   138   128                                     
     Elongation at rupture, %                                                  
                     620   650   570   470                                     
     Action of Ozone 0     0     0     0                                       
     De Mattia with initiation                                                 
                     2     3     6     14                                      
       240,000 cycles                                                          
     De Mattia without initiation                                              
                     0     0     1     3                                       
       500,000 cycles                                                          
     Adherence to T.sub.1                                                      
                     C     C     D     D                                       
                     9-16 kg                                                   
                           11-14 kg                                            
                                 5-6 kg                                        
                                       4-5 kg                                  
     Adherence to T.sub.2                                                      
                     C     C     C     C                                       
                     16-35 kg                                                  
                           14-21 kg                                            
                                 26-46 kg                                      
                                       13-23 kg                                
     __________________________________________________________________________
PAR  The increase in the filler can reduce the adherence and the fatigue
      strength.
PAC  EXAMPLE 6
PAR  This example relates to the manufacture of white sidewalls.
TBL  Mix No.       28    29    30  31    32  33    34  35  36                  
     __________________________________________________________________________
     Base composition                                                          
                   D     D.sub.1                                               
                               D   D.sub.1                                     
                                         D.sub.2                               
                                             D.sub.3                           
                                                   D   D   D                   
     EPT           Epsyn 55                        Keltan                      
                                                       Nordel                  
                                                           Intelan             
                                                   820 1470                    
                                                           255                 
                                                           + Nordel            
                                                           1470                
     % EPT         35    40    35  40    35  35    35  35  35                  
     % SBR         --    --    --  --    35  65    --  --  --                  
     System of vulcanization                                                   
                   S.sub.4                                                     
                         S.sub.4                                               
                               P   P     P   P     P   P   P                   
     Modulus at 100%, kg/cm.sup.2                                              
                   102   101   78  80    80  88    87  75  89                  
     Loss at 60.degree.C.,%                                                    
                   20.8  22.7  20  21.5  26  27.4  19  17  18.1                
     Rupture strength, kg/cm.sup.2                                             
                   126   116   168 153   88  68    168 189 204                 
     Elongation at rupture, %                                                  
                   750   770   760 760   710 700   775 810 810                 
     Shore hardness                                                            
                   49    50    45  46    49  50    45  43  46                  
     Action of Ozone                                                           
                   0     0      0  0      0  0      0   0  0                   
     Ultraviolet exposure                                                      
                   yellow                                                      
                         yellow                                                
                               white                                           
                                   white white                                 
                                             white white                       
                                                       white                   
                                                           white               
     Adherence to T.sub.4                                                      
                   D     D     C   C     C   C     C   C   C                   
                   7-10  4-5   8-17                                            
                                   6-10  8-10                                  
                                             3-5   7-16                        
                                                       5-15                    
                                                           6-14                
     __________________________________________________________________________
PAR  Vulcanization with peroxides considerably improves the adherence, avoids
      the yellowing and permits the use of SBR's instead of natural rubber.
PAR  The laboratory tests described in the above examples have been confirmed by
      tests on tires. Before the invention only the addition of neoprene to the
      sidewall rubber of radial carcass tires permitted protection against ozone
      and against aging without unacceptable loss of fatigue strength and
      excessive risk of internal separation. The use of elastomers of the
      ethylene-propylene type leads to a far inferior solution when the
      vulcanization is effected with sulfur and on the other hand a far superior
      solution when operating with peroxide vulcanization. It is, to say the
      least, curious that a system of vulcanization which generally gives less
      favorable results and which one tends to avoid systematically in the
      rubber industry is found in this case to be the best.
PAR  It goes without saying that the invention, although directed primarily at
      tires of radial type, can also be used advantageously on bias carcass
      tires with or without tread reinforcement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A radial carcass tire whose sidewalls are formed, at least on the outer
      surface layer thereof, of at least one surface layer mixture comprising
      nonhalogenated elastomers both of the diene type selected from the group
      consisting of natural rubber, polybutadiene, polyisoprene,
      styrene-butadiene copolymer and transpolypentene mixed with an
      ethylene-propylene type selected from the group consisting of
      ethylene-propylene copolymer and ethylene-propylene-diene terpolymer
      containing on the order of 5% diene, characterized by the fact that the
      outer surface layer portions of the sidewalls formed of said mixes are
      vulcanized by means of an organic peroxide, the amount of organic peroxide
      used being from about 1 to about 10 parts by weight per 100 parts by
      weight of elastomers of a commercial organic peroxide containing 40% by
      weight of active product, said sidewalls having high flexure fatigue
      resistance, said outer surface layer portions having a thickness at least
      about one fourth the thickness of the sidewalls, said mixture containing
      from about 30 to about 65 parts by weight of carbon black per 100 parts by
      weight of elastomers, and the amount of said elastomer of the
      ethylene-propylene type used being between about 15% and about 60% by
      weight of the total of the elastomers.
NUM  2.
PAR  2. The tire as defined by claim 1 wherein the ethylene-propylene-diene
      terpolymer is between about 20% and about 30% by weight elastomer of an
      ethylene-propylene-diene terpolymer having a Mooney viscosity of more than
      about 100 at 100.degree.C., or more than about 80 at 130.degree.C.
NUM  3.
PAR  3. The tire as defined by claim 1 wherein the ethylene-propylene-diene
      terpolymer is between about 30% and about 40% by weight elastomer of an
      ethylene-propylene-diene terpolymer having a Mooney viscosity of between
      about 50 and about 100 at 100.degree.C.
NUM  4.
PAR  4. The tire as defined by claim 1 wherein the sidewall layer is vulcanized
      by means of from about 2 to about 5 parts by weight of an organic
      peroxide, containing 40% active product, per 100 parts by weight of
      elastomers, the organic peroxide being activated by from about 0.1 to
      about 0.3 part by weight of sulfur per 100 parts by weight of elastomers.
NUM  5.
PAR  5. The tire as defined by claim 1 wherein the sidewall layer contains at
      least half of the elastomer of diene type in the form of synthetic rubber
      of a butadiene-styrene copolymer.
NUM  6.
PAR  6. The tire as defined by claim 1 wherein its sidewalls have several
      juxtaposed layers of mixed elastomers of the diene type and of the
      ethylene-propylene type, including at least one white mix, said white mix
      also being vulcanized by means of an organic peroxide.
NUM  7.
PAR  7. The tire as defined by claim 1 wherein the sidewalls contain an
      elastomer of the ethylene-propylene type which, in part or in its
      entirety, is an ethylene-propylene copolymer.
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ABST
PAL  Pressure polished transparent unfilled polycarbonate sheet substantially
      free of ripples, wiggles, extrusion die lines, and stresses and having a
      light transmittance greater than, a percentage haze lower than and a
      distortion lower than the as extruded sheet so that the polished sheet can
      be mechanically or thermoformed into such articles as airplane
      windshields, canopies, protective headgears and see-through enclosures.
      The sheet is made by polishing it between mirror finish plates using a
      sequence of preheating the as extruded sheet to the heat distortion
      temperature at zero or minimal pressure, heating to higher temperatures
      while rapidly increasing the pressure so as to transfer the mirror finish
      from the plates to the sheet surfaces, and cooling the sheet while
      decreasing the pressure to fix the mirror finish in the sheet surfaces as
      the sheet contracts and solidifies.
PARN
PAR  This invention relates to optical grade unfilled transparent polycarbonate
      sheet made by pressure polishing the extruded sheet to produce the optical
      grade material and is a continuation-in-part of my copending application
      Ser. No. 232,725 filed Mar. 8, 1972, now U.S. Pat. No. 3,855,042 which is
      in turn a division of my application Ser. No. 54,185 filed July 13, 1970,
      now U.S. Pat. No. 3,681,483.
BSUM
PAR  Polycarbonate resins are polyesters of carbonic acid and bisphenol A, are
      transparent and are well known for their high mechanical strength
      properties such as toughness, high impact strength and high tensile
      strength over a broad temperature range and non-shattering
      characteristics. They are extruded as sheets and as such contain ripples
      and extrusion die lines or stresses which cause undesirable optical
      properties such as relatively low luminous transmittance and a high
      percentage of haze. Polycarbonates do not lend themselves to removal of
      these ripples, blemishes, die lines, scratches or nicks by conventional
      grinding, buffing and polishing techniques.
PAR  It is the primary object of this invention to provide an optical grade
      transparent unfilled polycarbonate sheet having luminous transmittance
      better than, haze less than and distortion less than the as extruded
      sheet. Such material, being tougher than acrylics, vinyls, celluloses and
      other clear thermoplastics, and having desirable optical properties, can
      advantageously be used to fabricate, mechanically or by thermoforming,
      airplane windshields, canopies, protective headgear and see-through
      enclosures requiring minimal wall thicknesses and the like.
PAR  Another object of the invention is to provide polycarbonate sheets with
      optical properties superior to the as extruded sheets made by an
      efficient, accurate and reproducible method using controlled stages of
      heat and pressure and mirror polished plates to eliminate substantially
      all of the ripples, wiggles and extrusion die lines and stresses, which
      produce the inferior optical properties of the as extruded sheets.
PAR  Another object of the invention is to provide an optical grade transparent
      unfilled polycarbonate sheet made by a method employing a sequence of
      first charging a press with the as extruded sheet which is retained
      between plates of high mirror polish, then pre-heating the sheet slowly to
      its heat distortion temperature with little or no pressure applied so as
      to expel air entrapped between the sheet and the mirror polished plates,
      then rapidly raising the pressure to about 300-500 psi while the
      temperature rises to the fusion temperature at which time mirror surfaces
      are formed in the sheet and the ripples, wiggles and extrusion die lines
      and stresses are removed, finally cooling the material slowly to about
      150.degree.F while cutting the pressure in half to retain the mirror
      polish on its surfaces while the material cools and solidifies. If the
      polycarbonate will eventually be thermoformed into its final article, to
      eliminate molecular memory in which the surfaces of the plastic sheet may
      revert to their original form including the ripples, wiggles and extrusion
      die lines or stresses, the step of raising the temperature somewhat higher
      than the fusion temperature while reducing the pressure to prevent
      thinning is interposed between the fusion stage and the cooling stage.
DRWD
PAR  These and other objects of the invention will become more apparent as the
      following description proceeds in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a diagrammatic view of a multi-platen press shown open and
      charged with the members required to initiate pressure polishing of the as
      extruded polycarbonate sheet;
PAR  FIG. 2 is a view similar to FIG. 1 showing the press closed;
PAR  FIG. 3 is a sectional view through the unit to be charged into the press;
PAR  FIG. 4 is a perspective view of the final highly polished plastic sheet;
PAR  FIG. 5 is a sectional view of a modified unit to be charged into the press;
      and
PAR  FIG. 6 is a flow diagram of the sequential process steps.
DETD
PAR  Specific reference is now made to the drawing in which similar reference
      characters are used for corresponding elements throughout.
PAR  Polycarbonate resins which are polyesters of carbonic acid and bisphenol A
      are available in various grades commercially under such trademarks as
      Lexan (General Electric), Merlon (Mobay Chemical), etc. They have high
      tensile and impact strength over broad temperature range, are virtually
      shatter-proof and are extrudable as transparent sheets. Since the sheets
      contain ripples, wiggles and extrusion die lines or stresses they do not
      possess desirable optical properties. Moreover, they cannot be readily
      ground, buffed and polished by conventional means to remove these ripples,
      die lines and other flaws.
PAR  The steam heated press 10 employed to carry out the process is conventional
      and generally comprises a head 12 having an upper platen 14 at its lower
      surface, a vertically movable bed 16 carrying a lower platen 18 and a
      plurality of vertically movable platens 20 (only one shown as
      illustrative) between the upper and lower platens defining between them
      the charging and polishing position. The platens include interior coils
      which are connected by suitable couplings and flexible hoses 22 to a
      source S of steam under pressure via a valve V.sub.1, there being a
      pressure gauge 24 in the line. The platens are also connected by suitable
      couplings and flexible hoses 26 to a source of cold water CW via an
      appropriate valve V.sub.2.
PAR  The press is hydraulically operated from below by means of a ram 28 secured
      to the bed 16 and vertically movable in a cylinder 30. Appropriate
      conduits 32 connect the cylinder to a source of hydraulic fluid R via a
      pump and a pressure gauge 34. The means to raise and lower a ram and thus
      close and open the press are well known and can involve a reversible pump
      P or a pair of pumps and separate hydraulic circuitry or equivalent means.
PAR  When the ram is retracted and the press is open as shown in FIG. 1, unit 36
      of FIG. 3 is charged therein by placing each unit on a platen spaced from
      the adjacent upper platen. The unit 36 comprises an extruded sheet 38 of
      transparent unfilled polycarbonate, a pair of upper and lower mirror
      polished plates 40 coextensive with and in face to face contact with the
      opposite surfaces of the plastic, a pair of upper and lower aluminum
      backer plates 42 in face to face contact with the mirror polished plates
      and a pair of upper and lower cardboard sheets 44 in face to face contact
      with the aluminum plates. When the unit is positioned in the press the
      lower cardboard object contacts one surface of each platen and when the
      press is closed, as shown in FIG. 2, the upper cardboard sheet of that
      unit 36 contacts the undersurface of the next upper platen.
PAR  The plate 40 is preferably a hard rolled brass press plate having a
      pressure resistance of about 64,000 psi, offering excellent resistance to
      deformation, made from a double spring hard special copper alloy with a
      clean alpha structure, i.e., only one kind of crystal, and is therefore
      capable of taking a mirror-like polish (National Electrical Association of
      the USA designation No. 8) without any visible polishing lines. To protect
      the mirror polished surface, the plate may be nickel plated with a layer
      of about 0.00032 inch or plated on the nickel with a layer of about
      0.00008 inch chromium. Such a plate is commercially available as Wieland
      highly mirror polished press plates sold by Fabrite Metals Corporation,
      New York, New York. In place of the chrome mirror plate, a heat or
      chemically tempered glass with highly polished parallel surfaces can be
      used, or any other equivalent mirror finish plate, provided the same can
      withstand the pressures and temperatures employed in the process and any
      torque to which the plate may be subjected due to uneven closure of the
      platens.
PAR  The aluminum backer plates 42 are employed to protect the mirror polished
      plates 40 as well as to distribute the heat evenly over the plastic sheet
      38 and to reduce imperfections which may exist in the flatness of the
      platens.
PAR  The cardboard sheets 44 are somewhat resilient and are used as good
      insulators to even out the heating and cooling of the plastic sheet 38 and
      to help level out high and low spots and thus prevent blisters.
PAR  Although the unit 36 is shown to be of lesser width than the platens, this
      is merely for illustrative purposes. The unit can desirably be coextensive
      with the platen.
PAR  For the pressure polishing of polycarbonate sheets up to 3/8 inch, there is
      not sufficient lateral flow under the conditions of pressure and
      temperature used in the process, as will appear hereinafter, to require
      that the plastic be laterally confined and hence the unit 36 will be
      charged into the press as such. However, such lateral flow may be
      encountered when the thickness of the sheet to be polished exceeds 3/8
      inch, in which case lateral confinement is required and for this unit 46
      shown in FIG. 5 is used. Thus the lower aluminum plate 48 is the base
      plate of a mold upon which an aluminum frame 50 is secured to provide a
      mold cavity 52 which is narrowed by the insertion of a frame 54 of
      compressible wood, such as pine, which extends above the aluminum frame
      50. The lower mirror polished plate 56 is laid in the cavity against the
      base plate 48 and within the confines of the wooden frame 54 and the
      polycarbonate or plastic sheet 38 is placed on the lower mirror polished
      plate 56 also within the confines of the wooden frame. The thickness of
      the plastic sheet is such that its upper surface is beneath the upper edge
      of the wooden frame upon which is placed the upper mirror polished plate
      58. Over the upper mirror polished plate is placed the upper aluminum
      backer plate 60. It is to be understood that when the unit 46 is charged
      into the press, upper and lower cardboard sheets 44 will be placed over
      the upper aluminum plate 60 and below the aluminum base plate 48
      respectively.
PAR  The units 36 are charged in the press, and while only two such units are
      illustrated, it will be understood that many more can be employed for the
      simultaneous pressure polishing without impairing the efficiency and
      accuracy of the process. The press is then closed by activation of the
      pump P so that the ram 28 raises the bed 16 and all the platens save the
      upper 14, in which closure action the upper cardboard sheets engage the
      undersurface of adjacent upper platens in each operative station, as seen
      in FIG. 2. Steam is admitted to the platens via the valve V.sub.1 and the
      temperature is raised slowly while the pressure is maintained at zero
      (weight of the platens) up to 50 psi on the plastic sheet 38 as a maximum.
      The temperature to which the plastic sheet is raised is its heat
      distortion temperature which, by definition, is the temperature of the
      material when it begins to distort under a pressure of 66 psi. In the case
      of polycarbonate this temperature is about 270.degree.F and the period
      over which such temperature is attained is about 30 minutes for 1/2 to 3/4
      inch material. In this pre-heat stage or cycle entrapped air is expelled
      between the mirror polished plates 40 and the aluminum plates 42 and
      causes even face to face contact of the mirror polished plates and the
      mating surfaces of the plastic sheet.
PAR  Where the unit 46 is used to laterally confine the plastic sheet at its
      heat distortion temperature, the closing of the press causes the wooden
      frame 54 to compress and the upper mirror polished plate 58 to contact the
      upper surface of the plastic sheet. The upper mirror polished plate is
      placed over the frame 54 and not directly on the plastic sheet for the
      reason that should splinters of wooden frame form during the compression
      thereof, they will embed in the edges of the plastic sheet without
      impairing the formed mirror surface and need merely be trimmed; whereas if
      the splinters lodged between the upper mirror polished plate 58 and the
      aluminum backer plate 60, the plate 58 would be dented and ultimately the
      mirror polish formed on the upper surface of the plastic sheet 38 would be
      marred.
PAR  In the next or heating stage, the pressure is raised rapidly to about 300
      to 500 psi while the temperature is allowed to increase to about
      310.degree.-330.degree.F. This temperature rise is obtained over a period
      of 10 to 20 minutes while the pressure is maintained at said value of 300
      to 500 psi, depending upon the thickness of the plastic sheet. In this
      heating stage or cycle the mirror polish of the plates 40 is transferred
      to the plastic sheet while the ripples, wiggles, and extrusion die lines
      and stresses are substantially eliminated.
PAR  If the polished transparent unfilled polycarbonate is destined for
      thermo-forming into final articles, then a second heating stage or cycle
      is used to destroy the molecular memory of the material so that the
      original ripples, wiggles, and extrusion die lines and stresses will not
      return upon fabrication. In this molecular memory-destroying cycle the
      material is raised to a temperature of about 350.degree.-360.degree.F
      while the pressure is slowly reduced to about half its original value as a
      maximum, and preferably 50 to 75 psi, over a period of about 20 minutes.
      This decreased pressure prevents excessive flow and thinning of the
      plastic sheet.
PAR  Thereafter the material is cooled slowly to about 150.degree.F while
      maintaining the decreased pressure at a maximum of 150 psi and preferably
      50 to 75 psi. The cooling stage is effected by shutting valve V.sub.1 and
      opening valve V.sub.2 to the cold water supply CW while maintaining the
      desired ram pressure. The cooling cycle is about 45 minutes. In the first
      several minutes thereof this low pressure is maintained, that is until the
      temperature drops about 10.degree.F. Thereafter, the pressure on the
      material can be allowed to rise while the ram pressure control is turned
      off so that as the plastic sheet cools and contracts, the press pressure
      will drop accordingly.
PAR  If the polished polycarbonate will not be destined for fabrication into a
      final article by thermoforming, then the second heating stage or cycle can
      be eliminated and the material which was subjected to a temperature of
      about 310.degree.-330.degree.F and a pressure of 300 to 500 psi is
      subjected directly to the cooling cycle.
PAR  After the press is opened and the polished plastic sheet is removed, it is
      allowed to cool slowly in the atmosphere. Because the surfaces of the
      pressure polished polycarbonate sheets are substantially free of ripples,
      wiggles and extrusion die lines or stresses, the polished sheets have
      greater luminous transmittance, lower haze and lesser optical distortion
      than the as extruded sheets and thus such pressure polished sheets can be
      used advantageously to fabricate such articles as airplane windshields,
      canopies, protective headgear and other enclosures requiring good
      see-through properties but minimal wall thickness.
PAR  The polycarbonate sheets of various thicknesses which were pressure
      polished by the herein-described process were compared to the same
      thicknesses of unpolished as extruded polycarbonate sheet as to percent
      luminous transmittance and percent haze using the ASTM D1003 Procedure B
      with the following results, it being understood that when a particular
      thickness of sheet is sold commercially there is a .+-.10% variation
      thereof included, e.g. 0.040 inch polycarbonate sheet will commercially
      cover from 0.036 to 0.044 inch in thickness:
TBL                TABLE                                                       
     ______________________________________                                    
     Thickness          % Total Luminous                                       
     of                 Transmittance                                          
                                     % Haze                                    
     Polycarb.                                                                 
             Sold                                                              
     Sheet   Commercially                                                      
                        As       Pol-  As     Pol-                             
     (Inches)                                                                  
             As         Extruded ished Extruded                                
                                              ished                            
     ______________________________________                                    
     0.038              93.0           3.23                                    
     0.038              87.2           4.01                                    
             0.040"                                                            
     0.040                       87.5         2.74                             
     0.040                       95.4         1.68                             
     0.128              87.4           2.40                                    
     0.124              88.2           2.38                                    
             1/8"                                                              
     0.129                       86.5         1.62                             
     0.129                       90.0         2.67                             
     0.246              79.9           6.01                                    
     0.246              79.9           6.01                                    
             1/4"                                                              
     0.248                       85.1         2.35                             
     0.248                       85.7         2.33                             
     0.380              84.2           3.09                                    
     0.379              83.5           3.11                                    
             3/8"                                                              
     0.370                       83.0         2.53                             
     0.370                       80.7         2.73                             
     0.498              77.0           2.73                                    
     0.498              75.6           3.17                                    
             1/2"                                                              
     0.491                       79.0         3.04                             
     0.486                       82.0         2.68                             
     0.735                       74.0         4.32                             
             3/4"                                                              
     0.736                       74.9         4.14                             
     0.992                       59.8         3.34                             
             1"                                                                
     0.992                       59.8         3.34                             
     1.45                        46.8         16.88                            
             11/2 "                                                            
     1.44                        50.1         6.79                             
     1.95                        40.1         34.4                             
             2"                                                                
     1.95                        40.1         30.9                             
     ______________________________________                                    
PAR  The as extruded polycarbonate sheets of thickness 1, 11/2 and 2 inches have
      a haze greater than 30%, are translucent not transparent, and cannot be
      determined by the above procedure. The refractive index of the
      polycarbonate sheet of about 1/8  inch thickness was found to be 1.61 and
      for all the sheets 1.61-1.62 as determined by the microscopic method of
      ASTM D542.
PAR  Additionally, to determine optical distortion, a grid pattern (1-inch
      squares) was photographed through optical flat glass, common window glass,
      standard extruded polycarbonate sheet and pressure polished polycarbonate
      sheet using a commercial 14 inch camera, f/6.3 stopped down to f/4.5 2 at
      1 kw scoop lights, a camera to sample distance of 5 feet and a sample to
      grid distance of 11 feet. The results were that the pressure polished
      polycarbonate had considerably less distortion than the window glass but
      was not quite as distortion-free as the optical flat glass.
PAR  It should be noted that the polycarbonate sheets used in the tests set
      forth in the Table hereinabove for all thicknesses of the pressure
      polished sheets and for the as extruded (unpolished) sheets up to 1/2 inch
      in thickness were made from Lexan 9030-112, a u.v. stabilized
      polycarbonate resin, a product of General Electric Company. The as
      extruded (unpolished) sheets above 1/2 inch in thickness were made from
      Lexan 101-111, a high melt viscosity polycarbonate resin, also a product
      of General Electric Company.
PAR  Thus, it will be seen that the pressure polished polycarbonate has optical
      properties superior to those of the as extruded sheet and optical
      distortion approaching that of optical flat glass providing desirable
      see-through clarity and lack of distortion for many applications. It
      should be noted that the superior optical properties also result from the
      fact that the outer surfaces of the sheet are rendered substantially
      parallel during the pressure polishing thereof.
PAR  It is within the purview of this invention to include polycarbonate sheets
      pressure polished by the aforedescribed process using polycarbonate resins
      containing transparent color tints such as amber, smoke gray, smoke bronze
      and the like, in which case the optical properties thereof will be
      somewhat reduced in comparison to the untinted resin sheets. However, the
      optical properties of luminous transmittance, distortion and haze of the
      tinted pressure polished sheets will in all cases be superior to the
      corresponding tinted as extruded (unpolished) polycarbonate resin sheets.
      The differences in the properties of luminous transmittance and haze will
      be in the same order of magnitude as those appearing in the Table
      hereinbefore.
PAR  While preferred embodiments of the invention have here been shown and
      described, it will be understood that minor variations may be made without
      departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sheet of extruded unfilled transparent polycarbonate having opposed
      pressure polished mirror finished substantially parallel surfaces which
      are substantially free of ripples, wiggles, extrusion die lines and
      stresses and whose percent luminous transmittance is greater than, its
      percent haze less than and its distortion less than the as extruded sheet
      of the same thickness, said pressure polished sheet having a thickness of
      about 0.040 inch, a luminous transmittance of about 87.5% to 95.4% and a
      haze of about 1.68% to 2.74%, said sheet being made by first preheating
      the as extruded sheet between a pair of mirror polished plates at a
      pressure of zero to a maximum of 50 psi to the heat distortion temperature
      of the sheet to expel air entrapped between the sheet and the plates, then
      increasing the pressure to about 300 to 500 psi while allowing the
      temperature to rise to about 310.degree.-330.degree.F to transfer the
      mirror finish of the plates to the sheet surfaces while substantially
      eliminating the ripples, wiggles and extrusion die lines and stresses, and
      then cooling the sheet while reducing the pressure to fix the mirror
      finish in the sheet surfaces as the sheet contracts and solidifies.
NUM  2.
PAR  2. A sheet of extruded unfilled transparent polycarbonate having opposed
      pressure polished mirror finished substantially parallel surfaces which
      are substantially free of ripples, wiggles, extrusion die lines and
      stresses and whose percent luminous transmittance is greater than, its
      percent haze less than and its distortion less than the as extruded sheet
      of the same thickness, said pressure polished sheet having a thickness of
      about 1/8 inch, a luminous transmittance of about 86.5% to 90.0% and a
      haze of about 1.62% to 2.67%, said sheet being made by first preheating
      the as extruded sheet between a pair of mirror polished plates at a
      pressure of zero to a maximum of 50 psi to the heat distortion temperature
      of the sheet to expel air entrapped between the sheet and the plates, then
      increasing the pressure to about 300 to 500 psi while allowing the
      temperature to rise to about 310.degree.-330.degree.F to transfer the
      mirror finish of the plates to the sheet surfaces while substantially
      eliminating the ripples, wiggles and extrusion die lines and stresses, and
      then cooling the sheet while reducing the pressure to fix the mirror
      finish in the sheet surfaces as the sheet contracts and solidifies.
NUM  3.
PAR  3. A sheet of extruded unfilled transparent polycarbonate having opposed
      pressure polished mirror finished substantially parallel surfaces which
      are substantially free of ripples, wiggles, extrusion die lines and
      stresses and whose percent luminous transmittance is greater than, its
      percent haze less than and its distortion less than the as extruded sheet
      of the same thickness, said pressure polished sheet having a thickness of
      about 1/4 inch, a luminous transmittance of about 85.1% to 85.7% and a
      haze of about 2.33% to 2.35%, said sheet being made by first preheating
      the as extruded sheet between a pair of mirror polished plates at a
      pressure of zero to a maximum of 50 psi to the heat distortion temperature
      of the sheet to expel air entrapped between the sheet and the plates, then
      increasing the pressure to about 300 to 500 psi while allowing the
      temperature to rise to about 310.degree.-330.degree.F to transfer the
      mirror finish of the plates to the sheet surfaces while substantially
      eliminating the ripples, wiggles and extrusion die lines and stresses, and
      then cooling the sheet while reducing the pressure to fix the mirror
      finish in the sheet surfaces as the sheet contracts and solidifies.
NUM  4.
PAR  4. A sheet of extruded unfilled transparent polycarbonate having opposed
      pressure polished mirror finished substantially parallel surfaces which
      are substantially free of ripples, wiggles, extrusion die lines and
      stresses and whose percent luminous transmittance is greater than, its
      percent haze less than and its distortion less than the as extruded sheet
      of the same thickness, said pressure polished sheet having a thickness of
      about 3/8 inch, a luminous transmittance of about 80.7% to 83.0% and a
      haze of about 2.53% to 2.73%, said sheet being made by first preheating
      the as extruded sheet between a pair of mirror polished plates at a
      pressure of zero to a maximum of 50 psi to the heat distortion temperature
      of the sheet to expel air entrapped between the sheet and the plates, then
      increasing the pressure to about 300 to 500 psi while allowing the
      temperature to rise to about 310.degree.-330.degree.F to transfer the
      mirror finish of the plates to the sheet surfaces while substantially
      eliminating the ripples, wiggles and extrusion die lines and stresses, and
      then cooling the sheet while reducing the pressure to fix the mirror
      finish in the sheet surfaces as the sheet contracts and solidifies.
NUM  5.
PAR  5. A sheet of extruded unfilled transparent polycarbonate having opposed
      pressure polished mirror finished substantially parallel surfaces which
      are substantially free of ripples, wiggles, extrusion die lines and
      stresses and whose percent luminous transmittance is greater than, its
      percent haze less than and its distortion less than the as extruded sheet
      of the same thickness, said pressure polished sheet having a thickness of
      about 1/2 inch, a luminous transmittance of about 79.0% to 82.0% and a
      haze of about 2.68% to 3.04%, said sheet being made by first preheating
      the as extruded sheet between a pair of mirror polished plates at a
      pressure of zero to a maximum of 50 psi to the heat distortion temperature
      of the sheet to expel air entrapped between the sheet and the plates, then
      increasing the pressure to about 300 to 500 psi while allowing the
      temperature to rise to about 310.degree.-330.degree.F to transfer the
      mirror finish of the plates to the sheet surfaces while substantially
      eliminating the ripples, wiggles and extrusion die lines and stresses, and
      then cooling the sheet while reducing the pressure to fix the mirror
      finish in the sheet surfaces as the sheet contracts and solidifies.
NUM  6.
PAR  6. A sheet of extruded unfilled transparent polycarbonate having opposed
      pressure polished mirror finished substantially parallel surfaces which
      are substantially free of ripples, wiggles, extrusion die lines and
      stresses and whose percent luminous transmittance is greater than, its
      percent haze less than and its distortion less than the as extruded sheet
      of the same thickness, said pressure polished sheet having a thickness of
      about 3/4 inch, a luminous transmittance of about 74.0% to 74.9% and a
      haze of about 4.14% to 4.32%, said sheet being made by first preheating
      the as extruded sheet between a pair of mirror polished plates at a
      pressure of zero to a maximum of 50 psi to the heat distortion temperature
      of the sheet to expel air entrapped between the sheet and the plates, then
      increasing the pressure to about 300 to 500 psi while allowing the
      temperature to rise to about 310.degree.-330.degree.F to transfer the
      mirror finish of the plates to the sheet surfaces while substantially
      eliminating the ripples, wiggles and extrusion die lines and stresses, and
      then cooling the sheet while reducing the pressure to fix the mirror
      finish in the sheet surfaces as the sheet contracts and solidifies.
NUM  7.
PAR  7. A sheet of extruded unfilled transparent polycarbonate having opposed
      pressure polished mirror finished substantially parallel surfaces which
      are substantially free of ripples, wiggles, extrusion die lines and
      stresses and whose percent luminous transmittance is greater than, its
      percent haze less than and its distortion less than the as extruded sheet
      of the same thickness, said pressure polished sheet having a thickness of
      about 1.0 inch, a luminous transmittance of about 59.8% and a haze of
      about 3.34%, said sheet being made by first preheating the as extruded
      sheet between a pair of mirror polished plates at a pressure of zero to a
      maximum of 50 psi to the heat distortion temperature of the sheet to expel
      air entrapped between the sheet and the plates, then increasing the
      pressure to about 300 to 500 psi while allowing the temperature to rise to
      about 310.degree.-330.degree.F to transfer the mirror finish of the plates
      to the sheet surfaces while substantially eliminating the ripples, wiggles
      and extrusion die lines and stresses, and then cooling the sheet while
      reducing the pressure to fix the mirror finish in the sheet surfaces as
      the sheet contracts and solidifies.
NUM  8.
PAR  8. A sheet of extruded unfilled transparent polycarbonate having opposed
      pressure polished mirror finished substantially parallel surfaces which
      are substantially free of ripples, wiggles, extrusion die lines and
      stresses and whose percent luminous transmittance is greater than, its
      percent haze less than and its distortion less than the as extruded sheet
      of the same thickness, said pressure polished sheet having a thickness of
      about 11/2 inches, a luminous transmittance of about 46.8% to 50.1% and a
      haze of about 6.79% to 16.88, said sheet being made by first preheating
      the as extruded sheet between a pair of mirror polished plates at a
      pressure of zero to a maximum of 50 psi to the heat distortion temperature
      of the sheet to expel air entrapped between the sheet and the plates, then
      increasing the pressure to about 300 to 500 psi while allowing the
      temperature to rise to about 310.degree.-330.degree.F to transfer the
      mirror finish of the plates to the sheet surfaces while substantially
      eliminating the ripples, wiggles and extrusion die lines and stresses, and
      then cooling the sheet while reducing the pressure to fix the mirror
      finish in the sheet surfaces as the sheet contracts and solidifies.
NUM  9.
PAR  9. A sheet of extruded unfilled transparent polycarbonate having opposed
      pressure polished mirror finished substantially parallel surfaces which
      are substantially free of ripples, wiggles, extrusion die lines and
      stresses and whose percent luminous transmittance is greater than, its
      percent haze less than and its distortion less than the as extruded sheet
      of the same thickness, said pressure polished sheet having a thickness of
      about 2.0 inches, a luminous transmittance of about 40.1% and a haze of
      about 30.9% to 34.4%, said sheet being made by first preheating the as
      extruded sheet between a pair of mirror polished plates at a pressure of
      zero to a maximum of 50 psi to the heat distortion temperature of the
      sheet to expel air entrapped between the sheet and the plates, then
      increasing the pressure to about 300 to 500 psi while allowing the
      temperature to rise to about 310.degree.-330.degree.F to transfer the
      mirror finish of the plates to the sheet surfaces while substantially
      eliminating the ripples, wiggles and extrusion die lines and stresses, and
      then cooling the sheet while reducing the pressure to fix the mirror
      finish in the sheet surfaces as the sheet contracts and solidifies.
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ABST
PAL  Heat-sensitive recording sheets having an improved stability comprising a
      colorless or pale-colored chromogenic compound and an organic acid for
      coloring the chromogenic compound by heating, which are characterized by
      containing phenol derivatives represented by the formula
      ##SPC1##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are hereinafter defined, is
      disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to heat-sensitive recording sheets and in
      more detail to heat-sensitive recording sheets which comprise a
      heat-sensitive recording element comprising a colorless or pale-colored
      chromogenic compound and an organic acid which causes coloring of the
      chromogenic compound by heating wherein a stability of developed images on
      the heat-sensitive recording element is improved.
PAR  2. Description of the Prior Art
PAR  Hitherto, it has been known that chromogenic compounds such as Crystal
      Violet lactone react with phenolic substances to form colors, which is
      described in Berichte der Deutschen Chemischen Gesellschaft, Vol. 42,
      pages 2934-2935 (1909) by O. Fischer and F. Romer, and that such reaction
      is applied for the heat-sensitive recording sheets as disclosed in
      Japanese Pat. No. 14039/70.
PAR  Developed images obtained by a thermal reaction of the chromogenic
      compounds with the organic acids are generally unstable to light and hot
      wet; for example, developed images of Crystal Violet lactone are very
      unstable.
PAR  Further, in information recording materials, it is remarkably required to
      preserve recorded images for a long period of time. However,
      heat-sensitive recording material which satisfies such requirement has not
      been obtained. Stability used in this specification means that a developed
      dyestuff does not fade or discolor by exposing to light or by wetting with
      heat.
PAR  It is considered to use a dyestuff having a high light stability in order
      that recorded images of the heat-sensitive recording material has a
      stability for a long period of time. However, this is yet insufficient.
PAC  SUMMARY OF THE INVENTION
PAR  As a result of many studies in order to improve such faults of the
      heat-sensitive recording sheet, the present inventors have developed
      heat-sensitive recording sheets having improved stability.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention is to provide heat-sensitive recording sheets which
      comprise an organic acid, a colorless or pale-colored chromogenic compound
      and phenol derivatives dispersed in a binder, wherein the phenol
      derivatives are represented by the formula
      ##SPC2##
PAL  (wherein R.sub.1 represents a branched alkyl group having 3 to 8 carbon
      atoms, R.sub.2 represents a hydrogen atom, an alkyl group having 1 to 8
      carbon atoms or
      ##SPC3##
PAL  (wherein X represents S, O, SO.sub.2, S.sub.2 or
      ##EQU1##
      wherein n is an integer of 0 to 3, R.sub.7 and R.sub.8 represent each a
      hydrogen atom or an alkyl group having 1 to 8 carbon atoms, or R.sub.7 and
      R.sub.8 may form a cyclopentamethylene group by binding together, R.sub.5
      represents a branched alkyl group having 3 to 8 carbon atoms or
      ##SPC4##
PAL  wherein R.sub.9 represents a branched alkyl group having 3 to 8 carbon
      atoms and R.sub.10 represents an alkyl group having 1 to 8 carbon atoms,
      and R.sub.6 represents an alkyl group having 1 to 8 carbon atoms), R.sub.3
      represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms,
      and R.sub.4 represents a hydroxy group, an alkyl group having 1 to 8
      carbon atoms, an alkoxy group,
      ##SPC5##
PAL  (wherein Y represents S, O, SO.sub.2, S.sub.2 or
      ##EQU2##
      m is an integer of 0 to 3, R.sub.14 and R.sub.15 represents each a
      hydrogen atom or an alkyl group having 1 to 8 carbon atoms or R.sub.14 and
      R.sub.15 may form a cyclopentamethylene group by binding together,
      R.sub.11 represents a branched alkyl group having 3 to 8 carbon atoms, and
      R.sub.12 and R.sub.13 represent each a hydrogen atom or an alkyl group
      having 1 to 8 carbon atoms), or
      ##EQU3##
      (wherein R.sub.16 represents an alkyl group having 1 to 18 carbon atoms),
      or may form a substituted chroman or a substituted coumaran by binding to
      R.sub.3).
PAR  Typical phenol derivatives used in the present invention are classified as
      follows.
      ##SPC6##
PAL  (wherein R.sub.1 represents a branched alkyl group having 3 to 8 carbon
      atoms, R.sub.2 and R.sub.3 represent each a hydrogen atom or an alkyl
      group having 1 to 8 carbon atoms, and R.sub.4 represents a hydroxyl group,
      an alkyl group having 1 to 8 carbon atoms or an alkoxy group),
      ##SPC7##
PAL  (wherein R.sub.1 and R.sub.5 represent each a branched alkyl group having 3
      to 8 carbon atoms, R.sub.4 and R.sub.6 represent each an alkyl group
      having 1 to 8 carbon atoms, and X represents S, O, SO.sub.2, S.sub.2 or
      ##EQU4##
      wherein n is an integer of 0 to 3, and R.sub.7 and R.sub.8 represent each
      a hydrogen atom or an alkyl group having 1 to 8 carbon atoms or R.sub.7
      and R.sub.8 form a cyclopentamethylene group by binding together),
      ##SPC8##
PAL  (wherein R.sub.1 and R.sub.11 represent each a branched alkyl group having
      3 to 8 carbon atoms, R.sub.2, R.sub.3, R.sub.12 and R.sub.13 represent
      each a hydrogen atom or an alkyl group having 1 to 8 carbon atoms, and Y
      represents, S, O, SO.sub.2, S.sub.2 or
      ##EQU5##
      wherein m represents an integer of 0 to 3, and R.sub.14 and R.sub.15 each
      represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms,
      or R.sub.14 and R.sub.15 form a cyclopentamethylene group by binding
      together),
      ##SPC9##
PAL  (wherein R.sub.1 and R.sub.9 represent each a branched alkyl group having 3
      to 8 carbon atoms, and R.sub.4, R.sub.6 and R.sub.10 represent each an
      alkyl group having 1 to 8 carbon atoms),
      ##SPC10##
PAL  (wherein R.sub.1 represents a branched alkyl group having 3 to 8 carbon
      atoms, R.sub.17 represents a hydrogen atom or an alkyl group having 1 to 8
      carbon atoms, and R.sub.18 and R.sub.19 represent each an alkyl group
      having 1 to 8 carbon atoms),
      ##SPC11##
PAL  (wherein R.sub.20, R.sub.21, R.sub.22 and R.sub.23 represents each a
      hydrogen atom or an alkyl group having 1 to 18 carbon atoms, and R.sub.1
      represents a branched alkyl group having 3 to 8 carbon atoms), and
      ##SPC12##
PAL  (wherein R.sub.1 and R.sub.2 represent each a branched alkyl group having 3
      to 8 carbon atoms, and R.sub.16 represents an alkyl group having 1 to 18
      carbon atoms).
PAR  Typical examples of phenol derivatives used in the present invention are
      shown below, however, these do not limit the scope of this invention.
PAL  Phenol derivatives represented by Formula I
      ##SPC13##
PAL  Phenol derivatives represented by Formula II
      ##SPC14##
PAL  Phenol derivatives represented by Formula III
      ##SPC15##
PAL  Phenol derivatives represented by Formula IV
      ##SPC16##
PAL  Phenol derivatives represented by Formula V
      ##SPC17##
PAL  Derivatives represented by Formula VI
      ##SPC18##
PAL  Derivatives represented by Formula VII
      ##SPC19##
PAR  Compounds represented by the above formulae are known as an antioxidant for
      rubbers, plastics, fibers and petroleum products, and processes for
      preparing thereof are also known. However, it has not been known that the
      stability is improved when they are used in heat-sensitive recording
      elements comprising an organic acid and a chromogenic compound. Further,
      as the antioxidant for plastics etc., amine type compounds such as
      diphenylamine, phenothiazine, phenyl-.alpha.-naphthylamine and
      N,N'-diphenyl-p-phenylenediamine, and metal soaps such as cadmium
      stearate, tin stearate and lead naphthenate have also been known. However,
      as a result of studies, it has been found that the amine type antioxidants
      and metal soaps described above hardly exhibit improvement of the
      stability or cause, sometimes, deterioration of the stability.
PAR  On the other hand, by addition of phenol derivatives used in this invention
      to heat-sensitive recording elements, light fade resistance and hot wet
      resistance are remarkably improved and the developed images can be
      preserved for a longer period of time without fading so much. This is a
      novel fact in the heat-sensitive recording sheet and thus the industrial
      value thereof is highly evaluated. Among the phenol derivatives
      represented by the above formulae, those having a too low melting point
      are not preferred because they cause deterioration of the heat stability.
      Thus, those having a melting point of above 60.degree.C are preferably
      used.
PAR  The amount of the phenol derivatives used depends upon kinds of the
      chromogenic compound and the organic acid. However, amounts of 10 to 500%
      based on the chromogenic compound are preferred.
PAR  The colorless or pale-colored chromogenic compounds used in the present
      invention mean those which color by reacting with organic acids and
      particularly with polyhydric phenol compounds. Typical examples of such
      compound are as follows. Crystal Violet lactone, Malachite Green lactone,
      3,3-bis-(p-dimethylaminophenyl)-6-aminophthalide,
      3,3-bis-(p-dimethylaminophenyl)-6-(p-toluenesulfonamide)-phthalide,
      3-diethylamino-7-dibenzylaminofluoran,
      3-diethylamino-7-(N-methylanilino)-fluoran,
      3-diethylamino-7-(N-methyl-p-toluidino)-fluoran,
      3-diethylamino-6-methoxyfluoran, 3-diethylamino-7-chlorofluoran,
      3-diethylamino-6-methyl-7-chlorofluoran,
      3-dibutylamino-6-methyl-7-chlorofluoran, 3-diethylamino-7-phenylfluoran,
      3-morpholino-5,6-benzofluoran,
      6'-chloro-8'-methoxy-indolinobenzospiropyran,
      benzo-.beta.-naphthospiropyran and 3-methyl-di-.beta.-naphthospiropyran.
PAR  The organic acids used in the present invention are those which are
      liquefied and/or vaporized at above room temperature and preferably at
      above 70.degree.C and have a property that they cause coloring of the
      colorless or pale-colored chromogenic compound by reacting. Such organic
      acids include aromatic carboxylic acids such as phthalic anhydride, gallic
      acid and salicylic acid and phenolic compounds such as
      4,4'-isopropylidenediphenol, 4,4'-isopropylidene-bis-(2-chlorophenol),
      4,4'-isopropylidene-bis-(2-tertiary-butylphenol),
      4,4'-secondarybutylidenediphenol,
      p,p'-(1-methyl-normalhexylidene)-diphenol, 4-phenylphenol,
      4-hydroxydiphenoxide, methyl-4-hydroxybenzoate phenyl-4-hydroxybenzoate,
      4-hydroxyacetophenone, salicylanilide, novolak type phenol resins,
      halogenated novolak type phenol resins, .alpha.-naphthol and
      .beta.-naphthol. Among these compounds, phenol compounds having two or
      more hydroxyl groups in a molecule give a particularly excellent result.
PAR  Further, it is possible to decrease the coloring temperature by using two
      or more kinds of organic acid together.
PAR  In the present invention, it is necessary to use a binder for binding the
      above described three components, that is, the phenol derivatives, the
      organic acids and the colorless or pale-colored chromogenic compound which
      colors by reacting with the organic acids in order to apply a dispersion
      of these components to a support such as paper, films, etc.
PAR  As the binder, water-soluble resins known well are preferably used.
      Examples of the binder include polyvinyl alcohol, methylcellulose,
      hydroxyethylcellulose, gum arabic, carboxymethylcellulose, starch,
      gelatin, casein, polyvinylpyrrolidone, styrene-maleic anhydride
      copolymers, polyacrylates and polyacrylic acid copolymers. However, in the
      case that the support is thin paper, it is difficult to apply an aqueous
      solution of such water-soluble resins because creases are caused by great
      expansion and contractions of the paper at application. In such case, it
      may be used non-aqueous solutions of solvent-soluble resins such as
      terpene resin, petroleum resins and cyclized rubbers as the binder.
PAR  As shown above, in the present invention, the organic acid, the colorless
      or pale-colored chromogenic compound and the phenol derivatives having the
      above described formulae are dispersed in the binder. In this case, it is
      preferred that dispersion particles are ground by a grinder such as a ball
      mill as fine as possible, such as having below several microns of particle
      size.
PAR  In addition, as the grinding assistant, active agents such as a dispersing
      agent and a defoaming agent may be added, if necessary. Further, it is
      possible to add a bleaching agent or to add fillers such as talc, clay and
      starch in order to prevent adhesion of the coating material to a thermal
      head at thermal printer. Furthermore, it is possible to add waxes to the
      dispersion in order to prevent coloring by pressure, that is, staining of
      the background by scratching, rubbing or pressing.
PAR  In the following, typical examples of the invention are described in order
      to explain in more detail.
TBL                EXAMPLE 1                                                   
     ______________________________________                                    
     Liquid A:                                                                 
              Crystal Violet lactone 1 g                                       
              5% aqueous solution of hydroxy-                                  
              ethylcellulose (Commercial name:                                 
                                     5 g                                       
              HEC BL-15, produced by Fuji                                      
              Chemical K.K.)                                                   
              Water                   4.4 g                                    
     Liquid B:                                                                 
              4,4'-Isopropylidenediphenol                                      
                                     5 g                                       
              5% Aqueous solution of hydroxy-                                  
                                     25 g                                      
              ethylcellulose                                                   
              Water                  22 g                                      
     Liquid C:                                                                 
              4,4'-Thiobis-(6-tertiary-butyl-3-                                
                                     1 g                                       
              methylphenol) (Compound III-8)                                   
              5% Aqueous solution of hydroxy-                                  
                                     5 g                                       
              ethylcellulose                                                   
              Water                   4.4 g                                    
     ______________________________________                                    
PAR  The above liquids A, B and C were dispersed respectively by a ball mill for
      2 days. Then these liquids A, B and C were mixed to produce a
      heat-sensitive coating liquid. This coating liquid was applied to a paper
      having 50 g/m.sup.2 of the weight so as to have 3 g/m.sup.2 after drying
      to produce a heat-sensitive recording sheet. Similarly, another
      heat-sensitive recording sheets were obtained with using compounds shown
      in Table 1 instead of 4,4'-thiobis-(6-tertiary-butyl-3-methylphenol).
      Properties of the resulting heat-sensitive recording sheets are shown in
      Table 1.
PAR  As being clear from this table, the heat-sensitive recording sheets using
      phenol derivatives of the present invention form developed dyestuffs
      having a very high stability and the images do not disappear if preserved
      for a long period of time.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Compound            *Residual color ratio                                 
                                       **Residual color ratio                  
                         after exposing to light                               
                                       after exposing to sun-                  
                         by a fluorescent lamp                                 
                                       light for 1 week (%)                    
                         for 24 hours (%)                                      
     __________________________________________________________________________
     None                52            16                                      
     4,4'-thio-bis-(6-t-butyl-3-methyl-                                        
     phenol) III-(3)     90            76                                      
     2-tertiary-butyl-4-tertiary-butoxy-                                       
     phenol I-(2)        75            62                                      
     2,2'-methylene-bis-(4-methyl-6-t-                                         
     butylphenol) II-(1) 63            50                                      
     4,4'-methylene-bis-(2,6-di-tertiary-                                      
     butylphenol) III-(2)                                                      
                         76            62                                      
     2,2-dimethyl-4-isopropyl-7-tertiary-                                      
     butyl-6-chromanol V-(1)                                                   
                         83            70                                      
     2,2-dimethyl-6-tertiary-butyl-5-                                          
     benzofuranol        78            68                                      
     4-(4,6-bis-(tertiary-butyl-thio)-s-                                       
     triazin-2-yl)amino-2,6-ditertiary-                                        
                         88            80                                      
     butylphenol VII-(2)                                                       
     Phenyl-.alpha.-naphthylamine                                              
                         51            18                                      
     Cadmium stearate    28            15                                      
     Zinc diethyldithiocarbamate                                               
                         22            10                                      
     Mercaptobenzothiazole                                                     
                         20            10                                      
       Compound          ***Residual color ratio                               
                                       Note                                    
                         after the lapse of 1 week                             
                         at 50.degree.C and 80% (%)                            
     __________________________________________________________________________
     None                60            Comparison                              
     4,4'-thio-bis-(6-t-butyl-3-methyl-                                        
                         95            This invention                          
     phenol) III-(3)                                                           
     2-tertiary-butyl-4-tertiary-butoxy-                                       
     phenol I-(2)        82            "                                       
     2,2'-methylene-bis-(4-methyl-6-t-                                         
     butylphenol) II-(1) 76            "                                       
     4,4'-methylene-bis-(2,6-di-tertiary-                                      
     butylphenol) III-(2)                                                      
                         84            "                                       
     2,2-dimethyl-4-isopropyl-7-tertiary-                                      
     butyl-6-chromanol V-(1)                                                   
                         92            "                                       
     2,2-dimethyl-6-tertiary-butyl-5-                                          
     benzofuranol        88            "                                       
     4-(4,6-bis-(tertiary-butyl-thio)-s-                                       
     triazin-2-yl)amino-2,6-ditertiary-                                        
                         95            "                                       
     butylphenol VII-(2)                                                       
     Phenyl-.alpha.-naphthylamine                                              
                         58            Comparison                              
     Cadmiun stearate    61            "                                       
     Zinc diethyldithiocarbamate                                               
                         55            "                                       
     Mercaptobenzothiazole                                                     
                         51            "                                       
     __________________________________________________________________________
      (Note)                                                                   
     *Residual color ratio are represented by the formula                      
     Color density after testing                                               
                  .times. 100                                                  
     Color density before testing                                              
     at 1.1 .about. 1.2 of the developed color density.                        
     **The developed color density is determined by a Macbeth densitometer.    
     ***A day-light fluorescent lamp is used as the fluorescent lamp.          
PAC  EXAMPLE 2
PAR  A heat-sensitive recording sheet was produced by the same manner as in
      Example 1 but used 3-diethylamino-7-chlorofluoran instead of Crystal
      Violet lactone and 4,4'-methylene-bis-(2,6-di-tertiary-butylphenol)
      (Compound III - (2)) instead of
      4,4'-thiobis-(6-tertiary-butyl-3-methylphenol). When exposed to light by a
      fluorescent lamp for 24 hours, a residual color ratio of the sheet in
      which 4,4'-methylene-bis-(2,6-di-tertiary-butyl phenol) is used is 88%
      while that of the sheet in which
      4,4'-methylene-bis-(2,6-di-tertiary-butylphenol) is not used is 43%, which
      shows that the stability is improved.
PAC  EXAMPLE 3
TBL  Liquid A:                                                                 
     3-Diethylamino-7-dibenzylaminofluoran                                     
                               1 g                                             
     10% aqueous solution of polyvinyl                                         
     alcohol (commercial name: Gosenol NH-20,                                  
                               2 g                                             
     produced by Nippon Gosei Kagaku K.K.)                                     
     Water                     3 g                                             
     Liquid B:                                                                 
     1,1-Bis-(4-hydroxyphenyl)cyclohexane                                      
                               5 g                                             
     10% aqueous solution of polyvinyl                                         
     alcohol                   10 g                                            
     Water                     15 g                                            
     Liquid C:                                                                 
     .alpha., .alpha.'-Bis-(5-tert-butyl-6-hydroxy-m-                          
     tolyl)mesitol (Compound IV - (1))                                         
                                1.5 g                                          
     10% aqueous solution of polyvinyl                                         
     alcohol                   3 g                                             
     Water                      4.5 g                                          
PAR  The above described liquids A, B and C were treated by the same manner as
      in Example 1. These three liquids were mixed. Then 20 g of a 50%
      dispersion of wheat starch, 5 g of a 20% wax emulsion (commercial name:
      Repol No. 50, produced by Daikyo Kagaku K.K.) and 20 g of a 10% aqueous
      solution of polyvinyl alcohol were added to the mixture to produce a
      heat-sensitive coating liquid. This coating liquid was applied to a paper
      having 50 g/m.sup.2 of the weight so as to have 5 g/m.sup.2 after drying
      to produce a heat-sensitive recording sheet. This heat-sensitive recording
      sheet had an excellent storage stability for a long period of time.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Heat-sensitive recording sheets having an improved stability comprising
      a colorless or pale-colored chromogenic compound and an organic acid for
      coloring said chromogenic compound by heating, which contain at least one
      phenol derivative different from said chromogenic compound and said
      organic acid, which phenol derivative is present in an amount of 10 to 500
      wt % based on the weight of chromogenic compound and increases the
      stability of the colored reaction product of the chromogenic compound and
      is selected from the group consisting of
      ##SPC20##
PAL  (wherein R.sub.1 represents a branched alkyl group having 3 to 8 carbon
      atoms, R.sub.2 and R.sub.3 represent each a hydrogen atom or an alkyl
      group having 1 to 8 carbon atoms, and R.sub.4 represents a hydroxyl group,
      an alkyl group having 1 to 8 carbon atoms or an alkoxy group),
      ##SPC21##
PAL  (wherein R.sub.1 and R.sub.5 represent each a branched alkyl group having 3
      to 8 carbon atoms, R.sub.4 and R.sub.6 represent each an alkyl group
      having 1 to 8 carbon atoms, and X represents S, O, SO.sub.2, S.sub.2 or
      ##EQU6##
      wherein n is an integer of 0 to 3, and R.sub.7 and R.sub.8  represent each
      a hydrogen atom or an alkyl group having 1 to 8 carbon atoms or R.sub.7
      and R.sub.8 form a cyclopentamethylene group by binding together)
      ##SPC22##
PAL  (wherein R.sub.1 and R.sub.11 represent each a branched alkyl group having
      3 to 8 carbon atoms, R.sub.2, R.sub.3, R.sub.12 and R.sub.13 represent
      each a hydrogen atom or an alkyl group having 1 to 8 carbon atoms, and Y
      represents S, O, SO.sub.2, S.sub.2 or
      ##EQU7##
      wherein m represents an integer of 0 to 3, and R.sub.14 and R.sub.15 each
      represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms,
      or R.sub.14 and R.sub.15 form a cyclopentamethylene group by binding
      together),
      ##SPC23##
PAL  (wherein R.sub.1 and R.sub.9 represent each a branched alkyl group having 3
      to 8 carbon atoms, and R.sub.4, R.sub.6 and R.sub.10 represent each an
      alkyl group having 1 to 8 carbon atoms),
      ##SPC24##
PAL  (wherein R.sub.1 represents a branched alkyl group having 3 to 8 carbon
      atoms, R.sub.17 represents a hydrogen atom or an alkyl group having 1 to 8
      carbon atoms, and R.sub.18 and R.sub.19 represent each an alkyl group
      having 1 to 8 carbon atoms),
      ##SPC25##
PAL  (wherein R.sub.20, R.sub.21, R.sub.22 and R.sub.23 represent each a
      hydrogen atom or an alkyl group having 1 to 18 carbon atoms, and R.sub.1
      represents a branched alkyl group having 3 to 8 carbon atoms, R.sub.2
      represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms),
      and
      ##SPC26##
PAL  (wherein R.sub.1 and R.sub.2 represent each a branched alkyl group having 3
      to 8 carbon atoms, and R.sub.16 represents an alkyl group having 1 to 18
      carbon atoms).
NUM  2.
PAR  2. Heat-sensitive recording sheets as claimed in claim 1, wherein said at
      least one phenol derivative has a melting point of above 60.degree.C.
NUM  3.
PAR  3. Heat-sensitive recording sheets as claimed in claim 1, wherein said
      chromogenic compound is at least one leuco dye having a lactone or
      spiropyran ring.
NUM  4.
PAR  4. Heat-sensitive recording sheets as claimed in claim 1, wherein said at
      least one phenol derivative is selected from the group consisting of:
PA1  Phenol derivatives represented by Formula I
      ##SPC27##
PA1  Phenol derivatives represented by Formula II
      ##SPC28##
PA1  Phenol derivatives represented by Formula III
      ##SPC29##
PA1  Phenol derivatives represented by Formula IV
      ##SPC30##
PA1  Phenol derivatives represented by Formula V
      ##SPC31##
PA1  Derivatives represented by Formula VI
      ##SPC32##
PA1  Derivatives represented by Formula VII
      ##SPC33##
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ABST
PAL  Non-woven glass-fiber webs for reinforcing plastics material carrying
      printed circuits are produced by the wet process from E-glass fibers
      bonded with polyvinyl alcohol. The polyvinyl alcohol used is a powder or
      suspension, has a degree of hydrolization of 98 - 100%, and a viscosity,
      as a 4% solution in water of 20.degree.C, of 20-100 cP. Preferably the
      polyvinyl alcohol has a degree of swelling at 20.degree.C of between 3 and
      8, and in the dry form a particle size of between 50 and 180 .mu.. A
      plurality of these glass fiber webs are impregnated with a solution of an
      epoxy resin, arranged as a laminate, then compressed at elevated pressure
      and temperature to form the final laminate.
PARN
PAR  This is a continuation of Ser. No. 196,782, filed Nov. 8, 1971 now
      abandoned.
BSUM
PAR  This invention relates to a glass fiber web for insulating sheets and to a
      glass fiber web reinforced plastics insulating sheet for printed circuits,
      which kind of plastics insulating sheets are described in an article by
      Benzinger in "Tappi" 49 no. 10, page 460.
PAR  Printed circuits, sometimes referred to as printed wiring, are increasingly
      being used in the last few years. Generally speaking, they are made of
      synthetic resin materials coated with metal (usually copper) by removing a
      part of the metal coating. The remaining metal then constitutes the
      printed wiring or circuit. Of the various processes required for realizing
      such a printed circuit, the various possibilities of processing the metal
      coating have hitherto received by far the most attention. Relatively
      little literature, however, has so far been devoted to the plastics
      carrier.
PAR  Yet the plastics carrier is of the greatest interest for the ultimate
      quality and reliability of the whole. Consequently, the carrier must also
      satisfy strict requirements. In the first place, its dielectrical
      characteristics must be high, that is to say, the carrier should for
      example have as low an electrical conductance as possible; second the
      carrier should have a very good dimensional stability, and third its
      stiffness should have as high values as possible.
PAR  For the last-mentioned reason carriers of pure plastics have been found
      unsatisfactory, and the art has taken recourse to reinforced plastics in
      the early stages of the development. The reinforcing material used is
      generally paper, while for certain uses woven glass fabrics have been
      used. Paper reinforced plastics, however, generally do not reach the
      desirable stiffness and stability values at elevated temperatures, while
      woven glass fabrics are not only extremely expensive, but cause
      difficulties in the subsequent application to them (impregnation) of the
      actual plastics and the further processing.
PAR  Consequently, the art has looked for a different reinforcing material from
      paper or glass fabric. One of these substitutes is described in great
      detail by Benzinger (see supra), namely non-woven glass fiber webs. These
      non-woven glass fiber webs referred to herein as glass fiber webs, can be
      made analogously to paper by the wet process on paper-making machines.
      They have the advantage over paper of having a better insulating capacity
      and a higher dimensional stability at elevated temperatures. The non-woven
      webs have the advantage over woven glass fabrics of being considerably
      cheaper and being more readily impgregnated with plastics. As indicated
      further by Benzinger, the glass fiber web material is preferably
      impregnated with an epoxy resin, and the whole is heated under pressure
      thereby being hardened to a stiff material. The combination of non-woven
      glass fiber web and epoxy resin has quite reasonably satisfied the
      standard requirements as regards FR-3 laminates, but failed to meet them
      as regards G-10 laminates.
PAR  In the manufacture of glass fiber webs by the wet process (and indeed also
      by the dry process), a binder must be used, because otherwise there is
      insufficient coherence in the web, which would cause it to fall apart when
      processed with the epoxy or other resins. The binders commonly used are
      various kinds of latices of butadiene copolymers, polyester resins,
      melamine or phenol formaldehyde condensates, polyvinyl acetate, and the
      like. It is striking that Benzinger does not refer to the use of such a
      binder at all.
PAR  It has now been found that the choice of the binder is of decisive
      influence on the suitability of the fiber webs produced with it for them
      to be suitable for being processed to satisfactory carrier materials for
      printed circuits after impregnation with an epoxy resin. In fact, it was
      found when the above conventional binders were used that either the
      processing with the epoxy resin gave rise to disintegration of the web, or
      the resulting material had inadequate dielectrical characteristics. On the
      other hand, an unconventional binder, namely, a powder or a suspension of
      polyvinyl alcohol, provided it had a degree of saponification of 98-100%
      and a viscosity, measured as a 4% aqueous solution at 20.degree.C of
      20-100 cP, surprisingly turned out to be very satisfactory. This result
      was surprising for one thing because polyvinyl alcohol is not renowned for
      being a material having good dielectrical characteristics. Moreover, the
      specifications given clearly differ from those of commercial polyvinyl
      alcohols most commonly used. For the latter have a degree of
      saponification of 88-90% and a viscosity of 4-5 cP.
PAR  In the manufacture of the subject non-woven glass fiber webs, the starting
      product is a commercial product in the form of glass fibers made of E
      glass having a thickness of 5-15 .mu. and a length of 5-30 mm, coated with
      preferably 0.5-1.0% of a silane coating. These fibers are dispersed in
      water with the binder to form a 0.005-0.05% suspension, and processed in
      this form on a fiber web machine to a non-woven fiber web by de-watering.
      Machines suitable for this purpose have long since been known. Papermaking
      machines and rotiformers, for example, are very suitable for this purpose.
PAR  The binder, which is preferably used in a proportion of 5-25% calculated on
      the glass fibers, is, as stated before, constituted by a polyvinyl
      alcohol. However, not just any polyvinyl alcohol is suitable. Essential
      requirements are that the degree of hydrolization should be 98-100%, and
      the viscosity, measured as a 4% solution in water at 20.degree.C, should
      be between 20 and 100 cP. It has furthermore been found that the particle
      size of the polyvinyl alcohol used should in the dry form preferably range
      from 50-180 .mu., and the degree of swelling at 20.degree. should
      preferably be between 3 and 8. By the degree of swelling is understood the
      number of times the dry weight of the polyvinyl alcohol granules which
      they are capable of retaining after being suspended in a 20-fold excess of
      water, followed by suction drying 15 minutes later.
PAR  When leaving the actual fiber web making machine, i.e. after the
      dewatering, the binder-containing glass fiber webs mostly have a dry
      content of 10-50%. This wet material is subsequently heated at preferably
      85.degree.-100.degree.C. During this treatment the polyvinyl alcohol
      granules are dissolved in their own swelling water, and preferably deposit
      on the fiber crossings. In order for this process to proceed as
      effectively as possible, it is recommendable during the heat treatment to
      keep the evaporation of water within tolerable limits. Most suitable,
      therefore, is heating by infra-red radiators, although other heating
      devices may be used. Subsequently the temperature is further increased and
      the water is evaporated, for example, by means of hot air. Owing to the
      resulting dehydration of the polyvinyl alcohol the latter is hardened and
      rendered insensitive to moisture. Following the last-mentioned drying
      process the web has acquired sufficient coherence for it to be wound.
      Glass fiber webs having a weight of 30-200 g/m.sup.2 are preferred.
PAR  The resulting glass fiber web can subsequently be processed to form an
      insulating sheet or carrier sheet for a printed circuit in a known manner
      by impregnating the web with a solution of a thermosetting synthetic
      plastics material in a solvent. Suitable thermosetting plastics are
      phenolformaldehyde, polyester silicone and hydrocarbon resins, but we
      preferably use epoxy resins. The selection of the solvent depends on the
      resin applied. When epoxy resins are used, acetone is preferred. The
      conventional hardening agents and accelerators may be added to the
      synthetic resin solution. The absorption of resin by the glass fiber web
      can be very accurately controlled. An absorption of up to 10 times the
      weight of the web of resin solution is possible (in the case of glass
      fibers no more than 1-2 times), whereafter the glass:resin ratio can be
      adjusted by squeezing. The resin-impregnated web is then cut to foils,
      formed into packs of e.g. 4-30 foils, and pressed to form sheets in a
      press at high pressure and temperature, while if so desired, for example,
      on the outer faces, sheets of impregnated woven glass fabric may be
      supplied.
PAR  The resulting insulating sheets are extremely suitable for being provided
      with a metal foil by a conventional technique, thereby to produce printed
      wiring or circuitry. In fact, the sheets comply extremely well with all
      the usual requirements, especially as regards stiffness, dimensional
      stability, and dielectrical characteristics. An additional advantage over
      sheets incorporating glass fabrics as the reinforcing material is that
      they are more suitable for punching and drilling operations.
DETD
PAR  The invention is illustrated in and by the following examples.
PAC  EXAMPLE I
PAR  100 g E-glass fibers 6 mm long and 10 .+-. 0.5 .mu. thick, provided with
      0.7% of a silane coating, were dispersed in 20 l water in a period of 30
      minutes. Subsequently 15 g dry polyvinyl alcohol powder was added with
      stirring. This powder had a degree of hydrolization of 99.5% and a
      viscosity of 30 cP (4% in water of 20.degree.C). 95% of the powder had a
      particle size ranging between 50 and 180 .mu., and the degree of swelling
      was 4. The resulting suspension was made up with water to 200 l with
      stirring, whereafter trial sheets of 50 .+-. 2 g/m.sup.2 were made on a
      laboratory sheet-forming machine. The moist sheets were heated for 10
      minutes at 90.degree.C (with I.R.) and subsequently dried at a final
      temperature of 180.degree.C. The resulting fibrous webs were tested for
      their breaking strengths, binder retention and the conductivity of water
      in which the web had been kept for 24 hours at 20.degree.C.
TBL  ______________________________________                                    
     Breaking strength                                                         
                     :       12.6 kg/5 cm                                      
     Binder retention                                                          
                     :       93%                                               
     Conductivity    :       20 .mu. S/cm                                      
     ______________________________________                                    
PAC  EXAMPLE II
PAR  Example I was repeated, the only difference being the use of a polyvinyl
      alcohol powder having a degree of hydrolization of 95%. The values for the
      particle size, the degree of swelling and viscosity were no different from
      those of Example I. The values measured with the web were:
TBL  Breaking strength                                                         
                     :       7.5 kg 5cm                                        
     Binder retention                                                          
                     :       61%                                               
     Conductivity    :       20 .mu. S/cm                                      
PAC  EXAMPLE III
PAR  Example I was repeated, the only difference being the use of a polyvinyl
      alcohol powder having a viscosity of 5 cP. The values measured with the
      web were:
TBL  Breaking strength                                                         
                     :       6.2 kg/5cm                                        
     Binder retention                                                          
                     :       54%                                               
     Conductivity    :       20 .mu. S/cm                                      
PAC  EXAMPLE IV
PAR  Example I was repeated, the only difference being the use of a polyvinyl
      alcohol having a viscosity of 125 cP. The values measured with the web
      were:
TBL  Breaking strength                                                         
                     :       9.8 kg/5cm                                        
     Binder retention                                                          
                     :       96%                                               
     Conductivity    :       20 .mu. S/cm                                      
PAC  EXAMPLE V
PAR  Example I was repeated, the only difference being that the same polyvinyl
      alcohol was used not in the form of a powder or suspension, but in the
      form of a 5% solution in water. The values measured with the web were:
TBL  Breaking strength                                                         
                     :       13.5 kg/5cm                                       
     Binder retention                                                          
                     :       100%                                              
     Conductivity    :       68 .mu. S/cm                                      
PAR  Examples II-V show that different viscosities and degrees of hydrolization
      are productive of an insufficiently strong material, and that the use of a
      dissolved polyvinyl alcohol causes an undue rise in conductivity.
      Moreover, when reduced to practice on a technical scale, the procedures of
      Examples II-IV cause difficulties owing to foaming, which gravely
      jeopardizes the homogeniety of the web. For that matter, the use of a
      polyvinyl alcohol with different values for the particle size and degree
      of swelling can also result in some foaming, while the binder is less
      properly and homogeneously distributed over the web.
PAC  EXAMPLE VI
PAR  Example I was repeated, the difference being using instead of the polyvinyl
      powder a 5% dispersion of a polyvinyl acetate copolymer. Of this, about 13
      g was applied to 100 g glass fibers. The values measured with the web
      were:
TBL  Breaking strength                                                         
                     :       13,2 kg/5cm                                       
     Binder retention                                                          
                     :       100%                                              
     Conductivity    :       39 .mu. S/cm                                      
PAR  These results appear to be fairly favourable, but then the wet strength in
      acetone turned out to be 1.0 kg/5cm only. Since acetone is the preferred
      solvent for the preferred resin, this drawback is of decisive importance.
      The wet strength in acetone of a web made in accordance with Example I was
      as high as 12.0 kg/5cm. Moreover, a fibrous web incorporating a polyvinyl
      acetate binder was found to be highly temperature-sensitive.
PAC  EXAMPLE VII
PAR  A web made in accordance with Example I was impregnated with an acetone
      solution of an epoxy resin, a diamine as a hardening agent and BF.sub.3 as
      an accelerator. This web absorbed 5 times its own weight of impregnating
      liquid. The web was dried for 10 minutes with air of
      150.degree.-160.degree.C. There was thus produced a non-sticking epoxy
      resin impregnated glass fiber web.
PAR  20 of these sheets were laid one on top of the other and compressed to form
      a pack. This pack was pressed for 10 minutes at 150.degree.C and a
      pressure of 10 g/cm.sup.2 and subsequently for 2 hours at 170.degree.C and
      a pressure of 75 kg/cm.sup.2.
PAR  The resulting laminate was 1.5 mm thick. The bending stiffness of this
      laminate (DIN 7735) was 3000 kg/cm.sup.2. This is only a fraction less
      than in the case of a G-10 laminate (3500 kg/cm.sup.2). The electrical
      characteristics of the laminate fully satisfy the DIN standard for a G-10
      laminate.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for making an insulating sheet for printed circuits, which
      comprises the steps of forming a 0.005-0.05% suspension of fibers and
      particulate binder in water, said fibers being fibers of E glass 5-30 mm
      long and 5-15 .mu. thick and said binder being a particulate polyvinyl
      alcohol having a degree of hydrolization of 98-100%, being present in the
      amount of 5-25% based upon weight of the glass fibers, said binder having
      a particle size of 50-180 m.mu. and a degree of swelling of 20.degree.C of
      3-8, and having a viscosity measured as a 4% solution in water at
      20.degree.C. of 20-100 cP; processing this suspension on a fiber web
      making machine by dewatering to form a non-woven glass fiber web; drying
      said glass fiber web by heating to a temperature of
      85.degree.-100.degree.C to dissolve the polyvinylalcohol granules in their
      own swelling water and subsequently further heating to an increased
      temperature to evaporate the water and dehydrate and harden the polyvinyl
      alcohol; impregnating a plurality of said glass fiber webs with a solution
      of an epoxy resin and hardener in acetone, evaporating the acetone;
      arranging said plurality of webs as a laminate; and compressing said webs
      into an insulating sheet laminate at elevated pressure and temperature.
NUM  2.
PAR  2. The process as defined in claim 1 wherein the binder has a degree of
      hydrolization of 99.5% and a viscosity of 30cP and is present in an amount
      of 15% by weight of glass fiber.
NUM  3.
PAR  3. A laminate for printed circuit boards, made by the process of claim 1,
      the electrical characteristics of which fully satisfy the DIN standard for
      a G-10 laminate.
NUM  4.
PAR  4. A laminate for printed circuit boards, made by the process of claim 2,
      the electrical characteristics of which fully satisfy the DIN standard for
      a G-10 laminate.
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ABST
PAL  A striking process for a plasma beam at high temperature which includes an
      enclosure between two torches located at opposite sides of the enclosure
      and outside the enclosure, a stick-electrode introduced lengthwise through
      a window of one of the torches and brought near the opposite torch until
      the plasma flame hooks to the stick-electrode, thereby closing between the
      nozzle and the stick-electrode the circuit of a superimposed current, then
      pulling the stick-electrode progressively from the enclosure, carrying
      with it the plasma beam until it meets a second torch which is energized
      at the very moment of extraction of the stick-electrode, and then
      disconnecting the stick and closing the laminar plasma flow circuit.
BSUM
PAC  DISCLOSURE OF THE INVENTION
PAR  The present invention relates to creation of a high temperature plasma beam
      in an enclosure with laminar steady flow between plasma torches located at
      opposite ends of the enclosure. The invention relates particularly to the
      striking phase of the operation regardless of the ulterior exploitation of
      the thermal flow so created (oxidation by oxygen plasma, reduction by
      hydrogen plasma, refining, fusion, etc.)
PAR  The process and equipment claimed for that purpose are independent of the
      type of enclosure, but they prove to be particularly useful or even
      indispensable when the plasma torches are set at the ends of the elongated
      enclosure, outside it and facing orifices spread apart (more than 70 cm)
      to such an extent that an energetic superimposed electric current cannot
      pass immediately, even though the plasma beam is expected to become a
      laminar steady flow.
PAR  The principle of transferring the energy developed by a powerful arc
      discharge to a gaseous mass brought to a high ionization temperature and
      made electrically conductive has become a reality in the field of
      electrothermal techniques for many years.
PAR  The use of the conductive gaseous mass so created, as a vector supporting a
      highly powerful electric current (for example 75 kilowatts between the
      torches) in order to bring the plasma or gaseous resistor to a high
      temperature (4500.degree. to 5000.degree. C.) is more recent (Belgian
      patent No. 623,218 of Oct. 4, 1962 with French priority of October 1961)
      and has developed into industrial applications in various fields such as
      in open air (Belgian patent No. 721,912 for heating a reactive fluid at
      high temperature) or in closed containers with conditioned atmospheres
      (Belgian Refining patent No. 778,913) or in open air (French patent for a
      melting furnace, French patent No. 1,488,206 of Apr. 11, 1963).
PAR  When the spread between the torches, whether arranged in convergence or in
      opposition, is relatively small (less than 50 cm) and/or when the dynamic
      power of the gaseous flow is sufficiently high, such applications do not
      present particular problems for striking, since the energetic superimposed
      circuit between the torches closes up nearly instantaneously
      (auto-striking).
PAR  This is no longer the case when working with torches located about 70 cm
      apart or more from each other, for example at the opposite ends of an
      elongated chamber, and if one attempts to create a laminar flow of plasma
      between them which excludes high steady speeds, one must then wait a
      particularly long time for the rate of ionization of the gaseous content
      in the enclosure to become sufficiently high to permit passage of a
      superimposed current and for high temperatures.
PAR  Such waiting will not only reduce considerably the efficiency of the
      ulterior operations (discontinued fusions or pouring for instance) but
      still can favor the formation of parasitic arcs as we shall later on see.
PAR  To shorten this striking phase, attempts have of course been made to bring
      the torches closer together during this phase (as already in practice to
      strike an arc or to transfer a plasma to an external part).
PAR  However, this technique offers serious difficulties sometimes. These
      difficulties happen when a plasma beam at high temperature must be created
      in a closed container or furnace between torches located outside the
      container in normal operation. The temporary introduction during the
      striking of the torch in the container necessitates an increase in the
      diameter of the orifice, resulting in a loss of heat by enlarged radiation
      when the torch is relocated normally, and also increases the risk of
      parasitic arcs toward non-insulated portions of the cup or truncated cone,
      the arcs damaging the cup and causing turbulence if the electric
      parameters are not suitable for the distance between the torches.
PAR  Such introduction is furthermore practically impossible in such cases as
      when the torches are not aligned along the axis of the orifice, when the
      enclosure is a rotary furnace requiring tight seals at the ends (French
      patent No. 1,405,958, French patent No. 1,488,206 and Belgian patent No.
      793,937) and even locks (in the navigation sense) when they operate in
      conditioned atmospheres and also when such furnaces have orifices
      conditioned by the pouring procedure (tilting).
PAR  The process of the invention permits striking to be obtained in such
      containers for a high temperature plasma beam with superimposed current
      and with a steady laminar flow between the torches located outside the
      containers.
PAR  It consists while the plasma torches are kept stationary at their normal
      spread outside the container, in pushing a conductive stick-electrode of
      copper for example but preferably insulated at its periphery by a layer of
      alumina for example, through one of the orifices of the container towards
      a torch window located at the opposite orifice. With the arc internal to
      the latter torch already struck and the plasma flame of this torch already
      connected to the tip of the stick-electrode, the circuit of energetic
      superimposed current is closed in between the nozzle of this torch and the
      tip of the stick-electrode. The stick-electrode is then retracted slowly
      with the plasma flame getting longer in beam shape until the
      stick-electrode is pulled out of the container entirely. At this very
      moment the internal arc of the second torch is struck and its flame is
      directed toward the plasma beam coming out of the enclosure, while at the
      same time the superimposed electric current of the stick-electrode is
      deviated toward the nozzle of the second torch by a commutator.
PAR  A plasma beam with laminar flow is then hooked (a word of art) between the
      two torches and the passage of the superimposed current brings its
      temperature rapidly to its normal range (4500.degree. - 5000.degree.C)
      without disturbing its flow.
PAR  We are illustrating herein the process for an enclosure of a rotary furnace
      without restriction to such a furnace.
DRWD
PAR  FIG. 1 is a schematic axial cross section showing a stick-electrode in
      starting position in an enclosure within the furnace.
PAR  FIG. II is a partial axial section showing three stages in the process.
PAR  FIG. III(a) is an enlarged axial section through the stick-electrode.
PAR  FIG. III(b) is a cross section of the stick-electrode on the line I-I'.
PAR  FIGS. IV, IV(a), and IV(b) illustrate in cross section an insulated closing
      bushing in various stages of retraction.
DETD
PAR  In FIG. I, 1 and 2 are plasma torches with internal arcs whose pilot
      circuits are not shown. They heat the enclosure of the furnace rotating
      around its axis according to the arrow and having an external wall
      comprising a cylindrical surface 3 and truncated conical ends 5, 5'
      insulated from the cylindrical surface by insulating rings 4,4'.
PAR  The material to be fused, such as powder, granules and the like, is pressed
      against the wall 3 by the centrifugal force and forms progressively an
      auto-crucible as shown at 8.
PAR  A stick-electrode 6 is shown in the position of maximum pentration in line
      with the nozzle of the torch 1, the opposite orifice on which the torch 2
      will enter being closed by a retractable wedge 7 of the stick-electrode,
      the detail being shown in FIG. IV. The space 70 around the electrode is
      shown in FIGS. 1 and 2.
PAR  The internal arc of the torch 1 is struck and the flame 9 is hooked to the
      tip of the stick-electrode, the electrical circuit 15 of the energetic
      superimposed current being connected at B to a contact collar 10 of the
      stick-electrode, (commutator A being positioned at the left) and the
      stick-electrode is progressively pulled out of the enclosure by
      lengthening the plasma beam as shown in FIG. II.
PAR  Handle 16 is on the stick.
PAR  Neither the parts in rotation or optionally the tilting of the furnace, nor
      the internal design of the torches, intervene in the described process and
      therefore they are not shown.
PAR  In FIG. II three successive steps of the development of the striking
      process are shown, at the start in FIG. II(a), near the middle in FIG.
      II(b) and after complete extraction of the stick in FIG. II(c).
PAR  One can see in this process the lengthening of the plasma beam, the closing
      of the wedge 7 applied against the inner face 5' of the wall of the
      furnace and the hooking of the frame 9' of the torch 2 to the plasma beam,
      coming out of the enclosure at the very moment when the circuit closes at
      contact A in the commutator toward the nozzle 2 and opens away from the
      stick.
PAR  The regular operation of the furnace now begins.
PAR  In FIG. III the design of the stick-electrode 6 has been shown to larger
      scale with the internal cooling and the peripheral insulation layer 61 of
      alumina for instance.
PAR  The annular body 62 of the stick-electrode may be copper for instance.
PAR  The cooling circuit 63 and 64 is connected by flexible hoses 12 and 13 to
      the pumping system and the outlet of the cooling liquid which may be water
      for instance.
PAR  The central core 65 of the stick-electrode may also be copper.
PAR  FIG. IV shows the detail of the operation of the closing bushing 11 which
      is retractable with a spreading ring 14.
PAR  FIG. IV(a) shows this before penetration.
PAR  FIG. IV(b) is at location after penetration has ended.
PAR  During the penetration the bushing 11 is pushed inward in a groove by the
      edge of the orifice. As soon as the edge has gone over, the springy ring
      14 spreads out again and its position on the stick-electrode is such that
      at the end of the stroke, it is pressed against the wall 5' to stay there
      during and after the retraction of the stick-electrode.
PAR  These seals which are of insulating material and small in size, do not
      reduce the diameter of the pouring orifice. As can be seen at FIG. IV(b),
      they pull out easily during pouring. In case it is desired, one may also
      absorb the insulated bushings by fused work material, for example refining
      flux.
PAR  The operation of the process claimed and the stick-electrode which is part
      of it permits striking under 400 volts and 30 amperes of current by the
      plasma beam, absorbing 40 kilowatts of power in normal operation and
      reaching temperatures of 4500.degree. and 5000.degree.C.
PAR  In view of our invention and disclosure, variations and modifications to
      meet individual whim or particular need will doubtless become evident to
      others skilled in the art, to obtain all or part of the benefits of our
      invention without copying the process and apparatus shown, and we
      therefore claim all such insofar as they fall within the reasonable spirit
      and scope of our claims.
CLMS
STM  Having thus described our invention, what we claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. A process of striking a plasma beam at high temperature, which is
      practiced in an enclosure with two torches having nozzles and located at
      opposite ends of the said enclosure and outside said enclosure and windows
      associated with the torches, which comprises introducing a stick-electrode
      lengthwise through the window associated with one of the torches and
      brought near the opposite torch until the plasma hooks to the
      stick-electrode, thereby closing between the nozzle of the one torch and
      the stick-electrode a circuit of superimposed current, pulling the
      stick-electrode out progressively from the enclosure, carrying with it the
      plasma beam until it meets with a second torch which is energized at the
      very moment the extraction of the stick-electrode is completed, in order
      to transfer the superimposed current to its nozzle, and disconnecting the
      stick-electrode and closing the laminar plasma flow circuit.
NUM  2.
PAR  2. The process of claim 1, in which the enclosure consists of a rotary
      furnace for plasma fusion and for refining a load of powdery or granular
      materials, which consists in rotating the furnace, pressing the load
      against the inside of the cylindrical wall of the furnace by centrifugal
      force, leaving free a central passage between the external torches,
      introducing the stick-electrode and proceeding to strike between the
      torches a plasma beam with superimposed current.
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ABST
PAL  An electric furnace electrode coupler comprises a power driven chain loop
      which wraps tightly around a new electrode section such that when the belt
      is translated the new section is turned and screwed onto an operating old
      electrode section. Means are provided for tensioning the chain for
      gripping. The drive mechanism for the chain is mounted on an extensible
      and swingable arm for enabling operation on several electrodes associated
      with one furnace.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for adding a new electrode section to
      the end of an existing electrode associated with a consumable electrode
      electric arc furnace.
PAR  In an electric arc furnace each electrode is supported in a clamp on an arm
      which is automatically adjustable to maintain the proper arc length
      between the lower tip of the electrode and the charge in the electric
      furnace. As the lower end of the electrode is consumed it is allowed to
      slide downwardly in the clamp and a new electrode section is then added to
      the upper end. This operation has heretofore involved several workmen who
      screwed on a new electrode section by the use of special tools. Besides
      being time consuming, the operation exposed the workmen to the
      uncomfortably hot and gaseous environment existing above an operating
      electric furnace.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a device for coupling a
      new electrode section to an existing electrode such that there will be
      reduced involvement and effort by the operator and less exposure to the
      uncomfortable environment that exists above an electric furnace.
PAR  A further object of this invention is to provide a device which uses a
      chain loop to grip the new electrode section and to turn it for coupling
      under the influence of a drive mechanism.
PAR  Yet another object is to provide a device which is adjustable to enable
      operation on any one of several electrodes associated with an electric arc
      furnace and which is readily transportable to the site of one or more
      other arc furnaces for use therewith.
PAR  Briefly, the new device comprises a pedestal which may be positioned to
      swing about a vertical axis in a stationary stand. A cross arm is
      supported on the pedestal and it is adapted for extension and retraction
      toward and away from an electrode. One end of the arm supports a drive
      mechanism for a closed loop chain which can be detached or opened to wrap
      it around a new electrode section loosely. Means are provided to impose
      tension on the chain and thereby effect a firm grip on the new electrode
      section. Motor means are provided to translate the chain to turn gripped
      electrode onto the free end of the old electrode.
PAR  How the foregoing and other more specific objects of the invention are
      achieved will be evident in a more detailed description of a preferred
      embodiment of the invention which will be set forth below in reference to
      the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevation view of the new electrode coupling device associated
      with an electric arc furnace, shown schematically and in section, in
      conjunction with an electrode supporting arm and clamp assembly; and
PAR  FIG. 2 is a plan view of the new coupling device as viewed generally in the
      direction of the line 2--2 in FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In FIG. 1 a typical electric arc furnace with which the new electrode
      coupling device may be used is generally designated by the reference
      number 10. The furnace comprises a metal shell 11 which is lined with
      refractory material 12 and has a pouring spout 13. The furnace has a
      sliding door 14 which serves customary purposes known to those skilled in
      the art. The furnace is also provided with a removable cover 15 comprising
      a metal shell and a refractory lining 16. As shown, the bottom of the
      furnace is occupied by a molten charge 18. The furnace body is on toothed
      rocking members 19 to facilitate tilting the furnace on a toothed rack,
      not shown.
PAR  The illustrated furnace has three electrodes 20, 21 and 22 extending
      through suitable sealed openings such as 23. The electrodes are subject to
      automatic vertical adjustment during furnace operation to maintain the arc
      length between their lower tips 20', 21' and 22' and the top surface of
      the molten charge 18.
PAR  Each electrode is supported on an electrode arm and clamp assembly, one of
      which is shown and generally designated by the number 25. The arm
      assemblies may be conventional since their purpose is to support the
      electrodes so their lower tips may be maintained at the proper distance
      for arcing to the molten mass 18 in the furnace. The arm assembly 25
      comprises an arm 26 clamped in a cradle 27 that is fastened to the upper
      end of a vertically adjustable post 28. The means for adjusting the post
      for maintaining proper arc length during furnace operation and for
      retracting the electrode from the furnace is not shown and may be any
      well-known type. At the end of arm 26 there is an electrode clamp 29 which
      is shown encircling an electrode 21. This electrode arm and clamp assembly
      is similar to one shown in U.S. Pat. No. 3,072,732 and reference may be
      made to that patent for the details. Clamp 29 has a cooling water cavity
      30 which is supplied with water from a tube 31. Integral with the clamp is
      a connector 32 which holds a bus tube 33 through which electric power is
      supplied to the electrode. The clamp has a movable shoe 34 for
      frictionally holding electrode 21. Force is applied to the clamp shoe 34
      by means of an operating lever 35 pivotally connected at its lower end to
      shoe 34 and fixedly pivoted adjacent said lower end on pivot yoke 36 which
      is carried near the upper end of cavity 30 so that counterclockwise
      rotation of lever 35 will move clamp shoe 34 toward electrode 21.
      Operating lever 35 is actuated by means of push-pull rod 36 coupled to a
      piston, not visible, of an air or hydraulic cylinder 37 which is suitably
      supported above arm 26 by a bracket 38. Electrode 21 may be released by
      supplying fluid under pressure to cylinder 37 which causes rod 36 to shift
      to the right as shown so that lever 35 rotates clockwise to withdraw
      clamping jaw 34 away from electrode 21. As is known, during furnace
      operation electrode 21 is held tightly by clamp 29. When a sufficient
      amount of the lower tip 21' of the electrode has been consumed in the
      furnace, the electrode may be allowed to rest on the melt 18 or the bottom
      of the furnace and clamp 29 may be released and the arm 26 raised to allow
      the clamp to be slid upwardly on electrode 21 and reengaged. A new
      electrode section 41 may then be coupled with the upper end of existing
      electrode 21.
PAR  In FIG. 1 a new electrode section 41 is shown coupled to existing electrode
      21 by using the new electrode coupling device. The joint between the old
      and new electrodes is marked 42. Before discussing the new coupling device
      it should be observed that the upper end of the old electrode may be
      provided with a tapered internally threaded hole 43 and, in this case, the
      bottom of the new electrode section 41 is also provided with an internally
      threaded tapered hole 44. New electrode section 41 is coupled to old
      electrode 21 with an externally threaded and tapered connector 45 which is
      known in the art. Threaded connector 45 may be metallic or it may be
      composed of carbon or graphite similarly to electrode 21 and any sections
      such as 41 that are added thereto.
PAR  Any suitable screw type connector may be used in place of connector 45. For
      example, a portion of the lower end of the new electrode section 41 may be
      reduced in diameter such that the extending portion may be threaded in
      which case the connector is inseparable from the new section. This may
      cooperate with a threaded hole such as 43 in the upper end of the
      electrode section to which the new section 41 is to be joined.
PAR  The new electrode section 41 may be positioned substantially coaxially with
      the existing electrode 21 in preparation for coupling the old and new
      electrode section with the aid of a crane. To facilitate this, an
      externally threaded tapered plug 46 is screwed into the upper end of new
      electrode section 41. There is a lifting eye 47 screwed or cast into plug
      46 to enable handling the new electrode section 41 with a crane.
PAR  The construction of the new device for connecting new electrode sections
      such as 41 to existing electrodes such as 21 will now be described in
      greater detail. As can be seen in FIGS. 1 and 2, the device comprises a
      stand 50 which may be anchored on a walkway 51 generally above and
      adjacent the electric furnace. Stand 50 provides a socket 52 into which a
      pedestal 53 may be inserted. Mounted on the top of pedestal 53 is an arm
      guide 54 which may be an open frame or a box of any suitable structure.
      The opposite ends 55 and 56 of the guide structure have aligned openings
      through which a slidable arm 57 extends. The arm 57 is mounted for sliding
      on sets of rollers such as set 58 at one end of the guide structure and
      set 59 at the other end.
PAR  Fastened to the top of arm 57 is a toothed rack 60 which is engaged by a
      driving pinion 61 that is keyed to a shaft 62 having a manually operable
      crank 63. Shaft 62 is journaled in bearing blocks 64 which are mounted on
      guide structure 54. It will be evident that crank 63 may be rotated in
      opposite directions to alternately advance and retract arm 57 relative to
      a furnace electrode such as 21. It will also be evident that arm 57 may be
      directed toward any of several triangularly arranged or otherwise spaced
      apart furnace electrodes 20-22. This is possible as a result of arm 57
      being on a pedestal 53 which is rotatable about a vertical axis in socket
      52 of stand 50.
PAR  Fastened to one end of slidable arm 57 is a base plate 65 on which is
      mounted the mechanism for coupling a new electrode section 41 to an
      existing electrode 21.
PAR  The coupling mechanism comprises flexible loop means such as a belt or a
      roller chain 66 which may be made in several sections adapted for being
      connected as a closed loop. The chain sections may be connected and
      disconnected by inserting or withdrawing one of several disconnect pins
      67. When any pin 67 is removed, the loop is open for placing it around new
      electrode section 41 which will then be held by a crane by means of eve 47
      and coaxially aligned with electrode 21. The tapered threaded connector
      45, of course, facilitates centering and aligning new section 41 and
      existing electrode 21.
PAR  The inside of roller chain 66 is faced with neoprene 68 to avoid scoring
      the periphery of the electrode if the chain should slip and to enhance
      friction. Other tough and pliable friction producing materials can be
      substituted for neoprene.
PAR  When the disconnect pins 67 are in place and roller chain 66 is formed in a
      loop, the chain runs over a pair of idler sprockets 69 and 70 which are
      journaled for rotation on base member 65. The chain is driven
      translationally with a sprocket 71 that is on the shaft of a speed reducer
      72 which is mounted on the bottom of base plate 65. A coupling 73 joins
      the input shaft of the speed reducer to the output shaft of a motor 74.
      Any suitable type of motor may be used such as an electric or hydraulic
      type but an air motor is preferable because an air hose with a quick
      coupling is usually available in the furnace plant. Mounted on top of base
      plate 65 is a fluid operated cylinder 76 which enables imparting tension
      to the closed loop chain 66. Cylinder 76 may be an air or hydraulically
      operated type. The cylinder is mounted on a pivot 77. The operating rod 78
      of the cylinder is joined by a clevis 79 to a bell crank 80 which is
      journaled on a shaft 81. At the end of one arm of the bell crank there is
      a yoke 82 on which a sprocket or roller 83 is journaled. It will be
      evident that pressurization of cylinder 76 will cause rod 78 to extend
      therefrom, thereby rocking bell crank 80 and causing roller 83 to press
      against roller chain 66 for imparting tension to it when the chain loop is
      closed and wrapped around new electrode section 41. This tension causes
      the portion of chain 66 which is wrapped tightly around new electrode
      section 21 to grip it sufficiently to enable turning the electrode section
      when roller chain 66 is translated under the influence of driving sprocket
      71.
PAR  At the outboard end of base plate member 65 adjacent new electrode section
      41 is a pivotally mounted roller bracket 84. This bracket has at least a
      pair of spaced apart rollers 85 and 86 whose peripheries make tangential
      contact with the periphery of electrode section 41. Thus, rollers 85 and
      86 serve to preserve the coaxial alignment of the new and existing
      electrode sections by counteracting the tilting force developed by roller
      chain 66 when it is placed in tension.
PAR  It will be appreciated that various means could be used for imparting
      tension to roller chain 66 after it is pinned together to form a closed
      loop around new electrode section 41. For example, the bell crank
      supported idler roller 83 could be journaled stationarily and either of
      the idler sprockets could be on slidable blocks, not shown, so as to be
      movable bidirectionally with a force producing device, not shown, to
      produce and relieve tension in the flexible loop 66.
PAR  The operational sequence for attaching a new electrode section 41 to
      existing electrode 21 involves the steps of lowering electrode arm 26 to
      thereby lower electrode 21 so that its tip bears on the bottom interior of
      the furnace or on a charge therein. Electrode clamp 29 is then released
      and electrode arm assembly 25 is elevated to very near the top of the
      existing electrode 21 which is then reclamped to assure that it will not
      turn. The chain loop is then opened by removing one of the disconnect pins
      67 and a new electrode section 41 is positioned in coaxial alignment with
      electrode 21 by means of a crane hook engaged with lifting eye 47. New
      section 41 is lowered slightly to start the end of the tapered and
      threaded connector plug 45 into its internally threaded mating hole 43.
      The roller chain is then repinned to form a closed loop.
PAR  Fluid operated cylinder 76 is then pressurized to impose tension on roller
      chain 76 by means of pulley 83. This draws the periphery of electrode
      section 41 tightly against rollers 85 and 86. At this juncture it may be
      necessary to advance or retract support arm 57 of the coupling device by
      means of manual crank 63 to secure optimum vertical alignment between
      existing electrode 21 and new section 41. Motor 73 is then energized to
      cause roller chain 66 to translate and impart rotation to new electrode
      section 41 while the old section is prevented from turning by clamp 29.
      The section is turned until the motor stalls or the chain 66 slips on
      section 41 at which time the new section is assuredly screwed tightly onto
      the old.
PAR  After this procedure is completed with respect to one electrode on the
      furnace, the roller chain 66 may be opened by removal of one of the
      disconnect pins 67. This permits the support arm 57 of the coupler device
      to be swung into alignment with one of the other electrodes on the same
      furnace if conditions call for adding a new section to any of the other
      electrodes. The screw plug 46 and its crane hook eye may be reused for
      adding other electrode sections.
PAR  The electrode coupling device may be used with several electric furnaces in
      the same plant by transporting it from furnace to furnace with a crane.
      For this purpose at least a pair of lifting eyes 90 and 91 are installed
      in the top of guide structure 54. The whole guide, support arm, drive
      mechanism and pedestal 53 may then be transported as an entity to another
      furnace location where there is provided a socketed stand 50 in which
      pedestal 53 may be inserted.
PAR  Although a preferred embodiment of the new electrode coupling device has
      been described in considerable detail, such description is to be
      considered illustrative rather than limiting for the invention may be
      variously embodied and is to be limited only by interpretation of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for coupling a new furnace electrode section to another
      electrode section previously operatively associated with said furnace
      comprising:
PA1  a. a flexible means for being formed into a loop to enclose at least one of
      said electrode sections and to dispose at least a portion of said flexible
      means in gripping engagement with at least a portion of the periphery of
      one electrode section, and
PA1  b. means for translating said flexible means to effect turning of said at
      least one electrode section when said flexible means is in gripping
      engagement therewith.
NUM  2.
PAR  2. The device set forth in claim 1 including:
PA1  a. means for imparting tension in said flexible means to enhance the
      gripping engagement between said flexible means and said one electrode
      section.
NUM  3.
PAR  3. The device set forth in claim 2 including:
PA1  a. means for selectively disconnecting and connecting adjacent portions of
      said flexible means to enable passing said flexible means around said
      electrode section and to form a loop which encloses said electrode
      section.
NUM  4.
PAR  4. The device set forth in claim 1 wherein:
PA1  a. said flexible means is a chain means and said device includes,
PA1  b. arm means mounted for being extended and retracted toward and away from
      said another electrode section,
PA1  c. a plurality of sprocket means supported by said arm means and arranged
      for being engaged by said chain means, said sprocket means defining the
      translational path of said chain means,
PA1  d. motor means operatively coupled with at least one of said sprocket means
      for turning said sprocket means to effect translation of said chain means,
PA1  e. movable supporting means for another of said sprocket means, and
PA1  f. means for selectively moving said movable supporting means in one
      direction for causing said another sprocket means to press against said
      chain means to impart tension thereto and effect increased gripping
      engagement with said electrode section and for moving said supporting
      means in another direction to relieve said tension.
NUM  5.
PAR  5. The device set forth in claim 1 including:
PA1  a. arm means,
PA1  b. means for supporting said arm means for being advanced and retracted
      toward and away from said another electrode section in a line
      substantially perpendicular to the axes of said section,
PA1  c. motor means supported on said arm means,
PA1  d. means for coupling said motor means to said flexible means for said
      motor means to translate said flexible means and thereby rotate said one
      electrode section, and
PA1  e. means for pressing against said flexible means to impart tension therein
      for enhancing the gripping engagement between said flexible means and the
      periphery of said one electrode section.
NUM  6.
PAR  6. The device set forth in claim 5 including:
PA1  a. roller means mounted on said arm means and being constructed and
      arranged for contacting the periphery of said one electrode section for
      resisting any bending force imposed thereon by said flexible means.
NUM  7.
PAR  7. A device for coupling a new furnace electrode section to an electrode
      previously operatively associated with said furnace comprising:
PA1  support means mounted for pivotal movement about an axis generally parallel
      to the axis of said electrode,
PA1  said support means including translatable means advanceable and retractable
      relative to said electrode axis and first drive means for selectively
      moving said translatable means,
PA1  electrode engaging means for releasably engaging said electrode section and
      being mounted on said translatable means for movement therewith whereby
      the electrode section engaged thereby may be moved into axial alignment
      with said electrode,
PA1  and second drive means coupled to said electrode engaging means for moving
      the same in a path around the axis of said electrode for rotating said
      electrode section into coupling engagement with said electrode.
NUM  8.
PAR  8. The device set forth in claim 7 wherein said electrode engaging means
      comprising elongate flexible means and including first means for moving
      said elongate flexible means into and out of engagement with said
      electrode.
NUM  9.
PAR  9. An electric furnace assembly comprising:
PA1  a. a furnace,
PA1  b. an elongated electrode extending from the outside to the inside of said
      furnace the end portion of said electrode inside of said furnace being
      consumable,
PA1  c. an electrode support means coupled to said electrode and for supporting
      the same,
PA1  d. coupling means for coupling a new electrode section to said electrode
      endwise thereof and outside of said furnace, said electrode and said
      section being constructed and arranged such that they may be coupled in an
      endwise relation by relative rotation about a common axis,
PA1  e. said coupling means comprising first means for releasably engaging the
      periphery of said electrode section, second means for moving said first
      means into gripping engagement with said section, and third means for
      translating said first means about the axis of said section for securing
      the same to said electrode,
PA1  f. pivot means,
PA1  g. support means mounted on said pivot means for movement toward and away
      from said electrode in a line substantially perpendicular to the axis of
      said electrode, said coupling means being mounted on said support means
      for movement therewith into operative engagement with said electrode, and
PA1  h. bidirectional drive means supported on said pivot means and means
      coupling said drive means to said support means for advancing and
      retracting said support means to facilitate aligning said electrode
      section with said electrode.
NUM  10.
PAR  10. The device set forth in claim 9 wherein said pivot means is mounted for
      pivotal movement about an axis generally parallel to the axis of said
      electrode, said support means being mounted on said pivot means for
      movement normal to the axis of said pivot means.
NUM  11.
PAR  11. The device set forth in claim 10 wherein said support means comprises
      elongate arm means, said first means being mounted adjacent one end of
      said arm means, said bidirectional drive means engaging said arm means at
      a point spaced from said first means whereby said section may be coupled
      to any one of a plurality of electrodes spaced at different distances from
      the axis of said pivot means.
NUM  12.
PAR  12. The device set forth in claim 9 wherein said furnace includes a
      plurality of electrodes, said pivot means and said support means being
      operative to position said first means adjacent each of said electrodes
      for selectively affixing new electrode sections thereto.
NUM  13.
PAR  13. An electric furnace assembly comprising:
PA1  a. a furnace,
PA1  b. an elongated electrode extending from the outside to the inside of said
      furnace, the end portion of said electrode inside of said furnace being
      consumable,
PA1  c. an electrode support means coupled to said electrode and for supporting
      the same,
PA1  d. coupling means for coupling a new electrode section to said electrode
      endwise thereof and outside of said furnace, said electrode and said
      section being constructed and arranged such that they may be coupled in an
      endwise relation by relative rotation about a common axis,
PA1  e. said coupling means comprising first means for releasably engaging the
      periphery of said electrode section, second means for moving said first
      means into gripping engagement with said section, and third means for
      translating said first means about the axis of said section for securing
      the same to said electrode,
PA1  f. said first means comprising a flexible means for being formed into a
      loop to enclose said electrode section and to dispose at least a portion
      of said flexible means in gripping engagement with at least a portion of
      the periphery of said electrode section, and
PA1  g. said third means comprising means for translating said flexible means to
      effect turning of said electrode section when said flexible means is in
      gripping engagement therewith.
NUM  14.
PAR  14. The device set forth in claim 13 wherein said second means comprises
      means for imparting tension in said flexible means to enhance the gripping
      engagement between said flexible means and said one electrode section.
NUM  15.
PAR  15. The device set forth in claim 14 including:
PA1  a. means for selectively disconnecting and connecting adjacent portions of
      said flexible means to enable passing said flexible means around said
      electrode section and to form a loop which encloses said electrode
      section.
NUM  16.
PAR  16. The device set forth in claim 15 wherein:
PA1  a. said flexible means comprises a roller chain,
PA1  b. said motor means includes a drive sprocket engageable with said roller
      chain whereby rotation of said drive sprocket will translate said roller
      chain.
NUM  17.
PAR  17. The device set forth in claim 16 including:
PA1  a. a pliable material on the side of said roller chain that engages the
      periphery of said electrode section.
NUM  18.
PAR  18. The invention defined in claim 17 wherein:
PA1  a. said support means comprises arm means,
PA1  b. arm support means supporting said arm means on said pivot means for said
      generally transverse movement,
PA1  c. said pivot means supporting said arm support means for swinging about an
      axis substantially parallel with the axes of said electrodes for enabling
      alignment of said arm means with a selected electrode.
NUM  19.
PAR  19. The invention set forth in claim 18 wherein said bidirectional drive
      means comprises a shaft journaled for rotation on said arm support means
      and a pinion affixed on said shaft, and a toothed rack fixed on said arm
      means whereby rotation of said shaft will advance and retract said arm
      means.
NUM  20.
PAR  20. The invention set forth in claim 19 wherein:
PA1  a. said pivot means for supporting said arm supporting means for swinging
      comprises a column means and a stationary socket means near said furnace
      for receiving and holding said column means.
NUM  21.
PAR  21. The device set forth in claim 20 including:
PA1  a. idler means mounted for rotation on said arm means and engageable with
      said flexible means when the latter is formed as a loop,
PA1  b. a rotatable element and means for urging said element against said
      flexible means when it is formed as a loop to impart tension to said
      flexible means and thereby enhance gripping engagement with said electrode
      section.
NUM  22.
PAR  22. The device set forth in claim 20 including:
PA1  a. a plurality of rotatable idler means on said arm means for said flexible
      means to run against when said flexible means is enclosing said one
      electrode section,
PA1  b. movable means supporting at least one of said idler means for movement,
      and
PA1  c. means for moving said movable means toward said flexible means for said
      at least one idler means to press against said flexible means and increase
      the tension therein.
NUM  23.
PAR  23. The invention set forth in claim 22 wherein:
PA1  a. said means for moving said rotatable means for tensioning said flexible
      means comprises a bell crank pivotally mounted on said support means and
      on which said rotatable means is mounted for rotation,
PA1  b. a fluid operated cylinder means mounted on said support means and
      operatively coupled with said bell crank to swing said crank about its
      pivot.
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ABST
PAL  An induction melting furnace for melting metals or alloys including an
      auxiliary induction heating coil in a material charging part. The material
      charging part is additionally heated to promote dissolving of the material
      in molten metal.
PARN
PAR  This is a division of application Ser. No. 404,901, filed Oct. 10, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates to an induction melting furnace for melting metals
      or alloys continuously.
PAR  2. Technical considerations and prior art
PAR  A furnace, U-shaped as a whole and adapted to heat metals continuously,
      comprising a melting section including an induction coil for melting the
      material by induction heating, a material changing part connected to one
      end of said coil and extending upwardly, and a molten metal effluent part
      connected to the other end thereof and extending upwardly has already been
      known. This conventional furnace had the advantage that the working
      environment can be maintained in good condition and the operation can be
      performed continuously, because metals are heated by electromagnetic
      induction heating and only the material charging opening and the molten
      metal effluent opening are open. However, it takes time to melt the
      charged material, and as a result, troubles tend to occur in the charging
      part. For example, when small fragments of the material are charged,
      bridging tends to occur, and when a large mass of the material is fed, the
      amount of the molten metal effluent is abruptly increased.
PAC  OBJECTS AND ADVANTAGES OF THE PRESENT INVENTION
PAR  Accordingly, it is an object of this invention to provide a continuous
      induction melting furnace improved so as to expedite the melting of the
      charged material.
PAR  Another object of this invention is to provide an improved induction
      melting furnace by which it is possible to automatically maintain a
      constant rate and temperature with the molten metal effluent fed from the
      melting furnace to the subsequent step.
PAR  According to this invention, there is provided an induction melting furnace
      for continuously melting metals or alloys comprising a material charging
      part, a melting part including an induction coil for melting the charge in
      the furnace by induction heating, and a molten metal discharge part, said
      material charging part including an auxiliary induction coil so as to
      additionally heat the material in the material charging part and the
      molten metal thereby to promote the melting of the material.
PAR  The auxiliary induction coil used in the apparatus of this invention
      generates heat in the material at the material charging part and in the
      molten metal by its electromagnetic induction activity, thereby expediting
      the melting of the material and preventing any possible trouble in the
      material charging part. Furthermore, the auxiliary induction coil
      functions to give upward and downward directed forces to the material
      charging part by using a pinching effect to push the molten metal towards
      the outlet of the molten metal outlet. The coil also agitates the molten
      metal. These functions can be controlled by a control system to be
      described hereinbelow.
PAR  The induction melting furnace of this invention may include a temperature
      control system for effluent molten metal which comprises an induction coil
      for the melting section, a temperature detecting device for the molten
      metal effluent part and a power regulating device for the induction coil
      of the melting section. This temperature control system acts to control
      the induction heating of the melting section so as to maintain the
      temperature of the effluent molten metal constant. This is a result of the
      above power regulating device being actuated according to the signal
      issued on the basis of the temperature of the molten metal effluent which
      has been detected by the temperature detecting device, and thus regulates
      the power to be supplied to the induction coil for the melting section.
PAR  The above temperature control system for the molten metal effluent may also
      contain a power detecting device for the auxiliary induction coil, which
      detects heat generated by the auxiliary induction coil from the electric
      power supplied to the auxiliary induction coil and based on this, sends a
      signal to the power regulating device for the induction coil at the
      melting section. According to this signal, the regulating device is
      actuated.
PAR  The induction melting furnace of this invention has a system for
      controlling the flow rate of the molten metal effluent and can maintain
      the flow rate constant. This control system consists of the auxiliary
      induction coil, a device for detecting the flow rate of the effluent
      molten metal, a device for detecting the liquid level of the material
      charging section, and a device for regulating electric power supplied to
      the auxiliary induction coil. By utilizing a change-over device, the
      auxiliary induction coil can supply both a monophase alternating current
      and a polyphase alternating current. Where a monophase alternating current
      is supplied, heat based on electromagnetic induction is generated in the
      material at the material charging section and in the molten metal.
      Consequently, upward and downward directed forces based on a pinch effect
      are applied to the molten metal. Where a polyphase alternating current is
      supplied, electromagnetic induction heat is generated along with upwardly
      and downwardly directed forces based on progressive magnetic field. The
      above pinch effect and the downwardly directed force based on the
      progressive magnetic field act to increase the flow rate of the molten
      metal effluent. On the other hand, the upwardly directed force based on
      the progressive magnetic field acts to decrease the flow rate of the
      molten metal effluent. The device for detecting the flow rate of the
      effluent molten metal or the device for detecting the liquid level of the
      material charging section sends a signal based on the detected flow rate
      or liquid level to the device for regulating the electric power supplied
      to the auxiliary induction coil. This signal provides regulation of
      electric power supplied to the auxiliary induction coil, and as a result,
      the above downwardly and upwardly directed forces are controlled so that
      they maintain a constant rate of the effluent molten metal.
PAR  The auxiliary induction coil can also be actuated so as to exert an
      upwardly directed force on the molten metal at the material charging
      section for a short period of time in order to facilitate the removal of
      slag occurring at the material charging section.
PAR  The power to be supplied to the induction coil at the melting section and
      to the auxiliary induction coil may be an alternating current of any
      desired frequency from low to high frequency.
PAR  The electric power regulating device, power detecting device, device for
      detecting the flow rate of the effluent molten metal, device for detecting
      the liquid level of the molten metal, and device for changing between a
      monophase to a polyphase are all known per se.
PAR  The induction melting furnace of this invention is suited especially for
      use as a melting furnace for regulating scrap steel covered by copending
      patent Ser. No. 404,900, filed Oct. 10, 1973, and having the same
      inventors and applicants as in the present application. However, it is
      also applicable to the melting of any metals.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention will be described below with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic view in longitudinal section of a U-shaped furnace,
      and
PAR  FIG. 2 is a schematic view in longitudinal section of a V-shaped furnace.
DETD
PAC  DETAILED DESCRIPTION OF DRAWINGS
PAR  Referring to FIG. 1, the furnace consists of a material charging section 1,
      a melting section 5 and a molten metal effluent section 6 with an
      auxiliary induction coil 3 provided around the charging section 1. The
      furnace consists of a space 4 through which molten metal flows, a
      refractory material 7 and an iron casing 8 supporting the entire furnace.
      The molten metal flowing space 4 consists of a horizontal section 5'
      surrounded by the induction coil 5, the material charging section 1
      connected perpendicularly to one end thereof, and a molten metal effluent
      part 6 connected perpendicularly to the other end thereof. The material
      charging section 1 includes a slag discharging portion 2.
PAR  The auxiliary induction coil 3 includes a device 15 for changing a
      monophase to a polyphase or vice versa, therefore making it possible for
      the coil to act either as a monophase coil or polyphase coil. This device
      15 is connected to an electric source (not shown) through a device 14 for
      detecting electric power for the auxiliary induction coil and a device 11
      for regulating electric power to be supplied to the auxiliary induction
      coil 3. The regulating device 11 is related to a device 9 for detecting
      the liquid level of the material charging section 1 and a device 10 for
      detecting the flow rate of the molten metal effluent, and operates
      according to the signals issued by the detecting devices 9 and 10.
PAR  The induction coil 5 at the melting section is connected to an electric
      source (not shown) through a device 13 for regulating power supply to the
      induction coil 5. The regulating device 13 is related to a device 12 for
      detecting the temperature of the molten metal effluent part and a device
      14 for detecting power to be supplied to the auxiliary induction coil 3,
      and is actuated according to the signals issued by these detecting devices
      12 and 14. The induction coil 5 may include a monophase-polyphase
      change-over device 15' of the same type as in the auxiliary induction coil
      3.
PAR  In the operation of the induction melting furnace of this invention, the
      feed metal is transported by a conveyor (not shown), and fed into the
      charging section 1, after which it comes into contact with molten metal
      and gradually dissolves in the molten metal. At this time, the material
      fed to the charging section and the molten metal present in the charging
      section generate electromagnetic induction heat by the action of the
      auxiliary induction coil 3. When a monophase alternating current is
      passed, the molten metal is pushed from the center towards the axial
      direction of the coil by the pinch effect as shown at the horizontal
      portion 5', whereupon the molten metal spreads in the circumferential
      direction and moves backwards along the wall of the furnace, and again
      returns to the center (the agitation of the molten metal). The molten
      metal which has moved to the melting section 5 from the charging section 1
      generates electromagnetic induction heat by the action of the induction
      coil 5, and flows out of the effluent part 6 while being maintained at the
      desired temperature.
PAR  When the rate of the effluent molten metal flowing out of the furnace
      decreases from the prescribed value while a monophase alternating current
      is being supplied to the auxiliary induction coil 3, the power regulating
      device 11 acts to increase electric power to be supplied, in response to
      the signal showing a decrease in liquid level as issued from the detecting
      device 9 and the signal showing the decrease in the rate of the effluent
      molten metal as issued from the detecting device 10. This leads to an
      increase in the downwardly directed force based on the pinch effect, and
      returning of the rate of the effluent molten metal to the prescribed
      value. When the flow rate of the molten metal increases from the
      prescribed value, the reverse operation is performed.
PAR  When the rate of flowing metal is decreased from the prescribed value and a
      polyphase alternating current is fed into the auxiliary induction coil 3,
      the downwardly directed force is acting on the source material and the
      molten metal present in the material charging section, the regulating
      device 11 acts to increase the electric power to be supplied, according to
      the signal showing a decrease in liquid level as issued from the detecting
      device 9 and the signal showing a decrease in the flow rate of the
      effluent molten metal as issued from the detecting device 10. As a result,
      the downwardly directed force exterted on the molten metal is increased
      and the rate of the effluent molten metal is returned to the prescribed
      value. When the rate of the effluent molten metal increases from the
      prescribed value, the reverse operation is performed.
PAR  Where the rate of the effluent molten metal decreases or increases from the
      prescribed value while an upwardly directed force based on the progressive
      magnetic field is being exerted on the material and molten metal in the
      material charging part 1, the operation is reverse to the case of the
      downwardly directed force being exerted.
PAR  The direction of force based on the progressive magnetic field can be
      changed by change-over of the connection so as to change the advancing
      direction of the magnetic field. The connection per se is known in the
      art. Whether a monophase or multiphase connection is to be selected in a
      steady state or whether an upwardly directed or downwardly directed force
      based on the progressive magnetic field is to be selected depends upon the
      rate of the flow of the effluent molten metal and the prescribed
      temperature. When a large mass of the charge material is used, the
      tendency to increase the flow rate from the prescribed value is
      predominant, and therefore, it is preferred to choose the upwardly
      directed force. When the liquid level fluctuates greatly and the flow rate
      of the effluent molten metal cannot be controlled by the adjustment of the
      force on the molten metal based on the auxiliary induction coil 3, the
      same operation performed by the auxiliary induction coil 3 can be
      performed by providing an electric power regulating device 13 and a
      monophase-polyphase change-over device 15'. The liquid level at the
      charging part can also be effected by detecting fluctuations in the power
      factor of the auxiliary induction coil 3.
PAR  The power regulating device 13 receives the temperature signal detected by
      the temperature detecting device 12 and the signal for the supply of power
      to the auxiliary induction coil 3, and thus controls the amount of
      electric supply to the induction coil at the melting section.
      Specifically, the power regulating device 13 receives the temperature
      signal sent from the temperature detecting device 12, and acts to increase
      the power when the temperature of the effluent molten metal decreases and
      acts to decrease the power when it rises. By so doing, the temperature of
      the effluent molten metal is maintained at the prescribed value and at the
      same time, the power to be supplied to the induction coil 5 is controlled
      in order to prevent fluctuation in the temperature of the effluent molten
      metal by the supply of power to the auxiliary induction coil 3. The amount
      of heat supplied to the molten metal from the coil is proportional to the
      square of the current flowing in the coil, and therefore, the total amount
      of heat H.sub.T to be supplied to the molten metal from the coils 3 and 5
      is expressed by the following equation.
EQU  H.sub.T = K.sub.3 I.sub.3.sup.2 + K.sub.5 I.sub.5.sup.2
PA1  wherein K.sub.3 and K.sub.5 are constants of the coils 3 and 5, and I.sub.3
      and I.sub.5 are the currents flowing through the coils 3 and 5.
PAR  The furnace shown in FIG. 2 is the same as that shown in FIG. 1 except that
      it is V-shaped.
PAR  The furnace of this invention makes it possible to melt metals and alloys
      continuously with stable and efficient out flow of molten metals. The
      furnace is used as a melting furnace for continuous melting of cast iron
      and steel and is a continuous casting process, where molten metals are
      continuously supplied at a constant temperature and in a constant flow
      rate from the furnace to the subsequent step. The present invention,
      therefore, provides high energy efficiency.
PAR  Moreover, by operation of the auxiliary induction coil, positive agitation
      of the molten metal at the material feeding section is possible with the
      present invention. Such agitation has not been possible with the
      conventional transverse type furnaces. In conjunction with induction
      heating at this part, stable melting can be performed even when the shape
      of the material differs. By using the furnace of this invention, the
      yields of added alloy elements are improved, the ingredients and
      temperature are made uniform, and by the increase in the melting ability
      per unit amount of the molten metal residing in the furnace, the average
      residence time of molten metal decreases while the thermal efficiency is
      increased. Furthermore, since a downwardly directed force based on the
      formation of progressive magnetic field is exerted, bridging can be
      prevented, and the control of the amount of flow of the molten metal can
      be adjusted. By balancing the electric power supply to the induction coil
      5 and the auxiliary induction coil 3, molten metal maintained at a
      constant temperature can be supplied with high efficiency. The discharge
      of slag can be simplified by exerting an upwardly directed force based on
      the formation of progressive magnetic field or pinch effect.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An induction melting furnace for melting unmelted material introduced
      therein into molten metal already in the furnace, comprising:
PA1  a material charging section having an auxiliary induction coil, said
      auxiliary induction coil promoting melting of the material by induction
      heating of the material while in the material charging section;
PA1  a main melting section having a main induction coil for melting metal in
      the main melting section by induction heating;
PA1  a molten metal effluent section;
PA1  means for measuring the temperature of the metal at the molten effluent
      section; and
PA1  means for regulating power supplied to the induction coil of the melting
      section according to the temperature measured at the molten metal effluent
      section, to thereby control the temperature of the molten metal effluent.
NUM  2.
PAR  2. An induction melting furnace for melting unmelted material introduced
      therein into molten metal already in the furnace, comprising:
PA1  a material charging section having an auxiliary induction coil, said
      auxiliary induction coil promoting melting of the material by induction
      heating of the material while in the material charging section;
PA1  a main melting section having a main induction coil for melting metal in
      the main melting section by induction heating;
PA1  a molten metal effluent section;
PA1  means for measuring power supplied to the auxiliary induction coil; and
PA1  means for regulating power supplied to the induction coil of the melting
      section according to the power supplied to the auxiliary induction coil.
NUM  3.
PAR  3. An induction melting furnace for melting material introduced therein
      into molten metal already in the furnace, comprising:
PA1  a material charging section having an auxiliary induction coil, said
      auxiliary induction coil promoting melting of the material by induction
      heating of the material while in the material charging section;
PA1  a main melting section having a main induction coil for melting metal in
      the main melting section by induction heating;
PA1  a molten metal effluent section;
PA1  means for measuring the temperature of the metal at the molten metal
      effluent section;
PA1  means for regulating power supplied to the induction coil of the melting
      section according to the temperature measured at the molten metal effluent
      section, to thereby control the temperature of the molten metal effluent;
PA1  means for measuring power supplied to the auxiliary induction coil; and
PA1  means for regulating power supplied to the induction coil of the melting
      section according to the power supplied to the auxiliary induction coil.
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ABST
PAL  A force sensing control apparatus and method is disclosed for detecting
      forces which resist movement of a motor driven electrode system in an
      electric arc furnace. Force sensing circuitry monitors forces applied to
      an electrode system as it is positioned with respect to the furnace and
      force responsive controls inhibit electrode movement, hence preventing
      damage to the electrode or to its support structure, in response to
      predetermined changes in sensed reaction forces during positioning of the
      electrode. Compensating circuitry continuously compensates for changes in
      forces arising from electrode weight variations and position changes of
      the electrode support structure so that the sensitivity of the control
      apparatus to applied forces which can damage electrode system remains
      consistently high.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electric arc furnaces, and more particularly to
      an improved force sensing apparatus and method for controlling travel of
      an electrode as it is positioned in a furnace to prevent breakage of the
      electrode and/or damage to components associated with the electrode.
PAR  In conventional operation of an electric arc furnace, an electric arc is
      established between an electrode and a conductive charge of material in
      the furnace to melt the furnace charge. Electrode systems in arc furnaces
      include an electrode, usually formed by a large rod-like member which
      projects downwardly into the furnace, and a movable electrode support
      structure, formed by a mast and an electrode holder, located outside the
      furnace. A drive motor lowers and raises the electrode support structure
      to move the electrode toward and away from the furnace charge. The
      electrode is connected to an electrical power supply which provides power
      for establishing the arc.
PAR  An arc is established as the electrode is moved toward the charge. After
      the arc is established, it is stabilized and maintained by controlling the
      position of the electrode relative to the charge in response to sensed arc
      conditions. Arc condition responsive drive motor control circuitry has
      commonly been employed for governing positioning of the electrode relative
      to the furnace charge in response to sensed arc conditions after an arc is
      established.
PAR  In the absence of an arc between the electrode and the furnace charge,
      properly functioning arc condition responsive drive motor controls operate
      the drive motor to advance the electrode toward the furnace charge. When
      an arc fails to be properly established as the electrode approaches the
      furnace charge the electrode drive motor will drive the electrode into the
      charge. In the absence of drive motor controls responsive to the proximity
      of the electrode to the furnace charge, damage to the electrode is
      virtually inevitable.
PAR  A common reason for failure to establish a stable arc is that the furnace
      charge includes materials which will not conduct a sufficient amount of
      current to establish an arc. In recent years the quality of scrap used for
      arc furnace charges has deteriorated in that increased amounts of
      nonconductive materials, such as pit scrap, concrete, wood, lime, coal,
      etc., are commonly present in furnace charges. Accordingly, the
      possibility of electrode damage resulting from electrodes being driven
      into nonconductive material in the furnace charge occurs more frequently
      than in the past.
PAR  Electrodes used in arc furnaces are of two basic types which are commonly
      referred to as "consumable" and "nonconsumable." The so-called
      nonconsumable electrodes are usually constructed of connected, rod-like
      sections formed by graphite, or an equivalent material, and are actually
      consumed relatively slowly during use due to arc erosion and oxidation.
      Usage of nonconsumable electrodes is widespread and these electrodes,
      because of the nature of the material from which they are constructed, are
      relatively easily broken by contact with nonconductive material in the
      furnace charge.
PAR  Nonconsumable electrodes are characterized by having relatively high
      compressive strength and low flexural strength. Thus these electrodes can
      usually withstand purely axial loads resulting from vertical contact with
      a horizontally disposed furnace charge during lowering of the electrode
      with breaking. However, when such an electrode contacts a nonhorizontal
      surface defined by the furnace charge, substantial transverse loads can be
      applied to the electrode which tend to flex it. The flexural strength of
      these electrodes is so low that transverse loads of relatively small
      magnitudes can break an electrode.
PAR  Consumable electrodes generally consist of a metallic material which is
      consumed during usage at a much greater rate than the nonconsumable
      electrodes. Consumable electrodes are structurally more durable than the
      nonconsumable electrodes in that they can withstand greater flexural
      loads, but these electrodes can also be broken or otherwise damaged when
      driven into engagement with the furnace charge.
PAR  Breakage of nonconsumable electrodes resulting from the electrodes being
      driven into engagement with the furnace charge in the absence of an arc
      has become a serious problem in the industry not only because of the
      direct costs incurred as a result of breaking the electrodes themselves,
      but also as a result of consequent production losses and repair and
      replacement costs. Electric arc furnaces are normally "three-phase"
      furnaces in that each furnace includes three separate electrode systems.
      When an electrode is broken it normally breaks off at the juncture of
      electrode sections nearest the electrode holder leaving a large broken-off
      portion in the furnace. The broken-off portion may or may not be
      salvagable but in any event furnace operation must be terminated to enable
      replacement of the broken electrode. Extended idle time of a three-phase
      furnace for repair and replacement of one electrode results in substantial
      production losses as well as exposing the unbroken electrodes of the
      remaining phases to excessive oxidation. Accordingly, attempts have been
      made to alleviated or avoid the problem of electrode breakage.
PAR  An obvious technique for preventing the electrode from being driven into
      the charge is to visually monitor movement of the electrode towards the
      charge in the event an arc is not established. Unfortunately, this
      technique is impractical because in order for an operator to visually
      monitor the position of any one electrode system in a three-phase furnace,
      a furnace door must be opened. In most circumstances, however, the
      geometry of the furnace, the charge, and the electrodes in the furnace is
      such that an operator cannot visually determine the distance between the
      electrode tip and the charge. Furthermore, opening furnace doors during
      operation of the furnace is a safety hazard. For these reasons visual
      monitoring of electrode positions is not a feasible or desirable solution
      to the problem.
PAR  One known prior art control system has been proposed which attempts to
      sense physical engagement of the electrode with the furnace charge and to
      retract the electrode from the charge. The proposed control system senses
      force variations on the electrode system which act along or parallel to
      the electrode axis and which may be indicative of compression of the
      electrode due to engagement with the charge. In this system an initial
      electrical signal level indicative of forces produced by electrode system
      weight is established and sensed by the control system. When the electrode
      engages the furnace charge, an axial reaction force is applied to the
      electrode and the signal level changes in accordance with the magnitude of
      the sensed change in the axial force. If the change in signal level is
      sufficiently great the control system causes the electrode to be lifted
      from the charge.
PAR  After the electrode is retracted from the furnace charge, in accordance
      with conventional arc furnace operation, the furnace is opened and
      conductive material, such as aluminum, is placed beneath the electrode, or
      mechanical stirring of the charge is effected to move conductive charge
      material beneath the electrode. The electrode is then advanced toward the
      charge so that an arc can be established between the conductive charge
      material and the electrode. This procedure usually results in the
      nonconductive material, which was originally engaged by the electrode,
      being melted or burned up after an arc has been established.
PAR  While the prior art control system represents an improvement over systems
      which do not employ any controls to avoid electrode breakage, the proposed
      control system exhibits seemingly irreconcilable sensitivity problems. On
      one hand the system does not appeear to be sufficiently sensitive to
      prevent breakage of nonconsumable electrodes in many instances where the
      electrode is driven into the furnace charge. At the same time the system
      is sensitive to sensed force changes resulting from electrode erosion and
      electrode system position changes and as a consequence there is a tendency
      for these sensed forces to falsely indicated that the electrode has
      engaged the furnace charge. This can result in needless withdrawal of the
      electrode from the charge.
PAR  It should be appreciated that the materials forming the furnace charge
      often provide an extremely irregular charge surface. When an electrode
      engages the charge the direction of the engaging force applied to the
      electrode by the charge can range from a direction nearly at right angles
      to the electrode axis to a direction along or parallel to the electrode
      axis, depending on the angle of engagement between the electrode and the
      charge. The magnitude of the axial component of a given electrode engaging
      force varies according to the angle at which the force is applied to the
      electrode. Hence engaging forces applied to an electrode which have small
      magnitude axial components can, in fact, have transverse components which
      are sufficient to break the electrode. Since the prior art control system
      relies on sensing only the magnitude of changes in axial forces acting on
      the electrode, the system inherently lack sensitivity to actual breaking
      forces applied to the electrode.
PAR  As indicated previously, electrodes are consumed during use which results
      in electrode weight reductions. The weight reductions reduce the level of
      the gravity forces acting on the electrode systems thus changing the net
      axial force applied to the electrode system. Over a period of time the
      force changes on an electrode system due to electrode consumption can be
      quite large.
PAR  Each electrode system is connected to an electrical power supply capable of
      producing the required arc via a power cable which is quite massive (e.g.,
      about eight inches in diameter). Because the electrode systems must be
      capable of substantial vertical motion relative to the furnaces, the
      length of the power cables must be sufficient to accommodate the full
      travel of the electrode system. The cables are commonly suspended between
      the power supply and the electrode system and defined catenary curves
      which vary according to electrode system position. The axial component of
      the force exerted on the electrode system by the power cable can change
      appreciably as the electrode system changes position relative to the
      furnace.
PAR  The magnitude of the changes in axial forces acting on electrode systems
      which are attributable to electrode consumption and electrode system
      positon changes can be relatively great over a period of time but these
      force changes are nondetrimental in that they do not represent any threat
      of electrode breakage. The prior art system is undesirably sensitive to
      these nondetrimental force changes. Since the prior art control system
      detects magnitude changes of axial forces applied to the electrode system,
      and since both electrode breaking forces and nondetrimental forces have
      axial lines of action, the prior art control system necessarily responds
      to the total magnitude changes of these forces. Consequently, the
      sensitivity of the prior art system to actual breaking forces changes as
      the furnace operates and relatively frequent manual compensation is
      required to re-establish the desired sensitivity. As a result, while the
      prior art system did reduce electrode breakage somewhat, electrode
      breakage remained a serious problem because of the lack of sensitivity to
      actual electrode breaking forces, and "false tripping" of the control
      systems, i.e., withdrawal of the electrode from the charge in the absence
      of any engagement between the electrode and the charge, would become a
      problem. Electrode systems for arc furnaces have been subject to damage
      from causes other than driving the electrode into the furnace charge. When
      an electrode is withdrawn from a furnace, the upward travel of the
      electrode support structure must be limited. Limit switches governing the
      extent of withdrawal of electrodes from furnaces have commonly been
      located near the uppermost position to which the electrode support
      structure may be safely raised. The limit switches frequently fail because
      of the hostile environment in which they must be located. When the limit
      switches do fail the electrode support structure moves beyond the limit
      switches and engages mechanical stops which prevent further movement.
      Engagement with the stops can result in damage to the electrode support
      structure, the electrode system drive, and/or to drive transmission
      components between the drive and the support structure. The prior art
      control systems have not provided fail-safe electrode system operation in
      the event of upper limit switch failures.
PAR  When an arc has been established and stabilized, the electrode may be
      broken by furnace charge cave-ins during the arcing process. The electrode
      support structure can be damaged as a consequence of electrode breakage by
      a furnace charge cave-in in the absence of suitable controls. Cave-in
      breakage occurs when the electrode melts or burns the charge immediately
      underneath its nose or tip leaving unmelted charge nearby at a higher
      elevation than the electrode tip. The elevated unmelted charge may be
      unstable and thus vibrations encountered during operation of the furnace
      may cause some or all of it to cave-in and tumble against the electrode
      causing breakage. Electrodes tend to break off at a location adjacent the
      electrode holder so that a relatively short electrode portion remains
      connected to the holder and a relatively long, broken-off electrode
      portion remains in the furnace.
PAR  Breakage of the electrode destroys the arc and, in an effort to
      re-establish the arc, the arc condition responsive control circuitry
      causes the remaining electrode portion and its support structure to
      advance toward the charge to re-establish the arc. If the broken-off
      electrode portion is sufficiently long to stay upright due to the upper,
      broken end resting against the furnace roof, an arc can be struck between
      the broken-off electrode portion and the electrode holder, causing damage
      to the electrode holder and the support structure.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of the present invention movement of an
      electrode system in an arc furnace is governed in part by a force sensing
      control which discriminates between potentially damaging force changes
      applied to the electrode system and nondetrimental force changes applied
      to the system. By discriminating between potentially damaging force
      changes and those which are nondetrimental, the sensitivity of the force
      sensing control to potentially damaging force changes is maximized. Still
      further, changes in nondetrimental forces applied to the electrode system
      are compensated for so that collective changes in detected electrode
      system force levels attributable to non-detrimental force changes are
      ineffective to alter the sensitivity of the control.
PAR  Potentially damaging forces acting on electrode systems are characterized
      by having rates of change of magnitude with respect to time which are
      great compared to the rates of change of magnitude with respect to time of
      nondetrimental forces. For example, when an electrode is driven into
      engagement with the furnace charge, the magnitude of the reaction force
      between the electrode and the charge increases rapidly regardless of the
      angle of engagement between the charge and the electrode. Accordingly, the
      component of any such force along the axis of the electrode increases
      rapidly even if the actual change in force magnitude is small. Conversely,
      nondetrimental force changes acting axially of the electrode due to
      electrode erosion and/or position changes of the electrode system occur
      slowly even though the magnitudes of these force changes, over a period of
      time, may be great.
PAR  Even though these force changes are all applied axially of the electrode
      and in the same direction of application, the forces can be separately
      identified according to their rates of change of magnitude with respect to
      time. This enables the use of electrode system positioning controls which
      are highly sensitive to the application of potentially damaging forces to
      the electrode systems and which compensate for nondetrimental force
      changes so that the electrode system positioning controls are effectively
      insensitive to nondetrimental force changes. It should also be appreciated
      that since the electrode system positioning controls respond primarily to
      rates of change of applied force, the controls effectively anticipate the
      actual application of damaging forces to the electrode system and
      therefore are substantially more sensitive than known prior art controls.
PAR  An arc furnace system constructed according to the present invention
      includes an arc furnace provided with an electrode system, a driving
      arrangement for the electrode system and a control system for governing
      operation of the electrode drive. The electrode system includes an
      electrode and an electrode support structure including a movable mast and
      a electrode holder. The electrode system is connected to an electrical
      power supply for establishing an arc between the electrode and the furnace
      charge by a power cable which is slung between the electrode system and
      the arc power supply. In a preferred embodiment of the invention the
      driving arrangement for the electrode system includes an electric drive
      motor connected to the mast by a cable system so that movement of the
      electrode system relative to the furnace is governed by controlling
      operation of the drive motor.
PAR  The drive motor is controllable by an automatic motor controller which is
      operated by an arc condition sensing control and by an electrode system
      force sensing control. The arc condition sensing control detects the arc
      current and voltage applied to the electrode and governs operation of the
      drive motor to establish and maintain an optimum arc between the electrode
      and the furnace charge. Accordingly, the arc condition sensing control
      operates the drive motor, via the automatic controller, to advance the
      electrode towards the charge until an optimum arc is established and
      continues to control positioning of the electrode to maintain an optimum
      arc.
PAR  During normal operation of the furnace system the force sensing control
      detects engagement of the electrode system with an obstruction to its
      movement and terminates operation of the drive motor via the automatic
      controller, regardless of the arc conditions sensed by the arc condition
      sensing control. If an arc is not established as the electrode is lowered
      toward the charge the force sensing control detects engagement of the
      electrode with the charge and terminates operation of the motor.
PAR  When the electrode has engaged the furnace charge and the motor is stopped,
      the electrode remains engaged with the furnace charge. It can then be
      determined from the arc condition sensing control whether current is
      flowing from the arc power supply to the electrode. If so, the electrode
      is maintained in position until the obstruction is the furnace charge has
      been melted or burned away from the electrode tip, after which normal
      operation of the arc furnace is resumed. This method of operating the
      furnace effectively increases production in that when the electrode
      engages the charge the furnace need not always be shut down, the
      electrodes withdrawn, and additional conductive material added to the
      charge.
PAR  If a negligible amount of current flow through the electrode is sensed, the
      electrode is withdrawn from the furnace, conductive materials are located
      beneath the electrode tip and normal furnace operation is resumed.
PAR  The force sensing control governs operation of the motor during upward and
      downward movement of the electrode and terminates operation of the motor
      when the electrode system encounters an obstruction to its motion. The
      force sensing control includes a force sensing circuit for producing force
      signals which vary according to sensed changes in forces applied to the
      electrode system, an upward motion force signal responsive control and a
      downward motion force signal responsive control, both of which are
      associated with the sensing circuitry. The force signal responsive
      controls are individually effective to terminate operation of the drive
      motor.
PAR  During operation of the furnace and when the electrode system is moved
      downwardly toward the furnace charge, the electrode system may be
      subjected to force changes resulting from electrode consumption, force
      changes caused by electrode system position changes, and force changes
      resulting from the electrode engaging the furnace charge. These force
      changes all alter the force signal produced by the force sensing circuitry
      and such changes in the force signal are transmitted to the downward
      motion force signal responsive control.
PAR  The downward motion force signal responsive control includes force signal
      discriminator circuitry which effectively discriminates between force
      signal changes depending on the rate of change of the signal value with
      respect to time, and a control signal circuit operable by the
      discriminator circuitry for terminating operation of the drive motor. In
      the preferred embodiment, when a detected force change occurs relatively
      slowly, the rate of change of the force signal value with respect to time
      is low. When the detected force change occurs relatively quickly, the rate
      of change of the force signal value with respect to time is high. The
      discriminator circuitry detects the high rate of signal value change and
      causes termination of operation of the electrode system drive motor via
      the control signal circuit.
PAR  Force signal value changes attributable to nondetrimental force changes on
      the electrode system are compensated for by the downward motion force
      responsive control. In the preferred embodiment of the invention, the
      discriminator circuitry includes a compensating signal generator which
      detects the force signal changes caused by electrode consumption and
      electrode system position changes and produces compensating signals which
      are related to such force signal changes. The compensating signal and the
      force signal are both fed to a signal processor which has an output
      connected to the control signal circuit. So long as the compensating
      signals and the force signals bear a predetermined relationship with each
      other, the signal processor output is ineffective to cause the control
      signal circuit to terminate operation of the drive motor.
PAR  As a result, collective changes in force signal values due to electrode
      consumption and/or electrode system position changes are compensated for
      by operation of the compensating signal generator. Even though these force
      signal value changes may be quite large over a period of time, the force
      signal changes are, collectively or individually, ineffective to terminate
      operation of the drive motor or to change the sensitivity of the force
      responsive control to force changes caused by engagement of the electrode
      with the furnace charge.
PAR  The compensating signal generator includes circuit elements which prevent a
      compensating signal from being produced in response to force signal value
      changes which exceed a predetermined rate and which are indicative of the
      electrode engaging the furnace charge. The circuit elements effectively
      limit the compensating signal generator from responding to force signal
      value changes which exceed the predetermined rate. The resulting limited
      output from the compensating signal generator is fed to the signal
      processing circuit along with the force signal and since the force signal
      is uncompensated the signal processor circuit renders the control signal
      circuit effective to terminate operation of the drive motor.
PAR  The upward motion force responsive control prevents possible damage to the
      electrode system as a result of the electrode system being engaged with
      mechanical stops at the upper limit of its travel as well as in
      circumstances where foreign materials become lodged between the mast and
      its supports and strongly resist raising of the electrode system. The
      upward motion force responsive control includes a comparator for comparing
      force signal values representative of obstructions to upward motion of the
      electrode system with a preset reference value so that when such force
      signal values exceed the preset reference value an output signal from the
      comparator terminates operation of the electrode system drive.
PAR  When the electrode system has engaged the upper limit stops, or its upward
      motion is otherwise obstructed, and the upward motion force responsive
      control has terminated operation of the electrode system drive, the load
      imposed on the electrode system by the upper limit stop remains relatively
      high until the electrode system drive moves the electrode system
      downwardly. When the electrode system moves downwardly the load is
      abruptly removed from the electrode system. The effect of the load
      reduction on the force signal is the same as if the electrode had engaged
      the furnace charge and the downward motion force responsive control tends
      to terminate the downward motion of the electrode system. Such operation
      of the downward motion force responsive control is referred to as false
      tripping.
PAR  In the preferred embodiment of the invention the upward motion force
      responsive control is associated with disabling circuitry which is
      effective to disable the downward motion force responsive control whenever
      the electrode system encounters an obstruction to its upward motion so
      that the electrode system can be moved from the upper stops without its
      motion being terminated by the downward motion control.
PAR  A general object of the present invention is the provision of a new and
      improved method and apparatus for controlling movement of an electrode
      system in an electric arc furnace which is highly sensitive to potentially
      damaging forces acting on the electrode system and by which electrode
      system movement is controlled to substantially reduce the possibility of
      damage to the electrode system from such forces.
PAR  Other features and advantages of the invention will become apparent from
      the following description of preferred embodiments made with reference to
      the accompanying drawings which form part of the specification.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of an electric arc furnace system constructed
      according to a preferred embodiment of the present invention;
PAR  FIGS. 2a--2c are perspective views of alternative constructions of portions
      of the arc furnace system of FIG. 1 which are effective to sense forces
      acting on components of the arc furnace system;
PAR  FIG. 3 is a side elevation of a sheave assembly forming part of an arc
      furnace system embodying the invention and which is associated with a
      force sensing element;
PAR  FIG. 4a is a functional block diagram of a control system embodying the
      present invention which is associated with a drive motor for controlling
      positioning of an arc furnace electrode system;
PAR  FIG. 4b is a functional block diagram of portions of the control system
      illustrated in FIG. 4a;
PAR  FIG. 5 is a circuit diagram of a portion of the circuitry illustrated by
      FIGS. 4a and 4b; and
PAR  FIG. 6 is a graphic representation of forces acting on an electrode in an
      arc furnace system constructed according to the invention and forces
      acting on an electrode of a prior art arc furnace system.
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PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  An arc furnace system 10 embodying the present invention is illustrated in
      FIG. 1 of the drawings and includes an arc furnace 12, an electrode system
      including an electrode 14 and an electrode support structure 16, an arc
      power supply unit 17 for providing arc producing electric energy to the
      electrode 14, a drive unit 18 for positioning the electrode system with
      respect to the furnace 12, and a control system 20 for governing operation
      of the drive unit 18 to control the positioning of the electrode system
      with respect to the furnace.
PAR  The furnace system 10 is preferably a three-phase furnace system in that it
      includes three electrode systems and their associated components. The
      furnace system 10 is illustrated with only one electrode system and its
      associated equipment for the sake of simplicity.
PAR  The furnace 12 includes a body 28 which defines a floor 30. A top or roof
      section 32 extends over the body 28 and defines a hole 34 through which
      the electrode 14 projects into the furnace. A charge of scrap material is
      illustrated disposed within the furnace body 28 which includes a
      nonconductive charge portion 38 located directly below the electrode 14.
PAR  The electrode 14 is preferably a nonconsumable graphite electrode having a
      generally cylindrical rod-like configuration and is formed by a series of
      joined electrode sections (not illustrated). The electrode 14 projects
      generally vertically through the hole 34 into the furnace. The electrode
      support structure 16 comprises a stationary guide structure 40 situated
      near the furnace, a support column 42 which is supported by the guide 40
      for generally vertical movement relative to the furnace, a mast 44 which
      extends from the support column 42 over the top of the furnace 12 and an
      electrode holder 46 which interconnects the mast 44 and the electrode 14.
      The components of the support structure 16 can be of any suitable or
      conventional construction and are therefore not described in further
      detail.
PAR  The arc power supply unit 17 is schematically illustrated in FIG. 1 and
      preferably includes a suitable power transformer 50 which is positioned
      near the furnace 12. A power cable 52 is slung between the transformer 50
      and the electrode system so that electrical power for establishing an arc
      between the electrode 14 and the furnace charge 36 is supplied to the
      electrode from the transformer 50 via the power cable 52. The cable 52 is
      preferably relatively slack to enable vertical movement of the electrode
      system relative to the furnace and the power supply unit 17 without
      overstressing the power cable. Accordingly the power cable defines a
      catenary curve in its section extending between the power transformer 50
      and the electrode system. As the electrode system moves upwardly and
      downwardly the curvature of the catenary changes resulting in different
      reaction forces being exerted axially on the electrode system by the
      cable. For the purposes of illustration, the transformer 50 is
      stationarily supported adjacent the uppermost level of the electrode
      system travel so that the cable force exerted axially on the electrode
      system tends to be reduced as the electrode system moves downwardly and
      vice versa.
PAR  The drive unit 18 preferably includes an electric drive motor 54 which is
      connected to the electrode system by a cable drive transmission so that
      the electrode system is moved upwardly and downwardly, depending upon the
      direction of rotation of the drive motor 54, via the drive transmission.
      The cable drive transmission preferably includes a winch 58 connected to
      an output shaft of the motor 54 and a cable 60 which is wound on the winch
      58 and has a dead end which is fixed with respect to the anchor 62 on the
      guide structure 40. The cable 60 is reaved on a sheave 64 which is
      connected to the guide 40 and a pair of sheaves 66 which are supported at
      the lowermost end of the support column 42.
PAR  When the motor 54 is operated to drive the winch 58 in a clockwise
      direction, as viewed in FIG. 1, the cable 60 is played out from the winch
      and the electrode system is moved downwardly by gravity forces acting
      against the cable drive transmission. When the motor 54 drives the winch
      58 counterclockwise the cable 60 is taken up on the winch 58 to raise the
      electrode system relative to the furnace.
PAR  In the preferred embodiment, the winch 58 is provided with a suitable brake
      mechanism (not shown) which is engaged to prevent downward drifting
      movement of the electrode system.
PAR  The arc furnace system 10 also includes conventional safety devices for
      preventing damage to components of the system. These devices include:
      slack cable switches which are effective to stop operation of the motor 54
      when slackness in the cable 60 is sensed in order to prevent the cable
      from being detrained from the sheaves; upper limit switches for sensing
      the approach of the electrode system towards its upper limit of travel
      (defined by a mechanical stop which is schematically illustrated at 70 in
      FIG. 1), and stopping operation of the motor 54 before the electrode
      system engages the mechanical stop 70; and, lower limit switches which
      sense the approach of the mast 44 towards the furnace top section 32 to
      stop operation of the motor 54 and prevent a collision between the mast
      and the furnace top section. These devices and their relationships to the
      drive motor 54 are conventional, as noted, and therefore are not
      illustrated or described in further detail.
PAR  The control system 20 is illustrated as housed in part by a control panel
      72 which is accessible to the furnace operator. The control system 20 is
      effective to govern operation of the drive motor 54 to control positioning
      of the electrode system relative to the furnace. The system 20 is
      constructed and arranged so that the furnace operator can manually control
      positioning of the electrode system when desirable. The system 20 also
      controls the motor 54 automatically in response to sensed conditions of
      which the operator may be unaware.
PAR  In the preferred embodiment of the invention the control system 20 is
      provided with an electrical input signal from the power transformer 50 by
      which arc conditions between the electrode 14 and the charge 36 are
      sensed. Operation of the motor 54 is governed according to the sensed arc
      conditions to maintain a stable arc between the electrode and the charge.
      The control system 20 is also provided with an electrical input signal
      from a force transducer element, shown schematically at 74 in FIG. 1,
      which indicates changes in force levels acting on the electrode system in
      directions parallel to the electrode axis. Characteristic changes in these
      detected force levels indicate potentially damaging forces acting on the
      electrode system and the control system 20 responds by terminating
      operation of the motor 54.
PAR  The transducer element 74 is illustrated in FIG. 1 as disposed between the
      dead end of the cable 60 and the anchor 62 and when so connected it should
      be apparent that any change in the total force applied to the electrode
      system which has a component acting axially of the electrode, or parallel
      to the electrode axis, will change the level of force applied to the
      element 74 between the cable 60 and the anchor 62.
PAR  FIGS. 2a-c illustrate specific alternative constructions of transducer
      elements associated with the cable 60 and the anchor 62 for detecting
      axial force changes. As shown in FIG. 2a a transducer element in the form
      of a pin-type load cell 74a is used to join a cable end eyelet 60a to a
      clevis 62a which is connected to the anchor 62. The load cell 74a is
      positioned to sense the reaction force between the eyelet and the clevice.
      One suitable pin-type load cell is manufactured by Strainsert of Bryn
      Mawr, Pa., and is disclosed in U.S. Pat. No. 3,695,096.
PAR  In FIG. 2b, the transducer is rigidly connected to the anchor 62 and is
      acted on by the cable eyelet 60b. Here the transducer is a flat type load
      cell 74b, such as a cell manufactured by Strainsert of Bryn Mawr, Pa., and
      disclosed in Pat. No. 3,365,689.
PAR  In FIG. 2c, the transducer 74c is connected to the anchor 62 and is
      disposed in tension between the anchor and the cable 60. The cell 74c is a
      tension type load cell of the type manufactured by Lebow Associates, Inc.,
      of Troy, Mich. Model 3127.
PAR  FIG. 3 illustrates an alternative location for the force sensing transducer
      element. As illustrated by FIG. 3 the sheave 64 is attached to the mast
      guide 40 by a support arm 40a. The arm 40a supports the sheave 64 and its
      shaft on a pillow block 64a. The transducer 74d is positioned for
      compression between the pillow block 64a and the support arm 40a and is
      responsive to changes in force applied by the cable 60 to the guide 40.
      The transducer 74d is preferably a compression type load cell manufactured
      by Lebow Associates, Inc., of Troy, Mich., Model 3603.
PAR  The constructions described in reference to FIGS. 2 and 3 are illustrative
      of a few of the possible transducer element constructions and arrangements
      which can be employed to sense changes in axial forces acting on the
      electrode system. Other transducer types and mounting arrangements can be
      employed if desired.
PAR  Referring now to FIG. 4a, the control system 20 is schematically
      illustrated associated with the motor 54. As illustrated in FIG. 4a the
      control system 20 includes a controlled power source 80 for operating the
      motor 54, a manual controller 82 by which the furnace operator can govern
      operation of the motor 54 via the source 80, and an automatic controller
      84 by which operation of the motor 54 is governed via the power source 80
      in response to sensed conditions. The power source 80 is preferably a
      Metadyne generator, or equivalent device, and the controllers 82, 84 are
      suitably constructed circuits which effect operation of the generator 80
      to start and stop the motor 54 and to drive the motor in opposite
      rotational directions.
PAR  The manual controller 82 includes a manual control circuit 90 and a power
      supply 92 and can be operated manually by the furnace operator to override
      control of the motor 54 by the automatic controller 84 whenever that is
      desirable. The furnace operator commonly operates the furnace by
      conditioning the automatic controller 84 to carry out desired functions
      such as raising the electrodes and resuming normal operation subsequent to
      electrode withdrawal from the furnace. This is accomplished by actuation
      of suitable control switches on the control enclosure 72. In short, the
      manual controller 82 is used sparingly.
PAR  The automatic controller 84 is associated with an arc condition sensing
      control circuit 96 and a force responsive control circuit generally
      indicated by the reference numeral 100 which individually govern operation
      of the automatic controller 84 in response to sensed arc conditions and
      sensed electrode system force changes, respectively.
PAR  The arc condition control circuitry 96 controls operation of the motor 54
      via the controller 84 in response to sensed arc current and voltage
      conditions in the furnace so that the electrode system is properly
      positioned to maintain a stable, optimum arc current and arc voltage
      relationship in the arc between the electrode 14 and the furnace charge
      36. The circuitry 96 includes an arc voltage and current sensing circuit
      102 which is connected to the power transformer 50 via an input signal
      line 104. The sensing circuit 102 produces an output motor controlling
      signal which is transmitted to the controller 84 via an output line 106.
      An ammeter 108 is associated with the circuitry 96 to enable the furnace
      operator to visually determine the current flow to the electrode when such
      monitoring is desirable.
PAR  The character of the output signal on the line 106 is such that the
      controller 84 can be conditioned to operate the motor 54 in either
      direction at speeds depending upon the sensed arc current and voltage
      conditions. When automatic operation of the furnace system 10 is initiated
      by the furnace operator with the electrode system raised, the arc
      condition control circuitry 96 detects the absence of an arc between the
      electrode and the furnace charge and accordingly an output signal is
      delivered to the controller 84 which causes the motor 54 to to lower the
      electrode system relative to the furnace. As the tip of the electrode 14
      approaches conductive material in the furnace charge 36 immediately below
      the electrode tip, an arc is established between the electrode and the
      furnace charge. Establishment of the arc is detected by the control
      circuitry 96 which in turn conditions the controller 84 to substantially
      slow the operation of the motor 54. When the optimum arc current and
      voltage levels are established between the electrode and the furnace
      charge, the control circuitry 96 is effective to stop the motor 54 and the
      electrode system is maintained in position with respect to the charge so
      long as the arc current and voltage levels remain stable.
PAR  Conditions within the furnace affect the arc current and voltage levels and
      the control circuitry 96 operates to move the electrode 14 toward or away
      from the charge to maintain the arc current and voltage at the optimum
      levels.
PAR  The force responsive control circuitry 100 is associated with the
      controller 84 for stopping the motor 54 whenever the electrode system
      encounters an obstruction to its movement which could otherwise damage the
      electrode system. The electrode system can encounter obstructions when
      moving upwardly relative to the furnace and when moving downwardly
      relative to the furnace. The control circuitry 100 accordingly includes a
      downward motion force responsive control 110 and an upward motion force
      responsive control 112 each of which is connected to a common force
      sensing circuit 114. Each control 110, 112 is associated with the
      controller 84 and is effective, via the controller 84, to stop the motor
      54 in response to sensed forces resulting from an obstruction to the
      electrode system movement.
PAR  The force sensing circuit 114 comprises a force sensor circuit 115
      including the transducer element 74, a regulated voltage supply 116 and a
      zero adjusting circuit 117 which combine to produce a D.C. analog signal
      which varies according to changes in forces applied to the transducer
      element 74. The signal is fed to the input of a linear signal amplifier
      118. The amplifier output provides a D.C. analog force signal on an output
      line 119 which varies according to changes in forces applied to the
      transducer 74.
PAR  In the convention used in describing the illustrated embodiment of the
      invention the force signal on the line 119 is positive with respect to
      circuit ground and the voltage supply 116 and zero adjusting circuit 117
      cooperate to enable the force signal level to be initially set within a
      desired voltage range.
PAR  When the electrode 14 is lowered towards the furnace charge either upon
      initiating operation of the furnace system 10 or at some time during its
      operation, the possibility exists that nonconductive furnace charge
      material may be located beneath the tip of the electrode. In these
      circumstances an optimum arc is not established between the electrode and
      the charge and the arc condition sensing control 96 conditions the
      controller to operate the motor 54 in a direction to drive the electrode
      into the charge.
PAR  When the electrode engages the charge the resultant force acting on the
      electrode, to the extent that force is not aligned with the electrode
      axis, has a component force acting at right angles to the electrode axis,
      and a component force acting along or parallel to the electrode axis.
      Since the electrode 14 has a low flexural strength, a relatively small
      component force acting at right angles to the electrode axis can load the
      electrode sufficiently to break it. This condition is illustrated in FIG.
      1 with the resultant force indicated by the vector 120, the axial
      component force indicated by the vector 122, and the potential breaking
      force component indicated by the vector 124.
PAR  The existence of potential breaking forces can be sensed by sensing axial
      force levels applied to the electrode system since the breaking forces are
      always accompanied by an axial force component which acts towards the
      electrode and tends to reduce the load of the electrode system on the
      cable 60.
PAR  As noted previously, electrode weight loss due to its consumption and
      changes in electrode system position also cause changes in the axial
      forces acting on the electrode system. It should be apparent that axial
      force changes caused by electrode erosion and electrode system position
      changes, even if they are of great magnitude, do not represent any
      potential hazard to the electrode system while axial force changes acting
      in the same effective direction of application due to engagement of the
      electrode with the furnace charge represent the existence of forces which
      can break the electrode.
PAR  The force sensing circuit 114 (FIG. 4a) reacts to all of these axial force
      changes by producing a negative going force signal on the line 119. The
      downward motion force responsive control 110 is connected to the line 119
      and is normally conditioned to sense and respond to negative going force
      signals on the line 119.
PAR  As illustrated by FIG. 4a the downward force responsive control comprises a
      discriminator circuit 130 and a control signal producing circuit 132 which
      coact to terminate operation of the motor 54 via the controller 84 when
      the electrode engages the furnace charge. Referring to FIG. 4b the
      discriminator circuit 130 includes a compensating signal generator 136 and
      a signal processor 138, preferably formed by a conventional adder. The
      input of the compensating signal generator is connected to the line 119 by
      a line 140 and its output is connected to one input of the adder by a line
      142. The other input of the adder 138 is connected to the force signal on
      the line 119 by a line 144.
PAR  The compensating signal generator 136 is constructed and arranged so that
      its output signal can vary at a predetermined, limited rate in response to
      negative going input signals. Hence when the input force signal to the
      compensating signal generator is slowly negative going, the compensating
      signal generator output level can change at the same rate as the input
      force signal. When the input force signal goes negative at a rate greater
      than the limiting rate of the compensating signal generator, the output
      from the signal generator continues to change at its limiting rate
      regardless of the level of the force signal relative to the output of the
      compensating signal generator.
PAR  Nondetrimental force changes on the electrode system cause the force signal
      level on the line 119 to shift gradually in a negative sense and these
      gradually negative going signals are detected at the input of the
      compensating signal generator. The signal generator 136 responds by
      producing a compensating signal on its output line 142 corresponding to
      the force signal, inverted. That is to say, if the instantaneous value of
      the force signal is 5 volts positive, the instantaneous value of the
      compensating signal output from the generator 136 is about 5 volts
      negative.
PAR  The compensating signal and the force signal itself are fed to the adder
      138 which functions to algebraically add the signals at its inputs and
      produce an output signal corresponding to the sum of the input signals.
      Since the compensating signal is substantially the inverse of the force
      signal the sum of these signals is substantially zero and the adder output
      signal is substantially zero.
PAR  When the electrode engages the furnace charge a rapidly negative going
      force signal is produced on the line 119. The compensating signal
      generator 136 is incapable of producing an output signal which changes as
      rapidly as the input force signal rate of change. The output siganl from
      the compensating signal generator 136 thus changes at its limiting rate
      and lags the force signal. The output from the signal generator 136 no
      longer corresponds to the inverse of the force signal on the line 119 and
      the adder 138 produces an output signal having a level which corresponds
      to the difference between the output from the signal generator 136 and the
      force signal on the line 119.
PAR  FIG. 5 schematically illustrates the compensating signal generator
      circuitry of the preferred embodiment. The generator 136 includes an
      inverter 150 having its input connected to the force signal on the line
      119 through an input line 152, normally closed relay contacts 154, a diode
      156, an input resistor 158 and the input line 140. The output of the
      inverter 150 is connected to the output line 142. The diode 156 is poled
      to conduct forwardly from the line 119 to the inverter input line 152 so
      that positive going force signal voltage levels on the line 119 render the
      diode 156 conductive to provide an input signal to the inverter which in
      turn produces a compensating signal on the output line 142.
PAR  When negative going force signal voltage levels appear on the line 119 the
      level of the input signal on the inverter input does not see the change
      because of the diode 156. The level actually seen by the inverter input is
      the voltage on the capacitor 160. The voltage level on the inverter input
      line 152 is permitted to decay towards the negative going force signal up
      to a predetermined, limited rate of decay. Signal decay elements are
      associated with the compensating signal generator for this purpose. The
      signal decay elements include a capacitor 160 connected in parallel with
      the inverter between the lines 142, 152, a resistor 162 connected around
      the capacitor from the line 142 to the anode of the diode 156, and the
      diode 156 itself. The characteristics of the diode 156 are such that a
      limited amount of cathode to anode current flow can occur when its anode
      is negative with respect to its cathode. This "leakage" of the diode 156
      enables the capacitor 160 to discharge through the leakage path provided
      by the diode 156 and the resistor 162. The rate at which the capacitor 160
      discharges is controlled by the diode 156 and the resistor 162.
PAR  When the capacitor discharges, the inverter input voltage on the line 152
      decays towards the negative going force signal on the line 119. As the
      electrode is consumed and/or the electrode system changes position
      downwardly, the force signal level on the line 119 is reduced. This
      negative going force signal has a low rate of change with respect to time
      and the capacitor 160 discharges at a rate which effectively maintains the
      inverter input signal on the line 152 equal to the force signal level. The
      output signal from the inverter 150 at any instant of time is thus a
      negative voltage level substantially corresponding to the positive level
      of the force signal at that instant. The change in the force signal level
      is thus compensated for by the compensating signal generator and the adder
      138 produced essentially no output signal.
PAR  When the electrode engages the furnace charge the sensed axial force change
      on the electrode system is quite rapid and the resulting negative going
      force signal has a high rate of change with respect to time. Since the
      discharge rate of the capacitor 160 is limited, the inverter input signal
      level is unable to follow the negative going force signal level and the
      output signal from the inverter does not correspond to the force signal.
      This results in the adder 138 producing an output signal having a level
      corresponding to the difference between the inverter output signal on the
      line 142 and the force signal on the line 119.
PAR  The compensating signal generator of FIG. 5 is illustrative of one type of
      circuit usable in the downward motion force responsive control. The
      illustrated circuit has been used in the past as a positive peak detector
      and is described in more detail, as a positive peak detector, in
      "Operational Amplifier Design and Application", McGraw-Hill, 1971, p.357,
      FIG. 9.27.
PAR  The signal producing circuit 132 responds to the output signal from the
      adder 138 by conditioning the controller 84 to terminate operation of the
      motor 54 and stop the downward motion of te electrode system. Referring
      again to FIG. 4a the signal producing circuit 132 preferably includes a
      comparator 170, a reference level source 172, and a control relay 174.
PAR  The comparator 170 has one input connected to the output of the adder 138
      by a line 176 and its other input connected to the level source 172 by a
      line 178. When the adder output signal level on the line 176 exceeds the
      reference level on the line 178 the comparator 170 produces an output
      signal for operating the control relay 174 via an output line 180.
PAR  The reference level source 172 can be of any suitable construction but is
      preferably constructed so that the reference level is adjustable.
      Adjusting the reference level produced by the source 172 changes the
      sensitivity of the control 110. In the preferred embodiment of the
      invention a meter 182 is connected in the line 176 between the adder 138
      and the comparator 170 for indicating the adder output level. The meter
      182 is usable in adjusting the reference source level on the comparator
      input line 178 as desired.
PAR  The control relay 174 includes contact pairs which are actuated, when the
      relay is energized, to condition the controller 84 to stop the motor 54,
      operate an indicating device, such as an annunciator horn 184, and to
      stabilize the output signal level from the compensating signal generator
      and thereby hold the relay 174 in its energized condition until the
      electrode engaging force from the furnace charge is relieved. Referring
      again to FIG. 5 the normally closed contacts 154 are operated by the
      control relay 174 so that when the relay 174 is energized the contacts 154
      open. This interrupts the discharge circuit for the capacitor 160 and
      further decay of the inverter input signal on the line 152 is prevented.
PAR  The adder input signal on the line 142 is thus maintained substantially
      constant and the adder output signal continues to maintain the relay 174
      energized so long as the electrode remains firmly engaged with the charge.
      As the electrode engaging force is reduced, the force signal level on the
      line 119 is positive going. This reduces the output level from the adder
      138 until the relay 174 is deenergized via the comparator 170.
PAR  When the relay 174 is deenergized, the automatic controller 84 is again
      enabled to operate the motor 54 to lower the electrode, the horn 184 is
      silenced and the compensating signal generator 136 is reset for normal
      operation, i.e. the contacts 156 reclose.
PAR  There are other circumstances in which the downward motion control 110
      terminates operation of the motor 54 to avoid possibile damage to the
      electrode system. In the event the electrode 14 is broken off as a result
      of a furnace charge cave-in the electrode holder 46 can be damaged as a
      result of an arc being struck between the holder and the broken off
      electrode portion. However, when the electrode 14 is broken off, the
      electrode weight is abruptly reduced and this weight reduction has the
      same affect on the force signal level as engagement of the electrode with
      the furnace charge. The downward motion control terminates operation of
      the motor 54 so that the electrode system can not be moved towards the
      furnace.
PAR  Electrode consumption occurring over a period of time can result in the
      dimension between the tip of the electrode 14 and the electrode holder 46
      being too short to enable an optimum arc to be struck between the
      electrode and the charge without the limit of downward travel of the
      support structure 16 being reached. As noted previously lower limit
      switches are normally provided for controlling the extent of downward
      movement of electrode systems but these switches are prone to failure. If
      the limit switches fail, the electrode system can reach the physical limit
      of its travel. Should the motor 54 continue operating to lower the
      electrode system, the drive cable can be detrained from its sheaves. The
      downward motion control 110 is effective to stop the motor 54 in the event
      of lower limit switch failures when the electrode system reaches the
      physical limit of its downward travel. When the electrode system reaches
      its travel limit, the force signal is abruptly negative going and the
      motor 54 is stopped before the drive cable is appreciably slackened.
PAR  It should also be noted that the compensating signal generator 136 normally
      produces compensating signals for any positive going force signal changes
      regardless of the rate of change of these positive going signals. As a
      practical matter the only forces which produce a positive going force
      signal which should be compensated for are those forces exerted on the
      electrode system as a result of adding additional sections to the
      electrode 14 to replace electrode sections which have been consumed.
      Electrode system force changes resulting from the addition of electrode
      sections obviously have no potential for damaging the electrode system and
      automatic compensation for these force changes frees the furnace operator
      from having to reindex the force signal level each time an electrode
      section is added.
PAR  The upward motion force responsive control 112 is effective to stop the
      electrode drive motor 54 via the automatic controller 84 when an
      obstruction to upward movement is encountered by the electrode system and
      to prevent the manual controller 82 from energizing the motor 54 to force
      the electrode system upwardly against such an obstruction. Obstructions to
      upward electrode system movement may result from objects becoming wedged
      between the support column 42 and the guide 40 and resisting upward
      movement of the electrode system sufficiently to unduly stress the cable
      60. The obstruction may also be due to engagement of the electrode system
      with the mechanical stop 70 in the event of failure of the upper limit
      switch. The upward motion force responsive control 112 comprises a
      comparator 206, a reference level source 208 and a control relay 210.
PAR  The comparator 206 has one input connected to the force signal on the line
      119 via a line 200 and its other input connected to the reference level
      source 208 via a line 209. The upward reference source 208 provides a
      pre-established reference level which is preferably the same as the force
      signal level produced by the electrode system in its fully raised position
      having an unconsumed electrode and an additional downward force acting on
      the system, e.g., 500 pounds. When the electrode system encounters an
      obstruction to its upward movement a positive going force signal is
      produced on the input line 200 and when the magnitude of the force signal
      exceeds the pre-established reference level the comparator 206 produces an
      output signal on a line 211 for engaging the relay 210.
PAR  The relay 210 is associated with contacts actuated when the relay is
      energized to condition the automatic controller 84 to stop upward mode
      operation of the motor 54 via a line 212; condition the manual controller
      90, via a line 214, to prevent the manual controller from operating the
      motor 54 in a direction to raise the electrode system; and to operate an
      annunciator horn 204 via a line 216. It should be appreciated that in the
      event the electrode system encounters an obstruction while being moved
      upwardly by operation of the manual controller 90, operation of the relay
      210 overrides the manual controller to terminate operation of the motor
      54.
PAR  Since the upward motion control 112 is essentially level sensitive, the
      absolute value of the force required to terminate operation of the motor
      varies depending primarily on the current weight of the electrode 14. If
      maintenance of the sensitivity of the control 112 is desired, the furnace
      operator an adjust the zero adjusting circuitry 117 relatively frequently.
      However the force levels at which the control 112 terminates operation of
      the motor 54 are not generally critical and frequent adjustment of the
      zero adjusting circuit 117 is not usually essential.
PAR  When the electrode system has encountered an obstruction to its upward
      movement and the drive motor 54 has stopped, the load imposed by the
      obstruction on the electrode system remains at or about the level at which
      the upward motion force responsive control 112 stopped the motor. The
      force signal on the line 119 is therefore maintained at a relatively great
      positive level. The furnace operator normally conditions the automatic
      controller 84 for normal furnace operation in order to move the electrode
      system downwardly and release the load imposed by the obstruction. When
      the motor 54 operates to move the electrode system downwardly the load
      imposed by the obstruction is at least partially relieved quite quickly
      resulting in a rapidly negative going change in the level of the force
      signal on the line 119.
PAR  As noted previously the discriminator circuitry 130 normally responds to
      any rapidly negative going force signal, regardless of the initial level
      of the force signal, and tends to terminate operation of the drive motor
      54. If permitted to function normally as the load is relieved the downward
      motion force responsive control could terminate operation of the motor 54.
      A disabling circuit 220 (FIGS. 4a and 4b) coacts with the force responsive
      controls 110, 112 to prevent false tripping of the drive motor 54 when the
      load imposed by an obstruction to upward electrode system movement is
      relieved.
PAR  In the preferred embodiment of the invention, the disabling circuit 220
      disables the upward motion force responsive control 110 by altering the
      normal operation of the compensating signal generator 136. To this end the
      disabling circuit 220 includes relay contacts 222 which, as illustrated in
      FIG. 5, are connected in parallel with the diode 156. When an obstruction
      to upward electrode system movement is encountered the contacts 222 are
      closed to shunt the diode 156. The contacts 222 are maintained closed
      until the load imposed by the obstruction is relieved. When the diode 156
      is shunted, the signal generator operation is altered so that the inverter
      input signal value on the line 152 is maintained substantially the same as
      the value of the force signal on the line 119 regardless of the negative
      going change rate of the force signal value. In essence, the signal
      generator merely inverts the force signal and hence the output of the
      adder remains substantially zero so long as the contacts 222 remain
      closed.
PAR  A preferred construction of the disabling circuit 220 is illustrated in
      FIG. 4b and comprises a shorting relay 224 for controlling the contacts
      222, a relay 226, a memory unit 228 for controlling operation of the
      relays 224, 226, and a memory resetting circuit including a comparator 230
      and a compensating signal generator 232.
PAR  The memory unit 228 is preferably a flip-flop circuit, although a latching
      relay or other suitable memory device could be employed, and provides
      output terminals Q, Q which are connected to the respective relays 224,
      226 by lines 234, 236. In the normal state of the memory 228 the relay 224
      is deenergized and the relay 226 is energized. The memory unit 228 has SET
      and RESET input terminals indicated at S and R, respectively, which
      control the state of the unit. The set terminal S is connected to the
      comparator output line 211 of the upward motion force responsive control
      112 via a line 240 while the reset terminal R is connected to the output
      of the comparator 230 via a line 242.
PAR  The memory 228 is set by an output signal from the upward motion force
      responsive control 112 via the line 240 and when set, the memory energizes
      the shorting relay 224 and deenergizes the relay 226. So long as a load is
      imposed on the electrode system by an obstruction to upward movement the
      memory remains in its set state, and when the load is relieved the
      resetting circuitry resets the memory unit to its normal state, i.e. the
      shorting relay 224 is deenergized and the relay 226 is energized.
PAR  The compensating signal generator 232 in the resetting circuitry is
      connected to the force signal on the line 119 via a line 246 and is
      preferably substantially similar in construction and general function to
      the compensating signal generator 136, with some notable exceptions. The
      signal generator 232 produces compensating signals which vary according to
      variations in the force signal except for force signals which are rapidly
      positive going and therefore characteristic of an obstruction to upward
      electrode system movement. The rate of change of the output from the
      signal generator 232 is limited and therefore does not correspond to the
      rapidly positive going force signals. The diode in the circuit 232 which
      corresponds to the diode 156 of the FIG. 5 circuit is poled oppositely
      from the diode 156 in order to enable the limited response to the positive
      going signals.
PAR  The relay contacts (schematically illustrated at 250 in FIG. 4b) in the
      signal generator 232 which correspond to the contacts 154 of the FIG. 5
      circuit are controlled by the relay 226 and are normally open contacts.
      The contacts 250 are maintained closed by the normally energized relay
      226. Since the disabling circuit cannot falsely terminate operation of the
      motor 54 there are no shorting contacts around the diode in the generator
      232.
PAR  The output from the signal generator 232 is fed to one input terminals of
      the comparator 230 via an output line 252. The other input terminal of the
      comparator is connected to the force signal on the line 119 via an input
      line 254.
PAR  When an obstruction to upward movement of the electrode system is
      encountered the force signal goes positive rapidly. The memory input
      terminal S is provided with a set signal from the upward motion control
      112 via the line 240 when the load created by the obstruction reaches a
      predetermined level. The memory changes state causing energization of the
      shorting relay 224 and denergization of the relay 226. Energization of the
      relay 224 disables the upward motion control 110, as noted above, while
      deenergization of the relay 226 opens the relay contacts 250 in the
      compensating signal generator 232.
PAR  Opening of the relay contacts 250 prevents the signal output from the
      generator 232 from decaying. The output signal from the generator 232 is
      thus maintained close to the force signal level which existed before the
      obstruction was encountered and the input signals to the comparator 230
      are at substantially different levels. As the load created by the
      obstruction is relieved during downward motion of the electrode system the
      force signal level on the comparator input line 254 is reduced to the
      level of the signal generator output on the line 252 which causes the
      comparator 230 to change its conductive state and reset the memory 228 to
      its normal condition.
PAR  The upward and downward motion controls 110, 112 are thus returned to their
      normal operating conditions and automatic operation of the furnace system
      10 ensues without false tripping of the motor 54 having occurred.
PAR  FIG. 6 graphically depicts the breaking force levels applied to
      nonconsumable electrodes of electrode systems which do not have force
      responsive controls, versus the breaking force levels applied to an
      electrode of an electrode system controlled according to the present
      invention.
PAR  The graph of FIG. 6 assumes an electrode is advanced into engagement with
      the furnace charge with a maximum force W which, for the purpose of the
      discussion is assumed to be the weight of the electrode system. The
      ordinate of the graph depicts electrode breaking force in terms of the
      force W while the abscissa indicates the angle .theta. between the
      electrode axis and the resultant furnace charge engaging force.
PAR  The curve I of FIG. 6 illustrates that an electrode system without controls
      can engage the furnace charge with a force W without exceeding the
      electrode breaking force limit, indicated by the line 260, so long as the
      angle .theta. is less than about 15.degree.. The broken line segment of
      the curve I indicates the projected breaking force levels which would be
      applied had the electrode remained unbroken.
PAR  Curve II illustrates the loci of breaking force levels applied to an
      electrode when downward travel of the electrode system is terminated by a
      downward motion force responsive control constructed according to the
      invention.
PAR  The total potential force with which the controlled electrode system
      remains W but because of the operation of the controlled electrode system
      the force W is not actually applied to the electrode. The controlled
      electrode is illustrated as being broken by engaging the charge at an
      angle of about 65.degree.. It should be appreciated however that by
      adjusting the level of the reference source 172 (FIG. 4a), the electrode
      could remain unbroken at contact angles greater than 65.degree..
PAR  As a practical matter, when the angle of contact .theta. closely approaches
      90.degree. the axial force components are of such small magnitude and
      duration that the control circuitry itself becomes insensitive to them.
      This insensitivity to small magnitude rapidly changing axial forces is not
      truly a disadvantage of the new control system because electrode systems
      are subjected to rapidly changing, small magnitude vibrational forces
      during normal furnace operation. The new force responsive control does not
      and should not respond to such vibrational forces by terminating electrode
      movement.
PAR  In addition to stopping electrode motion when the electrode engages the
      furnace charge, the control system 20 permits the furnace operator to
      determine the nature of the obstruction which the electrode has engaged.
      If the material engaging the electrode is somewhat conductive, the meter
      108 of the arc condition responsive control 96 will indicate that current
      is flowing to the material even though optimum arc current and voltage
      conditions do not exist. The furnace operator can observe the meter 108
      and if arc current flow is substantial the operator allows the electrode
      to remain engaged with the obstruction. The obstruction is then melted or
      burned away by the current flowing through the electrode and the
      obstruction and normal furnace operation automatically ensues.
PAR  If the meter 100 indicates little or no current flow the obstruction cannot
      normally be melted or burned away because it is not sufficiently
      conductive. The operator then raises the electrode a substantial distance
      away from the charge and shuts down the power to the furnace. Additional
      material, such as aluminum, is then introduced into the furnace beneath
      the electrode, power is supplied to the furnace and the operator
      conditions the controller 84 for automatic operation of the furnace
      system.
PAR  These last mentioned procedures are time consuming and reduce production.
      By melting or burning away electrode obstructions which are somewhat
      conductive without having to introduce additional conductive material into
      the furnace needlessly the furnace production is increased.
PAR  In addition to minimizing electrode breakage due to engagement with the
      furnace charge, the new force responsive control may be used by the
      furnace operator in "slipping" the electrode. In order to establish a
      proper length between the electrode tip and the holder, the furnace
      operator cuts off the arc power and lowers the electrode system until the
      electrode contacts the furnace charge. The control system 20 indicates
      that the electrode has contacted the charge and lowering of the electrode
      system is stopped with the electrode engaging the furnace charge. The
      electrode holder is then declamped from the electrode and the mast and the
      holder are moved upwardly relative to the electrode, which is now
      supported by the charge, until the holder is located a desired distance
      from the electrode tip. The holder is then reclamped to the electrode and
      the electrode system is raised relative to the furnace preparatory to
      resumption of normal furnace operation.
PAR  In the past, electrode slipping procedures were such that electrode
      breakage sometimes occurred. In some circumstances the electrode was
      engaged with the charge with excessive force, causing the electrode to
      break off. In other cases the holder was declamped from the electrode when
      the electrode tip was located relatively far above the charge and the
      electrode was dropped onto the charge, sometimes resulting in breakage.
      The present invention substantially reduces the possibility of electrode
      breakage during a slipping procedure.
PAR  Although the invention has been described with particularity, in its
      preferred form, it should be understood that the present disclosure of the
      preferred form has been made only by way of example. Numerous adaptations,
      modifications and uses of the invention may occur to those skilled in the
      art and the invention is to cover hereby all such adaptations,
      modifications and uses which fall within the spirit and scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electric arc furnace system:
PA1  a. an electrode system comprising an electrode projecting into a furnace
      along an axis and electrode support structure supported for movement
      relative to said furnace in directions parallel to said axis;
PA1  b. drive means for movably positioning said electrode system relative to
      said furnace;
PA1  c. force sensing means cooperating with said electrode system for detecting
      changes in forces applied to said electrode system, said force sensing
      means producing force signals which vary as a function of changes in the
      direction, magnitude and rate of change of magnitude with respect to time
      of the components of detected force changes acting parallel to said axis;
      and,
PA1  d. force responsive control means for said drive means, said force
      responsive control means comprising:
PA2  i. discriminating means for discriminating between force signal values
      having at least a predetermined rate of change with respect to time caused
      by said electrode system encountering an obstruction to its movement in
      said furnace and force signal values having less than said predetermined
      rate of change with respect to time resulting from weight or positional
      changes of said electrode system; and,
PA2  ii. control signal means for producing an output control signal for
      terminating operation of said drive means when said discriminating means
      detects a force signal caused by an obstruction.
NUM  2.
PAR  2. The electric arc furnace of claim 1 wherein said discriminating means
      comprises:
PA1  a. a compensating signal generator responsive to force signal values having
      less than said predetermined rate of change with respect to time for
      generating a compensating signal; and,
PA1  b. a signal processing means having a first input connected to said force
      sensing means, a second input connected to said compensating signal
      generator and an output connected to said control signal means;
PA1  c. said signal processing means conditioning said control signal means to
      prevent production of said output control signal in response to sensed
      force signal values having less than said predetermined rate of change
      with respect to time.
NUM  3.
PAR  3. The arc furnace claimed in claim 2 wherein said compensating signal
      generator comprises elements for preventing generation of a compensating
      signal in response to force signal values having greater than said
      predetermined rate of change with respect to time, said signal processing
      means producing an output for rendering said control signal means
      effective to produce said output control signal when said compensating
      signal generator is prevented from generating a compensating signal.
NUM  4.
PAR  4. The arc furnace claimed in claim 1 wherein said force responsive control
      means comprises an upward motion force responsive control for terminating
      operation of said drive means when said electrode system encounters an
      obstruction to its upward motion and further including disabling means for
      disabling said discriminating means from terminating operation of said
      drive means when the force on said electrode system caused by the
      obstruction to upward motion is relieved.
NUM  5.
PAR  5. In an electric arc furnace:
PA1  a. an electrode system comprising an electrode projecting into said furnace
      and electrode support structure supported for movement relative to said
      furnace;
PA1  b. drive means for movably positioning said electrode system relative to
      said furnace;
PA1  c. force sensing means cooperating with said electrode system for detecting
      changes in forces applied to said electrode system and producing force
      signals which vary in relation to changes in the detected force; and,
PA1  d. force responsive control means for said drive means, said force
      responsive control means comprising:
PA2  i. control means responsive to force signal changes indicative of an
      obstruction to movement of said system downwardly relative to said furnace
      for terminating operation of said drive means; and,
PA2  ii. compensating means for detecting force signal changes indicative of
      force changes on said system resulting from electrode consumption or
      electrode system position changes and preventing termination of operation
      of said drive means in response to such changes in force signal levels.
NUM  6.
PAR  6. The arc furnace according to claim 5 wherein said compensating means
      includes a compensating signal generator responsive to said force signal
      changes indicative of electrode consumption and electrode system position
      changes for generating a compensating signal representing such force
      changes on the electrode system, and signal processing means responsive to
      said compensation signal and to said force signal for maintaining said
      control means ineffective to terminate operation of said drive means so
      long as a predetermined relationship between said compensating signal and
      said force signal is maintained.
NUM  7.
PAR  7. The arc furnace claimed in claim 6 wherein said compensating signal
      generator includes elements for limiting the output of said compensating
      signal generator and preventing said compensating signal generator from
      producing compensating signals representative of force signal values
      caused by rapidly occurring sensed force changes, said control means
      rendered effective to terminate operation of said drive means in response
      to the concurrence of said limited compensating signal generator output
      and said force signal values.
NUM  8.
PAR  8. In an electric arc furnace:
PA1  a. an electrode system comprising an electrode projecting into said furnace
      and electrode support structure supported for movement relative to said
      furnace;
PA1  b. drive means for movably positioning said electrode system relative to
      said furnace;
PA1  c. force sensing means cooperating with said electrode system for detecting
      changes in forces applied to said electrode system and producing force
      signals which change in relation to changes in the detected force; and,
PA1  d. force responsive control means for said drive means effective to
      terminate operation of said drive means in response to force signal
      changes related to a detected change in force resisting electrode system
      movement having at least a predetermined rate of change of magnitude with
      respect to time and which is indicative of an obstruction to movement of
      said electrode system toward said furnace.
NUM  9.
PAR  9. The electric arc furnace claimed in claim 8 further including a second
      force responsive control means for terminating operation of said drive
      means in response to force signals indicative of an obstruction to motion
      of said electrode system away from said furnace, said second force
      responsive control means terminating operation of said drive means when
      the magnitude of said force signal exceeds a predetermined value.
NUM  10.
PAR  10. The arc furnace claimed in claim 9 further including disabling means
      for disabling said first force responsive means in response to operation
      of said second force responsive means to terminate operation of said drive
      means.
NUM  11.
PAR  11. In an electric arc furnace:
PA1  a. an electrode system comprising an electrode projecting into said furnace
      and electrode support structure supported for movement relative to said
      furnace;
PA1  b. drive means for movably positioning said electrode system relative to
      said furnace;
PA1  c. force sensing means cooperating with said electrode positioning system
      for detecting changes in forces applied to said electrode system and
      producing electrical force signals which vary in accordacne with changes
      in the magnitude, sense direction and rate of change of magnitude with
      respect to time of detected force changes; and,
PA1  d. force responsive control means for said drive means, said force
      responsive control means comprising:
PA2  i. control means responsive to force signal variations caused by force
      changes of a predetermined sense direction and having at least a
      predetermined rate of change of mangitude with respect to time for
      terminating operation of said drive means, said force changes being
      indicative of an obstruction to movement of said electrode system toward
      said furnace; and,
PA2  ii. compensating means for detecting force signal variations caused by
      force changes in said predetermined sense direction having less than said
      predetermined rate of change of magnitude with respect to time and
      preventing operation of said control means in response to such variations.
NUM  12.
PAR  12. A method of controlling movement of an electrode system in an electric
      arc furnace system comprising:
PA1  a. moving the electrode system relative to a furnace charge;
PA1  b. sensing changes in forces acting on the electrode system;
PA1  c. producing a force signal having values which vary in accordance with the
      direction of force changes acting on said electrode system and the rate of
      change of magnitude with respect to time of said force changes;
PA1  d. producing a compensating signal corresponding to force changes acting on
      the electrode system in a direction away from the furnace charge having
      less than a predetermined rate of change of magnitude with respect to
      time;
PA1  e. comparing said force signal and said compensating signal; and,
PA1  f. controlling movement of the electrode system toward the furnace charge
      in accordance with the compared relationship between said force signal and
      said compensating signal.
NUM  13.
PAR  13. A method as claimed in claim 12 wherein producing a compensating signal
      includes sensing said force signal and generating said compensating signal
      in response to said sensed force signal.
NUM  14.
PAR  14. A method as claimed in claim 13 further including limiting the response
      of said compensating signal to force signals produced by forces acting
      away from said furnace charge at greater than said predetermined rate of
      change of magnitude with respect to time, and stopping motion of said
      electrode system in response to comparing a limited compensating signal
      with a force signal produced by a force acting away from said furnace
      charge at greater than said predetermined rate of change of magnitude with
      respect to time.
NUM  15.
PAR  15. A method of controlling movement of an electrode system in an electric
      arc furnace system to minimize breakage of the electrode comprising:
PA1  a. positioning the electrode system relative to a furnace charge;
PA1  b. sensing changes in forces acting on the electrode system;
PA1  c. discriminating between first sensed force changes resulting from force
      acting on the electrode system in a direction away from the furnace charge
      and having at least a predetermined rate of change of magnitude with
      respect to time and second force changes resulting from other forces
      acting on the electrode system; and,
PA1  d. preventing motion of the electrode system toward the furnace charge in
      response to said first sensed force changes.
NUM  16.
PAR  16. A method as claimed in claim 15 further including producing a force
      signal which varies according to sensed changes in forces acting on said
      electrode system, producing a compensating signal in response to force
      signal variations caused by said second force changes, comparing said
      compensating signal and said force signal and enabling motion of said
      electrode system toward said furnace charge regardless of changes in said
      force signal so long as force signal changes are compensated by said
      compensating signal.
NUM  17.
PAR  17. A method as claimed in claim 15 further including producing a force
      signal which varies according to sensed changes in forces acting on said
      electrode system, producing a compensating signal characteristic of force
      signal changes produced by said second force changes, comparing said force
      signal with said compensating signal and enabling motion of said electrode
      system toward said furnace charge so long as force signal changes are
      compensated by compensating signal changes.
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ABST
PAL  A device intended to receive two or more electrical conductors of the same
      or dissimilar size and to provide mechanical protection and electrical
      insulation for the electrical connection of said conductors, including a
      container for receiving the joined ends of the electrical conductors, the
      device including having side walls, a closed end wall and an open end and
      a plug member adapted to seal the open end of the casing. Passages are
      provided in the plug end or closed end for the extension therethrough of
      the electrical conductors. Cooperating locking means are provided on the
      plug and the casing member for mechanically interlocking the plug end
      casing and radial flaps are disposed in the passages which are deformed by
      the extension therethrough of the electrical conductor to define a cone
      shaped collar between the passage wall and the condutor to impede the flow
      of potting compound out of the device. A member may be disposed on the
      exterior or interior face of the plug or closed end containing the
      passages to define passage extensions for reinforcement of the end of the
      device having the passages.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation in part of application Ser. No. 495,878
      filed Aug. 8, 1974, now abandoned, which is a continuation of application
      Ser. No. 322,851 filed Jan. 11, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical connections and more particularly to a
      device for mechanically and electrically protecting the ends of two or
      more electrical conductors which have been joined together to form an
      electrical connection.
PAR  In the joining of electrical conductors, the mechanical and electrical
      protection of the united ends of the conductors is a major concern,
      particularly when the joined conductors are to be exposed to harsh
      environments, such as by being buried in the ground or being exposed to
      the elements. Various protective devices for insulating and mechanically
      protecting the joined electrical conductors have been known for a number
      of years, and by way of example, several general forms of such devices can
      be found in U.S. Pat. Nos. 997,066, 1,297,614, and 3,597,528.
PAR  Devices of the general type shown in the foregoing patents and of the
      general type to which the present invention relates, comprise a generally
      tubular member or casing having a side wall, a closed end wall, and an
      open end, and a second member or plug adapted to mate with the tubular
      casing an close off the open end of the casing. Passages are provided in
      either the end wall of the casing or that of the plug to permit the
      conductors to extend therethrough. To bond the casing and plug together,
      bonding and insulating compound or adhesive is disposed within the device
      and which substantially fills the interior of the device to anchor or bond
      the conductors therein and provide further electrically insulation for the
      joined conductors.
PAR  While such devices have had many desirable features, the problem of
      providing a good and reliable weather tight seal has not heretofore been
      satisfactorily solved. One major problem resides in the flow of the
      uncured bonding or potting compound, which is typically liquid in form,
      around the conductors and through the end wall passages during assembly of
      the plug and casing. This results in a wakened bond between the conductor
      and the passage walls, and also may result in voids or openings through
      which moisture may enter the device and short out the electrical circuit
      formed by the connection between the conductors.
PAR  A second problem resides in the possibility of a separation of the plug
      from the casing after assembly and which may result from internal
      pressures created by assembly of the plug and casing and by the evolution
      of gases during curing of the potting compound. If the plug separates
      appreciably from the casing, an effective bonding of the casing and plug
      will not result and a leak path to the interior of the device through
      which moisture may travel may be produced.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in new and improved device for protecting
      an electrical joint and of the type comprising, generally, a first member
      or casing having a closed end, a side wall, and an open end, and a second
      member or plug adapted to be telescoped with the casing to close the open
      end of the casing. Passageways are provided through either the end of the
      plug or the closed end of the casing, and through which electrical
      conductors can project to the interior of the device.
PAR  In accordance with the present invention, means are provided in the
      passageways for guiding and holding conductors inverted therein centrally
      in the passageways, and to restrict the flow of liquid potting compound
      out of the device through the annular spaces defined between the
      conductors and the inside walls of the passageways during assembly of the
      plug and casing. In this manner the formation of voids in the passageways
      due to the outflow of potting compound is substantially reduced, thereby
      preventing the inflow of moisture and providing a good and solid bond
      between the conductors and the walls of the passageways. Additionally,
      locking means are provided to secure the plug to the casing when
      assembled, and to prevent a subsequent separation of the plug from the
      casing.
PAR  Many other advantages and features of the present invention will become
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings which disclose, by way of example, the
      principles of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a perspective view of a assembled device in accordance with the
      present invention and showing a fragmentary portion of two coonductors
      projecting therefrom;
PAR  FIG. 2 is an enlarged top plan view of the device of FIG. 1 without the
      conductors;
PAR  FIG. 3 is an enlarged fragmentary cross-sectional view of the device shown
      in FIG. 1 taken substantially along line 3--3 of FIG. 2, and showing the
      joined ends of the conductors therein;
PAR  FIG. 4 is an enlarged fragmentary cross-sectional view taken substantially
      along line 4--4 of FIG. 2;
PAR  FIG. 5 is a top plan view of a casing forming a portion of the device shown
      in FIG. 1 before assembly;
PAR  FIG. 6 is an exploded perspective view, partly in section, of the device of
      FIG. 1, and showing a tubular plug of the assembly with a pair of
      electrical conductors extending therethrough, and a casing with a liquid
      or uncured potting material therein and which receives the plug to form
      the completed assembly;
PAR  FIG. 7 is a perspective view of another embodiment of the present invention
      showing two connectors extending through passages in an end wall of the
      device;
PAR  FIG. 8 is an enlarged fragmentary view taken in the direction of line 8 of
      FIG. 7;
PAR  FIG. 9 is an enlarged top plan view of the device of FIG. 7 with the
      electrical conductors shown in sections;
PAR  FIG. 10 is an enlarged side sectional view taken substantially along line
      10--10 of FIG. 7;
PAR  FIG. 11 is a perspective view, partially broken away in cross-section, of
      another embodiment of the device of the present invention;
PAR  FIG. 12 is an elarged top plan view of the device shown in FIG. 11;
PAR  FIG. 13 is a cross-sectional view taken substantially along line 13--13 of
      FIG. 12; and
PAR  FIG. 14 is a fragmentary cross-sectional view taken substantially along
      line 14--14 of FIG. 12.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in the exemplary drawings, the present invention is embodied in a
      new and improved device 10 for incapsulating an electrical connection
      formed by the union of the end portions of two or more electrical
      conductors 12. In this instance, with reference to the embodiment of FIGS.
      1 through 6, the device 10 comprises a tubular cup shaped casing 14 having
      a generally cylindrical sidewall 16 and an intregral closed end 18, and a
      tubular plug 20 formed by a disk-shaped cap 22 and a downwardly
      projecting, generally cylindrical sidewall 24 integrally formed with the
      cap and dimensioned to be telescoped into the casing so that the cap
      overlies the end of the sidewall of the casing remote from the closed end.
PAR  Herein formed through a central portion of the cap 22 are three openings,
      each having a circular cross-section and through which insulated
      electrical conductors 12 can project, in this instance, only two such
      conductors being illustrated. Upstanding from the cap 22 around each of
      the openings is a generally tubular projection 26, herein formed
      integrally with the cap and having its outer sidewall joined together with
      that of the others for strength adjacent the center of the cap (see FIG.
      2), and which form three generally parallel elongated passageways 28
      through which the conductors 12 extend into the device 10.
PAR  The electrical connection between the conductor 12 is formed prior to
      assembly of the plug 20 and casing 14. Initially, a portion of the ends of
      each of the conductors 12 is stripped of insulation, which typically is a
      solid polyvinylchloride plastic material, and the conductor ends are
      inserted through the passageways 28 into the plug 20. The stripped end
      portions of the conductors 12 are then united to form an electrical
      connection, herein by applying a metal crimp sleeve 30 of conventional
      design to the connection. Once the conductors 12 have been joined, the
      plug 20 is assembled with the casing 14 and with the connection fully
      inside the device 10.
PAR  Preferably, the casing 14 and the plug 20 are each formed from molded
      polyvinylchloride plastic with the sidewall 24 of the plug being
      dimensioned to be loosely received inside the sidewall 16 of the casing,
      and having a length less than that of the casing so that the cap 22 can
      seat against the open end of the casing. In this instance, the inside
      sidewall 16 of the casing 14 has longitudinal grooves 32 to form spaces
      between the sidewall 24 of the plug 20 and the casing.
PAR  To bond the casing 14 and plug 20 together, the casing is intitally
      substantially filed with a liquid potting compound 34 capable of producing
      a solvent weld in polyvinylchloride plastic, such as that manufactured and
      sold by Industrial Polychemical Service, P.O. Box 471, Gardena, Calif.,
      under its number 1939 sealant, and consisting of a blend of solvents to
      which fifteen percent (15%) rigid polyvinylchloride plastic has been
      added. When the plug 20 is then assembled by telescoping its sidewall 24
      inside the sidewall 16 of the casing 14, the liquid potting compound 34
      will be displaced around the annular space between the sidewall of the
      plug and the sidewall of the casing, and outwardly through the passageways
      28 around the conductors 12 to form a solvent weld type bond between the
      plastic insulation of the conductors and the wall of the passageways, and
      also between confronting portions of the plug and casing.
PAR  In accordance with one important aspect of the present invention, means 36
      are provided in each passageway 28 to restrict the free flow of liquid
      potting compound 34 outwardly through the passageways from the device 10
      when the plug 20 is initially assembled with the casing 14, and also to
      center each conductor 12 in its passageway to insure that some liquid
      potting compound completely surrounds each conductor and fills the annular
      space between the conductor and the inside sidewall of its passageway.
      Toward this end, radially projecting resilient tabs 38 are formed on the
      inside sidewall of each passageway 28 and which project inwardly toward
      the centers of the passageways, the tabs of each passageway herein taking
      the form of four slightly spaced generally traingular or pie-shaped
      members with the apices meeting adjacent the center of the generally
      circular passageway.
PAR  As can best be seen in FIGS. 2, 3, and 4, the tabs 38 are formed to also
      project axially toward the inside of the plug 20 prior to the insertion of
      a conductor 12 therethrough, and when a conductor is inserted, the tabs
      yield in an axial direction and form a conical collar to guide and hold
      the conductor in the center of the passageway 28. Moreover, the tabs 38
      permit relatively large diameter passageways 28 to be provided in the
      device 10 so that conductors 12 of various sizes can be used with a single
      device.
PAR  In accordance with another important aspect of the present invention, the
      device 10 includes means to lock the plug 20 to the casing 14 when the
      plug has been fully inserted in the casing so that internal pressures will
      not force the plug to slide out of the casing. Toward this end, a snap
      acting lock 40 is provided between the casing 14 and the plug 20 and which
      will securely hold the plug in the fully assembled position so that the
      only expansion that can take place after assembly is expansion of the
      liquid potting compound 34 through the spaces 32 between the sidewall 24
      and 16 of the plug and casing, respectively, and in the passageways 28,
      thereby further insuring that all potential voids between the elements of
      the device 10 are filled with potting compound.
PAR  As best shown in FIG. 3, the lock 40 of the first illustrated embodiment
      includes a pair of diametrically opposed ears 41 upstanding from the
      outside sidewall 16 of the casing 14, each comprising a pair of upwardly
      and laterally outwardly directed posts 42 connected at their outer ends by
      a horizontal arcuate member 44 having a beveled radially inner side 46. To
      cooperate with the ears 41 and lock the plug 20 to the casing 14, the
      outer rim 48 of the cap 22 portion of the plug has a diameter greater than
      the diametrical spacing between the radially inner most sides 46 of the
      arcuate members 44.
PAR  When the plug 20 is pressed into the casing 14, the rim 48 will engage and
      ride over the beveled sides 46, and by a cam action, flex the arcuate
      members 44 radially outwardly until the rim oves below the members,
      whereupon the members snap back to their initial position and overlie the
      rim, thereby locking the cap 22 below the members. In this manner, the
      plug 20 is securely locked to the casing 14 in the fully assembled
      position, and internal pressure created by a tendency of the liquid
      pottting compound 34 to expand will not result in the plug disassemblying
      or sliding out of the casing during setting of the potting compound.
PAR  Illustrated in FIGS. 7 through 10 is an alternative embodiment of a device
      10' embodying the principle of the invention, with the structural or
      functional parts similar to those previously described in connection with
      the embodiment of FIGS. 1 through 6 being designated by corresponding
      primed reference numerals. In this embodiment, the conductors 12' project
      into the device 10' through passageways 28' provided through the closed
      end 18' of the casing 14', rather than through the cap 22' of the plug
      20', and a different locking means 40' is provided.
PAR  To secure the plug 20' to the casing 14', the lock 40' comprises a pair of
      diametrically opposed ears in the form of generally Ushaped projections 50
      axially outstanding from the end of the sidewall 16' of the casing remote
      from the closed end 18', and which mate with radially disposed recessess
      52 formed in diametrically opposed locations in the outer rim 48' of the
      cap 22' of the plug 20'. As best shown in FIG. 8, each Ushaped projection
      50 comprises a pair of spaced parallel posts 54 having tapered end
      portions 56 below which abutments or locking shoulders 58 are formed.
PAR  Oppositely disposed on the sides of lock recess 52 are a pair of tapered
      surfaces 60 and abutment surfaces 62 which cooperate with tapered end
      portions 56 of the parts 54 and the associated locking shoulders 58 to
      secure the cap 22' to the casing 14'. When the plug 20' is assembled with
      the casing 14', the tapered surfaces 60 of the plug ride over the tapered
      end portions 56 of the casing and deflect the posts 54 toward each other
      until the locking shoulders 58 can snap over the abutment surfaces 62 and
      thereby lock the plug to the casing.
PAR  In use, the device 10' of FIGS. 7 through 10 is substantially the same as
      that of the embodiment of FIGS. 1 through 6. The conductors 12' are
      stripped and inserted through the passageways 28' into the casing 14' and
      united together, herein by a crimp sleeve 30'. The casing 14' is then
      filled with liquid potting compound 34', and the plug 20' inserted with
      the recesses 52 aligned with the U-shaped projections 50. When the plug
      20' is fully depressed into the casing 14', the liquid potting compound
      34' is displaced around the sidewalls of the conductors 12' by extrusion
      through the gaps between the tabs 38', and also into the annular space
      between the sidewall 24' of the plug and the sidewall 16' of the casing.
PAR  Once assembled, the device 10' can be left unattended as the potting
      compound 34' cures and sets into a solid insulating mass since the outflow
      of potting compound is restricted by the tabs 38' and the plug 20' is
      locked to the casing 14'. When the potting compound 34' is completely
      cured, the device 10' forms a solid crush resistent, waterproof, and
      electrically insulating incapsulation of the connection between the
      conductors 12', and one which will meet current Underwriters Laboratory
      standards (U.L. Standard No. 493) for devices of this type to be used in
      underground instillations.
PAR  A third embodiment of a locking means 40" in accordance with the present
      invention for use in a device 10" of the type contemplated by the
      invention, is illustrated in FIGS. 11 through 14, parts of which having
      correspondence in structure and function with parts in the embodiments of
      FIGS. 1 through 10 being designated by corresponding double primed
      reference numerals. In this instance, the plug 20" telescopes completely
      into the casing 14" and the outer rim 48" of the cap 22" does not extend
      beyond the sidewall 24" of the plug.
PAR  As can best be seen in FIGS. 11 and 13, the lock 40" herein comprises a
      pair of drametrically opposed ears 64 projecting radially from the
      sidewall 24" of the plug 20" adjacent the cap 22", and are received, when
      the plug is fully assembled with the casing 14", in an annular groove 66
      around the inside of the sidewall 16" of the casing adjacent the end
      remote from the closed end 18". When received in the groove 66, the ears
      64 about the sides of the groove to securely lock the plug 20" to the
      casing 14", thereby preventing subsequent disassembly or removal of the
      plug from the casing.
PAR  Like the embodiment of FIGS. 7 through 10, the device 10" of FIGS. 11
      through 14 provides passageways 28" through the closed end 18" of the
      casing 14" and within which the tabs 38" for centering the conductors and
      restricting outflow of liquid potting compound are disposed. Additionally,
      as best seen in FIGS. 12 and 14, the device 10" of the embodiment includes
      a raised center portion 68 surrounding a portion of the passageways 28"
      within the casing 14" and which functions to add crush resisting strength
      to the closed end of the casing when the device is in use.
PAR  From the foregoing, it should be apparent that the present invention
      provides a new and improved device for encapsulating an electrical
      connection between two or more conductors, and which forms a crush
      resistant, waterproof, and electrically insulating housing for such a
      connection. The device is relatively inexpensive to manufacture, easy to
      assemble, and highly reliable in use, and although only three passageways
      and two conductors have been illustrated in the drawings, it will be
      appreciated that additional passageways and conductors can be provided
      without change in the function or basic structure of the device.
PAR  While specific forms of the invention have been illustrated and described,
      it should also be apparent that various modifications and variations can
      be made without departing from the spirit and scope of the invention as
      defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a device protecting the joined ends of two or more electrical
      conductors, and which includes a tubular casing having a side wall, an end
      wall, and an open end, and a closure member assembled with the casing and
      having an end wall closing the open end of the casing and defining
      therewith an internal space, at least two passageways through one of the
      end walls to the internal space, at least two conductors projecting
      through the passageways and electrically joined within the internal space,
      and a bonding compound disposed within the internal space, the improvement
      comprising:
PA1  a plurality of generally radially inwardly extending flexible tabs disposed
      on the inner sidewalls of said passageways centering and holding the
      electrical conductors and substantially impeding the flow of uncured
      bonding compound out of said internal space.
NUM  2.
PAR  2. The improvement as defined in claim 1 in which said tabs of each of said
      passageways comprise generally triangular shaped projections extending
      generally radially inwardly from the inner sidewall of said passageway
      with the apices of each tab projecting toward the center of said
      passageway.
NUM  3.
PAR  3. The improvement as defined in claim 1 wherein said device includes at
      least one passageway without a conductor projecting therethrough, said
      flexible tabs in said one passageway being deformed outwardly away from
      said internal space by the pressure of said uncured bonding compound
      flowing through said one passageway and substantially closing said one
      passageway to impede the flow of said uncured bonding compound out of said
      internal space.
NUM  4.
PAR  4. In a device protecting the joined ends of two or more electrical
      conductors, and which includes a tubular casing having a sidewall, an end
      wall, and an open end, and a closure member assembled with the casing and
      having an end wall closing the open end of the casing and defining
      therewith an internal space, at least two passageways through one of the
      end walls to the internal space, at least two conductors projecting
      through the passageways and electrically joined within the internal space,
      and a bonding compound disposed within the internal space, the improvement
      comprising:
PA1  cooperative means on said casing and said closure member securing said
      casing and said closure member together; and
PA1  a plurality of generally radially inwardly extending flexible tabs disposed
      on the inner sidewalls of said passageways centering and holding the
      electrical conductors and substantially impeding the flow of uncured
      bonding compound out of said internal space.
NUM  5.
PAR  5. The improvement as defined in claim 4 wherein said tabs are deformed
      toward said internal space by the insertion of said electrical conductors
      through said passageways to define generally conical collars about said
      electrical conductors, said collars extending radially inwardly between
      the inner sidewalls of said passageways and said electrical conductors.
NUM  6.
PAR  6. The improvement as defined in claim 4 wherein said device includes at
      least one passageway without a conductor projecting therethrough, said
      flexible tabs in said one passageway being deformed outwardly away from
      said internal space by the pressure of said uncured bonding compound
      flowing through said one passageway and substantially closing said one
      passageway to impede the flow of said uncured bonding compound out of said
      internal space.
NUM  7.
PAR  7. The improvement as defined in claim 4 wherein said cooperative means
      include a radially outwardly extending flange on said closure member
      adjacent its closed end, and cooperating means on said casing adjacent its
      open end which coact therewith to engage and hold said casing and closure
      member in assembled relation.
NUM  8.
PAR  8. A device for encapsulating an electrical connection between the ends of
      two or more electrical conductors, said device comprising:
PA1  a tubular plastic casing having one end closed and one end open;
PA1  a tubular plastic plug having one end closed and one end open and a
      sidewall assembled in telescopic relation with said casing to close the
      open end of said casing and to define therewith an internal space;
PA1  a plurality of through passageways in one of said closed ends and adapted
      to receive electrical conductors therethrough;
PA1  and a plurality of generally radially inwardly projecting flexible tabs
      disposed on the inner sidewall of each of said passageways and adapted to
      center and hold an electrical conductor to be inserted through said
      passageway.
NUM  9.
PAR  9. A device as defined in claim 8 further including cooperative snap lock
      means on said casing and said plug securing said casing and plug together.
NUM  10.
PAR  10. The improvement as defined in claim 9 in which said tabs of each
      passageway comprises generally triangular projections which extend
      radially inwardly from the inner sidewall of said passageway with the
      apices of each tab meeting adjacent the center of said passageway.
NUM  11.
PAR  11. The improvement as defined in claim 10 in which said cooperative snap
      lock comprises diametrically opposed abutment means on said casing
      receiving and retaining corresponding opposed abutment means formed on the
      plug.
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ABST
PAL  A method and apparatus for code communication is disclosed in order to
      achieve band-width compression. Successive portions of information are
      derived and the next portion of information is predicted from at least one
      preceding portion, an error signal is then generated corresponding to the
      difference between the predicted portion and the next actual portion of
      information, whereafter the error signal is coded for transmission to a
      receiving device. The system is particularly described for coding two
      level signals derived from a facsimile transmitter, e.g., by the scanning
      of text or pictures.
BSUM
PAR  The present invention relates to a method and apparatus for code
      communication in order to achieve bandwidth compression.
PAC  BACKGROUND OF THE INVENTION
PAR  In many communication systems the data to be transmitted has its own
      characteristic statistical structure. The most efficient transmission of
      such data can be accomplished by designing an optimum code that is matched
      to this statistical structure. The maximum saving in channel capacity can
      be calculated from the statistical nature of the data by Shannon's
      Theorem.
PAR  Shannon's Theorem treats an information source as sequences of symbols that
      may be regarded as random samples from a homogeneous population with known
      and fixed frequency distributions of all orders (i.e., for single symbols,
      pairs of symbols, triplets of symbols, ... n-tuples of symbols). The term
      homogeneous implies that any sufficiently long sequence is likely to be
      typical of the population source and therefore representative of any other
      source sequence.
PAR  Prior-art coding and compression systems have been proposed which use
      matched codes in a manner suggested by Shannon's Theorem, but these have
      been disappointing in their performance because they did not take
      Shannon's idea far enough. In many communication systems the populations
      often have numerous very long-range dependencies between samples that are
      difficult to measure adequately, let alone take into account with an
      optimum code. This applies particularly to information sources obtained by
      scanning systems in which the image being scanned leads to dependencies
      between adjacent elements in the scanning direction and orthogonal to it.
PAR  Furthermore, in such situations (e.g., for elements of television or
      facsimile signals), these significant dependencies between samples spaced
      far apart in the signal obtained by scanning require that a "sufficiently
      long" sequence for direct application of Shannon's Theorem be
      impracticably long.
PAR  The present invention is directed particularly to code communication for
      signal sources resulting from scanning systems, but it should be
      understood that various novel features are herein described which can be
      used either separately or in combination and with advantage in a variety
      of bandwidth compression systems. It should also be understood that the
      term bandwidth compression is used herein to describe, alternatively or in
      conjunction with, time compression or storage saving systems.
PAR  Again, primarily for purposes of illustration, the system to be hereinafter
      described refers to a facsimile system in which the scanner source is a
      rotating drum, and in which the signal source consists of binary
      sequences. However, it is to be understood that suitable modifications
      would enable systems to be constructed in which a CRT or other type of
      scanner is used, or in which no scanners at all are used, and that systems
      could be constructed in which the signal source consisted of sequences of
      samples having more than two possible values.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a method and apparatus for producing information in
      coded form comprising means for accepting successive portions of
      information, means for predicting the next portion of information from at
      least one preceding portion, means for generating an error signal
      corresponding to the difference between a predicted portion and the next
      actual portion of information and means for coding the error signal for
      transmission to a receiving device. Preferably the prediction is effected
      from a comparison of at least two preceding portions of information. The
      error signal may be treated, prior to transmission, by removing redundant
      information related to the similarity of successive portions of
      information sampled.
PAR  The successive portions of information may comprise successive contiguous
      scans across information to be communicated, e.g., successive scans of a
      television or facsimile system. The successive scans are each stored in a
      separate storage device, the storage devices feeding the prediction means,
      whose output is compared with the signal representing the actual next scan
      to produce the error signal. This latter signal is applied to a plurality
      of parallel coders which are so arranged and organised that the coder
      producing the most efficient coding of the information at any time is
      employed.
PAR  In one embodiment each portion of information will generate a signal in
      analogue form which in turn is converted into digital form, e.g., binary
      form, and may be in the form of run length counts which are stored in the
      storage devices.
PAR  In another embodiment each portion of information is derived in digital
      form, as for example in certain multiplex telemetry systems.
PAR  The error signals produced have a statistical structure which can be
      treated by constructing a code to match it. By constructing a plurality of
      different coding devices each matched to one of the populations
      contributing to the information source formed by the error signal,
      bandwidth compression can be achieved. Each coded output is temporarily
      stored in a buffer store. The coders ae fed in parallel with the error
      signal and that coder which at any time produces fewer coded output
      signals than the other coders, i.e., which is most closely matched to the
      statistical structure of the error signal being handled at that time, is
      the coder whose output it is most advantageous to employ.
PAR  If one coder continues to perform better than the others, its buffer store
      will eventually fill and the operation is such that the coders are then
      stopped, the buffer store of that coder is emptied into an output store,
      all the coders are cleared and the coding and buffer storage process is
      then resumed.
PAR  However if the statistical structure of the error signal changes so that
      another coder becomes more efficient than the first coder, then the output
      store is caused to accept an optimum combination of data from the buffer
      stores of these two coders.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be further described, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of one embodiment of facsimile bandwidth
      compression system,
PAR  FIGS. 2 to 4 are explanatory diagrams illustraing the prediction process
      and error signal generation,
PAR  FIG. 5 is a graph illustrating the operation of the coding process,
PAR  FIG. 6 is a state diagram,
PAR  FIG. 7 is a block diagram of one embodiment of apparatus for carrying out
      the prediction process,
PAR  FIG. 8 is a block diagram of one embodiment of apparatus for generating the
      error signal, and
PAR  FIG. 9 is a block diagram of one embodiment of apparatus for carrying out
      the adaptive coding process.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A block diagram of one embodiment of facsimile bandwidth compression system
      is illustrated in FIG. 1.
PAR  The system is capable of transmitting, in coded form, two level signals
      which are produced by the scanning of images, e.g., text or pictures,
      mounted on a facsimile scanner. As will become apparent from the following
      description, the system comprises three main parts.
PA1  1. The prediction process
PA1  2. Generation of an error signal
PA1  3. The adaptive coding process.
PAL  The coded signals produced are transmitted over a suitable transmission
      channel to a receiver.
PAR  Briefly, in FIG. 1, a facsimile scanner, generally indicated at 1,
      comprises a rotatable drum 1a on which is mounted the material to be
      scanned by a photo-electric scanning head 1b. The drum 1a is driven in
      rotation by a motor 1c and the scanning head 1b  is mounted on a lead
      screw 1d driven by a motor 1e. The output signals from the scanning head
      1b are fed to a sampler 2 controlled by clock pulses derived from an
      oscillator 10 functioning as a clock pulse generator. The oscillator is
      synchronised to the rotation of the facsimile drum 1a by means of the
      shaft encoder 11 driven by the drum and the phase locked loop 12.
PAR  The sampler 2 feeds the circulating line scan stores 3 and the output from
      these stores is applied to the prediction process circuitry 4. The
      "predicted next scan" signal produced by this circuitry is applied through
      buffer store 4a to an input of the error signal circuitry 5. This
      circuitry is also fed with an "actual next scan" signal over line 3d from
      the line scan store 3a. The prediction process circuitry 4 also produces a
      signal fed over line 4b to control the traverse motor 1e driving the lead
      screws 1d for the scanning head 1b. The error signal from circuitry 5 is
      fed through buffer store 5a to the inputs of parallel coders 6 each of
      which has its own output buffer store 7. The buffer stores 7 feed a gate
      13 which is also fed with the labels for the different codes which are
      generated in a circuit 14 and fed via a buffer 15. The gate is connected
      to an output buffer 8 which feeds the transmitter 16. As shown, this may
      be done through channel coding equipment 9 and a data buffer 17.
PAR  The operation of the various parts of the system will now be described in
      greater detail.
PA0  1. The Prediction Process
PAR  In many scanning systems there is a significant amount of similarity
      between contiguous scans. In this embodiment it is therefore proposed that
      a number of contiguous scans (e.g., one or two or three or four or more,
      as required) are used to predict the next scan. The required number of
      contiguous scans are therefore input from the scanner 1, via the sampler
      2, so that the two-level analogue signals from the scanner are transformed
      into two-level digital signals which are stored in a number of line-scan
      stores 3a to 3c, each store holding one scan. In such a two-level system,
      the prediction from any one scan most conveniently takes the form of the
      prediction of the positions of the black-to-white and white-to-black
      transitions in the next scan. Such a process corresponds to treating each
      scan as a sequence of black and white runs but the data could in principle
      be dealt with element by element, or in fixed block lengths, or in any
      other suitable form. The positions of the transitions in the next scan are
      predicted to lie on curves passing through the corresponding transitions
      on the contiguous scans used for the prediction process. The curve fitting
      procedure is to determine the coefficients of the lowest order polynomial
      that passes through the corresponding transitions on the required number
      of contiguous scans and to extrapolate the curve to the next scan. The
      process is illustrated for one, two and three contiguous scans in FIG. 2,
      and can obviously be extended indefinitely. In each case in this Figure x
      represents the predicted scan and x.sub.1, x.sub.2 etc. the preceding
      scans from which the prediction is made. For the one line prediction
      process, (i.e., the zero order polynomial) the prediction implies that x =
      x.sub.1. For the two line prediction process (i.e. the first order
      polynomial) the prediction implies that x = 2x.sub.1 - x.sub.2 ; whilst
      for the three line prediction process (i.e., the second order polynomial)
      the prediction implies that x = 3x.sub.1 - 3x.sub.2 + x.sub.3 ; and so on.
PAR  There are a number of identifiable cases to be considered in which the
      above process must be modified in a systematic manner. Some of these cases
      are illustrated for the two-line prediction process in FIG. 3 (A to F) and
      similar cases can be identified for the three-line prediction process.
PAR  In FIG. 3, the CONTINUED STROKE case (A) indicates the curve fitting
      process (first order polynomial) for each of the pairs of corresponding
      transitions in the two contiguous scans. In the EXTINCTION case, (B) it
      illustrates the situation where a pair of transitions on the earlier scan
      are not matched by a pair of transitions on the later scan -- the "run"
      has been extinguished. The reverse situation is also shown at (B) and
      labelled BIRTH.
PAR  The prediction processes illustrated for the MERGE case (c) and BREAK case
      (D) are self-explanatory, as are the MULTIPLE MERGE and MULTIPLE BREAK
      cases (E and F) shown in FIG. 3.
PAR  The number of identifiable cases is unlimited, but can be limited in any
      convenient, systematic and complete manner by breaking the more
      complicated cases down into suitable combinations of simpler cases.
PAR  A further modification must be included in order to deal with the situation
      in which the prediction process described above produces predicted
      transitions that would be placed out of sequence in the predicted scan to
      that of the corresponding transitions from which they were predicted. This
      is illustrated at 0 in the FIG. 3 CONTINUED STROKE case (A) in which the
      curve fitting lines are shown to intersect. The situation is handled by
      causing all predicted transitions to be compared, each with its successor,
      and by removing those that would be reproduced in the reverse order (or
      coincidently). The successor is also removed so that transitions are
      always removed in pairs. As mentioned above, the prediction process is
      carried out in the circuit block 4. (FIG. 1).
PA0  2. generation of Error Signal
PAR  If the prediction process were always to predict the next scan exactly,
      then there would be no difference between the predicted scan and the
      actual next scan. In this case, there would be no need to send information
      to the receiver -- for it would also be able to predict the next scan
      exactly, using the same number of contiguous scans, and the same
      prediction process as that used at the transmitter. However, the predicted
      scan will usually differ from the actual scan, and it is information
      concerning this difference, herein called the error signal, that must be
      transmitted for the receiver to be able to reconstruct the actual scan.
      The reconstruction process involves the prediction of the next scan, and
      the subsequent modification of it by the received difference or error
      signal. Thus the error signal is obtained in the circuit block 5, in a
      run-length form for convenience, from two scans; namely the predicted
      scan, and the actual scan. The comparison between two scans will again
      lead to a number of identifiable cases -- in fact the same cases that
      occurred with the first order polynomial prediction process (i.e., for two
      contiguous scans) as shown again in FIG. 4. However, FIG. 4 differs from
      FIG. 3 in that for each case illustrated, the quantities required to
      determine the differences are shown since these quantities are included in
      the error signal. Thus, to produce the error signal for the case of
      CONTINUED STROKES case (A) it is necessary to transmit a code word to
      signify the case CONTINUED STROKES with the quantities plus a minus
      l.sub.1, l.sub.2. Other cases will be explained later.
PAR  As with the prediction process, the number of identifiable cases can be
      limited in a convenient and systematic manner. In this embodiment the
      number of cases is limited to those shown in FIG. 4. As can be seen from
      this figure the error signal generation involves a predicted signal and an
      actual signal. The origin of the predicted signal is not relevant to the
      error signal generation. It does not matter whether three contiguous scans
      were used to generate the predicted signal, or whether two or one or none
      were used -- in fact the predicted signal could, in principle, be produced
      by other processes than those specifically described.
PA0  3. The Adaptive Coding Process
PAR  The error signal derived from the two processes so far described can be
      transmitted as a bandwidth reduced signal. Bandwidth reduction should
      result from the removal of the redundant information associated with the
      similarity of contiguous scan lines.
PAR  There is further redundant information in the signal associated with the
      statistical peculiarities of each scan line. A simple bandwidth
      compression system can be envisaged that exploits these statistical
      peculiarities alone.
PAR  A more comprehensive system however exploits both types of redundancy --
      the first two system parts exploit the first type of redundancy by using
      prediction followed by an error signal generation process -- the third
      part exploits the second type of redundancy associated with the
      statistical peculiarities of the error signal.
PAR  The error signal (which in the limiting case could be regarded as the
      actual scan) has a statistical structure which can be treated by
      constructing a code matched to it. In the introduction, it was mentioned
      that many information sources could be regarded as being produced by a
      number of populations each with a different statistical structure. The
      virtue of this concept is that a compression system to handle such an
      information source can be constructed in which a number of different
      coders, each matched to one of the populations contributing to the source,
      can be supplied with the input signal, and the coded output from each can
      then be stored temporarily in a separate store.
PAR  The third part of the system therefore consists of a number of coders 6
      with their inputs connected in parallel and fed with the error signal from
      the buffer store 5a; and with the output of each coder connected to its
      own buffer store 7. As the input data is processed, each of the coders
      will produce and store a coded version of the data. Generally, at least
      one of the coders will perform better -- i.e., produce fewer coded output
      symbols -- than the others. It will be the coder that is most closely
      matched to the statistical structure of the signal being handled at the
      time. If one particular coder performs better than all the others for a
      considerable period of time then its buffer store will eventually fill.
      The logic controlling the third part of the system is designed to
      recognise this condition and (i) cause the coders to stop operation, (ii)
      cause that particular buffer store to dump its contents into the output
      buffer 8, (iii) clear all coder buffers, and (iv) allow the resumption of
      the coding and buffer storage process. This sequence of events will repeat
      so long as the same coder maintains a superior performance to the others.
      However, if the nature of the input error signal were to change, so that
      its statistical structure changed either abruptly or gradually and another
      coder now proved more efficient, then control logic will cause the new
      coder buffer-store to be output, together with a unique coder word that
      identifies the subsequent coded output data as having originated from this
      new coder.
PAR  This sequence of events will be further described with reference to FIG. 5.
      Consider the two coders above, and call them C.sub.k for the first optimum
      coder and C.sub.j for the coder that subsequently becomes more efficient
      as a result of the change in the statistical structure of the input error
      signal. The number of output symbols stored by each coder might produce
      curves similar to those in FIG. 5, when plotted against the input symbols
      common to the two coders.
PAR  For the initial considerable period in which C.sub.k maintains a superior
      performance to all others (including coder C.sub.j) the Coder C.sub.k
      curve in FIG. 5 will increase monotonically until it reaches Q.sub.max
      corresponding to a full buffer store. All other coder curves will
      generally be above this curve (or perhaps at times a little below it), as
      indicated by the dotted line C. The recognition of the full buffer store
      of coder C.sub.k will lead to the sequence of events described above,
      including the clearance of all buffer stores. If at such time all the
      curves in FIG. 5 are moved down to intersect with the abscissa at the
      input symbol causing the C.sub.k buffer to become full, and the ordinate
      is also reset at this point, then FIG. 5 will also represent the number of
      symbols stored in the buffers at all times. The number of input symbols
      responsible for the state of fill of all stores will be given by the value
      of the abscissa.
PAR  When eventually coder C.sub.j becomes more efficient than coder C.sub.k
      their curves will cross as indicated at I in FIG. 5. Once the coder
      C.sub.j produces at least H fewer symbols than coder C.sub.k, then it is
      deemed to be the better coder, where H is the number of symbols forming
      the label required to identify the new coder. It will be appreciated that
      this decision point will correspond to input symbol marked A on FIG. 5,
      and that the previous decision point is at 0, the origin of the diagram.
      In the present optimum code switching system, the input symbols from O to
      B are transmitted in code C.sub.k, then the new code label is transmitted,
      and finally the input symbols from B to A are transmitted in code C.sub.j.
PAR  In the present system there are transmitted .lambda..sub.k min symbols in
      code C.sub.k, then H label symbols, and finally (.lambda..sub.k -
      .lambda..sub.j).sub.min symbols in code C.sub.j. This system is preferable
      to a non-optimum code switching one in which all the symbols are
      transmitted in the new code C.sub.j, since the extra saving is
      (.lambda..sub.j - .lambda..sub.k).sub.min.
PAR  Thus the concept used is that when the decision is made at A that the new
      code C.sub.j is superior to code C.sub.k over the interval O to A by an
      amount required to compensate for the label of H symbols, then it is
      because it has become progressively superior over the interval O to A,
      notwithstanding the fact that at the last decision point O the decision
      had been taken that, in the previous interval, coder C.sub.k had been
      judged to be the best code to use. The most likely interpretation of this
      situation is that C.sub.k is superior to C.sub.j for a first part of the
      interval between decision points O to A and that C.sub.j is superior to
      C.sub.k for the remainder of the interval O to A.
PAR  It can easily be seen that the optimum point to switch between codes is
      when (.lambda..sub.k - .lambda..sub.j) is a minimum. Generally, this
      minimum is negative as at B and a saving is achieved. In the worst
      situation the minimum is zero and B will coincide with O. Of course, it
      will be appreciated that a search for (.lambda..sub.k -
      .lambda..sub.j).sub.min is required for all values of j. In the system
      being described, this search is carried out continuously as code words are
      transferred from each coder to its associated buffer store. For each of
      the parallel coders j, the value of (.lambda..sub.k - .lambda..sub.j) is
      continuously monitored -- not only in order to determine the decision
      point, but also to update all values of (.lambda..sub.k -
      .lambda..sub.j).sub.min where appropriate. Here it is understood that the
      subscript k refers to the code preferred at the last decision point, and
      that j refers to all coders. It is also worth noting that the optimum
      point B for each code C.sub.j in relationship to code C.sub.k is different
      for each value of j. However, all such points B must be stored in order
      that the relevant one is available when a decision point such as A is
      reached. Furthermore, although there is a unique value of .lambda..sub.j
      min for each j, there is a different value for .lambda..sub.k min as
      understood from FIG. 5, i.e., .lambda..sub.k min = .lambda..sub.j min +
      (.lambda..sub.k - .lambda..sub.j).sub.min for all values of j and is
      different for different code curves j.
PAR  Moreover, in the present system a coding process has already taken place so
      that the input signal to the parallel coder 6 will already have undergone
      one stage of processing. The results of this prior processing will be an
      initial reduction of signal bandwidth. The adaptive coding process will be
      able to provide a further stage of bandwidth reduction provided that the
      parallel coders are designed to operate on a family of codes that are
      matched to the variety of populations whose statistical properties can be
      regarded as combining to provide signals of which the error signal input
      is a typical sample.
PAR  It is proposed that a Null coder be included in each family of codes on the
      basis that if a "non-typical" signal were to occur, then the system would
      perform at worst with no bandwidth compression. The Null coder is one in
      which the output is identical to the input.
PAR  A variation on the present system includes the use of a discriminant other
      than H for deciding that one coder is better than all others. This
      variation allows for the use of variable size discriminants that cater,
      for example, for the use of associated variable-length code labels.
PAR  Another variation allows the fixed discriminant of H between all codes to
      be increased to 2H for an escape from the Null code to any other code in
      order that the system can never be less efficient than that of no
      compression -- this variation is of little significance for the optimum
      adaptive code switching system in which a non-negative saving is always
      made when code switching takes place.
PAR  In order to provide an even more efficient system, it is possible to
      increase the size of the buffer stores so that it is often the case that
      all coder outputs can be stored for more than one decision interval. Thus
      a decision to switch from code C.sub.k to code C.sub.j in the first
      interval can first be made, followed by a second decision to switch from
      code C.sub.j to code C.sub.i in the second interval. It is then possible
      that the switching point B (FIG. 5) for the second decision interval will
      exceptionally extend back into the first interval. Thus in the two
      intervals the following alternative situations, and others, can arise:
TBL  1)    Interval 1:  symbols in code C.sub.k, then                          
                        H symbols (code C.sub.j label), then                   
                        symbols in code C.sub.j.                               
           Interval 2:  symbols in code C.sub.j, then                          
                        H symbols (code C.sub.i label), then                   
                        symbols in code C.sub.i                                
     OR                                                                        
     2)    Interval 1:  symbols in code C.sub.k, then                          
                        H symbols (code C.sub.j label), then                   
                        symbols in code C.sub.j label), then                   
                        H symbols (code C.sub.i label), then                   
                        symbol in code C.sub.i.                                
           Interval 2:  symbols in code C.sub.i.                               
     OR                                                                        
     3)    Interval 1:  symbols in code C.sub.k, then                          
                        H symbols (code C.sub.i label), then                   
                        symbols in code C.sub.i.                               
           Interval 2:  symbols in code C.sub.i.                               
PAR  This process can obviously be extended by sufficient storage to allow a
      number of decision intervals to be handled.
PAR  A more efficient use of buffer storage can be made if each coder buffer
      store 7 is not of the single input shift register variety as implied by
      the previous description but is of the circular buffer variety in which
      the input and output can be substantially independent in operation. This
      requires separately addressable input and output connections to the
      buffer. Since the input and output actions can now proceed independently,
      the timing requirements are substantially eased. There is no longer the
      need to stop the coders and wait for the contents of the required buffers
      to be shifted into the output buffer and cleared before the coder
      operation can be restarted -- provided the buffer stores are neither
      completely filled nor emptied at any time. The output buffer store 8 may
      also be a circular buffer store.
PAR  A useful variation of the adaptive coding process is to use a number of
      coders, in which some coders are identical in operation except for
      differences in operating parameters; e.g., short fixed-length words can be
      used to code run-lengths up to a maximum value, whilst longer fixed-length
      words can be used to code run-lengths up to a greater maximum value. In
      this case a single coder can be used to represent all the coders of this
      type and the result can be stored in one buffer store. The decision
      process would have to cause the output of that store to be modified to
      conform with the chosen code when being shifted into the output buffer,
      but the saving in equipment can be considerable.
PA0  Reduction of Effect of Channel Errors
PAR  As shown in FIG. 1 it is intended that channel coding equipment 9 be used
      on the compressed signal in order to combat the effect of errors on the
      communication channel. This equipment could be incorporated into the
      bandwidth-compression equipment if required.
PAR  It is proposed that the effect of residual channel errors be minimised by
      causing the prediction process to be restarted at regular intervals -- for
      example on every fourth or fifth scan line. This can be accomplished by
      causing the transmitter to arrange periodically for the actual scan line
      to replace the error signal and for the associated receiver periodically
      to deal with it as such. Similarly, each complete scan can be regarded as
      a number of equal-length segments so that errors within a scan segment do
      not propagate into adjacent segments. A preferred arrangement of these
      processes is for the restart of the prediction process to occur for
      individual segments instead of individual scans, and for the same number
      of segments to be restarted on every scan. For example, it would be
      possible to have ten segments per scan and to restart the prediction
      process for two of them on every scan -- after ten scans each segment
      would have been restarted twice. This technique may reduce the system
      storage requirements.
PA0  Parallel Coders
PAR  Many types of known coders can be used as parallel coders. These include
      many varieties of run-length coders, the Shannon-Fano code, and the
      Huffman code. A particularly useful set of parallel coders might be
      considered for the coding of the raw scan when the prediction process is
      being restarted. The coders can be considered as a set of run-length
      coders used in a novel way. For example, the codes can each be formed of
      fixed word lengths, each length corresponding to a particular code.
      Whenever a particular code is being used, and the run-length being coded
      is too long to be coded with one code word, then two or more code words
      are used in combination. otherwise, one code word per run is sufficient.
      However, when coding two-level facsimile data, it is often the case that
      the black run-lengths are shorter than the white ones, or vice-versa. In
      this situation it is advantageous to use one code for the black runs and
      another for the white ones. The code words are sent in sequence,
      alternating with coded black and white runs. The interleaving of two codes
      does not prevent the determination of the decision and code changing
      points for the black code and white code separately. When either code is
      switched then the required code word label is inserted in the coded
      sequence at the appropriate point.
PAR  Detailed circuitry will now be described with reference to FIGS. 7, 8 and
      9, for carrying out the prediction process, the error signal generation
      and the coding process.
PA0  1. Prediction Process -- FIG. 7.
PAR  A digital clock comprising oscillator 10 in FIG. 1 is locked to the
      facsimile transmitter drive electronics via the digital shaft encoder 11,
      so that the interval between successive clock pulses C.sub.p corresponds
      to a small fixed length of a scan obtained from the rotating facsimile
      drum 1a.
PAR  The position of the scanning head 1b along a scan line is obtained by means
      of the scan length counter 20 driven by the clock pulses C.sub.p and reset
      by the phase pulse PP. This counter is sufficiently large to hold a full
      scan count.
PAR  The prediction process using two previous scan lines held in circulating
      stores is as shown in FIG. 2. and requires the position of the
      black-to-white and white-to-black transitions on these scan lines, which
      are obtained by comparing each element in a scan line with the previous
      element to generate the signals TR1 and TR2.
PAR  As the facsimile drum 1a rotates, the occurrence of a transition on either
      of the two previous scans causes the current contents of the scan length
      counter 20 to be transferred to the corresponding bistable latch, either
      latch 1 or latch 2, for temporary storage until overwritten by subsequent
      counts. The latches comprise flip-flop circuits and each latch constitutes
      a multiple bit store. A third latch, latch 3, is also provided so that at
      all times latch 1 contains the position of the last occurring transition
      on scan 1 whilst latch 3 contains the position of the penultimate
      transition on scan 1.
PAR  The identifiable cases used to assist in the prediction process, and
      indicated in FIG. 3, are determined by means of a reversible, or
      "up-down", binary counter, namely the transition state counter 21, and a
      transition number counter 22. The counter 21 is decremented by one count
      whenever it receives a pulse on input TR1 corresponding to a transition on
      scan 1 (FIG. 2) and is incremented by one count whenever it receives a
      pulse on input TR2 corresponding to a transition on scan 2 (FIG. 2). The
      counter 22, however, is incremented by one count whenever it receives a
      pulse either on input TR1 or on input TR2.
PAR  An inspection of the identifiable cases illustrated in FIG. 3 shows that on
      every second transition associated with a prediction, the transition state
      counter 21 will progress through the states (or counts) indicated in FIG.
      6. These states are recognised from the contents of the counters 21 and 22
      by the transition state and number decode logic 23, consisting of
      combinations of logic circuits and a bistable circuit as well known to
      those skilled in the art, and outputs from this unit control the
      presentation of the correct combinations of the three latches to the
      arithmetic adder 24, via gates 25, in order to produce a sequence of
      binary numbers defining the predicted transition positions to buffer store
      1 (buffer 4a in FIG. 1). The number of identifiable cases is deliberately
      limited to those for which there are at most six transitions, and more
      complicated cases are therefore broken up into combinations of these
      permitted cases. At the end of a successful determination and prediction
      for each case, the transition state counter 21 and the transition number
      counter 22 are reset so that they may be ready to repeat the process for
      the subsequent transitions occurring on scan 1 and scan 2.
PAR  The generation of the quantity x = 2x.sub.1 - x.sub.2, indicated in FIG. 2,
      for those cases requiring it (as shown in FIG. 3) is obtained by ensuring
      that the gates 25 controlled by the transition state and number decode
      logic 23 connect the complementary outputs of one latch and twice the
      output of a second latch to the arithmetic adder 24. Other combinations
      from the three latches required by the cases shown in FIG. 3 and
      controlled by the output from unit 23 are simply the contents of latches 1
      and 3 as required. Each count from the arithmetic adder is compared with
      the previous count to ensure that it is greater than its predecessor
      before storing in buffer store 1. If the test fails then both counts are
      removed from the sequence of counts placed in that buffer. At the
      completion of each revolution of the facsimile drum, the scan prediction
      circuits of FIG. 7 will have placed a prediction of the next scan in
      buffer 4a (buffer store 1).
PA0  2. Generation of the "Error" Signal -- FIG. 8
PAR  In the prediction process a number of contiguous scans are used to predict
      the next scan. It is conceivable that the predicted scan will be
      considerably different to the actual scan it was supposed to predict, and
      so there must be a certain amount of intermediate storage available in
      order that sufficient of the predicted scan will be available at all times
      for an adequate comparison between the two. It is just possible, but
      unlikely, that a complete line of predicted scan must be stored (or a
      complete segment when each scan is regarded as a number of equal length
      segments). Therefore buffer store 1 is provided as the intermediate
      storage media.
PAR  The error signal is obtained by comparing the predicted scan with the
      actual scan. For the reason stated the actual scan is delayed for one scan
      line period (or one segment period if desired) as shown in FIG. 1 before
      comparing with the predicted scan.
PAR  The predicted scan is reconstituted by generating a signal TRO (FIG. 8)
      which corresponds to the transitions occurring in the predicted scan as
      stored in buffer store 1. TRO is the "zero" decode of a down counter 30
      which counts down the sequence of counts held in buffer store 1.
PAR  The error signal generation, being a comparison between two scans, requires
      the identification of a number of cases similar to those identified for
      the two-line prediction process. However, it must be remembered that
      although the prediction process can be carried out at both transmitter and
      receiver, the error signal generation process can only be carried out at
      the transmitter. The error signal is generated at the transmitter by
      comparing the predicted scan with the actual scan and the error signal is
      transmitted to the receiver. At the receiver, the error signal is combined
      with the predicted scan in order to reverse the process and thus obtain
      the actual scan. The actual scan (scan A) is used to produce a scan
      transition signal TRA in the circuit 31. A transition state counter 32 and
      a transition number counter 33 are used in a similar way to those in FIG.
      7 in order to identify the cases relevant to the generation of the error
      signal data as indicated in FIG. 4. A set of eight identifiable cases is
      found to be suitable for the generation of the error signal.
PAR  The error signal for each case consists of a code word that identifies the
      case, plus coded quantities sufficient to enable the receiver to derive
      the actual signal from the predicted signal. The important cases are shown
      in FIG. 4 in which the coded quantities l.sub.1, l.sub.2 refer to the
      positional differences between actual transitions and the corresponding
      predicted transitions, and the coded quantities b.sub.1, b.sub.2, etc
      refer to the incremental positions of those actual transitions for which
      there are no corresponding predicted transitions.
PAR  The required error signals indicated in FIG. 4 for correcting the positions
      of the predicted transitions at the receiver are derived from the correct
      selection of scan length counts which are counted in the scan length
      counter 36 and stored in latch A, latch B, latch C and latch D for
      processing by the arithmetic adder 34 and insertion in sequence in buffer
      store 2 (buffer 5a in FIG. 1). Each of the latches constitues a multiple
      bit store.
PAR  A set of code words, one for each of the identifying cases is stored in the
      case code words unit 35. The appropriate word for each case identified by
      the circuitry described is selected for insertion in buffer store 2
      immediately preceding the error signals derived from the arithmetic adder
      35. Thus at the receiver, the decoder will at all times have sufficient
      data to enable it to identify the case from amongst those illustrated in
      FIG. 4 and to produce a copy of the actual scan from the local predicted
      scan.
PA0  3. Adaptive Coding Process -- FIG. 9
PAR  The error signal data is extracted from buffer store 2, one word at a time
      and presented to the parallel coders C.sub.o,
      C.sub.l...C.sub.j...C.sub.k...C.sub.T. The output from each coder is used
      to fill an associated shift register store 40 in a sequential manner with
      the assistance of an address counter 41 and an address decoder 42.
PAR  After the transfer of each coded word from a coder 6 to its associated
      shift register store 40, the contents of the coder address counter 41 are
      loaded into a first coder latch (i.e., latch J for coder C.sub.j and so
      on) of the adaptive coder store. Each latch constitutes a multiple bit
      store. Thus, the number of filled stages for each coder shift register
      buffer 40 is recorded for subsequent use by the common sequencing timing
      and gating logic 43 and its associated arithmetic unit 44. The logic
      internal structure of units 43 and 44 is based on conventional practices
      of digital circuit design well understood by those skilled in the art.
      Unit 43 is designed to produce timing and synchronising signals for
      controlling the feeding and monitoring of the coded error signal data and
      unit 44 is a conventional parallel adder/subtractor.
PAR  One of the coders, e.g. coder C.sub.k, is treated as the preferred coder
      until the common logic determines, in the manner previously described,
      that another coder is to replace C.sub.k as the preferred coder. Three
      more latches are associated with each coder to enable the logic to switch
      between coders in an optimum manner under the control of signals V from
      unit 43.
PAR  When the address counter contents of the C.sub.j coder are transferred to a
      first latch latch J (i.e., when a coded word has been stored in the
      associated coder shift register buffer 40), the difference between the
      contents of the first latch of coder C.sub.k, i.e., latch K, and latch J
      is stored in latch (k-j). These quantities correspond to the ordinates
      (and ordinate differences) of the curves shown in FIG. 5. This process is
      repeated as successive coded words from each coder are transferred to the
      shift register buffers 40. In addition, the quantity to be stored in the
      third latch for each coder C.sub.j, latch (k-j), is compared with the
      previously stored minimum value of this quantity, held in latch (k-j) min.
      If the new value constitutes a new minimum, then latch (k-j) min is
      updated. Whenever this happens, so also the current value of the first
      latch, latch J is placed in the second latch, latch J min. By this means,
      the relevant quantities needed to execute the code switching process in an
      optimum manner are stored.
PAR  The common logic 43 checks that the contents of the third latch for each
      coder, e.g., latch (k-j), never exceeds a threshold H. If the threshold is
      not exceeded, then as soon as the shift register buffer of the preferred
      coder C.sub.k is filled, its contents are transferred to the output buffer
      8, all buffers are cleared and the process is restarted.
PAR  If however the threshold H is exceeded, then the common sequencing, timing
      and gating logic 43 causes the first portion of the preferred coder
      C.sub.k shift register buffer to output a quantity of data as defined by
      the contents of latch Kmin. Next a code label identifying the new code
      C.sub.j is output to the output buffer 8. And finally a second portion of
      the new coder shift register buffer is transferred to the output buffer.
      The portion is that defined by the counts held in latch J and latch Jmin.
      The shift register buffers are then cleared and the process is repeated.
PA0  Receiver
PAR  It will be obvious to those skilled in the art that the description of the
      transmitter system is sufficient to enable the construction of a receiving
      terminal. However, a brief description of the receiver will now be given.
PAR  The receiver consists of three main sections which correspond to the main
      parts of the system at the transmitter terminal.
PA0  1. Adaptive decoding process
PAR  The received signal is accepted by a small input buffer store of sufficient
      capacity for the adaptive decoding section to determine which of the
      parallel coders is in use at any time. Thus a corresponding decoder can be
      selected from a bank of parallel decoders and used to decode the incoming
      data. Each decoder will act in a complementary manner to the corresponding
      coder at the transmitter. This decoded data will be stored in a temporary
      store such as buffer store 2 in the transmitter terminal, and will
      correspond to the error signal generated at the transmitter.
PA0  2. Prediction process
PAR  The second section of the receiver terminal is identical to the prediction
      system in the transmitter terminal so that past received scans can be used
      to predict the next scan to be received. Thus the predicted scan is in all
      cases -- except for channel errors that have already been discussed --
      identical to the predicted scan at the transmitter terminal.
PA0  3. Construction of "actual" signal
PAR  The predicted scan is combined with the decoded "error" signal and used to
      construct the actual scan that originally existed at the transmitter
      terminal.
PA0  Stepped Feed Process
PAR  At the transmitter and the receiver the compression and decompression
      processes are concerned with the conversion of a high speed flow of
      digital data to a lower one and vice versa.
PAR  In the case of mechanical facsimile drums the uncompressed data is
      presented to the compression equipment at a high fixed rate. The
      transmitter is required to compress this data to a smaller amount and pass
      it on to a communication channel at a lower fixed rate. These requirements
      mean that the desired compression remains fixed. However, the variable and
      unpredictable nature of the wide variety of possible input data means that
      the performance of any compressed system -- however sophisticated or
      adaptive -- will produce compression values that vary continuously from
      instant to instant. One means for dealing with this problem is to feed the
      output data from the transmitter terminal to a large data buffer store 17
      (as shown in FIG. 1). Such a buffer store would need to store complete
      documents in compressed form -- in the worst possible cases -- and so
      would be an expensive system component. A similar store would be required
      at the receiving terminal.
PAR  This solution to the variable compression rates is likely to be of value in
      any "store-and-forward" communication system utilising bandwidth
      compression. Such a solution would also be valuable for networks of
      subscribers who might use common compression equipment and feed their data
      to and from it in uncompressed form. The virtue of this system is that the
      cost of the compression equipment is shared between users -- and also that
      the subscribers could use conventional facsimile terminals.
PAR  However for point-to-point subscribers -- especially those that use high
      speed facsimile equipment over wide-band circuits -- it is desirable to
      avoid the use of large buffer stores and to solve this buffer problem by
      the use of a "stepped-feed" or "hesitation" feature at the facsimile
      terminals. This feature is indicated in FIG. 1 where it is seen that the
      motor 1e responsible for the traverse action of the scanning head 1 b is
      controlled by a signal fed over line 4b from the circuitry 4 of the
      compression equipment. Thus, when the compression performance of the
      system is low, the input of data is stopped for an integral number of
      scans to allow the data congestion in the equipment to be eased. Once this
      has happened the scanning process is resumed.
PAR  The buffer store problem can be avoided in compression systems that do not
      use mechanical facsimile drums by varying the flow of data into the
      equipment as required. For example, in facsimile scanners using cathode
      ray tubes, the deflection circuits can employ ratchet scan or even
      variable velocity scan if desired. In compression systems in which the
      data is obtained from computer sources, the flow of data can also be
      easily controlled.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for code communication comprising:
PA1  a source of message symbols,
PA1  means for accepting successive message symbols from said source,
PA1  predicting means fed from said accepting means for predicting the positions
      of transitions of signal level in a following group of message symbols by
      using a polynomial curve-fitting procedure to fit polynomial curves to
      transitions of signal level in at least one preceding group of message
      symbols, said positions of transitions of signal level being predicted to
      lie on said curves fitted to said transitions,
PA1  means for generating an error signal corresponding to the difference
      between said following group of message symbols and the prediction of said
      following group of message symbols,
PA1  and means for coding the error signal for transmission to a receiving
      device.
NUM  2.
PAR  2. Apparatus for code communication comprising:
PA1  a source of message symbols, said source comprising a facsimile scanner,
PA1  means for accepting successive message symbols from said source, and for
      providing successive groups of said successive message symbols comprising
      successive contiguous scans of data from said facsimile scanner,
PA1  predicting means fed from said accepting and providing means for predicting
      each symbol of a following group of message symbols from at least one
      preceding group of message symbols by predicting the positions of
      transitions of signal level in said following group of message symbols
      from the positions of transitions of signal level in said at least one
      preceding groups of message symbols,
PA1  means for generating an error signal corresponding to the difference
      between said following group of message symbols and the prediction of said
      following group of message symbols,
PA1  and means for coding the error signal for transmission to a receiving
      device.
NUM  3.
PAR  3. A method of code communication for a source of message symbols,
      comprising the steps of:
PA1  accepting successive groups of message symbols from said source,
PA1  predicting from said accepted groups the positions of transitions of signal
      level in a succeeding group of message symbols by using a polynomial curve
      fitting procedure to fit polynomial curves to transitions of signal level
      in at least one preceding group of message symbols, said positions of
      transitions of signal level being predicted to lie on said curves fitted
      to said transitions,
PA1  generating an error signal corresponding to the difference between said
      succeeding group of message symbols and the prediction of said following
      group of message symbols,
PA1  and coding the error signal for transmission to a receiving device.
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ABST
PAL  The transmitting and receiving sections are both energized, and the output
      of the transmitting section is connected to the input of the receiving
      section. The intensity of the transmitting section light source is varied,
      as by opening and closing a switch, and if the output of the receiving
      section is accurate in response to the light source variation, the
      transmitting and receiving sections are judged to be operating normally.
BSUM
PAR  The present invention relates to an internal test method for a facsimile
      transceiver.
PAR  A prior art method of testing a facsimile transceiver involves scanning a
      test pattern on a test sheet and reproducing the test pattern, and the
      operation of the transmitting and receiving units of the transceiver is
      evaluated on the basis of the accuracy of the reproduction of the test
      pattern. This method, although generally satisfactory, has the drawbacks
      that a test sheet having a high resolution test pattern is required, the
      method requires a substantially long period of time for completion, and
      the cost of performing the test is relatively high.
PAR  It is therefore an important object of the present invention to provide an
      internal testing method for a facsimile transceiver which does not require
      a supplementary test sheet having a test pattern.
PAR  It is another important object of the present invention to provide an
      internal testing method for a facsimile transceiver which can be performed
      quickly and at low cost.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become clear from the following detailed description taken
      with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic view, partly in perspective, of a facsimile
      transceiver embodying the method of the invention;
PAR  FIG. 2 is a plan view of a rotatable mechanical member for varying the
      intensity of a light source of the transceiver; and
PAR  FIG. 3 is similar to FIG. 2 but shows another rotatable mechanical member.
DETD
PAR  In FIG. 1, a scanning drum 10 is rotated in the direction of an arrow by a
      motor 12 and carries a sheet of copy 14. A scanning head 16 is moved
      parallel to the longitudinal axis of the drum 10 by a lead screw 18
      rotated in synchronization with the drum 10 through a belt 20. The
      scanning head 16 carries a light source 22 arranged to illuminate a point
      on the copy 14, which is energized by an electrical power source 24 such
      as a battery through a power switch 25 and a switch 26. A converging lens
      30 is arranged to focus light from the light source 22 onto the point on
      the copy 14, and a converging lens 32 focusses an image of the point on
      the copy 14 onto a photosensitive element such as a photocell 28. The lens
      32 and photocell 28 constitute the first elements of the transceiver
      transmitting section, and the output of the photocell 28 is fed through a
      video amplifier 34 to a modulator 36. The modulator 36 uses the amplified
      signal from the photocell 28 to modulate a carrier wave for transmission
      using a convenient modulation method such as AM, FM and the like at a
      convenient frequency. The output of the modulator 36 is applied through an
      output coupler 38 and a transmission line 48 to a transmitting antenna
      (not shown) for transmission.
PAR  The receiving section of the transceiver comprises an input coupler 40
      which receives a transmitted signal through a transmission line 50 from a
      receiving antenna (not shown), and feeds the same through a demodulator
      42, and a receiver amplifier 44 to a recording needle 46 which reproduces
      the transmitted original document on the copy 14. This type of facsimile
      transceiver is well known in the art, and a more detailed description
      thereof will be omitted.
PAR  The power switch 25 comprises a movable contact (no numeral) connected to
      the power source 24 which is engagable with fixed contacts OFF, TRAN and
      REC. The contact OFF is unconnected. The contact TRAN is connected to the
      energizing power inputs (not designated) of the video amplifier 34,
      modulator 36 and output coupler 38. The contact TRAN is also connected
      through the switch 26 to the lights source 22. The contact REC is
      connected to the energizing power inputs of the receiver amplifier 44,
      modulator 42 and input coupler 40.
PAR  When the movable contact of the power switch 25 engages with the contact
      OFF, the transceiver is completely de-energized. For normal transmission,
      the movable contact of the power switch 25 is engaged with the contact
      TRAN to energize the video amplifier 34, modulator 36 and output coupler
      38. The switch is also closed to energize the light source 22. For normal
      reception, the movable contact of the power switch 25 is engaged with the
      contact REC to energize the receiver amplifier 44, demodulator 42 and
      input coupler 40.
PAR  A test switch 52 has contacts 52a to 52i. The contacts 52a, 52f and 52g are
      movable, are ganged together for unitary operation and are connected to
      the output of the output coupler 38, the input of the input coupler 40 and
      the contact REC of the power switch 25 respectively. The contacts 52b and
      52d are fixed and are connected to the transmission line 48 and 50
      respectively. The contacts 52c and 52e are fixed and are connected
      together. The contact 52i is fixed and is unconnected. The contact 52h is
      fixed and is connected to the contact TRAN of the power switch 25.
PAR  With the switch 52 in its test position as shown, the output of the output
      coupler 38 is connected to the input of the input coupler 40 through the
      contacts 52a, 52c, 52e and 52f. The contacts REC and TRAN of the power
      switch 25 are connected together through the contacts 52g and 52h of the
      switch 52 so that the power source 24 will be connected to the video
      amplifier 34, modulator 36, output coupler 38, input coupler 40,
      demodulator 42 and receiver amplifier 44 when the movable contact of the
      power switch 25 is engaged with either of the contacts REC and TRAN. When
      the switch 52 is changed to its normal position, the movable contacts 52a,
      52f and 52g will engage with the fixed contacts 52b, 52d and 52i
      respectively to connect the output coupler 38 to the transmission line 48,
      the input coupler 40 to the transmission line 50 and disconnect the
      contacts REC and TRAN of the power switch 25 from each other.
PAR  In a method according to the present invention, the switch 52 is in the
      test position shown with the output of the coupler 38 connected to the
      input of the coupler 40 therethrough, and both the transmitting and
      receiving sections are energized. As the drum 10 and the lead screw 18 are
      rotated by the motor 12 in the directions shown by arrows, the scanning
      head 16 will move from left to right as viewed in the drawing so that the
      locus of the point on the copy 14 illuminated by the light source 22 and
      lens 30 is helical. In practice, however, the lead of the lead screw 18
      compared to the length of the drum 10 is quite small in order to provide
      many lines along the height of the copy 14 to enable adequate resolution,
      and the helical pattern produced by the light source 22 and lens 30 on the
      copy 14 would appear as parallel horizontal lines if the copy 14 were
      removed from the drum 10. The same holds true if a constant signal
      indicating a dark area were fed to the recording needle 46 for
      reproduction on the copy 14.
PAR  Based on this phenomenon, it will be assumed that the switch 26 is open.
      Since the portion of the copy 14 being scanned by the transmitting section
      is not illuminated and the output of the transmitting section is being fed
      back into the receiving section, a dark helix (appearing as parallel
      horizontal lines spaced close together) will be produced on the portion of
      the copy 14 being traced by the recording needle 46, giving the visual
      impression of a completely dark copy 14. If, however, the switch 26 is
      closed, the portion of the copy 14 being scanned by the transmitting
      section will be illuminated by the light source 22, and the result will be
      that the recording needle 16 will be inoperative and the portion of the
      copy 14 being traced by the recording needle 46 will appear white.
PAR  In the case of a test according to the present invention, the switch 26 is
      manually and intermittently opened and closed to produce irregular
      parallel lines or streaks on the copy 14. If, for example, the transceiver
      is operating normally and the switch 26 is closed for a period of time and
      suddenly opened, a black line will begin to be drawn by the recording
      needle 46 on the copy 14 immediately as the switch 26 is opened. When the
      switch 26 is again closed, tracing of the line will abruptly cease.
PAR  If, however, the transceiver is operating abnormally, there may be no
      changes produced when the switch 26 is intermittently opened and closed.
      If there is an abnormal time delay in the transmitting and/or receiving
      sections, a black line may begin to appear at a time after the switch 26
      is suddenly opened and vice versa. In this manner, the transceiver
      operator can easily, quickly and inexpensively evaluate the operation of
      both the transmitting and receiving sections of the transceiver without
      the use of a supplementary test sheet having a high resolution test
      pattern provided thereon.
PAR  Although not shown, the switch 26 may be replaced by a rheostat to
      continuously vary the intensity of the light source 22 rather than in two
      discrete states. The same effect as the switch 26 may be obtained by a
      shutter 31 movable between the light source 22 and the lens 30 or between
      the lens 30 and the copy 14 as shown. The same effect as the rheostat may
      alternatively be produced by a mechanical member having a continuously
      variable aperture disposed between the light source 22 and the lens 30 or
      between the lens 30 and the copy 14. Several discrete intensity levels may
      be provided by means of a rotatably mechanical member 33 having a number
      of circumferentially spaced radial slits 33a as shown in FIG. 2 or a
      mechanism 35 having holes 35a as shown in FIG. 2 disposed between the
      light source 22 and the lens 30 or between the lens 30 and the copy 14 to
      replace the shutter 31.
PAR  It is the intention of the invention that the light source 22 and the lens
      30 be considered as an integral unit, since the lens 30 may be omitted if
      the light source 22 produces a sufficiently narrow light beam to
      illuminate the point on the copy 14. The light source 22 may be of any
      type, and the switch 26 may be replaced by any means operative to vary the
      intensity of the point on the copy 14 illuminated by the beam from the
      light source.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of testing a facsimile transceiver having a transmitter section
      with a light source to illuminate the copy and a receiver section, the
      method comprising the steps of:
PA1  energizing both the transmitter section and the receiver section;
PA1  connecting the output of the transmitter section to the input of the
      receiver section; and
PA1  varying the intensity of the lights source; whereby
PA1  the correlation between the pattern produced by the receiver section and
      the variation in intensity of the light source is an indication of the
      normality of operation of the transceiver.
NUM  2.
PAR  2. A method according to claim 1, in which the intensity of the light
      source is varied by means of a switch to turn the light source on and off.
NUM  3.
PAR  3. A method according to claim 2, in which the pattern produced by the
      receiver section appears in the form of a line on the copy.
NUM  4.
PAR  4. In a facsimile transceiver having a transmitter section with a light
      source to illuminate the copy and a receiver section, the improvement of a
      system to test the transceiver, comprising:
PA1  switch means operative to energize both the transmitter section and the
      receiver section and connect the output of the transmitter section to the
      input of the receiver section for testing; and
PA1  means to vary the intensity of the light source; whereby
PA1  the correlation between the pattern produced by the receiver section and
      the variation of intensity of the light source is an indication of the
      normality of operation of the transceiver.
NUM  5.
PAR  5. The improvement of claim 4, in which said means comprises a switch to
      turn the light source on and off.
NUM  6.
PAR  6. The improvement of claim 4, in which said means comprises a rotatable
      mechanical member formed with a plurality of apertures disposed between
      the light source and the copy.
NUM  7.
PAR  7. The improvement of claim 5, in which the pattern produced by the
      receiver appears in the form of a line on the copy.
NUM  8.
PAR  8. The improvement of claim 4, in which said means comprises a shutter
      movable to and away from a position between the light source and the copy.
NUM  9.
PAR  9. The improvement of claim 6, in which the apertures are circumferentially
      spaced radial slits.
NUM  10.
PAR  10. The improvement of claim 6, in which the apertures are
      circumferentially spaced holes.
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ABST
PAL  In an engraving machine for use in making watermarks in which a table, on
      which a plate to be engraved and a model are to be mounted, is
      reciprocable longitudinally by a first lead screw and an engraving head is
      carried by an arm and provided with a stylet movable in response to
      information provided by an optical reading head mounted on a carriage
      movable transversely by a second lead screw controlled by a ratchet means,
      the engraving head is mounted on a carriage independently of the reading
      head, which carriage is movable transversely by a third lead screw driven
      substantially in synchronism with and by the second lead screw through a
      gear train, the maximum amplitude of oscillation of the stylet is
      adjustable and of the order of 3 to 4 mm.
BSUM
PAR  The present invention relates to improvements in engraving machines and
      methods of engraving.
PAR  The technique for manufacturing light-and-dark watermarked paper is still
      at present based on hand-production, by transparency in a plate with a
      beeswax base, of an engraving reproducing the selected model.
      "Reproduction" means that the depth variations of the engraving are such
      that by transparency the stereotype reproduces the image of the model.
PAR  This wax engraving, which is an extremely delicate operation, may require
      up to several months work of a highly specialised engraver in the case of
      highly complex sizes of the order of 15 .times. 20 cm. For a bank-note
      watermark, it generally requires two to four weeks.
PAR  This engraving is used to produce, by electroplating, the dies and
      counter-dies which are then used to press-form a bronze cloth. This bronze
      cloth is the screen on which stuff will be deposited and its conformation
      produces the differences in thickness in the paper which constitute the
      watermark.
PAR  Machines exist for automatically producing printing plates, in particular
      for making flat half-tone engravings.
PAR  One of these machines, shown diagrammatically in FIG. 1 of the accompanying
      drawings, comprises a frame (not shown) carrying a table 1 which is
      longitudinally movable under the influence of a lead screw 2 and a
      carriage 3 which is transversely movable under the influence of lead screw
      4.
PAR  The carriage 3 carries an engraving head 5 carrying a stylet 7 and an
      optical analysis system 6 which controls the vertical oscillations and the
      engraving depth of the stylet while the table carries the model and the
      plate to be engraved. Progressively as the table and the carriage move,
      the optical system 6 effects spot-analysis of the model and the stylet 7
      engraves the plate correspondingly.
PAR  The table 1 reciprocates longitudinally under the control of a reversing
      device with an electromagnetic clutch 11. In one direction, reading and
      engraving are carried out, while the stylet is raised for the return
      movement.
PAR  Return of the table also actuates an escapement electromagnet which, by
      means of ratchet wheels, releases the screw which controls the movement of
      the carriage and which is driven by a friction coupling for a distance
      corresponding to an advance of one tooth of the ratchet wheel in the case
      of half-tone engraving (two teeth for reverse engraving).
PAR  A known machine of this type permits automatic manufacture of half-tone
      plates for printing, the engraved depth of which is not in excess of 0.2
      mm, the screen of which is of the order of 25 to 50 lines per centimeter
      and which are identical symmetrical reproductions of the model.
PAR  To prepare an engraving for forming watermarks, it is also necessary to
      work flat, but with a much greater engraving depth, up to 3.5 mm, a much
      finer screen and reproduction optionally with or without symmetry and
      distortion relative to the model so as to automatically compensate for the
      distortion to which the paper is subject on the paper-making machine.
PAR  In accordance with one aspect of the invention there is provided a method
      of automatically forming watermark engravings, in which a photoelectric
      reading head is coupled with an engraving head provided with an
      oscillating stylet which are both moved with a longitudinal scanning
      motion combined with an intermittent transverse motion relative to a model
      and a plate to be engraved which are in fixed relative position, wherein
      the maximum amplitude of oscillation of the stylet is of the order of 3 to
      4 mm and engraving is effected in successive identical passes, the
      distance between the engraving head and the plate being decreased
      progressively in successive stages by a maximum depth of the order of 0.2
      mm.
PAR  Preferably between each different depth stage at least one pass is effected
      with the engraving head and the reading head shifted laterally and in
      opposite directions by a distance equal to a submultiple of the transverse
      interval and the transverse interval of the engraving head differs from
      the transverse interval of the reading head by a percentage corresponding
      to the percentage of distortion of the engraving relative to the model
      which is required to be obtained.
PAR  In accordance with another aspect of the invention there is provided an
      engraving machine for use in the formation of watermarks comprising a
      frame carrying a movable table on which a plate to be engraved and a model
      are to be mounted, the table being reciprocatable longitudinally by a
      first lead screw, an engraving head carried by an arm and provided with a
      stylet which is movable to engrave in grooves in response to information
      received from an optical reading head mounted on a carriage movable
      transversely by a second lead screw whose movement is controlled by a
      ratchet means and occurs during each return movement of the table, wherein
      the engraving head is mounted on a carriage independent of that of the
      reading head and which is movable transversely by a third lead screw
      extending parallel to the second lead screw and driven substantially in
      synchronism with and by the second lead screw through a gear train, the
      engraving head being adapted to rest on a horizontal bar means through
      stop means which is adjustable by a micrometer screw, the maximum
      amplitude of vertical oscillations of the stylet being adjustable and may
      be 3 to 4 mm.
PAR  The operation of the preferred embodiment of machine in accordance with the
      invention is as follows.
PAR  With the plate to be engraved fixed on the table above the model (the back
      of which faces downwards), the height of the engraving head is adjusted so
      that the stylet just touches the plate with its lower point and the
      respective positions of the carriages of the reading and engraving heads
      is adjusted to that they approximately coincide with the axis of the model
      and the plate.
PAR  The stylet is lowered by a selected amount and the reading carriage is
      returned to its starting position, against a previously adjusted stop on
      the lead screw.
PAR  The machine is then started and successive engraving passes are made, the
      bottom point of the stylet being lowered after each pass by means of the
      micrometric screw.
PAR  An extremely precise, deep engraving is thus obtained, which is suitable
      for producing engravings for watermarks.
PAR  The lead screw of the engraving head carriage may have a thread equal but
      opposite to that of the reading head and its rotation is in the same
      direction. A non-symmetrical engraving identical to the model is therefore
      obtained.
PAR  The lead screw of the engraving carriage may be detachable and be replaced
      by a lead screw whose thread is opposite to that of the lead screw of the
      reading carriage. As a result, the machine may provide symmetrical
      engravings (printing of certain watermarks) in addition to non-symmetrical
      engravings (watermarks in general).
PAR  The transmission of the rotary drive of the lead screws preferably includes
      speed varying means whose ratio varies at least from 1 to 7 and preferably
      from 1 to 10.
PAR  In fact, deep engraving (watermark) requires speeds approximately 6 to 8
      times lower than those acceptable for engraving printing plates.
      Therefore, with such a speed varying means, the same machine can be used
      under the most favourable conditions both for half-tone engraving and for
      watermark engraving or for ancillary operations such as planing a
      watermark plate.
PAR  The gear wheels of the gear train carried by the second and third lead
      screws advantageously have a number of teeth which is an approximate whole
      number multiple of that of the ratchet wheel and means are provided to
      enable these gear wheels to be disengaged from each other. The reading arm
      is preferably mounted on the nut of the reading lead screw with play in a
      direction parallel to the axis of the lead screw, means being provided for
      locking the arm on the nut in a selected position. As a result, by
      shifting the gear-wheel on the engraving lead screw relative to the
      ratchet wheel and correspondingly adjusting the position of the reading
      head, the number of engraving and reading grooves per centimeter is
      multiplied by the same whole multiple. Thus, with a ratchet system with 26
      teeth and a lead screw pitch of 5 mm, which gives a transverse advance
      interval of the stylet of 52 grooves per centimetre, if the teeth of the
      gear wheels of the two lead screws are 200 in number, or approximately 8
      times more numerous than the ratchet teeth, by equal shifting of the lead
      screws in the same direction, intermediate passes may be effected giving a
      precision of up to 416 lines per centimeter (since approximately eight
      teeth of each of the gear wheels carried by the lead screws correspond to
      each tooth of the ratchet wheel).
PAR  The gear wheels carried by each of the lead screws may have an inequal
      number of teeth, the difference, related to the number of teeth on the
      gear wheel of the engraving lead screw, corresponding to the percentage of
      distortion of the engraving which is required to be obtained. Thus if it
      is desired to obtain an engraving distorted by 7% in the transverse
      direction, a gear wheel having 187 teeth will be placed on the engraving
      lead screw and one having 200 teeth on the reading lead screw. This will
      give a distortion of 13/187 or 6.95%. This enables engravings to be
      automatically produced which compensate in advance for distortions caused
      by the paper making machine and whose value is known.
PAR  A set of gear wheels is preferably kept in reserve corresponding to the
      distortions necessary for normal production.
PAR  The machine preferably includes means for mounting a rectangular frame and
      a model on the table with their edges parallel to the direction of
      movement of the table and of the engraving and reading heads, and a tool
      for forming a vertical cut adapted to be mounted on the engraving head to
      enable the edges of the engraving to be cut off using the longitudinal
      movement of the table and manual transverse displacement of the engraving
      heads.
PAR  In fact, plates for engraving were formerly fixed at 45.degree. relative to
      the direction of movement of the table.
PAR  The above axial fixing, associated with cutting of the plate, permits the
      formation of watermarks of large size by juxtaposition of watermark
      elements of smaller size cut very precisely.
PAR  The plate to be engraved may be formed with a base of paraffin wax and pure
      carnauba wax with optional addition of colouring agent.
PAR  In fact, a zinc plate is not suitable for deep engraving, and the usual
      watermark engraving plate with a beeswax base is not suitable either, as
      the chips adhere to the stylet.
PAR  The above composition, preferably with 70% by weight of paraffin wax and
      30% by weight of carnauba wax, has proved suitable. The additions of
      colouring agent depend on the colouring agent employed and correspond to a
      very small percentage relative to those above.
PAR  The machine may include means for cooling a plate by circulation of a fluid
      in the table.
PAR  In fact, the material of the plate may be of such a nature that the
      temperature variations will modify its physical characteristics and the
      proper execution of the engraving.
PAR  The machine may include means to cause automatic stoppage of the machine at
      the end of a pass.
PAR  The angle of cut of the cutting tool may be of the order of 10.degree., the
      lateral faces of the tool are inclined at approximately 5.degree. to the
      vertical and the right section of the tool is trapezoidal, the sides of
      the trapezium being inclined at approximately 15.degree. to the height.
PAR  The width of the end of the stylet is advantageously slightly greater than
      the distance separating two grooves. Thus, for a screen of 104 lines to
      the centimeter, it will advantageously be of the order of 0.11 to 0.13 mm.
DRWD
PAR  The invention will be more fully understood from the following description
      of an embodiment thereof, given by way of example only, with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 is a side view partly in section of a known machine designed for the
      manufacture of half-tone printing plates;
PAR  FIG. 2 is a side view partly in section of an embodiment of a machine in
      accordance with the invention (frame not shown);
PAR  FIG. 3 is a section of a plate during engraving;
PAR  FIGS. 4 & 5 are side and front views of the end of a planing stylet;
PAR  FIGS. 6, 7 & 8 show a front view, a side view and a section of the end of
      an engraving stylet;
PAR  FIG. 9 shows the known mounting arrangement for the stylet on the engraving
      head;
PAR  FIG. 10 shows the preferred mounting of the stylet on the engraving head;
PAR  FIG. 11 shows the section of a cutter for cutting off the edges of the
      plates;
PAR  FIG 12 shows a mounting for the cutter or planning stylet;
PAR  FIG. 13 shows a mounting for the reading head.
DETD
PAR  The machine illustrated in FIG. 2 and the subsequent Figures is designed
      for use both for effecting half-tone engravings on zinc for printing and
      watermark engravings by removal or replacement of certain parts.
PAR  However, the description will essentially be limited to the features of the
      machine which are common to these two applications and to the features of
      the machine for watermark engravings.
PAR  As shown in FIG. 2, the machine comprises (as the known machine of FIG. 1)
      a frame (not shown) bearing a motor 8 driving, through gears 9 and 10 and
      reversing clutch 11, lead screw 2 which reciprocates the table 1
      longitudinally backwards and forwards. Terminal stops 12 and 13 cause
      reversal of movement of table 1 by the action of contactors 12.sup.1 and
      13.sup.1 on the reversing means of electromagnetic clutch 11.
PAR  Also in known manner, the machine has an engraving head 5 carried by an arm
      14 and a reading head 6 mounted on a carriage 3, moved transversely by a
      second lead screw 4, which rotates under the control of ratchet wheel 15
      during the return motion of the table 1, via a friction coupling (this
      mechanism is known and is not shown in detail in FIG. 2; in reality it is
      more complex and comprises two opposed ratchets).
PAR  A plate 23 to be engraved and model 24 are fixed one above the other in
      frame 25.
PAR  In a typical preferred embodiment, the plate is formed with a base of
      paraffin wax and carnauba wax, preferably pure. A coloring agent may be
      added, if desired. The preferred composition is 70% by weight of paraffin
      wax and 30% by weight of carnauba wax. The coloring agent, if used,
      comprises a small percentage of the total composition.
PAR  The plate and the model could alternatively be positioned side by side
      instead of one above the other as shown. In this case the reading and
      engraving heads are carried by arms situated on the same side of the
      table.
PAR  The engraving head 5 carries a stylet 7 which it reciprocates vertically in
      a manner to permit, as required, spot engraving (half-tone) or groove
      engraving (reverse engraving). The chips are sucked up by an appropriate
      system (not shown).
PAR  All these points are known and have not been described in detail.
PAR  In the preferred embodiment in accordance with the invention, the engraving
      head 5 and the arm 14 form a carriage independent of the carriage 3 and
      are mounted, by a suitable nut, on a third lead screw 16 supported by the
      frame, extending parallel to the lead screw 4 and driven in synchronism
      (or in a precise gear ratio close to synchronism) with the lead screw 4
      through the gear train 17, 18 and 19.
PAR  The pitch of the lead screw 16 should be precisely equal to that of the
      lead screw 4, for example with a tolerance of 3/100 per 300 mm. The same
      is true for the gear ratio between the lead screws and consequently the
      precision with which the gears 17, 18 and 19 are cut should also be as
      high as possible. The lead screw nut is preferably made in two parts, one
      of which is sliding and separated from the first by a spring, so that
      there can be no play in the nut. Any other equivalent means for taking up
      play may be adopted.
PAR  This arrangement of the engraving head enables identical engravings to be
      produced, using a lead screw 16 with an opposite thread to that of the
      lead screw 4; the machine of FIG. 1 can in fact only produce symmetrical
      engravings, which is suitable for the production of a printing plate, but
      not for watermark engravings. By changing the lead screw, the machine of
      FIG. 2 can also produce symmetrical engravings.
PAR  When the plate and the model are positioned side by side, the threads of
      the two lead screws are not opposed for production of identical
      engravings.
PAR  As the arm 14 is pivoted on the lead screw 16, the engraving head 5 can be
      maintained at a predetermined height above the table 1 by means of a stop
      21 which bears on a crossbar 20, the stop 21 being adjustable by means of
      micrometric screw 22. The bar 20 is preferably detachable and simply laid
      on V-blocks 47 fixed on the frame of the machine.
PAR  Thus not only do the vertical oscillations of the stylet 7 remain within a
      well-defined height zone over the plate, but it is also possible to form
      the engraving in several passes, lowering the lower level of the
      oscillations of the stylet at each pass by an amount determined by the
      screw 22, which permits deep engraving. In practice, for example passes of
      0.2 mm will generally be adopted, and then passes of 0.05 mm for
      finishing. FIG. 3 illustrates this working in successive passes.
PAR  To start, the plate is planed by means of a special stylet, so as to obtain
      a plate thickness corresponding exactly to the selected engraving depth:
      to have good visual control by transparency, a depth of the order of 0.3
      mm is in fact necessary between the bottom of the plate and the deepest
      zone of the engraving.
PAR  The planing stylet used is shown in FIGS. 4 and 5 and is mounted in a
      ferrule 48 (FIG. 12) which has a fixed mounting (after withdrawing the
      engraving stylet).
PAR  For planing the speed may be approximately five times greater than for
      engraving and the transverse intervals between passes of the stylet could
      be greater, for example 26 grooves per centimeter.
PAR  Planing completed, the engraving stylet 7 (FIGS. 6, 7 and 8) is placed in
      position and the micrometric screw 22 is so adjusted so that the lower
      level of the oscillations of the stylet just comes level with the plate.
      The engraving head is then lowered 0.2 mm for the first pass, etc.
PAR  FIGS. 6, 7 and 8 respectively show front, side and section views of the end
      of the preferred form of engraving stylet. As shown, the cutting angle of
      the stylet is approximately 10.degree. and its lateral faces are inclined
      at 5.degree. to the vertical. The right section of the stylet, as shown in
      FIG. 8, is trapezoidal with the sides of the trapezium being inclined at
      approximately 15.degree..
PAR  The width of the end of the stylet is preferably made slightly greater than
      the distance separating two grooves. Thus, for example, for a screen of
      104 lines to the centimeter, the width is preferably made in the order of
      0.11 to 0.13 mm.
PAR  The automatic end-of-pass stop is not shown in the attached drawings. It
      may consist of a microswitch attached to the frame of the machine and
      operated by the end of an adjustable rod carried by the reading arm 3.
PAR  The engraving head 5 is so arranged as to permit a vertical oscillation
      amplitude of the stylet 7 of the order of 3 to 4 mm.
PAR  Such a head is known per se and it is sufficient for it to be of such a
      size as to obtain the required amplitude of oscillation. The control means
      could be purely mechanical, electromagnetic, electronic, etc. For example,
      the signals picked up by the photoelectric cells of the reading head could
      be transmitted to the stylet by means of electronic circuit means shown by
      block A in FIG. 2 having the usual components referred to in FIG. 1 such
      as amplifying means, and which may or may not include recording of the
      signals on magnetic tape and a magnetic reading means for transmitting the
      recorded signals to the engraving head. The latter are designated MAG R/P
      in block A. In particular, this enables the size of the engraving to be
      changed, as required, by modifying the playing speed of the tape relative
      to the translation speeds of the table and the engraving head.
PAR  A head may alternatively be provided which is capable of providing, as
      required, either amplitudes of 0.2 mm as is conventional, or amplitudes of
      the order of 3 to 4 mm, by interposition of detachable oscillating
      demultiplying arms as shown in FIGS. 9 and 10.
PAR  FIG. 9 shows the initial conventional mounting, which is suitable for
      half-tone work, formed of an oscillating shaft 26 which drives, through
      the rocker arm 28, a stylet holder 27 returned by spring 29.
PAR  FIG. 10 shows the mounting for watermark engraving, in which the shaft 26
      drives a rocker arm 30, whose length is adjustable by means of fasteners
      26a passing through an elongate opening 31 into the shaft bushing, and
      which acts on rod 32 retained and returned by a leaf type spring 33 (seen
      end-on in FIG. 10 but similar to the spring 29 of FIG. 9).
PAR  The rod 32 itself acts on lever arm 34 pivoted at 35 on support yoke 37
      adjustably mounted on engraving head 5 by means of fasteners 38a passing
      through an aperture 38 into the engraving head and which oscillates the
      stylet holder spindle 36. The spindle is guided in its vertical
      oscillations by ball-bearing sleeve 39 with adjustable play and is
      returned by the spring 42; a means such as a small plate 40 co-operating
      with roller 41 prevents any rotation of the spindle 36 about its axis.
PAR  The adjustable length of the rocker arm 30 and the adjustable position of
      the yoke 37 permit adjustment of the oscillation stroke of the stylet 7
      within a range of approximately 1 to 4 mm.
PAR  This mechanical assembly must be light (minimum inertia) and contain a
      minimum of ferrous metal to avoid the influence of magnetic fields of
      megnetized parts of the engraving head.
PAR  In FIG. 2 there is diagrammatically shown a conventional variable speed
      transmission 45 having a gear ratio of the order of 1 to 10. This enables
      high speed to be used for half-tone work, while a speed 6 to 8 times lower
      will be used for watermark engraving and planing can be effected at a
      speed similar to that used for half-tone work.
PAR  In the preferred embodiment in accordance with the invention, the ratchet
      device is arranged in combination with the pitches of the lead screws 4
      and 16 so as to provide a screen at least equal to 50 lines per
      centimeter. In other words the number of teeth on the ratchet device
      divided by the pitch of the lead screws (in centimeters) is greater than
      or equal to approximately 50. If the lead screws have a pitch of 5 mm, a
      ratchet with at least 25 teeth will be required, the electric control
      being such that the ratchet device shifts by one tooth at each
      reciprocation of the table. This electric control is preferably arranged
      to also permit, as required, a shift of two teeth for each reciprocation
      of the table. This rate will be used for planing and half-tone work.
PAR  In the gear train 17, 18, 19, the gears 17 and 19 may be disconnected from
      each other, for example by mounting the gear wheel 18 on a sliding support
      43 locked by lever 44 (FIG. 2). This permits initial adjustment of the
      respective positions of the reading head and the engraving head.
PAR  The lead screw 4 may be disconnected from the shaft 46 and driven manually.
      As the gear wheel 19 is keyed on the end of the lead screw 4 and the gear
      wheel 17 is keyed on the end of the lead screw 16, once these gear wheels
      have been disconnected, the lead screws 4 and 16 can operate manually,
      particularly so as to approximately superimpose the reading and engraving
      heads over the axis of the plate and the model.
PAR  With the gear wheels 17 and 19 reconnected, the arms of the reading and
      engraving heads are then moved simultaneously and manually to bring them
      into the initial engraving position, i.e. with the reading arm against a
      pre-adjusted stop on the lead screw 4.
PAR  Furthermore, as the gear wheels 17 and 19 have a number of teeth which is a
      multiple of the number of lines per centimetre, itself determined by the
      number of teeth on the ratchet wheel, this arrangement permits a
      considerable increase in the fineness of the engraving.
PAR  Thus, with a ratchet wheel having 26 positions per revolution of the lead
      screw 4 and a lead screw pitch of 5 mm, an engraving fineness of 52 lines
      per centimetre can be obtained.
PAR  As the gear wheels 17 and 19 each have 200 teeth, approximately eight teeth
      of each of these gear wheels correspond to each position of the ratchet
      wheel.
PAR  After a pass of 52 grooves per centimetre has been made, another pass may
      be made to the same depth after the gear wheel 17 driving the engraving
      head has been disconnected and shifted by four teeth. This causes a shift
      of the engraving head relative to its original position of approximately
      0.1 mm. Provision is made for mounting the reading arm on the nut of the
      lead screw with a play of the same order, i.e. 0.1 mm, screws being
      provided to enable it to be locked in the selected position. By placing
      the reading arm in one end position for one pass and then in the other end
      position in the next pass, a shift can be obtained which can be equal to
      the width of the engraving head, care being taken that the shift
      directions correspond. Passes of 104 lines to the centimetre can thus be
      obtained.
PAR  It is possible to improve the system to obtain 208, and even 416, lines per
      centimetre, the position of the reading arm being exactly adjusted by
      means of a micrometric screw so as to obtain shifts equivalent to those
      which are obtained for the engraving arm.
PAR  While retaining the same pass depth, two passes are first made with gear
      wheel shifts of two teeth and six teeth, which gives 208 lines to the
      centimetre, and then four more passes with shifts of one, three, five and
      seven teeth. However, in the majority of cases, this precision is
      unnecessary.
PAR  FIG. 13 shows the system for shifting the reading head. As shown, the
      reading lead screw 4 carries the reading arm 6 by means of nut 50. The
      reading arm 6 is fixed on the nut 50 with play by means of intermediate
      piece 51 and clamping screws 52. An optional micrometric screw 53 enables
      this fixing to be effected with the required precision in intermediate
      positions.
PAR  Lastly, the same arrangement of gear wheels 17, 18 and 19 permits solution
      of the problem of deliberate distortion of the engraving in order to
      compensate for distortions of the paper.
PAR  In fact the paper undergoes distortions during manufacture on the
      papermaking machine: elongation in the running direction of the machine
      and shrinkage in a direction transverse to the running direction.
PAR  The type die which is to be used for embossing the bronze cloths must
      therefore be distorted in the opposite direction, as must be the engraving
      which is used to form this die.
PAR  To take an example, it will be supposed that the paper intended for use on
      a predetermined machine undergoes a longitudinal elongation of +2.5% and a
      transverse shrinkage of -4.5%. The engraving must therefore have a
      longitudinal shrinkage of 2.5% and a transverse enlargement of +4.5%.
PAR  In the preferred embodiment in accordance with the invention, the model is
      firstly photographically reduced by -2.5% and it is the reduced model
      which is mounted on the machine. Shrinkage of -2.5% is thus automatically
      provided both longitudinally and transversally. In the transverse
      direction, an enlargement of 2.5% + 4.5% or 7% relative to the model is
      therefore necessary.
PAR  The gear wheel 17 of 200 teeth is replaced by a gear wheel of 187 teeth,
      the drive of the lead screw 16 by the lead screw 4 is not exactly
      synchronous, but close to synchronism, with an increase of 13/187 or
      6.95%. Any transverse displacement of the reading carriage 3 will
      therefore cause a transverse displacement of the stylet 7 which is 6.95%
      greater. The engraving will therefore be automatically distored by
      approximately 7% in the required direction.
PAR  Advantageously, a set of gear wheels 17 will be provided having numbers of
      teeth corresponding to the distortions necessary for normal manufacture.
PAR  For the manufacture of half-tone plates, the frames carrying the plate and
      model are generally fixed at 45.degree. to the direction of movement of
      the table.
PAR  In the embodiment of machine of the invention, the frames 25 are fixed with
      their edges parallel to the longitudinal and transverse lead screws.
PAR  This arrangement enables engravings of large size to be produced in
      elements which will be juxtaposed, these elements being cut off with
      extreme precision using the longitudinal movement of the table and the
      transverse manual movement of the engraving head, by means of a cutter
      shown in section in FIG. 11, this cutter being mounted in the ferrule 48
      fixed in the engraving head (FIG. 12).
PAR  The engraving plate with approximately 70% of paraffin wax and 30% of
      carnauba wax is preferably obtained by casting between two silicone rubber
      plates and not in the open air, in order to obtain uniform cooling and
      avoid the problems of shrinkage.
PAR  As such plates are sensitive to temperature, they must be protected against
      heating due to the operation of the machine. To do this, a circulation of
      water 49 is established in the thickness of the frame 25 carrying the
      engraving plate, (FIG. 2) over the whole surface situated under the plate,
      the frame 25 being connected to a source of cooling water by flexible
      conduits (not shown). It is preferable to wait for the engraving plate to
      be cooled before finally locking it in the frame 25.
PAR  The advantages of the above-described machine are as follows.
PAR  Any engravings for watermarks, whatever they may be, can be produced on
      this machine, from watermarks for bank notes, share certificates, etc. to
      the very large artistic watermarks formed in hand-made paper.
PAR  The engravings can be of perfect regularity, fidelity and finish,
      reproducing the model in its least detail, whatever may be the depth of
      the engraving, which may be up to 3.5 mm (in the case of large hand-made
      watermarks).
PAR  The engravings may be distorted directly by the machine, in accordance with
      the required distortion percentages, so as to automatically compensate for
      the average distortion which the paper undergoes on the paper-making
      machine (by elongation in the direction of travel and shrinkage in the
      traverse direction).
PAR  The mechanical uniformity of the rake angles of the engraving and slight
      rounding of the angles is ideal for pressing out bronze cloths. The
      engraving obtained is such that it becomes possible to press very small
      details into the cloth.
PAR  The machine effects ideal automatic selection of over-fine and unnecessary
      details (details of hair or beards for example).
PAR  When a photographic model is not directly usable for the watermark, the
      plates engraved by the machine can be directly retouched by hand in the
      same way as hand-engravings on wax.
PAR  Practically all documents are usable directly, whether they are in black
      and white or in colour, photographs (gloss or matt), drawings,
      water-colours, printed documents or engravings (copper-plate or other
      processes).
PAR  The machine may also be used with a negative document (obtained with a
      reversal mirror) on bromide paper, in order to dispense with making
      another photographic print (loss of quality) in the case of a size change.
PAR  Even if a document seems to lack contrast, adjustment of the machine
      enables the scale of shades to be extended. It is possible to attain an
      engraving depth of 3.5 mm even if the darkest shade on the model is grey.
PAR  The saving in time is considerable.
PAR  It can take only about 10 hours to make a bank note watermark engraving
      (including distortion) whatever the watermark may be.
PAR  The machine requires 3 to 4 days to make an extremely complex engraving,
      e.g. of 150 mm .times. 195 mm, which would require a minimum of 3 to 4
      months work to be made by hand on wax.
PAR  In addition to the substantial reduction in manufacturing times (and
      particularly times for examination of samples) new possibilities result
      from this to improve the security of fiduciary papers, as the manufacture
      of complex watermarks, of large area and maximum quality becomes
      financially feasible.
PAR  The manufacture of large, very complex, artistic or advertising watermarks
      also becomes possible.
PAR  The maximum size of the engravings is 150 mm .times.195 mm, but the size of
      the watermarks is unlimited: it is easy to obtain larger watermarks by
      dividing the model, exactly juxtaposing the engravings obtained and taking
      a silicone rubber mould of the assembly.
PAR  It is possible to engrave several watermarks simultaneously on the same
      plate.
PAR  It will be appreciated that the above-described machine may be modified
      without departing from the scope of the invention as defined in the
      appendent claims hereinafter.
PAR  For example, it has been indicated that the lead screw 16 is of the same
      pitch as the lead screw 4 and driven by the latter with a gear ratio very
      close to unity. The lead screw 16 may be given a different pitch, the gear
      train which links them having a gear ratio very close to the reciprocal of
      the ratio of the pitches.
PAR  The machine described can be used both for half-tone work and for
      water-mark engraving. It will be necessary to compensate for the lesser
      thickness of half-tone plates and the difference in level of the half-tone
      (mounting FIG. 9) and watermark engraving (mounting FIG. 10) stylets by
      making provision to fix the half-tone plates on a plate of suitable
      thickness for the stylet to remain vertical.
PAR  The length of the longitudinal displacements of the engraving table is
      controlled by stops 12 and 13 operating push-button contactors 12.sup.1
      and 13.sup.1 on the reading head. For large size watermarks, these stop
      plates are made fast with the table. For small watermarks (bank notes for
      example), it is advantageous to have smaller model-holding and
      engraving-holding frames (saving in time). These smaller model-holding
      frames will advantageously have closer stops, in order to limit the stroke
      of the table.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of automatically forming watermark engravings, in which an
      optical reading head is coupled with an engraving head provided with an
      oscillating stylet which are both moved with a longitudinal scanning
      motion combined with an intermittent transverse motion respectively
      relative to a model and a plate to be engraved which are in fixed relative
      position, wherein the maximum amplitude of oscillation of the stylet is of
      the order of 3 to 4 mm and engraving is effected in successive identical
      passes, the distance between the engraving head and the plate being
      decreased progressively in successive stages by a maximum depth of the
      order of 0.2 mm.
NUM  2.
PAR  2. A method in accordance with claim 1, wherein between each different
      depth stage at least one pass is effected with the engraving head and the
      reading head shifted laterally and in opposite directions by a distance
      equal to a submultiple of the transverse interval.
NUM  3.
PAR  3. A method in accordance with claim 1, wherein the transverse interval of
      the engraving head differs from the transverse interval of the reading
      head by a percentage corresponding to the percentage of distortion of the
      engraving relative to the model which is required to be obtained.
NUM  4.
PAR  4. An engraving machine comprising
PA1  a movable table for holding a plate to be engraved and a model from which
      the engraving is to be made,
PA1  first lead screw means for reciprocating said table in a first direction,
PA1  first carriage means, optical reading means carried by said carriage means,
      second lead screw means for moving said carriage means in a second
      direction generally transverse to said first direction to cause said
      optical reading means to scan the model and produce a signal in response
      to the information on the model,
PA1  second carriage means, independently movable of said first carriage means,
      engraving means carried by said second carriage means, said engraving
      means including a stylet movable with respect to the plate to engrave
      grooves in the plate, means responsive to the signal produced by said
      optical means to control the movement of the engraving means with respect
      to the plate,
PA1  third lead screw means extending generally parallel to said second lead
      screw means for moving said second carriage in said second direction,
PA1  and means including gear means for driving said second and third lead screw
      means substantially in synchronism.
NUM  5.
PAR  5. A machine as in claim 4 further comprising micrometer adjustable means
      for said engraving means limiting the depth of the grooves produced by the
      stylet to a maximum range of from about 3 to 4 mm.
NUM  6.
PAR  6. A machine as in claim 4 wherein said gear means is disconnectable from
      between said second and third lead screw means.
NUM  7.
PAR  7. A machine as in claim 4 wherein said second and third lead screw means
      have threads of opposite directions and substantially the same pitch, said
      drive means rotating said second and third lead screw means in the same
      direction.
NUM  8.
PAR  8. A machine as in claim 4 wherein said second and third lead screw means
      have threads of opposite directions, and drive means rotating said second
      and third lead screw means in the same direction.
NUM  9.
PAR  9. A machine as in claim 4 wherein said drive means includes means for
      varying the speed between the second and third lead screw means by a ratio
      in the range of about 10:1.
NUM  10.
PAR  10. A machine as in claim 4 wherein said gear means includes gears having
      an unequal number of teeth to produce a given amount of difference in the
      movement between said first and second carriage means and an amount of
      distortion between the signal produced by said optical reading means and
      the grooves produced by said stylet.
NUM  11.
PAR  11. A machine in accordance with claim 4 wherein information picked up from
      the model by the reading head is transmitted to the engraving means by
      means of electronic means, said electronic means including means for
      recording the signals on magnetic tape, and magnetic reading means for
      transmitting the signals to the engraving means.
NUM  12.
PAR  12. A machine as in claim 4 wherein said engraving means includes a rocker
      arm of adjustable length acting on a rod, a lever arm actuated by said
      rocker arm, means for pivotally mounting said rod with an adjustable pivot
      point, said lever arm driving said stylet.
NUM  13.
PAR  13. A machine in accordance with claim 4, including means for mounting a
      rectangular frame and a model on the table with their edges parallel to
      the directions of movement of the table and of the engraving and reading
      means, and a cutting tool adaptted to be mounted in a ferrule on the
      engraving means for enabling the edges of an engraving to be cut off using
      the longitudinal movement of the table and manual transverse displacement
      of the engraving means.
NUM  14.
PAR  14. A machine as in claim 4 further comprising fluid circulating means for
      cooling the plate.
NUM  15.
PAR  15. A machine in accordance with claim 4 wherein the width of the end of
      the stylet is slightly greater than the distance separating two grooves.
NUM  16.
PAR  16. A machine as in claim 4 wherein said first carriage means carrying said
      optical reading means is mounted on a nut on said second lead screw means,
      said nut including means for allowing play in a direction parallel to the
      axis of said second lead screw means, and means for locking said first
      carriage means to the nut in a selected position.
NUM  17.
PAR  17. A machine as in claim 16 wherein said locking means includes micrometer
      adjustment means.
NUM  18.
PAR  18. A machine in accordance with claim 4 wherein the plate to be engraved
      is formed with a base of paraffin wax and pure carnauba.
NUM  19.
PAR  19. A machine as in claim 18 wherein said base of the plate includes a
      coloring agent.
NUM  20.
PAR  20. A machine in accordance with claim 18 wherein the plate is formed with
      a base of a mixture of approximately 70% of paraffin wax and approximately
      30% of carnauba wax.
NUM  21.
PAR  21. A machine as in claim 4 further comprising ratchet means operable in
      response to a return movement of the table for controlling the movement of
      said second lead screw means and said first carriage means.
NUM  22.
PAR  22. A machine as in claim 21 wherein the ratchet means is constructed
      relative to the pitches of the second and third lead screw means to permit
      an advance of said second carriage means during a complete traversal of
      movement of the table in said first direction.
NUM  23.
PAR  23. A machine as in claim 21 wherein said gear means has a number of teeth
      which is substantially a multiple of the number of teeth of said ratchet
      means.
NUM  24.
PAR  24. A machine as in claim 23 wherein said gear means comprises a plurality
      of gears, and means for disengaging the gears.
NUM  25.
PAR  25. A machine in accordance with claim 4 wherein the cutting angle of the
      stylet is in the order of 10.degree., the lateral faces of the tool at
      inclined at 5.degree. to the vertical and the right section of the tool is
      trapezoidal, the sides of the trapezium being inclined at approximately
      15.degree. to the height.
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ABST
PAL  An imaging system comprising an array of sensing sites of MIS cell pairs
      which are arranged in a matrix of rows and columns; a plurality of column
      conductor lines arranged in a plurality of consecutively numbered sets,
      each set including the same number of consecutively numbered lines; a
      plurality of charge integrating means, each being connected to a
      respective column line of each set for simultaneous readout of an induced
      current through the column lines of a set; a plurality of video channel
      circuit respectively in circuit with each of the integrating means; switch
      means for connecting each set, in turn, for readout; and a correction
      circuit means connected in circuit with each said plurality of video
      channel circuit means for generating a correction signal to cancel the
      D.C. offset voltage between the outputs of said video channels.
GOVT
PAR  The invention herein described was made under a contract or subcontract
      thereunder, (or grant) with the United States Army.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to apparatus including devices and
      circuits therefor for sensing radiation and developing electrical signals
      in accordance therewith. The present invention relates in particular to
      such apparatus which senses and stores charge produced by electromagnetic
      radiation flux and which provides an electrical readout of the stored
      charge.
PAR  This application relates to improvements in the apparatus of copending
      patent application Ser. No. 441,054, now U.S. Pat. No. 3,890,500, filed
      Feb. 11, 1974, in the name of Eichelberger et al. and assigned to the
      assignee of this invention. The Eichelberger et al. application is hereby
      incorporated herein by reference.
PAR  The Eichelberger application Ser. No. 441,054, now U.S. Pat. No. 3,890,500,
      discloses a two-dimensional array of radiation sensing sites each
      comprised of a pair of coupled MIS (metal-insulator-semiconductor)
      capacitive cells. One cell of each cell pair is arranged to form the rows
      of array and the other cell of each cell pair is arranged to form the
      columns of the array. Readout of a row of sensing sites of the array is
      performed by a scanning technique of reducing the voltage on the row
      conductor line to cause the charge stored in the row oriented cells to
      flow to the column oriented cell coupled respectively thereto and
      thereafter, in turn, reducing the voltage on the column conductor lines to
      inject the stored charge into the substrate. This causes a current to flow
      in each column line. The column conductor lines are arranged in a
      plurality of consecutively numbered sets, each set including the same
      number of consecutively numbered column lines. Each of a plurality of
      charge integrating means are connected between a respective column line of
      a set and ground for simultaneous readout of the current flowing through
      the column lines of a set. A video channel circuit is associated with each
      of the integrating means for processing the signal from each set. The
      video signals from each video channel may be multiplexed to obtain a
      composite video signal.
PAR  It has been discovered when using the aforementioned readout techniques in
      which multiple readout circuits, each comprising a charge integrating
      means and a video channel circuit, that it is difficult to match the
      electrical characteristics of the circuit components of the readout
      circuits. When unmatched, a D.C. error or offset voltage is introduced
      into the composite video signal. This causes a display of a video frame of
      information to have columns of alternating intensity.
PAR  It is an object of this invention to provide improved surface charge
      storage devices and methods of operating such devices.
PAR  Another object of this invention is to provide arrays of sensing elements
      and readout circuits therefor of the kind described above in which a
      plurality of sensing sites may be simultaneously addressed for readout and
      the composite video signal generated thereby is substantially free of D.C.
      error voltages associated with such readout circuits.
PAC  SUMMARY OF THE INVENTION
PAR  In accomplishing the aforementioned objects and other objects which will be
      apparent from a consideration of the following detailed description and
      accompanying claims, an imaging system is provided comprising an array of
      sensing sites of MIS cell pairs which are arranged in a matrix of rows and
      columns, a plurality of column conductor lines arranged in a plurality of
      consecutively numbered sets, each set including the same number of
      consecutively numbered lines, a plurality of charge integrating means each
      of which being connected to a respective column line of each set for
      simultaneous readout of an induced current through the column lines of a
      set; a plurality of video channel circuits respectively in circuit with
      each of the integrating means; and a correction circuit means connected in
      circuit with each of said plurality of video channel circuit means for
      generating a correction signal to cancel a D.C. offset voltage between the
      outputs of said video channels.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B are a block diagram of an imaging system which has an array
      of radiation responsive MIS cells and an associated circuit for generating
      a video signal in accordance with this invention.
PAR  FIGS. 2A through 2Z are diagrams of amplitude versus time of voltage
      signals occurring at various points in the system of FIGS. 1A and 1B which
      points are identified in FIGS. 1A and 1B by a literal designation
      corresponding to the literal designation of each of the FIGS. 2A through
      2Z.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a block diagram of radiation
      detection apparatus or system including a two-dimensional image sensing
      array 10 which provides a video signal in response to radiation image on
      the array by a lens system (not shown) for example. The video signal may
      be applied to a suitable display device (not shown) such as a cathode ray
      tube as described in U.S. Pat. No. 3,786,263 issued on Jan. 15, 1974, to
      Michon and assigned to the assignee of the invention herein, along with
      sweep voltages synchronized with the scanning of the array to convert the
      video signal into a visual display of the image.
PAR  The array 10 is comprised of sensing sites of pairs of coupled
      metal-insulator-semiconductor (hereinafter MIS) radiation sensing cells
      suitably arranged to form a two-dimensional array. One MIS cell of each
      pair is arranged to form "X"-directional rows of the array 10 and the
      other MIS cell of each pair is arranged to form "Y"-directional columns of
      the array 10.
PAR  The image sensing array 10 and the MIS cells (not shown) of which it is
      comprised may be fabricated using a variety of materials and in variety of
      sizes in accordance with established techniques for fabricating integrated
      circuits as described in the aforementioned Michon patent.
PAR  Additional details of the structural features of an array in accordance
      with the preferred embodiment of this invention is described in the
      aforementioned Eichelberger patent application Ser. No. 441,054, Pages
      15-18, now U.S. Pat. No. 3,890,500.
PAR  Details of the operation of a coupled pair of such cells using the readout
      technique of integrating the current flow in one of the address lines as
      utilized in this invention is described in the aforementioned Eichelberger
      patent application Ser. No. 441,054, Pages 10-15, now U.S. Pat. No.
      3,890,500.
PAR  The system of FIG. 1 will be described in connection with FIGS. 2A-2U which
      show diagrams of amplitude versus time drawn to a common time scale of
      signals occurring at various points in the system of FIG. 1. The point of
      occurrence of a signal of FIGS. 2A-2U is referenced in FIG. 1 by a literal
      designation corresponding to the literal designation of the figure
      reference. The amplitudes of the signals of FIGS. 2A-2U are not drawn to a
      common voltage or current scale for reasons of clarity in explaining the
      operation of the system in accordance with the present invention.
PAR  The system includes a clock pulse generator 11 which develops a series of
      regularly occurring Y-axis pulses 12 of short duration shown in FIG. 2A,
      occurring in sequence at instants of time t.sub.1 -t.sub.8 and
      representing a half scanning cycle of operation of the array. The output
      of the clock pulse generator 11 is applied to a first counter 13 which
      divides the count of the clock pulse generator by four to derive X-axis
      clock pulses 14, such as shown in FIG. 2B. The output of the first counter
      13 is also applied to a second counter 15 which further divides the count
      applied to it by four to provide frame synchronizing pulses to the frame
      sync generator 16.
PAR  The sensing array 10 includes row conductor lines X.sub.1 thru X.sub.4 and
      column conductor lines Y.sub.1 thru Y.sub.4. The drive circuits for the
      row conductor lines X.sub.1 -X.sub.4 and for the column conductor lines
      Y.sub.1 -Y.sub.4 of array 10 are included on the same substrate 17 which
      is grounded as is the array to minimize the number of external connections
      which are required to be made for utilizing the array 10 in the system. A
      plurality of row line analog switches 21-24, in the form of MOSFET
      transistor devices, each having a source electrode, a drain electrode and
      a gate electrode, are provided. Each of the sources of devices 21-24 is
      connected to one end of a respective one of the row conductor lines
      X.sub.1 -X.sub.4 and each of the drain of the devices 21-24 is connected
      to a row line bias terminal 25. Terminal 25 is connected to the negative
      terminal of a -15 volt source 26, the positive terminal of which is
      connected to ground. Similarly, a plurality of column line analog switches
      31-34 in the form of MOSFET devices, each having a source electrode, a
      drain electrode and a gate electrode, is provided. Each of the sources of
      the devices 31-34 is connected to one end of a respective one of column
      conductor lines Y.sub.1 -Y.sub.4 and each of the drains of the devices
      31-34 connected to bias terminal 25. The MOSFET transistors 21-24 and
      31-34 are P-channel devices. Accordingly, when the gate electrode of such
      a device is appropriately negatively biased with respect to the source
      electrodes a resistance is provided between source and drain, and
      conversely in the absence of such bias a high resistance is presented
      between the source and drain. Gating of the other ends of the row
      conductor lines X.sub.1 -X.sub.4 is provided by a plurality of MOSFET
      transistors 41-44 formed integrally on the substrate 17, each having a
      drain electrode connected to the other end of a respective one of the row
      conductor lines X.sub.1 -X.sub.4 and each having a source electrode
      connected to a row line biasing contact 45 which in the operation in the
      system is connected to the negative terminal of a -5 volt source 47 the
      positive terminal of which is connected to ground. Each of the gate
      electrodes of the transistors 41-44 is driven by a respective drive signal
      derived from the row shift register 49. The row shift register 49 may be
      any of a number of shift registers known to the art. The elements of the
      shift register 49 may be concurrently formed on the substrate at the same
      time that the devices of the image sensing array 10 are formed.
PAR  The shift register 49 is provided with a terminal 51 to which is applied a
      train of vertical scanning rate clock or X-axis pulses 14, such as shown
      in FIG. 2B, the recurrence rate of which is one-fourth the recurrence rate
      of the Y-axis clock pulses. Frame synchronizing pulses derived from
      counter 15 are applied to frame sync pulse generator 16 to develop an
      output which is applied to frame synchronizing terminal 53. Each of the
      frame synchronizing pulses has a duration equal to substantially the sum
      of the periods of four cycles of Y-axis clock pulses. The frame
      synchronizing pulses are shifted in the shift register 106 at the X-axis
      clock rate to cause successive energization of the gate electrodes of the
      transistors 41-44 connected, respectively, to the lines X.sub.1 thru
      X.sub.4 to successively shift the pulse voltage between a -15 volt value
      and a -5 volt value. The wave form of the drive voltage on line X.sub.1 is
      shown in FIG. 2C and the wave form of drive voltage on line X.sub.2 is
      shown in FIG. 2D for one-half of the cycle of operation of the array.
PAR  Also integrally formed on the substrate 10 are a plurality of column
      conductor line drive MOSFET transistors 61-64. Each of the transistors
      61-64 has a drain electrode connected to the other end of a respective one
      of column conductor line Y.sub.1 -Y.sub.4. The sources electrodes 111 and
      113 are connected to line terminal 65a and the source electrodes of
      transistors 62 and 64 are connected to line terminal 65b. The gate
      electrodes of the transistors 61 and 62 are connected to a point or stage
      on the column shift register 66 and gate electrodes of transistors 63 and
      64 are connected to a successive point or stage on the shift register 66.
      The column lines Y.sub.1 and Y.sub.2 will be referred to as a set of
      consecutively numbered column lines and column lines Y.sub.3 and Y.sub.4
      will be referred to as a successive set of consecutively numbered column
      lines. Each of the sets have the same number of lines. Lines Y.sub.1 and
      Y.sub.3 are the first lines in their sets and lines Y.sub.2 and Y.sub. 4
      are the second lines in their sets. The column shift register 66 is
      provided with an input terminal 67. A divide-by-two counter 70 is
      connected between clock pulse generator 11 and terminal 67 to provide
      pulses of one half the repetition rate of Y-axis clock pulses. The column
      shift register 66 is also provided with a line synchronizing terminal 68
      to which line synchronizing pulses are applied from line sync pulse
      generator 69. The line sync pulse generator 69 is connected to the counter
      13 and provides an output synchronized with X-axis clock pulses. The line
      sync pulses are shifted in the column shift register in response to pulses
      of one-half Y-axis clock pulse rate from counter 70. The wave form of the
      line synchronizing pulse applied to the line synchronizing terminal 68 is
      shown in FIG. 2E which also represents the output of the first stage of
      the column shift register 66. The line synchronizing pulse has a width
      less than the interval between a pair of Y-axis clocking pulses. At output
      terminal points of the column shift register 66 gating voltages 71-74
      shown, respectively, in FIGS. 2E-2H are obtained and are applied
      respectively to transistors 61-64. The gating signals have -20 volts
      amplitude for the interval indicated. The gating voltages 71 and 72
      applied to transistors 61 and 62 respectively are identical and similarly
      the gating voltages 73 and 74 applied to the transistors 63 and 64
      respectively are identical.
PAR  Column line drive pulses 77 are obtained from column driver 75, the input
      of which is obtained for timing and control circuit block 76 and provides
      pulses of one-half Y-axis clock rate such as shown in FIG. 2I. The output
      of the driver 75 is connected to the first drive line terminal by
      integrating capacitor C1 and is also connected to the second drive line
      terminal 65b by integrating capacitor C2. Each of the pulses 77 are of
      short duration corresponding to the time during which it is desired to
      read out the radiation-produced charge stored in a device in a single
      column or in a plurality of columns as will be explained below. Such
      pulses cause injection of stored charge which is sensed across the
      integrating capacitors. The pulses 77 are 10 volts in amplitude between
      the -15 and -5 volt levels. Accordingly, during the time interval from
      t.sub.0 to t.sub.1 two radiation sensing cell pairs in the uppermost row
      and in the first set connected to lines Y.sub.1 and Y.sub.2 are read out
      followed by the devices in the second set connected to lines Y.sub.3 and
      Y.sub.4 which are read out during the time interval from t.sub.2 to
      t.sub.3.
PAR  After the completion of the scanning of the cell pairs of a row, gating
      pulses 81 such as shown in FIG. 2J are applied to the gates of each of the
      devices 21-24 and 31-34 to connected lines X.sub.1 -X.sub.4 and Y.sub.1
      -Y.sub.4 to the source 26 of operating potential which establishes proper
      depletion producing potential on all of the plates of all of the MIS cell
      pairs. As shown each gating pulse 81 occurs after the column drive pulse
      77 driving the last cell pair in each row. The gating pulse occurs
      subsequent to the output of stage 2 of the column shift register. The
      duration of the gating pulses is selected to be sufficient to reestablish
      the -15 volt storage potential on all of the lines. The gating pulses are
      derived from gate generator 85 which in turn is driven by a counter 86
      which provides an output pulse for every four input pulses. The counter is
      driven by the Y-axis clock pulses from the clock pulse generator 11.
PAR  In the operation of the system described, first the column lines Y.sub.1
      and Y.sub.2 of the first set are connected to their respective terminals
      65a and 65b by a gating pulse on transistors 61 and 62 and a column drive
      pulses are applied to the lines through respective integrating capacitors
      C1 and C2 to cause charge to be injected into the substrate and to be
      sensed on the integrating capacitors C1 and C2 in the drive line circuits.
      After the capacitors C1 and C2 have been reset, the second set of
      transistors 63 and 64 is gated to connect lines Y.sub.3 and Y.sub.4  to
      line terminals 65a and 65b respectively and a column drive pulse is
      applied to inject stored charge into the substrate and to be sensed in
      capacitors C1 and C2.
PAR  The current flow in the drive line circuit of capacitor C1 in response to a
      sequential scanning of the devices in the first and second rows of the
      array is depicted in the graph 87 of FIG. 2K. In FIG. 2K there are shown
      four pairs of current pulses corresponding respectively to the current
      flow in the drive line circuit of capacitor C1 during the read out of the
      first and third cell pairs of the first and second rows X.sub.1 and
      X.sub.2 in sequence. The first occurring pulse of each pair corresponds to
      current flow due to radiation produced charge and to some of the depletion
      producing charge stored at the instant of application of storage potential
      to the column-oriented plate of the cell pair. The second occurring pulse
      corresponds to the aforementioned current flow resulting from the
      application of voltage to the column-oriented plate of the cell pair. The
      first pulse of each pair occurs at the leading edge of a respective one of
      the column drive pulses 77 and the second pulse of each pair occurs at the
      lagging edge of a respective one of the column drive pulses. The first
      pulses are shown of various amplitudes corresponding to various magnitudes
      of charge stored in the various devices of the first two rows. The
      amplitudes of the second pulses are identical as the column-oriented cells
      of each of the cell pairs are identically constituted and hence would take
      identical charging or depletion region producing current. The pulses of
      FIG. 2K are integrated by capacitor C1 and the pulses of FIG. 2M are
      integrated by capacitor C2.
PAR  A field effect transistor 90 is provided having its source to drain circuit
      connected between terminal 65a and the negative terminal of a -15 volt
      source 91, the positive terminal of which is connected to ground for
      resetting capacitor C1. Similarly another field effect transistor 92 is
      provided having its source to drain circuit connected between terminal 65b
      and the negative terminal of the source 91. The gates of the transistor 90
      and 92 are connected to the timing and control circuits block 76 which
      provides reset pulses 93 as shown in FIG. 2P. The reset pulses switch from
      a positive voltage level to ground to turn the transistors off. The
      leading edge of each reset pulse is coincident with the leading edge of a
      respective one of column line drive pulses 77. Accordingly, except during
      the read out interval for the first and third cell pairs of each row
      capacitor C1 is shorted or bypassed to ground. Also, except during the
      read out interval for the second and fourth cell pairs of each row
      capacitor C2 is shorted or bypassed to ground. On occurrence of a column
      drive pulse, a pair of current pulses as mentioned above are produced
      which are integrated by the capacitors C1 and C2 and result in a
      corresponding two level output pulse, the first level corresponding to the
      charge of the first current pulse and the second level corresponding to
      the charge of the first current pulse less the charge of the second
      current pulse. The output across capacitor C1 is shown in the diagram of
      FIG. 2L in which each of the two leveled pulses 95 having a first level 96
      and a second level 97 correspond respectively to a respective pair of
      pulses of FIG. 2K. In the case of the first pulse and fourth pulse of FIG.
      2L the second level is zero indicating that no radiation produced charge
      had been stored in the devices corresponding thereto. The output across
      capacitor C2 is shown in the diagram of FIG. 2N.
PAR  The output appearing across the integrating capacitor C1 is applied to a
      first video channel comprising a differential amplifier 101 and a sample
      and hold circuit to provide a first video output. The sample and hold
      circuit includes transistor 104 having a drain 103, a source 104 and a
      gate 105 and a capacitor C3. The source to drain current flow path of the
      transistor 102 is connected between the output of the amplifier 101 and
      one terminal 107 of the capacitor C3, the other terminal of which is
      connected to ground. The gate 105 is connected to the sample pulse
      generator 108 which is controlled by the timing and control circuits block
      76 and provides the train of sampling pulses 110 shown in the graph FIG.
      20. Each of the pulses 110 are of short duration and are equally spaced
      along the time axis of the graph. One sampling pulse occurs for every
      other Y-axis clock pulse. Each of the pulses 110 are phased to occur
      during the occurrence of the back porch or second level of the two level
      video pulses of FIG. 2L appearing on the integrating capacitor C1. During
      the sampling intervals the transistor 102 is turned on so as to permit
      capacitor C3 to charge in turn to a voltage corresponding to the voltage
      108 of the second levels of the pulses 95 of FIG. 2L. Accordingly, a first
      video signal 111 such as shown in FIG. 2Q is obtained at terminal 107 in
      which the signal shifts from one video level to another at the sampling
      interval in accordance with the voltage on the integrating capacitor C1
      during the sampling interval.
PAR  Similarly the output appearing across the integrating capacitor C2 is
      applied to a second video channel comprising differential amplifier 113
      and a sample and hold circuit to provide a second video output. The sample
      and hold circuit includes a transistor 114 having a drain 115, a source
      116 and a gate 117 and a capacitor C4. The source to drain current flow
      path of the transistor 164 is connected between the output of the
      amplifier 113 and one terminal 118 of the capacitor C4, the other
      electrode of which is connected to ground. The gate 117 is connected to
      the sample pulse generator 108. During the sampling intervals of pulses
      110 the transistor 114 is turned on so as to permit capacitor C4 to charge
      in turn to a voltage corresponding to the second levels of the pulses of
      FIG. 2N. Accordingly, a second video signal 119 such as shown in FIG. 2R
      is obtained at terminal 118 in which the signal shifts from one video
      level to another at the sampling interval in accordance with the voltage
      on the integrating capacitor C4 during the sampling interval.
PAR  The first and second video signals obtained at terminals 107 and 118 are
      multiplexed by multiplex circuit 120 to obtain a composite video signal.
      The multiplex circuit includes a pair of transistors 122 and 123 and a
      multiplex pulse generator 124. The source to drain current flow path of
      transistor 122 is connected between terminal 107 and an input 125 of
      differential amplifier 121 and the source to drain current flow path of
      transistor 123 is connected between terminal 118 and the input of
      amplifier 121. The multiplex pulse generator 124 controlled by block 76
      develops the multiplexing pulses shown in FIGS. 2S and 2T. The pulses of
      FIG. 2S are applied to the gate electrode of transistor 122 and the pulses
      of FIG. 2T are applied to the gate electrode of transistor 124. When one
      of multiplexing pulse signals gates transistor 122 on as shown in FIG. 2S,
      a segment of video signal of FIG. 2Q appears at the input 125 of
      differential amplifier 121. Similarly when the other of the multiplexing
      signals gates transistor 124 on as shown in FIG. 2T, a segment of video
      signals of FIG. 2R appears at the input 125 of differential amplifier 121.
      The composite output resulting from the multiplexing of video signal No. 1
      and video signal No. 2 appears in FIG. 2U.
PAR  The foregoing description is in accordance with the features of the
      invention described in the aforementioned Eighelberger et al. patent
      application Ser. No. 441,054. The present invention is directed to an
      improvement for such systems which have multiple video channels.
PAR  The composite output shown in FIG. 2U is in actuality only a representation
      of an ideal situation in which the corresponding circuit components of
      video channels No. 1 and No. 2 are perfectly matched. For example, a
      mismatch normally occurs due to a mismatch (1) in the characteristics of
      the corresponding channel components such as field effect transistors 90
      and 91 and capacitor C3 and C4; (2) in the capacitive loading on the lines
      of video channels No. 1 and No. 2; and (3) in the output of differential
      amplifiers 101, 113. This causes a relatively constant D.C. error or
      offset voltage to be introduced into the composite due to the nonidentical
      signal processing of the video signals in video channels No. 1 and No. 2.
      For example, when the array 10 is focused on a uniformly flat scene such
      as a white screen the composite video output is a D.C. offset (or error)
      voltage square wave 133 as illustrated in FIG. 2V for one-half cycle of
      operation of the array. The square wave 133 is comprised of a series of
      positive going pulses 134 (hereinafter "odd" pulses) corresponding to a
      first D.C. voltage impressed upon the video signal from the odd-numbered
      column lines Y.sub.1 and Y.sub.3 and a series of negative going pulses 135
      (hereinafter "even" pulses) corresponding to a second D.C. voltage
      impressed upon the video signal from the even numbered column lines
      Y.sub.2 and Y.sub.4. This causes a display of a video frame of information
      to have columns of alternating intensity.
PAR  The difference in magnitude between the aforesaid first and second D.C.
      voltages is defined to be the "D.C. offset or error voltage".
PAR  In FIG. 1B a correction circuit 130 is shown in accordance with the
      invention herein for generating a correction signal which is provided as
      an input into an input 127 of differential amplifier 121, thereby to
      cancel the D.C. offset voltage from the composite video signal.
PAR  The correction circuit 130 includes odd and even sampling circuit means for
      sampling the odd pulses 134 and the even pulses 135, respectively. The odd
      sampling circuit means comprises a switching means 141 which can be, as
      shown, a JFET transistor, a sample pulse generator 143 connected to the
      gate of transistor 141, and a holding capacitor 145 connected to the drain
      electrode of transistor 141. The sample pulse generator 143 is driven by
      the timing and control circuits 76. In turn, the generator 143
      appropriately biases the gate of transistor 141 to switch the transistor
      141 from a normally open condition to a closed condition for short
      discrete time intervals. Each interval is sufficient to permit the
      capacitor to charge to the voltage level of a pulse 135, thereby to
      repetitively sample the odd pulses 135 onto holding capacitor 145. The
      time constant for holding capacitor 145 is chosen such that the sample
      voltage thereon, corresponding to the voltage level of a first pulse 135,
      is held until a second pulse 135 is sampled onto the holding capacitor
      145.
PAR  Similarly, the even sampling circuit means is comprised of a switching
      means JFET transistor 151, an even sample pulse generator 153 connected to
      the gate of transistor 151 and a holding capacitor 155 connected to the
      drain electrode of transistor 151. The even sampling circuit means
      operates in an analogous manner to the odd sampling circuit. The even
      sample pulse generator 153, controlled by the timing and control circuit
      means 76, biases the switching transistor 151 from its normally open
      position to a closed position for short discrete intervals of time to
      sample the even pulses 135 onto holding capacitor 155.
PAR  The voltages stored on holding capacitors 145, 155 respectively provide
      slightly varying D.C. input signals to a differential integrator 161,
      thereby to continuously compare the voltage level of consecutive odd and
      even pulses 134, 135 and to integrate the D.C. offset voltage
      therebetween.
PAR  The waveforms for the inputs from capacitors 145, 155 to the differential
      integrator and for the output from the differential integrator 161 are
      shown in FIGS. 2W, 2X and 2Y, respectively.
PAR  In accordance with the features of this invention, the time constant of the
      differential integrator 161 is chosen such that the integrator 161 will be
      slowly responsive to transient changes in the offset voltage. The input
      signals to the integrator 161 are continually being updated because, as
      noted above, each odd and even pulse is sampled onto capacitors 145 and
      155, respectively. The time constant for the differential integrator 161
      is preferably between one to five times the frame time for the array 10,
      but it can be varied therefrom. The output of the integrator 161 (FIG. 2Y)
      substantially corresponds to the average of offset voltages taken over the
      time constant of the integrator 161 and thus the signal shown in FIG. 2Y
      which represents a one-half frame signal is linear. However, when taken
      over a longer period of time, e.g., two to three times the frame time, the
      output signal of integrator 161 can normally be seen to vary slightly,
      which variations represent changes in the offset voltage.
PAR  The use of the average offset voltage is preferred because the correction
      signal is applied to correct a portion of the video signal which is later
      in time relative to the signal portion providing an instantaneous input
      into the correction circuit 130 via the output of amplifier 121. The
      average offset voltage can be transformed into an effective correction
      signal irrespective of whether the scene being viewed is of uniform or
      random intensity. In the case of a random scene, the differences in
      signals from consecutive columns due to differences in the input radiation
      to the cell pairs of the columns cancel out when averaged over a
      sufficient length of time, thereby leaving only a D.C. offset voltage
      signal at the output of integrator 161. However, as will be appreciated by
      those skilled in the art, the correction circuit is ineffective to
      generate a proper correction signal where by coincidence differences in
      the video signal from consecutive columns simulate the characteristics of
      a D.C. offset voltage signal and cannot be distinguished by the correction
      circuit therefrom.
PAR  The differential integrator 161 is connected to a modulator 163 which chops
      the D.C. output of the integrator 161 at one-half the frequency of the
      composite video signal (FIG. 2V) responsive to control signals from timing
      and control circuits 76. As shown in FIG. 2Z the output of modulator 163
      is a square wave 165 having an equal period and opposite phase to that of
      the composite DC offset (or error) waveform 133 (FIG. 2V). The positive
      going pulses 167 of the square wave 165 have an amplitude equal in
      magnitude to the D.C. offset (or error) voltage. The waveform 165 is
      applied to the non-inverting input 127 of differential cmplifier 121 and
      is "added" therein to the composite video signal which is applied to the
      inverting input 125 of differential amplifier 121. This acts to null or
      cancel the D.C. offset voltage.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. An imaging system comprising
PA1  a. a two-dimensional array of sensing sites of MIS cell pairs, said sensing
      sites being arranged in a matrix of rows and columns;
PA1  b. a plurality of column lines, each connected respectively to the sensing
      sites of each column, said lines arranged in a plurality of consecutively
      numbered sets, each set including the same number of consecutively
      numbered lines;
PA1  c. a plurality of charge integrating means connected to one of said lines
      of each set, respectively, for simultaneous readout of charges through the
      lines of at least one said set;
PA1  d. switch means for connecting each said set, in turn, for readout;
PA1  e. a plurality of video channel circuits, respectively, in circuit with
      each said integrating means for respectively transmitting an output signal
      from each said integrating means; and
PA1  f. a correction circuit means in circuit with said plurality of video
      channel circuit means for generating a correction signal to cancel a D.C.
      offset voltage between the output signals on said video channel circuit
      means.
NUM  2.
PAR  2. The system of claim 1 further comprising multiplexing means connected
      between said plurality of video channel circuit means and said correction
      circuit means for multiplexing said outputs to provide a composite video
      signal.
NUM  3.
PAR  3. The system of claim 2 further comprising signal adding means having a
      first input connected to the output of said multiplexing means and a
      second input connected to the output of said correction circuit means.
NUM  4.
PAR  4. The system of claim 1 wherein said correction circuit means further
      comprises differential integrating means for integrating said offset
      voltage to generate an output signal substantially corresponding to the
      difference between an average of the outputs of the cell pairs of the odd
      numbered columns and an average of the outputs of the cell pairs of the
      even numbered columns.
NUM  5.
PAR  5. The system of claim 4 wherein said correction circuit means further
      comprises an odd sampling circuit means for providing a continuous time
      variable signal corresponding to the outputs of the cell pairs on said odd
      numbered column lines, said odd sampling circuit signal providing a first
      input to said differential integrating means and an even sampling circuit
      means for providing a continuous time variable signal corresponding to the
      outputs of the cell pairs on said even numbered column lines, said even
      sampling circuit signal providing a second input to said differential
      integrating means.
NUM  6.
PAR  6. The system of claim 5 wherein said correction circuit further comprises
      a modulator means connected to said differential integrating means for
      modulating the output of said differential integrating means to generate
      said correction signal, said correction signal being comprised of a square
      wave opposite in phase and equal in period to the composite video output.
NUM  7.
PAR  7. The system of claim 6 further comprising multiplexing means connected
      between said plurality of video channel circuit means and said correction
      circuit means for multiplexing said video channel outputs to provide a
      composite video signal.
NUM  8.
PAR  8. The system of claim 7 further comprising signal adding means having a
      first input connected to the output of said multiplexing means and a
      second input connected to the output of said modulator means.
NUM  9.
PAR  9. An imaging system comprising
PA1  a. a semiconductor substrate having a major surface;
PA1  b. a first and a second plurality of conductive plates, each overlying and
      in an insulated relationship to said major surface thereby to form first
      and second pluralities of MIS capacitors, respectively, each of said first
      MIS capacitors being adjavent and coupled to a respective one of said
      second MIS capacitors to form a plurality of pairs of MIS capacitors, said
      pairs arranged in a matrix of rows and columns;
PA1  c. a plurality of column conductor lines arranged in plurality of
      consecutively numbered sets, each set having an equal number of
      consecutively numbered lines, each line connected to the second plates of
      each column, respectively;
PA1  d. a plurality of column switches;
PA1  e. a plurality of consecutively numbered terminals equal in number to the
      number of sets, each line connected through a respective one of said
      column switches to the terminal corresponding in number to the set number
      of said line;
PA1  f. a plurality of row conductor lines, each row line connected to said
      first plates of each row, respectively;
PA1  g. a first voltage means for providing a first voltage between said row
      conductor lines and said substrate to deplete respective first portions of
      said substrate lying thereunder of majority charge carriers;
PA1  h. a second voltage means connected in circuit between each set of said
      column conductor lines and said substrate for providing a second voltage
      between said column conductor lines and said substrate to deplete
      respective second portions of said substrate lying thereunder of majority
      charge carriers, said substrate maintained at a fixed potential in
      relation to said second voltage means;
PA1  i. means for exposing said substrate to radiation whereby charge is stored
      in said first and second portions of said substrate;
PA1  j. first means for collapsing and reestablishing said first voltage on each
      of said row conductor lines in sequence during a respective period of
      time;
PA1  k. means for actuating the column switches of each set during a respective
      second period of time whereby the column lines of each set are connected
      in turn to said terminals;
PA1  l. a plurality of circuit means each connected between a respective one of
      said terminals and said second voltage means;
PA1  m. second means for collapsing and reestablishing said second voltage on
      said terminals during said second periods of time, whereby charge stored
      in the second semiconductor capacitors of each set is simultaneously
      driven out of said respective second capacitors and currents are caused to
      flow simultaneously in each of said circuit means;
PA1  n. each of said circuit means including means for integrating each of said
      current flows with respect to time to provide a respective output of
      sequentially occurring levels of voltage;
PA1  o. a plurality video channel circuit means each connected to respective
      ones of said integrating means for providing a plurality of video channel
      outputs;
PA1  p. correction circuit means, connected to said plurality of video channel
      circuit means for generating a correction signal to cancel a D.C. offset
      voltage between said video channel outputs.
NUM  10.
PAR  10. The system of claim 9 further comprising multiplexing means connected
      between said plurality of video channel circuit means and said correction
      circuit means for multiplexing said outputs to provide a composite video
      signal.
NUM  11.
PAR  11. The system of claim 10 further comprising signal adding means having a
      first input connected to the output of said multiplexing means and a
      second input connected to the output of said correction circuit means.
NUM  12.
PAR  12. The system of claim 9 wherein said correction circuit means further
      comprises differential integrating means for integrating said offset
      voltage to generate an output signal substantially corresponding to the
      difference between an average of the outputs of the cell pairs of the odd
      numbered columns and an average of the outputs of the cell pairs of the
      even numbered columns.
NUM  13.
PAR  13. The system of claim 12 wherein said correction circuit means further
      comprises an odd sampling circuit means for providing a continuous time
      variable signal corresponding to the outputs of the cell pairs on said odd
      numbered column lines, said odd sampling circuit signal providing a first
      input to said differential integrating means and an even sampling circuit
      means for providing a continuous time variable signal corresponding to the
      outputs of the cell pairs on said even numbered column lines, said even
      sampling circuit signal providing a second input to said differential
      integrating means.
NUM  14.
PAR  14. The system of claim 13 wherein said correction circuit further
      comprises a modulator means connected to said differential integrating
      means for modulating the output of said differential integrating means to
      generate said correction signal, said correction signal being comprised of
      a square wave opposite in phase and equal in period to the composite video
      output.
NUM  15.
PAR  15. The system of claim 14 further comprising multiplexing means connected
      between said plurality of video channel circuit means and said correction
      circuit means for multiplexing said video channel outputs to provide a
      composite video signal.
NUM  16.
PAR  16. The system of claim 15 further comprising signal adding means having a
      first input connected to the output of said multiplexing means and a
      second input connected to the output of said modulator means.
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ABST
PAL  Superimposed pictures on the video outputs of cameras resulting from
      picking up stray transmitted television signals are eliminated by
      shielding the camera amplifier, and by insertion of inductances at the
      input of the amplifier and between the first two stages. The inductances
      combine with existing parasitic capacitances to create low-pass filters
      which pass the video signal from the camera but block the higher frequency
      transmitted television signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a device for eliminating high-frequency (hf)
      disturbances in television cameras, especially radio frequency
      disturbances such as video signals produced outside the camera which stray
      into the camera.
PAR  2. Description of the Prior Art
PAR  In the operation of television cameras outside the studio, it frequently
      happens that transmitters located near the camera cause disturbances in
      the video channel of the camera. When these transmitters are television
      transmitters, this disturbance causes the picture transmitted by the
      transmitter to be superimposed upon the picture taken by the camera,
      whereby the picture quality suffers.
PAC  SUMMARY OF THE INVENTION
PAR  The invention aims therefore at creating a device whereby such disturbances
      in the television camera are suppressed.
PAR  According to the invention, a low-pass filter in each case is arranged
      between the signal electrode of the television camera tube and the input
      electrode of the first video amplifier stage, which receives the signal
      from the camera tube. A low-pass filter is also arranged between the
      output electrode thereof and the input of the following amplifier stage.
      The low-pass filter consists of an inductive reactance and the existing
      parasitic capacitances and has a cutoff frequency above the frequency of
      the video intelligence signal, but below that of the transmitted signal,
      and preferably between 10 and 20 MHz, and the input amplifier is
      completely blocked off.
PAR  The arrangement of the invention has the advantage that even in the case of
      camera shots near strong transmitters, disturbances are no longer visible
      on the picture screen of the control monitor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be explained in greater detail by means of an
      embodiment represented in FIGS. 1 and 2, wherein only the parts necessary
      for the understanding of the invention are drawn.
PAR  FIG. 1 illustrates a circuit diagram of a device according to the
      invention;
PAR  FIG. 2 illustrates a structural development of the device according to the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a television camera tube 1 in brokenoff illustration. An input
      video amplifier 3 (likewise in broken-off illustration) is connected to
      the signal electrode 2 to amplify the video signal from the camera tube.
      The input amplifier 3 consists, as is known, essentially of an input
      field-effect transistor (FET) 4 with the conventional circuit elements 5
      to 8 appertaining thereto as a first stage, and a subsequent cascode
      amplifier with transistors 9 and 11, and conventional circuit elements 12
      to 15 appertaining thereto as a second stage. Terminals A and B are
      respectively the input and output terminals of the first stage, and
      terminal C is the input terminal of the second stage. The output of the
      second stage is used in any conventional manner.
PAR  According to the invention a two-part coil 16 and 17 is provided between
      signal electrode 2 and the input electrode of the FET 4, which elements,
      together with the parasitic capacitances 18 and 19 (such as capacitance of
      signal electrode 2, circuit capacitances, input capacitance of the FET 4)
      form a low-pass filter of such value that only the video intelligence
      signal can pass unimpeded, while any signal of higher frequency is
      suppressed. Another coil 21 is provided between the output of the FET 4
      and the input of the cascode amplifier transistors 9 and 11, which
      elements, together with the parasitic capacitances 22 and 23 form another
      low-pass filter of the same value. A frequency of 15 MHz was chosen as the
      cutoff frequency of the two low-pass filters. In order also to avoid
      straying by hf disturbances upon other parts of the input amplifier 3, the
      amplifier, according to the invention, is completely blocked off from hf
      disturbances by being placed in a totally sealed small metal box 24.
PAR  In FIG. 2, metal box 24 is fastened, by means of spacers 26 and 27 on the
      blocked-off coil set 28 of the television camera tube. Coil 16, which is
      positioned outside box 24 is arranged with feed lines as short as possible
      between a terminal 29 of the television camera tube and a duct 31 in the
      front wall of box 24.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a television camera system comprising a television camera tube with a
      signal electrode for providing a video signal, a first amplifier stage
      having an input terminal and connected for receiving and for amplifying
      the video signal to provide an amplified video signal at a first stage
      output terminal, and a second amplifier stage having a second stage input
      terminal for receiving the amplified video signal from the first stage
      output terminal and for further use in any conventional manner, and
      wherein there are parasitic capacitances to ground respectively from the
      signal electrode, the first stage input terminal, the first stage output
      terminal, and the second stage input terminal, the improved system for
      eliminating the effects of stray transmitted television signals from the
      amplified video signal comprising:
PA1  A. a first inductance inserted between the signal electrode and the first
      stage input terminal and forming, together with the parasitic capacitances
      to ground respectively from the signal electrode and from the first stage
      input terminal, a first low-pass filter having a cutoff frequency above
      the frequency of the video signal but below the frequency of the stray
      transmitted television signals,
PA1  B. a second inductance inserted between the first stage output terminal and
      the second stage input terminal and forming, together with the parasitic
      capacitance to ground respectively from the first stage output terminal
      and the second stage input terminal, a second low-pass filter having a
      cutoff frequency above the frequency of the video signal but below the
      frequency of the stray transmitted television signals, and
PA1  C. a shield means for completely blocking off the amplifier stages from
      stray transmitted television signals.
NUM  2.
PAR  2. A system according to claim 1 wherein the first and the second low-pass
      filters each have a cutoff frequency between 10 and 20 MHz.
NUM  3.
PAR  3. A system according to claim 2, wherein the first inductance is in the
      form of a two-part coil, one part of which is situated outside the shield
      means and connected to the signal electrode, and the other part of which
      is situated inside the shield means and connected to the first stage input
      terminal.
NUM  4.
PAR  4. A system according to claim 3 wherein the shield means comprises a
      sealed metal box.
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ABST
PAL  A circuit arrangement in a picture display apparatus including an
      integrator having a time constant which is of the same order as one field
      period and which integrates the control voltage generated by the line
      phase discriminator. The voltage thus integrated is applied by means of a
      switch to the output terminal of the discriminator during each field
      blanking period. As a result both the flickering effect and the shift
      which may occur at the upper edge of the screen of the picture display
      tube as a result of the broad field synchronizing pulses and the
      equalizing pulses disappear. The circuit arrangement also includes a
      circuit which separates the discriminator from the integrator and which
      may be constituted as a long-tailed pair arrangement.
BSUM
PAR  The invention relates to a picture display apparatus including a line phase
      discriminator for generating a control voltage between output terminals
      and a field time base, and in which line synchronizing, field
      synchronizing and equalizing pulses as well as field blanking pulses are
      processed.
PAR  As is known a flickering phenomenon may occur at the upper edge of the
      screen of the picture display tube in a picture display apparatus, which
      phenomenon is caused by an odd number of broad field synchronizing pulses
      and an odd number of equalizing pulses which occur in given television
      standards such as, for example, the C.C.I.R.-625-line standard which is
      used in most European countries, when the line oscillator of the apparatus
      is indirectly synchronized by means, for example, of a phase
      discriminator. In fact, the phase discriminator generates unequal control
      voltages at the end of the second equalizing period of two successive
      fields. In television standards such as, for example, that used in the
      United States of America in which both the number of broad field
      synchronizing pulses and that of the equalizing pulses is even, the said
      flickering phenomenon does not occur because the said two control voltages
      are then equal.
PAR  In both cases, however, the control voltage which is generated after the
      equalizing pulses succeeding the broad field synchronizing pulses does not
      have the same amplitude as the control voltage which is generated for the
      equalizing pulses which precede the same broad pulses, the line frequency
      being the same. This becomes manifest on the image displayed as a shift of
      the first written lines of the field which is visible in a troublesome
      manner at the upper edge of the screen of the picture display tube
      especially when the picture exhibits a pattern of vertical lines.
PAR  German patent specification No. 948.525 describes a circuit arrangement by
      means of which a compensation voltage is added during the field flyback
      period to the control voltage generated by the line phase discriminator so
      that the said shift is reduced. However, this compensation voltage has a
      field frequency and thus each field is the same so that the flickering
      phenomenon cannot disappear completely. An object of the present invention
      is to provide means to substantially eliminate both disturbing phenomena
      and to this end the display apparatus according to the invention is
      characterized in that the picture display apparatus is also provided with
      a circuit arrangement which includes an integrator for integrating the
      control voltage, and a periodically closing switch arranged between the
      output terminals of the integrator and those of the discriminator.
PAR  The invention is based on the recognition of the fact that the difference
      between the mean value taken over several field periods of the control
      voltage generated by the line phase discriminator and this control voltage
      itself is very low at a given instant, more particularly at the
      commencement of a field scan period.
DRWD
PAR  In order that the invention may be readily carried into effect, an
      embodiment thereof will now be described in detail by way of example with
      reference to the accompanying diagrammatic drawing.
DETD
PAR  The FIGURE shows a line phase discriminator 1 of known type for a
      television receiver in which the frequency and the phase of the received
      line synchronizing pulses are compared with those of the pulses generated
      by the line oscillator 2 of the receiver. Discriminator 1 applies a
      voltage between an output terminal 3 and earth to a smoothing capacitor 4
      of relatively low capacitance, which voltage is applied to a reactance
      circuit 5 so that oscillator 2 is recontrolled.
PAR  The circuit arrangement in the FIGURE also includes two so-called
      Darlington combinations which consist of substantially identical
      transistors and the first of which, constituted by two transistors 6 and
      7, is controlled by the control voltage V.sub.3 present at terminal 3
      through a separating resistor 8, while the collectors of these transistors
      are connected together and to a terminal of a voltage supply source
      V.sub.B of, for example, approximately 12 Volt the other terminal of which
      is connected to earth. The emitter of transistor 7 is connected to the
      emitter of the second transistor 10 of the second Darlington combination
      9, 10 and to the collector of a further transistor 11 which constitutes a
      constant current source. Transistors 7, 10 and 11 thus constitute a
      so-called long-tailed pair arrangement. Furthermore the collectors of
      transistors 9 and 10 are connected together and to the base of transistor
      9, while a resistor 12 of high value, for example, approximately 12 K
      .OMEGA., is arranged between these collectors and the supply terminal. The
      series network of a resistor 13 of low value and a capacitor 14 of high
      capacitance is arranged between the same collectors and earth.
PAR  The first Darlington combination 6, 7 behaves with respect to alternating
      current as an emitter follower, that is to say, the base voltage of
      transistor 6 is present at the collector of transistor 11 while the input
      impedance of this combination is very high so that the discriminator is
      substantially not loaded. Current source 11 additionally ensures that the
      said impedance remains constant independent of control voltage V.sub.3.
      Transistors 9 and 10 may be considered as diodes and have the task of
      compensating for possible variations of the junction voltages of
      transistors 6 and 7, for example, as a result of variations of the
      temperature or the supply voltage V.sub.B. The two Darlington combinations
      and current source 11 thus serve as a separation between resistor 8 and
      the RC network 13, 14 in which transistors 6 and 9 may only be considered
      as refinements.
PAR  For a satisfactory operation of the circuit arrangement the alternating
      voltage at the collectors of transistors 9 and 10 must be substantially
      equal to control voltage V.sub.3. A condition therefor is that the
      junction voltages of transistors 6, 7, 9 and 10 are mutually equal and
      therefore the emitter currents, and substantially the collector currents,
      of transistors 7 and 10 must each be equal to half the collector current
      of transistor 11. The base of this transistor is connected through a
      resistor 15 to the supply voltage V.sub.B and to earth through a
      transistor 16 arranged as a diode. Since the collector current of
      transistor 11 is equal to the current flowing through resistor 15 the
      above-mentioned condition is:
      ##EQU1##
      in which R.sub.12 and R.sub.15 are the values of resistors 12 and 15,
      respectively, and v.sub.be is the junction voltage of transistor 16. It
      follows therefrom that
      ##EQU2##
      if voltages V.sub.3 and v.sub.be are low relative to supply voltage
      V.sub.B. In the embodiment described the value of resistor 15 is
      approximately 6.8 K .OMEGA.. In this case both currents and hence the
      junction voltages of transistors 7 and 10 are substantially independent of
      the variation of the temperature and of the variation of supply voltage
      V.sub.B. In order that these junction voltages are equal the largest
      variation of control voltage V.sub.3 must also be small relative to supply
      voltage V.sub.B, for otherwise the ratio R.sub.15 /R.sub.12
PAL  would have to be variable.
PAR  Under these circumstances the alternating voltage at the collectors of
      transistors 9 and 10 is substantially equal to control voltage V.sub.3.
      The voltage drop across resistor 8 (approximately 330 ohms) is in fact
      negliglibly small. If control voltage V.sub.3 varies, the balance is
      disturbed. Capacitor 14 is recharged by supply voltage V.sub.B through
      resistors 12 and 13 and is discharged by current source 11 through
      transistors 9 and 10 and resistor 13 dependent on the direction of the
      variation of control voltages V.sub.3 until the balance is restored. Thus
      a voltage is produced across capacitor 14 which is the result of the
      integration of control voltage V.sub.3, i.e. the mean value of this
      voltage, with a time constant which is equal to the product of the value
      of resistor 13 and the capacitance of capacitor 14. This time constant has
      been chosen to be such that the voltage across capacitor 14 during a field
      period does not noticeably vary, that is to say, the time constant is of
      the same order as a field period. In the embodiment described the
      resistance of resistor 13 is approximately 680 .OMEGA. while the
      capacitance of capacitor 14 is approximately 25.mu.F so that the time
      constant is approximately 17 ms. As is known a complete field takes 20 ms
      or 16.7  ms dependent on the television standard.
PAR  Pulses 18 of field frequency which originate from the field time base (not
      shown) of the television receiver are applied to a terminal 17. Pulses 18
      drive the bases of two transistors 20 and 21 via an emitter follower 19.
      The emitter of transistor 20 is connected to the collector of transistor
      21 and the emitter of transistor 21 is connected to the collector of
      transistor 20. A separation resistor 22 of low value (approximately 100
      .OMEGA.) is arranged between the first-mentioned junction and terminal 3
      while the second junction is connected to the junction of resistor 13 and
      capacitor 14.
PAR  In the absence of pulse 18 the bases of transistors 20 and 21 are connected
      to earth via the emitter resistor of transistor 19 and consequently these
      transistors are cut off. During the occurrence of pulse 18, however, one
      of these transistors starts to conduct dependent on the polarity of the
      voltage difference between terminal 3 and the unearthed cladding of
      capacitor 14. Transistors 20 and 21 consequently constitute a
      field-frequency switch through which a current flows which flows either
      through transistor 20 or through transistor 21.
PAR  Without the elements denoted by the reference numeral 6 and onwards an
      interference voltage would be produced at terminal 3 during the field
      blanking period namely during the first series of equalizing pulses, the
      broad field synchronizing pulses and the second series of equalizing
      pulses. As a result one or both of the above-mentioned effects, i.e. the
      shift and the flickering phenomenon might occur. When pulse 18 coincides
      with the said period, that is to say, with its leading edge before the
      first of the equalizing pulses preceding the broad field synchronizing
      pulses and with its trailing edge after the last of the equalizing pulses
      succeeding the same broad pulses, the voltage present across capacitor 14
      is applied during the same period to terminal 3 so that the
      above-mentioned interference voltage disappears. Since the voltage thus
      applied is also the mean value of control voltage V.sub.3, the difference
      between the two voltages is very small. At the instant when switch 20, 21
      again opens there is thus substantially no difference between the voltage
      which was just present at terminal 3 and the voltage which is now set up
      at discriminator 1 due to the operation of this discriminator. For this
      purpose the applied voltage must originate from a low resistive source and
      therefore the capacitance of capacitor 14 must be high relative to that of
      capacitor 4. In the embodiment mentioned hereinbefore these capacitances
      are 25.mu.F and 56nF, respectively. It follows that the value of resistor
      13 must be low so that the separation circuit 6 to 12 and 15, 16 is
      required lest phase discriminator 1 is loaded too much.
PAR  It may be noted that pulse 18 need not necessarily be defined so exactly as
      described above. The operation of the circuit arrangement is substantially
      the same when pulse 18 occurs somewhere during the field blanking period
      provided that its duration comprises the defined period of time. It may
      also be noted that the known circuit arrangement can only provide a
      satisfactory compensation for the nominal line frequency. In the circuit
      arrangement according to the invention, however, the result is always
      satisfactory. In fact, when the frequency of the received pulses and/or of
      the line synchronizing pulses generated by line oscillator 2 deviates from
      the nominal value, control voltage V.sub.3 also deviates from its nominal
      value, but the voltage across capacitor 14 has the same deviation.
PAR  Furthermore it may be noted that all elements of the circuit arrangement,
      except capacitors 4 and 14, may be integrated in a simple manner in a
      semiconductor body. It is thereby even better ensured that the junction
      voltages of transistors 6, 7, 9 and 10 are substantially identical under
      all circumstances.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit comprising a line phase discriminator having an output means
      for supplying a control voltage, integrator means having an input coupled
      to said discriminator output and an output means for supplying an
      integrated control voltage, a field frequency periodically operating
      switching means coupled between said outputs and a separating circuit
      means coupled between said outputs for isolating said discriminator from
      said integrator.
NUM  2.
PAR  2. A circuit as claimed in claim 1 wherein said separating circuit
      comprises first, second and third transistors each of said transistors
      having emitter, base, and collector electrodes, said first and second
      transistor emitters being coupled together and to said third transistor
      collector, a first resistor coupled between said third transistor base and
      to a first terminal of a voltage supply, said third transistor emitter
      being coupled to a second terminal of said voltage supply, a diode means
      coupled between said third transistor base and said second terminal, a
      second resistor coupled to the collector of one of said first and second
      transistors and said first terminal, said one transistor collector being
      coupled to said integrator.
NUM  3.
PAR  3. A circuit as claimed in claim 2 wherein the value of said first resistor
      is approximately half the value of said second resistor and said supply
      voltage is high relative to said control voltage.
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PAL  A TV channel indicator wherein the tuner shaft carries a program disc
      having a plurality of cam sticks, each of which has a cam surface
      corresponding to a respective channel. There is a panel of leaf switches
      which play against the cam surfaces to close the switches in a manner
      dictated by the cam surface configuration, thereby selectively energizing
      the segments of a seven-segment numerical display to provide illuminated
      channel numbers corresponding to the tuner shaft position. Tuning of the
      tuner shaft brings the cam surfaces into registration with the switch
      ends.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation in part of copending application, Ser. No. 456,401,
      filed [3-27-74] Mar. 27, 1974, now abandoned, and entitled, "Position
      Indicating Device," by Hien Vodinh, common assignee.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Efforts have been made previously in the TV receiver art to display the
      numerals of the TV channel to which the receiver is tuned in a location
      and of a size and brightness where a viewer can readily ascertain such
      numerals from a viewing distance regardless of room light. These efforts
      have included placing a disc on the tuner shaft which has stenciled in the
      outer circumference thereof channel numerals which pass in front of a
      light source, and these numerals are so positioned on the disc so that the
      numeral illuminated corresponds to the channel to which the receiver is
      tuned. Certain of the prior art devices also had replaceable numerals on
      the disc which allowed for interchangeability required by the fact that
      different areas had differently numbered channels. These systems had the
      obvious limitation that the numerals, of necessity, had to be located at
      the tuner shaft and more importantly, were limited in size to fit on a
      disc carried by the tuner shaft.
PAR  The present invention overcomes the above difficulties by providing in a
      relatively low-cost device a numerical display of the selected channel
      numbers which can be placed at any convenient location on the TV receiver
      control panel and be of any desired size so that it may be easily read
      from normal TV viewing distances.
PAC  SUMMARY OF INVENTION
PAR  A television receiver tuner position indicator having a circular program
      disc, which carries replaceable program cam sticks, connected to and
      rotatable with the tuner shaft. Each cam stick represents a channel and
      has a surface configuration which identifies with a particular channel. A
      switch panel from which a plurality of leaf switches are cantilevered, is
      connected to the television receiver chassis in such a manner that the
      free end of the leaf switches play on the cam surfaces. Each switch, when
      moved outwardly by a cam surface portion, closes a contact in the switch
      panel which energizes one segment of a 7-segment numerical digital
      display. The cam stick for a given channel has raised portions which come
      into registration with the leaf switches as the tuner shaft is turned,
      thereby moving an appropriate leaf switch, or leaf switches, outwardly,
      closing the respective contacts and illuminating their respective segments
      in the digital display thereby signifying the channel number. In the
      disclosed embodiment, a two-digit channel display is obtained by providing
      each side of a cam stick with cam surfaces, one side for one digit and the
      opposite side for the other digit, and having a switch panel registrable
      with each cam side.
PAR  The cam sticks may represent VHF, UHF, or cable stations. There may also be
      a segment of the program disk which has the cam portions molded
      permanently thereon to represent the VHF stations.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a plan view of a preferred embodiment of this invention;
PAR  FIG. 2 is a partial, diagrammatic, in part elevational, view of the
      embodiment of FIG. 1;
PAR  FIG. 3 is an exploded view of the major elements of the embodiment of FIG.
      1; and
PAR  FIG. 4 is a plan view of the insulative board in each switch panel.
PAR  FIG. 5 is a plan view, partially broken away, of the leaf switch base.
DETD
PAR  In the figures, there is shown a chassis mounting board 20 which is fixed
      to the television chassis, and which rotatably carries a tuner shaft 22
      connected to a tuner mechanism 24 and shown diagrammatically, of
      conventional design. Shaft 22 has fixed thereto and carries therewith a
      program disc 26 which has a plurality of radial slots 28, each of which
      have a peripheral rail 30 at the outer extremity thereof. In a preferred
      configuration, there are nine open slots, each corresponding to a UHF
      station, as later described.
PAR  Program disc 26 also has a plurality of moulded cam surfaces 32 formed
      thereon with each series of cam surfaces corresponding to a VHF station.
      Disc guides 34 are attached to the mounting board 20 and slidably engage
      the program disc 26 at its periphery to maintain it in alignment.
PAR  Each of the open slots 28 is adapted to receive a program cam stick 36,
      each of which corresponds to a selected UHF station and, as mentioned, in
      the illustrated preferred embodiment, there are nine slots and sticks but
      this number, of course, may be varied. Near the center of the program disc
      26 is a circular groove 38 into which the ends 40 of each program stick
      may be inserted afterwhich the program stick is snapped over the
      peripheral ring 30 to secure it in place in its respective slot. Each
      program stick 36 has a cam surface or combination of cam surfaces 42 which
      will operate to illuminate the channel number to which the receiver is
      tuned as will be later described.
PAR  Also attached to mounting board 20 by means of mounting screws 44 are
      switch panels 46 and 46a mounted on either side of program disc 26 and
      fastened together by bolts 47. Panels 46, 46a are of similar construction
      and corresponding parts will have the same numeral designation with those
      in panel 46a carrying the letter suffix a. Panel 46 comprises an insulated
      board 48, FIG. 4, which has thereon seven conductive terminals 50, each of
      which is electrically connected to a separate wire in a seven-wire cable
      54 with conductive terminal 51 being grounded. Seven leaf switches 56 are
      cantilevered from a common conductive base, 56b, (FIG. 5), which has
      finger 56c struck therefrom, in insulative block 58 which is a portion of
      panel 46. Insulative insert 57 has a cut out 57a which exposes finger 56c
      so that it can make contact with ground terminal 51 when assembled in
      panel 46. Insert 57 is heat staked at 46b to the panel 46 cover. Each leaf
      switch 56 has a cam contacting portion 60 and a terminal contacting
      portion 62 and are so configured that when the cam contacting portion 60
      is raised by a cam on program disc 26, the contact between terminal 50 and
      switch portion 62 is closed. Each leaf switch 56 is made of a conductive
      material and is electrically grounded to terminal 51 so that when a leaf
      switch 56 contacts a terminal 50, an electrical circuit to ground is made.
      These switches 56 are made of a metallic spring-like material; and in
      their normal positions, they extend away from terminals 50 so that the
      circuit is open, and it is only when they are lifted by a cam surface 42
      that they contact terminals 50.
PAR  Each seven-wire cable 54 and 54a leads to a digital box 64 which has two
      seven-segment digits 66 and 66a with each of the segments being
      individually energized by separate wires in the seven-wire cable. These
      seven-segment digital numerals are well known to the art, and a preferred
      embodiment is shown in U.S. Pat. No. 3,758,973 to Gary L. Miller entitled,
      "One-Piece Character Display Device," issued Sept. 18, 1973, common
      assignee, and is incorporated by reference herein. Further, the structure
      shown in copending application 461,666, common assignee, filed Apr. 17,
      1974, entitled, "Multi-Level Television Receiver Channel Indicia Display,"
      inventors: Arthur N. Borg and Bruce E. Smith, showing in more detail the
      structure of digital box 64, in addition to multi-level brightness
      circuitry is incorporated by reference herein. Terminal 48 in the Borg et
      al. application may be connected to line 74 and switches 50b-56b therein
      correspond to switches 56 herein, and switches 60b-66b therein correspond
      to switches 56a herein, and ground strip 51 herein may be connected to the
      diode D-1 cathode therein.
PAR  In brief, each segment of a seven-segment display can be energized
      independently and with the proper segments illuminated, any numeral can be
      displayed from the seven segments; therefore, the cam surfaces 42 on each
      cam stick 40 can be placed to close the leaf switches which will
      illuminate the desired numeral segments of the seven-segment display 66,
      thereby illuminating a numeral corresponding to the received channel. Leaf
      switches 56 are aligned with cam projections on one side of program disc
      26 and are connected by means of cable 54 to seven-segment display 66,
      while leaf switches 56a are aligned with cam projections on the opposite
      side of program disc 26 and are connected by means of cable 54a to
      seven-segment display 66a, thereby providing two-digit capacity for this
      embodiment of the invention.
PAR  A transformer 70 which has a plug 72 for connection to an external power
      source, not shown, is used to supply through cable 74 power to illuminate
      the segments in digital box 64. When a leaf switch 56 contacts its
      corresponding terminal 50, a circuit is completed from the power source to
      ground terminal 51 through contact 56c, FIG. 5, to illuminate the
      corresponding segment in lamps 66, 66a.
PAR  Program disc 26 may be supplied entirely with slots 28 and removeable cam
      sticks 36 for insertion in these slots, or it can be provided partially
      with the slots 28 and cam sticks 36 and have permanent moulded cam
      portions in the remainder of the program disc sector, or all the cam
      portions may be molded on disc 26. In the illustrated preferred
      embodiment, program sticks are utilized to designate UHF and/or cable
      channels while permanently-moulded cam surfaces are used for VHF channels.
PAC  OPERATION OF A PREFERRED EMBODIMENT
PAR  In operation of the embodiment shown in the drawings, the viewer turns the
      tuner shaft 22 by means of a viewer actuable knob, not shown, which is
      attached to shaft 22, to select a preferred channel. Turning of shaft 22
      accomplishes two functions; first, the TV receiver tuner mechanism shown
      schematically at 24 is actuated to tune the receiver to receive the
      indicated channel and second, program disc 26 is turned causing the
      correct channel indication to be displayed in digital box 64 which may be
      located in any convenient spot on the receiver and may be of any
      convenient size. As program disc 26 turns, different combinations of cam
      elevations are brought into contact with leaf switches 56, 56a, and each
      combination of cam surfaces is selected to illuminate those segments in
      digital box 64 which will display the channel number corresponding to that
      which the receiver is tuned at that position of the disc 26. For each of
      the numerals 0 through 9, a different combination of cam elevations will
      exist, thereby raising a different combination of leaf switches 56 to
      close contact with corresponding terminals 50 and energize the
      corresponding segments of the seven-segment display 66 by completing the
      circuit for those segments through line 74, transformer 70, and the power
      source. For example, if it is desired to display the numeral 8, then all
      leaf switches will be raised closing all contacts 50 illuminating all
      seven segments. If the numeral 9 is desired to be displayed, then all
      segments but the lower left segment will be illuminated and so forth to
      display all the numerals.
PAR  The above described embodiment is utilized in The Magnavox Company chassis
      No. T-989.
PAR  Other embodiments than that shown herein will occur to one skilled in the
      art and the scope of this invention is defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Television receiver channel numeral indicating apparatus comprising,
PA1  tuner means for receiving a television signal and having a tuner shaft
      rotatable to any of a plurality of positions, each position corresponding
      to a respective television transmitted channel,
PA1  disc means attached to said tuner shaft and rotatable therewith,
PA1  a plurality of slot means being placed in said disc means,
PA1  a plurality of cam sticks, each stick having a cam surface, said cam sticks
      insertable into and removable from a respective slot means,
PA1  a leaf switch panel fixedly mounted to the television receiver chassis and
      carrying in a cantilever manner a plurality of leaf switches,
PA1  said panel being positioned so that the free end of said leaf switches are
      in registration with the cam surfaces of said cam stick, as said tuner
      shaft is rotated,
PA1  multi-segment display means having a plurality of individual segments being
      located on said television receiver at a readily viewable position,
PA1  means for illuminating each of said segments,
PA1  each of said leaf switches being in operable relation to said means for
      illuminating a segment of said display means,
PA1  said cam surfaces being configured to operate those switches which will
      illuminate the segments to numerically identify on said display means the
      tuner channel selected.
NUM  2.
PAR  2. The apparatus of claim 1 with each of said cam sticks having a second
      cam surface on a side opposite to said cam surface, said cam surface
      corresponding to a ones-digit of channel numeral display and said second
      cam surface corresponding to a tens-digit of the channel numeral display,
PA1  a second leaf panel switch fixedly mounted to the television receiver
      chassis and carrying in a cantilever manner a second plurality of leaf
      switches with the free ends of said second plurality of leaf switches
      being in registration with said second cam surface, as said tuner shaft is
      rotated.
NUM  3.
PAR  3. Television receiver means comprising,
PA1  a television receiver having a picture tube mounted on a chassis,
PA1  tuner means for tuning the television receiver to a desired transmitted
      television signal channel, upon rotation of a tuner shaft,
PA1  disc means attached to said tuner shaft and rotatable therewith,
PA1  said disc means having radially aligned cam combinations, each radial cam
      combination corresponding to VHF channels,
PA1  said disc means having a plurality of radial slots, each slot corresponding
      to a UHF channel,
PA1  a plurality of UHF cam sticks which are snappable into said slots, each of
      said cam sticks having a cam surface on either side thereof with one side
      corresponding to the tens digit and the other side corresponding to the
      ones digit,
PA1  a first leaf switch panel having seven leaf switches cantilevered therefrom
      and mounted on the TV chassis so that the free end of the switches play on
      the cam surfaces on the ones-digit side of said disc as the tuner shaft is
      rotated,
PA1  a second leaf switch panel having seven-leaf switches cantilevered
      therefrom and mounted on the TV chassis so that the free end of the
      switches play on the cam surfaces on the tens digit side of said disc as
      the tuner shaft is rotated,
PA1  a first seven-segment ones digit number display mounted on said television
      receiver in a readily viewable area and of a readily read size,
PA1  a second seven-segment tens digit number display mounted on said television
      receiver in a leftwardly location to said first display,
PA1  means including activating means for individually illuminating each of the
      segments in each of the displays,
PA1  each of said leaf switches in each of said panels being in operable
      relation to an actuating means to operate said actuating means and thereby
      illuminating a segment,
PA1  said cam surfaces being configured to move said leaf switches and operate
      the respective actuating means to illuminate the segments and numerically
      identify on said first and second displays the tuner channel selected.
NUM  4.
PAR  4. Television channel numeral indicating apparatus comprising,
PA1  tuner means for receiving a television signal and having a tuner shaft
      rotatable to any of a plurality of positions, each position corresponding
      to a respective television channel,
PA1  disc means attached to said tuner shaft and rotatable therewith,
PA1  a plurality of slot means in said disc means,
PA1  a plurality of cam sticks, each stick having a cam surface, insertable and
      removable from a respective slot means,
PA1  switch means mounted in operative relationship to said disc means and the
      cam surfaces of said cam sticks for selective actuation thereby,
PA1  illuminable display means located on said television receiver at a readily
      viewable position and electrically connected to said switch means,
PA1  said cam surfaces being configured to operate said switch means to
      selectively illuminate said display means to numerically display the tuner
      channel selected.
NUM  5.
PAR  5. Television channel numeral indicating apparatus comprising,
PA1  tuner means for receiving a television signal and having a tuner shaft
      rotatable to any of a plurality of positions, each position corresponding
      to a respective television channel,
PA1  disc means attached to said tuner shaft and rotatable therewith,
PA1  a plurality of slot means in said disc means,
PA1  a plurality of cam sticks, each stick having a first cam surface and a
      second cam surface, insertable and removable from a respective slot means,
PA1  switch means mounted in operative relationship to said disc means and the
      cam surfaces of said cam sticks for selective actuation thereby,
PA1  illuminable display means located on said television receiver at a readily
      viewable position and electrically connected to said switch means,
PA1  said cam surfaces being configured to operate said switch means to
      selectively illuminate said display means to numerically display the tuner
      channel selected.
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ABST
PAL  Dithered display systems are adapted to present animated images via a
      conditional replenishment technique. The only cells of the display panel
      which are accessed for any given frame are cells which are to have states
      in that frame which differ from their respective states in the previous
      frame. Additionally, random scintillations in animated dithered displays
      are substantially eliminated by establishing a hysteresis band about the
      dither threshold value assigned to each display cell. The hysteresis band
      is delimited by upper and lower dither threshold values. Determination of
      whether the intensity of a given picture element of the image to be
      displayed is to be compared to the upper or the lower dither threshold
      value assigned to the corresponding display cell is made based on the
      current state of the cell.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to bi-level display systems and, in
      particular, to adaptation of such systems for presentation of animated
      gray-scale images.
PAR  At the heart of a bi-level display system is a display panel typically
      comprising a matrix of individual, closely spaced display cells each of
      which resides in one of two visual states. That is, each display cell is
      either completely energized (on) or completely de-energized (off). Picture
      images and other graphic data are readily displayed on a bi-level display
      panel via selective energization of its cells.
PAR  Since the cells of a bi-level display panel are either completely on or
      completely off, the panel has no inherent capability for representing gray
      scale in reproduced images. Advantageously, however, it is known that a
      subjective impression of gray scale can be produced by way of a technique
      known as "dither processing." In a so-called "dithered display system" the
      observer is made to perceive various shades of gray, i.e., various
      intensities in the reproduced image by appropriate arrangement of on and
      off cells.
PAR  Dither is implemented in a bi-level display system by dividing the image to
      be reproduced into a matrix of picture elements, each element
      corresponding to a respective cell of the display panel. A predetermined
      dither threshold value is assigned to each display cell. If the intensity
      of any given picture element is greater than the dither threshold value
      assigned to the corresponding display cell, that cell is turned on.
      Otherwise, it is maintained off.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide a dithered
      display system capable of presenting animated images. In theory, this
      object could be simply achieved by displaying successive dithered frames
      of an animated sequence at a rate sufficient for the eye to integrate them
      into smooth, continuous motion. A "write", or "energize", signal would be
      extended to each cell which is to be on for a given frame, and an "erase",
      or "deenergize" signal would be extended to each cell which is to be off
      for that frame. However, this animation technique requires that the
      display cells be accessed to receive a write or an erase signal at a very
      rapid rate since each cell must be accessed in each frame whether or not
      its state in a particular frame is different from its state in the
      previous frame. Unfortunately, the cells in some bi-level display panels,
      including for example most commercially available plasma display panels,
      cannot be accessed fast enough to display a sufficiently large number of
      frames per second to present a pleasing animated image. Bi-level display
      panels which do have this capability are very expensive.
PAR  Accordingly, a specific object of the invention is to provide a relatively
      inexpensive animated dithered display system.
PAR  A more particular object of the invention is to adapt dithered display
      systems having slow-access-rate display panels for presentation of
      animated images.
PAR  A more specific object of the invention is to adapt dithered plasma display
      systems for presentation of animated images.
PAR  These and other objects are achieved in a dithered display system in
      accordance with the invention by implementing therein a technique referred
      to as "conditional replenishment." In accordance with this technique, the
      only display cells which are accessed for any given frame are cells which
      are to have states in that frame which differ from their respective states
      in the previous frame. The remaining cells are not accessed at all but,
      rather, are maintained in their respective previous on or off states. In
      presenting many types of animated dithered images, such as faces, only a
      small fraction of the display cells have different states in successive
      frames. Thus, by implementing the above-described conditional
      replenishment technique in a plasma or other display system having
      slow-access-rate cells, successive frames of dithered animated images can
      be presented at a frame rate sufficient to provide smooth, continuous
      motion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention may be clearly understood from a consideration of the
      following detailed description and accompanying drawing in which
PAR  FIG. 1 is a block diagram of an illustrative dithered display system
      adapted in accordance with the invention to present animated images;
PAR  FIG. 2 is an enlarged view of a portion of the display panel utilized in
      the display system of FIG. 1 and shows the dither threshold values
      assigned to the cells of the panel;
PAR  FIG. 3 is a map of picture element intensity values for a small portion of
      an illustrative image to be presented by the display system of FIG. 1;
PAR  FIG. 4 is an enlarged view of the display panel utilized in the display
      system of FIG. 1, the panel having selected ones of its cells energized to
      present a dithered image; and
PAR  FIG. 5 is a time chart of the intensity value of a selected picture element
      of an an animated image to be displayed by the system of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  The animated dithered display system of FIG. 1 includes a camera 10, a
      signal processor 40 and a bi-level display panel 70. Panel 70 is
      illustratively a plasma display panel such as that disclosed in D. T. Ngo
      U.S. Pat. No. 3,671,938 issued June 20, 1972. Advantageously, however, the
      present invention can be implemented in a system including virtually any
      type of bi-level display panel. Panel 70 comprises 4096 display cells
      arranged in a square matrix to 64 rows and 64 columns. Of course, it will
      be appreciated that the number of cells is, again, merely illustrative.
      Each of the cells of bi-level display panel 70 resides in one of two
      visual states-either fully energized, or on, or fully de-energized, or
      off.
PAR  A small portion of the lower right-hand corner of panel 70 is shown in
      enlarged view in FIG. 2. As indicated in that figure, each of the cells of
      panel 70 is assigned a dither threshold value taken from the predetermined
      sixteen-element "dither matrix"
TBL  0             128     32      160                                         
     192           64      224     96                                          
     48            176     16      144                                         
     240           112     208     80     .                                    
PAL  As also indicated in FIG. 2, the cells of panel 70 may be conceptualized as
      being divided into a plurality of submatrices each comprising sixteen
      cells. There is thus assigned a different threshold value from the dither
      matrix to each cell of any given submatrix.
PAR  The dither matrix utilized in a dithered display system such as that shown
      in FIG. 1 can be chosen to comprise more or fewer than sixteen elements,
      depending on the needs of the particular application. Advantageously,
      increasing the number of cells per dither matrix increases the number of
      shades of gray which are represented in the reproduced image without
      degrading the spatial resolution of the image. Conversely, decreasing the
      number of cells per dither matrix provides more limited gray scale
      capability.
PAR  For best results, numerically successive threshold values of a dither
      matrix, whatever its size, should be spatially separated from one another
      within the matrix. It is known that a generalized n cell-by-n cell dither
      matrix D.sub.n which fulfills this criterion, n being an integer power of
      2, can be constructed by combining the four matrices k[4D.sub.n/2 ],
      k[4D.sub.n/2 + U.sub.n/2 ], k[4D.sub.n/2 + 2U.sub.n/2 ] and k[4D.sub.n/2 +
      3U.sub.n/2 ] in two-by-two arrangement such as
      ##EQU1##
      This is a recursive definition in which D.sub.2 is a two-by-two matrix
      comprising the numbers 0, 1, 2 and 3 such as the matrix
      ##EQU2##
      U.sub.2 is a two-by-two matrix each element of which is 1, and k is a
      predetermined scalar constant. The 16-element dither matrix D.sub.4
      utilized in the display system of FIG. 1 is derived from the above
      definition with k chosen to be 16. If desired, a 64-element dither matrix
      D.sub.8 can be derived from dither matrix D.sub.4 using this definition,
      and so forth. It is preferable, although not necessary, that the matrices
      k[4D.sub.n/2 ] and k[4D.sub.n/2 + U.sub.n/2 ] be on the same one diagonal
      of dither matrix D.sub.n and the numbers 0 and 1 be on the same one
      diagonal of matrix D.sub.2.
PAR  An image to be presented on panel 70 in accordance with known dither
      processing techniques is scanned in a format which divides the image into
      a matrix of 4096 picture elements arranged in 64 rows and 64 columns. Each
      scanned picture element thus corresponds to a single one of the cells of
      panel 70. The intensity of each picture element in the illustrative
      embodiment is quantized into one of 256 intensity levels, or values. The
      quantized intensity value of each picture element is compared to the
      dither threshold value assigned to the corresponding display cell. If the
      intensity value of any given picture element is greater than the dither
      threshold value assigned to the corresponding display cell, that cell is
      turned on. Conversely, if the intensity value of any given picture element
      is less than or equal to the dither threshold value assigned to the
      corresponding display cell, that cell is maintained off.
PAR  FIG. 3 shows a map of picture element intensity values for a small portion
      of an illustrative scanned image to be presented on panel 70. These
      picture elements correspond to respective ones of the lower right-hand
      corner cells of panel 70 shown in FIG. 2. FIG. 4 depicts an enlarged view
      of panel 70 with selected ones of its cells energized to present a
      dithered image. The light areas in FIG. 4 correspond to display cells
      which are on. The dark areas correspond to display cells which are off.
      The pattern of on and off cells in the lower right-hand corner of FIG. 4
      is derived by comparing the picture element intensity values in the map of
      FIG. 3 with the dither threshold values assigned to the corresponding
      cells of panel 70 shown in FIG. 2. When the viewer observes the FIG. 4
      representation of panel 70 from a distance, it will be seen that, as a
      result of the above-described dither processing, various shades of gray
      appear in the reproduced image.
PAR  The circuitry in FIG. 1 which provides for the presentation of dithered
      images on panel 70 in the manner described above includes camera 10 and
      circuitry in signal processor 40 including clock 11, analog-to-digital
      converter 12, address register 15, 16-word read-only memory (ROM) 16,
      comparator 21 and address register 45.
PAR  An image to be displayed is scanned by camera 10 in a format which divides
      the image into a matrix of 4096 picture elements arranged in 64 rows and
      64 columns. Scanning begins with the top row and proceeds from left to
      right in each row. Camera 10 generates an analog signal representing the
      intensity of the picture element currently being scanned. Each of
      successive, regularly spaced pulses from clock 11 causes the signal
      representing the intensity of a successive scanned picture element to be
      extended from camera 10 to analog-to-digital converter 12. The latter
      quantizes each intensity signal extended thereto into one of 256 levels. A
      multi-bit binary signal indicative of that level is extended to comparator
      21 via binary leads 13 and cable 14.
PAR  The pulses from clock 11 are also extended to address register 15. The
      latter comprises an 8-stage binary counter which advances one count for
      each pulse from clock 11. The two lowest-order address leads 16A of ROM 16
      are coupled to the outputs of the two least significant stages of register
      15. The two highest-order address leads 16B of ROM 16 are coupled to the
      two most significant stages of register 15. The sixteen dither threshold
      values assigned to the cells in each submatrix of panel 70 as shown in
      FIG. 2 are stored in ROM 16 in the order 0, 128, 32, 160, 192, 64, 224,
      96, 48, 176, 16, 144, 240, 112, 208, 80.
PAR  Thus it will be appreciated that the output of ROM 16 in response to each
      group of 256 successive pulses from clock 11 comprises the sequence 0,
      128, 32, 160 repeated sixteen times, then the sequence 192, 64, 224, 96
      repeated sixteen times, then the sequence 48, 176, 16, 144 repeated
      sixteen times and then the sequence 240, 112, 208, 80 repeated sixteen
      times. This sequence of threshold values is provided in binary form on
      output leads 17 of ROM 16 and is extended via cable 18, cable switch 22,
      and cable 24 to comparator 21. In this way, the quantized intensity value
      of each picture element is extended to comparator 21 concurrently with the
      dither threshold value assigned to the cell in display panel 70 which
      corresponds to that picture element.
PAR  The output of comparator 21 is a one-bit binary signal which is extended to
      data input terminal DT of panel 70 via lead 26. The value of the signal on
      lead 26 is 1 if the intensity value represented on cable 14 is greater
      than the dither threshold value represented on cable 24. This 1 indicates
      to panel 70 that the cell corresponding to the picture element currently
      being scanned should be on. Circuitry internal to panel 70 accesses that
      cell to extend a "write", or "energize", signal thereto. If, on the other
      hand, the intensity value represented on cable 14 is less than or equal to
      the dither threshold value represented on cable 24, a 0 is provided on
      lead 26 indicating that that cell should be off. In that case, the cell is
      accessed with an "erase", or "de-energize" signal.
PAR  A multi-bit binary signal indicating the location of the cell corresponding
      to the picture element currently being scanned is extended to address
      input AD of panel 70 from address register 45 via binary leads 61 and
      cable 46. Register 45 is illustratively a 12-stage binary counter which
      advances one count for each pulse from clock 11. The six most significant
      and the six least significant bits on leads 61 respectively indicate the
      row and column of panel 70 in which the cell in question is located.
PAR  Animated dithered images could be presented in a dithered display system
      such as that shown in FIG. 1 by simply scanning successive frames of the
      image and accessing each cell of the display panel with a "write" or an
      "erase" signal as just described. As indicated above, however, it may not
      be practicable to utilize this animation technique in display systems
      having slow-access-rate cells since each cell must be accessed for each
      frame. Panel 70 illustratively comprises such cells.
PAR  However, in accordance with the present invention, the dithered display
      system of FIG. 1 is adapted to present animated images via circuitry for
      implementing conditional replenishment. In accordance with this many the
      only display cells which are accessed to receive an "energize" or a
      "de-energize" signal for any given frame are cells which are to have
      states in that frame which differ from their respective states in the
      previous frame. The remaining cells are not accessed at all, but, rather,
      are maintained in their respective previous on or off states. In
      presenting may types of animated dithered images, such as faces, only a
      small fraction of the display cells have different states in successive
      frames. Thus, by implementing the above-described conditional
      replenishment technique in a plasma panel system or other display system
      having slow-access-rate cells, successive frames of animated dithered
      images can be presented at a frame rate sufficient to depict smooth,
      continuous motion.
PAR  The circuitry which adapts the display system of FIG. 1 to present animated
      images via the above-described conditional replenishment technique in
      accordance with the invention includes exclusive-OR circuit 41, delay unit
      42 and frame memory 50. Frame memory 50 has facility to store 4096 bits,
      each corresponding to a respective display cell in panel 70. The value of
      each bit in memory 50 indicates the current state of the corresponding
      display cell-- 1 for on and 0 for off. Memory 50 operates in response to a
      signal on output-enable lead 52 to provide on data output lead 51 a bit
      indicating the current state of whichever cell is identified by the
      address on cable 46. The signal on output-enable lead 52 is derived from
      clock 11 via delay unit 42. The latter assures that address register 45
      has "settled down" before the data output of memory 50 is enabled.
PAR  Assume that a first dithered frame of an animated sequence has been
      presented on panel 70 in the manner described above and that camera 10 now
      begins to scan a second frame of the sequence. As before, the signal on
      lead 26 indicates the state in which the cell corresponding to the picture
      element currently being scanned is to reside. Again, the signal on cable
      46 indicates to panel 70 the location of that cell. However, a given cell
      will not be accessed to receive a write or an erase signal unless a binary
      signal of value 1 is provided at "change-state" terminal CS of panel 70,
      indicating that the state of that cell is to change.
PAR  The signal at change-state terminal CS is generated by exclusive-OR circuit
      41 and is extended to panel 70 via lead 43. Exclusive-OR circuit 41 is
      responsive to the signals on leads 26 and 51. Thus exclusive-OR circuit 41
      provides a binary 1 on lead 43 if and only if the state of the cell
      corresponding to the picture element currently being scanned is different
      for the first and second frames. In that event the cell in question, as
      identified by the address on cable 46, is accessed within panel 70 and its
      state is changed to the state indicated on lead 26.
PAR  The signals on leads 26 and 43 are also extended to data input lead 47 and
      input-enable lead 48 of memory 50, respectively. Whenever the value of the
      signal on lead 48 is 1, the signal on lead 47 indicating the new cell
      state is written into memory 50 at the appropriate memory location.
PAR  The display system of FIG. 1 operates in the above-described manner with
      respect to each scanned picture element for each frame of the animated
      sequence. It is thus seen that the present invention advantageously
      provides for the display of such sequences without the necessity of
      accessing each cell of the display panel for each frame. The invention
      thus enables the presentation of animated dithered images in display
      systems which, because of limitations in cell access rate, were not able
      to display them heretofore.
PAR  Although conditional replenishment is an efficacious technique for
      providing animation in limited-access-rate dithered displays, it may, in a
      given application, manifest a displeasing effect which is attendant to
      animated dithered display systems generally. This effect is the random
      twinkling or scintillation of cells throughout the display. Scintillation
      in animated dithered displays arises, for example, when a relatively
      constant picture element intensity value is very close to the dither
      threshold value assigned to the corresponding display cell. Any noise in
      the display system which becomes superimposed on the intensity signal may
      then cause random crossing and recrossing of the dither threshold in
      successive frames and thus, cause a random scintillation of the cell.
PAR  The nature of this scintillation effect may be more clearly understood by
      reference to FIG. 5 which shows a signal IS representing the intensity of
      a single selected picture element during successive frames of an animated
      sequence. As indicated in FIG. 5, signal IS includes a low-amplitude noise
      component superimposed thereon. As also indicated in FIG. 5, the
      conventional, or "normal", dither threshold value assigned to the display
      cell corresponding to this selected picture element is illustratively 160.
      Signal IS is scanned, or sampled, once in each frame at a predetermined
      point in the frame. Each scanning point is shown in FIG. 5 in alignment
      with the corresponding frame number marker on the horizontal axis. The
      precise value of signal IS at each scanning point is indicated by a dot.
PAR  The intensity of signal IS is less than the dither threshold 160 at the
      scanning points of frames 1, 2 and 5-9. Thus as indicated in line entry
      101 of FIG. 5, the cell is off for each of these frames. The intensity of
      signal IS is greater than 160 in frames 3 and 4 and thus the cell is on
      for these frames. The average value of signal IS is just slightly below
      the dither threshold value throughout frames 10-15. However, the noise
      superimposed thereon causes the threshold to be crossed and recrossed at
      several points in frames 10-15 and the cell scintillates at random
      intervals.
PAR  Several alternative approaches may be taken to reduce this scintillation.
      One is to withhold changing the state of a cell unless the intensity value
      of the corresponding picture element remains on the same side of the
      dither threshold value for a predetermined number of frames, e.g., two
      frames. Another approach is to withhold changing the state of a cell
      unless such a change would appreciably alter the average intensity of the
      display panel in the immediate area of the cell in question.
PAR  However, a scintillation-reduction technique which appears to be simpler
      and at least as effective as either of the above is the "hysteretic dither
      thresholding" technique disclosed in the copending patent application of
      C. N. Judice and C. S. Roberts, Ser. No. 542,862 filed on the same day as
      this application and assigned to the same assignee. In accordance with
      that technique, a hysteresis band is established about each dither
      threshold value. The band is delimited by upper and lower dither threshold
      values located on opposite sides of the conventional, or nominal, value.
      An off cell is turned on only if the intensity of the corresponding
      picture element becomes greater than the upper threshold value. An on cell
      is turned off only if the intensity of the corresponding picture element
      becomes less than the lower threshold value.
PAR  Thus in FIG. 5, upper and lower threshold values at 164 and 156 are
      respectively established on opposite sides of the nominal dither
      threshold, 160. As indicated in line entry 102, the display cell in
      question is off in frames 1 and 2. The cell remains off in frame 3 even
      though signal IS is greater than the nominal threshold at the scanning
      point of that frame because signal IS is less than the upper threshold at
      that point. The cell is turned on in frame 4, however. Once the cell is
      on, it is not turned off until signal IS becomes less than the lower
      threshold. Thus the cell is on in frame 5 even though signal IS is less
      than the nominal threshold at the scanning point of that frame. Signal IS
      is less than the lower threshold in frame 6, however, and therefore the
      cell is off for that frame. The cell remains off in frames 7-15 because at
      no time is the upper threshold exceeded during these frames. The
      above-described random scintillation in frames 10-15 is thus seen to be
      eliminated.
PAR  Straightforward implementation of hysteretic dither thresholding as just
      described requires at least two memory bits per picture element (i.e., per
      display cell) in the signal processor--one bit to store the current state
      of the cell to determine whether the state of that cell differs in the
      current and subsequent frames and another bit to indicate whether, at any
      given time, the intensity of a given picture element is to be compared to
      the upper or lower dither threshold value assigned to the corresponding
      display cell.
PAR  However, the copending patent application of W. H. Ninke, Ser. No. 542,861
      filed on the same day as this application and assigned to the same
      assignee, discloses circuitry which, advantageously, implements hysteretic
      dither thresholding in an animated dithered display with only one frame
      memory bit per picture element. Such circuitry is incorporated in the
      illustrative dithered display system of FIG. 1 and includes cable switch
      22, adder/subtractor 31, hysteresis register 32 and inverter 34. This
      circuitry is made an operative part of the system by moving switch 22 to a
      position such that it is the output of adder/subtractor 31 on binary leads
      35 and cable 38 which is extended to comparator 21 via cable 24, rather
      than the output of ROM 16.
PAR  Hysteresis register 32, which may comprise a binary counter, for example,
      provides a multi-bit binary signal on leads 33 and cable 38. This signal
      represents a predetermined number to be added to or subtracted from the
      nominal dither threshold value to derive the upper and lower dither
      threshold values, respectively. In the illustrative embodiment, this
      predetermined number is binary 100, i.e., a decimal 4.
PAR  Cable 38 is extended to one data terminal of adder/subtractor 31. A tap off
      cable 18 is extended to the other data terminal. Adder/subtractor 31
      operates to add the numbers on cables 18 and 38 when 1 and 0 are provided
      at its + and - control terminals, respectively. It subtracts these numbers
      if the opposite relationship obtains.
PAR  The above-cited Ninke application teaches that determination of whether a
      given picture element is to be compared to the upper or lower dither
      threshold value assigned to the corresponding display cell can be made
      based on the current state of that cell. It will be remembered that the
      current state of each cell in the display system of FIG. 1 is stored in
      frame memory 50 and is provided on lead 51 as the picture element to which
      a particular cell corresponds is being scanned. Thus in FIG. 1, the
      signals at the + and - control terminals of adder/subtractor 31 are
      derived from the bit on lead 51. More particularly, a tap taken off that
      lead is coupled to the - control terminal directly and to the + control
      terminal through inverter 34.
PAR  When the cell corresponding to a picture element currently being scanned is
      on, a 1 is provided on lead 51 and thus at the - control terminal of
      adder/subtractor 31. At the same time, a 0 is provided at the + control
      terminal thereof. The number on cable 38 is subtracted from the nominal
      dither threshold value on cable 18. Comparator 21 thus compares the
      quantized intensity of the picture element being scanned to the lower
      threshold value assigned to the corresponding display cell.
PAR  Conversely, when the cell corresponding to a picture element currently
      being scanned is off, 1 and 0 are provided at the + and - terminals of
      adder/subtractor 31, respectively. The numbers on cables 18 and 38 are
      added together. Comparator 21 thus compares the quantized intensity value
      of the picture element being scanned to the upper threshold value assigned
      to the corresponding display cell.
PAR  Although the conditional replenishment technique implemented in the display
      system of FIG. 1 as described hereinabove requires a relatively small
      number of cells to be accessed for any given frame, it may turn out that
      those cells which are accessed in a given frame may be identified to panel
      70 during a relatively small fraction of the frame period rather than
      being spread thereacross randomly. This may happen, for example, where
      movement in the displayed image is confined to a relatively small area
      such as the mouth of a person speaking. In this situation, again, it may
      not be possible to address even those few cells at a fast enough rate.
      Accordingly, the circuitry in panel 70 may advantageously include a buffer
      of conventional first-in, first-out design (not shown) for temporarily
      storing the data and address information extended to the panel until such
      time as each cell to be changed can be accessed.
PAR  As an alternative or in addition to such a buffer, the display system of
      FIG. 1 may include circuitry responsive to an abnormally high number of
      cell state changes per frame to modify the width of the hysteresis band
      about each nominal dither threshold value. Although this technique causes
      some degradation of image quality, it advantageously reduces the number of
      cells which are required to change state for any given frame. An overflow
      lead 71 extending from panel 70 to hysteresis register 32 is provided for
      this purpose. When the cell change rate reaches some predetermined level
      such as indicated by a certain amount of data backlog in the buffer within
      panel 70, a first signal is provided on overflow lead 71. This signal
      increases the count in hysteresis register 32 and thus widens the
      hysteresis band about each nominal dither threshold value. When the
      overflow condition in the buffer within panel 70 abates, as indicated by a
      second signal on lead 71, the count in register 32 is returned to its
      original predetermined value.
PAR  Although in the illustrative display system of FIG. 1, the change-state
      signal on lead 43 is extended to panel 70, it will be appreciated that
      this signal may, alternatively, be utilized as a signal internal to
      processor 40 to gate the data and address information therefrom to the
      display panel. In such an arrangement, the fact that a data bit and
      corresponding address are extended to the display panel indicates that the
      state of the identified cell is to be changed.
PAR  It will thus be appreciated that the conditional replenishment technique of
      the present invention substantially reduces the number of information bits
      per unit time which are required to be extended to a display panel in
      order to have animated dithered images presented thereon. The bandwidth
      required to transmit such images to the display panel is thus also
      advantageously decreased. Additionally, the above-described hysteretic
      dither thresholding technique further reduces this bandwidth requirement
      since that technique additionally reduces the number of information bits
      per unit time which are required to be extended to the display panel.
PAR  Furthermore, although the above discussion has been principally directed to
      display of monochromatic images and, in particular, to animation of such
      images, it will be appreciated that dither processing can be utilized to
      display both single-frame and animated polychromatic, or "color", images
      as well. In such an arrangement, each cell of the display panel comprises
      a cluster of display devices each adapted to present a different color
      (e.g., a cluster of three devices to present red, green and blue,
      respectively) when energized. As in a monochromatic dithered display
      system, each display device of the polychromatic display cell cluster can
      only be fully energized or fully de-energized.
PAR  When the image to be reproduced is scanned, three intensity signals are
      generated for each picture element. Each intensity signal indicates the
      degree to which a selected one of the three colors is present in the
      particular picture element. The value of each intensity signal associated
      with a given display cell is compared to the dither threshold value
      assigned thereto. For each intensity signal which exceeds the dither
      threshold value, the corresponding display device within the cell cluster
      is energized. Conversely, for each intensity signal which does not exceed
      the dither threshold value, the corresponding display device within the
      cell cluster is de-energized. The result is a pleasing color image, which,
      advantageously, may be animated in accordance with the principles of the
      present invention. Advantageously, the subjective impression of variations
      in luminance, or intensity, is provided in the image, even though each
      display device within each cell cluster can only be fully energized or
      fully de-energized.
PAR  It will be appreciated from the foregoing that although an illustrative
      embodiment of an animated dithered display system in accordance with the
      principles of the invention is shown and described herein, many and varied
      arrangements in accordance with those principles may be devised by those
      skilled in the art without departing from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a display system including a plurality of selectively energized and
      de-energized bi-level display cells to which are assigned respective
      dither threshold values, a method for representing a matrix of picture
      elements each having a predetermined intensity and each corresponding to a
      respective one of said display cells, said method comprising the steps of
PA1  accessing a de-energized one of said cells only if the intensity of the
      corresponding picture element bears a first predetermined relationship to
      the dither threshold value assigned to that cell, and
PA1  accessing an energized one of said cells only if the intensity of the
      corresponding picture element bears a second predetermined relationship to
      the dither threshold value assigned to that cell.
NUM  2.
PAR  2. In a display system including a matrix of selectively energized and
      de-energized display cells arranged in a plurality of n cell-by-n cell
      submatrices, n being an integer power of 2, and each cell of each
      submatrix having assigned thereto a different threshold value taken from a
      predetermined dither matrix D.sub.n, said dither matrix comprising the
      matrices k[4D.sub.n/2 ], k[4D.sub.n/2 + U.sub.n/2 ], k[4D.sub.n/2 +
      2U.sub.n/2 ] and k[4D.sub.n/2 + 3U.sub.n/2 ] in two-by-two arrangement,
      D.sub.2 being a two-by-two matrix comprising the numbers 0, 1, 2 and 3,
      U.sub.2 being a two-by-two matrix each element of which is 1, and k being
      a predetermined scalar constant, a method for representing a matrix of
      picture elements each having a predetermined intensity and each
      corresponding to a respective one of said display cells, said method
      comprising the steps of
PA1  identifying each picture element having an intensity which exceeds the
      dither threshold value assigned to its corresponding display cell and
      applying energization signals exclusively to each de-energized such cell,
      and
PA1  identifying each picture element having an intensity which is less than the
      dither threshold value assigned to its corresponding display cell and
      applying de-energization signals exclusively to each energized such cell.
NUM  3.
PAR  3. In a display system including a matrix of selectively energized and
      de-energized display cells, a method for representing a matrix of picture
      elements each corresponding to a respective one of said display cells and
      each having a respective intensity, said method comprising the steps of
PA1  defining a plurality of submatrices of said cells,
PA1  assigning each threshold value of a predetermined dither matrix D.sub.n to
      a spatially corresponding cell of each of said cell submatrices,
PA1  applying an energization signal to an individual one of said cells only if
      the intensity of the corresponding picture element is greater than the
      dither threshold value assigned to that cell and that cell is
      de-energized, and
PA1  applying a de-energization signal to an individual one of said cells only
      if the intensity of the corresponding picture element is less than the
      dither threshold value assigned to that cell and that cell is energized.
NUM  4.
PAR  4. The method of claim 3 wherein in said assigning step said dither matrix
      D.sub.n has n.sup.2 elements, n being an integer power of 2, and said
      dither matrix D.sub.n  comprises the matrices k[4D.sub.n/2 ], k[4D.sub.n/2
      + U.sub.n/2 ], k[4D.sub.n/2 + 2U.sub.n/2 ] and k[4D.sub.n/2 + 3U.sub.n/2 ]
      in two-by-two arrangement, D.sub.2 being a two-by-two matrix comprising
      the numbers 0, 1, 2 and 3, U.sub.2 being a two-by-two matrix each element
      of which is 1, and k being a predetermined scalar constant.
NUM  5.
PAR  5. The method of claim 4 wherein said matrices k[4D.sub.n/2 ] and
      k[4D.sub.n/2 + U.sub.n/2 ] are located on a single one diagonal of said
      dither matrix D.sub.n and said numbers 0 and 1 are located on a single one
      diagonal of said matrix D.sub.2.
NUM  6.
PAR  6. In a display system including a matrix of normally de-energized bi-level
      display cells to each of which correspond a first frame and a second frame
      picture element intensity and to each of which is assigned a respective
      threshold value from a predetermined dither matrix D.sub.n, a display
      method comprising the steps of
PA1  identifying each cell having a corresponding first frame picture element
      intensity with bears a first predetermined relationship to the threshold
      value assigned thereto and extending an energization signal to each such
      cell,
PA1  identifying each de-energized cell having a corresponding second frame
      picture element intensity which bears said first predetermined
      relationship to the threshold value assigned thereto and extending an
      energization signal exclusively to each such cell, and
PA1  identifying each energized cell having a corresponding second frame picture
      element intensity which bears a second predetermined relationship to the
      threshold value assigned thereto and extending a de-energization signal
      exclusively to each such cell.
NUM  7.
PAR  7. The method of claim 6 wherein said first and second predetermined
      relationships are the relationships "greater than" and "less than,"
      respectively, and wherein said dither matrix D.sub.n comprises the
      matricesk[4D.sub.n/2 ], k[4D.sub.n/2 + U.sub.n/2 ], k[4D.sub.n/2 +
      2U.sub.n/2 ] and k[4D.sub.n/2 + 3U.sub.n/2 ] in two-by-two arrangement,
      D.sub.2 being a two-by-two matrix comprising the numbers 0, 1, 2, and 3,
      U.sub.2 being a two-by-two matrix each element of which is 1, and k being
      a predetermined scalar constant.
NUM  8.
PAR  8. A method for displaying first and second dithered image frames on a
      display medium comprising a plurality of bi-level display cells, said
      first and second dithered image frames being respectively represented by
      first and second pluralities of bi-valued display bits, each of said
      display cells having a corresponding display bit in each of said
      pluralities, said method comprising the steps of,
PA1  displaying the value of each first plurality display bit on its
      corresponding display cell and, thereafter,
PA1  displaying the value of each second plurality display bit on its
      corresponding display cell,
PA1  said second displaying step characterized by the steps of comparing the
      value of the display bits which correspond to each of said cells and, in
      response to said comparing step, altering the state of each cell having
      corresponding first plurality and second plurality display bits which have
      different values.
NUM  9.
PAR  9. A display system comprising, a display panel having a plurality of
      selectively energizable display cells, means for receiving a time-varying
      signal representing the intensity of a selected picture element of an
      animated image, means for providing a signal representing a predetermined
      dither threshold value assigned to a selected one of said display cells,
      and means operative when said intensity signal bears a first predetermined
      relationship to said threshold signal for applying a de-energization
      signal to said selected cell only if it is in an energized state and
      further operative when said intensity signal bears a second predetermined
      relationship to said threshold signal for applying an energization signal
      to said selected cell only if it is in a de-energized state.
NUM  10.
PAR  10. The display system of claim 9 wherein said selected cell comprises one
      cell of an n cell-by-n cell submatrix of said cells and wherein said
      dither threshold value is taken from a dither matrix D.sub.n having dither
      threshold values each assigned to a respective cell of said cell
      submatrix.
NUM  11.
PAR  11. The display system of claim 10 wherein n is an integer power of 2 and
      wherein said dither matrix D.sub.n comprises the matrices k[4D.sub.n/2 ],
      k[4D.sub.n/2 + U.sub.n/2 ], k[4D.sub.n/2 + 2U.sub.n/2 ] and k[4D.sub.n/2 +
      3U.sub.n/2 ] in two-by-two arrangement, D.sub.2 being a two-by-two matrix
      comprising the numbers 0, 1, 2 and 3, U.sub.2 being a two-by-two matrix
      each element of which is 1, and k being a predetermined scalar constant.
NUM  12.
PAR  12. The display system of claim 10 wherein said providing means includes a
      memory for storing said dither threshold values of said dither matrix
      D.sub.n and means responsive to a signal related to the location of said
      selected cell in said cell submatrix for extending said predetermined
      dither threshold value to said applying means.
NUM  13.
PAR  13. A display system including a plurality of selectively energizable and
      de-energizable bi-level display cells to which are assigned respective
      dither threshold values, and circuitry for representing a matrix of
      picture elements each having a predetermined intensity and each
      corresponding to a respective one of said display cells, said circuitry
      comprising
PA1  means for accessing a de-energized one of said cells only if the intensity
      of the corresponding picture element bears a first predetermined
      relationship to the dither threshold value assigned to that cell and for
      accessing an energized one of said cells only if the intensity of the
      corresponding picture element bears a second predetermined relationship to
      the dither threshold value assigned to that cell.
NUM  14.
PAR  14. A display system including a matrix of selectively energizable and
      de-energizable display cells arranged in a plurality of n cell-by-n cell
      submatrices, n being an integer power of 2, and each cell of each
      submatrix having assigned thereto a different threshold value taken from a
      predetermined dither matrix D.sub.n, said dither matrix comprising the
      matrices k[4D.sub.n/2 ], k[4D.sub.n/2 + U.sub.n/2 ], k[4D.sub.n/2 +
      2U.sub.n/2 ] and k[4D.sub.n/2 + 3U.sub.n/2 ] in two-by-two arrangement
      D.sub.2 being a two-by-two matrix comprising the numbers 0, 1, 2 and 3,
      U.sub.2 being a two-by-two matrix each element of which is 1, and k being
      a predetermined scalar constant, and circuitry for representing a matrix
      of picture elements each having a predetermined intensity and each
      corresponding to a respective one of said display cells, said circuitry
      comprising
PA1  means for identifying each picture element having an intensity exceeding
      the dither threshold value assigned to its corresponding display cell and
      for applying energization signals exclusively to each de-energized such
      cell and for identifying each picture element having an intensity less
      than the dither threshold value assigned to its corresponding display cell
      and for applying deenergization signals exclusively to each energized such
      cell.
NUM  15.
PAR  15. Circuitry for displaying first and second dithered image frames on a
      display medium which includes a plurality of two-state display cells, said
      circuitry comprising
PA1  means for receiving first and second pluralities of bi-valued display bits,
      said pluralities respectively representing said first and second dithered
      image frames, each one display bit from each of said pluralities
      corresponding to a different one of said display cells, and
PA1  means for successively displaying the values of each of said first
      plurality and second plurality display bits on the display cell
      corresponding thereto,
PA1  said displaying means characterized by means for comparing the value of the
      first and second plurality display bits corresponding to each one of said
      cells and means operative for altering the state of an individual one of
      said cells when the value of a first plurality display bit being displayed
      on said one cell is different from the second plurality display bit
      corresponding to said one cell.
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ABST
PAL  Display system capable of rapidly presenting three dimensional information
     ith a minimum of signal-to-noise degradation and particularly suitable for
      use in a high performance radar system. Three two-parameter display units
      present information on cathode ray tubes which include deflection circuits
      driven by main and auxiliary staircase sweep generators.
BSUM
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
PAR  The present invention relates to information display systems and more
      particularly to video information systems wherein the loss in
      signal-to-noise ratio incurred in displaying the information is minimized
      and the efficient use of the available capacity of the video display
      devices is maximized.
PAR  The development of the radar system described in the copending application
      of Garold K. Jensen and James E. McGeogh, Ser. No. 285,555, filed May 31,
      1963, for RADAR SYSTEM, created a need for a display system capable of
      displaying three dimensional information flowing at a high rate of flow so
      that the advantages of the radar system could be more fully realized than
      possible with the use of prior art display systems. As disclosed in the
      aforementioned copending application, the range, rangerate, (hereinafter
      referred to as velocity), and acceleration of any target within the range
      of the radar is detected. In a typical system, the radar will have 23
      range gates, 320 velocity gates, and 360 acceleration gates. Since the
      total information for any one information analysis cycle is equal to the
      product of the number of gates, the typical system will have over 2.5
      million separate bits of information to display during each analysis cycle
      which is typically approximately 1.7 seconds in duration.
PAR  When presented with the problem of displaying three dimensional information
      at such a high rate of flow, it is necessary to contend with the fact that
      with present techniques it is convenient to display only two variables on
      any one display, thus meaning that one variable must be suppressed, and
      with the additional fact, in the case of a radar, that only a single
      target signal may be present during a complete analysis cycle thus
      requiring a cathode ray tube with a long persistence screen. These facts
      create a problem in that the sweep will tend to repeat on itself and yet
      if it does repeat on itself, noise will build up on the long persistence
      screen thus diminishing the signal-to-noise ratio of a target signal
      thereby causing a loss of information. Furthermore, the large quantity of
      information that it is necessary to display creates a problem because it
      is necessary to be able to resolve different bits of information and yet
      there are only a limited number of resolution elements available each way
      across the screen of a cathode ray tube.
PAR  The present invention, which is described with reference to use with the
      aforementioned radar system for illustrative purposes only, but which is
      not limited to such use, overcomes these problems by providing auxiliary
      sweep generators, as well as the conventional main sweep generators, for
      the horizontal and vertical sweep circuits of the cathode ray tubes.
      Staircase generators, rather than sawtooth generators, are used to prevent
      smearing of the elements on the screen of the tube. The duration of each
      step, number of steps in each staircase, repetition rate of each
      staircase, voltage magnitude of each step, and voltage magnitide of each
      staircase are chosen so that the sweep lines are properly synchronized
      with the information flow and yet no sweep line will repeat on a prior
      sweep line and so sweep lines having a large number of elements, such as
      the acceleration gate sweep, are folded insuring that the number of
      resolution elements required on any one line are not excessive. The
      present invention alos overcomes a stability problem caused by the
      tendency of any fixed frequency to drift by deriving all fixed frequencies
      from a common reference frequency, which in the system shown for purposes
      of illustration is 180 cycles per second, and by providing external reset
      signals, also derived from the common reference frequency, for as many of
      the sweep generators as possible. Stability is of interest because of the
      desirability of close synchronization throughout the system. Furthermore,
      the application of relatively high frequency sweep signals to the
      deflection circuits of the cathode ray tubes creates problems of
      synchronizing the sweeps with the flow of information due to the high
      frequency delay caused by the yokes of the deflection circuits. This
      problem is solved in the present invention by providing a compensating
      delay in the information channel.
PAR  An object of this invention is to provide a video display system for
      information which minimizes the loss in signal-to-noise ratio resulting
      from the display of such information.
PAR  Another object is to provide a video display system for three dimensional
      information.
PAR  A further object of the present invention is the provision of a stable
      display system for three dimensional information wherein the information
      flows to the display at a high rate of flow.
PAR  Still another object is to provide a video display system for information
      flowing to the display system at a high rate of flow wherein the
      degradation of the signal-to-noise ratio of such information in being
      displayed is minimized.
PAR  Yet another object of this invention is to provide a stable video display
      system for three dimensional information flowing to the display at a high
      rate of flow wherein the degradation of the signal-to-noise ratio of such
      information in the display is minimized.
PAR  A still further object of the present invention is the provision of a
      stable video display system for three dimensional information flowing at a
      high rate of flow to the display wherein degradation of the
      signal-to-noise ratio of such information is minimized and the efficient
      use of the video display device is maximized.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings in which like reference numerals designate like
      parts throughout the figures thereof and wherein:
PAR  FIG. 1 shows a block diagram of a cross-correlation radar system designed
      to give range, velocity, and acceleration information for a target;
PAR  FIG. 2 illustrates the details of one channel of the analysis apparatus 19
      of FIG. 1 in block diagram form;
PAR  FIG. 3 shows a block diagram of the paralleled analysis channels of a
      cross-correlation radar designed to give range, velocity, and acceleration
      information for a target;
PAR  FIGS. 4-7, when combined, show a block diagram of the display system of the
      present invention;
PAR  FIG. 8 shows the time relationship of the staircase waveform of the
      auxiliary sweep generator for the vertical sweep circuit of the velocity
      vs. range display to the staircase waveform of the auxiliary sweep
      generator for the horizontal sweep circuit of the velocity vs. range
      display;
PAR  FIG. 9 illustrates the time relationship of the staircase waveform of the
      auxiliary sweep generator for the horizontal sweep circuit of the velocity
      vs. range display to the staircase waveform of the main sweep generator
      for the horizontal sweep circuit of the velocity vs. range display;
PAR  FIG. 10 shows the time relationship of the staircase waveform of the main
      sweep generator for the horizontal sweep circuit of the velocity vs. range
      display to the staircase waveform of the main sweep generator for the
      vertical sweep circuit of the velocity vs. range display; and
PAR  FIG. 11 illustrates the manner in which the screen of the cathode ray tube
      of the velocity vs. range display is swept.
DETD
PAR  With reference now to FIG. 1 of the drawing there is shown a
      cross-correlation radar system constructed in accordance with the
      teachings of the aforementioned copending application Ser. No. 285,555.
      This system provides a system gain of about 33 db over conventional radar
      systems having a direct display of target information and maintains this
      increased gain even in the case of a target with a high acceleration such
      as a missile. This notable increase in system sensitivity is obtained by
      transmitting a plurality of pulses and storing the echo pulses in a
      position corresponding to the range of the target responsible for the echo
      and then playing back all signals stored for a particular range in rapid
      sequence.
PAR  The system shown is a phase coherent pulse doppler radar with the
      sophistication of a unique pulse sampling, magnetic drum signal storage,
      and cross-correlation. The heart of the system is the storage device 10,
      which in a typical system is a rotating magnetic drum making 180
      revolutions per second. A separate synchronizing track on the storage
      device 10 may be used to produce a pulse with a frequency of 180 c.p.s.
      which is used as a reference signal throughout the system thus providing a
      high degree of system stability. Other fixed frequency signals needed by
      the various components of the system may be obtained from this 180 c.p.s.
      reference signal through frequency multiplication or division.
PAR  The 180 cycles per second synchronizing signal is applied to exciter 11
      which gates pulses of R.F. signals from oscillator 12 to transmitter 13 in
      response to the synchronizing signal. Transmitter 13 produces an output of
      high power RF pulses in response to the input from oscillator 12 and this
      output is coupled through transmit-receive switch 14 to antenna 15 which
      has suitable directivity characteristics for the particular type operation
      desired.
PAR  Echo pulses containing target information are received by antenna 15 and
      applied through transmit-receive switch 14 to receiver 16. Receiver 16
      also receives a local oscillator signal from oscillator 12 at the
      frequency of the transmitted RF pulses. The output of receiver 16 contains
      the doppler frequencies of the input thereto and is coupled to a comb
      filter 17 which surpresses signals between 0 and 5 c.p.s. and in a 10
      c.p.s. bandwidth centered about 180 c.p.s. and the harmonics thereof up to
      2 KC to eliminate the back scatter signal from the earth that exists at
      these frequencies. The comb filter 17 also suppresses frequencies above 2
      KC.
PAR  The output of comb filter 17 is coupled to sampler 18 which samples the
      output of comb filter 17 with very narrow sampling pulses. These samples
      are then fed to storage device 10 which, as aforementioned, is typically a
      rotating magnetic drum making 180 revolutions per second. Storage device
      10 is divided into a number of equal segments corresponding to the number
      of range gates in the system. A typical system has 23 such range gates. A
      sample is stored in each of such segments on each revolution of the drum.
      Since the period of revolution of the drum is approximately 5.5
      milliseconds, sampler 18 should sample the output of comb filter 17 every
      240 microseconds. When the sampling pulse of sampler 18 has a pulse width
      of 0.07 microseconds, it is possible to store approximately 3600 samples
      in each segment of the drum. The samples are stored side by side in each
      of the 23 segments of the drum by moving the input over one sampling pulse
      width on each revolution of the drum. It will take approximately 20
      seconds to fill the storage and from then on, the oldest information is
      erased as new information resulting from later received signals is
      recorded in its place.
PAR  Readout of the 3600 samples stored in each of the 23 segments of the drum
      of storage device 10 is accomplished in one revolution of the drum. This
      results in a time compression of 82,800 as a result of which the original
      doppler frequencies of 5 to 90 c.p.s. are multiplied to 0.4 to 7.5 MC. The
      output of the storage device 10 is coupled to the analysis channels 19,
      which are described in detail in conjunction with description of FIGS. 2
      and 3, and the output of the analysis channels 19 is coupled to the video
      signal inputs of the velocity vs. range display 21, acceleration vs. range
      display 22, and acceleration vs. velocity display 23, which are described
      in detail in conjunction with the description of FIGS. 4-11.
PAR  It should be noted that the aforementioned copending application, Ser. No.
      285,555, describes and claims the details of the radar system of FIG. 1
      from the antenna 15 to analysis channels 19. The present invention relates
      to the details of the system of FIG. 1 from analysis channels 19 through
      displays 21-23.
PAR  Turning now to FIG. 2, where a typical analysis channel 19a is shown in
      detail. A 8280 c.p.s. signal, which may be derived from the 180 c.p.s.
      system reference frequency, is applied to acceleration sweep generator 24.
      Acceleration sweep generator 24 divides this frequency by a factor of two
      and applies a 4140 c.p.s. signal to modulation linearizer and function
      generator 25. A frequency-time description of a portion of a given
      missile's acceleration profile is stored in generator 25. Thus, the output
      signal from generator 25 is a signal containing a representation of the
      doppler frequency shift that a given missile will produce. This signal is
      applied to the first input 27 of acceleration and velocity generator 29. A
      0.5625 c.p.s. signal, which also may be derived from the 180 c.p.s. system
      reference frequency, is applied to velocity sweep generator 26. The output
      of generator 26 is a 0.5625 c.p.s. signal and is coupled to the second
      input 28 of acceleration and velocity generator 29. Acceleration and
      velocity generator 29 produces a velocity sweep signal that varies from
      13.4 mc to 20.5 mc during the analysis cycle of approximately 1.7 seconds
      and also a representation of the doppler frequency shift that a given
      missile will produce. This signal is applied to the first input 30 of
      mixer 32 where it heterodynes the output signal from storage device 10
      (FIG. 1) which is applied to the second input 31 of mixer 32. One of the
      320 velocity gates is sampled each revolution of the drum of storage
      device 10. This means that the signal applied to the first input 30 of
      mixer 32 will vary 22 KC approximately every 5.5 milliseconds.
PAR  If a given target has no or little acceleration, such as is the case with
      an airplane, frequency variation of the doppler target signal would be
      confined within this 22 KC. But, in the case of a target with a high
      acceleration, such as a missile, the doppler information received during
      the approximate 20 second period required to fill storage device 10 will
      vary much more than 22 KC as seen at the output of storage device 10 and
      will be smeared across many velocity gates, thereby decreasing system
      sensitivity unless some provision is made for confining this information
      to one velocity gate. The representation of the doppler frequency shift
      that a given missile will produce at the output of storage device 10 that
      is applied to the first input 30 of mixer 32 along with the velocity sweep
      signal that varies from 13.4 to 20.5 MC over the analysis period of
      approximately 1.7 seconds is responsible for confining target information
      to one velocity gate as a result of the heterodyning operation that is
      carried on in mixer 32.
PAR  The output of mixer 32 is coupled to the input of filter 33 which has a 30
      KC bandpass centered at 13 MC. Since the 2 KC bandwidth of frequencies fed
      into storage device 10 is multiplied to a bandwidth of more than 164 MC
      when the drum of storage device 10 (FIG. 1) is read out in one revolution,
      this 30 KC bandwidth represents narrow band filtering thereby producing a
      substantial signal-to-noise ratio improvement. The output of filter 33 is
      coupled to the input of detector 34 and the detected target signals are
      then passed through a low pass filter 35 which has a 2KC bandwidth before
      being applied to linear video gate 36a. The signal applied to linear video
      gate 36a is sampled and passed to video amps 45, 46, and 47 (FIG. 4) in
      response to a sampling pulse applied to gate 36a from electronic
      commutator 37 which switches gate 36a from a normally relatively high
      impedance state to a relatively low impedance state.
PAR  FIG. 3 shows that the analysis channels 19 of FIG. 1 are a plurality of
      parallel channels containing the same components and operating according
      to the same principle as the analysis channel 19a of FIG. 2. The only
      difference between analysis channels 19b-19f is that a different
      frequency-time description of a missile acceleration profile is stored in
      each channel so that the variation in doppler shift caused by a target
      with a high acceleration will be cancelled out in at least one of the
      channels 19b-19f when the target signal is heterodyned by the signal
      representative of the frequency-time description of a missile acceleration
      profile that is stored in the channel. It has been found that 360
      channels, each with a different frequency-time description stored therein,
      provide adequate capability to match the variation in doppler shift caused
      by the acceleration of a target with a signal representative of the
      frequency-time description stored in at least one channel for most any
      missile that the radar may be expected to detect. A common acceleration
      sweep generator 24 and velocity, sweep generator may be used for all of
      the analysis channels 19b-19f.
PAR  Signal output may occur simultaneously from more than one of the analysis
      channels. Since this information is to be displayed on cathode ray tubes
      which require information in sequential rather than simultaneous form, the
      outputs of analysis channels 19b-19f are fed to linear video gates 36. In
      practice, each channel is coupled to the input of a separate gate. Linear
      video gates 36 are sequentially switched from a normally relatively high
      impedance state to a relatively low impedance state once every 120
      microseconds by a pulse from electronic commutator 37 which is driven by a
      2.98 mc signal from delay generator 40 (FIG. 4). The output from linear
      video gates 36 is coupled to the inputs of video amplifiers 45, 46, and 47
      (FIG. 4).
PAR  The output from the linear video gates 36 contains acceleration, velocity,
      and range information in sequential form. Since the 360 analysis channels
      are sequentially sampled once every 120 microseconds and since each
      analysis channel represents one acceleration gate, each 120 microsecond
      interval of the output from linear video gate 36 can be divided into
      shorter intervals of 0.333 microseconds which represents the interval
      during which the signal output from linear video gates 36 is attributable
      to a particular analysis channel or acceleration gate. A similar analysis
      of the operation of the system can be used to determine the interval of
      the signal output from linear video gates 36 which is attributable to a
      particular velocity gate and to a particular range gate. Such an analysis
      shows that each 5.5 millisecond interval of the output from linear video
      gates 36 over a period of 1.7 seconds, which is the approximate period of
      a complete analysis cycle, is attributable to the sampling of a particular
      one of the 320 velocity gates and that each 240 microsecond interval of
      the output from gates 36 over a period of 5.5 milliseconds is attributable
      to the sampling of a distinct one of the 23 range gates.
PAR  Turning now to FIG. 4, wherein the input to the display system that is
      shown in FIGS. 4-7 is illustrated, the outputs from analysis channels
      19b-19f (FIG. 3) are applied as the inputs to the linear video gates 36. A
      signal with a frequency equal to the system reference frequency of 180
      c.p.s. and which may be derived from the synchronizing track on the
      revolving drum of the storage device 10 (FIG. 1) is applied to input
      terminal 38. Locked synchronizing oscillator 39 is coupled to input
      terminal 38 and its output signal is a signal having a fixed frequency of
      approximately 2.98 MC and is coupled to the input of delay generator 40
      and to a bus 57. Delay generator 40 is designed to delay this 2.98 MC
      signal an amount equal to the inherent delay of the horizontal and
      vertical deflection yokes of the cathode ray tubes used to display the
      signal information. This yoke delay is a result of the high frequency of
      the sweeps applied to the horizontal and vertical deflection circuits and
      in a typical system approximates 4 microseconds. The delayed 2.98 MC
      signal from delay generator 40 is coupled to the input of electronic
      commutator 37. Electronic commutator 37 sequentially switches each of the
      linear video gates 36 from a normally relatively high impedance state to a
      low impedance state once every 120 microseconds which is at a frequency of
      8280 c.p.s. Since the input to electronic commutator 37 is delayed by an
      amount equal to the inherent yoke delay, the switching of linear video
      gates 36 is delayed by an amount equal to the inherent yoke delay thus
      compensating for the yoke delay and insuring coincidence between the sweep
      signal and the information applied to the intensity modulation grids of
      the cathode ray tubes used to display the information. The output signal
      from linear video gates 36, which contains delayed acceleration, velocity,
      and range information in sequential form as explained hereinbefore, is
      coupled to video amplifiers 45, 46, and 47. The signal is amplified by
      amplifiers 45, 46 and 47 and the amplified signals appear on leads 48, 49
      and 50, respectively.
PAR  A pre-pulse, a pulse occurring before the end of the commutation cycle of
      120 microseconds, with a frequency of 8280 c.p.s. is taken off electronic
      commutator 37 at output 42. This pre-pulse is coupled to delay generator
      51 which delays it an amount sufficient to give it a zero time delay with
      respect to the system reference frequency signal of 180 c.p.s. The output
      of delay generator 51 is applied to bus 52.
PAR  At the end of each commutation cycle, electronic commutator 37 delivers a
      pulse with a frequency of 8280 c.p.s. to output 43. This pulse, which will
      be delayed by an amount equal to the delay of delay generator 40, is
      coupled to a pulse shaper 44 and the output of pulse shaper 44 is a
      delayed 8280 c.p.s. positive pulse and is coupled to the first input 53 of
      blanking pulse adder 55. Delay generator 40 delivers a delayed 2.98 MC
      signal to pulse shaper 41 and the output of pulse shaper 41 is a positive
      pulse with a frequency of about 2.98 MC and is coupled to the second input
      54 of blanking pulse adder 55. The output of blanking pulse adder 55
      contains the sum of these 2.98 MC pulses and 8280 c.p.s. pulses and is
      applied to bus 56.
PAR  FIG. 5 illustrates the velocity vs. range display 21 of the display system
      wherein target velocity is displayed along the vertical axis and target
      range is displayed along the horizontal axis of the long persistence
      screen 58 of the cathode ray tube of display 21. Velocity strobe indicator
      59 and range strobe indicator 60 may be digital voltmeters calibrated in
      terms of velocity and range respectively. Target information is to be
      displayed in the form of intensity modulation and, thus, lead 48, which
      carries the target information, is coupled to the intensity modulation
      grid 61 of the cathode ray tube.
PAR  Since it is desired that no two sweep lines fall on one another during the
      analysis cycle of approximately 1.7 seconds, the raster scan for display
      21 is formed by applying main and auxiliary sweep generators to each of
      the vertical and horizontal deflection circuits of the display 21.
      Staircase generators are used to prevent smearing of the elements.
PAR  The main sweep generator 61a for the vertical deflection circuit has an
      input signal applied from terminal 62 to its input 63 at the system
      reference frequency of 180 c.p.s. This signal may be derived from the
      synchronizing track on the revolving drum of storage device 10 (FIG. 1).
      In response to this signal, sweep generator 61a develops a staircase of
      320 steps, each of a duration of 5.5 milliseconds, which appears at its
      output 64. The repetition period of this staircase is equal to the product
      of the number of steps and the duration of each step or, approximately,
      1.7 seconds, which is equal to the duration of a complete analysis cycle.
      Thus, this staircase is synchronized with reception of target velocity
      information from different velocity gates though leading such reception in
      point of time by an amount equal to the delay imparted to target
      information by delay generator 40 (FIG. 4). Each time generator 61a has
      completed generating the full 320 steps staircase, it receives a reset
      pulse at its external reset input 65 from bus 66 which carries a pulse
      train with a repetition rate of 0.5625 c.p.s. and applies a pulse from its
      blanking output 67 to bus 68 thereby producing a pulse train on bus 68
      having a repetition rate of 0.5625 c.p.s. Generator 61a is externally
      reset for purposes of stability.
PAR  The auxiliary sweep generator 69 for the vertical deflection circuit of the
      velocity vs. range display 21 receives its input from bus 57, which has a
      2.98 MC signal that is undelayed with respect to the 180 c.p.s. system
      reference frequency impressed thereon, at its input terminal 70. In
      response to this input, generator 69 produces a four step staircase at its
      output 71. The duration of each step is approximately 0.33 microseconds
      and the repetition period of each staircase is approximately 1.33
      microseconds. Each time generator 69 completes generating the full 4 step
      staircase, it is internally reset and produces a pulse at its blanking
      output 72. Thus, a pulse train with a repetition rate 82800 c.p.s. appears
      at blanking ouput 72.
PAR  The output 64 of main sweep generator 61a is coupled to the first input 73
      of sweep adder 75 and the output 71 of auxiliary sweep generator 69 is
      connected to the second input 74 of sweep adder 75. The output of sweep
      adder 75 is a composite of the staircases produced by generators 61a and
      69 and is coupled through a vertical deflection amplifier 76 to the input
      77 of the vertical deflection circuit of the cathode ray tube of display
      21.
PAR  The main sweep generator 78 for the horizontal deflection circuit of the
      display 21 receives an 8280 c.p.s. signal, undelayed with respect to the
      system reference frequency signal, at its input 79 from bus 132. In
      response to this signal, it develops a 46 step staircase at its output 80
      which has a repetition period of 5.5 milliseconds and each step of which
      has a duration of 120 microseconds. The duration of the steps is half the
      duration of a single range gate and the number of steps in the staircase
      are twice the number of range gates so that each range gate will be swept
      twice due to the sweep signal produced by generator 78 thus insuring
      detection of nonrectangular target information. The staircase produced by
      generator 79 is repeated in synchronization with the reception of target
      information from different range gates though it leads the change of range
      gates in point of time an amount equal to the inherent yoke delay since
      delay generator 40 (FIG. 4) delays target information by that amount.
      Generator 78 is reset every 5.5 milliseconds by a signal applied to its
      external reset input 81 from bus 82 which is connected to terminal 62 upon
      which a signal with the system reference frequency of 180 c.p.s. appears.
      This external reset prevents the repetition period of the staircase
      produced by generator 78 from changing.
PAR  The auxiliary sweep generator 83 for the horizontal deflection circuit of
      display 21 has its input 84 connected to the blanking output 72 of
      auxiliary generator 69. As aforementioned, a pulse train with a repetition
      rate of 82800 c.p.s. appears at output 72. Generator 83 produces a 90 step
      staircase at its output 85 each step of which has a duration of
      approximately 1.33 microseconds and the repetition period of which is 120
      microseconds. Each 120 microseconds, generator 83 receives a reset pulse
      at its reset input 86 from bus 52 upon which an undelayed 8280 c.p.s.
      signal is impressed.
PAR  Output 80 of main generator 78 is coupled to the first input 87 of sweep
      adder 89 and output 85 of auxiliary sweep generator 83 is coupled to the
      second input 88 of sweep adder 89. The output of sweep adder 89 contains
      the sum of the staircases produced by generators 78 and 83 and is coupled
      through horizontal deflection amplifier 90 to the input 91 of the vertical
      deflection circuit of the cathode ray tube of display 21.
PAR  First and second blanking pulses having respective frequencies of
      approximately 2.98 MC and 8280 c.p.s. are applied from bus 56 to the first
      input 92 of blank adder 94 and third and fourth blanking pulses having
      respective frequencies of 0.5625 c.p.s. and 180 c.p.s. are applied from
      bus 95 to the second input 93 of blank adder 94. The output of blank adder
      94 is coupled to the first input 96 of blank to strobe adder 98.
PAR  A velocity strobe signal is developed by a velocity strobe 100 which
      comprises a mixer 101, a bandpass filter 102, which is centered at 13 MC
      and has an 8 KC bandpass, and a trigger circuit 103. The first input 104
      of mixer 101 is coupled to the output of velocity strobe oscillator 105,
      the output frequency of which is manually adjustable between 0.4 and 7.5
      MC by manually controlling the voltage input to the oscillator 105. The
      second input 231 of mixer 101 is coupled to the output of velocity
      modulation oscillator 106 the input of which is coupled to the output 64
      of vertical main sweep generator 61a. Velocity modulation oscillator 106
      linearly sweeps from 13.4 to 20.5 MC during the analysis cycle of
      approximately 1.7 seconds in synchronism with the sweep of acceleration
      and velocity generator 29 (FIG. 2). If the output of acceleration and
      velocity generator 29 contained no signal representative of a particular
      acceleration profile or if a profile for zero acceleration were stored in
      modulation linearizer and function generator 25 (FIG. 2), the output of
      acceleration and sweep generator 29 (FIG. 2) would be the same as the
      output of velocity modulation oscillator 106. When the difference
      frequency resulting from mixing the inputs to mixer 101 falls within the 8
      KC bandpass centered about 13 MC of bandpass filter 102, bandpass filter
      102 will deliver a signal to trigger circuit 103. Trigger circuit 103 is
      designed to produce a pulse equal in duration to the approximate 5.5
      millisecond analysis period of a single velocity gate in response to an
      input. This pulse is delivered to the first input 107 of strobe adder 109.
      A range strobe signal is developed by range strobe 110 and is a 240
      microsecond pulse delayed with respect to an 180 c.p.s. signal by an
      amount sufficient to cause its production to coincide with sampling of the
      particular range gate of interest. This pulse may be produced by
      conventional phantastron circuit (not shown) with a 180 c.p.s. input and
      with its output being coupled to a trigger circuit (also not shown) that
      produces a 240 microsecond pulse in response to an input. The delay may be
      imparted to the production of an output from the phantastron circuit by
      manually adjusting the d.c. voltage that serves as the plate catching
      voltage for the phantastron circuit. The output of range strobe 110 is
      coupled to the second input 108 of strobe adder 109. The output of strobe
      adder 109 contains the sum of the velocity strobe pulse and the range
      strobe pulse and is coupled to the second input 97 of blank to strobe
      adder 98.
PAR  The output of blank to strobe adder 98 contains the sum of the 0.5625
      c.p.s., 180 c.p.s., 8280 c.p.s., and 2.98 MC blanking pulses and of the
      range and velocity strobe pulses and is coupled to the blanking input 111
      of display 21 which may be the cathode of the cathode ray tube of display
      21. The 0.5625 c.p.s. pulse supplies blanking for reset of the vertical
      main sweep generator 61; the 180 c.p.s. pulse supplies blanking for the
      reset of the horizontal main sweep generator 78 and for the stepping of
      the vertical main sweep generator 61a; the 8280 c.p.s. pulse supplies
      blanking for the reset of the horizontal auxiliary sweep generator 83 and
      for the stepping of the horizontal main sweep generator 78; and the 2.98
      MC pulse supplies blanking for the reset of vertical auxiliary sweep
      generator 69 and for the stepping of the vertical auxiliary sweep
      generator 69 and horizontal auxiliary sweep generator 83. The range and
      velocity strobe pulses brighten the intensity of screen 58 at a point
      determined by the adjustment of velocity strobe oscillator 105 and range
      strobe 110.
PAR  It should be noted that the range and velocity strobe signals could be
      reversed in polarity and added to the video information signal carried by
      lead 48 and the sum could then be applied to the intensity modulation grid
      61 of the cathode ray tube of display 21. They would operate in the same
      way as they do when applied to the cathode of the cathode ray tube.
PAR  As before described, the velocity strobe signal is controlled by the manual
      adjustment of the input voltage to velocity strobe oscillator 105. Thus,
      the velocity coordinate of screen 58 at which the strobe signal appears is
      controlled by the adjustment of this input voltage. Therefore, velocity
      strobe indicator 59, which is a digital voltmeter calibrated in terms of
      velocity and which responds to the input voltage to velocity strobe
      oscillator 105, provides a direct reading of the velocity corresponding to
      the position of the strobe. Also as before described, the range strobe
      signal is controlled by the manual adjustment of the plate catching
      voltage of the phantastron circuit of range strobe 110. Accordingly, the
      range coordinate of screen 58 at which the strobe signal appears is
      controlled by the adjustment of this plate catching voltage. Therefore,
      range strobe indicator 60, which is a digital voltmeter calibrated in
      terms of range and which responds to the plate catching voltage of the
      phantastron circuit of range strobe 110, provides a direct reading of the
      range corresponding to the position of the strobe. Hence, if the strobe is
      adjusted on the face of screen 58 to correspond with the position of a
      target signal, direct readings of the velocity and range parameter of the
      target are available from velocity strobe indicator 59 and range strobe
      indicator 60.
PAR  The high voltage for the cathode ray tube of display 21 is applied to the
      high voltage input 112 from the high voltage supply 113.
PAR  Turning now to FIG. 6 and the acceleration vs. range display 22 wherein
      acceleration information is displayed along the vertical axis and range
      information is displayed along the horizontal axis of the long persistence
      screen 114 of the cathode ray tube of display 22. Range strobe may be a
      digital voltmeter calibrated in terms of range. Lead 49 conveys target
      information to the intensity modulation grid 116.
PAR  As was the case with respect to display 21 (FIG. 5), the raster scan for
      display 22 is formed by applying main and auxiliary sweep signals to the
      vertical and horizontal deflection circuits of display 22. Again, these
      sweep signals are generated by staircase generators, as opposed to
      conventional sawtooth generators, to prevent smearing of the elements on
      the long persistence screen 114.
PAR  Vertical main sweep generator 117 has its input 118 coupled to bus 57 which
      carries a signal having an approximate frequency of 2.98 MC with a zero
      time delay with respect to the system reference frequency of 180 c.p.s. In
      response, generator 117 develops a 360 step staircase at its output 119.
      Each step of this staircase has approximately an 0.333 microsecond
      duration which is equal to the duration of the sampling of an individual
      acceleration gate and the repetition period of the staircase is 120
      microseconds which equals the period over which all acceleration gates are
      sampled once. Thus, the signal appearing at output 119 of generator 117 is
      synchronized with the reception of target acceleration information by the
      intensity modulation grid 116 of the cathode ray tube of display 22.
      Generator 117 receives a reset pulse every 120 microseconds at its
      external reset input 120 from bus 52. External reset is employed for
      purposes of system stability.
PAR  Vertical auxiliary sweep generator 121 has its input 122 coupled to bus 82
      which carries an 180 c.p.s. signal. In response, generator 121 develops a
      4 step staircase at its output 123. Each step of the staircase has a
      duration of approximately 5.5 milliseconds and the repetition period of
      the staircase is approximately 22 milliseconds. Generator 121 also
      produces signal at its blanking output 124 which signal has a frequency of
      4.5 c.p.s. Since there is no convenient source of reset signals for
      generator 121, it is internally reset. The accuracy of this internal reset
      bears a direct relationship to the stability of the system.
PAR  Output 119 of generator 117 is coupled to the first input 125 of sweep
      adder 127 and output 123 of generator 121 is coupled to the second input
      126 of sweep adder 127. The sum of the outputs of generators 117 and 121
      are coupled from the output of sweep adder 127 through vertical deflection
      amplifier 128 to the vertical deflection circuit input 129 of the cathode
      ray tube of display 22.
PAR  The horizontal sweep for the cathode ray tube of display 22 is developed by
      horizontal main sweep generator 130 and horizontal auxiliary sweep
      generator 139. Generator 130 receives an 8280 c.p.s. signal at its input
      131 from bus 132 which is coupled to bus 52 (FIG. 5). This signal has zero
      time delay with respect to the system reference frequency signal of 180
      c.p.s. In response, horizontal main sweep generator 130 produces a 46 step
      staircase signal at its output 133; the duration of each step of which is
      120 microseconds, which is half the 240 microsecond period over which a
      single range gate is sampled, and the repetition period of the generator
      130 is 5.5 milliseconds, which is the time over which each of the range
      gates are sampled twice. Thus, generator 130 produces two sweep signals
      during the sampling of each range gate thereby insuring display of
      nonrectangular target pulses. Generator 130 also produces a signal that
      appears at its blanking pulse output 134 which is a series of positive
      pulses having a frequency of 180 c.p.s. This signal is coupled by lead 182
      to the first input 136 of blanking pulse adder 138 (FIG. 7). External
      reset signals for generator 130 are provided for purposes of system
      stability and are applied to external reset input 135 from bus 82 which
      carries an 180 c.p.s. signal.
PAR  Horizontal auxiliary sweep generator 139 receives a 4.5 c.p.s. signal at
      its input 140 from the blanking output 124 of vertical auxiliary sweep
      generator 121. In response, generator 139 produces an 80 step staircase
      each step of which has a duration of approximately 22 milliseconds and the
      repetition period of which is approximately 1.7 seconds which is the time
      lapse for a total analysis cycle. Generator 139 also produces a 0.5625
      c.p.s. signal at its blanking output 142 which is fed to bus 66. Generator
      139 is externally reset for purposes of stability by a 0.5625 c.p.s.
      signal applied to its reset input terminal 143 from bus 68.
PAR  The output 133 of generator 130 is coupled to the first input 144 of sweep
      adder 146 and the output 141 of generator 139 is coupled to the second
      input 145 of sweep adder 146. The sum of the outputs of generator 133 and
      141 is coupled from the output of sweep adder 146 through horizontal
      deflection amplifier 147 to the input 148 of the horizontal deflection
      circuit of the cathode ray tube of display 22.
PAR  Blanking pulse adder 149 has its first input 150 coupled to bus 56 which
      carries 2.98 MC and 8280 c.p.s. blanking pulses. These pulses are delayed
      with respect to the sweep pulses applied to the inputs 129 and 148 of the
      vertical and horizontal deflection circuits of the cathode ray tube of
      display 22 by an amount equal to the delay of delay generator 40 (FIG. 4)
      which is set to be equal to the inherent yoke delay of the vertical and
      horizontal deflection circuits. The second input 151 of blanking pulse
      adder is coupled to bus 95 which carries blanking pulses having
      frequencies of 0.5625 c.p.s. and 180 c.p.s. These blanking pulses are not
      delayed in time with respect to the system reference signal of 180 c.p.s.
      or the sweep pulses applied to the input 129 of the vertical deflection
      circuit and the input 148 of the vertical deflection circuit of the
      cathode ray tube of display 22. No delay is necessary since the inherent
      yoke delay, which is typically 4 microseconds, is so small when compared
      to the respective 1.7 second and  5.5 milliseconds repetition period of
      these pulses. Blanking pulse adder 149 applies the sum of these 0.5625
      c.p.s., 180 c.p.s., 8280 c.p.s., and 2.98 MC blanking pulses to the first
      input 152 of blank to strobe adder 154.
PAR  Range strobe 155 develops 240 microsecond strobe signals in the same manner
      as described in conjunction with range strobe 110 (FIG. 5). These pulses
      are applied to the second input 153 of blank to strobe adder 154 wherein
      they are added to the blanking pulses applied to the first input 152. The
      output of blank to strobe adder 154 is coupled to the blanking circuit
      input 156 of the cathode ray tube of display 22. Typically, the blanking
      circuit input may be the cathode of the cathode ray tube. The 0.5625
      c.p.s. blanking pulse provides blanking for the reset of the horizontal
      auxiliary sweep generator 139; the 180 c.p.s. pulse supplies blanking for
      the reset of the vertical auxiliary sweep generator 121 and the horizontal
      main sweep generator 130 and for the stepping of the vertical auxiliary
      sweep generator 121 and of the horizontal auxiliary sweep generator 139;
      the 8280 c.p.s. pulse supplies blanking for the reset of the vertical main
      sweep generator 117 and for the stepping of the horizontal main sweep
      generator 130; and the 2.98 MC signal supplies blanking for the stepping
      of the vertical main sweep generator 117. The range strobe pulse controls
      the position of the strobe signal on the screen 114 of display 22 and the
      range strobe indicator 115 provides a direct reading in terms of the range
      corresponding to the position of the strobe in the same manner as
      described in conjunction with the description of the range strobe 110 and
      range strobe indicator 60 of FIG. 5.
PAR  It should be noted that the range strobe signal could be reversed in
      polarity and added to the video signal carried by lead 49 and applied to
      the intensity modulation grid 116 of the cathode ray tube of display 22.
PAR  The high voltage for the cathode ray tube of display 22 is applied to the
      high voltage input 157 from high voltage supply 158.
PAR  With reference now to FIG. 7 and the acceleration vs. velocity display 23
      wherein acceleration information is displayed along the vertical axis and
      velocity information is displayed along the horizontal axis of the long
      persistence screen 159 of the cathode ray tube of display 23. Velocity
      strobe indicator 160 may be a digital voltmeter calibrated in terms of
      velocity.
PAR  Target information is conveyed to the intensity modulation grid 161 by lead
      50. As in the displays of FIGS. 5 and 6, the sweep signals are produced by
      staircase generators. The raster scan for display 23 is formed by applying
      main and auxiliary sweep signals to the vertical deflection circuit in the
      same manner as in FIGS. 5 and 6, but, unlike the displays of FIGS. 5 and
      6, only main sweep signals are applied to the horizontal deflection
      circuit. Due to the particular way the display 23 is swept, the duration
      of each step applied to the horizontal deflection circuit is at least as
      long as the repetition periods of the staircases produced by the main and
      auxiliary vertical sweep generators and, thus, a horizontal auxiliary
      sweep generator is not required.
PAR  Vertical main sweep generator 162 has its input 163 coupled to bus 57 which
      carries a signal having a frequency of approximately 2.98 MC and having a
      zero time delay with respect to the 180 c.p.s. system reference frequency
      signal. In response to this input, generator 162 develops a staircase
      having 360 steps at its output 164. Each step of the staircase has a
      duration of approximately 0.33 microseconds, which equals the duration of
      sampling of a single acceleration gate, and the repetition period of the
      staircase is 120 microseconds, which equals the period over which each
      acceleration gate is sampled once. Thus, the sweep signals developed by
      generator 162 are synchronized with the reception of target acceleration
      information at the intensity modulation grid 161 of the cathode ray tube
      of display 23 though leading such reception in point of time by an amount
      equal to the inherent yoke delay in the vertical deflection circuit of the
      cathode ray tube. Generator 162 is externally reset for purposes of system
      stability by an 8.28 KC signal applied to its external reset input 165
      from bus 52. This reset signal also has a zero time delay with respect to
      the system reference frequency signal.
PAR  Vertical auxiliary sweep generator 166 receives an 8280 c.p.s. signal at
      its input 167 from bus 132. This signal has a zero time delay with respect
      to the 180 c.p.s. system reference frequency signal. In response,
      generator 166 produces a 4 step staircase at its output 168 and a signal
      at its blanking output 169 having an approximate frequency of 2070 c.p.s.
      Each step of the 4 step staircase produced at the output 168 of generator
      166 has a duration of approximately 120 microseconds and the repetition
      period of the staircase is about 480 microseconds. Generator 166 is
      internally reset.
PAR  The output 164 of vertical main sweep generator 162 is coupled to the first
      input 170 of sweep adder 172 and the output 168 of vertical auxiliary
      sweep generator 166 is coupled to the second input 171 of sweep adder 172.
      The sum of the staircase signals is coupled from the output of sweep adder
      172, through the vertical deflection amplifier 173, to the input 174 of
      the vertical deflection circuit of the cathode ray tube of display 23.
PAR  Horizontal sweep signals are developed by horizontal sweep generator 175.
      The input 176 of generator 175 receives a signal having an approximate
      frequency of 2070 c.p.s. from the blanking output 169 of vertical
      auxiliary sweep generator 166. In response to this input, generator 175
      produces a 3680 step staircase signal at its output 177 each step of which
      has a duration of approximately 480 microseconds and the repetition period
      of which is approximately 1.7 seconds which is equal to the time elapse of
      a complete analysis cycle and to the time during which each velocity gate
      is sampled once. This signal is coupled from the output 177 of generator
      175, through horizontal deflection amplifier 180, to the input 181 to the
      horizontal deflection circuit of the cathode ray tube of display 23.
PAR  Generator 175 also produces an 0.5625 c.p.s. positive pulse signal at its
      blanking pulse output 178 which is coupled to the second input 137 of
      blanking pulse adder 138. This signal is added to the 180 c.p.s. signal
      applied to the first input 136 of blanking pulse adder 138 by lead 182
      which is coupled to the blanking pulse output 134 of the horizontal main
      sweep generator 130 for display 22 (FIG. 6) and the output of blanking
      pulse adder 138 is coupled to bus 95 and applies the 0.5625 c.p.s. and 180
      c.p.s. blanking pulses to bus 95.
PAR  Generator 175 receives an 0.5625 c.p.s. reset signal from bus 66 at its
      external reset input 179. As is the case with the other externally reset
      generators of the system, generator 175 is externally reset for purposes
      of stability.
PAR  The 8280 c.p.s. and 2.98 MC blanking pulses carried by bus 56 are applied
      to the first input 183 of blanking pulse adder 185 and the 0.5625 c.p.s.
      and 180 c.p.s. blanking pulses carried by bus 95 are applied to the second
      input 184 of blanking pulse adder 185. The output of blanking pulse adder
      185 contains the sum of the 0.5625 c.p.s., 180 c.p.s., 8280 c.p.s. and
      2.98 MC blanking pulses and is coupled to the first input 186 of blank to
      strobe adder 188.
PAR  The second input 187 of blank to strobe adder 188 receives a velocity
      strobe signal from velocity strobe 189 which contains a mixer 190, a
      bandpass filter 191 having a 8 KC bandpass centered at 13 MC, and a
      trigger circuit 192 which produces a pulse having a 5.5 millisecond
      duration in response to an input. Bus 193 is coupled to the output of
      velocity modulation oscillator 106 (FIG. 5) and applies a signal that is
      linearly swept from 13.4 MC to 20.5 MC to the first input 194 of mixer
      190. Velocity strobe oscillator 195, the output frequency of which is
      varied between 0.4 MC and 7.5 MC by manually adjusting the input voltage
      thereto in the same manner as the output frequency of velocity strobe
      oscillator 105 (FIG. 5) is controlled, is coupled to the second input 196
      of mixer 190. Bandpass filter 191 passes an input signal to trigger
      circuit 192 when the difference frequency resulting from the mixing of the
      inputs to mixer 190 falls within its 8 KC bandpass that is centered at 13
      MC. In response to an input, trigger circuit 192 develops a strobe pulse
      having approximately a 5.5 milliseconds duration which is equal to the
      period during which a single velocity gate is sampled. The production of
      the strobe pulse may be controlled to correspond with the sampling of a
      particular velocity gate by manually adjusting the input voltage to
      velocity strobe oscillator 195 in the same manner as is described in
      conjunction with the description of velocity strobe 100 and velocity
      strobe oscillator 105 of FIG. 5. The strobe pulse appearing at the output
      of trigger circuit 192 is coupled to the second input 187 of blank to
      strobe adder 188.
PAR  The output of blank to strobe adder 188 contains the sum of the 0.5625
      c.p.s., 180 c.p.s., 8280 c.p.s., and 2.98 MC blanking pulses that are
      applied to its first input 186 and the velocity strobe pulse having a
      duration of approximately 5.5 milliseconds that is applied to its second
      input 187 and is coupled to the blanking circuit input 197 which may be
      the cathode of the cathode ray tube of display 23. The 0.5625 c.p.s. pulse
      supplies blanking for the reset of horizontal sweep generator 175; the
      8280 c.p.s. provides blanking for the reset of the vertical main sweep
      generator 162 and of the vertical auxiliary sweep generator 166 and for
      the stepping of the vertical auxiliary sweep generator 166 and of the
      horizontal sweep generator 175; and the 2.98 MC pulse provides blanking
      for the stepping of the vertical main sweep generator 162. The velocity
      strobe pulse controls the position of the strobe signal on the screen 159
      of display 23 and the velocity strobe indicator 160 provides a direct
      reading in terms of the velocity corresponding to the position of the
      strobe by responding to the input voltage to velocity strobe oscillator
      195 in the same manner as velocity strobe indicator 59 responds to the
      input voltage to velocity strobe oscillator 105 (FIG. 5).
PAR  The high voltage for the cathode ray tube of display 23 is applied to the
      high voltage input 198 from the high voltage supply 199.
PAR  FIGS. 8-11 illustrate the manner in which velocity vs. range display 21
      (FIG. 5) is swept and are useful in understanding the manner in which
      acceleration vs. range display 22 (FIG. 6) and acceleration vs. velocity
      display 23 (FIG. 7) are swept.
PAR  FIG. 8 shows the output waveform of horizontal auxiliary sweep generator 83
      (FIG. 5) above the output waveform of vertical auxiliary sweep generator
      69 (also FIG. 5). These waveforms have a common time axis. Therefore, FIG.
      8 is representative of the time relationship between the output waveforms
      of the vertical and horizontal auxiliary sweep generators, 69 and 83,
      respectively, of FIG. 5. As can be seen, the repetition period of the 4
      step staircase produced by generator 69 is equal to the duration of each
      step of the 90 step staircase produced by generator 83. Thus, 4 step
      staircase 201 corresponds with the first step 202 of the 90 step
      staircase. Then, as the output of 90 step generator 83 is stepped up to
      the second step 203, generator 69 is reset and thereafter produces the
      second 4 step staircase 204. This process goes on until generator 69
      produces the ninetieth 4 step staircase 205 during the duration of the
      ninetieth step 206 of the 90 step staircase produced by generator 83.
      Then, generator 83 is reset and produces the first step 207 of the second
      90 step staircase while generator 69 produces the ninety-first 4 step
      staircase 208. Generators 69 and 83 continue to produce their respective
      waveforms in the same time relation to one another.
PAR  FIG. 9 shows the time relationship between the output waveforms of
      horizontal main sweep generator 78 and of horizontal auxiliary sweep
      generator 83 (both of FIG. 5). The common time axis of FIG. 9 is
      compressed by a factor of 90 with respect to the time axis of FIG. 8. The
      repetition period of the 90 step staircase produced by generator 83 is
      equal to the duration of a step of the 46 step staircase produced by
      generator 78. Therefore, the first 90 step staircase 209 is produced by
      generator 83 during the duration of the first step 210 of the 46 step
      staircase produced by generator 78. After generator 83 produces the
      forty-sixth 90 step staircase 211 while generator 78 is producing the 46th
      step 212 of the first 46 step staircase, generators 78 and 83 are reset
      and thereafter, generator 83 produces the forth-seventh 90 step staircase
      213 while generator 78 produces the first step 214 of the second 46 step
      staircase. The outputs of generators 78 and 83 retain this time
      relationship to one another while the system is in operation.
PAR  The time relationship between the output waveforms of the vertical main
      sweep generator 61a and horizontal main sweep generator 78 (both of FIG.
      5) is illustrated in FIG. 10. The time axis of FIG. 10 is compressed by a
      factor of 46 with respect to the time axis of FIG. 9 and by a factor of
      4140 with respect to the time axis of FIG. 8. Since the repetition period
      of the 46 step staircase produced by generator 78 is equal to the duration
      of a step of the 320 step staircase generated by generator 61a, generator
      78 produces a full 46 step staircase 215 during the duration of a single
      step 216 of the 320 step staircase produced by generator 61a. After
      generator 78 produces the three hundred twentieth 46 step staircase 217
      while generator 61a is generating the 320th step 218 of the first 320 step
      staircase, generators 61 and 78 are reset and, thereafter, generator 78
      produces the three hundred twenty-first 46 step staircase 219 while
      generator 61a is producing the first step 220 of the second 320 step
      staircase. Generators 61a and 78 maintain this time relationship while the
      system is in operation.
PAR  FIG. 11 is a view of screen 58 of velocity vs. range display 21 and shows
      how the raster scan for display 21 is formed. The scan starts in the lower
      left-hand corner of screen 58 at the beginning of the analysis cycle of
      approximately 1.7 seconds and proceeds to sweep out screen 58 so that it
      is in the upper righthand corner thereof by the end of the analysis cycle.
PAR  More particularly, the sweep appears at points 221-224 in response to the
      first 4 step staircase produced by vertical auxiliary sweep generator 69
      (FIG. 5) during the analysis cycle. The voltage magnitude of each step
      should be sufficient to vertically deflect the beam by an amount equal to
      at least one resolution element of the screen 58. As can be seen from FIG.
      8, horizontal auxiliary sweep generator 83 (FIG. 5) generates a new step
      in its 90 step staircase each time generator 69 starts to generate a new 4
      step staircase and the duration of each step in the staircase produced by
      generator 83 is equal to the repetition period of the staircase produced
      by generator 69. Thus, after appearing at 224 on screen 58, the sweep
      appears at 225 in response to the application to the horizontal deflection
      circuit input 91 of a new step in the 90 step staircase generated by
      generator 83 and to the application to the vertical deflection circuit
      input 77 of the first step in the next 4 step staircase produced by
      generator 69. The voltage magnitude of each step produced by generator 83
      should be sufficient to horizontally deflect the beam by an amount equal
      to at least one resolution element of the screen 58 so that screen 58 may
      resolve signals produced at different instances which might be from
      different targets.
PAR  Generator 83 continues to generate a step in its 90 step staircase each
      time generator 69 begins to produce a new 4 step staircase until generator
      83 has produced its full 90 step staircase. Then, as can be seen from
      FIGS. 8 and 9, considered together, after the sweep appears at point 226
      on screen 58 in response to the ninetieth step of the 90 step staircase
      produced by generator 83 and fourth step of the 4 step staircase produced
      by generator 69, generators 69 and 83 reset and horizontal main sweep
      generator 78 (FIG. 5) produces a step in its 46 step staircase. The
      voltage magnitude of this step should at least be equal to the sum of the
      voltage magnitudes of the 90 steps produced by generator 83 so that the
      sweep will appear at 227 in response to the application of the new step in
      the 46 step staircase produced by generator 78 plus the first step in the
      90 step staircase produced by generator 83 to the horizontal deflection
      circuit input 91 and the application of the first step in the 4 step
      staircase produced by generator 69.
PAR  Screen 58 will continue to be swept in this manner until the sweep appears
      at point 228 at the end of the 46th step of the 46 step staircase produced
      by generator 78. Generators 69, 78, and 83 will then all reset as can be
      seen from FIGS. 8 and 9 and vertical main sweep generator 61a will produce
      a step in its 320 step staircase as can be seen from FIG. 10. The voltage
      magnitude of each step of the 320 step staircase should at least be equal
      to the sum of the voltage magnitudes of the steps of the 4 step staircase.
      Thus, after appearing at point 228, the sweep will appear at 229.
      Thereafter, screen 58 is swept out in the same manner as described until
      the sweep appears at point 230 at the end of the last step of the 320 step
      staircase of generator 61a. Approximately 1.7 seconds, the duration of the
      analysis cycle, elapses between the time the sweep appears at point 221
      and the time it appears at point 230. After the sweep appears at point
      230, generators 61a, 69, 78 and 83 reset and the process of sweeping out
      screen 58 is repeated.
PAR  As is apparent, no sweep line repeats on a previous sweep line during the
      entire analysis cycle of approximately 1.7 seconds. Thus, the
      signal-to-noise ratio is not degraded in displaying the information.
PAR  The manner in which the raster scan for acceleration vs. range display 22
      (FIG. 6) is formed, can be determined by considering the voltage and time
      relationships of the sweep signals applied thereto. Vertical main sweep
      generator 117 produces a 360 step staircase that has a repetition period
      equal to the duration of each step of the 46 step staircase produced by
      horizontal main sweep generator 130. The voltage magnitude of the
      individual steps of the 360 and 46 step staircase should be sufficient to
      deflect the beam at least 4 and 80 resolution elements on screen 114,
      respectively. The repetition period of the 46 step staircase produced by
      generator 130 is equal to the duration of each step of the 4 step
      staircase produced by vertical auxiliary sweep generator 121. The voltage
      magnitude of each step produced by generator 121 should be at least equal
      to the sum magnitudes necessary to deflect the beam vertically 1/4 the
      number of resolution elements that it is deflected by each step from
      generator 117 thereby insuring that sweeps will not repeat on one another
      when generator 130 resets. The repetition rate of the 4 step staircase
      produced by generator 121 is equal to the duration of each step of the 80
      step staircase generated by horizontal auxiliary sweep generator 139 and
      the repetition rate of the 80 step staircase produced by generator 139 is
      equal to the duration of the analysis cycle which is approximately 1.7
      seconds. Each step of the staircase produced by generator 139 should have
      a voltage magnitude equal to the voltage magnitude necessary to deflect
      the beam horizontally 1/80 the number of elements that it is deflected by
      each step from generator 130, thereby insuring that no sweep will repeat
      on a previous sweep during the complete analysis so that target signals
      appearing at different instances can be resolved.
PAR  The manner in which the raster scan for acceleration vs. velocity display
      23 (FIG. 7) is formed can be determined by an analysis similar to that
      given above for the velocity vs. range display 21 (FIG. 5) and
      acceleration vs. range display 22 (FIG. 6). Vertical main sweep generator
      162 produces a 360 step staircase having a repetition period equal to the
      duration of each step of the 4 step staircase produced by vertical
      auxiliary sweep generator 166. The voltage magnitude of each step of the
      360 step staircase generated by generator 162 should be sufficient to
      deflect the beam by an amount at least equal to four resolution elements
      of the screen 159 and the voltage magnitude of each step of the 4 step
      staircase produced by generator 166 should be equal to the signals
      necessary to deflect the beam 1/4 the numbers of resolution elements that
      it is deflected by each step from generator 162. Horizontal sweep
      generator 175 produces a 3680 step staircase having a repetition period
      equal to the analysis cycle of approximately 1.7 seconds and each step of
      which has a duration equal to the repetition period of the 4 step
      staircase produced by generator 166. Thus, no sweep line will fall on a
      previous sweep line during the analysis cycle of approximately 1.7
      seconds.
PAR  Thus it can be seen that the instant invention provides a stable display
      system wherein the degradation of the signal-to-noise ratio of the
      information that is incurred in displaying it is minimized and wherein the
      efficient use of the available capacity of a cathode ray tube may be
      maximized.
PAR  It should be understood that the specific examples of the system parameters
      comprising rate of flow of information to the display system, delay
      imparted to the information, number of steps in the staircases produced by
      the sweep generators, duration of such steps, repetition period of such
      staircase, frequency of the various blanking pulses, frequency and
      duration of the strobe pulses and other specific numerical examples are
      given by way of illustration and not limitation.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A display system for multi-dimensional information comprising:
PA1  display means having an input, horizontal deflection circuit, and vertical
      deflection circuit;
PA1  means for applying information having at least first and second dimensions
      to said input, said first dimension of said information having a first
      frequency, said second dimension of said information having a second
      frequency;
PA1  means for applying a first sweep signal to one of said deflection circuits,
      said first sweep signal having a frequency equal to a multiple of said
      first frequency;
PA1  means for applying a second sweep signal to said one deflection circuit,
      said second sweep signal having a frequency different from the frequency
      of said first sweep signal; and
PA1  means for applying a third sweep signal to the other of said deflection
      circuits, said third sweep signal having a frequency equal to a multiple
      of said second frequency.
NUM  2.
PAR  2. The display system of claim 1 further including means for applying a
      fourth sweep signal to said other deflection circuit, the frequency of
      said fourth sweep signal being different from the frequency of said third
      sweep signal.
NUM  3.
PAR  3. An information display system comprising:
PA1  display means having an input, horizontal deflection circuit and vertical
      deflection circuit;
PA1  means for applying a first sweep signal having a first frequency to said
      horizontal deflection circuit;
PA1  means for applying a second sweep signal having a second frequency to said
      vertical deflection circuit;
PA1  at least one of said deflection circuits including means causing a first
      time delay between the application of a sweep signal to said circuit and
      the production on said display of a sweep line corresponding to said sweep
      signal;
PA1  information receiving means;
PA1  delay means;
PA1  said information receiving means being coupled to said input through said
      delay means;
PA1  said delay means delaying said information an amount substantially equal to
      said first time delay thereby compensating for said first time delay.
NUM  4.
PAR  4. The display system of claim 3 further including means for applying a
      third sweep signal to one of said deflection circuits, said third sweep
      signal having a third frequency, said third frequency being different from
      said first and second frequencies.
NUM  5.
PAR  5. An information display system comprising:
PA1  display means having an input, horizontal deflection circuit, and vertical
      deflection circuit;
PA1  means receiving a plurality of information samples;
PA1  means for applying said information samples to said input, each of said
      samples having a substantially constant duration;
PA1  means for applying a first sweep signal having a plurality of steps to one
      of said deflection circuits, each of said steps of said first sweep signal
      having a constant duration substantially equal to the duration of each of
      said information samples;
PA1  means for applying a second sweep signal having a plurality of steps to
      said one deflection circuit, each of said steps of said second sweep
      signal having a constant duration different from the constant duration of
      each of said steps of said first sweep signal; and
PA1  means for applying a third sweep signal having a plurality of steps to the
      other of said deflection circuits, each of said steps of said third sweep
      signal having a constant duration.
NUM  6.
PAR  6. The information display system of claim 5 further including means for
      applying a fourth sweep signal having a plurality of steps to said other
      deflection circuit, each of said steps of said fourth sweep signal having
      a constant duration different from the constant duration of each of said
      steps of said third sweep signal.
NUM  7.
PAR  7. The information display system of claim 5 further including:
PA1  means within at least one of said deflection circuits for causing a first
      time delay between the application of a sweep signal to said circuit and
      the production of a sweep line on said display corresponding to said sweep
      signal; and
PA1  delay means connected between said means receiving a plurality of
      information samples and said input, said delay means delaying said
      information samples an amount substantially equal to said first time delay
      thereby compensating for said first time delay.
NUM  8.
PAR  8. A display system for multi-dimensional information comprising:
PA1  display means having an input, horizontal deflection circuit, and vertical
      deflection circuit;
PA1  information carrying means;
PA1  means for impressing signals representative of at least first and second
      dimensions of the information on said information carrying means;
PA1  first analysis means coupled to said information carrying means for
      detecting signals having a first finite range of values and being
      representative of said first dimension of said information;
PA1  said first analysis means examining said information for signals in
      sequential increments of said first range of values;
PA1  said information being examined for signals in each increment of said first
      range of values for a first time duration and the examination of said
      information for signals throughout said first range repeating with a first
      constant period;
PA1  means coupling the signals detected by said first analysis means to said
      display means input;
PA1  second analysis means coupled to said information carrying means for
      detecting signals having a second finite range of values and being
      representative of said second dimension of said information;
PA1  said second analysis means examining said information for signals in
      sequential increments of said second range of values;
PA1  said information being examined for signals in each increment of said
      second range for a second time duration and the examination of said
      information for signals throughout said second range repeating with a
      second constant period;
PA1  means coupling the signals detected by said second analysis means to said
      display means input;
PA1  means for applying a first staircase sweep signal to one of said deflection
      circuits, said first staircase sweep signal having a plurality of steps
      and a first fixed repetition period, each of said steps having a
      substantially constant duration;
PA1  means for applying a second staircase sweep signal to said one deflection
      circuit, said second staircase sweep signal having a plurality of steps
      and a second fixed repetition period different from said first fixed
      repetition period, each of said steps having a substantially constant
      duration different from the duration of the steps of the first staircase
      sweep signal;
PA1  means for applying a third staircase sweep signal to the other of said
      deflection circuits, said third staircase sweep signal having a plurality
      of steps and a third fixed repetition period, each of said steps having a
      substantially constant duration;
PA1  said first time duration being substantially equal to a multiple of the
      duration of each of the steps in said first staircase sweep signal and
      said first constant period being substantially equal to a multiple of the
      repetition period of said first staircase sweep signal;
PA1  said second time duration being substantially equal to a multiple of the
      duration of each of the steps in said third staircase sweep signal and
      said second constant period being substantially equal to a multiple of the
      repetition period of said third staircase sweep signal.
NUM  9.
PAR  9. The display system of claim 8 further including:
PA1  means within at least one of said deflection circuits for causing a time
      delay between the application of a sweep line corresponding to said sweep
      signal on said display; and
PA1  delay means coupled to said display means input and having the signals
      applied to said display means input passing therethrough, said delay means
      delaying the reception of said signals at said input by an amount
      substantially equal to said time delay thereby compensating for said time
      delay.
NUM  10.
PAR  10. The display system of claim 8 wherein said first analysis means
      includes:
PA1  signal storage means having a plurality of storage segments;
PA1  each of said segments having signals with values falling into a single
      increment of said range of values read therein; and
PA1  means for sequentially reading out the signals stored in said plurality of
      storage segments, said means taking said first time duration to read out a
      single one of said segments.
NUM  11.
PAR  11. The display system of claim 10 wherein said second analysis means
      comprises:
PA1  a plurality of parallel paths, each having an input and an output terminal;
PA1  each of said paths including a mixer, bandpass filter, detector, and gate
      connected in series in the order named between said input and output
      terminals;
PA1  said information being applied to the input terminal of each of said paths;
PA1  each of said mixers having first and second inputs and an output;
PA1  said first input being coupled to said input terminal;
PA1  means coupling a signal having a unique time varying frequency
      characteristic to said second input, said time varying frequency
      characteristic being repeated with said second constant period;
PA1  means sequentially switching said gates thereby coupling the signal applied
      to the input of said gates to said output terminal, each of said gates
      coupling the signal applied to the gate input to said output terminal for
      a period equal to said second time duration.
NUM  12.
PAR  12. The display system of claim 8 wherein said first analysis means
      includes:
PA1  a mixer having first and second inputs and an output;
PA1  means applying said information to said first input;
PA1  means applying an oscillating signal to said second input, the frequency of
      said oscillating signal linearly varying with time through a range between
      first and second frequency limits in synchronism with said first constant
      period, said frequency of said oscillating signal varying over an
      increment of said range between said first and second limits during said
      first time duration;
PA1  bandpass filter means connected to the output of said mixer to pass the
      output signal of said mixer when the frequency of said output signal falls
      within the pass band of said filter; and
PA1  detector means coupled to the output of said bandpass filter.
NUM  13.
PAR  13. A display system for three dimensional information comprising:
PA1  first, second, and third display means;
PA1  each of said display means having an input, horizontal deflection circuit,
      and vertical deflection circuit;
PA1  information carrying means;
PA1  means for impressing three dimensional information on said information
      carrying means;
PA1  said information carrying means being coupled to first analysis means;
PA1  said first analysis means detecting signals having a first finite range of
      values and being representative of a first dimension of said information;
PA1  said first analysis means examining said information for signals in
      sequential increments of said first range of values;
PA1  said information being examined for signals in each increment of said first
      range of values for a first time duration and the examination of said
      information throughout said first range repeating with a first constant
      period;
PA1  means coupling the signals detected by said first analysis means to the
      inputs of said first, second, and third display means;
PA1  second analysis means coupled to said information carrying means for
      detecting signals having a second finite range of values and being
      representative of a second dimension of said information;
PA1  said second analysis means examining said information for signals in
      sequential increments of said second range of values;
PA1  said information being examined for signals in each increment of said
      second range of values for a second time duration and the examination of
      said information for signals throughout said second range repeating at a
      second constant period;
PA1  means coupling the signals detected by said second analysis means to the
      inputs of said first, second, and third display means;
PA1  third analysis means coupled to said information carrying means for
      detecting signals having a third finite range of values and being
      representative of a third dimension of said information;
PA1  said third analysis means examining said information for signals in
      sequential increments of said third range of values;
PA1  said information being examined for signals in each increment of said third
      range of values for a third time duration and the examination of said
      information for signals throughout said third range repeating with a third
      constant period;
PA1  means coupling the signals detected by said third analysis means to the
      inputs of said first, second, and third display means;
PA1  means for applying a first staircase sweep signal to one of said deflection
      circuits of said first display means, said first staircase sweep signal
      having a plurality of steps and a first fixed repetition period, each of
      said steps having a substantially  constant duration;
PA1  means for applying a second staircase sweep signal to said one deflection
      circuit of said first display means, said second staircase sweep signal
      having a plurality of steps and a second fixed repetition period different
      from said first fixed repetition period, each of said steps having a
      substantially constant duration different from the duration of the steps
      of the first staircase sweep signal;
PA1  means for applying a third staircase sweep signal to said other deflection
      circuit of said first display means, said third staircase sweep signal
      having a plurality of steps and a third fixed repetition period, each of
      said steps having a substantially constant duration;
PA1  said first time duration being substantially equal to a multiple of the
      duration of each of the steps in the first staircase sweep signal and said
      first constant period being substantially equal to a multiple of the
      repetition period of said first staircase sweep signal;
PA1  said second time duration being substantially equal to a multiple of the
      duration of each of the steps in said third staircase sweep signal and
      said second constant period being substantially equal to a multiple of the
      repetition period of said third staircase sweep signal;
PA1  means for applying a fourth staircase sweep signal to one of said
      deflection circuits of said second display means, said fourth staircase
      sweep signal having a plurality of steps and a fourth fixed repetition
      period, each of said steps having a substantially constant duration,
PA1  means for applying a fifth staircase sweep signal to said one deflection
      circuit of said second display means, said fifth staircase sweep signal
      having a plurality of steps and a fifth fixed repetition period different
      from said fourth fixed repetition period, each of said steps having a
      substantially constant duration different from the duration of the steps
      of the fourth staircase sweep signal;
PA1  means for applying a sixth staircase sweep signal to the other of said
      deflection circuits of said second display means, said sixth staircase
      sweep signal having a plurality of steps and a sixth fixed repetition
      period, each of said steps having a substantially constant duration;
PA1  said first time duration being substantially equal to a multiple of the
      duration of each of the steps in said fourth staircase sweep signal and
      said first constant period being substantially equal to a multiple of the
      repetition period of said fourth staircase sweep signal;
PA1  said third time duration being substantially equal to a multiple of the
      duration of each of the steps in said sixth staircase sweep signal and
      said third constant period being substantially equal to a multiple of the
      repetition period of said sixth staircase sweep signal;
PA1  means for applying a seventh staircase sweep signal to one of said
      deflection circuits of said third display means, said seventh staircase
      sweep signal having a plurality of steps and a seventh fixed repetition
      period, each of said steps having a substantially constant duration;
PA1  means for applying an eighth staircase sweep signal to said one deflection
      circuit of said third display means, said eighth staircase sweep signal
      having a plurality of steps and an eighth fixed repetition period
      different from said seventh fixed repetition period, each of said steps
      having a substantially constant duration different from the duration of
      the steps of the seventh staircase sweep signal;
PA1  means for applying a ninth staircase sweep signal to the other of said
      deflection circuits of said third display means, said ninth staircase
      sweep signal having a plurality of steps and a ninth fixed repetition
      period, each of said steps having a substantially constant duration;
PA1  said third time duration being substantially equal to a multiple of the
      duration of each of the steps in the seventh staircase sweep signal and
      said third constant period being substantially equal to a multiple of the
      repetition period of said seventh staircase sweep signal;
PA1  said second time duration being substantially equal to a multiple of the
      duration of each of the steps in the ninth staircase sweep signal and said
      second constant period being substantially equal to a multiple of the
      repetition period of said ninth staircase sweep signal.
NUM  14.
PAR  14. The display system of claim 13 wherein said first analysis means
      comprises:
PA1  signal storage means having a plurality of storage segments;
PA1  each of said segments having signals with values falling into a single
      increment of said range of values read therein; and
PA1  means for sequentially reading out the signals stored in said plurality of
      storage segments, said means taking said first time duration to read out a
      single one of said segments.
NUM  15.
PAR  15. A display system for three dimensional information comprising:
PA1  information storage means having a plurality of storage segments;
PA1  input means coupled to said storage means for reading information into said
      storage segments;
PA1  output means coupled to said storage means for sequentially reading
      information out of said storage segments, each of said storage segments
      being read out for a first time duration and the reading out of all of
      said storage segments repeating with a first constant period;
PA1  a plurality of parallel paths, each having an input and an output terminal;
PA1  each of said paths including a mixer, bandpass filter, detector, and gate
      connected in series in the order named between said input and output
      terminals;
PA1  said output means being coupled to the input terminal of each of said
      paths;
PA1  each of said mixers having first and second inputs and an output;
PA1  each of said first inputs being connected to a respective one of said input
      terminals;
PA1  means coupling an oscillating signal to said second inputs, the frequency
      of said oscillating signal linearly varying with time through a range
      between first and second frequency limits with a second constant period,
      said frequency of said oscillating signal varying over an increment of
      said range between said first and second limits during a second time
      duration;
PA1  means also coupling a signal having a unique time varying frequency
      characteristic to each of said second inputs, each of said time varying
      frequency characteristics being repeated with a third constant period;
PA1  means sequentially switching said gates thereby coupling the signal applied
      to the input of each of said gates to the respective output terminal, each
      of said gates coupling the signal applied to the gate input to a
      respective one of said output terminals for a period equal to a third time
      duration;
PA1  first, second, and third information display means each having an input,
      horizontal deflection circuit, and vertical deflection circuit;
PA1  means coupling said output terminals to the inputs to said first, second,
      and third information display means;
PA1  means for applying a first staircase sweep signal to one of said deflection
      circuits of said first display means, said first staircase sweep signal
      having a plurality of steps and a first fixed repetition period, each of
      said steps having a substantially constant duration;
PA1  means for applying a second staircase sweep signal to said one deflection
      circuit of said first display means, said second staircase sweep signal
      having a plurality of steps and a second fixed repetition period different
      from said first fixed repetition period, each of said steps having a
      substantially constant duration different from the duration of the steps
      of the first staircase sweep signal;
PA1  means for applying a third staircase sweep signal to the other of said
      deflection circuits of said first display means, said third staircase
      sweep signal having a plurality of steps and a third fixed repetition
      period, each of said steps having a substantially constant duration;
PA1  said first time duration being substantially equal to a multiple of the
      duration of each of the steps in said first staircase sweep signal and
      said first constant period being substantially equal to a multiple of the
      repetition period of said first staircase sweep signal;
PA1  said second time duration being substantially equal to a multiple of the
      duration of each of the steps in said third staircase sweep signal and
      said second constant period being substantially equal to a multiple of the
      repetition period of said third staircase sweep signal;
PA1  means for applying a fourth staircase sweep signal to one of said
      deflection circuits of said second display means, said fourth staircase
      sweep signal having a plurality of steps and a fourth fixed repetition
      period, each of said steps having a substantially constant duration;
PA1  means for applying a fifth staircase sweep signal to said one deflection
      circuit of said second display means, said fifth staircase sweep signal
      having a plurality of steps and a fifth fixed repetition period different
      from said fourth fixed repetition period, each of said steps having a
      substantially constant duration different from the duration of the steps
      of the fourth staircase sweep signal;
PA1  means for applying a sixth staircase sweep signal to the other of said
      deflection circuits of said second display means, said sixth staircase
      sweep signal having a plurality of steps and a sixth fixed repetition
      period, each of said steps having a substantially constant duration;
PA1  said first time duration being substantially equal to a multiple of the
      duration of each of the steps in the fourth staircase sweep signal and
      said first constant period being substantially equal to a multiple of the
      repetition period of said fourth staircase sweep signal;
PA1  said third time duration being substantially equal to a multiple of the
      duration of each of the steps in the sixth staircase sweep signal;
PA1  means for applying a seventh staircase sweep signal to one of said
      deflection circuits of said third display means, said seventh staircase
      sweep signal having a plurality of steps and a seventh fixed repetition
      period, each of said steps having a substantially constant duration;
PA1  means for applying an eighth staircase sweep signal to said one deflection
      circuit of said third display means, said eighth staircase sweep signal
      having a plurality of steps and an eighth fixed repetition period
      different from said seventh fixed repetition period, each of said steps
      having a substantially constant duration different from the duration of
      the steps of the seventh staircase sweep signal;
PA1  means for applying a ninth staircase sweep signal to the other of said
      deflection circuits of said third display means, said ninth staircase
      sweep signal having a plurality of steps and a ninth fixed repetition
      period, each of said steps having a substantially constant duration;
PA1  said third time duration being substantially equal to a multiple of the
      duration of each of the steps in said seventh staircase sweep signal and
      said third constant period being substantially equal to a multiple of the
      repetition period of said seventh staircase sweep signal;
PA1  said second time duration being substantially equal to a multiple of the
      duration of each of the steps in said ninth staircase sweep signal and
      said second constant period being substantially equal to a multiple of the
      repetition period of said ninth staircase sweep signal.
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ABST
PAL  1. A magnetic disc coder-decoder comprising a rotatable magnetic disc
       mea said disc means being adapted to have a code comprising a plurality
      of tone bursts recorded thereon, means for rotating said disc means, means
      for taking said tone bursts from said disc means and transmitting said
      code in the form of pulses of radiant energy, means for receiving
      transponder reply pulses in the form of coded infrared flashes, means for
      converting said infrared flashes to tone bursts, means for recording said
      tone bursts on said disc means, a coincidence detector, means for taking
      said tone bursts from said disc means and means for applying said tone
      bursts to said coincidence detector, said coincidence detector providing a
      single pulse output only upon simultaneous application thereto of a
      predetermined number tone bursts.
BSUM
PAR  This invention relates to short range IFF systems and more particularly to
      a magnetic disc coder-decoder therefor.
PAR  A short range IFF system with which the coder-decoder of this invention may
      be used is disclosed and claimed in the application of Harry Dauber, Ser.
      No. 727,500, Filed Apr. 9, 1957, and now abandoned, for "Infrared and
      Visual Interrogator-Responsor".
PAR  It is an object of this invention to provide a novel magnetic disc coder
      and decoder for a short range IFF system which utilizes existing radio
      facilities for interrogation and infrard for reply.
DRWD
PAR  The features of my invention which I believe to be novel are set forth with
      particularity in the appended claims. My invention itself, however, both
      as to its organization and method of operation, together with further
      objects and advantages thereof, may best be understood by reference to the
      following description taken in conjunction with the accompanying drawing
      in which:
PAR  FIG. 1 illustrates a simplified embodiment of the invention;
PAR  FIG. 2 shows the position of the magnetic heads around the disc during
      transmission of the coded information;
PAR  FIG. 3 shows the position of the magnetic heads around the disc during
      reception of the coded information;
PAR  FIG. 4 illustrates the time relationship of the pulses during operation of
      the device; and
PAR  FIG. 5 illustrates schematically a preferred embodiment of the invention.
DETD
PAR  Referring now to the drawings, FIGS. 1, 2 and 3 illustrate schematically a
      simplified embodiment of the magnetic disc coder-decoder. This embodiment
      will be utilized to describe the functioning of the invention. The
      coder-decoder comprises basically a magnetic disc, five magnetic
      record-reproduce heads and one erase head.
PAR  The embodiment of FIG. 1 is designed for transmitting or receiving three
      electrical pulses or tone bursts prearranged in three of six equal
      elementary time intervals. Disc 1 is mechanically coupled to any
      conventional electric or spring powered constant speed motor 2.
      Conventional magnetic heads P.sub.A, P.sub.B, P.sub.C and T/R are mounted
      to record tone bursts on or pick up tone bursts from a first sound track
      on the magnetic rim of disc 1. The magnetic rim may comprise, for example,
      brass treated with a nickel-cobalt deposit less than 0.001 inch in
      thickness. Disc 1 is provided with a second sound track from which a tone
      burst is picked up by head P. Erase head E may be a permanent magnet and
      is positioned to erase the first sound track only after the tone bursts
      have served their respective purposes, as will be explained hereinafter.
      Head P is connected to amplifier 3 by leads 4 and 5. Amplifier 3 is
      connected by lead 6 to switch positions 7, 8 and 9 of ganged switch 10.
      Heads P.sub.A, P.sub.B and P.sub.C are connected to switch arms 11, 12 and
      13 by means of leads 14, 15 and 16, respectively. Ganged switch 10
      comprises a further switch arm 21 and contacts 22 and 23. With the switch
      arm on contact 22, head T/R is connected to the transmitter portion of
      transmitter-receiver 24 by leads 25, 26 and 27.
PAR  The system so far described represents the transmitting portion whereby the
      interrogation code is transmitted by antenna 28 to a transponder (not
      shown) in the area being interrogated. The transponder, upon receiving the
      proper code group, will radiate a reply code in the form of coded infrared
      flashes which may, for example, be the same as the code transmitted.
PAR  To utilize the device of FIG. 1 as a decoder, ganged switch 10 is moved to
      its alternate position, namely with switch arms 11, 12, 13 and 21
      connected to contacts 29, 30, 31 and 23 respectively. The coded infrared
      flashes from the transponder will be received by the signal receiver
      portion of transmitter-receiver 24. The receiver portion may compromise an
      optical system with an infrared cell at its focus (not shown) whereby the
      infrared flashes are converted to electrical pulses which are then
      converted into tone bursts and recorded by head T/R on the first sound
      track of disc 1, as will be explained in more detail with reference to
      FIGS. 2, 3, 4 and 5. If the correct code group is received, the outputs of
      pickup heads P.sub.A P.sub.B and P.sub.C will be applied simultaneously to
      rectifiers 32, 33 and 34 of coincidence detector 35. Triode amplifer 36
      will produce a single pulse output when the simultaneously rectified
      voltages add to override the negative bias of grid 37 which is set to
      reject two or less voltage units each corresponding to a single pulse.
      This can be easily accomplished by a judicious selection of the R-C values
      in the grid cathode circuit and of the value of the bias voltage on grid
      37. The single pulse output of the coincidence detector may either be
      applied directly to neon lamp 38 or, as shown, may be first amplified in
      an amplifier 39.
PAR  FIGS. 2 and 3 illustrate the positions of the various heads around the disc
      1 and FIG. 4 illustrates the time relationships of the pulses during
      operation of the device. FIG. 2 illustrates the positions of the heads for
      transmitting the coded interrogation. As shown, heads P.sub.A, P.sub.B and
      P.sub.C are positioned in sectors 1, 2 and 5 of disc 1, head T/R in sector
      8 and erase head E in sector 9. Head P is shown in sector 7 and is
      actually positioned to pick up a tone burst from a separate track, as
      previously described. The tone burst from P energizes heads P.sub.A,
      P.sub.B and P.sub.C simultaneously so that tone bursts are recorded in
      sectors 1, 2 and 5 simultaneously, as shown in FIG. 4a, b, c and d.
PAR  Since disc 1 is rotating in a counterclockwise direction, the pulses will
      be transmitted in the order C-B-A, as shown in FIG. 4e. The tone burst
      recorded in sector 5 by P.sub.C will reach sector 8 and be transmitted 3
      time units after being recorded, as indicated by pulse C in FIG. 4e.
      Similarly, the tone burst recorded in Sector 2 by P.sub.B will be
      transmitted 3 time units after pulse C and the tone burst recorded in
      sector 1 by P.sub.A will be transmitted 1 time unit after pulse B, as
      shown in FIG. 4e. The erase head E in sector 9 erases each tone burst
      after it has been picked up by head T/R.
PAR  In order to utilize the device of FIG. 1 as a receiver, ganged switch 10 is
      moved to its alternate position and erase head E is moved from sector 9 to
      sector 7, as shown in FIG. 3. The coded infrared flashes from the
      transponder are received by antenna 28. It should be understood that
      antenna 28 of FIG. 1 is intended to illustrate both the receiving and
      transmitting means. The actual structure of the infrared system is
      illustrated in FIG. 5 of this application and in copending application
      Ser. No. 727,500 referred to above. As previously mentioned, the reply
      code may be the same as the code transmitted and is so shown in FIG. 4f
      which illustrates the coded pulses applied to head T/R.
PAR  Referring now to FIG. 3 in conjunction with FIGS. 4f through j, the pulse
      C, FIG. 4f, is recorded by head T/R on sector 8 of the magnetic rim of
      disc 1 at time unit 3. With the disc 1 spinning in a counterclockwise
      direction, the pulse C will be picked up by head P.sub.A opposite sector 1
      two time units later, as shown in FIG. 4g. Similarly, head P.sub.B
      opposite sector 2 will pick up pulse C one time unit after head P.sub.A,
      as shown in FIG. 4h, and head P.sub.C opposite sector 5 will pick up pulse
      C three time units after head P.sub.B. The pulse will be erased by head E
      opposite sector 7. In a similar manner pulses B and C are recorded and
      picked up by the appropriate heads. As is evident from FIG. 4, pulses A, B
      and C will coincide at time unit 9 and will result in a pulse D, FIG. 4j,
      being produced by coincidence detector 35, as explained above.
PAR  The above description sets forth the basic principles and operation of the
      novel coder-decoder of this invention.
PAR  The preferred embodiment will now be described with reference to FIG. 5.
      Referring now to FIG. 5, the coder comprises three disks 50, 51, and 52
      with magnetic rims on each of which a single tone burst is recorded. Each
      rim is divided into twelve sectors, the rims being shown schematically in
      FIG. 5 as a development of the circle. The particular code illustrated in
      FIG. 5 is A1-B3-C7, the tone bursts being shown at 50a, 51b and 52c. The
      coder discs are rotated in a counterclockwise direction by a constant
      speed motor 53 by means of common shaft 54. A three unit pickup head A-B-C
      takes off the tone bursts in sequence. The tone bursts are applied to
      amplifier 56 via connections 47, 48 and 49. It should be understood that
      amplifier 56 may include a switching means to control the interrogation.
      The three-burst code groups are applied to radio transmitter 55 via
      connection 46 and radiated by antenna 45. The transmitted coded pulse
      groups are picked up by a transponder (not shown) which radiates coded
      infrared flashes in reply. The coded infrared reply flashes are converted
      by infrared cell 57 to electrical pulses which are then amplified in
      amplifier 58 and applied to burst oscillator 59 as trigger pulses. Burst
      oscillator 59 generates a short burst of audio frequency oscillations,
      i.e., a tone burst, for each trigger pulse, the tone bursts being applied
      to recording head R via connection 60. Magnetic recording head R records
      each tone burst on rotating disc 61 of the decoder. Disc 61 is identical
      to coder discs 50, 51 and 52 and is rotated by motor 53 via common shaft
      54 as are the coder discs. Pickup heads P.sub.A, P.sub.B and P.sub.C are
      positioned to receive the particular code group generated by the coder,
      i.e., the heads are positioned in sectors 1, 3 and 7 of decoder disc 61.
      If the proper reply code is being received, heads P.sub.A, P.sub.B and
      P.sub.C receive the tone bursts simultaneously. The outputs of heads
      P.sub.A, P.sub.B and P.sub.C are applied to coincidence detector 62 via
      connections 63, 64 and 65. The coincidence detector produces a single
      pulse output at 66 only when the three pulses from heads P.sub.A, P.sub.B
      and P.sub.C coincide in time at the three inputs of the coincidence
      detector. Each pulse from coincidence detector 62 flashes neon lamp
      indicator 67. The reject circuit 68 is provided for added security. Head
      RJ is connected to reject circuit 68 by connection 69 and the output of
      reject circuit 68 is connected to coincidence detector 62 by connection
      70. If head RJ picks up a tone burst simultaneously with the other pickup
      heads the reject circuit will destroy the coincidence because the output
      of the reject circuit via connection 70 is opposite in sign relative to
      the three inputs via connections 63, 64 and 65 to the coincidence detector
      from heads P.sub.A, P.sub.B and P.sub.C. The result, therefore, is a
      rejection of an incorrect code group. Thus an erroneous indication as a
      result, for example, of receiving continuous pulses from an enemy source
      is excluded. Erase head E is provided to erase each tone burst after it
      has passed heads P.sub.A, P.sub.B, P.sub.C and RJ.
PAR  Discs 51 and 52 are adjustable with respect to index disc 50 so that any
      desired code may be set up although the first pulse in each code will
      occupy the first space of the code group.
PAR  The various elements of the coder-decoder are conventional. For example,
      burst oscillator 59 may be of the type disclosed at page 207, "Handbook of
      Industrial Electronic Control Circuits" by John Marcus and Vin Zeluff,
      McGraw-Hill, 1948, or at page 425 of "Transistor Circuits" by R. F. Shea,
      John Wiley and Sons, 1953. The coincidence detector 62 and reject circuit
      68 may be of the type disclosed at pages 401-404, FIG. 13-15 of "Pulse and
      Digital Circuits" by J. Millman and H. Taub, McGraw-Hill, 1956, the pulses
      from heads P.sub.A, P.sub.B and P.sub.C being applied to the signal input
      terminals and the pulse from the head RJ, when present, being applied to
      the inhibitor terminal.
PAR  It is evident from the above that this invention provides a novel
      coder-decoder for a short range IFF system which utilizes existing radio
      facilities for interrogation and infrared for reply.
PAR  While there has been described what is at present considered a preferred
      embodiment of the invention, it will be obvious to those skilled in the
      art that various changes and modifications may be made therein without
      departing from the invention, and it is aimed in the appended claims to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic disc coder-decoder comprising a rotatable magnetic disc
      means, said disc means being adapted to have a code comprising a plurality
      of tone bursts recorded thereon, means for rotating said disc means, means
      for taking said tone burst from said disc means and transmitting said code
      in the form of pulses of radiant energy, means for receiving transponder
      reply pulses in the form of coded infrared flashes, means for converting
      said infrared flashes to tone bursts, means for recording said tone bursts
      on said disc means, a coincidence detector, means for taking said tone
      bursts from said disc means for applying said tone bursts to said
      coincidence detector, said coincidence detector providing a single pulse
      output only when simultaneous application thereto of a predetermined
      number tone bursts.
NUM  2.
PAR  2. The magnetic disc coder-decoder of claim 1 further comprising an
      indicator means and means connecting said coincidence detector thereto
      whereby an indication is provided by said single pulse output.
NUM  3.
PAR  3. A magnetic disc coder-decoder comprising a rotatable disc having first
      and second sound tracks adjacent the rim thereof, means for rotating said
      disc, a first magnetic head positioned adjacent said first sound track, a
      plurality of second magnetic heads positioned adjacent said second track,
      said first sound track having a single tone burst recorded thereon, means
      connecting said first magnetic head to each of said second magnetic heads
      whereby said single tone burst is simultaneously recorded by each of said
      second magnetic heads on said second sound track, a third magnetic head
      positioned adjacent said second sound track and means connecting said
      third magnetic head to a radio transmitter whereby a series of pulses of
      radiant energy representing said tone bursts are transmitted.
NUM  4.
PAR  4. The magnetic disc coder-decoder of claim 3 wherein said connecting means
      comprises a switch means, one position of said switch means connecting
      said first magnetic head to each of said second magnetic heads and said
      third head to said radio transmitter, a signal receiver and a coincidence
      detector, a second position of said switch means connecting said third
      magnetic head to said radio receiver and said second magnetic heads to
      said coincidence detector, said coincidence detector providing a single
      pulse output only upon simultaneous application thereto of a predetermined
      number tone bursts.
NUM  5.
PAR  5. The magnetic disc coder-decoder of claim 4 further comprising an
      indicator means and means connecting said coincidence detector thereto.
NUM  6.
PAR  6. A magnetic disc coder-decoder comprising a constant speed motor, a
      plurality of coder discs affixed to the shaft of said motor and rotating
      therewith, each of said coder discs having a sound track adjacent the rim
      thereof, each of said sound tracks having a tone burst recorded thereon at
      a different sector thereof, a magnetic head adjacent each of said coder
      discs, means connecting each of said heads to a radio transmitter whereby
      pulses of radiant energy representing said sound bursts are transmitted, a
      decoder disc having a sound track adjacent the rim thereof affixed to said
      motor shaft and rotating therewith, receiver means for receiving coded
      infrared flashes and converting said flashes to tone bursts, a recording
      head, means connecting said recording head to said receiver means whereby
      said tone bursts are recorded on said decoder disc sound track, a
      plurality of pickup heads adjacent said decoder disc sound track at
      sectors corresponding to said different sectors of said coder discs, a
      coincidence detector and means connecting each of said pickup heads to
      said coincidence detector, said coincidence detector providing a single
      pulse output only upon receiving simultaneously a predetermined number of
      tone bursts from said pickup heads.
NUM  7.
PAR  7. The magentic disc coder-decoder of claim 6 and further comprising an
      indicator means and means connecting said coincidence detector thereto
      whereby an indication is provided by said single pulse output.
NUM  8.
PAR  8. The magnetic disc coder-decoder of claim 6 further comprising a reject
      circuit, an additional pickup head adjacent said decoder disc sound track
      at a sector different from said sectors corresponding to said different
      sectors of said coder disc and means connecting said reject circuit to
      said additional pickup head and to the input of said coincidence detector
      whereby output from said additional pickup head prevents pulse output from
      said coincidence detector.
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ABST
PAL  A bit stream with a bit rate equaling the frequency of a train of
      accompanying clock pulses is transcoded into a two-level signal voltage
      having a reduced rate of changeover compared with the rate of alternation
      between 0 and 1 bits. Upon any shift from one kind of bit (e.g., 0) to the
      other kind of bit (e.g., 1), a transition between signal-voltage levels
      occurs in the middle of a clock-pulse cycle; the first bit of the
      first-mentioned kind (0) in a succession of a plurality of such bits,
      after a shift from the other kind of bit (1), is translated into a
      transition between signal-voltage levels occurring at the end of the
      corresponding clock-pulse cycle. Transcoding is accomplished with the aid
      of a three-stage shift register whose stage outputs are logically
      combined. Upon transmission of the signal voltage via a data channel to a
      remote receiver, the original bit stream is reconstituted by a decoder
      comprising a four-stage shift register stepped at twice the clock-pulse
      frequency, again with logical combination of the stage outputs. A
      timing-signal extractor at the receiver is locked in step with the
      transmitter, prior to data transmission, under the control of a
      synchronizing sequence of alternating 0 and 1 bits transcoded into a
      square wave of half the clock-pulse frequency.
BSUM
PAR  The present invention relates to a system for coding binary information by
      means of transitions.
PAR  Techniques for coding binary information using either direct coding or
      transitions are chiefly used in fields where data are transmitted in
      digital form.
PAR  The binary coding of digital information enables the symbols "zero" and
      "one" to be represented by predetermined electrical signals.
PAR  In direct coding, where respective electrical signals are assigned to the
      symbols 0 and 1, it is the state of the signal which is significant.
PAR  Conversely, in transition coding it is the transition between two
      consecutive signal states which is significant, the states of the signal
      being those used for direct coding.
PAR  In so-called NRZ (non-return-to-zero) or full-baud direct coding, each
      symbol has a level corresponding to it which is held constant during the
      whole of an elementary interval. An NRZ-coded signal can thus have two
      levels, -A for a "zero" symbol and +A for a "one" symbol; the duration of
      the elementary interval is equal to the clock period T of the digital time
      base, that is to say the duration of one "digit" of the signal, i.e., of
      one "bit cell" for a binary digit signal.
PAR  Transition coding of an NRZ signal produces a signal which is also binary
      and which has the two states -A and +A and the same digital time base T.
PAR  In a known method of coding an NRZ signal by means of transitions, a
      transition is brought about at the beginning of a bit cell when the bit is
      equivalent to 1 information. Another known method employs a transition at
      the center of the bit cell when the bit represents a 1, and a transition
      at the end of the bit when the bit represents a 0 followed by a 0.
PAR  In these methods of coding the resultant signal has a minimum length
      between two successive transitions which does not alter and which is equal
      to the clock period T of the digital time base.
PAR  The object of my invention is to provide a method of and means for
      transcoding a bit stream to produce a resultant two-level signal voltage
      wherein the minimum length between two successive transitions is greater
      than the clock period T of the digital time base; as a consequence the
      bandwith required to transmit the binary information is reduced.
PAR  I realize this object, in accordance with my present invention, by
      temporarily storing successive bits of a bit stream to be transcoded, each
      bit coinciding with a respective clock cycle, and generating a two-level
      signal voltage whose level changes in the middle of a clock cycle upon a
      shift from a first kind of bit, e.g., one representing a binary 0, to a
      second kind of bit, representing in that case a binary 1. Upon the
      occurrence of the first kind of bit (0) in a succession of a plurality of
      such bits, following a shift from a bit of the second kind (1), there
      occurs a level change at the end of the clock cycle. In all other
      instances, the level of the signal voltage is kept constant.
PAR  To carry out this method, e.g., in a data transmitter at an end of a
      communication channel, I provide storage means controlled by the clock
      pulses for temporarily preserving a plurality of successive bits of that
      bit stream, specifically a three-stage shift register with logical
      circuitry connected to its stage outputs. A complementary decoder in a
      data receiver at the other channel end may include a four-stage shift
      register with logical gating means connected to the stage outputs thereof.
      A timing circuit in the data receiver may comprise a local oscillator with
      an operating frequency harmonically related to the clock frequency and
      provided with a phase-locking loop enabling it to be locked in with the
      time base at the transmitting end in response to a synchronizing sequence
      of alternating bits of binary values 0 and 1 generated at the beginning of
      any data transmission.
DRWD
PAR  The invention will now be further described with reference to the
      accompanying drawing in which:
PAR  FIG. 1 is a set of graphs showing the conventional NRZ coding of a binary
      information, and the transition coding of that binary information in
      accordance with the invention;
PAR  FIGS. 2 and 3 are graphs showing the transition coding using an NRZ-coded
      signal as a basis;
PAR  FIGS. 4 and 5 are a circuit diagram of a transition-coding system according
      to my invention and a set of graphs representing related waveforms;
PAR  FIGS. 6 and 7 are a diagram of a circuit arrangement for decoding a
      transition-coded signal produced by the system of FIG. 4, so as to
      reconstitute the original NRZ-coded signal, and a set of graphs
      representing related waveforms;
PAR  FIG. 8 is a diagram of a circuit arrangement for generating synchronizing
      signals at the reception end of a transmission system embodying my
      invention.
DETD
PAR  In FIG. 1 I have shown an NRZ signal resulting from the direct NRZ coding
      of binary numerical information which in this example is formed by the
      successive symbols 001101001, and the resulting signal when this
      information is transition coded in accordance with the invention. To make
      the specification easier to read and understand, this second signal is
      called TH though it should be understood that this appellation is chosen
      at random.
PAR  The coding shown in graph TH results from the following mode of
      transformation: a transition in the middle of the binary digit if the
      digit is equivalent to a 1 symbol which comes after a 0 symbol in the
      binary message; a transition at the end of the binary digit if the digit
      is equivalent to a 0 symbol which follows a 1  symbol in the message with
      the proviso that the next symbol also is a 0; an absence of transitions
      when the symbols in the message are distributed in any other possible way.
PAR  The method of TH coding is shown in greater detail in FIGS. 2 and 3 which
      relate to the NRZ signal and to signal TH respectively. FIG. 2 shows, as
      waveforms 2a to 2h, the eight different possible combinations of a
      succession of only three bit cells Z, Y and X from an NRZ signal. The bit
      cell concerned in the TH transition coding is the middle cell Y which is
      shown in solid lines, the adjacent bit cells Z and X being shown in broken
      lines. In FIG. 3 the different forms of the TH-transition-coded signal are
      shown by waveforms 3a to 3f, the bit cell y shown in solid lines being
      equivalent to cell Y in the NRZ signal. The levels of the adjacent bit
      cells z and x are not shown in their entirety since it is possible that
      there may be transitions once the corresponding bit cells Z and X have
      been coded to yield the signal TH. For this reason it will be assumed in
      what follows that where a level is mentioned for the z bit cell preceding
      the y bit cell, this will be the terminal level at the time t.sub.o shown,
      so as to make allowance for any possible transition at the end of the z
      bit cell.
PAR  For the combination shown in graphs 2a to 2e, the corresponding y signal is
      that shown at 3a when the preceding bit cell z is at the -A level and that
      shown at 3b when the preceding level is +A. Similarly, the NRZ combination
      2f is converted to waveform 3c or 3d depending on whether the prior state
      is -A or +A and the signals corresponding to NRZ combinations 2g and 2h
      are waveform 3e or 3f depending on whether the prior level is -A or +A.
PAR  The table below summarizes the various possibilities described:
TBL  Z     0     1     1   0   1     1        0     0                          
     Y     0     1     1   0   0     0        1     1                          
     X     0     1     0   1   1     0        0     1                          
     ______________________________________                                    
     y     No transition   transition transition                               
                           at end of  at center                                
                           bit cell   of bit cell                              
     ______________________________________                                    
PAR  FIG. 4 shows an embodiment of a TH-coding system according to my invention.
      It is made up of logic circuits forming an assembly 1. This assembly
      receives binary information from external circuits 2 in the form of an NRZ
      digital signal accompanied by synchronizing signals formed by a clock
      train or timing pulse signal H made up of pulses of duration T/2 which
      recur at a repetition period T. The logic assembly 1 contains three
      bistable circuits or flip-flops 10, 11, 12 designed to act as a
      three-stage shift register, these circuits being synchronized at their
      switching inputs Tm by a signal H which is equivalent to clock signal H
      delayed by T/2. This signal H is obtained simply by inverting signal H in
      an inverter circuit 13. Flip-flop 10 receives the NRZ signal at a data
      input D and at its other data input D it receives the same signal after it
      has been inverted in an inverter circuit 14. Outputs Q and Q of flip-flop
      10 are connected respectively to the corresponding data inputs of
      flip-flop 11, and the same applies to flip-flops 11 and 12, the three
      flip-flops being connected in cascade. The logic function of these
      flip-flops is summarized below.
TBL  ______________________________________                                    
     Q.sub.n         D          Q.sub.n.sub.+1                                 
     ______________________________________                                    
     0               1          1                                              
     1               1          1                                              
     1               0          0                                              
     0               0          0                                              
     ______________________________________                                    
PAR  Thus, assuming a triggering on the leading edges of the positive-going
      pulses in signal H (FIG. 5), after three clock periods, signals Z Y X and
      their inversions will have been stored in flip-flops 12, 11 and 10,
      respectively.
PAR  A first AND circuit 15 receives outputs X, Y, Z and signal H respectively
      at its four inputs. Output S1 of the circuit in question is at 1 when the
      ZYX combination is 100. A second, three-input, AND circuit 16 receives
      outputs Z, Y and signal H and forms a signal S2 which is equal to 1 if ZY
      is 01 (i.e., if ZYX is 010 or 011). Circuits 15 and 16, receiving the
      relatively phase-inverted clock pulses H and H from source 2, constitute a
      pair of coincidence gates. Signals S1 and S2 are combined in an OR gate or
      logical summing circuit 17 to form a signal S3 the value of which is 0
      when the combinations are not those mentioned. Signal S3 is applied to
      input Tm of a binary-divider type of flip-flop circuit 18 the logic
      function of which is given below:
TBL  Q.sub.n         Tm         Q.sub.n.sub.+1                                 
     ______________________________________                                    
     1               0          1                                              
     0               0          0                                              
     1               1          0                                              
     0               1          1                                              
     ______________________________________                                    
PAR  Circuit 18 supplies the coded signal TH; FIG. 5 shows the various signals
      formed in assembly 1 in the case of the NRZ signal shown. The time shift
      introduced by storing for coding purposes is not a hindrance in practice
      when it is remembered that a known preliminary sequence may be provided
      before the message, this sequence being advantageously formed by a series
      101010 . . . to form a synchronizing clock sequence.
PAR  The coding system described is applicable in particular to a system for
      transmitting numerical data. In the case of radio transmission the coding
      system is placed before a modulating circuit at the end of the
      transmission chain, the TH signal forming the modulating signal of a
      high-frequency carrier. Conversely, after transmission, the received
      signal is processed at the input to the reception chain in a demodulator
      circuit which allows the low-frequency TH signal to be reconstituted. The
      latter then needs to be decoded to reproduce the original binary
      information; the NRZ signal must therefore be re-formed.
PAR  FIG. 6 is an embodiment of a decoding circuit according to my invention
      which enables a TH signal to be converted back into an NRZ signal. The
      circuits which allow the clock signal H to be extracted are assumed to be
      produced by conventional techniques. These circuits are symbolized by a
      block 3 which, besides the extracted H signal, also supplies a signal 2H
      which in the case envisaged results from doubling the frequency of the
      first signal and delaying it by a quarter cycle. The decoding process
      takes into account the values of two successive bit cells y and x where y
      is the bit cell being decoded. Since a transition may take place in the
      middle of a bit cell, it is necessary to know for both of these bits their
      level during the first half of the bit cell, from 0 to T/2, and that
      during the second half of the bit cell, from T/2 to T, four values which
      are referred to as y1 and y2 respectively for the bit cell y and x1 and x2
      respectively for the bit cell x. The clock signal 2H, whose frequency is
      twice that of the digital time base, is used to carry out this sampling.
      The logic comparisons made for decoding purposes are summarized in the
      table below:
TBL  y            x           y2,x2       Y                                    
     ______________________________________                                    
     y1 .noteq.y2                         1                                    
                  x1 .noteq.x2            0                                    
     y1 =y2                   y2 .noteq.x2                                     
                                          0                                    
                  x1 =x2                                                       
                              y2 =x2      Z                                    
     ______________________________________                                    
PAR  Four bistable circuits or flip-flops 20, 21, 22 and 23 designed to act as a
      four-stage shift register are connected in cascade and are synchronized by
      the signal 2H and produce the various signals x2, x1, y2, y1 and their
      inversions, the first flip-flop receiving signal TH directly on its data
      input D and in negated form on its data input D after it has passed
      through an inverter circuit 24. The comparisons mentioned above are
      carried out by means of two-input AND circuits 25 to 30 and 38, two-input
      OR circuits 31 to 33 and 39, a three-input AND circuit 37 and inverter
      circuits 34, 35 and 36, the combination of circuits 31 and 34 constituting
      a NAND gate. The way in which they operate is apparent from the waveforms
      shown in FIG. 7 for one example of an incident signal TH. The combination
      of gates 29, 30, 33 and inverters 36, constituting an anticoincidence
      circuit or Exclusive-OR gate, supplies a signal S4 which is equal to 1
      when y1 .noteq. y2 and this signal is applied to a setting input S of a
      flip-flop 40 which is controlled by its switching pulses H at clock input
      Tm, this type of bistable circuit also being known as an RST or set/reset
      flip-flop. Signal S5 at the output of circuit 33 is equal to 1 when y1 =
      y2 and is applied separately to AND circuits 37 and 38. The combination of
      gates 27, 28, 32 and inverter 35 also constituting an Ex-OR gate, produces
      a signal S6 when x1 .noteq. x2 and this signal is applied to the AND
      circuit 38 together with the aforementioned signal S5. Thus, output S7 of
      AND circuit 38 satisfies the double condition that y1 = y2 and x1 .noteq.
      x2. In the same way the combination of gates 25, 26, 31 and inverter 34
      produces a signal S9 equal to 1 when y2 .noteq. x2 and this signal is
      applied to AND circuit 37 together with signal S5 and a signal S8 which is
      equivalent to signal S6 before it is inverted at 35. Output signal S10
      from circuit 37 indicates that the conditions y1 = y2, x1 = x2 and y2
      .noteq. x2 are satisfied. Signals S7 and S10 are combined in OR circuit 39
      whose output S11 supplies resetting input R of flip-flop 40. The logic
      function of flip-flop 40 is summarized below:
TBL  R               S          Q.sub.n.sub.+1                                 
     ______________________________________                                    
     0               0          Q.sub.n                                        
     0               1          1                                              
     1               0          0                                              
     1               1          0                                              
     ______________________________________                                    
PAR  The reconstructed NRZ signal is extracted from an output of flip-flop 40.
PAR  The embodiments to which FIGS. 4 to 7 relate are described by way of
      examples. The logic circuits used are based on the one hand on the
      triggering method which uses the rising edge of the pulses and on the
      other hand on the form of clock pulse selected. It is understood that
      modifications which use the described mode of transformation could be
      produced by making allowance for other methods of triggering and/or other
      forms of clock signal, but that these modifications still fall within the
      scope of my invention.
PAR  In FIG. 8 I have shown an embodiment of the timing-extraction circuit 3 in
      FIG. 6 which allows the clock signal H to be extracted and the signal 2H
      to be produced therefrom. Allowance is made in this example for the
      transmitted message to be preceded by a synchronizing sequence made up of
      alternating 0 and 1 bits, i.e., 010101 . . . . After transition coding
      this sequence gives a signal TH which is made up of alternating pulses of
      voltage levels +A and -A 1 of duration T i.e. a square wave of period 2T,
      constituting a phase-shifted replica of divider output H/2. This sequence
      is used to frequency-lock an oscillator 51. The signals S12 arriving at
      the input of the receiver are, if necessary, processed in a demodulator
      circuit 5 to get rid of the carrier frequency and to extract the
      modulating signal TH. Oscillator 51 is controlled by a phase-locking loop
      which includes a phase-comparator circuit 52 and a filtering and
      amplifying circuit 53 in cascade. The comparator receives a local
      reference oscillation of frequency H/2 and the output signal TH from the
      demodulator connected upstream of decoder 4 to the data channel carrying
      the signal voltage S12. The oscillator 51, which is of the
      voltage-controlled type, has a center frequency equal to 2nH or close to
      this value. A circuit 54 divides the frequency by n and shapes the wave
      from the oscillator digitally to produce signal 2H. The latter, after
      passing through an inverter circuit 55, is transmitted to the decoder
      circuit 4 the output signal of which, in NRZ form, is transmitted to a
      utilization circuit or load 6 for the exploitation of the reconstructed
      binary information. The local waves H and H/2 are produced by frequency
      dividers 56 and 57 of the binary-dividing flip-flop type having each a
      step-down ratio of 1:2. Output S13 of comparator 52 is compared with a
      predetermined threshold S14 in a circuit 58 the output of which controls a
      switching circuit 59. The latter opens the loop as soon as the oscillator
      has been locked on with the desired accuracy as dictated by the threshold.
      If desired circuit 58 may be replaced by a logic structure of the
      bidirectional-counter type which is supplied with one of the clock signals
      2H, H or H/2. The synchronizing sequence is made sufficiently long to
      allow the oscillator to be locked on.
PAR  The advantages procured by the invention accrue chiefly from the fact that
      the frequency band required for the transmission of signals which have
      been coded in the NRZ code is reduced by approximately a third. The
      reduction in bandwidth is even greater in the case of coding with the
      return-to-zero code or the biphase code.
PAR  It is understood that the method employed is the same if, in the bit stream
      subjected to transcoding by the method described above, the symbols 0 and
      "1 "are interchanged.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of converting a series of bits into a binary signal with a
      reduced changeover rate, comprising the steps of:
PA1  temporarily storing successive bits of a bit stream coinciding with
      respective clock cycles;
PA1  generating a two-level signal voltage;
PA1  changing the level of said signal voltage in the middle of a clock cycle
      upon a shift from a first kind of bit to a second kind of bit in said bit
      stream;
PA1  changing the level of said signal voltage at the end of a clock cycle upon
      the occurrence of said first kind of bit in a succession of a plurality of
      bits of said first kind following a shift from a bit of said second kind
      in said bit stream; and
PA1  keeping constant the level of said signal voltage in all other instances.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said first kind of bit represents
      a binary 0 and said second kind of bit represents a binary 1.
NUM  3.
PAR  3. A method as defined in claim 1 wherein said bit stream is of the
      non-return-to-zero format.
NUM  4.
PAR  4. A transcoding system for binary information, comprising:
PA1  a source of clock pulses having a frequency corresponding to the bit rate
      of a bit stream to be transcoded;
PA1  storage means controlled by said clock pulses for temporarily preserving a
      plurality of successive bits of said bit stream; and
PA1  voltage-generating means connected to said storage means for producing a
      two-level signal voltage with a level change in the middle of a clock
      cycle upon a shift from a first kind of bit to a second kind of bit in
      said bit stream and with a level change at the end of a clock cycle upon
      the occurrence of said first kind of bit in a succession of a plurality of
      bits of said first kind following a shift from a bit of said second kind
      in said bit stream, the level of said signal voltage being constant in all
      other instances.
NUM  5.
PAR  5. A system as defined in claim 4 wherein said storage means comprises a
      three-stage shift register, said voltage-generating means comprising
      logical circuitry connected to outputs from the stages of said three-stage
      shift register.
NUM  6.
PAR  6. A system as defined in claim 5 wherein said logical circuitry comprises
      first and second coincidence gates and a flip-flop connected to be
      switched by the combined outputs of said coincidence gates, said
      three-stage shift register including a first stage with an inverting
      output connected to said first coincidence gate, a second stage with an
      inverting output connected to said first coincidence gate and a
      noninverting output connected to said second coincidence gate, and a third
      stage with a noninverting output connected to said first coincidence gate
      and with an inverting output connected to said second coincidence gate,
      said source having two relatively phase-inverted outputs respectively
      connected to said first and second coincidence gates.
NUM  7.
PAR  7. A system as defined in claim 4 wherein said storage means and said
      voltage-generating means are part of a data transmitter at one end of a
      communication channel, further comprising a data receiver at the other end
      of said channel including decoding means for reconstituting said bit
      stream from said signal voltage transmitted over said channel.
NUM  8.
PAR  8. A system as defined in claim 7 wherein said decoding means comprises a
      four-stage shift register, timing means for stepping said four-stage shift
      register at twice the frequency of said clock cycles, and logical gating
      means connected to outputs from the stages of said four-stage shift
      register.
NUM  9.
PAR  9. A system as defined in claim 8 wherein said gating means comprises
      first, second and third anticoincidence circuits, a first coincidence
      circuit connected to receive the noninverted output of said first
      anticoincidence circuit and the inverted outputs of said second and third
      anticoincidence circuits, a second coincidence circuit connected to
      receive the noninverted output of said second anticoincidence circuit and
      the inverted output of said third anticoincidence circuit, and a bistable
      circuit connected to be set and reset at the frequency of said clock
      cycles under the control of the noninverted output of said third
      anticoincidence circuit and of the combined outputs of said coincidence
      circuits, respectively; said four-stage shift register including a first
      stage with an inverting and a noninverting output connected in parallel to
      said first and second anticoincidence circuits, a second stage with an
      inverting and a noninverting output connected to said second
      anticoincidence circuit, a third stage with an inverting and a
      noninverting output connected in parallel to said first and third
      anticoincidence circuits, and a fourth stage with an inverting and a
      noninverting output connected to said third anticoincidence circuit.
NUM  10.
PAR  10. A system as defined in claim 8 wherein said timing means comprises a
      local oscillator with an operating frequency harmonically related to the
      frequency of said clock cycles and provided with a phase-locking loop,
      frequency-dividing means connected to said oscillator for generating a
      reference oscillation of half the frequency of said clock cycles,
      comparison means connected to said frequency-dividing means and to said
      channel upstream of said decoding means for receiving therefrom a square
      wave of half the frequency of said clock cycles generated at said data
      transmitter from a synchronizing sequence of alternating bits of binary
      values 0 and 1, and switch means controlled by said comparison means for
      opening said phase-locking loop upon coincidence of said square wave with
      said reference oscillation.
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PAL  The disclosed full-duplex communication system includes a pair of
      full-duplex modems, one at each end of a two wire circuit. Each of the
      modems includes a transmitter for transmitting over the two wire circuit a
      stream of synchronous data at a first carrier frequency, and a receiver
      for receiving over the two wire circuit a stream of synchronous data at a
      second carrier frequency. The receiver includes means for coherently
      demodulating the stream of synchronous data. In a preferred embodiment, an
      asynchronous-to-synchronous converter converts asynchronous input data
      into a stream of synchronous data for transmission by the transmitter.
      Also, the preferred embodiment transmits the data and receives the data as
      double side band suppressed carrier quadrature amplitude modulation. The
      system includes a remote test capability for automatically looping back
      test data for comparison with the transmitted test data.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to full-duplex communication over
      two wire lines and more particularly to such a system employing frequency
      division multiplexing with synchronous modulation and demodulation so as
      to achieve a high bit rate in a full-duplex mode of operation.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, full-duplex communication over two wire lines has been achieved
      by the use of modems (modulator-demodulators) at either end of the two
      wire circuit. These modems utilized frequency division multiplexing with
      asynchronous frequency shift keying modulation and demodulation to achieve
      simultaneous transmit and receive capability in both directions. Such a
      system is disclosed in U.S. Pat. No. 3,655,915 issued Apr. 11, 1972.
PAR  The problem with this prior art communication system is that the
      asynchronous frequency shift keying method of modulation and demodulation
      was relatively wasteful of bandwidth and therefore limited the attainable
      transmission speed. More particularly, when communicating over
      conventional telephone lines having bandwidths of 3000 hz, this prior art
      system, utilizing frequency division multiplexing and asynchronous
      frequency shift keying, is capable of operating at a maximum data rate of
      approximately 1.5 times the frequency shift. For 300 bits per second (bps)
      operation, a 200 Hz frequency shift is required between the "mark" and the
      "space" in a given channel. In the Bell Telephone model 103/113 data set,
      the channel assignments are arranged such that the low band has a carrier
      frequency of 1170 Hz and the upper band has a carrier frequency of 2125
      Hz. In each of the low and high bands, the frequency assignments for the
      "mark" and "space" (1 and 0 ) are 100 Hz below and 100 Hz above the
      carrier, respectively. This system therefore has a maximum data rate of
      300 bits per second for full-duplex operation. Thus, it is desired to
      obtain a full-duplex communication system for communication over a
      standard voice-grade telephone line at data rates substantially above 300
      bits per second.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The principal object of the present invention is the provision of an
      improved full-duplex communication system for establishing communication
      over two wire lines.
PAR  In one feature of the present invention, a full-duplex modem for
      communicating over a two wire line includes a transmitter for transmitting
      a stream of synchronous data at a first carrier frequency and a receiver
      for synchronously detecting or demodulating the stream of synchronous data
      received at a second carrier frequency, whereby more efficient use of
      available bandwidth is achieved to allow communication at higher data
      rates.
PAR  In another feature of the present invention, the full-duplex communication
      system for communication over a two wire line includes, means for
      transmitting and receiving frequency division multiplexed double side band
      suppressed carrier quadrature amplitude modulated data at a pair of
      multiplexed carrier frequencies.
PAR  In another feature of the present invention, an input buffer is provided
      between the source of data and the transmitter for converting asynchronous
      data to synchronous data for subsequent transmission over the two wire
      communication line.
PAR  In another feature of the present invention, the full-duplex communication
      system for communicating over a two wire line includes a synchronous
      modulation-demodulation scheme selected from the group of modulation
      schemes consisting of, four level frequency modulation, duo binary
      frequency modulation, single side band amplitude modulation, and double
      side band suppressed carrier partial response modulation.
PAR  In another feature of the present invention, the receiver portion of the
      modem for achieving full-duplex communication over a two wire circuit
      includes, a coherent detection circuit for coherently detecting signal
      data at only a single carrier frequency and a heterodyne circuit at the
      input to the receiver for heterodyning the input data at either one of a
      high or low carrier frequency so as to produce a difference frequency at
      the band pass frequency of the receiver, whereby the receiver need operate
      at only one band pass frequency.
PAR  In another feature of the present invention, the modems include a remote
      test capability wherein an initiating modem sends a signal that instructs
      the responding modem to loop data received from the initiating modem and
      retransmit it back to the initiating modem such that agreement between the
      transmitted and received data of the initiating modem confirms that the
      complete link (both modems plus the line) is working correctly.
PAR  Other features and advantages of the present invention will become apparent
      upon a perusal of the following specification taken in connection with the
      accompanying drawings, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of a full-duplex communication system
      for communciation over two wire lines and incorporating features of the
      present invention,
PAR  FIG. 2 is a schematic block diagram of a full-duplex modem of the present
      invention,
PAR  FIG. 3 is a block diagram of an asynchronous-to-synchronous converter
      delineated by line 3--3 in the circuit of FIG. 2,
PAR  FIG. 4 is a schematic block diagram of a quadrature amplitude modulation
      transmitter delineated by line 4--4 of FIG. 2,
PAR  FIG. 5 is a schematic block diagram of a full-duplex coherent detection
      receiver delineated by line 5--5 of FIG. 2, and
PAR  FIG. 6 is a schematic circuit diagram of a portion of the circuit of FIG. 5
      delineated by line 6--6.
DETD
PAC  DESCRIPTION OF THE PEFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown a full-duplex communication system
      10 for communication over a two wire standard voice-grade telephone line
      and incorporating features of the present invention. More particularly,
      the communication system includes a pair of modems
      (modulator-demodulators) 11 and 12 disposed at opposite ends of a two wire
      telephone line 13 over which it is desired to establish simultaneous
      communication in opposite directions. Each of the modems 11 and 12 is
      essentially identical, each including a transmitter 14 for synchronous
      transmission of data on one of two carrier bands F.sub.1 and F.sub.2.
PAR  In a preferred embodiment of the system of FIG. 1, the originating modem 11
      or 12 transmits in the high band F.sub.2, for example, at a carrier
      frequency of 2150 Hz and receives in the low band, i.e., 1150 Hz. The
      originating modem includes a receiver 16 for coherently demodulating the
      low band data at a carrier frequency F.sub.1 to provide a received data
      output. Similarly, the answer modem 12 includes a receiver 16 which is set
      for receiving and coherently demodulating the upper band F.sub.2 carrier
      data and delivering same to a terminal device 15, such as a computer.
      Hybrid couplers 17 are provided for coupling the transmitter and receivers
      in respective modems to the two wire line 13.
PAR  Conventional data access arrangements, provided by the telephone company,
      are used to interface the telephone line 13 to the modems 11 and 12. The
      data access arrangement, not shown, includes conventional logic circuitry
      for effecting dialing, answering, billing, busying, etc.
PAR  Referring now to FIG. 2, there is shown, in block diagram form, the
      circuitry of one of the modems 11. More particularly, modem 11 includes an
      asynchronous-to-synchronous input buffer or converter 18 which is shown
      and described in greater detail in FIG. 3. The asynchronous-to-synchronous
      converter 18 receives input data in a character format of 7, 8, 9 or 10
      bits in asynchronous form and converts the input data into a bit stream of
      synchronous data for transmission by the transmitter 14. The
      asynchronous-to-synchronous converter 18 operates by inserting an extra
      "stop" bit when necessary between characters to approximately synchronize
      the 1205 bps bit rate of the transmitter 14 with the 1200 bps bit rate of
      the incoming data.
PAR  The output of the asynchronous-to-synchronous converter 18 consists of a
      bit stream of synchronous data at a bit rate of 1205 bps and a 1205 Hz
      clock signal which are both inputted to the transmitter 14. The carrier
      frequency of the transmitter 14 is determined at either the high band or
      the low band by means of an output of a mode control 19 having three
      inputs. A first input 21 is a local "test enable" operated from a front
      panel switch for diagnostic purposes. A second input to the mode control
      19 is a "call originate" dial command at 22, and a third input is the
      "call answer" input 23 which is generated in response to a received ring
      signal.
PAR  In the call originate mode, the mode control 19 sends an output to the
      transmitter 14 to cause the transmitter carrier frequency to be in the
      high band, namely at F.sub.2. Similarly, a second output 25 of the mode
      control 19 is fed to a heterodyne modulator 26 at the input of a receive
      band pass filter 27 centered at the low band carrier frequency of F.sub.1.
      The receiver mode control output 25 selects either a local frequency of 0
      frequency or a frequency corresponding to the sum of F.sub.1 + F.sub.2 so
      that the difference frequency at the output of the heterodyne modulator is
      always centered at F.sub.1 depending upon whether the receiver is to
      receive on the low or high band. More specifically, when the transmitter
      is transmitting on the high band carrier frequency F.sub.2, the receiver
      16 is to be receiving on the low band frequency F.sub.1. Therefore, the
      receiver mode control output 25 would be such as to select a 0 frequency
      signal for the heterodyne modulator 26 for heterodyning with data received
      from the line 13 via the hybrid coupling network 17.
PAR  Receiver 16 receives the double side band suppressed carrier quadrature
      amplitude modulated signal centered at F.sub.1 and demodulates that signal
      to retrieve the data output. The receiver circuitry 16 is disclosed in
      greater detail in FIG. 5 but briefly includes a carrier recovery circuit
      for recovering the carrier signal from the suppressed carrier data and a
      clock recovery circuit for recovering the clock signal so as to achieve
      coherent detection for improved signal-to-noise ratio.
PAR  Modem 11 can receive input asynchronous data at 1200 bps for transmission
      and simultaneously receive transmitted data at 1200 bps over a
      conventional voice-grade two wire telephone circuit. The modem also
      includes some conventional control logic such as that utilized in the
      Western Electric model 103 which is a prior art full-duplex modem
      operating at 300 bps.
PAR  Referring now to FIG. 3, the asynchronous-to-synchronous converter 18 is
      shown in greater detail. Briefly, the buffer converter 18 receives a bit
      stream of input data in character format at input terminal 31. The
      character format is indicated in waveform (a) namely, the data is fed to
      the input of the buffer as a series of characters consisting of either 7,
      8, 9, or 10 bits per character, each corresponding to a different code or
      format. Separate characters are separated by a mark which consists of a
      logic 1 having a length of at least one bit period followed by a "start"
      bit which comprises a logic 0 following the mark. Each word is transmitted
      by a "stop" bit consisting of a logic 1 having a length greater than 0.8
      milliseconds. A code selector input is provided at 32 which is selected
      according to the number of bits to be found in each character according to
      the predetermined character format or code. For example, if the machine
      which inputs data to the modem 11 has a character length of 7 bits, that
      particular format or code input is selected as one of the code inputs at
      terminal 32 for energizing a bit counter 33 which will recognize the end
      of each of the characters. Since the bit counter counts the stop bit at
      the end of each character the corresponding character counter counts one
      bit higher than the number of bits in the selected character format.
PAR  The input bit stream at terminal 31 is fed to one input of a start/stop
      circuit 30, such as a gate circuit. The start/stop circuit 30 recognizes
      the start of a character by detecting the start bit following the end of a
      character and upon recognizing the start bit, starts a 1200 Hz square wave
      oscillator 34. One output of the 1200 Hz oscillator 34 is fed to one input
      of the character counter 33 for counting therein according to the
      character length code provided at input terminal 32. The counter 33 counts
      the bits and produces an output which serves as an end character recognize
      signal which is fed back to the start/stop circuit 30 for stopping the
      1200 Hz square wave oscillator 34. A sample of the input data at terminal
      31 is also fed to one input of a flip-flop 35 and that data is clocked or
      strobed through the flip-flop 35 via a clock input at 1200 bps derived
      from the output of the square wave oscillator 34. Thus, the various
      sequential characters in the input data stream 31 are clocked to the input
      of a second flip-flop 36.
PAR  A second output, of the start/stop circuit, corresponding to only the start
      output of each of the characters is fed to one input of a flip-flop 37.
      The second input to flip-flop 37 consists of a 1205 Hz square wave signal
      derived from a 2410 Hz square wave oscillator 38 via a divider 39. Thus,
      at the start of each character as recognized by the start input fed to one
      terminal of flip-flop 37, the flip-flop 37 samples the value of the 1205
      Hz clock signal and feeds this sampled value to one input of a phase
      selector 41. The phase selector 41 serves to select one or the other of
      opposite phase 1205 Hz square wave clock signals for application to a
      clock input of flip-flop 36 for clocking the 1200 bps data to the input of
      the transmitter 14 at the 1205 bps bit rate.
PAR  The 1205 Hz square wave signal which is to be phase selected is derived
      from a flip-flop 42 which has one 1205 Hz input derived from the divider
      39 and a second input at 2410 Hz derived from the square wave oscillator
      38 via the intermediary of an inverter 43. The 2410 Hz input is of the
      form shown by waveform (b), whereas, the 1205 Hz input is of the form
      shown by waveform (c). The output of the flip-flop 42 consists of two
      square wave signals at 1205 Hz, the first one of the outputs Q being at
      -90.degree. relative to the 1205 Hz input and corresponding to waveform
      (e), whereas, the other output is the Q output having a +90.degree. phase
      shift relative to the 1205 Hz input and corresponding to waveform (d). The
      two 1205 Hz outputs are applied to the input of the phase selector 41 and
      one or the other is selected in accordance with the output of the
      flip-flop 37 such that the phase selected output has a duration lasting
      until the next start bit of the next succeeding character.
PAR  Thus, the asynchronous-to-synchronous converter 18 serves to clock the 1200
      bps data to the transmitter 14 at a rate of 1205 bps such that the data is
      clocked out of the converter 18 at a slightly higher rate than it is
      received. The phase selector 41 serves to assure that, during a character,
      a selected phase relationship will endure for the full length of the
      character. An inherent function of the phase shifting of the clock signal,
      as obtained at the output of phase selector 41, is that it automatically
      inserts an extra "stop" bit when necessary between characters to
      approximately synchronize the 1205 bps transmitted data with the incoming
      data. If the asynchronous input data is at a bit rate within the range of
      40% to 95% of the nominal 1200 bps rated input rate, errors will be
      introduced by the modem and operation should be avoided in this range. In
      the input bit rate range of 25% to 40% of the nominal rate of 1200 bps,
      the modem performance quality is slightly degraded making the
      communication system more susceptible to terminal timing inaccuracies.
      Operation at input data rates below 25% of the nominal rated input bit
      rate of 1200 bps does not significantly degrade performance of the system.
PAR  The extra bit which is inserted by the phase selector 42 for converting the
      asynchronous data to synchronous data comes about due to the switching in
      the phase selector 41 between an advance and retard phase relationship.
PAR  Referring now to FIG. 4 there is shown, in block diagram form, the circuit
      for the double side band suppressed carrier quadrature
      amplitude-modulation transmitter 14. In the transmitter circuit 14, the
      synchronous bit stream of data at 1205 bps as received from flip-flop 36
      is fed to one input of a two bit shift register 45 consisting of a pair of
      flip-flops 46 and 47. The data received in the shift register 45 is
      clocked through the shift register by a clock input at 1205 Hz derived
      from divider 39 (see FIG. 3). The first and second bits of the shift
      register 45 are fed to first and second inputs 48 and 49, respectively, of
      a differential four phase encoder 51. The encoder 51 is preferably
      realized by a dual 4-line-to-1-line data multiplexer such as a TTL type
      74153, commercially available from National Semiconductor Inc. of Santa
      Clara, Calif. In such a physical realization the 74153 is connected as
      follows: lead 48 to pin 2, lead 49 to pin 14, lead 59 to pins 5 and 12,
      lead 59 to pins 3 and 10, lead 60 to pins 6 and 11, and lead 60 to pins 4
      and 13, where the pin numbers correspond to the pin numbers of the 74153
      device. In the output, lead 52 comes from pin 7 and lead 53 comes from pin
      9. The differential four phase encoder 51 serves to provide two outputs on
      lines 52 and 53. The outputs 52 and 53 are clocked at the dibit rate of
      602.50 bps into respective sine and cosine channels 54 and 55 via
      flip-flops 56 and 57, respectively. The dibit clock signal at 602.50 Hz is
      derived from a divider 58 to which the 1205 Hz clock signal from divider
      39 is applied. The sine and cosine outputs, derived from the output of
      flip-flops 56 and 57, respectively, are applied back to the input of the
      differential four phase encoder 51 via inputs 59 and 60, respectively.
PAR  In each of the sine and cosine channels 54 and 55, bit outputs are derived
      at the dibit rate of 602.5 bps which are first converted by
      digital-to-analog converters 62 and 63, respectively, into analog signals
      which are thence fed through low pass filters 64 and 65, respectively, for
      removing the high frequency components. The outputs of the low pass
      filters 64 and 65 are fed to square wave modulators 66 and 67,
      respectively, via pairs of inputs 68 and 69, respectively.
PAR  Each of the input pairs 68 and 69 includes an inverter 71 and 72 in one of
      the leads for providing inverted sine and cosine analog signals. The sine
      channel square wave modulator 66 alternately selects the sine or the
      inverted sine at the carrier frequency. Similarly, cosine channel square
      wave modulator 67 alternately selects the cosine analog signal or its
      inverse at the carrier frequency. The switching waveform on the cosine
      channel square wave modulator 67 is 90.degree. ahead of that on the sine
      channel modulator 66. Thus, the output of the square wave modulator 66
      corresponds to half speed (602.5 bps) encoded data doubled-side band 100%
      amplitude modulated onto the sine carrier at F.sub.1 or F.sub.2, whereas
      the output of square wave modulator 67 corresponds to the half speed
      (602.5 bps) encoded data doubleside band 100% amplitude modulated onto the
      cosine carrier at F.sub.1 or F.sub.2. The 100% amplitude modulation
      results in suppressed carrier modulation in each channel.
PAR  The four phases of carrier inputs 73 and 74 are derived from the output of
      a Johnson counter 75, the input of which is derived from the output of a
      square wave oscillator 76. The oscillator 76 operates at any one of three
      frequencies corresponding to 4F.sub.1, 4F.sub.2, or 4F.sub.at where
      F.sub.1 is the low band carrier frequency, F.sub.2 is the high band
      carrier frequency, and F.sub.at is the answering tone for an automatic
      answering mode of operation within the modem. As previously described with
      regard to FIG. 2, the control signals for selecting the respective high or
      low band frequency of the square wave oscillator 76 are derived from the
      mode control 19 via line 24. The answer tone enable alternative input of
      the square wave oscillator 76 is also derived from the mode control 19 via
      line 77.
PAR  The output of the Johnson counter 75 consists of F.sub.1 or F.sub.2 with
      all possible quadrature phase relations, as derived by division of
      waveform (f). The outputs corresponding to 0.degree. and 180.degree.
      (waveforms (g) and (i), respectively) are fed to the input of the sine
      channel square wave modulator 66, whereas, the output phase relations of
      -90.degree. and +90.degree. (waveforms (h) and (j), respectively,) are fed
      to the carrier inputs 74 of the square wave modulator in the cosine
      channel 55.
PAR  The outputs from square wave modulators 66 and 67 are fed to a summer 79
      for addition therein to obtain a signal which is the sum of the two 602.5
      bps modulated on in-phase and quadrature-phase carriers. This composite
      analog signal which contains data information at a rate of 1205 bps is fed
      through a low pass filter 81 to remove frequency components above 3 KHz
      and thence through a variable attenuator 82 to the two wire circuit 13 via
      hybrid coupler 17. The nominal output of the transmitter at the output of
      low pass filter 81, is 0 dbm, namely, 1.1 volts peak into a 600 ohm load,
      corresponding to 1 milliwatt of output power. The variable attenuator 82
      is arranged for attenuating the output power between 0 dbm and -16 dbm, as
      desired.
PAR  The effect of the operations performed by the differential four phase
      encoder 51, D to A converters 62 and 63, low pass filters 64 and 65,
      modulators 66 and 67 and the summer 79 is to produce a carrier signal
      which undergoes a phase change in each dibit period of either 0.degree.,
      90.degree., 180.degree. or 270.degree.. The information to be transmitted
      is contained in the sequence of phase changes. The modulation scheme of
      FIG. 4 is thus equivalent to differential four phase modulation described
      in a text titled Principles of Data Communication, published in 1968 by
      McGraw-Hill Inc. at pages 246-248. The relation between the input data
      taken two bits at a time (as dibits at terminals 48 and 49) and the change
      of the phase of the carrier at 81 is as shown below in Table I. This
      corresponds to a certain preferred encoding rule but other encoding rules
      may be employed. However, it is particularly advantageous to encode input
      dibit 1, 1 as a phase change of 180.degree. because the 180.degree. phase
      change results in a line signal which is most suitable for initiating
      carrier and clock recovery during the period of initiating communication
      between modems when it is conventional to transmit the steady mark
      pattern, i.e., 1, 1, 1, 1.
TBL                TABLE I                                                     
     ______________________________________                                    
     INPUT DIBIT         CARRIER PHASE                                         
     48 and 49           CHANGE AT 81                                          
     ______________________________________                                    
     00                   +90.degree.                                          
     01                    0.degree.                                           
     10                  +270.degree.                                          
     11                  +180.degree.                                          
     ______________________________________                                    
PAR  In the automatic answer mode of operation, the modem 11 will recognize a
      ring signal and answer the call by going offhook and sending the answer
      tone F.sub.at. When this happens, the answer tone enable line 77 is
      energized and an output is derived from the enable line 77 for
      deenergizing the digital-to-analog converters 62 and 63 in the sine and
      cosine channels 54 and 55, respectively. This eliminates any modulation of
      the answer tone carrier which is fed directly onto the output line 13.
PAR  Referring now to FIG. 5, there is shown, in block diagram form, the
      coherent detection receiver circuit 16 for demodulating full-duplex
      quadrature amplitude modulation signals. The coherent receiver circuit 16
      receives on terminal 85 the analog doubled-side band suppressed carrier
      quadrature amplitude modulated signal which contains data information at
      1205 bps from the band pass filter 27. The signal at terminal 85 is always
      at the carrier frequency of F.sub.1 for the reasons previously given with
      regard to the explanation of FIG. 2, and in particular, due to the
      operation of the heterodyne modulator 26 and band pass filter 27, the
      latter being centered at F.sub.1. The coherent detection receiver circuit
      16 includes a carrier recovery circuitry portion 86 and a clock recovery
      circuitry 87. These portions of the circuit together with a decoder serve
      to invert the action of the transmitter 14 by separating the received
      signals into sine and cosine channels at one-half the received bit rate
      and thence to recover the carrier and the clock signals and to decode and
      combine the two sine and cosine signals to derive the synchronized output
      data at 1205 bps.
PAR  More specifically, the analog 1205 bps input data is received on terminal
      85 and fed to the input of sine and cosine channels 96 and 97. Each of the
      sine and cosine channels 96 and 97 includes a series of similar elements
      performing similar functions. More specifically, each includes a square
      wave modulator 98 and 99, respectively. The sine channel square wave
      modulator 98 is fed with a pair of square wave sine carrier inputs of
      0.degree. and 180.degree. relative phase at the low band carrier frequency
      F.sub.1 as derived from a pair of outputs 101 and 102 of a Johnson counter
      100 which serves to divide by four the output of a square wave voltage
      controlled oscillator 103 operating at 4F.sub.1 to produce the four
      quadrature phase outputs 101, 102, 104 and 105. Outputs at terminals 104
      and 105 correspond to the square wave cosine carrier outputs at
      +90.degree. and -90.degree. relative phase, respectively.
PAR  Square wave modulators 98 and 99 (sometimes called four quadrant
      multipliers) operate to multiply the analog input signal and its inverse
      by the respective square wave carrier to derive lower side band sine and
      cosine products in channels 96 and 97, respectively. More particularly,
      the sine channel square wave modulator 98 alternately selects the analog
      input signal or its inverse, as inverted by inverter 89, at the F.sub.1
      carrier frequency. Similarly, the cosine channel square wave modulator 99
      alternately selects the analog input signal or its inverse, as inverted by
      inverter 91, at the carrier frequency F.sub.1. The switching waveform on
      the cosine channel square wave modulator 99 is 90.degree. ahead of that on
      the sine channel modulator 98. The square wave modulators 98 and 99
      operate as multipliers and thus produce in their outputs upper and lower
      side bands centered at 2F.sub.1 and 0, respectively. The respective lower
      side band contains the same information as was originally derived at the
      output of low pass filters 64 and 65, respectively, in the sine and cosine
      channels of the transmitter 14.
PAR  The sine and cosine outputs of the modulators 98 and 99, respectively, are
      fed through low pass filters 106 and 107, respectively, to eliminate
      unwanted upper side band components above 500 Hz and their outputs are
      thence fed to limiters 108 and 109 which serve as analog-to-digital
      converters for converting the sine and cosine signals into digital bits,
      i.e., 1's and 0's which are thence fed into two bit shift registers 111
      and 112, respectively.
PAR  The outputs of the two bit shift registers 111 and 112, two outputs for the
      sine channel 96, two for the cosine channel 97, and a recovered dibit
      clock signal, are thence fed to the five input terminals of a differential
      four phase decoder 113, shown in greater detail in FIG. 6. The
      differential four phase decoder 113 operates to decode and combine the two
      parallel 602.5bps sine and cosine bit streams into a serial stream at 1205
      bps. This stream is equivalent to the transmit data of the remote modem.
      This bit stream is thence fed into a flip-flop 114 which is clocked via a
      1205 Hz clock signal derived from clock 92 to the demodulated output
      terminal 115 of the receiver 16.
PAR  The carrier frequency is recovered by multiplying an analog output A (c) of
      the cosine low pass filter 107 with the digital outputs s of the sine
      channel limiter 108 in multiplier 116 to derive a product s.A (c).
      Likewise, the analog sine output A (s) of the low pass filter 106 is
      multiplied in multiplier 117 with a digital cosine output c derived from
      the output of the cosine limiter 109 to derive a second product c.A (s).
      The two products at the output of multipliers 116 and 117 are subtracted
      in subtractor 118 to derive a DC error signal which is thence fed to a low
      pass filter and amplifier 119. The output of the amplifier 119 is a phase
      error control fed to the voltage control terminal of the voltage control
      square wave oscillator 103 operating at 4F.sub.1 for controlling the
      frequency thereof.
PAR  The clock signal is recovered in the clock recovery circuitry 87 by full
      wave rectifying the analog signals in the sine and cosine channels 96 and
      97, as derived from the output of the low pass filters 106 and 107,
      respectively. The outputs of the full wave rectifiers 121 and 122 are fed
      to a summer 123 to derive the summation of the two signals. The summation
      output signal of 123 is fed to one input of a multiplier 124 with the
      602.5 Hz reference signal derived from the square wave oscillator 92 via a
      divider 125. The output of the multiplier 124 is fed through a low pass
      filter and amplifier 126 to provide a DC phase error signal for
      controlling the frequency of the square wave voltage controlled oscillator
      92.
PAR  An energy detect output (see FIG. 5) is derived from the output of the
      summer 123 in the clock recovery circuit 87 via line 132 which is thence
      fed to an integrator 133 for integration to provide the energy detect
      output. A received line signal detect output is derived from a latch
      circuit 134 which is set by the output energy detect and steady mark logic
      circuit 135. Logic circuit 135 consists of a timer plus an AND gate. The
      timer circuit receives an input from output line 115 and delivers a true
      output to the AND gate when the input has been an uninterrupted "mark"
      signal for a given duration of time, such as 20 milliseconds. The other
      input to the AND gate is the energy detect signal. The latch 134 is reset
      by loss of the energy detect signal.
PAR  In remote test, the initiating modem, such as modem 11, sends a signal that
      instructs the responding modem 12 to loop its received data back to the
      initiating modem 11. More specifically, the initiating modem 11 either
      manually activated or in response to an instruction from a terminal,
      automatically squelches its transmitter 14 via the squelch input 131 (see
      FIG. 2) for a suitable period of time such as 50 milliseconds and turns
      off receipt of input data to be transmitted. At the responding modem 12,
      the responding modem loses an energy detect output and a received line
      signal detect output.
PAR  Next, the initiating modem 11 releases the squelch and the transmitter is
      turned on to transmit a certain pattern of bits, namely, alternate mark
      and space, i.e., 1, 0, 1, 0 for 150 milliseconds. The responding modem
      detects in a mark-space detector 136 the uninterrupted mark-space signal
      for 150 milliseconds and feeds an output to one input of a start loop back
      logic circuit 137. An energy detect output, restored by receipt of the
      transmitted mark-space pattern, is also fed to a second input of the start
      loop back circuit 137. The received line signal detect output of latch 134
      (which is now lost) is a third input to the start loop back circuit 137.
      The presence of energy detect, mark-space, and the loss of received line
      signal detect to the start loop back circuit 137 initiates the start loop
      back output of circuit 137 which is thence fed to a loop back flip-flop
      138 and sets it for an output at 139, so long as an energy detect input is
      present at the second input to the loop back flip-flop 138. The 139 loop
      back output and its inverse 139'  as derived from an inverter 141 are fed
      to a dual 2-line-to-1-line multiplexer 142 at the input to the transmitter
      14 (see FIG. 4) to switch the received data from line 115 to the input of
      shift register 45 and to switch the received clock from 92 to the shift
      register 45 and to the divider 58. The dual 2-line-to-1-line multiplexer
      142 is physically realized by a type 7451 integrated circuit commercially
      available from National Semiconductor, Inc. of Santa Clara, Calif. The
      7451 is connected as follows: input 115 to pin 1, input 36 to pin 10,
      input 139' to pins 9 and 5, input 139 to pins 13 and 3, input 92 to pin 2,
      input 39 to pin 4 and transmit data is derived from pin 8, whereas
      transmit clock is derived from pin 6. Inverters 143 and 144 are for the
      purpose of restoring the polarity of the switched signals to that
      appearing at the inputs of circuit 142.
PAR  A received line signal detect output of latch 134 is fed to the set input
      of received data flip-flop 114 such that an absence of received line
      signal detect clamps the receive data output of the flip-flop 114 in the
      steady mark state.
PAR  Next, the transmitter of the initiating modem transmits a steady mark
      pattern for 200 milliseconds which is received in the responding modem and
      reestablishes through logic circuits 135 and 134 a received line signal
      detect signal. This unclamps the received data flip-flop 114 which allows
      the received data to be looped back to the initiating modem via the
      transmitter of the responding modem.
PAR  The initiating modem then turns on a sequence of test data which is looped
      back from the responding modem to the receiver of the initiating modem
      wherein it is received for comparison with the transmitted data. The test
      is finished by squelching the transmitter in the initiating modem via the
      squelch input at 131. The responding modem detects a loss of energy detect
      signal and a loss of received line signal detect. The loss of energy
      detect resets the loop back flip-flop 138 to disestablish the loop back
      condition and reestablishes the initial connections of the outputs of the
      asynchronous-to-synchronous converter 18 to the inputs to the transmitter
      14 via the switching circuit 142. Thus, in the remote test, the entire
      communication system is tested without the provision of an operator at the
      remote location.
PAR  In the communication system of the present invention, the transmitter and
      receiver have been described utilizing a transmitter for synchronously
      transmitting and a receiver for coherently demodulating double-side band
      suppressed carrier quadrature amplitude modulated data. While this is a
      preferred embodiment, other methods of synchronous transmission and
      coherent detection may also be employed to advantage in the present
      invention. More particularly, such methods of modulation include, for
      example, four level frequency modulation, duo binary frequency modulation,
      single side band amplitude modulation, and double side band suppressed
      carrier partial amplitude response modulation. These modulation schemes
      are described in a text titled, Principles of Data Communication,
      published in 1968 by McGraw-Hill, Inc. (see pages 226-231, pages 220-221,
      pages 170-174, and pages 83-88, respectively).
PAR  Referring now to FIG. 6 there is shown an electrical circuit for the
      differential four phase decoder 113. More particularly, the circuit
      includes two pairs of sine and cosine inputs s.sub.1, s.sub.2, c.sub.1 and
      c.sub.2, respectively, which correspond to the same information found in
      the sine and cosine channels of the transmitter 14 at the output of the
      flip-flops 56 and 57, respectively. The purpose of the decoder 113 is to
      invert this coded information and convert it to an uncoded bit stream at
      1205 bps corresponding to the input bit stream to the transmitter 14.
PAR  The s.sub.1 and c.sub.1 lines are inputted to an exclusive OR gate 160
      which gives a logic 1 output whenever the two inputs are different and a
      logic 0 output whenever the two inputs are the same. Similarly, the
      s.sub.2 and c.sub.2 lines are inputted to a second exclusive OR gate 161.
      One output of gate 161 is thence fed via an inverter 162 to the input of
      an AND gate 163 for anding with a s.sub.1 input to derive an output which
      is fed to one input of a NOR gate 164. The other input of the NOR gate 164
      is derived from the output of a second AND gate 165 to which an output of
      the inverter 162 is fed as further inverted by a second inverter 166. This
      inverted input to AND gate 165 serves as a steering input, for steering a
      c.sub.1 input through the second AND gate 165 to the second input of the
      NOR gate 164.
PAR  The inverted steering output of inverter 166 is also fed to one input of an
      exclusive OR gate 167 for inputting with the output of the exclusive OR
      gate 160 to derive an output which is fed to one input of an AND gate 168.
      Similarly, this inverted output of the NOR gate 164 is fed to one input of
      an exclusive OR gate 169 for inputting with a c.sub.2 input to derive an
      output which is fed to one input of a second AND gate 170. The inputs to
      AND gate 168 and 170 are alternately steered therethrough via clock
      signals derived from divider 125. One of these clock signals is inverted
      via inverter 171. The outputs from AND gates 168 and 170 are combined in
      an inverted NOR gate 172 to derive the decoded output bit stream at 1205
      bps which is thence fed to flip-flop 114. AND gates 163, 165, 168, and 170
      together with inverted NOR gates 164 and 172 are physically realized, in a
      preferred embodiment, by utilizing both halves of a type 7451 integrated
      circuit.
PAR  Synchronous encoding and modulation as used herein means that changes in
      the transmit data and resultant changes in the transmitted carrier may
      occur only at regular intervals of time as defined by a transmit clock
      signal.
PAR  Coherent detection or coherent demodulation as used herein means that a
      carrier signal is recreated in the receiver and the information in the
      received signal is extracted by referring the signal to the recreated
      carrier.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a full-duplex modem for communicating over a two wire circuit;
PA1  transmitter means to be connected to the two wire circuit for transmitting
      a data stream thereover at a first carrier frequency;
PA1  receiver means to be connected to the same two wire circuit at the location
      of said transmitter means for receiving a data stream thereover at a
      second carrier frequency simultaneously with transmission of data by said
      transmitter means;
PA1  said transmitter means including means for synchronously encoding and
      modulating the data of the data stream to be transmitted at the first
      carrier frequency; and
PA1  said receiver means including means for coherently detecting the data in
      the data stream received at the second carrier frequency.
NUM  2.
PAR  2. The apparatus of claim 1 wherein, said transmitter means includes means
      for transmitting the data stream onto the two wire circuit as double side
      band suppressed carrier quadrature amplitude modulation.
NUM  3.
PAR  3. The apparatus of claim 1 wherein, the data stream received over the two
      wire circuit is double side band suppressed carrier quadrature amplitude
      modulation and said receiver means includes, means for coherently
      demodulating the received doubleside band suppressed carrier quadrature
      amplitude modulation to derive a received data output.
NUM  4.
PAR  4. The apparatus of claim 1 wherein, said transmitter and receiver means
      include means for transmitting the data and coherently demodulating the
      data, respectively, as four level frequency modulation.
NUM  5.
PAR  5. The apparatus of claim 1 wherein, said transmitter and receiver means
      include means for transmitting and coherently detecting the data,
      respectively, as duo binary frequency modulation.
NUM  6.
PAR  6. The apparatus of claim 1 wherein, said transmitter means and said
      receiver means include means for transmitting and coherently detecting the
      data, respectively, as single side band amplitude modulation.
NUM  7.
PAR  7. The apparatus of claim 1 wherein, said transmitting means and said
      receiving means include means for transmitting and coherently detecting
      the data, respectively, as double side band suppressed carrier partial
      amplitude response modulation.
NUM  8.
PAR  8. The apparatus of claim 1 including means for receiving asynchronous data
      and for converting said asynchronous data to the synchronously encoded and
      modulated data before transmission thereof by said transmitter means.
NUM  9.
PAR  9. The apparatus of claim 1 wherein, said receiver means includes, band
      pass filter means tuned to pass a band of frequencies about a carrier
      frequency to be demodulated, and means for heterodyning the received data
      stream at a modulated carrier frequency to be received with a reference
      signal of a frequency to produce a difference frequency band centered at
      the frequency of the band pass filter, and means for feeding the modulated
      difference frequency band through said band pass filter means.
NUM  10.
PAR  10. The apparatus of claim 9 including, means for shifting the frequency of
      the reference signal between 0 frequency and a frequency equal to the sum
      of the first and second carrier frequencies to switch said receiver means
      for receiving the first or second carrier frequencies, respectively.
NUM  11.
PAR  11. In a full-duplex modem for communicating over a two wire line;
PA1  a first full-duplex modem means for simultaneously transmitting and
      receiving data streams in opposite directions over a two wire circuit;
PA1  said first modem means including means for sending a test signal over said
      two wire circuit to instruct a second modem at a remote terminal on said
      two wire circuit to automatically loop its received data back to said
      first modem over said two wire circuit; and
PA1  said first modem including means for receiving and demodulating the looped
      back data received over said two wire circuit for comparison with the
      transmitted data received over said two wire circuit to verify proper
      operation of the communication system.
NUM  12.
PAR  12. In a full-duplex modem for communicating over a two wire circuit;
PA1  a first full-duplex modem means for simultaneously transmitting and
      receiving data streams in opposite directions over a two wire circuit; and
PA1  said first modem including means responsive to receipt of a test signal
      instruction, as transmitted over said two wire circuit from a second modem
      at a remote terminal on said two wire circuit, for automatically
      demodulating and retransmitting the received data back to said second
      modem over said two wire circuit.
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ABST
PAL  For use with a phase synchronizing circuit which synchronizes an A-C motor
      at the receiving end of a communication link with one at the transmitting
      end thereof by repeatedly applying to the main coils of the receiving end
      motor, reduced frequency signals having a lower frequency than the rated
      frequency thereof to thereby reduce the phase deviation between the
      receiving and transmitting end motors, the improvement of a braking
      circuit for enhancing the speed and accuracy of the phase synchronizing
      circuit, the braking circuit including means for applying a direct-current
      voltage to the main coils of the receiving end motor prior to or in lieu
      of each of the reduced frequency signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to a phase synchronizing circuit for quickly
      and accurately synchronizing the phases of a receiver and transmitter in
      information transmission systems such as facimile systems.
PAR  2. Discussion of the Prior Art:
PAR  Generally, in information transmission systems such as facsimile systems or
      the like, it is difficult to reproduce at the receiver a clear-cut and
      distinct image whenever the receiver signal phase is not synchronized with
      that of the transmitter. For this reason, a follow-up type synchronizing
      circuit has been conventionally employed for synchronizing the receiver
      phase and that of the transmitter. A follow-up synchronizing circuit
      reduces for an optional period the speed of a driving motor at the
      receiver to thereby effectuate synchronization of the receiver phase with
      that of the transmitter during the course of that period.
PAR  In FIG. 1 are shown waveforms which illustrate the operation of the above
      prior art synchronizers. A phase signal B.sub.1 (see FIG. 1(B)) is
      generated at the receiver each time a reception drum (not shown) makes one
      revolution and a phase signal A.sub.1 (see FIG. 1(A)) is generated at the
      transmitter each time a transmission drum makes one revolution. A.sub.1
      and B.sub.1 are applied to a follow-up type phase synchronizing circuit
      provided at the receiver side and the time T.sub.1 between the leading
      edges of pulse signals A.sub.1 and B.sub.1 is detected. The larger the
      phase deviation between the receiver and transmitter, the longer time
      T.sub.1 is, and, in response thereto, the follow-up type phase
      synchronizing circuit reduces the reception drum driving frequency to a
      frequency less than the rated frequency thereof for the length of time
      T.sub.1. Thus, the number of revolutions per unit time of the reception
      drum is reduced to a rate less than that of the transmission drum for a
      length of time T.sub.1. For example, when a phase deviation T.sub.1 is
      detected, the driving frequency of the reception drum driving motor,
      initially driven at 84Hz, is changed to 63Hz for the length of time
      T.sub.1. After time T.sub.1 passes, the motor is again driven at 84Hz.
      Subsequently, when phase signals A.sub.2 and B.sub.2 are generated at the
      transmitter and receiver, respectively, time T.sub.2 (T.sub.2 .ltoreq.
      T.sub.1) between the leading edges of signals A.sub.2 and B.sub.2 is
      detected, and the reception drum is decelerated for the time T.sub.2 in
      the manner described above.
PAR  The above is repeated several times until synchronization is completed
      between the transmitter phase and that of the receiver.
PAR  However, the foregoing conventional synchronizing circuitry has an inherent
      defect in that there is a limit to the precision of phase matching. That
      is, if time T.sub.2 between the leading edges of signals A.sub.2 and
      B.sub.2 is around 10m sec or less, the speed of the reception drum driving
      motor may remain unchanged, even though the input frequency of the motor
      is changed from 84Hz as shown in FIG. 1 (C) to 63Hz shown in FIG. 1 (D).
PAC  SUMMARY OF THE INVENTION
PAR  A primary purpose of the present invention is the provision of an improved
      phase synchronizing circuit capable of accurately and quickly attaining
      phase synchronization by eliminating a defect inherent in conventional
      phase synchronizing circuits.
PAR  Other objects and advantages will become apparent after a reading of the
      specification and claims taken with the drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates waveforms showing the action of a conventional prior art
      phase synchronizing circuit of the follow-up type.
PAR  FIG. 2 illustrates waveforms showing the action of an illustrative phase
      synchronizing circuit in accordance with the present invention.
PAR  FIG. 3 is an illustrative circuit diagram embodying the invention.
PAR  FIG. 4 is a diagram of voltage waveforms occurring within the circuitry of
      FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIGS. 2 through 4, a reception drum driving motor U.sub.8 of a
      facsimile receiver is driven at its rated frequency of 126Hz where
      .phi..sub.1 and .phi..sub.2 (see FIG. 3) are the main coils of the motor
      to which the 126Hz signal is applied. Referring to FIGS. 2A and 2B, it is
      assumed that phase deviation is present between a phase signal generated
      by a transmitter, not shown in the drawings, and a phase signal received
      by the receiver. A braking circuit is actuated for a predetermined time
      T.sub.B starting from the leading edge of the reception phase signal, so
      that a direct-current voltage is applied during time T.sub.B to both ends
      of the main coils of the reception drum driving motor. As soon as time
      T.sub.B ends, a frequency lower than the rated frequency, a frequency of
      94.5Hz, for instance, is applied to the reception drum driving motor until
      time t.sub.c, which corresponds to the leading ledge of the transmission
      phase signal. At time t.sub.c, the frequency of the voltage applied to
      motor U.sub.8 returns to 126Hz again.
PAR  When the reception drum is temporarily decelerated in the above manner, the
      phase relationship between the reception drum and transmission drum is
      quickly and accurately corrected. Thus, the interval of time t.sub.e
      -t.sub.d between the leading edge of the next reception phase signal and
      the next transmission phase signal immediately after the reception drum
      makes one revolution becomes shorter than interval t.sub.c -t.sub.a. If
      interval t.sub.e -t.sub.d is longer than the braking period T.sub.B, the
      main coils of reception drum driving motor have direct-current braking
      applied thereon for time T.sub.B ; thereafter, the frequency of 94.5Hz is
      applied until the leading edge of the transmission phase signal occurs.
      The frequency then returns to the standard of 126Hz once again. However,
      if time t.sub.e -t.sub.d is shorter than the braking period T.sub.B,
      direct-current voltage is applied to the main coils of the reception drum
      driving motor for time T.sub.B. The frequency then returns to the level of
      126Hz once again. The reception drum driving motor has direct-current
      voltage applied thereto for a predetermined time each time the reception
      drum makes one revolution, until the reception phase signal and the
      transmission phase signal are synchronized. When the reception phase
      signal and the transmission phase signal are thus synchronized, the input
      frequency of the reception drum driving motor is thereafter controlled by
      a crystal oscillator (not shown) at 126Hz. Since the transmission drum
      driving motor is driven at 126Hz by the crystal oscillator, no phase
      deviation arises after synchronization by the circuitry of this invention.
PAR  Having generally described the invention, it will now be described in more
      detail with respect to FIGS. 3 and 4. When neither a transmission phase
      signal nor a reception phase signal is generated, the transmission phase
      signal is in a L state designating low voltage, while the reception phase
      signal is in a H state designating high voltage, see FIGS. 4(A) and 4(B).
      It should be noted that each of the waveforms of FIG. 4 correspond to that
      occurring at some terminal of one of the elements of FIG. 3. Thus, FIG.
      4(A) is an illustrative waveform occurring at terminal 1 of inverter
      U.sub.3 of FIG. 3 and so forth. A reception phase synchronizing signal,
      when received, is applied to a input terminal 1 of a conventional,
      follow-up type synchronizing circuit U.sub.1 and to a input terminal 1 of
      an inverter U.sub.2. When input terminal 1 of inverter U.sub.2 is H, the
      output terminal 2 thereof is L. The output terminal 2 of inverter U.sub.2
      is connected to input terminal 1 of NAND gate U.sub.4 by a differentiating
      circuit comprising a capacitor C.sub.1 and a resistor R.sub.1. Thus, input
      terminal 1 of NAND gate U.sub.4 is L, when the reception phase signal is
      not present. Furthermore, when the transmission phase signal is L at input
      terminal 1 of inverter U.sub.3, the other input terminal 2 of NAND gate
      U.sub.4 is H. Therefore, the output terminal 3 of NAND gate U.sub.4 and
      the input terminal 1 of OR gate U.sub.6 connected thereto is H.
PAR  Assuming, in the case of a facsimile transceiver, the time required for
      attaining proper synchronization must be 15 seconds or less, phase
      synchronizing must be completed and reception of an image must start 15
      seconds after the start of reception. Accordingly, input terminal 1 of
      NAND gate U.sub.5 is maintained in the H state for a period of 15 seconds
      from the start of reception. It is then changed to the L state. The other
      input terminal 2 of NAND gate U.sub.5 has an instruction signal applied
      thereto to indicate whether the transceiver is in the transmit or receive
      mode. Thus, in the transmit mode, input terminal 2 of NAND gate U.sub.5 is
      in the L state and in the H state in the receive mode. Thus, when the
      transceiver is in the receive mode and the initial 15 second period has
      not elapsed, output terminal 3 of NAND gate U.sub.5, the input terminal 2
      of OR gate U.sub.6 are L. The input terminal 1 of monostable multivibrator
      U.sub.7 is H as stated hereinbefore as long as no reception phase signal
      is received.
PAR  As soon as a reception phase signal is received, monostable multivibrator
      U.sub.7 is fed a negative trigger pulse from the differentiating circuit
      comprising capacitor C.sub.1 and resistor R.sub.1 and the output terminal
      2 thereof is maintained in the H state for as long as 15m sec. Otherwise,
      output terminal 2 is in the L state, since input terminal 1 thereof is
      normally in the H state. The L potential at the output terminal 2 of
      multivibrator U.sub.7 reverse biases diodes CR.sub.3, CR.sub.4. Thus, the
      main coils .phi..sub.1 and .phi..sub.2 of the reception drum driving motor
      are not energized, at this time, from the multivibrator U.sub.7. Rather,
      main coils .phi..sub.1 and .phi..sub.2 are energized from output terminals
      3 and 4 of follow-up type synchronizer U.sub.1 through diodes CR.sub.1 and
      CR.sub.2. When a reception phase signal is received at time t.sub.a, input
      terminals 1 and 2 of synchronizing circuit U.sub.1 are both in the L state
      and a signal of 94.5Hz, in lieu of the standard signal of 126Hz, is
      generated at output terminals 3 and 4 thereof. The input terminal 1 of
      inverter U.sub.2 is also L, thus resulting in a positive trigger pulse
      being applied on input terminal 1 of NAND gate U.sub.4 through the
      differentiating circuit comprising capacitor C.sub.1 and resistor R.sub.1.
      Since input terminal 2 of NAND gate U.sub.4 is already H, the output
      terminal 3 is switched to L as is output terminal 3 of OR gate U.sub.6
      whereby the H state is generated at the output of multibivrator U.sub.7
      for as long as only 15m sec. This positive direct-current voltage is
      applied to the main coils .phi..sub.1 and .phi..sub.2 of the reception
      drum driving motor through diodes CR.sub.3 and CR.sub.4, until braking
      force is applied on the driving motor. At this time diodes CR.sub.1 and
      CR.sub.2 are reverse biased to prevent passage of the 94.5Hz signal
      discussed above. After the lapse of 15m sec, the output terminal 2 of
      multivibrator U.sub.7 returns to L. The reverse bias is thus removed from
      diodes CR.sub.1 and CR.sub.2 and hence the 94.5Hz signal of the
      synchronizing circuit U.sub.1 is then applied to main coils .phi..sub.1
      and .phi..sub.2 of the reception drum driving motor. Synchronizing circuit
      U.sub.1 generates the 94.5Hz signal until the transmission phase signal
      occurs. Thus, the reception drum continues to be decelerated at 94.5Hz
      until the transmission phase synchronizing signal occurs, even after
      application of the direct-current voltage is completed. When the
      transmission phase signal occurs, the frequency applied to coils
      .phi..sub.1 and .phi..sub.2 returns to 126Hz. If the transmission phase
      signal occurs before the removal of the direct-current voltage from
      .phi..sub.1 and .phi..sub.2, then the 126Hz signal is immediately applied
      to .phi..sub.1 and .phi..sub.2 after the direct-current voltage is removed
      therefrom. Thus, deceleration of the reception drum driving motor may
      involve either braking by the direct-current voltage and the low-frequency
      voltage or braking by the direct-current voltage alone, every time the
      reception drum makes one revolution, until synchronization is obtained
      between the transmitter and receiver.
PAR  The input terminal 1 of NAND gate U.sub.5 is switched to L state after
      lapse of the designated phase synchronizing time and input terminal 2 of
      OR gate U.sub.6 is switched to the H state thereby keeping input terminal
      1 of multivibrator U.sub.7 at H, thus keeping any direct-current voltage
      from being applied to main coils .phi..sub.1 and .phi..sub.2 of reception
      drum driving motor. Of course, no direct-current voltage is applied to
      main coils .phi..sub.1 and .phi..sub.2 whenever the facsimile transceiver
      is in the transmit mode since the terminal 2 of NAND gate U.sub.5 is at L
      thereby keeping input terminal 1 of multivibrator U.sub.7 at H.
PAR  As set forth in detail above, the present invention effects quick and
      accurate correction of phase deviation between a transmitter and receiver
      by a braking action, as well as a control action by reduced input
      frequency, on the reception drum driving motor at the receiver. Further,
      the load on the reception drum driving motor is reduced. As can be
      appreciated from the description hereinbefore, the phase synchronizing
      circuit can be readily and economically constructed by adding a small
      number of components to an existing follow-up type phase synchronizing
      circuit such as that shown at U.sub.1 in FIG. 3.
PAR  In the description of the invention hereinbefore, certain parameters have
      been limited to particular values for purposes of illustration, such as
      the frequency for the reception drum driving motor, the period of time for
      applying the direct-current voltage, and so forth; however, it goes
      without saying that these values may well be subjected to modification as
      to best suit a particular case. Furthermore, the phase synchronizing
      circuit of the present invention is not limited in the application thereof
      to a facsimile transmitter and a facsimile receiver, but may be employed
      in the various types of communications equipment used in information
      transmission systems.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit which synchronizes a motor at the receiving end of a
      communication link with one at the transmitting end thereof, said
      receiving end including means responsive to a receiving end motor for
      generating a reception phase signal and said transmitting end including
      means responsive to a transmitting end motor for generating a transmission
      phase signal, said circuit comprising
PA1  a phase synchronizing circuit for repeatedly applying to the main coils of
      the receiving end motor reduced frequency signals having a lower frequency
      than the rated frequency thereof to thereby reduce the phase deviation
      between the receiving and transmitting end motors, and
PA1  a braking circuit for enhancing the speed and accuracy of said phase
      synchronizing circuit, said braking circuit including means responsive to
      said reception phase signal for applying for a predetermined period of
      time a direct-current voltage to said main coils of the receiving end
      motor in lieu of said reduced frequency signals,
PA1  said phase synchronizing circuit generating said reduced frequency signal
      in response to said reception phase signal and said braking circuit
      including means for preventing said reduced frequency signal from being
      applied to said main coils while said direct-current voltage is being
      applied thereto,
PA1  said phase synchronizing circuit ceasing the generation of said reduced
      frequency signal in response to said transmission phase signal, said
      braking circuit including means for permitting the application of said
      reduced frequency signal to said main coils subsequent to the termination
      of said direct-current voltage but prior to the occurrence of said
      transmission phase signal whenever said transmission phase signal occurs
      subsequent to the termination of said direct-current voltage.
NUM  2.
PAR  2. The circuit as in claim 1 where said braking circuit includes means for
      inhibiting the braking action thereof after a predetermined period for
      obtaining synchronization has elapsed.
NUM  3.
PAR  3. The circuit as in claim 1 where said communication link comprises a
      facsimile system.
NUM  4.
PAR  4. The circuit as in claim 3 where said facsimile system includes at least
      a facsimile transceiver, said braking circuit including means for
      inhibiting the braking action thereof in response to said transceiver
      being in its transmission mode of operation.
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ABST
PAL  Code control equipment especially for a typewriter intended for handicapped
      persons comprising a receiver of control signals having short and long
      impulses, a decoder, and circuits able to control various functions,
      characterised in that it comprises electronic integrating equipment,
      memory store equipment and comparison equipment which interprets for each
      coded control signal the significance of each element of the coded signal
      so that the control of functions is rendered practically independent of
      the rate at which the elements of the coded signal are given and of their
      absolute duration.
BSUM
PAR  The object of this invention is to provide a control for a typewriter,
      which is very simple to actuate and requires only minimal movement. Such
      machines are intended especially for invalids, paralytics, paraplegics,
      and so on, who are very restricted in the movements they are able to make.
PAR  There are typewriters which can be actuated by the mouth, for example by a
      coded sequence of compressions and decompressions of the air in a pipe
      which can be created by the operator's inhalations and exhalations.
PAR  The disadvantage in existing machines is due to the fact that the operator
      has to maintain a rate imposed by the machine for the succession of
      compressions or decompressions, so as not to disturb the control code.
PAR  It happens that most patients are unable to keep to such a working rate and
      rapidly experience an intolerable fatigue, so that they perform a
      controlling operation which does not conform to the required code and
      cause error in the operation of the machine.
PAR  Another disadvantage of such machines is that the operator has to be in
      physical contact with part of the machine, a condition that often imposes
      an uncomfortable position on the patient, which he is unable to maintain
      for more than a short period of time.
PAR  The control equipment according to the present invention seeks to overcome
      these disadvantages. It comprises a receiver of control signals having
      short and long impulses, for example of the Morse type, a decoder, and
      circuits able to control the various functions of the typewriter, and is
      characterised by the fact that it comprises electronic equipment for
      integration, memory storage, and comparison for interpreting for each
      coded control signal the significance of each element of the coded signal,
      so that the control of the machine is rendered practically independent of
      the rate at which the coded signal elements are given, and of their
      absolute duration.
DRWD
PAR  The attached drawings show schematically and by way of example one
      embodiment of the control equipment according to the invention.
PAR  FIG. 1 shows a general perspective view of a typewriter and its control
      equipment.
PAR  FIG. 2 is a block diagram of the control equipment.
PAR  FIG. 3 shows the voltage forms at various points in the block diagram of
      the control equipment.
DETD
PAR  The control equipment is particularly suitable for controlling an electric
      typewriter of the kind which comprises a distinct control element, for
      example an electro-magnet, for each machine function.
PAR  Typewriter 1 is for example an "Olympia" electric typewriter and control
      equipment 2 is placed in a cabinet 3 while the receiver or control means 4
      consists of a microphone. In an alternative embodiment this receiver can
      consist of a microswitch for example requiring only a very slight movement
      on the part of the operator.
PAR  In the example shown the receiver is a microphone sensitive to hissings or
      fricatives which are acoustic signals sounding as fff, sss, shshsh, and so
      on.
PAR  As shown in FIG. 1 the whole machine 1 and control equipment 2 is mounted
      on a wheeled support 6 and the microphone 4 is carried on a flexible arm 5
      so that the machine can easily be transported to an operator who is in bed
      or confined to a wheelchair so that he can see what the typewriter has
      written and can easily direct his sounds to the microphone 4.
PAR  This machine allows a handicapped person to type-write and, as can easily
      be seen, also to operate various equipment at a distance. It is actuated
      by a succession of short and long signals, "dots" and "dashes" of the
      Morse type, which can be produced by light movement of a limb (use of
      microswitch) or by acoustic signals (use of microphone).
PAR  Referring to FIG. 2, control signal i can be provided either by the
      operation of a microswitch 7 or by the microphone 4. In the latter case,
      the signal from the microphone is passed to a high-pass amplifier 8 having
      a cut-off frequency for example of the order of 8-12 kHz so that the
      hissing signals are amplified but frequencies contained in an ordinary
      conversation are not, so that the machine is insensitive to a conversation
      held a few centimeters from the microphone. Control signals i are detected
      and shaped in 9 so as to produce impulses of level and polarity suitable
      for driving two analogue integrators 10 and 11.
PAR  Additionally the shaping circuit drives an audio-frequency oscillator and
      hence a loud-speaker 12, and/or a lamp 13a, reproducing the control
      signals i so that the user may have a visible or audible control of the
      manner in which he controls the machine.
PAR  Integrator 10 integrates the duration of the shaped elements of the control
      signal i.sub.s. It retains its level during the interval between two
      successive elements of a signal. A control signal can have at the most six
      successive "dash" or "dot" elements.
PAR  The second integrator 11 integrates the duration of the spaces between the
      elements of a control signal and is put at zero at the beginning of each
      of the elements by a signal z provided by the shaping circuit. This latter
      also resets integrator 10 to zero at the beginning of each element of the
      control signal.
PAR  The two integrators 10 and 11 are of the Miller type and can be made with
      currently available operational amplifiers for example of the 741 type.
      The commencement of the integration and the resetting to zero of the
      integrators is controlled by the switch-on and switch-off of field-effect
      transistors. The transfer in the memory is brought about by the switch-on
      and switch-off of field-effect switches S.sub.1, S.sub.2 . . . S.sub.6,
      controlled by a ring counter of the number of signals 13.
PAR  At the end of each element of a control signal the level reached by
      integrator 10 is transferred to a capacitative memory unit different for
      each successive element of the signal 12a, 12b, 12c, 12d, 12e, 12f. The
      number of these memory units 12a-12f depends on the maximum number of
      elements forming the control signal.
PAR  Thus the value of the duration of each "dash" or "dot" element of the
      control signal is stored without on the other hand having had its meaning
      as "dash" or "dot" attributed to it.
PAR  In order to determine whether the levels in memory units 12 correspond to a
      "dash" or to a "dot" the output of the memory unit is passed to level
      comparators 14a, 14b . . . . 14f, of which the comparison or reference
      voltage r common to all the comparators 14 has been stored in 15 from a "n
      or 1/n" logic circuit 16, (n being between 2 and 3, preferably having the
      value 2.3).
PAR  At the end of each new signal except during the first when the "n or 1/n"
      circuit is blocked by the element counter by a signal b, circuit 16
      compares the level in the first-signal memory unit 12a with that in
      integrator 10. If at the end of a signal the voltage in integrator 10
      exceeds by n times the value of first-signal memory 12a then it is this
      value of "n times" which is stored in a principal memory unit 15. If on
      the other hand integrator 10 has not exceeded 1/n times the value of the
      first sign it is this value of 1/n which is chosen as reference voltage r
      and which is stored in the principal memory unit 15.
PAR  If neither of the two above described conditions is reached at the end of a
      sign, that is to say that the integrator 10 reaches a value between 1/n
      and n, no new value is passed to the principal memory unit 15, which
      maintains the existing reference level r.
PAR  The states of comparators 14 and that of signal counter 13 are decoded by a
      diode matrix 17 in order to select the wanted letter or function before
      its performance by the typewriter.
PAR  By the use of the described equipment the user is obliged neither to follow
      a fixed rhythm nor to keep to determined lengths of "dots" and "dashes".
      In fact, the equipment determines by comparison of the signals of a
      control signal among themselves, which are to be considered as "dashes"
      and which are to be considered as "dots".
PAR  The order to print or carry out the function corresponding to the coded
      control signal is not made until after some time lag after the end of the
      last signal, by virtue of a comparator 18, fed by space-duration
      integrator 11 and by reference voltage r, which controls printing circuit
      19. The lag before printing is thus proportional to the length of the
      signals. Circuit 19 also controls circuit 21 for resetting all the
      circuits to zero.
PAR  A supplementary comparator 20 can, if desired, give the order to matrix 17
      to cause the typewriter to space when a predetermined delay has elapsed
      since the last signal. This possibility for automatic space control is
      provided so that persons who have acquired some skill do not need to
      repeat the code for "space" at the end of each word.
PAR  It can be seen that this assembly of comparator and integrator circuits
      makes possible the construction of a machine which operates on receipt of
      short and long signals. There is no necessity to send coded signals of
      fixed and unalterable duration. If the operator accelerates or decelerates
      in rhythm, the reference voltage immediately changes and the machine is
      automatically adapted to the new rhythm without the need for turning any
      control knob.
PAR  This is a very important advantage especially for handicapped persons.
PAR  The comparators employ simple operational amplifiers of current type for
      example the 741, with the two inputs connected to the sources of voltage
      to be compared. In order to avoid loss of charge of the condensers serving
      as capacitative memory units, these are connected to field-effect
      transistors or to integrated circuits having at the input a transistor
      having a very low current drainage, for example an 8007-type circuit.
PAR  Matrix 17 controls directly either the control circuits of electric
      typewriter 22 or circuits 23 for operating other equipment. Switch
      equipment 24 controlled by matrix 17 determines whether typewriter 22 or
      the exterior operating circuits 23 are to be controlled by matrix 17. The
      exterior circuits can be for example for engaging a radio or TV receiver,
      the opening of a door, control of lighting, an alarm, etc.
PAR  FIG. 3 shows for a control signal corresponding to three successive
      elements "dot"-"dash"-"dot" the forms of output signal in different parts
      of the control equipment.
PAR  In FIG. 3 the horizontal direction represents a time axis and the vertical
      direction a comparative voltage axis, and the several traces represent
      graphically the manner of variation with time of the signals which in the
      description of FIG. 2 are referred to by the symbols appearing at the left
      of the traces in FIG. 3.
PAR  It is clear that it is not necessary to control a typewriter with this
      control equipment; any kind of machine or function can be controlled.
CLMS
STM  I claim:
NUM  1.
PAR  1. A decoding control device for controlling an electrical circuit in
      response to a coded control signal, comprising
PA1  a receiver able to receive a control signal having successive short or long
      elements and comprising at least one short and one long element,
PA1  identifying means for identifying each element of a control signal so
      received as short or long by comparison of a signal derived from the
      element with a reference signal having a value dependent on a signal
      derived from at least one other element of the control signal, means for
      producing the reference signal, and means for producing for each element
      an identifying signal having a value corresponding to the identification
      of the element as short or long,
PA1  and a decoder responsive to a permutation of the identifying signals
      thereby to control an electrical circuit.
NUM  2.
PAR  2. A decoding control device according to claim 1, wherein the decoder is
      responsive to each of a plurality of permutations of the identifying
      signals thereby to control at least one of a plurality of electrical
      circuits.
NUM  3.
PAR  3. A decoding control device according to claim 1, wherein the identifying
      means comprises means for producing for each element a measuring signal
      having a value dependent on the duration of the element, and means for
      comparing each measuring signal with the reference signal thereby to
      produce the respective identifying signal, the means for producing the
      measuring signal comprising an integrator and the comparing means
      comprising a comparator.
NUM  4.
PAR  4. A decoding control device according to claim 3, wherein the means for
      producing the reference signal comprises means for comparing (a) the value
      of the first measuring signal with (b) the value of each successive
      measuring signal corresponding to an element of the control signal,
      thereby to produce a signal having a value intermediate the said value (a)
      and the last one of said values (b) which is greater or smaller than said
      value (a) in a ratio greater than n, n being in the range 2-3, the signal
      so produced being said reference signal.
NUM  5.
PAR  5. A decoding control device according to claim 4, wherein the means for
      producing the reference signal comprises a "n or 1/n" logic circuit, the
      said first measuring signal is connected to an input of the circuit, and
      each successive measuring signal is connected to another input of the
      circuit, the output of the circuit after the last of said measuring
      signals being the reference signal.
NUM  6.
PAR  6. A decoding control device according to claim 5, characterised in that it
      also comprises a memory unit for each element of a signal as well as a
      principal memory unit which memorises a reference level determined by
      comparison of the values of the signal elements among themselves.
NUM  7.
PAR  7. A decoding control device according to claim 1, characterised in that
      the signal receiver is a microswitch.
NUM  8.
PAR  8. A decoding control device according to claim 1, characterised in that
      the signal receiver is a microphone which feeds a high-pass amplifier.
NUM  9.
PAR  9. A decoding control device according to claim 1, and means for shaping
      the elements of a control signal and for passing said elements to a
      receiver, and to an integrator of the duration of the elements.
NUM  10.
PAR  10. Code control equipment especially for a typewriter intended for
      handicapped persons comprising a receiver of control signals having short
      and long impulses, a decoder, and circuits able to control various
      functions, characterised in that it comprises electronic integrating
      equipment, memory store equipment and comparison equipment which
      interprets for each coded control signal the significance of each element
      of the coded signal so that the control of functions is substantially
      independent of the rate at which the elements of the coded signal are
      given, and of their absolute duration.
NUM  11.
PAR  11. A decoding control device according to claim 10, characterised in that
      it comprises comparators which compare the levels of each memory with the
      reference level and which feed a control-signal decoding matrix.
NUM  12.
PAR  12. A decoding control device according to claim 1, for controling a
      typewriter, characterised in that it comprises also an integrator of the
      intervals between elements of a control signal, and a comparator of the
      reference level and the level reached by this integrator which controls
      either automatic spacing or the printing of a letter.
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ABST
PAL  A gain controlled audio amplifier for each channel which includes a
      differential to single ended converter fed by a differential amplifier,
      the common emitters of which are coupled to balance and volume control
      circuitry for controlling the amount of current flowing in the amplifier
      relative to the other three amplifiers. A pair of diodes are connected in
      back-to-back relationship between the control electrodes of the
      differential amplifier and receive a signal from an enhancement circuit
      which controls the amount of signal being applied to the input of the
      differential amplifier. The enhancement circuit includes a pair of
      amplifier sections which are connected together so that the output voltage
      of one increases as the other decreases and vice versa and the decrease of
      output voltage in either section occurs substantially more rapidly than
      the increase of output voltage in the other section. The balance and
      volume control circuitry controls the total amount of current flowing into
      the four amplifiers, the amount of the total current flowing into either
      of two pairs of the amplifiers relative to the other pair of amplifiers
      and the amount of the total current flowing into each of the amplifiers in
      the two pairs relative to the other amplifier in the pairs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In matrixed four channel audio systems, two channels of sound are obtained
      from a phonograph record or the like. The two channels of sound are
      generally referred to as left and right channels and are converted by an
      electronic matrix to left front, left back, right front and right back
      channels. The content of the four channels derived from the two signal
      channels depends on the method of matrixing chosen. In any case it is not
      possible to recover the four separate audio channels which were encoded as
      two channels for the purpose of transmission or permanent record in a
      primarily two channel system. Some of the four channel effect can be
      recovered if the four audio signals are matrixed from four to two channels
      in the record or transmission process and by complementary de-matrix
      recovered in the receiving process. It is inherent that associated with
      the matrixing technique incomplete separation occurs and cross talk
      between the four recovered channels is present at the output of the
      matrix. The type of cross talk that occurs can be chosen by adjustment of
      the encode and decode matrix.
PAR  In the system to which the invention is directed the matrixes are chosen to
      provide good separation between the audio signals representing left and
      right portions of the sound field, but limited separation between the
      audio signals representing front and back, this method of matrixing has
      been devised by the CBS Corporation and has been given the name SQ
      (registered trademark) by its innovators.
PAR  This invention is directed toward improving the front to back separation in
      a matrixed audio sound field of the SQ type. To improve the apparent
      separation of the front and back speakers a system has been devised
      whereby logic circuitry is connected to the four channels at the output of
      the matrix to determine which of the two pairs of channels (left front -
      right front or left back - right back) has the dominant signal thereon.
      The logic circuitry then uses this information to produce a pair of
      signals which control the gain of four amplifiers, one in each channel.
      The gain of the amplifiers is controlled so that the total volume remains
      constant but the volume of the front speakers is increased and the back
      speakers is decreased when the left front and/or right front channels have
      dominating signals therein and the opposite occurs when the left back
      and/or right back channels have dominating signals therein.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention pertains to a control circuit for use in an audio
      reproducing system having a plurality of speakers driven by signals from
      four channels, which signals are derived from a two channel input, and
      which system includes logic circuitry for separating the four channels
      into two pairs of channels and determining which signals in the two pairs
      of channels are dominant and providing output signals thereof. The control
      circuit includes four amplifiers, for the four channels, each of which
      includes a differential amplifier connected to a differential to single
      ended converter providing very low distortion even at relatively high
      currents and further providing essentially a voltage signal at the output.
      Balance and volume control circuitry has four outputs connected to the
      differential amplifiers of the four audio amplifiers and operates as a
      constant current source therefor. The balance and volume control circuitry
      includes a first differential amplifier having common emitters connected
      to ground through a transistor which carries the total current for all
      four audio amplifiers and has a manual volume control connected to the
      base thereof. The two collectors of the differential amplifier are each
      connected to common emitters of a second and third pair of differential
      amplifiers which provide the outputs to the four audio amplifiers. The
      first differential amplifier has a manual control attached thereto for
      controlling the relative volume between pairs of channels and the second
      and third differential amplifiers have manual controls attached thereto
      for controlling the relative volume between channels in each of the pairs
      of channels. An enhancement control circuit including first and second
      amplifier sections coupled together so that the output voltage of one
      section increases as the output voltage of the other section decreases and
      vice versa and further constructed so that the decrease of output voltage
      in either section occurs substantially more rapidly than the increase of
      output voltage in the other section, is also connected to the differential
      amplifier in each of the audio amplifiers and controls the amount of audio
      signal applied thereto.
PAR  It is an object of the present invention to provide a new and improved
      control circuit for use in an audio reproducing system having a plurality
      of speakers driven by signals from four channels, which signals are
      derived from a two channel input.
PAR  It is a further object of the present invention to provide new and improved
      adjustable enhancement circuitry for a control circuit in a matrixed four
      channel audio reproducing system.
PAR  It is a further object of the present invention to provide new and improved
      gain control amplifiers for use in a matrixed four channel audio
      reproducing system.
PAR  It is a further object of the present invention to provide new and improved
      balance and volume control circuitry for use in a matrixed four channel
      audio reproducing system.
DRWD
PAR  These and other objects of this invention will become apparent to those
      skilled in the art upon consideration of the accompanying specification,
      claims and drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings, wherein like characters indicate like parts
      throughout the figures:
PAR  FIG. 1 is a block diagram of a matrixed four channel audio reproducing
      system;
PAR  FIG. 2 is a schematic diagram of a portion of the gain control illustrated
      in FIG. 1;
PAR  FIG. 3 is a graphical representation of the operation of the enhancement
      circuitry illustrated in FIG. 2; and
PAR  FIG. 4 is a schematic diagram of a portion of the gain control which
      connects to the portion illustrated in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring specifically to FIG. 1, a pair of signals designated L.sub.T and
      R.sub.I, denoting the total left signal and the total right signal, are
      obtained from some source, such as a phonograph record or the like and
      apply to a two-four matrix 10. The matrix 10 derives four signals,
      designated L.sub.F ', L.sub.B ', R.sub.F ' and R.sub.B ' for left front,
      left back, right front and right back, respectively, from the two input
      signals which matrixing may be performed in accordance with any of a
      variety of techniques well known in the art. The matrixing system utilized
      herein is a system commonly known as the SQ system, which is a trademark
      of CBS Incorporated. The four signals from the matrix 10 are applied to
      front/back gain control circuitry designated 11 and logic circuitry 12.
      The logic circuitry 12 supplies a pair of control signals to the
      front/back gain control circuitry 11 on a pair of leads 13 and 14. The
      logic circuit 12 receives the four decoded signals L.sub.F ', R.sub.F ',
      L.sub.B ' and R.sub.B '. The logic circuit normalizes the level of the
      signals and determines whether in the original audio signals (no cross
      talk present) the total level of the front signals L.sub.F and R.sub.F
      have an instantaneous value greater than the back signals R.sub.B and
      L.sub.B or vice versa. If this information is derived from the modified
      signals it can be used to modify the ratio of front to back gain in a way
      to increase the apparent separation which was lost in the four channel to
      two channel matrix and de-matrix process. By determining whether the front
      or back signals are dominant the gain of the front and back pairs of
      amplifiers can be appropriately adjusted. By improving the apparent front
      to back separation the apparent localization of the sound source can be
      improved so that the position of the source can be isolated not only with
      regard to its position between right and left but also between front and
      back.
PAR  The logic circuit derives the appropriate front-back control signals and
      applies them as currents to the leads 13 and 14. The front/back gain
      control circuit 11 controls the output of the four channels so as to
      increase the volume of the dominant pair and decrease the volume of the
      remaining pair to enhance the apparent separation of speakers driven by
      the four channels and positioned to the front and back of a listener.
PAR  Referring specifically to FIG. 2, the leads 13 and 14 are connected to the
      bases of a pair of NPN type transistors having common connected emitters.
      The transistors 20 and 21 form a differential amplifier with the common
      emitters connected to a reference potential, such as ground 22, through an
      NPN type transistor 23. A pair of diodes 24 and 25 are coupled in
      back-to-back relationship (cathodes connected together) between the bases
      of the transistors 20 and 21 with the junction of the diodes 24 and 25
      connected to the base of the transistor 23. The base of the transistor 23
      is also connected through a resistor 25 to the collector thereof and
      through a resistor 26 to the movable arm of a potentiometer 27. One end of
      the potentiometer 27 is connected to ground 22 and the other end is
      connected through a resistor 28 to a terminal designated B+++, which is
      connected to a positive voltage source not shown. The junction of the
      resistors 27 and 28 is connected to the anode of a pair of series
      connected diodes 29 and 30 with the cathode of the diode 30 connected to
      ground 22. The components 26-30 form a manual enhancement control which
      determines the amount the dominant pair of signals (front or back in this
      embodiment) is amplified and the remaining pair of signals is reduced.
PAR  The collectors of the pair of transistors 20 and 21 provide the output of
      the differential amplifier and are connected through resistors 35 and 36,
      respectively, to the bases of a pair of NPN transistors 37 and 38. The
      common emitters of the transistors 20 and 21 are connected to common
      connected emitters of two NPN type transistors 39 and 40. The base of the
      transistor 39 is connected to the emitter of the transistor 37 and the
      collector of the transistor 39 is connected to the base and one collector
      of a lateral split collector, PNP type transistor 45. The base of the
      transistor 40 is connected to the emitter of the transistor 38 and the
      collector is connected to the base and one collector of a lateral split
      collector, PNP type transistor 46. The emitter of the transistor 45 is
      connected to the collector of the transistor 37 and through a pair of
      series connected resistors 47 and 48 to the base of the transistor 37. The
      emitter of the transistor 46 is connected to the collector of the
      transistor 38 and through a pair of series connected resistors 49 and 50
      to the base of the transistor 38. The junction of the two resistors 47 and
      48 is connected through a resistor 55 to the junction of the two resistors
      49 and 50. The emitter of the transistor 45 is connected through a PNP
      type transistor 56 to a terminal coupled to the B+++ supply. The emitter
      of the transistor 46 is connected through an NPN type transistor 57 to the
      B+++ terminal. The bases of the transistors 56 and 57 are connected
      together and through a resistor 58 to ground 22. The emitters are also
      connected to the cathode of a diode 59, the anode of which is connected to
      the B+++ terminal. The transistors 56 and 57 simply form constant current
      sources for the remainder of the enhancement circuitry. The second
      collector of the transistor 45 is coupled through a resistor 60 to the
      base of an NPN type transistor 65, the collector of which is connected
      directly to the B+++ terminal. The base of the transistor 65 has one side
      of a storage capacitor 66 connected thereto, the other side of which is
      connected to ground 22. The emitter of the transistor 65 is connected
      through two series connected resistors 67 and 68 to ground 22 with the
      junction of the two resistors providing one output of the enhancement
      circuit at a terminal 69. The second collector of the transistor 46 is
      connected through a resistor 70 to the base of a transistor 71, the
      collector of which is connected to the terminal B+++. One side of a
      storage capacitor 72 is connected to the base of the transistor 71 and the
      other side is connected to ground 22. The emitter of the transistor 71 is
      connected through two series connected resistors 73 and 74 to ground 22
      with the junction of the two resistors providing a second output of the
      enhancement circuit at a terminal 75.
PAR  The differential amplifier, including transistors 20, 21 and 23, forms a
      symmetrical enhancement control circuit, the transistors 37, 39 and 45
      form a first amplifier section and the transistors 38, 40 and 46 form a
      second amplifier section. All of the current for the first and second
      amplifier sections passes through the constant current source, transistor
      23, with the amount of current flowing therein controlled by the
      enhancement adjustment (26-30). Since the enhancement circuit is
      symmetrical, the operation thereof will be explained in conjunction with a
      signal appearing on one input and it should be understood that a signal on
      the other input will produce similar results in the other portion of the
      circuit.
PAR  With a positive signal applied to the lead 13, current flows through the
      diode 24, resistor 25 and transistor 23 to ground 22. This current
      provides a bias voltage for transistor 20 consisting of the voltage across
      diode 24 and resistor 25. Thus, input signals are amplified or attenuated
      in the differential amplifier, according to the setting of the
      potentiometer 27, and appear as collector currents in the transistors 20
      and 21. In the quiescent condition no current flows in transistors 20 and
      21 and the first and second amplifier sections are passing equal currents,
      which currents are supplied from the constant current sources (transistors
      56 and 57) and pass through transistor 23. The voltage on the emitters of
      transistors 39 and 40 is approximately equal to the voltage at the base of
      transistor 23, which is the .phi.  (the voltage drop across one
      semiconductor junction). The voltage at the emitters of transistors 45 and
      46 will be the sum of the base to emitter voltages of transistors 23, 39
      and 37 and transistors 23, 40 and 38, respectively, which is three .phi..
      Since the system is symmetrical and the voltages are equal on the emitters
      of both the transistors 45 and 46, no current will flow through the
      resistor 55. With a signal applied to the lead 13 the transistor 20 will
      conduct and the collector current therein will tend to reduce the
      potential at the junction of the resistors 35 and 48, which will reduce
      the conduction in the transistors 37, 39 and 45. Consequently, the
      potential at the emitter will rise until the current can be supplied by
      way of resistors 47 and 48. The rise in potential at the emitter of
      transistor 45 causes a related rise in the potential at the junction of
      resistors 47, 48 and 55 which causes a current to flow through resistor 55
      into the second amplifier section. The current flowing into the second
      amplifier section is in such a sense as to increase the conduction in
      transistors 38, 40 and 46, which causes the potential at the emitter of
      transistor 46 to fall until the current can be supplied through resistor
      49. The charges on the storage capacitors 66 and 72, which were three
      .phi. in the quiescent condition, will now change to coincide with the
      potential on the emitters of the transistors 45 and 46, i.e. the potential
      on capacitor 66 will increase and the potential on capacitor 72 will
      decrease. The changes in potential across the capacitors 66 and 72 are
      applied to the output terminals 69 and 75 by way of the emitter follower
      circuits (transistors 65 and 71). Thus, a positive signal applied to the
      lead 13 causes a positive excursion of the output signal at the terminal
      69 and a negative excursion of the output signal at the terminal 75.
PAR  The negative excursion of the output signals from the enhancement circuit
      of FIG. 2 is much less than the positive excursion so that the gain
      reduction in amplifier circuits to be explained presently is greater than
      the gain increase (an increase in the output voltage of the enhancement
      circuit produces a decrease in the gain of the channels and vice versa, as
      will be explained presently). When the signals in the front channels
      dominate the signals in the back channels, it has been found that the
      desired amount of separation of the front and back signals can be obtained
      by increasing the signals in the front channels by 3db and reducing the
      signals in the back channels by some substantially greater amount,
      anything in excess of 6db. In the enhancement circuit of FIG. 2, assuming
      the positive signal on the lead 13 as previously described, the negative
      voltage excursion of the emitter of transistor 46 is limited by saturation
      of the transistor 38. Transistor 38 saturates when the potential at its
      collector falls to approximately 2 .phi. (the sum of the base-emitter
      voltages of transistors 23 and 40) and, since the quiescent potential at
      the collector is 3 .phi. the maximum negative excursion is .phi.. This can
      be made to correspond to a gain increase of 3db in the controlled channels
      by properly selecting the values of resistors 47, 48, 49, 50 and 55. In
      the present embodiment these resistors are all 15K ohms and the B+++
      supply voltage is 21 volts. FIG. 3 illustrates the control voltage output
      to each channel as a function of collector current in transistors 20 or
      21. The negative excursion of the output voltage is illustrated in FIG. 3
      by the line designated 80 which decreases from 3 .phi. to 2 .phi. at the
      line designated at a current level .phi. per 15K ohms and remains at 2
      .phi. thereafter. A second line designated 81 in the graph of FIG. 3
      illustrates the positive excursions of the output voltage and it can be
      seen that there is no limit on this excursion indicated. In practice it is
      desirable to place an upper limit on the gain control voltage. This limit
      is provided by resistors 35 and 36. The values of these resistors are
      chosen to provide an upper limit on the control voltage. The limiting
      action is produced by collector voltage drop on transistors 20 or 21 which
      places an upper limit on the current in transistors 20 or 21 since they
      tend to saturate when the current through 35 or 36 causes the collector to
      emitter voltage to approach zero. Further, because of the choice of
      resistive values the positive excursion is at 6 .phi. when the negative
      excursion is at 2 .phi., which provides a gain reduction in the following
      amplifier circuits of approximately 6db.
PAR  Referring to the gain control circuitry 11 in FIG. 1, the gain of the
      signals in the dominant pair of channels can be increased to a maximum of
      3db while the gain of the remaining pair of channels is simultaneously
      decreased a much larger amount (as explained above) and, in addition, the
      increase in gain should occur relatively quickly while the decrease may be
      made in a relatively long period of time. The enhancement circuitry
      illustrated in FIG. 2 accomplishes this in the following manner. With the
      circuit in the quiescent state, both capacitors 66 and 72 are charged to a
      value of 3 .phi., which is the emitter potentials of transistors 45 and
      46. With a positive current suddenly appearing on lead 13, the potential
      on the emitter of transistor 45 rises so that the collector coupled to
      capacitor 66 is no longer in a saturated condition. A portion of the
      emitter current is therefore supplied to capacitor 66 to charge it towards
      the new emitter potential. The charging rate is determined by the emitter
      current of transistor 45, the value of capacitor 66 and the ratio of the
      collector areas of the transistor 45. Thus, the time constant can be made
      relatively long as is required for a decreasing gain condition. With the
      rise of the emitter potential of transistor 45, the emitter and base
      potentials of the transistor 46 decrease. Thus, capacitor 72 is charged to
      a potential higher than the emitter potential of transistor 46. The result
      is that the free collector coupled to the capacitor 72 becomes an emitter
      (so that transistor 46 becomes a double emitter PNP transistor rather than
      a double collector transistor). The available base current for the
      transistor 46 is very high, substantially all of the current supplied by
      transistor 57 multiplied by the current gain of transistor 40, so that the
      current flow in the free collector of transistor 46 can be very high
      causing a very rapid discharge of capacitor 72. The resistor 70 is used to
      define this discharge time and, in the present embodiment is a 1K ohm
      resistor. Hence, negative voltage excursions at the output, corresponding
      to increasing gains in the following amplifying circuits, can occur
      relatively quickly.
PAR  Referring specifically to FIG. 4, four gain control amplifiers 85-88 are
      illustrated with the amplifier 85 receiving the L.sub.B ' signal,
      amplifier 86 receiving the R.sub.B ' signal, amplifier 87 receiving the
      L.sub.F ' signal and amplifier 88 receiving the R.sub.F ' signal. All four
      of the amplifiers are identical and, consequently, only the amplifier 85
      is illustrated by a complete schematic diagram. A pair of NPN type common
      emitter connected transistors 90 and 91 form a differential amplifier with
      the bases connected through resistors 92 and 93, respectively, to the
      emitters of NPN type transistors 94 and 95. The base of the transistor 94
      is connected to a terminal designated L.sub.B ' and receives the signal
      from the matrix 10. The base of the transistor 95 is connected to a
      positive terminal B+ (having a potential somewhat lower than the potential
      at the terminal B+++) and through a resistor 96 to the L.sub.B ' terminal.
      A pair of diodes 97 and 98 are connected in back-to-back relationship (the
      cathodes are connected together) between the bases of the transistors 90
      and 91, with the junction connected to the collector of an NPN type
      transistor 99. The emitter of the transistor 99 is connected through a
      resistor 100 to ground 22. The base of the transistor 99 is connected to
      the emitter of a PNP type transistor 101 and through a resistor 102 to the
      B+++ terminal. The collector of the transistor 101 is connected to ground
      22 and the base is connected to the terminal 69 (see FIG. 2) which is one
      output of the enhancement circuitry.
PAR  In the operation of the differential amplifier portion of the gain control
      amplifier 85, a positive voltage on the terminal 69 causes the transistor
      101 to conduct less, which increases the voltage on the base of the
      transistor 99 and decreases the collector voltage while increasing the
      conduction therethrough. Reducing the collector voltage of the transistor
      99 causes the diodes 97 and 98 to conduct more of the audio signals which
      are applied to the bases of the transistors 90 and 91 from the terminal
      L.sub.B '. A decrease or negative excursion of the signal on the terminal
      69 causes the opposite effect.
PAR  The collector of the transistor 90 is connected to the emitter of an NPN
      type transistor 105 and through a resistor 106 to ground 22. The base of
      the transistor 105 is connected to a positive voltage terminal having a
      voltage B++ applied thereto, which voltage is slightly less than the
      voltage B+++. The collector of the transistor 105 is connected to the base
      of a PNP type lateral split collector transistor 107 and to one collector
      thereof. The emitter of the transistor 107 is connected directly to the
      terminal B+++ and the other collector is connected to the base of an NPN
      type transistor 108 and through a capacitor 104 to ground. The collector
      of the transistor 108 is connected directly to the B+++ terminal and the
      emitter is connected through a resistor 109 to the emitter of the
      transistor 105 and through a resistor 110 to the collector of the
      transistor 91 in the differential amplifier circuit. The transistors 105,
      107 and 108 and their associated components form a differential to single
      ended converter and the output thereof is obtained at a terminal
      designated L.sub. B " connected directly to the collector of the
      transistor 91.
PAR  The operation of the differential to single ended converter in the gain
      control amplifier 85 is as follows. The output of the differential
      amplifier on the collectors of the transistors 90 and 91 is the difference
      between the collector currents. In the quiescent state the currents
      supplied by the collectors of 90 and 91 are equal and the output voltage
      at the terminal L.sub.B " is equal to the voltage B++ applied to the base
      of the transistor 105 less the base-emitter voltage of the transistor 105.
      This is true because the quiescent voltage drops across the resistors 109
      and 110, which resistors 109 and 110 are equal in size, will be equal and
      in phase with respect to the emitter of transistor 108. Further, this is
      independent of the magnitude of the quiescent currents flowing in the
      differential amplifier. The transistors 105, 107 and 108 form an amplifier
      whose transfer impedance is very closely defined by the resistor 109,
      which forms a negative feedback loop therearound. The collector current
      from the transistor 90, I.sub.90, is applied to the input of the amplifier
      and appears at the emitter of the transistor 108 as a signal I.sub.90 R,
      where R is the value of the resistor 109. The collector current from the
      transistor 91, I.sub.91, is applied through the resistor 110, which also
      has the value R, to the emitter of the transistor 108. Because of the
      negative feedback, the junction of the resistors 109 and 110 is a very low
      impedance and no significant signal will be developed at the emitter of
      the transistor 108 by the collector current of the transistor 91. Thus,
      the output signal at the terminal L.sub.B " consists of the algebraic sum
      of the two currents developed at the terminal of the equal resistors 109
      and 110 which is (I.sub.90 - I.sub.91 )R. The distortion of this converter
      is very low since the amplifier, including transistors 105, 107 and 108,
      has considerable negative feedback and conducts no signal currents unless
      the output terminal L.sub.B " is loaded. This is because the signal
      currents flowing in transistors 90 and 91 are equal and in opposed phase
      so that no net signal current may flow in the transistor 108 emitter
      circuit apart from that flowing in the output lead to terminal L.sub.B ".
      Further, the output of the converter is essentially a voltage signal and
      the transistor 108 can linearly handle relatively large currents, compared
      to the lateral dual collector transistor 107.
PAR  The base of an NPN type transistor 111 is connected to the emitter of the
      transistor 101 and the emitter thereof is connected to ground 22 through a
      resistor 112. The collector of the transistor 111 is connected to the
      junction of a pair of back-to-back connected diodes (not shown) in the
      gain control amplifier 86 and operates therewith in the same manner as
      transistor 99 and the gain control amplifier 85. A pair of NPN type
      transistors 113 and 114 each have an emitter connected to ground through
      resistors 115 and 116, respectively. The bases of transistors 113 and 114
      are connected together and to the emitter of a PNP type transistor 117,
      which has a collector connected to ground 22. The collectors of the
      transistors 113 and 114 are connected to the junctions of pairs of
      back-to-back connected diodes (not shown) in the gain control amplifiers
      87 and 88, respectively. The base of the transistor 117 is connected to
      the terminal 75, which is the second output of the enhancement circuitry
      (FIG. 2). The transistors 113, 114 and 117 operate the same as the
      operation described for transistors 99, 101 and 111 but, since the signals
      on terminals 69 and 75 operate in opposition, the circuits will be
      operating in opposition.
PAR  To complete the differential amplifier circuit in the gain control
      amplifier 85 (and in the gain control amplifiers 86, 87 and 88), the
      common emitters of the transistors 90 and 91 must be connected through a
      constant current source to a reference potential, which in this
      application is ground 22. The constant current source for each of the gain
      control amplifiers 85-88 is embodied in balance and volume control
      circuitry generally designated 120. The circuitry 120 includes a first
      pair of common emitter connected NPN type transistors 121 and 122, a
      second pair of common emitter connected NPN type transistors 123 and 124
      and a third type of common emitter connected NPN type transistors 125 and
      126. The emitters of the transistors 121 and 122 are connected to the
      collector of an NPN type transistor 130, the emitter of which is connected
      to ground 22 through a resistor 131. The emitters of the transistors 123
      and 124 are connected to the collector of the transistor 121 and the
      emitters of the transistors 125 and 126 are connected to the collector of
      the transistor 122. The base of the transistor 130 is connected through a
      resistor 132 to the anode of a diode 133, the cathode of which is
      connected to ground 22, and through a resistor 134 to the emitter of an
      NPN type transistor 135 and the collector of an NPN type transistor 136.
      The base of the transistor 136 is connected to the junction of the
      resistor 132 and the diode 133 and the emitter is connected to ground 22.
      The base of the transistor 135 is connected through a resistor 140 to the
      emitter of a PNP type transistor 141, the collector of which is connected
      to ground 22 and the base of which is connected to the movable contact of
      a potentiometer 142 connected between a terminal 143 and ground. The base
      of the transistor 135 is also connected to one collector of a lateral dual
      collector PNP type transistor 145. The collector of the transistor 135 is
      connected to the emitter of the transistor 145 and to the B+++ terminal.
      The second collector of the transistor 145 is connected to the base
      thereof and through a resistor 146 to the base of an NPN type transistor
      147. The collector of the transistor 147 is connected to the B+++ terminal
      and the emitter is connected through a resistor 148 to the base thereof
      and through a resistor 149 to the base of the transistor 136. The
      potentiometer 142 controls the amount of current flowing in the transistor
      130, relatively independent of variations in temperature and power supply
      voltages.
PAR  The base of the transistor 122 is connected through a resistor 155 to the
      movable contact of a potentiometer 156, which is connected between the
      terminal 143 and ground. The terminal 143 is connected to the terminal
      B+++ by a resistor 157. The base of the transistor 122 is also connected
      to a junction point 158 by a resistor 159. The base of the transistor 121
      is connected to the junction point 158 by a resistor 160. The junction
      point 158 is connected through a resistor 161 to the emitter of an NPN
      type transistor 162 and through a resistor 163 to ground. The base of the
      transistor 123 is connected through a resistor 165 to the emitter of the
      transistor 162 and the base of the transistor 124 is connected to the
      emitter of the transistor 162 through a resistor 166. The base of the
      transistor 125 is connected through a resistor 167 to the emitter of the
      transistor 162 and the base of the transistor 126 is connected through a
      resistor 168 to the emitter of the transistor 162. The base of the
      transistor 123 is also connected through a resistor 170 to the movable
      contact of a potentiometer 171, which is connected between the terminal
      143 and ground 22. The base of the transistor 126 is connected through a
      resistor 172 to the movable contact of a potentiometer 173, which is
      connected between the terminal 143 and ground 22. The base of the
      transistor 162 is connected to the B+ terminal and the collector is
      connected to the B+++ terminal. The collector of the transistor 123 is
      connected to the emitter of a current shunt, NPN type transistor 175 and
      through a resistor 176 to the base thereof. The collector of the
      transistor 175 is connected to the B+++ terminal. The base of the
      transistor 175 provides one output from the balance and volume control
      circuit 120 and is connected to the common emitters of the transistors 90
      and 91 in the gain control amplifier 85. The collector of the transistor
      124 is connected to the emitter of a current shunt, NPN type transistor
      177 and, through a resistor 178 to the base thereof. The collector of the
      transistor 177 is connected to the B+++ terminal. The base of the
      transistor 177 provides a second output of the balance and volume control
      circuit 120 and is connected to the common emitters of a differential
      amplifier (not shown in detail) in the gain control amplifier 86. The
      collector of the transistor 125 is connected to the emitter of a current
      shunt, NPN type transistor 179 and through a resistor 180 to the base
      thereof. The collector of the transistor 179 is connected to the B+++
      terminal. The base of the transistor 179 provides an output of the balance
      and volume control circuit 120 and is connected to the common emitters of
      a differential amplifier (not shown in detail) in the gain control
      amplifier 87. The collector of the transistor 126 is connected to the
      emitter of a current shunt, NPN type transistor 181 and through a resistor
      182 to the base thereof. The collector of the transistor 181 is connected
      to the terminal B+++. The base of the transistor 181 provides an output of
      the balance and volume control circuit 120 and is connected to the common
      emitters of a differential amplifier (not shown in detail) in the gain
      control amplifier 88.
PAR  In the operation of the balance and volume control circuit 120, all of the
      operating current for the four amplifiers 85-88 is carried by the
      transistor 130. The amount of this current flowing in the transistor 130
      is determined by the setting of the potentiometer 142 and the remaining
      circuitry connected to the base of the transistor 130, which determines
      the total volume of the system. The current flowing through the transistor
      130 is divided into two paths, including transistor 121 and transistor 122
      respectively, and the setting of the potentiometer 156 determines the
      relative amount of the total current flowing in each of the transistors
      121 and 122. In the present embodiment the transistor 121 carries all of
      the current for the left back and right back amplifiers 85 and 86 and the
      transistor 122 carries all of the current for the left front and right
      front amplifiers 87 and 88. The current passing through the transistor 121
      is divided into two paths, including transistors 123 and 124 respectively,
      and the setting of the potentiometer 171 determines the relative amount of
      current flowing in each of the transistors 123 and 124. The current
      flowing in the transistor 122 is divided into two paths, including
      transistors 125 and 126 respectively, and the setting of the potentiometer
      173 determines the relative amount of current flowing in each of the
      transistors 125 and 126. Thus, the potentiometer 142 is a master volume
      control, the potentiometer 156 is a front-to-back balance control, the
      potentiometer 171 is a left back to right back balance control and the
      potentiometer 173 is a left front to right front balance control. The
      balance controls 156, 171 and 173 control the absolute balance between the
      four channels regardless of the setting of the volume control 142. In the
      event that the current flowing in one of the channels is too high because
      of extreme adjustments of the balance controls, the current shunt
      transistors 175, 177, 179 or 181 will be biased into conduction and will
      shunt the excess current to protect the remaining circuitry in the
      channel.
PAR  Thus, an improved control circuit for an audio reproducing system having a
      plurality of speakers driven by signals from four channels, which signals
      are derived from a two channel input, is disclosed. The control circuit
      includes improved enhancement circuitry, improved amplifiers in each
      channel and improved balance and control circuitry which provides the
      overall system with many advantages not available in prior art circuitry.
      Throughout the description of the preferred embodiment specific sizes of
      components and types of semiconductor devices have been disclosed, and it
      should be understood that these specific components are disclosed for
      exemplary purposes only and one skilled in the art might incorporate
      different types of semiconductor devices or semiconductor devices having a
      different type of conductivity. Further, this entire circuit is designed
      for incorporating into an IC chip but is should be understood that the
      circuit could be provided in discrete form also. While I have shown and
      described a specific embodiment of this invention, further modifications
      and improvements will occur to those skilled in the art. I desire it to be
      understood, therefore, that this invention is not limited to the
      particular form shown and I intend in the appended claims to cover all
      modifications which do not depart from the spirit and scope of this
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an audio reproducing system having a plurality of speakers driven by
      signals from four channels, which signals are derived from a two channel
      input, a control circuit comprising:
PA1  a. logic circuitry for separating the four channels into two pairs of
      channels and determining which signals in the two pairs of channels are
      dominant and providing output signals indicative thereof;
PA1  b. adjustable enhancement circuitry connected to receive the output signals
      from said logic circuitry and providing a pair of output signals for
      substantially increasing the output of the speakers driven by the dominant
      channels and reducing the output of the remaining speakers, said
      enhancement circuitry including first and second amplifier sections
      connected together so that the output voltage of one section increases as
      the output voltages of the other section decreases and vice versa, the
      output voltage of said sections being controlled by the output signals
      from said logic circuitry, said amplifier sections being constructed so
      that the output voltage of either section can only decrease to a minimum
      predetermined value, and said amplifier sections further being constructed
      so that the decrease of output voltage in either section occurs
      substantially more rapidly than the increase of output voltage in the
      other section;
PA1  c. four gain control amplifiers each connected to a different channel and
      connected to drive a speaker associated with that channel, said gain
      control amplifiers further being connected in pairs and each pair being
      connected to receive one of the output signals from said adjustable
      enhancement circuitry for substantially increasing the drive provided by
      one pair of amplifiers while reducing the drive provided by the remaining
      pair of amplifiers in accordance with the output signals of said
      enhancement circuitry; and
PA1  d. balance and volume control circuitry connected to said gain control
      amplifiers for controlling the drive to each of said amplifiers relative
      to each of the other amplifiers.
NUM  2.
PAR  2. In an audio reproducing system, a control circuit as claimed in claim 1
      wherein said enhancement circuitry includes an enhancement control circuit
      connected to variably control said amplifier sections and including a pair
      of transistors connected as a differential amplifier with common emitters
      and a third transistor coupling the common emitters to a reference
      potential, means attached to a control electrode of said third transistor
      for controlling the amount of enhancement, a control electrode of each of
      said pair of transistors connected to receive the output signals from said
      logic circuitry, and a unidirectional current conducting device coupled
      between each control electrode of said pair of transistors and the control
      electrode of said third transistor for controlling the current flowing in
      said pair of transistors in accordance with current flowing in said
      unidirectional current conducting devices.
NUM  3.
PAR  3. In an audio reproducing system, a control circuit as claimed in claim 2
      wherein said third transistor of the enhancement control circuit has
      variable means coupled to said control electrode thereof for varying the
      amount of enhancement.
NUM  4.
PAR  4. In an audio reproducing system, a control circuit as claimed in claim 3
      wherein said enhancement circuitry further includes a split collector
      transistor of a first conductivity type having two collectors, an emitter
      and a control electrode, first and second transistors of a second
      conductivity type each having first, second and control electrodes, and a
      storage capacitor coupled between a reference potential and one collector
      of said split collector transistor, said one collector providing the
      amplifier section output, the other collector being connected to the
      control electrode of said split collector transistor and to the first
      electrode of said first transistor, the second electrode of said first
      transistor being coupled to the common emitters of said pair of
      transistors, the control electrode of said first transistor being
      connected to the second electrode of said second transistor, the first
      electrode of said second transistor being connected to the emitter of said
      split collector transistor and coupled to a voltage source, the control
      electrode of said second transistor being connected to a voltage divider
      circuit coupled between the first electrode of said second transistor and
      the output of said pair of transistors.
NUM  5.
PAR  5. In an audio reproducing system, a control circuit as claimed in claim 4
      wherein said split collector transistor is a PNP conductivity type and the
      first and second transistors are each of an NPN conductivity type with the
      first electrode thereof being a collector and the second electrode thereof
      being an emitter.
NUM  6.
PAR  6. In an audio reproducing system having a plurality of speakers driven by
      signals from four channels, which signals are derived from a two channel
      input, a control circuit comprising:
PA1  a. logic circuitry for separating the four channels into two pairs of
      channels and determining which signals in the two pairs of channels are
      dominant and providing output signals indicative thereof;
PA1  b. adjustable enhancement circuitry connected to receive the output signals
      from said logic circuitry and to provide a pair of output signals for
      substantially increasing the output of the speakers driven by the dominant
      channels and reducing the output of the remaining speakers;
PA1  c. four gain control amplifiers each connected to a different channel and
      connected to drive a speaker associated with that channel, said gain
      control amplifiers further being connected in pairs and each pair being
      connected to receive one of the output signals from said enhancement
      circuit for substantially increasing the drive provided by one pair of
      amplifiers while reducing the drive provided by the remaining pair of
      amplifiers in accordance with the output signals of said enhancement
      circuitry, each of said gain control amplifiers including a differential
      amplifier having an input coupled to receive the signal from one of the
      channels and a pair of outputs coupled to differential to single ended
      converter, one of the outputs of said enhancement circuit being coupled to
      said differential amplifier for controlling the amount of signal current
      applied thereto from said one channel; and
PA1  d. balance and volume control circuitry connected to said amplifiers for
      controlling the amount of current flowing in each of said amplifiers
      relative to each of the other amplifiers.
NUM  7.
PAR  7. In an audio reproducing system, a control circuit as claimed in claim 6
      wherein the differential amplifier includes a pair of common emitter
      connected transistors, the collectors of which are the outputs, said
      emitters being coupled to the balance and volume control circuitry, and a
      pair of diodes connected in a back-to-back relationship between the
      control electrodes of said common emitter connected transistors with the
      junction between said pair of diodes being coupled to a reference
      potential through a pair of transistors one of which has a control
      electrode coupled to receive an output signal from said adjustable
      enhancement circuitry to control the potential at the junction of said
      pair of diodes.
NUM  8.
PAR  8. In an audio reproducing system, a control circuit as claimed in claim 6
      wherein the converter includes first and second transistors of a first
      conductivity type and a third transistor of a second conductivity type,
      each of said transistors having first, second and control electrodes, the
      second electrode of said first transistor being coupled to one of the
      outputs of the differential amplifier and the second electrode of said
      second transistor being resistively coupled to the other output of the
      differential amplifier and to the second electrode of said first
      transistor, the first electrode of said first transistor being coupled to
      the control electrode of said third transistor, the first electrode of
      said second transistor and the second electrode of said third transistor
      being coupled to a source of voltage, and the control electrode of said
      first transistor being coupled to a second source of voltage.
NUM  9.
PAR  9. In an audio reproducing system, a control circuit as claimed in claim 8
      wherein the third transistor is a lateral split collector type and the
      second collector is connected to the control electrode thereof.
NUM  10.
PAR  10. In an audio reproducing system having a plurality of speakers driven by
      signals from four channels, which signals are derived from a two channel
      input, a control circuit comprising:
PA1  a. logic circuitry for separating the four channels into two pairs of
      channels and determining which signals in the two pairs of channels are
      dominant and providing output signals indicative thereof;
PA1  b. enhancement circuitry connected to receive the output signals from said
      logic circuitry and to provide a pair of output signals for substantially
      increasing the output of the speakers driven by the dominant channels and
      reducing the output of the remaining speakers;
PA1  c. four gain control amplifiers each connected to a different channel and
      connected to drive a speaker associated with that channel, said gain
      control amplifiers further being connected in pairs and each pair being
      connected to receive one of the output signals from said adjustable
      enhancement circuitry for substantially increasing the drive provided by
      one pair of amplifiers while reducing the drive provided by the remaining
      pair of amplifiers in accordance with the output signals from said
      adjustable enhancement circuitry; and
PA1  d. balance and volume control circuitry connected to said amplifiers for
      controlling the amount of current flowing in each of said amplifiers
      relative to each of the other amplifiers, said balance and volume control
      circuitry including a balanced differential amplifier circuit conducting
      the control current for all four of said gain control amplifiers in one
      leg, said differential amplifier circuit including four separate legs
      coupled to said one leg and each of said four separate legs conducting the
      current for a separate one of said gain control amplifiers, and controls
      coupled to said one leg for controlling the total volume and to said four
      separate legs for controlling the balance or relative volume between
      channels.
NUM  11.
PAR  11. In an audio reproducing system, a control circuit as claimed in claim
      10 having means for providing a reference potential and wherein the one
      leg includes a first transistor having a first electrode coupled to said
      means for providing reference potential, a second electrode coupled to the
      emitters of a first pair of common emitter connected transistors, and a
      control electrode coupled to a total volume control for controlling the
      amount of current flowing through said first transistor.
NUM  12.
PAR  12. In an audio reproducing system, a control circuit as claimed in claim
      11 wherein one transistor of the first pair of common emitter connected
      transistors has the emitters of a second pair of common emitter connected
      transistors coupled to the collector thereof and the other transistor of
      the first pair has the emitters of a third pair of common emitter
      connected transistors coupled to the collector thereof.
NUM  13.
PAR  13. In an audio reproducing system, a control circuit as claimed in claim
      11 wherein the control electrodes of the transistors in the first pair are
      coupled to a first control for unbalancing the currents flowing in each of
      the transistors in the first pair to control the relative volume between
      the two pairs of channels.
NUM  14.
PAR  14. In an audio reproducing system, a control circuit as claimed in claim
      12 wherein the control electrodes of the transistors in the second pair
      are coupled to a second control for unbalancing the currents flowing in
      each of the transistors in the second pair to control the relative volume
      between the two channels in one of the pairs of channels and the control
      electrodes of the transistors in the third pair are coupled to a third
      control for unbalancing the currents flowing in each of the transistors in
      the third pair to control the relative volume between the two channels in
      the other of the pairs of channels.
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ABST
PAL  In a combined audio system including main audio apparatus, auxiliary audio
      apparatus comprising at least one of a phonograph record player and a
      magnetic recorder and/or reproducer having automatic shut-off mechanisms,
      a power supply switching circuit is disclosed comprising a main switch and
      a plurality of auxiliary switches for applying power to the main audio
      apparatus and the auxiliary audio apparatus. The auxiliary switches are
      controlled by the automatic shut-off mechanism to de-energize the
      auxiliary audio apparatus and, additionally, selectively supply power
      therethrough to the main audio apparatus whereby the main audio apparatus
      is de-energized when the auxiliary audio apparatus is de-energized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a power supply circuit and, more particularly, to
      a power supply circuit for use in a combined audio system.
PAR  2. Description of the Prior Art
PAR  A combined audio system is well known, a typical system comprising a
      combination stereo signal apparatus for processing and reproducing audio
      signals. Generally, such combination stereo apparatus includes a main
      audio apparatus such as a signal receiver including an amplifier and at
      least one loudspeaker, and auxiliary audio apparatus such as a record
      player and/or a tape deck. In some combination stereo apparatus, an
      automatic de-energizing mechanism is arranged by which the record player
      or the tape deck is de-energized to be non-operative at the end of play of
      the recorded medium (e.g. record or tape) and then the receiver is
      de-energized to be non-operative. With this mechanism, even if the user
      falls asleep during the operation of the system, the record player and the
      receiver are conveniently de-energized (or shut-off) to be non-operative
      at the end of play of the recorded medium.
PAR  However, when the tape deck including an automatic shut-off mechanism is
      used in the combination stereo apparatus exhibiting the automatic
      de-energizing mechanism, the tape deck normally is de-energized at the end
      of play of the tape, but the receiver is not concurrently de-energized and
      thus remains operative. Accordingly, the conventional combination stereo
      apparatus has the disadvantage that the automatic de-energizing operation
      cannot be performed during the tape reproducing mode.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of this invention to provide an improved and
      novel power supply circuit for a combined audio system.
PAR  Another object of this invention is to provide a power supply circuit for a
      combined audio system, the system comprising a main audio apparatus and at
      least one auxiliary audio apparatus having an automatic shut-off mechanism
      and in which the main audio apparatus and the auxiliary audio apparatus
      are de-energized with the actuation of the automatic shut-off mechanism.
PAR  A further object of this invention is to provide a power supply circuit for
      a combined audio system which comprises a main audio apparatus and first
      and second auxiliary audio apparatus having automatic shuff-off
      mechanisms, and in which the main audio apparatus remains energized even
      after one auxiliary audio apparatus is de-energized by its automatic
      shut-off mechanism, until or unless the other auxiliary audio apparatus is
      de-energized by its automatic shut-off mechanism.
PAR  Various other objects and advantages will become apparent from the ensuing
      description of preferred embodiments of the present invention, and the
      novel features will be particularly pointed out in the appended claims.
PAR  In accordance with this invention, a power supply circuit is provided for
      use in a combined audio system, the system including main audio apparatus
      and auxiliary audio apparatus, and comprising a main switch such as a
      change-over switch connected to the main audio apparatus; first and second
      auxiliary switches such as ON-OFF switches connected in series with each
      other and interlocked for simultaneous operation, the auxiliary switches
      being connected to the auxiliary audio apparatus for supplying power
      thereto; and wherein the main audio apparatus is connected directly to a
      power source in the first change-over position of the main switch and the
      main audio apparatus is connected to the power source through at least one
      of the auxiliary switches in the second change-over position of the main
      switch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a power supply circuit adapted for use with a
      combined audio system according to one embodiment of this invention; and
PAR  FIG. 2 is a block diagram of a power supply circuit adapted for use with a
      combined audio system according to another embodiment of this invention.
DETD
PAC  DESCRIPTION OF CERTAIN ONES OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and, in particular, to FIG. 1, a power supply
      system for a combined audio system according to one embodiment of this
      invention will be described. The combined audio system is here provided
      with a record player, a tape deck and a receiver. It should be appreciated
      that the "combined audio system" as used throughout may include a
      component stereo system, separate stereo apparatus, an ensemble stereo
      apparatus, modulus stereo apparatus, and the like, well-known to those of
      ordinary skill in the audio equipment art.
PAR  In the combined audio system shown in FIG. 1, a record player 1, which may
      comprise a conventional automatic turn table, manual turn table, or the
      like is provided as a first auxiliary audio apparatus and a tape deck 2,
      which may comprise a reel-to-reel, cassette or cartridge
      recorder/reproducer, is provided as a second auxiliary audio apparatus.
      Both auxiliary apparatus have automatic shut-off mechanisms so as to be
      de-energized when the record supply or tape supply is exhausted,
      respectively. Such mechanisms are conventional. A receiver 3 is provided
      as a main audio apparatus. The receiver 3 typically comprises a tuner, a
      pre-amplifier, a main amplifier and a loudspeaker to which audio signals
      are supplied. Terminals A of the record player 1 and the receiver 3 are
      connected in common to one line 11 of a power source which, for example,
      may supply AC 100V. Another terminal B of the receiver 3 is connected to a
      movable contact 13 of a main switch S.sub.1. The main switch S.sub.1 is
      provided with a first fixed contact 14 and a second fixed contact 15. The
      fixed contact 14 is connected directly to another line 12 of the power
      source and the fixed contact 15 is connected through a conductor 16 to
      auxiliary switches S.sub.2-1 and S.sub.2-2 to be described.
PAR  The auxiliary switches S.sub.2-1 and S.sub.2-2 are connected in series with
      each other and serve to connect another terminal B of the record player 1
      to the line 12. The switches S.sub.2-1 and S.sub.2-2 are interlocked for
      simultaneous operation and are adapted to be actuated by an automatic
      return mechanism (not shown) which conventionally functions as the
      automatic shut-off mechanism of the record player 1, to interrupt the
      power supplied to the record player 1.
PAR  A third auxiliary switch S.sub.3-1 is connected in parallel with the first
      auxiliary switch S.sub.2-1 between the line 12 and the conductor 16. A
      fourth auxiliary switch S.sub.3-2, interlocked with the third auxiliary
      switch S.sub.3-1 for simultaneous operation therewith, is connected
      between the power supply terminal B of the tape deck 2 and the auxiliary
      power supply terminal B of the receiver 3. The auxiliary switches
      S.sub.3-1 and S.sub.3-2 are adapted to be actuated by the automatic
      shut-off mechanism (not shown) contained in the tape deck 2, to interrupt
      the power supplied to the tape deck. Terminal A of the tape deck 2 and the
      auxiliary power supply terminal A of the receiver 3 are connected to each
      other by a conductor 17. Accordingly, when the switch S.sub.3-2 is closed
      and power is supplied to the receiver 3, power is also supplied to the
      tape deck 2 via the receiver auxiliary power supply terminals, as is
      conventional.
PAR  In FIG. 1, the power supply lines are shown as solid lines and some of the
      signal lines are represented as broken lines. The signal lines are seen to
      interconnect the receiver 3, the tape deck 2 and the record player 1.
PAR  When the pre-amplifier and main amplifier of the receiver 3 are used in
      combination with the tape deck 2 to reproduce signals from a recorded
      tape, the switches S.sub.3-1 and S.sub.3-2 which are interlocked with each
      other, are closed and the movable contact 13 of the main switch S.sub.1 is
      connected to the fixed contact 15. Thus, power is supplied to the receiver
      3 from the power source, via line 12, through switch S.sub.3-1, the fixed
      contact 15 of the main switch S.sub.1 and the movable contact 13 to
      terminal B. At the same time, power is derived at the receiver auxiliary
      power supply terminal B and is supplied to the tape deck 2 through the
      closed switch S.sub.3-2. A power return path extends from the terminal A
      of the tape deck via conductor 17 to the auxiliary power supply terminal A
      of the receiver, and from the receiver to line 11. Accordingly, the output
      from the tape deck 2 is supplied through the preamplifier and the main
      amplifier of the receiver 3 to the loudspeaker (not shown) to perform the
      desirable signal reproduction. If the tape breaks or if the tape supply is
      exhausted, the automatic shut-off mechanism of the tape deck 2 operates in
      conventional manner to open switches S.sub.3-1 and S.sub.3-2, so that the
      power supplied to the tape deck 2 is interrupted and further operation
      thereof terminates. Simultaneously, when the switch S.sub.3-1 opens, the
      power supplied to the receiver 3 is interrupted. Consequently, the
      automatic de-energization of the combined audio system is effected at the
      end of play of the tape.
PAR  Now, when the pre-amplifier and main amplifier of the receiver 3 are used
      in combination with the record player 1 to reproduce signals from a
      recorded disc, the switches S.sub.2-1 and S.sub.2-2, which are interlocked
      with each other, are closed and the movable contact 13 of the main switch
      S.sub.1 is connected to the fixed contact 15. Thus, power is supplied to
      the receiver 3 from the power source, via line 12, through the switch
      S.sub.2-1, the conductor 16, the fixed contact 15 of the main switch
      S.sub.1 and the movable contact 13 to the terminal B.
PAR  At the same time, power is supplied to terminal B of the record player 1
      from line 12 through the closed switches S.sub.2-1 and S.sub.2-2. The
      record player 1 and the receiver 3 are thus energized. Accordingly, the
      signals reproduced from the recorded disc are supplied through the
      pre-amplifier and the main amplifier of the receiver 3 to the loudspeaker
      (not shown) to perform the desirable signal reproduction. When the record
      playing operation terminates, the automatic shut-off mechanism included in
      the record player operates in conventional manner to return the pick-up
      arm automatically to its rest position and to open the auxiliary switches
      S.sub.2-1 and S.sub.2-2, so that the power supplied to the record player 1
      is interrupted and further operation thereof ceases. Simultaneously, when
      the switch S.sub.2-1 opens, the power supplied to the receiver 3 is
      interrupted. Consequently, the automatic de-energization of the combined
      audio system is effected with the end of the record playing.
PAR  The foregoing has described the power supply circuit when the receiver 3 is
      used in combination with either the tape deck 2 or the record player 1.
      Let it now be assumed that the pre-amplifier and main amplifier of the
      receiver are used in combination with the record player to reproduce
      signals from a recorded disc for sound reproduction, and that
      simultaneously the reproduced signals are supplied to the tape deck to be
      recorded on tape. The auxiliary switches S.sub.2-1, S.sub.2-2, S.sub.3-1
      and S.sub.3-2 are closed and the movable contact 13 of the main switch
      S.sub.1 is connected to the fixed contact 15. If the tape breaks or if the
      tape supply is exhausted before the record playing operation terminates,
      the switches S.sub.3-1 and S.sub.3-2 open in response to the tape deck
      automatic shut-off mechanism, but the switches S.sub.2-1 and S.sub.2-2
      remain closed. Consequently, power is continued to be supplied to the
      receiver 3 even after the tape deck is de-energized. Once the record
      playing operation ceases, the power supplied to the receiver 3 is
      interrupted. Accordingly, the record playing is not prematurely
      terminated, but can be performed to its normal conclusion.
PAR  It is appreciated that when the switches S.sub.2-1, S.sub.2-2, S.sub.3-1
      and S.sub.3-2 are closed, power is supplied to terminal B of the receiver
      3 from the power source via line 12, through a parallel circuit comprising
      the auxiliary switches S.sub.3-1 and S.sub.2-1, the conductor 16, fixed
      contact 15 of the main switch S.sub.1 and the movable contact 13 of the
      main switch. As aforedescribed, power is derived at the receiver auxiliary
      power supply terminal B and is supplied to the tape deck 2 through the
      closed switch S.sub.3-2. Also, the power supplied through the parallel
      circuit formed of switches S.sub.3-1 and S.sub.2-1 is further transmitted
      through the auxiliary switch S.sub.2-2 to terminal B of the record player
      1. Thus, the receiver 3, the tape deck 2 and the record player 1 are
      energized. The signals reproduced in the record player 1 are supplied to
      the loudspeaker (not shown) through the pre-amplifier and the main
      amplifier of the receiver 3. Simultaneously, the reproduced signals are
      recorded on the tape by the tape deck 2. As noted above, if the tape
      breaks or if the tape supply is exhausted during the record playing
      operation, the automatic shut-off mechanism included in the tape deck
      operates to open the auxiliary switches S.sub.3-1 and S.sub.3-2, so that
      the power supplied to the tape deck is interrupted, thereby de-energizing
      the tape deck. However, power continues to be supplied to the receiver 3
      and the record player 1 through the auxiliary switch S.sub.2-1 which has
      remained closed, and through switches S.sub.1 and S.sub.2-2, respectively.
      Accordingly, the record playing is not prematurely terminated. When the
      record playing ends, the automatic shut-off mechanism included in the
      record player operates to return the pick-up arm automatically to its rest
      position and to open the auxiliary switches S.sub.2-1 and S.sub.2-2. At
      this time the parallel circuit formed of switches S.sub.3-1 and S.sub.2-1,
      is opened so that the power supplied to the record player 1 is interrupted
      and the power supplied to the receiver 3 is simultaneously cut off. Thus,
      at the normal conclusion of the record playing, the power supplied to all
      of the apparatus is cut off and the combined audio system is de-energized.
PAR  In the above described example, the record player 1 and the tape deck 2
      operate independently of each other. However, their operations may be
      related. For example, the record player and the receiver can be combined
      electrically or mechanically in such a manner that the automatic shut-off
      mechanism of the record player 1 will be actuated by that of the tape deck
      and, conversely, the automatic shut-off mechanism of the tape deck will be
      actuated by that of the record player. In such an embodiment, one
      apparatus halts its operation at the end of the operation of the other.
      Consequently, the power supplied to all of the apparatus is simultaneously
      cut-off to de-energize the audio system.
PAR  When the automatic system de-energization feature is not to be used, the
      movable contact 13 of the main switch S.sub.1 is connected to the fixed
      contact 14 and the auxiliary switches for the auxiliary apparatus which
      are used are closed. Power is supplied to the receiver 3 via line 12,
      through the fixed contact 14 of the main switch S.sub.1 and the movable
      contact 13. Thus, even when the auxiliary switches are opened by the
      automatic shut-off mechanism of the tape deck 2 or the record player 1,
      power continues to be supplied to the receiver 3 through the main switch
      S.sub.1.
PAR  In the example of the combined audio system shown in FIG. 1, power is
      supplied to the tape deck 2 from the receiver 3. Hence, the voltage
      applied to the tape deck 2 need not be equal to the line voltage AC 100V.
      Accordingly, under certain circumstances, it is possible to operate the
      apparatus advantageously with a high degree of safety. If the tape deck 2
      is energized by direct currents, it is possible to derive a power source
      therefor directly from the receiver and, therefore, a power circuit for
      the tape deck is adapted to be of simplified, small-sized and inexpensive
      construction.
PAR  It should be appreciated that the power derived from the receiver auxiliary
      power supply terminals may be supplied to the record player 1 and not to
      the tape deck 2. As a further alternative, such derived power may be
      supplied from the receiver to both the tape deck and the record player.
PAR  Referring now to FIG. 2, a power supply circuit for a combined audio system
      according to another embodiment of this invention will be described. The
      audio system is here comprised of a main audio apparatus 21 and auxiliary
      audio apparatus 22 and 23. It may be appreciated that the main audio
      apparatus and the auxiliary audio apparatus may be comprised of the
      receiver 3, the record player 1 and the tape deck 2, respectively, of FIG.
      1. However, as is apparent in the FIG. 2 embodiment power is supplied
      directly to the auxiliary audio apparatus 23 from the power source and is
      not derived from the main audio apparatus. Switches S.sub.a, S.sub.b-1,
      S.sub.b-2, S.sub.c-1, and S.sub.c-2 in FIG. 2 correspond to switches
      S.sub.1, S.sub.2-1, S.sub.2-2, S.sub.3-1 and S.sub.3-2 in FIG. 1,
      respectively.
PAR  One terminal A of the auxiliary audio apparatus 23 in connected to a line
      11 of the power source and another terminal B of the auxiliary audio
      apparatus is connected to the fixed contact 15 of the main switch S.sub.a
      through the auxiliary switch S.sub.c-2. The remaining components of FIG. 2
      are seen to be substantially the same as the corresponding components of
      FIG. 1 and are electrically connected in a similar manner. Therefore, in
      the interest of brevity, further description thereof will not be provided.
      It should be noted that the auxiliary audio apparatus 22 and 23 are
      provided with automatic shut-off mechanisms, respectively, which may be of
      the type described above. Thus, at the end of signal reproduction, or at
      the conclusion of operation, the automatic shut-off mechanism operates to
      open the auxiliary switches S.sub.b-1 and S.sub.b-2 or S.sub.c-1 and
      S.sub.c-2, so that the power supplied to the corresponding auxiliary audio
      apparatus 22 or 23 is interrupted.
PAR  If the main audio apparatus 21 is operated in combination with the
      auxiliary apparatus 22 or with the auxiliary audio apparatus 23, it will
      be recognized that such operable combination is substantially similar to
      the aforedescribed operation of the receiver 3 in combination with the
      record player 1 of FIG. 1. Therefore, as the manner in which this
      combination is automatically de-energized is now understood, further
      description thereof need not be provided.
PAR  Now, when the main audio apparatus 21 and the auxiliary audio apparatus 22
      and 23 are all operated in the combined audio system, the movable contact
      13 is connected to the fixed contact 15 of the main switch S.sub.a and the
      auxiliary switches S.sub.b-1, S.sub.b-2, S.sub.c-1 and S.sub.c-2 are
      closed. Power is supplied to the main audio apparatus 21 from line 12,
      through a parallel circuit formed of the auxiliary switches S.sub.b-1 and
      S.sub.c-1, the conductor 16, the fixed contact 15 of the main switch
      S.sub.a and the movable contact 13. Power is also supplied to the
      auxiliary audio apparatus 22 through the above-mentioned parallel circuit
      and the auxiliary switch S.sub.b-2. Further, power is supplied to the
      auxiliary audio apparatus 23 through the above-mentioned parallel circuit
      and the auxiliary switch S.sub.c-2. Accordingly, the main audio apparatus
      21 and the auxiliary audio apparatus 22 and 23, respectively, are
      energized for operation. When the play of the auxiliary audio apparatus 22
      ends, for example, the automatic shut-off mechanism therein is actuated to
      open the auxiliary switches S.sub.b-1 and S.sub.b-2 so that the supply of
      power thereto is interrupted and the operation of the auxiliary audio
      apparatus 22 ceases. Nevertheless, power remains supplied to the main
      audio apparatus 21 and to the auxiliary audio apparatus 23 through the
      closed auxiliary switch S.sub.c-1. Subsequently, when the play of the
      auxiliary audio apparatus 23 ends, the automatic shut-off mechanism
      therein is actuated to open the auxiliary switches S.sub.c-1 and S.sub.c-2
      so that the supply of power thereto is interrupted and the operation of
      the auxiliary audio apparatus 23 ceases. Simultaneously, the opening of
      the switch S.sub.c-1 interrupts the power supplied to the main audio
      apparatus 21, thereby automatically de-energizing the audio system.
PAR  When the automatic shut-off mechanisms of the auxiliary audio apparatus 22
      and 23 operate independently of each other, as above mentioned, the power
      supplied to the main audio apparatus 21 is not interrupted with the
      termination of the operation of either the auxiliary audio apparatus 22 or
      the auxiliary audio apparatus 23. The power supplied to the main audio
      apparatus 21 is, however, interrupted after the operations of both the
      auxiliary audio apparatus 22 and the auxiliary audio apparatus 23 end.
PAR  Conversely, if the automatic shut-off mechanisms of the auxiliary audio
      apparatus 22 and 23 are interdependent with respect to each other, the
      operation of the auxiliary audio apparatus 23 ceases with the termination
      of the operation of the auxiliary audio apparatus 22. Simultaneously, the
      operation of the main audio apparatus is terminated. Thus, the power
      supplied to all of the apparatus is simultaneously cut off to thereby
      de-energize the audio system.
PAR  When the automatic de-energization feature of the combined audio system is
      not exploited, the movable contact 13 is connected to the fixed contact 14
      of the main switch S.sub.a and the auxiliary switches for the auxiliary
      apparatus to be used is closed. Since power is supplied to the main audio
      apparatus 21 from the line 12, through the fixed contact 14 and the
      movable contact 13 of the main switch S.sub.a, the power supplied to the
      main audio apparatus is not interrupted when the auxiliary switch
      S.sub.b-1 or S.sub.c-1 is opened in response to the termination of the
      operation of the corresponding auxiliary audio apparatus 22 or 23.
PAR  Since the power supplied to the main audio apparatus is controlled as above
      mentioned, the main audio apparatus can be used with each of the auxiliary
      audio apparatus, for example, the tape deck and the record player in the
      automatic de-energization mode. Advantageously, the combined audio system
      can be automatically de-energized so that, in the event the user thereof
      no longer exercises supervision or control thereof, for example, if the
      user falls asleep, the system nevertheless automatically turns itself off.
PAR  Although illustrative embodiments of the invention have been described in
      detail herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications can be effected therein by one
      skilled in the art without departing from the scope and spirit of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a combined audio system including main audio apparatus having an
      amplifier and auxiliary audio apparatus connected to said main audio
      apparatus and having automatic shut-off means, a power supply circuit
      comprising:
PA1  main switch means connected between said main audio apparatus and a source
      of power and being operable to a first position for connecting said source
      to said main audio apparatus for energizing said main audio apparatus, and
      to a second position;
PA1  auxiliary switch means comprised of at least first and second
      series-connected interlocked switch means connected between said auxiliary
      audio apparatus and said source of power to selectively supply power from
      said source to said auxiliary audio apparatus, said first and second
      switch means being opened by said automatic shut-off means for
      de-energizing said auxiliary audio apparatus; and
PA1  means for connecting said main switch means in series with one of said
      first and second switch means such that power is selectively supplied to
      said main audio apparatus through said main switch means and said one
      switch means when said main switch means is operable to said second
      position.
NUM  2.
PAR  2. In a combined audio system including main audio apparatus having an
      amplifier and first and second auxiliary audio apparatus connected to said
      main audio apparatus, each of said first and second auxiliary audio
      apparatus having automatic shut-off means, a power supply circuit
      comprising:
PA1  a main switch connected to said main audio apparatus for supplying power
      thereto from a source of power;
PA1  a first set of series-connected auxiliary switches for supplying power to
      said first auxiliary audio apparatus from said source of power, said first
      set of auxiliary switches being controlled by said first auxiliary audio
      apparatus automatic shut-off means for de-energizing said first auxiliary
      audio apparatus;
PA1  a second set of series-connected auxiliary switches for supplying power to
      said second auxiliary audio apparatus from said source of power, said
      second set of auxiliary switches being controlled by said second auxiliary
      audio apparatus automatic shut-off means for de-energizing said second
      auxiliary audio apparatus; and
PA1  connecting means for connecting at least one of the switches included in
      said first set with at least one of the switches included in the second
      set in parallel relation and to said main switch to thereby selectively
      supply power to said main audio apparatus through said main switch and at
      least one of said parallel connected switches, whereby said main audio
      apparatus is de-energized when both said first and second auxiliary
      apparatus are de-energized.
NUM  3.
PAR  3. A power supply circuit in accordance with claim 2 wherein said first set
      of auxiliary switches is comprised of first and second switches connected
      in series; said second set of auxiliary switches in somprised of third and
      fourth switches connected in series, said first and third switches being
      connected in parallel by said connecting means; and wherein said main
      switch comprises a first fixed contact connected to said source of power,
      a second fixed contact connected to said connecting means and a movable
      contact connected to said main audio apparatus for selectively contacting
      one of said fixed contacts.
NUM  4.
PAR  4. A power supply circuit in accordance with claim 2 wherein said first
      auxiliary audio apparatus comprises phonograph record playing means and
      said second auxiliary audio apparatus comprises magnetic tape recording
      and/or reproducing means.
NUM  5.
PAR  5. In a combined audio system including main audio apparatus having an
      amplifier and auxiliary power output terminals, and first and second
      auxiliary audio apparatus connected to said main audio apparatus, each of
      said first and second auxiliary audio apparatus having automatic shut-off
      means, a power supply circuit comprising:
PA1  a main switch connected to said main audio apparatus for supplying power
      thereto from a source of power;
PA1  first and second auxiliary switches connected in series between said source
      of power and said first auxiliary audio apparatus for supplying power to
      said first auxiliary audio apparatus, said first and second auxiliary
      switches being controlled by said first auxiliary audio apparatus
      automatic shut-off means for de-energizing said first auxiliary audio
      apparatus;
PA1  a third auxiliary switch connected in parallel with said first auxiliary
      switch and being controlled by said second auxiliary audio apparatus
      automatic shut-off means;
PA1  a fourth auxiliary switch interlocked with said third auxiliary switch for
      simultaneous operation therewith, said fourth auxiliary switch connected
      between said auxiliary power output terminals of said main audio apparatus
      and said second auxiliary audio apparatus for supplying power derived at
      said auxiliary power output terminals to said second auxiliary audio
      apparatus, said fourth auxiliary switch being operable to de-energize said
      second auxiliary audio apparatus in response to said second auxiliary
      audio apparatus automatic shut-off means; and
PA1  connecting means for connecting said parallel first and third auxiliary
      switches to said main switch to thereby selectively supply power to said
      main audio apparatus through said main switch and at least one of said
      first and third auxiliary switches, whereby said main audio apparatus is
      de-energized when both said first and second auxiliary apparatus are
      de-energized.
NUM  6.
PAR  6. A power supply circuit in accordance with claim 5 wherein said main
      switch comprises a first fixed contact connected to said source of power,
      a second fixed contact connected to said connecting means and a movable
      contact connected to said main audio apparatus for selectively contacting
      one of said fixed contacts.
NUM  7.
PAR  7. A power supply circuit in accordance with claim 5 wherein said first
      auxiliary audio apparatus comprises phonograph record playing means and
      said second auxiliary audio apparatus comprises magnetic tape recording
      and/or reproducing means.
NUM  8.
PAR  8. In a combined audio system including main audio apparatus having an
      amplifier and first and second auxiliary audio apparatus connected to said
      main apparatus, each of said first and second auxiliary audio apparatus
      having automatic shut-off means, a power supply circuit comprising:
PA1  main switch means connected to said main audio apparatus and being operable
      to a first position for connecting a source of power to said main audio
      apparatus for energizing same, and to a second position;
PA1  first auxiliary switch means for supplying power therethrough from said
      source of power to said first auxiliary audio apparatus for energizing
      same, said first auxiliary switch means being controlled by said first
      auxiliary audio apparatus automatic shut-off means for de-energizing said
      first auxiliary audio apparatus;
PA1  second auxiliary switch means for supplying power therethrough to said
      second auxiliary audio apparatus for energizing same, said second
      auxiliary switch means being controlled by said second auxiliary audio
      apparatus automatic shut-off means for de-energizing said second auxiliary
      audio apparatus; and
PA1  connecting means for connecting said main switch means in common to said
      first and second auxiliary switch means such that power is supplied to
      said main audio apparatus through at least one of said first and second
      auxiliary switch means when said main switch means is operable to said
      second position, and whereby said main audio apparatus is de-energized
      when both said first and second auxiliary apparatus are de-energized.
NUM  9.
PAR  9. A power supply circuit in accordance with claim 8 wherein said first
      auxiliary switch means is comprised of first and second switches connected
      in series; said second auxiliary switch means is comprised of third and
      fourth switches connected in series, said first and third switches being
      connected in parallel; and wherein said main switch means comprises a
      first fixed contact connected to said source of power, a second fixed
      contact connected to said connecting means and a movable contact connected
      to said main audio apparatus for selectively contacting one of said fixed
      contacts.
NUM  10.
PAR  10. A power supply circuit in accordance with claim 8 wherein said main
      audio apparatus includes auxiliary power output terminals said first
      auxiliary switch means is comprised of first and second switches connected
      in series; said second auxiliary switch means is comprised of a third
      switch connected in parallel with said first switch and a fourth switch
      interlocked with said third switch for simultaneous operation therewith,
      said fourth switch being connected between said auxiliary power output
      terminals and said second auxiliary audio apparatus; and wherein said main
      switch means comprises a first fixed contact connected to said source of
      power, a second fixed contact connected to said connecting means and a
      movable contact connected to said main audio apparatus for selectively
      contacting one of said fixed contacts.
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ABST
PAL  An acoustic power system includes a speaker which generates acoustic energy
      in response to electrical driving signals. Electrical representations of
      the acoustic energy generated by the speaker are effectively subtracted
      from electrical input signals having a preselected frequency response to
      produce electrical error signals. The error signals are amplified to
      produce the electrical driving signals which operate the speaker. In the
      preferred embodiment, the electrical representations of the acoustic
      energy generated by the speaker are produced by detecting a portion of the
      impedance produced across the speaker voice coil.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the generation of acoustic energy, and more
      particularly to a method and apparatus for producing a uniform acoustic
      output over a preselected frequency range in response to a linear input
      signal.
PAC  THE PRIOR ART
PAR  A great deal of work has heretofore been conducted in order to produce
      audio systems which generate acoustic energy having linear frequency
      responses, along with desirable acoustic fidelity characteristics. The
      majority of previous efforts in optimizing the reproduction of sound have
      been concerned with matching up a particular speaker system with a certain
      type and design of amplifier for use in a restricted acoustic environment.
      However, the quality of system performance varies with such matched
      amplifier-speaker systems if the speaker system or the acoustic
      environment is changed, as by mounting the speakers in a different type of
      speaker cabinet or by operating the speakers in rooms of various volumes
      and acoustic characteristics.
PAR  Moreover, the frequency response, distortion characteristics and power
      capabilities have often not been completely satisfactory in amplifier and
      speaker combinations optimumly matched according to prior art techniques.
      Additionally, with the use of conventional amplifying circuitry, the
      resulting acoustic output from speakers has often included uncorrected
      distortions caused by imperfect speaker diaphragms or cones and from
      undesirable standing waves which occur in some horn speakers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present apparatus and method invention, an acoustic
      power system is provided wherein a transducer generates acoustic energy in
      response to electrical driving signals. Electrical representations of the
      acoustic energy produced by the transducer are compared with the system
      input signals to produce the electrical driving signals. The resulting
      acoustic energy is provided with preselected frequency and power
      characteristics even if the acoustic environment of the system is
      radically changed.
PAR  In accordance with another aspect of the invention, a speaker is provided
      for generation of acoustic energy in response to electrical driving
      signals. Circuitry senses the voltage impressed across the speaker for
      generation of electrical representations of the acoustic energy. A filter
      network produces electrical input signals having a preselected frequency
      response. Error signals are generated in response to the difference
      between the input signals and a proportion of the voltage across the
      speaker coil. Amplification circuitry is operable in dependence upon the
      error signals for generation of the electrical driving signals which
      operate the speaker.
PAR  In accordance with another aspect of the invention, a plurality of speakers
      each having different frequency characteristics are connected to circuitry
      which generate reference signals in response to the voltage across each of
      the speakers. A plurality of filter networks produce a plurality of input
      signals each having different frequency characteristics. Circuitry is
      associated with each of the speakers for effectively subtracting one of
      the reference signals from one of the input signals. An amplifier is
      associated with each of the speakers and is responsive to the output of
      the circuitry for producing driving signals for operation of the
      associated speaker.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference is now made to the following
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of an embodiment of the basic system;
PAR  FIG. 2 is a schematic diagram of the system shown in FIG. 1; and
PAR  FIG. 3 is a block diagram of a multi-speaker configuration of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a block diagram of the basic system according to the
      invention is illustrated. An electrical signal input is fed to a filter
      network 10 which produces a filtered input signal having a preseleted
      frequency bandwidth. The signal input will generally have been
      preamplified and may be generated by any suitable source, such as a record
      turntable or an electrical musical instrument. The filtered input signal
      is fed to an error determining network 12 which generates an error signal
      in a manner to be later described. The error signal is fed to an amplifier
      circuit 14. The amplifier circuit 14 generates a driving signal which
      operates a suitable transducer 16, such as a conventional speaker, to
      produce acoustic energy to a speaker environment.
PAR  The characteristics of the speaker environment are dependent upon a large
      number of factors such as the construction and size of the speaker box,
      and the size, shape and acoustic properties of the room or area in which
      the speaker is located. As is well-known, the speaker environment plays an
      important part in the performance of conventional amplifier-speaker
      systems, but the performance of the present system may be made virtually
      independent of the speaker environment. The voltage across the voice coil
      of a speaker includes a voltage due to the motional impedance of the
      speaker which is a direct acoustic energy produced by the speaker 16. This
      voltage is fed via a lead 18 to an input of the error determining network
      12 for comparison with the electrical input signals fed from the filter
      10. The error signal generated by the network 12 is dependent upon the
      comparison between the two signals, as will be subsequently described in
      detail.
PAR  The system illustrated in FIG. 1 thus impresses voltage across the coil of
      the speaker 16 and compares a proportion of this with the input signals in
      order to generate a speaker driving signal. This technique tends to cancel
      out the variable characteristics of the speaker environment to produce an
      acoustic output closely approximating the input signal. This invention
      tends to cancel speaker distortions arising from undesirable standing
      waves in the speaker and the like. The system provides excellent
      distortion characteristics with higher power capabilities than previously
      developed systems. The system shown in FIG. 1 is especially adapted for
      use with transistorized circuitry, and provides improved performance at
      low signal levels without bass response loss.
PAR  FIG. 2 illustrates a preferred embodiment for the system shown in FIG. 1.
      The input signals are applied across terminals 20 and are fed through the
      filter network 10. Although the construction of the filter network 10 may
      be varied for different operating conditions, the network 10 illustrated
      in FIG. 2 comprises a conventional high pass R-C network comprising
      capacitors 22 and resistors 24. The resulting filtered input signals from
      network 10 are fed to the error determining network 12 which comprises in
      the preferred embodiment a NPN transistor 26. The emitter of transistor 26
      is connected to lead 18 for reception of electrical representations of the
      acoustic energy produced by the speaker 16. The signal appearing on the
      collector of transistor 26 is representative of the difference between the
      signal appearing on lead 18 and the input signal fed to the base of
      transistor 26. The transistor 26 is conventionally biased via lead 28 from
      a suitable voltage source.
PAR  The error signal developed at the collector of transistor 26 is fed via
      lead 30 through a capacitor 32 to the base of a NPN transistor 34. As
      previously noted, this error signal is the remainder from the effective
      subtraction performed by the transistor 26 between the input signals and
      the signals appearing on lead 18. Transistor 34 is a first stage in the
      amplifier 14. The amplified signal is fed through the capacitor 36 to the
      base of a transistor 38. Suitable biasing resistor configurations are
      provided for each of the transistors 34 and 38 in the conventional manner.
      The output from transistor 38 is fed via lead 40 to the base of a
      transistor 42.
PAR  A pair of temperature senstive diodes 44 and 46 are connected in series
      between the collector of transistor 42 and the bias voltage lead 28.
      Diodes 44 and 46 provide voltage compensation for temperature-dependent
      variances of the circuitry. The collector of transistor 42 is also coupled
      to the base of a PNP transistor 48 and through diodes 44 and 46 and a
      resistor 50 to the base of a NPN transistor 52. The collector of
      transistor 48 is connected to the base of a NPN transistor 54, while the
      emitter of the transistor 52 is connected to the base of a like transistor
      56. The collector of transistor 54 is coupled to the emitter of transistor
      56 to form a conventional amplifier configuration. Bias voltage is
      supplied to the circuit via a lead 58 from a suitable voltage source. The
      base of the transistor 42 is connected through a resistor 60 to the
      collector of the transistor 54. The biasing circuitry of amplifier 14 is
      conventional and will not thus be discussed in detail.
PAR  The driving signal output of the amplifier 14 is fed through a capacitor 62
      to the voice or speaker coil 64 of the speaker 16. Capacitor 62 operates
      as a cross-over network to limit low frequencies within the circuit. The
      term voice or speaker coil is utilized to designate the driving element of
      a speaker having a diaphragm or cone designated generally as 66. An
      example of a suitable speaker or transducer for use with the preferred
      embodiment of the invention is the horn speaker comprising the 806A driver
      and the 511B horn manufactured and sold by the Altec-Lansing Corporation.
      However, any suitable type of acoustic transducer could alternatively be
      utilized.
PAR  The preparation of voltage induced across the speaker coil which results
      from the motional impedance of the speaker system is directly related to
      the acoustic energy produced by the speaker and thus is representative of
      the instantaneous diaphragm or cone position of the speaker 16. The
      present invention directly detects the voltage across the speaker coil via
      lead 18 which is directly connected to the coil 64. The electrical voltage
      appearing on lead 18 is then representative of the acoustic energy
      produced by the speaker 16 and is fed through resistor 70 and an R-C
      network 72 substantially to the emitter of transistor 26. The R-C network
      72 eliminates DC voltages within the circuit. The emitter of transistor 26
      is connected to ground through a resistor 74. The ratio of the magnitudes
      of resistors 70 and 74 determines the percentage of the voltage across the
      coil which is fed to the emitter of the transistor 26. In the preferred
      embodiment of the invention, the ratio of resistors 70 and 74 is
      approximately 10:1, so that 1/10 of the magnitude of the voltage across
      the coil 64 is fed to the transistor 26. This porportion may be varied for
      various desired operating characteristics by controlling the magnitude of
      the resistor 70.
PAR  In operation, the voltage upon coil 64 is sensed to denote the present
      position of the diaphragm or cone of the speaker 16. The selected portion
      of the voltage is effectively subtracted from the input signal appearing
      at the base of transistor 26. An error signal proportioned to the
      difference is fed from the transistor 26 via lead 30 to the amplifier 14.
      The resulting driving signal generated by the output of the amplifier 14
      is fed through the capacitor 62 to drive the speaker 16.
PAR  For optimum performance of the present invention, it is desirable to
      provide a relatively low damping factor, commonly termed "soft" operation,
      for the amplifier 14. It is also desirable for the amplifier 14 to have a
      relatively high output impedance to prevent shunting of the voltage across
      the coil 64 through the amplifier. A relatively high loop gain, preferably
      in the range of 750 to 800 e.sub.g, is preferred for amplifier 14, along
      with the ability to deliver high instantaneous current with relatively low
      distortion. It is important in the invention to directly sense the voltage
      upon the coil 64, so that no phase lag is introduced into the detected
      signal by an intermediate circuit.
PAR  FIG. 3 illustrates the use of the present invention in a wide frequency
      band system utilizing three frequency band channels. The pre-amplified
      input signals are fed via terminals 80 to filter networks 82, 84 and 86.
      Filter network 82 passes frequency within the bandpass of 0 to 700 cps,
      while filter networks 84 and 86, respectively, pass frequencies within the
      bandpasses of 700 cps - 3 kc and 3 kc - 30 kc. It will be understood that
      more or less filters which pass different bandwidths may be provided for
      other systems utilizing the present concept.
PAR  The filtered signals from the filter network 82 are fed through capacitor
      88 to the base of the error determining transistor 90. In a like manner as
      that shown in FIG. 2, the collector of the transistor 90 is connected
      through a capacitor 92 to an amplifier 94 which generates a driving signal
      for voice or speaker coils 96 and 98 connected in parallel. Coils 96 and
      98 respectively drive speaker diaphragms or cones 100 and 102 which are
      specifically constructed for optimum operation with base frequencies. The
      voltage induced upon coils 96 and 98 is sensed across the resistor 104 and
      is fed through the R-C network 106 to the emitter of transistor 90. The
      ratio between the resistor 104 and the resistor 108 determines the portion
      of the voltage across the coils which is effectively subtracted from the
      input signal by the transistor 90.
PAR  In a similar manner, the filtered input signals from the filter network 84
      are fed through the capacitor 110 to the base of a transistor 112, the
      collector of which is connected through capacitor 114 to an amplifier 116.
      The output of the amplifier 116 provides driving signals for the midrange
      speaker coil 118. The voltage across the coil 118 is detected across the
      resistor 120 and is fed through the R-C network 122 to the emitter of the
      transistor 112. The ratio of the resistor 120 and resistor 124, which is
      connected between ground and the emitter of the transistor 112, determine
      the ratio of the voltage across the coil which is fed into the circuitry.
      The magnitudes of resistors 104 and 120 are not necessarily equal.
PAR  Likewise, the filtered output of the filter network 86 is fed through
      capacitor 128 to the base of a transistor 130. The collector of transistor
      130 feeds error signals through a capacitor 132 to an amplifier 134. The
      output of amplifier 134 provides driving signals for a voice or speaker
      coil 136. The voltage on the coil 136 is detected by a resistor 138 and is
      fed through an R-C network 140 to the emitter of the transistor 130. A
      resistor 142 is connected between the emitter of transistor 130 and ground
      to control the ratio of the voltage on the coil 136 which is effectively
      subtracted from the input signal by the transistor 130.
PAR  In operation, each of the three frequency channels shown in FIG. 3 operate
      independently to generate very low distortion and flat frequency response
      acoustic outputs according to the invention.
PAR  Although in the preferred embodiment the electrical representations of the
      acoustic energy produced by the speakers has been determined by detection
      of the voltage on the speakers, it should be understood that various other
      methods are available for monitoring the acoustic energy output, or the
      diaphragm or cone position, of the speakers used in the invention. For
      instance, the vibratable cone of a conventional cone speaker may be
      attached to a piston member, or a wiper arm of a variable potentiometer,
      in order to provide a variable resistance which is proportional to the
      cone position of the speaker. Alternatively, a strain gauge may be
      attached to the vibrating cone or diaphragm of the speaker in order to
      give an analog electrical signal representative of the acoustic energy
      output of the speaker. Another alternate technique for use with the
      invention is the reflection of light from the vibrating speaker cone or
      diaphragm to a photocell which generates an output signal representative
      of the present cone or diaphragm position.
PAR  Although the present invention has been described with respect to specific
      embodiments thereof, it is to be understood that various changes and
      modifications may become apparent to one skilled in the art, and it is
      intended to encompass those changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The amplifier and loudspeaker system comprising:
PA1  a loudspeaker having a voice coil for producing acoustic energy in response
      to a current applied thereto;
PA1  an amplifier having an input and an output and an output impedance of the
      same order-of-magnitude as that of the speaker;
PA1  a first capacitor coupling the output of the amplifier to the loudspeaker;
PA1  an input network comprising a transistor with collector, base and emitter
      bias resistors, the base of the transistor being the input and the
      collector being the output;
PA1  a second capacitor coupling the output of the input network to the input of
      the amplifier; and
PA1  feedback means substantially capacitively coupling the terminal of the
      speaker to which the output of the amplifier is coupled to the emitter of
      the transistor of the input network.
NUM  2.
PAR  2. The system of claim 1 wherein the amplifier includes an output stage
      having a pair of transistors connected between a voltage supply and
      ground, the emitter of one transistor being connected to the collector of
      the other transistor and forming the output of the amplifier.
NUM  3.
PAR  3. The system of claim 1 wherein there are two loudspeakers each having a
      coil, and the coils are connected in parallel.
NUM  4.
PAR  4. The system of claim 1 wherein:
PA1  there are a plurality of parallel channels each comprised of an input
      network, an amplifier, a loudspeaker and feedback means as set forth in
      claim 1; and
PA1  each channel includes band-pass filter means at the input, the filter means
      being tuned to pass different frequency bands.
NUM  5.
PAR  5. The system of claim 1 wherein the feedback means comprises a
      resistive-capacitive filter network wherein the signal is passed through a
      capacitive element.
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PAL  1. In a privacy system in which the signals are divided into fragments on a
      time basis and the different fragments are delayed in transmission by
      different amounts to afford privacy, a timing means having a timing cycle
      divided into several periods, a relay individual to each period and
      individually operated during its respective period by said timing means, a
      plurality of delay devices to introduce delay into said signals, means
      controlled by said timing means to select a delay device for each timing
      period, and means jointly controlled by said relays and selecting means to
      operate the selected devices.
BSUM
PAR  The present invention relates to message transmission with privacy in which
      the privacy is obtained by transmitting message fragments that are
      variably delayed in time so that as transmitted they occur out of their
      normal order. In order successfully to receive the message in intelligible
      form it is necessary to introduce variable delay into the message
      fragments as received in such manner as to rearrange them in their normal
      order.
PAR  One system operating in this manner and using code relays and scramblers in
      connection with a magnetic tape recorder as the delay device is disclosed
      in Busch-Cahill-Myers application Ser. No. 484,362, filed Apr. 24, 1943,
      now Pat. 3,012,099 granted Dec. 5, 1961.
PAR  The present invention is similar, in general, to that of the above
      application but is based upon a different manner of obtaining continuous
      coding resulting in a considerable saving in equipment.
PAR  An object of the present invention is to provide for coding and decoding of
      speech or similar signals with simplified apparatus still permitting a
      complex scheme of coding with a very large number of usable codes.
PAR  In accordance with the present invention, instead of setting up the code in
      advance of use, such as in the form of selected and locked-up relays, each
      element of the speech or signal is coded as it is sent (or is decoded as
      it is received) so that any one of the electromagnets that are located
      along the tape and that individually introduce the different amounts of
      delay is both selected and connected into circuit at one and the same
      time. In the embodiment to be disclosed this is accomplished by the use of
      fast-acting relays which are energized in response to the time division
      commutator brush coming onto a segment of the commutator. A circuit is
      closed, individual to each segment, which sets up a directively controlled
      path through the scrambler and through a contact of an exclusion relay
      (where necessary) to a relay which selects the electromagnet that is to
      serve for coding or decoding the speech element for that commutator
      segment interval. Since the selection is determined by the scrambler it
      can be made on a nearly random basis except as the selection has to be
      modified by the exclusion circuit to avoid sending the same element of the
      signal more than once and to insure sending all elements of the signal.
      The length of the code that can be used before repetition occurs is,
      therefore, very long and is limited only by the number of different delays
      that the apparatus provides. The difficulty of decoding is increased
      further by the fact that interlaced coding can be used with the system of
      the present invention.
DRWD
PAR  The nature of the invention and its various features and objects will be
      more fully understood from the following detailed description taken in
      conjunction with the accompanying drawing in which:
PAR  FIG. 1 is a schematic diagram of one complete two-way terminal of a
      telephone privacy system according to this invention;
PAR  FIG. 2 is a table to be referred to in explaining the coding principle
      used;
PAR  FIGS. 3 and 4 when placed together with FIG. 4 at the right show in
      schematic form the circuits of the regular set of coding equipment,
      according to the invention, indicated in block diagram in FIG. 1; and
PAR  FIG. 5 is a detail circuit showing the scheme of wiring between certain
      relays of the regular and interlace equipments.
DETD
PAR  Referring first to FIG. 1, the general plan of the system will be outlined.
      Any suitable type of speech transmitting circuit indicated
      diagrammatically by the microphone 20 is connected to a recording magnet
      21 cooperating with a traveling magnetizable tape 22 traveling in the
      direction of the arrow. Spaced along the tape 22 at equal intervals are a
      series of reproducing magnets 23 which pick up the recorded speech with
      different amounts of time delay. There are five such reproducing coils
      shown in this figure, although any desired number may be used in practice.
PAR  These reproducer coils 23 are used as recording coils in the receiving
      condition to set up fragments of speech in the tape 22 in such an order
      that when the recorded material passes over the pick-up coil 24, normal
      speech is received in the receiver indicated diagrammatically at 25. An
      erasing coil is indicated at 26. In this simplified showing it is assumed
      that receivers 25 are not used for listening when speech is being
      transmitted from microphone 20. While the tape is illustrated in this
      figure as running over pulleys it will ordinarily in practice be bound
      around the periphery of a drum or disc in which case the various recording
      and reproducing coils will be spaced at regular intervals around the drum
      or disc.
PAR  It is the function of the scramblers 28,29, code relays 30,31 and
      distributor comprising segments 32 and brush 33 to switch the reproducers
      23 into the transmitting line 35 in irregular order when speech is being
      transmitted and to switch them in circuit with the receiving line 36 also
      in an irregular order when speech is being received such as to restore the
      speech to normal in the receiver 25. For this purpose five switching
      circuits indicated by the boxes 37 are provided containing switching
      circuits individually controlled by the application of ground from the
      code relays 30,31 in different commutator times over individual leads 38
      for individually connecting the coils to either the transmitting or
      receiving line. The user in talking operates the push-to-talk key 39 which
      places all of the switching circuits 37 under control of grounds supplied
      over the leads 38 for connecting coils 23 to the transmitting line 35.
      When the key 39 is released the switching circuits 37 are conditioned to
      be operated by grounds supplied over the leads 38 to connect the coils 23
      to the receiving line 36. The switching circuits 37 may be constructed as
      disclosed in detail in D. Mitchell application Ser. No. 484,363, filed
      Apr. 24, 1943, now U.S. Pat. 3,012,100.
PAR  One scrambler 28 and one set of code relays 30 are termed "regular", while
      the other scrambler 29 and the other set of code relays 31 are termed
      "interlace". The regular set of code relays 30 are controlled by
      commutator segments 1, 2, 3, 4 and 5 while the interlace set of code
      relays are controlled by the alternate commutator segments 1', 2', 3', 4'
      and 5'. Thus, when the arm 33 sweeps over commutator segment 1 an operated
      code relay in the regular set 30 (selected by the scrambler 28) extends
      ground connection over one of the five leads 38 to corresponding switching
      circuit 38 to connect a particular coil 23 to either the transmitting or
      receiving line depending upon whether the button 39 is operated or
      released. As the brush 33 sweeps over commutator segment 1', ground is
      extended through an operated relay in the interlace set 31 (selected by
      scrambler 29) to a particular lead 28 to corresponding switching circuit
      37 to connect one of the coils 23 to either the transmitting or receiving
      line. As the brush 33 sweeps over the succeeding commutator segments the
      coils 23 are switch into circuit alternately under control of the regular
      and interlace code relay sets.
PAR  The scramblers 28 and 29 determine the sequence of operation of the code
      relays by interconnecting input leads 41 with output leads 42 or input
      leads 43 with output leads 44 in irregular order for controlling the code
      relays. The internal construction of the scramblers can be varied widely
      in practice and may be of any suitable type capable of interconnecting the
      input and output conductors in an irregular non-recurrent order. In the
      more complete disclosure shown in the succeeding figures, the scrambler
      comprises a number of stepping switches in which switch arms are moved
      across banks of terminals with an irregular or haphazard scheme or wiring
      among the switches. By providing an unequal number of contacts on the
      different switches and connecting them to operate in tandem and with
      different numbers of switches in tandem at different times and by
      otherwise varying the scheme of interconnection, the scrambler is enabled
      to interconnect the incoming and outgoing leads in an irregular order with
      an extremely long code cycle. Scramblers 28 and 29 while operating in
      timed relation with each other generate independent codes so that the
      interlace scramble is determined entirely independently of the regular
      scramble, thus further confusing the order in which the speech segments
      are sent out or received.
PAR  It is necessary that the transmitting and receiving codes used in two
      intercommunicating stations be properly correlated so that the received
      scrambled message will be successfully unscrambled. The fact that, in
      transmitting, the scrambling is done in taking the speech segments off the
      tape (scramble on reproduce) while, in receiving, the unscrambling is done
      in recording the received speech segments on the tape (scramble on
      record), makes it possible to use scramblers 28 and 29 at one station
      which are exact duplicates of the scramblers 28 and 29 used at the
      opposite station. They are started in phase coincidence with each other at
      the opposite stations and are run in close synchronism. In practice a
      single drive may be used at a station for timing the scramblers, moving
      the commutator brush arm 33 and driving the magnetic tape 22. Synchronism
      of all of the parts is obtained between the different stations by insuring
      that the common driving means at one station runs in close synchronism
      with that of the other station, as may be done by means known in the art,
      one type being disclosed in D. Mitchell application above referred to.
PAR  An understanding of the scheme of coding in accordance with the present
      invention will be facilitated by first considering FIG. 2 which shows in
      diagram the five pick-up coils A, B, C, D and E and the positions, with
      respect to these coils, that different elements of the signal record
      occupy in successive times taken at the beginnings of successive
      commutator intervals. The tape is assumed to be moving to the right and
      the speech elements that have been recorded on the tape are numbered
      indicating the sequence in which they were recorded. The top row shows the
      positions of these recorded elements at the beginning of commutator time 1
      and each succeeding row shows the elements shifted one step to the right
      to indicate their positions at the beginnings of later successive
      commutator times, the commutator segments being spread out along a
      vertical line at the left for convenience of reference. For simplicity no
      interlace coding is assumed in the diagram.
PAR  It will be assumed that speech elements 1 and 2 have been sent in the
      previous commutator rotation and, therefore, pick-up coils D and E are not
      available for selection at commutator time 1. The coils that can be
      selected are shown at the left for each commutator time and in time 1 they
      are coils A, B and C. Let it be supposed that the five speech elements 3,
      4, 5, 6 and 7 are to be coded so as to be sent in the order 4, 6, 3, 7, 5.
      It is seen from the diagram that coil B is to be selected for use in
      commutator time 1 and that speech element 4 will be picked up from the
      record as the portion of the tape on which it is recorded passes to the
      right under coil B. Looking at the next line, we see that coil E is not
      available for the same reason that coil D was not available in the
      previous time. Coil E must, therefore, be excluded from use in time 2.
      Since speech element 4 will be under coil C in time 2, coil C must be
      excluded. Thus, coils A, B and D are available and since the next element
      to be sent is element 6, coil A is to be used. Continuing on down the
      diagram it is seen that two coils are always excluded and three are
      available, the three being indicated at the left for each commutator time.
PAR  By observing the coils that are available in each row, certain conclusions
      are apparent. Coil A never need be excluded. If coil A is used, it
      requires exclusion in the next succeeding times of each of the other coils
      in the order B, C, D, E. Similarly, if coil B is used, coils C, D, and E
      must be excluded in succession. Use of coil C requires exclusion
      successively of coils D and E. Use of coil D requires exclusion of coil E
      in the next time. Use of coil E does not require any subsequent exclusion.
      This can be arranged in a table as follows:
     Select   Select     Select     Select  Select                             
     A        B          C          D       E                                  
     Exclude  Exclude    Exclude    Exclude                                    
     Successively                                                              
              Successively                                                     
                         Successively                                          
                                    In Next                                    
                                    Time                                       
     ______________________________________                                    
     B        C          D          E                                          
     C        D          E                                                     
     D        E                                                                
     ______________________________________                                    
PAR  It will also be noted that unless coil E is excluded it must be selected
      since otherwise the corresponding signal element will be lost. The
      selection must, therefore, be such as to choose coil E in the event it is
      not excluded.
PAR  The last two rows in FIG. 2 indicate that on the next rotation of the
      commutator an entirely different code can be used from that used in the
      previous rotation.
PAR  A circuit in accordance with the invention for accomplishing this type of
      coding or decoding together with the necessary exclusion operations is
      shown on FIGS. 3 and 4 which will now be described assuming FIG. 3 to be
      placed at the left of FIG. 4. In these figures only the regular set of
      switching relays, code relays and scrambler are shown in detail but it
      will be obvious how to supply the interlace equipment from the description
      of the regular equipment given. The points at which the interlace
      switching relays, code relays and other elements are to be connected will
      be pointed out hereinafter.
PAR  The commutator 32 is shown in the right-hand portion of FIG. 4. Each of the
      regular set of segments (1, 2, 3, 4 and 5) is wired to the winding of a
      respective switching relay C1, C2, C3, C4 and C5. The code relays are
      shown on FIG. 3 at 61 to 65 and there are four exclusion relays 66 to 69,
      coil A never needing to be excluded. Selection of a coil is made by
      energizing one of the code relays 61 to 65 closing battery through front
      contact of the operated code relay to the corresponding switching circuit
      37 associated with the desired coil. The leads from these relay contacts
      are shown branched, the branches leading to the code relays of the
      interlace set as indicated in FIG. 1.
PAR  Each switching relay C1, etc. is provided with eight armatures for
      performing a number of switching functions. (For convenience these will be
      referred to by number counting from the top down.) These and the other
      relays of the system must be fast relays since they operate and release in
      a small fraction of the time taken by the commutator brush in passing over
      one segment. They should have lightweight moving parts, therefore, and if
      in any case it is not feasible to provide the necessary number of
      armatures on one relay a plurality of relays may be used with their
      energizing windings connected in series or in parallel. One type of relay
      that may be used for such purposes is disclosed and claimed in W. B.
      Ellwood U.S. Pat. 2,289,830, dated July 14, 1942.
PAR  Beneath the switching relays are the five exclusion control relays 51 to 55
      which when operated apply ground to one or another of the exclusion relays
      to operate the latter, depending upon the operation of the switching
      relays.
PAR  When commutator brush 33 sweeps over segments 1, 2, 3, etc. of the normal
      set, relays C1, C2, etc. are energized and released in succession. With
      the circuits in the condition shown in the drawing, code relay 65 (E)
      would be continually selected by a circuit extending through its winding,
      upper back contact of exclusion relay 69, conductor 70 to ground at front
      contact of second armature of each switching relay C1, C2, etc. as they
      are energized. This would occur because, as stated above, coil E is always
      selected unless it is excluded. In order to start the circuit, therefore,
      and place it in condition such that two coils are always excluded and any
      of the other three may be selected, the exclusion control relays 53 and 54
      are first energized, by temporary closure of key 153, and they lock to
      grounds at the lowermost armatures of relays C3 and C4.
PAR  When brush 33 makes contact with commutator segment 1, relay C1 is
      energized and exclusion relays 66 and 67 operate over lower armatures and
      back contacts of code relays 62 and 63, conductors 72 and 73 are front
      contacts and armatures of relay C1 and conductors 77 and 78 to the locking
      grounds for relays 54 and 53. Relay 65 is operated over rest contact of
      exclusion relay 69 and conductor 70 to ground at second armature of relay
      C1 as stated. When relay 65 operates, ground at its lower armature and
      front contact is extended over conductor 75 and third armature and front
      contact of relay C1 and conductor 79 causing operation of relay 51 which
      locks to the back contact and second armature of relay C1' in the
      interlace set over conductor 81. (See partial diagram, FIG. 5, for the
      scheme of connection.)
PAR  When commutator brush 33 passes off segment 1 and onto segment 1' relay C1
      releases and relay C1' in the interlace circuit operates. There is
      sufficient overlap in the brush contact with segments 1 and 1' so that
      both relays C1 and C1' are operated for an instant and in this instant
      relay 51 releases. Release of relay C1 deenergizes exclusion relays 66 and
      67. Relay 65 also releases due to the opening of conductor 70 at second
      armature and front contact of relay C1.
PAR  When commutator brush 33 makes contact with segment 2, relay C2 is operated
      causing code relay 65 to operate again over the circuit previously traced
      except this time conductor 70 finds ground at the second armature and
      front contact of relay C2. Relay 52 operates over conductor 75, third
      armature and front contact of relay C2 and conductor 85. Exclusion relays
      67 and 68 operate from locking grounds of relays 54 and 53 over conductors
      77 and 78, fourth and fifth armatures and front contacts of relay C2 and
      rest contacts and lower armatures of code relays 63 and 64. Relay 52 is
      locked at top armature of relay C2' of the interlace set, over conductor
      86.
PAR  When commutator brush 33 passes off segment 2 and on to segment 2' there is
      an instant when both relays C2 and C2' are energized during which instant
      relay 52 releases. Relay 65 releases by the opening of conductor 70 at the
      second armature and front contact of relay C2, and exclusion relays 67 and
      68 release due to the opening of contacts at the fourth and fifth
      armatures of relay C2.
PAR  When commutator brush 33 makes contact with segment 3 relay C3 operates
      (relay 53 remaining locked from the top armature of relay C3'). The
      locking grounds of relays 54 and 53 are now extended over conductors 77
      and 78 and fourth and third armatures and front contacts of relay C3,
      conductors 74 and 75 to windings of exclusion relays 68 and 69, the latter
      excluding relay 65(E). Relay 69 can be made to operate before relay 65 has
      time to operate by arranging a sequence of closure of the armature of the
      C relays or by inserting a small inductance 165 in series with the winding
      of relay 65, for example. With relay 65 and one other excluded, the
      circuit will not automatically select coil E but is free to permit the
      selection of any one of the coils A, B or C as may be determined by the
      scrambler. With relay C3 operated, it applies ground from its second
      armature and front contact, conductor 70, upper armature and front contact
      of the E exclusion relay 69 and conductor 76, top armature and front
      contact of relay C3, conductor 93 to the wiper of selector 103 of the
      scrambler from which the ground extends through one of the four conductors
      of the group 106 wired to the arcs of the selectors, through corresponding
      armature and back contact of transfer relay 107, and corresponding
      conductor of the group 108. If the conductor in question is 111, code
      relay 61 is operated by this ground causing the selection of coil A. If
      the conductor were 112, coil B would be selected by operation of relay 62.
      If the conductor were 113 or 114, coil C would be selected since relay 68
      is operated and the ground would pass to the winding of relay 63 through
      the back contact of relay 67 from lead 113 or through the front contact of
      relay 68 and lead 114. When commutator brush 33 passes off segment 3,
      relay C3 releases opening lead 93 and releasing the selected code relay
      61, 62 or 63 whichever was operated.
PAR  When relays C3 and C3' are simultaneously up, opening the locking circuit
      of relay 53 for an instant, relay 53 releases. When the commutator brush
      33 makes contact with segment 4, relay C4 energizes. Exclusion relay 69
      (E) now is operated over lead 75 from the third armature and front contact
      of relay C4 and conductor 77 to the locking ground for relay 54. Assuming
      that the code relay that was selected in commutator interval 3 was, for
      example, relay 61 (A), exclusion control relay 52 will now be found
      energized and locked, the energizing circuit extending from lower armature
      and front contact of code relay 61 (A), conductor 71, seventh armature and
      front contact of relay C3 (which was closed when brush 33 was passing over
      segment 3) and conductor 90 to winding of relay 52. This relay will remain
      locked until relays C2 and C2' are both momentarily energized together. In
      commutator time 4, therefore, a circuit is closed through the winding of
      exclusion relay 66 (B) through lower normal contact of code relay 62,
      conductor 72 and sixth armature and front contact of relay C4, conductor
      85 to conductor 90 and locking ground of relay 52. In the fourth
      commutator time, therefore, coils B and E are excluded and coils A, C and
      D are available. The ground from second armature and front contact of
      relay C4 is sent through conductor 70, front contact on exclusion relay
      69, conductor 76 and upper armature and front contact of relay C4 over
      conductor 94 to the wiper of the fourth scrambler arc 104, over one of the
      conductors 106, normal contact of relay 107, one of the conductors 108 to
      the energizing winding of one of the three available code relays 61 (A),
      63 (C) or 64 (D). If the conductor in group 108 on which the ground
      appeared was either 111 or 112, relay 61 would be selected. If conductor
      113, relay 63 would be selected, etc.
PAR  When relay C5 energizes in commutator time 5, relay 63 (C) will be excluded
      because the locking ground for relay 52 has been transferred from
      conductor 72 to conductor 73, the circuit passing through the fifth
      armature and front contact of relay C5. Assuming that the code relay
      selected in time 4 was relay 63 (C), in the fifth period relays 63 (C) and
      64 (D) will be excluded and coils A, B and E are not excluded. Since coil
      E is not excluded it must automatically be selected regardless of the
      scrambler. This is done by the closing of the second armature of relay C5
      which grounds conductor 70, relay 69 being normal. Relay 55 operates from
      ground at the lower armature and front contact of relay 65 (E), conductor
      75, third armature and front contact of relay C5 and conductor 89 to
      winding of relay 55. Since the selection of coil E does not require any
      exclusion in the next period, relay 55 releases at the beginning of
      commutator time 1.
PAR  It is believed clear from the foregoing description how the code relays are
      individually selected under control of the scrambler and how the exclusion
      relays are operated. It has been pointed out how the exclusion progresses
      through the chain in the direction from relay 66 to relay 69 as different
      ones of the switching relays C1 to C5 operate in succession and transfer
      the locking grounds of the exclusion control relays 51, 52, etc. from one
      to another exclusion relay winding. Ine one sense, the exclusion relays in
      their successive operation follow the moving speech record on the tape so
      as to exclude coils as the speech record travels past them and would
      otherwise be picked up and used.
PAR  The scrambler will now be described. In order to allow time for the
      selector switches of the scrambler to step, two sets of switches are used,
      one set comprising selectors 101, 102 and 103 and the other set comprising
      selectors 104 and 105. Stepping magnets for these switches are shown at
      131 to 135. The switches are stepped when these magnets are released but
      do not move when the magnets attract their pawls. Magnets 131, 132 and 133
      are energized in parallel over conductor 136 which leads to timing sector
      138 of distributor 31, FIG. 4. Brush 33 (or another brush on the same
      brush arm) grounds sectors 137 and 138 during alternate half cycles of the
      commutator. Stepping magnets 134 and 135 are energized to attract their
      pawls when brush 33 is traveling over sector 137, which then grounds
      conductor 139. Transfer relay 107 is energized during the time the ground
      is applied to conductor 139.
PAR  When segments 1, 2 and 3 of the commutator are being used as above
      described and switching relays C1, C2 and C3 place grounds on leads 91, 92
      or 93, leading to wipers of selector switches 101, 102 and 103, relay 107
      is deenergized so that the four conductors of the group 106 leading from
      selectors 101, 102 and 103 are then connected to the four conductors of
      the group 108 for controlling the code relays. At the end of time 3 the
      commutator brush 33 passes off segment 3 and onto segment 3'. Ground from
      sector 138 is broken and ground is made to sector 137. Relay 107 energizes
      and the stepping magnets 134 and 135 pull up their pawls while the brush
      33 is passing over segment 3' but switches 104 and 105 do not move.
      Switches 101, 102 and 103, however, take a step since their stepping
      magnets release. During commutator times 4 and 5 switching relays C4 and
      C5 may place grounds on leads 94 and 95 leading to wipers of selector
      switches 104 and 105 and the four output leads 116 from these switches are
      now connected through front contacts of relay 107 to conductors 108 for
      selecting code relays 61 to 64.
PAR  After brush 33 passes off sector 137 and segment 5' onto segment 1, relay
      107 releases to reconnect conductors 106 to conductors 108 but switches
      101, 102 and 103 are already in position since they advanced one step a
      half cycle previously.
PAR  In the interlace selector a similar arrangement is used except that
      selectors 103', 104' and 105' from one group and selectors 101' and 102'
      form the other group.
PAR  The connections between the selector arcs and the individual conductors in
      groups 106 and 116 are varied so as to give as irregular a scheme as
      possible in the order of selection of the conductors among the switches.
      For simplicity of circuit drawing, only one rank of selectors is shown but
      it will be understood that this is intended to illustrate any suitable
      type of scrambler and that in practice the ground that is extended through
      the scrambler could be made to pass through several selectors in tandem as
      is shown more fully in the Busch-Cahill-Myers application referred to and
      that the stepping of these tandem selectors could be done in irregular
      manner so as to provide an extremely long cycle before repetition begins.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a privacy system in which the signals are divided into fragments on a
      time basis and the different fragments are delayed in transmission by
      different amounts to afford privacy, a timing means having a timing cycle
      divided into several periods, a relay individual to each period and
      individually operated during its respective period by said timing means, a
      plurality of delay devices to introduce delay into said signals, means
      controlled by said timing means to select a delay device for each timing
      period, and means jointly controlled by said relays and selecting means to
      operate the selected devices.
NUM  2.
PAR  2. In a privacy system comprising a traveling signal storage element and a
      succession of translator devices spaced along said element for introducing
      different amounts of delay into the signals, a timing device for dividing
      a timing cycle into time intervals, means operable from said timing device
      in each time interval to select a translator device for use in that
      interval, and means operable in each interval for confining the selection
      to only those translator devices that are not in position to repeat an
      already used signal portion.
NUM  3.
PAR  3. In a privacy system comprising a traveling signal storage element and a
      succession of translator devices spaced along said element for introducing
      different amounts of delay into the signals, a timing device for dividing
      a timing cycle into time intervals, a scrambler, an exclusion relay
      circuit, a plurality of switching devices, and means to operate a
      different switching device each interval, each switching device when
      operated closing one circuit leading into the scrambler to effect
      selection of one of said translator devices and closing another circuit
      leading to said exclusion relay circuit for modifying the selection made
      by said scrambler.
NUM  4.
PAR  4. In a privacy system comprising a traveling signal storage element and a
      succession of translator devices spaced along said element for introducing
      different amounts of delay into the signals, a timing device for dividing
      a timing cycle into time intervals, means to select one of said devices in
      each time interval, and means for preventing selection of devices that
      would repeat the translation of the same signal comprising a plurality of
      exclusion relays and means to operate them individually and successively
      in successive time intervals.
NUM  5.
PAR  5. In a privacy system comprising a traveling signal storage element and a
      succession of translator devices spaced along said element for introducing
      different amounts of delay into the signals, a timing device for dividing
      a timing cycle into time intervals, circuits for individually selecting
      said devices in successive time intervals for use in the same interval, a
      plurality of exclusion relays individually controlling said circuits, and
      means to transfer the energizing circuit of said relays from one to the
      next in successive time intervals to prevent use of more than one
      translator device for the same signal element.
NUM  6.
PAR  6. In a privacy system comprising a traveling signal storage element and a
      succession of translator devices spaced along said element for introducing
      different amounts of delay into the signal, a timing device for dividing a
      timing cycle into time intervals, circuits for individually selecting said
      devices in successive time intervals for use in the same interval, and
      means operable in response to the selection of a given device in one
      interval for preventing the selection of the next succeeding device in the
      following interval.
NUM  7.
PAR  7. In a privacy system comprising a traveling signal storage element and a
      succession of translator devices spaced along said element for introducing
      different amounts of delay into the signals, a timing device for dividing
      a timing cycle into time intervals, means operable in each interval to
      select a device for use in that interval, an exclusion relay for each of a
      plurality of said devices, and means to energize said exclusion relays in
      successive order in succeeding time intervals including means to begin
      such energization with the relay corresponding to the device following
      that used in the next preceding time interval.
NUM  8.
PAR  8. In a privacy system using a traveling magnetic tape and a plurality of
      electromagnets in magnetizing relation to said tape and spaced along said
      tape to effect delays in signals, timing means for dividing a signal into
      fragments of one time unit duration, switching relay means operable from
      said timing means in each time unit, and circuits controlled by said relay
      means for selecting one of said electromagnets for use in the same time
      unit and for preventing the selection of the electromagnet immediately
      following the one selected in the next preceding time unit.
NUM  9.
PAR  9. In a privacy system comprising a traveling signal storage element and a
      succession of translator devices spaced along said element for introducing
      different amounts of delay into the signals, a timing device for dividing
      a timing cycle into time intervals, a signaling circuit, means operable in
      each time interval for selecting and connecting into said signaling
      circuit an individual one of said devices, and means simultaneously
      operable to progressively exclude from use the devices which coincide in
      position with stored signal elements that have already been translated by
      a previous device.
NUM  10.
PAR  10. In a privacy system, a signal circuit, a moving magnetizable tape,
      electromagnets spaced along said tape in magnetizable relation thereto, a
      commutator having segments, relay means individually connected to said
      segments to be operated therefrom, and means operable in response to the
      operation of each relay means for selecting one of said electromagnets for
      use in translating signals between said tape and said circuit, said last
      means including means controlled from said relay means for preventing
      selection of an electromagnet following in position along said tape a
      previously used electromagnet by the distance traversed by a point on the
      tape in the time elapsed since the selection of said previously used
      electromagnet.
NUM  11.
PAR  11. In a privacy system comprising a moving magnetizable tape and a
      succession of electromagnets spaced along said tape in magnetizable
      relation thereto, a signal circuit and a commutator, individual relay
      means connected to segments of said commutator and operated therefrom,
      scrambler means operative in response to the operation of each relay means
      to select one of said electromagnets and connect the same to said signal
      circuit, a set of exclusion relays, a set of exclusion control relays, and
      means jointly controlled by said individual relay means and said exclusion
      control relays for operating an exclusion relay each time of said
      individual relay means operates, said exclusion relays preventing
      selection of certain of said slectromagnets.
NUM  12.
PAR  12. In a privacy system comprising a moving magnetizable tape and a
      succession of electromagnets spaced along said tape in magnetizable
      relation thereto, a signal circuit and a commutator, a code relay per
      electromagnet, said relays when operated individually connecting the
      corresponding electro-magnet to said signal circuit, a selector switch, a
      set of exclusion relays, an individual circuit controlled from each
      commutator segment, each such circuit when closed effecting operation of a
      code relay, each such circuit including a break closable by said selector
      switch and a further break closable by an exclusion relay.
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ABST
PAL  A data transmission system utilizing the telephone voice communication
      network for transmitting data between the location of a telephone
      subscriber's handset and a central station. A data transmitter is
      capacitively coupled to a bridge tap on the subscriber loop at the
      subscriber's handset and a data receiver is capacitively coupled to a
      bridge tap on the subscriber loop at the associated telephone company
      central office. The data transmissions occur at frequencies outside the
      standard telephone voice transmission frequency band of the system thereby
      providing continuous data transmission service without interfering with
      the normal voice communication function of the system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to data communication utilizing the telephone voice
      communication network.
PAR  2. Description of the Prior Art
PAR  The telephone communication network has been utilized in the prior art not
      only for the usual voice communication function but also to transmit
      non-voice data. For example, equipment is commercially procurable that may
      be utilized with the conventional telephone handset for the transmission
      of documents over the telephone wires from one handset to another. These
      prior art devices operate within the standard telephone voice transmission
      frequency band and interfere with the use of the lines for voice
      communication while the non-voice data is being transmitted. Additionally,
      many of these devices require that the telephone handsets between which
      the data is being transmitted be in the "off-hook" state and connected
      through the telephone system switching matrices.
PAR  The conventional telephone communication network is also utilized for the
      transmission of data in data processing computer systems. Such signalling
      also utilizes frequencies within the standard telephone voice transmission
      frequency band normally precluding simultaneous use of the system for
      voice communication. In such systems, the terminals are interconnected
      with one another through the telephone company switching matrices with the
      telephone transmitters and receivers effectively in the "off-hook" state
      during the transmission of data. Additionally, such systems often utilize
      leased lines which add to the cost of the facilities. Data transmission
      over such leased lines is also effected within the standard telephone
      voice transmission frequency band of the system.
PAR  The conventional telephone communication network is also utilized for
      transmitting control signals, for example in a traffic control system or
      for the monitoring of instruments from a central location, such as is
      often required by utility companies. All such installations utililze the
      telephone communication network at frequencies within the standard
      telephone voice transmission frequency band of the telephone system. When
      data is transmitted over such installations, normal telephone voice
      communication is usually precluded and, conversely, when it is desired to
      use the lines for voice communication, data transmission and monitoring is
      terminated. Such systems often utilize leased telephone lines for the data
      transmission function which adds to the cost of the system.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of the present invention to provide a data
      communication system utilizing the existing telephone voice communication
      network such that data may be continuously transmitted without interfering
      with the normal voice communication function of the system.
PAR  This object is achieved by a data transmitter coupled to a subscriber loop
      for transmitting data signals thereon at frequencies outside the standard
      telephone voice frequency band of the system. A data receiver is coupled
      to the subscriber loop at another location for receiving the data signals.
      The transmitter may, for example, be connected to a bridge tap at a
      subscriber telephone handset and the receiver may be coupled to a bridge
      tap at the telephone company central office. The data provided by
      receivers utilized in the invention may be concentrated at apparatus in
      the vicinity of the telephone company central office and transmitted on a
      leased line to a central monitoring station whereat the data may be
      distributed to the end users.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of a portion of a conventional
      telephone voice communication system with data transmission apparatus
      included in accordance with the present invention;
PAR  FIG. 2 is a graph illustrating the electroacoustic response of a
      conventional telephone handset receiver;
PAR  FIG. 3 is a schematic block diagram of a data transmitter for use in the
      system of FIG. 1; and
PAR  FIG. 4 is a schematic block diagram of a data receiver for use in the
      system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The conventional public telephone system largely comprises a plurality of
      telephone company central offices each central office servicing a
      plurality of telephone company subscribers. Normally, a subscriber's
      telephone handset is connected with the associated central office by a
      subscriber loop comprising a pair of wires dedicated to the use of that
      subscriber. A plurality of subscriber loops connecting subscribers to a
      central office is designated as a subscriber loop plant. In normal
      operation, when a telephone is "on-hook" the subscriber loop is terminated
      by an open circuit at the subscriber's handset and is shunted by a line
      relay field winding and d.c. power source at the telephone company central
      office. When a telephone handset is lifted "off-hook", for example, to
      place a call, a connection is made across the line pair of the subscriber
      loop at the telephone handset which draws d.c. current through the line
      relay field winding and provides d.c. power for the telephone handset
      microphone and receiver. The line relay activates a cutoff relay which
      switches the associated subscriber loop at the central office to the
      central office switching matrix and also connects the supervisory circuits
      into the loop for the purpose of receiving dialing signals so that a
      connection may be effected to another telephone location. Connections
      between handsets associated with a particular telephone company central
      office is made through the central office switching matrix. The central
      office switching matrices are in turn interconnected by interoffic trunk
      lines which provide connections between subscribers from different central
      offices.
PAR  Since the subscriber loop plants of the public telephone system represent
      hardwire connections from substantially every business office and
      household to the telephone company central offices, it would be desirable
      to utilize these existing connections to provide a wide range of data
      services to the telephone company's private and commercial subscribers. It
      would further be desirable that these services be provided on a continuous
      basis, i.e. whether the telephone handset is on-hook or off-hook and
      without interference from the normal voice and ringing signals utilized in
      the system. It is furthermore desirable that the data communication
      function be provided without interfering with the normal voice
      communication function of the system.
PAR  The present invention provides means for transmitting data signals on the
      subscriber loop plant concurrently with voice signals on a mutually
      non-interfering basis in a manner hereinafter to be described. A wide
      range of data services may be provided to the subscribers. For example,
      burglar, fire and other security alarms may be transmitted from subscriber
      households and business offices and distributed to appropriate end users
      such as police and fire departments. Ambulance alarms may similarly be
      transmitted. Readings from utility company meters for, for example, power,
      fuel or water, may be transmitted to the utility companies by means of the
      present invention. Each time a specific quantity of, for example,
      electricity flows through the power meter, a pulse may be transmitted by
      means of the present invention to the utility company whereat such pulses
      may be counted to provide readings for billing purposes.
PAR  The present invention may also be utilized to provide responses from
      subscribers to queries posed on t.v. or radio, the responses being
      transmitted to the broadcasters. A large number of additional data
      services may be provided to telephone company subscribers and will not be
      further discussed here for brevity. It is appreciated that these data
      services should be provided on a continuous and non-interfering basis with
      respect to the normal voice communication function of the system. For
      example, a security alarm function would be seriously compromised if it
      were necessary to interrupt the data transmission during voice
      communication.
PAR  Referring now to FIG. 1, a portion of a conventional telephone
      communication network is illustrated incorporating data communication
      apparatus in accordance with the present invention. The telephone network
      includes a plurality of telephone company central offices, one of which
      being indicated at 10. The telephone company central office 10 is
      interconnected with other central offices in the system by interoffice
      trunk lines 11. A subscriber loop plant 12 is included for interconnecting
      the subscriber telephone handsets with the central office 10. Normally, a
      telephone company central office services thousands or tens of thousands
      of telephones, three of which are typified at 13, 14 and 15. The
      telephones 13, 14 and 15 are connected with the central office 10 via
      subscriber loops 16, 17 and 18 respectively. Each of the subscriber loops
      16, 17 and 18 actually comprises a pair of wires, as previously discussed,
      and is illustrated as a single line for simplicity.
PAR  The telephone company central office 10 includes a main distribution frame
      21 to which the subscriber loop plant 12 is connected. The telephone
      company central office 10 also includes an intermediate distribution frame
      22 to which each of the subscriber loops at the main distribution frame 21
      are coupled via low pass filters for reasons to be discussed. For example,
      the subscriber loops 16, 17 and 18 are coupled to the intermediate
      distribution frame 22 via filters 23, 24 and 25. The telephone company
      central office 10 also includes line relays associated with the subscriber
      loops respectively, the field windings of the line relays associated with
      the subscriber loops 16, 17 and 18 being illustrated at 26, 27 and 28.
      Another portion of the telephone equipment located at the central office
      10 comprises cutoff relays 31, 32 and 33 associated with the subscriber
      loops 16, 17 and 18, respectively. When a telephone is on-hook, its
      associated subscriber loop is terminated by an open circuit at the
      telephone handset and via the contacts of the associated cutoff relay by
      the field windings of the associated line relay at the central office 10.
      For example, the telephone 14 is illustrated on-hook and the associated
      subscriber loop 17 is connected through the contacts of the cutoff relay
      32 to the line relay field windings 27. When a telephone is lifted
      off-hook to place a call, the line relay is energized activating the
      cutoff relay to disconnect the line relay field windings from the
      subscriber loop. For example, the telephone 13 is illustrated off-hook
      with the subscriber loop 16 disconnected from the line relay field
      windings 26 via the cutoff relay 31.
PAR  The telephone company central office 10 also includes a switch matrix 35
      comprising the switching relays for establishing desired telephone
      connections. Also included are switches 40, 41 and 42 controlled by a
      supervisory register-sender 34 located at the central office for switching
      the supervisory register-sender 34 into the subscriber loops 16, 17 and
      18. Impedance bridge capacitors 36, 37 and 38 or alternatively repeat
      coils are included to provide the ring-back signals to a calling party's
      handset in a conventional manner.
PAR  When a telephone is first lifted off-hook to place a call and the line
      relay is energized, the cutoff relay connects the associated subscriber
      loop to the switch matrix 35 and by means of conventional apparatus not
      shown, connects the supervisory register-sender 34 into the loop via the
      associated switch 40-42. For example, when the telephone 14 is first
      lifted off-hook, the line relay field windings 27 are energized causing
      the cutoff relay 32 to switch the subscriber loop 17 to the switch matrix
      35 and to connect the supervisory register-sender 34 to the loop 17 via
      the switch 41. Dial tone is then returned to the telephone 14 by the
      supervisory register-sender 34 in preparation for the receipt of dialing
      signals.
PAR  Further to the example given above, when the telephone 14 is first lifted
      off-hook the subscriber loop 17 is connected via the cutoff relay 32 and
      the switch 41 to the supervisory register-sender 34 preparatory to the
      transmission of dialing signals. In response to the dialing signals from
      the telephone 14, the supervisory register-sender 34 controls the relays
      of the switch matrix 35 to effect the desired connection. After the
      dialing sequence is completed the supervisory register-sender 34
      disconnects from the loop 17 via the switch 41. When a subscriber serviced
      by the central office 10 desires to call the telephone of another
      subscriber serviced by the same central office, the connection is made
      through the switch matrix 35. Such a connection is shown between the
      telephones 13 and 15. When a subscriber serviced by the central office 10
      desires to call a telephone serviced by another central office, the
      connection is made through the switch matrix 35 via the interoffice trunk
      11 connecting to that central office.
PAR  When a telephone of the system receives a call, the supervisory
      register-sender 34 switches the cutoff relay of the called telephone to
      connect the associated subscriber loop thereto. The supervisory
      register-sender 34 then applies a 100 volt, 20 Hz ringing signal to the
      called subscriber loop causing the called telephone to ring. When the
      called telephone is lifted off-hook, the supervisory register-sender 34 is
      disconnected from the called subscriber loop. For example, if a subscriber
      calls the telephone 14, the supervisory register-sender 34 switches the
      cutoff relay 32 to connect the subscriber loop 17 thereto via the switch
      41. The supervisory register-sender 34 then applies the ringing signal to
      the subscriber loop 17 causing the telephone 14 to ring. When the
      telephone 14 is lifted off-hook the supervisory register-sender 34
      positions the switch 41 to disconnect the supervisory register-sender from
      the subscriber loop 17 thereby providing an unencumbered connection.
PAR  It will be appreciated that the structure and operation described above
      with respect to FIG. 1 represents a portion of a conventional telephone
      voice communication network which has been discussed only in the detail
      necessary to explain the invention. It is understood that the public
      telephone system includes other portions (not shown) well known to those
      skilled in the art.
PAR  In accordance with a preferred embodiment of the invention, data
      transmitters 43, 44 and 45 are coupled through capacitors 46, 47 and 48 to
      bridge taps 51, 52 and 53 on the subscriber loops 16, 17 and 18 of the
      subscriber telephones 13, 14 and 15, respectively. Each of the data
      transmitters 43, 44 and 45 is responsive to data sources 54, 55 and 56
      respectively. Each of the data sources, for example 54, may comprise
      security alarm sensors such as a burglar alarm sensor and a fire alarm
      sensor applied on lines 57 and 58, respectively. Emergency alarms may also
      be provided as inputs to the transmitter 43 on, for example, a lead 61. An
      emergency alarm may for instance be utilized to summons an ambulance.
PAR  The data transmitter 43 may also be utilized for communicating utility
      meter readings applied to a lead such as 62. Sensors at a utility meter,
      for example an electric flow meter, may provide a pulse on the lead 62 for
      each 100 kilowatt-hour of electrical power that flows through the meter.
      The data sources 54 may also include a subscriber response keypad 63.
PAR  Thus it is appreciated that the transmitter 43 will transmit status
      information derived from sensors such as burglar, fire and equipment
      alarms; discrete information such as might be derived from utility meters
      or event detectors; or more sophisticated coded information such as might
      be derived from the keypad 63. It is understood that the data sources
      illustrated and discussed are merely exemplary of the wide range of
      information signals that may be transmitted in accordance with the present
      invention. These data signals are transmitted by the transmitter 43
      through the capacitor 46 to the bridge tap 51 on the subscriber loop 16.
PAR  The data signals capacitively coupled by the transmitters 43, 44 and 45
      onto the subscriber loops 16, 17 and 18 are tapped therefrom at the main
      distribution frame 21 in the central office 10 by means of bridge taps 64,
      65 and 66 respectively. The bridge taps 64, 65 and 66 may be similar to
      those presently used by telephone answering services. The bridge taps 64,
      65 and 66 are brought out from the central office 10 to an adjacent room
      or building 67 where data communication receivers 70, 71 and 72 are
      coupled to the bridge taps through capacitors 73, 74 and 75 respectively.
PAR  The received data from the receivers 70, 71 and 72 are applied through an
      appropriate interface network 76 to a remote data concentrator computer
      77. The remote data concentrator computer 77 is a conventional
      commercially procurable data processing minicomputer programmed in a well
      known manner to perform the functions of scanning the data inputs from the
      receivers 70, 71 and 72, processing the received information by
      re-formating and concentrating the data and storing the processed
      information.
PAR  The processed data from the computer 77 is transmitted in a conventional
      manner on a switched or leased line 80 to a central monitoring station 81.
      The computer 77 relays information requiring immediate attention such as
      security alarms or subscriber response signals to the central monitoring
      station 81 and stores other information for later recall on request from
      the monitoring station 81. The central monitoring station 81 is a
      conventional data handling installation for distributing the data received
      on the line 80 to appropriate users such as police and fire departments,
      ambulance services, public utilities or t.v. and radio broadcasters. Data
      from other remote data concentrator computers associated with other
      telephone company central offices are received on lines 82 by the central
      monitoring station 81 for distribution.
PAR  The conventional telephone voice communication system is designed for
      signal transmission throughout the network in the standard telephone voice
      transmission frequency band of 200 to 3,000 Hz. For example, interoffice
      trunk lines such as 11 are often loaded facilities or have repeat coils at
      points along their lengths. Loaded telephone lines block all signals above
      4,000 Hz. Repeat coils are tuned transformers which block signals outside
      the 200 to 3,000 Hz frequency band. The presence of voice amplifiers or
      carrier systems in long distance trunk connections also reject all signals
      outside the 200 to 3,000 Hz band. Additionally, the typical telephone
      handset receiver is most sensitive to the standard telephone voice
      transmission band having an electro-acoustic response that extends from
      200 to 4,000 Hz. FIG. 2 is a graph of relative attenuation in dB versus
      frequency in Hz for a typical telephone handset receiver. It is noted that
      the telephone receiver is substantially insensitive to signals below 200
      Hz and above 4,000 Hz. Thus, it is appreciated that normal voice telephone
      transmissions occur in the frequency range from 200 to 3,000 Hz with the
      exception of the ringing signal which occurs at 20 Hz. All other normal
      signals such as supervisory signals are contained in this 2800 Hz band.
PAR  Referring still to FIG. 1, in the preferred embodiment of the invention the
      data transmitters 43-45 and the data receivers 70-72 operate in the
      frequency band from 4 KHz to 50 KHz. As previously described, the data
      transmission of the present invention occurs over the subscriber loop
      plant 12. The average length of subscriber loop plants is approximately
      10,000 feet. The insertion loss of the longest expected subscriber loop in
      a majority of cases will not exceed 40 dB in the 4 to 50 kHz frequency
      band. Thus, reliable data communication in this band over the hard wire
      lines of the subscriber loop plant can be achieved. Reliable communication
      may be maintained utilizing data signal levels of less than -40 dBm at the
      receiver locations. Such low level transmitter signals reduce the
      possibility of cross talk between cable pairs contained in the same cable
      jacket. It is, however, appreciated that difficulty may be encountered
      with subscriber loops that are loaded by, for example, lumped inductors.
      Such lines have a sharp frequency cutoff above 4 kHz which prevent data
      transmission in the frequency range of the present invention. It is noted,
      however, that the large majority of subscriber loop plants are unloaded
      facilities, the loaded loops being primarily located in rural areas.
PAR  In the normal operation of the telephone system illustrated in FIG. 1 a
      telephone handset such as 13-15 is exclusively either in the on-hook state
      or in the off-hook state. During the on-hook state the associated
      subscriber loop is terminated through the cutoff relay contacts by the
      field windings of the line relay. For example, the subscriber loop 17 of
      the on-hook telephone 14 is terminated through the contacts of the cutoff
      relay 32 by the line relay field windings 27. The conventional line
      circuit that shunts the subscriber loop in the on-hook state of the
      telephone is of sufficiently high impedance so that it presents little
      attenuation to the data signals in the frequency band of 4 to 50 kHz of
      the invention. During the off-hook state a subscriber loop is terminated
      during dialing by the supervision circuit 34 and the switch matrix 35, and
      after a connection is made by the subscriber loop of the called party.
      Because of the electro-acoustic response of the telephone receivers as
      discussed with respect to FIG. 2, the data signals transmitted in
      accordance with the invention are essentially inaudible in the telephone
      system. The data signals do not cause degradation of the normal voice
      signal transmission or reception resulting in no disruption of normal
      telephone voice communication service. Additionally, the telephone handset
      transmitter does not generate significant high frequency components so
      that interference between voice signals and data signals is minimized.
      Data signal levels at the data receiver of less than -40 dBm have been
      sufficient to prevent interference from loud voice signals and it is
      expected that even lower level data signals may be utilized. Thus it is
      appreciated that data communication between the transmitters and receivers
      of the invention may be continuously maintained during both the on-hook
      and off-hook states of the telephones without degradation to the voice
      communication function of the system and without interference betwen the
      data signals and the voice signals.
PAR  When a connection is made between two telephones of the system a problem
      may exist whereby the data signals from a particular transmitter may be
      connected to a receiver that is not associated therewith. For example, if
      a connection is made from the telephone 13 through the subscriber loop 16
      to the central office 10 and then via the interoffice trunk 11 to another
      telephone connected with another central office, data signals generated at
      the transmitter 43 are not only properly received by the receiver 70 but
      also may be inadvertently received by the receiver associated with the
      other telephone. In this situation the two subscribers are separated by
      the two associated subscriber loops, the switch matrix 35 of the central
      office 10, the switch matrix of the other central office and the
      interconnecting interoffice trunk line 11. The length of the interoffice
      trunk line 11 is normally at least twice as long as the longest unloaded
      subscriber loop even for neighboring central offices. The added
      attenuation that one data signal incurs in passing through the interoffice
      trunk line is likely to be greater than 40 dB. The true signal may
      therefore be discriminated from the inadvertently received signal on the
      basis of amplitude. In addition, the trunk line is often a loaded facility
      or utilizes repeat coils. Such facilities have a sharp cutoff above 4 kHz
      as discussed above.
PAR  A similar problem exists when an intra-office connection is made between
      two subscribers connected to the same central office. For example, in FIG.
      1 the subscriber telephones 13 and 15 are illustrated off-hook with a
      connection effected therebetween through the switch matrix 35. It is
      appreciated that data signals generated at the transmitter 43 are received
      not only at the associated data receiver 70 but also at the data receiver
      72 associated with the subscriber telephone 15. A similar situation also
      exists for data signals emanating from the transmitter 45. Since the
      attenuation through the switch matrix 35 is small at the frequencies of
      the data signal transmissions, the interfering signals will be comparable
      in level to the true signals and discrimination therebetween on the basis
      of amplitude would be difficult. This problem is obviated by the series
      insertion of the low pass filters 23-25 at the bridge taps 64-66
      respectively on the main distribution frame 21. The filters block the data
      signals while passing the voice signals. Accordingly, in the preferred
      embodiment of the invention these filters may have a high frequency cutoff
      of 4 kHz. For operation in the data signal range of 4 to 50 kHz the
      filters 23-25 may be designed quite small so that there would be a space
      limitation problem at the main distribution frame of the telephone
      company's central office.
PAR  Alternative solutions to the intra-office connection data signal
      interference problem are as follows:
PAR  Frequency division multiplexing may be utilized where each subscriber
      connected to the same central office is assigned a different operating
      frequency band.
PAR  Pulse synchronous detection may be utilized wherein pulse data transmission
      is used with the transmitters and receivers being gated on in synchronism.
PAR  Dual operating frequency bands may be utilized where all subscriber data
      transmitters and data receivers operate in two frequency bands, A and B.
      Normal operation may be in band A. The called party may detect the 20
      cycle ringing frequency which may cause operation to switch to band B.
      Line circuit trip in or dial tone may cause reversion to operation in band
      A when the connection is broken.
PAR  From the foregoing it is appreciated that by utilizing the present
      invention most residences and business offices may be connected with a
      central monitoring station for continuous alarm monitoring and other
      special data services without the need for additional connecting lines.
      The operating frequencies for the data communication equipment are outside
      the standard telephone voice transmission frequency band and in the
      preferred embodiment, the operating frequency band is selected from 4 to
      50 kHz. Because of the natural frequency selectivity of the telephone
      receiver as discussed above with respect to FIG. 2, the data signals are
      rendered inaudible and limitations of the telephone transmitter result in
      little energy being produced above 4 kHz so that high frequency
      interference caused by overtones generated by the telephone transmitter
      does not occur. The data transmitters and receivers by reason of their
      frequency selectivity do not load the voice signal so that voice quality
      is not affected in the presence of the data transmission equipment in the
      subscriber loop.
PAR  The lower limit of 4 kHz for the data communication operating frequency
      band is chosen so as to be outside the standard telephone voice
      transmission frequency band of 200 to 3,000 Hz. The upper frequency limit
      of 50 kHz for the data communication operating frequency band is chosen to
      minimize insertion loss over the subscriber loop plant. Other data
      communication frequency bands may be utilized in practicing the invention
      with the limitation that they be outside the standard telephone voice
      transmission frequency band of the system in which the invention is
      utilized, the bandwidth of the data transmissions being chosen in
      accordance with the data rate required by the system. A wide variety of
      data transmitters and receivers may be utilized in practicing the
      invention. FIG. 3 illustrates a data transmitter that may be utilized in
      implementing the transmitters 43-45 of FIG. 1.
PAR  Referring now to FIG. 3 in which like reference numerals indicate like
      components with respect to FIG. 1, a data transmitter such as 43 is
      illustrated. The data transmitter 43 includes an encoder 90 coupled to
      receive data from the data sources 54 discussed with respect to FIG. 1.
      The encoder 90 conditions the signals from the data sensors, controls,
      meters and character generators (e.g. the keypad 63) located in the
      subscriber's residence or business office. The output of the encoder 90 is
      applied to a modulation waveform generator 91. The modulation waveform
      generator 91 provides a voltage waveform in accordance with the
      conditioned data from the encoder 90 in a manner to be described. The
      modulation waveform generator 91 applies its voltage waveform to a
      conventional voltage controlled oscillator 92.
PAR  The components of the data transmitter 43 are designed such that the
      voltage controlled oscillator 92 provides a variable frequency signal in
      the data communication frequency band of the system, which in the
      preferred embodiment is from 4 to 50 kHz. The modulation waveform
      generator 91 provides the voltage waveform to frequency modulate the data
      carrier signal provided by the oscillator 92.
PAR  The output from the voltage controlled oscillator 92 is coupled to the
      bridge tap 51 on the subscriber loop 16 through the capacitor 46 which
      prevents the flow of d.c. current from the transmitter 43 into the local
      subscriber loop 16. As previously described with respect to FIG. 1, the
      data signals provided by the transmitters 43, 44 and 45 are transmitted
      along the subscriber loops 16, 17 and 18 to the data receivers 70, 71 and
      72 respectively. FIG. 4 illustrates apparatus that might be utilized in
      instrumenting the data receivers of the system such as the receiver 70.
PAR  Referring now to FIG. 4 in which like reference numerals indicate like
      components with respect to FIG. 1, the data receiver 70 includes a
      conventional high pass filter 100 which is coupled to receive the data
      signals from the bridge tap 64 through the d.c. blocking capacitor 73. The
      receiver 70 is tuned to respond to frequencies above 4 kHz by the filter
      100 so that all voice and ringing signals produced during normal telephone
      service is blocked from the receiver. The filter 100 is designated to
      provide greater than 40 dB attenuation to signals below 4 kHz and greater
      than 100 dB isolation at the 20 Hz ringing frequency so that high level
      voice signals and the large amplitude ringer voltage of 100 volts do not
      interfere with the data signal or endanger the circuits of the receiver
      70.
PAR  The output of the high pass filter 100 is applied to a conventional
      preamplifier 101 wherein the data signals in the frequency range above 4
      kHz are amplified. The filtered and amplified data signals are applied to
      a conventional phase-locked loop f.m. demodulator 102 that locks onto and
      demodulates the data signal in a well known manner. The demodulator 102
      provides the f.m. modulation signal imposed upon the data signal carrier
      by the modulation waveform generator 91 of FIG. 3. The phase-locked loop
      f.m. demodulator 102 compensates for small changes in the transmitter
      frequency due to temperature drift or component aging remaining locked to
      the transmitted signal thereby providing proper operation of the
      equipment.
PAR  The output of the f.m. demodulator 102 is applied to a binary and carrier
      tone decoder 103. The decoder 103 decodes the various modulation signals
      from the demodulator 102 to provide the received data to the remote data
      concentrator interface 76 of FIG. 1 in a manner to be explained.
PAR  With reference to FIGS. 3 and 4 for fail-safe operation the transmitter 43
      continuously emits a carrier signal, the frequency of the carrier
      conveying security status. Loss of the carrier signal causes an alarm to
      be generated by the remote data concentrator 77 (FIG. 1) indicating a
      break in the communication line or equipment failure. This results in
      immediate action at the central monitoring station 81 (FIG. 1), to
      localize the problem. A police alert is also initiated in the event
      deliberate tampering of the communication line is indicated.
PAR  A permanent shift in the carrier frequency from the transmitter 43
      indicates the specific alarm condition, i.e. burglar, fire, emergency
      (ambulance assistance), etc. The carrier frequency is only restored after
      reset of the alarm sensor. Discrete signals such as might be obtained from
      utility meter counts will cause a momentary shift in the carrier frequency
      from the transmitter 43. Other signals are transmitted by serially coding
      the carrier either by on-off modulation of the carrier or by frequency
      shift keying using start-stop bit asynchronous modulation. When frequency
      shift keying modulation is utilized, the voltage controlled oscillator 92
      of the transmitter 43 is modulated by a binary (or m-ary) signal of
      prescribed amplitude. The output from the voltage controlled oscillator 92
      utilizing this modulation is a two-level (or m-level) frequency shift
      modulation. Alternatively, modulation may also be performed by phase shift
      keying, multitone modulation or the like. The appropriate modulation
      waveform is applied by the modulation waveform generator 91 to the voltage
      controlled oscillator 92 in the data transmitter 43.
PAR  The center frequency tuning of the voltage controlled oscillator 92 is
      controlled by contact closure of the security sensor. Thus, for example,
      if the burglar alarm is tripped, the open contact of the sensor will cause
      the voltage controlled oscillator 92 to change to a predetermined
      frequency. This change is decoded in the carrier tone decoder 103 in the
      data receiver 70. The data concentrator 77 (FIG. 1) forwards this
      information to the monitoring center 81 where it is recorded and
      appropriate action is initiated.
PAR  The binary (or m-ary) coded signals detected on the security carrier by the
      binary decoder 103 of the receiver 70 are stored in a buffer (now shown)
      in the remote data concentrator 77. The remote data concentrator computer
      77 scans its buffers at regular intervals and relays their contents to the
      central monitoring station 81. In this manner subscriber responses, for
      example from a keypad, to questions posed by television or radio
      broadcasters are tabulated and relayed to the broadcasters.
PAR  Momentary carrier frequency changes indicating discrete metering signals
      are decoded and processed in the remote data concentrator 77 for later
      retreival by the monitoring station 81. The processed metering signals for
      each subscriber are transmitted on request to the monitoring center 81 at
      periodic intervals and provide the basis for utility company billing.
PAR  Specifically, with regard to FIGS. 1, 3 and 4, a plurality of security
      sensors might be located at the residence or business office of the
      subscriber. For example, a normally closed contact might be opened upon
      the entry of an intruder. Another normally closed contact might be opened
      in response to a heat sensor for detecting fire. Security sensor switches
      of this nature are applied to respective inputs to the encoder 90. Another
      input of the encoder 90 may be provided from a utility meter such as the
      kilowatt hour electric meter. Whenever a predetermined amount of
      electricity has flowed through the meter, an electrical contact therein
      may be momentarily closed to indicate this usage of the electrical power.
      Another input to the encoder 90 may be provided by a subscriber response
      keypad. The keypad may provide binary coded pulses in accordance with the
      data entered therein by the subscriber.
PAR  These contacts and signals are conditioned by conventional networks in the
      encoder 90 to provide signals that cause the modulation waveform generator
      91 to provide appropriate modulation waveform voltages to the voltage
      controlled oscillator 92. For example, in the absence of any data to be
      transmitted, the encoder 90 causes the modulation waveform generator 91 to
      provide a predetermined d.c. level corresponding to a no-alarm and a
      no-data situation. The d.c. level from the modulation waveform generator
      91 causes the voltage controlled oscillator 92 to provide a carrier at a
      predetermined frequency to the subscriber loop 16. The frequency is chosen
      outside the standard telephone voice transmission frequency band of the
      system and in the preferred embodiment of the invention the frequency is
      chosen within the band of from 4 to 50 kHz. When the contact of a security
      sensor, for example a burglar sensor, is opened, the encoder 90 provides a
      signal to the modulation waveform generator 91 to switch from the normal
      d.c. level to another d.c. level representative of the type of alarm to be
      sounded. The new d.c. level causes the voltage controlled oscillator 92 to
      switch to another frequency within the data communication band, this
      frequency being representative of the type of alarm.
PAR  When a utility meter signal is received by the encoder 90, a signal is in
      turn applied to the modulation waveform generator 91 to superimpose a
      pulse of a predetermined amplitude on the d.c. level provided by the
      generator 91. This pulse of predetermined amplitude causes the voltage
      controlled oscillator 92 to momentarily shift its frequency from the
      normal carrier to a frequency representative of the particular utility
      meter to provide an f.m. pulse. In a similar manner, binary data from the
      keypad pulse modulates the d.c. level from the modulation waveform
      generator 91 to provide f.m. pulses from the voltage controlled oscillator
      92 of frequencies representative of the type of data input.
PAR  The continuous frequency tones representative of normal operation and of
      security alarms are demodulated in the phase-locked loop f.m. demodulator
      102 of the receiver 70 to provide d.c. levels representative of the normal
      operation and of the alarms. In a similar manner, the demodulator 102
      provides the utility meter pulses and the keypad response pulses generated
      by the transmitter 43. The binary and carrier tone decoder 103 receives
      these d.c. levels and by conventional comparison circuits provides signals
      representative of the alarms to the remote data concentrator interface 76.
      The decoder 103 also decodes the binary and utility meter pulses by
      conventional pulse detector circuitry to provide the appropriate data
      signals to the remote data concentrator interface 76.
PAR  When it is desired to utilize an increased degree of fail-safe operation,
      the d.c. levels from the modulation waveform generator 91 may be square
      wave modulated to provide the additional fail-safe performance of an
      active circuit.
PAR  It will be appreciated from the foregoing that although data communication
      has been explained in terms of transmission from a subscriber telephone
      handset through a telephone company central office and then to a remote
      data concentrator and central monitoring station, data communication in
      the reverse direction may be effected by utilizing a data transmitter at
      the location 67 and a data receiver at the location of the subscriber
      telephone handset.
PAR  While the invention has been described in its preferred embodiment, it
      should be understood that the words which have been used are words of
      description rather than limitation and that changes within the purview of
      the appended claims may be made without departing from the true scope and
      spirit of the invention in its broader aspects.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A data communication system for use with the public telephone voice
      communication system including a plurality of telephone company central
      offices each with switching matrix means, inter-office trunk line means
      inter-coupling said switching matrix means of said central offices, a
      plurality of subscriber telephones associated with each central office, a
      subscriber loop plant having a plurality of subscriber loops connecting
      said telephones with said associated central office respectively, the data
      communication system comprising:
PA1  data sources at the locations of said telephones respectively for providing
      date to be transmitted,
PA1  data transmitters at the locations of said telephones respectively having
      inputs coupled to said data sources for receiving said data to be
      transmitted and having respective outputs for providing data signals
      representative of said data at frequencies above the standard telephone
      voice transmission frequency band of said telephone system,
PA1  first bridge taps connected to said subscriber loops at the locations of
      said telephones respectively,
PA1  first capacitors coupling said outputs of said transmitters to said first
      bridge taps respectively, thereby coupling said data signals to said
      subscriber loops respectively,
PA1  second bridge taps connected to said subscriber loops respectively at said
      central offices,
PA1  second capacitors coupled to said second bridge taps respectively,
PA1  data receivers at the locations of said central offices having inputs
      coupled through said second capacitors to said second bridge taps
      respectively for receiving said data signals and having outputs for
      providing received data corresponding to said received data signals.
PA1  low pass filters coupled between said second bridge taps respectively and
      said switching matrix means at said central offices for passing
      frequencies within said standard telephone voice transmission frequency
      band and for blocking frequencies of said data signals thereby preventing
      erroneous transmission of data through said switching matrix means between
      transmitters and receivers associated with the same central office but not
      associated with each other,
PA1  data concentrator computers at the locations of said central offices
      respectively having inputs coupled to said outputs of said data receivers
      for processing said received data,
PA1  a central monitoring station for receiving and distributing said processed
      data, and
PA1  telephone lines coupling said data concentrator computers to said central
      monitoring station for conveying said processed data thereto.
NUM  2.
PAR  2. The apparatus of claim 1 in which each said transmitter comprises
PA1  a modulation waveform generator responsive to said data for providing
      voltage waveforms in accordance therewith, and
PA1  a voltage controlled oscillator coupled to said modulation waveform
      generator for providing said data signals frequency modulated in
      accordance with said voltage waveforms.
NUM  3.
PAR  3. The apparatus of claim 2 in which each said transmitter further includes
      encoder means coupled between said data sources and said modulation
      waveform generator for conditioning said data.
NUM  4.
PAR  4. The apparatus of claim 2 in which each said receiver comprises an f.m.
      demodulator for demodulating said frequency modulated data signals thereby
      providing said received data.
NUM  5.
PAR  5. The apparatus of claim 4 in which said f.m. demodulator comprises a
      phase-locked loop f.m. demodulator.
NUM  6.
PAR  6. The apparatus of claim 5 in which said receiver further includes decoder
      means coupled to said f.m. demodulator to provide said received data.
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PAL  A remote monitoring terminal is disclosed for connection with a utility
      meter to encode and store the meter readings in digital form. The terminal
      can be interrogated to obtain the stored reading in serial form suitable
      for encoding and transmission over a communication line. Means are
      provided to prevent the stored meter reading from being lost in the event
      of a line-power interruption. A communication system is disclosed
      including a central office and a plurality of such remote monitoring
      terminals for addressing each of such terminals to retrieve the stored
      information therein to the central office.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a communication system for providing at a
      central office information concerning the content of any of a plurality of
      remotely located utility meters such as gas or electric meters.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with the invention, a remote monitoring communication system
      is provided including a remote monitoring terminal for use therein. An
      advantage of the terminal described herein is that it may be readily
      connected to existing utility meters in a manner described herein without
      adversely affecting the accuracy or reliability of such meters. For this
      purpose, there is provided a pulse output converter which includes a cam
      mountable on a shaft of the utility meter, preferably that shaft
      corresponding to the least significant digit of the count contained in the
      utility meter, and a switch operable by the cam to provide output pulses
      corresponding to increments in the least significant digit of the utility
      meter. Each remote monitoring terminal includes a secondary power supply
      for automatically supplying the minimum power requirement of the terminal
      necessary to avoid loss of the meter reading stored therein in the event
      of power failure.
PAR  A feature of the present invention is that the contents of the
      counter-memory in each remote monitoring terminal can be read by a data
      processing unit such as a digital computer located at a central office.
      The terminal can be readily connected to a bi-directional communication
      line, and includes means for reading out the stored binary number in
      serial form. Each remote terminal forming part of the communication system
      can be interrogated as to the contents of its counter-memory by the
      central office data processing unit. The terminal responds by serially
      strobing out the stored number corresponding to the meter reading. Cable
      television systems may serve as a suitable communication network linking
      the remote monitoring terminals with the central office.
PAR  The output of each remote monitoring terminal and that of the central
      office station may be converted to a form suitable for transmission over a
      CATV network or the like by suitable modulating devices, well known in
      this art and conventionally referred to as "modems." An address register
      is provided at each subscriber station which may be interrogated by the
      central office data processing unit for initiating operation of the
      particular station addressed to transmit the meter reading stored therein
      to the central office.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the invention described below in connection with
      the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of a remote monitoring communication system in
      accordance with the invention;
PAR  FIG. 2 is a block diagram of a subscriber station as shown in FIG. 1;
PAR  FIG. 3 is a schematic diagram of an output pulse generator mountable on a
      utility meter;
PAR  FIG. 4 is a schematic view of a control logic generator as shown in FIG. 2;
      and
PAR  FIG. 5 is a timing diagram showing the relative timing of the signals
      generated in connection with the operation of the remote monitoring
      terminal.
DETD
PAR  FIG. 1 is a block diagram of a communication system in accordance with the
      invention in which a central office 10 is connected through a
      communication network 11, which may for example be a CATV network, to one
      or more subscriber stations 12, 12', etc.
PAR  Central office 10 may include a central processing unit 13 connected
      through a modem 14 to the communication network 11, the modem 14 serving
      simply to convert the digital output of the central processing unit to a
      form compatible with the communication network, i.e., in the case of a
      CATV network a high frequency signal at frequencies within the coaxial
      cable transmission band. Data processing unit 13 in itself forms no part
      of the invention; it may be any commercially available unit programmed to
      store or to retrieve from external storage the addresses of the various
      subscriber stations, and to interrogate the various subscriber stations
      identified by such addresses and receive and store the information
      contained at such subscriber stations, which information may then be
      printed out in a conveniently useable form.
PAR  Each subscriber station 12 includes a remote monitoring terminal 15
      connectable to the subscriber's utility meter, and a modem 16 compatible
      with modem 14 at the central office.
PAR  Each subscriber station is connected to a utility meter 17, the contents of
      which it is desired to read. Utility meter 17 may be any such meter
      currently in use, for example of the type which displays the amount of
      electricity or gas consumed in a series of dials. Such a utility meter may
      be modified for use in accordance with the present invention by mounting
      on the shaft of the least significant digit dial a pulser 18 as shown in
      FIG. 3. Pulser 18 includes a cam 19 mounted to rotate with the shaft, and
      a switch 20 the actuating arm 20' of which extends to cooperate with the
      cam 19 so that the switch 20 closes and opens 10 times during each
      revolution of the cam.
PAR  Remote monitoring terminal 15 is more fully illustrated in FIG. 2, where it
      is shown connected to a power supply 21A providing a DC voltage compatible
      with the requirements of the particular logic elements employed in the
      terminal.
PAR  In the event that terminal 15 is employed with a utility meter having a
      pulse output representative of the rate of gas or electric consumption
      that it is metering, that pulse output can be connected to pulse generator
      21 in the terminal 15. If the utility meter does not have such pulse
      output capability, terminal 15 may include a pulser 18 and the output from
      switch 20 is connected to the input of pulse generator 21.
PAR  Each time switch 20 closes, a pulse is generated by pulse generator 21,
      which may be a multivibrator connected as a one-shot, or single pulse
      generator. These pulses are fed into counter-memory 22, a binary counter
      which thereby stores a count corresponding to the total consumption of gas
      or electricity registered by the utility meter. Counter-memory 22 is
      connected in parallel through multiple-pole switch 23 to a
      parallel-to-serial converter 24 which, upon receipt of appropriate signals
      from controller 25, serially outputs the number stored in counter-memory
      22 over output line 26 to modem 16.
PAR  In the event of failure of power supply 21A to maintain the required output
      voltage, a secondary power supply 27 is provided which is connected to
      power pulse generator 21 and counter-memory 22, thereby preventing loss of
      the count stored in counter-memory 22 and permitting it to continue
      registering additional use of the utility product despite loss of external
      power. For this purpose, secondary power supply 27 includes a battery 28
      connected through diode 29 and resistor 30 to receive a constant trickle
      charge from power supply 21A, thereby maintaining it in a fully charged
      condition. In the event that the power supply output voltage drops below
      the output voltage of battery 28, the battery continues to supply power to
      pulse generator 21 and counter-memory 22, diode 29 preventing the battery
      from draining through the power supply or other circuit elements. Diode 29
      is connected to prevent current from battery 28 from energizing control
      input 31 to switch 23, energization of which by power supply 21A is
      required to provide transmission paths from counter-memory 22 to
      parallel-to serial converter 24. Switch 23 is thus closed only when
      adequate line voltage is present from the power supply, and is opened in
      the event of power supply failure to prevent circuit elements not required
      for accumulating the count in the utility meter from draining battery 28.
      In this manner, secondary power supply 27 may be considered as supplying a
      control signal (i.e., the absence of a positive signal to control input 31
      of multiple-pole switch 23) to open the signal path between counter-memory
      22 and parallel-to-serial converter 24.
PAR  Preferably, pulse generator 21 and counter-memory 22 incorporate CMOS
      (Complimentary Metal Oxide Semiconductor) intergrated circuits, the
      current drain of which is minimal, thereby permitting operation by battery
      28 for extended periods of time. Multiple-pole switch 23 is preferable a
      solid state switching element, and may for example be a CD4016A logic
      element manufactured by Radio Corporation of America. Control input 31 is
      that input, energization of which closes all of the switched transmission
      paths in the multiple-pole switch connecting counter-memory 23 and
      converter 24. Operation of subscriber station 12 will further be explained
      in conjunction with FIG. 5, which is a logic diagram of the circuit of
      controller 25.
PAR  To address a specific subscriber station in the embodiment shown, the
      central processing unit sends out over the communication network to all
      subscriber stations a signal corresponding to the address of the selected
      subscriber station. This address signal may be preceded by a signal of
      selected frequency or duration recognizable by all of the subscriber
      station modems for clearing their associated address registers. The
      address signal is received by an address register 33, which is a shift
      register such that the serially transmitted address may be stored therein
      and compared with the address of the particular subscriber station
      contained in address memory 33A, which for example may be a conventional
      read-only memory. A start signal is generated by comparator 32 of the
      particular subscriber station addressed when the addresses in registers 33
      and 33A compare positively. A logic diagram of controller 25, to which the
      start signal is applied, appears in FIG. 4. The start signal is fed to a
      one-shot 34, the output of which clears seven-stage binary counter 35 and
      additionally actuates one-shot 36, the complement output of which triggers
      one-shot 37 causing the latter to generate a control signal denominated
      PS, or parallel shift, which is shown in FIG. 2 is fed to the control
      input of parallel-to-serial converter 24 causing the latter to sample the
      contents of counter-memory 22.
PAR  Prior to generation of the PS signal, an inhibit signal I is generated by
      one-shot 34, which serves to inhibit operation of pulse generator 21
      during parallel transfer of the count sample in the counter-memory into
      the parallel-to-serial converter, thereby preventing an input pulse to the
      counter-memory which might interfere with the transfer. The duration of
      pulse I (i.e., the time constant of one-shot 34) is preferably made
      slightly longer, for this purpose, than the time required for such
      transfer.
PAR  When binary counter 35 is cleared, the outputs of the 4th and 6th stages
      become zero, causing NAND-date 38 to provide a one output to gated clock
      39, causing the clock to generate clock pulses CP at the desired strobing
      frequency for serially strobing out the contents of the parallel-to-serial
      converter. Gated clock 39 may be a free running multivibrator connected to
      an AND-gate (not shown) the other input of which is that shown and which
      receives signals from gate 38. The first several clock pulses are
      inhibited by the complement of inhibit signal I, generated by one-shot 34,
      which maintains AND-gate 40 closed to prevent serial transfer from the
      parallel-to-serial converter until completion of the parallel transfer
      into it. Upon termination of the inhibit input to AND-gate 30, the
      AND-gate begins to pass clock pulses, feeding them back to the input of
      binary counter 35 and causing that counter to begin counting. Such pulses
      CP are also provided to the strobe input of parallel-to-serial converter
      24, causing the contents thereof to be read out over output line 26 to
      modem 16 for transmission over the communication network to the central
      office. Clock pulses from gated clock 39 may also be fed directly to the
      modem for synchronization, if required by the modem.
PAR  When binary counter 35 reaches a count of 80, the fourth and sixth stage
      outputs become ones changing the output of NAND-gate 38 to a zero and
      thereby turning off gated clock 39, completing the cycle of operation of
      the remote monitoring terminal. While a 80 bit cycle is shown in this
      embodiment, any number of shift pulses may be chosen depending upon the
      number of bits stored in counter-memory 22 and which must therefore be
      serially shifted out of parallel-to-serial converter 24.
PAR  FIG. 4 is a timing diagram further illustrating the operation of the
      control logic shown in FIG. 5 and presenting in graphic form the sequence
      of operations described above.
PAR  It will be appreciated by those skilled in the art that various changes and
      modifications may be made to the above-described preferred embodiments
      without departing from the scope and spirit of the invention defined by
      the claims herein.
CLMS
STM  We claim:
NUM  1.
PAR  1. A remote monitoring terminal for connection with a utility meter capable
      of providing output pulses corresponding to increments in the count stored
      therein, said terminal being operable from a power supply and comprising:
PA1  a. counter-memory means responsive to such utility meter output pulses for
      maintaining a count corresponding to that indicated by the meter;
PA1  b. a parallel-to-serial converter connected to sample in parallel the
      contents of the counter-memory means;
PA1  c. a multiple-pole switch connected between the counter-memory means and
      the parallel-to-serial converter responsive to a control signal for
      interrupting the current paths therebetween;
PA1  d. a controller connected to the parallel-to-serial converter for
      initiating parallel sampling of the contents of the counter-memory means
      into the parallel-to-serial converter and serially strobing said contents
      therefrom; and
PA1  e. secondary power supply means, responsive to failure of the power supply
      to maintain a predetermined voltage, for supplying operating power to at
      least the counter-memory means and for controlling said multiple-pole
      switch to disconnect the parallel-to-serial converter from the
      counter-memory means, thereby minimizing the drain on the secondary power
      supply.
NUM  2.
PAR  2. A remote monitoring terminal as defined in claim 1, and including a
      pulse generator responsive to pulses from said utility meter for providing
      input pulses to the counter-memory means, wherein said secondary power
      supply means includes a battery connected to be charged by the power
      supply, and switching means responsive to a drop in the power supply
      voltage below that of said battery for (a) providing a control signal to
      the multiple pole switch for disconnecting the parallel-to-serial
      converter from the counter-memory means, and (b) for controlling the
      battery to supply power only to the pulse generator and counter-memory
      means.
NUM  3.
PAR  3. A remote monitoring terminal as defined in claim 2 wherein said
      switching means is a diode.
NUM  4.
PAR  4. A remote monitoring terminal as defined in claim 1 including a pulse
      output converter for providing output pulses from a utility meter
      corresponding to increments in the count stored therein, comprising a cam
      mountable on the shaft of the utility meter corresponding to the least
      significant digit of said count, and a switch operable by said cam to
      provide output pulses corresponding to increments in such least
      significant digit.
NUM  5.
PAR  5. A remote monitoring system operable over a communication network for
      selectively monitoring the contents of utility meters at remote locations
      and transmitting such contents upon command to a central office, said
      system including:
PA1  a. a central office including a data processing unit, means for generating
      an address signal corresponding to an address of a selected subscriber
      station for addressing any of a plurality of remote monitoring terminals
      to obtain data stored therein, and a modem for connecting the data
      processing unit with such communication network; and
PA1  b. a plurality of subscriber stations, each including a modem connected to
      such communication network for communicating therethrough with the central
      office, means for receiving an address signal, an address memory for
      storing an address corresponding to said subscriber station, and a
      comparator for comparing addresses corresponding to received address
      signals with the address stored in the address memory, each subscriber
      station thereby being selectively addressable by said data processing
      unit, and each subscriber station including a remote monitoring terminal
      connected to a utility meter at the subscriber station for serially
      transmitting to such data processing unit a count corresponding to that
      contained in the utility meter, said remote monitoring terminal including
      a pulse output converter for providing output pulses from such utility
      meter corresponding to increments in the count stored therein, said
      converter comprising a cam mountable on the shaft of the utility meter
      corresponding to the least significant digit of said count, and a switch
      operable by said cam to provide output pulses corresponding to increments
      in such least significant digit.
NUM  6.
PAR  6. A remote monitoring system as defined in claim 5 wherein each of said
      remote monitoring terminals includes
PA1  a. counter-memory means responsive to such utility meter output pulses for
      maintaining a count corresponding to that stored in the meter;
PA1  b. a parallel-to-serial converter connected to receive a sampling of the
      counter-memory means; and
PA1  c. a controller connected to the parallel-to-serial converter for
      initiating parallel transfer of the sample of the counter-memory means
      into the parallel-to-serial converter and serially strobing said sample
      therefrom through said modem and communication network to the data
      processing unit.
NUM  7.
PAR  7. A remote monitoring system as defined in claim 6 operable from a power
      supply and wherein each of said remote monitoring terminals includes:
PA1  a. a multiple-pole switch connected between the counter-memory means and
      the parallel-to-serial converter responsive to a control signal for
      interrupting the current paths therebetween; and
PA1  b. a secondary power supply means, responsive to failure of such power
      supply to maintain a predetermined voltage, for supplying operating power
      to at least the counter-memory means and for controlling said
      multiple-pole switch to disconnect the parallel-to-serial converter from
      the counter-memory means, thereby minimizing the drain on the secondary
      power supply.
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ABST
PAL  An alarm system having means by which unauthorized entrance into an
      enclosure activates mechanical apparatus which dials a second telephone
      from a first telephone, thereby informing whomever might be present at the
      second telephone that a particular location is being burglarized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The progressive breakdown of law and order in the United States has caused
      an alarming increase in the crime rate. Criminals and dangerous intruders
      continue to break and enter buildings and other enclosures, with the
      intent of unlawfully converting the owner's property into their own
      illigitimate and devious use. These robbers loot and plunder and
      maliciously destroy a substantial amount of the national wealth each year.
      Often these thieves are caught after they have left the robbed premises
      and following the act of converting stolen property into cash. Hence it is
      difficult for the victim to provide law enforcement officers with the
      excessive high degree of proof required for the courts to punish and
      discourage the trespasser. Therefore, it is desirable that one be able to
      provide his premises with an inexpensive signal device by which anyone can
      be telephoned and advised that his premises are being burglarized.
      Moreover, it is desirable to be able to attain this attribute by using
      standard equipment available from most electrical hardware stores.
      Furthermore, it is desirable that such an expedient be simple to install
      in a small amount of time, and to be foolproof and reliable.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an alarm system having means by which
      unauthorized entrance into an enclosure activates mechanical apparatus
      which dials a second telephone from a first telephone, thereby informing
      whomever might be present at the second telephone that a particular
      location is being burglarized. More Specifically, the apparatus comprises
      a plurality of switches actuated by movement of a closure member leading
      into the enclosure, with the switches deactivating a relay, which actuates
      a motor driven cam means. The cam is arranged to rotate into contact with
      and move a switch button located on an automatic dialing apparatus. The
      dialing apparatus is arranged to connect the first telephone to any
      desirable second telephone.
PAR  Accordingly, a primary object of the present invention is the provision of
      a mechanical apparatus which causes a first telephone to dial a second
      telephone in response to unauthorized entrance into an enclosure.
PAR  A primary object of the present invention is the provision of simple,
      inexpensive electrical and mechanical apparatus arranged into the form of
      a burglar alarm.
PAR  Another object of the invention is to provide switch actuated apparatus
      connected to various closure means associated with an enclosure so that
      unauthorized entrance thereinto causes an automatic dial device connected
      to a first telephone to dial a second telephone.
PAR  The above objects are attained by the provision of a plurality of switches
      series connected to a solenoid actuated relay which energizes a
      motor-driven cam with the cam being arranged to actuate automatic dialing
      apparatus so that energization thereof causes a first telephone to dial a
      second telephone.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one arrangement of apparatus made in
      accordance with the present invention;
PAR  FIG. 2 is an enlarged, side elevational view of part of the apparatus
      disclosed in FIG. 1, with the apparatus being somewhat rearranged;
PAR  FIG. 3 is a reduced, part cross-sectional view taken along line 3--3 of
      FIG. 2;
PAR  FIG. 4 is an enlarged, fragmentary, part cross-sectional representation of
      part of the apparatus disclosed in the foregoing figures; and,
PAR  FIG. 5 is a part diagrammatical, part schematical representation of
      circuitry, which forms one embodiment used in carrying out the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the numeral 6 indicates an ordinary dial-type telephone having
      connected thereto means 8, representative of an automatic dialing
      apparatus, by which any predetermined telephone number can be called by
      merely energizing the apparatus in a well-known manner.
PAR  Numeral 10 indicates a motor-driven, cam-actuated assembly for engaging and
      depressing one of the switch means associated with the automatic dialing
      apparatus.
PAR  As seen in FIG. 2, in conjunction with some of the remaining figures, the
      motor-driven cam device comprises an induction motor 12, having a
      reduction gear assembly 14 connected thereto for rotatably driving a shaft
      16. The shaft has a cam 18 affixed to the free depending end thereof.
      Electrical conduit 20' provides a suitable source of current for the
      motor, as for example, 110 v. AC.
PAR  The device is connected into the first telephone by electrical circuitry,
      part of which is disclosed at 24.
PAR  As seen illustrated in FIGS. 3 and 4, together with FIGS. 1 and 2, the cam
      is seen to be positioned in superimposed relationship respective to a call
      switch 20 so that as the cam is rotated by the shaft of the motor-driven
      gear reducer, it engages and depresses the call switch, thereby actuating
      the automatic dialing apparatus.
PAR  In the illustration of FIG. 5, the primary winding of a transformer T is
      connected to line voltage S with the illustrated switch being interposed
      therebetween for disconnecting the entire circuitry therefrom. The
      secondary of the transformer is connected by lines 26 and 28 to the low
      voltage part of the circuitry, which includes a solenoid-actuated normally
      closed switch assembly 30, a first switch means which includes a plurality
      of conducting elements 32 and a plurality of normally closed switches 34.
PAR  Solenoid-actuated switch 36 is series connected by electrical lines 38 and
      40 to the primary of the transformer and to the motor 10. A normally
      opened switch 42 enables the motor 10 to be actuated for purposes of test
      at any time by short-circuiting legs 38 and 40 of circuitry.
PAR  Elements 32 preferably are small strips of foil attached to windows and the
      like in a serpentine manner so that when the glass thereof is moved, as by
      breakage, the normally closed circuitry comprised of the series connected
      strips of foil will cease to conduct electricity.
PAR  The normally closed switches 34 are connected to be moved to the open
      position by a closure means associated with an enclosure means, as for
      example, closed doors and the like. When one of the doors are opened, one
      of the series connected normally closed switches associated therewith will
      be moved to the open position, thereby preventing current flow through the
      two legs 26 and 28.
PAR  The motor 12 is a low torque stall proof motor connected to a 450:1 gear
      reducer so that the cam is rotated 4 rpm. This arrangement causes the
      apparatus 8 to dial the second telephone 44 each 15 seconds.
PAR  The automatic dialing apparatus 8 is available from Bell Telephone Co. and
      is referred to as a "Magicall". The apparatus is programmed with a
      multiplicity of predetermined telephone numbers, each being indexed with
      indicia appearing in the illustrated viewing window. Any selected number
      will be automatically dialed when the call button is depressed.
PAR  The apparatus is placed into operation by programming the device so that a
      selected telephone number will alert a person at a second telephone 44. It
      is preferable that the second person at 44 be knowledgeable of the burglar
      alarm system, or it will otherwise be necessary to send a transcribed
      message to the listener at the second telephone 44, in order to appraise
      him of the unlawful act which is being carried out at that moment.
PAR  The cam is superimposed above call switch 20 in illustrated manner of FIGS.
      1-4, with the cam normally being disengaged from the switch in the
      illustrated manner of FIG. 2 and 3. The foil strips 32 are each series
      connected together, and to the series connected door switches so that a
      current flow path is formed through the series connected foils, switches,
      transformer and the solenoid. The first telephone receiver is lifted from
      the telephone base, and switch 46 is then closed to energize the
      transformer T with a suitable source of current, as for example, 110 volts
      AC. The apparatus is now in the standby configuration.
PAR  Prior to lifting the telephone from its cradle, it is advantageous to close
      switch 42 for a few seconds while observing the cam as it makes one
      revolution, thereby depressing the call switch for test purposes.
PAR  When the operator must exit through one of the doors 34, it is advantageous
      that the switch 46 be actuated by a lock having a key therefor so that the
      switch can be opened or closed from without the enclosure.
PAR  The present apparatus provides a foolproof burglar alarm system which is
      low in cost, easy to assemble, and foolproof in operation. For example,
      should one program the device 8 to telephone his home, and should a
      burglar intrude into his enclosure, one of the elements 32, 34 would open,
      causing the solenoid 30 to become de-energized, thereby closing switch 36,
      which in turn energizes motor 12, causing cam 18 to close switch 20,
      thereby dialing the telephone 44. After the telephone 44 rings, cam 18
      continues to engage switch 20 each 15 seconds. This action continually
      dials the telephone 44 with the listener therof hearing the "clicks" as
      the number is dialed over and over again. This action assures the listener
      that his alarm device has been actuated and he should immediately
      telephone the proper authorities and apprise them of the situation.
PAR  The "Magicall" is a Bell System Dialer Unit, manufactured by DASA
      Corporation, Andover, Mass., U.S.A., for Western Electric.
CLMS
STM  I claim:
NUM  1.
PAR  1. An alarm system by which unauthorized entrance through a closure means
      into an enclosure causes a first telephone to dial a second telephone
      comprising:
PA1  a first switch means (34) for connection to a closure means so that
      movement of the closure means activates said first switch means;
PA1  a motor-driven switch actuator (10), a first telephone (6), a second
      telephone (44), means forming an automatic dialing apparatus by which a
      predetermined telephone number can be dialed;
PA1  circuit means connecting said automatic dialing apparatus to said first
      telephone; means, including a call switch on said automatic dialing
      apparatus, by which said first telephone will dial said second telephone
      when said call switch is activated;
PA1  circuit means connected to said first switch means for causing said motor
      of said motor-driven switch actuator to be energized upon movement of the
      closure means to which said first switch is connected;
PA1  means by which said motor-driven switch actuator is positioned respective
      to said automatic dialing apparatus so that said call switch is actuated
      when said motor-driven switch actuator is energized;
PA1  said motor-driven switch actuator being a motor-driven reduction gear
      assembly having an output shaft, a cam affixed to said shaft, said cam
      being arranged respective to said motor-driven reduction gear assembly,
      shaft and call switch, so that rotation of said shaft causes said cam to
      engage and actuate said call switch.
NUM  2.
PAR  2. The alarm system of claim 1, wherein said first switch means is a
      plurality of series connected normally closed switches, with one switch
      being arranged relative to the closure means so that when the closure
      means is opened, the switch is moved to the open position.
NUM  3.
PAR  3. The alarm system of claim 2, and further including a solenoid actuated
      normally closed switch; a step-down transformer; said first switch means
      being series connected to said transformer and said solenoid; said
      transformer being connected to a source of current;
PA1  said normally closed switch of said solenoid actuated normally closed
      switch being series connected to said motor and to a source of current;
PA1  so that when said first switch means is moved to the opened position, said
      solenoid is de-energized, and the normally closed contacts thereof assume
      the closed position, causing said motor to be actuated, which in turn
      actuates said call switch, whereupon the first telephone dials the second
      telephone, thereby indicating that a closure means has been moved.
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ABST
PAL  A private automatic branch exchange (PABX) telephone system includes a
      number of stations connected to a transmission cable by appliques. By
      digital messages sent over a communication line in the cable, in
      signalling and supervision time slots, the appliques communicate with one
      another to make and break talking path connections between stations, which
      talking path connections utilize other time slots of the communication
      line, and to perform other signalling and supervision functions. A system
      clock broadcasts timing signals to the appliques over a timing line in the
      cable, separate from the communication line, to synchronize the operation
      of the appliques and to define the time slots into which the usage of the
      communication line is broken. The system clock also maintains traffic on
      the communication line by detecting the end of each signalling and
      supervision message and by initiating a new message upon the detection of
      such end of message. The system clock also may repetitively broadcast some
      signalling and supervision messages of its own over the communication
      line. Except for these functions performed by the system clock, the system
      operates substantially entirely through the appliques and no common or
      central control equipment is required. Any number of appliques may be
      incorporated into the system, up to its maximum capacity, by merely
      connecting the appliques to the transmission cable, with each applique
      being connectable to the cable at any desired point therealong and being
      capable of being moved from one point to another to change the physical
      location of stations without interferring with the operation of the
      system.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 296,322,
      filed Oct. 10, 1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electronic time-division-multiplexed private
      automatic branch exchange (PABX) telephone system, and deals more
      particularly with such a system which operates essentially without any
      central or common control and wherein the signalling and supervision
      functions and the making and breaking of talking path connections are
      distributed over a number of units, referred to as "appliques", connected
      to a transmission cable at spaced points therealong and defining stations
      at which telephones, trunk lines or other pieces of equipment are
      interfaced with the system.
PAR  A PABX is an on-premises telephone system, usually of relatively small size
      in comparison to telephone company exchanges, intended to service a
      limited number of stations as found, for example, within a business office
      or manufacturing plant. Generally, such a system automatically provides
      for the making and breaking of connections between the various stations of
      the system and between the stations of the system and one or more trunk
      lines to the outside world without the need for a switchboard or
      switchboard operator, although an attendant or operator may often be used
      to process special calls, such as outgoing and incoming trunk calls.
PAR  In the past PABXs have conventionally included central or common control
      units to which all of the stations of the system are connected by
      individual lines, the switching equipment for making connections between
      the various stations and most other major parts of the system, except for
      the telephones, being part of the common control. As a general practice,
      present common control units are constructed to service a given maximum
      number of stations, for example, one hundred stations, and for each
      potential station, whether used or not, includes a substantial amount of
      switching equipment exclusively assigned to such station. Therefore, when
      a common control is used with less than its maximum number of stations, a
      substantial part of it remains unused and the cost of the system per
      installed line may become quite high for a system having a number of
      installed stations considerably less than the maximum number permitted by
      the common control. Also, the necessity in a conventional PABX system of
      running individual lines from each subscriber station to the common
      control makes installation of such a system expensive both in the amount
      of materials and installation time required, and since the common control
      is a relatively complex piece of equipment, maintenance is difficult and
      requires the services of a high skilled technician.
PAR  The general object of this invention is to provide a PABX system by means
      of which the installed cost per line or per subscriber station of the
      system may be substantially reduced in comparison to coventional PABX
      systems. This object is achieved by, among other things, eliminating the
      common control equipment and distributing the switching and signalling and
      supervision functions of the system throughout a number of appliques each
      serving an individual station, with the result that only a number of
      appliques equal to the desired number of stations need be provided with no
      equipment remaining unused. Also, the appliques are connected to a single
      transmission cable, containing a relatively low number of conductors,
      which run from one station to the next so as to reduce installation and/or
      rearrangement labor and material expense to a minimum.
PAR  Another object of the invention is to provide a PABX system which may be
      selectively adapted, at little expense, to provide a large number of
      customer service features, some of which are usually not available in
      conventional PABX systems, such features being, for example, camp-on,
      fixed forward call transfer, variable forward call transfer, grade of
      service variation, break-in capability, zone or universal ringing, paging
      and repertory dialing.
PAR  Still another object of the invention is to provide a PABX communication
      system of the foregoing character made up essentially of semiconductor
      elements and electronic circuits capable in large part of being reduced to
      integrated circuit components.
PAR  Other objects are to provide a PABX communication system having low initial
      capital and installation costs, flexibility of growth and features,
      requiring a minimum of maintenance, of small size, having low power
      consumption and wherein rearrangement of the telephones can be carried out
      by the average user without requiring the services of a skilled
      technician.
PAR  Other more detailed objects of the invention will be apparent from the
      following description of the preferred embodiment of the invention.
PAR  In the system illustrated herein a multiconductor cable is described as the
      transmission medium. However, it should be understood that in its broader
      aspects the invention is not limited to use with such a cable and instead
      other types of linear transmission media may be employed. Also, in the
      illustrated system the timing and communication signals are transmitted on
      separate lines, but this is not necessary to the broader aspects of the
      invention, the invention embracing the possibility of transmitting the
      timing signals and the communication signals on the same line.
PAC  SUMMARY OF THE INVENTION
PAR  This invention resides in a PABX telephone system comprising a lineal
      transmission medium, such as a cable, a number of station defining
      appliques connected to the transmission cable at spaced points along the
      length thereof and a timing signal generator referred toas a system clock.
      The transmission cable includes a timing line and a communication line.
      Each of these lines originates at the system clock and proceeds from the
      system clock to the end of the cable. At the end of the cable, it reverses
      direction and proceeds from the end of the cable back to the system clock
      at which it is terminated. Each line, therefore, as viewed from the system
      clock, has one outgoing leg and one returning leg. The system clock has a
      timing generator which transmits timing pulses to the outgoing leg of the
      timing line for timing the operation of the appliques. Communication
      signals are transmitted over the communication line between the various
      appliques and the system clock. The usage of the communication line,
      through the action of the timing pulses, is divided into repetitive frames
      each divided into a number of individual time slots. A majority of the
      time slots of each frame are slots, referred to as audio time slots, used
      to provide time-division-multiplexed voice communication capability
      between the various appliques. A smaller number of time slots are slots,
      referred to as signalling and supervision time slots, used for handling
      signalling and supervision messages transmitted to the appliques. The
      system clock includes a means for initiating signalling and supervision
      messages to the appliques and the appliques in turn complete the messages
      to indicate to all other appliques their present condition, and by the
      interexchange of such messages, the appliques operate to establish talking
      paths between themselves, such talking paths utilizing audio time slots in
      which the voice signal is transmitted by modulated pulses.
PAR  The transmission cable includes regenerators at spaced points along its
      length to reshape both the timing signals and the communication signals
      and to cause both to flow in unison along the timing and communication
      lines in one direction only. The distance between the regenerators, and
      the impedance of the line terminations made thereat, is such that any
      signal reflected from a regenerator terminal and arriving at an applique
      terminal with such time delay as to possibly produce crosstalk or timing
      problems is of sufficiently low amplitude as to avoid such crosstalk or
      timing problems.
PAR  Each applique includes a communication receiving terminal through which
      communication signals, both signalling and supervision signals and audio
      signals, are extracted from the communication line and a communication
      sending terminal through which communication signals are injected onto the
      communication line. With regard to the direction of signal flow over the
      communication line, all of the sendig terminals of the appliques, as a
      group, are connected to the communication line in advance of the receiving
      terminals so that a message injected onto the communication line by any
      applique passes the receiving terminals of all appliques, and is,
      therefore, made available to all appliques, before reaching the system
      clock where it is terminated.
PAR  Also, each applique includes a sending timing circuit operating in
      conjunction with a circuit for injecting signals onto the communication
      line for identifying the timing slots, and a receiving timing circuit
      operating in conjunction with a circuit for extractig signals from the
      communication line for also identifying the timing slots. The sending
      timing circuit is responsive to the timing pulses and is connected to the
      timing line at the same point as that at which the sending terminal is
      connected to the communication line. Likewise, the receiving timing
      circuit is responsive to the timing pulses and is connected to the timing
      line at the same point as that at which the receiving terminal is
      connected to the communication line. Therefore, although the various
      sending and receiving terminals of the various appliques are located
      various distances from one another along the communication line, and
      although the messages traveling over the communication line are subject to
      propagation delay so that any bit of information on the communication line
      does not appear at all terminals at precisely the same time, the
      identification of the time slots of the communication signal at each
      communication line terminal remains accurate since the timing pulses move
      in parallel with the communication signals and at any point along the
      timing line have the same propagation delay as has the communication
      signal at the corresponding point of the communication line, and since at
      each communication terminal the time slots of the communication line are
      identified by timing pulses taken from the corresponding point of the
      timing line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a drawing showing in block diagram form a complete communication
      system embodying this invention.
PAR  FIG. 2 is a diagram showing the format of the timing and communication
      signals used in the system of FIG. 1.
PAR  FIG. 3 is a block diagram showing the functional equivalent of the flow
      path of an audio signal transmitted from one sending applique to a number
      of receiving components in the system of FIG. 1.
PAR  FIG. 4 is a block diagram showing the functional equivalent of the flow
      paths of a number of audio signals flowing from a number of sending
      appliques to one receiving applique in the system of FIG. 1.
PAR  FIG. 5 is a block diagram showing the functional equivalent of a two-way
      talking path between two appliques in the system of FIG. 1.
PAR  FIGS. 6a and 6b, when assembled as shown in FIG. 15, form a single figure,
      referred to herein as FIG. 6, which is a diagram showing the format of the
      different words used in the signalling and supervision messages used in
      the system of FIG. 1.
PAR  FIGS. 7a and 7b, when assembled as shown in FIG. 16, form a single figure,
      referred to herein as FIG. 7, which shows the format of the different
      signalling and supervision messages used in the system of FIG. 1.
PAR  FIGS. 8a, 8b, 8c and 8d, when assembled as shown in FIG. 17 form a single
      figure, referred to herein as FIG. 8, which is a block diagram of one of
      the line appliques of the system of FIG. 1.
PAR  FIGS. 9, 10, 11, 12, 13 and 14, are diagrams showing the steps involved in
      the processing of outgoing call originating dial entries to an applique of
      the system of FIG. 1.
PAR  FIG. 15 is a view showing the manner in which FIGS. 6a and 6b are assembled
      to form FIG. 6.
PAR  FIG. 16 is a diagram showing the manner in which FIGS. 7a and 7b are
      assembled to form FIG. 7.
PAR  FIG. 17 is a view showing the manner in which FIGS. 8a, 8b, 8c and 8d are
      assembled to form FIG. 8.
PAR  FIG. 18 is a block diagram showing further details of the feature selection
      unit of FIG. 8.
PAR  FIG. 19 is a block diagram showing further details of the incoming message
      distributor of FIG. 8.
PAR  FIG. 20 is a block diagram showing further details of the outgoing message
      assembler of FIG. 8.
PAR  FIG. 21a and FIG. 21b, when assembled with FIG. 21a at the left and FIG.
      21b at the right, form a single figure, referred to herein as FIG. 21,
      showing further details of the dial-entry processor and of the outgoing
      call processor of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  General Organization
PAR  FIG. 1 is a block diagram showing schematically the basic arrangement of a
      PABX communication system embodying this invention. Referring to this
      figure, the illustrated system uses a single transmission cable 20
      containing six lines 21, 22, 23, 24, 25 and 26, each of which is in turn
      comprised of a pair of conductors. This cable may be a standard inside
      wiring cable, and may, for example, be a multiconductor flat cable to
      which the required connections are made by quick connecting solderless
      tapping terminals which are readily applied to the cable with little
      effort. At one end of the cable, which may be considered to be its inner
      or home end, is a system clock 28. At the outer end of the cable, the line
      21 is connected to the line 26, thereby forming a single continuous line,
      indicated by the reference numeral 30, of loop configuration which starts
      from the system clock 28, proceeds to the outer end of the cable and then
      returns to the system clock, the line 21 being the outgoing leg of the
      line 30 and the line 26 being the return leg of the line 30. Likewise, at
      the outer end of the cable, the line 22 is connected to the line 25 to
      form a single continuous looped line 32 of which the line 22 is the
      outgoing leg and the line 25 the return leg.
PAR  Connected with the transmission cable 20 are a number of appliques which
      define the various stations of the system. The largest number of appliques
      are appliques 33, 33 of a type used to connect telephones 34, 34 to the
      system and are referred to as "line" appliques. The telepones are
      touch-dial instruments with twelve key touch-dial pads. A typical system
      also usually includes a smaller number of appliques 35, 35, referred to as
      "trunk" appliques, used to tie the system to a telecommunications network,
      or to other systems outside the PABX, by way of trunk interface units 36,
      36. Still further, a system may include one or more appliques 37, 37,
      referred to as "dummy" appliques, for tying to the system other pieces of
      equipment, such as paging or ringing units, which do not require two-way
      talking path connections with other appliques. The dummy appliques do not
      originate any traffic on the communication line and, therefore, appear
      silent to the remainder of the system. Also, one or more of the line
      appliques may be used to service an attendant's station 27 through an
      accessory interface to a single telephone having a 12-key dial or
      touch-dial pad, pickup keys (one for each applique), and a hold button.
      Or, when required, a special attendant's console, with more sophisticated
      displays, can be interfaced.
PAR  The number and mix of appliques may be varied widely to suit the particular
      needs of the system user. Furthermore, a system utilizing the broader
      aspects of the invention may be made to be either blocking or
      non-blocking. As will be evident hereinafter, the illustrated system is a
      non-blocking system wherein each line applique and trunk applique has
      exclusively assigned to it one of the audio time slots of the
      time-division-multiplexed communication signal. Therefore, the maximum
      number of line and trunk appliques is limited to the number of audio time
      slots of the communication signal. By way of example, the illustrated
      system uses a communication signal with fifty audio time slots which
      limits the system to a total of fifty line and trunk appliques. FIG. 1
      shows the system with such maximum number of appliques, there being forty
      line appliques assigned station numers 10 to 49 and ten trunk appliques
      asssigned station numbers 50 to 59. The dummy appliques 37, 37 do not
      require the exclusive assignment thereto of an audio time slot and,
      therefore, a variable number of these appliques may be included in the
      system regardless of the number of line and trunk appliques used. Of
      course, the system may use a lesser number of line and trunk appliques
      than the number of audio time slots made available in the communication
      signal. Also from FIG. 1 it should be noted that as to their station
      numbers, the line and trunk appliques need not appear in any particular
      sequence along the cable 20. That is, although each applique has a
      particular station number assigned to it, such applique may be attaced to
      the cable 20  t any desired point regardless of the points at which other
      appliques are attached. The assignment of a station number of an applique
      is preferably accomplished through the use of a circuit board or other
      module capable of being plugged into the remainder of the applique. Other
      plug-in modules may also be used to assign the applique a particular grade
      of service and various service features.
PAR  As an alternative to the system being non-blocking with each applique
      exclusively associated with one of the time slots of the communication
      signal, as in the illustrated case, it could include a means for assigning
      time slots to the appliques as required. With such a slot assignment means
      available, the system could be made to include a much larger total number
      of line and trunk appliques than the number of available audio time slots.
      Such a system would be a blocking system since under conditions of heavy
      system usage, some of the appliques might temporarily be blocked from
      establishing a connection with another applique because of all the audio
      time slots being assigned to other appliques.
PAR  The system clock 28 includes a timing generator 38 which transmits timing
      pulses onto the line 32, referred to as the "timing" line. As explained in
      more detail hereinafter, the pulses produced by the timing generator serve
      to divide time into repetitive frames with each frame including a number
      of divisions or time slots. The line 30, referred to as the
      "communication" line, transmits communication signals between the various
      appliques and the system clock. Through the action of the timing signals
      produced by the timing generator 38 and appearing on the line 32, the
      usage of the communication line 30 is divided into the aforesaid
      repetitive frames of time slots. As far as the usage of the communication
      line 30 is concerned, some of the time slots of each frame are used to
      transmit signalling and supervision signals and other time slots are used
      to transmit audio signals. For convenience, the communication made
      available by the time slots assigned to the signalling and supervision
      signals is sometimes hereinafter referred to as the "signalling and
      supervision channel" or "SS channel", and the communication channels made
      available by the time slots assigned to the audio signals are sometimes
      referred to as the "audio channels". Also, one or more time slots of each
      frame may be used to transmit audio signals to paging units and/or to
      transmit special control signals, such as a signal to disable a
      malfunctioning applique, to the appliques, and the communication channel
      made available by such slots is sometimes referred to herein as the
      "paging and special control channel". The audio signals appearing in the
      audio time slots may be modulated in accordance with any well-known method
      of pulse modulation used in conventional time-division-multiplexed
      systems, such as pulse amplitude modulation, pulse width modulation, pulse
      position modulation, pulse code modulation or delta modulation. By way of
      example, pulse width modulation is hereinafter shown as the type of
      modulation used in the illustrated system.
PAR  Still with reference to FIG. 1, one-way movement of the timing and
      communication signals over the lines 30 and 32 is obtained by a number of
      signal regenerators 40, 40 inserted at appropriate intervals along the
      cable. These regenerators dictate one-way transmissions therethrough in
      the directions indicated in FIG. 1, and they also serve to reshape the
      communication and timing signals. That is, by the time the communication
      and timing signals reach a particular regenerator, they may have become
      slightly degenerated. The regenerator receives these degenerated signals,
      reshapes them to their original form and launches them on the following
      sections of the communication and timing lines. Since all of the
      information transmitted over the communication and timing lines is in the
      form of pulses, the regenerators need not be complex linear repeaters of
      the type which faithfully reproduce amplitude but rather they can be
      merely simple pulse regenerators that square-up the edges of the received
      pulses and relaunch them at approximately standard amplitude.
PAR  As a signal reaches a regenerator terminal, a certain portion of it is
      reflected backwardly along its line, and due to propagation delay, it is
      possible that such reflected signal might become so delayed as to overlap
      the active or signal carrying portion of an adjacent time slot and cause
      crosstalk or switching problems. This can be avoided by properly selecting
      various related parameters, including the duration or length of the time
      slots, the portion of each slot devoted to actively carrying a signal and
      the portion devoted to providing a guard space between its active portion
      and the active portion of the adjacent slot, the impedance mismatch
      present at the regenerator/line terminals, the spacing between the
      regenerators, and the type of modulation used. For example, if the
      transmission medium is a typical telephone wiring cable and the modulation
      is pulse width modulation utilizing approximately 1.5 microsecond time
      slots, and if the guard space between the trailing edge of a
      fully-modulated signal pulse and the trailing edge of an adjacent
      unmodulated pulse is approximately 1 microsecond, and practical impedance
      mismatches of 5 to 10% are permitted at the regenerator/line terminals,
      then the regenerators should be spaced from one another by maximum
      spacings of about 200 feet in a long system (about 2600 feet or greater)
      if 70 dB or greater crosstalk loss between voice channels is to be
      realized. Of course, it should be understood that different maximum
      spacings between the regenerators may be used, and will allow the
      attainment of acceptable crosstalk levels if other types of modulation are
      used or if other ones of the parameters mentioned above are changed. In
      general, as the overall length of the system is reduced, somewhat greater
      spacings between the regenerators can be used.
PAR  The two lines 23 and 24 of the transmission cable 20 are power and ground
      pairs which carry power to the signal regenerators 40, 40, to the
      appliques and to the trunk interfaces. In long systems, one or more
      additional pairs may be paralleled with the pairs 23 and 24 to avoid undue
      voltage drop along these power and ground pairs. In FIG. 1 the connections
      between the power lines 23 and 24 and the appliques and the trunk
      interfaces have been omitted for clarity.
PAR  As mentioned, the system clock includes a timing generator 38 which
      produces timing pulses transmitted to the appliques over the timing line
      32. In addition to this, the system clock also includes a power supply 42
      for the power lines 23 and 24 and terminating networks 44, 44 connected to
      the sending leg 21 of the communication line and to the receiving legs 25
      and 26 of the timing and communication lines for terminating the signals
      moving into such networks. Also, the system clock includes an assembly,
      referred to as a signalling and supervision message scheduler 46, which
      controls and schedules signalling and supervision message traffic on the
      SS channel of the communication line 30 and which also injects paging
      signals and special control signals onto the paging and special control
      channel of the communication line 30. The message scheduler 46 includes a
      number of units which, as shown in general by the block diagram of FIG. 1,
      includes an assembler 39, an address generator 41, a translator unit 43, a
      paging transmitter 45, a special control unit 47 and a receiver 51.
PAR  As to its function of controlling and scheduling message traffic on the SS
      channel of the communication line, the message scheduler 46 initiates
      messages sent in sequence from each line and trunk applique to all other
      appliques to provide for an interchange of information among the appliques
      concerning their present status. Each such message initiation consists of
      an address word, produced by the address generator 41 and injected onto
      the SS channel of the communication line by the assembler 39, addressed to
      a particular applique. The addressed applique, if present in the system,
      adds additional information, indicative of its current status, to the
      address word to complete a message which is then receivable by all of the
      appliques as a result of its passage past the communication receiving
      terminals of all the appliques. When the receiver 51 detects the end of
      one message, it initiates a new message by causing the assembler 39 to
      inject a new address word, taken from the address generator 41, onto the
      SS channel of the communication line. The address generator 41 includes a
      list of address words, one for each potential line and trunk applique of
      the system, which list is repetitively run through in sequence so that
      periodically each line and trunk applique is addressed by its
      characteristic address word appearing on the SS channel of the
      communication line. The address words may, therefore, be considered
      enabling signals which periodically enable each applique to obtain sending
      access to the SS channel of the communication line to report its condition
      or status to all other appliques.
PAR  The message scheduler 46 in addition to repetitively transmitting the list
      of address words on the SS channel also transmits, at the end of each run
      through of the address list supplied by the address generator 41, a
      sequence of other messages supplied by the translator unit 43 containing
      information useful by the appliques in completing certain types of
      connections as hereinafter described in more detail.
PAR  The translator unit 43 is comprised of a number of "translators", each of
      which translators supplies a predetermined message and each of which is
      assigned a different identifying number. One purpose of these translators
      is to permit the imposition of certain restrictions on the use of
      individual line appliques. Some appliques are directly addressed appliques
      which can be reached by another applique dialing its identifying or
      address number. Other appliques are referred to as indirectly addressed
      appliques and can only be reached by another applique by the applique
      first gaining access to and making use of information broadcast by a
      certain translator. For example, a trunk applique is usually an indirectly
      addressed applique which can be reached by another applique only by the
      other applique dialing the digit 9. This conditions the logic of the
      calling applique to make connection with the trunk applique. If it is
      desired to restrict a given line applique from reaching, by direct
      dialing, an indirectly addressed applique, such as a trunk applique, the
      restriction is effected by a module plugged into the applique which
      prevents that applique from accepting the translator message required to
      reach the indirectly addressed applique.
PAR  The translator messages transmitted on the SS channel by the system clock
      contain call forwarding information which is equivalent to statements like
      the following examples: (1) If you hold a dial entry 9 (which is
      ordinarily used to access a local trunk applique), call applique number
      50; or (2) If you hold a dial entry 0 (which is ordinarily used to access
      the attendant's station), call applique number 49. As used herein, the
      symbol 0 is used to represent the dial entry made by the 0 or operator key
      of the touch-tone pad.
PAR  As explained in more detail hereinafter, such statements are of the kind
      made by "standard" translators. In addition, the translator unit 43 of the
      system clock may also include one or more "extended translators" which
      supply messages, broadcast on the SS channel, including out-dialing
      instructions. The message provided by an extended translator may, for
      example, contain information equivalent to the following statements: (1)
      If you are calling applique and hold a dial entry 85, used to access a
      frequently called off-premises destination through an outside exchange,
      proceed as though you held a dial entry 7 in order to reach a trunk
      applique connected to that exchange, and when you reach such an applique,
      instruct it to inspect this message in order to obtain an out-dialing
      instruction; and (2) If you are a trunk applique which has been instructed
      to inspect this message, proceed by out-dialing number 284-3613 to the
      exchange to which you are connected.
PAR  As to the function of the message scheduler 46 to inject paging and special
      control signals onto the paging and control channel of the communication
      line, when one applique wishes to make a paging call, the voice or audio
      signal from that applique, and which appears on the audio channel assigned
      thereto, is received by the receiver 51 and transmitted to the paging
      transmitter 45 which retransmits such audio signal on the communication
      line in the paging and special control signal channel. The dummy appliques
      servicing paging units in turn are adapted to receive all audio signals
      appearing on the paging and special control channel and the paging units
      convert such audio signals into audible signals emitted from speakers in
      the units. Also, the receiver 51 monitors the signalling and supervision
      messages appearing on the receive or return leg 26 of the communication
      line 30 and detects erroneous messages produced by a malfunctioning
      applique. In response to such detection of an erroneous message, the
      receiver 51 produces an output to the special controller 47 which in turn
      provides a special control signal injected onto the paging and control
      channel of the communication line which signal disables the malfunctioning
      applique and effectively removes it from the system.
PAC  TIMING AND COMMUNICATION SIGNALS
PAR  FIG. 2 shows the format of the timing signal which appears on the timing
      line 32 and the related format of the communication signal which appears
      on the communication line 30. Considering first the timing signal, this
      signal consists of clock or timing pulses 48, 48 produced by the timing
      generator 38 and transmitted by the timing line 32. In the illustrated
      case, these pulses 48, 48 appear at a rate of 675 kHz with every 54th
      pulse of the pulse stream being omitted. These missing pulses divide the
      pulse stream into repetitive 80 microsecond frames wherein each missing
      pulse defines the end of a frame and hence constitutes a frame
      synchronization signal. Within each frame the pulses 48, 48 divide the
      frame into 53 time slots or periods with the trailing edge of each pulse
      being taken to mark the beginning of the associated time slot. The first
      52 time slots are of equal duration. At the end of each frame, following
      the 52 time slots of equal duration, is a double duration time slot
      resulting from the fact that the 54th clock pulse is missing. Therefore,
      in each frame each time slot, except for the double duration slot, is of
      approximately 1.5 microsecond duration and each frame has a period of 80
      microseconds. Accordingly, the frames repeat themselves at a rate of
      12,500 times per second and the various individual signals transmitted
      bythe communication line, and which are assigned exclusive ones of the
      communication channels defined by the time slots, are sampled at a
      corresponding sampling rate of 12,500 samples per second.
PAR  The timing signal essentially divides time into the aforesaid time slots
      and frames, and this division of time is applied to the usage of the
      communication line 30. That is, on the communication line bits of
      information appear in the time slots established by the timing signal and
      are related to different individual signals. Referring to the
      communication signal format as shown in FIG. 2, the first two time slots,
      used on a shared basis by the various appliques and the system clock, are
      signalling and supervision time slots. The information appearing in these
      slots on the communication line is in a binary form and consists of the
      presence or absence of a pulse. The appearance of a pulse in one of these
      time slots is taken to represent a binary one and the absence of a pulse
      in one of these time slots is taken to represent a binary zero. Therefore,
      by way of example, in FIG. 2 the pulse 49 appearing in the number 1 time
      slot of the illustrated frame is taken to be a binary one and the absence
      of a pulse, as indicated at 50, in the number 2 time slot is taken to
      represent a binary zero. Since there are two signalling and supervision
      time slots in each frame and since the frame rate is 12.5 kHz, signalling
      and supervision information is transmitted on the communication line at a
      rate of 25,000 bits per second. Also, since there are two signalling and
      ssupervision time slots in each frame, two bits of signalling and
      supervision information are transmitted per frame. These two bits are
      referred to as a bit pair, and to distinguish each bit of a bit pair from
      one another, the bit which appears in the number 1 time slot is referred
      to as the "even" bit and the bit which appears in the number 2 time slot
      is referred to as the "odd" bit.
PAR  The next 50 time slots of each frame are audio time slots are are each
      exclusively assigned (on a dedicated basis) to a respective one of the 50
      potential line and trunk appliques. For convenience, these audio time
      slots are numbered 3 to 53 in FIG. 2 with the number in parentheses below
      each slot number indicating the address or identifying number of the
      applique assigned to the slot. The audio slots are used to convey voice
      signals by audio modulated pulses. As mentioned previously, various
      different types of pulse modulation may be used without departing from the
      invention, and the illustrated form of modulation is pulse width
      modulation (pwm). When a first applique is actively talking to a second
      applique, the voice signal from the first applique is transmitted to the
      second applique by modulated pulses produced in the repetitively appearing
      time slots (one per frame) assigned to the first applique. If the second
      applique talks back to the first applique, the voice signal from the
      second applique is transmitted to the first applique by modulated pulses
      produced in the repetitively appearing time slots (one per frame) assigned
      to the second applique. In FIG. 2, the pulses 52, 52 represent pulse width
      modulated pulses appearing in their associated audio time slots. The solid
      lines indicate the actual shape of the pulses and the broken lines
      represent the shape of a standard or unmodulated audio pulse. If the
      system includes less than 50 line and trunk appliques, then some of the
      audio time slots will remain unused and no audio signals or pulses will
      ever appear in such time slots. Also, it will be understood that audio
      modulated pulses appear in an audio time slot only when the associated
      applique is talking to another applique and when the applique is not
      talking no modulated pulses appear in its time slot.
PAR  The 53rd time slots provided by the repetitive frames are used, on a shared
      basis, either to transmit audio signals, originating from a line or trunk
      applique and retransmitted by the paging transmitter 45 to one or more
      special appliques servicing one or more paging units, or to transmit
      special control signals to the appliques which control signals may be
      used, among other things, to disable a malfunctioning applique. Therefore,
      the signal, if any, which appears in each 53rd time slot is either an
      audio modulated pulse transmitted to a paging applique or a binary digital
      special control pulse transmitted to the appliques.
PAR  For convenience, the repetitively appearing time slots into which the usage
      of the communication line is broken may be considered to divide the
      communication line into 52 communication channels. One channel is the SS
      channel provided by the two signalling and supervision time slots of each
      frame. Fifty other channels are the 50 voice channels provided by the 50
      audio time slots of each frame, and the last channel is the paging and
      control channel provided by the 53rd time slot of each frame. Although all
      of the latter slot could conceivably be used, in the present embodiment
      only the first half (approximately 1.5 microseconds) is actually used for
      communication signals.
PAR  Referring to FIG. 1, the outgoing leg 21 of the communication line 30 may
      be considered to constitute the sending end of all of the communication
      channels provided by the communication line, and the return leg 26 to
      constitute the receiving end of all such channels. It should also be noted
      from FIG. 1 that each line and trunk applique has a sending terminal
      connected to the sending leg 21 of the communication line 30 and a
      receiving terminal connected to the receiving leg 26 of the communication
      line. Therefore, when a line or trunk applique injects information onto
      the sending leg 21, it travels to the receiving leg and becomes available
      to the receiving terminals of all appliques.
PAR  The sending end and the receiving end of each channel (the SS channel, the
      50 voice channels and the paging and control channel) are separately
      available at every point along the length of the transmission cable.
      Access to the sending ends of the channels is, however, limited in the
      following ways:
PA0  1. The system clock and all of the line and trunk appliques have periodic
      sequential access to the sending end of the SS channel. Scheduling of such
      access is performed by the message scheduler 46 of the system clock.
PA0  2. Each line and trunk applique has access to the sending end of a single
      one of the fifty voice channels, and no other system component has access
      to the sending end of that channel.
PA0  3. A dummy applique has no access to the sending end of any channel.
PA0  4. The system clock has access to the sending end of the paging and control
      channel, but no other system component has access to the sending end of
      that channel.
PAR  The system clock and all of the line and trunk appliques have access to the
      sending end of the SS channel on a time-shared sequential basis. The dummy
      appliques, which originate no traffic on the SS channel have no access to
      the sending end of that channel. The system clock, and all of the
      appliques, including the dummy appliques, have full-time access to the
      receiving end of the SS channel.
PAR  The time-sharing or scheduling of access to the sending end of the SS
      channel is controlled by the system clock in accordance with the following
      sequential routine:
PA0  1. The system clock transmits an enabling or address word to a particular
      line or trunk applique.
PA0  2. The address applique, if it exists (that is, if it is installed in the
      system), responds by injecting onto the SS channel its own signalling and
      supervision information which information appears in the form of a word or
      words added to the address word to form a complete signalling and
      supervision message.
PA0  3. Subsequently, the system clock detects the fact that the SS channel is
      idle (that is, it detects the end of the message initiated by the address
      word), and it then sends an enabling or address word to another applique.
PA0  4. After the system clock has sequenced through a set of fifty address
      words, each addressed to a respective one of the fifty potential line and
      trunk applique stations, it transmits its own sequence of signalling and
      supervision messages provided by the translators in the message scheduler.
PA0  5. Following transmission of the translator messages, the system clock
      returns to the set of address words and the process is repeated.
PAR  The system clock has access to the sending end of the paging and control
      channel on an exclusive basis. Every dummy applique used for paging has
      full-time access to the receiving end of the paging and control and
      receives whatever audio signal is transmitted on that channel by the
      system clock. Dummy appliques which are not used for paging have no access
      to the receiving end of the paging and control channel. During paging, the
      system clock transmits an audio signal, received from an applique or from
      a source external to the system, on the control channel, together with a
      signal which enables the audio circuits in the dummy appliques used for
      paging. When a line or trunk applique wishes to access the paging dummy
      applique or appliques, it includes an appropriate signal in its signalling
      and supervision message. This signal instructs the system clock to listen
      on the voice channel assigned to that applique and to re-transmit the
      audio signal it receives from that applique on the paging and control
      channel together with the necessary control signals.
PAR  Every applique, including the dummy appliques, has full-time access to the
      receiving end of the control channel, but that access is only for the
      purpose of receiving control signals. If the system clock determines, by
      observing the signalling and supervision messages on the SS channel, that
      a particular applique is malfunctioning, it sends a disabling signal,
      addressed to the malfunctioning applique on the control channel to
      functionally remove such malfunctioning applique from the system.
PAC  GENERAL APPLIQUE CONSIDERATIONS
PAR  An applique is a device which provides an interface between the
      transmission cable 20 and a telephone instrument, trunk line or other
      communication line or piece of equipment connected to the system. The line
      and trunk appliques each provide a two-way talking path interface between
      the system and the associated telephone instrument or trunk line. Each
      dummy applique provides only a one-way interface (receives only either
      ringer, paging or control imputs) between the system and the area serviced
      by the dummy.
PAR  Considering the line and trunk appliques, each one of these appliques in
      the system has an identifying number or address drawn from the set 10
      through 59 and exclusively assigned to it. Each of these appliques may
      also either be directly addressable or indirectly addressable. An applique
      which is directly addressable may be accessed, assuming that it is not
      busy, by a two-digit dial entry which is the same as the applique's
      identifying number. An applique which is indirectly addressable cannot be
      directly accessed by a dial entry. Instead, it may be accessed by way of a
      translator, or a call may be forwarded to it as a result of an attempt to
      access another applique which is busy. For example, if an attendant's
      station is included in the system, such station may use one or more
      indirectly addressable appliques which may be accessed by the dial entry
      0. Similarly, the appliques which are connected to local trunk lines are
      ordinarily indirectly addressable and may ordinarily be accessed by the
      dial entry 9.
PAR  If a dial entry is made to a nonexistent applique, that is, if no applique
      installed in the system has an identifying number equal to the dial entry
      drawn from the set 10 through 59, or if the dial entry is the same as the
      identifying number assigned to an indirectly addressable applique, the
      call is processed by the call-processing logic in the calling applique as
      a call to a nonexistent destination. The call is automatically cancelled
      and the caller hears a reorder signal. After a short period, the reorder
      signal stops and the caller is offered a dial tone.
PAR  As to the dummy appliques, two types are provided, namely "ringer"
      appliques and "paging" appliques. A ringer dummy is equipped to control
      two ringers or other signalling devices, one ringer being a universal
      ringer and the other a zone ringer. A paging dummy is equipped to deliver
      audio information through an associated paging unit which may consist of a
      self-contained amplifier and speaker in the dummy. The illustrated system
      accommodates a maximum of 20 dummy appliques and those which are installed
      may be any desired mix of the two types.
PAR  Every dummy applique has either one or two identifying numbers in the form
      of two digit decimal numbers drawn from the set 60 through 68. These
      numbers are not assigned to any other system components. A ringer dummy
      may be assigned one number drawn from the set 60 through 67, or may be
      assigned the number 60 and one other number drawn from the same set. A
      paging dummy is always assigned the number 68.
PAR  A ringer dummy may be accessed either by a universal ringer call or by a
      zone ringer call. A universal ringer call is originated by a dial entry
      60. This dial entry accesses every ringer dummy which carries an
      identifying number 60 whether or not it also carries a second identifying
      number and causes it to activate its universal ringer. A zone ringer call
      is originated by a dial entry drawn from the set 61 through 67. Such dial
      entry accesses every ringer dummy which carries an identifying number the
      same as the dial entry, whether or not it also carries a second
      identifying number, and causes it to activate its zone ringer.
PAR  A paging call is originated by a dial entry 68. It accesses every paging
      dummy and sets up a one-way talking path from the calling applique to the
      audio output of every paging dummy.
PAR  A ringer call of either the universal or zone type may be captured by a
      capturing call originated by a dial entry 6. Similarly, a paging call may
      be captured by a capturing call, originated by a dial entry 69. In either
      case, the capturing process establishes a conventional call between the
      original calling applique through which the dummys were accessed and the
      capturing applique through which the capturing call is placed. Accessing
      of the dummys by the original calling applique stops as soon as the
      original call is captured.
PAR  The originator of a ringer call of either type hears an audible ring
      whether or not the system contains any dummys which are accessed by the
      call. This audible ring stops when the call is captured. An uncaptured
      universal ringer call continues until it is cancelled by the caller. An
      uncaptured zone ringer call continues for a short time and is then
      automatically cancelled by the calling applique. The caller then hears a
      reorder signal followed by a dial tone.
PAC  GENERAL TRANSLATOR CONSIDERATIONS
PAR  A translator is a module which is part of the message scheduler 46 of the
      system clock 28 of the system shown in FIG. 1. As mentioned, the
      information stored by the translators is transmitted, periodically, on the
      SS channel of the communication line 30 and is thereby made available to
      every applique in the system. Every translator is either a "standard"
      translator which stores a call forwarding instruction without an
      outdialing instruction, or an "extended" translator, which stores a call
      forwarding instruction with an out-dialing instruction.
PAR  Every translator is assigned an identifying number which is either a
      one-digit decimal number drawn from the set 0, 7, 8, and 9 or a two-digit
      decimal number drawn from the set 70 through 97. No translator has more
      than one identifying number and no numer is assigned to more than one
      translator. A maximum of 32 translators may be installed in the system,
      and if fewer than 32 translators are in the system, the assigned
      identifying numbers may be drawn in any desired way from the available
      list of 32 numbers.
PAR  A standard translator stores the equivalent of two identifying numbers. One
      of these is its own identifying number and the other is ordinarily the
      identifying number of an indirectly addressable applique to which a call
      from a calling applique is routed after the calling applique inspects the
      translator's message appearing on the commmunication line.
PAR  An extended translator stores the equivalent of two identifying numbers and
      also stores an out-dialing instruction which may be as long as 14 digits.
      One identifying number is the translator's own number. The other
      identifying number is either the number of a directly addressable applique
      which is connected to the desired outside exchange or the number of a
      standard translator which routes calls to an indirectly addressable
      applique connected to that exchange.
PAR  A line applique may or may not store one or more restrictions which prevent
      that applique from accessing certain translators. Subject to these
      restrictions, a caller may access any translator by making a dial entry
      which is the same as the identifying number of that translator. The
      calling applique at which the dial entry is made then looks for a message
      on the SS channel of the communication line associated with the accessed
      translator and, from that message, it obtains a new call destination. When
      the new call destination is obtained from the message of an extended
      translator, the calling applique subsequently instructs the called
      applique which it reaches to obtain an out-dialing instruction from the
      message associated with the extended translator.
PAR  If the dial entry designed to access a translator is one against which
      there is a restriction stored in the calling applique, the call is
      automatically cancelled, the caller hears a reorder signal for a short
      time and then receives a dial tone. The same thing happens if the dial
      entry is one for which there is no translator installed in the system.
PAR  It should be noted that an applique may be conditioned to automatically
      forward, when it is busy, a call made to it to another applique.
      Accordingly, only one translator is required for forwarding calls to a
      group of trunk appliques if all of the trunks served by those appliques
      are considered to be equivalent and if the trunk appliques are set to
      forward calls to one another.
PAR  The restrictions mentioned above operate to prevent direct access, by means
      of a dial entry to various translators and groups of translators by the
      applique to which the restrictions are applied. As discussed hereinafter,
      the restrictions are programmed into the applique by means of plug-in
      modules. In the presently preferred embodiment of the invention, there are
      six restrictions which are identified as follows:
PA0  Restriction No. 1 -- Translator No. 7
PA0  Restriction No. 2 -- Translator No. 8
PA0  Restriction No. 3 -- Translator No. 9
PA0  Restriction No. 4 -- Translators No. 70 through No. 79
PA0  Restriction No. 5 -- Translators No. 80 through No. 89
PA0  Restriction No. 6 -- Translators No. 90 through No. 97
PAR  This means that when restriction No. 1 is programmed into an applique, that
      applique is prevented from directly accessing translator No. 7, when
      restriction No. 2 is programmed into an applique, that applique is
      prevented from directly accessing translator No. 8, etc. There is no
      restriction available to prevent direct access to translator No. 0.
PAR  It should be noted that these restrictions apply only to direct access by
      means of a dial entry. A caller who is unable, because of restriction No.
      3, for example, to reach without assistance an applique which must be
      accessed by a dial entry 9, may make a dial entry 0 which ordinarily
      accesses the attendant's station. The attendant can then access the
      desired applique by means of a dial entry 9, and can subsequently transfer
      the call, after that applique has been reached, to the original caller.
      The same result can be achieved if the original caller dials any system
      subscriber whose applique does not store a restriction against the dial
      entry 9.
PAR  Translator identifying numbers are customarily, but not necessarily,
      assigned on the basis of the following scheme:
PA0  No. 0 - assigned to a standard translator which forwards calls to the
      system attendant.
PA0  No. 9 and No. 90 through No. 97 -- assigned to standard translators which
      forward calls to local trunks and to groups of local trunks, and extended
      translators which set up local outside calls.
PA0  No. 8 and No. 80 through No. 89 -- assigned to standard translators which
      forward calls to toll trunks, WATS lines, and groups of toll trunks and/or
      WATS lines, and extended translators which set up long-distance outside
      calls.
PA0  No. 7 and No. 70 through No. 79 -- assigned to standard translators which
      forward calls to tie lines and to groups of tie lines, extended
      translators which set up outside calls through tie lines, and standard
      translators which forward calls to system subscribers who desire that
      direct access to themselves be restricted.
PAC  COMPONENT ADDRESSES
PAR  As brought out above, a unique address or identifying number is assigned to
      each line and trunk applique and to each translator. Such address appears
      in each signalling and supervision message transmitted on the SS channel
      of the communication line and serves to identify the source of the
      message. That is, for example, if a message contains, in its address word,
      the address of translator No. 9, then the presence of that address
      indicates that the message is one coming from translator No. 9.
PAR  Also, at least one address is assigned to every dummy applique. The address
      assigned to the dummys are not necessarily unique, and the same address
      may be assigned to more than one dummy. Two addresses may be assigned to
      some dummys. These addresses do not, however, appear in the address words
      of any signalling and supervision messages since the dummy appliques do
      not inject any information onto the SS channel.
PAR  Two additional addresses, used in the system but not assigned to any system
      component, are the addresses associated with capturing calls, as described
      hereinafter.
PAR  All addresses are of the same form. Each consists of a two bit prefix
      followed by a six bit binary number.
PAR  The signalling and supervision messages sent from the line and trunk
      appliques are initiated by the system clock, as previously explained, by
      the system clock sending address words, addressed to the appliques in
      sequence, on the SS channel with the appliques, if present, adding
      additional words to the address words to form complete messages. A full
      sequence of address words consists of fifty such words. The numerical
      portions of the addresses contained in these address words are, in order,
      the binary equivalents of the identifying numbers. The address, in each
      address word, has a prefix which is either 00, indicating a directly
      addressable applique, or 01, indicating an indirectly addressable
      applique. If a particular address word, during the transmission of one
      sequence of the 50 address words, elicits a response from an applique, the
      same prefix is used in that address word during the next sequence. If the
      address word elicits no response, during the next sequence it appears with
      the alternate prefix.
PAC  AUDIO CHANNEL USAGE
PAR  The way in which talking path connections are made between the line and
      trunk appliques is set out in detail hereinafter. At this point, however,
      the manner in which such connections are made is broadly described to
      provide a better understanding of the material which follows. For this
      purpose, reference is made to FIGS. 3, 4 and 5 which show the functional
      equivalents of certain audio signal flow paths. As discussed previously,
      the communication line is time-division-multiplexed to provide a number of
      communication channels fifty of which are audio channels. Each line and
      trunk applique has exclusive access to the sending end of a single one of
      these fifty audio channels. If the system includes fewer than 50 line and
      trunk appliques, then some audio channels remain unassigned and unused.
PAR  Every applique has access to the receiving end of every voice channel, as
      also does the system clock. This access, however, is subject to control by
      the applique to which the voice channel is assigned. That is, a receiving
      applique has access to the audio channel on which the sending applique
      transmits, but such access is controlled by the sending applique, through
      its signalling and supervision messages sent on the SS channel.
PAR  Turning to FIG. 3, this figure shows the functional equivalent of an audio
      signal flowing from a single sending applique through its assigned audio
      channel to a number of receiving appliques and to the system clock. For
      clarity, only three audio channels are shown (but keep in mind that the
      separate audio channels functionally depicted as separate lines are not in
      actuality separate lines but rather time-divided portions of a single
      line) and the one assigned to the sending applique A is indicated by the
      reference numeral A. Every other applique, B and C, and the system clock
      has receiving access to the channel A. Each receiving applique B and C has
      a receiving terminal connected to the channel A through two switches. That
      is, the receiving applique B is connected to the channel A through
      switches a-1 and a-2. The receiving applique C is connected to the channel
      A by switches a-3 and a-4. The system clock is connected to the channel A
      by a single switch a-n. One of the two switches associated with each
      receiving applique is operated by the receiving applique at its own
      discretion and the other of the two switches is controlled by the sending
      applique by means of instructions sent to the receiving applique on the SS
      channel. For example, considering the receiving applique B, this receiving
      applique at its own discretion operates the switch a-1. The switch a-2 is
      also operated by the receiving applique B but only in response to control
      instructions sent to it by the sending applique A. Therefore, access to
      the receiving end of a particular voice channel is controlled both by the
      sending and receiving appliques.
PAR  As to the system clock, this unit is connected to the voice channel A
      through a single switch a-n which is controlled by the system clock in
      response to instructions sent to it by the sending applique on the SS
      channel.
PAR  FIG. 4 shows a functional equivalent of the flow of audio signals from a
      number of sending appliques to a single receiving applique. Referring to
      this figure, the three illustrated sending appliques A, B and N are
      connected respectively to audio channels A, B and N (but again keep in
      mind that the separate audio channels functionally depicted as separate
      lines are not in actuality separate lines but rather time-divided portions
      of a single line). The receiving applique is in turn connected to all
      three audio channels by three different lines each containing two
      switches. The first line, connected to channel A, includes switches a-1
      and a-2, the second line, connected to channel B, includes switches b-1
      and b -2, and the third line, connected to channel N, contains switches
      n-1 and n-2. The switches a-1, b-1 and n-1 are controlled independently by
      the receiving applique at its own discretion. The switches a-2, b-2 and
      n-2 are controlled in response to instructions sent to the receiving
      applique, on the SS channel, by the sending appliques A, B, and N,
      respectively. Therefore, in FIG. 4, if the sending applique A wishes to
      talk to the receiving applique, it instructs the receiving applique to
      close the switch a-2, and if the receiving applique wishes to receive the
      audio signal sent from the applique A, it closes the switch a-1.
PAR  With a total of 50 line and trunk appliques installed in the system, there
      are 1,225 distinct two-way talking paths that can be set up between one
      applique and another. Any two appliques, working in concert, can establish
      an operating two-way talking path between them. Either applique, with or
      without the concurrence of the other, can make the path inoperative in
      both directions. FIG. 5 shows the functional equivalent of a two-way
      talking path between two appliques A and B.
PAR  Referring to FIG. 5, the two-way talking path between the appliques A and B
      is comprised of two separate one-way paths. One of these one-way paths
      utilizes the audio channel A, assigned to the applique A, and the other
      path utilizes the audio channel B, assigned to applique B. The making and
      breaking of each one-way talking path between the two appliques is
      controlled by two switches. As to channel A, these two switches are the
      switches a-1 and a -2. As to channel B, these are the switches b-1 and
      b-2. In each channel one of the two switches is operated independently by
      the receiving applique and the other is operated, by the receiving
      applique, in accordance with instructions transmitted to the receiving
      applique by the sending applique.
PAR  More clearly, in each talking path or channel, one switch is controlled by
      the sending applique and the other switch is controlled by the receiving
      applique. Therefore, in the case illustrated by FIG. 5, if applique A
      wishes to make a two-way talking path with applique B, applique A closes
      switch b-1 and instructs applique B to close switch a-2. Similarly, if
      applique B wishes the talking path to be operative, applique B closes
      switch a-1 and instructs applique A to close switch b-2. Therefore, it
      will be seen that if both appliques wish the two-way talking path to be
      operative, and close the switches as above described in accordance with
      such wishes, the talking path is operative in both directions. On the
      other hand, if only one applique wishes the talking path to be operative,
      or if neither wishes it to be operative, it is non-operative in both
      directions.
PAR  In the case of paging, a one-way talking path is set up between a sending
      applique and a paging dummy applique by the sending applique closing,
      through instructions sent to the system clock, the switch by which its
      audio channel is connected to the system clock. The system clock thereby
      receives the message sent by the sending applique on its audio channel and
      it re-transmits this audio signal onto the control channel to which the
      paging dummy is connected.
PAC  SIGNALLING AND SUPERVISION WORD STRUCTURE
PAR  The signalling and supervision signals which are transmitted in the SS
      channel of the communication line, as previously mentioned, are
      fundamentally binary digital pulses transmitted and received in bit pairs,
      one bit pair being transmitted during the course of each frame of timing
      pulses. These bit pairs are in turn assembled into words and the words are
      assembled into messages.
PAR  FIG. 6 shows the structure of the various words used to form messages. The
      message format allows for 21 different words, each with its own function.
      These are uniquely identifiable as words 0 thrrough 20, as indicated at
      the left-hand margin of FIG. 6. Word 0 always appears in a message and the
      other words may or may not appear. Those words which do appear are
      transmitted in numerical order, starting with word 0. Each message word 0
      to 20 is comprised of five bit pairs giving it a length of 10 bits. The
      last bit pair of each of these words is used for error checking purposes
      and consists of 1 bit, the final bit, which is always 1 and a parity bit
      which is of such a value as to make the number of 1 bits in the word even.
PAR  Preceding each message is a signal, which may be considered as another word
      and which is indicated by the reference numeral 54 in FIG. 6. This word 54
      acts to indicate the end of one message and the start of the next message.
      It consists of at least five consecutive bit pairs 56, 56 (which are not
      part of any message) in which each of the bit values are 00, followed by
      another bit pair 57 in which the bit values are 11. The word 54 is
      hereinafter referred to as a message sync. signal and in a message is
      immediately followed by word 0.
PAR  Word 0 is the "address" word which indicates the source of the following
      portion of the message. The first bit pair of this word is a prefix which
      identifies the type of device identified by the word. That is, the prefix
      00 identifies a directly addressable applique, the prefix 01 identifies an
      indirectly addressable applique, and the prefix 10 identifies a
      translator. Following the initial bit pair are three bit pairs presenting
      a six bit binary number which, connected to decimal form, is the
      identifying number assigned to the applique or transistor addressed by the
      address word. The fifth bit pair of the word consists of the error
      checking parity and 1 bits.
PAR  Word 1 is the "existence" word which, if present in a message, indicates
      that the addressed source is operatively installed in the system. It
      further provides information concerning the present status of the source
      and the format of the following portion of the message. When an existence
      word does not appear in a message, that message contains only an address
      word and all other words are absent. As will be apparent from FIG. 6, the
      first three bit positions of the existence word indicate the source status
      and are referred to rrespectively as the "busy bit", the "loaded bit" and
      the "off-hook bit". The next four bit positions of the existence word
      identify the words which are to follow and are respectively referred to as
      the "dood" bit, the "optional-forwarding" bit, the "forced-forwarding" bit
      and the "register" bit. The next bit is referred to as the "change" bit
      and the last two bits are the parity and 1 bits. In the message of an
      applique, the busy bit of the existence word is 1 if the applique is busy
      and 0 if the applique is non-busy. In the message of a translator, this
      bit is always 1.  An applique is busy when at least one of the following
      conditions exists: (1) the applique is in off-hook status, (2) at least
      one of the call registers in the applique is non-empty, or (3) the
      applique stores a variable forward. When none of these conditions exists,
      the applique is non-busy or free.
PAR  In the message of an applique the loaded bit is 1 if the applique is loaded
      and 0 if the applique is non-loaded. In the message of a translator, this
      bit is always 1. An applique is loaded when at least one of the following
      conditions exists: (1) the applique is in on-hook status, (2) the camp-on
      call register in the applique is non-empty, (3) the camp-on call register
      in the applique is accessed, (4) the applique stores a restriction against
      acceptance of an incoming call on a camp-on basis, or (5) the applique
      stores a variable forward. When none of these conditions exists, the
      applique is non-loaded or clear.
PAR  From the above discussion of the busy and loaded bits, it will be clear
      that at least one of these bits in an existence word will be 1.
      Accordingly, the appearance of a bit pair 00 immediately following the
      address word is a definite indication that the existence word is absent
      from the message, in which case all other words, except the address word,
      are also absent.
PAR  In the message of an applique, the off-hook bit is 1 if the applique is in
      off-hook status, and is 0 if it is in non-off-hook status. In the message
      of a translator, this bit is always 1. An applique is in off-hook status
      when it is being accessed by the telephone instrument or outside exchange
      to which it is connected, whether that acdess is ab initio or in response
      to a signal from the applique. When it is not being so accessed, the
      applique is in non-off-hook status or in on-hook status.
PAR  In any message, the dood bit of the existence word is 1 when the dood word
      word 2 appears in the message and the bit is 0 when the dood word is
      absent. A dood word never appears in the message of a translator and,
      therefore, in the message of a translator the dood bit of the existence
      word is always 0. A dood word appears in the message of an applique only
      when one of the following conditions exists: (1) the applique is accessing
      dummys in connection with a ringer call, (2) the applique is accessing the
      system clock in connection with a paging call, (3) the applique is
      processing an outgoing call, and has accepted a call forwarding
      instruction which includes an out-dialing instruction, or (4) the applique
      is processing an outgoing call originated by a called instruction stored
      in a repertory dialing attachment whether or not it includes an
      out-dialing instruction.
PAR  The optional forwarding and forced forwarding bits of the existence word
      are best considered together. These two bits are 11 when the forwarding
      word (word 16) and the instruction words (words 17 through 20) appear in
      the message. In this case, the call forwarding instruction, implied by the
      presence of the forwarding word, is considered to be a forcing call
      forwarding instruction, and the instruction words contain an out-dialing
      instruction. These bits are 01 when the forwarding word appears in the
      message and the instruction words are absent, if the call forwarding
      instruction is considered to be a forcing call forwarding instruction.
      These bits are 10 when the forwarding word appears in the message and the
      instruction words are absent, if the call forwarding instruction is
      considered to be an optional call forwarding instruction. These bits are
      00 when the forwarding word and the instruction words are absent from the
      message.
PAR  The register bit of the existence word, in any message, is 1 when the
      register words (words 3 through 15) appear in the message, and is 0 when
      they are absent. The register words never appear in a message associated
      with a translator and, therefore, in a translator message the register bit
      is always 0.
PAR  The change bit of the existence word is used to indicate whether or not a
      change has taken place in the register words of a message associated with
      an applique. In the case of a translator message, this bit is always 0.
      The change bit is 1 when all of the following conditions exist: (1) the
      register words appear in the message (implying that the message is an
      applique message), (2) the register words appeared in the last message
      associated with the same applique, and (3) at least one of the one hundred
      register bits of the register words has a value in the current message
      which is different from its value in the last message associated with the
      same applique. If all of these conditions do not exist, the change bit is
      0.
PAR  Word number 2, still with reference to FIG. 6, is the "dood" word. The
      first two bits of this word are prefix bits which indicate the nature of
      the six bit binary number appearing in the next six bit positions of the
      word. The prefix 11 indicates that the six bit binary number is the
      address of a dummy applique. Any other prefix indicates that the six bit
      binary number is the address of a unit storing a variable forward with
      out-dial instructions which has been accepted by the calling applique. In
      particular, the prefix 00 indicates that the unit storing the out-dial
      instructions is a directly addressable applique, the prefix 01 indicates
      that the unit storing the out-dial instructions is an indirectly
      addressable applique, and the prefix 10 indicates that the unit storing
      the out-dial instructions is a translator.
PAR  Words 3 through 15 are register words which together contain a total of one
      hundred and four information bits, the last two bits of each word being
      the error-checking parity and 1 bits. The first four of the information
      bits are individually identified as discussed below and the remaining one
      hundred bits are referred to as "register" bits and are provided by 50
      bit pairs indentified as the 0-th bit pair through the 49-th bit pair.
      When, during the assembly of an outgoing message in an applique, it is
      seen that all 100 of the register bits are zeros, the 13 register words
      are omitted from the outgoing message. If one or more of the register bits
      has the value 1, and 13 register words are included in the message.
PAR  The first two bits of the first register word, word 3, are prefix bits
      which identify the class of the related applique. That is, the appliques,
      other than dummy appliques, may be assigned to any one of four different
      classes. Therefore, an applique receiving a call may, by inspecting the
      signalling and supervision message of the calling applique, particularly
      the prefix bits of the first register word, word 3, determine the class of
      that applique. This information can then be displayed by a special
      applique used at the attendant's station, or by an accessory display if
      the attendant's station uses one or more line appliques. The attendant
      can, therefore, handle calls arriving at the attendant's station on the
      basis of a priority scheme associated with the class of the call
      originating applique. A typical class assignment and the register word two
      bit prefix assigned to each class is preferably as follows:
     Prefix "00"                                                               
                 all appliques not assigned                                    
                  to another class.                                            
                 Pthose appliques connected                                    
                  to local trunks.                                             
                 Pthose appliques connected                                    
                  to tie lines.                                                
                 Pthose appliques serving                                      
                  subscribers whose calls                                      
                  to the attendant's station                                   
                  are to be given priority                                     
                  over all other internal calls.                               
PAR  The next two bits of the first register word, word 3, are referred to as
      the "break-in" bit and the "camp-on" bit, respectively. The break-in bit
      is 1 when a break-in request is set up in the applique with which the
      message is associated, and it is 0 if no break-in request is set up. As to
      the camp-on bit, this bit is 1 when a camp-on request is set up in the
      applique with which the message is associated, and it is 0 if no camp-on
      request is set up.
PAR  The remaining two information bit pairs in word 3 and the 48 information
      bit pairs in words 4 through 15 contain the 100 register bits as mentioned
      above. They are numbered, in pairs, as shown in FIG. 6 in sequential order
      from 0 to 49. These 50 bit pairs of the register words are collectively
      referred to as the "register bit pairs".
PAR  The register bit pairs indicate the status of all of the 49 potential
      talking paths between the applique in question and all other 49 potential
      line and trunk appliques. In particular, if i is the numerical portion of
      the address of the applique which originates a message, then the j-th bit
      pair, where (j .noteq. i), carries information about the status of the
      talking path between the i-th applique (which originates the message) and
      some other applique whose identifying number is j. It should be noted,
      however, that this information is concerned only with the status of one
      end of the talking path, that is, the end at the i-th applique which
      originates the message. This end of the talking path may be referred to as
      the near end. If i is the identifying number of the applique which
      originates the message, then the i-th bit pair represents a trivial
      condition and is always 00.
PAR  The near end status of a talking path is indicated by the following values
      for a register bit pair:
PA0  Bit pair 00 -- no call exists or there is an incoming call which is not
      accepted.
PA0  Bit pair 01 -- there is an established call on hold at this end, or there
      is an incoming call which has been accepted and acknowledged but not yet
      answered.
PA0  Bit pair 11 -- there is an established call which is live at this end, or
      there is an outgoing call, not necessarily answered, acknowledged or
      accepted, at this end.
PA0  Bit pair 10 -- an established call has been terminated at this end, or an
      unacknowledged outgoing call has been cancelled at this end (this signal
      is automatically changed, later, to 00).
PAR  Word 16 is referred to as the "forwarding" word, and when it appears in a
      signalling and supervision message, it always contains an address
      indicating a new destination of a call originally directed to the applique
      with which the message is associated. The first two bits of the forwarding
      word are prefix bits which identify the sort of new destination to which
      the call is to be directed. The prefix 00 indicates a directly addressable
      applique, the prefix 01 indicates an indirectly addressable applique, the
      prefix 10 indicates a translator, and the prefix 11 indicates a dummy
      applique. The next three bit pairs of the forwarding word contain the
      identifying number of the device to which the call is to be directed as a
      new destination. The new destination address held in the forwarding word,
      by the first four bit pairs of the word, is specified by the rules given
      below:
PA0  1. In a message associated with an applique which stores a variable
      forward, the forwarding word, word 16, contains the internal address which
      is part of that variable forward, whether or not the applique also stores
      a fixed forward of either type. If the variable forward includes an
      out-dialing instruction, such out-dialing instruction is contained in the
      instruction words which follow.
PA0  2. In a message associated with an applique which stores a fixed forward
      but does not store a variable forward, the forwarding word always contains
      the address held as a fixed forward. If the applique is processing an
      outgoing call originated by a call instruction stored in a repertory
      dialing attachment, the out-dialing instruction contained in that call
      instruction is included in the instruction words which then appear in the
      message and the forwarding bit pair of the existence word is 11. If the
      call instruction stored in the repertory dialing attachment does not
      include an out-dialing instruction, the instruction words appear,
      nonetheless, in the message, as a sequence of zeros, and the forwarding
      bit pair of the existence word has the same value, 11. If the applique is
      not processing such a call, the instruction words are absent and the
      forwarding bit pair of the existence word is then 10 if the stored fixed
      forward is optional and 01 if it is forced.
PA0  3. In a message associated with an applique which stores neither a fixed
      forward nor a variable forward, if the applique is processing an outgoing
      call originated by a call instruction stored in a repertory dialing
      attachment, the situation is the same as in (2) above except that the
      address contained in the forwarding word is a dead address which, when it
      is accepted by the address of a call destination, causes an outgoing call
      to be cancelled. If the applique is not processing such a call, the
      forwarding word and the instruction words are absent and the forwarding
      bit pair is 00.
PA0  4. In a message associated with a standard translator, the forwarding word
      contains the forwarding address held by that translator, the instruction
      words are absent, and the forwarding bit pair of the existence word is 01.
PA0  5. In a message associated with an extended translator, the forwarding word
      and the instruction words always appear in the message. The forwarding
      word holds the internal address of the call forwarding instruction stored
      by the translator or holds a dead address if the translator stores no call
      forwarding instruction. The instruction words which follow contain the
      out-dialing instruction included in the stored call forwarding
      instruction, or contain zeros if the call forwarding instruction does not
      include an out-dialing instruction or if no call forwarding instruction is
      stored. In all cases, the forwarding bit pair of the existence word is 11.
PAR  Following the forwarding word, word 16, are words 17 to 20, called
      "instruction words", used to contain out-dialing instructions associated
      with an off-premises forward. These words appear in a signalling and
      supervision message of an applique which stores a variable forward only if
      that variable forward includes an out-dialing instruction. They always
      appear in the message of an applique which is processing an outgoing call
      originated by a call instruction stored in a repertory dialing attachment,
      and they always appear in the message of an extended translator. They
      appear, carrying zeros, when the call instruction stored in the repertory
      dialing attachment includes no out-dialing instruction, or when the
      extended translator stores either no call forwarding instruction or one
      which includes no out-dialing instruction. A zero is interpreted as an
      instruction not to send an out-dialing signal and, on this basis, it may
      be said that the instruction words, whenever they appear in a message,
      carry an out-dialing instruction. They are either all present or all
      absent. They never appear when the forwarding word, word 16, is absent.
      The first four bits of the first instruction word, word 17, are referred
      to as the 0-th group and are used as explained below. The remaining
      information bits of the instruction words are divided into seven groups of
      four bits each each providing a four-bit binary number. These seven groups
      may, therefore, be used to store, in binary form, the equivalent of a
      seven digit decimal number.
PAR  From the foregoing, it will be understood that in a single supervision and
      signalling message an out-dialing sequence of seven decimal digits or
      fewer may be contained in the block of four instruction words contained in
      the message. A longer out-dialing sequence may be transmitted by
      containing it in several blocks of instruction words which are sent in
      order, one block at a time, in successive messages. The 0-th group of bits
      in a block of instruction words, that is, the first four bits of word 17,
      is related to the number of blocks of instruction words in which the
      out-dialing sequence is contained. A binary zero in the 0-th group
      indicates that "this block of four instruction words contains a complete
      out-dialing sequence". A binary n in the 0-th group (where n is drawn from
      the set of decimal numbers 1 through 14) indicates that "this block of
      four instruction words is the n-th block of a set of more than n blocks
      which together contain a complete out-dialing sequence". A binary fifteen
      in the 0 -th group indicates that this block of four instruction words is
      the last block of a set of more than one block which contains a complete
      out-dialing instruction.
PAC  SIGNALLING AND SUPERVISION MESSAGE STRUCTURE
PAR  The signalling and supervision words as described above in connection with
      FIG. 6 are assembled to form complete messages transmitted on the
      signalling and supervision channel. The different ways in which the words
      may be assembled into messages are shown in FIG. 7.
PAR  Referring to FIG. 7, the different illustrated messages are designated by
      reference numerals 60 to 74. The number appearing above each word is the
      identifying number of the word as defined in connection with FIG. 6.
PAR  As mentioned previously, the message scheduler 46 maintains message traffic
      on the communication line by alternately doing two things. First, it
      broadcasts to all of the appliques connected to the system information
      from all of the translators included in the message scheduler. Second, it
      subsequently sequentially sends enabling or address words to all potential
      line or trunk appliques which enables each such applique, if it exists, to
      transmit information on the SS channel of the communication line by adding
      words to the message initiated by its address word. The first function of
      the message scheduler may be referred to as "translator broadcasting" and
      the second function may be referred to as "applique queing". These
      functions are repetitively and continuously performed.
PAR  Referring to FIG. 7, the illustrated messages 60 and 61 are "translator"
      messages transmitted by the message scheduler during a period of
      translator broadcasting. Message number 60 is of the type which contains
      information taken from a standard translator, such translator being one
      which stores in internal forwarding address only. This message, following
      the message sync., consists of an address word, identifying the address of
      the translator with which the message is associated, an existence word and
      a forwarding word, the latter containing the address of the entity to
      which a call addressed to the translator in question is to be forwarded.
PAR  Message 61 is of the type associated with an extended translator which
      includes an off-premises out-dialing instruction. This message is similar
      to the message 60 except for including out-dial instruction words 17
      through 20, which contain the out-dial instruction.
PAR  The messages indicated by reference numerals 62 to 74 are "applique"
      messages pertaining to the line and trunk appliques. Each of these
      messages, immediately following the message sync., includes an address
      word which is originated by the message scheduler of the system clock. If
      the applique to which this address word is addressed exists, that applique
      responds and adds additional words to complete the message.
PAR  Message 62 of FIG. 7 is a message related to a nonexistent applique, that
      is, an applique not installed in the system. This message consists only of
      the applique address word which is produced by the system clock. Since the
      applique to which the address word is addressed does not exist, it cannot
      respond, and after the appearance of the address word, a number of empty
      SS time slots are received by the system clock and detected as the end of
      the message, and a new message is thereupon originated by the system clock
      transmitting a new applique address word onto the SS channel.
PAR  Message 63 is a message associated with an applique which exists in the
      system but is for the time being in a quiescent state. That is, it has no
      outgoing or established calls associated with it. The addressed applique
      is also one which does not include a fixed forward or variable forward
      address. The message, therefore, consists only of an applique address word
      and an existence word.
PAR  Message 64 is a message associated with a quiescent applique which stores
      either a fixed forward address or a variable forward address. This message
      is similar to the message 63 except for including a forwarding address
      word.
PAR  Message 65 is a message associated with a quiescent applique which stores a
      variable forward address with out-dial instructions. This message is
      similar to the message 64 except for including out-dial instruction words
      17 through 20.
PAR  Message 66 is a message associated with an applique in the process of
      placing a call to a dummy applique, the addressed applique being one which
      does not store any fixed or variable forward address. This message, in
      addition to an address word and an existence word, also includes a dood
      word.
PAR  Message 67 is a message associated with an applique in the process of
      placing a call to a dummy applique and storing either a fixed forward
      address or a variable forward address, but no out-dial instructions. This
      message is similar to the messsage 66 except for including a forwarding
      address word.
PAR  Message 68 is a message associated with an applique in the process of
      placing a call to a dummy applique and storing a variable forward address
      with out-dial instructions. This word is similar to the word 67 except for
      including out-dial instruction words 17 through 20.
PAR  The message 69 is a message associated with an applique either in the
      process of placing a call to another line or trunk applique or in the
      middle of such a call, and not storing a fixed forward or variable forward
      address. This message in addition to an address word and in existence word
      includes a set of register words, words 3 to 15.
PAR  The message 70 is a message associated with an applique either placing a
      call to another line or trunk applique or in the middle of such a call and
      also storing either a fixed forward address or a variable forward address.
      This message is similar to the message 69 except for including a
      forwarding address word.
PAR  The message 71 is a message associated with an applique placing a call to
      another line or trunk applique or in the middle of such a call and storing
      a variable forward address with out-dial instructions. This message is
      similar to the message 70 except for including out-dial instruction words
      17 to 20.
PAR  The message 72 is a message associated with an applique either placing a
      call to another line or trunk applique and which also is either placing a
      call to a dummy applique or which has been redirected by a variable
      forward with out-dial instructions, the applique not storing a fixed or
      variable forward. This message, in addition to the address and existence
      words, also includes a dood word, and register words 3 to 15.
PAR  Message 73 is a message associated with an applique in a condition similar
      to that with which the message 72 is associated except that the applique
      with which the message 73 is associated is one which stores either a fixed
      forward address or a variable forward address without out-dialing
      instructions. The message 73, therefore, additionally includes a
      forwarding word.
PAR  Message 74 is a message associated with an applique in a condition similar
      to that with which the message 73 is associated except that the applique
      with which the message 74 is associated is one which stores a variable
      forward with outdial instructions, and, therefore, the message
      additionally includes out-dial instruction words 17 to 20.
PAC  APPLIQUE CONSTRUCTION
PAR  FIG. 8 shows the construction, in block diagram form, of a line applique
      which is designed for connection by way of a two-wire line 75 to a
      conventional touch-dial telephone instrument having a 12-key touch-dial
      pad but without pickup keys or hold button.
PAR  Referring to FIG. 8, the illustrated line applique includes two units for
      gaining access to the transmission cable 20. One of these units is a
      receiving access unit 76 and the other a sending access unit 77. The
      receiving access unit 76 accesses the communication line for receiving
      communication signals therefrom and the sending access unit accesses the
      communication line for injecting information onto the communication line.
      A receive control unit 78 operates in conjunction with the receiving
      access unit 76 and, likewise, a second control unit 80 operates in
      conjunction with the sending access unit 77. The audio signals received
      from the communication line pass directly from the receiving access unit
      76 to an audio unit 82 over a line 84. The audio unit 82 is connected to
      the associated telephone by the line 75 and audio signals sent from the
      telephone to the communication line pass from the audio unit directly to
      the sending access unit 77 over a line 85.
PAR  The binary digital supervision and control signals received from the
      communication line pass from the access unit 76, through the receive
      control unit 78, to an applique master control unit 86 which utilizes such
      signals to perform various supervision and control functions. The master
      control unit also generates outgoing signalling and supervision messages
      which are transmitted to the sending control unit 80 for subsequent
      injection onto the communication line by the sending access unit 77.
PAR  The above-described access units 76 and 77, control units 78 and 80, master
      control unit 86 and audio unit 82 are standard for all line appliques.
      Individualization of an applique is achieved by a feature selection unit
      88. This unit is described in more detail hereinafter in connection with
      FIG. 18. For the present, however, it may be noted that this unit is
      adapted to receive a number of plug-in modules each of which when present
      programs a given feature or features into the applique. One such plug-in
      module is used to assign an address or identifying number to the applique
      and at least this module must be present in the applique when installed in
      the system, each applique, of course, having a different address
      exclusively assigned to it. Other plug-in modules may be used to assign
      the applique the ability to store a fixed forward and the ability to store
      a variable forward. Other plug-in module or modules may be used to assign
      certain restrictions to the applique. Some of these restrictions are in
      the form of forbidden dial entries which prevent the applique from mkaing
      calls to certain forbidden numbers, particularly translator numbers. Other
      restrictions may prohibit the applique from accepting a camp-on request,
      accepting a break-in request or making a paging call.
PAR  Considering each of the main units of the applique in more detail, and
      first turning to the receiving access unit 76, this unit is connected to
      the receiving or return leg 26 of the communication line by a line 89 and
      is connected to the receiving or return leg 25 of the timing line by a
      line 90. The connections of the lines 89 and 90 to the lines 26 and 25
      occur at the same point along the length of the transmission cable and,
      therefore, the timing pulses used by the receiving access unit 76 define
      time slots which are exactly in phase with the time-division-multiplexed
      signal taken from the communication line by the line 89, due to the timing
      pulses and communication signals moving in parallel with one another along
      the transmission line although on different lines. A receive timing
      extractor network 91 extracts the timing signal from the timing line 25
      and a receive communication extractor 92 extracts the communication
      signals from the communication line 26. The entire extracted communication
      signal passes through a bit extractor 93 which acts to enhance the pulses
      of the signal primarily by stretching them to make them of a longer
      duration. All of the extracted communication signal is applied to a
      summing pulse width demodulator 95 which is enabled by signals by an audio
      gate 96 to extract the pulse width modulated audio pulses from desired
      time slots and to demodulate them into a voice grade audio signal
      transmitted to the line 84.
PAR  The summing pulse width demodulator 95 is capable of simultaneously
      extracting and demodulating audio signals from a plurality of audio
      channels of the communication signal so that the subscriber may hear, if
      desired, voice signals from a number of callers, as in a conference call.
      Preferably, the summing demodulator is capable of simultaneously
      demodulating the signals appearing in up to six different audio channels,
      but, of course, in the ordinary case of a two-way conversation with one
      caller only, the signals of one voice channel, that of the caller, will be
      demodulated by the demodulator 95.
PAR  The timing pulses from the receive timing extractor 91, which appear at a
      rate of 675 kHz, are transmitted to the receive control unit 78 and are
      there used by a receive sync. detector 98, a serial to parallel converter
      99 and a 53 bit recirculating shift register 100. The receive sync.
      detector 98 detects the missing or sync. pulses in the timing pulse train
      which, as previously mentioned, divide the pulse train into frames of 54
      pulses, the 54th pulse of each frame being the missing or sync. pulse. In
      response to the sync. pulse, the detector 98 produces an output signal
      transmitted to a receive time slot counter 102 which resets the counter to
      an initial count. The timing pulses also pass through the detector 98 and
      are supplied to the counter 102 for counting. Since the counter is reset
      by the sync. pulse at the end of each frame of timing pulses, the count in
      the counter will at all times represent the identifying number of the
      currently present time slot.
PAR  The master control unit 86 supplies, over the line 104, signals indicating
      the addresses or identifying numbers of the audio channels to be received.
      It should be noted here that the master control unit 86 operates at a much
      lower clock rate than the 675 kHz rate of the receive control unit 78.
      Therefore, the signals which periodically appear on the line 104 are
      temporarily stored in the receive control unit 78 and the storage is
      updated as the sequence of address signals on the line 104 changes. An
      audio update line 106 also supplies a signal from the master control unit
      to the receive control unit 78 which signal, when present, enables the
      receive control unit to store and update the receive addresses.
PAR  In the receive control unit 78 the receive address signals appearing on the
      line 104 and the audio update signal appearing on the line 106 is supplied
      to an address and bit buffer 108. This buffer supplies the address signals
      to a digital comparator 110 which compares the address supplied to it with
      the count in the counter 102, and when the address is equal to the count
      of the counter, supplies a signal to an audio update control circuit 112,
      which is enabled by the audio update signal supplied thereto through the
      buffer 108. The signal produced by the digital comparator 110 produces an
      output from the audio update control 112, when the latter is enabled by
      the audio update signal, which enables the audio gate 96. Also, the output
      from the audio update control 112 is transferred to the shift register 100
      and the bit in that register corresponding to the addressed audio channel
      is set to 1 so that during each subsequent frame of timing pulses the
      register 100 at the proper time puts out a pulse, supplied to the audio
      gate 96 through the audio update control 112, to enable the audio gate 96.
      This 1 bit stays in the recirculating shift register 100 until it is time
      for the channel address in question to appear again on the receive address
      line 104. If the address does appear again on the line 104, the
      above-described process repeats itself and the 1 bit stays in the register
      100 to continue enabling the audio gate 96 at the proper times to cause
      the demodulator 95 to receive and demodulate the addressed audio channel.
      If the channel address signal does not reappear on the line 104 within a
      given time of its last appearance, then the associated 1 bit is dropped
      from the register 100 and the audio gate 96 is no longer enabled to cause
      reception of the audio channel in question.
PAR  The serial to parallel convertor 99 of the receive control unit 78 operates
      to remove from the input supplied thereto, by the bit extractor 93, the
      two binary digital bits of information appearing respectively in the two
      signalling and supervision time slots of each frame of signals and to
      convert them from their serial form to a parallel form with the first or
      even bit of each bit pair appearing on the line 114 and the second or odd
      bit of each bit pair appearing on the line 116.
PAR  The audio unit 82 includes a low pass filter 118 for the incoming audio
      signal received on the line 84 and another low pass filter 120 for the
      outgoing audio signal transmitted to the line 85. A hybrid network 122
      serves to connect the two-wire telephone line 75 to the audio unit. This
      network 122 transfers audio signals received from the filter 118 to the
      telephone line 75 and transfers incoming audio signals from the telephone
      line 75 to the filter 120. Also, hook signals from the telephone are
      transferred by the network 122 to a hook detector circuit 124 in the
      master control unit 86.
PAR  Touch-dial dial signals from the touch-dial keys of the telephone
      instrument also pass by way of the hybrid network 122 through the filter
      120 to a tone decoder 126 which converts the tones to binary dial signals.
      A tone generator 128 in the audio unit generates tones, transmitted to the
      telephone instrument through the filter 118 and hybrid network 122, for
      providing audible signals to the user of the telephone, such signals, for
      example, being dial tone, busy signal, reorder signal, and break-in alert
      signal. The tone generator 128 also operates a tone ringer 130 which, from
      the applique, provides a ring signal to the telephone user. If desired,
      the ringer of the telephone instrument may also be connected to the tone
      generator 128, with or without the tone ringer 130, to also provide a ring
      signal.
PAR  The send control unit 80 of the applique of FIG. 8 includes a send sync.
      detector 131 which receives input timing pulses at the 675 kHz rate from a
      send timing extractor 132 in the sending access unit 77. The detector 131
      produuces an output sync. pulse at the end of each frame of timing pulses
      which are used to reset a sending time slot counter 133. The timing pulses
      from the send timing extractor 132 pass through the send sync. detector
      131 to the counter 133 and are counted thereby so that all times the count
      in the counter 133 is equal to the identifying number of the currently
      appearing time slot. The count in the counter 133 is compared in a digital
      comparator 135 with the applique's own address or identifying number as
      supplied to the digital comparator by the feature selection unit 88 and,
      more particularly, by the address plug-in module plugged into the feature
      selection unit. Therefore, each time the count in the counter 133 equals
      the applique's address, indicating that the currently appearing time slot
      is that assigned to the applique, the digital comparator produces an
      enabling signal transmitted to an audio gate 136 in the send access unit
      77.
PAR  The information to be transmitted from the applique is supplied to the send
      control unit 80 by the master control unit 86 in parallel form over lines
      137 and 138. That is, the information appearing on these lines is in the
      form of bit pairs with the line 137 containing the even bit and the line
      138 containing the odd bit. A parallel to serial convertor 139 converts
      these bit pairs into serial form.
PAR  The send access unit 77 is connected to the outgoing or sending leg 21 of
      the communication line by the line 140 and is connected to the outgoing or
      sending leg 22 of the timing line by the line 141. The connections of the
      lines 140 and 141 to the lines 21 and 22 are made at the same point along
      the length of the transmission cable. Therefore, when one bit of
      information is injected onto the communication line from the line 140, the
      timing pulse which gates the send access unit 77 to produce such bit
      injection travels over the timing line in parallel with the injected bit,
      and when such injected bit is received by the receiving access unit of
      another applique, such receiving access unit is gated to receive the bit
      by that timing pulse which, in travelling from the sending unit to the
      receiving unit, has traveled as far as the injected bit so that problems
      due to propagation delay in the transmission of the communication and
      timing signals are completely avoided.
PAR  The send timing extractor 132 of the send cable access unit 77 extracts
      timing pulses from the timing line 22 and supplies them to the send sync.
      detector 131 of the send control unit 80 and also to a bit gate 142 and
      the audio gate 136 of the access unit 77. The audio gate 136, when signals
      are present at both of its inputs, enables a pulse width modulator 144
      which samples the audio signal appearing on the audio send line 85 and
      creates a width modulated pulse which is injected onto the communication
      send line 21 in the current time slot through a send communication
      injector network 146. Likewise, when inputs apear at both of the inputs of
      the bit gate 142, the gate produces an output signal which, through the
      action of a bit generator 147, is converted into a properly shaped binary
      digital pulse injected onto the communication send line 21 through the
      injector network 146 in the current time slot.
PAR  The applique master control unit 86 includes a memory 150 comprised of six
      fifty bit registers and a register processor for periodically updating the
      information in the registers. Three of the registers are referred to as
      "call" registers and are designated the "active" register, the "camp-on"
      register and the "reserve" register. As discussed in more detail
      hereinafter, these call registers collect or assemble calls made by the
      applique in question to some other applique or appliques. In each call
      register, one of the 50 bit positions is exclusively assigned to a
      respective one of the 50 potential line and trunk appliques. If the i-th
      bit is the bit assigned to the applique in question, this bit will always
      be zero. The j-th bit will be zero if no call is made by the i-th applique
      to the j-th applique, and the j-th bit will be 1 if a call is made by the
      i-th applique to the j-th applique regardless of whether such call is
      acknowledged or answered by the j-th applique.
PAR  Two other of the six registers of the memory 150 are referred to as the
      "even bit external" register and the "odd bit external" register,
      respectively. These are used to store information indicating the far end
      status of all other appliques in the system. This stored informationn is
      the information transmitted by the other appliques to the applique in
      question by means of the register words appearing in their signalling and
      supervision messages. In particular, if the applique in question is the
      i-th applique, the i-th bit pair of the bit registers will always be 00.
      The j-th bit positions of the even and odd bit registers will store the
      i-th bit pair of the most recent register word received from the j-th
      applique. The different statuses of the j-th applique indicated by the
      various values of the j-th are as explained above in connection with the
      discussion dealing with the register words.
PAR  The memory 150 also includes a disconnect signal register which is used as
      hereinafter described in the process of terminating an answered call.
PAR  The set of six registers of the memory 150 is organized as a 50-word
      random-access read-write memory, each word containing one bit from each of
      the six registers and each word representing a respective one of the fifty
      potential line and trunk appliques. The contents of the six registers are
      updated by the register processor on the basis of information received
      from the incoming message distributor 178, hereinafter described, over
      line 184, from the hook detector 124, from the dial-entry processor 152,
      hereinafter described, over line 160, and from the outgoing call
      processor, hereinafter described, over line 168. The register processor
      also supplied information to the audio up-date control 112, by way of the
      address and bit buffer 108, over lines 104 and 106, to the tone generator
      128, to the dial-entry processor 152 over line 156, to the outgoing call
      processor 164, hereinafter described, over line 174, and to the outgoing
      message assembler 170, hereinafter described, over line 182. The operation
      of the register processor, which up-dates the six registers of the memory
      150 on the basis of information received from other units in the applique
      and which supplies other units in the applique with information based on
      the contents of the six registers, is described in the discussion
      appearing hereinafter under the heading "Call Register Management,
      Incoming and Existing Calls".
PAR  The master control unit 86 also includes the previously mentioned hook
      detector 124. This component detects the hook status of the associated
      telephone instrument and produces off-hook, on-hook and hook flash
      signals, supplied to the memory 150, which, as hereinafter described,
      control access to the three different call registers and otherwise control
      operation of the memory. A dial entry processor 152, described in more
      detail hereinafter in connection with FIG. 22, is included in the master
      control unit and processes the binary dial signals received from the tone
      decoder 126 of the audio unit. By an associated line 154, the dial entry
      processor 152 is supplied information from the feature selection unit
      concerning forbidden dial entries, if any. Over the line 156, the dial
      entry processor 152 is supplied clearing signals and dial tone inhibit
      signals from the memory 150. On the line 158, the processor 152 transmits
      dial tone, audible ring, busy and reorder signals to the tone generator
      128 of the audio unit. On the line 160, the processor 152 transmits to the
      memory 150 break-in and camp-on request signals and call register change
      signals which are produced in response to the receipt by the dial entry
      processor of a dial signal corresponding to a dial entry of the "#"
      symbol.
PAR  The master control unit also includes an outgoing call processor 164 shown
      as a single unit in FIG. 8. This processor 164 has basically two different
      functions. The first function is to handle outgoing calls and to set up
      variable forwarding instructions, and as to this function, it is involved
      primarily with the feature selection unit 88, the dial entry processor 152
      and the memory 150. The second function is to cooperate with an outgoing
      message assembler 170 in formatting and assembling outgoing messages. That
      portion of the outgoing call processor 164 devoted to the first function
      is described hereinafter in more detail in connection with FIG. 21. The
      dial entry processor 152 and that portion of the outgoing call processor
      164 devoted to the second function are described hereinafter in more
      detail in connection with FIG. 22. For the present, it may be noted that
      over the line 162 information is passed between the dial entry processor
      152 and the outgoing call processor 164. The line 166 supplies the
      outgoing call processor with information from the feature selection unit
      88 concerning break-in capability, forwarding capability and fixed
      forwarding address. The outgoing call processor 164 also has as inputs
      thereto signals supplied to it by the memory 150 over the line 174 and
      signals supplied to it over the line 176 by an incoming message
      distributor 178.
PAR  The outputs from the outgoing call processor 164 are supplied to the memory
      150 on the line 168 and to the outgoing message assembler 170 over a line
      172. Information is also sent to the outgoing message assembler 170 from
      the incoming message distributor 178 over the line 180 and from the memory
      150 over the line 182. The message assembler assembles the various
      information furnished it into proper signalling and supervision messages
      which are output therefrom in parallel bit pair format and transmitted to
      the parallel to serial converter 139 of the send control unit 80. The
      construction of the message assembler 170 is described in more detail
      hereinafter in connection with FIG. 20.
PAR  The incoming message distributor 178 is described in more detail
      hereinafter in connection with FIG. 19. Briefly, however, its function is
      to distribute various portions of incoming messages to various other
      components of the applique. For example, on the line 176, it transmits the
      incoming address, existence, dood, forward and out-dial words to the
      outgoing call processor 164 and on the line 184 it transmits the source
      address and register words to the memory 150. Over the line 185, the
      incoming message distributor is supplied with information from the feature
      selection unit as to the applique's own address, and of the applique's
      preprogrammed capability with regard to camp-on acceptance, used to
      condition the distributor to either pass on or reject camp-on requests.
      Upon receipt of an address word addressed to the applique, the distributor
      sends a message send command to the outgoing message assembler 170, over
      the line 180, enabling the assembler to output the message assembled
      therein.
PAR  The construction of a trunk applique is similar to that of a line applique
      as shown in FIG. 8 except that the trunk applique is designed for
      connection by a line, equivalent to the line 75, to an outside exchange,
      usually through a trunk interface as previously mentioned. Also, the trunk
      applique offers no dial-in capability to a caller calling in from the
      outside exchange to which it is connected. Instead, it offers such a
      caller access to the system by way of a stored call originated program
      which holds three call destination addresses stored on a plug-in module.
PAR  When the trunk applique is accessed at its trunk line terminal, it
      sequences through these addresses attempting to establish a completed
      call. Ordinarily, the first address is that of the attendant's station, if
      present in the system, the second is that of a subscriber or that of a
      zone ringer, and the third is that used for a universal ringer call. Any
      address is allowable and one or more may be dead addresses. With three
      dead addresses, the applique does not accept incoming calls.
PAR  The trunk interface connected to a trunk applique includes logic circuitry
      which prevents it from passing an acknowledgement signal, acknowledging
      access, to the outside exchange until a completed call has been
      established by the stored call originating program. From the standpoint of
      the outside exchange, there is no response to an accessing signal, a call
      remains unanswered, and charges do not start until the trunk applique has
      established a completed internal call. From the system side, a trunk
      applique is similar to a line applique. It may or may not store either an
      optional or a forced fixed forward. It may or may not accept incoming
      internal calls on a camp-on basis.
PAR  Ordinarily, but not always, an out-pulser is included in the trunk
      interface when two-tone dialing signals are received by the trunk
      applique, over a talking path and from another applique. These are decoded
      by a tone decoder in the trunk applique and sent to the trunk interface in
      digital form. These digital signals are stored temporarily in the trunk
      interface and used to control the out-pulser which transmits equivalent
      rotary dial signals to the outside exchange.
PAR  When the trunk applique receives an out-dialing instruction in a signalling
      and supervision message on the SS channel, the out-dialing sequence
      contained in that instruction is also passed on to the trunk interface and
      used to control the out-pulser. Without an out-pulser in the trunk
      interface, a trunk applique cannot respond to an out-dialing instruction
      contained in a signalling and supervision message.
PAR  The trunk interface also contains circuitry which recognizes the presence
      of a dial tone offered by an outside exchange. When a dial tone is
      detected, audio transmission to the outside exchange is suppressed until
      out-pulsing has been completed. In addition, the trunk interface contains
      logic circuitry required for imposing any desired restrictions on the
      allowed out-dialing sequences sent to the outside exchange. One such
      restriction, for example, might reject an out-dialing sequence on a local
      trunk which includes an area code.
PAC  GENERAL LINE APPLIQUE FUNCTIONS
PAR  A line applique, as described above in connection with FIG. 8, is basically
      a logic unit and has a memory 150 comprised of six 50 bit registers. Three
      of these registers are "call registers" in which calls made by the
      applique are stored. Each call register is capable of storing one set of
      calls, and, therefore, the applique can handle as many as three
      co-existing call sets. In the ordinary two-party situation, such set of
      calls consists of only one call, but in a conference call situation, two
      or more calls may comprise a set. The three call registers are referred to
      as the "active" register, the "camp-on" register and the "reserve"
      register. The telephone instrument associated with the applique, in going
      from on-hook to off-hook status, automatically accesses the active call
      register. Subsequent call register access by the telephone instrument is
      obtained by means of dial entries and/or by hook flashes. When the active
      call register is accessed, the camp-on call register may be accessed,
      without call transfer, by a dial entry "#" or the reserve call register
      may be accessed, without call transfer, by a hook flash. In either case,
      access to the active call register is terminated and the call (or set of
      calls), if there is one, in that register is put on hold.
PAR  When either the camp-on call register or the reserve call register is
      accessed, the active call register may be accessed, without call transfer,
      by a dial entry "#". In either case, access to the earlier accessed call
      register, the camp-on call register or the reserve call register, is
      terminated and the call, if ther is one, in that register is put on hold.
      In addition, when either the camp-on call register or the reserve call
      register is accessed, the active call register may be accessed with call
      transfer by a hook flash. In either case, the call (or set of calls), if
      there is one, in the earlier accessed call register is transferred to the
      active call register. If, before the call transfer, there is a call (or
      set of calls) in the active call register, then that call and the
      transferred call are automatically conferenced. After the call transfer,
      the earlier accessed call register is cleared and then available for
      another call.
PAR  Uncompleted calls are not transferred or put on hold when access is shifted
      from one call register to another. Instead they are cancelled. An
      uncompleted call is a ringer or paging call which has not been captured or
      a conventional call, one which ultimately accesses a line or trunk
      applique, which has neither been answered nor accepted on a camp-on basis.
      A call to a system subscriber is answered when that subscriber, in
      response to a ring signal from the called applique, picks up his
      telephone. A call to an outside exchange is answered when that exchange
      makes an appropriate response to the accessing signal sent to it by the
      called applique. When a call is accepted on a camp-on basis, it appears to
      the calling applique to have been answered and to have then been put on
      hold.
PAR  In accessing a call register, a subscriber picks up the call, if there is
      one, in that register. When an empty call register is accessed, the
      subscriber hears a dial tone.
PAR  In originating an outgoing call, the subscriber accesses any empty call
      register of the applique associated with his telephone and is offered a
      dial tone. He then makes an appropriate dial entry. While an outgoing call
      is still uncompleted, the caller may set up one or more "call requests" in
      the calling applique as discussed in more detail hereinafter. If the
      caller does not make use of the call request feature, the call ends up in
      one of the following ways: (1) somebody answers, and the call is
      satisfactorily completed, (2) the caller is offered a dial tone by an
      outside exchange, and he then out-dials in a normal fashion, (3) the
      caller hears a dead line (an outside exchange has acknowledged his call,
      but has not offered him a dial tone), an audible ring (there is no
      answer), or a busy signal, and after some time he hangs up cancelling the
      call, (4) the calling applique cancels the call and offers the caller a
      reorder signal which is replaced, after a short time, by a dial tone.
PAR  Outgoing calls from a line applique are initiated at such applique by a
      call originating dial entry made through the telephone instrument
      associated with that applique. The telephone instrument is in turn a
      touch-dial instrument having a twelve-key touch-dial pad. The twelve keys
      are numbered 1 to 9, 0, # and *. As used herein, the symbol 0 refers to
      the 0 key of the touch-tone pad.
PAR  All call originating dial entries consist of either one or two digits. The
      possible entries, together with their uses, are as follows:
TBL  Dial Entries     Uses                                                     
     ______________________________________                                    
     "0"            A translator call                                          
     "1" through "5"                                                           
                    Not used, incomplete entries                               
     "6"            A capturing call which captures                            
                    a ringer call of either type                               
     "7" through "9"                                                           
                    Translator calls                                           
     "00" through "09"                                                         
                    Not used, redundant entries                                
     "10" through "59"                                                         
                    Line or trunk applique calls                               
     "60"           A universal ringer call                                    
     "61" through "67"                                                         
                    Zone ringer calls                                          
     "68"           A paging call                                              
     "69"           A capturing call which captures                            
                    a paging call                                              
     "70" through "97"                                                         
                    Translator calls                                           
     "98"           A call which accesses the                                  
                    repertory dialing attachment                               
                    of an applique for the purpose                             
                    of setting up or cancelling a                              
                    call instruction                                           
     "99"           A call which accesses the                                  
                    repertory dialing attachment of                            
                    an applique for the purpose of                             
                    originating a programmed call                              
     ______________________________________                                    
PAR  The dial entry "#" is used for the purpose of changing access from one call
      register to another, as explained above.
PAR  The dial entry "*" is used on connection with call requests, variable
      forwards and repertory dialing instructions. It is also used at the system
      clock in connection with call-forwarding instructions stored by extended
      translators.
PAR  An incomplete entry, a one-digit entry 1, 2, 3, 4 or 5, is not acted on by
      the applique which waits for the entry to be completed. A redundant entry,
      0 followed by additional digits, or 10 through 97 followed by additional
      digits, is processed as though the additional digits were not entered.
PAR  A line applique may be equipped with a repertory dialing attachment through
      which an outgoing call may be initiated, as noted above, by a dial entry
      99 followed by a two-digit dial entry, drawn from the set 10 through 51
      which accesses a program module in the repertory dialing attachment. The
      repertory dialing attachment has a number of program modules each of which
      stores two identifying numbers and an out-dialing instruction. The first
      identifying number is the number of the module and the second identifying
      number is either the number of a directly addressable applique connected
      to the outside exchange through which the programmed call is to be made,
      or the identifying number of a standard translator which routes calls to
      an indirectly addressable applique connected to that exchange. The
      out-dialing instruction, which consists of 14 digits or fewer, is made
      available to the called applique through which the outside exchange is
      accessed. Both the second number and the out-dialing instruction may be
      set up or cancelled by appropriate dial entries made at the applique
      associated with the repertory dialing attachment.
PAR  At a line applique equipped with a repertory dialing attachment, a program
      module may be accessed by a dial entry 99 followed by a two-digit entry
      which is the same as the identifying number of the module. If the accessed
      module stores a program, that is, a second identifying number and an
      out-dialing instruction, an outgoing call is initiated. If the module does
      not store a program, or if the accessed module is not installed in the
      repertory dialing attachment, access to the attachment is automatically
      cancelled by the applique, the caller hears a reorder signal which is
      replaced, after a short time, by a dial tone.
PAR  When the telephone instrument associated with a line applique is in on-hook
      status, and when all three call registers in the applique are empty, the
      applique accepts any incoming call and places it in the active call
      register. With the instrument in on-hook status, the existence of a
      non-empty active call register activates the ringer 130 associated with
      the applique. Also as mentioned previously, if desired, through an
      accessory, the conventional ringer included in the telephone instrument
      may also be activated.
PAR  When a telephone instrument is in on-hook status and its applique has at
      least one non-empty call register, the applique accepts an incoming call
      only if that call is accompanied by a break-in request set up in the
      calling applique. Indication of such a request set up appears in the
      signalling and supervision message of the calling applique. An incoming
      call accompanied by a break-in request is placed in the active call
      register. Subsequent incoming calls accompanied by break-in requests are
      also placed in that register, and other incoming calls without break-in
      requests are not accepted.
PAR  When a ringing telephone is answered by a subscriber, it automatically
      accesses the call register and picks up the call or calls in that
      register. If more than one incoming call has been accepted, all of the
      calls are conferenced and become a signal call when the subscriber
      answers. If one or more of the calls is accompanied by a break-in request,
      that fact is announced to the subscriber when he answers by a break-in
      alert signal consisting of a series of short beeps which are locally
      generated by the called applique and are heard by all of the callers.
PAR  When the telephone instrument associated with an applique is in off-hook
      status, the applique does not accept an incoming call which is not
      accompanied by a call request.
PAR  With the telephone instrument in off-hook status, an incoming call
      accompanied by a break-in request is accepted and placed in the accessed
      call register. If there is an existing call in that call register, the
      incoming call is automatically conferenced with the existing call. The
      arrival of an incoming call on this basis is announced by a break-in alert
      signal which is heard by the subscriber and every one else involved in the
      conferenced call.
PAR  With the telephone instrument in off-hook status, an incoming call
      accompanied by a camp-on request is accepted and placed in the camp-on
      call register only if both of the following conditions co-exist: (1) the
      camp-on call register is unaccessed and empty, and (2) the applique does
      not store a restriction which prevents acceptance of an incoming call on a
      camp-on basis. If an incoming call is accepted on a camp-on basis, it
      appears to the caller to have been accepted and put on hold. The called
      subscriber is notified of the acceptance of such a call by a camp-on alert
      signal generated locally by his applique and heard only by the subscriber.
      He may then, if he wishes, access the camp-on register and pick up the
      call, which he can then put back on hold or transfer to the active call
      register where it will be conferenced with any call already held in that
      call register.
PAR  An incoming call accompanied by a break-in request is placed in the reserve
      call register if that call register is accessed when the incoming call
      arrives. Except for this possibility, no incoming call is ever placed in
      the reserve call register, which is, therefore, almost always available
      for making outgoing calls.
PAR  An existing call is terminated by hanging up. the call register which was
      accessed at the time when the telephone instrument went on-hook status is
      then cleared. If, after that call register is cleared, the active call
      register is non-empty, the subscriber's phone rings. If, after the
      clearing process, the active call register is empty but the reserve call
      register is non-empty, the call in the reserve register is transferred to
      the active call register and the phone rings. If, after the clearing
      process, the active call register and the reserve register are both empty,
      but the camp-on call register is non-empty, the call in the camp-on call
      register is transferred to the active call register and the phone rings.
      If, after the clearing process, all three call registers are empty, the
      applique goes to a quiescent state as soon as it receives acknowledgement
      of all disconnect signals sent out in connection with the call
      termination.
PAR  At the time of call termination, the applique sends appropriate disconnect
      signals, individually addressed to the other appliques concerned, by
      including such signals in its signalling and supervision message.
      Disconnect signals are sent only to those appliques which are involved in
      the terminated call and not involved in an unterminated call, if there is
      one, in another call register. To an applique involved in both the
      terminated call and an unterminated call, it appears that the terminating
      applique has put the live call on hold. An applique involved only in an
      unterminated call receives no signal. That call was, and remains, on hold
      at the terminating applique. It should be noted that a call register must
      be accessed in order to terminate a call in that register. Accordingly,
      the terminated call is picked up, leaving other calls on hold, and is then
      terminated. An incoming disconnect signal from another applique causes
      that other applique to be dropped from every call in which it is involved.
PAR  A line applique may also store a fixed forward instruction which may be
      either an optional fixed forward or a forced fixed forward. The existence
      of a fixed forward of either type causes a calling applique to redirect an
      unanswered call, not accompanied by a break-in request, to a new
      destination within the system. In addition, a forced fixed forward causes
      the calling applique to redirect an unaccepted call, and an optional fixed
      forward has the same effect when a fixed forward request is set up in the
      calling applique.
PAR  A line applique may also store a variable forward instruction, whether or
      not a fixed forward instruction is also stored, unless this is prevented
      by a restriction installed in the applique. A variable forward may be set
      up or cancelled by appropriate dial entries. When one is set up, it
      displaces any existing fixed forward. It has the same effect as a forced
      fixed forward and may also include an out-dialing instruction so that a
      call can be redirected through an outside exchange to an off-premises
      destination. In addition, the existence of a variable forward prevents the
      applique from accepting any incoming call not accompanied by a break-in
      request.
PAR  A line applique, such as described above in connection with FIG. 8, can be
      connected, with some loss of capability, to a telephone instrument with a
      ten key dial. It can also be connected to an instrument without a dial, in
      which configuration a subscriber can accept calls but is totally unable to
      originate any calls.
PAR  If a subscriber requires more call handling capability than is offered by a
      single line applique, two or more line appliques can be connected, as at
      an attendant's station, through an accessory interface to a single
      telephone instrument equipped with a twelve-key dial, pickup keys and a
      hold button.
PAR  A line applique can also be used, generally with an interface, to provide
      connection between the system and an outside exchange. The use of a line
      applique in this manner offers dial-in access to the system to an informed
      caller equipped with a ten key or a twelve key touch-dial pad. If dial-in
      access from an outside exchange is not required, the use of a trunk
      applique to provide connection with an outside exchange is nearly always
      preferred.
PAC  FEATURE-SELECTION UNIT
PAR  Referring to FIG. 18, the feature-selection unit of the applique of FIG. 8
      is thereshown in more detail. This unit stores 28 bits of information, and
      makes this information available to other units in the applique. The
      stored information appears on twenty-eight output busses 190, 190,
      numbered 0 to 27 and each of which is connected to one or the other of two
      input voltage lines 192 and 194. The line 192 is maintained at a voltage
      level interpreted as a "logical zero" so that connection of a buss 190 to
      it establishes a voltage level, on the buss, which is interpreted as a
      "logical zero" by other units in the applique. The other line 194 is
      maintained at a voltage level interpreted as a "logical one" so that
      connection of a buss 190 to it establishes a voltage level, on the buss,
      which is interpreted as a "logical one" by other units in the applique.
      The connections between the lines 192 and 194 and the busses 190, 190 may
      be made in various ways, but preferably are established by using a socket
      connector and pre-wired plug-in modules. Exemplary connections are
      indicated by the broken lines 196, 196 and once made, they set up a
      pattern of stored binary information on the busses 190, 190. The stored
      information can be easily changed by replacing plug-in modules, but it is
      otherwise fixed.
PAR  The feature-selection unit 88 stores the information listed below:
PA0  a. Eight bits, appearing on busses 0 to 7, which specify the "Address" of
      the applique. These busses constitute the line 185 of FIG. 8 and supply
      the address to the incoming message distributor 178.
PA0  b. Two bits, appearing on busses 8 and 9, which indicate whether or not a
      fixed forward call-forwarding instruction is stored by the applique and
      which also indicate, if such an instruction is stored, whether that
      instruction is "optional" or "forced".
PA0  c. Eight bits, appearing on busses 10 to 17, which specify the forwarding
      address contained in the fixed forward call-forwarding instruction stored
      by the applique, if one is stored.
PA0  d. One bit, appearing on buss 18, which specifies whether the applique may
      or may not be permitted to accept incoming calls on a camp-on basis. This
      buss together with busses 8 to 17 constitute the line 166 of FIG. 8 which
      supplies information to the outgoing call processor 164.
PA0  e. Nine additional bits, appearing on busses 19 to 27, which specify
      whether or not operation of the applique is restricted in certain respects
      as to its capability to act on certain dial entries. These restrictions
      are sometimes referred to as forbidden dial entries. The busses 19 to 27
      constitute the line 154 of FIG. 8 and supply the forbidden dial entry
      information to the dial entry processor 152.
PAR  The nine possible restrictions, controlled by busses 19 to 27, each of
      which may be independently specified, are as follows:
PA0  a. The applique may or may not be permitted to set up a break-in request in
      response to appropriate dial entries.
PA0  b. The applique may or may not be permitted to set up a variable forward
      call-forwarding instruction in response to appropriate dial entries.
PA0  c. The applique may or may not be permitted to originate a paging call in
      response to a two-digit dial entry 68.
PA0  d. The applique may or may not be permitted to originate a translator call
      in response to a one-digit dial entry 7.
PA0  e. Similar to (d) above, but operating on a one-digit dial entry 8.
PA0  f. Similar to (d) above, but operating on a one-digit dial entry 9.
PA0  g. Similar to (d) above, but operating on all two-digit dial entries 70
      through 79.
PA0  h. Similar to (d) above, but operating on all two-digit dial entries 80
      through 89.
PA0  i. Similar to (d) above, but operating on all two-digit dial entries 90
      through 97.
PAC  INCOMING MESSAGE DISTRIBUTOR
PAR  Referring to FIG. 19, the incoming message distributor 178 of FIG. 8 is
      thereshown in more detail as being comprised of a start of message
      detector 200, a message bit-pair counter 202, a message word counter 204,
      a word-counter gate 206, a word-counter control 208, a message word switch
      210, a gated address comparator 212, an address word register 214, an
      existence word register 216, a dood word register 218, a forwarding word
      register 220, and an instruction words register 222.
PAR  Incoming signalling and supervision message bit-pairs are brought to the
      incoming message distributor 178 on the lines 114 and 116, and all
      incoming bit-pairs appearing on these lines are presented to the start of
      message detector 200, to the message bit-pair counter 202, to the
      word-counter gate 206, and to the message word switch 210. The start of
      message detector 200 identifies the start of an incoming signalling and
      supervision message. The start is identifiable as a sequence of five or
      more bit-pairs 00 followed by a bit-pair 11. When this six-pair sequence
      occurs, the following bit-pair is the first bit-pair (pair No. 0) of the
      first word (word No. 0 of an incoming signalling and supervision message.
      (See FIGS. 6 and 7 and the related description for the word and message
      format.) When the start of a message is detected by the start of message
      detector 200, it sets the message bit-pair counter 202 and the message
      word counter 204 to state zero, by a reset signal appearing on the line
      224, and it clears the address word register 214, the existence word
      register 216, the dood word register 218, the forwarding word register 220
      and the instruction words register 222, by a clear signal appearing on the
      line 226.
PAR  The message bit-pair counter 202 is a five-state counter which cycles
      through states 0, 1, 2, 3, 4, 0, 1, and so on. It is advanced from one
      state to the next by the arrival of an incoming bit-pair, and may be
      forced to state No. 0 by a reset signal. The message word counter 204 is a
      22-state counter. When the word-counter gate 206 is open, the arrival of
      an incoming bit-pair advances the message word counter 204 from one state
      to the next unless it is in state No. 21 (in which case the arrival of an
      incoming bit-pair has no effect). That is, the counter 204 is not a cyclic
      counter. Instead, it is one which goes to state No. 21 and stays there
      until reset by a reset signal from the start of message detector 200. When
      the word-counter gate 206 is closed, the message word counter 204 is not
      advanced. The message word counter 204 may be forced to state No. 0 by a
      reset signal, and it may also be forced to states No. 3, No. 16, No. 17 or
      No. 21 by signals from the word-counter control 208. The word-counter gate
      206 is open when the message bit-pair counter 202 is in state No. 4, and
      is closed when that counter is in any other state.
PAR  Incoming bit-pairs are routed to various destinations by the message word
      switch 210 which senses and is responsive to the state of the message word
      counter 204. In particular, bit-pairs are sent by the switch 210 to the
      following destinations depending on the state or count of the word counter
      204:
PA0  a. to the address word register 214, when the word counter is in state No.
      0;
PA0  b. to the existence word register 216, when the word counter is in state
      No. 1;
PA0  c. to the dood word register 218, when the word counter is in state No. 2;
PA0  d. to the memory 150 on the line 184, when the word counter is in states
      No. 3 through No. 15 (indicating register words);
PA0  e. to the forwarding word register 220, when the word counter is in state
      No. 16; and
PA0  f. to the instruction words register 222, when the word counter is in
      states No. 17 through No. 20.
PAL  The message word switch 210 does not pass incoming bit-pairs to any
      destination when the message word counter 204 is in state No. 21.
PAR  The contents of the existence word register 216 are sent to the
      word-counter control 208 when the message bit-pair counter 202 is in state
      No. 0 and the message word counter 204 is in state No. 3, at which point
      the whole of the existence word has been loaded into the existance word
      register 216. The word-counter control 204 senses the state, at all times,
      of the message-word counter 204. It also determines, on the basis of the
      information provided by the existence word, which other words are omitted
      from the incoming message. At appropriate times, the word-counter control
      208 sends signals to the message word counter 204 to force it to specified
      states so as to skip over those states which correspond to words that are
      not included in the message.
PAR  The contents of the address word register 214 are sensed by the gated
      address comparator 212 for comparison with the applique's own address.
      That address is made available to the gated address comparator 212 by the
      feature-selection unit 88 over line 185. The comparison is made when the
      message bit-pair counter 202 is in state No. 0 and the message word
      counter 204 is in state No. 1, at which point the whole of the address
      word has been loaded into the address word register 214. If the comparison
      shows that the address word of the incoming message contains the
      applique's own address, signals are sent to the outgoing message assembler
      170 over line 180 and to the outgoing call processor 164 over line 176 to
      instruct those units to assemble and deliver an outgoing signalling and
      supervision message for transmission. In addition, a signal is sent to the
      word-counter control 208 which, in response to that signal, forces the
      message word counter 204 to state No. 21.
PAR  The states of the message bit-pair counter 202 and the message word counter
      204 are made available to the memory 150 over the line 184 and to the
      outgoing call processor 164 over line 176. The contents of the address
      word register 214 are also made available to the memory 150 over line 184.
      The contents of the address word register 214, the existence word register
      216, the dood word register 218, the forwarding word register 220 and the
      instruction words register 222 are also made available to the outgoing
      call processor 164 over line 176.
PAC  OUTGOING MESSAGE ASSEMBLER
PAR  FIG. 20 shows in more detail the construction of the outgoing message
      assembler 170 of FIG. 8. Referring to FIG. 20, the message assembler 170
      comprises a word-bit gate 230, a register-bit gate 232, a parity generator
      234, a parity gate 236, an output unit 238 and a gate and output control
      240. The message assembler 170 receives information bits and control
      signals from the outgoing call processor 164 over the line 172,
      information bits from the memory 150 over the line 182, and control
      signals from the incoming message distributor 178 over the line 180. It
      transmits bit-pairs, comprising a message to be sent from the applique, to
      the send control 80 over the lines 137 and 138.
PAR  Information bits from the outgoing call processor 164 are presented to the
      word-bit gate 230. If that gate is open, it passes those bits to the
      output unit 238 and to the parity generator 234. Information bits (the
      register words) from the memory 150 are presented to the register-bit gate
      232. If that gate is open, it passes those bits to the output unit 238 and
      to the parity generator 234. The parity generator 234 receives the eight
      information bits of an outgoing word, either from the word-bit gate 230 or
      from the register-bit gate 232. In either case, it generates a parity bit
      and a terminal bit, which are the last two bits in the outgoing word, and
      presents them to the parity gate 236. If that gate is open, it passes
      those bits to the output unit 238.
PAR  The output unit 238 receives bits presented to it by the word-bit gate 230,
      by the register-bit gate 232, or by the parity gate 236 and passes those
      bits to the send control unit 80 over the lines 137 and 138 if it, the
      output unit, is enabled. Control signals from the incoming message
      distributor 178 and from the outgoing call processor 164 are received by
      the gate and output control 240. In response to those control signals, the
      gate and output control sends gate-opening and gate-closing signals to the
      word-bit gate 230, to the register-bit gate 232 and to the parity gate 236
      and sends enabling and disabling signals to the output unit 238. In
      particular, when the address word of an incoming signalling and
      supervision message contains the applique's own address, signals are sent
      by the incoming message distributor 178 to the outgoing message assembler
      170 over line 180 and to the outgoing call processor 164 over line 176 to
      instruct those units to assemble and deliver an outgoing signalling and
      supervision message for transmission.
PAR  Prior to receiving the control signal from the incoming message distributor
      instructing it to assemble and deliver a message, the outgoing message
      assembler 170 is in a quiescent state in which the word-bit gate 230, the
      register-bit gate 232 and the parity gate 236 are closed and the output
      unit 238 is disabled. The control signal from the incoming message
      distributor 178, which arrives on the line 180, is received by the gate
      and output control 240 and, in response to that signal, the control 240
      sends an enabling signal to the output unit 238 and sends a gate-opening
      signal to the word-bit gate 230. The outgoing call processor 164, which
      receives a message-initiating control signal from the incoming message
      distributor 178 over the line 176, now begins to send information bits to
      the outgoing message assembler 170 over line 172. These bits are received
      by the word-bit gate 230.
PAR  The outgoing call processor 164 sends two information bits in each of four
      successive commutation cycles. These bits are passed through the open
      word-bit gate 230, to the parity generator 234 and to the output unit 238,
      which output unit presents them in pairs to the send control unit 80 on
      the lines 137 and 138. After four commutation cycles, during which eight
      bits have been transmitted by the outgoing call processor 164, that unit
      sends a control signal to the outgoing message assembler 170 over line
      172. This control signal is received by the gate and output control which,
      in respose, sends a gate-opening signal to the parity gate 236. The parity
      generator 234 then delivers a parity bit and a terminal bit, through the
      open parity gate 236, to the output unit 238 which presents them to the
      send control unit 80 over the lines 137 and 138. This sequence of
      operations completes the transmission of the existence word of the
      outgoing message, the existence word being the first word following the
      address word of the message.
PAR  The outgoing call processor 164 now sends one of three different control
      signals to the outgoing message assembler 170 depending on the nature of
      the remainder of the outgoing message to be transmitted. In all three
      cases, the incoming control signal is received and acted-on by the gate
      and output control 240. The three different cases are as follows:
PA0  a. If the next word in the outgoing message is to be a register word, the
      outgoing call processor 164 sends a signal to the gate and control unit
      240 which causes the unit 240 to send a gate-opening signal to the
      register-bit gate 230 and a gate-closing signal to the parity gate 236.
PA0  b. If the next word in the outgoing signalling and supervision message is
      not to be a register word, the outgoing call processor 164 sends a signal
      to the gate and control unit 240 which causes the unit 240 to send a
      gate-opening signal to the word-bit gate 230 and a gate-closing signal to
      the parity gate 236.
PA0  c. If there is to be no next word in the outgoing signalling and
      supervision message, the outgoing call processor 164 sends a signal to the
      gate and control unit 24 which causes the unit 240 to send a gate-closing
      signal to the parity gate 236 and a disabling signal to the output unit
      238, thereby returning the outgoing message assembler to its quiescent
      state and terminating the outgoing message.
PAR  If the next word is to be a register word (case (a) the eight information
      bits of the next word are obtained by the outgoing message assembler 170
      from the memory 150 over line 182. They are received by and passed through
      the open register-bit gate 232 to the parity generator 234 and to the
      output unit 238 for presentation to the send control unit 80 over the
      lines 137 and 138. After the transmission of eight information bits
      obtained from the memory 150, the outgoing call processor 164 sends a
      control signal to the outgoing message assembler 170. This signal is
      received by the gate and output control 240 and causes that unit to send a
      gate-closing signal to the register-bit gate 232 and a gate-opening signal
      to the parity gate 236. The parity generator 234 then delivers a parity
      bit and a terminal bit, through the open parity gate, to the output unit
      238 which presents them to the send control unit 80 over the lines 137 and
      138. This latter sequence of operations completes the transmission of a
      register word. The outgoing call processor 164 now sends one of the
      aforementioned three different control signals to the outgoing message
      assembler 170, depending on the nature of the remainder of the message,
      and the outgoing signalling and supervision message is either continued or
      terminated in the appropriate way.
PAR  If after the completion of the transmission of one word, the next word of
      the message is to be a word other than a register word (case (b)), the
      eight information bits of such next word are sent to the outgoing message
      assembler 170 by the outgoing call processor 164 over line 172. They are
      received by and passed through the open word-bit gate 230 to the parity
      generator 234 and to the output unit 238 for presentation to the send
      control unit 80. After transmission of these eight information bits by the
      outgoing call processor 164, that unit sends a control signal to the
      outgoing message assembler 170. This signal is received by the gate and
      output control 240 and causes that unit to send a gate-closing signal to
      the word-bit gate 230 and a gate-opening signal to the parity gate 236.
      The parity generator 234 then delivers a parity bit and a terminal bit,
      through thee open parity gate 236, to the output unit 238 which presents
      them to the send control unit 80. This sequence of operations completes
      the transmission of a word which is not a register word and the outgoing
      call processor 164 now sends one of the aforementioned three different
      control signals to the outgoing message assembler 170 and the outgoing
      signalling and supervision message is either continued or terminated in
      the appropriate way.
PAR  If after the completion of the transmission of one word, there is to be no
      further words in the message (case (c)), the outgoing message assembler
      170 is put into its quiescent state by the signal described in case (c)
      and the outgoing signalling and supervision message is terminated.
PAC  OUTGOING CALL PROCESSOR -- FORMATTING AND ASSEMBLING OUTGOING MESSAGES
PAR  As previously mentioned, the outgoing call processor 164 has two different
      basic functions. In its first function, it is involved with the
      feature-selection unit 88, the dial-entry processor 152, and the memory
      150 in handling outgoing calls and in setting up variable forwardingg
      instructions. In its second function, it is also involved with those units
      and with the outgoing message assembler 170 in formatting and assembling
      outgoing messages. This section describes that portion of the outgoing
      call processor which is devoted to its second function of cooperating in
      the formatting and assembling of outgoing messages. In FIG. 8 the dial
      entry processor 152 and the outgoing call processor 164 are for
      convenience of discussion illustrated as functionally separate units. They
      are, however, physically interrelated insofar as they both, in the
      illustrated embodiment, share a common instruction processor 298 as
      hereinafter described. Therefore, in FIG. 21 the dial-entry processor and
      the outgoing call processor are shown as a single unit identified by the
      reference notation "152 and 164."
PAR  Referring to FIG. 21, that portion of the illustrated unit 152 and 164
      which serves principally as the outgoing call processor 164 of FIG. 8
      comprises an existence word register 250, an existence word control 252,
      an instruction words register 254, a bit-pair counter 256, a word counter
      258, a word-counter gate 260, a word-counter control 262 and a bit-pair
      control 264. The existence word register 250 holds the eight information
      bits of the existence word of the applique's outgoing message. These are
      maintained in current status by the existence word control 252, which
      receives information regarding the status of the applique from the memory
      150 over line 174, from the feature-selection unit 88 over line 166, from
      the instruction words register (which stores a variable forwarding
      instruction when one is stored), over the line 266, and from a location
      register 290 over line 162. The location register is basically a part of
      the dial-entry processor described in more detail hereinafter. The
      conditions in the applique which determine the status of the eight
      information bits of the existence word are described in the previous
      section entitled "Signalling and Supervision Word Structure". The question
      of loading bits into the instruction words register 254 over the line 267
      is discussed in the section immediately following this.
PAR  When the outgoing call processor portion of the unit 152 and 164 shown in
      FIG. 21, is in its quiescent state, that is, when no outgoing message is
      being assembled, the bit-pair control 264 is disabled and no information
      is passed from it to the outgoing message assembler 170 over line 172.
      When an outgoing message is to be sent, a signal is received from the
      incoming message distributor 178 over line 176. This signal is received by
      the bit-pair counter 256, which it forces to state 0, and by the word
      counter 258, which it forces to state 1.
PAR  The bit-pair counter 256 is a five-state counter which cycles through
      states 0, 1, 2, 3, 4, 0, 1, and so on. It is advanced once during each
      commutation frame by a frame-synchronization signal, which appears on the
      line 268 and which may be taken from the receiving sync. detector 98 of
      the receive control unit 78 of FIG. 8, and it may be forced to state 0 as
      already mentioned. The word counter 258 is a 21-state counter which is
      advanced from state 1 through states 2, 3, and so on to state 21. Having
      reached state 21, it remains in that state until it is forced to state 1.
      The word counter 258 is advanced by a frame-synchronization signal if the
      word-counter gate 260 is open. When that gate is closed, the word counter
      is not advanced. The word-counter gate 260 is open when the bit-pair
      counter 256 is in state 4, and is otherwise closed.
PAR  The word-counter control 262 receives information bits defining the
      existence word from the existence word register 250, over the line 270,
      and on the basis of such bits, determines which words are to be omitted
      from an outgoing message. It sends forcing signals to the word counter 258
      at appropriate times, forcing that counter to skip over those states which
      correspond to words not included in the message. More specifically, the
      word-counter control 262 can force the word counter 258 to states 3, 16,
      17, or 21.
PAR  Operation of the bit-pair control 264 is determined by the states of the
      bit-pair counter 256 and the word counter 258. In particular, the bit-pair
      control 264 operates as follows:
PA0  a. The bit-pair control 264 is always disabled when the word counter 258 is
      in states 3 through 15, during which time information bits (comprising
      register words) are sent to the outgoing message assembler 170 from the
      memory 150, over line 182 (FIG. 8), under the control of the word counter
      258 and the bit-pair counter 256 which send control signals to the memory
      150 over line 168.
PA0  b. The bit-pair control 264 is always disabled when the word counter 258 is
      in state 21, a state which that counter reaches at the conclusion of an
      outgoing message.
PA0  c. The bit-pair control 264 is always disabled when the bit-pair counter
      256 is in state 4, during which time parity and terminal bits for the
      outgoing message are generated by the outgoing message assembler 170 as
      previously described.
PA0  d. With the word counter 258 in state 1 and the bit-pair counter 256 in
      states 0, 1, 2, or 3, the bit-pair control 264 selects appropriate bits
      (the first, second, third, or fourth bit pairs) respectively, from the
      existence word register 254 and passes them to the outgoing message
      assembler 170 over line 172.
PA0  e. With the word counter 258 in state 2 and the bit-pair counter 256 in
      state 0, 1, 2 or 3, the bit-pair control 264 selects appropriate bits
      (defining a dood word) from the location register, hereinafter described,
      in the dial-entry processor 152 and passes them to the outgoing message
      assembler 170 over line 172.
PA0  f. With the word counter 258 in state 16 and the bit-pair counter 256 in
      states 0, 1, 2 or 3, the bit-pair control 264 selects appropriate bits
      from the fixed forward stored by the feature-selection unit 88 and
      supplied by the line 166 and passes them to the outgoing message assembler
      170 over line 172.
PA0  g. With the word counter 258 in states 17, 18, 19 or 20 and the bit-pair
      counter 256 in states 0, 1, 2 or 3, the bit-pair control 264 selects
      appropriate bits from the instruction words register 256 and passes them
      to the outgoing message assembler 170 over line 172.
PAC  DIAL ENTRY PROCESSOR AND OUTGOING CALL PROCESSOR -- OUTGOING CALLS AND
      VARIABLE FORWARDING INSTRUCTIONS
PAR  As mentioned at the beginning of the preceding section, the outgoing call
      processor 164 has basically two different functions. This section is a
      discussion of its first function in which it is intimately involved with
      the dial entry processor 154 in handling outgoing calls and setting up
      variable forwarding instructions. This discussion is made in connection
      with FIG. 21 which shows in greater detail components making up both the
      dial-entry processor 152 and the outgoing call processor 164 of FIG. 8.
PAR  Referring to FIG. 21, that portion of the unit 152 and 164 thereshown which
      serves as the dial-entry processor and also as that portion of the
      outgoing call processor concerned with handling outgoing calls and setting
      up variable forward instructions includes a dial-entry decoder 274, a
      dial-entry register 276, an address decoder 278 a call destination
      register 280, a break-in flip-flop 282, a camp-on flip-flop 284, a fixed
      forward flip-flop 286, an address store 288, a location register 290, a
      step register 292, an instruction store 294, an instruction register 296
      and an instruction processor 298. The instruction store 294 is a read-only
      random-access memory which contains all of the instructions for operation
      of the unit 152 and 164. At appropriate times, the instruction processor
      298 fetches an instruction from the instruction store 294 and places that
      instruction in the instruction register 296. Each instruction specifies,
      either absolutely or conditionally, thee step-number of the following
      instruction, and one of the operations carried out by the instruction
      processor 298 at each step is the required up-dating of the contents of
      the step register 292 which then identifies the instruction to be fetched
      from the instruction store following completion of the other operations
      specified by the current instruction.
PAR  The steps in the process by which an outgoing call is handled are described
      hereinafter in detail in the section entitled "General Considerations
      Concerning Outgoing Calls", and that description states the nature of the
      instructions stored in the instruction store. These steps are also shown
      by the flow diagrams of FIGS. 9 to 14. The remainder of this section
      consists of comments on how the components of FIG. 21 operate during
      various steps in the call-handling sequence, the purpose of the comments
      being to provide a better understanding of the flow of information. These
      comments should be read in conjunction with the statements of the steps
      made in the section entitled "General Considerations Concerning Outgoing
      Calls". Applicable comments, once made, are not repeated when they apply
      at later steps.
PAR  Step No. 1
PAR  The step register 292, when the combined units of FIG. 22 are cleared,
      always holds step No. 1. The instruction processor 298 then fetches the
      corresponding instruction from the instruction store 294 and places it in
      the instruction register 296. Information about which call register (if
      any) is accessed, and about whether or not that call register is empty, is
      made available to the instruction processor 298 by the memory 150 over
      line 156. Information about the dial-entry (if any) made by a subscriber
      is made available by the tone decoder 126 (FIG. 8) over the line 272 to
      the dial-entry decoder 274 which passes the decoded information to the
      instruction processor 298.
PAR  Step No. 2
PAR  In case (a) (first dial entry is "#"), the instruction processor 298 sends
      an appropriate signal to the memory 150 over line 160 to access a new call
      register. The distinction between cases (b) and (c) is made by the
      instruction processor 298 on the basis of information made available to it
      by the feature-selection unit 88 over line 154. A decoded dial-entry, if
      it is accepted, is placed in the dial-entry register 276 by the
      instruction processor 298. In case (c), the dial-entry "*" causes the
      instruction processor 298 to clear the instruction words register 254 by a
      clear signal transmitted over the line 267. Subsequent dial-entries are
      decoded and loaded into that register over the line 167.
PAR  Step No. 5
PAR  In case (a), the dial-entry register 276, the call destination register
      280, the location register 290, and the instruction register 296 are
      cleared. The breakin flip-flop 282, the camp-on flip-flop 284, and the
      fixed-forward flip-flop 286 are reset. The step register is forced to
      state 1.
PAR  Step No. 7
PAR  The repertory dialing attachment 301, if present, and as shown in FIG. 21
      is external to the applique and is connected to the instruction processor
      298 by the line 300 over which signals are passed between it and the
      instruction processor. Its operation is discussed further in the
      subsequent section entitled "Outgoing Calls -- Programmed and Repertory --
      Dialing Calls".
PAR  Step No. 9
PAR  The dial-entry is taken from the dial-entry register 276 by the instruction
      processor 298 and presented to the address decoder 278, which delivers a
      decoded eight-bit binary address to the call destination register 280.
PAR  Note that call-request dial-entries, mentioned in the discussion following
      the hereinafter appearing statement of Step No. 9 are discussed more fully
      in the section entitled "Call Requests". The effect of a permitted
      call-request dial-entry is to cause the instruction processor to set the
      corresponding one of the three flip-flops 282, 284 and 286. That is, a
      dial-entry signifying a break-in request sets the break-in flip-flop 282;
      a dial-entry signifying a camp-on request sets the camp-on flip-flop 284;
      and a dial-entry signifying a fixed forward request sets the fixed forward
      flip-flop 286.
PAR  Step No. 10
PAR  For case (a), where the call destination address is one associated with a
      ringer, paging or capturing call, the special processing scheme which is
      thereafter followed is described in the section entitled "Outgoing Calls
      -- Ringer, Paging and Capturing Calls".
PAR  Step No. 11
PAR  The contents of all incoming messages are made available to the instruction
      processor 298 by the incoming message distributor 178 over line 176.
PAR  Step No. 12
PAR  The three flip-flops 282, 284 and 286, which can be set and reset by the
      instruction processor 298, can also be read by that unit.
PAR  Step No. 21
PAR  The states of the break-in flip-flop 282 and the camp-on flip-flop 284 are
      made available to the memory 150 over the line 160.
PAR  Step No. 22
PAR  This information is acquired by the memory 150 from the incoming message
      and passed to the instruction processor 298 over the line 156.
PAR  Referring to the section entitled "Outgoing Calls -- Programmed and
      Repertory -- Dialing Calls", the three call destinations involved in the
      stored program of a trunk applique are stored in the address store 288 of
      FIG. 22. Those involved in repertory dialing are stored in the associated
      external repertory-dialing attachment.
PAC  CALL FORWARDING AND CALL ORIGINATING INSTRUCTIONS
PAR  A call forwarding instruction may be stored in an applique or a translator,
      and may re-direct a call, addressed to that applique or translator, to
      another destination. The call-forwarding instruction appears in the
      signalling and supervision message of the applique or translator in which
      it is stored, and call re-direction is carried out, by a calling applique,
      on the basis of information contained in that message. Whether or not a
      call is re-directed depends on the status of the called applique or
      translator, as shown in its SS message, and on the call requests set up in
      the calling applique.
PAR  A call-forwarding instruction may be either a "fixed forward", stored in
      wired form, or a "variable forward", which can be set up or cancelled by
      an appropriate dial entry.
PAR  An applique may or may not store a fixed forward. If it stores one, the
      fixed forward may be either "optional" or "forced". Either type of fixed
      forward always re-directs an un-answered call, addressed to the applique
      in which the fixed forward is stored, after a reasonable time, unless that
      call is accompanied by a break-in request. In the absence of any
      call-forwarding instruction stored by the called applique, such a call is
      automatically cancelled, after a reasonable time, by the calling applique.
      A forced fixed forward automatically re-directs a call which would
      otherwise cause the calling applique to offer its caller a busy signal. An
      optional fixed forward re-directs such a call only if a fixed forward
      request has been set up in the calling applique. If no call-forwarding
      instruction is stored by the called applique, a call of this type is
      automatically cancelled when a fixed-forward request is set up in the
      calling applique.
PAR  The address stored, by an applique, as a fixed forward may be any address
      used by the system, although ordinarily it is the address of another
      applique or one of the addresses used for ringer calls. In particular, an
      applique may store its own addresss as a fixed forward in order to
      circumvent the time-out feature which limits the duration of an
      un-answered call when that call is not accompanied by a break-in request.
      When an applique stores its own address as a fixed forward, it can store
      it as an optional fixed forward, which allows a caller, who has not set up
      a fixed-forward request, to hear a busy signal, or as a forced fixed
      forward. An applique may also store, as a fixed forward, the address used
      for a paging call.
PAR  Two or more appliques may be grouped in a forwarding loop. Each one stores
      a fixed forward, either optional or forced, which re-directs calls, under
      appropriate circumstances, to another applique in the group. A call
      addressed to any applique in the group is then trapped by the forwarding
      loop and re-directed from one applique to another in the group until it is
      completed or until it is cancelled by the caller.
PAR  An applique may or may not store a restriction which prevents a variable
      forward from being set up in that applique. In the absence of such a
      restriction, an applique may store a variable forward, when one is set up,
      whether or not it also stores a fixed forward of either type. Note,
      however, that when a variable forward is set up the repertory dialing
      attachment cannot be accessed for the purpose of originating a call.
PAR  A variable forward contains an internal (system) address and may or may not
      contain an out-dialing instruction as well. The internal address must be
      one which can be set up by a dial entry at the applique in which the
      variable forward is stored. It cannot, therefore, be the address of an
      indirectly-addressable applique, nor can it be any address which
      corresponds to a call-originating dial entry against which a restriction
      is stored in the applique. The out-dialing instruction is a sequence of
      not more than seven digits. Note that an applique may store its own
      address as a variable forward or, if it is indirectly-addressable, that of
      the translator or other applique through which it is accessed. In this
      case, the applique cannot be accessed except by a call which is
      accompanied by a break-in request.
PAR  When a variable forward is stored, it is included, as a call-forwarding
      instruction, in the signalling and supervision message of the applique in
      which it is stored and the fixed forward call-forwarding instruction, if
      one is stored, is dropped from that message. The internal address of the
      variable forward re-directs calls in exactly the same way as the address
      of a forced fixed forward. In addition, when a variable forward is stored,
      the applique appears to be busy and will accept no incoming call which is
      not accompanied by a break-in request.
PAR  When a calling applique accepts, from the signalling and supervision
      message of another applique or a translator, a call-forwarding instruction
      which includes an out-dialing instruction, it, the calling applique,
      includes in its own message the address of the applique or translator
      which stores that out-dialing instruction. The trunk applique which is
      ultimately reaches, and which makes use of the out-dialing instruction,
      obtains that instruction directly from the signalling and supervision
      message of the applique or translator in which the instruction is stored.
PAR  A variable forward is set up or cancelled in the following way:
PA0  a. The subscriber accesses an empty call register and hears a dial tone.
PA0  b. He then makes a dial entry "*". The dial tone stops. If the applique
      stores a restriction against setting up a variable forward, he hears a
      re-order signal which is replaced, after a short time, by a dial tone. If
      the applique stores no such restriction, he hears nothing and may
      continue. Any existing variable forward, in either case, is cancelled and
      the applique now stores no variable forward.
PA0  c. The subscriber may now make an appropriate call-originating dial entry
      (either two digits or one digit followed by a pause) which sets up a
      stored internal address. If this dial entry is one against which a
      restriction is stored, or if it is 98 or 99, the subscriber hears a
      re-order signal which is replaced, after a short time, by a dial tone. The
      applique is left, in this case, storing no variable forward. If the dial
      entry is neither 98, 99, nor one against which a restriction is stored,
      the subscriber hears nothing and may continue. The applique, at this
      point, stores a system address as a variable forward.
PA0  d. The subscriber may now enter an out-dialing instruction, which is
      limited to a maximum of seven digits. If more than seven are entered, only
      the first seven are stored. 0 is stored as a binary 10, other digits are
      stored as their binary equivalents, and unused storage space holds binary
      zeros. At this point, the applique stores both an internal address and an
      out-dialing instruction as a variable forward.
PAL  The set-up call may be terminated, by the subscriber, after step (b),
      leaving the applique with no stored variable forward, after step (c),
      leaving the applique with a stored variable forward which does not include
      an out-dialing instruction, or after step (d), leaving the applique with a
      stored variable forward which includes an out-dialing instruction. The
      call is terminated by accessing a new call register, either by a dial
      entry "#" or by a hook-flash, or by putting the telephone instrument in
      on-hook status. The set-up call may also be terminated by the arrival of
      an incoming call accompanied by a break-in request.
PAR  A standard translator always stores a forced fixed forward, which always
      re-directs a call addressed to that translator. The address stored, as a
      forced fixed forward, is ordinarily that of an indirectly-addressable
      applique, but may be any address used by the system. Standard translators
      are ordinarily used (a) to allow access to an applique, or to a group of
      appliques, by a dial entry which conforms to standard usage (0 to access
      the attendant's station, 9 to access a local trunk, for example), or (b)
      to limit direct access (by dial entry, without assistance) to an applique
      or to a group of appliques, since direct access to a translator is subject
      to restrictions stored in each applique, as previously discussed.
PAR  An extended translator always stores a variable forward, but that variable
      forward may or may not be a meaningful one. When a variable forward is set
      up in an extended translator, any call addressed to that translator is
      re-directed by the internal address contained in the variable forward. The
      internal address is, in this case, a meaningful one. When the translator
      is cleared, it stores, instead of a meaningful address, a "dead address".
      Any call addressed to the translator and re-directed to the dead address
      is subsequently cancelled by the calling applique. The variable forward
      stored by an extended translator may be set up or cleared by an
      appropriate dial entry made at the extended-translator attachment of the
      system clock.
PAR  The internal address stored by an extended translator is either a dead
      address, when the translator is cleared, or one which can be set up by a
      call-originating dial entry. The out-dialing instruction stored by the
      tranlator may be as long as 14 digits, all of which are zeros when the
      translator is cleared.
PAR  The variable forward stored by an extended translator is set up or
      cancelled, leaving the translator cleared, in the following way:
PA0  a. The attendant, or some other authorized person, puts a telephone
      instrument associated with the extended-translator attachment of the
      system clock in off-hook status and hears a dial tone. (Instead of a
      telephone instrument, the attachment may be equipped with a hook-switch, a
      speaker, and a twelve-key dial.)
PA0  b. The attendant makes a dial entry 98 (any other dial entry produces a
      re-order signal which is replaced, after a short time, by a dial tone),
      followed by a dial entry designed to access the desired translator. If
      that translator is not installed in the attachment, or if it is installed
      but is not an extended translator, the attendant hears a re-order signal
      followed by a dial tone. If the desired translator is installed in the
      attachment and is, in fact, an extended translator, the attendant hears
      nothing and may continue.
PA0  c. The attendant makes a dial entry "*", which clears the translator.
PA0  d. The attendant may now make a call-originating dial entry, either two
      digits or one digit followed by a pause. An entry 98 or 99 at this point
      produces a re-order signal followed by a dial tone, and the translator is
      left cleared. If the attendant hears nothing, he may continue by entering
      an out-dialing instruction of 14 digits or fewer. If more are entered,
      only the first 14 are stored.
PAR  The step-up call is terminated by returning the telephone, or its
      equivalent, to on-hook status. If it is terminated after (b), the
      translator is not affected, if after (c), the translator is left cleared,
      if after (d), the translator stores the variable forward which was set up
      at that step.
PAR  A call-originating instruction may be stored in a program module installed
      in a repertory dialing attachment associated with a line applique. The
      call-originating instruction, like the variable forward stored by an
      extended translator, consists of an internal address and an out-dialing
      instruction which is limited to 14 digits or fewer. The program module,
      like the extended translator, stores a dead address and 14 zeros when it
      is cleared.
PAR  A call-originating instruction is set up or cancelled in a program module
      in the following way:
PA0  a. The subscriber goes off-hook and accesses an empty call register. He
      hears a dial tone and makes a dial entry 98 followed by the number of the
      desired program module. If the line applique is not equipped with a
      repertory dialing attachment, or if it is so equipped but the desired
      program module is not installed, the subscriber hears a re-order signal
      which is followed by a dial tone. If the applique is equipped with a
      repertory dialing attachment and the accessed program module is installed,
      he hears nothing and may continue.
PA0  b. The subscriber makes a dial entry "*", which clears the program module.
PA0  c. The subscriber makes a call-originating dial entry, either two digits or
      one digit followed by a pause. If the dial entry is 98, 99, or one against
      which a restriction is stored, in the subscriber's applique, the
      subscriber hears a re-order signal followed by a dial tone. In this case,
      the program module is left in a cleared state. If the dial entry is
      neither 98, 99, nor one against which a restriction is stored, the
      subscriber hears nothing. At this point, the program module stores an
      internal address and 14 zeros as an out-dialing instruction. The
      subscriber may now enter as many digits as he wishes. These, or the first
      14 if more than 14 are entered, are stored as an out-dialing instruction.
PAR  If the set-up call is terminated after (a), the module is left as it was,
      if after (b), the module is left in a cleared state, if after (c), the
      program module stores the call-originating instruction set up by the
      subscriber at that step.
PAC  CALL REQUESTS
PAR  An applique, processing an outgoing call, may or may not hold one or more
      call requests. The available call requests are a "camp-on" request, a
      "fixed-forward" request, and a "break-in" request.
PAR  A camp-on request is a request, made by the calling applique to the called
      applique, for acceptance of a call on a camp-on basis. A call is never
      accepted on such a basis unless a camp-on request is set up in the calling
      applique. Even when a camp-on request is set up, the call may not be
      accepted on a camp-on basis by the called applique.
PAR  A fixed-forward request is an instruction to the calling applique to accept
      an optional call-forwarding instruction when a call cannot be completed.
      Acceptance of a forcing call-forwarding instruction in this situation is,
      of course, mandatory. When a fixed-forward request is set up in a calling
      applique and no call-forwarding instruction is available, an outgoing call
      which cannot be completed is cancelled.
PAR  A break-in request is an instruction, from a calling applique to a called
      applique, which makes acceptance of a call, by the called applique,
      mandatory. However, the call may or may not be answered.
PAR  At any time after a call has been initiated, either by a call-originating
      dial entry or by accessing a repertory dialing attachment, a caller can
      make a dial entry "*", after which he can set up and cancel various
      combinations of call requests by means of numerical dial entries. It is
      not necessary to repeat the dial entry "*".
PAR  An applique may or may not store a restriction, in wired form on a plug-in
      module in the feature selection unit 88, which prevents a break-in request
      from being set up by a dial entry. Unlike other restrictions, which alert
      the caller that his dial entry is rejected, usually by offering him a
      re-order signal followed by a dial tone, this restriction does not offer a
      caller any audible signal. It simply prevents the break-in request from
      being set up. The break-in request may, on occasion, be set up
      automatically during the course of call processing. The restriction, if it
      is stored, has no effect on automatic set-up of the break-in request.
PAR  The situation, after a numerical dial entry has been made to set up or
      cancel a call request, is as shown below:
TBL  Dial    Camp-On    Fixed-Forward  Break-In                                
     Entry   Request    Request        Request                                 
     ______________________________________                                    
     "1"     set up     cancelled      cancelled                               
     "2"     cancelled  set up         cancelled                               
     "3"     set up     set up         cancelled                               
     "4"     cancelled  cancelled      set up                                  
     "8"     cancelled  cancelled      cancelled                               
     ("5")   set up     cancelled      set up                                  
     ("6")   cancelled  set up         set up                                  
     ("7")   set up     set up         set up                                  
     ("9")   set up     cancelled      cancelled                               
     ("0")   cancelled  set up         cancelled                               
     ______________________________________                                    
PAR  The dial entries shown in parentheses are not ordinarily used. The dial
      entry "*" is without effect, and leaves the situation unchanged.
PAC  GENERAL CONSIDERATIONS CONCERNING OUTGOING CALLS
PAR  A caller may initiate an outgoing call, through a line applique, by
      accessing any empty call register and making a call-originating dial
      entry. The processing of an outgoing call, initiated in this way, is
      discussed in this section and in the section which follows. The processing
      of an outgoing call initiated by the call-originating program stored in a
      trunk applique is discussed in a subsequent section as is the processing
      of an outgoing call initiated by accessing the repertory dialing
      attachment of a line applique.
PAR  Initiation and processing of an outgoing call involves the sequence of
      steps described below. The organization of the first nine steps is shown,
      in abbreviated form, in FIG. 9.
PAR  Before discussing the steps involved in the initiation and processing of an
      outgoing call, it should be noted that at any point in the described
      sequence, the caller may return the telephone instrument to on-hook
      status, or he may access a new call register by making a dial entry "#",
      or he may access a new call register by hook-flashing. In any of these
      cases, the call-processing logic is returned to its quiescent (pre-call)
      condition. When this happens, any in-process call, that is, any call which
      has not yet been completed and which is, therefore, still being processed,
      is cancelled and the accessed call register is cleared. The arrival, at
      any time, of an incoming call accompanied by a break-in request also
      returns the processor to its quiescent state but does not clear the
      accessed call register.
PAR  Step No. 1
PAR  The caller accesses one of the three call registers in the applique. That
      call register may or may not be empty.
PA0  a. If there is a call in the accessed call register, that call is picked
      up. In this situation, a dial entry "#" accesses another call register.
      The operation of call initiation remains at step No. 1, but the conditions
      may be altered since a new call register has been accessed. Any other dial
      entry, made in connection with out-dialing to an outside exchange or for
      any other reason has no affect on the applique and the operation remains
      with unaltered conditions at step No. 1.
PA0  b. If the accessed call register is empty, the caller hears a dial tone and
      the operation continues to step No. 2.
PAR  Step No. 2
PAR  The caller enters the first character or digit, which may be the only one,
      of his sequence of dial entries. As each character or digit is entered,
      the tones produced by the touch-tone pad are detected and interpreted by
      the tone decoder 126 of the applique which delivers a digital equivalent
      of that character or digit to the dial entry processor 152 in the
      applique. The dial tone stops when the first character or digit is
      entered.
PA0  a. If the first dial entry is "#", a new call register is accessed and the
      operation of call initiation returns to step No. 1.
PA0  b. If the first dial entry is "*" and the applique stores a restriction
      against setting up a variable forward, the caller hears a reorder signal
      which is replaced, after a short time, by a dial tone. The operation of
      call initiation returns to step No. 1 (b).
PA0  c. If the first dial entry is "*" and the applique does not store a
      restriction against setting up a variable forward, any existing variable
      forward is cancelled. A situation is now established in which a new
      variable forward may be set up by appropriate dial entries, and the
      operation of call initiation is aborted.
PA0  d. If the first dial entry is a digit, the operation continues to step No.
      3.
PAR  Step No. 3
PAR  The processor 152 has now accepted the first digit of a sequence of dial
      entries, and has been shifted from its quiescent of pre-call condition.
PA0  a. If the first dial entry is 0, the operation jumps to step No. 9 and
      continues from that point.
PA0  b. If the first dial entry is 1 through 5, the operation jumps to step No.
      8 and continues from that point.
PA0  c. If the first dial entry is 6 through 9, the operation continues to step
      No. 4.
PAR  Step No. 4
PAR  The processor 152 now holds a single digit, which is 6, 7, 8 or 9.
PA0  a. If there is a pause, during which no additional dial entry is made, the
      operation jumps to step No. 6 and continues from that point.
PA0  b. If a second dial entry is made without undue delay, so that there is no
      pause, the operation continues to step No. 5.
PAR  Step No. 5
PAR  The processor 152, already holding 6, 7, 8 or 9, has now been presented
      with another dial entry.
PA0  a. If this dial entry is "#", a new call register is accessed. The
      processor is cleared, that is, returned to its quiescent or pre-call
      condition, and the operation of call initiation returns to step No. 1.
PA0  b. If this dial entry is "*", it is disregarded and processing continues,
      with the processor holding a one-digit entry, to step No. 6.
PA0  c. If this entry is a digit, processing continues to step No. 6.
PAR  Step No. 6
PAR  The processor 152 now holds either one digit (6 through 9) or two digits
      (the first of which is 6 through 9). In either case, the digit or digits
      constitute a complete dial entry. The dial entry is examined to see
      whether or not it is one against which a restriction is stored in the
      applique. The restrictions which may apply at this point are those which
      prevent direct access to certain translators and that which prevents
      origination of a paging call.
PA0  a. If the dial entry is one against which a restriction is stored, the
      processor is cleared, the caller hears a re-order signal which is
      replaced, after a short time, by a dial tone, and the operation of call
      initiation returns to step No. 1 (b).
PA0  b. If the dial entry is one against which no restriction is stored,
      processing continues to step No. 7.
PAR  Step No. 7
PAR  The processor 152 now holds a complete dial entry against which no
      restriction is stored in the applique. The dial entry is examined to see
      whether or not it is one associated with repertory dialing.
PA0  a. If the dial entry is 99 and the applique is equipped with a repertory
      dialing attachment and the applique does not store a variable forward, the
      processor shifts to a repertory-dialing processing sequence, described
      hereinafter.
PA0  b. If the dial entry is 99 and the applique is not equipped with a
      repertory dialing attachment, the processor is cleared, the caller hears a
      re-order signal which is replaced, after a short time, by a dial tone, and
      the operation of call initiation returns to step No. 1 (b).
PA0  c. If the dial entry is 99 and, whether or not the applique is equipped
      with a repertory dialing attachment, the applique stores a variable
      forward, the processor is cleared, the caller hears a re-order signal
      which is replaced, after a short time, by a dial tone, and the operation
      returns to step No. 1 (b).
PA0  d. If the dial entry is 98, a situation is established, whether or not the
      applique is equipped with a repertory dialing attachment, in which a
      repertory dialing attachment may be accessed for the purpose of cancelling
      or setting up a stored call-originating instruction (the access will, of
      course, be unsuccessful if the attachment is not installed at the
      applique), and the operation of call initiation is aborted.
PA0  e. If the dial entry is neither 98 nor 99, the operation jumps to step No.
      9 and continues from that point.
PAR  Step No. 8
PAR  The processor 152, at this point, holds a single digit (1 through 5) which
      is an incomplete dial entry. The caller makes another dial entry.
PA0  a. If this dial entry is "#", a new call register is accessed. The
      processor is cleared, and the operation returns to step No. 1.
PA0  b. If this dial entry is "*", it is disregarded and the operation remains
      at this step (No. 8).
PA0  c. If the dial entry is a digit, processing continues to step No. 9.
PAR  Step No. 9
PAR  The processor 152 now holds a complete call-originating dial entry, one
      against which no restriction is stored in the applique. This dial entry is
      converted to an eight-bit address and placed in the "call destination
      register" of the processor 152.
PAR  At this point in the processing sequence, entry of one or more digits is
      disregarded by the processor and, in fact, has no effect on conditions in
      the applique. A dial entry "#", as always, accesses a new call register,
      returning the processor to its quiescent condition, and the operation of
      call initiation returns to step No. 1. This situation continues until the
      processor is cleared or until a dial entry "*" is made, whichever happens
      first. The effect of a dial entry "*" is described immediately below.
PAR  If, at any time after step No. 9 (or after step No. 10 has been reached by
      way of the repertory-dialing processing sequence described hereinafter) a
      dial entry "*" is made, subsequent dial entries have the effects described
      below. This situation continues until the processor is cleared:
PA0  a. A dial entry "*" is now disregarded by the processor and, in fact, has
      no effect on conditions in the applique.
PA0  b. Any dial entry which is a digit sets up or cancels one or more call
      requests.
PA0  c. As always, a dial entry "#" accesses a new call register, returning the
      processor to its quiescent condition, and the operation of call initiation
      returns to step No. 1.
PAR  Whenever the dial entry processor 152 is cleared, all existing call
      requests are cancelled. In addition, the call destination register is
      cleared, as is the "instruction location register". Finally, the processor
      controls both an "audible ring" signal and a "busy" signal. If either of
      these is turned on at the time when the processor is cleared, it is turned
      off by the clearing operation.
PAR  The contents of the call destination register may be up-dated during the
      course of call processing. That is, the address held by that register may
      be replaced by a new one. Whenever this happens, the audible ring signal
      is turned off, if it is on, the busy signal is turned off, if it is on,
      and the caller hears a "register up-date" signal (a short beep), except as
      noted below. The register up-date signal is inhibited for a short time
      after each occurrence, and if the call destination register is up-dated
      during the period of inhibition, the signal is not presented to the caller
      in connection with that up-dating operation.
PAR  With the address of a call destination held in the call destination
      register, processing continues with steps Nos. 10 to 16 as described
      below. These next seven steps are summarized in FIG. 10 and constitute a
      busy loop.
PAR  Step No. 10
PAR  The call destination address held in the call destination register is
      inspected to see whether or not it is one associated with a ringer, paging
      or capturing call.
PA0  a. If the call destination address is one associated with a ringer, paging
      or capturing call, the processor shifts to a special processing scheme
      described hereinafter.
PA0  b. If the call destination address is not one associated with a ringer,
      paging or capturing call, processing continues to step No. 11. Note that
      the call destination address, in this case, must be either a dead address,
      the address of a translator, or that of an applique, although not
      necessarily the address of a translator or an applique which is installed
      in the system.
PAR  Step No. 11
PAR  The stream of signalling and supervision messages on the SS channel is
      inspected, in a search for a message which carries an identifying address
      the same as the call destination address and which consists of more than
      simply an address word. That is, the address in the address word of the
      message must be the same as that held in the call destination register,
      and the existence word must appear in the message.
PA0  a. If, after a reasonable time, no satisfactory message appears, the
      processor is cleared. The caller hears a re-order signal which is
      replaced, after a short time, by a dial tone, and the operation of call
      initiation returns to step No. 1 (b). Note that this always happens when
      the call destination address is a dead address.
PA0  b. If a satisfactory message appears, processing continues to step No. 12.
PAR  Step No. 12
PAR  The call destination address is examined to see whether it is the address
      of a translator or that of an applique. A "break-in flip-flop", which
      stores a break-in request when one is set up, is examined to see whether
      or not a break-in request is set up.
PA0  a. If the call destination address is that of an applique and a break-in
      request is set up, processing jumps to step No. 21 and a call is placed to
      the call destination.
PA0  b. If the call destination address is that of a translator and/or if no
      break-in request is set up, processing continues to step No. 13.
PAR  Step No. 13
PAR  The signalling and supervision message associated with the call destination
      (the satisfactory message whose appearance was detected in step No. 11
      above) is examined to see whether or not the call destination will accept
      a call not accompanied by a call request. (The call destination will
      accept such a call if the "busy" bit in the existence word of its message
      is 0.) Note that the message associated with a translator or that
      associated with an applique which stores a variable forward always
      indicates that it, the translator or the applique, will not accept such a
      call.
PA0  a. If the call destination will accept a call not accompanied by a call
      request, processing jumps to step No. 21 and a call is placed to the call
      destination.
PA0  b. If the call destination will not accept a call which is not accompanied
      by a call request, processing continues to step No. 14.
PAR  Step No. 14
PAR  The signalling and supervision message associated with the call destination
      is examined to see whether or not the call destination will accept a call
      on a camp-on basis. (The call destination will accept such a call if the
      "loaded" bit in the existence word of its message is 0.) Note that the
      message associated with a translator or that associated with an applique
      which stores a variable forward always indicates that it, the translator
      or the applique, will not accept such a call. A "camp-on flip-flop", which
      stores a camp-on request when one is set up, is examined to see whether or
      not a camp-on request is set up.
PA0  a. If the call destination will accept a call on a camp-on basis and a
      camp-on request is set up, processing jumps to step No. 21 and a call is
      placed to the call destination.
PA0  b. If the call destination will not accept a call on a camp-on basis and/or
      if no camp-on request is set up, processing continues to step No. 15.
PAR  Step No. 15
PAR  The signalling and supervision message associated with the call destination
      is examined to see whether or not it contains a forcing call-forwarding
      instruction. (The message contains such an instruction if the
      "forced-forwarding" bit in the existence word of the message is 1.) Note
      that the message associated with a translator always contains a forcing
      call-forwarding instruction, and that the message associated with an
      applique contains a forcing call-forwarding instruction if the applique
      stores a forced fixed forward or a variable forward or both.
PA0  a. If the message contains a forcing call-forwarding instruction,
      processing jumps to step No. 18 and continues from that point.
PA0  b. If the message does not contain a forcing call-forwarding instruction,
      processing continues to step No. 16. Note that in this case the call
      destination must be an applique which stores an optional fixed forward and
      no variable forward, or an applique which stores no forward of any kind.
PAR  Step No. 16
PAR  A "fixed-forward flip-flop", which stores a fixed-forward request when one
      is set up, is examined to see whether or not a fixed-forward request is
      set up.
PA0  a. If no fixed-forward request is set up, the caller hears a busy signal.
      Processing then jumps back to step No. 10 and continues again from that
      point. If the situation remains unchanged, processing continues to cycle
      around this loop (steps No. 10 through No. 16) until the caller cancels
      the outgoing call. Other ways of escaping from the loop are described in
      the following paragraph.
PA0  b. If a fixed-forward request is set up, processing continues to step No.
      17.
PAR  Aside from call register change or call cancellation by the caller, escape
      from the busy loop, steps Nos. 10 to 16, described above is possible in
      the following ways:
PA0  a. At step No. 12, by setting up a break-in request, if this is not
      prevented by a restriction stored in the applique;
PA0  b. At step No. 13, by a change in the situation at the call destination
      (which must be an applique, because the message of a translator always
      contains a forcing call-forwarding instruction which causes the processor
      to leave the loop by jumping from step No. 15 to step No. 18) so that it
      will accept a call not accompanied by a call request;
PA0  c. Possibly at step No. 14, if no camp-on request was set up earlier, by
      setting up a camp-on request;
PA0  d. Possibly at step No. 14, if a camp-on request was set up earlier, by a
      change in the situation at the call destination so that it will accept a
      call on a camp-on basis;
PA0  e. At step No. 16, by setting up a fixed-forward request.
PAL  The arrival of an incoming call accompanied by a break-in request, of
      course, clears the processor and breaks the loop.
PAR  Processing continues with the steps described immediately below and shown
      in abbreviated form in FIG. 11.
PAR  Step No. 17
PAR  The signalling and supervision message associated with the call destination
      is examined to see whether or not it contains an optional call-forwarding
      instruction. (The message contains such an instruction if the
      "optional-forwarding" bit in the existence word of the message is 1 and
      the "forced-forwarding" bit in the same word is 0.) Note that the message
      associated with an applique contains an optional call-forwarding
      instruction only if the applique stores an optional fixed forward and no
      variable forward.
PA0  a. If the message contains no call-forwarding instruction, that is, if it
      does not contain an optional call-forwarding instruction, the processor is
      cleared. The caller hears a re-order signal which is replaced, after a
      short time, by a dial tone, and the operation of call initiation returns
      to step No. 1 (b).
PA0  b. If the message contains an optional call-forwarding instruction,
      processing jumps to step No. 20 and continues from that point.
PAR  Step No. 18
PAR  The signalling and supervision message associated with the call destination
      is examined to see whether or not it contains an out-dialing instruction.
      (The message contains an out-dialing instruction if both the
      "optional-forwarding" bit and the "forced-forwarding" bit in the existence
      word of the message are 1.) Note that if the processing reaches this step
      in the sequence, the message must contain a call-forwarding instruction.
      If processing reached step No. 17  above and the message contained no
      call-forwarding instruction, the call would have been cancelled at that
      step.
PA0  a. If the message contains no out-dialing instruction, processing jumps to
      step No. 20 and continues from that point.
PA0  b. If the message contains an out-dialing instruction, processing continues
      to step No. 19.
PAR  Step No. 19
PAR  The instruction location (190 of FIG. 22) of the processor 152 is examined
      to see whether or not it holds an "instruction location" address, that is,
      an address which specifies the location at which an out-dialing
      instruction, included in a call-forwarding instruction accepted during the
      course of processing the call, is stored.
PA0  a. If the instruction location register already holds an instruction
      location address, the processor is cleared. The caller hears a re-order
      signal which is replaced, after a short time, by a dial tone, and the
      operation of call initiation returns to step No. 1 (b).
PA0  b. If the instruction location register is empty, the call destination
      address held in the call destination register is placed in the instruction
      location register, but the call destination register is not cleared, and
      processing continues to step No. 20. The address, when one is stored, held
      in the instruction location register is included in the signalling and
      supervision message of the applique, as a "dood" word. This instructs a
      called applique to examine the appropriate signalling and supervision
      message, the one associated with the address held in the instruction
      location register, and, from that message, to obtain an out-dialing
      instruction. The called applique then, without any action by the caller,
      sends the desired out-dialing sequence, as specified by the out-dialing
      instruction, to the outside exchange to which it is connected. In the
      absence of an out-dialing instruction, the caller, if he reaches an
      applique which is connected to a dial-in outside exchange, must out-dial
      manually in the normal fashion.
PAR  Step No. 20
PAR  The forwarding address contained in the call-forwarding instruction of the
      message, associated with the call destination, is placed in the call
      destination register, replacing the existing call destination address, as
      a new call destination address. The forwarding address is contained in the
      "forwarding" word of the message. Processing jumps back to step No. 10.
      The processor cycles around this loop (steps No. 10 through No. 20),
      up-dating the call destination register at the end of each cycle, until
      escape is achieved (at step Nos. 10, 12, 13 or 14), or until the call is
      cancelled by the applique (at step Nos. 11, 17 or 19) or by the caller.
PAR  As pointed out earlier, the busy signal, if it is turned on, is turned off
      when the contents of the call destination register are up-dated, as is the
      audible ring signal. In addition, the caller hears a register up-date
      signal, unless he has just heard one.
PAR  The processor cycles around the busy loop until one of the following things
      happens:
PA0  a. The call is cancelled by the caller.
PA0  b. The call is cancelled by the applique. The caller then hears a re-order
      signal which is replaced, after a short time, by a dial tone.
PA0  c. The call is (or becomes, as a result of a call-forwarding instruction) a
      ringer, paging or capturing call. The processor then shifts to a different
      processing scheme described hereinafter.
PA0  d. The processor escapes from the busy loop by way of the forwarding loop.
      In this case, the call may be cancelled by the caller or by the applique.
      If it is not cancelled, the processor returns to the busy loop holding a
      new call destination address.
PA0  e. The processor escapes from the busy loop and places the call.
PAL  Note that the call is not placed until there is reason to believe (at step
      Nos. 12, 13 or 14) that the called applique will accept the call.
PAR  If the call is placed, processing jumps from step Nos. 12, 13 or 14, (see
      FIG. 10) to step No. 21 and continues as described below. The next steps
      are shown in FIG. 12.
PAR  Step No. 21
PAR  The busy signal is turned off, if it is on, and the call is placed in the
      accessed call register. This caused a signal, addressed to the called
      applique, to be included in the signalling and supervision message of the
      calling applique. That message also indicates the existence of break-in
      and camp-on requests if they are set up in the calling applique. The call
      is placed by making the appropriate register bits 11 in the message of the
      calling applique. These bits are the register bit pair, in the message of
      the calling applique, associated with the called applique. The existence
      of a break-in request, set up in the calling applique, is indicated by
      making the "break-in" bit 1 in the first register word of the message. The
      existence of a camp-on request is indicated by making the "camp-on" bit 1
      in the same word. Processing continues to step No. 22.
PAR  Step No. 22
PAR  The signalling and supervision message of the called applique is examined
      to see whether or not it, the called applique, accepts the call. Although
      there is reason to believe that the call will be accepted, the situation
      at the called applique may change between the time when a decision is
      made, by the calling applique, to place the call and the time when the
      called applique is notified, by the message of the calling applique, that
      the call has been placed. Accordingly, the call may or may not be accepted
      by the called applique. If the called applique accepts the call, it
      includes an acknowledgement signal, addressed to the calling applique, in
      its signalling and supervision message. The calling applique acknowledges
      acceptance of the call by making the appropriate register bits in its
      message either 01 or 11. These bits are the register bit pair, in the
      message of the called applique, associated with the calling applique.
PA0  a. If, after a reasonable time, no acknowledgement signal is seen,
      processing jumps to step No. 25 and continues from that point.
PA0  b. If an acknowledgement signal is seen, processing continues to step No.
      23.
PAR  Step No. 23
PAR  The caller now hears an audible ring signal, and the signalling and
      supervision message of the called applique is examined to see whether that
      applique is in on-hook or in off-hook status. This is indicated by the
      "off-hook" bit in the existence word of that message, which is 0 when the
      applique is in on-hook status, 1 when it is in off-hook status.
PA0  a. If the called applique is in off-hook status, the call is a completed
      call. Either it has been accepted on a live basis, in which case the
      acknowledgement signal is now 11, or it has been accepted on a camp-on
      basis, in which case the acknowledgement signal is 01. In either case, the
      audible ring signal is turned off. The processor is not cleared at this
      time, and any signals included in the signalling and supervision message
      of the calling applique in connection with out-dialing by the called
      applique remain in the message. These signals are the "dood" word and the
      "instruction" words. The processor is cleared by any of the following
      events:
PA1  1. The calling applique goes to on-hook status, terminating the call.
PA1  2. The accessed call register is seen to be empty, the call has been
      terminated by every other applique involved (as a result of call
      transfers, there may be more than two appliques involved during the course
      of a call), the caller then hears a dial tone and the operation of call
      initiation is again at step No. 1 (b).
PA1  3. Another call register is accessed in the calling applique, transferring
      the call or putting it on hold, and the operation returns to step No. 1.
PA1  4. An incoming call arrives accompanied by a break-in request.
PA0  b. After a reasonable time, if the called applique remains in on-hook
      status (the call is unanswered), processing continues to step No. 24.
PAR  If the call is accepted on a camp-on basis, the caller hears a "camp-on
      acceptance/hold" signal. This signal, however, is not controlled by the
      dial-entry and outgoing-call processor, and is discussed hereinafter.
PAR  Step No. 24
PAR  The break-in flip-flop, which stores a break-in request when one is set up,
      is examined to see whether or not a break-in request is set up in the
      calling applique.
PA0  a. If a break-in request is set up, processing jumps back to step No. 22
      and continues from that point.
PA0  b. If no break-in request is set up, processing continues to step No. 25.
PAR  Processing jumps back to step No. 22 (instead of to step No. 23) to allow
      repeated verification of the presence of an acknowledgement signal. If the
      called applique goes to off-hook status and then returns to on-hook
      status, it appears to the calling applique that its call has been
      accepted, answered, and then terminated. If, however, all of this happens,
      at the called applique, between successive message transmissions, the
      calling applique receives no notification of the temporary transition at
      the called applique to off-hook status. The calling applique's only
      indication that anything has happened is cessation of the acknowledgement
      signal and replacement of that signal by a disconnect signal. This is
      detected, if it happens, the next time the calling applique returns to
      step No. 22 in the processing sequence.
PAR  Step No. 25
PAR  The accessed call register is cleared. If there is an existing call to the
      called applique in one of the nonaccessed call registers of the calling
      applique, the register bit pair described in step No. 21 becomes 01. If
      there is no such call, that register bit pair becomes 10 and subsequently,
      as a result of call-register processing, 00. The signalling and
      supervision message of the called applique is examined to see whether or
      not it contains a call-forwarding instruction of any type. It contains a
      forward if the "optional-forwarding" bit is 1, if the "forced-forwarding"
      bit is 1, or if both of these bits are 1.
PA0  a. If the message contains a call-forwarding instruction, processing jumps
      back to step No. 20 and continues from that point.
PA0  b. If the message contains no call-forwarding instruction, the call is
      cancelled. The caller hears a re-order signal followed, after a short
      time, by a dial tone, and the operation of call initiation returns to step
      No. 1 (b).
PAR  The processor may be trapped, indefinitely, in the break-in loop, which
      consists of steps Nos. 22, 23 and 24. The calling applique will not cancel
      a call when the processor 152 is trapped in this loop, if the called
      applique continues to accept the call, and the processor leaves the
      break-in loop only when the called applique goes to off-hook status, when
      the break-in request is cancelled by the caller, or when the call is
      cancelled by the caller. The loop is entered only when an outgoing call,
      accompanied by a break-in request set up in the calling applique is
      accepted by the called applique. An outgoing call which is not accompanied
      by a break-in request, or one which, whether or not accompanied by a
      break-in request, is not accepted by the called applique, avoids this
      loop. The arrival of an incoming call accompanied by a break-in request,
      of course, clears the processor and so breaks the loop. The accessed call
      register is not cleared, and the outgoing call remains in that register
      until it is subsequently removed in the normal course of call-register
      processing. The audible ring stops when the processor is cleared.
PAR  In the case of an unanswered call, not accompanied by a break-in request,
      or an unaccepted call, the processor returns to step No. 20 instead of
      going back to step No. 10. This avoids any difficulty which may have
      arisen because the called applique failed to send the proper message.
PAC  OUTGOING CALLS -- RINGER, PAGING, AND CAPTURING CALLS
PAR  If an outgoing call is a ringer, paging or capturing call, either because
      it was originated as such a call or as a result of updating the call
      destination address in accordance with one or more call-forming
      instructions, the dial-entry and outgoing-call processors in the calling
      applique depart from the processing sequence described above. The
      departure is made at step No. 10 of the sequence previously described.
      Subsequent processing of a ringer, paging or capturing call is described
      here.
PAR  The steps in the sequence which follows are identified, as steps in the
      special sequence, by the prefix 11, which is the same as the prefix of an
      address associated with a ringer, paging or capturing call. Processing
      starts with the steps shown in abbreviated form in FIG. 13 and described
      below.
PAR  Step No. 11-1
PAR  The address held in the call destination register (already known to be one
      associated with a ringer, paging or capturing call) is examined to see
      whether or not it is one associated with a capturing call.
PA0  a. If the address is one associated with either type of capturing call,
      processing jumps to step No. 11-7 of this sequence and continues from that
      point.
PAR  b. If the address is not one associated with a capturing call, in which
      case it must be one associated with either a ringer or a paging call,
      processing continues to step No. 11`-2.
PAR  Step No. 11-2
PAR  The address held in the call destination register is placed in the
      instruction location register. The call destination register, however, is
      not cleared. When an address is held in the instruction location register,
      it is automatically included in the signalling and supervision message of
      the applique, as a "dood" word, where it serves to signal the appropriate
      dummies, if the call is a ringer call, or the system clock, if the call is
      a paging call. Processing continues to step No. 11-3.
PAR  Step No. 11-3
PAR  The address, still held in the call destination register, is examined to
      see whether or not it is one associated with a ringer call.
PA0  a. If the address is one associated with a ringer call, of either type, the
      audible ring signal is turned on and processing continues to step No.
      11-4.
PA0  b. If the address is not one associated with a ringer call, in which case
      it must be associated with a paging call, processing continues to step No.
      11-4. The audible ring signal is not turned on.
PAR  Step No. 11-4
PAR  The address held in the call destination register is examined to see
      whether or not it is one associated with a zone ringer call.
PA0  a. If the address is not associated with a zone ringer call, in which case
      it must be associated either with a universal ringer call or a paging
      call, a break-in request is set up, in the applique, and processing
      continues to step No. 11-5.
PA0  b. If the address is one associated with a zone ringer call, processing
      continues to step No. 11-5. No break-in request is set up.
PAR  Step No. 11-5.
PAR  The accessed call register is examined to see whether or not it is empty.
      The applique will not accept an incoming call in the accessed call
      register unless that call is accompanied by a break-in request. A
      capturing call is always accompanied by a break-in request (see Step No.
      11-12 below) and is, therefore, accepted by the applique.
PA0  a. If the accessed call register is non-empty, the call is now a completed
      call. That is, it has been captured, either by a capturing call or by some
      other call addressed to the applique and accompanied by a break-in
      request. As explained previously, arrival of an incoming call accompanied
      by a break-in request clears the processor but not the accessed call
      register. The operation returns to step No. 1 of the main sequence with
      the completed call in the accessed call register.
PA0  b. If, after a reasonable time, the accessed call register is still empty,
      processing continues to step No. 11-6.
PAR  Step No. 11-6
PAR  The break-in flip-flop, which stores a break-in request when one is set up,
      is examined to see whether or not a break-in request is set up.
PA0  a. If a break-in request is set up, either set up by the processor at step
      No. 11-4, or earlier by the caller, processing jumps back to step No.
      11-5.
PA0  b. If a break-in request is not set up, the call is cancelled and the
      processor is cleared, which stops the audible ring signal. The caller
      hears a re-order signal which is replaced, after a short time, by a dial
      tone, and the operation of call initiation returns to step No. 1 (b) of
      the main sequence described previously.
PAR  It should be noted here that a universal ringer call continues, as does a
      paging call, either until it is captured, in which case the processor is
      cleared and the operation returns to step No. 1 with the completed call,
      or until the existing break-in request is cancelled by the caller, or
      until the call is cancelled by the caller. A zone ringer call, neither
      captured nor cancelled by the caller, is automatically cancelled by the
      applique unless a break-in request is set up by the caller.
PAR  The steps involved in processing a capturing call are shown in abbreviated
      form in FIG. 14 and are described below.
PAR  Step No. 11-7
PAR  At this point, the call is known to be a capturing call. The call
      destination address, held in the call destination register, is examined to
      see whether it is the address associated with a paging capturing call or
      the one associated with a ringer capturing call.
PA0  a. If the address is one associated with a paging capturing call,
      processing jumps to step No. 11-10 and continues from that point.
PA0  b. If the address is one associated with a ringer capturing call,
      processing continues to step No. 11-8.
PAR  Step No. 11-8
PAR  The applique examines the signalling and supervision messages on the SS
      channel, looking for one which includes the signal, to the dummies, used
      in a universal ringer call. This signal is contained, as an address, in
      the "dood" word of a message.
PA0  a. If such a message is found, processing jumps to step No. 11-12 and
      continues from that point.
PA0  b. If no such message is found, processing continues to step No. b 11-9.
PAR  Step No. 11-9
PAR  The applique examines the signalling and supervision messages on the SS
      channel, looking for one which includes one of the signals, to the
      dummies, used in a zone ringer call. This signal is contained, as an
      address, in the "dood" word of a message.
PA0  a. If such a message is found, processing jumps to step No. 11-12 and
      continuous from that point.
PA0  b. If no such message is found, processing jumps to step No. 11-11 and
      continues from that point.
PAR  Step No. 11-10
PAR  The applique examines the signalling and supervision messages on the SS
      channel, looking for one which includes the signal, to the system clock,
      used in paging calls. This signal is contained, as an address, in the
      "dood" word of a message.
PA0  a. If such a message is found, processing jumps to step No. 11-12 and
      continues from that point.
PA0  b. If no such message is found, processing continues to step 11-11.
PAR  Step No. 11-11
PAR  The processor is cleared, cancelling the capturing call. The caller hears a
      re-order signal which is replaced, after a short time, by a dial tone. The
      operation of call initiation returns to step No. 1 (b) of the main
      sequence.
PAR  Step No. 11-12
PAR  The address of the applique which originated the looked-for message, whose
      arrival (at step Nos. 11-8, 11-9 or 11-10) caused the jump to this step in
      the sequence, is taken from that message and placed in the call
      destination register as a new call destination address. The address must
      be that of an applique, since the looked-for signals never appear in the
      message associated with a translator. The address is contained, as an
      address, in the "address" word of the message. A break-in request is set
      up, and processing jumps to step No. 21 of the main sequence. A call,
      accompanied by a break-in request, is placed to the originator of the
      captured ringer or paging call.
PAC  OUTGOING CALLS -- PROGRAMMED AND REPERTORY-DIALING CALLS
PAR  An outgoing call may be initiated either by a call-originating dial entry
      or by a stored call-originating program. Programs of this kind are stored
      in a trunk applique and in the repertory dialing attachment of a line
      applique. Their operation is discussed here.
PAR  The program stored in a trunk applique contains the addresses of as many as
      three call destinations. These addresses are stored in wired form, on a
      plug-in module or modules in the trunk applique, and may be any addresses
      desired. A fixedforward request is automatically set up in connection with
      any call originated by the program. A camp-on request, however, cannot be
      set up. A break-in request is set up, by the processor, if the call,
      originated by the stored program, is a universal ringer call or a paging
      call (this happens at step No. 11-4 of the special processing sequence
      described above), or if the call is a capturing call (this happens at step
      No. 11-12 of the special sequence). Apart from these calls, no break-in
      request can be set up in connection with a call originated by the stored
      program.
PAR  In the discussion which follows, it is assumed that the trunk applique is
      connected, through an accessory interface, to an outside exchange.
PAR  If one or more of the call registers in a trunk applique is non-empty, the
      applique accesses the outside exchange to which it is connected. If all
      three call registers are empty, the applique remains in a quiescent state
      unless it is accessed by the outside exchange.
PAR  When the trunk applique is accessed by the outside exchange, it responds by
      going to off-hook status and turning on an internally-generated dial tone.
      The accessory interface, however, contains logic circuitry which prevents
      the applique's response from being passed to the outside exchange until
      the applique holds, in one of its call registers, a completed call.
      Accordingly, it appears to the outside exchange that its accessing signal
      has not been acknowledged (a doesn't answer condition). The outside caller
      hears an audible ring which continues until a completed internal call has
      been established by the trunk applique. At that time, and not before, the
      accessory interface acknowledges the accessing signal of the outside
      exchange (at that point, charges start), and the outside caller is
      connected to the system.
PAR  Whenever, in a trunk applique, the dial tone is turned on, the stored
      program is accessed. Then:
PA0  a. A call destination address, one of those held by the stored program, is
      delivered to the dial-entry and outgoing-call processor in the applique
      and placed in the call destination register. The dial tone is turned off;
PA0  b. A fixed-forward request is set up;
PA0  c. Call processing starts at step No. 10 of the main sequence and goes
      forward in the usual way.
PAR  Processing continues, with three possible results:
PA0  a. The internal call is completed and the outside caller is connected to
      the system;
PA0  b. The incoming call, from the outside exchange, is cancelled by the
      outside caller, the trunk applique, no longer accessed by the outside
      exchange, goes to on-hook status, and the internal call is cancelled;
PA0  c. The trunk applique remains in off-hook status, but the internal call is
      cancelled by the processor (for any one of several reasons previously
      described).
PAL  In case (c), the processor turns on a re-order signal which is replaced,
      after a short time, by a dial tone. The presence of a dial tone causes the
      stored program to be accessed again, and the whole process is repeated
      resulting in the origination of another internal call. Note that case (c)
      can never arise if the stored call destination address is that used for
      either a universal ringer call or a paging call.
PAR  The stored program always holds three addresses, each of which is either
      that of an actual call destination or a dead address which causes the
      programmed call to be cancelled at step No. 11 of the processing sequence.
      On the initial access, following transition of the applique from on-hook
      to off-hook status, the first address is offered. On subsequent accesses,
      the stored program offers the second address, the third, the first
      (again), and so on indefinitely until an internal call is completed or the
      incoming call is cancelled by the caller.
PAR  When a system subscriber is served by a trunk applique, the situation is
      essentially the same as that described above. The subscriber, of course,
      hears all of the signals (audible ring, busy, re-order, dial tone)
      generated by the trunk applique. The outside caller does not. The only
      important difference is that a subscriber can interrupt the call
      processing sequence by accessing a different call register in the trunk
      applique. The trunk applique will not accept dial entries, but the
      subscriber can change call registers by using a hook-flash which does not
      affect the off-hook status of the applique.
PAR  If the subscriber hook-flashes after going off-hook, the outgoing internal
      call to the first stored call destination is cancelled and a call to the
      second destination, if two are stored, is originated. A second hook-flash
      cancels this call, and a call to the third destination, if three are
      stored, is originated. The subscriber, therefore, has a limited
      destination-selection capability.
PAR  A call is originated by the repertory dialing attachment of a line applique
      in response to a dial entry 99 followed by an appropriate two-digit entry
      drawn from the set 10 through 59.
PAR  As explained previously (steps No. 1 through No. 7), the repertory dialing
      attachment is accessed by a dial entry "99" only if it exists (that is, if
      the line applique is equipped with a repertory dialing attachment) and if
      the line applique does not store a variable forward. Following successful
      access of the attachment, subsequent dial entries produce the following
      results:
PA0  a. An entry "#", as always, accesses a new call register, cancelling access
      to the repertory dialing attachment, and returns the operation of call
      initiation to step No. 1 of the sequence. A hook-flash does the same
      thing;
PA0  b. An entry "*" has no effect after the repertory dialing attachment has
      been accessed by a dial entry 99. This is the case whether the entry "*"
      is made immediately after the accessing entry or following entry of one or
      more digits;
PA0  c. No response is produced by the entry of only one digit, and if more than
      two digits are entered, all but the first two are disregarded.
PAR  Assuming, then, that the entry 99 is followed by a two-digit entry,
      processing starts as described below:
PA0  a. If there is no program module installed in the repertory dialing
      attachment whose identifying number is the same as the two-digit dial
      entry (which followed 99), the caller hears a re-order signal which is
      replaced, after a short time, by a dial tone. Access to the attachment is
      cancelled, and the operation of call initiation returns to step No. 1 (b)
      of the sequence. This will always happen if the two-digit entry (which
      follows 99) is one not drawn from the set 10 through 59.
PA0  b. If the addressed program module is installed in the repertory dialing
      attachment but stores no repertory dialing instruction, the result is the
      same as in (a) above.
PA0  c. If the addressed program module is installed in the attachment, and if
      it stores in repertory dialing instruction, processing continues as
      described below.
PAR  The internal address stored by the program module is transferred to the
      dial-entry and outgoing-call processor as a call destination address and
      placed in the call destination register. The applique's own address is
      entered in the instruction location register and is included in the
      applique's signalling and supervision message, as a "dood" word, to
      indicate the location of a stored out-dialing instruction.
PAR  The out-dialing instruction stored by the program module is included in the
      applique's signalling and supervision message, in the "instruction" words.
      If the out-dialing instruction consists of seven digits or fewer, the full
      instruction is included in each message. If the instruction contains more
      than seven digits, it is broken into blocks which are included,
      sequentially, in successive signalling and supervision messages.
PAR  Following entry of the internal address in the call destination register,
      and entry of the applique's own address in the instruction location
      register, processing proceeds in the usual fashion, starting with step No.
      10 of the main processing sequence.
PAR  A dial entry "*", made at this point, establishes conditions for setting up
      and cancelling call requests, as previously described.
PAC  CALL REGISTER MANAGEMENT, INCOMING AND EXISTING CALLS
PAR  Each applique broadcasts, to every other applique, a variety of information
      (whether or not it is in on-hook status, what call-forwarding instructions
      it stores, and so on) by including that information in its signalling and
      supervision message. In addition, the appliques maintain two-way
      communication with each other for the purposes of signalling and
      supervision. To this end, each applique, as previously described, includes
      in its signalling and supervision message, on the SS channel, a sequence
      of 50 register bit pairs, contained in the register words. When every
      register bit-pair is 00, the register words are omitted in order to reduce
      traffic on the SS channel. In all other cases, however, they are included
      in the transmitted message.
PAR  The register bit-pairs are numbered, in sequence, No. 0 through No. 49. The
      n-th bit-pair is addressed to the applique whose address has a numerical
      portion equal to n. Each applique, necessarily, includes in its sequence a
      register bit-pair addressed to itself. That bit-pair is always 00.
PAR  As previously pointed out, an applique has three call registers. Outgoing
      bit-pairs are based primarily on information stored in these call
      registers, and that information is modified by incoming register bit-pairs
      (and by other data as well). Each call register stores 50 bits in
      locations numbered No. 0 through No. 49. Bits stored at the n-th location
      are associated with the n-th register bit-pair in the outgoing stream and
      with the applique to which that bit-pair is addressed. The "disconnect"
      register, which also stores 50 bits, is associated with the three call
      registers.
PAR  In the P-th applique (the one whose address has a numerical portion equal
      to P), all four of these registers store zeros at the P-th location. At
      the Q-th location (where Q .noteq. P), each register, subject to the rules
      given below, may store either 0 or 1. If a register stores 1 at the Q-th
      location, it is convenient to say that "Q appears in" that register.
PA0  a. If Q appears in the disconnect register, it cannot appear in any of the
      call registers. If it appears in one or more of the call registers, it
      cannot appear in the disconnect register.
PA0  b. If Q does not appear in any of the four registers, the Q-th outgoing
      register bit-pair in P's sequence is 00, a NO-CALL signal.
PA0  c. If Q appears in the disconnect register (and, necessarily, does not
      appear in any of the call registers), the Q-th outgoing register bit-pair
      is 10, a "disconnect" signal.
PA0  d. If Q appears in any one, any two, or all three of the call registers
      (and, necessarily, does not appear in the disconnect register), the Q-th
      outgoing register bit-pair is either 01, and "on-hold" signal, or 11, a
      "live-call" signal.
PA1  1. If the P-th applique is in on-hook status, the outgoing bit-pair is 01.
PA1  2. If the P-th applique is in external-hold status, the outgoing bit-pair
      is 01.
PA1  3. If the P-th applique is in off-hook status and not in external-hold
      status, the outgoing bit-pair is 11 if Q appears in the accessed call
      register, 01 if it does not appear in the accessed call register.
PA0  e. If all four of the registers (the disconnect register and the three call
      registers) are empty, that is, if each one stores 50 zeros, every outgoing
      register bit-pair is 00 and the sequence of outgoing register bit-pairs is
      omitted from P's signalling and supervision message.
PAR  Some of the operations carried out by the applique in connection with the
      information stored in the disconnect register and the three call registers
      do not depend directly on the information carried by incoming register
      bit-pairs received from other appliques. These operations, Nos. 1 through
      6, are described below. In the discussion, P is the applique in which the
      operation is carried out, and Q is some other applique.
PAR  The operations described below are not carried out in sequence. Two or more
      of them may, in fact, be carried out at the same time. Numbers are
      assigned to the operations only for the purpose of easy reference during
      the course of the discussion. Also, the statement that "Q is placed in" a
      register means that 1 is entered at the Q-th location in that register
      (whether or not 1 is already stored there). Similarly, the statement that
      "Q is removed from" a register means that 0 is entered at the Q-th
      location in that register (whether or not 0 is already stored there).
PAR  Operation No. 1
PAR  When P is in on-hook status, a ring signal is turned on whenever the active
      call register is non-empty, that is, whenever it stores one or more 1's.
      This signal accesses the telephone instrument or the outside exchange to
      which P is connected.
PA0  a. The ring signal is turned off when P shifts from on-hook to off-hook
      status.
PA0  b. The ring signal is turned off if, while P is still in on-hook status,
      the active call register becomes empty.
PAR  Operation No. 2
PAR  When P is in on-hook status, an automatic transfer is initiated whenever
      the active call register is empty and at least one of the other call
      registers is non-empty.
PA0  a. If, when the transfer is initiated, the reserve call register is
      non-empty, all information stored in the reserve call register is entered
      in the active call register and the reserve call register is cleared.
PA1  1. If Q appears, before the transfer, in the reserve call register, it is
      placed in the active call register and removed from the reserve call
      register.
PA1  2. If Q does not appear, before the transfer, in the reserve call register,
      nothing is done, to any register, at the Q-th location.
PA0  b. If, when the transfer is initiated, the reserve call register is empty,
      in which case the camp-on call register is non-empty, or the transfer
      would not have been initiated, all information stored in the camp-on call
      register is entered in the active call register and the camp-on call
      register is cleared.
PA1  1. If Q appears, before the transfer, in the camp-on call register, it is
      placed in the active call register and removed from the camp-on call
      register.
PA1  2. If Q does not appear, before the transfer, in the camp-on call register,
      nothing is done at the Q-th location.
PA0  c. The transfer is stopped if the applique shifts from on-hook to off-hook
      status while the active call register is still empty, that is, before a 1
      has been entered in that call register in connection with the transfer.
PA0  d. If the transfer is not stopped as explained in (c) above, it continues,
      whether or not the applique shifts from on-hook to off-hook status, until
      the transferred-from call register (the reserve call register in case (a)
      above, the camp-on call register in case (b) above) is empty.
PA0  e. A soon as a 1 is entered in the active call register, that call register
      becomes non-empty and operation 1 is carried out. The applique must still
      be in on-hook status at this point, or the transfer would have been
      stopped as explained in (c) above.
PAR  Operation No. 3
PAR  If P processes a call addressed to Q, either one originally addressed to Q,
      or one addressed to Q as a result of acceptance by P of one or more
      call-forwarding instructions, and reaches step No. 21 in the processing
      sequence previously described, Q is placed in the accessed call register.
      At the same time, Q is removed from the disconnect register. Nothing is
      done, in connection with this operation, at any location except the Q-th
      location.
PAR  Operation No. 4
PAR  If P processes a call to Q and reaches step No. 25 in the sequence
      previously described, Q is removed from the accessed call register. At the
      same time:
PA0  a. If Q does not appear in either of the other unaccessed call registers, Q
      is placed in the disconnect register;
PA0  b. If Q appears in either or both of the other call registers, nothing
      else, beyond removal of Q from the accessed call register, is done at the
      Q-th location;
PA0  c. Nothing is done at any other location.
PAR  Operation No. 5
PAR  P's subscriber may transfer a call to the active call register by making a
      hook-flash when either the camp-on call register or the reserve call
      register is accessed. Note that this is possible only when P is in
      off-hook status and not in external-hold status, both before and after the
      hook-flash is made.
PA0  a. If Q appears, before the transfer in the transferred-from call register,
      it is placed in the active call register and removed from the
      transferred-from call register.
PA0  b. If Q does not appear, before the transfer, in the transferred-from call
      register, nothing is done at the Q-th location.
PA0  c. Once this operation has been initiated, by a hook-flash, it continues
      until the transferred-from call register is empty, whether or not, during
      the operation, the applique shifts from off-hook to on-hook status or to
      external-hold status.
PAR  Operation No. 6
PAR  If the telephone instrument or the outside exchange to which P is connected
      stops accessing P, P shifts from off-hook to on-hook status. (Note that
      this shift is possible only if, before the shift, P is not in
      external-hold status.) When this happens, the call register which was
      accessed before the shift, from off-hook to on-hook status, is cleared.
PA0  a. If Q appears, before the clearing process, in the being cleared call
      register and in either or both of the other call registers, it is removed
      from the being-cleared call register.
PA0  b. If Q appears, before the clearing process, in the being-cleared call
      register and does not appear in either of the other call registers, it is
      placed in the disconnect register and removed from the being-cleared call
      register.
PA0  c. If Q does not appear, before the clearing process, in the being cleared
      call register, nothing is done at the Q-th location.
PA0  d. Once this process has been initiated, it continues, whether or not the
      applique returns to off-hook status, until the being-cleared call register
      is empty.
PA0  e. Note that this operation may be initiated while operation No. 5.
      described immediately above, is still going on. In this case, both
      operations continue to completion, leaving both the transferred-from call
      register and the being-cleared call register empty.
PAR  As briefly mentioned previously, two other registers, the "even-bit
      external" register and the "odd-bit external" register, are associated
      with the three call registers. Each of these registers stores 50 bits. The
      P-th register bit-pair in Q's signalling and supervision message if the
      sequence of register bit-pairs is included in that message, is the
      bit-pair sent by Q and addressed to P. If this bit-pair is accepted by P,
      it is entered in the external registers at the Q-th location, the first
      bit in the even-bit external register, the second bit in the odd-bit
      register. It should be noted, however, that the incoming register bit-pair
      may not be accepted by P. When the incoming bit-pair is not accepted, or
      when the sequence of register bit-pairs is not included in Q's message, 00
      is entered in the external registers. At the Q-th location in the P-th
      applique, then, the external registers store either 00 or the most recent
      register bit-pair sent by Q and addressed to P.
PAR  The information stored in the six registers of the memory, the two external
      registers, the disconnect register and the three call registers, is
      updated periodically by the register processor in the memory. This
      processor moves across the six registers, stopping at each location to
      carry out all of the required operations. Each location is processed
      during a single frame of timing pulses, that is, within a period of 80
      microseconds, and a full update (covering all 50 locations) is, therefore,
      ordinarily carried out in 4 milliseconds. During transmission and
      reception of the register bit-pair sequences, however, processing is
      synchronized with the outgoing or incoming register bit-pair stream. One
      frame period, 80 microseconds, in every five is then lost, while
      housekeeping signals, parity bits and the like, are transmitted on or
      received from the SS channel, and a full update requires 5 milliseconds.
PAR  In the absence of an incoming signalling and supervision message sent by an
      applique, processing at the Q-th location in the P-th applique is based on
      the register bit-pair stored in the external registers at the Q-th
      location.
PAR  During reception of a signalling and supervision message from Q,
      processing, at the Q-th location in the P-th applique, is based on the
      P-th register bit-pair of the sequence included in Q's message (the
      bit-pair sent by Q and addressed to P) and, on occasion, on the stored
      bit-pair as well. The incoming bit-pair is understood to be 00 when the
      sequence of register bit-pairs is omitted from Q's message.
PAR  During reception of an incoming signalling and supervision message from the
      R-th applique (an applique which is neither the P-th applique nor the
      Q-th), processing at the Q-th location, in the P-th applique, may or may
      not depend on the incoming information. If R is involved in a call with
      both P and Q, P must take account of the Q-th register bit-pair in R's
      message (the bit-pair sent by R and addressed to Q) in order to establish
      a fully-conferenced call. Note that R may be involved with several other
      appliques in addition to P. Accordingly, this situation may arise, during
      reception of R's message, at every location except the R-th.
PAR  Processing at the Q-th location in the P-th applique may be carried out
      according to a "normal" processing scheme and, in addition, according to a
      "conference" processing scheme.
PA0  a. In the absence of a signalling and supervision message sent by an
      applique, only normal processing is used, based on the bit-pair stored in
      the external registers.
PA0  b. During reception of Q's signalling and supervision message, only normal
      processing is used, based on the P-th incoming register bit-pair in Q's
      message.
PA0  c. During reception of R's signalling and supervision message, normal
      processing is used, in which R's message is disregarded (and the situation
      is handled as in case (a) above), and conference processing may be used as
      well, based on the Q-th incoming register bit-pair in R's message.
PAR  The conditions under which conference processing is used, and the operation
      involved in conference processing, are discussed hereinafter. Normal
      processing, operations No. 7 through No. 12, is described below.
PAR  Operation No. 7
PAR  If the relevant incoming register bit-pair, the P-th bit-pair in Q's
      message, is 00, or if it is understood, because Q's message contains no
      register bit-pair sequence, to be 00, that bit-pair is entered at the Q-th
      location in the external registers, displacing any other bit-pair stored
      there. In this case, or if there is no incoming message from Q and the
      external registers already store 00, the Q-th location is processed on a
      no-call signal basis.
PA0  a. If P is in on-hook status or in external-hold status, Q is removed from
      the disconnect register and from all three of the call registers.
PA0  If P is in off-hook status and not in external-hold status, nothing is done
      to the disconnect register or to any of the call registers.
PA0  c. If P is processing an outgoing call addressed to Q and is at step Nos.
      22, 23 or 24 of the previously described processing sequence, the
      outgoing-call processor is advised that no acknowledgement signal
      (indicating acceptance of the call by Q) has been received from Q.
PAR  Operation No. 8
PAR  If the relevant incoming register bit-pair is 10, that bit-pair is accepted
      and entered in the external even bit and odd bit registers. In this case,
      or if there is no incoming message from Q and the external registers
      already store 10, the Q-th location is processed on a "disconnect" signal
      basis.
PA0  a. Q is removed from the disconnect register and from all three of the call
      registers.
PA0  b. If P is processing an outgoing call to Q and is at step Nos. 22, 23 or
      24 of the processing sequence, the outgoing-call processor is advised that
      no acknowledgement signal has been received from Q.
PA0  c. Note that this operation may leave one or more of the call registers
      empty. If P is in off-hook status and not in external-hold status, a dial
      tone is turned on if the accessed call register is left empty by this
      operation. If P is in on-hook status, operations No. 1 and No. 2 may be
      affected by the results of this operation.
PAR  Operation No. 9
PAR  If the relevant incoming register bit-pair is 01, that bit-pair may or may
      not be accepted.
PA0  a. If Q does not appear in the disconnect register or in any of the call
      registers, the incoming bit-pair is not accepted. In this case, 00 is
      entered in the external registers.
PA0  b. If Q appears in the disconnect register, or in one or more of the call
      registers, the incoming bit-pair is accepted and entered in the external
      registers.
PAL  In case (a) above, nothing further is done. In case (b) above, or if there
      is no incoming message from Q and the external register already store 01,
      the Q-th location is processed on an "on-hold" signal basis as described
      below.
PA0  c. Nothing is done to the disconnect register or to the call registers at
      the Q-th location.
PA0  d. If P is processing an outgoing call to Q and is at step Nos. 22, 23 or
      24 of the processing sequence, the outgoing-call processor is advised that
      an acknowledgement signal has been received from Q.
PA0  e. If a call register is accessed (note that no call register is accessed
      when P is in on-hook status or in external-hold status) and Q appears in
      that call register, a "hold" flip-flop is set. The hold flip-flop is
      discussed further in the immediately following paragraph.
PAR  The hold flip-flop is set (put in state 1) whenever the register processor
      finds, at the location being processed, a live-call situation (1 in the
      accessed call register) and an on-hold (01) external bit-pair. It is reset
      (put in state 0) when one or more of the following conditions exists:
PA0  a. Whenever the applique is in on-hook status or in external-hold status;
PA0  b. Whenever the accessed call register is empty;
PA0  c. Whenever the call-register processor finds a live-call situation (1 in
      the accessed call register) and live-call ("11") external bit-pair;
PA0  d. Whenever the audible ring signal is on (see step No. 23 of the
      previously described sequence).
PA0  e. In cases (a), (b) and (d) above, the hold flip-flop is held in state 0
      as long as the condition continues.
PAL  If the hold flip-flop remains set for a reasonable time, a "camp-on
      acceptance/hold" signal is turned on. This signal, generated locally by
      the applique, is heard by the applique's caller, and indicates that the
      call which he has on a live basis has been put on hold at every other
      applique involved in the call. The camp-on acceptance/hold signal is
      turned off, if it is on, whenever the hold flip-flop is reset.
PAR  In the operations which follow, it is necessary, in processing the Q-th
      location in the P-th applique, to know something about the call requests
      set up in the Q-th applique. The signalling and supervision message sent
      by an applique carries an indication of whether or not a camp-on request
      is set up in that applique and an indication of whether or not a break-in
      request is set up in that applique.
PAR  Operation No. 10
PAR  If the relevant incoming register bit-pair is 11 and the incoming
      signalling and supervision message (Q's message, when the Q-th location is
      being processed) contains an indication that a break-in request is set up
      in the Q-th applique, the incoming bit-pair is accepted and entered in the
      external registers. The Q-th location is then processed on a "break-in"
      request basis. (Note that the Q-th location is never processed on a
      break-in request basis in the absence of an incoming message from Q.)
PA0  a. If Q appears in the disconnect register, nothing further is done at the
      Q-th location.
PA0  b. If Q does not appear in the disconnect register, the following
      operations are carried out.
PA1  1. If P is in on-hook status, Q is placed in the active call register.
PA1  2. If P is in external-hold status, Q is placed in the last-accessed call
      register which was accessed before P was shifted to external-hold status
      and will be again accessed when P is shifted from external-hold status.
      Note that P must be in off-hook status immediately before it shifts to
      external-hold status, while it is in external-hold status, and immediately
      after it shifts from external-hold status.
PA1  3. If P is in off-hook status and not in external-hold status, Q is placed
      in the accessed call register.
PA1  4. A signal is sent to the dial-entry and outgoing-call processor which
      causes that processor to be cleared.
PA1  5. The "break-in alert" flip-flop is set. The break-in alert flip-flop is
      discussed further in the immediately following paragraph.
PAR  The break-in alert flip-flop controls a "break-in alert"  signal in the
      following way:
PA0  a. If the P-th applique is in off-hook status and not in external-hold
      status when the break-in alert flip-flop is set, the break-in alert signal
      is turned on when the flip-flop is set.
PA0  b. If the applique is either in external-hold status or in on-hook status
      when the break-in alert flip-flop is set, the break-in alert signal is
      turned on when the applique is next in off-hook status and not in
      external-hold status unless the break-in alert flip-flop is reset before
      this happens.
PAL  The break-in alert signal is a short series of beeps, generated locally in
      the applique and heard by P's caller and by everyone else involved in his
      call. A short time after the break-in alert signal has been turned on, the
      break-in alert flip-flop is automatically reset (put in state 0), which
      turns the break-in alert signal off. The break-in alert flip-flop is also
      reset whenever the active call register is empty, and may, therefore, be
      reset before the break-in alert signal is turned on.
PAR  Operation No. 11
PAR  If the relevant incoming register bit-pair is 11 and the incoming
      signalling and supervision message indicates that a camp-on request, but
      not a break-in request, is set up in the Q-th applique, this operation may
      or may not be initiated.
PA0  a. This operation is initiated, and the Q-th location is processed on a
      "camp-on" request basis, only if all six of the conditions below co-exist:
PA1  1. P is in off-hook status and not in external-hold status.
PA1  2. P does not store a variable forward.
PA1  3. P does not store a restriction against acceptance of an incoming call on
      a camp-on basis.
PA1  4. The camp-on call register is not accessed.
PA1  5. The camp-on call register is empty.
PA1  6. Q does not appear in the disconnect register.
PA0  b. Under any other circumstances, this operation is not initiated.
PAL  In case (a) above, the incoming register bit-pair is accepted and entered
      in the extenal registers, and the Q-th location is processed on a
      "camp-on" request basis as described below.
PA0  c. Q is placed in the camp-on call register.
PA0  d. A "camp-on alert" signal is turned on and then, after a short time,
      turned off again. This signal is generated by the applique and heard only
      by the applique's caller. It serves to notify him of the acceptance of Q's
      call by P on a camp-on basis.
PA0  e. If P is processing an outgoing call to Q and is a step Nos. 22, 23 or 24
      of the processing sequence, the outgoing-call processor is advised that an
      acknowledgement signal has been received from Q.
PAR  Operation No. 12
PAR  If the relevant incoming register bit-pair is 11 and the incoming
      signalling and supervision message indicates that a break-in request is
      not set up in the Q-th applique, and if operation No. 11 is not initiated,
      the incoming bit-pair may or may not be accepted.
PA0  a. If Q appears in the disconnect register or in one or more of the call
      registers, the incoming bit-pair is accepted and entered in the external
      registers.
PA0  b. If P is in on-hook status and all three call registers are empty and P
      does not store a variable forward, the incoming bit-pair is accepted and
      entered in the external registers.
PA0  c. If neither condition (a) above nor condition (b) above is satisfied, the
      incoming bit-pair is not accepted. In this case, 00 is entered in the
      external registers and no processing is carried out at the Q-th location.
      If either condition (a) above or condition (b) above is satisfied, or if
      there is no incoming message from Q and the external registers already
      store 11, the Q-th location is processed on a "live-call" signal basis as
      described below.
PA0  d. If Q appears in the disconnect register or in one or more of the call
      registers, nothing is done to the disconnect register or the call
      registers at the Q-th location.
PA0  e. If P is in off-hook status and not in external-hold status, and Q
      appears in at least one of the non-accessed call registers, and Q does not
      appear in the accessed call register, and the external registers stored 01
      before 11 was entered, the camp-on alert signal is turned on very briefly
      as a "recall alert" signal. In this case, it alerts P's caller to the fact
      that a call which was put on hold at both P and Q has been picked up by Q.
PA0  f. If P is processing an outgoing call to Q and is at step Nos. 22, 23 or
      24 of the processing sequence, the outgoing-call processor is advised that
      an acknowledgement signal has been received from Q.
PA0  g. If P is in on-hook status and all three call registers are empty and P
      does not store a variable forward and Q does not appear in the disconnect
      register, Q is placed in the active call register.
PAR  Conference processing, mentioned earlier in this section, is discussed at
      this point. Conference processing is never used in the absence of an
      incoming signalling and supervision message from another applique.
      Further, conference processing is never used at the Q-th location during
      reception of an incoming message from the Q-th applique. Finally,
      conference processing is never used at the Q-th location when the incoming
      message, from the R-th applique, does not include a sequence of register
      bit-pairs.
PAR  It should be recalled at this point that every signalling and supervision
      message includes a signal which indicates whether or not a sequence of
      register bit-pairs is included in that message. If the sequence is
      included, in which case the message must be one sent by a line or trunk
      applique, and was also included in the applique's last message, the
      message also includes a signal which indicates whether or not the sequence
      in the current message is identical with the one included in the last
      message. Both of these signals appear early in the message so that there
      is time to decide, before the register bit-pair sequence is received,
      whether or not conference processing is to be used.
PAR  Conference processing, operation No. 13, is used, in processing every
      location except the R-th, if R's signalling and supervision message is
      being received and if all five of the following conditions co-exist:
PA0  a. R's current message includes a sequence of register bit-pairs and R's
      last message also included such a sequence.
PA0  b. The two sequences are identical.
PA0  c. The external registers store 11 at the R-th location.
PA0  d. P is in off-hook status and not in external-hold status.
PA0  R appears in the accessed call register.
PAL  Note that operation No. 13, conference processing, is not an alternative to
      normal processing or to any other operation described herein. As pointed
      out earlier, several processing operations may go on at the same time at
      the same location.
PAR  Operation No. 13
PAR  If the conditions, described above, required for conference processing are
      satisfied and if the relevant incoming register bit-pair (the Q-th
      bit-pair in R's message, when the Q-th location is being processed) is 11,
      the Q-th location is processed on a "conference" basis. Note that the
      incoming bit-pair is not entered in the external registers.
PA0  a. If Q appears in the disconnect register or in one or more call
      registers, nothing is done.
PA0  b. If Q does not appear in the disconnect register or in any of the call
      registers, it is placed in the accessed call register. At the same time,
      the break-in alert signal is turned on very briefly as a "conference
      alert" signal. This signal is heard by everybody involved in the call and
      serves as notification that the call is being conferenced. When, finally,
      it has again been returned off in every applique involved, cessation of
      the signal indicates that conferencing has been completed.
PAR  The register processor, from each location, sends either an enabling signal
      or a disabling signal to that portion of the applique which receives
      signals from the voice channels. An enabling signal, sent while the
      processor is operating at the Q-th location, gives the applique access to
      the receiving end of the Q-th voice channel. A disabling signal denies
      access. Either signal, once sent, remains in force until it is updated
      (not more than 5 milliseconds later) when the register processor again
      operates a the same location.
PA0  a. An enabling signaliis sent when all three of the following conditions
      co-exist:
PA1  1. The applique is in off-hook status and not in external-hold status.
PA1  2. Q appears in the accessed call register.
PA1  3. 11 is stored, at the Q-th location, in the external registers (after
      updating, if the external registers are updated).
PA0  b. In any other situation, a disabling signal is sent.
CLMS
STM  We claim:
NUM  1.
PAR  1. A communication system for audio information, said system comprising: a
      lineal transmission medium including a communication line, means time
      dividing the usage of said communication line into a number of
      time-division-multiplexed communication channels over which information
      may be transmitted on said communication line, said communication channels
      including at least one signalling and supervision channel and a plurality
      of audio communication channels, a plurality of appliques located along
      said transmission medium, means providing each of said appliques sending
      access to an exclusively associated one of said audio communication
      channels, means providing each of said appliques with receiving access to
      all of said audio communication channels and to said signalling and
      supervision channel, each of said appliques including a means for
      converting an audio information signal input thereto into a modulated
      pulse signal and for injecting said modulated pulse signal onto said
      communication line in said one exclusively associated audio communication
      channel to which it has sending access, each of said appliques also having
      a dial signal generator associated therewith for generating dial signals
      identifying a called applique, means responsive to the dial signals
      generated by a calling applique for producing a message on said signalling
      and supervision channel identifying both the calling applique and the
      called applique identified by said dial signals, means in each applique
      for receiving messages appearing on said signalling and supervision
      channel and operable in response to the receipt of a message identifying
      it as the called applique for detecting said message and controlling the
      receiving access of said called applique to said audio communication
      channels so as to enable said called applique to accept the modulated
      pulse signal appearing in the audio channel exclusively associated with
      the calling applique identified by said detected message.
NUM  2.
PAR  2. A communication system as defined in claim 1 further characterized by
      some of said appliques being line appliques each of which serves to
      provide an interface between a respectively associated telephone and the
      system, and other of said appliques being trunk appliques each of which
      serves to provide an interface between a respectively associated telephone
      trunk line and the system.
NUM  3.
PAR  3. A communication system as defined in claim 1 further characterized by
      said means for providing each of said appliques sending access to an
      exclusively associated one of said audio communication channels being such
      that each of said appliques has said exclusively associated one of said
      audio communication channels permanently assigned to it on a dedicated
      basis.
NUM  4.
PAR  4. A communication system as defined in claim 1 further characterized by
      said means for time dividing the usage of said communication line
      including means for transmitting along with the information on said
      communication line a timing signal consisting of repetitive frames of
      pulses which pulses divide each frame into a number of time slots, each of
      said appliques having a send terminal connected to said communication line
      at one point along said transmission medium for said sending access and a
      receive terminal connected to said communication line at a second point
      along said transmission medium for said receiving access, a first counter
      in said applique for counting pulses taken from said transmission medium
      at said one point to identify said time slots, means responsive to the
      count of said first counter for controlling said sending access of said
      applique, a second counter in each applique for counting pulses taken from
      said transmission medium at said second point to identify said time slots,
      and means responsive to the count of said second counter for controlling
      said receiving access of said applique.
NUM  5.
PAR  5. A communication system as defined in claim 1 further characterized by
      said communication channels also including a further channel in addition
      to said at least one signalling and supervision channel and said plurality
      of audio communication channels, at least one paging unit connected to
      said communication line and adapted to accept all audio communication
      signals appearing on said further channel and to convert such accepted
      signals into audible paging signals, a paging transmitter having receiving
      access to all of said audio communication channels and to said signalling
      and supervision channel, said paging transmitter including means
      responsive to signalling and supervision information transmitted thereto
      on said signalling and supervision channel from any one of said appliques
      for receiving audio communication signals from the audio channel assigned
      to said one applique and for injecting such received audio communication
      signals onto said further channel.
NUM  6.
PAR  6. A communication system as defined in claim 1 further characterized by
      said means for producing a message on said signalling and supervision
      channel including means for causing said appliques to sequentially
      transmit on said signalling and communication channel messages concerning
      their status, and memory means in each applique for receiving and storing
      information obtained at least in part from said messages and indicating
      the call status of the associated applique with respect to each other one
      of said appliques.
NUM  7.
PAR  7. A communication system for audio information comprising: a timing line,
      a communication line separate from said timing line, a timing signal
      generator for generating timing signals applied to said timing line and
      which timing signals divide time into repetitive frames of time slots,
      said time slots of each frame including at least one thereof assigned
      exlusively to signalling and supervision use and a plurality of other ones
      thereof assigned exclusively to audio communication use, and a plurality
      of appliques each connected to both said timing line and said
      communication line, said appliques each including a means controlled by
      said timing signals for inserting signalling and supervision information
      onto said communication line in said signalling and supervision time slots
      and a means controlled by said timing signals for extracting from said
      communication line the signalling and supervision information appearing in
      said signalling and supervision time slots, said appliques further
      including means responsive to the signalling and supervision information
      interexchanged by said appliques over said communication line in said
      signalling and supervision time slots for making and breaking talking path
      connections between said appliques, which talking path connections are
      made over said communication line in said audio communication time slots.
NUM  8.
PAR  8. A communication system as defined in claim 7 further characterized by
      said communication line having a communication send portion and a
      communication receive portion electrically connected in series with one
      another, means in said communication line for limiting said communication
      signals to unidirectional flow in said communication send portion in the
      direction toward said communication receive portion and to unidirectional
      flow in said communication receive portion in the direction away from said
      communication send portion, said appliques each having a sending terminal
      connected to said communication send portion of said communication line
      for injecting communication signals onto said communication line and a
      receiving terminal connected to said communication receive portion of said
      communication line for extracting communication signals from said
      communication line so that any communication signal injected onto said
      communication line by any of said appliques passes the receiving terminals
      of all of said appliques and may be extracted from said communication line
      by any of said appliques.
NUM  9.
PAR  9. A communication system as defined in claim 7 further characterized by
      said timing line and said communication line running parallel to one
      another, each of said lines having a send portion and a receive portion
      electrically connected in series with one another, means in said
      communication line for limiting said communication signals to
      unidirectional flow in said send portion of said communication line in the
      direction toward said receive portion of said communication line and to
      unidirectional flow in said receive portion of said communication line in
      the direction away from said send portion of said communication line,
      means in said timing line for limiting said timing signals to
      unidirectional flow in said send portion of said timing line in the
      direction toward said receive portion of said timing line and to
      unidirectional flow in said receive portion of said timing line in the
      direction away from said send portion of said timing line, said appliques
      each having a sending terminal connected to said send portion of said
      communication line for injecting communication signals onto said
      communication line and a receiving terminal connected to said receive
      portion of said communication line for extracting communication signals
      from said communication line, so that any communication signal injected
      onto said communication line by any of said appliques passes the receiving
      terminals of all of said appliques and may be extracted from said
      communication line by any of said appliques, each of said appliques
      further having a receive timing terminal connected to said receive portion
      of said timing line for extracting from said timing line timing signals
      used to time the extraction of communication signals from said
      communication line by said applique and a send timing terminal connected
      to said send portion of said timing line for extracting from said timing
      line timing signals used to time the injection of communication signals
      from said associated applique onto said communication line, said send
      timing terminal of each applique being connected to said timing line at a
      point adjacent to the point at which said sending terminal is connected to
      said communication line and said receive timing terminal being connected
      to said timing line at a point adjacent to the point at which said
      communication receive terminal is connected to said communication line so
      that a communication signal in traveling from the communication send
      terminal of a first one of said appliques to the communication receive
      terminal of a second one of said appliques travels the same distance along
      said communication line as does a timing signal along said timing line in
      traveling from the send timing terminal of said first applique to the
      receive timing terminal of said second applique.
NUM  10.
PAR  10. A communication system as defined in claim 9 further characterized by
      said means for limiting said communication signals and said timing signals
      to unidirectional flow in the same direction along said communication line
      and said timing line comprising a plurality of signal regenerators located
      in said lines at spaced points therealong.
NUM  11.
PAR  11. A communication system as defined in claim 10 further characterized by
      said signalling and supervision information being in the form of
      straight-edged pulses and the information transmitted in said audio
      communication time slots being in the form of straight-edged pulses
      whereby the information transmitted over said communication line both in
      said signalling and supervision time slots and in said audio communication
      time slots consists of straight-edged pulses, said regenerators for both
      said timing line and said communication line being pulse restorers for
      receiving slightly degenerated pulses, for restoring such received pulses
      to their original shape and for launching the reshaped pulses onto the
      following portion of the associated line.
NUM  12.
PAR  12. A communication system for audio information comprising: a system
      clock, a transmission cable having a looped timing line and a looped
      communication line separate from said timing line and running parallel
      thereto, each of said lines having an outgoing leg connected to said
      system clock and outgoing therefrom and a return leg returning from the
      outer end of said cable to said system clock, a timing signal generator in
      said system clock for generating timing signals applied to said outgoing
      leg of said timing line and which timing signals divide time into
      repetitive frames of time slots used to divide the usage of said
      communicataion line into a plurality of time-division-multiplexed
      communication channels, said communication channels including one assigned
      exclusively to signalling and supervision use and a plurality of audio
      communication channels assigned exclusively to audio communication use, a
      plurality of appliques each having a communication receive terminal
      connected to said outgoing leg of said communication line and a
      communication receive terminal connected to said return leg of said
      communication line, each of said appliques also having a send timing
      terminal connected to said outgoing leg of said timing line and a receive
      timing terminal connected to said return leg of said timing line, means in
      each applique for producing status signals representing the current status
      of the applique, means timed by timing signals extracted from said
      outgoing leg of said timing line through said send timing terminal for
      injecting said status signals from each applique through said
      communication send terminal onto said outgoing leg of said communication
      line in said signalling and supervision channel thereof, means in each
      applique timed by timing signals extracted through said receive timing
      terminal thereof from said return leg of said timing line for extracting
      through said communication receive terminal thereof signals from said
      communication line which appear in said signalling and supervision
      channel, and said appliques further including means responsive to the
      status signals interexchanged by said appliques over said communication
      line in said signalling and supervision channel for making and breaking
      talking path connections between said appliques which talking path
      connections are made through said audio communication channels.
NUM  13.
PAR  13. A communication system as defined in claim 12 further characterized by
      each of said appliques having a unique identifying address assigned to it,
      said system clock including a message scheduler which schedules message
      traffic on said signalling and supervision channel by sequentially
      transmitting onto said outgoing leg of said communication line, in said
      signalling and supervision channel thereof, a list of address words
      addressed to respective ones of said appliques, said appliques each
      including a means responsive to the receipt of an address word addressed
      to it to inject onto said communication line in said signalling and
      supervision channel information concerning its current status.
NUM  14.
PAR  14. A communication system as defined in claim 13 further characterized by
      said system clock including at least one translator containing information
      usable by said appliques in making certain talking path connections
      between appliques, said system clock having a means for transmitting the
      information contained in said translator on said communication line in
      said signalling and supervision channel in addition to transmission of
      said list of address words.
NUM  15.
PAR  15. In an electronic time-division-multiplexed communication system for
      audio information, the combination comprising: a timing signal
      transmission line and an audio signal transmission line, separate from
      said timing signal line, running parallel to each other and each having a
      first end and a second end, means for dictating unidirectional signal flow
      along the length of each of said lines in the electrical direction away
      from its first end and toward its second end, a timing signal generator
      for injecting timing signals onto said timing signal line at said first
      end thereof for propagation therealong to said second end thereof, a
      plurality of appliques each having an audio send terminal and an audio
      receive terminal both connected to said audio signal line, each of said
      appliques further having a send timing terminal and a receive timing
      terminal both connected to said timing signal line with the aforesaid
      terminals being so arranged that the signal propagation time along said
      timing signal line from the send timing terminal of any one of said
      appliques to the receive timing terminal of any other of said appliques is
      equal to the signal propagation time along said audio signal line from the
      audio send terminal of said one applique to the audio receive terminal of
      said other applique, means in each applique for injecting audio signals
      onto said audio signal line at times referenced to timing signals received
      through its send timing terminal, and means in each applique for
      extracting audio signals from said audio signal line at times referenced
      to timing signals received through its receive timing terminal.
NUM  16.
PAR  16. In an electronic time-division-multiplexed communication system, the
      combination comprising: a linear transmission medium arranged in the form
      of a loop having a bight at one end of said loop and having two parallel
      legs of equal length disposed adjacent to one another, a timing signal
      generator connected to one end of said linear transmission medium for
      injecting timing signals onto said transmission medium, one of said legs
      of said linear transmission medium comprising a sending portion beginning
      at said timing signal generator and extending outwardly therefrom to said
      bight and the other of said legs comprising a receiving portion beginning
      at said bight, a plurality of appliques connected to said transmission
      medium and each including a means for injecting communication signals onto
      said transmission medium and a means for extracting communication signals
      from said transmission medium, said communication signal injecting means
      of each applique including a communication send terminal and a timing send
      terminal connected to said send portion of said transmission medium and
      said communication signal extracting means of each applique including a
      communication receive terminal and a receive timing terminal connected to
      said receive portion of said transmission medium, said communication
      signal injecting means of each applique including means responsive to the
      timing signal obtained from said transmission medium through its send
      timing terminal for timing the injection of communication signals onto
      said transmission medium, and said communication signal extracting means
      of each applique including means responsive to the timing signal obtained
      through its receive timing terminal for timing the extraction of
      communication signals from said transmission medium, and means in said
      transmission medium dictating unidirectional flow of said timing signals
      and of said communication signals along the length of said sending portion
      of said transmission medium in the direction away from said timing signal
      generator and toward said bight and along the length of said receiving
      portion of said transmission medium in the direction away from said bight.
NUM  17.
PAR  17. A communication system comprising: a lineal transmission medium
      including a communication line, means time dividing the usage of said
      communication line into a number of time-division-multiplexed
      communication channels over which information may be transmitted on said
      communication line, said communication channels including at least one
      signalling and supervision channel and a plurality of audio communication
      channels, a plurality of appliques located along said transmission medium,
      means providing each of said appliques both sending and receiving access
      to said signalling and supervision channel of said communication line,
      means providing each of said appliques sending access to one of said audio
      communication channels, means providing each of said appliques with
      receiving access to all of said communication channels, and means in each
      applique for conditioning said applique to accept signals from any of said
      audio communication channels, said conditioning means including a first
      enabling means controlled directly by said applique for selectively
      enabling said applique to receive information from any of said audio
      communication channels and a second enabling means controlled by
      signalling and supervision information transmitted to said applique by
      others of said appliques for also selectively enabling said applique to
      receive information from any of said audio communication channels, said
      first and second enabling means being in series with one another so that
      both of said first and second enabling means need to be enabled with
      respect to any given one of said audio communication channels to condition
      said applique to accept signals from said one audio communication channel
      and whereby the completion of a talking path from a sending applique to a
      receiving applique is controlled both by the sending applique and the
      receiving applique.
NUM  18.
PAR  18. A communication system as defined in claim 17 further characterized by
      said first and second enabling means each being capable of being
      simultaneously enabled with respect to a plurality of said audio
      communication channels whereby said applique may be conditioned to
      simultaneously accept signals from a plurality of said audio communication
      channels, and a summing demodulator in each applique for demodulating and
      summing a plurality of signals simultaneously accepted from a plurality of
      audio communication channels.
NUM  19.
PAR  19. A communication system comprising: a lineal transmission medium
      including a communication line, means time dividing the usage of said
      communication line into a member of time-division multiplexed
      communication channels over which information may be transmitted on said
      communication line, said communication channels including at least one
      signalling and supervision channel and a plurality of audio communication
      channels, a plurality of appliques located along said transmission medium,
      means providing each of said appliques both sending and receiving access
      to said signalling and supervision channel of said communication line,
      means providing each of said appliques sending access to one of said audio
      communication channels, means providing each of said appliques with
      receiving access to all of said audio communication channels, a means for
      repetitively transmitting onto said signalling and supervision channel of
      said communication line a list of address words addressed to respective
      ones of said appliques, means in each applique responsive to the receipt
      of an address word addressed to it to inject onto said communication line
      immediately following such address word at least one other word indicating
      its current status, each address word and such at least one other word
      immediately following it forming a message, a memory means in each
      applique for receiving messages appearing on said communication line and
      for storing information received from said messages concerning the status
      of all other appliques, a plurality of audio communication sources each
      connected to a respective one of said appliques and each including a means
      for supplying control signals to its applique, and means in each applique
      responsive to the control signals supplied thereto by its audio
      communication source and by the information stored in its memory means for
      conditioning each applique to make and break talking path connections with
      others of said appliques
NUM  20.
PAR  20. A communication system as defined in claim 19 further characterized by
      a translator means for transmitting onto said signalling and supervision
      channel of said communication line a list of messages usable by said
      appliques in making certain types of talking path connections.
NUM  21.
PAR  21. A communication system comprising: a lineal transmission medium
      including a communication line, means time dividing the usage of said
      communication line into a number of time-division-multiplexed
      communication channels over which information may be transmitted on said
      communication line said means time dividing the usage of said
      communication line including means for transmitting on said transmission
      medium and along with the information on said communication line a timing
      signals consisting of repetitive frames of pulses, which pulses divide
      each frame into a number of time slots, said communication channels
      including a plurality of audio communication channels, a plurality of
      appliques located along said transmission medium, means providing each of
      said appliques sending access to one of said audio communication channels,
      means providing each of said appliques with receiving access to all of
      said audio communication channels, each of said appliques having a send
      terminal connected to said communication line at one point along said
      transmission medium for said sending access and a receive terminal
      connected to said communication line at a second point along said
      transmission medium for said receiving access, a first counter in each
      applique for counting pulses taken from said transmission medium at the
      associated said one point to identify said time slots, means in each
      applique responsive to the count of its said first counter for controlling
      its sending access to its associated one of said audio communication
      channels, a second counter in each applique for counting pulses taken from
      said transmission medium at the associated said second point to identify
      said time slots, and means in each applique responsive to the count of its
      said second counter for controlling the receiving access of said applique
      to said audio communication channels.
NUM  22.
PAR  22. A communication system as defined in claim 21 further characterized by
      said means time dividing the usage of said communication line including a
      timing line running parallel to said communication line and comprising
      part of said transmission medium, said timing signal being transmitted on
      said timing line.
NUM  23.
PAR  23. In an electronic time-division-multiplexed communication system, the
      combination comprising: a lineal transmission medium including a
      communication line, means time dividing the usage of said communication
      line into a number of time-division-multiplexed communication channels
      over which information may be transmitted on said communication line, said
      means time dividing the usage of said communication line including means
      for transmitting on said lineal transmission medium and along with the
      information on said communication line a timing signal consisting of
      repetitive frames of pulses, which pulses divide each frame into a number
      of time slots, said time slots of each frame including at least one
      thereof assigned to signalling and supervision use and a plurality of
      others assigned to audio communication use, each time slot assigned to
      audio communication usage as repeated in repetitive frames defining one of
      a plurality of said communication channels referred to as audio
      communication channels and the at least one time slot assigned to
      signalling and supervision usage as repeated in repetitive frames defining
      another of the aforementioned communication channels referred to as a
      signalling and supervision communication channel, a plurality of appliques
      each connected to said communication line, means providing each of said
      appliques with sending access to one of said audio communication channels,
      means providing each of said appliques with receiving access to all of
      said audio communication channels and to said signalling and supervision
      channel, means connected with said communication line and having sending
      access to said signalling and supervision channel for inserting signalling
      and supervision messages into said signalling and supervision channel,
      means in each of said appliques for receiving and utilizing the
      information transmitted over said signalling and supervision channel,
      audio utilization means connected to each applique for utilizing the
      information transmitted on any one of said audio communication channels,
      and means in each applique responsive to the received signalling and
      supervision messages for controlling said receiving access of such
      applique to said audio communication channels to cause such applique to
      receive and pass to its audio utilization means only information appearing
      on an audio communication channel identified in a signalling and
      supervision message received by such applique.
NUM  24.
PAR  24. The combination defined in claim 23 further characterized by said means
      for inserting signalling and supervision messages into said signalling and
      supervision channel including a means for controlling the appearance of
      binary coded digital pulses in successive ones of the time slots of said
      signalling and supervision channel, each of said signalling and
      supervision messages consisting of a number of binary digits larger than
      the number of time slots of each of said frames devoted to signalling and
      supervision usage, whereby the transmission of a complete signalling and
      supervision message is carried out during the occurrence of a number of
      said frames.
NUM  25.
PAR  25. The combination defined in claim 23 further characterized by said
      communication line having a first end and a second end and an intermediate
      point located between said first and second ends, means in said
      communication line dictating unidirectional signal flow along the length
      of said line in the electrical direction away from said first end and
      towards said second end, each of said appliques having a send terminal
      connected with said communication line through which said sending access
      to one of said audio communication channels is had, each of said appliques
      also having a receive terminal connected to said audio communication line
      through which receive terminals said receiving access to all of said audio
      communication channels and to said signalling and supervision channel is
      had, all of said sending terminals being connected to said communication
      line between said first end thereof and said intermediate point thereof
      and all of said receiving terminals being connected to said communication
      line between said intermediate point thereof and said second end thereof,
      and said means for inserting signalling and supervision messages into said
      signalling and supervision channel also being connected to said
      communication line between said first end thereof and said intermediate
      point thereof whereby all signals inserted into said audio communication
      channels through said send terminals and all signals inserted into said
      signalling and supervision channel by said signalling and supervision
      message inserting means pass all of said receive terminals and are
      available for reception by all of said appliques.
NUM  26.
PAR  26. The combination defined in claim 23 further characterized by said means
      for inserting signalling and supervision messages into said signalling and
      supervision channel including a plurality of dial signal generators each
      associated with a respective one of said appliques and operable to produce
      dial signals identifying a called applique, and said means for inserting
      signalling and supervision messages also including means responsive to the
      dial signals generated by a calling applique for producing and injecting
      into said signalling and supervision channel a message identifying both
      the calling applique and the called applique, and means in each applique
      operable in response to the receipt of a signalling and supervision
      message identifying it as a called applique and also identifying another
      applique as a calling applique for controlling the receiving access of
      said called applique to said audio communication channel so as to enable
      said called applique to accept signals from the audio channel exclusively
      associated with the calling applique.
NUM  27.
PAR  27. The combination defined in claim 15 further characterized by said
      timing signals of said timing signal generator comprising repetitive
      frames of pulses dividing time into repetitive frames of time slots, said
      means in each applique for injecting audio signals into said audio signal
      line including a first counter for counting pulses of said timing signal
      as received through said timing send terminal of said applique to identify
      said time slots, and said means in each applique for extracting audio
      signals from said audio signal line including a second counter separate
      from said first counter for counting pulses of said timing signal as
      received through said receive timing terminal to identify said time slots.
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ABST
PAL  The invention concerns a device for automatically answering telephone
      calls, comprising an answering system, with a first magnetic sound
      recorder for recording and reproducing an answering text and a mechanical
      driving gear for the first magnetic sound recorder, with a storage system,
      which comprises a second magnetic sound recorder for recording and playing
      back the incoming message and a mechanical driving gear for a second
      magnetic sound recorder, with an action control switch and additional
      switches for selecting specific functions, with an electrical switching,
      amplifying and control system for an independent control of the work cycle
      of the device in its different functions, said control system comprising a
      mechanism for recording at least a marking signal on the first sound
      recorder and for the play-back of the recorded marking signal in order to
      switch the device from its operating condition of playing back the call
      answering text, to the operating condition of recording the incoming
      information or in case of a premature ending of the play-back of the call
      answering text.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Known types of such devices comprise a great number of electrically,
      mechanically or electromagnetically operated contacts, for instance a
      great number of relays, an action control switch with a complicated
      contact arrangement. Such contacts not only have the disadvantage of often
      suffering from disturbances which are difficult to locate, but it is also
      difficult and expensive to survey the numerous mutual interdependence of
      the different circuits, parts and controls in such a manner as to prevent
      a faulty operation of the device. The possibility of a faulty service and
      the occurence of a faulty operation of the device should be avoided due to
      the strict regulations imposed by the regulatory Communications Agency.
PAR  It is the aim of the present invention to considerably decrease in the
      above named device the number of mechanical, electro-mechanical or
      electro-magnetic switch elements and to establish a practically unlimited
      number of circuit connections in order to prevent any faulty operation.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention this device is characterized by the fact that
      the action control switch, and the other switches as well as a call
      detector, which detects a call, a voice detector, which detects an
      incoming message and a marking detector, which detects a marking signal on
      the first magnetic sound recorder, are constructed in order to deliver
      binary information signals. There is also a digital control system, the
      inputs of which are linked with the action control switch, the additional
      switches and the outputs of said detectors, the outputs of which are
      connected with control inputs of the electrical switch elements, whereby
      the digital control system depending on its internal condition and on the
      binary information signals, produces binary control signals for the
      electrical switching devices that are themselves to be controlled.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The examples of operation of the invention are explained hereafter, based
      on the drawings, wherein:
PAR  FIG. 1 is a perspective view of the device;
PAR  FIG. 2 to FIG. 9 depict the individual circuits of the device, which are
      the following:
PAR  FIG. 2 shows a circuit diagram of a sound signal circuit;
PAR  FIG. 3 a signal lamps circuit;
PAR  FIG. 4 a relays circuit;
PAR  FIG. 5 a driving gears circuit;
PAR  FIG. 6 a switching relays circuit;
PAR  FIG. 7 an action control switch circuit;
PAR  FIG. 8 timing switches circuit;
PAR  FIG. 9 a digital control system connection schematic; and
PAR  FIG. 10 a flow chart.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The perspective view of the apparatus shown in FIG. 1 illustrates a casing
      1, the upper part of which serves as a low mounting surface for a
      telephone 2. The front of the device, which is somewhat higher in order to
      prevent sliding off of the telephone when it is being used, has various
      operating knobs and indicators. Action control switch 3 relates to four
      switch positions, namely a first position 4, in which the apparatus is
      connected with the telephone line in order to automatically answer calls
      by means of a first sound recorder and to record on a second sound
      recorder the message coming in through the telephone line. It further
      shows a position 5, in which this recorded message can be monitored. There
      is also a position 6, where the announcing text, which is transmitted onto
      the telephone line can be monitored for checking purposes. Lastly, there
      is a position 7 where the announcement text can be recorded onto the first
      sound recorder. To listen to the information which has come in and which
      has been recorded on the second sound recorder (switch position 5) and to
      the announcement text recorded on the first sound recorder (switch
      position 6) there is a loud speaker 8, whereby the volume of the playback
      can be regulated through volume regulator 9, which is combined with a
      master switch for switching the apparatus on or off.
PAR  The device has also four push-buttons 10, 11, 12 and 13. The first
      push-button 10 represents a start button which serves to turn on the
      advance of both said sound recorders and when recording the announcement
      text to record sound signals on the sound recorder of the announcement
      texts, which will be described further in greater detail. The second
      push-button 11 is a stop button, which serves to interrupt the advance of
      the sound recorder, which has recorded the messages fed into it, at the
      time of the playback of said messages or when rewinding the sound recorder
      into its starting position. The third push-button 12 is a rewind button.
      When it is activated, the sound recorder onto which messages have been
      recorded, is wound back into its starting position. The fourth push-button
      13 is an erasing button. When it is activated simultaneously with the
      rewind button 12, when rewinding the sound recorder of the messages
      received, the recorded test is erased.
PAR  There are also three signal lamps 14, 15 and 16. The first, which for
      example may be a yellow lamp 14, lights when the device is ready for use.
      The second, for example a red lamp 15 lights when at least one incoming
      message has been recorded on the corresponding sound recorder, so that at
      all times one can see if during the absence of the device user at least
      one call with a spoken message has been received and recorded by the
      device. When monitoring the recorded message (position 5 of switch 3) lamp
      15 turns off. The third, for example a green lamp 16 lights up, when
      switch 3 is in the first position 4, that is to say when the device is
      connected with the telephone circuit in order to receive calls.
PAR  The present device also includes on a side wall, not shown on FIG. 1 a jack
      for plugging in a microphone in order to record the announcement text on
      the corresponding sound recorder. In a known manner, the microphone may be
      provided with a switch, with which the advance of the announcement sound
      recorder can be turned on or off.
PAR  The present device can be connected at its back with the telephone line,
      and with the telephone 2.
PAR  As a sound recorder for the announcement text and the incoming messages the
      present device has cassettes with wound up magnetic tapes. Both cassettes
      can be put in or taken out of chassis 1 by opening flaps 17 and 18. The
      cassettes which are most appropriate, are those utilized for dictating
      devices. These cassettes are quite compact and have a recording and
      play-back time of around 15 minutes. In the present case the sound
      recorder for the announcement text will be designated with an announcement
      tape and the sound recorder for the incoming messages with a storage tape.
      Each one of these two sound recorders are of course provided with a
      corresponding recording, play-back and erasing head and with a gear for
      advancing and rewinding the sound recorder. But instead of a recording
      tape it can also have another sound recorder, for instance a magnetic
      sound foil.
PAR  In FIGS. 2 to 9 circuits of the present device are shown individually. FIG.
      2 for instance shows the particular circuit of the device, which refers to
      sound signals, whereby FIG. 3 to 8 show circuits with binary circuit
      functions. the present device is based on the fact that in the circuit
      arrangement there are on the one hand, signals, or signals may be
      produced, which have the meaning of input variables and on the other hand
      such signals, which represent output or control variables, whereby in both
      cases the signals are binary signals, that is to say from two levels they
      either have a higher or a lower one. The function of the signals are shown
      in the figures by means of abreviated designations, whereby the
      designations for the input variables are to be found in round boxes and
      those for the control variables in square boxes. Signal designations
      without a transverse bar indicate the higher level, and those with a
      transverse bar, indicate the lower level. The input variables and the
      control variables are linked together through a logical digital control
      system, which is preferably set up as integrated circuits and is shown in
      FIG. 9.
PAR  According to FIG. 2 there is a telephone line A, B on an alternating
      current over a condenser 21 and a resistance 22 connected in series to it,
      on one of the coils of a line transfer 23. For the galvanic connection of
      the telephone line A, B with the transformer 23 there is a relay contact
      K1, the relay of which together with the control circuit is shown in FIG.
      4 and is described hereinafter. On the other coil of the transformer 23
      over a condenser 24 there is an additional relay contact K2, which acts as
      a changeover contact, the relay of which together with its corresponding
      relay with control circuit is also shown in FIG. 4. The relay with
      contacts K1 and K2 are activated through the same control voltage so that
      the switch motion of contacts K1 and K2 occurs simultaneously, which is
      shown by a dotted line 25. In the resting position contact K2 connects the
      other coil of the transformer 23 with a potentiometer 26, the wiper of
      which is is connected to the input of a call detector 27. The conventional
      call detector 27 has a differentiating circuit in order to attain narrow
      impulses, which are independent of the amplitude of the calling sound
      reaching its input by going over the transformer 23 and contact K2, to
      which are connected a rectifier and an integrating circuit. In order to
      set the response time of the detector the integrating circuit
      advantageously shows a timing constant, for instance an adjustable
      resistance. The output signal AS (calling signal) of the call detector 27
      which serves as one of the input variables goes to the lower transmission
      level, when the detector detects a call.
PAR  In the other operating position of relay contact K2 there is to be found
      the other coil of the transformer 23 connected with a throw-over switch
      28, which comprises two relay contacts K3 and K4, which act as change-over
      contacts, as well as a potentiometer 29. In the operative position of
      contact K3 there is a transformer 23 and with it telephone line A, B are
      connected over an adjustable resistance 30 with the output of the
      variable-gain amplifier 31, so that the input signal of variable-gain
      amplifier 31 from contact K4 which is in a resting position reaches in an
      amplified manner the telephone line. In the resting position of contact K3
      and in the working position of contact K4 is to be found the telephone
      line A, B over the transformer 23 and the wiper of potentiometer 29 at the
      input of the variable-gain amplifier 31, so that a sound signal coming
      over the telephone line, particularly a voice signal, is amplified in the
      variable-gain amplifier 31. The relays belonging to contacts K3 and K4 are
      shown together with their master oscillators in FIG. 4, this being
      explained hereinafter in greater detail. The adjustable resistance 30 and
      the potentiometer 29 serve to set the transmission level of the output
      signals transmitted to the telephone line, or the input signals from the
      variable-gain amplifier received through the telephone line.
PAR  The variable-gain amplifier is provided for instance at the input with an
      adjustable attenuator (not shown), coupled with an amplifier at the
      output. A fixed portion of the output voltage of the amplifier is
      rectified and is led to the attenuator as a direct-current control
      voltage, whereby a voltage divider is provided in order to produce the
      fixed portion of said output voltage. With this circuit arrangement a
      range of adjustment of for instance + 13 dB . . . - 50 dB can be obtained.
      Said voltage divider is adjusted for instance in such a manner that the
      output voltage would be within the range of regulation of 4 V-rms (12 V
      from peak to peak).
PAR  In the rest position of contact K4 the input of the variable-gain amplifier
      31 is connected with the output of a preamplifier 32, said output being
      further connected with the input of a marking generator 33. At the input
      of the preamplifier 32 there is an additional relay contact K5 connected
      which acts as a change-over contact, the relay of which is shown in FIG.
      4. In the operative position of contact K5 the input of the preamplifier
      32 is connected with microphone MIC. In this contact position the voice
      voltages of microphone MIC go through preamplifier 32 to reach the input
      of the variable-gain amplifier 31.
PAR  In the indicated resting position of contact K5 (FIG. 2), the input of the
      preamplifier 32, by going through relay contacts K6 and K8, is connected
      selectively with a series of sound heads, for the announcement tape and
      the storage tape. This arrangement comprises a combined recording and
      play-back head AW1 for the announcement tape and a combined recording and
      playback head AW2 for the storage tape. These sound heads are provided
      with an erasing head LK1 for the announcement tape and with an erasing
      head LK2 for the storage tape, separated through switching, whereby the
      heads for the announcement tape are shown outside and those for the
      storage tape inside of a dashed frame.
PAR  In the indicated resting position of contact K6, which acts as a
      change-over contact, the relays of which are again shown in FIG. 4, are to
      be found according to the position of contact K8 which also acts as a
      change-over contact (corresponding relay, see FIG. 4) at the input of
      preamplifier 32 either the recording or replay head AW1 of the
      announcement tape or the corresponding head AW2 of the storage tape. The
      signal captured by one of these sound heads and thereafter amplified
      reaches the input of the variable-gain amplifier 31 and the input of the
      marking generator 33. To the output of the variable-gain amplifier 31 is
      also connected, some other switching parts which will be discussed in
      detail hereafter, a potentiometer 34 which acts as volume control, the
      wiper of which is at the input of an output stage 36. A loudspeaker 37 is
      connected onto the output of a power stage 36. Volume control 34 and
      loudspeaker 37 have already been mentioned when describing FIG. 1.
PAR  Again, in the indicated resting position of relay contacts K6 and K8, the
      announcing text recorded on the announcing tape can be monitored for
      control purposes on the loudspeaker 37, whereby the action control switch
      3 of FIG. 1 has to be brought into position 6, or this announcement text
      can be transmitted onto the telephone line A, B in order to answer a call,
      whereby said action control switch has to be put into position 4. In the
      working position of relay contact K8, the messages which have been
      received and which have been recorded on the storage tape may be monitored
      in loudspeaker 37.
PAR  Before explaining the importance of marking generator 33 and of marking
      detector 38 which is connected to it for the play-back of the announcement
      text and its transmission onto the telephone line, one must explain the
      circuit elements which are involved when recording the announcement text
      onto the announcement tape. The present device has been developed in such
      manner that when recording the announcement text, which generally consists
      of a first portion with a request to the calling party to start speaking,
      and of a second portion with the final cancellation, there is after the
      first portion and after the second portion of the announcement text a
      sound marking recorded onto the announcement tape, which when transmitting
      the announcement text to the telephone line serves as a control signal
      which triggers the control functions in the device.
PAR  When recording the announcement text, the microphone MIC is connected over
      contact K5 with the input of the preamplifier 32. The preamplifier voice
      signal reaches over contact K4 to the input of the variable-gain amplifier
      31. From the output of the variable-gain amplifier 31 the voice signal
      which has been amplified onto a uniform level travels through an
      adjustable resistance 39 to the relay contact K6, which feeds the voice
      signal in its working position and in the indicated resting position of
      contact K8 to the combined recording and play back head AW1 for the
      announcement tape. Furthermore a high-frequency generator 40 is provided,
      which by means of a control variable HF, is lead into an oscillating
      condition. The complete output voltage of the high-frequency generator 40
      is fed in a known manner through a second contact K8 to the erasing head
      LK1 of the announcement tape for erasing the previous announcement text. A
      high frequency component voltage received at the pick-up of a
      potentiometer 42 is also fed in a known manner through a condenser 43 to
      the voice signal for a high-frequency magnetization of the announcement
      tape.
PAR  The marking generator 33 includes in the present example an active filter
      circuit, whereby the feedback coupling branch is controlled by a control
      variable NF, so that in the event of a control variable NF the active
      filter control circuit oscillates with its proper frequency of 180 to 200
      Hz, but if the control variable NF is missing it forms a selective
      amplifier for said frequency. When recording the announcement text and
      when there are control variables NF the circuit of the marking generator
      33 connected with the output circuit of the preamplifier 32 constitutes
      its output circuit. The marking generator is of such a manner, that the
      said marking signal with a frequency of 180 to 200 Hz has approximately
      the same level as the output signal of the preamplifier 32 when talking
      normally into the microphone MIC, so that essentially no undesirable, time
      consuming changes of the control point in the control amplifier 38 may
      occur. The control variables NF are produced when activating the starting
      button 10 (FIG. 1) on the device or a corresponding starting switch on the
      microphone after finishing the recording of the first or the second part
      of the announcement text, as explained herein.
PAR  To prevent, when recording the announcement text, the voice signal from
      reaching the output stage 36 or the loudspeaker 37, the output stage
      contains a holding circuit, which is controlled by a control variable R7
      in such a manner, whereby as a control variable R7 may occur, the output
      stage 36 is opened.
PAR  It has already been explained that when reproducing the text of the
      announcement tape, to transmit the announcement text to the telephone
      circuit, contacts K8, K6 and K4 are in rest position and contacts K3 and
      K2 are in their working position, so that a complete signal path exists
      from the sound head AW1 through the preamplifier 32, the variable-gain
      amplifier 31 and the adjustable resistance 30 to the transformer 23. The
      output signal of the preamplifier also reaches the marking generator 33,
      whereby in the present operating manner (action control switch 3 of FIG. 1
      in position 4, that is to say "telephone") the control variable NF for the
      marking generator 33 is missing, so that the latter acts as a selective
      amplifier. Since the signal reproduced by the announcement tape, with its
      fixed frequency within the said frequency range from 180 to 200 Hz,
      contains mainly the previously recorded marking signal, only this is
      amplified in the marking generator 33. The marking detector connected to
      the marking generator detects the occurrence of such a marking signal and
      tranforms it into a digital output signal MS, which has the low level
      mentioned before when a marking signal has been detected. This output
      signal serves in a manner described later on as input variable for the
      digital control system.
PAR  When recording an incoming message, the corresponding voice signal goes
      through contacts K2, K3 and K4 to the input of variable-gain amplifier 31
      and from its output over an adjustable resistance 39 and contact K6 to
      contact K8, which is now in its working position, so that the amplified
      voice signal is fed to the combined recording and replay head AW2 of the
      storage tape. Due to the existence of control variables HF, high-frequency
      generator 40 oscillates. Its full output signal erases the previous
      recording by means of an erasing head LK2, while a high-frequency partial
      voltage as a magnetizing current is fed through condenser 43 together with
      the voice signal to the sound head AW2.
PAR  The output of the variable-gain amplifier 31 has also a voice detector 46
      connected to it, which when a voice signal reaches its input, produces a
      corresponding input variable SP for the digital control system, and which
      holds this variable during a certain time period when the voice signal is
      temporarily missing. Furthermore the voice detector responds only to
      variations of amplitude, and does not respond to the dial tone.
PAR  For this purpose the voice detector 46 may have on its input a highpass
      filter with a cutoff frequency of around 600 Hz, so that the interrupted
      dial tone is eliminated. The voice detector can also be developed in such
      a manner that it connects signals which otherwise are of variable
      amplitude, but interrupts a continuous sound of a given frequency after
      approximately 5 seconds. Preferably the voice detector contains a
      differentiating circuit part, which detects fluctuating amplitudes, as
      well as a storage condenser, which is charged and discharged with a
      sineshaped signal, so that the output signal SP does not occur. The voice
      detector preferably contains a timing circuit, for instance an RC-circuit,
      in order to obtain a delay of approximately 5 seconds in case of a sudden
      lack of the voice signal and thus the stopping of the output signal SP
      during a speaking pause of the calling person. In order to prevent the
      announcement text, which is located at the output of the variable-gain
      amplifier 31 and thus at the input of the voice detector 46, from being
      transmitted to the telephone line and activating the latter, the control
      variable R4, which activates relay contact K4 is added to the voice
      detector 46, where for instance by means of a transistor not shown it may
      short circuit the condenser of said RC-circuit.
PAR  In FIGS. 3 to 8 are shown additional switching networks for the present
      device. FIG. 3 shows a switching network as foreseen for each of the three
      signal lamps 14, 15 and 16 of FIG. 1. This switching network contains a
      transistor 51, in the collector circuit of which the corresponding signal
      lamp 14, 15, 16 is connected through a series resistance. A corresponding
      control signal LW for the yellow lamp 14 (ready to operate), LR for the
      red lamp 15 (signaling that an incoming message has been recorded) and LG
      for the green lamp (action switch 3 on position 4 "telephone") is
      connected to the base of transistor 51 over a series resistance. The
      control signals LW and LR are thus control variables of the digital
      control system, while signal LG is directly provided by the action control
      switch (compare FIG. 7).
PAR  FIG. 4 shows the arrangement of the different relay control circuits,
      whereby each relay 52 is connected with the collector circuit of a
      transistor 54, the basis of which receives the corresponding control
      signal by going through a series resistance. All control signals are
      control variables of the digital control system, whereby the indicated
      designations have the following meanings: MAX represents the control
      signal for a solenoid which reverses the sense of rotation of the
      announcement tape drive (rewind). MAP has the same meaning for the sense
      of rotation of the storage tape drive. R1 to R6 and R8 are the control
      signals for the relays with contacts K1 to K6 and K8 mentioned in FIG. 1,
      whereby R1 and R2 represent the same control signal for two separate
      relays with contacts K1 or K2.
PAR  FIG. 5 shows the control circuit for the motor of the announcement
      mechanism, or the motor of the storage mechanism. One of the terminals of
      each direct current motor M is fed by a voltage of a transistor 55, of a
      breakdown diode, whereas the other terminal of the motor by going over a
      transistor 58 is grounded. A control signal on the base of the transistor
      58 puts the latter into a conducting condition, so that the motor lies
      between the constant emitter voltage of transistor 55 and earth. MTX and
      MTP are control variables of the digital control system, whereby MTX
      represents the control signal for the motor of the announcement mechanism
      and MTP represents the control signal for the motor of the storage
      mechanism.
PAR  FIG. 6 shows the switching network for various mechanical switches. The
      closing contact 59 of each switch is therefore connected on one hand to
      the ground and on the other hand by going over a resistance 60 with a
      positive voltage, whereby the connection point of the contact with the
      resistance furnishes the unblocking potential, which when closing the
      contact falls onto the potential 0 (ground), thus receives the lower level
      of the digital control signals. STO represents the unblocking potential of
      stop button 11 (FIG. 1), RT the unblocking potential of the return button
      12, LT the unblocking potential of the erasing button 13, BAK1 and BEK1
      the unblocking potential of the contact of the beginning of the tape or
      end of the tape contact of the announcement tape and BAK2 and BEK2
      corresponding to the same contacts on the storage tape.
PAR  FIG. 7 shows the circuit of the action control switch 3 of FIG. 1. This is
      a rotary switch with four positions and two planes. The contacts of the
      four positions according to FIG. 1 are designated on one plane with 4, 5,
      6, 7 and on the other plane with 4', 5', 6', 7'. The moved contact element
      of the first plane on one hand is connected over a resistance 61 with a
      positive voltage and on the other hand it is connected with two parallel
      closing contacts 62 and 63, whereby contact 62 belongs to the start button
      10 in FIG. 1 and the other to the start button of the microphone. When
      closing one or the other contact the voltage of the movable contact
      element of the first plane falls onto value 0 (ground). The voltage of the
      movable contact element of the first plane is provided as input variable
      ST for the digital control system. The voltages of contacts 4 to 7 serve
      as input variables for the digital control systems, with the exception of
      the control signal LG of contact 4, which is fed directly as control
      signal LG to the control circuit of the green signal lamp 16, so that this
      lamp lights up as soon as the device is connected. The action control
      switch 3 in position 4 insures connection of the device with the telephone
      line, position "telephone".
PAR  The remaining contacts 5 and 7 are connected through additional resistances
      61 to the same positive voltage as the first mentioned resistance 61, so
      that this contact and the movable contact element shall have the same
      potential. In position 5 through activation of start button 10 (contact
      62) or of the microphone switch (contact 63) an input variable STIW with
      voltage 0 (ground) is produced, namely the input variable "Start internal
      play-back". In position 6 it is the input variable STWT "Start playback of
      announcement text" and in position 7 it is input variable STAT "start
      recording of announcement text." The telephone wire going out from contact
      7 carries a bridge 64, which is installed in the microphone plug, so that
      input variable STAT only is produced, when the microphone is actually
      plugged into the device.
PAR  On the second plane of the function control switch of FIG. 7, in position 4
      of the action control switch (contact 4') the output signal AS of the call
      detector 27 of FIG. 2 is sent through and serves the input variable ASTE
      "call operating position telephone" for digital control system. The other
      contacts 5' to 7' of the second plane are empty.
PAR  And finally in FIG. 8 there is a double timing switch, also provided in the
      device. Control variables ZL1 and ZL2 of the digital control system are
      each connected with a timing switch 65 or 66, which with a determined time
      delay emits an output signal. The outputs of both time switches are
      connected together and produce an input variable ZL for the digital
      control system. These timing switches are meant on one hand for limiting
      from 33 seconds to minutes, depending on the setting, the length of time
      for recording a message on the storage tape and also for interrupting the
      recording of a message in the absence of a marking signal on the storage
      tape, for instance when a tape tears. Both timing control switches 65, 66
      contain for instance a condenser, which with a jump from the input signal
      ZL1 or ZL2 is loaded over a resistance from 0 to a positive value, until
      the voltage of the condenser reaches the unblocking potential of a
      break-down diode, at which time the output potential ZL in turn jumps from
      0 to a positive value. In the timing switch 65, the charging resistance
      can be set very advantageously in order to set the time delay.
PAR  FIG. 9 shows an enlarged example of an external form of a digital control
      system, which is developed as an integrated switch in chassis 69 with side
      connecting lugs 67 and 68. On the left side of the chassis 69 are set the
      connecting lugs 67 for the input variables, shown by a circle. Therefore
      the left side shows three connecting lugs for the supply voltage of the
      integrated circuit, namely 0V, + 12V and - 12V. On the right side of the
      chassis 69 are the connecting lugs 68 for the control variables (output
      variables) of the digital control system, indicated by a square.
PAR  The following table shows clearly the meaning of the different signals
      whereby for the input variables a signal jump from a positive voltage onto
      value 0 corresponds to a message and for the control variables a signal
      jump from 0 to a positive value corresponds to a switching function.
TBL  ______________________________________                                    
     Input variables                                                           
     ______________________________________                                    
     MS    output signal of marking detector                                   
     SP    output signal of voice detector                                     
     ZL    output signal of timing switch                                      
     ST    signal start button or microphone switch                            
     STO   signal stop button                                                  
     RT    signal play back button                                             
     LT    signal erasing button                                               
     BAK1  signal tape beginning contact of announcement tape                  
     BEK1  signal tape ending contact of announcement tape                     
     BAK2  signal tape beginning contact of storage tape                       
     BEK2  signal tape ending contact of storage tape                          
     STIW  start signal of internal play-back of storage tape                  
     STWT  start signal of play-back of announcement tape                      
     STAT  start signal of recording of announcement tape                      
     ASTE  call signal operating position of telephone                         
           Control Variables (identification of the controlled                 
           switch part)                                                        
     MTX   announcement motor                                                  
     MTP   storage motor                                                       
     MAX   relay sense of rotation announcement tape advance                   
     MAP   relay sense of rotation storage tape advance                        
     HF    high-frequency generator                                            
     NF    marking generator                                                   
     ZL1   first timing switch                                                 
     ZL2   second timing switch                                                
     R1 R2 relay telephone line (K1 K2)                                        
     R3    relay variable-gain amplifier input/output (K3)                     
     R4    relay input variable-gain amplifier (K4) and voice                  
           detector                                                            
     R5    relay input pre-amplifier (K5)                                      
     R6    relay recording-play-back head (K6)                                 
     R7    input end stage                                                     
     R8    relay sound heads of announcement tape/storage tape                 
           (K8)                                                                
     LW    signal lamp yellow                                                  
     LR    signal lamp red                                                     
     ______________________________________                                    
PAR  As indicated in FIG. 9 the integrated circuit feeds onto both inputs of a
      RS-flipflop RE-FF a setting signal FFS or a resetting signal FFR. The
      output of RS-flipflop is connected with a connecting lug for the control
      variable LR, whereby the setting signal FFS gives rise to a control
      function of the control variables LR, that is to say that the output of RS
      flipflop climbs to a positive value.
PAR  The digital control system contains for instance a coding circuit for the
      input variables, a row of flipflops which are controlled by fixed cycle
      signals a fixed cycle generator, a decoding switch and a combination logic
      circuit, whereby a feedback of the input of the decoding circuit into the
      input of the coding circuit has been provided. The fixed cycle frequency
      is that of for instance 10 to 15 Hz, that is to say that it is low enough
      to avoid a contact chatter, but high enough so that the owner of the
      device will not notice any delay.
PAR  Based on a flow chart of the present device shown on FIG. 10 and of the
      combination logic circuit contained in the digital control system the
      operational cycle of the device for the four different methods of
      operation are described hereafter. That is to say the description relates
      to the position of the action control switch 3 in FIG. 1, taking into
      consideration different possible contacts.
PAR  In flow chart of FIG. 10, 14 system conditions are indicated with F1 to F14
      whereby the linear shaped transitions from one system condition to another
      are indicated each time with signals emitted by the circuit parts or the
      actuators, said signals being input variables of the digital control
      system. In a known manner a bar on a designation means the negation
      (inversion), whereby in the case of several designations of a transition,
      a point has the meaning of "AND" and a plus sign has the meaning of "OR".
PAR  In the following table the combination logic circuit of the digital control
      F1 to F14 is indicated for each system condition, which in the case of
      control variables (output variables) of the digital control (FIG. 9) has a
      switching function, that is to say that it lies on the higher level or on
      a positive voltage. On the table this is indicated by the number "1".
TBL                                    TABLE                                   
     __________________________________________________________________________
     M       M M M H N Z Z R R R R R R R F F L                                 
     T       T A A F F L L 1 3 4 5 6 7 8 F F W                                 
     X       P X P     1 2 R             S R                                   
                           2                                                   
     __________________________________________________________________________
     F1  : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1                                 
     F2  : 1 0 1 0 1 0 0 0 0 0 0 1 1 0 0 0 0  0                                
     F3  : 1 0 1 0 1 1 0 0 0 0 0 0 1 0 0 0 0  0                                
     F4  : 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0  0                                
     F5  : 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0  0                                
     F6  : 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0                                
     F7  : 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0  0                                
     F8  : 1 0 1 0 0 0 0 1 1 1 0 0 0 1 0 0 0  0                                
     F9  : 1 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0  0                                
     F10 : 0 1 0 1 1 0 1 0 1 0 1 0 1 1 1 1 0  0                                
     F11 : 1 0 1 0 0 0 0 1 1 1 0 0 0 1 0 0 0  0                                
     F12 : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0                                
     F13 : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0                                
     F14 : 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1  0                                
     __________________________________________________________________________
PAR  In the flow diagram of FIG. 10, condition F1 indicates ready for operation,
      whereby the device is switched on and the cassettes with the announcement
      and recording tapes are set in place. In this condition the yellow signal
      light 14 is lighted (FIG. 1), which can be seen on the table, since on the
      first line (F1) the control variable LW is on the higher level.
PAC  Recording of the announcement text and of the markings
PAR  Action control switch 3 is set into position 7 (FIG. 1 and 7); microphone
      plug is plugged into the device jack on the side.
PAR  Starting button 10 is pressed or the microphone switch is activated
      (closing of contact 62 or 63 in FIG. 7), whereby the input variable STAT
      delivers a message, whereby lamp 14 turns off and the device reaches
      system condition F12 as long as the start button remains depressed. See
      line F12 on the table with LW=O.
PAR  After releasing start button (ST) the system condition reaches F2, whereby
      the announcement text can be recorded onto the announcement tape, see line
      F2 on the table, whereby control variable MTX, MAX, HF, R5, R6 have the
      higher level 1. Now the first part of the announcement text is being
      recorded.
PAR  After the speaking is finished the start button is pushed again (ST), and
      is kept depressed for the length of time one expects that the answer of a
      person calling later on will take, say for instance 6 seconds. The device
      is thus put into system condition F3, where a low frequency marking was
      put onto the announcement tape, see table line F3, according to which
      control variables MTX, MAX, HF, NF, R6 are on the higher level 1.
PAR  By releasing the start button (ST) the device again is put into system
      condition F2, so that the second part of the announcement text (final
      cancellation) can be recorded onto the announcement tape. After the
      speaking is finished the start button is again pushed (ST) for
      approximately 2 seconds, which in the system condition F3 introduces a
      second marking on the announcement tape. If necessary this procedure may
      be repeated.
PAR  After recording the second, that is to say the last marking, the start
      button has to be released, until due to the closing of the end of the tape
      contact the input variable BEK1 is produced and the device moves into
      system condition F4. According to line F4 of the table the control
      variable MTX is now on the higher level 1, but no longer the control
      variable MAX, so that the announcement tape is rewound, until the system
      condition F1 by delivering the input variables BAK1 of the tape beginning
      contact is reached again and the yellow signal lamp 14 (FIG. 1) lights up,
      or that the control variable LW exists.
PAR  According to line F4 of the table, in this system condition are to be found
      also control variable ZL2 on the higher level 1, so that the timing switch
      66 (FIG. 8) is relased. If before running out of the fixed time lag, of
      for instance 2 minutes of the timing switch 66, the device reaches system
      condition F1, this is of no consequence, because of the latter condition
      ZL=0. If the system condition F1 is not reached within 2 minutes, in case
      of tearing of the tape for instance, the input variable ZL is generated,
      which brings the device from condition F14 into condition F13, which is a
      blocking position, in which the device does not function until the error
      has been corrected.
PAC  play-back of the announcement text
PAR  The action control switch 3 is now brought into position 6 (FIG. 1). When
      the yellow signal lamp 14 lights up, system condition F1, start button 10
      is pushed which closes contact 62 in FIG. 7, and input variable STWT
      delivers a message. The device thus reaches system condition F5, in which
      the whole supply of announcement tape of approximately 60 second duration
      is played back, see line F5 of the table, whereby the control variables
      MTX, MAX and R7 obtain the higher level 1, that is to say the input of the
      endstage 36 becomes unlocked. After closing the tape end contact, through
      which is generated the input variable BEK1, the device reaches system
      condition F4 and then output condition F1 or in any case blocking
      condition F13, as described before.
PAC  Playback of the recorded messages
PAR  Action control switch 3 is put into position 5 (FIG. 1 and 7). When the
      yellow signal lamp 14 lights up, system condition F1, the start button 10
      is pushed, closing contact 62 in FIG. 7, whereby the input variable STIW
      delivers a message. The device reaches system condition F7, in which the
      recording tape is replayed, see line F7 on the table, whereafter control
      variables MTP, MAP, R7, R8 have the higher level 1. Signal R7 unlocks
      endstage 36. The replay can be interrupted by activating stop button 11
      (STO) or, if the complete tape supply has been replayed, by means of the
      tape end contact (BAK2). The device thus reaches system condition F1.
PAR  Rewinding of the storage tape is not performed automatically. Rewinding
      button 12 in FIG. 1 has to be pushed to this effect. By doing this, input
      variable RT1W produces a message and at the same time input variable LT
      (erasing button) does not produce a message, so that the device reaches
      system condition F6, wherein the voice tape is rewound, see line F6 on the
      table; thus only control variable MTP has the higher level 1. The rewind
      can be interrupted by activating stop button 11 (STO) or by completely
      rewinding the storage tape by means of the tape beginning contact (BAK2).
      The device thus reaches system condition F1.
PAR  If the rewind button 12 and the erasing button 13 are pushed at the same
      time (LT . RTTW), in system condition F14 when rewinding the tape the
      contents are erased simultaneously, see line F14 on the table, whereby the
      control variables MTP, HF, FFR and R8 have the higher level 1. In this
      case there also follows an interruption of the rewinding operation when
      pushing stop button 11 (STO) or by beginning of the tape contact (BAK2).
      The signal FFR sets RS-flipflop of the digital control system on FIG. 9
      back, so that the control variable LR falls onto 0 and the red lamp 15
      turns off.
PAC  Telephone operation
PAR  Action control switch 3 is set into position 4 (FIG. 1), whereby the green
      signal lamp 16 lights, (FIG. 7). When the yellow signal lamp 14 is
      lighted, system condition F1, and both cassettes are set in place, and a
      call comes in and neither the announcement tape nor the recording tape are
      in the end position, that is to say that the input variable ASTE . BEK1 .
      BEK2 delivers a message, the device is in system condition F8, in which
      the announcement text is transmitted to the telephone line, see line F8 on
      the table, whereby the control variables MTX, MAX, ZL2, R1R2, R3 and R7
      have the higher level 1. When obtaining the first sound marking on the
      announcement tape, the input variable MS delivers a control signal. This
      brings the device into system condition F9, in which during the time of
      marking, that is to say when recording the marking, the start button had
      been pushed (i.e. 6 seconds), an incoming voice signal is expected and the
      recording can start, see line F9 on the table, according to which the
      control variables MTX, MAX, R1R2 have a higher level. If there is no
      marking on the announcement tape, then the whole announcement tape runs
      through until the end contact, which delivers the input variable BEK1, so
      that the device passes from condition F8 to condition F4, in which
      according to the procedure already described the announcement tape is
      rewound, so that the device adopts again system condition F1.
PAR  In the event of a tape tearing, after say 2 minutes, there is input
      variable ZL, which is generated through time switch 66, which during
      condition F8 obtained control variable ZL2, so that the device reaches
      condition F13, the blocking position.
PAR  If in system condition F9 during the time interval of the existence of the
      marking a voice signal occurs, then the input variable SP (output signal
      of the voice switch 46 in FIG. 2) releases a message, so that the device
      reaches system condition F10, see line F10 on the table, whereby the
      control variable MAP, HF, ZL1, R1R2, R4, R6, R7, R8 and FFS have the
      higher level 1. In this manner the incoming message is recorded on the
      recording tape, whereby signal FFS sets RS-flipflop on FIG. 9, so that the
      red signal lamp 15 is lighted.
PAR  The duration of the recording is limited through one of the following
      criteria, see FIG. 10:
PA1  A. end of incoming message: approximately 6 seconds later the input
      variable SP drops;
PA1  B. adjustable time limit of timing switch 65: After 30 seconds up to 2
      minutes this timing switch delivers the input variable ZL;
PA1  C. end of storage tape: Input variable BEK2 starts;
PA1  D. pushing stop button 11: Input variable STO starts. This interruption
      possibility permits to interrupt the storage of undesirable messages which
      have already been monitored. Thus the monitoring possibility is made
      possible by the fact that in system condition F10 control variable R7
      unlocks power stage 36.
PAR  Due to the effect of one of the above mentioned control signals the device
      reaches system condition F11, where the second portion of the announcement
      text or final cancellation is transmitted onto the telephone line, see
      line F11 on the table, whereby the control variables MTX, MAX, ZL2, R1R2,
      R3, R7 have the higher level.
PAR  When reaching the second marking on the announcement tape (input variable
      MS) or when reaching the tape end contact on the announcement tape (input
      variable BEK1) or by pushing the stop button, input variable STO, the
      device passes onto system condition F4 and after rewinding the
      announcement tape it reaches system condition F1, in which the yellow
      signal lamp 14 is lighted again and the device is ready for a new call.
      Furthermore in condition F4 the telephone loop gets separated again. If in
      condition F11 the announcement tape is torn, the time limit of the time
      switch 66 is exceeded causing the input variable ZL to bring about system
      condition F13 (blocking position).
PAR  If in system condition F9 during the marking, no message comes in, that is
      to say that the output variable SP does not deliver any message, the
      device at the end of the marking goes directly into system condition F11,
      during which the final cancellation is transmitted (MS).
PAR  It should also be observed, that in system condition F4 the input tape is
      rewound and condition F1 of ready to operate is reached only when the
      announcement tape is not in the initial position. If the recording tape is
      in the end position, the input variable BEK2 puts the device into
      condition F13, that is to say into the blocking position. After
      eliminating the error, by pushing the stop button 11 (input variable STO),
      the device can be put into condition F4 again, from which after rewinding
      the announcement tape it goes into condition F1. When switching on the
      device a reset signal R can be obtained, by having first the device in
      condition F4, and it only reaches condition F1 of ready to operate with
      the lighting up of yellow signal lamp 14, when the announcement tape is
      rewound and the recording tape has not arrived to its end.
PAR  The described device can also be operated so that it automatically only
      answers calls, and does not store incoming messages. To obtain this
      function, there are the following two possibilities:
PA1  A. when recording the announcement text, which naturally has to confrom
      with the operating manner of the device, and particularly should not
      include any request to speak, the recording of a marking signal at the end
      of the announcement text is eliminated, whereby the announcement tape is
      allowed to run to its end, see FIG. 10 the transition from condition F2 to
      condition F4, caused by the occurrence of signal BEK1 (end of the
      announcement tape).
PA1  If in position 4 of action control switch 3 (telephone line) a call comes
      in, the device as already described, passes from system condition F1 of
      ready to operate into system condition F8, in which the announcement text
      is transmitted onto the telephone line. At the end of the announcement
      text the marking signal MS does not appear in this case, so that the
      transition into system condition F9, in which an incoming voice signal is
      expected, does not occur. Now the complete announcement tape runs through,
      until the signal BEK1 generated by the tape end contact occurs, which
      allows the transition of the device into system condition F4, wherein the
      telephone loop is separated and the announcement tape is rewound, so that
      in condition F1 another call can be answered.
PA1  B. when recording the adapted announcement text onto the announcement tape
      at the end of the text in short intervals two short marking impulses are
      recorded, for instance two impulses each approximately one second at an
      interval of also approximately one second. The purpose of the double
      marking impulses is to effect immediate reverse movement of the
      announcement tape after termination of the announcement text.
PAR  Once in the operating position "telephone" of the device a call has come in
      the device is again in system condition F8, wherein the announcement text
      is sent onto the telephone line. At the end of the announcement text
      appears the first marking impulse MS, which puts the device into system
      condition F9. Since the condition F9 is only kept as long as the marking
      signal MS is on, the device after only a short time, i.e. after one
      second, at the end of the first marking impulse, adopts system condition
      F11, since most probably during this short time interval no other incoming
      voice signal will be received, even if the calling person would start
      speaking without having been asked to do so. In condition F11 one second
      later the second marking impulse MS is transmitted, which puts the device
      into system condition F4, in which the telephone loop is separated, the
      announcement tape is rewound and the ready to use condition is restored
      (system condition F1).
PAR  The possibility described under (B) of operating the device as only call
      answering has, compared with the possibilities described in (A), the
      advantage that after transmission of the announcement text the ready to
      operate condition is restored faster, because it is not necessary to wait
      for the complete runoff of the announcement tape.
CLMS
STM  We claim:
NUM  1.
PAR  1. Automatic telephone answering and announcement device comprising in
      operative electrical connection:
PA1  a. a first sound recorder (AW1) for recording, reproducing and answering
      oral text;
PA1  b. a second sound recorder (AW2) for recording and playing back incoming
      messages;
PA1  c. action control switch means (3); and
PA1  d. additional selectivity switches (10, 11, 12, 13) for selecting specific
      functions;
PA1  e. a switching system (33, 40, 52, 54, 56, 65, 66);
PA1  f. amplifying system;
PA1  g. a control system for independent control of the work cycle of the device
      in its different functions, said control system (3) including third
      recording means to apply at least a marking signal on the first sound
      recorder (AW1) and for the playback thereof, whereby to switch the device
      from playing back the call answering text to recording the incoming
      message and to correct in event of a premature ending of the playback of
      the call answering text;
PA1  h. call detector means (27);
PA1  i. voice detector means (46) for incoming messages;
PA1  j. marking detector means (38) for detecting marking signals on the first
      recorder;
PA2  said action control means (3) and the additional switches (10, 11, 12, 13)
      as well as the call detector (27), the voice detector (46) and the marking
      detector (38) being interconnected to deliver binary message signals
      (ST1W), STWT, STAT, ASTE, ST, STO, RT, LT, AS, SP, MS);
PA1  k. a digital control means (67, 68, 69) comprising an integrated circuit,
      the inputs (67) of which are in connection with said action control switch
      (3), the additional switches (10, 11, 13) and the outputs of said
      respective detectors (27, 46 and 38) and the output of the digital control
      means (68) being connected with control inputs of an electrical switching
      means (33, 40, 52, 54, 56, 65, 66), whereby the digital control means,
      depending on its internal condition and that of the binary message signal,
      generates binary control signals (MTX, MTP, MAX, MAP, HF, NF, ZL1, ZL2, R1
      to R8) for said electrical switching means requiring control;
PA1  1. driving means for the respective recorders; and
PA1  m. a source of electrical power.
NUM  2.
PAR  2. The device according to claim 1, in which the first and second sound
      recorders (AW1 and AW2) include magnetic tapes, wound into cassettes.
NUM  3.
PAR  3. The device according to claim 1, in which the said additional switches
      (10, 12, 13, 14) comprise a starting switch (10), a stop switch (11), a
      return switch (12), for the second magnetic sound recorder and an erasing
      switch (13) for the respective magnetic sound recorders, whereby one of
      the terminals of each switch is connected through a resistance (60) with a
      first, fixed potential, i.e. a positive potential, and the second terminal
      of each switch is connected with a second, fixed potential, i.e. the
      ground potential.
NUM  4.
PAR  4. The device according to claim 2, in which the additional switches also
      include the tape beginning contacts (BAK1, BAK2) and tape end contacts
      (BEK1, BEK2) which can be activated by means of the two magnetic tapes.
NUM  5.
PAR  5. The device according to claim 3, in which the additional switches also
      include the tape beginning contacts (BAK1, BAK2) and tape end contacts
      (BEK1, BEK2) which can be activated by means of the two magnetic tapes.
NUM  6.
PAR  6. The device according to claim 3 in which the action control switch (3)
      has 4 operating positions (4, 5, 6, 7), the first position (4) serving for
      activation of the device on a telephone line for playing back of the
      announcement text from the first magnetic sound recorder and recording the
      incoming messages on the second magnetic sound recorder, the second
      position (5) for internal play-back of the message recorded on the second
      magnetic sound recorder, the third position (6) for recording the
      announcement text and at least one marking signal on the first magnetic
      sound recorder and the fourth position (7) for internal play-back of the
      recorded announcement text, whereby a first movable contact element of the
      action control switch is connected with the start button (10) and a second
      movable contact element with the output of the call detector (27), a fixed
      contact of the first position (4) assigned to the first movable contact
      element being connected with a first signal lamp (16) indicating the first
      operating position, fixed contacts of the remaining position (5, 6, 7)
      allocated to the first contact element and the fixed contact of the first
      position (4) allocated to the second movable contact element being
      connected with inputs (67) of the digital control system (67, 68, 69).
NUM  7.
PAR  7. The device according to claim 6, in which additional signal lamps (14,
      15) are adapted to indicate that the device is ready to operate and to
      indicate that at least one incoming message has been recorded, whereby
      each signal lamp is connected to a switch transistor (51), the control
      electrodes of which are connected with one output (68) of the digital
      control system (67, 68, 69) emitting a corresponding control signal (LW,
      LR).
NUM  8.
PAR  8. The device according to claim 1, in which each recorder switch connects
      to an electromotor (M) for the advancing and rewind of the said first
      and/or second sound recorder and an electromechanical switch-over element
      (52) connected to the electromotor (M) for selectively switching on
      advance or rewind, each motor and each switch-over element being further
      connected in series to a switch transistor (58, 54), the control
      electrodes of which are connected with an output (68) of the digital
      control system (67, 68, 69) which emits a corresponding binary control
      signal (MTX, MTP, MAX, MAP).
NUM  9.
PAR  9. The device according to claim 1, in which the call detector (27)
      contains a differentiating circuit, a rectifying circuit connected to it
      and a subsequent integrating circuit, preferably with an adjustable timing
      constant to obtain impulses which are independent of the amplitude of the
      call signal.
NUM  10.
PAR  10. The device according to claim 1, in which the voice detector (46) is
      provided on its input with a high-pass filter having a cutoff frequency of
      approximately 600 Hz, and a differentiating switch for detecting
      fluctuating amplitudes of an input signal, a storage condensor which
      becomes charged and discharged with a sine-shaped input signal so that the
      voice detector for sine-shaped input signals does not deliver any output
      signal, and an RC time element, to obtain a determined time delay and thus
      a stopping of the output signal of the voice detector during a speaking
      pause.
NUM  11.
PAR  11. The device according to claim 1, in which the marking generator (33)
      generates the recording marking signal and selectively amplifies the
      recorded marking signals, said marking generator (33) having an active
      filter switch with a feedback circuit, which may be controlled through a
      binary control signal (NF) of the digital control system (67, 68, 69), in
      such a manner that when the control signal (NF) exists, the active filter
      switch with its proper frequency swings from 180 to 200 Hz, but in the
      event of non existence of the control signal (NF) it forms a selective
      amplifier for said frequency, the input of said marking detector (38)
      being connected to the amplifier output of said marking generator (33).
NUM  12.
PAR  12. The device according to claim 1 including relay contacts (K1, K2, K3,
      K4) for connecting a telephone line (A,B) and/or for switching the
      connection over to the telephone line from the input to the output of a
      variable-gain amplifier (31) and vice versa as well as for switching the
      input of the variable-gain amplifier (31) from the connection with the
      telephone line to the output of a preamplifier (32), to the input of which
      a microphone signal of a signal reproduced by the first or the second
      magnetic sound recorder is conducted, and for the output of a marking
      generator (33) in order to generate marking signals, relay contact (K1,
      K2, K3, K4) have been provided, and connected relays (52) are each one
      connected to a transistor (54), the control electrodes of which are
      connected with an output (68) of the digital control system (67, 68, 69).
NUM  13.
PAR  13. Device according to claim 12, in which additional relay contacts (K5,
      K6, K8) are provided for switching the input of the preamplifier (32) from
      a line for a microphone (MIC) to lines for play-back and sound recording
      heads (AW1, AW2) for the first and second magnetic sound recorder,
      switching said sound heads (AW1, AW2) from the input of the preamplifier
      (32) to the output of the variable-gain amplifier (31) as well as for the
      selective setting of the sound head (AW1 and AW2) and of an erasing head
      (LK1 or LK2) for the first or for the second magnetic sound recorder,
      whereby the relays (52) belonging to the relay contacts are each connected
      to a transistor (54), the control electrodes of which are connected with
      output (68) of the digital control system emitting a corresponding binary
      control signal (R5, R6, R8).
NUM  14.
PAR  14. The device according to claim 13, in which a high frequency generator
      (4) is provided for generating an erasing signal for the erasing heads
      (LK1, LK2) and for the magnetizing of the sound heads (AW1, AW2), said
      high frequency generator being controlled by a binary control signal (HF)
      of the digital control system (67, 68, 69), whereby the output of the
      generator (40) is connected to relay contact (K8) for the selective
      setting of the erasing heads (LK1, LK2), and through a voltage divider
      (42) is connected to the output of the variable-gain amplifer (31).
NUM  15.
PAR  15. The device according to claim 1, in which at least one timing switch
      (65, 66) is provided for a premature termination of the recording of the
      incoming message and/or for blocking the device in event of malfunction of
      the first sound recorder, whereby the input of the timing switch is
      connected to an output (68) of the digital control system (67, 68, 69) and
      the output of the timing switch is connected to the input (67) of the
      digital control system.
NUM  16.
PAR  16. The device according to claim 6, in which for playing back a recorded
      message as well as the call answering text a power stage (36) with a
      loudspeaker (37) is provided, which may be blocked or unblocked by means
      of a binary control signal (R7) of the digital control system (67, 68,
      69).
NUM  17.
PAR  17. In a device connected to terminals for a telephone exchange line for
      the automatic answering of telephone calls having a first magnetic sound
      recorder for recording and reproducing an answering text and a drive
      mechanism for said first magnetic sound recorder; a storage device
      containing a second magnetic sound recorder for recording and reproducing
      of arriving messages and a drive mechanism for said second magnetic sound
      recorder and an electric circuit and amplifying means adapted to be
      combined selectively by switching means including an operation control
      switch means and additional selectively operable switches for selecting
      specific functions, said electric circuit and amplifying means including a
      plurality of control means for control of the cyclic functions of the
      device in different modes of operations, said control means comprising
      means for recording at least one control signal on said first sound
      recorder and for reproducing said recorded control signal for the purpose
      of switching the device from reproduction of the answering text to
      recording the incoming call, the improvement comprising:
PA1  a call detector means connected to said terminals for the exchange line,
PA1  voice detector means for incoming messages connected to said terminals for
      the exchange line,
PA1  marking detector means connected to said first magnetic sound recorder for
      detecting said control signals on said first sound recorder, said
      operation control switch, the additional switches, the call detector
      means, the voice detector means and the marking detector means including
      output terminals for delivering binary control signals corresponding to
      the presence and absence of a respective event,
PA1  a digital control means in the form of a periodically clocked integrated
      circuit means having a plurality of input terminals each connected with a
      different one of the outputs of said operation control switch, additional
      switches, call detector means, voice detector means and marking detector
      means, and having a plurality of output terminals each connected with an
      input of a different one of said plurality of control means for control of
      the cyclic functions of the device, whereby the digital control means,
      depending on its internal state and that of the binary control signals at
      its input terminals, generates binary control signals for said plurality
      of control means for control of the cyclic functions of the device.
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ABST
PAL  An automatic toll ticketing system for use in a communication switching
      system includes an addressable scanner having common control apparatus
      controlled by the common control apparatus to effect the interrogation of
      a preselected group of scan points, associated with busy paths established
      through a switching network of the switching system, in accordance with
      address data supplied by the common control apparatus which identifies the
      busy paths.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to automatic toll ticketing subsystems for use in
      communication switching systems, and more particularly, to an addressable
      scanner for monitoring usage times for originating junctors and trunk
      circuits of a communication switching system.
PAR  2. Description of the Prior Art.
PAR  Communication switching systems, such as telephone switching systems,
      generally employ toll ticketing subsystems for the purpose of billing
      customers for usage of telephone facilities. The essential functions of
      the toll ticketing subsystem are to collect, format, and record toll
      utilization data for future processing. The data gathered and reported is
      used for customer billing, toll separation, traffic engineering studies,
      planning and evaluation of toll services, and maintenance of toll
      facilities.
PAR  Automatic toll ticketing equipment may be employed to handle message rate
      service local traffic MRS and direct distance dialed toll traffic DDD, for
      example. Customers who subscribe to message rate service are allowed to
      place a limited number of calls of unlimited duration to points within a
      predefined geographic zone. For calls of this type, the ticketing
      subsystem monitors the status of originating junctors or incoming PABX
      trunks. When an answer condition is detected, the call is pegged as a
      completed call.
PAR  The ticketing subystem may also collect customer billing data for direct
      distance dialed toll traffic. All direct distance dialed calls are
      ticketed as timed calls by monitoring the status of outgoing trunk
      circuits for both answer and disconnect times, so that the total
      conversation time can be determined at an accounting center.
PAR  The originating junctors and trunk circuits include supervisory hold and
      answer relays which in turn operate slave relays the contacts of which
      provide scan points which permit monitoring of the completed call for
      message rate service and an indication of answer and disconnect times for
      direct distance dialed calls. The toll ticketing subsystem includes a
      scanner which serves to scan the condition of the scan points.
PAR  Certain known toll ticketing systems employ scanning devices of the rotary
      type where scanning of a plurality of scan points is initiated at one of
      the scan points and the remaining scan points are scanned sequentially
      until end of scan is reached, at which point the scanner resets to the
      start position. Thus, in such systems, it is necessary to scan all of the
      scan points even though only certain ones of the scan points are
      associated with busy trunk circuits or originating junctor circuits. The
      scanner provides output data indicative of the condition of all of the
      scan points and thus the busy conditions for all of the trunk circuits and
      originating junctor circuits.
PAR  In common control systems, the automatic toll ticketing equipment may be
      controlled by the common control equipment to initiate the scanning of the
      scan points and the data provided as a result of such scan is returned to
      the common control equipment. However, since the known systems it is
      common to scan all of the scan points, the common control apparatus must
      allot time to the automatic toll ticketing equipment to initiate scanning
      and to recover and process the data resulting from the scan. In telephone
      switching systems which include a large number of originating junctors and
      trunk circuits, the need to scan all of the originating junctors and trunk
      circuits results in appreciable time loss for the common control
      apparatus.
PAR  Accordingly, it would be desirable to have an automatic toll ticketing
      apparatus which is controllable by common control apparatus in a
      communication switching system, which has the capability of scanning a
      particular group of scan points which is known to include at least one
      scanning device associated with a busy originating junctor or trunk
      circuit.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of the present invention to provide an automatic
      toll ticketing arrangement including an addressable scanner means which is
      controllable by common control apparatus in a communication switching
      system to effect the interrogation of a preselected group of scan points
      which includes at least one scan point known to be associated with a busy
      path established through a switching network of the switching system.
PAR  It is a further object of the present invention to provide a toll ticketing
      apparatus including an addressable scanning unit having self-checking
      circuits for detecting fault conditions in the scanning unit and for
      generating an error indication for transmission to a common control unit
      which controls the addressable scanner unit.
PAR  These and other objects are achieved by the present invention which has
      provided a toll ticketing arrangement including an addressable scanner
      unit for use in a common control communication switching system. The
      addressable scanner unit includes an array of scan point devices arranged
      in groups in a matrix between input and output lines of the matrix to
      permit selective access of each group of the scan point devices. Matrix
      access circuits include a plurality of current sources each connected to a
      different input line and a plurality of current sinks, each connected to a
      different output line.
PAR  The status of the scan point devices of a given group is interrogated in
      response to data supplied to the scanner unit from common control
      apparatus of the switching system, which effect enabling of the current
      source and the current sink associated with the group of scan point
      devices. The data includes address data which designates the current
      source and the current sink and an instruction that a scan operation is to
      be performed. The scanner unit includes a data in register means which
      receives the data, address decoder means responsive to the address data to
      provide enabling signals for the current source and current sink, and
      control and timing means responsive to the instruction data to generate
      signals for controlling the sequencing of the scanner unit.
PAR  When an addressed group of scan point devices is interrogated, a data word
      is generated with each bit of the data work representing the status of a
      different scan point device of the selected group. The data work is then
      transmitted to the common control apparatus under the control of
      instructions provided by the common control apparatus and signals provided
      by the control and timing means of the scanner unit.
PAR  The scanner unit also includes eror detection means which determines that
      only one instruction has been received from the common control apparatus
      at a given time, that all the required control signals have been generated
      for a given operation, and that at least one but only one current source
      and current sink have been enabled for a given scan operation. The error
      detection means includes means responsive to an error condition for
      generating an error indication for transmission to the common control
      apparatus and for inhibiting further operation of the scanner unit until
      the source of the error has been determined.
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS AND PATENTS
PAR  The preferred embodiment of the invention is incorporated in a
      COMMUNICATION SWITCHING SYSTEM WITH MARKER, REGISTER AND OTHER SUBSYSTEMS
      COORDINATED BY A STORED PROGRAM CENTRAL PROCESSOR, U.S. patent application
      Ser. No. 342,323, filed Mar. 19, 1973, now abandoned and a
      continuation-in-part thereof filed which is now U.S. Pat. No. 3,835,260
      issued Sept. 10, 1974, hereinafter referred to as the SYSTEM application.
      The system may also be referred to as No. 1 EAX ro simply EAX.
PAR  The memory access, and the priority and interrupt circuits for the
      register-sender subsystem are covered by U.S. Pat. No. 3,729,715 issued
      Apr. 24, 1973 by C. K. Buedel for a MEMORY ACCESS APPARATUS PROVIDING
      CYCLIC SEQUENTIAL ACCESS BY A REGISTER SUBSYSTEM AND RANDOM ACCESS BY A
      MAIN PROCESSOR IN A COMMUNICATION SWITCHING SYSTEM, hereinafter referred
      to as the REGISTER-SENDER MEMORY CONTROL patent. The register-sender
      subsystem is described in U.S. Pat. No. 3,737,873 issued June 5, 1973 by
      S. E. Puccini for DATA PROCESSOR WITH CYCLIC SEQUENTIAL ACCESS TO
      MULTIPLEXED LOGIC AND MEMORY, hereinafter referred to as the
      REGISTER-SENDER patent.
PAR  The marker for the system is disclosed in the U.S. Pat. No. 3,681,537,
      issued Aug. 1, 1972 by J. W. Eddy, H. G. Fitch, W. F. Mui and A. M.
      Valente for a MARKER FOR COMMUNICATION SWITCHING SYSTEM, and U.S. Pat. No.
      3,678,208, issued July 18, 1972 by J. W. Eddy for a MARKER PATH FINDING
      ARRANGEMENT INCLUDING IMMEDIATE RING; and also in U.S. patent application
      Ser. No. 281,586 filed Aug. 17, 1972, now U.S. Pat. No. 3,806,659 issued
      Apr. 23, 1974 by J. W. Eddy for an INTERLOCK ARRANGEMENT FOR A
      COMMUNICATION SWITCHING SYSTEM, Ser. No. 311,606 filed Dec. 4, 1972, now
      U.S. Pat. No. 3,830,983 issued Aug. 20, 1974 by J. W. Eddy and S. E.
      Puccini for a COMMUNICATION SYSTEM CONTROL TRANSFER ARRANGEMENT, Ser. No.
      303,157 filed November 2, 1972, now U.S. Pat. No. 3,809,822 issued May 7,
      1974, by J. W. Eddy and S. E. Puccini for a COMMUNICATION SWITCHING SYSTEM
      INTERLOCK ARRANGEMENT, hereinafter referred to as the MARKER patents and
      applications.
PAR  The communication register and the marker transceivers are described in
      U.S. patent application Ser. No. 320,412 filed Jan. 2, 1973, now Pat. No.
      3,814, issued June 4, 1974, by J. J. Vrba and C. K. Buedel for a
      COMMUNICATION SWITCHING SYSTEM TRANSCEIVER ARRANGEMENT FOR SERIAL
      TRANSMISSION, hereinafter referred to as the COMMUNICATIONS REGISTER
      patent application.
PAR  The executive or operating system of the stored program processor is
      disclosed in U.S. patent application Ser. No. 347,281 filed Apr. 2, 1973
      by C. A. Kalat, E. F. Wodka, A. W. Clay, and P. R. Harrington for STORED
      PROGRAM CONTROL IN A COMMUNICATION SWITCHING SYSTEM, hereinafter referred
      to as the EXECUTIVE patent application.
PAR  The computer line processor is disclosed in U.S. patent application Ser.
      No. 347,966, filed Apr. 4, 1973, now U.S. Pat. No. 3,831,151 issued Aug.
      20, 1974, by L. V. Jones and P. A. Zelinski for a SENSE LINE PROCESSOR
      WITH PRIORITY INTERRUPT ARRANGEMENT FOR DATA PROCESSING SYSTEMS.
PAR  Programs for communication between the data processing unit and the
      register-sender, in addition to the SYSTEM application, are disclosed in
      U.S. patent application Ser. No. 358,753 filed May 9, 1973, now U.S. Pat.
      No. 3,819,865 issued June 25, 1974, by F. A. Weber et al.
PAR  The scanner is described in two articles in the GTE Automatic Electric
      Technical Journal, Vol. 13, No. 4, (October, 1972) at pages 177-184 and
      pages 185-196.
PAR  The above patents, patent applications, and articles are incorporated
      herein and made a part hereof as though fully set forth.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the ticketing subsystem including the
      ticketing scanner unit provided by the present invention;
PAR  FIG. 2 is a block diagram of a communication switching system which employs
      the ticketing subsystem shown in FIG. 1;
PAR  FIG. 3 shows the functional relationship between the ticketing scanner unit
      and the switching system;
PAR  FIG. 4 shows the scan sequence for the ticketing scanner unit of FIG. 1;
PAR  FIGS. 5 and 5A when arranged in a side by side relationship show a detailed
      block diagram of the ticketing scanner unit shown in FIG. 1;
PAR  FIGS. 6 and 6A when arranged in a side by side relationship show a detailed
      block diagram of the scanner peripheral adapter of the ticketing scanner
      unit shown in FIGS. 5 and 5A;
PAR  FIG. 6B is a simplified block and partial schematic circuit diagram of the
      scanner unit;
PAR  FIGS. 7 and 7A when arranged in a side by side relationship show a detailed
      block and partial schematic circuit diagram of the matrix of the ticketing
      scanner unit shown in FIG. 5;
PAR  FIGS. 8-17 are hardware flowcharts illustrating various operating modes for
      circuits of the ticketing scanner unit shown in FIGS. 5 and 5A; and,
PAR  FIGS. 18-24 are timing diagrams illustrating the relationships of control
      and timing signals of the ticketing scanner unit.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAC  General Description
PAR  Referring to FIG. 1, there is shown a block diagram of a local automatic
      message accounting LAMA ticketing subsystem 145, provided by the present
      invention. The ticketing equipment is intended for operation in a Class 5
      telephone switching office, which includes a common control electronic
      switching system, for local automatic message accounting.
PAR  The essential functions of the toll ticketing subsystem 145 are to collect,
      format, and record toll utilization data for future processing. The
      automatic toll ticketing subsystem 145 comprises a ticketing scanner unit
      TSU which monitors the status of trunks and originating junctors over
      ticketing relay frame ATRF to provide data for use in customer billing,
      toll separation, traffic engineering studies, planning and evaluation of
      toll services, and maintenance of toll facilities. The system 145 also
      includes ticketing magnetic tape units TMU which serve as a recording
      medium for data provided by the scanner unit TSU. The ticketing scanner
      unit TSU and the ticketing magnetic tape unit TMU are controlled by common
      control apparatus of the system and communicate with a computer central
      processor CCP of the system via a communication channel multiplex CCX and
      ticketing device buffer TDB. As will be shown hereinafter, the LAMA system
      145 makes maximum use of the computer central processor CCP of the common
      control apparatus as well as relevant information accumulated or generated
      by other subsystems of the communication switching system in performing
      the ticketing operations. One example of a telephone switching system
      which may employ the LAMA system 145 is now described.
PAC  GENERAL SYSTEM DESCRIPTION
PAR  The telephone switching system is shown in FIG. 1A. The system is disclosed
      in said system patent application, and also in said REGISTER-SENDER MEMORY
      CONTROL patent application. The system comprises a switching portion
      comprising a plurality of line groups such as line group 110, a plurality
      of selector groups such as selector group 120, a plurality of
      trunk-register groups such as group 150, a plurality of originating
      markers, such as marker 160, and a plurality of terminating markers such
      as marker 170; and a control portion which includes register-sender groups
      such as the group RS, data processing unit DPU, and a maintenance control
      center 140. The line group 110 includes reed-relay switching network
      stages A, B, C and R for providing local lines L000-L999 with a means of
      accessing the system for originating calls and for providing a means of
      terminating calls destined for local customers. The trunk-register group
      150 also includes reed-relay switching networks A and B to provide access
      for incoming trunks 152 to connect them to the register-sender, the trunks
      also being connected to selector inlets. The selector group 120 forms an
      intermediate switch and may be considered the call distribution center of
      the system, which routes calls appearing on its inlets from line groups or
      from incoming trunks to appropriate destinations, such as local lines or
      outgoing trunks to other offices, by way of reed-relay switching stages A,
      B and C. Thus the line group 110, the trunk-register groups 150, and the
      selector group 120 form the switching network for this system and provide
      full-metallic paths through the office for signaling and transmission.
PAR  The originating marker 160 provides high-speed control of the switching
      network to connect calls entering the system to the register-sender 200.
      The terminating markers 170 control the switching networks of the selector
      group 120 for establishing connections therethrough; and if a call is to
      be terminated at a local customer's line in the office then the
      terminating marker sets up a connection through both the selector group
      120 and the line group 110 to the local line.
PAR  The register-sender RS provides for receiving and storing of incoming
      digits and for outpulsing digits to distant offices, when required.
      Incoming digits in the dial pulse mode, in the form of dual tone (touch)
      calling multifrequency signals from local lines, or in the form of
      multifrequency signals from incoming trunks are accommodated by the
      register-sender. A group of register junctors RRJ function as peripheral
      units as an interface between the switching network and the common logic
      circuits of the register-sender. The ferrite core memory RCM stores the
      digital information under the control of a common logic 202. Incoming
      digits may be supplied from the register junctors via a register receiver
      matrix RSX and tone receivers 302-303 to a common logic, or may be
      received in dial pulse mode directly from the register junctors. Digits
      may be outpulsed by dial pulse generators directly from a register junctor
      or multifrequency senders 301 which are selectively connected to the
      register junctors via the sender-receiver matrix RSX. The common logic
      control 202, and the core memory RCM form the register apparatus of the
      system, and provide a pool of registers for storing call processing
      information received via the register-junctors RRJ. The information is
      stored in the core memory RCM on a time-division multiplex sequential
      access basis, and the memory RCM can be accessed by other subsystems such
      as the data processor unit 130 on a random access basis.
PAR  The data processor unit DPU provides stored program computer control for
      processing calls through the system. Instructions provided by the unit DPU
      are utilized by the register RS and other subsystems for processing and
      routing of the call. The unit DPU includes a drum memory 131 for storing,
      among other information, the equipment number information for translation
      purposes. A pair of drum control units, such as the unit 132 cooperate
      with a main core memory 133 and control the drum 131. A central processor
      135 accesses the register sender RS and communicates with the main core
      memory 133 to provide the computer control for processing calls through
      the system. A communication register 134 transfers information between the
      central processor and the originating markers 160 and terminating markers
      170 via input/output device buffers 136, which, together with a
      maintenance control unit 137, transfer information to the central
      processor 137 from the communication register 134 and from the maintenance
      control center 140. The maintenance and control center 140 includes a
      teletypewritten 142 for communicating with the system, and a local
      automatic message accounting subsystem 145 for providing ticketting
      functions and program loading and dumping operations. A maintenance
      control 145 is used for maintaining the system.
PAR  The line group 110 in addition to the switching stages includes originating
      junctors 113 and terminating junctors 115. On an originating call the line
      group provides concentration from the line terminals to the originating
      junctor. Each originating junctor provides the split between calling and
      called parties while the call is being established, thereby providing a
      separate path for signaling. On a terminating call, the line group 110
      provides expansion from the terminating junctors to the called line. Ther
      terminating junctors provide ringing control, battery feed, and line
      supervision for calling and called lines. An originating junctor is used
      for every call originating from a local line and remains in the connection
      for the duration of the call. The originating junctor extends the calling
      line signaling path to the register junctor RRJ of the register-sender RS,
      and at the same time provides a separate signaling path from the
      register-sender to the selector group 120 for outpulsing, when required.
      The originating junctor isolates the calling line unit cut-through is
      effected, at which time the calling party is switched through to the
      selector group inlet. The originating junctor also provides line lock out.
      The terminating junctor is used for every call terminating on a local line
      and remains in the connection for the duration of the call.
PAR  The selector group 120 is the equipment group which provides intermediate
      mixing and distribution of the traffic from various incoming trunks and
      junctors on its inlets to various outgoing trunks and junctors on its
      outlets.
PAR  The markers used in the system are electronic units which control the
      selection of idle paths in the establishing of connections through the
      matrices, as explained more fully in said marker patent application. The
      originating marker 160 detects calls for service in the line and/or trunk
      register group 150, and controls the selection of idle paths and the
      establishment of connections through these groups. On line originated
      calls, the originating marker detects calls for service in the line
      matrix, controls path selection between the line and originating junctors
      and between originating junctors and register junctors. On incoming trunk
      calls the originating marker 160 detects calls for service in the incoming
      trunks connected to the trunk register group 150 and controls path
      selection between the incoming trunks 152 and register junctors RRJ.
PAR  The terminating marker 170 controls the selection of idle paths in the
      establishing of connections for terminating calls. The terminating marker
      170 closes a matrix access circuit which connects the terminating marker
      to the selector group 120 containing a call-for-service, and if the call
      is terminated in a local line, the terminating marker 170 closes another
      access circuit which in turn connects the marker to the line group 120.
      The marker connects an inlet of the selector group to an idle junctor or
      trunk circuit. If the call is to an idle line the terminating marker
      selects an idle terminating junctor and connects it to a line group inlet,
      as well as connecting it to a selector group inlet. For this purpose the
      appropriate idle junctor is selected and a path through the line group 110
      and the selector group 120 is established.
PAR  The data processor unit 130 is the central coordinating unit and
      communication hub for the system. It is in essence a general purpose
      computer with special input-output and maintenance features which enable
      it to process data. The data processing unit includes control of: the
      originating process communication (receipt of line identity, etc.), the
      translation operation, route selection, and the terminating process
      communication. The translation operation includes: class-of-service
      look-up, inlet-to-directory number translation, matrix outlet-to-matrix
      inlet translation, code translation and certain special feature
      translations.
PAC  LOCAL AUTOMATIC MESSAGE ACCOUNTING SUB-SYSTEM
PAC  Equipment Capabilities
PAR  The toll ticketing equipment is intended for operation in a class 5 office
      for local automatic message accounting LAMA. The ticketing equipment
      tickets only customer-dialed automatic number identification ANI traffic.
      This customer-dialed ANI traffic may be either direct distance dialed DDD
      toll traffic or message rate service MRS local traffic. Extended direct
      distance dialed EDDD traffic is routed to a traffic service position
      system TSPS or a centralized automatic message accounting system CAMA, and
      is not processed by the LAMA toll ticketing subsystem. The LAMA ticketer
      tickets only calls originating within the local office. All DDD calls are
      ticketed on the outgoing trunk. All MRS calls are ticketed on originating
      junctors or incoming trunks serving high usage lines, such as PABX lines.
PAC  DDD Traffic
PAR  Direct distance dialing DDD traffic is ticketed as a timed call. The toll
      ticketing equipment supervises the call for both answer and disconnect
      times so that total conversation time can eventually be determined. The
      final determination of total conversation time is done at the accounting
      center. DDD traffic is restricted to station-to-station sent paid SSPD
      calls and to multi-message unit MMU calls. As SSPD call is a non-coin
      station pair call to a point outside of the customer's "expanded local
      area calling service" ELACS plan. A MMU call is a non-coin station paid
      call to a point outside of the customer's flat rate "normal area" zone,
      but within the boundaries of his ELACS plan.
PAC  MRS Traffic
PAR  Message rate service traffic is ticketed as pegged calls. The toll
      ticketing equipment supervises the call for the answer state only. That
      is, information is collected only as required to determine that a
      completed call took place and not to determine the total conversation
      time.
PAC  Permanent Trunk Fault Detection
PAR  The toll ticketing equipment is capable of detecting permanent trunk fault
      conditions of the type which:
PA1  a. prevent the trunk from returning answer supervision to the ticketer
      (permanent unanswered state), or
PA1  b. prevent the trunk from removing answer supervision to the ticketer
      (permanent answer state).
PAC  Office Administration Data
PAR  In addition to the recording of call data for billing purposes, the toll
      ticketing equipment also is capable of recording call data for certain
      preselected office administration functions, including traffic sampling
      studies, traffic service observation studies, and maintenance information.
      The data recorded for office administration purposes may differ in
      content, or may require different interpretation than the data recorded
      for billing purposes.
PAR  Traffic sampling refers to the constant supervision of certain types of
      calls such that a preselected percentage of these calls are ticketed. The
      purpose of traffic sampling normally is to collect data for division of
      revenue studies. The toll ticketing equipment provides for traffic
      sampling of the following:
PA1  a. 100 percent of all completed outgoing INWATS calls,
PA1  b. 20 percent of all completed outgoing switch service network SSN calls,
      and
PA1  c. 10 percent of all completed outgoing flat rate WATS calls.
PAR  Traffic observation is the temporary supervision of certain trunk groups to
      determine, during specified intervals of time, the usage of these trunks.
      The instruction to initiate a selected traffic service observation enters
      into the system via the office administration teletypewriter. The
      ticketing operation continues until a subsequent input instruction, via
      the teletypewriter, terminates the study. When a trunk group is marked for
      study, all calls via that trunk group are ticketed completed and
      non-completed, billed and non-billed. The call records of non-completed
      and non-billed calls are marked with a special coded information character
      for easy identification.
PAC  Hardware Configuration and Functional Description
PAR  The toll ticketing equipment is a hybrid subsystem consisting of hardware
      physical equipment and software programs. This section describes the
      hardware. FIG. 1 shows the major hardware units associated with the toll
      ticketing subsystem. The toll ticketing subsystem consists of two basic
      equipment units called the automatic toll ticketing frame ATTF and the
      automatic toll ticketing relay frame ATRF. A subsystem configuration
      consists of one ATTF and either one or two ATRF's.
PAC  Automatic Toll Ticketing Relay Frame ATRF
PAR  The ATRF is a single-frame unit containing the scan point devices monitored
      by the ticketing scanner. A scan point device consists of a 1A correed.
      The coil of the correed is wired to the incoming trunk or originating
      junctor being monitored. The contact of the correed is monitored by the
      scanner. The ATRF serves 2,880 scan points. A fully expanded LAMA
      subsystem includes two ATRF's, or 5,760 scan points. Each ticketed
      outgoing trunk requires two scan points. All DDD calls are ticketed on
      outgoing trunks. Each metered originating junctor or incoming trunk
      requires one scan point. All MRS calls are metered on originating junctors
      and incoming trunks.
PAR  Each ATRF consists of four equipment files. Each file contains 720 scan
      points (18 cards per file, 40 scan points per card). These 720 scan points
      can serve either 720 originating junctors or incoming trunks MRS scan
      points or 360 outgoing trunks DDD scanpoints. All scan points within a
      single file must be dedicated to either MRS or DDD service.
PAC  Automatic Toll Ticketing Frame ATTF
PAR  The automatic toll ticketing frame ATTF is a dual frame unit containing two
      magnetic tape units TMU-A, TMU-B and a duel channel ticketing scanner unit
      TSU which communicate with the computer central processor CCP via a pair
      of ticketing device buffers TDB-A, TDB-B and the computer channel
      multiplexor CCX. The magnetic tape units TMU include a magnetic tape
      transport MTT, associated read/write circuits MTE and a peripheral adapter
      MPA. The ticketing scanner unit TSU includes a ring core matrix COR and
      associated peripheral components, duplicated scanner current switches RCS
      and peripheral adapter SPA.
PAR  The ticketing magnetic tape unit TMU and ticketing scanner unit TSU connect
      to the central processor CCP via the computer channel multiplex CCX. Two
      channels A and B are provided for reliability, each channel consisting of
      a scanner unit TSU and a magnetic tape unit MTU which share a common
      interface to the channel multiplex CCX in the form of the ticketing device
      buffers TDB. Ticketing device buffer TDB-A is dedicated to tape magnetic
      unit TMU-A and ticketing scanner unit TSU-A and comprise channel A.
      Ticketing device buffer TDB is dedicated to ticketing magnetic unit TMU-B
      and ticketing scanner unit TSU-B and forms channel B.
PAR  At any point in time, only one of the units TMU or TSU of a given channel
      is active. The unit TMU, TSU of the other channel is in a standby mode.
PAR  More specifically, in normal operation, both buffers TDB-A and TDB-B are
      active. One channel is dedicated to the corresponding ticketing scanner
      unit such as unit TSU-A with the associated ticketing magnetic tape unit
      TMU-A in standby while the other channel is dedicated to its associated
      ticketing magnetic unit TMU-B while the associated ticketing scanner unit
      TSU-B is in standby. If a fault is detected in the active channel, the
      system reconfigures under program control to the standby channel.
      Reconfiguration is manually initiated to facilitate the removal of a
      completed magnetic tape and the loading of a new reel of tape. This
      procedure also has the advantage of alternately exercising the TMU/TSU
      channels.
PAR  If a fault should occur in one of the channels, the entire ticketing
      operation can be handled by the other channel, freeing the faulty channel
      for maintenance. Hardware errors are detected during operation by means of
      parity and one-out-of-N checking circuits. A read-after-write check is
      provided for the magnetic tape to insure the validity of the final data
      record. In the event of an error, a particular task is repeated to account
      for the possibility of transients. If an error occurs during the second
      attempt, the system reconfigures to single-channel operation and places
      the faulty unit out of service.
PAC  Ticketing Scanner Unit TSU
PAR  The ticketing scanner unit TSU is a medium speed electronic
      scanner/multiplex device. Its function is to monitor the scan point
      switches located in the frame ATRF, whose purpose is to duplicate the call
      processing state of the trunks and originating junctors. The unit TSU
      functions under address control by the computer central processor CCP.
      Each scan address retrieves the status of 24 scan points. Up to 120 scan
      addresses can be applied to a theoretical maximum of 1,440 ticketed
      outgoing trunks. The remaining 120 scan addresses can be applied to MRS
      metering. This allows for a theoretical maximum of 2,880 originating
      junctors and incoming trunks. In addition, eighty addresses are available
      for routining and fault localization.
PAR  FIG. 4 shows the scan sequence for the unit TSU. All DDD ticketed points
      are scanned at 300 millisecond intervals and all MRS metered points are
      scanned every 2.4 seconds.
PAR  For ticketed DDD calls, the unit TSU monitors two normally open contacts H
      and A associated with each outgoing trunk circuit that is accessible by
      DDD traffic. When both the hold contact H and the answer contact A are
      open, the trunk is in the idle state. When contact H is closed and contact
      A is open, the trunk is seized but not answered. When answer supervision
      is returned, both contacts H and A are closed. These conditions are shown
      in Table I.
TBL                Table I                                                     
     ______________________________________                                    
     Hold and Answer Contact Configuration.                                    
     TRUNK STATE     CONTACT                                                   
                   H (Hold)  A (Answer)                                        
     ______________________________________                                    
     Trunk Idle      0           0                                             
     Trunk Seized    1           0                                             
     Trunk Received                                                            
     Answer Supervision                                                        
                     1           1                                             
     Calling Party Goes                                                        
     On-Hook         0           1                                             
     (Invalid State)                                                           
     ______________________________________                                    
PAR  With one scan address, the unit TSU scans all A contacts of a group of 24
      trunks. On the succeeding address, the H contacts of the same group of
      trunks are scanned.
PAR  It takes a nominal 27 microseconds to execute one scan address. Hence, it
      takes 54 microseconds nominal to scan a trunk group consisting of 24 DDD
      trunks.
PAR  For a metered MRS call, the unit TSU monitors a single normally open
      contact associated with each MRS originating junctor or incoming trunk.
      During the monitoring interval which starts at the time of cut-through, a
      closed contact represents the return of answer supervision from the called
      party. With each scan address, 24 MRS circuits are monitored, representing
      a scan rate of 24 points per 27 microseconds.
PAC  Ticketing Magnetic Tape Unit TMU
PAR  The ticketing magnetic tape unit TMU is more fully disclosed in the
      MAGNETIC TAPE UNIT application. The ticketing magnetic tape unit consists
      of the magnetic tape transport and its associated read/write electronics,
      data buffering, error detection, and tape drive control electronics. The
      transport used is a Cook Electric Series 3300 modified digital magnetic
      tape transport. The transport write/read head assembly writes data on nine
      tracks in a continuous NRZI non return to zero -- IBM mode at 800
      characters per inch. The tape used is standard width half-inch computer
      tape.
PAR  Ticketing data is written in blocks of 15 calls/ block. Total time required
      to write a block of 15 calls is nominally 353 milliseconds. A read after
      write check for vertical and longitudinal parity is performed on each
      block. If an error is detected, the tape is advanced 3.75 inches and the
      block is re-written.
PAR  Call data is written in the "single entry" format; i.e., all the data
      pertaining to an individual call is formatted together in one single entry
      on the tape. The data transfer rate is 4,000 tape characters per second
      using the EBCDIC extended binary coded decimal interchange code magnetic
      tape code.
PAC  Ticketing Device Buffer TDB
PAR  The ticketing device buffer provides the I/O interface to the computer
      complex. All subsystem interrupts and all data and instructions are routed
      via the buffer TDB, there being only one error interrupt and one ready
      interrupt associated with the buffer TDB. The buffer TDB data channel
      consists of 24 bits plus parity, the parity being checked or generated
      according to direction of transmission. One of N checking is performed on
      select instructions and certain interface leads of the peripheral adapter.
      There is a full word of status bits accessible by a select instruction.
      The buffer TDB is equipped in duplicate, each unit serving one scanner and
      one magnetic tap channel. In normal active operation, one buffer TDB is
      used to service the I/O operation to the scanner and the other buffer TDB
      services the magnetic tape unit. The role is switched on alternate days.
      Under a fault condition, one buffer TDB could service both a scanner and a
      magnetic tape unit sequentially, with the magnetic tape unit having the
      highest priority.
PAC  Software Description
PAR  The ticketing function for the system is performed through the use of the
      ticketing hardware, including the ticketing scanner unit TSU, the magnetic
      tape unit MTU and the automatic toll ticketing relay frame ATRF. Referring
      to FIG. 3, there is shown a diagrammatic representation of the
      relationship between the ticketing subsystem 145 and the common control
      switching system.
PAR  The Executive Program controls the complete system, it provides the overall
      control for the ticketing subsystem 145 and integrates the ticketing
      system into the rest of the system.
PAR  The Ticketing Application Programs control the collection of data from the
      call history store and the ticketing scanner, provide interpretation where
      necessary, and access the intermediate storage. They also format the data
      prior to outputting it to magnetic tape.
PAR  The Ticketing Diagnostic Programs are used to routinely exercise the
      scanner and tape units and to localize faults to an acceptable subsection
      of the hardward. They also serve to verify that faults have been repaired
      correctly.
PAR  The Call History Store is used to save data associated with a call by the
      system during the setting up of a call and is released following
      cut-through. It provides the ticketing subsystem with the calling and
      called directory numbers and other relevant billing information.
PAR  The Magnetic Drum provides slow access and backup storage for the system:
      it is used by the ticketing sub-system for intermediate storage, to
      accumulate complete call records in a single-entry form. Each ticketing
      trunk uses a six-word cell and each ticketing originating junctor or
      incoming trunk uses a two-word cell.
PAR  The Ticketing Scanner Unit monitors the state of the answer contacts for
      originating junctors and incoming trunks, and the state of the answer and
      hold contacts for outgoing trunks. The answer contact is associated with
      the called subscriber and the hold contact is associated with the calling
      subscriber.
PAR  The Magnetic Tape Unit records the ticketing data in blocks of fifteen
      calls and provides IBM compatibility: It uses a transfer rate of 4,000
      characters per second and stores 1,000 call records on nine feet of tape.
PAR  The ticketing software comprises the ticketing application programs and the
      ticketing diagnostic programs. The ticketing application programs, which
      are disclosed in the application Ser. No. 432,803, now abandoned, of L.
      Lattanzi, G. Grzybowski, and P. Harrington, are the operational programs
      that control the ticketing hardware and produce the necessary data for the
      correct billing of the customers. The ticketing maintenance programs,
      which are disclosed in the application 434,723, now abandoned of D. Gaon
      exercise the unit TSU, separately or in conjunction with a peripheral
      unit, the frame ATRF, and verify the correct operation of the ticketing
      apparatus. The maintenance program localizes faults in the scanner unit
      TSU or frame ATRF to a reasonable number of least replaceable units.
PAR  The major software application and diagnostic program modules associated
      with the toll ticketing subsystem 145 are described below.
PAR  In the seizure module T.phi.1, the seizure routine is associated with the
      initial seizure of a ticketed trunk or originating junctor message rate
      service call. When the seizure routine receives an indication from the
      call processing program that a particular trunk or junctor is seized for
      the processing of a new call, the seizure routine checks to determine
      whether the previous call using that trunk or junctor has been completed.
      The seizure routine is responsible for detecting incomplete calls and
      assuring that the trunk or originating junctor is not scanned by the
      ticketing scanner unit until it has been determined that the new call is
      to be ticketed.
PAR  The basic function of the call completion modules T.phi.2 is to indicate
      that the trunk or originating junctor is to be scanned by the ticketing
      scanner unit. Information pertaining to the call is collected from the
      call history table, formatted, and written into a dedicated drum memory
      cell associated with the ticketed circuit.
PAR  The scan interrupt module T.phi.3 detects and records answer and disconnect
      times for calls. The scan interrupt routine is associated with the normal
      cycle of scan of all ticketed trunks and junctors. An interval timer, at
      300  -millisecond intervals, interrupts the central processor to initiate
      a scan routine. During each scan period, the program causes the ticketing
      scanner unit to successively interrogate to address and retrieve data for
      all trunks, together with a subgroup of the originating junctors. When
      answer is detected, the time is stored in the drum cell with the other
      information related to the call. When disconnect is detected, the data is
      read from the drum cell into a core main memory work area and the time of
      disconnect is added to the record.
PAR  The output format module T.phi.4 formats the drum cell call information for
      magnetic tape output.
PAR  The call record buffer format module T.phi.5 is responsible for
      transferring the formatted call record data from a core memory work area
      to the call record buffer. The call record buffer holds a data block
      containing a maximum of 15 call records. When it is filled, the T.phi.5
      module indicates to the magnetic tape I/O scheduler F73 that a data block
      is ready to be transferred to magnetic tape. This executive subprogram
      module schedules the outputting of the data block by the magnetic tape
      unit.
PAR  The time initialization module T.phi.6 is responsible for recording the
      identity of all the outgoing trunk circuits on which a call was in
      progress during the time change. It also formats the time change data
      block as required for magnetic tape output.
PAR  The time change update module T.phi.7 updates the drum cells associated
      with all trunk circuits on which a conversation was in progress during a
      time change. The update consists of setting an indicator specifying that
      the call was in progress during the time change. The update operation
      consists of a read-modify-write sequence.
PAR  The midnights passed interrupt handler T.phi.8 is responsible for recording
      the identity of all of the trunk circuits on which a conversation was in
      progress during a time change from one day -- through midnight -- to the
      next day.
PAR  The midnights passed update module T.phi.9 updates the drum cells
      associated with all outgoing trunk circuits on which a conversation was in
      progress at midnight. The update consists of incrementing a counter in the
      cell by one if midnight occurred during a call. The update operation
      consists of a read-modify-write sequence.
PAR  The TTY message format module T1.phi. is responsible for formatting all of
      the information required to be outputted on the TTY. This module formats
      three basic types of messages:
PA1  a. Permanently closed contact identity.
PA1  b. Permanently opened contact identity.
PA1  c. Nine day duration of call.
PAR  The ticketing contact check module T11 performs basically two types of
      checks on the ticketing contacts (scan points): verify that the contacts
      are incapable of closing, and/or verify that the contacts are incapable of
      opening. The contact check module is scheduled at equal intervals of time,
      normally once per day. If it is determined that the contacts associated
      with a circuit trunk or originating junctor have never been opened or
      closed depending upon the check during the predetermined interval of time,
      a TTY message is initiated. This message contains the identity of the
      contacts that are faulty.
PAR  The scanner double fault, module T12 is scheduled whenever a double fault
      condition is detected in the TSU by the I/O handler module F72, indicating
      that both scanners are not working properly. T12 performs the necessary
      processing required to assure that no customers are improperly charged for
      calls due to this TSU malfunction.
PAR  The drum error module T13 is scheduled whenever a drum read or write is
      requested by the ticketing software and a drum error is encountered (read
      or write cannot be made). This module assures that the customer will not
      be improperly billed due to an error of this kind.
PAR  The ticketing algorithm module T14 consists of a set of algorithms which
      are used to access the ticketing tables. A program module can use T14 as a
      closed subroutine in order to locate a specific entry in the table. All
      the ticketing modules T prefix except T05, T06, T08, and T10 use the
      ticketing algorithm module to access these tables.
PAR  The ticketing scanner I/O handler F72 controls all communication between
      the ticketing scanner unit and the central processor for both normal
      operations and maintenance routines.
PAR  The magnetic tape I/O scheduler F73 schedules the outputting of data to the
      ticketing magnetic tape unit.
PAR  The magnetic tape I/O handler F74 controls all communication between the
      ticketing magnetic tape unit and the central processor for both normal
      operations and maintenance routines.
PAR  The pre-scan hardware validation module W.phi.1 is run prior to each
      300-millisecond scan cycle. It essentially provides for an "abbreviated"
      routine of the ticketing scanner unit and the contact-diode matrix of the
      ATRF, to validate proper hardward operation.
PAR  The ticketing change over module W.phi.2 controls the step-by-step
      procedure required to perform a correct changeover from the A channel
      equipment to the B channel equipment and vice versa. The routine is
      initiated by a TTY request, normally for the purpose of changing a reel of
      magnetic tape.
PAR  The TSU fault localization, repair verification, and routining module
      W.phi.5 provides for the detailed routining and maintenance diagnostics of
      the ticketing scanner unit. It is run periodically at scheduled intervals
      and also when a fault is detected hardware the hardware error detectors.
      These programs serve to reconfigure a working subsystem under fault
      conditions, exercise the hardware and provide a printout of errors, check
      the scanning contact isolation diodes, and check for permanent answer and
      permanent non-answer conditions.
PAR  The TMU fault localization, repair verification, and routining module
      W.phi.6 provides for the detailed routining and maintenance diagnostics of
      the ticketing magnetic tape unit. It is run at scheduled intervals and
      whenever a fault is detected by hardward error detectors.
PAC  Principal Tables
PAR  In the activity bit table, each ticketed circuit (incoming trunk or
      originating junctor) has an associated "activity bit". The purpose of the
      activity bit is to indicate to the ticketing scanner unit that it should
      start scanning the associated point. The activity bit is set at the time
      cut-through. For trunk circuits DDD calls, it is reset at the time of
      disconnect. For incomplete calls, it is reset at the time the trunk is
      re-seized for a new call.
PAR  In the previous status bit table, each ticketed trunk has an associated
      "previous status" bit not the originating junctors, however. A 1 in this
      bit position indicates that on the previous scan, the trunk was in the
      "true" answer state. A true answer means that the H and A contacts (refer
      to Table I) are both sensed as closed and this state has been maintained
      for a 2-second interval charge delay interval. A 0 indicates, that on the
      previous scan, true answer supervision was not yet detected.
PAR  The charge delay table is used to record the number of successive scans
      that the scanner has detected answer supervision (A and H contacts both
      closed) for a given trunk or originating junctor circuit. A three bit
      field is associated with each trunk and originating junctor. On each
      successive scan that answer is detected, the field is incremented by a
      count of one. When the field reaches a set value corresponding to the
      charge delay interval, a true answer condition is recorded.
PAR  The trunk disconnect recorded table contains one bit per ticketed trunk. A
      logic 0 in the bit position indicates that a disconnect time has not yet
      been recorded in the trunk call record cell on drum memory. A logic 1 in
      the bit position indicates that the time of disconnect is recorded in the
      trunk call record cell on drum memory. If the scanner detects that the
      called party returns on-hook (A contact restores), the time is recorded in
      the trunk call record cell and the associated bit is set (logic 1) in the
      trunk disconnect recorded table (possible disconnect). The trunk is still
      scanned until the calling party goes on-hook (H contact restores). In this
      case, the recorded disconnect time on drum is used for billing. However,
      if the called party returned off-hook assuming the calling party did not
      yet go on-hook and the conversation resumed, the bit in the trunk
      disconnect recorded table is reset (logic 0) and timing continues. The
      first recorded disconnect time is ignored and a new disconnect time is
      recorded when either of the parties goes on-hook.
PAR  In the open and closed contact tables, each ticketed circuit trunk or
      originating junctor has an associated bit position in the ticketing open
      contact table and a corresponding bit position in the ticketing closed
      contact table. These tables are used with the ticketing contact check
      module to determine whether a permanent fault exists that prevents the
      circuit from properly returning answer supervision, i.e., contacts are
      permanently opened or permanently closed.
PA1  a. Closed contact table: 0 indicates the contact was never detected open
      (always closed when scanned). 1 indicates that an open contact condition
      was detected at least once during the monitoring interval (normally 1
      day).
PA1  b. Open contact table: 0 indicates the contact was never detected closed
      (always open when scanned). 1 indicates that a closed contact condition
      was detected at least once during the monitoring interval (normally 1
      day).
PAR  The circuit status table indicates which circuits are in service and
      available to the ticketing software for handling calls.
PAR  The trunk call record table located on drum memory, consists of several
      individual trunk call record cells one for each ticketed DDD call. Each
      cell consists of six words of memory and provides for temporary storage
      throughout the duration of the call of the calling and called number,
      answer time, and other call related information.
PAR  The originating junctor call record table, located on drum memory, consists
      of several individual originating junctor call record cells one for each
      metered MRS call. Each cell consists of two words of memory and provides
      for temporary storage of the calling number and other call related
      information.
PAR  The circuit equipped table is used to specify whether a particular
      originating junctor or trunk circuit in the office section is equipped
      (the ticketing contacts are connected and the circuit "exists").
PAC  Information Flow and Control
PAR  The paragraphs that follow present a brief description of the information
      flow associated with a DDD call. The presentation is somewhat
      over-simplified, to facilitate a basic understanding of the programs
      utilized during a DDD call.
PAR  Assume that a DDD call has to be ticketed. The system call processing
      program determines the identity of the trunk that was seized. At this
      point, the call processing program stores the identity of the seized trunk
      for this call, and transfers control to the ticketing seizure module.
PAR  The seizure module checks the activity bit table to assure that the
      associated trunk activity bit is set false. This inhibits the scanner from
      looking at the trunk supervisory contacts during outpulsing. Control is
      then returned to the call processing program.
PAR  If the last call on this trunk was incomplete, the activity bit is still
      true when checked by the seizure module. In this case, the seizure module
      resets the activity bit false and schedules the recording of the
      "incomplete call" information on magnetic tape if traffic observation is
      being conducted.
PAR  Assuming a normal call, after cut-through register-sender outpulsing
      completed has occured, the call processing program passes the equipment
      number of the trunk, the called number, and the calling number to the
      ticketing call completion module. The call completion module gathers this
      information, generates other information, and schedules the writing of
      this information in a table on the drum. The call completion routine then
      sets the activity bit true causing the scan interrupt routine to begin
      interrogating the trunk for an answer condition. The call completion
      module returns control to the call processing program.
PAR  The scan interrupt module interrogates the trunk for an answer condition
      until an answer condition is found. When answer is first detected (both H
      and A contacts closed), the scan interrupt routine begins timing a
      2-second charge delay interval. If the answer state remains for the
      2-second interval, the time of answer is recorded and is scheduled to be
      written into the drum cell associated with this trunk.
PAR  The scan interrupt routine continues to interrogate the trunk looking for a
      disconnect condition. A disconnect condition is encountered when the
      called party disconnects and/or the calling party disconnects. If the
      calling party disconnects, the disconnect is defined as a "true
      disconnect". If only the called party disconnects, the disconnect is
      defined as a "false disconnect". Thus, the calling party controls the
      actual disconnection of the line. Let's take the case of a false
      disconnect. When this condition is detected A contact has restored, the
      disconnect time is stored on the drum and the associated trunk bit is set
      in the trunk disconnect recorded table. If the H contact is still
      operated, indicating that the calling party is still off-hook, the scanner
      continues monitoring the trunk. If the A contact reoperates (called party
      returns off-hook) before the H contact restores due to either a time-out
      or the calling party going on-hook, the trunk bit in the disconnect
      recorded table is set false. This nullifies the disconnect time previously
      recorded. The scanner always continues its supervision until both the H
      and A contacts have restored, indicating a true disconnect. After a true
      disconnect is encountered, a request is then generated to move the
      information associated with the trunk generated to move the information
      associated with the trunk from the drum cell to a buffer work area in the
      computer core main memory. The scan interrupt module also requests the
      scheduling of the output format module after the information has been read
      off of the drum. After this call has been terminated, the scan interrupt
      routine stops scanning the trunk.
PAR  When the output format module beings execution, it formats all of the
      information concerned with this DDD call. The call record buffer format
      module is then scheduled. This routine places the formatted information in
      a call record buffer. When the buffer is filled (data from fifteen calls),
      the call record buffer module indicates to the magnetic tape I/O scheduler
      module to schedule the outputting of this data on magnetic tape.
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 5 and 5A, there is shown a block diagram of the
      electronic control and switching circuits which comprise the ticketing
      device buffer TDB, the scanner peripheral adapter SPA, the ring core
      scanner RCS which comprise a duplex portion of the frame ATTF, and passive
      components, including the battery driver peripheral BDP, the core and core
      peripheral COR and the network cable cards NCA and NCB which comprise the
      simplex portion of the frame ATTF and which serve as the interface between
      the electronic circuitry of the frame ATTF and the electromechanical
      circuitry of the frame ATRF.
PAC  Ticketing Device Buffer TDB
PAR  The ticketing device buffer TDB serves as an expander between the central
      processor unit CPU via the computer channel multiplex CCX and the
      peripheral units such as the ticketing scanner unit TSU and the magnetic
      tape unit TMU. Each ticketing device buffer TDB can serve one of four
      peripheral units at a time and therefore contains circuits for the
      immediate reception and transmission of data and commands between the unit
      CPU and that peripheral unit. The buffer TDB contains decoders such that
      the unit CPU can converse with any particular peripheral unit, with the
      other circuit being in a waiting state. The buffer TDB includes
      self-checking circuits which determine validity and correctness of
      instruction and data received from and extended to the unit CPU.
PAR  For the purposes of the ticketing scanner unit TSU and in normal operation
      thereof, one ticketing device buffer TDB serves the scanner peripheral
      adapter SPA and, at the same time, the other ticketing device buffer TDB
      serves the magnetic tape peripheral adapter MPA.
PAR  The buffer TDB interfaces directly with the computer channel multiplex CCX
      via cable cards 501-504 over leads designated in FIG. 5A as follows:
PA1  24 Data In leads marked XCDO to XCD23
PA1  1 data In parity marked XCD24
PA1  24 data Out leads marked SCB0 to SCB23
PA1  1 data Out parity marked XCB24
PA1  11 control leads marked:
PA2  Ticket scanner off line
PA2  ticket mag tape off line
PA2  xcrdy sense
PA2  xcerr intr
PA2  xcon line
PA2  xcdisc strb
PA2  xcvry strb
PA2  xcdst
PA2  xcast
PA2  xcss2
PAR  the buffer TDB also interfaces directly with the scanner peripheral adapter
      SPA via leads designated in FIG. 5A as follows:
PA2  24 Data In leads marked BFR BTO to BFR BT23
PA2  24 data Out leads marked PA1 INPUT BIT 0 to PA1
PA1  Input bit 23
PA2  8 directive leads marked DIRECTIVE 0 (1A) to
PA1  Directive 7 (1a)
PA2  7 control leads marked PA DTL (1A)
PA3  Pa clear (1a)
PA3  pa 1 en
PA3  rst ackn (1a)
PA3  pa1 load dev
PA3  pa1 set ready
PA3  pa1 ackn
PAL  1 dummy CONTROL LEAD 10 PA1 DEVICE ERR
PAR  In addition, the ticketing device buffer TDB interfaces with the magnetic
      peripheral adapter MPA (FIG. 1) via 24 data in leads, 24 data out leads, 8
      directive leads, three directive extension leads, and 10 control leads
      (not shown).
PAR  As indicated above, the ticketing device buffer TDB basically serves as an
      interface between the ticketing scanner unit TSU and the magnetic tape
      unit TMU and serves to extend data or control signals provided by the
      central processor to either the magnetic tape unit MTU or the scanner unit
      TSU in accordance with directives supplied by the central processor unit
      CPU. In addition, the ticketing device buffer TDB serves to return
      responses including data and controls provided by the ticketing scanner
      unit TMU and the magnetic tape unit TMU to the central processor unit CPU.
      Accordingly, the ticketing device buffer TDB includes a control of timing
      circuit 505 for processing control signals provided by the central
      processing unit CPU, the ticketing scanner unit TSU or the magnetic tape
      unit MTU, and a data register indicated generally as 506, including a
      buffer register 507 which permits data or addresses to be received from
      the central processing unit to be stored prior to sending such data or
      addresses to either the scanner unit TSU or tape unit MTU. The buffer
      register 507 also stores data provided by the scanner unit TSU and the
      tape unit MTU prior to transmission of such data to the central processor
      unit CPU.
PAR  The ticketing device buffer TDB further includes directive processing
      circuitry 508 which stores and decodes the directives provided by the
      central processing unit CPU to provide control signals for the control of
      timing circuit 505 as well as further control signals for the scanner
      peripheral adapter SPA and the magnetic tape peripheral adapter MPA. The
      directive processing circuit 508 also extends the directive designated for
      the scanner unit TSU to the scanner peripheral adapter SPA via directive
      decoder circuit 509 and extends directives designated for the tape unit
      MPU to the magnetic tape peripheral adapter MPA.
PAR  The device buffer TBA also includes parity circuits 510 which perform
      parity operations on the data provided by the scanner unit TSU or tape
      unit MTU prior to returning such data to the central processor CPU. Also,
      1 out of N check circuits 511 insure that only one Directive has been
      received at a given time.
PAC  Scanner Peripheral Adapter SPA
PAR  The purpose of the scanner peripheral adapter SPA is to interpret
      instructions received from the ticketing device buffer TDB into a specific
      set of sequences required to perform the function indicated by control or
      directive signals provided by the central processing unit CPU. The scanner
      peripheral adapter SPA is basically comprised of SUHL logic circuits which
      receive and decode the instructions and data extended to the scanner
      peripheral adapter SPA via the ticketing device buffer TDB from the
      central processing unit CPU.
PAR  The data word or address received is translated into enable signals by
      which the status of specific groups of up to 24 network contacts are
      interrogated during a given scan cycle. The scanner adapter SPA includes
      timing and control circuits 512 513 and decoding circuits, indicated
      generally at 515, which control the sequential operation of the scanner
      unit TSU. The scanning adapter SPA also includes data registers, 516-518,
      which store the address data received, the scan data and the error status
      respectively, and a data output multiplexer 519 which enables different
      sets of data to be transmitted back to the central processing unit CPU via
      the device buffer TDB. Also circuits 520 of the scanner adapter SPA
      associated with the matrix access circuits of the ring core scanner RCS,
      insure that only one group of contacts of the scan matrix are interrogated
      at a time, since simultaneous reading of two or more groups could cause
      erroneous billing to customers.
PAR  The scanner adapter SPA checks for correct timing and validity of received
      instructions and all errors are registered during the operation of the
      scanner adapter SPA and the circuitry of the scanner adapter SPA is
      cleared at the end of each operation under the control of signals provided
      by the device buffer TDB.
PAR  The scanner adapter SPA interfaces with:
PA1  The buffer TDB, as explained above.
PA1  The scanner RCS, via 144 leads including:
PA1  16 leads marked
PA2  Bdco deco 00 to BDCO DECO 15
PA1  20 leads marked
PA2  Gs deco 00 to GS DECO 19
PA1  76 leads marked
PA2  Bdco 00 100 n to BDC015 100N
PA2  Bdca 00 100n to BDCA 100N
PA2  Gsca 00 100n to GSCA 19 100N
PA2  Gsco 00 100n to GSCO 19 100N
PA1  3 leads marked
PA2  Bd ena, gsca ena and GSCO ENA
PA1  24 leads marked
PA2  Sa00 to SA23
PA1  5 leads marked
PA2  Err stat bt11 (on line)
PA2  and PSW1 to PSW4
PAL  the magnetic tape adapter MPA, via lead STAT BIT 0
PAC  Ring Core Scanner RCS
PAR  Referring to FIGS. 5 and 5A, the ring core scanner RCS comprises the access
      circuits for the scanning matrix COR and includes high current switching
      circuits which are used for driving current over long cable distances to
      the duplicated network status contacts and through sensing cores CO of the
      scanning matrix. The ring core scanner RCS includes core battery driver
      circuit BDCO, cable battery driver circuit BDCA, cable ground switching
      circuits GSCA, and core ground switching circuits GSCO. Referring to FIGS.
      7 and 7A, the repeating relay contacts C are arranged in a 15 by 24 by 16
      matrix in such a manner that each core battery driver BDCO serves a matrix
      of 24 by 16 network contacts, made up of 24 legs with each leg a multiple
      of up to fifteen contacts C. For scanning purposes, fifteen core battery
      driver circuits BDCO 0 - BDCO 15 are provided and have outputs connected
      to marix inputs LI 1 - LI 15. Also, fifteen cable battery drivers BDCA 1 -
      BDCA 15 and sixteen cable ground drivers GSCA 0 - GSCA 15 are provided.
PAR  The access circuits also include sixteen core ground switch circuits GSCO 0
      - GSCO 15 which connect to conductors LO 0 - LO 15. The core battery
      drivers BDCO and the core ground switches GSCO are selectively operable in
      pairs to provide current paths over the matrix through the network
      contacts and associated sensing cores.
PAR  Each of the network contacts C, such as network contact C 1 is connected to
      the output of one of the core battery drivers, such as driver BDCO 1 via a
      resistor R 1 and a diode D 1, and is connected to the output of a core
      ground switch driver GSCO, such as driver GSCO, over a resistor R 2, a
      reverse connected Zener diode Z 2, diode D 2, and the drive winding of the
      core CO 0. Thus, the basic scanning circuit is seen to consist of a
      current source switch BDCO 1 feeding the contacts and a current sink
      switch GSCO 0 that permits the current flow through the core sensing
      elements. The cores operate as current transformers and serve to induce a
      pulse in a sense winding of the transformer in response to current flow
      through a drive winding of the core CO 0 to provide a signal to a sense
      amplifier SA 0.
PAR  The core ends of all the cables between the frame ATRF and the frame ATTF
      are kept positively charged through the use of cable battery driver
      circuit BDCA and the current source ends of the cables are negatively
      charged by using discharge resistors RD at the battery drive core circuits
      BDCO to minimize the effect of distributed cable capacitance. As can be
      seen in FIG. 7, the cable battery driver circuits BDCA0-BDCA15 are
      connected to inputs LB0-LB15 of the matrix and the ground switch cable
      driver GSCA0-GSCA15 are connected to inputs LC0-LC15 of the matrix.
PAR  The operation of the matrix access circuits are more easily understood by
      referring to the simplified basic scanning circuit shown in FIG. 7B. Upon
      initiation of the scan operation sequenced by the scanner unit TSU, the
      received address is decoded and specific circuits of the matrix access
      circuits are enabled such that one current source battery driver core
      circuit BDCO is switched on, one current sink ground switch cable circuit
      GSCA is switched on and one cable charger battery driver cable circuit
      BDCA is switched off. The current path at this time is from the driver
      BDCO through the contacts to the switch GSCA.
PAR  At this time a check is performed by the scanner unit TSU to insure that
      one and only one of each type of matrix access circuits BDCO, GSCA, BDCA
      has switched.
PAR  The selected core current sink ground switch core circuit GSCO is switched
      on, providing a possible path for the contact current to flow through the
      cores. However, no current will flow until the switch GSCA is switched off
      and accordingly, the potential at node A is lower than that required for
      the current inhibiter, embodied as a Zener diode, to conduct.
PAR  When the switch GSCA is turned off, as the potential at node A rises above
      the breakdown voltage for the Zener diode, the contact current path will
      suddently switch from the portion including the cable ground switch GSCA
      to the portion including the core ground switch GSCO and a current pulse
      with a sharp rise time is provided through drive windings of the core
      inducing an output voltage in the sense winding of the core. The resultant
      output pulse is detected by the sense amplifier connected to the leg of
      the matrix which is being scanned and of the outputs provided by the 24
      cores of a given leg are extended to the sense amplifier register.
PAR  Referring to FIGS. 6 and 6A, each of the matrix access circuits including
      drivers BDCO, BDCA and drivers GSCA, GSCO has two inputs, one of which is
      extended to the output of the decoders BDCODECO, GSCECO respectively, and
      the other of which is extended to the output of the error and status
      register 521. Each of the matrix access circuits BDCO, BDCA, GSCA, GSCO
      also has two outputs one of which is connected to the matrix COD and the
      other of which is extended to one out of N check circuits 520.
PAR  By suitable selection of driver BDCO and GSCO groups, via the address
      decoders of the adapter SPA, a particular group of up to 24 network
      contacts C can be interrogated during a given scan operation.
PAR  The power switch circuit PSW, comprise a plurality of relays which are used
      to switch 24 volts onto the drive circuits BDCO and BDCA, and to switch
      electronic ground EG to the drive circuits GSCA and GSCO. These power
      switch circuits PSW are provided to obtain double isolation between the
      duplex channels for on line and off line modes of operation of the scanner
      TSU.
PAR  Referring to FIGS. 5 and 5A, the ring core scanner RCS interfaces with:
PA1  the scanning adapter as explained above
PA1  the battery drive peripherals BDP, via 15 heavy No. 22 gauge leads marked
      BDCO 01 to BDCO 15.  the matrix circuits COR, via 85 leads made up of:
PA2  60 heavy No. 22 gauge leads marked
PA3  Bdca 00 to BDCA 19
PA3  Gsca 00 to GSCA 19
PA3  Gsco 00 to GSCO 19
PA2  1 heavy No. 22 gauge lead marked
PA3  Bdco 00
PA2  24 twisted pair marked
PA3  Sw00 to SW23
PAC  Battery Driver Peripherals, BDP
PAR  These circuits include driver peripheral circuits BD15P and diode matrix
      check circuits DCM. There are 15 peripheral circuits BD15P each associated
      with one of the core drivers BDCO 01 to BDCO 15 and comprises 24
      resistors, including resistor R1. Each resistor represents a BDCO leg
      serving a multiple of up to sixteen network contacts C on the current
      source side of the scan path. Each contact forms part of a leg in a plane
      of a driver GSCO group of circuits. These resistors limit the driving
      current into the ring cores CO and properly terminate the lines connecting
      the unit TSU to the Automatic Ticketing Repeating Relays Frames ATRF.
PAR  The diode matrix diode circuits DCM, in conjunction with four addition core
      ground switch drivers GSCO 16-19 form part of the checking facility for
      the unit TSU.
PAR  There are 24 matrix diode circuits DCM. Each check circuit DCM consists of
      a group of diodes arranged in a four bit diode check matrix. Each of the
      four bits represent a leg in one of GSCO 16 to GSCO 19. The inputs of
      these circuits are extended from the BD15P and BD16P (BDCO 00 legs). The
      four outputs are served by drivers GSCO 16 to GSCO 19. Two types of checks
      are achieved by these circuits.
PAR  a. Circuits associated with battery drivers BDCO are checked for correct
      operation. Here the diodes are considered as pseudo-closed network
      contacts. Therefore, by switching a driver BDCO and the appropriate driver
      GSCO group a scan data read-out of 1111 -- 11 will be obtained from the
      sense elements.
PAR  b. In conjunction with driver BDCO 00 and its associated circuitry, checks
      are performed to insure there are no short circuited contact diodes and
      therefore eliminates sneak paths.
PAR  The battery drive peripheral BDP interfaces with:
PA1  the ring core scanner RCS, as explained above.
PA1  the interframe cabling connectors CAB, via 120 leads marked:
PA2  Dcm pooloo to BCD POO L23
PA2  Dcm po1 loo to BCD to BCD PO1 L23
PA2  Dcm po2 loo to BCD PO2 L23
PA2  Dcm po3 loo to BCD PO3 L23
PA2  Bcd 00 loo to BDCO 00 L23
PA2  the network cable card NCB via
PA2  360 leads marked
PA3  Bd15po1 loo to BD15P15 LOO
PA3  Bd15po1 lo6 to BD15P15 LO1
PA3  Bd15po1 l23 to BD15 L23
PAC  Matrix Circuits COR
PAR  Core Peripheral Circuits COP
PAR  There are twenty core peripheral circuits COP each individually associated
      with a driver GSCO group. Each peripheral circuit COP consists of 24
      groups of discrete components each group forming a GSCO leg serving a
      multiple of up to fifteen network contacts.
PAR  Each group of discrete components contains an 80.6 ohm resistor to limit
      sense current and to properly terminate the return cable from the network
      contact. Also 1.5K ohm resistors to limit line charge current for BDCA
      circuits. There are diodes associated with GSCA and zeners associated with
      the GSCO circuits.
PAC  Core Circuits CO
PAR  These cores are the sensing elements of the subsystem TSU. There are 24
      core circuits CO. All of these consists of ferrite toroids operating as a
      current pulse transformer with a 1:23 turns ratio.
PAR  The circuits drive their inputs from the core peripheral circuits COD and
      their outputs are served by the driver circuits GSCO.
PAC  Battery Drive Peripheral Circuits BD16P
PAR  These circuits form part of the unit TSU checking facility. They consist of
      a battery core driver BDCO 00 feeding a multiple of 24 80.6 ohm resistors
      for current limiting and each resistor serving a multiple of sixteen
      diodes representing pseudo-closed network contacts. Each diode is then
      connected to its corresponding leg and plane of peripheral circuit COP.
PAR  Two types of checks are performed with these circuits.
PA1  a. By switching driver BDCO 00 and any driver group GSCO (except GSCO 1 and
      GSCO 17), a scan data read-out of 1111--11 is obtained. This checks the
      correct operation of the GSCO driver groups.
PA1  b. In conjunction with check circuits DCM, checks are performed to insure
      no shorted contact diodes exist and therefore detects sneak paths.
PAR  The matrix circuits COR interfaces with:
PA1  the ring core scanner RCS as explained above.
PA1  the connectors CAA via 120 leads marked:
PA2  Dcm p00 l00 to BCD P00 L23
PA2  Dcm p01 l00 to BCD P01 L23
PA2  Dcm p03 l00 to BCD P01 L23
PA2  Bdco 00 l00 to BDC0 00 L23
PA2  the network cable NCA via 384 leads marked
PA2  Ncc p00 l00 to NCC P00 L23
PA2  Ncc p01 l00 to NCC P01 L23
PA2  Ncc p15 l00 to NCC P15 L23
PAC  Interframe Cabling Connectors CAA and CAB
PAR  These are electronic card edge connectors dedicated for the interframe
      wiring.
PAR  They enable and facilitate the interconnection of circuitry from both
      frames of the unit TSU in order to make it one integral unit.
PAR  The connectors CAA interface with:
PA1  the matrix circuit COR as explained above
PA1  the cable circuit CAB, via 120 leads on a 1:1 ratio basis
PAR  The connectors CAB interface with:
PA1  the battery drive peripherals BDP as explained above;
PA1  the cable circuit CAA, via 120 leads on a 1:1 ratio basis.
PAC  Network Cable Cards NCA and NCB
PAR  There are as many of these circuits as are required to do the
      interconnections between the frames ATTF of the unit TSU and the Automatic
      Ticketing Repeating Relay frames ATRF containing the contacts to be
      monitored.
PAR  These circuits are 1:1 pulse transformers connected in the lines in Balun
      configuration. They present low impedance to the signal pulse and high
      impedance to common mode noise.
PAR  The network card NCA interfaces with:
PA1  the matrix circuits COR as explained above;
PA1  the frame ATRF1, via up to 192 twisted pair leads, (FIGS. 6, 6A) formed in
      up to sixteen cables each of fifteen twisted pairs.
PAR  The leads are marked:
PA1  Ncc p00 l00 live to NCC P00 L23 LIVE
PA1  Ncc p01 l00 live to NCC P01 L23 LIVE
PA1  Ncc p07 l00 live to NCC P07 L23 LIVE and
PA1  Ncc p00 l00 return to NCC P00 L23 RETURN
PA1  Ncc p01 l00 return to NCC P01 L23 RETURN
PA1  Ncc p07 l00 return to NCC P07 L23 RETURN
PAR  The LIVE wires carry the sense current signals and the RETURN wires are
      their corresponding twisted pairs.
PAR  The card NCA interfaces with:
PA1  the matrix circuits as explained above
PA1  the frame ATRF1, via up to 192 twisted pair leads, formed in up to sixteen
      cables each of 15 twisted pairs.
PAR  The leads are marked:
PA1  Ncc p00 l00 live to NCC P00 L23 LIVE
PA1  Ncc p01 l00 live to NCC P01 L23 LIVE
PA1  ncc p07 l00 live to NCC P07 L23 LIVE and
PA1  Ncc p00 l00 return to NCC P00 L23 RETURN
PA1  Ncc p01 l00 return to NCC P01 L23 RETURN
PAR  ncc p07 l00 return to NCC P07 L23 RETURN
PAR  The LIVE wires carry the sense current signals
PAL  and the RETURN wires are their corresponding twisted pairs.
PAR  The frame ARTF2, via up to 192 twisted pair leads, formed in up to 16
      cables each of 15 twisted pairs.
PAR  The leads are marked:
PA1  Ncc p08 l00 live to NCC P08 L23 LIVE
PA1  Ncc p09 l00 live to NCC P08 L23 LIVE
PA1  ncc p15 l00 live to NCC P15 L23 LIVE and
PA1  Ncc p08 l00 return to NCC P08 L23 RETURN
PA1  Ncc p09 l00 return to NCC P09 L23 RETURN
PA1  ncc p15 l00 return to NCC P15 L23 RETURN
PAR  The LIVE wires carry the sense current signals and the RETURN wires are
      their corresponding twisted pairs.
PAR  The card NCB interfaces with:
PA1  the battery drive peripherals BDP as explained above;
PA1  the frame ATRF1, via up to 360 twisted pair leads, formed in up to 24
      cables each of 15 twisted pairs.
PA1  The leads are marked:
PA1  Bd15p01 l00 live to BD15P01 L23 LIVE
PA1  Bd15p02 l00 live to BD15P02 L23 LIVE
PA1  bd15pp15 l00 live to BD15P15 L23 LIVE and
PA1  Bd15p01 l00 return to BD15P01 L23 RETURN
PA1  Bd15p02 l00 return to BD15P02 L23 RETURN
PA1  bd15p15 l00 return to BD15P15 L23 RETURN
PAR  The LIVE words carry the sense current signals and the RETURN wires are
      their corresponding twisted pair.
PAR  The frame ATRF2, via up to 360 leads, formed in up to 24 cables each of 15
      twisted
PAR  The leads are marked in exactly the same manner as in frame ATRF 1 above.
PAC  OPERATION OF THE TICKETING SCANNER UNIT
PAC  Modes of Operation
PAR  This section describes in detail the hardware flowcharts of the unit TSU,
      which are shown in FIGS. 8-17. Also pertinent signal timing relationships
      are shown in FIGS. 18-24. The ticketing device buffer TDB is described in
      the application 432,803, now abandoned of L. Lattanzi, G. Grzybowski and
      P. Harrington.
PAR  For ease of understanding, the flowcharts of the subsystem have been
      divided into functional blocks:
PA1  a. The flowcharts shown in FIG. 5 illustrate the manner in which the unit
      TSU behaves under different directives to effect the following operations:
PA2  1. Switch on/Switch off
PA2  2. Scan
PA2  3. Data In Loop
PA2  4. Directive 100N check
PA2  5. Error Status
PAR  These are therefore the basic routines for the unit TSU which could be
      taken in-block and used in the different application programs for the unit
      TSU such as Ticketing program, Maintenance programs.
PA1  b. The flowcharts shown in FIGS. 8-17 relate to the communication between
      the circuit TDB and the circuits SPA-A, SPA-B, and set forth subroutines
      which describe the sequence of events necessary for the transmission of
      data and commands, specifically:
PAR  Select Instructions, Data In, and Data Out. These subroutines are taken and
      included in-block in the basic routines of the unit TSU.
PAC  SPA Directives and Controls
PAR  The scanner SPA employs the following input/output format and controls:
PAR  The unit TSU responds to the following Directives and Controls from the
      circuit TDB.
TBL  ______________________________________                                    
     (a) Directives                                                            
     X Y Z  Fields of SEL INST                                                 
     . . .                                                                     
     . . .                                                                     
     . . .                                                                     
     1 0 0  DIRECTIVE 0(1A), ERR STAT ENA                                      
            enables the error status of TSU                                    
            (except TDB) on the TDB input lines.                               
            No timing required.                                                
     1 0 1  DIRECTIVE 1(1A), DATA IN ENA                                       
            in conjunction with PA (DTL(1A)                                    
            and the SPA timing, enables Data to be                             
            received from the circuit TDB and                                  
            returned to the circuit TDB.                                       
     1 0 2  DIRECTIVE 2(1A), SA ENA                                            
            in conjunction with signal PA DTL (1A)                             
            and timing signals provided by the                                 
            circuit SPA causes Data to be received                             
            from the circuit TDB and a Scan to                                 
            occur on Network Contacts or pseudo-                               
            closed contacts in the unit TSU. The                               
            scan data is then fed back to the                                  
            circuit TDB.                                                       
     1 0 3  DIRECTIVE 3(1A), DIR 1 of N CHK                                    
            in conjunction with signal PA DTL(1A) and                          
            the timing of circuit SPA effective only                           
            at the last pulse introduces an error in                           
            the DIR 100N CHK circuitry, forcing a                              
            DEVICE ERR output to be provided by the                            
            scanner SPA.                                                       
     1 0 5  DIRECTIVE 5(1A), SPA OFF LINE                                      
            causes the +24v and the EG to be switched                          
            off from the circuits BDCO, BDCA and GSCA,                         
            GSCO, to render these circuits unaddressable.                      
     1 0 6  DIRECTIVE 6(1A), SPA ON LINE                                       
            causes the +24v and the EG to be switched                          
            on for the circuits BDCO, BDCA and GSCA,                           
            GSCO to render these circuits addressable.                         
     1 0 7  DIRECTIVE 7, in conjunction with signal PA                         
            DTL(1A) and timing of the circuit SPA                              
            effective only at the last pulses intro-                           
            duces an error in DIR 100N CHK circuit.                            
            This results in a DEVICE ERR (only in the                          
            circuit SPA).                                                      
     ______________________________________                                    
PA1  b. Controls
PAR  PA 1 EN gates DIRECTIVES 0, 5 and 6 and signal PA DTL (1A) into the error
      and status register. PA1 EN is registered, causing PA 1 ACKN to be sent
      back to the circuit TDB and signal PA ENA REG to be used internally in the
      circuit SPA control to gate DIRECTIVES 1, 2 and 3.
PAR  PA DTL(1A), when ANDed with PA 1 EN and --ERR STAT BT11, ON LINE, --DEV
      ERR, causes data to be gated from the circuit TDB and into the circuit SPA
      DATA IN REG. Also it causes the timing of the circuit SPA to begin by
      gating the clock in the counter. To insure that the circuit SPA has been
      cleared at the end of every operation this ANDed signal clocks a divide by
      2 flip flop such that if RST ACKN (1A) is not received a PA1 DEVICE ERR is
      sent to the circuit TDB.
PAR  RST ACKN (1A) is sent to the circuit SPA upon receipt of PA 1 ACKN after a
      PA 1 EN signal by the circuit TDB. The signal RST ACKN (1A) is also
      received from the circuit TDB after the circuit SPA sends it a signal PA1
      SET READY. In both cases the signal RST ACKN(1A) is converted into RST ACK
      STRET which ORed with PA CLEAR (1A), is used to clear the circuitry of the
      circuit SPA at the end of operation and resets the latch circuit PA 1 EN.
PAR  PA CLEAR(1A), received from the circuit TDB and ORed with signal RST ACK
      STRET clears the circuitry of the scanner peripheral adapter after
      operation.
PAR  PA 1 ACKN signal is sent to the circuit TDB whenever the circuit SPA
      receives signals PA 1 En or PA DTL(1A).
PAR  PA1 LOAD DEV is sent to the circuit TDB to indicate that data is available
      at the circuit SPA Data Out Multiplex to cause that data to be entered
      into the circuit TDB data register and a SENSE READY signal to be sent to
      the unit CPU. This is the "last but one" timing signal of the circuit SPA.
PAR  PA1 SET READY signal is sent to the circuit TDB and indicates the end of
      operation causing the circuit TDB to set its READY FF and return the
      signal of RST ACKN(1A) to the circuit SPA. It is the last timing signal of
      the circuit SPA.
PAR  PA1 DEVICE ERR signal is staticised in the circuit SPA and sent to the
      circuit TDB whenever an error occurs in the operation of the unit TSU
      except circuit TDB.
PAR  It is eventually transmitted to the unit CPU by the circuit TDB as a signal
      ERR INT. (Used only by maintenance personnel who must add a test jumper).
PAR  The Data In routine comprises eight bits which are used to enable matrix
      access circuits and 15 bits used for maintenance purposes.
TBL  __________________________________________________________________________
     Scan Address                                                              
     __________________________________________________________________________
     23 15 14 13 12  11 10  9 8 7    6 5 4 3    2 1                            
     __________________________________________________________________________
        a. b. c. BDCO   GS      BDCO       GS ADD                              
                 MAIN   MAIN     ADD       FIELD                               
                                FIELD      GS-                                 
                                BDCO-      0 15                                
                                0 15                                           
     __________________________________________________________________________
PA1  a. INHIBIT RS ACKN
PA1  b. GENERATE TIMING ERROR
PA1  c. NOT USED
PAR  Bits 0 to 3 are decoded by the GS DECO to operate on GSCO groups BDCA,
      GSCA, GSCO such that:
TBL  BIT      3 2 1 0                                                          
              0 0 0 0 =  GSCO 00 group                                         
              0 0 0 1 =  GSCO 01 group                                         
                         .                                                     
                         .                                                     
                         .                                                     
              1 1 1 1 =  GSCO 15 group                                         
PAL  Only these groups are used for scanning purposes.
PAR  In conjunction with Bit 8, this field is extended for maintenance purposes
      only and serves:
TBL  Bit      8 3 2 1 0                                                        
              1 0 0 0 0  GSCO 16 groups                                        
              1 0 0 0 1  GSCO 17 groups                                        
                         .                                                     
                         .                                                     
                         .                                                     
              1 0 0 1 1  GSCO 19 groups                                        
PAR  Bit 9 is used, for maintenance only, to simulate no selection for circuits
      GS DECO, GSCA, GSCO, and GDCA (1/N)
PA1  Bit 9. GS00 = GS DECO ERROR
PA1  Bit 9. GS01 = GSCA ERROR
PA1  Bit 9. GS02 = GSCO ERROR
PA1  Bit 9. GS03 = BDCA ERROR
PAR  Bit 10 is used, for maintenance only, to simulate, at the inputs of 1 of N
      check circuits, a double selection of circuits GSCO 19 and whichever is
      selected by the normal GS field (bits 0 to 3 and 8).
PAR  Bits 4 to 7 are decoded by the circuits BDCO DECO to operate on the
      circuits BDCO such that:
PA1  Bit 7 6 5 4
PA2  0 0 0 0 BDCO 00 for maintenance only
PA2  0 0 0 1 BDCO 01
PA2  0 0 1 0 bdco 02
PA2  1 1 1 1 bdco 15
PA2  bdco 01 bdco 15 are used for scanning purposes.
PAR  Bit 11 is used, for maintenance only, to simulate a circuit BDCO, circuit
      DECO and circuit BDCO. "no selection error".
PA1  Bit 11 . BDCO 01 = BD DECO ERR
PA1  Bit 11 . BDCO 02 = BDCO ERR
PAR  Bit 12 is used, for maintenance only, to simulate at the inputs of 1 of N
      check circuits, a double selection of input 19 of 1/N and whichever
      circuit BDCO is selected by the normal field of circuit BDCO (Bits 4 to
      7).
PAR  Bit 14 is used, for maintenance only, to generate a timing error.
PAR  Bit 15 is used, for maintenance only, to inhibit RST ACKN STRET, thus
      preventing reset of the status word at the end of the scan cycle.
PA1  Data Out is obtained from:
PA1  Data In
PA1  Used for maintenance, is exactly as the Data In received.
PA1  Scan Data Out
PA1  Obtained from the sense amplifier register 517 with:
PA1  Bit 0 = Leg 0 or Core 0
PA1  Bit 1 = Leg 1 or Core 1
PA1  Bit 23 = Leg 23 or Core 23
PA1  Spa error status register
PA1  Bit 4 sa strb reg indicates register SA STRB is always high.
PA1  Bit 5 bd ena indicates signal BD ENA is always high.
PA1  Bit 6 1 of N GSCO . 1 of N STRB 2 is true at 1 of N STRB 2 if:
PA2  1. there is no GSCO selection
PA2  2. there is more than 1 GSCO switched on
PA1  Bit 7 1 of N GSCO . 1 of N STRB 1
PAR  At 1 of N STRB 1 the circuit GSCO is switched off. To prevent an
      unnecessary error indication, GSCA ENA is presented as a separated input
      to the 1 of N Check Circuit GSCO.
PAR  Therefore bit 0 is true only if there is already a circuit GSCO switched on
      permanently when the GSCA is turned on.
PAR  BIT 8 1 of N GSCA . 1 of N STRB 2 at 1 of N STRB 2, the GSCA is turned off.
PAL  To prevent an unnecessary error indication, GSCO ENA is presented as a
      separate input to the 1 of N Check Circuit GSCA.
PAR  Therefore bit 3 is true only if there is already a circuit GSCA permanently
      switched on when the circuit GSCO is turned on.
PA1  Bit 9 1 of N GSCA . 1 of N STRB 1 is true at 1 of N STRB 1 if:
PA2  1. there is no selection of circuit GSCA
PA2  2. there is more than 1 switched on circuit GSCA
PA2  Bit 10 1 of N BDCA . (1 of N STRB 1 + 1 of N STRB 2)
PAL  since the circuit BDCA is selected (turned off) at the very beginning of
      the scan operation and remains so during the whole cycle, bit 10 is true
      at 1 of N STRB 1 1 of N STRB 2 if:
PA2  1. there is no selection of circuit BDCA
PA2  2. there is more than 1 switched off circuit BDCA
PA1  Bit 11 1 of N BDCO . (1 of N STRB 1 + 1 of N STRB 2)
PAL  since the circuit BDCO is selected (turned on) at the very beginning of the
      scan operation and remains so during the whole cycle, bit 11 is true at 1
      of N STRB 1 1 of N STRB 2 if:
PA1  1. there is no selection of circuit BDCO
PA1  2. there is more than 1 switched on circuit BDCO BIT 12 1 of N GS DECO
PAL  shows a continuous indication of the status of the decoder circuit GS.
PAR  This bit is true if:
PA1  1. there is no selection of circuit GS
PA1  2. there is more than 1 selected circuit GS BIT 13 1 of N BDCO DECO
PAL  shows a continuous indication of the status of the decoder circuit BDCO.
PAR  This bit is true if:
PA1  1. there is no selection of circuit BDCO
PA1  2. more than 1 circuit BDCO is selected.
PAL  Bit 14 timing err is true if at ERR ENA SIG we find that one of the timing
      signals required for the correct scan operation is missing.
PAR  This is applicable for Scan Directive SEL 102.
PAR  With Data In Directive SEL 101, SA ENA is false and inhibits all the timing
      signals used for scanning. Therefore to prevent an unnecessary error
      indication signal SA ENA also inhibits the timing error from propagating.
PAR  BIT 15 ERR ENA SIG is true whenever ERR ENA SIG is detected in the
      circuitry of unit TSU i.e. at the end of operation for SEL 101 and SEL 102
      and SEL 103.
PAR  BIT 16 DIR 5, OFF LINE is true when the OFF LINE Directive SEL 105 is
      received.
PAR  BIT 17 PSW ERR, OFF LINE is true if any of the relay Power Switches PSW is
      in the on position.
PAR  This bit indicates that the unit TSU is not correctly OFF LINE.
PAR  BIT 18 DIR 6, ON LINE is true when the ON LINE Directive SEL 106 is
      received.
PAR  NOTE
PAR  BITS 16 and 18 are never true at the same time. In such a case the state of
      the unit TSU is undetermined and the DC Power on one of the ATT Duplex
      Pair should be turned off before attempting to exercise the other.
PAR  BIT 19 PSW ERR, ON LINE is true if any of the relay Power Switches PSW is
      in the off position.
PAR  This bit indicates that the unit TSU is not correctly ON LINE.
PAR  BIT 20 RST ACK ERR is true if for any reason the unit TSU receives two
      signals DTL from the circuit TDB without being reset in between.
PAR  BIT 21 1 of N DIR ENA ERR. -- ERR STAT ENA is true if during any operation
      of unit TSU other than ERR STAT ENA Directive SEL 100 we have more than 1
      set directive.
PAR  BIT 22 1 of N DIR ENA ERR . ERR STAT ENA is true if when Directive ERR STAT
      ENA SEL 100 there is more than 1 set directive.
PAR  BIT 23 ERR STAT ENA is true whenever Directive ERR STAT ENA SEL 100 is
      received.
TBL  ______________________________________                                    
     ERR STAT BT 18  = BD ENA                                                  
     19              = 100N STRB 1 REG.                                        
     20              = GSCO ENA                                                
     21              = GSCA ENA REG.                                           
     22              = SA STRB REG.                                            
     23              = 100N STRB 2 REG.                                        
     ______________________________________                                    
PAC  Operation of the Scanner Unit
PAR  Referring to FIGS. 6 and 6A, there is shown a detailed block diagram of the
      scanner peripheral adapter SPA. As indicated above, data bits 0 to 7 of
      the data IN supplied by the unit CPU via buffer TDB provide address data
      for the matrix access circuit and bits 8 to 23 are used for maintenance
      and control purposes. The address bits are extended over decoder circuits
      BDCO DECO and GS DECO which provide enabling outputs for the matrix access
      circuits, including the core battery driver circuits BDCO, cable battery
      drive circuits BDCA, cable ground switch GSCA, and core ground switch
      circuits GSCO.
PAR  The checking circuits 520 associated with the matrix access circuits
      include one-out-of-N checking circuits for the battery drive decoders
      BDCO, DECO and for the ground switch decoder circuits GS DECO as well as
      one-out-of-N checking circuits 520 for the cable and core battery drivers,
      and the cable and core ground switches.
PAR  The data bits 8-23, which represent maintenance and control information,
      are extended to the error detection and status register 521 which is
      comprised of a plurality of latch circuits which provide control signals
      for various circuits of the scanner unit TSU, including the control and
      timing circuit 512, the delay timing circuit 513, and the matrix access
      circuits. The status register 521 also provides control signals for
      enabling the sense amplifier gate 531 which gates outputs of the sense
      amplifier register 517, including the 24-bit data word resulting from a
      given scan to the data output multiplexer 519. The status register 521
      provides further enabling signals for the error status gate 532 and the
      data in gate 533 which permit error data and data received in the data
      register 516 to be extended to the central processor CPU over the data
      output multiplex 519. It is pointed out that the data in gate 533, the
      error status gate 532, the sense amplifier gate 531 and the data output
      multiplex 519 each comprise 24 gate circuits, only one of which is shown
      in FIG. 6B.
PAR  In addition, the scanner unit peripheral adapter SPA further includes a
      power switch circuit 525 enabled by outputs of the status register to
      extend +24 volts and electronic ground EG to the matrix access circuits.
PAR  The power switch circuits 525 in each of the duplicated scanner peripheral
      adapter units SPA-A, SPA-B are selectively enabled in response to
      directives provided by the central processing unit CPU such that in the
      active scanner unit TSU, the power switch circuit 525 is enabled while in
      the inactive or standby scanner unit TSU, such power switch circuit 525 is
      disabled.
PAR  Considering a typical scan operation for the active scanner unit TSU for a
      DDD call, after cut-through, the identity of the trunk is indicated in the
      activity bit table, and the calling number and called number are stored in
      the trunk call record table. Accordingly, when the activity bit for the
      trunk is set true, the scan interrupt routine is initiated to monitor the
      status of the trunk. The status of the busy trunk is monitored by the
      scanner under the control of the common control of the system which
      supplies the address of the leg of the scanner matrix which includes the
      slave relay answer and hold contacts associated with the busy trunk
      circuit being monitored.
PAR  Referring to FIG. 6B, which is a simplified schematic representation of the
      scanner unit TSU, the scanner receives an instruction, which is a command
      to perform the scan of the designated relay contact and simultaneously
      receives the address of the scan. The address is received by and stored in
      the data IN register 516 which is comprised of a plurality of latch
      circuits, 24 in the present embodiment. The directive or command is
      extended directly to the control circuit 550 over separate data lines. The
      timing control circuit 550 includes the power switches 525, the timing and
      control circuit 512 and the delay timing circuit 513, and the error and
      status register 521.
PAR  At the reception of the command, the control circuit 550 initiates the
      generation of timing pulses which then, until the end of the scan cycle,
      control sequencing of operation of the scanner unit TSU.
PAR  The address data stored in the data IN register 516 is extended to the
      source decoder BDCO DECO and the sink decoder GSCO DECO, which
      responsively provide signals for enabling the particular battery driver
      BDCO and ground driver GSCO designated by such address. The output of the
      source decoder BDCO DECO is extended to an input of the driver BDCO which
      basically comprises a gate circuit 540 and a switch 541 which is
      preferably an electronic switch. Similarly, the output of the sink decoder
      GSCO DECO is extended to an input of the ground switch circuit GSCO which
      is comprised of a gate circuit 542 and a switch circuit 543. Second and
      third inputs to gates 540 and 542 are connected to outputs of the control
      circuits 550 which provide clock signals for the driver circuits BDCO,
      GSCO.
PAR  The required current source BDCO is switched on in response to a first
      timing pulse BD ENA SIG, provided by the control circuit 550. At a later
      timing pulse GSCO ENA SIG, the required current sink GSCO is turned on.
      When the ground switch driver GSCO is turned on, the scan path is
      established through the matrix COR and if the network contact C included
      therein is closed, a pulse is induced in the sense winding of the
      associated core CO. Such pulse is extended to the associated sense
      amplifier SA and thence to the sense amplifier register 517. The sense
      amplifier register 517 comprises twenty-four latch circuits, and at the
      end of a scan, the sense amplifier register 517 stores the status of the
      twenty-four contacts for the given leg of the sense matrix which has been
      addressed by the central processing unit CPU. The data pulses provided by
      the sense amplifier SA are gated into the sense amplifier register 517 in
      response to a further timing pulse SA STRB SIG provided by the control
      circuit 550.
PAR  After the scan data has been stored in the sense amplifier register 517,
      the control circuit 550 sends a signal PA1 LOAD DEV to the buffer TDB,
      indicating that the data is ready. At such time, the control circuit 550
      enables the sense amplifier gate 531 to enable the contents of the sense
      amplifier register 517 to be gated to the data out multiplex gate circuit
      519 and thence to the central processing unit CPU via the buffer TDB and
      the multiplex CCX.
PAR  The scanning of a given path is continued until a disconnect condition is
      indicated as the result of a given scan operation. At such time, the
      change in the status bit for the contacts associated with the original
      path is used by the central processing unit CPU to effect recording of the
      time duration for the conversation over the path.
PAR  During the normal scan operations, or any maintenance routine,
      self-checking circuits of the scanner unit TSU are operable in response to
      error conditions provided by a plurality of error indicating circuits 545.
      Such error data is gated into the error latch circuit 517 and may be
      extended to the central processor unit CPU over the error status gate 532
      and the data multiplex 519 in response to a further control signal
      provided by the control circuit 550.
PAR  Moreover during certain maintenance routines, it is desirable to enable
      transmission of data received by the data in register of the scanner unit
      TSU back to the central processing unit CPU. Accordingly, a data IN gate
      533 is provided which is enabled by a further output of the control
      circuit 550 to permit the data stored in the data in register 516 to be
      transmitted to the central processing unit CPU.
PAR  A detailed description of the modes of operation of the scanner unit TSU is
      provided in the following paragraphs which makes reference to the hardware
      flowcharts. Switch on and Switch off operations.
PAR  In the system a program receives a request for the reconfiguration of the
      unit TSU from sources such as:
PA1  1. Maintenance Personnel, via the teletypewriter TTY
PA1  2. maintenance Programs
PA1  3. Error Interrupt Handlers
PA1  4. Timed Routine Scheduler
PAR  This program analyzes the request for validity i.e., can the request be met
      without upsetting the working mode of the system and from the System
      Status Table decides which unit to switch ON and which to switch OFF.
PAR  These Switch ON/Switch OFF routines are therefore controlled by the
      Software and the Hardware operations for these routines are as follows:
PAR  Switch ON DIRECTIVE 5 (1A) true, and DIRECTIVE 6(1A) false.
PAR  Referring to FIGS. 5, 5A, 9, 15 and 24, this routine consists of a single
      sequence, started by a SEL INST with X = 1, Y = 0 and Z = 6 block 901,
      FIG. 9, and line 3, FIG. 24. The circuit 509 of buffer TDB decodes these
      fields into only DIRECTIVE 6(1A) true (FIG. 15, blocks 1501 and 1519) and
      passes it on, with PA 1 EN FIG. 24, line 4, to the status register 521 of
      scanner adapter SPA. The output of the staticizer 521 PA 1 EN is PA 1 ACKN
      and is sent back to the buffer TDB FIG. 24, line 5 and FIG. 15, block
      1520, which responds with RST ACKN (1A) FIG. 24, line 6 and FIG. 15, block
      1523. The timing circuit 513 of the adapter SPA stretches RST ACKN (1A) to
      RST ACK STRET and uses RST ACK STRET + CLEAR to reset all its circuitry,
      FIG. 24 line 7. On receipt of DIRECTIVE 6(1A) and PA 1 EN two operations
      result in the scanner adaptor SPA:
PAR  1. It staticizes DIRECTIVE 6(1A). PA 1 EN and the output --ERR STAT BT 11,
      ON LINE, of this ON/OFF latch switches the circuits of PSW ON, FIG. 9,
      blocks 904, 905 and FIG. 24, line 8. Feedback signals are obtained from
      the power switch circuits 525 FIG. 5A (PSW1 to PSW4) which are gated into
      latches --6A STAT BT6, PSW ERR ON LINE, and --ERR STAT BT7, PSW ERR OFF
      LINE of status register 521, to indicate that the circuits 525 PSW are all
      ON or all OFF respectively. The --ERR STAT BT19 is an input to the latch
      PA1 DEVICE ERR of the register 521 and sets the latch (FIG. 24, line 10)
      if any of the circuits of PSW are OFF. The other output of the ON/OFF
      latch --ERR STAT BT16 is used with --ERR STAT BT19 to enable latch PA DTL
      (1A) of the status register 521 to start the counter/timer 512 SPA thus
      insuring that the circuit SPA does not operate unless all the circuits of
      PSW are correctly switched ON and the circuit SPA is ON LINE.
PAR  2. But because the circuits of PSW are relay operated they are slow in
      operation and the error detection circuit recognizes, via --ERR STAT BT6,
      that one or more switches of PSW are still OFF. The Error Detection
      circuit therefore generates a DEVICE ERR signal. This signal is not sent
      to the buffer TDB. Software: at block 903, FIG. 9,
PA1  1. times a delay of 16.6 ms. (FIG. 24, line 12) to allow for the operation
      of the circuit PSW 525 and then interrogates the Error Status of the
      scanner SPA to insure that a correct reconfiguration of the subsystem has
      accomplished, FIG. 9, blocks 906, 907.
PA1  This is indicated by:
PA2  --ERR STAT BT19, PSW ERR ON LINE -- false
PA2  --ERR STAT BT17, PSW ERR OFF LINE -- true
PA2  --ERR STAT BT16, OFF LINE -- false
PA2  --ERR STAT BT18, ON LINE -- true
PA1  2. Clear the channel.
PA2  Switch OFF DIRECTIVE 5(1A) -- true and DIRECTIVE 6(1A) -- false.
PAR  Referring to FIGS. 5, 5A, 9, 15 and 24, this routine consists of a single
      sequence which is started by a SEL INST with X = 1, Y = 0 and Z = 5 block
      911, FIG. 9, line 35, FIG. 24. The circuit 509 of buffer TDB decodes these
      fields into only DIRECTIVE 5(1A) true and passes it on with PA 1 EN to the
      circuit SPA, FIG. 15, blocks 1501-1519. FIG. 24, line 4.
PAR  The output of the PA1 EN staticizer 521 is PA 1 ACKN and is sent back to
      the status register 521 of the buffer TDB which responds with RST ACKN
      (1A). The timing circuit 513 of scanner SPA stretches RST ACKN (1A) to RST
      ACK STRET and uses RST ACK STRET + CLEAR to reset all its circuitry. FIG.
      24, lines 5-7, FIG. 15, blocks 1520-1523.
PAR  Again because of the time delay in the operation of the PSW circuits 525,
      these might remain ON for a certain time and therefore --ERR STAT BT19
      does not show a PSW ERR, ON LINE, and may not trigger the DEVICE ERR latch
      of the status register 521. This signal is not sent to the circuit TDB.
PAR  The Software at block 713, FIG. 9, therefore has to time a period of 16.6
      ms. (FIG. 24, line 12) before;
PA1  1. reading SPA's ERR STAT to insure correct switch OFF of that unit.
PA1  2. addressing the duplicate equipment. Correct switch OFF is indicated by;
PA2  --ERR STAT BT19, PSW ERR ON LINE -- true
PA2  --ERR STAT BT17, PSW ERR OFF LINE -- false
PA2  --ERR STAT BT16, OFF LINE-- true
PA2  --ERR STAT BT18, ON LINE -- false
PAR  In the switch OFF status the unit TSU does not operate and only responds to
      a switch ON instruction, DIRECTIVE 5(1A) is false and DIRECTIVE 6(1A) is
      true.
PAR  Scan Operation DIRECTIVE 2(1A) true.
PAR  For the purpose of this, and subsequent descriptions, it is assumed that
      the unit TSU circuit SPA is switched ON correctly i.e., all the switches
      PSW are ON and
PA2  --ERR STAT BT19, PSW ERR ON LINE -- true
PA2  --ERR STAT BT17, PSW ERR OFF LINE -- false
PAR  Referring to FIGS. 5, 5A, 8 and 19, the scan routine can be initialized in
      the unit TSU by the ticketing application program, for monitoring the
      network circuits through their repeating relays and for maintenance
      routining and repair verification program to check the operation of the
      unit TSU, and in particular, the self checking facilities, such as the
      check circuits 1 of N.
PAR  This routine consists of four sequences:
PAR  1. PA SEL INST. (FIGS. 8, blocks 801, 802, FIG. 15, blocks 1501-1523, FIG.
      19, lines 11-14)
PAR  The routine is started by a SEL INST with X = 1, Y = 0, and X = 2. The
      circuit TDB decodes these fields into only DIRECTIVE 2(1A) true (FIG. 15)
      and passes it on, with PA1 EN, to the status register 521 of the scanner
      adapter SPA. The signal PA 1 EN is latched into PA1 ACKN which is sent to
      the buffer TDB which responds with RST ACKN (1A), FIG. 15, block 1523,
      FIG. 19, line 7.
PAR  After stretching RST ACKN (1A) to a 1.1 Ms. pulse, the adapter SPA uses RST
      ACK STRET + CLEAR to reset all its circuitry (FIG. 19, line 8). The
      adaptor SPA also latches PA 1 ACKN into PA ENA REG of status register 521.
      This latch is reset whenever PA 1 EN -- false such as before a SEL INST.
      The level PA ENA REG is used to gate DIRECTIVE 2(1A) into the status
      register 521. The output (FIG. 19, line 9) of a gate SA ENA true, is fed
      to the 1 of N Directive Enable Check circuit 522 to insure that only that
      directive has been selected. If there is a fault, the output of the 1 of N
      Directive Enable Check circuit 522 is gated by ENA ERR SIG just prior to
      the end of the operation of the scanner SPA when the output of the gate,
      100N DIR ENA GATED, sets PA 1 DEVICE ERR latch and sets -- ERR STAT BT21
      of the SPA Error Status latch. With SA ENA true, the data in the SA
      Register 517 is gated to Data Output Multiplex 519.
PAR  2. PA DATA IN (FIG. 8, blocks 804, 805)
PAR  A Scan Address, as explained above, is sent by the unit CPU onto the buffer
      of circuit TDB (FIG. 19, line 12). The circuit TDB in its turn sends the
      data to the circuit SPA with PA DTL (1A) FIG. 19, line 13, FIG. 14. The
      Acknowledge latch of the status register 521 is set again by PA DTL (1A)
      and the scanner adapter sends PA 1 ACKN (FIG. 19, line 14) to the circuit
      TDB (the circuit TDB does not respond). The level PA DTL (1A) is also
      gated with
PA1  --ERR STAT BT16, OFF LINE --DEV ERR, and
PA1  --ERR STAT BT19, PSW ERR ON LINE, to give
PA1  On line . dtl . pa ena . --dev err and its inverse.
PAL  This resultant signal is used to;
PAR  1. gate the data onto the SPA Data In Register 516 (FIG. 19, line 16)
PAR  2. start the operation of the SPA clock-timer 512, 513
PAR  3. set a divide by two flip flops such that if the scanner SPA receives two
      successive PA DTL (1A) signals without a RST ACKN (1A) in between, the PA
      1 DEVICE ERR latch (FIG. 8, blocks 806, 807, FIG. 19, line 14) is set by
      --ERR STAT BT20, --RST ACK ERR to stop further operation of the scanner
      adapter SPA.
PAR  3. PA OPERATION
PAR  When SA ENA is true, the required scan signals from the SPA clocktimer 512,
      513 are allowed through (FIG. 19, line 21, FIG. 18); errors relevant to
      the Scan Operation of the unit TSU trigger the PA 1 DEVICE ERR latch at
      ERR ENA SIG; and the Scan Data Out, SA 00 to SA 23, are gated into the SPA
      Data Out Multiplex 519.
PAR  With ON LINE . DTL . PA ENA true, the Scan Address is set into the SPA Data
      IN Register 516. The Decode circuits, BDCO, DECO and GS DECO translate the
      address fields (FIG. 19, line 16) and select only one of each group of
      drivers BDCO, BDCA, GSCA AND GSCO (FIG. 8, blocks 809, 810). If there is
      any selection errors (no selection or multiple selections) the 1 of N
      Check circuits for BDCO DECO and/or GS DECO indicate an error (FIG. 8,
      blocks 811-813) and set their respective error latches, --ERR STAT BT13
      and/or --ERR STAT BT12.
PAR  It is to be noted that although the decoders have selected the switches
      equivalent to the Scan Address, these remain in their quiescent state
      until their respective Enable Signals appear.
PAR  The first clock-timer signal to appear, --BD ENA SIG. (FIG. 19, line 23)
      sets a BD ENA latch. When --BD ENA is false, the BDCO and BDCA circuits
      selected by the decoders switch ON and switch OFF, respectively. The
      signal --BD ENA SIG also sets the GSCA ENA latch such that when BDCA ENA
      is true, the selected GSCA circuit switches ON. After 8 microsec, for the
      switches to settle, the outputs of the 1 of N Check circuits for BDCO,
      BDCA, GSCA and GSCO are gated by 100N STRB 1 SIG to set respective latches
      in the SPA Error Status Word.
PAR  Next, when GSCO ENA SIG is true, the selected GSCO circuit switches ON
      (FIG. 8, block 814, FIG. 19, line 28). Then, when --GSCA ENA SIG is false,
      the signal resets the GSCA latch and when GACA ENA is false, the selected
      GSCA circuit switches OFF (FIG. 8, block 815, FIG. 19, line 29).
PAR  For those lines where the contacts of the repeating relay are closed,
      switching OFF the GSCA circuit causes the current to be diverted from the
      BDCO/GSCA path to the BDCO/GSCO path and thus through the cores. This
      sharp flow of current is transformed by the cores and the sense amplifiers
      SA into a pulse of about 3 microsec duration. After 1 microsec from the
      time GSCA ENA becomes false, a pulse of 1 microsec, --SA STRB SIG false,
      gates the Scan data (sense amplifier outputs) into the SA Register 517
      (FIG. 19, line 30).
PAR  A second check on the correct selection of BDCO, BDCA, GSCA and GSCO
      circuits is made when 100N STRB 2 SIG true gates the outputs of the 1 of N
      Check circuits into their respective latches (FIG. 8, blocks 818-820, FIG.
      19, line 31). The last signal in the PA Operation is ERR ENA SIG (FIG. 19,
      line 33) and this allows the OR'ed errors due to 1 of N Check circuits and
      the OR'd errors due to the malfunction of the clock-timer 512, 513 to set
      the PA 1 DEVICE ERR latch (FIG. 8, blocks 821-825).
PAC  PA DATA OUT (FIG. 13)
PAR  If there is no circuitry fault, the clock-timer 512, 513 continues and the
      scanner adapter SPA sends PA 1 LOAD DEV (FIG. 19, line 40) to the buffer
      TDB, where the signal gates the SPA Data Out onto the TDB Buffer 507 (FIG.
      13, block 1301).
PAR  Also the adapter sends PA 1 SET READY (FIG. 19, line 41), the buffer TDB
      responding with RST ACKN (1A) (FIG. 19, line 42). The adaptor SPA uses
      this signal to generate RST ACK STRET (FIG. 19, line 43) and resets all
      its circuitry with RST ACK STRET + CLEAR.
PAR  On receipt of PA 1 LOAD DEV the buffer TDB sends a SENSE READY signal (FIG.
      19, line 44) to the unit CPU indicating that there is data in its buffer
      507. The unit CPU then initiates a CCI instruction to retrieve that data
      (FIG. 13, blocks 1304-1307).
PAC  For Maintenance
PAR  The Scan Operation for Maintenance is identical to that described earlier
      on with the exceptions that by the judicious use of Bits 8 to 12 and bits
      14 and 15 of the Scan Data Word with the normal scan address fields,
      errors are induced in the 100N Check Circuits for the BDCO, DECO, GS DECO,
      BDCO BDCA, GSCA and GSCO and timing Check circuit. These errors set the
      appropriate latches of the SPA Error Status Word at either 100N STRB 1 SIG
      or 100N STRB 2 SIG error enable signal for the timing errors. Also at ERR
      ENA SIG these errors set the PA 1 DEVICE ERR latch causing the SPA
      Operation to cease.
PAR  Data In Loop Operations DIRECTIVE 1(1A) true. Referring to FIGS. 5, 5A, 14
      and 21, this Directive enables a check to be made on the communication
      channels between the unit CPU and the scanner adaptor SPA via the Buffer
      TDB, the SPA Data In Register 516 and the SPA Data Out Multiplex 519.
PAR  This routine consists of four sequences.
PAR  1. PA SEL INST (FIGS. 11, 14, 15, FIG. 21, lines 11-16)
PAR  The routine is started at block 1101, FIG. 11, by a SEL INST with X = 1, Y
      = 0 and Z = 1. The buffer TDB decodes these fields into only DIRECTIVE
      1(1A) true and passes it on, with PA 1 EN, to the adaptor SPA. The adaptor
      SPA latches PA 1 EN into PA 1 ACKN and sends this response to the buffer
      TDB which in turn responds with RST ACKN (1A) (FIG. 15).
PAR  After stretching RST ACKN (1A) to a 1.1 microsec pulse, the scanner adaptor
      SPA uses RST ACK STRET + CLEAR to reset all its circuitry. The SPA also
      latches PA 1 ACKN into PA ENA REG. This latch is reset whenever PA 1 EN is
      false, such as before a SEL INST. The level PA ENA REG is used to enable
      gate DIRECTIVE 1(1A) into the scanner SPA. The output of the gate, DATA IN
      ENA true, (FIG. 11, block 1102) is fed to the 1 of N Directive Enable
      Check circuit 522 (FIG. 6A) to insure that only that Directive has been
      selected. If there is a fault, the output of the 1 of N Directive, Enable
      Check circuit 522 is gated by ENA ERR SIG just prior to the end of the
      operation of the scanner SPA when the output of a gate 100N DIR ENA GATED
      sets PA 1 DEVICE ERR and sets --ERR STAT BT 21 of the SPA Error Status
      register 521. With DATA IN ENA true, the data in the SPA Data In Register
      516 is gated on SPA Data Output Multiplex 519. (FIG. 11, block 1103)
PAR  2. PA DATA IN (FIG. 14, FIG. 21, lines 19-23)
PAR  A data pattern is set up by the unit CPU onto the TDB Buffer 507 block
      1401. The buffer TDB in its turn sends the data the the scanner SPA with
      PA DTL (1A) FIG. 14, block 1420 and FIG. 21, line 20. The Acknowledge
      latch is set again by PA DTL (1A) and the scanner adaptor SPA sends PA 1
      ACKN to the buffer TDB. The buffer TDB does not respond (FIG. 14, block
      1421, FIG. 21, line 21). The level PA DTL (1A) and is also gated with
      --ERR STA BT10, OFF LINE, --DEV ERR, and --ERR STAT BT19, PSW ERR ON LINE,
      to give ON LINE . DTL . PA ENA . --DEV ERR and its inverse. This resultant
      signal (FIG. 21, line 23): gates the data onto the SPA Data In Register
      516, starts the operation of the SPA clock-timer 512, 513, and sets the
      divide by two flip flop, such that if the scanner SPA receives two PA DTL
      (1A) signals without a RST ACKN (1A) in between, the PA 1 DEVICE ERR latch
      is set by --ERR STAT BT20, --RST ACK ERR, and to stop further operation of
      the scanner SPA (FIG. 11, blocks 1106, 1108).
PAR  3. PA OPERATION (FIG. 11, blocks 1109-1113, FIG. 21, lines 28-31)
PAR  Because DIRECTIVE 1 (1A) is true, by necessity DIRECTIVE 2 (1A) is false
      which causes SA ENA to be false during the SPA operation of this
      Directive. This causes the clock-timer signals and errors associated with
      a scanning operation to be disabled. Therefore the scanner adaptor SPA
      just marks time until signal ENA ERR SIG becomes true, setting PA 1 DEVICE
      ERR if there is a fault in the SPA circuitry.
PAR  4. PA DATA OUT (FIG. 13, FIG. 21, lines 39-44)
PAR  If there is no circuitry faults, the clock-timer 512, 513 continues and the
      scanner SPA sends PA 1 LOAD DEV to the buffer TDB (FIG. 13, blocks 1301 to
      1304) to gate the SPA Data Out on to the TDB Buffer 507 (FIG. 21, line
      40).
PAR  Also, the scanner SPA sends PA 1 SET READY (FIG. 21, line 41) and the
      buffer TDB then responds with RST ACKN (1A) (FIG. 21, line 42). The
      scanner SPA uses this signal to generate RST ACK STRET and resets all its
      circuitry with RST ACK STRET + CLEAR (FIG. 21, line 43).
PAR  On receipt of PA 1 SET READY the buffer TDB sends to the unit CPU a SENSE
      READY signal indicating that there is data on its buffer. The unit CPU
      then initiates a CCI instruction to retrieve the Scan data, FIG. 21, line
      42, and FIG. 13, blocks 1312-1314.
PAC  Directive 1 of N Check Operation DIRECTIVE 3 (1A) true (FIGS. 10, 14, 15
      and 22)
PAR  This Directive effects a check of the operation of the 1 of N Directive
      Enable Check circuit 522, FIG. 6A, by inducing an artificial error.
PAR  This routine consists of two sequences.
PAR  1. PA SEL INST (FIG. 15)
PAR  This routine is started by a SEL INST with X = 1, Y = 0, and Z = 3 (FIG.
      10, block 1001). The buffer TDB decodes these fields into DIRECTIVE 3 (1A)
      true and passes the directive on, with PA 1 EN, to the scanner SPA, FIG.
      15, blocks 1501-1519, FIG. 22, lines 7, 8. The scanner SPA latches PA 1 EN
      into PA 1 ACKN FIG. 22, line 9, and sends this signal (FIG. 22, line 9) to
      the buffer TDB which responds (FIG. 15, blocks 1520-1523) with RST ACKN
      (1A) FIG. 22, line 10. After stretching RST ACKN (1A), to a 1.1 microsec
      pulse (FIG. 22, line 11), the scanner SPA uses RST ACK STRET + CLEAR to
      reset all its circuitry. The scanner SPA also latches PA 1 ACKN into PA
      ENA REG of the status register 521 (FIG. 6A).
PAR  This latch is reset whenever PA 1 EN is false such as before a SEL INST.
      The level PA ENA REG is used to gate DIRECTIVE 3(1A). The output of the
      gate, DIRECTIVE 100N CHK is fed into two inputs of the 1 of N Directive
      Enable Check circuit whose output should indicate a fault FIG. 10, block
      1003 and FIG. 22, line 12.
PAR  2. PA DATA IN (FIGS. 10 and 14)
PAR  The SEL INST is followed by a CCO instruction from the unit CPU. The data
      content of the CCO instruction is not important, all that is required is a
      DATA STROBE signal from the unit CPU (FIG. 14, block 1401) which causes
      the buffer TDB to generate a PA DTL (1A) (FIG. 14, block 1420, FIG. 22,
      line 16) to start the SPA clock-timer 512, 513, FIG. 22, line 24, FIG. 10,
      block 1008.
PAR  Most of the clock signals are disabled when SA ENA is false, SA ENA
      DIRECTIVE 2 (1A). PA ENA REG. Therefore, the scanner SPA just marks time
      until --ERR ENA SIG (FIG. 22, line 29 provided by delay timing 513 becomes
      true, which gates 100N DIR ENA (--100N DIR ENA GATED + 100N DIR ENA . ERR
      ENA SIG . --ERR STAT ENA), FIG. 10, block 1009.
PAR  The gated output, --100N DIR ENA GATED, sets PA1 DEVICE ERR latch and sets
      --ERR STAT BT21 of the SPA Error Status register 521. The other output of
      the Device Error latch, --DEV ERR, becomes false, stopping the clock 512
      and any further operation of the scanner SPA, FIG. 22, line 30, FIG. 10,
      blocks 1010-1012.
PAR  As this is a Maintenance Routining Directive, it is usually followed by a
      DIRECTIVE 0(1A), Error Status Enable operation, described below, to check
      that --ERR STAT BT21 is true, l.e. that the 1 of N Directive Enable Check
      circuit is operational.
PAR  Directive 1 of N Check Operation DIRECTIVE 7(1A) true.
PAR  Referring to FIGS. 10, 14, 15 and 22, the purpose of this Directive is to
      check the operation of the 1 of N Directive Enable Check circuit by
      inducing an artificial error.
PAR  This routine consists of two sequences.
PAR  1. PA SEL INST
PAR  This routine is started by a SEL INST with X = 1, Y = 0 and Z = 7 (FIG. 10,
      block 1001). The buffer TDB decodes these fields into DIRECTIVE 7(1A) true
      (FIG. 15, blocks 1501-1519, FIG. 22, lines 7, 8) and passes it on, with PA
      1 EN, to the scanner SPA. The scanner SPA latches PA 1 EN into PA 1 ACKN
      FIG. 22, line 9, and sends this signal (FIG. 22, line 9) to the buffer TDB
      which responds with RST ACKN (1A), FIG. 22, line 10, FIG. 15, blocks
      1520-1523.
PAR  After stretching RST ACKN (1A), to a 1.1 microsec pulse (FIG. 22, line 11),
      the scanner SPA uses RST ACK STRET + CLEAR to reset all its circuitry. The
      scanner SPA also latches PA 1 ACKN into PA ENA REG. This latch is reset
      whenever PA 1 EN is false such as before a SEL INST. DIRECTIVE 7(1A) is
      not a directive recognized by the scanner SPA. Thus, the 1 of N DIRECTIVE
      check circuit 522 (FIG. 6A) detects a NO DIRECTIVE condition and should
      indicate a fault.
PAR  2. PA DATA IN (FIGS. 10 and 14)
PAR  The SEL INST is followed by a CCO instruction from the unit CPU. The data
      content of the CCO instruction is not important, all that is required is a
      DATA STROBE signal from the unit CPU (FIG. 14, block 1401) which causes
      the buffer TDB to generate a PA DTL (1A) (FIG. 14, block 1420, FIG. 22,
      line 16) which starts the SPA clock-timer 512, 513 (FIG. 22, line 24).
PAR  Most of the clock signals are disabled when SA ENA is false (SA ENA
      DIRECTIVE 2(1A) PA ENA REG). Therefore the scanner SPA just marks time
      until signal --ERR ENA SIG provided by delay timing 513 becomes true (FIG.
      22, line 24). This signal gates 100N DIR ENA (--100N DIR ENA GATED + 100N
      DIR ENA . ERR ENA SIG . --ERR STAT ENA), FIG. 10, block 1009. The gated
      output, --100N DIR ENA GATED, sets PA1 DEVICE ERR latch and sets --ERR
      STAT BT22 of the SPA Error Status register 521. The other outputs of the
      Device Error latch, --DEV ERR, becomes false and the clock 512 is stopped,
      thereby inhibiting any further operation of the scanner SPA, FIG. 22, line
      30, FIG. 10, blocks 1010-1012.
PAR  As this is a Maintenance Routining Directive, it is usually followed by a
      DIRECTIVE 0(1A), Error Status Enable operation, described below, to check
      that --ERR STAT BT 22 = 1, i.e. 1 of N Directive Enable Check circuit is
      operational.
PAR  Error Status Enable Operation DIRECTIVE 0(1A) true.
PAR  Referring to FIGS. 12, 15, 17 and 20, the scanner SPA indicates an error by
      generating a DEVICE ERR signal (FIG. 12, block 1201). This signal disables
      the SPA clock 512 and any further operation ceases until all the circuitry
      of the scanner SPA is cleared.
PAR  Software "time-out" FIG. 12, block 1202.
PAR  This routine consists of a single sequence which is started by a SEL INST
      with X = 1, Y = 0 and Z = 0 FIG. 12, block 1207, FIG. 20, line 15. The
      buffer decodes these fields into only DIRECTIVE 0 (1A) true (FIG. 15) and
      passes it on, with PA 1 EN, to the scanner SPA, FIG. 20, line 16.
PAR  Since the scanner SPA was stopped in action at DEVICE ERR, it is reasonable
      to assume that PA 1 ACKN is still high. If it is not, it is generated by
      the scanner SPA through its PA ACKN latch FIG. 20, line 17. In either
      case, responding with PA 1 ACKN is not important in the retrieval of the
      SPA Error Status.
PAR  When the scanner SPA receives DIRECTIVE 0(1A) and PA 1 EN, it generates an
      ERR STAT ENA level FIG. 20, line 19 which gates the ERR STAT BT00 to ERR
      STAT BT23 onto the Data Out Multiplex 519, FIG. 12, block 1209.
PAR  --ERR STAT BT21 and --ERR STAT BT22 in the SPA Error Status Word represent
      1 of N errors in Directives, before and after DIRECTIVE 0 (1A), ERR STAT
      ENA, and enables determination of whether there was a Directive Error
      before the Error Status is interrogated and whether, when the Error Status
      is interrogated, only DIRECTIVE 0 (1A) is true. The latter constitutes a
      validity check on the SPA Error Status, because if --ERR STAT BT22 is
      true, this indicates that two Directives were enabled during the
      interrogation and therefore the Error Status would be the OR'ed result of
      both.
PAR  The inverse of the gating level is --ERR STAT BT23, --ERR STAT ENA. Thus,
      when the software analyzes the SPA Error Status, it is possible to
      determine whether DIRECTIVE 0 (1A) has been received correctly. There is
      no timing involved in this sequence apart from the gate delays in the
      logic circuits of the scanner SPA.
PAR  Through its own timing, the buffer TDB generates a LOAD PA pulse FIG. 20,
      line 20, which gates the SPA Data Out into the TDB buffer 507, FIG. 12,
      block 1210. After LOAD PA, the buffer TDB generates and sends RST ACKN
      (1A) to the scanner SPA which resets all its circuitry with RST ACK STRET
      + CLEAR. A SENSE READY signal from the buffer TDB to the unit CPU is not
      required. After about 1 microsec from the SEL INST, the unit CPU assumes
      that the data is on its Data Input Bus and retrieves the data FIG. 12,
      blocks 1211, 1212. The buffer TDB sends PA CLEAR (1A) FIG. 12, block 1216,
      FIG. 20, line 28, and the scanner SPA resets with PA CLEAR (1A) FIG. 20,
      line 30, FIG. 12, block 1217.
PAR  The SPA Data In is gated with --DEV ERR.
PAR  In the device buffer TDB, there is only one buffer that doubles up as
      storage for TDB Data In and TDB Data Out. The Data In could be the CCX
      data to the buffer TDB and peripheral adapter SPA data out of the adapter
      SPA to the buffer TDB and multiplex CCX or the TDB Error Status. The data
      out could be the data from the buffer TDB to the multiplex CCX of the data
      from the buffer TDB to the scan adapter SPA.
PAR  Thus, when the buffer TDB is sending data to the multiplex CCX, that data
      is also available at the inputs of the SPA Data In Register.
PAR  Now, if an error occurs in the scanner SPA and the TDB Error Status is
      requested, the buffer TDB puts its Error Status in the TDB buffer without
      resetting anything from its previous operation including DTL and PA 1 EN.
PAR  With DTL and PA 1 EN true, the input to the SPA Data In Reg. is enabled and
      therefore the TDB Error Status sets up in the SPA Data In Reg.
PAR  This TDB Error Status could be such that it causes a different SPA Error
      Status to be set up, i.e. if we have an SPA DEV ERR and we ask for TDB
      Error Status, and that status happens to have bits 9, 10, 11, or 12 set
      up, these are latched in the SPA Data In Reg. and could cause 1 of N BDCO
      DECO and/or 1 of N GS DECO errors to be simulated and latched in the SPA
      Error Status, even if those errors were not the original cause of the SPA
      Device Error.
PAR  Accordingly, SPA Data In is gated with --DEV ERR such that if the scanner
      SPA incurs an error, the gating of the Data In is inhibited.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a communication switching system including a switching network and
      common control equipment for establishing paths through the switching
      network between calling and called lines, said network including status
      means for indicating a busy condition for a given path through the
      network, scanning means responsive to calls-for-service from calling
      lines, and memory means for storing addresses of the lines requesting
      service, a ticketing arrangement comprising:
PA1  monitoring means including a plurality of monitoring devices responsive to
      said status means for determining that a given path is busy;
PA1  switching means for selectively connecting said monitoring devices to busy
      paths established between calling and called lines; and
PA1  means responsive to the addresses stored in said memory means for
      controlling said switching means.
NUM  2.
PAR  2. In a communication switching system including a switching network and a
      common control means for establishing paths through the switching network
      between calling and called lines, said network including status means for
      indicating a busy condition for a given path through the network, scanning
      means responsive to calls-for-service from calling lines, and memory means
      for storing addresses of lines requesting service, a ticketing arrangement
      comprising monitoring means including a plurality of monitoring devices
      responsive to said status means for determining that a given path is busy,
      switching means for connecting at least one of said monitoring devices to
      said busy path, means responsive to data signals provided by said common
      control means to address a predetermined group of said monitoring devices
      including at least one monitoring device connected to a busy path to
      determine the duration for which said busy path is maintained and for
      providing an indication to said common control means of said duration.
NUM  3.
PAR  3. In a communication switching system including a switching network and a
      common control means for establishing paths through the switching network
      between calling and called lines and said network including status means
      for indicating a busy condition for a given path through the network,
      scanning means responsive to calls-for-service from calling lines, and
      memory means for storing addresses of lines requesting service, a
      ticketing arrangement comprising scanner means having monitoring means
      including a plurality of monitoring devices arranged in a matrix array
      between rows and columns of the matrix, switching means operable when
      enabled to connect at least one of said monitoring devices to a busy path,
      access means enabling selective addressing of said monitoring devices in
      groups and control means responsive to input data signals provided by said
      common control means to selectively enable the access means to interrogate
      a selected group of monitoring devices to provide an output data word
      indicating the status of the busy paths.
NUM  4.
PAR  4. A system as set forth in claim 3 which includes input data register
      means for receiving input data signals from said common control means,
      including address data representing the address for a given one of said
      monitoring devices, and instruction data indicating an operation to be
      performed, and output data means for receiving the output data words
      provided by said monitoring devices to permit said output data word to be
      transmitted to said common control means.
NUM  5.
PAR  5. A system as set forth in claim 4 wherein said access means includes a
      plurality of current source means connected to a first plurality of inputs
      of said matrix and a plurality of current sink means connected to a
      further plurality of inputs of said matrix.
NUM  6.
PAR  6. A system as set forth in claim 5 wherein said data register means
      comprises a data register for receiving the address data provided by said
      common control means, and decoding means for decoding the address data
      received by said data register, said decoding means being operable to
      selectively enable addressed ones of said current sources and current
      sinks to enable interrogation of a given group of said monitoring devices.
NUM  7.
PAR  7. A system as set forth in claim 3 wherein said common control means is
      operable to provide a plurality of different controls for said scanner
      means, said control means includes first means responsive to the
      instruction data to provide control signals for sequencing the operation
      of said scanner means.
NUM  8.
PAR  8. A system as set forth in claim 7 wherein said first means includes
      timing means for generating control and timing pulses for controlling the
      operation of said scanner means.
NUM  9.
PAR  9. A system as set forth in claim 8 wherein said data monitoring means
      includes output data register means and wherein said timing means is
      operable to enable the output data provided by said monitoring devices to
      be gated to said common control means from said output data register
      means.
NUM  10.
PAR  10. A system as set forth in claim 6 wherein said control means includes
      error status means enabled whenever more than one of said current source
      means or said current sink means are enabled at a given time to provide a
      first error indication for said common control means.
NUM  11.
PAR  11. A system as set forth in claim 6 wherein said control means includes
      error status means enabled whenever more than one instruction is received
      by said scanner means from said common control means at a given time.
NUM  12.
PAR  12. A system as set forth in claim 8 wherein said control means includes
      error status means enabled in response to a fault in said scanner means to
      provide an error indication to said common control means and to inhibit
      further operation of said timing means.
NUM  13.
PAR  13. In a communication switching system including a switching network and
      common control means for establishing paths through said switching network
      between calling and called lines, said network including means for
      indicating a busy condition for a given path through the network, scanning
      means responsive to calls-for-service from calling lines and memory means
      for storing addresses of the lines requesting service, a ticketing
      arrangement comprising monitoring means including a plurality of
      monitoring devices arranged in matrix form, matrix access means including
      first and second means operable when enabled to select at least one of
      said monitoring devices, switching means for connecting each monitoring
      device to a different one of said busy paths, input data register means
      for receiving an address from said common control means for effecting
      interrogation of a given one of said monitoring devices, control means
      responsive to an instruction signal provided by said common control means
      to provide a plurality of control signals, said input data register means
      being responsive to a first one of said control signals to enable the
      address provided by said common control means to be stored in said
      register means, first and second decoder means responsive to a further
      control signal provided by said control means for enabling said first and
      second access means, timing means responsive to a further control signal
      provided by said control means to provide timing signals for enabling said
      first and second decoder means in a predetermined sequence, and data
      register means responsive to an output data word provided by said selected
      monitoring devices for storing data indicating the condition of the busy
      path connected to said monitoring device.
NUM  14.
PAR  14. In a communication switching system including a switching network and
      common control equipment for establishing paths through the switching
      network between calling and called lines, said network including status
      means for indicating a busy condition for a given path through the
      network, scanning means responsive to calls-for-service from calling
      lines, and memory means for storing addresses of the lines requesting
      service and the path through the network serving the lines, a method for
      monitoring the status of calling lines comprising: providing a plurality
      of monitoring devices each associated with a different one of said paths,
      connecting at least one of the monitoring devices to one of said busy
      paths, obtaining the address for a given line from the memory means, and
      using the address to interrogate the said one monitoring device to
      determine the status of said one busy path.
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ABST
PAL  Apparatus is described for detecting undesirable duplications in
      connections in time division multiplex telecommunication systems, e.g.,
      pulse code modulated telephone systems. The multiplex trunks are coupled
      through time coupling stages which may take the form of storages allocated
      to individual trunks, and the trunks are connectable in pairs, by means of
      cross-point switches, over pairs of time multiplex channels to outgoing
      time division multiplex trunks. A parity generator and an OR gate are
      inserted between the trunk-challel side terminals of the crosspoint
      switches extending from the incoming trunk in question to the same trunk
      and the trunk in question. An output of the parity generator is coupled,
      along with an output of the OR gate, to an exclusive OR gate, which
      produces an output signal responsive to a dissimilarity in inputs. The
      appearance of the latter output signal indicates the existence of a double
      connection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In automatic telecommunication exchanges it is desirable to avoid double
      connections, i.e., undesirable connections between two parties already
      connected with each other and a third party. Such double connections may
      occur in conventional automatic exchanges, because two selector means test
      at approximately the same time one and the same line for its idle
      condition and attempt to seize it. Since, at first, both selector means
      find the line in the idle condition, the corresponding test switching
      means in both selector means may also respond, seizing the idle line. Such
      a double seizure occurs more readily, the longer the period needed by the
      test switching element to respond and, thus, to seize the line in question
      and to prevent further intrusion. Consequently, in conventional switching
      systems efforts are made to minimize the danger period in which double
      connections may occur.
PAR  Modern telecommunication exchange technology has developed switching
      systems in which, in contrast to conventional telecommunication systems,
      more particularly telephone exchange systems, where transmission of
      continuous analog signals on a time-division basis takes place in
      transmission channels separated physically from one another, the
      time-division multiplex principle is applied instead of the space-division
      multiplex principle, and in which discontinuous analog or digital signals
      are transmitted on a time-division basis.
PAR  In contrast to conventional switching systems, the pieces of information
      concerning existing connections in these switching systems are not stored
      in relays or similar elements distributed along the communication path,
      but they are stored in concentrated form in addressable cyclic memories
      indicating circuit sections to be connected with one another. In such a
      time-division multiplex (T.D.M.) telecommunication switching system, more
      particularly a telephone exchange system, it is possible from the start to
      avoid undesirable double connections by separately processing within a
      given time the switching operations relating to the individual parties. A
      requisite condition is faultless transmission and processing of the
      elements of information needed for setting up and releasing the
      connections. However, it cannot be ruled out that unfavorable
      circumstances, e.g. faulty processing or transmission of such pieces of
      information or the appearance of interference pulses, nevertheless lead to
      an undesirable double connection.
PAR  To avoid undesirable double connections in such a switching system, it is
      old in the art (West German Pat. No. 1,225,246) to provide counter means
      which transmits a signal identifying a double connection in case of
      similarity, at least twice, between addresses. This signal can be used as
      a criterion for delivering an instruction for the release of the
      connections in which the subscriber line with the address currently being
      supplied from the address register participates. Such an operation is
      carried out when companing addresses of subscribers participating in
      connections with an address supplied for a line currently being
      interrogated as to its loop condition.
PAR  This procedure permits the avoidance of double connections which are
      attributable to the fact that time channel switches which in regular
      operation must be operated pulsewise one time only, are operated faultily
      more than once within a period of operation the TDM system. This is
      acceptable for TDM switching systems in which only time slot switches are
      provided in the individual communication paths which are to be operated
      pulsewise only one time within a period of the TDM system.
PAR  There are, however, TDM switching systems having a more comples
      construction in which there are switches in the individual transmission
      paths in addition to or instead of the time slot switches, depending on
      the existing connections in the TDM switching system, which in regular
      operation must also be operated in a fairly large number of time slot
      positions, depending on the number and nature of the existing connections.
      These switches may be crosspoint switches, by means of which TDM trunks
      can be connected to TDM links over which the individual TDM trunks can be
      interconnected.
PAR  In this connection it is old in the art (German Pat. No. 2,148,395) to
      provide counters in switching systems in which the individual TDM trunks
      of at least one group of incoming TDM trunks can be connected with the
      individual TDM trunks of at least one group of outgoing TDM trunks over
      TDM links by means of crosspoint switches, which are each connected to a
      TDM trunks and a TDM link in which an address in a cyclic memory is
      provided for each incoming and outgoing TDM highway in which storage are
      written in the time slot positions allocated to the connections concerned
      the addresses of the crosspoint switches currently connecting the TDM
      trunk concerned with a TDM link provided by the address of the TDM link in
      question. These counters are allocated to individual TDM links and count
      cyclically one after another in the individual time slot positions the
      crosspoint addresses stored in the individual address delay time storage.
      Further, they generate a signal indicating a double connection upon the
      second appearance of one and the same crosspoint address for the purpose
      of avoiding double connections.
PAR  In addition, to avoid double connections in TDM telecommunication switching
      systems, more particularly TDM telephone switching systems of the time
      referred to above, it is old in the art (West German application Ser. No.
      P 21 48 410.6-31) to provide a cyclic memory having a cycle time
      corresponding to the duration of a time channel and receiving only one
      crosspoint address and containing cyclically one after another the
      crosspoint addresses stored in the individual time slot positions in the
      individual address cuclic stores, and to provide a comparator that during
      the storing of a crosspoint address compares the latter with the
      crosspoint addresses stored in the other locations in the cyclic memory in
      the time slot position concerned. When there is a similarity of addresses,
      the comparator generates a signal indicating a double connection.
PAR  The above known principle, namely to count cyclically, one after another in
      the individual time slot positions, crosspoing addresses stored in the
      individual addresses of the cyclic memories with the aid of counters
      allocated to individual TDM links, whereby a double connection is
      indicated upon the second appearance of one and the same crosspoint
      address, respectively, to input cyclically one after another the
      crosspoint addresses stored in the individual time slot positions in the
      individual address of a cyclic memory to a special short address cyclic
      store and to compare therefrom with the crosspoint addresses contained in
      the other storages in the time slot position concerned. Upon the
      occurrence of a similarity of addresses, a double connection is indicated,
      and this enables the avoidance of undesirable double connections in a TDM
      telecommunication switching system which can be constructed with
      considerably less engineering effort compared with prior art circuit
      arrangements. In such a system the individual testing procedures are
      repeated with a cycle period of e.g. 32 ms, depending on the principle
      applied in each case. It is therefore an object of the invention described
      hereinbelow to detect with equally little engineering effort but without
      the need of routine test procedures undesirable double connections in a
      TDM digital telecommunication switching system. In accordance with the
      principles of the invention a circuit arrangement is provided for
      detecting double connections in TDM digital telecommunication switching
      systems, wherein incoming TDM trunks which may run over a time coupling
      stage in the form of storages allocated to individual trunks, can be
      connected in pairs, by means of crosspoint switches, over pairs of TDM
      links with outgoing TDM trunks. The outgoing trunks may likewise run over
      a time coupling stage with storages allocated to individual TDM trunks.
PAR  The circuit arrangement, according to the invention, is characterized in
      that the inputs of a parity generator are connected to the inputs of an OR
      element inserted between the link side terminals of the crosspoint
      switches leading from the incoming TDM trunks concerned to one and the
      same link and the link in question. An output of the parity generator is
      connected to one input of an exclusive OR element, whose other input is
      disposed at the output of the OR element. In signals of dissimilarity
      between its input singals the exclusive OR element generates, at its
      output, a signal indicating a double connection.
PAR  The circuit arrangement according to the invention tests the links for the
      presence of double and multiple connections involving still other parties
      in a continuous manner, time element bit for time element bit. It is
      highly probable that in the case of an erroneously established double or
      multiple connection there is for the duration of a time element but a
      similarity between two or, generally speaking, an even number, in the
      double or multiple connection of information bits that coincide in time.
      In this circumstance this circuit arrangement is capable of indicating a
      double connection very rapidly, thereby enabling the release thereof quite
      early, so that practically speaking no exchange of information can take
      place between the parties sharing an undesirable double connection.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The principles of the invention will be more readily understood by
      reference to the description of a preferred embodiment given hereinbelow
      in conjunction with the accompanying single FIGURE drawing in which is
      illustrated a schematic view of a pulse code modulated (PCM) switching
      system concluded according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  The drawing shows schematically a PCM time-division multiplex switching
      system wherein, for example, 15 TDM trunks switched on a 4-wire basis,
      each comprising one incoming TDM trunk KL1 . . . KL15 and one outgoing TDM
      trunk GL1 . . . GL15 and connectable with one another or with other
      time-division multiplex lines switched on a 4-wire basis. The incoming TDM
      trunks KL1 . . . KL15 are coupled through a time coupling stage in the
      form of storages KVSP1 . . . KVSP15 allocated to individual TDM trunks.
      The incoming trunks can be connected in pairs over pairs of TDM links by
      means of crosspoint switches 1k1, 14g1 . . . 1k14; . . . ; 15k1, 15k2 . .
      . 15k14; 1g1, 2g1, . . . 14g1; . . . ; 1g15, 2g15. . . . 14g15 with the
      outgoing TDM trunks GL1 . . . GL15, likewise coupled through a time
      coupling stage with storages GVSP1 . . . GVSP15 allocated to individual
      TDM trunks.
PAR  The drawing further shows that the individual TDM trunks of the group of
      TDM trunks switched on a 4-wire basis can also be connected over other
      crosspoint switches 1k15 . . . 15k15; 15g1 . . . 15g15 with links leading
      to other groups of TDM trunks switched on a 4-wire basis. The drawing also
      shows that the individual TDM highways can be connected with a signal
      processing means allocated to individual TDM highways in a manner known in
      itself (e.g. German Unexamined Patent Specification 2 108 745) over
      additional crosspoint switches 1k16 . . . 15k16; 16g1 . . . 16g15.
PAR  The storages KVSP1, GVSP1; . . . ; KVSP15, GVSP15 allocated to individual
      TDM trunks are conventional cyclic memories and are accessed cyclically in
      a known manner using the clock pulses of the PCM words transmitted on the
      respective TDM trunk, so that the TDM trunk concerned in each time slot is
      connected with the memory location of the storage allocated to individual
      time slots. In the example described herein each of the storages comprises
      32 memory locations 0 . . . 31 corresponding to 32 time slots in the
      system time frame.
PAR  The two storages KVSP1, GVSP1; . . . ; KVSP15, GVSP15 of the individual TDK
      trunks KL1, GL1; . . . ; LK15 can each be accessed be addressing holding
      storage from a HSPV1 . . . HSPV15 allocated to individual TDM trunks so
      that the individual PCM words in the switching center can be retransmitted
      to transmission circuits. To access the crosspoint switches disposed on
      one and the same incoming TDM trunk and those located on the associated
      outgoing TDM trunk, there is provided a common address cyclic memory.
      Thus, for access to crosspoint switches 1k1 . . . 15k1; 1k2 . . . 15k2; .
      . . 1k14 . . . 15k14; 1k15 . . . 15k15 leading from the incoming TDM
      trunks KL1 . . . KL15 to one and the same link and the link in question.
      The EG, the other of the latter being connected to the output of the
      parity generator PG. The exclusive OR element EG generates in the known
      manner a signal at its output D in case of dissimilarity between it inlet
      signals.
PAR  A parity generator PG forms the modulo-2 addition (without carry) of the
      input bits routed thereto. The parity generator PG may have a design of
      known construction for this purpose. For example, depending on the number
      of incoming TDM trunks, it may be composed of one or two SN 74,180 modules
      AG. The exclusive OR element EG which generates an output signal in case
      of dissimilarity between its two input signals may, for example, be
      composed of a functional element of an SN 7486 module by Texas Instruments
      Inc. or an FLH module by Siemens AG.
PAR  In the time slots in which no call is currently conducted over a link and
      in which, therefore, no message bits 1 appear on the input lines of the OR
      element OZ of the link concerned, the associated parity generator
      transmits, at its output, a signal O is likewise routed to the other input
      of the exclusive OR element EG from the output of the OR element OZ, so
      that no signal appears at the output of the exclusive OR element EG.
PAR  If in a given time slot one connection is currently applied to the link
      under consideration, a message bit 1 might occur on one of the input lines
      of the OR element OZ of the link which appears at the same time at the
      output of the OR element. The associated parity generator PG then
      generates at its output a signal 1 so that the exclusive OR element EG is
      again inhibited and no signal 1 appears at its output.
PAR  If, however, a double connection appears mistakenly on the link in question
      in a time slot, or even a multiple connection involving still another
      parity, then message bits 1 may appear concurrently on two input lines of
      the OR element OZ of the link concerned immediately after such a
      connection has been set up, since it is highly probable that two identical
      message bits will appear. This is true of double connections involving
      only one third party, as well as multiple connections involving still
      other "third" parties, that is, for an even number as well as for an odd
      number of parties sharing the multiple connection.
PAR  Upon the appearance of two or, generally speaking, an even number of such
      information bits 1 on two or simply an even number of input lines of the
      OR element OZ, the associated parity generator PG generates a signal "O"
      at its output corresponding to the even number of bits 1, which signal
      travels to one input of the following exclusive OR element EG. At the same
      time, there presently appears at the output of the OR element OZ of the
      link in question an information bit 1, which travels to the other input of
      the exclusive OR element EG also, so that presently there appears at the
      output D of the exclusive OR element in question a signal 1 indicating the
      double connection, which signal can then be utilized for releasing the
      double connection mistakenly established in the time slot in question.
PAR  The preferred embodiment described hereinabove is intended only to be
      exemplary of the principles of the invention and not to define the scope
      of the invention, which is defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a telecommunication switching system for time division multiplex
      (TDM) signals wherein incoming TDM trunks, coupled through first time
      coupling stages in the form of storages allocated to individual TDM
      trunks, are connectable in pairs, by means of crosspoint switches, over
      pairs of TDM links to outgoing TDM trunks which are coupled through second
      time coupling stages having storages allocated to individual TDM trunks,
      apparatus for detecting double connections comprising:
PA1  Or gate means having a plurality of inputs and an output inserted in a said
      TDM link, said inputs being connected to outputs of said crosspoint
      switches connecting the incoming TDM trunks with said TDM link and said
      output being connected to crosspoint switches connecting said TDM link to
      said outgoing TDM trunks,
PA1  parity generator means having a plurality of inputs connected to said
      plurality of inputs of said OR gate means, and
PA1  exclusive OR gate means for producing an output signal responsive to a
      dissimilarity in signals coupled thereto and thereby indicating a double
      connection, said exclusive OR gate having one input connected to an output
      of said parity generator means and another input connected to the output
      of said OR gate means.
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      Cooper, Journal AES, Mar. 1974, pp. 82-87.
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      Preprint Presented Sept. 15, 1972.
LREP
FR2  Olson; Spencer E.
ABST
PAL  A compatible four channel system for use in conjunction with a radio
      transmission system for transmitting four individual audio signals over a
      medium having primary and secondary information channels and first and
      second subsidiary information channels, the primary and secondary channels
      carrying information that is consistent and compatible with existing
      monophonic and stereophonic standards.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to quadraphonic audio systems, and more particularly
      to systems for encoding four or more individual channels of audio
      information for broadcast over FM multiplex radio, and for decoding and
      reproducing the broadcast information either as four discrete audio output
      signals having the directionality of the original input signals or
      "semi-discretely" in the manner of matrix systems, the broadcast
      information being fully compatible with existing monophonic and
      stereophonic receivers. The subject matter of this application is related
      to subject matter in the co-pending application Ser. No. 462,042 entitled
      "Compatible Four Channel Recording And Reproducing System" filed of even
      date herewith and assigned to the same assignee as the present
      application.
PAR  The nature of the encoding employed in the "SQ" quadraphonic record system
      described in applicant's co-pending application Ser. No. 384,334 filed
      July 31, 1973, now U.S. Pat. No. 3,890,466, has made it possible to
      broadcast quadraphonic information over FM multiplex radio in a manner
      which is fully compatible with monophonic and stereophonic receivers. In a
      broadcast mode, the two composite signals transduced from an SQ record,
      each of which contains three of the four input signals with preselected
      amplitude and phase relationships, can be transmitted in the same manner
      as a conventional stereophonic signal pair. Upon reception, a conventional
      monophonic or stereophonic FM receiver gives the listener a totally
      satisfactory monophonic or stereophonic presentation, as the case may be.
      If an SQ decoder of the type described in applicant's co-pending
      application Ser. No. 338,691, filed Mar. 7, 1973, now U.S. Pat. No.
      3,835,255, is used in combination with the stereophonic FM receiver, the
      listener can obtain four-channel reproduction of the four signals
      contained in the transmitted composite signals. It is a primary object of
      the invention to provide an improved system for broadcasting and receiving
      four independent channels discretely or semi-discretely, in a manner that
      is fully compatible with existing SQ decoders, as well as with existing
      stereophonic and monophonic receivers.
PAR  As further background for understanding the present invention and the
      differences between it and the more simplified method of SQ broadcasting
      alluded to above, it will be useful to discuss in further detail the
      characteristics and limitations of simply transmitting the two composite
      encoded signals. Employing the SQ system, the broadcaster can use an SQ
      encoder, of which several types are disclosed in applicant's co-pending
      application Ser. No. 384,334 filed July 31, 1973, for combining the four
      channels of a four-channel program, either live or taped, into two
      composite signals, and transmitting them through existing FM stereo
      transmitter equipment. This approach provides satisfactory results at the
      receiver as long as there are no soloists or important instruments placed
      in the center-back of the quadraphonic field. It is a characteristic of
      the SQ code that center-back signals are encoded in phase opposition and
      thus are not received through a monophonic receiver; however, they are
      reproduced normally with stereophonic FM receivers and properly decoded
      when an SQ code does not significantly handicap a record producer because
      he can be careful to avoid placing soloists in the "dead back" of the
      audience, and indeed, it may be to his advantage when recording symphonic
      music in highly reverberant halls. In the latter case, the orchestra is
      picked up normally with a conventional microphone array for transmission
      over the two front channels, while the reverberant energy received with
      additional microphones is distributed among the remaining three channel
      pairs so as to convey to the quadraphonic listener a realistic impression
      of the sounds of the hall. For the monophonic listener, however, with all
      the music and a full measure of reverberation concentrated in one
      loudspeaker, the reverberation tends to mask the fine structure of the
      music, producing "muddy" sound. With the basic SQ code the producer is
      able to concentrate a greater measure of reverberant energy predominantly
      between the back channels, thereby to cause it to be diminished in the
      monophonic mode to give a more satisfactory energy balance. The
      stereophonic listener, of course, hears all the signals but the anti-phase
      reverberant energy becomes distributed, at least in part, beyond the
      confines of the loudspeakers thus preserving a satisfactory
      direct/reverberant signal balance for the main-front stage.
PAR  Unfortunately, the broadcasting program director often does not have the
      opportunity to carefully plan and edit the material being encoded for
      broadcast. He may have to transmit any four-channel program through the SQ
      system, for example, from an existing tape, which might contain a
      center-back soloist; or a live rock concert during the broadcast of which
      an artist might wander between the back-channel microphones. To
      accommodate these contingencies, the broadcast producer can use the
      "forward-looking" encoder illustrated in FIG. 20 of the aforementioned
      co-pending application Ser. No. 384,334 which treats the center-back
      signal in an in-phase manner as if it were a center-front signal. Using
      this encoder, the sounds around the front and sides of the quadraphonic
      field, including left-back, left-front, center-front, right-front, and
      right-back channels are ideally coded, the signals between the back
      channels are redistributed among all the channels, and the center-back
      signal is moved forward to the center-front position. With this code,
      then, all listeners, monophonic, stereophonic and quadraphonic, hear all
      of the signals, but the quadraphonic listener perceives center-back
      signals as if they originated at center-front. In any event, it will be
      appreciated that the quadraphonic listener, using a matrix decoder, does
      not hear four discrete signals; each is "contaminated" to some degree with
      lower level signals from two other channels, as is inherent in "matrix"
      four-channel systems.
PAR  Although the above-described SQ system of broadcasting provides generally
      acceptable quadraphonic reproduction at the receiver, which can be further
      improved to approach the quality of discrete reproduction through the use
      of logic and control circuitry in conjunction with the matrix decoder,
      there is considerable current interest in providing a system for
      broadcasting four channels in a manner which allows fully discrete
      presentation at the receiver. Again, such a system should still retain
      full compatibility with conventional stereophonic and monophonic receivers
      and be capable of operation on frequency channels allocated by the Federal
      Communications Commission. To achieve these ends, one can first
      appropriately combine the four signals of the four-channel program into a
      two-channel mono-compatible stereophonic program for transmission over
      existing FM broadcast channels and also provide for transmission of at
      least two additional sets of signals which, upon reception followed by
      appropriate combination of received signals, will enable restoration of
      the original four program signals. In one proposed system of which
      applicant is aware, four audio signals are combined to form a pair of
      signals designated (L.sub.f + L.sub.b) and (R.sub.f + R.sub.b) and the sum
      and difference of these signals are transmitted by an FM multiplex
      transmitter. The four program signals are also combined into two
      additional signals (L.sub.f + R.sub.f) - (L.sub.b + R.sub.b) and (L.sub.f
      + R.sub.b) - (R.sub.f + L.sub.b) which are transmitted simultaneously as
      modulation on additional sub-carriers. Upon reception, the four sets of
      signals are appropriately recombined to derive the original four audio
      signals L.sub.f, R.sub.f, L.sub.b and R.sub.b ; such recombination being
      possible as long as the sets are non-trivial and are linearly independent.
      A number of systems employing this basic scheme of signal combination,
      including the system described in Dorren U.S. Pat. No. 3,708,623, are
      currently being evaluated by the NQRC (National Quadraphonic Radio
      Committee). It is unnecessary for present purposes to discuss the merits
      of the above-described sets of signals, except to point out that each of
      them statistically carries equal amounts of power with the consequence
      that it is necessary to transmit a relatively high total signal energy to
      perform the "discretizing" operation.
PAR  While the advantages to be derived from "discrete" quadraphonic
      broadcasting are at this time inconclusive, and a variety of proposals are
      being considered, it would be disirable, in the event that a discrete
      system of quadraphonic broadcasting is adopted, that such systems be
      compatible with SQ decoders and decoder-equipped radio receivers currently
      in the hands of consumers. It is an object of the present invention to
      provide a four channel system of broadcasting which allows fully discrete
      reception, but which is also compatible with existing monophonic,
      stereophonic and SQ receiving and reproducing equipment. SUMMARY OF THE
      INVENTION
PAR  The present invention is directed to a compatible four channel system for
      use in conjunction with a radio transmission system for transmitting four
      individual audio signals designated L.sub.f, L.sub.b, R.sub.b, and R.sub.f
      over a medium having primarily and secondary information channels and
      first and second subsidiary information channels, the primary and
      secondary channels carrying information that is consistent and compatible
      with existing monophonic and stereophonic standards. In accordance with
      the preferred embodiment of the invention, means are provided for forming
      a first composite signal designated L.sub.T which contains, to the extent
      they are present, L.sub.f in a dominant proportion and L.sub.b and R.sub.b
      in sub-dominant proportions, L.sub.b and R.sub.b being phase shifted with
      respect to each other. Means are also provided for forming a second
      composite signal designated R.sub.T which contains, to the extent they are
      present, R.sub.f in a dominant proportion and L.sub.b and R.sub.b in
      sub-dominant proportions, L.sub.b and R.sub.b being phase shifted with
      respect to each other. First and second conjugates of the first and second
      composite signals, respectively, are formed, the first and second
      conjugates being designated L.sub.T.sup.* and R.sub.T.sup.*. Means are
      provided for forming a sum signal as a function of the sum of L.sub.T and
      R.sub.T and for applying the sum signal to the primary information
      channel. Means are also provided for forming a difference signal as a
      function of the difference between L.sub.T and R.sub.T and for applying
      the difference signal to the secondary information channel. Finally, means
      are provided for applying the first and second conjugates, L.sub.T * and
      R.sub.T *, to the first and second subsidiary channels, respectively. In
      accordance with the preferred embodiment of the invention, a
      receiver/decoder is provided which includes means responsive to the
      primary and secondary channels for processing the sum and difference
      signals to obtain the first and second composite signals, L.sub.T and
      R.sub.T. L.sub.T and L.sub.t * are combined to recover the individual
      audio signal L.sub.f. R.sub.T and R.sub.T * are combined to recover the
      individual audio signal R.sub.f. Also, means are provided for combining
      relatively phase shifted versions of the composite signals and the
      conjugates to recover the third and fourth individual audio signals,
      R.sub.b and L.sub.b.
PAR  The original program signals can be encoded in a variety of ways to provide
      signals at the receiver necessary to accomplish the discretizing function,
      several of these ways being described hereinbelow. A feature of each of
      the described embodiments is that the signal energy in the auxiliary
      signals carrying the information necessary to accomplish descretizing is
      significantly lower than the signal energy in the channels carrying the
      principal information. As a consequence, the total signal energy that must
      be handled by the transmitter is lower than that required for other
      systems that have been proposed for discrete broadcasting of four channel
      program information.
PAR  Further features and advantages of the invention will become more readily
      apparent from the following detailed description when taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram of a transmitter system embodying the
      present invention;
PAR  FIG. 2A is a diagram showing the frequency spectrum of a composite signal
      employed for the transmission of four channel information;
PAR  FIG. 2B is a block diagram of transmitter for four channel information;
PAR  FIG. 3 is a block diagram of an encoding matrix useful in the system of
      FIG. 1;
PAR  FIG. 4A is a block diagram of another encoding matrix;
PAR  FIG. 5 is a block diagram of a receiving system in accordance with the
      invention;
PAR  FIG. 4B is a block diagram of the combining circuitry portion of the
      receiver of FIG. 5;
PAR  FIG. 6 is a decoder matrix useful as a part of the receiving system of FIG.
      5;
PAR  FIG. 7A is a block diagram of a circuit used to generate an auxiliary
      signal in accordance with the invention;
PAR  FIG. 7B is a diagram of the combining circuitry of FIG. 5 in accordance
      with a particular embodiment of the invention;
PAR  FIG. 8A is a block diagram of circuitry used to generate auxiliary signals
      in accordance with an embodiment of the invention;
PAR  FIG. 8B is a diagram of the combining circuitry of FIG. 5 in accordance
      with another embodiment;
PAR  FIG. 9A is a block diagram of circuitry used to generate auxiliary signals
      in accordance with still another embodiment of the invention; and
PAR  FIG. 9B is a diagram of the combining circuitry of FIG. 5 in accordance
      with still another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a simplified block diagram of an
      SQ-compatible FM transmitter system that is responsive to four independent
      audio signals designated L.sub.f, L.sub.b, R.sub.b, and R.sub.f. This
      transmitter transmits FM signals that are compatible with existing
      monophonic, stereophonic and SQ standards for consumers who have such
      equipment. The transmitted FM also includes auxiliary signals, designated
      S.sub.1, S.sub.2, and S.sub.3 that can be processed by consumers having
      appropriate decoding equipment. As will become apparent, consumers having
      a certain type of decoding equipment will be capable of recovering the
      four original audio signals in fully discrete form, whereas consumers
      having another type of decoding equipment will be capable of obtaining
      four audio signals that are in "semi-discrete" form; i.e., that have
      greater relative separation than ordinary decoded SQ outputs, but which
      are not fully discrete. Such semi-discrete outputs will be sometimes
      referred to hereinafter as being "enhanced". As will also become apparent,
      various options will be available at the transmitter regarding the number
      of auxiliary signals to be transmitted and the nature of these signals,
      depending upon the type of broadcasting objectives that are desired.
PAR  The four independent audio signals L.sub.f, L.sub.b, R.sub.b and R.sub.f
      are received by an encoding block 20 which includes, inter alia, an SQ
      encoder for producing SQ composite signals designated L.sub.T and R.sub.T
      and additional encoding circuitry for generating the auxiliary signals
      designated S.sub.1, S.sub.2, and S.sub.3. As is well known, existing
      stereophonic multiplex transmitters add the total left and right audio
      information to produce a sum signal called a main or "primary information
      signal" (for a particular FM station) which occupies the portion of the
      frequency spectrum lying between about 50Hz and 15 kHz. Also, a difference
      signal is formed by subtracting the total right audio information from the
      total left audio information and this difference is used to modulate a
      suppressed sub-carrier at 38 kHz. The result is a suppressed-carrier
      double side band signal called a "secondary information signal" centered
      at 38 kHz and occupying the frequency range from about 23 kHz to 53 kHz of
      the frequency spectrum. A 19 kHz pilot signal is also provided to enable
      detection of 38 kHz sidebands. In some cases, there is additionally
      broadcast a "Subsidiary Communication Authorization" ("SCA") signal at 67
      kHz, although it has been suggested that this SCA signal could be
      eliminated for stations where four independent audio signals are to be
      transmitted discretely or semi-discretely.
PAR  In the present invention the composite SQ signals L.sub.T and R.sub.T serve
      as left (total) and right (total) audio signals, respectively, and are
      encoded and then applied to the primary and secondary channels of a
      station in conventional fashion as primary and secondary information
      signals. As previously indicated, consumers having existing monophonic and
      stereophonic equipment or existing SQ equipment and who can receive
      L.sub.T plus R.sub.T only (in the monophonic case) or who are able to
      obtain L.sub.T and R.sub.T separately (as in the stereophonic case) will
      be able to do so without loss of compatibility. Of course, consumers who
      also have SQ decoding equipment will be able to further process the
      composite signals L.sub.T and R.sub.T to obtain four decoded SQ signals as
      is described in detail in the above-referenced co-pending applications.
      The auxiliary signals S.sub.1, S.sub.2, and S.sub.3 can be employed in
      various ways to cause modulation over selected remaining portions of the
      frequency spectrum associated with the station being broadcast. This is
      illustrated with the aid of FIG. 2A which is a diagramatic representation
      of the manner in which auxiliary signals can be used to modulate
      subcarriers to obtain various frequency distributions within a station
      allocation. The baseband or primary information signal (L.sub.T + R.sub.T)
      is seen to occupy a frequency range from about 50 Hz to 1500 Hz in the
      conventional manner. Also, the secondary information signal, i.e. the
      difference signal (L.sub.T - R.sub.T), is seen to occupy the frequency
      range from 23 to 53 KHz. These two channels of information, plus the pilot
      shown at 19 kHz, are the necessary constituents for the transmission of
      conventional stereophonic signals.
PAR  Another frequency band, also occupying the range 23 to 53 kHz, can be
      obtained by modulating the suppressed 38 kHz subcarrier in a quadrature
      relationship with respect to the previously described modulation of said
      subcarrier by the difference signal (L.sub.T - R.sub.T). In FIG. 2A, an
      auxiliary signal designated S.sub.1 is employed for this quadrature
      modulation so as to yield frequency band shown in dashed line. Also, a 76
      kHz subcarrier can be modulated in quadrature by two other auxiliary
      signals designated S.sub.2 and S.sub.3. The two resulting frequency bands,
      shown in solid and dashed lines, occupy the spectral range 61 to 91 kHz
      and can be ultimately recovered using a multiple of the transmitted 19 kHz
      pilot signal.
PAR  FIG. 2B is a simplified block diagram of a transmitter 30 that can be
      employed to obtain an FM signal having a frequency spectrum as set forth
      in FIG. 2A. Briefly, the sum and difference of L.sub.T and R.sub.T are
      formed by the summing circuits 180 and 181 and the sum (L.sub.T + R.sub.T)
      is applied to an input terminal of adder 190. Am oscillator 182 provides
      an output at 76 kHz and frequency dividers 183 and 184 are employed in
      series to make available the characteristic frequencies of 38 kHz and 19
      kHz. The 19 kHz output, used as a pilot signal, is coupled to another
      input terminal of adder 190. The 38 kHz output, and a quadrature version
      thereof formed using 90.degree. phase shifter 185, are coupled to
      suppressed-carrier type modulators 186 and 187 which modulate the 38 kHz
      subcarriers with the difference signal (L.sub.T - R.sub.T) and S.sub.1,
      respectively. The outputs of modulators 186 and 187 are coupled to input
      terminals of adder 190. Similarly, the 76 kHz output, and a quadrature
      version thereof formed using 90.degree. phase shifter 188, are coupled to
      suppressed-carrier type modulators 191 and 192 which modulate the 76 kHz
      subcarriers with S.sub.2 and S.sub.3 respectively.
PAR  The outputs of these modulators are coupled to further input terminals of
      adder 190. The output of adder 190 is a composite signal having a
      frequency spectrum as shown in FIG. 2A, and this composite is coupled to
      an exciter 195 where it is used to frequency modulate the station
      frequency.
PAR  The encoder 20 includes a matrix of the type disclosed in applicant's
      above-referenced co-pending application Ser. No. 384,334 and shown in FIG.
      3. The matrix has four input terminals 61, 62, 63 and 64 which
      respectively receive the four independent audio signals L.sub.f, L.sub.b,
      R.sub.b and R.sub.f which are available as inputs to the encoder 20 (FIG.
      1). Phasor representations of these four signals are depicted next to
      their respective input terminals. As described in detail in the referenced
      application, the L.sub.f signal is added to 0.71 of the L.sub.b  signal by
      the summing circuit 65 and the output is applied to an all-pass phase
      shifter 68 which introduces a reference phase shift .psi. at all
      frequencies of interest. The R.sub.f signal at input terminal 64 is added
      to .71 of the R.sub.b signal by the summing circuit 66 and the output is
      applied to an all-pass phase shifter 69 which also introduces a reference
      phase shift .psi.. The L.sub.b and R.sub.b signals are also applied to
      respective all-pass phase shift networks 70 and 71, each of which provides
      a phase shift of (.psi. + 90.degree.). The output of network 68 is added
      to 0.71 of the output of network 71 by summing circuit 72 to produce the
      composite signal L.sub.T. Similarly, the output of network 69 is added to
      0.71 of the output of network 70 by summing circuit 73 to produce the
      composite signal R.sub.T. The encoder of FIG. 3 is of the
      "forward-looking" type referred to in the Background and produces the
      composite signals L.sub.T and R.sub.T  illustrated by the phasor groups 74
      and 75. Characteristically, L.sub.T includes L.sub.f in a dominant
      proportion and L.sub.b and R.sub.b in subdominant proportions (0.71) and
      in phase quadrature with respect to each other while R.sub.T includes
      R.sub.f in a dominant proportion and R.sub.b and L.sub.b in subdominant
      proportions and in phase quadrature with respect to each other. Using
      conventional phasor notation, the composite signals can be represented by
      the equations
EQU  L.sub.T = L.sub.f + 0.71L.sub.b - j 0.71R.sub.b
EQU  R.sub.T = R.sub.f + 0.71R.sub.b - j 0.71L.sub.b
PAR  Having developed the outputs L.sub.T and R.sub.T of encoder 20, we turn now
      to the development of the auxiliary signal outputs S.sub.1, S.sub.2 and
      S.sub.3. As previously noted, there are various options available at the
      transmitter regarding the number of auxiliary signals to be transmitted
      and the nature of these signals, depending on the broadcasting objectives
      desired. Referring to FIG. 4A, the firsst of these options is set forth
      wherein two auxiliary signals, S.sub.1 and S.sub.2, are transmitted and
      allow consumers capable of receiving them to recover the four independent
      audio signals in fully discrete form. In FIG. 4A the developed auxiliary
      signals are "conjugates" of the composite signals L.sub.T and R.sub.T and
      are given the disignations L.sub.T * and R.sub.T *, respectively. For
      purposes of this application, the conjugate of a given composite signal is
      defined as a signal which when added to or subtracted from the given
      composite signal yields a result which contains only the component that
      had been predominant in the given composite signal. In other words, the
      sub-dominant components of the given composite signal and its conjugate
      are proportioned and oriented so as to cancel. In FIG. 4A the developed
      conjugates L.sub.T * and R.sub.T * are represented by the phasor groups 94
      and 95, respectively. The equations for the conjugates are
EQU  L.sub.T * = L.sub.f - 0.71L.sub.b + j 0.71R.sub.b
EQU  R.sub.T * = R.sub.f - 0.71R.sub.b + j 0.71L.sub.b
PAL  It can be readily seen that when L.sub.T * is added to L.sub.T the sum
      contains only the component L.sub.f and when R.sub.T * is added to R.sub.T
      the sum contains only the component R.sub.f. The conjugates L.sub.T * and
      R.sub.T * (which serve as auxiliary signals S.sub.1 and S.sub.2 in this
      embodiment) are developed using the matrix of FIG. 4A which includes
      summing circuits 85, 86, 92 and 93 as well as all-pass phase shift
      networks 88, 89, 90 and 91. This matrix is similar to that of FIG. 3A
      except that negative portions of L.sub.b and R.sub.b are taken by the
      summing circuits. It should be noted that all .psi.'s are substantially
      identical over the frequency range of interest.
PAR  FIG. 5 is a generalized block diagram of a receiver in accordance with the
      present invention. A detector 110 operates to detect and demodulate the
      signals described in conjunction with FIG. 2; viz., (L.sub.T + R.sub.T),
      (L.sub.T - R.sub.T), S.sub.1, S.sub.2, and S.sub.3. The primary
      information signal, (L.sub.T + R.sub.T), and the secondary information
      signal, (L.sub.T - R.sub.T), are coupled to a sum/difference matrix 111
      which yields the original composite dignals R.sub.T and L.sub.T. These
      composite signals are coupled to an SQ decoder matrix 120 which may be of
      various types as set forth in applicant's above-referenced co-pending U.S.
      application Ser. No. 338,691. The matrix 120 produces four output signals
      designated L.sub.f ', L.sub.b ', R.sub.b ' and R.sub.f ' which
      respectively contain, in dominant proportion, the original independent
      audio signals L.sub.f, L.sub.b, R.sub.b and R.sub.f. Each one of the four
      output signals also contains, in sub-dominant proportion, two "unwanted"
      components from among the four original signals. The four output signals
      from matrix 120 are coupled to combining circuitry 130 which also receives
      the auxiliary signals S.sub.1, S.sub.2 and S.sub.3 from FM detector 110.
      Using the auxiliary signals, the circuitry 130 does further processing to
      obtain the four original audio signals in discrete form or to obtain
      enhanced audio signals as will be described.
PAR  A suitable decoder matrix 120 is illustrated in FIG. 6 which shows a matrix
      that is functionally the same as one disclosed in the above-referenced
      co-pending application Ser. No. 338,691. Four all-pass phase shift
      networks 151, 152, 153 and 154 and a pair of summing circuits 155 and 156
      are arranged in the manner shown to decode L.sub.T and R.sub.T and obtain
      the four output signals L.sub.f ', L.sub.b ', R.sub.b ', and R.sub.f '.
      The phasor groups 157 and 158 represent L.sub.T and R.sub.T, respectively,
      and the phasor groups 159, 160, 161 and 162 represent the decoded outputs
      L.sub.f ', L.sub.b ', R.sub.b ' and R.sub.f ', respectively. In equation
      form, the decoded outputs can be expressed as follows:
EQU  L.sub.f ' = L.sub.f + 0.71L.sub.b - j 0.71R.sub.b
EQU  L.sub.b ' = L.sub.b + 0.71L.sub.f + j 0.71R.sub.f
EQU  R.sub.b '  = R.sub.b + 0.71R.sub.f + j 0.71L.sub.f
EQU  R.sub.f ' = R.sub.f + 0.71R.sub.b - j 0.71L.sub.b
PAR  FIG. 4B details the nature of the combining circuitry 130 (of FIG. 5) which
      can be employed when S.sub.1 and S.sub.2 are transmitted as the conjugates
      of L.sub.T and R.sub.T as described with reference to FIG. 4A. The
      circuitry 130 is shown in dashed enclosure and includes a matrix 125 and
      summing circuits 171 through 174. The auxiliary signals S.sub.1 and
      S.sub.2, which are equal to L.sub.T * and R.sub.T * in this embodiment,
      are coupled to an SQ decoder matrix 125 that is identical to the matrix
      120 described in conjunction with FIG. 6. With these conjugates as inputs,
      the outputs of the matrix 125 are as illustrated by the phasor groups 175
      through 178 and can be represented by the following equations
EQU  L.sub.f '* = L.sub.f - 0.71L.sub.b + j 0.71R.sub.b
EQU  L.sub.b '* = -L.sub.b + 0.71L.sub.f + j 0.71R.sub.f
EQU  R.sub.b '* = -R.sub.b + 0.71R.sub.f + j 0.71L.sub.f
EQU  R.sub.f '* = R.sub.f - 0.71R.sub.b + j 0.71L.sub.b
PAL  The summing circuit 171 adds L.sub.f ' to L.sub.f '* to obtain an output
      which contains only the original audio signal L.sub.f. The summing circuit
      172 adds L.sub.b ' to L.sub.b '* to obtain an output which contains only
      the original audio signal L.sub.b. Similarly, the summing circuits 173 and
      174 respectively add R.sub.b ' to -R.sub.b '* and R.sub.f ' to R.sub.f '*
      to obtain outputs which contain only the original audio signals R.sub.b
      and R.sub.f. These results follow from the above equations from which it
      is clear that
EQU  L.sub.f ' + L.sub.f '* = 2L.sub.f
EQU  L.sub.b ' - L.sub.b '* = 2L.sub.b
EQU  R.sub.b ' - R.sub.b '* = 2R.sub.b
EQU  R.sub.f ' + R.sub.f '* = 2R.sub.f
PAR  FIGS. 7A and 7B illustrate an embodiment wherein only a single auxiliary
      signal, S.sub.1, need be transmitted (e.g., by quadrature modulation of
      the subcarrier at 38 kHz) and this auxiliary signal can be utilized by
      consumers having relatively simple combining circuitry 130 to obtain
      significantly enhanced audio output signals. FIG. 7A shows the portion of
      encoder block 20 (FIG. 1) which is used to generate S.sub.1 for this
      embodiment. A summing circuit 201 adds -0.5L.sub.b to -0.5R.sub.b and this
      sum is phase shifted (.psi. - 45.degree.) by an all phase network 202. At
      the receiving end, the detector 110 (FIG. 5) recovers S.sub.1 which is
      coupled via all-pass phase shift network 219 to combining circuit 130
      along with the decoded SQ outputs L.sub.f ', L.sub.b ', R.sub.b ' and
      R.sub.f '. As shown in FIG. 7B, the combining circuit 130 for this
      embodiment includes four summing circuits labeled 211 through 214. The
      network 219 introduces a reference phase shift .psi. to S.sub.1. This
      establishes the proper phase reference for S.sub.1 since all the decoded
      SQ outputs had experienced this same reference phase shift during decoding
      (see FIG. 6). The four enhanced outputs, designated L.sub.f ", L.sub.b ",
      R.sub.b " and R.sub.f " can be seen to have the following formulations:
EQU  L.sub.f " = L.sub.f ' + S.sub.1
EQU  L.sub.b " = 0.7L.sub.b ' - 0.7S.sub.1
EQU  R.sub.b " = 0.7R.sub.b ' - 0.7S.sub.1
EQU  R.sub.f " = R.sub.f ' + S.sub.1
PAR  The phasor representations of the enhanced outputs are illustrated by
      phasor groups 215 through 218. In addtion to infinite front separation,
      the enhanced outputs exhibit 6dB separation from front-to-back and 9dB
      separation between the back channels. Thus, front-to-back separation is
      about twice the separation normally achieved with ordinary SQ decoded
      outputs.
PAR  FIGS. 8A and 8B illustrate an embodiment of the invention wherein a pair of
      auxiliary signals, S.sub.1 and S.sub.2, are transmitted, and these
      auxiliary signals are utilized by consumers having a certain type of
      combining circuitry 130 to recover the original four independent audio
      signals in fully discrete form. This is the same type of operation that
      was performed in the embodiment described in conjunction with FIGS. 4A and
      4B. In the present embodiment, however, an added advantage is that certain
      consumers having less sophisticated (and less expensive) combining
      circuitry can utilize only one of the two transmitted auxiliary signals to
      obtain significantly enhanced audio output signals while consumers having
      a more sophisticated type of combining circuitry can utilize both
      auxiliary signals to obtain fully discrete audio output signals. Thus an
      advantage of greater flexibility is achieved and the consumer is given
      viable purchase options. FIG. 8A shows the portion of encoder block 20
      (FIG. 1) which is used to generate S.sub.1 and S.sub.2 for this
      embodiment. S.sub.1 is generated using a pair of summing circuits 401 and
      402 to respectively form the signals (-0.5L.sub.b - 0.5R.sub.b) and
      (-0.5L.sub.f - 0.5R.sub.f). The former signal is passed through an
      all-pass phase shift network 403 which introduces a relative phase shift
      of (.psi. - 45.degree.) and the latter signal is passed through an
      all-pass phase shifter 404 which introduces a relative phase shift of
      (.psi. - 135.degree.). The outputs of these phase shifting networks are
      added by summing circuit 405 to produce the auxiliary signal S.sub.1 which
      is illustrated by the phasor group labeled 406. The auxiliary signal
      S.sub.2 is formed in a similar manner. In this case, summing circuits 411
      and 412 are used to form signals (0.5R.sub.f + 0.5L.sub.b) and
      (-0.5R.sub.b - 0.5L.sub.f). The outputs of the summing circuits are
      coupled through all-pass phase shift networks 413 and 414 which introduce
      relative phase shifts of (.psi. - 135.degree.). The resultant signals are
      added by summing circuit 415 to produce auxiliary signal S.sub.2 shown by
      phasor grouping 407. It can be noted that each of the auxiliary signals
      S.sub.1 and S.sub.2 contains a component of each of the four original
      independent audio signals but that the phase relationships are different
      in the two auxiliary signals. Again, at the receiving end, detector 110
      (FIG. 5) recovers S.sub.1 and S.sub.2 which are coupled via reference
      phase shifters 439 and 449 to combining circuit 130 along with the decoded
      SQ (FIG. 8B) outputs L.sub.f ', L.sub.b ', R.sub.b ' and R.sub.f '. As
      shown in FIG. 8B, the combining circuit 130 consists of two stages 130A
      and 130B, each being shown in a dashed enclosure. The stage 130A consists
      of four summing circuits labeled 431 through 434. As shown, the summing
      circuits are used to combine L.sub.f ', L.sub.b ', R.sub.b ' and R.sub.f '
      in accordance with the following relationships:
EQU  L.sub.f "  = L.sub.f ' + S.sub.1
EQU  L.sub.b " = L.sub.b ' - S.sub.1
EQU  R.sub.b " = R.sub.b ' - S.sub.1
EQU  R.sub.f " = R.sub.f ' + S.sub.1
PAL  The outputs of stage 130A are represented by the phasor groupings labeled
      435 through 438. It will be appreciated that the outputs of the stage 130A
      can be utilized as the final audio outputs by consumers whose combining
      circuitry consists solely of the stage 130A. These outputs exhibit channel
      separation of 9dB for all adjacent channels. The stage 130A requires only
      the four relatively inexpensive summing circuits and the phase shifter
      439, so a consumer who chooses this compromise can obtain enhanced SQ
      outputs without undue expense.
PAR  Consumers having the more sophisticated combining circuitry 130 will have a
      second stage 130B which receives the four outputs L.sub.f ", L.sub.b ",
      R.sub.b ", and R.sub.f ", and couples each of these outputs through
      respective all-pass phase shift networks 441 through 444, each of these
      phase shift networks introducing a reference phase shift of .psi.. The
      auxiliary signal S.sub.2 is coupled through reference phase shift network
      449 to a pair of phase shift networks 445 and 446, the network 445
      introducing a reference phase shift of .psi. and the network 446
      introducing a relative phase shift of (.psi. - 90.degree.). Four summing
      circuits 451 through 454 are also provided in the stage 130B. The summing
      circuit 451 adds the output of phase shifting network 441 to S.sub.2. As a
      result of this addition, the components L.sub.b, R.sub.b and R.sub.f all
      cancel out and the resultant output, L.sub.f '", equals L.sub.f, the
      original independent audio signal. Similarly, the output of network 445 is
      subtracted from the output of network 444 by summing circuit 454 to obtain
      R.sub.f '" which equals R.sub.f, the original independent audio signal.
      The output of all-pass phase shift network 446 is added to the output of
      phase shift network 443 by summing circuit 453 to obtain R.sub.b '" which
      equals R.sub.b, the original independent audio signal. Finally, the output
      of network 446 is subtracted from the output of network 442 to obtain
      L.sub.b '" which equals L.sub.b, the original independent audio signal.
      Thus, by employing seven additional all-pass phase shift networks and four
      additional summing networks, a consumer having the full equipment can
      further discretize the outputs of the first stage 130A to obtain four
      fully discrete audio signals.
PAR  FIGS. 9A and 9B illustrate a further embodiment of the invention wherein
      three auxiliary signals S.sub.1, S.sub.2 and S.sub.3 are transmitted, and
      these auxiliary signals are utilized by consumers having certain types of
      combining circuitry 130 to recover either the original four independent
      audio signals in fully discrete form or enhanced versions of decoded SQ
      output signals. As in the previous embodiment, consumers have the option
      of purchasing only a portion of the total stages of combining circuitry
      130 if they choose to be satisfied with enhanced audio output signals and
      do not require fully discrete outputs. Also, broadcasters have the option
      of transmitting signals which can be fully or partially discretized. FIG.
      9A shows the portion of encoder block 20 (FIG. 1) which is used to
      generate S.sub.1, S.sub.2 and S.sub.3 for this embodiment. S.sub.1 is
      generated in the same way as set forth in the previous embodiment (FIG.
      8A) so the prior description is applicable to the top portion of FIG. 9A.
      S.sub.2 is generated using a pair of summing circuits 501 and 502 to
      respectively form the signals (-0.35R.sub.f - 0.35L.sub.b) and
      (0.35R.sub.b + 0.35L.sub.f). These signals are coupled through all-pass
      phase shift networks 503 and 504 which introduce a reference phase shift
      .psi. and the outputs of the phase shift networks are added by a summing
      circuit 505. The resultant auxiliary signal S.sub.2 is represented by the
      phasor grouping 506 in the figure. The auxiliary signal S.sub.3 is formed
      using summing circuits 511 and 512 to obtain the signals (0.35R.sub.f +
      0.35L.sub.b) and (-0.35R.sub.b - 0.35L.sub.f), coupling these sum signals
      through all-pass phase shift networks 513 and 514 and then adding the
      outputs of the phase shift networks using the summing circuit 515. In this
      case the all-pass phase shift networks introduce a phase shift of (.psi. -
      90.degree.). The auxiliary signal S.sub.3 is illustrated by the phasor
      grouping 516 in FIG. 9A.
PAR  At the receiver in the present embodiment, the detector 110 (FIG. 5)
      recovers S.sub.1, S.sub.2 and S.sub.3 which are coupled via reference
      all-pass phase shift networks 439, 459 and 479, to combining circuit 130
      along with the decoded SQ outputs L.sub.f ', L.sub.b ', R.sub.b ' and
      R.sub.f '. As shown in FIG. 9B, the combining circuit 130 consists of
      three stages designated 130A, 130C and 130D, each being shown in a dashed
      enclosure. The stage 130A is identical to the first stage of the previous
      embodiment as described in conjunction with FIG. 8B. As before, the
      outputs of this stage, L.sub.f ", L.sub.b ", R.sub.b " and R.sub.f " can
      be utilized as the final audio outputs by consumers whose combining
      circuitry consists solely of the stage 130A, these outputs exhibiting
      channel separation of 9dB for all adjacent channels. The more
      sophisticated equipment will have a second stage 130B which receives the
      four outputs and respectively couples them to four summing circuits
      designated 561 through 564. The auxiliary signal S.sub.2, appropriately
      reference phase shifted, is added to L.sub.f " and R.sub.b " and
      subtracted from L.sub.b " and R.sub.f ". The resultant outputs, designated
      L.sub.f '", L.sub.b '", R.sub.b '" and R.sub.f '" are respectively
      illustrated by the four phasor groupings 565 through 568 in FIG. 9B.
      Again, these signals can, if desired, be used as the final output signals
      as they provide a most satisfactory 14dB of separation between adjacent
      channels. The four signals can be completely discretized, however, using
      the stage 130D which includes four summing circuits designated 571 through
      574. The summing circuits 571 and 572 respectively add L.sub.f '" to
      S.sub.3 and L.sub.b '" to S.sub.3 while the summing circuits 573 and 574
      subtract S.sub.3 from R.sub.b '" and R.sub.f '", respectively. The
      resultant outputs L.sub.f "", L.sub.b "", R.sub.b "" and R.sub.f "" equal
      L.sub.f, L.sub.b, R.sub.b, and R.sub.f, the four original independent
      audio signals. The combining circuitry 130 of FIG. 9B is advantageous in
      that it requires only three all-pass phase shift networks.
PAR  While the invention has been described with reference to specific
      embodiments it will be appreciated that variations within the spirit and
      scope of the invention will occur to those skilled in the art. For
      example, while reference phase shifters (e.g. network 219 of FIG. 7B or
      networks 439 and 449 of FIG. 8B) have been described as being part of the
      receiver, with suitable standardization the appropriate reference phase
      shifts could be introduced at the transmitting end, thereby reducing
      receiver cost. Also, it will be understood that, if desired, the auxiliary
      signals can be transmitted at less than the full bandwidth of the primary
      information. It has been found that this technique can be employed to save
      bandwidth without severe degradation of the descretized signals.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compatible four channel system for use in conjunction with a radio
      transmission system for transmitting four individual audio signals
      designated L.sub.f, L.sub.b, R.sub.b and R.sub.f over a medium having
      primary and secondary information channels and first and second subsidiary
      information channels, said primary and secondary channels carrying
      information that is consistent and compatible with existing monophonic and
      stereophonic standards; comprising
PA1  a. means for forming a first composite signal designated L.sub.T which
      contains, to the extent they are present, L.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  b. means for forming a second composite signal designated R.sub.T which
      contains, to the extent they are present, R.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  c. means for forming first and second conjugates of said first and second
      composite signals, respectively, said first and second conjugates being
      designated L.sub.T * and R.sub.T *;
PA1  d. means for forming a sum signal as a function of the sum of L.sub.T and
      R.sub.T and for applying said sum signal to the primary information
      channel;
PA1  e. means for forming a difference signal as a function of the difference
      between L.sub.T and R.sub.T and for applying said difference signal to
      said secondary information channel; and
PA1  f. means for applying said first and second conjugates to said first and
      second subsidiary channels, respectively.
NUM  2.
PAR  2. In a compatible four channel audio system for use in conjunction with a
      radio transmission system for transmitting four individual audio signals
      designated L.sub.f, L.sub.b, R.sub.b, and R.sub.f over a medium having
      primary and secondary information channels and first and second subsidiary
      information channels, said primary and secondary channels carrying
      information that is consistent and compatible with existing monophonic and
      stereophonic standards, wherein the transmitter portion of said system
      comprises means for forming a first composite signal designated L.sub.T
      which contains, to the extent they are present, L.sub.f in a dominant
      proportion and L.sub.b and R.sub.b in subdominant proportions, L.sub.b and
      R.sub.b being phase shifted with respect to each other; means for forming
      a second composite signal designated R.sub.T which contains, to the extent
      they are present, R.sub.f in a dominant proportion and L.sub.b and R.sub.b
      in subdominant proportions, L.sub.b and R.sub.b being phase shifted with
      respect to each other; means for forming first and second conjugates of
      said first and second composite signals respectively; said first and
      second conjugates being designated L.sub.T * and R.sub.T *; means for
      forming a sum signal as a function of the sum of L.sub.T and R.sub.T and
      for applying said sum signal to the primary information channel; means for
      forming a difference signal as a function of the difference between
      L.sub.T and R.sub.T and for applying said difference signal to said
      secondary information channel; and means for applying said first and
      second conjugates to said first and second subsidiary channels,
      respectively, a receiver/decoder comprising:
PA1  a. means responsive to said primary and secondary channels for processing
      said sum and difference signals to obtain said first and second composite
      signals;
PA1  b. means for combining said first composite signal and said first conjugate
      to recover said first individual audio signal, L.sub.f ;
PA1  c. means for combining said second composite signal and said second
      conjugate to recover said second individual audio signal, R.sub.f ;
PA1  d. means for combining relatively phase shifted versions of said composite
      signals;
PA1  e. means for combining relatively phase shifted versions of said
      conjugates; and
PA1  f. means for combining said combined relatively phase shifted composite
      signals and said combined relatively phase shifted conjugates to recover
      said third and fourth individual audio signals, R.sub.b and L.sub.b.
NUM  3.
PAR  3. A compatible four channel system for use in conjunction with a radio
      transmission system for transmitting four individual audio signals
      designated L.sub.f, L.sub.b, R.sub.b, and R.sub.f over a medium having
      primary and secondary information channels and a subsidiary information
      channel, said primary and secondary channels carrying information that is
      consistent and compatible with existing monophonic and stereophonic
      standards, comprising:
PA1  a. means for forming a first composite signal designated L.sub.T which
      contains, to the extent they are present, L.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  b. means for forming a second composite signal designated R.sub.T which
      contains, to the extent they are present, R.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  c. means for forming an auxiliary signal which contains, to the extent they
      are present, the individual signals L.sub.b and R.sub.b only;
PA1  d. means for forming a sum signal as a function of the sum of L.sub.T and
      R.sub.T and for applying said sum signal to the primary information
      channel;
PA1  e. means for forming a difference signal as a function of the difference
      between L.sub.T and R.sub.T and for applying said difference signal to
      said secondary information channel; and
PA1  f. means for applying said auxiliary signal to said subsidiary channel.
NUM  4.
PAR  4. The system as defined by claim 3 wherein said auxiliary signal is formed
      by adding L.sub.b with R.sub.b without relative phase shift therebetween.
NUM  5.
PAR  5. In a compatible four channel audio system for use in conjunction with a
      radio transmission system for transmitting four individual audio signals
      designated L.sub.f, L.sub.b, R.sub.b and R.sub.f over a medium having
      primary and secondary information channels and a subsidiary information
      channel, said primary and secondary channels carrying information that is
      consistent and compatible with existing monophonic and stereophonic
      standards, wherein the transmitter portion of said system comprises means
      for forming a first composite signal designated L.sub.T which contains, to
      the extent they are present, L.sub.f in a dominant proportion and L.sub.b
      and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b being phase
      shifted with respect to each other; means for forming a second composite
      signal designated R.sub.T which contains, to the extent they are present,
      R.sub.f in a dominant proportion and L.sub.b and R.sub.b in sub-dominant
      proportions, L.sub.b and R.sub.b being phase shifted with respect to each
      other; means for forming an auxiliary signal which contains, to the extent
      they are present, the individual audio signals L.sub.b and R.sub.b only;
      means for forming a sum signal as a function of the sum of L.sub.T and
      R.sub.T and for applying said sum signal to the primary information
      channels; means for forming a difference signal as a function of the
      difference between L.sub.T and R.sub.T and for applying said difference
      signal to said secondary information channel; and means for applying said
      auxiliary signal to said subsidiary channel; a receiver/decoder
      comprising:
PA1  a. means responsive to said primary and secondary channels for processing
      said sum and difference signals to obtain first and second composite
      signals;
PA1  b. matrix means for combining said first and second composite signals in
      predetermined amplitude and phase relationships to obtain four
      intermediate signals, each of which has a different one of said individual
      audio signals predominant;
PA1  c. means responsive to said subsidiary channel for recovering said
      auxiliary signal; and
PA1  d. means for combining said auxiliary signal with each of said intermediate
      signals to obtain four output signals each having a different one of said
      individual audio signals predominant.
NUM  6.
PAR  6. The receiver/decoder as defined by claim 5 wherein said means for
      combining said auxiliary signal with each of said intermediate signals
      comprises means for phase shifting said auxiliary signal and means for
      adding said phase shifted auxiliary signal to two of said intermediate
      signals and means for subtracting said phase shifted auxiliary signal from
      the other two of said intermediate signals.
NUM  7.
PAR  7. A compatible four channel system for use in conjunction with a radio
      transmission system for transmitting four individual audio signals
      designated L.sub.f, L.sub.b, R.sub.b, and R.sub.f over a medium having
      primary and secondary information channels and first, second, and third
      subsidiary information channels, said primary and secondary information
      channels carrying information that is consistent and compatible with
      existing monophonic and stereophonic standards, comprising:
PA1  a. means for forming a first composite signal designated L.sub.T which
      contains, to the extent they are present, L.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  b. means for forming a second composite signal designated R.sub.T which
      contains, to the extent they are present, R.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  c. means for forming first, second and third auxiliary signals, each of
      which contains, to the extent they are present, the individual audio
      signals L.sub.f, L.sub.b, R.sub.b and R.sub.f in predetermined amplitude
      and phase relationships;
PA1  d. means for forming a sum signal as a function of the sum of L.sub.T and
      R.sub.T and for applying said sum signal to the primary information
      channel;
PA1  e. means for forming a difference signal as a function of the difference
      between L.sub.T and R.sub.T and for applying said difference signal to
      said secondary information channel; and
PA1  f. means for applying said first, second and third auxiliary signals to
      said first, second and third subsidiary channels respectively.
NUM  8.
PAR  8. In a compatible four channel audio system for use in conjunction with a
      radio transmission system for transmitting four individual audio signals
      designated L.sub.f, L.sub.b, R.sub.b and R.sub.f over a medium having
      primary and secondary information channels and first, second and third
      subsidiary information channels, said primary and secondary channels
      carrying information that is consistent and compatible with existing
      monophonic and stereophonic standards, wherein the transmitter portion of
      said system comprises means for forming a first composite signal
      designated L.sub.T which contains, to the extent they are present, L.sub.f
      in a dominant proportion and L.sub.b and R.sub.b in sub-dominant
      proportions, L.sub.b and R.sub.b being phase shifted with respect to each
      other; means for forming a second composite signal designated R.sub.T
      which contains, to the extent they are present, R.sub.f in a dominant
      proportion and L.sub.b and R.sub.b in sub-dominant proportions, L.sub.b
      and R.sub.b being phase shifted with respect to each other; means for
      forming first, second and third auxiliary signals, each of which contains,
      to the extent they are present; the individual audio signals L.sub.f,
      L.sub.b, R.sub.b and R.sub.f in predetermined amplitude and phase
      relationships; means for forming a sum signal as a function of the sum of
      L.sub.T and R.sub.T and for applying said sum signal to the primary
      information channel; means for forming a difference signal as a function
      of the difference between L.sub.T and R.sub.T and for applying said
      difference signal to said secondary information channel; and means for
      applying said first, second and third auxiliary signals to said first,
      second and third subsidiary channels, respectively, a receiver/decoder
      comprising:
PA1  a. means responsive to said primary and secondary channels for processing
      said sum and difference signals to obtain said first and second composite
      signals;
PA1  b. matrix means for combining said first and second composite signals in
      predetermined amplitude and phase relationships to obtain four
      intermediate signals, each of which has a different one of said individual
      audio signals predominant;
PA1  c. means responsive to said first, second and third subsidiary channels for
      recovering said first, second and third auxiliary signals;
PA1  d. means for combining said first auxiliary signal with each of said
      intermediate signals to obtain four enhanced intermediate signals, each of
      which has a different one of said individual audio signals predominant;
PA1  e. means for combining said second auxiliary signal with each of said
      enhanced intermediate signals to obtain four further enhanced intermediate
      signals, each of which has a different one of said individual audio
      signals predominant; and
PA1  f. means for combining said third auxiliary signal with each of said
      further enhanced intermediate signals to recover said first, second, third
      and fourth individual audio signals.
NUM  9.
PAR  9. A compatible four channel system for use in conjunction with a radio
      transmission system for transmitting four individual audio signals
      designated L.sub.f, L.sub.b, R.sub.b and R.sub.f over a medium having
      primary and secondary information channels and first and second subsidiary
      information channels, said primary and secondary channels carrying
      information that is consistent and compatible with existing monophonic and
      stereophonic standards; comprising
PA1  a. means for forming a first composite signal designated L.sub.T which
      contains, to the extent they are present, L.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in subdominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  b. means for forming a second composite signal designated R.sub.T which
      contains, to the extent they are present, R.sub.f in a dominant proportion
      and L.sub.b and R.sub.b in subdominant proportions, L.sub.b and R.sub.b
      being phase shifted with respect to each other;
PA1  c. means for forming a first auxiliary signal by combining all of the
      individual audio signals, L.sub.f, L.sub.b, R.sub.b and R.sub.f, in equal
      proportions, to the extent they are present;
PA1  d. means for forming a second auxiliary signal by combining all of the
      individual audio signals, L.sub.f, L.sub.b, R.sub.b and R.sub.f, in
      substantially equal proportions, to the extent they are present, said
      individual audio signals being combined in different relative phase
      relationships in said first and second auxiliary signals;
PA1  e. means for forming a sum signal as a function of the sum of L.sub.T and
      R.sub.T and for applying said sum signal to the primary information
      channel;
PA1  f. means for forming a difference signal as a function of the difference
      between L.sub.T and R.sub.T and for applying said difference signal to
      said secondary information channel; and
PA1  g. means for applying said first and second auxiliary signals to said first
      and second subsidiary channels, respectively.
NUM  10.
PAR  10. A system as defined by claim 9 wherein said means for forming said
      first auxiliary signal includes means for adding the signals L.sub.b and
      R.sub.b in their original phase relationship and means for adding the
      signals L.sub.f and R.sub.f in their original phase relationship.
NUM  11.
PAR  11. A system as defined by claim 10 wherein said means for forming said
      second auxiliary signal includes means for adding the signals L.sub.b and
      R.sub.b in phase opposition and means for adding the signals L.sub.f and
      R.sub.f in phase opposition.
NUM  12.
PAR  12. In a compatible four channel audio system for use in conjunction with a
      radio transmission system for transmitting four individual audio signals
      designated L.sub.f, L.sub.b, R.sub.b, and R.sub.f over a medium having
      primary and secondary information channels and first and second subsidiary
      information channels, said primary and secondary channels carrying
      information that is consistent and compatible with existing monophonic and
      stereophonic standards, wherein the transmitter portion of said system
      comprises means for forming a first composite signal designated L.sub.T
      which contains, to the extent they are present, L.sub.f in dominant
      proportion and L.sub.b and R.sub.b in subdominant proportions, L.sub.b and
      R.sub.b being phase shifted with respect to each other; means for forming
      a second composite signal designated R.sub.T which contains, to the extent
      they are present, R.sub.f in a dominant proportion and L.sub.b and R.sub.b
      in subdominant proportions, L.sub.b and R.sub.b being phase shifted with
      respect to each other; means for forming first and second auxiliary
      signals, each of said auxiliary signals including all of the individual
      audio signals L.sub.f, L.sub.b, R.sub.b and R.sub.f, in substantially
      equal proportions, to the extent they are present, with the individual
      audio signals being combined in different relative phase relationships in
      said first and second auxiliary signals; means for forming a sum signal as
      a function of the sum of L.sub.T and R.sub.T and for applying said sum
      signal to the primary information channel; means for forming a difference
      signal as a function of the difference between L.sub.T and R.sub.T and for
      applying said difference signal to said secondary information channel; and
      means for applying said first and second auxiliary signals to said first
      and second subsidiary channels, respectively, a receiver/decoder
      comprising:
PA1  a. means responsive to said primary and secondary channels for processing
      said sum and difference signals to obtain first and second composite
      signals;
PA1  b. matrix means for combining said first and second composite signals in
      predetermined amplitude and phase relationships to obtain four
      intermediate signals, each of which has a different one of said individual
      audio signals predominant;
PA1  c. means for combining one of said auxiliary signals with each of said
      intermediate signals to obtain four enhanced intermediate signals, each
      having a different one of said individual audio signals predominant; and
PA1  d. means for combining the other auxiliary signal with each of said
      enhanced intermediate signals to recover said four individual audio
      signals in substantially their original form.
NUM  13.
PAR  13. The receiver/decoder as defined by claim 12 wherein said means for
      combining one of said auxiliary signals with each of said intermediate
      signals comprises means for phase shifting said auxiliary signal, and
      means for adding said phase shifted auxiliary signal to two of said
      intermediate signals and for subtracting said phase shifted auxiliary
      signal from two of said intermediate signals.
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ABST
PAL  A telephone communication system reversibly converts input signals into
      adaptive delta modulated (hereafter ADM) signals and then into pulse code
      modulated signals. In one embodiment, a path for sending signals from a
      subscriber switch to a central office of a telephone communication system
      receives analog signals, for example voice signals, in a comparator which
      also receives an analog signal from an integrator for periodically
      providing ADM signals. The ADM signals are provided to means responsive to
      patterns of the ADM signals for providing a pattern controlled signal to
      the integrator which then generates the analog signal compared with input
      signal for forming the ADM signals. The ADM signals are also transmitted
      to digital means detecting the patterns of the ADM signals and responsive
      to each ADM signal and the detected patterns of the ADM signals for
      providing a linear pulse code modulated (hereafter LPCM) signal
      representing a signal increment corresponding to that represented by the
      ADM signal. Each LPCM signal increment is then added to the total of each
      preceding LPCM signal increment to form LPCM signals representing the
      input analog signal. The LPCM signals are then periodically sampled and
      each sampled LPCM signal converted into a corresponding compressed pulse
      code modulated (hereafter CPCM) signal for switching and further
      transmission. In a receiving path of the embodiment a converter converts
      input CPCM signals into LPCM signals. Each LPCM signal together with a
      locally generated signal representing the preceding LPCM signal is
      provided to a digital comparator which forms an ADM signal encoded in
      response to the relative magnitudes of the input and generated LPCM
      signals. The ADM signals are then provided to further means controlled by
      patterns of the ADM signals for providing a pattern controlled signal to
      an integrator which integrates the pattern controlled signal into an
      analog signal corresponding to the CPCM signal input to the receiving path
      of the embodiment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a communication system and, more particularly, to
      a telephone communication system having adaptive delta modulated
      (hereafter ADM) signals.
PAR  The demand for communication services has been steadily increasing. In
      meeting this demand, it has proven effective in some communication systems
      to convert signals presented to the system into encoded digital signal,
      and then reconvert the encoded digital signals into signals corresponding
      to those originally input into the system. One example of a communication
      system in which such transmission of encoded digital signals has proven to
      have particular utility is a telephone communication system. Several
      schemes for digitally encoding signals in a telephone system are known.
      Although these encoding schemes are useful for both digital and analog
      signals input to the telephone system, they have particular utility with
      continuous input, time-varying analog signals such as voice signals.
PAR  In one encoding scheme, the amplitude of a voice signal is periodically
      sampled and each sample converted into a digitally encoded pulse sequence
      or word representing a quantum of analog signal amplitudes including that
      of the sampled signal. This operation is called sampling and quantizing
      the analog signal. If the range of analog signal amplitudes represented by
      each quantum level or step of the quantizing operation is uniform for all
      analog signal amplitudes, the encoded signal is said to be linear pulse
      code modulated (hereafter LPCM). Each LPCM signal word may then be decoded
      to form an analog signal of an amplitude substantially corresponding to
      the amplitude of the analog signal sample encoded into the LPCM signal
      word. Since the input analog signal was periodically sampled, the
      resulting, periodic LPCM signal words may be formed into a continuous
      analog signal substantially corresponding to the continuous input analog
      signal.
PAR  In the quantizing process, the exact level of the input analog signal at
      the sampling instant is, as described, approximated by one of a number of
      discrete values or quantum levels digitally encoded as the LPCM signal.
      The difference between the instantaneous amplitude of the input analog
      signal and the quantum level actually transmitted is called quantizing
      error and gives rise to what is variously known as quantizing noise or
      quantizing distortion.
PAR  Quantizing distortion is especially objectionable and very often
      intolerable when the instantaneous amplitude of the input analog signal is
      small, but is usually of little or no significance when the instantaneous
      amplitude of the input analog signal is high because the low amplitude of
      the input signals permits a relatively low level of quantizing noise to
      significantly degrade the ratio of signal to noise while a higher
      amplitude of the input signal can tolerate greater quantizing noise within
      an acceptable ratio of signal to noise. It is therefore desirable to have
      smaller quantum levels for lower amplitudes of the input signal to achieve
      closer correspondence between the quantum level of the encoded signal and
      the actual amplitude of the input analog signal at lower amplitudes of the
      input signal than for higher amplitudes of the input signal. Of course the
      size of the quantum levels for all input signal amplitudes could be
      decreased, but this produces an undesirable increase in the total number
      of quantum levels, requiring, for example, more binary bits to represent
      the signal as a digitally encoded word.
PAR  The suggested non-linear redistribution of the size of the quantizing
      levels is called companding, a verbal contraction of the terms compression
      and expanding. The purpose of companding is then to reduce the quantizing
      impairment of the original signal without unduly increasing the total
      number quantizing levels by quantizing on a non-linear rather than a
      linear basis.
PAR  It is current practice with telephone systems to compand encoded analog
      signals on either a "mu-law" or an "A-law" companding scheme as described
      by H. Kaneko in an article entitled "A Unified Formulation of Segment
      Companding Laws and Synthesis of Codecs and Digital Companders," Bell
      System Technical Journal, September, 1970. Both these laws define segments
      or chords of a piecewise linear curve generally exponentially increasing
      for increasing levels of input analog signal amplitude. Each chord is
      divided into an equal number of quantization steps defining between them
      the intervals or quantization levels into which the analog signal will be
      encoded. The companding encoding scheme is then to encode each sampled
      analog signal amplitude into a combined sequence of two encoded signals,
      one representing the chord generally corresponding to the analog signal
      amplitude and the other representing the step along the identified chord
      more precisely corresponding to the analog signal amplitude. The resulting
      signals are then called compressed pulse code modulated signals (hereafter
      CPCM) or companded pulse code modulated signals. One device for so
      encoding input analog signals is disclosed in co-pending U.S. Pat.
      application Ser. No. 385,095 filed Aug. 2, 1973 in the names of Wintz,
      Sergo and Song. Of course, CPCM signals may also be decoded into an analog
      signal. One device for so decoding CPCM signals is disclosed in co-pending
      U.S. Pat. application Ser. No. 402,342 filed Oct. 1, 1973 in the names of
      Wintz and Sergo.
PAR  Still another scheme for encoding analog signals periodically samples the
      analog signal and compares the amplitude of the signal at each sampling
      instant with a signal representing the predicted amplitude of the analog
      signal from the immediately preceding sampling instant to form a
      binary-encoded signal from the comparator indicating by its one of the two
      possible binary states whether the instant sample of the analog signal is
      greater or less than the sample at the preceding instant. In general, the
      signal from the comparator is integrated to locally generate a signal
      representing the amplitude of the analog signal at the preceding sampling
      instant for comparison in the comparator with the instantaneous sample of
      the analog signal. Then, for example, if the input analog signal is
      greater at one sampling instant than the locally generated signal
      representing the amplitude of the analog signal at the immediately
      preceding sampling instant, the comparator provides a high logic level
      signal, and, if the input signal is less than the locally generated
      signal, the comparator provides a low logic level signal. Such
      binary-encoded, single-bit signals are called linear delta modulated
      (hereafter LDM) signals.
PAR  The effectiveness of such LDM signals in representing analog signals
      largely depends upon the accuracy of the locally generated signal in
      representing the preceding sample of the analog signal. It has been shown
      that the relative accuracy of the locally generated signal may be
      maximized by keeping the sampling rate high and the increments or
      quantizing steps in locally generating the signal representing the
      preceding analog signal relatively small to thereby provide a large number
      of LDM signals representing quantum levels or steps of an analog signal
      closely approximating the preceding signal sample so that the quantizing
      error in encoding an individual LDM signal will not represent a
      substantial excursion of the LDM signal from the actual input analog
      signal. Unfortunately, the sampling rates required to achieve the same
      quality or signal to noise ratio and dynamic range from such LDM signals
      in comparison to a similar signal encoded in a 7-bit mu=255 CPCM scheme is
      19.6 MHz and, in an 8-bit scheme, 39.2 MHz, frequencies substantially at
      the limit of modern digital technology.
PAR  Nevertheless, the relative simplicity of the LDM encoding scheme makes
      desirable the use of this scheme in telephone equipment, particularly
      telephone equipment between a subscriber and a central office which
      generally is not now digitally encoded. Given the large number of
      telephone subscribers, the simplicity and thus potentially lower cost of
      delta modulation equipment as compared to equipment providing CPCM signals
      offers economic attraction for the introduction of delta modulation
      devices into a telephone system. However, achieving the high frequencies
      required for LDM signals of a quality equivalent to CPCM signals requires
      expensive, high-speed digital devices. In addition, the uncontrolled
      environment at the location of subscriber equipment makes such high-speed
      devices unreliable.
PAR  One solution to the high sampling frequencies required in the LDM signal
      encoding scheme is disclosed in co-pending U.S. Pat. application Ser. No.
      482,380 filed June 24, 1974 in the name of Song. The communication system
      disclosed in this application has a uniform finite impulse response filter
      for accumulating and sampling LPCM signals converted from input LDM
      signals. With this digital filter it may be theoretically demonstrated
      that mu=255, 7-bit CPCM quality signals may be achieved from 8 MHz LDM
      signals instead of the 19.6 MHz LDM signals required without the filter,
      and mu=255, 8-bit CPCM quality signals may be achieved from 16 MHz LDM
      signals instead of the 39.2 MHz.
PAR  Since the effectiveness of delta modulation in representing analog signals
      also depends upon the size of the quantizing levels or steps in locally
      generating the signal representing the preceding analog signal, attempts
      have also been made to vary the step size in locally generating the signal
      representing the analog signal at the preceding sampling instant. In
      general similarity to the described CPCM signal companding scheme, the
      delta modulation step size is made smaller for ADM signals representing
      lower amplitude analog signals than for ADM signals representing higher
      amplitude analog signals. This technique is usually called adaptive delta
      modulation. Signals encoded in such a scheme are then called adaptive
      delta modulated (hereafter ADM)signals.
PAR  Several proposals for implementing ADM signal encoding schemes are reviewed
      in an article by H. R. Schindler, "Delta modulation," IEEE spectrum,
      October, 1970. As described in this article, one early proposal doubles
      the quantization step size of an integrator which locally generates an
      analog signal which is compared with the input signal to form the ADM
      signals in response to two consecutive ADM signals of identical logic
      state and halves the step size in response to two consecutive ADM signals
      of alternate logic state. This proposal then uses patterns of identical or
      alternating logic states of two consecutive ADM signals to control
      integration step sizes. Control of integration step size, being an analog
      procedure, is difficult to stabilize.
PAR  Other proposals continuously monitor an input analog signal to generate, in
      addition to ADM signals, a signal describing the quantization step size
      represented by the ADM signals. Both signals are then transmitted to a
      detector which continuously applies the step describing signal to the
      successive ADM signals to generate an analog signal on which the increment
      represented by each ADM signal forming the analog signal is controlled by
      the separately transmitted signal. Such double signal transmission
      substantially defeats the attractive simplicity of the ADM signal encoding
      scheme.
PAR  U.S. Pat. No. 3,500,441 issued in the name of Brolin discloses another
      device for creating ADM signals from input analog signals. This device is
      similar to that just described in that the size of integration steps
      represented by each ADM signal determined in direct response to changes in
      the input analog signal and the determined integration step size
      represented by a signal distinct frm the ADM signal. However, in this
      device the distinct step signal is digitally encoded and time division
      multiplexed with the ADM signal for transmission to a decoder. The decoder
      then demultiplexes the two signals to control integration of the ADM
      signal with the distinct, digital step signal. Again, such double signal
      transmission substantially defeats the attractive simplicity of the ADM
      signal encoding scheme.
PAR  Another proposal for an ADM signal encoding scheme attempted to avoid the
      undesirable double signal transmission with a return to the concept of the
      above described early proposal in which the successive ADM signals
      themselves carry information indicating the analog increment represented
      by each ADM signal while, at the same time, retaining continuous control
      of the analog increment represented by each ADM signal. In this proposal
      the successive ADM signals are rectified into an analog signal which
      controls the local generation of a second analog signal from each of the
      successive ADM signals. The second analog signal is then compared with the
      input analog signal for forming the ADM signals. But, as with the early
      proposal, the control of one analog signal with another analog signal is
      difficult to stabilize for consistent control and matching of the
      characteristics of sending and receiving paths of the system.
PAR  Still another proposal has a sequence detector which detects one specific
      pattern of four consecutive ADM signals of identical logic state and, in
      response to the detected pattern, generates an analog signal potential
      which is a successive integral multiple of a constant determined by the
      logic state of the ADM signals forming the pattern. The analog potential
      then controls the width of a generated pulse which is therefore an analog
      time signal. The pulse then controls the duty cycle of a single current
      source driving an integrator which forms another analog signal which is
      compared with the input signal for forming the ADM signals. The analog
      signal increments represented by these ADM signals are theoretically
      logarithmically related but this proposal again teaches the difficult to
      stabilize analog control of an analog signal.
PAR  Other patterns of ADM signals for determining the increment of an analog
      signal represented by each ADM signal are discussed in "Adaptive Delta
      Modulation With a One Bit Memory," N. S. Jayant, Bell System Technical
      Journal, March, 1970. One specific pattern, later described by the 7-7-4-3
      rule, was empirically developed by T. H. Daugherty as reported in
      "Digitally Companded Delta Modulation for Voice Transmission," 1970 IEEE
      Circuit Theory Symposium.
PAR  U.S. Pat. No. 3,652,957 issued in the name of Goodman discloses another
      device for implementing an ADM signal encoding scheme in which analog
      signals are first converted at a high sampling rate into high-speed LDM
      signals and the high-speed LDM signals then converted in a counter into
      LPCM signals. The LPCM signals in the counter are compared in a comparator
      with signals from an accumulator representing the preceding LPCM signal.
      The comparator periodically provides lower rate. ADM signals which
      increment the accumulator. The accumulator is additionally responsive to
      digital logic which controls the number and sign of the accumulator
      increments for each ADM signal. Several embodiments of the digital logic
      are suggested. In one embodiment the digital logic is a read-only memory
      which performs a known table-look-up function in response to detected
      patterns of successive ADM signals. In another embodiment the digital
      logic performs a calculating function in which each successive
      accummulator counting increment is an arithmetic function, that is, a
      constant increment added to or mulitple of the previous increment.
      Although this device avoids analog control of an analog signal with
      digital logic and an accumulator, it requires high speed LDM signal
      encoding devices to provide high quality ADM signals.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a communication
      system utilizing ADM signals and, more particularly, to provide a
      communication system which includes digital converter means for converting
      signals in an adaptive delta modulation code (ADM) received over an input
      path to linear pulse code modulation signals, filter means in such path
      connected to the output of the digital converter means for smoothing the
      signals output from the digital converter means, and speed converter means
      connected to the output of the filter means for decreasing the speed of
      the signals output by the filter means to a value compatible for use with
      a pulse code modulation system.
PAR  It is a further object to provide a system of such type in which the input
      path includes analog to adaptive delta modulation converter means for
      receiving voice signals in an analog format and converting the input voice
      signals into ADM signals for transmission to the digital converter means
      and ultimate conversion into CPCM signals. This system is particularly
      useful as a telephone communication system for transmission of ADM signals
      over sending or receiving paths between a subscriber switch and a central
      office which digitally converts the ADM signals into CPCM signals
      compatible with commercial telephone equipment, and specifically provides
      ready performance of signal addition as for conference calls and signal
      multiplication as for echo suppression.
PAR  It is a further object of the invention to provide a communication system
      utilizing ADM signals in which patterns of the ADM signals are detected to
      provide a pattern controlled digital signal and the pattern controlled
      digital signal is converted into one pattern controlled analog signal for
      forming the ADM signals.
PAR  It is a still further object of the invention to provide a communication
      system, for example a telephone system, converting input analog signals
      through ADM signals into CPCM signals of a given quality without high
      quality, expensive analog filters for the input and output analog signals.
PAR  It is a still further object of the invention to provide particular devices
      for detecting patterns of ADM signals in a communication system and, more
      particularly, to provide particular ADM signal pattern detection devices
      which are directly or plug-for-plug substitutable for each other.
PAR  It is a still further object of the invention to provide particular devices
      for converting a digital signal into an analog signal and, more
      particularly, for converting a digital signal into a logarithmically
      related analog signal with only digital control of the analog signal.
PAR  To these ends the invention provides a communication system having a
      sending path over which input signals are converted into ADM signals for
      transmission to and digital conversion into LPCM signals at a switching
      central office in the sending path. In a receiving path, the communication
      system converts LPCM signals into ADM signals which are transmitted over a
      digital transmission line and then converts the ADM signals into output
      signals at a subscriber switch terminal. Means in the office portions of
      the sending and receiving paths preferably convert the LPCM signals to
      CPCM signals and, if the CPCM signals from the sending path of the system
      are provided to the receiving path of the system, the communication system
      then provides output signals from the receiving path which correspond to
      the input signals to the sending path.
PAR  One embodiment of the system has particular utility in a telephone
      communication system in which analog signals, for example voice signals,
      are converted into ADM signals in a subscriber switch of the sending path
      of the system. The ADM signals are then transmitted to the central office
      of the sending path where the ADM signals are digitally converted into
      LPCM signals and the LPCM signals converted into CPCM signals which are
      compatible with commercial telephone equipment. In a central office of the
      receiving path of this telephone communication system, CPCM signals are
      converted into LPCM signals which are then digitally converted into ADM
      signals. The ADM signals are then transmitted to a subscriber switch of
      the receiving path and converted into analog signals which, if the CPCM
      signals input to the receiving path were provided from the sending path
      as, for example, over span lines of a switching system between the central
      offices of the sending and receiving paths of the telephone system, will
      correspond to the analog signals originally input to the system. A digital
      low-pass filter is positioned in the sending path between an ADM to LPCM
      signal converter and an LPCM to CPCM signal converter and, in the
      receiving path, between a CPCM to LPCM signal converter and an LPCM to ADM
      signal converter. These digital low-pass filters eliminate the need for a
      sophisticated analog low-pass filter at analog signal input and output
      paths of the respective embodiments. A feature of the specific embodiment
      is that the conversion from ADM signals to CPCM signals is purely digital;
      no expensive digital-to-analog and analog-to-digital conversions which
      necessarily contain high accuracy linear components to preserve the
      quality of the signal are involved in the conversion process.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments which are intended to illustrate and not to limit the
      invention will now be described with reference to drawings in which:
PAR  FIG. 1 is a block diagram of a sending path of a communication system;
PAR  FIG. 2 is a block diagram of a receiving path of a communication system;
PAR  FIG. 3 shows further detail of an analog to ADM signal converter shown in
      FIG. 1;
PAR  FIG. 4 shows further detail of an ADM to LPCM signal converter shown in
      FIG. 1;
PAR  FIGS. 5(a)-(g) show frequency spectrums for signals in the sending path
      shown in FIG. 1;
PAR  FIG. 6 shows further detail of an LPCM to ADM signal converter shown in
      FIG. 2;
PAR  FIG. 7 shows further detail of an ADM to analog signal converter shown in
      FIG. 2;
PAR  FIGS. 8(h)-(n) shows frequency spectrums for signals in the receiving path
      shown in FIG. 2;
PAR  FIG. 9 illustrates signals from a signal pattern detector, for example a
      signal pattern detector shown in FIG. 3, which pattern detector is shown
      in detail in FIG. 10;
PAR  FIG. 10 shows detail of a pattern detector providing signals illustrated in
      FIG. 9;
PAR  FIG. 11 illustrates signals from a pattern detector, for example the signal
      pattern detector shown in FIG. 3, which pattern detector is shown in
      detail in FIG. 12;
PAR  FIG. 12 shows detail of a pattern detector providing signals illustrated in
      FIG. 11;
PAR  FIG. 13 illustrates signals from a signal pattern detector, for example the
      signal pattern detector shown in FIG. 3, which pattern detector is shown
      in detail in FIG. 14;
PAR  FIG. 14 shows detail of a pattern detector providing signals illustrated in
      FIG. 13;
PAR  FIG. 15 shows detail of one embodiment of a digital to analog signal
      converter, for example a digital to analog converter signal shown in FIG.
      3;
PAR  FIG. 16 shows detail of another embodiment of a digital to analog signal
      converter, for example the digital to analog signal converter shown in
      FIG. 3; and
PAR  FIG. 17 shows detail of still another embodiment of a digital to analog
      signal converter, for example the digital to analog signal converter shown
      in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS GENERAL DESCRIPTION
PAR  FIG. 1 shows the sending path portion of a preferred embodiment of the
      communication system. This embodiment is intended for use in a telephone
      communication system. Continuous, time-varying analog input signals a (t),
      such as voice signals, are provided over a path 10 from, for example, a
      telephone subscriber. These analog signals are first filtered in an input
      analog low-pass filter 12 to band limit the frequency spectrum of the
      input analog signals. As later described, the function of this analog
      filter may be at least partly assumed by a later described digital filter
      to minimize the performance requirements of the analog filter 12 without
      changing the operation of the system. It should also be noted that the
      system will accept low bit rate digital signals instead of the described
      analog signals.
PAR  The band limited analog signals b from the filter 12 are provided over a
      path 14 to a converter 16 converting the analog signals into ADM signals c
      output on path 18. The output ADM signals are preferably at a frequency of
      56 KHz for transmission over known T1 lines of a telephone system forming
      the path 18.
PAR  As illustrated, the T1 line comprising path 18 is intended to carry the ADM
      signals c from a subscriber switch 20 of the telephone system to a central
      office 22 of the system for further processing. In this embodiment, the
      filter 12 and converter 16 are then discrete to subscriber input equipment
      and physically located with the subscriber input equipment in the
      subscriber switch 20, while the remaining devices of the system are
      located in the office 22, remote from the subscriber switch.
PAR  In another embodiment of this system, known multiplexing equipment (not
      shown) at the input of the T1 line forming path 18 multiplexes ADM signals
      from several subscriber switches like illustrated subscriber switch 20
      onto path 18. The equipment in the office 22 may then be time shared
      between the several multiplexed ADM signals input over the T1 line from
      the plurality of subscriber switches.
PAR  Returning to the embodiment illustrated in FIG. 1, the path 18 carries the
      ADM signals to a converter 24 which digitally converts the ADM signals
      into LPCM signals d. The LPCM signals from converter 24 are then carried
      on path 26 to an input digital low-pass filter 28 for smoothing the LPCM
      signals. A specific, later described operation of this filter 28 permits
      the elimination of the analog filter 12. Output signals from the filter 28
      are then frequency filtered or smoothed LPCM signals e.
PAR  From the digital filter 28 the LPCM signals e are carried on a path 30 to a
      high-to-low speed converter 32. The signals e input over the path 30 are
      at the frequency of the ADM signals c input to the converter 24, 56 KHz in
      the above described example. The speed converter 32 then samples the LPCM
      signals e input over the path 30 to form low speed LPCM signals f output
      over a path 34. Each LPCM signal output over path 34 is provided to a
      converter 36 which converts each LPCM signal f into a CPCM signal g. In
      known telephone systems, CPCM signals are transmitted at an 8 KHz rate.
      Since the converter 36 converts each input LPCM signal into a CPCM signal,
      compatibility of the CPCM signals g with known telephone systems having
      CPCM signals at 8 KHz is achieved by having the speed converter 32 convert
      the input 56 KHz LPCM signals f into 8 KHz CPCM signals g. Accordingly,
      the converter 32 functions to sample every seventh LPCM signal e input
      over the path 30 for each LPCM f output over the path 34. The output from
      the converter 36 is then 8 KHz CPCM signals which are provided to an
      output path 38.
PAR  FIG. 2 illustrates a receiving path portion of the preferred embodiment
      which receives input CPCM signals h over a path 38' . These signals h are
      preferably at 8 KHz as, for example, from a known telephone system (not
      shown). Specifically, the CPCM signals h input over the path 38' may be
      carried through the known telephone system from the path 38 (FIG. 1).
PAR  The CPCM signals input over the path 38' are each converted into LPCM
      signals i in a converter 40. The signals i from the converter 40 are then
      8 KHz LPCM signals which are provided to a path 42.
PAR  The LPCM signals i on the path 42 are carried to a converter 44 which
      converts the signals from a low input speed to a high output speed for
      output over a path 46. The converter 44 operates by repeating each input,
      low-speed LPCM signal i received over the path 42 into a series of
      identical, high-speed LPCM signals j output over the path 46. Looking
      ahead in FIG. 2, it is seen that it is desired in this embodiment to
      transmit signals from an office 22' to a subscriber switch 20' over a T1
      line later described as forming a signal-carrying path 54. As before
      described, known T1 lines of telephone systems accept signals at 56 KHz.
      It is therefore desirable that the converter 44 convert the input 8 KHz
      LPCM signals i into 56 KHz LPCM signals j output over the path 46.
      Accordingly, the converter 44 operates by repeating each input LPCM signal
      i seven times onto the output path 46 as 56 KHz LPCM signals j.
PAR  The 56 KHz LPCM signals j on path 46 are provided to an output digital
      low-path filter 48. The output digital filter provides frequency filtered
      56 KHz LPCM signals k output over a path 50 to an LPCM to ADM signal
      converter 52. Converter 52 converts each input LPCM signal into an ADM
      signal thereby forming 56 KHz ADM signals 1 for output over a path 54. The
      path 54 is illustrated as a known T1 line for carrying the ADM signals
      from the converter 52 which, as illustrated, is physically in the office
      22' of the receiving path, to a subscriber switch 20' of the receiving
      path. In similarity with the description of FIG. 1, the subscriber switch
      20' is physically located with subscriber terminal equipment remote from
      the office 22'.
PAR  The ADM signals 1 carried over path 54 to the subscriber switch 20' of the
      receiving path are first provided to a converter 56 which converts the ADM
      signals input over the path 54 into analog signals m. The analog signals m
      from the converter 56 are then carried over a path 58 to an output analog
      low-pass filter 60 which band limits the signals from the converter 56 to
      eliminate quantizing noise portions of the input analog signal m thereby
      avoiding waveform distortion of the output analog signal n. The filter 60
      then provides frequency filtered output analog signals n over a path 62
      to, for example, a subscriber. If, as suggested, the CPCM signals g on
      path 38 from the sending path (FIG. 1) of the system are carried through a
      known telephone system (not shown) to the input path 38' (FIG. 2) as the
      CPCM signals h on path 38', the output analog signals n on path 62 (FIG.
      2) will then correspond to the input analog signal a(t) on the path 10
      (FIG. 1).
PAC  MORE DETAILED DESCRIPTION OF THE SENDING PATH
PAR  As described with reference to FIG. 1, analog signals a(t) input over the
      path 10 are first band-pass filtered in analog filter 12 for output over
      the path 14 as the signals b. Specific designs for filters, like filter
      12, which pass a band or limit a spectrum of signal frequencies are well
      understood by those skilled in the art. Therefore, no specific design for
      filter 12 need be given, it being sufficient instead to specify the
      performance requirements of the filter 12. FIG. 5(a) gives an example to
      illustrate the frequency spectrum of the analog signals a(t) input over
      the path 10 (FIG. 1). Normalized amplitudes A(f) of signals are shown in
      FIG. 5 as a function of the frequency f(KHz) of the signals to indicate
      the spectra of the frequencies of the corresponding signals. As known for
      voice signals in telephone systems, such as the signals a(t), the signals
      have a principal 8 KHz signal frequency range illustrated in FIG. 5(a) as
      positive and negative 4 KHz bands. Each of the 4 KHz signal bands is
      flanked by a side lobe extending to about 28 KHz. FIG. 5(b) illustrates a
      frequency spectrum for the output signals b on the path 14 from the analog
      filter 12 (FIG. 1). It is then seen that the analog filter has a 3 dB
      cut-off frequency at 3.2 KHz and a pass band to stop band roll-off R of 24
      dB per octave to provide the signal spectrum illustrated in FIG. 5(b) for
      the signals b from the signals a(t) shown in FIG. 5(a).
PAR  As shown in FIG. 1, the signals b on the path 14 are provided to the analog
      to ADM signal converter 16. The converter 16 is more specifically
      illustrated in FIG. 3. In FIG. 3, the filtered analog input signals b on
      the path 14 are shown as provided to port 64 of a comparator 66 which also
      receives analog signals from a path 68 at another port 69. The comparator
      66 compares the amplitudes of the analog signals at the ports 64, 69 to
      provide a high level signal to an output path 70 if the signal input to
      the port 64 exceeds that at the port 69 and a low level signal to the path
      70 if the signal at the port 69 exceeds that at the port 64. The
      comparator 66 may then be an operational amplifier connected as a
      potential comparator as well understood in the art or an off-the-shelf
      device of the type designated CMP-01 and commercially available from
      Precision Monolithics.
PAR  The signals on the path 70 are shown as provided to a two-level quantizer
      72 also receiving a 56 KHz signal on a path 74 from a clock (not shown).
      Clock devices for producing pulse signals of preselected frequencies are
      well known in the art and need not be described here. The quantizer 72
      functions to provide signals at one of two desired logic levels selected
      by the high or low state of the signals input over the path 70 only at
      each clock signal input over the path 74. The resulting signals c, output
      on the path 18, are then 56 KHz binary-encoded pulses. For this purpose,
      the quantizer 72 may be a commercially available trigger device.
PAR  The signals c on the path 18 are thus 56 KHz binary logic pulse signals,
      the logic levels of which are determined by the relative polarity of the
      analog signals input to the ports 64, 69 of comparator 66. The signal to
      the port 69 is locally generated from the signals c on the path 18 in
      devices now to be described. However, it will be immediately appreciated
      that, since each output signal c is locally generated into a signal at
      port 69 which, by comparison with the input signal at port 64, determines
      the logic state of the next signal c, the signals c are delta modulation
      signals.
PAR  To locally generate the signals at port 69, the signals c from path 18 are
      first provided to a pattern detector 76. The pattern detector 76 detects
      pre-selected patterns of the logic levels of successive signals c on the
      path 18. For example, in one later described embodiment, the pattern
      detector 76 detects two consecutive signals c of the same logic state, for
      example, two consecutive logic one signals. The specific pattern of the
      signals c which the pattern detector 76 is preset to detect is determined
      with respect to the type of input signal and the desired performance of
      the system, for example, the desired signal to noise ratio. Several
      particularly desirable patterns are later described. Upon detecting the
      preset pattern, the detector 76 provides preset digital signals to output
      path 78. Since the detector 76 provides the output digital signals to path
      78 in response to detected patterns of the input signals c, the output
      signals are pattern controlled digital signals.
PAR  The pattern controlled digital signals on the path 78 are provided to
      digital-to-analog converter 80. Digital-to-analog converter 80 is
      responsive to logic levels of the pattern controlled digital signals
      received over the path 78 to provide an analog signal of one preset
      polarity but having an amplitude related to the instantaneous total of the
      pattern controlled digital signals. Preferably the analog signal from
      converter 80 is exponentially related to the instantaneous total of the
      pattern controlled digital signals to form a pattern controlled analog
      signal given by X.sup.n where X is the logarithmic base constant and n is
      an integer between zero and m, m being an integer defining the limits of
      performance of the converter 80. Several specific converters 80 are later
      described. The output from the converter 80 is provided to a path 82,
      which thus carries an analog signal having an absolute amplitude
      determined by the patterns of the logic levels of the successive signals c
      on the path 18.
PAR  This pattern controlled analog signal on the path 82 is provided to an
      amplifier 84 having a unity gain of a polarity controlled by a signal
      input over path 86. The amplifier 84 then provides an output signal to a
      path 88 having the absolute amplitude of the pattern controlled analog
      signal input on path 82 but a polarity or sign determined by the signal
      input on path 86.
PAR  The sign controlling signal on the path 86 is provided from a delay device
      90 receiving as an input the signals c from the path 18. It will be
      recalled that the signals c are encoded in binary logic state which
      represent the polarity of the increment represented by the signals. Delay
      device 90 then provided signals to path 86 which have logic states
      corresponding to the logic states of the signals c for controlling the
      polarity of the unity gain in the amplifier 84 in response to the logic
      state of the signal then on the path 86. Delay device 90 then delays each
      input signals c for the time required for the pattern detector 76 and
      digital-to-analog converter 80 to generate the analog signal on the path
      82 corresponding to the input signal c. Accordingly, the delay device may
      be a known gate device responsive to each successive signal on the path 82
      for triggering the signal corresponding in logic state to the input signal
      c onto the path 86 to the amplifier 84. Alternatively, it is noted that
      each signal c from the path 18 is similarly processed in detector 76 and
      digital-to-analog converter 80 and should, therefore, have similar delay
      times before converter 80 provides the signal to output path 82 thereby
      permitting delay device 90 to be a timer of fixed delay time. Such delay
      devices are commercially available.
PAR  Then, as described, the signals on path 88 are output for each output
      signal c and have a sign controlled by the logic state of the
      corresponding one of the signals c, but have an analog amplitude
      controlled by patterns of the successive signals c. These pattern
      controlled analog signals are provided to an integrator 92 which linearly
      integrates each pattern controlled analog signal from the path 88 as an
      increment to the preceding signals from the path 88 to form the analog
      signal output over path 68 to port 69 of comparator 66. It will be
      recalled that the signal to port 69 determines, by comparison with the
      input signals b, the signals c. Then, since patterns of the signals c
      control the signal on path 88 which is integrated at 92 into an increment
      of the signal to port 69, the signals c are now seen to be ADM signals in
      which each signal c represents a variable increment of the input analog
      signal determined by the patterns of the preceding signals c. Moreover,
      the specific size of the increment represented by each signal c was
      controlled by the amplitude of the pattern controlled analog signal from
      converter 80 which was described as preferably being a logarithmic
      function of the total patterns detected by pattern detector 76. Therefore,
      the preferred embodiment provides logarithmic companding to the ADM
      signals c which is known to advantageously provide a constant signal to
      noise ratio to the ADM signals. Finally, the ADM signals c were derived
      from a pattern controlled digital signal which was converted in
      digital-to-analog converter 80 into one pattern controlled analog signal
      thereby avoiding the difficult analog control of the analog signals known
      from the art.
PAR  FIG. 4 shows detail of the converter 24 which, as also illustrated in FIG.
      1, receives ADM signals c from the path 18 and provides LPCM signals d to
      an output path 26. As just described, the input ADM signals c are each a
      single pulse or bit encoded in logic level to represent variable
      increments of change in the analog signal a(t) input to the analog to ADM
      converter 16 (FIG. 1), the specific increment represented by each ADM
      signal bit being dependent upon the patterns of the successive ADM signals
      as detected by pattern detector 76 (FIG. 3) and converted to the analog
      pattern controlled signal in digital-to-analog converter 80 (FIG. 3).
      Then, to convert these ADM signals into LPCM signals which, it will be
      recalled, represent the total amplitude of the input analog signal a(t),
      it is clearly necessary to first determine the increment of the analog
      signal represented by each ADM signal and then add this increment, in LPCM
      format, to the total of the preceding increments to form an LPCM signal
      representing the full analog signal.
PAR  To form the LPCM signal increment, FIG. 4 shows the ADM signals c on path
      18 as being provided to a pattern detector 176 which detects patterns of
      the ADM signals c to provide a pattern controlled digital signal over path
      178 to a converter 180. Converter 180 responds to these signals with a
      LPCM signal representing only the magnitude of the LPCM increment. Since
      the logic state of each ADM signal represents the sign or polarity of the
      increment, each ADM signal c is also delayed in device 190 for output
      coincident with the LPCM increment magnitude signal from converter 180 to
      a device 184 which adds a sign bit to the LPCM increment magnitude signal
      to form a LPCM increment signal output on path 188.
PAR  From this generally described operation it is clear that the LPCM increment
      signal will most closely represent the increment of the analog signal a(t)
      (FIG. 1) represented by each ADM signal c (FIG. 4) if the patterns of the
      ADM signals detected by pattern detector 176 for conversion in converter
      180 into the LPCM increment magnitude signal are the same as the patterns
      of the ADM signals detected by pattern detector 76 (FIG. 3) for forming
      the ADM signals, although, of course, other patterns may also be detected.
      Therefore, pattern detector 176 (FIG. 4) is preferably identical to the
      earlier described pattern detector 76 (FIG. 3) and requires no further
      description. Pattern detector 176 then provides a digital output signal to
      path 178 controlled by the patterns of the ADM signals c input on path 18.
      Specifically, the pattern controlled digital signals on the path 178 are
      single bit, binary-encoded logic signals.
PAR  The pattern controlled digital signals on path 178 are provided to a
      converter 180 which converts the signal increment represented by the logic
      state of the signal on the path 178 into a signal word or series of pulses
      encoded in logic state to represent the same interval as the signal input
      over the path 178. The signal word is an LPCM signal. The converter 180 is
      shown to comprise a reversible or up-down counter 181 which increments or
      counts up in response to one logic state of the digital signal input on
      the path 178 and decrements or counts down in response to the other logic
      state of the signal on the path 178. For example, if the pattern detector
      detects two consecutive high logic level ADM signals c on the path 18 to
      provide a high logic level signal to the path 178 which represents a
      change in the increment of the analog signal represented by the succeeding
      ADM signal, the counter 181 will respond to the high logic level signal on
      the path 178 with one up-count to thereby represent the increased
      increment or step of the analog signal a(t) (FIG. 1) represented by the
      succeeding ADM signal. The signals from the counter 181 are then provided
      to a device 183 which converts the counted signal increments into a
      corresponding LPCM signal word. For this purpose, the device 183 is a read
      only memory device preset with a table of LPCM signal words corresponding
      to each possible count signal from counter 181. The memory device 183 then
      responds to each count of the counter 181 with an LPCM signal word on path
      182 representing, in LPCM format, increment represented by the
      corresponding ADM signal. Such operation of the read only memory device
      183 is a wellknown table-look-up function needing no further explanation
      to those skilled in the art.
PAR  The described counter 181 and ROM 183 of ADM to LPCM signal converter 180
      should be understood as merely a preferred embodiment. In alternative
      embodiments the converter 180 may have a shift register (not shown), like
      later described shift register 622 (FIG. 16) in place of the counter 181
      and a counter (not shown) counting increments as controlled by the shift
      register. This and other alternative embodiments of converter 180 will be
      understood by those in the art as performing the described function of ADM
      to LPCM signal conversion.
PAR  The signals on the path 182 then represent, in LPCM format, the increment
      or step represented by the corresponding input ADM signals. To minimize
      the size of the memory device 183 and to provide symmetrical operation for
      positive and negative increments represented by the LPCM signal, the ADM
      signals from path 18 are stored in delay device 190 which is similar in
      function and construction to the delay device 90 earlier described with
      reference to FIG. 3. The ADM signal, which, it will be recalled,
      represents in its logic state the sign of the corresponding increment, is
      carried from device 190 on path 186 to a sign bit adder 184 also receiving
      the LPCM signal on the path 182. The sign bit adder 184 then introduces
      the sign to the LPCM increment signal as one distinct bit of the LPCM
      increment signal, which bit corresponds in logic state to the ADM signal.
      The LPCM increment signal on path 182 from memory device 183 then
      represents only the magnitude of signal increment, the sign of the
      increment being introduced by signal bit adder 184. This function of adder
      184 will be recognized as equivalent to the function earlier described for
      amplifier 84 (FIG. 3). However, it will be noted that sign bit adder 184
      operates upon the digitally encoded LPCM increment signal word while
      amplifier 84 (FIG. 3) operates on an analog signal. In the LPCM signal
      scheme, the last or most significant bit of the LPCM signal word usually
      represents the positive or negative sign of the LPCM signal word.
      Therefore, sign bit adder 184 may comprise a commercially available signal
      controlled gate which introduces the additional sign bit from path 186 at
      the end of each LPCM signal word output over path 188.
PAR  Since the signal on the path 188 represents merely the signed increment or
      step of the LPCM signal corresponding to the increment of change in the
      analog signal a(t) originally input on the path 14 (FIG. 1), but not the
      total signed amplitude of the input analog signal, further operation is
      required to provide the LPCM signal d on path 26 which represents the full
      instantaneous signed amplitude of the input analog signal. To this end the
      invention provides a sequential logic scheme in which an adder 192
      receives the LPCM signal increment on the path 188 and an LPCM signal on
      the path 194 from a one-word delay device 196 receiving the LPCM signal d
      output from the adder 192. Then, each successive LPCM signal d output on
      the path 26 is stored in the delay device 196 until the next LPCM signal
      increment appears on the path 188 and is then added in adder 192 to the
      preceding LPCM signal from delay device 196. The preceding LPCM signal
      from delay device 196 added to the next LPCM signal increment from path
      188, with the appropriate sign from the larger signal, then forms the LPCM
      signal d including the sign which is output over the path 26 to filter 28
      (FIG. 1) and to the delay device 196 for addition to a next LPCM increment
      signal input over path 188.
PAR  This implementation of the LPCM signal through adder 192 is thus seen to be
      distinct from other implementations of LPCM signals suggested in the art.
      Specifically, in the above cited co-pending U.S. Pat. application of Song,
      input LDM signals which, because of their linear modulation, directly
      correspond to the linear increments of an LPCM signal, are directly
      accumulated in an up-down counter to form an LPCM signal representing the
      input signal. The implementation of the LPCM signals here described is
      also seen to be distinct from the accumulator scheme shown in the above
      cited patent of Goodman in which a digital logic device responds to
      patterns of ADM signals with a signal which controls the counting
      progression of an accumulator which then forms the LPCM signals. The above
      described LPCM signal formation will also be recognized as distinct from
      the teachings of the above cited co-pending U.S. Pat. application of
      Wintz, Sergo and Song in which a digitally encoded signal word, actually a
      CPCM signal, is decoded into an analog signal which analog signal is then
      used for the generation of the succeeding CPCM signal. Another distinct
      technique controls the step size of an integrator with an analog signal
      responsive to patterns of input ADM signals which integrated signal is
      then reconverted to digital signals in LPCM code. In contrast, the
      implementation here describes a digital LPCM increment signal, digitally
      controlled by the patterns of the ADM signals, for direct, digital
      addition with the preceding LPCM signal. It will later be seen that this
      digital conversion of ADM to LPCM signals is also applied in the receiving
      path for the conversion of LPCM to ADM signals again in difference from
      the art in which distinct implementations are often used in the sending
      and receiving paths.
PAR  Returning to the embodiment illustrated in FIG. 1, the LPCM signals d
      output on the path 26 by the converter 24 just described are shown as
      provided to the digital low pass filter 28. The design of digital filters
      is well understood by those skilled in the art and no detailed design
      description of the filter 28 need, therefore, be given, it being
      sufficient instead to describe the operating requirements of the filter.
      The function of the input digital low pass filter 28 is to band limit the
      wide-band quantizing noise generated during the ADM encoding of the input
      signal. Aliassing noise will then not occur when the high-speed LPCM
      signal is converted to a low-speed LPCM signal in the speed converter 32.
      This operation of the filter is illustrated in FIGS. 5(d) and 5(e) showing
      a normalized signal frequency spectrum for the LPCM signals d input to the
      digital filter 28 and the LPCM signals e output from the digital filter
      over path 30, both for the exemplary 56 KHz signals having the input 8 KHz
      band width earlier described with reference to FIG. 4(b). However, the
      LPCM signals d are now shown to be accompanied by a wide band of ADM
      quantizing noise 198 resulting from the approximation of the input analog
      signal with the discrete ADM signal quantizing levels. On the other hand,
      the LPCM signals e on the path 30 (FIG. 1) from the filter 28 (FIG. 1) are
      shown in FIG. 4(e) to be band-limited by the elimination of the quantizing
      noise. The digital filter 28 (FIG. 1) thus functions to provide an 8 KHz
      band width to the 56 KHz sampled LPCM signals e shown in FIG. 5(e).
PAR  It may additionally be demonstrated that if the digital filter is given the
      frequency characteristics earlier described for the input analog low-pass
      filter 12 (FIG. 1) and illustrated in FIG. 4(b), the input analog low-pass
      filter 12 may be eliminated or its performance requirements relaxed
      without signal degradation. For equivalent performance with the earlier
      described analog filter 12 (FIG. 1), the digital filter 28 (FIG. 1) should
      then have or provide in combination with relaxed performance of the input
      analog filter 12 the illustrated 3dB cut-off frequency at 3.2 KHz and a
      pass-band to stop-band transition roll-off R' of 24 dB per octave
      illustrated for the LPCM signal frequency spectrum in FIG. 4(e). It is to
      be noted that the input analog filter 12 can be eliminated provided that
      the input voice signal spectrum is itself band limited to 28 KHz, since
      the effective sampling frequency of the ADM is 56 KHz before the speed is
      dropped to 8 KHz at the speed converter 32. It is additionally noted that
      the converse of the suggested elimination of the input analog low-pass
      filter 12 (FIG. 1) by proper design of the input digital low-pass filter
      28 (FIG. 1), that is the elimination of the input digital low-pass filter
      by proper design of the input analog low-pass filter, is not possible
      because the analog filter 12 cannot remove the ADM signal quantizing noise
      198 (FIG. 4(d)) which is introduced to the signals by the analog to ADM
      converter 16 after the signals leave the analog filter 12. This operation
      of the system is clearly illustrated in FIG. 1 showing the input analog
      low-pass filter 12 in a location upstream of the analog to ADM converter
      16.
PAR  The LPCM signals e from the digital filter 28 on path 30 are provided to
      the high-to-low speed converter 32 as shown in FIG. 1. As earlier
      described the speed converter 32 is a sampling device receiving a series
      of the input high-speed LPCM signals and providing low-speed LPCM signals
      f to the path 34 each of which is a selected one of several consecutive
      input high-speed LPCM signals. For this purpose the speed converter 32 may
      be a commercially available shift registers enabled to receive and output
      one of the input high-speed LPCM signals e by a signal from a clock (not
      shown). For the earlier described speed conversion for 56 KHz LPCM signals
      e to 8 KHz LPCM signals f, the clock enables the register for every
      seventh LPCM signal e to provide 8 KHz LPCM signals f. Since selected
      signals e are then transmitted as the signals f, the frequency spectrum
      for the low-speed LPCM signal f shown in FIG. 5(f) is exactly the
      frequency spectrum of the corresponding input LPCM signal e shown in FIG.
      5(e).
PAR  The LPCM signals f (FIG. 1) are then provided to the LPCM to CPCM converter
      36. LPCM to CPCM signal converters are known. Therefore, no detailed
      illustration of the converter 36 need be given. One known type of
      LPCM-CPCM signal converter receives each bit of the LPCM signal in a
      serial to parallel shift register (not shown) which then provides the LPCM
      signal in parallel format. The parallel LPCM signal is then provided to a
      read only memory device (now shown) which has preset appropriate code
      conversions for converting each input LPCM signal into a CPCM signal, for
      example the CPCM signal g shown as output over the path 38 in FIG. 1.
      Another LPCM-CPCM converter is specifically described in the above cited
      co-pending U.S. Pat. application of Song. Therefore, no further
      description of the converter 36 will be given.
PAC  MORE DETAILED DESCRIPTION OF THE RECEIVING PATH
PAR  FIG. 2 shows input CPCM signals h on a path 38' which, for example, may be
      connected through span lines of a known telephone system to the output
      path 38 (FIG. 1) to provide the CPCM signals g (FIG. 1) to path 38' as the
      CPCM signals h. The CPCM signals h on the path 38 are provided to the CPCM
      to LPCM signal converter 40. CPCM to LPCM signal converters are generally
      known and therefore require only brief description. One such converter may
      be comprised of a serial to parallel shift register (not shown) and a
      read-only memory device (not shown) preset with the desired table of code
      conversion for forming the parallel CPCM signals input from the shift
      register into corresponding LPCM signals. This CPCM to LPCM signal
      converter then performs a known table look-up function in which each input
      CPCM signal is converted to an output LPCM signal for example signals i on
      the path 42. Another CPCM to LPCM converter is described in the above
      referenced U.S. Pat. application of Song. Therefore no further description
      of converter 40 need be given.
PAR  The LPCM signals i on the path 42 are then provided to the low-to-high
      speed converter 44 which increases the speed or frequency of the input
      LPCM signals to provide higher speed LPCM signals j to the path 46. For
      this purpose the speed converter 44 may be a commercially available serial
      to parallel shift register (not shown) providing the input LPCM signals i
      in parallel format to a commercially available parallel to serial shift
      register (not shown) also receiving signals from a clock (not shown) for
      triggering output of the LPCM signals j in serial format at a desired
      output frequency established by the clock signals. In known telephone
      systems, CPCM signals are provided at 8 KHz. As earlier described, each
      input CPCM signal h is converted to one LPCM signal i which, therefore,
      are also at 8 KHz. It will also be recalled that it is desired to transmit
      the LPCM signal i which, therefore, are also at 8 KHz. It will also be
      recalled that it is desired to transmit the LPCM signals over a T1 line
      forming path 54 at 56 KHz. Therefore, in the embodiment shown in FIG. 2,
      it is desired to convert the LPCM signals i input to the speed converter
      44 at 8 KHz to 56 KHz LPCM signals j output on the path 46. The frequency
      of the clock signals to the shift registers (not shown) forming the speed
      converter 44 should therefore be 56 KHz to effectively repeat each of the
      input 8 KHz LPCM signals seven times thereby providing seven, identical,
      56 KHz output LPCM signals j for each input LPCM signal i. This operation
      is illustrated in FIG. 8(i) showing a frequency spectrum of the sampled 8
      KHz LPCM signals i200 and FIG. 8(j) showing a frequency spectrum of 56 KHz
      LPCM signals j200 after the speed conversion.
PAR  The LPCM signals j are provided on the path 46 to the output digital
      low-pass filter 48 (FIG. 2), the design of which, as with the input
      digital low-pass filter 28 (FIG. 1), is well understood by those skilled
      in the art. No specific illustration of the output digital low-pass filter
      48 is therefore given. The purpose of the output digital filter 48 is to
      band-limit the signal spectrum of the input high-speed LPCM signals j to 4
      KHz to remove noise signals having frequency spectrum 203 (FIG. 8(j))
      introduced by the speed converter 44 (FIG. 2). This function is shown in
      FIGS. 8(j) and 8(k). FIG. 8(j) illustrates the frequency spectrum j200 of
      the 56 KHz LPCM signals j (FIG. 2) together with that of the noise
      spectrum 203, while FIG. 8(k) illustrates the frequency spectrum of the
      filtered high-speed LPCM signals k (FIG. 2) showing that the signals k
      have the spectrum k200 corresponding only to the spectrum j200 (FIG. 8(j))
      of the input LPCM signals j.
PAR  As described with reference to the input digital low-pass filter 28 (FIG.
      1) and the input analog low-pass filter 12 (FIG. 1), the output digital
      low-pass filter 48 (FIG. 2) may relax the function of the output analog
      low-pass filter 60 (FIG. 2). Since the effective sampling frequency on
      path 58 is 56 KHz the sharp frequency cut-off analog filter generally
      required in a LPCM coding can be replaced with a simpler analog filter.
PAR  As shown in FIG. 2, the 56 KHz high-speed LPCM signals k on the path 50
      from the output digital low-pass filter 48 are provided to the LPCM to ADM
      converter 52. Further details of the converter 52 are shown in FIG. 6. The
      LPCM signals on the path 50 are, it will be recalled, signal words
      composed of a series of bits each bit being encoded in logic state to form
      the LPCM signal, the bit in the most significant bit place representing
      the sign of the LPCM signal. This LPCM signal k from the path 50 is then
      provided to an adder 230 together with a signed LPCM signal on a path 226.
      The adder 230 adds these two signed LPCM signals and the quantizer 272
      detects the sign of the total then representing the sign of the larger of
      the two LPCM signals input to the adder at a 56 KHz rate. This sign signal
      is provided on a path 54.
PAR  The signals on the path 54 are then recognized as delta modulation signals
      composed of a single binary-encoded bit corresponding in its logic state
      to an increment by which one of the LPCM signals input to the adder 230
      exceeded the other. In the formation of ADM signals it will be recalled
      that the increment represented by each ADM signal is to be smaller for
      smaller input signals than for larger input signals. To this end, the LPCM
      signals on the path 226 are seen to be locally generated in a device at
      276 for converting the delta modulation signals on the path 54 into
      corresponding LPCM signals for output on the path 225 and comparison with
      the input LPCM signals on path 50 in the adder 230 as just described. The
      device 276 variably responds to the delta modulation signals on path 54
      with the LPCM signals on the path 226 to form the delta modulation signals
      on the path 54 as ADM signals.
PAR  The device 276 will be recognized as identical with the ADM to LPCM
      converter 24 previously described with reference to FIG. 4. Accordingly,
      only a brief description of device 276 need be given. The ADM signals from
      the path 54 are introduced via path 218 to a pattern detector 276 which
      detects preselected patterns of the input ADM signals. Digital signals
      controlled by the patterns of ADM signals are then provided on path 278 to
      a device 280 which generates LPCM signals corresponding in magnitude to
      that identified by the digital signals controlled by the patterns of the
      ADM signals. At the same time, the ADM signals on the path 218 are
      provided to a delay device 290 for introduction over a path 286 to a
      device 284 which adds the sign of the input ADM signal as an additional
      sign bit to the LPCM magnitude signal from the path 282 in the most
      significant bit place of the LPCM signal. The signed LPCM increment signal
      from the device 284 is then provided to an adder 292 also receiving via
      paths 226, 294 the preceding LPCM signal. The resulting sum of the LPCM
      signal introduced over path 294 and the LPCM increment signal introduced
      from sign-bit adder 284 is then provided as an output over path 226 which,
      after delay in a device 296, coincides with a next LPCM increment signal
      to adder 292.
PAR  As described with reference to converter 24 shown in FIG. 4, it is noted
      that digital logic is used throughout device 276 in providing the LPCM
      signal to path 226 from the ADM signals on path 54. It is additionally
      noted as an advantage of this digital design of converter 52 that the
      components of device 276 are the same as those of converter 24 (FIG. 4) so
      as to minimize the number of different components required by the system
      by duplicating components of the encoder portion in the decoder portion of
      the system. This duplication of components introduces an economy of scale
      to the cost of the system by permitting manufacture of a minimum of
      different parts and ease of maintenance in the system again by minimizing
      the number of different parts necessary for the system.
PAR  These same advantages from the duplication of portions of the encoder in
      the decoder are also provided to the ADM to analog converter 56 to which
      the ADM signals 1 on the path 54 are next provided, as shown in FIG. 2. As
      earlier described, the path 54 may, for example, be a T1 line connecting
      the office 22' of the system to a subscriber switch 20'. Detail of the ADM
      to analog converter 56 is shown in FIG. 7. Converter 56 will immediately
      be recognized as a portion 350 of the analog to ADM converter 16 shown in
      FIG. 3. The portion 350 of converter 16, it will be recalled from the
      earlier description, converted the ADM signals on the path 18 into analog
      signals output from integrator 92 onto path 68. This is precisely the
      function of the ADM to analog converter 56 shown in FIG. 7 thereby
      indicating through the similarity of functions, the illustrated similarity
      of design. Accordingly, only a brief description of converter 56 need be
      given.
PAR  The ADM signals 1 are provided on the input path 54 to a pattern detector
      376 which detects patterns of the ADM signals to provide a digital pattern
      controlled signal on a path 378 to a digital-to-analog converter 380.
      Converter 380 then provides analog signals having an amplitude controlled
      by the patterns of the ADM signals detected in pattern detector 376. The
      analog signals are provided from the converter 380 on path 382 to a sign
      controlling unity gain amplifier 384 receiving a signal on a path 386 from
      a delay device 390 indicating the logic state of each ADM signal on the
      path 54. The amplifier 384 applies the logic signal from path 386 to the
      analog signal magnitude from the path 382 to provide a signed analog
      signal to path 388 which then has a magnitude controlled by the patterns
      of the ADM signals and a polarity determined by the logic state of the
      corresponding ADM signal. This pattern controlled, signed analog signal is
      then integrated in a linear integrator 392 as an increment of an analog
      signal output on the path 58.
PAR  The analog signal m on the path 58 has a frequency spectrum illustrated in
      FIG. 8(m) which shows the normalized frequency spectrum for the analog
      signal m200 corresponding to the input LPCM signal but now accompanied by
      side bands of quantizing noise 394 (FIG. 8(m)) introduced by the
      approximation of the analog signal from the discrete levels of the ADM
      signals in the converter 56. Then, as earlier described, it is the
      function of the output analog low-pass filter 60 (FIG. 2) to eliminate the
      quantizing noise bands 394 (FIG. 8(m)) from the frequency spectrum of the
      analog signals n output from the output analog low-pass filter 60 (FIG. 2)
      on path 62 (FIG. 2). The resulting frequency spectrum for the output
      analog signals n is shown in FIG. 8(n) to be band limited to 4 KHz, which
      as described, corresponds to the frequency spectrum of the analog signals
      m shown in FIG. 8(m) with the quantizing noise bands 394 filtered out.
      Specific designs for such band limiting filters are known. It is noted,
      however, that the requirement of the output analog low-pass filter 60 may
      be relaxed due to the high sampling frequency of the ADM signal.
PAC  DETAILED DESCRIPTION OF THE PATTERN DETECTORS
PAR  In the above complete description of the preferred embodiment of the
      system, pattern detectors 76, 176, 276 and 376 were described with
      specific reference to FIGS. 3, 4, 6 and 7, respectively. In the
      description of these figures, it was noted that each of the pattern
      detectors 76, 176, 276, 376 was preferably of the same design to provide
      compatibility of operation of each portion of the system including one of
      the pattern detectors with each other portion of the system. The
      similarity of design of the pattern detectors may also provide economies
      of scale to the cost of the system and ease of maintenance to the system.
      Several embodiments of the pattern detector 76, 176, 276, 376 will now be
      specifically described, it being understood that each of the pattern
      detectors may be of any of the specifically described embodiments although
      all the pattern detectors are preferably the same within one system.
      However, the pattern detectors in any one embodiment of the forward path
      must be the same; similarly, the pattern detectors of any one embodiment
      of the receiving path must be the same.
PAC  DETAILED DESCRIPTION OF A 7-7-4-3 RULE PATTERN DETECTOR
PAR  One specific embodiment of the pattern detectors follows a rule designated
      7-7-4-3 which was empirically developed to provide maximum signal to noise
      ratio on sinusoidal input signals as described by Daugherty in "Digitally
      Companded Delta Modulation for Voice Transmission,"
PAR  The algorithm of the 7-7-4-3 rule for companding ADM signals is described
      as follows:
PAR  If the last change in companding the ADM signals was to increase the step
      or signal increment represented by the pattern controlled signals, seven
      consecutive ADM signals of identical logic state are required for a
      further increase, but only four consecutive ADM signals of alternating
      logic state are required for a decrease in the step;
PAR  If, on the other hand, the last change in companding the ADM signals was to
      decrease the step or signal increment represented by the pattern
      controlled signals, seven consecutive ADM signals of alternating logic
      state are required for a further decrease, but only three consecutive ADM
      signals of identical logic state are required for an increase in the step.
PAR  FIG. 9 illustrates the application of the described 7-7-4-3 rule to the
      pattern detector 76 of the analog to ADM converter 16 shown in FIG. 3.
      Since pattern detector 76 is preferably identical to pattern detectors
      176, 276, 376, only pattern detector 76 need be described.
PAR  Then, FIG. 9 shown at 400 an arbitrary portion of the input analog signal
      a(t) input over path 14 (FIG. 3) as a function of time t. As described
      with reference to FIG. 3, the input analog signal is converted to ADM
      signals c at a 56 KHz sampling rate to form the binary-encoded single bit
      ADM signals c shown at 402 in FIG. 9. Also shown in FIG. 9 are the pattern
      controlled digital signals 404 output on the path 78 from pattern detector
      76 as described with reference to FIG. 3. The signals 404 (FIG. 9) are
      binary-encoded bits representing by their logic state a command for an
      increase with a signal of logic state I, or a decrease with a signal of
      logic state D, in the increment of signal a(t) represented by each of the
      ADM signals c. Then, inspection of FIG. 9 indicates that the pattern
      controlled digital signals 404 from the pattern detector 76 (FIG. 3)
      follow the above stated 7-7-4-3 rule.
PAR  For example, from an initially preset increase signal I at 406, seven
      consecutive ADM signals c of identical logic state occur to trigger a next
      digital increase signal I at 408. Then, continuing the example, four ADM
      signals of alternating logic state (including the last of the seven
      identical logic state ADM signals determining the pattern controlled
      increase signal I at 408) occur to trigger a pattern controlled digital
      decrease signal D at 410. The signals at 406, 408, and 410 thus illustrate
      the first portion of the above described 7-7-4-3 rule.
PAR  Now, the last pattern controlled digital signal D at 410 indicating a
      decrease in the increment represented by each succeeding ADM signal c,
      three consecutive ADM signals of identical logic state are required to
      trigger a pattern controlled digital signal indicating an increase in the
      increment represented by each succeeding ADM signal as shown by the
      pattern controlled digital signal I at 412. The signal I at 412 thus
      illustrates the second portion of the above described 7-7-4-3 rule.
PAR  The last pattern controlled digital signal at 412 now indicating an
      increase in the increment represented by each ADM signal, seven
      consecutive ADM signals of identical logic state are again required for a
      further signal indicating an increase in the increment represented by the
      ADM signal. As illustrated in FIG. 9, however, four ADM signals of
      alternate logic state first occur to trigger a digital pattern controlled
      signal D at 414 indicating a decrease in the increment represented by each
      succeeding ADM siganl. Three consecutive ADM signals of identical logic
      state are then required to trigger an increase in the increment
      represented by each pattern controlled digital signal as indicated by the
      signal I at 416.
PAR  In comparing the three consecutive ADM signals c triggering the pattern
      controlled digital increase signals I at 412 and 416, it is noted that the
      ADM signals triggering the pattern controlled signal I at 412 are of one
      logic state while those triggering the pattern controlled signal I at 416
      are of the other logic state. This operation corresponds with that
      described with reference to FIG. 3 for the pattern detector 76 where it
      was noted that the pattern controlled signals represent the magnitude only
      of the increment represented by each ADM signal, the sign of the increment
      being separately introduced through delay device 90 and sign controlling,
      unity gain amplifier 84.
PAR  Then, as also described with reference to FIG. 3, the pattern controlled,
      signed, analog increment signals from amplifier 84 are provided to
      integrator 92 for integration into an analog signal corresponding to that
      represented by the successive ADM signals c. This analog signal y(t) in
      the integrator 92 is shown as a function of time t in FIG. 9 before being
      filtered by a smoothing filter (not shown) in the integrator 92 (FIG. 3)
      for output over the path 68 (FIG. 3). Then, as shown in FIG. 9, the
      magnitude of the increment in the signal y(t) represented by each ADM
      signal is shown to be controlled by the pattern controlled digital signals
      404. For example, the magnitude of the increment represented by one ADM
      signal c at 420 is indicated at 422 in signal y(t) while an increaased
      increment represented by the next ADM signal c at 424, which follows the
      pattern controlled digital increase signal I at 412, is shown as the
      increased increment in the signal y(t) at 426. It is also noted that the
      sign represented by the logic state of the ADM signal at 420 is delayed in
      delay device 90 (FIG. 3) to control the polarity of the next increment in
      the signal y(t) at 426 while the sign represented by the ADM signal at 424
      controls the polarity of a next increment 428 of signal y(t), the size of
      the increment 428 being still controlled by the last preceding pattern
      controlled digital signal I at 412.
TBL                Table I                                                     
     ______________________________________                                    
     Pattern Controlled                                                        
                7-7-4-3 Rule    Pattern Controlled                             
     Digital Signals                                                           
                Controlling ADM Digital signals                                
                Signal Pattern                                                 
     ______________________________________                                    
     ... I      1 1 1 1 1 1 1   I...                                           
     ... I      0 0 0 0 0 0 0   I...                                           
     ... D      1 1 1           I...                                           
     ...  D     0 0 0           I...                                           
     ... I      0 1 0 1         D...                                           
     ... I      1 0 1 0         D...                                           
     ... D      1 0 1 0 1 0 1   D...                                           
     ... D      0 1 0 1 0 1 0   D...                                           
     ______________________________________                                    
PAR  Table I summarizes the earlier description of the 7-7-4-3 rule the
      operation of which in pattern detector 76 (FIG. 3) has just been described
      with reference to FIG. 9. At the left of Table I are shown the possible
      states of the last provided pattern controlled digital signals, for
      example signals 404 (FIG. 9), followed by the patterns of the ADM signals
      c controlling a next pattern controlled digital signal indicated at the
      right of the Table. Table I then indicates that three logic conditions are
      necessary to implement the 7-7-4-3 rule. These conditions are: determine
      the logic state of the previous pattern controlled digital signal as an
      increase signal I or a decrease signal D of the increment represented by
      each succeeding ADM signal; determine the pattern of the succeeding ADM
      signals; and determine the number of the ADM signals forming the pattern.
      Further inspection of Table I indicates that there are only 2 patterns of
      ADM signals to be detected, namely, identical or homogeneous logic states
      of the ADM signals and alternating logic states of the ADM isgnals. At the
      same time, it is observed that the number of ADM signals forming a
      controlling pattern requires counting the ADM signal bits forming the
      pattern and that determining the previous pattern controlled digital
      signal requires retention of the previous I or D digital signal.
PAR  FIG. 10 then shows a particular implementation of pattern detector 76 for
      the 7-7-4-3 rule summarized in Table I, it being recalled that the other
      pattern detectors 176, 276, and 376 of FIGS. 4, 6 and 7, respectively, are
      preferably identical. FIG. 10 then shows the ADM signals c input over the
      path 18 to the pattern detector as being provided to an input port of an
      exclusive OR gate 430 and to an input port of an inverting exclusive OR
      gate 432. The ADM signals c are also provided to an input port of a
      one-bit delay device 434. The delay device 434 delays each ADM signal
      input from the path 18 until the next ADM signal is received on the path
      18 and then outputs the previous ADM signal to another input port of
      exclusive OR gates 430, 432. Each of the gates 430, 432 then
      simultaneously receives an ADM signal from the path 18 and the ADM signal
      previously on path 18 from the delay device 434. The delay device 434 may,
      for example, be a commercially available flip-flop responsive in logic
      state to the logic state of the input ADM signal from path 18 and
      operative at the leading edge of the clock signal to transfer data from
      the input to the output.
PAR  Then, in operation, the non-inverting exclusive OR gate simultaneously
      receives each successive ADM signal and the immediately preceding ADM
      signal to respond to the alternate logic states of the ADM signals with a
      logic one output on a path 436. Since each logic one output on the path
      436 then represents an alternation in the logic states of consecutive ADM
      signals c on the path 18, the output signals from gate 430 are those from
      a detector 438 of alternating ADM signal patterns. Similarly, inverting
      exclusive OR gate 432 responds only to consecutive ADM signals c of
      identical logic state with a logic one signal on an output path 437 to
      thereby form a detector 440 of identical patterns of the ADM signals.
PAR  Each logic one signal on the path 436 from the alternating pattern detector
      438 then corresponds to one alternation in the logic states of two
      consecutive ADM signals on the path 18. If a next or third ADM signal
      input on the path 18 again alternates in logic state from the immediately
      preceding or second ADM signal which triggered the first logic one onto
      the path 436, a second logic one signal is provided to path 436. Then
      extending this operation of pattern detector 438 to the seven alternating
      ADM signals indicated in the ADM signal pattern shown in the last row of
      Table I, it will be understood that the indicated pattern of ADM signals
      triggers six consecutive logic one signals onto the path 436.
PAR  The logic signals on path 436 are provided to a commercially available
      reversible or up-down three-bit counter 442 which increments in response
      to each logic one signal input on path 436. Each increment of the counter
      is binary encoded, the logic state of each bit of the counted increments
      being represented by a logic one signal at one of two discrete output
      ports of the counter, each pair of ports corresponding to one bit place of
      the counted alternating logic states of the ADM signals. For example, the
      pair of discrete output ports Q, Q each correspond to one bit place of the
      counted increments. A logic one signal at the port Q represents a count of
      one in the corresponding bit place while a logic one at the port Q
      represents a logic zero in the bit place. Following this scheme, a logic
      one signal from the port Q in the most significant bit (MSB) place, the
      port Q' in the next bit place, and the port Q" in the least significant
      bit (LSB) place in counter 442 represents a binary-encoded count of 110 or
      six logic one signals input over the path 436, it being recalled that
      these six signals represent seven ADM signals c of alternating logic state
      input to the alternating pattern detector 438 over path 18.
PAR  Turning again to Table I, it is seen that the pattern of seven consecutive
      ADM signals of alternating logic state is a controlling pattern when, and
      only when, the preceding change in the signal increment represented by the
      ADM signals is a decrease in the size of the increment indicated by a
      pattern controlled digital signal D. Then, each of the ports Q, Q', Q" of
      counter 442 are connected over paths 446 to input ports of an AND gate
      448. AND gate 448 is also connected to a path 450. A logic one signal on
      the path 450 represents, as will be described, an immediately preceding
      decrease in the signal increment represented by each ADM signal. AND gate
      448 then provides a logic one signal over path 452 through an OR gate 454
      to an output path 456. This signal is then a digital signal D controlled
      by the described pattern of seven alternating ADM signals as indicated in
      Table I.
PAR  The logic one signal on path 456 is provided to a reset port R of a
      flip-flop 460 to reset the flip-flop to provide a logic one signal to the
      path 450. Since it was earlier assumed that the path 450 already carried a
      logic one representing a prior decrease in the increment represented by
      each ADM signal, the logic one signal now on the path 450 in response to
      the logic one signal from path 456 does not represent a change in state of
      the signal from flip-flop 460.
PAR  The logic one signal on path 456 is also provided through an OR gate 462 to
      a reset port 463 of the counter 442 to reset the counter to its full zero
      count. Counter 442 is then reset for detecting a next pattern of the ADM
      signals.
PAR  If, on the other hand, the last preceding change in the size of the signal
      increment represented by each ADM signal had been an increase as
      represented by a signal I from flip-flop 460, no logic one signal will be
      carried on path 450 to AND gate 448. AND gate 448 will then not provide a
      logic one signal to the path 452 for output on path 456 through OR gate
      454. However, a logic one signal representing the increase signal I is
      carried on a path 464 from flip-flop 460 to an input port of an AND gate
      466. A review of Table I indicates that, following an increase in the
      signal increment represented by each ADM signal, the controlling pattern
      of ADM signals is four alternating logic states of consecutive ADM
      signals. The above description of the alternating pattern detector 438
      indicates that this pattern of ADM signals is represented by three logic
      one signals on the path 436 to counter 442. Counter 442 counts these logic
      one signals to reach a binary-encoded count of three, 011 in binary
      notation, which, from the earlier description of counter 442, is seen to
      be provided by logic one signals from the ports Q, Q', Q", in sequence
      from the most significant bit (MSB) place to the least significant bit
      (LSB) place of counter 442. These ports Q, Q' and Q" are then connected
      over paths 468 to AND gate 466 and their logic one signals at the fourth
      of the alternating ADM signals together with the logic one signal on the
      path 464, the preceding increase signal I, trigger a logic one signal from
      AND gate 466. The signal from gate 466 is provided through OR gate 454 to
      the output path 456. As before described, the logic one signal on path 456
      is a decrease signal D as indicated in Table I. Also as before described,
      the signal on path 456 is provided to port 463 to reset counter 442. The
      logic one signal on the path 456 is also provided to the reset port R of
      flip-flop 460 to provide a logic one signal to the path 450 from the
      flip-flop. Since it was initially assumed that path 464, and not path 450,
      carried a logic one signal, the logic one signal now provided to path 450
      in a change of state in flip-flop 460.
PAR  Returning to the path 437 which, it will be recalled, receives logic one
      signals from inverting exclusive OR gate 432 in response to consecutive
      ADM signals c of identical logic state, it is seen that path 437 carries
      these logic one signals to an input port of a counter 470 which, like the
      counter 442, counts each successive logic one input signal. Turning to
      Table I, it is seen that, following an increase signal I, the controlling
      pattern of the ADM signals is seven consecutive ADM signals of identical
      logic state which, as with the logic one signals on path 436, will be
      represented by six logic one signals on the path 437. Accordingly, output
      ports q, q', q" corresponding to the most significant bit (MSB) place to
      the least significant bit (LSB) place of the counter 470 are connected to
      input ports of AND gate 480 via paths 482. AND gate 480 also receives the
      logic one signal on path 464 representing an immediately preceding
      increase in the signal increment represented by each ADM signal to then
      provide a logic one signal through an OR gate 484 to an output path 486
      which signal then represents an increase signal I and an increase in the
      size of the increment represented by each following ADM signal.
PAR  The logic one signal on the path 486 is provided to a set port S of
      flip-flop 460 to set the flip-flop to provide a logic one signal to the
      path 464. This signal corresponds to the increase signal I to control the
      patterns of the following ADM signals to which the pattern detector
      responds. The logic one signal on path 486 is also provided through OR
      gate 492 to a reset port 493 of counter 470 to reset the counter to its
      full zero state.
PAR  It may now be quickly seen that the controlling pattern of three ADM
      signals of identical logic state following a decrease in the increment
      represented by each ADM signal as shown in Table I, will be indicated by
      two successive logic one signals on the path 437. These two signals on
      path 437 are counted in counter 470 to provide logic one signals at the
      ports q, q', q" of the counter. These ports are connected via paths 488 to
      AND gate 490 which also receives the logic one signal on the path 460
      which corresponds to the preceding decrease signal D. Gate 490 then
      provides a logic one signal through gate 484 to the set port S of
      flip-flop 460. Flip-flop 460 then changes state to provide a logic one
      signal to the path 464, corresponding to the increase in the increment
      represented by each following ADM signal now indicated by the signal on
      path 486.
PAR  From the above description of the 7-7-4-3 rule pattern detector, it may be
      seen that the initial, preset digital pattern controlled signal I at 406
      (FIG. 9) may be introduced by a logic one signal on path 487 from a source
      (not shown) and appropriately timed with the first ADM signal c on path 18
      to the pattern detector. The logic one signal on path 487 is provided to
      the set port S of flip-flop 460 to set the flip-flop to provide a logic
      one signal to path 464, which, as before described, is a digital signal I
      representing an increase in the increment of signal y(t) (FIG. 9) as
      specifically shown at 406 (FIG. 9).
PAR  It is noted that the logic one signals on the path 436 are also provided
      through OR gate 492 to the reset port 493 of the counter 470 while the
      logic one signals on the path 437 are similarly provided through OR gate
      462 to the reset port 463 of counter 442. Thus, each alternation of the
      logic states of consecutive ADM signals as indicated by a logic one signal
      from alternating pattern detector 438 on path 436 will reset counter 470,
      while each identical pattern of the logic states of the ADM signals as
      indicated by a logic one signal from identical pattern detector 440 on
      path 437 will similarly reset counter 442. These reset functions of the
      signals from pattern detectors 438, 440 disable each of the counters 442,
      470 from responding to an interrupted pattern of alternating or identical
      ADM signals, it being noted that more than one signal on the paths 436,
      437 is necessary to increment the respectively connected counters 442, 470
      to a count triggering a logic one signal for output on paths 456, 486. For
      example, a detected identical pattern of ADM signals triggering a logic
      one signal onto the path 437 from identical pattern detector 440 followed
      by an ADM signal of alternate logic state triggering a logic one signal to
      the path 436 from alternating pattern detector 438 which is, in turn,
      followed by another identical pattern of ADM signals again triggering a
      logic one signal to path 437 from identical pattern detector 440 will not
      increment counter 470 to its two state because the logic one signal on
      path 436 between the logic one signals on path 437 reset counter 470 to
      its full zero state.
PAR  It is now seen that the logic one signals on output paths 486, 456
      represent the digital signals, I, D controlled by the patterns of ADM
      signals input to the pattern detector 76 for indicating by their logic
      state (and path) an increase or decrease in the increment represented by
      each following ADM signal. These, then, are the signals earlier described
      for output path 78 (FIG. 3) which is now shown as discrete paths 456, 486
      (FIG. 10).
PAC  DETAILED DESCRIPTION OF A 3-3-3-3 RULE PATTERN DETECTOR
PAR  Pattern detector 76 (FIG. 3) and, of course, corresponding pattern
      detectors 176, 276, 376 (FIGS. 5, 6, 7), may also be implemented to follow
      a 3-3-3-3 rule which may be described as follows:
PAR  If the last change in companding the ADM signals was to increase the step
      or signal increment represented by the pattern controlled signals, three
      consecutive ADM signals of identical logic state are required for a
      further increase, and three consecutive ADM signals of alternating logic
      state are required for a decrease in the step;
PAR  If, on the other hand, the last change in companding the ADM signals was to
      decrease the step or signal increment represented by the pattern
      controlled signals, three consecutive ADM signals of alternating logic
      state are required for a further decrease, and three consecutive ADM
      signals of identical logic state are required for an increase in the step.
PAR  Since the 3-3-3-3 rule described above does not depend on the last change
      in the increment represented by each following ADM signal and the
      corresponding pattern controlled increment signal, the rule may be
      abbreviated as follows:
PAR  Three consecutive ADM signals of identical logic state indicate an increase
      in the size of the increments represented by the pattern controlled
      signals and three consecutive ADM signals of alternating logic state
      indicate a decrease in the size of the increments represented by the
      pattern controlled signals.
PAR  FIG. 11 illustrates the operation of the abovedescribed 3-3-3-3 rule for
      the arbitrary analog signal a(t) again indicated at 400, as in FIG. 9
      illustrating the earlier described 7-7-4-3 rule. The ADM signals c
      corresponding to the analog signal at 400 under the 3-3-3-3 rule are
      indicated at 500 with the signals I', D' representing, respectively,
      increases or decreases in the increment represented by each following ADM
      signal indicated at 502. Then, following the described 3-3-3-3 rule, it is
      seen that an increase signal I' at 504 followed by two consecutive ADM
      signals alternating in logic state from the last ADM signal preceding the
      increase signal at 504 and thereby forming three consecutive ADM signals
      alternating in logic state, provide a decrease signal D' at 506. Then,
      three more ADM signals of alternating logic state ignoring, as with the
      7-7-4-3 rule, intervening ADM signals of identical logic state, trigger
      another decrease signal D' at 508 indicating a further decrease to the
      increment represented by each following ADM signal. Three consecutive ADM
      signals of identical logic state then provide the increase signal I'
      indicated at 510 representing an increase in the increment represented by
      the following ADM signals.
PAR  It is noted that an initial one of the pattern controlled signals 502 is,
      as in FIG. 9, indicated as a preset increase signal I' at 512. It is also
      noted that the signals I', D' are pattern controlled digital signals, like
      the signals I, D just described with reference to FIG. 10, but separately
      identified to indicate their compliance with the 3-3-3-3 rule. The analog
      signal increments derived from the ADM signal pattern controlled digital
      signals I', D' as integrated in integrator 92 (FIG. 3) but before
      filtering for output over path 68 (FIG. 3) are then indicated at y'(t)
      (FIG. 11).
PAR  A specific embodiment of pattern detector 76 implementing the described
      3-3-3-3 rule is illustrated in FIG. 12. As shown in FIG. 12, pattern
      detector 76 receives the ADM signals c over the path 18 in an identical
      pattern detector 440' and alternating pattern detector 438' identical with
      the detectors 438, 440 described in detail with reference to FIG. 10.
      Without further description, it may then be stated that logic one signals
      on an output path 436' from the alternating pattern detector 438'
      represent consecutive ADM signals of alternating logic state while logic
      one signals on the path 437' from the identical pattern detector 440'
      represent consecutive ADM signals of identical logic state.
PAR  Path 436' is connected to a counter 520 while path 437' is connected to a
      similar counter 522. Inspection of FIG. 12 will reveal that the counters
      520, 522 are symmetrically connected; therefore, only counter 520 need be
      described to also understand the operation of counter 522. A review of the
      above described 3-3-3-3 rule confirms the symmetrical operation of
      counters 520, 522 in response to alternating and identical patterns of ADM
      signals.
PAR  The logic one signals on path 436' representing alternating logic states of
      successive ADM signals are then provided to counter 520. Counter 520, like
      counters 442, 470 (FIG. 10), has discrete output ports for each bit place
      of the counter, for example, discrete ports T, T in the most significant
      bit (MSB) place of counter 520. A logic one signal from the port T
      indicates a count of one in the corresponding one from port T indicates a
      count of zero in the corresponding most significant bit place. Then, the
      desired controlling pattern of three consecutive alternating ADM signals
      provides, as described with reference to FIG. 10, two consecutive logic
      one signals from the alternating pattern detector 438' on the path 436' to
      counter 520. Counter 520 will count the input two logic one signals which,
      in binary format, are represented by a 10 signal. Accordingly, output
      ports T and T' of counter 520 are connected to output paths 524 to carry
      the logic one signals from prots T, T', representing in binary format a 10
      count to AND gate 526 which then provides a logic one signal to an output
      path 556 which is the pattern controlled digital signal D' representing a
      detected pattern of three consecutive alternating ADM signals, as desired.
      Similarly, counter 522 will now be understood to provide a logic one
      signal to an output path 586 in response to a detected pattern of three
      consecutive ADM signals of identical logic state. The logic one signals on
      the paths 556, 586 are also provided to OR gates 462', 492', respectively,
      for providing a reset signal to the respectively connected one of the
      counters 520, 522. These reset signals will reset the counters to their
      full zero state, just as described with reference to counters 442, 470
      (FIG. 10). Also in similarity with the pattern detector illustrated in
      FIG. 10, the output signals on the paths 556, 586 (FIG. 12) will be
      understood to represent the pattern controlled digital signals described
      for path 78 (FIG. 3).
PAC  DETAILED DESCRIPTION OF 2-2-2-2 RULE PATTERN DETECTOR
PAR  The minimum distinguishing pattern of ADM signals c is, of course, a
      pattern of two consecutive ADM signals. The 2-2-2-2 rule implements this
      scheme for patterns of two consecutive ADM signals of alternating logic
      states and for two consecutive ADM signals of identical or logic state.
      Therefore, the rule may be stated as:
PAR  Two consecutive ADM signals of identical logic state require an increase in
      the increment represented by each following ADM signal;
PAR  Two consecutive ADM signals of alternating logic state require a decrease
      in the signal increment represented by each following ADM signal.
PAR  FIG. 13 shows the application of this 2-2-2-2 rule to analog signal a(t)
      again shown at 400. The ADM signals c on the path 18 (FIG. 3) are shown at
      526 with corresponding pattern controlled signals I", D" output from a
      2-2-2-2 rule embodiment of pattern detector 76 indicated at 528. Then,
      following the described 2-2-2-2 rule, it is seen that two consecutive ADM
      signals c of identical logic state trigger a signal I", for example at
      530, indicating an increase in the signal increment represented by each
      successive ADM signal, while two consecutive ADM signals c of alternating
      logic state trigger a signal D", for example at 532, indicating a decrease
      in the increment represented by each successive ADM signal. After delayed
      application of the sign of the corresponding ADM signal in the sign
      controlled unity gain amplifier 84 (FIG. 3) and before a smoothing filter
      (not shown) in integrator 92 (FIG. 3), the signal y"(t) controlled by the
      digital pattern controlled signals 528 are indicated at 534 in FIG. 13. In
      similarity with FIGS. 9 and 11, an initial preset signal I" indicating an
      increase in the increment represented by the following ADM signals is
      indicated at 536. It is noted that the digital pattern controlled signals
      I", D" are the same as the digital pattern controlled signals I, D (FIG.
      11) but are distinctly referenced in FIG. 13 to indicate their compliance
      with the 2-2-2-2 rule.
PAR  FIG. 14 shows an embodiment of pattern detector 76 implementing the
      above-described 2-2-2-2 rule for detecting patterns of ADM signals c input
      over path 18. The embodiment will immediately be recognized as identical
      pattern detector 440 and alternating pattern detector 438 earlier
      described in detail with reference to FIG. 10.
PAR  Then, as earlier described, each logic one signal output on path 436" from
      the alternating pattern detector 438" represents consecutive ADM signals c
      input on path 18 of alternating logic state while each logic one output
      signal on path 437" from identical pattern detector 440" represents
      consecutive input ADM signal c of identical logic state. This description
      will now be seen to correspond to that of the 2-2-2-2 rule which is thus
      implemented by the embodiment shown in FIG. 14. Since the embodiment has
      been earlier described with reference to FIG. 10, no further description
      is now necessary except to note that the initial pattern controlled signal
      I" indicated at 536 (FIG. 13) may be introduced directly to path 437"
      over a path 540 from a device (not shown) responsive to the initial
      operation of the system. Since the signals on the paths 436", 437" are the
      pattern controlled digital increase signals I" and decrease signals D",
      respectively, paths 436", 437" are the output path 78 (FIG. 3) of the
      pattern detector 76 for implementing the described 2-2-2-2 rule of pattern
      detection.
PAC  MORE DETAILED DESCRIPTION OF THE DIGITAL-TO-ANALOG CONVERTER
PAR  The analog to ADM converter 16 earlier described with reference to FIG. 3
      has a digital-to-analog converter 80 receiving the pattern controlled
      digital signals on path 78 from the pattern detector 76, several
      embodiments of which have just been described in detail. The converter 80
      provides analog signals controlled by the digital pattern controlled
      signals which, then, are the pattern controlled analog signals on the path
      82 which have a magnitude or amplitude corresponding to that represented
      by a corresponding ADM signal c. Similarly, the ADM to analog converter 56
      shown in FIG. 7 was earlier described as having a digital-to-analog
      converter 380 providing pattern controlled analog signals to an output
      path 382 in response to pattern controlled digital signals input to the
      converter 380 over path 378 from pattern detector 376. In the earlier
      description of converter 16 (FIG. 3) and converter 56 (FIG. 7) it was
      noted that a portion 350 (FIG. 3) of the converter 16 including
      digital-to-analog converter 80 was identical to the converter 56 (FIG. 7).
      Therefore, only the digital-to-analog converter 80 shown in FIG. 3 need be
      described in detail, it being understood that digital-to-analog converter
      380 shown in FIG. 7 may be similarly implemented.
PAR  Then, as earlier described with reference to FIG. 3, it is the function of
      the digital-to-analog converter 80 to provide analog signals to the path
      82 having a magnitude controlled by detected patterns of the ADM signals
      as represented by the pattern controlled digital signals introduced to the
      converter over path 78. The pattern controlled analog signals on the path
      82, as earlier described, receive a polarity or sign from amplifier 84 and
      are then provided over path 88 to integrator 92 to form a step or
      increment of signals y(t), y' (t) and y" (t) (FIGS. 9, 11 and 13,
      respectively) from each of the pattern controlled analog signals. The
      amplitude of each pattern controlled analog signal determines the size of
      the corresponding step or increment of the integrated signals while the
      sign or polarity of the pattern controlled analog signal determines the
      direction of the step.
PAR  In the description of the art, it was also noted that it was known to be
      desirable to provide logarithmically related steps to an ADM signal
      companding scheme. This logarithmic companding of the ADM signals, as with
      logarithmic compression of pulse code modulated signals by, for example,
      the above-described mu-law or A-law used for encoding CPCM signals in
      commercial telephone systems, has the advantage of providing a constant
      signal to quantization noise ratio over a wide dynamic signal range. Since
      the pattern controlled analog signals here described control the size of
      the signal steps represented by each ADM signal, the desirable logarithmic
      relation of the steps may be provided by the digital-to-analog converter
      80 which provides the pattern controlled analog signals determining the
      size of the signal steps.
TBL                                    Table II                                
     __________________________________________________________________________
                                The Corres-                                    
     Total Levels of Signal                                                    
                      Relative Analog                                          
                                ponding Analog                                 
     Increment Increase or Decrease                                            
                      Output Signal                                            
                                Signal Amplitude                               
                      Amplitude in Eight Bit                                   
                                Binary Notation                                
     __________________________________________________________________________
     000              2.sup.0   00000001                                       
                                .                                              
                                .                                              
     001              2.sup.1   00000010                                       
                                .                                              
                                .                                              
     010              2.sup.2   00000100                                       
                                .                                              
                                .                                              
     011              2.sup.3   00001000                                       
                                .                                              
                                .                                              
     100              2.sup.4   00010000                                       
                                .                                              
                                .                                              
     101              2.sup.5   00100000                                       
                                .                                              
                                .                                              
     110              2.sup.6   01000000                                       
                                .                                              
                                .                                              
     111              2.sup.7   10000000                                       
     __________________________________________________________________________
PAR  Then, for the desired logarithmic operation of the digital-to-analog
      converter 80, the total levels of pattern controlled digital signals I, D
      which control the total increase or decrease in the amplitude of the
      corresponding pattern controlled analog signal output over path 82 (FIG.
      3) are shown in Table II. It has further been determined to constrain the
      range of analog signal amplitudes output from the digital-to-analog
      converter 80 to the eight levels indicated in Table II. Then, for example,
      two digital increase signals I and one decrease signal D will provide a
      total signal increment increase of one level or, for example, from the
      level 001 to the level 010 indicated in Table II. The levels of single
      increment increase or decrease indicated in Table II are shown in binary
      notation to indicate their ready implementation by a 3-bit up-down
      counter.
PAR  It has been already noted that the pattern controlled digital signal I',
      I", D', D" shown in FIGS. 11 and 13 are the same signals as the pattern
      controlled digital signals I, D described with reference to FIG. 9, the
      signals being separately identified only on the basis of the pattern
      detector implementing the signals. Table II is thus adequate to describe
      the operation of a digital-to-analog converter 80 which is compatible with
      each of the pattern detectors described with reference to FIGS. 10, 12 and
      14.
PAR  Table II suggests two modes of implementing the desired analog output
      signal amplitudes. In a first, linear mode, the desired analog signal
      amplitudes are seen to be selected ones of the 256 possible analog signal
      outputs from an 8-bit linear digital-to-analog converter, the 8-bit
      digital signals corresponding to the desired analog output signal
      amplitudes being indicated in Table II. On the other hand, the binary
      indication of the total levels of signal increment increase or decrease
      corresponding to the desired analog output signal amplitude suggests a
      3-bit exponentially non-linear digital-to-analog converter.
PAC  LINEAR IMPLEMENTATION OF LOGARITHMIC DIGITAL-TO-ANALOG CONVERTER
PAR  Turning first to the suggested linear implementation of the desired analog
      output signal amplitudes, FIG. 15 shows one embodiment of the linear
      digital-to-analog converter 80 (FIG. 3). In FIG. 15 the path 78 from the
      pattern detector 76 (FIG. 3) is indicated as the discrete paths 436". 438"
      from the 2-2-2-2 rule pattern detector described with reference to FIG.
      14. However, it should be understood that the 2-2-2-2 rule pattern
      detector is merely exemplary, the pattern detectors described with
      reference to FIGS. 10 and 12 being equally appropriate to provide signals
      over their output paths 436, 438 (FIG. 10) and 436', 438' (FIG. 12)
      corresponding, as described, to the indicated path 78.
PAR  Then, as described for the 2-2-2-2 rule pattern detector shown in FIG. 14,
      the path 436" carries logic one signals D indicating a decrease in the
      increment represented by each following ADM signal while path 437" carries
      logic one signals I indicating an increase in the increment represented by
      the following ADM signals. The signals D on path 436" are provided to a
      port 600 of a counter 602 to decrement or down-count the counter while the
      signals I on the path 437" are provided to a port 604 of counter 602 to
      increment or up-count counter. Counter 602 is a commercially available
      3-bit parallel output reversible counter then providing the eight
      combinations of binary-encoded signals to three output paths 606
      representing the levels of the detected patterns indicated in Table II.
      The counter 602 additionally has means to retain the counter count at its
      full zero state when a next signal on the path 436" indicates further
      decrement to the count in the counter and means to hold the count in the
      counter at its full one state when a next signal on path 437" indicates a
      further counter increment. Counter 602 will not then overflow from either
      its full zero nor full one condition.
PAR  The levels of the signal increment then indicated by successive signals on
      the paths 606 from the counter 602 are provided to a 3-bit to 8-bit
      parallel signal decoder 608 which decodes the binary input signals from
      the paths 606 into a single logic level signal on a corresponding one of
      eight discrete output paths 610. Decoders of the type 608 are commercially
      available, one being designated SN74155 and available from Texas
      Instruments Incorporated.
PAR  The signal then provided to one of the eight discrete paths 610 is carried
      on the path to one of 8 parallel input ports of a linear digital-to-analog
      converter signal values shown in Table II from the converter 612. The
      8-bit D/A converter is a commercially available standard building block,
      one of which is MC1408L from Motorola semiconductors.
PAR  A review of the indicated 8-bit signals shown in Table II suggests another
      linear implementation of the digital-to-analog converter 80 which is shown
      in FIG. 16. FIG. 16 again shows the 2-2-2-2 rule pattern detector 76 shown
      in FIG. 14 as a selected example of the other pattern detectors shown in
      FIGS. 10 and 12 for providing pattern controlled signals I" to path 437"
      indicating an increase in the increment represented by each following ADM
      signal and signals D" to a path 436" indicating a decrease in the
      increment represented by each following ADM signal. As shown in FIG. 16
      the signals D" on the path 436" are provided to a port 620 of an 8-bit
      shift register 622 for shifting each data bit in the shift register 622 to
      the left, toward the indicated least significant bit (LSB) bit place 624.
      On the other hand, the signalsI" on the path 437" are provided to a port
      626 for shifting the data bits in shift register 622 to the right, towards
      the indicated most significant bit (MSB) place 628. The shift register 622
      also receives a reset signal over path 630 through OR gate 632 for
      initially setting the bit in the least significant bit place 624 to a
      logic one and the bit in each of the seven other bit places through and
      including the most significant bit place 628 to a logic zero. Then, each
      signal I" on the path 437" shifts the single logic one signal in shift
      register 622 from the least significant bit place 624 one bit place to the
      right to successively provide a signal stored in shift register 622
      corresponding to each of the indicated 8-bit signals shown in Table II.
      Similarly, each signal D" on the path 436 shifts the signal in the shift
      register 622 one bit place to the left corresponding to moving one level
      up the 8-bit signals shown in Table II.
PAR  When a logic one bit appears in the least significant bit place 624 of
      register 622, it is retained in the register, but also provided from the
      register over path 634 to a trigger 636. Trigger 636 also receives the
      increment decrease signals D" from path 436", which, as just described,
      shift the data bits in shift register 622 to the left toward the least
      significant bit place 624. However, the logic one signal in shift register
      622 has already reached the least significant bit place to provide the
      signal over path 634. Further left shifting of the logic one bit is then
      inappropriate and trigger 636 responds to the signal over path 634 and a
      further signal D" indicating a further left shift for the logic one in bit
      place 624 with an output signal carried over path 640 through OR gate 632
      which, as described for the reset signal over path 630, resets the shift
      register 622 to a logic one bit in the least significant bit place 624 and
      a logic zero bit in each of the other bit places through and including the
      most significant bit place 628.
PAR  If, on the other hand, the logic one bit in shift register 622 has been
      shifted to the most significant bit place 628, further right shift of the
      logic one signal is inappropriate and the shift register 622 provides a
      signal over a path 642 to a trigger 644. Trigger 644 also receives the
      signals I" from the path 437" indicating further right shift for the logic
      one bit in the shift register 622 to then respond to the presence of the
      logic one bit in the most significant bit place 628 and the further right
      shift indicated by the signal I" on path 437" with a signal provided over
      path 646 to the shift register 622 to reset a logic one in only the most
      significant bit place 628. Triggers 636 and 644 thus prevent overflow of
      the logic one bit from shift register 622.
PAR  Shift register 622 also receives a clock signal (not shown) which
      sequentially shifts each of the eight data bits in shift register 622 to
      an output path 650. The output path 650 is shown to be connected as an
      input to the shift register 622 which is thus restored to its original
      condition after each data bit in the shift register has been output over
      path 650. Output path 650 is also connected to an 8-bit linear
      digital-to-analog converter 652. Since the data bits in register 622
      always correspond to one of the 8-bit signals indicated in Table II, the
      8-bit linear digital-to-analog converter 652 then provides a corresponding
      one of the output analog signal amplitudes, also indicated in Table II, to
      the output path 82. The 8-bit digital-to-analog converter 652 is
      commercially available. Since the ADM Signals producing the indicated
      increase or decrease signals I", D" have been earlier described to be at
      56KHz, the maximum frequency of the signals I", D" and thus the maximum
      rate of change of the digital signal input to the digital-to-analog
      converter 652 over path 650 is 56KHz which indicates a 17.8 microsecond
      period for each analog conversion of an 8-bit digital input signal. This
      time interval will be recognized to be well within the capabilities of
      many commercially available, 8-bit digital-to-analog converters.
PAC  NON-LINEAR IMPLEMENTATION
PAR  Table II also suggests that the total levels of increments represented by
      successive ADM signals may be accumulated in a 3-bit up-down counter as,
      for example, the counter 602 (FIG. 15). The 3-bit signals from the counter
      could then be provided to a 3-bit digital-to-analog converter providing,
      directly, the indicated exponential output analog signals. However, such
      3-bit exponential digital-to-analog converters are not generally
      commercially available.
PAR  One specific implementation of a 3-bit exponential digital-to-analog
      converter (not shown) has three analog switches (not shown) and means (not
      shown) for non-linearly operating on analog signals carried through
      selected ones of the switches closed in response to the indicated 3-bit
      signals from a counter representing as in counter 602 (FIG. 15) the levels
      of the desired analog signal amplitudes. Unfortunately, stability and
      reliability are hard to maintain for non-linear manipulation of analog
      signals. However, an alternate approach uses digital circuits to perform
      the required non-linear control of the digital-to-analog converter. As
      opposed to the difficult non-linear control of analog signal amplitudes,
      the basic idea of this approach is to have non-linear digital control of
      the timing of constant analog signal sources. Specifically it will be
      shown that digital control of constant current sources will provide a
      charge to a capacitor having the desired exponential relation shown in
      Table II. Of course, it will be understood that the scheme to be described
      could be implemented with means other than a capacitor for accumulating
      the time controlled analog output signal without departing from the scope
      of the inventive technique. It will also be understood that the number of
      constant signal sources may be any number of constant signal sources of
      one or more; however, as will be later described, the speed with which
      timing control of the analog signal sources must be accomplished is
      inversely related to the number of analog signal sources. Those in the art
      are well aware that higher speed switching devices are more difficult to
      implement and more costly than their lower speed counterparts requiring,
      for example, special switching transistors with low parasitic and stray
      capacitances for their implementation. Accordingly a specific number of
      current sources is only a design consideration, depending on the relative
      cost of current switches and current sources.
PAR  FIG. 17 then illustrates one exemplary implementation of the
      above-described technique of digital time control of a constant signal
      source for the implementation of a logarithmically non-linear
      digital-to-analog converter 80. In the illustrated embodiment the constant
      signal source is a constant current source 660 providing two, related
      constant currents I.sub.1, I.sub.2 each of which is switched on or off by
      digital switches 662, 664, for providing a corresponding output current
      over path 666 for charging a capacitor 668 to a potential which will be
      shown to be the logarithmically related analog signals desired for output
      from digital-to-analog converter 80 over path 82. The digital controls at
      670 for the digitally controlled switches 662, 664 are shown to provide
      four digitally controlled time signals at times t.sub.1, t.sub.2, t.sub.3
      or t.sub.4 which open one of the switches 662, 664, one of which was
      closed by a digital signal at an initial time t.sub.o to define four time
      intervals t.sub.n -t.sub.o during which one of the charging currents
      I.sub.1, I.sub.2 charges capacitor 668. These time intervals t.sub.n
      -t.sub.o are then given by:
TBL           t.sub.4 - t.sub.o = T                                            
                          (A)                                                  
              t.sub.3 - t.sub.o = 2.sup.-.sup.1 T                              
                          (B)                                                  
              t.sub.2 - t.sub.o = 2.sup.-.sup.2 T                              
                          (D)                                                  
              t.sub.1 - t.sub.o = 2.sup.-.sup.3 T                              
                          (E)                                                  
PAL  where T is a constant time less than or equal to the time between
      successive ADM signals defining the maximum time interval during which the
      digital-to-analog converter 80 must provide the pattern controlled analog
      signal increment represented be each ADM signal. For the earlier indicated
      56 KHz ADM signals, the time T is then less than or equal to 17.8
      microseconds.
PAR  If the relationship of constant currents I.sub.1, I.sub.2 is selected to be
      given by:
      ##EQU1##
      the potential V placed on capacitor 668 having a capacitance C during each
      of the time intervals t.sub.n - t.sub.o may be computed from its
      well-known relationship to capacitor charging current i given by:
      ##EQU2##
PAR  Then, from the selected time intervals given in equations (A) (B) (D) (E)
      and the current relationship given in equation (F), it may be shown that
      Table III shows the potential V accumulated on capacitor 668 when the
      indicated one of input currents I.sub.1, I.sub.2 is applied to the
      capacitor 668 for an indicated time interval t.sub.n - t.sub.o where K is
      a constant given by:
      ##EQU3##
PAR  The potentials V shown to be on capacitor 668 in Table III are then seen to
      have the exponential relation earlier shown in Table II as desirable for
      the analog signal increments output over path 82.
TBL                Table III                                                   
     ______________________________________                                    
     Input Current                                                             
                Time Interval t.sub.n - t.sub.o                                
                                 Potential V on                                
                of current input Capacitor 668                                 
     ______________________________________                                    
     I.sub.2    t.sub.1 - t.sub.o                                              
                                 2.sup.0 K                                     
     I.sub.2    t.sub.2 - t.sub.o                                              
                                 2.sup.1 K                                     
     I.sub.2    t.sub.3 - t.sub.o                                              
                                 2.sup.2 K                                     
     I.sub.2    t.sub.4 - t.sub.o                                              
                                 2.sup.3 K                                     
     I.sub.1    t.sub.1 - t.sub.o                                              
                                 2.sup.4 K                                     
     I.sub.1    t.sub.2 - t.sub.o                                              
                                 2.sup.5 K                                     
     I.sub.1    t.sub.3 - t.sub.o                                              
                                 2.sup.6 K                                     
     I.sub.1    t.sub.4 - t.sub.o                                              
                                 2.sup.7 K                                     
     ______________________________________                                    
PAR  To achieve the desired digital control of the time intervals during which
      one of the switch devices 662, 664 provides one of the charging currents
      I.sub.1, I.sub.2 to capacitor 668, FIG. 17 shows an 8-bit shift register
      662' operated by the digital pattern controlled signals I, D from the
      pattern detector 76 (FIG. 3) exactly as earlier described with reference
      to FIG. 16 for the shift register 622. Shift register 622', like shift
      register 622 (FIG. 16), has only one logic bit which is shifted through
      the register toward or away from a most significant bit place 628' in
      response to the pattern controlled digital signals I, D, respectively,
      which are provided to shift register 622' over path 78 (also shown in FIG.
      3).
PAR  The logic one signal and the remaining logic zero signals in each of the
      eight bit places of shift register 622' are provided over discrete paths
      672, 674 to a 4-bit digital comparator 676, the first four bits from the
      most significant bit place 628' toward the least significant bit place
      624' being provided over discrete paths 672 to each of four discrete input
      ports 678 of digital comparator 676 and the next four bits toward the
      least significant bit place 624' being respectively provided to the same
      discrete ports 678 over paths 674. Digital comparitor 676 also receives at
      input ports 680 corresponding to the ports 678 logic signals input over
      four parallel paths 682 from output ports of a 4-bit counter 684. The
      digital comparator 676 then compares the logic state of each bit provided
      to the ports 680 over paths 682 from counter 684 with the logic state of
      the bits input at the ports 678 input over paths 672, 674 from the shift
      register 622'. When, and only when, the logic state of each bit input to
      each corresponding one of the ports 678, 680 of comparator 676
      corresponds, the digital comparator 676 provides a logic one signal over
      an output path 686.
PAR  This logic one signal is provided to a port 688 of counter 684. Counter 684
      also receives a signal over path 690 from a clock (not shown) which resets
      the counter to its full zero state and enables counting operation of the
      counter until a logic one signal is received at port 688. Since the
      digital-to-analog converter 80 is intended to provide an analog signal
      corresponding to the signal increment represented by each of the ADM
      signals and, as earlier described, the ADM signals were suggested to be at
      the 56 KHz frequency of commercial T.sub.1 telephone lines, the enabling
      or set signal provided on path 690 is also at 56 KHz to enable counter 684
      during each ADM signal interval. Counter 684 also receives a signal over
      path 692 from another clock (not shown) to increment the counter. To
      assure that a logic one signal appears on each of the four output paths
      682 from counter 684 at least once during each ADM signal interval,
      counter 684 must reach a count of eight, 1000 in binary format, during
      each of the 56 KHz ADM signal intervals. Therefore, the counter
      incrementing signals provided over path 692 are at 448 KHz.
PAR  The paths 672, 674 earlier described as connecting the shift register 622'
      to the digital comparator 676 also connect each bit place of the shift
      register 622' to OR gates 694, 696, respectively. Since shift register
      622' has only one logic one signal in one bit place, only one of the OR
      gates 694, 696 will provide a logic one signal at any one time to output
      paths 698, 700 connected, respectively, to the OR gates 694, 696.
PAR  Path 698 is connected to an AND gate 702 while path 700 is connected to an
      AND gate 704. AND gate 702 also receives the logic signals output from the
      digital comparator over path 686 at an inverting port 706. Then, until
      counter 684 provides output signals over paths 682 which correspond to
      those provided from the shift register 622' over paths 672, 674, the
      digital comparator 676 provides, as described, a logic zero signal over
      path 686 which is inverted at port 706 of AND gate 702 to trigger a logic
      one signal from gate 702 over a path 708 to analog switch device 662.
      Analog switch device 662 receives constant current I.sub.1 over a path 710
      and responds to the logic one signal over path 708 to provide the current
      I.sub.1 to the output path 666 for charging capacitor 668.
PAR  The current I.sub.1 from the constant current source 660 is also provided
      to potential dividing resistors 712, 714 which have a resistance ratio of
      15/1 to provide the current I.sub.2 to path 716 at the current
      relationship given by equation (F). The current I.sub.2 on path 716 is
      provided to analog switch device 664 which is enabled by a logic one
      signal from gate 704 to provide the current I.sub.2 to the output path
      666. AND gate 704 responds to a logic one signal over path 700 and the
      logic zero signal over path 686 to provide the logic one signal to analog
      switch device 664 in similar fashion to that just described for analog
      switch device 662 and AND gate 702.
PAR  An example of the operation of the digital-to-analog converter 80 just
      described will best indicate its implementation of the desired operation
      characteristics indicated in Table III. As an example, it is assumed that
      the shift register 622' contains the word 00001000 in response to a total
      level of the digital pattern controlled signals input over the path 78.
      Since the single logic one bit in shift register 622' is in the fifth bit
      place from the most significant bit place 628', it will then be carried
      over one path 674 through OR gate 696 and then on path 700 to AND gate
      704.
PAR  At the same time the signal over path 690 enables counter 684 to increment
      in response to each successive signal from path 692. The signal on path
      690 also resets the counter 684 to its full zero state to initially
      provide all logic zero signals over paths 682 to the digital comparator
      676. These logic zero signals clearly do not correspond to the 1000 signal
      introduced to the digital comparator 676 over paths 674, each input over
      the paths 672 being a logic zero as indicated by the initial four zeros of
      the word 00001000 assumed to be in the shift register 622'. The digital
      comparator then provides a logic zero signal over path 686 to the
      inverting input port of AND gate 704. AND gate 704 responds to this
      inverted logic zero signal and the logic one signal provided from path
      700, just described, to provide a logic one signal to analog switch device
      664. Switch device 664 responds to the logic one signal to provide current
      I.sub.2 received over path 716 to output path 666 for charging capacitor
      668. The logic one signal from gate 704 thus defines time t.sub.o for this
      operation of converter 80.
PAR  At the same time it is noted that paths 672 provide only logic zero signals
      to OR gate 694 which then provides a logic zero over path 698 to AND gate
      702. AND gate 702 then provides a logic zero over path 708 to analog
      switch device 662 which then blocks current I.sub.1 from the output path
      666. Thus, only current I.sub.2 is provided to the capacitor 668.
PAR  As just described, counter 684 was enabled at time t.sub.o by the signal
      over path 690 to increment in response to each signal over path 692. Only
      when the counter 684 increments to a count of 1000 at the eighth signal
      over path 692 following time t.sub.o will the number in the counter 684 as
      provided over paths 682 to ports 680 of the digital comparator 676
      correspond to the 1000 signal input paths 674 to the input ports 678 of
      the digital comparator 676. The 1000 signal to the digital comparator 676
      from shift register 622', being the largest signal which the single logic
      one bit in the shift register 622' can provide to the digital comparator
      676, therefore defines a maximum time interval during which the count in
      the counter 684 must increment into correspondence with the signal input
      to the digital comparator 676 from the shift register 622'. This maximum
      time interval is then the full time interval T defined by time t.sub.4
      (Equation A) for charging capacitor 668.
PAR  When the counter 684 increments to a count of 1000, the signal input to
      digital comparator 676 from the counter corresponds to that from shift
      register 622'. The digital comparator 676 then responds with a logic one
      signal to output paths 686. The logic one signal on path 686 then causes
      AND gate 704 to provide a logic zero signal to analog switch device 664
      which then blocks constant current I.sub.2 from the output path 666.
      However, the logic one signal over path 686 will not trigger a logic one
      signal from AND 702 because it still receives the logic zero signal from
      path 698. As thus described constant current I.sub.2 has been provided to
      capacitor 668 for a time interval t.sub.4 - t.sub.o which, as shown in
      Table III, provides a potential equal to 2.sup.3 K to capacitor 668.
PAR  The logic one signal on path 686 is also provided to reset port 688 of
      counter 684 to disable the counter from counting further signals input
      from path 692 until a next signal from path 690 again enables the counter,
      after resetting the counter to its full zero state, thereby defining a
      next time t.sub.o initiating a next charging interval for capacitor 668.
      Means (not shown) may be provided to reset the capacitor at the beginning
      of the system operation and whenever the LPCM signal on path 26 of the ADM
      to LPCM converter 24 reaches a value corresponding to a zero magnitude to
      insure alignment of the system operation.
PAR  From the description of the digital-to-analog converter 80 with reference
      to FIG. 17, it may be seen that each of the other time intervals and
      charging currents indicated in Table III will be selected by other digital
      pattern controlled signals introduced to shift register 622' over path 78.
      Capacitor 668 will then be charged to a potential corresponding to the
      charging current and time interval selected by the pattern controlled
      signal in the shift register. Therefore, the potential on the path 82 is
      an analog signal controlled by the patterns of the ADM signals as detected
      by the pattern detector 76 (FIG. 3) generating the digital pattern
      controlled signals which are provided to shift register 622' over path 78.
PAC  SUMMARY OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiments just described form the communication system
      illustrated in FIGS. 1 and 2. This system has sending path having
      particular utility for converting analog input signals such as voice
      signals into ADM signals in a subscriber switch of a telephone system. The
      ADM signals are then transmitted on a T1 transmission line which carries
      the ADM signals to a central office of the telephone system. At the
      central office the ADM signals are converted into CPCM signals compatible
      with commercial telephone equipment. The CPCM signals may then be
      transmitted over span lines to another office in a receiving path of the
      telephone system where they are converted into ADM signals for
      transmission over another T1 line to another subscriber switch where the
      ADM signals are converted into analog signals substantially corresponding
      to those originally input to the system. It is specifically noted that the
      coding and decoding of signals in the system does not require digital to
      analog and analog to digital conversion to change the coding format from
      ADM to CPCM and from CPCM to ADM in the central office. Furthermore, the
      digital processing equipments 24, 28, 32, and 36 in central office 22 of
      FIG. 1 and 40, 44, 48 and 52 in central office 22' of FIG. 2 for
      performing digital code conversion can be designed to be shared between
      several channels which has significant economic advantage by counting only
      the amount of analog to digital (A/D) and digital to analog converters
      (D/A) it can save. Since 22 and 22' are common equipment in the central
      office and only digital processing is involved, it can also be designed to
      perform better, that is have better signal to noise ratio performance,
      than as in conventional means, by going through D/A and A/D convertors.
PAR  In the described communication system it was specifically noted that
      similar building blocks were used to reversibly convert analog to ADM
      signals and to reversibly convert ADM to LPCM signals, which permits the
      encoder and decoder portions of the system to be similarly implemented
      thereby achieving, in addition to their unique design, direct or
      plug-for-plug compatibility with each other.
PAR  Finally, three specific embodiments of digital-to-analog converters were
      described. Each embodiment of the digital-to-analog converter was
      responsive to the digital pattern controlled signals from the described
      pattern detectors to provide a pattern controlled analog signal, thus
      achieving direct or plug-for-plug compatibility with each other as well as
      with the described pattern detectors.
CLMS
STM  Having thus described my invention what I claim is:
NUM  1.
PAR  1. In a telephone communication system having a plurality of transmission
      lines over which voice signals are transmitted in an adaptive delta
      modulation code, the improvement comprising sending means including first
      digital converter means for converting said adaptive delta modulation
      signals received over one of said transmission lines to linear pulse code
      modulation signals, first filter means connected to the output of said
      first digital converter means for smoothing the signals output from said
      digital converter means, first speed converter means connected to the
      output of said first filter means for decreasing the speed of the signals
      output from said filter means to a value compatible for use with a pulse
      code modulation communication system; and receiving means including second
      speed converter means, input means for providing said pulse code
      modulation signals from said communication system to said second speed
      converter means, second filter means connected to the output of said
      second speed converter means for smoothing the signals output therefrom,
      and second digital converter means for converting the pulse code
      modulation signals output from said second filter means to adaptive delta
      modulation signals for transmission over a second one of said transmission
      lines.
NUM  2.
PAR  2. A telephone communication system as set forth in claim 1 wherein said
      sending means additionally includes analog-to-adaptive delta modulation
      converter means receiving said voice signals in analog format and
      converting said voice signals to said adaptive delta modulation signals
      for transmission over said one transmission line to said first digital
      converter means.
NUM  3.
PAR  3. A telephone communication system as set forth in claim 1 wherein said
      receiving path additionally includes adaptive delta modulation-to-analog
      signal converter means connected to receive the adaptive delta modulation
      signals output over said second one of said transmission lines for
      converting said adaptive delta modulation signals to analog signals for
      output from the system.
NUM  4.
PAR  4. In a telephone communication system having a plurality of transmission
      lines over which voice signals are transmitted in an adaptive delta
      modulation code, the improvement comprising sending means including
      digital converter means for converting said adaptive delta modulation
      signals received over one of said transmission lines to linear pulse code
      modulation signals, filter means connected to the output of said digital
      converter means for smoothing the signals output from said digital
      converter means, and speed converter means connected to the output of said
      filter means for decreasing the speed of the signals output from said
      filter means to a value compatible for use with a pulse code modulation
      telephone system.
NUM  5.
PAR  5. A telephone communication system as set forth in claim 4 wherein said
      digital converter means includes pattern detection means for detecting
      predetermined patterns of said adaptive delta modulation signals received
      over said one of said transmission lines to produce step size control
      signals, and means responsive to said step size control signals for
      providing said linear pulse code modulated signals.
NUM  6.
PAR  6. A telephone communication system as set forth in claim 5 wherein said
      adaptive delta modulation signals have encoded logic states, and wherein
      said pattern detection means includes means connected to receive said
      adaptive delta modulation signals for providing digital signals discretely
      indicating identical and alternating logic states of consecutive ones of
      said adaptive delta modulation signals, means for counting said digital
      signals indicating said identical logic states of said consecutive
      adaptive delta modulation signals and for counting said digital signals
      indicating said alternating logic states of said consecutive adaptive
      delta modulation signals, bistable means for storing said step size
      control signals with states which indicate an increase or a decrease in an
      increment to said linear pulse code modulated signal represented by a last
      detected pattern of said adaptive delta modulation signals, and means
      responsive to the state of said bistable means and to preselected counts
      of said counted identical and alternating logic states of said consecutive
      adaptive delta modulation signal for providing said step size control
      signals.
NUM  7.
PAR  7. A system as set forth in claim 5 wherein said adaptive delta modulation
      signals have encoded logic states and wherein said pattern detection means
      includes means connected to receive said adaptive delta modulation signals
      for providing digital signals discretely indicating identical and
      alternating logic states of consecutive ones of said adaptive delta
      modulation signals, and means responsive to a preselected number of said
      digital signals indicating said identical and alternating logic states of
      said consecutive adaptive delta modulation signals for providing step size
      control signals.
NUM  8.
PAR  8. A telephone communication system as set forth in claim 5 wherein said
      adaptive delta modulation signals have encoded logic states and wherein
      said pattern detection means includes means detecting identical and
      alternating logic states of consecutive ones of said adaptive delta
      modulation signals.
NUM  9.
PAR  9. A telephone communication system as set forth in claim 4 in which said
      sending means additionally includes subscriber terminal means having input
      means over which said voice signals are received in analog format, and
      further converter means connected to said input means for converting said
      voice signals to adapative delta modulation signals for output from said
      further converter means over said one of said transmission lines to said
      digital converter means.
NUM  10.
PAR  10. A telephone communication system as set forth in claim 9 in which said
      sending means additionally includes output converter means connected to
      receive said signals from said speed converter means for converting said
      signals from said speed converter means into compressed pulse code
      modulation signals for use with said pulse code modulation telephone
      system.
NUM  11.
PAR  11. A telephone system as set forth in claim 9 wherein said further
      converter means includes pattern detection means for detecting patterns of
      said adaptive delta modulation signals to provide step size control
      signals, digital-to-analog converter means for providing exponentially
      related analog increment signals which correspond to an increment of the
      input analog voice signal represented by each of said adaptive delta
      modulation signals, an integrator for integrating each of said
      exponentially related analog increment signals into another analog signal,
      and means comparing said other analog signals with said voice signals from
      said input means for forming said adaptive delta modulation signals.
NUM  12.
PAR  12. A telephone communication system as set forth in claim 11 wherein said
      digital-to-analog converter means includes means responsive to the
      algebraic sum of said digital signals from said pattern detection means
      for providing a digital signal to one of a plurality of discrete paths,
      each of which corresponds to a different total of said digital signals,
      and analog output means connected to said discrete paths for providing
      output analog signals which are exponentially related in response to the
      signal on any one of said paths.
NUM  13.
PAR  13. A telephone communication system as set forth in claim 12 wherein said
      means responsive to the algebraic sum of said digital signals comprise a
      counter for counting a total of said digital signals, and means responsive
      to said count of said digital signals in said counter for providing said
      digital signal to said one of said paths corresponding to said total of
      said digital signals.
NUM  14.
PAR  14. A telephone communication system as in claim 12 wherein said means
      responsive to the algebraic sum of said digital signals is a shift
      register having a plurality of signal bit places each connected to one of
      said discrete paths one unique, preset logic bit and means responsive to
      said digital signals from said digital means detecting patterns of said
      adaptive delta modulation signals for shifting said unique logic bit
      toward and away from a most significant one of said bit places for
      providing a signal over one of said discrete paths connected to the bit
      place then having said unique logic bit.
NUM  15.
PAR  15. A telephone communication system as in claim 14 wherein said shift
      register additionally comprises means responsive to said unique bit in a
      most significant one of said bit places for preventing further shifting of
      said unique bit toward said most significant bit place and means
      responsive to said unique bit in a least significant one of said bit
      places for preventing further shifting of said unique bit away from said
      most significant bit place whereby said unique bit is prevented from
      overflowing from said shift register.
NUM  16.
PAR  16. A telephone communication system as set forth in claim 12 wherein said
      analog output means comprises a constant current source, digital means
      responsive to said signal on said one of said discrete paths for providing
      time controlled digital signals and means connected to said constant
      current source and responsive to said time controlled digital signal for
      producing said output analog signals between said time controlled digital
      signals.
NUM  17.
PAR  17. In a telephone communication system having a plurality of transmission
      lines over which voice signals are transmitted in an adaptive delta
      modulation code, the improvement comprising receiving means including a
      speed converter, input means for providing pulse code modulation signals
      to said speed converter, filter means connected to the output of said
      speed converter for smoothing the signals output therefrom, and digital
      converter means for converting the pulse code modulation signals output
      from said filter means to adaptive delta modulation signals for
      transmission over one of said transmission lines.
NUM  18.
PAR  18. A telephone communication system as set forth in claim 17 wherein said
      digital converter means includes pattern detection means detecting
      predetermined patterns of said adaptive delta modulation signals to
      produce step size control signals, means responsive to said step size
      control signals for providing linear pulse code modulated signals
      represented by one of said adaptive delta modulation signals, and means
      comparing the last said linear pulse code modulation signals and said
      signals from said speed converter for providing said adaptive delta
      modulation signals.
NUM  19.
PAR  19. A telephone communication system as set forth in claim 17 in which said
      receiving means additionally includes subscriber terminal means receiving
      said adaptive delta modulation signals over said transmission line and
      further converter means connected to said adaptive delta modulation signal
      input means for converting said input adaptive delta modulation signals to
      analog signals for output from said further converter means.
NUM  20.
PAR  20. A telephone communication system as set forth in claim 17 in which said
      input means additionally includes further converter means for converting
      compressed pulse code modulation signals from said telephone system into
      linear pulse code modulation signals for use with said speed converter.
NUM  21.
PAR  21. A telephone system as set forth in claim 20 wherein said further
      converter means includes pattern detection means detecting predetermined
      patterns of said adaptive delta modulation signals to produce step size
      control signals, digital to analog converter means, means responsive to
      said step size control signals for providing exponentially related analog
      increment signals which correspond to an increment of the input analog
      voice signals represented by each of said adaptive delta modulation
      signals, and an integrator for integrating each of said exponentially
      related analog increment signals into another analog signal.
NUM  22.
PAR  22. A telephone communication system as set forth in claim 21 wherein said
      adaptive delta modulation signals have encoded logic states and wherein
      said pattern detection means includes means for providing digital signals
      discretely indicating identical and alternating logic states of
      consecutive ones of said adaptive delta modulation signals, means for
      counting said digital signals indicating said identical logic states of
      said consecutive adaptive delta modulation signals and for counting said
      digital signals indicating said alternating logic states of said
      consecutive adaptive delta modulation signals, bistable means for storing
      said step size control with states which indicate an increase or a
      decrease in an increment to said linear pulse code modulated signal
      represented by a last detected pattern of said adaptive delta modulation
      signals, and means responsive to the state of said bistable means and to
      preselected counts of said counted identical and alternating logic states
      of said consecutive adaptive delta modulation signal for providing said
      step size control signals.
NUM  23.
PAR  23. A system as set forth in claim 21 wherein said adaptive delta
      modulation signals have encoded logic states and wherein said pattern
      detection means includes means connected to receive said adaptive delta
      modulation signals for providing digital signals discretely indicating
      identical and alternating logic states of consecutive ones of said
      adaptive delta modulation signals, and means responsive to a preselected
      number of said digital signals indicating said identical and alternating
      logic states of said consecutive adaptive delta modulation signals for
      providing said step size control signals.
NUM  24.
PAR  24. A telephone communication system as set forth in claim 21 wherein said
      adaptive delta modulation signals have encoded logic states and wherein
      said pattern detection means includes meand detecting identical and
      alternating logic states of consecutive ones of said adaptive delta
      modulation signals.
NUM  25.
PAR  25. A telephone communication system as set forth in claim 21 wherein said
      digitial to analog converter means includes means responsive to the total
      of said digital signals from said pattern detection means for providing a
      digital signal to one of discrete paths corresponding to said total of
      said digital signals, and means connected to said discrete paths for
      providing exponentially related analog signals in response to said signal
      on any one of said paths.
NUM  26.
PAR  26. A telephone communication system as set forth in claim 21 wherein said
      means responsive to the total of said digital signals comprise a counter
      for counting a total of said digital signals, and means responsive to said
      count of said digital signals in said counter for providing said digital
      signal to said one of said paths corresponding to said total of said
      digital signals.
NUM  27.
PAR  27. A telephone communications systems as in claim 21 wherein said means
      responsive to the total of said digital signals is a shift register having
      a plurality of signal bit places each connected to one of said discrete
      paths one unique preset logic bit and means responsive to said digital
      signals from said digital means detecting patterns of said adaptive delta
      modulation signals for shifting said unique logic bit toward and away from
      a most significant one of said bit places for providing a signal over one
      of said discrete paths connected to the bit place then having said unique
      logic bit.
NUM  28.
PAR  28. A telephone communication system as in claim 27 wherein said shift
      register additionally comprises means responsive to said unique bit in a
      most significant one of said bit places for preventing further shifting of
      said unique bit toward said most significant bit place, and means
      responsive to said unique bit in a least significant one of said bit
      places for preventing further shifting of said unique bit away from said
      most significant bit place whereby said unique bit is prevented from
      overflowing from said shift register.
NUM  29.
PAR  29. A telephone communication system as set forth in claim 21 wherein said
      digital to analog converter means comprises a consntant current source,
      digital means responsive to said signal on said one of said discrete paths
      for providing time controlled digital signals, and means connected to said
      constant current source and responsive to said time controlled digital
      signal for producing said output analog signals between said time
      controlled digital signals.
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PAL  There is disclosed a digital conference bridge for a delta modulated
      switching system having information transmitted by delta modulation bits
      in M channels of a time division multiplex frame, where M is an integer
      greater than three. N conferees, where N is an integer greater than two
      but less than M, are interconnected by a time switch to enable a
      conference to take place among the conferees. N three stage shift
      registers are provided, one for the delta modulation bits of each of the
      conferees. N sequence detectors are coupled to an associated one of the
      shift registers to produce a binary 1 output when bits stored in the shift
      register are all binary 1 or all binary 0. N counters each have their
      count increased by the binary 1 output of an associated one of the
      sequence detectors. A count comparator is coupled in common to all the
      counters and produces a control signal indicating a new speaker for the
      counter having the largest count. A selection matrix is coupled to each
      shift register and responds to the control signal to couple the delta
      modulation data of the new speaker through a one stage memory to the time
      switch for distribution to all of the conferees.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a conference bridge and more particularly to a
      conference bridge for automatic switching systems.
PAR  There are two known types of conference bridges now in use. The first type
      is an analog conference bridge employing a mixed analog and digital
      switch. However, this type of conference bridge introduces severe peaks of
      traffic across the intermatrix units which conferences with several
      digital subscribers would cause. The second type is a conference bridge
      based on a digital-to-analog conversion followed by analog mixing and
      analog-to-digital conversion. In this type of conference bridge, there is
      employed an encoder/decoder for each conference channel occupying one
      integrated circuit card. Therefore, if it is required to enable ten
      conferees in a conference, 10 cards would be required for the
      encoders/decoders alone. Further, if mixing type conference bridges are
      connected in tandem to assemble large conference degradation of speech
      quality would occur because of accumulative quantizing errors.
PAR  A copending application of C. R. Brown, Ser. No. 407,686, filed Oct. 18,
      1973, assigned to the same assignee as the present application, discloses
      one form of digital conference bridge overcoming the above-mentioned
      disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a second type of digital
      conference bridge overcoming the above-mentioned disadvantages.
PAR  Another object of this invention is to provide a digital conference bridge
      capable of providing a conference with a large number of conferees
      employing a reduced amount of hardware and having improved speech quality
      as compared to the above-mentioned digital-to-analog and analog-to-digital
      conversion type conference bridge.
PAR  Still another object of the present invention is to provide a digital
      conference bridge for a delta modulated switching system overcoming the
      above-mentioned disadvantages.
PAR  A feature of the present invention is the provision of a digital conference
      bridge for a delta modulated switching system having information
      transmitted by delta modulated bits in M channels of a time division
      multiplex frame, when M is an integer greater than three, comprising: N
      conferees, where N is an integer greater than two but less than M; first
      means to interconnect the N conferees to enable a conference to take place
      among the N conferees; N means of a second type coupled to the first
      means, each of the N means of the second type storing the three latest
      delta modulation bits of a different one of each of the N conferees; N
      means of a third type each coupled to a different one of the N means of
      the second type, each of the N means of the third type providing an
      indication when the three latest bits have identical values; fourth means
      coupled to each of the N means of the third type to determine from the
      indications a new speaker and to produce a control signal identifying the
      new speaker; and fifth means coupled to the first means, the N means of
      the second type and the fourth means responsive to the control signal to
      distribute the delta modulation bits of the new speaker to all of the N
      conferees.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Above-mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a block diagram of a digital conference bridge in accordance with
      the principles of the present invention for use in a delta modulated
      switching system;
PAR  FIG. 2 is a block diagram of a continuous variable slope delta (CVSD)
      demodulator to assist in the understanding of the development and
      operation of the components of the digital speech detector of FIG. 4
      provided in one conference channel of FIG. 1;
PAR  FIG. 3 is a curve illustrating the signal level as a function of control
      voltage of the demodulator of FIG. 2; and
PAR  FIG. 4 is a block diagram of the digital speech detector of one conference
      channel in the conference bridge of FIG. 1 to indicate the presence of
      speech in this one channel and also modified to show the common count
      comparator that would be employed to determine the largest count and hence
      a new speaker when ten such digital speech detectors are employed for the
      ten conference channels of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 there is illustrated therein a digital conference
      bridge 1 coupled to a delta modulated time switch 2 which is coupled to
      TDM (time division multiplex) highway 3 including in a TDM frame thereon,
      for purposes of illustration, 72 channels of information (M = 72). The
      delta modulation bits have, for purpose of illustration, a rate of 32 Kbs
      (kilobits per second) for each channel on highway 3. Highway 3 is coupled
      to multiplexer and demultiplexer 4 for communication with subscribers or
      conferees A, B, C and D and bridge terminals C1 to C10. The switch 2 and
      bridge 1 are under control of a central processor unit 5 coupled to
      highway 3 by means of an inband signalling sender and detector 6. For
      purposes of illustration, there are ten conferees (N = 10) and are
      connected to terminals C1 to C10.
PAR  Time switch 2 includes a data memory 7 and a time switching memory 8, both
      of which include 72 storage cells or areas to be compatible with the
      number of channels in the TDM frame on highway 3.
PAR  Conference bridge 1 includes a last three bits data memory 9 including a
      three bit storage circuit for each conference channel in bridge 1 for
      storing the last three bits of the associated conferees. The information
      in memory 9 for each of the conferees C1 to C10 are processed during the
      conference for identifying the active speakers at any instant. This
      processing is done by the successive like bit detectors 10, counters 11
      and the compare and decide new speaker circuit 12. Each storage stage of
      memoory 9 stores one bit for its associated party in the conference.
      Successive bits of each conferee are advanced to the next order storage
      stage at the end of each TDM frame. That is, the contents of the second
      storage stage is shifted into the third storage stage, the contents of the
      first storage stage is shifted into the second storage stage and the new
      bit is shifted into the first storage stage of memory 9. This occurs for
      each of the conferees. There is one detector 10 provided for each party in
      the conference and is associated with the storage stages of that party in
      memory 9. The function of each of the detectors 10 is to detect three
      successive binary 1's or three successive 0's which characterize the
      activity of the party involved. Whenever three successive like bits are
      detected, the associated one of counters 11 has its count increased.
PAR  Each of counters 11 is associated with a different one of conferee to count
      the total number of three successive like bits detected by detectors 10
      and counted during the observation period. All of counters 11 are reset
      whenever a new speaker is detected.
PAR  Circuit 12 is common to each of the conferee channels and the contents of
      all of the counters 11 are checked and compared periodically, 8 ms
      (milliseconds) typically, to monitor the activity of every party and to
      decide if a new speaker appears in the conference. Circuit 12 makes this
      decision as to the presence of a new speaker by detecting the largest
      count contained in one of the counters 11. Upon detection of a new
      speaker, circuit 12 generates a control signal which is used to reset
      counters 11 and also to control speaker selection matrix 13.
PAR  Speaker selection matrix 13 selects the new speakers data under control of
      the control signal from circuit 12 from one of the stages storing the new
      speakers data of the data memory 9 and sends it to speakers data memory
      14. The connection established by matrix 13 under control of the control
      signal 12 is held until the speaker changes.
PAR  Speaker data memory 14 is a single bit memory, such as a single flip-flop
      stage, which stores the speech samples of the present speaker among the
      conferees. The memory is updated in accordance with the delta data bits
      received from the new speaker at a 32 Kbs rate which is the rate of the
      data bits for each channel on highway 3. The data stored in memory 14 is
      sent to all conferees via the transmitting paths of the terminals of
      bridge 1 through time switch 2.
PAR  Control signal generator 15 generates the necessary channel timing and
      other control signals to time the operation of bridge 1. All of the
      control signals will be derived from the system clock or use those
      available in the system such as the frame sync signal. Generator 15 also
      cooperates with detector 6 in order to communicate with unit 5 for
      supervision and signalling.
PAR  In order to provide a comprehensive description of the operation of bridge
      1, a typical conference will be established as an illustration in
      cooperation with time switch 2.
PAR  Bridge 1 is assumed to have a maximum capacity of a ten party conference
      and subscriber A is requesting a conference with subscribers B, C and D.
      The terminals of bridge 1 are arbitrarily connected to the TDM channels of
      highway 3 for this illustration, but they can be either distributed
      throughout the TDM frame or concentrated in a certain portion of the TDM
      frame to suit the application environment.
PAR  The status change (off-hook) and the signalling (keying conference, party
      numbers - B, C, and D, etc.) of subscriber A are reported to unit 5 via
      detector 6 as a normal routine in processing a call origination. Then,
      unit 5 will request an idle digital conference bridge for establishing the
      conference.
PAR  Depending on the procedural requirements, all parties may be notified
      individually either by the conference originating party A or operator
      before connecting all parties with the conference bridge 1.
PAR  When all parties are ready for conference, unit 5 makes four connections
      between the parties and the bridge terminals, A-C1, B-C2, C-C3, and D-C4.
      These connections are established as if four separate connections were
      being set up in normal connecting routine.
PAR  The information required for making these connections is established by
      unit 5 and is written into memory 8.
PAR  When channel A's time-slot arrives, the following events occur: (1) The
      speech of party A is sampled and the sample A is written into the
      corresponding channel address A of data memory 7. (2) At the same time,
      the content of C1 of memory 8 in the channel address is read out to unit
      5. (3) C1 is decoded in unit 5 for reading out the present speaker's
      speech sample from C1 of memory 7 and sending it to party A via highway 3
      through multiplexer and demultiplexer 4. This establishes one direction of
      conversation, that is, party A has heard what the present speaker said.
PAR  When channel B's or C's or D's time-slot is reached successively, the above
      events are repeated except A is replaced by B, or C, or D and C1 by C2 or
      C3 or C4, respectively, in the above explanation.
PAR  When channel C1's time-slot arrives, the following events occur: (1) A new
      speaker's speech sample or delta bit is read out of memory 14 and replaces
      the previous speaker's sample or delta bit in memory 7 at the
      corresponding address C1. (2) At the same time, the content A of memory 8
      in the channel address is read out to unit 5. (3) After decoding A in unit
      5, the information is utilized to address A's channel word of memory 7 for
      reading out party A's speech sample or delta bit A and is sent to the
      conference bridge and is written into the first stage of memory 9 of
      bridge 1. Thus, the other direction of conversation is established. That
      is, the speaker has heard what party A sent via digital conference bridge
      1.
PAR  Similarly conversations between the speaker and other parties B, C, and D
      will be furnished successively.
PAR  In addition to establishing connections among conferees, bridge 1 must
      provide the capability of detecting speaker changes during the conference.
      The theoretical analysis and detailed description of such speaker
      detection will be set further hereinbelow in connection with FIGS. 2, 3
      and 4. However, a brief explanation is presented here.
PAR  Whenever a party's sample or delta bit is written in the first word of
      memory 9, the associated like bit detector 10 is activated. Upon detecting
      either three successive 1's or 0's the associated one of counters 11 has
      its count increased. In order to update speech samples (delta modulation
      bits) every frame, the data memory words are advanced by the frame sync
      signal. That is, to shift out the contents of the third stage and replace
      them by the contents of the second stage, transfer the contents of the
      first stage to the second stage and to empty the first stage for accepting
      a new sample (delta bit) during the frame.
PAR  The cumulative counts of all counters 11 are periodically, 8 ms typically,
      checked and compared to decide if the speaker of the conference has
      changed. The comparison is based upon which of the counters 11 provides
      the largest count which is an indication that there is a new speaker. The
      precise checking time period and threshold count will be set forth
      hereinbelow with respect to FIG. 4.
PAR  Upon the detection of speaker change, all counters are reset and the new
      speaker's data storage stage of memory 9 is connected to memory 14 via
      selection matrix 13. Thus, the new speaker samples or delta bits can be
      transmitted to all parties in the conference by switch 2.
PAR  The process is repeated until another change of speaker is found. The
      conference proceeds by the aid of bridge 1 and time switch 2.
PAR  At the end of a conference, a line status change or supervisory signals are
      detected by detector 6 and are reported to unit 5. In turn, unit 5 issues
      a command to erase the connecting information from memory 8. Thus, all
      parties are disconnected, and also bridge 1 and time switch 2 are idled,
      ready for other subscriber's connections.
PAR  Referring to FIG. 2, there is illustrated therein a block diagram of a CVSD
      demodulator operating at 32 Kbs for the purpose of providing a theoretical
      analysis and demonstrating the development and operation of the digital
      speech detector of FIG. 4. The received binary signal is assumed to be
      represented by .+-. 1 volt. The three stage shift register 16 stores three
      successive input bits A1, A2 and A3. These successive bits are compared in
      sequence detector 17 which provides an output pulse at + 1 volt if the
      three input bits have the same sign, otherwise, detector 17 provides a 0
      volt output. The output of sequence detector 17 is averaged by an RC
      (resistor-capacitor) time constant circuit 18 having a time constant of
      6.4 ms which results in a slowly varying DC (direct current) level control
      voltage V.
PAR  This control voltage V modulates the amplitude of the input delta
      modulation binary signal or bits in amplitude modulator 19. The amplitude
      modulated output bits are passed through time constant circuit 20 and low
      pass filter 21, the output of which is the analog speech. Thus, control
      voltage V is a direct measure of the speech level. FIG. 3 shows this
      relationship. A control voltage of + 1 volt results in a full load signal
      amplitude which is taken as 0 db (decibel). This is approached if the
      original input is a very strong low frequency signal. Such an input causes
      the output signal of sequence detector 17 to be almost a 100 percent duty
      cycle, which is indicated in FIG. 3.
PAR  A 50 percent duty cycle from detector 17 provides a 0.5 volt control
      voltage and an output signal amplitude of 1/2 the full load signal, i.e.,
      - 6 db. Other duty cycles corresponding to the indicated signal levels are
      shown in FIG. 3. A zero control voltage corresponding to a zero amplitude
      signal is possible if the transmitting CVSD modulator is perfectly
      balanced and the input handset produces no background noise. In practice,
      such a balance is not maintained and a duty cycle of a fraction of a
      percent to a few percent results. This, in turn, produces an idle channel
      noise, perhaps as high as -30 db.
PAR  There is another factor which prevents operation of the CVSD demodulator at
      very low levels, say below about -40 db. This is the limited averaging
      time used in circuit 18 to produce control voltage V. At 32 Kbs there are
      approximately 200 bits in the 6.4 ms syllabic time constant averaging
      period. If sequence detector 17 produces just one pulse during this time,
      the duty cycle would be 0.5 percent (-46 db). For duty cycles below this,
      the control voltage V will fluctuate up and down following the individual
      pulses from sequence detector 17.
PAR  There is not enough data available on the long term idle channel noise for
      production quantities of CVSD demodulators and modulators to be more
      specific than this. However, it seems fair to say that a speech detector
      threshold for CVSD modulation will have to be higher than that used in
      analog or PCM (pulse code modulation) systems where thresholds of -40 db
      are typically used. This is because idle channel noise for a CVSD system
      will probably run at least this high.
PAR  On the other hand, it is important to keep the threshold as low as possible
      to minimize clipping of low level onsets of the speaker. This would
      indicate that the threshold should be below at least -30 db. Thus, for
      purposes of designing the speech detector, it will be assumed that the
      threshold will be set for the range of 1 to 5 percent (-40 db to -26 db).
PAR  An analog speech detector for CVSD modulation would operate by means of a
      threshold detector operating on the control voltage V. An alternative is a
      digital circuit which performs the same function as the sequence detector,
      syllabic time constant and threshold detector. A digital equivalent to an
      RC time constant exists but for the required time constant the digital
      circuit would use many more bits than necessary for a digital speech
      detector.
PAR  FIG. 4 illustrates in block diagram form a digital speech detector in
      accordance with the principles of this invention which uses a counter
      instead of a digital equivalent of the RC time constant. The circuit shown
      in FIG. 4 is all the circuitry that is required for one conference channel
      in bridge 1 up to but not including circuit 12 and would be repeated ten
      times for the ten conference channels in bridge 1. Counter 22 counts the
      number of 1's at the output of sequence detector 17 which is equivalent to
      one of the detectors of detectors 10, while counter 22 is equivalent to
      one of the counters of counters 11. Counter 22 operates on the output of
      detector 17 over an 8 ms interval. The following table indicates
      thresholds which can be conveniently detected by means of an OR function
      circuit 23 monitoring the most significant bits of counter 22. To avoid
      overflow, the maximum count of counter 22 is set to 255, the 256-th time
      as provided by the binary divider 24 is used to reset counter 22 and as a
      clock for flip-flop 25 providing a pulse output indicating the presence of
      speech.
TBL  ______________________________________                                    
     Table of Convenient Thresholds                                            
     Threshold                                                                 
             Duty Cycle Count Threshold                                        
                                      Or Gate Bits                             
     ______________________________________                                    
     -24 db  6.25%      16            0 - 3                                    
     -30 db   3.125%    8             0 - 4                                    
     -36 db  1.56%      4             0 - 5                                    
     -42 db  0.78%      2             0 - 6                                    
     ______________________________________                                    
PAR  The three stage shift register 26 receiving the binary input signal has its
      three stages coupled to sequence detector 17 and is shifted under control
      of a 32 KHz (kilohertz) clock. Shift register 26 corresponds to the three
      stages of data memory 9 for each of the conference channels. Sequence
      detector 17 may include an AND-gate coupled to the three 1's output of the
      flip-flop stages of shift register 26 and a second AND-gate connected to
      the 0's output of the flip-flop stages of shift register 26 with an
      OR-gate being coupled to the output of these two AND-gates so that a count
      enable for counter 22 is provided when bits A1, A2 and A3 are all 1 and
      A1, A2 and A3 are all 0.
PAR  As previously mentioned, the circuitry of FIG. 4 from shift register 26 to
      flip-flop 25 provide a digital speech detector for one delta modulated
      input signal. When ten such circuit arrangements are provided for the ten
      conference channels of bridge 1, a count comparator 27, which is an
      implementation of circuit 12, is coupled to receive the count of counter
      22 of each of the conference channels so that comparator 27 may determine
      which of the counters of the conference channels is the highest and then
      produce a properly timed pulse output identifying the new speaker (the
      speaker having the largest count) so as to properly activate selection
      matrix 13 so that the new speakers delta bits are distributed to all the
      other conferees through memory 14 and time switch 2.
PAR  For digital conferencing, FIG. 4 could be modified as follows. Counter 22
      and circuit 23 can be time-shared with the counter contents being stored
      in a serial or a random access memory. In addition, a second detection
      criteria can be added. This consists of comparing the final counts for
      each channel to determine the largest. If the largest is greater than the
      threshold, this channel is assigned to the output; otherwise the
      assignment is left unchanged. This permits one talker to interrupt another
      but prevents unnecessary reassignment (and therefore unnecessary first
      syllable speech clipping), when a single talker pauses, just because
      another channel has a greater idle channel noise.
PAR  Conference bridge 1 has the following advantages: (1) Provides conferences
      without digital-to-analog conversion, thus retaining the quality of
      transmission. (2) Detects a new speaker in the conference instantaneously
      without clipping the new speaker's first syllable of the speech. (3) Works
      with time switches without any modification thereto. (4) Uses a time
      switch as the sole switching matrix for a small system. (5) Adds no extra
      load to the central processor because the bridge itself is self-contained.
      (6) Allows an arbitrary number of parties in a conference.
PAR  While we have described above the principles of our invention in connection
      with specific apparatus it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of our invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A digital conference bridge for a delta modulated switching system
      having information transmitted by delta modulated bits in M channels of a
      time division multiplex frame, where M is an integer greater than three,
      comprising:
PA1  N conferees, where N is an integer greater than two but less than M;
PA1  first means to interconnect said N conferees to enable a conference to take
      place among said N conferees;
PA1  N means of a second type coupled to said first means, each of said N means
      of said second type storing the three latest delta modulation bits of a
      different one of each of said N conferees;
PA1  N means of a third type each coupled to a different one of said N means of
      said second type, each of said N means of said third type providing an
      indication when said three latest bits have identical values;
PA1  fourth means coupled to each of said N means of said third type to
      determine from said indications a new speaker and to produce a control
      signal identifying said new speaker; and
PA1  fifth means coupled to said first means, said N means of said second type
      and said fourth means responsive to said control signal to distribute said
      delta modulation bits of said new speaker to all of said N conferees.
NUM  2.
PAR  2. A conference bridge according to claim 1, wherein
PA1  each of said N means of said second type includes a three stage shift
      register.
NUM  3.
PAR  3. A conference bridge according to claim 2, wherein
PA1  each of said N means of said third type includes
PA2  a sequence detector coupled to an associated one of said shift registers
      providing a binary 1 output when said three latest bits are all binary 1
      and a binary 1 output when said three latest bits are all binary 0, and
PA2  a counter coupled to said sequence detector whose count is increased each
      time a binary 1 output is provided by said sequence detector and to
      provide said indication in the form of a count of said counter.
NUM  4.
PAR  4. A conference bridge according to claim 3, wherein
PA1  said fourth means is coupled in common to each of said counters to compare
      said count of each of said counters and to produce said control signal for
      that one of each of said counters having a largest count, said largest
      count indicating said new speaker.
NUM  5.
PAR  5. A conference bridge according to claim 4, wherein
PA1  said fifth means includes
PA2  a selection matrix coupled to each of said shift registers and said fourth
      means responsive to said control signal to select said delta modulation
      bits of said new speaker, and
PA2  a one bit memory coupled to said selection matrix and said first means to
      distribute said delta modulation bits of said new speaker to all of said
      conferees.
NUM  6.
PAR  6. A conference bridge according to claim 1, wherein
PA1  each of said N means of said third type includes
PA2  a sequence detector coupled to an associated one of said N means of said
      second type providing a binary 1 output when said three latest bits are
      all binary 1 and a binary 1 output when said three latest bits are all
      binary 0, and
PA2  a counter coupled to said sequence detector whose count is increased each
      time a binary 1 output is provided by said sequence detector and to
      provide said indication in the form of a count of said counter.
NUM  7.
PAR  7. A conference bridge according to claim 6, wherein
PA1  said fourth means is coupled in common to each of said counters to compare
      said count of each of said counters and to produce said control signal for
      that one of each of said counters having a largest count, said largest
      count indicating said new speaker.
NUM  8.
PAR  8. A conference bridge according to claim 7, wherein
PA1  said fifth means includes
PA2  a selection matrix coupled to each of said N means of said second type and
      said fourth means responsive to said control signal to select said delta
      modulation bits of said new speaker, and
PA2  a one bit memory coupled to said selection matrix and said first means to
      distribute said delta modulation bits of said new speaker to all of said
      conferees.
NUM  9.
PAR  9. A conference bridge according to claim 1, wherein
PA1  said fifth means includes
PA2  a selection matrix coupled to each of said N means of said second type and
      said fourth means responsive to said control signal to select said delta
      modulation bits of said new speaker, and
PA2  a one bit memory coupled to said selection matrix and said first means to
      distribute said delta modulation bits of said new speaker to all of said
      conferees.
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PAL  A tone detector circuit for detecting the presence of a certain tone or
      tones in an input signal. An estimate is calculated for each of the
      following three parameters of the band limited spectrum of the input
      signal: total power, power mean frequency, and mean square power
      bandwidth. Each of the three input spectrum parameters is compared to the
      same parameter of the tone or tones desired to be detected. If a match
      within certain bounds occurs on all three parameters, the desired signal
      has been detected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to tone signals, and particularly to the detection
      of certain tone signals.
PAR  In communication systems, voice band signals or tones are used to transmit
      data or supervisory information, for example, TOUCH-TONE, audible ring,
      busy, etc. Tone signals may comprise either single tones or mutliple
      tones. Prior tone detectors have utilized filter circuits which select the
      frequency component or components of interest by means of very narrow band
      pass filters and power measuring circuits to measure the power in the
      neighborhood of the selected frequency. In such prior art circuits a
      filter circuit is required for each tone component. This invention,
      however, can detect signals of either type using a single set of estimator
      circuits and one or more sets of decision circuits depending on the
      particular application.
PAR  Prior tone detectors indicate the presence of a tone whenever a signal of
      the desired frequency and power is present, regardless of the rest of the
      frequency spectrum characteristics and, therefore, often require
      additional circuitry to avodi generating erroneous outputs. This invention
      detects the presence of a desired signal based on the characteristics of
      the entire bandpass spectrum of the detector and, therefore, can reject
      many erroneous signals without additional circuitry.
PAR  This invention may be advantageously implemented using large scale
      integration since no inductors are required for either an analog or
      digital implementation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a circuit for detecting the
      presence or absence of certain tones comprises a number of estimator
      circuits for estimating certain parameters of an input signal. There are
      one or more decision circuits, each corresponding to a tone whose presence
      is to be detected. Each decision circuit compares each of the estimated
      parameters of the input signal to corresponding parameters of the signal
      to be detected and indicates the presence of the signal to be detected
      only when all of the estimated parameters of the input signal are
      substantially equal to the parameters of the signal to be detected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A tone detector circuit according to this invention will be better
      understood from a consideration of the following accompanying drawing in
      which:
PAR  FIG. 1 depicts an exemplary tone detector circuit according to this
      invention in block diagram form;
PAR  FIG. 2 depicts a tone detector circuit according to this invention in
      detailed diagram form showing the signals present at each point in the
      circuit;
PAR  FIG. 3 depicts an exemplary input spectrum for a single tone example;
PAR  FIG. 4 depicts an exemplary input spectrum for a TOUCH-TONE signal;
PAR  FIG. 5 depicts a TOUCH-TONE detector circuit according to the invention;
PAR  FIG. 6 depicts an exemplary input spectrum for a multi-frequency signal;
      and
PAR  FIG. 7 is a multi-frequency detector circuit according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  One illustrative tone detector according to this invention is shown in FIG.
      1 for detecting the presence of one or more tones from signal source 10
      and comprises a total power estimator circuit 11, a power mean frequency
      estimator circuit 12, and a mean square power bandwidth estimator circuit
      13, each of the estimator circuit 11, 12, 1nd 13 having an input connected
      to signal source 10. The output of the total power estimation circuit 11
      is connected to the input of a comparison circuit 14 which is constructed
      such that its output indicates whether or not the power estimation of the
      input signal is within certain limits determined by the power of the
      desired signal, for example, between 0.9 and 1.1 milliwatts for a typical
      telephone tone signal. The output of the power mean frequency estimator
      circuit 12 is connected to the input of a comparison circuit 15 which is
      constructed to compare the estimated power mean frequency of the input
      signal to the power mean frequency of a desired signal, for example, a
      frequency within the audio bandpass of a telephone transmission circuit.
      The output of comparison circuit 15 indicates whether or not the estimated
      power means frequency of the input signal is within a certain tolerance,
      for example, 30 hertz of the power mean frequency of the desired signal.
      The output of the mean square power bandwidth estimator circuit 13 is
      connected to the input of a comparison circuit 16 which is constructed
      such that its output indicates whether or not the estimated means square
      power bandwidth of an input signal is within limits determined by the
      desired signal, the noise present, and the time interval over which the
      estimation circuit 13 calculates the bandwidth estimate, for example, 10
      milliseconds for a typical telephone tone signal. For a typical single
      tone signal, the mean square power bandwidth required would be less than
      (150 hertz).sup.2. The outputs of comparison circuits 14, 15, and 16 are
      connected to corresponding inputs of a decision circuit 17 whose output
      indicates whether or not the comparison circuits all indicate the
      estimates to be within the required limits.
PAR  A tone detector circuti such as is illustrated in FIG. 1 may be implemented
      usign either digital or analog techniques. The exemplary digital circuit
      implementation is described in more detail in FIG. 2; however, the
      principal of the invention extends to both digital and analog
      implementations.
PAR  One illustrative digital tone detector according to this invention is shown
      in FIG. 2 as a circuit for detecting tones from a digitally encoded signal
      source 20 and comprises digital multipliers 21 and 22. A digital
      multiplier comprises two inputs and an output. Digitally encoded numbers
      present on the two inputs are mathematically multiplied and their product
      is present on the output. An example of a digital multiplier of the same
      general type envisioned for use in this invention is described by
      Montogomery Phister, Jr., Logical Design of Digital Computers, pages
      295-314. An input signal from signal source 20 is represented as a
      sinusoidal signal of the form x Cos .omega..sub.i t where x is the
      ampltiude of the input signal, .omega..sub.i is the frequency of the input
      signal in radians per second, i.e., .omega.= 2.pi.f where f is the
      frequency in hertz, and t represents the time varying nature of the input
      signal. Multiplier 21 multiplies the input signal by a signal of the form
      Sin .omega..sub.o t where .omega..sub.o is a reference frequency equal to
      the mean frequency of the desired signal. The signal Sin .omega..sub.o t
      is generated by a local oscillator 23. For purposes of illustration, a
      digital oscillator comprises a memory used to store the value of Sin
      .omega..sub.o t for each of a series of time increments. The product of x
      Cos .omega..sub.i t and Sin .omega..sub.o t is a signal having components
      representing both the sum and difference of the two frequencies as
      follows:
EQU  2 (x Sin (.omega..sub.i - .omega..sub.o)t + x Sin (.omega..sub.i +
      .omega..sub.o)t)                                          (1)
PAL  The output of mutliplier 21 is connected to the input of a low pass filter
      24 whose bandpass characteristic is arranged such that the signal
      component corresponding to the sum of .omega..sub.i and .omega..sub.o is
      removed, leaving:
EQU  x Sin (.omega..sub.i - .omega..sub.o)t                     (2)
PAL  A digital low pass filter comprises an input for receiving a digitally
      encoded input signal and an output for providing a signal corresponding to
      only those components of the input signal having a frequcny less than a
      certain cutoff frequency. For example, a digital low pass filter of the
      same general type contemplated for use in this invention is described in
      Leon and Bass, "Designers' Guide to: Digital Filters", EDN, Jan. 20, 1974;
      May 20, 1974; June 20, 1974. The output of low pass filter 24 is connected
      to the input of differentiator 25 which calculates the first derivative of
      the input signal 2 which is:
EQU  x (.omega..sub.i - .omega..sub.o) Cos (.omega..sub.i - .omega..sub.o)t (3)
PAR  A differentiator circuit may be constructed from a low pass filter circuit
      having certain predefined characteristics. Local oscillator 23 is arranged
      to generate a signal corresponding to Cos .omega..sub.o t as well as Sin
      .omega..sub.o t. An exemplary implementation comprises a read only memory
      digital oscillator having two words stored in a read only memory for each
      time interval, one corresponding to Sin .omega..sub.o t and one
      corresponding to Cos .omega..sub.o t. The Cos .omega..sub.o t output of
      local oscillator 23 is connected to an input of a multiplier 22 and the
      input signal x Cos .omega..sub.i t is connected to another input of
      multiplier 22, resulting in a signal at the output of multiplier 22 having
      components corresponding to both the sum and difference of the two
      frequencies .omega..sub.o and .omega..sub.i as follows:
EQU  2 (x Cos (.omega..sub.i - .omega..sub.o)t + x Cos (.omega..sub.i +
      .omega..sub.o)t)                                          (4)
PAL  The output of multiplier 22 is connected to the input of a low pass filter
      26 which is constructed such that the signal component corresponding to
      the sum of the two frequencies is removed, yielding the following signal
      at the output of low pass filter 26:
EQU  x Cos (.omega..sub.i - .omega..sub.o)t                     (5)
PAL  The output of low pass filter 26 is connected to the input of a
      differentiator 27 which calculates the first derivative of its input
      signal, resulting in the following signal at the output of differentiator
      27:
EQU  -x (.omega..sub.i - .omega..sub.o) Sin (.omega..sub.i - .omega..sub.o)t (6)
PAR  The output of low pass filter 24 is connected to the input of a
      mathematical squarer circuit 30 which calculates the square of the input
      signal as follows:
EQU  x.sup.2 Sin.sup.2 (.omega..sub.i - .omega..sub.0)t         (7)
PAL  A mathematical squarer circuit for purpose of illustration comprises a
      digital multiplier circuit wherein the same input signals are applied to
      both inputs of the multiplier circuit. The output of low pass filter 26 is
      connected to the input of such a mathematical squarer circuit 31 yielding
      at its output:
EQU  x.sup.2 Cos.sup.2 (.omega..sub.i - .omega..sub.o)t         (8)
PAL  The outputs of mathematical squarer circuits 30 and 31 are connected to
      inputs of an adder circuit 32, yielding at its output the square of the
      input signal amplitude, x.sup.2, which corresponds to the instantaneous
      power of the input signal. A digital adder circuit comprises two inputs
      for receiving digitally encoded input signals and an output for providing
      a signal corresponding to a digitally encoded number equal to the
      mathematical sum of the numbers represented by the signals presnet on the
      two inputs. An example of a digital adder circuit of the same general type
      contemplated for use in this invention is shown in Montgomery Phister,
      Jr., Logical Design of Digital Computers, pages 253-275. The output of
      adder 32 is connected to the input of an integrator circuit 33 which
      performs the function of averaging the instantaneous power x.sup.2 over a
      period of time to yield an estimate of the total power of the input signal
      P where the symbol   indicates an estimate of the quantity under it. An
      integrator circuit comprises an input upon which a time varying signal is
      present and an output for presenting a signal corresponding to an average
      of the input signal over a certain period of time. An example of a
      numerical integration algorithm is shown in james Singer, Elements of
      Numerical Analysis, pages 259-293.
PAR  The outputs of low pass fitler 24 and differentiator 27 are connected to
      inputs of a multiplier 40 which yields at the output of multiplier 40:
EQU  -x.sup.2 (.omega..sub.i - .omega..sub.o) Sin.sup.2 (.omega..sub.i -
      .omega..sub.o)t                                           (9)
PAL  The outputs of differentiator 25 and low pass filter 26 are connected to
      inputs of a multiplier 41 yielding the following signal at the output of
      multiplier 41:
EQU  x.sup.2 (.omega..sub.i - .omega..sub.o) Cos.sup.2 (.omega..sub.i -
      .omega..sub.o)t                                           (10)
PAL  The outputs of multipliers 40 and 41 are connected to inputs of a
      subtractor 42 whose output corresponds to the power frequency product
      x.sup.2 (.omega..sub.i - .omega..sub.o). A digital subtractor circuit
      comprises a minuend input and a subtrahend input for receiving digitally
      encoded input signals and an output for providing a signal corresponding
      to a digitally encoded number equal to the number present on the minuend
      input minus the number present on the subtrahend input. The output of
      subtractor 42 is connected to the input of integrator 43 in order to
      calculate the average power frequency product over a certain period of
      time yielding an estimate of the power frequency product P.omega..sub.d,
      where .omega..sub.d is the power mean frequency relative to the reference
      frequency .omega..sub.o . The output of integrator 43 is connected to the
      dividend input of a divider 44, and the output of integrator 33 is
      connected to the divisor input of divider 44. A divider circuit comprises
      a dividend input for receiving a first digitally encoded input signal, a
      divisor input for receiving a second digitally encoded input signal and an
      output for presenting a signal corresponding to a digitally encoded number
      equal to the first input signal mathematically divided by the second input
      signal. An example of a digital divider circuit of the same general type
      contemplated for use in the invention is described by Montgomery Phister,
      Jr., Logical Design of Digital Computers, pages 316-319.
PAR  The output of differentiator 25 is connected to the input of a mathematical
      squarer circuit 50 whose output is:
EQU  x.sup.2 (.omega..sub.i - .omega..sub.o).sup.2 Cos.sup.2 (.omega..sub.i -
      .omega..sub.o)t                                           (11)
PAL  The output of differentiator 27 is connected to the input of a mathematical
      squarer circuit 51 whose output is:
EQU  x.sup.2 (.omega..sub.i - .omega..sub.o).sup.2 Sin.sup.2 (.omega..sub.i -
      .omega..sub.o)t                                           (12)
PAL  The outputs of mathematical squarer circuits 50 and 51 are connected to
      inputs of an adder circuit 52 whose output is:
EQU  x.sup.2 (.omega..sub.i - .omega..sub.o).sup.2              (13)
PAL  The output of adder 52 is connected to the input of an integrator circuit
      53 which calculates the average of its input over a certain period of
      time. The output of integrator 53 corresponds to an estimate of the power
      times the sum of the mean square power bandwidth and the power mean
      frequency squared:
EQU  P (B.sup.2 + .omega..sub.d .sup.2)
PAL  The output of integrator 53 is connected to the dividend input of a divider
      circuit 54 and the output of integrator 33 is connected to the divisor
      input of divider 54 yielding at its output an estimate of the sum of the
      mean square power bandwidth and the power mean frequency squared:
EQU  B.sup.2 + .omega..sub.d.sup.2
PAL  The output of divider 44 is connected to the input of a mathematical
      squarer circuit 55 yielding at its output an estimate of the power mean
      frequency squared .omega..sub.d.sup.2. The output of divider 54 is
      connected to the minuend input of subtractor circuit 56 and the output of
      mathematical squarer 55 is connected to the subtrahend input of adder 56
      yielding at its output an estimate of the mean square power bandwidth
      B.sup.2.
PAR  The output of divider 44, corresponding to an estimate of the power mean
      frequency, is connected to an input of a comparison circuit 60 which
      compares the estimated power mean frequency of the input signal to the
      power mean frequency of the expected signal minus a certain small
      quantity, for example, 30 hertz or 60.pi. radians per second, since
      .omega. = 2.pi.f where .omega. is frequency in radians per second and f is
      frequency in hertz. The output of comparison circuit 60 has a first output
      signal present if the estimated power means frequency of the input signal
      is greater than the value it is compared with, and a second output signal
      otherwise. The output of divider 44 is also connected to an input of a
      comparison circuit 61 and the estimated power mean frequency of the input
      signal is compared to the power mean frequency of the desired signal plus
      a certain small value, for example, 30 hertz. The output of comparison
      circuit 61 has a first signal present if the estimated power mean
      frequency of the input signal is less than the value compared with, and a
      second signal otherwise.
PAR  The output of integrator circuit 33, which corresponds to an estimate of
      the total power of the input signal, is connected to an input of a
      comparison circuit 62 and therein compared to a certain value
      corresponding to the lowest expected total power of the desired signal,
      for example, 0.9 milliwatts. The output of comparison circuit 62 has a
      first signal present if the total power of the input signal is greater
      than the value compared with, and a second signal otherwise. The output of
      integrator 33 is also connected to an input of a comparison circuit 63
      wherein it is compared to the largest acceptable power of the desired
      signal, for example, 1.1 milliwatts. The output of comparison circuit 63
      has a first signal present if the estimated total power is less than the
      value compared against, and a second signal otherwise.
PAR  The output of subtractor 56, corresponding to the estimated mean square
      power bandwidth of the input signal, is connected to an input of a
      comparison circuit 64 and therein compared to a value corresponding to the
      maximum expected mean square power bandwidth of the desired signal for the
      period of calculation of the estimate, for example, (150 hertz).sup.2. The
      output of comparison circuit 64 has a first signal present if the estimate
      of the mean square power bandwidth is less than the value compared with,
      and a second signal otherwise.
PAR  The outputs of comparison circuits 60, 61, 62, 63, and 64 are connected to
      corresponding inputs of a decision circuit 65. The output of decision
      circuit 65 has a first signal present if all of its inputs have a first
      signal present, and a second signal otherwise. A first signal present on
      the output of decision circuit 65 indicates the satisfaction of all the
      conditions and, therefore, the presence of the desired signal.
PAR  An illustrative operation of the tone detector circuit may now be
      considered. FIG. 3 is a diagram of an exemplary input signal spectrum. A
      signal to be detected 70 is illustrated as an impulse located at 1,000 Hz
      and having a power density versus frequency area which corresponds to a
      power of 1 milliwatt. This signal is commonly known as a milliwatt tone in
      a telephone central office and is used, for example, for testing
      transmission paths. FIG. 3 also illustrates the presence of a noise signal
      71 which is constant across the frequency range shown. The bandpass of the
      input signal to the tone detector circuit corresponds to a normal
      telephone voice frequency bandpass of 300-3000 Hz. The effective bandpass
      of the tone detector circuit, which is a function of low pass filters 24
      and 26, is illustrated in FIG. 3 for this example as 500-1500 Hz. The area
      under the noise signal 72 within the bandpass of the tone detector
      corresponds, for example, to an area or power of 1 microwatt.
PAR  First consider an input signal as shown in FIG. 3 having present both noise
      and the desired signal. The total power of the input signal within the
      bandpass of the tone detector is the sum of the signal power and noise
      power, or 1.01 milliwatts. The total power estimate calculated by power
      estimation circuit 11 is 1.01 milliwatts plus or minus a standard
      deviation due to nonideal measurement conditions such as the finite
      measurement time, which is, with a high degree of certainty, within the
      limits established by comparison circuit 14 of 0.9 and 1.1 milliwatts and,
      therefore, results in a positive output from comparison circuit 14. The
      power mean frequency of the input signal is 1 KHz since the noise is
      completely symmetrical to the 1 KHz milliwatt tone. Since the reference
      frequency .omega..sub.o /2.pi. of the power mean frequency estimation
      circuit 12 is also 1 KHz, the output of power mean frequency estimation
      circuit 12 is zero plus or minus a standard deviation due to measurement
      inaccuracies, which is, with a high degree of certainty, within the limits
      of .+-.30 Hz required by comparison circuit 15, and therefore results in a
      positive output from comparison circuit 15. The mean square bandwidth
      B.sup.2, which is the square of the standard deviation of the frequency
      spectrum, would be zero if only the milliwatt tone were present and
      B.sup.2 were calculated over an infinite time period. Since a noise signal
      is present as shown in FIG. 3, and B.sup.2 is calculated over a finite
      time period, for example, 10 milliseconds, B.sup.2 is nonzero. The mean
      square power bandwidth resulting from the presence of noise B.sub.n.sup.2
      may be calculated by the following formula:
EQU  B.sub.n.sup.2 = (f.sub.m.sup.2 /3)x (P.sub.n /(P.sub.n + P.sub.s)) (14)
PAL  where f.sub.m is the bandpass of the tone detector measured from the center
      frequency to one extreme, P.sub.n is the power due to noise and P.sub.s is
      the power due to the desired signal. A substitution of the parameters of
      this example yields B.sub.n.sup.2 = (9 Hz).sup.2. The average mean square
      power bandwidth increase due to the finite measurement interval
      B.sub.t.sup.2 may be calculated according to the following formula:
EQU  B.sub.t.sup.2 = f.sub.m /.pi..sup.2 t                      (15) 71
PAL  where t is the measurement interval in seconds. An insertion of the
      parameters in this example yields:
EQU  B.sub.t.sup.2 = (71 Hz).sup.2.
PAL  The actual mean square power bandwidth due to both factors is approximately
      equal to (B.sub.n.sup.2 + B.sub.t.sup.2) or (72 Hz).sup.2. The average
      output of (72 Hz).sup.2 from mean square power bandwidth estimation
      circuit 13 is within the limit of (150 Hz).sup.2 required by comparison
      circuit 16 which thereby has, with a high degree of certainty, a positive
      signal present on its output. Decision circuit 17 has positive signals
      present on all three inputs and, therefore, presents a positive signal on
      its output indicating the presence of the desired signal.
PAR  Next consider an input signal having noise present as in FIG. 3 but a tone
      signal of 1.2 KHz and a power of 1 milliwatt instead of the desired tone
      of 1 KHz. The power estimate calculated by circuit 11 and the mean square
      power bandwidth estimate calculated by circuit 13 would remain the same.
      However, the power means frequency estimate calculated by circuit 12 would
      become approximately 1.2 KHz. Since the power of the input tone is much
      larger than the power of the noise signal, the reduction in the power mean
      frequency estimate due to nonsymmetrical noise about the tone signal would
      be negligible. The output signal of circuit 12 would correspond to +200 Hz
      which would not be within the .+-.30 Hz required by comparison circuit 15
      whose output would therefore be negative. Decision circuit 17 would
      therefore have two positive and one negative inputs and its output would
      be negative indicating the absence of the desired milliwatt tone input.
PAR  Next, consider the case when only the noise signal is present. The
      estimated total power of the input signal from power estimation circuit 11
      would be approximately 0.01 milliwatts which would not be within the
      limits of 0.9 and 1.1 milliwatts required by comparison circuit 14 whose
      output would therefore be negative. The estimated power mean frequency of
      the input signal at the output of power mean frequency estimation circuit
      12 would be 1 KHz since the noise is symmetrical about 1 KHz. The output
      of estimation circuit 12 would therefore be zero which would be within the
      limits of .+-.30 Hz required by comparison circuit 15 whose output would
      therefore be positive. The mean square power bandwidth of the input signal
      can be calculated according to Equation 14 by inserting P.sub.s = 0;
      P.sub.n =  10 milliwatts; and f.sub.n = 500 Hz. According to this
      calculation, B.sup.2 = (290 Hz).sup.2 which is not within the limit of
      (150 Hz).sup. 2 which is required by comparison circuit 16 whose output is
      therefore negative. Decision circuit 17 has two negative and one positive
      inputs and therefore has a negative signal present on its output
      indicating the absence of the desired milliwatt tone signal.
PAR  Next consider an exemplary use of the invention in a TOUCH-TONE system
      which uses eight distinct tones separated into a high group and a low
      group. These tones are shown in FIG. 4 as elements 81-88. A TOUCH-TONE
      signal comprises a combination of one tone from the low band 81-84 and one
      tone from the high band 85-88. A circuit according to the invention for
      detecting TOUCH-TONE signals is shown in FIG. 5. Two sets of estimators
      are provided, one set for the low band and one set for the high band. The
      low band estimators 101, 102, and 103 have a reference frequency of 811
      hertz and a bandwidth from center to one extreme of approximately 300
      hertz which thereby includes all of the low band tones and none of the
      high band tones. The high band estimators 104, 105, and 106 have a
      reference frequency of 1406 hertz and a bandwidth from center to one
      extreme of approximately 300 hertz, thereby including all of the high band
      tones and none of the low band tones. The decision circuitry is necessary
      in order to determine whether or not two tones are present which comprise
      a valid TOUCH-TONE combination, both of which tones have the proper power
      and bandwidth. Comparision circuits 107 and 108 determine whether or not
      the signal present in the low band and the signal present in the high band
      are each within the allowable power limits of 0.009 milliwatts to 2.5
      milliwatts. Comparison circuits 109 and 110 determine whether or not the
      signals present in the low band and high band are within the mean square
      power bandwidth requirements of B.sup.2 &lt; (150 Hz).sup.2. For the purposes
      of this example, it is assumed that each individual TOUCH-TONE signal has
      a typical power of 1 milliwatt and that the noise within the bandwidth of
      the detector has a typical power of 1 microwatt so that the calculations
      of expected bandwidth for each signal under both ideal and nonideal
      conditions would be the same as the prior example. The output of low band
      power mean frequency estimator 102 is connected to an input of each of
      comparison circuits 111 through 114, each of which compares the power mean
      frequency estimate of the low band input signal to the power mean
      frequency of one of the four valid tones for the low band plus or minus 30
      hertz which are, respectively, 697 hertz, 770 hertz, 852 hertz, and 941
      hertz. The outputs of comparators 111 through 114 comprise four of the set
      of nine output terminals. The outputs of comparators 111 through 114 are
      also each connected to an input of "OR" gate 115. The output of gate 115
      indicates whether or not a valid signal is present in the low frequency
      range.
PAR  The output of the high band power mean frequency estimator 105 is connected
      to an input of each of comparison circuits 116 through 119. The outputs of
      comparators 116 through 119 indicate whether or not the estimated power
      mean frequency of the high band input signal is equal to the power mean
      frequency of one of the valid tones plus or minus 30 hertz which are,
      respectively, 1209 hertz, 1336 hertz, 1477 hertz, and 1633 hertz. The
      outputs of comparators 116 through 119 comprise four of the set of nine
      output lines. The outputs of comparators 116 through 119 are each
      connected to an input of OR gate 120 whose output indicates the presence
      or absence of a valid tone in the high frequency range. An AND gate 125
      has six inputs connected, respectively, to the outputs of comparators 107,
      108, 109, 110, OR gate 115, and OR gate 120. The output on AND gate 125
      comprises one of the output lines and indicates the presence or absence of
      a valid TOUCH-TONE signal. A valid TOUCH-TONE signal according to AND gate
      125 requires the presence of valid tones in both the high and low band
      which each meet the total power and bandwidth requirements.
PAR  The output of this exemplary tone detector comprises eight lines, each
      indicating the presence or absence of the eight individual TOUCH-TONE
      frequencies and a ninth valid signal line which indicates whether or not
      the information present on the eight-tone indicator output lines is valid.
      There are many encoded or decoded forms of this information which could be
      easily implemented by someone skilled in the art, however, this form is
      one typical representation.
PAR  This example illustrates the use of one set of estimator circuits to
      provide the information necessary to detect a number of different tones
      within the bandpass of the estimator circuits. Prior TOUCH-TONE detectors
      require a complete filter-type tone detector for each possible frequency
      and, therefore, the circuit of the invention represents a considerable
      savings. It should also be observed that the low band estimator comprising
      elements 101 through 103 and high band estimator comprising elements 104
      through 106 could be implemented using a single set of estimators, time
      multiplexed between the two bands by providing a different reference
      frequency for each of the two bands. In order to perform the multiplexing,
      certain control and memory circuits would be necessary.
PAR  Finally, consider an example comprising the use of the invention for the
      detection of multifrequency signals. A multifrequency signal comprises the
      combination of any two of six individual tones as shown in FIG. 6. Since
      these six tones are separated from each other by 200 hertz beginning with
      the lowest and progressing to the highest and since any two tones comprise
      a valid signal, it is not possible to use the same approach as used for
      TOUCH-TONE signals. The circuit shown in FIG. 7 is an example of the
      application of the invention to the detection of multifrequency tones. A
      set of estimator circuits 150, 151, 152, and 201 are connected to the
      input signal for calculating estimates, respectively, of the power mean
      frequency, total power, guard power, and mean square power bandwidth. The
      output of power mean frequency estimator 150 is connected to comparator
      circuits 160 through 168 whose outputs indicate whether or not the
      estimated power mean frequency of the input signal is substantially equal
      to one of the nine possible power mean frequencies of valid multifrequency
      signals as shown in FIG. 7. In order for the input signal to be
      substantially equal to one of the expected values for comparison circuits
      160 through 168, it is necessary that two of the allowed frequencies shown
      in FIG. 6 be present, that the two frequency components have essentially
      equal power, and that the noise signal be negligible in comparison to the
      tone signals.
PAR  The output of mean square power bandwidth circuit 152 is connected to an
      input of each of comparison circuits 170 through 174 which indicate on
      their outputs whether or not the estimate of the mean square power
      bandwidth of the input signal is substantially equal to one of the five
      values of mean square power bandwidth for the valid multifrequency signals
      as shown in FIG. 7.
PAR  The output of total power estimating circuit 151 is connected to the input
      of comparison circuit 176 which generates an output indicating whether or
      not the total power of the input signal is within the acceptable limits as
      shown in FIG. 7.
PAR  The output of guard power estimating circuit 201 is connected to the input
      of comparison circuit 202 which generates an output indicating whether or
      not the power of the input signal within a predetermined range of
      frequencies is above or below the threshold value which is determined to
      be between the maximum expected noise power and minimum expected signal
      power.
PAR  Whether or not one of the 15 valid multifrequency signals is present is
      indicated by the output of AND gates 180 through 194, respectively. Each
      of the AND gates 180 through 194 comprises three inputs which are
      connected to the output of comparison circuit 176, the output of one of
      the comparator circuits 160 through 168, and the output of one of the
      comparison circuits 170 through 174. Each of AND gates 190, 192, 193, and
      194 have a fourth input connected to the output of comparison circuit 202
      which is necessary for the case when a noise signal is present in order to
      ensure that the noise will not be falsely detected as a valid signal. Each
      of the AND gates 180 through 194, therefore, requires that an acceptable
      total power estimate is present, that the estimated guard power is less
      than a certain level for certain combinations, and that one of the valid
      combinations of acceptable estimated mean power frequency and estimated
      mean square power bandwidth of the input signal is present.
PAR  The circuit shown in FIG. 7 illustrates the use of the invention for the
      detection of multiple tone signals. Many other multiple tone signals could
      be detected using this invention by the construction of similar circuits
      by one of ordinary skill in the art using the principles taught herein.
PAR  It may be observed from the above examples and many others which could also
      be provided that the comparison of estimates of the first three spectral
      moments of the input signal with the same parameters of the desired signal
      results in a powerful and reliable tone signal detection system. Many
      signals which would erroneously result in a positive output from a
      conventional analog tone detection system can be detected as erroneous
      inputs by this invention.
PAR  What has been described is considered to be only a specific illustrative
      embodiment of the invention and it is to be understood that various other
      arrangements may be devised by one skilled in the art without departing
      from the spirit and scope thereof as defined by the accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tone detector comprising:
PA1  an input terminal for receiving an input signal;
PA1  a plurality of estimating means each comprising:
PA2  an input connected to said input terminal; an output; and
PA2  means for generating at said estimating means output an estimate of a
      parameter of the frequency spectrum of said input signal;
PA1  one or more decision circuits, each decision circuit comprising:
PA2  a plurality of inputs each connected to a respective one of said plurality
      of estimating means outputs;
PA2  an output; and
PA2  a plurality of comparison circuits, each comparison circuit corresponding
      to one of said plurality of estimating means and comprising:
PA2  an input connected to the one of said decision circuit inputs connected to
      the corresponding estimating means;
PA2  an output; and
PA2  means for generating at said comparison circuit output a first signal if
      the signal present on said input of said comparison means is essentially
      equal to the value of the corresponding parameter of a tone to be detected
      and a second signal in the absence of equality; and
PA2  means for generating at said decision circuit output a third signal if all
      of said outputs of said plurality of comparison circuits have a first
      signal present and a fourth signal if one or more of said outputs of said
      plurality of comparison circuits has a second signal present; and
PA2  one or more output terminals, each connected to a corresponding decision
      circuit output for indicating the presence or absence of a predetermined
      tone whose presence is to be detected.
NUM  2.
PAR  2. A tone detector according to claim 1 wherein said plurality of
      estimating means comprises:
PA1  a total power estimating means comprising:
PA2  an input connected to said input terminal;
PA2  an output; and
PA2  means for generating at said total power estimating means output an
      estimate of the total power of said input signal;
PA1  a power mean frequency estimating means comprising:
PA2  an input connected to said input terminal;
PA2  an output; and
PA2  means for generating at said power mean frequency estimating means output
      an estimate of the power mean frequency of said input signal; and
PA1  a mean square power bandwidth estimating means comprising:
PA2  an input connected to said input terminal;
PA2  an output; and
PA2  means for generating at said mean square power bandwidth estimating means
      output an estimate of the mean square power bandwidth of said input
      signal.
NUM  3.
PAR  3. A tone detector according to claim 2 wherein said plurality of
      comparison circuits comprises:
PA1  a total power comparison circuit comprising:
PA2  an input connected to said output of said total power estimating means;
PA2  an output; and
PA2  means for generating at said total power comparison circuit output a first
      signal when said output of said total power estimating means is equal
      within predefined limtis to the total power of a tone or combination of
      tones to be detected and a second signal in the absence of equality;
PA1  a power mean frequency comparison circuit comprising:
PA2  an input connected to said output of said power mean frequency estimating
      means;
PA2  an output; and
PA2  means for generating at said power mean frequency comparison circuit output
      a first signal when said output of said power mean frequency estimating
      means is equal within predefined limits to the power mean frequency of a
      tone or combination of tones to be detected and a second signal in the
      absence of equality; and
PA1  a mean square power bandwidth comparison circuit comprising:
PA2  an input connected to said output of said mean square power bandwidth
      estimating means;
PA2  an output; and
PA2  means for generating at said mean square power bandwidth comparison circuit
      output a first signal when said output of said mean square power bandwidth
      estimating means is equal within predefined limits to the mean square
      power bandwidth of a tone or combination of tones to be detected and a
      second signal in the absence of equality.
NUM  4.
PAR  4. A tone detector according to claim 3 wherein said plurality of
      estimating means further comprises:
PA1  a guard power estimating means comprising:
PA2  an input connected to said input terminal;
PA2  an output; and
PA2  means for generating at said guard power estimating mean output an estimate
      of the power of said input signal within a predetermined frequency range;
      and
PA1  predefined ones of said decision circuit comprising said plurality of
      comparison circuits further comprises:
PA1  a guard power comparison circuit comprising:
PA2  an input connected to said output of said guard power estimating means;
PA2  an output; and
PA2  means for generating at said guard power comparison circuit output a first
      signal when said output of said guard power estimating means is less than
      a predefined limit and a second signal when said output of said guard
      power estimating means is equal to or greater than said predefined limits.
NUM  5.
PAR  5. A tone detector according to claim 1 wherein said plurality of
      estimating means comprises:
PA1  a first total power estimating means comprising:
PA2  an input connected to said input terminal;
PA2  an output; and
PA2  means for generating at said first total power estimating means output an
      estimate of the total power of a first set of frequencies of said input
      signal;
PA1  a first power mean frequency estimating means comprising:
PA2  an input connected to said input terminal;
PA2  an output; and
PA2  means for generating at said first power mean frequency estimating means
      output an estimate of the power mean frequency of a first set of
      frequencies of said input signal;
PA1  a first mean square power bandwidth estimating means comprising:
PA2  an input connected to said input terminal;
PA2  an output; and
PA2  means for generating at said first mean square power bandwidth estimating
      means output an estimate of the mean square power bandwidth of a first set
      of frequencies of said input signal;
PA1  a second total power estimating means comprising:
PA2  an input connected to said input terminal;
PA2  an output; and
PA1  means for generating at said second total power estimating means output an
      estimate of the total power of a second set of frequencies of said input
      signal;
PA1  a second power mean frequency estimating means comprising:
PA2  an input connected to said input terminal;
PA2  an output; and
PA2  means for generating at said second power mean frequency estimating means
      output an estimate of the power mean frequency of a second set of
      frequencies of said input signal;
PA1  a second mean square power bandwidth estimating means comprising:
PA2  an input connected to said input terminal;
PA2  an output; and
PA2  means for generating at said second mean square power bandwidth estimating
      means output an estimate of the mean square power bandwidth of a second
      set of frequencies of said input signal.
NUM  6.
PAR  6. A tone detector comprising:
PA1  an input terminal for receiving an input signal;
PA1  first means connected to said input terminal for generating output signals
      defining the total power of signals received from said input terminal and
      comprising an output terminal;
PA1  second means connected to said input terminal for generating output signals
      defining the power mean frequency of said signals received from said input
      terminal and comprising an output terminal;
PA1  third means connected to said input terminal for generating output signals
      defining the mean square power bandwidth of said signals received from
      said input terminal and comprising an output terminal;
PA1  a first comparison circuit comprising:
PA2  an input connected to said output of said first means;
PA2  an output; and
PA2  means for generating at said output a first signal when said output of said
      first means is equal within predefined limits to predefined
      characteristics of a signal to be detected and a second signal in the
      absence of equality;
PA2  a second comparison circuit comprising:
PA2  an input connected to said output of said second means;
PA2  an output; and
PA2  means for generating at said output said first signal when said output of
      said second means is equal within predefined limits to predefined
      characteristics of said signal to be detected and said second signal in
      the absence of equality;
PA1  a third comparison circuit comprising:
PA2  an input connected to said output of said third means;
PA2  an output; and
PA2  means for generating at said output said first signal when said output of
      said third means is equal within predefined limits to predefined
      characteristics of said signal to be detected and said second signal in
      the absence of equality; and
PA1  a decision circuit comprising:
PA2  first, second, and third inputs connected respectively to said outputs of
      said first, second, and third comparison circuits;
PA2  an output; and
PA2  means for generating at said output said first signal when said outputs of
      said first, second, and third comparison circuits present said first
      signal and said second signal when said first, second, and third
      comparison circuits do not all present said first signal.
NUM  7.
PAR  7. A tone detector comprising:
PA1  an input terminal for receiving an input signal of the form
EQU  x Cos .omega..sub.i t
PAL  where .omega. is the frequency of a tone present in said input signal;
PA1  means for generating a reference signal at a frequency .omega..sub.o where
      .omega..sub.o is the frequency of a tone desired to be detected;
PA1  first quadrature component generating means connected to said input
      terminal for generating output signals defining the Cosine quadrature
      component .alpha.(t) of said input signal according to the relationship
EQU  .alpha.(t) = X Cos (.omega..sub.i - .omega..sub.o)t and comprising an
      output terminal;
PA1  a second quadrature component generating means connected to said input
      terminal for generating output signals defining the Sine quadrature
      component .beta.(t) of said input signal according to the relationship:
EQU  .beta.(t) = X Sin (.omega..sub.i - .omega..sub.o)t
PAL  and comprising an output terminal;
PA1  a first spectrum parameter estimating means comprising:
PA2  a first input connected to said output of said first means for generating
      quadrature components and a second input connected to said output of said
      second means for generating quadrature components;
PA2  means for generating output signals defining an estimate of the total power
      P of said input signal over a time T according to the relationship:
      ##EQU1##
      and an output terminal; a second spectrum parameter estimating means
      comprising:
PA2  a first input connected to said output of said first means for generating
      quadrature components and a second input connected to said output of said
      second means for generating quadrature components;
PA2  means for generating output signals defining an estimate of the power mean
      frequency .omega..sub.d of said input signal over a time T according to
      the relationship:
      ##EQU2##
      where .beta. (t) is the first derivative of .beta. (t) and .alpha. (t) is
      the first derivative of .alpha. (t) and an output terminal;
PA1  a third spectrum parameter estimating means comprising:
PA2  a first input connected to said output of said first means for generating
      quadrature components and a second input connected to said output of said
      second means for generating quadrature components;
PA2  means for generating output signals defining an estimate of the power
      bandwidth B.sup.2 of said input signal over a time T according to the
      relationship:
      ##EQU3##
      and an output terminal; a first comparison circuit comprising:
PA2  an input connected to said output of said first spectrum parameter
      estimating means;
PA2  an output; and
PA2  means for generating at said output a first signal when said output of said
      first spectrum parameter estimating means is equal within predefined
      limits to predefined characteristics of a signal to be detected and a
      second signal in the absence of equality;
PA1  a second comparison circuit comprising:
PA2  an input connected to said output of said second spectrum parameter
      estimating means;
PA2  an output; and
PA1  means for generating at said output said first signal when said output of
      said second spectrum parameter estimating means is equal within predefined
      limits to predefined characteristics of said signal to be detected and
      said second signal in the absence of equality;
PA1  a third comparison circuit comprising:
PA2  an input connected to said output of said third spectrum parameter
      estimating means;
PA2  an output; and
PA2  means for generating at said output said first signal when said output of
      said third spectrum parameter estimating means is equal within predefined
      limits to predefined characteristics of said signal to be detected and
      said second signal in the absence of equality; and
PA1  a decision circuit comprising:
PA2  first, second, and third inputs connected respectively to said outputs of
      said first, second, and third comparison circuits;
PA2  an output; and
PA2  means for generating at said output a third signal when said outputs of
      said first, second, and third comparison circuits present said first
      signal and a fourth signal when said first, second, and third comparison
      circuits do not all present said first signal.
NUM  8.
PAR  8. A tone detector comprising:
PA1  an input terminal for receiving an input signal;
PA1  a local oscillator for generating signals corresponding to the Sine and the
      Cosine of a predetermined frequency;
PA1  a first multiplier circuit comprising:
PA2  a first input connected to said input terminal;
PA2  a second input connected to said Cosine output of said local oscillator;
PA2  an output; and
PA2  means for generating an output signal corresponding to the product of said
      first and said second inputs and said first multiplier output signal
      comprising a first component corresponding to the sum of the frequency of
      said input signal and the frequency of said local oscillator and a second
      component corresponding to the difference between the frequency of said
      input signal and the frequency of said local oscillator;
PA1  a first low pass filter comprising:
PA2  an input connected to said output of said first multiplier;
PA2  an output; and
PA2  means for removing said component of said first multiplier output signal
      corresponding to the sum of said input frequency and said local oscillator
      frequency;
PA1  a first differentiator circuit comprising:
PA2  an input connected to said output of said first low pass filter;
PA2  an output; and
PA2  means for generating a signal corresponding to the derivative of said
      signal present at said input of said first differentiator circuit;
PA2  a second multiplier circuit comprising:
PA1  a first input connected to said input terminal;
PA1  a second input connected to said Sine output of said local oscillator;
PA1  an output; and
PA1  means for generating an output signal corresponding to the product of said
      first and said second inputs and said second multiplier output signal
      comprising a first component corresponding to the sum of the frequency of
      said input signal and the frequency of said local oscillator and a second
      component whose frequency corresponds to the difference between the
      frequency of said input signal and the frequency of said local oscillator;
PA1  a second low pass filter comprising:
PA2  an input connected to said output of said second multiplier;
PA2  an output; and
PA2  means for removing said component of said second multiplier output signal
      corresponding to the sum of said input frequency and said local oscillator
      frequency;
PA1  a second differentiator circuit comprising:
PA2  an input connected to said output of said second low pass filter;
PA2  an output; and
PA2  means for generating a signal corresponding to the derivative of said
      signal at said input of said second differentiator circuit;
PA1  a power frequency product circuit comprising:
PA2  a first input connected to said output of said first differentiator
      circuit;
PA2  a second input connected to said output of said second low pass filter
      circuit;
PA2  a third input connected to said output of said first low pass filter;
PA2  a fourth input connected to said output of said second differentiator;
PA2  an output; and
PA2  means for generating an output signal corresponding to the product of the
      power of said input signal and the difference between the frequency of
      said input signal and the frequency of said local oscillator signal;
PA1  a first integrator comprising:
PA2  an input connected to said output of said power frequency product circuit;
PA2  an output; and
PA2  means for generating a signal at said output of said first integrator
      corresponding to the average power frequency product over a predetermined
      period of time;
PA1  a power circuit comprising:
PA2  a first input connected to said output of said first low pass filter;
PA2  a second input connected to said output of said second low pass filter;
PA2  an output; and
PA2  means for generating a signal at said output of said power circuit
      corresponding to the total power of said input signal;
PA1  a second integrator comprising:
PA2  an input connected to said output of said power circuit;
PA2  an output; and
PA2  means for generating a signal at said output of said second integrator
      circuit corresponding to the average total power of said input signal over
      a predetermined time interval;
PA1  a first divider circuit comprising:
PA2  a dividend input connected to said output of said first integrator circuit;
PA2  a divisor input connected to said output of said second integrator circuit;
PA2  an output; and
PA2  means for generating a signal at said first divider output corresponding to
      said output of said first integrator divided by said output of said second
      integrator;
PA1  a bandwidth circuit comprising:
PA2  a first input connected to said output of said first differentiator;
PA2  a second input connected to said output of said second differentiator;
PA2  an output; and
PA2  means for generating at said output a signal corresponding to an estimate
      of the total power of said input signal times the sum of the mean square
      bandwidth of said input signal and the power means frequency squared of
      said input signal;
PA1  a third integrator comprising:
PA2  an input connected to said output of said bandwidth circuit;
PA2  an output; and
PA2  means for generating at said output of said integrator circuit a signal
      corresponding to the average of said output of said bandwidth circuit over
      a predetermined time interval;
PA1  a second divider circuit comprising:
PA2  a dividend input connected to said output of said third integrator;
PA2  a divisor input connected to said output of said second integrator;
PA2  an output; and
PA2  means for generating at said output of said second divider circuit a signal
      corresponding to said output of said third integrator divided by said
      output of said second integrator;
PA1  a third multiplier circuit comprising:
PA2  a first input connected to said output of said first divider;
PA2  a second input connected to said output of said first divider;
PA2  an output; and
PA2  means for generating at said output a signal corresponding to the
      mathematical square of said output of said first divider;
PA1  a subtractor circuit comprising:
PA2  a minuend input connected to said output of said second divider circuit;
PA2  a subtrahend input connected to said output of said third multiplier
      circuit;
PA2  an output; and
PA2  means for generating at said output of said subtractor a signal
      corresponding to said output of said second divider circuit minus said
      output of said third multiplier circuit;
PA1  a first comparison circuit comprising:
PA2  an input connected to said output of said second integrator circuit;
PA2  an output; and
PA2  means for generating at said output of said first comparison circuit a
      first signal if said output of said second integrator circuit is within
      predetermined limits and a second signal if said input of said output of
      said second integrator circuit is not within predetermined limits;
PA1  a second comparison circuit comprising:
PA2  an input connected to said output of said first divider;
PA2  an output; and
PA2  means for generating at said output of said second comparison circuit a
      first signal if said input of said second comparison circuit is within
      predetermined limits and a second signal if said input of said second
      comparison circuit is not within predetermined limits;
PA1  a third comparison circuit comprising:
PA2  an input connected to said output of said subtractor;
PA2  an output; and
PA2  means for generating at said output of said third comparison circuit a
      first signal if said input of said third comparison circuit is within
      predetermined limits and a second signal if said input of said third
      comparison circuit is not within predetermined limits;
PA1  a decision circuit comprising:
PA2  a first input connected to said input of said first comparison circuit;
PA2  a second input connected to said input of said second comparison circuit;
PA2  a third input connected to said input of said third comparison circuit;
PA2  an output; and
PA2  means for generating at said output of said decision circuit a third signal
      if said first, said second, and said third decision circuits have a first
      signal present and a fourth signal if said first, said second, and said
      third decision circuits do not all have a first signal present; and
PA2  an output terminal connected to said output of said decision circuit.
NUM  9.
PAR  9. A tone detector according to claim 8 wherein said power circuit
      comprises:
PA1  a first power multiplier circuit comprising:
PA2  aa first and second input, both connected to said output of said first low
      pass filter;
PA2  an output; and
PA2  means for generating an output signal corresponding to the product of the
      signals present on said first and said second inputs;
PA1  a second power multiplier circuit comprising:
PA2  a first and second input, both connected to said output of said second low
      pass filter;
PA2  an output; and
PA2  means for generating an output signal corresponding to the product of the
      signals present on said first and said second inputs; and
PA1  a power adder circuit comprising:
PA2  a first input connected to said output of said first power multiplier
      circuit;
PA2  a second input connected to said output of said second power multiplier
      circuit;
PA2  an output; and
PA2  means for generating an output signal corresponding to the sum of the
      signals present on said first and said second inputs;
PA1  said power frequency product circuit comprises:
PA2  a first power frequency product multiplier circuit comprising:
PA2  a first input connected to said output of said first differentiator;
PA2  a second input connected to said output of said second low pass filter;
PA2  an output; and
PA2  means for generating an output signal corresponding to the product of the
      signals present on said first and said second inputs;
PA1  a second power frequency product multiplier circuit comprising:
PA2  a first input connected to said output of said first low pass filter;
PA2  a second input connected to said output of said second differentiator;
PA2  an output; and
PA2  means for generating an output signal corresponding to the product of the
      signals present on said first and said second inputs; and
PA1  a power frequency product subtractor circuit comprising:
PA2  a minuend input connected to said output of said first power frequency
      product multiplier circuit;
PA2  a subtrahend input connected to said output of said second power frequency
      product multiplier circuit;
PA2  an output; and
PA1  means for generating an output signal corresponding to the signal present
      on said minuend input minus the signal on said subtrahend input; and
PA1  said bandwidth circuit comprising:
PA1  a first bandwidth multiplier circuit comprising:
PA2  first and second inputs connected to said output of said first
      differentiator;
PA2  an output; and
PA2  means for generating an output signal corresponding to the product of the
      signals present on said first and said second inputs;
PA1  a second bandwidth multiplier circuit comprising:
PA2  first and second inputs connected to said output of said second
      differentiator;
PA2  an output; and
PA2  means for generating an output signal corresponding to the product of the
      signals present on said first and said second inputs of said second
      bandwidth multiplier circuit; and
PA1  a bandwidth adder circuit comprising:
PA2  a first input connected to said output of said first bandwidth multiplier
      circuit;
PA2  a second input connected to said output of said second bandwidth multiplier
      circuit;
PA2  an output; and
PA2  means for generating an output signal corresponding to the sum of the
      signals present on said first and said second inputs of said bandwidth
      adder circuit.
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ABST
PAL  A long distance telephone call limiting device is provided which prevents
      the dialing of a long distance telephone number. The device comprises a
      stopper mounted on the dial ring at the 0 position. The stopper engages an
      arrangement of cams and levers when an 0 or 1 is dialed as either the
      first or second digits in a telephone number. The engagement prevents the
      further dialing of the number. The device is reset by the placement of the
      handset into the cradle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a long distance telephone call limiting
      device capable of preventing the user of an ordinary dial type telephone
      from making long distance telephone calls without permission of the owner.
PAR  2. Description of the Prior Art
PAR  The long distance telephone service in the United States and its
      surrounding area are conducted according to the following system:
PAR  The entire service area is divided into telephone areas to which a three
      digit area code is assigned. This area code is put before a 7 digit
      individual number, thus constituting an individual telephone number. Of
      course, within a local call area no area code is required. The manner of
      combination of the above mentioned area codes and that of the first three
      figures of 7 digit individual numbers are fundamentally different from one
      another. For example, the figure in the middle of three digits of each
      area code is 0 or 1 such as, for example, 205, 712 but the figure in the
      middle of the first three figures of each 7 digit personal number is never
      to be 0 or 1, such as, for example, 245, 837, etc.
PAR  Thus, it is concluded from the above mentioned telephone number composition
      that there are three areas for making long distance calls, namely:
PAR  1. An area where an area code plus an individual number are dialed.
PAR  2. An area where the dial numeral 1 (a long distance call number) and then
      an area code and an individual number are dialed.
PAR  3. An area where 0 is dialed for calling an operator and telling her the
      area code and individual number desired.
PAR  In summation, in order to make long distance calls in the above mentioned
      areas, one must dial 0 or 1 in the first order, or 0 or 1 in the second
      order without exception, and this is not applicable to local calls.
      Accordingly, if a means is provided on the telephone which prevents the
      first digit 0 or 1, or the second digit 0 or 1 from being dialed initially
      it is possible to prevent any long distance telephone calls.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has been accomplished on the base of the above
      mentioned dialing mechanism and has the advantage of being installed
      simply and operated accurately so that abuse of long distance calls by
      others can be avoided.
PAR  Accordingly, it is an object of the present invention to provide a long
      distance telephone call limiting device comprising a dial preventing
      mechanism installed on a telephone set and operative relative to the
      rotation of the dial plate whereby an initial dialing of the dial numeral
      0 or 1 which any long distance call includes is prevented.
PAR  Another object of the present invention is to provide a long distance
      telephone call limiting device comprising a dial preventing mechanism
      installed on a telephone set and operative relative to the rotation of the
      dial plate whereby a second dialing of the dial numeral 0 or 1 which any
      long distance call includes is prevented.
PAR  Still another object of the present invention is to provide a long distance
      telephone call limiting device which is simple and economical.
PAR  The present invention comprises a stopper provided on the periphery of the
      dial plate, a plurality of cam members integrally formed with one another,
      a rotation sensing lever for sensing the rotation of the dial plate, an
      arch-shaped 0-check lever, a hook lever, a set lever, a connecting rod
      operative relative to the on and off movements of a handset of a
      telephone, and a plurality of spring means, all of which interact directly
      or indirectly with one another to respond to specific dialing conditions
      thereby to prevent and control the making of any long distance calls.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will now be explained in detail with reference to the
      accompanying drawing in which:
PAR  FIG. 1 shows a plan view of a telephone dial portion provided with the
      device according to the present invention; and
PAR  FIG. 2 shows a side view of a portion of same showing a link mechanism
      between a connecting rod and a switch lever of the device of the present
      invention.
PAR  FIG. 3 is a plan view of a portion of the caming mechanism of the present
      invention.
PAR  FIG. 4 illustrates the release mechanism of the present invention.
PAR  FIG. 5 illustrates a key used with the release mechanism of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a dial plate 11 is provided on its outer periphery of
      the finger hole of the dial numeral 0 a stopper 13. A finger stop 12 is
      provided on a base plate 14, as in an ordinary type telephone dial. A cam
      16 having a protrusion B is integral with upper cams 17 and 18. The cam 16
      is pivotable at a pin 29 on the base plate 14 and is kept at its original
      position by means of a tension spring 26. Further, the cam 16 faces one
      end C of an arch-shaped 0-check lever 19 which is pivotably supported by a
      pin 32. The lever 19 checks the dial numeral 0 being dialed. The cam 17
      faces a hook portion J of a rotatable sensing lever 15 which is pivotable
      at a pin 28 and is kept at its original position by means of a tension
      spring 25. The cam 18 faces a hook portion of a hook lever 21 which is
      pivotable at a pin 31 and is kept at its original position by means of a
      tension spring 27. A sickleshaped set lever 20 is pivotable at the pin 32
      and one end thereof is connected to the hook lever 21 at the pin 31. On
      the 0-check lever 19 there is provided control pins 33 and 34 such that
      one end of the set lever 20, which is raised by a tension spring 24
      located between the pins 31 and 32, swings to push the control pin 34. The
      end D of the check lever 19 extends to and is retained at, a position at
      which the stopper 13 of the outer periphery of the finger hole of the dial
      numeral 0 is checked. A connecting rod 22 moves up and down along a guide
      23 depending on the movement of the handset (not shown) on and off the
      telephone. The connecting rod 22 has a plurality of hook portions E, H and
      K which engage the end E of the set lever 20, the end G of the rotation
      sensing lever 15 and the lower surface of the hook lever 21 respectively.
PAR  Referring to FIG. 2, the connecting rod 22 is connected to a switch lever
      36 by a pivot pin 37 so that when the handset is off the telephone the
      switch lever 36 is released to rise up together with a switch button 35
      and the connecting rod moves downwardly in the direction of an arrow as
      shown. It should be noted in this connection that the FIG. 1 shows a
      condition of a mechanism of the present invention in which the hook
      portion F of the connecting rod 22 raises one end E of the set lever 20,
      the hook portion H raises one end G of the rotation sensing lever 15 and
      the hook portion K raises the hook lever 21, that is, a condition in which
      the handset is placed down on the telephone.
PAR  In operation, when the handset is off the telephone the connecting rod 22
      is lowered but the set lever 20, the rotation sensing lever 15 and the
      hook lever 21 are retained at their original positions and then a sequence
      of dialing operations and the operation of the checking mechanism of the
      present invention follow.
PAR  1. When the dial numeral 0 is dialed initially
PAR  The stopper 13 pushes the protrusion B of the cam 16 in the
      counter-clockwise direction. In this case, the hook portion J of the
      rotating sensing lever 15 is locked into the recessed portion of the cam
      17 by means of the spring means 25 whereupon the raised portion A at the
      other end of the said sensing lever 15 is raised and the stopper 13 pushes
      it down as it passes. The cam 16 returns to its original position by means
      of the spring means 26. The stopper 13 continues to rotate toward contact
      with the finger stop 12 but is obstructed by one end (D) of the 0-check
      lever 19. In other words, all the remaining dial numerals 2 to 9 can be
      dialed because they reach the finger stop 12 but the dial numeral 0 cannot
      be dialed.
PAR  2. When the dial numeral 1 is dialed initially
PAR  When the dial numeral 1 is dialed by 60.degree., it is at a position
      immediately adjacent the finger stop 12. In this case, the stopper 13
      passes the cam 16 by pushing the protrusion B of the latter in the
      counter-clockwise direction and reaches a position where the dial numeral
      8 was originally positioned. At this time, the protrusion B of the cam 16
      is disengaged from the stopper 13 and tends to return to its original
      position but is retained at a position a little short of its original
      position since the hook portion J of the rotation sensing lever 15 is
      locked into the recessed portion of the cam 17. Accordingly, the return
      movement of the dial plate 11 is checked due to an engagement of the
      stopper 13 with the protrusion B of the cam 16 and no signal whatever is
      dispatched and further dialing is checked. Of course, when the handset is
      placed down on the telephone, the connecting rod 22 is raised. Since the
      hook portion H thereof raises up one end G of the rotation sensing lever
      15, the hook portion J of the said lever 15 and the recessed portion of
      the cam 17 are disengaged from each other to make the protrusion B of the
      cam 16 to return to its original position and the stopper 13 returns to
      its original position. In this case, as the hook lever 21 is retained at
      its original position by means of the hook portion K of the connecting rod
      22 it does not engage the cam 18 and the 0-check lever 19, for checking
      the dial numeral 0, is retained at its original position by means of the
      force spring 24 without engaging the recessed portion of the cam 16, thus
      allowing the cam 16 to return to its original position.
PAR  Thus, it is apparent that any telephone call starting with the dial numeral
      1 or 0 cannot be made with a telephone provided with the device according
      to the present invention.
PAR  On the other hand, in case where any one of the other dial numerals 2 to 9
      come initially, dialing is made without any obstruction and as described
      above, the dial plate 11 begins to assume a return movement as follows:
PAR  The stopper 13 pushes down the rotation sensing lever 15 first and then
      pushes away the protrusion B of the cam 16 in the clockwise direction. The
      cam 16 tends to return to its original position after the stopper 13 of
      the dial plate 11 has passed but remain midway between the position which
      the cam 16 can reach in the full counter-clockwise direction and its
      original position since the hook portion L of the hook lever 21 is locked
      into the recessed portion of the cam 18.
PAR  3. When the dial numeral 0 is dialed second
PAR  The stopper 13 pushes the protrusion B of the cam 16 in the
      counter-clockwise direction. Accordingly the hook lever 21 which has been
      locked into the recession portion of the cam 18 is drawn to the left and
      the one end of the set lever 20 opposite the end E, which has been
      retained at its original position by means of the tension spring 24,
      moves, due to a snap action, to a position adjacent the control pin 33 on
      the 0-check lever 19 and at the same time the end C of the 0-check lever
      19 is forced to abut against the cam 16, with the other end D of the lever
      19 still being in a position to check the advance movement of the stopper
      13 from reaching the finger stop 12. Thus, the dial numeral 0 cannot be
      dialed to the full.
PAR  4. When the dial numeral 1 is dialed second
PAR  Although the dial numeral 1 can be dialed to the finger stop 12 after
      having passed the protrusion B of the cam 16 and the raised portion A of
      the rotation sensing lever 11. However, as in the case of the dial numeral
      0, the end C of the 0-check lever 19 is forced to abut against the cam 16
      and when the protrusion B of the cam 16 is drawn to the counter-clockwise
      direction the hook portion J of the rotation sensing lever 15 is locked
      into the recessed portion of the cam 17 to check return movement of the
      cam 16 thereby preventing the dial plate 11 from returning to its original
      position and accordingly, no signal whatever is dispatched.
PAR  On the other hand, when the second dial numeral is any one of 2 to 9, the
      dial plate 11 can be operated without any obstruction as is clear from the
      foregoing description and as soon as it starts a return movement the
      stopper 13 pushes the raised portion A of the rotation sensing lever 15
      and then moves the protrusion B of the cam 16 in the clockwise direction.
      In this case, the end C of the 0-check lever 19 is locked into the
      recessed portion of the cam 16 at a position in which the cam 16 is
      rotated in the full clockwise direction and the cam 16 continues to remain
      checked and at the same time the end D of the 0-check lever 19 moves in
      the clockwise direction thus allowing the stopper 13 to pass therethrough
      without obstruction.
PAR  Thus, any third dial numerals from 0 to 9 can be dialed to the finger stop
      12 and the return movements thereof are not obstructed.
PAR  When the handset is placed down on the telephone, the connecting rod 22 is
      raised and the end E of the set lever 20, the end G of the rotaton sensing
      lever 15 and the hook lever 21 are raised by the hook portions F, H and K
      respectively, and at the same time, the end C of the 0-check lever 19 is
      disengaged from the recessed portion of the cam 16 to allow these members
      to return to their original position.
PAR  Lastly, to release the above mentioned checking mechanism, a release means,
      such as shown in FIGS. 4 and 5 may be provided such that with the use of a
      key with a key hole provided on a suitable portion of the base plate 14
      the cam 16 is rotated clockwise and the end C of the 0-check lever 19 is
      locked into the recessed portion of the cam 16 to thereby release at any
      time the limiting device of the present invention. In FIGS. 4 and 5 the
      top Q of key 41 is inserted in guide holes P of the releasing plate 38,
      which rotates around the pin 39 mounted on base 14. The key 41 is rotated
      counter clockwise.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A long distance telephone call limiting device for preventing the
      dialing of a long distance telephone number said device comprising:
PA1  a. a telephone set;
PA1  b. a stopper provided on the outer periphery of the finger hole of the dial
      numeral 0 of a telephone dial plate;
PA1  c. first, second and third rotatable cam members spaced from said dial
      plate;
PA1  d. an arch-shaped 0-check lever means, wherein one end thereof checks said
      stopper and the other end thereof engages with the first cam member of
      said cam members;
PA1  e. a rotatable sensing lever means for sensing the rotation of the dial
      plate said sensing lever means including a hook portion for engaging the
      second cam member of said cam members;
PA1  f. a hook lever means for engaging the third cam member of said cam
      members;
PA1  g. set lever means pivotably and coaxially mounted with said 0-check lever
      means and connected to said hook lever means; and
PA1  h. a connecting rod having a plurality of hook means for engaging said set
      lever means, said rotation sensing lever means and said hook lever means
      respectively said rod moving in response to the movement of a handset on
      and off the telephone, wherein the dialing of an 0 or 1 in either of the
      first two digits of a phone number prevents the dialing of the remainder
      of the number.
NUM  2.
PAR  2. A long distance telephone call limiting device as claimed in claim 1
      including a plurality of tension spring means coupled respectively to said
      check lever means, said sensing lever means, and said set lever means.
NUM  3.
PAR  3. A long distance telephone call limiting device as claimed in claim 1
      which is provided with a release means adopted to unlock the said limiting
      device.
NUM  4.
PAR  4. A long distance telephone call limiting device for preventing the
      dialing of long distance telephone numbers said device comprising:
PA1  a. a telephone set;
PA1  b. stopper means mounted on the dial ring of said telephone set at the 0
      position thereof;
PA1  c. prevention means mounted on said telephone set, said prevention means
      being engaged by said stopper means upon the dialing of a 1 or 0 in either
      the first two digits of a telephone number, wherein said prevention means
      prevents the completion of the dialing of the telephone number upon said
      engagement with said stopper means; and
PA1  d. resetting means for disengaging said stopper means and said prevention
      means upon the placement of the handset of said telephone in the craddle
      thereof.
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ABST
PAL  A circuit is provided for detecting the condition of a signalling output
      being applied by a line circuit to a key telephone and for responding to a
      predetermined condition of the line circuit. The detecting circuit
      provides a comparison with the signalling output to identify the
      signalling output and produce an indication based on the condition
      signalled by the output. The input to the lamp circuit comparator is
      compared for amplitude and wave form with a reference for passage of the
      output signal. With the circuit configuration disclosed, a large range of
      amplitudes may be used as a basis for comparison in a plurality of wave
      forms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In key telephone systems, each of the conditions of a line involved in a
      call is indicated by a specific visual signal at the line lamps
      representing that line. By sensing the electrical condition generating
      that lamp signal, a secondary indication of that condition may be made to
      trigger an output.
PAR  In key systems, the line lamp of a busy signal on a phone is held operated
      in a steady condition, the line lamp of a phone being rung is flashed at
      lamp flash rate and the line lamp is winked at a wink rate when the line
      is in a held condition. A number of ways of sensing the line condition are
      possible. One approach is to sense the voltage on the line for ringing
      (intermittent AC), closed loop (low resistance DC line) or hold (high
      resistance bridged DC across the line).
PAR  However, detecting these conditions and responding promptly to a change of
      the condition requires voltage sensing apparatus which may materially add
      to the cost of the apparatus in order to provide the necessary degree of
      sensing. Another approach would be to sense the line circuit relays are
      operated, since different combinations of relays are operated for each
      condition. Additional contacts on each relay, slave relays or considerable
      additional circuitry would be required to implement this form for sensing.
PAR  In addition, it has been found that there exists a need for the calling
      party to know that he has been placed on hold and not disclosed from his
      call. This is accomplished by connecting a source of audio to the
      telephone line during the period of time that the calling party has been
      placed on hold.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has as its field of primary application key telephone
      systems. The circuit of the invention comprises a simple electronic
      circuit which produces an interrupted AC output of predetermined amplitude
      and wave form as a reference. This output is compared with a signaling
      input transmitted to station line lamps by the line circuit of a key
      telephone system dependent on the line condition. If the reference and the
      signaling input are in agreement in frequency and amplitude, the condition
      of the line is readily identified and action can be taken based on that
      condition. An example of the action which can be taken is to transmit
      music on the line during a hold condition. The present circuit retains
      control of the action so that a change of condition may be sensed promptly
      and reacted to.
PAR  In key systems when a line circuit is placed on hold, an interrupted
      voltage is switched by an interrupter device via the line circuit to the
      lamps in all key telephone instruments at which the line circuit has an
      appearance. When the line circuit is idle, no voltage is present on the
      lamp lead. A constant voltage is switched through the line circuit to the
      lamp lead when the line circuit is busy. When the line circuit is being
      rung, a voltage, which is switched at a rate different than the hold rate,
      is connected to the lamp circuit by the line circuit. When the line is in
      a hold condition, the A lead of the line is connected to -24 volts
      (absence of ground). These various signals on the lamp lead represent an
      indication of the different states of the line circuit. By using the
      logical comparison of the line circuit state with that of a desired state,
      an output can be produced on the occurrence of that state. For example,
      the holding state may be detected and cause my circuit to transfer audio
      from an isolated balanced source to the telephone line during the holding
      state only. Use of my invention also provides means for starting and
      stopping audio sources, such as tape, disc, and wire recorders and
      playback units.
PAR  It is therefore an object of my invention to provide a circuit for sensing
      an indicator of the condition of a line of a key telephone circuit and to
      respond to a particular one of these conditions.
PAR  It is a further object of the invention to provide a circuit which senses
      the signaling current applied to a telephone line and uses a measure of
      the voltage of that current to detect the condition of that telephone
      line.
PAR  The reference voltage is obtained from the interrupter. A further object of
      the invention is to compare a reference voltage obtained from an
      interrupter circuit and to cause a reaction when applied voltage agrees
      with the reference, ending said reaction when the applied voltage changes
      or otherwise differs from the reference.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a key telephone apparatus within a telephone
      exchange;
PAR  FIG. 2 is a block diagram of the lamp control circuit of FIG. 1; and
PAR  FIG. 3 is a schematic circuit diagram in detail of the comparator of FIG. 2
     .
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In FIG. 1, I show a key telephone station 10 having access to a plurality
      of line indicated as line circuits 14, two of which are shown and
      designated as No. 1 and No. 2. In known fashion, each line circuit having
      access to a station instrument 10 has an appearance at a respective
      illuminated pushbutton on the station instrument. Each such pushbutton on
      depression, controls the connection of the line loop at the station 10 to
      the line represented by the button. A typical line circuit usable herein
      is shown by U.S. Pat. No. 3,426,488 to Barbato, issued 4/1/69. The line
      circuits 14, such as the one disclosed by the patent, all have a
      connection to a key telephone system designated in FIG. 1 as box 20 which
      provides access to the central exchange or PABX, designated 24. The
      exchange 24 has coupled thereto a plurality of telephones shown
      symbolically as a single station instrument 28.
PAR  Connected individually to each line circuit is a lamp control circuit 30
      which interfaces between the line circuit and a source of signal supply
      voltages 32 and an interrupter 36 which may be of any known type.
PAR  In FIG. 2, I show in block form a lamp control circuit or comparator 30
      which includes an AC detector 40, a logic gate circuit 42, an AC
      comparator 44, a DC comparator 46, relay control 48 and a relay K. The
      contacts of the relay may be used to supply music or other suitable audio
      inputs to the line via a transformer coupled stage or similar isolation
      device.
PAR  In FIG. 3, I show in greater detail my lamp control circuit. A supply of
      -24 V DC is applied to one end of resistor R10 and the other end is
      connected to the junction of diodes D1, D2 and D3. Diode D1 is connected
      to the A lead of the line circuit which has the lamp control circuit
      connected to it. When the line circuit is not in use or is in the hold
      mode, a -24 V DC potential is present at the A lead terminal. When the
      line circuit is in use, a ground source is connected to the A lead of the
      line circuit via the key telephone set using that line circuit. When
      ground is present on the A lead terminal of the lamp control circuit, the
      operation of the lamp control circuit is inhibited. When the A lead is not
      grounded, that is, when a -24 V DC is present on the A lead, the lamp
      control circuit operation becomes a function of the AC detector and the AC
      comparator.
PAR  When the interrupter operates in a present key system, it outputs a lamp
      flash signal of 10 volts AC at a rate of approximately 0.5 seconds on and
      0.5 seconds off, a lamp wink signal of 10 volts AC at a rate of
      approximately 0.45 seconds on and 0.05 off, and an interrupted ringing
      signal of 10 volts AC, 18 V AC or 105 V AC at a rate of approximately 1
      second on and 3 seconds off. The present lamp control circuit comparator
      is responsive only to the lamp indications resulting from the outputs of
      the interrupter as well as a constant 10 V AC. These indications (lamp
      wink, lamp flash, and constant lamp) are switched by the line circuit to a
      lamp lead. The lamp lead feeds the signal to all lamps on individual key
      telephone sets indicating the state of that particular line circuit. The
      lamp lead of each line is also connected to the lamp control circuit where
      the lamp wink condition (line circuit on hold) is detected and causes the
      lamp control circuit to operate a relay transferring an audio input to the
      particular telephone line. A control voltage and relay contacts are also
      available for starting and stopping suitable audio sources.
PAR  When the interrupter operates, a lamp wink signal is applied to resistor
      R1. Resistors R1 and R2 form a voltage divider network. The output from
      this network is applied to the base of transistor Q1 via resistor R17. The
      lamp lead of the line circuit being observed by the lamp comparator
      circuit is connected to resistor R3. Resistors R3 and R4 form a voltage
      divider network. The output from this network is applied to the emitter of
      transistor Q1. The AC difference voltage between the voltage at R1 and the
      voltage at R3 alternately forward bias and reverse bias the emitter base
      junction of transistor Q1. When the emitter-base junction of Q1 is forward
      biased, collector current flows and the variations in collector current
      are coupled through capacitor C1 and resistor R6 to the base of transistor
      Q2. This causes transistor Q2 to saturate on the negative portions of the
      base signal and discharge capacitor C2 through resistor R9. This places a
      low negative potential on capacitor C2 while transistor Q2 conducts. Diode
      D2 conducts and this places a low negative potential at point E.
PAR  The low negative potential is applied to the noninverting input of the
      operational amplifier and, because it is less negative than the reference
      voltage at the inverting input of the operational amplifier, the
      operational amplifier output is held at approximately ground. Diode D5
      protects Q1's emitter base junction from reverse voltages.
PAR  When there is no difference between the signals applied to resistors R1 and
      R3, transistor Q1 does not conduct and no signal is coupled from the
      collector of Q1 to turn on transistor Q2. Capacitor C2 charges to a -24 V
      DC potential. This potential causes diode D2 to cut off and the potential
      at point E is governed by the other diodes in the matrix D1 and D3.
PAR  If the A lead is not grounded by a key telephone set, a -24 V DC on that
      lead will cause diode D1 to cut off and now the voltage at point E is a
      function of the potential at point F and diode D3. When the two previously
      mentioned functions occur, the AC detector controls the operation of the
      lamp circuit comparator.
PAR  If the interrupter is operating, a lamp wink signal will be present at
      diode D4. This 10 V AC lamp wink signal is rectified by diode D4 and
      capacitor C3 charges to the peak value of the signal. Resistors R11 and
      R12 form a voltage divider network and capacitor C4 adds to the filtering
      of the ripple on the rectified signal. The voltage at point F is
      approximately -7 volts direct current. Because diodes D1 and D2 are cut
      off and the junction of all three diodes (D1, D2 and D3) are returned to a
      -24 V DC potential through resistor R10, diode D3 conducts and a negative
      DC potential of approximately -7.6 volts is present at point E. This
      negative potential is more negative than the reference voltage at point G
      of the voltage divider network of R13 and R14. The non-inverting input of
      the operational amplifier is now more negative than the inverting input
      and the operational amplifier output switches from approximately -1 V DC
      to approximately -23 V DC. This -23 V DC output causes zener action of
      transistor Q3. Transistor Q3 breaks down, applying a negative voltage via
      R15 to the base of transistor Q4. This turns on transistor Q4 which
      energizes the K relay. The K relay operates its contacts to start the
      audio source and/or switches the output of an audio source across the
      telephone line.
PAR  The timing of signals is of prime importance in this operation. The
      following table shows the significance of the signals in discerning line
      condition.
TBL  ______________________________________                                    
              LW from     Lamp Lead    Circuit                                 
     A Lead   Interrupter Signal       Operates                                
     ______________________________________                                    
      0 V     Yes         Lamp Constant                                        
                                       No                                      
     -24 V DC Yes         Lamp Flash   No                                      
     -24 V DC Yes         Lamp Wink     Yes                                    
     -24 V DC No          None         No                                      
     -24 V DC Yes         None         No                                      
     ______________________________________                                    
PAR  The reference signal here is the Lamp Wink signal. When the Lamp Lead
      signal agrees with the reference signal, the circuit will operate.
PAR  A ground or zero volts on the A lead inhibits the operation of the lamp
      control circuit. This inhibition signals the lamp circuit comparator that
      the line circuit is busy, that is, a closed loop is present on that
      telephone line. A -24 V DC on the A lead indicates three possibilities:
      (1) The telephone line may be idle; (2) The line may be in the hold
      condition; or (3) The line may be being rung. To determine which of these
      three conditions exists, a second question is asked by the lamp circuit
      comparator - Is the interrupter operating in the system? If the answer is
      "No," then the circuit will not operate. If the answer is "Yes," the lamp
      lead is tested for the lamp wink signal. When a lamp wink signal is
      present on the lamp lead, the circuit will operate and energize the
      transfer relay K.
PAR  In this way, I provide a simple condition sensing circuit applicable to any
      key system to determine the condition of the line as being rung, held or
      busy.
PAR  Other applications of the circuit are as follows: (1) To provide a priority
      answer circuit. The lamp circuit comparator can be used to start a timing
      device when the line circuit is in the ring-up condition. Here the
      reference input is the lamp flash signal. When the lamp circuit comparator
      operates, it will start a timer which will give an output at the end of
      the timing cycle. This output will initiate visual and/or audible
      signalling to an attendant that this particular line circuit has not been
      answered in the prescribed time interval.
PAR  Other uses of the circuit to sense conditions and provide a reaction may be
      readily comprehended from the foregoing explanation.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a key telephone system, a circuit for detecting the condition of a
      line in the system, in which the line may be in one state in which a line
      lamp representing that line is being pulsed by a signal comprised of
      current interrupted at a first rate, or in a second rate state in which
      the lamp is being pulsed by a signal comprised of current interrupted at a
      second rate, said circuit including means receptive of a current signal
      directed toward the line lamp, means for receiving a reference signal at a
      predetermined amplitude and at an interrupted predetermined one of said
      rates, means for comparing the rate of the signal directed toward said
      lamp against the predetermined signal rate, and means responsive to the
      rate of the signal directed toward said lamp and said predetermined
      reference signal being essentially identical for producing an output
      reaction indicative of the signal directed toward the lamp.
NUM  2.
PAR  2. A circuit as claimed in claim 1, wherein said first rate comprises a
      wink rate representing a hold condition on the line, and wherein said
      comparing means also compares the amplitudes of the signals whose rates
      are being compared, and said reaction producing means comprises gating
      means for sensing a state of said line and for passing said output
      reaction to a relay.
NUM  3.
PAR  3. A circuit as claimed in claim 1, wherein said comparing means includes
      an AC comparator which receives interrupted lamp current from said line
      lamp for comparison against interrupted current at said predetermined
      rate, in which there is a gating member receptive of output from said
      comparator, means for gating said member responsive to a predetermined
      signal condition from an A lead conductor at said line circuit for passing
      said output reaction.
NUM  4.
PAR  4. In a key telephone system including a station having a plurality of
      lines terminating thereat with each of said lines having a respective line
      circuit, a line lamp associated with each line circuit, a circuit for
      detecting signals at one of a plurality of interrupted signalling rates
      applied to a lead to a line lamp of one of said lines, including a source
      of signals at a predetermined one of said rates, means for comparing
      signals received from said source against the signals applied to the lamp
      lead of said one line, and output means responsive to the signals of the
      same rate being compared in said comparing means for emitting an output
      signal indicative of the identity of the rates of said signals, and means
      responsive to a predetermined condition of a conductor at said line
      circuit indicative of the status of said line for passing said output
      signal, and a bi-stable device switched to its active state responsive to
      the passing of said output signal.
NUM  5.
PAR  5. In a system as claimed in claim 4 wherein said conductor comprises the A
      lead of said line circuit and said predetermined condition comprises an
      absence of ground on said A lead signifying a hold condition.
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ABST
PAL  A muting circuit is provided for a phonograph record amplifier employing a
      semi-conductor cartridge wherein the cartridge has a shorting switch
      operative during the changing cycle wherein the amplifier associated with
      the cartridge is deactivated during the changing cycle of the pickup
      preventing transients in the output of the amplifier.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  In modern phonograph record changers a switch is provided which shorts the
      output of the cartridge when the changing cycle is taking place. This
      prevents noise in the output circuit which would otherwise be present,
      since the cartridge is subject to numerous vibrations and shocks during
      the changing cycle. With pickups which generate their own output voltage
      such as magnetic, crystal, ceramic and the like cartridges, this presents
      no problem. However, many phonograph changers use a semi-conductor
      cartridge which must be biased for operation. If this bias voltage is
      shorted out, it will produce a large transient spike on the output which
      is many times the normal output voltage of the cartridge and this spike
      would result in a final output from the amplifier of sufficient magnitude
      to blow out loud speakers and/or produce a catastrophic effect on the
      listeners.
PAR  In accordance with the present invention, a muting circuit is provided
      which uses a high speed analog gate to turn off the audio output of the
      amplifier before the transient appears at the output.
PAR  A diode is included in the muting circuit which is operative only during
      the muting period. At other times, the diode becomes reverse biased,
      presenting a very high impedance so that it does not interfere with the
      normal operation of the phonograph system.
PAR  A fast attack, slow decay circuit is provided so that the amplifier can
      stabilize before returning to its operative condition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of a muting circuit embodying the present
      invention. FIG. 2 is a detailed circuit diagram showing a practical
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawings, there is shown a semiconductor
      pickup cartidge 4 which has an output line 6 wherein the normal output of
      the cartridge is passed through low pass filter 7 and capacitor 8 to a
      pre-amplifier 10. The cartridge is provided with a bias voltage from
      source 12 through resistor 14. The opposite side of the pickup cartridge
      and the amplifier are grounded through line 16. A switch 18 is provided on
      the changer itself so that while the changing operation is taking place,
      switch 18 is closed, grounding line 6 so that there will be no output from
      the pickup cartridge 4 during this period. However, with the circuitry
      thus far described, at the time switch 18 is closed, a large negative
      spike or transient will appear on line 6 and be fed to the amplifier. This
      transient voltage is many times the normal output voltage of the cartridge
      and, if it were passed through the amplifier in the usual way, would
      frequently be sufficient to blow out loud speakers.
PAR  In order to prevent this, the circuit of the present invention provides a
      gate, in the form of a semi-conductor switch 20. Gate 20 is connected
      between the pre-amplifier 10 and the final or main amplifier 28. The
      operating line 22 of the gate is connected through diode 24 to line 6. A
      capacitor 26 is also provided between line 22 and ground. Now as a large
      negative spike appears on line 6, it will pass through diode 24 and close
      gate 20 and charge capacitor 26. Since there is some delay introduced
      through filter 7 and capacitor 8, the spike or transient will be prevented
      from ever reaching the main amplifier. After the spike has passed, the
      charge on capacitor 26 will maintain the gate 20 closed for a short period
      of time until the charge can leak off. After the charge leaks off, gate 20
      will again open so that the circuit can function in the normal way. It
      will be noted that the diode 24 now becomes reverse biased so that it
      presents a very high impedance and does not interfere with the normal
      operation of the system. Thus, the muting circuit of the present invention
      provides a fast attack and slow decay so that the circuitry will be
      instantly protected from a transient voltage and after the transient
      passes, the decay time is such that the pre-amplifier can stabilize and
      will not produce a second transient as the muting circuit opens and the
      amplifier again becomes operative.
PAR  In FIG. 2 a practical circuit is shown wherein a semi-conductor pickup 30
      is biased from source 32 through its output line 33 and is provided with a
      muting switch 34. The output is passed through low pass filter 35 and
      capacitor 36 to the base of transistor 38. Transistors 38 and 40
      constitute a differential amplifier with transistor 44 as a load. The
      output from transistor 40, i.e. from the differential amplifier, is fed to
      emitter follower 46 and output is taken on line 48 to the balance of the
      amplifying circuitry. Transistors 50 and 52 constitute a second
      differential amplifier with transistor 51 as a load and tend to stabilize
      the output of transistor 46. The base of the emitter follower 46 is
      normally maintained above ground potential by transistors 58 and 59 which
      are actually connected as diodes in series and which form part of a
      voltage divider. This permits normal amplifying action to take place.
PAR  Line 60 leads from switch 34, as shown, through diode 62 and through line
      64 to the transistor (diode) pair 58 and 59. Line 64 is also connected to
      ground through a small capacitor 66, e.g. 72 pf. The functioning of the
      circuit is now easy to see. As switch 34 closes, a large transient
      negative spike appears on line 60 and this signal is passed through the
      low pass filter 35 amd capacitor 36 to the base of transistor 38 and at
      the same time to 58 and 59. However, as was pointed out above, there is
      some time delay in passing through the low pass filter and capacitor but
      there is no substantial delay in passing through the diode 62. Thus line
      64 is grounded instantly. This, of course, cuts off the bias to transistor
      46 so that no output can appear on line 48. Since there has been a
      substantial delay through the low pass filter and no substantial delay in
      cutting off the bias to transistor 46, before the transient can appear on
      output line 48, transistor 46 is cut off. This, of course, prevents
      unwanted output from the amplifier.
PAR  Now as switch 34 opens, the amplifier does not immediately turn on but some
      delay is introduced through capacitor 66 so that until the charge on
      capacitor 66 leaks off, output remains cut off. This permits the
      pre-amplifier to stabilize and also prevents a second transient at the
      time switch 34 opens. As the charge on 66 leaks off, diode 62 will become
      the reversed biased and thus present a high impedance and not interfere
      with the normal operation of the circuit until switch 34 again closes.
PAR  Although certain specific polarities and components have been shown, it
      will be obvious to those skilled in the art that these are only for the
      purpose of illustrating the present invention and that the biasing voltage
      and the like can be of opposite polarity by the proper selection of
      components.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic muting system for a semi-conductor phonograph pickup
      cartridge, said cartridge having a shorting switch for the output leads of
      the cartridge, said muting circuit being actuated solely by said shorting
      switch, comprising in combination:
PA1  a. bias means for biasing said semi-conductor pickup cartridge through its
      output leads at a first polarity,
PA1  b. first output leads from said semi-conductor pickup cartridge, said leads
      being connected through a passive time delay circuit to the input leads of
      an amplifier,
PA1  c. bias means for said amplifier,
PA1  d. second output leads from said semi-conductor pickup cartridge connected
      directly to said bias means for said amplifier, and
PA1  e. means whereby the bias means for said amplifier is cut off when a
      voltage of opposite polarity is applied to said second output leads.
NUM  2.
PAR  2. The circuit of claim 1 wherein said amplifier derives bias voltage for
      operation through a voltage divider circuit and wherein said bias voltage
      is grounded by a polarity being applied thereto of the opposite polarity.
NUM  3.
PAR  3. The circuit of claim 1 wherein the connection to the second output
      circuit is bypassed by a capacitor whereby said muting circuit has a long
      decay time.
PATN
WKU  039379035
SRC  5
APN  4649273
APT  1
ART  235
APD  19740429
TTL  Sound track selector system for phonograph record players
ISD  19760210
NCL  12
ECL  12
EXA  Levy; Stewart
EXP  Moffitt; James W.
NDR  5
NFG  9
INVT
NAM  Osann, Jr.; Robert
STR  6725 Mariposa Ave.
CTY  Citrus Heights
STA  CA
ZIP  95610
CLAS
OCL  1791004D
XCL  1791003V
XCL  1791004A
XCL  274 15R
XCL  360 72
EDF  2
ICL  G11B 1914
FSC  179
FSS  100.4 A;100.4 D;100.3 V
FSC  274
FSS  15 R
FSC  250
FSS  566
FSC  360
FSS  72;78;86
UREF
PNO  2952464
ISD  19600900
NAM  Stimler
OCL  179100.4D
UREF
PNO  3368080
ISD  19680200
NAM  Nakagiri et al.
OCL  274 15
UREF
PNO  3566132
ISD  19710200
NAM  Walker
OCL  360 74
UREF
PNO  3662363
ISD  19720500
NAM  Chertok
OCL  179100.4D
UREF
PNO  3689079
ISD  19720900
NAM  Matsuda et al.
OCL  179100.4D
UREF
PNO  3701534
ISD  19721000
NAM  Laue
OCL  274 15R
ABST
PAL  A sound track selector system for a phonograph record player is provided
      comprising a light emitter and light detecting sensor carried beneath a
      sound stylus pick-up arm, directing light to the face of a phonograph
      record and receiving reflected light along axes substantially
      perpendicular to the record face and substantially parallel to one another
      as the emitter and sensor scan the record, means connected to the sensor
      for determining the bands between recorded sound in response to reflected
      light, and means for controlling the position of the pickup arm in
      response to preselected portions of the recording in relation to the
      detection of the unrecorded portions of the record. An optical encoder
      system is also provided for detecting the peripheral positions of the
      pickup arm with respect to the phonograph record.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The desirability of preselecting one or more specific renditions from a
      multiple-program long-playing phonograph record, such as a 331/3 rpm L/P
      record, has long been recognized. This applies whether the phonograph
      record comprises a series of independent musical or literary, or other
      types of renditions, only a portion of which may appeal to the listener or
      only a part of which meets the purpose for which the rendition may be
      selected. It also applies to both home use and commercial use, including
      broadcasting, of phonograph records.
PAR  The manual selection of such renditions is obviously totally unacceptable,
      since it is imprecise and results in damage to the record and to the
      phonograph stylus.
PAR  The most standard form of L/P phonograph record is designed for 331/3 RPM
      operation and usually comprises from about 5 to 7 renditions per side for
      popular music and a lesser number per side for classical music. In any
      event, the renditions may vary in length of time and number per side of
      each record for any particular purpose.
PAR  Such records are usually composed of a black vinyl or other polymeric
      material which readily reflects light. They are usually pressed from a
      master die which impresses on a polymeric record blank convoluted grooves
      carrying a sound track emanating from the outer periphery of the record
      and terminating near, but spaced from its center. When a multiplicity of
      renditions are included on one side of the record, each such rendition is
      spaced from the next by a small band containing an unmodulated groove to
      direct the stylus of the phonograph thereacross from the preceding
      rendition, represented by a band of sound modulated grooves, to the next
      band of sound-modulated grooves. The space between the sound-modulated
      grooves, however, is much more responsive to the reflection of light than
      is the band represented by the sound-modulated grooves, thereby enabling
      the sensing of successive bands of sound-modulated grooves, and through
      appropriate means, the programming of a record player to select any one or
      more of such bands for reproduction.
PAR  One approach to the solution of this programming problem is represented by
      U.S. Pat. No. 2.952,464 to Stimler which utilizes a source of light and a
      photoelectric cell to detect the respective bands on the record, but which
      requires an auxiliary optical system including lenses wherein the source
      of light and reflected light are directed and reflected at angles of about
      45.degree. to and from the record surface. An elaborate system of relays
      and switches is also employed to accomplish the desired control of the
      pickup arm.
PAR  The deficiencies of the system provided by Stimler are more fully pointed
      out in U.S. Pat. No. 3,368,080 to Nakagiri, which teaches the use of a
      photoelectric cell and a light emitting device, but nevertheless together
      with a conventional optical system, which still do not achieve the
      precision required, in an economical manner, for an effective system in
      accordance with the purposes of this invention.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the deficiencies of the prior art
      are overcome by providing an apparatus and system for preselecting
      specific desired bands of sound-modulated grooves of a phonograph
      recording and enabling the same to be played on a phonograph in accordance
      with such selection in a more precise and economic manner than provided by
      the prior art. A system for accomplishing this result is shown by a
      schematic block diagram in FIG. 1, which will be more fully described.
PAR  More specifically, the invention comprises the use of a light emitting
      diode (L.E.D.) which preferably emits light in the infrared range of the
      spectrum, and a phototransistor sensor which receives substantially all
      wavelengths of light, both being carried by the pickup arm of a phonograph
      as it scans a phonograph record. These are schematically indicated as
      "EMITTER" and "SENSOR" in FIG. 1.
PAR  The scanning means (consisting of an emittor and sensor) operates in a
      reflective mode, wherein light radiation is emitted and the reflected
      light is received by the sensor along axes which are preferred to be
      substantially perpendicular to the faces of the emitting and sensing
      device and record face and substantially parallel to one another. It has
      been found that the unrecorded portions of the average phonograph record
      (between bands of modulated sound) reflect about twice as much light along
      an axis perpendicular to the record surface as do the bands of recorded or
      modulated sound. This facilitates the more efficient use of light as a
      means of sensing the respective bands of recorded sound. A particularly
      useful scanning device in accordance with this invention is a combined
      light emitting diode (L.E.D.) and phototransistor manufactured by Monsanto
      Electronic Special Products under the trademark "OPTOISOLATOR," which
      emits light in the infrared region of the spectrum, but which detects or
      senses light in substantially all ranges of the spectrum.
PAR  Referring more specifically to FIG. 1, the (L.E.D.) emitter is alternately
      turned on and off, while the output of the sensor, which is always
      operative, is alternately fed to each of two sample-and-hold circuits. At
      any given time, one sample-and-hold circuit will have a voltage
      representing only the sensor's response to ambient light, while the other
      circuit will have a voltage representing the sensor's response to both
      ambient light and the infrared light which has been reflected by the
      surface of the record. The emitter and the two sample-and-hold circuits
      are pulsed by a square wave oscillator in conjunction with a wave form
      generation logic and inverter circuit which generate wave forms (WF)
      648,646 and 651 shown in FIG. 1 and later in FIG. 6. The respective
      outputs of the two sample-and-hold circuits are then fed to a variable
      gain differential amplifier where the smaller voltage (represented by
      ambient light) is subtracted from the larger (represented by ambient light
      plus reflected infrared light). This removes the effect of ambient light.
      The gain is controlled by a signal which changes with the pickup arm's
      vertical position (FIG. 8). The output of the differential amplifier
      represents the intensity of the reflected light which reached the sensor
      after being emitted by the L.E.D. The amplifier output is then fed into a
      level detection circuit (FIG. 7), where it is determined if the light was
      reflected by a soundmodulated band or by an unrecorded portion between the
      modulated bands. The output of the level detection circuit can then be
      used as the feedback element in a servo-loop that positions the pickup arm
      of the turntable (FIG. 8). This output signal, which indicates that the
      pickup arm is positioned between bands of recorded sound, is also fed into
      a counter which keeps track of which bands of recorded sound are behind or
      ahead of the pickup arm as it sweeps its arc and scans the record. The
      counter is constantly compared with a register which is programmed by a
      keyboard on the turntable which replaces the usual controls. A pickup
      vertical position signal varies the gain of the differential amplifier in
      accordance with the height of the pickup arm.
PAR  The foregoing system allows the turntable to be programmed by the user to
      automatically play any one, or any combination of bands of recorded sound
      on a record.
PAR  Other objects, features and advantages of this invention will become
      apparent from the following more detailed description, taken in
      conjunction with the following drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an electronic block diagram, schematically illustrating a
      preferred system according to this invention;
PAR  FIG. 2 is a front elevation, in perspective, illustrating a record player
      with automatic controls according to this invention;
PAR  FIG. 3 is a schematic elevation, in perspective, illustrating a pick-up arm
      and turntable control system according to this invention;
PAR  FIG. 4 is a section taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a schematic elevation of the emitter-sensor 380 of FIG. 3;
PAR  FIG. 6 is a graphic representation of various wave forms characteristic of
      those employed in accordance with the preferred embodiment and shown in
      part in FIG. 1;
PAR  FIG. 7 is an electrical schematic diagram illustrating more specifically
      circuits utilized in FIG. 1;
PAR  FIG. 8 is an electrical schematic illustrating modifications of the
      invention in conjunction with FIG. 7; and
PAR  FIG. 9 is an electrical schematic illustrating a system for pick-up arm
      control and positioning according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A block diagram of the system employed in accordance with the preferred
      embodiment of this invention has been generally described in connection
      with FIG. 1, to which further reference should be made in connection with
      the following more detailed description of the invention.
PAR  FIG. 2 illustrates a record player characterized by a housing 200 and
      supporting a rotatable turntable 203. The record player is provided with a
      pick-up arm 205 and pickup head 207 carrying a stylus (not shown in FIG.
      2) for sweeping the record and detecting recorded sound in the usual
      manner. The conventional controls, however, are dispensed with and
      replaced by a push button key-board generally indicated at 209, to provide
      automatic preselection of the renditions the listener desires for any
      particular record. Thus, the selector unit is provided with a series of
      push buttons, shown as ranging from 1 to 9 (but could be any other
      appropriate number), representing the number of specific selections which
      appear in consecutive order on a particular recording. Accordingly, the
      operator would first push the "clear" button to reset the program circuits
      to permit pushing buttons corresponding to any of the numbered selections
      desired, and thereafter the "start" button. If the playing of all
      selections is desired, the "AUTO" button is pushed. The "STOP" button of
      course, stops the machine and returns the pick-up arm to a position of
      rest on support 211.
PAR  Referring to FIGS. 3 and 4, and particularly to FIG. 4, the emitter 400 and
      sensor 403 are carried by the pick-up head 207 adjacent the pick-up
      cartridge and stylus 309. These consist, in the case of emitter 400, of a
      light-emitting diode (L.E.D.) which emits light substantially in the
      infra-red region of the spectrum, and a sensor 403 which is capable of
      detecting light in substantially all regions of the spectrum, including
      ambient light.
PAR  The light emitting and sensing devices may be transversely aligned, as
      shown in FIG. 4, with respect to pick-up arm 205, or if desired,
      re-oriented 180.degree. to be axially aligned with respect to pick-up arm
      205 and pickup head 207 without adverse results. This, however, depends in
      part upon the distance between the emitter and sensor in relation to the
      space between unrecorded bands on the record in order to achieve maximum
      response. Generally, when the emitter and sensor are oriented as in FIG.
      4, (which is radial with respect to the record surface) the distance
      between the emitter 400 and sensor 403 should preferably be spaced apart
      no more than about two to three times the average width of unrecorded
      bands between the soundmodulated bands on the record. The emitter-sensor
      unit should advantageously be located as close to the the cartridge-stylus
      as possible for most precise control.
PAR  It has been found that the type of servo best suited to the application of
      a programmable turntable is not a true servo in the analog sense, but is
      instead, a completely digital, incremental, stepping system. As shown
      schematically in FIG. 3, the pick-up arm is rotated by a pulse-motor 386
      which is geared down, through a gear train housed in 387, sufficiently to
      give the necessary incremental resolution. The pulse-motor is capable of
      being stepped at a high rate (20-80 pulses/sec. or more), making the
      pickup arm appear to glide across the record in a continuous motion when
      the increments of movement are appropriately small. Each increment,
      however, is dependent on a logic statement which includes not only a
      stepping rate drive signal, but also the resultant output of the
      programming circuitry combined with the signal from the level detector
      circuit shown in FIGS. 1 and 7. According to this logic statement, the
      stepping rate drive signal, having the characteristics of a clock, will
      cause the motor 386 to advance until a space between bands of recorded
      sound is detected, at which time a counter (FIG. 9) advances. If this new
      count (representing a specific band of recorded sound) happens to be
      identical to the number contained in a program register (FIG. 9),
      representing the next band of recorded sound desired and programmed by a
      push button, then the signal which activates the stepper motor drive
      transitors (FIG. 7) will be disabled, and the pickup arm lowering and
      release circuit will be activated.
PAR  A novel way of positioning the pickup arm in its peripheral and
      intermediate positions is shown in FIGS. 3 and 5. A thin slotted disc 381
      is affixed to the pick-up arm rotational shaft, below the turntable
      platform 300. Three positions of the pickup arm, i.e. rest, play and
      return, are detected by an optical encoder assembly generally indicated at
      380 which consists of a pair of L.E.D. 's 587 and 587' and a corresponding
      pair of phototransitors 588 and 588', this time used in the transmissive
      mode. The outputs of photo-transitors 588 and 588' are fed into the
      previously mentioned digital positioning circuit (FIG. 9) where they are
      decoded. These three, "rest, play and return" positions are controlled by
      slots in disc 381 which will not change from record to record. Slot
      position 384 determines the point at which the pick-up arm will begin its
      return after its arc has been completed. Slot position 382 represents the
      location of the pickup arm at rest. The pickup arm will move to this
      position (382) following the detection of slot 384, which causes reversal
      of the reversible pulse-motor 386. Slot 383 represents the point at which
      the pickup arm 205 is in a position to play the first band of a recording,
      subject to programming and the sensing and control means which may then
      release and lower arm 205 to play the programmed selections.
PAR  As indicated in FIGS. 3 and 5, slots 382, 383 and 384 are so positioned
      from the axis of rotation of disc 381 that slot 382 may upon rotation of
      disc 381, become aligned with L.E.D. 587' and photo-transistor 588'; slot
      383 with L.E.D. 587 and photo-transitor 588; and slot 384 with both
      L.E.D.'s 587 and 587' and photo-transitors 588 and 588'. The encoder's
      output signal, when actuated by slot 383, will therefore supplement the
      level detector output signal in the pickup arm drive logic circuit when
      the number in the program register (FIG. 9) is one. This eliminates the
      elaborate optical detection techniques of the prior art for detecting the
      peripheral bands of a record.
PAR  Also shown in FIG. 3 is a clutch mechanism 385 which engages and disengages
      the pulse-motor from the pickup arm rotation shaft. This clutch is
      advantageously activated by a solenoid 967 (shown in FIG. 9) which raises
      the pickup arm in the usual manner.
PAR  FIG. 7 shows a detailed schematic of a functional sensing circuit, the
      output of which indicates when the pickup arm is positioned above an
      unrecorded portion of a record. The relative position of the various
      wave-forms utilized and shown in FIG. 6 are indicated on FIG. 7 as "WF"
      followed by the appropriate number. The light-emitting diode 400 and
      sensor 403 (otherwise known as a photo-Darlington) constitute the emitting
      and sensing devices which are mounted on the underside of the pickup arm.
      Resistor 714 controls the current through the L.E.D. when transistor 713
      is saturated. Resistor 712 controls the base current to this transistor.
      Inverters 71 and 72 along with components 73, 74, 75, 76 and 77 comprise
      an oscillator whose output (approximately 1.6 khz) is connected to the
      clock input of a binary counter 78 which is used as a frequency divider.
      It should be noted here that although the digital components shown in this
      application are substantially of C-MOS technology, other types of logic
      circuitry could be used with appropriate changes. Also, although specific
      frequencies are shown, others might be used without departing from the
      spirit and scope of this invention. Outputs Q.sub. 3 and Q.sub.4 are shown
      graphically in FIG. 6 as waveforms 649 (about 200 hz) and 648 (about 100
      hz) respectively. The output of inverter 79 is Q.sub.3 which is a waveform
      650 of FIG. 6. The output of NAND gate 710 is waveform 647 of FIG. 6 and
      the output of inverter 711 is shown as waveform 646 of FIG. 6. This final
      waveform 646 turns on the L.E.D. when the logic level is "high."
PAR  Referring further to FIG. 7, resistor 717 acts as the load for the sensor
      (photo-Darlington) 403, whose output goes to two F.E.T. transmission gates
      718 and 719. Transmission gate 719 is enabled by output Q.sub.4 and passes
      the sensor output to holding capacitor 721 during and after the time the
      L.E.D. 400 is activated. The pulse 646 which activates the L.E.D. 400 ends
      before the sampling pulse 648 to allow for the relatively slow fall-time
      of the sensor (photo-Darlington) 403. (Other more fast acting photo
      transitors may obviate this problem). With the circuit as shown, the
      sensor output will have dropped to the appropriate level for the next
      sampling period by the time that period begins. This next sampling period
      occurs when Q.sub.4 (waveform 651 of FIG. 6) is "high." Q.sub.4 (wave-form
      651) is the output of inverter 724 and enables transmission gate 718
      during the time the L.E.D. 400 is off, allowing the voltage at the output
      of sensor 403 to be stored on capacitor 720. At this stage, both holding
      capacitors carry a voltage proportional to the ambient light detected by
      the sensor 403, while only capacitor 721 carries the additional voltage
      due to the light which was emitted by the L.E.D. 400 and reflected off the
      face of the record. Resistors 722, 723, 725 and 726 along with op-amp 727
      form a differential amplifier which substracts the voltage on capacitor
      720 from the voltage on capacitor 721. The output of this amplifier is
      therefore proportional only to light which is reflectively coupled from
      the L.E.D. 400 to the sensor 403. This signal is passed on to the
      non-inverting input of another differential amplifier (formed by resistors
      728, 729, 733, 734 and op-amp 745). The inverting input of this amplifier
      is connected to a variable voltage source (resistors 730, 731 and 732).
      The output of this voltage source is set so that the output of the
      amplifier is approximately zero when the pickup arm is over a band of
      recorded sound. This output will therefore go to a positive level when the
      pickup arm is positioned above a more reflective unrecorded portion of a
      record. The resulting signal is fed into a Schmidt-trigger circuit
      consisting of transistors 736 and 737 along with components 735, 738, 739,
      740, 741 and 742. This circuit acts as a level detector, and its threshold
      is set so that its output (the collector of transistor 737) goes "high"
      only when the pickup arm is positioned above an unrecorded portion of the
      record. This output is directed to inverters 743 and 744 which act as
      buffers between the Schmidt-trigger and the control circuit of FIG. 9.
      Output Q.sub.6 of the binary counter 78 of FIG. 7 has a frequency of about
      25 hz and is used in the circuit of FIG. 9 to actuate the pulse-motor 386
      through its drive circuitry.
PAR  FIG. 8 shows a preferred design to compensate for variations in the
      intensity of reflected light picked up by the sensor 403 as it approaches
      the record. It consists of a variable gain differential amplifier which
      can be built around op-amp 727 of FIG. 7 and controlled by the output of
      NAND gate 965 of FIG. 9. This amplifier has two additional input
      resistors, 852 and 853, which are connected in parallel with the original
      input resistors whenever transmission gates 854 and 855 are enabled. This
      would occur when the pickup arm raising mechanism is actuated, and would
      increase the gain of the amplifier by reducing the net input resistance,
      thereby increasing the ratio of feedback resistance to input resistance.
      This compensates for variations in reflected light intensity when the
      pickup arm and sensor are raised or lowered.
PAR  FIG. 9 shows a preferred design for a digital control system which
      positions the pickup arm in accordance with the foregoing description. In
      FIG. 9 the flip-flop circuits are of the D-type wherein D refers to data
      input, C to clock, S to set of output, R to reset and Q to output.
      Initially, the turntable is in a stopped condition with the pickup arm in
      a state of rest which is registered by slot 382 in FIG. 3 when it is on
      the pickup arm rest. The clear button 973 of FIG. 9 and FIG. 2 is then
      pushed which causes ten D type flip-flops 958 (1 to 10) which comprise the
      program register, to be reset for programing. All switches on the keyboard
      are preferably of the momentary type. Now, any band or bands of recorded
      sound which the operator desires to be played are selected by pushing the
      appropriate buttons 959 (buttons 1 to 10) on the keyboard. Any switch
      which is pushed causes an appropriate flip-flop in the program register to
      be set. (At this stage of the operation sequence, if it is desired to play
      all of the bands on a side of the record, the "auto" button 972 may be
      pushed, which simply adjusts all of the flip-flops in the program register
      to the "high" state. This is done instead of pushing buttons corresponding
      to individual bands of recorded sound.) The next step is to push the
      "start" button 974. This sets flip-flop 961 whose output Q goes to "low."
      The "start" signal also goes through NOR gate 978 and inverter 979 causing
      flip-flop 963 to be reset. Q of 961 and Q of 963 then go to NOR gate 964
      whose output goes high enabling the drive-gates 969 and drive transistors
      968 which pulse the clockwise coils 970 of the reversible pulse-motor 386.
      The pickup arm can now move toward the center of the turntable since the
      resetting of flip-flop 963 also caused the output of NAND gate 965 to go
      "high" turning on transistor 966 and thereby activiating solenoid 967
      which raises the pickup arm and engages the pickup arm drive clutch 385
      (FIG. 3). When the pickup arm passes above the peripheral unrecorded
      portion of the record, the optical encoder assembly will be in the
      position of slot 383 (FIG. 3), causing the output of NOR gate 990 in the
      decoder logic to go "high" since the reflective mode sensor 403 will
      detect the unrecorded portion, causing the onput of NORGATE 990 in the
      decoder logic to go "high". The output from FIG. 7 will also go "high"
      since the sensor 403 will detect the unrecorded portion of the record.
      This will clock the binary counter 956 causing its count to advance from
      binary (0000) to (0001). Output line 1 on a 4 to 16 decoder integrated
      circuit 957 will therefore go high. If the first flip-flop in the program
      register 958 has been previously set (indicating that band No. 1 is to be
      played) then all of the inputs to the first comparator NAND gate 992 will
      be "high" causing its output to go "low" and in turn causing the output of
      inverter 960 to go high. This will set flip-flop 963 disabling the
      pulse-motor drive circuit and solenoid 967. The pickup arm will now drop
      and be free to play the first band of recorded sound. It should be noted
      at this point that when the pickup arm raising mechanism is deactivated, a
      viscous damping mechanism should be used to cushion the impact of the
      stylus on the record.
PAR  After the first band of recorded sound has been played, the pickup arm will
      come to the next unrecorded portion of the record, at which time the
      output of FIG. 7 will again go "high" clocking the binary counter to the
      (0010) state. Output line 2 of integrated circuit 957 will go "high" and
      if the second flip-flop in the program register has been previously set,
      the output of inverter 960 will go "high" applying this "high" signal to
      the "set" input of flip-flop 963. Since flip-flop 963 has already been
      set, it will simply remain in that state, leaving the pickup arm free to
      play the second band of recorded sound. If, however, when the second
      unrecorded zone was detected, the second flip-flop in the program register
      had not been previously set (for example, the turntable had been
      programmed to skip the second band of sound) the output of inverter 960
      will not go high. This will cause the output of inverter 979 to go "high"
      which will reset flip-flop 963. This will enable the pickup arm raising
      mechanism and clockwise drive coils 970. This pickup arm will lift from
      the record and rotate clockwise (radially inwardly) until the unrecorded
      portion preceding a previously programmed band of the recording is
      detected, at which time flip-flop 963 will again be set and the pickup arm
      will be lowered and released to play the desired band. If, instead, there
      are no more bands of sound which have been programmed to be played, the
      pickup arm would continue to rotate clockwise above the record until slots
      384 of FIG. 3 register with and were detected by the optical encoder 380.
      When this happens, the output of NAND gate 991 in the decoder logic will
      go "low" causing the output of NAND gate 976 to go "high" which in turn
      resets flip-flop 961 and clocks flip-flop 962 to the "high" state. The
      output of NAND gate 976 can also be forced high at any time by pushing the
      "stop" button 975. This disables the clockwise drive and enables both the
      drive to the counter-clockwise coils 971 of pulse-motor 386 and the pickup
      arm raising solenoid 967. The pickup arm will then lift from or remain
      elevated above the record and rotate counter-clockwise until the optical
      encoder senses rest position 382 (FIG. 3). The output of NOR gate 989 in
      the decoder logic will then go "high", clocking flip-flop 963 to the
      "high" state and resetting flip-flop 962; which disables flip-flop 963.
      This disables all of the pulse-motor drive gates 969 and also disables the
      pickup arm raising mechanism. The pickup arm will therefore drop onto its
      armrest where it will remain until the next time the "start" button 974 is
      pushed.
PAR  The foregoing programming may be extended to automatic changers where the
      bands to be played on each record are entered as the respective records
      are placed on the record stack. The turntable control circuitry should
      then have an additional counter/register which keeps track of which record
      is being played. The automatic turntable can then differentiate not only
      between sound modulated bands on a record, but between individual records
      as well.
PAR  One additional function which may be incorporated, both with respect to
      automatic record changers and players for individual records, is means for
      playing the chosen bands of a record over and over as many times as
      desired. Thus, the control panel 209 may be provided with a times (x)
      button, so that the user might first push the numbers of the desired
      bands, then push the times button, and finally push the button
      corresponding to the number of repeat plays desired. Electronically, this
      can be accomplished by providing another set of counter/registers to keep
      track of replays made, and consequently, the total replays to be made.
PAR  It should be noted that while the sensor 403 has been shown as a
      photo-transistor of the type described, other sensing means may be
      employed, including a photo-diode or a photo-diode combined with either a
      transistor or photo-transistor, with suitable modification of the
      circuitry without departing from the scope of the invention.
PAR  Resort may be had to such further modifications and equivalents as fall
      within the spirit of the invention and the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sound track selector system for a phonograph record player comprising:
PA1  a light emitter and light detecting sensor carried beneath the sound stylus
      pickup arm, directing light to the face of a phonograph record and
      receiving reflected light derived from the light emitter along axes
      substantially perpendicular to said record face and substantially parallel
      to one another as the emitter and sensor scan the record said sensor also
      receiving ambient light;
PA1  means for generating pulses to the emitter to alternately turn the emitter
      on and off;
PA1  two sample-and-hold means which alternately receive and sample the output
      of the sensor, one for sampling the output when the emitter is on and the
      other for sampling the output when the emitter if off;
PA1  differential amplifier means receiving the outputs of said sample-and-hold
      means for substracting the smaller output voltage from the larger and
      removing the effect of ambient light;
PA1  level detector means for detecting signals from the differential amplifier
      means representing maximum light reflection from unrecorded bands on the
      record; and
PA1  control means for positioning the stylus to play any sound-modulated
      portion of the record in response to a preselected number in a program
      register and the output of the level detector means as the pickup arm
      sweeps the record.
NUM  2.
PAR  2. A system according to claim 1, wherein the emitter emits light primarily
      in the infrared region of the spectrum and the sensor detects light in
      substantially all regions of the spectrum, including ambient light.
NUM  3.
PAR  3. A system according to claim 1, wherein the emitter is a light-emitting
      diode and the sensor is a photo-transistor spaced apart and transversely
      aligned with respect to the axis of the pickup arm.
NUM  4.
PAR  4. A system according to claim 3, wherein the space between the emitter and
      sensor is no more than about 2 to 3 times the nominal width of the
      unrecorded bands of the record to be played.
NUM  5.
PAR  5. A system according to claim 1, wherein the emitter is a light-emitting
      diode and the sensor is a photo-transistor spaced apart and axially
      aligned with respect to the axis of the pickup arm.
NUM  6.
PAR  6. A system according to claim 1, which further comprises a pickup arm
      drive mechanism comprising a digitally controlled, incremental stepping,
      reversible pulse-motor connected to a shaft for rotating the pickup arm by
      means of an electrically actuated clutch.
NUM  7.
PAR  7. A system according to claim 1, which further comprises an optical
      encoder assembly beneath a turntable platform and comprising a rotatable
      disc mounted on a shaft for rotating the pickup arm, said disc being
      provided with three slots spaced radially from the axis of rotation, and
      light emitting and detecting means registerable with each said slot to
      detect the peripheral positions of the pickup arm with respect to the
      record and thereby transmit to the control means signals indicating the
      positions of "rest," "first recording," and "return."
NUM  8.
PAR  8. A system according to claim 1, wherein the emitter is a light emitting
      diode which is alternately turned on and off by pulses generated by an
      oscillator which further activate the sample-and-hold means when the
      emitter is on, and the sensor is a photo-transitor of the photo-Darlington
      type, and which further comprises means for shortening the oscillator
      pulses which actuate the light emitting diode to compensate for the longer
      delay time of the photo-transistor with respect to the light emitting
      diode.
NUM  9.
PAR  9. A system according to claim 1, wherein the differential amplifier
      further comprises variable gain amplifier means for increasing the gain of
      the differential amplifier means in response to a signal indicating that
      the pickup arm is elevated and for reducing the gain of the differential
      amplifier means in response to a signal indicating that the pickup arm is
      approaching the surface of the record.
NUM  10.
PAR  10. A system according to claim 1, wherein the control means further
      comprises counter means responsive to the output of the level detector
      means for registering which bands of recorded sound are behind or ahead of
      the pickup arm as it sweeps its arc, and a keyboard programmed register
      means for preselecting bands of recorded sound to be played and for
      comparing the logic input of the keyboard with the logic registered on the
      counter means.
NUM  11.
PAR  11. In a sound track selector system for a phonograph record player, means
      for sensing respective bands of recorded and unrecorded sound, comprising
      a light emitting diode capable of emitting light primarily in the infrared
      region of the spectrum and a photo-transistor capable of detecting light
      in substantially all regions of the spectrum, including ambient light,
      said diode and phototransistor being mounted below the sound-stylus pickup
      arm and spaced apart in transverse alignment with respect to the axis of
      the pickup arm and such that the axes of emitted and reflected light are
      substantially parallel to each other and substantially perpendicular to
      the face of the record.
NUM  12.
PAR  12. In a sound track selection system for a phonograph record, means for
      sensing the peripheral positions of the pickup arm comprising a rotatable
      shaft for the pickup arm, a disc mounted on said shaft below the turntable
      platform and rotatable with said shaft, said disc being provided with two
      slots radially spaced at different distances from the axis of rotation of
      the disc and one slot radially spaced from the axis of rotation of the
      disc at substantially the same distances represented by each of the
      aforesaid two slots, each said slot also being arcuately spaced from one
      another to represent positions of "rest," "return" and "play" with respect
      to the pickup arm, and an optical encoder assembly comprising a pair of
      light emitting diodes and a pair of photo-transistors in fixed position to
      register with the aforesaid slots and develop a corresponding signal when
      each said slot is rotated to permit light from a diode to be transmitted
      to the corresponding photo-transistor sensor, thereby producing a signal
      representing the position of the pickup arm.
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ABST
PAL  A transducer device such as a loudspeaker or microphone has a U-shaped core
      of magnetically permeable material with attached pole pieces defining a
      gap and a stationary electrical coil around the core. A permanent magnet
      is positioned for movement through the central portion of the gap as
      directed by a variable magnetic field within the gap. The permanent magnet
      has diagonally positioned poles of like magnetic orientation to provide a
      north-south pole combination facing one of the pole pieces and a
      complementary south-north pole combination facing the other pole piece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The cobalt-rare earth magnets developed in recent years possess such great
      magnetic strength as to make moving magnet transducers a distinct
      practical possibility. My U.S. Pat. No. 3,798,391 discloses and claims
      electro-acoustic transducers utilizing cobalt-rare earth intermetallic
      compounds as moving-magnet members.
PAR  My U.S. Pat. application, Ser. No. 451,482, filed Mar. 15, 1974, describes
      and claims a moving-magnet loudspeaker in which the permanent magnet
      element has a circular configuration. The parts forming such a loudspeaker
      could be assembled with much less manual adjustment and care than was
      necessary for the conventional moving-coil type of loudspeaker.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed broadly to a transducer and particularly to a
      loudspeaker in which the movable magnet may have a rectangular
      cross-sectional configuration and in which diagonally positioned poles of
      like magnetic orientation provide balanced radial forces and symmetrical
      dynamic forces in the axis of motion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic diagram of a loudspeaker incorporating the
      features of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The stationary parts of the loudspeaker illustrative of the invention
      consist of a chassis 10 in which is mounted a core 11 which is solely a
      simple U-shape composed of magnetically permeable material on which is
      mounted an electrical coil 13 which has external leads 14 and 15 for an
      input signal. The ends of the U-shaped member 11 are equipped with pole
      pieces 12 which define a gap between their protruding ends.
PAR  A flexible spider 16 mounted on the chassis 10 serves to position the
      movable parts of the loudspeaker. The movable parts of the speaker consist
      of a cone 17 mounted on the spider 16. Attached to the inner periphery of
      the cone 17 is a cap dome 18 having a cross member 19. Attached to the
      cross member 19 is a permanent magnet 21 which is movable (reciprocates)
      along an axis of the U-shaped core 11 in the gap between the pole pieces
      12.
PAR  The permanent magnet 21 is preferably composed of a cobalt-rare earth
      material such as is disclosed and claimed in U.S. Pat. Nos. 3,655,463,
      3,655,464, 3,695,945, and 3,684,593 which are incorporated herein by
      reference. In order to provide good high-frequency response, it is
      desirable that this member weigh less than one-half gram and preferably of
      the order of one-tenth to one-third gram. For convenience of illustration
      the pole pieces 12 are shown as having an N (for north) and S (for south)
      magnetic orientation. Magnet 21 is shown as having two N-S configurations
      with the two north poles being diagonally positioned on one diagonal axis
      and the two south poles being diagonally positioned on the other diagonal
      axis. It is not necessary that this diagonal configuration be achieved in
      an integral member. It can be achieved by making two separate magnetic
      members and fastening them to each other to achieve the magnetic
      configuration illustrated.
PAR  In response to a signal input on the leads 14 and 15, a variable magnetic
      field is established in the gap between the pole pieces 12. The polarity
      indicated in the drawing provides a repulsion-attraction effect in the
      magnet 21 from both the north and the south poles of the pole pieces 12
      and this effect impels the magnet along its axis of motion. Thus, the
      north pole piece acts to repel the north portion of the magnet 21
      immediately adjacent the cross member 19 and to attract the south pole of
      the magnet 21 farthest removed from the cross member 19. Similarly, the
      south pole piece 12 repels the south pole of the magnet 21 adjacent the
      cross member 19 and attracts the north pole of the magnet 21 farthest
      removed from the cross member 19. All magnetic orientations are in
      motion-aiding relationship. There is no torque applied to the magnet 21
      and the forces applied to it are symmetrical in the axis of motion along
      the center line of the core 11.
PAR  When the transducer of this invention takes the form of a loudspeaker, it
      is important that the moving magnet member 21 be very light in order to
      provide good response at high frequencies. A magnet 21 about 0.035 inches
      by 0.25 inches by 4.3125 inches weighs about 0.3 gram and provides
      excellent fidelity at the higher frequencies.
PAR  The motion-aiding character of the magnetic forces applied to the magnet 21
      by this invention provides for maximum travel in the member. This
      characteristic enables the invention to be used in devices other than
      acoustic devices. For example, this degree of travel enables the invention
      to be applied effectively to articles having a to-and-fro motion such as
      clippers and also to such articles as linear motors. Thus, while the
      invention has been described with reference to a particular embodiment, it
      is obvious that there are other embodiments which properly fall within the
      scope of the invention. Therefore, the invention should be limited in
      scope only as may be necessitated by the scope of the appended claims.
CLMS
STM  What I claim as new and desire to secure by letters patent of the United
      States is:
NUM  1.
PAR  1. An electroacoustic transducer device comprising a (U-shaped) core of
      magnetically permeable material having solely a simple U-shape, a
      stationary electrical coil around said core for the creation of an
      electromagnetic field, a pole piece mounted on each protruding end of said
      core, the pole pieces defining a gap between the protruding ends of said
      core, a permanent magnet centrally positioned within said gap and having
      diagonally positioned poles of the same magnetic orientation whereby the
      side facing each pole piece has an end which is repelled from said pole
      piece and an opposite end which is attracted to said pole piece when said
      electrical coil is energized; and a diaphragm driven by reciprocating
      movement of said magnet.
NUM  2.
PAR  2. A device as claimed in claim 1 in which the permanent magnet is composed
      of cobalt-rare earth intermetallic material.
NUM  3.
PAR  3. A device as claimed in claim 2 wherein the rare earth is samarium.
NUM  4.
PAR  4. A device as claimed in claim 1 wherein the permanent magnet is fixedly
      attached at an end thereof to a cap member mounted on the diaphragm of the
      device.
NUM  5.
PAR  5. A device as claimed in claim 1 wherein the permanent magnet is of
      rectangular cross-sectional configuration.
NUM  6.
PAR  6. A device as claimed in claim 1 consisting of a loudspeaker.
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ABST
PAL  An electro-acoustic transducer has a diaphragm with a moving coil. The
      diaphragm consists of a flat textile carrier impregnated with a highly
      attenuating filling material and is highly elastic in its plane but
      inelastic in bending.
BSUM
PAR  Electro-acoustic transducer systems have been devised for the conversion of
      applied electrical oscillations into mechanical vibrations which are
      consequently transformed into acoustic oscillations or into radiated sound
      waves. The ideal transducer system must, moreover, ensure that the
      electrical oscillations applied are (within the audio frequency range)
      converted with such amplitude and phase constants that square-wave
      oscillations within a range of 100 to 3000 Hz are converted into
      appropriate sound waves.
PAR  As far as practical application is concerned the relevant industry is still
      a long way off this ideal condition (cf., for example,
      "Hifi-stereophonie", Zeitschtift fur hochwertige Musikwiedergabe, No.
      5/69, Pages 362 to 340). Measurements taken on the most sophisticated of
      known electro-acoustic transducers have clearly shown not only that all
      applied electrical oscillations will invariably result in a sound wave
      train composed of several waves but also that (in dependence on the design
      and construction of the transducer system) the sound will be reproduced as
      a distorted sound wave.
PAR  The cause for these interferences has been traced to the fact that
      conventional transducer systems have to be equipped with at least one
      mechanical energy store. The energy retained in this store during the
      pulse rise time is, in accordance with the time constant of the store,
      either instantly or with a delay re-fed to the subsequent cycle. The
      re-applied energy will thus not only result in distortions but will also
      extend the radiated wave beyond the limits of the oscillation applied.
PAR  The energy is stored in essentially two ways, one of which is the force of
      inertia and the other by the force of elasticity. An elastic energy store
      may be represented by the springs required to restore the moving coil to
      its initial position or by the centering diaphragms used for calotte
      loudspeakers. This acoustic compliance will, on deflecting the moving coil
      from its rest position, result in an amplitude-dependent restoring force
      which reduces the amplitude of the applied oscillations and increases the
      amplitude on restoring the moving coil. This in turn results in a
      distortion of the applied oscillations on the one hand and will, on the
      other hand, cause an overshoot of the moving coil beyond the rest position
      with the after-oscillations resulting therefrom. The same adverse
      influence can be attributed to those of the elastic type energy stores
      especially produced by encapsulated air chambers in small loudspeakers; in
      fact such elastic stores are occasionally even produced for restoring the
      moving coils and thus take the place of the restoring springs.
PAR  The loudspeaker diaphragm coupled to the moving coil of the
      electro-acoustic transducer system may be regarded as an energy store
      based on the force of inertia. Experiments have proved that ideal
      functioning of the diaphragm can only be warranted if, during deflection
      of the moving coil, each point of the diaphragm is deflected with exact
      value. This condition could imaginably be met by a material with as
      infinite rigidity (modulus of elasticity) which material will be not
      elastically deformed even at maximum frequencies. Such materials, of a
      necessarily small mass, are not available. The force of inertia produces
      natural oscillations inavoidably, therefore, in the known types of
      diaphragms, at least within the higher frequency ranges.
PAR  Attempts have been made to attenuate the natural oscillations of the
      diaphragm or to exclude their adverse effect on the radiated sound waves.
      Among other methods attempts have been made to arrive at the essential
      attenuation by using a woven or bonded fibre fabric as diaphragm material
      or, alternatively, by impregnating it with a suitable varnish; the
      diaphragm has also been constructed in a way which assured that at a
      higher frequency certain sections of the diaphragm, e.g. the marginal
      sections, take no active part in the radiation of sound waves. Such
      measures, however, do not result in a remedy of the adverse conditions but
      rather in an improvement because they are only aimed at a diminishing of
      the effects of the energy stores and not at an elimination of the stores
      themselves formed by the diaphragm or the diaphragm construction. Thus,
      the conventional electro-acoustic transducer systems suitable for all
      sound frequency ranges comprise a number of transducers each of which has
      a frequency range of its own (e.g. for treble, middle and bass). Such a
      construction, therefore, offers the further disadvantage that the rise
      times of the sound pressure edges in the different transducers do not
      occur simultaneously but in a sequence. This can be attributed to the fact
      that LC elements have to be utilised for the determination of the
      different frequency ranges and also to the use of different masses for the
      diaphragms.
PAR  It has been the purpose and intention of this invention to create the
      possibility of designing an electro-acoustic transducer which eliminates
      the said disadvantages and which -- in particular -- is operated without
      the said power stores.
PAR  According to the present invention there is provided an electro-acoustic
      transducer system with a diaphragm coupled to a moving coil, the diaphragm
      consisting of a flat textile carrier element which is impregnated with a
      highly attenuating filling material and which is made up of a material
      which is highly elastic in its plane but substantially unelastic in
      bending.
PAR  There is also provided a diaphragm for the electro-acoustic transducer
      system comprising a substantially flat textile element being impregnated
      with an intensively attenuating filling material, and having highly
      flexible properties in its plane but being substantially unelastic in
      bending. The textile element is preferably composed of a knitted fabric
      and is preferably fixed with at least one point to a stationary part of
      the transducer system. Specially suitable for this purpose is a knit or
      warp knit material which can be extensively stretched in every direction.
      This textile diaphragm element, may, within the scope of this invention,
      be treated from both sides with a filling material. This filling material
      should preferably be applied to a knitted or warp knitted material under a
      little pre-tension.
PAR  There is also provided a method of producing the diaphragm and mounting it
      in the electro-acoustic system comprising the steps of centering the
      moving coil within the air gap; placing the textile element on the moving
      coil ring and on the outer ring, tensioning it radially from several sides
      preventing thereby creasing, coating it with a diluted filling material
      within the range of the marginal edges of the outer ring and the moving
      coil for the purpose of local fixing, and drying it; and then applying the
      filling material from at least one side to the whole textile element,
      pre-drying it at a lower temperature and subsequently after-treating it at
      a raised temperature.
PAR  With this invention it is for the first time possible to repudiate the
      generally accepted opinion that diaphragms must be of a high rigidity if
      they are, in their entirety i.e. as a rigid body, to follow the
      reciprocating motions of the moving coil. This principle had been
      universally applied to all known electro-acoustic transducers or
      loudspeakers respectively. Measurements and tests, however, have now
      proved the fallacy of this rule. It must rather be ensured that all moving
      mass-points are, independently of their amplitude, deflected with the same
      phase i.e. that the oscillation of the diaphragm is carried out with
      perfect phase coincidence. It has also proved to be of advantage if the
      amplitudes are not identical at the different diaphragm points but rather
      decline in their magnitude from a maximum at the coupling point to a
      minimum value at the diaphragm edge. Such a phase coincidence and a
      decline in the amplitude can be ideally realised with the diaphragm of
      this invention. The most advantageous condition is established if the
      diaphragm is not only fixed to the moving coil but also to a stationary
      part of the transducer. This fixing method will warrant that, commencing
      with the coupling point on the moving coil and progressing towards the
      fixing point on the stationary part, the oscillation amplitudes gradually
      decrease and also that a perfect phase coincidence is also maintained
      within the range of the fixing point. The easily extensible and highly
      attenuating material used for the diaphragm of this invention will,
      moreover, ensure that the diaphragm oscillations have no adverse effect on
      the motion geometry of the moving coil or on the radiated sound waves.
PAR  Another decisive advantage offered by the diaphragms of this invention is
      presented by the fact that they are suitable for wide-band loudspeakers.
      Measurements taken have shown that these diaphragms follow the
      oscillations within the bass range practically in their entirety, the
      amplitudes of these oscillations decreasing, however, as already
      described, in their magnitude to the outside commencing from the point
      where they are coupled to the moving coil, whereas a gradually decreasing
      section of the diaphragm is set in oscillation with increasing frequencies
      until at maximum frequencies only a minute section (a few millimeters
      around the coupling point) of the diaphragm is energised. Thus it is
      ensured that a desirably increasing radiation surface is made
      automatically available as the frequencies become lower while, on the
      other hand, the marginal zones being critical for the excitation of
      natural oscillations are automatically excluded at high frequencies. A
      special property of the diaphragm of this invention is found in the fact
      that it may be regarded as an oscillating system comprising a multitude of
      individual mass-points interconnected by springs; the attenuation effect
      of the filling material inhibits a high elasticity of these springs which
      thus are provided with a considerable internal damping. These viscoelastic
      properties have made it possible, as documented with tests conducted with
      a torsional pendulum, that the logarithmic damping decrement ascertained
      for the diaphragm of this invention exceeds those of conventional
      diaphragms (of bonded fibre fabrics etc.) by four to 15 times.
PAR  This invention has, for the first time, created the possibility of
      designing and constructing a transducer system without making use of a
      mechanical energy store. This system can be further developed by providing
      a transducer without the detrimental enclosed air chambers on the input or
      the output side of the diaphragm, and by replacing the acoustic compliance
      used for restoring the moving coil with a system of electro-magnetic
      centering (British Pat. No. 1286687, U.S. Pat. No. 3686446). An
      electro-acoustic transducer system incorporating these features offers
      ideal properties, because all mechanical energy stores are as small as
      possible and a deceleration of the masses is not obtained by means of
      elastic means as in known transducer systems, but by means of frictional
      resistances. The energy released during the deceleration will, therefore,
      be dissipated in the form of heat and in consequence can not adversely
      influence the subsequent cycles of oscillation.
DRWD
PAR  Embodiments of the present invention will now be described in detail by way
      of reference to the accompany drawings, wherein:
PAR  FIG. 1 is an electro-acoustic transducer with a diaphragm mounted in
      accordance with this invention,
PAR  FIG. 2 is an electro-acoustic transducer with enclosed air chambers,
PAR  FIGS. 2a and 3 show electro-acoustic transducer systems without the
      detrimental hollow spaces serving as energy stores,
PAR  FIG. 4 shows the oscillation parameters for different transducer systems,
      and
PAR  FIGS. 5 and 6 show a knitted and a warp knitted fabric.
DETD
PAR  The electro-acoustic transducer systems shown in FIGS. 1 to 3 are
      characterised in that the rest position of their moving coils and
      consequently also of their diaphragms is determined by electro-magnetic
      forces.
PAR  The design as shown in FIG. 1 provides for two permanent magnets
      represented by pot magnets 8 and 9. The arrangement of these magnets gives
      them the same axis of symmetry with their apertures facing each other. Two
      moving coils 12, 13 rigidly interconnected via bars 16, 17 or by a hollow
      cylinder or similar means fixed to a diaphragm 14 are movable within
      annular air gaps L.sub.1, L.sub.2. The diaphragm 14 consequently follows
      the rhythm of the reciprocal motions of the moving coils 12, 13. The two
      bars 16, 17 may be replaced, by a moving coil former 18. A known
      electro-magnetic system (British Pat. No. 1286676, U.S. Pat. No. 3686446)
      is used for the restoring of the moving coils 12, 13 and of the diaphragm
      14 coupled to them.
PAR  The outer margin of the diaphragm 14 is fixed to a stationary outer ring 19
      which is fitted to a stationary part of the transducer system (e.g. to the
      pot magnet 9) with a suitable bracket such as non-magnetic webs 21. In its
      rest position the diaphragm 14 is preferably arranged perpendicularly (or
      as near to perpendicularly as possible) to the axis of the moving coils
      12, 13.
PAR  The form of construction as shown in FIG. 2 provides for only one pot
      magnet containing (as indicated in FIG. 2) two moving coils in tandem
      arrangement. This pot magnet is assembled of a plurality of pole shoe
      segments 23 and permanent magnet segments 24 arranged at a given spacing
      on a circular arc. A diaphragm 26 is fixed to a moving coil former 25
      supporting the moving coils; the marginal edge of this diaphragm is
      rigidly clamped down by an outer ring 27 which is fixed to the pot magnet
      23. The centre of the circular diaphragm 26 can also be retained in a
      fixed position with a pin fitted to the pot magnet. These details are not
      shown on the drawing. In its rest position the diaphragm is arranged in
      relation to the moving coil axis.
PAR  The radiating surface of diaphragm 26 (FIG. 2) is not, as in a conventional
      calotte loudspeaker, confined to the diaphragm section fixed within the
      moving coil ring 26 but rather increased by the entire diaphragm section
      stretched between the two rings 25 and 27. Within the moving coil former
      25, the diaphragm 26 is arranged in a plane. Centering of the diaphragm 26
      is accomplished by the known means (British Pat. No. 1286687, U.S. Pat.
      No. 3686446).
PAR  On the back of the diaphragm 26, the inner and outer pole shoes of the pot
      magnets 23 and the permanent magnet 24 form detrimental air spaces 28 -- a
      phenomenon common with all conventional loudspeakers. This can be avoided
      by designing the pot magnet, as specified in FIG. 2a, to have two annular
      pole shoes 29, 30 and a plurality of permanent magnets 31 arranged on an
      arc while leaving spaces 36 free.
PAR  The embodiment according to FIG. 3 differs from that in FIG. 2a by the fact
      that the air gap L is bordered on the one side by two outer pole shoes
      29a, 30a of permanent magnets 31 and on the other side by a core 33 having
      the function of and being constructed as a pole shoe ring. The core 33 is
      fixed to the pole shoes 29a, 30a via webs of a non-magnetic material
      (details of which are not shown). This offers a decisive advantage because
      there are no trapped air spaces 28 (FIG. 2) at all which during the
      reciprocal movement of diaphragm 26 could function as quasi-elastic energy
      stores and thus adversely influence the oscillating behaviour of the
      diaphragm. Another advantage of the designs according to FIGS. 1, 2a and 3
      is represented by the fact that sound waves are radiated to the front as
      well as to the rear, because the transducer system is also opened on the
      back of the diaphragm. If required a pin 35, supported by thin webs 34,
      may be used for fixing stationary the centre of diaphragm 26. In this case
      the diaphragm will be absolutely symmetrically oscillated on both sides of
      the moving coil ring 25. The arrangement of the diaphragm with the moving
      coil ensures, that the diaphragm also in the deflected position as
      indicated by the dotted line 26a in FIG. 3, is not stretched and will
      consequently not form an elastic energy store even in this position.
PAR  The diaphragm 14 or 26, consists of a viscoelastic material which may be
      stretched in every direction. Particularly suitable for this purposes is
      highly elastic knitware 14a (FIG. 5) as well as warp knits 14b (FIG. 6).
      Textiles of this type offer the special property that every single loop
      represents a thread reserve which allows a continuous reforming of the
      thread position during a stretching motion. A textile fabric of this type,
      therefore, can be stretched to a degree unattainable by the rectilinear
      arranged threads of a normal woven or bonded fibre fabrics. The knitted
      fabrics offer on the other hand a high internal friction which in turn
      ensures that only intensely attenuated natural vibrations can be
      performed. The elasticity and attenuation property of this material can be
      further increased by knitting the loops not of single fibres but of a
      multifilament fibre with a thin single capillary arrangement. Also
      suitable are goods knitted with stretch yarns of S- and/or Z-twist, the
      yarns being produced by the Helanca-method or by the false-twist-method
      and consisting e.g. of three single filaments. Usable as fibre material
      are materials of polyamide and polyester i.e. materials which in
      themselves offer a certain elasticity. The use of inextensible fibres,
      such as glass fibres, is by no means excluded because the essential
      stretching is always ensured by the loops. The best possible results are
      achieved with a fibre material which requires only little attenuating
      material and thus provides for diaphragms of an extra light weight. The
      use of too strongly crimped yarns should, therefore, be avoided. A
      weight-ratio textile carrier to filling material of 1:5 is preferred.
PAR  The diaphragm material produced on a circular or flat knitting machine, on
      a Cotton machine or on a warp knitting machine should be coated with an
      attenuating material in accordance with the same method as applied to
      diaphragm of woven or bonded fabrics. Suitable attenuating materials are
      especially solutions such as solution of butadiene copolymer (e.g. Butofan
      380 D of the firm of BASF or similar).
PAR  Several methods may be used for the construction and installation of the
      diaphragm. The method for simultaneous construction and installation as
      described with reference to FIGS. 2a should be given preference.
PAR  The moving coil ring 25, wrapped by the moving coils, is at first centered
      with the aid of suitable auxiliary fixtures within the air gap of the pot
      magnet and then positioned in a way that ensures that its front end is
      mounted flush with the outer ring 27. A textile carrier element, such as a
      section cut from a fine lady's stocking, is then placed on the two rings
      25 and 27 with their axes preferably in a vertical plane. Small weights,
      e.g. of eith grams each, are then suspended from the projecting edge of
      the knitted fabric at a uniform spacing. The textile carrier element is
      thus smoothly stretched at a low pre-tension. During this step the knitted
      fabric stretched over the rings 25, 27 should not form creases and the
      loops should be straight and parallel to each other. The leads of the
      moving coil can be drawn through the knitware from back to front if
      required.
PAR  After having precisely centered the moving coil and uniformly stretched the
      knitware in the prescribed manner, the knitware within the range of the
      marginal edges of the outer ring or of the moving coil, respectively, is
      coated with a dilute solution of the filling material which is then air
      dried to fix the fabric on the rings 25 and 27. Suitable for this prupose
      is, for instance, a 20 percent aqueous solution of Butofan 380 D.
PAR  The duly fixed fabric is then coated from the front with a 50 percent
      Butofan solution which is pre-dried at an air temperature of 70.degree. C.
      The back of the fabric is then treated in a similar manner with filling
      material. The coating should generally just be thick enough that no fibre
      end will protrude through it on either side of the fabric. A thicker layer
      will be applied on both sides within the vicinity of the two rings 25, 27.
      Subsequently the diaphragm simultaneously produced and fixed to the rings
      25 and 27 will be dried at a high temperature e.g. at 130.degree. to
      150.degree.C. The diaphragm which has been stretched to a certain limit
      during the pre-drying process now relaxes almost completely due to the
      treatment at an elevated temperature and forms creases, which permits for
      the moving coils a reciprocal movement to the extent of ten to twenty
      millimeters in both directions without stretching the diaphragm thereby in
      a radial direction. The layer of filling material applied to the highly
      elastic knitware has converted this material into a textile element which
      can still be stretched in every direction but in comparison with the
      original knitware, not only has an essentially increased modulus of
      elasticity but also visoelastic behaviour.
PAR  The weights are removed after completion of the drying process, the
      diaphragm edges protruding beyond the outer ring 27 are trimmed and the
      auxiliary fixture dismantled.
PAR  The simultaneous construction and fitting of the diaphragm offers the
      decisive advantage that after this treatment the moving coil is centered
      in a direction perpendicular to the direction of motion alone by the
      diaphragm and is thus ready for use without any further measures being
      necessary.
PAR  Another possible method of making and fixing the diaphragm comprises first
      pre-fixing the diaphragm material at 195.degree.C so that it has 140 loops
      per 49 mm.sup.2 (square millimeters). After pre-loading by the weights,
      the diaphragm material is then clamped to the outer ring and separated,
      whereupon the coil is arranged concentrically of the outer ring by means
      of an auxiliary fixture. The whole arrangement is finally passed under a
      curtain of filling material, for example Butofan 390 D, it being possible
      to provide pre-drying and final drying as in the above example. Fixing of
      the diaphragm to the outer ring, fixing of the coil to the diaphragm and
      appropriate filling of the diaphragm material are carried out in one
      process step.
PAR  A diaphragm of a plain knitted fabric, produced on a circular knitting
      machine of a 20/3/1 Nylon-Yarn, was used for an exemplary embodiment of
      the invention; the sequential loop course of this fabric are composed of
      yarns alternatingly S-twisted and X-twisted, with a twist of 1800 to 2400
      revolutions per meter of yarn. The fabric was subsequently drawn over a
      cylindrical former in a manner which ensured that the individual loops
      were twisted out of the knitting plane until they were uniformly and
      vertically aligned in relation to this plane. In this condition the fabric
      was pre-fixed at a temperature of about 105.degree. to 110.degree.C and
      simultaneously dyed. After completion of these process steps the fabric
      was once more drawn over a cylindrical former until a loop density of
      about 3 loops per square millimeter was attained. In this condition the
      diaphragm material was once more fixed. Prior to the treatment with the
      filling material the loops should preferably protrude by 0.2 to 0.3 mm
      from the knitted fabric in order to provide a diaphragm thickness of
      approximately 0.25 to 0.4 mm after treatment with the filling material.
PAR  The finished diaphragm offers, according to DIN 53362, a bending resistance
      of 1 to 10 g/cm.sup.2 and a specific gravity of 1 to 1.1 g/cm.sup.3. The
      logarithmic attenuation decrement is 4 to 20 if exposed to a torsional
      oscillating test according to DIN 53445 or ISO/DOR 533, respectively. The
      tensile test shows that with a pure carrier material (knitted fabric) an
      elongated of 10 percent is achieved with a weight of 2.5 g within a few
      minutes, while in case of the finished diaphragm the same elongation is
      reached with weight of 260g, the process becoming stable only after a
      period of 30 min. During operation of the electro-acoustic transducer
      system as described in FIGS. 1 to 3 the moving coils are deflected in an
      axial direction depending on the electrical oscillation applied; the
      diaphragms fixed to the moving coils and possibly clamped by their edges
      being thus set in reciprocating motion. Within the bass range, i.e. at
      relatively large deflection amplitudes, the diaphragms will move in their
      entirety because the tensile forces acting on the points at which the
      diaphragms are fixed to the moving coil formers 18 or 25 remain in-phase
      effectively up to the diaphragm edge or the diaphragm centre (FIG. 3). An
      ever smaller part of the diaphragm participates in the reciprocating
      movements as the frequencies increase and the deflection amplitudes
      decrease until only a very minor part of the diaphragm is set in
      oscillation and acts as radiating surface at very high frequencies. In
      this case the oscillating parts extend barely a few millimeters from the
      fixing point in a radial direction. Identical conditions will be produced
      on both sides of the moving coil formers 18, 25 depending on whether or
      not the diaphragm is clamped on only one side (FIGS. 1, 2 and 2a) or on
      both sides (FIG. 3). Although the diaphragm may be fastened to the moving
      coil ring 25 in a manner which divides it into approximately two equal
      sections, of which one is arranged outside and the other inside the moving
      coil ring, in the preferred arrangement the diameter of the moving coil
      former 25 is equal to the radius of the diaphragm 26 or of the outer ring
      27. This ensures that the diaphragm is held by the moving coil former 25
      precisely centrally.
PAR  The diameter of the moving coil and of the coil former should be adequate
      to ensure, in conjunction with electro-magnetic-centering a non-tilting
      positioning of the coil former i.e. so that its axis is kept parallel to
      that of the air gap. The consequence of a moving coil former with an
      inadequate diameter could be that even a slight asymmetry in fixing the
      diaphragm would result in tilting of the moving coil such that it would
      come to rest on the pole shoe surfaces. Diameters of 50 to 90 mm for
      example are preferred for the moving coil former.
PAR  The pole shoes should offer surfaces of approximately the same size on both
      sides of the moving coil former 25 in order to ensure that the air
      cushions behind the diaphragm, which are to be displaced on return
      diaphragm motions, are symmetrically arranged.
PAR  The transducer system according to this invention offers decisive
      advantages over conventional calotte loudspeakers in that the radiating
      surface of the diaphragm can be drastically increased without adverse
      natural oscillations being generated. This advantageous feature can be
      realized because the diaphragm material has no adverse influence on the
      oscillatory behaviour of the transducer system and because that part of
      the diaphragm, which radiates sound waves at a certain frequency, is
      automatically adjusted within the diaphragm in accordance with the power
      transmission ratio.
PAR  The invention is not limited to the examples given but can be modified in
      several ways. The magnet designs, as shown in FIG. 3, may, for instance,
      be replaced by other designs without any enclosed air chambers on the back
      of the diaphragm.
PAR  The diaphragm of this invention is by no means limited to the design
      examples described even though the transducer system according to FIG. 2a
      offers a maximum of advantageous features as its diaphragm and the
      electro-magnetic restoring excludes the three detrimental energy stores.
      The diaphragm of this invention may also be used with calotte
      loudspeakers. Because the diaphragm of this invention, however, has only a
      low rigidity it will be within the former 25 of a flat type according to
      FIGS. 2, 2a and not of the usual calotte configuration. The radiating
      wedge can be enlarged if the diaphragm is fixed at its centre according to
      FIG. 3. The invention is, moreover, not limited to transducer systems with
      electro-magnetic restoration but can also be used with the conventional
      transducer systems making use of a mechanical restoration by using for the
      diaphragms, as specified on FIGS. 1 to 3, additional centering diaphragms
      or restoring springs.
PAR  A wide scope is also given to the shape, material and arrangement of the
      diaphragms. Preference is given to circular or square diaphragms
      configurations with a symmetrical coupling to the moving coil but without
      excluding the use of other diaphragm configurations. Highly suitable for
      these diaphragms are knitted fabrics made on flat or circular knitting
      machines; no specifications are offered as to weaves and loop sizes, which
      must, however, ensure that high flexibility is maintained. Highly suitable
      are plain or rib knitted fabrics such as can be cut from a standard fine
      gauge lady's stocking. The arrangement given to the diaphragms on FIGS. 1
      to 3 ensures that the diaphragms in their rest position are located
      vertically to the axis of motion of the moving coils. Modifications are
      possible and the drive axis as well as the diaphragm surface may be
      arranged at an angle other than 90.degree. as a modified angle will
      possibly influence the size and position of the radiating wedge but never
      the double amplitude and phase coincidence transducing effect. The
      oscillating behaviour of an ideal, a conventional and of an
      electro-acoustic transducer system of this invention, are shown
      diagrammatically in FIG. 4. FIGS. 4a and b show each a sine and a square
      oscillation applied to the transducer, the amplitudes being drawn
      alongside the ordinate while the time axis is represented by the abscissa.
      The ideal configuration of acoustic oscillations as emitted by the
      transducer are represented in FIGS. 4c and 4d. FIGS. 4e, 4f, 4g and 4h
      show that the sound oscillations as produced by a conventional transducer
      are, within the period of the applied sine wave, not only strongly
      distorted by the interfering energy store but also gradually declining
      along a branch beyond the end of the period. The transducer, as specified
      in this invention, produces according to FIGS. 4i and j within the entire
      sound frequency range curves which can be hardly distinguished from the
      ideal ones shown in FIGS. 4c and d.
PAR  The advantages offered by the transducer system as specified in this
      invention may not only be applied to loudspeakers and diaphragms but also
      to microphones and headphones.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electro-acoustic transducer system comprising:
PA1  a magnetic system having pole shoes and an air gap limited by said pole
      shoes;
PA1  a substantially flat viscoelastic diaphragm which is highly elastically
      stretchable;
PA1  fixed support means fixed to said magnetic system and supporting said
      diaphragm; and
PA1  moving coil means fixed to a portion of said diaphragm.
NUM  2.
PAR  2. A transducer system according to claim 1 wherein the carrier element is
      composed of a fibre material with interlooped fibres.
NUM  3.
PAR  3. An electro-acoustic transducer system as claimed in claim 1, wherein the
      weight-ratio of said textile carrier element to said filling material is
      of the order of 1 to 5.
NUM  4.
PAR  4. A transducer system according to claim 1 wherein the outer margin of the
      diaphragm is fitted to an outer ring which in turn is fixed to a
      stationary part of the transducer system.
NUM  5.
PAR  5. A transducer system according to claim 1 wherein the knitted material is
      a warp knitted fabric.
NUM  6.
PAR  6. A transducer system according to claim 1 the filling material being
      applied to the diaphragm under a little pre-tension of the textile
      element.
NUM  7.
PAR  7. A transducer system according to claim 1 wherein the rest position of
      the moving coil(s) in its axial direction is wholly determined by
      electro-magnetic forces.
NUM  8.
PAR  8. A transducer system according to claim 1 wherein the diaphragm is
      stationarily fixed at its centre.
NUM  9.
PAR  9. A transducer system according to claim 1 wherein the diaphragm is fitted
      to a moving coil former which is coupled to the moving coil, and wherein
      the diaphragm is divided by the moving coil former into sections of
      substantially the same size.
NUM  10.
PAR  10. A transducer system according to claim 9 wherein the diaphragm is of a
      circular shape and wherein the diameter of the moving coil former is
      substantially equal to the radius of the diaphragm.
NUM  11.
PAR  11. A transducer system according to claim 1 wherein no enclosed air
      chambers are provided behind the diaphragm.
NUM  12.
PAR  12. A transducer system according to claim 11 wherein the moving coil(s)
      is/are arranged within an air gap the inner marginal edge of which is
      limited by a thin pole shoe ring.
NUM  13.
PAR  13. A transducer system according to claim 11 including permanent magnets
      arranged in a plurality of segments at a given spacing around a circular
      arc.
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PAL  A telephone hook switch is manufactured by first molding a moldable
      insulating material into two block portions and an integral bridge. The
      block portions have a common back surface, adjacent parallel side surfaces
      having opposed and aligned back edges interconnected by the bridge, a pair
      of pivot members aligned on a plane perpendicular to the side surfaces and
      equally spaced therefrom, and slots formed in the respective block
      portions parallel to the side surfaces and spaced from the pivot members.
      The bridge has a thin portion bisecting the distance between the side
      surfaces. Contact members of the switch are snugly placed in predetermined
      ones of the slots and one of the block portions is folded at the thin
      portion of the bridge towards the other with the back surfaces of the
      respective block portions brought into substantial contact with each
      other. A lever member of the switch is mounted on the pivot members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hook switch operable by a handset of a
      telephone substation, such as a subscriber's telephone or a branch
      exchange.
PAR  A conventional hook switch comprises a frame member, a plurality of contact
      members mounted on the frame member with small insulating plates
      interposed therebetween, a card of an insulating material for uniting
      predetermined ones of the contact members, and a lever member operable by
      a handset associated with the hook switch for moving the card to make and
      break contacts afforded by the contact members in compliance with the
      on-hook and off-hook positions. Inasmuch as a hook switch of the
      conventional type is manufactured by successively stacking the insulating
      plates and the contact members of different shapes on the frame member,
      the assembly process is confusing and often results in wrong assembly. The
      work of uniting the predetermined contact members with the card is
      troublesome and liable to cause damages to the contact members. Inasmuch
      as the predetermined contact members are simultaneously moved by the card,
      the resiliency of the predetermined contact members counteracts the
      movement of the lever member to impose a considerable load on operation of
      the lever member when the number of the contact members is large. In
      addition, soldering is necessary to operatively connect the hook switch to
      other circuits of the telephone substation concerned.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a telephone
      hook switch that is easy to assemble.
PAR  It is another object of this invention to provide a telephone hook switch
      wherein improper assembly rarely occurs during manufacture.
PAR  It is still another object of this invention to provide a telephone hook
      switch wherein no card of an insulating material is used to unite
      predetermined ones of the contact members of the switch.
PAR  It is a further object of this invention to provide a telephone hook switch
      wherein the load imposed on the lever member of the switch is reduced as
      compared with that imposed on the lever member of a conventional hook
      switch.
PAR  It is a still further object of this invention to provide a telephone hook
      switch for which soldering of the contact members to other circuits of the
      telephone substation concerned is unnecessary.
PAR  In the manner known in the art, a telephone hook switch according to this
      invention comprises a plurality of contact members and a lever member for
      positively moving predetermined ones of the contact members to make and
      break contacts afforded by the contact members. In accordance with this
      invention, a frame member for supporting the contact members and for
      pivotal mounting thereon of the lever member comprises a pair of pivot
      members placed along an axis of the assembled hook switch pivotally
      mounting of the lever member and means for supporting the contact members
      on both sides of the axis. It is therefore possible by operation of the
      lever member to move predetermined ones of the contact members disposed on
      one side of the axis against their resiliency and move predetermined ones
      of the contact members disposed on the other side by the resiliency of
      such contact members as they opened by the lever member operation. In this
      connection, it should be noted that the expression "positively" not only
      means the movement of the contact members against their resiliency but
      also the movement of the contact members by their resiliency.
PAR  According to this invention, there is also provided a block member for use
      in manufacturing a frame member of a telephone hook switch comprising a
      plurality of contact members supported by the frame member and a lever
      member pivotally mounted on the frame member for positively moving
      predetermined ones of the contact members to make and break contacts
      afforded by the contact members. The block member comprises two block
      portions and an integral bridge therebetween. The block portions have a
      common back surface, first side surfaces interconnected at aligned back
      edges by the bridge and disposed parallel to each other and perpendicular
      to the back surface, respectively, second side surfaces spaced a
      predetermined distance from the first side surfaces, respectively, a pair
      of pivot members aligned on a plane perpendicular to the back and side
      surfaces and spaced a predetermined amount from the first side surfaces
      for pivotal mounting thereon of the lever member, respectively, and means
      extending between the first and second side surfaces of the respective
      block portions and spaced from the plane for snugly receiving the contact
      members, wherein the predetermined amount is smaller than the
      predetermined distance. The bridge has a thin portion of a predetermined
      thickness extending along a line bisecting the distance between the first
      side surfaces.
PAR  According to this invention, there is further provided a novel method of
      manufacturing a telephone hook switch comprising a plurality of contact
      members, a frame member for supporting the contact members, and a lever
      member pivotally mounted on the frame member for positively moving
      predetermined ones of the contact members to make and break contacts
      afforded by the contact members. The method comprises the steps of molding
      a moldable insulating material into a block member defined in the next
      preceding paragraph, causing the contact members to be received in the
      receiving means, folding one of the block portions with the contact
      members supported thereby at the thin portion on the other of the block
      portions with the contact members also supported thereby to bring the back
      surfaces of the both block portions into substantial contact with each
      other, and mounting the lever means on the pivot members. A hook switch
      according to this invention is thus easily assembled without the liability
      of improper assembly.
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PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  FIG. 1 is a front view of a block member for use in manufacturing a frame
      member of a telephone hook switch in accordance with the instant
      invention;
PAR  FIG. 2 is a top view of the block member;
PAR  FIG. 3 is a bottom view of the block member;
PAR  FIG. 4 is a back view of the block member;
PAR  FIG. 5 is a front view of a first contact member of a telephone hook switch
      according to this invention;
PAR  FIG. 6 is a right-hand side view of the first contact member;
PAR  FIG. 7 is a similar view of a second contact member of the telephone hook
      switch according to this invention;
PAR  FIG. 8 is a front view of a lever member of a telephone hook switch
      according to this invention;
PAR  FIG. 9 is a right-hand side view of the lever member;
PAR  FIG. 10 is a back view of the lever member;
PAR  FIG. 11 is a partial cross-sectional view of the lever member taken on line
      11--11 of FIG. 10; and
PAR  FIG. 12 is a schematic front view of a telephone hook switch according to
      this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  Referring to FIGS. 1 through 4, a block member made of a moldable
      insulating material for a frame member of a telephone hook switch in
      accordance with the present invention comprises a first block portion 21,
      a second block portion 22, and an integral bridge 23 joining block portion
      21 and 22. The first block 21 comprises a back surface 25, a first side
      surface 26 disposed perpendicular to the back surface 25 a bridge 23
      attached to back surface 25 at the edge formed with side surface 26, a
      second side surface 27 spaced a predetermined distance from the first side
      surface 26, a top or first end surface 28 disposed perpendicular to the
      back and side surfaces 25, 26, and 27, and a bottom or second end surface
      29 disposed parallel to the top surface 28. Thus, the first block portion
      21 is of a rectangular parallelopiped shape in outline having a front or
      principal surface defined by the front edges of the side and end surfaces
      26 through 29. The first block portion 21 further comprises a pivot member
      31 whose axis is spaced a predetermined distance from the first side
      surface 26 and a smaller distance from top surface 28 than from the bottom
      surface 29. The pivot member 31 protrudes axially from the principal
      surface. The first block portion 21 still further comprises a front indent
      32 from the principal surface, a pair of hollow spaces 33 and 34 disposed
      on the respective sides of the first and second side surfaces 26 and 27
      with respect to the axis of the pivot member 31 and opening through the
      principal surface and through the top surface 28, and a plurality of slots
      35 formed into the block portion from the principal surface and extending
      parallel to the side surfaces 26 and 27 between the hollow spaces 33 and
      34 and the bottom surface 29. As best illustrated in FIG. 3, predetermined
      ones of the slots 35 extend a first predetermined depth from the principal
      surface into the bottom surface 29 while others similarly extend a second
      predetermined depth that is smaller than the first predetermined depth.
      Although the hollow spaces 33 and 34 are separated by a central wall 37 in
      the example being illustrated, they may communicate with each other. The
      first block portion 21 further comprises a tab 38 extending sidewards from
      the second side surface 27 and having a semicircular recess 39 extending
      inward from the back surface 25, a back indent 41 from the back surface
      communicating with the top surface 28 at a portion 42, a plurality of
      bosses 43 extending perpendicular to the back surface 25 in the back
      indent 41 to reach the back surface 25, a pair of back protrusions 46
      similarly extending in the back indent 41 but beyond the back surface 25,
      and a pair of hook receivers 47 extending sideways from the second side
      surface 27.
PAR  Further referring to FIGS. 1 through 4, the bridge 23 has a thin portion 51
      of a predetermined thickness extending parallel to the first side surface
      26 of the first block portion 21. The back surface of the thin portion 51
      is substantially on the same plane as the back surface 25. The second
      block portion 22 is substantially congruent with the first block portion
      21 and disposed symmetrical thereto with respect to the thin portion 51 of
      the bridge 23. Thus, the thin portion 51 extends along a line bisecting
      the distance between the first side surface 26 of the first block portion
      21 and the corresponding side surface of the second block portion 22.
      Instead of the protrusions 46 and the hook receivers 47, the second block
      portion 22 comprises a pair of bosses in the back indent, each having a
      recess 53 formed into the back surface of the second block portion 22, for
      receiving the respective back protrusions 46 and a pair of hook members 54
      extending sideways from the second side surface and rearwards from the
      back surface for engagement with the respective hook receivers 47. In the
      example being illustrated, the second block portion 22 further comprises a
      first front protrusion 56 extending from and perpendicular to a first side
      of the principal surface and a second front protrusion 57 similarly
      extending from another side of the principal surface and having a recess
      58.
PAR  Referring to FIGS. 5 and 6, a first contact member is made of a resilient
      electrically conductive material, such as phosphor bronze, and comprises a
      base portion 61 to be inserted in one of the slots 35 and similar slots
      formed in the first and second block portions 21 and 22, a plurality of
      fingers 62 extending upwards from the base portion 61 and having contacts
      63, and a terminal 64 extending downwards from the base portion 61 to be
      positioned in the slot 35, terminal 64 extending outward from the bottom
      surface 29 a predetermined distance.
PAR  Referring to FIG. 7, a second contact member is similar to the first
      contact member except for the length of the fingers, the orientation of
      the contacts, and a downwardly extending terminal 65 which is adapted for
      the slot 35 extending into the bottom surface 29 the second predetermined
      depth. Although not shown, a third contact member is similar to the second
      contact member except for the surfaces of the fingers on which the
      contacts are formed.
PAR  In the manufacture of a telephone hook switch, first, second, and third
      contact members are put into predetermined ones of the slots communicating
      with at least two selected hollow spaces of the first and second block
      portions 21 and 22. The first contact member is positioned in the slot cut
      the first predetermined depth into the bottom surface so that the terminal
      64 may extend downwardly from the bottom surface as best shown in FIG. 12
      and that the fingers 62 may extend upwardly from the top surface. The
      second or third contact member is positioned in the slot cut the second
      predetermined depth into the bottom surface so that the terminal, such as
      65, may extend downwardly therefrom and that the fingers may not
      appreciably extend outwardly of the hollow space. One of the block
      portions 21 and 22 is now folded towards the other about the thin portion
      51 of the bridge 23 to bring the back surfaces of the block portions 21
      and 22 into substantial contact with each other. The block portions 21 and
      22 are locked together by engagement of the hook members 54 with the hook
      receivers 47 and by fitting of the back protrusions 46 in the indents or
      recesses 53, with the respective first and second side surfaces of block
      portions 21 and 22 becoming coextensive. The bridge 23 becomes ridges
      illustrated in FIG. 12 at 69. The pivot members, such as 31 and 31A, are
      now aligned along a common axis, with their axially outward ends axially
      protruding from the principal surfaces of the block portions 21 and 22 and
      spaced a preselected distance. It is to be noted that the contact members
      are now disposed on both sides of the common axis and, as the case may
      often be, further on both sides of the back surfaces which are now a
      common plane bisecting the common axis. Incidentally, the semicircular
      recesses, such as 39, are now congruent and form a circular hole.
PAR  Referring now to FIGS. 8 through 11, a lever member made of a moldable
      insulating material for use in a telephone hook switch in accordance with
      the present invention comprises a ridge 71, a first arm 72 extending from
      one of the substantial ends of the ridge 71 in a direction perpendicular
      thereto, a second arm 73 similarly extending from the other of the
      substantial ends, and a protrusion 74 having a recess 75 and protruding
      from the first arm 72 parallel to the ridge 71. The outer surfaces of the
      arms 72 and 73 are spaced a preselected amount smaller than the
      preselected distance of the axially outward ends of the pivot members,
      such as 31. The inward surfaces of the arms 72 and 73 are spaced an
      appreciable amount larger than the distance between the first and second
      side surfaces of the blocks 21 and 22. The first arm 72 is longer than the
      second arm 73 and has an elongated hole 76 extending in the direction of
      the arm 72. The second arm 73 has a circular hole 77 and an inwardly
      directed groove 78 on the surface facing the first arm 72 and extending
      from the hole 77 to the end of the arm 73. It is to be noted that the
      holes 76 and 77 are for receiving the pivot members.
PAR  Referring finally to FIG. 12, a telephone hook switch according to this
      invention is assembled by putting a pair of plates 81 in the front
      indents, such as 32, of the block portions 21 and 22 and placing the lever
      member on the frame member assembly so that the ridge 71 may be situated
      between the first contact members supported by the frame member on both
      sides of the axis of pivotal movement of the lever member so that the
      elongated and circular holes 76 and 77 receive the respective pivot
      members 31 and 31A. The inwardly directed groove 78 facilitates mounting
      of the lever member on the frame member assembly. Subsequently, a tension
      coil spring 82 is extended between the recess 75 in the protrusion 74 of
      the lever member and the recess 58 in the second protrusion 57 of the
      second block portion 22 to bias the lever member with respect to the frame
      member assembly. The first and second protrusions 56 and 57 limit the
      pivotal movement of the lever member. On placing a telephone hook switch
      according to this invention in a telephone substation, the terminals of
      the contact members may be brought into engagement with a circuit board
      situated in the substation. The lever member may be rocked by a handset at
      bosses formed on the second arm 73 as best shown in FIG. 9.
PAR  The present invention has been described with respect to a preferred
      embodiment thereof; many variations and modifications will now become
      apparent to one skilled in the art. Therefore, I do not prefer to be
      limited by the examples herein, but only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a telephone hook switch including a plurality of contact members, a
      frame member having a pair of axially aligned pivot members outwardly
      extended from said frame member and having means for supporting said
      contact members enclosed within said frame member and positioned on both
      sides of said pivot members common axis, and a lever member pivotally
      mounted on said pivot members for positively moving predetermined ones of
      said contact members into and out of contact with predetermined other ones
      of said contact members, the improvement wherein said frame member
      comprises two initially non-contacting block portions, each having a back
      surface, one of said pivot members disposed on each said back surface, a
      first side surface disposed perpendicular to said back surface on one side
      of said pivot member axis, and a second side surface spaced a
      predetermined amount from said first side surface and disposed on the
      other side of said pivot member axis, the back surfaces of both said block
      portions being brought into substantial contact with each other with the
      first and second side surfaces of one of said block portions being
      coextensive with the respective first and second side surfaces of the
      other of said block portions.
NUM  2.
PAR  2. A hook switch as claimed in claim 1, wherein said frame member has a
      pair of principal surfaces outwardly disposed on both sides of and spaced
      a predetermined distance from said substantially contacting back surfaces,
      said pivot members protruding axially from said principal surfaces, a
      first common end surface disposed perpendicular to said back and side
      surfaces on one side of said pivot members common axis, and a second
      common end surface disposed parallel to said first end surface on the
      other side of said axis; each of said block portions having a pair of
      hollow spaces disposed between the first and the second side surfaces of
      the block portion on either side of said axis and opening through the
      principal surface of the block portion and through said first end surface,
      a plurality of slots formed through said second end surface into the block
      portion from the principal surface of the block portion and communicating
      with said hollow spaces, predetermined ones of said slots extending a
      first predetermined depth into said second end surface, the remaining ones
      of said slots extending a second predetermined depth into said second end
      surface, said contact members being disposed in and supported by said
      slots and extending into said hollow spaces, said contact members further
      extending outwardly beyond said second end surface.
NUM  3.
PAR  3. A hook switch as claimed in claim 2, wherein said pivot members have
      axially outward ends each spaced a predetermined distance from said back
      surfaces; said lever member comprises a ridge extending parallel to said
      axis between the contact members disposed on one side of said axis and the
      contact members disposed on the other side of said axis and a pair of arms
      extending from the respective substantial ends of said ridge in a
      direction perpendicular to said axis and having axially outer surfaces
      spaced a preselected amount smaller than said predetermined distance,
      respectively, a first of said arms extending in said direction a first
      predetermined amount beyond said axis and having a circular hole for
      receiving one of said pivot members and an inwardly directed groove
      extending from said hole to the end of said first arm remote from said
      ridge, a second of said arms extending in said direction a second
      predetermined amount beyond said axis and having an elongated hole
      extending in said direction towards the end of said second arm remote from
      said ridge, said second predetermined amount being greater than said first
      predetermined amount, the other of said pivot members being received in
      said elongated hole at its end adjacent to said ridge.
NUM  4.
PAR  4. A hook switch as claimed in claim 1, wherein said initially
      non-contacting block portions are united by a thin flexible bridge member
      extended therebetween and integrally formed on said back surfaces along an
      edge formed by said back surface and said first side surface of each block
      portion; and lock means for maintaining said block portions back surfaces
      in contact.
NUM  5.
PAR  5. A hook switch as claimed in claim 4, wherein said lock means comprises a
      hook member extending outwardly beyond the back surface generally parallel
      to said pivot member common axis and outwardly from the second side
      surface of one of said block portions; a hook receiver protruding from the
      second side surface of the other of said block portions for engagement
      with said hook member; a protrusion extending from the back surface of one
      of said blocks parallel to said pivot member aligned axis; and an indent
      recessed into the back surface of the other of said blocks for receiving
      said protrusion.
NUM  6.
PAR  6. A block member for a frame member of a telephone hook switch comprising
      a plurality of contact members supported by said frame member and a lever
      member pivotally mounted on said frame member for positively moving
      predetermined ones of said contact members to make and break contacts
      afforded by said contact members, which comprises two block portions and
      an integral bridge, said blocks having a common back surface, first side
      surfaces interconnected by said bridge and disposed parallel to each other
      and perpendicular to said back surface, second side surfaces spaced a
      predetermined distance from respective first side surfaces, a pair of
      pivot members aligned on a plane perpendicular to said back and side
      surfaces and spaced a predetermined amount from said first side surfaces
      for pivotal mounting thereon of said lever member, and means extending
      between said first and second side surfaces of the respective block
      portions and spaced from said plane for snugly receiving said contact
      members, said predetermined amount being smaller than said predetermined
      distance, said bridge having a thin portion of a predetermined thickness
      extending along a line bisecting the distance between said first side
      surfaces.
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ABST
PAL  A low cost digital echo suppressor having break-in logic for overriding
      send-line interrupt operation. The send and receive signals are
      multiplexed and digitized. The digitized received signals are summed over
      a period of time to determine interrupt operation. The difference over a
      period of time of the receive and send line signals controls break in
      logic for overriding the interrupt operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of digital echo suppressors. The echo
      suppressor which is the subject of this invention performs a function
      presently accomplished by echo suppressors manufactured by numerous
      telephone communications component production companies. Typical echo
      suppressors presently available are the Western Electric 3A and 4A, the
      Cogenel F3 and F4, the Lenkert 931C, the B.P.O. 7A, the Siemens
      542024-A45, the WESCOM 622, and numerous other both good and bad. To the
      knowledge of the inventors, none of the echo suppressors manufactured
      today incorporates an extensive digital design or a break-in detector and
      the speech detector of the types incorporated in the present invention.
PAR  The present invention will provide an echo suppressor with better long term
      performance than that exhibited by machines of the present design. This is
      due to the avoidance of analog threshold adjustments which require
      frequent maintenance. As a consequence of this, the present invention will
      operate accurately for long periods of time without the necessity for
      adjustment. Recent studies conducted by the AT&T Company using an echo
      suppressor test set which permits on-line testing of echo suppressors have
      shown more than 50% of the echo suppressors installed are out of tolerance
      due to the fact that they have drifted in some manner. If these echo
      suppressors incorporated the concept proposed by the inventors the percent
      of echo suppressors performing out of tolerance would be significantly
      reduced.
PAC  SUMMARY OF THE INVENTION
PAR  The echo suppressor of the present invention operates on digital signals
      representing the signal on the receive and send lines to determine when
      interruption of the send line should take place. The send line and receive
      line signals are multiplexed into a single A/D converter thereby saving on
      conversion logic. A true/complement logic system operates on the A/D
      output signals to cause all receive line signals to be of one sign and all
      send line signals to be of the opposite sign. If the sum of the receive
      line signals over a period of time exceeds a threshold value an interrupt
      switch is thrown in the send line for a given overhang period.
PAR  Break-in logic is included to override the interrupt switch under certain
      conditions. The receive and send line signals from the true/complement
      logic system are summed over a period of time and the sign of the sum is
      temporarily stored. When a given number of the signs stored during a
      predetermined number of successive time periods indicate the send line
      signals exceed the receive line signals, the break-in operation throws a
      switch in the send line to bypass the interrupt switch. Also, the break-in
      logic just described throws an attenuate switch in the receive line to add
      a 6dB loss to the receive line signals.  pg,3
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a preferred embodiment of the present
      invention.
PAR  FIG. 2 is a detailed block diagram of one implementation of the logic which
      forms the control logic and true or complement means of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of the echo suppressor is shown in FIG. 1. The
      echo suppressor is a 4-terminal device. The terminals to the left of the
      diagram deliver and accept signals to and from an extension circuit that
      terminates in the subscriber's set. These circuits, of course, incorporate
      the traditional hybrid which is the source of the echo problem. The
      terminals to the right connect to the long distance telephone circuit
      which may be either terrestrial or satellite. Typically, an echo
      suppressor is used at both ends of a circuit, but it is not necessary that
      the identical type of echo suppressor be at both ends.
PAR  The echo suppressor functions as follows. Speech signals occurring at the
      receive-in terminal cause the interruption of the path between the send-in
      and send-out terminals provided there is no speech at the send-in
      terminal. This interruption is caused by the activation of normally closed
      interrupt switch 31 whenever the receive-in speech present has a level
      exceeding a given threshold. By this means, any echo which is caused by
      the terminating circuits to the left is stopped by the echo suppressor. It
      will be seen later that switch 31 will hang-over for 50 milliseconds after
      the last occurrence of activation. Operation of switch 31, however,
      constitutes an impediment to the free flow of conversation in both
      directions since it opens the send path thereby blocking send side speech.
      To accommodate the free flow of conversation in both directions, it is
      therefore necessary to provide a means for bypassing switch 31. The act of
      bypassing is called break-in. It is invoked whenever the speech level at
      the send-in terminal overrides that at the receive-in terminal in
      accordance with the specified set of rules which are embodied in the
      break-in detector circuit. By properly coordinated activation of the
      receive-side detector and the break-in detector circuits, it is possible
      to achieve acceptable performance on circuits which are in proper balance
      and possess long propagation delay.
PAR  As an example, it may be assumed that a signal is present on the receive-in
      line 33, and that no signal is present on send-in line 1. The signal on
      line 33 is amplified to an appropriate level for echo suppressor operation
      by amplifier 34. The gain of amplifier 34 can be adjusted to accommodate
      the design levels of many different systems. The signal next passes
      through the parallel combination of a 6bB loss pad 35 and normally closed
      attenuation switch 54. It is sufficient at this time to note that for the
      condition being discussed, switch 54 bypasses the loss pad. The resulting
      signal appears on line 7 and is transferred to the receive output line 6
      by way of amplifier 11. Amplifier 11 provides flexibility for adjusting to
      a wide variety of output levels, and it also provides a block against any
      signal feeding back into the echo suppressor. The signal on line 7 is also
      supplied to a filter 8 which selects the appropriate frequency range, as
      specified by CCITT Recommendation G.161, for accomplishing the detection
      process. The output of the filter appears on line 9 and is supplied as one
      input to multiplexer 10. The other input to multiplexer 10 is derived from
      the send-in terminal and will be discussed in greater detail later. The
      multiplexer alternately presents the signals on lines 5 and 9 to line 70.
      Line 70 supplies the alternated signal to sample-and-hold 12. The
      sample-and-hold outputs appear on line 13 and are converted to digital
      form by analog-to-digital converter 14. The analog-to-digital converter
      converts each sample held by 12. The output of the analog-to-digital
      converter which appears on line 15 is the digitized version of the signals
      that appear on lines 5 and 9 in a parallel coded, time division multiplex
      form. They are next converted to positive-signed absolute values for
      signals derived from line 9 and to negative-signed absolute values for
      signals derived from line 5 by the action of true-or-complement logic 18
      associated with signal control logic 16 and line 17. The digital signals
      derived from lines 9 and 5, respectively, alternate in their occurrence
      due to the action of the multiplexer. Control logic 16 is supplied sign,
      magnitude and timing information and indicates on line 17 the appropriate
      control needed to instruct logic 18 to generate either positive-signed
      absolute or negative-signed absolute values as appropriate.
PAR  The elements 10, 12, 14, 16 and 18, taken in combination perform the
      following operations. The receive side and send side signals are
      alternated and digitized. All digitized receive side signals are given a
      positive sign whereas all digitized send side signals are given a negative
      sign. For example, an input from the send side corresponding to a
      postitive or negative value of magnitude .vertline.Y.vertline. will appear
      at the output of block 18 as a .vertline.Y.vertline.. The signal from the
      receive side corresponding to positive or negative magnitude
      .vertline.X.vertline. will appear at the output of block 18 as a
      +.vertline.X.vertline..
PAR  The multiplexer 10 may be any conventional multiplexer of the type which
      can receive analog inputs and provide a single analog multiplexed output.
      In the specific example, the multiplexer is operated at a 16 KHz rate by a
      timing signal on lead 60. The timing signal may be, and in the example
      described is assumed to be, an 8 KHz square wave. One phase of the square
      wave (e.g., the positive phase) causes multiplexer 10 to connect the
      receive side signal on line 9 to the output line 70; the other phase of
      the square wave causes multiplexer 10 to connect the send side signal on
      line 5 to the output line 70. The sample-and-hold circuit 12 and the A/D
      converter 14 operate conventionally to digitize the analog signals. The
      latter elements are also clocked at the 16 KHz rate to result in alternate
      digitized send and receive signals at the A/D output. Although many types
      of conventional A/D converters would be suitable, the invention includes a
      binary two's complement A/D converter in one preferred embodiment of the
      invention. The use of a binary two's complement A/D permits a simpler
      design for the subsequent circuits.
PAR  The A/D output signals are fed to logic system illustrated in FIG. 1 as
      comprising two blocks, a true or complement circuit 18 and a control logic
      circuit 16. The logic system is controlled time wise by the clock signals
      on line 60 to cause every digitized receive signal to have a positive sign
      and every digitized send signal to have a negative sign. An example will
      serve to illustrate the operation of the logic system. Assume a sequence
      of analog signals as shown in column 2 of Table 1 below. In column 1, the
      R and S letters designate receive side and send side signals,
      respectively. Column 3 indicates the corresponding outputs of the A/D
      converter 14, assuming a 4 bit two's complement output - 1 bit for sign
      and 3 for magnitude. Column 4 indicates the corresponding coded outputs
      from the logic system, and column 5 indicates the analog values
      corresponding to the codes in column 4.
TBL                Table 1                                                     
     ______________________________________                                    
     (1)     (2)       (3)       (4)     (5)                                   
     ______________________________________                                    
     R       +5        (0)101    (0)101  +5                                    
     S       +3        (0)011    (1)101  -3                                    
     R       -6        (1)010    (0)110  +6                                    
     S       -4        (1)100    (1)100  -4                                    
     ______________________________________                                    
PAR  Referring to the table and considering the example of a two's complement
      A/D converter, the operation of the logic system is as follows. During the
      positive phase of the 8 KHz square wave control signal, when the output of
      A/D 14 is a digitized receive side signal, the control logic circuit 16
      detects the sign of the A/D output. If the sign bit indicates a positive
      value, the control logic causes the A/D output to pass unchanged through
      the true or complement circuit 18. If the sign bit indicates a negative
      value, the control logic causes the true or complement circuit 18 to
      convert the latter negative value into its positive two's complement form.
      This is accomplished by complementing the magnitude and adding "1" to the
      complemented magnitude. During the negative phase of the 8 KHz square wave
      the logic system operates in the opposite manner to that just described.
PAR  The signals on line 19 are supplied to a digital adder 20. A second input
      to the adder is derived from line 22 which presents to the adder the most
      recent number stored in a latch 26. The sum occurs in digital form on line
      24 and is supplied to latch 26. The latch is clocked during the positive
      portion of the 8 KHz pulse waveform appearing on line 55. Thus, even
      though all digital signals on line 19 appear at the adder input, only the
      sums of the latched number and the receive side signals will be entered
      into latch 26. By the combined action of adder and latch the sum of the
      absolute values of the signal sampled from line 9 is accumulated in the
      latch. Once every 4 milliseconds, the latch is reset to "0" by the reset
      pulse appearing on line 28. The 4 millisecond period is selected because
      it is long enough to permit integration over a sufficient period in latch
      27, and is short enough to accurately follow the changes in the amplitude
      level differences between the receive and send line signals. Periods of
      other durations, however, would also be suitable.
PAR  Activation of the interrupt or suppression switch 31 occurs whenever the
      bit configuration in latch 26 corresponds to or exceeds a predetermined
      threshold. This bit configuration could be the change of state of a single
      bit corresponding to occurrence of a level of -31 dBmO for a sinusoid
      appearing on the receive-in line 33. This latter function is accomplished
      by detection circuitry in the suppression hangover device 29. When the
      latch number equals or exceeds the predetermined threshold the input
      hangover device is triggered. The output of the hangover device appearing
      on line 30 changes state causing switch 31 to open and enabling gate 46.
      The output of the suppression hangover device will remain in the activated
      state for 50 milliseconds after the most recent occurrence of the trigger
      condition on line 22.
PAR  The signal necessary to accomplish break-in detection appears on line 19.
      It will be recalled that the signal appearing on this line is the parallel
      coded two's complement form of the signals present on lines 5 and 9 which
      are time division multiplexed from one another and which have been signed
      in such a manner that the signals appearing on line 9 are positive signed
      absolute values and those on line 5 are negative signed absolute values.
      Break-in detection is accomplished by the combined operation of adder 21
      and latch 27. All of the digital signals appearing on line 19 are summed
      with the output of latch 27 appearing on line 23 and the resulting sum is
      supplied via line 25 to latch 27. Latch 27 is clocked by a 16 KHz waveform
      in line 56. The result is to accumulate in latch 27 the most recent sum
      which is composed of the positive signed absolute values of the signal
      appearing on line 9 and the negative signed absolute values of the signal
      appearing on line 5. This, of course, is the accumulated difference of the
      signals mentioned. Latch 27 is reset every 4 milliseconds by the signal on
      line 28 so that the output of the latch at the moment of reset is the
      accumulation over the last period of 4 milliseconds. The sign of the
      accumulated value is transferred to shift register 36 under control of the
      read instruction on line 38. The latch reset and the shift register read
      instruction are properly timed to insure that the sign bit is read into
      the shift register just prior to resetting of the latch.
PAR  The shift register, by the action of a 4 KHz clock appearing on line 37 and
      the recirculation appearing on line 39, stores the most recent N
      determinations of sign derived from the adder 21 - latch 27 combination.
      In the specific example herein N=16. When N/2 or more of the signs
      occurring in shift register 36 are negative (i.e., correspond to binary
      one's) indicating that the average value appearing on line 5 is greater
      than that appearing on line 9, the break-in condition is enabled by the
      action of the logic circuits to be now described. The most recently
      determined signs of the values accumulated in latch 27 are circulated in
      shift register 36, the output of stage 16 of the shift register is
      supplied as one input to an AND gate 40. Also a 4 KHz clock is supplied on
      line 41 to gate 40. The third input to gate 40 is an INHIBIT input which
      blocks the gate when a binary 0 logic value is applied thereto. Normally,
      a binary 1 logic value appears at the INHIBIT input. The 4 KHz clock is
      admitted to counter 43 if the state on stage 16 is a one and is blocked
      from counter 43 if the state on stage 16 is a zero. In this way, the
      counter accumulates the total count of minus signs appearing in shift
      register 36. The counter is reset once every 4 milliseconds. The result of
      this operation is to count in counter 43 the number of negative signs in
      the N most recent sign determinations at the output of latch 27. The 4 KHz
      clock appearing on line 37 to shift register 36 clocks the most recent N
      determinations of sign to the counter via gate 40 every 4 milliseconds.
      This count is accumulated at the output and when the bit configuration
      corresponding to the occurrence of N/2=8 is realized the input to gate 46
      on line 44 goes high. If at the same time the input to gate 46 on line 30
      is high or a logic 1 value the output of gate 46 on line 48 goes high.
      This causes activation of the break-in hangover circuit 49 and the receive
      side pad hangover circuit 52. The output condition appearing on line 50
      from the break-in hangover circuit 49 causes break-in switch 51 to close
      thus bypassing the echo suppression switch 31. The break-in hangover
      circuit is designed in such a way as to retain its output high for a
      period of 150 milliseconds since the last occurrence of an input trigger.
      When the output of the receive side pad hangover circuit goes high it
      causes attenuation contact 54 to open inserting 6dB pad 35 in the receive
      side. This hangover circuit is designed to retain the output condition for
      a time period of 600 milliseconds since the last occurrence of the input
      condition. The hangover period of hangover circuit 52 is selected to be
      substantially as long as the time it takes for the send signal to travel
      to the other end of the circuit and echo back. The attenuator will thus
      attenuate the echo of the current send signal. The hangover period
      selected thus depends upon the nature of the circuit, e.g., satellite
      single hop, satellite double hop, transatlantic cable, etc. The act of
      enabling gate 46 by the signal on line 30 causes the activation of the
      break-in condition only when the suppression hangover circuit has been
      activated. This inhibits the occurrence of break-in when only send side
      speech is present. The introduction of the 6dB pad on receive side
      produces the desired increase in overall round trip circuit loss to reduce
      the effect of echo during the occurrence of break-in. It also serves to
      reduce the signal level present on line 9 so that the condition of
      break-in is given an advantage once it occurs. In order to prevent counter
      43 from overflowing, i.e., from advancing from a maximum count to a
      minimum of zero, gate 45 is provided. The latter gate has an output which
      goes low, thereby inhibiting gate 40, whenever the counter output consists
      of all binary one's.
PAR  A specific example of the logic for implementing the control logic 16 and
      true or complement means 18 of FIG. 1 is illustrated in FIG. 2. The logic
      shown was designed for use with an available A/D converter of the offset
      binary type. The offset binary code is well known and is shown in Table 2
      below along with a corresponding analog range .+-. 10 V and a
      corresponding table of two's complement binary code. The table appears in
      the specification sheet for a Datel Systems A/D Converter which was used
      in the specific implementation. For simplification, the logic of FIG. 2 is
      assumed to operate on an eight bit offset binary output (seven bits
      magnitude and one bit sign). However, the implementation would be the same
      for a 12 bit offset binary output from the A/D except that each of the
      elements shown as having parts a and b would also have a third identical
      part c. For example latch 102, comprising four bit latches 102a and 102b
      for the eight bit example, would simply include an additional four bit
      latch 102c (not shown) for the 12 bit implementation.
TBL                Table 2                                                     
     ______________________________________                                    
     Analog                                                                    
     Output Range                                                              
     (.+-.10V, FS)                                                             
                 Offset Binary Two's Complement                                
     ______________________________________                                    
     +9.995      111111111111  011111111111                                    
     +8.750      111100000000  011100000000                                    
     +7.500      111000000000  011000000000                                    
     +5.000      110000000000  010000000000                                    
     0.000       100000000000  000000000000                                    
     -5.000      010000000000  110000000000                                    
     -7.500      001000000000  101000000000                                    
     -8.750      000100000000  100100000000                                    
     -9.995      000000000001  100000000001                                    
     -10.000     000000000000  100000000000                                    
     ______________________________________                                    
PAR  The eight bit output from A/D 104 is applied to latch 102. The latch holds
      the digital output and inverts the sign bit. Thus, the latch output is in
      two's complement form. The seven magnitude bits are applied to a true
      complement gate 100 which either passes the bits unchanged to the output
      thereof or inverts each bit. The inversion results in complementing of the
      magnitude. The output of gate 100 is applied to digital adder 106 where
      either a binary 1 or a binary 0 is added to it. The output of adder 106
      represents the magnitude portion of the output appearing at line 19 in
      FIG. 1. The sign bit for the output appears at the output of an AND gate
      114. The output is in two's complement form.
PAR  As will be recalled from the earlier description of the mode of operation
      in FIG. 1, all receive side signals of value .+-..vertline.X.vertline. are
      given a value +.vertline.X.vertline.. All send signals of
      .+-..vertline.Y.vertline. are given a value -.vertline.Y.vertline.. Also,
      as pointed out previously, when two's complement codes are used, a
      negative signed value is changed to a positive signed value by
      complementing the bits and adding a binary 1. The same process is carried
      out to change a positive signed value to a negative signed value. Also, in
      two's complement a 0 sign bit represents positive and a 1 sign bit
      represents negative.
PAR  A flip-flop 128 triggered by the 8 KHz clock waveform will be in
      synchronism with the multiplexer 10 and sample-and-hold circuit 12. The Q
      output will be a logic 1 when a receive side signal is being processed and
      will be a logic 0 when a send side signal is processed. The Q output is
      applied as one input to AND gate 114 whose output is the output sign bit.
      For the present it may be assumed that the other input to AND gate 114 is
      always a logic 1 thus the Q output passes directly to the output of AND
      gate 114. Whenever a receive signal is processed, Q is a logic 0 and thus
      the AND output indicates a positive sign in two's complement code. During
      processing of a send signal, Q is a logic 1 and thus the AND output
      indicates a negative sign in two's complement code.
PAR  The Q output in combination with the sign output from latch 100 controls
      the complementing operation. The latter outputs are applied to an
      exclusive OR 108. The output of 108 is applied to invert gate 110 whose
      output is applied to NAND 112. The other input to NAND may, for the
      present, be assumed to always be a logic 1 so that NAND 112 operates as an
      invert gate. The NAND gate 112 output is connected to the control input of
      gate 100. The latter gate will pass the input bits to the output in true
      form when the control is a logic 1 and will invert the input bits when the
      control is a logic 0. The NAND output is also applied via invert gate 120
      and AND gate 124 to the add 1 bit input of adder 106. When a 0 is applied
      to adder 106 nothing is added to the input magnitude. When a logic 1 is
      applied a binary 1 is added to the input magnitude. The other input to AND
      gate 124 is normally a logic 1. It can be seen that under normal
      conditions a logic 0 output from NAND 112 causes inversion in gate 100 and
      add 1 in adder 106 - the operation required to change from a value of a
      first sign to the same value of a second sign. A logic 1 output from NAND
      112 normally causes the magnitude bits out of latch 102 to appear
      unchanged at the output of 106.
PAR  The above-described logic will now be considered in connection with four
      examples of input signals to the logic circuit. Two special exceptions
      which utilize the additional logic not yet described, will be described
      later. For the first example, assume a receive signal of
      +.vertline.X.vertline.. The logic must operate to provide a
      +.vertline.X.vertline. at the output. The sign bit from A/D converter 104
      will be a logic 1 and this will be changed to a logic 0 in latch 102. Q
      will be a logic 0 so the output sign bit at AND 114 will be a logic 0,
      indicating a positive sign. Q will be a logic 1 and the sign bit from
      latch 102 will be a logic 0. Thus, the output of gate 108 will be a logic
      1 causing the output of NAND 112 to be a logic 1. Thus, no inversion and
      no 1-bit addition occur.
PAR  In the case where the receive signal is -.vertline.X.vertline., the sign
      output from latch 102 will be a logic 1. Thus, the output of NAND 112 will
      be a logic 0 thereby causing inversion and 1-bit addition to the magnitude
      bits. The sign bit at the output will be a logic 0. Thus, the output will
      correspond to +.vertline.X.vertline. in two's complement.
PAR  A send signal of -.vertline.Y.vertline. passes through unchanged. The sign
      output is logic 1 because Q is a logic 1. The two inputs to exclusive or
      gate 108 will be 1 and 0 thus causing the NAND 112 output to be a logic 1.
      In the case of a send signal of +.vertline.Y.vertline. it will be changed
      to the two's complement code for -.vertline.Y.vertline.. The minus sign is
      provided by Q and gate 114. The inputs to gate 108 will both be logic 0
      causing the output of NAND 112 to be logic 0.
PAR  Two special cases are required because of the nature of the digital codes.
      Referring to Table 2 it can be seen that there is no code for
      -.vertline.0.vertline.. All zero magnitudes are encoded as
      +.vertline.0.vertline.. If a two's complement output of all 0's for a send
      signal were treated in the normal fashion, i.e., change sign, invert bits
      and add 1, the resulting code would be 10000 . . . , which corresponds to
      -10 analog output rather than -0 value. This special case is taken care of
      as follows. Assume an all zero output from latch 102 during the send phase
      of the 8 KHz clock. Q is a logic 1. However, the logic 1 will not pass
      through AND 114 at this time because the all zero condition of the
      magnitude bits out of latch 102 causes NAND 118 to have a logic 0 output.
      The latter output disables AND 114 and insures that NAND 112 will have a
      logic 1 output. The logic 1 output from NAND 112 prevents the inverting
      and add-1 operation. Thus, the all zero input, even during the send phase,
      appears at the output as all zeroes.
PAR  The second special condition occurs when the latch output has a 1 bit for
      the sign, zero bits for the magnitude, and exists during the receive
      phase. As seen from Table 2 the latter two's complement digital output
      corresponds to -.vertline.10 volts.vertline.. If this digital output is
      operated on the same as other negative signed signals during the receive
      phase, it would end up as all zeroes. To provide the proper output, the
      sign is changed, the magnitude bits are inverted, but nothing is added to
      the magnitude bits. The operation is therefore similar to normal operation
      when a negative receive signal occurs except that the add-1 operation is
      disabled by the action of NAND 126 and OR gate 122. The output of NAND 126
      is normally a logic 1 so that AND 124 is normally controlled by the output
      of NAND 112. However, in the special case described herein, the all zero
      magnitude bits will be inverted by gate 100 to all 1 bits. The all 1 bit
      condition causes a logic 0 at the output of NAND 126. The Q output is a
      logic 0 because the system is in the receive phase. Thus, the output of OR
      gate 122 is a logic 0 causing the output of AND gate 124 to be a logic 0.
PAR  The echo suppressor described is suitable for time sharing operation. Most
      of the elements of the digital echo suppressor can be time shared to form
      echo suppressors for several circuits. This can easily be understood by
      considering a simple example of two circuits, each having separate send
      line and receive line, etc. Each circuit would have individual components
      corresponding to all elements in FIG. 1, except for the multiplexer 10, S
      & H 12, A/D 14, control logic 16, true or complement means 18, adder 20,
      adder 21 and counter 43. These latter elements could easily be time shared
      by both circuits. The timing pulses would be changed to insure that every
      line, for example, is sampled at 8 KHz. Also, the timing would control the
      outputs of ADDERS 20 and 21 so that they are supplied to the proper latch
      for the given circuits. The same is true for the input and output of the
      counter 43.
PAR  The invention described above is a digital echo suppressor that can be
      fabricated at lower cost and will possess greater reliability than any of
      the designs presently available on the market today. The low cost results
      from the extensive application of digital logic techniques which can be
      time shared over many channels and from the novel double-talk break-in
      detector and speech detector circuits which can be implemented with a
      small number of logic components. The reason for high reliability results
      from the use of a virtually all-digital logic implementation, which
      minimizes the use of drift prone analog components. Even though its
      internal operation is digital, the device is designed for use on analog
      telephone circuits. It is also directly adaptable to digital PCM circuits.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An echo suppressor adapted for connection between the receive and send
      lines of a communications circuit to reduce send line echo, comprising:
PA1  a. first means, connected to receive signals on said receive line and said
      send line, for producing, at an output thereof, in alternating sequence
      receive line digital codes representative of a first signed absolute
      values of said receive line signals and send line digital codes
      representative of an opposite signed absolute values of said send line
      signals,
PA1  b. first digital summation means connected to said first means for
      accumulating the sum of said receive line digital codes over repetitive
      fixed first periods of time,
PA1  c. suppression hangover means connected to said first digital summation
      means for providing an interrupt output for a first predetermined hangover
      time when said sum accumulated by said first digital summation means
      equals or exceeds a predetermined threshold value,
PA1  d. second digital summation means connected to said first means for
      accumulating the sum of said receive line and send line digital codes over
      said repetitive fixed first periods of time,
PA1  e. storage means connected to said second digital summation means for
      storing indicia representing the signs of the last N sums accumulated by
      said second digital summation means, and
PA1  f. break-in logic means connected to said storage means and to said
      suppression hangover means for providing a break-in output for a second
      predetermined hangover time when M of the indicia stored in said storage
      means represent said opposite sign and said suppression hangover means is
      providing said interrupt output, where M is a predetermined positive
      number less than N.
NUM  2.
PAR  2. An echo suppressor as claimed in claim 1 wherein said break-in logic
      means, comprises:
PA1  a. counter means connected to said storage means for accumulating the
      number of said indicia in said storage means corresponding to said
      opposite sign,
PA1  b. means connected to said counter means and to said suppression hangover
      means for providing a first trigger output in response to the coincidence
      of a count of M or greater in said counter means and an interrupt output
      from said suppression hangover means, and
PA1  c. break-in generator means connected to said last-mentioned means for
      generating said break-in output in response to the occurrence of said
      first trigger output.
NUM  3.
PAR  3. An echo suppressor as claimed in claim 2 wherein said break-in logic
      means further comprises an attenuation pad generator circuit connected to
      said trigger output providing means for generating an attenuation pad
      triggering signal for a third predetermined hangover time in response to
      said trigger output.
NUM  4.
PAR  4. An echo suppressor as claimed in claim 3 wherein said first means
      comprises:
PA1  a. multiplexer means having first and second inputs and one output for
      alternately connecting said first and second inputs to said output, said
      first and second inputs being connected to receive a portion of the
      signals on said receive and send lines, respectively,
PA1  b. analog-to-digital conversion means connected to output of said
      multiplexer for providing digital representations of the input signals
      applied thereto,
PA1  c. true or complement logic means connected to said analog-to-digital
      converter and having a control input terminal adapted to receive control
      signals of first and second values for providing at an output thereof the
      true value of said digital representation in response to application of a
      control signal of said first value and for providing at said output the
      complement value of said digital representation in response to application
      of a control signal of said second value, and
PA1  d. control logic means connected to said analog-to-digital conversion means
      and to the control input terminal of said true or complement logic means
      for applying to said control input terminal a control signal of said first
      value when said digital representation represents a receive side signal of
      said first sign or a send side signal of said opposite sign and a control
      signal of said second value when said digital representation represents a
      receive side signal of said opposite sign or a send side signal of said
      first sign.
NUM  5.
PAR  5. An echo suppressor as claimed in claim 1 wherein said first means
      comprises:
PA1  a. multiplexer means having first and second inputs and one output for
      alternately connecting said first and second inputs to said output, said
      first and second inputs being connected to receive a portion of the
      signals on said receive and send lines, respectively,
PA1  b. analog to digital conversion means connected to output of said
      multiplexer for providing digital representations of the input signals
      applied thereto,
PA1  c. true or complement logic means connected to said analog-to-digital
      converter and having a control input terminal adapted to receive control
      signals of first and second values for providing at an output thereof the
      true value of said digital representation in response to application of a
      control signal of said first value and for providing at said output the
      complement value of said digital representation in response to application
      of a control signal of said second value, and
PA1  d. control logic means connected to said analog-to-digital conversion means
      and to the control input terminal of said true or complement logic means
      for applying to said control input terminal a control signal of said first
      value when said digital representation represents a receive side signal of
      said first sign or a send side signal of said opposite sign and a control
      signal of said second value when said digital representation represents a
      receive side signal of said opposite sign or a send side signal of said
      first sign.
NUM  6.
PAR  6. An echo suppressor as claimed in claim 5 wherein said first digital
      summation means comprises:
PA1  a. a first digital adder means, having first and second inputs and an
      output, for adding the digital signals applied to said first and second
      inputs and providing the sum thereof at said output, said first input
      being connected to receive the digital codes at the output from said first
      means, and
PA1  b. a first digital latch means, having an input connected to the output of
      said first digital adder means, an output connected to the second input of
      said first digital adder means, a control terminal, and a reset terminal,
      for storing the sum at the output of said first digital adder in response
      to a control signal being applied at said control input, said control
      signal being applied in coincidence with the appearance of said receive
      line digital codes at the output of said first means, and said reset
      terminal receiving a reset input at a rate of said repetitive fixed first
      period of time for resetting said first digital latch.
NUM  7.
PAR  7. An echo suppressor as claimed in claim 1 wherein said second digital
      summation means comprises:
PA1  a. a second digital adder means, having first and second inputs and an
      output, for adding the digital signals applied to said first and second
      inputs and providing the sum thereof at said output, said first input
      being connected to receive the digital codes at the output from said first
      means,
PA1  b. a second digital latch means, having an input connected to the output of
      said second digital adder means, an output connected to said second input
      of said second digital adder means, a reset terminal, and a control
      terminal, for storing the sum at the output of said second digital adder
      in response to a control signal at said control input, said control signal
      being applied in coincidence with each digital code output from said first
      means, and said reset terminal receiving a reset input at a rate of said
      repetitive fixed first period of time for resetting said second digital
      latch.
NUM  8.
PAR  8. An echo suppressor as claimed in claim 1 wherein said first digital
      summation means comprises:
PA1  a. a first digital adder means, having first and second inputs and an
      output, for adding the digital signals applied to said first and second
      inputs and providing the sum thereof at said output, said first input
      being connected to receive the digital codes at the output from said first
      means, and
PA1  b. a first digital latch means, having an input connected to the output of
      said first digital adder means, an output connected to the second input of
      said first digital adder means, a control terminal, and a reset terminal,
      for storing the sum at the output of said first digital adder in response
      to a control signal being applied at said control input, said control
      signal being applied in coincidence with the appearance of said receive
      line digital codes at the output of said first means, and said reset
      terminal receiving a reset input at a rate of said repetitive fixed first
      period of time for resetting said first digital latch.
NUM  9.
PAR  9. An echo suppressor as claimed in claim 8 wherein said second digital
      summation means comprises:
PA1  a. a second digital adder means, having first and second inputs and an
      output, for adding the digital signals applied to said first and second
      inputs and providing the sum thereof at said output, said first input
      being connected to receive the digital codes at the output from said first
      means, and
PA1  b. a second digital latch means, being an input connected to the output of
      said second digital adder means, an output connected to said second input
      of said second digital adder means, a reset terminal, and a control
      terminal, for storing the sum at the output of said second digital adder
      in response to a control signal at said control input, said control signal
      being applied in coincidence with each digital code output from said first
      means, and said reset terminal receiving a reset input at a rate of said
      repetitive fixed first period of time for resetting said second digital
      latch.
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ABST
PAL  A network path test circuit for testing call connections established
      through the switch network of a telephone toll switching office. Common
      control equipment of the telephone toll switching office momentarily
      applies a tone signal to the transmit and receive paths of a call
      connection prior to outpulsing a called telephone station directory
      number. Detector apparatus measures the impedance reflected back over the
      call connection to determine the absence and existence of path
      transpositions in the call connection. The common control equipment is
      enabled to establish another call connection when the reflected impedance
      indicates path transpositions in the call connection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention concerns switching systems. In particular it relates to the
      testing of communication connections established through switching
      systems.
PAR  2. Description of the Prior Art
PAR  Telephone calls are established in the telephone direct distance dialing
      network between calling and called telephone stations through a hierarchy
      of switching systems. Many switching systems in the direct distance
      dialing network are designated as toll switching offices and are arranged
      to establish call connections for interconnecting other toll and local
      switching offices in order that a communication path may be established
      from a calling telephone station to a called telephone station both of
      which are served by local switching offices.
PAR  A toll switching office establishes call connections to a local switching
      office on a four-wire basis from an incoming trunk through cross-connected
      toll switching office equipment to an outgoing trunk. The outgoing trunk
      is extended by a transmission facility to a local switching office serving
      the called telephone station. After the call connection has been
      established the toll switching office equipment outpulses the called
      telephone station directory number over both a transmit and receive path
      from the incoming trunk through the toll switching office to the outgoing
      trunk. The outpulsed called telephone directory number signals appearing
      on both the transmit and receive path are combined in the outgoing trunk
      and transmitted over a two-wire trunk facility to the local switching
      office. The local switching office receives the combined directory number
      signals and utilizes them to establish a connection with the called
      telephone station.
PAR  It sometimes happens that a pair of leads comprising one path of a
      four-wire connection through the toll office switching equipment are
      inadvertently reversed or transposed. When this occurs with a two-wire
      transmission facility the directory number signals outpulsed by the toll
      office common control equipment are absorbed by the outgoing trunk instead
      of being combined. The local switching office does not receive digits of
      the called telephone station directory number. When this occurs the
      switching equipment of the local switching office times out after waiting
      for the directory number signals and the call connection is never
      completed to the called telephone station.
PAR  Telephone toll switching offices are presently arranged to perform several
      tests on four-wire call connections prior to completing a telephone call.
      In the first test the toll office common control equipment makes a false
      cross and ground test on four-wire connections partially established
      through the telephone switching office. This test checks for the grounding
      of leads comprising the partial connection and for erroneous short
      circuits that may appear across the path leads. During a second test the
      toll office common control equipment conducts a continuity test on each
      path of the four-wire connection to determine the continuity of leads
      comprising each path of the call connection. However, neither of these
      tests detects the presence of transposition of leads in a path through the
      toll switching office which would prevent the outpulsing of a called
      telephone directory number and the inconvenience of a lost call to a
      calling subscriber.
PAR  Accordingly, a need exists in the art for an arrangement for testing for
      path reversals of four-wire connections through a telephone toll switching
      office which result in the loss of telephone calls and the inconvenience
      of telephone subscribers. A need also exists for apparatus that responds
      to the detection of a path reversal of a four-wire call connection by
      establishing another four-wire call connection through a telephone toll
      switching office to complete a telephone call which would ordinarily be
      lost.
PAC  SUMMARY OF THE INVENTION
PAR  In the exemplary embodiment of the invention, a test circuit is provided
      for use with switching offices of a communication system to test for
      reversals and transpositions occurring in call connections established
      through a switch network of a switching office. Common control equipment
      of the switching office momentarily controls the test circuit to apply a
      test tone to both transmit and receive paths of a call connection
      established through the switch network of the switching office to a hybrid
      of a two-wire trunk extending to another switching office. The impedance
      resulting from the applied test tone and reflected back over both the
      transmit and receive paths of the call connection from transpositions
      two-wire trunk hybrid through the switch network is measured to determine
      the absence and existence of transpositions and reversals in both the
      transmit and receive paths. Detection of predetermined values of measured
      reflected impedances indicates the presence of transmit and receive path
      transportations and is utilized to control the switching office to
      establish another call connection through the switch network when it has
      been determined that a transposition or reversal exists in the original
      call connection.
PAR  In accordance with one feature of the invention, test circuit apparatus
      within common control equipment of a switching office measures the
      reflected impedance of a call connection established through a telephone
      switching office switch network to determine the absence or existence of
      transpositions and reversals occurring in the call connection path.
PAR  In accordance with another feature of the invention, test circuit apparatus
      is provided for use in telephone switching office common control equipment
      to momentarily apply a test tone to the switch network path of a call
      connection established through the telephone switching office. Additional
      apparatus of the test circuit measures the reflected network path
      impedance to detect the presence of transpositions and reversals in the
      network path and enables the common control equipment to establish another
      call connection when a predetermined value of reflected impedance
      indicates that a network path reversal exists in the original call
      connection.
PAR  In accordance with still another feature of the invention, common control
      equipment of a telephone switching office is back with a switch network
      path reversal test circuit arranged to connect the transmit and receive
      legs of a test hybrid coupled to a signal generator to the transmit and
      receive paths of a four-wire call connection established through the
      telephone office switch network to the hybrid of a two-wire trunk
      extending to another telephone switching office. Apparatus controls the
      signal generator to momentarily apply a tone signal through the test
      hybrid simultaneously to both the four-wire call connection transmit and
      receive paths prior to the outpulsing of called telephone station number
      digits. Detector apparatus measures the resulting impedances reflected
      bath from the two-wire trunk hybrid through the switch network and
      controls the common control equipment to re-establish the four-wire call
      connection over another switch network path when a predetermined value of
      reflected impedance indicates a transmit or receive path transposition in
      the original four-wire call connection.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The foregoing objectives and advantages, as well as other of the invention,
      will be more apparent from a description of the exemplary embodiment shown
      in the drawing in which:
PAR  FIG. 1 illustrates a telephone toll switching office embodying the network
      path test apparatus of the instant invention;
PAR  FIG. 2 and 3 depict details of testing call connections through the switch
      network of a telephone switching office; and
PAR  FIG. 4 sets forth the schematic details of the instant network path test
      apparatus.
DETD
PAR  It will be noted that the drawing employs a type of notation referred to as
      "Detached Contact" in which an "X," shown intersecting a conductor,
      represents a normally open "make" contact of a relay, and a "bar," shown
      intersecting a conductor at right angles, represents a normally closed
      "break" contact of a relay; "normally" referring to the unoperated
      condition of the relay. The principles of this type of notation are
      described in an article entitled "An Improved Detached-Contact-Type of
      Schematic Circuit Drawing" by F. T. Meyer in the September, 1955,
      publication of the American Institute of Electrical Engineers
      Transactions, Communications and Electronics, Volume 74, pages 505-513.
PAC  GENERAL DESCRIPTION
PAR  Referring now to FIG. 1 of the drawing, it is intended that toll switching
      office 1 be a conventional and well-known type of toll switching system
      such as the No. 4A Crossbar toll system that is presently used in the
      telephone direct distant dialing network. This type of system is described
      by J. B. Nelson in an article entitled "Common Control Features in
      Nationwide Dial in g," Bell Laboratories Record, December, 1953. The
      present invention is not limited for use with a telephone toll switching
      system of this type but may also be advantageously utilized with other
      types of switching systems as well.
PAR  An incoming call arrives at toll switching office 1 over incoming trunk 101
      which has been seized by another switching office of the telephone direct
      distance dialing network. Incoming trunk 101 responds in the well-known
      manner to a seizure by requesting the sender link connector of sender link
      102 over path A to locate an idle incoming sender. The sender link
      connector responds by directing link controller 103, via path B, to select
      an idle incoming sender 104 and to close switches in sender link 102 to
      establish pulsing path KT, KR, KT1, KR1 between incoming trunk 101 and
      idle incoming sender 104.
PAR  In the well-known manner, incoming sender 104 receives called telephone
      station directory number digit signals for another telephone switching
      office over transmit path TT, TR extending through sender link 102 to
      incoming sender 104. Incoming sender 104 records digits of the received
      called telephone station directory number and signals decoder connector
      105, via path C, to seize decoder 106 over path D. Decoder 106 immediately
      seizes translator 107 and digits of the called telephone station directory
      number are transmitted from incoming sender 104 through decoder 106 to
      translator 107.
PAR  Decoder 106 receives translation information from translator 107 and
      responds thereto by directing marker connector 108 over path E to seize an
      idle marker 109. When marker 109 has been selected, marker connector 108
      signals decoder connector 105 over path F to connect incoming sender leads
      T1, R1, T2, R2 with marker 109. Marker 109 obtains location of outgoing
      trunks suitable for use on this call from decoder 106 and proceeds to
      select outgoing trunk 111 in the well-known manner via trunk block
      connector 110. Decoder 106 and translator 107 then release from the
      connection.
PAR  Marker 109 directs incoming and outgoing frame connectors over paths I, H
      to set the switches of incoming and outgoing frames 112, 113 and thereby
      establish transmit and receive paths TT, TR, RT, RR from incoming trunk
      101 to outgoing trunk 111. Transmit and receive paths are established at
      this time from reversal detector 1091 over leads T2, R2, T1, R1 from
      marker 109 through decoder connector 105, the make portion of transfer
      contacts MT-2, MT-1 of incoming sender 104 to transmit and receive pulsing
      path leads KT, KR, KT1, KR1. Transmit and receive pulsing path leads KT,
      kR, KT1, KR1 are extended through sender link 102 and make contacts SP-1,
      SP-2 of incoming trunk 101 and over leads TT, TR, RT, RR through incoming
      and outgoing frames 112, 113 of the switch network to four-wire term set
      1111 of outgoing trunk 111.
PAR  Marker 109 initiates a reversal test of the transmit and receive paths TT,
      TR, RT, RR established through toll switching office switch network by
      enabling tone generator 1092 to momentarily apply a test tone
      simultaneously to both transmit path T2, R2 and receive path T1, R1. The
      resulting impedance reflected back from four-wire hybrid or term set 1111
      of outgoing trunk 111 through the switch network to marker 109 enables
      reversal detector 1091 to detect the presence of a reversal or
      transposition in either the leads of transmit path TT, TR or the leads of
      receive path RT, RR.
PAR  In the event that a lead reversal exists in the transmit or receive path,
      reversal detector 1091 detects presence of the reversal from the value of
      impedance reflected back from outgoing trunk 111 and informs marker 109 of
      a defective pulsing path by operating reorder relay RO. Operation of relay
      RO directs marker 109 to select another outgoing trunk to telephone
      switching office 2 and to establish a new call connection from incoming
      trunk 101 through incoming and outgoing frames 112, 113 of the switch
      network to the selected outgoing trunk.
PAR  After testing for path reversals and determining the absence thereof marker
      109 transfers outpulsing information to incoming sender 104 and releases
      from the call connection. Incoming sender 104 subsequently enables
      multifrequency tone pulser 1043 to outpulse digit signals of the called
      telephone station directory number through make contacts PG1, four-wire
      term set 1041 and the break portion of released transfer contacts MT-1,
      MT-2 to both the transmit and receive paths TT, TR, RT, RR of incoming
      trunk 101. The outpulsed digit signals received from incoming trunk 101
      over both transmit and receive paths TT, TR, RT, RR are combined in
      four-wire term set 1111 of outgoing trunk 111 and transmitted over
      two-wire trunk facility T, R to telephone local switching office 2. At
      local switching office 2 the received directory number digits enable the
      completion of a communication path between the calling and called
      telephone stations.
PAR  It will be clear from the above general description and the subsequent
      detailed description that the novel arrangement contemplated by the
      invention enables a telephone toll switching office to test for path
      reversals of a call connection established through the office switch
      network. Identification of a call connection path reversal in the switch
      network and the establishment of another call connection prior to
      outpulsing thereby prevents lost call connections caused by failure of a
      local telephone switching office to receive outpulsed directory number
      signals.
PAC  DETAILED DESCRIPTION
PAC  A. Outpulsing Path
PAR  Referring now to FIG. 2 of the drawing, the pulsing path of telephone toll
      switching office 1 extends from incoming sender 104 through incoming trunk
      101 and switch network 100 to outgoing trunk 111. Four-wire term set 1041
      of incoming sender 104 is connected by a transmit pulsing path comprised
      of two leads KT, KR and a receive pulsing path comprised of two leads KT1,
      KR1 with the two-wire transmit path TT, TR and two-wire receive path RT,
      RR, respectively, of the call connection extending to four-wire term set
      1111 of outgoing trunk 111.
PAR  During the outpulsing sequence incoming sender 104 controls tone pulser
      1043 in the well-known manner to apply digital tone signals to the input
      of four-wire term set 1041. The digital tone signals appearing at the
      input of four-wire term set 1041 are split and simultaneously applied to
      two-wire transmit pulsing path KT, KR and two-wire receive pulsing path
      KT1, KR1. Digital tone signals subsequently appearing on two-wire transmit
      path TT, TR and two-wire receive path RT, RR through make contacts SP-1,
      SP-2 of incoming trunk 101 are combined by four-wire term set 1111 and
      transmitted from outgoing trunk 111 on two-wire trunk facility T, R to
      telephone switching office 2. In the event there is a reversal in either
      the switch network transmit and receive paths the digital tone signals
      appearing at the TT, TR, RT, RR inputs of four-wire term set 1111 will
      cancel each other thereby resulting in the absence of digital tone signals
      at the output T, R of four-wire term set 1111.
PAC  B. Reversal Test Path
PAR  Prior to the outpulsing of the called telephone station directory number
      digits, the two-wire output T, R of four-wire term set 1111 is terminated
      in an open or high impedance state. As set forth in FIG. 3 of the drawing,
      the two-wire transmit path TT, TR of the call connection is connected to
      the input of coil HT2. Similarly, the call connection two-wire receive
      path RT, RR is connected to the input of coil HT1.
PAR  Marker 109 initiates a reversal test of the call connection prior to the
      outpulsing sequence by connecting reversal detector 1091 to the call
      connection. Reversal connector 1091 includes a test hybrid 10910 that is
      identical in construction to four-wire term set 1111 and has a two-wire
      input C1, A1. During the test sequence marker 109 connects the transmit
      leads T2, R2 of test hybrid 10910 directly to leads TT, TR of the transmit
      path terminated at input coil HT2 of four-wire term set 1111. Receive
      leads T1, R1 of test hybrid 10910 are reversed so that lead T1 is coupled
      to receive path lead RR and lead R1 is coupled to receive path lead RT.
PAR  The momentarily application of test tone signal to input C1, A1 of test
      hybrid 10910 causes current to flow in the input coils HT1, HT2 of
      four-wire term set 1111 in the direction shown by the solid lines. Since
      four-wire term set 1111 leads T, R are terminated with a high value of
      impedance little current is induced into the output circuit coils HT1,
      HT2. However, the current induced into the balance network of coils HT1,
      HT2 is in such a direction as to add in network impedance 1112 and thereby
      reflect a low value of impedance at the input of coils HT1, HT2. The low
      impedances appearing on the transmit and receive paths TT, TR, RT, RR of
      the call connection are reflected back through test hybrid 10910 and
      appear as a low impedance across test hybrid input leads C1, A1.
PAR  If a reversal is present in the call connection, for example, receive path
      leads RT, RR may be reversed in the switch network, the current resulting
      from the test tone signal would flow in the input of coil HT1 in the
      direction indicated by the dotted line. As in the nonreversal situation,
      little current is induced into the output circuit of coils HT1, HT2
      because of the large inpedance appearing across output leads T, R. The
      resulting current induced into the balance network by reverse current
      flowing in coil HT1 cancels the current induced into the balance network
      by the normal current flowing in coil HT2 and thereby results in a high
      value of impedance appearing in the call connection transmit and receive
      paths. These high impedances are reflected back to the T1, R1, T2, R2
      inputs of test hybrid 10910 and appear as a high impedance across the test
      hybrid input C1, A1.
PAR  Thus, on a normal call connection the momentarily application of a test
      tone to the C1, A1 input of test hybrid 10910 results in a low value of
      impedance appearing across test hybrid input C1, A1. A high value of
      impedance appearing across test hybrid input C1, A1 indicates that a lead
      reversal has occurred in either the call connection transmit path leads
      TT, TR or the receive path leads TR, RR.
PAC  C. Reversal Detector Calibration
PAR  Referring now to FIG. 4 of the drawing, reversal detector 1091 includes a
      tone generator 10911 which is normally terminated in a first resistance
      path consisting of series resistors R1, R3, R5 connected in parallel with
      a second resistance path comprising the normal portion of transfer
      contacts RT-1 connected in series with resistors R2, R4. In the normal
      position relay RT is in a released state and resistor R2 is connected in
      series through the break portion of transfer contacts RT-1 with resistor
      R4. The resistance of R5 is adjusted so that the collector voltage of
      transistor Q3 developed from the reference voltage appearing across
      resistors R3, R5 and amplified by transistor Q1 is equal to the collector
      voltage of transistor Q4. When this occurs, the base potential of
      unbalance detector transistor Q5 is equal to the emitter potential and
      transistor Q5 is maintained in a nonconducting state. With transistor Q5
      in the nonconducting state, ground appears on both the base and emitter of
      transistor Q6 thereby inhibiting the operation of relay WK.
PAR  Thus, during the interval of time that relay RT is released, the WK relay
      of reversal detector 1091 remains unoperated due to the resistor R2
      connected across input C1, A1 of test hybrid 10910.
PAC  D. Test of Call Connection Path
PAR  Marker 109 of telephone toll switching office 1 initiates a test of the
      call connection path by momentarily closing make contacts TS-1 to provide
      an operate path for relay RT. As shown in FIG. 4 of the drawing, relay RT
      in operating opens the break portion of transfer contacts RT-1 to
      disconnect resistor R2 from tone generator 10911 and causes the make
      portion of transfer contacts RT-1 to substitute the input impedance of
      test hybrid 10910 therefore. Tone signal from tone generator 10911,
      formerly appearing across resistor R2, is now applied through the make
      portion of transfer contacts RT-1 to the C1, A1 input of test hybrid
      10910. Operation of relay RT also closes make contacts RT-6 to activate
      timer D1 by applying ground through break contacts WK-1 to input of timer
      D1.
PAR  The tone signal appearing at the input of test hybrid 10910 is
      simultaneously applied to both transmit path T2, R2 and receive path T1,
      R1 through make contacts RT-2, RT-3, RT-4, RT-5 and the switch network to
      outgoing trunk four-wire term set 1111. Assuming that there are no
      reversals appearing on the call connection, a low value of impedance is
      reflected back over both the transmit and receive paths of the call
      connection and appears across input C1, A1 of test hybrid 10910.
PAR  Since resistor R2 is greater than the reflected impedance, the voltage
      appearing across resistor R4 will increase. An increase of voltage
      appearing across resistor R4 is coupled, via capacitor C2, to the base
      input of amplifier transistor Q2. The increase voltage signal is then
      amplified by transistor Q2 and appears at the secondary winding of
      transformer T2 where it is rectified by a full wave rectifier composed of
      diodes CR2 and CR4. Increased output of the full wave rectifier increases
      the charge of capacitor C8 and thereby drives the base of transistor Q4
      more negative. As the base goes more negative, more current flows through
      transistor Q4 and the collector thereof becomes more positive with respect
      to the collector of transistor Q3. Current then flows from the collector
      of transistor Q4 through resistors R21, R22 to the collector of transistor
      Q3 through diode CR5. The resulting voltage developed across resistor R22
      forward biases transistor Q5 and causes current to flow from ground
      through resistors R24, R23, the collector-emitter circuit of transistor Q5
      and diode CR5 to the collector of transistor Q3. The voltage developed
      across resistor R24 forward biases transistor Q6 and enables transistor Q6
      to conduct and operate relay WK. Relay WK indicates the satisfactory
      completion of the test by operating and opening break contacts WK-1 to
      remove ground from the input of timer D1 and thereby prevent operation of
      relay RO. The failure of relay RO to operate at this time denotes
      satisfactory completion of the test of the call connection.
PAR  After testing the call connection for transmit and receive path reversals,
      marker 109, FIG. 1 of the drawing, signals incoming sender 104 to initiate
      outpulsing and the releases from the call connection. Incoming sender 104
      outpulses called telephone station directory number signals from
      multifrequency tone pulser 1043 through make contacts PG1 and four-wire
      term set 1041 simultaneously over both transmit and receive paths TT, TR,
      RT, RR to outgoing trunk 111. The number signals are combined in four-wire
      term set 1111 and transmitted over trunk facility T, R to telephone switch
      office 2 in order that a communication path may be established between
      calling and called telephone stations.
PAR  When there is a reversal or transposition in the call connection transmit
      or receive path, the value of reflected impedance, FIG. 4, appearing
      across input leads C1, A1 is large thereby causing a decrease in the
      voltage appearing across resistor R4. The resulting decrease of voltage
      appearing on the base of amplifier transistor Q2 reduces the charge on
      capacitor C8 and thereby drives the base of transistor Q4 in a positive
      direction. With the base more positive, current flow decreases through
      transistor Q4 and makes the collector thereof more negative and maintains
      unbalance detector transistor Q5 in the nonconducting state. Diode CR5
      prevents reverse current flow from the collector of transistor Q3 to the
      collector of transistor Q4 while capacitor C9 filters out noise and
      alternating current unbalance signals appearing between the collectors of
      transistors Q3, Q4. When transistor Q5 is in the nonconducting state,
      ground appears on both the base and emitter of transistor Q6 thereby
      preventing the operation of both transistor Q6 and relay WK. After a
      predetermined time the D1 timer operates relay RO to indicate a reversal
      of the call connection.
PAR  Operation of relay RO enables marker 109 to initiate a sequence in the
      well-known manner to establish a trouble record. After registration of the
      trouble record, marker 109, FIG. 1 of the drawing, releases outgoing trunk
      111 and transmits a second trial indication to decoder connector 105.
      Marker 109 then releases from the connection. Decoder connector 105
      subsequently starts a new call cycle by reselecting decoder 106 which in
      turn seizes marker 109 to select another outgoing trunk. In the heretofore
      described manner, marker 109 re-establishes another call connection
      between incoming trunk 101 and the selected outgoing trunk, tests the new
      call connection for path transpositions, and upon successfully concluding
      the path reversal test, completes a call connection between a calling and
      called telephone station.
PAC  Summary
PAR  It is appreciated from the foregoing that the facility, economy, and
      efficiency of telephone switching systems may be substantially enhanced by
      the provision of apparatus arranged to test for transpositions occurring
      in call connections established through the switch network of a telephone
      switching system. It is further realized from the foregoing that the
      instant network path test circuit aids a telephone switching office to
      complete call connections to called telephone stations by reducing the
      number of lost calls experienced by calling telephone station subscribers.
PAR  While the apparatus of the invention has been disclosed in a telephone toll
      switching system it is to be understood that such an embodiment is
      intended to be illustrative of the principles of the invention and that
      other arrangements may be devised by those skilled in the art without
      departing in the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A test circuit for testing call connections established through a switch
      network of a switching system, said test circuit comprising
PA1  means for applying a test tone signal simultaneously to both a transmit and
      receive path comprising one of the call connections, and
PA1  means responsive to said tone applying means for detecting path reversals
      occurring in the call connections and for enabling the switching system to
      establish another call connection in accordance with a predetermined value
      of reflected impedance of the call connection denoting a transmit and
      receive path reversal.
NUM  2.
PAR  2. The test circuit set forth in claim 1 wherein said applying means
      comprises
PA1  means for generating the test tone signal, and
PA1  means enabled by the switching system for momentarily coupling said tone
      signal generating means simultaneously to both the call connection
      transmit and receive paths.
NUM  3.
PAR  3. The test circuit as set forth in claim 2 wherein said coupling means
      comprises
PA1  hybrid means having an input circuit and a pair of output circuits for
      coupling tone signals appearing on the input circuit simultaneously to
      both output circuits, and
PA1  relay means selectively operated by the switching system for connecting
      said tone signal generating means to the hybrid input circuit and each of
      the hybrid output circuits individually to the call connection transmit
      and receive paths.
NUM  4.
PAR  4. The test circuit as set forth in claim 3 wherein said detecting and
      enabling means comprises
PA1  means for measuring impedance reflected by the call connection transmit and
      receive paths at the input circuit of the hybrid, and
PA1  means enabled by a predetermined value of the measured impedance for
      indicating to the switching system an occurrence of a wire transposition
      in the transmit path and the receive path of the call connection.
NUM  5.
PAR  5. The test circuit as set forth in claim 4 wherein said detecting and
      enabling means further comprises
PA1  means fir signaling the switching system to initiate the establishment of
      the other call connection through the switching network a predetermined
      interval of time after detecting the occurrence of the transmit and
      receive path wire transposition.
NUM  6.
PAR  6. A test circuit for use in testing telephone call connections established
      through a switch network of a telephone switching office, said test
      circuit comprising
PA1  means for generating a test tone signal,
PA1  means for momentarily coupling said tone signal generating means
      simultaneously to both a transmit and receive path comprising one of the
      telephone call connections,
PA1  means responsive to said tone signal generating means for measuring
      impedance reflected by the call connection transmit and receive paths into
      said coupling means, and
PA1  means for enabling the telephone switching office to initiate establishment
      of another telephone call connection through the switch network when a
      predetermined value of the measured reflected impedance indicates a wire
      transposition in the call connection transmit and receive paths.
NUM  7.
PAR  7. The test circuit set forth in claim 6 wherein said momentarily coupling
      means comprises
PA1  a relay responsive to the telephone switching office,
PA1  a hybrid having an input circuit and a pair of output circuits and arranged
      to couple a tone signal appearing on the input circuit simultaneously to
      both output circuits, and
PA1  means comprising make contacts of said relay for connecting said tone
      signal generating means to the hybrid input circuit and each of the hybrid
      output circuits individually to the call connection transmit and receive
      paths.
NUM  8.
PAR  8. The test circuit set forth in claim 7 wherein said measuring means
      comprises
PA1  means connected to said tone signal generating means for generating a
      reference signal having a predetermined voltage level, and
PA1  means including the hybrid input circuit and connected to said tone signal
      generating means by operation of said relay for generating a variable
      signal having values depending upon the reflected impedance appearing at
      the input circuit of said hybrid.
NUM  9.
PAR  9. The test circuit set forth in claim 8 wherein said measuring means
      further comprises
PA1  amplifying and rectifying means coupled to said reference and said variable
      signal generating means for generating a first output voltage signal from
      said reference signal and a second output voltage signal in response to
      said variable signal, and
PA1  detector means coupled to said amplifying and rectifying means for
      generating a bias voltage output signal when said second output voltage
      signal is greater in magnitude than a predetermined value of said first
      output voltage signal and for inhibiting the generation of the bias
      voltage output signal when said second output voltage signal is less than
      the predetermined value of said first output voltage signal.
NUM  10.
PAR  10. The test circuit set forth in claim 9 wherein said enabling means
      comprises
PA1  control means coupled to said detector means and responsive to the bias
      voltage output signal thereof for signaling absence and presence of wire
      transpositions in the transmit and the receive path of the call connection
      to the telephone switching office in accordance with the value of the
      reflected impedance appearing at the input circuit of said hybrid.
NUM  11.
PAR  11. A test circuit for use in testing a telephone call connection
      established through a switch network of a telephone switching office from
      a four-wire incoming trunk to a two-wire outgoing hybrid trunk, said test
      circuit comprising
PA1  generator means for generating a test tone signal,
PA1  hybrid means having an input circuit and a pair of output circuits for
      coupling a tone signal appearing on the input circuit simultaneously to
      both output circuits,
PA1  relay means responsive to the telephone switching office and having
      contacts for momentarily connecting said generator means to the hybrid
      means input circuit and each of the hybrid means output circuits
      individually to a transmit path and a receive path of the four-wire
      incoming trunk,
PA1  first path means connected across said generator means for generating a
      first tone signal having a predetermined voltage level,
PA1  second path means including the hybrid means input circuit and connected
      across said generator means by operation of said contacts for generating
      second tone signals of voltage levels corresponding to values of impedance
      reflected back over the telephone call connection from the two-wire hybrid
      trunk through the switch network to the hybrid means input circuits,
PA1  amplifying and rectifying means coupled to said first and said second path
      means for generating a first output voltage from said first tone signal
      and various values of a second output voltage in response to said second
      tone signals,
PA1  detector means coupled to said amplifying and rectifying means for
      generating a bias voltage output signal when said second output voltage is
      greater in magnitude than a predetermined value of said first output
      voltage and for inhibiting the generation of the bias voltage output
      signal when said second output voltage is less in magnitude than the
      predetermined value of said first output voltage, and
PA1  means coupled to said detector means and responsive to the bias voltage
      output signal thereof for signaling absence and presence of wire
      transpositions in the call connection transmit and receive paths to the
      telephone switching office and for enabling the telephone switching office
      to establish another call connection when the reflected impedance
      appearing at the hybrid means input circuit indicates a wire transposition
      in the call connection transmit and receive paths.
NUM  12.
PAR  12. A switch network path reversal test circuit for use in testing transmit
      and receive paths of a telephone connection established through a
      telephone switching office, said test circuit comprising
PA1  a tone signal generator
PA1  a hybrid having an input circuit and a pair of output circuits for coupling
      a tone signal appearing on the input circuit simultaneously to both output
      circuits,
PA1  a relay responsive to the telephone switching office having make contacts
      for connecting said tone signal generator to the hybrid input circuit and
      each of the hybrid output circuits individually to the transmit and
      receive paths, and
PA1  means coupled to said tone signal generator and said hybrid by operation of
      said relay for detecting presence of path reversals occurring in the
      transmit and receive paths of the telephone connection in accordance with
      the transmit and receive path inpedances reflected into the hybrid input
      circuit.
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ABST
PAL  A multiple contact switch including an elongate contact member mounted for
      sliding movement. A pair of contact posts are positioned beneath the
      sliding contact member and a contact ball is arranged between the contact
      posts with the sliding contact member resting on the ball and moving the
      ball into contacting relation with the two posts. A third contact post has
      a cam surface and a sliding contact member has a cam surface adapted to
      cooperate with the cam surface of the post to lift the sliding contact
      member out of contact with the ball as the sliding contact member makes
      contact with the contact post having the cam surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The present invention relates to a multiple contact switch having a sliding
      contact member.
PAC  Summary of the Invention
PAR  The present multiple contact switch includes a housing which is normally
      filled with oil and has a sliding contact bar mounted thereon with a cam
      element integrally formed on the free end of the bar. A pair of contact
      posts are positioned beneath the bar and out of contact with the bar and a
      contact ball is mounted for rolling action between the contact posts. The
      contact bar engages the ball and as the bar is reciprocated the ball is
      rolled from contact with one of the contact posts into contact with the
      other of the contact posts completing a circuit from the contact bar
      through the respective contact posts and the ball. A third contact post
      with cam surface is positioned to be engaged by the cam surface of the
      sliding contact bar so as to lift the sliding contact bar out of contact
      with the ball as a circuit is established through the contact bar and and
      the last contact post.
PAR  The primary object of the invention is to provide a positive acting
      multiple contact switch.
DRWD
PAR  Other objects and advantages will become apparent in the following
      specification when considered in light of the attached drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the invention;
PAR  FIG. 2 is an enlarged vertical sectional view taken along the line 2--2 of
      FIG. 1 looking in the direction of the arrows;
PAR  FIG. 3 is a horizontal sectional view taken along the line 3--3 of FIG. 2
      looking in the direction of the arrows;
PAR  FIG. 4 is a view similar to FIG. 2 illustrating the switch in a second
      position; and
PAR  FIG. 5 is an enlarged view similar to FIG. 2 illustrating the contacts in a
      third position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail wherein like reference characters
      indicate like parts throughout the several figures, the reference numeral
      10 indicates generally a multiple contact switch constructed in accordance
      with the invention.
PAR  The multiple contact switch 10 includes a housing 11 having a bottom wall
      12, a top wall 13, a rear wall 14, a front wall 15, end walls 16-17 and a
      pair of stepped top walls 18-19.
PAR  A generally U-shaped mounting bracket 20 encompasses one end of the housing
      11 for mounting the multiple contact switch 10 in a desired location. A
      filler plug 21 extends through the top wall 19 for fillng the housing 11
      with oil 22.
PAR  A contact bolt 23 extends upwardly through the top wall 18 and is secured
      in place by a nut 24. A second nut 25 on the contact bolt 23 is provided
      for clamping a wire 26 thereto.
PAR  A spring arm 27 is secured to the underside of the top wall 18 by the
      contact bolt 23 and has a shoe 28 on one end thereof for reasons to be
      assigned. A coil spring 29 is mounted in a socket 30 in the top wall 18
      and engages the spring arm 27 to bias the shoe 28 downwardly toward the
      bottom wall 12.
PAR  A contact post 31 extends through the bottom wall 12 and is secured in
      place by a nut 32. A second nut 33 is threaded onto the bolt 31 to clamp a
      wire 34 thereto. The threaded post 31 has a contact plate 35 secured
      thereto and engaging against the bottom wall 12. A second contact post 36
      identical to the contact post 31 also extends through the bottom wall 12
      and is secured thereto by a nut 32 with a wire 37 secured thereto by a nut
      33. A third contact post 38 extends through the bottom wall 12 and is
      secured thereto by a nut 39. A wire 40 is secured to the contact post 38
      by means of a second nut 41. The contact post 38 has a cam surface 42
      formed on the side thereof opposite the contact posts 31-36.
PAR  An elongate sliding contact bar 43 is positioned within the housing 11 and
      has a downwardly sloping cam finger 44 formed on one end thereof and
      adapted to engage the cam surface 42 of the contact post 38. An insulating
      coupler block 45 is secured to the opposite end of the contact bar 43 by a
      pin 46. A relatively short flexible cable housing 47 is secured to the end
      wall 17 of the housing 11 and a control wire 48 extends therethrough. A
      generally U-shaped end portion 49 is formed on the wire 48 engaging
      through the block 45 to permit reciprocating motion of the wire 48 to
      cause reciprocating motion of the contact bar 43.
PAR  A post 50 is secured to the wire 48 by a nut 51 to support the end 52 of a
      coil spring 53. A hook 54 on the opposite end of the coil spring 53 is
      secured to the housing 11 by means of the bracket 20. A coupler 55 couples
      the control wire 48 to a control wire 56 to permit the control wire 56 to
      move the contact bar 43 positively to the right as viewed in FIG. 2 with
      the contact bar 43 being returned in the opposite direction by the spring
      53.
PAR  In the use and operation of the invention starting with the switch in the
      position illustrated in FIG. 2 the control wire 56 is moved to the left as
      viewed in FIG. 2 permitting the spring 53 to urge the control wire 48 to
      the left and thus the contact bar 43. As the contact bar 43 moves toward
      the left the pressure from the spring arm 27 through the shoe 28 keeps the
      cam finger 44 in contact with the cam surface 42 of the post 38 and the
      contact bar 43 moves downwardly until it comes in contact with a contact
      ball 57 positioned between the posts 31-36. As the contact bar 43 engages
      the ball 57 a circuit is established from the post 23 through the spring
      arm 27, contact bar 43, ball 57 and post 31.
PAR  The cam finger 44 moves out of contact with the contact post 38 breaking
      the circuit to the wire 40. Further movement of the contact bar 43 to the
      left as viewed in FIG. 2 causes the ball 57 to roll out of contact with
      the contact post 31 into contact with the contact post 36 to break the
      circuit through the wire 34 and make the circuit through the wire 37.
PAR  As the contact bar 43 moves between the extremities of its operation there
      will be brief instances when contact will be established through more than
      one of the contact posts 31-36 and 38.
PAR  In the circuit for the multiple contact switch 10 a battery 58 is connected
      from ground 59 to the contact post 23. A signal bulb 60 is connected to
      the wire 34 and the ground 61. A signal bulb 62 is connected to the wire
      37 and to the ground 61 and a signal bulb 63 is connected to the wire 40
      and to the ground 61.
PAR  The multiple contact switch 10 may be used for operating warning signal
      lamps in a motor vehicle, traffic lights, advertising signs, and similar
      devices.
PAR  Having thus described the preferred embodiment of the invention it should
      be understood that numerous structural modifications and adaptations may
      be resorted to without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiple contact switch comprising a housing, a sliding contact bar
      mounted in said housing and connected to an external source of power,
      means extending into said housing for reciprocating said contact bar, a
      pair of contact posts mounted in closely adjacent but spaced apart
      relation in said housing and having external electrical connections, a
      ball adapted for contact with either of said contact posts selectively,
      said contact bar engaging said ball to move said ball from contact with
      one of said contact posts to contact with the other of said contact posts
      and thus establish a connection between the contact bar, the external
      source of power, the contact posts and the external connections, and means
      extending into said housing engaging said contact bar for biasing said
      contact bar into engagement with said ball.
NUM  2.
PAR  2. A device as claimed in claim 1 including a third contact post arranged
      adjacent to said first contact posts and spaced therefrom and having an
      external connection, means on said third contact post cooperating with
      means on said contact bar to raise said contact bar out of contact with
      said ball and thereby break electrical connection upon movement of said
      contact bar in one direction.
NUM  3.
PAR  3. A device as claimed in claim 2 wherein said means includes a cam surface
      on said last named contact post and a cam finger integrally formed on said
      contact bar for moving along the cam surface on the contact post.
NUM  4.
PAR  4. A device as claimed in claim 1 including spring means attached to the
      reciprocating means for resiliently moving said contact bar in one
      direction.
NUM  5.
PAR  5. A device as claimed in claim 1 wherein the means biasing said contact
      bar toward said ball includes a contact shoe engaging said contact bar, a
      fourth contact post mounting the contact shoe on the housing, and means
      connecting the external source of power to the fourth contact post to
      thereby energize the contact bar.
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ABST
PAL  A timer operative by means of a clock mechanism and having a variable
      operation period, wherein a main cam plate and a subsidiary cam plate are
      mounted coaxially on a common shaft so that they are rotatable relative to
      each other, each of said main and subsidiary cam plates having recessed
      peripheral portions and protruded peripheral portions. A single operation
      lever pressingly bears against the peripheral portions of said main and
      subsidiary cam plates so that, when the recessed peripheral portions of
      said main and subsidiary cam plates are brought into alignment with each
      other, the operation lever can drop into said aligned recessed peripheral
      portions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various types of timers have been proposed heretofore for use in the
      industrial field for various purposes, for instance, for opening a valve
      at a preselected time and for a preselected duration thereby to allow flow
      of water therethrough, for closing a switch to conduct an electric
      current, or for operating an ignition device. These known timers, however,
      require skill and experience and are so complicated and massive that they
      cannot be handled very conveniently; in addition, mechanical disorders are
      often encountered. The present invention intends to provide an
      easy-to-use, high-precision timer which is free from the disadvantages of
      conventional timers and highly flexible in use.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a timer, wherein a main cam plate and a
      subsidiary cam plate are mounted coaxially on a common shaft so that they
      are rotatable relative to each other for thereby developing signals for a
      desired number of actuations in a multiple day cycle.
PAR  It is a primary object of this invention to provide a low-cost timer having
      a simplified and compact construction.
PAR  Another object of this invention is to provide a high-precision,
      long-period timer.
PAR  Still another object of this invention is to provide a timer including
      minimum number of wear points so that it can be used for an extended
      period of time.
PAR  A further object of this invention is to provide a timer which is operable
      in a very simple manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A-1D are front views of the cam mechanism constituting the main
      portion of the timer according to the first embodiment of this invention,
      wherein FIG. 1D showing the cam mechanism in the position where the main
      cam plate and subsidiary cam plate are in alignment with each other, FIG.
      1A showing the cam mechanism in the position where said cam plates are
      displaced from each other by 30.degree., FIG. 1B showing the cam mechanism
      in the position where said cam plates are displaced from each other by
      60.degree., and FIG. 1C showing the cam mechanism in the position where
      said cam plates are displaced from each other by 90.degree..
PAR  FIG. 2 is an axial sectional view of the timer according to this invention;
PAR  FIG. 3 is an enlarged view of the member adapted to operate one of the two
      cam plates used in the timer of this invention;
PAR  FIG. 4 is a front view of the main cam plate for the timer of this
      invention;
PAR  FIG. 5 is a front elevational view of the timer according to this
      invention;
PAR  FIG. 6 is an enlarged plan view of the main portion of the timer according
      to this invention;
PAR  FIG. 6A sets forth in elevation the relation of the cams and followers in
      FIGS. 6 and 7.
PAR  FIG. 7 is an exploded perspective view of the main portion of the timer
      according to this invention; and
PAR  FIG. 8 is an enlarged plan view of the main portion of the timer according
      to another embodiment of this invention.
PAR  FIG. 8A sets forth in perspective the relation of the cams and followers in
      FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1A to 1D, a main cam plate 10 is provided with
      four different recessed peripheral portions P.sub.o, Q.sub.o, R.sub.o and
      S.sub.o. In the first embodiment illustrated in FIGS. 1 to 7, an operation
      lever 11 for developing signals is arranged so that it is operable in
      association with said recessed peripheral portions. The main cam plate 10
      has protruded peripheral portions P, Q, R, and S (FIG. 4). A subsidiary
      cam plate 12 is arranged coaxially with the main cam plate 10 so that it
      is rotatable relative to said main cam plate 10. The subsidiary cam plate
      12 is also provided with recessed peripheral portions T.sub.o, U.sub.o,
      V.sub.o and Y.sub.o as well as protruded peripheral portions T, U, V and
      Y.
PAR  The main cam plate 10 is fixedly mounted on a shaft 13 which is rotatable
      following to the rotation of a pointer dial 14. Arranged between the main
      cam plate 10 and subsidiary cam plate 12 are click stop pins 15 so that
      the subsidiary cam plate 12 can be rotated in three steps, in each step
      for 30.degree. with respect to the main cam plate 10. Springs 16 are
      arranged so as to press the click stop pins 15 against the main cam plate
      10. Extended through a rotary plate 18 attached to the subsidiary cam
      plate 12 is a selector lever 17 so that the subsidiary cam plate 12 can be
      rotated relative to the main cam plate 10 by operating the selector lever
      17.
PAR  When the main cam plate 10 and subsidiary cam plate 12 are in the positions
      shown in FIG. 1A, or when the recessed peripheral portions P.sub.o,
      Q.sub.o, R.sub.o and S.sub.o of the main cam plate 10 are in alignment
      with the recessed peripheral portions Y.sub.o, T.sub.o, U.sub.o and
      V.sub.o, respectively, the operation lever 11 is allowed to drop into the
      aligned recessed portions sequentially, thereby developing each time a
      predetermined signal. In other words a signal is developed every time the
      main cam plate 10 rotates 90.degree.. This means that four separate
      signals are developed during one revolution of the main cam plate 10.
PAR  When the subsidiary cam plate 12 is then rotated another 30.degree. with
      respect to the main cam plate 10, they are in the positions shown in FIG.
      1B. In this position the recessed peripheral portions P.sub.o and R.sub.o
      of the main cam plate 10 are in alignment with the recessed peripheral
      portions Y.sub.o and U.sub.o of the subsidiary cam plate 12, respectively.
      The operation lever 11 is operable only when these aligned recessed
      peripheral portions reach the position in opposition to the operation
      lever 11. This means that a signal is developed every time when the main
      cam plate 10 rotates for 180.degree., or that two separate signals are
      developed during each one revolution of the main cam plate 10.
PAR  When the subsidiary cam plate 12 is rotated for still another 30.degree.
      with respect to the main cam plate 10, or when the subsidiary cam plate 12
      is rotated for 90.degree. from the position shown in FIG. 1D, the
      subsidiary cam plate 12 and main cam plate 10 are in the positions shown
      in FIG. 1C. In this position the recessed peripheral portion P.sub.o of
      the main cam plate 10 and the recessed peripheral portion Y.sub.o of the
      subsidiary cam plate 12 are in alignment with each other. Thus the
      operation lever 11 is operable to develop a signal only when the aligned
      recessed portions reach the position in opposition to the operation lever
      11. This means that a signal is developed every time when the main cam
      plate 10 makes one revolution.
PAR  The construction of the timer according to this invention which is provided
      with said cam mechanism as its main portion will further be described. The
      timer main body has a shaft 13 extended between a pair of parallel frame
      plates 20 and 21. The main cam plate 10 is press-fitted onto the shaft 13;
      while the subsidiary cam plate 12 is loosely mounted in the shaft 13 so
      that it is rotatable relative to the main cam plate 10. The pointer dial
      14 which is made of a transparent plate carrying a pointer indicium 22 is
      fixedly mounted on the shaft 13. The pointer dial 14 is provided with a
      slot 23 through which a selector lever 17, secured to the member 12,
      extends outwardly. A cupped spring 24 serves to press a graduated dial
      plate 25 against the holder plate 20.
PAR  As is seen from FIG. 5 the graduated dial plate 25 carries hour graduations
      representing the forenoon (AM) and afternoon (PM) hours of the first,
      second, third and fourth day in its circumferential areas from 0.degree.
      to 90.degree., from 90.degree. to 180.degree., from 180.degree. to
      270.degree. and from 270.degree. to 360.degree. measured in the
      couter-clockwise direction, respectively.
PAR  A dial setting index 26 is marked on the holder plate 20. A scale 27 is
      adapted to indicate how many times the operation lever 11 operates during
      one revolution of the main cam plate 10. In the illustrated embodiment the
      scale 27 includes four different positions of which three are for
      indicating one, two and four times of signal development, respectively,
      and the remaining one position is the OFF position for indicating the
      inoperative position of the operation lever 11.
PAR  Gear 29 having a hub 28 is coupled through pinion 30, gear 31, pinion 32
      and gear 33 to a clock mechanism 34 by way of a friction clutch (not
      shown). Bridgingly arranged between the holder plates 20 and 21 is a shaft
      35 on which is press-fitted an operation time setting knob 36. Indicated
      at 37 is an operation time setting plate marked with an operation time
      setting index 38. The operation time setting knob 36 carries an operation
      time indicating scale 39 graduated at intervals of 10 minutes from 0 to 60
      minutes. An operation time setting subsidiary cam plate 40 is connected to
      the operation time setting plate 37 and loosely mounted on the shaft 35 so
      that it is freely rotatable on the shaft 35; while an operation time
      setting main cam plate 41 is fixedly mounted on the shaft 35. A leaf
      spring 42 is arranged so as to press the operation time setting plate 37
      against the operation time setting knob 36. The first arm 11A of the
      operation lever 11 is pressed into contact with the peripheral portions of
      the main cam plate 10 and subsidiary cam plate 12; while the second arm
      11B is pressed into contact with the peripheral portions of the operation
      time setting subsidiary cam plate 40 and operation time setting main cam
      plate 41. The third arm 11C of the operation lever 11 serves to control
      the load such as a microswitch contact K (FIG. 6A) or a pilot valve. When
      the recessed peripheral portions of the operation time setting subsidiary
      cam plate 40 and the operation time setting main cam plate 41 are brought
      into alignment with each other, the second arm 11B will drop into the
      aligned recessed peripheral portions so that the load keeps operating
      until the second arm 11B is pushed out of the aligned recessed peripheral
      portions. In other words, the operation duration of the load can be
      controlled by varying the relative position of the operation time setting
      subsidiary cam plate 40 with respect to the operation time setting main
      cam plate 41. This means that the conducting duration of an electric
      current by way of the microswitch contact K or operation duration of a
      pilot valve, for example, can be controlled by use of the foregoing
      arrangement.
PAR  The operation of the timer according to this invention will be described as
      follows. The graduated dial plate 25 can be rotated until the hour
      graduation 10 PM of the first day reaches a position of alignment with the
      dial setting index 26. The operation time setting knob 36 is then rotated
      in the direction of arrow A, the operation time setting main cam plate 41
      rotating together with the shaft 35. The shaft 35 rotates gear train 33,
      32, 31 30 and 29, thereby rotating the pointer dial 14 until the pointer
      22 marked thereon is in alignment with the graduation marked on the
      graduated dial plate 25 and representing the time at that time, for
      example 10 AM of the first day. Then the operation time setting plate 37
      is rotated to rotate the operation time setting subsidiary cam plate 40,
      for example, until the operation time setting index 38 is in alignment
      with the graduation "20" included in the operation time indicating scale
      39 which is formed on the operation time setting knob 36. In this position
      the operation duration of the load is set to 20 minutes.
PAR  Under these conditions if the selector lever 17 is set to "1" of the
      operation number indicating scale 27 (see FIG. 1A), then the operation
      lever 11 will drop into the recessed peripheral portions P.sub.o, Q.sub.o,
      R.sub.o and S.sub.o in this order during one revolution of the main cam
      plate 10. More specifically, the operation lever 11 will drop into the
      recessed peripheral portions every day when the main cam plate 10 rotates
      for 90.degree., thereby operating the load such as microswitch contact or
      pilot valve by means of the third arm 11C of the operation lever 11.
PAR  When the clock mechanism 34 is under operation, the pointer dial 14 rotates
      in the direction of arrow B by way of the gear train 33, 32, 31, 30 and
      29. When the pointer 22 is brought into alignment with the dial setting
      index 26, the first arm 11A of the operation lever 11 reaches the position
      above the recessed peripheral portion P.sub.o of the main cam plate 10
      and, at the same time, the second arm 11B reaches the position above the
      recessed peripheral portion of the operation time setting main cam plate
      41. In this position these arms 11A and 11B simultaneously drop into the
      associating recessed peripheral portions, while the third arm 11C allows
      the load to keep operating for 20 minutes. Towards the end of this preset
      duration, the second arm 11B rides over the protruded peripheral portion
      of the operation time setting main cam plate 41 thereby to terminate the
      operation of the load.
PAR  When the pointer dial 14 further rotates in the same direction until the
      pointer indicium 22 reaches the graduation of 10 PM of the second day
      marked on the graduated dial plate 25, the first arm 11A of the operation
      lever 11 drops into the recessed peripheral portion Q.sub.o of the main
      cam plate 10 and simultaneously the second arm 11B drops into the recessed
      peripheral portion of the operation time setting main cam plate 41 in the
      similar manner as described previously, so that the load operates for
      another 20 minutes. After that, the load will start operating at 10 PM of
      the third day and at 10 PM of the forth day when the operation lever 11
      operates in the similar manner.
PAR  When the selector lever 17 is then set to "2" of the operation number
      indicating scale 27 (see FIG. 1B), the pointer dial 14 will rotate in the
      direction of arrow B. At the time when the pointer indicium 22 is in
      alignment with the dial setting indicium 26, the first arm 11A of the
      operation lever 11 will drop into the recessed peripheral portion P.sub.o
      of the main cam plate 10 and the second arm 11B will drop into the
      recessed peripheral portion of the operation time setting main cam plate
      41 to thereby operate the load for 20 minutes. When the pointer dial 14
      keeps rotating in the same direction until the pointer indicium 22 reaches
      the graduation of PM 10 of the third day which is marked on the graduated
      dial plate 25, the first arm 11A of the operation lever 11 will drop into
      the recessed peripheral portion R.sub.o of the main cam plate 10 and the
      second arm 11B will drop into the recessed peripheral portion of the
      operation time setting main cam plate 41 to thereby operate the load for
      20 minutes.
PAR  In the case when the selector lever 17 is set to "4" of the operation
      number indicating scale 27 (see FIG. 1C), the pointer dial 14 will rotate
      in the direction of arrow B. At the time when the pointer indicium 22
      comes into alignment with the dial setting index 26, the first arm 11A of
      the operation lever 11B will drop into the recessed peripheral portion
      P.sub.o of the main cam plate 10 and the second arm 11B will drop into the
      recessed peripheral portion of the operation time setting main cam plate
      41 for thereby operating the load for 20 minutes.
PAR  When the pointer plate 14 further rotates in the same direction until the
      pointer indicium 22 reaches the graduation of 10 PM of the forth day which
      is marked on the graduated dial plate 25, the first arm 11A of the
      operation lever 11 will drop into the recessed peripheral portion P.sub.o
      of the main cam plate 10 and the second arm 11B will drop into the
      recessed peripheral portion of the operation time setting main cam plate
      41 to thereby operate the load for 20 minutes.
PAR  When the selector lever 17 is set to "OFF" position on the operation number
      indicating scale 27 (see FIG. 1D), the recessed peripheral portions
      P.sub.o, Q.sub.o, R.sub.o and S.sub.o of the main cam plate 10 will be in
      alignment with the protruded peripheral portions Y, T, U and V of the
      subsidiary cam plate 12, respectively, so that the operation lever 11 and
      hence the load will become inoperative.
PAR  The timer according to this invention has a wide variety of usage, which
      will be apparent for those skilled in a art and therefore will not be
      described herein.
PAR  FIG. 8 illustrates a timer according to another embodiment of this
      invention. The main feature of this embodiment lies in its simplified and
      compact construction, wherein the main cam plate 10, subsidiary cam plate
      12, operation time setting main cam plate 41 and operation time setting
      subsidiary cam plate 40 are all mounted on the common shaft 35 and the
      operation lever 11 is pressed against these four cam plates. The other
      components and parts are similar to those included in said first
      embodiment and are indicated at like reference symbols and numerals. The
      operation of this embodiment is also similar to that of the first
      embodiment, and need not be described.
PAR  To summarize the above construction, with emphasis on the novel features of
      structure and function, it will be apparent to one skilled in the art that
      what is provided is a highly flexible timer which may be set to turn on a
      controlled device at different intervals, the selectable intervals, in the
      present instance, being each day, every two days, or every four days, with
      the instant of turn-on being settable with a high order of accuracy and
      with the duration of turn on being adjustable, also with a high order of
      accuracy.
PAR  Notwithstanding the high degree of flexibility which the timer provides, it
      is of simple construction including a clock 34, which has an associated
      clutch, and a drive train which includes a set of stepdown gears 33, 31,
      29. The gear 29, by means of a shaft 13 drives a "slow" cam 10 which
      operates, in the present instance on a four day cycle and which is
      provided with four equally spaced notches as shown in FIG. 4. Cooperating
      with the slow cam 10 is a cam follower arm 11A which operates a control
      means in the form of an arm 11C (FIG. 7) which may be used to control a
      set of contacts or the like. Absent any shielding means, all of the
      notches would be active to initiate a turn-on cycle at the same time each
      day. However, in carrying out the invention the slow cam 10 has an
      associated shielding disc 12 having a plurality of lobes of differing
      arcuate spacing and which is indexable with respect to the slow cam
      between a plurality of successive phase positions in which the lobes
      selectively shield the notches so that only certain desired ones of the
      notches cause response by the cam follower.
PAR  For indicating the phase of the slow cam upon passage of time, the slow cam
      shaft 13 carries a transparent pointer dial 14 having a pointer 22. The
      pointer 22 cooperates with a scale on a time dial 25 which underlies the
      pointer dial and which is stationary but adjustably positionable with
      respect to an index 26 on the frame.
PAR  In initially setting up the unit, the time dial 25 is set, with respect to
      the pointer 26, to indicate the time of day that a turn-on cycle is to be
      initiated. The pointer dial 14 is then rotated (accompanied by slipping of
      the clutch at the motor) counterclockwise, by rotating the knob 36
      counterclockwise, until the pointer 22 indicates the correct time of day
      on the time scale 25. As shown in FIG. 5, the existing time is midnight,
      and the pointer 22, coming into its vertical position, is initiating a
      turn-on cycle.
PAR  For the purpose of enabling the phase of the shielding disc 12 to be
      changed with respect to the slow cam 10, the disc is provided with a
      manually accessible index 17 which projects through an arcuate slot 23
      formed in the pointer dial 14. The index cooperates with a scale as shown
      in FIG. 3 which indicates whether a turn-on cycle is to be initiated each
      day, every two days, or every four days.
PAR  In carrying out the invention, a turn-on cycle is initiated, not by the
      slow cam 10 acting alone, but by joint action between the slow cam and a
      fast cam 41, the fast cam having a notch formed in its periphery which
      cooperates with a cam follower 11B which, as shown in FIG. 7, is rigid
      with the cam follower 11A. Associated with the fast cam 41 is a shielding
      member 40 which is rotatable therewith and which may be changed in phase
      to vary the degree of offset and thus effective length of the notch in the
      fast cam, thereby to enable adjustment of the duration of turn-on. Because
      the shaft 35 and the fast cam 41 thereon rotate at a speed which is much
      greater than the speed of the slow cam, the instant turn-on, and the
      duration of turn-on, may be set with a high order of accuracy and
      consistency.
PAR  To facilitate setting of the duration of turn-on, the fast cam 41 and its
      shielding member 40 are provided with coaxial knobs 36, 37 at the front
      panel of the device which respectively carry a scale 39 and index 38
      providing a direct indication, in minutes, of the duration of turn-on, the
      duration, in a practical case, being variable between zero and sixty
      minutes. To change the duration of turn-on, knob 37 is manually turned
      while knob 36 is held in position.
PAR  It will be apparent, then, that the present construction, employing a slow
      cam operating on a multiple day cycle (four days in the present instance)
      and a fast cam operating at a much faster rate on the order of a few hours
      at most, provides initiation times selectable within a broad time range
      while preserving a high order of accuracy in the setting and duration of
      the turn-on interval. The shielding means (members 12 and 40) are simple,
      compact and easily settable. The drive train consists of a minimum number
      of gears. As a result the timer assembly may be constructed cheaply and in
      a package which is highly compact so as to permit usage in a wide number
      of devices requiring selectable periodic turn-on and intervals of accurate
      but adjustable duration. For still greater compactness both of the cams
      and their associated shielding members may be stacked coaxially as
      indicated in FIG. 8.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a timer the combination comprising a frame, a clock motor, a drive
      train driven by the clock motor and having a slow cam and a fast cam, the
      slow cam being in the form of a disc having a plurality of notches equally
      spaced thereon, a slow cam follower movably mounted on the frame and
      responsive to the arrival of a notch in the cam, a shielding disc adjacent
      the slow cam and rotatable therewith, the shielding disc having a
      plurality of lobes of differing arcuate spacing and indexable with respect
      to the slow cam between a plurality of successive phase positions in which
      the lobes selectively shield thereby to activate the only desired ones of
      the notches for response by the slow cam follower, the fast cam having a
      notch, a fast cam follower movably mounted on the frame and responsive to
      arrival of such notch, control means operated jointly by the cam followers
      so that the control means is actuated to initiate a turn-on cycle only
      when both cam followers respond by dropping into respective notches, the
      slow cam being provided with a pointer, a time scale for cooperating with
      the pointer, the time scale being stationary but adjustably positionable
      on the frame to set the time that a turn-on cycle is initiated, the motor
      having a clutch to enable manual rotation of the drive train so that the
      pointer and associated cams are synchronized with the time scale.
NUM  2.
PAR  2. The combination as claimed in claim 1 in which means are provided for
      changing the effective length of the notch in the fast cam thereby to
      adjust the duration of turn-on.
NUM  3.
PAR  3. The combination as claimed in claim 1 in which the slow cam has a cycle
      of several days and in which the notches are equally spaced at one day
      intervals.
NUM  4.
PAR  4. The combination as claimed in claim 1 in which the shielding disc has an
      index movable with respect to the pointer to change the phase between the
      shielding disc and the slow cam thereby to activate the desired ones of
      the notches on the slow cam while at the same time indicating the number
      of notches which are activated.
NUM  5.
PAR  5. The combination as claimed in claim 4 in which the pointer is mounted on
      a dial having an arcuate clearance slot and in which the index is settable
      to a desired position within the clearance slot.
NUM  6.
PAR  6. The combination as claimed in claim 5 in which the pointer dial is in
      the form of a transparent disc having a pointer and in which the time
      scale is in the form of a calibrated disc underlying the pointer dial and
      manually shiftable in phase position with respect to the frame.
NUM  7.
PAR  7. The combination as claimed in claim 1 in which a multiple detent is
      provided between the slow cam and the shielding disc to facilitate manual
      shifting of the disc between a plurality of indexed positions.
NUM  8.
PAR  8. The combination as claimed in claim 2 in which the fast cam has an
      associated shielding member adjacent thereto and rotatable therewith, such
      shielding member having an arcuate lobe and shiftable in phase with
      respect to the fast cam thereby to vary the effective length of the notch
      on the fast cam to vary the duration of turn-on.
NUM  9.
PAR  9. The combination as claimed in claim 1 in which the slow and fast cams
      are coaxially arranged and in which the respective cam followers are
      integral with one another.
NUM  10.
PAR  10. The combination as claimed in claim 1 in which the slow cam follower,
      fast cam follower and control means are all integral with one another and
      in the form of a rockable member having three radially extending arms.
NUM  11.
PAR  11. The combination as claimed in claim 8 in which the fast cam and its
      shielding member both have coaxial display elements, with an index and
      time scale being visibly interposed between the display elements for
      direct display of the duration of turn-on.
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ABST
PAL  An automatic circuit breaker senses the remaining charge in series
      connected batteries driving a motor whose rotor shaft bearing and stator
      are rotatably supported by a fixed member, sensing the reaction torque of
      the motor. The power circuit is broken when the reaction torque drops
      below a predetermined value indicating that at least one of the batteries
      has discharged beyond a certain point to prevent reverse charging of the
      discharged battery.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates generally to an automatic circuit breaker for a
      small-sized motor, and more particularly to an automatic circuit breaker
      for a small-sized motor which is designed to open the motor power circuit
      to prevent reverse battery charging caused by unequal discharging of two
      or more batteries used in series connection as a power source for the
      motor. This invention can be applied to model planes, model ships and
      model automobiles to prevent reverse charging which tends to occur
      especially when rapidly rechargable Ni-Cd batteries are used as a power
      source.
PAR  2. Description of the prior art
PAR  A rapidly rechargeable Ni-Cd battery, whose discharge current is extremely
      high because of its low internal resistance, has recently been developed
      and is now widely being used in various battery-operated electric
      appliances.
PAR  When more than two batteries of this type, though not limited to Ni-Cd
      batteries, are used in series connection, the service life of the
      batteries tends to be substantially reduced by the so-called reverse
      charging in which one of the batteries is completely discharged earlier
      than the other batteries, thereby imposing a load on the other batteries.
      Thus, it is desired to open the power circuit, when the remaining charge
      in the batteries drops to a certain level to prevent complete discharge of
      the batteries.
PAR  Such consideration is especially important in a model plane or model ship
      powered by batteries since such a model often travels out of the reach of
      the operator.
PAR  Conventional automatic circuit breakers for this purpose employ, for
      instance, a method to open the power circuit by actuating a relay when the
      voltage drops, a method using a semiconductor and a relay, or a method to
      break the power circuit, in the case of a model plane, by actuating a
      switch by means of part of the propeller shaft which is rotated by wind
      force as the motor speed drops due to reduced battery voltage. All of
      these methods have achieved satisfactory results in specific applications.
      However, this invention is intended to achieve these results by providing
      a novel automatic circuit breaker, in place of the aforementioned
      conventional methods, to prevent reverse charging by sensing the reaction
      torque at a bearing of a motor powered by batteries.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a circuit breaker which
      is designed to break a circuit by sensing the shaft speed of a motor
      powered by batteries by sensing the reaction torque at the motor bearing.
PAR  A further object of the present invention is to break the power circuit
      prior to the occurrence of reverse battery charging when two or more
      rapidly-rechargable Ni-Cd batteries are used in series connection.
PAR  It is a further object of the present invention to apply a circuit breaker
      of this invention to a model plane.
PAR  It is a still further object of the present invention to apply a circuit
      breaker of this invention to a model ship.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are front views of a motor incorporating an embodiment of a
      circuit breaker according to the invention illustrating the effects of the
      motor reaction torque;
PAR  FIGS. 3 and 4 are longitudinal sectional views of the circuit breaker shown
      in FIGS. 1 and 2 illustrating the operation thereof;
PAR  FIG. 5 is a perspective cut away view of a model airplane incorporating a
      motor equipped with a circuit breaker embodying the invention;
PAR  FIG. 6 is a rear view of the motor and circuit breaker shown in FIG. 5; and
PAR  FIG. 7 is a perspective view, partially cut away, of a model ship
      incorporating a motor equipped with a circuit breaker embodying the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIGS. 1 and 2, the stator of a motor 1 is supported by
      means of a rotor shaft bearing 1b fixed thereto which in turn rotatably
      supports a rotor shaft 1a of the motor 1. The bearing 1b and thereby the
      stator of the motor 1 are rotatably supported by a fixed bracket 2. A
      stopper 3 is fixed to the stator of the motor 1 and extends through an
      opening 2a formed in the bracket 2. A casing 4 of a circuit breaker (no
      numeral) embodying the invention is fixed to the bracket 2 and a movable
      contact rod 5 protruding therefrom engages at its end with the stopper 3.
      The circuit breaker also comprises a knob 6a, which will be described in
      detail below. A lead 10 connects the circuit breaker to a positive
      terminal of series connected batteries (not shown), a lead 11 connects the
      circuit breaker to one end of the motor stator coil (not shown) and a lead
      12 connects the other end of the motor stator coil to a negative terminal
      of the batteries.
PAR  Referring now to FIGS. 3 and 4, the casing 4 is made of an insulating
      material such as plastic and has a conductive cap 4a threaded thereon. The
      cap 4a may be of copper, brass or any other conductive material, and the
      lead 10 is electrically connected to the cap 4a. The movable contact rod 5
      is slidable through an opening formed through the left end (as shown) of
      the casing 4 and is electrically connected to the lead 11. An adjustable
      fixed contact rod 6 has the knob 6a fixed thereto and is threaded through
      an opening formed in the cap 4a. A compression spring 9 prevents undesired
      rotation of the rod 6. The movable contact rod 5 is urged leftward as
      shown in FIG. 3 by means of a compression spring 8 positioned between
      spring seat 5b and spring seat 7 and so that contact points 5a and 6b of
      the rods 5 and 6 respectively are moved out of engagement with each other.
PAR  The rods 5 and 6 are made of electrically conductive material so that when
      the contact points 5a and 6b engage as shown in FIG. 4, an electrical
      circuit will be completed through the batteries, the circuit breaker and
      the motor 1.
PAR  In operation, when the charge remaining in the batteries is above a
      predetermined value, the motor speed will be above a predetermined value
      and the stator of the motor 1 will be rotated counterclockwise as shown in
      FIG. 1 by a predetermined value due to the motor reaction torque. The
      stopper 3 will engage with the movable contact rod 5 and move the same
      into engagement with the fixed contact rod 6 as shown in FIG. 4 so that an
      electrical circuit will be established between the batteries and the motor
      1 through the circuit breaker. When the batteries have discharged beyond
      the predetermined value and the motor speed and reaction torque similarly
      decrease, the stator of the motor 1 will be rotated clockwise to
      approximately the position shown in FIG. 2 by the spring 8 through the
      spring seat 5b and movable contact rod 5 so that the rods 5 and 6 will
      disengage as shown in FIG. 3. In this way, the circuit is broken between
      the batteries and the motor 1 by the circuit breaker so that reverse
      charging of the batteries is prevented. It should be noted that the
      phantom outline position of the stopper 3 shown in FIG. 2 is schematic and
      is for purposes of illustration and explanation only. As mentioned
      hereinabove, the stopper 3 is moved by the rod 5 and the biasing thereof
      by the spring 8 so that electrical contact is broken between the rods 5
      and 6 when the stator of the motor 1 is rotated clockwise.
PAR  FIG. 5 illustrates the invention applied to a model airplane having a body
      13. Series connected batteries 14 are carried by the plane body 13 and are
      connected to the circuit breaker and motor 1 as described hereinabove. The
      bracket 2 rotatably supports the motor 1, and the casing 4 of the circuit
      breaker is fixed to the bracket 2.
PAR  Referring also to FIG. 6, the bracket 2 also rotatably supports a propeller
      shaft 16a carrying a propeller 16. The propeller shaft 16a is drivably
      connected to the motor shaft 1a by means of a reduction gear set 15. The
      operation is the same as described hereinabove.
PAR  FIG. 7 illustrates the invention as applied to a model ship having a hull
      17. In this case, the bracket 2 is fixed to the hull 17 and a propeller
      shaft 18 is fixed to the motor shaft to be rotatably driven therewith. The
      operation is the same as described hereinabove.
PAR  Referring back to FIGS. 3 and 4, means are provided for adjusting the
      predetermined value of the remaining battery charge below which the
      circuit breaker will open and these are in the form of the adjustable
      fixed contact rod 6, which may be threaded by means of the knob 6a to
      protrude to a greater or lesser degree from the casing 4. If the rod 6 is
      threaded deeper into the casing 4, the circuit breaker will open at a
      lower value of the remaining battery charge, and vice versa.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit breaker for a battery powered motor, in which the motor, the
      rotor shaft bearing and the affixed stator are rotatably supported by a
      fixed member, the circuit breaker being electrically connected between the
      motor and the battery, the circuit breaker comprising:
PA1  a first electrical contact adjustably fixed to the fixed member;
PA1  a second electrical contact movable into engagement with said first contact
      in response to rotation of the stator in a first direction;
PA1  biasing means urging the second contact to disengage from the first contact
      and urging the bearing in a second direction opposite to said first
      direction;
PA1  a spring acting on said second contact to urge the disengagement of said
      first and second contacts from each other; and
PA1  a stopper engaged with said second contact and carried by the stator and
      urged thereby into engagement with said first contact by the rotation of
      the bearing in said first direction;
PA1  whereby the stator is rotated in the first direction by motor reaction
      torque, and the second contact engages with the first contact to connect
      the motor to the battery when the reaction torque is above a predetermined
      value, the charge remaining in the battery being also above a
      predetermined value.
NUM  2.
PAR  2. A circuit breaker for a battery powered motor having rotor shaft bearing
      and stator rotatably supported by a fixed member, said breaker being
      electrically connected between the motor and the battery and comprising:
PA1  an electrically insulating casing attached to said fixed member;
PA1  an electrically conductive cap closing one end of said casing;
PA1  a first electrical contact connected to said fixed member and adjustably
      extending into said casing through said cap in ohmic contact therewith;
PA1  a second electrical contact movably engaging said first contact in response
      to the rotation of the stator in a first direction, said second contact
      slidably extending into said casing through the other end thereof opposed
      to said cap end;
PA1  a spring seat fixed to said second contact and positioned inside said
      casing;
PA1  biasing means to urge said second contact into disengagement from said
      first contact and to urge the bearing in a second direction opposite to
      said first direction;
PA1  a spring engaging said spring seat of said second contact to urge the
      disengagement of said first and second contacts from each other;
PA1  a stopper engaged with said second contact and carried by the stator and
      urged thereby into engagement with said first contact by the rotation of
      the bearing in said first direction;
PA1  said second contact and said cap being arranged for circuit connection with
      the motor and with the battery.
NUM  3.
PAR  3. A circuit breaker according to claim 1, in which the fixed member is a
      structural member of a model airplane.
NUM  4.
PAR  4. A circuit breaker according to claim 1, in which the fixed member is a
      structural member of a model ship.
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ABST
PAL  The circuit control unit of the present invention comprises a piston-type
      pressure responsive member or gauge wherein one end of the piston extends
      beyond the gauge body and carries an actuator which is movable with the
      piston. A circuit control member is mounted for actuation by the actuator
      for controlling an external electrical circuit in response to changes in
      fluid pressure as detected by the pressure responsive member. Where
      desired, an indicator may be mounted in fixed relationship with the
      pressure responsive member, providing means for visibly indicating the
      pressure of the fluid and the position of the piston with respect to the
      pressure responsive member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to a pressure responsive circuit control unit
      having adjustable and interchangeable actuator components. The control
      unit incorporates a pressure responsive member of the type having a
      slidable piston which is normally urged toward a fully retracted position
      by a compression spring or the like. An actuator is secured to the piston
      and is adapted to selectively move a circuit control element from a
      normally unbiased state to a biased state in response to changes in fluid
      pressure as detected by the gauge.
PAR  2. Description of the Prior Art
PAR  A recent example of a gauge actuated circuit control unit is described in
      my U.S. Pat. No. 3,703,616, in which an indicator is reciprocably mounted
      for axial movement within the body of a pressure gauge in response to
      changes in fluid pressure. A window element is secured to and carried by
      the indicator and includes a conical control head integral therewith for
      selectively engaging the control lever of a microswitch or the like which
      is movable between operative and inoperative positions to selectively open
      and close an electrical circuit in response to changes in fluid pressure
      as detected by the gauge. The present invention is an improvement over
      this and other known gauge actuated circuit control units, wherein a
      piston-type pressure responsive member includes an actuator adjustably
      secured to and movable with the piston thereof in response to changes in
      fluid pressure. The actuator components are interchangeable, facilitating
      replacement thereof and permitting ready adaptation of the control unit to
      any of a variety of applications.
PAR  The present invention is operable with or without incorporation of visible
      indicating means, and where such are used, the actuator and circuit
      control element of the present invention do not interfere with the
      readability thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The pressure responsive circuit control unit of the present invention
      comprises in combination a piston-type pressure responsive member or
      gauge, an actuator secured to and carried by the piston of the gauge, and
      a circuit control element movable between circuit closing and circuit
      opening positions in response to movement of the piston and the actuator.
      The preferred embodiment of the invention incorporates an indicator
      mounted in fixed relationship with the pressure gauge providing means for
      visibly indicating the position of the actuator and piston with respect
      thereto.
PAR  Uniformly satisfactory results have been obtained with a piston-type
      pressure gauge such as that disclosed in my copending application
      entitled: PRESSURE GAUGE HAVING INTERCHANGEABLE COMPONENTS AND POSITIVE
      PISTON STOP, filed Mar. 20, 1974, Ser. No. 452,791, now U.S. Pat. No.
      3,910,120, wherein one end of the piston projects beyond the gauge body
      and carries the actuator of the present invention. The actuator generally
      comprises a stem secured to the projecting end of the piston and an
      elongate cam secured to and carried by said stem wherein the cam includes
      a peripheral, radially projecting, raised control surface. A circuit
      control element or switch is mounted in the path of movement of the cam
      and is selectively movable between circuit opening and circuit closing
      positions when engaged by said cam, thereby controlling an external
      electrical circuit in response to predetermined changes in fluid pressure
      as detected by the pressure gauge. Uniformly satisfactory results have
      been obtained with a microswitch or the like which is mounted in fixed
      relationship with the body of the gauge, wherein the switch includes a
      movable control arm disposed in interfering relationship with the actuator
      cam incident to movement of the actuator stem in response to the
      application of a predetermined pressure against the piston.
PAR  The actuator cam may be adapted to engage the control arm either at the
      specific advanced position when the gauge is subjected to fluids of a
      specific pressure level or continuously through an extended range of
      advanced positions during which the gauge is subjected to fluids of a
      predetermined range of pressures. One form of the invention includes a
      plurality of actuator cams disposed in tandem adjacent the projecting end
      of the piston for independently controlling a plurality of circuit control
      elements in response to changes in fluid pressure.
PAR  When such is desired, a calibrated indicator such as disclosed in my
      aforementioned co-pending application may be incorporated in the pressure
      responsive circuit control unit. When the indicator thereof is included in
      the control unit of the present invention, the actuator components do not
      interfere with the readability thereof.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross section of the gauge actuated circuit control
      unit of the present invention with the piston thereof in a fully retracted
      position.
PAR  FIG. 2 is a view similar to FIG. 1, illustrating the piston in an advanced
      position.
PAR  FIG. 3 is an exploded view of the control unit, showing the
      interrelationship of the various components thereof.
PAR  FIG. 4 is a modification of the control unit of FIG. 1, illustrating the
      piston in a fully retracted position.
PAR  FIG. 5 is a view similar to FIG. 4, illustrating the piston in an advanced
      position.
PAR  FIG. 6 is a view similar to FIG. 1, illustrating another modification of
      the control unit of the present invention.
PAR  FIG. 7 is a fragmentary perspective view of a portion of the actuator and a
      plurality of switch means operated thereby.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The pressure responsive circuit control unit of the present invention
      comprises in combination a calibrated indicator 10, pressure responsive
      member such as, by way of example, gauge 12, housing 14, actuator 16 and
      circuit control element or switch 18.
PAR  The pressure gauge 12 includes an elongate body member 26 having central,
      axially extending bore 28 for slidably housing piston 34 which is normally
      urged toward a fully retracted position by compression spring 42 or the
      like, as illustrated in FIG. 1. End 52 of the piston projects from gauge
      body 26 and is adapted to carry the actuator 16 of the present invention.
PAR  Actuator 16 comprises stem 54, coupling sleeve 56 and actuator cam defined
      by sleeve 60. End 55 of the stem is disposed in abutting relationship with
      projecting end 52 of piston 34 and is fixedly secured thereto via coupling
      sleeve 56 and set screws 58,58. Cam 60 is located on bearing surface 64,
      machined or otherwise provided intermediate the length of stem 54, and
      adjustably secured thereto by suitable means such as set screw 65 or the
      like. The actuator cam includes one or more cam defining surfaces or ramps
      61,62 and an intermediate control surface in the form of peripheral,
      raised, radially projecting band 63.
PAR  Circuit control element 18 is mounted in fixed relationship with pressure
      gauge 12 and is adapted to be shifted between circuit opening and circuit
      closing positions in response to engagement of a portion thereof by the
      control surface 63 of the actuator cam to change the condition of an
      external electrical circuit coupled thereto via connectors 86,88 in
      response to changes in fluid pressure as detected by said gauge. Uniformly
      satisfactory results have been achieved with a control element comprising
      microswitch 84 or the like which includes cam follower 74 secured at 76 to
      projecting control arm 78 and located in the path of movement of sleeve 60
      of the actuator. The cam follower is adapted to be engaged by surfaces 61,
      62, 63 of actuator cam 60 when piston 34 and stem 54 are sufficiently
      advanced with respect to gauge body 26. Control arm 78 is pivotally
      mounted on microswitch 84 at 80 and moves relative thereto in response to
      movement of the actuator.
PAR  Generally, control arm 78 is resiliently urged toward a normal, unbiased
      position, as shown in FIG. 1. As the pressure of the fluid entering the
      gauge through aperture 46 increases to a level sufficient to overcome the
      force of compression spring 42 and advance piston 34 to the position
      illustrated in FIG. 2, control surface 63 of the cam 60 engages cam
      follower 74 depressing control arm 78, thereby moving the circuit control
      element 18 from the unbiased state to the biased state and switching the
      element between circuit opening and circuit closing positions. It should
      be understood that the level of microswitch 84 may be adjusted by
      resetting cam 60 with respect to stem 54.
PAR  Indicator 10 is mounted in axial alignment with gauge 12 and actuator 16,
      wherein base 20 of the indicator includes axial bore 70 adapted to
      slidably receive stem 54. Calibrated scale 22 is secured to and carried by
      base 20 for visibly indicating the position of the stem and piston with
      respect to indicator 10 and therefore, gauge body 26.
PAR  The control unit of FIGS. 1 and 2 is responsive to a specific,
      predetermined pressure wherein the microswitch is maintained in the biased
      state only when the piston and stem are advanced to the specific position
      illustrated in FIG. 2. When the piston and stem are retracted or advanced
      therefrom, control surface 63 disengages follower 74 and the microswitch
      returns to an unbiased state.
PAR  A modification of the control unit is illustrated in FIGS. 4 and 5, wherein
      actuator 116 comprises modified cam 160 secured to stem 54 via set screws
      165 and wherein the sleeve includes a pair of cam surfaces 161,162 and
      elongate or "dwell" control surface 163 which is operable to maintain
      microswitch 84 in a biased state for an extended range of pressure levels
      having distinct, predetermined upper and lower limits. When stem 54 is in
      the fully retracted position of FIG. 4, microswitch 84 is in the unbiased
      state as in FIG. 1. When stem 54 is advanced to the position of FIG. 5,
      cam follower 74 is engaged by "dwell" control surface 163 and the
      microswitch is biased as in FIG. 2. The microswitch remains in the biased
      state continuously while cam follower 74 is engaged by the elongate
      control surface 163.
PAR  A second modification of the control unit is illustrated in FIG. 6, wherein
      actuator 16 includes a pair of cams 60 and 260 to selectively engage
      corresponding circuit control elements 18 and 218, respectively, for
      controlling independent external electrical circuits in response to
      preselected, independent pressure levels. The cams are selectively located
      in tandem intermediate the length of stem 54 and are positioned to control
      corresponding switches 84 and 284, respectively, in response to changes in
      fluid pressure as detected by gauge 12. As illustrated in FIG. 6, cam 60
      engages follower 74 at a lower pressure than the pressure at which cam 260
      engages follower 274.
PAR  As a matter of convenience, pairs of connectors 86,88 and 286,288 may be
      carried to independent external control circuits via common conduit 294.
      Of course, it should be understood that various other combinations and
      modifications may be made with respect to the actuator components without
      departing from the scope and spirit of the present invention, wherein the
      various components of the actuator are interchangeable and adjustable
      facilitating use thereof in a variety of applications.
PAR  Housing 14 provides a suitable enclosure for the actuator components of the
      present invention, and where desired, may be sealed to provide a
      fluid-tight compartment therefor. As illustrated in FIG. 3, one section 93
      comprises end walls 97 and 100 and back wall 96 of the housing whereas the
      other section 98 comprises side walls 107 and 109 and front wall 111
      thereof, wherein a substantially complete enclosure is provided when
      sections 93 and 98 are disposed in proper interfitting relationship.
      Bracket 99, integral with section 93, provides means for securing the
      sections 93 and 98 in proper interfitting relationship wherein threaded
      post 113 is inserted through clearance opening 115 in front wall 111 and
      nut 118 is secured thereto, thereby enclosing the actuator and circuit
      control element within housing 14. Suitable means such as, by way of
      example, a resilient gasket or the like, may be inserted between sections
      93 and 98 to effect a fluid-tight sealing relationship therebetween, where
      such is desired.
PAR  The housing includes integral bracket 85 secured to the inner surface of
      back wall 96 upon which microswitch 84 is mounted via screws 90,92 which
      project through clearance holes 91,93 of the switch and are secured to
      bracket 85 at mounting holes 87,89, respectively. Access opening 103 in
      wall 100 carries conduit 94 which houses connectors 84 and 88, see FIG. 1.
      Rubber grommet 110, or the like, is inserted in the flanged, open end of
      coupling 102 and nut 112 is secured to threaded end portion 119 thereof,
      securing the grommet and conduit assembly therein. Grommet 110 provides a
      satisfactory seal between coupling 102 and nut 112, where such is desired.
      Threaded end portion 104 of coupling 102 is inserted through access
      opening 103 and lock washer 106 and nut 108 are secured thereto,
      completing the conduit and coupling assembly.
PAR  When the two sections of housing 14 are assembled, access openings 101 and
      105 are disposed in axial alignment with one another and provide means for
      properly aligning indicator 10 with gauge 12. Threaded end portion 118 of
      gauge body 26 is inserted through access opening 105 and lock washer 120
      and nut 122 are secured thereto, thereby mounting the gauge on housing 14.
      Threaded end portion 124 of the indicator is inserted through access
      opening 101 and receives end 66 of stem 54, as illustrated in FIG. 1. Lock
      washer 126 and nut 128 are secured to end 124, thereby mounting indicator
      120 on housing 14 in axial alignment with gauge 12. It should be
      understood that control unit of the present invention can be utilized with
      or without indicator 10 without departing from the scope and spirit of the
      present invention. However, as here illustrated, when an indicator is
      incorporated in the circuit control unit of the present invention, the
      actuator components thereof do not interfere with the readability thereof.
PAR  Seals such as neophrene O-rings or the like may be inserted between housing
      14 and the various members extending through the access openings therein,
      and with the aforementioned gasket provided at the seam between sections
      93 and 98, provide a substantially sealed, fluid-tight enclosure for the
      circuit control element and the actuator components of the present
      invention.
PAR  The pressure gauge 12 comprises an elongate body 26 having a central bore
      28 extending axially therethrough for reciprocably housing piston 34, see
      FIG. 1. The body terminates in opposite threaded end portions 27 and 118,
      wherein end 27 provides suitable means for securing the gauge to a source
      of pressure to be measured, and end portion 118 provides means for
      mounting the gauge on housing 14, as described. Upper end 30 of bore 28 is
      of reduced diameter, defining shoulder 32 which forms a positive stop for
      the piston. A self-lubricating seal such as, by way of example, the
      lubricant saturated bushings 36,36 on either side of a neophrene O-ring 38
      is inserted in the bore and abuts shoulder 32. Keeper 40 is disposed in
      abutting relationship with the end face of exposed bushing 36. Compression
      spring 42 is inserted in the bore with opposite ends thereof seated in
      spring keeper 40 and against flange 50 of the piston, thereby normally
      urging the piston toward a fully retracted position as shown in FIG. 1.
      Shoulder 48, intermediate the length of piston 34, is of a diameter larger
      than the opening of the reduced portion 30 of the bore, precluding passage
      of that portion of the piston therethrough.
PAR  Plug 44 is inserted in and forms a snug, slip-fit relationship with the
      lower, open end of bore 28 and releasably maintains the gauge components
      within body 26. Central aperture 46 in plug 44 is in open communication
      with the interior of bore 28, providing access of the gauge to a source of
      fluid pressure to be measured.
PAR  End 52 of piston 34 projects axially outward from end portion 118 of gauge
      body 26 into housing 14 and is adapted to receive stem 54 of the actuator,
      as described herein.
PAR  Indicator 10 includes base 20, planar, calibrated scale 22 longitudinally
      projecting upward from the base, and transparent cover 24, secured to
      scale 22 by drive screw 25, and substantially encasing the indicator
      components. Seal 21 is inserted between cover 24 and scale 22, and seal 23
      is inserted between cover 24 and indicator body 20, thereby providing a
      substantially fluid-tight sealing relationship between the scale, the base
      and the cover, where such is desired. Depending end portion 124 of body 20
      includes an axially extending bore 68 adapted to receive end 66 of stem
      54. Reduced portion 70 of the bore defines shoulder 72 and provides a seat
      for bushings 36,36 and O-ring 38.
PAR  In FIG. 7 a further modification of the invention utilizes a single cam
      means 60 to actuate a plurality of switches 78a and 78b.
PAR  From the foregoing it will be noted that I have provided a gauge actuated
      circuit control unit having adjustable and interchangeable components,
      wherein the control unit is designed to operate with or without visible
      indicating means. Where such an indicator is used, the actuator components
      do not interfere with the readability thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Combination pressure actuated switch and gauge, comprising: a housing
      having aligned openings in opposite, spaced walls thereof; a pressure
      responsive device mounted in the opening in one wall and including a body
      having a bore therethrough and a reciprocable pressure responsive member
      in the bore including a rod portion extending out of the bore and into the
      housing; a pressure indicating scale mounted in the opening in the other
      wall and extending exteriorly of the housing and having a bore therein
      aligned with the bore in said body; an elongate actuator stem within the
      housing having one end thereof secured to the rod in coaxial, justaposed
      relationship therewith for movement with the rod, the other end of the
      actuator stem slidably extending into the bore in the scale and cooperable
      therewith to indicate pressure sensed by the pressure responsive member;
      cam means secured on the actuator stem between the ends thereof; and
      electrical switch means disposed within said housing and including switch
      actuator means situated in the path of movement of the cam means so as to
      be actuated thereby upon predetermined movement thereof.
NUM  2.
PAR  2. A device as called for in claim 1, wherein: the housing has top, bottom
      and side walls, said openings being in the top and bottom walls; means
      releasably securing the body in the opening in the bottom wall; and means
      mounting said switch means entirely within the interior of the housing.
NUM  3.
PAR  3. A device as called for in claim 2, wherein: said actuator stem is
      movable between an extended position and a retracted position; the length
      of the stem is such that when in a fully retracted position the said other
      end thereof projects from and extends beyond the top wall of the housing
      for cooperation with the scale exteriorly of the housing to indicate axial
      travel of the stem.
NUM  4.
PAR  4. A device as called for in claim 1, wherein: said cam means comprises at
      least one cam member adjustably movably secured on the actuator stem, said
      cam member having oppositely sloping, inwardly tapered ramp portions at
      opposite ends thereof, and a substantially constant diameter control
      surface between the ramps; and adjusting means adustably securing the cam
      member to the stem, said adjusting means comprising a flattened portion of
      the stem extending longitudinally thereof and defining an elongate bearing
      surface, and a set screw extended through the cam member into engagement
      with the stem, releasably securing the cam member in axially adjusted
      position along the lengh of the bearing surface.
NUM  5.
PAR  5. A device as called for in claim 1, wherein: coupler sleeve means is
      disposed in surrounding relationship with the justaposed ends of the stem
      and rod, and set screws extended through the sleeve means into engagement
      with the ends of the stem and rod.
NUM  6.
PAR  6. A device as called for in claim 1, wherein: the body and scale are
      sealed in their respective openings and the stem and rod are each slidably
      sealed in their respective bores.
NUM  7.
PAR  7. A device as called for in claim 3, wherein a transparent cover
      completely encompasses the free outer end of the actuator stem and scale.
NUM  8.
PAR  8. A device as called for in claim 7, which includes means for sealing the
      interior of said housing and cover against the accidental or unintentional
      introduction of gaseous or fluid media thereinto.
NUM  9.
PAR  9. A device as called for in claim 7, wherein at least two electric
      switches are located within the housing, and wherein the actuator stem is
      provided with a single cam for actuating the control member of all
      switches.
NUM  10.
PAR  10. A device as called for in claim 7, wherein at last two electric
      switches are located within the housing, and wherein a separate cam for
      the control member of each switch is secured to and carried by the
      actuator stem.
NUM  11.
PAR  11. A device as called for in claim 3, wherein one or more of the side
      walls of the housing are removable for providing access to the switch, cam
      and actuator stem.
NUM  12.
PAR  12. A device as called for in claim 11, which includes means for securing
      the cam to and in predetermined axial relationship with said stem.
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ABST
PAL  Setting off device protected against atmospheric conditions by a recessed
      configuration inside a box applicable to any sort of equipment installed
      out-of-doors, more particularly, to telephone posts.
BSUM
PAR  The invention comes within the branch of connection elements. It concerns a
      setting-off device protected against atmospheric conditions. It applies to
      all sorts of equipment installed out-of-doors, more particularly, to
      telephonic posts on motorways.
PAR  All along great highway routes and more particularly along motorways, there
      are telephonic posts intended for making a call to a supervisory authority
      in the case of breakdown or accident.
PAR  It is a current practice to set off the telephonic equipment contained in
      such a post by pressing a push-button which is large and strong, whose
      head projects on the outside of the post. Such buttons are currently named
      "punches."
PAR  Absolutely certain operation in all weather may rightfully be expected of
      such equipment. Now, if the telephonic equipment placed inside the post is
      suitably protected, it may happen, in conditions which will be specified
      herebelow, that the operation of the outdoor push-button may be impeded by
      snow or ground frost. Indeed, in known "punch" push-buttons, the stroke of
      the push-button is ensured from a position of the push-button head
      projecting from the front face of the post. The result of this is that if
      snow or ground frost accumulate between the head of the push-button and
      the front face of the post, cramming occurs -- the push-button no longer
      responds to the manipulations of the user.
PAR  To avoid this disadvantage, the invention provides for the placing of the
      push-button head flush with the front face, manipulation being effected in
      a recessed position with respect to the said face toward the inside and
      not from the outside towards the face.
PAR  The invention will be described in detail with reference to the
      accompanying drawings, among which:
PAR  FIG. 1 shows, in a simplified form, the front part of the known
      push-button;
PAR  FIG. 2 shows the front part of a push-button according to the invention;
      and
PAR  FIG. 3 shows a cut-away view, on a larger scale, of an example of
      embodiment of a "punch" push-button according to the invention.
PAR  FIG. 1 shows a push-button head 1, intended for actuating a device (not
      shown) by means of a rod 2. The head is placed before the front face 3 of
      an equipment cupboard, for example, an outdoor telephone post, more
      particularly, a motorway telephone post. The setting-off maneuver for the
      equipment is effected by pressing the head 1 of the press-button towards
      the front face 3 in the direction of an arrow f.
PAR  If an accumulation of ground frost such as shown at 4 has occurred under
      the effect of the pushing, there is cramming and jamming. It is impossible
      to set off the telephonic equipment.
PAR  FIG. 2 shows the push-button according to the invention having a head 10
      which comes flush with the front face 3. In these conditions, if there is
      ground frost, it forms a virtually plane layer 5, which is broken without
      difficulty by the effort necessary for manipulating the press-button head
      in the direction of the arrow f. There is no danger of jamming the
      mechanism with the ground frost. The substance used for manufacturing the
      head 10 is a "polystyrene shock" material having a perfectly smooth
      surface condition, on which the ice has a very slight coefficient of
      adherence.
PAR  In FIG. 3 the push-button head 10 forms a single part with a hollow
      cylindrical part 11 which bears, at its back, a short rod 12 which is able
      to transmit to an element 13, for example, a switch, a control movement.
      The push-button head 10 bears, at the back part, an edge 14 which, in the
      rest position, bears against the internal side of the front face 3 through
      a seal ring 15, for example, a rubber washer.
PAR  The hollow cylinder 11 is kept in another hollow cylinder 16 which bears,
      by a back part in the form of a washer 17, on a metallic plate 18. The
      plate 18 is held by tow rods 19, 20, clamped by screws 21, 22 onto a plate
      23, itself held by screws 24, 25, against the back part of a clevis 26
      welded onto the internal side of the front face 3.
PAR  The plate 18 prevents the free ingress of dampness into the equipment
      placed behind it and therefore fulfills a sealing function.
PAR  A coil spring 27 bearing against, on the one hand, a washer 28 fast with
      the hollow cylinder 11, on the other hand, a 17 cylindrical part of the
      cylinder 16 ensures the rest position of the push-button by the pressing
      of the edge 14 against the front face 3 through the seal 15. Under the
      effect of a push in the direction of the arrow f, a setting off control is
      transmitted to the element 13 through a short rod 12 fast with the bottom
      29 of the hollow cylinder 11.
PAR  The position of the edge 14 (14') and of the bottom 29 (29') in the pushing
      position in the direction of the arrow f has been shown by discontinuous
      lines.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A push-button apparatus for actuating out-door equipment disposed within
      an equipment housing, comprising a push-button having a cap-shaped part
      protruding through a hole in the equipment housing from inside toward the
      outside thereof and a cylindrical part projecting from the central portion
      of the inside surface of said cap-shaped part, the inside of said
      equipment housing including a hollow cylindrical member fixed with respect
      to said equipment housing and positioned to slideably engage said
      cylindrical part of said push-button, a collar fixed to the cylindrical
      part of said push-button and a spring disposed between said collar and
      said hollow cylindrical member for biasing said push-button in a direction
      toward the outside of said equipment housing, wherein said hollow
      cylindrical member is fixed with respect to said equipment housing by
      means including a clevis secured to said housing, a plate contacting said
      hollow cylindrical member and a plurality of rod-shaped supports secured
      between said plate and said clevis.
NUM  2.
PAR  2. A push-button apparatus as defined in claim 1 wherein a seal ring is
      disposed between a rim of said cap-shaped part of said push-button and
      said equipment housing.
NUM  3.
PAR  3. A push-button apparatus as defined in claim 2 wherein a switch having an
      actuating member is supported with the actuating member contacting said
      cylindrical part of said push-button.
NUM  4.
PAR  4. A push-button control apparatus as defined in claim 1 wherein said
      equipment is fixed behind a plate which performs a sealing function, the
      control movement of said equipment being transmitted by a rod fixed on
      said cylindrical part of said push-button.
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ABST
PAL  Methods and apparatus for manufacturing welded metal tubes of finite length
      in which an almost complete, axially split tube is advanced into a welding
      head where one edge face at one side of the split is accurately positioned
      and clamped and then the other edge face at the opposite side of the split
      is pressed against the one edge face. The welding head comprises a
      retractable edge face guide for said one edge face, clamping devices for
      holding and applying pressure to the tube, a proximity conductor over and
      extending along the abutting edge faces and contacts engagable with the
      opposite ends of the tube adjacent the abutting edge faces and connected
      to a high frequency current source for electrically heating the metal
      adjacent the edge faces to forge welding temperature.
BSUM
PAR  This invention relates to methods and apparatus for manufacturing welded
      metal tubes of finite length and such methods and apparatus are
      particularlay useful in the manufacture of cylindrical tubes which are to
      be formed subsequently into automobile wheel rims.
PAR  It is known in the art that cylindrical tubes can be manufactured by
      shaping a sheet of metal, such as steel, into an almost complete, split
      tube having abutting edge faces and thereafter, welding the so-formed tube
      at its abutting edge faces by various welding methods including gas, arc,
      contact resistance and high frequency resistance methods. Generally, the
      width of the sheet of metal is equal to the axial length of the final tube
      and the length of the sheet of metal is substantially equal to the
      circumference of the final tube. When such welded tube is to be used for
      an automobile wheel rim, it is thereafter shaped in a known manner.
PAR  For certain uses, such as for an automobile wheel rim, it is important that
      the weld produced be uniform and of high strength. Furthermore, it will be
      noted that with the method described, the tubes are welded on an
      intermittent basis, i.e., an almost complete, split, unwelded tube is
      inserted into the welding apparatus where it is welded and after one such
      tube is welded, it is removed and then the next unwelded tube is inserted
      in the welding apparatus.
PAR  With most of said methods of welding, the welding time is relatively long
      and relatively large amounts of spume, smoke, sparks, etc. are produced,
      making the working conditions, including physical and fire hazards,
      unsatisfactory or requiring substantial safety and exhaust equipment.
PAR  In addition, with most of said methods of welding, the location of the line
      of the abutting edges with respect to the welding head or heads is not
      especially critical, and with most of said methods, a substantial amount
      of flash, upset, or excess metal, which must be removed subsequently, is
      produced at the weld area.
PAR  Static butt welding of the type described in U.S. Pat. No. 3,591,757, in
      which high frequency electrical current flows in one direction along the
      abutting tube edges and flows in the opposite direction in a proximity
      conductor extending in spaced relation to the abutting tube edges has been
      found to be well-suited for welding together the abutting tube edges and
      to eliminate many of the problems of other prior art welding methods. For
      examples, there is little, if any, smoke, spume, or sparks and a weld
      along the entire lengths of the abutting edges can be produced very
      rapidly, as compared to other methods, with little, if any, flash and with
      only small amounts of upset or protruding metal.
PAR  The weld seam produced in said U.S. Pat. No. 3,591,757 also produces a weld
      which is uniform and of high strength provided that the abutting edges are
      precisely located with respect to the proximity conductor during the flow
      of welding current. However, it will be noted that in such methods the
      path and distribution of the current in the metal at the abutting edges is
      controlled by several factors, including the relative positions of the
      proximity conductor and the abutting edges. Accordingly, if the abutting
      edges are not properly located, within fairly close limits, with respect
      to the proximity conductor, the amount of current flowing in the metal at
      the respective edges and its distribution between the edges is different
      from the desired amount and distribution, causing undesired relative
      heating and welding temperatures at the two edges. Thus, if the edges are
      improperly positioned, one edge may be heated insufficiently for
      accomplishing a uniform, high strength weld and the other edge may be
      upset by an undesirable amount. If both edge portions are forced toward
      each other during the forging thereof after heating to welding temperture,
      the plane of the abutting edge faces should intersect the longitudinal
      axis of the proximity conductor. However, it has been found that if one
      edge portion is held in a fixed position and the other edge portion is
      forced toward said one edge portion, as in the emobdiment hereinafter
      described, then, the plane of the abutting edge faces preferably should be
      displaced with respect to the axis of the proximity conductor on the same
      side thereof as said other edge portion i.e., so that more of the
      proximity conductor is over the fixed edge portion than over the movable
      edge portion.
PAR  Of course, it will also be apparent that in order to produce a good weld
      without surface or end protrusions, the abutting faces of the edges should
      be aligned both radially and axially of the tube during the welding
      thereof.
PAR  Experiments with methods and apparatus in which the edge faces of the
      shaped, unwelded tube are placed in the desired welding engagement prior
      to being inserted in welding apparatus of the type disclosed in said U.S.
      Pat. No. 3,591,757, have shown that even when substantial efforts are made
      to hold such faces in engagement during the inserting of the unwelded tube
      into such apparatus and to align the plane of the proximity conductor,
      difficulties are encountered in obtaining the desired weld due to
      unintentional misalignment of said faces with said axis of the proximity
      conductor. Furthermore, such efforts slow down the manufacturing process,
      and even if the feeding apparatus is initially adjusted so that proper
      welds are produced for a period of time after such adjustment, normal
      wear, vibration, and/or movement of the feeding and other apparatus is
      such that the quality of the welds decreases with time.
PAR  We have discovered that the aforesaid problems can be substantially
      eliminated by maintaining the edge faces in spaced apart, axially aligned
      relation while they are conveyed into the welding appartus, by moving one
      of said faces against a stop which is accurately aligned with the
      proximity conductor after the unwelded tube has been axially positioned in
      the welding appartus, by thereafter clamping the portion of the unwelded
      tube having said one face in its position determined by said stop, by
      thereafter removing said stop and pressing the other edge face against and
      in radial alignment with said one face and maintaining said edge faces in
      said relation during the flow of welding current. Preferably, such edge
      faces are so maintained during the flow of welding current by clamping
      them so that they cannot displace in the radial direction and by applying
      pressure to the tube urging said faces toward each other. Preferably,
      also, said pressure is increased after the metal at said edge faes reaches
      forge welding temperature to produce a forge weld between said faces.
PAR  The preferred embodiment of the invention comprises loading apparatus in
      combination with welding apparatus of the type disclosed in said U.S. Pat.
      No. 3,591,757, which has, as part thereof, novel edge face positioning and
      tube clamping apparatus. The preferred embodiment of the loading
      apparatus, to which an unwelded tube may be fed manually or automatically,
      comprises a carriage for the unwelded tube having stop means for engaging
      the edge faces and holding them apart by a distance greater than normal,
      in the absence of the stop means, against the normal pressure applied by
      the resiliency of the tube in a direction causing them to move together.
      The carriage also has clamps for engaging axially opposite ends of the
      unwelded tube and axially aligning the edge faces, and the carriage is
      movable in a direction axially of the tube, both toward and away from said
      positioning apparatus. The carriage also carries a retractable arm, or
      arms, which is engageable with a welded tube in the positioning apparatus
      for discharging a welded tube therefrom as the carriage moves an unwelded
      tube into the positioning apparatus and thereby moving said welded tube to
      succeeding conveying or processing apparatus.
PAR  The positioning apparatus comprises a retractable stop having an axially
      and radially extending face which is accurately aligned with a proximity
      conductor, which, along with its associated devices, may be raised and
      lowered with respect to the tube. The positioning apparatus also comprises
      a segmented, clam-shell clamp arranged to substantially surround the tube
      and to apply the various clamping and forging pressures.
PAR  The welding apparatus comprises, in addition to the proximity conductor,
      retractable contacts for engaging the tube end surfaces adjacent the edge
      faces and the customary electrical leads and cooling connections for
      supplying cooling fluid to the contacts, etc.
PAR  One object of the invention is to provide methods and apparatus for
      accurately positioning the edge faces of metal parts to be welded
      together.
PAR  Another object of the invention is to provide methods and apparatus for
      rapidly welding together the edge faces of metal parts with a uniform,
      high strength weld.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following description of a preferred embodiment of the invention, which
      description should be considered in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view of a sheet of metal which has been formed into
      tubular shape and illustrates one type of metal member which may be welded
      with the apparatus of the invention;
PAR  FIG. 2 is a simplified perspective view of the apparatus of the invention;
PAR  FIG. 3 is a fragmentary, perspective view similar to FIG. 2 but showing the
      parts in different relative positions;
PAR  FIG. 4 is a fragmentary, end elevation view, partly in cross-section,
      illustrating the positions of the clamping device and the welding head
      during the insertion of a tube to be welded into the welding apparatus;
PAR  FIG. 5 is a view similar to FIG. 4 illustrating the positions of the
      clamping device and the welding head after a tube to be welded has been
      inserted in the welding appartus;
PAR  FIG. 6 is a view similar to FIGS. 4 and 5 showing the positions of the
      clamping device and the welding head during the welding of a tube;
PAR  FIG. 7 is a simplified, front elevation view of a portion of the apparatus
      of the invention with some of the parts removed for ease in illustration;
PAR  FIG. 8 is an enlarged, plan view of a portion of the apparatus shown in
      FIG. 7;
PAR  FIG. 9 is an enlarged, front elevation view of a portion of the apparatus
      shown in FIG. 8;
PAR  FIG. 10 is a fragmentary, cross-sectional, end elevation view of apparatus
      shown in FIG. 7, and is taken along the line 10--10 indicated in FIG. 7;
PAR  FIG. 11 is a fragmentary, cross-sectional, end elevation view of a portion
      of apparatus shown in FIG. 7, and is taken along the line 11--11 indicated
      in FIG. 7;
PAR  FIG. 12 is a fragmentary, cross-sectional, end elevation view of a portion
      of apparatus shown in FIG. 7 and is taken along the line 12--12 indicated
      in FIG. 7;
PAR  FIG. 13 is a fragmentary, cross-sectional, end elevation view similar to
      FIG. 12 showing the welding apparatus in the positions thereof in which
      welding is performed;
PAR  FIG. 14 is a fragmentary, side elevation view of a portion of the loading
      appartus illustrated in FIG. 7;
PAR  FIG. 15 is a fragmentary, end elevation view, partly in cross-section, of
      the apparatus shown in FIG. 14;
PAR  FIG. 16 is a simplified, end elevation view, partly in cross-section, of a
      portion of the apparatus shown in FIG. 7 and is taken along the line
      16--16 indicated in FIG. 7;
PAR  FIG. 17 is a fragmentary, front elevation view of a portion of the welding
      apparatus shown in the preceding figures;
PAR  FIG. 18 is a fragmentary, plan view of a portion of the apparatus shown in
      FIG. 17, and is taken along the line 18--18 indicated in FIG. 17;
PAR  FIG. 19 is a fragmentary, plan view of a portion of the apparatus shown in
      FIG. 17; and
PAR  FIG. 20 is a fragmentary, end elevation view of the apparatus shown in FIG.
      19.
DETD
PAR  Referring first to FIGS. 1-6 which illustrate the principles of the
      invention, FIG. 1 shows an unwelded or split tube 1 which has been formed
      by bending a metal sheet into tubular shape in a well-known manner. The
      unwelded tube 1 has an inner major surface 2, an outer major surface 3, a
      pair of end faces 4 and 5 and a pair of edge faces 6 and 7 along which the
      line of weld is to be produced. The metal of the unwelded tube 1 may be
      any one of severl metals, such as, steel, aluminum, etc., which may be
      welded with the welding apparatus employed. The edge faces 6 and 7 are
      shown in FIG. 1 in slightly spaced relationship, but, if desired, they may
      be in abutting relationship.
PAR  Although the invention will be described in connection with the welding
      together of the edge portions of a metal sheet 1 formed into tubular
      shape, it will be understood by those skilled in the art that while
      differently shaped holding or pressure applying devices may be required,
      the principles of the invention may be applied to the welding of edge
      portions of other metal members, such as, a pair of separate metal sheets
      which may be flat, curved, or arcuate.
PAR  With reference to FIG. 2, the preferred embodiment of the apparatus of the
      invention comprises a loading station 8 and a welding station 9. The
      stations 8 and 9 are interconnected by a mandrel 10 which, at the loading
      station 8, comprises a fixed support block 11 at the sides of which are
      two guide plates 12 and 13. The unwelded tube 1 is inserted over the
      mandrel 10 at the left end, as viewed in FIG. 2, by expanding the unwelded
      tube 1 and spreading the edge faces 6 and 7 apart until they fit over the
      guide plates 12 and 13 in the manner shown at the left in FIG. 2. After
      the unwelded tube 1 is so positioned, it is gripped at its end faces by
      arms or clamps, hereinafter described, which are mounted on a carriage,
      also hereinafter described, having a path of movement parallel to the
      length of the mandrel 10, and hence, parallel to the axis of the unwelded
      tube 1. The unwelded tube 1 is then conveyed by the carriage to the right,
      as viewed in FIG. 2 and as indicated by the arrow 28 in FIG. 1, and the
      edge faces 6 and 7 then engage a pair of guide plates 14 and 15 along
      which they slide until the unwelded tube 1 reaches the position shown on
      the right in FIG. 2.
PAR  The mandrel 10 supports a fixed, first or rear support 16 having an upper
      supporting surface formed by the surface 17 and the surface 18 of a bar 19
      of heat resistant insulating materials, such as a ceramic, silicon
      nitride, etc. The mandrel 10 also supports a movable second, or front,
      support 20 which is urged upwardly, as viewed in FIG. 2, by spring means
      into the first position shown in FIG. 2. The support 20 may be moved
      downwardly to the second position shown in FIG. 3. The support 20 has an
      upper supporting surface, similar to that of the support 16, formed by the
      surface 21 and the surface 22 of a bar 23 similar to the bar 19. Although
      the surfaces 17 and 21 are shown as flat surfaces, for the welding of
      tubes, the surfaces 17 and 21 may have a radius of curvature equal, or
      substantially equal, to the radius of the inner surface 2 of the tube 1,
      or, in other words, so that the shape of the surfaces 17 and 21 will mate
      closely with the lower surfaces of the edge portions to be welded. The
      surfaces 17 and 18 are substantially parallel to the surfaces 21 and 22,
      and when the support 20 is in the position shown in FIG. 3, the flat
      surfaces 17, 18, 21 and 22 lie substantially in a single curved plane. If
      the surfaces 17, 18, 21 and 22 are arcuate, the surfaces 17 and 18 will
      not be exactly parallel to the surfaces 21 and 22 and, therefore, the
      expression "generally parallel" surfaces will be used to designate both
      parallel flat surfaces and arcuate surfaces which lie substantially in the
      same curved plane or a pair of concentric curved planes.
PAR  Although the surfaces 17, 18, 21 and 22 may, under some conditions, have
      lengths in the direction of the axis of the tube 1 which are substantially
      equal to the axial length of the tube 1, it is preferred that they be
      shorter, as shown in FIG. 2, so that U-shaped laminations 26 and 27 of
      magnetic steel may be mounted on the mandrel 10 beneath the opposite ends
      of the tube 1 adjacent to the edge faces 6 and 7. Such laminations 26 and
      27 aid in maintaining the proper current distribution at the ends of the
      edge faces 6 and 7 in the manner described in said U.S. Pat. No.
      3,591,757.
PAR  The support 20 has a side surface 24 which is adjacent to the support 16
      and which extends transversely to an extension of the surfaces 17 and 18
      when the support 20 is in the position shown in FIG. 2. Such side surface
      24 also extends substantially parallel to the longitudinal axis of a
      proximity conductor 30 and in the embodiment shown, to the axis of the
      tube 1. The plane of the surface 24 intersects the proximity conductor 30
      when the latter is in its position in which heating current is supplied to
      the edge portions of the tube 1 at opposide ends of the abutting edge
      faces 6 and 7. The relationship of the plane of the surface 24 to the
      longitudinal axis of the proximity conductor 30 depends upon the relative
      current distribution desired in the edge portions, i.e., whether equal or
      unequal currents are desired. For example, in the preferred embodiment
      described herein, it has been found that the best weld is obtained by
      having a greater amount of current flowing in the edge portion adjacent
      the edge face 7 than in the edge portion adjacent the edge face 6. Since
      the edge portion adjacent the edge face 7 is supported by the surface 18,
      the proximity conductor 30 is displaced with respect to the surface 24 so
      that when the parts are in their welding positions shown in FIG. 3, a
      vertical plane passing through the longitudinal axis of the proximity
      conductor 30 is displaced to the left, as viewed in FIGS. 2 and 3, with
      respect to the plane of the surface 24. Experiments have indicated that
      with steel of the type used for automobile wheel rims and having a
      thickness of 0.140 inches, and using a welding current having a frequency
      of 10 kilohertz and having a magnitude sufficient to heat the edge
      portions to the desired forge welding temperature in 1.5 seconds, the
      mangitude of the displacement should be about 0.035 inches.
PAR  When the unwelded tube 1 has been positioned at the welding station 9, as
      shown in FIG. 2, the edge face 7 is against the side surface 24 which acts
      as a positioning stop for the edge face 7, and at least a portion of the
      edge face 6 is against a side surface of a guide plate 25 on the support
      20. Due to the resilience of the tube 1 which urges the edge faces 6 and 7
      toward each other, the edge face 7 presses firmly against the side surface
      24. A segment 31 of clamshell type clamping apparatus is pressed
      vertically downwardly and the curved inner surface 32 thereof, having a
      radius of curvature substantially equal to the radius of the outer surface
      3 of the tube 1, engages the outer surface 3 and presses the opposite
      inner surface 2 against the supporting surfaces 17 and 18 with relatively
      high pressure. Accordingly, the portion of the unwelded tube 1 adjacent to
      the edge face 7 is clamped between the segment 31 and the surfaces 17 and
      18 of the support 16 with the edge face 7 accurately positioned with
      respect to the proximity conductor 30.
PAR  At this point in the operations, the segment 33 which carries the proximity
      conductor 30 is lowered and by means associated therewith and hereinafter
      described, the support 20 is moved downwardly to the position shown in
      FIG. 3 before the lower surface of the segment 33 reaches a spacing with
      respect to the surfaces 21 and 22, which is equal to, or slightly greater
      than, the thickness of the wall of the tube 1. As the support 20 is moved
      downwardly the edge face 6 is released by the guide plate 25 and rides
      over the upper surface of the support 20 due both to the natural tendency
      of the tube 1 to return to the shape shown in FIG. 3, and to pressure
      applied to the tube 1 by another segment of the clamshell apparatus
      hereinafter described. The lower surface of the segment 33 guides the
      portion of the tube 1 adjacent to the edge face 6 as it moves toward the
      edge face 7, and when the edge faces 6 and 7 abut, the lower surface of
      the segment 33 firmly holds a portion of the tube 1 between itself and the
      surfaces 21 and 22, as shown in FIG. 3. The proximity conductor has
      U-shaped laminations 34 of magnetic steel extending partly therearound for
      the reasons explained in said U.S. Pat. No. 3,591,757, and the lower
      surfaces of the laminations 34 also engage the tube 1 at the portions of
      the outer surface 3 opposite from the bars 19 and 23.
PAR  Electrical current is then supplied to the edge portions, and they are
      forge welded together as described hereinafter. The clamping segments are
      returned to their release positions and the welded tube 1 is ejected from
      the welding station 9 as the loading carriage supplies the next unwelded
      tube 1 to the loading station in the manner described.
PAR  As shown in FIGS. 4 and 6, the segments 31 and 33 are mounted on a slide 35
      on a fixed support 36, and the slide 35 is movable up and down by the rod
      37 of a hydraulic piston and cylinder assembly 38. The segment 33 is
      mounted on a further slide 39 which is slidably mounted on the slide 35
      and which is movable up and down by a hydraulic piston and cylinder
      assembly 40 pivotally mounted on the slide 35 and connected to the slide
      39 by a toggle linkage 41. FIG. 4 shows the release positions of the
      segments 31 and 33, FIG. 5 shows their positions when the segment 31 has
      clamped the unwelded tube 1 against the surfaces 17 and 18 and FIG. 6
      shows their positions during the welding of the edge portions of the tube
      1.
PAR  With reference to FIG. 7, the loading station 8 comprises a pair of stops
      45 and 46 which are movable by the piston and cylinder assemblies 47 and
      48 into and out of the positions shown in FIG. 7. The stops 45 and 46 are
      moved into the position shown in FIG. 7 prior to the loading of the tube 1
      on the carriage, designated generally by the reference numeral 49, so as
      to engage the end face 4 of the tube 1 and thereby properly axially align
      the edge faces 6 and 7 of the tube 1. After the tube 1 has been clamped on
      the carriage, as described hereinafter, the stops 45 and 46 are moved away
      from the end of the tube 1 so that it may be conveyed to the welding
      station 9 by the carriage 49.
PAR  With reference to FIGS. 7, 14 and 15, the carriage 49 comprises a main body
      portion 50 which is slidable on a supporting and guide shaft 51 in the
      direction of the axis of the shaft 51. The carriage 49 is driven along
      such shaft 51 by means of a reversible drive screw 52, which may be
      rotated in any well-known manner, such as by a hydraulic motor (not
      shown). Thus, when the drive screw 52 is turned in one direction the
      carriage 49 moves from the position shown in FIG. 7 to the left until the
      edge portions of the tube 1 are in the positions in the welding station 9
      heretofore described. When the tube 1 is so positioned in the welding
      station 9 and has been released from the carriage 49, the drive screw 52
      may be rotated in the opposite direction to return the carriage 49 to the
      position shown in FIG. 7.
PAR  The carriage 49 also comprises a hydraulically operable guiding arm 54
      (FIGS. 7 and 14) and a pair of hydraulically operable clampings arms 55
      and 56 (FIG. 14). The guiding arm 54 is shown in its release position in
      FIG. 7 and in its tube engaging position in FIG. 14. The release position
      of the clamping arms 55 and 56 is shown in full lines in FIG. 14 and the
      tube clamping position thereof is shown in dot-dash lines in FIG. 14.
PAR  The clamping arms 55 and 56 are pivotally mounted on the carriage 49 and
      are operable by hydraulic piston and cylinder assemblies 59 and 60.
      Therefore, after the unwelded tube 1 has been positioned against the stops
      45 and 46 as shown in FIG. 7, the clamping arms 55 and 56 are moved by
      assemblies 59 and 60 to the positions shown in dot-dash lines in FIG. 14
      so that they engage the axially opposite faces 4 and 5 of the tube 1 and
      hold the tube 1 on the carriage 49.
PAR  The guiding arm 54 is for the purpose of resisting tilting of the tube 1 as
      it is moved from the loading station 8 to the welding station 9. While the
      tube 1 is being loaded on the carriage 49, the arm 54 is in the position
      shown in FIG. 7, and after the tube 1 has been loaded on the carriage 49,
      the arm 54 is moved to the position shown in FIG. 14 by the piston and
      cylinder assembly 58 so that it engages, or is immediately adjacent, a
      portion of the end face 5 diametrically opposite from the portion thereof
      engaged by the arm 56. If the tube 1 tends to tilt as it is moved by the
      carriage 49, such tilting will be limited by the arm 54.
PAR  The carriage 49 also carries an ejection arm 65 which is pivotally mounted
      on the carriage and biased to the position shown in full lines in FIG. 14
      by a spring 66. Thus, the ejection arm 65 is normally maintained in the
      position shown in full lines in FIG. 14, but is movable against the force
      of the spring 66 to the position shown in dotted lines in FIG. 14. The
      purpose of the ejection arm 65 is to engage a previously welded tube in
      the welding station 9 and eject such previously welded tube from the
      welding station as a succeeding unwelded tube 1 is moved by the carriage
      49 to the welding station 9. However, when the carrriage 49 is returned to
      the loading station 8, the arm 65 can pass beneath an unwelded tube 1.
PAR  FIG. 10 illustrates further details of the positioning of the tube 1 at the
      loading station. The support block 11 has upper and lower supports 67 and
      68 adjacent one side thereof and spaced apart a distance sufficient to
      receive an edge portion of the tube 1 therebetween with the edge face 7 of
      the tube 1 against the guide plate 12. At the opposite side of the support
      block 11, the other edge portion of the tube 1 is supported by a pair of
      rods 69 and 70, both rods 69 and 70 being adjustable toward and away from
      the tube 1. The rods 69 and 70 are otherwise fixed in position so that the
      edge portion of the tube slides therebetween as the carriage 49 moves the
      tube 1 to the welding station 9.
PAR  FIG. 11 illustrates further details of the mounting of the guide plates 15
      and 16 which are intermediate the loading station 8 and the welding
      station 9. As shown in FIG. 11, the guide plates 15 and 16 are pivotally
      mounted but are prevented from moving nearer to each other than the amount
      shown in FIG. 11. The mountings for the guide plates 15 and 16 are urged
      by springs 71 and 72 into the position shown in FIG. 11, but such
      mountings for the guide plates 15 and 16 may be rotated clockwise and
      counterclockwise, respectively, against the force of the springs 71 and 72
      to permit them to move downwardly when the welding head, hereinafter
      described, moves into welding position.
PAR  FIG. 12 shows further details of the apparatus at the welding station 9
      which is immediately adjacent the edge portions of the tube 1. As
      illustrated in FIG. 12, the support 20 is urged into the position shown in
      FIG. 12 by a spring 73, and the slide 35, which carries the segment 33,
      has a part 74 which extends below the lower surface of the segment 33 and
      which is beyond the end face 4 of the tube 1, and as the slide 35 is
      lowered such part 74 engages the support 20 before the segment 33 engages
      the tube 1 and moves the support 20 to the position shown in FIG. 13 as
      the segment 33 is moved downwardly by the slide 35, as described
      hereinbefore.
PAR  FIG. 13 illustrates the arrangement of the parts immediately adjacent the
      edge portions of the tube 1 to be welded, during the time that electrical
      heating current is supplied to the edge portions for the purpose of
      heating them to the desired forge welding temperature.
PAR  FIG. 16 shows, in addition to some of the parts illustrated in earlier
      figures, further segments of the clamshell type clamping apparatus. Thus,
      the clam-shell type apparatus comprises a pair of pivotally mounted
      segments 75 and 76, such segments 75 and 76 being pivotable about a shaft
      77. The segments 75 and 76 may be moved toward each other, in an obvious
      manner, by a hydraulic piston and cylinder assembly 78. As mentioned
      hereinbefore, the edge face 6 is moved toward the edge face 7 at the
      welding station 9 as the support 20 is moved downwardly, and such movement
      is caused, in part, by the segment 76. Preferably, during the time that
      the heating current is flowing in the edge portions, the segments 75 and
      76 apply pressure to the tube 1 sufficient only to maintain the edge face
      6 firmly against the edge face 7, and after the edge portions of the tube
      1 have reached forge welding temperature, additional pressure is applied
      to the tube 1 by the segments 75 and 76 to produce forge welding of the
      edge portions of the tube 1.
PAR  FIGS. 17-20 illustrate, in simplified form, the mechanical and electrical
      components of the welding head. The slide 35, which carries the proximity
      conductor 30, its associated laminations 34 and the segment 33, also
      carries two pairs of electrical contacts 80, 81 and 82, 83, which are
      slidably mounted so as to be movable toward and away from each other, and
      hence, toward and away from the end faces 4 and 5 of the tube 1 at
      portions thereof on opposite sides of the abutting edge faces 6 and 7. The
      contacts 82 and 83 are connected to one end of the proximity conductor 30
      by a flexible copper strap 84, and the contacts 80 and 81 are connected to
      one terminal of a high frequency, electrical current source of the type
      described in said U.S. Pat. No. 3,591,757, through an electrical conductor
      or lead 85. The end of the proximity conductor 30 opposite to that end to
      which the contacts 82 and 83 are connected is connected to the other
      electrical conductor or lead 86, which, in turn, connects to the other
      terminal of the high frequency electrical current source.
PAR  The contacts 80 and 81 are mounted on a slide 87 which is pivotally
      connected to one end of a lever 88, which is pivotally mounted from the
      slide 35 at 89. The opposite end of the lever 88 is pivotally connected to
      the piston rod 90 of a hydraulic piston and cylinder assembly 91.
      Similarly, the contacts 82 and 83 are mounted on a slide 92 which is
      pivotally connected to one end of a lever 93 pivotally mounted on the
      slide 35 at 94, and pivotally connected at its opposite end to the piston
      rod 95 of a hydraulic piston and cylinder assembly 96.
PAR  During the time that an unwelded tube 1 is being loaded into the welding
      station 9, the slide 35 is raised as described hereinbefore, and the
      piston and cylinder assemblies 91 and 96 are actuated so that the contacts
      80 and 81 are moved away from the contacts 82 and 83. After the unwelded
      tube has been properly positioned in the welding apparatus, as described
      hereinbefore, and the tube 1 has been clamped in position, the piston and
      cylinder assemblies 91 and 96 are actuated so as to move the contacts 80
      and 81 toward the contacts 82 and 83 and so as to engage the respective
      end faces 4 and 5 with the contacts 80 and 82 on one side of the abutting
      edge faces 6 and 7 and with the contacts 81 and 83 on the opposite side of
      the abutting edge faces 6 and 7. Thereafter, the electrical heating
      current is supplied to the contacts through the conductors 85 and 86,
      which causes the current to flow in a first direction in the edge portions
      of the tube 1 adjacent the abutting edge faces 6 and 7 and while the
      current flows in the opposite direction in the proximity conductor 30. The
      frequency of the heating current is selected as described in said U.S.
      Pat. No. 3,591,757, and, preferably, the frequency of the heating current
      is such as to provide a reference depth in the metal of the tube 1 at
      least equal to the radial thickness of the edge faces 6 and 7. The heating
      current is supplied for a time sufficient to heat the edge portions at the
      edge faces 6 and 7 to a forge welding temperature, and it has been found
      that with suitable selection of frequency and current magnitude, the time
      may be as short as 1.5 seconds.
PAR  Of course, the various components may include conventional mechanical
      controls for the adjustment of the positions thereof, such as the controls
      100 and 101 in FIGS. 17, 19 and 20 and the control 102 in FIGS. 9 and 13.
      In addition, the various conventional fluid connectors for hydraulic and
      cooling fluids, such as the connectors 103 and 104 (FIGS. 17 and 19), will
      also be provided.
PAR  Although the various actuating mechanisms, such as the motor for rotating
      the drive screw 52, and the various piston and cylinder assemblies, may be
      manually controlled, preferably, they are automatically controlled in
      proper sequence by control apparatus of a type well-known in the art.
      Assuming that all the various parts are in their release positions in
      which the welding and loading apparatus is ready to receive an unwelded
      tube, one preferred sequence of operations is as follows:
PA1  1. Piston and cylinder assemblies 47 and 48 (FIG. 7) are actuated to move
      the stops 45 and 46 into the positions shown in FIG. 7 and an unwelded
      tube 1 is mounted on the carriage 49, manually or automatically, as
      described, with the end face 4 abutting the stops 45 and 46 and the edge
      faces 6 and 7 abutting the guide plates 13 and 12.
PA1  2. Piston and cylinder assemblies 59 and 60 (FIG. 14) are actuated causing
      the arms 55 and 56 to clamp the tube 1 on the carriage 49 and the piston
      and cylinder assembly 58 is actuated to move the arm 54 into the position
      shown in FIG. 14.
PA1  3. piston and cylinder assemblies 47 and 48 (FIG. 7) are oppositely
      actuated withdrawing the stops 45 and 46.
PA1  4. The motor which rotates the drive screw 52 (FIG. 7) is energized, moving
      the tube 1 into the welding station 9 as described.
PA1  5. Piston and cylinder assembly 38 (FIG. 4) is actuated causing the segment
      31 to clamp the portion of the tube 1 adjacent the edge face 7 against the
      surfaces 17 and 18 (FIG. 2).
PA1  6. piston and cylinder assemblies 58, 59 and 60 (FIG. 14) are oppositely
      actuated thereby releasing the tube 1 and moving the arm 54 to its release
      position, and the motor which rotates the drive screw 52 (FIG. 7) is
      reversed causing the carriage 49 to return to the loading station 9 and
      the position shown in FIG. 7.
PA1  7. piston and cylinder assembly 40 (FIG. 4) is actuated causing the segment
      33 and the part 74 (FIG. 12) to move downwardly and depress the support 20
      which permits the edge face 6 to move toward the edge face 7, the edge
      face 6 being maintained in axial alignment with edge face 7 by suitable
      stationary guides (not shown). Shortly after the assembly 40 is actuated
      the piston and cylinder assembly 78 (FIG. 16) is actuated thereby pressing
      the edge face 6 against the edge face 7, and meanwhile, the assembly 40
      (FIG. 6) restrains the portion of the tube 1 adjacent the edge face 6
      between the segment 33 and the laminations 34, on the one hand, and the
      surfaces 18, 22 and 21 on the other hand.
PA1  8. Piston and cylinder assemblies 91 and 96 (FIG. 17) are actuated thereby
      moving the contacts 80-83 into contact with the end faces 4 and 5 of the
      tube 1 and electrical heating current is supplied to the contacts 80-83
      through the conductors 85 and 86 until the edge portions of the tube 1
      reach the desired welding temperature, at which time the current is
      discontinued
PA1  9. The fluid pressure on the piston and cylinder assembly 78 (FIG. 16) is
      increased causing the edge portions of the tube 1 to be forge welded
      together.
PA1  10. The piston and cylinder assemblies 78, 38 and 40 (FIG. 4) are
      oppositely actuated thereby returning the various clamping segments 31,
      33, 75 and 76 (FIG. 16) to their release positions.
PAR  The sequence may then re repeated and when the carriage 49 moves the next
      unwelded tube 1 into the welding station 9, the ejector arm 65 will eject
      the previously welded tube from the welding station 9 (to the right in
      FIG. 2), and the welded tube will normally be received by subsequent
      processing apparatus positioned at the ejection side of the welding
      station 9.
PAR  Although only a preferred embodiment of the invention has been illustrated
      and described, it will be understood by those skilled in the art that
      various modifications may be made without departing from the principles of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for welding together a pair of metal portions at their edges,
      each of said portions having an edge face and a major surface adjacent and
      extending transversely to said edge face, said apparatus comprising a
      welding station comprising welding means for welding said portions
      together, said welding means comprising an elongated proximity conductor,
      means for connecting one end of said proximity conductor to a first
      portion of each of said metal portions at the edge face thereof, contact
      means for engaging a second portion of each of said metal portions at the
      edge face thereof and means for supplying electrical welding current to
      said contact means and to the other end of said proximity conductor,
      holding means for receiving, engaging and supporting said portions
      including means for engaging the edge face of one of said portions and
      positioning said last-mentioned edge face in predetermined spaced relation
      to said proximity conductor with said last-mentioned edge face
      substantially parallel to the length of said proximity conductor and for
      thereafter holding said last-mentioned edge face in said predetermined
      relation to said proximity conductor while pressing the edge face of the
      other of said portions against said edge face of said one portion when the
      latter is positioned in said predetermined relation, and loading means for
      engaging said metal portions and delivering said metal portions to said
      holding means.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein said holding means comprises
      a support having a supporting surface and an edge face guide adjacent said
      support and engageable with said edge face of said one portion, means
      mounting said guide for movement from a first position in which a surface
      thereof extends transversely to an extension of said supporting surface to
      a second position out of the path of said extension, first clamping means
      for clamping one of said portions adjacent the edge face thereof against
      said supporting surface with said last-mentioned edge face against said
      surface of said guide and second clamping means for pressing the edge face
      of said other portion against said edge face of said one portion when said
      guide is in said second position.
NUM  3.
PAR  3. Apparatus as set forth in claim 2, wherein said metal portions are
      portions of a split tube on opposite sides of the split therein and
      wherein said second clamping means comprises a pair of segments having
      concave faces engageable with the outer surface of said tube and means for
      urging said segments toward each other.
NUM  4.
PAR  4. Apparatus as set forth in claim 3, wherein said loading means comprises
      means for holding the edge face of said one portion in spaced relation to
      the edge face of said other portion and for maintaining said spaced
      relation during delivery of said portions to said holding means and until
      said edge face of said one portion is in engagement with said edge face
      guide.
NUM  5.
PAR  5. Apparatus for welding together a pair of metal portions at their edges,
      each of said portions having an edge face and a major surface adjacent and
      extending transversely to said edge face, said apparatus comprising a
      welding station and loading means for supplying said metal portions to
      said station, said welding station comprising first and second supports,
      each of said supports having a support surface for receiving and engaging
      said major surface of one of said portions adjacent said edge face thereof
      and the support surface of one said support being generally parallel to
      the support surface of the other said support, said one support having a
      side surface adjacent said other support, means mounting said one support
      for movement with respect to said other support in first and second
      opposite directions transverse to said support surface, means for urging
      said one support in said first direction so that said side surface extends
      transversely to an extension of the support surface of said other support,
      first clamping means for clamping one of said metal portions against the
      support surface of said other support and for positioning said edge face
      of said last-mentioned one portion against said side surface of said one
      support, second clamping means for clamping the other of said metal
      portions against the support surface of said one support and for moving
      the edge face of said other of said metal portions into engagement with
      said edge face of said one portion upon movement of said one support in
      said second direction, and welding means for welding said portions
      together disposed adjacent to said supports for welding said edge portions
      together.
NUM  6.
PAR  6. Apparatus as set forth in claim 5, wherein said welding means comprises
      contact means engageable with said metal portions at opposite ends of the
      edge faces thereof and a proximity conductor adjacent said supports and
      substantially parallel to said side surface.
NUM  7.
PAR  7. Apparatus as set forth in claim 6, wherein said loading means comprises
      a carriage movable toward and away from said welding station and means on
      said carriage for engaging and holding said metal portions with the edge
      faces thereof in spaced relation.
NUM  8.
PAR  8. Apparatus for welding together the edge portions of a split metal tube,
      said tube having inner and outer major surfaces, axially opposite end
      faces and edge faces on opposite sides of the split therein, said edge
      portions being at opposite sides of the split in said tube, said apparatus
      comprising a loading station and a welding station, said loading station
      comprising a carriage for receiving and carrying said tube and including
      first clamping means for engaging said tube and holding said tube on said
      carriage, guide means for engaging each of said edge faces and maintaining
      the edge face of one said portion in spaced relation to the edge face of
      the other said portion, means mounting said carriage for movement from
      said loading station to said welding station, and said welding station
      comprising a first support having a supporting surface for receiving the
      inner major surface of said one portion adjacent the edge face thereof, a
      second support having a side surface adjacent said first support and
      extending transversely to the supporting surface of said first support,
      means mounting said second support for movement in first and second
      opposite directions transverse to the supporting surface thereof and
      between a first position in which said side surface extends transversely
      to an extension of the supporting surface of said first support and a
      second position in which said last-mentioned surface is substantially
      co-extensive with the supporting surface of said second support, second
      clamping means engageable with the outer major surface of said tube
      adjacent said one portion thereof for pressing said tube against said
      supporting surface of said first support and for holding said edge face of
      said one portion against said side surface of said second support when it
      is in said first position, third clamping means engageable with the outer
      major surface of said tube at a portion thereof spaced from but nearer to
      the edge face of said other portion than said edge face of said one
      portion for pressing said tube against said supporting surface of said
      second support and pressing the edge face of said other portion against
      the edge face of said one portion when said second support is in said
      second position, said carriage having a path of movement extending toward
      said first support and said second support whereby said edge portions are
      directed over the supporting surfaces of said first support and said
      second support upon movement of said carriage from said loading station to
      said welding station and said first clamping means being releasable, and
      welding means disposed adjacent to said first support and said second
      support for welding said edge portions together.
NUM  9.
PAR  9. Apparatus as set forth in claim 8, wherein said welding means comprises
      a pair of contact means, one of said contact means being engageable with
      said edge portions at one of said end faces adjacent said edge faces and
      the other of said contact means being engageable with the other of said
      end faces adjacent said edge faces, a proximity conductor adjacent said
      first and second supports and overlying and generally parallel to said
      side surface, means electrically connecting one end of said proximity
      conductor to one of said contact means, a source of high frequency
      electrical current and means electrically connecting said source to the
      other of said contact means and to the other end of said proximity
      conductor.
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ABST
PAL  The method and apparatus in accordance with the present invention achieve
      the same working effect as grooving, drilling, cutting, and the like on a
      metal work by blowing off, with the use of a non-combustible jet gas, the
      molten metal heated and made molten by an electric arc. The atmosphere at
      the operating location where the electric arc and the jet gas are
      provided, is formed by a fluid atmosphere produced by the discharge of a
      non-combustible liquid. As a result, matters and substance such as dust
      particles, carbon monoxide, and the like existing around the operating
      location and serving to deteriorate the operating environment, are
      adsorbed and taken up by the fluid atmosphere for decreasing the amount of
      such matters and substance which are released to the operating environment
      surrounding the fluid atmosphere.
BSUM
PAC  SUMMARY OF INVENTION
PAR  The present invention relates to a metal working method and the apparatus
      therefor in which the same working effect as grooving, drilling, cutting,
      finishing, and the like is achieved on a metal work by flowing off, with
      the use of a non-combustible jet gas such as an air jet, the molten metal
      heated and made molten by an electric arc, and more particularly to a
      metal working method and the apparatus therefor, designed for carrying out
      so-called gouging and blasting operations, in which an electric arc is
      generated between an electrode bar and a metal work piece, a portion of
      the metal work piece is heated and made molten by said electric arc, a
      non-combustible compressed gas such as compressed air is, simultaneously
      with said heating and melting operation of said electric arc, discharged
      toward the metal work, preferably along the electrode bar, to form a jet
      of gas, and the heated molten metal is blown off by said jet of gas to
      scrape off a portion of the metal work so that the same working effect as
      grooving, drilling, cutting, finishing, and the like can be achieved on
      the metal work.
PAR  In a conventional metal working method of this kind, there are used a
      supporting means such as a torch for supporting an electrode bar made of a
      material consisting mainly of carbon suitably spaced from a metal work, a
      power source means for generating an electric arc between the electrode
      bar and the metal work piece by applying a voltage through the supporting
      means across the electrode bar and the metal work piece, and a compressed
      air supply means for discharging compressed air through the supporting
      means along the electrode bar. The electric arc is generated between the
      electrode bar and the metal work piece, and the metal molten by the heat
      of the arc is blown off for removal by the jet of air discharged along the
      electrode bar. Thus, the same working effect as grooving, drilling,
      cutting, and the like can be achieved on the metal work. At this time, due
      to the heat of the arc, the electrode bar made of a material consisting
      mainly of carbon undergoes oxidation wear, i.e., so-called combustion, and
      its length is decreased gradually. This conventional method is commonly
      called the "arc air method". The arc air method is widely used since, in
      comparison with the other metal working methods such as the gas flame
      method, chipping method, and the like, this method can be performed in the
      production shop relatively easily with a high operational efficiency.
      However, the arc air method has the following disadvantages:
PAR  1. Metal fume, mist, iron oxides, and the like blown off by the jet of air
      are released to the operating environment. The dust particles around the
      operating location are blown up into the air by the jet of air. Moreover,
      when the electrode bar made of a material consisting mainly of carbon is
      subjected to oxidation wear due to the heat of the arc, the electrode
      portion slightly apart from the complete combustion electrode portion (the
      end portion) where the arc is generated, undergoes incomplete combustion
      to produce carbon monoxide which is then released to the operating
      environment. Further, impurities such as a water proofing agent, plating
      agent, and the like which penetrated into the carbon electrode bar when
      the bar was manufactured, will burn with smoke and a strong smell will
      hang over in the operating environment. The operating environment is
      deteriorated giving a bad influence on the health of operators since the
      iron oxide particles, the dust particles other than the iron oxide
      particles, the carbon monoxide, the smoke, and the like are released to
      the operating environment.
PAR  2. Temperature of the apparatus is increased due to heat in the electric
      current path through which a large current flows for generating electric
      arc, and to high radiation heat caused by the electric arc. In order to
      overcome this temperature rise, it has been necessary to construct a
      large-sized heavy-weight unit for obtaining an increased amount of
      spontaneous heat radiation. Particularly in the type of the apparatus in
      which the electrode bar is supported in a torch and the operation is
      carried out manually, the operator feels the torch heavy and the radiation
      heat of the arc hot, which naturally imparis the ease of the operation.
      Still more, the manufactuing cost of the apparatus is increased on account
      of the large size of the unit.
PAR  3. The electrode bar wears rapidly since no provision is made for limiting
      the oxidation wear of the electrode bar. Because of this, an increased
      number of the electrode bars is needed to perform a given amount of
      operation, resulting in a very uneconomical feature of the apparatus.
PAR  One object of the present invention is to provide a metal working method
      using an electric arc and gas jet and the apparatus therefor in which
      matters and substance which deteriorate the operating environment such as
      dust particles, carbon monoxide, smoke, odor, and the like, are released
      to the operating environment in very small amounts, enabling maintainance
      of a sanitary operating environment and eliminating the possibility of
      giving a bad influence on the health of operators.
PAR  Another object of the present invention is to provide a metal working
      method using an electric arc and jet gas and the apparatus therefor in
      which influences on the apparatus of the heat in the currrent path and the
      heat of the arc can be decreased. The current path, torch, and the like
      which heretofore have been subjected to the strong influence of heat can
      be constructed compact and light weight, and an apparatus is obtained
      which is handy to carry and easy to operate.
PAR  A further object of the present invention is to provide a metal working
      method using an electric arc and gas jet and the apparatus therefor in
      which the oxidation wear speed of the electrode bar can be reduced, the
      number of electrode bars needed to perform a given amount of operation can
      be decreased, and an economical operation can be attained.
PAR  A still further object of the present invention is to provide a metal
      working method using an electric arc and jet gas and the apparatus
      therefor in which said objects can be accomplished very efficiently by a
      simple process or means.
PAR  The present invention is a metal working method comprising the steps of
      generating an electric arc between an electrode bar and a metal work
      piece, heating and melting a portion of the metal work by said electric
      arc, discharging, simultaneously with said heating and melting operation
      of said electric arc, a non-combustible compressed gas to the heated and
      molten portion of the metal work to form a jet of gas, blowing off the
      molten metal by said jet of gas, and achieving the same effect as
      grooving, drilling, cutting, and the like on the metal work piece, and
      characterized in that a non-combustible liquid is discharged toward the
      metal work to form a fluid atmosphere, and the atmosphere at the operating
      location where said electric arc and said jet of gas are provided, is
      formed by said fluid atmosphere.
PAR  In embodying the present invention, there are used a supporting means for
      supporting an electrode bar suitably spaced from a metal work, a power
      source means for generating an electric arc by applying a voltage across
      the electrode bar and the metal work, a gas supply means for discharging a
      non-combustible compressed gas to a heated and molten portion of the metal
      work to form a jet gas and for blowing off the molten metal by said jet
      gas, and a liquid supply means for discharging a non-combustible liquid
      toward the metal work to form a fluid atmosphere.
PAR  The electric arc must have a magnitude sufficient to melt the metal work
      rapidly. When performing so-called blasting operations such as deburring
      of castings, removing of defective portions, finishing, and the like, the
      magnitude of the electric arc should be about 1,400-1,500 amp. As the
      compressed gas, non-combustible gases of, for example, nitrogen and carbon
      dioxide may be used. However, compressed air is the most suitable in view
      of the influence on operators, the influence on the composition of metal
      work, cost, and other factors. Thus, in the following explanations, the
      compressed gas is compressed air. The compressed air must have a pressure
      and flow amount which are large enough to blow off and remove the molten
      metal. At least, a pressure of 4 kg/cm.sup.2 or more and a flow amount of
      300 l/min or more are necessary. For instance, if the metal work is iron,
      a pressure of 5-7 kg/cm.sup.2 and a flow amount of 300-700 l/min are
      required. As for the liquid to surround the electric arc and the jet of
      gas, any non-combustible liquid suffices. But from the viewpoints such as
      influence on the operators, heat stability, cooling performance, cost, and
      the like, water is most suitable for this purpose. Therefore, in the
      explanations below, water is used as the liquid for surrounding the
      electric arc and the jet of gas. In the following will be explained the
      methods for surrounding the operating location where the electric arc and
      the jet gas are provided with a fluid atmosphere of water. One method is
      to mix water in compressed air to be discharged as a jet spray so that the
      electric arc is placed in the jet spray. In the other method, water is
      discharged together with air other than the jet air to form a jet spray
      which surrounds the electric arc and the jet of air. Then, compressed air
      is discharged to the outer periphery of the discharged jet air to form a
      cylindrical water curtain inside which the electric arc and the jet air
      are placed. The former method is considered to be suitable for the purpose
      in the present invention on the grounds that it can be practiced very
      conveniently and that it can attain a required end with a small amount of
      water used, avoiding flooding at the operating location which is often the
      case when a large amount of water is used. Additional excellent effects
      can be obtained by including in the water such additives as a frother for
      accelerating the adsorption of dust particles and other foreign matters,
      an antirust agent for preventing rusting of the metal work due to the
      water, and the like. When employing the former method, the water should be
      sprayed with a flow amount of 50 cc/min or more, preferably 100-500
      cc/min.
PAR  Thus, in a preferred embodiment of the present invention, compressed air
      and water are respectively used as the non-combustible compressed gas and
      the non-combustible liquid, and the compressed air and the water are mixed
      and discharged along the electrode bar to form a jet spray in which the
      electric arc is placed. In this case, a compressed air supply means is
      used as the compressed gas supply means and a water supply means as the
      liquid supply means. The jet spray can be readily produced, based on the
      principle of spraying, by mixing the water in the compressed air in a
      stage prior to the discharge of the compressed air, and discharging the
      mixture of the water and the compressed air.
PAR  With respect to the supporting means, power source means, and air supply
      means, basically speaking, the conventional products or their improvements
      may be used. In accordance with the present invention, a water supply
      means is employed which is lacking in the apparatus of the conventional
      arc air method. This water supply means can be formed by a means feeding
      the city water directly to the passage of the compressed air. However,
      since a high pressure of more than 4 kg/cm.sup.2 is applied to the
      compressed air passage, it is better to construct the apparatus such that
      the water fed to the passage is placed under the same pressure as the
      compressed air. To attain this purpose, an enclosed liquid tank is
      connected through a liquid passage to the compressed air passage, and to
      the upper part of the liquid tank is connected a compressing passage
      separated from said compressed air passage at a point upstream of the
      connecting point of the liquid tank. With this arrangement, a portion of
      the compressed air can be supplied to the liquid tank for equalizing the
      inner pressure of the liquid tank with the inner pressure of the
      compressed air passage.
PAR  Further, in accordance with the present invention, a torch is used as the
      supporting means, and there may also be employed a manually operated means
      in which the operator holds the torch in his hand and moves the torch and
      the electrode bar together to carry out the working, and an automatic
      means for automatically moving the electrode bar.
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PAR  The above and other objects and the novel features of the present invention
      will become clear by the following description of a preferred embodiment
      taking reference with the attached drawings, in which:
PAR  FIG. 1 is a perspective view of a metal working apparatus using an electric
      arc and gas jet which is employed in the embodiment of the present
      invention;
PAR  FIG. 2 is a view showing an operating location of said embodiment;
PAR  FIG. 3 is a longitudinal sectional view of a torch;
PAR  FIG. 4 is a partial front view of a head of the torch;
PAR  FIG. 5 is a longitudinal sectional view illustrating in plan a portion of a
      cable;
PAR  FIG. 6 is a cross sectional view of FIG. 5;
PAR  FIG. 7 is a longitudinal sectional view, as seen from a side, of a water
      supply means;
PAR  FIG. 8 is a longitudinal sectional view, as seen from the front side, of
      said water supply means;
PAR  FIG. 9 is an enlarged sectional view of an important part of said water
      supply means;
PAR  FIG. 10 is a diagram showing the temperature rise, with the lapse of time
      beginning at the start of the operation, at the connection of a torch and
      cable, which were measured respectively using the method of the present
      invention and a conventional method;
PAR  FIG. 11 is a diagram showing the interrelationships among the amount of
      copper used in a copper coating of a carbon electrode bar, length of the
      copper coating molten on operation, and length of the electrode bar
      oxidized, which were observed respectively using the method of the present
      invention and the conventional method; and
PAR  FIG. 12 is a view illustrating an operating location of another embodiment
      of the present invention.
PAR  FIG. 13 is a perspective view of an alternative embodiment of a metal
      working apparatus using an electric arc and gas jet which is employed in
      the present invention.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  In the first place, referring to FIGS. 1 and 2, an explanation will be made
      on the entire construction of the apparatus in accordance with the present
      invention. In the figures, the numeral 1 indicates a carbon electrode bar
      for generating an electric arc, which was manufactured by coating the
      backed surface of the carbon bar with an electroconductive metal film, for
      example, a plated copper film. The numeral 2 designates a metal work piece
      made of iron or other metal. The numeral 3 indicates a torch detachably
      supporting the electrode bar 1 and having a fluid passage for supplying
      the mixture of compressed air and water to jet holes at the end of the
      torch and a current path for flowing an electric current to the electrode
      bar 1. The numeral 4 designates a cable detachably and rotatably connected
      to the rear end of the torch 3, which has a fluid passage in communication
      with the fluid passage in the torch 3 and a current path in communication
      with said current path. The numeral 5 indicates a compressor operating as
      a compressed air supply means, which is connected to the rear end of the
      cable 4 through hoses 6 and 7. Said compressor supplies to the torch 3
      through hoses 6 and 7 and the cable 4 compressed air under a pressure of
      5-7 kg/cm.sup.2 with a flow rate of 300 cc/min or more. Numeral 8
      designates a direct current power source means which has its positive lead
      9 connected to the rear end of the cable 4 and its negative lead 10
      connected to the metal work piece 2. When the end of the electrode bar 1
      is brought close to the metal work 2, an electric arc 101 of about
      1,300-1,600 amp is generated therebetween. The numeral 11 indicates a
      water supply means connected between the hoses 6 and 7, by which the water
      coming from a tap 12 through a hose 13 is introduced at a flow rate of
      100-700 cc/min into the compressed air from the hose 6. Thus, the mixture
      of compressed air and water is supplied to the hose 7, the cable 4, and
      the torch 3.
PAR  A detailed explanation will be given here on the torch 3 referring to FIGS.
      3 and 4. In the figures, the numeral 21 designates a head made of copper,
      which has a supporting hole 22 through which the electrode bar 1 extends
      jet holes 23 provided on both sides of the supporting hole 22. Through
      these two jet holes 23 the mixture of compressed air and water is
      discharged along the electrode bar 1 to form jet sprays 102. Each of the
      jet sprays 102 discharged from the two jet holes 23 spreads conically and
      begins to come one upon another at a point just behind the electric arc
      101 in relation to the proceeding direction of operation 103. The numeral
      24 indicates a cylindrical connecting fitting screwed in the head 21. The
      fitting 24 is made of a metal having a high electric conductivity and has
      at the rear end thereof a connection 25 for screwing in the cable 4.
      Inside the fitting 24 is formed a fluid passage 26 communicating with said
      jet holes 23. An electric current path is constituted by the connecting
      fitting 24 and the head 21. The numeral 27 designates a pressing bar
      projecting from the side wall of the supporting hole 22 to press and lock
      the electrode bar 1. The pressing bar 27 is slidably tensioned by a coil
      spring 28 provided in the fluid passage 26 to project into the supporting
      hole 22. The numeral 29 indicates a cylindrical shank connected to the
      connecting fitting 24 by screws 30, and the numeral 31 designates an outer
      cover on the outer surface of the head 21. The shank 29 and the outer
      cover 31 are constructed of an electrically insulating material having a
      heat resisting property and accommodate the head 21 and the connecting
      fitting 24. The numeral 32 indicates a generally dome-shaped collar fixed
      to the shank 29 at a location relatively close to the front end of the
      shank 29 by means of screws 33. The portion of the shank 29 rearward of
      the collar 32 constitutes a handle 34, and when the opeator grips the
      handle 34, the collar 32 serves as a protection for the operator's hand.
      The numeral 35 designates a manual switch arranged on the outer surface of
      the rear end of the handle 34, which controls the supply of the mixture of
      compressed air and water. The manual switch 35 is connected through a lead
      36 to electromagnetic valves, which will be described later, in the water
      supply means 11.
PAR  Turning to FIGS. 5 and 6, the cable 4 will be explained in detail. In the
      figures, the numeral 41 indicates a hose made of neoprene rubber in which
      are mixed knitting yarns 42 for the purpose of thermal resistance. The
      inner hollow portion of the hose 41 is used as a fluid passage 43. The
      numeral 44 designates an electrical wire arranged in the fluid passage 43.
      The electrical wire 44 consists of copper strands and its outer diameter
      is smaller than the diameter of the passage 43. The numeral 45 indicates a
      connecting fitting for connecting the cable 4 to the connection 25 of the
      torch 3. The connecting fitting 45 has one end thereof electrically
      connected at 46 to the electrical wire 44 and the other end thereof formed
      as a connection 47 to be screwed to the connection 25 of the torch 3. In
      the connecting fitting 45 is formed a fluid passage 48 which connects the
      fluid passage 43 of the cable 4 to the fluid passage 26 of the torch 3.
      The numeral 49 designates a connecting fitting for connecting the cable 4
      to the hose 7, which has the same construction as that of said fitting 45.
      The connecting fitting 49 is electrically connected to the electrical wire
      44 and has therein a fluid passage for connecting the hose 7 to the fluid
      passage 43. On the outer surface of the fitting 49 is provided a
      connecting piece 50 to which is connected the lead 9 from the power source
      means 8.
PAR  Referring to FIGS. 7 through 9, a detailed explanation will be made of the
      water supply means 11. In the figures, the numeral 61 indicates a metal
      case of the water supply means, the bottom surface of which has at four
      corners thereof freely-movable wheels 62 for the movement of the whole
      means. The numeral 63 designates a tank disposed in the case 61. The tank
      63 is made of such material as metal and is of very stout construction.
      The tank 63 is divided by a dome-shaped partition plate 64 into two parts,
      an upwardly-opening upper part forming a supply tank 66 and a lower part
      constituting a liquid tank 65 in the form of an enclosed container. The
      numeral 67 indicates a fluid passage through which flows the compressed
      air coming from the compressor 5 through the hose 6. The fluid passage 67
      enters the case 61 at the central part of one side of the case 61 and
      extends through an upstream portion 68 to a substantially T-shaped
      branching point 69 where a compressing passage 70 is separated. A
      midstream portion 71 turns downwardly to extend through a downstream
      portion 72 reaching the lower part of the opposite side of the case 61
      where the fluid passage 67 leaves the case 61 to be connected to the hose
      7. The compressing passage 70 extends upwardly along a side of the supply
      tank 66 and enters the supply tank 66 at a point higher than a water level
      104 in the supply tank 66. The end of the compressing passage 70 is
      connected to the central part of the dome-shaped partition plate 64 and
      opens into the liquid tank 65. The numeral 73 designates a liquid passage
      extending from the bottom of the liquid tank 65. The liquid passage 73 is
      arranged in a manner utilizing gravity and is connected to the downstream
      portion 72 of the fluid passage 67, which is placed at a location lower
      than the liquid passage 73. In the upstream portion 68 which is to
      windward of the branching point 69 are disposed a filter 74 for removing
      dust particles and the like from the compressed air coming from the
      compressor 5 and a three-way electromagnetic valve 75 for air for
      controlling the supply of the compressed air to the torch 3. The three-way
      valve 75 is provided with an air port 76 opening to the external air in
      addition to two ports connected to the upstream portion 68 and the
      midstream portion 71 of the passage 67. The three-way valve 75 is so
      constructed that when the upstream portion 68 communicates with the
      midstream portion 71, the air port 76 is closed, and when the
      communication between the upstream portion 68 and the midstream portion 71
      is terminated, the air port 76 communicates with the midstream portion 71.
      Hereinafter in the explanation of this three-way valve 75, the state in
      which the upstream portion 68 and the midstream portion 71 are in
      communication with each other is called "open," and the state in which
      there is no communication between the upstream portion 68 and the
      midstream portion 71 is called "closed." By making the compressing passage
      70 thicker or shorter than the passage 71 after the branching point 69,
      the fluid resistance in the passage portion from the valve 75 through the
      compressing passage 70 to the liquid tank 65 is rendered lower than the
      fluid resistance in the passage portion from the valve 75 through the
      fluid passages 71, 72, 43, 48, and 26 to the jet holes 23 of the torch 3.
      In the liquid passage 73 is arranged an electromagnetic switching valve 77
      for water to control the downward flow of water and a controlling valve 78
      such as a needle valve to control as desired the amount of water flowing
      downwardly. Said electromagnetic valves 75 and 77 operate in an
      interlocking manner in response to the manipulation of the manual switch
      35 of the troch 3. The numeral 79 indicates a supply passage starting from
      the bottom of the supply tank 66 and reaching the liquid tank 65. A check
      valve 80 is provided in the supply passage 79. The check valve 80 is
      closed during the working operation at which time a high pressure is
      applied in the liquid tank 65, so that the downward flow of water from the
      supply tank 66 is stopped. When the working operation is terminated and
      the pressure in the liquid tank 65 is reduced to a level near the
      atmospheric pressure, the check valve 80 is opened so that the water in
      the supply tank 66 flows through the supply passage 79 down to the liquid
      tank 65. As the check valve 80, there may be used a unidirectional check
      valve which prevents only the escape of high pressure from the liquid tank
      65 to the supply tank 66 or a bidirectional check valve which prevents
      also the downward flowing of water from the supply tank 66 to the liquid
      tank 65 when the water level in the liquid tank 65 rises to the location
      of the check valve 80 during the water supplying operation. When using the
      unidirectional check valve, it is necessary to place the uppermost portion
      of the compressing passage 70 extending upwardly at a point higher than
      the water level 104 in the supply tank 66. On the other hand, if a
      bidirectional check valve is employed, the uppermost portion of the
      compressing passage 70 must be placed at a point higher than the location
      of the check valve 80. By so doing, the water in the liquid tank 65 is
      prevented from flowing into the midstream portion of the passage 67
      through the compressing passage 70 due to the siphon principle. The
      numeral 81 designates a water supply passage which feeds the water from
      the tap 12 to the supply tank 66. The water supply passage 81 enters the
      case 61 at the upper part of the side of the case 61 to be connected to
      the supply tank 66. The water supply passage 81 is provided with an
      electromagnetic switching valve 82 for controlling the water level. The
      switching valve 82 opens and closes in an interlocking manner with a float
      83 on the water surface in the supply tank 66. The switching valve 82
      forms a so-called cistern system which opens only when the float 83 is
      placed at a level lower than the predetermined water level to maintain the
      water level 104 in the supply tank 66 constant.
PAR  Detailed explanations are omitted for the compressor 5, the direct current
      power source means 8, and the hoses 6 and 7 since they are publicly known
      types which are employed in the present invention.
PAR  When operating the metal working apparatus with a construction described
      above, the compressor 5 is actuated first, and the switch 35 of the torch
      3 is manipulated to open the electromagnetic valves 75 and 77. The
      controlling valve 78 is also opened in a suitable manner, and the power
      source 8 is turned on. The compressed air from the compressor 5 passes
      through the hose 6 to reach the water supply means 11 and goes through the
      upstream portion 68 of the fluid passage 67, the filter 74, the valve 75
      to the branching point 69 where the compressed air takes two separate
      ways. One flow of the compressed air passes through the compressing
      passage 70 to enter the liquid tank 66 for equalizing the pressure in the
      liquid tank 66 with the atmospheric pressure in the fluid passage 67. The
      other flow of the compressed air goes to the midstream portion 71 and the
      downstream portion 72. Owing to gravity and the negative pressure in the
      lower part of the liquid passage 73 caused by the compressed air flowing
      through the fluid passage 67, the water in the liquid tank 65 flows down
      through the liquid passage 73 to be mixed in the compressed air flowing
      through the downstream portion on common passage 72 of the fluid passage
      67. The compressed air and water thus mixed together pass through the hose
      7, the fluid passages 43 and 48 of the cable 4, and the fluid passage 26
      of the torch 3 to be discharged from the jet holes 23 in the end of the
      torch 3. According to the principle of spraying, the water is sprayed
      along the carbon electrode bar 1. The jet sprays 102 produced in this way
      are a mixture of jet air formed by the discharge of the compressed air and
      water particles produced by the water discharged with the compressed air.
      Under these conditions, the end of the carbon electrode bar 1 is brought
      in the vicinity of the metal work piece 2 to generate the electric arc
      101. In this stage of operation, the electric circuit comprises the
      positive terminal of the power source means 8, the lead 9, the current
      paths 50, 49, 44, and 45 of the cable 4, the current paths 24 and 21 of
      the torch 3, the carbon electrode bar 1, the electric arc 101, the metal
      work 2, the lead 10, and the negative terminal of the power source means
      8. The metal molten by the electric arc 101 is blown off by the jet air in
      the jet sprays 102 discharged along the carbon electrode bar 1. At the
      same time, the torch 3 is moved manually or automatically in both lateral
      and longitudinal directions for achieving the same working effect as
      grooving, drilling, cutting, and the like.
PAR  After the conclusion of the operation, the carbon electrode bar 1 is
      withdrawn from the metal work 2 to terminate the generation of the
      electric arc 101. Then, the switch 35 of the torch 3 is operated to close
      the electromagnetic valves 75 and 77 for stopping the mixed discharge of
      compressed air and water. At this time, the air port 76 of the three-way
      electromagnetic valve 75 is opened, and the high pressure air in the
      liquid tank 65 escapes to the outside of the apparatus through the
      compressing passage 70, the branching point 69, and the air port 76 so
      that the pressure in the liquid tank 65 is equalized with the atmospheric
      pressure. As a result, the check valve 80 in the supply passage 79 is
      opened, and the water in the supply tank 66 flows down through the supply
      passage 79 until the liquid tank 65 is completely filled with the water.
      When the water level 104 in the supply tank 66 has been lowered to the
      predetermined point, the switching valve for water 82 opens sensing the
      vertical movement of the water level 104 by the vertical movement of the
      float 83 so that the city water is introduced into the supply tank 66. As
      soon as the water level in the supply tank 66 rises to the predetermined
      point, the switching valve for water 82 is closed to terminate the supply
      of water. As will be understood from the above description on the
      operation of the apparatus, there is a possibility that the water in the
      liquid tank 65 will be completely exhausted if the operation is continued
      for a very long period of time. However, the complete exhaustion of the
      liquid tank 65 and the stoppage of the water spray discharge scarcely take
      place because in this type of operation it is a common practice to
      complete a series of working steps in several minutes or to temporarily
      discontinue the operation after the lapse of several minutes. Since the
      flow amount of the water is about 100 - 700 cc/min, the liquid tank 65
      will not become excessively large even if its size is selected to hold a
      volume of water sufficient to carry out the operation continuously for
      several hours.
PAR  When the apparatus is operated as described above, the carbon electrode bar
      1 gradually undergoes oxidation wear due to the heat of the arc and is
      shortened from the tip. Complete combustion takes place in the end portion
      of the carbon electrode bar 1 where the electric arc 101 is generated, but
      only incomplete combustion takes place in the electrode portion slightly
      apart from the end portion, where a temperature of 400.degree. -
      1,000.degree.C prevails. On account of this incomplete combustion, carbon
      monoxide gas is produced. Moreover, smoke and a strong smell result from
      the burning of the impurities contained in the carbon electrode bar 1.
      Furthermore, metal fume, mist, and dust particles including iron oxide
      particles are blown up into the air when the molten metal is blown off by
      the jet air. However, in the present invention, the electrode bar 1 and
      the electric arc 101 are covered by the jet sprays 102 formed by the jet
      air and the water discharged together, so that the dust particles, smoke,
      strong smell, and the like produced at the operating location are adsorbed
      by the water particles in said jet sprays 102 and projected against the
      metal work surface, the ground, and the like, reducing the amount of said
      dust particles and the like which are released to the outside of the jet
      sprays 102. In particular, the amount of the dust particles blown up into
      the air is greatly decreased. As the jet sprays 102 also have an action to
      cool the carbon electrode bar 1, the temperature gradient of the carbon
      electrode bar 1 becomes steep, reducing the range of incomplete
      combustion. Therefore, carbon monoxide produced by the carbon electrode
      bar 1 itself is decreased in amount. On account of this reduced amount of
      the carbon monoxide and the fact that a portion of the produced carbon
      monoxide is absorbed by the jet sprays 102 for removal, the carbon
      monoxide released to the operating environment surrounding the jet sprays
      102 is very small in amount in comparison with the conventional methods.
      Thus, a very small amount of the matter and substance such as the dust
      particles, the carbon monoxide, and the like, which deteriorate the
      operating environment, is released to the outside of the jet sprays 102,
      so that a sanitary operating environment can be maintained eliminating
      harmful influence on the health of operators.
PAR  The metal working method in accordance with the present invention A and a
      aconventional metal working method B were compared with each other in
      terms of the amount of dust particles produced. The measured values are
      given in Table 1. The measurements were performed under the conditions
      .alpha. and .beta.. In the measurement under the condition .alpha.,
      blasting operation was carried out continuously for 5 minutes in a sealed
      room having a volume of 5.8 m.sup.3. In the measurement under the
      condition .beta., blasting operation was performed continuously for 20
      minutes in a room of 75 m.sup.3 volume, one side of which was open for an
      area of 2 m.sup.2. In the two measurements, the blasting conditions were
      the same. There was used regular mild steel SS-41 for the metal work, and
      the carbon electrode bar used had a diameter of 19 mm and a length of 355
      mm. An electric current of 1,400 - 1,500 amp and an air pressure of 6 - 7
      kg/cm.sup.2 were employed. A water spray amount of 200 cc/min was used
      when the method of the present invention A was tested. The measuring
      instrument was a sampler manufactured by Staplex Co. of West Germany. The
      air inlet of the measuring instrument was placed near the operator's mouth
      to take in the room air. Weight measurements were conducted on the dust
      particules taken in the instrument together with the room air. In
      comparing the dust particle weights of the method of the present invention
      A and the conventional method B, the dust particle weight of the
      conventional method B was taken as the reference value 100.
TBL                Table 1                                                     
     ______________________________________                                    
     Amount      Item   Method of the  Conventional                            
     of dust particles  present invention                                      
                                       method B                                
                        A                                                      
     ______________________________________                                    
     Condition .alpha.                                                         
                    65             100                                         
     Condition .beta.                                                          
                    41             100                                         
     ______________________________________                                    
PAR  Then, the metal working method in accordance with the present invention A
      and the conventional metal working method B were compared with each other
      in terms of the amount of carbon monoxide produced and the amount of
      carbon dioxide produced. The measured values are given in Table 2. The
      measurements were carried out under said conditions .alpha. and .beta.
      using infrared ray absorption method. In comparing the amounts of gases
      produced in the method of the present invention A and the conventional
      method B, the amount of gas produced in the conventional method B was
      taken as the reference value 100.
TBL                Table 2                                                     
     ______________________________________                                    
             Item       Method of the  Conventional                            
     Measure-           present invention                                      
                                       method B                                
     ment item          A                                                      
     ______________________________________                                    
     CO      Condition .alpha.                                                 
                        64             100                                     
             Condition .beta.                                                  
                        51             100                                     
     CO.sub.2                                                                  
             Condition .alpha.                                                 
                        75             100                                     
     ______________________________________                                    
PAR  As can be clearly seen from the results shown in Tables 1 and 2, if the
      metal working method and the apparatus therefor both in accordance with
      the present invention are employed, the matter and substance such as the
      dust particles, the carbon monoxide, and the like, which deteriorate the
      operating environment, are absorbed by the jet sprays 102 for removal, or
      their production is restricted, so that the amount of such matters and
      substances which are released to the outside of the jet sprays 102 is
      greatly decreased. In consequence, a sanitary operating environment can be
      maintained eliminating harmful influence on the health of operators.
PAR  The metal working method in accordance with the present invention A and the
      conventional metal working method B were compared with each other in terms
      of the changes in temperature and humidity of the operating environment
      with the progress of working operation. The measured values are shown in
      Table 3. In the test, a blasting operation was performed continuously for
      5 minutes in a sealed room having a volume of 5.8 m.sup.3. The temperature
      and humidity were measured respectively by a thermometer and magnetic hair
      hygrometer. The blasting conditions used were a metal work of regular mild
      steel SS-41, a carbon electrode bar of 19 mm in diameter by 355 mm long,
      an electric current of 1,400 - 1,500 amp, and an air pressure of 6 - 7
      kg/cm.sup.2. In the method of the present invention A, there was used a
      water spray amount of 180 cc/min.
TBL                Table 3                                                     
     ______________________________________                                    
              Item          Method of   con-                                   
                            the present ventional                              
     Measurement item       invention A method B                               
     ______________________________________                                    
     Temperature                                                               
              Before operation                                                 
                            26          26                                     
     [.degree.C]                                                               
              Maximum during                                                   
                            46          66                                     
              operation                                                        
     Humidity Before operation                                                 
                            60          60                                     
     [%]      Maximum during                                                   
                            65          39                                     
              operation                                                        
     ______________________________________                                    
PAR  Since the blasting operation was carried out in a small sealed room, the
      measured values given above show that there were large differences between
      the temperature and humidity measured before the operation and those
      measured during the operation, and also a large difference between the two
      methods in terms of the temperature and humidity. However, these
      differences will be much smaller in actual practice because blasting
      operations are generally performed in a large room or outdoors. From the
      measurement results described above, it is clear that the method of the
      present invention A is superior to the conventional method B in that the
      former does not increase the room temperature much. In the conventional
      method B, the room humidity decreases during the operation. In contrast,
      if the method of the present invention A is employed, the room humidity
      increases slightly during the operation. The metal working method in
      accordance with the present invention has a restrictive action on humidity
      decrease which takes place with the progress of this type of operation and
      can maintain the humidity in the optimum range.
PAR  In the apparatus in accordance with the present invention, the cable 4 and
      the torch 3 are cooled by the water blowing through them. Thanks to this
      feature, the torch 3 and the cable 4, which heretofore have been
      manufactured in large diameters to avoid adverse effects of the heat
      generated in them, can be manufactured in small diameters, resulting in
      easier operation of the torch 3. By manufacturing the torch 3 and the
      cable 4 in smaller diameters, the material cost for them is reduced,
      naturally leading to a considerable decrease in the overall production
      cost.
PAR  The metal working method in accordance with the present invention A and the
      conventional method B were compared with each other in terms of the
      temperature rise during the operation of the torch 3 and the cable 4. The
      measured values are shown in Table 4 and FIG. 10. The measurements were
      conducted under the condition .gamma. in which a cable 4 having an
      electrical wire 44 with a cross section of 80 mm.sup.2 (permissible
      current 1,600 amp) was used, and under the condition .lambda. in which a
      cable 4 having an electrical wire 44 with a cross section of 38 mm.sup.2
      (permissible current 700 amp) was used. The blasting operation was
      performed using a metal work 2 made of regular mild steel SS-41, a carbon
      electrode bar 1 of 19 mm in diameter by 355 mm long, an operating current
      of 1,400 - 1,500 amp, and an air pressure of 5 - 6 kg/cm.sup.2. In the
      method of the present invention A, there were used a water spray amount of
      150 cc/min and a water temperature of 24.degree.C. The temperature was
      measured by an automatic temperature recorder provided with a
      copper-constantan thermocouple. Table 4 shows the temperatures at various
      locations of the apparatus which were measured when, after the start of
      the operation, heat generation and heat release reached an equilibrium,
      resulting in the stoppage of temperature rise.
TBL                                    Table 4                                 
     __________________________________________________________________________
                        Method of the                                          
                                    Conventional                               
     Measured location                                                         
                   Item present invention A                                    
                                    method B                                   
     and their temperatures                                                    
     [.degree.C]        Condition                                              
                              Condition                                        
                                    Condition                                  
                                          Condition                            
                        .gamma.                                                
                              .lambda.                                         
                                    .gamma.                                    
                                          .lambda.                             
     __________________________________________________________________________
     Head 21 of torch 3 25    28    170   205                                  
     Torch 3            59    57    207   210                                  
     Handle 34 of torch 3                                                      
                        20    25    130   melted                               
     Connecting fitting of cable 4                                             
                        --    59    --    melted                               
     Hose 41 of cable 4 30    38    120   punctured                            
     __________________________________________________________________________
PAR  FIG. 10 shows the temperature rises at the connection between the torch 3
      and the cable 4, which changed during the operation with the progress
      thereof. In the diagram, the symbols A.sub.1, A.sub.2, B.sub.1, and
      B.sub.2 indicate respectively the property of the method of the present
      invention under the condition .gamma., the property of the method of the
      present invention under the condition .lambda., the property of the
      conventional method under the condition .gamma., and the property of the
      conventional method under the condition .lambda..
PAR  In the method of the present invention A, under both the conditions .gamma.
      and .lambda., heat equilibrium was attained about 20 minutes after the
      start of operation, and no temperature rise was observed even though the
      operation was continued thereafter, which enabled the temperatures at
      various locations of the apparatus to be kept below 60.degree.C. In
      contrast to this, in the conventional method B under the condition
      .gamma., heat equilibrium was attained about 12 minutes after the start of
      operation, and the temperatures at the handle 34 of the torch 3 and the
      hose 41 of the cable 4 rose high to 120.degree. - 130.degree.C. And in the
      conventional method B under the condition .lambda., at about 2 minutes
      after the start of operation, the electrical wire 44 of the cable 4 and
      the hose 41 melted with the simultaneous burning of the handle 29 of the
      torch 3, forcing the operation of the apparatus to a halt.
PAR  As is apparent from those test results, in accordance with the present
      invention, the torch 3 and the cable 4 can be prevented from undergoing an
      excessive temperature rise and also can be manufactured compact and light
      weight with small sizes and diameters.
PAR  Further in accordance with the present invention, as described previously,
      since the jet sprays 102 have the action to cool the carbon electrode bar
      1, the temperature gradient of the electrode bar 1 becomes steep so that
      the length of melting range of copper film on the outer surface of the
      carbon electrode bar 1 is decreased. On account of this, the wear speed of
      the carbon electrode bar 1 is reduced, and the number of the electrode
      bars 1 needed to carry out a given amount of operation is decreased to
      attain a very economical feature of the present invention.
PAR  The metal working method in accordance with the present invention A and the
      conventional metal working method B were compared with each other in terms
      of the wear rate of the carbon electrode bar 1 and the operational
      efficiency. The measured values are given in Table 5. The blasting
      operation was performed using a metal work piece 2 of regular mild steel
      SS-41, a carbon electrode bar 1 of 19 mm in diameter by 355 mm long, an
      operating current of 1,400 - 1,500 amp, and an air pressure of 5 - 6
      kg/cm.sup.2. When the method of the present invention was tested, a water
      spray amount of 150 cc/min was employed. The wear rate of the carbon
      electrode bar 1 and the operational efficiency were obtained by the
      following formulas:
      ##EQU1##
TBL                Table 5                                                     
     ______________________________________                                    
               Item          Method of  Con-                                   
     Measurement             the present                                       
                                        ventional                              
     item                    invention A                                       
                                        method B                               
     ______________________________________                                    
     Wear rate of                                                              
               Mean value    20.6       19.1                                   
     carbon                                                                    
     electrode bar                                                             
               Maximum value 21.6       19.5                                   
     [g/cm]                                                                    
               Minimum value 19.0       18.7                                   
     Operational efficiency [g/min]                                            
                         1140       1100                                       
     ______________________________________                                    
PAR  As can be readily seen from the test results shown in Table 5 above, in
      accordance with the method of the present invention, although the
      operational efficiency is not improved to a high degree in comparison with
      the conventional method, the wear rate of a carbon electrode bar is
      improved by about 10 % compared with the conventional method, resulting in
      a greater economy of the method of the present invention.
PAR  In operation, due to the heat of the electric arc 101 generated at the end
      of the carbon electrode bar 1, the copper film on the surface of electrode
      portion close to the electric arc 101 melts to expose the inner portion of
      the carbon bar. However, in the present invention, the melting range of
      the copper film can be reduced because the jet sprays 102 cool the carbon
      electrode bar 1. The electric arc 101 becomes unstable and difficulty
      accompanies the operation if the length of copper film that is molten,
      measured from the electrode end, exceeds about 15 mm. In order to limit
      the melting range of the copper film to less than about 15 mm in
      operation, heretofore there has been relied on a method to increase the
      thickness of the copper film, resulting in an increased consumption of
      copper. With the employment of the present invention, the copper film can
      be made thinner to reduce copper consumption thanks to the cooling action
      of the jet sprays 102.
PAR  The interrelationship among the total amount of copper used for the carbon
      electrode bar 1, length of melting range of the copper film, and length of
      oxidizing range of the electrode bar was examined. The test results are
      given in FIG. 11. FIG. 11 shows changes in melting range of the copper
      film and oxidizing range of the electrode bar 1 according to a change in
      copper amount used in the electrode bar, which were tested and measured
      using the conventional arc air method and the method of the present
      invention. In FIG. 11, the copper amount reference value 100 is the copper
      amount at the time when the melting range of copper film reached a point
      15 mm from the electrode end by using the conventional arc air method. In
      the diagram, the symbols A.sub.1, A.sub.2, B.sub.1, and B.sub.2 indicate
      respectively a property curve showing the length of copper molten in the
      method of the present invention, a property curve showing the length of
      the electrode portion oxidized in the method of the present invention, a
      property curve showing the length of molten copper in the conventional
      method, and a property curve showing the length of the electrode portion
      oxidized in the conventional method.
PAR  It is apparent from FIG. 11 that, in order to keep the length of the copper
      film on the electrode bar 1 that melts below 15 mm, whereas the
      conventional method requires a copper amount of 100, the method in
      accordance with the present invention needs a copper amount of only 60,
      reducing the copper amount required by 40 %.
PAR  Better results can be obtained by adding an improving agent for
      accelerating the actions and effects described above to the water used in
      the present invention. As such an improving agent, there may be used a
      cleanser for increasing the water's ability to absorb dust particles and
      the like, a frother such as a mixture of sodium bicarbonate and aluminum
      sulfate, a reducing solution in which are dissolved manganese dioxide and
      cuprous chloride that have a reducing action, an antirust agent for
      preventing the spray water from rusting the metal work, a coloring agent
      for improving the property of the water to shield the arc, and a perfume
      for overcoming bad smells, and the like. A test was conducted to observe
      and measure the production of carbonic acid gas, carbon monoxide, copper
      fume, odor, and smoke and the wear speed of the electrode bar, using the
      method A.sub.1 in which the water was discharged together with the air
      jet, the method A.sub.2 in which said water had added thereto a cleanser,
      the method A.sub.3 in which said water had added thereto a dilute acid
      solution by manganese dioxide, the method A.sub.4 in which said water had
      added thereto a water solution of cuprous chloride and hydrochloric acid,
      and the method B in which an air jet alone was used as has been customary
      heretofore. In the test, a gouging operation was performed for 5 minutes
      in a sealed room having a volume of 5.8 m.sup.3. The test results are
      shown in Table 6. The test conditions used were a metal work 2 of regular
      mild steel SS-41, an electrode bar 1 of 8 mm in diameter by 355 mm long,
      an operating current of 1,200 - 1,400 amp, an air pressure of 5 - 6
      kg/cm.sup.2, and an air flow amount of 600 l/min. When testing the method
      of the present invention, a water spray amount of 200 cc/min was employed.
TBL                                    Table 6                                 
     __________________________________________________________________________
     Measurement                                                               
                Method                                                         
                    A1  A2  A3  A4   B                                         
     item                                                                      
     __________________________________________________________________________
     Dust particles (iron oxide)                                               
                    105  75  98 120  651                                       
       (mg/m.sup.3)                                                            
     Carbonic acid gas                                                         
                    0.09                                                       
                        0.09                                                   
                            0.07                                               
                                0.08  0.12                                     
       (%)                                                                     
     Carbon monoxide                                                           
                    410 540 120 280  1,000                                     
       (ppm)                                                                   
     Copper fume    0.28                                                       
                        0.21                                                   
                            0.41                                               
                                0.24  0.72                                     
       (mg/m.sup.3)                                                            
     Odor           weak                                                       
                        weak                                                   
                            weak                                               
                                acidic                                         
                                     strong                                    
                                odor                                           
     Smoke          little                                                     
                        little                                                 
                            little                                             
                                steam                                          
                                     full of                                   
                                produced                                       
                                     the room                                  
     Wear speed of electrode bar                                               
                    6.4 6.2 6.0 6.8  7.5                                       
       (cm/min)                                                                
     __________________________________________________________________________
PAR  As can be understood from the test results given in Table 6, more excellent
      actions and effects are attained by adding a variety of improving agents
      to the water used in the metal working method in accordance with the
      present invention.
PAR  In the water supply means 11 of the present invention, the compressed air
      from the compressor 5 is fed through the upstream portion 68 of the fluid
      passage 67, the branching point 69, the compressing passage 70 to the
      liquid tank 65 for equalizing the pressure in the liquid tank 65 with the
      pressure in the fluid passage 67, so that the water in the liquid tank 65
      flows down spontaneously by gravity into the liquid passage 73. Thus, the
      water can be mixed in the compressed air in a very sure manner using a
      simple construction without relying on a driving source. Thanks to this
      construction, the water supply means 11 can be manufactured at a low
      production cost and operated with a minimum rate of trouble. Moreover, the
      water spray amount per unit time is very stable giving no adverse effect
      on the operation.
PAR  Since the supply of compressed air and the supply of water are controlled
      separately and independently by the valves 75 and 77, there is no
      possibility that during the downtime the water and air remain in a mixed
      state in the fluid passages 71, 72, 43, 48, 26, and 23 which are located
      downstream of the valves 75 and 77. Consequently, rusting never takes
      place in the metal portions of the torch 3 and the cable 4. Further, as
      the water and the compressed air controlled to required flow amounts are
      mixed just before the start of operation to be discharged with the start
      of the operation, a required water spray amount per unit time can be
      obtained as soon as the operation commences without any delay or waiting
      time. This permits an instantaneous start of the operation.
PAR  Still further, thanks to the manual switch 35 for controlling the supply of
      compressed air and water which is located within easy reach of the
      operator, the operator can perform the controlling of the supply of
      compressed air and water in a very handy manner without changing his
      working posture. In the conventional arc air method, the supply of
      compressed air is controlled by manipulating an air valve provided in the
      torch. If this conventional torch is used in the apparatus of the present
      invention, the air valve in the torch controls the supply of a mixture of
      compressed air and water, and the water may come out the air valve during
      the downtime, providing undesirable possibilities of leakage and electric
      shock. In contrast, in accordance with the present invention, the supply
      of compressed air and the supply of water are controlled separately by the
      valves 75 and 77, and the valves 75 and 77 are opened and closed by the
      manipulation of the manual switch 35 of the torch 3 without any
      possibility of water leakage in the torch and the like during the
      downtime. Thus, a safe operation is assured, the fear of leakage or
      electric shock being completely eliminated.
PAR  With the opening and closing of the valves 75 and 77, the pressure in the
      liquid tank 65 is increased and decreased between the levels equivalent to
      the atmospheric pressure and to the pressure of compressed air. The liquid
      tank 65 has connected thereto the supply tank 66 provided at a higher
      location than the liquid tank 65, and between the liquid tank 65 and the
      supply tank 66 is disposed the check valve 80 which closes when the liquid
      tank 65 has therein a high pressure and opens when the liquid tank 65 has
      therein the atmospheric pressure. In the supply tank 66 is arranged an
      automatic water supply means, for example, a cistern system, for
      maintaining the water level 104 in the tank 66 within a required range, so
      that, when the operation is terminated with the valves 75 and 77 closed,
      the liquid tank 65 has therein the atmospheric pressure and the water in
      the supply tank 66 flows spontaneously down to the liquid tank 65 to be
      ready for the next operation. Thus, there is no need to supply water
      especially to the liquid tank 65, the operation of the apparatus being
      rendered very simple and easy.
PAR  The fluid resistance in the passage portion from the valve 75 of the fluid
      passage 67 through the compressing passage 70 to the liquid tank 65, is
      made equivalent to or smaller than the fluid resistance in the passage
      portion from said valve 75 through the fluid passages 71, 72, 43, 48, and
      26 to the endmost jet holes 23. And the valve 75 in the fluid passage 67
      and the valve 77 in the liquid passage 73 open and close simultaneously in
      an interlocking manner. As a result, the instant when the valves 75 and 77
      are opened, the compressed air from the compressor 5 first enters the
      liquid tank 65 through the compressing passage 70 to increase the pressure
      in the liquid tank 65 to a level equivalent to the pressure of the
      compressed air, and then flows to the fluid passages 71, 72, 43, 48, and
      26 after the pressure in the liquid tank 65 has increased to a required
      level. Thus, the supplying operation of water begins as soon as the valves
      75 and 77 are opened, so that the water spray is discharged simultaneously
      with the discharge of compressed air. There is no time lag between the
      discharge of compressed air and the discharge of water, resulting in a
      very easy and trouble-free instantaneous start of operation.
PAR  In the embodiment of the present invention described in the foregoing, as
      shown in FIG. 2, water and compressed air are mixed together and then
      discharged to form the jet sprays 102 which surround the electric arc 101.
      However, as shown in FIG. 12, the compressed air and the water may be
      discharged separately from separate locations to form an air jet 105 and a
      cylindrical water curtain 106 so that the cylindrical water curtain 106
      surrounds the electric arc 101 and the air jet 105 which are necessary for
      performing the metal working. Further, the compressed air may be divided
      into two streams, and the main one of the two streams may be discharged
      independently to form the air jet 105 while the other one of the two flows
      may be discharged together with the water to form the cylindrical water
      curtain 106 which surrounds the electric arc 101 and the air jet 105
      indispensable for the metal working. With the generation of the electric
      arc 101 and the progress of operation, the voltage across the terminals of
      the power source means 8 changes greatly. As shown in FIG. 13, if this
      change of the voltage is detected by a detecting means, such as arc
      detecting circuit 84, a valve operating means including a relay or the
      like, such as valve activating circuit 85, opens or closes the
      electromagnetic valves 75 and 77 in response to the output of the
      detecting means for controlling the supply of the compressed air and the
      water. Therefore, switch 35 can be dispensed with, and the compressed air
      and the water can be supplied automatically when the electric arc 101 is
      generated by bringing the electrode bar 1 in the vicinity of the metal
      work 2. In this case, the supply of compressed air and water can be
      stopped automatically when the electric arc 101 is extinguished by
      withdrawing the electrode bar 1 from the metal work 2. Since a wide
      variety of modifications can be formed on the basis of the technical idea
      of the present invention as described in the foregoing, the scope of the
      present invention is clarified in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A metal working method for removing a portion of a metal work piece,
      comprising the steps of: generating an electric arc between an electrode
      bar and the metal work piece; heating and melting a portion of the metal
      work piece with the arc; discharging, during the step of heating and
      melting, a non-combustible gas in the form of a jet gas to the heated and
      molten portion of the metal work piece and the surrounding environment of
      the portion for blowing off the molten portion; mixing a non-combustible
      liquid in the non-combustible compressed gas; discharging the
      non-combustible liquid together with the non-combustible gas to form a jet
      spray; and supplying the jet spray to the molten portion of the metal work
      piece and the surrounding environment of the portion.
NUM  2.
PAR  2. A metal working method in accordance with claim 1 in which said
      non-combustible compressed gas is compressed air and said non-combustible
      liquid is water.
NUM  3.
PAR  3. A metal working method in accordance with claim 1 comprising adding a
      frother to said non-combustible liquid.
NUM  4.
PAR  4. A metal working method in accordance with claim 1 comprising adding a
      reducing agent to said non-combustible liquid.
NUM  5.
PAR  5. A metal working method in accordance with claim 1 comprising adding an
      antirust agent to said non-combustible liquid.
NUM  6.
PAR  6. A metal working method in accordance with claim 1 comprising adding
      coloring agent to said non-combustible liquid.
NUM  7.
PAR  7. A metal working method in accordance with claim 1 comprising adding a
      perfume to said non-combustible liquid.
NUM  8.
PAR  8. A metal working apparatus for scraping off a portion of a metal work
      piece which comprises an electrode bar supporting means adapted to support
      an electrode bar with a suitable space kept between the electrode bar and
      a metal work piece, a power source means adapted to apply, through said
      supporting means, a voltage for generating an electric arc across said
      electrode bar and said metal work piece, a compressed air supply means
      adapted to flow compressed air through said supporting means for
      discharging the compressed air along said electrode bar to form an air jet
      so that said air jet strikes on a portion of said metal work piece which
      has been heated and made molten by said arc to blow off said heated and
      molten portion of said metal work piece, and a water supply means adapted
      to mix water in said compressed air for discharging the water together
      with said compressed air through said supporting means to form a jet
      spray.
NUM  9.
PAR  9. A metal working apparatus comprising: an electrode bar supporting means
      for supporting an electrode bar with a suitable space kept between the
      electrode bar and a metal work piece; a power supply means for applying a
      voltage across the metal work piece and the electrode bar to generate an
      electric arc in the space to heat and make molten a portion of the metal
      work piece and the surrounding environment of the portion, a compressed
      gas supply means for providing a non-combustible compressed gas in the
      form of a jet gas to blow off the molten metal; a first passage through
      which the non-combustible compressed gas passes; liquid supply means for
      injecting a non-combustible liquid into said first passage through which
      the non-combustible compressed gas passes; and means for discharging the
      non-combustible liquid together with the non-combustible compressed gas to
      form a jet spray and for supplying the jet spray to the portion of the
      metal work piece heated and made molten and the surrounding environment of
      the portion.
NUM  10.
PAR  10. A metal working apparatus in accordance with claim 9, wherein said
      compressed gas supply means further comprises a first valve mounted on a
      second fluid passage and controlling the supply of said compressed gas,
      said liquid supply means having a second valve mounted on a third liquid
      passage and controlling the supply of said liquid, and said first passage
      joining the outlets of said fluid passage and said liquid passage to each
      other for mixing said compressed gas and said liquid.
NUM  11.
PAR  11. A metal working apparatus in accordance with claim 10 comprising a
      detecting means adapted to detect the generation of said arc, and a valve
      operating means for controlling, in response to the output of said
      detecting means, the control operations of said first and second valves.
NUM  12.
PAR  12. A metal working apparatus in accordance with claim 10, wherein said
      liquid supply means further comprises an enclosed liquid tank disposed
      upstream of said liquid passage, and a compressing passage branching off
      between the outlet of said first valve and the inlet of said first passage
      jointed to both the fluid passage and the liquid passage, said compressing
      passage introducing said compressed gas into the upper part of said tank.
NUM  13.
PAR  13. A metal working apparatus in accordance with claim 12, wherein the
      apparatus further comprises a supply tank connected to said liquid tank
      through a fourth supply passage and arranged at a location higher than
      said liquid tank, a check valve provided in said supply passage, said
      check valve being closed when the pressure in said liquid tank is higher
      than the pressure in said supply tank and opened when said pressure in
      said liquid tank is lower than the pressure in said supply tank, and
      another automatic liquid supply means for restoring a liquid level to a
      required position, by detecting the fact that the liquid level in said
      supply tank has been lowered.
NUM  14.
PAR  14. A metal working apparatus in accordance with claim 13, wherein said
      first valve is a three-way valve having an air port in addition to two
      ports connected to an upstream portion of the fluid passage and a
      midstream portion of said fluid passage, said air port putting said
      midstream portion of the fluid passage in communication with atmospheric
      air only when the supply of compressed gas is stopped.
NUM  15.
PAR  15. A metal working apparatus in accordance with claim 12, wherein the
      fluid resistance in the passage portion from said first valve through said
      compressing passage to said liquid tank is smaller than the fluid
      resistance in the passage portion from said first valve through said first
      passage to said means for discharging, and wherein said first and second
      valves perform the control operations, simultaneously, by a single
      operation of switch means.
NUM  16.
PAR  16. A metal working apparatus in accordance with claim 15, wherein said
      electrode bar supporting means includes an electric conductive head for
      supporting the electrode bar and having jet holes, and a handle
      electrically insulated from said head, wherein said means for discharging
      includes a fifth passage for introducing a mixture of compressed gas and
      liquid to the jet holes located in said head, wherein said power supply
      means includes an electric current path for flowing electric current to
      said head, said means for discharging including a flexible cable having
      the fifth passage and the electric current path therein, the switch means
      being positioned on said handle and controlling the control operations of
      the first and second valves, and wherein said first and second valves
      include electromagnetic valves which are remote controlled simultaneously
      by said switch means.
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ABST
PAL  Apparatus for welding parts, such as pipes, end to end by means of an
      electric arc which is caused to rotate along the adjacent edges of the
      pipes. Two separate magnetic fields are used to cause the arc to follow a
      spiral path along the edges so that pipes having a wall thickness greater
      than one quarter of an inch may be welded.
BSUM
PAR  This invention relates to a welding method and apparatus and, more
      specifically, to a method of welding by means of an electric arc which is
      propelled by magnetic means along a desired path along which a weld is to
      be effected. In previous methods of welding by means of a rotating arc,
      such as, for example, that described in U.S. Pat. No. 3,484,578 of Dec.
      16, 1969, the arc between the ends of two pipes to be welded is caused to
      rotate along the circular path defined by the ends of the pipe by the
      introduction of a magnetic field which moves radially through the gap
      between the ends of the pipes. The reaction between the magnetic field
      created around the arc due to current passing between the ends of the two
      pipes and the radial magnetic field causes the arc to move in a circular
      path.
PAR  Attempts have been made to weld pipes utilizing direct current sources for
      both the solenoids supplying the radial magnetic field and the supply for
      the high arc current but the welds produced with these power sources
      proved to be defective in two respects. One, a crater formed along the
      edge of one of the parts with the lost metal being deposited on the end of
      the second part. The build up of metal occurred on the end of the pipe
      connected to the positive terminal of the high power arc welding current
      source. Two, it was also found that the end of the pipe connected to the
      negative or cathode terminal of the arc power supply was raised to a
      temperature much higher than that reached by the pipe connected to the
      positive terminal. In order to obtain the desired temperature at the end
      of the pipe connected to the positive terminal it was necessary to
      increase the arc current. This increase caused an excessive heating of the
      pipe connected to the cathode terminal resulting in an excessive annealing
      of the pipe and an inability to forge the material properly after welding
      because of the amount of material that had become plastic. The increased
      heating also caused an excessive amount of material at the edges of the
      pipe to become de-carburized so that after upset an excessive amount of
      de-carbonized steel was present in the joint. This produced a weld area
      having a lower tensile strength than the parent metal and a reduced
      hardness. In addition to the above deficiencies and inconveniences, it was
      also found that there was a limitation in the wall thickness of pipes that
      could be welded by the rotating arc process. This is due to the fact that
      the arc has a limited cross-sectional area, the diameter of the spot being
      limited to a maximum of approximately 1/4in. to 5/16in., depending upon
      the current being utilized. When attempting to weld pipes having wall
      thicknesses greater than 1/4in. it is found that the arc is struck over a
      band on the inner edge of the pipes which is limited to the arc spot size
      so that incomplete heating of the edge surfaces results. Because of this
      there is incomplete fusion of the edges of the pipes being welded with
      extremely low joint efficiency of the weld.
PAR  The present invention has as its object the production of welds by a
      rotating arc which do not suffer from the above described deficiencies.
PAR  It is an object of the present invention to provide a system of welding by
      means of the rotating arc which can be used for welding pipe having wall
      thicknesses in excess of the diameter of the arc spot.
PAR  Another object of this invention is to provide a method whereby both pipe
      ends to be joined are heated to the same degree by means of a rotating
      arc.
PAR  It is a further object of this invention to provide a method and apparatus
      whereby a minimum of decarburization of the material in the weld area is
      effected.
PAR  It is a further object of this invention to provide a method whereby welds
      of high joint efficiency may be realized.
DRWD
PAR  In order to better describe the invention reference is made to the
      illustrations which are a part of the specification.
PAR  FIG. 1 is a schematic illustration in partial cross-section of the previous
      method utilized in producing a rotating arc.
PAR  FIG. 2 is a cross-section of a thick walled pipe showing the formation of
      the arc between the pipe ends.
PAR  FIG. 3 illustrates in cross-section one form of edge preparation for the
      ends of thick walled pipes to be welded.
PAR  FIG. 4 illustrates in cross-section the ends of the pipe after welding.
PAR  FIG. 5 illustrates in partial symbolic cross-section the elements of a
      rotating arc welding machine for practicing the method of the present
      invention.
PAR  FIG. 5A illustrates schematically the relationship of the power supply and
      control elements to the invention.
PAR  FIGS. 6 and 7 are details illustrating some of the forces acting upon the
      rotating arc.
PAR  FIG. 8 is an illustration in partial symbolic cross-sectional perspective
      which illustrates the relationship between the magnetic fields causing the
      arc motion.
PAR  FIG. 9 illustrates the path taken by the arc during the welding operation.
PAR  FIG. 10 is a graph showing the relationship of arc current with respect to
      time.
PAR  FIG. 11 is a drawing in perspective of a machine for practicing the
      invention.
PAR  FIGS. 12a and 12b are sectional views showing means for supporting and
      bringing current to one of the elements of the invention.
DETD
PAR  Referring now to FIG. 1 which is a schematic representation in section of
      some of the elements in the old rotating arc equipment, 1 and 2 are pipes
      which are to be welded between their adjacent edges, 3 represents two
      separate solenoid coils placed outside of the pipes 1 and 2 and through
      which direct current is passed so as to generate a magnetic field 4 which
      passes radially through the gap between the two pipes. The pipes 1 and 2
      are connected respectively to the negative and positive terminals of a DC
      arc welding power supply (27). The arc between the two pipe ends may be
      struck by passing a high frequency spark across the adjacent edges of the
      pipes. A high current direct current arc will then be struck between the
      pipe edges, and the magnetic field generated by the arc will react with
      the radial magnetic field generated by the solenoid coils 3 and cause the
      arc to move in a circular path along the edges of the pipes which are held
      in the clamps provided on the welding machine. As the arc rotates the
      edges of the two pipes are heated by the high temperature arc and the
      temperature of the edges is allowed to increase until they reach the
      welding temperature at which time the edges are squeezed together with a
      high forging force generated by a hydraulic or pneumatic jack. In order to
      overcome the formation of scallops along the edges of the pipes or the
      transfer of metal from one pipe to the other or the overheating of one
      pipe edge as compared to the second pipe edge, the arc current may be
      supplied by an alternating current arc power supply. When this is utilized
      the direction of rotation of the rotating arc will change with the change
      in direction of the current across the arc. The arc then may make several
      revolutions in one direction during one-half cycle of the alternating
      current source and several revolutions in the opposite direction during
      the following half cycle of arc welding current.
PAR  This latter method is effective and useful in the welding of thin wall
      tubing having relatively small diameter. For example a two or three inch
      diameter tubing having a wall thickness no greater than 1/4inch. If an
      attempt is made to weld pipes having a wall thickness greater than 1/4inch
      the action will be illustrated in FIG. 2 where it is shown that the arc 5
      will form between the ends of the pipe 1 and 2 over a limited portion of
      the wall thickness of the pipes making it impossible to weld these thicker
      walled pipes by the old rotating arc method.
PAR  A compromise method of welding pipes of thicker walls may be utilized by
      preparing the ends of the pipes to be welded together with a machining
      operation which forms a J-groove at the ends of the pipes, as illustrated
      in FIG. 3 at 7, leaving a section of pipe at the bottom of the groove
      where the edges of the two pipes when placed adjacent to each other will
      be parallel to each other over a thickness of approximately 1/4inch. This
      section of the pipe may then be welded by the rotating arc method so as to
      form a root weld as indicated at 6 after which the two pipes now held
      together by the weld 6 may have the weld completed by filling the groove
      formed between the two edges through the use of the metal inert gas
      welding process or any other suitable welding process by which metal may
      be deposited in the groove. FIG. 4 illustrates the completed joining of
      the two pipes 1 and 2 by the weld formed with the rotating arc process at
      6 and the filler metal deposited at 8.
PAR  In order to produce a weld between pipes of wall thicknesses greater than
      1/4inch completely through the use of the rotating arc and without
      resorting to J-groove end preparation or filler metal, the novel method
      illustrated in FIG. 5 may be utilized. 1 and 2 represent thick walled
      pipes to be welded. 3 represents the solenoids or permanent magnets which
      create the radial magnetic field to cause rotation of the arc. In addition
      to this a hollow electrical conducting drum made from a non-magnetic
      material preferable is utilized inside the pipes to be welded and
      positioned so that it is centered within the pipes at the gap between the
      pipes. A direct current power source supplies a uni-directional current
      which passes in the direction shown by the arrows through the drum 9. The
      magnetic field generated by the current passing through the portion of the
      drum in closest proximity to the pipes being welded reacts with the
      magnetic field around the rotating arc and causes the arc to move
      outwardly or inwardly depending upon the direction of current flow in the
      drum with respect to the direction of current flow in the arc. FIGS. 6 and
      7 illustrate schematically the action that results from the effect of
      these magnetic fields. In FIG. 6 the arc and the direction of current flow
      through the arc between the edges of the pipes 1 and 2 is indicated at 5.
      A segment of the drum running parallel to the axis of the pipes is
      indicated at 11, the arrow showing the direction of current flow through
      the segment. Because of the current flowing through the arc and through
      the segment a force will be generated between the arc and the segment,
      inasmuch as the currents are flowing in the same direction, that will act
      in such a direction as to bring the arc and the segments together. Since
      the segment is fixed in place on the drum, the arc will move inward
      towards the segment along a spiral path resulting from the circumferential
      and radial forces acting upon the arc. FIG. 7 illustrates schematically
      the forces existing between the segment 11 and the arc 5 when the currents
      are in opposite directions. In this case the force is in such a direction
      as to cause a separation between the two so that the arc moves outwardly.
PAR  FIG. 8 is a schematic illustration in perspective which shows the various
      fields and currents which act upon the arc. The current passing through
      the drum, indicated by the arrows, causes a flux 02 concentric to the
      pipes 1 and 2 to form in the gap and react with the magnetic field around
      the arc so as to cause a spiral motion of the arc as indicated in FIG. 9
      by the dotted spiral line 10. It has been discovered when utilizing a low
      frequency alternating current power supply for the arc current, that after
      the arc is struck between the edges of the pipes to be welded it will
      progressively spiral out towards the outer edge and when the polarity of
      the current reverses itself the arc will spiral inwardly and so continue
      spiraling alternately inwardly and outwardly until the temperature of the
      two surfaces are brought to the proper level for fusion.
PAR  It has also been discovered that programming the arc current with respect
      to time as illustrated by the graph of FIG. 10 is useful in order to
      produce a weld having a minimum of decarburization, a minimum of upset,
      and a maximum strength.
PAR  Referring to the graph, we may note that the arc current is initiated at a
      low level and increases at a low rate so as to allow the end surfaces of
      the pipes to be welded to be conditioned and brought up in temperature.
      During this first portion of the welding program the temperature at the
      end of the pipe is held below the temperature at which rapid
      decarburization will result. Towards the end of the welding program the
      current is increased at a rapidly accelerated rate and quickly brought to
      the proper fusion temperature where it is maintained for a short period
      (the plateau at the end of the program). The current is then terminated
      simultaneously with the application of the forging force and the weld thus
      completed.
PAR  Using this procedure only a thin layer of material at the edges of the
      parts reaches the liquid state and is allowed to remain in the liquid
      state for only a very short period of time prior to being squeezed out
      during the upsetting of the material. Because of this only the very
      minimum of material at the interface loses carbon content with very little
      of the material behind the liquid face reaching the plastic range so that
      very little material is upset. Because the described arc current program
      brings only a limited volume of metal into the plastic stage the solid
      metal base beside this thin plastic zone allows for a more effective
      transmission of the forging force to the weld. The arc current program may
      easily be realized by the use of a motor operated variable transformer
      feeding the arc power supply or through the use of a saturable-reactor
      controlled by a suitable programmable controller.
PAR  A typical machine for use in practicing the process of the present
      invention is illustrated in FIG. 11. The frame of the machine is in the
      form of a table upon which is mounted a fixed plate 12 and a movable
      carriage 13 which carry clamping devices 14 which are operated by
      hydraulic or pneumatic pressure operators 15 which are supported by two
      similar structures 16, one mounted on the fixed table and the other
      mounted on the movable carriage. When the hydraulic or pneumatic cylinders
      15 are energized the clamps 14 will move downward to engage the two
      sections of pipe 1 and 2 which are to be welded. A rigid back bar 17 is
      provided at the left and stationary portion of the machine so that when
      the table 13 is caused to move to the left during the forging period the
      force applied to the right-hand pipe by the block 18 which is attached to
      the moving carriage is taken up by the reaction of the fixed block 17. The
      permanent magnets or the electromagnets which provide the field for
      rotating the arc are held within the clamps 14 and the current from the
      arc current supply is fed to the piece parts by connections made to the
      fixed table and to the moving carriage which is insulated from the frame
      and the stationary plate. The cylinder through which current is passed for
      producing the magnetic field which causes the arc to move outwardly during
      the welding operation is supported by the backup block 17 by a conducting
      member which is insulated from and fastened to 17. A similar conductor at
      the opposite end of the cylinder bears against a spring loaded contact
      terminal which brings current from a DC power supply through the terminal
      to the conducting rod through the cylinder and through the first mentioned
      conducting rod returning then to the power supply. By this means current
      is provided for the production of the field which is concentric with the
      axis of the tubing and the block 18 carried on the carriage 13 is free to
      move without damaging the conductor inside the pipe.
PAR  Another means for supporting the cylinder while allowing for motion of the
      carriage is illustrated in FIG. 12a. The hollow copper cylinder 9 is
      supported by conductor rod 20 which is fastened to backup block 17 which
      is grounded to the frame of the machine. Conducting rod 21 which is free
      to slide in conductive sleeve bearing 26 is pushed towards the right by
      spring 22 which is retained by spring retainers 24 and 25. Electrical
      insulation 23 prevents current from passing through the spring. When the
      carriage is moved to the extreme right the parts to be welded may be
      slipped over the cylinder and clamped in position by the clamps 14. The
      slide is then brought to the left and when the parts to be welded approach
      each other close to the welding position the end of conducting rod 21
      makes contact with the terminal 28 shown in FIG. 12b which is mounted upon
      but insulated by insulators 29 from right hand backup bar 18. A suitable
      power supply whose output is controllable is connected between this
      terminal 28 and the frame of the machine so that current may be passed
      from the power supply through the hollow cylinder so as to generate the
      magnetic field which will cause the arc to move outwardly and inwardly as
      it rotates between the edges of the parts being welded. During the upset
      period when the two parts are brought together by the motion of the
      carriage to the left the conducting rod 21 will slide within the sleeve
      bearing so that the forging force may be applied without restriction to
      the parts being welded.
PAR  The various features and advantages of the invention are thought to be
      clear from the foregoing description. Various other features and
      advantages not specifically mentioned will undoubtedly occur to those
      versed in the art, as well as modifications of the embodiment illustrated,
      all of which may be achieved without departing from the spirit and scope
      of the invention as defined in the following claims. What I claim is:
CLMS
NUM  1.
PAR  1.  An apparatus for welding two parts along their adjacent edges by means
      of a magnetically propelled electric arc comprising;
PA1  means for supporting the two parts to be welded so that their adjacent
      edges are separated by a gap,
PA1  means for causing an electric arc to be produced across the said gap,
PA1  a first means for generating a magnetic field between the said edges which
      causes the arc to move along them;
PA1  a second means for generating a second magnetic field between and flowing
      parallel to the said edges which will cause the said arc to be urged in a
      radial direction while being propelled by the said first magnetic field,
PA1  means for controlling the arc current and means for controlling the second
      said means for generating magnetic fields; and,
PA1  means for pressing the said parts together.
NUM  2.
PAR  2. An apparataus as in claim 1 in which the said means for causing an
      electric arc is an alternating current power supply.
NUM  3.
PAR  3. An apparatus as in claim 1 in which the said first means for generating
      a magnetic field is a permanent magnet.
NUM  4.
PAR  4. An apparatus as in claim 1 in which the said means for generating a
      second magnetic field includes a hollow electrical conducting cylinder of
      non-magnetic material supported concentrically and adjacent to the pipes
      being welded.
NUM  5.
PAR  5. An apparatus as in claim 1 including means for controlling the arc
      current so that the arc current rises slowly during the initial portion of
      the welding period until the edges reach a predetermined temperature after
      which the current is caused to increase rapidly until a thin layer of
      molten material is formed at the adjacent edges of the said parts.
NUM  6.
PAR  6. An apparatus as in claim 1 including means for upsetting the welded
      area.
NUM  7.
PAR  7. A method for welding two parts along their adjacent edges comprising the
      steps of;
PA1  clamping the two parts to be welded so that their adjacent edges are
      separated by a gap;
PA1  causing an electric arc to be produced across the said gap;
PA1  generating a radial magnetic field between the said edges for causing the
      arc to move along said edges;
PA1  generating a second magnetic field concentric to said parts between the
      said edges to cause the said arc to be urged in a radial direction while
      being propelled by the first mentioned magnetic field so that the arc
      describes a spiral motion;
PA1  controlling the arc current so that it follows a predetermined program of
      arc current with respect to time; and,
PA1  pressing the said parts together at the said edges.
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ABST
PAL  Microwave-frequency electromagnetic energy is stored in a superconducting
      resonant structure. The non-ionized solid material from which the plasma
      is to be obtained is placed within said structure and this latter is
      excited by a generator of the klystron type. When the stored energy
      attains maximum value, pre-ionization is initiated by means such as a
      solid-state laser associated with an optical system in order to create an
      absorbent load into which the energy is discharged.
BSUM
PAR  This invention relates to a method of production and heating of a plasma
      and to a device for carrying the method into effect. The invention finds
      an application especially in plasma physics when it is desired to produce
      dense and hot plasmas and more especially in the study of controlled
      thermonuclear fusion.
PAR  The creation and heating of a plasma entail the need for very high levels
      of instantaneous excitation power. At the present time, there are three
      known types of sources for producing power outputs of this order: intense
      electron beams, capacitor banks and finally solid-state lasers. Although
      the techniques associated with these different types of generators have
      led to considerable technological advances in the field of plasma heating,
      such techniques are subject in the final analysis to limitations which
      prevent them from achieving the high-power requirements of certain
      applications such as controlled thermonuclear fusion. So far as intense
      electron beams are concerned, for example, the limitation at the present
      time arises primarily from the fact that the available energy remains
      insufficient whereas, in the case of capacitor banks, the limitation lies
      in the difficulty involved in obtaining high spatial density of excitation
      energy. The devices which make use of solid-state lasers have recently
      made it possible to overcome the disadvantages attached to the first two
      methods but a further limitation has become apparent in regard to the
      value of the emission energy which remains lowewr than about one thousand
      joules for reasons relating to the resistance of active materials which
      constitute the rods. Moreover, this method makes use of an exciting wave
      having a very high frequency (10.sup.14 to 10.sup.15 cps), which limits
      the duration of the interaction between the exciting wave and the plasma
      by reason of the fact that, during its expansion, the charge density
      within the created plasma drops very rapidly below the cut-off density
      which corresponds to the high frequency of the light wave.
PAC  SUMMARY OF THE INVENTION
PAR  The method according to the invention and the device for the application of
      said method make it possible on the contrary to attain performances beyond
      the limits encountered by methods of the prior art. In point of fact, the
      invention consists in adopting a lower microwave frequency as means for
      producing and heating the plasma, which results in a longer and more
      effective wave-plasma interaction, and in adopting as energy source a
      superconducting resonator which is initially charged by said microwave and
      subsequently discharged in a very short period of time.
PAR  More precisely, the present invention is directed to a method for producing
      and heating a plasma which is characterized in that:
PAR  IN A FIRST STEP, A MICROWAVE-FREQUENCY ELECTROMAGNETIC ENERGY IS STORED IN
      A SUPERCONDUCTING RESONANT STRUCTURE AND THE NON-IONIZED SOLID MATERIAL
      FROM WHICH THE PLASMA IS TO BE OBTAINED IS PLACED WITHIN SAID STRUCTURE
      AND,
PAR  IN A SECOND STEP, SAID MATERIAL IS PRE-IONIZED IN ORDER TO CREATE AN
      ABSORBENT LOAD INTO WHICH THE PREVIOUSLY-STORED ELECTROMAGNETIC ENERGY IS
      DISCHARGED.
PAR  A device for carrying out the aforesaid method comprises:
PAR  a superconducting structure which is resonant at microwave frequencies and
      in which said solid material is located,
PAR  means for supplying said structure with a microwave-frequency
      electromagnetic field and,
PAR  means for initiating pre-ionization of the material from which the plasma
      is to be obtained.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The characteristic features and advantages of the invention will be more
      clearly brought out by the following description in which a number of
      embodiments are given by way of explanation without any limitation being
      implied, reference being made to the accompanying drawings, wherein:
PAR  FIG. 1 represents a theoretical curve of charge and discharge of a resonant
      cavity;
PAR  FIG. 2 is a schematic diagram of the device according to the invention;
PAR  FIG. 3a is a view in elevation showing a device comprising a single storage
      cavity and an experimentation cavity and FIG. 3b is a part-sectional view
      of said device, this view being taken along the section plane A; and
PAR  FIG. 4 is a part-sectional view of an alternative embodiment, this view
      being taken along the mid-plane of the device.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In order to gain a clearer understanding of the method according to the
      invention, a few properties of microwave resonant cavities will first be
      recalled. In a cavity of this type, the two main characteristics which
      play a part in the operation of the device according to the invention are
      its resonant angular frequency .omega. and its quality factor or Q. By
      definition, the unloaded Q of a cavity is given by
EQU  Q = 2.pi. (E.sub.em /W.sub.c)                              (1)
PAL  wherein E.sub.em is the energy stored in the cavity and W.sub.c is the
      energy lost per cycle within said cavity. If the right-hand side of the
      relation is multiplied at the top and bottom by the resonant frequency,
      the following equivalent expression is readily obtained:
EQU  Q = .omega. (E.sub.em /P.sub.dis)                          (2)
PAL  where P.sub.dis is the power dissipated within the cavity. This expression
      serves to compute on the basis of the characteristics Q and .omega. the
      stored energy E.sub.em as a function of the dissipated power P.sub.dis :
EQU  E.sub.em = P.sub.dis (Q/.omega.)                           (3)
PAR  When the resonant cavity is charged by a generator which delivers a power
      P.sub.g, equilibrium is attained when the power dissipated in the cavity
      is equal to the power delivered by the generator. The maximum energy
      stored in the cavity is accordingly given by the formula:
EQU  E.sub.em = P.sub.g (Q/.omega.)                             (4)
PAR  The above formula gives total stored energy which is attained when the
      cavity charging step has been completed, that is to say when steady-state
      operation has been attained. So far as the transient cavity-charging step
      is concerned, it is readily established that the progressive variation of
      the energy E contained within the cavity is an exponential function of
      time of the form:
EQU  E = E.sub.em (1-e.sup.-.sup.t/.sup..tau.) with .tau. = (Q/.omega.) (5)
PAR  This formula shows that the energy stored within the cavity increases
      continuously but tends towards a limit E.sub.em as given by formula 4.
PAR  The reverse problem of discharging a cavity having a quality factor Q in
      which electromagnetic energy E.sub.em  has previously been stored, at a
      frequency .omega., is dealt with in a similar manner and results in a
      variation which is also exponential and of the form:
EQU  E = E.sub.em e.sup.-.sup.t/.sup..tau.)                     (6)
PAR  A decrease in energy takes place with the same time constant as that which
      characterizes the increase in energy in the charging problem.
PAR  The formulae given in the foregoing show that the time constant of increase
      in the energy stored varies as the quality factor Q of the cavity. Let it
      accordingly be assumed that a resonant cavity has been charged with a
      microwave electromagnetic energy E.sub.em and the quality factor of the
      cavity is subjected to an abrupt variation. To this end, the cavity can be
      coupled with an external load circuit or charged by means of an internal
      device. Accordingly, it is known that the new quality factor referred to
      as the loaded Q and having the notation Q.sub.c is expressed as a function
      of the initial or so-called unloaded quality factor having the notation Q
      and of the quality factor which characterizes the load and has the
      notation Q.sub.e, by the following relation:
EQU  1/Q.sub.c = (1/Q) + (1/Q.sub.e)                            (7)
PAR  When the quality factor changes abruptly from the value Q to the value
      Q.sub.c, the cavity is then in a state of unbalance since the new
      permanent state corresponds to a stored energy E'.sub.em = P.sub.g
      (Q.sub.c /.omega.) which is different and lower than the energy E.sub.em.
      Accordingly, it can readily be demonstrated that the cavity tends towards
      its new state of equilibrium by following a law of exponential decrease of
      the form: E = E'.sub.em + (E.sub.em - E'.sub.em)
      e.sup.-.sup.t/.sup..tau..sup.' with .tau.' = Q.sub.c/.omega.) (8)
PAR  If the loaded Q is considerably lower than the unloaded Q as in the case
      according to the invention, it is possible to disregard E'.sub.em compared
      with E.sub.em and to write:
EQU  E .perspectiveto.E.sub.em e.sup.-.sup.t/.sup..tau..sup.'   (9)
PAR  The decrease in energy E which arises from absorption in the load takes
      place with a time constant .tau.' which is very considerably smaller than
      the time constant .tau. of increase.
PAR  The different steps involved in charging and discharging a resonant cavity
      as mentioned in the foregoing are illustrated in FIG. 1. In this figure,
      the time t is plotted as the abscissa and the instantaneous energy E
      stored in the cavity is plotted as the ordinate. It is postulated that, at
      the instant t = 0, a power generator P.sub.g excites the cavity, the
      quality factor of which is Q in the resonance mode which is selected.
PAR  The energy E increases within the cavity in accordance with a law which
      corresponds to relation (5) and tends toward a limit E.sub.em as given as
      given by relation (4). This is represented by the portion of curve 2 of
      FIG. 1. The slope at the origin of the curve of increase is equal to
      E.sub.em /.tau. and the point of intersection of the tangent at the origin
      with the straight line of ordinate value E.sub.em has as the abscissa the
      instant .tau. which is the loading time constant of the resonator. If the
      resonant cavity and the generator were isolated at a subsequent instant,
      which would amount to putting P.sub.g = 0, there would accordingly be
      observed a drop in the stored energy E in accordance with law (6) and this
      would take place with the same time constant .tau. as that of the charging
      step. Let it be assumed on the contrary and in accordance with the
      invention that the generator remains connected to the resonant cavity and
      that the quality factor of this latter is abruptly modified in order to
      cause a transition from the value Q to the value Q.sub.c. The energy E
      decreases sharply from the initial value E.sub.em to the final value
      E'.sub.em. This partial discharge of the cavity takes place in accordance
      with the exponential law (8) with the time constant .tau.' = Q.sub.c
      /.omega.. This is represented by the portion of curve 4 in FIG. 1.
PAR  During this discharge step, the power P which is dissipated in the load is
      approximately equal to:
EQU  P   E.sub.em /.tau.'= P.sub.g (.tau./.tau.') = P.sub.g (Q/Q.sub.c) (10)
PAR  In consequence, the power collected and the power of the generator are in
      the same ratio as the unloaded and loaded quality factors of the
      resonator.
PAR  If the excitation generator were disconnected at the same instant as the
      abrupt changeover from the value Q to the value Q.sub.c of the quality
      factor, it is apparent that the decrease in the stored energy would be
      analogous to that defined by relation (9) in which E'.sub.em would in that
      case be strictly zero. Similarly, it is wholly evident that, if the
      quality factor is restored to its initial value Q, the stored energy
      accordingly increases once again to the value E.sub.em.
PAR  In the method according to the invention, the microwave resonant cavity
      adopted is of the superconducting type, which makes it possible to obtain
      a very high unloaded Q. The frequency of the electromagnetic wave and
      consequently of the resonance mode of the cavity is selected without any
      particular prerequisite condition from the frequency bands usually
      employed in microwave transmission (L, S and X bands) and preferably from
      those bands in which there exist generators which continuously deliver
      very high powers. The resonance modes of the cavity can be those which are
      usually employed in microwave techniques, in particular the modes which
      have a high quality factor and in which excitation can readily be
      performed (for example the TE.sub.001 or TM.sub.101 mode). Apart from the
      fundamental modes, it would be possible to employ high modes excited
      within cavities of very large size.
PAR  Solely by way of explanation and in order to determine the orders of
      magnitude of the different parameters employed in the method according to
      the invention, consideration will be given by way of example to a cavity
      which is excited in the S band in the TM.sub.101 mode at an angular
      frequency .omega. = 2 .times. 10.sup.10 rad/sec by a microwave generator
      (of the klystron type, for example) which continuously delivers a power of
      500 kW. In the case of a superconducting cavity having a quality factor Q
      = 2 .times. 10.sup.10, the time constant .tau. is equal to 1 second and
      the stored electromagnetic energy is: E.sub.em = 5 .times. 10.sup.5
      joules. In the second step of the method, namely the step which consists
      in abruptly coupling the cavity with the load to be excited, it is
      possible to attain loaded quality factors Q.sub.c of the order of 10.sup.2
      to which corresponds a decay constant .tau.' = 10.sup..sup.-8 secs.
      Although the first charging step lasts a considerable time, it is apparent
      on the other hand that the duration of the discharging step and
      consequently of the excitation is extremely short, thereby resulting in a
      very high dissipated power: P .perspectiveto. 5.10.sup.13 watts. This
      value is very high and is rarely attained by means of the devices of the
      prior art; moreover, said value is associated with a quantity of energy
      which is in turn very large; finally, and as has been indicated earlier,
      the electromagnetic excitation energy is at a much lower frequency than
      that of the lasers employed in the prior devices (approximately five
      orders of magnitude), with the result that the absorption of this
      electromagnetic energy is possible even during the plasma expansion stage.
PAR  A further object of the invention is to provide a device which serves to
      carry out the method described in the foregoing and the principle of which
      is illustrated in FIG. 2. In this very diagrammatic figure, the reference
      numeral 6 designates the superconducting structure which is resonant at
      microwave frequencies and is excited by means 8 for supplying a
      microwave-frequency electromagnetic field. Said structure 6 contains
      material 12 on a support 14 and is associated with means 10 for producing
      pre-ionization of the material 12 from which the plasma is to be obtained.
PAR  This device operates as follows: the generator 8 which delivers a power
      P.sub.g charges the superconducting structure 6 which contains the solid
      12 material in a non-ionized form. When the energy stored in the structure
      6 is of maximum value, pre-ionization of the material 12 is initiated by
      the ionization means 10. This produces a considerable reduction in the
      quality factor of the structure 6 and causes this latter to discharge into
      the pre-ionized portion of the material 12; the electromagnetic field
      which is absorbed by the ionized medium heats the plasma and increases its
      charge density.
PAR  In order to achieve optimization of the system, the support 14 will be
      replaced by a small aperture having the same size as the crystal of
      deuterium (namely a diameter of approximately 1 mm) through which dropping
      of the crystal will be initiated at will so that this latter should pass
      through the geometrical center of symmetry of the cavity at the moment of
      completion or after completion of charging of the cavity, whereupon said
      crystal will be ionized by another method. This will accordingly prevent
      formation of the plasma which is intended to absorb the microwave energy
      in the proximity of the cavity wall.
PAR  Since the plasma excitation power is directly proportional to the power of
      the generator (formula 10), it is advisable to choose as generator 8 a
      device which has the highest possible power output. In this connection, it
      is known that the tubes of the klystron type makes it possible to obtain
      very high microwave power levels of the order of several hundred kW,
      especially in the S band. So far as the ionization means 10 are concerned,
      use can be made of the known means referred-to above, namely intense
      electron beams and solid-state lasers or gas lasers.
PAR  The following description will relate to a few alternative embodiments of
      the invention and in particular to a device in which ionization is carried
      out by means of a solid-state lazer but it will naturally be understood
      that this does not imply any limitation of the invention. So far as
      concerns the superconducting structure which is designated schematically
      by the reference 6, it is preferred in practice to separate the zone in
      which preliminary storage of the electromagnetic energy is effected from
      the zone in which the plasma is subsequently formed and heated. This leads
      to a distinction within said structure 6 between a zone formed of one or a
      number of storage cavities referred-to as reservoir cavities and a zone
      containing the material from which a plasma is to be obtained, this zone
      being designated as an experimentation cavity.
PAR  There will now be described in greater detail an alternative embodiment
      which is shown in FIGS. 3a and 3b and in which use is made of a single
      storage cavity associated with an experimentation cavity.
PAR  FIG. 3a is a view in elevation showing a device in accordance with the
      invention and FIG. 3b is a sectional view taken along line A--A. The
      device which is illustrated comprises a microwave generator 8, the design
      function of which is to excite a storage cavity 16 which then discharges
      into the experimentation cavity 18. The storage cavity 16 is separated
      from the generator 8 and from the experimentation cavity 18 by two windows
      20 and 22 which are impervious but transparent to microwaves. Coupling
      between the three elements 8, 16 and 18 is effected in this example by
      means of irises 24, 25 and 26 and guides 27 and 29 as is well known in
      microwave techniques. The experimentation cavity 18 contains the material
      12 or permits projection of this latter through an aperture onto its
      support 14. The cavity 18 is provided with an impervious window 28 which
      is transparent to the pre-ionization 30 (FIG. 3b) emanating from the laser
      generator 32. The beam 30 is focused by means of an optical system 34 onto
      the material 12 which serves as a target and can be either supported,
      released for free fall, projected or even subjected to electrostatic
      levitation.
PAR  In the example which is illustrated, the wave-guides 27 and 29 are in the
      form of rectangular guides but this does not constitute any limitation of
      the invention which can also include coaxial lines. Similarly, it is
      wholly evident that the coupling irises 24, 25 and 26 are described herein
      solely by way of example and that, depending on requirements, other types
      of coupling such as inductive loops, for example, can be employed by any
      one versed in the art.
PAR  The separation between the experimentation cavity and the storage cavity
      serves to create a vacuum within the storage cavity, thereby preventing
      any breakdown which might otherwise be caused by the very high value of
      the electric field corresponding to the high level of stored energy
      (electric field higher than 10.sup.6 volts per meter). This separation
      also serves to prevent contamination of the storage cavity by the plasma
      derived from the material 12. The material 12 can be of any kind according
      to the plasma which it is desired to obtain and can in particular be a
      deuterium crystal in the applications which are specifically related to
      controlled thermonuclear fusion.
PAR  The triggering means 10 which, in the case of FIGS. 3a and 3b, are
      constituted by a laser generator 32 associated with an optical system 34
      are of conventional type and can comprise in particular a triggered
      oscillator which emits a short and intense light pulse. Said pulse is
      subsequently amplified by a plurality of amplifying stages which serve to
      increase the energy of the light pulse in order to attain a suitable value
      on the target 12. It is known that in these applications, the solid-state
      lasers might make use of neodymium-doped glasses and emit in the
      near-infrared range are particularly well suited and are consequently
      employed in some alternative embodiments of the invention. The laser can
      also be a gas laser of the CO.sub.2 type, for example.
PAR  The optical system 34 mainly comprises focusing lenses and may include
      means for modulating the laser pulsation so as to adapt the shape of this
      latter to the pre-ionization which it is desired to produce at the level
      of the sample 12.
PAR  The cavities 16 and 18 can be of the cylindrical type; this arrangement is
      not necessary but may nevertheless prove preferable on grounds of ease of
      construction and machining. Coupling of the cavity 16 with the cavity 18
      modifies the resonant frequencies of the cavity 16, with the result that
      the frequency of the generator 8 must be adjusted to the resonant
      frequency of the complete circuit.
PAR  Although the device according to FIGS. 3a and 3b is relatively simple to
      use, the resultant level of energy storage is lower than that which can be
      attained in structures containing a plurality of storage cells as is the
      case with the structure shown in FIG. 4 which constitutes another
      alternative embodiment of the invention. In this figure, an
      experimentation cavity 18 is coupled to four storage cavities designated
      respectively by the references 40, 42, 44 and 46, each cavity being
      excited by a microwave generator as designated respectively by the
      references 50, 52, 54 and 56. As can readily be understood, this
      arrangement has the effect of increasing by a factor of 4 the
      electromagnetic energy which can be stored. The coupling devices between
      the storage cavities and the experimentation cavity can be of the same
      type as those described in connection with FIGS. 3a and 3b, and especially
      of the iris waveguide type designated by the references 60, 62, 64 and 66.
      A structure comprising more than four storage cavities spaced around the
      experimentation cavity could readily be devised.
PAR  The different cavities are preferably cylindrical, thereby resulting in
      structures which are easier to operate in practice than those involving
      the use, for example, of parallelepipedal cavities in which the quality
      factors would in any case be lower.
PAR  Whereas the device of FIG. 4 is simply deduced from that of FIGS. 3a and 3b
      as a result of rotation about the axis of the experimentation cavity, it
      is possible in some alternative embodiments of the invention to assemble
      the cavities in a different manner. By way of example, one arrangement
      consists in grouping together in line a plurality of resonant cavities
      which are coupled to each other and charged by one or a number of
      generators, the line being coupled to the experimentation structure. In
      the case of structures of this type, the stored energy increases with the
      number of resonant cavities employed, with the result that the invention
      is also directed in one alternative embodiment to structures containing a
      plurality of lines each constituted by a plurality of resonant cavities,
      all the lines aforesaid being finally coupled to the experimentation
      cavity.
PAR  Finally, in one particular variant, provision is made in accordance with
      the invention for a line of resonant reservoir cavities coupled to an
      experimentation cavity, all these cavities being disposed in spaced
      relation along a torus so as to form a resonant line which is closed on
      itself.
PAR  In all the devices aforementioned, coupling of the different cavities
      causes the appearance of a plurality of resonant frequencies. The
      excitation generators are tuned to one or even a number of these
      frequencies, the frequency which has the highest quality factor being
      naturally given preference over the others.
PAR  The system can also be used for confinement of the plasma. In fact, the
      absorption time .tau..sub.a depends on the characteristics of the plasma,
      that is to say on its temperature and charge density. The time aforesaid
      is a controllable variable parameter. Two cases are possible: if
      .tau..sub.a .gtoreq. .tau.' practically all the energy stored is absorbed
      (formula 10). If .tau..sub.a &lt; .tau.", the electromagnetic energy which
      has not been absorbed can serve to slow-down the expansion of the heated
      plasma and has the time to confine as long as the radiation pressure 1/2
      .epsilon..sub.o E.sup.2 + 1/2 .mu..sub.o H.sup.2 is either higher than or
      equal to the kinetic pressure of the gas. Finally, if the material 12 is
      not ionized but simply charged electrostatically according to the nature
      of the microwave structure employed, said material can be subjected to
      electrostatic levitation or acceleration.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for producing and heating a plasma, comprising the steps of:
PA1  locating non-ionized solid material from which the plasma is to be obtained
      within a superconducting resonant cavity structure;
PA1  storing microwave-frequency electromagnetic energy in said superconducting
      resonant cavity structure; and then
PA1  pre-ionizing said solid material to create an absorbent load into which the
      previously-stored electromagnetic energy is discharged to thereby produce
      said plasma and heat said produced plasma.
NUM  2.
PAR  2. The method of claim 1 wherein said pre-ionizing step comprises applying
      a high frequency electric field to said solid material.
NUM  3.
PAR  3. The method of claim 2, wherein a laser beam is applied to said solid
      material for pre-ionization thereof.
NUM  4.
PAR  4. The method of claim 2, wherein an electron beam is applied to said solid
      material for pre-ionization thereof.
NUM  5.
PAR  5. The method of claim 1, wherein said superconducting resonant cavity
      structure comprises a storage cavity and an experimentation cavity coupled
      thereto, comprising locating said non-ionized solid material in said
      experimentation cavity and storing microwave-frequency electromagnetic
      energy in said storage cavity.
NUM  6.
PAR  6. The method of claim 5, comprising storing said microwave-frequency
      electromagnetic energy in a plurality of said storage cavities which are
      coupled with said experimentation cavity.
NUM  7.
PAR  7. The method of claim 1 comprising locating a non-ionized solid crystal
      material within said superconducting resonant cavity structure.
NUM  8.
PAR  8. The method of claim 7 wherein said solid crystal material comprises a
      deuterium crystal.
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ABST
PAL  Automatic arc welding apparatus in accordance with the present invention
      comprises a welding carriage movably supported by a horizontal guide beam,
      which carriage supports a plurality of arc welding heads for forming welds
      on a generally horizontally disposed work piece, wherein the welds may be
      of compound curvature. The welding head mechanisms are supported by
      compound connection apparatus that defines three interrelated axes that
      are cooperatively related to enable an electrode support to which welding
      wire electrode is automatically fed to precisely follow a joint of
      compound configuration that is established between angularly related
      portions of the work piece. Additionally, the welding head mechanisms are
      movable both vertically and laterally to facilitate proper positioning
      thereof to the work piece being welded.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to beam carriage type automatic arc
      welding apparatus for forming elongated welds on work pieces and more
      specifically relates to beam carriage type arc welding apparatus that is
      specifically constructed to cause an electrode support to precisely track
      an elongated joint defined at the intersection of angularly related
      portions of the work piece, and which joint may be of compound
      configuration due to the interrelated shapes of the portions of the work
      piece that are to be welded into integral assembly.
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of flat bed trailers for use in hauling loads over
      roadways, such trailers typically include at least a pair of elongated
      support beams and perhaps more than two support beams which serve as the
      primary load supporting elements of the trailer construction. In the
      design of such beams, it is typically appropriate to construct the beams
      of generally "I" cross section, with the end sections of the beams having
      substantially lesser depth than the intermediate section thereof.
PAR  A typical flat bed trailer beam, for example, may be 44 feet in length and
      may be constructed from steel, such as A-441 grade low alloy steel. The
      upper flange of the beam may be composed of steel plate that is 5/8  inch
      in thickness by 6 inches in width. The web of the beam construction may be
      composed of steel plate in the order of 3/16 inch in thickness, while the
      lower flange of the beam may be composed of steel plate in the order of
      3/8 inch in thickness by 6 inches in width. The web of the beam may be
      reduced to a width of 8 inches in the end sections while the central
      portion of the web may be at its full width of 22 inches. The transition
      from the 22 inch width of the central portion of the beam to the 8 inch
      width of the end sections is defined by a 92 inch curved transitioning
      section of the beam construction, the curves at the transition points
      being defined in approximately 20 inches in length.
PAR  The lower flange of the beam construction is typically attached to the web
      of the beam before the upper flange is welded to the web portion of the
      beam construction. Welding the lower flange to the beam, as an initial
      step, causes approximately 4 inches of camber to develop in the beam
      because of the stresses that develop during the welding process. After
      welding the upper flange to the web portion of the beam, a portion of the
      camber is removed by counterbalancing welding stresses. With the completed
      beam in its operative position, approximately 11/2 inches of camber will
      remain, thereby causing the centermost portion of the beam construction to
      be 11/2 inches above the level of the extremities of the beam. This amount
      of camber is desirable because of the deflection that occurs when the
      trailer assembly is fully loaded. For example, when a trailer of 44 feet
      in length is loaded with its maximum weight of 45,000 pounds of evenly
      distributed load, approximately 21/2 inches of deflection will occur in
      the longitudinal beams of the trailer construction. This amount of
      deflection is within optimum design perimeters.
PAR  In the plant production of truck trailer beams such as those described
      above, it has been determined that the hand welding process adds
      materially to the cost of the beams and can render fabricated trailer
      beams excessively expensive because of the labor costs involved and
      because of the shop time necessary for hand welding of the beam
      constructions. It is desirable therefore to provide an automatic and
      substantially labor free welding process for the beams. Template
      controlled and sensor computer controlled welding devices are available
      for automatic arc welding and simple beam carriage type apparatus is
      available for welding in a straight line and on relatively flat work
      pieces, but these are undesirable for the various reasons explained below.
      The cost of template controlled or sensor computer controlled devices for
      accomplishing automatic welding of truck trailer beam constructions is
      considered excessively expensive for the volume of beam production that is
      typically required at a truck trailer manufacturing facility.
      Additionally, template controlled welding or sensor computer controlled
      welding of truck trailer beams necessitates design changes in the beam
      construction to accommodate the welding process and detracts from the
      design feasilibity of the beams that are required for optimum load
      supporting characteristics.
PAR  Simple beam carriage type welding apparatus, that may be efficiently
      employed for making flat welds on flat work pieces cannot be utilized with
      any degree of efficiency or accuracy for welding along the curved joint
      that is established when the flanges of the beam construction are welded
      to the web portion of the beam. The simple joint tracking apparatus of a
      beam carriage type welding mechanism will not precisely follow the curve
      that is established when a curved flat bar or sheet is joined to a flat
      plate with a curved edge because the curve, when viewed from the
      45.degree.  angle of the electrode accomplishing welding of a flange to
      the curved edge of the web, does not lie in a single plane. Actually, the
      curve is of compound nature, thereby requiring that the curve tracking
      apparatus be capable of substantial universal movement in order to
      properly track both the concave and convex curved sections of the beam.
PAR  It is also desirable to accomplish both fillet welds on either side of the
      web at the same time in order to eliminate any transverse bending or
      distortion that would otherwise occur if the welds were accomplished on
      one side only during a single pass of the welding apparatus. It is
      appropriate, therefore, to provide a pair of welding heads that are
      simultaneously operative to accomplish fillet welding on both sides of the
      web. In this case, each welding head must be capable of precisely tracking
      the compound curve that is encountered in order to cause the electrode
      support portion of the welding head to be precisely directed at the joint
      between the flange and the web at all times.
PAR  One of the problems that occurs when a simple beam carriage type welding
      apparatus is employed in an attempt to accomplish fillet welding of the
      compound curved joint between the web and flanges of a flat bed trailer
      beam construction is the tendency of the tracking rollers to climb the
      vertical surface of the flange due to the frictional engagement between
      the roller and the flange until the frictional engagement is overcome by
      forces acting downwardly on the welding head support mechanism. When the
      climbing force is overcome, the tracking roller will slip downwardly to
      its proper position relative to the joint between the flange and the
      result will be a discontinuity of the fillet weld that is being
      accomplished. When this occurs, the fillet weld will track away from its
      proper position to the joint between the flange and the web causing the
      weld being formed to also depart from its proper relation with the joint
      and, upon slipping, will cause increments of discontinuity to occur in the
      fillet welds being formed. This is very undesirable and results in the
      formation of a weak as well as aesthetically displeasing weld between the
      flange and the web portions of the beam construction. It is desirable,
      therefore, to provide a beam carriage type welding mechanism that is
      specifically constructed in such manner that the electrode support portion
      of the welding head will precisely track the joint between the flange and
      the web at all times and will not allow any slipping or jumping of the
      guide roller to occur which would otherwise cause the development of weld
      discontinuity and inaccuracy.
PAC  THE PRIOR ART
PAR  "I" beams and angle beam constructions have been formed by welding
      processes for an extended period of time and automatic welding apparatus
      for accomplishing welding of elements into an integral beam assembly have
      been developed as depicted in U.S. Pat. Nos. 2,432,495, to Baird,
      3,469,067 to Agden et al., and 3,561,663 to Wenzleff. A beam carriage type
      welding mechanism has been employed in the past as taught by U.S. Pat. No.
      3,650,457 to Fiegel et al., and automatic welding of beams utilizing a
      floor or surface supported guide joint tracking apparatus has been
      developed as taught by Bosteels in U.S. Pat. No. 3,167,636. Another
      typical beam carriage type welding mechanism is taught by U.S. Pat. No.
      3,560,698 to Tanenbaum et al. which is also designed for accomplishing a
      fillet weld between the angularly related parts of large structural steel
      members.
PAR  It is therefore a primary object of the present invention to provide novel
      automatic arc welding apparatus of the beam carriage type that is capable
      of providing accurate, sound and aesthetically pleasing welds in work
      pieces having parts that are joined in such manner as to define a joint of
      compound configuration.
PAR  It is also an object of the present invention to provide novel arc welding
      apparatus of the beam carriage type that will track a joint to be welded
      accurately without slipping and jumping as the beam carriage apparatus is
      moved relative to the work piece, thereby providing a smooth and even weld
      joining the various parts of the work piece.
PAR  Among the several objects of the present invention is noted the
      contemplation of novel automatic arc welding apparatus of the beam
      carriage type that is specifically designed to traverse tack welds that
      are formed to secure the parts of the workpiece in temporary assembly.
PAR  An even further object of the present invention includes the provision of
      novel automatic arc welding apparatus of the beam carriage type that
      includes universally movable welding head mechanisms that effectively
      facilitate accurate tracking of joints to be welded even though the joints
      may be of compound configuration.
PAR  It is an even further object of the present invention to provide novel arc
      welding apparatus of the automatic beam carriage type that efficiently
      accomplishes welding on both sides of a work piece in a manner that
      prevents bending or distortion of the work piece by the heat generated
      during the welding process.
PAR  An even further object of the present invention contemplates the provision
      of novel automatic arc welding apparatus of the beam carriage type that
      effectuates automatically controlled and continuous welding enabling rapid
      formation of elongated welds of substantial length in quite rapid manner
      even though such welds may be of compound configuration.
PAR  It is another important object of the present invention to provide novel
      automatic arc welding apparatus of the beam carriage type that can
      effectively accommodate design changes in the work piece without requiring
      design changes or program changes in the welding apparatus.
PAR  Another object of the present invention contemplates the provision of
      automatic arc welding apparatus of the beam carriage type wherein welding
      heads are incorporated that are easily adjustable to vary the angular
      relationship thereof with the various parts of the work piece to be
      joined.
PAR  Other and further objects, advantages and features of the present invention
      will become apparent to one skilled in the art upon consideration of this
      entire disclosure including the specification and the annexed drawings.
      The form of the invention, which will now be described in detail,
      illustrates the general principals of the invention, but it is to be
      understood that this detailed description is not to be taken as limiting
      the scope of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  Automatic beam carriage type arc welding apparatus according to the present
      invention may include at least one and preferably a plurality of welding
      heads that are supported by a beam carriage welder and which will traverse
      an elongated work piece such as a truck trailer beam to be welded and
      develop an accurate and sound as well as aesthetically pleasing continuous
      elongated weld on the work piece even though the weld is of compound
      configuration. The beam carriage, together with its welding wire supply
      mechanism and welding control circuitry is movably mounted upon a
      generally horizontal beam and is moved linearly in generally parallel
      relationship with an elongated work piece that is disposed adjacent the
      carriage support and guide beam. An arm extends from the beam carriage and
      a pair of welding heads are guidingly and movably supported by the support
      arm in such manner that the welding heads are allowed freedom of movement
      relative to the support arm. Roller guide elements that establish
      engagement between the welding heads and the support arm are each
      independently movable but are urged toward one another and toward a
      vertical plane passing through the work piece, thereby causing the welding
      heads to be urged toward the joint of the work piece to be welded.
PAR  Each of the welding heads, assuming that multiple welding heads are
      employed, are positioned on opposing sides of the work piece and are
      simultaneously operative to accomplish simultaneous welding on both sides
      of the work piece. One of the welding heads is slightly offset relative to
      the other in order to prevent excessive application of heat in the area
      where the welds are simulaneously taking place.
PAR  Pairs of tracking rollers are provided on each of the welding head
      mechanisms, the tracking rollers being designed to pass over tack welds
      that may have been previously formed to retain the parts to be welded in
      temporary assembly. Each of the pairs of guide rollers is connected to an
      equilizer bar having a gun mounting bracket at one extremity thereof for
      connection of an arc welding gun thereto. A pivotal connection is
      established between the equilizer bar and a generally vertical connecting
      shaft which pivot establishes one of a plurality of axes of a compound
      connection assembly that facilitates universal movement of each of the
      welding head mechanisms. Another component of the compound connection
      means is defined by a plurality of guide roller elements that engage the
      generally vertically connecting shaft and serve to orient the connecting
      shaft and the equilizer bar and its tracking rollers with the roller
      mounted guide element that supports the welding head mechanisms relative
      to the horizontal support arm of the carriage mechanism. An intermediate
      connector element may be disposed immediately below the connector element
      and may be movably secured to the connector element by means of a
      generally vertically oriented pivot structure that establishes another
      component of the compound connection mechanism. The intermediate connector
      element may be urged to a neutral position by a pair of tension springs or
      by any other suitable urging means thereby causing the welding heads to
      return to a neutral optimum tracking position after leaving a curved
      portion of the work piece and continuing welding operations on straight
      portions of the joint between the various parts of the work piece. The
      intermediate connector element may be angulated in such manner as to cause
      the equalizer bar with its tracking rollers to be inclined with respect to
      each of the elements of the work piece to be joined, thereby causing the
      welding gun carried thereby to be directed in properly oriented manner
      toward the joint between the parts of the work piece.
PAR  A third pivotal connection of the compound connection means may be
      established between the lower extremity of the intermediate connector
      element and the upper portion of a terminal connector element that is also
      connected at its lower extremity to the equalizer bar by means of the
      pivot of the equalizer bar. The second pivot structure may be inclined
      relative to the vertical and may also be inclined relative to the various
      parts of the work piece to be joined and substantially normal to the
      access between the equalizer bar and the lower portion of the terminal
      connector.
PAR  The movable relationship of the roller mounted guide elements that guide
      the connecting shaft and the movable relationship of the connecting shaft
      to the connecting shaft guiding portion of the roller mounted guide
      element effectively allows the connecting shaft to seek optimum
      relationship to the work piece that is being welded. The cooperative
      relationship between the axis between the connecting shaft and the
      intermediate connector element, the axis between the intermediate
      connector element and the terminal connector and the axis between the
      terminal connector and the equalizer bar effectively allows the joint
      tracking mechanism of the welding head assembly to precisely and
      efficiently follow the joint between the parts of the work piece even
      though the joint may be of compound configuration when viewed from the
      orientation of the welding gun relative to the joint.
PAR  The work piece to be welded may be supported by a plurality of movable work
      piece support elements which may be individually moved as the welding
      mechanism traverses the work piece to accomplish the welding operation.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  So that the manner in which the above recited features, advantages and
      objects of the present invention, as well as others, which will become
      apparent, are attained and can be understood in detail, more particular
      description of the inention, brief summarized above, may be had by
      reference to the embodiment hereof, which is illustrated in the appended
      drawings, which drawings form a part of this specification.
PAR  It is to be noted however, that the appended drawings illustrate only a
      typical embodiment of the invention and are, therefore, not to be
      considered limiting of its scope, for the invention may admit to other
      equally effective embodiments.
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PAC  IN THE DRAWINGS
PAR  The present invention, both as to its organization and manner of operation,
      together with further objects and advantages thereof, may best be
      understood by way of illustration and example of an exemplary preferred
      embodiment when taken in conjunction with the accompanying drawings in
      which:
PAR  FIG. 1 is a partial elevational view of an elongated beam carriage welding
      mechanism constructed in accordance with the present invention, which
      welding mechanism is depicted in its welding relationship with a trailer
      truck beam being welded by the automatic tracking and welding apparatus,
      the truck trailer beam being illustrated in broken line.
PAR  FIG. 2 is a fragmentary elevational view illustrating a truck trailer beam
      to be welded, with the lower portion of one of the welding head mechanisms
      disposed in tracking position relative to the truck beam structure and
      with the various axes of the lower portion of the welding head mechanism
      being depicted by broken lines.
PAR  FIG. 3 is a fragmentary isometric view of the automatic beam carriage type
      welding mechanism set forth in FIGS. 1 and 2 and illustrating in more
      detail the lower portion of the welding head mechanism and welding gun
      assembly together with the relationship thereof to the beam structure
      being welded.
PAR  FIG. 4 is a fragmentary isometric view of the beam carriage welding
      mechanism of the present invention illustrating a portion of the carriage
      mechanism of the beam welder and depicting the horizontal support beam and
      roller mounted welding head guide elements in detail while depicting an
      upper portion of the beam being welded in broken line.
PAR  FIG. 5 is a fragmentary elevational view illustrating the relationship
      between the roller mounted guide elements and the horizontally disposed
      support arm together with the relationship of the movable welding head
      connector element with the roller guide elements in engagement therewith.
PAR  FIG. 6 is a partial end view in elevation, depicting the beam carriage
      welding mechanism together with the oppositely disposed welding head
      mechanisms positioned in welding relationship with a truck trailer beam
      that is being welded thereby, which beam is depicted in broken lines.
PAR  FIG. 7 is a fragmentary isometric view illustrating one of the plurality of
      work piece supporting elements in operative position relative to the web
      portion of a truck trailer beam or other work piece illustrated in broken
      line.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the drawings and first to FIG. 1, there is shown a beam
      carriage type welding apparatus illustrated generally at 10 incorporating
      a generally horizontally disposed carriage guide beam 12 that is supported
      by vertical support elements 14 and 16. A carriage drive mechanism
      illustrated generally at 18 and which may take any one of a number of
      commercially available forms, may be carried by the guide beam 12 and may
      incorporate a conventional drive mechanism to propel the carriage relative
      to the beam 12 at a speed for optimum welding. Logically, the speed of the
      carriage mechanism may be variable to facilitate optimum welding,
      depending upon the material being welded and the welding electrode
      material being deposited by the welding process. Upright electrical cable
      support elements 18 and 20 may be disposed adjacent each extremity of the
      beam 12 and may support a plurality of cables 22 that allow an electrical
      supply conductor 24 to be transported along with the carriage, supplying
      electrical energy for driving the carriage and for accomplishing the arc
      welding operation. The electrical cable may be supported by a plurality of
      pulleys such as shown at 26 and 28 that are in turn supported by the
      cables 22. The pulleys 26 and 28 prevent the electrical cable from
      dragging on the floor as the beam carriage above the mechanism traverses
      during the welding operation.
PAR  The beam carriage 18 may be provided with a conventional welding control
      panel 30 incorporating switches 32 and an adjustment dial 34 to control
      energization and speed of the carriage as it traverses the beam 12.
      Electrode supply mechanisms 36 and 38 may incorporate electrode reels 40
      and 42 that contain long lengths of welding electrode material. Electrode
      drive assemblies 44 and 46 serve when energized to drive the electrode
      wire from the reels 40 and 42 through tubular electrode guide elements 48
      and 50 to the individual welding heads of the welding apparatus. The
      welding electrode supply and drive mechanisms may take the form of any one
      of a number of commercially available electrode feed mechanisms without
      departing from the spirit and scope of the present invention. Likewise,
      the welding guns to which the welding electrode is fed by the electrode
      feed mechanisms may take the form of any one of a number of conventional
      commercially available welding gun mechanisms within the spirit and scope
      of the present invention.
PAR  In order to accomplish submerged arc welding it is appropriate to feed a
      quantity of granulated flux material to the vicinity of the weld being
      formed and to deposit the flux in such manner that the weld being formed
      is submerged at all times. In accordance with the present invention a flux
      hopper 54 may be supported by the movable carriage 18 with flexible supply
      conduits 56 and 58 extending from the lower extremity of the hopper 54 to
      the welding guns 52 and 53 respectively. A simple slide valve element 60
      located at the lower extremity of the hopper 54 may be moved between open
      and closed positions to allow granulated flux material to flow from the
      flux hopper 54 into the flexible flux supply conduits 56 and 58.
PAR  It is desirable to provide individual support for each of the welding head
      mechanisms defining the present invention and for this purpose, as
      illustrated in FIG. 4, a generally horizontally disposed welding head
      support arm 62 may be fixed at one extremity thereof by welding or any
      other suitable form of attachment to the structure of the welding carriage
      18. Although the support arm 62 is illustrated as being of generally
      rectangular configuration, it is not intended to limit its structure to
      this particular configuration, it being obvious that support arms of other
      construction may function quite efficiently for the purposes intended. The
      support arm 62 defines 4 planar surfaces 64, 66, 68 and 70 that serve as
      guide surfaces for a pair of guide sleeves 72 and 74 that are received
      about the support arm 62 and are of mating configuration with the support
      arm.
PAR  A plurality of roller arms 76 extend from the guide sleeves 72 and 74 with
      guide rollers 78 being rotatably secured to the free extemities of
      respective roller arms with the rollers being disposed in guiding
      engagement with respective ones of the planar surfaces 64, 66, 68 and 70
      of the horizontally disposed arm 62. The guide sleeves 74 therefore are
      capable of free but precisely guided movement along the length of the
      support arm 62.
PAR  It is desirable to urge the guide sleeves 72 and 74 toward one another in
      such manner as to cause welding heads guided thereby to be urged toward
      the joint defined on either side of the parts of a truck trailer beam 80
      being welded in the manner shown in FIG. 6.
PAR  Although the present invention is directed particularly to the fabrication
      of truck trailer "I" beams, it is not intended to limit the scope of the
      present invention solely to fabrication of such structures, it being
      obvious that simple "I" beams and any number of other fabricated
      structures may be efficiently welded through utilization of automatic arc
      welding mechanisms constructed in accordance with the present invention.
      For the purposes of simplicity, however, the present invention is directed
      to utilization for the welding of truck trailer beams wherein the parts of
      the beams are formed in such manner as to define joints of compound
      curvature when the joints are viewed from the angular relationship of the
      welding nozzles to the abutting parts being joined. A tension spring 82
      may be connected at either extremity thereof to posts projecting from the
      guide sleeves 72 and 74 and may serve to urge the guide sleeves toward one
      another thereby urging the joint tracking apparatus and the respective
      welding nozzles toward one another such that the welding nozzles are urged
      toward the proper welding position thereof relative to the joint defined
      between the abutting parts of the truck trailer beam.
PAR  It is desirable that the welding head mechanisms have freedom of vertical
      movement in order that vertical components of the compound curvature of
      the joint being welded may be effectively traversed. In accordance with
      the present invention, such may be conveniently accomplished by a pair of
      guide plates 84 and 86 that may be secured by welding or by any other
      suitable form of connection to respective ones of the guide sleeves 74 and
      76. Each of the guide plates may take the form illustrated in FIG. 5
      wherein three guide rollers 88, 90 and 92 may be rotatably secured by
      studs 94, 96 and 98 to the guide plate structure. The three guide rollers
      may be positioned for engagement with edge surfaces of generally
      vertically oriented connecting shafts 100 and 102 that are freely movable
      relative to the guide rollers and to the guide plate 84. Each of the
      rollers 88, 90 and 92 may have a central groove formed therein defining
      opposed lateral flanges that are received on either side of the edge
      surfaces of the connecting shafts 100 and 102 thereby causing the
      connecting shaft to be restrained from any transverse movement even though
      the connecting shafts may move freely in vertical manner. The vertical
      shafts 100 and 102 may be of generally "T" configuration thereby providing
      a support structure that is capable of resisting any tendency to bend in
      either lateral direction.
PAR  Tension spring 103 is connected at one extremity to the carriage mechanism
      and at the opposite extremity to the connecting shaft 100, thereby urging
      the connecting shaft and the guide sleeve toward the carriage and causing
      the joint tracking mechanism controlled thereby to be urged toward the web
      portion of the beam being welded. Likewise, the opposite connecting shaft
      102 and guide sleeve 72 is urged by a tension spring 105 in a direction
      away from the carriage, causing the joint tracking mechanism to be urged
      toward the opposite side of the web of the beam, the tension spring 105
      being connected between the free extremity of the support arm 62 and the
      connecting shaft 102. One of the extremities of tension springs 103 and
      105 is secured by means of an adjustment member thereby allowing the
      tension springs to be adjusted as desired to apply proper forces to the
      vertical elements 100 and 102 respectively. As illustrated in FIG. 4, for
      example, the right hand extremity of tension spring 103 is secured to the
      reverse bent hook portion of a threaded adjustment bolt having a nut that
      may be manually positioned relative to the bolt to properly tension to the
      spring.
PAR  At the lower extremity of the connecting shafts 100 and 102 may be mounted
      a pivot structure generally shown at 106 that may incorporate a pair of
      pivot sleeves 108 and 110 that are secured in assembly by a bolt 112 or
      other suitable structure defining a pivot. The sleeve 110 may be secured
      to the upper extremity of an intermediate connector element 114 that,
      because of the pivot 106 is rotatable relative to the connecting shaft
      100.
PAR  It is desirable for the intermediate connector element to return to a
      neutral position after a curved portion of the joint to be welded has been
      transitioned and this may be conveniently accomplished by providing a pair
      of tension springs 107 and 109 that are connected at one of the
      extremities thereof to opposing extremities of a spring support element
      111 and are secured together at the opposite extremities thereof to the
      free extremity of a pivot control arm 113 that is carried by the
      intermediate connector portion of the tracking mechanism. The cooperating
      springs 107 and 109, reacting against the extremities of the support
      element 111 and the arm 113, cause the intermediate connector element to
      be centralized when a straight portion of the joint is being traversed. As
      shown in FIG. 3, the tension of springs 107 and 109 is also adjustable,
      one of the extremities of each of the springs being secured by a spring
      retainer bolt having an adjustment nut similar to the adjustment bolt
      structure for retaining springs 103 and 105.
PAR  The intermediate connector element 114 may be angulated as shown in FIG. 3
      thereby causing those portions of the joint tracking mechanism disposed
      therebelow to be disposed in angulated relationship with the web 116 and
      the upper and lower flanges 118 and 120 of the truck trailer beam 80. As
      shown in FIG. 2, the orientation of the pivot 106 is generally vertical,
      having an axis that is disposed in generally parallel relationship with
      the connecting shaft 100.
PAR  It is also desirable that the welding head mechanism be capable of movement
      about an axis that is inclined with respect to the vertical in order that
      the welding nozzle may be directed in properly oriented manner at the
      joint formed between the web and flange of the beam being welded. This may
      be conveniently accomplished in accordance with the present invention by
      providing a second pivot structure illustrated generally at 122 which is
      defined by a pair of pivot sleeves 124 and 126 that are secured in pivotal
      assembly by means of a bolt or other suitable connector element 128 that
      defines a pivot about which the sleeves 124 and 126 rotate. Pivot sleeve
      124 may be connected in any desirable manner to the lower extremity of the
      intermediate connector element 114 while the other sleeve 126 of the pivot
      122 may be fixed to the upper extremity of the terminal connector element
      130. Cooperative structural interrelation of the pivot elements 106 and
      122 allow the lower portion of the joint tracking mechanism to pivot about
      both vertical and inclined axes in order that optimum positioning of the
      tracking mechanism and the welding nozzle connected thereto may be
      achieved at all times during welding operations.
PAR  It is also desirable that the joint tracking mechanism have multiple
      contact with the surfaces of parts of the truck trailer beam to be joined
      by welding and, in accordance with the present invention, this may be
      conveniently accomplished by an elongated equalizer element 132 that may
      be movably secured intermediate its extremities to the terminal connector
      element 130 by means of a pivotal element 134 that may conveniently take
      the form of a bolt or any other suitable connector element. The bolt or
      connector 134 defines a pivot forming an axis about which the equalizer
      element is pivotally connected to the terminal connector element, the axis
      being disposed in substantially normal relationship with the inclined axis
      defined by the pivot element 122 and being also disposed in inclined
      relationship with the vertical axis defined by the pivot element 106. A
      pair of tracking rollers 136 and 138 may be rotatably connected to the
      equalizer element 132 by means of bolts 140 and 142 or any other suitable
      connector elements. The tracking rollers 136 and 138 are mounted on either
      side of the pivotal connection 134 between the equalizer element and the
      terminal connector, thereby allowing forces induced to the welding
      mechanism to the tracking rollers to be centralized in the joint tracking
      portion of the welding head mechanism. As shown in FIG. 2, each of the
      tracking rollers may have grooves formed centrally therein defining a pair
      of circular flanges 144 and 146 which flanges contact respective surfaces
      of the structural elements to be welded in assembly to define the truck
      beam construction. The flanges of the tracking rollers 136 and 138
      cooperate to provide multiple contact with the structural elements being
      welded about the joint defined between the structural elements, thereby
      allowing multiple reactive forces defined between the flanges of the
      rollers and the structural elements to induce orienting forces to the
      joint tracking mechanism.
PAR  At one extremity of the equalizer element 132 may be provided a welding
      nozzle support plate 148 having an arcuate groove 150 formed therein
      through which may be received a bolt 152 or other suitable connector that
      secures the welding nozzle assembly 153 to the welding nozzle support
      plate. Minor adjustment of the welding nozzle 153 relative to the
      equalizer element 132 and the plate 148 may be accomplished by orienting
      the bolt 152 relative to the arcuate groove or slot 150. With the joint
      tracking mechanism in proper position relative to the joint to be welded,
      the welding nozzle may be easily adjusted by means of the arcuate groove
      and bolt structure to achieve optimum positioning of the lower extremity
      of the welding nozzle relative to the joint to be welded.
PAR  At the opposite extremity of the equalizer element 132 may be provided an
      orienting arm 154 that allows the joint tracking mechanism to be manually
      oriented to its proper position at the beginning of the welding operation
      thereby allowing a weld to begin in precisely oriented manner with respect
      to the parts of the truck trailer beam being welded in assembly.
PAR  In most automatic welding mechanisms of the beam carriage type it is
      critically important to establish a precisely parallel relationship
      between the guide beam traversed by the carriage and the work piece being
      supported relative to the guide beam and carriage. Set-up time preliminary
      to beginning the welding operation is therefore generally quite long
      because of the accurate work piece to guide beam alignment required. The
      universal welding nozzle movement and accurate tracking capability of the
      present invention overcomes the necessity for extremely accurate
      positioning between the work piece and the guide beam, thereby allowing
      operating personnel to gain substantial savings in set-up time, and
      promoting the commercial feasibility of beam carriage welding through
      utilization of the present invention.
PAR  As illustrated in FIGS. 1 and 6, a plurality of support elements 160 may be
      supported on a floor or other suitable surface 162 and a horizontal
      support beam 164 may be positioned on the support elements in generally
      parallel relationship with the guide beam 12. The support beam 164 may be
      secured to the support elements 160 by welding, bolting or by any other
      suitable form of attachment and the support elements in turn may be
      connected in any suitable manner to the vertical posts 14 and 16 thereby
      positively maintaining the position of the support beam relative to the
      vertical posts and guide beam of the beam carriage structure.
PAR  For rapid orientation of the parts of the beam to be welded, a plurality of
      locator bars 166 may be secured to the upper flange 168 and web portion
      170 of the support beam 164, connection therebetween being established by
      welding or by any other suitable form of connection. To the outer
      extremity of the locator arms 166 may be welded or otherwise connected a
      structural element 172 that may be a simple angle member that is disposed
      in generally parallel relation with the support beam 164. A plurality of
      hinge plates 174 may be connected by hinge pivots 176 to the horizontally
      disposed structural element 172 in order that a movable connection is
      established between the hinge plates 174 and the structural element. The
      hinge or pivot 176 may be welded or otherwise secured to the structural
      element 172. To each of the hinge plates 174 may be pivotally connected a
      beam locator arm 178 which connection may be established by a pivot or
      hinge structure 180 secured by welding or the like to the upper extremity
      of the hinge plate 174 and to one extremity of the beam positioning arm
      178. The arm 178 is therefore allowed to pivot about both of the pivot or
      hinge structures 176 and 180 in order that a locator plate 182 disposed at
      the free extremity of the arm 178 may be moved pivotally into engaging
      relationship with the web portion 116 of the truck beam to be welded
      without in any way binding against the surface of the web. The arm 178 may
      be of generally "T" configuration with plates 184 and 186 being secured in
      substantially normal relation one with the other. An elongated weld may
      serve to connect the plate 186 with the pivot structure 180.
PAR  It is desirable that the beam positioning arm 178 be disposed in generally
      horizontal manner in the operative position thereof in order that the
      locator plate 182 may be disposed in parallel engaging relationship with
      the web portion 116 of the truck beam structure 80. To accomplish the same
      a support block 188 may be connected to the upper surface of the arm 166
      by welding or the like and the lower surface of the plate 186 of the beam
      positioning arm 178 may move into resting engagement with the upper
      portion of the block 188 in the operative position thereof. To cause minor
      inward or outward adjustment of the locator plate 182 relative to the web
      portion of the beam being welded, an adjustment element 190 may be
      provided that adjusts the position of the hinge plate 174 relative to the
      block 188. A lock nut 192 may be provided to lock the adjustment element
      190 after proper position has been established between the hinge plate 174
      and the support block 188.
PAR  Adjustment of the beam positioning and support mechanism may be initially
      established with a previously welded beam resting upon the support beam
      164 in properly oriented relation therewith. The various beam positioning
      arms on either side of the web of the completed beam may be pivoted to the
      operative position illustrated in FIG. 7 and the adjustment element 190 of
      each of the beam positioning arm mechanisms may be adjusted after
      loosening of the lock nut 192 to achieve adjusting movement of the hinge
      plate 174 that is necessary to cause the locator plate portion 182 of the
      beam positioning arm 178 to be disposed in parallel and engaged
      relationship with the web portion 116 of the beam positioned upon the
      support beam. After each of the beam positioning arms have been so
      adjusted, fabrication of truck trailer beams can take place simply by
      positioning one of the flanges of the beam to be constructed upon the
      upper surface of the support beam 164 in properly oriented relation with
      the support beam and then by placing the web portion of the beam structure
      in assembly with the flange, which placement can occur simply by moving
      the web portion into engagement with the plurality of locator plates on
      the beam positioning arms and by bringing the beam positioning arms on the
      other side of the web into engagement therewith. When this is done the web
      will be oriented in normal relation to the flange to be welded thereto. A
      plurality of short task welds then may be made, causing the flange to be
      temporarily attached to the web structure of the beam being fabricated.
      The beam carriage welding mechanism then may be positioned at one
      extremity of the beam being fabricated and the opposed welding head may be
      brought into appropriate aligned engaging relationship with the flange and
      web portion of the beam structure and the joint tracking mechanism being
      appropriately adjusted by manipulating the position adjustment arm 154 as
      is necessary to bring the electrode carried by the nozzles into proper
      oriented relationship relative to the joint being welded. The beam
      carriage welding mechanism then may be energized causing an arc to be
      stuck and causing the carriage to travel on the beam structure 12 so that
      the welding nozzle is moved linearly as the welding operation is taking
      place. The tracking mechanism of the present invention will function
      efficiently regardless whether the weld being made is straight or of
      compound curvature because of the multi-axis relationship of the various
      parts of the joint tracking mechanism. When a compound curved portion of
      the joint between the web and flange portions of the track trailer beam is
      encountered, the equalizer element 132 will move about its pivot 134,
      conforming to the grade, i.e., upward or downward movement necessary to
      traverse the compound curve. Simultaneously the terminal connector element
      portion of the tracking mechanism will pivot about its inclined axis,
      established by pivot 122 and also about the pivot 106 establishing the
      vertical axis. The tracking rollers 136 and 138 are therefore allowed to
      follow the curvature of the joint being tracked precisely and the welding
      nozzle therefore is always precisely directed in properly oriented
      relationship with the joint in order that an optimum fillet weld may be
      established.
PAR  Generally it is appropriate to first place the beam 80 being welded in its
      operative position, opposite the position illustrated in broken line in
      FIG. 1 while welding the first flange in assembly with the web portion of
      the beam. The beam is placed in the position it normally assumes when in
      assembly with a trailer mechanism and the lower flange of the beam
      structure is installed. Support elements conforming to the configuration
      of the lower flange of the trailer beam are positioned on the support beam
      164 and the lower web portion of the beam is lowered into assembly
      therewith. Clamps, not shown are utilized to restrain movement of the
      lower flange as it is welded to the web portion of the beam. The beam is
      then inverted to the position illustrated in broken line on FIG. 1 and the
      lower flange is placed in assembly with the web portion. The elongated
      sheet defining the upper flange of the beam structure will readily assume
      the configuration of the upper portion of the beam and the upper flange
      can be tack welded in place in the manner discussed above.
PAR  To accomplish automatic welding of both flanges to the web, the automatic
      beam welder mechanism may then be positioned in operative relationship
      with the joint to be welded and may be energized in the manner indicated
      above to cause development of fillet welds on each side of the web thereby
      securing the web and flange portions of the beam structure in integral
      assembly.
PAR  When the lower flange of the truck beam construction is welded into
      assembly with the web portion of the beam structure, considerable
      deflection of the beam occurs which, in a beam structure in the order of
      44 feet in length, will cause the development of approximately 4 inches of
      camber. When the beam is inverted to the broken line position shown in
      FIG. 1 and the upper flange is welded to the web portion, reverse
      deflection takes place and the initial 4 inches or so of camber is reduced
      to approximately 11/2 inches, which is the proper amount of camber to
      compensate for the deflection that takes place when the trailer is loaded.
      With a trailer of this type loaded with 45,000 pounds of evenly
      distributed load, the deflection will be in the order of 21/2 inches,
      which is considered optimum.
PAR  In view of the foregoing it is clear that automatic arc welding apparatus
      of the beam carriage type, constructed in accordance with the present
      invention, has been provided herewith which overcomes the inadequacies of
      most beam carriage type welding mechanisms, by providing joint tracking
      mechanisms having facility for free movement about a plurality of
      cooperatively related axes effectively allows the tracking mechanism to
      freely negotiate joints to be welded, which joints may be of elongated
      compound curvature and yet which tracking apparatus effectively maintains
      the welding nozzle of the welding apparatus in properly oriented
      relationship with the joint to be welded. In addition to being capable of
      compound movement, the tracking mechanism of the present invention has,
      through cooperating guide roller supported mechanisms, facility for both
      vertical and lateral movement that effectively compensate for misalignment
      between the beam structure being welded and the support and guide
      structures of the welding mechanism. These features, were considered in
      conjunction, provide a beam carriage welder structure that may be rapidly
      set up for welding operations, thus contributing materially to the
      commercial feasibility of the welding mechanism. Because of the universal
      movement of the welding head mechanism that is provided by the unique
      tracking mechanism of the present invention effectively promotes formation
      of a fillet weld of pleasing appearance and which weld is of maximum
      strength. Moreover the weld being formed, although of compound
      configuration and considerable length may be formed quite rapidly
      utilizing relatively unskilled labor for insuring proper function of the
      welding mechanism.
PAR  Although the present invention has been discussed in connection with its
      application for welding truck beams of specific design, it is to be
      understood that the invention will function quite readily in accomplishing
      other types of welding, either forming straight welds or welds having a
      curvature of either simple or compound nature. The invention finds use in
      connection with virtually all types of welding especially submerged arc
      welding, inner shield arc welding and open arc welding. The invention will
      also function in an efficient and accurate manner when utilized in
      connection with other types of electric welding and also for gas welding
      and oxyacetylene metal cutting. It is not intended to in any way limit
      utilization of the present invention to one or more specific types of
      welding.
PAR  It is therefore seen that my invention is one well adapted to attain all of
      the objects and advantages hereinabove set forth, together with other
      advantages which will become obvious and inherent from the description of
      the apparatus itself. It will be understood that certain combinations and
      sub-combinations are of utility and may be employed without reference to
      other features and sub-combinations. This is contemplated by and is within
      the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In automatic arc welding apparatus having a generally horizontal
      carriage beam upon which is mounted a movable welding carriage that
      positions arc welding heads for causing the formation of elongated
      compound welds in work pieces having joints of compound configuration
      between angularly related portions to be welded, wherein the improvement
      comprises:
PA1  connecting shaft means extending from said welding carriage;
PA1  guide means being provided on said welding carriage and providing guiding
      support for said connecting shaft means;
PA1  compound connection means being provided on said connecting shaft means,
      said compound connection means including a first pivotal connection
      defining a first axis that is substantially parallel with said connecting
      shaft means and a second pivotal connection that defines a second axis
      that is in inclined relation to said first axis;
PA1  at least one joint tracking means being supported by said compound
      connection means and being positioned for contact with the angularly
      related portions of said work piece; and
PA1  welding head means being connected to said joint tracking means and having
      a welding nozzle thereof positioned immediately adjacent the joint between
      said angularly related portions to be welded, whereby deviation of said
      joint causes pivotal movement of at least one of said pivotal connection
      means.
NUM  2.
PAR  2. In automatic arc welding apparatus as recited in claim 1, wherein said
      joint tracking means comprises:
PA1  an elongated equalizing element;
PA1  a pair of roller guide elements being rotatably secured to said equalizing
      element; and
PA1  pivotal connector means interconnecting said compound connection means and
      said equalizing element and defining a third axis of said compound
      connection means, said third axis being oriented substantially normal to
      said second axis.
NUM  3.
PAR  3. In automatic arc welding apparatus as recited in claim 2, wherein:
PA1  said connecting shaft means includes a plurality of sections;
PA1  said first pivotal connection interconnecting two of said sections of said
      connecting shaft, the axis defined by said first pivotal connection being
      disposed generally parallel with the elongated axis of said connecting
      shaft means.
NUM  4.
PAR  4. In automatic arc welding apparatus as recited in claim 3, wherein:
PA1  said second pivotal connection interconnecting two sections of said
      connection shaft with said second axis defined thereby being disposed in
      angular relation to said first axis.
NUM  5.
PAR  5. In automatic arc welding apparatus as recited in claim 1, wherein said
      joint tracking means comprises:
PA1  guide roller means being connected to said compound connection means and
      being positioned for engagement with each of said angularly related
      portions of said work piece;
PA1  welding head support means being fixed to said compound connection means,
      said guide roller means being rotatably secured to said welding head
      support means, said welding head means being carried by said welding head
      support means and being positioned to strike an arc and deposit weld metal
      at the joint between the angularly related portions of the work piece;
PA1  said connecting shaft means having first, intermediate and terminal
      relatively movable sections; and
PA1  said first pivotal connection interconnecting said upper and intermediate
      sections of said connecting shaft means and said second pivotal connection
      interconnecting said intermediate and terminal sections of said connecting
      shaft means.
NUM  6.
PAR  6. In automatic arc welding apparatus as recited in claim 5, wherein:
PA1  said welding head support means is an elongated equalizing element;
PA1  said guide roller means is a pair of guide rollers supported in spaced
      relation on said elongated equalizing element and said equalizing element
      carrying said welding head means at one extremity thereof; and
PA1  a third pivot element being connected to said elongated equalizing element
      intermediate the extremities thereof and pivotally securing said elongated
      equalizing element to said terminal section of said connecting shaft
      means.
NUM  7.
PAR  7. In automatic arc welding apparatus as recited in claim 6, wherein:
PA1  said third pivot element defines an axis disposed in substantially normal
      relation with the axis defined by said second pivot element.
NUM  8.
PAR  8. In automatic arc welding apparatus as recited in claim 7, wherein:
PA1  each of said pair of guide rollers has a central groove formed therein
      defining flanges at each side thereof, said flanges each contacting one of
      said angularly related portions of said work piece and said central groove
      allowing said guide rollers to pass freely over tack welds temporarily
      securing said angularly related portions of said work piece in assembly.
NUM  9.
PAR  9. In automatic arc welding apparatus as recited in claim 1, including:
PA1  said connecting shaft means is in freely movable relation with said
      carriage; and
PA1  spring means is connected to said connecting shaft means and said
      intermediate section of said connection shaft means and urges said joint
      tracking means into guiding contact with said work piece.
NUM  10.
PAR  10. In automatic arc welding apparatus as recited in claim 9, including:
PA1  support arm means extending from said welding carriage; and
PA1  a welding head guide element being movably and guidingly supported by said
      support arm means, said connecting means being movably and guidingly
      supported by said welding head guide element.
NUM  11.
PAR  11. In automatic arc welding apparatus as recited in claim 10, wherein said
      joint tracking means includes:
PA1  a plurality of connector guide rollers being supported by said welding head
      guide element, said connecting means guidingly interfitting with said
      connector guide rollers and being freely movable in a generally vertical
      direction.
NUM  12.
PAR  12. In automatic arc welding apparatus as recited in claim 11, wherein said
      welding head guide element includes:
PA1  support sleeve means being loosely positioned about said support arm means
      and being of a configuration generally conforming to the configuration of
      said support arm means; and
PA1  a plurality of support sleeve rollers being carried by said support sleeve
      means and being disposed in rolling engagement with said support arm
      means.
NUM  13.
PAR  13. In automatic arc welding apparatus as recited in claim 12, wherein said
      welding head guide element includes:
PA1  a roller guide support plate element being supported by said support sleeve
      means; and
PA1  said plurality of connector guide rollers being rotatably connected to said
      roller guide support plate element.
NUM  14.
PAR  14. In automatic arc welding apparatus as recited in claim 1, wherein said
      arc welding apparatus includes:
PA1  a support arm extending from said carriage;
PA1  guide sleeve means being movably received by said support arm;
PA1  a plurality of roller elements being carried by said guide sleeve means and
      being disposed in guiding rolling engagement with said support arm; and
PA1  connector means being guided by said guide sleeve means and being movable
      in transverse relation to the direction of movement of said guide sleeve
      means, said compound connection means being supported by said connecting
      shaft means.
NUM  15.
PAR  15. In automatic arc welding apparatus as recited in claim 14, wherein:
PA1  said guide sleeve means comprises a pair of guide sleeves movably and
      guidingly supported by said support arm; and
PA1  means interconnecting said guide sleeve means and urging said guide sleeve
      means toward one another.
NUM  16.
PAR  16. In automatic arc welding apparatus as recited in claim 14, wherein said
      welding apparatus includes:
PA1  a connector guide plate being carried by said guide sleeve means; and
PA1  a plurality of guide rollers being rotatably supported by said connector
      guide plate and being disposed in receiving engagement with said
      connecting shaft means, allowing said connecting shaft means to be freely
      movable relative to said guide plate means.
NUM  17.
PAR  17. In automatic arc welding apparatus as recited in claim 1, wherein said
      compound connection means comprises:
PA1  a support arm extending from said welding carriage;
PA1  guide means supported by said carriage and having guiding engagement with
      said connecting shaft means and allowing controlled translation of said
      connection shaft means along an axis defined by said support arm and an
      axis positioned in transverse relation to the axis defined by said support
      arm;
PA1  an intermediate connector section being pivotally connected to one
      extremity of said connecting shaft by said first pivotal connection;
PA1  a terminal connector section being pivotally connected to said intermediate
      connector element by said second pivotal connection; and
PA1  third pivotal connection interconnecting said joint tracking means and said
      terminal connector element and defining a third axis, said third axis
      being positioned in transverse relation to said first and second axes,
      said joint tracking means being engagable with a work piece being welded
      by said arc welding apparatus.
NUM  18.
PAR  18. In automatic arc welding apparatus as recited in claim 17, wherein:
PA1  urging means interconnects said intermediate connector section and said
      connecting shaft means and imparts opposing balanced forces to said
      intermediate connector element, causing said intermediate connector
      section to move about said first axis from a neutral position only when
      other forces are applied thereto during tracking of said joint, said
      intermediate connector section being returned to its neutral position upon
      dissipation of said other forces.
NUM  19.
PAR  19. In automatic arc welding apparatus as recited in claim 17, wherein said
      joint tracking means comprises:
PA1  an equalizer element being connected intermediate the extremities thereof
      to said terminal connector element by said third pivotal connection means;
PA1  a pair of tracking rollers being rotatably connected to said equalizer
      element on either side of said pivotal connection defining said third
      axis, said tracking rollers, during welding operations, being disposed in
      engagement with each of the parts of the work piece being welded into
      integral assembly; and
PA1  an arc welding nozzle being supported at one extremity of said equalizer
      element and directing an electrode quided thereby into proper welding
      relation with the joint between the parts of the work piece.
NUM  20.
PAR  20. In automatic arc welding apparatus as recited in claim 19, wherein:
PA1  said tracking rollers each have a central groove defined in the periphery
      thereof, defining opposed generally circular flanges, said circular
      flanges each being disposed to engage opposite ones of the parts of the
      work piece being joined by welding.
NUM  21.
PAR  21. In automatic arc welding apparatus having a generally horizontal
      carriage beam upon which is mounted a movable welding carriage that
      positions arc welding heads for causing the formation of at least one
      continuous elongated weld on a work piece to weld angularly related
      portions of the work piece into integral assembly, wherein the improvement
      comprises:
PA1  a support arm extending from said carriage;
PA1  at least one welding head guide element being connected in laterally
      movable and guided relation with said support arm;
PA1  connecting shaft means being movably received by said welding head guide
      element and having one extremity thereof extending to the vicinity of the
      work piece to be welded, said connecting shaft means having separate
      intermediate and terminal sections;
PA1  joint tracking means being connected to said terminal section of said
      connecting shaft means and being positioned for contact with the work
      piece to be welded;
PA1  welding nozzle means being connected to said joint tracking means; and a
      first pivotal connector interconnecting said intermediate section and said
      connecting shaft means and defining a first pivotal axis, a second pivotal
      connector interconnecting said intermediate section and said terminal
      section and defining a second pivotal axis being positioned in angular
      relation to said first pivotal axis, a third pivotal connector
      interconnecting said joint tracking means and said terminal connector and
      defining a third pivotal axis, said first second and third pivotal axes
      providing multi-axis.
PA1   freedom of movement of said joint tracking means enabling said joint
      tracking means to follow compound curved joints in said work piece,
      whereby deviation of said joint causes pivotal movement of at least one of
      said pivotal connection means.
NUM  22.
PAR  22. In automatic arc welding apparatus as recited in claim 21, wherein said
      arc welding apparatus includes:
PA1  guide sleeve means being movably received by said support arm;
PA1  a plurality of roller elements being carried by said guide sleeve means and
      being disposed in guiding rolling engagement with said support arm; and
PA1  said connecting shaft means being guided by said guide sleeve means and
      being movable in transverse relation to the direction of movement of said
      guide sleeve means.
NUM  23.
PAR  23. In automatic arc welding apparatus as recited in claim 22, wherein:
PA1  said guide sleeve means comprises a pair of guide sleeves movably and
      guidingly supported by said support arm; and
PA1  means urging said guide sleeve means toward one another.
NUM  24.
PAR  24. In automatic arc welding apparatus as recited in claim 22, wherein said
      welding apparatus includes:
PA1  a connector guide plate being carried by said guide sleeve means; and
PA1  a plurality of guide rollers being rotatably supported by said connector
      guide plate and being disposed in receiving engagement with said
      connecting shaft means, allowing said connecting shaft means to be freely
      movable relative to said guide plate means.
NUM  25.
PAR  25. In automatic arc welding apparatus as recited in claim 21, wherein:
PA1  urging means interconnects said connecting shaft means said intermediate
      connector element and imparts opposing balanced forces to said
      intermediate connector element causing said intermediate connector element
      to move about said first axis from a neutral position only when other
      forces are applied thereto during tracking of said joint, said
      intermediate connector element being returned to its neutral position by
      said urging means upon dissipation of said other forces.
NUM  26.
PAR  26. In automatic arc welding apparatus as recited in claim 21, wherein said
      joint tracking means comprises:
PA1  an equalizer element being connected intermediate the extremities thereof
      to said terminal connector element by said third pivotal connector;
PA1  a pair of tracking rollers being rotatably connected to said equalizer
      element on either side of said third pivotal connector, said tracking
      rollers, during welding operations, being disposed in engagement with each
      of the parts of the work piece being welded into integral assembly; and
PA1  an arc welding nozzle being supported at one extremity of said equalizer
      element and directing an electrode guided thereby into proper welding
      relation with the joint between the parts of the work piece.
NUM  27.
PAR  27. In automatic arc welding apparatus as recited in claim 26, wherein:
PA1  said tracking rollers each have a central groove defined in the periphery
      thereof, defining opposed generally circular flanges, said circular
      flanges each being disposed to engage opposite ones of the parts of the
      work piece being joined by welding.
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ABST
PAL  For fixing electrostatically formed images of thermoplastic powder on copy
      sheets, an elastic roller and a heated rigid roller form a nip through
      which each sheet is passed with its image side engaged by the elastic
      roller, and the elastic roller has a pliable annular body formed with
      circumferential surface grooves or ribs which cooperate with organs of
      complementary form for separating each sheet from the roller surface
      behind the nip, yet which provide an even roller surface in the nip by
      being elastically deformed therein. The rigid roller is formed with
      circumferential surface grooves which also cooperate with complementary
      sheet separating organs. The separating organs cooperating with grooves
      may be blades extending into them behind the nip, or wires extending in
      them through the nip; those cooperating with ribs may be blades having
      profiled edges held almost in contact with ribbed regions of the elastic
      roller surface.
BSUM
PAR  The invention relates to a device for fixing a thermoplastic powder-image,
      obtained electrostatically, on a support, which device consists of two
      rolls which together form a nip through which the support is transported,
      whereby the roll that is in contact with the image-side of the support is
      provided with an elastically pliable sleeve and the other roll with a hard
      non-pliable sleeve. Such a device is described in the U.S. Pat. Nos.
      3,669,707 and 3,449,548.
PAR  In fixing devices with rolls usually two problems occur. The first problem
      is to prevent the transfer of powder particles on the roll which contacts
      the image-side of the support (so-called offset). Powder particles which
      are thus transferred to the circumference of the roll, will afterwards
      partially be retransferred on the same or on another image support, so
      that an impure image is produced. It is also possible, that the powder
      particles are transferred from the first roll to the second roll and
      subsequently to the rear side of an image support, so that the rear side
      becomes dirty.
PAR  This problem can be solved by selecting a suitable material for covering
      the roll which contacts the powder image. Suitable materials are polymers
      of fluorohydrocarbons and elastomers of silicons. When using these
      materials, the transfer of powder particles can indeed be precluded, but
      troubles can occur because the support does not properly get loose from
      the roll.
PAR  This is the second problem relating to fixing devices of this type.
      Especially when using polytetrafluoroethylene, the support appears to
      adhere very strongly to the surface of the roll. If the support is
      loosened from the roll, for which anyhow much force is required, it
      appears that the powder image is sticking integrally on the support and
      consequently that no transfer takes place to the surface of the roll.
PAR  In order to solve this second problem, the rolls are oiled with a
      separation-means, such as for instance silicon-oil. When this takes place
      by means of an oil pad the extra effect gained is, that the roll is also
      cleaned.
PAR  However, the use of silicon-oil also has some disadvantages. Thus it is
      necessary to add the silicon-oil regularly, whereas a thin layer of
      silicon-oil is always transferred to the image support, for instance
      paper, so that it becomes more difficult to write on it.
PAR  It appears that, when using elastomers of silicone, no transfer of powder
      particles takes place, but also then sticking problems occur, although to
      a smaller degree. Also here a separation-means, such as silicon-oil, can
      give a solution, but this is attended by the disadvantages mentioned.
PAR  The object of the invention is to provide a device of the type mentioned,
      in which the disadvantages mentioned are prevented and particularly in
      which the image support will definitely come loose from the rolls.
PAR  According to one feature of the invention, the elastically pliable roller
      is provided with one or more circumferential grooves, with each of which a
      scraping organ cooperates, and the width of the groove is chosen so that
      the grooves are completely closed in the nip between the rollers.
PAR  Surprisingly, it has been found possible to provide in the elastic roller
      surface grooves which become fully closed in the nip between the rollers.
      That roller surface is made so even in the nip that no reproduction of the
      grooves, for instance in the form of unfixed streaks, becomes visible on
      the fixed copy sheet.
PAR  According to another feature of the invention, the relatively hard,
      non-pliable surface of the roller that presses against the non-image side
      of the support is also provided with one or more circumferential grooves
      with each of which a scraping organ cooperates.
PAR  The scraping organ can be designed as a scraping knife extending in the
      pertaining circumferential groove, or as a wire extending in the
      pertaining circumferential groove and almost completely filling up the
      part of the groove which is situated in the nip of the rollers.
PAR  According to a further feature of the invention, the stated object is
      attained by utilizing in contact with the image side of the support an
      elastically pliable roller, the pliable body or sleeve of which is
      provided with one or more elastically pliable riblike thickenings which
      are sufficiently small in protending volume that they are depressed so as
      to create a fully even surface in the nip between the rollers. Behind the
      nip the thickenings return to their normal form and thus remove the sheet
      from the roller surface. To assure the removal of each sheet the riblike
      thickenings cooperate with scraping organs in the form of plates having a
      scraping edge of complementary configuration.
DRWD
PAR  Other characteristics and advantages of the invention will become clear
      from the following description, whereby reference is made to the drawings
      added, in which:
PAR  FIG. 1 is a schematic section of a part of an electrophotographic copying
      apparatus with a contact fixing device according to the invention,
PAR  FIG. 2 is an axial section of another embodiment of the contact fixing
      device according to the invention,
PAR  FIG. 3 is a section according to the line III--III of FIG. 2,
PAR  FIG. 4 is an axial section of a modified embodiment of a roll which can be
      used in a contact fixing device according to the invention,
PAR  FIG. 5 represents, partially in view and partially in axial section, a
      modified embodiment of a roll which can be used in a contact fixing device
      according to the invention,
PAR  FIG. 6 is a section of a temperature-meter which is preferably used for
      regulating the temperature of at least one of the rolls of a contact
      fixing device according to the invention,
PAR  FIG. 7 is a schematic section of a third embodiment of the contact fixing
      device according to the invention,
PAR  FIG. 8 is a schematic section of a fourth embodiment of the contact fixing
      device according to the invention,
PAR  FIG. 9 represents, partially in view and partially in axial section, a
      modified embodiment of the upper roll of the contact fixing device
      according to FIG. 7,
PAR  FIG. 10 represents, partially in view and partially in axial section, a
      modified embodiment of the upper roll of the contact fixing device
      according to FIG. 8,
PAR  FIG. 11 is a side-view of a scraping knife which can be used in connection
      with the lower roll of the contact fixing device according to FIGS. 7 or
      8,
PAR  FIG. 12 is a section of the scraping knife according to the line XII--XII
      in FIG. 11,
PAR  FIG. 13 is a side-view of another scraping knife which can be used in
      connection with the lower roll of the contact fixing device according to
      FIGS. 7 or 8,
PAR  FIG. 14 is a section of the scraping knife according to the line XIV--XIV
      in FIG. 13,
PAR  FIG. 15 is a side-view of a scraping organ which is used in connection with
      the upper roll of the contact fixing device according to FIG. 7,
PAR  FIG. 16 is an upper-view of the scraping organ of FIG. 15,
PAR  FIG. 17 is a side-view of a scraping organ which is used in connection with
      the upper roll of the contact fixing device according to FIG. 8,
PAR  FIG. 18 is an upper-view of the scraping organ of FIG. 17,
PAR  FIGS. 19 and 20 represent schematically the way in which the scraping knife
      according to FIGS. 11 and 12 will bend, and
PAR  FIGS. 21 and 22 represent schematically the way in which the scraping knife
      according to FIGS. 13 and 14 will bend.
DETD
PAR  FIG. 1 represents a contact fixing device 40, which serves for fixing an
      image formed by thermoplastic powder on a support 10. This powder image
      can for instance be obtained electrophotographically on a belt 20 and be
      transferred between the rolls 21 and 22 on the support 10 which is
      supplied from a sheet reservoir 25. See description in Dutch patent
      application No. 7205491.
PAR  The support 10 with the powder image to be fixed on it is transported via
      the guide plate 30 and the rolls 21 and 22 to the fixing device 40, which
      will be described below in details.
PAR  The fixing device 40 consists of two rolls 50 and 60, which together form a
      nip through which the support 10 with the powder image to be fixed on it
      is conveyed. In the first embodiment of the invention, represented in FIG.
      1, the contact roll 50 (which is the roll which is touched by the powder
      image) consists of a metal core 51, round which a sleeve 52 made of
      heat-resistant elastically pliable material, for instance silicon rubber,
      is applied. Other materials which can be used, are for instance
      vinyl-polymers, such as polyvinylidenechloride, poly-olefins such as
      polyethylene and polypropylene, acrylpolymers, such as polyacrylonitrile,
      epoxyresins, butylrubbers, chloroprene-rubbers, nitrile-rubbers,
      polyamides, fluoro-rubbers, poly-imides, polybenzimidazoles, polysulfones
      and polyesters such as polyethyleneterephthalate.
PAR  The sleeve 52 may also consist of a foam-like product. Round the sleeve 52
      a thin covering 53 is applied, consisting of a material which at working
      temperature of the fixing device, for instance between 20.degree. and
      170.degree.C, possesses repulsive properties with regard to the
      thermoplastic powder to be fixed. Examples of such materials are
      silicon-rubbers, provided or not provided with fillers with low
      surface-energy, poly-imides and fluorohydrocarbonpolymers, such as can be
      obtained commercially under the names Teflon, Viton A respectively Viton
      B, KEL-F and PTFE, etc.
PAR  The roll 50 can rotate freely in bearings in the frame plates of the
      machine (which frame plates are not represented) in such a way that the
      roll 50 touches the roll 60 at a certain pressure, so that the roll 50 is
      plied and the nip between the rolls 50 and 60 is extended. In order to
      obtain a sufficient nipping width it is desirable that the hardness of the
      roll is equal to 20-30 Shore A, preferably about 25 Shore A. This can be
      obtained by manufacturing the sleeve 52 of a material which possesses the
      hardness desirable for the roll, and by covering it with a thin elastic
      coating 53, of which the hardness may be higher, for instance to 40 Shore
      A, and which possesses the required properties, such as a powder repulsing
      character and durability. The pressure roll 60 (this is the roll which is
      not touched by the powder image) consists of a hollow cylinder 61 made of
      material having good heat-conducting properties, such as copper, aluminium
      or alloys of these materials, of which the open extremities are closed off
      by means of covers 62 (see FIGS. 2 and 4). Each cover 62 is provided with
      a central circular opening 63, round which a cylinder bush 64 is arranged
      which can rotate in bearings in frame plates 65 of the apparatus. On one
      of the cylinder bushes 64 a gear 67 is fixed with which the roll 60 can be
      driven, in FIG. 1 whilst rotating clockwise.
PAR  Within the roll 60 a heating element in the form of an infra-red burner 70
      is located. This extends according to the axis of the roll 60, whereby its
      extremities are fixed in metal strips 71, which are fixed against the
      frame plates 65. During the rotation of the roll 60 the infra-red burner
      is at standstill, so that the heating of the roll 60 is effected more
      gradually. Moreover, this facilitates the electrical connection of the
      infra-red burner 70.
PAR  On the outer circumference of the cylinder 61 a covering 66 is applied,
      which consists of a material which has repulsive properties with regard to
      the powder used, in which way it is possible to prevent that any powder
      present on the back of the image support will stick to the roll 60 and
      will thus pollute the back of following image supports. Further the
      covering 66 either has heat-conductive properties, or its thickness is so
      small, that the resistance against heat-conducting can be neglected.
      Dependent on the embodiment of the scraping organs to be chosen, which
      will be further described below, the covering may be elastic or
      non-elastic. Examples of suitable materials are silicon rubbers, whether
      made heat-conductive or not by the addition of fillers, and
      fluorohydrocarbonpolymers. In order to obtain thin layers these materials
      can be applied by fine pulverization.
PAR  Against the circumference of the rolls 50 and 60 cleaning rolls 80
      respectively 81 are applied, which can rotate freely in the
      non-represented frame plates. The cleaning rolls 80 and 81 consists of a
      metal core on which a layer is applied, which layer consists of a material
      having strongly sticking properties with regard to the powder used.
      Suitable materials for this purpose are materials used as image support,
      such as paper, but also other strongly absorbing materials such as natural
      textile products. The function of the cleaning rolls 80 and 81 is to
      remove any powder particles which have been transferred to the rolls 50
      respectively 60.
PAR  The whole unit, consisting of the fixing rolls 50 and 60 and of the
      cleaning rolls 80 and 81 is installed within a temperature resistent,
      heat-insulating covering 90 which mainly consists of two dish-like caps 91
      and 92 and two side walls not represented, whereby between the caps 91 and
      92 a feed-in split 93 and a feed-out split 94 is formed. In the cap 92 a
      recess is made, along which a temperature meter 150 can be inserted
      against the roll 60 and with which the temperature of the roll 60 can be
      regulated. The exact construction of the temperature meter will be
      explained afterwards.
PAR  Behind the feed-out split 94 two transport rolls 96 and 97 are arranged,
      which together form a nip and of which at least one can be caused to
      rotate by means of a driving mechanism which is not represented. By means
      of the pair of rolls 96, 97 the support 10 with the powder image fixed on
      it is further transported, for instance to the receiving tray for copies.
PAR  In a first embodiment of the invention, represented in FIG. 1, the scraping
      organs according to the invention are arranged between the insulating
      covering 90 and the rolls 50 and 60.
PAR  In the first embodiment of the invention the scraping organs consist of
      scraping knives 100 respectively 101, whereby a number of scraping knives
      100, for instance two knives, cooperate with the roll 50, and a number of
      scraping knives 101, for instance two knives, cooperate with the roll 60.
      The knives 100 and 101 consist of holders 102 and 103, which in the axial
      direction of the rolls have such a width, for instance 1 cm, that the
      image support can be transported through these holders 102 and 103 without
      damage, and of knife blades 104 and 105 with a thickness in the size of a
      few tenths of millimeters, for instance 0.2 mm. The holders 102 and 103
      are provided with square-shaped openings with which the scraping knives
      can be shoven on square-shaped rods 106 and 107, which rods are fixed in
      the non-represented frame plates.
PAR  This is arranged in such a way, that the knife blades 104 and 105 are
      situated in perpendicular direction to the axis of the rolls 50 and 60.
PAR  The knife blades 104 and 105 cooperate with the circumferential grooves
      made in the rolls 50 and 60 into which the knife blades 104 and 105 are
      extending. The circumferential grooves in the roll 50 consist of notches
      which are obtained by cleaving the outer circumference of the roll 50 with
      a sharp instrument, for instance a razor blade. The depth of the
      circumferential grooves in the roll 50 is considerably greater than the
      thickness of the knife blades 104, for instance 3 to 5 mm. By arranging
      the circumferential grooves in the roll 50 in this way, it is reached that
      these circumferential grooves in the nip between the rolls 50 and 60 are
      forced to close, so that on this place the roll 50 shows a fully even
      surface.
PAR  This has for consequence, that the image support 10 shows no marks of the
      circumferential grooves in the roll 50. Behind the nip the knife blades
      104 force the circumferential grooves in the roll 50 to open, but this
      only has for consequence that any image support sticking to the roll 50,
      pushes against these knife blades 104, and is pressed from the roll 50,
      after which the image support 10 is further transported through the
      holders 102 and 103.
PAR  The circumferential grooves in the rolll 60 are in principle identical to
      the circumferential grooves in the roll 50. With the roll 60 the
      circumferential grooves extend in radial direction only as far as the
      metal cylinder 61. Because the circumferential grooves in the roll 60 have
      an insufficient depth, the grooves will not completely be closed in the
      nip between the rolls. However, this does not present any difficulties
      because non-fixed streaks with a width of a few tenth of millimeters are
      acceptable.
PAR  It is clear, that the circumferential grooves in the rolls 50 and 60, as
      represented in FIG. 2, have been arranged out of line with regard to each
      other, which guaranties more, that the circumferential grooves are
      properly closed in the nip. However, the shift between the circumferential
      groove in the roll 50 and the adjacent circumferential groove in the roll
      60 is preferably smaller than the size of the holders 102 respectively 103
      in the axial direction of the rolls 50 or 60, so that the holders form a
      better guiding for the image support 10. This means, that preferably the
      number of circumferential grooves in the roll 50 is equal to the number of
      circumferential grooves in the roll 60.
PAR  A further remark to be made is, that for a good performance of the fixing
      device it is necessary, that the rolls 50 and 60 rotate with a slightly
      lower circumferential speed than the circumferential speed of the
      transportrolls which transport the image support 10 to the fixing device
      40, in the case of FIG. 1 the rolls 21 and 22, so that before the rolls 50
      and 60 the image support is forced to buckle up. In this way it is
      possible to prevent that tensions occur in the image support which give
      rise to creasing, tearing and non-fixed image parts.
PAR  In the FIGS. 2 and 3 a second embodiment of a roll fixing device according
      to the invention is represented. The fixing device also consists of two
      rolls 110 and 60, which together form a nip through which the image
      support is transported, whereby the roll 110 has a modified construction
      with regard to the roll 50, and the roll 60 is in principle identical to
      the roll 60, described according to FIG. 1.
PAR  In order to obtain the required hardness of 20-30 Shore A for the roller
      110, the following construction is used in this embodiment.
PAR  The roll 110 consists of a metal core 111, which can rotate freely in
      bearings in non-represented frameplates. Further the roll 110 is built up
      of four layers, which are from inside to outside: an adhesive layer 112, a
      hard layer 113, a soft layer 114 and an outer covering 115. Regarding
      material-choice the outer covering 115 can be identical with the outer
      covering 53 of the roll 50, as described according to FIG. 1.
PAR  In connection with the troubles occurring when soft silicon rubbers have to
      be adhered on a metal surface, first a layer 113 of silicon rubber with a
      hardness of 50 to 70 Shore A is fixed on the metal core 111 with the aid
      of a glue prepared on basis of silicon-compounds. On this hard layer 113 a
      soft layer which has a hardness being almost equal to the desired hardness
      of the total roll, is fixed, for instance by means of vulcanisation or by
      means of a usual silicon glue. Thus the hardness of this layer is equal to
      20 to 30 Shore A. Finally the harder outer covering 115, for instance with
      a hardness of 35 to 40 Shore A, is applied.
PAR  The thickness of the various layers is of course also important for the
      final hardness of the roll. At a core diameter lying between 1/3 to 1/2
      times the diameter of the final roll the thickness of the soft layer 114
      is equal to 0.1 to 0.3 times the diameter of the final roll.
PAR  Tests with rolls with a diameter of 92 mm and a core diameter of 40 mm gave
      useful results, when the soft intermediate layer 114 had a thickness
      between 9 and 28 mm. The thickness of the outer covering thereby varied
      between 0.2 and 4 mm, whereas the combined thickness of the adhesive layer
      112 and the hard intermediate layer was being adapted to the remaining
      dimensions in order to obtain a total diameter of 92 mm.
PAR  In the rolls 110 aand 60 circumferential grooves 116 respectively 117 have
      been applied, just like in the rolls 50 and 60 according to FIG. 1. These
      circumferential grooves 116 and 117 are identical to the circumferential
      grooves described according to FIG. 1.
PAR  In this embodiment of the invention the scraping organs are arranged as
      endless wires 118 respectively 119 which have been tightened round
      respectively the grooves 116 in the roll 110 and two auxiliary guides 120
      and 121, and the grooves 117 in the roll 60 and two auxiliary guides 122
      and 123. The auxiliary guides 120, 121, 122 and 123 are arranged as round
      rods 124, 125, 126 and 127, which can rotate freely in bearings in the
      non-represented frame plates. The round rods 124, 125, 126 and 127 at the
      height of the circumferential grooves 116 respectively 117 are provided
      with circumferential grooves 120, 121, 122 and 123 for guiding the wires
      118 respectively 119.
PAR  In this way it is achieved that the wires 118 respectively 119 are moving,
      when the roll fixing device works, so that the wires 118 respectively 119
      are less sensitive to wear. However, in principle it is also possible to
      fix the wires 118 respectively 119, for instance as finite wires, whereby
      the extremities of these wires are fixed to the auxiliary guides 120 and
      121 respectively 122 and 123, and the wires pass through that part of the
      circumferential grooves 116 respectively 117 which is situated in the nip
      between the rolls 60 and 110.
PAR  Preferably the diameter of the wires 118 and 119 used is as small as
      possible. In connection with the pulling forces with act upon the wires
      118 and 119, both in the case of moving wires as in the case of stationary
      wires a minimal diameter is required. When using a steel wire it appeared
      that the diameter could lie between 0.1 and 0.5 mm, whereby the results
      with the thicker kinds of wire were slightly less favourable than with the
      thinner kinds of wire and whereby the depth of the circumferential grooves
      was greater as the diameter of the wire increased.
PAR  It is clear, that also in this embodiment of the invention the
      circumferential grooves 116 respectively 117 are nipped together in the
      nip between the rolls 110 and 60 by the mutual pressure, so that the rolls
      110 and 60 show an even surface in the nip. Preferably also here the
      circumferential grooves 116 and 117 are not lying in line with regard to
      each other, whereby preferably not too great axial distance over which two
      adjacent grooves 116 and 117 are lying from each other, should be chosen,
      in order to obtain a more effective guide of the image support.
PAR  In FIG. 4, a third embodiment of a scraping organ according to the
      invention is represented. This third embodiment is specially suitable for
      the roll 60 of the FIGS. 1, 2 and 3, for the case that this roll is
      covered with a very thin sleeve of powder repulsing material. In this case
      it is not possible to make the circumferential grooves in the roll 60
      sufficiently deep in order that these would be closed in the nip.
PAR  Also here the scraping organs are formed by wires 119 which can move or be
      rigid, whereby also here moving wires are preferred. These wires pass at
      least in the nip through the circumferential grooves 116 of the roll 60
      which have a depth being almost identical to the diameter of the wires 119
      so that the grooves 116 are completely filled up.
PAR  By this combination it is reached that in the nip between the rolls the
      roll 60 shows an almost closed and even surface. This is important for the
      roll 60 in connection with the heat transmission to the image support and
      to the contact roll. Tests with the roll 60 according to FIG. 4 in
      combination with a roll 50 according to FIG. 1 have shown that, when no
      wires 119 would fill up the circumferential grooves 117, non-fixed streaks
      would occur on the image support, with a width which would be mainly
      identical to the width of the circumferential grooves. When using wires
      119, which filled up the grooves almost completely, these non-fixed
      streaks disappeared. During these tests wires with a diameter of 0.2
      respectively 0.3 mm were used.
PAR  FIG. 5 represents a fourth embodiment of scraping organs according to the
      invention, which is specially suitable for the contact roll 50 or 110 of
      the FIGS. 1, 2 or 3. The roll 130 (see FIG. 5) mainly has the same
      construction as the roll 110 of FIG. 2, but in the soft intermediate layer
      114 a number of circumferential grooves 131 have been applied. In
      principle the circumferential grooves 131 can be arranged over the
      circumference of the roll 130 in a spiral shape but circumferential
      grooves 131 that are ring-shaped are preferred.
PAR  The circumferential grooves 131 are filled up with oblong pieces 132 of
      material which possesses a certain heat-resistance and sufficient
      elasticity. Suitable materials are soft or foamlike synthetic materials
      such as silicon-rubbers. The oblong pieces 132 have a radial size which is
      higher than the depth of the circumferential grooves 131, so that they
      project out of the outer circumference of the soft intermediate layer 114,
      and an axial width which is mainly equal to the width of the
      circumferential grooves 131.
PAR  Over the whole of these the outer covering 115 is installed in such a way,
      that at the heigth of the grooves 131 riblike thickenings 133 are formed
      which extend over the outer circumference of the roll 130.
PAR  In the nip of the fixing device, whereby as pressure roll one of the rolls
      described according to FIGS. 1 to 4 can be used, these riblike thickenings
      133 are exposed to high pressures, so that in the nip the roll 130 shows a
      fully even surface. The pressure at the place of the riblike thickenings
      133 is higher, but this has no influence on the copy quality.
PAR  Behind the nip the riblike thickenings 133 expand and push the image
      support from the roller surface in such a way, that at least in the
      immediate vicinity of the riblike thickenings 133 the support will come
      loose from the surface of the roll 130. The support can definitely be
      loosened from the roll surface with the aid of an airstream or a scraping
      organ, which will be described further on. The riblike thickenings 133 can
      also be realized in other ways, namely in that on a fully smooth
      intermediate layer 114 the outer covering 115 is applied in fluid or at
      least fluidly pliable mass, for instance in the form of a solution or an
      emulsion which upon hardening gives the required outer covering 115.
      During the hardening of the outer covering the roll 130 is turned, whereas
      over the outer surface a gauge with a profile which is opposite to the
      required profile of the roll, is scraping until the outer covering 115 has
      hardened out completely. The working of the roll manufactured in this way
      is identical to that of the roll described above.
PAR  FIG. 7 represents a third embodiment of a roll fixing device according to
      the invention. This device consists of two rolls 180 and 60, which
      together form a nip through which the support is transported, whereby the
      roll 180 has a modified construction with regard to the roll 50, and the
      roll 60 is in principle identical to the roll 60, described according to
      FIG. 1.
PAR  The roll 180 consists, as represented in FIG. 9, of a metal core 181,
      around which a sleeve 182 made of heat-resistant, elastically pliable
      material is applied, which sleeve 182 is in principle identical to the
      sleeve 52 of the roll 50, as described according to FIG. 1. Round the
      sleeve 182 a thin covering 183 is applied, which regarding the
      material-choice corresponds to the outer covering 53 of the roll 50, and
      in which ring-shaped thickenings 184 are applied, said thickenings being
      in principle identical to the thickenings 133 described in accordance to
      FIG. 5. A number of scraping organs 185, for instance three organs,
      cooperate with the ring-shaped thickenings 184 to completely loosen the
      support from the surface of the roll 180. The scraping organ 185 consists,
      as represented in FIGS. 15 and 16, of a substantially rectangular scraping
      plate, which is welded perpendicular to a triangular holder plate 187
      along the greater part of its length.
PAR  The free end of the scraping plate 186 is provided with a profile that is
      adapted to the pertaining thickening 184. The holder plate 187 is provided
      with a bearing 188, with which the scraping organs 185 can be pushed on a
      rod 189, the rod being fitted between the frame plates of the device,
      which are not represented. Besides a distance roll 190 is mounted in a
      bearing 191 in the holder plate 187, which distance roll consists for
      instance of a ball-bearing 192 that is freely rotatable locked in the
      bearing 191 by means of a bolt-and-nut construction.
PAR  The diameter of the ball-bearing 192, which is in contact with the surface
      of the roll 180, and the location of the bearing 191 in the holder plate
      187 is chosen in such a way that the profile of the free end of the
      scraping plate 186 is kept on a constant distance from the pertaining
      thickening 184, the constant distance being a few tenths of millimeters,
      for instance 0.2 mm.
PAR  The ball-bearing 191 is forced towards the surface of the roll 180 by means
      of a coiled spring 193, which is with one end connected to the frame and
      with the other end to a fastening 194 on the holder plate 187.
PAR  Thereby the ball-bearing reacts to every changing of the diameter of the
      roll 180, caused for instance by asymmetrical expansion or
      out-of-roundness of the roll, by correcting the position of the scraping
      organ 185 so that the distance between the free end of the scraping plate
      186 and the pertaining thickening is kept constant.
PAR  In this embodiment the image support is removed from the pressure roll 60
      by means of scraping organs consisting of a number of scraping knives 200,
      for instance two knives, which cooperate with the circumferential grooves
      in the roll 60.
PAR  The scraping knives 200, which have a modified construction with regard to
      the knives 100 of FIG. 1, consist, as represented in FIGS. 11 and 12, of
      holder plates 201 and 202, which in the axial direction of the roll 60
      have such a point width, for instance 1 cm, that the image support can be
      guided by these holder plates without damage, and of knife blades 203 with
      a thickness in the size of a few tenths of millimeters, for instance 0.2
      mm.
PAR  The holder plates 201 and 202 partially consist of angle sections for
      arranging the scraping knives to the frame in such a way that the knife
      blades 203 are situated in a perpendicular direction to the axis of the
      roll 60. The knife blades 203 extend in the circumferential grooves in the
      roll 60, which grooves are in principle identical to the circumferential
      grooves described according to FIG. 1. When, as schematically represented
      in FIGS. 19 and 20, the roll 60 and/or the scraping organ moves in the
      axial direction of the roll 60, the knife 200 will bend along a section
      according to the line AB in FIG. 11, which section can be any section
      somewhere in the knife 200, but preferably the section will be
      perpendicular to the longitudinal direction of the knife. As a result the
      knife 200 will bend in such a way that the sharp point of the front side
      of the knife blade 203 after bending sufficiently will contact the wall of
      the circumferential groove and damage said wall. To guard against this
      damage the scraping organ is improved according to another embodiment of
      the invention, as represented in FIGS. 13 and 14. In the holder of the
      scraping knife is therefor created a section which has a resisting moment
      to bending of a lower magnitude than that of any other section of the
      scraping knife. This section, according to the line CD in FIG. 13, is
      parallel to the front side of the knife blade so that the knife will bend
      as schematically represented in FIGS. 21 and 22.
PAR  When the knife blade which extends in a circumferential groove of the roll
      60, is forced to bend in consequence of an axial movement of the roll
      and/or the scraping organ, the situation as represented in FIG. 22 arises.
      In this situation the front side of the knife blade is not only with one
      point, but with the whole front side in contact with the wall of the
      circumferential groove. By this line contact the chance of damaging the
      circumferential groove is less than said chance in case of a point contact
      between the knife blade and the wall of the groove. In order to create
      this weaker section in the scraping knife a part of the holder plates can
      be milled away or, as illustrated in FIGS. 13 and 14, the holder plates
      can be so attached that they leave open a weaker section in the holder.
PAR  Therefor an improved scraping organ 204 consists of a knife blade 205 on
      which four holder plates 206, 207, 208 and 209, two on each side, are
      attached. The holder plates 208 and 209 are executed as angle section in
      order to fit the scraping organs 204 to the frame so as to effect that the
      knife blade 205 is situated perpendicular to the axis of the roll 60.
PAR  As a result of the shape of the holder plates 206, 207, 208 and 209 a
      weaker section according to the line CD arises which can bend as described
      before and illustrated in FIG. 22.
PAR  In a fourth embodiment of a contact fixing device two rolls 210 and 60
      together form a nip through which a support is transported, as represented
      in FIG. 8. The roll 210 has a modified construction with regard to the
      roll 180 of FIG. 7 and the roll 60 is in principle identical with the roll
      60, described according to FIG. 1. This pressure roll 60 cooperates with a
      number of scraping knives, for instance two, which are preferably
      identical with the scraping knives 204.
PAR  The fixing roll 210 of this embodiment consists, as illustrated in FIGS. 8
      and 10, of a metal core 211 round which a sleeve 212 and a covering 213
      are applied, which core 211 and sleeve 212 are in principle identical with
      the core 181 and the sleeve 182 according to FIG. 7. The covering 213 is
      regarding material-choice identical with the covering 183 of FIG. 7, but
      in this covering a number of notches 214 are applied, which are arranged
      over the circumference of the roll 210 in a ring-shape. The notches 214
      can be realized for instance in that on the sleeve 212 the outer covering
      213 is applied in fluid or at least in fluidly pliable mass, for instance
      in the form of a solution or an emulsion which upon hardening gives the
      required outer covering 213. During the hardening of the outer covering
      the roll 210 is turned, whereas over the outer surface a gauge with a
      profile which is opposite to the required profile of the roll, is scraping
      until the outer covering 213 has hardened out completely. In the nip
      between the rolls 210 and 60, the surface of the roll 210 is exposed to
      high pressure, so that the notches 214 are closed and the roll shows a
      fully even surface.
PAR  A number of scraping organs 215, for instance three organs, cooperate with
      the notches 214 to remove the image support from the roll 210. The
      scraping organs 215 consist, as illustrated in FIGS. 17 and 18, of a
      substantially rectangular scraping plate 216, which is welded
      perpendicular to a triangular holder plate 217 along the greater part of
      its length. The free end of the scraping plate 216 is provided with a
      profile that is adapted to the pertaining notch 214. The holder plate 217
      is provided with a bearing 218, with which the scraping organs 215 can be
      pushed on a rod 219, the rod being fitted between the frame plates of the
      device, which are not represented. Besides a distance roll 220 is mounted
      in a bearing 221 in the holder plate 217 which distance roll consists for
      instance of a ball-bearing 222 that is freely rotatable locked in the
      bearing 221 by means of a bolt-and-nut construction.
PAR  The diameter of the ball-bearing 222, which is in contact with the surface
      of the roll 210, and the location of the bearing 221 in the holder plate
      217 is chosen in such a way that the profile of the free end of the
      scraping plate 216 is kept on a constant distance from the pertaining
      notch 214, the distance being a few tenths of millimeters, for instance
      0.2 mm.
PAR  The ball-bearing 222 is forced towards the surface of the roll 210 by means
      of a coiled spring 223, which is with one end connected to the frame and
      with the other end to a fastening 224 on the holder plate 217. Thereby the
      ball-bearing 222 reacts to every changing of the diameter of the roll 210,
      caused for instance by asymmetrical expansion or out-of-roundness of the
      roll 210, by correcting the position of the scraping organ 215 so that the
      distance between the free end of the scraping plate 216 and the pertaining
      notch 214 is kept constant.
PAR  It is clear, that the various embodiments of the contact roll and the
      pressure roll can mutually be combined without affecting the good
      performance of the fixing device, and without deviating from the idea of
      the invention.
PAR  FIG. 6 represents at larger scale and in cross-section the temperature
      meter 150 which according to the invention is preferably used for
      measuring and regulating the surface-temperature of at least one of the
      rolls of the fixing device 40.
PAR  The temperature meter 150 is of the contactless type, which means that the
      surface temperature of the roll is measured without any measuring organ
      coming into contact with this surface. Hereby this measuring organ can for
      instance consist of a thermo-couple or an NTC-resistor.
PAR  If such a measuring organ would simply be installed close to the roll
      surface, it would not be possible to measure the temperature of the roll
      exactly with it, but a temperature would be measurued of which the value
      would be determined on the one hand by the surface temperature of the
      roll, and on the other hand by the ambient temperature. As the ambient
      temperature is not of constant value, but can vary within fairly wide
      limits, the measuring therefore is not exact either, so that consequently
      the temperature of the roll is also wrongly regulated.
PAR  In order to prevent the above mentioned troubles, the temperature meter 150
      consists of a metal cylindrical housing 151, for instance made of
      aluminium. Round the housing 151 an electrically insulating layer 152 is
      applied and round this a heating spiral 153 consisting of so called
      resistance-wire. The heating spiral 153 ends on two connection strips 154
      and 155 for the electrical connection of the heating spiral. Round the
      heating spiral again an electrically insulating layer 156 is arranged, and
      round this a thick heat-insulating covering 157.
PAR  In the inner wall of the heat-insulating covering 157 a notch 158 is made,
      which is connected with a bore in the outer and inner electrically
      insulating layers 152 and 156, which bore ends in a blind bore 159 in the
      aluminium housing 151. In the latter a temperature sensitive element 160,
      such as an NTC-resistor, is installed, of which the measuring head is
      situated as close as possible to the inner wall of the housing 151. The
      temperature sensitive element 160 is kept at its place by means of
      insulating paste 161, whereas the connection wires 162 and 163 of the
      element 160 are led outwards between the covering 157 and the layer 153.
PAR  Close to one of the extremities of the housing 151 the temperature
      sensitive element 165 is centrally installed. The temperature sensitive
      element 165 is fixed by means of heat-conducting paste on a plate 166 made
      of conducting material. This plate 166 consists of a circular part with a
      diameter which is smaller than the inner diameter of the housing 151 and
      of two fixation strips lying diametrally opposite to each other, with
      which the plate 166, and thus also the element 165 is fixed by soldering
      against the inner wall of the housing 151.
PAR  The construction is made in such a way, that the measuring head of the
      element 165 is mainly lying in a terminal flange of the housing 151.
PAR  Against this flange of the housing 151 a ring 167 made of hard tissue is
      installed, having a profile which has been adapted to the roll surface, of
      which the temperature must be measured. By means of this ring 167 it is
      possible to bring the housing 151 with the measuring element 165 so close
      to the roller surface, that between the roll and the ring 167 only a very
      narrow air gap is present, by which the influence of the air circulating
      with the roll is kept as small as possible.
PAR  The other extremity of the housing 151 is closed off by means of a stop 168
      made of hard tissue, through which the connection pins 169 and 170 are put
      by way of lead-in wires 171 and 172. The connection pins 169 and 170 are
      connected with the connection wires 173 and 174 of the measuring element
      165.
PAR  The working of the temperature meter is as follows: The housing 151 is
      heated by means of the heating spiral 153 and regulated with the help of a
      measuring element 160 for instance an NTC-resistor, which is taken up in a
      Wheatstone-bridge and with which the heating spiral 153 can be switched on
      and off at a temperature lying between the ambient temperature and the
      roll temperature, with the help of a measuring element 160. This has for
      consequence, that the air temperature at the inside of the housing is also
      regulated at this temperature, so that the influence of the ambient
      temperature is reduced to a minimum.
PAR  The measuring element 165 then commands the heating element of the roll, of
      which the temperature is measured, for instance the infra-red burner 70 of
      the roll 60. This measuring element 165 can also be an NTC-resistor which
      is taken up in a Wheatstone-bridge which produces a signal commanding the
      heating element 70.
PAR  It is clear, that numerous variations are possible without deviating from
      the basic idea. Thus it is possible to install the temperature meter
      opposite to a roll which is not heated directly, and to command the
      heating element of the other roll with this. Further it is possible to
      replace the heating spiral by other heating elements, for instance a power
      transistor.
PAR  It is also clear, that the invention is not restricted to the embodiment
      described and represented, but that various modifications can be applied
      without deviating from the idea of the invention. Thus the powder image on
      the support can be obtained in different ways, namely according to the
      indirect electrophotographic process, according to the direct
      electrophotographic process and even according to the electrographic
      process.
CLMS
STM  I claim:
NUM  1.
PAR  1. Device for fixing a thermoplastic powder image on a support, comprising
      an elastic roller that is to contact the image side of the support and a
      substantially rigid roller having a surface sufficiently rigid to hold its
      shape under pressure against said elastic roller, said rollers together
      forming a nip through which the support is transported, the elastic roller
      comprising an elastically pliable annular body the outer surface of which
      is provided with at least one circumferential formation lying radially
      away from the contour thereof, and a separating organ complementary to and
      coacting with each said formation to assure separation of the support from
      said surface, each said formation being of such dimensions and said
      surface being sufficiently pliable that each said formation is deformed
      elastically by pressure of said rigid roller so as to form an even elastic
      roller surface in said nip.
NUM  2.
PAR  2. Device according to claim 1, said elastic roller surface having a
      hardness of 20.degree.-30.degree. Shore A.
NUM  3.
PAR  3. Device according to claim 1, said elastic roller comprising a metal core
      carrying said pliable annular body, said body comprising a relatively soft
      annular layer of an elastomer having a hardness approximating that
      required of said roller surface and an elastically pliable sheath on said
      soft layer.
NUM  4.
PAR  4. Device according to claim 3, said layer and said sheath each being
      formed of a silicon elastomer.
NUM  5.
PAR  5. Device according to claim 3, said relatively soft layer being supported
      on a relatively hard annular layer of plastic material adhered to said
      core by an adhesive layer.
NUM  6.
PAR  6. Device according to claim 5, said relatively hard layer having a
      hardness of 55.degree.-65.degree. Shore A, said relatively soft layer
      having a hardness of 20.degree.-30.degree. Shore A and said sheath having
      a hardness of 35.degree.-40.degree. Shore A.
NUM  7.
PAR  7. Device for fixing a thermoplastic powder image on a support, comprising
      an elastic roller that is to contact the image side of the support and a
      substantially rigid roller having a surface sufficiently rigid to hold its
      shape under pressure against said elastic roller, said rollers together
      forming a nip through which the support is transported, the elastic roller
      having an elastically pliable annular body the outer surface of which is
      provided with at least one elastically pliable riblike thickening of
      sufficiently small protending volume that each said thickening is
      depressed in the nip between the rollers so as to create an even elastic
      surface therein.
NUM  8.
PAR  8. Device according to claim 7, each said thickening extending
      circumferentially of the elastic roller.
NUM  9.
PAR  9. Device according to claim 7, each said thickening extending
      circumferentially of the elastic roller in the form of a ring.
NUM  10.
PAR  10. Device according to claim 7, said annular body comprising two layers
      the outer of which has said at least one riblike thickening formed
      integrally and homogeneously therewith.
NUM  11.
PAR  11. Device according to claim 7, said annular body comprising two layers
      the inner of which is formed with peripheral grooves having riblike strips
      of elastic material laid therein, the depth of said grooves being smaller
      than the radial size of said riblike strips, and the outer of said layers
      being a uniformly thick elastic sleeve which is protruded locally in
      riblike form by said strips.
NUM  12.
PAR  12. Device according to claim 7, each said thickening extending
      circumferentially of the elastic roller in the form of a ring, and a
      separating organ cooperating with each said thickening, each said organ
      comprising a blade having a free end formed with a profile complementary
      to that of the pertaining riblike thickening and means for holding said
      blade inclined at an angle to the circumference of said elastic roller
      with said free end at a constant limited distance from said pertaining
      thickening.
NUM  13.
PAR  13. Device according to claim 12, said holding means including a plate
      holding each said blade, a support rod, each said plate being freely
      pivotable upon said rod, a spring urging the blade toward the
      circumference of the elastic roller, and a freely rotatable roller carried
      on said plate and so located that by contacting and rolling on the
      circumference of the elastic roller it keeps said free end of said blade
      almost in contact with the pertaining riblike thickening.
NUM  14.
PAR  14. Device for fixing a thermoplastic powder image on a support, comprising
      an elastic roller that is to contact the image side of the support and a
      substantially rigid roller having a surface sufficiently rigid to hold its
      shape under pressure against said elastic roller, said rollers together
      forming a nip through which the support is transported, the elastic roller
      having an elastically pliable annular body the outer surface of which has
      at least one circumferential groove formed therein, and a separating organ
      extending into each said groove, each said groove being of such dimensions
      and said surface being sufficiently pliable that the groove is pressed
      closed to form an even elastic roller surface in said nip.
NUM  15.
PAR  15. Device according to claim 14, each said separating organ comprising a
      wire extending in and beyond that part of the pertaining circumferential
      groove which is situated in said nip.
NUM  16.
PAR  16. Device according to claim 15, each said wire being fixed in place at
      its extremities.
NUM  17.
PAR  17. Device according to claim 15, each said wire being of endless form and
      extending from the pertaining circumferential groove to and about at least
      one wire guiding element located opposite to that groove.
NUM  18.
PAR  18. Device according to claim 15, each said wire having a diameter of 0.1
      to 0.5 mm.
NUM  19.
PAR  19. Device according to claim 14, each said groove having a depth of 2 to 5
      mm.
NUM  20.
PAR  20. Device according to claim 14, each said separating organ comprising a
      knife which extends into the pertaining circumferential groove.
NUM  21.
PAR  21. Device according to claim 20, said knife comprising a blade which
      extends into the groove and a blade holder which almost but not quite
      touches the circumference of the roller.
NUM  22.
PAR  22. Device according to claim 21, said knife blade having a thickness of
      0.1 to 0.5 mm.
NUM  23.
PAR  23. Device according to claim 21, said knife blade having a sloped edge
      fitting said groove, said blade holder lying substantially parallel to
      said blade and providing a weakened region sloped substantially parallel
      to said edge to enable lateral bending of said blade on an axis along the
      weakened region.
NUM  24.
PAR  24. Device for fixing a thermoplastic powder image on a support, comprising
      an elastic roller that is to contact the image side of the support and a
      substantially rigid roller having a surface sufficiently rigid to hold its
      shape under pressure against said elastic roller, said rollers together
      forming a nip through which the support is transported, the elastic roller
      having an elastically pliable annular body forming a pliable outer surface
      and the rigid roller having a non-pliable sheath, said sheath having at
      least one circumferential groove formed therein, and a separating organ
      extending into each said groove to assure separation of said support from
      the rigid roller behind said nip.
NUM  25.
PAR  25. Device according to claim 24, each said separating organ comprising a
      knife which extends into the pertaining circumferential groove.
NUM  26.
PAR  26. Device according to claim 25, said knife comprising a blade which
      extends into the groove and a blade holder which almost but not quite
      touches the circumference of the roller.
NUM  27.
PAR  27. Device according to claim 26, said knife blade having a thickness of
      0.1 to 0.5 mm.
NUM  28.
PAR  28. Device according to claim 26, said knife blade having a sloped edge
      fitting in said groove, said blade holder lying substantially parallel to
      said blade and providing a weakened region sloped substantially parallel
      to said edge to enable lateral bending of said blade on an axis along the
      weakened region.
NUM  29.
PAR  29. Device according to claim 28, said blade holder comprising at least two
      holder plates fitted onto each side of the knife blade and mutually spaced
      apart to provide said weakened region.
NUM  30.
PAR  30. Device according to claim 24, each said separating organ comprising a
      wire extending in and beyond that part of the pertaining circumferential
      groove which is situated in said nip.
NUM  31.
PAR  31. Device according to claim 30, said wire substantially completely
      filling said part of the groove.
NUM  32.
PAR  32. Device according to claim 30, wherein said rigid roller is internally
      heated and has a heat-conductive sheath, each said wire being composed of
      a heat-conductive material.
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ABST
PAL  An improved method of operating a water-vapor generator having a
      vaporization vessel containing water and provided with heating electrodes
      therein which are connected to an electric current supply and between
      which flows an electric current whose magnitude depends on the depth of
      immersion of the electrodes in the water in the vessel, which method
      comprises discharging water from the vessel from time in order to reduce
      the concentration of minerals in the water resulting from vaporization and
      introducing fresh water into the vessel to replace that which has been
      evaporated and/or discharged. The method employs the electrode current as
      a controlled condition for the control of the water supply and discharge
      valves to the vessel. The magnitude of the electrode current is
      continuously measured, the course of variations in the measured current
      with respect to time between two limit valves, representing preselected
      minimum and maximum electrode current values, is compared with a
      predetermined set current course between the two limit values plotted in a
      Cartesian coordinate system with values of current as the ordinates and
      values of time as the abscissae and a quantity of water dependent upon the
      deviation of the measured current course from the predetermined set
      current course in discharged from the vessel.
BSUM
PAR  The present invention relates to a method of producing water vapour,
      particularly for air humidification, wherein a vaporization vessel is used
      having electrodes which are connected to an electric supply line and
      through which there flows a current which is dependent on their depth of
      immersion in the water to be vaporized, present in the vessel, and so
      heats the water, wherein from time to time some of the water present in
      the vessel is cleared out in order to reduce the mineral concentration
      resulting during the vaporization, and fresh water is introduced into the
      vessel as required, instead of the water which has been vaporized and
      cleared out, and wherein the current flowing through the electrodes is
      utilized as a controlled condition to control the supply of water and the
      off-take of water.
PAR  The so-called electrode vaporizers hitherto known work on the following
      principle of operation. Tap water is introduced into the vaporization
      vessel, which is originally empty, so that an increasingly large surface
      area of the electrodes is wetted and a current begins to flow if the
      electrodes are connected to an electric supply line. In this case, the
      current density depends on the one hand on the conductance of the water
      and on the other hand on the height of the surface of the water in the
      vessel, that is to say on the depth of immersion of the electrodes. With
      filling to a certain height, depending on the quality of the water, a
      current will flow which corresponds to a predetermined vaporization
      capacity. The supply of water is now turned off and the water present in
      the vessel is allowed to vaporize partially. As a result, the water level
      drops and the current flowing through the electrodes, and hence also the
      vaporization capacity, decreases. This makes it necessary, after the
      vaporization capacity has dropped to a tolerable lower limiting value, to
      supply water again in order to raise the vaporization capacity again.
      Accordingly, however, the water level in the vessel oscillates about a
      mid-position which is the higher, the lower the conductivity of the water.
PAR  As a result of the constant vaporization of water, the concentration of the
      mineral salts dissolved in the water, that is to say the relative amount
      of the elements determining the conductance of the water, is increased.
      With each fresh inflow of water, therefore, the level which is necessary
      to achieve the required current density will be somewhat lower and after
      some introductions of fresh water it will be necessary to remove at least
      some of the "concentrated" water from the vessel, that is to say, to clear
      the non-vaporized residues out of the vessel. This in turn again causes a
      reduction in the conductivity, so that the filling height for reaching the
      required output rises again. It is known that the conductivity of tap
      water fluctuates within the range of about 1:10, depending on the
      geological conditions at the source. In addition, the conductivity of the
      water also fluctuates in the local mains system, for example as a result
      of interconnections, and with the change of seasons, particularly during
      prolonged dry or rainy periods. As a result, the conductivity varies
      within the range of about 1:2. These fluctuations in the conductivity of
      the fresh water have the effect that the filling height which is necessary
      to achieve a required vaporizer capacity is greatly dependent on the local
      and seasonal conditions. Because of these great differences in the
      conductance of the water, no vaporizing device could hitherto be produced
      which would have been equally suitable everywhere without special measures
      of constructional adaptation to the conditions at the utilization site and
      without tedious adjustment operations on site.
PAR  A vaporization device has already been proposed, wherein an automatic
      regulating device ensured that the supply of water was interrupted and a
      clearing out operation was initiated when the current flowing through the
      electrodes had reached a pre-selected maximum value corresponding
      substantially to the maximum vaporizer capacity. After the current had
      dropped to a lower limiting value as a result of the clearing out, the
      clearing-out operation could then be interrupted and fresh water supplied
      again. Vapour was produced continuously during these operations.
PAR  It is true that a substantially constant vaporization capacity could be
      achieved with this device, but at the expense of the energy balance. After
      all, a considerable amount of hot water was drawn off during each
      clearing-out phase. Now in order to check the heat losses somewhat, the
      clearing-out phase was later shortened, that is to say, after the
      vaporizer current had begun to drop, a certain amount of water was cleared
      out and then more was only vaporized until the lower limiting value for
      the current was established. Then fresh water was supplied again. Even
      with this method, however, a relatively large amount of heat was still
      wasted unless the vapour-generating equipment had been adapted to the
      local conditions in a tedious manner as a result of prolonged tests. The
      known vaporizing devices actually cause relatively high operating costs
      unless they are adapted to the conductivity of the fresh water. This
      relates, in particular, to the greatly shortened service life of
      electrodes and vaporization vessel if the water level does not lie within,
      or substantially within, the optimum range during the whole time of vapour
      production. It is therefore the object of the invention to propose a
      method of producing vapour which enables water vapour to be produced under
      optimum operating conditions, independently of the parameters varying
      during operation, such as the increasing scaling of the electrodes, for
      example, and the quality of water present at the utilization site, with a
      substantially constant vaporizaton capacity.
PAR  The above problem is solved, according to the invention, by a method of the
      kind defined at the beginning, which is characterised in that the flow of
      the current in time, which depends on the variation in the level of the
      water as a result of vaporization, supply of fresh water and off-take of
      water, is compared with a preset desired flow within a given range of
      current and, in the event of non-coincidence, an amount of water, which is
      constant or dependent on the deviation, is cleared out if the measured
      current flow, represented in a Cartesian coordinate system with a
      horizontal time axis, is above the desired flow represented in the same
      coordinate system when measured on an ascending leg of the current-time
      curve, or below it when measured on a descending leg. The preset desired
      flow is preferably a current-time curve which is found empirically and
      which produces the optimum operating conditions and economy for the
      vaporizing equipment in question.
PAR  The descending legs of the current curve are preferably used for the
      comparison thereof, in time, although the ascending legs of the
      current-time curve can be used with the same result.
PAR  According to a particularly advantageous form of execution of the method
      according to the invention, that empirically determined current-time curve
      which, with a conductance which is higher than the conductance of the
      water to be expected locally, provides the best possible results with
      regard to the whole economy, is selected as the desired flow in time for
      the electrode current.
PAR  As a characteristic descending leg of the current-time curve, one is
      preferably selected which results from a variation in level in the
      vaporization vessel caused only by the vaporization of water.
PAR  The period of time which the current needs to fall from a fixed higher to a
      fixed lower value, or the speed of fall at one or more regions between
      these values, may advantageously be used as reference criteria. It is also
      possible, however, to simulate the desired flow of the current
      electrically and to compare the desired value with the actual value of the
      current flowing through the electrodes, at a point of time within the
      preset range.
PAR  In order to carry out the method according to the invention, a vapour
      generator is proposed having a vaporization vessel which is provided with
      a feed pipe for fresh water and an outlet pipe for the water to be drawn
      off for the purpose of reducing the mineral concentration, a valve being
      disposed in each of the two pipes, and the vapour generator containing a
      regulating device for the supply of water to and the extraction of water
      from the vaporization vessel, which device serves to determine the current
      flowing through the electrodes. The vapour generator is characterised by a
      device for the comparison of the flow of current in time with a preset
      desired flow and a device for opening and closing said valves depending on
      the result of the comparison. The comparison device preferably comprises
      means which compare the speed at which the current falls from a higher to
      a lower value within a predetermined range, with the corresponding value
      of the desired flow.
PAR  According to another modification, the comparison device may comprise means
      which compare the period of time which the current needs to fall from a
      fixed higher to a fixed lower value, with the corresponding value of the
      desired flow.
PAR  Finally, it is also possible to provide the comparison device with means
      which simulate the desired flow of the current and compare the value of
      the current at a given moment with the value of the current actually
      flowing through the electrodes.
DRWD
PAR  Four examples of embodiment of a vapour generator according to the
      invention are described in more detail below with reference to the
      drawing. In the drawing,
PAR  FIG. 1 shows a diagrammatic illustration of a first form of embodiment with
      proportional control,
PAR  FIG. 2 shows a diagrammatic illustration of a second form of embodiment but
      with on-off control,
PAR  FIG. 3 shows the course of the current flowing through the electrodes in a
      circuit as shown in FIG. 1, as depending on time, and on a logarithmic
      scale,
PAR  FIG. 4 shows the current-time curve in the circuit as shown in FIG. 2,
      illustrated in the same manner as in FIG. 3.
PAR  FIG. 5 shows a diagrammatic illustration of a third and
PAR  FIG. 6 shows a diagrammatic illustration of a fourth form of embodiment.
DETD
PAR  According to FIG. 1, two vertical electrodes 2, parallel to one another,
      are disposed in a vaporization container 1. The electrodes and the
      vaporization container have a constant cross-section substantially over
      their entire length. The electrodes are each connected to a current supply
      line through a line 2a or 2b.
PAR  A fresh-water supply pipe 3 and a clearing-out pipe 4 lead into the
      container 1. An electrically operated valve 3a  is disposed in the feed
      pipe 3 and an electrically operated valve 4a in the outlet pipe 4, the two
      electrically operated valves blocking the inflow or outlfow of water in
      the absence of current.
PAR  In the line 2a there is a pick-off 5a which delivers an electrical signal
      corresponding to the electrode current. The pick-off may be a transformer
      or an electrical resistor.
PAR  The outputs of the pick-off 5a are connected, through two lines 5b and 5c,
      to the inputs of a transducer 5d which processes the signal into a control
      signal which is proportional to the electrode current. Together, the
      pick-off 5a and the transducer 5d form a measuring device for the current
      in the line 2a. A rheostat 5e in the input line 5b of the transducer 5d
      serves to regulate the magnitude of the control signal. Its arrangement at
      the point shown is one of several possibilities and is provided there
      purely by way of example.
PAR  The transducer 5d is connected, through a connection 5f, to the input of a
      threshold switch 6 which contains a changeover switch with the three
      contacts 6a, 6b and 6c.
PAR  The threshold switch 6 is constructed so that the movable contact of its
      changeover switch passes from the position illustrated into the other
      switching position when the control signal reaches or exceeds an upper
      limiting value fixed in the threshold switch, and switches back into its
      initial position illustrated when the control signal reaches from above or
      drops below a lower threshold value, which is likewise fixed. The maximum
      value of the control signal is determined by the setting of the rheostat
      5e and corresponds to the maximum value of the current which should flow
      through the electrodes and thus is also a measure of the maximum value of
      the vaporizing capacity. Since the relationship between the electrode
      current and the magnitude of the control signal can be set by adjusting
      the rheostat 5e, the response values of the threshold switch can be
      adjusted over a wide capacity range of the vaporizer.
PAR  Attached to the movable contact 6c of the changeover switch is a control
      line 7, over which a starting instruction in the form of a control voltage
      U.sub.ST, which sets the control in operation, can be applied. From the
      free contact 6b in the drawing, a line 8a leads to a timing element 9,
      which in turn is again connected, through a line 9a, to a relay 10. Like
      the threshold switch 6, the relay 10 comprises a changeover switch with a
      movable contact 10c and two fixed contacts 10a and 10b, the movable
      contact 10c being connected to the contact 6a through a line 8b. The fixed
      contacts 10a and 10b are each connected to the electrically operated
      valves 3a and 4a through a line 3b.
PAR  The timing element 9 is constructed in such a manner that, from the moment
      at which it receives the control voltage over the line 8a on, during a
      period of time which can be firmly set and which is hereinafter called the
      desired time, it energizes the relay, as a result of which its movable
      contact 10c passes from the position illustrated in the drawing into its
      other switching position. The response period of the relay 10 is not
      influenced even with continuous application of the control voltage to the
      timing element 9. After the expiration of the set period of time, the
      relay 10 is then deenergized again and the movable contact 10c returns to
      its initial switching position.
PAR  In order to obtain a more stable control characteristic of the whole
      arrangement, a device 13 may be connected to the contact 6a through a line
      13a, which device is connected to the timing element 9 through a further
      line 13b and enables the lapse of desired time set at the timing element
      to be lengthened or shortened. The extent of the variation in the desired
      time is determined empirically for a specific type of vaporizer.
PAR  The mode of operation of the control circuit is described below and the
      method according to the innvention explained at the same time.
PAR  As already mentioned, the magnitude of the current flowing through the
      electrodes depends essentially on the depth of immersion of the electrodes
      in the water and on the condutivity of the water to be vaporized. For a
      given vaporization capacity, which corresponds to a specific current
      density, the depth of immersion will thus be inversely proportional to the
      conductance of the water in question.
PAR  It is now assumed that the vessel is filled with water up to a level which
      corresponds to a given vaporization capacity. As a result of the current
      which now flows, water is vaporized, which naturally leads to a sinking of
      the water level. As the water level drops, however, the current density
      also drops, so that less water is vaporized and accordingly the water
      level also drops more slowly in the vessel. On the basis of simple
      physical considerations, it can be shown that, starting from a maximum
      value corresponding to the maximum vaporization capacity, the current
      flowing through the electrodes tends towards zero in accordance with an
      exponential function, if the simplifying assumption is postulated that the
      conductivity of the water in the vessel remains constant. This condition
      is naturally not fulfilled in reality but this has practically no
      influence on the utility of the following considerations.
PAR  As is to be expected, the slope of the exponential curve is the greater,
      the higher the initial conductivity of the water to be vaporized. On the
      other hand, it is easy to see, from the exponential connection between
      current density and vaporization time, that the same period of time is
      always needed for the current to drop from a specific value to a value
      which is lower by a fixed percentage, and it does not matter in which
      range this current value happens to lie. Thus, during the vaporization
      operation, regardless of its absolute value, the current flowing through
      the electrodes always needs the same period of time in order to decline to
      a value which is lower by a fixed proportion, this period of time being
      the shorter, the higher the conductivity of the water to be vaporized. If
      the flow of the current is entered depending on time in a single
      logarithmic coordinate system, then a straight line is obtained having a
      negative slope, the inclination of the straight line becoming greater as
      the conductivity of the water to be vaporized increases. If a specific
      relationship between an upper current value (hereinafter called "maximum
      value" in accordance with the method of designation selected above) and a
      lower current value (hereinafter called "threshold value") is assumed in
      this representation, then the slope of the straight line represents the
      dropping speed of the logarithm of the current and is a measure of the
      conductivity of the water. On the other hand, the dropping time and
      dropping speed are interdependent quantities so that the former also
      represents a measure of the conductivity of the water. For the operation
      of the vaporizing device described above, the desired time is now set at
      the timing element 9 so that it corresponds to the period of time which
      the current needs to drop from the "maximum value" to the "threshold
      value" if water having a conductivity, the value of which is higher than
      the highest fresh-water conductivity to be expected locally, is present in
      the vessel. It is further presupposed that the relative variation in
      current between the "maximum value" and the "threshold value," which
      values correspond to the response values of the threshold switch, is given
      as a system constant.
PAR  A control voltage U.sub.ST is now applied, over the line 7, to the contact
      6c of the changeover switch in the threshold switch 6. With the switching
      position illustrated in the drawing, the control voltage now appears at
      the electrically operated valve 3a in the fresh-water supply pipe 3 and
      opens this, so that water flows into the vessel 1 and the level begins to
      rise. Thus a current begins to flow in the lines 2a and 2b. When the water
      now reaches the level at which the maximum current I.sub.max preset by the
      rheostat 5e flows, the threshold switch 6 responds, as a result of which
      the line 7 is now connected to the line 8a. The electrically operated
      valve 3a is thus without current and interrupts the supply of water to the
      vessel, while the control voltage now appears at the timing element 9 and
      starts the lapse of the desired time. This leads to the response of the
      relay 10, which brings its changeover switch into the switching position
      in which the line 8b is connected to the line 4b.
PAR  Because of the vapour production which now takes place, the current drops
      and this generally takes longer than the desired time T.sub.nom to reach
      the threshold value designated by I.sub.min in FIG. 3 because, by
      hypothesis, the desired time corresponds to a higher conductance than the
      highest to be expected. Thus the relay 10 and its changeover contact 10c
      will return to their initial position before the threshold switch 6, so
      that when the threshold value I.sub.min is reached, the control voltage
      reappears at the valve in the feed pipe 3 and fresh water is again
      supplied until the current has risen to its maximum value. After this, the
      switching sequence referred as the first cycle begins from the beginning.
      FIG. 3 shows this with reference to a diagrammatic current-time curve.
      Now, since the concentration of the non-volatile minerals in the water
      increases to an ever greater extent as the number of cycles progresses,
      the case will ultimately occur when the dropping time T is shorter than
      the preset desired time T.sub.nom. The switching sequence termed the
      second cycle is then initiated and takes place as follows.
PAR  After the maximum value of the current has been reached, the contacts of
      the threshold switch change over. If the dropping time T is shorter than
      the desired time T.sub.nom, then the threshold switch 6 immediately
      returns to its normal position, while the changeover contact 10c of the
      relay 10 is still connected to the fixed contact 10b. This state remains
      in existence until the desired time T.sub.nom has expired. In the
      meantime, that is to say from the moment the threshold switch 6 switches
      back until the expiration of the desired time, the control voltage
      U.sub.ST appears at the electrically operated valve 4a in the clearing-out
      pipe 4, as a result of which this valve opens and water is let out of the
      vaporizing vessel. After expiration of the desired time, the relay 10 also
      switches back so that now the control voltage U.sub.ST is no longer
      applied to the valve 4a in the clearing-out pipe but to the valve 3a in
      the fresh-water supply pipe 3. The replenishment cycle now begins again
      from the beginning.
PAR  A reduction in the conductivity of the water present in the vessel results
      from the clearing out and subsequent replenishment with fresh tap water so
      that, only after a few replenishment cycles does its conductivity again
      approach that value on which the desired time is based.
PAR  According to whether the conductance of the water present in the vessel, is
      above or below the desired conductance specified indirectly by the timing
      element, the switching sequence designated above as the second or the
      first cycle is executed automatically from now on. In the course of this,
      after a starting phase lasting some cycles, the conductance of the water
      is adjusted to an actual conductance close to the desired conductance and,
      according to experience, hunts about this value within very narrow limits
      as is typical in a proportional control operation. The remaining deviation
      from the desired value is no longer of importance in practice. It can be
      influenced by a device 13, which is shown in chain line in FIG. 1 and
      which is connected to the timing element and can alter the duration of the
      desired time. It only acts, however, from the moment on, at which the
      current reaches the threshold value and so the threshold switch has again
      switched over into its initial position.
PAR  The shortening of the desired time leads to a shortening of the interim
      mentioned earlier and means an increase in the proportional control range,
      which in turn prevents the control action for the conductance from having
      an excessively oscillatory character and being constantly regulated below
      and above the desired conductance. This measure could also be termed a
      kind of damping.
PAR  The vapour generator shown in FIG. 2 comprises essentially the same
      elements as described with reference to FIG. 1, for which reason, like
      parts are designated by like reference numerals.
PAR  The difference lies essentially in the fact that here a so-called on-off
      control is realized, which necessitates some alterations in circuit
      organization. In addition to the parts designated by 1 to 10, this device
      comprises a second threshold switch 11, which cooperates with the
      measuring device for the current and has three contacts 11a, 11b and 11c,
      a device 12b cooperating with the relay 10 to lock the relay 10 in its
      operating position, and a device 12a to cancel this locking. The movable
      contact 11c of the second threshold switch 11 is connected, through a line
      11d, to the line 4b, to the electrically operated valve 4a in the
      clearing-out pipe 4, while the locking device 12b is connected to the
      fixed contact 11b, and the device 12a for cancelling the locking is
      connected to the fixed contact 11a of the threshold switch 11.
PAR  The sequence of operations with this modified embodiment is illustrated
      diagrammatically in FIG. 4 and is identical with that of the modification
      described with reference to FIG. 1, so long as the conductivity of the
      water in the vessel is below the preset desired conductance.
PAR  The second threshold switch 11 has two operating points, of which the upper
      one coincides with the maximum value of the current and the lower one
      corresponds to a lower limiting value I.sub.min 2 of the current through
      the electrodes, which is lower than the threshold value. When the maximum
      value is reached, the threshold switch 11 switches over from its switching
      position illustrated into the other one, while it switches back as soon as
      the current has reached the lower limiting value.
PAR  Now when the conductance of the water rises with increasing mineral
      concentration, the case will soon occur where the actual dropping time T
      of the current is shorter than the desired time T.sub.nom. Then the first
      threshold switch 6 switches back before the relay 10 and the control
      voltage now opens the valve in the clearing-out pipe. At the same time,
      the locking device 12b is excited through the line 11d and the second
      threshold switch 11. As a result, the relay 10 is prevented from being
      able to switch back immediately after the expiration of the desired time
      T.sub.nom.
PAR  Thus water flows continuously out of the vessel 1 as a result of which the
      current drops further. When the current has now dropped to its lower
      limiting value, the threshold switch 11 switches over and applies the
      control voltage to the device 12a. This causes cancelling of the locking
      of the relay 10 and then its restoration to the initial position. A
      switching position has now been reached, however, in which the control
      voltage again appears at the valve 3a in the fresh-water supply pipe 3, so
      that the whole thing can begin again from the beginning. Depending on the
      instantaneous conductance of the water in the container, the first or the
      second cycle is executed, the cycle designation coinciding with that in
      the first example of an embodiment. FIG. 4 shows a graphic current-time
      representation relating to this.
PAR  In the two examples of embodiment described above, a descending leg in the
      current-time graph has been utilized for the comparison of the course in
      time of the current flowing through the electrodes with the desired
      course. Obviously, it would also be possible to determine the speed of the
      current rise, for example during the replenishment with fresh water, and
      to utilize it accordingly for the control of the two electrically operated
      valves.
PAR  As already stated above, the mean level of the water in the vaporization
      vessel depends mainly on its conductivity. Now it is easy to see that a
      very specific quality of water is necessary for a specific type of vapour
      generator, in order that it may be able to work under optimum conditions.
      Optimum is here understood to mean primarily the economy, with power
      requirements, maintenance costs and wear of material on the expense side.
PAR  The most favourable water conductivity for a specific type of vapour
      generator can be determined by series of tests. For this conductivity,
      there is then a typical course of the vaporizing current in time, however,
      which is characteristic of these optimum conditions and represents the
      desired flow. In general, the section in a current-time diagram in which
      the current drops from an upper to a lower value as a result of the
      progressive vaporization of the water present in the vessel, is of greater
      interest and more significant importance than a section in which the
      current rises from a lower value to the maximum value, which is why the
      first-mentioned section is also generally used for the comparison. As has
      already been explained fully in the above examples, the period of time
      which the current needs to drop from a higher to a lower value can be used
      to advantage for the comparison of the desired flow of current with the
      actual flow of current. As is shown by the following examples, however,
      the dropping speed of the current may also be compared with the preset
      desired flow or even the current values may be compared directly, for the
      decision as to whether clearing out should be effected or not.
PAR  As is clear from the above statements, a particular advantage of the method
      according to the invention lies in the fact that it can work completely
      independently of the quality of water to be found at the place where the
      vapour generator is used. It is actually possible, by simple
      constructional measures, to ensure that the water conductivity which is
      optimum for the particular type of vapour generator is much higher than
      the highest local conductivity of the water in question for the vaporizing
      plant. Therefore, a vapour generator working by the method according to
      the invention can be used for any quality of water without any
      re-adjustment having to be made thereto. It then adjusts itself
      automatically to the optimum operating condition, in that it
      "concentrates" the water to be vaporized until it substantially reaches
      the optimum conductivity.
PAR  The example of an embodiment of a vapour generator according to the
      invention, illustrated in FIG. 5, has a certain similarity to the example
      of an embodiment as shown in FIG. 2, for which reason like parts are here,
      too, designated by the same reference numerals.
PAR  The difference in comparison with the forms of embodiment shown in FIGS. 1
      and 2 consists essentially in the absence of the timing element 9 and the
      alterations in circuit organization caused as a result. Instead, the
      vapour generator comprises a differentiating-comparison network 14, which
      is connected to the output 5f of the transducer 5d. It can produce an
      output signal which corresponds to the value di/dt for the current
      instantaneously flowing through the electrodes and compare it with a
      signal, the magnitude of which corresponds to the desired value. According
      to the result of this comparison, the differentiating-comparison network
      14 delivers an output signal which serves to control a relay 15 having
      three different switching positions 15a, 15b and 15c, which are controlled
      according to the result of the comparison. The movable contact 15d of the
      changeover contact bank at the relay 15 is connected, through a line 8b,
      in accordance with FIG. 2, to the contact 6a of the threshold switch 6,
      while the contacts 15a and 15b are connected, in a similar manner, through
      the lines 3b, 4b, to the valves 3a, 4a. The contact 15c, which is actuated
      in the centre switching position of the relay 15, is connected, through a
      line 15e, to the operating coil of the relay 15 in such a manner that this
      can only execute a further switching movement when the control voltage
      U.sub. ST is applied to the contact 15c.
PAR  Two devices are coupled to the relay 15: A restoring mechanism 16 and a
      device 17 which brings the changeover switch of the relay 15 into its mid
      position 15c. The restoring mechanism 16 causes the changeover switch to
      be restored from the switching position 15b into the switching position
      15a and, like the device 12a cancelling the locking in FIG. 2, is
      connected to the changeover contact 11a of the second threshold switch 11.
      The device 17 receives its control signal through the contact 6b of the
      first threshold switch 6.
PAR  The device described above has the following mode of operation. When the
      current flowing through the electrodes reaches its maximum value, the
      threshold switch 6 changes over so that the control voltage is no longer
      applied to the inlet valve 3a through 6a, 8b, 15d, 15a and 3b but now,
      through the contact 6b, actuates the device 17 which brings the changeover
      contact of the relay 15 into its mid switching position 15c.
PAR  Meanwhile, water is vaporized in the vaporizer, as a result of which the
      current drops and, in due course, causes the threshold switch 6 to switch
      back into its initial position 6a. As a result, however, the control
      voltage U.sub.ST is now applied, through 6a, 8b, 15d, 15c and 15e, to the
      relay 15 so that this can switch over either into the switching position
      15a or 15b. The direction of switching over depends on the result of the
      comparison of the differential quotient di/dt with its desired value by
      the differential-comparison network 14. If the instantaneous value of the
      differential quotient is lower than the value resulting from the desired
      flow, then the relay switches back into the position 15a, as a result of
      which the inlet valve 3a is fed and fresh water can be supplied. If the
      differential quotient is higher than its desired value, however, then the
      relay 15 jumps into its switching position 15b, as a result of which the
      outlet valve 4a receives voltage and water is let out. After the current
      has dropped, as a result, to a lower current value, termed limiting value,
      the second threshold switch 11 jumps back into its switching position 11a,
      from which it had switched over into the position 11b when the maximum
      current value was reached, and as a result applies a control signal to the
      restoring mechanism 16 which re-establishes the original state of the
      circuit, illustrated in the drawing. A new cycle can now begin by
      supplying fresh water.
PAR  The example of an embodiment illustrated in FIG. 6 differs from that
      according to FIG. 5 by a desired-flow simulator 18, which replaces the
      differentiating-comparison network 14.
PAR  The desired-flow simulator 18 is an electrical device which represents the
      desired flow of the electrode current by a voltage varying in time. In
      view of the fact that the descending leg of such a current-time curve to
      be considered in the present case approximately follows an exponential
      function, the desired flow can easily be represented by a capacitor
      discharge for example.
PAR  The simulator 18 contains a comparison element which, at a specific moment
      selected by a trigger signal, compares the instantaneous current value
      with the simulated value.
PAR  When the threshold switch 6 switches over when the maximum current value is
      reached, the simulator 18 receives a starting pulse over a line 18a. This
      initiates the simulation operation. All the other switching operations
      correspond completely to those in the example of an embodiment shown in
      FIG. 5.
PAR  When the electrode current has dropped sufficiently, the threshold switch 6
      switches back so that the control voltage U.sub.ST is now applied to the
      simulator over the line 15e and 18b. As a result, this is caused to
      compare the instantaneous current density with the simulated value, and to
      produce a control signal for the relay 15, depending on the result of the
      comparison. If the actual value of the current is above the simulated
      desired value, then the relay switches back into its initial position,
      while, in the other case, it jumps into the switching position 15b and
      initiates the clearing-out operation as a result. All further steps
      correspond to those in the example of an embodiment shown in FIG. 5.
PAR  Naturally, the two vapour generators described last could also be equipped
      with elements for proportional control. Since such a circuit design is
      clear to one skilled in the art, from the above explanations, a
      description of an example will be dispensed with.
PAR  However the specific construction of the vapour generator is selected, the
      only important thing is that the conductivity of the water present in the
      vessel, represented by the current flow in time, is measured by one of the
      criteria indicated above, compared with a desired value and the result of
      the comparison used to adjust the conductivity to the optimum value
      determined empirically.
PAR  Vapour generators of the kind described can be operated extremely
      economically by means of the method according to the invention. Vapour
      generators working by the method do not need to be adjusted to the
      particular conductance of the feed water at the place where they are used.
      Thus the same device can be used for any water conductance coming within
      the usual range.
PAR  Furthermore, the method according to the invention may also be used, in an
      appropriate modification, for those cases where only so-called fully
      demineralized water may be used for the production of vapour.
PAR  There a small amount of an electrolyte is then added to the water to be
      vaporized, in order to make it conductive at all. After the claring out,
      the supply of fresh electrolyte can be effected by appropriate extension
      of the control program.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved method of operating a water-vapor generator comprising a
      vaporization vessel containing water and having electrodes which are
      connected to a current supply and between which flows a current whose
      magnitude depends on the depth of immersion of the electrodes in the water
      in the vessel, the method comprising discharging water from the vessel
      from time to time in order to reduce the concentration of minerals
      resulting from the vaporization, introducing fresh water into the vessel
      in order to replace water that has been evaporated and discharged, and
      employing the electrode current as a controlled condition for the control
      of supply of water and discharge of water, the improvement consisting in
      continuously measuring the magnitude of the electrode current, comparing
      the course of variations in the measured current with respect to time from
      a preselected maximum electrode current to a preselected minimum electrode
      current, which maximum and minimum electrode currents depend upon a
      desired mean rate of generation of water vapor, with a predetermined set
      course from the maximum electrode current to the minimum electrode
      current, and in the event that the measured course of variations lies
      beneath the predetermined set course, when plotted in a Cartesian
      coordinate system with values of current as ordinates and values of time
      as abscissae, discharging from the vessel a quantity of water dependent
      upon the deviation of the measured course from the predetermined set
      course.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the predetermined set course is
      an empirically determined course of variations in current with respect to
      time that would result from employing water having an electrical
      conductivity which is higher than the electrical conductivity of the local
      water supply.
NUM  3.
PAR  3. A method as claimed in claim 2, wherein the predetermined set course of
      variations in current with respect to time takes account only of reduction
      in the depth of immersion of the electrodes in the water due to
      vaporization.
NUM  4.
PAR  4. A method as claimed in claim 3, wherein the comparison takes place
      during the time interval when the electrode current falls from a
      predetermined high value to a predetermined low value.
NUM  5.
PAR  5. A method as claimed in claim 3, wherein the rate at which the current
      falls within a pretermined range is employed for the comparison of the
      measured course with the predetermined set course.
NUM  6.
PAR  6. The method as claimed in claim 1, wherein the water-vapor generator as
      claimed in claim 1, comprises a vaporization vessel provided with first
      and second electrodes and with an inlet for fresh water and an outlet for
      discharging water in order to reduce the concentration of minerals, an
      inlet valve arranged to control flow of water through the inlet, an outlet
      valve arranged to control flow of water through the outlet, a regulation
      device connected to measure current flowing between the electrodes,
      comparison means connected to the regulation device to compare the course
      of variations in current with respect to time with a predetermined set
      course, and a control device connected to the comparison means and the
      outlet valve to open and close that valve in dependence upon the
      comparison result, the outlet valve being opened when the time interval
      taken by the current to fall from a preselected high value to a
      preselected low value is shorter than the time interval derived from the
      predetermined set course, and remaining open during a time interval which
      corresponds to a predetermined proportion of the difference between the
      actual time interval and the time interval derived from the predetermined
      set course.
NUM  7.
PAR  7. A method as claimed in claim 6, wherein the comparison means include
      means to determine the rate at which the electrode current falls within
      the predetermined range.
NUM  8.
PAR  8. An improved method of operating a water-vapor generator comprising a
      vaporization vessel containing water and having electrodes which are
      connected to a current supply and between which flows a current whose
      magnitude depends on the depth of immersion of the electrodes in the water
      in the vessel, the method comprising discharging water from the vessel
      from time to time in order to reduce the concentration of minerals
      resulting from the vaporization, introducing fresh water into the vessel
      in order to replace water that has been evaporated and discharged, and
      employing the electrode current as a controlled condition for the control
      of supply of water and discharge of water, the improvement consisting in
      continuously measuring the magnitude of the electrode current, comparing
      the course of variations in the measured current with respect to time from
      a preselected minimum electrode current to a predetermined maximum
      electrode current, which minimum and maximum electrode currents depend
      upon a desired mean rate of generation of water vapor, with a
      predetermined set course from the minimum electrode current to the maximum
      electrode current, and in the event that the measured course of variations
      lies above the predetermined set course, when plotted in a Cartesian
      coordinate system with values of current as ordinates and values of time
      as abscissae, discharging from the vessel a quantity of water dependent
      upon the deviation of the measured course from the predetermined set
      course.
NUM  9.
PAR  9. A method of operating a water-vapor generator comprising a vaporization
      vessel having an inlet valve for admitting water to the vessel, an outlet
      valve for discharging water from the vessel, and electrodes which are
      connected to a current supply and between which flows a current whose
      magnitude depends on the depth of immersion of the electrodes in the water
      in the vessel, the method comprising opening the inlet valve to introduce
      water into the vessel until the electrode current reaches a preselected
      maximum value, comparing the time taken by the electrode current to fall
      from the preselected maximum value to a preselected minimum value with a
      predetermined set time and, in the event that the measured time expires
      after the set time, opening the inlet valve to introduce further water
      into the vessel until the electrode current reaches the preselected
      maximum value once more or, in the event that the measured time expires
      before the set time, opening the outlet valve, to discharge water from the
      vessel, until expiration of the set time, and so on.
NUM  10.
PAR  10. A improved method of operating a water-vapor generator comprising a
      vaporization vessel containing water and having electrodes which are
      connected to a current supply and between which flows a current whose
      magnitude depends on the depth of immersion of the electrodes in the water
      in the vessel, the method comprising discharging water from the vessel
      from time to time in order to reduce the concentration of minerals
      resulting from the vaporization, introducing fresh water into the vessel
      in order to replace water that has been evaporated and discharged, and
      employing the electrode current as a controlled condition for the control
      of supply of water and discharge of water, the improvement consisting in
      continuously measuring the magnitude of the electrode current, comparing
      the course of variations in the measured current with respect to time
      between two limit values, one of which is a preselected maximum electrode
      current and the other which is a preselected minimum electrode current,
      with a predetermined set course between the two limit values plotted in a
      Cartesian coordinate system with values of current as ordinates and values
      of time as abscissae, and discharging from the vessel a quantity of water
      dependent upon the deviation of the measured course from the predetermined
      set course.
PATN
WKU  039379213
SRC  5
APN  4617967
APT  1
ART  213
APD  19740417
TTL  Temperature control system
ISD  19760210
NCL  17
ECL  1
EXP  Mayewsky; Volodymyr Y.
NDR  11
NFG  17
INVT
NAM  Furuichi; Katsushi
CTY  Yokohama
CNT  JA
INVT
NAM  Kurita; Kenji
CTY  Kawasaki
CNT  JA
INVT
NAM  Kimura; Yoshimasa
CTY  Kawasaki
CNT  JA
INVT
NAM  Sakamaki; Hisashi
CTY  Yokohama
CNT  JA
ASSG
NAM  Canon Kabushiki Kaisha
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730419
APN  48-44440
PRIR
CNT  JA
APD  19730419
APN  48-44441
PRIR
CNT  JA
APD  19730530
APN  48-60622
PRIR
CNT  JA
APD  19730530
APN  48-60624
CLAS
OCL  219494
XCL  219489
XCL  219501
EDF  2
ICL  H05B  102
FSC  219
FSS  388;494;497;501;505;4;489
UREF
PNO  3018356
ISD  19620100
NAM  Busch et al.
OCL  219489
UREF
PNO  3221141
ISD  19651100
NAM  Kannide
OCL  219413
UREF
PNO  3221143
ISD  19651100
NAM  Skala
OCL  219489
UREF
PNO  3586830
ISD  19710600
NAM  Leitner et al.
OCL  219501
UREF
PNO  3636310
ISD  19720100
NAM  Hosokawa
OCL  219501
UREF
PNO  3646577
ISD  19720200
NAM  Ernst
XCL  219501
LREP
FRM  Fitzpatrick, Cella, Harper & Scinto
ABST
PAL  A temperature control system comprises a heat sink heatable upon
      application of electric power thereto, an AC power source for heating the
      heat sink, temperature detector means for detecting the temperature of the
      heat sink, and control means for controlling the electric power applied to
      the heat sink in accordance with an output signal from the detector means
      so that the heat sink maintains its required temperature. The control
      means is operable to cause application of a full power of the power source
      to the heat sink at the initial heating stage thereof and application of a
      partial power of the power source to the heat sink when the temperature
      thereof is in the vicinity of the required temperature.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a temperature control system for fixing-drying
      device or the like using heat in copiers, printers or other machine.
PAR  For the purpose of illustration, the invention will hereinafter be
      described with respect to an electrophotographic copying machine, but it
      should be understood that the invention is not limited thereto.
PAR  2. Description of the Prior Art
PAR  In an electrophotographic copying machine, a drum having a photosensitive
      layer in uniformly charged with corona discharge, whereafter the drum is
      exposed to image light to form an electrostatic latent image thereon.
      Toner is deposited on such electrostatic latent image to develop the same
      into a visible image, which is then transferred to ordinary paper. Such
      paper with the image transferred thereto is heated by a heat source to fix
      the toner on the paper. These are the typical steps of the process.
PAR  There are various types of the fixing device, such as type of using
      infrared ray lamps, type of using heated wind blower, type of employing
      metal plates of aluminum, copper, iron or the like heated by nichrome
      wires.
PAR  FIG. 1 of the accompanying drawings shows one of such conventional heating
      devices. The fixing device 11 comprises a plurality of infrared ray lamps
      12, which are grouped into upper lamps 14 located above a sheet of paper
      13 within the fixing device and lower lamps 15 located below the paper 13.
      The lower lamps 15 are normally turned on and the upper lamps 14 are
      turned on and off under the control of an output corresponding to a
      temperature as detected by a thermosensitive element 16 located within the
      fixing device. Thus, the temperature within the fixing device 11 is such
      as shown in FIG. 2, wherein it is seen: the upper and lower lamps are all
      turned on until a set temperature TO is reached; the upper lamps are
      turned off at a point of time ta whereat the temperature within the device
      11 reaches TO, but the temperature is somewhat raised by remaining heat
      and then falls; the upper lamps are again turned on after a point of time
      tb is passed and the interior temperature becomes lower than the set
      level, whereas the temperature still continues to fall for some time
      because the upper lamps cannot immediately raise the temperature; after a
      predetermined length of time has passed, the temperature begins to rise
      and after a point of time tc is passed, the upper lamps are again turned
      off. By repetition of such operation, the temperature within the fixing
      device is maintained substantially at TO. According to such system,
      however, the temperature distribution is irregular in such a manner that
      the temperature in the area above the paper located within the device is
      higher when the upper lamps are in ON condition, but lower when these
      lamps are OFF condition.
PAR  FIG. 3 shows another example of the conventional heating device, in which
      first nichrome wires 31 normally with a current applied thereto and second
      nichrome wores 33 ON-OFF controlled by the output from a thermosensitive
      element 32 are alternately arranged, an insulative material 34 surrounds
      these nichrome wires 31 and 33 and a metal plate 35 extends over the
      insulative material, whereby the metal plate 35 may be used as a radiator
      plate.
PAR  In such heating device, the second nichrome wires 33 are ON-OFF-controlled
      as in FIG. 1, and the temperature distribution within the fixing device is
      irregular in such a manner that the surface of the metal plate maintains a
      substantially uniform temperature distribution when both the first and the
      second nichrome wires are being heated but that when only the first
      nichrome wires are being energized, the portion of the metal plate
      adjacent the first nichrome wires is at a higher temperature while the
      portion of the metal plate adjacent the second nichrome wires is at a
      lower temperature. Further, the heat sink such as the normally heated
      first nichrome wires are serviced in the vicinity of a rated value of
      power and this reduces the durability of the heat sink.
PAR  As the means for eliminating these disadvantages, it would occur to propose
      to use a heat sink such as a single heater or the like and to cause the
      output of a thermosensitive element to continuously control the phase
      angle of an AC signal which is a driving signal for said heater. However,
      if such continuous control of the phase angle were resorted to, the
      driving signal would be switched at a high level point of the AC signal
      and this would result in production of noise. Further, according to such
      method, the required temperature could not quickly be obtained at the
      initial heating stage of the heat sink, that is, the rising would be slow.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a temperature control
      system which is capable of supplying the partial power from an AC power
      source when the heater temperature is at a predetermined level and is
      capable of supplying the full power from the power source during the time
      when the heater temperature falls below the predetermined level, so as to
      minimize the temperature drop in the heater caused by the application of
      an external load.
PAR  It is therefore an object of the present invention to provide a temperature
      control system which provides uniform distribution of electric power
      supplied to a heat sink such as heater or the like, thereby to provide
      uniform temperature distribution in the heater.
PAR  It is another object of the present invention to provide a temperature
      control system whereby the heater may quickly attain its required
      temperature at the initial heating stage thereof.
PAR  It is yet another object of the present invention to provide a temperature
      control system which permits a longer service life of the heater.
PAR  It is a further object of the present invention to provide a temperature
      control system whereby noise production during temperature control may be
      prevented.
PAR  It is a further object of the present invention to provide a temperature
      control system for heat sink adapted for use with fixing devices in
      electrophotographic copying machines.
PAR  These objects and features of the present invention will become more fully
      apparent from the following detailed description of some specific
      embodiments of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a prior art fixing device in an electrophotographic
      copying machine.
PAR  FIG. 2 is a graph illustrating the temperature control characteristic of
      the FIG. 1 fixing device.
PAR  FIG. 3 illustrates a prior art heating device comprising normally heating
      heaters and controlling heaters alternately arranged.
PAR  FIG. 4 is a block diagram of a temperature control system according to the
      present invention.
PAR  FIG. 5 is a further specific block diagram of the temperature control
      system according to the present invention.
PAR  FIG. 6 is a block diagram of one temperature control system which uses a
      half-wave rectified power as a partial power.
PAR  FIG. 7 shows waveforms for illustrating the operation of the temperature
      control systems shown in FIGS. 4 to 6.
PAR  FIG. 8 diagrammatically shows one circuit arrangement of the temperature
      control system according to the present invention.
PAR  FIG. 9 shows various waveforms for illustrating the operations of the
      various portions of FIG. 8.
PAR  FIG. 10 diagrammatically shows another form of the circuit arrangement of
      the temperature control system according to the present invention.
PAR  FIG. 11 shows various waveforms for illustrating the operation of the
      various portions of FIG. 10.
PAR  FIG. 12 diagrammatically shows a further form of the circuit arrangement of
      the temperature control system according to the present invention.
PAR  FIG. 13 shows various waveforms for illustrating the operations of the
      various portions of FIG. 12.
PAR  FIG. 14 illustrates the characteristic of the positive characteristic
      temperature detector means.
PAR  FIG. 15 shows a further embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Description will first be made of a form of the temperature control system
      whereby a full power is applied to a heat sink when it is below its
      required temperature and a predetermined partial power is applied to the
      heat sink when it is above the required temperature in accordance with the
      first and the second control signals which are mutually different.
PAR  To achieve the above-described objects, the present invention does not make
      a normally overheating heat sink and an ON-OFF-controlled heat sink
      separate from each other but makes them unitary to form a single heat sink
      which, when below its required temperature, may be heated by application
      thereto of a full power form an AC power source or of a partial power
      provided by half-period powers from the AC source corresponding to the
      then temperature of the heat sink and which, when exceeding the required
      temperature, may maintain the required temperature by application thereto
      of a predetermined partial power which may be part of the AC power
      waveform from the AC source. As the above-mentioned partial power, use may
      be made of a combination of the half-period power waveforms from the AC
      source as shown in FIGS. 7A, B, C, D and F, and particularly as the
      predetermined partial power to be applied to the heat sink when it exceeds
      the required temperature, use may be made of the waveform as shown in FIG.
      7E which is provided by the AC source being phase-controlled.
PAR  The basic operation of the present invention will now be described with
      reference to FIGS. 4 and 5. FIG. 4 shows a block diagram of a temperature
      control system whereby power from an AC source 41 is applied to control
      means 44 controlled by the output from the temperature detector means 43
      such as thermosensitive element or the like disposed adjacent heat sink 42
      such as heater or the like, so that the power supplied from the control
      means 44 to the heat sink 42 may take the form as shown in FIGS. 7A, B, C,
      D and E, or any other form, or the form of a combination thereof. In the
      initial heating stage of the heat sink 42, the temperature thereof is
      sufficiently lower than the required temperature level and therefore, such
      state is detected by the temperature detector means 43, whereafter the
      first signal is generated and all the half-cycles of the AC power shown in
      FIG. 7A, i.e. a full power, is applied to the heat sink 42. As the
      temperature of the heat sink 41 is increased, the required temperature is
      attained at a certain point of time, whereat the second signal is
      generated and the heat sink 42 begins to be heated at particular
      half-period intervals or by a phase-controlled partial power having a
      particular conduction angle. FIG. 5 shows a further specific block
      diamgram of one temperature control system for controlling the power from
      AC source 51 by the output from temperature detector means 53 disposed
      adjacent a heat sink 52. From the initial heating stage of the heat sink
      52 till a point at which its required temperature level is reached, the
      full power from the AC source is applied to the heat sink 52 to heat the
      latter and, only when the required temperature has been reached, the
      application of the full power is discontinued and instead thereof, the
      partial power as described above with respect to FIG. 4 is applied to the
      heat sink to maintain its required temperature stable if there is an
      application of an external load, such as a sheet fixed in contact with the
      heat sink.
PAR  Considering the operation of this embodiment, a rectifier 54 for rectifying
      the power from the AC source 51 produces a rectified wave which is applied
      both to the input of full-power signal generator means 55 and the input of
      partial-power signal generator means 56. A bridge 59 including the
      temperature detector means 53 as a part thereof is connected to the input
      of the signal generator means 55 through a constant voltage and amplifying
      circuit 58. When the heat sink is below its required temperature level,
      the output of the constant voltage and amplifying circuit 58 is prevented
      from being applied to the signal generator means 55, as a sresult of which
      the signal from such signal generator means is applied to switching means
      57 to permit the full power to be applied to the heat sink 52. When the
      required temperature has been reached, the full power signal application
      is discontinued and the switching means is operated by the partial power
      signal generator means, which is normally oscillated by the aforesaid
      rectified wave, whereby a particular partial power is applied to the heat
      sink 52.
PAR  When the partial power is to be set to about half the full power, the
      temperature control system may be designed as shown in FIG. 6, wherein
      when a heated portion heated by heat sink 62 is at a temperature above its
      required level, ON-OFF means K is opened by heat detector element 63 and
      ON-OFF control means 64 to make the full power from full power application
      terminal WCE through rectifier PCD into such a half-wave rectified power
      as shown in FIG. 7B, so that a partial power which is half the full power
      is applied to heat sink 62 to reduce the heating power thereof, and
      wherein when the heat sink is at a temperature below the required level,
      the ON-OFF means K is turned on by the temperature detector element 63 and
      ON-OFF control means 64 to short-circuit the rectifier PCD so as to permit
      the full power to be applied from the full power application terminal WCE
      to the heat sink 62, thereby increasing the heating power of the heat
      sink.
PAR  The present invention is designed such that the generation of the signal
      for causing sequential supply of the half-period powers from the AC source
      and the ON-OFF operation of the ON-OFF means K occur in synchronism with
      the vicinity of the zero potential across the AC power source by means of
      simple circuit system utilizing a first control element, a
      charge-and-discharge circuit and a second control element.
PAR  A control system in accordance with the present invention is also a system
      for supplying a load with electric power by either a signal indicating
      conducting current or a zero potential signal.  FIG. 8 shows the circuit
      arrangement of the temperature control system which uses, as the
      predetermined partial power, a power from an AC power source with
      predetermined intervals between half-cycles, and FIG. 9 shows the
      waveforms for illustrating the operations of the various portions of such
      system. A thermistor TH, serving as a temperature detector element,
      cooperates with resistors R1, R2, R3 and semi-fixed resistor VR1 to
      constitute a bridge circuit to which a voltage is applied from a DC power
      source through resistors R4 and R5. The thermistor is operable to vary its
      resistance value with temperature variation and accordingly cause a
      variation in the deviation in the deviations of the voltage values of the
      resistors R1 and R2 forming part of the bridge circuit. A differential
      amplifier DA has terminals four and seven for receiving input from the
      power source, terminals two and three connected to the junction of the
      resistor R1 and R2 and to the junction of the thermistor TH and the
      resistor R3, respectively, for receiving signal inputs to detect the
      deviations of said voltage values, and a terminal six for providing signal
      output in accordance with said deviations. The output signal may be
      selectively applied to the base of transistor Tr2 through resistor R10 and
      Zener diode ZD. A full-wave rectifier circuit DB, provided by a bridge
      circuit of diodes D4, D5, D6 and D7, receives such an AC input as shown in
      FIG. 9a from an alternating power source AC through transformer T and
      outputs such a full-wave rectified wave as shown FIG. 9b. The output is
      applied to the base of the transistor Tr2 through resistor R11 and diode
      D3. Further, the AC current introduced from the transformer T is passed
      through diodes D5, D8 and resistor R15 so that such a half-wave rectified
      wave as shown in FIG. 9i is applied to the base of transistor Tr1.
PAR  It will be noted that a heating element H such as heater or the like is
      operable in response to power supply thereto from the power source AC and
      that the switching thereof is effected by Triac TA. Capacitors C5, C6,
      inductor L and resistor R16 are provided to ensure the switching operation
      by the Triac TA to be reliable. Further the inductor L and the capacitor
      C6 provide a noise preventing circuit for preventing noise components
      produced during ON-OFF operation of the Triac TA from flowing back toward
      the power source.
PAR  The temperature control system of the present invention will now be
      described with respect to the operating waveforms of the various portions
      thereof as shown in FIG. 9, wherein the left-side of line X refers to the
      case where the temperature of the portion to be heated by the heating
      element H is within a range lower than the desired temperature and the
      right-side of line X refers to the case where the temperature of the
      portion to be heated by the heat element H is within a range higher than
      the desired temperature.
PAR  When the temperature of the portion to be heated by the heating element H
      is within the lower range, the resistance value of the thermistor TH is
      high and accordingly, the voltage across the input terminal three of the
      differential amplifier DA is low, and the output from the terminal six is
      low, so output is thus sufficient to reach the Zener range of the Zener
      diode ZD and therefore, a full-wave rectified wave (see FIG. 9b) which is
      the output from the diode bridge DA as shown in FIG. 9b' is applied as
      base voltage to the base of the transistor Tr2. As a result, and if the
      threshold level of the transistor Tr2 is set to the dashed-line level
      indicated in FIG. 9b', the transistor Tr2 is turned on when the base
      voltage thereof is above the threshold level and turned off when the base
      voltage is below the threshold level. Thus, the collector voltage of the
      transistor Tr2 takes the pulse form produced at every half-period of the
      AC power source AC, as shown in FIG. 9c. When the tranistor Tr2 is in OFF
      state. collector potential of the transistor is at a high level, as shown
      in FIG. 9c, so that capacitor C4 is charged through resistor R9 and diode
      D2, as shown in FIG. 9d, while that voltage is applied to the anode of
      switching element SD2. Since, however, a high voltage substantially equal
      to the potential at the anode of switching element SD2, as is shown in
      FIG. 9e, is being applied to the gate of the switching element through
      resistor R8, the switching element SD2 is in OFF state. Next, when the
      transistor Tr2 is turned on, the current flows through resistor R9 so that
      the collector potential of the transistor Tr2 drops to a low level as
      shown in FIG. 9c and accordingly, a charging current flows to capacitor C2
      through resistor R8, as a result of which the gate potential of switching
      element SD2 temporally drops to a low level as shown in FIG. 9e. Thus, the
      switching element SD2 is turned on to permit the charge stored in the
      capacitor C4 to be discharged through the switching element SD2 and the
      winding of pulse transformer PT1, whereby a pulse voltage produced at
      every half-period of the power source AC is induced across the winding, as
      shown in FIG. 9f.
PAR  Concurrently therewith, the transistor Tr1 is turned on and off with the
      dashed-line threshold level as the boundary because the half-wave
      rectified wave as shown in FIG. 9i is always applied to the base of that
      transistor, and this causes the collector voltage of the transistor Tr1 to
      take the form of the rectangular wave as shown in FIG. 9j. Therefore, when
      the transistor Tr1 is in OFF state, the collector voltage thereof is at a
      high level so that capacitor C3 is charged through resistor R7, diode D1
      and semi-fixed resistor VR2. By suitably presetting the value of the
      semi-fixed resistor VR2, the charging time can be set to a desired value
      in accordance with the time constant of the capacitor C3 and resistor R7
      and the preset semi-fixed resistor VR2. In the present embodiment, for
      example, design is made such that the capacitor is charged up to about
      half the collector voltage of the transistor Tr1 as long as such collector
      voltage is at its high level. At the same time, a voltage at the same
      level as that of the capacitor C3 is applied to the anode of the switching
      element SD1. The switching element SD1 is then in OFF state since a
      voltage at a level higher than the said anode potential is being applied
      to the gate of the switching element through resistor R6.
PAR  Subsequently, the transistor Tr1 is turned on to reduce its collector
      voltage to a low level, whereupon the capacitor C1 is charged through
      resistors R6 and R12 so that the gate potential of the switching element
      SD1 temporally drops, but the extent of such drop may be adjusted by
      suitably setting the resistor R12. In the present embodiment, design is
      made such that the extent of the drop is not below about half the
      collector voltage stored in the capacitor C3. Thus, the switching element
      SD1 still remains in OFF state regardless of the drop of the gate
      potential, because the voltage value of the switching element, by the
      capacitor C3. As a result, the charge in the capacitor C3 is maintained as
      is shown in FIG. 9k, as long as the transistor Tr1 is in ON state.
PAR  Next, when the transistor Tr1 is again turned on, the collector potential
      thereof reaches the high level, thereby to permit the capacitor C3 again
      to be charged as shown in FIG. 9k. In this case, it should also be noted
      that the switching element SD1 remains in OFF state because the charging
      voltage of the capacitor C3 never becomes higher than the gate voltage of
      the switching element SD1. When the transistor Tr1 has been turned on, the
      charging of the capacitor C1 occurs through resistors R6 and R12 and at
      this time, the gate voltage of the switching element SD1 drops as shown in
      FIG. 9l, but since the capacior C3 has been charged to a sufficiently high
      potential by that time and the anode potential of the switching element
      SD1 has thus become higher than the said dropped gate potential, the
      switching element SD1 is turned on to permit the charge stored in the
      capacitor C3 to be discharged through the switching element SD1 and the
      winding of pulse transformer PT2, whereby a pulse voltage produced at
      every second period of the power source AC is induced across the winding
      as shown in FIG. 9g.
PAR  By the circuit operation described so far, when the portion to be heated by
      the heating element such as heater or the like is within a low temperature
      range, a pulse voltage as shown in FIG. 9f is induced across the winding
      of the pulse transformer PT1 and a pulse voltage as shown in FIG. 9m is
      induced across the winding of the pulse transformer PT2, so that a pulse
      voltage produced at every half-period of the alternating power source AC
      is induced across the opposite polarity winding of pulse transformer PT3,
      as shown in FIG. 9g. As a result, a pulse trigger produced at every
      half-period of the power source AC is applied to the gate of the Triac TA
      and a substantially full-period cycle is applied from the power source AC
      to the heating element H, whereby the temperature of the portion to be
      heated by the heating element is raised.
PAR  It will be noted that diode D9 connected to the winding of pulse
      transformer PT3 serves to prevent the normal operation of the Triac TA
      from being impeded by stray capacity and electrical oscillations resulting
      from the winding.
PAR  When the application of the full power to the heating element H has caused
      the temperature of the heated portion to exceed the desired temperature
      level, the resistance value of the thermistor TH is decreased and
      accordingly, the voltage across the input terminal three of the
      differential amplifier DA is increased, so that the output from the
      terminal six becomes higher enough to enter the Zener range of Zener diode
      ZD and thus, the full-wave rectified wave as shown in FIG. 9b and the
      output from the differential amplifier DA are simultaneously applied to
      the base of transistor Tr2, as a result of which the voltage applied to
      the transistor Tr2 is higher than the threshold level of this transistor.
      Thus, the transistor Tr2 assumes its normal ON state with the collector
      potential thereof being at its normal low level, so that the pulse voltage
      induced across the pulse transformer PT1 as shown in FIG. 9f is nullified.
      As a result, only the pulse voltage produced at every second period of the
      alternating power source AC is induced across the winding of the pulse
      transformer PT3, as shown in FIG. 9g, and accordingly the Triac TA also
      effects switching operation at every second period of the power source AC
      to permit only a power frequency-divided into half-waveform at every
      second period, as shown in FIG. 9h, to be applied to the heating element,
      thus reducing the temperature rise of the heating element.
PAR  When the portion to be heated by the heating element is within the high
      temperature range, the selection of the frequency division may readily be
      done by adjustment of the semi-fixed resistor VR2 provided in the charging
      circuit for capacitor C3. Further, selection of a finer frequency division
      may be done by using a full-wave rectified wave, instead of a half-wave
      rectified wave, as the signal normally applied to the base of transistor
      Tr1.
PAR  FIG. 10 shows an embodiment of the present invention in which a power
      supplied from an alternating power source AC is phase-controlled and is
      used as the predetermined partial power, and FIG. 11 illustrates the
      waveforms for such embodiment. This embodiment is similar to that of FIG.
      8 in that a bridge circuit comprising a thermistor is employed and the
      degree of balance thereof is used as the input to a differential amplifier
      DA, but differs from the embodiment of FIG. 8 in that the output of the
      differential amplifier DA is applied as input to a switching element UT
      through a diode and a resistor and that a signal for causing application
      of a partial power is always imparted through a variable resistor. A
      relatively simpler circuit in accordance with the present invention may
      provide the selection and utilization of electric power to be supplied.
PAR  The present embodiment will generally be described hereinafter. An AC
      voltage as shown in FIG. 11a is applied as input to bridge DB through
      transformer T, and this AC voltage is full-wave rectified by the bridge DB
      and outputed in the form of a full-wave rectified wave as shown in FIG.
      11b. Such full-wave rectified wave is applied as input to Zener diode ZD
      through resistor R8, whereby it is cut by shorting a voltage above a
      predetermined level, and then applied through rectifier diode D7 and
      variable resistor VR2 to a point b in the circuit as a voltage of the
      waveform as shown in FIG. 11d.
PAR  A resistance bridge, comprising a thermistor TH, resistors R1, R2, R3 and
      variable resistor VR1, is designed with the variable resistor VR1 adjusted
      such that the resistance value of the thermistor TH renders the bridge
      into balanced condition when the portion to be heated is at the required
      temperature. Therefore, when the temperature of the portion to be heated
      is below the required temperature, the resistance value of the thermistor
      TH becomes higher and accordingly, the input voltage across the input
      terminal two of the differential amplifier DA becomes lower than the input
      voltage across the terminal three, so that the output voltage from the
      output terminal six is at a high level as shown in FIG. 11c. When the
      temperature of the portion to be heated is above the required level, the
      resistance value of the thermistor TH becomes lower and accordingly, the
      input voltage across the input terminal two of the differential amplifier
      DA is higher than the input voltage across the terminal three, so that the
      output voltage from the output terminal six is at a low level as shown in
      FIG. 11c. Thus, a high level of voltage, when the temperature of the
      portion to be heated is below the required level, and a low level of
      voltage, when that temperature is above the required level, is applied
      through rectifier diode D1 to the point b in the circuit.
PAR  Similarly, a high level of voltage, when the temperature of the portion to
      be heated is below the required level, is applied to a point a through the
      rectifier diode D8, and the voltage appeared at point c, when the
      temperature is above the required level, is applied to the point a through
      the rectifier diode D9. Thus, it is feasible to stabilize the conduction
      angle of partial power of the power source, which is phase-controlled, in
      case the temperature is above the required level.
PAR  To the point b in the circuit, as has been described above, there is
      applied a full-wave rectified voltage with predetermined peak portions cut
      away, as shown in FIG. 11d, and a high or a low level of voltage as shown
      in FIG. 11c, and as a result of this, the voltage at the point b in the
      circuit is at the high level as shown to the right-side of line X in FIG.
      11e when the portion to be heated is below the required temperature, and
      it becomes the full-wave rectified voltage with its predetermined peak
      portions cut away as shown to the right-side of line X in FIG. 11e when
      the portion to be heated is above the required temperature.
PAR  In the described manner, the voltage appearing at the point b in the
      circuit is applied through resistor R4 to capacitor C1, which is thus
      charged, and this charging voltage directly provides the emitter voltage
      of the unijunction transistor UT. When this emitter voltage exceeds a
      predetermined value, the base-emitter of this transistor is rendered into
      ON state. Upon such ON operation of the transistor, the charge stored in
      the capacitor C1 is discharged through the primary winding of pulse
      transformer PT.
PAR  The charging rate of the capacitor C1 is determined by the capacity of the
      capacitor C1 and the magnitude of the charging resistance. For example,
      when the temperature of the portion to be heated is below the required
      level and accordingly the voltage at the point b in the circuit is at the
      high level as shown in FIG. 11e, the charge is applied substantially in
      the direction from the differential amplifier DA and thus R4 is the only
      charging resistance, which means a high charging voltage and a low
      charging resistance and accordingly, a very high charging rate. When the
      temperature of the portion to be heated is above the required level and
      accordingly the voltage at the point b is the full-wave rectified voltage
      with its predetermined peak portion cut away as shown in FIG. 11e, the
      charge is applied substantially in the direction from the diode bridge DB
      and thus the charging resistance is a serial connection of R8, VR2 and R4,
      which means a low charging voltage and a high charging resistance and
      accordingly, a very low charging rate. Thus, from the case where the
      portion to be heated is at a temperature below the required level to the
      case where the portion to be heated is at a temperature above the required
      level, there is a wide variation in the time required for the capacitor C1
      to be charged to a voltage level sufficient to turn on the transistor UT,
      but finally adjustment is made so that such a charging-discharging
      characteristic as shown in FIG. 11f can be provided by suitably adjusting
      the resistance values of variable resistor VR2 and resistor R4 or the
      capacity of capacitor C1. In other words, short-period
      charging-discharging recurs at a very high rising speed when the
      temperature of the portion to be heated is below the required level and
      the charging of capacitor C1 is effected primarily by the high-level
      output from differential amplifier DA, and long-period
      charging-discharging recurs at a very slow rising speed when the
      temperature of the portion to be heated is above the required level and
      the charging of capacitor C1 is effected primarily by the full-wave
      rectified voltage with its predetermined peak portions cut away.
PAR  It will further be noted that, when the charging voltage of the capacitor
      C1 is raised to a predetermined level to turn on the transistor UT to
      thereby permit the charge stored in the capacitor C1 to be discharged
      through the primary winding of the pulse transformer PT, there is
      produced, as shown in FIG. 11g, a continuous rising voltage or an
      intermittent rising voltage across said primary winding, if the
      temperature of the portion to be heated is below or above the required
      temperature level.
PAR  Simultaneously with the production of such voltage, an inverted voltage as
      shown in FIG. 11h is produced across the secondary winding of the pulse
      transformer PT, and such voltage is applied as input to the gate of Triac
      TA through rectifier D2.
PAR  Thus, the Triac TA will effect its ON operation in the presence of a
      voltage input at the gate thereof, but if the temperature of the portion
      to be heated is below the required temperature, continuous application of
      short-period voltage input to the gate of Triac TA will occur
      substantially throughout the entire period of the alternating current from
      the power source AC to the heating element H, so that substantially full
      power of said AC source is applied to the heating element H, as is shown
      in FIG. 11i, whereby the heating power of the heating element H is
      increased so as to act to raise the temperature of the portion to be
      heated. When such temperature exceeds the required level, application of
      intermittent voltage input to the gate of the Triac TA occurs with a
      suitably delayed phase at every half-period of the AC source being applied
      from the power source AC to the heating element H, so that a predetermined
      partial power with a suitable conduction angle at every half-period of the
      AC source is applied to the heating element H, as is shown in FIG. 11i,
      whereby the heating power of the heating element is decreased so as to act
      to suppress the temperature rise of the portion to be heated.
PAR  It will be noted that the selection of the conduction angle of the partial
      power when the portion to be heated is above the required temperature may
      readily be done by suitably adjusting the variable resistor VR2 provided
      in the charging circuit for capacitor C1. It is also possible to prevent
      occurrence of noise for the temperature above the required level by
      avoiding the high level of the AC waveform and determining the conduction
      angle of the partial power.
PAR  With reference to the circuit diagram of FIG. 12 and the waveform
      illustrating of FIG. 13, description will now be made of an embodiment in
      which, before the required temperature is reached, a power shown in FIGS.
      7A, B, C and D comprising a combination of half-period powers of an AC
      source is applied to a heat sink in accordance with the temperature
      thereof to attain the required temperature, but when the required
      temperature is exceeded the aforesaid predetermined partial power is
      applied to the heat sink.
PAR  In the temperature control system of FIG. 8, as has been noted, the circuit
      of control means is arranged such that a partial power provided by
      half-period powers of the AC source is not applied to the heat sink until
      the required temperature is reached. In other words, independently of the
      temperature of the heat sink, pulse for the application of the said
      partial power is normally supplied from the pulse generator and the output
      of the thermosensitive element is directed to the control of the full
      power application.
PAR  In the present embodiment, there is a single pulse generator in the control
      means and the gate voltage of switching element applied to such generator
      is directly controlled by the output of thermosensitive element to
      determine the pulse interval, whereby the partial power application to the
      heat sink is controlled by switching means such as Triac or the like.
PAR  Operation of the present embodiment will generally be explained
      hereinafter.
PAR  The circuit arrangement is substantially similar to the circuit of FIG. 8
      having the pulse generator for the application of the partial power.
      Resistors R4 and R5 are connected between the collector of transistor TR1
      and power source DC and between the control electrode of diode SD and
      power source DC, respectively, and capacitor C2 and positive
      characteristic thermosensitive element, usually called posister, TH, are
      serially inserted between the collector of said transistor TR1 and the
      control electrode of said diode SD.
PAR  Since pulse transformer PT2 is inductively coupled to pulse transformer
      PT1, drive power is applied to heater H from the application of pulse to
      the pulse transformer PT2 till the AC source comes to zero potential, i.e.
      substantially during a half-period.
PAR  Now, the output of FIG. 9B rectified by bridge circuit DB is divided by
      resistors R1 and R2 and applied to the base of transistor TR1. If the
      threshold voltage of this transistor TR1 is represented by l as shown in
      FIG. 13B, the collector potential can provide a pulse output P in the
      vicinity of the zero potential of the rectified output, as is shown in
      FIG. 13C. Such pulse output is supplied as through diode D1 and resistor
      R3 to capacitor C1 to raise the terminal potential thereof up to E1 as
      shown in FIG. 13d. After arrival of such pulse P1, the collector potential
      comes to zero to permit an initial current to flow through resistor R4 and
      through resistor R5, posister TH and capacitor C2. As a result, a voltage
      EG1 derived from the division by resistor R5 and posister TH, as shown in
      FIG. 13e, is applied to the gate of switching diode SD, but if it is
      assumed that the voltages EG1 and E1 are in the relation that E1&lt;EG1, the
      charge in the capacitor C1 remains unchanged until arrival of the next
      pulse P2 thereto, whereupon the capacitor is again charged up to potential
      E2. Thereafter, the collector potential comes to zero and, if it is
      assumed that E2&gt;EG2 is established when EG2 has been applied to the gate,
      then the charge stored in the capacitor C1 is discharged through switching
      element SD to produce a pulse as shown in FIG. 13f. Such pulse is
      phase-inverted, as shown in FIG. 13g, through pulse transformers PT1 and
      PT2 to drive Triac TA, whereby a drive power such as PW2 shown in FIG. 9h
      is applied to heater H.
PAR  In the foregoing, the resistance value of the posister has been described
      as constant, but this positer is disposed adjacent the heater H and the
      resistance value thereof is variable with temperature, and EG is also
      variable in such a manner that it is increased when the ambient
      temperature of the heater is higher and decreased when the ambient
      temperature is lower.
PAR  Therefore, if the ambient temperature of the heater H is sufficiently low,
      EG is decreased so that upon each arrival of such pulse P the potential E
      of the capacitor C1 satisfies the relation that E &gt; EG and accordingly,
      each arrival of pulse P produces a drive power which is applied to the
      heater in the waveform as generally shown in the left-hand portion of FIG.
      13h.
PAR  Since, in the present embodiment, intermittent switching of Triac Ta is
      effected in the vicinity of substantially zero potential of the AC source,
      production of noise is minimized. Moreover, quick heating and stable
      condition of the required temperature can be provided because full power
      is applied to the heat sink at the initial stage of heating to provide a
      heating power and the power application occurs with the interval between
      half-period powers being gradually widened until the required temperature
      is attained. On the other hand, the present embodiment is somewhat slower
      is rising characteristic than the embodiment of FIG. 8 in which full power
      is applied to the heat sink when the portion to be heated is below
      required temperature, but the present embodiment undergoes very little
      temperature variation once the required temperature is reached.
PAR  It will further be noted that if the temperature-resistance characteristic
      of the posister TH is flat with a suitable resistance R for the
      temperature range above the required level T.sub.O, as is shown in FIG.
      14a, a predetermined partial power will be applied to the heat sink even
      though the temperature is raised. It will also be apparent from FIG. 14b
      that the use of a posister TH capable of maintaining allow resistance for
      the temperature range below T.sub.O and having a similar, suitable, flat
      resistance characteristic for the temperature range above T.sub.O will
      enable application, to the heat sink, of full power for temperatures below
      T.sub.O and a predetermined partial power for temperatures above T.sub.O.
PAR  Also, if the switching element SD is a PUT (Programable unijunction
      transistor) of quick rising characteristic, pulse may be produced
      substantially at the zero potential of the power source.
PAR  Thus, according to the present invention, uniform heating of a single heat
      sink may be provided to eliminate temperature irregularities and at the
      initial heating stage, a full power may be applied to the heat sink to
      improve the rising thereof. When the required temperature is reached, a
      predetermined partial power may be applied to reduce the temperature
      variation at the required temperature and increase the service life of the
      heat sink such as heater or the like. Further, production of noise can be
      greatly reduced due to the fact that the application of the full power and
      the partial power to the heat sink occurs in synchronism with the
      substantially zero potential of the AC power source or the low level of
      the AC waveform.
PAR  FIG. 15 shown an example of the means for detecting the substantially zero
      potential of such power source and effecting the switching of the power
      source in the vicinity of said potential.
PAR  Opening of a switch due to an inductive load usually causes production of a
      counter electromotive force. Removal means such as filter or the like for
      removing the noise resulting therefrom is expensive and difficult to
      design.
PAR  In FIG. 15, circuit A is a full-wave rectifier circuit and circuit B is one
      for detecting substantially zero potential and generating a pulse, the
      latter circuit having particularly been described in connection with FIGS.
      8 and 12. In the circuit B, a pulse is generated across resistor 120 as
      the source voltage rises from zero. Such pulse signal is connected to the
      input of one of two input AND gates 123 and 124, and the input terminal of
      the other AND gate is connected to a DC source through load operating
      switches 125 and 126 while the input sides 127 and 128 of transformers are
      connected to the output of said other AND gate. AC control rectifier
      elements 131 and 132, connected to the output sides 129 and 130 of said
      pulse transformers, are inserted in a portion of a circuit connected for
      connecting loads 133 and 134 to AC source 111, and can control driving of
      the loads in response to ON-OFF of the AC control rectifier elements 131
      and 132.
PAR  Thus, if the switch 125 is closed to drive the load 133, a DC signal is
      applied to the input of one of the AND gates, 123, and a pulse signal is
      applied to the input terminal of the other AND gate 124 only when the
      source voltage has become substantially zero, and therefore a pulse output
      is provided from the AND gate 123 only when said pulse signal has been
      applied. Such pulse output is passed to the input side of the pulse
      transformer to turn on the AC control rectifier element 131 connected to
      the output side of the same pulse transformer, thereby driving the load.
      Thus, the driving of the load is effected by the switch 125 and the AND
      output of the pulse signal, with a result that there is produced no noise
      due to the opening-closing of the switch 125.
CLMS
STM  We claim:
NUM  1.
PAR  1. A temperature control system comprising:
PA1  a heat sink;
PA1  an AC power source for heating said heat sink;
PA1  means for detecting the temperature of said heat sink and to generate a
      signal corresponding to the detected temperature;
PA1  means, responsive to the signal, for generating a first control signal when
      the temperature detected by said detecting means is under a predetermined
      temperature;
PA1  means for generating a second control signal to supply a partial power of
      said AC power source to said heat sink when the temperature detected by
      said detecting means reaches the predetermined temperature;
PA1  means responsive to at least one of said, first and second control signals
      for controlling the supply of power from said power source to said heat
      sink;
PA1  whereby said heat sink is supplied with full power from said AC power
      source in response to said first control signal when the temperature
      detected by said detecting means is under the predetermined temperature,
      and said heat sink is supplied with the partial power from said AC power
      source in response to said second control signal when the temperature
      detected by said detecting means reaches the predetermined temperature.
NUM  2.
PAR  2. A temperature control system according to claim 1, wherein said
      controlling means is conductively controlled in response to said second
      control signal, which has a repetitive period that is longer than that of
      said first control signal, to supply a half cycle power of a positive or
      negative polarity from said AC power source to said heat sink, when the
      temperature detected by said detecting means is higher than the
      predetermined temperature.
NUM  3.
PAR  3. A temperature control system according to claim 1, wherein said first
      control signal generating means is responsive to a substantially zero
      level of potential every half cycle of a positive or negative polarity of
      said AC power source and is controlled in response to a signal of a
      predetermined level from said detecting means;
PA1  said second control signal generating means is responsive to a
      substantially zero level of potential every half cycle of said AC power
      source at a predetermined time and generates the second control signal
      which has a repetitive period that is longer than that of the first
      control signal;
PA1  the full power is supplied from said AC power source to said heat sink when
      the temperature detected by said detecting means is under the
      predetermined temperature, and switching is made from the full power
      supply to the partial power supply at the substantial zero level of
      potential, when the temperature reaches the predetermined temperature, to
      supply half cycle power of a positive or negative polarity from said AC
      power source to said heat sink.
NUM  4.
PAR  4. A temperature control system according to claim 3, wherein said first
      control signal generating means comprises rectifier means for said AC
      power source, a first control element responsive to a signal of a
      predetermined level from said rectifier means for outputting an output
      signal, a first charging and discharging circuit connected to said first
      control element, and a second control element controllable in response to
      the output signal from said first control element and an output discharged
      from said charging and discharging circuit, said second control element
      generating a pulse signal as the first control signal;
PA1  said second control signal generating means comprises, second rectifier
      means for said AC power source, a third control element responsive to a
      signal of a predetermined level from said rectifier means for generating
      an output signal, a second charging and discharging circuit connected to
      said third control element, and a fourth control element controllable in
      response to the output signal from said third control element and an
      output from said second charging and discharging circuit for generating a
      pulse signal as a third control signal, whereby the first and second
      control signals are generated when the absolute value of said AC power
      source rises from zero.
NUM  5.
PAR  5. A temperature control system according to claim 4, wherein the second
      control signal is generated in the proximity of zero potential by varying
      a time constant of said second charging and discharging circuit.
NUM  6.
PAR  6. A temperature control system according to claim 1, wherein said first
      and second signal generating means are integrally composed, said integral
      signal generating means generates the first control signal in response to
      the signal from said detecting means generated when the temperature
      detected by said detecting means is under the predetermined temperature
      and the second control signal in response to the signal from said
      detecting means generated when the temperature detected by said detecting
      means is over the predetermined temperature.
NUM  7.
PAR  7. A temperature control system according to claim 6, wherein said integral
      signal generating means generates the second control signal, which has a
      repetitive period that is longer than that of the first control signal, to
      conductively control said controlling means in order to supply a half
      cycle power of positive or negative polarity from said AC power source to
      said heat sink when the temperature detected by said detecting means is
      over the predetermined level.
NUM  8.
PAR  8. A temperature control system according to claim 6, wherein said integral
      signal generating means comprises rectifier means for said AC power
      source, a control element responsive to a signal of a predetermined level
      from said rectifier means for outputting an output signal, a charging and
      discharging circuit connected to said control element, and another control
      element controllable in response to the output signal from said control
      element and a signal discharged from said charging and discharging
      circuit, and the first and second control signals are derived from an
      output signal from said other control element.
NUM  9.
PAR  9. A temperature control system according to claim 1, wherein said first
      control signal generating means comprises a charging and discharging
      circuit common to said second control signal generating means, and means
      for cutting off the signal generated in said detecting means when the
      temperature is over the predetermined level, the first control signal is
      generated for conduction of said controlling means by bringing a time
      constant of said charging and discharging circuit to substantially zero by
      the signal generated in said detecting means when the temperature detected
      by said detecting means is under the predetermined level, and the second
      control signal is generated for conducting said controlling means at a
      predetermined angle by said cutting-off means and said charging and
      discharging circuit, when the temperature is over the predetermined level.
NUM  10.
PAR  10. A temperature control system according to claim 9, wherein said
      cutting-off means is a directional element connected to said charging and
      discharging circuit.
NUM  11.
PAR  11. A temperature control system comprising:
PA1  a heat sink;
PA1  an AC power source for heating said heat sink;
PA1  means for detecting the temperature in the proximity of said heat sink and
      generating a detecting signal;
PA1  means for generating a first control signal in response to the detecting
      signal when the temperature detected by said detecting means is under a
      predetermined level and for generating a second control signal, different
      from the first control signal, in response to the detecting signal when
      the temperature detected by said detecting means is over the predetermined
      level; and
PA1  means for controlling the supply of power from said AC power source to said
      heat sink in response to one of, the first and second control signals;
PA1  whereby full power of said AC power source is supplied to said heat sink in
      response to the first control signal when the temperature detected by said
      detecting means is under the predetermined level, and partial power of
      said AC power source is supplied to said heat sink in response to the
      second control signal when the temperature detected by said detecting
      means is over the predetermined level.
NUM  12.
PAR  12. A temperature control system according to claim 11, wherein said signal
      generating means generates the second control signal which has a
      repetitive period that is longer than that of the first control signal in
      order to supply the power of a positive or negative polarity from said AC
      power source to said heat sink when the temperature detected by said
      detecting means is over the predetermined level, the second control signal
      controls the conduction of said controlling means.
NUM  13.
PAR  13. A temperature control system according to claim 11, wherein said
      control signal generating means generates the first and second control
      signals at the time when the absolute value of said AC power source rises
      from a zero level, and the conduction of said controlling means is
      controlled in accordance with the zero potential signal.
NUM  14.
PAR  14. A temperature control system according to claim 11, wherein said signal
      generating means comprises rectifier means for said AC power source, a
      control element responsive to an output of a predetermined level from said
      rectifier means for generating an output signal, a charging and
      discharging circuit connected to said control element, and another control
      element conductively controllable in response to the output signal from
      said control element and a discharging output from said charging and
      discharging circuit, the first and second control signals are derived from
      said other control element by varying the conduction of said other control
      element in accordance with the detecting signal generated in said
      detecting means.
NUM  15.
PAR  15. A temperature control system comprising:
PA1  a load;
PA1  an AC power source for supplying power to said load;
PA1  signal generating means comprising, rectifier means for rectifying an
      output from said AC power source, a first control element responsive to a
      signal of a predetermined level from said rectifier means for generating
      an output signal, a charging and discharging circuit connected to said
      first control element, and a second control element conductively
      controllable in response to the output signal from said first control
      element and a discharged output from said charging and discharging
      circuit, said signal generating means generating a control signal in
      response to an output from said second control element when the absolute
      value of said AC power source rises from a zero potential; and
PA1  means for controlling the supply of power from said AC power source to said
      load in accordance with the control signal generating in said signal
      generating means, the supply of power being made in synchronism with a
      substantial potential of said AC power source.
NUM  16.
PAR  16. A temperature control system according to claim 15, wherein the control
      signal is generated at the time when said AC power source is at zero
      potential by varying the conduction of said second control element.
NUM  17.
PAR  17. A temperature control system according to claim 15, wherein the system
      further comprises, means for indicating the supply of power to said load,
      and means for rendering said controlling means conductive in response to
      the signal from said signal generating means as well as a signal generated
      in said indicating means, thereby to supply the power to said load.
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ABST
PAL  A control system for controlling a condition, such as temperature, to
      maintain that condition in a generally enclosed space near a selected
      condition value. The system has a condition responsive impedance in series
      with a selectable impedance across a regulated voltage source to provide a
      voltage divider network, the output of which reflects the instantaneous
      condition of the environmental space relative to a selected condition
      therefor. This output is supplied to a Schmitt trigger circuit having
      hysteresis characteristics sufficient to provide a stable operating mode
      for the control system, and the Schmitt trigger circuit output controls a
      means for changing the condition of the enclosed space. A manual mode
      selecting switch may be provided for inserting any of several different
      impedances in the series combination, and a timer may be provided to
      automatically switch between different impedances in the series
      combination as determined by elapsed time with respect to application of
      power to the circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to control systems and in
      particular to those which may be utilized to control a certain condition
      in an enclosed space.
PAR  In the past, many different types of control systems were provided for
      regulating or controlling a certain condition, such as temperature for
      instance, in an enclosed space, such as an oven or the like. Some of these
      past control systems were, for the most part generally mechanical in
      nature having at least some of the disadvantageous or undesirable features
      normally attendent to mechanical devices. Others of these past control
      systems were, for the most part, solid state electronic devices.
PAR  Due to the vertically instantaneous reaction of control systems of the
      solid state type to condition changes, one of two general approaches was
      employed in prior art circuitry to limit cycling of the system components
      so as to provide a stable operating mode for the control system. For
      instance, one approach was to enable a means for changing a condition,
      such as temperature for instance, in an enclosed space, during only a
      portion of each cycle of alternating current supplied thereto and to vary
      the proportion of each cycle during which the condition changing means was
      enabled in response to a sensed temperature in the environmental space.
      The other of the two approaches employed in prior art circuitry to prevent
      undue cycling of the system utilizes some types of additional circuitry
      for causing a turn-on temperature to be different than a turn-off
      temperature thereby to insure that means for changing the condition in the
      enclosed space is energized for a reasonable length of time when such
      energization is indicated by the control system. In many prior art control
      systems, this latter scheme was implemented by providing a capacitor for
      creating a differential amplifier and discharging the capacitor each time
      a control element, such as a silicone controlled rectifier, was rendered
      conductive.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the invention may be noted the provision of a
      control system for controlling certain condition in an enclosed space
      which overcomes at least some of the disadvantageous features of the prior
      art control systems as discussed in general hereinbefore; the provision of
      such control system utilizing solid state components having hysteresis
      characteristics sufficient to insure a stable system operating mode; the
      provision of such control system having an adjustable differential
      simplistically effected; the provision of such control system utilizing a
      low mass sensor and a fast acting thermal relay; the provision of such
      control system which may be easily simplistically adapted to expand logic
      control so as to incorporate additional functions, such as timing or
      special temperature controlled cycles; the provision of such control
      system having solid state components with the ability to perform several
      different functions or controls heretofore performed by a plurality of
      electromechanical devices; the provision of such control system having
      independently controllable or suitable selected temperatures and
      temperature differentials with respect to an enclosed space being
      regulated; and the provision of such control system which is simplistic in
      design, easily assembled or applied, and economically manufactured. Other
      objects and advantageous features of the invention will be in part
      apparent and in part pointed out hereinafter.
PAR  In general, a control system in one form of the invention has means for
      changing temperature in an enclosed space to maintain it generally near a
      selected value. In this control system, means is electrically energizable
      for enabling the temperature changing means, and means is provided for
      electrically indicating variations of the temperature in the enclosed
      space from the selected value. Bistable means is responsive to the
      indicating means and coupled to the enabling means for respectively
      effecting actuation and de-actuation of the temperature changing means
      when the temperature in the enclosed space varies from the selected value
      by one of a first predetermined amount in excess of the predetermined
      value and a second predetermined amount less than the predetermined value,
      and the bistable means is constituted by a Schmitt trigger circuit having
      output voltage versus input voltage hysteresis characteristics to limit
      cycling of the temperature changing means.
PAR  Also in general and in one form of the invention, a control system has
      means for changing an instantaneous temperature in an enclosed space to
      maintain it generally near a selected value. In this control system, means
      is electrically energizable for enabling the temperature changing means,
      and means is provided for electrically indicating variations in the
      instantaneous temperature from the selected value. The electrically
      indicating means includes a regulated voltage source, a temperature
      sensitive impedance in thermal communication with the enclosed space, a
      plurality of temperature selecting impedances, and means for selecting at
      least one of the temperature selecting impedances and for connecting the
      selected impedance in series with the temperature sensitive impedance
      across the voltage source. Bistable means is responsive to the voltage
      across one of the series connected impedances and coupled to the
      electrically energizable means to cause the temperature changing means to
      be enabled when the selected temperature exceeds the area temperature by a
      first predetermined amount and to be disabled when the area temperature
      exceeds the selected temperature by a second predetermined amount.
PAR  Further in general, a control system in one form of the invention has means
      for changing the temperature in an enclosed space to maintain it generally
      near a selected temperature. In this control system, means is provided for
      electrically indicating variations in the temperature T.sub.a in the
      enclosed space from the selected temperature T.sub.s, and bistable means
      is responsive to the indicating means and coupled to the temperature
      changing means for enabling it when, for a preselected real number
      K.sub.1, [T.sub.s - T.sub.a ]&gt; K.sub.1, and for subsequently disabling it
      when, for a preselected real number K.sub.2, [T.sub.a - T.sub.s ]&gt;
      K.sub.2.
PAR  Timing means is effective upon the lapse of a selected time for selecting a
      new temperature for the enclosed space.
PAR  Still in general, a control system in one form of the invention is provided
      for maintaining temperature in an enclosed space generally near a selected
      value. In this control system, there is provided a regulated voltage
      source, and a voltage divider network includes at least a temperature
      sensitive impedance in thermal communication with the enclosed space, and
      an impedance which may be varied. A Schmitt trigger circuit has an output
      coupled to vary the temperature in the enclosed space and an input coupled
      to the voltage divider network, and the Schmitt trigger circuit has output
      voltage versus input voltage hysteresis characteristics to provide a
      stable operating mode for the control system.
PAR  Also in general and in one form of the invention, a control system has
      means for changing a condition in an enclosed space to maintain that
      condition generally near a selected condition value. In this control
      circuit, means for controlling the changing means includes a regulated
      voltage source, a voltage divider network having at least a condition
      responsive impedance in communication with the enclosed space, and an
      impedance which may be varied. A Schmitt trigger circuit has an output
      coupled to the changing means and an input coupled to the voltage divider
      network, and the Schmitt trigger circuit has output voltage versus input
      voltage hysteresis characteristics to provide a stable operating mode for
      the control system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating a control system in one form of
      the invention;
PAR  FIG. 2 is a schematic diagram illustrating a control system in one form of
      the invention which may include several variations on the control system
      of FIG. 1; and
PAR  FIG. 3 is a graphical representation of the input voltage e.sub.i versus
      output voltage e.sub.o hysteresis characteristics of a Schmitt trigger
      circuit shown in FIGS. 1 and 2.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAR  The following examples merely illustrate the present invention and are not
      to be construed as limiting in any manner.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown a control system, indicated
      generally at 10, in one form of the invention. A source of power, such as
      a 120 volt alternating current source, may be applied across a pair of
      circuit terminals 11, 13 so as to be applied across a load, such as a
      heating device or coil 15 which may be disposed in an enclosed space, such
      as an oven or the like (not shown). Terminals 11, 13 are connected across
      coil 15 by way of a pair of relay contacts 17 across means, such as a
      thermal relay 19, for energizing the relay contacts by way of a switching
      device, such as a silicon controlled rectifier 21, and across a circuit
      indicated generally at 22, for converting the applied alternating current
      to direct current. Circuit 22 provides a source of regulated voltage and
      is generally constituted by a rectifying diode 23, a current limiting
      resistor 25, a voltage reducing resistor 27, a storage or filtering
      capacitor 29, and a zener diode 31. In this manner, a well regulated
      direct current voltage is supplied between a selectively operable switch
      arm 33 and ground. Switch arm 33 is a portion of a mode selecting switch,
      indicated generally at 34, to connect the regulated direct current voltage
      across any one of three resistors 35, 37, or 39, and the selected one of
      this resistor forms a series circuit with resistors 41 and 43. While other
      types of impedances may be employed within the scope of the invention,
      resistors are preferred if for no other reason than they are relatively
      inexpensive. In the position of switch arm 33 shown, the regulated voltage
      is across means, such as resistor 35, for adjustably selecting a
      predetermined or selected temperature at which it is desired to maintain
      the enclosed space, and this resistor may be continuously variable and
      calibrated to give an indicated temperature setting while a variable
      resistor 41 is basically utilized as a "trimmer" resistor for factory
      adjustment of the calibration of the temperature selecting resistor.
      Means, such as a resistor 43, for indicating instantaneous temperatures in
      the enclosed space functions as a temperature sensing or temperature
      responsive resistor having a positive temperature coefficient and is in
      thermal communication with the enclosed space at all times. Thus, for any
      selected position of switch arm 33 of mode selecting switch 34, a voltage
      dividing impedance network isi provided with the potential on a wiper arm
      45 varying directly, but not necessarily linearly, with the instantaneous
      temperature being monitored in the enclosed space.
PAR  An integrated circuit chip 47, such as an RCA 4001, is provided having
      three NOR gates connected as simple inverting gates thereon. A first pair
      of inverting gates or circuits 49, 51 are concatenated and provided with a
      feedback impedance 53 to form a Schmitt trigger circuit, indicated
      generally at 54, where the output voltage versus input voltage hysteresis
      characteristics of the Schmitt trigger circuit, as illustrated in a
      somewhat exaggerated manner in FIG. 3, predeterminately limits cycling of
      system 10.
PAR  Referring briefly to FIG. 3, in conjunction with FIG. 1, input voltage
      e.sub.i represents the voltage at wiper arm 45 of variable resistor 41,
      and output voltage e.sub.o represents the voltage supplied on a line 55,
      as the input to an inverting circuit 57. Assuming that initially Schmitt
      trigger circuit 54 is in its logic 0 or low state, the voltage e.sub.i
      must be increased to V.sub.1 whereupon an almost instantaneous transition
      to the logic 1 or high state occurs. Schmitt trigger circuit 54 remains in
      its logic 1 state until input voltage e.sub.i is reduced to V.sub.2
      whereupon the circuit again virtually instantaneously returns to its low
      state. The degree of hysteresis (V.sub.1 -- V.sub.2) may be varied by
      varying a resistor 53 and functions to insure that the turn-on temperature
      differs from the turn-off temperature of system 10 with more hysteresis
      corresponding to a greater temperature differential. If the selected
      temperature is T.sub.s and the instantaneous temperature of the enclosed
      space being controlled is T.sub.a, then coil 15 will be enabled when
      selected temperature T.sub.s exceeds instantaneous T.sub.a by a
      preselected real number K.sub.1 and disabled when instantaneous
      temperature T.sub.a ' (i.e. a different instantaneous temperature) exceeds
      selected temperature T.sub.s by a preselected real number K.sub.2 which
      may equal K.sub.1. More generally, a condition control system would be
      enabled when [T.sub.s - T.sub.a ]&gt; K.sub.1 and subsequently disabled when
      [T.sub.a ' - T.sub.s ]&gt; K.sub.2 or [T.sub.a ' - T.sub.a ]&gt; K.sub.1 +
      K.sub.2 where K.sub.1 and K.sub.2 are of the same order of magnitude. The
      output of Schmitt trigger circuit 54 is coupled by way of inverting
      circuit 57, and resistive network 59, 61 to the gate of a solid state
      switching device, such as silicon controlled rectifier 21.
PAR  If the enclosed space (not shown) was constituted by an oven of the
      electric, self-cleaning type, well known to the art, heat clean and
      pre-heat cycles would be integrated with or built into mode selecting
      switch 34 and heating element 15 would be energized by thermal relay 19
      controlled by silicon controlled rectifier 21. The particular thermal
      relay chosen was a very fast acting device to overcome the normal
      overshoot problems generally found in ovens, however other control devices
      could clearly be used. In this same particular implementation, temperature
      responsive resistor 43 was designed to have a fast response to temperature
      change, by providing a hollow ceramic core of small mass onto which
      approximately 280 turns of 0.00175 inch diameter glass insulated Hytemco
      wire was wound thereby to provide resistance of about 1000 ohms at
      70.degree. faherenheit and a variation of approximately 4 ohms per degree
      faherenheit in a substantially linear manner over a wide range between
      about -100.degree. faherenheit and about +1000.degree. faherenheit. Other
      commercially available temperature sensitive resistors could of course be
      employed.
PAR  To illustrate the operation of the circuit of FIG. 1 in an electric oven,
      assume that arm 33 of mode select switch 34 is in the position shown with
      temperature selecting resistor 35 calling for a temperature below the
      instantaneous temperature of the oven. Under these circumstances, silicon
      controlled rectifier 21, will be non-conducting. If temperature selecting
      impedance 35, is now selectively changed to call for an increased
      instantaneous temperature or additional heat by increasing its impedance,
      the potential on line 45 decreases to, for example, voltage V.sub.2 of
      FIG. 3. At this time Schmitt trigger circuit 54 changes state to its low
      or logic 0 status. Stated another way, increasing the impedance of
      resistor 35, causes a logic 0 to appear at the input of gate 49 thereby to
      provide a 1 logic at the output thereof and a logic 0 at the output of
      gate 51. Inversion effected by inverting gate 57 causes a logic 1 or high
      level to be passed to the gate of silicon controlled rectifier 21 turning
      or switching it on and allowing line current to flow through thermal relay
      19 to energize heating element 15. As oven temperature increases, the
      impedance of resistor 43 increases driving the input to Schmitt trigger
      circuit 54 back toward its logic 1 state. When that voltage reaches
      voltage V.sub.1 (as seen in FIG. 3), the high input to gate 49 causes a
      low input to gate 51, and a high logic or 1 output from gate 51 is
      subsequently inverted by inverter 57 to effect a low or logic 0 signal to
      the gate of silicon controlled rectifier 21 thereby to turn off that
      switch and de-energize heating element 15.
PAR  System 10 generally operates in basically the same manner for other
      positions of mode selecting switch 34. For example, heat cleaning
      impedance 37 may simply be a fixed resistor of relatively high value to
      insure a sufficiently high operating oven temperature during a cleaning
      cycle.
PAR  Numerous modifications of control system 10 of FIG. 1 are possible. For
      example, deletion of inverting gate 57 would result in a control system
      suitable for, for example, an air conditioning device. Similarly,
      substitution of an negative temperature coefficient impedance for
      impedance 43 would provide for control over a cooling rather than a
      heating environment with respect to the control system of FIG. 1. It is
      contemplated that the foregoing changes and substitution of components, as
      well as others, as may be made by those skilled in the art are within the
      scope of the invention.
PAR  Referring now to FIG. 2, another control system, indicated generally at 60,
      having many of the same component parts functioning in generally the same
      manner as those previously discussed with respect to control system 10.
      Numerous similarities between the disclosures of FIGS. 1 and 2 will be
      apparent and some will be discussed hereinafter only insofar as it aids in
      understanding the differences between the disclosures; however, it may be
      noted that control system 60, while having some advantageous features
      analogous to those of control system 10, also has other salient features
      of its own.
PAR  In control system 60, a regulated voltage source 63 is also provided
      differing from that indicated generally at 22 in FIG. 1 only in the
      inclusion of an on-off switch 65 and a second capacitor 67 which operates
      to provide a more ripple free regulated voltage and or to reduce the size
      of the filter capacitor corresponding to that indicated at 29 in FIG. 1.
      As noted above, a negative temperature coefficient temperature responsive
      impedance 69 is provided for thermal communication with the instantaneous
      temperature in the enclosed space. Resistor 69 forms one leg of a voltage
      divider network in conjunction with either a resistor 71 or a temperature
      selecting resistor 73 depending upon the status of a pair of transmission
      gates or switches 75, 77 which, as discussed hereinafter, function as a
      replacement for mode selecting switch 34 of FIG. 1.
PAR  The enclosed space or oven of FIG. 2 may be assumed to be gas fired having
      a gas valve in the form of an energizable solenoid valve 79 with a
      turn-off transient diode 81 to provide flow path for current when a
      silicon controlled rectifier 83 is turned or switched off. Assuming gas
      valve 79 to be in its off position and switches 75, 77 in conducting
      states effective to couple variable temperature selecting resistor 73 in
      the voltage divider circuit, when impedance of resistor 73 is decreased to
      a value necessary to provide a logic 0 input to a gate or inverter 85, a
      logic 0 output will be provided from a gate or inverter 87 which, after
      subsequent inversion by a gate 89, will enable a silicon controlled
      rectifier 83 to effect current flow in the winding of solenoid operated
      gas valve 79 opening it to supply fuel for ignition. As the instantaneous
      temperature in the enclosed space increases, the resistance of negative
      temperature coefficient impedance 69 drops until the potential at the
      input of gate 85 is sufficiently high to switch a Schmitt trigger circuit
      90 generally constituted by gates 85, 87 back to its logic 1 state thereby
      shutting off silicon controlled rectifier 83 and cutting off the flow of
      fuel. Resistor 71 is a hold temperature impedance, and rather than
      manually switching between temperature selective impedance 73 and hold
      temperature impedance 71 when the cooking operation is complete and its
      desired to hold the foods at, for example, 170 degrees faherenheit, a
      timing circuit is provided to automatically effect this transition.
PAR  When switch 65 is closed energizing the regulated voltage source 63, a
      logic 1 or high level appears on a line 91, causing the output of a NOR
      gate 93 to go to its low level or logic 0. The input to a NOR gate 95,
      which functions here as an inverter, is also low thus providing a logic 1
      or high output signal on a line 97 which is coupled to a reset to zero
      input on a binary counter 99. Depending on the respective values of a
      resistor 101 and a capacitor 103, the capacitor will charge to a point
      where, although a low or logic 0 output appears from NOR gate 93, the
      voltage input to NOR gate 95 is sufficiently high to change the state of
      that gate and remove the reset signal to counter 99. Counter 99 receives
      timing signals at a predetermined repetition rate from an alternating
      signal source 105 thereby to repetitively increment the counter. Signal
      source 105 functions as a multivibrator oscillator having a pair of NOR
      gates 107 and 109 coupled together with a feedback path by way of a
      capacitor 111 and a pair of resistors 113, 115. Oscillator 105, as
      illustrated, may provide a generally square wave having a period of
      between about two and three seconds depending upon the values of capacitor
      111 and resistors 113, 115. Assume initially that the level on a line 117
      is at logic 0 or a low level as is that on a line 119. Under these
      circumstances, a junction 121 goes high providing an output at a terminal
      123, which is low. If capacitor 111 is not charged at this time, current
      will flow through resistor 113 to charge the capacitor, and little current
      will flow through resistor 115 until the charge on the capacitor has built
      or increased to some substantial value. As the charge in capacitor 111
      builds, more and more current flows through resistor 115 eventually
      raising the potential on line 117 to the logic 1 state which causes
      terminal 121 to go to its logic 0 condition providing a logic 1 at output
      terminal 123. The cylic operation continues providing the desired square
      wave to counter 99.
PAR  The last five stages of counter 99 are brought out to push button selector
      switches which may be depressed singly or in combination to provide
      variable time setting capability. The size of counter 99 and the
      repetition rate of oscillator 105 may be selected so that these last five
      stages correspond to a 1/4 hour, a 1/2 hour, and 1, 2, and 4 hour time
      periods, respectively. Thus the combination of push button switches allows
      for a time range from 15 minutes to 7 hours and 45 minutes.
PAR  To understand the interconnection of the push buttons of counter 99 and the
      logic circuitry, system 60 is most easily traced beginning at a
      manual-timed selector switch 125 which, in the position shown, is for
      timer operation but which may be grounded to allow for normal manual
      operation of the oven. If switch 125 is coupled to ground, as indicated at
      126, all of the inputs to a NAND gate 127 are low or at logic 0 status
      providing a high output or logic 1 status to one input of a NOR gate 129
      which in turn provides a low or logic 0 output both to line 119 (the
      oscillator will continue to function) and to the input of an NOR gate 131.
      NOR gate 131 functions as an inverter to supply a relatively high or
      enabling output to transmission gate 77 for grounding one end of
      temperature selecting resistor 73 and allowing the circuit to operate, as
      discussed previously. When the output of NOR gate 129 is logic 0 or low,
      transmission gate 75 is blocked, and resistor 71 is not a part of the
      voltage divider network.
PAR  If switch 125 is turned to its upper position, as illustrated in FIG. 2,
      and none of push buttons 1 through 5 are yet depressed, each of a
      plurality of lines 133, 135, 137, 139, and 141, are coupled to direct
      current voltage source 63 thus supplying a high input to each of the
      inputs for NAND gates 127, 143. Thus, the condition for each NAND gate
      127, 143 is met, and each provides a logic 0 output producing a logic 1 on
      the output of NOR gate 129 to both disable oscillator 105 by way of a high
      signal on line 119, to enable holding transmission gate 75. Enabling of
      holding transmission gate 75 connects hold temperature setting resistor 71
      to ground, and by way of inverter 131, opens transmission gate or switch
      77 taking variable temperature selecting resistor 73 out of the voltage
      dividing network.
PAR  If, for example, push button number 2 of counter 99 had been depressed
      removing the positive direct current signal from line 139, not all of the
      conditions for NAND gate 143 would have been met. The output of NAND gate
      143 would have been a logic 1 which, in turn, would cause the output of
      NOR gate 129 to be a logic 0, and the oven would have operated based on
      the value set on temperature selecting resistor 73 until such time as line
      139 went to the positive voltage value corresponding to a logic 1 state.
      This would occur when the stage of counter 99 corresponding to push-button
      number 2 thereof was enabled due to the counter having counted up to that
      stage. If more than one push-button of counter 99 is depressed, the oven
      will continue cooking until each of those stages goes high indicating that
      the corresponding count has been reached.
PAR  Thus, while the present invention has been described with respect to a
      specific preferred embodiment numerous modifications will suggest
      themselves to those of ordinary skill in the art. For example, features
      may be rather freely interchanged between control systems 10, 60 of FIGS.
      1 and 2, and specifically FIG. 2 might incorporate a manual selecting
      switch in addition to the timing mode selection function shown. Further,
      more complicated logic circuitry might be provided to allow the timer to
      control several different functions within the oven. It is contemplated
      that the foregoing suggested modification for control system 60, as well
      as others apparent to those having ordinary skill in the art, are within
      the scope of the invention.
PAR  From the foregoing, it is now apparent that control systems 10, 60 have
      been provided meeting the objects and advantageous features therefor set
      out hereinbefore, as well as others, and that changes as to the precise
      arrangements, connections, shapes and details of the component included in
      the control systems may be made by those having ordinary skill in the art
      without departing from the spirit and scope of the invention which is
      defined by the claims which follow.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A control system having means for changing temperature in an enclosed
      space to maintain it generally near a selected value comprising;
PA1  means electrically energizable for enabling the temperature changing means;
PA1  means for electrically indicating variations of the temperature in the
      enclosed space from the selected value; and
PA1  bistable means responsive to the indicating means and coupled to the
      enabling means for respectively effecting actuation and de-actuation of
      the temperature changing means when the temperature in the enclosed space
      varies from the selected value by one of a first predetermined amount in
      excess of the predetermined value and a second predetermined amount less
      than the predetermined value, the bistable means being constituted by a
      Schmitt trigger circuit having output voltage versus input voltage
      hysteresis characteristics to limit cycling of the temperature changing
      means.
NUM  2.
PAR  2. A control system as set forth in claim 1, wherein the Schmitt trigger
      circuit comprises first and second concatenated inverting circuits, and a
      feedback inpedance, the value of which determines the degree of hysteresis
      in the trigger circuit.
NUM  3.
PAR  3. A control system as set forth in claim 1, wherein the indicating means
      includes means operable generally for selecting the selected value of the
      temperature in the enclosed space.
NUM  4.
PAR  4. A control system having means for changing an instantaneous temperature
      in an enclosed space to maintain it generally near a selected value
      comprising;
PA1  means electrically energizable for enabling the temperature changing means;
PA1  means for electrically indicating variations in the instantaneous
      temperature from the selected value including a regulated voltage source,
      a temperature sensitive impedance in thermal communication with the
      enclosed space, a plurality of temperature selecting impedances, and means
      for selecting at least one of the temperature selecting impedances and for
      connecting the selected impedance in series with the temperature sensitive
      impedance across the voltage source; and
PA1  bistable means responsive to the voltage across one of the series connected
      impedances and coupled to the electrically energizable means to cause the
      temperature changing means to be enabled when the selected temperature
      exceeds the area temperature by a first predetermined amount and to be
      disabled when the area temperature exceeds the selected temperature by a
      second predetermined amount.
NUM  5.
PAR  5. A control system as set forth in claim 4, wherein the selecting means
      comprises a manually operable mode selecting switch the number of
      temperature setting impedances including a manually variable temperature
      select impedance, a fixed preheat impedance, and a fixed heat-clean
      impedance.
NUM  6.
PAR  6. A control system as set forth in claim 4, wherein the plurality of
      temperature setting impedance includes a manually variable temperature
      selecting impedance, a fixed pre-heat impedance, and a fixed heat clean
      impedance.
NUM  7.
PAR  7. A control system as set forth in claim 4, wherein the selecting means
      comprises an alternating signal source having a predetermined repetition
      rate, counting means responsive to the signal source to repetitively
      increment for providing an output signal upon reaching a selectable count,
      and gate means responsive to the output signal of the counting means for
      disconnecting one temperature setting impedance and substituting therefore
      in the series circuit another of the plurality of temperature setting
      impedances.
NUM  8.
PAR  8. A control system as set forth in claim 7 wherein the selecting means
      further comprises means for resetting the counting means to an initial
      state each time electrical energy is applied to the system.
NUM  9.
PAR  9. A control system as set forth in claim 7, wherein the plurality of
      temperature setting impedances includes a manually variable temperature
      select impedance and a fixed holding temperature impedance.
NUM  10.
PAR  10. A control system having means for changing the temperature in an
      enclosed space to maintain it generally near a selected temperature
      comprising;
PA1  means for electrically indicating variations in the temperature T.sub.2 in
      the enclosed space from the selected temperature T.sub.s ;
PA1  bistable means responsive to the indicating means and coupled to the
      temperature changing means for enabling it when, for a preselected real
      number K.sub.1, [T.sub.2 - T.sub.2 ]&gt; K.sub.1, and for subsequently
      disabling it when, for a preselected real number K.sub.2, [T.sub.a -
      T.sub.s ]&gt; K.sub.2 ; and
PA1  timing means effective upon the lapse of a selected time for selecting a
      new temperature for the enclosed space.
NUM  11.
PAR  11. A control system as set forth in claim 10, wherein the indicating means
      comprises a regulated voltage source, a temperature sensitive impedance in
      thermal communication with the enclosed space, and a plurality of
      temperature setting impedances.
NUM  12.
PAR  12. A control system as set forth in claim 11, wherein the timing means
      include means for selecting one of the temperature setting impedances and
      for connecting the one selected impedance in series with the temperature
      sensitive impedance across the voltage source, the bistable means being
      responsive to the voltage across one of the series connected impedances.
NUM  13.
PAR  13. A control system as set forth in claim 12, wherein the timing means
      comprises an alternating signal source having a predetermined repetition
      rate, counting means responsive to the signal source to repetitively
      increment for providing an output signal upon reaching a selectable count,
      and gate means responsive to the output signal of the counting means for
      disconnecting the one temperature setting impedance and substituting
      therefore in the series circuit another of the temperature setting
      impedances.
NUM  14.
PAR  14. A control system as set forth in claim 13, further comprising means for
      resetting the counting means to an initial state each time electrical
      energy is applied to the system.
NUM  15.
PAR  15. A control system as set forth in claim 13, wherein the temperature
      setting impedances include at least a manually variable temperature
      impedance, and a fixed holding temperature impedance.
NUM  16.
PAR  16. A control system for maintaining temperature in an enclosed space
      generally near a selected value comprising;
PA1  a regulated voltage source;
PA1  a voltage divider network including at least a temperature sensitive
      impedance in thermal communication with the enclosed space, and an
      impedance which may be varied; and
PA1  a Schmitt trigger circuit having an output coupled to vary the temperature
      in the enclosed space and an input coupled to the voltage divider network,
      the Schmitt trigger circuit having output voltage versus input voltage
      hysteresis characteristics to provide a stable operating mode for the
      control system.
NUM  17.
PAR  17. A control system as set forth in claim 16, wherein the Schmitt trigger
      circuit comprises first and second concatenated inverting circuits, and a
      feedback impedance the value of which determines the degree of hysteresis
      in the trigger circuit.
NUM  18.
PAR  18. A control system having means for changing a condition in an enclosed
      space to maintain that condition generally near a selected condition value
      comprising means for controlling the changing means including a regulated
      voltage source, a voltage divider network having at least a condition
      responsive impedance in communication with the enclosed space, and an
      impedance which may be varied, and a Schmitt trigger circuit having an
      output coupled to the changing means and an input coupled to the voltage
      divider network, the Schmitt trigger circuit having output voltage versus
      input voltage hysteresis characteristics to provide a stable operating
      mode for the control system.
NUM  19.
PAR  19. A control system as set forth in claim 18, wherein the Schmitt trigger
      circuit comprises first and second concatenated inverting circuits, and a
      feedback impedance the value of which determines the degree of hysteresis
      in the trigger circuit.
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ABST
PAL  Cartridge heaters are most frequently used for heating metal parts by
      insertion into bores in such parts. Such heaters are manufactured in
      various diameters to closely fit within complementary bores to provide
      heat according to required specifications. My invention makes it possible
      to use a heater of known sheath diameter in bores of larger diameter, by
      use of metal sleeve means which have an inside diameter to closely receive
      the heater and an outside diameter to closely fit within the bore.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  Manufacturers of electric cartridge heaters have long had the problem of
      producing heaters of various diameters to fit within complementary bores
      of a size specified by a user, and this caused the manufacturer to stock a
      large amount of heaters in each diameter. On the other hand, the user of
      the heater frequently found that the part to be heated had been designed
      so that its bores were larger than the diameter of the heater on hand, or
      that the bores had been improperly drilled to a larger diameter, and this
      caused delay in use of the apparatus until proper diameter heaters could
      be obtained.
PAR  Cartridge heaters are frequently used to heat dies formed of steel,
      aluminum or other metal. If the metal sheath of the heater is in close
      engagement with the bore wall surface, the interengaging parts sometimes
      are fused or welded together in the event the cartridge heater fails, and
      this makes it difficult to remove the heater without affecting the dies.
      By use of my invention, this is overcome since the cartridge sheath would
      tend to weld to the sleeve, rather than to the bore surface, and the
      assembly may be removed from the bore without affecting the dies.
PAR  A further advantage of my invention is that it provides a method of
      conversion from the present measurement system to the metric system by
      sizing sleeves to suit. Generally, the invention effects a cost savings
      and means of standardization by a conversion kit method.
PAR  My invention eliminates the problems and accomplishes the advantages noted
      above by utilizing metal sleeve means in combination with a cartridge
      heater, the sleeve means having an inside diameter to closely receive the
      sheath of a cartridge heater, and having an outside diameter to closely
      fit within the larger diameter bore. The sleeve means is preferably made
      up of a plurality of sleeves of identical length, each sleeve being
      shorter than the full length of a heater, except a heater of minimum
      length, so that a plurality of sleeves may be used, in number to cover the
      various lengths to which the heaters are made.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing accompanying this specification and forming a part of this
      application, there is shown, for purpose of illustration, an embodiment
      which my invention may assume, and in this drawing:
PAR  FIG. 1 is a perspective view of a cartridge heater, and a plurality of
      sleeves in separated relation,
PAR  FIG. 2 is a fragmentary sectional view through a metal part to be heated,
      showing the cartridge heater in elevation and the sleeves disposed between
      the heater and the bore in the metal part, and
PAR  FIG. 3 is a sectional view similar to FIG. 2 but showing sleeves to
      accomodate the heater to a larger diameter bore.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The cartridge heater 10 may be of any commercially availabe type, such as
      that manufactured by the Edwin L. Wiegand Division of Emerson Electric Co.
      Such heaters comprise a metal sheath 11 in which a resistor coil is
      embedded within refractory material. One end of the sheath is usually
      hermetically sealed by a closure disc 12. Electrical leads 14--14 extend
      out of the other end of the sheath, through an end seal 15, to connect the
      resistor coil with a source of electrical energy.
PAR  The aforesaid company manufacturers cartridge heaters in standard diameters
      of 3/8, 1/2, 5/8, and  inch diameters (9.525, 12.7, 15.875, and 19.05
      millimeters respectively) although heaters of other diameters have been
      manufactured. Many of such cartridge heaters have identical (or
      substantially identical) electrical ratings and lengths, but vary only in
      diameter. Since use of cartridge heaters in dies and press platens are
      usually low temperature applications, all cartridge heaters could be of
      the 3/8 inch diameter, of low watt density, and sleeved for larger
      diameter bores where required. Thus, only a single diameter cartridge
      heater, and a kit of low-cost sleeves, would meet most of the requirements
      of a user.
PAR  I have determined that only 3/8 inch and 3/4 inch diameter cartridge
      heaters would need to be stocked since, by proper sleeving, the majority
      of uses could be satisfied. Through use of my invention, cartridge heaters
      of these diameters may be adapted to fit bores of larger diameters, by
      applying sleeve means thereover, the sleeve means having an internal
      diameter to closely receive the cartridge heater and an outside diameter
      to closely fit within the bore.
PAR  Cartridge heaters are manufactured in various lengths, the shortest usually
      having a sheath length of 11/4 inches (31.75 millimeters). I have found it
      preferable to make the sleeve means in multiples and each sleeve 11/4
      inches in length, so that one sleeve will accomodate the shortest sheath
      length and selected multiples will approximate most standard sheath
      lengths.
PAR  In FIGS. 1 and 2, three sleeves 16 are shown to accommodate a cartride
      heater having a sheath length of 33/4 inches (about 9.5 centimeters). It
      is important that the sleeves be in sufficient multiples to extend at
      least the full length of the heater, to avoid hot spots between the bore B
      and the heater. As suggested in FIG. 2, there is no harm in having a
      sleeve end extend beyond the end of the cartridge heater.
PAR  Because it is preferable to provide a sliding fit between the cartridge
      heater sheath and the sleeves for ease of installation, my invention is
      particularly useful in combination with cartridge heaters having a
      relatively low watt density such as, for example, 50 watts per square inch
      or lower. In watt densities considerably higher, such as, for example, 90
      watts per square inch, a very close fit is required between the cartridge
      heater and the bore in order to insure for high heat transfer.
PAR  Although the sleeves 16 may be formed of any metal having suitable heat
      transfer qualities, I have found that sleeves formed of pressed powdered
      iron will perform properly, and may be produced at low cost. Since the low
      watt density of the cartridge heater will restrict the sheath temperature
      to an amount below 750.degree.F, it would be uneconomical to form the
      sleeves of more expensive metals.
PAR  Assuming the cartridge heater shown in the drawings has a3/8inch diameter,
      it may be adapted, by suitale use of sleeves 16, for bores of various
      larger diameters. For example, the internal diameter of each of the
      sleeves 16 may be such as to closely slide over the heater sheath, wheras,
      the external diameter of each sleeve may be such as to closely slide into
      bores of 1/2 inch (12.7 millimeters) or 5/8 inch (15.875 millimeters), or
      3/4 inch (19.05 millimeters). If the cartridge heater has a 3/4 inch
      diameter, each of the sleeves 16 would have an interinal diameter to
      closely slide over the heater sheath and may have an external diameter to
      closely slide into bores of 15/16 inches (23.8125 millimeters), or 1 inch
      (25.4 millimeters) or 11/4 inch (31.75 millimeters).
PAR  For assembly purposes, the bushings, in predetermined number according to
      sheath length, may be slid over the cartridge heater and the assembly then
      inserted into the bore, or the bushings may first be slid into the bore
      and the cartridge heater thereafter slid into the bushings. To improve
      thermal conductivity, an iron cement may be interposed between facing
      surfaces of the cartridge sheath, the bushings and the bore defining wall.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination:
PA1  an electric cartridge heater having a metal sheath of a predetermined
      outside diameter and adapted to have its external wall surface closely fit
      the wall of a bore in a mass to be heated,
PA1  means for adapting said cartridge heater to fit in heat transfer
      relationship within a bore of larger diameter, comprising metal sleeve
      means having an inside diameter to provide an inside wall surface to
      closely fit the sheath exterior wall surface, and having an outside
      diameter to provide an exterior wall surface to closely fit the wall
      surface of said larger bore,
PA1  said cartridge heater being produced in various sheath lengths,
PA1  said sleeve means being formed as multiple sleeves disposed serially in
      end-to-end abutting relation between facing wall surfaces of said sheath
      and said bore in number to cover a selected sheath length, and
PA1  each sleeve being of continuous cross-section and of constant thickness and
      uniform diameter throughout its length, whereby hot spots between a sleeve
      and a cartridge heater are minimized.
NUM  2.
PAR  2. In combination:
PA1  an electric cartridge heater having a metal sheath of a predetermined
      outside diameter and adapted to have its exterior wall surface closely fit
      the wall of a bore in a mass to be heated,
PA1  means for adapting said cartridge heater to fit in heat transfer
      relationship within a bore of a larger diameter, comprising metal sleeve
      means having an inside diameter to provide an inside wall surface to
      closely fit the sheath exterior wall surface, and having an outside
      diameter to provide an exterior wall surface to closely fit the wall
      surface of said larger bore,
PA1  said cartridge heater being produced in a minimum sheath lenght and various
      longer sheath lengths,
PA1  said sleeve means being formed as multiple sleeves of equal length,
PA1  each sleeve having a length equal to said minimum sheath length, and for
      heaters having longer than minimum sheath length said sleeves being
      disposed serially in end-to-end abutting relation between facing wall
      surfaces of said sheath and said bore in number to cover said longer
      sheath length, and
PA1  each sleeve being of continuous cross-section and of constant thickness and
      uniform diameter throughout its length whereby hot spots between a sleeve
      and a cartridge heater are minimized.
NUM  3.
PAR  3. In combination:
PA1  an electric cartridge heater, having a metal sheath of a predetermined
      outside diameter and adapted to have its external wall surface closely fit
      the wall of a bore in a mass to be heated,
PA1  and a kit of at least two sleeves to accompany said cartridge heater and to
      adapt the same to fit in heat transfer relationship within bores of larger
      diameters, each sleeve having an inside diameter to provide an inside wall
      surface to closely fit over the sheath wall surface,
PA1  and said sleeves having predetermined different outside diameters to
      closely fit the wall surface of larger bores having inside diameters
      complementary to said different outside diameters,
PA2  each sleeve being of continuous cross-section and of constant thickness and
      uniform diameter throughout its length, whereby hot spots between a sleeve
      and said cartridge heater are minimized.
NUM  4.
PAR  4. The construction according to claim 3 wherein each sleeve is formed of
      pressed powdered metal.
NUM  5.
PAR  5. In combination:
PA1  an electric cartridge heater having a metal sheath of a predetermined
      outside diameter and adapted to have its external wall surface closely fit
      the wall of a bore in a mass to be heated,
PA1  and sleeve means for adapting said cartridge heater to fit in heat transfer
      relationship within a bore of larger diameter, said sleeve means having an
      inside diameter providing an inside wall surface to closely fit over the
      sheath exterior wall surface, and having an outside diameter providing an
      exterior wall surface to closely fit within the wall surface of said
      larger bore,
PA1  said sleeve means being of continuous cross-section and of constant
      thickness and diameter throughout the length thereof to minimize hot spots
      between the sleeve means and cartridge heater,
PA1  and said sleeve means being formed of pressed iron powder to serve as a
      low-cost, non-load bearing, thermal transfer mass transversely and
      longitudinally filling the space between said sheath exterior wall surface
      and the wall surface of said larger bore.
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ABST
PAL  A plurality of counters are removably held by counter holder means at
      predetermined locations. Each counter is adapted to perform incremental
      and decremental counting operations. A program timer is operable to
      produce first and second control signals in alternation in accordance with
      a predetermined time schedule. Drive means are carried by said counter
      holder means and comprise drive output means and are operable under
      control of said program timer to rotate said drive output means in a
      decremental sense when said control timer produces said first control
      signal and in an incremental sense when said control timer produces said
      second control signal. A plurality of clutch means are carried by said
      counter holder means and connected to said drive output means and
      associated each with one of said counters. Each of said clutch means is
      adapted to assume a first state for driving the associated counter in an
      incremental sense and a second state for driving the associated counter in
      a decremental sense. A plurality of code detectors are provided, each of
      which is associated with one of said counters and comprises code detector
      elements and is adapted to receive an identification code carrier in a
      predetermined position and to assume a first state in response to an
      insertion of a mating identification code carrier having code elements,
      which represent the same code as said code detector elements, and a second
      state in response to the removal of such mating identification code
      carrier. A plurality of clutch-shifting means are carried by said counter
      holder means and associated with respective ones of said clutch means and
      of said code detectors and adapted to cause the associated clutch means to
      assume said first and second states in response to said first and second
      states, respectively, of the associated code detector.
BSUM
PAC  This invention relates to a system for collecting data, particularly data
      relating to sliding working hours, by means of counters, which can be
      rendered operative and inoperative by means of identification code
      carriers.
PAR  Known systems for collecting data comprise counters, which are controlled
      mechanically or by electric pulses. Counters are known, which are driven
      by synchronous motors and are started by means of mechanical clutches. All
      these data-collecting counters are incremental counters, which are read at
      the end of an accounting period and are then reset. For this reason, the
      actual time of attendance must be compared with a schedule of the
      prescribed time of attendance so that the net balance can be calculated.
      This requires additional individual work.
PAR  In systems comprising pulse counters, the solenoids required in each
      counter and the wiring involve a high expenditure. Another disadvantage
      resides in the need for resetting means and for their actuation in use.
PAR  It is an object of the invention to eliminate the various disadvantages.
      This is accomplished according to the invention in that the net balance is
      directly indicated so that the need for individual calculations is
      eliminated. For this purpose, a system for collecting data, particularly
      data relating to sliding working hours, by means of counters, which are
      rendered operative and inoperative by identification code carriers, is
      characterized by the provision of drive means, which are controlled to
      operate alternately in mutually opposite senses of rotation in accordance
      with a timed program (program timer) and which are adapted to be connected
      to or disconnected from associated incremental and decremental counters in
      response to the insertion and removal of identification code carriers
      (identification cards) in such a manner that deviations from the
      predetermined timed program result in the counting of a net time balance
      in the respective counter. Incremental and decremental counters, which are
      adapted to be mechanically driven are adapted to be coupled to incremental
      or decremental drive means (solenoid or motor drive) in response to the
      insertion and removal of an identification code carrier. Three modes of
      operation are preferably provided for. If a common drive output member is
      provided, direction-controlling clutches may be provided so that the
      program-controlled reversal of the direction of rotation of the drive
      shaft results in a change of the counter from counting to standstill or
      vice versa, independently of the clutch position determined by the
      identification code carrier (identification card). In the first and second
      modes, the counter is coupled to the incremental and decremental drive
      means, respectively, in response to the insertion and removal of the
      identification card. In the third mode, the counter is uncoupled in
      response to the insertion of a disabling card.
PAR  In the system according to the invention, the net balance is directly
      indicated in each case because program-controlled switching operations and
      the indication of attendance by the inserted identity card result in an
      incremental or decremental counting operation. Because in accordance with
      the invention the prescribed time of attendance is counted as a reference,
      a separate comparison of time is no longer required because this
      comparison is continuously performed in that an attendance during a time,
      at which an attendance is not prescribed results in an incremental
      counting operation, an attendance during the prescribed time of attendance
      does not result in any counting operation, and an absence of an employee
      during the prescribed time of attendance results in a decremental counting
      operation. Because the net balance is continually updated, there will be
      no need for resetting the counter and no need for reading the counter for
      a calculation if the total time of attendance is within a permissible
      tolerance range.
PAR  The use of this arrangement and of mechanical drive means results in much
      lower costs per counter unit. Besides, the combination of a counter and a
      code detector in a plug-in unit results in a considerable saving of space
      which is of great advantage in large counter arrays.
PAR  Besides, the previously known systems for collecting data relating to
      sliding working hours by means of mechanical or electromechanical counters
      do not permit of a correction and times of absence owing to, e.g., a
      vacation, sickness or failure to insert the identity card, by error, have
      to be included in the calculation of the net balance.
PAR  In the system according to the invention this further disadvantage is
      eliminated in that the plug-in counter can be removed for receiving a
      correction of data so that these corrections may be performed from time to
      time in order to update the counters even in cases of irregular attendance
      and times of absence. This correcting device comprises drive means a
      preselector for selecting the desired number of incremental or decremental
      counting steps to be performed, and a counter holder provided with a
      clutch means for connection to the counter.
PAR  According to a further feature, a device for an automatic preparation of
      records may be coupled to the correcting device. These records then
      indicate the data and time when the correction has been made, the amount
      of the correction together with its sign (+ or -), a code number
      indicating the reason for the correction and, if desired, the
      identification code, which may be manually entered or is provided in coded
      form on the counter and is read therefrom.
PAR  To minimize the corrections, a special plug-in disabling card is provided,
      which disengages the clutch connected to the counter. The count will not
      be changed as long as this card is inserted. This special disabling card
      may be inserted during an absence for any reason whatever, such as a
      vacation sickness, etc. Suitable inscriptions or color codes may be used
      to indicate the reason for the absence of the employee concerned.
PAR  In a particularly desirable embodiment of the counter, the latter is
      provided with a known change-over shutter so that the deviation from zero
      together with the + or - sign is directly indicated. Known signalling
      means, such as contacts may be used to determine a time limit in both
      directions and to produce a signal when the limit is exceeded. Each
      clutch-shifting rocker for engaging the clutch when the counter has been
      inserted into our counter holder may be operatively connected to a push
      rod and and the holder block may be provided with contacts, which are
      operable by said push rods to produce signals, which indicate the
      condition of the counters and may be recorded, e.g., for electric data
      processing.
PAR  In the system according to the invention the plug-in counters are held in a
      holder block for a plurality of counters. This holder block comprises
      drive means, which are controlled by the program timer and a change-over
      switch controlled by said timer such a manner that the first drive means
      are inoperative during the prescribed time of attendance and the second
      drive means are operative in a decremental sense during the prescribed
      time of attendance whereas during the time, in which no attendance is
      prescribed the changeover switch is in the position for the other mode of
      operation, in which the first drive means are operative in an incremental
      sense and the second drive means are inoperative. Just as known
      electromechanical drive means for pulse counters, the drive means may
      consist, e.g., of stepping mechanisms operated by pulse-controlled
      solenoids. The expenditure will be reduced if a plurality of units are
      operated by one pair of solenoids.
PAR  Most of the drive means required for a mechanical transmission consist of
      identical parts, which are used more than once in the system so that the
      expenditure is lower than in known systems. The program timer may consist
      of a conventional program timer, provided that it can produce the signals
      required in the system according to the invention. Conventional program
      timers may be used. Day programs may be employed for simpler systems and
      complete month programs for larger systems.
DRWD
     Various embodiments of systems for collecting data according to the
      invention are shown by way of example in the accompanying drawings, in
      which
PAR  FIG. 1 is a diagrammatic view showing the means for driving the counters
      and the control means including a program timer.
PAR  FIGS. 2 to 4 show diagrammatically the counters and the clutches for
      connecting them to different forward and reverse drive means with the
      clutches in different positions.
PAR  FIG. 5 is a diagrammatical view showing the counters and a reversible
      clutch for driving them in a system, in which each clutch is associated
      with common drive means for incremental and decremental counting
      operations.
PAR  FIGS. 6 and 7 are diagrammatic views showing details of the system disposed
      on the counter side and clutch side, respectively.
PAR  FIG. 8 is a diagrammatic view showing the counters and clutches of another
      embodiment.
PAR  FIGS. 9 and 10 are diagrammatic views showing in elevation and in a
      sectional view, respectively, the upper portion of a complete system.
PAR  FIGS. 11 and 12 are diagrammatic views showing in elevation and in a
      sectional view, respectively, a plug-in counter provided with
      identification code elements.
DETD
PAR  A program timer 1 shown in FIG. 1 has an output 2 for delivering clock
      pulses, e.g., one pulse per second, and is arranged to close the
      change-over switch 3 at its contact Za during the prescribed time of
      attendance and at its contact Zb during times, at which no attendance is
      prescribed. The system can be deenergized by the master switch 4 when the
      entire plant is closed, e.g., at night. In the system shown in FIG. 1 the
      program timer 1 controls the program-controlled change-over switch 3 and
      the master switch 4. The clock pulses are delivered from the output 2 via
      the clock line 5 to the change-over switch 3 and, when the latter is in
      the position shown, via contact Za and coil terminal 6 to coil 7, which is
      connected by its terminal 8 and the master switch 4 to the other terminal
      of the supply system. The clock pulses delivered by the program timer 1 at
      its output 2 result in a pulsed energization of the solenoid 9 so that the
      same repeatedly attracts its armature 10 and a pawl connected thereto
      intermittently rotates the ratchet 11. The rotation of the ratchet is
      transmitted to bevel gearing 12, which constitutes drive output means for
      intermittently driving connected counters in a counter-clockwise or
      decremental sense. This mode of operation is established during a
      prescribed time of attendance in accordance with the program.
PAR  During the other mode of operation the changeover switch 3 is connected via
      Zb and the coil terminal 13 to the coil 14, which has a second terminal
      15, which is connected by the switch 4 to the supply system terminal. In
      this mode of operation, the click pulses delivered from the output 2 to
      the coil 14 energize the solenoid 16, which attracts its armature 17 so
      that a pawl connected thereto intermittently rotates the ratchet 18 and
      the rotation of the latter is transmitted to bevel gearing 19, which
      constitutes drive output means for intermittently driving connected
      counters in a clockwise or incremental sense. This mode of operation is
      established during times, at which no attendance is prescribed in
      accordance with the program.
PAR  The mechanism shown in FIGS. 1 including means the solenoids 9 and 16 and
      other elements of the drive means is provided only once in each holder
      block for a plurality of counters. Each counter holder block comprises for
      each counter drive output means 12, 20, 21, etc. for a counter-clockwise
      drive and drive output means 19, 22, 23 etc. for a clockwise drive. These
      drive output means consist of bevel gearings, which are driven by the
      ratchets associated therewith and shafts 24, 25, respectively. Each drive
      output means is provided with a clutch member 26, 27, 28 etc. for
      establishing a connection to respective counters, which are adapted to be
      inserted into the holder block and will be explained more fully with
      reference to FIGS. 2 et seq.
PAR  FIG. 2 shows also diagrammatically the means for driving the counters. The
      drive output means 12 etc. and 19 etc. of FIG. 1 are shown as well as the
      clutch members 29 and 30. When the clutch is in the position shown in FIG.
      2 (When the identification code carrier or identity card 31 is not
      inserted), the angular position of the clutch-shifting rocker 33 is
      determined by the spring 32. In this position the clutch member 29 is
      connected to the drive output means 12 and the clutch member 30 is
      disengaged. Both clutch members 29 and 30 are connected to respective spur
      gears 34 and 35, which regardless of the position of the clutches are in
      mesh with a spur gear 36, which serves for the connection to the counter
      40 by means of the shaft 37 and the bevel gearing 38, 39.
PAR  In accordance with the program, when the change-over switch 3 is closed at
      its contact Za during a prescribed time of attendance, the counters are
      driven in a counterclockwise or decremental sense when the employee is
      absent during this time.
PAR  FIG. 3 shows the position of the clutches when the identification code
      carrier or identity card 31 has been inserted to turn the clutch-actuating
      rocker 33 to its second position, in which the clutch member 29 is
      disengaged and the clutch 30 is connected to the drive output means 19.
      The means for connecting the clutch members 29 and 30 to the counter 40
      are similar to those described with reference to FIG. 2. When the system
      operates in the mode shown in FIG. 1, i.e., the change-over switch 3 is
      closed at its contact Za during prescribed times of attendance, the drive
      output means 19 will not be driven so that the count of the counter 40
      will not be changed. When the employee is present during the prescribed
      time of attendance, there will be no counting operation and the net
      balance will not be changed.
PAR  During times, at which no attendance is prescribed, the program control
      causes the change-over switch 3 to be closed at its contact Za so that the
      drive output means 19 are intermittently rotated in a sense for
      incremental counting operations. When the employee is present during this
      time, in which an attendance is not prescribed, the counter 40 is driven
      in an incremental sense. This functional relationship between the mode of
      operation called for by the program and the control of the counter by the
      identity card inserted by the employee is apparent from a functional table
      at the end of the detailed description of the drawings.
PAR  FIG. 4 shows how a special disabling card 41 may be used to move the rocker
      by means of a push rod to an intermediate position 42, in which both
      clutch members 29 and 30 are disengaged. In this embodiment providing for
      a disengagement of both clutches, each counter 40 can be disconnected by
      the insertion of the disabling card, e.g., in case of a prolonged absence
      due to a vacation, sickness, or business trip.
PAR  FIG. 5 shows another embodiment of a clutch. Drive means 43 are provided,
      which are connected to a single shaft and in accordance with a program
      drive said shaft in different senses of rotation in alternation. When the
      disabling card 41 is inserted, the clutch member 45 is in its intermediate
      position shown in the drawing. The spring 44 tends to engage the clutch
      member 45 with the clutch member 46 when no identification code carrier or
      identity card is inserted. In response to the insertion of an
      identification code carrier or identity card, the clutch member 45 engages
      the clutch member 47. Each clutch member 46 and 47 is adapted to drive the
      clutch member 45 only in one of two opposite senses of rotation. The
      rotation of the clutch member 45 is transmitted to the counter 40 by means
      of spur gears 48 and 49 and bevel gears 50 and 39. To ensure that the
      counter 40 can be driven by one of the one-way clutches 46/45 or 47/45
      only when this is desired, a braking spring consisting of an axial
      compression spring 51 is provided. The abutment 52 provided for said
      spring serves also to mount the drive shaft and the countershaft.
PAR  FIG. 6 shows detent means, which become effective when the plug-in counter
      has been removed. Detent teeth 53 are provided on the clutch member 30 and
      when the counter 40 has been removed interengage with detent teeth 55
      fixed to the housing 54 so that the clutch member 30 is locked when the
      counter 40 has been pulled. This arrangement ensures that the position of
      the clutch member 30 and of the clutch member 29, which is connected to
      the clutch member 30 by the spur gears 34, 35, 36, will not be changed
      during the removal of the counter from the holder block and during the
      insertion of the counter into the holder block, e.g., when the counter is
      to be or had been inserted into a correcting device. Is is also ensured
      that the clutch members 29 and 30 are in the position required for their
      connection to the drive output means 12 and 19, respectively.
PAR  FIG. 7 shows also diagrammatically a detail including specially arranged
      drive output means 12 and 19. An energy storage spring 56 is provided
      between each output bevel gear 57 and the associated drive output means 12
      or 19, which is provided with detent teeth 58. When the counter has been
      removed, the pin 61 gives way to permit of an interengagement between the
      detent teeth 58 and detent teeth 59 fixed to the holder block 60. This
      arrangement ensures that when the counter has been removed for a short
      time any counting pulses received during this time will stress the energy
      storage spring and will be transmitted by the latter to the counter when
      the same has been reinserted.
PAR  FIG. 8 shows a further embodiment of the invention. A push rod 62 is
      provided, which is operable by the clutch-shifting rocker 33 shown also in
      FIGS. 1 to 4. In response to the movement of the rocker 33, the push rod
      62 controls the contact 63, which is mounted in the holder block. Such
      contact 63 may be associated with each counter and may be used, e.g., to
      control recording means.
PAR  FIG. 9 shows part of a complete appliance comprising a holder block 64 for
      the counters, a frame 65 and a built-in lock 66 for preventing an
      unauthorized removal of the plug-in counters.
PAR  FIG. 10 shows also a disabling card 67, which is provided with a nose 68
      and is also locked by the lockable frame 65.
PAR  FIGS. 11 and 12 show an extended version of identification code elements
      consisting of marginal slots 69 in an identification code carrier or
      identity card 70. The clutch, which is not shown here, can be actuated
      only if these marginal slots 69 agree with the code plates 71, which
      protrude from the counter unit 73 on the plug-in end 72 thereof and which
      are adapted to actuate contacts provided in the correcting deivce. In this
      way the code can be detected so that the counter unit is identified for
      the automatic preparation of a record of the correcting operation, which
      will be described hereinafter. The counter unit 73 has an opening 74 for
      receiving the identification code carrier or identity card 70. An ejector
      76, which is cushioned by a spring 75, is disposed in the opening 74 and
      serves to eject an identity card, which has not been inserted to the
      required position. This ejection feature prevents an impression of the
      user that the card has been properly inserted whereas in fact the clutch
      has not been shifted. The identity card is held in the counter only when
      it has been locked in position so that the clutch is also shifted whereas
      the card is ejected when it has not been inserted as far as required and
      this ejection is apparent to the person who has inserted the card. Because
      the counter units 73 are plug-in units and the clutch members 29, 30, can
      be disconnected from the drive output means 12, 19, the mechanical drive
      means may also be used to correct the count.
PAR  As an illustrative embodiment of the function, a sequence I will now be
      described and represented in the following table.
PAR  An employee arrives at 6.00 hours (B), takes a lunch break from 12.30 hours
      (E) to 14.15 hours (B), and works in the afternoon until 17.00 hours (E).
PAR  The program timer is set for prescribed times of attendance from 7.00 hours
      to 12.00 hours and from 13.30 hours to 16.30 hours, i.e., for a total time
      of attendance of 8 hours.
PAR  When the program causes the change-over switch to be closed at its contact
      Zb (FIG. 1), the employee inserts his identity card when he begins to work
      at 6.00 hours (B) so that the clutch assumes the position shown in FIG. 3
      for an incremental counting operation.
PAR  At 7.00, the program timer shifts the change-over switch from Zb to Za
      (FIG. 1) so that there will be no counting operation because the clutch
      remains in the position shown in FIG. 3. The count will remain unchanged
      until the program timer shifts the change-over switch 3 from its contact
      Za to its contact Zb (FIG. 1) at 12.00 hours so that the counter is
      operated in an incremental sense because the employee is still present and
      the clutch remains in the position shown in FIG. 3.
PAR  When the employee leaves at 12.30 (E), he removes his identity card so that
      the clutch is moved to the position shown in FIG. 2 and the counting
      operation is not continued as the switch 3 is closed at its contact Zb
      (FIG. 1).
PAR  At 13.30, the program timer causes the switch 3 to shift from its contact
      Zb to its contact Za (FIG. 1). Because the employee is not yet present,
      the fact that the switch 3 is closed at its contact Za (FIG. 1) and the
      clutch is in the position shown in FIG. 2 result in a decremental counting
      operation. When the employee returns, he inserts his identity card so that
      the clutch assumes the position shown in FIG. 3 and there is no counting
      operation.
PAR  When the prescribed time of attendance is terminated at 16.30 hours, the
      program timer shifts the switch from its contact Za to its contact Zb
      (FIG. 1). Because the identity card is still inserted, the clutch assumes
      the position shown in FIG. 3 and the counter counts now in an incremental
      sense until the identity card is removed at 17.00 so that the clutch
      assumes the position shown in FIG. 2 and the counter is stopped.
PAR  In this example, the actual time of attendance of the employee is
      calculated as follows:
      6.00 (B) to 12.30 (E)                                                    
                        =      6 hours 30 minutes                              
     14.15 (B) to 17.00 (E)                                                    
                        =      2 hours 45 minutes                              
     Total time of attendance  9 hours 15 minutes                              
PAR  In sequence I, the counter will indicate the following net balance during
      the day, beginning with a net balance of 0 hours 00 minutes.
TBL  ______________________________________                                    
     Standard Time  Net Balance                                                
     hours          hours        minutes                                       
     ______________________________________                                    
     6.00           +00          00                                            
     7.00           +01          00                                            
     12.00          +01          00                                            
     12.30          +01          30                                            
     13.30          +01          30                                            
     14.15          +00          45                                            
     16.30          +00          45                                            
     17.00          +01          15                                            
     ______________________________________                                    
PAR  Sequence I and additional sequences II to IV are represented in the
      following Table.
TBL  __________________________________________________________________________
     attendance not             a.n.r.       attendance not                    
     required    attendance required                                           
                                    att. req.                                  
                                             required                          
            .vertline..vertline..vertline..vertline..vertline..vertline..vertli
            ne..vertline..vertline..vertline..vertline..vertline..vertline..ver
            tline.                                                             
            .vertline..vertline..vertline..vertline..vertline..vertline..vertli
            ne..vertline..vertline..vertline..vertline..vertline..vertline..ver
            tline..vertline..vertline..vertline..vertline..vertline..vertline..
            vertline..vertline..vertline..vertline..vertline..vertline..vertlin
            e..vertline.                                                       
            .fwdarw..fwdarw..fwdarw.                                           
     standard time                                                             
            5:006:007:008:009:0010:0011:0012:0013:0014:0015:0016:0017:0018:00  
            BEBE                                                               
     SequenceI                                                                 
            ...ooo.+++.OOOOOOOOOOOOOOOOOOO.+.ooo.--.OOOOOOOO.+.oooo...         
                                                  = net balance 1.sup.15 +     
            BEBE                                                               
     SequenceII                                                                
            ...ooooooo.OOOOOOOOOOOOOOOOOOO.ooooo.OOOOOOOOOOO.oooooo...         
                                                  = net balance 0              
            BEB E                                                              
     Sequence III                                                              
            ...ooooooo.OOOOOOOOOOOOOO.----.ooo.+.OOOOOOOO.--.oooooo...         
                                                  = net balance 1.sup.30 -     
            BEBE                                                               
     SequenceIV                                                                
            ...oooooo..0000000000000000000.ooooo.00000000000                   
                                                  = net balance 0.sup.45       
     __________________________________________________________________________
                                                  +                            
      B = beginning                                                            
      E = end                                                                  
      O = no counting operation                                                
      + = incremental counting operation                                       
      - = decremental counting operation                                       
      . = change of operating conditions                                       
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for collecting data, which comprises
PA1  counter holder means,
PA1  a plurality of counters, which are removably held by said counter holder
      means at predetermined locations, each of said counters being adapted to
      perform incremental and decremental counting operations,
PA1  a program timer operable to produce first and second control signals in
      alternation in accordance with a predetermined time schedule,
PA1  drive means carried by said counter holder means and comprising drive
      output means and operable under control of said program timer to rotate
      said drive output means in a decremental sense when said control timer
      produces said first control signal and in an incremental sense when said
      control produces said second control signal,
PA1  a plurality of clutch means carried by said counter holder means and
      connected to said drive output means and associated each with one of said
      counters, each of said clutch means being adapted to assume a first state
      for driving the associated counter in an incremental sense and a second
      state for driving the associated counter in a decremental sense,
PA1  a plurality of code detectors, each of which is associated with one of said
      counters and comprises code detector elements and is adapted to receive an
      identification code carrier in a predetermined position and to assume a
      first state in response to an insertion of a mating identification code
      carrier having code elements, which represent the same code as said code
      detector elements, and a second state in response to the removal of such
      mating identification code carrier, and
PA1  a plurality of clutch-shifting means, which are carried by said counter
      holder means and associated with respective ones of said clutch means and
      of said code detectors and adapted to cause the associated clutch means to
      assume said first and second states in response to the first and second
      states, respectively, of the associated code detector.
NUM  2.
PAR  2. A system as set forth in claim 1, in which
PA1  each of said code detectors is adapted to receive a disabling code carrier
      and
PA1  each of said clutch means is arranged to assume a third state in response
      to the receipt of said disabling code carrier by the associated code
      detector and to disconnect in said third state the associated counter from
      said drive output means.
NUM  3.
PAR  3. A system as set forth in claim 2, which comprises means for locking said
      counter holders and any of said disabling code carriers in the code
      detectors, which has received said disabling code carrier to prevent an
      unauthorized removal of said counter and disabling code carrier.
NUM  4.
PAR  4. A system as set forth in claim 2, in which said identification code
      carriers differ in appearance from said disabling code carriers.
NUM  5.
PAR  5. A system as set forth in claim 1, in which
PA1  said drive means comprise drive output means consisting of a shaft and are
      adapted to rotate said shaft in a said decremental and incremental senses
      under control of said program timer,
PA1  each of said clutch means comprises first and second input members
      non-rotatably connected to said shaft at axially spaced apart positions,
      and an output member rotatably and axially slidably mounted on said shaft
      between said first and second input members and arranged to be held in
      engagement with said first input member in said first state of said clutch
      means and with said second input member in said second state of said
      clutch means,
PA1  said first input member is adapted to rotate said output member only in an
      incremental sense, and
PA1  said second input member is adapted to rotate said output member only in a
      decremental sense.
NUM  6.
PAR  6. A system as set forth in claim 1, in which
PA1  said counters are plug-in counters,
PA1  means are provided for locking said counters in said holder means,
PA1  means are provided for locking clutch means in position when the associated
      counter has been removed, and
PA1  an energy storage spring is associated with each clutch means and adapted
      to receive energy from said drive means when the associated counter has
      been removed from said counter holder means and for transmitting said
      energy to the associated counter when the same has been reinserted into
      said holder means.
NUM  7.
PAR  7. A system as set forth in claim 1, in which
PA1  said drive output means compirse a shaft connected to said clutch means and
PA1  said drive means comprise a ratchet wheel non-rotatably connected to said
      shaft, a pawl operable to rotate said ratchet, and a solenoid energizable
      to operate said pawl.
NUM  8.
PAR  8. A system as set forth in claim 1, in which
PA1  said drive output means comprise an output shaft,
PA1  said drive means comprise a second shaft, a reversing transmission
      connecting said second shaft to said output shaft, two ratchet wheels,
      which are nonrotatably connected to said output shaft and second shaft,
      respectively, two pawls, which are associated with respective ones of said
      ratchets and operable to intermittently rotate the same in incremental and
      decremental senses, respectively, and two solenoids, each of which is
      intermittently energizable to operate one of said pawls, one of said
      pawls, one of said solenoids being energizable when said program timer
      produces said first control signal and the other of said solenoids being
      energizable when said program timer produces said second control signal.
NUM  9.
PAR  9. A system as set forth in claim 1, in which
PA1  said drive output means comprise a first output shaft for rotation in said
      incremental sense and a second output shaft for rotation in said
      decremental sense, and in which
PA1  said drive means compirse first and ratchet wheels non-rotatably connected
      to said first and second output shafts, respectively, first and second
      pawls operable to rotate said first and second ratchets, respectively, in
      incremental and decremental senses, respectively, and first and second
      solenoids energizable to operate said first and second pawls, respectively
      said first solenoid being energizable when said program timer produces
      said second control signal and said second solenoid being energizable when
      said program timer produces said first control signal.
NUM  10.
PAR  10. A system as set forth in claim 1, in which
PA1  said drive means comprise incremental drive means energizable to rotate in
      an incremental sense and decremental drive means energizable to rotate in
      a decremental sense,
PA1  an energizing pulse source is provided and
PA1  a change-over switch is provided to connect said energizing pulse source to
      said incrmental drive means when said program timer produces said second
      control signal and to said decremental drive means when said program timer
      produces said first control signal.
NUM  11.
PAR  11. A system as set forth in claim 10, which comprises a master switch for
      controlling the energization of the system.
NUM  12.
PAR  12. A system as set forth in claim 10, in which said program timer
      comprises
PA1  a clock including an energy storage device,
PA1  a pulse generator,
PA1  an amplifier,
PA1  an input for connecting said system to an external power source, and
PA1  battery means for energizing said system in case of a failure of said power
      source.
NUM  13.
PAR  13. A ststem as set forth in claim 1, in which each of said clutch means
      comprises input means operatively connected to said drive output means and
      output means adapted to be mechanically connected to the associated
      counter and engageable with and disengageable from said input means under
      control of said clutchshifting means.
NUM  14.
PAR  14. A system as set forth in claim 1, in which each of said clutch-shifting
      means comprises a rocker, which is pivotally movable between two positions
      to cause the associated clutch means to assume their said first state in
      response to the first state of said code detector and their second state
      in response to the second state of said code detector.
NUM  15.
PAR  15. A system as set forth in claim 14, which comprises signalling means
      carried by said holder means and associated with respective ones of said
      counters and controlled by the associated rocker.
NUM  16.
PAR  16. A system as set forth in claim 14, in which
PA1  said signalling means comprise contact means and
PA1  a push rod adapted to operate said cntact means is connected to said
      rocker.
NUM  17.
PAR  17. A system as set forth in claim 1, which comprises a correcting device
      for correcting the count of one of said counters by a predetermined
      counting operation when said counter has been removed from said counter
      holder means, which correcting device comprises
PA1  an adapter adapted to receive each of said counters, and
PA1  means for preselecting a predetermined counting operation as to the number
      of counting steps and the sense thereof.
NUM  18.
PAR  18. A system as set forth in claim 17, in which said correcting device
      comprises
PA1  correction-initiating means for initiating the preselected counting
      operation and
PA1  correction-terminating means for automatically disabling said correcting
      device when said predetermined counting operation has been performed.
NUM  19.
PAR  19. A system as set forth in claim 18, in which said correction-initiating
      means are manually operable.
NUM  20.
PAR  20. A system as set forth in claim 18, in which said correction-inititating
      means are automatically operable.
NUM  21.
PAR  21. A system as set forth in claim 17, which comprises
PA1  a data storage device and in which
PA1  said correcting device coprises a read-out, which is connected to said data
      storage device and adapted to deliver data representing the correcting
      operation to said data storage device for storage therein.
NUM  22.
PAR  22. A system as set forth in claim 21, in which said data storage device
      comprises a printer.
NUM  23.
PAR  23. A system as set forth in claim 21, in which said data storage device
      comprises a tape perforator.
NUM  24.
PAR  24. A system as set forth in claim 21, in which said data storage device
      comprises a magnetic tape recorder.
NUM  25.
PAR  25. A system as set forth in claim 21, in which
PA1  each of said code detectors is combined with the associated counter in a
      unit,
PA1  said code detector elements of each of said code detectors represents a
      code is specific to said code detector, and
PA1  said correcting device is adapted to detect said code and to deliver data
      representing said code to said data storage device for storage therein.
NUM  26.
PAR  26. A system as set forth in claim 25, in which said correcting device
      comprises contacts for detecting said code.
NUM  27.
PAR  27. A system as set forth in claim 1, in which
PA1  each of said code detectors is combined with the associated counter in a
      unit, and
PA1  said code detector elements of different ones of said code detectors
      represent different codes.
NUM  28.
PAR  28. A system as set fort in claim 1, in which
PA1  each of said counters comprises a first set of digit wheels for indicating
      counts above zero, a second set of digit wheels for indicating counts
      below zero,
PA1  each of said counters comprises also a shutter, which is arranged to assume
      a first position when the count is above zero and in said first position
      exposes the digit wheels of said first set and covers the digit wheels of
      said second set, and to assume a second position when the count is below
      zero and in said second position exposes the digit wheels of said second
      set and covers the digit wheels of said first set.
NUM  29.
PAR  29. A system as set forth in claim 25, in which the numerals of the digits
      wheels of said first set distinguish in appearance from those of the
      digits wheels of the second set.
NUM  30.
PAR  30. A system as set forth in claim 29, in which
PA1  the digits wheels of the first set carry white numerals and
PA1  the digit wheels of the second set carry red numerals.
NUM  31.
PAR  31. A system as set forth in claim 1, which comprises means for locking
      said counter in said counter holder means to prevent an unauthorized
      removal.
NUM  32.
PAR  32. A system as set forth in claim 1, in which
PA1  each of said code detectors is provided with a slot adapted to receive said
      mating identification code carrier in said predetermined position,
PA1  detent means are provided to releasably lock said mating identification
      code carrier in said predetermined position and
PA1  spring means are provided for ejecting said identification code carrier
      from said slot when the identification code carrier has been inserted into
      said slot and released short of said predetermined position.
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ABST
PAL  A versatile readily serviced transaction terminal includes a credit card
      control mechanism, a user keyboard, a user display, a document handling
      system for cash and printed transaction statements, and a system for
      controlling terminal operation. The terminal receives a user credit card
      having a magnetic stripe with prerecorded account information, reads the
      account information, and then receives a user personal ID number through
      the keyboard. As an available option, the terminal may require a
      predetermined correspondence between the personal ID number and the
      account information. After any required correspondence is satisfied, the
      user is permitted to operate the keyboard to indicate a selected one of an
      unlimited range of possible transaction requests. The control system,
      which includes a programmable microprocessor and a plurality of passive
      terminal elements interconnected by a terminal information bus, operates
      to assemble user supplied information, terminal status information,
      communicate transaction requests to a host, and provide central
      information to terminal modules for the execution of requested
      transactions in a manner consistent with host generated transaction reply
      messages. Each terminal element handles one or more terminal functions
      such as the control of hardware or the control of user communications in
      direct response to microprocessor control information. All decision making
      is handled by the microprocessor with only specific, well defined commands
      being executed by the bus connected modules.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to the following patent applications with are
      concurrently filed herewith and assigned to the common assignee:
PAR  1. TRANSACTION EXECUTION SYSTEM WITH SECURE DATA STORAGE AND
      COMMUNICATIONS, Ser. No. 483,084, filed June 25, 1974, by Thomas G.
      Anderson et al.
PAR  2. TRANSACTION TERMINAL WITH UNLIMITED RANGE OF FUNCTIONS, Ser. No.
      483,058, filed June 25, 1974, by William A. Boothroyd et al.
PAR  3. CONTACT SCAN CIRCUIT, Ser. No. 482,921, filed June 25, 1974, by William
      A. Boothroyd et al.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to transaction execution terminals which may issue
      cash, transfer funds, or execute other requested transactions and more
      particularly to transaction execution terminals having a microprocessor
      and modular subsystems which are interconnected by an information bus.
PAR  2. History of the Prior Art
PAR  Transaction execution terminals are currently available for the performance
      of extremely limited, specific transactions. For instance, cash issue
      terminals are available which will issue cash in return for the deposit of
      a check or the debiting of a credit card account. Such terminals typically
      require the insertion of a credit card containing account information
      written on a magnetic stripe and the keyboard entry of a personal ID
      number which corresponds in a predetermined manner to the credit card
      account information. The terminal then receives a requested dollar amount
      through a numeric keyboard and issues the desired amount of cash if the
      credit card and ID number are found to be in order.
PAR  Such terminals are able to perform only an extremely limited range of
      transaction functions and are not readily adaptable to the execution of
      additional functions. The systems for controlling terminal operation are
      relatively inflexible in nature and are able to perform only the limited
      range of available functions.
PAC  SUMMARY OF THE INVENTION
PAR  A transaction execution terminal in accordance with the invention includes
      a credit card control mechanism, a user keyboard, a user display, a
      document handling system including a cash issue mechanism and a
      transaction statement printing mechanism, and a modular control system.
      The modular control system, which controls all mechanical, electrical, and
      electromechanical terminal functions, includes a terminal information bus,
      a programmable microprocessor connected to the bus, and a plurality of
      passive terminal subsystems connected to the bus.
PAR  The terminal subsystems contain the functional actuators and sensors which
      are required to maintain terminal operation, but merely serve as a conduit
      for microprocessor commands without acting to make decisions themselves.
      The terminal elements operate in response to specific, well defined data
      signal commands to control the entry of information into function control
      registers, to accumulate terminal operating status information and present
      this information on the terminal information bus as terminal data on
      command.
PAR  The terminal actuators, whether they be motors, solenoids, relays,
      displays, or other devices, respond directly to stored terminal data
      information. For example, a DC motor for driving a credit card transport
      mechanism has the armature drive input thereto connected through two
      switches. The first is a single pole double throw switch which selectively
      connects the motor to a positive supply voltage or a negative supply
      voltage. The second is an on-off switch connected in series with the first
      switch. The first and second switches are responsive to first and second
      bit positions in a storage register, to selectively drive the motor in
      forward or reverse directions or turn the motor off in accordance with
      information written into the two bit positions by the microprocessor.
      Photocells are positioned at various points along the credit card
      transport path to detect a position of the credit card. When a photocell
      lightpath is interrupted by a credit card, a latch is set within the
      subsystem and an interrupt request is generated. The microprocessor
      processes the interrupt request by reading terminal status information
      accumulated by the subsystem to detect the photocell signal. If the credit
      card is to be stopped at this photocell, the logic O is then written into
      the second bit position of the function control register to terminate the
      motor operation. The terminal element thus plays no active decision making
      rule but merely serves a conduit to receive and execute clearly defined
      specific commands generated by the microprocessor.
PAR  This control system arrangement imparts to the transaction terminal and
      extremely precise but flexible control over the execution of requested
      transactions. The number of transactions which may be requested and
      executed are expandable without limit by merely modifying the program for
      the microprocessor and connecting any additional hardware that might be
      required to the terminal information bus. In addition, each terminal
      proprietor and owner may specify particular options for the processing of
      user transactions by merely inserting selected program options. No
      modification of the terminal hardware is required.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention may be had from a consideration of
      the following detailed description taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a transaction terminal in accordance with
      the invention;
PAR  FIG. 2 is a block diagram representation of a function control system for
      the terminal shown in FIG. 1;
PAR  FIG. 3 is a block diagram representation of a processor support subsystem
      included within the control system shown in FIG. 2;
PAR  FIG. 4 is a block diagram representation of a mechanical control subsystem
      included within the control system shown in FIG. 2;
PAR  FIG. 5 is a side view representation of a document handling system included
      within the mechanical control subsystem shown in FIG. 4;
PAR  FIG. 6 is a rear view represenation of a document handling system shown in
      FIG. 5;
PAR  FIG. 7 is a block diagram, schematic represenation of information gathering
      logic used in the mechanical control subsystem shown in FIG. 4;
PAR  FIG. 8 is a block diagram, schematic representation of a depository
      mechanism included within the mechanical control subsystem shown in FIG.
      4;
PAR  FIG. 9 is a block diagram, schematic representation of a card handling
      mechanism for the mechanical control subsystem shown in FIG. 4;
PAR  FIG. 10 is a block diagram, perspective representation of a panel door
      mechanism included in the mechanical control subsystem shown in FIG. 4;
PAR  FIG. 11 is a block diagram representation of a user communication subsystem
      for the control system shown in FIG. 2;
PAR  FIG. 12 is a block diagram representation of a transaction statement
      dispenser subsystem included within the control system shown in FIG. 2;
      and
PAR  FIG. 13 is a block diagram representation of an operator function subsystem
      included within the control system shown in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  A transaction terminal 10 in accordance with the invention includes an
      outer protective shell or cover 12, and a user panel 14. An access panel
      (not shown) at the rear of the machine permits access to an operator panel
      as well as access which is required for normal terminal maintenance such
      as the replenishment of bills and transaction statement forms and the
      clearance of any jam that might occasionally occur. A user panel door 16
      is shown in a raised condition. The panel door 16 is normally closed to
      protect the user panel.
PAR  A user requested transaction is initiated by inserting a user credit card
      18 having information recorded on a magnetic strip thereon through a
      credit card slot 20. A credit card transport system within the terminal 10
      senses the presence of the credit card in the slot 20 and carries the
      credit card into the machine and past a read head to a temporary holding
      position. If the information read from the card 18 indicates that the
      terminal 10 is to process a transaction request related to that card, the
      panel door 16 is opened to make a keyboard 22, optical display 24, deposit
      flap 27, and a document issue slot 28 available to the user. The optical
      display 24 then instructs the user to enter his personal ID number through
      a numerical field 26 of keyboard 22. A six digit personal ID number is
      then entered through the keyboard. At the option of the owner of terminal
      10, this number may be tested to correspond to information read from the
      credit card. The user is next directed by optical display 24 to indicate
      the type of transaction he wishes to request by activating a key within a
      function selection field 29 of keyboard 22. The user indicates the
      transaction type by a desired key, such as a withdraw key or a funds
      transfer key, within the function selection field 29. If the transaction
      requires, the user is then directed by the optical display to indicate the
      account from which funds are to be withdrawn or transferred by activating
      a key within a "from account" field 30 of keyboard 22. As typical examples
      the user might select a credit card account, a savings account or a
      checking account. If the transaction requires, the optical display next
      directs the user to select the account to which funds are to be
      transferred by activating a key within a "to account" field 32 of keyboard
      22. The same accounts are typically available for selection by both the
      from account field 30 and the to account field 32. A withdraw transaction
      would of course require no key activation within the to account field 32
      and the optical display 24 would direct the user to enter a dollar amount
      through the numeric field 26. Upon entry of the dollar amount, this amount
      is presented on optical display 24 and the user is requested to verify the
      amount by activating a "proceed" key 34 within a transaction control field
      36 of keyboard 22. If the amount is incorrect the user may enter a new
      amount through the numeric field 26 or terminate the transaction by
      activating a cancel key 38 within control field 36. The canceled key may
      be activated at any time during the course of a transaction up to cash
      issue and causes the transaction to be cancelled with the credit card 18
      being returned through slot 20 and the panel door 16 closing.
PAR  If the dollar amount is verified by an activation of  the proceed key 34,
      the terminal 10 assembles the information read from the credit card and
      the information received through the keyboard 22 into a transaction
      request message which is communicated to a host data processing system.
      The host data processing system responds with a transaction reply message
      and also stores the transaction information for the terminal 10. Stored
      transaction information can then be used for updating user accounts in
      accordance with executed transactions. Alternatively, the host data
      processing system may be an on-line processing system with access to a
      large data base of storing user account information. In this case, the
      host data processing system, upon receipt of the transaction request
      message, would access the indicated user account files. The account
      information would be utilized to authenticate the user ID number and check
      for any restrictions such as overdrawn limits or cash withdrawn limits
      that might prevent execution of the transaction.
PAR  If the transaction is approved, a transaction reply message showing
      approval is communicated to the terminal 10 which responds by executing
      the requested transaction. This execution might involve the issuance of
      cash, the issuance of a transaction statement, the display of account
      information or simply an indication that the requested transaction had
      been executed. Upon execution of the transaction, the terminal 10 returns
      the credit card 18 through slot 20, closes the user panel door 16 and
      communicates a status message to the host data processing system to
      indicate that a transaction has been executed. This status message allows
      the host data processing system to close the transaction which opened with
      the transaction request message. The terminal 10 then awaits the insertion
      of a new credit card.
PAR  In order to further aid the user in selecting keys of the keyboard 22 which
      are to activated, the keys within the function selection field 29, the
      from account field 30 and the to account field 32 are color coded and each
      contains a backlight. When a key is to be next activated in one of these
      fields 29, 30, 32, all of the backlights in the field are illuminated.
      When a key from this field is selected, the activated key remains
      backlighted to provide audit trail which is indicative of the requested
      transaction while all other backlights within the field are extinguished.
      The backlights and optical display are operated under program control to
      prompt a sequence of keyboard entry by the user which is consistent with a
      requested transaction and will not necessarily be the same for every
      requested transaction. For example, a funds transfer request would require
      the identification of an account through the to account field 32 while a
      cash issue request would not. Furthermore, a user may revise or change his
      transaction request by selecting a different key within a previously
      selected function select or account field 29, 30 or 32 by merely
      activating a different key. The process of entering the transaction
      request then continues from that revision point.
PAR  Referring now to FIG. 2, a terminal control system 50 for terminal 10
      includes a terminal information bus 52, a programmable data processor 54
      coupled via information bus 52 to a plurality of terminal adapters or
      elements 60-65. In general, the terminal elements 60-65 do not actively
      make any decision but merely act as a conduit for terminal data signals
      which are generated by the data processor 54 and communicated to control a
      driver circuitry for controlling the operation of actuators within the
      element. Each element also accumulates terminal status information which
      may be transferred along terminal information bus 52 to the data processor
      54. A clock signal generator 68 generates a clock signal for the data
      processor 54 and a 1 MHz clock signal which is utilized by operational
      hardware or processor support subsystem element 60 for providing timing
      functions within terminal control system 50. A remote signal connector 70
      allows a communication between the terminal 10 and a central control panel
      which may be used to monitor and control plurality of terminals similar to
      terminal 10. The remote control panel (not shown) may include lights to
      indicate when the terminal is opened, when a terminal is in use, when a
      cash low condition exists, when a forms out condition exists, or when an
      exception condition such as a document jam exists. Control switches
      available at the remote control panel permit the terminal 10 to be turned
      on or off, to be connected or disconnected from the communication line and
      to an internal communication function "wrap test." The remote control
      panel is a convenience which is not necessary to the operation of the
      terminal 10 and of course additional status or control functions could be
      assigned to the remote signal connector 70.
PAR  The data processor 54 includes an 8 bit parallel microprocessor 72 and data
      storage 74. The microprocessor 72 may be any conventional parallel
      processor. Data storage 74 includes read only storage (ROS) for the
      storage of fixed program and table information and random access storage
      (RAM) for the storage of scratch pad information, information which may be
      varied so as to select the desired options of each customer, display
      message text, optical character fonts and other information that may vary
      during the course of the operation of control system 50. The information
      retained by by the random access storage is lost each time the terminal 10
      loses power and thus must be reinstated by an initialization image
      supplied by the host data processing system each time the terminal 10 goes
      from a power off to power on condition.
PAR  The terminal information bus 52 may be conventional in nature. The bus and
      the interface logic for controlling the transfer of information along the
      bus may be of the type described in U.S. Pat. No. 3,336,582 or U.S. Pat.
      No. 3,488,633. Other suitable bus and interface circuitry is described by
      the various makers of mini-computers. As described herein all data
      transfers are referenced with respect to the microprocessor 72. Thus, a
      write operation represents a data transfer from the microprocessor 72 to a
      subsystem element and a read operation represents a transfer from a
      subsystem element to the microprocessor 72.
PAR  While this invention is in no way dependent upon the exact nature of the
      terminal information bus 52 it will be presumed that the bus 52 includes
      nine data out-lines (8 bit + parity), nine data in-lines (8 bits +
      parity), control out-lines and control in-lines. Three mutually exclusive
      time periods are established by the control signals for the communication
      of bus information. At an address time, an address signal is generated by
      the microprocessor 72 to select one of the subsystem elements 60-65. At a
      command data signal time, command information is communicated from the
      microprocessor to a selected subsystem element. Finally, at data signal
      time terminal data may be either transferred on the data out bus to a
      selected subsystem element or on a data in bus from the selected element
      to the microprocessor 72. The direction of the terminal data transfer is
      dependent upon the nature of the preceding command data signal. Interrupt
      request generated by the subsystem elements 60-65 may also be communicated
      along the information bus 52.
PAR  Referring now to FIG. 3, the processor support subsystem 60 operates as a
      logical extension of the microprocessor 72 by providing system control
      functions that are preferably implemented with hardware rather than
      software. One element of the processor support subsystem 60 is a 10 bit
      binary counter 100 which receives the one MHz clock signal from clock
      signal generator 68 and generates lower frequency clock signals which are
      used throughout the control system 50 for terminal 10. Counter 100 is
      resettable by a terminal reset signal which is also generated by the
      processor support subsystem 60. This terminal reset signal is generated by
      a single shot 102 which is activated in response to either a reset switch
      on the operator panel of the terminal or in response to a hangup signal
      104 from a hang detector 106. The hang detector 106 is implemented as a
      single shot which provides an output on signal line 104 only after a
      period of time .DELTA.T following the triggering of the single shot. The
      single shot is connected to be triggered in response to activity on the
      control out portion of the terminal information bus lines 52. Thus, each
      time there is activity on the data bus that causes activity, the single
      shot of hang detector 106 is triggered to reset the delay time .DELTA.T.
      Delay time .DELTA.T is chosen to be on the order of 0.5 seconds so that
      the time is extremely long with respect to the normal time between the bus
      activity but yet relatively short from the point of view of a person using
      the terminal 10. The hang detector 106 causes the microprocessor 72 to
      reset to a predetermined program instruction in the event that an
      unrecoverable error conditions causes interruption of the normal program
      execution. For example, as a result of an error occurring as data is
      transferred from the data storage, or memory 74, to the microprocessor 72,
      an instruction received by the microprocessor 72 may contain an operation
      code which is meaningless to the microprocessor 72 and which does not
      permit the microprocessor to continue the execution of instructions. In
      the event that such an error occurs, the microprocessor merely comes to a
      complete halt. Normally some kind of operator intervention would then be
      required. However, the hang detector 106 detects the lack of any bus
      activity and generates an output signal on line 104 which causes a single
      shot 102 to generate a terminal reset signal. The terminal reset signal
      causes the microprocessor 72 to fetch an instruction from a predetermined
      location in data storage 74 which permits the microprocessor 72 to restart
      normal operation if further unrecoverable errors do not occur. Terminal
      reset signal is also carried by information bus 52 to other subsystems
      which are connected to the bus and utilized to reset registers and latches
      within the other subsystems where appropriate. The terminal reset signal
      generating single shot 102 is responsive to power on reset from power
      sensor 874 (FIG. 13) and to a switch that may be located on an operator
      panel as well as to the hang detector 106. The customer is thus given the
      option of resetting terminal 10 manually at any time even though a manual
      reset is not required to permit recovery by the microprocessor 72 from
      what would normally be an unrecoverable error. Other signals as
      appropriate for various microprocessors may of course be monitored to
      drive the hang detector 106. For example, the control lines, the address
      lines, or even the data lines which connect the microprocessor 72 to the
      data storage module 74 might be monitored. If the microprocessor 72 is
      working properly, it must execute memory fetch cycles at regular intervals
      and monitoring of these memory control and data signals would permit a
      determination of whether the memory fetch cycles are occurring. In
      addition, some data processors have an output signal which drives a panel
      indicator to indicate whether or not the processor is executing
      instructions. This signal could of course be monitored by the hang
      detector 106 where available.
PAR  A run detector 108 also monitors the control out signals on the information
      bus 52 and is connectable to drive an indicator light on an operator
      control panel and also which indicates that the terminal 10 is operating
      satisfactorily. Run detector 108 monitors signal transitions the same as
      hang detector 106 except that the output of run detector 108 is active so
      long as microprocessor 72 is operating in a normal (non-error) manner
      while the output of hang detector 106 becomes active when microprocessor
      72 ceases to operate. The output of run detector 108 is also communicated
      to an intervention relay which is connectable to drive an intervention
      required indicator light on the remote customer control panel whenever the
      output of run detector 108 becomes inactive or whenever a control signal
      which turns on the main power to the electromechanical actuators of
      terminal 10 becomes inactive. The intervention required relay is also
      controllable by the microprogram via mechanical control subsystem 61, thus
      providing means for either the microprogram or host via microprogram to
      indicate system detected errors. The intervention required remote control
      indicator light thus indicates an exception condition for terminal 10,
      which typically needs operator intervention.
PAR  Processor support subsystem 60 also generates interrupt requests at 10.24
      msec. intervals to provide microprocessor 72 a time base to permit the
      timing of various operations associated with the terminal 10. The
      interrupt generating circuitry includes a counter 112, decoder 114 and OR
      gate 116 driving a reset input to counter 112, a toggling flipflop 118 and
      a pair of AND gates 120, 122. The counter 112 receives a 976.5 Hz signal
      from counter 100 and operates in conjunction with decoder 114 to count by
      five. Decoder 114 senses a count of five to activate the reset input to
      counter 112. Counter 112 thus actually goes through six count states (0-5)
      but because count state 5 and count state 0 occurs within the same count
      pulse cycle it functions as a divide by 5 circuit. OR gate 116 also
      responds to the terminal reset signal to reset counter 112. Decoder 114
      also generates a short output pulse upon detection of count 5. This output
      pulse drives flipflop 118 as well as AND gates 120 and 122. As the pulse
      output from decoder 115 goes high, one of the AND gates 120, 122 becomes
      enabled, dependent upon the state of flip-flop 118. As the pulse goes low,
      the AND gates 120, 122 are disabled and the flipflop 118 is toggled by the
      falling edge. AND gate 120 thus generates a signal A having short duration
      pulses which occur at 10.24 msec. intervals. Similarly, AND gate 122
      generates an output signal B having short duration pulses which also occur
      at 10.24 msec. intervals except that signals A and B have an offset phase
      relationship.
PAR  Read circuitry 124 within the processor support subsystem 60 receives the
      signal from the read circuitry 124 and includes conventional amplification
      and logic detection circuitry for reading information which is stored on a
      magnetic card stripe in a conventional double frequency binary format.
      However, it should be noted that read circuitry 124 includes an 8 bit
      accumulation register 128 and an 8 bit buffer register 130. Data is
      accumulated in the 8 bit accumulation register 128 in bit-by-bit serial
      fashion. After the accumulation register 128 is loaded, a buffer clock
      signal (BCK) is generated to transfer the contents of the accumulation
      register 128 in parallel to a buffer register 130. The clock signal BCK
      simultaneously is utilized to toggle a flip-flop 132 from the reset state
      to the set state to cause the generation of a credit card interrupt signal
      at the Q output therefrom. This signal causes the generation of a
      processor support subsystem 60 interrupt request. As the microprocessor 72
      processes the interrupt request, it addresses the processor support
      subsystem 60 and causes a read CCR signal to be generated by a command
      decoder and latch 140. The read circuits 124 respond to the read CCR
      command by generating a read byte signal which simultaneously gates the
      parallel contents of buffer register 130 onto a processor support
      subsystem data bus 142 and activates an OR gate 144 to simultaneously
      reset toggling flip-flop 132 and an SR flip-flop 146. If, however, the
      buffer register 130 is loaded and then the accumulation register 128
      becomes completely reloaded before the contents of the buffer register 130
      are read by microprocessor 72, the buffer clock signal, BCK, is still
      generated causing the contents of the accumulation register 128 to be
      transferred to buffer register 130. When this happens, the original
      contents of buffer register 130 are lost and it becomes impossible for the
      microprocessor 72 to acquire all of the information from the magnetic
      stripe of the credit card without requesting reinsertion of the card. When
      the original information was loaded into buffer register 130, signal BCK
      caused flip-flop 132 to toggle to the set state. The subsequent signal BCK
      which causes buffer 130 to overflow, toggles flip-flop 132 back to the
      reset state. The Q output of flip-flop 132 drives the set input to
      flip-flop 146 to generate a credit card overrun signal, CCOR, at the Q
      output of flip-flop 146. Normally, the output of OR gate 144 generates the
      resetting signal which resets both flip-flop 146 and flip-flop 132.
      However, when flip-flop 132 is toggled by BCK back to the reset condition,
      the reset signal to flip-flop 146 is not present and flip-flop 146 is
      permitted to enter the set state.
PAR  Each of the subsystems 60-65 includes a certain amount of standardized
      circuitry that is repeated for each of the subsystems. This standardized
      circuitry includes bus interface logic 150, data bus 142, command decoder
      and latch 140, an 8 bit basic status register 152, basic status register
      control logic 154, and an output gate 156 for basic status register 152.
      Bus interface logic 150 is connected to the control and data lines of
      information bus 52 and includes the circuitry which is necessary for
      transferring information over terminal information bus 52. This circuitry
      is conventional in nature and is therefore not described in detail herein.
      In general, the bus interface logic 150 handles the receipt and generation
      of signals which permit microprocessor 72 to be assured that data
      transfers are accomplished without error. It will be appreciated by those
      skilled in the art that the requirements of the bus interface logic 150
      will be in large determined by the particular microprocessor chosen for
      72.
PAR  More specifically, the bus interface logic 150 recognizes the presence on
      the terminal information bus 52 of an address signal corresponding to a
      predetermined address and thereafter acts during a subsequent command time
      to gate the data out lines of terminal information bus 52 to the data
      lines of data bus 142. A command signal is sumultaneously outputted to
      command decoder and latch 140 which causes the command decoder and latch
      140 to decode the information on subsystem data bus 142 and to generate a
      single subsystem command control signal. This command control signal is
      latched as the signal command is removed by the bus interface logic 150.
      It will be appreciated that each of the subsystems 60-65 includes a
      command decoder and latch such as command decoder and latch 140. It should
      be further appreciated that while all of the command decoder and latches
      operate in similar manner, the decoder circuitry and number of latchs will
      depend upon the control commands and predetermined binary data
      combinations which are selected to indicate commands. The command decoder
      and latch 140 thus contains five latches to store and decoder circuitry
      for recognizing each of five predetermined information signals which
      indicate the commands. Bus interface logic 150 also responds by connecting
      the data out lines of terminal information bus 52 to the subsystem data
      bus 142 for a write command and connecting the data in lines of terminal
      information bus 52 to the subsystem data bus 142 for a read command with
      the command decoder and latch 140 outputs having established the proper
      gate signals to select the proper source for the data transfer.
PAR  Thus, if the preceding command were a read CCR command, during the time
      that signal data is active the read CCR command is output to read circuits
      124 which respond by generating the read byte command signal which gates
      the contents of buffer register 130 onto subsystem data bus 142 and also
      the data in lines of terminal information bus 52 to make the contents of
      buffer register 130 available to microprocessor 72. Read byte signal
      simultaneously resets flip-fllps 132 and 146 as explained previously. If
      the previous command from the microprocessor 72 had been a read basic
      status register command, the command decoder and latch 140 responds to the
      signal data by outputting a command control signal read B.S. which gates
      the contents of basic status register 152 onto subsystem data bus 142 and
      the data in lines of terminal information bus 52. The remaining commands
      which are applicable to processor support subsystem 60 are executed in a
      similar manner. A set basic status command is actually a write command for
      which information generated on the data out bus lines is communicated to
      the subsystem data bus 142. As the set B.S. command control signal is
      generated, the individual basic latches of the basic status register 152
      are set in accordance with a processor support subsystem 60 status signal
      only if the line of subsystem data bus 142 (ADBO through ADB7) which
      corresponds to a particular latch contains a logic 1. Any latch which
      corresponds to a subsystem data bus line carrying a logic 0 remains
      unchanged. A reset basic status command operates in a similar manner
      except that a basic status register latch corresponding to a bus line
      carrying a logic 1 is reset independent of the subsystem status
      information which the latch is connected to represent. The IAD reset
      signal is a command signal which is applicable only to the processor
      support subsystem 60 and permits a resetting of processor support
      subsystem 60 without resetting the microprocessor 72 or any of the other
      subsystems in the terminal 10.
PAR  Latch 0 of basic status register 152 is connected to indicate the
      generation of the credit card interrupt signal, CCIRPT, by flip-flop 132.
      Latch 0 has the set and reset commands respectively controlled by the
      signals:
PA1  Set bs0 = ccirpt.sup.. read b.s.+adb0.sup.. set b.s.
PA1  rst bs0 = iad rst+adbo.sup.. rst b.s.+reset
PAL  basic Status Latch 1 is the interval timer interrupt latch and has the set
      and reset inputs respectively driven by the logical functions:
PA1  Set bs1 = itirpta.sup.. read b.s.+adb1.sup.. set b.s.
PA1  rst bs1 = iad rst+adb1.sup.. rst b.s.+reset
PAL   latch 2 has not assigned significance. Latch 3 is used to selectively
      inhibit the 10.24 msec. interrupt signal from generating an interrupt
      request. The control inputs are:
PA1  Set bs3 = adb3.sup.. set b.s.
PA1  rst bs3 = iad rst+adb3.sup.. rst b.s.+reset
PAL   latch 4 is the credit card overrun latch and is set and reset in
      accordance with the respective logical functions:
PA1  Set bs4 = ccor.sup.. read b.s.+adb4.sup.. set b.s.
PA1  rst bs4 = iad rst+adb4.sup.. rst b.s.+reset
PAL  latches 5 and 6 are not implemented.
PAR  Latch 7 is the interrupt request latch and a logic 1 output indicates a
      pending interrupt request. The output of latch 7 is connected to gate 156
      along with the outputs of the other latches but is also connected directly
      to the bus interface logic 150 on a line (not shown) which bypasses gate
      156. Bus interface logic 150 responds to this bit 7 signal by
      communicating an interrupt signal to microprocessor 72 via terminal
      information bus 52. Latch 7 is set concurrently with latches 0, 1 and 4
      and is set and reset in accordance with the respective logic functions:
PA1  Set bs7 = (itirpta+ccor+cci).sup.. read b.s.+ad7.sup.. set b.s.
PA1  rst bs7 = adrst+ad7.sup.. rst b.s.+reset
PAR  the signals ADB0-ADB7 indicate the separate bit signals on the subsystem
      data line 142 and permit the selective loading and resetting of each
      individual basic latch in the basic status register 152.
PAC  MECHANICAL CONTROL SUBSYSTEM
PAR  Reference is now made to FIGS. 4-10 and more particularly to FIG. 4 which
      shows the logic portion of the mechanical control subsystem 61 of the
      control system 50 for terminal 10. The circuitry included within the
      mechanical control subsystem 61 which is similar in nature to circuitry
      within each of the subsystems 60-65 includes bus interface logic 200, an
      interrupt request flip-flop 202, a command decoder and latches 204, a
      basic status register 206, an output gate 208 for basic status register
      206, basic register control logic 210 and a subsystem data bus 212. These
      circuits operate in a manner as described in conjunction with the
      processor support subsystem 60 except that command decoder and latch 204
      responds to control commands which are particularly related to the
      mechanical control subsystem 61 and the terminal status input to the basic
      status register control logic 210 are unique to the mechanical control
      adapter 61. In addition to decoding and latching three read commands, read
      0, read 1, and read 2, three write commands, load A, load B and load C, a
      subsystem reset command CADRST, a set basic status command, and a reset
      basic status command, the command decoder and latches 204 generates a read
      gate signal concurrently with the outputing of a read 0, read 1 or read 2
      command during the data time.
PAR  The mechanical control adapter 61 executes direct and specific instructions
      from microprocessor 72 to control the operation of the mechanical
      equipment required to operate the terminal 10. The individual command
      signals for the operating hardware are stored in three 8 bit registers A
      216, register B 218 and register C 220. All three registers are connected
      to be reset by a reset signal ADRST generated by an OR gate 222 as the
      logical OR of a terminal reset signal, T. RESET, or a mechanical control
      subsystem reset control command, CADRST. The data input to the 8 bit
      positions of register A 216, register B 218, and register C 220 are
      coupled respectively to the eight corresponding lines of subsystem data
      bus 212. The clock input of the register which causes the contents thereof
      to assume the data state of information appearing on bus 212 are coupled
      respectively to command control signals from command decoder and latches
      204 load A, load B and load C.
PAR  Bit 0 of register A controls the direction of operation of a credit card
      transport mechanism 226 (FIG. 9) and an escrow transport mechanism 228
      (FIG. 6). This bit position does not control the turning on and off of the
      mechanism but only the direction of travel when the drive motors are
      turned on by other bit position control signals. A logic 1 in register A
      bit 0 establishes direction control such that if the motors were running a
      credit card would be transported into terminal 10 by transport mechanism
      226 or a document held in escrow would be transported toward a reject bin
      230 by a document escrow transport system 228. Register A bit 1 controls
      the energization of the motor for the credit card transport mechanism 226
      whereby a logic 1 will cause the motor to be turned on. Register A bit 2
      controls the activation of a motor which drives the escrow transport
      system 228 whereby a logic 1 will cause the motor to be energized.
      Register A bit 3 controls the activation of an escrow clamp mechanism 234.
      A logic 1 causes an escrow clamp mechanism to be energized to hold the
      contents of escrow in a transport position. A logic 0 causes claim 234 to
      be released to permit the loading of additional documents into escrow.
      Register A bit 4 is not assigned. Register A bit 5 determines which of a
      pair of bill feed clutches 236, 238 for cash issue or document feed
      mechanisms 240, 242 respectively may be activated. A logic 1 selects a
      clutch 238 for a second document feed mechanism 242 and a logic 0 selects
      clutch 236 for first document feed mechanism 240. Register A bit 6 is a
      power on control bit and when set to logic 1 energizes a solenoid 243
      which makes power available to motors 244, 241 which drive stacker wheels
      245-248 and document transport mechanisms for the document feed mechanisms
      240 and 242. This bit position also controls relays which make AC power
      available to a transaction statement printing mechanism 250 (FIGS. 5 and
      12) and high voltage DC power available to the user guidance display 24.
      Register A bit 7 controls the activation of whichever feed clutch 236 or
      238 was selected by bit A5. This bit when set to logic 1 allows the
      energization of the clutch and is reset when the first photocell PC1 (FIG.
      5) detects the feeding of a bill. The stacker wheels 245-248 contain
      serpentine tines 260 at the periphery thereof which receive and guide
      issued documents. A light emitter 262 and photosensor 264 operate in
      conjunction with an indexing wheel 266 (FIGS. 4, 5, and 6) which rotates
      with the stacker wheels 245-248 to provide an output signal to AND gate
      252 whenever a document which if fed at that instant will reach the
      stacker wheel at the appropriate time to enter between two adjacent
      serpentine tines 260. The output of AND 252 is used to set latch 253 which
      in turn activates bit A7 of driver 326 which actually drives the clutch.
      Register A bit 7 is unique in that it is connected to be reset by a signal
      RSTA7 which occurs as soon as the feeding of a bill from a selected
      document feed mechanism is complete. The signal RSTA7 turns off register A
      bit 7 which in turn resets latch 253 to deenergize driver A7 and thus the
      selected clutch. This unique reset signal RSTA7 is utilized because the
      timing for deactivating the clutch 236 or 238 is too critical to wait for
      microprocessor 72 to sense the feeding of a bill and then load a 0 into
      register A bit 7. The output of the clutch driver, Driver A7, is also used
      to control relay 256 to energize restraint belt drive motors 237, 239 only
      when a corresponding clutch 236,238 is energized as defined by the
      activation of relay 257 by bit A5.
PAR  Bit 0 of register B controls the operation of user door 16 (FIG. 10). When
      this bit is set to a 1, the user door is opened, when set to a 0 the door
      is closed. Bit position 1 and 2 of register B are unassigned. A 1 in bit
      position 3 of register B activates a solenoid 263 which drives an
      open/close indicator 266 (FIG. 9) to an open position and a detent 268 to
      a release position to permit entry of a user credit card 270 past a
      blocking roller 272. A logic 1 at bit 4 of register B activates a deposit
      mechanism 274 (FIG. 8) by energizing a motor 276 which drives a deposit
      transport mechanism and unlocks a flap 278 which blocks the deposit entry
      27. Bit 6 of register B drives an attention required relay which is
      logically ORed with a run signal from a process support subsystem 60 to
      provide a contact set which can be used to drive an indicator light on a
      remote control panel to indicate that attention is required by the
      terminal 10. The relay and driver are arranged such that power must be
      available to the relay and a logic 1 must be stored at bit 6 of register B
      in order to prevent the activation of the attention require signal at the
      remote control panel. Bit position 7 of register B is unassigned as are
      all bit positions of register C.
PAR  Corresponding to each of the registers 216, 218 and 220 are eight bit
      drivers, driver DA 326, driver DB 328, and driver DC 330. As illustrated
      by way of example for bit position A0, each of the drivers outputs is a
      grounded emitter, open collector NPN transistor 232. The base of each
      transistor is connected through a suitable predriver stage to a Q output
      of a corresponding latch in the control registers 216, 218 and 220. The
      collector of each driver transistor 332 is connected through a resistor
      334 to a positive voltage supply, and to an output control line 336 from
      the driver, and to a diode 338. The cathode of each diode 338 is connected
      to a common resistor 340 in series with the input of a Schmidt trigger
      342. The output of Schmidt trigger 342 is fed to a driver wrap test bit 17
      in the status input circuit 346.
PAR  The Schmidt trigger 342, together with diodes 338, acts as a negative input
      OR gate in that it generates a logic 1 output signal in the event that any
      of the driver transistors 332 are not on. This relationship permits use of
      the driver wrap bit, bit 17, to test the drivers. First, all of the
      drivers are turned on simultaneously, then if all drivers properly turn
      on, a logic 0 should be read from the driver wrap bit. Thus, a
      malfunctioning open driver would be detectable. Next, the drivers are
      tested for shorted drivers by turning on all but one driver. If the driver
      wrap bit goes to logic 1 the driver is properly turning off because it is
      known that all drivers are properly turning on and only the driver under
      consideration has been commanded to turn off, and in fact is off. This
      test is repeated for all drivers. The resistor 334 insures a logic 1
      output for unconnected drivers while being sufficiently large in magnitude
      to have substantially no effect on connected drivers. This eliminates the
      need for many special tests dependent on features installed in a given
      machine. The drive wrap test need not have any effect upon terminal
      operating hardware mechanisms because the relays and solenoids which
      control these mechanisms operate relatively slowly in comparison to the
      speed at which the drivers may be turned on and off during the course of a
      driver wrap test.
PAR  Status input circuit 344 contains eight RC input circuits of which only
      input circuit 350 is shown by way of example. These input circuits 350
      serve as low pass filters to reduce switch bounce or other high frequency
      noise on inputs thereto. Inputs circuits 346, 348 are similar to input
      circuit 344 and each include RC input networks 350.
PAR  Gates 352, 354 and 356 permit the gating of one of the status circuits 344,
      346 or 348 to an OR gate 358 in response to a read 0 command, read 1
      command or read 2 command respectively. A reset signal is generated as the
      complement of a gate signal and normally holds the contents of an 8 bit
      latch 360 in a reset condition. However, as one of the read command
      signals 0-2 goes active during the data time, the read gate signal is
      activated to terminate the reset signal to register 260 and enable a gate
      362 which passes the contents of read register 360 on to the subsystem
      data bus 212. As the reset signal for register 360 goes inactive the eight
      latches are permitted to assume the respective states of the eight signals
      which are transferred through OR gate 358 from one of the gates 352, 354
      or 356 depending on which read command is executed. It is thus possible to
      selectively load 24 drivers by setting bits in registers 216, 218 and 220
      and to selectively read 24 bits of subsystem status information by
      selectively sampling the status of the three data input circuits 344, 346
      or 348.
PAR  The inputs to the subsystem status circuitry 344, 346 and 348 have the
      following assigned meanings:
PAR  Bit 00 is responsive to an escrow issue switch which indicates that
      documents have been transported by the escrow transport mechanism to a
      position where they are available to a terminal user.
PAR  Bit 01 is an escrow reject switch signal which indicates that documents
      within the escrow area have reached an escrow dump bin. Continued
      energization of the escrow transport mechanism for a predetermined period
      of time following the appearance and subsequent loss of the escrow reject
      signal provides assurance that all escrow documents have been dumped into
      the reject bin.
PAR  Bit 02 is responsive to the document feed mechanism selection status
      condition with a logic 1 indicating that document feed mechanism 2 has
      been selected by bit position A5.
PAR  Bit position 03 assumes a logic 1 when the light path is interrupted to the
      third photocell, PC3, of the selected document feed mechanism.
PAR  Bit position 04 assumes a logic 1 when the light path to a second
      photocell, PC2, of a selected document feed mechanism is interrupted.
PAR  Bit 05 assumes a logic 1 when the light path to a first photocell, PC1, is
      interrupted for a selected document feed mechanism. It is this cell that
      originates the signal which causes bit A7 to be reset.
PAR  Bit 06 remains at logic 1 so long as there is adequate cash in both of the
      document feed mechanisms. A cash out condition in either mechanism causes
      bit 06 to assume a logic 0 condition.
PAR  Bit 07 indicates that bit A7 (feed request) is turned on.
PAR  Bit 10 is a credit card input switch which indicates that a credit card has
      been inserted into the terminal 10 by a user.
PAR  Bit 11 is a credit card sense switch which indicates that a credit card is
      adequately returned so that a user may easily remove the card. This switch
      also allows detection of exit jams and cards pushed back in rather than
      removed.
PAR  Bit 12 is a credit card escrow station switch which indicates that a credit
      has reached an escrow area adjacent a retention bin. Transportation of a
      credit card into the terminal 10 for a predetermined time subsequent to
      the appearance and subsequent disappearance of a logic 1 at bit 12
      provides assurance that a credit card has been dumped into a credit card
      retention bin 650 should card retention be desired.
PAR  Bit 13 assumes a logic 1 state while the clutch for the second document
      feed mechanism is selected.
PAR  Bit 14 indicates that the user panel door is in a closed condition.
PAR  Bit 15 indicates that the user panel door is in an open condition.
PAR  Bit 16 is not assigned.
PAR  Bit 17 is the driver wrap error bit and indicates that not all drivers are
      on as sensed by Schmidt trigger 342.
PAR  Bits 20-24 are not assigned.
PAR  Bit 25 indicates that either an escrow door through which cash and
      transaction statements are issued or a deposit door is not locked.
PAR  Bit 26 indicates that a deposited document has passed a first sensor,
      sensor A, along a deposit transport path.
PAR  Bit 27 indicates that a deposited document has passed a second deposit
      sensor, sensor B, along the document transport path.
PAR  Because of the large number of status conditions which are sensed by the
      mechanical control subsystem, an interrupt request is not generated each
      time a status condition changes. Instead, the microprocessor 72 is
      expected to maintain the system status information current by reading the
      status inputs at regular intervals. The set input to interrupt request
      flip-flop 202 is responsive to a power out warning indicator signal POWI
      which is generated by a power condition sensor within operator function
      subsystem 64.
PAR  As shown in FIGS. 5 and 6 the document handling system includes a first
      document feed mechanism 240, a second document feed mechanism 242 which is
      positioned forward of document feed mechanism 240 and a printer mechanism
      250 which is positioned in line with the first document feed mechanism
      240. Transaction statements issued by printer 250 and cash issued by
      document feed mechanisms 240, 242 are transported to an escrow area 228
      where they are selectively transported by an escrow document transport
      mechanism 382.
PAR  The printer 250 includes a hopper of cards 386, a forms low sensor 388
      generating a signal F.L. and a forms out sensor 390 which becomes active
      to generate a signal F. OUT when there are no longer sufficient forms to
      insure the completion of a transaction.
PAR  Control circuits 388 receive data information for each print line as well
      as feed and print/increment signals from the transaction statement
      subsystem 63. Upon receipt of a feed command, a feed mechanism solenoid
      390 within feed mechanism 392 is activated to cause a single transaction
      statement form to be removed from hopper 386 and transported to a position
      within a print station 396 where it is ready for the start of printing. A
      card in position switch 394 senses the position of a form beneath the
      printing mechanism to stop the feed mechanism 392.
PAR  After a form is in place, a print/increment signal causes a column of
      information to be printed on the form with the form being positionally
      incremented in preparation for the next print increment command.
      Information is printed on a form beginning at the lefthand edge with four
      rows of information being simultaneously printed a column at a time. The
      print mechanism 250 includes four print wheels 398 which rotates in
      contact with an inking roller 400, a hammer assembly 402 containing four
      print hammers which are positioned on the top side of the statement forms
      opposite the print wheels 398 and a forms increment mechanism which
      includes a rachet wheel 406, and a pawl 408 which is positioned and
      connected to advance a form one column position each time a solenoid 410
      is activated on command from control circuits 388. A sensor 412 provides
      indexing information to control circuits 388 to permit the activation of
      one of the hammers 402 whenever the corresponding print wheel is in proper
      alignment for the printing of a character as indicated by a data register
      within the transaction statement dispenser subsystem 63. As soon as the
      proper character has been printed at each of the four lines, the solenoid
      410 is incremented in preparation for the next print/increment command. An
      interrupt request is generated at the completion of each feed command or
      print increment command to inform the microprocessor of the execution of
      the command so that another operation may be commanded.
PAR  After 40 print/increment steps, a transaction statement form reaches a form
      transport mechanism 416 which carries the printed form to stacker wheels
      247 and 248 for stacking in a vertical position opposite the first
      document feed mechanism 240.
PAR  After the completion of the printing and stacking of transaction statements
      cash may be issued by the document feed mechanism 240. It will be
      appreciated that document feed mechanism 242 is substantially identical to
      the first document feed mechanism 240 and for this reason only the first
      document feed mechanism 240 will be described in detail in connection with
      FIG. 5. The document feed mechanism 240 includes a hopper subassembly 420,
      a bill feed mechanism 422, a transport mechanism 424 and the stacker
      wheels 247, 248.
PAR  The hopper subassembly includes a hopper 428 for storing the currency 430.
      Beneath the hopper 428, a feed belt 432 drives a backing plate 434 which
      forces the bills 430 toward the front of the hopper. As bills are removed
      from the hopper 428 a pressure sensitive switch 436 is closed to activate
      a relay 438 to energize a motor 440 and increase the forward pressure on
      the currency 430 until switch 436 is again opened in response to the
      increased pressure. The currency 430 is thus continuously urged into
      communication with the bill feed mechanism 422 under substantially
      constant force. Forms low sensors FL1 and FL2 for the first and second
      document feed mechanisms 240, 242 are closed as the backing plate 434
      reaches a predetermined switch sensing position. The switches FL1 and FL2
      can be connected through remote signal connector 70 to a remote panel to
      activate an indicator signal in the event that either of the switches FL1
      or FL2 becomes closed. In a similar manner, forms out switches FO1 and FO2
      are positioned to sense the presence of the backing plate 434 at an even
      more forward position at which the proper feeding of currency 430 can no
      longer be assured after completion of the current transaction. The
      switches FO1 and FO2 are connected to activate bit 06 in the status
      sensing circuitry 344 in the event that either of the two switches is
      activated.
PAR  The bill feed mechanism 422 includes a separator belt 444 and a restraint
      belt 446. The separator belt 444 is positioned at the forward most end of
      the hopper 420 in contact with the forward most bill and driven in a
      direction to urge the forward most bill downward toward the document
      transport mechanism 424. While the belt 444 is urging a bill downward, the
      restraint belt 446 is positioned beneath the hopper 420 on an opposite
      side of a bill feed path and driven in a direction tending to urge bills
      back toward the hopper. The coefficient of friction of restraint belt 446
      is selected such that the friction between belt 446 and a bill is greater
      than the friction between two bills. Similarly, the coefficient of
      friction for belt 444 is selected such that the frictional forces between
      belt 444 and a bill are greater than the frictional forces between belt
      446 and a bill. Thus, as a bill passes between the two oppositely directed
      belts 444 and 446, the greater frictional force exerted by belt 444 causes
      the bill to be moved downward toward the document transport mechanism 424.
      However, should two bills be simultaneously urged downward by belt 444,
      the frictional force exerted by restraint belt 446 causes all except the
      bill which is in direct contact with belt 444 to be retained in the hopper
      428.
PAR  Once a bill is issued by the feed mechanism 422 and reaches the transport
      mechanism 424 it is moved at a more rapid speed toward the stacker wheel
      247, 248. In order to insure proper engagement of a bill within the tines
      260 of the relatively slowly rotating stacker wheels 247, 248 the bill
      feed mechanism 422 must be activated in synchronism with the stacker
      wheels 245-248 such that the stacker wheels are in the correct position
      for receiving the bill. For this reason photo sensor 264 responds to light
      signals passed through the indexing wheel 266 to generate a document feed
      enable signal DFE at the proper time for initiating a document feed
      command.
PAR  As shown more particularly in FIG. 4, AND gate 252 receives the document
      feed command from bit position L7 as well as the document feed enable
      signal (DFE). The output of AND gate 252 is used to set a latch 253 which
      in turn is connected to the driver which controls the feed clutch. The
      document feed clutch 236 is thus energized at the proper time to cause a
      bill to reach the stacker wheels 247, 248 while they are at a proper
      position to receive and decelerate the bill. A first photocell PC1 is
      positioned near the document feed mechanism 422 to sense the release of a
      fed bill. Bit L7, the clutch activation command signal, is immediately
      reset to terminate the further feeding of bills. Because belts 452 and 454
      within the document transport system travel at a much higher rate of speed
      than the belt 444, a first bill is assured of reaching PC1 photosensor
      before a second bill can be fed. A second photosensor PC2 is positioned a
      distance which is slightly greater than the width of a bill downstream
      from sensor PC1. If two overlapping bills should somehow escape the
      document feed mechanism 422, both sensors PC1 and PC2 would be activated
      simultaneously to indicate an error condition at 548. A photocell PC3 is
      positioned at the terminal end of the document transport mechanism 424
      near the stacker wheels 447, 448. Activation of cell PC3 thus indicates
      the completion of a bill feed step. The failure of a bill to reach
      photocell PC3 also indicates a jam or other error condition. Sequence
      checks are executed to insure that a bill passes, PC1, PC2 and PC3 in the
      correct order. An incorrect order would be an indication that two bills
      have been fed, or that some other error condition has occurred.
PAR  Upon reaching the stacker wheels 247, 248 a bill is engaged by the tines of
      the stacker wheels and decelerated to permit orderly stacking as the tines
      rotate counterclockwise. This counterclockwise rotation causes the lower
      edge of a document to engage a stacking surface 460 so that the document
      is stacked in a vertical orientation as it is removed from the tines. As
      the stacker wheels 247, 248 continue to rotate in a counterclockwise
      direction, the other surface of subsequent tines engaged the document in
      sliding relationship to maintain it in its vertical position near a
      transport belt 462 of escrow transport mechanism 382.
PAR  The escrow transport mechanism which is best shown in FIG. 6, includes the
      belt 462 which defines an escrow transport path, the clamping mechanism
      234, the reject bin 230 and a belt drive system 480 for belt 462. The
      escrow transport system 382 has two stacking stations 482, 484 at which
      documents are stacked in a predetermined vertical orientation adjacent the
      pairs of stacking wheels 247, 248 and 245, 246, respectively. The two
      stacks 482, 484 are sequentially formed with a first orderly stack being
      formed at stacking position 482 by the receipt of bills from document feed
      mechanism 240 and printed transaction statements from transaction
      statement printing mechanism 250. Upon completion of first denomination
      issue a solenoid 486 responds to bit A3 to control the position of the
      clamping mechanism 234. During the receipt of documents into a stack at
      either position 482 or second position 484, the clamping mechanism is
      deenergized by a 0 in A3 and is thus moved to a retracted position so that
      the pressure rollers 488 are moved away from the drive belt 462 toward the
      axes of rotation 490 for the stacker wheels 245-248. After the formation
      of the first stack at position 482 by the orderly deposit of bills and
      transaction statements in a vertical orientation against the belt 462, the
      clamping mechanism 234 is moved to a clamping position wherein the first
      stack is constrained between the pressure rollers 488 and drive belt 462.
      After the first stack has been clamped the belt drive mechanism 480 is
      activated to move the belt in a counterclockwise direction to transport
      the first stack toward the second stacking position 484. Upon arrival of
      the first stack at the second stacking position the drive belt as sensed
      by an issue switch SW1 whose output is communicated to bit 00, the belt
      462 is stopped with the first stack at the second stacking position 484
      opposite stacker wheels 245, 246. Upon arrival of the first stack at the
      second stacking position 484 the clamping mechanism 234 is moved to a
      release position and a second stack is formed by the orderly addition of
      bills from the second document feed mechanism 242.
PAR  Upon completion of the second stack, the clamping mechanism 236 is again
      moved to the clamping position and the belt 462 is moved to carry the
      second stack toward a document issue slot 28 away from stack position 484
      which provides communication between the interior and the exterior of the
      terminal 10. A closure gate 494 is mechanically coupled to a solenoid 496
      which becomes activated to move the closure gate 494 from a closed
      position 498 to an alternate open position 500 in response to the
      activation of a document escrow transport mechanism drive motor 502 in a
      direction which causes a stack to be moved toward the slot 492. As soon as
      the second stack clears cash issue position 504 as sensed by switch SW 1
      closing, the escrow transport mechanism is deactivated and the second
      stack is retained at the document issue position 504 with the forward
      portion of the stack extending through slot 28 and the rearward portion of
      the stack in frictional engagement between the belt 462 and a clamping
      roller 506 which is the forward most clamping roller 488 mounted on
      clamping mechanism 234. As soon as the escrow transport drive motor 502 is
      deactivated, the solenoid 496 is also deactivated causing the closure bar
      494 which is lightly biased toward the closure position to bear against
      the combined second stack of documents in an issue position 504. Upon
      removal of the combined stack of documents by a user, the closure bar 494
      continues to move to the closed and locked position 498 and is sensed by a
      switch 508 as the locked position 498 is reached. The output of switch 508
      is communicated to bit 25 of the mechanical control subsystem status
      sensing registers for feedback to the microprocessor 72.
PAR  As an alternative to the previously described method of dual denomination
      issue, whereby documents from the first issue mechanism are fed first, the
      transaction statement is added second and the document from the second
      issue mechanism is added third, the statement printing could be first
      started and continued concurrently while documents are issued from the
      second issue mechanism, transported back to the first stacking position,
      and supplemented by documents from the first issue mechanism. Finally, the
      printed statement can then be added when available. The combined stack
      would then be issued to the user. The closure gate 500 would then be
      opened when the escrow transport is activated to run in a forward
      direction toward the document issue slot.
PAR  In the event that a sequence error, a bill overlap or other error condition
      is detected while document are being stacked at one of the stacking
      positions 482, 484, the terminal is able to recover by transporting all
      previously stacked documents to a reject bin 230 and reinitiating the
      entire document issue operation.
PAR  The drive mechanism for the belt 462 includes a drive capstan 510 which is
      coupled to drive motor 502, a turn-around roller 512 positioned at the
      forward end of the escrow transport path opposite pressure roller 506, a
      plurality of path defining rollers 514 which are positioned to guide belt
      462 between capstan 510 and turn-around roller 512 to constrain the belt
      462 as it extends along a generally straight portion of the escrow
      document path between capstan 510 and roller 512. A pair of guide rollers
      516, 518 guide path of belt 462 past the reject bin 230. An idler belt 520
      is wrapped part way around capstan 510 to form a circular cornering path
      for the document escrow transport path which causes rearwardly moving
      documents to undergo an approximately 180.degree. turn before entering the
      reject bin 230. Rollers 522, 524 and 526 along with capstan 510 define the
      path of the idler belt 520 to permit documents to be clamped between idler
      belt 520 and transport belt 462 as they turn the circular corner. Thus, if
      an error condition or transaction cancellation condition is detected
      before the issuance of documents, the motor 502 is activated to drive belt
      462 in a reverse direction to cause documents to be moved through the
      circular corner while clamped between belts 462 and 520 to the reject bin
      230. An escrow switch ESCSW2 is positioned to sense documents moving along
      the escrow transport path adjacent the reject bin 230. The completion of a
      reject operation is presumed when the transport belt 462 has continued to
      move in the document reject direction for a predetermined period of time
      following the movement of documents past switch ESCSW2. The output of
      ESCSW2 is communicated a bit 01 for detection by the microprocessor 72.
      The activation and direction of operation for the motor 502 is controlled
      by a pair of relays 530, 532. The motor 502 is a conventional capacitor
      phase shift two phase motor connected for bidirectional operation in
      response to the application of AC power to one of the two winding inputs
      by relays 532 and 530. Relay 532 is connected to control the direction of
      drive motor 502 rotation by energization of terminal 536 to cause drive
      motor 502 to rotate in an escrow direction in response to a one bit at
      driver bit position A0 and to rotate in an escrow issue direction upon
      energization of terminal 534 in response to a logic 0 at driver bit A0.
      Relay 530 responds to a logic 1 at driver bit A2 to turn the escrow motor
      on and a logic 0 at driver bit A2 to turn the escrow motor off.
PAR  Error detection logic and motor control circuitry for the document handling
      mechanism is shown in FIG. 7. The three photocells along the document
      transport path for the first document feed mechanism 240 are indicated as
      PC1, PC2 and PC3 while the corresponding photocells for the second
      document feed mechanism 242 are indicated as PC10, PC20 and PC30
      respectively. Driver bit A5, which selects the second document feed
      mechanism 242 when at logic 1, and its complement A5 are utilized to
      multiplex the sensed document issued mechanism status signals to make the
      document feed mechanism sensed feedback bits 03, 04, 05, PFE and SEQ.
      ERROR responsive to the selected document feed mechanism. An OR gate 544
      generates a signal which activates bit 05 as well as a reset signal RSTA7
      which resets driver bit A7 to deactivate the selected document feed
      mechanism as soon as the presence of a bill is sensed at the first
      photocell of the selected document feed mechanism. It is the signal RSTA7
      which causes the selected clutch to be deactivated prior to the feeding of
      a second bill. An OR gate 546 generates a bit 04 signal upon sensing the
      presence of a bill at the second sensor of the activated document feed
      mechanism. An AND gate 548 generates an overlength signal, O.L., in
      response to the simultaneous interruption of light to photocells one and
      two of a selected document feed mechanism as indicated by the concurrence
      of signal bit 05 and bit 04. an OR gate 550 is connected to generate a
      parallel feed error signal, PFE, in the event that light to any of the
      three photocells in the unselected document feed mechanism are interrupted
      while the other document feed mechanism is selected by bit A5. Such an
      interruption would indicate the improper feeding of a bill from the
      unselected document feed mechanism.
PAR  A sequence error detection circuit includes a flip-flop 552, AND gates 554,
      556, and an OR gate 558 which responds to the outputs of AND gates 554,
      556 to generate a sequence error signal. Flip-flop 552 is connected to be
      reset whenever the bill feed command bit A7 is off and set whenever a bill
      passes the second photocell of a selected document feed mechanism. If a
      bill passes the three photocells in the proper order, AND gate 554 is
      disabled by the Q output of flip-flop 552 as the bill passes photocell
      Pc1, PC10 and an AND gate 556 is disabled by the Q output of the
      previously set flip-flop 542 as the bill passes the third photocell PC3,
      PC30. If a bill passes photocell PC2, PC20 before photocell PC1, PC10 or
      photocell PC3, PC30 before photocell PC2, PC20 as might happen if a second
      bill is issued before a previous bill reaches the stacker wheels, a
      sequence error signal is generated by OR gate 558. An OR gate 560 is
      connected to indicate the presence of a bill at the third photocell PC3 or
      PC30 of the selected document feed mechanism and generates an output
      signal bit 03 and DFMPC3. The document transport motor 455 which drives
      the document transport belt 452 of the first and second document feed
      mechanism, the stacker wheel motor 244 which drives the stacker wheels
      245-248 for the first and second document feed mechanism 240, 242, and the
      printer motor 397 which drives the print wheel and transport mechanism for
      the printer mechanism 250 are also driven in common by a relay 243 which
      activates the three motors in response to a logic 1 at driver bit A6.
PAR  As shown in FIG. 8, the deposit mechanism includes a slot 27 through which
      an envelope containing deposit documents may be inserted, a transport
      mechanism 572, and a deposit bin 574. A door 278 across the interior wall
      through which the slot 570 extends is normally locked by a latch 578 but
      is free to pivot about an axis 576 in response to the insertion of a
      document through slot 27 when latch 572 is in a raised position. A
      solenoid 580 is connected to raise the latch 578 to an open position in
      response to the activation of deposit transport motor 276. The solenoid
      580 and the motor 276 are in turn connected for activation by a relay 582
      in response to the turning on of driver bit B4. Thus, as bit B4 is set to
      logic 1, the latch 578 is raised to release the door 278 and the transport
      mechanism 572 is turned on to receive and frictionally engage any document
      which is inserted through slot 27. A switch 584 is positioned to sense the
      presence of latch 578 in the locked position with the output thereof being
      communicated to bit 25 of the data register.
PAR  The depository transport mechanism 572 includes three idler rollers 586,
      588 and 590 positioned along the depository document path, a belt 592
      defining the depository document path, and a capstan 594 connected to the
      drive belt 592 along the depository path in response to the activation of
      motor 276. Pressure rollers 596 are positioned opposite the belt rollers
      586, 588 and 590 on the opposite side of the deposit document path from
      belt 592 to constrain deposited documents to the depository document path.
      An insertion switch 598 is positioned at the forward end of the depository
      document path in the vicinity or roller 586 to sense the insertion of a
      document through a slot 27 and past the door 278. The output of switch 598
      is conveyed to data input position bit 26. A second sensor switch 600 is
      positioned at the terminal end of the depository document path adjacent
      the depository bin 574. The output of switch 600 is connected to data
      input position bit 27 to permit detection by microprocessor 72 of the
      presence of deposited documents at the end of the depository document
      path. Microprocessor 72 can be assured that documents have entered the
      depository bin 574 by maintaining the depository transport mechanism 572
      in an active status for a predetermined period of time after the passage
      of documents beyond sensor 600 has been detected. Depository 274 thus
      provides a secure means for receiving deposited documents having a first
      protection door 278 which is automatically latched by the deactivation of
      solenoid 580 in the event of a power failure. The depository mechanism 572
      may be completely controlled by the receipt of simple control commands
      from the microprocessor 72 by the driver register of the mechanical
      control subsystem 61.
PAR  The credit card handling mechanism 226 is shown in FIG. 9 and includes a
      card insertion slot 20, an open/close sign 612 illustrated in the closed
      position, the blocking roller 272 and a transport mechanism 614. When the
      terminal 10 is open to receive transaction requests from a user, a logic 1
      is set in driver position bit B3 to activate solenoid 263 and cause the
      rotation of sign 266 in a clockwise direction about axis 616. As the sign
      266 rotates about the axis, a "closed" sign is rotated upward beyond the
      view of a window 618 and an "open" word is rotated into the field of view
      for window 618. Simultaneously, a drive link 620 couples the sign 266 to
      latch 268 to rotate latch 268 about an axis 622 to an open position in
      which the blocking roller 272 is permitted to rise upon insertion of a
      credit card 270 through the entry slot 20. The credit card transport
      mechanism includes a belt 624 which is maintained in tension about credit
      card path defining rollers 626, 628 and 630, idler rollers 632, 634 and a
      drive capstan 636. The belt 624 is diverted to engage capstan 636 as it
      passes between rollers 628 and 630. The credit card path is defined by
      rollers 626, 628 and 630 which are driven by belt 624. Belt 624 passes
      adjacent the credit card path between rollers 626 and 628 but does not
      define credit card path. Drive capstan 636 is coupled to a credit card
      transport drive motor 638. Positioned adjacent the path defining roller
      626, 628 and 630 are three pressure rollers 640 disposed on the opposite
      side of the credit card transport path thereof for the purpose of
      constraining an inserted credit card to the credit card transport path. A
      switch 642 having the output thereof connected to data sense position bit
      10 is disposed at the forward end of the credit card transport path to
      sense the insertion of a credit card 270 through the slot 20 or the
      removal of a credit card 270 from the slot 20 at the completion of a
      requested transaction. A read head 644 is positioned along the credit card
      transport path to read information stored on a magnetic stripe of a credit
      card 270 as the card is transported beneath the read head 644. The output
      of read head 644 is communicated to read data logic within the processor
      support subsystem 60 for processing prior to communication to the data
      processor 72 through processor support subsystem 60. A switch SW2 646 is
      disposed along the credit card path approximately midway between rollers
      626 and 628 to sense the passage of a credit card through the slot 610 and
      out of the control of a user.
PAR  A sensor 648 is positioned at the rearward end of the credit card transport
      path to detect the arrival of a card 270 at a card escrow position after
      it has passed beneath read head 644 and to detect the passage of a
      retained credit card to the end of the credit card transport path prior to
      the deposit of a retained card into a retention bin 650. Insurance of the
      depositing of a retained card into bin 650 can be realized by maintaining
      the credit card transport mechanism active in a credit card retention
      direction for a predetermined period of time following the passage of a
      credit card beyond switch 648. The output of switch 648 is communicated to
      data assembly position bit 12.
PAR  Credit card transport drive motor 638 is a capacitor phase shift two phase
      AC motor which may be selectively driven in either of the two directions
      of rotation by selectively activating one of two input terminals thereto
      under control of a relay 532. Relay 532 is responsive to driver position
      bit A0 and causes the motor 638 to move a credit card into the terminal
      when set to logic 1 and move a credit card toward the slot 610 when set to
      logic 0. A relay 656 is connected in series between relay 532 and an AC
      power source to activate the motor and the selected direction in response
      to a logic 1 at driver position bit A1. The open sign 266 and credit card
      transport mechanism 614 are thus controllable by the microprocessor by the
      selective loading of data into the driver registers 216, 218 and 220 of
      the mechanical control subsystem 61. All branching or decision making
      functions for the credit card handling system 226 are thus retained by the
      microprocessor 72 while the actual execution of commanded functions is
      performed by the control mechanism subsystem 61 in direct response to
      specific microprocessor commands.
PAR  Referring now to FIG. 10, the control mechanism for the user panel door 16
      is shown as including a lever arm 660 which extends from a pivot axis 662
      at one end thereof to the door 16 where the opposite end is connected to
      door 16 by a slot 664 which receives a pin 666. The door 16 and lever arm
      660 are shown in primary closed position. The door 16 is mechanically
      coupled to a damping mechanism which is schematically represented by
      damper 668 and is also connected to a spring 670 which urges the door 16
      downward to a closed position.
PAR  A latching mechanism 674 includes a drive link 676, a closed latch 678 and
      an open latch 680. The drive link 676 includes a lower slot 682 and an
      upper slot 684. The lower slot 682 is engaged by a pin 686 on a
      horizontally extending lever arm 688 of latch 678. Latch 678 is mounted to
      pivot about an axis 690 which extends generally parallel to the lift bar
      660. A latching arm 692 of latch 678 extends generally downward and toward
      the lever arm 660 at an oblique angle with respect to horizontally
      extending lever arm 688. The open latch 680 includes a lever arm 696 which
      extends generally horizontally from a pivot axis 698 extending generally
      parallel to lever arm 660 and a latching arm 702 which extends generally
      upward toward the path of motion of door lever arm 660 from axis 698 at an
      oblique angle with respect to lever arm 696. A pin 700, which is mounted
      on lever arm 696, engages the upper slot 684 of drive link 676.
PAR  The drive link 676 is coupled to a solenoid 704 which moves the drive link
      676 vertically upward when energized. A spring 706 pulls the drive link
      676 vertically downward when the solenoid 704 is not energized. A spring
      708 is connected to bias the lever arm 688 of latch 678 downward while a
      spring 710 is connected to bias lever arm 696 of latch 680 vertically
      upward.
PAR  The door 16 and lever arm 660 are movable between two extreme positions as
      the lever arm rotates about the axis 662. The door 16 and arm 660 are
      shown in a down or closed and locked position with an alternate open or up
      and latched position being indicated for lever arm 660 by dotted outline
      712.
PAR  In the down and locked position in which the door 16 and lever arm 660 are
      shown, any attempt to raise the door 16 will exert a torque on latch 678
      tending to rotate the latch 678 in a clockwise direction about the axis
      690. However, the pin 686 engages the bottom of lower slot 682 to oppose
      this rotational torque. At the same time, the pin 700 on lever arm 69
      engages the upper end of upper slot 684 causing drive link 680 to rotate
      clockwise about axis 698 to remove latching arm 702 from the path of
      motion of lever arm 660. Thus, while the drive link 676 is in the lower or
      locked position as shown, the latching of the lever arm 660 in the upper
      position 712 is disabled and the latching of lever arm 660 in the closed
      position is enabled.
PAR  Upon energization of solenoid 704, the drive link 676 is moved vertically
      upward to an open, unlocked position. In this position the lower end of
      lower slot 678 engages pin 686 to rotate latch 678 counterclockwise about
      axis 690 to remove latching arm 692 from the path of motion of the lever
      arm 660, permitting the door 16 to be raised without interference. At the
      same time, the open latch 680 is also permitted to rotate counterclockwise
      about axis 698 with the latching arm 702 being rotated into the path of
      the lever arm 660 with the pin 700 engaging the top of slot 684 to prevent
      further counterclockwise rotation of lever arm 680 about axis 698. As the
      door 16 and lever arm 660 are raised toward alternate position 712, the
      top 718 of lever arm 660 engages an angular planar surface 720 of latching
      arm 702 causing latch 680 to be rotated clockwise with a pin 700 moving
      downward in the upper slot 684. As the lever arm 660 moves past the
      latching arm 702 to the open position 712, latching arm 702 is permitted
      to snap back into the path of the lever arm 660 under the bias of spring
      710 to prevent the lowering of lever arm 660 and maintain arm 660 in the
      open position 712.
PAR  Upon termination of power to solenoid 704, whether on command or as the
      result of a power failure, spring 706 returns drive link 676 to the
      vertically lowered or lock position in which it is primarily shown in FIG.
      10. As drive link 676 moves vertically downward the pin 700 engages the
      top of slot 684 causing latch 680 to rotate in a clockwise direction to
      remove the latching arm 702 from the path of motion for the door lever arm
      660. Door 16 is thus permitted to fall to a closed position in a
      controlled manner under the influence of spring 670 and damper 668. As the
      lower edge 722 of door lever arm 660 approaches the closed position which
      is shown, lower surface 722 engages an angular planar surface 724 on
      latching arm 692 causing the arm to be rotated counterclockwise out of the
      path of door lever arm 660 as the pin 686 rises within slot 682. After the
      upper surface 718 of door lever arm 660 clears the latching arm 692, latch
      678 rotates under the influence of spring 708 to bring latching arm 692
      back into the path of lever arm 660 and lock the door 16 in the closed
      position. Latching mechanism 674 is thus a fail safe device which permits
      the door 16 and door lever arm 660 to be latched in an open position 712
      so long as solenoid 704 is energized but which automatically locks the
      door in a closed position in the event of a power failure.
PAR  A control circuit permits a logic 1 at driver relay register bit B0 to
      command a door open position and a logic 0 at position B0 to command a
      door closed position. A door control motor 728 has coupled thereto a first
      cam 730 having a rotating bearing 732 eccentrically positioned thereon.
      Also coupled to motor 728 is a cam 734 having a concavity 736 therein
      which extends over a small portion of the circumference of cam 734. A cam
      follower 738 rides the cam to control the position of a switch 740 which
      is shown in a down position 742. A relay 744 responds to driver bit B0 to
      control the position of a switch 746 which is illustrated in a down
      position 748.
PAR  The relay 744 responds to a logic 1 at driver bit B0 by changing switch 746
      to an alternate door open position 750. With the switch in position 750
      the solenoid 704 is activated to move the latching mechanism 674 to a door
      open position. Simultaneously, the motor 728 is energized to rotate arm
      730 in a clockwise direction. As arm 730 rotates, the bearing 732 engages
      the lower edge 722 of door lever arm 660 to raise the door lever arm 660
      and door 16 to the alternate open position 712 where the door lever arm
      660 is held open by latch 680 as previously explained. The cam 730 and
      bearing 732 then continue to rotate through a nearly complete revolution
      to alternate position 754. Cam 734 rotates in a counterclockwise direction
      concurrently with cam 730 with the cam follower 738 engaging the outer
      circumference of cam 734. As the cams 730, 734 approach one complete
      revolution, the follower 738 engages a leading edge 756 of the cavity 736
      on cam 734. As the cam follower 738 moves radially inward following edge
      756, the snap action switch 740 is switched to an alternate position 758
      to terminate power to the motor 728. As this switching action occurs, the
      cam follower 738 is in engagement with leading edge 756 of concavity 736
      and cam 730 is in alternate position 754. The door mechanism remains in
      this condition so long as a logic 1 at bit B0 commands an open condition
      for door 16.
PAR  Upon termination of the open command, relay 744 returns switch 746 to
      position 748 to deenergize solenoid 704 and cause the door lever arm 660
      and door 16 to fall to a closed and latched position as previously
      explained. At the same time, switch position 748 causes motor 728 to be
      energized through switch position 758 of switch 740. This energization
      causes the motor 728 to begin rotating in a clockwise direction. As cam
      follower 738 engages the trailing edge 762 of concavity 736 it begins to
      move radially outward to return switch 740 to the position 742 in which it
      is shown. At this time the cam 730 has rotated to the position at which it
      is shown, and further energization of motor 728 is discontinued. The door
      mechanism is now in position to be reopened in response to a logic 1
      signal at driver register bit B0.
PAC  USER COMMUNICATION SUBSYSTEM
PAR  Referring now to FIG. 11, there is shown the user communication subsystem
      62 which operates to control the keyboard 22 and optical guidance display
      24. The portions of subsystem 62 which are common to each of the
      subsystems 60-64 include bus interface logic 770, interrupt request
      flip-flop 772, command decoder and latches 774, and reset OR gate 776
      which ORs the terminal reset signal, T. Reset, with the commanded
      subsystem reset signal ADRST to generate reset signal RST. These common
      elements operate as described in conjunction with processor support
      subsystem 60 and mechanical control subsystem 61 except that the command
      signals which are decoded and latched may be peculiar to the user
      communication subsystem 62. These common elements of subsystem 62 will
      therefore not be further described.
PAR  Key scan and detection logic 778 operates by incrementally scanning column
      input lines to keyboard 22, while sensing row output signals. Whenever an
      activated key is scanned by the column scan mechanism the scan signal is
      communicated through the key to a row signal which is detected by the key
      scan detection logic 778. Upon detection of a row signal by the key scan
      and detection logic 778, an attention signal is generated which sets the
      interrupt request flip-flop 772. The microprocessor 72 processes the
      interrupt request by generating a read reyboard command which is latched
      and gated at the data time to cause key scan and detection logic to gate
      onto the data bus 777 a signal indicating the column which was being
      scanned when the row signal was detected and the keyboard row on which the
      signal was detected. The microprocessor 72 is thus able to determine the
      exact key which was activated and respond accordingly.
PAR  The code assignments for indicating the activation of keyboard keys are
      given as follows by hexidecimal code, row position, column position and
      designation:
TBL  00    R1      C8       Cancel                                             
     03    R4      C8       Proceed                                            
     04    R1      C7       Key 3                                              
     05    R2      C7       Key 6                                              
     06    R3      C7       Key 9                                              
     07    R4      C7       Decimal Point. As an option,                       
                            this key may alternatively repre-                  
                            sent triple zero, 000                              
     08    R1      C6       Key 2                                              
     09    R2      C6       Key 5                                              
     0A    R3      C6       Key 8                                              
     0B    R4      C6       Key 0                                              
     0C    R1      C5       Key 1                                              
     OD    R2      C5       Key 4                                              
     OE    R3      C5       Key 7                                              
     0F    R4      C5       Correction                                         
     10    R1      C4       TO CHECKING                                        
     11    R2      C4       TO SAVINGS                                         
     12    R3      C9       TO CREDIT CARD                                     
     13    R4      C4       TO SPECIAL ACCOUNT (optional)                      
                            selection)                                         
     14    R1      C3       FROM CHECKING                                      
     15    R2      C3       FROM SAVINGS                                       
     16    R3      C3       FROM CREDIT CARD                                   
     17    R4      C3       FROM SPECIAL ACCOUNT (optional)                    
                            selection)                                         
     18    R1      C2       DEPOSIT                                            
     19    R2      C2       PAYMENT BY DEPOSIT                                 
     1A    R3      C2       PAYMENT BY TRANSFER                                
     1C    R1      C1       WITHDRAW (cash issue)                              
     1D    R2      C1       OTHER (optional selection)                         
     1E    R3      C1       ACCOUNT INQUIRY                                    
     1F    R4      C1       TRANSFER                                           
PAR  The backlights of the keyboard 22 are connected to individual backlight
      drivers 780 in a one to one relationship. The backlight drivers 780 are in
      turn connected to backlight registers 782 in a one to one relationship.
      The backlight registers 782 include three 8 bit registers designated A, B
      and C. Three command control signals, load A, load B and load C, permit
      the selection of one of the three registers for loading in accordance with
      information appearing on data bus 777 as the load command is generated at
      data time. The reset command clears all three registers to turn off the
      backlights.
PAR  The data bit assignments for register 782 are sumarized as follows:
TBL  A0     Withdraw light                                                     
     A1     Other light (optional selection function)                          
     A2     Account inquiry light                                              
     A3     Transfer light                                                     
     A4     Deposit light                                                      
     A5     Payment by deposit light                                           
     A6     Payment by transfer light                                          
     A7     Not implemented                                                    
     B0     From checking light                                                
     B1     From savings light                                                 
     B2     From credit card light                                             
     B3     From special account light (optional selection)                    
     B4     To checking light                                                  
     B5     To savings light                                                   
     B6     To credit card light                                               
     B7     To special account light (optional selection)                      
     C1     Test. This bit causes key scan and detect logic                    
            778 to respond as though the transfer key had                      
            been activated.                                                    
     C2-C6  Not implemented                                                    
     C      Audio tone which is generated by a conventional                    
            tone generator (not specifically shown) as a                       
            user feedback signal upon activation of a key-                     
            board 22 key.                                                      
PAR  The control circuitry for the 222 by 7 dot display 24 includes a display
      driver 790, a gate 792, display buffer 794, and the address counter 796, a
      column counter 798 and display control logic 800. Dot display 24, while it
      is in operation, is continually refreshed as columns of information are
      sequentially read from display buffer 794 and gated through gate 792 to
      activate display driver 790 to selectively turn on display dots at columns
      indicated by column counter 798. As the display is refreshed, address
      counter 796 and column counter 798 are synchronously incremented by
      simultaneous step commands so that address counter 796 addresses a storage
      location in display buffer 794 which corresponds to the current column
      counter address signal 798. A reset signal is generated by display control
      logic 800 at the end of each refresh "scan" to reset the address counter
      796 and column counter 798 and thus allow a new refresh cycle to start.
      These reset signals are also generated in response to the subsystem reset
      signal RST which also causes a blanking of the display. Control commands
      for the display control system include a write data command which causes
      data appearing on the data bus line 777 to be written into the display
      buffer 794 starting with address 0 on the first write command following a
      blank command and causes address counter 796 to be incremented by a step
      command upon termination of the write data command. A display command
      causes the display of the information stored in display buffer 794.
      Similarly, the blank command causes the termination of the display of
      information stored in display buffer 794. Display buffer 794 contains 224
      addressable 8 bit storage locations with the first address location and
      the address location following the last address location containing
      display information being control address locations. In all column
      locations for the dot display are being utilized, this last display
      location would occur at address 224. In general, however, this last
      display location may occur at any address position, depending upon the
      length of the message being displayed. Bit position 0 is utilized for
      control information and bit positions 1 through 7 are operative to
      indicate a dot of display in the associated column on the display 24. The
      bit 0 position of an address location must contain a 1 for the first and
      last address locations and a 0 for all display information address
      locations. The presence of a logic 1 at the first and last address
      identifies these words as control and allows bit position 1 to serve as a
      modifier. A 0 at bit position 1 indicates a first word and first address
      position and a 1 at bit position 1 indicates the last address position.
      The bit 0 and bit 1 control signals are utilized to simplify the display
      control logic 800 and to eliminate the need to scan the dot display 24
      column locations for which no information is to be displayed.
PAR  When data is to be loaded into the display buffer 794 a blank command is
      first required to return the address counter 796 and column counter 798 to
      address location 0. Column counter 798 generates no visible display at
      address 0. Display information may then be loaded into the display buffer
      794 by successive write data commands which cause the writing of data from
      bus 777 into the addressed location followed by the incrementing of
      address counter 796. The information content of bits 1-7 of the display
      address locations may contain any selected information content chosen to
      generate a desired display pattern.
PAR  The use of a "dot image" rather than character format for the refresh
      buffer 794 allows the microprogram in data processor 54 to provide
      character font flexibility whereby the terminal proprietor can specify in
      his initialization message the text of the various display messages and
      further can define unique graphics for display in the messages. As an
      example which may save either memory storage space or message transmission
      time, a word used commonly in many messages could be identified as a
      unique graphic and displayed as the representation of a single character
      in a message. A second example of a special graphic may be a foreign
      letter. This dot technique also permits the use of variable width letters
      for greater readability and greater display capacity for a given display
      size.
PAC  TRANSACTION STAGEMENT DISPENSER SUBSYSTEM
PAR  As shown in FIG. 12, the reaction statement dispenser subsystem 63 controls
      and receives feedback and status information for the printer 250. The
      elements of transaction statement dispenser subsystem 63 which are common
      to the subsystems 60-64 include bus interface logic 810, interrupt request
      flip-flop 812, a data bus 814, a command decoder and latch 816 and OR gate
      818 which generates the subsystem reset signal RST in response to either
      the terminal reset signal or a control command reset signal ADRST, a basic
      status register 820, basic status control logic 822, and basic status gate
      824. The printer 250 is controlled by loading information into a register
      826 which includes five 8 bit bytes designated A, B, C, D and control
      register. Information appearing on the data bus 814 is selectively loaded
      into these registers at data time in responsee to the commands load A,
      load B, load C, load D, and WF (WRITE FUNCTION), respectively. Information
      written into registers A, B, C and D of register 826 determine the
      character which is printed at a given column position of a transaction
      statement for rows 1, 2, 3 and 4 respectively. The control register stores
      commands for controlling the operation of printer 250. Bit 0 of the
      control register is a document feed bit and the writing of a logic 1 into
      this bit position causes transaction statement form to be fed from a
      hopper and transported to a print station in preparation for the printing
      of a left-most column of characters. Bit position 1 is a print/increment
      command bit with a logic 1 in this bit position commanding the printing of
      information indicated by registers A, B C and D at the present column
      location of the transaction statement form followed by the incrementing of
      the column location of the transaction statement form. Bits 2-7 of control
      register are not implemented. The set input to interrupt request flip-flop
      812 is controlled by an OR gate 828 which responds to basic status bits
      BS0, BS1 and BS2 to generate an interrupt request any time one of these
      bit positions assumes a logic 1 condition. Within the basic status
      register 820, bit 0 represents an end of print bit. This bit position is
      turned on by and end print signal (EOP) after all four row positions of a
      column have been printed and while the transaction stagement form is being
      incremented. Bit position 1 of the basic status register is a card in
      place (CIP) bit position and when set to logic 1 indicates that a
      preceding transaction statement form feed operation has been completed and
      the form is at the print station ready for the printing of the first
      column. The CIP signal is generated only at the leading edge of a CIP
      switch sensor as a transaction statement form enters the print station.
      After this bit position is reset, it is not again set until a new
      transaction statement form enters the print station. Bit position 2 of the
      basic status register is a card clear bit position (CCLR). A logic 1 in
      this bit position indicates that a transaction statement form has ejected
      from the print station at the completion of the printing information
      thereof and has reached the end of the form transport mechanism where it
      is about to enter the rotating stacker wheels of the document feed
      mechanism. Bit position 3 of basic status register 820 is a card in place
      switch (CIPSW) bit position. This bit position remains set to logic 1 so
      long as a transaction statement form is in the print station. It is turned
      on as the card enters the station and turned off as a card leaves the
      station at increment 41. Bit position 4 is the forms out (F. OUT) bit and
      is set to logic 1 when the forms out sensor switch indicates that there
      are insufficient transaction stagement forms left in the hopper to
      complete a new transaction request. Bit positions 5, 6 and 7 of basic
      status register 820 are not implemented.
PAR  The bit positions of basic status register 820 are controlled in accordance
      with the following functions:
PA1  Set b.s.0 = set bs.sup.. ad1+eop
PA1  rst b.s.0 = rst b.s. .sup.. ad1+rst
PA1  set b.s.1 = set b.s..sup.. ad1+cip
PA1  rst b.s.1 = rst b.s..sup.. ad1+rst
PA1  set b.s.2 = set b.s..sup.. ad2+cclr
PA1  rst b.s.2 = rst b.s..sup.. ad2+rst
PA1  set b.s.3 = set b.s..sup.. ad3+cipsw
PA1  rst b.s.3 = rst b.s..sup.. ad3+rst
PA1  set b.s.4 = set b.s..sup.. ad4+f.out
PA1  Rst b.s.4 = rst b.s..sup.. ad4+rst
PAR  an auxiliary status register 830 provides printer feedback information
      which supplements the information provided by the basic status register
      820. The latches of the auxiliary status register 830 are set by the
      occurrence of a logic 1 on the corresponding input signals therefor and
      reset by a reset auxiliary status signal, RST A.S., which is generated by
      an OR gate 832 in response to a WF command or an AD RST command. Bit
      position 0 of the auxiliary status register 830 is a count error bit CE.
      As the print wheels are rotated, an indexing signal is generated by sensor
      412 each time the print wheels rotate past a home position. A counter is
      also incremented beginning with the home position for each rotation of the
      print wheels through a character position. If this counter does not store
      count 63 when the home index signal is generated, the CE signal is
      generated to turn on bit 0 of auxiliary status register 830. Bit 1 of the
      auxiliary status register 830 is a misfire bit (MFIRE). This signal is
      generated by sensing each print magnet while its driver is turned on. If
      any of the four print magnets is not energized while the driver is turned
      on, a signal MFIRE is generated to turn on bit 1 of the auxiliary status
      register 830. Bit 2 is a print magnet sense bit (PMS). Signal PMS
      indicates that either at least one of the print magnets is energized or by
      sensing a low voltage level at the driver input thereto. Bit position 3 of
      the auxiliary status register 830 is the home emitter sense (HES) signal
      and is set in response to the generation of the index home signal by
      sensor 412. Bit 4 is the increment feed sense bit (I/FS) and is set to
      logic 1 whenever the incrementing solenoid 410 is energized. Auxiliary
      status register 830 is red by the microprocessor 72 by generating a READ
      A.S. control command which is made available to a gate 863 to gate the
      contents of auxiliary status register 830 onto subsystem data bus 814 at
      data time.
PAC  OPERATION FUNCTION SUBSYSTEM
PAR  As shown in FIG. 13, the operator function subsystem controls the operation
      of the auxiliary memory 850 as well as a four digit hexidecimal display
      852 and data entry switches 854 on an operator panel which is accessible
      through an operator panel door at the rear of the terminal 10. The
      elements which are common to each of the subsystems 60-64 include bus
      interface logic 856 and interrupt request flip-flop 858, a data bus 860,
      command decoder and control circuitry 862, and an OR gate 864 which
      generates a subsystem reset signal RST in response to a terminal reset
      signal or a command control reset signal ADRST, basic status control logic
      866, an 8 bit basic status register 868, and a gate 870 between the output
      of the basic status latches 868 and the data bus 860. The operation of
      these common elements have been described in conjunction with the
      processor support subsystem 60 and mechanical control subsystem 61 and
      will not be repeated at this time.
PAR  The control circuitry for the auxiliary memory 850 includes a standby power
      source 872 and a power sensor 874 which senses AC and DC power level
      within the terminal 10 and generates a power out warning interrupt signal
      (POWI) which activates the standby power to memory 850 in the event that a
      short duration AC utility power failure is detected as a warning that
      logic power will soon be unavailable.
PAR  Signal POWI causes standby power circuits 872 to switch auxiliary memory
      850 from utility power to emergency memory protect power (e.g., a battery)
      and also generates an interrupt request through flip-flop 202 of the
      mechanical control subsystem 61. The microprocessor 72 responds to this
      interrupt by storing auxiliary memory 850 any critical information such as
      cash counts or transaction counts which are required for resumption of
      operation after power is restored. A short time later, after the
      microprecessor has had time to store pertinent parameters, access to
      memory 850 is disabled by terminating a memory enable signal, MEN, which
      normally enables an AND gate 875 which controls chip selection for memory
      850 operation. Shortly after signal MEN is terminated, the power sensor
      874 generates a power on reset signal, POR, to command a terminal reset
      through control gate 102 of processor support subsystem 60. POR is an
      active low signal that remains so long as there is any meaningful power to
      terminal 10. The resulting T. Reset signal constrains the microprocessor
      to address the predeterined program startup memory location.
PAR  Upon reactivation of utility power, the POWI signal is terminated after all
      power signals are adequately available. The MEN signal is then generated
      followed by termination of signal POR to permit the microprocessor to
      begin executing instructions starting with the reset memory address
      location. The automatic resumption of terminal operation following a power
      failure is thus implemented.
PAR  Two data bus cycles are required to write information into or read
      information from auxiliary memory 850. The first is a write cycle which
      causes a desired address location to be written into an address register
      876. The second is a read or write command which causes information on
      data bus 860 to be received from or written into the memory 850. Upon
      generation of the subsequent read or write command, a memory cycle signal
      is generated by command decoder and control logic 862 which, during the
      command time, causes a read or write indication to be set into a latch 878
      and initiates a memory timing cycle for memory timing circuitry 880.
      Circuitry 880 generates appropriate timing signals for initiating chip
      select and strobing information into the input data latches in the event
      of a write cycle.
PAR  The operator switches 854 include a momentary pushbutton execute switch
      890, a 16 position rotary function switch 892, a most significant 16
      position hexidecimal rotary data switch 894, a 16 position least
      significant hexidecimal data switch 896, and a toggle switch 898. A
      decoder and latch 900 decodes and latches the output of switch 892 at
      command time in the event that a command is received to read the function
      switch 892. The latch is set by a command read function switch signal,
      RFSWC, to prevent the data information from changing during the subsequent
      data time in the event that the function switch 892 is turned. At the
      immediately subsequent data time, a read function switch gate signal,
      RFSWG, is generated to activate a gate 902 to gate the contents of latch
      900 onto the data bus 860. The decoder output of switch 892 is carried at
      lines ADO-AD3 of the data bus 860. Similarly, a read data switch command
      causes the generation of a read data switch command signal, RHDSWC, which
      causes a decoder and latch 904 to latch the output of switches 894 and
      896. During the subsequent data time a read data switch gate signal
      (RHDSWG) activates gate 906 to drive the data bus 860 with the decoder
      outputs from switches 894 and 896 with the outputs from switch 894 being
      presented on lines ADO-AD3 and the outputs of switch 896 being presented
      on lines AD4-AD7. The outputs of toggle switch 898 and execute switch 890
      are connected to drive bit positions 3 and 4, respectively, of the basic
      status register 868 which in turn drive an OR gate 908 to set the
      interrupt request flip-flop 858. The activation of the pushbutton switch
      890 serves as an operator command to have the microprocessor 72 sample and
      respond to the status of the rotary swtiches 892, 894 and 896 at the time
      of activation of the pushbutton 890. The toggle switch 898 is used to
      indicate a selected document feed mechanism 240 or 242 with a logic 1
      output indicating the selection of the second document feed mechanism 242.
PAR  There are 16 possible functions which are available for selection by
      function selection switch 892. One position permits the loading of an
      encryption key A through the data switches 894, 896 two digits at a time,
      eight activations of switch 890 being required to load all 16 digits (8
      bytes). Another position permits the loading in a similar manner of a
      backup transmission encryption key, key C. Two other positions command the
      resetting of key A and key C which are supposed to be reset prior to the
      selection of any other operator function. However, the microprocessor
      resets these keys upon selection and command of an operator function even
      if the operator does not. The maintenance operator is thus prevented from
      gaining access to these keys. Other positions permit the selective display
      or resetting of a consecutive decimal count which indicates a number of
      issued bills. The applicable document feed mechanism 240 or 242 is
      determined by the position of toggle switch 898. A self test position
      commands the printing and issuance of a transaction statement having a
      predetermined test message and the issuance of a single bill from a
      document feed mechanism 240 or 242 indicated by toggle switch 898.
PAR  Only two bits of basic status register 866 are implemented. Bit 1 responds
      to the execute switch 890 and bit 3 responds to the toggle switch 898. The
      control signals are:
PA1  Set b.s.1 = set b.s..sup.. ad1+toggle switch
PA1  rst b.s.1 = rst b.s..sup.. ad1+rst
PA1  set b.s. 4 = set b.s..sup.. ad4+exsw
PA1  rst b.s.4 = rst b.s..sup.. ad4+rst
PAR  the four digit hexidecimal display 852 is driven in response to two
      registers. A left register 912 drives the two left-most digits while a
      right register 914 drives the two right-most digits. Command decoder and
      control circuitry 862 generates either a WLR command signal or a WRR
      command signal at data time in response to a command to write information
      into the left register or right register, respectively. In addition, both
      signals may be generated simultaneously in response to a command to write
      the same data into both registers at the same time. This of course would
      cause the left two digits to display the same information as the right two
      digits. A pair of blanking flip-flops 916, 918 permit the selective
      blanking and unblanking of the two left and the two right hexidecimal
      display digits of display 852 in response to blank left (BLANK L.),
      unblank left (UNBLANK L.), blank right (BLANK R.), and unblank right
      (UNBLANK R.). commands from the command decoder control circuitry 862.
      These signals are generated in response to microprocessor command control
      signals for the proper implementation of (1) an unblank left and right
      command, (2) an unblank left and blank right command, (3) an unblank right
      and blank left command, or (4) a blank left and blank right command.
      Selective control of the blanking and unblanking of the two left and two
      right hexidecimal display digits is thus provided.
PAR  Other commands from the microprocessor which are applicable to the operator
      function subsystem 64 include write data to right register 914, write data
      to left register 912 and write data to both right register 914 and left
      register 912 simultaneously. These command signals cause the generation of
      approximate WLR and WRR signals for the gating of the bus information into
      the registers 912, 914 in correspondence therewith. In addition, there are
      several groups of four microprocessor commands, each of which command the
      appearance of data on the data bus 860 with this data being written into
      neither register 912 nor register 914, register 912 but not register 914,
      register 914 but not 912, or both registers 912 and 914. Only the category
      of commands will be discussed generally hereafter but it will be
      appreciated that each of the four above-described variations are
      applicable for each command. A write auxiliary address command causes the
      transfer of information appearing on the bus 860 into the memory address
      register 876. During the data time a store command is generated by the
      memory timing circuit 880 to clock the latches of address register 876 and
      reset latches 882 of input register in preparation for a possible
      subsequent write command. A write auxiliary memory data command to command
      decoder and control circuitry 862 appears as R/W and Memory Cycle commands
      to latch 878 and timing circuit 880, respectively, and causes the
      information appearing on data bus 860 to be latched by latches 882 and
      written into the memory 850 at a previously defined memory address
      location. A read auxiliary memory data command to 862 causes information
      output from a previously defined address location of memory 850 to be
      transferred to the data bus 860 at data time. A read data switch command
      signal causes the generation of signal RHDSWC at command time and signal
      RHDSWG at data time to gate the encoded representation of the status of
      switches 894 and 896 onto the data bus line 860. Similarly, a read
      function switch control command causes the generation signals RFSWC and
      RFSWG to cause the encoded output of function switch 892 to be latched
      during command time and to be placed on the data bus line 860 during data
      time.
PAR  While there has been described above a particular embodiment of a
      transaction execution terminal having a basic microprocessor modular
      control system in accordance with the invention for the purpose of
      enabling a person of ordinary skill in the art to make and use the
      invention, it will be appreciated that the invention is not limited
      thereto. Accordingly, any modification, variation or equivalent
      arrangement within the scope of the attached claims should be considered
      to be within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flexible, modular transaction execution terminal comprising:
PA1  an information bus for carrying data signals and bus access control signals
      which control the transfer of bus data signals between the bus and an
      adapter unit connected to the bus;
PA1  a programmable processor unit connected to the bus, the processor unit
      including program storage and electrically alterable random access storage
      operable under control of program information to generate data signals on
      the bus for commanding an adapter unit to perform a specific operation, to
      receive data information from the bus, and to generate bus control
      signals;
PA1  a document handling system connected to the information bus, the document
      handling system including storage for a plurality of issuable articles, an
      issue port, a transport mechanism for selectively conveying issuable
      documents from storage to the issue port, and control circuitry connected
      to control a plurality of issue system operations with pertain to the
      issuance of a document in response to data signals received from the bus,
      the control circuitry further generating document issue subsystem status
      information for communication as a bus data signal upon command; and
PA1  a user communication sybsystem including means for receiving information
      from a user, and means for conveying information messages to a user, the
      user communication subsystem including control circuitry connected to
      control a plurality of communication subsystem operations which pertain to
      the conveyance of an information message to a user in response to bus data
      signals and connected to generate user communication subsystem status
      information indicative of information received from a user for
      communication as a bus data signal upon command.
NUM  2.
PAR  2. A modular system for executing a user requested financial transaction in
      a transaction cycle comprising:
PA1  an information bus;
PA1  a programmable processor including processor program storage and random
      access electrically alterable storage, the processor operating under
      program control to respond to information received over the bus by
      sequentially generating a plurality of subsystem commands for each
      transaction cycle, each commanding a selected subsystem module to
      unconditionally perform a specific basic function pertaining to the
      execution of a transaction cycle, the sequential commands being
      communicated over the bus to selected subsystem modules;
PA1  a plurality of subsystem modules connected for communication over the
      information bus, each subsystem module collecting and providing to the
      bus, system status information on a plurality of system conditions, and
      each subsystem module unconditionally performing specific base functions
      pertaining to the execution of a transaction cycle in response to commands
      received over the bus, the execution of a plurality of different basic
      functions being required for the execution of a transaction cycle.
NUM  3.
PAR  3. A transaction execution terminal for financial transactions comprising:
PA1  a terminal information bus carrying subsystem identifying address signals,
      data transfer signals, subsystem control data signals and terminal data
      signals;
PA1  a programmable data processor connected to control the operation of the
      terminal by means of the transfer of terminal information along the
      terminal information bus; and
PA1  at least one subsystem connected for communication via the terminal
      information bus, said subsystem being incapable of making any decision
      with respect to a terminal function and including interface circuitry
      connected to receive and generate data transfer signals to control the
      transfer to terminal data signals and subsystem control data signals
      between the terminal information bus and subsystem only in response to a
      terminal information bus address signal identifying the subsystem,
      terminal control circuitry connected to execute a plurality of terminal
      functions in response to subsystem control data received thereby, each
      terminal function being executed in response to different system control
      data and execution of a plurality of terminal functions being required for
      execution of a transaction; and terminal status circuitry connected to
      generate terminal data signals indicative of terminal status conditions.
NUM  4.
PAR  4. A transaction execution terminal for financial transactions comprising:
PA1  a terminal information bus carrying data signals and data transfer control
      signals between elements which are connected to the bus;
PA1  a programmable data processor connected to the bus, the data processor
      being operable under program control to selectively transfer data over the
      terminal information bus to and from selected subsystems connected thereto
      to respectively provide detailed control over the starting and stopping of
      elementary terminal functions and receive information indicative of
      terminal status conditions; and
PA1  at least one subsystem connected to the terminal information bus, said
      subsystem including a subsystem bus, interface circuitry connected to
      receive and generate data transfer control signals to transfer data
      signals from the terminal information bus to the subsystem bus and from
      the subsystem bus to the terminal bus, at least one data storage element,
      an operative device which is connected to operate in response to the data
      content of the data storage element to perform a plurality of different
      elemental system functions, a plurality of which are required for
      execution of a financial transaction, circuitry responsive to the status
      of the operative device connected to generate at least one status signal
      indicative thereof, and control circuitry responsive to a portion of the
      data signals appearing on the subsystem bus to selectively control the
      writing of other subsystem bus data signals into said at least one storage
      element and to selectively control the transfer of said at least one
      status signal into the subsystem bus.
NUM  5.
PAR  5. The transaction execution terminal as set forth in claim 4 above,
      wherein at least one subsystem is a mechanical control subsystem having a
      plurality of data storage elements which is operable to issue documents
      and transport a user card past a read head in response to information
      contained in the data storage elements.
NUM  6.
PAR  6. The transaction execution terminal as set forth in claim 5 above,
      further comprising a second subsystem having a plurality of data storage
      elements which includes user display and which is operable to control the
      information displayed by said display in response to information contained
      in the data storage registers.
NUM  7.
PAR  7. A transaction execution terminal which is operable to receive and
      execute user requested transactions, the terminal comprising:
PA1  a terminal data bus;
PA1  a programmable data processing subsystem connected for bidirectional
      communication over the data bus;
PA1  a mechanical control subsystem connected to communicate bidirectionally
      over the data bus and including a first plurality of data storage
      elements, a plurality of current drivers, each driver being connected to
      be turned on and off in response to a data storage state of a different
      data storage element, and each driver having an output which is connected
      through a relatively high impedance to a voltage source and connectable to
      a relatively low impedance load, means responsive to the driver outputs
      for detecting when all drivers are in a predetermined driving status and
      generating an output signal indicative of the detected status, a second
      plurality of data storage elements, one of which is responsive to the
      status indicative output signal, and means responsive to control
      information appearing on the terminal data bus for selectively loading
      data appearing on the data bus into the first plurality of data storage
      elements and selectively driving data bus data lines in accordance with
      information stored by the second plurality of data storage elements; and
PA1  a document issue mechanism coupled to selectively issue documents to
      terminal users in response to at least one of the drivers.
NUM  8.
PAR  8. The transaction execution terminal as set forth in claim 7 above,
      further comprising a second document issue mechanism coupled to
      selectively issue documents to terminal users in response to at least one
      of the drivers.
NUM  9.
PAR  9. The transaction execution terminal as set forth in claim 8 above,
      further comprising a third document issue mechanism coupled to selectively
      issue documents to terminal users in response to at least one of the
      drivers.
NUM  10.
PAR  10. The transaction execution terminal as set forth in claim 9 above,
      wherein the first document issue mechanism is a cash issue mechanism and
      wherein the second document issue mechanism is a transaction statement
      mechanism and includes a printer for selectively printing information on
      transaction statement forms.
NUM  11.
PAR  11. The transaction execution terminal as set forth in claim 7 above,
      wherein each driver includes a transistor having a common emitter and a
      collector which is connectable to a low impedance load.
NUM  12.
PAR  12. The transaction execution terminal as set forth in claim 7, above,
      wherein the data processing system is arranged to access a predetermined
      instruction location in response to a terminal reset command and further
      comprising means for sensing a substantial power loss and generating a
      terminal reset signal for a predetermined period of time after restoration
      of powder following a power loss.
NUM  13.
PAR  13. In a transaction terminal which is operable to dispense cash and
      execute other transactions in response to user requests, a driver wrap
      test circuit comprising a plurality of current drivres which are
      connectable to control the energization of electromechanical transducers
      in response to the data states of data storage elements corresponding
      thereto; a detection circuit connected to detect and indicate the
      simultaneous turn-on of all drivers; and means for testing the operability
      of the drivers to turn on and turn off by first loading information into
      said storage elements to turn on all drivers and sampling the detection
      circuit indication to test the ability of all drivers to turn on and then
      loading information into said storage elements to selectively turn off
      said drivers with only one driver off at a time and sampling the detection
      circuit indication to test for the failure of said one driver to turn off,
      said drivers being turned on and off sufficiently fast that the
      electromechanical transducers connected thereto are unable to respond to
      the turning on and turning off of drivers during the driver wrap test.
NUM  14.
PAR  14. The driver wrap test circuit as set forth in claim 13 above wherein the
      drivers include common emitter connected driver transistors, each having
      the collector thereof connectable to an electromechanical transducer and a
      plurality of common cathode connected diodes, each having the anode
      thereof coupled to the collector of a different driver transistor.
NUM  15.
PAR  15. The driver wrap test circuit as set forth in claim 14 above further
      comprising a plurality of impedances, each having a resistance of at least
      500 ohms and each being connected between the collector of a different
      driver transistor and a voltage source.
NUM  16.
PAR  16. A cash issue transaction execution terminal comprising:
PA1  a terminal data bus;
PA1  a plurality of terminal subsystems, each being connected to communicate
      with a programmable control subsystem via the data bus and being operable
      to execute terminal functions in response to information from the control
      subsystem and to accumulate information on the status of controlled
      functions for communication to the control subsystem;
PA1  a programmable control subsystem which is operable to communicate with
      other terminal subsystems via the terminal data bus to control terminal
      operations, the control subsystem being operable to access a predetermined
      instruction location in response to a terminal reset command; and
PA1  circuitry connected to detect irregular terminal conditions which indicate
      the inability of the control subsystem to properly execute instructions
      and generate a terminal reset signal in response to the detection of at
      least one of said irregular terminal conditions.
NUM  17.
PAR  17. The cash issue transaction execution terminal as set forth in claim 16
      above, wherein the detection circuitry includes a circuit for detecting an
      absence of control subsystem activity for a predetermined period of time.
NUM  18.
PAR  18. The cash issue transaction execution terminal as set forth in claim 17
      above, wherein the detection circuitry includes a power sense circuit
      connected to sense a utility power interruption of at least a
      predetermined duration and generate a terminal reset signal after a
      predetermined delay following said power interruption detection.
NUM  19.
PAR  19. The cash issue transaction execution terminal as set forth in claim 18
      above, further comprising a power out protected memory connected for
      communication with the control subsystem, and wherein the power sense
      circuit further comprises circuitry for communicating a power out warning
      signal to the control subsystem upon detection of a predetermined duration
      power interruption and circuitry for disabling changes in the information
      content of the protected memory after a period of time following the
      generation of the power out warning signal sufficient to permit the
      storage of critical terminal operating parameters in the protected memory
      by the control subsystem.
NUM  20.
PAR  20. A terminal for executing transactions requested by a terminal user
      comprising:
PA1  a terminal information bus connected to provide communicating between
      terminal subsystems;
PA1  a data processing subsystem coupled to the terminal information bus which
      is operable to receive terminal status information from other subsystems
      connected to the bus, generate terminal control information signals for
      specifically and unconditionally controlling the energization of
      electromechanical transducers, and to communicate the terminal control
      informatiaon signals to selected terminal subsystems;
PA1  a mechanical control subsystem coupled to the terminal bus including (1) a
      mechanical control write register having a plurality of bit positions
      which are coupled to receive terminal control information signals when
      selected by the data processing subsystem, (2) a document handling
      subsystem including (2a) a document feed mechanism connected to feed a
      single document to a stacking position along an escrow path each time a
      predetermined information state is written into a document feed bit
      position within the mechanical control write register, and (2b) an escrow
      transport mechanism disposed to transport documents along an escrow path
      which extends to a document issue port, the transport mechanism being
      coupled to transport documents in accordance with the energization of an
      escrow transport motor which is energized and deenergized in response to
      the information state of an escrow transport motor on/off bit position in
      the mechanical control write register with the direction of rotation
      determined in response to the information state of an escrow transport
      motor direction bit position in the mechanical control write register, (3)
      a card transport mechanism disposed to receive a user card and transport
      the user card along a card path which passes adjacent a read head for
      reading information from the card, the transport mechanism including a
      drive motor which is started and stopped in response to an information
      state of a card transport motor on/off bit position in the mechanical
      control write register with the direction of motor operation being
      controlled in response to an information state of a card motor direction
      bit position in the mechanical control write register, and (4) mechanical
      control status sensing circuitry connected to collect mechanical control
      status information on the position of a document within said document feed
      mechanism and escrow transport mechanism and on the position of a card
      within said card transport mechanism and communicate the collected
      mechanical control status information to the data processing subsystem;
      and
PA1  a user communication subsystem coupled to the terminal information bus
      including means for interactive communication with a terminal user.
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ABST
PAL  A piece of scrip is engraved or printed with groups of patterns which can
      be sensed by a validator for scrip and one of those groups of patterns
      will define a code which will permit that piece of scrip to be accepted
      only by a scrip validator or by scrip validators which have that same code
      stored therein. Two additional groups of patterns define codes which can
      cause that scrip validator or those scrip validators to automatically
      respond to the codes stored therein to actuate price-determining relays
      within a vending machine. Each pattern is formed by a number of spaced
      parallel lines, and the various patterns on a piece of scrip can be given
      different identities merely by changing the spacing between the trailing
      edges of those spaced parallel lines. The patterns in each group of
      patterns will be sensed in a prescribed sequence, and the sequentially
      sensed patterns in any of those groups of patterns can be given various
      identities. As a result, the scrip validator of the present invention can
      accept a piece of scrip which has a given number of patterns of
      specifically different identities and yet reject a piece of scrip which
      has those same patterns arranged in a different sequence. In this way, the
      present invention makes it possible to use permutations, rather than mere
      combinations, of potentially usable pattern identities, and thus makes it
      possible to use just fifteen specifically different pattern identities to
      make thirty-two thousand seven hundred and sixty different pieces of
      scrip. The scrip validator of the present invention stores the codes,
      which correspond to the codes defined by the patterns on the piece of
      scrip, in serially shifted shift registers; and, as each pattern on the
      piece of scrip is sensed by the scrip validator, the data within the shift
      registers is serially shifted a plurality of times. The identity of any
      given pattern can be determined by three signals; and, by utilizing
      serially shifted shift registers which have seven or more stages, the
      present invention enables each shift register to store the
      pattern-identifying data for at least two patterns. In addition, the
      serial shifting of the shift registers permits the pattern-identifying
      data for the various patterns to be presented in fixed sequences.
      Moreover, by merely changing some of the connections to the input
      terminals of the shift registers, it is possible to change the codes
      stored within those shift registers. The frequency which identifies each
      pattern is sensed by the combination of a digital filter and a counter;
      and such a combination provides a strict test of the identification of
      each pattern because it requires the frequency which corresponds to the
      spacing of the trailing edges of the lines of that pattern to match the
      frequency of the digital filter, and it also requires that pattern to have
      a minimum number of lines which have that same spacing.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The use of one dollar and of higher denomination bills to actuate
      dispensing machines is becoming progressively popular. However, there are
      some situations where it is desirable to use scrip rather than money to
      effect the dispensing of a desired product, material or service. Where
      scrip is used, an exceptionally high degree of selectivity must be
      incorporated into the validator for that scrip, because there is far less
      risk of legal repercussions in the simulating of scrip than there is in
      the simulating of currency of the United States. The present invention
      relates to scrip validators which can provide a high degree of
      selectivity.
PAC  SUMMARY OF THE INVENTION
PAR  The piece of scrip that is provided by the present invention is engraved or
      printed with groups of patterns which can be sensed by a validator for
      scrip; and one of those groups of patterns will define a code which will
      permit that piece of scrip to be accepted only by a scrip validator or by
      scrip validators which have that same code stored therein. Two additional
      groups of patterns define codes which can cause that scrip validator or
      those scrip validators to automatically respond to the codes stored
      therein to actuate price-determining relays within a vending machine. It
      is, therefore, an object of the present invention to provide a piece of
      scrip which has a number of groups of patterns thereon, which uses one of
      those groups of patterns to restrict the use of that piece of scrip to a
      specific scrip validator or to a specific group of scrip validators, and
      which uses additional of those groups of patterns to cause that scrip
      validator or those scrip validators to automatically respond to the codes
      stored therein to actuate price-determining relays within a vending
      machine.
PAR  Each pattern is formed by a number of spaced parallel lines, and the
      various patterns on a piece of scrip can be given different identities
      merely by changing the spacing between the trailing edges of those spaced
      parallel lines. The patterns in each group of patterns will be sensed in a
      prescribed sequence, and the sequentially sensed patterns in any of those
      groups of patterns can be given various identities. As a result, the scrip
      validator of the present invention can accept a piece of scrip which has a
      given number of patterns of specifically different identities and yet
      reject a piece of scrip which has those same patterns arranged in a
      different sequence. In this way, the present invention makes it possible
      to use permutations, rather than mere combinations, of potentially usable
      pattern identities, and thus makes it possible to use just 15 specifically
      different pattern identities to make 32,760 different pieces of scrip. It
      is, therefore, an object of the present invention to provide pieces of
      scrip which have the patterns thereon formed by spaced parallel lines and
      to provide a scrip validator which senses the patterns on each piece of
      scrip in a prescribed sequence and hence can distinguish between pieces of
      scrip which use the same patterns in different positions thereon.
PAR  The scrip validator of the present invention stores the codes, which
      correspond to the codes defined by the patterns on the piece of scrip in
      serially shifted shift registers; and, as each pattern on the piece of
      scrip is sensed by the scrip validator, the data within the shift
      registers is serially shifted a plurality of times. The identity of any
      given pattern can be determined by three signals; and, by utilizing
      serially shifted shift registers which have seven or more stages, the
      present invention enables each shift register to store the
      pattern-identifying data for at least two patterns. In addition, the
      serial shifting of the shift registers permits the pattern-identifying
      data for the various patterns to be presented in fixed sequences.
      Moreover, by merely changing some of the connections to the parallel and
      serial input terminals of the shift registers, it is possible to change
      the codes stored within those shift registers. It is, therefore, an object
      of the present invention to provide a scrip validator which stores the
      codes, that correspond to the codes defined by the patterns on the piece
      of scrip, in serially shifted shift registers and to serially shift those
      shift registers a plurality of times as each pattern is being sensed.
PAR  The shift registers of the present invention are provided with
      data-converting subcircuits which will shift new data into those shift
      registers during the sensing of the patterns on a piece of scrip. Those
      data-converting subcircuits act to increase the code-storing capabilities
      of those shift registers. It is, therefore, an object of the present
      invention to provide a scrip validator wherein the shift registers are
      provided with data-converting sub-circuits which increase the code-storing
      capabilities of those shift registers.
PAR  A person who makes a simulation of an authentic U.S. bill exposes himself
      to serious legal repercussions, but a person who simulates a piece of
      scrip does not expose himself to such serious legal repercussions.
      Consequently, to be practical, a scrip validator must not only be highly
      selective but must be capable of being quickly and easily reprogrammed.
      The scrip validator of the present invention has a number of
      frequency-sensing circuits; and those circuits are grouped so some of them
      respond to one set of patterns on each piece of scrip and so the others
      respond to a second set of patterns on each piece of scrip. Those are made
      as plug-in boards which are interchangeable with each other. If one or
      more persons develop a piece of scrip which will be accepted by the scrip
      validator, it is only necessary to replace the frequency-sensing circuits
      for the one set of patterns on each piece of scrip with the
      frequency-sensing circuits for the second set of patterns on each piece of
      scrip and vice versa; and, at such time, that scrip validator will
      effectively reject that piece of scrip. It is, therefore, an object of the
      present invention to provide a scrip validator which has a number of
      frequency-sensing circuits that are made as plug-in boards which are
      interchangeable with each other and which are grouped so some of them
      respond to one set of patterns on each piece of scrip and so the others
      respond to a second set of patterns on each piece of scrip.
PAR  In the scrip validator of the present invention, the frequency which
      identifies each pattern is sensed by the combination of a digital filter
      and a counter. The digital filter could not provide sufficient security
      for the scrip validator if it was the sole test of the identity of a
      pattern on a piece of scrip; because the first pulse of a given frequency
      will set that digital filter, and then the second pulse of that same
      frequency would cause that digital filter to develop an output. This means
      that if a digital filter was used as the sole test of the identity of a
      pattern on a piece of scrip, any two properly spaced lines on a piece of
      scrip could be accepted by that digital filter. By providing the
      combination of a digital filter and a counter, the scrip validator of the
      present invention provides a strict test of the identification of each
      pattern because it requires the frequency which corresponds to the spacing
      of the trailing edges of the lines of that pattern to match the frequency
      of the digital filter, and it also requires that pattern to have a minimum
      number of lines which have that same spacing. It is, therefore, an object
      of the present invention to provide a scrip validator wherein the
      frequency which identifies each pattern is sensed by the combination of a
      digital filter and a counter.
PAR  Other and further objects and advantages of the present invention should
      become apparent from an examination of the drawing and accompanying
      description.
PAR  In the drawing and accompanying description, a preferred embodiment of the
      present invention is shown and described but it is to be understood that
      the drawing and accompanying description are for the purpose of
      illustration only and do not limit the invention and that the invention
      will be defined by the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing, FIG. 1 is a partially broken-away partially sectioned front
      elevational view of one preferred embodiment of scrip transport which can
      be used as part of the scrip validator of the present invention,
PAR  FIG. 2 is a rear elevational view of the scrip transport of FIG. 1,
PAR  FIG. 3 is a vertical section through the scrip transport of FIGS. 1 and 2,
      and it is taken along the plane indicated by the line 3--3 in FIG. 1,
PAR  FIG. 4 is another vertical section through the scrip transport of FIGS. 1
      and 2, and it is taken along the plane indicated by the line 4--4 in FIG.
      1,
PAR  FIG. 5 is a horizontal section through the scrip transport of FIGS. 1 and
      2, and it is taken along the plane indicated by the line 5--5 in FIG. 3,
PAR  FIG. 6 is another horizontal section through the scrip transport of FIGS. 1
      and 2, and it is taken along the plane indicated by the line 6--6 in FIG.
      3,
PAR  FIG. 7 is a further horizontal section through the scrip transport of FIGS.
      1 and 2, and it is taken along the plane indicated by the line 7--7 in
      FIG. 3,
PAR  FIG. 8 is a further vertical section through the scrip transport of FIGS. 1
      and 2, and it is taken along the plane indicated by the line 8--8 in FIG.
      4,
PAR  FIG. 9 is a still further vertical section through the scrip transport of
      FIGS. 1 and 2, and it is taken along the plane indicated by the line 9--9
      in FIG. 8,
PAR  FIG. 10 is a still further horizontal section through the scrip transport
      of FIGS. 1 and 2, and it is taken along the plane indicated by the line
      10--10 in FIG. 8,
PAR  FIG. 11 is a vertical section, on a larger scale, through the rear portion
      of the scrip transport of FIGS. 1 and 2, and it is taken along the plane
      indicated by the line 11--11 in FIG. 6,
PAR  FIG. 12 is yet another vertical section through the scrip transport of
      FIGS. 1 and 2, and it is taken along the broken plane indicated by the
      broken line 12--12 in FIG. 3,
PAR  FIG. 13 is a plan view of a piece of scrip which has eight patterns
      thereon,
PAR  FIG. 14 is a perspective view of four frequencysensing circuits which are
      made as printed circuit boards and of a board into which they are plugged,
PAR  FIG. 15 shows the relative positions which FIGS. 16-23 occupy when they are
      placed to display the circuit of the scrip validator,
PAR  FIGS. 16-23 are portions of the circuit of the scrip validator,
PAR  FIG. 24 is a detailed showing of the PEAK DETECTOR block in FIG. 16,
PAR  FIG. 25 is a detailed showing of one of the FREQUENCY DETECTOR blocks of
      FIG. 16, and
PAR  FIG. 26 is a detailed showing of the ENVELOPE DETECTOR block of FIG. 16.
DETD
PAC  DESCRIPTION OF SCRIP TRANSPORT
PAR  Referring to FIGS. 1-12, the numeral 30 generally denotes one preferred
      embodiment of scrip transport that is made in accordance with the
      principles and teachings of the present invention. The numeral 32 denotes
      a platform which extends outwardly from the front of that scrip transport;
      and that platform will receive the leading edge of each piece of scrip
      which is to be tested by the scrip validator of which that scrip transport
      is a part. A flange 34 and a flange 35 of generally triangular
      configurations extend upwardly from the sides of the platform 32; and that
      platform has an upwardly inclined inner end 38 which merges into a platen
      40. An elongated flange 42 and an elongated flange 43 extend downwardly
      from the elongated sides of the platen 40. The numeral 45 denotes the
      trailing edge of the platen 40; and that trailing edge inclines downwardly
      and then terminates in a vertically directed lip, as shown by FIGS. 3 and
      4.
PAR  The numeral 62 denotes a headed pin which is secured to the flange 42 and
      which is adjacent the front of the scrip transport 30. The numeral 64
      denotes a further headed pin which is supported by the flange 42 and which
      is spaced to the right of the headed pin 62. The numeral 63 denotes an
      elongated pivot which is secured to the flanges 42 and 43 and which is
      spaced to the right of the headed pin 64.
PAR  The numeral 67 denotes a headed pin which is secured to the flanges 43 and
      which is in register with the headed pin 64, and the numeral 68 denotes a
      headed pin which is secured to the flange 43 and which is in register with
      the headed pin 62, all as shown by FIG. 5.
PAR  The numeral 70 denotes a leaf-type spring which is bent so the right-hand
      end thereof inclines upwardly to bear against the under surface of the
      platen 40. That spring is bent to have a downwardly opening saddle which
      rests upon the headed pin 64, to have an elongated portion which inclines
      upwardly and to the left from that saddle, and to have a bifurcated
      left-hand end with fingers that define an upwardly opening saddle. The
      numerals 72 and 74 denote springs which can be identical to the spring 70;
      but the bifurcated ends of those springs extend to the right rather than
      to the left in FIGS. 4 and 5. The downwardly opening saddle of spring 72
      rests upon the headed pin 62; and hence that spring is adjacent the front
      of the platen 40. The downwardly opening saddle of the spring 74 rests
      upon the elongated pivot 63; and hence that spring is adjacent the
      trailing edge of that platen. The numerals 73, 75 and 77 denote leaf-type
      springs which preferably are identical to, and in register with, the
      springs 72, 70 and 74. The downwardly opening saddles of springs 73, 75
      and 77 rest, respectively, upon headed pin 68, headed pin 67 and elongated
      pivot 63.
PAR  A short pivot 80 is supported by the upwardly opening saddle which is
      defined by the fingers at the bifurcated end of the spring 72; and that
      pivot rotatably supports a roller 82. A similar pivot 84 is supported by
      the upwardly opening saddle which is defined by the fingers at the
      bifurcated end of the spring 70; and that pivot rotatably supports a
      roller 86. A further similar pivot 88 is supported by the upwardly opening
      saddle which is defined by the fingers at the bifurcated end of the spring
      74; and that pivot rotatably supports a roller 90. The numerals 89, 83 and
      87 denote pivots which are in register with the pivots 80, 84 and 88 and
      which are supported by the upwardly opening saddles that are defined by
      fingers at the bifurcated ends of springs 73, 75 and 77. The pivots 89, 83
      and 87 rotatably support rollers 92, 85 and 91.
PAR  The numeral 98 denotes an arm which has a hub that encircles the elongated
      pivot 63; and a pivot 100 is fixedly secured to the outer end of that arm.
      That pivot rotatably supports a roller 102. An arm 110 also has the hub
      thereof encircling the elongated pivot 63; and a pivot 112 is fixedly
      secured to the outer end of that arm. That pivot rotatably supports a
      roller 114. Springs, not shown, encircle the elongated pivot 63 and urge
      the rollers 102 and 114 upwardly relative to the platen 40.
PAR  The numeral 118 denotes an upper platen which normally is disposed in
      parallel relation with, and in close proximity to, the platen 40. The
      platen 118 has downwardly directed flanges 120 and 121 at its elongated
      sides; and each of those flanges has a downwardly opening slot 122
      adjacent the front end thereof. The numeral 124 denotes a semi-cylindrical
      leading edge of the platen 118; and that semi-cylindrical leading edge is
      disposed forwardly of the upwardly inclined rear portion 38 of the
      platform 32. The platen 118 has an upwardly inclined trailing edge 126, as
      shown by FIGS. 3 and 4.
PAR  The numeral 140 denotes a cover for the scrip transport 30; and that cover
      has downwardly directed flanges 142 and 143 at the elongated sides
      thereof. The numeral 144 denotes a switch bracket which is secured to the
      cover 140; and that switch bracket holds a normally open, single-pole,
      single-throw switch 146 adjacent the front of the platen 118. The numeral
      148 denotes a sturdy but thin actuator for the switch 146; and that
      actuator extends downwardly through slots in the platens 118 and 40. The
      leading edge of that actuator is essentially straight, but the trailing
      edge is convex. The configurations and inclinations of the leading and
      trailing edges of actuator 148 enable the leading edge and trailing edge,
      respectively, of a piece of scrip to easily raise that actuator upwardly
      out of the slot in the platen 40. As a result, the switch actuator 148
      permits relatively free movement of pieces of scrip inwardly and outwardly
      of the scrip transport 30.
PAR  The numeral 154 denotes a second swiitch bracket which is secured to the
      cover 140; and that switch bracket supports a normally-open, single-pole,
      single-throw switch 156. The numeral 158 denotes a sturdy but thin
      actuator for the switch 156; and that actuator extends downwardly through
      slots in the platens 118 and 40. The configuruations and inclinations of
      the leading and trailing edges of the switch actuator 158 enable the
      leading edge and trailing edge, respectively, of a piece of scrip to
      easily raise that actuator upwardly out of the appropriate slot in the
      platen 40. As a result, the switch actuator 158 permits relatively free
      movement of pieces of scrip inwardly and outwardly of the scrip transport
      30.
PAR  The numeral 160 denotes a third switch bracket which is secured to the
      cover 140; and that switch bracket is adjacent the rear of that cover.
      That switch bracket supports a normally open, single-pole, single-throw
      switch 162; and that switch has an actuator 164 which extends downwardly
      through slots in the platens 118 and 40. If a person were to attempt to
      pull a piece of scrip outwardly of the scrip transport 30, after the
      trailing edge of that piece of scrip had been moved inwardly beyond the
      actuator 164, that piece of scrip would be intercepted by that actuator.
      In that event, the actuator 164 would make it impossible for that person
      to recover that piece of scrip in intact form.
PAR  The numerals 188 and 190 denote pulleys which are mounted on short pivots
      189 and 187 that are supported by the flange 142; and the numeral 194
      denotes a pulley which is mounted on one end of an elongated shaft 182
      that is rotatably supported by bushings which are mounted in the flanges
      142 and 143. The pulleys 188, 190 and 194 accommodate a elongated endless
      belt 198; and the lower "run" of that belt is engaged by the upper
      portions of the rollers 82, 86 and 90. The numerals 191 and 193 denote
      pulleys which are mounted on short pivots 185 and 183 that are supported
      by the flange 143; and the numeral 195 denotes a pulley which is mounted
      on the other end of the elongated shaft 182. The pulleys 191, 193 and 195
      support an endless belt 199. A worm wheel 200 is fixedly secured to the
      shaft 182; and a worm gear 202 meshes with that worm wheel. That worm gear
      is mounted on the output shaft 203 of a D.C. motor 562 which is enclosed
      by a motor housing 204 that extends upwardly from the cover 140. That
      motor is a reversible permanent magnet D.C. motor which drives an A.C.
      generator by means of an internal connection. That A.C. generator is
      located within the motor housing 204; and that connection is a direct
      mechanical connection. In the said preferred embodiment of script
      transport, the motor 562, the A.C. generator and the connection are parts
      of a type CYQM Motor With Integral Tachometer Generator which is marketed
      by the Barber Colman Company as model No. CYQM 23360-3. When the motor 562
      is energized in the "forward" direction, it will directly drive the A.C.
      generator in that direction, and it will drive the lower "runs" of the
      belts 198 and 199 inwardly of the scrip transport 30. When the motor is
      energized in the "reverse" direction, it will directly drive the A.C.
      generator in that direction, and it will drive the lower "runs" of belts
      198 and 199 outwardly of that scrip transport.
PAR  The numeral 206 denotes a mounting bracket which fixedly holds magnetic
      heads 208 and 210 in spaced-apart relation. Those magnetic heads are
      spaced both laterally and longitudinally of the elongated axis of the
      scrip transport 30; and hence the air gaps of those magnetic heads will
      sense two laterally spaced, longitudinally extending paths.
PAR  The numeral 220 denotes an elongated pivot which has the opposite ends
      thereof secured to the rear portions of the flanges 120 and 121 on the
      upper platen 118; and that pivot extends through aligned openings in the
      flanges 42 and 43 on the lower platen 40. As a result, the pivot 220
      enables the upper platen 118 -- and the cover 140 plus the various
      components which are mounted on that upper platen and on that cover -- to
      be rotated upwardly and away from the lower platen 40. Such rotation is
      desirable; because it permits ready and free access to the passageway
      defined by the lower platen 40 and the upper platen 118. However, the
      upper platen 118 will normally respond to its weight, to the weight of the
      cover 140, and to the weight of the components mounted on that upper
      platen and on that cover to urge the lower face of the lower "runs" of the
      belts 198 and 199 into intimate engagement with the upper faces of the
      rollers 82, 85, 86, 90, 91 and 92. The springs 70, 72, 73, 74, 75 and 77
      will yield slightly in response to the combined weights of the upper
      platen 118, of the cover 140, and of the components which are carried by
      that upper platen and by that cover; but those springs will hold the upper
      surfaces of the rollers 82, 85, 86, 90, 91 and 92 above the upper surface
      of the lower platen 40. Those rollers and the rollers 102 and 114 are in
      register with openings in that lower platen.
PAR  The numeral 170 denotes a switch bracket which is secured to the cover 140
      a short distance to the right of the switch bracket 144, as those switch
      brackets are viewed in FIG. 1. The former switch bracket supports a
      single-pole single-throw switch 494 which has an actuator 174; and that
      switch is biased toward closed position. As indicated particularly by FIG.
      3, the switch 494 is located adjacent the front of the scrip transport 30.
PAR  The numeral 176 denotes an elongated pivot which has the ends thereof
      disposed in openings in the flanges 142 and 143 on the cover 140. The
      numeral 178 denotes a blocking member which is U-shaped in plan, and which
      has downwardly extending fingers 180 and 181 at the free ends of the arms
      thereof. Those fingers are dimensioned to extend downwardly through slots
      168 and 166 in the upper platen 118, and also to extend downwardly through
      slots 172 and 171 in the lower platen 40. As indicated particularly by
      FIG. 8, the slots 166 and 171 are in vertical registry and the slots 168
      and 172 are in vertical registry. An ear 184 extends outwardly from that
      arm of the blocking member 178 of which the finger 181 is a part, as shown
      particularly by FIG. 8; and that ear underlies the actuator 174 of switch
      494, as shown by FIGS. 8 and 10. An arcuate slot 213 is provided in that
      arm of the blocking member 178 of which the finger 181 is a part, and that
      slot is shown by FIG. 9. The numeral 214 denotes a torsion spring which
      encircles the left-hand end of the elongated pivot 176, as that pivot is
      viewed in FIGS. 8 and 10. One end of that torsion spring bears against the
      under surface of the cover 140, and the other end of that spring bears
      against the ear 184 on blocking member 178; and that torsion spring biases
      the fingers 180 and 181 of that blocking member downwardly relative to the
      platens 118 and 40. However, that spring can yield to permit that blocking
      member to be moved to the upper position shown by FIG. 9.
PAR  A solenoid 388 is mounted on the cover 140; and the plunger 389 of that
      solenoid has a slot in the lower end thereof. That slot accommodates a
      portion of the arm of the blocking member 178 which has the slot 213
      therein; and a pin 391 extends through aligned openings in the plunger 389
      and through the slot 213. That slot enables the solenoid 388 to rotate the
      blocking member 178 in the counterclockwise direction into the position of
      FIG. 9 without any binding of pin 391 in that slot. The numeral 393
      denotes a helical compression spring which biases the plunger 389 and the
      blocking member 178 for movement to the position shown by FIGS. 3, 4 and
      8; but that spring will yield to permit the solenoid 388 to raise that
      blocking member to the position shown by FIG. 9.
PAR  The numeral 46 denotes a rectangular opening in the lower platen 40
      adjacent the front of that platen; and that opening accommodates the upper
      portion of a plastic mounting 50 for a U-shaped permanent magnet 48.
      Screws 52 are used to fixedly hold the upper portion of the plastic
      mounting 50 in position within the opening 46. That magnet will, as a
      tape, card, or other object is introduced into the scrip transport 30,
      erase any information which has been encoded into the magnetic particles
      on that tape, card or other object.
PAR  The numeral 216 denotes a toothed member which is mounted within an opening
      217 in the upper platen 118, as shown particularly by FIG. 11. The teeth
      on that toothed member have gently-inclined leading edges but abruptly
      inclined trailing edges. The numeral 218 denotes a toothed member which is
      U-shaped in elevation, as shown particularly by FIG. 2; and the teeth on
      that toother member are on the upper edges of the sides of that toothed
      member. The lower edges of those sides incline upwardly from front to
      rear, as indicated particularly by FIG. 11. Generally L-shaped slots 222
      are provided at the left-hand ends of the sides of the toothed member 218,
      as shown particularly by FIGS. 3, 4 and 11; and those slots accommodate
      the elongated pivot 63. Projections 224 are provided on each side of the
      toothed member 218; and one of those projections is shown in detail in
      FIG. 11. Helical compression springs 226 telescope downwardly over those
      projections; and the upper ends of those springs bear against the under
      surface of the platen 40 while the lower ends of those springs bear
      against the sides of the toothed member 218. The teeth on the upper edges
      of the sides of the toothed member 218 have gently inclined leading edges
      but abruptly inclined trailing edges, as emphasized particularly by FIG.
      11.
PAR  The numeral 221 denotes a block which has a horizontally directed opening
      therein which can telescope over the elongated pivot 220; and that block
      is dimensioned to fit under the downwardly inclined trailing edge 45 of
      the lower platen 40. The shank of a bolt 223 extends through a
      horizontally directed opening in the block 221 which is set at right
      angles to the opening which accommodates the elongated pivot 220. A nut
      225 is threaded onto the shank of the bolt 223 to hold that bolt in
      assembled relation with the block 221. A cam 227, which has the form of a
      right-circular cylinder with reduced-diameter ends, has a threaded opening
      therethrough which accommodates the shank of the bolt 223. The
      reduced-diameter ends of the cam 227 are in register with the upwardly
      inclined lower edges of the sides of the toothed member 218, as shown by
      FIG. 5.
PAR  The numeral 165 denotes a closure for the bottom of the scrip transport 30;
      and upwardly extending flanges on that closure extend upwardly above the
      lower edges of the flanges 142 and 143 of the cover 140. A hardened
      bearing plate 228 is provided on the upper surface of the bottom of the
      closure 165; and that hardened bearing plate is in register with the cam
      227. That hardened bearing plate will fully support the cam 227, and it
      will permit repeated shifting of the position of that cam with little
      wear.
PAR  The numeral 147 denotes vertically directed slots which are provided in the
      flanges 42 and 43 of the platen 40, and those slots are in register with
      each other. The numeral 149 denotes a latching member which has the
      right-hand end thereof extending through the slot 147 in the flange 43, as
      indicated particularly by FIG. 12; and the numeral 151 denotes a similar
      latching member which has the left-hand end thereof extending through the
      slot 147 in the flange 42 on the platen. The right-hand end of the
      latching member 149 also extends into a slot 157 in the flange 121 of the
      upper platen 118; and the left-hand end of the latching member 151 extends
      into a slot 157 in the flange 120 of that upper platen. The slots 157 are
      similar to, and are in register with, the slots 147 in the flanges 42 and
      43 of the lower platen 40. A helical compression spring 153 encircles the
      central portions of the latching members 149 and 151, and it urges the
      left-hand end of latching member 151 into the slot 157 in flange 120 while
      urging the right-hand end of latching member 149 into the slot 157 in the
      flange 121, as those latches and flanges are viewed in FIG. 12. However,
      that spring can yield to permit the latching members 149 and 151 to be
      moved inwardly until they are clear of the slots 157 in the flanges 120
      and 121 of the platen 118. A rotatable latch release 155 is rotatably
      mounted within an opening in the closure 165 for the bottom of the scrip
      transport 30; and that latch release has a slot in the under surface
      thereof which can accommodate a screwdriver blade or other stiff object
      and which can respond to rotation of that screwdriver blade or other stiff
      object to rotate that latch release. The rotation of that latch release
      will enable ears, which are on the upper surface thereof and which are
      shown particularly by FIG. 5, to move the latching members 149 and 151
      inwardly of the slots 157 in the flanges 120 and 121 of the platen 118.
PAR  The scrip transport 30 is essentially identical to the identically numbered
      bill transport in the Fishel et al U.S. Pat. No. 3,845,469, except that
      the magnetic head 210 has been shifted closer to the leading edge of the
      platen 118, that the magnet 48 has been added, that the blocking member
      178 and the elements associated with it have been added, that the toothed
      members 216 and 218 and the elements associated with the latter toothed
      member have been added, that the closure 165 has been added, and that the
      latches 149 and 151 and the elements associated with them have been added.
      In the said preferred embodiment of scrip transport, the air gaps of the
      magnetic heads 208 and 210 define parallel lines which are transverse of
      the longitudinal axis of the platen 118 and which are spaced apart
      one-half of an inch. The inner faces of the magnetic heads 208 and 210 are
      spaced apart one-sixteenth of an inch transversely of the longitudinal
      axis of the platen 118.
PAR  The blocking member 178, the solenoid 388, the toothed members 216 and 218,
      and the adjusting members associated with those toothed members are not,
      per se, parts of the present invention. Those various members are
      disclosed and claimed in James R. Pescetto application Ser. No. 405,538
      for ANTI-RETRIEVAL DEVICE which was filed on Oct. 11, 1973.
PAR  Description of Circuit of Scrip Validator: The numeral 230 in FIG. 21
      denotes a TIMING BLOCK which includes a BINARY COUNTER 238, a timer 248,
      NOR gates 232, 235, and 236, NAND gates 240, 242 and 246, an inverter 244,
      resistors 250 and 252, and capacitors 254, 256 and 258. Although different
      timers could be used as the timer 248, a Signetics NE555V timer has been
      found to be very useful. The upper terminal of resistor 250 is connected
      to a source of regulated twelve volts D.C.; and that resistor coacts with
      resistor 252 and with capacitors 254, 256 and 258 to cause timer 248 to
      operate as a pulse generator which will apply pulses to the input terminal
      of BINARY COUNTER 238 at the rate of one every sixteen and seven-tenths
      milliseconds. Conductors 260, 262, 264, 266, 268, 270, 272 and 284 extend
      into that block, and conductors 278, 280, 282 and 286 extend from that
      block.
PAR  The numeral 288 denotes a MULTIPLEXER block which includes a multiplexer
      296, NOR gates 292 and 294, an inverter 290, a resistor 298 and a
      capacitor 300. Although various multiplexers could be used, an RCA 4051
      multiplexer has been found to be very useful. That capacitor and that
      resistor constitute an RC network. Conductors 262, 266, 268, 274, 276, 278
      and 280 extend into that block, a conductor 302 extends from that block,
      and conductors 282 and 284 are shown merely passing through that block.
PAR  The numeral 304 in FIG. 22 denotes an ACCEPT LATCH block which includes an
      NPN transistor 316, a Zener diode 326, resistors 310, 318, 320, 322 and
      324, capacitors 314 and 329, and NAND gates 306 and 308. The resistor 310
      and the capacitor 314 constitute an RC network which will provide a slight
      delay time whenever a 0 at the upper input of NAND gate 306 is to be
      changed to a 1. That NAND gate and NAND gate 308 constitute an electronic
      "latch" 307 which will respond to the application of a 0 to the upper or
      middle input of NAND gate 306 to apply a continuous 1 to conductor 330 and
      to apply a continuous 0 to conductor 284. The transistor 316, the Zener
      diode 326, the capacitor 329, and the resistors 318, 320, 322 and 324
      constitute a "line cording" circuit that is similar to the "line cording"
      circuit in Carter et al application Ser. No. 405,535, now U.S. Pat. No.
      3,870,629, which is entitled PAPER CURRENCY VALIDATOR and which was filed
      on Oct. 11, 1973. That "line cording" circuit differs from the "line
      cording" circuit in the said Carter et al application in that the
      transistor 316 normally is non-conductive whereas the corresponding
      transistor in the said Carter et al application normally is conductive. In
      both line cording circuits, the Zener diode controls the state of
      conductivity of the transistor and will respond to changes in the state of
      conductivity of that transistor before the changes in supply voltage can
      cause improper operation of the overall circuit of the scrip validator.
      The line cording circuit in the ACCEPT LATCH block 304 is an equivalent of
      the line cording circuit of the said Carter et al application and is not,
      per se, a part of the present invention. Conductors 312 and 286 extend
      into that block, and conductors 284 and 330 extend from that block.
PAR  The numeral 334 denotes a COLLECT block which includes a single-pole
      single-throw switch 336, resistors 338 and 344, a diode 340, a capacitor
      346, and an opto-coupler 342. The switch 336 will be located in the
      vending machine with which the scrip validator of the present invention is
      associated; and that switch will close momentarily each time that vending
      machine dispenses a product. A conductor 312 extends from that block.
PAR  The numeral 348 denotes a MOTOR START AND RUN block which includes a MOTOR
      CONTROLLING sub-block 354; and that sub-block includes the SPEED ADJUSTING
      sub-block, the SPEED MAINTAINING sub-block, and the MOTOR AND RELAY
      sub-block in the identically numbered MOTOR CONTROLLING block in the said
      Carter et al application. The MOTOR START AND RUN block 348 also includes
      NOR gates 350, 353 and 364, a NAND gate 360, inverters 352, 356 and 362,
      diodes 355 and 366, and a resistor 368. Conductors 260, 262, 268, 274,
      330, 333, 436 and 439 extend into that block, conductor 330 extends from
      that block, and conductors 282, 284 and 302 are shown merely passing
      through that block.
PAR  The numeral 370 denotes a BLOCKING FINGER CONTROL block which includes NPN
      transistors 386 and 406, NOR gates 380 and 392, NAND gates 376 and 396,
      inverters 378, 382, 394 and 398, solenoid 388, diode 390, resistors 372,
      384, 402, 404 and 408, and capacitors 374 and 400. Resistor 372 and
      capacitor 374 constitute an RC network which will slightly delay any
      change of a 0 at the upper input of NAND gate 376 to a 1. Resistor 402 and
      capacitor 400 also constitute an RC network. Conductors 260, 262, 266 and
      284 extend into that block, conductors 284, 410 and 439 extend from that
      block, and conductors 282, 302, 330, 333 and 436 are shown merely passing
      through that block.
PAR  The numeral 412 in FIG. 23 denotes a VALIDATE ENABLE block which includes
      NOR gates 414 and 416, an inverter 422, a resistor 418, and a capacitor
      420. Resistor 418 and capacitor 420 constitute an RC network which will
      slighly delay any change of a 0 at the input of inverter 422 to a 1.
      Conductors 262, 268, 330 and 435 extend into that block, conductor 424
      extends from that block, and conductors 282, 284, 302, 410 and 436 are
      shown merely passing through that block.
PAR  The numeral 426 denotes a REVERSE LATCH block which includes NAND gates 432
      and 434, NPN transistors 440 and 442, an inverter 438, a capacitor 430,
      and resistors 428, 444 and 446. Resistor 428 and capacitor 430 constitute
      an RC network which will slightly delay any change of a 0 at the upper
      input of NAND gate 432 to a 1. That NAND gate and NAND gate 434 constitute
      an electronic "latch" 437 which will respond to the application of a 0 to
      the upper input of NAND gate 432 to apply a continuous 1 to conductor 435
      and to apply a continuous 0 to conductor 436. Conductors 282, 284, 302,
      and 481 extend into that block, conductors 333, 435, 436 and 449 extend
      from that block, and conductor 410 is shown merely passing through that
      block. The conductor 449 extends to a lamp 450 which is mounted in the
      vending machine. Whenever that lamp is illuminated, it will indicate that
      the inserted piece of scrip will be returned to the patron.
PAR  The numeral 478 denotes a RETURN SCRIP block which includes a single-pole
      single-throw switch 490, a diode 486, a capacitor 482, an opto-coupler
      484, and resistors 480 and 488. That switch is located in the vending
      machine; and it can be actuated by a patron of that vending machine in the
      event the supply of desired product is exhausted or in the event that
      patron changes his mind and wants his piece of scrip returned to him.
      Conductor 481 extends from that block.
PAR  The numeral 452 denotes a SWITCH block which includes the switches 146,
      156, 162 and 494. That block also includes NOR gates 460 and 468,
      inverters 476, 508 and 510, a diode 500, capacitors 458, 466, 474 and 502
      and resistors 454, 456, 462, 464, 470, 472, 496, 498, 504 and 506.
      Conductor 410 extends into that block, and conductors 262, 264, 266, 268,
      270, 272 and 274 extend from that block.
PAR  The numeral 512 in FIG. 16 denotes a DETECTION block which includes an
      amplifier 514, a PEAK DETECTOR sub-block 516, an ENVELOPE DETECTOR
      sub-block 548, FREQUENCY DETECTOR sub-blocks 526 and 527, counters 540 and
      582, flip-flops 556 and 567, NAND gates 550, 552 and 554, a NOR gate 584,
      inverters 522, 524 and 542, capacitors 518, 560 and 566, and resistors
      520, 558, and 564. Although different counters could be used as the
      counters 540 and 582, the RCA 4017 counters have been found to be very
      useful. Although different flip-flops could be used as the flip-flops 556
      and 567, RCA 4013 flip-flops have been found to be very useful. The
      circuit of the PEAK DETECTOR sub-block 516 is shown in FIG. 24, the
      circuit of the FREQUENCY DETECTOR sub-block 526 is shown in FIG. 25, and
      the circuit of the ENVELOPE DETECTOR sub-block 548 is shown in FIG. 26.
      The capacitor 518 and resistor 520 constitute a positive going edge
      detector. The resistor 558 and the capacitor 560 constitute an RC network;
      and, similarly, the resistor 564 and the capacitor 566 constitute an RC
      network. A conductor extends into that block from the magnetic head 210, a
      conductor 424 extends into that block, and conductors 586 and 588 extend
      from that block.
PAR  The numeral 590 in FIG. 17 denotes a DETECTION block which includes an
      amplifier 592, a PEAK DETECTOR sub-block 594, an ENVELOPE DETECTOR
      sub-block 630, FREQUENCY DETECTOR sub-blocks 606 and 618, counters 608 and
      620, flip-flops 610 and 622, NAND gates 612, 624 and 634, NOR gate 632,
      inverters 600, 602 and 604, capacitors 596, 616 and 628, and resistors
      598, 614 and 626. Except for the fact that the FREQUENCY DETECTOR
      sub-blocks 606 and 618 will be set to respond to frequencies which are
      specifically different from the frequencies to which either of the
      FREQUENCY DETECTOR sub-block 526 and 527 will be set, the components and
      connections in the DETECTION block 590 will preferably be identical to the
      components and connections in the DETECTION block 512. A conductor extends
      into that block from the magnetic head 208, a conductor 424 extends into
      that block, and conductors 670 and 672 extend from that block.
PAR  The numeral 674 in FIG. 18 denotes a SIGNAL DECODING block which includes
      EXCLUSIVE OR gates 676, 678, 680 and 682, NOR GATES 684, 686, 688 and 706,
      a NAND gate 690, inverters 692 and 707, capacitors 694, 696 and 698, and
      resistors 700, 702 and 704. Resistor 700 and capacitor 694 constitute an
      RC network which will function as a differentiating network that will
      differentiate any change from a 0 to a 1 that will appear on conductor 712
      and will apply the resultant differentiated signal to the lower input of
      NOR gate 706. Similarly, resistor 702 and capacitor 696 constitute an RC
      network and resistor 704 and capacitor 698 constitute an RC network; and
      those networks will function as differentiating networks which will
      differentiate any change from a 0 to a 1 that will appear on the
      corresponding conductors 710 and 708 and will apply the resultant
      differentiated signals to the middle and upper inputs respectively of NOR
      gate 706. Conductor 586, 588, 670 and 672 extend into that block, and
      conductors 708, 710, 712 and 714 extend from that block.
PAR  The numeral 716 denotes a COMPARISON REGISTER block which includes shift
      registers 718, 720, 722 and 724 and a NOR gate 726. The shift register 718
      will store data which is developed by the SIGNAL DECODING block 674 as the
      patterns on a piece of scrip are being moved past, and sensed by, the
      magnetic heads 208 and 210; and hence that shift register can be regarded
      as a memory for sensed data. The shift registers 720, 722 and 724 store
      pre-programmed data, and hence those shift registers can be regarded as a
      memory for pre-programmed data. Although different shift registers could
      be used, the RCA 4021 shift registers have been found to be very useful.
      Conductors 708, 710, 712, 714, 936 and 952 extend into that block, and
      conductors 728, 730, 732 and 734 extend from that block.
PAR  The numeral 736 denotes a PATTERN REGISTER DECODING block which includes
      EXCLUSIVE OR gates 738, 740 and 742. Conductors 728, 730, 732 and 734
      extend into that block, and conductors 744, 746 and 748 extend from that
      block.
PAR  The numeral 750 in FIG. 19 denotes a DATA FIELD 2 FLIP-FLOP block which
      includes flip-flops 752, 754 and 756. Although different flip-flops could
      be used as the flip-flops 752, 754 and 756, each of those flip-flops
      preferably is one-half of an RCA 4027 flip-flop. Conductors 424, 744, 746,
      748, 971 and 975 extend into that block, and conductors 768, 770, 772,
      774, 776 and 778 extend from that block. Conductors 975 connects the K
      inputs of those flip-flops to ground; and hence once those flip-flops have
      been "set", they will remain set until a 1 is applied to the reset
      terminals thereof.
PAR  The numeral 760 denotes a DATA FIELD 3 FLIP-FLOP block which includes
      flip-flops 762, 764 and 766. Although different flip-flops could be used
      as the flip-flops 762, 764 and 766, each of those flip-flops preferably is
      one-half of an RCA 4027 flip-flop. Conductors 424, 744, 746, 748 and 973
      extend into that block, conductors 780, 782, 784, 786, 788, 790 and 975
      extend from that block, and conductor 971 is shown merely passing through
      that block. Conductor 975 connects the K inputs of those flip-flops to
      ground; and hence once those flip-flops have been "set," they will remain
      set until a 1 is applied to the reset terminals thereof.
PAR  The numeral 792 denotes a DATA FIELD 2 SELECTION block which includes NOR
      gates 794, 796, 798 and 800. The outputs of the NOR gates 794, 796 and 798
      are connected to the three inputs of the NOR gate 800. Conductors 768,
      770, 772, 774, 776 and 778 extend into that block, and a conductor 801
      extends from that block. The numeral 802 denotes a DATA FIELD 3 SELECTION
      block which includes NOR gates 804, 806, 808 and 810. The outputs of the
      NOR gates 804, 806 and 808 are connected to the three inputs of the NOR
      gate 810. Conductors 780, 782, 784, 786, 788 and 790 extend into that
      block, and a conductor 811 extends from that block.
PAR  The numeral 812 denotes a SELECTION DECODER block which includes NOR gates
      814, 816, 818, 820, 822, 824, 826, 828 and 830. Conductors 768, 774, 778,
      780, 784 and 788 extend into that block, and conductors 832, 834, 836,
      838, 840, 842, 844, 846 and 848 extend from that block.
PAR  The numeral 850 denotes a PRICE LINE ENABLE block which includes sub-blocks
      852, 854, 856, 858, 860, 862, 864, 866 and 868. As indicated by block 852,
      each of those blocks includes an NPN transistor 870, a diode 874 and a
      resistor 872. Conductors 832, 834, 836, 838, 840, 842, 844, 846, 848 and
      871 extend into that block, and conductors 853, 855, 857, 859, 861, 863,
      865, 867 and 869 extend from that block.
PAR  The numeral 894 denotes a PRICE LINE RELAY block which is located in the
      vending machine, and that block includes sub-blocks 896, 898, 900, 902,
      904, 906, 908, 910 and 912. As indicated by block 896, each of those
      blocks includes a relay coil 914 and a diode 916. Conductors 853, 855,
      857, 859, 861, 863, 865, 867, 869 and 873 extend into that block. The
      relays in the sub-blocks of the PRICE LINE RELAY block 894 will control
      suitable relay contacts in the vending machine.
PAR  The collector of an NPN transistor 876 is directly connected to the
      conductor 871 which extends into the PRICE LINE ENABLE block 850, and a
      resistor 878 connects that collector to a source of regulated D.C. A
      resistor 880 connects the emitter of that transistor to ground, and
      series-connected diodes 882, 884 and 886 displace the base of that
      transistor from ground. A NAND gate 892 has the output thereof connected
      to the base of transistor 876 by an inverter 890 and a resistor 888.
      Conductors 266 and 276 are connected to the inputs of that NAND gate. The
      numeral 918 in FIG. 20 denotes a CLOCK GENERATOR block which includes a
      flip-flop 920, registers 930 and 934, NOR gates 922 and 932, an inverter
      924, a capacitor 926 and a resistor 928. The NOR gate 922 will coact with
      inverter 924, capacitor 926 and resistor 928 to constitute an oscillator
      which will develop clock pulses at the output of that NOR gate and which
      will apply those clock pulses to the clock input of register 930. Although
      different flip-flops could be used as the flip-flop 920, that flip-flop
      preferably is one-half of an RCA 4027 flip-flop. Although different
      registers could be used as the registers 930 and 934, each of those
      registers preferably is one-half of an RCA 4015 register. Conductor 714
      extends into that block, and conductors 936 and 938 extend from that
      block.
PAR  The numeral 940 denotes a DATA FIELD AND VALIDATION block which includes a
      shift register 942, registers 954 and 982, a flip-flop 978, NOR gates 956
      and 980, NAND gates 944, 958, 960, 962 and 964, inverters 950, 966, 968,
      970, 972 and 988, capacitors 948, 977 and 986, and resistors 946, 975 and
      984. The input terminals one, three and seven of shift register 942 are
      connected together and to the source of regulated plus twelve volts D.C.,
      and input terminals two, four through six and eight are connected together
      and to ground. Resistor 975 and capacitor 977 constitute an RC network
      which will delay any change of a 1 at the input of inverter 972 to a 0.
      Resistor 946 and capacitor 948 constitute an RC network which will delay
      any change of a 1 at the input of inverter 950 to a 0. The resistor 984
      and capacitor 986 constitute an RC network which will delay any change of
      a 1 at the input of inverter 988 to a 0. The K input of flip-flop 978 is
      connected to ground; and hence once that flip-flop has been set, it cannot
      be reset until a 1 is applied to the reset input thereof. Conductors 424,
      714, 744, 801, 811 and 938 extend into that block, and conductors 260,
      276, 424, 952 971 and 973 extend from that block.
PAR  The PEAK DETECTOR 516 of FIG. 24 includes an NPN transistor 636 which has
      the collector thereof connected to a source of 24 volts and which has the
      emitter thereof connected to ground by a resistor 639 and
      parallel-connected capacitors 656 and 658. One of those capacitors is a
      relatively large value capacitor and the other of those capacitors is a
      relatively small value capacitor to facilitate the by-passing of
      essentially all transients to ground. A resistor 637 is connected between
      the source of twelve volts and the junction between resistor 639 and
      capacitor 656. The transistor 636 and those resistors function as an
      emitter-follower which provides half-wave rectification of the signals
      which are applied to the PEAK DETECTOR 516. The output of that
      emitter-follower is a half-wave rectified signal which has an amplitude
      between 5 and 6 volts. Because the signals, which are applied to the base
      of transistor 636, were generated as magnetic lines moved into and out of
      register with the narrow gap of the magnetic head, those signals will have
      the form of narrow pulses; and hence the half-wave rectified signal will
      have essentially vertical leading edges.
PAR  The numeral 638 denotes a capacitor, and the numerals 640 and 642 denote
      back-to-back diodes. That capacitor will act as a differentiator; and
      those back-to-back diodes will provide a charging and discharging circuit
      for that capacitor. Consequently, the combination of that capacitor and of
      those diodes will respond to each half-wave pulse from the
      emitter-follower to provide a limited-amplitude, steep-sided,
      positive-going pulse and negative-going pulse which are contiguous. That
      positive-going pulse will terminate and that negative-going pulse will
      begin at the time the discharging of that capacitor reverse biases the
      diode 640 and forward biases the diode 642 in response to a half-wave
      pulse from the emitter-follower; and the zero crossing between that
      positive-going pulse and that negative-going pulse will occur immediately
      after the positive-going half-wave pulse from the emitter-follower reches
      its peak. Because the half-wave rectified signal will have essentially
      vertical leading edges, and because the pulses generated by the magnetic
      head 210 will be narrow, the PEAK DETECTOR 516 can precisely sense the
      zero crossings. Consequently, the output of capacitor 638 and of diodes
      640 and 642 is a limited-amplitude, positive-going pulse and a
      limited-amplitude negative-going pulse which are contiguous and which have
      the zero crossing therebetween closely in register with the peak of the
      positive-going half-wave pulse from the emitter-follower.
PAR  The numeral 644 denotes an operational amplifier which has a feedback
      resistor 646 and a feedback capacitor 648. Resistors 637 and 643 supply a
      positive voltage to the non-inverting input of that amplifier; and the
      output of the combination constituted by capacitor 638 and the diodes 640
      and 642 is applied to the inverting input of that amplifier. One terminal
      of that amplifier is connected to ground and another terminal of that
      amplifier is connected to the source of 12 volts.
PAR  A current-limiting resistor 650 connects the output of amplifier 640 to the
      input of an inverter 652, and the output of that inverter is connected to
      the input of an inverter 654; and the latter inverter applies the output
      of the PEAK DETECTOR 516 to the left-hand terminal of the capacitor 518 in
      the DETECTION block 512. If desired, the current-limiting resistor 650
      could be connected directly to the left-hand terminal of the capacitor
      518; but, in the said preferred embodiment, the operational amplifier 644
      is located a substantial distance away from the capacitor 518, and hence
      the inverters 652 and 654 were provided to compensate for resistive and
      interfacing losses.
PAR  The amplifier 644 acts as a zero crossing detector and normally maintains a
      0 at the output thereof. Whenever that amplifier detects zero crossings,
      it will apply positive-going square wave pulses to the input of inverter
      652; and the leading edges of those positive-going square wave pulses will
      correspond closely in time with the peaks of the positive-going amplified
      pulses developed by the amplifier 514. Because the peaks of those
      positive-going amplified pulses correspond closely in time with the
      trailing edge-to-edge spacings of the lines in the pattern being sensed by
      the magnetic head 210, the leading edges of the positive-going square wave
      pulses at the output of the PEAK DETECTOR 516 will correspond closely in
      time with the trailing edge-to-edge spacings of the lines in the pattern
      being sensed.
PAR  The sub-block 526 in FIG. 25 includes timers 521 and 537, an NPN transistor
      547, potentiometers 541 and 551, a NOR gate 559, inverters 557 and 561,
      diodes 534 and 535, capacitors 530, 531, 536, 539, 540, 545, 549 and 555,
      and resistors 532, 533, 538, 543 and 553. The components which are shown
      within the dotted-line enclosure 528 constitute a timer module which is
      mounted on a printed circuit board that is shown in FIG. 14 as being a
      plug-in printed circuit board. That plug-in circuit board is releasably
      connectable to a printed circuit board which will include the NOR gate
      559, the inverters 557 and 561, capacitors 536 and 540 and resistor 538,
      and the corresponding NOR gates, inverters, capacitors and resistors of
      corresponding timer modules which are parts of the FREQUENCY DETECTOR
      blocks 527, 606, and 618, and which are made as plug-in printed circuit
      boards. The numeral 571 denotes the plug-in timer module for FREQUENCY
      DETECTOR 527, the numeral 573 denotes the plug-in timer module for the
      FREQUENCY DETECTOR 606, and the numeral 575 denotes the plug-in timer
      module for the FREQUENCY DETECTOR 618. By making those timer modules as
      plug-in printed circuit boards which are readily connectable to and
      separable from the circuit board 523, the present invention makes it
      possible to quickly and simply change the frequencies which the patterns
      on the pieces of scrip must cause the magnetic heads 208 and 210 to
      develop.
PAR  The ENVELOPE DETECTOR 548 of FIG. 26 includes a timer 569 which has a
      capacitor 568 connected to pin 2 thereof. Although different timers could
      be used, the NE555V timer marketed by the Signetics Corporation has been
      found to be very useful. Pin 1 of timer 569 is directly connected to
      ground, and pin 5 is connected to ground by a capacitor 579. Pins 4 and 8
      are directly connected to a source of plus  twelve volts, and a capacitor
      577 is connected between that source and ground. A resistor 570 connects
      that source of pin 2, and a resistor 578 connects that source to the
      interconnected pins 6 and 7. Those interconnected pins are connected to
      ground by a capacitor 580, and they are connected to the emitter of a PNP
      transistor 583 by a diode 581. The right-hand terminal of capacitor 568
      also is connected to the base of transistor 583 and to the anode of a
      diode 585. The cathode of that diode is connected to ground by a capacitor
      587 and a resistor 589. The timer 569, the transistor 583 and the
      associated capacitors, resistors and diodes constitute a retriggerable
      monostable multivibrator.
PAR  Normally the capacitor 580 has a 0 at the upper terminal thereof; but
      whenever a negative-going pulse is applied to pin 2 of timer 569, that
      timer will develop a 1 at pin 3 thereof; and that 1 will remain at pin 3
      until the charge on the capacitor 580 rises to a predetermined value --
      which it will normally do at the end of 8 milliseconds.
PAR  However, if, prior to the end of that eight millisecond time interval, a
      further negative-going pulse is applied to pin 2 of timer 569 by the
      capacitor 568, that negative-going pulse also will be applied to the base
      of transistor 583 and will momentarily render that transistor conductive.
      Thereupon, capacitor 580 will be discharged by that transistor and then
      that capacitor will have to start charging all over again when that
      transistor becomes non-conductive. Each time capacitor 580 is discharged,
      the re-setting of the re-triggerable monostable multivibrator will be
      postponed for a further eight millisecond time interval. Consequently, as
      long as negative-going pulses are applied to the ENVELOPE DETECTOR 548 at
      intervals of less than eight milliseconds -- as will be the case whenever
      an authentic pattern is being sensed -- a 1 will continue to appear at pin
      3 and hence at the output of that ENVELOPE DETECTOR.
PAR  Authentic Piece of Scrip: Referring particularly to FIG. 13, the numeral
      130 denotes one preferred piece of scrip that is provided by the present
      invention. That piece of scrip is made from stiff paper which can be
      printed or engraved to provide sharp, precisely spaced lines of magnetic
      ink thereon. That piece of scrip is four and one-half inches long and two
      and five-eighths inches wide. Arrows are printed or engraved on one
      surface of that piece of scrip to indicate the leading edge of that piece
      of scrip.
PAR  The numerals 132, 134, 135, 136, 137, 138, 139 and 141 denote discrete
      patterns which are printed or engraved on that surface of that piece of
      scrip on which the arrows are printed or engraved. Although those patterns
      are shown by FIG. 13, those patterns will be concealed in actual use --
      either by overprinting those patterns with an obscuring design or mass or
      by providing a thin non-magnetic light-opaque coating over the surface of
      that piece of scrip. Each pattern is formed by parallel lines which have
      exactly the same spacing between the trailing edges thereof, which have
      exactly the same widths, and which have at least a predetermined amount of
      magnetic material therein. Moreover, those parallel lines must have
      precisely formed leading and trailing edges.
PAR  The spacing of the lines in the patterns 132, 134, 135 and 136 are
      distinctively different from each other; and hence, as those patterns move
      past the air gaps of the appropriate magnetic heads, distinctively
      different frequencies will be developed. In the said preferred embodiment,
      the frequency defined by pattern 132 matches the frequency of FREQUENCY
      DETECTOR 526, the frequency defined by pattern 134 matches the frequency
      of FREQUENCY DETECTOR 618, the frequency defined by pattern 135 matches
      the frequency of FREQUENCY DETECTOR 527, and the frequency defined by
      pattern 136 matches the frequency of FREQUENCY DETECTOR 606. Those four
      patterns constitute data field 1 of the piece of scrip 130; and patterns
      132 and 135 are aligned to be sensed by magnetic head 210, whereas
      patterns 134 and 136 are aligned to be sensed by magnetic head 208.
PAR  The spacing of the lines in the patterns 137 and 138 are distinctively
      different from each other; but the spacing of the lines in the pattern 137
      must equal the spacing of the lines in pattern 132 or 135, and the spacing
      of the lines in the pattern 138 must equal the spacing of the lines in
      pattern 134 or 136. Pattern 137 is aligned with patterns 132 and 135, and
      thus will be sensed by magnetic head 210, whereas pattern 138 is aligned
      with patterns 134 and 136, and thus will be sensed by magnetic head 208.
      The patterns 137 and 138 constitute data field 2 of the piece of scrip.
PAR  The spacing of the lines in the patterns 139 and 141 are distinctively
      different from each other; but the spacing of the lines in the pattern 139
      must equal the spacing of the lines in pattern 132 or 135, and the spacing
      of the lines in the pattern 141 must equal the spacing of the lines in
      pattern 134 or 136. Pattern 139 is aligned with patterns 132 and 135, and
      thus will be sensed by magnetic head 210, whereas pattern 141 is aligned
      with patterns 134 and 136 and thus will be sensed by magnetic head 208.
      139 and 141 constitute data field 3 of the piece of scrip.
PAR  The patterns 132, 135, 137 and 139 are displaced forwardly relative to the
      patterns 134, 136, 138 and 141, as shown by FIG. 13. That displacement
      corresponds to the longitudinal displacement of the magnetic heads 210 and
      208. Also the patterns 132, 135, 137 and 139 are displaced laterally from
      the patterns 134, 136, 138 and 141 to keep the magnetic head 208 from
      responding to any of the lines in the patterns 132, 135, 137 and 139, and
      also to keep the magnetic head 210 from responding to any of the lines in
      the patterns 134, 136, 138 and 141.
PAR  The patterns 132, 134, 135 and 136 are located on the piece of scrip 130 so
      the signal which is developed by the FREQUENCY DETECTOR and counter
      corresponding to each pattern is developed at a specifically different
      time; and, further, that the signals corresponding to patterns 132, 134,
      135 and 136 are developed in succession. Similarly, the patterns 137 and
      138 are located on the piece of scrip 130 so the signal which is developed
      by the FREQUENCY DETECTOR and counter corresponding to each pattern is
      developed at a specifically different time; and, further, that the signals
      corresponding to patterns 137 and 138 are developed in succession; and the
      patterns 139 and 141 are located on the piece of scrip 130 so the signal
      which is developed by the FREQUENCY DETECTOR and counter corresponding to
      each pattern is developed at a specifically different time; and, further,
      that the signals corresponding to patterns 139 and 141 are developed in
      succession.
PAR  Each of the patterns 132, 134, 135, 136, 137, 138, 139 and 141 must have at
      least one more line than the total count required by the counter
      corresponding to that pattern. This is necessary because the FREQUENCY
      DETECTORS do not respond to the first line of any pattern to apply a
      signal to the counter associated with it. Also the total number of lines
      in each of the patterns 132, 134, 135, 136, 137, 138, 139 and 141 must not
      exceed twice the count to which the counter, which is connected to the
      FREQUENCY DETECTOR corresponding to that pattern has been pre-set.
PAR  At-Rest Condition Of Scrip Validator: In the at-rest condition of the scrip
      validator, switches 146, 156, 162 and 494 of FIG. 23 are open; and,
      consequently, "1's" are applied to the lower inputs of NOR gates 460 and
      468, and to the inputs of inverters 476 and 508. In addition, "1's" appear
      on conductors 264, 270 and 272. The "1's" at the lower inputs of NOR gates
      460 and 468 will provide "0's" on conductors 274 and 262; and the "1's" at
      the inputs of inverters 476 and 508 will provide "0's" on conductors 268
      and 266.
PAR  In the at-rest condition of the scrip validator, no pieces of scrip will be
      in the transport 30, and the belts 198 and 199 will be at rest.
      Consequently, "0's" will appear on the conductors 586, 588, 670 and 672
      which originate in the DETECTION blocks 512 and 590 in FIGS. 16 and 17,
      respectively. The SIGNAL DECODING block 674 of FIG. 18 will respond to
      those "0's" to apply "0's" to conductors 708, 710, 712 and 714. The
      COMPARISON REGISTER block 716 and the PATTERN REGISTER DECODING block 736
      of FIG. 18 will apply "0's" to the conductors 744, 746 and 748.
PAR  The DATA FIELD 2 FLIP-FLOP block 750, the DATA FIELD 3 FLIP-FLOP block 760,
      the SELECTION DECODER block 812, the DATA FIELD 2 SELECTION block 792, and
      the DATA FIELD 3 SELECTION block 802 of FIG. 19 leave the transistors in
      the sub-blocks of the PRICE LINE ENABLE block 850 non-conductive, and
      thereby keep the relay coils in the sub-blocks of the PRICE LINE RELAY
      block 894 un-energized. Also, the DATA FIELD 2 SECTION block 792 and the
      DATA FIELD 3 SELECTION block 802 apply "1's" to the conductors 801 and
      811. The CLOCK GENERATOR block 918 of FIG. 20 will provide a 0 on
      conductor 936 which extends to the COMPARISON REGISTER block 716, and it
      will provide a 0 on conductor 938 which extends to the DATA FIELD AND
      VALIDATION block 940. The latter block will apply "0's" to conductors 971
      and 973 which extend to the DATA FIELD 2 FLIP-FLOP block and to the DATA
      FIELD 3 FLIP-FLOP block. Also, the DATA FIELD AND VALIDATION block 940
      will provide a 1 on conductor 260 and a 0 on conductor 276.
PAR  The TIMING BLOCK 230 of FIG. 21 will provide a 0 on conductor 282 and will
      provide a 1 on conductor 286; the MULTIPLEXER block 288 will provide a 1
      on conductor 302. The ACCEPT LATCH block 304 of FIG. 22 will provide a 0
      on conductor 330 and a 1 on conductor 284; and the COLLECT block 334 will
      provide a 1 on conductor 312. The MOTOR START AND RUN block 348 will
      permit the motor 562 within the MOTOR CONTROLLING sub-block 354 to be
      de-energized.
PAR  The 1, which conductor 260 applies to the upper input of NOR gate 392 in
      the BLOCKING FINGER CONTROL block 370 of FIG. 22 will cause that NOR gate
      to apply a 0 to the input of inverter 394. The 1 which that inverter will
      apply to the lower input of NAND gate 396 will coact with the 1 which
      conductor 284 applies to the upper input of that NAND gate to cause that
      NAND gate to apply a 0 to the input of inverter 398. The resulting 1 at
      the output of that inverter is applied to the lower input of NAND gate
      376, to the left-hand terminal of capacitor 400 and, via resistor 404, to
      the base of NPN transistor 406. The conductor 266 will be applying a 0 to
      the upper input of NAND gate 376, and hence the 1 which inverter 398
      applies to the lower input of that NAND gate will not be effective at this
      time. However, the 1 which inverter 398 applies to the base of transistor
      406 will render that transistor conductive; and hence current will flow
      from the source of plus 24 volts D. C. via solenoid 388, resistor 408 and
      the collector-emitter circuit of transistor 406 to ground. The value of
      the current which can flow through resistor 408 is large enough to hold
      the solenoid 388 energized, but it is not large enough to enable that
      solenoid to move the blocking member 178 from the blocking position of
      FIGS. 3, 4 and 8 to the unblocking position of FIG. 9. However, at this
      time the blocking member 178 will be in the un-blocking position; and the
      value of the current flowing through solenoid 388 will be large enough to
      cause that solenoid to continue to hold that blocking member in that
      position.
PAR  The VALIDATE ENABLE block 412 of FIG. 23 will provide a 1 on conductor 424;
      and the REVERSE LATCH block 426 will provide a 0 on conductor 435, will
      provide a 1 on conductor 333, and will supply no power to the lamp 450.
      The RETURN SCRIP block 478 will apply a 1 to conductor 481 which extends
      to the REVERSE LATCH block 426.
PAR  Operation of Scrip Validator When An Authentic Piece of Scrip Is Inserted:
      Each authentic piece of scrip 130 will have instructions printed or
      engraved thereon that will indicate which face of that piece of scrip
      should face upwardly, and which edge of that piece of scrip should be the
      leading edge, when that piece of scrip is placed adjacent the platform 32
      of the scrip transport 30. The leading edge of the piece of scrip 130 will
      be moved inwardly of that scrip transport; and, because the blocking
      member 178 is held in its raised position by the energization of solenoid
      388, the fingers 180 and 182 of the blocking member will not bar or impede
      the inward movement of the leading edge of the piece of scrip 130. That
      leading edge will be moved far enough inwardly to cause the actuator 148
      of switch 146 to close that switch; and, thereupon, a 0 will be applied to
      the lower input of NOR gate 460 in the SWITCH block 452 of FIG. 23. At
      this time, the NOR gate 392 in the BLOCKING FINGER CONTROL block 370 of
      FIG. 22 will be responding to the 1 on conductor 260 to apply a 0 to the
      upper input of NOR gate 460 and also to the upper input of NOR gate 468.
      Consequently, NOR gate 460 will apply a 1 to conductor 274 and thus to the
      lower input of NOR gate 350 in the MOTOR START AND RUN block 348 of FIG.
      22. Conductor 262 will be applying a 0 to the upper input of NOR gate 350;
      and hence that NOR gate will apply a 0 to the input of inverter 352 --
      with consequent application of a 1 to the middle input of NOR gate 353.
      The resulting 0 at the output of that NOR gate will back bias diode 355;
      and inverter 356 will respond to the consequent 0 at the input thereof to
      apply a 1 to the MOTOR CONTROLLING block 354. As explained in detail in
      the said Carter et al application, a 1 at the input of the MOTOR
      CONTROLLING block 354 will cause the motor 562 to operate through output
      shaft 203, worm gear 202 and worm wheel 200 to drive the lower "runs" of
      belts 198 and 199 inwardly of the transport 30; and those lower "runs"
      will cause the piece of scrip 130 to move inwardly of that transport.
PAR  The 1 on conductor 274 also will be applied to the A input of the
      multiplexer 296 in the MULTIPLEXER block 288 of FIG. 21; and, thereupon,
      the signal at input terminal one of that multiplexer will appear at the
      output terminal of that multiplexer. Under all normal and usual
      conditions, the conductor 276 will be applying a 0 to the lower input of
      NOR gate 292 on that MULTIPLEXER block, and inverter 290 in that block
      will be applying a 0 to the upper input of that NOR gate, and also to the
      upper input of NOR gate 294. As a result, NOR gate 292 will normally apply
      a 1 to input terminal one, and hence also to input terminals three and
      seven, of multiplexer 296; and, as switch 146 closes, that 1 will appear
      at the output of that multiplexer and hence on conductor 302. Because a 1
      appears on conductor 302, the REVERSE LATCH block 426 of FIG. 23 will not
      reverse the motor 562. However, if for any reason, conductor 276 has been
      applying a 1 to the lower input of NOR gate 292, that NOR gate would have
      applied a 0 rather than a 1 to input terminals one, three and seven of
      multiplexer 296, and the output terminal of that multiplexer would have
      applied a 0 to conductor 302. In that event, the REVERSE RELAY block 426
      would have caused the motor 562 to reverse.
PAR  As the switch 146 closed, it applied a 0 to conductor 270, and thus to the
      upper input of NAND gate 242 in the TIMING block 230 of FIG. 21, thereby
      causing that NAND gate to apply a 1 to the input of inverter 244 and also
      to conductor 282. The 1 on conductor 282 is applied to the lowermost input
      of NAND gate 434 in the REVERSE LATCH block 426 of FIG. 23; and that NAND
      gate and NAND gate 423 constitute an electronic "latch." Consequently,
      when and if the 0 at the upper input of NAND gate 434 changes from a 0 to
      1; the output of NAND gate 434 will be able to change to a 0. The 1 at the
      input of inverter 244 in the TIMING BLOCK 230 will cause that inverter to
      apply a 0 to the lower input of NAND gate 246; but because BINARY COUNTER
      238 has been maintaining a 0 at the upper input of that NAND gate, the
      application of 0 to the lower input of that NAND gate will not change the
      output of that NAND gate. However, that 0 will cause NAND gate 246 to
      continue to provide a 1 at the output thereof after the BINARY COUNTER 238
      starts counting.
PAR  The belts 198 and 199 will continue to move the piece of scrip 130 inwardly
      of the transport 30; and, very quickly, the leading edge of that piece of
      script will cause actuator 158 to close switch 156. At this time, that
      piece of scrip will be holding both of the switches 146 and 156 closed.
      The closing of switch 156 will apply a 0 to the lower input of NOR gate
      468 in SWITCH block 452 and will apply a 0 to conductor 272. Because
      conductor 410 is applying a 0 to the upper input of NOR gate 468, that NOR
      gate will apply a 1 to conductor 262; and that 1 will be applied to the
      upper input of NOR gate 350 in the MOTOR START AND RUN block 348. However,
      because conductor 274 has been applying a 1 to the lower input of that NOR
      gate, the 1 on conductor 262 will not change the output of that NOR gate.
      The 1 on conductor 262 also will be applied to the upper input of NOR gate
      414 in the VALIDATE ENABLE block 412 of FIG. 23; and that NOR gate will
      apply a 0 to the middle input of NOR gate 416. At this time, NAND gate 306
      in the ACCEPT LATCH block 304 is applying a 0 to conductor 330 and thus to
      the upper input of NOR gate 416; and NAND gate 432 in the REVERSE LATCH
      block 426 will be applying a 0 to conductor 435 and thus to the lower
      input of NOR gate 416. That NOR gate will respond to those three 0 inputs
      to apply a 1 to the input of inverter 422 via resistor 418; and that
      inverter will apply a 0 which constitutes a "validate enable" signal to
      conductor 424. That 0 will be applied to the lowermost input of NOR gate
      584 in DETECTION block 512 of FIG. 16, and also to the lowermost input of
      NOR gate 632 in DETECTION block 590 of FIG. 17. At this time, the
      flip-flop 556 in DETECTION block 512 is applying a 0 to the uppermost
      input of NOR gate 584, and the flip-flop 567 is applying a 0 to the middle
      input of that NOR gate; and, similarly, the flip-flop 610 in DETECTION
      block 590 is a 0 to the uppermost input of NOR gate 632 and flip-flop 622
      is applying a 0 to the middle input of that NOR gate. Consequently, NOR
      gate 584 will apply a 1 to the lower input of NAND gate 552; and NOR gate
      632 will apply a 1 to the lower input of NAND gate 634. Because the
      ENVELOPE DETECTOR 548 in DETECTION block 512 is applying a 0 to the upper
      input of NAND gate 552, and because the ENVELOPE DETECTOR 630 in DETECTION
      block 590 is applying a 0 to the upper input of NAND gate 634, the NAND
      gate 552 will be applying 1's to the re-set terminals of counters 540 and
      582, and the NAND gate 634 will be applying 1's to the re-set terminals of
      counters 608 and 620.
PAR  Conductor 424 also will apply 0 to the parallel serial control terminal of
      the shift register 942 in the DATA FIELD AND VALIDATION block 940 of FIG.
      20, and thereby will "enable" the serial input of that register. The 0 on
      conductor 424 will be appliled to the re-set input of flip-flop 978 and to
      the re-set inputs of counters 954 and 982 in that block; and that 0 will
      "enable" that flip-flop and those counters. The 0 on conductor 424 will be
      applied to the re-set inputs of flip-flops 752, 754 and 756 in the DATA
      FIELD 2 FLIP FLOP block 750 of FIG. 19, and to the re-set inputs of the
      flip-flops 762, 764 and 766 in the DATA FIELD 3 FLIP FLOP block 760.
PAR  The 1, which NOR gate 468 in the SWITCH block 452 of FIG. 23 is applying to
      the conductor 262, will be applied to the lower input of NOR gate 392 in
      the BLOCKING FINGER CONTROL block 370 of FIG. 22. However, the application
      of that 1 will not, at this time, be significant; because conductor 260
      has been applying a 1 to the upper input of that NOR gate. The 1 on
      conductor 262 also will be applied to the upper input of NOR gate 232 in
      the TIMING block 230; and the resulting 0 at the re-set terminal of BINARY
      COUNTER 238 permits that BINARY COUNTER to start counting in response to
      the pulses from the PULSE GENERATOR 248. Those pulses are applied to the
      input of that BINARY COUNTER at the rate of one every sixteen and
      seven-tenths milliseconds. Conductor 262 additionally applies the 1
      thereon to the B input of multiplexer 296 in the MULTIPLEXER block 288 in
      FIG. 21; and that 1 will coact with the 1 at the A input of that
      multiplexer to connect input terminal three, and hence input terminals one
      and seven, to the output of that multiplexer. Under ordinary and usual
      conditions, the signal which will be applied to the input terminals one,
      three and seven at this time will be a 1; and hence a 1 will be applied to
      conductor 302. However, if in some way the conductor 276 had a 1 rather
      than a 0 thereon, NOR gate 292 would be applying a 0 to input terminals
      one, three and seven of the multiplexer 296; and hence a 0 would appear on
      conductor 302. That 0 would cause NAND gates 434 and 432 in the REVERSE
      LATCH block of FIG. 23 to apply a 0 to conductor 436; and that 0 would act
      through inverter 438, resistor 444, NPN transistor 440, and conductor 333
      to cause the motor 562 to reverse.
PAR  The 0 which appeared on conductor 272 as switch 156 was closed, will be
      applied to the middle input of NAND gate 242 in the TIMING block 230 of
      FIG. 21. Although that 0 will not be effective at this time, it will
      enable that NANd gate to keep a 1 at the output thereof even after the
      switch 146 re-opens.
PAR  As the piece of scrip is moved inwardly of the transport 30 by the belts
      198 and 199, the BINARY COUNTER 238 in the TIMING block 230 of FIG. 21
      will continue to count. Approximately 67 milliseconds after switch 156 was
      closed, a 1 will appear at the binary four output of that BINARY COUNTER,
      and thus at the middle input of NAND gate 240. That 1 will not be
      significant at this time because the binary 32 output is 0 and will cause
      NAND gate 240 to maintain a 1 at the output thereof. The 1 will continue
      to appear at the binary four output of the BINARY COUNTER 238 through
      count seven; but approximatley 134 milliseconds after switch 156 was
      closed, 0 will again appear at the binary four output, and a 1 will appear
      at the binary eight output. However, as indicated previously herein, the 0
      at the output of inverter 244 will be inhibiting NAND gate 246; and hence
      the 1 at the upper input of that NAND gate will be unable to change the
      output of that NAND gate. The 1 will continue to appear at the binary
      eight output through count fifteen; and while the count of twelve through
      fifteen, the 1 will re-appear at the binary four output. However, both
      NAND gates 240 and 246 will be inhibited at this time, and hence those
      NAND gates will continue to provide 1's at the outputs hereof. While the
      count is 20 through 23, a 1 will appear at the binary four output but NAND
      gate 240 will be inhibited; and while the count is 24 through 31, a 1 will
      appear at the binary eight output, but NAND gate 246 will still be
      inhibited. While the count is 28 through 31, a 1 will again appear at
      binary four output, but NAND gate 240 will still be inhibited.
PAR  As the belts 198 and 199 continue to move the piece of scrip 130 inwardly
      of the transport 30, the patterns 132, 135, 137 and 139 will successively
      engage and pass beyond the air gap of the magnetic head 210, and the
      patterns 134, 136, 138 and 141 will successively engage and move past the
      air gap of the magnetic head 208. The pattern 132 will engage the air gap
      of the magnetic head 210 after the switch 156 was closed but before the
      switch 162 is closed; but the switch 162 will be closed before the pattern
      141 reaches and then moves beyond the air gap of a magnetic head 208. For
      the purposes of this description, it will be assumed that the signals
      which magnetic head 208 develops as each of the patterns 134, 136, 138 and
      141 engages and moves past the air gap of that magnetic head meet the
      requirements of the circuitry in FIGS. 16 and 17, all as explained
      hereinafter in the section entitled Validation of Authentic Piece of
      Scrip. Similarly, it will be assumed that the signals which magnetic head
      210 develops as each of the patterns 132, 135, 137 and 139 engages and
      moves past the air gap of that magnetic head meet the requirements of that
      circuitry.
PAR  As the switch 162 closes, a 0 will be applied to conductor 264 and to the
      input of inverter 476; and that inverter will apply a 1 to conductor 268.
      The 0 on conductor 264 will be applied to the lower input of NAND gate 242
      in the TIMING block 230 of FIG. 21, but that 0 will not be significant at
      this time becuase conductors 270 and 272 are applying 0's to the upper and
      middle inputs of that NAND gate. The 0 on conductor 264 also is applied to
      the upper input of NOR gate 235 in that block; and that 0 will coact with
      the 0 which conductor 266 is applying to the lower input of that NOR gate
      to cause that NOR gate to develop a 1 at the output thereof, and thus at
      the middle input of NOR gate 232. That 1 is not significant at this time,
      because conductor 262 is applying a 1 to the upper input of that NOR gate;
      but that 1 will keep a 0 at the output of that NOR gate after the switch
      156 re-opens.
PAR  The 1 which inverter 476 applies to conductor 268 will be applied to the
      upper input of NOR gate 236; but that 1 will not be significant at this
      time because conductor 284 is applying a 1 to the lower input of that NOR
      gate, and thus is causing that NOR gate to apply a 0 to the lower input of
      NOR gate 232. The 1 on conductor 268 also is applied to the C input of the
      multiplexer 296 in the MULTIPLEXER block 288 of FIG. 21; and that 1 will
      coact with the 1's which are applied to the A and B inputs of that
      multiplexer to connect input terminal seven, and hence input terminals one
      and three, to the output terminal of that multiplexer. Further, conductor
      268 will apply the 1 thereon to the lower input of NAND gate 360 in the
      MOTOR START AND RUN block 348 of FIG. 22, and that 1 will coact with the 1
      which conductor 260 is applying to the upper input of that NAND gate to
      cause that NAND gate to apply a 0 to the input of inverter 362. The
      resulting 1 at the output of that inverter will be applied to the lower
      input of NOR gate 353; but, because inverter 352 is applying a 1 to the
      middle input of that NOR gate, the output of that NOR gate will remain
      unchanged. However, the 1 which is applied by the inverter 362 will keep
      the output of NOR gate 353 a 0 even after switches 146 and 156 re-open. In
      addition, conductor 268 will apply a 1 to the lower input of NOR gate 414
      in the VALIDATE ENABLE block 412 of FIG. 23; but that 1 will not be
      significant at this time because conductor 262 is applying a 1 to the
      upper input of that NOR gate.
PAR  As the belts 198 and 199 continue to move the piece of scrip 130 inwardly
      of the scrip transport 30, the trailing edge of that piece of scrip will
      move beyond the actuator 148 of switch 146 and, thereupon, that switch
      will re-open. This will occur approximately five hundred and eighteen
      milliseconds after that switch was closed. A 1 will reappear on conductor
      270 and will be applied to the upper input of NAND gate 242; and, at this
      time, the 0's on conductors 272 and 264 will cause that NAND gate to
      continue to apply a 1 to conductor 282 and to the input of inverter 244.
      The re-opening of switch 146 will cause a 0 to reappear on conductor 274;
      and that conductor will apply 0 to the A input of the multiplexer 296 in
      the MULTIPLEXER block 288. At this time, the signal at input terminal six
      of that multiplexer will be applied to the output terminal; and that input
      signal will be a 1 because NAND gate 240 will be applying a 1 to conductor
      278 and the binary output terminal 64 of BINARY COUNTER 238 will be
      applying a 0 to conductor 280. NAND gate 240 will continue to apply a 1 to
      conductor 278 until the count within that BINARY COUNTER reaches 36, which
      will occur approximately 601 milliseconds after the closing of switch 156.
      Binary output terminal 64 of the BINARY COUNTER 238 will continue to apply
      0 to conductor 280 until a total of 64 counts has been counted, which will
      occur approximately 1,069 milliseconds after switch 156 was closed.
PAR  The re-opening of switch 146 also causes conductor 274 to re-apply a 0 to
      the lower input of NOR gate 350; but, at that time, conductor 262 is
      applying a 1 to the upper input of that NOR gate. Consequently, that NOR
      gate will continue to have a 0 at the output thereof.
PAR  As the belts 198 and 199 continue to move the piece of scrip 130 inwardly
      of the scrip transport 30, the trailing edge of that piece of scrip will
      move beyond the actuator 158 of switch 156 and thereby permit that switch
      to re-open. This will occur approximately 500 milliseconds after that
      switch was closed. As switch 156 re-opens, a 1 will be reapplied to
      conductor 272 and a 0 will be re-applied to conductor 262. The 1 on
      conductor 272 will be applied to middle input of NAND gate 242 in the
      TIMING block 230, but that 1 will not be significant at this time because
      conductor 264 is continuing to apply a 0 to the lower input of that NAND
      gate. The 0 on conductor 262 will be applied to the upper input of NOR
      gate 232 in the TIMING block 230; but the output of that NOR gate will
      continue to be a 0 because NOR gate 235 is applying a 1 to the middle
      input of that NOR gate. The 0 on conductor 262 is re-applied to the B
      terminal of the multiplexer 296 in the MULTIPLEXER block 288. At this
      time, the signal at input terminal four, and hence at input terminal six
      of that multiplexer will be applied to the output terminal; and that input
      signal will be a 1.
PAR  Conductor 262 also will re-apply a 0 to the upper input of NOR gate 350;
      and that NOR gate will apply a 1 to the input of inverter 352. The
      resulting 0 at the middle input of NOR gate 353 will not be significant at
      this time because the inverter 362 is maintaining a 1 at the lower input
      of that NOR gate. Conductor 262 additionally will re-apply a 0 to the
      lower input of NOR gate 392 in the BLOCKING FINGER CONTROL block 370, but
      that 0 will not be significant at this time because conducutor 260 is
      applying a 1 to the upper input of that NOR gate. Further, conductor 262
      will re-apply a 0 to the upper input of NOR gate 414, but that 0 will not
      be significant at this time because conductor 268 is continuing to apply a
      1 to the lower input of that NOR gate.
PAR  The re-opening of switch 156 will occur before the pattern 141 engages the
      air gap of magnetic head 208; and until that pattern engages that air gap,
      the motor 562 will continue to drive the belts 198 and 199, the BINARY
      COUNTER 238 will continue to count, the solenoid 388 will continue to hold
      the blocking member 178 in its raised position, and the circuits in FIGS.
      16 through 20 will respond to the successive passage of the rest of the
      pattern on the piece of scrip 130 past the air gaps of the magnetic heads.
      During the passage of the various patterns past those air gaps,
      comparisons will be made which will develop a validation signal, all as
      described in detail in the immediately following section.
PAR  Processing of Authentic Piece of Scrip: As the pattern 132 on the piece of
      scrip 130 engaged and moved past the air gap of magnetic head 210,
      DETECTION block 512 momentarily applied a 1 to conductor 586 and permitted
      0 to remain on conductor 588, and DETECTION block 590 permitted 0's to
      remain on conductors 670 and 672. The 1 on conductor 586 was momentarily
      applied to the upper input of EXCLUSIVE OR gate 676, to the upper input of
      NOR gate 684, and to the middle input of NOR gate 688; and the 0 on
      conductor 588 was applied to the upper input of EXCLUSIVE OR gate 680, to
      the middle input of NOR gate 684, and to the middle input of NOR gate 686.
      The 0 on conductor 670 was applied to the lower input of EXCLUSIVE OR gate
      676, to the lower input of EXCLUSIVE OR gate 680, and to the lower input
      of NOR gate 684; and the 0 on conductor 672 was applied to the lower input
      of NAND gate 690 and to the upper inputs of NOR gate 686 and 688.
PAR  The EXCLUSIVE OR gates 676, 678, 680 and 682 coacted with NAND gate 690,
      with NOR gates 684, 686 and 688 and with inverter 692 to momentarily apply
      a 1 on conductor 708 and 0 's on conductors 710 and 712. The 1 on
      conductor 708 was momentarily applied to input terminal seven of shift
      register 718 of the COMPARISON REGISTER block 716 and also, via capacitor
      698, to the upper input of NOR gate 706. The 0 on conductor 710 was
      momentarily applied to input terminal six of that shift register; and
      also, via capacitor 696, to the middle input of NOR gate 706. The 0 on
      conductor 712 was momentarily applied to input terminal five of that shift
      register; and also, via capacitor 694, to the lower input of NOR gate 706.
      The inverter 707 momentarily responded to the 0 at the output of NOR gate
      706 to apply a 1 to conductor 714; and that conductor applied that 1 to
      COMPARISON REGISTER block 716, to CLOCK GENERATOR block 918, and to DATA
      FIELD AND VALIDATION block 940.
PAR  The momentary 1 which conductor 714 applied to the COMPARISON REGISTER
      block 716 was applied to the parallel serial control of shift register
      718; and, thereupon that shift register parallel loaded the data at inputs
      one through eight thereof. Because input terminals one through four and
      eight are permanently connected together and to ground, and because
      conductors 712 and 710 were applying 0's to input terminals five and six,
      the only 1 which was loaded into the shift register 718 was the 1 which
      conductor 708 applied to input terminal seven. That shift register
      retained that parallel loaded information even though the 1 on conductor
      708, and hence the 1 on conductor 714, were applied only momentarily.
PAR  The application of the 1 by conductor 714 to the DATA FIELD AND VALIDATION
      block 940 clocked the shift register 942, and thereby serially shifted the
      data in that shift register one stage. This means that a 0 will appear at
      output terminal seven, and thus at the lower input of NAND gate 964; and
      it also means that a 1 will appear at output terminal eight, and thus at
      the upper input of NAND gate 944, at the serial input of that shift
      register, and at the clock input of counter 954. The application of the 0
      to the lower input of NAND gate 964 will not be effective at this time
      because a 0 has been applied to the upper input of that NAND gate by
      output terminal three of counter 954. The application of the 1 to the
      clock input of counter 954 will make the output at terminal one thereof,
      and hence at the lower input of NAND gate 958, a 1. The 1 at the lower
      input of NAND gate 958 will not be effective at this time because output
      terminal three of counter 930 is applying a 0 to the upper input of that
      NAND gate, and is thus holding a constant 1 at the output of that NAND
      gate. The application of a 1 to the upper input of NAND gate 944 will
      coact with the 1 which was applied to the lower input of that NAND gate by
      conductor 714 to develop a 0 at the output of that NAND gate. Inverter 950
      will apply a 1 to conductor 952 and thus to the parallel serial control of
      shift registers 720, 722 and 724; and will thereby cause the data at the
      input terminals one through eight of those shift registers to be parallel
      loaded into those shift registers. This means that terminals one, three
      through six and eight of shift register 720 will have 0's and that input
      terminals two and seven of that shift register will have 1's, that input
      terminals one, two, five, six and eight of shift register 722 will have
      0's and that input terminals three, four and seven of that shift register
      will have 1's, and that input terminals one, two, five, seven and eight of
      shift register 724 will have 0's and that input terminals three, four and
      six of that shift register will have 1's.
PAR  The momentary application by conductor 714 of the 1 to the CLOCK GENERATOR
      block 918 of FIG. 20 will cause the flip-flop 920 to apply a 1 to the
      upper output thereof, and thus to the K input thereof; and also will cause
      that flip-flop to apply a 0 to the upper input of NOR gate 922 and to the
      re-set terminals of counters 930 and 934. The NOR gate 922, the inverter
      924, the capacitor 926 and the resistor 928 constitute an oscillator which
      will apply positive-going clock pulses to the clock input of counter 930;
      and that counter will respond to those clock impulses to continuously
      "clock in" the data at the output of NOR gate 932. That data is controlled
      by the signals at output terminals one and two of that counter.
PAR  At the end of the first clock pulse from NOR gate 922, a 1 will appear at
      output terminal one and 0's will appear at output terminals two, three and
      four of counter 930. At the end of the second clock pulse, 0's will appear
      on output terminals one, three and four and a 1 will appear at output
      terminal two of that counter; and that 1 will be applied by conductor 936
      to the clock inputs of the shift registers 718, 720, 722 and 724. The
      resulting serial shifting of the data in those shift registers will
      provide a 1 at output terminal eight of shift register 718 and hence on
      conductor 730, will provide a 0 at output terminal six and a 1 at output
      terminal eight of shift register 720 and hence on conductor 728, will
      provide a 1 at output terminal eight of shift register 722 and hence on
      conductor 732, and will leave a 0 at output terminal eight of shift
      register 724 and hence on conductor 734. In addition, the serial shifting
      of shift register 720 will shift the 1 , which NOR gate 726 had been
      applying to the serial input of that shift register, into the first stage
      of that shift register. Simultaneously, because the serial inputs of the
      shift registers 718, 722 and 724 are grounded, those shift registers
      shifted 0's into the first stages thereof.
PAR  The 1 on conductor 730 will be applied to the lower inputs of EXCLUSIVE OR
      gates 738, 740 and 742. EXCLUSIVE OR gate 738 will have 1's at both inputs
      thereof, and hence will apply a 0 to conductor 744, and EXCLUSIVE OR gate
      740 will have 1's at both inputs thereof, and hence will apply a 0 to
      conductor 746, but EXCLUSIVE OR gate 742 will have a 0 at the upper input
      thereof and will have a 1 at the lower input thereof, and hence will apply
      a 1 to conductor 748. Conductor 746 applies the 0 at the output of
      EXCLUSIVE OR gate 740 to the J input of flip-flop 754 and to the J input
      of flip-flop 764, and conductor 748 applies the 1 at the output of
      EXCLUSIVE OR gate 742 to the J input of flip-flop 756 and to the J input
      of flip-flop 766. In addition, conductor 744 is applying the 0 at the
      output of EXCLUSIVE OR gate 738 to the J input of flip-flop 752 and to the
      J input of flip-flop 762. However, at this time, the inverters 968 and 970
      in the DATA FIELD AND VALIDATION block 940 in FIG. 20 are applying 0's to
      the clock inputs of all of the flip-flops 752, 754, 756, 762, 764 and 766
      via conductors 971 and 973. Consequently, the application by conductors
      744, 746 and 748 of signals to the J inputs of those flip-flops is not
      significant at this time. The 0 on conductor 744 also is applied to the J
      input of flip-flop 978 in the DATA FIELD AND VALIDATION block 940; but, at
      this time, 0 appears on the clock input of that flip-flop and hence no
      change will occur in the output of that flip-flop.
PAR  At the end of the third clock pulse from NOR gate 922, 0's will appear at
      output terminals one, two and four and a 1 will appear at output terminal
      three of counter 930; and conductor 938 will apply that 1 to the upper
      inputs of NAND gates 958, 960 and 962 in the DATA FIELD AND VALIDATION
      block 940. Because 0's are applied to the lower inputs of NAND gates 960
      and 962 by counter 954, the outputs of those NAND gates will remain
      unchanged. However, because output terminal one of counter 954 is applying
      a 1 to the lower input of NAND gate 958, the application of a 1 to the
      upper input of that NAND gate by conductor 938 will cause that NAND gate
      to apply a 0 to the input of inverter 966. That inverter will apply a 1 to
      the clock input of flip-flop 978; but, because 0 is being applied to the J
      input of that flip-flop by conductor 744, the output of that flip-flop
      will remain unchanged.
PAR  At the end of the fourth clock pulse from NOR gate 922, 0's will appear at
      output terminals two and three and 1's will appear at output terminals one
      and four of counter 930. The 1 at output terminal four will be applied to
      the clock input of counter 934; and, thereupon, the 1 at the data input of
      the latter counter will appear at output terminal one and 0's will appear
      at output terminals two, three and four of that latter counter. The O at
      output terminal three will continue to appear at the re-set input of
      flip-flop 920.
PAR  At the end of the fifth clock pulse from NOR gate 922, 0's will appear at
      output terminals one, three and four, and a 1 will appear at output
      terminal two, of counter 930. The resulting 1 at the clock inputs of shift
      registers 718, 720, 722 and 724 will cause those shift registers to shift
      the data therein. A further 0 will be shifted into the first stage of each
      of the shift registers 718, 722 and 724, and the 0 at the output of NOR
      gate 726 will be shifted into the first stage of shift register 720. 0's
      will appear at output terminals eight of shift registers 718, 720 and 722,
      a 0 will appear at output terminal six of shift register 720, and a 1 will
      appear at output terminal eight of shift register 724. EXCLUSIVE OR gates
      738, 740 and 742 will respond to the resulting 0's on conductors 728, 730
      and 732 and to the resulting 1 on conductor 734 to apply 0's to conductors
      744 and 746 and a 1 to conductor 748. Because inverters 968 and 970 are
      still applying 0's to the clock inputs of flip-flops 752, 754, 756, 762,
      764 and 766, the signals on conductors 744, 746 and 748 can not affect the
      states of those flip-flops. The 0 on conductor 744 also is applied to the
      J input of flip-flop 978 in the DATA FIELD AND VALIDATION block 940; but,
      at this time, 0 appears on the clock input of that flip-flop and hence no
      change will occur in the output of that flip-flop.
PAR  At the end of the sixth clock pulse from NOR gate 922, 0's will appear at
      output terminals one, two and four and a 1 will appear at output terminal
      three of counter 930; and conductor 938 will apply that 1 to the upper
      inputs of NAND gates 958, 960 and 962 in the DATA FIELD AND VALIDATION
      block 940. Because 0's are applied to the lower inputs of NAND gates 960
      and 962 by counter 954, the outputs of those NAND gates will remain
      unchanged. However, because output terminal one of counter 954 is applying
      a 1 to the lower input of NAND gate 958, the application of a 1 to the
      upper input of that NAND gate by conductor 938 will cause that NAND gate
      to apply a 0 to the input of inverter 966. That inverter will apply a 1 to
      the clock input of flip-flop 978; but, because 0 is being applied to the J
      input of that flip-flop by conductor 744, the output of that flip-flop
      will remain unchanged.
PAR  At the end of the seventh clock pulse from NOR gate 922, 0's will appear at
      output terminals two and three and 1's will appear at output terminals one
      and four of counter 930. The 1 at output terminal four will be applied to
      the clock input of counter 934; and, thereupon, the 1 at the data input of
      the latter counter will appear at output terminal two and 0's will appear
      at output terminals one, three and four of that latter counter. The 0 at
      output terminal three will continue to appear at the re-set input of
      flip-flop 920.
PAR  At the end of the eighth clock pulse from NOR gate 922, 0's will appear at
      output terminals one, three and four, and a 1 will appear at output
      terminal two of counter 930. The resulting 1 at the clock inputs of shift
      registers 718, 720, 722 and 724 will cause those shift registers to shift
      the data therein. A further 0 will be shifted into the first stage of each
      of the shift registers 718, 720, 722 and 724, and the 1 at the output of
      NOR gate 726 will be shifted into the first stage of shift register 720.
      0's will appear at output terminals eight of all of the shift registers
      718, 720, 722 and 724. In addition, a 0 will appear at output terminal six
      of shift register 720. EXCLUSIVE OR gates 738, 740 and 742 will respond to
      the resulting 0's on conductors 728, 730, 732 and 734 to apply 0's to
      conductors 744, 746 and 748. Because inverters 968 and 970 are still
      applying 0's to the clock inputs of flip-flops 752, 754, 756, 762, 764 and
      766, the signals on conductors 744, 746 and 748 can not affect the states
      of those flip-flops. The 0 on conductor 744 also is applied to the J input
      of flip-flop 978 in the DATA FIELD AND VALIDATION block 940; but, at this
      time, 0 appears on the clock input of that flip-flop and hence no change
      will occur in the output of that flip-flop.
PAR  At the end of the ninth clock pulse from NOR gate 922, 0's will appear at
      output terminals one, two and four and a 1 will appear at output terminal
      three of counter 930; and conductor 938 will apply that 1 to the upper
      inputs of NAND gates 958, 960 and 962 in the DATA FIELD AND VALIDATION
      block 940. Because 0's are applied to the lower inputs of NAND gates 960
      and 962 by counter 954, the outputs of those NAND gates will remain
      unchanged. However, because output terminal one of counter 954 is applying
      a 1 to the lower input of NAND gate 958, the application of a 1 to the
      upper input of that NAND gate by conductor 938 will cause that NAND gate
      to apply a 0 to the input of inverter 966. That inverter will apply a 1 to
      the clock input of flip-flop 978; but, because 0 is being applied to the J
      input of that flip-flop by conductor 744, the output of that flip-flop
      will remain unchanged.
PAR  At the end of the tenth clock pulse from NOR gate 922, 0's will appear at
      output terminals two and three and 1's will appear at output terminals one
      and four of counter 930. The 1 at terminal four will be applied to the
      clock input of counter 934; and, thereupon, the 1 at the data input of the
      latter counter will appear at output terminal three and 0's will appear at
      output terminals one, two and four of that latter counter. The 1 at output
      terminal three will be applied to the re-set input of flip-flop 920 and
      will re-set that flip-flop. The resulting 1 at the lower output of that
      flip-flop will be applied to the upper input of NOR gate 922 -- with
      consequent halting of the development of clock pulses at the output of
      that NOR gate.
PAR  The continued movement of the piece of scrip 130 inwardly of the scrip
      transport 30 will permit the rest of the lines of pattern 132 to pass
      beneath the air gap of the magnetic head 210, and the FREQUENCY DETECTOR
      526 will respond to those lines to apply additional signals to the input
      of counter 540. However, that counter was re-set by the 1 at the output of
      NAND gate 552, at the end of the momentary 1 which appeared on conductor
      586, all as explained hereinafter in the section entitled Validation Of
      Authentic Piece Of Scrip; and hence those signals will be counted by that
      counter. However, because the total number of lines in pattern 132 does
      not exceed twice the count to which the counter 540 has been pre-set, that
      counter will not cause the DETECTION block 512 to apply a second 1 to
      conductor 586.
PAR  During the movement of the pattern 132 past the air gap of the magnetic
      head 210, 10 clock pulses were developed at the output of NOR gate 922 and
      were applied to counter 930; and that counter responded to the second,
      fifth and eighth of those pulses to serially shift the data in the shift
      registers 718, 720, 722 and 724 three times. At the end of each serial
      shift, the EXCLUSIVE OR gates 738, 740 and 742 compared the signals at
      output terminals of shift registers 720, 722 and 724 with the signal at
      output terminal eight of shift register 718. Because the outputs of
      EXCLUSIVE OR gates 740 and 742 are connected only to the J inputs of
      flip-flops 752, 754, 756, 762, 764 and 766, and because inverters 968 and
      970 maintained 0's at the clock inputs of all of those flip-flops, the
      comparisons made by those two EXCLUSIVE OR gates were not significant.
      However, in addition to being connected to the J inputs of flip-flops 752,
      754, 756, 762, 764 and 766, the output of EXCLUSIVE OR gate 738 is
      connected to the J input of flip-flop 978. Consequently, the output of
      EXCLUSIVE OR gate 738 was applied to the J input of flip-flop 978 at the
      time the counter 930 responded to the third, sixth and ninth of the clock
      pulses, from NOR gate 922, to cause NAND gate 958 and inverter 966 to
      apply clocking pulses to that flip-flop. If at the end of those third,
      sixth and ninth clock pulses, the output of EXCLUSIVE OR gate had been a 1
      instead of a 0 , the flip-flop 978 would have changed its state, and it
      would thereafter retain that changed state throughout the further sensing
      of the piece of scrip 130. Such a change of state of flip-flop 978 would
      lead to the rejection of that piece of scrip. In the sense that flip-flop
      978 will change its state at the ends of any of the third, sixth and ninth
      clock pulses if the output of EXCLUSIVE OR gate 738 is a 1 , and will not
      change its state at such times if the output of that EXCLUSIVE OR gate is
      a 0 , that flip-flop acts as a comparator. This means that during the
      movement of the pattern 132 past the air gap of the magnetic head 210,
      three comparisons were made of the states of the output of EXCLUSIVE OR
      gate 738.
PAR  Each time a 1 is applied to conductor 714, the pre-wired connections to
      input terminals one through four and eight of shift register 718 will
      cause 0's to be loaded in the stages one through four and eight, and the
      signals which the SIGNAL DECODING block 674 applies to conductors 712, 710
      and 708 will be loaded into stages five through seven of that shift
      register; as indicated in detail hereinbefore, and as shown hereinafter by
      Section A of TABLE I, that block applies 0's to conductors 712 and 710 and
      a 1 to conductor 708 whenever the 1 on conductor 714 is applied as a
      result of the sensing of pattern 132. Section A also shows the states
      which the stages of shift registers 720, 722 and 724 will assume in
      response to the pre-wired connections to the input terminals thereof
      whenever NAND gate 944 responds to a 1 on conductor 714 to cause inverter
      950 to apply a 1 to the parallel serial controls of those shift registers.
      Further, TABLE I shows the signals which are at output terminals six and
      eight of the shift registers 718, 720, 722 and 724. The data, which is
      loaded into the shift register 718, can be seen to be supplied in part by
      pre-wired connections and in part by signals which are a function of the
      patterns on the inserted piece of scrip; whereas the data which is loaded
      into the shift registers 720, 722 and 724 is supplied solely by pre-wired
      connections.
PAR  During the sensing of pattern 132, the data in each of the shift registers
      718, 720, 722 and 724 was serially shifted three times; and each time the
      signals at the serial inputs were shifted into the first stages of those
      shift registers. Because the serial inputs of shift registers 718, 722 and
      724 are pre-wired to ground, the signals which were successively shifted
      into the first stages of those three shift registers were 0's. However,
      because the serial input of shift register 720 is connected to the output
      of NOR gate 726, various signals were applied to that input and were
      shifted into the first stage of that shift register, all as shown by TABLE
      II hereof. In that TABLE, the first group of lines 2, 5 and 8 show the
      input signals developed during the sensing of pattern 132; and the next
      seven groups of lines 2, 5 and 8 show the signals developed during the
      sensing of patterns 134, 135, 136, 137, 138, 139 and 141.
PAR  At the end of each shift of data within the shift registers 718, 720, 722
      and 724, signals appeared at the output terminals six and eight of those
      shift registers; and the values of those signals are shown in TABLE III
      hereof. Also shown in TABLE III are the signals which appear at the
      outputs of EXCLUSIVE OR gates 738, 740, and 742. In TABLE III, the first
      group of lines 2, 5 and 8 show the output signals developed during the
      sensing of pattern 132; and the next seven groups of lines 2, 5 and 8 show
      the output signals developed during the sensing of patterns 134, 135, 136,
      137, 138, 139 and 141.
TBL                TABLE I                                                     
     ______________________________________                                    
     Section A                                                                 
     STATES OF STAGES AFTER "1" IS APPLIED                                     
     TO PSC TERMINAL AS PATTERN 132 IS SENSED                                  
     Stages       718      720      722    724                                 
     ______________________________________                                    
     Input Into 1 0        0        0      0                                   
     Input Into 2 0        1        0      0                                   
     Input Into 3 0        0        1      1                                   
     Input Into 4 0        0        1      1                                   
     Input Into 5 0        0        0      0                                   
     Input Into 6 0        0        0      1                                   
     Input Into 7 1        1        1      0                                   
     Input Into 8 0        0        0      0                                   
     Output From 6                                                             
                  --       0        --     --                                  
     Output From 8                                                             
                  0        0        0      0                                   
     Section B                                                                 
     STATES OF STAGES AFTER "1" IS APPLIED                                     
     TO PSC TERMINAL AS PATTERN 134 IS SENSED                                  
     Stages       718      720      722    724                                 
     ______________________________________                                    
     Input Into 1 0        1        0      0                                   
     Input Into 2 0        0        0      0                                   
     Input Into 3 0        1        0      0                                   
     Input Into 4 0        0        0      0                                   
     Input Into 5 1        1        0      0                                   
     Input Into 6 0        0        1      1                                   
     Input Into 7 0        0        1      1                                   
     Input Into 8 0        0        0      0                                   
     Output From 6                                                             
                  --       0        --     --                                  
     Output From 8                                                             
                  0        0        0      0                                   
     Section C                                                                 
     STATES OF STAGES AFTER "1" IS APPLIED                                     
     TO PSC TERMINAL AS PATTERN 135 IS SENSED                                  
     Stages       718      720      722    724                                 
     ______________________________________                                    
     Input Into 1 0        1        0      0                                   
     Input Into 2 0        0        0      0                                   
     Input Into 3 0        1        0      0                                   
     Input Into 4 0        1        0      0                                   
     Input Into 5 0        0        0      0                                   
     Input Into 6 1        1        0      0                                   
     Input Into 7 0        0        0      0                                   
     Output From 6                                                             
                  --       1        --     --                                  
     Output From 8                                                             
                  0        0        0      0                                   
     Section D                                                                 
     STATES OF STAGES AFTER "1" IS APPLIED                                     
     TO PSC TERMINAL AS PATTERN 136 IS SENSED                                  
     Stages       718      720      722    724                                 
     ______________________________________                                    
     Input Into 1 0        0        0      0                                   
     Input Into 2 0        1        0      0                                   
     Input Into 3 0        0        0      0                                   
     Input Into 4 0        1        0      0                                   
     Input Into 5 0        0        0      0                                   
     Input Into 6 1        1        0      0                                   
     Input Into 7 1        1        0      0                                   
     Input Into 8 0        0        0      0                                   
     Output From 6                                                             
                  --       1        --     --                                  
     Output From 8                                                             
                  0        0        0      0                                   
     Section E                                                                 
     STATES OF STAGES AFTER "1" IS APPLIED                                     
     TO PSC TERMINAL AS PATTERN 137 IS SENSED                                  
     Stages       718      720      722    724                                 
     ______________________________________                                    
     Input Into 1 0        0        0      0                                   
     Input Into 2 0        1        0      0                                   
     Input Into 3 0        0        1      1                                   
     Input Into 4 0        0        1      1                                   
     Input Into 5 0        0        0      0                                   
     Input Into 6 0        0        0      1                                   
     Input Into 7 1        1        1      0                                   
     Input Into 8 0        0        0      0                                   
     Output From 6                                                             
                  --       0        --     --                                  
     Output From 8                                                             
                  0        0        0      0                                   
     Section F                                                                 
     STATES OF STAGES AFTER "1" IS APPLIED                                     
     TO PSC TERMINAL AS PATTERN 138 IS SENSED                                  
     Stages       718      720      722    724                                 
     ______________________________________                                    
     Input Into 1 0        1        0      0                                   
     Input Into 2 0        0        0      0                                   
     Input Into 3 0        1        0      0                                   
     Input Into 4 0        0        0      0                                   
     Input Into 5 1        1        0      0                                   
     Input Into 6 0        0        1      1                                   
     Input Into 7 0        0        1      1                                   
     Input Into 8 0        0        0      0                                   
     Output From 6                                                             
                  --       0        --     --                                  
     Output From 8                                                             
                  0        0        0      0                                   
     Section G                                                                 
     STATES OF STAGES AFTER "1" IS APPLIED                                     
     TO PSC TERMINAL AS PATTERN 139 IS SENSED                                  
     Stages       718      720      722    724                                 
     ______________________________________                                    
     Input Into 1 0        0        0      0                                   
     Input Into 2 0        1        0      0                                   
     Input Into 3 0        0        1      1                                   
     Input Into 4 0        0        1      1                                   
     Input Into 5 0        0        0      0                                   
     Input Into 6 0        0        0      1                                   
     Input Into 7 1        1        1      0                                   
     Input Into 8 0        0        0      0                                   
     Output From 6                                                             
                  --       0        --     --                                  
     Output From 8                                                             
                  0        0        0      0                                   
     Section H                                                                 
     STATES OF STAGES AFTER "1" IS APPLIED                                     
     TO PSC TERMINAL AS PATTERN 141 IS SENSED                                  
     Stages       718      720      722    724                                 
     ______________________________________                                    
     Input Into 1 0        1        0      0                                   
     Input Into 2 0        0        0      0                                   
     Input Into 3 0        1        0      0                                   
     Input Into 4 0        0        0      0                                   
     Input Into 5 0        1        0      0                                   
     Input Into 6 1        0        1      1                                   
     Input Into 7 1        0        1      1                                   
     Input Into 8 0        0        0      0                                   
     Output From 6                                                             
                  --       0        --     --                                  
     Output From 8                                                             
                  0        0        0      0                                   
     ______________________________________                                    
TBL                TABLE II                                                    
     ______________________________________                                    
     SIGNALS APPLIED TO SERIAL INPUTS                                          
     AS CLOCK PULSES ARE DEVELOPED BY NOR GATE 922                             
     Pulse  Pattern   718      720    722    724                               
     ______________________________________                                    
     2      132       0        1      0      0                                 
     5      132       0        0      0      0                                 
     8      132       0        1      0      0                                 
     2      134       0        1      0      0                                 
     5      134       0        0      0      0                                 
     8      134       0        1      0      0                                 
     2      135       0        0      0      0                                 
     5      135       0        1      0      0                                 
     8      135       0        0      0      0                                 
     2      136       0        0      0      0                                 
     5      136       0        0      0      0                                 
     8      136       0        0      0      0                                 
     2      137       0        1      0      0                                 
     5      137       0        0      0      0                                 
     8      137       0        1      0      0                                 
     2      138       0        1      0      0                                 
     5      138       0        0      0      0                                 
     8      138       0        1      0      0                                 
     2      139       0        1      0      0                                 
     5      139       0        0      0      0                                 
     8      139       0        1      0      0                                 
     2      141       0        1      0      0                                 
     5      141       0        0      0      0                                 
     8      141       0        1      0      0                                 
     ______________________________________                                    
TBL                                    TABLE III                               
     __________________________________________________________________________
     SIGNALS DEVELOPED AT OUTPUT TERMINALS                                     
     AS CLOCK PULSES ARE DEVELOPED BY NOR GATE 922                             
            718  720  720  722  724  Ex. OR                                    
                                          Ex. OR                               
                                               Ex. OR                          
     Pulse                                                                     
         Pat.                                                                  
            Ter.8                                                              
                 Ter.6                                                         
                      Ter.8                                                    
                           Ter.8                                               
                                Ter.8                                          
                                     738  740  742                             
     __________________________________________________________________________
     2   132                                                                   
            1    0    1    1    0    0    0    1                               
     5   132                                                                   
            0    0    0    0    1    0    0    1                               
     8   132                                                                   
            0    0    0    0    0    0    0    0                               
     2   134                                                                   
            0    1    0    1    1    0    1    1                               
     5   134                                                                   
            0    0    0    1    1    0    1    1                               
     8   134                                                                   
            1    1    1    0    0    0    1    1                               
     2   135                                                                   
            0    0    0    0    0    0    0    0                               
     5   135                                                                   
            1    1    1    0    0    0    1    1                               
     8   135                                                                   
            0    1    0    0    0    0    0    0                               
     2   136                                                                   
            1    0    1    0    0    0    1    1                               
     5   136                                                                   
            1    1    1    0    0    0    1    1                               
     8   136                                                                   
            0    0    0    0    0    0    0    0                               
     2   137                                                                   
            1    0    1    1    0    0    0    1                               
     5   137                                                                   
            0    0    0    0    1    0    0    1                               
     8   137                                                                   
            0    0    0    0    0    0    0    0                               
     2   138                                                                   
            0    1    0    1    1    0    1    1                               
     5   138                                                                   
            0    0    0    1    1    0    1    1                               
     8   138                                                                   
            1    1    1    0    0    0    1    1                               
     2   139                                                                   
            1    0    1    1    0    0    0    1                               
     5   139                                                                   
            0    0    0    0    1    0    0    1                               
     8   139                                                                   
            0    0    0    0    0    0    0    0                               
     2   141                                                                   
            1    1    0    1    1    1    0    0                               
     5   141                                                                   
            1    0    0    1    1    1    0    0                               
     8   141                                                                   
            0    1    1    0    0    1    0    0                               
     __________________________________________________________________________
PAR  The 1's which must be applied to the parallel serial controls of shift
      registers 720, 722 and 724 are controlled by shift register 942 and NAND
      gate 944; and those 1's will be applied during the sensing of the first,
      fifth and seventh patterns on a piece of scrip. Initially, stages one,
      three and seven of shift register 942 have 1's therein, and stages two,
      four through six and eight have 0's therein. In response to the 1 which is
      applied to conductor 714 as pattern 132 is sensed, shift register 942 will
      shift a 1 into stage eight thereof and will apply that 1 to the upper
      input of NAND gate 944. That 1 will coact with the momentary 1 which
      conductor 714 applies to the lower input of that NAND gate to cause the
      NAND gate to apply a 0 to the input of inverter 950 -- with consequent
      application of a 1 to the parallel serial controls of shift registers 720,
      722 and 724. In this way, shift register 942 and NAND gate 944 apply a 1
      to the parallel serial controls of shift registers 720, 722 and 724 as the
      first 1 is applied to conductor 714.
PAR  At the time the second 1 is applied to conductor 714, shift register 942
      will shift a 0 into stage eight thereof and will apply that 0 to the upper
      input of NAND gate 944; and hence that NAND gate will be unable to respond
      to the momentary 1 on conductor 714 to cause inverter 950 to apply a 1 to
      the parallel serial controls of shift registers 720, 722 and 724.
      Similarly, when each of the third and fourth 1's is applied to the
      conductor 714, the momentary 1 on conductor 714 will be unable to cause
      inverter 950 to apply a 1 to the parallel serial controls of shift
      registers 720, 722 and 724. However, at the time the fifth 1 is applied to
      conductor 714, shift register 942 will shift a 1 into stage eight thereof
      and will apply that 1 to the upper input of NAND gate 944; and hence that
      NAND gate will respond to the momentary 1 on conductor 714 to cause
      inverter 950 to apply a 1 to the parallel serial controls of shift
      registers 720, 722 and 724. When the sixth 1 is applied to conductor 714,
      shift register 942 will shift a 0 into stage eight thereof and will apply
      that 0 to the upper input of NAND gate 944; and hence that NAND gate will
      be unable to respond to the momentary 1 on conductor 714 to cause inverter
      950 to apply a 1 to the parallel serial controls of shift registers 720,
      722 and 724. However, when the seventh 1 is applied to conductor 714 shift
      register 942 will shift a 1 into stage eight thereof and will apply that 1
      to the upper input of NAND gate 944; and hence that NAND gate will respond
      to the momentary 1 on conductor 714 to cause inverter 950 to apply a 1 to
      the parallel serial controls of shift registers 720, 722 and 724.
PAR  Prior to the first shift of the data in shift register 942, a 1 appears at
      output terminal seven and is applied to the lower input of NAND gate 964.
      However, because counter 954 applies a 0 to the upper input of that NAND
      gate, the 1 at the lower input of that NAND gate is not effective. The
      first, second and third shift of the data in shift register 942 will cause
      0's to appear at output terminal seven and hence at the lower input of
      NAND gate 964, but those 0's will not change the output of that NAND gate.
      The fourth shift of the data in shift register 942 will again cause a 1 to
      appear at output terminal seven; but again that 1 will not change the
      output of NAND gate 964. The fifth shift of the data in shift register 942
      will again cause a 0 to appear at output terminal seven; but again that 0
      will not change the output of NAND gate 964. The sixth shift of the data
      in shift register 942 will again cause a 1 to appear at output terminal
      seven; but again that 1 will not change the output of NAND gate 964. The
      seventh shift of the data in shift register 942 will again cause a 0 to
      appear at output terminal seven; but again that 0 will not change the
      output of NAND gate 964. The eighth shift of the data in shift register
      942 will again cause a 1 to appear at output terminal seven; and, because
      counter 954 will be applying a 1 to the upper input of NAND gate 964, that
      NAND gate will develop a 0 at the output thereof.
PAR  All of this means that although the shift register 718 is parallel loaded
      as each pattern is being sensed, the shift registers 720, 722 and 724 will
      be parallel loaded only while the first pattern of the data field 1 is
      being sensed, while the first pattern of data field 2 is being sensed, and
      while the first pattern of data field 3 is being sensed. Further, it means
      that although a 1 initially appears at the seventh output terminal of
      shift register 942, and also appears at the terminal as a result of the
      fourth, sixth and eighth shifts of the data in that shift register, only
      the 1 which appears at that output terminal as a result of the eighth data
      shift will change the output of NAND gate 964.
PAR  At the time a 1 is applied to conductor 952, and hence to the parallel
      serial controls of shift registers 720, 722 and 724, pre-set values will
      be loaded into the stages of those shift registers because all of the
      numbered inputs of those shift registers are pre-wired to ground or to the
      source of plus 12 volts. Specifically, inputs one, three through six and
      eight of shift register 720, inputs one, two, five, six and eight of shift
      register 722, and inputs one, two, five, seven and eight of shift register
      724 are connected to ground, and the remaining numbered terminals of those
      shift registers are connected to the source of twelve volts.
PAR  As the pattern 134 engages and moves past the air gap of magnetic head 208,
      DETECTION block 590 will momentarily apply a 1 to conductor 672 and will
      permit a 0 to remain on conductor 670. The 1 on conductor 672 will be
      momentarily applied to the lower input of NAND gate 690 and to the upper
      inputs of NOR gates 686 and 688, and the 0 on conductor 670 will appear at
      the lower inputs of EXCLUSIVE OR gates 676 and 680 and at the lower input
      of NOR gate 684. Conductor 588 will apply a 0 to the upper input of
      EXCLUSIVE OR gate 680 and to the middle inputs of NOR gates 684 and 686;
      and conductor 586 will apply a 0 to the upper input of EXCLUSIVE OR gate
      676, to the upper input of NOR gate 684 and to the middle input of NOR
      gate 688. The EXCLUSIVE OR gates 676, 678, 680 and 682 will coact with
      NAND gate 690, with NOR gates 684, 686 and 688, and with inverter 692 to
      momentarily apply a 1 to conductor 712 and to permit 0 to remain on
      conductor 708 and 710. The 1 on conductor 712 will be momentarily applied
      to input terminal five of shift register 718 and, via capacitor 694, to
      the lower input of NOR gate 706; and the 0's on conductors 708 and 710
      will be applied to the input terminals seven and six of the shift register
      and, via capacitors 698 and 696, to the upper and middle inputs of that
      NOR gate. That NOR gate and inverter 707 will momentarily apply a 1 to
      conductor 714 and thence to the parallel serial control of shift register
      718, to CLOCK GENERATOR block 918, and to DATA FIELD AND VALIDATION block
      940. The momentary 1 which conductor 714 applies to the parallel serial
      control of shift register 718 will cause that shift register to parallel
      shift the data at the numbered inputs of that shift register. The
      application of that 1 to the DATA FIELD AND VALIDATION block 940 serially
      shifted the data in shift register 942 one stage; and the resulting 0 at
      output terminal seven of that shift register will be applied to the lower
      input of NAND gate 964, and the resulting 0 at output terminal eight will
      be applied to the serial input of that shift register, to the clock input
      of counter 954, and to the upper input of NAND gate 944. The application
      of the 0 to the lower input of NAND gate 964 will not change the output of
      that NAND gate. The application of the 0 to the upper input of NAND gate
      944 will not change the output of that NAND gate; and the application of
      the 0 to the clock input of the counter 954 will not change the output of
      that counter. The momentary 1 on conductor 714 will cause CLOCK GENERATOR
      block 918 to start developing a further series of clock pulses, and to
      respond to the second, fifth and eighth clock pulses to apply 1's to
      conductor 936 and to respond to the third, sixth and ninth clock pulses to
      apply 1's to conductor 938.
PAR  At the end of the second clock pulse from NOR gate 922, output terminal
      eight of shift register 718 will apply a 0 to conductor 730, output
      terminal eight of shift register 720 will apply a 0 to conductor 728,
      output terminal eight of shift register 722 will apply a 1 to conductor
      732, and output terminal eight of shift register 724 will apply a 1 to
      conductor 734. As indicated by Section B of TABLE I, at the end of that
      second pulse EXCLUSIVE OR gate 738 continued to apply a 0 to conductor 744
      and hence to the J input of flip-flop 978 as well as to the J inputs of
      flip-flop 752 and 762. EXCLUSIVE OR gate 740 applied a 1 to the J inputs
      of flip-flops 754 and 764, and EXCLUSIVE OR gate 742 applied a 1 to the J
      input of flip-flops 756 and 766. However, because flip-flops 752, 754,
      756, 762, 764 and 766 still are unable to respond to signals applied to
      the J inputs thereof -- inverters 968 and 970 having 0's at the outputs
      thereof -- none of those flip-flops will change the states of the outputs
      thereof.
PAR  At the end of the fifth clock pulse, the signals at the output terminals
      eight of shift registers 718, 722 and 724 will again cause EXCLUSIVE OR
      gate 738 to apply a 0 to the J inputs of flip-flops 978, 752 and 762 and
      will cause EXCLUSIVE OR gates 740 and 742 to apply a 1 and a 1 to
      conductors 746 and 748, respectively. Because the flip-flops 752, 754,
      756, 762, 764 and 766 still have 0's applied to the clock inputs thereof,
      the application of signals to the J inputs of those flip-flops will,
      again, not be significant.
PAR  At the end of the eight clock pulse, output terminals eight of flip-flops
      718, 720, 722 and 724 will cause EXCLUSIVE OR gate 738 to apply a 0 to the
      J inputs of flip-flops 978, 752 and 762 and will cause EXCLUSIVE OR gates
      740 and 742 to apply a 1 and a 1 to conductors 746 and 748, respectively.
      Because the flip-flops 752, 754, 756, 762, 764 and 766 still have 0's
      applied to the clock inputs thereof, the application of signals to the J
      inputs of those flip-flops will, again, not be significant.
PAR  At the end of the tenth clock pulse from NOR gate 922, flip-flop 920 will
      be re-set with consequent halting of the development of clock pulses at
      the output of that NOR gate and with consequent re-setting of counters 930
      and 934. The piece of scrip 130 will continue to move inwardly of the
      scrip transport 30, and the rest of the lines of pattern 134 will pass
      beyond the air gap of the magnetic head 208; and the FREQUENCY DETECTOR
      618 will respond to those lines to apply additional signals to the input
      of counter 620. That counter was re-set by the 1 at the output of NAND
      gate 634, at the end of the momentary 1 which appeared on conductor 672,
      and hence those signals will be counted by that counter. However, because
      the total number of lines in pattern 134 does not exceed twice the count
      to which the counter 620 has been pre-set, the counting of those signals
      will not change the output of DETECTION block 590.
PAR  During the movement of the pattern 134 past the air gap of the magnetic
      head 208, the data in the shift registers 718, 720, 722 and 724 was
      shifted three times. At the end of each serial shift, the EXCLUSIVE OR
      gates 738, 740 and 742 compared the signals at the output terminals of
      shift registers 720, 722 and 724 with the signal at output terminal eight
      of shift register 718. However, the outputs of EXCLUSIVE OR gates 740 and
      742 were not significant at that time, because 0's were maintained at the
      clock inputs of flip-flops 752, 754, 756 762, 764 and 766. The output of
      EXCLUSIVE OR gate 738 was applied to the J input of flip-flop 978 and,
      because that output was 0 at the end of clock pulses 3, 6 and 9, that
      flip-flop continued to provide 0 at the output thereof. All of this means
      that during the movement of the pattern 134 past the air gap of magnetic
      head 208, three comparisons were made of the state of the output of
      EXCLUSIVE OR gate 738.
PAR  As the pattern 135 engages and moves past the air gap of magnetic head 210,
      DETECTION block 512 will momentarily apply a 1 to conductor 588 and will
      permit a 0 to remain on conductor 586. The momentary 1 on conductor 588
      and the 0's on conductors 586, 670 and 672 will cause the SIGNAL DECODING
      block 674 to apply a momentary 1 to conductors 710 and 714 and 0's to
      conductors 708 and 712. The 1 on conducotr 714 will parallel-load shift
      register 718 to the condition shown by Section C of TABLE I, will
      serially-shift shift register 942 to develop 0's at output terminals seven
      and eight thereof, and will cause CLOCK GENERATOR block 918 to again
      develop clock pulses, but will not change the output of NAND gate 944. The
      0 at the output terminal seven of shift register 942 will not change the
      output of NAND gate 964.
PAR  At the end of the second clock pulse from NOR gate 922, 0's will appear on
      all of conductors 744, 746 and 748, and hence 0's will be applied to the J
      inputs of flip-flops 752, 754, 756, 762, 764, 766 and 978. The 0 at the J
      input of flip-flop 978 is significant because it shows that EXCLUSIVE OR
      gate 738 has a coincidence at the inputs thereof.
PAR  At the end of the fifth clock pulse a 0 will be applied to conductor 744
      and 1's will be applied to conductors 746 and 748. Because the flip-flops
      752, 754, 756, 762, 764 and 766 still have 0's applied to the clock inputs
      thereof, the application of signals to the J inputs of those flip-flops
      will, again, not be significant. However, the 0 at the J input of
      flip-flop 978 is significant because it shows that EXCLUSIVE OR gate 738
      has a coincidence at the inputs thereof.
PAR  At the end of the eighth clock pulse 0's will appear on all of conductors
      744, 746 and 748, and hence 0's will be applied to the J inputs of
      flip-flops 752, 754, 756, 762, 764, 766 and 978. The 0 at the J input of
      flip-flops 978 is significant because it shows that EXCLUSIVE OR gate 738
      has a coincidence at the inputs thereof.
PAR  At the end of the tenth clock pulse from NOR gate 922, flip-flop 920 will
      be re-set with consequent halting of the developement of clock pulses at
      the output of that NOR gate and with consequent re-setting of counters 930
      and 934. The piece of scrip 130 will continue to move inwardly of the
      scrip transport 30, and the rest of the lines of pattern 135 will pass
      beyond the air gap of the magnetic head 210; and counter 582 will count
      those lines, but because that counter was re-set and because the total
      number of lines in that pattern does not exceed twice the count to which
      the counter 582 has been pre-set, the counting of those lines will not
      change the output of DETECTION block 512.
PAR  As the pattern 136 engages and moves past the air gap of magnetic head 208,
      DETECTION block 590 will momentarily apply a 1 to conductor 670 and will
      permit a 0 to remain conductor 672. The momentary 1 on conductor 670 and
      the 0's on conductors 586, 588 and 672 will cause the SIGNAL DECODING
      block 674 to apply a momentary 1 to conductors 708, 710 and 714 and a 0 to
      conductor 712. The 1 on conductor 714 will parallel-load shift register
      718 to the condition shown by Section D of TABLE I, will serially shift
      shift register 942 to develop a 1 at output terminal seven thereof and a 0
      at output terminal eight thereof, and will cause CLOCK GENERATOR block 918
      to again develop clock pulses but will not change the output of NAND gate
      944. The 1 at output terminal seven of shift register 942 will not change
      the output of NAND gate 964.
PAR  At the end of the second clock pulse from NOR gate 922, a 0 will appear on
      conductor 744 and 1's will appear on conductors 746 and 748. Because the
      flip-flops 752, 754, 756, 762, 764 and 766 will still have 0's applied to
      the clock inputs thereof, the application of signals to the J inputs of
      those flip-flops will, again, not be significant. The 0 at the J input of
      flip-flop 978 is significant because it shows that EXCLUSIVE OR gate 738
      has a coincidence at the inputs thereof.
PAR  At the end of the fifth clock pulse, a 0 will appear on conductor 744 and
      1's will appear on conductors 746 and 748. Because the flip-flops 752,
      754, 756, 762, 764 and 766 will still have 0's applied to the clock inputs
      thereof, the application of signals to the J inputs of those flip-flops
      will, again, not be significant. The 0 at the J input of flip-flop 978 is
      significant because it shows that EXCLUSIVE OR gate 738 has a coincidence
      at the inputs thereof.
PAR  At the end of the eighth clock pulse, 0's will appear on all of conductors
      744, 746 and 748, and hence 0's will be applied to the J inputs of
      flip-flops 752, 754, 756, 762, 764, 766 and 978. The 0 at the J input of
      flip-flop 978 is significant because it shows that EXCLUSIVE OR gate 738
      has a coincidence at the inputs thereof.
PAR  At the end of the tenth clock pulse from NOR gate 922, flip-flop 920 will
      re-set with consequent halting of the development of clock pulses at the
      output of that NOR gate, and with consequent re-setting of counters 930
      and 934. The piece of scrip 130 will continue to move inwardly of the
      scrip transport 30, and the rest of the lines of pattern 136 will pass
      beyond the air gap of the magnetic head 208; and counter 608 will count
      those lines, but because that counter was re-set and because the total
      number of lines in that pattern does not exceed twice the count to which
      the counter 608 has been pre-set, the counting of those lines will not
      change the output of DETECTION block 590.
PAR  The patterns 132, 134, 135 and 136 constitute data field 1 of the piece of
      scrip 130, and that data field will enable the scrip validator to
      determine whether that piece of scrip is an authentic piece of scrip which
      should be validated. As each of those patterns moved past the air gap of
      the appropriate magnetic head, the SIGNAL DECODING block 674 developed
      signals on conductors 708, 710 and 712 and applied those signals to the
      COMPARISON REGISTER block 716 and also applied a signal, via conductor
      714, to that COMPARISON REGISTER block and also to CLOCK GENERATOR block
      918 and DATA FIELD AND VALIDATION block 940. The shift registers in the
      COMPARISON REGISTER block 716 applied signals to the EXCLUSIVE OR gates in
      the PATTERN REGISTER DECODING block 736 which caused those EXCLUSIVE OR
      gates to apply signals, via conductors 744, 746 and 748, to the DATA FIELD
      2 FLIP-FLOP block 750 and to the DATA FIELD 3 FLIP-FLOP block 760 and, via
      conductor 744, to the DATA FIELD AND VALIDATION block 940. The flip-flops
      in the DATA FIELD 2 FLIP-FLOP block 750 and the flip-flops in the DATA
      FIELD 3 FLIP-FLOP block 760 were unable to respond to any of the signals
      on conductors 744, 746, and 748 because the inverters 968 and 970 in the
      DATA FIELD AND VALIDATION block 940 continuously applied 0's to the clock
      inputs of those flip-flops. Consequently, the EXCLUSIVE OR gate 738
      applied a 0 to the J input of flip-flop 978 in the DATA FIELD AND
      VALIDATION block 940.
PAR  Immediately prior to the time the pattern 132 engaged the air gap of the
      magnetic head 210, the states of the fifth, sixth and seventh stages of
      shift register 720 were, respectively, 0, 0 and 1; and those states
      correspond to the 0, 0 and 1 which were applied to conductors 712, 710 and
      708 as pattern 132 was sensed by magnetic head 210. The clock pulses which
      were developed as a result of the sensing of that pattern caused the data
      in shift register 720 to be shifted three times; and hence, immediately
      prior to the sensing of pattern 134 by the air gap of magnetic head 208,
      and states of the fifth, sixth and seventh stages of shift register 720
      were 1, 0 and 0. The states of those stages matched the signals which
      conductors 712, 710 and 708 applied, respectively, to the fifth, sixth and
      seventh inputs of shift register 718 as pattern 134 was sensed by magnetic
      head 208. Consequently, the EXCLUSIVE OR gate 738 again applied a 0 to the
      J input of flip-flop 978 in the DATA FIELD AND VALIDATION block 940.
PAR  Because of the shifting of the data in the shift register 720, which
      occurred as a result of the sensing of pattern 134, the states of the
      fifth, sixth and seventh stages of that shift register were, immediately
      prior to the sensing of pattern 135 by magnetic head 210 0, 1 and 0.
      Consequently, the states of those stages exactly matched the signals which
      conductors 712, 710 and 708 applied to the fifth, sixth and seventh inputs
      of shift register 718 as pattern 135 was sensed by magnetic head 210. This
      means that the EXCLUSIVE OR gate 738 again applied a 0 to the J input of
      flip-flops 978.
PAR  The shifting of the data in shift register 720, which occurred as the
      result of the sensing of pattern 135, caused the states of the fifth,
      sixth and seventh stages of shift register 720 to be 0, 1 and 1
      immediately prior to the sensing of pattern 136. As a result, the states
      of those stages will exactly match the signals which conductors 712, 710
      and 708 applied to the fifth, sixth and seventh inputs of shift register
      718 as magnetic head 208 sensed pattern 136. Consequently, for the fourth
      time, the EXCLUSIVE OR gate 738 will apply a 0 to the J input of flip-flop
      978. All of this means that as a result of the sensing of the patterns
      132, 134, 135 and 136, the flip-flop 978 will continue to apply a 0 to the
      lower input of NOR gate 980. The continued application of that 0 is
      conclusive evidence that the spacing of the lines in the pattern 132
      matched the frequency of the digital filter in the FREQUENCY DETECTOR
      block 526, that the spacing of the lines in the pattern 134 matched the
      frequency of the digital filter in the FREQUENCY DETECTOR 618, that the
      spacing of the lines in the pattern 135 matched the frequency of the
      digital filter in the FREQUENCY DETECTOR block 527, that the spacing of
      the lines in the pattern 136 matched the frequency of the digital filter
      in the FREQUENCY DETECTOR block 606, and that the speed of the belts 198
      and 199 remained constant during the times when the patterns 132, 134, 135
      and 136 were sensed. Further, the continued application of a 0 to the J
      input of flip-flop 978 is conclusive evidence that the comparison made
      during the sensing of pattern 132 immediately preceded the comparisons
      made during the sensing of pattern 134, that the comparisons made during
      the sensing of pattern 134 immediately succeeded the comparisons made
      during the sensing of pattern 132 and immediately preceded the comparisons
      made during the sensing of pattern 135, that the comparisons made during
      the sensing of pattern 135 immediately succeeded the comparisons made
      during the sensing of pattern 134 and immediately preceded the comparisons
      made during the sensing of pattern 136, and that the comparisons made
      during the sensing of pattern 136 immediately succeeded the comparisons
      made during the sensing of pattern 135. Moreover, the continued
      application of a 0 to the J input of flip-flop 978 is conclusive evidence
      that the total number of properly spaced lines in each of the patterns
      132, 134, 135 and 136 is greater than two but does not exceed twice the
      count to which the counter, which is connected to the FREQUENCY DETECTOR
      corresponding to that pattern has been pre-set.
PAR  The belts 198 and 199 will continue to move the piece of scrip 130 inwardly
      of the scrip transport 30; and, very promptly, the pattern 137 will move
      into engagement with the air gap of the magnetic head 210. As the pattern
      137 engages and moves past the air gap of magnetic head 210, DETECTION
      block 512 will momentarily apply a  1 to conductor 586 and will permit a 0
      to remain on conductor 588. The momentary 1 on conductor 586 and the 0's
      on conductors 588, 670 and 672 will cause the SIGNAL DECODING block 674 to
      apply a momentary 1 to conductor 708 and 714 and 0's to conductors 710 and
      712. The 1 on conductor 714 will parallel-load shift register 718 to the
      condition shown by Section E of TABLE I, will serially shift shift
      register 942 to develop a 0 at output terminal seven and a 1 at output
      terminal eight thereof, and will cause CLOCK GENERATOR block 918 to again
      develop clock pulses. The 1 at output terminal eight of shift register 942
      will coact with the momentary 1 on conductor 714 to cause NAND gate 944
      and inverter 950 to parallel-load shift registers 720, 722 and 724. At
      this time, the various stages of shift registers 718, 720, 722 and 724
      will have the states shown by section E of TABLE I. The 1 at output
      terminal eight of shift register 942 also will clock counter 954, and
      thereby cause a 1 to appear at output terminal two and hence at the lower
      input of NOR gate 956 and at the lower input of NAND gate 960. Also, it
      will cause a 0 to appear at output terminal one of that counter and hence
      at the lower input of NAND gate 958. Thereupon, NAND gate 958 will coact
      with inverter 966 to provide a 0 at the clock input of flip-flop 978, and
      thereby make that flip-flop un-responsive to any signals that will be
      applied to conductor 744 during the sensing of this pattern and all of the
      remaining patterns on the piece of scrip 130. Consequently, no mention
      will be made of the signals which are applied to the J input of flip-flop
      978 throughout the processing of the signals obtained as a result of the
      sensing of patterns 137, 138, 139 and 141. The 0 at output terminal three
      of counter 954 will continue to appear at the lower input of NAND gate 962
      and at the upper input of NAND gate 964; and hence the outputs of those
      NAND gates will remain unchanged.
PAR  At the end of the second clock pulse from NOR gate 922, 0's will appear on
      conductors 744 and 746 and a 1 will appear on conductor 748; and the 0 on
      conductor 744 will be applied to the J inputs of flip-flop 752 and 762,
      the 0 on conductor 746 will be applied to the J inputs of flip-flops 754
      and 764, and the 1 on conductor 748 will be applied to the J inputs of
      flip-flops 756 and 766. At the end of the third clock pulse from NOR gate
      922, counter 930 will apply a 1 to the upper input of NAND gate 960 and
      that NAND gate will cause inverter 968 to apply a 1 to conductor 971, and
      thus to the clock inputs of flip-flops 752, 754 and 756; but NAND gate 962
      and inverter 970 will not be able to apply a 1 to the clock inputs of
      flip-flops 762, 764 and 766; and hence those flip-flops will not respond
      to any signals applied to the J inputs thereof. 0's will continue to
      appear at the clock inputs of flip-flops 762, 764 and 766 throughout the
      rest of the sensing of pattern 137 and throughout the entire sensing of
      pattern 138; and hence no mention will be made of the signals which are
      applied to the J inputs of flip-flops 762, 764 and 766 throughout those
      sensings. Flip-flop 756 will respond to the 1 at the J input thereof to
      change the state of its output; but the resulting application of a 1  to
      conductor 778 and of a 0 to conductor 772 cannot be significant at this
      time because NOR gate 810 is applying a continuous 1 to the middle input
      of NOR gate 980 and transistor 876 is back biasing the diodes 874 in the
      PRICE LINE ENABLE block 850.
PAR  At the end of the fifth clock pulse from NOR gate 922, a 1 will appear on
      conductor 748 and 0's will appear on conductors 744 and 746. Those signals
      will be applied to the DATA FIELD 2 FLIP-FLOP block 750; but the 1 which
      will be applied to the flip-flops of that block at the end of the sixth
      clock pulse from NOR gate 922 will leave flip-flops 752 and 754 unset.
      Flip-flop 756 will, of course, remain set.
PAR  At the end of the eighth clock pulse from NOR gate 922, 0' s will appear on
      conductors 744, 746 and 748; and those 0's will be applied to the J inputs
      of flip-flops 752, 754 and 756. At the end of the ninth clock pulse, a 1
      will again be applied to the clock inputs of those flip-flops; but
      flip-flops 752 and 754 will remain unset. Flip-flop 756 will, of course,
      remain set.
PAR  At the end of the tenth clock pulse from NOR gate 922, flip-flop 920 will
      be reset with consequent halting of the development of clock pulses at the
      output of that NOR gate and with consequent re-setting of counters 930 and
      934. The piece of scrip 130 will continue to move inwardly of the scrip
      transport 30, and the rest of the lines of pattern 137 will pass beyond
      the air gap of the magnetic head 210; and counter 540 will count those
      lines, but because that counter was re-set and because the total number of
      lines in that pattern does not exceed twice the count to which the counter
      540 has been pre-set, the counting of those lines will not change the
      output of DETECTION block 512. The movement of the pattern 137 past the
      air gap of magnetic head 210 caused the shift registers 718, 720, 722 and
      724 to shift the data therein three times; and hence provided three
      comparisons of the signals at the inputs of each of the EXCLUSIVE OR gates
      738, 740 and 742. The first comparison caused flip-flop 756 to be set, the
      second comparison applied a further setting pulse to flip-flop 756, and
      the third comparison applied 0's to all three of the flip-flops 752, 754
      and 756. Consequently, as the pattern 137 moved beyond the air gap of the
      magnetic head 210, flip-flops 752 and 754 remained unset but flip-flop 756
      remained set.
PAR  All of this means that at the end of the sensing of pattern 137, the upper
      output of flip-flop 756 will be applying a 1 to the lower input of NOR
      gate 798, to the upper input of NOR gate 826, to the upper input of NOR
      gate 828, and to the upper input of NOR gate 830, thereby causing 0's to
      appear at the outputs of those NOR gates. Also, the lower output of
      flip-flop 756 will permit 0's to appear at the lower input of NOR gate 794
      and at the upper input of NOR gate 796. The output states of those various
      NOR gates are not significant at this time because NOR gate 810 continues
      to apply a 1 to the middle input of NOR gate 980, and because transistor
      876 continues to back bias the diodes 874 in the PRICE LINE ENABLE block
      850.
PAR  As the pattern 138 moves into engagement with the air gap of magnetic head
      208, the FREQUENCY DETECTOR 618 and counter 620 of the DETECTION block 590
      will cause SIGNAL DECODING block 674 to apply a 1 to conductor 712 and 0's
      to conductors 710 and 708 and also will cause a 1 to appear on conductor
      714. That 1 will re-set shift register 718, will clock shift register 942,
      and will cause the CLOCK GENERATOR 918 to start developing further clock
      pulses. The 1 at output terminal seven of shift register 942 can not at
      this time change the state of NAND gate 964; and the 0 at the output
      terminal eight can not change the state of counter 954 and of NAND gate
      944.
PAR  At the end of the second clock pulse from NOR gate 922, a 0 will appear on
      conductor 744 and 1's will appear on conductors 746 and 748. The 1 on
      conductor 746 will be applied to the J input of flip-flop 754, and the 1
      on conductor 748 will be applied to the J input of flip-flop 756. The 1 at
      the J input of the latter flip-flop will not be significant at this time
      because that flip-flop is in its set state, but the 1 at the J input of
      flip-flop 754 will set that flip-flop.
PAR  At the end of the fifth pulse from NOR gate 922, a 0 will appear on
      conductor 744 and 1's will appear on conductors 746 and 748; and,
      similarly, at the end of the eighth clock pulse from that NOR gate, a 0
      will appear on conductor 744 and 1's will appear on conductors 746 and
      748. This means that the same signals will be applied to the DATA FIELD 2
      FLIP-FLOP block 750 at the ends of the second, fifth and eighth clock
      pulses; and hence it also means that no changes will occur in that block
      at the ends of the sixth and ninth clock pulses.
PAR  At the end of the tenth clock pulse from NOR gate 922, flip-flop 920 will
      be reset with consequent halting of the development of clock pulses at the
      output of that NOR gate and with consequent re-setting of counters 930 and
      934. The piece of scrip 130 will continue to move inwardly of the scrip
      transport 30, and the rest of the lines of pattern 138 will pass beyond
      the air gap of the magnetic head 208; and counter 620 will count those
      lines, but because that counter was re-set and because the total number of
      lines in that pattern does not exceed twice the count to which the counter
      620 has been pre-set, the counting of those lines will not change the
      output of DETECTION block 590.
PAR  As the flip-flop 754 became set, the upper output thereof applied a 1 via
      conductor 774 to the middle input of NOR gate 796, to the upper input of
      NOR gate 820, to the upper input of NOR gate 822, and to the upper input
      of NOR gate 824. Also, the lower output of that flip-flop permiited a 0 to
      appear at the middle inputs of NOR gates 794 and 798. At this time, NOR
      gates 820, 822, 824, 826, 828 and 830 will be developing 0's at the
      outputs thereof and hence at the bases of the transistor 870 in the
      sub-blocks 858, 860, 862, 864, 866 and 868 of the PRICE LINE ENABLE block
      850. However, all of those transistors will continue to be held
      non-conductive, because transistor 876 will continue to back bias the
      diodes 874 in those sub-blocks. Also at this time, NOR gate 794 will have
      0's at all of the inputs thereof, and thus will be applying a 1 to the
      upper input of NOR gate 800. Although the latter NOR gate will apply a 0
      to the upper input of NOR gate 980 via conductor 801, that 0 will not be
      significant at this time because NOR gate 810 continues to apply a 1 to
      the middle input of NOR gate 980.
PAR  The overall result of the engagement of pattern 138 with the air gap of
      magnetic head 208 was to make three comparisons between the data in shift
      register 718 and the data in shift registers 720, 722 and 724. At the end
      of the first comparison, EXCLUSIVE OR gates 740 and 742 failed to have
      coincidences at the inputs thereof, and hence applied 1's to the inputs of
      flip-flops 754 and 756 -- thereby "setting" flip-flop 754. Flip-flop 756
      which was set during the sensing of pattern 137, of course, remained set.
      During the second and third comparisons, EXCLUSIVE OR gates 740 and 742
      again failed to find coincidences at the inputs thereof, and again applied
      1's to the J inputs of flip-flops 754 and 756. However, at those times,
      those flip-flops were in their "set" states and continued to remain in
      those states. The setting of flip-flops 754 and 756 caused NOR gates 796
      and 798 to apply 0's to the middle and lower inputs of NOR gate 800; and
      the setting of those flip-flops and the continued unset state of flip-flop
      752 caused NOR gate 794 to apply 1 to the upper input of NOR gate 800.
      That NOR gate thereupon changed the 1 at the upper input of NOR gate 980
      to a 0. That 0 is conclusive evidence that, during the sensing of data
      field 2, the comparisons made during the sensing of pattern 137
      immediately preceded the comparisons made during the sensing of pattern
      138, that the comparisons made during the sensing of the pattern 138
      immediately succeeded the comparisons made during the sensing of pattern
      137, and that the sensing of pattern 137 immediately succeeded the sensing
      of a data field which had four patterns that provided the proper numbers
      of countable lines at the proper frequencies, and did so in the proper
      sequence.
PAR  The patterns 137 and 138, which constitute data field 2 of the piece of
      scrip 130, are relied upon to cause the NOR gates 820, 822, 824, 826, 828
      and 830 in the SELECTION DECODER block 812 to hold non-conductive the
      transistors 870, in the sub-blocks of the PRICE LINE ENABLE block 850, to
      which they are connected -- thereby preventing the energization of the
      corresponding relay coils 914 in the appropriate sub-blocks of the PRICE
      LINE relay block 894. Also, that data field is relied upon to change the 1
      at the upper input of NOR gate 980 to a 0. At this time, however,
      transistor 876 is continuing to hold all of the transistors 870 in the
      PRICE LINE ENABLE block 850 nonconductive, and NOR gate 810 is continuing
      to apply a 1 to the middle input of NOR gate 980. As a result, even though
      the 0 which flip-flop 978 is applying to the lower input of NOR gate 980
      and the 0 which NOR gate 800 is applying to the upper input of the former
      NOR gate are conclusive evidence that data field 1 and data field 2 are
      acceptable, no relay coil in the PRICE LINE RELAY block 894 can be
      energized until the data field 3 has been sensed.
PAR  The belts 198 and 199 will continue to move the piece of scrip 130 inwardly
      of the scrip transport 30; and, very promptly, the pattern 139 will move
      into engagement with the air gap of the magnetic head 210. As the pattern
      139 engages and moves past the air gap of magnetic head 210, DETECTION
      block 512 will momentarily apply a 1 to conductor 586 and will permit a 0
      to remain on conductor 588. The momentary 1 on conductor 586 and the 0's
      on conductors 588, 670 and 672 will cause the SIGNAL DECODING block 674 to
      apply a momentary 1 to conductors 708 and 714 and 0's to conductors 710
      and 712. The 1 on conductor 714 will parallel-load shift register 718 to
      the condition shown by Section G of TABLE I, will serially shift shift
      register 942 to develop a 0 at output terminal seven and a 1 on output
      terminal eight thereof, will cause CLOCK GENERATOR block 918 to again
      develop clock pulses, and will appear at the lower input of NAND gate 944.
      The 0 at output terminal seven will appear at the lower input of NAND gate
      964; and the 1 at output terminal eight of shift register 942 will appear
      at the serial input of that shift register, at the upper input of NAND
      gate 944, and at the clock input of counter 954. Thereupon, counter 954
      will continue to apply a 0 to the lower input of NAND gate 958, will
      change the 1 at the lower input of NAND gate 960 to a 0, and will change
      the 0's at the lower input of NAND gate 962 and at the upper input of NAND
      gate 964 to 1's. NAND gate 960 and inverter 968 will, at this time, apply
      continuous 0's to the clock inputs of flip-flops 752, 754 and 756; and
      hence those flip-flops will be kept from responding to any signals which
      will be developed on conductors 744, 746 and 748 during the sensing of
      patterns 139 and 141. NAND gate 944 will respond to the 1 at the upper
      input thereof and to the momentary 1 on conductor 714 to cause NAND gate
      944 and inverter 950 to parallel load shift registers 720, 722 and 724. At
      this time, the various stages of shift registers 718, 720, 722 and 724
      will have the states shown by section G of TABLE I.
PAR  At the end of the second clock pulse from the NOR gate 922, 0's will appear
      on conductors 744 and 746 and a 1 will appear on conductor 748. Those
      signals will be applied to the DATA FIELD 2 FLIP-FLOP block 750 and to the
      DATA FIELD 3 FLIP-FLOP block 760. At the end of clock pulse three from NOR
      gate 922, NAND gate 962 and inverter 970 will apply 1's to flip-flops 762,
      764 and 766; and the flip-flops 762 and 764 will remain unset but
      flip-flop 766 will be set. The resulting 1 on conductor 788 will be
      applied to the lower input of NOR gate 808, to the lower input of NOR gate
      818, to the lower input of NOR gate 824, and to the lower input of NOR
      gate 830; and the resulting 0 on conductor 790 will appear at the lower
      input of NOR gate 804 and at the upper input of NOR gate 806. The
      application of 1's to the lower inputs of NOR gates 824 and 830 will not
      change the outputs of those NOR gates because DATA FIELD 2 FLIP-FLOP block
      750 is applying 1's to the upper inputs of those NOR gates. However, the
      application of 1's to the lower inputs of NOR gates 808 and 818 will
      permit the former NOR gate to continue to develop a 0 at the output
      thereof and will cause the latter NOR gate to develop a 0 at the outputs
      thereof; and hence, those NOR gates will apply 0's respectively to the
      lower input of NOR gate 810 and to the base of transistor 870 in the
      sub-block 856 of the PRICE LINE ENABLE block 850. However, NOR gate 810
      will not change the output thereof, and transistor 876 will continue to
      hold all of the transistors 870 in the PRICE LINE ENABLE block 850
      non-conductive.
PAR  At the end of the fifth clock pulse from NOR gate 922, 0's will again
      appear on conductors 744 and 746 and a 1 will again appear on conductor
      748; and those signals will be applied to the DATA FIELD 3 FLIP-FLOP block
      760. At the end of the sixth clock pulse from NOR gate 922, a 1 will be
      applied to the clock inputs of flip-flops 762, 764 and 766; but flip-flops
      762 and 764 will remain unset, and, of course, flip-flop 766 will remain
      set.
PAR  At the end of the eighth clock pulse from NOR gate 922, 0's will appear on
      all of the conductors 744, 746 and 748; and those signals will be applied
      to the DATA FIELD 3 FLIP FLIP block 760. At the end of the ninth clock
      pulse from NOR gate 922, a 1 will be applied to the clock inputs of
      flip-flops 762, 764 and 766; but the 0's at the J inputs of all of those
      flip-flops will leave flip-flops 762 and 764 unset and, of course,
      flip-flop 766 will remain set.
PAR  At the end of the tenth clock pulse from NOR gate 922, flip-flop 920 will
      be reset with consequent halting of the development of clock pulses at the
      output of that NOR gate and with consequent re-setting of counters 930 and
      934. The piece of scrip 130 will continue to move inwardly of the scrip
      transport 30, and the rest of the lines of pattern 139 will pass beyond
      the air gap of the magnetic head 210; and counter 540 will count those
      lines, but because that counter was re-set and because the total number of
      lines in that pattern does not exceed twice the count to which the counter
      540 has been pre-set, the counting of those lines will not change the
      output of DETECTION block 512.
PAR  The movement of the pattern 139 past the air gap of magnetic head 210
      caused the shift registers 718, 720, 722 and 724 to shift the data therein
      three times; and hence provided three comparisons of the signals at the
      inputs of each of the EXCLUSIVE OR gates 738, 740 and 742. The first
      comparison caused flip-flop 766 to be set, the second comparison applied a
      further setting pulse to flip-flop 766, and the third comparison applied
      0's to all three of the flip-flops 762, 764 and 766. Consequently, as the
      pattern 139 moved beyond the air gap of the magnetic head 210, flip-flops
      762 and 764 remained unset but flip-flop 766 remained set.
PAR  All of this means that at the end of the sensing of pattern 139, the upper
      output of flip-flop 766 will be applying a 1 to the lower inputs of NOR
      gates 808, 818, 824 and 830; and the lower input of that flip-flop will
      permit 0's to appear at the lower input of NOR gate 804 and at the upper
      input of NOR gate 806. The resulting 1's at the lower inputs of NOR gates
      824 and 830 did not change the outputs of those NOR gates, because DATA
      FIELD 2 FLIP-FLOP block 750 was applying 1's to the upper inputs of those
      flip-flops; but the resulting 1's at the lower inputs of NOR gates 808 and
      818 will permit the output of the former NOR gate to continue to be a 0
      and will change the output of the latter NOR gate to be a 0. The output
      states of those various NOR gates are not significant at this time because
      NOR gate 810 continues to apply a 1 to the middle input of NOR gate 980,
      and because transistor 876 continues to back bias the diodes 874 in the
      PRICE LINE ENABLE block 850.
PAR  As the pattern 141 moves into engagement with the air gap of magnetic head
      208, DETECTION BLOCK 590 will momentarily apply a 1 to conductor 670 and
      will permit a 0 to remain on conductor 672. The momentary 1 on conductor
      670 and the 0's on conductors 586, 588 and 672 will cause the SIGNAL
      DECODING block 674 to apply a momentary 1 to conductor 708, 710 and 714
      and a 0 to conductor 712. The 1 on conductor 714 will parallel-load shift
      register 718 to the condition shown by Section H of TABLE I, will
      serially-shift shift register 942 to develop a 1 at output terminal seven
      and a 0 at output terminal eight thereof, and will cause CLOCK GENERATOR
      block 918 to again develop clock pulses, but will not change the output of
      NAND gate 944.
PAR  The 1 at the lower input of NAND gate 964 will coact with the 1 at the
      upper input of that NAND gate to cause that NAND gate to develop a 0 at
      the output thereof. Thereupon, capacitor 977 will start to discharge
      through resistor 975, but that capacitor and that resistor constitute an
      RC network which will maintain a 1 at the input of inverter 972 for a time
      interval at least as great as the time required for the CLOCK GENERATOR
      918 to develop nine clock pulses at the output of NOR gate 922, inverter
      972 will continue to apply a 0 to the clock input of counter 982.
PAR  At the end of the second clock pulse from NOR gate 922, a 1 will appear on
      conductor 744 and 0's will appear on conductors 746 and 748; and those
      signals will be applied to the DATA FIELD 2 FLIP-FLOP block 752 and to the
      DATA FIELD 3 FLIP-FLOP block 760. At the end of the third clock pulse from
      NOR gate 922, a 1 will be applied to the clock input of flip-flops 762,
      764 and 766; and, thereupon, flip-flop 762 will respond to the 1 at the J
      input thereof to become set. The resulting 1 at the upper output of that
      flip-flop will be applied to the upper input of NOR gate 804, to the lower
      input of NOR gate 814, to the lower input of NOR gate 820, and to the
      lower input of NOR gate 826; the resulting 0 at the lower output of that
      flip-flop will permit 0's to appear at the lower input of NOR gate 806 and
      at the upper input of NOR gate 808. The application of the 1's to the
      lower inputs of NOR gates 820 and 826 will not be significant at this time
      because DATA FIELD 2 FLIP FLOP block 750 will be applying 1's to the upper
      inputs of those NOR gates; but the application of 1's to the upper input
      of NOR gate 804 and to the lower input of NOR gate 814 will, respectively,
      cause those NOR gates to apply 0's to the upper input of NOR gate 810 and
      to the transistor 870 in the sub-block 852 of PRICE LINE ENABLE block 850.
PAR  At this time, NOR gate 806 will respond to the 0 from the lower output of
      flip-flop 766, from the upper output of flip-flop 764, and from the lower
      output of flip-flop 762 to develop a 1 at the output thereof and to apply
      that 1 to the middle input of NOR gate 810. The latter NOR gate will
      change the 1  at the output thereof to a 0; and hence the NOR gate 980
      will have 0's at all of the inputs thereof and will develop a 1 at the
      output thereof. That 1 will be applied to the data input of counter 982;
      but, because resistor 975 and capacitor 977, are still keeping a 0 at the
      clock input of that counter, the output of that counter at this moment
      will continue to be a 0. Also at this moment, transistor 876 will continue
      to hold all of the transistors 870 in the PRICE LINE ENABLE block 850
      non-conductive.
PAR  At the end of the fifth and eighth clock pulses from NOR gate 922, 1's will
      appear on conductor 744 and 0's will appear on conductors 746 and 748.
      Because those same signals were applied to those conductors at the end of
      the second clock pulse, the 1's which appear at the clock inputs of
      flip-flops 762, 764 and 766 at the end of the ninth clock pulse will not
      change the states of those flip-flops.
PAR  At this time, each of the NOR gates 814, 818, 820, 822, 824, 826, 828 and
      830 in the SELECTION DECODER block 812 will have a 1 applied to at least
      one of the inputs thereof; and hence all of the NOR gates will be
      developing 0's at the outputs thereof. However, NOR gate 816 in that block
      will have 0's at both inputs thereof and hence will apply a 1 to the base
      of transistor 870 in sub-block 854 of the PRICE LINE ENABLE block 850.
      However, because transistor 876 is applying a 1 to the cathode of the
      diode 874 in that sub-block, that sub-block will not energize the relay
      coil 914 in the sub-block 898 in the PRICE LINE RELAY block 894.
PAR  At the end of the tenth clock pulse from NOR gate 922, flip-flop 920 will
      be reset with consequent halting of the development of clock pulses at the
      output of that NOR gate and with consequent re-setting of counters 930 and
      934. The 0 which is applied to the middle input of NOR gate 980 is
      conclusive evidence that during the sensing of data field 3, the
      comparisons made during the sensing of pattern 139 immediately preceded
      the comparisons made during the sensing of pattern 141, that the
      comparisons made during the sensing of the pattern 141, immediately
      succeeded theh comparisons made during the sensing of pattern 139, and
      that the sensing of pattern 139 immediately succeeded the sensing of a
      data field which had two patterns that provided the proper numbers of
      countable lines at the proper frequencies, and did so in the proper
      sequence.
PAR  Either shortly before or shortly after the tenth clock pulse from NOR gate
      922, the charge on capacitor 977 will dissipate to the point where a 0
      will appear at the input of inverter 972, and hence that inverter will
      apply a 1 to the clock input of counter 982. At this time, NOR gate 800
      will be applying a 0 to the upper input of NOR gate 980, NOR gate 810 will
      be applying a 0 to the middle input of NOR gate 980, and flip-flop 978
      will be applying a 0 to the lower input of NOR gate 980; and hence the
      latter NOR gate will be applying a 1 to the data input of counter 982.
      This means that as the inverter 972 applies a 1 to the clock input of that
      counter, a 1 will appear at the output terminal one of that counter, and
      hence on conductor 276 and at the input of inverter 988. The 1 on
      conductor 276 and the 0 which inverter 988 will apply to conductor 260,
      are considered to be validation signals; and the development of those
      validation signals is conclusive evidence that the piece of scrip 130 had
      a data field 1 thereon which exactly matched the data field 1 memory which
      is stored within the COMPARISON REGISTER block 716, had a data field 2
      thereon which exactly matched the data field 2 memory which is stored
      within that block, and had a data field 3 thereon which exactly matched
      the data field 3 memory which is stored within that block.
PAR  The 0 validation signal on conductor 260 will be applied to the upper input
      of NAND gate 240 in the TIMING block 230; and that 0 will cause that NAND
      gate to develop a 1 at the output thereof. The 0 on conductor 260 also
      will be applied to the upper input of NAND gate 360; and the resulting 1
      at the output of that NAND gate will cause inverter 362 to apply a 0 to
      the lower input of NOR gate 353. At this time, conductor 330 will be
      applying a 0 to the upper input of that NOR gate, and inverter 352 will be
      applying a 0 to the middle input of that NOR gate; and hence that NOR gate
      will apply a 1 to the anode of diode 355. The resulting forward biasing of
      that diode will apply a 1 to the input of inverter 356; and that inverter
      will apply a 0 to the MOTOR CONTROLLING sub-block 354 and thereby will
      de-energize the motor 562. Very promptly, the belts 198 and 199 will come
      to rest and will permit the piece of scrip 130 to come to rest within the
      scrip transport 30. At this time, that piece of scrip will be in position
      beneath actuator 164 and will cause that actuator to hold switch 162
      closed; and the trailing edge of that piece of scrip will be disposed
      inwardly of the slots 166 and 171 and inwardly of the slots 168 and 172.
PAR  The 0 on conductor 260 also is applied to the upper input of NOR gate 392
      in the BLOCKING FINGER CONTROL block 370. At this time, conductor 262 is
      permitting a 0 to appear at the lower input of that NOR gate; and hence
      that NOR gate applies a 1 to conductor 410, and hence to the input of
      inverter 394 and to the upper inputs of NOR gates 460 and 468. The
      resulting 0's at the outputs of NOR gates 460 and 468 will effectively
      keep any further actuation of either of the switches 146 and 156 from
      applying a 1 to either of conductors 274 and 262. Inverter 394 will
      develop a 0 at the output thereof; and that 0 will cause NAND gate 396 to
      apply a 1 to the input of inverter 398 -- with consequent application of a
      0 to the lower input of NAND gate 376 to the left-hand terminal of
      capacitor 400, and to the base of transistor 406. Transistor 406 will
      respond to that 0 to become de-energized; and NAND gate 376 will respond
      to the 0 at the lower input thereof to apply a 1 to the lower input of NOR
      gate 364 and also to the input of inverter 378. The application of the 1
      to the lower input of NOR gate 364 will not be effective at this time
      because a 1 has been maintained at the upper input of that NOR gate by
      conductor 436. The application of the 1 to inverter 378 will cause that
      inverter to apply a 0 to the upper input of NOR gate 380, and resistor 402
      will be applying a 0 to the lower input of that NOR gate; and hence that
      NOR gate will apply a 1 to the input of inverter 382. The resulting 0 at
      the base of transistor 386 will hold that transistor de-energized. This
      means that as the 0 was applied to conductor 260, the transistor 406 in
      the BLOCKING FINGER CONTROL block 370 became non-conductive and the
      transistor 386 in that block remained non-conductive. Consequently,
      solenoid 388 became de-energized and the spring 393 moved the fingers 180
      and 181 downwardly through the slots 168 and 166 in the upper platen 118,
      through the passageway defined by that platen and platen 40, and into the
      slots 172 and 171 in the platen 40. At this time, those fingers will
      positively prevent the withdrawal of the piece of scrip 130 from the scrip
      transport 30 in intact form.
PAR  The 1 validation signal on conductor 276 is applied to the upper input of
      NAND gate 892 in FIG. 19; but that NAND gate will continue to provide a 1
      at the output thereof because conductor 266 is applying a 0 to the lower
      input of that NAND gate. The 1 on conductor 276 also is applied to the
      lower input of NOR gate 292; and the resulting 0 will be applied to input
      terminal one, and hence to input terminals three and seven, of the
      multiplexer 296 in the MULTIPLEXER block 288. The application of that 0
      will not be significant at this time, because conductor 268 is applying a
      1 to the C input of that multiplexer; and hence that multiplexer is
      connecting input terminal four, and hence input terminal six, to the
      output terminal, thereby causing that output terminal to maintain a 1 on
      conductor 302.
PAR  As the blocking member 178 moved downwardly and disposed the fingers 180
      and 181 thereof in blocking position, the ear 184 on that block member
      permitted the switch 494 in the switch block 452 of FIG. 23, to close and
      thereby apply a 0 to the input of inverter 508. The resulting 1 on
      conductor 266 will appear at the upper input of NAND gate 376 in the
      BLOCKING FINGER CONTROL block 370, but that 1 will not be effective at
      this time because a 0 is being applied to the lower input of that NAND
      gate. The conductor 266 also will apply a 1 to the Inhibit input of
      multiplexer 296, and that multiplexer will thereupon isolate the numbered
      inputs thereof from the output; but at such time, resistor 298 will
      continue the 1 which has been applied to conductor 302. Further, the 1 on
      conductor 266 will be applieid to the lower input of NOR gate 235 in the
      TIMING block; and the resulting 0 at the output of that NOR gate will be
      applied to the middle input of NOR gate 232. At this time, conductor 262
      will be applying a 0 to the upper input of NOR gate 232 and NOR gate 236
      will be applying a 0 to the lower input of that NOR gate; and hence NOR
      gate 232 will apply a 1 to the reset input of the BINARY COUNTER 238 --
      with consequent re-setting of the counter. That BINARY COUNTER will remain
      reset as long as the NOR gate 232 applies 1 to the re-set terminal
      thereof; and, as long as that BINARY COUNTER is reset, the outputs thereof
      will be 0. The re-setting of the BINARY COUNTER 238 will not, at this
      time, change the states of any of the components connected to the outputs
      thereof.
PAR  The 1 on conductor 266 also will be applied to the lower input of NAND gate
      892 in FIG. 19, and it will coact with the 1 which conductor 276 is
      applying to the upper input of that NAND gate to cause that NAND gate to
      apply 0 to the input of inverter 890. The resulting 1 at the output of
      that inverter will forward bias transistor 876 and render it conductive.
      Thereupon, current will flow from NOR gate 816 via conductor 834, resistor
      872 is sub-block 854, the base-emitter circuit of transistor 870 in that
      sub-block, diode 874 in that sub-block, conductor 871, the
      collector-emitter circuit of transistor 876 and resistor 880 to ground.
      The resulting rendering conductive of transistor 870 in sub-block 854 will
      permit currrent to flow from the source of 24 volts via conductor 873,
      relay coil 914 in sub-block 898 of the PRICE LINE RELAY block 894, the
      collector-emitter circuit of the transistor 870 in sub-block 854, the
      diode 874 in that sub-block, conductor 871, the collector-emitter circuit
      of transistor 876, and resistor 880 to ground. At this time, a patron of
      the vending machine can press any of the selection buttons associated with
      the sub-block 898; and that vending machine will respond to the pressing
      of that selection button to initiate the dispensing of the desired product
      or service.
PAR  As that product or service is being dispensed, switch 336 in COLLECT block
      334 of FIG. 22 will close momentarily. Thereupon, current will flow
      through the light-emitting diode of the opto-coupler 342; and the
      light-sensitive element of that opto-coupler will become conductive and
      permit a 0 to appear on conductor 312. The application of that 0 to the
      upper input of NAND gate 306 in the ACCEPT LATCH block 304 will cause NAND
      gate 306 to develop a 1 at the outut thereof, and thus at the upper input
      of NAND gate 308 and on conductor 330. The electronic "latch" 307
      constituted by NAND gates 306 and 308 will develop a continuous 1 on
      conductor 330 and a continuous 0 on conductor 284. The 0 on conductor 284
      will be applied to the lower input of NOR gate 284 in the TIMING block
      230; but that 0 will not change the output of that NOR gate. The 0 on
      conductor 284 also will be applied to the upper input of NAND gate 396 in
      the BLOCKING FINGER CONTROL block 370; but that 0 will not change the
      output of that NAND gate because inverter 394 is applying a  0 to the
      lower input of that NAND gate. Further, the 0 on conductor 284 will be
      applied to the middle input of NAND gate 434 in the REVERSE LATCH block
      426 to make certain that the output of that NAND gate remains a 1. In this
      way, the scrip validator prevents reversal of the motor 562.
PAR  The 1 on conductor 330 will be applied to the upper input of the NOR gate
      416 in the VALIDATE ENABLE block 412 of FIG. 23. The resulting 0 at the
      output of that NOR gate will cause inverter 422 to apply a 1 to conductor
      424, and that 1 will be applied to the reset inputs of flip-flop 978 and
      of counters 954 and 982 in the DATA FIELD AND VALIDATION block 940 of FIG.
      20, will parallel load shift register 942 in that block, will rest all of
      the flip-flops in the DATA FIELD 2 FLIP-FLOP block 750 and in the DATA
      FIELD 3 FLIP FLOP block 760, and to the lower inputs of NOR gates 584 and
      632 in FIGS. 16 and 17, respectively. The resulting 0's at the outputs of
      those NOR gates will be applied to the lower inputs of NAND gates 552 and
      634, and thereby will cause those NAND gates to maintain resetting 1's to
      the reset inputs of counters 540, 582, 608 and 620. The re-setting of
      counter 982 in FIG. 20 will cause a 0 to again appear at output terminal
      one of that counter, and hence on conductor 276 and at the input of
      inverter 988 -- with consequent application of a 1 to conductor 260. The 0
      on conductor 276 will appear at the upper input of NAND gate 892 in FIG.
      19; and, thereupon, that NAND gate and inverter 890 will render transistor
      non-conductive by applying a 0 to the base thereof. At this time, all of
      the diodes 874 in the PRICE LINE ENABLE block 850 will be back biased and
      will thereby keep all of the relay coils 914 in the PRICE LINE RELAY block
      894 deenergized. The 1 on conductor 260 will cause NOR gate 392 in the
      BLOCKING FINGER CONTROL block 370 to apply 0's to the upper inputs of NOR
      gates 460 and 468 via conductor 410; and those 0's will again make those
      NOR gates subject to the control of switches 146 and 156. The various
      flip-flops and counters will be held in their reset states, as long as the
      conductor 424 has a 1 thereon.
PAR  The 1 on conductor 330 will be applied to the upper input of NOR gate 353
      in the MOTOR START AND RUN block 348. The resulting 0 at the output of
      that NOR gate will back bias the diode 355, and hence will permit a 0 to
      appear at the input of inverter 356. The resulting 1 at the input of the
      MOTOR CONTROLLING sub-block 354 will start the motor 562 rotating in the
      "forward" direction. The belts 198 and 199 will move the piece of scrip
      130 further inwardly of the scrip transport 30; and, as the trailing edge
      of that piece of scrip moves beyond the actuator 164, the switch 162 will
      re-open. Thereupon, a 1 will appear on conductor 264 and inverter 476 will
      apply a 0 to conductor 268. The resulting 0 will appear at the lower input
      of NOR gate 414 in the VALIDATE ENABLE block 412; and that 0 will coact
      with the 0 at the upper input of that NOR gate to cause that NOR gate to
      apply a 1 to the middle input of NOR gate 416. That 1 will not be
      significant at this time because conductor 330 is applying a 1 to the
      upper input of that NOR gate; but that 1 will cause NOR gate 416 to
      continue to apply a 0 to the input of inverter 422 after the 1 on
      conductor 330 is changed to a 0. The 0 on conductor 268 will be applied to
      the lower input of NAND gate 360, and that NAND gate will apply a 1 to the
      input of inverter 362; but the resulting 0 at the lower input of NOR gate
      353 will not change the output of that NOR gate, because conductor 330 is
      still applying a 1 to the upper input of that NOR gate. The 0 on conductor
      268 also will be applied to the C input of multiplexer 296 in the
      MULTIPLEXER block 288; and that 0 will coact with the 0's at the A and B
      inputs to tend to connect the output terminal to the source of twelve
      volts which is connected to input terminal zero of that multiplexer.
PAR  The 1 on conductor 264 will be applied to the lower input of NAND gate 242
      in the TIMING block 230, and it will cause that NAND gate to apply a 0 to
      conductor 282 and to the input of inverter 244. The 0 on conductor 282
      will appear at the lower input of NAND gate 434 in the REVERSE LATCH block
      426, and it will make certain that NAND gate 434 will continue to develop
      a 1 on conductor 436. The inverter 244 will respond to the 0 at the input
      thereof to apply a 1 to the lower input of NAND gate 246; but that 1 will
      not be effective at this time because binary output terminal eight of the
      BINARY COUNTER 238 will be applying a 0 to the upper input of that NAND
      gate. The 0 on conductor 268 will be applied to the upper input of NOR
      gate 236; and that 0 will coact with the 0 on conductor 284 to cause that
      NOR gate to apply a 1 to the lower input of NOR gate 232. The resulting 0
      at the output of NOR gate 232 will permit the BINARY COUNTER 238 to start
      counting again.
PAR  Approximately 134 milliseconds later, when the count reaches eight, a 1
      will be applied to the upper input of NAND gate 246; and that NAND gate
      will apply a 0 to conductor 286, and hence to the interconnected middle
      and lower inputs of NAND gate 308 of the electronic latch 307 in the
      ACCEPT LATCH block 304. That electronic "latch" will thereupon change the
      0 on conductor 284 back to a 1 and will change the 1 on conductor 330 back
      to a 0. The 1 on conductor 284 will be applied to the middle input of NAND
      gate 434 in the electronic "latch" 437, but that 1 will not change the
      output of that NAND gate because conductor 282 is applying a 0 to the
      lower input of that NAND gate. The 0 on conductor 330 will be applied to
      the upper input of NOR gate 416 in the VALIDATE ENABLE block 412, but that
      0 will not be effective at this time because NOR gate 414 is applying a 1
      to the middle input of that NOR gate. The 0 on conductor 330 also will be
      applied to the upper input of NOR gate 353 in the MOTOR START AND RUN
      block 348; and that NOR gate will apply a 1 to the anode of diode 355. The
      resulting forward biasing of that diode will apply a 1 to the input of
      inverter 356; and the resulting 0 at the input of the MOTOR CONTROLLING
      sub-block 354 will cause the motor 562 to come to rest. By this time, the
      piece of scrip 130 will have been discharged from the scrip transport 30
      and will have been moved into a suitable receiving area within the vending
      machine.
PAR  The 1 which conductor 284 applies to the lower input of NOR gate 236 in the
      TIMING block 230 of FIG. 21 will cause that NOR gate to apply a 0 to the
      lower input of NOR gate 232. The resulting 1 at the output of that NOR
      gate will be applied to the reset input of BINARY COUNTER 238, and thereby
      will cause all of the output terminals of that BINARY COUNTER to reset to
      0 and to remain at 0. The 1 which conductor 284 applies to the upper input
      of NAND gate 396 in the BLOCKING FINGER CONTROL block 370 will coact with
      the 1 at the output of inverter 394 to cause that NAND gate to apply a 0
      to the input of inverter 398. That inverter will apply a 1 to the lower
      input of NAND gate 376, to the left-hand input of capacitor 400, and to
      the base of transistor 406. The 1 at the lower input of NAND gate 376 will
      coact with the 1 at the upper input of that NAND gate to apply a 0 to the
      lower input of NOR gate 364 and to the input of inverter 378. The  0 at
      the lower input of NOR gate 364 will be ineffective at this time, but the
      0 at the input of inverter 378 will cause that inverter to apply a 1 to
      the upper input of NOR gate 380. The 1 which was applied to the left-hand
      terminal of capacitor 400 will be applied to the lower input of NOR gate
      380; and that NOR gate will apply a 0 to the input of inverter 382. The
      resulting 1 at the output of that inverter will be applied to the base of
      transistor 386, and will render that transistor conductive. The resulting
      flow of current from the source of 24 volts via solenoid 388 and the
      collectoremitter circuit of transistor 386 will energize that solenoid and
      will cause it to pull the blocking member 178 upwardly to the position of
      FIG. 9. As that blocking member moves upwardly, the switch 494 in the
      SWITCH BLOCK 452 of FIG. 23 will be re-opened. The capacitor 400 and the
      resistor 402 will constitute an RC network which will act to keep a 1 at
      the lower input of NOR gate 380 for a short time after the inverter 398
      applies a 1 to the left-hand terminal of that capacitor. The 1 which
      inverter 398 applies to the base of transistor 406 will render that
      transistor conductive, but the major portion of the current flowing
      through solenoid 388 will flow through the transistor 386.
PAR  As the switch re-opens, inverter 508 will have a 1 applied to the input
      thereof; and the resulting 0 will be applied to the upper input of NAND
      gate 376 in the BLOCKING FINGER CONTROL block 370. The resulting 1 at the
      lower input of NOR gate 364 wil not be effective at this time, but the 1
      at the input of inverter 378 will cause that inverter to apply a 0 to the
      upper input of NOR gate 380. At this time, the 1 which was appllied to the
      lower input of NOR gate 380 will have changed to a 0, and hence that NOR
      gate will apply a 1 to the input of inverter 382. The resulting 0 at the
      base of transistor 386 will render that transistor non-conductive.
      However, sufficient current will flow from the source of 24 volts via
      solenoid 388, resistor 408, and the collector-emitter circuit of
      transistor 406 to keep that solenoid energized. As a result, the fingers
      180 and 181 on the blocking member 178 will be kept out of the passageway
      defined by the platens 40 and 118, and the switch 494 will be kept open.
PAR  The 0 which conductor 266 applies to the Inhibit input of the multiplexer
      296 will permit the 12 volts at the zero input of that multiplexer to
      appear at the output of that multiplexer and hence on conductor 302. The 0
      on conductor 266 will also be applied to the lower input of NOR gate 235;
      but that 0 will not be effective at this time, because conductor 264 is
      applying a 1 to the upper input of that NOR gate. At this time, the scrip
      validator is in its at-rest condition; and it will remain in that
      condition until a further piece of scrip or other object is inserted in
      the scrip transport 30.
PAR  Validation Of Authentic Piece of Scrip: The FREQUENCY DETECTOR sub-block
      526 in the DETECTION block 512 of FIG. 16 includes two timers 537 and 521
      which are wired to act as monostable multivibrators, an NPN transistor
      547, two inverters 557 and 561 and a NOR gate 559. As indicated
      hereinbefore, RCA 4017 timers are very useful, and two such timers are
      shown in FIG. 25. The sub-block 526 coacts with an inverted-inputs AND
      gate 565 and an inverter 563 which are located within the counter 540 to
      constitute a digital filter. That inverted-inputs AND gate and that
      inverter have been used to take the place of the usual coincidence gate at
      the output of a digital filter, because they were available and because
      they obviated the cost of providing such a gate. Although that
      inverted-inputs AND gate and that inverter are located in the counter 540,
      they will be considered hereinafter as being in, and as being integral
      parts of, the FREQUENCY DETECTOR 526.
PAR  As one of the patterns on the piece of scrip 130 engages and moves past the
      air gap of the magnetic head 210, that magnetic head will generate narrow
      pulses and apply them to the input of amplifier 514. Because those pulses
      were generated as a result of the engagement of an authentic pattern with
      that air gap, the amplitudes of those pulses will amply exceed the
      threshold level of that amplifier. However, that threshold level is made
      high enough to keep the amplifier 514 from responding to pulses which are
      generated as a simulated piece of scrip, which has insufficient amounts of
      magnetic ink in the lines thereof, is being sensed.
PAR  The amplified pulses from the amplifier 514 are applied to the input of the
      PEAK DETECTOR 516. As explained hereinbefore, that PEAK DETECTOR will
      respond to those amplified pulses to develop positive-going pulses whose
      positive-going edges are coincident in point of time with the trailing
      edges of the positive-going amplified pulses from the amplifier 514 -- and
      hence precisely represent the trailing edge-to-edge spacing of the lines
      in the pattern which is being sensed. The use of a peak detector rather
      than of a slope detector or of an amplitude detector makes it possible for
      the DETECTION block 512 to make highly precise determinations of the
      trailing edge-to-edge spacings of the lines in a sensed pattern and hence
      of the authenticity of that pattern. Specifically, the output of the PEAK
      DETECTOR 516 will always represent the edge of a sensed line, whereas the
      output of a slope detector or the output of an amplitude detector could --
      depending upon the amplitude and hence the slope of an amplified pulse
      corresponding to a sensed line -- represent any of an infinite number of
      indeterminate and variable points intermediate the leading edge and the
      center of that sensed line.
PAR  The positive-going pulses from the PEAK DETECTOR 516 will be applied to
      capacitor 518 and resistor 520 which act as an edge detector; and that
      capacitor and resistor will develop positive-going spikes in response to
      these positive-going pulses from that PEAK DETECTOR. Those positive-going
      spikes will closely represent the trailing edge-to-edge spacing of the
      lines in the pattern which is being sensed. The capacitor 518 and the
      resistor 520 will coact with the inverter 522 to provide negative-going
      square waves of uniform width and configuration; and inverter 524 will
      invert those square waves and apply them to the inputs of FREQUENCY
      DETECTORS 526 and 527 and of inverter 542.
PAR  The positive-going square waves from inverter 524 are applied to the input
      of inverter 542; and the latter inverter will apply the resulting
      negative-going square waves to the input of the ENVELOPE DETECTOR 548. As
      pointed out hereinbefore, that ENVELOPE DETECTOR will respond to the
      negative-going square waves which correspond to an authentic pattern to
      develop a 1 at the output thereof which is continuous throughout the
      sensing of that pattern and from approximately 8 milliseconds thereafter.
      As that ENVELOPE DETECTOR develops the 1 at the output thereof, that 1
      will appear at the upper input of NAND gate 552. At the time switch 156
      was closed, the VALIDATE ENABLE block 412 applied a 0 to the lower input
      of NOR gate 584 in the DETECTION block 512. That 0 coacted with 0's at the
      upper and middle inputs of that NOR gate to cause that NOR gate to apply a
      1 to the lower input off NAND gate 552. Consequently, as the ENVELOPE
      DETECTOR 548 applies the 1 at the output thereof to the upper input of
      NAND gate 552, that NAND gate will remove the 1 which it has been applying
      to the re-set inputs of counters 540 and 582 and which has been holding
      those counters re-set.
PAR  The 1 at the output of the ENVELOPE DETECTOR 548 also is applied to the
      upper inputs of NAND gates 550 and 554; and, because 1's are being applied
      to the lower inputs of those NAND gates, 0's will aappear at the outputs
      of those NAND gates. The resulting removal of 1 from the re-set inputs of
      the flip-flops 556 and 567 will condition those flip-flops to respond to
      signals from the outpts of the counters 540 and 582.
PAR  Although each of the FREQUENCY DETECTORS 526 and 527 will receive the
      positive-going square waves from the inverter 524, one of those FREQUENCY
      DETECTORS will be set to respond to one frequency whereas the other of
      those FREQUENCY DETECTORS will be set to respond to a different frequency.
      For purposes of illustration it will be assumed that FREQUENCY DETECTOR
      526 will respond to the frequencies which are developed as each of the
      patterns 132, 137 and 139 passes under magnetic head 210 and that
      FREQUENCY DETECTOR 527 will respond to frequencies which are developed as
      the pattern 135 passes under that magnetic head. In addition, it will be
      assumed that the FREQUENCY DETECTOR 606 in the DETECTION block 590 will
      respond to frequencies which are developed as each of the patterns 136 and
      141 passes under magnetic head 208 and that FREQUENCY DETECTOR 618 will
      respond to frequencies which are developed as each of patterns 134 and 138
      passes under magnetic head 208.
PAR  As the pattern 132 engages and passes the air gap of the magneteic head
      210, the FREQUENCY DETECTOR 526 will develop and will apply to the counter
      540, a number of pulses which correspond to one less than the total number
      of lines in the pattern 132. The first square wave which inverter 524
      applies to the input of FREQUENCY DETECTOR 526 will merely activate that
      FREQUENCY DETECTOR; and it will not cause that FREQUENCY DETECTOR to
      supply a pulse to the counter 540. However, all succeeding square waves
      from the inverter 524 will cause the FREQUENCY DETECTOR 526 to supply
      corresponding numbers of pulses to the counter 540.
PAR  One of the output terminals of counter 540 is connected to the clock
      terminal of flip-flop 556; and the numeric value of that output terminal
      must be two or more and must be one less than the number of lines which
      are to be counted as an indication of the authenticity of a pattern on the
      piece of scrip 130. As the appropriate line of pattern 132 passes beyond
      the air gap of magnetic head 210, counter 540 will apply a 1 to the clock
      input of flip-flop 556. At such time, the Data input of that flip-flop,
      which is connected to the source of plus 12 volts, will be connected to
      the conductor 586, and thus will apply a 1 to the SIGNAL DECODING block
      674, and to the upper input of NOR gate 584. Simultaneously, the lower
      output of flip-flop 556 will change the state thereof from a 1 to a 0 and
      will tend to apply that 0 to the lower input of NAND gate 550. However,
      the capacitor 560 and the resistor 558 constitute an RC network which will
      tend to maintain the 1 at the lower input of that NAND gate, and will
      thereby delay the resetting of the flip-flop 556 -- which will occur as
      soon as the 1 at the lower input of that NAND gate changes to a 0.
PAR  The 1 which the upper output of flip-flop 556 applies to the upper input of
      NOR gate 584 will cause that NOR gate to apply a 0 to the lower input of
      NAND gate 552 and thereby establish a 1 at the output of that NAND gate --
      and hence at the re-set terminals of counters 540 and 582 to re-set those
      counters. As long as the capacitor 560 remains charged, the value of the
      lower input of NAND gate 550 will be a 1 and hence the re-set input of
      flip-flop 556 will remain at 0; and therefore, the counters 540 and 582
      will remain re-set. The time constant of the RC network constituted by
      capacitor 560 and resistor 558 will be very 0 and hence the NAND gate 550
      will apply a 0 to the re-set input of flip-flop 556 very shortly after
      that flip-flop applied the 1 to conductor 586; and, thereupon the 1 at the
      upper output of that flip-flop, and hence at the re-set terminals of
      counters 540, and 582, will be changed to a 0. The counter 540 will be
      able to, and will, count any further pulses from the FREQUENCY DETECTOR
      526; but the number of such further pulses will be less than the numeric
      value of the output terminal of that counter which is connected to the
      clock input of flip-flop 556. This is so because the total number of lines
      in each of the patterns 132, 134, 135, 136, 137, 139 and 141 does not
      exceed twice the numeric value of that output terminal; and hence the
      total of said further pulses can not cause the counter 540 to count up to
      its pre-set value. Approximately 8  milliseconds after that pattern has
      moved beyond the air gap of the magnetic head 210, the ENVELOPE DETECTOR
      548 will again apply a 0 to the upper input of NAND gate 552 and that
      ENVELOPE DETECTOR will maintain that 0 at the input of NAND gate 552 until
      another pattern moves into engagement with the air gap of the magnetic
      head 210. That 0 at the input of NAND gate 552 will cause that NAND gate
      to apply a 1 at the re-set terminals of the counters 540 and 582, and will
      re-set and maintain those counters reset until another pattern moves into
      engagement with the air gap of the magnetic head 210. All of this means
      that the DETECTION block 512 will respond to the sensing of the pattern
      132 to apply a momentary 1 to conductor 586. 0's will continue to appear
      on all of the conductors 588, 670 and 672; and hence the DETECTION blocks
      512 and 590 will apply a 1 and three 0's to the SIGNAL DECODING block 674
      via conductors 586, 588, 670 and 672.
PAR  The DETECTION blocks 512 and 590 will apply those same four signals via
      those same four conductors when pattern 137 or pattern 139 is being
      sensed. However, when pattern 135 is being sensed, the FREQUENCY DETECTOR
      527 and the counter 582 will respond to the square waves from the inverter
      524 to cause the DETECTION block 512 to apply a 1 to conductor 588. At
      such time, 0's will appear on conductors 586, 670 and 672; and hence the
      DETECTION blocks 512 and 590 will apply a 1 and three 0's to the SIGNAL
      DECODING block 674 via conductors 588, 586, 670 and 672. When pattern 134
      or 138 is being sensed, the FREQUENCY DETECTOR 618 and the counter 620
      will respond to the square waves from the inverter 524 to cause the
      DETECTION block 590 to apply a 1 to conductor 672. At such time, 0's will
      appear on conductors 586, 588 and 670; and hence the DETECTION blocks 512
      and 590 will apply a 1 and three 0's to the signal decoding block 674 via
      conductors 672, 586, 588 and 670. When pattern 136 or 141 is being sensed,
      the FREQUENCY DETECTOR 606 and the counter 608 will respond to the square
      waves from the inverter 524 to cause the DETECTION block 590 to apply a 1
      to conductor 670. At such time, 0's will appear on conductors 586, 588 and
      672; and hence the DETECTION blocks 512 and 590 will apply a 1 and three
      0's to the SIGNAL DECODING block 674 via conductors 670, 586, 588 and 672.
PAR  In the drawing and accompanying description the switches 146, 156 and 162
      are switches which have movable and stationary contacts and which have
      actuators which respond to the leading and trailing edges of bills to move
      those movable contacts. However, if desired, photoelectric cells and other
      bill-sensing devices could be substituted for the switches 146, 156 and
      162. Consequently, it will be recognized that the term "switch" as used
      herein includes photo cells and other bill-sensing devices. Further, in
      the accompanying description certain wave-forms have been described as
      square waves; as used herein, square waves refers to any wave-form having
      a shape that is approximately square or rectangular, and that may have a
      duty-cycle other than 50 %.
PAR  Operation Of Scrip Validator By Pieces Of Scrip Having Same Data Field 1
      But Different Data Fields 2 Or 3: If a given piece of scrip has the same
      data field 1 as the piece of scrip 130, the scrip validator will respond
      to the sensing of that field to permit a 0 to continue to appear at the
      lower input of NOR gate 980 in the DATA FIELD AND VALIDATION block 940 in
      FIG. 20. If that given piece of scrip has any one of three specifically
      different data fields 2 or if it has any one of three specifically
      different data fields 3, that piece of scrip will be accepted by the scrip
      validator.
PAR  In the foregoing description of the operation of the scrip validator in
      response to the insertion of the piece of scrip 130, it was pointed out
      that a data field 2 which included pattern 137 as the leading pattern
      thereof and pattern 138 as the second pattern thereof set certain
      flip-flops in the DATA FIELD 2 FLIP-FLOP block 750 and caused NOR gate 800
      to apply a 0 to the upper input of NOR gate 980. Also, that description
      showed that a data field 3 which included pattern 139 as the leading
      pattern thereof and pattern 141 as the second pattern thereof set certain
      flip-flops in the DATA FIELD 3 FLIP-FLOP block 760 and caused NOR gate 810
      to apply a 0 to the middle input of NOR gate 980. As described
      hereinafter, that scrip validator will be able to respond to pieces of
      scrip which have the same data field 1 as the piece of scrip 130 but which
      have data fields 2 and 3 which differ from the data fields 2 and 3 of the
      piece of scrip 130.
PAR  For example the scrip validator could respond to pieces of scrip which have
      a data field 2 that utilizes a leading pattern with a line spacing
      corresponding to the frequency of either of the FREQUENCY DETECTORS 526
      and 527 in DETECTION block 512 and which utilizes a second pattern with a
      line spacing corresponding to the frequency of either of the FREQUENCY
      DETECTORS 606 and 618 in DETECTION block 590. Also, the scrip validator
      could respond to pieces of scrip which have a data field 3 that utilizes a
      leading pattern with a line spacing corresponding to the frequency of
      either of the FREQUENCY DETECTORS 526 and 527 in DETECTION block 512 and
      which utilizes a second pattern with a line spacing corresponding to the
      frequency of either of the FREQUENCY DETECTORS 606 and 618 in DETECTION
      block 590. Because the patterns 132, 137 and 139 all have the same line
      spacings, because both of the patterns 134 and 138 have the same line
      spacings, and because both of the patterns 136 and 141 have the same line
      spacings, the following description of pattern combinations will refer
      only to patterns 132, 134, 135 and 136.
PAR  Specifically, a piece of scrip with patterns 132 and 134 in data field 2
      thereof and with patterns 132 and 134 in data field 3 thereof will cause
      the scrip validator to energize the relay coil 914 in sub-block 896 of the
      PRICE LINE RELAY block 894, and a piece of scrip with patterns 132 and 134
      in data field 2 thereof and with patterns 135 and 136 in data field 3
      thereof will cause the scrip validator to energize the relay coil 914 in
      sub-block 900. Further, a piece of scrip with patterns 132 and 136 in data
      field 2 thereof and with patterns 132 and 134 in data field 3 thereof will
      cause the scrip validator to energize the relay 914 in sub-block 902; a
      piece of scrip with patterns 132 and 136 in data field 2 thereof and with
      patterns 132 and 136 in data field 3 thereof will cause the scrip
      validator to energize the relay 914 in sub-block 904; and a piece of scrip
      with patterns 132 and 136 in data field 2 thereof and with patterns 135
      and 136 in data field 3 thereof will cause the scrip validator to energize
      the relay 914 in sub-block 906. In addition, a piece of scrip with
      patterns 135 and 136 in data field 2 thereof and with patterns 132 and 134
      in data field 3 thereof will cause the scrip validator to energize the
      relay 914 in sub-block 908; a piece of scrip with patterns 135 and 136 in
      data field 2 thereof and with patterns 132 and 136 in data field 3 thereof
      will cause the scrip validator to energize the relay 914 in sub-block 910;
      and a piece of scrip with patterns 135 and 136 in data field 2 thereof and
      with patterns 135 and 136 in data field 3 thereof will cause the scrip
      validator to energize the relay 914 in sub-block 912. In this way, the
      scrip validator can respond to pieces of scrip which have the same data
      field 1 but which have different data fields 2 and 3 to selectively
      energize any one of the relay coils 914 in the PRICE LINE RELAY block 894.
PAR  Vending Machine Is Unable To Supply Desired Product Or Service: If, at the
      time the patron of the vending machine makes a selection, that vending
      machine is unable to supply the desired product or service, the patron may
      decide to select another product or service or may decide to effect the
      return of his piece of scrip. To effect the return of his piece of scrip,
      he will close the switch 490 in the RETURN SCRIP block 478 of FIG. 23.
      Thereupon, the light-emitting diode in the opto-coupler 484 will become
      illuminated, and the light-sensitive element in that opto-coupler will
      become conductive. Conductor 481 will then apply a 0 to the upper input of
      NAND gate 432 of the electronic "latch" 437 in the REVERSE LATCH block
      426; and that electronic "latch" will apply a 1 to conductor 435 and a 0
      to conductor 436. The 0 on conductor 436 will be applied to the upper
      input of NOR gate 364, but that NOR gate will continue to develop a 0 at
      the output thereof because conductor 439 is applying a 1 to the lower
      input of that NOR gate. The 0 on conductor 436 also will be applied to the
      input of inverter 438, and that inverter will apply a 1 to the bases of
      transistors 440 and 442. The resulting conductivity of transistor 442 will
      illuminate lamp 450 in the vending machine and indicate that the piece of
      scrip will be returned to the patron. The resulting conductivity of
      transistor 440 will apply a 0 to the MOTOR CONTROLLING sub-block 354, via
      conductor 333; and that sub-block will shift relay contacts therein from
      their "forward" to their "reverse" positions. The 1 on conductor 435 will
      be applied to the lower input of NOR gate 416 in the VALIDATE ENABLE block
      412; and the resulting 0 at the output of that NOR gate will cause
      inverter 422 to apply a 1 to conductor 424 -- with consequent parallel
      loading of shift register 942 in DATA FIELD AND VALIDATION block 940 of
      FIG. 20, with consequent re-setting of flip-flop 978 and of counters 954
      and 982, with consequent re-setting of the flip-flops in DATA FIELD 2
      FLIP-FLOP block 750, with consequent re-setting of the flip-flops in the
      DATA FIELD 3 FLIP-FLOP block 760, and with the application of a re-setting
      1 to the DETECTION blocks 512 and 590 in FIGS. 16 and 17. The re-setting
      of counter 982 will remove the validation signal 1 on conductor 276 and
      the validation 0 on conductor 260.
PAR  At this time, a 1 will be applied to the upper input of NOR gate 392 in the
      BLOCKING FINGER CONTROL block 370, and the resulting 0 at the output of
      that NOR gate will be applied to the upper inputs of NOR gates 460 and 468
      and to the input of inverter 394. The 0's at the upper inputs of NOR gates
      460 and 468 will again make those NOR gates responsive to the states of
      switches 146 and 156, and the inverter 394 will apply a 1 to the lower
      input of NAND gate 396. That 1 will coact with the 1 which conductor 284
      is applying to the upper input of that NAND gate to cause that NAND gate
      to apply a 0 to the input of inverter 398. The resulting 1 at the output
      of that inverter will be applied to the lower input of NAND gate 376, to
      the left-hand terminal of capacitor 400 and to the base of transistor 406.
      NAND gate 376 will respond to that 1 and to the 1  at the upper input
      thereof to apply a 0 to the lower input of NOR gate 364 in the MOTOR START
      AND RUN block 348, and also to the input of inverter 378. That NOR gate
      will respond to that 0 and to the 0 at the upper input thereof to apply a
      1 to the anode of diode 366, thereby forward biasing that diode and
      causing a 1 to appear at the input of inverter 356. The resulting 0 at the
      input of MOTOR CONTROLLING sub-block 354 will keep the motor 356
      de-energized until the solenoid 388 has become energized and has raised
      the blocking member 178 to the position of FIG. 9. The 0 at the input of
      inverter 378 will cause that inverter to apply a 1 to the upper input of
      NOR gate 380; and the resulting 0 at the input of inverter 382 will cause
      that inverter to apply a 1 to the base of transistor 386. The resulting
      conductivity of that transistor will cause solenoid 388 to become
      energized and to raise the blocking member 178 upwardly to the position of
      FIG. 9.
PAR  The 1 on conductor 260 also will be applied to the upper input of NAND gate
      360; and that NAND gate will coact with inverter 362 to apply a 1 to the
      lower input of NOR gate 353. The resulting 0 at the output of that NOR
      gate will back bias diode 355; but the 1 at the cathode of diode 366 will
      cause inverter 356 to keep the motor 562 de-energized. The 1 which
      conductor 260 applies to the upper input of NAND gate 240 is not effective
      at this time because at least one of the binary output terminals 4 and 32
      is applying a 0 to that NAND gate.
PAR  The 0 on conductor 276 will be applied to the upper input of NAND gate 892
      in FIG. 19, and that NAND gate and inverter 890 will apply a 0 to the base
      of transistor 876 to render that transistor non-conductive. At this time,
      all of the diodes 874 in the PRICE LINE ENABLE block 850 will be back
      biased, and hence all of the relay coils 914 in the PRICE LINE RELAY block
      894 will be kept de-energized. The 0 on conductor 276 will also appear at
      the lower input of NOR gate 292, and that NOR gate will apply a 1 to the
      input terminal one, and hence to input terminals three and seven of
      multiplexer 296; but the output of that multiplexer will continue to be
      connected to input terminal four.
PAR  As the blocking member 178 moves up to the position of FIG. 9, it will
      re-open the switch 494; and the resulting 0 on conductor 266 will be
      applidd to the lower input of NAND gate 892 in FIG. 19, but that NAND gate
      will not change the state of the output thereof. The conductor 266 also
      will apply a 0 to the Inhibit terminal of the multiplexer 296, and that
      multiplexer will respond to that 0 to re-connect the output terminal
      thereof to input terminal four thereof, and hence to input terminal six
      thereof; and hence a 1 will continue to appear on conductor 302. Further,
      the 0 on conductor 266 will be applied to the lower input of NOR gate 235;
      and that NOR gate will respond to that 0, and to the 0 which is applied to
      the upper input thereof by conductor 264, to apply a 1 to the middle input
      of NOR gate 232. The resulting 0 at the re-set input of BINARY COUNTER 238
      will again permit that BINARY COUNTER to start counting. In addition, the
      0 on conductor 266 will be applied to the upper input of NAND gate 376 in
      the BLOCKING FINGER CONTROL block 370; and the resulting 1 at the output
      of that NAND gate will be applied to the lower input of NOR gate 364 and
      to the input of inverter 378. That inverter will apply a 0 to the upper
      input of NOR gate 380; and that 0 and the 0 at the lower input of that NOR
      gate will enable that NOR gate to apply 1 to inverter 382 -- with
      consequent application of a 0 to the base of transistor 386. Although that
      transistor will become non-conductive, the continued conductivity of
      transistor 406 will keep the solenoid 388 energized, and thereby will
      enable that solenoid to continue to hold the fingers 180 and 181 of the
      blocking member 178 out of the passageway defined by the platens 40 and
      118. The 1 which was developed at the output of NAND gate 376 also will be
      applied to the lower input of NOR gate 364 in the MOTOR START AND RUN
      block 348, and the 0 which will appear at the output of that NOR gate will
      back-bias diode 366. The resulting 0 at the input of inverter 356 will
      cause that inverter to apply a 1 to the MOTOR CONTROLLING sub-block 354 to
      start the motor 562. However, as explained hereinbefore, conductor 333 is
      applying a 0 to that MOTOR CONTROLLING sub-block; and hence the motor 562
      will start operating in the reverse direction, all as pointed out in the
      said Carter et al application.
PAR  As the belts 198 and 199 move the piece of scrip outwardly toward the
      platform 32, that piece of scrip will engage the actuator 158 and re-close
      switch 156. The resulting 1 on conductor 262 will be applied to the upper
      input of NOR gate 414; but that 1 will not be effective at this time
      because conductor 268 is applying a 1 to the lower input of that NOR gate.
      The 1 which conductor 262 applies to the lower input of NOR gate 392 will
      not be effective at this time, because conductor 260 has been applying a 1
      to the upper input of that NOR gate. The 1 which conductor 262 applies to
      the upper input of NOR gate 350 in the MOTOR START AND RUN block 348 will
      cause that NOR gate to apply a 0 to the input of inverter 352, and that
      inverter will apply a 1 to the middle input of NOR gate 353; that 1 will
      not be effective at this time because NAND gate 360 and inverter 362 are
      applying a 1 to the lower input of that NOR gate. The 1 on conductor 262
      also will be applied to the upper input of NOR gate 232 in the TIMING
      block 230 of FIG. 21, but that 1 will not be significant at this time
      because NOR gate 235 is applying a 1 to the middle input of that NOR gate.
      Further, the 1 on conductor 262 will be applied to the B input of
      multiplexer 296, and that 1 will coact with the 1 at the C input of that
      multiplexer to connect input terminal six, and hence input terminal four,
      to the output terminal of that multiplexer. However, the output of that
      multiplexer is not significant at this time because the "electronic latch"
      437 in the REVERSE LATCH block 426 has been latched. Also at the time
      switch 156 is re-closed, a 0 will be applied to conductor 272, and hence
      to the middle input of NAND gate 242 in the TIMING block 230. Although
      that 0 will not be effective at this time, because conductor 264 is
      applying a 0 to the lower input of that NAND gate, that 0 will cause that
      NAND gate to continue to develop a 1 at the output thereof after the piece
      of scrip moves beyond the actuator 164 and permits the switch 162 to
      re-open.
PAR  As the motor 562 continues to operate in the reverse direction, the belts
      198 and 199 will move the piece of scrip into engagement with the actuator
      148 and thereby re-close switch 146. The resulting 1 on conductor 274 will
      appear at the lower input of NOR gate 350 in the MOTOR START AND RUN block
      348; but that 1 will not be effective at this time, because conductor 262
      is applying a 1 to the upper input of that NOR gate. The 1 on conductor
      274 will be applied to the A input of multiplexer 296, and it will coact
      with the 1's at the B and C inputs to cause the signal at input terminal
      seven, and hence at input terminals one and three, to appear at the output
      terminal of that multiplexer. However, that signal will not be significant
      because the electronic "latch" 437 in the REVERSE LATCH block 426 is still
      latched. At the time the switch 146 re-closed, a 0 appeared on conductor
      270 and was applied to the upper input of NAND gate 242. Although that  0
      was not significant at that time, because conductors 272 and 264 were
      applying 0's to the middle and lower inputs of that NAND gate, that 0 will
      enable that NAND gate to continue to develop a 1 at the output thereof
      after switches 162 and 156 re-open.
PAR  Continued operation of the motor 562 in the reverse direction will cause
      the belts 198 and 199 to move the piece of scrip outwardly beyond the
      actuator 164 of switch 162 and thereby permit that switch to re-open. The
      resulting 0 on conductor 268 will be applied to the lower input of NOR
      gate 414 in the VALIDATE ENABLE block 412, but that 0 will not be
      significant at this time because conductor 262 is applying a 1 to the
      upper input of that NOR gate. The 0 which conductor 268 applies to the
      lower input of NAND gate 360 in the MOTOR START AND RUN block 348 will
      cause that NAND gate to apply a 1 to the input of inverter 362. The
      resulting 0 at the lower input of NOR gate 353 will not be effective at
      this time because inverter 352 is applying a 1 to the middle input of that
      NOR gate. The 0 which conductor 268 applies to the C input of multiplexer
      296 will cause that multiplexer to apply the signal at input terminal
      three thereof, and hence at input terminals one and seven thereof, to the
      output of terminal of that multiplexer and hence to conductor 302.
      However, that signal is not significant at this time, because the
      electronic "latch" 327 is still latched. The 0 which conductor 268 applies
      to the upper input of NOR gate 236 will not be significant at this time,
      because conductor 284 continues to apply a 1 to the lower input of that
      NOR gate. As switch 162 reopened, the 1 on conductor 264 will be applied
      to the lower input of NAND gate 242 and to the upper input of NOR gate
      235. The 1 at the lower input of NAND gate 242 will not be significant at
      this time, but the 1 at the upper input of NOR gate 235 will cause that
      NOR gate to apply a 0 to the middle input of NOR gate 232. However, NOR
      gate 232 will continue to develop a 0 at the output thereof because
      conductor 262 is applying a 1 to the upper input thereof.
PAR  The motor 562 will continue to operate in the reverse direction, and it
      will cause the belts 198 and 199 to move the piece of scrip outwardly
      beyond the actuator 158 and thereby permit switch 156 to re-open. The
      resulting 0 on conductor 262 will change the 1 at the upper input of NOR
      gate 414 in the VALIDATE ENABLE block 412 back to a 0, and that NOR gate
      will apply a 1 to the middle input of NOR gate 416. The latter NOR gate
      will continue to develop a 0 at the output thereof, because the electronic
      "latch" 437 will continue to apply a 1 to the lower input of that NOR
      gate. The 0 which conductor 262 applies to the lower input of NOR gate 392
      will not be significant at this time, because conductor 260 will continue
      to apply a 1 to the upper input of that NOR gate. The 0 which conductor
      262 applies to the upper input of NOR gate 350 will not be significant at
      this time, because conductor 274 will be applying a 1 to the lower input
      of that NOR gate. The 0 which conductor 262 applies to the B input of
      multiplexer 296 will cause that multiplexer to apply the signal at input
      terminal one thereof, and hence at input terminals three and seven
      thereof, to the output terminal of that multiplexer. However, because the
      electronic "latch" 437 is still latched, any signal on conductor 302 will
      not be significant. The 0 which conductor 262 applies to the upper input
      of NOR gate 232 will enable that NOR gate to re-apply a 1 to the re-set
      input of BINARY COUNTER 238. Thereupon, that BINARY COUNTER will be
      re-set, and 0's will appear at all of the output terminals thereof. The 1
      which appears on conductor 272 as switch 156 re-opens is applied to the
      middle input of NAND gate 242; but that 1 will not be significant at this
      time, because conductor 270 will still be applying a 0 to the upper input
      of that NAND gate.
PAR  Continued operation of the motor 562 in the reverse direction will cause
      the belts 198 and 199 to move the piece of scrip outwardly beyond the
      actuator 148 of switch 146 and thereby permit that switch to re-open. The
      resulting 1 on conductor 270 will be applied to the upper input of NAND
      gate 242 in the TIMING block 230, and it will cause that NAND gate to
      apply a 0 to the input of inverter 244 and also to conductor 282. The
      resulting 1 at the output of that inverter will be applied to the lower
      input of NAND gate 246, but that 1 will not be significant at this time
      because output terminal eight of the BINARY COUNTER 238 is applying a 0 to
      the upper input of that NAND gate. The 0 on conductor 282 will be applied
      to the lower input of NAND gate 434 in the REVERSE LATCH block 426 to
      re-set the electronic "latch" of which that NAND gate is a part. The 0
      which NAND gate 432 develops at the output thereof as the switch 146 is
      re-opened will be applied to the lower input of NOR gate 416; but that 0
      will not be effective at this time because NOR gate 414 will continue to
      apply a 1 to the middle input of NOR gate 416.
PAR  The 1 which appears at the output of NAND gate 434 as the electronic
      "latch" is re-set, will be applied to the lower input of NAND gate 432 and
      also to the conductor 436. The consequent 1 at the upper input of NOR gate
      364 in the MOTOR START AND RUN block 348 will not be significant at this
      time, because NAND gate 376 has been applying a 1 to the lower input of
      that NOR gate. The 1 which conductor 436 applies to the input of inverter
      438 will cause that inverter to apply a 0 to the bases of transistors 440
      and 442. The resulting rendering of transistor 442 non-conductive will
      permit the lamp 450 to become dark; and the resulting rendering of
      transistor 440 non-conductive will cause conductor 333 to apply a 1 to the
      MOTOR CONTROLLING sub-block 354, thereby permitting the relay contacts in
      that sub-block to return to their "forward" positions. Simultaneously, the
      0 which appeared on conductor 274, as the switch 146 reopened, will cause
      NOR gate 350 to apply a 1 to the input of inverter 352; and that inverter
      will apply a 0 to the middle input of NOR gate 353. That NOR gate will
      apply a 1 to the anode of diode 355 and thereby forward bias that diode,
      thereby causing a 1 to appear at the input of inverter 356. The resulting
      application of a 0 to the MOTOR CONTROLLING sub-block 354 will cause the
      motor 562 to come to rest. The 0 on conductor 274 will be applied to the A
      input terminal of the multiplexer 296; and hence the output of that
      multiplexer will be connected to the 12 volts at the zero input of that
      multiplexer -- to permit a 1 to continue to appear on conductor 302.
PAR  At this time, all of the mechanical and electronic components of the scrip
      validator will be in the re-set conditions described hereinbefore in the
      section entitled At-Rest Condition Of Scrip Validator. Also at this time,
      the piece of scrip will be resting on the platform 32 where it can be
      retrieved by the patron.
PAR  Operation Of Scrip Validator When A Piece Of Scrip Is Inserted To Which
      Scrip Validator Should Not Respond: If a given piece of scrip, which is
      inserted in the scrip transport 30, has one or more of the eight patterns
      thereof provided with line spacings which differ from the spacings of the
      lines in the various patterns on the piece of scrip 130, that given piece
      of scrip will be rejected by the scrip validator. Specifically, if any one
      of the four patterns in the data field 1 on a piece of scrip has a line
      spacing which is different from the line spacing in the corresponding
      patterns on the piece of scrip 130, the EXCLUSIVE OR gate 738 will not
      find a coincidence at the inputs thereof as that pattern is being sensed
      by the appropriate magnetic head. The lack of coincidence at the inputs of
      that EXCLUSIVE OR gate will cause that EXCLUSIVE OR gate to apply a 1 to
      the J input of flip-flop 978 in the DATA FIELD AND VALIDATION block 940.
      During the subsequent application of a clocking pulse to the clock input
      of that flip-flop, that flip-flop will become set and will apply a steady
      1 to the lower input of NOR gate 980. If all of the data field 1 patterns
      on a given piece of scrip are acceptable but either of the data field 2
      patterns is not acceptable, NOR gate 800 will continue to apply a 1 to the
      upper input of NOR gate 980. If all of the data field 1 patterns on a
      given piece of scrip are acceptable, and if both of the data field 2
      patterns are acceptable, but either of the data field 3 patterns is not
      acceptable, NOR gate 810 will continue to apply a 1 to the middle input of
      NOR gate 980. Subsequently, at the conclusion of the sensing of that given
      piece of scrip, the shift register 942 will cause NAND gate 964, resistor
      975, capacitor 977 and inverter 972 to apply a 1 to the clock input of
      counter 982, the 0 at the data input of that counter will cause that
      counter to continue to apply a 0 to the conductor 276 and to the input of
      inverter 988 -- thereby preventing the development of the 1 validation
      signal on conductor 276 and of the 0 validation signal on conductor 260.
PAR  The 0 on conductor 276 will continue to cause NAND gate 892 and inverter
      890 in FIG. 19 to apply a 0 to the base of transistor 876. Consequently,
      that transistor will continue to back bias all of the diodes 874 in the
      sub-blocks of the PRICE LINE ENABLE block 850, and thereby keep all of the
      relays 914 in the PRICE LINE RELAY block 894 de-energized. The continued 1
      on conductor 260 will cause NOR gate 392, inverter 394, NAND gate 396,
      inverter 398 and transistor 406 in the BLOCKING FINGER CONTROL block 370
      to keep the solenoid 388 energized, and thereby will cause that solenoid
      to keep the blocking member 178 in its raised position. The continued 1 on
      conductor 260 will coact with NAND gate 360, inverter 362, NOR gate 353,
      diode 355 and inverter 356 of the MOTOR START AND RUN block 348 to cause
      the MOTOR CONTROLLING sub-block 354 to continue to keep the motor 562
      energized. As that motor continues to cause the belts 198 and 199 to move
      the given piece of scrip inwardly of the scrip transport 30, the BINARY
      COUNTER 238 in the TIMING block 230 of FIG. 21 will continue to count.
PAR  Approximately 601 milliseconds after switch 156 was closed, the BINARY
      COUNTER 238 will apply 1's to the middle and lower inputs of NAND gate
      240; and those 1's will coact with the continued 1 on conductor 260 to
      cause that NAND gate and conductor 278 and inverter 290 in the MULTIPLEXER
      block 288 to apply 1's to the upper inputs of NOR gates 292 and 294. NOR
      gate 292 will apply a 0 to input terminal one, and hence to input
      terminals three and seven, of MULTIPLEXER 296; and NOR gate 294 will apply
      a 0 to input terminal four, and hence to input terminal six of that
      multiplexer. At this time, all of the numbered input terminals of the
      multiplexer 296 will have 0's applied thereto. The resulting 0 at the
      output terminal of that multiplexer will be applied by conductor 302 to
      the middle input of NAND gate 432; and, thereupon, the electronic "latch"
      437 will be set, and it will cause the motor 562 to reverse and to
      continue to operate in the reverse direction until the given piece of
      scrip was moved outwardly into position on the platform 32 -- all as
      explained hereinbefore in detail in the section entitled Vending Machine
      Is Unable To Supply The Desired Product Or Service.
PAR  The hereinbefore-described continued application of a 0 to the Data input
      of counter 982 in the DATA FIELD AND VALIDATION block 940 occurred because
      the line spacing in at least one of the patterns on the given piece of
      scrip was not the same as the line spacing of the corresponding pattern on
      the piece of scrip 130. Even if the line spacings in all of the patterns
      on a given piece of scrip were exactly the same as the line spacings in
      the corresponding patterns on the piece of scrip 130, the scrip validator
      would reject that given piece of scrip if the paper of that piece of scrip
      or the printing or engraving of the lines in those patterns was not top
      quality. Specifically, a poor quality paper or specifically a low quality
      printing or engraving of any of the lines on a given piece of scrip could,
      by causing the effective trailing edge-to-edge spacings of some of the
      lines in a given pattern to be different from the effective trailing
      edge-to-edge spacings of other of the lines in that pattern, make the PEAK
      DETECTORS 516 and 594 apply pulses to the FREQUENCY DETECTORS 526, 527,
      606 and 618 which would not define a fixed frequency. Consequently, those
      FREQUENCY DETECTORS would be unable to supply signals to the counters with
      which they are associated that would cause counter 982 in the DATA FIELD
      AND VALIDATION block 940 to develop validation signals.
PAR  In addition, a low-quality printing or engraving of any of the lines on a
      given piece of scrip could, by causing some or all of those lines to have
      insufficient magnetic intensity, render the amplifiers 514 and 592
      incapable of supplying signals to the PEAK DETECTORS 516 and 594.
      Specifically, the insufficient magnetic intensity in those lines could
      make the pulses, which were generated by the appropriate magnetic heads as
      those lines were sensed, too small to equal the threshold values of those
      amplifiers.
PAR  If any pattern on a piece of scrip does not have sufficient lines of the
      correct spacing to cause one of the counters 540, 582, 608 and 620 to
      count up to its pre-set count, neither of the DETECTION blocks 512 and 590
      will provide an output, and hence the counter 982 in the DATA FIELD AND
      VALIDATION block 940 will not develop any validation signals. As explained
      hereinbefore in the section entitled Validation Of Authentic Piece Of
      Scrip, the digital filters in the FREQUENCY DETECTORS 526, 527, 606 and
      618 are actuated by, but do not count, the first line of any pattern; and
      hence each of the patterns on the piece of scrip 130 has at least one more
      line than the total number of counts for which the corresponding counter
      is set. Consequently, if each pattern of a given piece of scrip does not
      have at least one more line of the correct spacing than the number of
      counts required by the corresponding counter, the scrip validator will
      reject that given piece of scrip.
PAR  If a pattern on a piece of scrip has a number of lines which at least
      equals one more than the number of counts required by the corresponding
      counter, and if, for any reason, one of those lines is incapable of
      causing the amplifier, the PEAK DETECTOR, or the edge detector to provide
      a proper signal to the digital dilter of the corresponding FREQUENCY
      DETECTOR, that digital filter would be unable to cause its counter to
      count that line. Furthermore that digital filter would be unable to cause
      its counter to count the next-succeeding line; because that digital filter
      would respond to that next-succeeding line to be actuated again but could
      not respond to that next-succeeding line to provide a count. The overall
      result is that the scrip validator will reject pieces of scrip which are
      not made of high quality paper and which do not have patterns thereon
      wherein the lines are printed or engraved lines of high quality.
PAR  If a given piece of scrip is made so the line spacing in each of the eight
      patterns thereon matches the line spacing of one or more of the eight
      patterns on the piece of scrip 130, and if the paper of, and the printing
      or engraving in the lines of each of the eight patterns on, that piece of
      scrip are of high quality, but if the patterns in data field 1 of that
      given piece of scrip do not have the exact sequence of the patterns in
      data field 1 of the piece of scrip 130, that given piece of scrip will be
      rejected. Consequently, to be accepted, each piece of scrip which is
      inserted in the scrip transport 30 must have a data field 1 that has the
      same patterns, and the same sequence of patterns, which the piece of scrip
      130 has. This is due to the fact that the shift register 720 has been
      wired to pre-program four full pattern succession combinations therein,
      and the patterns in the data field 1 on each given piece of scrip must
      provide signals on the conductors 708, 710 and 712 which will enable the
      partially pre-programmed shift register 718 to successively match those
      pattern sequence combinations.
PAR  Specifically, as shown by Sections A, B, C and D of TABLE I hereof, shift
      register 720 is pre-wired to automatically develop four specifically
      different combinations of 1's and 0's in stages five, six and seven
      thereof as the patterns 132, 134, 135 and 136 on any piece of scrip are
      successively sensed. If that piece of scrip can cause the DETECTION blocks
      512 and 590 to apply signals to the fifth, sixth and seventh input
      terminals of shift register 718 which always exactly match the states of
      the fifth, sixth and seventh stages of shift register 720, that piece of
      scrip will be accepted. However, if during the sensing of a piece of
      scrip, even one of the signals applied to the fifth, sixth and seventh
      terminals of shift register 718 fails to exactly match the state of the
      corresponding stage of shift register 720, that piece of scrip will be
      rejected.
PAR  It should also be noted that the scrip validator will reject any piece of
      scrip which causes any counter therein to reach its predetermined count
      while the COMPARISON REGISTER block 716, the DATA FIELD 2 FLIP-FLOP block
      750, the DATA FIELD 3 FLIP-FLOP block 760, the CLOCK GENERATOR block 918,
      and the DATA FIELD AND VALIDATION block 940 are processing the signal
      which another of the counters provided in response to the sensing of the
      preceding pattern. This is due to the fact that the conductor 714 will
      have a 1 applied thereto immediately after any of the counters 540, 582,
      608 and 620 reaches its predetermined count; and if that 1 on conductor
      714 is developed before it should be developed, the CLOCK GENERATOR block
      918 would not be re-set to develop a further set of clock pulses, and the
      parallel loading of shift register 718 could prevent the attainment of the
      requisite comparisons shown by TABLE I hereof.
PAR  Further it should be noted that the scrip validator will reject any piece
      of scrip which has a pattern thereon in which the total number of lines
      exceeds twice the numeric value of the output terminal of the counter
      connected to the FREQUENCY DETECTOR corresponding to that pattern.
      Specifically, that pattern will cause that counter to twice clock the
      flip-flop to which that counter is connected; and the resulting extra 1
      which that flip-flop will apply to the SIGNAL DECODING block 674 will
      cause that block to apply signals which will simulate a pattern that will
      not match the pattern-recognition data stored in the memory which is
      constituted by the shift registers 720, 722 and 724. As a result, the
      scrip validator will not be able to develop a 1 validation signal on
      conductor 276 and a 0 validation signal on conductor 260, and hence the
      motor 562 will reverse and the transistor 876 in FIG. 19 will remain
      non-conductive.
PAR  Other Rejection Modes Of Scrip Validator: If a person were to try to record
      on a magnetic tape, disc or card signals which he hoped could cause the
      magnetic heads 208 and 210 to develop signals comparable to the signals
      which the piece of scrip 130 causes those magnetic heads to develop, that
      person would have to align that magnetic tape, disc or card with those
      magnetic heads. In doing so, that person would align that magnetic tape,
      disc or card with the U-shaped permanent magnet 48; and, as that magnetic
      tape, disc or card was moved inwardly of the scrip transport 30, the
      magnetic field from that U-shaped permanent magnet would erase the data
      recorded on that magnetic tape, disc or card. Thereupon, that magnetic
      tape, disc or card would act as a blank piece of paper and it would be
      rejected by the scrip validator, all as explained hereinafter.
PAR  If, somehow, the 1 validation signal were to appear on conductor 276 at a
      time when switch 146 is closed, the multiplexer 296 would apply a 0 to
      conductor 302 and thereby effect the reversal of motor 562 -- regardless
      of the states of switches 156 and 162. Specifically, if switch 146 was
      closed and both of switches 156 and 162 were open, the multiplexer 296
      would connect the output terminal thereof to input terminal one thereof;
      and the 1 validation signal on conductor 276 would cause NOR gate 292 to
      apply a 0 to that input terminal one -- with consequent application of a 0
      to conductor 302, and immediate reversal of the motor 562.
PAR  If switch 156 as well as switch 146 closed at the time a 1 validation
      signal appeared on conductor 276, the output terminal of multiplexer 296
      would be connected to input terminal three, and hence to input terminal
      one. The 0 which would appear at the output of NOR gate 292 would cause
      the multiplexer 296 to apply a 0 to conductor 302, with consequent
      application of a 0 to conductor 302, and immediate reversal of the motor
      562.
PAR  If switches 156 and 162 were already closed at the time switch 146 closed,
      and if the 1 validation signal appeared on conductor 276, input terminal
      seven of the multiplexer 296, and hence input terminal one, would be
      connected to the output terminal of that multiplexer.
PAR  The resulting application of a 0 to conductor 302 would cause immediate
      reversal of the motor 562.
PAR  In the event switch 156 did, somehow, happen to close while switches 146
      and 162 were open, the 0 which always appears at input terminal two of the
      multiplexer 296 would be applied to the output terminal of that
      multiplexer. Consequently, the conductor 302 would have a 0 thereon, and
      it will cause the motor 562 to reverse.
PAR  Similarly, if switches 146 and 162 could, somehow, ever close while the
      switch 156 was open, the 0 which always appears at input terminal five of
      multiplexer 296 would be applied to the output terminal of that
      multiplexer. The resulting 0 on conductor 302 would cause immediate
      reversal of the motor 562.
PAR  If switches 146 and 156 were held closed for approximately six hundred and
      one milliseconds after the latter switch was closed, but no validation
      signals were developed, the scrip validator would reverse the motor 562.
      Specifically, binary output terminals four and thirty-two of the BINARY
      COUNTER 238 would apply 1's to the middle and lower inputs of NAND gate
      240; and those 1's would coact with the 1 which conductor 260 applies to
      the upper input of that NAND gate to cause that NAND gate to apply a 0 to
      conductor 278. Inverter 290 would respond to that 0 to apply a 1 to the
      upper inputs of NOR gates 292 and 294; and the resulting 0 at the output
      of NOR gate 292 would appear at input terminal three of multiplexer 296.
      Because switches 146 and 156 would be closed, that multiplexer would apply
      the 0 at input terminal three thereof to the output terminal thereof, and
      hence to conductor 302. Thereupon, the motor 562 would reverse.
PAR  If switches 146, 156 and 162 were held closed for approximately 601
      milliseconds after switch 156 was closed, but no validation signals were
      developed, the scrip validator would reverse the motor 562. Specifically,
      binary output terminals four and thirty-two of the BINARY COUNTER 238
      would apply 1's to the middle and lower inputs of NAND gate 240, and those
      1's would coact with the 1 which conductor 260 applies to the upper input
      of that NAND gate to cause that NAND gate to apply a 0 to conductor 278.
      Inverter 290 would respond to that 0 to apply 1's to the upper inputs of
      NOR gates 292 and 294; and NOR gate 292 would then apply a 0 to input
      terminal seven of multiplexer 296. That multiplexer would apply that 0 to
      the output terminal thereof, and hence to conductor 302 -- with consequent
      reversal of the motor 562.
PAR  If switches 156 and 162 were held closed for approximately 601 milliseconds
      after the former switch was closed, but no validation signals were
      developed, the scrip validator would reverse the motor 562. Specifically,
      binary output terminals four and thirty-two of the BINARY COUNTER 238
      would apply 1's to the middle and lower inputs of NAND gate 240; and those
      1's would coact with the 1 which conductor 260 applies to the upper input
      of that NAND gate to cause that NAND gate and inverter 290 to apply 1's to
      the upper inputs of NOR gates 292 and 294. The latter NOR gate would apply
      a 0 to input terminal six of multiplexer 296; and the resulting 0 at the
      output terminal of that multiplexer would appear on conductor 302 -- with
      consequent reversal of the motor 562.
PAR  If switch 162 was held closed for approximately six hundred and one
      milliseconds after switch 156 was closed, but no validation signals were
      developed -- as would be the case if a blank piece of paper was inserted
      in the scrip transport 30 -- the scrip validator would reverse the motor
      562. Specifically, binary output terminals four and thirty-two of the
      BINARY COUNTER 238 would apply 1's to the middle and lower inputs of NAND
      gate 240; and those 1's would coact with the 1 which conductor 260 applies
      to the upper input of that NAND gate to cause that NAND gate and inverter
      290 to apply 1's to the upper inputs of NOR gates 292 and 294. NOR gate
      294 would apply a 0 to input terminal four of multiplexer 296; and the
      resulting application of that 0 to conductor 302 would cause reversal of
      the motor 562.
PAR  If during the operation of the scrip validator, the switch 162 was in its
      closed condition when the 0 validation signal on conductor 260 was being
      applied to the upper input of NAND gate 240, and when the BINARY COUNTER
      238 was applying a 1 to conductor 280, as it will do approximately 1069
      milliseconds after switch 156 was closed, NOR gate 294 would apply a 0 to
      input terminal six, and hence to input terminal four, of the multiplexer
      296. Thereupon, a 0 would appear at the output terminal of that
      multiplexer and hence on conductor 302 -- with resulting reversal of the
      motor 562.
PAR  If during the operation of the scrip validator the switches 156 and 162 are
      in the closed conditions when the 0 validation signal on conductor 260 was
      being applied to the upper input of NAND gate 240, and when the BINARY
      COUNTER 238 was applying a 1 to conductor 280, as it will do approximately
      1069 milliseconds after switch 156 was closed, NOR gate 294 would apply a
      0 to input terminal six of the multiplexer 296. Thereupon, a 0 would
      appear at the output terminal of that multiplexer and hence on conductor
      302 -- with resulting reversal of the motor 562.
PAR  If, as the piece of scrip 130 is moved inwardly beyond the slots 171 and
      172, a person inserts an object which keeps the blocking member 178 from
      moving downwardly to the blocking position of FIGS. 3 and 4, the switch
      494 will remain open. Subsequently, when the counter 982 develops the 1
      validation signal on conductor 276 and the 0 validation signal on
      conductor 260, the continued open state of that switch will effect
      rejection of that piece of scrip and will prevent the dispensing of any
      product or service. Specifically, the NAND gate 892 of FIG. 19 will not
      have a 1 applied to the lower input thereof, and hence will not be able to
      coact with inverter 890 to render transistor 876 conductive. Further, NOR
      gate 235 in the TIMING block 230 of FIG. 21 will not have a 1 applied to
      the lower input thereof, and hence will not coact with NOR gate 232 to
      apply a re-setting 1 to the re-set imput of the BINARY COUNTER 238; and
      hence that BINARY COUNTER will continue to count. Approximately 1069
      milliseconds after switch 156 was closed, the BINARY COUNTER 238 will
      apply a 1 to conductor 280 and hence to the lower input of NOR gate 294;
      and that NOR gate will apply a 0 to input terminal six, and hence to input
      terminal four of the multiplexer 296. Thereupon, a 0 will appear at the
      output terminal of that multiplexer and hence on conductor 302 -- with
      resulting reversal of the motor 562.
PAR  If a person inserts an object in the scrip transport 30 and holds switch
      146 closed for a time interval longer than eighteen seconds, an RC network
      in the MOTOR CONTROLLING subblock 354 will automatically reverse the motor
      562. Such reversal is explained in detail in the said Carter et al
      application.
PAR  Conclusion: During the time interval between the development by counter 982
      of the 1 and 0 validation signals and the actuation of switch 336 or 490
      in the vending machine by a patron, the piece of scrip 130 will be at rest
      in the passageway defined by the platens 40 and 118. At that time, the
      fingers 180 and 181 on the blocking member 178 will be in the blocking
      position shown by FIGS. 3 and 4; and those blocking fingers will resist
      all efforts of a patron to raise them -- all as explained in the said
      Pescetto application. Further, after the belts 198 and 199 have moved a
      piece of scrip inwardly beyond the toothed members 216 and 218, those
      toothed members can resist all efforts of a patron to retrieve that piece
      of scrip -- all as explained in the said Pescetto application.
PAR  The piece of scrip 130 has four patterns in data field 1 thereof and has
      two patterns in each of data fields 2 and 3 thereof. If desired, fewer
      than four patterns could be used in data field 1 on a piece of scrip if
      the scrip validator were to be modified for use in an area where high
      security was not required. Correspondingly, if desired, more than four
      patterns could be provided for data field 1, if unusually high security
      problems had to be met. The use of two patterns in each of data fields 1
      and 2 makes it possible to use one scrip validator to control a
      considerable number of price selections in a vending machine. However, if
      it ever became desirable to control substantially greater numbers of price
      selections, it would only be necessary to pre-program the shift registers
      772, 724 and 942 to enable each of them to provide three pattern
      succession combinations, to increase the capacities of the blocks in FIG.
      19, and to add an additional pattern to data field 2 and/or data field 3
      of each piece of scrip.
PAR  It should be noted that the signals which the DETECTION blocks 512 and 590
      apply to the conductors 586, 588, 670 and 672 perform two important but
      entirely diverse functions. First, those signals indicate the authenticity
      and identity of the sensed patterns; and second, those signals cause a 1
      to appear on conductor 714, and thereby initiate and pre-determine the
      processing of the signals on conductors 586, 588, 670 and 672.
PAR  If a person or persons learned how to make simulations of pieces of scrip
      which would be accepted by a scrip validator, that scrip validator could
      easily be modified to prevent the acceptance of any further such
      simulations. Specifically, one or more of the timer modules 528, 571, 573
      and 575 could be removed and replaced by timer modules which had
      distinctively different frequencies. Any such removal and replacement
      could be effected quickly and easily because those various timer modules
      are made as plug-in circuit boards. Once the substitution had been
      accomplished, new scrip which had corresponding patterns thereon would
      have to be used. Alternatively, one or more of the pre-wired connections
      to shift registers 718 and 720 could be changed, the timer modules 528,
      571, 573 and 575 could be set in different positions, and new scrip would
      be used. For maximum increase in security, new timer modules would be used
      and one or more of the pre-wired connections to shift registers 718 and
      720 would be changed.
PAR  In the preferred embodiment of the present invention, each of the counters
      540, 582, 608 and 620 will be reset each time the total count in that
      counter reaches the value set for that counter. If desired, each of those
      counters could be arranged so it could respond to a higher-than-desired
      number of lines in a pattern to provide two consecutive signals to the
      SIGNAL DECODING block 674 without requiring that counter to be re-set.
      Specifically, the presently shown output terminal of counter 540 and a
      higher-value terminal of that counter could be connected together and to
      the SIGNAL DECODING block 674 so that counter would supply a first signal
      when that counter reached the presently set value and would automatically
      supply a second signal if the total number of lines in a pattern caused
      the count in that counter to match the higher-value terminal. In such an
      arrangement, a pulse-stretching element, such as a monostable
      multivibrator, could be interposed between the interconnected outputs of
      counter 540 and the input of SIGNAL DECODING block 674; and the signal
      from the envelope detector 548 could be suitably used to effect resetting
      of that counter when the pattern had moved past the magnetic head 210.
      Further, in such an arrangement, the flip-flop 556, the AND gate 550, the
      resistor 558, and the capacitor 560 could be eliminated. Moreover, in such
      an arrangement, if the count within the counter 540 causes that counter to
      supply two signals to the SIGNAL DECODING block 674, during the scanning
      of any pattern on a piece of scrip, the validator will reject that piece
      of scrip -- in the same manner in which that validator will reject a piece
      of scrip if any of the counters 540, 582, 608 and 620 provides two output
      signals during the scanning of any pattern on that piece of scrip.
PAR  Whereas the drawing and accompanying description have shown and described a
      preferred embodiment of the present invention, it should be apparent to
      those skilled in the art that various changes may be made in the form of
      the invention without affecting the scope thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A validator which comprises sensing means that senses a plurality of
      patterns on a document in a predetermined sequence to effect the
      developing of sensed data, recognition means responsive to the developing
      of said sensed data to provide a plurality of logic level signals, a
      preprogrammed memory which is an electronic memory and thus has no moving
      parts and which contains pre-programmed data hard-wired therein, said
      hard-wired pre-programmed data corresponding to said plurality of patterns
      on said document, said pre-programmed memory holding said pre-programmed
      data as a plurality of discrete groupings of pre-programmed data in the
      form of predetermined logic level signals, one of said groupings of
      pre-programmed data corresponding to the logic level signals which said
      recognition means develops when said sensing means senses a predetermined
      one of said plurality of patterns on said document, another of said
      groupings of pre-programmed data corresponding to the logic level signals
      which said recognition means develops when said sensing means senses a
      predetermined succeeding one of said plurality of patterns on said
      document, said one and said other groupings of said pre-programmed data
      being stored within said pre-programmed memory in a manner which permits
      said one and said other groupings of said pre-programmed data to be read
      in the same sequence in which said predetermined one and said
      predetermined succeeding one of said patterns on said document are sensed
      by said sensing means, a comparing means that can compare said logic level
      signals which said recognition means develops when said sensing means
      senses said predetermined one and said predetermined succeeding one of
      said plurality of patterns on said document directly with said
      predetermined logic level signals while said predetermined logic level
      signals are stored within said pre-programmed memory, further means to
      effect sequential comparing by said comparing means of said logic level
      signals, developed by said recognition means during the sensing of said
      predetermined one and of said predetermined succeeding one of said
      patterns by said sensing means, with said predetermined logic level
      signals which constitute said pre-programmed data within said
      pre-programmed memory, and additional means to effect validation of said
      document if said sensed data obtained during the sensing of said
      predetermined one and of said predetermined succeeding one of said
      patterns by said sensing means corresponds in nature and in sequence with
      said pre-programmed data within said pre-programmed memory.
NUM  2.
PAR  2. A validator as claimed in claim 1 wherein said recognition means causes
      the sensed data from the patterns of said plurality of patterns to appear
      on a plurality of conductors as said predetermined logic level signals,
      wherein said pre-programmed memory includes a shift register which has a
      predetermined number of stages, wherein the total of said predetermined
      logic level signals which said recognition means develops during the
      sensing of all of said patterns of said plurality of patterns on said
      document exceeds said predetermined number of stages in said shift
      register, and wherein a logic element connected to the output of said
      shift register responds to the shifting of the data in said shift register
      to apply varying signals to the input of said shift register.
NUM  3.
PAR  3. A validator as claimed in claim 1 wherein said pre-programmed memory
      comprises a shift register having circuitry intermediate the output and
      the input thereof which will modify some of said pre-programmed data when
      said some pre-programmed data is shifted from said output to said input of
      said shift register, and wherein the output of said shift register is
      shifted back into said input of said shift register via said intermediate
      circuitry as it is serially shifted out of said shift register.
NUM  4.
PAR  4. A validator as claimed in claim 1 wherein a sensed data memory receives
      said sensed data developed during the sensing of said plurality of
      patterns on said document by said sensing means, wherein said sensed data
      is stored within said sensed data memory in a manner which permits said
      sensed data to be read in the same sequence in which the corresponding
      patterns on said document were sensed by said sensing means, and wherein
      said further means effects sequential comparing by said comparing means of
      the nature of said sensed data sequentially read from said sensed data
      memory with said pre-programmed data sequentially read from said
      pre-programmed memory.
NUM  5.
PAR  5. A validator as claimed in claim 1 wherein a sensed data memory receives
      said sensed data developed during the sensing of said plurality of
      patterns on said document by said sensing means, and wherein said sensed
      data memory is a serially-read shift register.
NUM  6.
PAR  6. A validator as claimed in claim 1 wherein each of said patterns
      comprises a plurality of spaced-apart lines, and wherein any pattern, of
      said plurality of patterns on said document, which is sensed by said
      sensing means will have all of the spaced-apart lines thereof sensed by
      said sensing means.
NUM  7.
PAR  7. A validator as claimed in claim 1 wherein said pre-programmed memory has
      a plurality of sections to hold said plurality of discrete grouping of
      pre-programmed data, and wherein each of at least two sections holds a
      grouping of pre-programmed data which corresponds to a
      distinctively-different pattern.
NUM  8.
PAR  8. A validator as claimed in claim 1 wherein said validator has a second
      pre-programmed memory which contains pre-programmed data, wherein a sensed
      data memory stores said sensed data, wherein said sensed data memory and
      each of said pre-programmed memories is connected to said comparing means,
      and wherein said comparing means simultaneously compares sensed data from
      said sensed data memory with pre-programmed data from said pre-programmed
      memories.
NUM  9.
PAR  9. A validator as claimed in claim 1 wherein a sensed data memory stores
      said sensed data, and wherein fresh sensed data is stored in said sensed
      data memory as a result of the sensing of each pattern on said document
      but wherein said pre-programmed memory is re-set only after more than one
      pattern on said document have been sensed.
NUM  10.
PAR  10. A validator as claimed in claim 1 wherein said patterns of said
      plurality of patterns on said document are arranged in groups, and wherein
      a pre-programmed control element effects re-setting of said pre-programmed
      memory after each group of patterns is sensed.
NUM  11.
PAR  11. A validator as claimed in claim 1 wherein said patterns of said
      plurality of patterns on said document are arranged in groups, wherein the
      number of patterns in one of said groups of patterns is different from the
      number of patterns in another of said groups of patterns, wherein a
      pre-programmed control element effects re-setting of said pre-programmed
      memory as a result of the sensing of said one of said groups of patterns,
      and wherein said pre-programmed control element also effects re-setting of
      said pre-programmed memory as a result of the sensing of said other of
      said groups of patterns.
NUM  12.
PAR  12. A validator as claimed in claim 1 wherein said patterns are grouped in
      a plurality of data fields, wherein said additional means includes a still
      further means which can provide a desired output only if all signals
      applied thereto have a given value, wherein said additional means includes
      a sub-circuit which responds to a match between the sensed data obtained
      during the sensing of one of said data fields and the corresponding
      pre-programmed data read from said pre-programmed memory to apply a signal
      of said given value to said still further means, wherein said additional
      means includes a second sub-circuit which responds to a match between the
      sensed data obtained during the sensing of another of said data fields and
      the corresponding pre-programmed data read from said pre-programmed memory
      to apply a second signal of said given value to said still further means,
      and wherein the first said sub-circuit and said second sub-circuit must
      apply the first said and said second signals to said still further means
      to enable said additional means to effect validation of said document.
NUM  13.
PAR  13. A validator as claimed in claim 1 wherein said patterns are grouped in
      a plurality of data fields, wherein said additional means includes a still
      further means which can provide a desired output only if all signals
      applied thereto have a given value, wherein said additional means includes
      a sub-circuit which responds to a match between the sensed data obtained
      during the sensing of one of said data fields and the corresponding
      pre-programmed memory to apply a signal of said given value to said still
      further means, wherein said additional means includes a second sub-circuit
      which responds to a match between the sensed data obtained during the
      sensing of another of said data fields and the corresponding
      pre-programmed data read from said pre-programmed memory to apply a second
      signal of said given value to said still further means, wherein the first
      said sub-circuit and said second sub-circuit must apply the first said and
      said second signals to said still further means to enable said additional
      means to effect validation of said document, wherein said further means
      effects a plurality of comparisons by said comparing means to develop a
      match between the sensed data obtained during the sensing of said one of
      said data fields and the corresponding pre-programmed data read from said
      pre-programmed memory, and wherein the first said sub-circuit must
      continue to supply the same signal to said still further means during said
      plurality of comparisons.
NUM  14.
PAR  14. A validator as claimed in claim 1 wherein said sensing means senses a
      further plurality of patterns on said document in a predetermined sequence
      to effect the developing of further sensed data, wherein said
      pre-programmed memory contains further pre-programmed data corresponding
      to said further plurality of patterns on said document, wherein said
      further pre-programmed data is stored within said pre-programmed memory in
      a manner which permits said further pre-programmed data to be read in the
      same sequence in which the corresponding patterns of said further
      plurality of patterns on said document are sensed by said sensing means,
      wherein said further means effects sequential comparing by said comparing
      means of the nature of said further sensed data, obtained during the
      sensing of said patterns of said further plurality of patterns by said
      sensing means, with said further pre-programmed data sequentially read
      from said pre-programmed memory, and utilization means to develop a
      utilization signal if said further sensed data obtained during the sensing
      of said patterns of said further plurality of patterns by said sensing
      means corresponds in nature and in sequence with said further
      pre-programmed data within said pre-programmed memory.
NUM  15.
PAR  15. A validator as claimed in claim 1 wherein said patterns are grouped as
      a plurality of data fields, wherein said pre-programmed memory comprises a
      plurality of shift registers, and wherein some of said patterns in one of
      said data fields are identical to some patterns in another of said data
      fields to limit the number of shift registers in said pre-programmed
      memory.
NUM  16.
PAR  16. A validator which comprises a sensing means that can sense a plurality
      of patterns on a document and develop a plurality of signals which have
      frequencies corresponding to said patterns, a memory having a plurality of
      elements wherein a plurality of specifically-different pattern-recognition
      data must be stored during the validation of an authentic document, a
      frequency-sensing circuit that receives said plurality of signals and that
      will develop an output signal if one of said plurality of frequencies
      corresponding to one of said patterns has a predetermined value, a second
      frequency-sensing circuit that receives said plurality of signals and that
      will develop a second and different output signal if another of said
      plurality of frequencies corresponding to another of said patterns has a
      second and different predetermined value, said sensing means responding to
      sequential sensing of said plurality of patterns on said document to cause
      the first said frequency-sensing circuit and said second frequency-sensing
      circuit to sequentially develop the first said output signal and said
      second and different output signal, means that responds to said first said
      output signal from said first said frequency-sensing circuit to develop
      predetermined pattern-recognition data which includes at least one logic
      level signal having a predetermined logic level and which can be stored in
      at least one predetermined element of said memory, said means subsequently
      responding to said second output signal from said second frequency-sensing
      circuit to develop further and different predetermined pattern-recognition
      data which includes at least one logic level signal having said
      predetermined logic level and which can be stored in at least one
      different predetermined element of said memory, and comparing and
      processing circuitry which responds to the first said predetermined
      pattern-recognition data to indicate that said sensing means has sensed a
      pattern having said one of said plurality of frequencies, said comparing
      and processing circuitry also responding to said further and different
      predetermined pattern-recognition data to indicate that said sensing means
      has sensed a pattern having said other of said plurality of frequencies,
      said comparing and processing circuitry sensing the sequence in which said
      first said predetermined pattern-recognition data and said further and
      different predetermined pattern-recognition data were developed and
      thereby sensing the sequence in which said pattern having said one of said
      plurality of frequencies and said pattern having said other of said
      plurality of frequencies were sensed, said comparing and processing
      circuitry providing a predetermined indication whenever it senses that the
      sequence, in which said pattern having said one of said plurality of
      frequencies and said pattern having said other of said plurality of
      frequencies were sensed, corresponds to the sequence of sensing of
      corresponding patterns on said authentic document, said validator
      responding to the sensing of a given one of said patterns by said sensing
      means to perform the dual functions of developing a frequency
      corresponding to said pattern and also of causing said comparing and
      processing circuitry to initiate the comparing and processing of said
      pattern-recognition data developed by said means because of the response
      to the sensing of said given one pattern, and said validator responding to
      the sensing of each subsequently-sensed pattern by said sensing means to
      perform the dual functions of developing a frequency corresponding to said
      subsequently-sensed pattern and also of causing said comparing and
      processing circuitry to initiate the comparing and processing of said
      further and different pattern-recognition data developed by said means
      because of the response to the sensing of said subsequently-sensed
      pattern.
NUM  17.
PAR  17. A validator which comprises a sensor, a frequency detector, a second
      frequency detector, means connecting the output of said sensor to both of
      said frequency detectors, said sensor responding to an authentic document
      to develop a frequency to which one of said frequency detectors will
      respond but to which the other of said frequency detectors will not
      respond, said sensor not responding to a spurious document to develop
      signals to which either of said frequency detectors will respond, the
      first said frequency detector normally having a first signal at the output
      thereof but acting whenever it responds to an acceptable frequency that is
      applied to the input thereof to develop a second signal at said output
      thereof, said second frequency detector normally having a third signal at
      the output thereof but acting whenever it responds to a proper frequency
      that is applied to the input thereof to develop a fourth signal at said
      output thereof, a memory which has data stored therein indicative of
      conditions wherein the first said frequency detector responds to an
      acceptable frequency applied to said input thereof but said second
      frequency detector does not have a proper frequency applied to said input
      thereof and also has stored therein data indicating that said second
      frequency detector has a proper frequency applied to said input thereof
      but that the first said frequency detector does not have an acceptable
      frequency applied to said input thereof, a comparing means, and further
      means enabling said comparing means to determine whether the sensing of a
      document by said sensor has caused the signals at said outputs of the
      first said and said second frequency detectors to correspond to any data
      in said memory, said further means also enabling said comparing means to
      determine which of said frequency detectors responded to said sensing of
      said documents by said sensor to change the signal at said output thereof.
NUM  18.
PAR  18. A validator which comprises a sensor that can respond to a pattern on a
      document, which includes a plurality of spaced-apart lines, to develop
      signals corresponding to the line spacing in said pattern on said
      document, means to respond to said signals from said sensor to provide a
      plurality of waveforms each of which has a zero-departing portion and a
      zero-approaching portion with an intervening peak where the transition
      occurs between said zero-departing portion and said zero-approaching
      portion, a peak detector which responds to said transitions which occur in
      said waveforms, developed by said means in response to said signals
      developed by said sensor, to develop corresponding output signals having a
      frequency corresponding to the occurrence in time of said transitions in
      said waveforms, and a frequency detector which can respond to said
      frequency, of said output signals that are developed by said peak
      detector, and which corresponds to the occurrence in time of said
      transitions in said waveforms, to determine whether said frequency of said
      output signals substantially equals a predetermined frequency, said peak
      detector not sensing the average value of the slope of said zero-departing
      portion of any of said waveforms and not sensing the average value of the
      slope of said zero-approaching portion of any of said waveforms and also
      not sensing an amplitude which is spaced from zero by a predetermined
      amount and, instead, sensing said transitions which occur in said
      waveforms, thereby sensing the peaks of the signals which are developed by
      said sensor and which correspond to the line spacing in said pattern on
      said document rather than to the slope or to the amplitude of those
      signals, thereby providing output signals with edges which correspond
      closely to predetermined portions of said lines on said document.
NUM  19.
PAR  19. A validator as claimed in claim 18 wherein said output signals of said
      peak detector are pulses having frequencies corresponding exactly to said
      line spacing in said pattern on said document, wherein said edges of said
      output pulses of said peak detector are the leading edges of said output
      pulses, and wherein said predetermined portions of said lines on said
      document are edges of said lines.
NUM  20.
PAR  20. A validator which comprises a sensor that senses a given pattern on a
      document to effect the developing of sensed data, a sensed data memory
      which has a plurality of stages therein, sensing-responsive means that
      causes the sensed data from said given pattern to appear on a plurality of
      conductors as logic level signals, said plurality of conductors being
      connected to said plurality of stages in said sensed data memory and
      thereby enabling said logic level signals to be applied to and stored
      within said plurality of stages in said sensed data memory, a
      pre-programmed means that can develop pattern-recognition data
      corresponding to said given pattern on said document, said
      pattern-recognition data being developed by said pre-programmed means in a
      manner which permits said pattern-recognition data to be read in a
      predetermined sequence which is the same sequence in which said sensed
      data in said sensed data memory is read, said pattern-recognition data
      being developed by said pre-programmed means in the form of logic level
      signals, a comparing means, further means to effect a plurality of
      succeeding comparisons by said comparing means of the nature of said
      sensed data which corresponds to said given pattern and which is
      sequentially read from said sensed data memory in the form of logic level
      signals with said pattern recognition data which is sequentially developed
      by said pre-programmed means in the form of logic level signals, and
      additional means to prevent validation of said document if, during any of
      said plurality of succeeding comparisons by said comparing means, of said
      sensed data corresponding to said given pattern, any of said sensed data
      which is sequentially read from said sensed data memory fails to
      correspond in nature and in sequence with said pattern-recognition data
      that is sequentially developed by said pre-programmed means.
NUM  21.
PAR  21. A validator which comprises a sensing means that can sense a given
      pattern on a document and develop a signal, a circuit that receives said
      signal and that will develop an output signal if said given pattern has a
      predetermined nature, means that responds to said output signal from said
      circuit to develop predetermined pattern-recognition data, pre-programmed
      means that can develop predetermined comparative pattern-recognition data,
      and comparing and processing circuitry which compares said predetermined
      comparative pattern-recognition data with said pattern-recognition data
      that said means develops in response to an output signal from said circuit
      and which helps produce a validation signal if a proper comparison is
      obtained, said validator responding to the sensing of said given pattern
      by said sensing means to perform the dual functions of developing a signal
      corresponding to said given pattern and also of causing said comparing and
      processing circuitry to initiate the comparing and processing of said
      pattern-recognition data developed by said means with said predetermined
      comparative pattern-recognition data developed by said pre-programmed
      means, said pattern-recognition data which said means develops in response
      to an output signal from said circuit being stored temporarily within a
      memory, said pattern-recognition data which said means develops in
      response to an output signal from said circuit including a plurality of
      signals, said predetermined comparative pattern-recognition data developed
      by said pre-programmed means including a plurality of further signals, and
      said comparing and processing circuitry comparing corresponding ones of
      the first said plurality of signals with corresponding ones of said
      plurality of further signals a predetermined plural number of times in
      response to the sensing of said given pattern, and the comparisons of said
      ones of the first said plurality of signals and of said plurality of
      further signals being made sequentially at predetermined time intervals.
NUM  22.
PAR  22. A validator which comprises sensing means that scans a plurality of
      patterns on a document in a pre-determined sequence to effect the
      developing of sensed data, a pre-programmed memory which contains
      pre-programmed data corresponding to said plurality of patterns on said
      document, said pre-programmed data being stored within said pre-programmed
      memory in a manner which permits said pre-programmed data to be read in
      the same sequence in which the corresponding patterns on said document are
      scanned by said sensing means, a comparing means, further means to effect
      sequential comparing by said comparing means of the nature of said sensed
      data, obtained during the sensing of said patterns by said sensing means,
      with said pre-programmed data sequentially read from said pre-programmed
      memory, and additional means to effect validation of said document if said
      sensed data obtained during the sensing of said patterns by said sensing
      means corresponds in nature and in sequence with said pre-programmed data
      within said pre-programmed memory, any patterns on said document
      representing different values being defined by differently spaced-apart
      lines, said sensing means developing signals having different frequencies
      corresponding to the spacing of said differently spaced-apart lines,
      frequency detectors which respond to said signals to help develop said
      sensed data, said frequency detectors being made in the form of printed
      circuits on removable circuit boards, and said validator being enabled to
      accept documents whereon said patterns have been transposed by making a
      corresponding transposition in the positions of said removable circuit
      boards.
NUM  23.
PAR  23. A validator which comprises sensing means that scans a plurality of
      patterns on a document in a pre-determined sequence to effect the
      developing of sensed data, a pre-programmed memory which contains
      pre-programmed data corresponding to said plurality of patterns on said
      document, said pre-programmed data being stored within said pre-programmed
      memory in a manner which permits said pre-programmed data to be read in
      the same sequence in which the corresponding patterns on said document are
      scanned by said sensing means, a comparing means, further means to effect
      sequential comparing by said comparing means of the nature of said sensed
      data, obtained during the sensing of said patterns by said sensing means,
      with said pre-programmed data sequentially read from said pre-programmed
      memory, and additional means to effect validation of said document if said
      sensed data obtained during the sensing of said patterns by said sensing
      means corresponds in nature and in sequence with said pre-programmed data
      within said pre-programmed memory, said sensing means sensing a further
      plurality of patterns on said document in a predetermined sequence to
      effect the developing of further sensed data, said pre-programmed memory
      containing further pre-programmed data corresponding to said further
      plurality of patterns on said document, said further pre-programmed data
      being stored within said pre-programmed memory in a manner which permits
      said further pre-programmed data to be read in the same sequence in which
      the corresponding patterns of said further plurality of patterns on said
      document are sensed by said sensing means, said further means effecting
      sequential comparing by said comparing means of the nature of said further
      sensed data, obtained during the sensing of said patterns of said further
      plurality of patterns by said sensing means, with said further
      pre-programmed data sequentially read from said pre-programmed memory,
      utilization means to develop a utilization signal if said further sensed
      data obtained during the sensing of said patterns of said further
      plurality of patterns by said sensing means corresponds in nature and in
      sequence with said further pre-programmed data within said pre-programmed
      memory, an inhibiting circuit that inhibits said utilization means during
      said comparing of the first said sensed data, obtained during the sensing
      of the first said patterns by said sensing means, with the first said
      pre-programmed data sequentially read from said pre-programmed memory, and
      said inhibiting circuit inhibiting said additional means during said
      comparing of said further sensed data, obtained during the sensing of said
      patterns of said further plurality of patterns by said sensing means, with
      said further pre-programmed data sequentially read from said
      pre-programmed memory.
NUM  24.
PAR  24. A validator which comprises sensing means that scans a plurality of
      patterns on a document in a pre-determined sequence to effect the
      developing of sensed data, a pre-programmed memory which contains
      pre-programmed data corresponding to said plurality of patterns on said
      document, said pre-programmed data being stored within said pre-programmed
      memory in a manner which permits said pre-programmed data to be read in
      the same sequence in which the corresponding patterns on said document are
      scanned by said sensing means, a comparing means, further means to effect
      sequential comparing by said comparing means of the nature of said sensed
      data, obtained during the sensing of said patterns by said sensing means,
      with said pre-programmed data sequentially read from said pre-programmed
      memory, and additional means to effect validation of said document if said
      sensed data obtained during the sensing of said patterns by said sensing
      means corresponds in nature and in sequence with said pre-programmed data
      within said pre-programmed memory, said sensing means sensing a further
      plurality of patterns on said document in a predetermined sequence to
      effect the developing of further sensed data, said pre-programmed memory
      containing further pre-programmed data corresponding to said further
      plurality of patterns on said document, said further pre-programmed data
      being stored within said pre-programmed memory in a manner which permits
      said further pre-programmed data to be read in the same sequence in which
      the corresponding patterns of said further plurality of patterns on said
      document are sensed by said sensing means, said further means effecting
      sequential comparing by said comparing means of the nature of said further
      sensed data, obtained during the sensing of said patterns of said further
      plurality of patterns by said sensing means, with said further
      pre-programmed data sequentially read from said pre-programmed memory,
      utilization means to develop a utilization signal if said further sensed
      data, obtained during the sensing of said patterns of said further
      plurality of patterns by said sensing means, corresponds in nature and in
      sequence with said further pre-programmed data within said pre-programmed
      memory, an inhibiting circuit that inhibits said utilization means during
      said comparing of the first said sensed data, obtained during the sensing
      of the first said patterns by said sensing means, with the first said
      pre-programmed data sequentially read from said pre-programmed memory,
      said inhibiting circuit inhibiting said additional means during said
      comparing of said further sensed data, obtained during the sensing of said
      patterns of said further plurality of patterns by said sensing means, with
      said further pre-programmed data sequentially read from said
      pre-programmed memory, and a pre-programmed means which causes said
      inhibiting circuit to inhibit said utilization means and said additional
      means in a predetermined sequence, whereby said additional means can
      effect validation of a document and said utilization means can develop
      said utilization signal only if the patterns on such document enable said
      sensing means to develop sensed data which corresponds in nature and in
      sequence with said pre-programmed data within said pre-programmed memory
      and only if said further sensed data obtained during the sensing of some
      of such patterns corresponds in nature and in sequence with said further
      pre-programmed data within said pre-programmed memory.
NUM  25.
PAR  25. A validator which comprises sensing means that can sense a plurality of
      predetermined patterns on a document in a predetermined sequence to effect
      the developing of sensed data, a first recognition circuit to which said
      sensed data is applied, a second recognition circuit to which said sensed
      data is applied, said sensing means responding to one of said
      predetermined patterns on said document to effect the developing of sensed
      data in the form of a signal to which said first recognition circuit will
      respond but to which said second recognition circuit can not respond, said
      sensing means responding to a second of said predetermined patterns on
      said document to effect the developing of sensed data in the form of a
      signal to which said second recognition circuit will respond but to which
      said first recognition circuit can not respond, said sensing means not
      responding to a spurious pattern to develop signals to which either of
      said recognition circuits will respond, said first recognition circuit
      normally having a first logic level signal at the output thereof but
      acting whenever it responds to sensed data corresponding to said one
      predetermined pattern on said document to develop a second logic level
      signal at said output thereof, said second recognition circuit normally
      having a third logic level signal at the output thereof but acting
      whenever it responds to sensed data corresponding to said predetermined
      pattern on said document to develop a fourth logic level signal at said
      output thereof, said recognition circuits always providing two of said
      four logic level signals, pre-programmed means that can not respond to
      just one of said four logic level signals to develop pattern-recognition
      data but that responds to the developing of a predetermined combination of
      two of said four logic level signals to develop predetermined
      pattern-recognition data and that reponds to the developing of a second
      and different predetermined combination of two of said four logic level
      signals to develop a second and different predetermined
      pattern-recognition data, said pre-programmed means sensing the sequence
      in which the first said predetermined pattern-recognition data and said
      second and different predetermined pattern-recognition data were developed
      and thereby indicating the sequence in which said one predetermined
      pattern on said document and said second predetermined pattern on said
      document were sensed, and further means responsive to the indication
      provided by said pre-programmed means to indicate whether the sequence of
      sensing of said one predetermined pattern on said document and of said
      second predetermined pattern on said document correspond to the sequence
      of sensing of corresponding patterns on a valid and acceptable document.
NUM  26.
PAR  26. A validator which comprises sensing means that can sense a plurality of
      predetermined patterns on a document in a predetermined sequence to effect
      the developing of sensed data, a first recognition circuit to which said
      sensed data is applied, a second recognition circuit to which said sensed
      data is applied, said sensing means responding to one of said
      predetermined patterns on said document to effect the developing of sensed
      data in the form of a signal to which said first recognition circuit will
      respond but to which said second recognition circuit can not respond, said
      sensing means responding to a second of said predetermined patterns on
      said document to effect the developing of sensed data in the form of a
      signal to which said second recognition circuit will respond but to which
      said first recognition circuit can not respond, said sensing means not
      responding to a spurious pattern to develop signals to which either of
      said recognition circuits will respond, said first recognition circuit
      normally having a first logic level signal at the output thereof but
      acting whenever it responds to sensed data corresponding to said one
      predetermined pattern on said document to develop a second logic level
      signal at said output thereof, said second recognition circuit normally
      having a third logic level signal at the output thereof but acting
      whenever it responds to sensed data corresponding to said second
      predetermined pattern on said document to develop a fourth logic level
      signal at said output thereof, said recognition circuits always providing
      two of said four logic level signals, pre-programmed means that senses the
      sequence in which the first said predetermined pattern-recognition data
      and said second and different predetermined pattern-recognition data were
      developed and thereby indicating the sequence in which said one
      predetermined pattern on said document and said second predetermined
      pattern on said document were sensed, and further means responsive to the
      indication provided by said pre-programmed means to indicate whether the
      sequence of sensing of said one predetermined pattern on said document and
      of said second predetermined pattern on said document correspond to the
      sequence of sensing of corresponding patterns on a valid and acceptable
      document, any patterns of said plurality of predetermined patterns on said
      document which have different values being defined by differently
      spaced-apart lines, said sensing means developing signals having different
      frequencies corresponding to different spacings of said differently
      spaced-apart lines, said first recognition circuit including a frequency
      detector which responds to said sensed data to develop at least one of
      said logic level signals, said second recognition circuit including a
      second frequency detector which responds to said sensed data to develop at
      least another of said logic level signals, said frequency detectors having
      the form of printed circuits on removable circuit boards, and said
      validator being enabled to accept documents wherein the patterns thereon
      have been transposed by making a corresponding transposition in the
      positions of said removable circuit boards.
NUM  27.
PAR  27. A validator which comprises a sensor, a frequency detector, a second
      frequency detector, means connecting the output of said sensor to both of
      said frequency detectors, said sensor responding to a predetermined
      authentic pattern on an authentic document to develop a frequency to which
      one of said frequency detectors will respond but to which the other of
      said frequency detectors will not respond, said sensor responding to a
      second predetermined authentic pattern on said authentic document to
      develop a frequency to which another of said frequency detectors will
      respond but to which said one of said frequency detectors will not
      respond, said sensor not responding to a spurious pattern to develop
      signals to which either of said frequency detectors will respond, the
      first said frequency detector normally having a first signal at the output
      thereof but acting whenever it responds to an acceptable frequency that is
      applied to the input thereof to develop a second signal at said output
      thereof, said second frequency detector normally having a third signal at
      the output thereof but acting whenever it responds to a proper frequency
      that is applied to the input thereof to develop a fourth signal at said
      output thereof, pre-programmed means which responds to the developing of
      said second signal and to the continuing existence of said third signal to
      indicate that the first said frequency detector has responded to said
      output of said sensor to determine that an acceptable frequency has been
      applied to said input of said first said frequency detector and that said
      second frequency detector has determined that an acceptable frequency has
      not been supplied to said input of said second frequency detector, said
      pre-programmed means responding to the developing of said fourth signal
      and to the continuing existence of said first signal to indicate that said
      second frequency detector has responded to said output of said sensor to
      determine that an acceptable frequency has been supplied to said input of
      said second frequency detector and that said first said frequency detector
      has determined that an acceptable frequency has not been applied to said
      input of said first said frequency detector, a comparing means, further
      means enabling said comparing means to determine whether the sensing of a
      document by said sensor has caused the signals at said output of the first
      said frequency detector to cause said pre-programmed means to indicate
      that an acceptable frequency has been applied to said input of said first
      said frequency detector, said further means also enabling said comparing
      means to determine whether the sensing of said document by said sensor has
      caused the signals at said output of said second frequency detector to
      cause said pre-programmed means to indicate that an acceptable frequency
      has been applied to said input of said second frequency detector, said
      further means also enabling said comparing means to indicate which of said
      frequency detectors responded to said sensing of said authentic document
      by said sensor to change the signal at said output thereof, and
      selection-indicating means which coacts with said further means to
      determine the sequence in which the first said predetermined authentic
      pattern and said second predetermined authentic pattern on said authentic
      document were sensed by said sensor and thereby indicates which of a
      plurality of selections is desired.
NUM  28.
PAR  28. A validator which comprises sensing means that can sense a plurality of
      predetermined patterns on a document in a predetermined sequence to effect
      the developing of sensed data, a first recognition circuit to which said
      sensed data is applied, a second recognition circuit to which said sensed
      data is applied, said sensing means responding to one of said
      predetermined patterns on said document to effect the developing of sensed
      data in the form of a signal to which said first recognition circuit will
      respond but to which said second recognition circuit can not respond, said
      sensing means responding to a second of said predetermined patterns on
      said document effect the developing of sensed data in the form of a signal
      to which said second recognition circuit will respond but to which said
      first recognition circuit can not respond, said sensing means not
      responding to a spurious pattern to develop signals to which either of
      said recognition circuits will respond, said first recognition circuit
      normally having a first logic level signal at the output thereof but
      acting whenever it responds to sensed data corresponding to said one
      predetermined pattern on said document to develop a second logic level
      signal at said output thereof, said second recognition circuit normally
      having a third logic level signal at the output thereof but acting
      whenever it responds to sensed data corresponding to said second
      predetermined pattern on said document to develop a fourth logic level
      signal at said output thereof, said recognition circuits always providing
      two of said four logic level signals, pre-programmed means sensing the
      sequence in which the first said predetermined pattern-recognition data
      and said second and different predetermined pattern-recognition data were
      developed and thereby indicating the sequence in which said one
      predetermined pattern on said document and said second predetermined
      pattern on said document were sensed, further means responsive to the
      indication provided by said pre-programmed means to indicate whether the
      sequence of sensing of said one predetermined pattern on said document and
      of said second predetermined pattern on said document correspond to the
      sequence of sensing of corresponding patterns on a valid and acceptable
      document, and selection-indicating means which responds to the sensing of
      additional patterns on said document by said sensing means to determine
      the sequence in which said additional patterns were sensed by said sensing
      means, and thereby indicates the particular selection that is desired.
NUM  29.
PAR  29. A validator which comprises sensing means that can sense a plurality of
      predetermined patterns on a document in a predetermined sequence to effect
      the developing of sensed data, a first recognition circuit to which said
      sensed data is applied, a second recognition circuit to which said sensed
      data is applied, said sensing means responding to one of said
      predetermined patterns on said document to effect the developing of sensed
      data in the form of a signal to which said first recognition circuit will
      respond but to which said second recognition circuit can not respond, said
      sensing means responding to a second of said predetermined patterns on
      said document to effect the developing of sensed data in the form of a
      signal to which said second recognition circuit will respond but to which
      said first recognition circuit can not respond, said sensing means not
      responding to a spurious pattern to develop signals to which either of
      said recognition circuits will respond, said first recognition circuit
      normally having a first logic level signal at the output thereof but
      acting whenever it respond to sensed data corresponding to said one
      predetermined pattern on said document to develop a second logic level
      signal at said output thereof, said second recognition circuit normally
      having a third logic level signal at the output thereof but acting
      whenever it responds to sensed data corresponding to said second
      predetermined pattern on said document to develop a fourth logic level
      signal at said output thereof, said recognition circuits always providing
      two of said four logic level signals, preprogrammed means which responds
      to signals that are developed in response to the sensing of a given first
      of said predetermined patterns on said document and which responds to
      next-succeeding signals that are developed in response to the sensing of a
      given second of said predetermined patterns to provide an indication that
      an authentic document having authentically oriented predetermined patterns
      thereon was sensed, said preprogramming means indicating than an authentic
      document having authentically-oriented predetermined patterns thereon was
      not sensed if it receives signals that are developed in response to the
      sensing of said given first of said predetermined patterns on said
      document and to the sensing of said given second of said predetermined
      patterns but receives signals corresponding to a third pattern after it
      receives said signals that are developed in response to the sensing of
      said given first of said predetermined pattern on said document but before
      it receives said signals that are developed in response to the sensing of
      said given second of said predetermined patterns, said pre-programmed
      means being conditioned, as a result of the sensing of said given first of
      said predetermined patterns, to anticipate the sensing of said given
      second of said predetermined patterns.
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ABST
PAL  Frame location system for microfilm retrieval system. Frame address of
      desired frame is stored in first reversible counter having maximum count
      greater than the maximum possible number of frames in a roll of microfilm.
      Frame address of frame currently being viewed is stored in second
      reversible counter of same count capacity. A burst of pulses equal to
      capacity of both counters causes both to count up. First counter to
      overflow gates burst pulses into third reversible counter. Second counter
      to overflow terminates count in third counter. As microfilm moves, optical
      sensors sense frame identifying "blips" on microfilm thereby reducing
      count in third counter and slowing film to halt when desired frame is in
      position at viewing station.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  Broadly speaking, this invention relates to frame location for a strip
      record medium retrieval system. More particularly, this invention relates
      to a frame location system for use with a microfilm retrieval system and
      is particularly useful in presenting a selected frame on a microfilm strip
      or reel to a predetermined station, such as a viewing station.
PAR  B. Discussion of the Prior Art
PAR  As known to those skilled in the microfilm retrieval art, a typical
      microfilm retrieval system includes apparatus for storing or housing a
      plurality of microfilm reels or strips and for presenting or delivering a
      selected microfilm reel or strip to a viewing station where the strip or
      film is unreeled and the documents are presented for viewing. Typically,
      each microfilm reel or strip has a plurality of frames thereon in which
      documents, or portions of documents, are recorded by the microfilming
      process. Each frame on each microfilm strip or reel is identified by what
      is generally referred to in the art as an "address," typically the
      numerical sequence or chronological order in which the frame appears on
      the microfilm. The frames and, hence, the documents recorded thereon are
      typically located by counting the frames.
PAR  In general, the frames are counted by means of frame or document indicia
      which are associated with the frames, and hence the documents, in a
      predetermined manner and which indicia are typically opaque to light
      whereby they may be sensed and counted by photodetectors. These frame or
      document position marks are typically referred to by those skilled in the
      art as "blips." Thus, for example, a microfilm strip having 10,000 frames
      thereon would have the frames numbered beginning with 0000 and ending with
      9999 and frame address 6000 would be the address of the six-thousandth
      frame (and hence any document recorded thereon) appearing chronologically
      on the microfilm strip or reel. Accordingly, documents are typically
      retrieved and presented to a viewing station by selecting the numerical
      address of the frame in which the document is recorded on the microfilm
      strip or reel.
PAR  Numerous frame location systems for microfilm retrieval systems are known
      to the prior art; however, such prior art frame location systems are
      exceedingly complex and expensive and generally include inherent operating
      limitations which render them highly specialized for a particular purpose
      and thereby unsuitable for general commercial use. For example, the
      electronic, high-speed, strip record accessing control circuitry disclosed
      in U.S. Pat. No. 3,435,310 to E. F. Bradley, has the operating limitation
      that the strip record medium must have indicia or documents recorded
      thereon at predetermined intervals proportional to the increments to be
      accessed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a frame location system which is
      comparatively non-complex and inexpensive and which is of general
      commercial utility and does not include the above-noted inherent
      limitations with regard to the typical specialization of prior art frame
      location systems.
PAR  The gist of inventive concept of the present invention, and by way of
      example, is the utilization of the limited or maximum count capacity of a
      plurality of counters to provide a count which is indicative of the
      difference between the address of the frame last presented to the viewing
      station and the address of the selected frame next desired to be presented
      at the viewing station. Then, in accordance with this difference signal, a
      signal is generated to move the microfilm so that the desired frame
      appears at the viewing station.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially diagrammatic view of a typical microfilm strip;
PAR  FIG. 2 is a diagrammatic illustration of the manner in which the microfilm
      strip is moved past a viewing station and the blips associated with the
      frames are sensed by a photodetector sensing system;
PAR  FIGS. 3 and 4, when FIG. 4 is assembled immediately to the right of FIG. 3,
      are a block diagrammatic schematic of an illustrative embodiment of the
      frame location system of the present invention;
PAR  FIG. 5 is a block diagram schematic of an illustrative logic arrangement
      for providing positive and negative direction command signals to either
      advance or retract the microfilm strip past the viewing station;
PAR  FIG. 6 is a block diagram schematic of an illustrative search counter,
      including a self-contained clock generator, for providing the search burst
      outputs; and
PAR  FIG. 7 is a block diagram schematic of an illustrative embodiment of the
      microfilm drive voltage generator.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 depicts a portion of a typical microfilm 10, for example, of a type
      that may advantageously be employed within the microfilm retrieval system
      according to the present invention. As shown in FIG. 1, microfilm 10
      comprises a transparent base 11, for example of cellulose acetate, having
      a plurality of document records 12 photographically, or otherwise,
      recorded on successive frames thereof. A reference mark or blip 13 is
      positioned proximate each frame or document in the film to assist in the
      identification and retrieval thereof, as will be more fully explained
      hereinbelow. Normally, each of the blips 13 comprises an opaque region on
      a transparent field, i.e. the film base 11, but the invention is not so
      limited and the blips may equally well comprise transparent regions on an
      opaque field, regions of magnetized material, notches or apertures in the
      film, etc., etc.
PAR  FIG. 2 illustrates a well-known system for transporting a microfilm under
      examination past a viewing station and for sensing the frame-identifying
      blips carried by the microfilm.
PAR  As shown, this transport system 20 comprises a take-up motor 21 and a
      rewind motor 22 respectively mounting the microfilm take-up and supply
      spools 23 and 24. A viewing station 26 is positioned intermediate rewind
      motor 22 and take-up motor 21. A light source 27, for example, an
      incandescent bulb, and a condensor lens assembly 28 direct light onto the
      microfilm to permit visual display of the frame currently in the viewing
      station by means of a conventional projection lens and screen (not shown).
PAR  For use with the microfilm retrieval system disclosed herein, the
      conventional transport system above-described is supplemented by a pair of
      photodetectors 32 and 33 each comprising, for example, a photocell or a
      photodiode. A projection lens 31 is positioned such that it images onto
      photodetectors 32 and 33 that portion of the microfilm 10 that carries the
      frame-identifying blips 13. The outputs of photodetectors 32 and 33 are
      connected to a conventional amplifying and logic circuit 34 having first
      and second outputs on conductors 36 and 37, respectively. The signal on
      conductor 36, denominated the positive blip sense signal comprises a
      series of electrical pulses which correspond to the passage of blips 13
      past viewing station 26, when said blips are travelling in the positive
      direction, i.e. when the microfilm is travelling from supply spool 24 to
      take-up spool 23. A similar signal, the negative blip sense signal will be
      generated on conductor 37 when the microfilm is being rewound onto supply
      spool 24.
PAR  A tachometer 35, mechanically coupled to and driven by take-up motor 21, is
      also provided. Tachometer 35 includes an integral d.c. generator and,
      thus, generates a d.c. voltage which is proportional to the rate at which
      the take-up spool 23 is being rotated by motor 21. Of course, when rewind
      motor 22 is energized, the polarity of the d.c. signal developed by
      tachometer 36 will also reverse since the tachometer will then be running
      in the opposite direction.
PAR  FIGS. 3 and 4, read together, illustrate in block diagram form the
      circuitry required to locate a given frame from the blip sense signals
      present on conductors 36 and 37. As shown, the circuitry includes a first
      "up-down" counter 41 hereafter referred to as the Address Counter. The
      "down"-count input to Address Counter 41 comprises the negative blip sense
      signal from circuit 34 on conductor 37, while the "up"-count input is
      connected to the output of a first OR-gate 42 having one input thereof
      connected to the positive blip sense signal on conductor 36. Thus, Address
      Counter 41 will either count up or count down, depending upon the
      direction of travel of microfilm 11. The overflow from counter 41 on
      conductor 43 is connected to a first control input of a logic circuit 44,
      the operation and construction of which will be described in detail later.
      Address counter 41, which may comprise, for example, an integrated circuit
      such as a type SN 74193, must, of course, have a counting capacity which
      is commensurate with the number of documents stored on a given reel of
      microfilm. In the illustrative embodiment, each reel of microfilm
      comprises approximately 10,000 records (Frame Nos. 0000 through 9999).
      Accordingly, counter 41 must be able to count up to 10,000 before
      generating an overflow signal on conductor 43.
PAR  A second up-down counter 45, hereafter referred to as the Command Counter,
      has its up-count input connected to the output of a second OR-gate 46.
      OR-gate 46 has one of its inputs connected, via a conductor 47, to a
      manually-operated "frame advance" push-button (not shown) which when
      operated advances the microfilm past the viewing station one frame at a
      time. The down-count input to Command Counter 45 on conductor 48 is
      similarly connected to a second, manually-operated "frame back-up"
      push-botton so that the microfilm may be rewound one frame at a time. The
      overflow output of counter 45, on conductor 49, is connected to a second
      control input of logic circuit 44. Command counter 45 is further provided
      with a plurality of input conductors 50.sub.1 -50.sub.n, a total of 16 in
      the illustrative embodiment, which permit manual entry, for example by
      pushbottons or rotary switches (not shown), of the binary equivalent of
      the particular microfilm frame number desired to be viewed. A
      corresponding input to Address Counter 41 is used to reset the count
      therein to zero. It is also essential that Command Counter 45 have the
      same counting capability as Address Counter 41, 10,000 counts in the
      illustrative embodiment.
PAR  The other inputs to OR-gates 42 and 46 are connected, via conductor 51, to
      the output of an up-counter 52, which output is also connected to the
      input of logic circuit 44 via conductor 53. Counter 52, hereafter called
      the Search Counter, must also have the same counting capability as
      counters 41 and 45 and, when activated by a start search command on
      conductor 54, for example from another manually operated push-button (not
      shown), feeds a burst of pulses into the up-count inputs of Command
      Counter 45 and Address Counter 41. In the illustrative embodiment there
      will be 10,000 pulses in each such search burst from counter 52.
PAR  When logic circuit 44 is open, the burst of pulses on conductor 53 from
      Search Counter 52 is fed into the up-count input of a third up-down
      counter 61, via a conductor 62. Counter 61, hereinafter referred to as the
      Difference Counter, must have a counting capacity at least as great as the
      capacity of counters 41, 45 and 52 for, as will be explained below,
      Difference Counter 61 stores the magnitude of the difference between the
      count stored in counters 41 and 45. In the illustrative embodiment, this
      difference can reach a maximum value of 10,000. Thus, counter 61 must have
      a count capacity of at least 10,000 but it can have more, if desired.
PAR  Logic gate circuit 44, which is normally closed, opens to permit search
      pulses from counter 52 to increment counter 61 under two different circuit
      conditions. The first condition occurs when there is an overflow signal
      present on conductor 49. A subsequent overflow signal occurring on
      conductor 43 will reclose gate 44 and terminate the incrementing of the
      count in counter 61. Under these circumstances a signal, hereinafter
      called the positive direction command signal, will be generated by logic
      circuit 44 on a conductor 63.
PAR  The second circuit condition occurs when an overflow signal is present on
      conductor 43. This also will open logic circuit 44. A subsequent overflow
      signal on conductor 49 will then close logic circuit 44. Under these
      circumstances, logic circuit 44 will generate a negative direction command
      signal on a conductor 64. Difference Counter 61 also includes a reset
      input to reset the count therein to zero and a down-count input which is
      connected, via an OR-gate 66, to conductors 36 and 37.
PAR  The operation of this portion of the circuit will now be explained in
      detail. The address of the microfilm frame which the viewer desires to see
      is first loaded into Command Counter 45, via the input conductors 50.sub.1
      -50.sub.n. Assume that frame 1763 is the desired frame. Address Counter 41
      contains the address of the frame currently being viewed or, if the
      microfilm has just been loaded into the viewing machine, the zero count
      priorly established therein by the reset pulse. Assume this to be the case
      for this illustrative example. When a start search signal is received, via
      conductor 54, Search Counter 52 will commence the transmission of a burst
      of 10,000 pulses to the up-count inputs of Command Counter 45 and Address
      Counter 41. Accordingly, both counters will begin to count upwards. When
      the count in counter 45 reaches 9999 an overflow signal will appear on
      conductor 49, which signal will open logic circuit 44 and permit pulses
      from counter 52 to increment the count in counter 61, which, of course,
      had priorly been reset to an initial count of 0000.
PAR  Subsequently, when the count in Address Counter 41 reaches 9999, the
      overflow signal on conductor 43 will close logic circuit 44, thus,
      terminating the incrementing of Difference Counter 61. Counter 61 will now
      have stored therein a count of 1763, which represents the difference
      between the desired frame address of 1763 and the current frame address of
      0000. At the same time, logic circuit 44 will generate an output signal or
      lead 63 which indicates that the direction of film travel which is
      necessary to move the microfilm so that frame 1763 will be positioned in
      front of the viewing station is positive, that is to say from supply reel
      to take-up reel.
PAR  How the microfilm is moved to the desired frame will also be explained in
      detail below. Assume, for the purposes of this explanation, that it has
      been so moved and that frame 1763 is now positioned within the viewing
      station. The blip sense pulses on conductor 36 will, of course,
      continually advance the count in counter 41 as each blip is detected by
      the photodetectors, until the count has increased by 1763 blips from 0000
      to 1763.
PAR  Assume further that the operator, having viewed frame 1763, now wishes to
      view frame 1522 and, accordingly, inputs that number into Command Counter
      45. Counter 41 is currently storing a count of 1763, corresponding to the
      frame address of the currently viewed frame. Immediately after the desired
      frame address has been loaded into Command Counter 45, conventional pulse
      circuitry (not shown) generates a "search execute" pulse. The leading edge
      of this pulse is sensed and used to reset the count in Difference Counter
      61 to zero. The trailing edge of the execute pulse is also detected and
      starts the count in Search Counter 52. Since the count in counter 41 is
      now greater than the count in counter 45, the first overflow signal will
      appear on conductor 43 and this overflow signal will open logic circuit
      44. Subsequently, counter 45 will also overflow and, as before, Difference
      Counter 61 will store the difference between the two counts, that is 241 =
      1763 - 1522. Because counter 41 overflowed prior to counter 45, logic
      circuit 44 will generate a minus direction command, on conductor 64,
      indicating that the microfilm must be run backwards, i.e. from the take-up
      spool back onto the supply spool. When this is done, the negative blip
      sense signals on conductor 37 will decrease the count on Address Counter
      41 by 241 blips, i.e. from 1763 to 1522 so that Address Counter 41 once
      again correctly stores the address of the frame currently positioned in
      the viewing station.
PAR  As shown in FIG. 3, a Film Drive Generator 71 is connected to, and driven
      by, the outputs 72, -72.sub.n of Difference Counter 61. Generator 71, to
      be described in detail below, generates a voltage which is proportional to
      the count in counter 61 and this voltage is utilized to drive the take-up
      and rewind motors in the appropriate directions. The output from Drive
      Generator 71, on conductor 73, is applied to one input of a first
      transmission-gate 74 and, via a unity-gain operational amplifier 76 acting
      as an inverter, to the corresponding input of a second transmission-gate
      77. First transmission-gate 74 receives as its enabling input the positive
      direction command signal from logic circuit 44 on conductor 63, while
      second transmission-and gate 77 similarly receives the negative direction
      command signal on conductor 64.
PAR  The outputs from transmission-gates 74 and 77 are connected, via a
      conductor 78, to a summing resistor 79, thence to the input of a high-gain
      operational amplifier 81. The output from tachometer 35 (FIG. 1) is also
      connected to the input of amplifier 81, via a second summing resistor 82.
      The output of amplifier 81 is connected, via a protective diode 83, to the
      input of a first power amplifier 84 which supplies the power necessary to
      drive take-up motor 21. The output of amplifier 81 is also connected, via
      an inverting operational amplifier 86 and a second protective diode 87, to
      the input of a second power amplifier 88 which supplies the power
      necessary to drive rewind motor 22.
PAR  As soon as logic circuit 44 terminates the count in Difference Counter 61,
      that is, when Difference Counter 61 is storing the difference between the
      actual frame address and the desired frame address, Film Drive Generator
      71 develops a voltage which is proportional to the magnitude of the count
      stored therein. Assume that the count in Command Counter 45 is greater
      than the count in Address Counter 41, i.e., that the microfilm must be
      advanced from the supply spool onto the take-up spool. As previously
      discussed, under these circumstances there will be a positive direction
      command signal on conductor 63 and this signal will enable
      transmission-gate 74 permitting the film velocity command voltage on
      conductor 73 to drive take-up motor 21 in the forward direction
      (clockwise).
PAR  Initially, the film transport is at rest and the output voltage from
      tachometer 35 will be zero. Thus, the voltage applied to the motor drive
      power amplifiers will be at its maximum level and the drive motor will
      rapidly accelerate the microfilm. However, as the film picks up speed, the
      output voltage from tachometer 35 will increase. This voltage is opposite
      in polarity to the voltage on conductor 73 and, when summed therewith in
      resistors 79 and 82, tends to reduce the voltage applied to the input of
      the power amplifiers. If the takeup motor 21 is running at the precise
      speed dictated by the command voltage, then the output of amplifier 81
      will be reduced to zero. In general, however, there will always be a
      residual error signal which is just sufficient to drive the film transport
      system at the commanded velocity or close to it.
PAR  In the illustrative embodiment, the total time taken to generate the search
      burst is in the order of 15 milliseconds, of which, in general, no more
      than 5 milliseconds are needed to enter the count into the Difference
      Counter. Because of the mechanical inertia in the transport system, the
      film will not have had time to begin moving and there will, thus, be no
      blip pulses generated on either conductor 36 or 37 until after the search
      count has been completed.
PAR  As the film begins to move, however, photodetectors 32 and 33 start to
      detect the presence of blips on the microfilm and the signals on
      conductors 36 or 37 begin to decrement the count in Difference Counter 61
      and, depending upon the direction of film travel, to either increment or
      decrement the count in Address Counter 41.
PAR  As the count in Difference Counter 61 falls, so does the output voltage
      from Film Drive Generator 71. This, in turn, slows the rate at which the
      film is advanced through the transport mechanism and when the count in
      Difference Counter 61 has been reduced to zero, the desired frame will be
      positioned in the viewing station. When the count in Address Counter 41 is
      greater than the count loaded into Command Counter 45, the negative
      direction command signal on conductor 64 will enable transmission gate 77
      and the signal on conductor 73, inverted by amplifier 76, will drive the
      rewind motor in the reverse direction. Otherwise, the operation of the
      circuitry is entirely analagous.
PAR  Advantageously, the output voltage from Film Drive Generator 71 is not
      directly proportional to the count in Difference Counter 61.
PAR  As will be explained, to account for the mechanical inertia of the moving
      film, the output voltage from generator 71 is reduced in discrete steps
      when certain specified counts are reached in Difference Counter 61. An
      additional output from Difference Counter 61, on conductor 89, indicates
      when the count stored therein has been reduced to zero. This output is
      used as a reset signal for various circuit elements, including logic
      circuit 44.
PAR  FIG. 5 depicts one illustrative embodiment for the logic circuit 44. As
      shown, this circuitry comprises a first flip-flop 91 having as its set
      input the overflow signal from Command Counter 45 on conductor 49. A
      second flip-flop 92 similarly has as its set input the overflow signal on
      conductor 43 from Address Counter 41. The outputs from flip-flops 91 and
      92 are connected to the inputs of an Exclusive-OR circuit 93 whose output
      is connected to one input of a NAND-gate 96. The other input to NAND-gate
      96 receives the search burst from Search Counter 52, via conductor 53,
      while the output thereof is connected to the up-count input of Difference
      Counter 61 on conductor 62. The output of flip-flop 91 is also connected
      to one input of a NAND-gate 101 the output of which is connected to the
      set input of a third flip-flop 102. In like manner, the output of
      flip-flop 92 is connected to one input of another NAND-gate 103, the
      output of which is connected to the set input of a fourth flip-flop 104.
      The inverted outputs from flip-flops 102 and 104 are connected to another
      NAND-gate 106 whose output drives both inputs of inverter 107. The output
      of inverter 107 is utilized as the other input to NAND-gates 101 and 102.
      The non-inverted output of flip-flop 102 comprises the positive direction
      command signal on conductor 63, while the corresponding output from
      flip-flop 104 comprises the negative direction command on conductor 64.
PAR  In operation, assume that Command Counter 45 overflows before Address
      Counter 41. The overflow signal on conductor 49 will set flip-flop 91
      which, in turn will open Exclusive-OR gate 93. Exclusive-OR gate 93 will
      then enable NAND-gate 96 so that the search burst on conductor 53 will
      pass over conductor 62 to increment the count in Difference Counter 61.
      Since the inverted output from flip-flop 102 and 104 are both "low,"
      NAND-gates 106 and 107 will enable both NAND-gate 101 and NAND-gate 103.
      However, since only flip-flop 91 is set at this time, only gate 101 will
      open, thus setting flip-flop 102. The output of flip-flop 102 will go
      "high," thus generating the positive direction command signal on conductor
      63. At the same time, the inverted output thereof will go low thus
      inhibiting NAND-gate 103 so that when flip-flop 92 is subsequently set by
      an overflow from the Address Counter 41, it will not be possible to set
      flip-flop 104 and generate an erroneous negative direction command signal
      on conductor 64.
PAR  When Address Counter 41 does overflow, flip-flop 92 will be set and the
      second input to Exclusive-OR gate 93 will close NAND-gate 96 thereby
      preventing any further burst pulses from Search Counter 52 from reaching
      the up-count input of Difference Counter 61. When the count in Difference
      Counter 61 is ultimately reduced to zero, i.e. by movement of the
      microfilm to the desired frame address, the reset signal therefrom on
      conductor 89 will re-set flip-flops 102 and 104. Flip-flops 91 and 92, on
      the other hand, are re-set by the start signal applied to Search Counter
      52. The circuitry of FIG. 5 operates in an entirely analogous manner when
      Address Counter 41 overflows prior to Command Counter 49.
PAR  FIG. 6 illustrates an illustrative embodiment for the Search Counter 52
      which includes a clock 111. Clock 111 generates a continuous train of
      pulses which are fed to a NAND gate 112, the output of which is connected
      to a plurality of serially connected binary counter stages 113.sub.1
      -113.sub.4 and also, via conductor 53, to NAND-gate 96 in logic circuit
      44. When a start signal is received on conductor 54, transistors Q.sub.1
      and Q.sub.2 enable NAND-gate 112 permitting clock pulses from clock 111 to
      drive counter stages 113.sub.1 -113.sub.4. When the count in counter
      stages 113.sub.1 -113.sub.4 reaches the desired number, 10,000 in the
      illustrative embodiment, transistors Q.sub.1 and Q.sub.2 disable gate 112,
      thus, preventing any further clock pulses from clock 111 from further
      advancing the count in binary counting stages 113.sub.1 -113.sub.4.
      Conductor 51 which feeds the search burst to OR-gates 42 and 46 (FIG. 1)
      is also connected to the output of NAND-gate 112. In actual operation, the
      counter is disabled when all counting stages are at 0 count, which is the
      reset condition.
PAR  FIG. 7 depicts an illustrative embodiment for the Film Drive Generator 71
      as well as Difference Counter 61. As shown, Difference Counter 61
      comprises a conventional up-down binary counter having four interconnected
      stages 121.sub.1 -121.sub.4. The up-count input of the counter is
      connected to the output of NAND-gate 96 (FIG. 5), via conductor 62, while
      the down-count input is connected to OR-gate 66 (FIG. 1). The generator 71
      includes a resistance ladder network comprising resistors R.sub.1 ,R.sub.2
      ; R.sub.3 ,R.sub.4 ; R.sub.5,R.sub.6 ; and R.sub.7,R.sub.8. Each stage in
      the resistance ladder is connected to the output of a two stage transistor
      amplifier. Transistors Q3 and Q4, when energized, supply current to
      resistors R.sub.1 and R.sub.2 ; transistors Q.sub.5 and Q.sub.6 supply
      current to resistors R.sub.3 and R.sub.4 ; and, so on. Transistors
      Q.sub.1, Q.sub.4, Q.sub.6, Q.sub.8 and Q.sub.10 are gated "on" by means of
      a series of diode gates connected to selected outputs of the stages
      121.sub.1 -121.sub. 4 of the up-down counter. For example, transistor
      Q.sub.10 is controlled by diode D.sub.16, Q.sub.8 by diode D.sub.15,
      Q.sub.6 by diodes D.sub.12, D.sub.13, D.sub.14, Q.sub.4 by diodes D.sub.8,
      D.sub.9, D.sub.10, D.sub.11 and Q.sub.2 by diodes D.sub.1, D.sub.2,
      D.sub.3, D.sub.4, D.sub.5, D.sub.6 and D.sub.7. The summed voltages
      appearing across each stage of the ladder network are amplified by an
      operational amplifier 131 whose output, on conductor 73, is fed to
      AND-gate 74 and inverter 76 in FIG. 1. Transistor Q.sub.2 is, thus,
      controlled by all the outputs of counter stage 121.sub.4 and the three
      most significant outputs of stage 121.sub.3, OR-gated through diodes
      D.sub.1 -D.sub.7. Likewise transistor Q.sub.4 is controlled by the least
      significant output of stage 121.sub.3 and the three most significant
      outputs of counter stage 121.sub.2, OR-gated through diodes D.sub.8 and
      D.sub.11. Transistor Q.sub.6 is controlled by the least significant output
      of counter 121.sub.2 and the two most significant outputs of counter
      121.sub.1, OR-gated through diodes D.sub.12 -D.sub.14. Transistor Q.sub.8
      is controlled by the second least significant output of counter 121.sub.1
      and transistor Q.sub.10 is controlled by the least significant output of
      the entire counter.
PAR  In operation, assume that the search burst on conductor 62 causes the
      counter stages 121.sub.1 -121.sub.4 to count up to 9999. In this
      condition, all of the diodes D.sub.1 -D.sub.16 will be conducting and
      transistors Q.sub.2, Q.sub.4 . . . Q.sub.10 will conduct. Thus, the highly
      stable reference voltage V.sub.REF will supply current to all five stages
      of the resistance ladder and the summed voltage at the input to the
      operational amplifier 131 will attain its maximum value.
PAR  As the count in the counter starts to drop, first diode D.sub.1 will be
      back-biased, then D.sub.2 and so on. When diode D.sub.7 is back-biased,
      transistor Q.sub.2 turns "off," thus turning off transistor Q.sub.3 and
      removing the contribution of resistors R.sub.1 and R.sub.2 to the input of
      amplifier 131. As the count continues to drop, transistor Q.sub.4 will
      turn off, then Q.sub.6, then Q.sub.8 and finally, when the desired frame
      is positioned in the viewing station, Q.sub.10 will turn off.
PAR  As the various transistors associated with the ladder network switch-off
      the output of amplifier 131, that is to say the film velocity command
      voltage, becomes closer and closer to zero, thus, slowing the movement of
      the microfilm and eventually halting it completely. In the illustrative
      embodiment, transistor Q.sub.2 will turn-off when the count drops to 199,
      i.e. when the frame currently positioned in the viewing station is within
      199 frames of the desired frame. Transistor Q.sub.4 will likewise cut-off
      when the count falls to 19, Q.sub.6 when the count falls to 3, Q.sub.8
      when the count falls to 1, and Q.sub.10 when the count falls to zero. When
      this latter event occurs transistors Q.sub.21 and Q.sub.22 will provide a
      reset pulse on conductor 89, as previously discussed.
PAR  It will be apparent that the invention, although described with reference
      to a microfilm retrieval system, is not so limited but may be used with
      equal facility with any strip record medium, such as videotape, motion
      picture film, computer tape, punched paper tape, etc. Further, the
      invention is not limited to reel-to-reel systems but may be used with
      cartridges, cassettes, etc. whether continuous or reel-to-reel within the
      cassette itself.
PAR  One skilled in the art can make various changes to the arrangement of parts
      shown without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A frame location system for use with a strip record medium retrieval
      device of the type that includes means for moving the strip record medium
      past a predetermined station, said strip record medium containing m
      frames, each frame having a unique address, which comprises:
PA1  a first reversible counter having a counting capacity of m pulses for
      storing the address of a selected frame to be moved to said predetermined
      station and generating an overflow signal when the accumulative count
      applied thereto exceeds m;
PA1  a second reversible counter having a counting capacity of m pulses for
      storing the address of the frame presently at said predetermined station
      and generating an overflow signal when the accumulative count applied
      thereto exceeds m;
PA1  a third reversible counter, having a counting capacity of m pulses
      connected to said first and second reversible counter, for determining the
      difference between the addresses stored therein;
PA1  means responsive to the application of a start search command from an
      external source, for generating a burst of m pulses;
PA1  means for connecting the output of said pulse generating means to the
      up-count inputs of said first and second reversible counters to cause said
      counters to overflow;
PA1  logic means, connected to said first and second reversible counters, for
      routing pulses from said burst of pulses to the up-count input of said
      third reversible counter upon receipt of a first overflow signal from
      either said first or said second reversible counter and for terminating
      the same upon receipt of a second overflow signal from either said second
      or said first reversible counter; and
PA1  means, responsive to said address difference, for actuating said strip
      record moving means, whereby said selected frame is presented at said
      predetermined station.
NUM  2.
PAR  2. The system according to claim 1 wherein said logic means includes means
      for generating a first direction command signal if said first reversible
      counter overflows prior to said second reversible counter and a second
      direction command signal if said second reversible counter overflows prior
      to said first reversible counter.
NUM  3.
PAR  3. The system according to claim 2 wherein said strip record moving means
      includes first and second reversible motor means and first and second
      power amplifiers therefor:
PA1  said actuating means comprises voltage generating means, connected to said
      third reversible counter, for generating a voltage proportional to the
      instantaneous count stored therein, and said system further comprises:
PA1  first gating means, opened upon receipt of said first direction command
      signal, for connecting the output of said voltage generating means to the
      power amplifier of said first motor means and, via an inverting amplifier,
      to the power amplifier of said second motor means, whereby said first
      motor means advances said strip record medium in a first direction; and
PA1  second gating means, opened upon receipt of said second direction command
      signal, for connecting the inverted output of said voltage generating
      means via an inverting amplifier to the power amplifier of said second
      motor means, whereby said first and second motor means advance said strip
      record medium in a second direction.
NUM  4.
PAR  4. The system according to claim 3 wherein each frame on said strip record
      medium has associated therewith an identifying indicium, and said system
      further comprises:
PA1  means for detecting the presence of said indicium; and
PA1  means, connected to said detecting means, for determining the direction of
      travel of said indicium past said detecting means, said direction
      determining means producing a first output signal for a first direction of
      travel and a second output signal for the second direction of travel.
NUM  5.
PAR  5. The system according to claim 4 further including means for supplying
      either the first or the second output signal from said direction
      determining means to the down-count input of said third reversible counter
      so that, as said strip record medium is moved to bring said selected frame
      to said predetermined station, the count in said third reversible counter
      is reduced towards zero, thereby reducing the output of said voltage
      generating means towards zero.
NUM  6.
PAR  6. The system according to claim 5 further comprising means for connecting
      the first output signal from said direction determining means to the
      up-count input of said second reversible counter and the second output
      signal from said direction determining means to the down-count input of
      said second reversible counter.
NUM  7.
PAR  7. The system according to claim 6 wherein said strip record medium is a
      microfilm, said indicia comprises opaque regions photographically recorded
      on an edge of said microfilm, proximate each frame thereof, and said
      indicia detecting means includes first and second photodetectors for
      optically sensing the presence of said indicia.
NUM  8.
PAR  8. The system according to claim 7 further comprising:
PA1  means, coupled to and driven by said second motor means, for generating a
      d.c. voltage directly proportional to the speed of rotation thereof; and
PA1  means for summing the output of said d.c. generating means with the output
      of said voltage generating means, after it has been gated through either
      said first or second gating means, thereby to generate an error signal
      tending to maintain said first and second motor means rotating at a speed
      dictated by the magnitude of the output from said voltage generating
      means.
NUM  9.
PAR  9. The system according to claim 7 wherein the output of said voltage
      generating means is non-linear with respect to the count stored in said
      third reversible counter, whereby said microfilm is gradually slowed as
      said selected frame approaches said predetermined station.
NUM  10.
PAR  10. The system according to claim 9 wherein said voltage generating means
      comprises:
PA1  a source of a stable reference potential;
PA1  a resistance ladder network having a plurality of taps thereon;
PA1  a corresponding plurality of amplifier stages, each selectively connecting
      said reference potential to the corresponding tap on said network when
      activated; and
PA1  a corresponding plurality of OR-gates interconnecting selected counts on
      said third reversible counter to corresponding amplifier stages so that as
      the count stored in said third counter is reduced, successive amplifier
      stages disconnect the taps in said network from said reference potential,
      whereby the voltage developed across said network falls in a
      discontinuous, step-wise, non-linear manner.
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ABST
PAL  An information reader for optically reading information recorded in the
      form of an array of aligned embossments on a card, comprising a slit plate
      positioned over a card transport table having two slits, one for directing
      incident light toward the embossed card and the other for leading to a
      light-sensitive element series light which has passed past the first named
      slit and then reflected from a planar surface or raised surface of the
      embossed card. While the information containing card causes reciprocating
      motion on the card transport table at a fixed rate, light passed past the
      last named slit is detected in a storage mode by sequentially scanning the
      multiple light-sensitive elements so that pattern recognition for the
      recorded information is carried out by measuring the detection light.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to an information reading apparatus for
      reading information registered on record mediums such as cards, tapes and
      the like. More particularly, the present invention is directed to means
      for reading characters each having a specific configuration defined by a
      serial array of embossments on a card formed of any suitable material such
      as for example, plastic.
PAR  With the present day development of credit card systems for cashless
      transactions, effort is being expended by industry to develop new and
      improved systems wherein individual cards may be operatively connected in
      an on-line basis to a central computer system and more specifically loaded
      into a certain teller terminal unit in order to provide data necessary for
      the central computer to manipulate these transactions. To implement such
      systems, the concurrent development of excellent credit cards having a
      high degree of reliability and long life and an improved reader which
      automatically reads information registered on a card and converts it to
      any appropriate form accessible directly to computers are required.
PAR  One improved type of the credit card is an embossed card wherein the
      desired number of characters are marked in an array of embossments on a
      plastic sheet. In the past, one way of optically reading each individual
      character on the embossed card is to establish a basic plate having a
      single slit over the surface of the embossed card.
PAR  Light beams passing through the slit at a predetermined angle irradiates
      and scans optically the surface of the card. Reflection light beams
      passing through the same slit are sensed by a series of light-sensitive
      elements to determine from variations in the amount of the reflected light
      beams whether the character embossments are in part present or not.
      However, since irradiation for the card surface and detection of the
      reflection light beams are both by the same slit, there are in practice
      problems associated with the signal-to-noise ratio.
PAR  Accordingly, it is an object of the present invention to provide an
      embossed card reader which can overcome the aforementioned shortcomings of
      the prior art techniques.
PAR  Other objects and further scope of applicability of the present invention
      will become apparent from the detailed description given hereinafter; it
      should be understood, however, that the detailed description and specific
      examples, while indicating preferred embodiments of the invention, are
      given by way of illustration only, since various changes and modifications
      within the spirit and scope of the invention will become apparent to those
      skilled in the art from this detailed description.
PAR  Pursuant to the present invention, the above-mentioned disadvantages may be
      eliminated and an improved information reader can be provided wherein a
      slit plate with a double slit construction is utilized in order to enhance
      the accuracy of the reading of the characters. The information area of the
      embossed card is irradiated and scanned by light beams passed past one of
      the pair of slits. Only light beams reflected on the planar or raised
      surface of the card are allowed to extend over the remaining slit to an
      array of parallel aligned light-sensitive elements. By sequentially
      scanning operations of the light-sensitive elements, each individual
      embossment is detected in a storage mode to recognize characters
      registered on the card.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will become more fully understood from the detailed
      description given hereinbelow and the accompanying drawings which are
      given by way of illustration only, and thus are not limitative of the
      present invention and wherein
PAR  FIGS. 1A and 1B are a plane view and a side view, respectively, of an
      embossed card used with an information reader of the present invention;
PAR  FIGS. 2A and 2B are sectional views of an optically reading arrangement for
      the explanation of the operational principles of the readers embodying the
      present invention;
PAR  FIG. 3 is a plane view of a slit plate used in the arrangement of FIGS. 2A
      and 2B;
PAR  FIG. 4 is a sectional view showing the relation between the slit plate and
      the embossed card;
PAR  FIG. 5 is a graph showing variations in light intensity versus the
      positions of the slit plate;
PAR  FIG. 6 is a plane view of an array of light-sensitive elements relative to
      embossments on a card;
PAR  FIG. 7 is a wiring diagram of the light-sensitive element array;
PAR  FIG. 8 is a time chart of scanning pulses;
PAR  FIG. 9 is a sectional view showing a construction of an embodiment of the
      present invention;
PAR  FIG. 10 is a circuit diagram of a card position detector arrangement; and
PAR  FIG. 11 is a waveform chart showing outputs from light-sensitive elements
      within the arrangement of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1A and 1B, there is illustrated a record medium, for
      example, an embossed credit card 10 of any appropriate material such as
      plastic which includes characters 12 defined by an array of serially
      aligned embossments. The individual characters or numerals marked on the
      credit card 10 has a specific unique configuration, for example, in the
      form of FARRINGTON 7B FONT, normally used in the art. It may be covered
      with desired colors by painting the same with magnetic ink and the like.
PAR  FIGS. 2A and 2B show operational principles of optically reading the
      character area of the embossed card 10 in accordance with the present
      invention. A source of light 20 such as tungsten lamp, a series of
      light-sensitive elements 22 and a slit plate 24 having two slits 241, 242
      together form the optical system. The credit card 10 is positioned below
      the slit plate 24 and the reading of characters is achieved by the
      differentiation between the planar surface 101 and raised surface 102 of
      the credit card 10. Illustrated is only an example wherein detection light
      28 appears when incident light 26 impinges on the planar surface 101.
      Light from the light source 20 is converted through a lens 30 into the
      form of light beam which in turn impinges on the planar surface 101 or the
      raised surface 102 of the card 10 after passing past the first slit 241
      for incident light.
PAR  As illustrated in FIG. 2A, light which strikes on the planar surface 101
      reflects thereon and passes through the second slit 242 as reflected
      light. Another lens 32 has the effects of collecting the reflection light
      on a certain light-sensitive element 22. The reflection light is thus
      converted into electric signals. On the other hand, as illustrated in FIG.
      2B, light which strikes the raised surface 102 does not arrive at the slit
      242 for reflected light and thus does not result in the occurrence of
      electric signals.
PAR  Therefore, the distance l between the card 10 and the slit plate 24 and the
      distance h between the incident light slit 241 and the reflection light
      slit 242 should be chosen such that the reflection light 28 from the
      planar surface 101 is permitted to reach the light-sensitive element 22
      and the counterpart from the raised surface 102 is interrupted and
      accordingly is not permitted to reach the light-sensitive element. This
      system provides simple and accurate character reading functions.
PAR  FIG. 3 is a plane view of the slit plate. As discussed above, the slip
      plate 24 is provided with a slit 241 for the incident light and a slit 242
      for the reflection light.
PAR  FIG. 4 shows the relation between the distance between the slit plate and
      the embossed card and the distance between the two slits. If the distance
      l between the embossed card 10 and the slit plate 24 varies, the result
      will be variations in the outputs from the light-sensitive element 22
      based upon the reflection light 28 from the planar surface 101 of the
      embossed card 10 as shown in FIG. 5. Symbols, a, b, c, d used in FIG. 5
      correspond to a, b, c, d in FIG. 4, respectively.
PAR  It will be clear from FIG. 5 that for the purpose of making a distinction
      between the planar surface 101 and the raised surface 102 of the card 10
      the latter must be positioned between the points O while the former must
      be positioned between the points b and c thereby ensuring the detection of
      only the planar surface. As an alternative, the raised surface 102 can be
      positioned between the points b and c while the planar surface 101 is
      positioned above the point d thereby detecting only the raised surface.
PAR  The distance a between the slit plate and the card when the electric
      signals appear due to the reflection light from the card 10 is given as
      follows:
      ##EQU1##
PAR  Wherein h is the distance between the two slits;
PAR  t is the thickness of the slit plate;
PAR  i is the angle of incidence of light to the slit; and
PAR  r is the angle of light refraction.
PAR  FIG. 6 is a plane view of an alignment of a detector element series.
      Typically, the detector elements may be, for example, fifteen
      light-sensitive elements 22 such as photo-transistors A, B, C - - - O
      which are positioned relative to the character area as shown in this
      drawing. During the time period wherein the card 10 is transported at a
      fixed rate in the direction X shown by the arrow, that is, to the left,
      the photo-transistors are sequentially scanned in the ascending order for
      recognizing all of the individual characters.
PAR  Turning now to FIG. 7 showing a wiring diagram of the photo-transistors and
      FIG. 8 showing a time chart of scanning pulses, a plurality of the
      photo-transistors A, B, C - - - O are connected together in parallel and
      function in a charge mode for the purpose of signal detection. FIG. 8A
      depicts the waveform of voltage signals applied to the photo-transistor A
      which is sampled when the voltage is OV. The charge is accumulated on the
      photo-transistor A during the period when the voltage is +V.sub.c V. The
      applied pulses A, B, C - - - O are different in phase and thus two
      photo-transistors are never sampled simultaneously.
PAR  The following discussion relates to an embodiment of the present invention
      illustrated in FIG. 9. The reading head 19 includes a light source 20,
      light-sensitive elements 22, a slit plate 24, lenses 30, 32, and the like,
      as discussed above. This arrangement further includes card transport means
      41 and card position detector means 51. The card 10 is introduced into the
      reader apparatus through a card port 60 and at this time the card 10
      provides optical shutters for a first pair of light-emitting elements and
      light-receiving elements 52-54 within the card position detector means 51
      positioned just behind the card port 60. A motor 42 is activated upon the
      receipt of appropriate signals. Revolution of the motor 42 is transmitted
      to a card transporting roller or capstan 44 having the elastic property
      through gearing to transport the card 10 along a guide frame 62. An
      adjustment roller 46 serves to ensure that the depressing pressure exerted
      on the card 10 is maintained.
PAR  At the instance where the card 10 passes over a reading position associated
      with the optical reading head 19, the detecting of the positions and
      characteristics of the individual characters is taking place. As the card
      10 is further advanced away from the first pair of light-emitting and
      light-receiving elements, signals are generated for reversing the
      revolution of the motor 42 with the results that the card 10 is conveyed
      backward and returned to its initial position. At this time, the
      information carried by the card 10 is again viewed and determined. Only
      when there is an equivalence in the first and second results of the
      character recognition obtained in the forward and backward movements of
      the card 10, is confirmation done to initiate various operations or
      manipulations on the confirmed results.
PAR  If the card 10 further advances and the end thereof departs from the first
      couple of the light-emitting and light-receiving elements previously
      described, stop demands will be initiated for disabling the motor 42. Then
      the card 10 is in part held at the port 60.
PAR  Although the first photocoupler is positioned perpendicular to the
      movements of the card 10 in the illustrative embodiments, this may be
      arranged to be responsive to the reflection light from the surface of the
      card. In order to prevent misinsertion of the card into the apparatus, the
      card may include a specific mark at a predetermined position, on which a
      couple of light-emitting and light-receiving elements is placed to sense
      reflection light from the specific mark. In other words, the first
      photocoupler serves also as a card misinsertion avoidance means.
PAR  The mode of initiating, terminating and reversing the movements of the card
      10 will be described below with reference to FIGS. 10 and 11.
PAR  A card position detector arrangement used in the embodiment of the present
      invention is illustrated in FIG. 10, which comprises two pairs of
      light-emitting and light-receiving elements. Semiconductor light-emitting
      elements such as GaAs light-emitting diodes and the like are employed as
      the light-emitters 52, 56 while Si planar type photo-transistors and the
      like are employed as the light-receiving elements 54, 58. FIG. 11 shows
      output waveforms of the light-receiving elements 54, 58 when the card 10
      is transported.
PAR  At the point in time T.sub.1 where the card 10 is inserted into the
      apparatus, a light transmission path between the light emitting and
      light-receiving elements is shuttered so that the outputs of the
      light-receiving element 54 become zero.
PAR  The inversion b.sub.1 of the outputs from the light-receiving element 54 is
      illustrated by FIG. 11 (I). The card 10 passes past the first photocoupler
      52, 54 at a time T.sub.1 and the signal b.sub.1 is held at a high level,
      which enables the motor 42.
PAR  As viewed from FIG. 11(II), the card 10 arrives at and shutters optically
      the second pair of light-emitting and light-receiving elements 56, 58 at a
      time T2. Therefore, the outputs from the light-receiving element 58 become
      zero and the inverted signals b2 are at a high level. The motor 42
      continues to rotate during the period wherein either the inverted signals
      b.sub.1 or the inverted signals b2 or both are at a high level (FIG.
      11(IV)).
PAR  Thereafter, at the time T3 the card 10 passes past the first photocoupler
      52, 54 causing the signals b.sub.1 to decline to a low level at once so
      that the motor 42 is provided with the inversion signals m (FIG. 11(III)).
      As a consequence, the card 10 is transported backwards and thus passes
      past the second photocoupler 56, 58 at time T4 and passes past the first
      photocoupler 52, 54 at time T5. Then the motor 42 is disabled. It will be
      noted that the motor 42 is activated for a period of time where a logical
      sum signal of both the signals b.sub.1 and b2, viz, b.sub.1 + b2 is at a
      high level, for example, the time period from T.sub.1 to T5 in the
      illustrative embodiment.
PAR  By activating the motor and transporting the card in this way, the card
      inserted into the apparatus is positively returned back to its inserted
      position. These operations are in no way mechanical means for activating,
      stopping and inverting the motor. In additon, the card is carried in a
      reciprocating fashion and information contained thereon is sensed twice,
      the first time in the forward movement of the card and second time in the
      backward movement of the card thereby improving the reliability of
      information detection. Thus, the longer time required for making
      information detection is avoided.
PAR  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention and all such modifications are
      intended to be included within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An embossed card reader comprising a table for providing support for an
      embossed card to be read, means for transporting the embossed card along
      the table, a slit plate disposed over said table, said slit plate being
      provided with an incident light slit and a reflection light slit, a source
      of light for irradiating the surface of the embossed card through the
      incident light slit of the slit plate to produce a parallel light beam,
      and light-responsive means for detecting light reflected from the surface
      of the embossed card and passed through the reflection light slit of the
      slit plate, said parallel light beam enabling the simple and accurate
      reading of information contained on the embossed card.
NUM  2.
PAR  2. The embossed card reader as defined in claim 1, wherein the slit plate
      is disposed in such a manner relative to the embossed card so that the
      light reflected on the raised or planar surface of the embossed card is
      allowed to pass through the reflection light slit of the slit plate.
NUM  3.
PAR  3. The embossed card reader as defined in claim 1 wherein each slit formed
      in the slit plate is positioned at a given angle to the direction in which
      the card is being transported and the light-responsive means comprises a
      plurality of parallel aligned light-receiving elements which are secured
      at a position to accept light-reflected from the surface of the embossed
      card and gated through the reflection light slit of the slit plate.
NUM  4.
PAR  4. The embossed card reader as defined in claim 3 wherein as the plurality
      of the light-receiving elements are sequentially scanned, the reading of
      information therefrom is carried out in a storage mode.
NUM  5.
PAR  5. The embossed card reader as defined in claim 1, wherein a first lens is
      disposed between said light source and said slit plate to convert the
      light emanating from the light source into a light beam and a second lens
      is disposed between said light responsive means and said slit plate to
      collect the reflected light on the light responsive means.
NUM  6.
PAR  6. An optical reading head for reading information contained in a record
      medium comprising a slit plate having an incident light slit and a
      reflective light slit, a source of light for irradiating the record medium
      through the incident light slit to produce a parallel light beam and
      read-out cells for responding to light reflected on the record medium and
      passed through the reflective light slit, said parallel light beam
      enabling the simple and accurate reading of information on the record
      medium.
NUM  7.
PAR  7. The optical reading head as defined in claim 6 wherein the read-out
      cells comprise a plurality of light-receiving elements aligned in an
      array.
NUM  8.
PAR  8. An optical reading head as defined in claim 7 wherein each slit plate
      formed in the slit is positioned parallel to the array of the multiple
      read-out cells.
NUM  9.
PAR  9. An embossed card reader comprising a table for supporting an embossed
      card, a driving mechanism for transporting the embossed card in a
      reciprocating fashion along the table, a slit plate disposed over said
      table, said slit plate being provided with an incident light slit and a
      reflection light slit, a source of light for irradiating the embossed card
      on the table through the incident light slit formed in the slit plate to
      produce a parallel light beam, light-responsive means for sensing light
      reflected from the surface of the embossed card and passed through the
      reflection light slit and a card position detector mechanism for detecting
      the position of the embossed card on the table and controlling the driving
      mechanism accordingly.
NUM  10.
PAR  10. An embossed card reader as defined in claim 9 wherein the card position
      detector mechanism comprises two photocouplers each having light-emitting
      and light-receiving elements.
NUM  11.
PAR  11. A method for reading information contained on an embossed card
      comprising steps of positioning a slit plate having an incident light slit
      and a reflection light slit parallel to the embossed card, irradiating the
      surface of the embossed card through the incident light slit to produce a
      parallel light beam, detecting light reflected from the surface of the
      embossed card and passed through the reflection light slit, and reading
      the information contained on the embossed card in accordance with the
      intensity of the reflected parallel light beam.
NUM  12.
PAR  12. A method as defined in claim 11 wherein the embossed card is conveyed
      in the forward and reverse direction so that the information on the
      embossed card is obtained both during the forward and reverse movements of
      the card.
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ABST
PAL  A method and apparatus for distributing and controlling inventories of food
      items and the like in which a plurality of individual elements are coded
      to identify both a corresponding inventory item and a magnitude such as a
      price associated with that inventory item. A holder member for collecting
      together a selected group of the individual elements to enable
      identification of the corresponding food items ordered by a customer as
      well as sensing the total price thereof. Coding each element so that one
      dimension thereof extends in a predetermined direction a distance
      proportional to the price of the corresponding food item.
BSUM
PAR  This invention relates generally to a method and apparatus for distributing
      and controlling inventory, and more specifically to coded identification
      elements representing a predetermined inventory of items having an
      associated magnitude such as a price.
PAR  Conventional methods of distributing and controlling inventories usually
      require an oral or written order which must be communicated from a
      customer to an inventory clerk. Where there is a plurality of inventory
      items, much of the clerk's time is wasted in correctly identifying the
      particular items ordered, tabulating the total price for such inventory
      items, and keeping records of each transaction for future reference. Thus,
      such conventional inventory practices are unduly inefficient and
      inaccurate, and make it very difficult for a small number of inventory
      clerks such as waitresses in a restaurant to obtain, fill, and keep the
      necessary records for orders of a large number of customers.
PAR  Accordingly, it is a primary object of the present invention to overcome
      the aforementioned inefficiencies and inaccuracies of prior art inventory
      distribution methods, and provide an improved method and apparatus for
      distributing and controlling inventory without requiring a customer to
      recite the order orally or in writing, while at the same time eliminating
      the need for a clerk to hear or read such an order.
PAR  A further object is to provide a method and apparatus of the aforementioned
      characteristics wherein a record is kept of the inventory distributed
      without having to make such record in writing at the time of distribution.
PAR  It is another object of the invention to provide individual elements
      corresponding to each of a predetermined number of inventory items, so
      that the element correctly identifies both the inventory item itself as
      well as price.
PAR  A further object of the invention is to provide a holder for assembling a
      selected number of elements in adjacent relationship by a customer so that
      when such holder and collected elements are presented to an inventory
      clerk, the identity and price of the corresponding inventory items can be
      immediately determined.
PAR  A more specific object of the invention is to provide a method and
      apparatus having the aforementioned characteristics in which a dimension
      of each element is made proportional to the magnitude of the corresponding
      inventory items. A related object is to provide a holder member for
      removably mounting a selected choice of individual elements in sequential
      alignment with their coded dimensions adjacent a scale calibrated to
      indicate the sum of the magnitudes of the corresponding inventory items.
PAR  Another object of the invention is to provide a holder member with a
      removable sheet for positioning adjacent a group of sequentially aligned
      elements such that the sum of the magnitudes for an individual order can
      be recorded by marking the sheet at the end of the aligned elements.
PAR  An additional object is to provide an inexpensive and efficient method of
      inventory control having the aforementioned characteristics which is
      suitable for use in fast food restaurants, department stores, markets,
      parts supply houses, warehouses and the like, where a large number of
      inventory items having individual prices are ordered or purchased by
      customers and distributed by inventory clerks.
PAR  Further purposes, objects, features and advantages of the invention will be
      evident to those skilled in the art from the following description of the
      various exemplary embodiments of the invention.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is an isometric projection showing a presently preferred embodiment
      of the apparatus which may be used to practice an exemplary method of the
      invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 in FIG. 1;
PAR  FIG. 3 shows a typical storage unit for a plurality of coded elements;
PAR  FIG. 4 shows a plurality of coded elements combined together into composite
      form;
PAR  FIG. 5 shows an alternate form of a coded element;
PAR  FIG. 6 shows a sectional view taken along line 606 in FIG. 5; and
PAR  FIG. 7 is an isometric projection showing another embodiment of the
      invention.
DETD
PAR  Generally speaking, the invention provides a method of inventory
      distribution and control in which a plurality of individual elements are
      each identity-coded with first indicia corresponding to and representing
      one of a predetermined inventory of items. The elements are also
      magnitude-coded with second indicia identifying a predetermined number
      associated with that particular inventory item. A request for distribution
      of a selected group of inventory items can be made by simply collecting
      together those individual coded elements which represent the desired
      inventory items. The person or machine filling the request discerns from
      the first indicia the correct identity of the inventory items requested,
      while at the same time automatically sensing from the second indicia the
      total of the numbers associated with the selected group of inventory
      items. The inventory items requested are then distributed, after which the
      individual coded elements can be retained for various accounting purposes.
PAR  The magnitude-coding of the elements may be accomplished by making the size
      of each element proportional to the predetermined number associated with
      that inventory item. An example of magnitude-coding by size is best shown
      in FIGS. 1-3 where the height dimension of each element is made
      proportional to the price of a food inventory item.
PAR  However, the invention also contemplates any other suitable way of
      magnitude-coding such as by numerals (see FIG. 1), weight, shape, color
      (see FIG. 7), as well as more sophisticated means such as by optical or
      magnetic coding.
PAR  Identity-coding of the elements may be accomplished in various ways,
      including by words, illustration, and three-dimensional representation, as
      shown in the drawing, as well as other suitable ways such as those
      suggested for magnitude-coding.
PAR  In order to facilitate the automated processing of a request for a selected
      group of inventory items, it may be desirable to use the same coding
      technique for both magnitude coding and identity coding. Thus, one
      embodiment of the invention could provide both identity indicia and
      magnitude indicia encoded magnetically in the elements, so that a single
      magnetic sensor could be used to sense both the identification and price
      of the inventory items associated with the group of elements selected by
      the customer.
PAR  In another embodiment, both the identity and magnitude indicia could be
      identical, such as where a smaller number of different inventory items is
      involved. Thus, the color green on an element might identify both the
      price and the identity of an inventory item.
PAR  Also, the invention contemplates that the magnitude and/or the identity
      indicia may take two forms, one form of indicia being designed for use by
      the customer in placing an order, and a different form of indicia in
      processing the order. For example, in the embodiment shown in FIGS. 1-3,
      the digits "20" or "30" on the elements constitute one form of magnitude
      coding recognized by a customer while making an order, while the height of
      the elements constitutes a different form of magnitude coding for purposes
      of sensing and totaling all the prices associated with the selected group
      of inventory items. Similarly, identity coding might include one form such
      as a three-dimensional representation for ordering purposes, and another
      form such as optical or magnetic patterns which are discerned when the
      order is processed.
PAR  Since the elements used in the embodiment of FIGS. 1-3 to identify each
      purchase are of different predetermined sizes and therefore unique
      weights, they can be separated from the composite and simply weighed as
      the end of any given period to determine total sales for that period. This
      eliminates the need of cash registers or receipts for totaling the dollar
      volume of sales.
PAR  The foregoing methods and variations thereof thus provide a way of
      obtaining and processing orders for an inventory of items such as food
      products by converting various individual elements, coded in a
      predetermined way to indicate the price and identity of inventory items,
      into a composite form which cooperates with a sensor to automatically
      total the price associated with the composite form. The errors, delay and
      inefficiency that usually accompany written or oral orders are therefore
      eliminated, while at the same time the coded elements themselves
      constitute a record of the identification and dollar volume of inventory
      items sold and distributed.
PAR  Referring more specifically to the drawing, the illustrated embodiment
      includes a plurality of elements 10 each having the same thickness and
      length, and magnitude-coded with a predetermined height proportional to a
      price associated with a particular inventory item. The price is also
      identified by numerals displayed on each element. Each element is also
      identity-coded by a word, pictorial illustration, or the like, identifying
      the corresponding inventory item.
PAR  A holder 12 includes a longitudinal backing plate 14 and a pair of
      retainers 16 on the side edges of the plate. Each retainer 16 has a front
      wall 18, side wall 20 and bottom wall 22 which together define a
      longitudinal slot 24 for receiving a group of elements 10. The front wall
      18 of each retainer 16 is displaced from the backing plate 14 a distance
      slightly greater than the common thickness of the elements 10, and the
      side walls 20 of the retainers 16 are spaced from each other a distance
      slightly greater than the common length of the elements, in order to allow
      a group of elements to be sequentially aligned and retained in both
      longitudinal slots 24. The bottom wall 22 forms a terminal end of the slot
      24 and abuts against the first element in the sequence. The front walls 18
      are sufficiently displaced from each other so that any visual coding on
      the aligned elements can still be seen.
PAR  A scale calibrated in accordance with the proportion factor of the height
      of the elements 10 extends longitudinally on the holder 12 commencing at
      the bottom wall 22 so that the total price can be sensed automatically and
      immediately when a group of selected elements is sequentially aligned as a
      composite in the slot 24. In the illustrated embodiment, this scale is
      shown on one retainer, with an auxiliary sales tax scale on the other
      retainer, and a total scale may be displayed on the backing plate 14 to
      facilitate reading the total price for the transaction. Other indicia such
      as the -6 shown in FIG. 1 may be used on the holder 12 to identify the
      customer making the order.
PAR  Where it is desirable to keep a written receipt for record purposes a sheet
      26 may be removably positioned against the bottom wall 22 and adjacent the
      sequentially aligned elements 10, such as between the elements and the
      backing plate 14. A record of the transaction may thus be made by marking
      the sheet along the top margin of the aligned elements. This recording
      process may be facilitated by displaying a scale and/or other pertinent
      information directly on the sheet. Thus, the method and device herein
      automatically converts the pricing indicia of individual inventory items
      into a total price receipt for the composite without the need of mental or
      machine calculation of one item at a time.
PAR  Of course, saving the coded elements provides an accurate, complete and
      easily decodable record of the dollar volume of sales and the quantity and
      identity of inventory items sold for any given period of time.
PAR  A storage unit 28 for the elements 10 includes individual compartments
      showing the identification and price of the inventory item associated with
      and represented by the element in that compartment.
PAR  In a typical transaction using the exemplary method and apparatus, a
      customer in the vicinity of storage bins 28 will be given a holder 12.
      Where desired, the holder will already have a sheet 26 inserted in the
      slots 24 and against the backing plate 14. The customer will then be able
      to leisurely choose food items as represented by the coded elements at his
      own preferred speed, changing his mind when desired, and discussing the
      menu with companions, all without taking up any time of the clerk or
      waitress. As soon as a final choice is made, the appropriate coded
      elements can be inserted in any sequence in aligned relationship abutting
      against the bottom wall 22 and between the overlying front wall 18 and the
      underlying sheet 26 and backing plate 14. The resulting combination of
      coded elements 10 and holder 12 constitutes an accurate representation of
      the customer order without any written or oral communication between the
      customer and clerk. The clerk then fills the order as discerned from the
      identity-coded information on the elements and also tabulates the total
      price from the appropriate scale as determined by the magnitude-code
      information on the elements.
PAR  An aperture 30 at the top of the plate 14 and sheet 26 may be employed to
      assure proper position of the sheet relative to the holder, while at the
      same time providing a hanger hole for mounting the holder while the
      customer order is being processed. When the order is filled and the money
      received, the sheet can be marked at the end of the aligned elements to
      record the selling price for the order. The coded elements can then be
      removed and held for safekeeping until such time as an accounting is made
      from such elements to determine the identity and dollar volume of items
      sold over any given period. Of course, the holders can be reused over and
      over again during an accounting period.
PAR  Larger orders can be processed and filled by varying the conversion factor
      between the height of an element and the price of the associated inventory
      item. Also, additional retainers may be provided, such as on the reverse
      face of the plate 14 as shown in FIGS. 1-2. Another variation is provided
      by using a composite element 32 as shown in FIG. 4 wherein a standardized
      combination order is sold at a discount. Thus, the composite element 32
      includes identity indicia for the items as well as discounted pricing
      indicia. The holder of FIGS. 1-2 would allow a composite element 32 to be
      inserted in one pair of retainers 16 while individual elements could be
      inserted in the other retainers.
PAR  Manipulation of the individual elements as well as more imaginative
      identity coding is provided by element 10a, as shown in FIGS. 5-6, which
      includes a peripheral flange 34 sized and shaped to be received by slots
      24, and a central raised portion 36 serving as both a handle as well as
      identity code information in the form of a three-dimensional
      representation of the associated inventory item.
PAR  It is within the spirit of the invention to vary the manner of coding of
      elements as well as the structure for retaining the selected group of
      coded elements together while their identity is being discerned and their
      total price sensed. Thus, for example, FIG. 7 shows a modified holder 12b
      having a plurality of openings 38 for removably mounting in longitudinal
      alignment a selected group of U-shaped elements 10b. Each element includes
      legs 40 which fit into the openings 38 as well as a center portion 42 for
      displaying identity-coding information such as the name of the associated
      inventory item, and magnitude coding information such as a unique color
      corresponding to the price of the item. Thus, an optical sensor could be
      used to determine the total price of the order while the particular food
      items named were being obtained for the customer.
PAR  Although exemplary embodiments of the invention have been disclosed and
      discussed, it will be understood that other applications of the invention
      are possible and that the embodiments may be subjected to various changes,
      modification, and substitutions without necessarily departing from the
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of inventory distribution and control utilizing a plurality of
      coded elements separated from and corresponding to one of a predetermined
      inventory of items, each element being identity coded to provide a first
      indicium thereon representing the corresponding inventory items, and
      magnitude coded to provide a second indicium thereon indicating a
      predetermined magnitude associated with the corresponding inventory item,
      and utilizing a holding member for retaining together a group of said
      coded elements, said method comprising the steps of:
PA1  selecting a predetermined group of said elements;
PA1  positioning said predetermined group of elements in cooperative
      relationship on said holding member; and
PA1  sensing the indicia on said predetermined group of elements to identify
      their corresponding inventory items and to read the sum of their
      magnitudes.
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PAL  A rotary calculator is disclosed for use in site grading applications and
      other surveying operations involving the conversion of rod readings to
      datum or sea level elevations, the determination of depths of cut or fill
      required for finish grading, and the calculation of material quantities to
      be moved. The baseplate of the calculator is provided with an annular rod
      reading scale, and a circular conversion unit is concentrically mounted on
      the baseplate within the rod reading scale. The unit employs three annular
      elevation scales covering the units and tens digits, the hundreds digit,
      and the thousands digit of elevation respectively, and three independently
      rotatable, coaxial discs align the elevation scales in a manner to convert
      rod readings radially aligned with the units and tens scale into
      corresponding elevations relative to a predetermined reference elevation,
      such as mean sea level. A top disc member overlies the conversion unit and
      is provided with an annular depth scale graduated to indicate depth of cut
      and depth of fill, and with material quantity information arranged in
      concentric circular arrays radially aligned with corresponding graduations
      of the depth scale. A pointer is rotatable about the common axis of the
      assembly and has a radial hairline used in visually aligning the scale
      readings.
BSUM
PAR  This invention relates to an instrument of the rotary slide rule type for
      performing special calculations required in site surveying and grading.
PAR  In surveying a site prior to the construction of a building complex,
      roadway, or other improvement, field rod readings are taken in the usual
      manner to determine the existing grades which will be represented by
      contour lines on a topographic site drawing. This involves conversion of
      the rod readings to datum or sea level elevations so that the drawing
      showing existing grades at the desired elevation intervals may be
      prepared. The site plan is finalized by the addition of finish grades and
      gridding as appropriate. Additional rod readings at the grid intersections
      may then be required for accuracy. Ultimately, the depths of cuts and
      fills must be calculated together with the material quantities resulting
      from the cuts and fills, so that the total quantity to be moved to or from
      the site will be known and in order that finish grades may be adjusted to
      balance excavation and fill as much as possible.
PAR  After rough grading, the fine finish grade is commonly indicated in the
      field by "blue top" stakes set at the grid intersections. Here again, the
      correspondence between rod readings and actual elevations must be
      determined. It may be appreciated, therefore, that the entire operation
      briefly discussed above involves a multitude of calculations which are
      oftentimes confusing even to the experienced engineer. Although
      computations by digital computer are widely used to save time and
      eliminate human error, the expense of computer time and programming can
      normally only be justified on large projects such as the building of
      highways. Thus, for small and medium sized jobs such as the preparation of
      a shopping center site, the engineer has heretofore relied largely on hand
      calculations assisted by conventional desk calculators and the like.
PAR  It is, therefore, the primary object of the present invention to provide a
      relatively inexpensive instrument that may be utilized in the field and in
      the office to rapidly perform the essential calculations associated with
      site surveying and grading, wherein the opportunity for confusion and
      human error is significantly reduced.
PAR  Another important object of the invention is to provide an instrument as
      aforesaid in the nature of a rotary slide rule capable of directly
      converting rod readings to datum or sea level elevations, and vice versa.
PAR  Still another important object of the invention is to provide a rotary
      slide rule instrument which is capable of calculating depths of cut and
      fill from existing and finish grade information, and which directly
      indicates material quantities for specific areas of ground.
PAR  Furthermore, it is an important object of this invention to provide an
      instrument as aforesaid which combines rod reading conversion and
      cut-and-fill calculation in order to eliminate intermediate calculations
      and provide direct determination of cut or fill depths from rod readings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of the calculating instrument of the present
      invention;
PAR  FIG. 2 is an enlarged, fragmentary, irregular cross-sectional view taken
      along line 2--2 of FIG. 1;
PAR  FIG. 3 is a greatly enlarged, partial plan view illustrating the use of the
      calculator in converting site rod readings to sea level elevations;
PAR  FIG. 4 is a view similar to FIG. 3 and illustrates use of the calculator in
      determining cut or fill staking markings from rod readings or from sea
      level readings;
PAR  FIG. 5 is another view similar to FIG. 3, but with the scales rotated to
      illustrate a different problem situation where it is desired to determine
      cut or fill quantities from a site drawing having existing grades and
      desired finish grades indicated thereon;
PAR  FIG. 6 shows a portion of a representative site drawing; and
PAR  FIG. 7 is a greatly enlarged, fragmentary plan view with the margins of
      certain of the rotatable discs being broken away to reveal the hundreds
      elevation scale.
DETD
PAR  Referring initially to FIGS. 1, 2, 3 and 7, the calculating instrument of
      the present invention has a substantially square baseplate 20 of rigid
      material such as a suitable plastic. A pivot bolt 22 extends upwardly
      through the baseplate 20 at its center and is received by a wing nut 24.
      An annular rod reading scale 26 appears on the top face of the baseplate
      20, and a rotatable, circular conversion unit 28 is held on the baseplate
      20 by the pivot bolt 22 and wing nut 24. The conversion unit 28 is
      concentric with the annular rod reading scale 26, and the centers thereof
      are defined by the axis of the pivot bolt 22.
PAR  The conversion unit 28 includes three concentric discs superposed in step
      fashion. The bottom disc 30 has the greatest radius, but such radius is
      less than the mean radius of the rod reading scale 26 as will be apparent
      viewing FIG. 3 and from the following discussion. The margin of the bottom
      disc 30 has a units and tens elevation scale thereon and, as best
      illustrated in FIG. 7, a hundreds scale is radially spaced inwardly from
      the units and tens scale. In FIG. 7, the numerals 3, 4, 5, 6 and 7 of the
      hundreds scale are visible.
PAR  An intermediate disc 32 of the conversion unit 28 overlies the bottom disc
      30 and is notched at its periphery to present a plurality of angularly
      spaced windows 34 through which the number 7 of the hundreds scale is
      visible. The third, uppermost disc 36 of the unit 28 has a repeating
      series of the numbers zero through 9 at its margin to represent the
      thousands digit of elevation.
PAR  A top disc member 38 overlies the thousands disc 36 of the unit 28 and is
      of slightly lesser radius. A depth scale is superimposed on the disc
      member 38 at its peripheral margin, and three concentric circular arrays
      of cut-and-fill quantity information appear on the disc member 38 radially
      inwardly spaced from the depth scale. Required cuts and fills are
      indicated by the depth scale, and the outermost circular array 40 contains
      material quantity information for cuts and fills made in a ground area 100
      feet square (or 10 feet square). The numerical indicia in the center array
      42 is quantity information based on a ground area 50 feet square, and the
      numerical indicia contained in the innermost array 44 is quantity
      information for cuts and fills in a ground area 25 feet square.
PAR  The various rotatable discs are preferably of metal construction and may
      have the scales and numerical information superimposed thereon by
      photographic processes, etching or other suitable means. The top disc
      member 38 is coaxial with the pivot bolt 22 and rotatable thereon, and a
      transparent pointer 46 overlies the entire disc assembly as is clear in
      FIGS. 1 and 2. A hairline 48 (see particularly FIGS. 4 and 5) is etched on
      the pointer 46 in exact radial alignment with the axis of the pivot bolt
      22, and the pointer 46 is of sufficient length to permit the hairline 48
      to be visually superimposed on all of the scales. It will also be noted
      that the words "fill" and "cut" appear on the pointer 46 on opposite sides
      of the hairline 48 for a purpose to be discussed hereinafter.
PAR  A locking device for the conversion unit 28 is disposed at the lower
      righthand corner of the base plate 20 as viewed in FIG. 1. Such device
      comprises a rigid plastic tab 50 secured to the baseplate 20 at its outer
      end by a screw 52. The tab 50 is transparent with its inner end located in
      overlying engagement with the peripheral margin of the thousands disc 36;
      the tab 50 does not engage the top disc member 38. A bolt 54 extends
      upwardly through the baseplate 20 and the central portion of the tab 50
      and is received by a wing nut 56. The undersurface 58 at the outer end of
      the tab 50 is chamfered so that, when the tab is released by advancing the
      wing nut 56 upwardly on the bolt 54, the inner end of the tab elevates to
      release the discs of the conversion unit 28 for free rotation.
PAC  THE SCALES AND QUANTITY INDICIA
PAR  The annular scales of the calculating instrument and the arrays of material
      quantity indicia are shown in detail fragmentarily in the drawings but
      sufficiently to permit a thorough understanding of the principles of the
      present invention. Referring first to the rod reading scale 26 on the
      baseplate 20, this annular scale may be viewed as a circle divided equally
      into 1,000 angular increments with numerals at each division of 10
      increments from 0 through 99. In FIGS. 3-5, the numerals 7 through 20 may
      be seen. These numbers are to be read in feet, with each graduation
      corresponding to 0.1 foot. As evident from the drawings, the graduations
      are elongated at each foot and one-half foot. The readings on scale 26 are
      rod readings as seen through a surveyor's transit, and thus represent the
      distance read on the rod either above ground level or above the base of a
      bored hole.
PAR  The basic function of the conversion unit 28 is to directly convert rod
      readings to datum or sea level elevations. The units and tens elevation
      scale on the bottom disc component 30 is identical to the rod reading
      scale 26, except that the elevation scale is numbered inversely with
      respect to the numbering on the rod reading scale. In the units and tens
      elevation scale, the range of numerical values of elevation increase in a
      clockwise direction, whereas the corresponding values on the rod reading
      scale 26 increase in a counterclockwise direction. This inverse
      relationship of these two scales is due to the fact that rod readings on a
      surveyor's rod increase in an upward direction, thereby requiring a
      corresponding compensation when it is considered that the elevation to be
      determined is the elevation at the base of the rod (or bottom of a hole
      beneath the rod bored to a known depth). It should be noted that the
      graduations of these two scales are spaced at equal angular increments,
      thus they match except for the direction in which the numbers increase.
PAR  The hundreds scale is a series of numbers from 0 through 9 repeated 10
      times around the circle for convenience. Accordingly, there are 10 windows
      34 in the intermediate disc 32 angularly spaced at even intervals to
      reveal only one selected digit. In FIGS. 3 and 4, it may be seen that the
      hundreds digit 7 is revealed in two of the windows 34 there illustrated.
PAR  Likewise, the thousands scale on the disc 36 is a series of numbers from 0
      through 9 repeated 10 times around the circle. In FIGS. 3-5, the digit 1
      of the thousands scale is aligned with the 7 on the hundreds scale to
      represent 1,700 feet. Accordingly, the total elevation range of the
      instrument is from 0 through 9,999.9 feet, reading the units and tens
      elevation scale to the nearest graduation.
PAR  Now referring to the top disc member 38, the depth scale (depth of cuts and
      fills) is divided into 1,000 equal angular increments in the same manner
      as the rod reading scale 26 and the units and tens elevation scale that
      opposes it. However, the graduations indicate progressively increasing
      amounts in opposite directions away from a zero mark 60 seen in FIGS. 4
      and 5. Thus, the depth scale is numbered from 0 to 50 (see FIG. 3) with
      depths of cut increasing in a counterclockwise direction away from zero
      mark 60, and depths of fill increasing in a clockwise direction away from
      zero mark 60. The legend "cut" and "fill" on opposite sides of zero mark
      60 are provided for the guidance of the user.
PAR  The circular arrays 40, 42 and 44 of cut-and-fill quantity information are
      divided into 200 equal angular spaces, one space for each 0.5 foot of cut
      or fill as read on the depth scale at the margin of the disc member 38.
      The number in each space of the outermost circular array 40 is the cubic
      yard quantity (computed to the nearest cubic yard) contained within a
      10,000 square foot area (100 foot square grid) when cut or filled to the
      depth indicated by the number adjacent that space on the depth scale. For
      example, referring to FIG. 4, the cubic yard quantity corresponding to a
      cut of 3 feet is 1,111 cubic yards on a 100 foot square grid (note that
      the cut information is on the right side of the hairline 48 as directed by
      the "cut" legend on the pointer 46). The quantity for a 100 square foot
      area (10 foot square grid) would be 11 cubic yards, the solution being
      obtained by dropping the last two digits of the number shown for the 100
      foot grid.
PAR  Again with reference to FIG. 4, the intermediate array 42 gives quantities
      in cubic yards for a 2,500 square foot area (50 foot square grid) and the
      innermost array 44 gives quantity information for a 625 square foot area
      (25 foot square grid). Accordingly, a 3-foot cut for a 50-foot grid
      represents a quantity of material equal to 278 cubic yards, or 69 cubic
      yards for a 25 foot grid. For clarity, the cut quantity information
      covering 180.degree. of the circular arrays may be enclosed in a border
      such as illustrated at 62, preferably red in color if black numbers are
      used on a white background.
PAC  OPERATION
PAR  The operation and manner of use of the calculating instrument of the
      present invention will be illustrated by setting forth four problem
      examples and their solutions. FIG. 6 is a representative site drawing that
      will be used in connection with the problems. Existing grades in the site
      drawing are shown by broken contour lines at intervals of 10 feet; solid
      contour lines at 2-foot increments of elevation are between the broken
      contour lines. The heavier solid lines are finish grades at 2-foot
      intervals. The broken line 64 is a 0--0 line along which the existing and
      finish grades are the same elevation. The area beneath the 0--0 line 64
      must be filled in order to bring the elevations up to the finish grade;
      conversely, the area above the 0--0 line 64 must be excavated in order to
      obtain the finish grades.
PAR  The site plan of FIG. 6 has gridded into squares 100 feet on a side. As is
      customary, the grid lines are designated by abscissa and ordinate values
      from an established origin (a selected landmark adjacent the site).
      Accordingly, the grid intersections are designated by coordinates east and
      north of such origin as indicated by 1,400 E, 1,500 E, and 1,600 E along
      the bottom of the drawing, and 200 N, 300 N, 400 N, and 500 N along the
      left side of the drawing.
PAR  The first problem to be discussed is that of converting site rod readings
      to datum or mean sea level elevations. (A datum elevation is recorded
      elevation such as marked by a monument in a geodetic survey.) If a datum
      elevation is not available at the site, then a bench mark elevation is
      brought to the site from a datum elevation in accordance with usual
      surveying practice. It will be assumed for purposes of illustration that
      the bench mark rod reading is 10 and that such reading corresponds to an
      elevation of 1,735 feet above sea level.
PAR  Referring to FIG. 3, it may be seen that the bench mark rod reading has
      been matched with the last two digits of the sea level elevation. The
      numeral 10 of the baseplate rod reading scale 26 is aligned with the
      number 35 on the bottom disc 30 of the conversion unit 28. The
      intermediate disc 32 is positioned so that its windows 34 reveal the
      number 7, and the thousands disc 36 is rotated to align the number 1 with
      the corresponding 7 now revealed through the associated window 34.
      Accordingly, by rotating the three discs of the conversion unit 28 to the
      operational setting illustrated, the operator is now able to directly
      convert rod readings to sea level elevations. The wing nut 56 of the
      locking device is turned in a direction to force the tab 50 against the
      edge of disc 36 to lock the conversion unit 28 in the setting illustrated.
PAR  Through the use of the instrument of the present invention, the site
      drawing with existing grades indicated may be readily prepared from the
      rod readings taken in the field survey. Sea level elevations may be
      quickly read to the nearest 1/10 foot, and the conversion to sea level may
      be made and recorded in the field if desired. For example, a rod reading
      of 14.2 feet is quickly read as 1,730.8 feet above sea level.
PAR  The second problem example is the determination of cut-or-fill staking
      markings from rod readings or from sea level readings. Again, the
      instrument is set to relate rod readings to the bench mark elevation.
      Referring to FIG. 4, the setting of the conversion unit 28 is the same as
      discussed above for FIG. 3. It is assumed that, referring to FIG. 6, it is
      desired to determine the staking marking for the upper righthand grid
      intersection 66 (coordinates 1,600 E, 400 N). The rod reading at the
      intersection is 10 (by coincidence, the bench mark elevation) and the site
      drawings indicate that the finish grade is 1,732 feet. The zero mark 60 of
      the depth scale on the top disc member 38 is rotated to a position in
      radial alignment with the rod reading (10); alignment may be facilitated
      by using the hairline 48 on the pointer 46. Then, the pointer is moved to
      align the hairline 48 with the finish grade, the last two digits thereof
      being 32. Now reading the depth scale, it may be seen that the stake at
      this grid intersection should be marked for a cut of 3 feet. It should be
      noted that in this illustration it was unnecessary to convert the rod
      reading to the existing elevation as this was automatically done by the
      conversion unit 28. Alternatively, of course, the zero mark 60 may be
      aligned with the existing grade as read from the site drawing. If a
      quantity takeoff is desired, this can be directly read as 1,111 cubic
      yards.
PAR  The third problem illustration is specifically with respect to the
      determination of material quantities to be moved. Preferably, the
      conversion unit 28 is set so that sea level readings are in the range of
      the instrument. This can be done by aligning the highest indicated sea
      level reading shown on the site drawing with rod reading number 10. The
      locking tab wing nut 56 is tightened to retain the setting. Referring to
      FIG. 5, for the purposes of this problem illustration the elevation 1,750
      has been aligned with rod reading 10 since the elevations to be dealt with
      are within the range shown by the FIG. 5 setting. It is assumed that it is
      desired to determine, from the site drawing of FIG. 6, the quantity of
      material that will be excavated in an area 100 feet square centered on
      grid intersection 68 (coordinates 1,500 E, 300 N). The existing grade
      elevation at this intersection is read as exactly 1,746 feet, and the
      finish grade is read as 1,745 feet. The zero mark 60 is radially aligned
      with 46 on the bottom disc 30, and the pointer 46 is rotated to
      superimpose the hairline 48 on the number 45 of the elevation scale. The
      quantity (cut) is then obtained from the outermost circular array 40 and
      is read as 370 cubic yards. To determine the net quantity for import to or
      removal from the site, this calculation is repeated for each of the grid
      intersections and the total (cut or fill) is thereby derived.
PAR  The foregoing example is a simple illustration of quantity determination.
      In this case, it is subject to inaccuracy due to the presence of the 0--0
      line 64, since a portion of the area within the 100 foot square (centered
      on intersection 68) would be below the 0--0 line 64 and thus a small fill
      would be required. This is contemplated in the present invention by the
      provision of the circular arrays 42 and 44 for 50 and 25-foot grids
      respectively. The 50-foot grid would be used for moderately rough sites,
      and the 25-foot grid (or even the 10-foot grid) would be used for steep
      slopes. Accordingly, at sudden changes in contour or transition such as
      represented by the 0--0 line 64, a finer grid would be employed so that
      the quantity approximations are more accurate.
PAR  The fourth problem situation illustrates use of the instrument in reverse
      conversion, i.e., the direct conversion of elevations into rod readings.
      This type of conversion is needed, for example, in order to set "blue top"
      stakes for fine finish grading. Here the conversion unit 28 is locked as
      in the previous examples to relate the bench mark rod reading to the
      corresponding sea level elevation. The required locations of grade staking
      to obtain adequate control of grading are determined, and these locations
      are found on the site drawing. Then, from the drawing, the finish grade at
      each stake location is read and that elevation is viewed on the units and
      tens elevation scale appearing on the bottom disc 30. The radially aligned
      reading on the baseplate rod reading scale 26 will now be the required rod
      reading for the top of the stake (finish grade to be made flush with the
      top of the stake).
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. A rotary topographic calculator comprising:
PA1  a baseplate having an annular scale graduated to indicate a range of rod
      readings;
PA1  a conversion unit mounted on said baseplate and operable to directly
      convert rod readings on said scale into corresponding elevations relative
      to a predetermined reference elevation,
PA1  said unit including a rotatable disc component coaxial with said scale, and
      an annular elevation scale concentrically arranged on said disc component
      and graduated to cover a range of numerical values corresponding to said
      range of rod readings, like angular increments between the graduations of
      said rod reading and elevation scales being equal to the same distance on
      both scales,
PA1  said elevation scale being numbered inversely with respect to said rod
      reading scale, and said disc component being rotatable to an operational
      setting radially aligning a predetermined rod reading with the numerical
      value on said elevation scale corresponding to a known elevation, whereby
      other rod readings may be directly converted into corresponding elevations
      by reading the aligned numerical values on the elevation scale or,
      conversely, elevations may be converted into rod readings;
PA1  a rotatable disc member carried by said baseplate and coaxial with said
      disc component; and
PA1  an annular depth scale concentrically arranged on said disc member and
      graduated to indicate depth of cut and depth of fill in progressively
      increasing amounts in opposite directions away from a zero mark, the
      angular increments between the graduations of said depth scale being equal
      to the same units of measurement as like angular increments on said rod
      reading and elevation scales,
PA1  said disc member being rotatable to a position radially aligning said zero
      mark with a selected rod reading or elevation, whereby the depth scale
      then indicates the cut or fill at other corresponding radially aligned
      elevations.
NUM  2.
PAR  2. The calculator as claimed in claim 1, further comprising a locking
      device on said baseplate engagable with said disc component for holding
      the latter at said operational setting while permitting free rotation of
      said disc member.
NUM  3.
PAR  3. The calculator as claimed in claim 1, wherein said annular rod reading,
      elevation, and depth scales have different radii, and wherein a radial
      indicating pointer is provided rotatable about the common axis of said
      disc component and disc member and extending to the scale of greatest
      radius.
NUM  4.
PAR  4. The calculator as claimed in claim 3, further comprising cut and fill
      quantity indicia on said disc member arranged in a circular array in
      substantial radial alignment with corresponding graduations of said depth
      scale, and based on a predetermined area of ground when cut or filled to
      the depth indicated by said depth scale.
NUM  5.
PAR  5. A rotary topographic calculator comprising:
PA1  a baseplate having an annular scale for indicating rod readings; and
PA1  a rotatable conversion unit mounted on said baseplate and operable to
      directly convert rod readings on said scale into corresponding elevations
      relative to a predetermined reference elevation,
PA1  said unit being provided with three annular elevation scales of different
      radii within said rod reading scale and concentric therewith, and
      including three independently rotatable discs coaxial with said scales for
      aligning said elevation scales in a selected orientation to indicate
      elevation relative to said predetermined reference elevation,
PA1  one of said elevation scales covering a range of numerical values formed by
      the units and tens digits of elevation, a second of said elevation scales
      representing the hundreds digit of elevation, and the third elevation
      scale representing the thousands digit of elevation,
PA1  said one elevation scale being concentrically arranged on one of said discs
      and numbered inversely with respect to said rod reading scale, and said
      one disc being rotatable to an operational setting radially aligning a
      predetermined rod reading with the numerical value on said one scale
      corresponding to a known elevation, whereby other rod readings may be
      directly converted into corresponding elevations by reading the aligned
      numerical values on said one elevation scale in conjunction with the
      digits of said known elevation read from said second and third scales or,
      conversely, elevations may be converted into rod readings,
PA1  said second elevation scale being concentrically arranged on said one disc
      within said one elevation scale, a second of said discs overlying said
      second scale and having a window therein for revealing a selected hundreds
      digit.
NUM  6.
PAR  6. A rotary topographic calculator comprising:
PA1  a baseplate having an annular scale for indicating rod readings;
PA1  a rotatable conversion unit mounted on said baseplate and operable to
      directly convert rod readings on said scale into corresponding elevations
      relative to a predetermined reference elevation,
PA1  said unit being provided with three annular elevation scales of different
      radii within said rod reading scale and concentric therewith, and
      including three independently rotatable discs coaxial with said scales for
      aligning said elevation scales in a selected orientation to indicate
      elevation relative to said predetermined reference elevation,
PA1  one of said elevation scales covering a range of numerical values formed by
      the units and tens digits of elevation, a second of said elevation scales
      representing the hundreds digit of elevation, and the third elevation
      scale representing the thousands digit of elevation,
PA1  said one elevation scale being concentrically arranged on one of said discs
      and numbered inversely with respect to said rod reading scale, and said
      one disc being rotatable to an operational setting radially aligning a
      predetermined rod reading with the numerical value on said one scale
      corresponding to a known elevation, whereby other rod readings may be
      directly converted into corresponding elevations by reading the aligned
      numerical values on said one elevation scale in conjunction with the
      digits of said known elevation read from said second and third scales or,
      conversely, elevations may be converted into rod readings;
PA1  a rotatable disc member carried by said baseplate and coaxial with said
      three discs; and
PA1  an annular depth scale concentrically arranged on said disc member and
      graduated to indicate depth of cut and depth of fill in progressively
      increasing amounts in opposite directions away from a zero mark,
PA1  said disc member being rotatable to a position radially aligning said zero
      mark with a selected rod reading or numerical value of elevation on said
      one elevation scale, whereby the depth scale then indicates the cut or
      fill at other corresponding radially aligned elevations on said one
      elevation scale.
NUM  7.
PAR  7. The calculator as claimed in claim 6, wherein said annular depth scale
      is circumscribed by said three elevation scales, and wherein a radial
      indicating pointer is provided rotatable about the common axis of said
      three discs and said disc member and extending to said rod reading scale.
NUM  8.
PAR  8. The calculator as claimed in claim 7, further comprising cut and fill
      quantity indicia on said disc member within said depth scale and arranged
      in a circular array in substantial radial alignment with corresponding
      graduations of said depth scale, and based on a predetermined area of
      ground when cut or filled to the depth indicated by said depth scale.
NUM  9.
PAR  9. A rotary topographic calculator comprising:
PA1  three superposed plate elements mounted for relative rotation about a
      predetermined axis;
PA1  an annular scale arranged on one of said elements in concentric
      relationship with said axis and graduated to indicate a range of rod
      readings;
PA1  an annular elevation scale arranged on a second of said elements in
      concentric relationship with said axis and graduated to cover a range of
      numerical values corresponding to said range of rod readings, and being
      numbered inversely with respect to said rod reading scale; and
PA1  an annular depth scale arranged on the third of said elements in concentric
      relationship with said axis and graduated to indicate depth of cut and
      depth of fill in progressively increasing amounts in opposite directions
      away from a zero mark, the angular increments between the graduations of
      said depth scale being equal to the same units of measurement as like
      angular increments on said rod reading and elevation scales,
PA1  said one and second elements being relatively rotatable to an operational
      setting radially aligning a predetermined rod reading with the numerical
      value on said elevation scale corresponding to a known elevation,
PA1  said one, second and third elements being relatively rotatable to a
      position radially aligning said zero mark with a selected rod reading or
      elevation, whereby the depth scale then indicates the cut or fill at other
      corresponding radially aligned elevations.
NUM  10.
PAR  10. The calculator as claimed in claim 9, wherein said annular rod reading,
      elevation, and depth scales have different radii, and wherein a radial
      indicating pointer is provided rotatable about said axis and extending to
      the scale of greatest radius.
NUM  11.
PAR  11. The calculator as claimed in claim 9, further comprising cut and fill
      quantity indicia on said third element arranged in a circular array in
      substantial radial alignment with corresponding graduations of said depth
      scale, and based on a predetermined area of ground when cut or filled to
      the depth indicated by said depth scale.
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ABST
PAL  A method is described for determining and indicating the time mean of a
      measured quantity as a function of its period of operation. A signal is
      generated responsive to the exceeding of a predetermined pair of values or
      coordinates of mean and period of operation of the quantity being
      measured. The measured quantity is integrated, and an extinguishing
      quantity is superimposed on the measured quantity. The value of the
      extinguishing quantity as a function of the instantaneous value of the
      quantity being measured is chosen so that a uniform storage state of the
      integrator corresponds with the pairs of values of mean of the quantity
      being measured and its period of operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method for determining the time mean value of a
      measured quantity as a function of its period of operation. The invention
      is particularly related to a method for generating a signal responsive to
      the exceeding of specified pairs of values of mean and period of operation
      of the measured quantity.
PAR  Such a method is, for example, necessary in the monitoring of automatically
      operating telecommunications exchange equipment. The quantity to be
      measured may be, for example, error frequency and the specified pairs of
      values of mean and period of operation of the quantity to be measured are,
      for example, limiting values. It may be the case that the device being
      monitored must be shut off and, if necessary, replaced by another device
      of the same type, when such limiting values are exceeded.
PAR  It is known that to determine the time mean of a quantity to be measured,
      that amount, or an amount proportional to it, is connected to the input of
      an integrator. The time integral of the quantity to be measured delivered
      at the output of the integrator is then divided by the period of
      operation, i.e., the duration of the integration interval. The quotient is
      the desired time mean of the quantity to be measured. If the determination
      of the time mean is a function of different values of the integration
      interval, then the formation of the quotient must proceed continuously
      between time integral and integration interval. From this discussion, it
      becomes obvious that a substantial financial outlay for apparatus is
      necessary, which outlay is increased further in that the continuous
      formation of a quotient is generated (e.g., a switching command to a
      replacement circuit for the device being monitored) must be compared with
      the specified value pairs, in particular, a continuous curve connecting
      these value pairs.
PAR  It is an object of the invention to provide a method for determining the
      time mean of a quantity being measured as a function of its period of
      operation.
PAR  It is a further object of this invention to provide a method for generating
      a signal responsive to the exceeding of specified value pairs of mean and
      duration of operation of the quantity being measured.
PAC  SUMMARY OF THE INVENTION
PAR  The invention assumes that the quantity being measured is coupled to at
      least one integrator adapted to derive the desired type of mean (e.g.,
      arithmetic or quadratic mean). The invention is characterized by the fact
      that an extinguishing quantity is superimposed on the quantity to be
      measured, and that the waveform of this extinguishing quantity, as a
      function of the instantaneous value of the quantity to be measured, is
      chosen so that the specified value pairs of mean and duration of operation
      of the quantity to be measured correspond to a uniform storage capacity of
      the integrator.
PAR  The method according to the invention has the advantage that through
      achieving uniform storage capacity for the integrator, it is directly
      indicated that one of the specified value pairs of mean and duration of
      operation of the quantity to be measured, i.e., corresponding value pairs
      on a "limiting value curve" connecting the specified value pairs with each
      other, has been exceeded.
PAR  It is a characteristic of the method of the invention that to generate a
      signal (e.g., a switching command to the replacement circuit for the
      device being monitored), knowledge of the integration interval, that is of
      the period of operation of the quantity to be measured, is not necessary.
      If the integration interval for the time mean of the quantity to be
      measured, where the "limiting curve" has been exceeded, should nonetheless
      be of interest, then, in accordance with a further feature of the
      invention a simple chronometer may be used. The chronometer can be
      switched on at the beginning of the integration process and switched off
      by a signal, which, for example, may be derived by a suitable
      discriminator when the uniform storage capacity of the integrator
      corresponding to the specified value pairs of mean and duration of
      operation of the quantity to be measured has been reached.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The principles of the invention will be best understoody by reference to a
      detailed description of a preferred form of its excecution given
      hereinbelow in conjunction with the drawings in which:
PAR  FIG. 1 is a schematic block diagram of an exemplary circuit capable of
      performing the method of the invention and
PAR  FIG. 2 is a "limiting value" curve within which the FIG. 1 embodiment
      operates.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  For the sake of simplicity in the description given hereinbelow, it is
      assumed that the integrator used is a linear storage device, although the
      invention obviously is not confined to the use of linear stores as
      integrators. It is further assumed that the extinguishing quantity L(t) is
      the opposite polarity to the quantity to be measured F(t), and that the
      integration starts at moment t.sub.o, when the value of the quantity to be
      measured F(t) exceeds the value of the extinguishing quantity L(t) for the
      first time. The time mean of the quantity to be measured F(t) is defined
      as:
      ##EQU1##
      If the quantity to be measured F(t) and the extinguishing quantity L(t) of
      opposite polarity are directed to the integrator, then the following
      applies to the storage state or the values of the stored quantity S(t)
      measured at the output of the integrator, which storage state is a
      function of time just as are the quantity to be measured and the
      extinguishing quantity,
      ##EQU2##
      That is, after execution of the integration and division by the
      integration interval T
      ##EQU3##
PAR  The extinguishing quantity L(t) is chosen, according to the invention, such
      that the storage state or stored quantity value S(t) should have a uniform
      value for different specified value pairs of the mean F(t) and the
      integration interval T of the quantity to be measured F(t). The method of
      the invention is especially simple, when only two such value pairs are
      specified, for example the value pairs (F.sub.1 ; T.sub.1) and (F.sub.2 ;
      T.sub.2). The extinguishing quantity can be a constant L.sub.o in this
      case. If one puts the specified value pairs (F.sub.1 ; T.sub.1) and
      (F.sub.2 ; T.sub.2) into the equation (3), and if one denotes the storage
      state of the integrator, which in accordance with the assumptions should
      be equal for both value pairs, with S.sub.o, then one gets two defining
      equations
      ##EQU4##
      from which the quantities L.sub.o and S.sub.o can be determined:
      ##EQU5##
      Conversely, if one substitutes these values for L.sub.o and S.sub.o in the
      equation (3), then one obtains the equation
      ##EQU6##
PAR  The equation (6) represents the above mentioned "limiting curve," i.e., it
      characterizes all those value pairs or coordinates of mean and period of
      operation of the quantity to be measured F(t), to which the uniform
      storage state S.sub.o of the integrator corresponds. Therefore, when this
      curve is exceeded, a signal is emitted.
PAR  If the "limiting curve" passes through more than two specified value pairs
      or coordinates of mean and period of operation of the quantity being
      measured, the extinguishing quantity L(t) must be chosen in a
      corresponding manner as a suitable function from the instantaneous value
      of the quantity to be measured F(t). Another possibility for defining the
      course of the "limiting curve," such that it passes through more than two
      specified value pairs of mean and period of operation of the quantity
      being measured comprises connecting a corresponding number of integrators
      with, respectively, constant extinguishing quantities in parallel and of,
      disjunctively connecting the outputs of their associated discriminators to
      the storage. The latter connection may be effected by an OR gate. The
      result is a "limiting curve" composed of hyperbola-sections, which pass
      through the desired points. The quantity to be measured, the time mean of
      which is to be determined, consists to a large extent of a series of
      digital binary pulses appearing in a fixed time frame. Such a quantity to
      be measured can also be subjected to the method of the invention, whenever
      the extinguishing quantity also comprises a series of pulses and whenever
      the integrator is constructed in the form of a forward and backward
      counting counter circuit. In case the extinguishing quantity can be a
      function of the instantaneous value of the quantity being measured, i.e.,
      if only two value pairs are specified for the "limiting curve" of mean and
      period of operation of the quantity being measured, then it is possible to
      generate this extinguishing quantity through a simple frequency divider
      from the frequency of a timing signal generator, which also produces the
      time frame for the quantity being measured.
PAR  A simple practical example of the invention is shown in FIG. 1. This figure
      illustrates an arrangement which, according to the method of the
      invention, generates a changeover signal for a replacement circuit for a
      telecommunications exchange switching circuit. The following limiting
      values are defined as conditions for a change-over:
PA1  Mean signal error 100% for a period longer than 350 ms and
PA1  Mean signal error 20% for a period longer than 30 s.
PAR  If one substitutes these value pairs into equation (5), then one obtains:
      ##EQU7##
      The quantity to be measured F(t), which here represents the error rate,
      exists in digital form, i.e., pulses are emitted in a fixed time frame, in
      case erroneous signals appear. The fixed time frame is generated by a
      timing signal generator TG, which in the example at hand may have a
      frequency of Z = 100 signals/s. If one multiplies the results of equation
      (7) with this frequency and divides by the dimension-less value 100%, one
      obtains
PA1  L.sub.o = 19.06 signals/s, S.sub.o = 28.3 signals.
PAR  Integration ZK is constructed, in accordance with the character of the
      quantity being measured and the extinguishing quantity, as a forward and
      backward counting counter circuit in order to measure pulse signals. Since
      the counter chain can store only whole-numbered integration results, the
      value S.sub.o = 28 signals is set as the storage state S.sub.o. This
      setting requires a correction of the value of the extinguishing quantity
      L.sub.o. One obtains the value L.sub.o = 20 signals/s, if one substitutes
      into equation (4) the values S.sub.o = 28 signals, T.sub.1 = 0.35 s and
      F.sub.1 = 100 signals/s.
PAR  FIG. 1 shows a schematic diagram of an exemplary arrangement for executing
      the method of the invention. The arrangement is shown in block form. Each
      of the blocks is constituted by elements of known construction, adjusted
      to operate according to the parameters discussed hereinabove. It comprises
      a counter chain ZK, which may consist of bistable switching stages. A
      decoding device D is attached, to the output ZK and this may be
      constructed as a simple trigger circuit connected to ZK as to be
      responsive to 28 counts, so that S.sub.o = 28 signals is decoded and
      transformed into a changeover signal. An amplifier A is provided for
      coupling the F(t) and L(t) signals to the integrator ZK. The extinguishing
      quantity L(t), which has the constant value L.sub.o = 20 signals, is taken
      from the frequency of the timing signal generator TG by means of a
      frequency divider FT, which divides the frequency Z = 100 signals/s in the
      ratio 5:1. The changeover signal appears at output Aus, of decoder D, when
      the counter chain ZK has reached the chain setting S.sub.o = 28 signals.
PAR  FIG. 2 shows the changeover characteristic graph of the arrangement,
      denoted previously as the "limiting curve."
PAR  The preferred form for execution of the invention described hereinabove is
      to be considered only as exemplary of the principles of the invention.
      Reference must be had to the appended claims for definition of the scope
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for measuring the time mean of a quantity being measured as a
      function of its period of operation, comprising the steps of:
PA1  applying the quantity being measured to an integrator,
PA1  producing a constant extinguishing quantity which is a function of at least
      two predetermined pairs of values for said time mean and the integration
      period of the quantity being measured and which is of a value such that
      the storage capacity of said integrator is uniform for said predetermined
      pairs of values for said time mean and the integration period of the
      quantity being measured,
PA1  superimposing said extinguishing quantity on said quantity being measured
      and
PA1  generating a signal from the values stored in said integrator responsive to
      the exceeding of said value pairs.
NUM  2.
PAR  2. The method defined in claim 1, wherein said quantity being measured and
      said extinguishing quantity are digital pulses and wherein said integrator
      is a binary counting means.
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ABST
PAL  A digital frequency generator for producing a pulse output at a specified
      frequency is disclosed. The circuit is designed to operate in either of
      two modes in order to obtain high accuracy over a wide range of frequency
      operation. In a first mode, the circuit merely acts as a frequency scaler
      producing an output when a counter overflows. In a second mode, a
      comparator is employed for deciding whether an additional clock pulse
      delay is necessary to obtain the required degree of accuracy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of selectable frequency generators. In
      particular, the invention relates to a circuit for producing pulses which
      simulate an engine. The output pulses may be used for calibrating control
      devices for such engine. For such applications the circuit output must be
      settable from frequencies on the order of 20 Hz to frequencies in excess
      of 10 KHz. When it is employed as a calibration unit, the frequency
      produced is desirably accurate to within 0.1%. To obtain this degree of
      accuracy requires that the circuit be capable of calibration in steps of
      0.025%.
PAR  Given the above requirements, namely a digital frequency generator which is
      capable of producing frequencies up to 10 KHz and is settable to within
      0.025% accuracy, a base frequency on the order of 40 MHz would be required
      if straight frequency scaling were employed. A base frequency of that
      magnitude, while attainable, is not practicable and would require an
      inordinate amount of expensive logic to implement.
PAR  A technique which produces the required degree of accuracy but avoids the
      problem of a very high base frequency is to provide the required degree of
      accuracy over a period of time. That is, short term accuracy (on the order
      of a few milliseconds) which could be obtained using a 40 MHz base
      frequency is traded off for long-term accuracy. The average output is made
      accurate to the required degree by increasing the periods of a certain
      fraction of the output pulses by one clock cycle. Where this "extended
      division" technique is used, a base frequency on the order of 2 MHz is
      sufficient.
PAR  For frequencies below approximately 500 Hz, the above "extended division"
      technique is not required. Accordingly, the present invention which is
      capable of the desired frequency range and accuracy has two modes of
      operation, one for producing output pulses in a first low frequency range
      by straight frequency division techniques and in a higher frequency range
      utilizing the extended division techniques.
PAR  It is accordingly an object of the present invention to provide a frequency
      generator which is capable of producing a pulse frequency output which is
      highly accurate.
PAR  It is another object of the present invention to provide a circuit capable
      of operating in either of two modes depending upon the desired frequency
      output.
PAR  It is a further object of the present invention to provide a computer
      controlled digital frequency generator capable of producing an output
      dependent upon the information received from the controlling computer.
PAR  It is a still further object of the present invention to provide a
      frequency generating circuit capable of producing a highly accurate output
      by comparing its operation rate against the selected rate and correcting
      for differences exceeding a threshold magnitude.
PAR  Other objects and advantages of the invention will become apparent from the
      remaining portion of the specification.
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PAC  BRIEF DESCRIPTION OF THE FIGURE
PAR  The FIGURE is a block diagram of the circuit according to the present
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in the FIGURE, the circuit according to the present invention
      receives data input from a computer 10. The computer forms no part of the
      present invention and may be a general purpose computer of suitable size
      and speed for the purposes to be described herein. The computer 10 is
      utilized to select the correct operating mode for the present invention
      and to provide data input. The mode is selected by applying a positive
      signal to either of lines 12 or 14. A positive signal on line 12 selects
      mode 1, the straight frequency division mode, while a positive signal on
      line 14 selects mode 2, the extended division output.
PAR  Selection of the correct mode is determined by the desired output frequency
      from the circuit. If the desired frequency is 500 Hz or higher, mode 2 is
      selected. Conversely, if the desired output is approximately 500 Hz or
      less, mode 1 is selected since extended frequency division is not required
      to produce an output to the accuracy desired.
PAR  A signal is applied to either of lines 12 or 14 and is provided through OR
      gate 16 effective for loading a pair of storage registers 18 and 20. The
      storage registers 18 and 20 receive data in parallel on a plurality of
      data lines from the computer. The storage registers may be of any desired
      bit capacity although typically register 18 will be larger than register
      20.
PAR  As thus far described, it will be apparent that the controlling computer
      determines the desired output frequency and selects the appropriate mode
      of operation for the circuit shown in the FIGURE. Once the mode has been
      selected, the computer then enables the registers 18 and 20 so that data
      may be loaded in parallel from the computer to the registers.
PAR  Selection of either mode is effective for setting or resetting an R-S type
      flip-flop 22. Line 12 is connected to the reset input of flip-flop 22
      while line 14 is connected to the set input to flip-flop 22. Thus when
      line 12 is high, the Q output is low, and conversely, when line 14 is
      high, the Q output is high. The Q output of flip-flop 22 is applied to D
      type flip-flop 24.
PAR  The Q output of flip-flop 24 is connected as one input to NAND gate 26 and
      as one of three inputs to AND gate 28. The Q output of flip-flop 24 is
      provided to NAND gates 30 and 32.
PAR  A second input to NAND gate 26 is provided on line 34 from a counter 36.
      Counter 36, as will be explained, receives the data stored in the register
      18 and counts at the clock rate supplied until an overflow or carryout is
      produced. This carryout is provided on line 34 to NAND gate 26 and is also
      provided as a carry in to a second counter 38. In a similar manner the
      counter 38 in mode 1 receives data from register 20 and counts until a
      carryout is produced on line 40 which is the second input to NAND gate 30.
      In the extended division mode (mode 2) the counter 38 does not receive the
      data from register 20. Instead, it is utilized by comparator 42 in a
      manner to be explained.
PAR  The outputs from NAND gates 26 and 30 constitute the inputs to NAND gate
      44. Gate 44 controls D type flip-flop 46 and is also utilized to clock
      flip-flop 24 via line 48. Flip-flop 46 and counters 36 and 38 receive the
      base frequency clock signal which, as previously stated, is preferably on
      the order of 2 to 3 MHz.
PAR  The Q output of flip-flop 46 is provided as the second input to NAND gate
      32, as one input to NOR gate 48 and to flip-flop 50. The Q output of
      flip-flop 46 is applied to counter 36 and prevents loading when the Q is
      high. In a similar manner, a high output from NAND gate 32 prevents
      loading of counter 38.
PAR  The Q output of flip-flop 50 is provided as a second input to AND gate 28,
      whose output is provided as the second input to NOR gate 48. The output of
      NOR gate 48 starts and stops the counters 36 and 38. When the output of
      NOR gate 48 is high, the counters are enabled and count the base frequency
      clock pulses. When the output of NOR gate 48 is low, the counters are
      inhibited from counting.
PAR  Provided as a third input to the AND gate 28 is the output from the
      comparator 42. The comparator 42 is utilized only in mode 2, the extended
      division mode. When utilized, the comparator compares the count in counter
      38 against the binary number stored in the register 20. The comparator
      produces a high input to the AND gate 28 if the value of the register 20
      is less than or equal to the value of the counter 38. As will be
      explained, this is effective for producing a one clock pulse delay before
      counting is resumed.
PAR  The output of the circuit is taken via a buffering NAND gate 52 on line 54.
      It will be apparent that the buffered output received on line 54 can be
      further processed or shaped as desired, such subsequent signal processing
      forming no part of the present invention.
PAC  OPERATION
PAR  In order to describe the operation of the present invention, it will be
      convenient to consider each mode of operation separately. For purposes of
      explanation, it will be assumed that the computer 10 has determined the
      required frequency of the output pulses on line 54. As a first example, it
      will be assumed that a 100 Hz output is desired. In that case, the
      computer will select mode 1 operation by producing a high output on line
      12.
PAR  Energizing line 12 initiates loading of the registers 18 and 20 which
      receive data by parallel data transfer from the computer 10. The data
      received from the computer is a binary number calculated by an algorithm
      as the proper starting point for the counters so as to require the
      counters 36 and 38 to count for a predetermined number of clock pulses
      before producing an output on line 54. By increasing or decreasing the
      binary numbers stored in the registers 18 and 20, the frequency of the
      output can be varied as desired.
PAR  As an example, if the clock frequency is 2 MHz and the output frequency
      desired on line 54 is 100 Hz, then for counters of a known bit length,
      such as 8, 12 or 16 bits, it is easily computed how many clock pulses the
      counters must count between output pulses to yield the desired frequency.
      The computer is utilized to calculate the required number of clock pulses
      and to transfer into the storage registers 18 and 20 a binary number which
      will preset the starting value of the counters. After the appropriate
      number of clock cycles, the desired output pulse is produced when the
      counters overflow.
PAR  Continuing with the 100 Hz output example, the computer selects mode 1 for
      the circuit of the present invention, and computes the two binary numbers
      to be loaded into the registers 18 and 20. In mode 1 the logic states of
      flip-flop 46 and gate 32, which control loading of the counters 36, 38,
      are such as to load the numbers from the registers 18 and 20 into the
      counters 36 and 38 respectively. Counting then begins. In mode 1, the
      carryout signal (line 40) from counter 38 is utilized for initiating an
      output pulse on line 54 by changing the state of gate 44. Conversely, in
      mode 2 operation, the carryout signal on line 34 to gate 26 is effective
      for changing the state of gate 44.
PAR  Thus, in mode 1, the counters 36 and 38 are utilized as one long counter
      rather than two separate discrete counters. The carryout signal on line 34
      in mode 1 is only utilized to increment the counter 38 and does not affect
      the circuit logic.
PAR  The carryout signal is effective for causing NAND gate 44 to go high. When
      gate 44 goes high, it sets flip-flop 46 producing a low signal as an input
      to gate 52. In turn this produces the output pulse on line 54.
PAR  Simultaneously with producing the output pulse, the next binary numbers are
      loaded. This is accomplished by the Q output of flip-flop 46 going high,
      causing NAND gate 32 to go low, enabling loading of counter 38. In the
      same manner the Q output from flip-flop 46 enables counter 36 to be
      loaded.
PAR  When flip-flop 46 changes state due to the occurrence of a carryout signal,
      it also applies a high input to the NOR gate 48, to inhibit counting. The
      counters 36 and 38 remain off while new binary numbers are loaded for a
      period of one clock cycle as will now be explained. When the counting
      stops it is due to the high input to NOR gate 48 from flip-flop 46. This
      high output is also applied to flip-flop 50 for resetting the circuit. The
      Q output of flip-flop 50 resets flip-flop 46 after one clock pulse.
      Resetting flip-flop 46 produces a low Q output producing a high output
      from NOR gate 48 for starting the counters.
PAR  As will be observed, in mode 1, the comparator 42 is not utilized. In
      brief, in mode 1 the circuit receives in parallel two binary numbers one
      for each of the counters 36 and 38. The counters then begin to count
      starting from the number supplied until a carryout signal is produced on
      line 40. This carryout is effective for causing flip-flop 46 to change
      state and in turn produce the desired output on line 54. Simultaneously
      the circuit loads a new binary number into the counters and begins
      counting at the next clock pulse.
PAR  It will be apparent that the number loaded into the counters need not
      change with every counting cycle. That is, for a constant frequency output
      the same number will be repetitively loaded from the storage registers 18
      and 20 into the counters 36 and 38, respectively. As an example only, if
      counters 36 and 38 are x and y bit binary counters, respectively, the base
      clock frequency is 2 MHz and the desired output frequency is 100 Hz, then
      the counter capacity = 2.sup. x .sup.+ y. Dividing the base clock
      frequency by the desired output frequency 2 MHz/100 Hz = 20,000. Thus
      every 20 K clock pulses an output is required. Thus the number loaded into
      the counter is 2.sup.x .sup.+ y -  20,000.
PAC  MODE 2
PAR  In mode 2, the extended division mode, the operation of the circuit is
      somewhat different. In this mode, a portion of the binary number is loaded
      from the register 18 into the counter 36. However, the number in the
      register 20 is provided to the comparator 42 instead of counter 38.
      Depending upon the results of a comparison between the number in register
      20 and the value of the counter 38, the circuit may remain off for one
      additional clock pulse in addition to the loading time. This additional
      delay is effective for obtaining, over a period of time, the desired
      accuracy from the circuit.
PAR  When mode 2 is selected, data is again loaded from the computer to the
      registers 18 and 20. The Q output of flip-flop 22 is now high. In turn,
      NAND gate 26 is high, setting this gate to receive the carryout on line 34
      from counter 36 for operating flip-flop 46 to produce the output pulse on
      line 54. Thus, when counter 36 overflows an output is produced. In mode 2
      it is desired that the counter 38 not receive a binary number from the
      register 20. To inhibit this data transfer, NAND gate 32 is connected to
      the Q output of flip-flop 24 which will keep gate 32 high as long as the
      circuit is in mode 2. It will be recalled that a high output on gate 32
      inhibits loading of the counter 38.
PAR  As in mode 1, after a binary number has been loaded into the counter 36,
      counting begins and continues until a carryout is produced. This produces
      the desired output on line 54. The corresponding high output on the Q
      terminal of flip-flop 46, as in the mode 1 operation, is effective for
      operating flip-flop 50 and NOR gate 48. As in mode 1, when a high input is
      provided to NOR gate 48, the counter 36 is stopped for one clock pulse
      until the flip-flop 50 resets counter 46 to initiate counting for the next
      cycle. The difference in mode 2 is that the digital logic associated with
      comparator 42 and AND gate 28 provide a mechanism whereby the circuit may
      be made to remain off for an additional clock pulse if the results of a
      comparison in comparator 42 indicate a necessity for so doing.
PAR  The decision as to whether or not the counter 36 will remain off for one or
      two clock pulses is determined by the three-input AND gate 28 which is
      controlled by the comparator 42. AND gate 28 is capable of being operated
      only in mode 2 since its middle input is connected to the Q output of
      flip-flop 24 which is high only in mode 2. The bottom input to the AND
      gate 28 is from the Q output of flip-flop 50, and this output is high only
      for the clock pulse immediately following a carryout on line 34. Thus,
      immediately following a carryout, in mode 2, if the input to gate 28 from
      the comparator is high, the gate produces a high output to NOR gate 48
      effective for disabling counting by keeping the NOR gate 48 off.
PAR  Thus, it will be apparent that should the comparator signal be high, the
      sequence of operation is as follows: An output is produced by the counter
      38, causing flip-flop 46 to change state. This produces the digital output
      and stops the counter 36 since the upper input to NOR gate 48 goes high.
      When this happens in mode 2, AND gate 28 also becomes enabled.
      Subsequently the circuit is reset by flip-flop 50 causing the upper input
      to NOR gate 48 to go low again; however, the lower input to NOR gate 48
      remains high for one additional clock pulse, thereby continuing to disable
      counter 36 for an additional clock pulse. After the second clock pulse,
      the flip-flop 50 is itself reset so that its Q output goes low and the AND
      gate 28 is disabled. This in turn restores a high output from NOR gate 48
      permitting counting to resume.
PAR  Whether or not the input from the comparator to AND gate 28 is high is
      dependent upon the results of a comparison between the value in the
      counter 38 and the number stored in register 20. As previously stated,
      even though the counter 38 is not utilized for producing a carry output in
      mode 2, it does receive the carryout from the counter 36 and thus
      continues to function as a counter. The value in the counter 38 at any
      given time is provided via a plurality of data lines to the comparator 42.
      The comparator repetitively compares the bits of the number in the counter
      38 against the number from the register 20. If the number stored in the
      register 20 is less than or equal to the number which the counter 38 has
      counted up to, a high output is produced on line 55 and applied to the AND
      gate 28 for the purposes previously described. As will be explained, when
      the inequality just mentioned is true, it is an indication that the output
      on line 54 is at a frequency slightly greater than the desired frequency,
      and that in order to obtain the desired accuracy over the desired period,
      a one-pulse clock delay is necessary.
PAR  To understand this, recall that the computer calculates the number of clock
      pulses between an output pulse necessary to produce a selected frequency.
      It may occur that the number of pulses is fractional. That is, the
      selected frequency requires a fractional number of clock pulses to produce
      the desired output frequency. In mode 2, the counters are utilized such
      that counter 36 receives the whole number of cycles and register 20 is
      given a number representing the fractional number of cycles to produce a
      desired output frequency.
PAR  As an illustrative example only, assume that the correct number of clock
      pulses to produce a desired frequency is 2098.5. In that case, a binary
      number (2.sup.x - [Base freq./Desired freq.]) is loaded into register 18
      and used to preset counter 36 for overflow after 2098 cycles. A binary
      number corresponding to the fractional cycle is loaded into the register
      20. If the counter 38 count is y bits, the number loaded into register 20
      is 2.sup.y /2 for an extra half cycle. As the counter 38 counts the number
      of carryouts from the counter 36, the comparator will continually make
      comparisons producing an output when the value of the counter 38 exceeds
      the value of the number in register 20. When it does exceed the value in
      register 20, it is an indication that the output frequency requires a
      one-clock pulse delay to adjust the frequency to the desired accuracy.
      Such adjustment will be continually made as long as the inequality stated
      remains true. In this manner, the desired accuracy over a relatively long
      period of time compared to a base clock frequency of 2 MHz is obtained.
PAR  While I have shown and described an embodiment of this invention in some
      detail, it will be understood that this description and illustration are
      offered merely by way of example, and that the invention is to be limited
      in scope only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A two-mode digital pulse generator producing a selectable frequency
      output determined by a controlling computer, said computer also selecting
      the mode of operation depending on the selected frequency comprising:
PA1  a. storage means for receiving a multiple bit binary number in parallel
      from said computer;
PA1  b. means for producing clock pulses;
PA1  c. means for counting said clock pulses and producing a carry signal when
      counting capacity is exceeded including first and second counters each
      producing a carry signal when they overflow; the carry signal of the 1st
      counter incrementing the second counter;
PA1  d. means tranferring said binary number into both of said counters in a
      first mode and a portion of said number into only the 1st counter in a
      second mode to preset the initial value at which counting begins;
PA1  e. means responsive to the second counter carry signals in said first mode
      and to the first counter carry signals in said second mode for producing
      said output pulses at the selected frequency;
PA1  f. comparison means operative in said second mode for repetitively
      comparing the value of the second counter against the untransferred
      protion of said binary number in said storage means to produce an inhibit
      output indicative of the need for counting inhibition to maintain the
      selected frequency output;
PA1  g. logic means receiving said inhibit output, in the second mode, for
      inhibiting counting for a predetermined period to effect correction of the
      output pulse frequency.
NUM  2.
PAR  2. A digital pulse generator according to claim 1 wherein said receiving
      means is a pair of parallel storage registers.
NUM  3.
PAR  3. A digital pulse generator according to claim 2 wherein one of said
      storage registers is of greater capacity than the other.
NUM  4.
PAR  4. A digital pulse generator according to claim 1 wherein said clock pulses
      are produced with a frequency in the range of 1 to 3 MHz.
NUM  5.
PAR  5. A digital pulse generator according to claim 4 wherein said pulse
      generator is capable of producing a pulse output over the range of 30 Hz
      to 10 KHz plus or minus one percent.
NUM  6.
PAR  6. A digital pulse generator according to claim 1 wherein said means for
      transferring includes:
PA1  a. means for loading said counting means after each output pulse; and
PA1  b. means for inhibiting counting during loading.
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ABST
PAL  The taxi meter receives a sequence of pulses each representing a determined
      distance travelled by the taxi. The repetition rate of the input pulses is
      to be reduced by a ratio T so that each pulse having the reduced
      repetition rate signifies a determined fare increment. An adder or counter
      has a determined capacity and furnishes a carry signal whenever the sum
      signal created therein exceeds that capacity. An addend equal to K/T where
      K is the capacity of the adder is applied to the input of the adder for
      addition therein in response to each of the input pulses. The carry
      signals furnished by the adder constitute the desired signals each
      signifying the correct fare increment. The repetition rate of pulses each
      signifying a unit of waiting time can be similarly reduced and the
      resulting carry pulse sequences be applied to a selection circuit which
      selects the one having the highest repetition rate to constitute the
      tariff signal, namely the signals for advancing the taxi meter by one fare
      increment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electronic taxi meters and in particular to a
      method and system for reducing the repetition rate of pulses signifying
      either increments of distance travelled or units of waiting time in such a
      manner that each pulse in the pulse sequence having the reduced repetition
      rate signifies a determined fare increment. The system and method is to be
      applicable both to integral and non-integral reduction ratios.
PAR  Electronic taxi meters are known and are disclosed, for example, in
      application Ser. No. 323,907, filed on January, 1973 the claims of which
      have been allowed. In such taxi meters a first and second pulse sequence
      is furnished, the pulses in each sequence signifying, respectively,
      increments of distance travelled and units of waiting time. In these known
      taxi meters a selection circuit is furnished which selects the pulse
      sequence having the higher repetition rate for purpose of advancing the
      taxi meter by a given fare increment. In order that the selection circuits
      operate as accurately as possible, high repetition rates for the input
      pulses are desirable. The higher the repetition rate the more exact the
      switching of the selection from the distance increment to the unit time
      pulses and vice versa. In known taxi meters of this type, the relatively
      high frequency pulses at the output of the selection circuits are then
      applied to a binary reduction stage or the like so that the output pulses
      of this binary reduction stage then constitute the tariff pulses, that is
      the pulses each of which causes the taxi meter to be advanced by a fare
      increment.
PAR  A further requirement for the conventional taxi meters of the type
      described above is that the two pulse sequences applied to the input of
      the selection circuit must be of sufficiently low frequency that the
      selection circuit can process the pulses without distortion. The highest
      allowable frequency of course depends upon the particular electronic
      building blocks used. However, in any case, the speed of the taxi must be
      considered to be able to vary between zero and 140 kilometers per hour. If
      the input pulse frequency or repetition rate is such that one pulse is
      generated per 0.1 m distance travelled, then the frequency or repetition
      rate of the pulses each of which signify distance travelled is variable
      between 0 and approximately 400 pulses per second. If this frequency is
      again increased by a factor of 10 which of course is possible, then one
      pulse would be generated per 0.01 meters of distance travelled. Under this
      condition the selection circuit would have to be able to process pulses
      having a frequency between 0 and 4,000 pulses per second. This is not
      always readily accomplished with electronic building blocks and especially
      is difficult to accomplish with highly integrated circuit building blocks.
PAR  On the other hand it must be considered that the pulses at the output of
      the selection circuit already constitute a measure of the fare. In other
      words, each pulse at the output of the selection circuit represents a
      determined fare increment. Since the fare rate for the time and the
      distance travelled may differ widely, the reduction in the pulse
      repetition rate must take place individually for the distance and the time
      pulses and the reduction must be carried out prior to and not following
      the selection circuit.
PAR  If it is now assumed that after the selection circuit a further repetition
      rate reduction of 100:1 takes place (as is the case in the taxi meter
      described in the above-mentioned U.S. application) then the reduction
      ratios given in the following Table must exist for the corresponding
      values also listed in this Table:
     Case I:   Distance per Fare                                               
                                Reduction Ratio                                
               Increment                                                       
     ______________________________________                                    
     Fare rate 1                                                               
               50 m = 500 pulses                                               
                                5:1                                            
     Fare rate 2                                                               
               35 m = 350 pulses                                               
                                3.5:1                                          
     Fare rate 3                                                               
               20 m = 200 pulses                                               
                                2:1                                            
     Case II:                                                                  
     Fare rate 1                                                               
               15 m = 150 pulses                                               
                                1.5:1                                          
     Fare rate 2                                                               
               12.5 m = 125 pulses                                             
                                1.25:1                                         
     Fare rate 3                                                               
               10 m = 100 pulses                                               
                                1:1                                            
     ______________________________________                                    
PAR  The above Table of course constitutes the reduction ratios as applied to
      the distance increment pulses. For the unit time pulses and the
      corresponding fare rates, non-integral reduction ratios may also be
      required. For the usual type of resettable binary reduction stage, the
      implementation of such non-integral reduction ratios is particularly
      difficult. In particular it is impossible to implement such non-integral
      reduction ratios with sufficient accuracy.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to implement reduction ratios
      including non-integral reduction ratios in the number of tariff pulses
      corresponding to fare increments with respect to the number of input
      pulses corresponding to distance increments travelled or units of waiting
      time with the maximum possible accuracy. In the present invention, a
      plurality of tariff signals are created, each representing a determined
      fare increment, the number of tariff signals being in a determined ratio
      to the number of input pulses each representing a determined distance
      travelled or a determined waiting time. In accordance with the present
      invention the method comprises the steps of furnishing an added signal
      signifying a determined addend. It further comprises creating a sum signal
      by sequential addition of said addend signals, one in response to each of
      said input signals. In accordance with the present method, finally a carry
      signal is created whenever the so-created sum signal exceeds a
      predetermined sum signal signifying a predetermined number. The determined
      addend is computed as being equal to the ratio of K/T where K is said
      predetermined number and T said determined ratio.
DRWD
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing the pulse reduction system and
      illustrating the pulse reduction method of the present invention; and
PAR  FIG. 2 is a schematic diagram of an electronic taxi meter including the
      circuitry of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of the present invention will now be described with
      reference to the drawings.
PAR  In FIG. 1 reference numeral 1 refers to the means for furnishing a
      plurality of distance signals and specifically a plurality of distance
      pulses. The distance pulses are applied to a reduction stage 2, which
      furnishes a pulse sequence having a plurality of pulses reduced in number
      by the reduction ratio associated with stage 2 which of course is
      determined by the particular fare rate. Similarly pulses each indicating a
      unit of waiting time are furnished by unit 4 and applied to a similar
      reduction stage 5, at the output of which again is a plurality of pulses
      reduced in number by the reduction ratio associated with stage 5. The
      outputs of reduction stages 2 and 5 are connected to the inputs of
      selection circuit 3 at the output of which appears the pulse sequence
      having the faster repetition rate. A further 100:1 reduction then takes
      place in reduction stage 6 and the output pulses at the output of
      reduction stage 6 constitute the tariff pulses each of which causes the
      meter to be advanced by a given fare increment. These pulses are applied
      to fare counter 7 which, upon receipt of the pulse, advances the reading
      on the fare indicator by the determined fare increment.
PAR  Taking case II of the above Table as an example, the indicator is to be
      advanced by one fare increment after 150 distance pulses according to fare
      rate 1, after 125 distance pulses in accordance with fare rate 2 and after
      100 distance pulses in accordance with fare rate 3. Taking into
      consideration that reduction stage 6 will effect a 100 to 1 reduction,
      then it is clear that reduction stage 2 must effect a reduction ratio of
      1.5:1 for fare rate 1, 1.25:1 for fare rate 2 and 1:1 for fare rate 3. If
      it is now assumed that electronic components arranged on a binary decimal
      basis will be used, then reduction stage 2 could comprise adder means
      embodied in a counter which furnishes a carry signal after receipt of ten
      pulses. Alternately reduction stage 2 could be embodied in an adder which
      furnishes a carry signal after a sum equal to or exceeding 10 has been
      computed. In both cases the capacity of the adder means K=10. The desired
      ratio T at fare rate 1 is 1.5. Thus an addend, S=10/1.5 approximately
      .apprxeq. 7 will result. Reduction stage 2 will then operate as follows:
TBL                TABLE I                                                     
     ______________________________________                                    
     A=Number of Distance Pulse B=Content of Counter or Adder                  
     C=Number of Carry (Tariff) Pulses                                         
     A      B        C        A      B       C                                 
     ______________________________________                                    
     1        7                9     (6)3    6.                                
     2      (1)4     1.       10     (7)0    7.                                
     3      (2)1     2.       11     (7)7    --                                
     4      (2)8     --       12     (8)4    8.                                
     5      (3)5     3.       13     (9)1    9.                                
     6      (4)2     4.       14     (9)8    --                                
     7      (4)9     --       15     (10)5   10.                               
     8      (5)6     5.                                                        
     ______________________________________                                    
PAR  Examination of the above Table shows that for each 15 input (distance)
      pulses 10 carry (tariff) pulses result. Only the number in the units place
      of column B is stored in either the counter or the addend constituting
      reduction stage 5. It is this remainder which affects the result of the
      addition of the next addened and therefore increases the accuracy of the
      system and method of the present invention. Thus, when a large number of
      input pulses is taken into consideration a high degree of accuracy of the
      pulse reduction rate results. This method can be implemented very simply
      in known taxi meters as will be shown with reference to FIG. 2.
PAR  First, however, as an additional example the reduction ratio of 3.5:1
      required for fare rate 2 of case I of the above Table will be considered.
      Using the formula S=K/T results in an addened of S approximately .apprxeq.
      3. The resulting computation process in reduction stage 2 is then shown in
      tabular form as
TBL                TABLE II                                                    
     ______________________________________                                    
     A=Number of Distance Pulse B=Counter or Adder Content                     
     C=Number of Carry (Tariff) Pulses                                         
     A      B        C        A      B       C                                 
     ______________________________________                                    
     1        3      --       19     (5)7    --                                
     2        6      --       20     (6)0    6.                                
     3        9      --       21     (6)3    --                                
     4      (1)2     1.       22     (6)6    --                                
     5      (1)5     --       23     (6)9    --                                
     6      (1)8     --       24     (7)2    7.                                
     7      (2)1     2.       25     (7)5    --                                
     8      (2)4     --       26     (7)8    --                                
     9      (2)7     --       27     (8)1    8.                                
     10     (3)0     3.       28     (8)4    --                                
     11     (3)3     --       29     (8)7    --                                
     12     (3)6     --       30     (9)0    9.                                
     13     (3)9     --       31     (9)3    --                                
     14     (4)2     4.       32     (9)6    --                                
     15     (4)5     --       33     (9)9    --                                
     16     (4)8     --       34     (10)2   10.                               
     17     (5)1     5.       35     (10)5   --                                
     18     (5)4     --                                                        
     ______________________________________                                    
PAR  The above Table also illustrates that this type of pulse reduction, when
      viewed over a sufficiently long time period results in very high accuracy.
      Whatever inaccuracies may exist at any one point are stored and taken into
      consideration upon receipt of the next-following pulse. Over a
      sufficiently long time period only relatively minor cumulative
      inaccuracies can thus occur.
PAR  The accuracy of the reduction ratio of course can be increased by
      increasing the capacity K of the adder means. For example this may be
      increased from 10 to either 100 or 1,000 as shown in the following
      example. Assume that T.sub.desired = 1.5:1. Then
PA1  for K = 10 and S = 7 T.sub.actual = 10/7 = 1.4285:1
PA1  for K = 100 and S = 67 T.sub.actual = 100/67 = 1.4925:1
PA1  for K = 1,000 and S = 667 T.sub.actual = 1,000/67 = 1.49925:1
PAR  Of course the embodiment of the present invention utilizing adder means
      wherein K=10 is the simplest. Embodiments utilizing K=100 or K=1,000
      require a greater amount of control circuitry so that if possible an
      embodiment utilizing K=10 should be used.
PAR  FIG. 2 is a schematic diagram of the circuitry of an electronic taxi meter
      wherein the present invention is incorporated. The taxi meter comprises
      the means for furnishing the distances pulses having reference numeral 1
      and the means for furnishing the pulses each of which signify a unit
      waiting time and having reference numeral 4. Both pulse sequences are
      applied to a control circuit 10 which comprises an input register 11 and
      the selection circuit 3. The waiting time pulses and the distance pulses
      are both applied to input register 11. Input register 11 further receives
      function control signals from a keyboard 12 which has keys 13 which may be
      activated by the driver to indicate fare rate 1, fare rate 2, taxi
      unoccupied, taxi occupied, etc. The electronic taxi meter further had
      adder means 14 which cooperate with a carry storage 15. Adder 14 receives
      the values to be added to each other on the one hand from a main storage
      17 and on the other hand from the addend furnishing means 16 which are
      referred to as constant furnishing means in the above-mentioned
      application and are embodied in a read only memory. Main storage 17 is
      addressed by an address register 18. Specifically, the eight output lines
      of address register 18 are activated in such a way that the  64 storage
      locations in storage 17 are addressed in a predetermined order. The values
      read out of storage 17 can be transferred to an intermediate storage 19
      which is addressed by an address register 20. Under control of address
      register 20 values stored in intermediate storage 19 are transferred
      through a decoder 21 to the fare counter and indicator 7 which comprises
      indicator means 22 for indicating the actual fare to the customer and
      indicator means 23 for indicating any additional charges such as charges
      for suitcases, etc.
PAR  Main storage 17 has sufficient storage locations to store all values which
      are necessary for computing the fare and additional values which must be
      retained even after individual trips and which are used to compute further
      values such as the total number of kilometers that the taxi has travelled
      during a day, the total amount of extra charges, etc. The constant
      furnishing means which include the addend furnishing means of the present
      invention allow the taxi meter to be adjusted to whatever fare rate is in
      effect. It comprises storage locations for storing the values which are
      necessary for computing the fare under particular fare rates. This
      constant furnishing means may be a punched card or may be a printed
      circuit board. Various other embodiments are possible. In any case the
      constant furnishing means 16 of the taxi meter include the addend
      furnishing means, that is enough storage positions are provided in
      constant furnishing means 16 so that the addend S corresponding to each
      fare rate may be stored therein. Thus if case I is to be considered, at
      fare rate 1 the addend stored in a particular storage location will have
      the value 2, for fare rate 2, the addend will have the value of 3, for
      fare rate 3, the addend will have the value of 5. However, for case II,
      the constant furnishing means will furnish an addend having a value of 7
      for fare rate 1, of 8 for fare rate 2 and 10 for fare rate 3. Storage
      locations in main storage means 17 will be used to store the unit values
      of the numbers listed in column B of Tables 1 and 2.
PAR  Let it now be assumed that the taxi meter is set for fare rate 1. The time
      and distance pulses are furnished by generators 1 and 4 to input register
      11. Address registers 18 and 19 are controlled by control pulses from
      control circuit 10 in such a manner that the individual storage locations
      in the main storage 17 as well as the storage locations in intermediate
      storage 19 and the corresponding storage locations in the addend
      furnishing means 16 are addressed in sequence. If that storage location is
      addressed in main storage 17 which is assigned to the reduction of the
      distance pulses furnished by unit 1, in other words, which is assigned to
      function as reduction stage 2 of FIG. 1, then the values stored therein
      which correspond to the unit values of of column B in Table I, will be
      transferred to one part of adder 14. Simultaneously the corresponding
      storage location in the constant furnishing means 16 will be addressed.
      Thus the addend which is required for fare rate 1 and the distance pulse
      reduction will be transferred to the second portion of adder 14. If no
      carry pulse results from the addition of these two values adder 14 then
      the sum signal created in adder 14 is merely transferred back to the same
      storage location in storage 17. However, if a carry results, this is
      stored in carry storage 15 and from there is transferred to the selection
      circuit 3 by control circuit 10. The reduction of the number of pulses
      furnished by the unit 4 is carried out in a similar manner. Here too main
      storage 17 contains one or more storage locations to constitute part of
      the reduction storage 5 of FIG. 1. Again the storage locations serve to
      store the unit values of the figures given in column B of Tables I and II.
      The addend furnishing means constituting part of the read only memory 16
      also have corresponding locations for storing the corresponding addend.
      Thus again adder 14 will receive a number corresponding to the unit value
      of the previously created sum signal from main storage 17 and an addend
      value corresponding to the correct addend for reducing the timing pulses
      at the correct fare rate from addend furnishing means 16. Carry signals
      created in adder 14 are stored in carry storage 15. The signals in carry
      storage 15 are of course supplied to a selection circuit 3 which selects
      from the two pulse sequences that pulse sequence having the highest
      repetition rate. The so-selected pulse sequence is again applied to input
      register 11 and from there, within one cycle of the operation of the taxi
      meter, is stored in main storage 17. At this storage location of storage
      17 the value remains stored until such time as 100 pulses have been
      received. At this point storage 17 furnishes a pulse to advance the fare
      counter and indicator.
PAR  The above description of FIG. 2 has been given to show how the present
      invention can be incorporated into a known taxi meter. Details of the
      operation of the taxi meter may be found in the above-identified patent
      application. They do not constitute part of the present invention.
PAR  While the invention has been illustrated and described as embodied in pulse
      reduction stages, it is not intended to be limited to the details shown,
      since various modifications and circuit changes may be made without
      departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In a taxi meter, a method for creating a sequence of tariff signals each
      representing a determined fare increment in response to, and in a
      determined ratio with respect to a plurality of input pulses each
      representing a determined distance travelled or a determined waiting time,
      comprising, in combination, the steps of furnishing an addend signal
      signifying a determined addend; creating a sum signal by sequential
      additions of said addend signal, one in response to each of said input
      signals; and creating a carry signal whenever the so-created sum signal
      exceeds a sum signal signifying a predetermined number, said determined
      addend being substantially equal to the ratio of K/T where K is said
      predetermined number and T said determined ratio, said carry signals
      constituting said tariff signals.
NUM  2.
PAR  2. In an electronic taxi meter, a system for creating tariff signals each
      representing a fare increment at a determined fate rate, comprising, in
      combination, input means for furnishing a sequence of input signals each
      representing a determined distance travelled or a determined unit of
      waiting time, the ratio of the number of said input signals to the desired
      corresponding number of said tariff signals having a value of T at said
      determined fare rate; adder means having an input and a determined
      capacity, for adding signals applied at said input, creating a sum signal
      corresponding to the sum of so-applied signals and furnishing a carry
      signal whenever said sum signal exceeds said determined capacity; and
      addend furnishing means connected to said input means and said adder means
      for furnishing an addend signal signifying an addend substantially equal
      to the ratio of K/T in response to each of said input signals, whereby
      said carry signals furnished by said adder means constitute said tariff
      signals.
NUM  3.
PAR  3. A taxi meter as set forth in claim 2, wherein said input means comprises
      means for furnishing a sequence of first signals each representing a
      determined distance travelled and a sequence of second signals each
      representing a determined unit of waiting time; wherein the ratio of the
      number of said input signals to the desired corresponding number of said
      output signals for said sequence of first signals has a value of T.sub.1
      and for said second signals has a value of T.sub.2 ; wherein said addend
      furnishing means comprise a read-only memory having storage locations for
      storing a first addend signal substantially equal to K/T.sub.1 and a
      second addend signal substantially equal to K/T.sub.2 ; wherein said taxi
      meter has a main storage having at least a first and second storage
      location for storing first and second sum signals corresponding to the sum
      of addends furnished under control of the distance and waiting time input
      signals respectively; wherein said system further comprises carry storage
      means connected to said adder means for storing first and second carry
      signals respectively associated with said first and second sum signals;
      wherein said taxi meter further comprises selection circuit means
      connected to said carry storage means for selecting the sequence of first
      carry signals or the sequence of second carry signals having the highest
      repetition rate to constitute said tariff signals; and wherein said taxi
      meter further comprises control circuit means connected to said main
      storage means, said adder means, said addend furnishing means, said input
      means and said carry storage means for controlling the transfer of sum
      signals from said main storage and said addend furnishing means to said
      adder means, the retransfer of the resulting sum signal from said adder
      means to said main storage means and the transfer of signals from said
      carry storage means to said selection circuit means.
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PAL  A digital computer control system is provided for operating a steam turbine
      in an electric power plant. The computer develops steam valve position
      signals to control turbine speed and load. Various turbine temperature,
      pressure and other process parameter signals are coupled to the computer
      which stores the parameter values along with other parameters such as
      control loop setpoints in its memory. Another computer at the plant level
      or at the system dispatch level is coupled to the turbine computer through
      a data link which includes data link programs in each computer and data
      transmitter and receiver circuitry connected to the two computers. The
      higher level computer is the controlling computer on the data link.
      Control words are used to identify data transmission modes and validity
      checks are made on transmitted words. Turbine computer core data is
      accessible and transmittable to either higher level computer. Load demand
      and load rate are transmitted to the turbine computer from the dispatch
      computer, and the plant computer transmits setpoints to provide turbine
      control from the plant level. To check validity, a checksum quantity is
      generated with respect to predetermined data words at the transmission and
      receiver ends of the data link. The receiver compares the checksum
      quantities to validate linked data before such data is permitted to be
      used for turbine control or other purposes.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 247,884 filed Apr. 26, 1972,
      now abandoned.
PAR  1. Ser. No. 722,779, entitled "Improved System and Method for Operating a
      Steam Turbine and an Electric Power Generating Plant" filed by Theodore C.
      Giras and Manfred Birnbaum on Apr. 4, 1968, assigned to the present
      assignee, and continued as Ser. No. 124,993 on Mar. 16, 1971, and Ser. No.
      319,115, on Dec. 29, 1972.
PAR  2. Ser. No. 408,962, entitled "System and Method for Starting,
      Synchronizing and Operating a Steam Turbine with Digital Computer Control"
      filed as a continuation of Ser. No. 247,877 which had been filed by
      Theodore C. Giras and Robert Uram on Apr. 26, 1972, assigned to the
      present assignee and hereby incorporated by reference; other related cases
      are set forth in Ser. No. 408,962.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electric power generation and more
      particularly to remote control and monitoring of turbine-generators used
      in generating electric power.
PAR  In the generation of electric power, one or more turbine-generators may be
      located at a single generation plant and the total power generated by a
      power system is the sum of the process generated by the plants in the
      system. To match load demand and generated load and hold system frequency,
      and to provide for power exchange with other power systems, centralized
      power system supervision and/or control is required. At the plant level,
      plant centralized supervision and/or control is similarly needed for
      coordination of a steam generator and its turbine-generator and possibly
      for coordination of multiple generation units where multiple units are
      provided at a plant site.
PAR  To implement centralized control and/or supervision where digital controls
      and monitors are provided at the turbine level and at the higher control
      level, it is desirable to employ a digital data link. A related and
      coassigned patent application Ser. No. 390,471 is directed to the
      application of data link technology to the operation of steam turbines in
      the generation of electric power. The present invention is directed to the
      implementation of data validation techniques in such a digital turbine
      data linked controller.
PAR  The description of prior art herein is made on good faith and no
      representation is made that any prior art considered is the best
      pertaining prior art nor that the interpretation placed on it is
      unrebuttable.
PAC  SUMMARY OF THE INVENTION
PAR  A digital controller operates inlet valves for a steam turbine, and it is
      linked with one or more remote digital controllers through either or both
      a digital data link and a load dispatch link. Means are preferably
      provided for transmitting setpoint change data from the remote controller
      to the turbine controller. Preferably, the remote controller has
      supervisory data link control, and the local controller has means for
      disabling the controller linkage and placing the local controller under
      load control. Means are provided as a part of the data link transmitting
      and receiving means to transmitter and receiver end generated checks
      related in a predetermined way to a predetermined group of transmitted
      digital data signals. If the checks show a discrepancy at the receiver
      end, an error indication is generated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic diagram on an electric power plant including a
      large steam turbine and a fossile fuel fired drum type boiler and control
      devices which are all operable in accordance with the principles of the
      invention:
PAR  FIG. 2 shows a schematic diagram on a programmed digital computer control
      system operable with a steam turbine and its associated devices shown in
      FIG. 1 in accordance with the principles of the invention;
PAR  FIGS. 3A, 3B and 3C show a schematic diagram of a hybrid interface between
      a manual backup system and the digital computer connected with the servo
      system controlling the valve actuators;
PAR  FIG. 4 shows a simplified block diagram of the digital Electro Hydraulic
      Control System in accordance with the principle of the invention;
PAR  FIG. 5 shows a block diagram of a control program used in accordance with
      the principles of the invention;
PAR  FIG. 6 shows a block diagram of the programs and subroutines of the digital
      Electro Hydraulic and the automatic turbine startup and monitoring program
      in accordance with the principles of the invention;
PAR  FIG. 7 shows a view of a part of an operator's control panel which is
      operable in accordance with the principles of the invention;
PAR  FIG. 8 shows a view of a part of the operator's control panel which is
      operable in accordance with the principles of the invention;
PAR  FIG. 9 shows a view of a portion of the operator's control panel which is
      operable in accordance with the principles of the invention;
PAR  FIG. 10 shows a flow chart of a flash task which is operable in accordance
      with the principles of the invention;
PAR  FIG. 11 is a block diagram of a visual display system which is operable in
      accordance with the principles of the invention;
PAR  FIG. 12 is a block diagram of the execution of a two-part visual display
      function which is operable in accordance with the principles of the
      invention;
PAR  FIG. 13 is a block diagram of conditions which cause initiation of a logic
      program which is operable in accordance with the principles of the
      invention;
PAR  FIG. 14 is a simplified block diagram of a portion of the logic function
      which is operable in accordance with the principles of the invention;
PAR  FIG. 15 is a block diagram of the logic program which is operable in
      accordance with the principles of the invention;
PAR  FIG. 16 is a block diagram of a load control system which is operable in
      accordance with the principles of the invention;
PAR  FIG. 17 is a flow chart of an automatic dispatch logic program which is
      operable in accordance with the principles of the invention;
PAR  FIG. 18 is a flow chart of a remote transfer logic subroutine which is
      operable in accordance with the principles of the invention;
PAR  FIG. 19 is a block diagram showing a panel task interaction function which
      is operable in accordance with the principles of the invention;
PAR  FIG. 20 is a block diagram of a panel program which is operable in
      accordance with the principles of the invention;
PAR  FIG. 21 is a block diagram showing a control task interface which is
      operable in accordance with the principles of the invention;
PAR  FIG. 22 is a block diagram showing a control program which is operable in
      accordance with the principles of the invention;
PAR  FIG. 23 shows a block diagram of an operating mode selection function which
      is operable in accordance with the principles of the invention;
PAR  FIGS. 24A and 24B show a flow chart of a select operating mode function
      which is operable in accordance with the principles of the invention;
PAR  FIG. 25 shows a symbolic diagram of the use of a speed/load reference
      function which is operable in accordance with the principles of the
      invention;
PAR  FIG. 26 shows a block diagram of the Digital Electro Hydraulic System which
      is operable in accordance with the principles of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  A. POWER PLANT
PAR  More specifically, there is shwon in FIG. 1 a large single reheat steam
      turbine constructed in a well known manner and operated and controlled in
      an electric power plant 12 in accordance with the principles of the
      invention. As will become more evident through this description, other
      types of steam turbines can also be controlled in accordance with the
      principles of the invention and particularly in accordance with the
      broader aspects of the invention. The generalized electric power plant
      shown in FIG. 1 and the more general aspects of the computer control
      system to be described in connection with FIG. 2 are like those disclosed
      in the aforementioned Giras and Birnbaum patent application Ser. No.
      319,115. As already indicated, the present application is directed to
      general improvements in turbine operation and control as well as more
      specific improvements related to digital computer operation and control of
      turbines.
PAR  The turbine 10 is provided with a single output shaft 14 which drives a
      conventional large alternating current generator 16 to produce three-phase
      electric power (or any other phase electric power) as measured by a
      conventional power detector 18 which measures the rate of flow of electric
      energy. Typically, the generator 16 is connected through one or more
      breakers 17 per phase to a large electric power network and when so
      connected causes the turbo-generator arrangement to operate at synchronous
      speed under steady state conditions. Under transient electric load change
      conditions, system frequency may be affected and conforming
      turbo-generator speed changes would result. At synchronism, power
      contribution of the generator 16 to the network is normally determined by
      the turbine steam flow which in this instance is supplied to the turbine
      10 at substantially constant throttle pressure.
PAR  In this case, the turbine 10 is of the multistage axial flow type and
      includes a high pressure section 20, an intermediate pressure section 22,
      and a low pressure section 24. Each of these turbine sections may include
      a plurality of expansion stages provided by stationary vanes and an
      interacting bladed rotor connected to the shaft 14. In other applications,
      turbines operating in accordance with the present invention may have other
      forms with more or fewer sections tandemly connected to one shaft or
      compoundly coupled to more than one shaft.
PAR  The constant throttle pressure steam for driving the turbine 10 is
      developed by a steam generating system 26 which is provided in the form of
      a conventional drum type boiler operated by fossil fuel such as pulverized
      coal or natural gas. From a generalized standpoint, the present invention
      can also be applied to steam turbines associated with other types of steam
      generating systems such as nuclear reactor or once through boiler systems.
PAR  The turbine 10 in this instance is of the plural inlet front end type, and
      steam flow is accordingly directed to the turbine steam chest (not
      specifically indicated) through four throttle inlet valves TV1-TV4.
      Generally, the plural inlet type and other front end turbine types such as
      the single ended type or the end bar lift type may involve different
      numbers and/or arrangements of valves.
PAR  Steam is directed from the admission steam chest to the first high pressure
      section expansion stage through eight governor inlet valves GV1-GV8 which
      are arranged to supply steam to inlets arcuately spaced about the turbine
      high pressure casing to constitute a somewhat typical governor valving
      arrangement for large fossil fuel turbines. Nuclear turbines might on the
      other hand typically utilize only four governor valves.
PAR  During start-up, the governor valves GV1-GV8 are typically all fully opened
      and steam flow control is provided by a full arc throttle valve operation.
      At some point in the start-up process, transfer is made from full arc
      throttle valve control to full arc governor valve control because of
      throttling energy losses and/or throttling control capability. Upon
      transfer the throttle valves TV1-TV4 are fully opened, and the governor
      valves GV1-GV8 are normally operated in the single valve mode.
      Subsequently, the governor valves may be individually operated in a
      predetermined sequence usually directed to achieving thermal balance on
      the rotor and reduced rotor blade stressing while producing the desired
      turbine speed and/or load operating level. For example, in a typical
      governor valve control mode, governor valves GV5-GV8 may be initially
      closed as the governor valves GV1-GV4 are jointly operated from time to
      time to define positions producing the desired corresponding total steam
      flows. After the governor valves GV1-GV4 have reached the end of their
      control region, i.e., upon being fully opened, or at some overlap point
      prior to reaching their fully opened position, the remaining governor
      valves GV5-GV8 are sequentially placed in operation in numerical order to
      produce continued steam flow control at higher steam flow levels. This
      governor valve sequence of operation is based on the assumption that the
      governor valve controlled inlets are arcuately spaced about the
      360.degree. periphery of the turbine high pressure casing and that they
      are numbered consecutively around the periphery so that the inlets
      corresponding to the governor valves GV1 and GV8 are arcuately adjacent to
      each other.
PAR  After the steam has crossed past the first stage impulse blading to the
      first stage reaction blading of the high pressure section, it is directed
      to a reheater system 28 which is associated with a boiler or steam
      generating system 26. In practice, the reheater system 28 may typically
      include a pair of parallel connected reheaters coupled to the boiler 26 in
      heat transfer relation as indicated by the reference character 29 and
      associated with opposite sides of the turbine casing.
PAR  With a raised enthalpy level, the reheated steam flows from the reheater
      system 28 through the intermediate pressure turbine section 22 and the low
      pressure turbine section 24. From the latter, the vitiated steam is
      exhausted to a condenser 32 from which water flow is directed (not
      indicated) back to the boiler 26.
PAR  Respective hydraulically operated throttle valve actuators indicated by the
      reference character 42 are provided for the four throttle valves TV1-TV4.
      Similarly, respective hydraulically operated governor valve actuators
      indicated by the reference character 44 are provided for the eight
      governor valves GV1-GV8. Hydraulically operated actuators indicated by the
      reference characters 46 and 48 are provided for the reheat stop and
      interceptor valves SV and IV. A computer monitored high pressure fluid
      supply 50 provides the controlling fluid for actuator operation of the
      valves TV1-TV4, GV1-GV8, SV and IV. A computer supervised lubricating oil
      system (not shown) is separately provided for turbine plant lubricating
      requirements.
PAR  The respective actuators 42, 44, 46 and 48 are of conventional
      construction, and the inlet valve actuators 42 and 44 are operated by
      respective stabilizing position controls indicated by the reference
      characters 50 and 52. If desired, the interceptor valve actuators 48 can
      also be operated by a position control 56 although such control is not
      employed in the present detailed embodiment of the invention. Each
      position control includes a conventional analog controller (not shown in
      FIG. 1) which drives a suitably known actuator servo valve (not indicated)
      in the well known manner. The reheat stop valve actuators 46 are fully
      open unless the conventional trip system or other operating means causes
      them to close and stops the reheat steam flow.
PAR  Since the turbine power is proportional to steam flow under the assumed
      control condition of substantially constant throttle pressure, steam valve
      positions are controlled to produce control over steam flow as an
      intermediate variable and over turbine speed and/or load as an end control
      variable or variables. Actuator operation provides the steam valve
      positioning, and respective valve position detectors PDT1-PDT4, PDG1-PDG8
      and PDI are provided to generate respective valve position feedback
      signals for developing position error signals to be applied to the
      respective position controls 50, 52 and 56. One or more contact sensors
      CSS provides status data for the stop valving SV. The position detectors
      are provided in suitable conventional form, for example, they may make
      conventional use of linear variable differential transformer operation in
      generating negative position feedback signals for algebraic summing with
      respect to position setpoint signals SP in developing the respective input
      error signals. Position controlled operation of the interceptor valving IV
      would typically be provided only under a reheat steam flow cutback
      requirement.
PAR  A speed detector 58 is provided for determining the turbine shaft speed for
      speed control and for frequency participation control purposes. The speed
      detector 58 can for example be in the form of a reluctance pickup (not
      shown) magnetically coupled to a notched wheel (not shown) on the
      turbo-generator shaft 14. In the detailed embodiment subsequently
      described herein, a plurality of sensors are employed for speed detection.
      Analog and/or pulse signals produced by the speed detector 58, the
      electric power detector 18, the pressure detectors 38 and 40, the valve
      position detectors PDT1-PDT4, PDG1-PDG8 and PDI, the status contact or
      contacts CSS, and other sensors (not shown) and status contacts (not
      shown) are employed in programmed computer operation of the turbine 10 for
      various purposes including controlling turbine performance on an on-line
      real time basis and further including monitoring, sequencing, supervising,
      alarming, displaying and logging.
PAC  B. DEH - COMPUTER CONTROL SYSTEM
PAR  As generally illustrated in FIG. 2, a Digital Electro-Hydraulic control
      system (DEH) 1100 includes a programmed digital computer 210 to operate
      the turbine 10 and the plant 12 with improved performance and operating
      characteristics. The computer 210 can include conventional hardware
      including a central processor 212 and a memory 214. The digital computer
      210 and its associated input/output interfacing equipment is a suitable
      digital computer system such as that sold by Westinghouse Electric
      Corporation under the trade name of P2000. In cases when the steam
      generating system 26 as well as the turbine 10 are placed under computer
      control, use can be made of one or more P2000 computers or alternatively a
      larger computer system such as that sold by Xerox Data Systems and known
      as the Sigma 5. Separate computers, such as P2000 computers, can be
      employed for the respective steam generation and turbine control functions
      in the controlled plant unit and interaction is achieved by
      interconnecting the separate computers together through data links or
      other means.
PAR  The digital computer used in the DEH control system 1100 is a P2000
      computer which is designed for real time process control applications. The
      P2000 typically uses a 16 bit word length with 2's complement, a single
      address and fixed word length operated in a parallel mode. All the basic
      DEH system functions are performed with a 16,000 word (16K), 3 microsecond
      magnetic core memory. The integral magnetic core memory can be expanded to
      65,000  words (65K).
PAR  The equipment interfacing with the computer 210 includes a contact
      interrupt system 124 which scans contacts representing the status of
      various plant and equipment conditions in plant wiring 1126. The status
      contacts might typically be contacts of mercury wetted relays (not shown)
      which operate by energization circuits (not shown) capable of sensing the
      predetermined conditions associated with the various system devices. Data
      from status contacts is used in interlock logic functioning and control
      for other programs, protection analog system functioning, programmed
      monitoring and logging and demand logging, etc.
PAR  Operator's panel buttons 1130 transmit digital information to the computer
      2010. The operator's panel buttons 1130 can set a load reference, a pulse
      pressure, megawatt output, speed, etc.
PAR  In addition, interfacing with plant instrumentation 1118 is provided by an
      analog input system 1116. The analog input system 1116 samples analog
      signals at a predetermined rate from predetermined input channels and
      converts the signals sampled to digital values for entry into the computer
      210. The analog signals sensed in the plant instrumentation 1118 represent
      parameters including the impulse chamber pressure, the megawatt power, the
      valve positions of the throttle valves TV1 through TV4 and the governor
      valves GV1 through GV8 and the interceptor valve IV, throttle pressure,
      steam flow, various steam temperatures, miscellaneous equipment operating
      temperature, generator hydrogen cooling pressure and temperature, etc. A
      detailed list of all parameters is provided in Appendix 1. Such parameters
      include process parameters which are sensed or controlled in the process
      (turbine or plant) and other variables which are defined for use in the
      programmed computer operation. Interfacing from external systems such as
      an automatic dispatch system is controlled through the operator's panel
      buttons 1130.
PAR  A conventional programmer's console and tape reader 218 is provided for
      various purposes including program entry into the central processor 212
      and the memory 214 thereof. A logging typewriter 1146 is provided for
      logging printouts of various monitored parameters as well as alarms
      generated by an automatic turbine startup system (ATS) which includes
      program system blocks 1140, 1142, 1144 (FIG. 6) in the DEH control system
      1100. A trend recorder 1147 continuously records predetermined parameters
      of the system. An interrupt system 124 is provided for controlling the
      input and output transfer of information between the digital computer 210
      and the input/output equipment. The digital computer 210 acts on interrupt
      from the interrupt system 124 in accordance with an executive program.
      Interrupt signals from the interrupt system 124 stop the digital computer
      210 by interrupting a program in operation. The interrupt signals are
      serviced immediately.
PAR  Output interfacing is provided by contacts 1128 for the computer 210. The
      contacts 1128 operate status display lamps, and they operate in
      conjunction with a conventional analog/output system and a valve position
      control output system comprising a throttle valve control system 220 and a
      governor valve control system 222. A manual control system is coupled to
      the valve position control output system 220 and is operable therewith to
      provide manual turbine control during computer shut-down. The throttle and
      governor valve control systems 220 and 222 correspond to the valve
      position controls 50 and 52 and the actuators 42 and 44 in FIG. 1.
      Generally, the manual control system is similar to those disclosed in
      prior U.S. Pat. No. 3,552,872 by T. Giras et al and U.S. Pat. No.
      3,741,246 by A. Braytenbah, both assigned to the present assignee.
PAR  Digital output data from the computer 210 is first converted to analog
      signals in the analog output system 224 and then transmitted to the valve
      control system 220 and 222. Analog signals are also applied to auxiliary
      devices and systems, not shown, and interceptor valve systems, not shown.
PAC  C. SUBSYSTEMS EXTERNAL TO THE DEH COMPUTER
PAR  Making reference now to FIGS. 3A-3C, a hardwired digital/analog system
      forms a part of the DEH control system 1100 (FIG. 2). Structurally, it
      embraces elements which are included in the blocks 50, 52, 42 and 44 of
      FIG. 1 as well as additional elements. A hybrid interface 510 is included
      as a part of the hardwired system. The hybrid interface 510 is connected
      to actuator system servoamplifiers 414 for the various steam valves which
      in turn are connected to a manual controller 516, an overspeed protection
      controller, not shown, and redundant DC power supplies, not shown.
PAR  A controller shown in FIG. 3A is employed for throttle valve TV1-TV4
      control in the TV control system 50 of FIG. 1. The governor valves GV1-GV8
      are controlled in an analogous fashion by the GV control system 52.
PAR  While the steam turbine is controlled by the digital computer 210, the
      hardwired system 511 tracks single valve analog outputs 520 from the
      digital computer 210. A comparator 518 compares a signal from a
      digital-to-analog converter 522 of the manual system with the signal 520
      from the digital computer 210. A signal from the comparator 518 controls a
      logic system 524 such that the logic system 524 runs an up-down counter
      526 to the point where the output of the converter 522 is equal to the
      output signal 520 from the digital computer 210. Should the hardwired
      system 511 fail to track the signal 520 from the digital computer 210 a
      monitor light will flash on the operator's panel.
PAR  When the DEH control system reverts to the control of the backup manual
      controller 516 as a result of an operator selection or due to a
      contingency condition, such as loss of power on the automatic digital
      computer 210, or a stoppage of a function in the digital computer 210, or
      a loss of a speed channel in the wide range speed control all as described
      in greater detail infra, the input of the valve actuation system 322 is
      switched by switches 528 from the automatic controllers in the blocks 50,
      52 (FIG. 1) or 220, 222 (FIG. 2) to the control of the manual controller
      516. Bumpless transfer is thereby accomplished between the digital
      computer 210 and the manual controller 516.
PAR  Similarly, tracking is provided in the computer 210 for switching
      bumplessly from manual to automatic turbine control. As previously
      indicated, the presently disclosed hybrid structural arrangement of
      software and hardware elements is the preferred arrangement for the
      provision of improved turbine and plant operation and control with backup
      capability. However, other hybrid arrangements can be implemented within
      the field of application of the invention.
PAC  D. DEH PROGRAM SYSTEM
PAC  DEH Program System Organization, DEH Control Loops And Control Task Program
PAR  With reference now to FIG. 4, an overall generalized control system of this
      invention is shown in block diagram form. The digital electrohydraulic
      (DEH) control system 1100 operates valve actuators 1012 for the turbine
      10. The digital electrohydraulic control system 1100 comprises a digital
      computer 1014, corresponding to, and it is the digital computer 210 in
      FIG. 2 interconnected with a hardwired analog backup control system 1016.
      The digital computer 1014 and the backup control system 1016 are connected
      to an electronic servo system 1018 corresponding to blocks 220 and 222, in
      FIG. 2. The digital computer control system 1014 and the analog backup
      system 1016 track each other during turbine operations in the event it
      becomes necessary or desirable to make a bumpless transfer of control from
      a digital computer controlled automatic mode of operation to a manual
      analog backup mode or from the manual mode to the digital automatic mode.
PAR  In order to provide plant and turbine monitor and control functions and to
      provide operator interface functions, the DEH computer 1014 is programmed
      with a system of task and task support programs. The program system is
      organized efficiently and economically to achieve the end operating
      functions. Control functions are achieved by control loops which
      structurally include both hardware and software elements, with the
      software elements being included in the computer program system. Elements
      of the program system are considered herein to a level of detail
      sufficient to reach an understanding of the invention. More functional
      detail on various programs is presented in Appendix 2. Further, a detailed
      listing of a DEH system program substantially conforming to the
      description presented herein is presented in Appendix 3 in symbolic and
      machine language. Most of the listing is compiled by a P2000 compiler from
      instructions written in Fortran IV. A detailed dictionary of system
      parameters is presented in Appendix 1, and a detailed computer
      input/output signal list is presented in Appendix 4. Appendix 5 mainly
      provides additional hardware information related to the hardwired system
      previously considered as part of the DEH control system.
PAR  As previously discussed, a primary function of the digital electrohydraulic
      (DEH) system 1100 is to automatically position the turbine throttle valves
      TV1 through TV4 and the governor valves GV1 through GV8 at all times to
      maintain turbine speed and/or load. A special periodically executed
      program designated the CONTROL task is utilized by the P2000 computer
      along with other programs to be described in greater detail subsequently
      herein.
PAR  With reference now to FIG. 5, a functional control loop diagram in its
      preferred form includes the CONTROL task or program 1020 which is executed
      in the computer 1010. Inputs representing demand and rate provide the
      desired turbine operating setpoints. The demand is typically either the
      target speed in specified revolutions per minute of the turbine systems
      during startup or shutdown operations or the target load in megawatts of
      electrical output to be produced by the generating system 16 during load
      operations. The demand enters the block diagram configuration of FIG. 5 at
      the input 1050 of a compare block 1052.
PAR  The rate input either in specified RPM per minute or specified megawatts
      per minute, depending upon which input is to be used in the demand
      function, is applied to an integrator block 1054. The rate inputs in RPM
      and megawatts of loading per minute are established to limit the buildup
      of stresses in the rotor of the turbine-generator 10. An error output of
      the compare block 1052 is applied to the integrator block 1054. In
      generating the error output the demand value is compared with a reference
      corresponding to the present turbine operating setpoint in the compare
      block 1052. The reference value is representative of the setpoint RPM
      applied to the turbine system or the setpoint generator megawatts output,
      depending upon whether the turbine generating system is in the speed mode
      of operation or the load mode of operation. The error output is applied to
      the integrator 1054 so that a negative error drives the integrator 1054 in
      one sense and a positive error drives it in the opposite sense. The
      polarity error normally drives the integrator 1054 until the reference and
      the demand are equal or if desired until they bear some other
      predetermined relationship with each other. The rate input to the
      integrator 1054 varies the rate of integration, i.e. the rate at which the
      reference or the turbine operating set-point moves toward the entered
      demand.
PAR  Demand and rate input signals can be entered by a human operator from a
      keyboard. Inputs for rate and demand can also be generated or selected by
      automatic synchronizing equipment, by automatic dispatching system
      equipment external to the computer, by another computer automatic turbine
      startup program or by a boiler control system. The inputs for demand and
      rate in automatic synchronizing and boiler control modes are preferably
      discrete pulses. However, time control pulse widths or continuous analog
      input signals may also be utilized. In the automatic startup mode, the
      turbine acceleration is controlled as a function of detected turbine
      operating conditions including rotor thermal stress. Similarly, loading
      rate can be controlled as a function of detected turbine operating
      conditions.
PAR  The output from the integrator 1054 is applied to a breaker decision block
      1060. The breaker decision block 1060 checks the state of the main
      generator circuit breaker 17 and whether speed control or load control is
      to be used. The breaker block 1060 them makes a decision as to the use of
      the reference value. The decision made by the breaker block 1060 is placed
      at the earliest possible point in the control task 1020 thereby reducing
      computational time and subsequently the duty cycle required by the control
      task 1020. If the main generator circuit breaker 17 is open whereby the
      tubine system is in wide range speed control the reference is applied to
      the compare block 1062 and compared with the actual turbine generator
      speed in a feedback type control loop. A speed error value from the
      compare block 1062 is fed to a proportional plus reset controller block
      1068, to be described in greater detail later herein. The proportional
      plus reset controller 1068 provides an integrating function in the control
      task 1060 which reduces the speed error signal to zero. In the prior art,
      speed control systems limited to proportional controllers are unable to
      reduce a speed error signal to zero. During manual operation an offset in
      the required setpoint is no longer required in order to maintain the
      turbine speed at a predetermined value. Great accuracy and precision of
      turbine speed whereby the turbine speed is held within one RPM over tens
      of minutes is also accomplished. The accuracy of speed is so high that the
      turbine 10 can be manually synchronized to the power line without an
      external synchronizer typically required. An output from the proportional
      plus reset controller block 1068 is then processed for external actuation
      and positioning of the appropriate throttle and/or governor valves.
PAR  If the main generator circuit breaker 17 is closed, the CONTROL task 1020
      advances from the breaker block 1060 to a summer 1072 where the REFERENCE
      acts as a feedforward setpoint in a combined feedforward-feedback load
      control system. If the main generator circuit breaker 17 is closed, the
      turbine generator system 10 is being loaded by the electrical network
      connected thereto.
PAR  In the control task 1020 of the DEH system 1100 utilizes the summer 1072 to
      compare the reference value with the output of speed loop 1310 in order to
      keep the speed correction independent of load. A multiplier function has a
      sensitivity to varying load which is objectionable in the speed loop 1310.
PAR  During the load mode of operation the DEMAND represents the specified
      loading in MW of the generator 16 which is to be held at a predetermined
      value by the DEH system 1100. However, the actual load will be modified by
      any deviations in system frequency in accordance with a predetermined
      regulation value to provide for frequency participation, a rated speed
      value in box 1074 is compared in box 1078 with a "two signal" speed value
      represented by box 1076. The two signal speed system provides high turbine
      operating reliability to be described infra herein. An output from the
      compare function 1078 is fed through a function 1080 which is similar to a
      proportional controller which converts the speed error value in accordance
      with the regulation value. The speed error from the proportional
      controller 1080 is combined with the feedforward megawatt reference, i.e.,
      the speed error and the megawatt reference are summed in summation
      function or box 1072 to generate a combined speed compensated reference
      signal.
PAR  The speed compensated load reference is compared with actual megawatts in a
      compare box or function 1082. The resultant error is then run through a
      proportional plus reset controller represented by program box 1084 to
      generate a feedback megawatt trim.
PAR  The feedforward speed compensated reference is trimmed by the megawatt
      feedback error multiplicatively to correct load mismatch, i.e., they are
      multiplied together in the feedforward turbine reference path by
      multiplication function 1086. Multiplication is utilized as a safety
      feature such that if one signal e.g., MW should fail a large value would
      not result which could cause an overspeed condition but instead the DEH
      system 1100 would switch to a manual mode. The resulting speed compensated
      and megawatt trimmed reference serves as an impulse pressure setpoint in
      an impulse pressure controller and it is compared with a feedback impulse
      chamber pressure representation from input 1088. The difference between
      the feedforward reference and the impulse pressure is developed by a
      comparator function 1090, and the error output therefrom functions in a
      feedback impulse pressure control loop. Thus, the impulse pressure error
      is applied to a proportional plus reset controller function 1092.
PAR  During load control the megawatt loop comprising in part blocks 1082 and
      1084 may be switched out of service leaving the speed loop 1310 and an
      impulse pressure loop operation in the DEH system 1100.
PAR  Impulse pressure responds very quickly to changes of load and steam flow
      and therefore provides a signal with minimum lag which smooths the output
      response of the turbine generator 10 because the lag dynamics and
      subsequent transient response is minimized. The impulse pressure input may
      be switched in and out from the compare function 1090. An alternative
      embodiment embracing feedforward control with impulse pressure feedback
      trim is applicable.
PAR  Between block 1092 and the governor valves GV1-GV8 a valve characterization
      function for the purpose of linearizing the response of the values is
      interposed. The valve characterization function described in detail in
      Appendix III infra herein is utilized in both automatic modes and manual
      modes of operation of the DEH system 1100. The output of the proportional
      plus reset controller function 1092 is then ultimately coupled to the
      governor valves GV1-GV8 through electrohydraulic position control loops
      implemented by equipment considered elsewhere herein. The proportional
      plus reset controller output 1092 causes positioning of the governor
      valves GV1-GV8 in load control to achieve the desired megawatt demand
      while compensation is made for speed, megawatt and impulse pressure
      deviations from desired setpoints.
PAR  Making reference to FIG. 6, the control program 1020 is shown with
      interconnections to other programs in the program system employed in the
      Digital Electro Hydraulic (DEH) system 1100. The periodically executed
      program 1020 receives data from a logic task 1110 where mode and other
      decisions which affect the control program are made, a panel task 1112
      where operator inputs may be determined to affect the control program, an
      auxiliary synchronizer program 1114 and an analog scan program 1116 which
      processes input process data. The analog scan task 1116 receives data from
      plant instrumentation 1118 external to the computer as considered
      elsewhere herein, in the form of pressures, temperatures, speeds, etc. and
      converts such data to proper form for use by other programs. Generally,
      the auxiliary synchronizer program 1114 measures time for certain
      important events and it periodically bids or runs the control and other
      programs. An extremely accurate clock function 1120 operates through a
      monitor program 1122 to run the auxiliary synchronizer program 1114.
PAR  The monitor program or executive package 1122 also provides for controlling
      certain input/output operations of the computer and, more generally, it
      schedules the use of the computer to the various programs in accordance
      with assigned priorities. For more detail on the P2000 computer system and
      its executive package, reference is made to Appendix 4. In the appendix
      description, the executive package is described as including analog scan
      and contact closure input routines, whereas these routines are considered
      as programs external to the executive package in this part of the
      disclosure.
PAR  The logic task 1110 is fed from outputs of a contact interrupt or sequence
      of events program 1124 which monitors contact variables in the power plant
      1126. The contact parameters include those which represent breaker state,
      turbine auto stop, tripped/latched state interrogation data states, etc.
      Bids from the interrupt program 1124 are requested with and queued for
      execution by the executive program 1111. The control program 1110 also
      receives data from the panel task 1112 and transmits data to status lamps
      and output contacts 1128. The panel task 1112 receives data instruction
      based on supervision signals from the operator panel buttons 1130 and
      transmits data to panel lamps 1132 and to the control program 1020. The
      auxiliary synchronizer program 1114 synchronizes through the executive
      program 1111 the bidding of the control program 1020, the analog scan
      program 1116, a visual display task 1134 and a flask task 1136. The visual
      display task transmits data to display windows 1138.
PAR  The control program 1020 receives numerical quantities representing process
      variables from the analog scan program 1116. As already generally
      considered, the control program 1020 utilizes the values of the various
      feedback variables including turbine speed, impulse pressure and megawatt
      output to calculate the position of the throttle valves TV1-TV4 and
      governor valves GV1-GV8 in the turbine system 10, thereby controlling the
      megawatt load and the speed of the turbine 10.
PAR  To interface the control and logic programs efficiently, the sequence of
      events program 1124 normally provides for the logic task 1110 contact
      status updating on demand rather than periodically. The logic task 1110
      computes all logical states according to predetermined conditions and
      transmits this data to the control program 1020 where this information is
      utilized in determining the positioning control action for the throttle
      valves TV1-TV4, and the governor valves GV1-GV8. The logic task 1110 also
      controls the state of various lamps and relay type contact outputs in a
      predetermined manner. panel. Therefore a special FLASH program is part of
      the DEH system. Its function is to monitor and detect such contingency
      conditions, and flash the appropriate lamp to alert the operator to the
      state.
PAR  Another important partof the DEH system is the OPERATOR's PANEL program.
      The operator communicates through the panel with the DEH control programs
      by means of various buttons which have assigned functions. When any button
      is pressed, a special interrupt is generated; this interrupt triggers a
      PANEL INTERRUPT program which decodes the button pressed, and then bids
      the PANEL task. The PANEL program processes the button and takes the
      proper action, which usually means manipulating some panel lamps, as well
      as passing on the button information to both the LOGIC and the CONTROL
      tasks.
PAR  The Operator's Panel also has two sets of display windows which allow
      display of all turbine program parameters, variables, and constants. A
      visual display task presents this information in the windows at the
      request of the operator through various dedicated display buttons and a
      numerical keyboard. The visual display values are periodically updated in
      the windows as the quantity changes.
PAR  Certain important turbine operating conditions are communicated to the DEH
      operator by way of flashing lamps on the panel. Therefore a special FLASH
      progress is part of the DEH system. Its function is to monitor and detect
      such contingency conditions; and flash the appropriate lamp to alert the
      operator to the state.
PAC  OPERATOR'S PANEL AND FLASH PROGRAM
PAR  Referring now to FIGS. 7, 8 and 9, the control panel 1130 for the digital
      electrohydraulic system 1100 is shown in detail. Specified functions have
      control panel buttons which flash in order to attract the attention of an
      operator. The FLASH task has two functions: it flashes appropriate lights
      to alert the operator to various important conditions in the DEH system,
      and it sets contact outputs to pass these same conditions to the Analog
      Backup and Boiler Control Systems. The FLASH task is on priority level 5
      and is bid by the AUX SYNC task every 1/2 sec.
PAR  The concept behind the FLASH task is that flashing will attract the
      operator's attention much more quickly than simply maintaining a steady on
      condition. Most of the flashing lights indicate contingency conditions; a
      few indicate such things as invalid keyboard entries or that the DEH
      system is ready to go on automatic control. The flashing frequency is set
      at 1/2 sec on and 1/2 sec off as long as the condition exists. At the
      termination of the flashing condition, the corresponding lights and
      contacts are turned off.
PAR  A total of nine conditions are continually monitored for flashing by the
      FLASH task. These are listed below with a brief description of each.
TBL  ______________________________________                                    
     1. Reference Low                                                          
                   --    The turbine load reference is                         
       Limit             being limited by the low load                         
                         limit.                                                
     2. Reference High                                                         
                   --    The turbine load reference is                         
       Limit             being limited by the high load                        
                         limit.                                                
     3. Valve Position                                                         
                   --    The turbine governor valve output                     
       Limit             is being limited by the valve                         
                         position limit.                                       
     4. Throttle   --    The turbine load reference is                         
       Pressure Limit    being run back because throttle                       
                         pressure is below set point. No                       
                         light is flashed in this case but                     
                         a contact output is set during                        
                         the throttle pressure limiting.                       
     5. DEH Ready for                                                          
                   --    The DEH control system has                            
       Automatic         tracked the manual backup system                      
                         and is ready to go on automatic                       
                         control.                                              
     6. Valve Status                                                           
                   --    While on automatic control, the                       
       Contingency       DEH system has detected a valve                       
                         LVDT position not in agreement                        
                         with its corresponding analog                         
                         output.                                               
     7. Governor Valve                                                         
                   --    A governor valve LVDT position is                     
       Contingency       not in agreement with its analog                      
                         output.                                               
     8. Throttle Valve                                                         
                   --    A throttle valve LVDT position                        
       Contingency       is not in agreement with its                          
                         analog output.                                        
     9. Invalid Request                                                        
                   --    An invalid keyboard entry has                         
                         been made.                                            
     ______________________________________                                    
PAR  A total of nine conditions are continually monitored for flashing by the
      FLASH task. These are listed below with a brief description of each.
TBL  ______________________________________                                    
     1. Reference Low                                                          
                   --    The turbine load reference is                         
       Limit             being limited by the low load                         
                         limit.                                                
     2. Reference High                                                         
                   --    The turbine load reference is                         
       Limit             being limited by the high load                        
                         limit.                                                
     3. Valve Position                                                         
                   --    The turbine governor valve output                     
       Limit             is being limited by the valve                         
                         position limit.                                       
     4. Throttle   --    The turbine load reference is                         
       Pressure Limit    being run back because throttle                       
                         pressure is below set point. No                       
                         light is flashed in this case but                     
                         a contact output is set during                        
                         the throttle pressure limiting.                       
     5. DEH Ready for                                                          
                   --    The DEH control system has                            
       Automatic         tracked the manual backup system                      
                         and is ready to go on automatic                       
                         control.                                              
     6. Valve Status                                                           
                   --    While on automatic control, the                       
       Contingency       DEH system has detected a valve                       
                         LVDT position not in agreement                        
                         with its corresponding analog                         
                         output.                                               
     7. Governor Valve                                                         
                   --    A governor valve LVDT position is                     
       Contingency       not in agreement with its analog                      
                         output.                                               
     8. Throttle Valve                                                         
                   --    A throttle valve LVDT position                        
       Contingency       is not in agreement with its                          
                         analog output.                                        
     9. Invalid Request                                                        
                   --    An invalid keyboard entry has                         
                         been made.                                            
     ______________________________________                                    
PAR  In order to determine whether to flash a light or to suppress flashing, the
      FLASH task maintains two arrays in core memory. One of these is called
      LIMIT and contains the current value of the nine limiting or flashing
      conditions listed above, as they are set by various other DEH programs.
      The second array is called OLDLIMIT and is an image of the immediate past
      value of the LIMIT array. These two arrays are examined every 1/2 sec by
      the FLASH task according to the following table of combinations:
TBL                FLASH TASK LAMP COMBINATIONS                                
     ______________________________________                                    
     LIMIT      OLDLIMIT      Action                                           
     ______________________________________                                    
     0          0             Do Nothing                                       
     0          1             Turn Light Off                                   
     1          0             Turn Light On                                    
     1          1             Turn Light Off                                   
     ______________________________________                                    
      After the proper action is taken by the FLASH task, the OLDLIMIT array is
      then updated to agree with the current LIMIT array for the next pass
      through the task 1/2 sec later.
PAR  A third array called CCOFLAG is also maintained by the FLASH task in order
      to set contact outputs when a limiting condition exists. The contact
      outputs are not set and reset regularly (as are the flashing lights) but
      rather the contacts are set and remain on as long as the flashing
      condition exists. When the flashing condition ceases the contacts are
      reset. A table of combinations illustrating this action follows:
TBL                FLASH TASK CONTACT COMBINATIONS                             
     ______________________________________                                    
     LIMIT      CCOFLAG       Action                                           
     ______________________________________                                    
     0          0             Do Nothing                                       
     0          1             Reset Contact                                    
     1          0             Set Contact                                      
     1          1             Do Nothing                                       
     ______________________________________                                    
PAL  It should be noted that only the first five flash conditions listed above
      have contact outputs associated with them; the remaining four simply flash
      Operator's Panel lights.
PAR  The control of the operation of the DEH control system 1100 is greatly
      facilitated for the operator by the novel layout of the operator's panel
      1130, the flashing and warning capabilities thereof, and the interface
      provided with the turbine control and monitor functions through the
      pushbutton switches. In addition, simulated turbine operation is provided
      by the DEH system for operator training or other purposes through the
      operation of the appropriate panel switches during turbine down time.
      Further, it is noteworthy that manual and automatic operator controls are
      at the same panel location for good operator interface under all operating
      conditions. More detail on the functioning of the panel pushbuttons is
      presented in Appendix 2 and elsewhere in the description of the DEH
      programs herein.
PAR  In addition the layout of the panel 1130 of FIGS. 7, 8 and 9 is unique and
      very efficient from operation and operator interface considerations. The
      control of the DEH system 1100 by the buttons of the panel 1130 and the
      software programs thereto provides improved operation of the computer 210
      and turbine generator 10.
PAR  Software details of the panel 1130 interface are available in the
      appendices 3, 4, 5 and 6.
PAC  PANEL INTERRUPT PROGRAM
PAR  The PANEL INTERRUPT program responds to Operator's Panel pushbutton
      requests by decoding the pushbutton indentification and bidding the PANEL
      task to cavry out the appropriate response. The PANEL INTERRUPT program is
      initiated by the Monitor interrupt handler.
PAR  The DEH turbine control system is designed to provide maximum flexibility
      to plant personnel in performing their function of operating the turbine.
      This flexibility is evidenced by an Operator's Panel with an array of
      pushbuttons arranged in functional groups, and an internal software
      organization which responds immediately to pushbutton requests by the
      operator. The heart of this instant response is the interrupt capability
      of the DEH control system.
PAR  Pressing any panel pushbutton activates a diode-decoding network which
      identifies the pushbutton, sets a group of six contacts to an appropriate
      coded pattern, and generates an interrupt to the computer. The Monitor
      interrupt handler responds within microseconds and runs the PANEL
      INTERRUPT program, which does a demand contact input scan of the special
      panel pushbutton contacts and bids the PANEL task to carry out the
      function requested by the operator.
PAC  VISUAL DISPLAY PROGRAM
PAR  Visual display of numerical information which resides in memory has been a
      traditional function of control computer systems. This feature provides
      communication between the operator and the controller, with both display
      and changing of internal information usually available. Continuous display
      of a quantity provides visual indication of trends, patterns and dynamic
      response of control system variables; periodically updated values of the
      displayed quantity are entered into the windows so that fast changes may
      readily be observed by operating and technical personnel.
PAR  The DEH control system has provision for visual display of six important
      control quantities through dedicated individual pushbuttons. In addition,
      complete valve status (i.e., position) may be displayed through a group of
      appropriate pushbuttons; all remaining control system variables,
      parameters or constants may be displayed through another pushbutton, in
      conjunction with keyboard-entered dictionary addresses which select the
      desired quantity for display.
PAR  The visual display program 1134 as shown in FIG. 6 is connected with the
      panel interrupt program 1156 and the auxiliary synchronizer program 1114.
      The visual display program 1134 controls the display windows 1138 with a
      reference window 1852 and a demand window 1854. The demand window 1854 and
      the reference window 1852 are also shown in FIG. 8 as part of the
      operator's panel 1130. By pressing an appropriate button such as the
      reference button 1856 a reference value will be displayed in the reference
      window 1852 and a demand value will be displayed in the demand window
      1854. Similarly, for example, if a valve position limit display button
      1858 is pressed a valve position limit value will be displayed in the
      reference window 1852 and the corresponding valve variable being limited
      is displayed in the demand window 1854. Upon pressing the load rate button
      1858 the load rate will be displayed in the reference window 1852. In
      addition, a keyboard 1860 has the capability through an appropriate
      program to select virtually any parameter or constant in the DEH system
      1100 and display that parameter in the reference window 1852 and the
      demand window 1854. In FIG. 11 a block diagram of the visual display
      program system is shown. FIG. 12 shows a block diagram of the execution of
      a two-part visual display function.
PAC  LOGIC TASK
PAR  The LOGIC task determines the operational status of the DEH turbine control
      system from information provided by the plant, the operator, and other DEH
      programs. Referring now to FIG. 13, a block diagram representing the
      operation of the logic task 1110 is shown. A contact input from the plant
      wiring 1126 triggers the sequence of events or interrupt program 1124
      which calls upon the plant contact closure input subroutine 1150 which in
      turn requests that the logic program 1110 be executed by the setting of a
      flag called RUNLOGIC 1151 in the logic program 1110. The logic program
      1110 is also run by the panel interrupt program 1156 which calls upon the
      panel task program 1112 to run the logic program 1110 in response to panel
      button operations. The control task program 1020 in performing its various
      computations and decisions will sometimes request the logic program 1110
      to run in order to update conditions in the control system. In FIG. 14,
      the functioning of the logic program 1110 is shown. FIG. 15 shows a more
      explicit block diagram of the logic program 1110.
PAR  The mechanism for actual execution of the LOGIC program is provided by the
      AUX SYNC task, which runs every 1/10 sec and carries out the scheduled and
      demand bidding of various tasks in the DEH system. AUX SYNC checks the
      state of the RUNLOGIC flag and, if it is set, bids the LOGIC task
      immediately. Thus, the maximum response time for LOGIC requests is 1/10
      sec; on the average the response will be much faster than this.
PAR  In order to allow immediate rerunning of the LOGIC task should system
      conditions require, the LOGIC program first resets RUNLOGIC. Thus any
      other program may then set RUNLOGIC and request a bid which will be
      carried out by the AUX SYNC program within 1/10 sec. There are two major
      results of the LOGIC task: the computation of all logic states necessary
      for proper operation of the DEH system, and the processing of all status
      and monitor lamp contact outputs to inform the plant control system and
      operating personnel of the state of the DEH system.
PAR  The logic program 1110 controls a series of tests which determine the
      readiness and operability of the DEH system 1100. One of these tests is
      that for the overspeed protection controller which is part of the analog
      backup portion of the hardwired system 1016 shown in FIG. 4. Generally,
      the logic program 1110 is structured from a plurality of subroutines which
      provide the varying logic functions for other programs in the DEH program
      system, and the various logic subroutines are all sequentially executed
      each time the logic program is run.
PAC  AUTOMATIC DISPATCH LOGIC
PAR  During the process of operating a turbine on automatic load control, the
      normal method of changing load is by entering new values of load demand
      from the keyboard, as described in the operating instructions. Then by
      using the GO and HOLD pushbuttons in conjunction with the load rate
      pushbutton, the operator may supervise the loading on the turbine which is
      acutally carried out by the DEH system of control programs. This will
      result in the desired load being supplied to the power system by the
      turbine/generator.
PAR  Another method of supervising load on the turbine is through use of a
      remote automatic dispatching system. By turning over supervision of the
      turbine reference to an ADS operating mode, which provides raise and lower
      pulses whose width determines the requested load change, the DEH control
      system allows the turbine loading to be coordinated by a central
      dispatching office which can allocate total utility load on an economic
      basis to all units in the power system. Provision has been made in the DEH
      system to allow selection of the automatic dispatch mode through a
      pushbutton 1870 (FIG. 8) on the operator's panel; in addition, the ADS
      mode may be rejected by simply pressing the operator automatic pushbutton
      on the panel. The automatic dispatch logic program detects those
      conditions concerned with ADS, and sets all DEH states accordingly. A flow
      chart for the automatic dispatch logic program is shown in FIG. 17. It is
      triggered into operation on demand for automatic dispatch in order to
      interface the remote data with the DEH system.
PAC  AUTOMATIC TURBINE STARTUP (ATS) LOGIC
PAR  Modern methods of starting up turbines and accelerating to synchronous
      speed require careful monitoring of all turbine metal temperatures and
      vibrations to assure that safe conditions exist for continued
      acceleration. Until recently, these conditions have been observed by plant
      operators visually on various panel instruments. However, all of the
      important variables are rarely available from the plant instrumentation,
      and even if they were, the operator can not always be depended upon to
      make the right decision at a critical time. In addition to these factors,
      it is impossible to instrument the internal rotor metal temperatures,
      which are extremely important for indicating potentially excessive
      mechanical stresses.
PAR  To improve the performance at startup, automatic turbine accelerating
      programs have been written and placed under computer control. Such
      programs monitor large numbers of analog input signals representing all
      conceivable turbine variables, and from this information the program makes
      decisions on how and when to accelerate the unit. In addition, these
      programs numerically solve the complex heat distribution equations which
      describe temperature variations in the critical rotor metal parts. From
      these thermal computations it is possible to predict mechanical stresses
      and strains, and then to automatically take the proper action in the
      acceleration of the turbine.
PAR  The DEH system has such an automatic turbine startup program available as
      an optional item. Besides supervising the acceleration as described above,
      the program provides various messges printed on a typewriter to keep the
      operator informed as to the turbine acceleration progress. In addition, a
      group of monitor lamps are operated to indicate key points in the startup
      stages and to indicate alarm or contingency conditions. The automatic
      turbine startup logic program detects those conditions concerned with this
      DEH feature and sets all logical states accordingly.
PAC  REMOTE TRANSFER LOGIC
PAR  In the DEH turbine control system philosophy, the operator has overall
      authority in a control system hierarchy which has three general states:
      manual operation, operator automatic control, and remote automatic
      control. The manual operating mode is a contingency state which is used
      only when the computer is not available, as when the software control
      system is being tuned or modified. The operator automatic mode is the
      normal operating state during which speed/load demand and all other
      operating data are entered and displayed from the keyboard by the
      operator. Remote automatic control modes are those in which speed/load
      demand and rate are supervised from a source outside the basic DEH system.
PAR  In order to allow the DEH system 1100 to provide for automatic turbine
      operation from an independent source or a remote location, a remote
      transfer logic porgram shown in flow chart form in FIG. 18 is provided. In
      the preferred embodiment of the DEH system 1100, the available remote
      modes place the DEH system under control of the external automatic
      synchronizer system, the external automatic dispatching system or the
      automatic turbine startup system which is implemented within the DEH
      computer. An operator has the capability of choosing whichever mode is
      permissible and desired at a particular moment.
PAC  PANEL TASK
PAR  The DEH Operator's Panel is the focal point of turbine operation; it has
      been designed to make use of the latest digital techniques to provide
      maximum operational capability. The Operator's Panel provides the primary
      method of communicating information and control action between the
      operator and the DEH Control System. This is accomplished through a group
      of pushbuttons and a keyboard (which together initiate a number of diverse
      actions), and two digital displays (which provide the operator with visual
      indication of internal DEH system numerical values).
PAR  when pressed, any of the buttons on the Operator's Panel provide momentary
      action during which a normally-open contact is connected to an electronic
      diode matrix. Operation of a button energizes a common computer interrupt
      for the Operator's Panel and applies voltage to a unique combination of 6
      contact inputs assigned as a pushbutton decoder. The diode matrix may be
      used to identify up to 60 pushbuttons. When a button is pressed, the
      associated interrupt is read within 64 .mu. sec, and the corresponding
      contact inputs scanned and stored in computer memory as a bit pattern for
      further processing.
PAR  Each of the buttons on the panel are backlighted. When a button is pressed
      and appropriate logical conditions exist, the lamp is turned on to
      acknowledge to the operator that the action he initiated has been carried
      out. Should the proper logical conditions not be set, the lamp is not
      turned on. This informs the operator that the action he requested cannot
      be carried out.
PAR  A few of the buttons are of the digital push-push type which when pushed
      once initiate an action, and when pushed again suppress that action. Some
      of these buttons also contain a split lens which indicates one action in
      the upper half of the lamp and another (usually opposite) action in the
      lower lens. In addition, certain button backlights are flashed under
      particular operating circumstances and conditions.
PAR  The buttons and keys on the Operator's Panel may be grouped in broad
      functional groups according to the type of action associated with each set
      of buttons. A brief description of these groups follows:
PAR  1. CONTROL SYSTEM SWITCHING - These buttons alter the configuration of the
      DEH Control System by switching in or out certain control functions.
      Examples are throttle pressure control and impulse pressure control.
PAR  2. DISPLAY/CHANGE DEH SYSTEM PARAMETERS - These buttons allow the operator
      to visually display and change important parameters which affect the
      operation of the DEH system. Examples are the speed and load demand, high
      and low load limits, speed and load rate settings, and control system
      tuning parameters.
PAR  3. OPERATING MODE SELECTION - This group of buttons provides the operator
      with the ability to select the turbine operating mode. Examples are
      permitting an Automatic Synchronizer or an Automatic Dispatch System to
      set the turbine reference, or selecting local operator automatic control
      of the turbine (which includes hold/go action).
PAR  4. VALUE STATUS/TESTING/LIMITING - This group of buttons allows value
      status information display, throttle/governor valve testing, and valve
      position limit adjustment.
PAR  5. AUTOMATIC TURBINE STARTUP - This group of buttons is used in conjunction
      with a special DEH program which continuously monitors important turbine
      variables, and which also may start up and accelerate the turbine during
      wide-range speed control.
PAR  6. MANUAL OPERATION - These buttons allow the operator to manually control
      the position of the turbine valves from the Operator's Panel. The DEH
      PANEL task has no direct connection with this group of buttons.
PAR  7. KEYBOARD ACTIVITY - These buttons and keys allow numerical data to be
      input to the DEH system. Such information may include requests for
      numerical values via the display windows, or may adjust system parameters
      for optimum performance.
PAR  The panel task 1112 responds to the buttons pressed on the operator's panel
      1130 by an operator of the DEH control system 1100. The control panel 1130
      is shown in FIGS. 7 and 8. Referring now to FIGS. 19 and 20, the
      interactions of the panel task 1112 are shown in greater detail.
      Pushbuttons 1110 are decoded in a diode decoding network 1912 which
      generates contact inputs to activate the panel interrupt program 1156. The
      panel interrupt program scans the contact inputs and bids the panel task
      1112 whereby, the pressed button is decoded and either the panel task 1112
      carries out the desired action or the logic task 1110 is bid or the visual
      display task 1134 is called to carry out the desired command.
PAC  CONTROL PROGRAM
PAR  Automatic control of turbine speed and load requires a complex, interacting
      feedback control system capable of compensating for dynamic conditions in
      the power system, the boiler and the turbine-generator. Impulse chamber
      pressure and shaft speed from the turbine, megawatts from the generator,
      and throttle pressure from the boiler are used in the controlled operation
      of the turbine.
PAR  In addition to the primary control features discussed above, the DEH system
      also contains provisions for high and low load limits, value position
      limit, and throttle pressure limit; each of these can be adjusted from the
      Operator's Panel. A number of auxiliary functions are also available which
      improve the overall turbine performance and the capabilities of the DEH
      system. Brief descriptions of these follow:
PAR  1. Value position limit adjustment from the Operator's Panel.
PAR  2. Value testing from the Operator's Panel.
PAR  3. Speed signal selection from alternate independent sources.
PAR  4. Automatic instantaneous, and bumpless operating-mode selection from the
      Operator's Panel.
PAR  5. A continuous value position monitor and contingency-alert function for
      the operator during automatic control.
PAR  6. A digital simulation and training feature which allows use of the
      Operator's Panel and most of the DEH system at any time on manual control,
      without affecting the turbine output or value position. This powerful aid
      is used for operator and engineer training, simulation studies, control
      system tuning or adjustment, and for demonstration purposes.
PAL  In order to achieve these objectives, the CONTROL task is provided with
      analog inputs representing the various important quantities to be
      controlled, and also is supplied with contact inputs and system logical
      states.
PAR  The control program 1012 related programs are shown in greater detail in
      FIG. 21. In the computer program system, the control program 1012 is
      interconnected with the analog scan program 1116, the auxiliary sync
      program 1114, the sequence of events interrupt program 1124 and the logic
      task 1110. FIG. 22 shows a block diagram of the control program 1012. The
      control program 1012 accepts data from the analog scan program 1116, the
      sequence of events interrupt program 1124 and is controlled in certain
      respects by the logic program 1110 and the auxiliary synchronizing program
      1114. The control program 1012, upon receiving appropriate inputs,
      computes the throttle valve TV1-TV4 and the governor valve GV1-GV8 outputs
      needed to satisfy speed or load demand.
PAR  The control program 1012 of the DEH control system 1100 functions, in the
      preferred embodiment, under three modes of DEH system control. The modes
      are manual, where the valves GV1-GV8 and TV1-TV4 are positioned manually
      through the hardwired control system and the DEH control computer tracks
      in preparation for an automatic mode of control. The second mode of
      control is the operator automatic mode, where the valves GV1-GV8 and
      TV1-TV4 are positioned automatically by the DEH computer in response to a
      demand signal entered from the keyboard 1130, of FIG. 8. The third mode of
      control is remote automatic mode, where the valves GV1-GV8 and TV1-TV4 are
      positioned automatically as in the operator automatic mode but use the
      automatic turbine startup program 1141 or an automatic synchronizer or an
      automatic dispatch system for setting the demand valve.
PAC  SELECT OPERATING MODE FUNCTION
PAR  Input demand values of speed, load, rate of change of speed, and rate of
      change of load are fed to the DEH control system 1100 from various sources
      and transferred bumplessly from one source to another. Each of these
      sources has its own independent mode of operation and provides a demand or
      rate signal to the control program 1020. The control task 1020 responds to
      the input demand signals and generates outputs which ultimately move the
      throttle valves TV1 through TV4 and/or the governor valves GV1 through
      GV8.
PAR  With the breaker 17 open and the turbine 10 in speed control, the following
      modes of operation may be selected:
PAR  1. Automatic synchronizer mode -- pulse type contact input for adjusting
      the turbine speed reference and speed demand and moving the turbine 10 to
      synchronizing speed and phase.
PAR  2. Automatic turbine startup program mode -- provides turbine speed demand
      and rate.
PAR  3. Operator automatic mode -- speed, demand and rate of change of speed
      entered from the keyboard 1860 on the operator's panel 1130 shown in FIG.
      8.
PAR  4. Maintenance test mode -- speed demand and rate of change of speed are
      entered by an operator from the keyboard 1860 on the operator's control
      panel 1130 of FIG. 8 while the DEH system 1100 is being used as a
      simulator or trainer.
PAR  5. Manual tracking mode -- the speed demand and rate of change of speed are
      internally computed by the DEH system 1100 and set to track the manual
      analog back-up system 1016 as shown in FIG. 4 in preparation for a
      bumpless transfer to the operator automatic mode of control.
PAR  With the breaker 17 closed and the turbine 10 in the level mode control,
      the following modes of operation may be selected:
PAR  1. Throttle pressure limiting mode -- a contingent mode in which the
      turbine load reference is run back or decreased at a predetermined rate to
      a predetermined, minimum value as long as a predetermined condition
      exists.
PAR  2. Run-back mode -- a contingency mode in which the load reference is run
      back or decreased at a predetermined rate as long as a predetermined
      condition exists.
PAR  3. Automatic dispatch system mode -- pulse type contact inputs are supplied
      from an automatic dispatch system to adjust turbine load reference and
      demand when the automatic dispatch system button 1870 on the operator's
      panel 1130 is depressed.
PAR  4. Operator automatic mode -- the load demand and the load rate are entered
      from the keyboard 1830 on the control panel 1130 in FIG. 8.
PAR  5. Maintenance test mode -- load demand and load rate are entered from the
      keyboard 1860 of the control panel 1130 in FIG. 8 while the DEH system
      1100 is being used as a simulator or trainer.
PAR  6. Manual tracking mode -- the load demand and rate are internally computed
      by the DEH system 1100 and set to track the manual analog back-up system
      1016 preparatory to a bumpless transfer to the operator automatic mode of
      control.
PAR  The select operating mode function responds immediately to turbine demand
      and rate inputs from the appropriate source as described above. This
      program determines which operating mode is currently in control by
      performing various logical and numerical decisions, and then retrieves
      from selected storage locations the correct values for demand and rate.
      These are then passed on to the succeeding DEH control programs for
      further processing and ultimate positioning of the valves. The select
      operating mode function also accommodates switching between operating
      modes, accepting new inputs and adapting the DEH system to the new state
      in a bumpless transfer of control.
PAR  Various contact inputs are required for raise and lower pulses, manual
      operation, maintenance test, and so forth; these are handled by the
      SEQUENCE OF EVENTS interrupt program and the PLANTCCI subroutine, which
      performs a contact input scan. In addition, certain panel pushbuttons
      affect the operating mode selection; these are handled by the PANEL
      INTERRUPT program and the PANEL task, which decode and classify the
      pushbuttons pressed. The LOGIC task then checks all permissive conditions
      and current control system status, and computes the appropriate logical
      states for interpretation by the CONTROL task and the SELECT OPERATING
      MODE program.
PAR  Referring now to FIG. 23, a block diagram is shown illustrating the select
      operating mode function 2050. Contact inputs from plant wiring 1126
      activate the sequence of events interrupt program 1124 which calls the
      plant contact input subroutine 1150, to scan the plant wiring 1126 for
      contact inputs. Mode pushbuttons such as automatic turbine startup 1141,
      automatic dispatch system 1170 and automatic synchronizer 1871 activate
      the panel interrupt program 1156 which calls the panel program 1112 for
      classification and which in turn calls upon the logic program 1110 to
      compute the logic states involved. The logic program 1110 calls the
      control program 1020 to select the operating mode in that program.
PAR  In FIGS. 24A and 24B a flow chart of the select operating mode logic is
      shown. As one example of mode selection referring to a path 2023, after a
      statement 7000, provisions are made for a bumpless transfer from an
      automatic or test mode to an operator mode. The bumpless transfer is
      accomplished by comparing the computer outputs and the operator mode
      output signals for the governor valve GV1-GV4 positions. The DEH system
      1110 inhibits any transfer until the error between the transferring output
      and the output transferred is within a predetermined deadband (DBTRKS).
      Bumpless transfer is accomplished by the DEH control system 1100 by
      comparing output from one mode of control of the governor valves GV and
      the throttle valves TV and the same output from another output mode
      controlling the same parameters. The flow chart of FIGS. 24a and 24B shows
      mode selection for a complete operating system. In a hardwired or analog
      control system, the analog parameter output, to be transferred to must
      continuously track the parameter output to be transferred from. This
      tracking method is expensive and cumbersome since it has to be done
      continuously and requires complex hardware. However, in a digital system,
      such as the DEH control system 1100, the equating of the two parameter
      outputs need be performed only on transfer. Therefore, great economy of
      operation is achieved.
PAC  SPEED/LOAD REFERENCE FUNCTION
PAR  In the DEH turbine controller, the speed/load reference is the central and
      most important variable in the entire control system. The reference serves
      as the junction or meeting place between the turbine speed or load demand,
      selected from any of the various operating modes discussed in the last
      section, and the Speed or Load Control System, which directs the reference
      through appropriate control system strategy to the turbine throttle and
      governor valves to supply the requested demand. FIG. 25 is a diagram which
      indicates the central importance of the reference in the DEH control
      system.
PAR  The speed/load reference function increments the internal turbine reference
      at the selected rate to meet the selected demand. This function is most
      useful when the turbine is on Operator Automatic, on the AUTOMATIC TURBINE
      STARTUP program, or in the Simulator/Trainer modes. This is because each
      of these control modes requests unique rates of change of the reference,
      while the remaining control modes, such as the Automatic Synchronizer and
      the Automatic Dispatch System, move the reference in pulses or short
      bursts which are carried out in one step. The Runback and Throttle
      Pressure contingency modes use some of the features of the reference
      function, but they bypass much of the subtle reference logic in their
      hurry to unload the turbine.
PAR  For these modes which request movement of the reference at a unique rate,
      the reference function must provide the controlled motion. Not only must
      the rate be ramped exactly, but the logic must be such that, at the
      correct time, the reference must be made exactly equal to the demand, with
      no overshoot or undershoot. In addition, the reference logic must be
      sensitive to the GO and HOLD lamps, if conditions dictate, by passing on
      to the LOGIC task the proper status information to accomplish this
      important visual indication feature.
PAR  The decision breaker function 1060, of FIG. 5, is identical to the
      speed/load reference function 1060, of FIG. 25. A software speed control
      subsystem 2092 of FIG. 25, corresponds to the compare function 1062, the
      speed reference 1066 and the proportional plus reset controller function
      1068, of FIG. 5. The software load control subsystem 1094, of FIG. 25,
      corresponds to the rated speed reference 1074, the turbine speed 1076, the
      compare function 1078, the proportional controller 1080, the summing
      function 1972, the compare function 1082, the proportional plus reset
      controller function 1084, the multiplication function 1086, the compare
      function 1090, the impulse pressure transducer 1088 and the proportional
      plus reset controller 1092, of FIG. 5. The speed/load reference 1060 is
      controlled by, depending upon the mode, and automatic synchronizer 1080,
      the automatic turbine starter program 1141, and operator automatic mode
      1082, a manual tracking mode 2084, a simulator/trainer 2086, an automatic
      dispatch system 2088, or a run-back contingency load 2090. Each of these
      modes increments the speed/load reference function 1060 at a selected rate
      to meet a selected demand. A typical demand/reference rate is shown in
      demand.
PAC  DEH DATALINK
PAR  A DEH DATALINK shown in FIG. 6 allows the DEH control system 1100 to
      communicate with other computers such as a plant computer. In the
      preferred embodiment, the communication is initiated by the other
      computer, the plant computer. The DEH DATALINK waits for requests to send
      or receive information. In the operation of the DEH DATALINK any core
      location can be interrogated and numerous setpoint values can be changed.
      The format of the DATALINK is such that information as to a starting
      address in the memory 214, and a code indicating the number of words to be
      interrogated or changed. The following eight-bit control words are used
      for DATALINK transmission and reception.
TBL  ______________________________________                                    
     CONTROL-WORD                                                              
               8-BIT      HEXADECIMAL                                          
     SYMBOL    PATTERN    AQUIVALENT  Meaning                                  
     ______________________________________                                    
     DAT       0011 1010.sub.2                                                 
                          3A.sub.16   DATA Trans-                              
                                      mission Mode                             
     SPT       00111011.sub.2                                                  
                          3B.sub.16   SETPOINT-                                
                                      Transmission                             
                                      Mode                                     
     ACK       00000110.sub.2                                                  
                          06.sub.16   ACKNOW-                                  
                                      LEDGE-                                   
                                      Word                                     
     NAK       10010101.sub.2                                                  
                          G5.sub.16   NOT AC-                                  
                                      KNOWLEDGE                                
                                      Work                                     
     ENQ       00000101.sub.2                                                  
                          05.sub.16   ENQUIRY                                  
                                      to DEH                                   
     ETX       00000011.sub.2                                                  
                          03.sub.16   END of                                   
                                      Message                                  
     STX       10000010.sub.2                                                  
                          82.sub.16   ANSWER                                   
                                      from DEH                                 
     CSF       10010110.sub.2                                                  
                          96.sub.16   CHECKSUM                                 
                                      Failure                                  
     SAF       10010111.sub.2                                                  
                          97.sub.16   SETPOINT                                 
                                      ADDRESS                                  
                                      Failure                                  
     SVF       10011000.sub.2                                                  
                          98.sub.16   SETPOINT                                 
                                      VALUE                                    
                                      Failure                                  
     ______________________________________                                    
PAL  For an absolute starting address in core to transmission words are used
      indicating the number of transmission words in one transmission. In the
      sequencing charts 8-bit numbers are represented by the following symbols:
TBL  ADD        First half of absolute core address                            
     REF        Second half of absolute core address                           
     WDS        Number of transmission words                                   
     W1, W2, .....                                                             
                Transmitted information                                        
     LIC        Checksum                                                       
PAL  The checksum is the binary sum of all 8-bit numbers of a data transmission
      with any remainder truncated. The hardware for the DEH DATALINK is
      operated asynchronously. A message can be transmitted at any time for the
      plant computer. The interrupt program 1124 is provided so that the plant
      computer can be serviced immediately.
PAR  In the DATALINK between two computers, a modem transmission system,
      available through the Bell Telephone Company, provides for data
      transmission. The sequence of events interrupt program 1124 directs the
      computer 210 to execute one or more instructions in a sequence thereby
      interrupting any program running in the computer 210. When the interrupt
      program 1124 has finished, the computer 210 returns to complete the
      program which it was previously executing.
PAR  A DATALINK task shuttles any received data words into an input buffer in
      the memory 214 and thereby through the action of the central processor 212
      generates the checksum which is compared with a received checksum. The
      data from the DEH system is transmitted in a checksum calculated at both
      the plant computer and the DEH computer 210. If a mistake is found an
      alarm interrupt is generated and a control word indicating an error is
      sent back and no further action is taken. The plant computer or requesting
      computer must then send the same message again for a second reply. If the
      interrupt program receives a proper message request, a DEH DATALINK task
      is energized again. A complete program of the DATALINK System is to be
      found in the appendices.
PAC  E. ANALOG BACKUP SYSTEM
PAR  The analog backup portion of the DEH Control System provides a second
      means, independent of the digital portion, of controlling the turbine
      valves. In the event of a failure in the digital portion, or during
      certain maintenance modes of operation, the Analog Backup System generates
      the signals necessary to control the valves, and thus the turbine.
PAR  While the digital portion of the control system is in service and in
      control of the turbine (the Operator Automatic mode), the analog system
      tracks the digital control signals. If the digital portion fails, or
      manual operation is selected, the DEH Control System transfers to the
      Analog Backup System without a change in valve position (bumpless
      transfer). When the analog portion is supplying the control signals (the
      Turbine Manual mode), the operator controls valve position using the
      manual pushbuttons on the Operator B Panel.
PAR  In addition to tracking and positioning capabilities, the Analog Backup
      System provides protection circuits. This protection capability is used
      during contingency conditions, and duplicates similar protection provided
      by the digital portion of the DEH Control System. Thus, the operator is
      provided with an effective means of operating the turbine during a
      contingency condition or during maintenance or testing of the system.
PAC  Modes Of Operation
PAR  In the Turbine Manual mode of operation, the operator controls the turbine
      using the Analog Backup System. The mode of operation (Operator Automatic
      or Turbine Manual) of the DEH Control System is determined by the state of
      a flip-flop (the Turbine Manual flip-flop). When this flip-flop is reset,
      the Analog Backup System is controlling the turbine (Turbine Manual mode).
      When the Turbine Manual flip-flop is set, the Digital Controller is
      controlling the turbine (Operator Automatic mode) and the Analog Backup
      System is tracking the Digital System.
PAR  If the Analog Backup System is in control, the operator must press the OPER
      AUTO button on the Operator B Panel to transfer to the Operator Automatic
      mode of operation (flip-flop is set). At the same time, however, a
      permissive generated by the digitial portion must be maintained. If an
      internal failure in the digital portion causes the permissive to be
      absent, the DEH Control System remains in Turbine Manual even if the OPER
      AUTO button is pressed.
PAR  The Turbine Manual flip-flop can be reset (the DEH Control System goes from
      the Operator Automatic to the Turbine Manual mode) in several ways. If the
      operator presses the TURBINE MANUAL button on the Operator B Panel, th DEH
      Control System is placed in the Turbine Manual mode. Also, a contact
      closure generated by the digital portion (indicating a failure in the
      digital portion) causes the system to be placed in the Turbine Manual
      mode. In the event of a power supply failure in the digital portion, a
      contact closure is generated which resets the Turbine Manual flip-flop
      (Turbine Manual mode).
PAC  LOGIC TASK
PAC  Operation Automatic Logic
PAR  The state of manual or automatic operation of the DEH system is actually
      determined by circuitry in the analog backup system, and the DEH programs
      simply respond to these states. When the DEH system is in manual control,
      the analog backup system ignores the computer output signals and positions
      the valves according to its up/down counter circuitry. Conversely, when
      the DEH system is in automatic control, the analog backup system uses the
      computer outputs to position the valves and adjusts its up/down counter to
      track the computer outputs.
PAR  When transfer is made to manual, either by pushbutton or computer request,
      the analog backup system opens contacts carrying the computer outputs to
      the valves and simultaneously closes contacts carrying backup system
      outputs to the valves. In addition, a contact input is sent to the DEH
      system LOGIC task indicating manual operation. When transfer is made to
      automatic control by pressing the OPERATOR AUTOMATIC pushbutton, and
      assuming that the computer system is tracked and ready for automatic, the
      analog backuo system opens contacts carrying its own signals to the valves
      and simultaneously closes contacts carrying the computer outputs to the
      valves. The operator automatic logic thus merely updates internal computer
      variables to the state of manual or automatic control as determined by the
      backup system.
PAR  In updating the DEH system programs to the existing control state, the
      internal operator automatic variable (OA) is set to the logical inverse of
      the manual contact input represented by TM. Then a decision is made to
      determine if the system has just been switched to automatic by comparing
      OA and its last value (OAX). If automatic has just occurred, ready
      tracking flags are reset; if not, no action is taken. In either case, the
      last value (OAX) is set to the current automatic state (OA) for use in the
      next bid of the LOGIC task.
PAC  Go Logic
PAR  When the DEH system is on operator automatic control, the turbine
      speed/load (DEMAND) is entered from the keyboard. The operator then may
      allow the turbine reference to adjust to the demand by pressing the GO
      pushbutton. When the operator does this, the GO lamp is turned on and
      logical states are set to begin moving the reference in the CONTROL task.
      When the reference equals the demand, the GO lamp is turned off. The GO
      logic detects the various conditions affecting the GO state and sets the
      status and lamp accordingly.
PAR  The GO pushbutton (GOPB), which is updated by the PANEL task, is the set
      signal for the GO flip-flop. The reset or clear signal, which will
      override the set signal, can occur from a number of different conditions
      as follows: the HOLD pushbutton (HOLDPB) as updated by the PANEL task, a
      computed hold condition (HOLDCP) as set by the CONTROL or LOGIC tasks, the
      DEH system not being in operator automatic control (OA) or in the
      maintenance test condition (OPRT) (during which the system may be used as
      a simulator/trainer), or the condition in which the reference has reached
      the demand and the CONTROL task sets the GOHOLDOF state to clear the GO
      lamp.
PAC  Hold Logic
PAR  When the DEH system is an operator automatic control, the turbine
      speed/load (DEMAND) is entered from the keyboard. The operator may then
      inhibit the turbine reference from adjusting to the demand by pressing the
      HOLD pushbutton. When the operator does this, the HOLD lamp is turned on
      and logical states are set to prohibit the reference from moving in the
      CONTROL task. The HOLD logic detects the various conditions affecting the
      HOLD state and sets the status and lamp accordingly.
PAR  The HOLD pushbutton state (HOLDPB), which is set by the PANEL task, or the
      hold state (HOLDCP) computed by the CONTROL or LOGIC tasks, acts as the
      set signal for the HOLD flip-flop. The reset or clear signal, which will
      override the set signal, can occur from a number of different conditions
      as follows: the DEH system not being on operator automatic control (OA) or
      in the maintenance test condition (OPRT) (during which the system may be
      used as a simulator/trainer), the GO flip-flop being set and thus
      overriding the HOLD state, or the condition in which the reference has
      reached the demand and the CONTROL task sets the GOHOLDOF state to clear
      the HOLD lamp. The HOLD logic program then resets the computed hold state
      (HOLDCP) and the GOHOLDOF state, so that they may be used in future
      decisions by the CONTROL and LOGIC tasks.
PAC  Governor Control Logic
PAR  Control of turbine steam flow with the governor valves is required during
      speed and load control. Normally governor control is initiated when the
      turbine has been accelerated by near synchronous speed, after which the
      unit is brought up to synchronous speed, synchronized and then loaded with
      the governor valves as the normal mode of operation.
PAR  The governor control logic detects turbine latch and unlatching conditions,
      transfer from throttle valve to governor valve control, and manual
      operation of the governor valves. When any of these conditions occur, the
      governor logic must align the DEH system to the appropriate governor
      control state.
PAR  The governor control flip-flop (GC) may be set by a number of conditions,
      the most common of which occurs on automatic control when the operator
      presses the transfer TV/GV pushbutton (TRPB). Assuming that the governor
      valves are at their maximum open position as indicated by GVMAX and that
      the automatic turbine startup mode (ATS) is not selected, then the
      governor flip-flop will be set. An alternate path for setting this
      flip-flop occurs if the automatic turbine startup program (ATS) requests
      transfer via the logical variable ATSTRPB. In addition, when the throttle
      valves reach about 90 percent position, a contact input (THI) is activated
      by the analog backup system, and this contact sets the GC flip-flop. This
      last case occurs when the turbine is a manual control. Finally, the
      governor control flip-flop is reset when the turbine latch contact input
      (ASL) is released.
PAR  Following the GC flip-flop, a decision is made to determine if the system
      has just switched to governor control by comparing GC with its last state
      (GCX). If transfer has just occurred, the turbine speed (WS) at this
      instant is saved as WSTRANS, the speed at throttle/governor valve
      transfer. This value is used in the CONTROL task for a special valve
      position control logic decision. The last operation in the governor
      control program is to call the LCCO subroutine to update the GC lamp.
PAC  Throttle Valve Control Logic
PAR  Control of turbine steam flow with the throttle valves is required when the
      turbine is initially rolled and during speed control up to the point of
      transfer to governor valve control. After this the throttle valves are
      kept wide open during normal operation. The throttle control logic detects
      turbine latch and unlatching conditions, transfer from throttle to
      governor valve control, and manual operation of the throttle valves. When
      any of these conditions occur the throttle logic must then align the DEH
      system to the appropriate throttle control state.
PAR  The throttle control state (TC) is simply the logical inverse of the
      governor control state (GC) when the turbine is latched. However, the
      throttle control lamp flipflop (TCLITE) may be set by either TC or by
      manual operation (TM) while the throttle valves are below 90 percent open
      as indicated by the contact input (THI) not being set. The TCLITE
      flip-flop is reset by the contact input (THI) indicating throttle valves
      wide open or by the turbine latch contact input (ASL) not set.
PAR  The throttle control logic also indicates that the transfer from throttle
      to governor valve state (TRTVGV) is underway when governor control (GC)
      exists but the throttle valves are not yet wide open. In addition, the
      transfer complete state (TRCOM) is set when the throttle valves are wide
      open on governor control as indicated by THI. Finally, the program sets
      various contact outputs to pass this information on to the plant and
      operating personnel by calling the LCCO subroutine.
PAC  Turbine Latch Logic
PAR  Before the turbine can be rolled and accelerated, it must be mechanically
      latched; this means the hydraulic fluid system must be prepared to move
      the throttle and governor valves, and a series of safety features as
      described in the turbine instruction book must be satisfied. After the
      turbine is latched, if unlatching should occur at any future time during
      speed or load control, then the control system must trip the turbine and
      close all valves immediately. The turbine latch logic detects latching or
      unlatching, and instantly sets the turbine reference and the control
      system to the proper states. A decision is made to determine if the
      turbine has just unlatched by comparing the current latch state (ASL) with
      the last state (ASLX). If unlatched has just occurred, then the DEH
      turbine reference given by REFDMD, the demand given by ODMD, and the speed
      integral controller given by RESSPD are immediately reset to zero. If the
      turbine has not unlatched, then a decision is made to determine if the
      turbine has just latched by a similar comparison of ASL and ASLX. If the
      unit has just latched, the DEH reference (REFDMD) and demand (ODMD) are
      set to the existing speed so that the control system may "catch the unit
      on the fly" should it be decelerating. The speed integral controller
      (RESSPD) is set to a zero value, from which point the control system will
      act to control the throttle valves.
PAC  AUTOMATIC DISPATCH LOGIC
PAR  The automatic dispatch flip-flop (ADS) may be set by the automatic dispatch
      button (ADSPB), which is updated by the PANEL program, providing the unit
      is on automatic control (OA), the breaker (BR) is closed, and the
      automatic dispatch permissive contact input (ADSPERM) is set. Otherwise
      the ADS flip-flop will be reset. Decisions then are made to determine if
      the ADS flip-flop has just come on. If ADS just came on, the temporary
      variable (T3) is set to indicate a remote control transfer for later logic
      programs. Then a call is made to the LCCO subroutine to set the ADS lamp
      to the correct state; arguments in the call consist of the current state
      of ADS, the last state (ADSX), the automatic dispatch button (ADSPB) which
      must be aligned with the ADS flip-flop, and a pointer (N10) to a table of
      contact output words and bits which define connection to the ADS lamp.
PAR  Additional decisions must be made in the ADS logic program, when the ADS
      mode has been selected, to detect whether the ADS equipment is sending
      raise or lower pulses to the DEH system. Thus if the leading edge of the
      ADSUP contact input pulse has just come on, then a flip-flop (CADSUP) is
      set to start a counter which is handled by the AUX SYNC program. As long
      as CADSUP is set the AUX SYNC will count in 1/10 sec increments, thus
      determining the length of time the raise pulse is on. When the trailing
      edge of the ADSUP contact input pulse is detected, this means the raise
      contact has been released; this then resets the CADSUP flip-flop and the
      AUX SYNC program will stop counting. Finally, a logical state (ADSINC) is
      set so that the CONTROL task may raise the turbine reference by an amount
      proportional to the CADSUP counter. Identical checks and logical decisions
      are made with respect to the ADS lower contact input (ADSDOWN), after
      which last values of both ADSUPX and ADSDOWNX are updated with the current
      state of ADSUP and ADSDOWN in preparation for future bids of the LOGIC
      task.
PAC  REMOTE TRANSFER LOGIC
PAR  To transfer from operator automatic to a remote mode, the operator simply
      presses the appropriate pushbutton on the Operator's Panel. Then, assuming
      all permissive conditions as described elsewhere in this writeup are
      satisfied, the new mode will be selcted with a bumpless transfer in which
      the turbine valves remain at the existing position. In addition, a lamp
      behind the pushbutton selected will be turned on and the lamp for the
      previous mode will be turned off. Conversely, in order to return from any
      remote mode to operator automatic, the operator simply presses the OPER
      AUTO pushbutton. The remote transfer logic program detects operating mode
      changes and updates the panel lamps according.
PAR  As shown in FIG. 18, the temporary logical variable (T3), which has been
      updated in earlier portions of the logic program, is checked to determine
      if any remote state has been selected. If so, the operator demand (ODMD)
      is set equal to the current reference (REFDMD), the logical flags are set
      to run the LOGIC task again to set the appropriate conditions in the DEH
      system. Then the status of the operator automatic lamp (OALITE) is
      determined since a remote control mode selection must result in turning
      off this lamp. Finally, a call to the LCCO subroutine is made to place
      this lamp in the proper state.
PAC  PANEL TASK
PAR  The PANEL task is assigned priority level C.sub.16 (12.sub.10) and is bid
      by the PANEL INTERRUPT program when a button is pressed.
PAR  FIG. 20 shows a block diagram of the major functions performed by the PANEL
      task. These include executing each of the button group functions discussed
      above, as well as additional decisions, checks, and bookkeeping necessary
      to properly perform the action requested by the operator.
PAC  Button Decode
PAR  The BUTTON DECODE program examines the button identification (IPB) provided
      by the PANEL INTERRUPT program, and transfers to the proper location in
      the PANEL task to carry out the action required by this button. The
      program also does some bookkeeping checks necessary to keep the panel
      lamps in the correct state. A total of 54 buttons can be decoded in the
      current version of the DEH PANEL task.
PAR  The identification of the last button (IPBX), which had been pressed and
      which has associated with it a visual display mode lamp, is stored in a
      temporary integer location (JJ) for later use in turning off the last
      lamp. Then the current button identification (IPB) is checked to determine
      if it represents the ENTER pushbutton; if so, a special logical variable
      ENTERB is reset for later use should the ENTER button be pressed two or
      more consecutive times. This has been found to be a rather common operator
      error and is flashed as an invalid request. The program then simply
      executes a FORTRAN computed GO TO statement and transfers to the
      appropriate portion of the PANEL task.
PAC  Control System Switching
PAR  There are six buttons on the Operator's Panel which may switch control
      states of the DEH system. A brief description of each follows:
PAR  1. TRANSFER TV/GV - This button initiates a transfer from throttle valve to
      governor valve control during wide-range speed operation. The pushbutton
      has a split lens. When control is on the throttle valves, the upper half
      of the lens is backlighted. When the button is pressed, to transfer
      control, the entire lens is backlighted. At the completion of the
      transfer, only the bottom half of the lens remains on. Once the DEH system
      is on governor control, it stays in this mode until the turbine is tripped
      and relatched. At this time, it is again in throttle valve control.
PAR  2. IMPULSE PRESSURE FEEDBACK IN/OUT - This is a pushpush button with split
      lens. It places the impulse pressure feedback loop in or out of service,
      with appropriate backlighting of the button lens.
PAR  3. MEGAWATT FEEDBACK IN/OUT - This is a push-push button with split lens.
      It places the megawatt feedback loop in or out of service, with
      appropriate backlighting of the button lens.
PAR  4. SPEED FEEDBACK IN/OUT - This split lens button places the speed feedback
      loop in service in the DEH system. Normally the speed loop is always in
      service; however, when the DEH CONTROL task detects a speed channel
      failure condition in which all speed input signals are unreliable, the
      speed feedback loop is disabled and the speed channel monitor lamps turned
      on. When the speed inputs become reliable, the monitor lamps are turned
      off, thus indicating to the operator that he may place the speed feedback
      loop back in service. As long as the speed signals are reliable, the
      operator cannot take the speed loop out of service.
PAR  5. THROTTLE PRESSURE CONTROL IN/OUT - This is a pushpush button with split
      lens which places the throttle pressure controller in or out of service,
      with appropriate backlighting of the lens.
PAR  6. CONTROLLER RESET - The button restores the DEH system to an active
      operating state after the computer has been stopped due to a power failure
      or hardware/software maintenance.
PAR  The logical variable TRPB is set when the TRANSFER TV/GV button is pressed.
      The impulse pressure, megawatt, and throttle pressure logical states
      (IPIPB, MWIPB and TRCPB respectively) are set to the logical inverse of
      their previous state when the corresponding buttons are pressed. This is
      the mechanism which provides the push-push nature of these buttons. The
      logical variable SPIPB is set when the speed feedback button is pressed.
      Finally, each of these buttons initiate a bid for the LOGIC task by
      setting the RUNLOGIC variable prior to exit from the PANEL task.
PAR  The CONTROLLER RESET button is handled somewhat differently. The state
      CRESETPB is set by the STOP/INITIALIZE task, which does cleanup and
      initialization after a computer stop condition. Then CRESETPB is checked;
      if it is not set, the computer has been running, and thus the button
      pressed is ignored. If CRESETPB is set, this means the computer had been
      stopped; CRESETPB is reset and the lamp behind the button is turned off.
      In addition, the PANEL task effectively presses the speed feedback button
      by setting the logical state SPIPB. This is done so that the DEH system
      restarts after a power failure or other computer stop condition with the
      speed feedback loop in service. The LOGIC task is requested to run by
      setting the RUNLOGIC state. The REFERENCE display button is also
      effectively pressed so that the display windows always start out in the
      same mode after a stop condition on the computer.
PAC  Display/Change DEH System Parameters
PAR  Eight buttons allow the operator to display or change various DEH system
      parameters. Six of these buttons are dedicated to the display or change of
      a single important parameter for each button. The remaining two buttons
      provide the ability to display or change a group of DEH system variables
      from each button. In addition, two special buttons (GO and HOLD) are
      intimately associated with one of the dedicated display/change buttons,
      and thus are also included in this discussion.
PAR  Before listing each of these buttons, a brief description of the display
      window mechanism is given. The DEH Operator B Panel contains two digital
      displays which are provided with five windows each. The left display,
      labeled REFERENCE, has two major functions. It either presents numerical
      information which currently exists in computer memory for the six
      dedicated buttons mentioned above, or it accepts address inputs from the
      keyboard for the two buttons assigned to display or change groups of DEH
      system variables. The right display, labeled DEMAND, also has two major
      functions. It either accepts keyboard inputs in preparation for changing
      any of the currently existing numerical information in computer memory for
      the six dedicated buttons mentioned above, or it presents currently
      existing information in computer memory for the two buttons assigned to
      display or change groups of DEH system variables.
PAR  Of the five windows in each digital display, the leftmost is reserved for
      mnemonic characters. These characters combine to form a short message
      identifying the numerical quantity in the remaining four windows. The
      following table lists the 11 available messages and an explanation of
      each. The four right windows in each display provide the numerical digits
      0 through 9 and a decimal point where appropriate.
PAC  MNEMONIC CHARACTER DEFINITION
TBL  Message            Explanation                                            
     ______________________________________                                    
     MW           Megawatt Symbol for Load Control                             
     SPEED        Speed Symbol for Speed Control                               
     % VALVE POSITION                                                          
                  Percent Valve Position for Valve                             
                   Status                                                      
     RPM/MIN      Acceleration Rate                                            
     MW/MIN       Load Rate                                                    
     SYS PAR      General DEH System Parameter                                 
     IMP PRESS %  Impulse Pressure in Percent For Load                         
                  Control                                                      
     PRESS        General Pressure Variable                                    
     TEMP         General Temperature Variable                                 
     VALVE NO.    Valve Identification for Valve                               
                   Status                                                      
     -            Algebraic Negative Quantity                                  
     ______________________________________                                    
PAR  A brief description of the eight buttons associated with display/change as
      well as the GO and HOLD buttons, follows:
PAR  1. REFERENCE - This button initiates a display or change of the DEH
      reference and demand for speed or load operation. When the turbine is on
      operator automatic control, new demand values may be entered from the
      keyboard. However, when the turbine is in a remote operating mode such as
      automatic synchronizer, dispatch or ACCELERATION program, the demand
      cannot be changed from the keyboard. Any attempt to do so is flashed as an
      invalid request.
PAR  2. ACCELERATION RATE - This button initiates as display or change of the
      acceleration rate used on wide-range speed operation. When the turbine is
      on operator automatic control, this value is entered by the operator, and
      may be changed from the keyboard. However, when the turbine is being
      accelerated by an AUTOMATIC STARTUP program, the displayed value is the
      rate selected by this program and cannot be changed from the keyboard. Any
      attempt to do so is flashed as an invalid request.
PAR  3. LOAD RATE - This button initiates a display or change of the load rate
      used on operator automatic control. This value may be displayed or changed
      at any time.
PAR  4. LOW LIMIT - This button is an optional feature which initiates a display
      or change of the low load limit used on all automatic load control modes.
      This value may be displayed or changed at any time.
PAR  5. HIGH LIMIT - This button is an optional feature which initiates a
      display or change of the high load limit used on all automatic load
      control modes. This value may be changed at any time.
PAL  Each of these buttons have high or low limits, whichever is appropriate,
      associated with them when changes are to be made in the values discussed
      above. Violation of these limits from a keyboard entry is flashed as an
      invalid request and the entry is ignored. More details of these limits are
      discussed in a later section where the KEYBOARD program is described.
PAR  6. VALVE POSITION LIMIT - This button initiates a display of the governor
      valve position limit and the quantity being limited. Change or adjustment
      of the valve position limit is accomplished by raise/lower buttons
      (described in a later section where the valve buttons are discussed. Any
      attempt to enter values from the keyboard in this display mode is flashed
      as an invalid request.
PAR  7. VALVE STATUS - This button initiates a display of the status (position)
      of the turbine throttle and governor valves. Thus, this button is
      associated with a group of DEH system variables. A description of the
      steps necessary to carry out this display function is given in later
      paragraphs (where the valve buttons are discussed).
PAR  8. TURBINE PROGRAM DISPLAY - This button initiates a display or change of
      any DEH system parameter not otherwise addressable with one of the unique
      buttons described above. These variables include pressures, temperatures,
      control system tuning constants, and calculated quantities in all parts of
      the DEH system. A dictionary is provided so that the address of such
      quantities may be entered from the keyboard. Further discussion of these
      points is given in later paragraphs where the keyboard is described.
PAR  9. GO - This button initiates a special DEH CONTROL program to adjust the
      turbine reference. The program ultimately positions the valves on operator
      automatic control. The reference then moves at the appropriate load or
      acceleration rate until the reference and demand are equal. The updated
      reference value is continually displayed in the REFERENCE windows so that
      the operator may observe it changing to meet the demand, which is
      displayed in the DEMAND windows.
PAR  10. HOLD - This button interrupts the reference adjustment process
      described above, and holds the reference at the value existing at the
      moment the HOLD button is pressed. In order to continue the adjustment
      process on the reference, the operator must press the GO button.
PAR  A brief description of the steps necessary to display or change any of the
      first six variables discussed above follows; description of cases 7 and 8
      are withheld until a later section. When the operator wishes to display or
      change any of the DEH dedicated system parameters, he must execute a
      sequence of steps which result in the desired action. The steps are listed
      as follows:
PAR  1. The operator presses the appropriate button; the DEH programs display
      the current value of the parameter in the reference windows while the
      demand windows are cleared to allow for possible keyboard entry.
PAR  2. If the operator wishes only to observe the parameter value, then he does
      nothing else. The value remains in the reference windows until some new
      button is pressed.
PAR  3. If the operator wishes to change the parameter, he types in on the
      keyboard the new value which he desires. This is displayed in the DEMAND
      windows, but will not yet be entered into the DEH programs.
PAR  4. If the operator is satisfied with the new value as it appears in the
      demand windows, he may enter the new quantity into the DEH operating
      system by pressing the ENTER button. The ENTER button is described in more
      detail in a later section on the keyboard.
PAR  5. If for any reason the operator is not satisfied with the value as it
      appears in the demand windows, he may press the CANCEL button. The CANCEL
      button will be described in more detail in a later section on the
      keyboard. This removes the number from the DEMAND windows and allows the
      operator to begin a new sequence for the parameter.
PAR  6. Assuming that the operator is satisfied with the number and that he
      presses the ENTER button, the new value of the parameter appears in the
      REFERENCE window and the DEMAND window is cleared. This is an
      acknowledgment that the DEH programs have accepted the number and are
      using the new value from that point on.
PAR  7. IF for any reason the numerical value entered into the DEH system
      violates preprogrammed conditions (such as high limits less than low
      limits), the entire operation is aborted and the INVALID REQUEST lamp is
      flashed.
PAR  The above description of data manipulation is modified somewhat when the
      operator wishes to display or change the turbine reference and demand.
      Both of these quantities are displayed when the reference button is
      pressed. During wide-range speed control, the left REFERENCE display
      contains the turbine speed reference value, while the right DEMAND display
      contains the turbine speed demand. During load control the REFERENCE
      display contains the turbine load reference while the demand display
      contains the turbine load demand.
PAR  Since the reference and demand control the turbine valves directly, it is
      essential that the operator have a unique handle on these quantities so
      that he may start or stop reference changes quickly and easily. This is
      accomplished by use of the GO and HOLD buttons in conjunction with the
      reference button. The GO and HOLD buttons control two reference states in
      the DEH system, which indicate whether the reference and demand are equal
      or unequal. When these quantities are equal, both the GO and HOLD
      backlights are off. When these quantities are unequal, either the GO or
      the HOLD lamp is on. If the GO light is turned on, the reference is
      changing to meet the demand value at the selected rate. Should the
      operator wish to stop the reference adjustment process, he simply presses
      the HOLD button. The HOLD button then backlights and holds the reference
      at its current value. When the operator wishes to start the reference
      moving again, he must press the GO button, which then backlights and
      enables the reference to adjust to the proper value.
PAR  The sequence of steps for displaying or changing the reference follows:
PAR  1. The operator presses the reference button. The DEH programs display the
      current value of reference in the left windows and the current value of
      demand in the right windows.
PAR  2. If the operator wishes to change the demand, he types the new value on
      the keyboard. This is displayed in the DEMAND windows, but is not yet
      entered into the DEH programs.
PAR  3. If the operator is satisfied with the new value, he presses the ENTER
      button. This places the new demand value in the DEH programs and turns the
      HOLD lamp, assuming that the new demand satisfies certain limit checks to
      be described shortly. If these conditions are not met, the INVALID REQUEST
      lamp is flashed, the new value is ignored, and the original value is
      returned to the DEMAND windows.
PAR  4. If the operator is not satisfied with the new value (set in Step 3), he
      simply presses the CANCEL button. The DEH programs then ignore this value
      and return the original value to the DEMAND windows.
PAR  5. If a new demand is finally entered and the HOLD lamp comes on, the
      operator may start the reference adjusting to this new demand by pressing
      the GO button. The HOLD lamp is turned off, the GO lamp is turned on, and
      the reference begins to move at the selected rate toward the demand.
PAR  6. At any time, the operator may inhibit the reference adjustment by
      pressing the HOLD button. He may then restart the reference adjustment by
      pressing the GO button.
PAR  7. When the reference finally equals the demand both the GO and HOLD lamps
      will be turned off.
PAR  Each of the eight display buttons set the integer pointer (IPBX) to its
      assigned value and the appropriate panel lamps are turned off and on. IPBX
      is then checked by the VISUAL DISPLAY task, which selects the numerical
      values from computer memory and displays then in the windows.
PAR  The TURBINE PROGRAM DISPLAY button also resets a few logical states in
      preparation for keyboard entries. These are discussed in later paragraphs
      on the keyboard description. The remote control modes AS, ADS and ATS for
      the Automatic Synchronizer, Dispatch System and TURBINE STARTUP program
      are checked, along with the manual control state (TM) if the maintenance
      test switch (OPRT) is not set. All of these modes exclude the possibility
      of the GO and HOLD buttons being active, so these buttons are ignored in
      these states and the PANEL program simply exits. However on operator
      automatic control, the HOLD button state (HOLDPB) is set, or the GO button
      state (GOPB) is set. In the latter case, HOLDPB is also reset. The LOGIC
      task is requested to run by setting the RUNLOGIC variable, and the program
      then exits.
PAC  Operating Mode Selection
PAR  There are five buttons which may be used to select the turbine operating
      mode. When any of these are pressed, they initiate major operating changes
      in the DEH Control System, assuming the proper conditions exist for the
      mode selected. A brief description of these buttons follows:
PAR  1. OPERATOR AUTOMATIC (OPER AUTO) - This button places the turbine in
      automatic control with the operator providing all demand, rate, and set
      point information from the keyboard. If the turbine had been previously in
      manual control, the OPER AUTO lamp must be flashing to indicate that the
      DEH system is ready to accept automatic control; otherwise pressing the
      OPER AUTO button is ignored. If the turbine had been in one of the remote
      control modes listed below, then pressing the OPER AUTO button rejects the
      remote and returns automatic control to the operator.
PAR  2. AUXILIARY SYNCHRONIZER (AUTO SYNC) - This button allows automatic
      synchronizing equipment to synchronize the turbine generator with the
      power system by indexing the speed demand and reference with raise/lower
      pulses, in the form of contact inputs.
PAR  3. AUTOMATIC DISPATCHING SYSTEM (ADS) - This button allows automatic
      dispatching equipment to operate the turbine generator by setting the load
      demand and reference. A number of dispatching options are available,
      including raise/lower pulses, raise/lower pulse-width modulation, and
      analog input values to set the reference.
PAR  4. AUTOMATIC TURBINE STARTUP (TURBINE AUTO START) - This button allows a
      special computer program to automatically start up and accelerate the
      turbine during wide-range speed control. The program may reside in the DEH
      computer or it may exist in another computer in the plant or at a remote
      location.
PAR  5. COMPUTER DATA LINK (COMP DATA LINK) - This optional button allows
      another computer, either in the plant or at a remote location, to provide
      all demand, rate, and set point information to the DEH system.
PAR  The OPER AUTO button resets the remote mode button states (ASPB, ADSPB AND
      AUTOSTAR) for Automatic Synchronizer, the Automatic Dispatch System, and
      the AUTOMATIC TURBINE STARTUP program, respectively. Since the operator
      automatic state (OA) is merely the logical inverse of the turbine manual
      state (TM), the PANEL task cannot actually set OA, but can only request
      the LOGIC task to run, by setting the RUNLOGIC variable. The LOGIC program
      then determines whether or not operator automatic is accepted by the
      manual backup system.
PAR  The remote buttons set their corresponding pushbutton states after which
      RUNLOGIC is set. As in the case of operator automatic, the LOGIC task then
      determines if the requested mode will be accepted.
PAR  The data link button is handled somewhat differently; this is a push-push
      button whose state (DLINK) is given the logical inverse of its previous
      value at statement 14. The new state is then interrogated in order to
      determine whether to turn the button backlight on or off, after which the
      program exits.
PAC  Keyboard Activity
PAR  There are fourteen buttons associated with keyboard activity on the DEH
      Operator's Panel. Of this total, eleven are numerical keys; these include
      the integers 0 through 9 and a decimal point. Three additional buttons are
      available for use with the keyboard to aid in data display or change. A
      brief description of these buttons follows:
PAR  1. NUMERICAL BUTTONS 0 THROUGH 9 - When the operator keys in numbers of
      these buttons, the corresponding values are displayed in the reference or
      demand windows, whichever are appropriate, for the function being
      performed. The values move from right to left in the windows as new keys
      are pressed, and both leading and trailing zeros are always displayed. If
      more than four numerical keys are pressed, the left-most value in the
      windows is lost as the new value is entered in the right-most window, and
      the remaining values shift left one position.
PAR  2. DECIMAL POINT BUTTON - When the decimal point key is pressed, the PANEL
      program retains this information but does not yet display it. When the
      next numerical key is pressed, both the value and the decimal point appear
      in the right-most window. The decimal point is positioned in the lower
      left-hand corner of the window position. Should additional numerical keys
      be pressed, the decimal point moves one position to the left with the
      number with which it was originally entered. Should the decimal point be
      shifted out of the left-most window it is lost, and a new point may be
      entered.
PAR  3. ENTER - When this button is pressed, the PANEL program enters the value
      residing in the reference or demand windows, whichever is appropriate,
      into core memory and performs the correct action requested by the keyboard
      activity. This action may consist of visual display, parameter change, or
      intermediate steps in a sequence of operations as described in preceding
      sections.
PAR  4. CANCEL - When this button is pressed, the PANEL program clears both the
      reference and demand windows, deletes any intermediate values in computer
      memory, and aborts the entire sequence of operations which was canceled.
      The operator may then begin a new sequence of steps.
PAR  5. CHANGE - This button indicates a sequence of operations necessary to
      alter numerical values residing in the DEH system memory. The steps
      necessary to change parameters are described earlier.
PAR  The decimal point key and keys 0-9 are serviced to check the validity of
      the requested entry and to set the entry if it is valid. Among other
      checks, a check is made on the integer IPBX, which represents the visual
      display and change button which has been previously pressed. If this value
      equals 2, thus indicating the acceleration rate button has been pressed,
      and the Automatic Turbine Startup mode (ATS) is in control, all keyboard
      buttons are invalid. During the ATS mode the acceleration rate is
      controlled by the startup program, and thus may be visually displayed but
      cannot be changed from the keyboard.
PAR  Should the ATS state be satisfied, the pointer IPBX is checked to determine
      if it is equal to 6; if so, the keyboard entry is flashed as invalid
      because this represents the valve position limit display mode, which
      cannot use the keyboard. If this situation is all right, the valve test
      button state (VTESTPB) is checked; should VTESTPB be set and the valve
      being tested NVTEST is non-zero, the keyboard entry is invalid. This is
      because NVTEST indicates that some valve has already been selected for
      test, thus implying that no further keyboard activity is necessary.
PAR  Finally, some special tests are made if IPBX equals 1; this means the
      reference display mode has been selected. If this is the case, all remote
      control modes such as Automatic Synchronizer (AS), Automatic Dispatch
      System (ADS), and Automatic Turbine Startup (ATS), imply that the keyboard
      cannot be used during reference display. Thus these result in the INVALID
      REQUEST lamp being flashed. In addition, should the turbine be on manual
      control (TM) or unlatched (NOT ASL), and not in the maintenance test mode
      (OPRT), then keyboard activity is also invalid during reference display.
      All of these cases are invalid for keyboard entry because the turbine
      demand and reference are set by the remote mode or the manual tracking
      system. The only time that the operator may use the keyboard in the
      reference display mode is during operator automatic control or during the
      maintenance test condition in which the DEH system is being used as a
      simulator and trainer.
PAR  Should all of these tests be passed properly, the logical state KEYENTRY is
      set and the numerical value in location KEY is checked. This is the
      keyboard button which has just been pressed, and must lie between 0 and 9
      inclusive; otherwise, the entry is flashed as invalid. For a valid value
      of KEY, the program then places the new number in its proper position in
      the integer array (IW). This array has a place for each of the four window
      positions of the visual display and, as keyboard buttons are pressed, the
      entries move down one position in IW and the latest key is entered in the
      top position. The pointer ID maintains the proper position for each new
      key. Thus, if ID equals 0, this means there are no entries in the array
      IW. The value KEY is thus placed in the first position of IW. However, if
      ID is not zero, then a FORTRAN DO loop is executed to move the entries in
      IW down one position prior to entering the new value of key in the first
      position at statement 414. Then the value of the pointer ID is checked
      again; if it is less than 3, it is incremented by 1. If it is equal to 3,
      it retains that value. This is the mechanism used to accept more than four
      keyboard values with only the last four key entries being retained.
PAC  CONTROL TASK
PAC  General
PAR  The CONTROL task is assigned priority level D.sub.16 (13.sub.10) and is bid
      by the AUX SYNC task every 1 sec.
PAR  The CONTROL task size is 1759 words long, the data pool is 247 words long,
      and the header is 9 words for a required storage of 2015 locations.
      CONTROL is linked as a separate task and loaded into the computer through
      the tape reader. The core area assigned to CONTROL is (2740 to
      2F3F).sub.16 ; this is 800.sub.16 (2048.sub.10) locations, thus allowing a
      few spares. The CONTROL task is organized as a series of relatively short
      subprograms, executed sequentially, and which address themselves to
      particular aspects of the general control system objectives.
PAC  Select Operating Mode Function
PAR  The SELECT OPERATING MODE program must distinguish between speed and load
      control by examining the state of the main generator circuit breaker. For
      wide-range speed control, the program flow chart is shown in FIG. 24A. The
      automatic synchronizer state (AS) is first interrogated; if it is the
      operating mode, the auto sync increase and decrease states (ASINC and
      ASDEC) are examined. These states are flip-flops which are controlled by
      the LOGIC task when the auto sync raise or lower contact inputs are set.
      The program carefully checks to see if both the increase and decrease
      states are set; if so, no action is taken. Otherwise a temporary location
      (TEMP) is set to +1 rpm or -1 rpm for each pass through the program during
      which the appropriate contact input is set. The turbine speed reference
      and demand are then incremented properly, the ASINC and ASDEC states are
      reset for the next time, and the program passes to the next stage of the
      CONTROL TASK.
PAR  If the automatic synchronizer is not the operating mode, then the Automatic
      Turbine Startup (ATS) state is interrogated at statement 4000 (FIG. 24A).
      If it is the operating mode, as determined by the LOGIC task, the turbine
      speed demand and rate are selected from this program via computer
      locations TASDMD and TASRATE. The rate is then checked against an absolute
      high limit (OARATMAX), which is a keyboard entered constant usually set at
      800 rpm after which the program passes on to the next stage of the CONTROL
      task.
PAR  If the AUTOMATIC TURBINE STARTUP program is not the operating mode, the
      Operator Automatic (OA) state, and the Maintenance Test (OPRT) state are
      interrogated at statement 6000 (FIG. 24A). If either of these states are
      set, the turbine speed demand and rate are selected from the keyboard and
      the program proceeds to the next stage of the CONTROL task. Note that on
      Operator Automatic the keyboard values control the turbine, while in
      Maintenance Test the keyboard values simulate a turbine.
PAR  If neither Operator Automatic nor Maintenance Test is the operating mode,
      then the turbine is in Manual control and the SELECT OPERATING MODE
      program goes into the manual tracking mode at statement 7000. If the
      contact input (THI) is set, this means the throttle valves are wide open
      and the turbine is in speed governor control. Then the error between
      manual and computer governor valve outputs (IGVMAN and IGVAO) is
      multiplied by a gain factor (GR10) and saved in a temporary location. If
      the contact input (THI) is not set, then the turbine is in speed throttle
      control and the error between manual and computer throttle valve outputs
      (ITVMAN and ITVAO) is multiplied by a gain factor (GR5) and saved in a
      temporary location.
PAR  In either case, assuming the speed loop (SPI) is in service, the valve
      output error is checked against a speed tracking deadband (DBTRKS, which
      is a keyboard entered constant usually set at 1 percent) and the reference
      is checked against actual speed (WS) through a reference tracking deadband
      (DBTRKREF, which is also a keyboard entered constant usually set at 50
      rpm). If both conditions are met, the READY state is set to indicate the
      DEH system is ready to assume automatic control. The READY state is
      detected by the FLASH task, which then flashes the OPER AUTO light to let
      the operator know that he may transfer to automatic control.
PAR  Finally, the gained valve position error in the temporary location (TEMP)
      is uused to increment the reference (REFDMD), which is then checked
      against an absolute high speed limit (HLS). This is a keyboard entered
      constant which is normally set at 4200 rpm. The program then transfers to
      statement 15500 for some final bookkeeping checks.
PAR  When the SELECT OPERATING MODE program determines that the main generator
      circuit breaker is closed, thus indicating the turbine is on load control,
      transfer is made to statement 10000 which is shown in FIG. 24B. The
      Throttle Pressure Control (TPC) state is interrogated; if it is in
      service, then the actual throttle pressure (PO) is compared against a set
      point (POSP), which is a keyboard entered constant usually set at about
      1600 psia. If the throttle pressure (PO) is above the set point (POSP), no
      further action is taken. But if PO is below POSP, then the governor valve
      position (GVSP) as called for by the computer is checked against a minimum
      governor valve set point (GVSPMIN). This is a keyboard entered constant
      usually set at about 25 percent. If GVSP is less than GVSPMIN, no further
      action is taken; but if GVSP is greater than GVSPMIN, then the throttle
      pressure limiting state (TPLIM) is set and the reference load rate is set
      to runback the reference at the rate TPCRATE, which is a keyboard entered
      constant usually set at 200 percent per minute. The program then transfers
      to statement 11500 for further bookeeping computation.
PAR  If no throttle pressure contingency exists, the RUNBACK contact input (RB)
      is interrogated; if it is set, the load reference is runback at the rate
      (BBRATE, which is a keyboard entered constant set at about 100 percent per
      minute. Then at statement 11500 some bookkeeping details are taken care
      of. Thus if the Automatic Dispatch System (ADS) state has been in control
      when either a throttle pressure limit or runback condition occurred, this
      mode is rejected by resetting the automatic dispatch system pushbutton
      state (ADSPB) and setting the RUNLOGIC flag. Within 1/10 sec the AUX SYNC
      task bids the LOGIC task, which then realigns all states to the correct
      position. A second bookkeeping check is made at statement 11700 where the
      HOLD state is checked. If HOLD is reset, then it is set so that the
      operator has an indication of why the reference has been runback.
PAR  If no runback contingency exists, then the Automatic Dispatch System (ADS)
      state is interrogated at statement 1200. It it is the operating mode, the
      ADS increase and decrease states (ADSINC and ADSDEC) are examined. These
      are flip-flops which are controlled by the LOGIC task when the ADS
      increase and decrease contact inputs are set. The program carefully checks
      to see if both the increase and decrease contacts are set; if so no action
      is taken. Otherwise a temporary location (TEMP) is set to the ADS raise or
      lower pulse count (IADSUP or IADSDOWN. The AUX SYNC task keeps track of
      these pulse counts according to the conditions set up by the LOGIC task.
      However, a maximum ADS pulse-width is imposed on both the raise and lower
      pulses in the SELECT OPERATING MODE program by comparing their counts
      (IADSUP and IADSDOWN) with a limit (ADSMAXT), which is a keyboard entered
      constant usually set to 10 counts of 1/10 sec each (thus yielding a
      maximum pulse-width of 1 sec). After the pulse-width limiting action, at
      statement 12400 the turbine load reference and demand are incremented by
      an amount proportional to the pulse-width; the proportionality factor
      (ADSRATE) is a keyboard entered constant usually set somewhere between 1
      and 10 MW per sec of pulse-width. Finally, at statement 12600, various ADS
      counters and states are reset prior to moving on to the next stage of the
      CONTROL task.
PAR  If the ADS state is not set, then the select operating mode program checks
      the Operator Automatic (OA) state and the Maintenance Test (OPRT) state at
      statement 14000. If either of these states are set, then the turbine
      demand and rate are accepted from the keyboard and the program proceeds to
      the next stage of the CONTROL task. Note that in Operator Automatic the
      keyboard values control the turbine, while in Maintenance Test the
      keyboard values simulate a turbine.
PAR  If neither Operator Automatic nor Maintenance Test is the operating mode,
      then the turbine is in Manual control and the SELECT OPERATING MODE
      program goes into the Manual Load Tracking mode at statement 1500. The
      error between the manual and computer governor valve outputs (IGVMAN and
      IGVAO) is stored in a temporary location (TEMP) and compared against a
      load tracking deadband (DBTRKL), which is a keyboard entered constant
      usually set at about 1 percent. If the outputs agree within DBTRKL, then
      the READY state is set to indicate the DEH system is ready to assume
      automatic control. The READY state is detected by the FLASH task, which
      then flashes the OPER AUTO light to let the operator know that he may
      transfer to automatic control.
PAR  The valve output error is then gain multiplied by GR9 and added to the
      current reference (REFDMD), which is high-limit-checked against MWMAX, a
      keyboard entered constant usually set to about 120 percent of rated
      megawatts. REFDMD is also low-limit-checked against zero, thus assuring
      that the tracking scheme will not windup in either direction. Finally, a
      last check is made to determine if a voltage exists on the test analog
      output lines; if so, the READY state is reset so that transfer to
      automatic control is inhibited until this voltage is removed. This may be
      done by pressing the OPEN valve test pushbutton until the lights behind
      the OPEN and CLOSE pushbutton go out.
PAC  Speed/Load Reference Function
PAR  The GO state is checked; if GO is off, the HOLD state is checked. If HOLD
      is on and the demand and reference value (REFDMD) are equal, then the
      logical states (GOHOLDOF and RUNLOGIC) are set. This results in the LOGIC
      task being bid within 1/10 sec by the AUX SYNC task, which recognizes the
      RUNLOGIC state. The LOGIC task then turns off the HOLD flip-flop and lamp
      as requested by the GOHOLDOF state.
PAR  If the GO state is set back however, than this is the signal to allow the
      reference to move toward the demand. The magnitude of the difference
      between the reference and the demand is computed and stored in a temporary
      location. Then the magnitude of the incremental step size taken each
      second by the selected rate, as discussed above, is saved in another
      temporary location. These two temporary quantities are then compared and
      if the demand/reference difference in TEMP is greater than the incremental
      step size in TEMP1, this means the reference must continue to move closer
      to the demand. However, the governor valve position limiting state (VPLIM)
      is checked; if it is set and the demand is above the reference, then no
      movement is allowed in the reference. This is because the valve position
      limit function is operating and refuses to allow any increase in reference
      because this will attempt to increase the governor valve position beyond
      the limit.
PAR  If there is no valve position limiting action, then the reference is
      incremented by the incremental rate step size and the program transfers
      for final exit.
PAR  Eventually the reference will approach within the allotted boundary of the
      demand. Then the reference program immediately sets the reference equal to
      the demand. Finally, the state of the breaker (BR) is interrogated; if it
      is set, the program transfers for the Load Control system computations,
      while transfer is maue for tthe Speed Control System computations if the
      breaker state (BR) is reset.
PAC  Speed Control Function
PAR  Logical checks are made to determine whether the speed computations should
      be evaluated. Thus, if the speed inputs failed and are unreliable, the the
      speed loop (SPI) is taken out of service, and there is no speed
      information by which to control the turbine. In addition, if the overspeed
      speed protection circuit in the Analog Backup System is operating, as
      indicated by the contact input (OPCOP), this closes the governor valve and
      thus overrides the DEH Speed Control System; consequently in this case, no
      speed control computations are performed.
PAR  Assuming that neither of these situations exist, the speed error is
      calculated. If the system is in the Simulation/Training mode, this error
      is the difference between the reference and simulated speed; the speed
      error is the difference between the reference and actual speed in all
      other cases. Following this error computation, a decision is made as to
      whether the turbine is on governor or throttle control. Appropriate calls
      are then made to the PRESET subroutine to evaluate the
      proportional-plus-reset controller action for the throttle or governor
      valve. This subroutine takes care of evaluating the controller algorithm
      and the high/low limit checks to eliminate reset windup.
PAC  Load Control Function
PAR  As in the Speed Control System, all parameters in the Load Control System
      are keyboard entered constants, which may be tuned or adjusted in the
      Maintenance Test mode. As always, changes of this type require transfer to
      manual control for the adjustment, after which the DEH system will track
      and permit return to automatic control.
PAR  A check is first made to determine if a change has occurred in the throttle
      pressure limit state (TPLIM); if so the LOGIC task aligns all status
      variables accordingly. The LOAD CONTROL program next checks the speed
      transducer failure state (SPTF). If there is no failure, the speed
      feedback loop is evaluated with a call to the SPDLOOP subroutine; if there
      is a speed transducer failure, the speed feedback loop is bypassed and the
      speed compensation factor (X) is set to zero. Whichever is the case, the
      factor (X) is summed with the turbine load reference (REFDMD) to form the
      speed compensated load reference (REF1). A low-limit-check against zero is
      performed on REFl to keep it from going negative, which is possible should
      a turbine overspeed condition result.
PAR  The state of the megawatt feedback loop (MWI) is checked; if the loop is
      out of service, the speed/megawatt compensated load reference (REF2) is
      simply set equal to the speed compensated load reference (REFl). But if
      the megawatt loop is in service, the megawatt error is computed and ranged
      to a per unit value by using the ranging gain (GR2), which is normally set
      at rated turbine generator megawatts. Then the PRESET subroutine is called
      to evaluate the magwatt proportional-plus-reset controller, including
      high/low limit checking. The result of this computation is the megawatt
      trim factor (Y), which is then applied to the speed compensated load
      reference (REFl) in a product relationship to form the speed/megawatt
      corrected load reference (REF2).
PAR  The speed/megawatt compensated load reference (REF2) is converted to an
      impulse pressure set point (PISP) by use of ranging gain (GR3). The state
      of the impulse pressure feedback loop (IPI) is then interrogated; if it is
      out of service the governor valve set point (VSP) is simply set equal to
      the impulse pressure set point (PISP) is psi. But if the impulse pressure
      loop is in service, then the impulse pressure error is computed and used
      as the driving signal for the proportional-plus-reset controller, which is
      evaluated by a call to the PRESET subroutine; this also does the high/low
      limit checking.
PAR  Finally, the governor valve set point (VSP) in psi is converted to a
      governor valve set point from 0 to 100 percent by use of the ranging gain
      (GR4), which is normally set at rated impulse pressure. The program then
      transfers to the final stages of the CONTROL task which actually compute
      the throttle and governor valve outputs.
PAC  DEH DIGITAL TREND UPDATE PROCEDURE
PAR  The digital trend feature provides the ability to print up to 19 DEH system
      variables. These quantities may be printed at one time, or they may be
      printed periodically at a controllable rate by setting certain constants
      from the keyboard. A brief description of the entry procedure follows:
PAR  1. Press the TURBINE PROGRAM DISPLAY button, which then backlights. 2. Key
      in address 3364 and press the ENTER button. The address appears in the
      left windows and a numerical value of 0000, 1.000, or 2.000 appears in the
      right windows, depending on the previous state of the digital trend. 3.
      Press the CHANGE button; the button backlights and the right windows are
      cleared. 4. Key in one of the following numerical values, depending on the
      desired results as listed.
PAR  o 0 - Suppress the digital trend
PAR  o 1 - Print the digital trend values one time
PAR  o 2 - Print the digital trend values periodically at the frequency to be
      described below 5. Press the ENTER button. The CHANGE lamp goes out and
      the digital trend requested in Step 4 is carried out.
PAL  If a periodic trend has been requested, the time in seconds between
      printing of the values must be entered as follows:
PAR  1. Press the TURBINE PROGRAM DISPLAY button, which then backlights. 2. Key
      in address 3365 and press the ENTER button. The address appears in the
      left windows and the current value of the digital trend frequency appears
      in the right windows. 3. To alter the trend frequency, press the CHANGE
      button. The button then backlights and the right windows are cleared. 4.
      Key in the new digital trend frequency, in seconds, which will appear in
      the right windows. 5. Press the ENTER button. The CHANGE lamp goes out and
      the digital trend frequency requested is carried out.
PAR  A note on the frequency of the digital trend is appropriate. The IBM 735
      typewritter prints out the 19 values requested, including real time and
      the address of each value, in about 40 sec. Therefore, this represents the
      minimum trend frequency; actually the frequency should be kept somewhere
      in the 120-300 sec range, which is about 2-5 min, or longer. However, it
      is not necessary to trend all 19 quantities which are available. If fewer
      quantities are trended, the frequency may be increased somewhat. Good
      practice would indicate 60 sec, (1 min) as the fastest trend frequency
      attempted.
PAR  The addresses of the 19, or less, quantities to be trended must be entered
      from the keyboard. The following presents the computer locations which
      must be given the addresses of the DEH quantities to be trended. In order
      to alter the variables in the digital trend, the following procedure must
      be carried out.
PAR  1. Press the TURBINE PROGRAM DISPLAY button, which then backlights.
PAR  2. Key in the trend location to be altered, as indicated in the following
      table. As an example, if the fourth variable is to be changed, then key in
      the number 3369; this appears in the left windows.
PAR  3. Press the ENTER button. The current value of the DEH quantity being
      trended in the fourth column will appear in the right windows.
PAR  4. Press the CHANGE button. The button backlights and the right windows are
      cleared.
PAR  5. Key in the address of the new DEH quantity to be trended in the fourth
      column. 6. Press the ENTER button. The CHANGE lamp is turned off and the
      new variable appears in the next print of the trend in column 4.
TBL  DEH TREND ADDRESSES                                                       
     Trend Column                                                              
                Computer Location                                              
                               DEH VARIABLE ADDRESS                            
     ______________________________________                                    
     1          3366           ADR1                                            
     2          3367           ADR2                                            
     3          3368           ADR3                                            
     4          3369           ADR4                                            
     5          3370           ADR5                                            
     6          3371           ADR6                                            
     7          3372           ADR7                                            
     8          3373           ADR8                                            
     9          3374           ADR9                                            
     10         3375           ADR10                                           
     11         3376           ADR11                                           
     12         3377           ADR12                                           
     13         3378           ADR13                                           
     14         3379           ADR14                                           
     15         3380           ADR15                                           
     16         3381           ADR16                                           
     17         3382           ADR17                                           
     18         3383           ADR18                                           
     19         3384           ADR19                                           
     ______________________________________                                    
PAC  APPENDIX VIII
PAC  Printout of Data Link Program in Fortran Language, etc.
      ##SPC1##
      ##SPC2##
      ##SPC3##
CLMS
NUM  1.
PAR  1.  A system for operating a steam turbine in an electric power plant, said
      system comprising an arrangement of throttle and governor valves for
      supplying steam to the turbine, means for actuating said valves to
      position said valves in accordance with valve position signals, means for
      generating signals representative of the turbine speed and the turbine
      load, a first digital controller having means for generating a speed
      setpoint and means for generating a load setpoint, said first controller
      including a speed control for generating valve position signals in
      response to the turbine speed signal and speed setpoint during turbine
      startup, said first controller further including a load control for
      generating valve position signals in response to the turbine load signal
      and load setpoint during turbine load operation, means for generating
      signals representative of additional turbine parameters and for coupling
      the additional signals to said first controller, means for registering the
      additional signals in said first controller, a second digital controller,
      means for linking at least digital data signals between said controllers,
      said data link means including respective first and second means for
      transmitting data word signals from said first and second controllers,
      respective first and second means for receiving data word signals in said
      first and second controllers, said second transmitting means including
      means for generating setpoint data control and data change word signals
      for transmittal to said first controller in one of the data link modes to
      modify at least one of the setpoints operative in said first controller,
      each of said transmitting means including means for generating a check
      signal related in a predetermined way to a predetermined group of
      transmitted digital data signals and each of said receiving means
      including means for generating a second check representation related in
      the same way to the group of transmitted data signals as received, and
      means for comparing the received check signal and the check representation
      and for generating an indication of a discrepancy between the two.
NUM  2.
PAR  2. A steam turbine operating system as set forth in claim 1 wherein the
      check signal is a sum of the transmitted digital data signals.
NUM  3.
PAR  3. A steam turbine operating system as set forth in claim 1 wherein each of
      said controllers includes a digital computer system.
NUM  4.
PAR  4. A steam turbine operating system as set forth in claim 1 wherein the
      generated indication of a discrepancy includes a control word signal
      transmitted back to the original transmitting means to indicate a data
      link error.
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ABST
PAL  A fault detection process and system is disclosed for large multistage time
      division-space division-time division switching networks. In the input
      time-division switch an origin bit is simultaneously transmitted with each
      sample to the related output channel of the output time division switch.
      The origin bit is produced by modulating a selected bit of the input
      channel address by an associated sample parity bit. In the output switch
      the modulated origin bit is demodulated by the received sample parity bit.
      This demodulated origin bit is compared with the corresponding bit of the
      input channel address which has been stored in a memory of the output
      switch under control of the network computer unit. In addition, means are
      provided for taking into account input delay, transmission delay and
      output delay.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a fault detection process and a fault
      detection system for a time-division switching network and more
      particularly for large sized networks combining both time-division and
      space-division switching stages.
PAR  Due to the complexity of switching operations in large multistage
      time-division switching networks various quasi-systematic tests must be
      made and particularly communication paths must be tested as well as
      transmission of communication signals. Such tests necessarily are very
      numerous in large time-division switching networks due to the great number
      of possible connections and the great number of resulting switching
      operations since transmission of each sample belonging to a communication
      involves a series of prior switching operations for establishing a path
      for the sample through the network.
PAR  Processes and systems making it possible to test the good transmission of
      samples through a time-division switching network are already known.
      Processes and systems make it possible to test arrivals of selected
      samples at their destinations. However, those processes and systems
      generally are fragmental and are not necessarily compatible with each
      other without modification. Moreover, often these processes and systems
      are designed for a predetermined configuration of the switching network.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, an object of the present invention is to provide a process for
      detecting either switching faults or transmission faults or both in any
      time-division switching network by means of only a unique set of
      operations.
PAR  Another object of this invention is to provide a fault detection system
      carrying out the previously mentioned process, such a system being
      compatible with various network configurations, but being particularly
      fitted to a switching network of which the central portion has a TST (time
      division-space division-time division) configuration.
PAR  According to a feature of this invention there is provided a fault
      detection process for detecting faults occurring in a time-division
      switching network comprising the steps of inserting partial origin coded
      data into the switching network together with coded samples from an input
      time-division channel so that the address of the input time-division
      channel can be determined from the partial origin coded data; storing the
      address of the time-division channel connected to an output time-division
      channel for the duration of a communication; and comparing the address of
      the input time-division channel produced from the partial origin coded
      data received from an output of the switching network together with
      associated ones of the coded samples transmitted to the output
      time-division channel with the stored address related to the input
      time-division channel connected to the output time-division channel to
      signal a fault upon the occurrence of any difference between the produced
      address and the stored address.
PAR  According to another feature of this invention the partial origin coded
      data associated with a sample is produced by the step of modulating a
      selected one of the address bits of the address of the input time-division
      channel delivering the coded sample by the parity of the coded sample
      before inserting the partial origin coded data into the switching network;
      and the produced address is produced by the step of demodulating the
      partial origin coded data associated with the coded samples according to
      the parity of the coded samples delivered from the output of the switching
      network.
PAR  According to another feature of this invention there is provided a fault
      detection system for a time-division switching network comprising: first
      means for producing a partial origin coded data associated with each coded
      sample delivered by various input time-division channels of the switching
      network; second means coupled to the first means to insert into the
      switching network the partial origin coded data together with its
      associated one of the coded samples; a switching network output coupled to
      the second means; the network output having various output time-division
      channels; third means coupled to the network output for separating the
      partial origin coded data from its associated one of the coded samples;
      fourth means coupled to the third means to determine bit by bit the
      address of that one of the input time-division channels delivering the
      coded sample received in one of the output time-division channels from the
      partial origin coded data associated with the coded sample received in the
      one of the output time-division channels; a switching network control
      computer unit; memory means coupled to the computer unit to store the
      address of the one of the input time-division channels as supplied by the
      computer unit; fifth means coupled to the memory means and the fourth
      means to determine transmission delays in the switching network affecting
      the coded sample and its associated one of the partial origin coded data
      in the one of the output time-division channels; sixth means coupled to
      the fifth means and the memory means to select a stored address bit as a
      function of the delays; seventh means coupled to the memory means and the
      fourth means to compare a bit of the received partial origin coded data
      with the selected stored address bit; and fault signalling means coupled
      to the computer unit and the seventh means responsive to differences
      detected by the comparison so as to inform the computer unit accordingly.
PAR  According to another feature of this invention the above-mentioned fifth
      means includes at least a selected one of eight means coupled to the
      computer unit, the memory means and the fourth means to detect
      transmission delay introduced by a space-division switch of the switching
      network through which, for the duration of a communication, the coded
      samples and their associated ones of the partial origin coded data are
      transmitted, the eight means being controlled by the computer unit, ninth
      means coupled to the computer unit, the memory means and the fourth means
      to detect transmission delay introduced by an output time-division switch
      of the switching network through which, for the duration of a
      communication, the coded samples and their associated ones of the partial
      origin coded data are transmitted, the ninth means being controlled by the
      computer unit, and tenth means coupled to a network control unit, the
      memory means and the fourth means to detect random transmission delays
      introduced in successive superframes by an input time-division switch of
      the switching network through which the coded samples and their associated
      partial origin coded data are transmitted to an output time-division
      channel, the tenth means being operated at the beginning of every
      superframe by the control unit and stores the value of the current delay
      of the coded samples and their associated partial origin coded data
      received in the output time-division channel.
PAR  It must be understood that according to the network configuration all of
      the immediately above-mentioned means are not compulsory. For instance, in
      the hereafter described embodiment for a TST network the delay introduced
      by the intermediate space-division portion of the network is negligible
      and the corresponding fault detection system does not include the first
      means.
PAR  The fault detection system according to this invention may be employed with
      a network comprising only a time-division-stage with either the second
      means utilized if the delay introduced by this stage is fixed for the
      duration of the communication or the determining means utilized if such a
      delay is not fixed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Above-mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a block diagram of a time-division switching network provided
      with a fault detection in accordance with the principles of this
      invention, and
PAR  FIGS. 2a, 2b, 3a, 3b, 3c and 3d show message formats.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a TST time-division switching network utilized in an exchange,
      together with the exchange control unit 1 and the test system 2 according
      to the principles of the present invention.
PAR  The switching network basically comprises an input stage including n input
      time-division switches identical to switch 3, an output stage preferably
      also comprising n output time-division switches identical to switch 5, and
      a space-division switch 4 connected from input time-division switches to
      output time-division switches. Space-division switch 4 may include one or
      more stages so arranged as to insure a correct service between input and
      output time-division stages according to processes well known to people
      skilled in the art.
PAR  Conventionally input time-division switch 3 comprises a speech memory 6, an
      addressing memory 7 and a switching interface including an input circuit 8
      and updating circuit 9.
PAR  Input circuit 8 receives any speech samples delivered by one of the p
      channels of one of the q input junctions which are connected to input
      circuit 8 in a manner not shown. Each sample is received in series and
      transmitted in parallel after multiplexing from circuit 8 to speech memory
      6.
PAR  In input circuit 8 updating circuit 9 provides updating of input samples
      with respect to the switching network clock 10 to which it is connected in
      a manner not shown.
PAR  Logic circuitry of updating circuit 9 also provides the address at which
      each sample must be stored in speech memory 6. In the described embodiment
      that address comprises r bits assuming preferably that there is a relation
      2.sup.r = p.q.
PAR  Time-division addressing memory 7 provides addressing for reading speech
      memory 6. Memory 7 is loaded and addressed in write operation by computer
      11 controlling the switching network and in read operation by network
      clock 10 (signal h).
PAR  Any sample from speech memory 6 is transmitted to an output time-division
      switch via switching network space-division switch 4, for example, to
      switch 5, or more precisely to speech memory 14 in switch 5.
      Conventionally switch 5 comprises a time-division addressing memory 15 and
      an output circuit 16 in addition to memory 14.
PAR  Speech memory 14 provides time-division switching for output samples. It is
      addressed in write operation by addressing memory 15 and in read operation
      by network clock 10. Output circuit 16 converts each sample received in
      parallel from speech memory 14 into series form so as to make the
      transmission of that sample possible via one of the time-division channel
      of the output junction connected thereto, those outgoing junctions not
      being shown.
PAR  It must be understood that the operation of the other input time-division
      switches 3 and output time-division switches 5 are identical to the
      above-mentioned operation and in particular those switches are
      synchronized by the same clock signal as the described switches 3 and 5.
PAR  According to this invention the test system 2 is provided for associating
      origin data to each sample transmitted through the network, origin data
      being the address of the input time-division channel delivering the
      considered sample.
PAR  It must also be understood that origin data may be transmitted either via
      the same path as the sample which it is associated with, or via a path
      physically distinct of the sample path, which may correspond either to a
      serial transmission on the same physical medium, or a parallel
      transmission on different mediums either passing through the same circuits
      or through different physical mediums having only their inputs and their
      outputs associated. In the described embodiment, there will be utilized
      parallel physical mediums passing through the same circuits, a sample and
      origin data associated thereto being transmitted through the same
      time-division switches and the same cross-points.
PAR  Moreover, with n input time-division switches, each being connected to q
      junctions each comprising p input time-division channels, and consequently
      n.p.q. input time-division channels, each input time-division channel
      address comprises at least m bits preferably with 2.sup.m =n.p.q.
PAR  As usually m is a large number of bits and it is not practical to transmit
      m bits in parallel with each sample through the switching network.
PAR  Therefore, according to this invention, the m channel address bits are
      associated one by one with m samples delivered from the same channel
      during m successive or quasi-successive frames. Thus, it is sufficient to
      known what is the present frame when sending the first bit of an address
      and what are the m bits received during that frame and the following ones
      for determining the origin of samples delivered from a network output
      toward an output time-division channel.
PAR  Due to possible failures in the network, a bit transmitted with a sample or
      one of the v sample bits may be changed during the transmission through
      the network.
PAR  According to this invention, for detecting any change of that type and any
      dissociation of the information "sample plus associated bit", each origin
      data bit is modulated by the parity of the associated sample as soon as it
      enters the network.
PAR  Therefore, test system 2 comprises an arrangement associated with each
      input time-division switch for implementing two operations. Arrangements
      of the various input time-division switches are identical to the
      arrangement associated with switch 3, which comprises an addressing device
      19, a parity generator 20 and a modulator 21.
PAR  Addressing device 19 is delivering the pq addresses of input time-division
      channels in switch 3 at a rate of one address bit per frame for each
      channel and obviously at most one address bit per elementary time.
PAR  Each input time-division channel address comprises r bits corresponding to
      the channel address in switch 3 which the channel is connected to and of s
      bits corresponding to the address of switch 3 in the network among the n
      switches 3.
PAR  In a known manner, updating circuit 9 of switch 3 delivers the cell address
      in speech memory 6 at which a sample from the output of input circuit 8
      must be stored. As a principle every sample from the same channel is
      always stored at the same address in each memory. Therefore the address of
      the speech memory cell assigned to an input time-division channel may be
      considered as the address of that channel in the input switch which it is
      connected to. Consequently, in the described embodiment addressing device
      19 is connected to the r outputs of updating circuit 9 which address
      speech memory 6 and, thus, enables device 19 to know the channel address
      delivered from circuit 9 with each sample.
PAR  The s bits of the input time-division address which correspond to the
      address of switch 3 are identical for the pq channels connected to that
      switch and are thus delivered from addressing device 19 in a fixed manner,
      for example, by means of a wired logic circuitry 28.
PAR  Addressing device 19 is synchronized by h1 from clock 10. Thus, at each
      elementary time addressing device 19 delivers a bit either received from
      wired logic circuitry 28 associated with switch 3, or from updating
      circuit 9 depending on the rank of the current frame at that time within
      the superframe containing the current frame.
PAR  Parity generator 20 delivers parity bits of samples as soon as samples are
      delivered from input circuit 8.
PAR  A sample parity bit is transmitted from generator 20 to modulator 21 which
      also receives the bits delivered from addressing device 19, such a
      received bit then being modulated by the sample parity bit of the sample
      which it will be associated with during transmission through the switching
      network. In a preferred embodiment, modulator 21 is an exclusive OR gate.
PAR  In the described embodiment, when the sample parity is odd the bits
      delivered from device 19 in order to be associated with the concerned
      sample is inverted while the bits from device 19 are directly transmitted
      when the sample parity is even.
PAR  The produced modulated bit is transmitted to the input of speech memory 6
      in order to be stored with the associated sample.
PAR  It must be understood that switching network speech memories, connections
      and cross points are so designed as to permit simultaneous transmission of
      v + 1 bits if v is the number of sample bits.
PAR  At the switching network output, test system 2 comprises an arrangement
      associated with each switch for insuring reading of each sample and
      associated modulated bit and for that purpose in the described embodiment,
      and particularly the arrangement associated with output switch 5, the
      output of speech memory 14 in output time-division switch 5 is so
      separated as to provide separation of the v + 1 bits occurring at each
      elementary time. The v received sample bits are transmitted on the one
      hand, to out circuit 16 in order to be transmitted, on the concerned
      output time-division channel and, on the other hand, to a parity generator
      22 which determines the corresponding sample parity to demodulate in
      demodulator 23 the associated modulated bit, demodulator 23 being
      preferably constituted by an exclusive OR gate. The bits delivered from
      demodulator 23 is normally identical to the bits delivered from addressing
      device 19 when the switching network has correctly operated and the
      circuits belonging to the test system have correctly operated.
PAR  According to this invention test system 2 comprises an origin memory which
      is associated to each output time-division switch such as origin memory 24
      associated with switch 5.
PAR  First origin memory 24 can temporarily store addresses of input
      time-division channels which deliver samples to output time-division
      channels in switch 5. In the described embodiment, computer unit 11
      provided for controlling the switching network, delivers at each
      communication establishment the addresses of the concerned input and
      output time-division channel which thus permits to store, for the
      direction of communication transmitted through switch 5 and for the
      duration of that communication, the address of the concerned input
      time-division channel and the row of memory 24 assigned to the output
      time-division channel of switch 5 which that input time-division channel
      must be connected to. Memory 24 is controlled and loaded in write
      operation by computer unit 11 and controlled in read operation by clock 10
      so as to be synchronous with speech memory 14.
PAR  At each elementary time, demodulator 23 and origin memory 24 respectively
      provide the bit produced by demodulating the bit associated with a sample
      occurring from output of each memory 14 and the address of the input
      time-division channel which probably has transmitted the sample.
      Therefore, it is sufficient to compare, at each elementary time, the
      origin bit delivered from demodulator 23 with the corresponding bit
      extracted from the address delivered from memory 24 which needs
      simultaneous availability of those bits.
PAR  However, a sample may be delayed inside the switching network. Therefore,
      delays must be taken into account for making the test possible. Those
      delays may be caused either by time-division switching or space-division
      switching.
PAR  Indeed in a TST network sample transmission through the intermediate
      space-division switch 4 takes longer than one elementary time and needs a
      sequence of staggered operations through a plurality of stages. Therefore,
      the time duration of the transmission through switch 4 must be taken into
      account. However, this results in no particular difficulties because that
      transmission time is usually entirely determined.
PAR  Likewise if, in a speech memory, a sample has a read time earlier than its
      write time within the frame of its occurrence, it can only be read during
      the frame following the frame of its occurrence, and it is delayed by one
      frame, but by a maximum of one frame so as to not be lost.
PAR  In output time-division switches and more precisely in speech memories
      thereof, the so-called "output" delay that they possibly introduce is
      known to computer unit 11 since their respective addressings are only
      depending on computer unit 11 and switching network clock 10. Moreover,
      such a delay is identical for the entire duration of a given
      communication.
PAR  On the contrary, the so-called "input" delay, introduced by an input
      time-division switch, is depending on phase corrections made by updating
      circuit 9 in switch 3 for compensating imperfect synchronization of the
      switching network with respect to the network delivering input samples.
      The necessary corrections are made during certain selected frames, for
      instance, during frames N.sup.o 1 and N.sup.o 2 of each superframe
      containing all the time-division channels, these two frames not being
      utilized for transmitting samples concerning communications.
PAR  Input delay caused by an input switch varies randomly during a
      communication either being null or equal to a frame duration in view of
      the previously mentioned reasons.
PAR  Therefore, with delay possibly caused by the intermediate space-division
      stage 4 in a TST network not being taken into account, the maximum delay
      is of two frame durations, a frame duration delay being caused by each
      time-division switch, and the minimum delay is null. Thus, two bits are
      sufficient to determine the three possible conditions: no delay, one frame
      delay and two-frame delay, provided that the delaying stage is known in
      the case of one-frame delay.
PAR  According to this invention, two so-called determination bits are
      successively sent by every time-division channel during the first two
      frames of every superframe for being compared with corresponding bits
      stored in corresponding additional cells of memories 24 by means of an
      arrangement of suitable circuits.
PAR  In the case of switch 5, the two determination bits are delivered to
      addressing device 19 from its wired logic circuitry 28, these two bits
      always being identical. For instance, they form a binary combination 10
      wherein binary 1 is always sent during the first frame (or frame N.sup.o
      0) and binary 0 is always sent during the second frame (or frame N.sup.o
      1). Therefore, device 19 will deliver a bit 1 at each elementary time of
      frames N.sup.o 0, a bit 0 at each elementary time of frame N.sup.o 1, the
      first bit of the address of the concerned input time-division channel at
      each elementary time of frame N.sup.o 2, . . . , the last bit of the
      address of the concerned input time-division channel during each
      elementary time of frame m + 1, the number of the frames in a superframe
      being preferably selected as equal to the number of bits to be
      transmitted, i.e. m + 2 in the described example.
PAR  Thus, determination bits are transmitted from addressing devices 19 through
      the switching network in the same manner as origin bits and are also
      collected from the outputs of demodulator 23.
PAR  Those bits which must be compared with determination bits are stored in
      memories 24 provided with two additional columns for that purpose.
PAR  Considering that output delay of samples to be transmitted on an output
      channel is fixed and known to computer unit 11, such an output delay may
      be taken into account in writing comparison bits into memory 24. Computer
      unit 11 respectively writes bits 1 and 0 in the first cell and the second
      cell of any row in memory 24 when output delay zero is foreseen for
      samples to be received through the output time-division channel which that
      memory row is assigned to, considering the these two first cells
      respectively contain the two bits provided during the first two frames
      (N.sup.o 0 and N.sup.o 1) in superframes (FIG. 2a) when there is no input
      delay. Likewise bits 1 and 0 are respectively written by computer unit 11
      into the second cell and the third cell of any row in memory 24 when
      output delay is foreseen for samples to be received from the output
      time-division channel which that row of memory 24 is assigned to,
      considering that second cell and third cell respectively contain the two
      bits provided during the second and third frames (N.sup.o 1 and N.sup.o 2)
      in superframes when there is no input delay (FIG. 2b).
PAR  Since demodulator 23 delivers only one bit per elementary time and memory
      24 delivers m + 2 bits per elementary timne, a multiplexer 26 having m + 2
      data inputs is connected from outputs of memory 24 to make it possible to
      select the concerned bit among the m + 2 bits simultaneously delivered
      during a given elementary time.
PAR  Each data input of multiplexer 26 is connected from the output having the
      same rank in memory 24. Addressing of multiplexers 26 is provided from
      clock 10, via signal h3, each data input being operative for the duration
      of a frame. Thus, data input connected from column 0 of memory 24 is
      operative during frame N.sup.o 0 and sequentially delivers at each
      elementary time in that frame one of the bits stored in column 0.
PAR  For comparing bits delivered from demodulator 23 with bits delivered from
      memory 24, in every case without no input delay, the output of demodulator
      23 and inverted output of corresponding multiplexer 26 are connected to
      inputs of EXCLUSIVE OR gate 29. Thus, EXCLUSIVE OR gate 29 delivers an
      output 1 when the bit delivered from demodulator 23 and the bit delivered
      from inverted output of multiplexer 26 are different.
PAR  When there is input delay, computer unit 11 does not know that delay and it
      is therefore not possible to take it into account in the write operation
      of memory 24 particularly because such an input delay may vary in the
      course of a communication, input delay having only two possible values 0
      or 1.
PAR  Consequently multiplexer 27 is associated with memory 24 and data inputs of
      multiplexer 27 are connected from outputs of memory 24 which have the next
      higher rank, output 0 of memory 24 being connected to input 1 of
      multiplexer 27 and so on. Multiplexer 27 is controlled in the same manner
      as multiplexer 26. Thus, at each elementary time, multiplexer 27 delivers
      the bit which has been delivered at the preceding frame from multiplexer
      26 for the corresponding elementary time.
PAR  Thus, in case of input delay and whatever the output delay is, multiplexer
      27 delivers in inverted form the bit to be compared with the bit received
      from demodulator 23.
PAR  The comparison is carried out by means of an EXCLUSIVE OR gate 30 having
      one input connected from inverted output of multiplexer 27 and the other
      input connected from output of demodulator 23.
PAR  Since sample input delay and thus associated bit delay may vary from one
      frame to another, the input delay condition must be determined.
PAR  For that purpose control system 2 comprises a delay determination device
      and delay memory associated to each output time-division switch.
PAR  In the presently described switch 5, data 1 which is sent from input
      time-division switch addressing devices to demodulator 23, during frame
      N.sup.o 0, may occur during frames N.sup.o 0, N.sup.o 1 or N.sup.o 2 from
      output of demodulator 23. Likewise, data 0 sent at different elementary
      times of frame N.sup.o 1 may occur during frames N.sup.o 1, N.sup.o 2 or
      N.sup.o 3 (FIGS. 3a - 3d). As a result any bit 0 received in demodulator
      23 during frame N.sup.o 1 corresponds to a bit transmitted without delay
      or a bit transmitted after having been delayed at the input as well as the
      output (FIGS. 3a and 3d). Similarly any bit 1 received in demodulator 23
      during frame N.sup.o 1 corresponds to a delayed bit (FIGS. 3b, 3c, 3d).
PAR  Any bit 0 received in demodulator 23 during frame N.sup.o 2 corresponds to
      a bit transmitted either without delay (FIG. 3a) or to a bit delayed
      either at the input or at the output (FIGS. 3b, 3c). Any bit 1 received in
      demodulator 23 during frame N.sup.o 2 corresponds either to a bit
      transmitted without delay (FIG. 3a) or to a bit delayed both at input and
      output (FIG. 3d). The delay determination device associated with each
      switch and particularly the delay determination device associated with
      switch 5 are, therefore, each basically an assembly of logic gates
      permitting to make known the existance of an input delay in the different
      possible cases, each being associated with a utilization device whose
      purpose will hereafter be described. The delay determination device
      associated with switch 5 comprises an inverter 32 and NAND gates 33, 34
      and 35.
PAR  Gates 33 and 34 have identical functions. Clock 10 applies a signal of
      value 1 to one input of gate 33 during frame N.sup.o 1 and to one input of
      gate 34 during frame N.sup.o 2. Both gates 33 and 34 also have another
      common input connected from output of demodulator 23. The third input of
      both gates 33 and 34 is connected to the output of column 1 of memory 24
      associated with switch 5 through inverter 32. Consequently, the output of
      gate 33 and 34 are normally in the 1 condition unless the inputs of one of
      the two gates are all in the 1 condition. The two gates 33 and 34 in the
      same device have their outputs respectively connected to an input of a
      NAND gate 35 which is, thus, normally in condition 0 which corresponds to
      no delay.
PAR  Gate 33 delivers an input signal of value 0 only during frame N.sup.o 1 and
      when during an elementary time, on the one hand, the bit delivered from
      demodulator 23 has the value 1 and, on the other hand, the bit delivered
      from the output of column 1 of memory 24 has the value 0, i.e. when the
      case shown in FIG. 3b occurs since no output delay is indicated by memory
      24 which excludes the cases of FIGS. 3c and 3d and the delay which can
      only be an input delay is indicated by the occurrence of a bit 1 from the
      output of demodulator 23 which excludes the case shown in FIG. 3a. Since
      gate 34 cannot normally deliver an output signal of value 0 at the same
      time as gate 33, gate 35, thus, delivers an output signal of value 1 which
      characterizes an input delay for the received bit and corresponding
      sample.
PAR  Output signal from gate 35 is applied to data input of delay memory 31
      assigned to switch 5. Delay memory 31 has as many rows, each comprising
      one cell, as elementary times in a frame. Each row has the same address as
      one of the output time-division channels in switch 5. Addressing of memory
      31 is provided by clock 10 and is controlled in write operation by the
      inhibiting device assigned to switch 5 so as to authorize writing into
      memory 31 only during either current frame N.sup.o 1 or N.sup.o 2. The
      inhibiting device includes NAND gates 41, 42, 43 and 51 and inverter 52.
PAR  Either signal 1 or 0 delivered from gate 35 is thus written into the row of
      memory 31 which corresponds to the output time-division channel of which
      the sample has been transmitted with the determination bit involved in
      production of either signal 1 or 0 from the concerned gate 35.
PAR  Gate 34 only delivers an output signal of value 0 during frame N.sup.o 2
      when for the same elementary time, on the one hand, the bit delivered from
      demodulator 23 is a bit 1 and, on the other hand, the bit delivered from
      the output of column 1 of memory 24 is a bit 1. That is when the case
      shown in FIG. 3d occurs, since an output delay is indicated by memory 24
      which excludes the case shown in FIG. 3a and an additional delay is
      indicated by occurrence of bit 1 from the output of demodulator 23 which
      excludes cases shown in FIGS. 3b and 3c. For the same reason as previously
      mentioned, gate 33 cannot deliver a signal of value 0 at the same time as
      gate 34. Therefore, gate 35 then delivers a signal of value 1 which is
      written into the row of memory 31 which corresponds to the concerned
      output time-division channel.
PAR  At the end of frame N.sup.o 2, delay memory 31, thus, contains either
      information 0 or 1 according to the input delay for each output
      time-division channel in switch 5 for the duration of the superframe
      containing the frame N.sup.o 2. As a result, it is possible to select the
      bit to be compared with an origin bit from demodulator 23 and more
      precisely it is possible to take into account the output signal from the
      concerned EXCLUSIVE OR gate 29 or 30.
PAR  The output of delay memory 31 is connected to one input of the two NAND
      gates 37 and 38, an inverter 39 being connected between output of delay
      memory 31 and gate 37. The other input of gate 37 is connected from the
      output of gate 29 while the other input of gate 38 is connected from the
      output of gate 30.
PAR  A three-input AND gate 40 has its first input connected from the output of
      gate 37, its second input connected from the output of gate 38 and its
      third input connected from output of inhibiting device AND gate 43.
PAR  For each output time-division channel in switch 5, the output of memory 31
      delivers a bit 0 or 1 depending on the fact that either there is no input
      delay or there is input delay for samples transmitted through the
      concerned channel.
PAR  Bit 0 makes it possible to transmit through gate 37 a possible fault
      indicated by gate 29, such a fault resulting in a level 0 from the output
      of gate 29 and a level 1 from the output of gate 37. Bit 1 makes it
      possible to transmit through gate 38 a possible fault indicated by gate
      30, such a fault resulting in a level 0 from the output of gate 30 and
      level 1 from the output of gate 38.
PAR  In a no faulty operation, both gates 37 and 38 do not have the same output
      signals and, therefore, AND gate 40 delivers a signal of value 0. On the
      contrary, a fault signal of value 1 is delivered from gate 40 in every
      other case save during frames N.sup.o 1 and N.sup.o 2 utilized for
      possible phase corrections.
PAR  A fault memory 44 permits the storing of faults as they occur in as many
      memory rows as output time-division channels in switch 5 which that memory
      44 is assigned to. Therefore, memory 44 is connected to the output of gate
      40 from which it receives information at each elementary time. Memory 44
      is controlled in both read and write operations by network clock 10. NAND
      gate 45 prevents fault writing during frames N.sup.o 1 and N.sup.o 2.
PAR  In the described embodiment, each row of memory 44 has only one cell.
      Therefore, the output of memory 44 is connected back to its input via a
      NAND gate 46 through gate 45 so as to avoid erasing of a fault which has
      been stored during a given frame for a given output time-division channel
      by a correct indication occurring during one of the next frames in the
      same superframe. Frames N.sup.o 1 and N.sup.o 2 make it possible to reset
      memory 44 via a connection from output of inhibition device gate 43 to the
      input of gate 45.
PAR  In addition the output of gate 43 controls, via an inverter 49, the output
      of any fault information from memory 44 by means of a three-input AND gate
      47 provided for inhibiting any fault indication for every elementary time
      of frames N.sup.o 1 and N.sup.o 2 of every superframe. The first input of
      gate 47 is connected from the output of memory 44, the second input is
      connected from gate 43 via inverter 49 and the third input is connected
      from the output of a three-input NAND gate 50. The output of gate 47 is
      connected to a fault register 48. Inputs of gate 50 are respectively
      connected from the outputs of columns 0, 1 and 2 of memory 24
      corresponding to frames N.sup.o 0, N.sup.o 1 and N.sup.o 2, assuming that
      computer unit 11 writes information of value 1 into the three cells 0, 1
      and 2 of a row when the corresponding output time-division channel is not
      utilized.
PAR  After having hereabove described the fault detection system, according to
      this invention, its function may be defined in various fault conditions.
PAR  In case of faulty transmission through the switching network, such a fault
      is detected by means of the parity generators respectively provided at
      both network input and output. Indeed when a sample is changed in the
      course of its transmission through the switching network, the partial
      origin data transmitted together with it will be demodulated according to
      sample parity produced by the output parity generator, such as generator
      22, and parity delivered from generator 22 will normally be different than
      the parity delivered from the input parity generator, such as generator
      20, with the result that the demodulated bit from demodulator 23 will be
      different than the bit stored in memory 24 which causes a fault to be
      written into memory 44. If parities were identical, the fault will be
      detected at the occurrence of one of the next samples transmitted through
      the same path since samples sequentially transmitted through the same
      channel are generally not identical.
PAR  In case of faulty connection, i.e. when samples to be sent to a given
      output channel are transmitted to another output channel, the input
      channel address bits stored in an origin memory, such as memory 24, for
      the concerned output channel will be at least partially different than the
      partial origin bits associated with samples received in the concerned
      output channel. Any difference between a stored bit and the corresponding
      transmitted bit will result in a fault signal, the first fault signal
      being stored in memory 44 so as to indicate the fault. It must be
      understood that, in that case, well known processes and devices, out of
      the scope of this invention, permit the location of the fault origin.
PAR  In case of multiple connections, they will be detected in processing origin
      data, as previously mentioned, or possibly parity-origin data combinations
      if several communications are mixed.
PAR  While I have described above the principles of my invention in connection
      with specific apparatus it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of my invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fault detection process for detecting faults occurring in a
      time-division switching network comprising the steps of
PA1  inserting partial origin coded data into said switching network together
      with coded samples from an input time-division channel so that the address
      of said input time-division channel can be determined from said partial
      origin coded data;
PA1  storing the address of said time-division channel connected to an output
      time-division channel for the duration of a communication; and
PA1  comparing the address of said input time-division channel produced from
      said partial origin coded data received from an output of said switching
      network together with associated ones of said coded samples transmitted to
      said output time-division channel with said stored address related to said
      input time-division channel connected to said output time-division channel
      to signal a fault upon the occurrence of any difference between said
      produced address and said stored address.
NUM  2.
PAR  2. A fault detection process according to claim 1, wherein
PA1  said partial origin coded data associated with said code samples is
      produced by the step of
PA2  modulating a selected one of the address bits of the address of said input
      time-division channel delivering said coded sample by the parity of said
      coded sample before inserting said partial origin coded data into said
      switching network; and said produced address is produced by the step of
PA2  demodulating said partial origin coded data associated with said coded
      samples according to the parity of said coded samples delivered from said
      output of said switching network.
NUM  3.
PAR  3. A fault detection system for a time-division switching network
      comprising:
PA1  first means for producing a partial origin coded data associated with each
      coded sample delivered by various input time-division channels of said
      switching network;
PA1  second means coupled to said first means to insert into said switching
      network said partial origin coded data together with its associated one of
      said coded samples;
PA1  a switching network output coupled to said second means, said network
      output having various output time-division channels;
PA1  third means coupled to said network output for separating said partial
      origin coded data from its associated one of said coded samples;
PA1  fourth means coupled to said third means to determine bit by bit the
      address of that one of said input time-division channels delivering said
      coded sample received in one of said output time-division channels from
      said partial origin coded data associated with said coded sample received
      in said one of said output time-division channels;
PA1  a switching network control computer unit;
PA1  memory means coupled to said computer unit to store the address of said one
      of said input time-division channels as supplied by said computer unit;
PA1  fifth means coupled to said memory means and said fourth means to determine
      transmission delays in said switching network affecting said coded sample
      and its associated one of said partial origin coded data in said one of
      said output time-division channels;
PA1  sixth means coupled to said fifth means and said memory means to select a
      stored address bit as a function of said delays;
PA1  seventh means coupled to said memory means and said fourth means to compare
      a bit of said received partial origin coded data with said selected stored
      address bit; and
PA1  fault signalling means coupled to said computer unit and said seventh means
      responsive to differences detected by said comparison so as to inform said
      computer unit accordingly.
NUM  4.
PAR  4. A fault detection system according to claim 3, wherein
PA1  said fifth means includes at least a selected one of
PA2  eighth means coupled to said computer unit, said memory means and said
      fourth means to detect transmission delay introduced by a space-division
      switch of said switching network through which, for the duration of a
      communication, said coded samples and their associated ones of said
      partial origin coded data are transmitted, said eighth means being
      controlled by said computer unit,
PA2  ninth means coupled to said computer unit, said memory means and said
      fourth means to detect transmission delay introduced by an output
      time-division switch of said switching network through which, for the
      duration of a communication, said coded samples and their associated ones
      of said partial origin coded data are transmitted, said ninth means being
      controlled by said computer unit; and
PA2  tenth means coupled to a network control unit, said memory means and said
      fourth means to detect random transmission delays introduced in successive
      superframes by an input time-division switch of said switching network
      through which said coded samples and their associated partial origin coded
      data are transmitted to an output time-division channel, said tenth means
      being operated at the beginning of every superframe by said control unit
      and stores the value of the current delay of said coded samples and their
      associated partial origin coded data received in said output time-division
      channel.
NUM  5.
PAR  5. A fault detection system according to claim 3, wherein
PA1  said first means are equal in number to a plurality of input time-division
      switches of said switching network, each of said first means being coupled
      to a different one of said input time-division switches and including
PA1  an addressing device capable of delivering bit by bit the bits of the
      addresses of input time-division channels of an associated one of said
      input time-division switches, said device being coupled to a wired logic
      circuitry capable of delivering bits common to the addresses of input
      time-division channels of all said input time-division switches and an
      updating circuit in the associated one of said input time-division
      switches which is capable of delivering bits of the addresses of input
      time-division channels of the associated one of said input time-division
      switches,
PA1  a first parity generator coupled to an input circuit of the associated one
      of said input time-division switches to determine and generate the parity
      for each of said coded samples delivered from said input circuit, and
PA1  a modulator coupled to said second means, said addressing device, said
      first parity generator and the associated one of said input time-division
      switches to modulate an address bit delivered by said addressing device by
      the parity of the associated one of said coded samples generated by said
      first parity generator, said modulated address bit being inserted by said
      second means into the associated one of said input time-division switches
      as said partial origin coded data in association with the associated one
      of said code samples from which the parity was determined by said first
      parity generator.
NUM  6.
PAR  6. A fault detection system according to claim 5, wherein
PA1  said fourth means are equal in number to a plurality of output
      time-division switches of said switching network, each of said fourth
      means being coupled to a different one of said output time-division
      switches and including
PA1  a second generator coupled to a speech memory of the associated one of said
      output time-division switches to produce the parity of any coded sample
      delivered from said speech memory, and
PA1  a demodulator connected to said second parity generator and said speech
      memory, said demodulator receiving said modulated address bit from said
      speech memory and the parity of that one of said coded samples associated
      with said modulated address bit to demodulate the address bit
      corresponding to that one of said input time division channels that
      transmitted said one of said coded samples.
NUM  7.
PAR  7. A fault detection system according to claim 6, wherein
PA1  said memory means includes
PA2  an origin memory for each of said output time-division switches, each of
      said origin memory being coupled to said computer unit and being capable
      of storing, for each output time-division channel of an associated one of
      said output time-division switches, input time-division channel addresses
      possibly connected to each of said output time-division channels for the
      duration of a communication, each input channel address being provided by
      said computer unit, said origin memory being addressed in read operation
      by a network clock to deliver the address of an input time-division
      channel connected to an output time-division channel once per frame, and
PA2  a first multiplexer for each of said output time-division switches, each of
      said first multiplexer having its data inputs connected to the outputs of
      an associated one of said origin memories for producing a different bit
      for each frame of an input channel address from said associated one of
      said origin memories.
NUM  8.
PAR  8. A fault detection system according to claim 7, wherein
PA1  said transmission delays are integer multiples of a frame duration, and
PA1  said eighth and ninth means are coupled to said associated one of said
      origin memories to control the position that each input time-division
      channel address is stored in an output channel memory row as a function of
      fixed delays affecting said coded sample and its associated modulated
      address bit received by the involved output channel to compensate said
      fixed delays affecting said modulated address bit by an equivalent delay
      for a corresponding stored bit delivered by said first multiplexer.
NUM  9.
PAR  9. A fault detection system according to claim 8, wherein
PA1  said tenth means includes
PA2  eleventh means coupled to each of said addressing devices to insert into
      said switching network a constantly identical first bit at each elementary
      time of a first frame in each superframe and its reciprocal bit at each
      elementary time of a second frame in each superframe,
PA2  each of said origin memories have two additional origin memory columns for
      storing said first and second bits in the origin memory row corresponding
      to said input time-division channel address taking into account
      information provided by said eighth and ninth means,
PA2  first logic circuitry for each of said output time-division switches
      coupled to the associated one of said demodulators, the associated one of
      said origin memories and said network clock to determine whether or not
      there is a random delay affecting the associated one of said coded samples
      and its associated one of said modulated address bits received in an
      associated one of said output time-division channels for a specific frame,
      and
PA2  a random delay memory coupled to said first logic circuitry for each of
      said output time-division switches for storing for a superframe duration
      information indicating whether or not there is a random delay in each of
      said output time-division channel and for providing said information
      during an elementary time of each frame when an associated one of said
      modulated address bit is received in an associated one of said output
      time-division channels.
NUM  10.
PAR  10. A fault detection system according to claim 9, further including
PA1  a second multiplex for each of said output time-division switches;
PA1  said second multiplexer being coupled to an associated one of said origin
      memories in such a manner that said second multiplexer will deliver at
      each elementary time the bit delivered from an associated one of said
      first multiplexer coupled to said associated one of said origin memories
      for the elementary time having the same rank but in the preceding frame.
NUM  11.
PAR  11. A fault detection system according to claim 10, wherein
PA1  said seventh means includes
PA2  two comparators for each of said output time-division switches, each of
      said comparators having two inputs, each of said comparators having one
      input coupled to an associated one of said demodulators, one of said
      comparators having its other input coupled to an associated one of said
      first multiplexers and the other of said comparators having its other
      input coupled to an associated one of said second multiplexers, and
PA2  second logic circuitry for each of said output time-division switches
      coupled to the output of an associated one of said two comparators and an
      associated one of said random delay memories to deliver a fault condition
      information provided by one of said two comparators when there is no
      random delay and provided by the other of said two comparators when there
      is random delay.
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ABST
PAL  An equipment self repair apparatus utilizing the substitution of redundant
      circuits for a failure in any original operating logic module. The
      substitution is accomplished through the use of a multiplexer unit which
      disconnects the faulty circuit and switches a built-in spare in its place.
GOVT
PAC  STATEMEMT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without payment of any royalty
      thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates broadly to equipment self-repair devices and
      in particular to an equipment self-repair apparatus utilizing adaptive
      multifunction modules to replace faulty logic modules.
PAR  In the prior art, circuit reliability is increased through the use of
      redundant circuits. These redundant circuits are introduced, in the event
      of a failure, through the use of logic circuits such as an OR or a NOR
      gate. One of the prior art repair methods involves the use of redundant
      binary logic circuits which are formed with NOR-gates (or alternatively,
      NAND-gates) fed from replicate inputs, so that a comparatively high degree
      of reliability may be achieved by redundancies introduced in a
      compartively economical way. Each simple NOR function with k inputs is
      performed by r gates each having k times r inputs. Such systems of NOR
      gates tend to correct spurious zero signals, and the redundant components
      are arranged to make spurious one signals highly improbable. Corresponding
      systems of NAND-gates tend to correct spurious one signals and in these
      cases the redundancies must be arranged to make spurious zero signals
      improbable.
PAR  Another example of prior art techniques, is the use of parallel redundancy
      wherein mutually identical circuits or circuit elements are connected in
      paralled so that the operation is performed simultaneously by the parallel
      circuits or elements thereby producing identical outputs when all elements
      are functioning properly. If one circuit or element should cease to
      operate, the other or others will continue to operate and thus prevent
      interruption of the mission. However, these prior art techniques greatly
      increase the number of circuits in a system since one or more circuits are
      utilized to insure the operation of a particular function. The present
      invention utilizes an adaptive spare which may be utilized to provide any
      number of different functions thus reducing the spares requirement and
      increasing reliability.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention utilizes adaptive spares to replace an original
      module if a failure occurs. The original module is disconnected from the
      signal path and power supply by a multiplexer and a built-in spare is
      switched into its place. The spare circuit is adaptable to any number of
      different functions, so that only one spare is required for every four to
      ten original logic modules. The present apparatus increases the overall
      equipment complexity by not more than 20 to 50 percent and provides
      reliability equivalent to three or more parallel systems of conventional
      stand-by redundancy.
PAR  It is one object of the invention, therefore, to provide an improved
      equipment self-repair apparatus utilizing adaptable spares to provide a
      number of different functions.
PAR  It is another object of the invention to provide an improved equipment
      self-repair apparatus utilizing a multiplexer unit to disconnect a faulty
      original module and to connect a spare in its place.
PAR  It is still another object of the invention to provide an improved
      equipment self-repair apparatus which does not substantially increase
      circuit complexity and provides a higher degree of circuit reliability.
PAR  These and other advantages, features and objects of the invention will
      become more apparent from the following description when taken in
      connection with the illustrative embodiment in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a typical self-repair apparatus providing one
      adaptive spare for four original logic modules,
PAR  FIG. 2 is a schematic diagram of a FET multiplexer switch providing M1X2
      operation,
PAR  FIG. 3 A is a schematic diagram of dual FET switch and driver redundancy.
PAR  FIG. 3 B is a schematic diagram of dual FET switch and driver redundancy.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown an equipment self-repair apparatus
      utilizing one adaptive spare module for four original logic units. If a
      failure occurs in any original operating logic module, it is disconnected
      from the signal path and power supply by a multiplexer, and a built-in
      spare is switched in its place. The spare circuitry is adaptable to any
      number of different functions, so that only one spare is required for
      every four to ten original logic modules. FIG. 1 provides a specific
      example of one spare covering four (different) original logic modules. The
      number of input signals leads to the four logic modules is N11 through
      N14, the number r of output signals leads is N01 through N04. The power
      supply connection is labelled PS. The four multiplexers, M1 through M4,
      determine the entire operation of the self-repairable group of modules. As
      long as the multiplexer control signals, C1 through C4, are all at logical
      1, the supply voltage and the system input and output signals are all
      connected to the original operating logic modules. If a fault is detected
      in a given module, the control signal to the associated multiplexer is set
      to logical 0. This causes the supply voltage to be disconnected from the
      original logic module and applied to the spare; the input and output leads
      are disconnected from the original logic module and connected to the
      spare; and the spare is adapted to exactly the function of the replaced
      logic module.
PAR  The design of the multiplexers and of the logic circuits is such that a
      single failure in a multiplexer component does not make the module group
      inoperative, The resultant reliability for an overall system consisting of
      many such module groups in series is equal to that of three or even more
      parallel systems in standby redundancy.
PAR  Turning now to FIG. 2, there is shown a single type of field-effect
      transistor (FET) multiplexer that implements the functions of the M1X2 and
      M2X1 multiplexers. In this design field-effect transistors are used to
      control signal routing. Each signal line has one associated FET, the
      multiplexer has an associated inverter and a pair of FET drivers to
      control signal routing. This system has a number of advantages and a
      single minor disadvantage. The first obvious advantage is that only two
      FETs are required per signal line. In contrast to the active logic's 30
      components per signal line. Although each FET driver has 12 components
      (three transistors and nine resistors and diodes) and there are two
      drivers per multiplexer in addition to an inverter, the overall complexity
      is materially less than that for active logic.
PAR  For example, an M10X5 multiplexer would require 10 FETs and 34 components
      in the driver for a total of 44 components. This is 116 fewer than that
      required for active-logic implementation. Therefore, the reliability of
      FET multiplexers is considerably higher than that of a functionally
      equivalent active logic multiplexer, and its size is considerably smaller.
PAR  The second major advantage is that there is no propagation delay introduced
      by the FET. This absence of propagation delays means that the overall
      equipment speed and the timing relationships within the original operating
      circuitry are not affected by the introduction of FET multiplexers.
      Therefore, no major redesign of equipment is required when retrofitting
      equipment for self-test or self-repair. With regard to multiplexer power
      consumption only the multiplexer control circuitry consumes power.
      Typically, 12 milliwatts are consumed per FET driver and 23 mW for the
      inverter. Therefore, the entire multiplexer consumes 47 milliwatts - this
      is 206 milliwatts less than that consumed by the M10X5 active logic
      multiplexer described previously.
PAR  The use of symmetrical field-effect transistor switches halves the number
      of multiplexer types required since each multiplexer can be used in two
      directions. This feature is shown in FIG. 2 by the input and output
      designations which are included in parentheses for the latter case. The
      multiplexer functions in a M1X2 configuration with signals flowing from
      left to right or in a M2X1 configuration with signals flowing from right
      to left. The only disadvantage of the FET multiplexer is the introduction
      of an offset voltage between input and output signal lines. The value of
      this offset voltage is a function of the signal current and the FET
      channel width. Channel width can be made suitably large to reduce the
      offset voltage so that no appreciable reduction in logic circuitry noise
      immunity is introduced or analog circuit operation is not degraded.
      However, one must consider the effect of junction capacitance increases as
      the channel is widened. This capacitance loads the signal line,
      introducing current spikes during switching. Although not a serious
      problem, minimization of such current spikes is desirable and a trade-off
      should be made to optimize the relationship between offset voltage and
      capacitance.
PAR  In analog applications, the FETs must also have good stability and
      linearity of its offset voltage to prevent offset erros. Some FET switches
      are available that avoid the problem of zero offset. These switches have
      linear resistance characteristics as the V-1 characteristics approach zero
      to eliminate the offset error. The use of such FETs in analog applications
      would minimize offset problems.
PAR  The FET multiplexer is serially connected in the signal lines of operating
      circuitry and performs input and output switching functions. Of these
      switching operations, the most critical is the ability to disconnect the
      faulty operating circuitry so that the spare circuitry can be switched in
      to replace it. It may be seen in FIG. 2 that the failure of the A FET to
      cut off would mean that the defective operating circuitry would be
      connected in parallel with the switched-in spare circuitry. Such a failure
      would result in a non-repairable condition.
PAR  In order to eliminate the above problem and to increase the reliability of
      switching out the operating circuitry using redundancy techniques, two
      methods are presented. The first method which is shown in FIG. 3A
      illustrates the use of two serailly-connected FETs. Failure of either FET
      to cut off does not impair operation since the other FET can perform the
      switching operation. Two diodes are required to isolate the FETs and make
      the circuit fail safe. The method shown in FIG. 3B illustrates a method of
      FET switch and driver redundancy to improve reliability. In this
      configuration, two independent FET/driver combinations are used to provide
      switching redundancy. In both examples, only one signal line and driver
      are shown. Other FETs are driven from the same FET driver as described
      previously. The FET multiplexer switch offers a highly reliable switching
      device with low power consumption that introduces no propagation delay.
      The FET multiplexers may be fabricated in integrated-circuit form.
PAR  Although the invention has been described with reference to a particular
      embodiment, it will be understood to those skilled in the art that the
      invention is capable of a variety of alternative embodiments within the
      spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An equipment self-repair apparatus utilizing adaptive multifunction
      modules comprising in combination:
PA1  a plurality of logic units having an input, an output, and power supply
      respectively,
PA1  a plurality of multiplexer units respectively connected to said plurality
      of logic units, said plurality of multiplexer units respectively
      controlling the input and the power supply connections to said plurality
      of logic units, said plurality of multiplexer units respectively
      controlling the output from said plurality of logic units, said plurality
      of multiplexer units respectively providing a control signal, and
PA1  an adaptive spare unit connected respectively to each of said plurality of
      multiplexer units to receive said input and control signals therefrom,
      said adaptive spare unit providing a plurality of output signals
      respectively to said plurality of multiplexer units, said adaptive spare
      unit being substituted for one of said plurality of logic units when said
      respective multiplexer unit control signal indicates a faulty logic unit,
      said adaptive spare unit receiving the input from said faulty logic unit
      and providing an output to the multiplexer associated with said faulty
      logic unit.
NUM  2.
PAR  2. An equipment self-repair apparatus as described in claim 1 wherein said
      plurality of logic units and multiplexer units is greater than three.
NUM  3.
PAR  3. An equipment self-repair apparatus as described in claim 1 wherein said
      plurality of multiplexer units respectively comprise in combination:
PA1  a multiplexer switch to switch said input and output and
PA1  a multiplexer control unit to control said multiplexer switch.
NUM  4.
PAR  4. An equipment self-repair apparatus as described in claim 3 wherein said
      multiplexer switches comprise dual FET switches in series.
NUM  5.
PAR  5. An equipment self-repair apparatus as described in claim 3 wherein said
      multiplexer switches comprise dual FET switches in parallel.
NUM  6.
PAR  6. An equipment self-repair apparatus as described in claim 4 wherein said
      multiplexer control unit comprises a plurality of FET driver units in
      series.
NUM  7.
PAR  7. An equipment self-repair apparatus as described in claim 5 wherein said
      multiplexer control unit comprises a plurality of FET driver units in
      parallel.
PATN
WKU  039379370
SRC  5
APN  4286022
APT  1
ART  236
APD  19731226
TTL  Primary power fault detector
ISD  19760210
NCL  18
ECL  1
EXA  Krass; Errol A.
EXP  Morrison; Malcolm A.
NDR  3
NFG  3
INVT
NAM  McVey; Irvin Maurice
CTY  Agoura
STA  CA
ASSG
NAM  Xerox Corporation
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  235153R
XCL  235153AK
XCL  317 43
XCL  324 51
XCL  3401461R
XCL  3401725
EDF  2
ICL  H02H  326
ICL  G06F 1100
FSC  235
FSS  153 A;153 R;153 AK
FSC  324
FSS  51;142;124
FSC  317
FSS  31;43
FSC  340
FSS  146.1 R;213 R;248 B;248 R;253 R;172.5
UREF
PNO  3167685
ISD  19650100
NAM  Bade et al.
OCL  235153R
UREF
PNO  3274444
ISD  19660900
NAM  Boudreau et al.
OCL  340146.1R
UREF
PNO  3321747
ISD  19670500
NAM  Adamson
OCL  340172.5
UREF
PNO  3518491
ISD  19700600
NAM  Downs
OCL  317 43
UREF
PNO  3700919
ISD  19721000
NAM  Stich
OCL  317 43
UREF
PNO  3720872
ISD  19730300
NAM  Russell et al.
OCL  324 51
UREF
PNO  3801963
ISD  19740400
NAM  Chen
OCL  235153R
LREP
FR2  Ralabate; James J.
FR2  Colitz; Michael J.
FR2  Weiss; Franklyn C.
ABST
PAL  Data processing and computer systems require continuous monitoring of the
      primary alternating current power. A power failure must be detected very
      quickly (within a fraction of a cycle), so that the contents of a volatile
      memory can be quickly converted into a nonvolatile form. This must occur
      before power system storage is expended and control is lost. RMS power
      direction is developed by the product of voltage and current with an
      integrated circuit multiplier device. When power fails, the circuit
      indicates a power flow reversal or power equals zero from the detected
      system current times voltage factor. A retriggerable one-shot in
      conjunction with a NAND gate is utilized to detect the instantaneous
      voltage drop to zero and current reversal in order to energize other
      circuits to protect such volatile data in the event of a power failure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a computer system, instructions are carried out within a central
      processing unit in accordance with programmed instructions and the
      designed hardware of the unit itself. Due to the inherent operation of
      storage and other data processing circuitry within a computer system, the
      data being operated on is in a precarious position in the event of a power
      loss. In the event of a brownout or power system failure, prior art
      computer systems would lose certain data within the computer due to the
      fact that these circuits do not have any inherent storage capability once
      power is lost. Thus, if a failure occurs, certain important input and/or
      operating data could be lost in addition to consumption of valuable time
      during the running of a program in that at subsequent reinstitution of
      power, the data that has been operated upon will have been lost and
      subsequent operations may not be valid due to the loss of the data during
      the power failure.
PAR  Thus, it would be highly desirable that at the instant or shortly
      thereafter of the power failure, volatile data within the computer system
      be immediately stored in a non-volatile storage medium such as magnetic
      tape, magnetic disc or other storage devices which permanently store data
      even in the event of a power system failure.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to protect volatile data within a
      data processing system in the event of a power failure. Another object of
      the present invention is to monitor the reversal of current flow from
      input to output in a system due to a power failure in order to ensure
      proper system competency upon reinstitution of said power.
PAR  Another object of the present invention is to detect power system failures
      within a predescribed amount of time and immediately store volatile data
      in a non-volatile environment utilizing inherent power storage within the
      system.
PAR  It is another object of the present invention to provide a system that will
      remember certain volatile data during the course of operation and
      subsequent power failure at the time power is reinstituted to the system.
PAR  It is another object to monitor the voltage and current input to and output
      from a computer system to denote the radical changes in the voltage and
      current at the time of power failure in order to protect volatile data
      from loss due to said power system failure.
PAR  Another object of the present invention is to detect during a power system
      failure, the instantaneous voltage drop to zero and the immediate reversal
      of current due to said power failure in order to engage certain procedures
      within the data processing system, utilizing stored power within the
      system, to immediately store in a non-volatile memory that volatile data
      which could be lost permanently due to said power failure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention utilizes voltage sense and current sense apparatus in
      order to detect the power flowing into and out of a computer system.
      Utilizing operational amplifiers coupled to the input voltage and current
      sensors, voltage signals are generated in direct relation to the voltage
      and current signals detected. These voltage signals are multiplied in
      order to detect the actual power of the system. At system or power
      failure, a retriggerable one shot is energized in order to detect the
      reversal of current and the instantaneous dropping to zero of the voltage,
      wherein in conjunction with a NAND gate, a flip-flop circuit will be set.
      The change of output signals from the flip-flop can be utilized to further
      instruct a separate operation to protect the loss of valuable data during
      the operation of a program within a computer system.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the invention, as well as other
      objects and further features thereof, reference may be had to the
      following detailed description of the invention in conjunction with the
      drawings wherein:
PAR  FIG. 1 is a schematic diagram of the primary power fault detection circuit
      incorporating the principles of the present invention and;
PAR  FIGS. 2 and 3 are representative diagrams of various signals found in the
      circuitry of FIG. 1 useful in understanding the various aspects of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a partly schematic, partly block diagram of the circuitry
      utilized as the primary power fault detector. The voltage input sense line
      V is coupled to operational amplifier 10 via resistor 12. The other input
      to the operational amplifier is resistor 14 which is coupled directly to
      ground. Between the output of the operational amplifier 10 and its input
      at resistor 12 are limiter diodes 16 and 18. The output of the OP AMP 10
      is designated as Signal A on FIG. 2. The current sense Signal I is
      provided by transformer 22 which is coupled to the input of operational
      amplifier 20 via resistor 24. The other input to the operational amplifier
      20 is resistor 26. Between the resistor 24 and the input to the OP AMP 20
      and the output of the OP AMP are limiter diodes 26 and 28. The output of
      OP AMP 20 is designated as Signal B on FIG. 2. Resistors 12, 14, 24 and 26
      are utilized to balance the input to the OP AMPS. That is, the impedance
      at the inputs of the OP AMPS has to be equal with minimum thermal drift.
      For a type 741  OP AMP, 10K or 20K resistors are typical.
PAR  Signal A is then coupled to the X input of multiplier 30. Signal B is
      coupled to the Y input of multiplier 30. The output of the multiplier,
      Signal C on FIG. 2, is connected to the cathode of diode 32. The anode of
      diode 32 is Signal C', seen on FIG. 3'. Signal C' is connected to the T or
      trigger input to one-shot 40 and also one input of NAND gate 50. Shown at
      one-shot 40 are adjustable resistor 42 and capacitor 44 connected to a
      typical 5 volt supply, which are utilized for setting the time constant,
      i.e., duration of the output signal of one-shot 40. The output of the
      one-shot 40 is designated as Signal D found in FIG. 3. Signal D provides
      the other input to NAND gate 50. The output of NAND gate 50 is designated
      as Signal E found in FIG. 3. This Signal E provides the set/reset input to
      flip-flop 60 in FIG. 1.
PAR  The basic operation of the power fault detector is to detect power flow
      into and out of the system in actual watts. FIG. 2 shows Signal V which is
      the representation of the input voltage to the system, which could be, of
      course, the standard 120 volts alternating current. Curve I in FIG. 2
      shows a representative drawing of the current sensed by transformer 22 in
      FIG. 1. Transformer 22 could be, for example, a transformer with a core
      and a few thousand turns of wire in the main power cable to the system in
      which this power fault detector is utilized. The transformer detects the
      current by means of magnetic coupling through resistor 24 to OP AMP 20.
PAR  During the normal operation of the system, that is when the system is up
      and running, the voltage sensed, FIG. 2V, is the normal 60 cycle signal of
      the standard 120 volt power line. Also, at this time, the current is also
      following a 60 cycle repetitive pattern, but there is a slight phase shift
      between the voltage and current in the system due to resistive, inductive
      and capacitive impedances of the system itself. Thus, FIGS. 2V and 2I are
      shown slightly out of phase as representing a true condition during the
      normal operation of the system. Due to forward and reverse biased diodes
      16 and 18, the output of OP AMP 10 is Signal A shown on FIG. 2. Depending
      upon the diodes chosen, the output of OP AMP 10 could be any voltage but
      for purposes of illustration diodes 16 and 18 could limit the voltage at
      say 7 volts. Thus, FIG. 2A shows rectangular shaped signals of amplitude
      plus and minus 7 volts, the zero crossings of FIG. 2A occuring at the
      signal crossings of the 120 volt power supply signal input at FIG. 2V.
      Also, diodes 26 and 28 operate in a similar manner giving a plus and minus
      7 volt signal, slightly delayed due to the phase shift alluded to
      previously. Thus, the output of OP AMP 20 is Signal B shown at FIG. 2.
PAR  Signals A and B are then applied to the X and Y, respectively, inputs of
      multiplier 30. If there was no phase shift, and power was flowing into the
      system, the output signal from multiplier 30 would be almost a perfect
      direct current due to the fact that the multiplier takes the product of
      its X and Y inputs. That is, a plus times a plus voltage would be a plus
      voltage, while a minus times a minus voltage would also be a plus
      indication and thus, in the zero phase shift situation, the output of
      multiplier 30 would, in fact, be an approximately DC signal. However,
      inasmuch as there is actually a phase shift in any normal operating
      system, the output of multiplier 30 would not be a true DC signal. In the
      embodiment shown, at FIGS. 2A and 2B, the action of multiplier 30 produces
      a signal shown at FIG. 2C. That is, at the times that the minus 7 voltage
      of FIG. 2B is multiplied with the plus 7 voltage at FIG. 2A, the output is
      shown as a positive 49 over 2 signal at FIG. 2C. The 49 over 2 indication
      is the inherent multiplication factor of the multiplier 30, which could
      be, for example, a Motorola multiplier MC1494 unit commonly available in
      the marketplace. However, multiplier 30 has an inherent minus factor in
      the multiplication of these two signals, the minus 7 times plus 7 voltage,
      normally producing a minus output, would be a positive output due to the
      minus multiplication factor of multiplier 30. Thus, while the system is up
      and running in a normal fashion, FIG. 2C produces rectangular shaped
      signals as shown in the left side of FIG. 2C.
PAR  Continuing on through the operation of FIG. 1 in a normal up and running
      condition, the signals shown in FIG. 2C, as the output of multiplier 30,
      are applied to diode 32 in the reverse biased position in order to limit
      the voltage applied to the retrigger circuit 40 and NAND gate 50. Thus,
      the other side of diode 32 is shown as Signal C' seen at FIG. 3C'. FIG.
      3C' is the same as FIG. 2C except for the fact that the amplitude of the
      signals are now limited at a voltage which could be, for example, five
      volts depending upon the choice of diode 32. Signal C' is now applied to
      the input of one-shot 40 and one input of NAND gate 50. The voltage level
      in FIG. 3C' is shown as 5 volts but it would normally be slightly less
      than that due to the voltage drop through diode 32.
PAR  One-shot 40 is triggered by the rising edge of the 5 volt signals shown in
      FIG. 3C'; and according to the one-shot chosen the output therefrom could
      be signals varying between plus 0.1 volts and 4.1 volts as shown in FIG.
      3D as signal D. Such a one-shot could be a type 9601 commonly available.
      Typical transistor-transistor-logic (TTL) signals would vary, therefore,
      between 100 millivolts and a maximum of 4.1 volts. The width of the
      signals shown in FIG. 3D is shown approximately equal to the width of
      signals shown in FIG. 3C' but this is for ease of illustration only as by
      varying resistor 42 in conjunction with capacitor 44 could, if desired,
      change the width of the signals within the limits of one-shot 40.
PAR  Signal D and Signal C' are now applied to the inputs of NAND gate 50. Still
      discussing the system in the up and running situation, the output of NAND
      gate 50 will be Signal E shown in FIG. 3. This signal will be normally a
      constant voltage output at approximately 4.1 volts as indicated above for
      the standard transistor-transistor-logic. This is due to the fact that the
      one-shot is being triggered at the rising edges of Signal C'. The truth
      table of a NAND gate indicates a logic one out when the inputs are logic
      00, logic 01 and logic 10. Thus even if Signal D is wider, as discussed
      above, there will not be any instance where Signal C' or Signal D will
      both be in a logic 1 condition due to the triggering of one-shot 40 at the
      rising edge of Signal C'. Thus, in the normal operating situation, the
      output of NAND gate 50 is Signal E, at FIG. 3, at a constant voltage shown
      as 4.1 volts which continues to maintain flip-flop 60 in one state. The
      subsequent circuitry coupled to flip-flop 60 monitors this indication
      indicating a normal operating, i.e., up and running situation.
PAR  It may be good at this point to reiterate certain inherent facts of the
      circuit during normal operation. Inasmuch as power flow is detected into
      the system, an instantaneous signal is developed which is proportional to
      to volts times amps going into the system. Since there is a normal phase
      shift between the two signals due to the power factor of the system, as
      there is a slight phase shift between voltage and current in the system,
      the voltage and current signals sensed will be slightly out of phase and
      thus the multiplier will generate signals in proportion to the voltage and
      current sensed and its phase relationship. Inasmuch as there are no false
      inputs to the multiplier circuit 30, retriggered one-shot 40 and NAND gate
      50 generate the signals shown in FIG. 3 which gives the steady DC output
      Signal E in FIG. 3. In order to protect the data which may be in volatile
      storage devices, an instantaneous high speed indication of a power fault
      is desired. Due to the internal storage of power within the system, the
      circuit looks for an instantaneous reversal of current due to the
      cessation of input flow to a reversal of current flowing out of instead of
      into the system. It is apparent, therefore, that the present invention has
      applicability not only to computer and data processing systems, but to any
      system where quick action is necessary at the initial stages of power
      interruption.
PAR  The current reversal situation would occur, for example, if the input power
      to the system was terminated due to a power failure, such as one
      undetermined due to the power company, or as simple as human intervention
      by turning off the power switch or an accidental removal of the power cord
      from a power source. The input voltage would then go instantaneously to
      zero or at least pretty close thereto, in the milli-second range, at least
      faster than a quarter cycle of the 60 cycle input signal. At that time the
      internal power stored in the system would begin supplying power initially
      at the normal 60 cycle rate due to the resonance of the power supply
      circuits. Similarly, at this time, current would begin flowing out of the
      system due to this same energy storage due to internal impedance. This
      situation can be seen by examining FIGS. 2V and 2I at the instant
      designated as FAIL. The 60 cycle voltage and current signals will begin at
      a 60 cycle resonant frequency but will decay towards a lower frequency as
      time progresses. The signals shown to the right of the FAIL point is shown
      exaggerated for purposes of example. It is important to note that at the
      FAIL point, power begins to flow out of instead of into the system. As the
      invention shown in FIG. 1 is taking the product of volts and amps, it will
      instantly detect the moment when current reverses even though the voltage
      still exists on the voltage sense and current actually starts flowing the
      opposite way out of the system.
PAR  At the moment of failure, the voltage continues in the same direction, so
      Signal A, FIG. 2A, does not change its polarity and the signal will not
      reverse again until the voltage crosses the zero crossing line shown at
      FIG. 2V. However, the current instantaneously reverses as seen in FIG. 2B.
      Accordingly, multiplier 30 which has been seeing proportional input
      signals now instantaneously notes the 180 degree reversal of current from
      OP AMP 20 and instantaneously reverses the polarity of the signal as shown
      in FIG. 2C. FIG. 3C' denotes the limited version of the signal after
      action by diode 32. At the particular FAIL point designated, for example,
      the fail time happens at a time that the one-shot 40 is generating a
      signal. Thus, the output of NAND gate 50 remains at a high, or logic 1,
      output for the time being.
PAR  As the power begins flowing out of the system, with a reversal of current
      polarity, the Signals A and B are shown accordingly in conjunction with
      its crossings of the zero axis in FIGS. 2V and 2I. The output signals of
      multiplier 30 are no longer proportional to the standard power factor
      delay but begins to generate signals of varying width in accordance with
      the zero crossings of the current and voltage seen in FIG. 2. However,
      one-shot 40 continues to generate signals of constant width due to its
      time constant determined by resistor 42 and capacitor 44. Thus, the first
      signal pulse to the right of the FAIL point in FIG. 3C' is wider than the
      time of the output from one-shot 40, Signal D, and thus for the first time
      NAND gate 50 denotes at its inputs two logic 1's and thus the output of
      NAND gate 50 goes from the long term logic 1 to a logic 0. This can be
      seen in FIG. 3E of the designation of Signal E. When Signal E goes, for
      the first time to a logic 0, flip-flop 60 can be set or reset accordingly
      in order to energize subsequent circuitry to remove volatile data to a
      non-volatile storage medium and thus protecting the competency of the
      program and data being run on the unit.
PAR  Thus, after a failure point the circuitry instantaneously, within the one
      or two milli-seconds in which the data can be shifted to a non-volatile
      storage medium, the circuitry instantaneously detects the reversal of
      current and the instantaneous drop to zero of the voltage in the system.
      The one-shot which has been triggered every time in proportion to the
      phase shift between the input voltage and current signals, now is
      detecting the change in threshold voltage at the one-shot and thus the
      logic level at the output of NAND gate 50 becomes a logic 0 for the first
      instance and triggers subsequent circuitry for protection of the volatile
      data. Once the instantaneous output denoting a failure is generated and
      the data is transferred to registers and other permanent memories, the
      circuitry will still operate for some time but by then the data has been
      protected and no further monitoring of the circuit is necessary. Thus,
      within approximately 1 milli-second of power failure, the internally
      stored power in the system has energized protection circuitry which moves
      the data to a permanently designed storage for subsequent use at the time
      system power is reapplied.
PAR  Thus, while the invention has been described with reference to a specific
      embodiment, it will be understood by those skilled in the art that various
      changes may be made and equivalents may be substituted for elements
      thereof without departing from the true spirit and scope of the invention.
      In addition, many modifications may be made to adapt to a particular
      situation without departing from the essential teachings of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power fault detection system comprising:
PA1  first means for detecting applied voltage and generating a voltage sensed
      signal, second means for detecting applied current and generating a
      current sensed signal, multiplier means for multiplying the voltage and
      current sensed signals, circuit means coupled to said multiplier means for
      generating predetermined width signals in response to the output from said
      multiplier means, and logic circuit means coupled to the output of the
      circuit means and the output of the multiplier means for detecting the
      logic level of said outputs, said logic circuit means remaining in a first
      logic state at an indication of power flowing in a first direction in said
      system and switching to a second logic state at an indication of power
      flowing in a second direction in said system.
NUM  2.
PAR  2. The system as set forth in claim 1 wherein said first and second means
      comprise:
PA1  first and second operational amplifier means for generating rectangular
      shaped voltage signals in direct relationship to the applied voltage and
      current respectively.
NUM  3.
PAR  3. The system as set forth in claim 2 wherein said multiplier means
      generates a signal in direct relationship to power represented by the
      applied voltage and current.
NUM  4.
PAR  4. The system as set forth in claim 3 wherein said circuit means comprises:
PA1  one-shot circuit means for generating predetermined width signal pulses in
      response to the zero crossings of the signals from said multiplier means.
NUM  5.
PAR  5. The system as set forth in claim 4 wherein said logic circuit means
      comprises:
PA1  Nand gate means for monitoring the logic levels of the signals from said
      one-shot means and said multiplier means.
NUM  6.
PAR  6. The system as set forth in claim 5 wherein said first and second means
      further comprise:
PA1  first and second reverse biased diode means coupled to the output and one
      input of said first operational amplifier means to limit the amplitude of
      said generated rectangular shaped voltage signal, and
PA1  third and fourth reverse biased diode means coupled to the output and one
      input of said second operational amplifier means to limit the amplitude of
      said generated rectangular shaped voltage signal.
NUM  7.
PAR  7. The system as set forth in claim 6 further including:
PA1  fifth reverse bias diode means coupled to the output of said multiplier
      means to limit the amplitude of the signal from said multiplier means.
NUM  8.
PAR  8. The system as set forth in claim 1 further comprising:
PA1  second circuit means coupled to said logic circuit means and responsive to
      a change in logic states so as to indicate that said power is flowing in
      said second direction.
NUM  9.
PAR  9. A power fault detection system comprising:
PA1  first operational circuit means for generating a first predetermined
      amplitude signal in response to a detected voltage,
PA1  second operational circuit means for generating a second predetermined
      amplitude signal in response to a detected current flow,
PA1  means for multiplying the outputs from said first and second operational
      circuit means to generate a signal of two logic states in proportion to
      the detected zero crossings of the detected voltage and current signals,
PA1  circuit means for generating predetermined width signals in response to the
      output signals from said multiplying means,
PA1  first logic circuit means coupled to the output of said circuit means and
      said multiplier means for denoting the logic level of the respective input
      signals, and
PA1  second logic circuit means coupled to said first logic means to detect a
      change in output logic level of said first logic circuit means at a time
      that said first operational circuit means detects an immediate drop to a
      substantially zero voltage level and the second operational circuit means
      detects an immediate reversal of current flow.
NUM  10.
PAR  10. In a computer system wherein operations are being performed on data in
      volatile registers and memories, a power fault detection system for
      monitoring the change of power flowing in the system from that externally
      applied to that inherently stored in the system so as to initiate
      transferring said data to a non-volatile register or memory comprising:
PA1  means for monitoring the power flow through the system,
PA1  means coupled to said monitoring means for detecting the change of
      direction of current flow within said system from that externally applied
      to said system to that inherently stored in said system, and
PA1  means coupled to said detecting means for switching from a first state to a
      second state at the time said power flow changes direction within said
      system.
NUM  11.
PAR  11. The system as set forth in claim 10 wherein said monitoring means
      comprises:
PA1  first and second operational amplifier means for generating voltage signals
      in direct relation to the voltage and current respectively, which comprise
      said power flow.
NUM  12.
PAR  12. The system as set forth in claim 11 wherein said detecting means
      comprises:
PA1  multiplier circuit means for multiplying said voltage signals from said
      first and second operational circuit means, the polarity of the output of
      said multiplier circuit means denoting the direction which said power is
      flowing in said system.
NUM  13.
PAR  13. The system as set forth in claim 12 wherein said switching means
      comprises:
PA1  one-shot circuit means for generating predetermined width signal pulses in
      response to the zero-crossings of the signals from said multiplier circuit
      means, and
PA1  Nand gate means coupled to said one-shot circuit means and said multiplier
      circuit means for switching from a first logic level to a second logic
      level when the signals from said one-shot circuit means and said
      multiplier circuit means are both of the same polarity.
NUM  14.
PAR  14. The system as set forth in claim 13 further including:
PA1  flip-flop circuit means coupled to said NAND gate means for generating a
      predetermined logic level signal at the time said NAND gate means changes
      from said first logic level to said second logic level.
NUM  15.
PAR  15. A method for detecting the interruption of input power to a system
      comprising:
PA1  detecting the voltage and current values representative of the power flow
      through said system,
PA1  monitoring the direction of power flow of said system by detecting the
      change of direction of current flow within said system from that
      externally applied to said system to that inherently stored in said
      system, and
PA1  generating an output enabling signal in response to the detected change of
      direction of power flow in said system.
NUM  16.
PAR  16. A method of monitoring the change of direction of power flow in a
      system from that externally applied to that inherently stored in said
      system comprising:
PA1  generating first and second voltage signals in response to the values of
      the voltage and current representative of the power flowing in said
      system,
PA1  multiplying said first and second voltage signals to generate a signal
      representative of the direction of power flowing in said system, and
PA1  further generating an output signal of a first polarity indicative of
      external power flowing into said system and of a second polarity
      indicative of inherently stored power flowing out of said system.
NUM  17.
PAR  17. The method as set forth in claim 15 wherein said step of monitoring
      further includes detecting an immediate drop to a substantially zero
      voltage level due to the interruption of said external power.
NUM  18.
PAR  18. The system as set forth in claim 10 further including means for
      detecting an immediate drop to a substantially zero voltage level due to a
      power fault.
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PAL  The specification discloses a technique for assisting in the detection of
      errors and malfunctions in the operation of a digital computer program.
      The system includes circuitry for connection to the back plane of a
      digital computer for receiving representations of the program instructions
      executed by the computer. A memory normally connected to a first in-first
      out configuration includes a plurality of series connected stages
      connected to receive the representations, each of the representations
      normally being sequentially stored in successive ones of the stages and
      then transferred to the output of the memory and dumped. Mode selection
      circuitry is operable to interconnect the system in the sentinel,
      breakpoint or snapshot modes. In the sentinel mode, in response to a
      computer malfunction, the circuitry is operable to connect the memory
      output to the memory input to form a first in-last out memory
      configuration to store the instruction representations in the memory. In
      the breakpoint mode, circuitry is operable to terminate operation of the
      computer and to connect the memory output to the memory input to store the
      contents of the memory upon the execution of a preselected program
      instruction. In the snapshot mode, the circuitry is operable to connect
      the memory output to the memory input to store the contents of the memory
      upon the execution of preselected program instructions, without
      terminating operation of the computer. A display is provided to
      selectively visually display the stored contents of the memory in order to
      assist in detecting errors and malfunctions in the operation of the
      computer program.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to data processing techniques, and more particularly
      relates to a technique for assisting in the detection of errors and
      malfunctions in the operation of a data processing machine.
PAC  THE PRIOR ART
PAR  Diagnosis of malfunctions or errors in digital computer programs has long
      been a problem for the computer industry. Many prior diagnostic or
      debugging techniques have involved interference with the operation of the
      data processing machine. Examples of such prior techniques are software
      test programs in the form of algorithms designed to indirectly pinpoint an
      errors source and "program checkpointing" wherein at spaced intervals all
      information necessary to restart a job is read out an auxiliary storage
      medium. Such prior diagnostic techniques have not been practical due to
      the computer down time required. Further, with the use of such previously
      developed debugging systems, when an error has occurred in the operation
      of the computer, often the entire computer system is shut down and the
      memory of the point in the program at which the error occurred is lost.
PAR  Systems have then thus been developed to maintain a memory of certain
      portions of the operation of the programs, such as disclosed in U.S. Pat.
      No. 3,673,573 issued to Richard D. Smith and entitled "Computer with
      Program Tracing Facility". However, such techniques have required the
      addition of structure to the interior of the computer, do not give a
      complete history of the program execution at the specified time and do not
      provide flexibility of use in different debugging modes. Techniques have
      also been heretofore developed utilizing hardware additions to a computer
      in order to provide some memory of operation at predetermined points in
      the program execution. Examples of such systems may be found in U.S. Pat.
      No. 3,539,996, issued Nov. 10, 1970  to Mark W. Bee and U.S. Pat. No.
      3,771,131, issued Nov. 6, 1973 to Andrew T. Ling.
PAR  A need thus exists for a diagnostic device which may be interconnected with
      a digital computer without requiring modification of the computer
      circuitry and which may be utilized during operation of the computer
      without interfering with the operation of the computer. Such a system
      should enable diagnosis of errors and malfunctions in the computer by
      allowing a review of any selected portion of the execution of the program.
      Such a system should have the capability for operation in a variety of
      debugging modes and should be easily variable to enable the selection of
      the program addresses and parameters desired to be analyzed.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a technique is provided which
      substantially reduces or eliminates many of the problems heretofore
      associated with prior techniques for debugging computer programs. In one
      aspect of the invention, a system is provided for assisting in the
      detection of errors and malfunctions in the operation of a programmed
      digital computer which includes a memory connected to the computer for
      temporarily storing representations of each of the program instructions
      executed by the computer during operation thereof. Circuitry is responsive
      to a predetermined state of operation of the computer for controlling the
      memory to permanently store a predetermined number of the last program
      instructions executed by the computer prior to the occurrence of the
      predetermined state of operation.
PAR  In accordance with another aspect of the invention, a system is provided
      for assisting in the detection of errors and malfunctions in the operation
      of a programmed digital computer which includes circuitry for exterior
      connection to the computer to receive representations of the program
      instructions executed by the computer. A memory having a plurality of
      cells sequentially stores a plurality of the representations of the
      program instructions. Circuitry is responsive to a predetermined state of
      operation of the computer for controlling the memory such that a plurality
      of the last program instructions prior to the occurrence of the
      predetermined state are stored in the memory cells. A display is operable
      to selectively display representations of the program instructions stored
      in the memory cells.
PAR  In accordance with another aspect of the invention, a method is provided
      for monitoring the operation of a digital computer which includes
      temporarily storing sequences of representations of the program
      instructions executed by the computer during operation thereof. The method
      further includes permanently storing a predetermined number of the last
      program instructions executed by the computer prior to the occurrence of a
      specified state of operation of the computer.
PAR  In accordance with a more specific aspect of the invention, a system is
      provided for monitoring the operation of a digital computer which includes
      circuitry for connection to the back plane of the computer for receiving
      representations of the program instructions executed by the computer. A
      first in-first out memory includes a plurality of series connected stages
      connected to receive the representations, each of the representations
      being sequentially stored in successive ones of the stages and then
      transferred to the output of the memory. Sentinel circuitry is operable to
      connect the output to the input of the memory to store the contents of the
      memory in a first in-last out configuration upon the occurrence of a
      malfunction of the computer. Breakpoint circuitry is operable to terminate
      operation of the computer and to connect the output to the input of the
      memory to store the contents of the memory upon the execution of
      predetermined program instructions. Snapshot circuitry is operable to
      connect the output to the input of the computer to store the contents of
      the memory upon the execution of preselected program instructions, and
      also to store the contents of the computer accumulator registers.
      Circuitry is provided to select one of the sentinel, breakpoint or
      snapshot circuits and for applying selected addresses and parameters to
      the breakpoint and snapshot circuits. A display is provided for
      selectively displaying the stored contents of the memory in order to
      assist in debugging of the digital computer program.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be made to the following
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of the present diagnostic system;
PAR  FIG. 2 is a view of the front console panel of the present system;
PAR  FIG. 3 is a connection diagram for the interconnection of the present
      system to the back plane of a particular digital computer;
PAR  FIG. 4 is a schematic diagram of multiplexing circuitry for applying
      selected signals into the storage buffer matrix of the system;
PAR  FIG. 5 is a schematic diagram of logic circuitry for applying clock and
      clearing signals to the storage buffer matrix;
PAR  FIG. 6 is a schematic diagram of the storage buffer matrix of the system;
PAR  FIG. 7 is a schematic diagram of logic circuitry for applying thumb wheel
      switch settings into registers and the mode select switches and associated
      circuitry;
PAR  FIG. 8 is a schematic diagram of registers for receiving thumb wheel switch
      settings;
PAR  FIG. 9 is a schematic diagram of the accumulator select switch;
PAR  FIG. 10 is a schematic diagram of the parameter mode load and clear switch
      and associated logic circuitry;
PAR  FIG. 11 is a schematic diagram of the parameter select switch and
      associated logic;
PAR  FIG. 12 is a schematic diagram of register circuitry for receiving thumb
      wheel switch settings to enable control of breakpoint or snapshot mode
      parameters;
PAR  FIG. 13 is a schematic detail of registers for receiving thumb wheel switch
      settings;
PAR  FIG. 14 is a schematic diagram of stop logic for enabling termination of
      operation of the computer in the breakpoint mode;
PAR  FIG. 15 is a schematic diagram of logic circuitry for the computer mode
      status storage;
PAR  FIG. 16 is a schematic diagram of logic circuitry operable in response to
      the shift up or shift down toggle switch and for gating and operating
      display circuitry;
PAR  FIG. 17 is a schematic illustration of the light emitting diode display on
      the front panel of the console shown in FIG. 2;
PAR  FIG. 18 is a schematic diagram of logic circuitry associated with the
      display and clear accumulator toggle switch and associated circuitry;
PAR  FIG. 19 is a circuit diagram of accumulator storage registers of the
      invention;
PAR  FIG. 20 is a schematic diagram of the decoding circuitry of the invention
      to determine the display states of the light emitting diodes of the
      display;
PAR  FIG. 21 is a schematic diagram of multiplexing circuitry to enable time
      sharing of the light emitting diode display;
PAR  FIG. 22 is a schematic diagram of decoding circuitry for operation of the
      LED display;
PAR  FIG. 23 is a schematic circuit of logic for blanking out the LED display;
PAR  FIG. 24 is a schematic diagram of logic for incrementing or decrementing
      the LED display;
PAR  FIG. 25 is a schematic diagram of logic for enabling the display of the
      most significant bit of a binary number;
PAR  FIG. 26 is a schematic diagram of light emitting diodes making up a portion
      of the display on the front console of the system;
PAR  FIG. 27 is a schematic diagram of logic circuitry interconnecting to the
      back plane of the computer;
PAR  FIG. 28 is a schematic diagram of logic circuitry for providing testing of
      the LED display; and
PAR  FIG. 29 is a schematic diagram of a shift up and shift down toggle switch
      including a switch debouncing circuit.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a block diagram of the present diagnostic aid circuit. A
      data processing machine such as a programmed digital computer 10 includes
      a main frame and a back plane 12 in the conventional manner. While the
      present system is adapted for operation with any digital computer, the
      system will be described for use in connection with a 1200 Noval Computer
      manufactured and sold by the Data General Corporation.
PAR  Multiplexing and logic circuitry 14 is connected by connectors extending to
      the back plane 12 of the computer 10. The multiplexing and logic 14 thus
      receive representations of each program instruction executed by the
      computer 10 during operation. These representations are applied to a 40
      .times. 16 semiconductor memory 16 which comprises a sixteen stage storage
      buffer matrix, each stage having a forty bit capacity. Timing and control
      circuitry 18 controls the operation of the multiplexing and logic 14 and
      also comprises a display 20 to enable the contents of the memory 16 to be
      selectively displayed. A breakpoint select 22, a snapshot select 24 and a
      sentinel select 26 are controlled by a mode select circuit 28 in order to
      enable the selection of three possible modes of operation of the present
      system. A parameter select 30 enables the selection of desired parameters
      which trigger the operation of the system.
PAR  In operation of the present system shown in FIG. 1, the mode select 28 is
      operated to select one of the breakpoint, snapshot or sentinel selects 22,
      24 or 26. Assuming that the sentinel select 26 is selected, the timing and
      control 18 operates the multiplexing and logic 14 such that
      representations of each instruction executed by the CPU of the digital
      computer 10 are applied to the semiconductor memory 16. As noted, the
      memory 16 comprises sixteen series connected storage buffers normally
      operable as a first in-first out memory which sequentially stores
      successive instructions. The instructions are stepped downwardly through
      the memory 16 and are thus temporarily stored for a prescribed interval.
      After an instruction has been sequentially stored by each of the sixteen
      stages of the memory 16, the instruction is then output from the memory 16
      and "dumped". The memory 16 then operates as a temporary storage for
      representations of the last sixteen program instructions executed by the
      computer 10 during operation.
PAR  In the sentinel mode, when the computer 10 stops due to a malfunction, the
      output of the memory 16 is "wrapped around" to the input of the memory 16
      to thereby permanently store the last sixteen instructions executed by the
      computer before the occurrence of the malfunction. The computer in this
      mode becomes a first inlast out memory. The operator may then selectively
      display any of the sixteen instructions stored in the memory 16 upon the
      display 20. In the preferred embodiment, two six digit words will be
      displayed for each instruction, the words indicating the instruction and
      its address. Since the output of the memory 16 is "wrapped around" to the
      input of the memory, the sixteen stored instructions are not lost when
      stepped through the memory and thus may be circulated in the memory in
      either direction and reviewed on the display 20. By a visual review of the
      stored instructions, the operator is greatly assisted in detecting where
      and how the error occurred which caused the malfunction of the computer
      10.
PAR  If the breakpoint mode of operation is selected by operation of the
      breakpoint select 22, the timing and control 18 operates the multiplexing
      and logic 14 to continuously apply representations of each program
      instruction executed by the computer 10 to the memory 16. The program
      instructions are sequentially stored in the sixteen stages of the first
      in-first out memory 16 in the manner previously described. The parameter
      select 30 is operated to input addresses and parameters of predetermined
      instructions which the operator desires to review. These points, or
      breakpoints, will generally be known to the operator as possible weak
      points in the program which the operator will want to study during the
      operation of the program.
PAR  The computer 10 operates normally until the logic 14 detects one of the
      breakpoint addresses and parameters input at the parameter select 30. At
      this point, the logic stops operation of the computer 10 and ties the
      output of the memory 16 to the input of the memory 16 in order to provide
      a "wrap around" memory to permanently store the last sixteen instructions
      executed by the computer 10 prior to the occurrence of the breakpoint. The
      memory 16 in this configuration then becomes a first in-last out memory.
      The operator may then selectively operate the display 20 in order to
      initially visually inspect the last in instruction address and
      instructions stored in the memory 16. The operator may then circulate the
      stored instructions around the memory and may visually inspect any of the
      other instructions or addresses stored in the memory. The present system
      enables three unique breakpoint addresses to be input through the
      parameter select, with two additional registers in the parameter select
      used to define the start and stop limits of an address range. The system
      thus provides the user with the ability to stop the computer at any point
      during the operation. The operator may pick a stop at a certain address on
      a load, on a store, when the address is on an increment or decrement
      memory, or during a fetch operation of the computer.
PAR  If the snapshot mode is selected by operation of the snapshot select 24,
      the system operates in a similar manner as during the breakpoint mode,
      except that the operation of the computer is not stopped. Prior to
      operation in the snapshot mode, the address of a designated point in the
      program is input into the parameter select 30. Upon the execution by the
      computer of the address stored in the parameter select 30, the last
      sixteen program instructions prior to the occurrence of the address are
      stored within the memory 16 in the manner previously described.
PAR  In addition, the contents of the computer accumulator registers may be
      stored in the snapshot mode. A 100 nanosecond stop pulse is applied to
      stop the computer and to enable the front panel switches on the computer.
      Enable pulses are also applied to the accumulator zero switch and the
      contents of the as many as four accumulators are stored in the memory 16.
      Four hundred nanoseconds after being stopped, a restart pulse is generated
      by the system and the computer 10 is restarted. Due to the fact that the
      entire "snapshot" operation occurred during the 400 nanoseconds, the
      computer 10 continues normal operation and is unaffected by the short
      stop. The snapshot mode thus enables "snapshots" of the internal operation
      of the computer to be taken without interrupting the normal operation of
      the computer.
PAR  FIG. 2 illustrates the front panel of the system which includes switches
      for selecting the sentinel, snapshot or breakpoint mode and for inputting
      the desired parameters for use during the selected mode. In addition, the
      front panel includes displays indicating the mode of operation of the
      system and allowing a visual inspection of the instructions stored by the
      machine. The present system will normally be packaged within a housing and
      includes a cable at the rear which attaches to the back plane of the
      computer being monitored. The present system is thus totally independent
      of the internal operation of the computer 10 and does not interfere with
      the operation thereof. The present system may be utilized on any one of a
      number of different types of computers, with only minor changes in the
      connection cable for attachment to the back plane of a particular
      computer.
PAR  Referring to FIG. 2, six thumb wheel switches 34 each may be set at any one
      of ten positions in order to choose addresses for operation in the
      breakpoint mode. A single thumb wheel switch 36 may be set at any one of
      six positions. The first three positions of the switch 36 designate the
      three possible breakpoint addresses which may be input through the thumb
      wheel switches 34. The fourth and fifth positions of the switch 36 define
      registers for accumulating an upper and lower breakpoint to define a
      breakpoint range which may be set through operation of the breakpoint
      register switches 34. The sixth position of the switch 36 initiates a test
      mode and all of the light emitting diodes on the console are illuminated
      in order to enable testing thereof.
PAR  An address display 38 comprises six numeric light emitting diodes (LED)
      which may visually display the addresses of the instructions stored in the
      memory 16, or the breakpoint addresses currently in the system. A data
      display 40 comprises six LEDS which may be selectively energized to
      display any of the instructions stored within the memory 16. A pointer
      display 42 comprises two LEDS which indicate which of the sixteen stages
      of the memory 16 are being displayed on the displays 38 and 40.
PAR  A two position toggle switch 44 enables the entire system to be turned on
      or off. A three position on-off-on toggle switch 46 is normally in the
      middle off position. When the switch is moved to its upper position,
      comprehensive clear is initiated and all registers in the present system
      are cleared in order to initialize the device for a new operation. When
      the toggle switch 46 is depressed, the display breakpoint is initiated and
      the breakpoint data presently input in the system is displayed in the data
      display 40 as long as the toggle switch is depressed.
PAR  A three position on-off-on toggle switch 48 maintains the system normally
      in the sentinel mode when the switch 48 is in the central position. When
      the switch is moved upwardly, the enable breakpoint is energized and the
      system is placed in the breakpoint mode. When the switch 48 is depressed,
      the enable snapshot is initiated in order to place the system in the
      snapshot mode. An LED 50 is energized when the system is in the snapshot
      mode and an LED 52 is energized when the system is in the breakpoint mode.
PAR  A three position toggle switch 54 is normally in the center off position.
      When the switch 54 is depressed, the particular breakpoint register
      designated by switch 36 is cleared. When the switch 54 is pushed upwardly,
      the data entered into the thumb wheel switches 34 is loaded into the
      particular breakpoint register selected by the thumb wheel switch 36.
PAR  A three position toggle switch 56 is normally in the center off position.
      When the switch is depressed, the pointer display 42 is decremented and
      the data in the next lower memory cell is displayed on the displays 38 and
      40. When the switch 56 is pushed upwardly, the pointer 42 is incremented
      and the data in the corresponding memory cell is displayed in the memories
      38 and 40. By operation of the switch 56, the user may visually inspect
      information stored in any of the sixteen memory cells of the memory 16. An
      important aspect of the invention is that when data is permanently stored
      in the memory, the last in instruction is first displayed, as this
      instruction will generally be of primary importance to the user.
PAR  A parameter select circular switch 60 is utilized to select the parameter
      desired for the breakpoint or snapshot mode. Switch 60 may be moved to any
      one of the following positions:
TBL  SWITCH POSITION                                                           
                  COMPUTER OPERATION                                           
     ______________________________________                                    
     ION          Interrupt on                                                 
     EXEC         Execute                                                      
     FETCH        Fetch                                                        
     STORE        Store                                                        
     ISZ          Increment memory automatically                               
     DSZ          Decrement memory automatically                               
     DATCH        Data channel                                                 
     DEFER        Defer                                                        
     ACCO-ACC3    Four computer accumulator registers                          
     ______________________________________                                    
PAR  It will be noted that the majority of the above-noted parameters are
      conventional operations of the digital computer. The ACCO-ACC3 positions
      of the switch enable selection of any one of four accumulators within the
      computer which are desired to be monitored. By operation of the switch 60,
      in combination with operation of the thumb wheel switches 34 and 36,
      various combinations of breakpoint addresses and parameters may be set
      into the system for use in the breakpoint or snapshot mode. For example,
      breakpoint operation may be initiated when the computer is operating in
      one of the parameters selected by switch 60 and when a selected breakpoint
      address is executed.
PAR  Nine Buffer Store LEDS 62 correspond to modes selectable by switch 48 and
      the circular switch 60. When data is stored in the memory 16 from the
      computer 10 during operation in the snapshot or breakpoint mode, the
      respective one of the LEDS 62 lights up to indicate which parameter is
      being presently stored. The Buffer Store LEDS 62 thus indicate to the
      operator which parameter is being stored in case multiple parameters have
      been input into the system.
PAR  Eight Mode Active LEDS 64 correspond to various settings of the mode select
      switch 60. A three position toggle switch 66 is operable between a
      normally off position and a load and clear position. When the switch 66 is
      placed in the load position, the parameter selected by the mode select
      switch 60 is loaded into the system. At this time, the respective one of
      the LEDS 64 lights up to indicate which parameter has been selected
      through the switch 60. More than one of the LEDS 64 may be lighted at one
      time in case multiple parameters are selected.
PAR  LEDS 68 may be selectively illuminated in order to indicate the occurrence
      of the storage of interrupt on or carry conditions. A toggle switch 70 is
      operable between display accumulate and clear positions in order to enable
      selective clearing of the accumulator registers or selected display of the
      accumulator registers in the data display 40.
PAR  In operation of the system in the sentinel mode, switch 44 is placed in the
      on position, the comprehensive clear toggle switch 46 is operated in order
      to initialize the device and the toggle switch 48 is placed in the central
      position to place the system in the sentinel mode. No further action is
      needed by the user until the computer stops because of a malfunction or
      the like. At this time, the last sixteen instructions will be stored in
      memory 16. The user may then operate the toggle switch 56 in order to
      visually display the address and data related to each stored instruction
      in displays 38 and 40. The particular one of the sixteen instructions
      being reviewed is denoted by the pointer display 42.
PAR  In operation of the breakpoint mode, the toggle switch 48 is pressed
      upwardly and the thumb wheel switches 34 are manually operated in order to
      set a desired breakpoint address into the system. The thumb wheel switch
      36 is placed in the number one position to denote the first breakpoint
      address register. The breakpoint mode toggle switch 54 is then toggled
      upwardly in order to load the desired address into the system. The toggle
      switch 36 may then be moved to the second and third positions and two
      additional addresses may be dialed into the switch 34 and loaded in the
      system. If desired, thumb wheel switch 36 may be moved to the fourth and
      fifth positions, in conjunction with operation of the thumb wheel switches
      36, in order to load the desired breakpoint range into the system. In
      addition, the mode select circular switch 60 is operated in conjunction
      with the mode loading toggle switch 66 in order to load desired parameters
      into the breakpoint circuitry, if desired.
PAR  The system thus allows a substantial amount of flexibility in the
      breakpoint mode. For example, only one breakpoint address may be entered
      into the thumb wheel switches 34 and the computer will be stopped when
      that address is reached, regardless of the computer parameter involved
      therewith. The last sixteen instructions prior to the breakpoint adddress
      may then be displayed on displays 38 and 40 by operation of the toggle
      switch 56. Alternatively, three breakpoint addresses may be entered into
      the register 34 and the computer will be stopped upon the occurrence of
      any one of the three addresses. Similarly, a breakpoint range defined by
      upper and lower addresses may be entered into the thumb wheel switches 34
      and 36 and the computer will be stopped when any address within the input
      range is reached.
PAR  The breakpoint addresses may be further modified by operation of the mode
      select switch 60, in association with the mode loading switch 66, such
      that the computer is only stopped when the computer reaches the addresses
      input into the thumb wheel switches 34 and 36 when the computer is in the
      desired mode. For example, addresses 1000 to 3000 may be entered through
      the thumb wheel switches 34 and 36, in association with FETCH and STORE
      parameters through operation of the switches 60 and 66. In such a case,
      the computer would only be stopped when an address within the range of
      1000-3000 occurred when the computer was in the FETCH or STORE modes. When
      the computer stops, the last sixteen program instructions would be stored
      in the memory 16 and could be visually displayed on displays 38 and 40 by
      operation of the toggle switch 56. The Mode Active LEDS 64 indicate which
      of the parameter modes are input into the system. The Buffer Store LEDS 62
      indicate which parameter was occurring at the time the computer stopped.
PAR  In operation in the snapshot mode, the input of an instruction address and
      selected parameters is similar to that in operation of the breakpoint
      mode. However, in the snapshot mode, it is also possible to store the
      contents of any one of four accumulatr registers of the computer, without
      interfering with operation of the computer. In order to store the contents
      of an accumulator register, the rotary switch 60 is placed on the desired
      accumulator number and the accumulator display toggle switch 70 is
      operated. Upon the storage of the contents of an accumulator register, the
      digits in the desired accumulator register are displayed on display 40. A
      toggle switch 70 may be depressed in order to clear the stored accumulator
      data.
PAR  It will thus be seen that the present invention provides a substantial
      amount of flexibility in monitoring the operation of a computer. While
      sixteen storage cells each having a forty bit capacity have been disclosed
      for use in the memory 16, it will be understood that a greater or lesser
      number of memory stages may be utilized in dependence upon the storage
      capacity required for a particular computer.
PAR  FIG. 3 illustrates the connection between the back plane 12 of the computer
      10 and the present system. The forty terminals 74 are identified by
      legends MB01-MD15, ION-MEM12 and MEM13-RST which correspond to the
      terminals appearing on the back plane of a 1200 Nova mini-computer
      manufactured and sold by Data General Corporation. Such back plane
      terminals will vary of course when the present system is utilized with
      different types of computers. The signals appearing at the back plane of
      the computer are applied through invertors 76 to generate signals
      DMB01-DMB15, DIONP-DEMEM12 and DEMEM13-DRST. In addition, signal DRUNS is
      applied through an invertor 78 to generate signal DRUNNS. Signal DRST is
      applied through an invertor 80 to generate the signal DRSTN. It will be
      understood that the circuitry shown in FIG. 3 will generally be
      incorporated into a multi-wire cable and that connector pins, not shown,
      will be incorporated between the cable and the computer back plane.
PAR  Throughout the specification, the following rules will be incorporated in
      the designation of identifying system signals:
PA1  the output of a gate will begin with the letter D,
PA1  the output of a flipflop or multivibrator will begin with the letter F,
PA1  a clock signal will begin with the letter Q,
PA1  the output from a toggle or rotary switch will begin with the letter P,
PA1  the output from a thumb wheel switch will begin with the letter S, and
PA1  the signal applied to control a light emitting diode will begin with the
      letter L.
PAR  FIG. 4 is a schematic diagram of multiplexing circuitry for applying
      selected signals to the storage buffer matrix, or memory 16, of the
      invention. This circuit includes ten two-line to one-line demultiplexers
      90-108. For example, the demultiplexers may comprise SN74157 two-line to
      one-line demultiplexers. The signals applied to the left hand side of each
      demultiplexer comprise signals from the back plane of the computer derived
      from the circuitry shown in FIG. 3 and further comprise signals from the
      storage buffer matrix in order to place circulating bits back in the
      buffer when the buffer is "wrapped around" during its permanent storage
      phase. The outputs from the multiplexers 90-108 are applied to the buffer
      storage matrix (memory 16).
PAR  The DMEM5 signal is applied as an input to the demultiplexer 104 and is
      also applied as an input to an AND gate 110. The output of gate 110 is
      applied, along with the signal DCOMCLR, to the inputs of a NOR gate 112.
      AND gate 110 may comprise for example an SN7408 gate, while gate 112 may
      comprise for example an SN7404 gate. The output of gate 112, DRLSN, is
      applied to the clear terminal of a D-flop 114. Circuit 114 may comprise
      for example a SN7474 D-flop. The Q terminal of the D-flop 114 is applied
      to the clear terminal of a second D-flop 116, the Q terminal of which is
      applied to an input of an AND gate 118. The QSTOP signal is applied
      through gate 118 to the clock terminal of the D-flop 114. The PU1 signal
      is applied to the D and S terminals of both D-flops 114 and 116. The Q
      terminal of D-flop 114 is applied, along with signal FCIRLN, to the inputs
      of a NAND gate 120. Gate 120 may comprise for example an SN7400 gate. The
      signal DSELB1 determines what LED displays are to be enabled.
PAR  FIG. 5 illustrates logic circuitry for applying clock and clearing signals
      to the storage buffer matrix. The DCOMCLR signal is applied to inputs of
      NAND gates 124, 126 and 130. The DOLLY signal is applied to inputs of NAND
      gates 132 and 134. The PU signal is applied to inputs of each of the gates
      124-130. The outputs of the gates 124-134 comprise clearing signals
      DCOMCLRN4-DCOMCLRN6 and clock signals DCLKADD4 and DCLKADD5. These clock
      and clearing signals are applied to the buffer storage matrix shown in
      FIG. 6.
PAR  FIG. 6 illustrates the storage buffer matrix, or memory 16, shown in FIG.
      1. This matrix comprises 156 four bit serial bi-directional shift
      registers arranged in a matrix configuration. The purpose of the storage
      buffer matrix is to temporarily store each representation of a program
      instruction output from the back plane of the computer 10. The matrix
      normally comprises a first in-first out serially connected sixteen stage
      memory, each stage having the capacity to store forty parallel bits. Each
      group of forty parallel bits comprises fifteen address bits, sixteen data
      bits, one carry bit and eight status bits. These bits define the address
      and contents of each program instruction carried out by the computer 10.
PAR  In operation, the representation of the first program instruction executed
      by the computer is applied to the input of the storage matrix and the
      forty bits are temporarily stored in the first stage of the matrix. Upon
      the execution of the next program instruction by the computer, the
      temporarily stored first instruction is dropped to the second stage of the
      matrix and the second program instruction is stored in the first stage of
      the matrix. In this manner, subsequent program instructions are applied to
      the input of the storage matrix and the first forty bit storage
      instruction word is "dropped through" the matrix stage by stage. After the
      first program instruction has been stored in all sixteen stages of the
      matrix, the program instruction is applied to the output of the matrix and
      is "dumped". In the same manner, each subsequent program instruction and
      the address therefor is dropped through the matrix and is temporarily
      stored in each successive one of the sixteen stages of the matrix.
PAR  Upon the occurrence of a predetermined state of operation of the computer,
      such as a malfunction of the computer when the present system is in the
      sentinel mode, the output of the matrix is connected to the input and the
      memory is then interconnected as a first in-last out memory so that the
      last executed instruction may be displayed first. The sixteen forty bit
      words stored in the matrix may be circulated from the output to the input
      of the memory in a continuous manner and is thus permanently stored until
      cleared.
PAR  Referring to FIG. 6, sixteen four bit serial bidirectional shift registers
      140-170 are illustrated. Signals DCLKADD1, DCOMCLRN1 are applied to each
      of the shift registers 140-170. Signals FSER1-FSER4 are individually
      applied to respective ones of the registers 140, 148, 156 and 164. Signals
      DBNT2 and DCNT2 are applied to each one of the registers 140-170. Output
      signals FBT1-FBT4 and FADD1-FADD4 are output from respective ones of the
      registers 146, 154, 162 and 170.
PAR  For clarity of illustration, only approximately one-ninth of the buffer
      storage matrix is illustrated in detail in FIG. 6. The remainder of the
      buffer matrix, which comprises 140 registers interconnected in eight
      groups of sixteen in a similar manner as that shown by registers 140-170,
      are included in the block 172. As shown, the input signals applied to the
      various shift registers are signals DCLKADD1-5 through signal FDMA. The
      output signals from the remainder of the matrix, signals FADD5-15 through
      FDMAST are also illustrated as being generated from the output of the
      block 172.
PAR  Referring to FIG. 7, a schematic diagram is illustrated of logic circuit
      for applying the various thumb wheel switch settings into registers.
      Signals from the thumb wheel switch 34, SBT0-SBT5, SBT6-SBT11 and
      SBT12-SBT15, are applied to the inputs of six bit storage registers 176,
      178 and 180, respectively. Registers 176-180 may comprise for example six
      bit storage registers SN74174. The various signals SBT0-SBT15 thus
      constitute the address set into the breakpoint register 34. The data
      stored in the registers 176-180 are applied to comparators 182-188. The
      comparators 182-188 may comprise for example SN7485 comparators. The
      output from comparator 182 is applied to an input of a NAND gate 190. A
      flipflop 192 generates the FENBR1 signal which is applied to the second
      input of the gate 190. The DCOMCLR and DCLR1 signals are applied to inputs
      of a NOR gate 194, the output of which is applied to the clear terminal of
      the flipflop 192 and which generates the DCLRIN signal. The DCLRIN signal
      is applied to an input of the six bit register 176.
PAR  FIG. 7 also illustrates the toggle switches 46, 48 and 54 previously
      identified in FIG. 2. The COMCLEAR terminal of the switch 46 is applied to
      an input of a NAND gate 196, the output of which comprises the signal
      DCOMCLR which is applied as an input to gate 194. The display breakpoint
      register terminal of the switch 46 is applied through a invertor 198 to
      generate the DSPBKT signal. The COMCLEAR signal also generates the PU9
      signal, while the display breakpoint register terminal generates the PU9A
      signal.
PAR  The enable breakpoint terminal of the switch 48 generates the PU2 signal
      and also generates through the invertor 200 the DBRKPT signa. The enable
      snapshot terminal of the switch 48 generates the PU3 signal and generates
      through the invertor 202 the DSNPSHT signal. The load register terminal of
      the toggle switch 54 generates the PU4 signal and generates through the
      invertor 204 the DLDEN signal. The clear register terminal of switch 54
      generates the PU8 signal and generates through the invertor 206 the DCLREN
      signal.
PAR  The breakpoint register number thumb wheel switch 36 comprises three
      terminals 208 to enable selection of the three breakpoint registers
      available. The first terminal generates the PU5 signal and generates
      through the NAND gate 210 the DTH1 signal. The second terminal of switch
      36 generates the PU6 signal and generates through the NAND gate 212 the
      DTH2 signal. The third terminal of the switch 36 generates the PU7 signal
      and generates through the NAND gate 214 the DTH4 signal. The DSPBRT
      signal, previously generated by invertor 198, is applied to the inputs of
      NAND gates 210-214.
PAR  The PU5, PU6 and PU7 signals are applied through invertors 216-220
      respectively, to generate signals PU5N-PU7N which are applied to inputs of
      AND gates 222-230. In addition, signals PU5-PU7 are applied to inputs of
      gates 222-230. The outputs of gates 222-230 are applied to inputs of AND
      gates 232-250. In addition, the DCLREN and DLDEN signals are applied to
      inputs of the gates 232-250. The outputs of AND gates 232-250 designate
      which registers are to be loaded with data. The output DLD1 from gate 234
      is tied to inputs of the registers 176-180. The remaining outputs from
      gates 232-250 are applied to control registers to be subsequently
      described.
PAR  FIG. 8 is a schematic diagram of additional registers for receiving
      settings from the thumb wheel switches 34. The circuitry shown in FIG. 8
      is somewhat similar to the circuitry described with respect to FIG. 7 and
      includes three six bit storage registers 254-258. The registers receive
      inputs from the thumb wheel switches 34 and generate outputs to four
      comparators 260-266. The output from comparator 260 is applied to an input
      of a NAND gate 268 which generates the DSTPEN2 signal. The DCMCLR and
      DCLR2 signals are applied to a NOR gatd 270, the output of which generates
      the DCLR2N signal which is applied to the clear terminal of a flipflop
      272.
PAR  FIG. 9 illustrates four terminals of the multiposition circular switch 60
      previously shown in FIG. 2. The four terminals correspond to the
      accumulator selection terminals ACC0-ACC3 shown in FIG. 2. The remainder
      of the circular switch 60 is illustrated in FIG. 11, to be subsequently
      described. The four terminals of the accumulator select portion of the
      switch 60 generate signals PU31-Pu34.
PAR  FIG. 10 illustrates the toggle switch 66 which may be operated between
      three positions to generate the PU10 and PU11 signals. The Pu11 signal is
      applied through an invertor 280 to generate the DCDMD signal. The PU10
      signal is applied through an invertor 282 to generate the DCLRMD signal.
PAR  FIG. 11 illustrates circuitry associated with the parameter select switch
      60. Operation of the switch 60 generates signals PU12-PU20, as
      illustrated. The signal PU12 is applied through an invertor 284 to
      generate the DION signal. Signal PU13 is applied through invertor 286 to
      generate the DSTORE signal. PU14 is applied through invertor 288 to
      generate the DFETCH signal. Signal PU15 is applied through an invertor 290
      to generate the DEXEC signal. Signal PU16 is applied through an invertor
      292 to generate the DISZ signal. Signal PU17 is applied through invertor
      294 to generate the DDSZ signal. Signal PU19 is applied through an
      invertor 296 to generate the DDMA signal. Signal PU20 is applied through
      invertor 298 to generate the DDFR signal. These signals DION-DDFR are
      applied to control the parameters of the system during breakpoint and
      snapshot modes as previously described.
PAR  FIG. 12 illustrates circuitry for loading the registers from the thumb
      wheel switches and for determining when the computer has reached the
      specified point of execution. As previously noted, the outputs from the
      thumb wheel switches 34 may be loaded into six bit storage registers
      300-304, when the registers are selected by operation of the thumb wheel
      switch 36 as shown in FIG. 7. The outputs from the registers 300-324 are
      applied to four comparators 306-312 which compare the register contents
      with signals FBT0-FBT15 applied from the storage buffer matrix shown in
      FIG. 6. When the signals applied from the storage buffer 300-304 are equal
      to the inputs applied to the comparator from the storage buffer matrix,
      the computer is at the breakpoint program execution. When register 300 is
      loaded, the flipflop 314 is armed. When the comparator 306 seeks a matched
      address, NAND gate 360 generates the DSTPEN3 signal to tell the computer
      to stop at that breakpoint. Signals DCMCLR and DCLR3 are applied through a
      NOR gate 318 to generate the DCLR3N signal.
PAR  FIG. 13 illustrates circuitry for receiving the address set in the thumb
      wheel switches 34 when it is desired to input a breakpoint range by
      operation of the thumb wheel switch 36 shown in FIG. 2. The settings from
      the thumb wheel switches 34 are applied to six bit storage registers
      320-330 in the manner previously described. The outputs from registers
      320-324 are applied to four comparators 326-332. Comparators 326-332 also
      receive inputs representative of the contents within the first stage of
      the buffer storage matrix. When it is determined that the contents of the
      buffer storage matrix are the same as the address input into the registers
      320-324, the condition is sensed by a NOR gate 334 and the NAND gate 336
      to generate the DSTPEN4 signal. A flipflop 338 is armed upon the loading
      on register 326 in the manner previously described. A NOR gate 340
      receives DCMCLR and DCLR4 in order to generate DCLR4N. Similarly, the
      outputs of registers 326-330 are applied to four comparators 344-350 which
      also receive inputs from the buffer storage matrix. Detection of a match
      is applied through a NOR gate 352 and a NAND gate 354 in order to generate
      a DSTPEN5 stop signal for the computer. The flipflop 356 is armed upon the
      loading of register 326 in the manner previously described. A NOR gate 360
      is operable to generate the signal DCLR5N upon suitable logic conditions.
PAR  FIG. 14 illustrates stop logic for enabling termination of the computer
      during the breakpoint mode. Signals DBRKPTN and DSNPSHTN are applied to
      inputs of a NAND gate 370 in response to the positioning to the toggle
      switch 48 shown in FIGS. 2 and 7. Signals are applied to the inputs of
      NAND gates 372-386 from the output of the buffer matrix shown in FIG. 6.
      Signals FDIONN-FDMAN are applied to a multi-input NAND gate 388, the
      output of which is applied through a NOR gate 390 to an input of an OR
      gate 392. The outputs of gates 372-386 are applied to a multi-input NAND
      gate 394, the output of which is applied to the second input of gate 392.
      The output of gate 392 is applied to an input of a NAND gate 396.
PAR  Signals DSTPEN1-DSTPEN5 are applied to the input of a multi-input NAND gate
      398. Signals DSTPEN1-5 are generated from the comparator circuits shown in
      FIGS. 7, 8, 12 and 13 previously described. The output of gate 398 is
      applied to an input of an AND gate 400, the output of which is applied to
      gate 396. The output of gate 396 is applied through a NAND gate 402 to
      generate the DSTOP signal to a one shot multivibrator 404. Multivibrator
      404 generates the QSTOP signal as illustrated which operates to stop
      operation of the computer. Thus, circuitry of FIG. 14 operates to
      terminate operation of the computer if the system is in a breakpoint mode
      and an instruction having the correct parameter and address is received
      from the computer.
PAR  FIG. 15 illustrates the computer mode status storage circuitry for
      detecting the mode in which the computer is presently operating. The
      circuitry only stores once a cycle. the DIONP, DFETCHP, DDEFERP, DEXECP,
      DSTOREP, DISZP, DDSZP and DDMAP signals are received from the back plane
      of the computer through the cable shown in FIG. 3 and are applied to
      terminals of D-flops 410-424, respectively. The signal PUA is applied to
      each of the D-flops 410-424. A one shot 426 receives the clock signal
      DMBLD and is interconnected with a second one shot 428 which is operable
      to generate the QPAR or QPARN signals. The QPARN signal is applied to both
      inputs of a NAND gate 430 which generates the QPARB signal for application
      to AND gates 432-446.
PAR  The outputs of gates 432-436 are applied through NOR gates 448-462,
      respectively. The outputs of gates 448-462 are connected to terminals of
      the D-flops 410-424, respectively. In operation of the circuitry shown in
      FIG. 15, D-flops 410-424 are cleared and waiting to be loaded. Upon the
      reception of DMBLD, after a 100 nanosecond delay due to the one shots 426
      and 428, the signal QPAR is generated and causes the generation of a clear
      signal DCOMCLR which is applied through the NOR gates 448-462. The
      circuitry shown in FIG. 15 thus insures that the data is correctly stored
      in the main storage buffer, after which the data is then cleared.
PAR  FIG. 16 illustrates logic circuitry operable in response to the shift up or
      shift down toggle switch 56 previously shown in FIG. 2. Capacitors 470 are
      connected across the toggle switch 56 which is movable between shift up
      and shift down terminals. The terminals are tied to the inputs of a NAND
      gate 472, the output of which is applied to a monostable multivibrator
      474. Terminals of the one shot 474 and the switch terminals are applied to
      inputs of NAND gates 476 and 478 which generate shift up and shift down
      signals which are applied to a NAND gate 480 and a NOR gate 482
      respectively. A DCNT1 signal is applied through an invertor 484 to AND
      gates 486-508 which generate signals DCNT7-DBNT7 which are applied to the
      storage matrixes shown in FIG. 6 and which are also utilized to gate the
      displays of the system.
PAR  The output of gate 472 is applied to a monostable multivibrator 510 which
      is tied to a monostable multivibrator 512. The one shot multivibrator 512
      is connected to inputs of NAND gates 514-524. Signals FCIRCN and DRUNN are
      applied through an OR gate 530 and NAND gates 532 and 534 to additional
      inputs of gates 514-524. The output of gates 514-524 are applied to NAND
      gates 540-550 which generate the signal DCLKADD1-DCLKMEN3 which are clocks
      for the address and data storage buffers of the matrix shown in FIG. 6.
      The DCOMCLR signal is applied to NAND gates 552-556 to generate the
      DCOMCLRN1-3 signals which are applied to clear the buffer storage matrix
      shown in FIG. 6.
PAR  The DSHIFTDN signal is applied through an invertor 560 to a lead 562 to an
      input of a NAND gate 564. The output of gate 564 is applied, along with
      the output of gate 566, to a NAND gate 568. The output of gate 568 is
      applied to an up-down counter 570 and through an invertor 572 and AND gate
      574 to a second up-down counter 576. Counters 570 and 576 may comprise for
      example SN74193 counters. The outputs FCNT8-2 from counter 570 are applied
      through invertors 580-584, respectively, to a multi-input NAND gate 586,
      the output of which is applied through an invertor 588 to the counter 576.
      The inputs applied to gate 586 comprise the decoded outputs from the gates
      486-508 previously noted. The output of counter 576 comprises a signal
      FCNT16 which is applied through an invertor 590. In operation of the
      circuitry shown in FIG. 16, the toggle switch 56 is operated in order to
      move the data stored in the buffer storage matrix from one stage to
      another in order to allow the operator to visually review all sixteen
      storage instruction words in the memory.
PAR  FIG. 17 illustrates circuitry for controlling the LED displays on the front
      of the console shown in FIG. 2. Signals DCLRMD-DDMA, generated from the
      circular switch 60 as shown in FIG. 11, are applied to inputs of AND gate
      580-594, respectively. The outputs of gates 580-594 are applied to inputs
      of NOR gates 596-610, the outputs of which are applied to the clear
      terminals of SN7474 flipflops 612-626 which store the parameters input by
      operation of the parameter select switch 60. The outputs FDFRN-FDMAN from
      the flipflops 612-626 are applied to terminals of LEDS L1-L8 which
      comprise the Active Mode LEDS 64 previously shown in FIG. 2. As previously
      noted, LEDS 64 are illuminated in response to setting of parameters by
      operation of the circular switch 60.
PAR  Signals SCARRYBT-FDFRBT are applied from the buffer storage matrix shown in
      FIG. 6 to NAND gates 630-646, the outputs of which are connected to LEDS
      L11-L19 which comprise the Buffer Store LEDS 62 previously shown in FIG.
      2. Signal PU2 is applied to LED L21 which comprises the active breakpoint
      LED 52, while the signal PU3 is applied to LED L20 which comprises the
      active snapshot LED 50 shown in FIG. 2.
PAR  The signals DEQUAL-DBRKPT are applied to an input of an AND gate 650, the
      output of which is applied to a flipflop 652. Signals DRLSN and DBRKPT are
      applied to inputs of an AND gate 654 which is applied to the clear
      terminal of flipflop 652. The Q output of flipflop 652 is applied to LED
      L10 to indicate operation in the breakpoint mode. Signals DEQUAL and
      DSNPSHT are applied to inputs of an AND gate 656 connected to a flipflop
      658 which controls the operation of LED L9 to indicate operation in the
      snapshot mode.
PAR  Referring to FIG. 18, toggle switch 70, previously shown in FIG. 2, is
      operable between the display accumulator and clear accumulator terminals.
      Positioning of the toggle switch 70 in the display accumulator position
      generates the PU36 signal. Operation of the toggle 70 to the clear
      accumulator terminal generates the PU35 signal and applies the signal to
      an input of a NAND gate 680. The output of gate 680 is applied to the
      inputs of a NAND gate 682 which generates the DCLRFN signal which is
      applied to clear the registers shown in FIG. 19. The DCOMCLRN signal is
      applied to gate 680 and is also applied to an AND gate 684. The DCONTN
      signal is applied to gate 684 which is connected to a terminal of a D-flop
      686. The Q terminal of D-flop 686 is connected to a one shot 688 which is
      connected to a four bit binary counter 690, which may comprise for example
      a SN7493 counter. The four outputs of counter 690 are applied through
      invertors 692-698 to a four input NAND gate 700. One shot 688 is connected
      to a second one shot 702 which is connected to an input of the NAND gate
      704 to generate the PU37 and DCONTN signals.
PAR  The output of gate 700 is applied to an input of an AND gate 706 to
      generate the DLDACO signal. Signals FMK1-FMK4N are respectively applied to
      inputs of AND gates 710-714, the outputs of which are connected to AND
      gates 716-720. The signal QLD is also applied to inputs of gate 706 and
      716-720. The outputs of gate 716-720 comprise the signals DLDAC1-DLDAC3.
PAR  The circuitry shown in FIG. 18 operates to pick the "pocket" in which to
      stop and start the computer 10 to store the accumulator register contents
      during operation in the snapshot mode. When the snapshot mode of operation
      is selected on the front console, the D-flop 686 is set and the one shot
      688 is triggered. Upon triggering of the one shot 688, the counter 690
      begins counting. The count from counter 690 is decoded in order to
      generate the DLDACO signal. This signal picks the "pocket" or point of
      time in which the contents of the first accumulator (accumulator 0) of the
      computer is loaded. On generation of signals DLDAC1-DLDAC3, the next three
      subsequent digital computer accumulators are loaded by the system. Upon
      the generation of signal DCONTN, the signal is sent to the computer in
      order to restart the computer. In the preferred embodiment, the entire
      sequence provided by the circuitry shown in FIG. 18 for stopping the
      computer, loading the contents of the computer accumulator register and
      restarting the computer is accomplished within 400 nanoseconds, and thus
      the computer continues operation uninterruptedly as if the contents of the
      computer registers have not been detected.
PAR  FIG. 19 illustrates the storage registers in which the contents of the
      computer accumulators are stored. For each one of the four computer
      accumulators, three storage registers are provided. For example, for the
      first accumulator, registers 730-736 are provided. For the second
      accumulator, registers 738-742 are provided for storage. For the third and
      fourth accumulators, registers 744-754 are provided. The registers 730-754
      may comprise for example SN74174 storage registers. The inputs to the
      storage registers 730-754 comprise the DMEM0-DMEM15 signals derived from
      the cable connections shown in FIG. 3. In addition, the DLRFN signal is
      applied from gate 682 shown in FIG. 18 in order to provide clearing
      function upon toggling of the toggle switch 70. The loading signals
      DLDAC0-DLDAC3 are applied to the registers from the circuitry shown in
      FIG. 18.
PAR  FIG. 20 illustrates circuitry for receiving outputs from the accumulator
      storage register shown in FIG. 19 in order to enable display of the
      accumulator register on the console shown in FIG. 2. Signals
      FACCA0-FACCA15 derived from the storage registers of FIG. 19 are applied
      to inputs of one of eight decoders 760-790 in the manner illustrated. In
      addition, signals PU31-PU34, provided from the accumulator select switch
      shown in FIG. 9, are provided through NAND gates 792-796 to inputs of the
      decoders 760-790 in the manner illustrated. Further, signal PU36 is
      applied through an invertor 798 to inputs of gates 792-796. This signal
      PU36 is provided by operation of the toggle switch 70 in the manner shown
      in FIG. 18. The circuitry shown in FIG. 20 thus decodes the position of
      the accumulator select switch 60 in order to selectively display the
      contents of the accumulator registers shown in FIG. 19. The outputs of the
      decoders 760-790 comprise signals D1S16-D1S31 which are applied to the
      data LEDS 40 shown in FIG. 2 in order to display the desired accumulator
      register data.
PAR  FIG. 21 illustrates multiplexing circuitry which enables time sharing of
      the LED display 38 and 40 on the console shown in FIG. 2. Therefore,
      signals from the breakpoint registers, the address and/or data buffers,
      and the accumulator registers are applied to eight-to-one multiplexers
      800-828. The multiplexers 800-828 then generate display control signals
      DIS1-DIS15 which are applied to control the LEDS 38-40 shown in FIG. 2.
      The multiplexers 800-828 may comprise for example SN4151 multiplexers. The
      signals DIS1-DIS3 constitute the most significant bit display, while the
      signals DIS13-DIS15 constitute the least significant bits displayed. It
      will be seen in FIG. 21 that five columns of three bits each are displayed
      in order to enable the time sharing of the LEDS as selected by operation
      of the various toggle switches on the console.
PAR  FIG. 22 illustrates decoding circuitries for receiving display control
      signals from the circuits shown in FIGS. 20 and 21 and for applying the
      signals to selected display LEDS 38 and 40. Specifically, the display
      control signals DIS1-DI31 generated from the circuits previously described
      in FIGS. 20 and 21 are applied to inputs of seven segment BCD decoders
      840-862 in the manner illustrated. The decoders may comprise, for example,
      SN7447 BCD decoders. In addition, the signals DTEST and DBLNK are applied
      in order to apply testing of the system and to enable blanking of the
      displays when the system is not in use. The signal PU26 is also applied
      from the off-on switch of the system. The output L1-L76 from the decoders
      840-862 are applied to the LEDS of the displays 38, 40 and 42 in the
      manner to be described in FIG. 26.
PAR  FIG. 23 illustrates circuitry for generating the blank signals to prevent
      display operation. Signals DRUNN-SCIRCN are applied to inputs of NAND
      gates 864-868 in order to generate the blank signals DBLNKA-DBLNKC.
PAR  FIG. 24 illustrates circuitry for incrementing and decrementing the pointer
      LEDS 42 shown in FIG. 2. Signals SCNT1-SCNT8 are applied to inputs of a
      four bit adder 870 which is operated as a subtractor in order to provide a
      decimal output. The adder may comprise for example an SN7483 adder. The
      output of the adder 870 is applied to inputs of a decoder 872. Signals
      DISMSB and DBLNKC are applied to an AND gate 874 which is applied to a
      second decoder 874. In addition, signals including DTEST and signal PU27
      are applied to the decoders 872 and 874. The outputs of the decoders
      872-874 comprise signals L77-L89 which are utilized to control the
      operation of the pointer LED display 42 during incrementing and
      decrementing of the data stored in the memory 16.
PAR  FIG. 25 illustrates circuitry for enabling the display of the most
      significant bit of a binary number. Signals FCNT4N and FCN22 are applied
      to inputs of a NAND gate 880, the output of which is applied through a
      NAND gate 882 to a NAND gate 884. Signal SCNTB is applied to an input of
      gate 882, while signal FCNT16N is applied to an input of gate 884. The
      output of gate 884 comprises DISMSB which is applied to the adder 870 and
      decoder 874 shown in FIG. 24.
PAR  FIG. 26 illustrates in schematic detail the LEDS comprising the address
      display 38, the data display 40 and the pointer display 42 previously
      shown in FIG. 2. The address display 38 comprises six LEDS 890-900. LEDS
      890-900 may comprise any suitable type of LED or other display device
      which is operable in response to control signals for generating any one of
      ten numerical digits. The control signals L1-L35 generated from decoders
      840-848 and signals L100-L106 generated from decoder 859 are applied to
      the LEDS 890-900 in order to control the illumination thereof. Similarly,
      signals L36-L76 generated from decoders 852-862 are applied to the LEDS
      902-912 in order to display the selected data signals on the display 40.
      Control signals L77-L89 generated from the decoders 872 and 874 previously
      shown in FIG. 24 are applied to control the pointer LEDS 914-916 in order
      to indicate which of the sixteen stages of the memory is presently being
      displayed.
PAR  Referring to FIG. 27, circuitry is shown for interconnection to the back
      plane of the computer 10. The QSTOP signal previously generated by the
      flipflop 404 in FIG. 14 is applied to an input of a NAND gate 920, the
      output of which is connected to a terminal 922 attached to the back plane
      of the computer. As previously noted, the generation of the QSTOP signal
      stops operation of the computer after detection of the selected breakpoint
      signal. In addition, the DCONTN signal, previously described, is applied
      to pin 924 connected to the back plane of the computer 10. Signals DCHR
      and DCHPIN are applied to terminals 926 and 928 from the back plane of the
      computer 10 and are applied through invertors 930 and 932, respectively,
      to inputs of an AND gate 934 in order to generate the DDMAP signal.
PAR  The signal LOADIR is applied through terminal 936 from the back plane of
      computer 10 through an invertor 938 to an input of an AND gate 940. Signal
      DMEM3, previously applied from the back plane of the computer through the
      cable shown in FIG. 3, is applied to the second input of gate 940. The
      output of gate 940 is applied to an AND gate 942 which generates the DIZP
      signal previously described. Signals PU-DMEM4 are applied from the back
      plane of the computer 10 through the cabling shown in FIG. 3 and are
      applied to inputs of multi-input NOR gates 944 and 946. The output of gate
      944 is applied to an input of gate 942, while the output of gate 946 is
      applied to an input of an AND gate 948 to generate the signal DDSZP.
      Signal DMEM4 is applied through an invertor 950 to an input of gate 946.
      Signals DMEM0 and DMEM2 are applied through invertors to an input of a
      NAND gate 952. The output of gate 952 is applied through an invertor 954
      to an input of an AND gate 956 in order to generate the DSTOREP signal.
PAR  FIG. 28 illustrates circuitry for performing the test function operation of
      the system. Signals PU6N and PU7N, generated from operation of the thumb
      wheel switch 36 as shown in FIG. 7, are applied to inputs of an AND gate
      960, the output of which is applied to a NAND gate 962. Signal PU5
      generated from the thumb wheel switch 36 is also applied to an input of
      gate 962. The output of gate 962 comprises the DTEST signal which operates
      to illuminate all of the LEDS on the console shown in FIG. 2 with the
      number eight to insure that all the LEDS are working.
PAR  FIG. 29 illustrates the shift up and shift down toggle switch 54 previously
      shown in FIG. 2. Operation of the switch 54 to the shift up position
      generates the signal PU38 which is applied to register 760 in FIG. 20.
      Operation of the switch 54 to the shift down position generates the PU39
      signal. Both of the signals PU38-PU39 are applied to a switch debouncer
      970, which may comprise for example a DM7544 debouncer. The output of the
      debouncer 970 is applied to the circuitry shown in FIG. 16 to provide the
      shift up and shift down signal.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for assisting in the detection of errors and malfunctions in
      the operation of a programmed digital computer comprising:
PA1  memory means connected to the computer for temporarily storing
      representations of each of the program instructions executed by the
      computer during operation thereof, and
PA1  means responsive to a predetermined state of operations of the computer for
      controlling said memory means to permanently store a predetermined number
      of the last program instructions executed by the computer prior to the
      occurrence of the state of operation.
NUM  2.
PAR  2. The system of claim 1 wherein said predetermined state comprises a
      malfunction of the computer.
NUM  3.
PAR  3. The system of claim 1 wherein said predetermined state comprises the
      occurrence of a particular instruction during operation of the computer.
NUM  4.
PAR  4. The system of claim 1 and further including means responsive to said
      predetermined state for stopping operation of the computer.
NUM  5.
PAR  5. The system of claim 1 and further comprising:
PA1  means for selectively displaying any one of said predetermined number of
      permanently stored program instructions.
NUM  6.
PAR  6. The system of claim 1 wherein said memory means comprises a multi stage
      buffer storage matrix for temporarily storing each of the program
      instructions for a preset time interval.
NUM  7.
PAR  7. A system for assisting in the detection of errors and malfunctions in
      the operation of a programmed digital computer comprising:
PA1  means for exterior connection to the computer to receive representations of
      the program instructions executed by the computer,
PA1  a memory having a plurality of memory cells for sequentially storing a
      plurality of the representations of the program instructions,
PA1  circuitry responsive to a predetermined state of operation of the computer
      for controlling said memory such that a plurality of the last program
      instructions prior to the occurrence of the predetermined state are stored
      in said memory cells, and
PA1  display means operable to selectively display representations of the
      program instructions stored in said memory cells.
NUM  8.
PAR  8. The system of claim 7 wherein said connection means connects with the
      back plane of the computer.
NUM  9.
PAR  9. The system of claim 7 wherein said memory comprises a buffer storage
      matrix.
NUM  10.
PAR  10. The system of claim 9 wherein said matrix is normally connected as a
      series first in-first out memory.
NUM  11.
PAR  11. The system of claim 10 and further comprising:
PA1  means responsive to said predetermined state of operation for connecting
      the output of said memory with the input of said memory in a circulating
      circuit such that a plurality of program instructions are stored within
      said memory.
NUM  12.
PAR  12. The system of claim 11 and further comprising:
PA1  means for circulating the stored program instructions around said
      circulating circuit such that selected ones of the instructions may be
      viewed on said display means.
NUM  13.
PAR  13. The system of claim 7 wherein said predetermined state of operation
      comprises:
PA1  a malfunction of the computer.
NUM  14.
PAR  14. The system of claim 7 wherein said predetermined state of operation
      comprises:
PA1  the execution of a predetermined instruction address.
NUM  15.
PAR  15. The system of claim 7 wherein said predetermined state of operation
      comprises:
PA1  the execution of a predetermined function at a predetermined address.
NUM  16.
PAR  16. The system of claim 7 wherein said predetermined state of operation
      comprises:
PA1  the execution of a predetermined function within a predetermined range of
      addresses.
NUM  17.
PAR  17. The system of claim 7 and further comprising:
PA1  breakpoint means for automatically stopping operation of the computer upon
      the occurrence of the predetermined state of operation.
NUM  18.
PAR  18. The system of claim 7 wherein the digital computer includes accumulator
      registers and further comprising:
PA1  means for storing the contents of specified ones of the accumulator
      registers of the computer upon the occurrence of the predetermined state
      of operation.
NUM  19.
PAR  19. A system for monitoring the operation of a digital computer comprising:
PA1  means for connection to the back plane of the computer for receiving
      representations of the program instructions executed by the computer,
PA1  a memory having a plurality of series connected stages normally connected
      in a first in-first out configuration to receive said representations,
      each of said representations being sequentially stored in successive ones
      of said stages and then transferred to the output of said memory,
PA1  sentinel circuitry operable to connect the memory output to the input of
      said memory to store the contents of said memory upon the occurrence of a
      malfunction of the computer,
PA1  breakpoint circuitry operable to terminate operation of the computer and to
      connect the output to the input of said memory to store the contents of
      said memory upon the execution of preselected program instructions,
PA1  snapshot circuitry operable to connect the output to the input of said
      memory to store the contents of said memory upon the execution of
      preselected program instructions,
PA1  means for selecting one of said sentinel breakpoint and snapshot
      circuitries and for applying selected parameters to said breakpoint and
      snapshot circuitry, and
PA1  means for selectively displaying the stored contents of said memory.
NUM  20.
PAR  20. The system of claim 19 wherein said memory comprises a buffer storage
      matrix including a plurality of interconnected registers.
NUM  21.
PAR  21. The system of claim 19 and further comprising:
PA1  means for circulating the stored contents of said memory such that the
      contents of each stage of said memory may be reviewed on said display
      means.
NUM  22.
PAR  22. The system of claim 19 and further comprising:
PA1  means for setting a plurality of different addresses into said breakpoint
      circuitry in order to define said preselected program instructions.
NUM  23.
PAR  23. The system of claim 19 and further comprising:
PA1  means for setting a range of addresses into said breakpoint circuitry in
      order to define said preselected program instructions.
NUM  24.
PAR  24. The system of claim 19 and further comprising:
PA1  means for setting in a computer operation mode into said breakpoint
      circuitry in order to define said preselected program instructions.
NUM  25.
PAR  25. The system of claim 19 wherein said display means comprises:
PA1  means for displaying the data and address stored in each stage of said
      memory.
NUM  26.
PAR  26. The system of claim 25 and further comprising:
PA1  pointer means for displaying which of the stages of said memory is being
      displayed.
NUM  27.
PAR  27. The system of claim 19 wherein said memory is converted from a first
      in-first out memory to a first in-last out memory upon the execution of
      preselected program instructions or upon the occurrence of a malfunction
      of the computer.
NUM  28.
PAR  28. A sentinel system for monitoring the operation of a digital computer
      comprising:
PA1  means for connection to the back plane of the computer for receiving
      representations of the program instructions and addresses executed by the
      computer,
PA1  a multi-stage buffer storage matrix connected to sequentially store said
      representations in successive ones of said stages,
PA1  means responsive to termination of operation of the computer for connecting
      the output of said memory to the input of said memory in a circulating
      memory configuration,
PA1  display means having address and data displays for selectively displaying
      the contents of any selected stage of said memory, and
PA1  pointer display means for indicating which stage of said memory is
      currently being displayed on said display means.
NUM  29.
PAR  29. The system of claim 28 wherein said display means comprises light
      emitting diodes.
NUM  30.
PAR  30. A breakpoint system for monitoring the operation of a digital computer
      comprising:
PA1  means for attachment to the back plane of the computer for receiving
      representations of the program instructions executed by the computer,
PA1  a memory having a plurality of series connected stages for receiving said
      representations, said representations being sequentially stored in
      successive ones of said stages,
PA1  means for inputting predetermined breakpoint addresses and parameters,
PA1  means for stopping operation of the computer upon execution of an
      instruction by the computer having one of said breakpoint addresses and
      parameters,
PA1  means for permanently storing a preset number of the representations of the
      last instructions executed by the computer prior to the termination of
      operation of the computer, and
PA1  means for displaying each of the premanently stored representations in the
      memory.
NUM  31.
PAR  31. The system of claim 30 wherein said inputting means comprises a
      plurality of registers for receiving a plurality of breakpoint addresses.
NUM  32.
PAR  32. The system of claim 31 and further comprising: thumbwheel switches for
      inputting data into said registers.
NUM  33.
PAR  33. The system of claim 30 wherein said inputting means comprises registers
      for receiving a range of breakpoint addresses.
NUM  34.
PAR  34. The system of claim 30 wherein said inputting means comprises a switch
      for inputting a plurality of computer operation parameters.
NUM  35.
PAR  35. The system of claim 34 wherein one of said operations comprises:
PA1  an execute operation.
NUM  36.
PAR  36. The system of claim 34 wherein one of said operations comprises:
PA1  a fetch operation.
NUM  37.
PAR  37. The system of claim 34 wherein one of said operations comprises:
PA1  a store operation.
NUM  38.
PAR  38. The system of claim 34 wherein one of said operations comprises:
PA1  a data channel operation.
NUM  39.
PAR  39. The system of claim 34 wherein one of said operations comprises:
PA1  a defer operation.
NUM  40.
PAR  40. The system of claim 34 wherein one of said operations comprises:
PA1  an increment memory automatically operation.
NUM  41.
PAR  41. The system of claim 30 wherein said means for displaying comprises:
PA1  an instruction address display and an instruction data display.
NUM  42.
PAR  42. The system of claim 30 and further comprising:
PA1  a mode active display for displaying said breakpoint parameters input by
      said means for inputting.
NUM  43.
PAR  43. The system of claim 30 and further comprising:
PA1  a buffer store display for displaying which breakpoint parameter the
      computer was in when the computer terminated operation.
NUM  44.
PAR  44. The system of claim 30 wherein said memory is converted into a first
      in-last out memory upon the termination of operation of the computer.
NUM  45.
PAR  45. The system of claim 30 and further comprising:
PA1  means for time sharing said display means for displaying the contents of
      said memory and for displaying said breakpoint addresses input by said
      inputting means.
NUM  46.
PAR  46. A snapshot system for monitoring the operation of a digital computer
      comprising:
PA1  means for attachment to the back plane of the computer for receiving
      representations of the program instructions executed by the computer,
PA1  a multi-stage memory for receiving said representations and for
      sequentially storing said representations in successive ones of said
      stages,
PA1  means for inputting and storing a snapshot address and parameter,
PA1  means operable in response to said inputting and storing means for
      operating said memory to permanently store a prescribed number of the last
      instruction representations prior to the execution of said snapshot
      address and parameter.
NUM  47.
PAR  47. The system of claim 46 wherein the digital computer includes
      accumulator registers and further comprising circuitry for storing the
      contents of ones of the computer accumulator registers.
NUM  48.
PAR  48. The system of claim 47 wherein said circuitry comprises:
PA1  means for stopping the computer after the execution of the snapshot
      address,
PA1  means for accessing the selected accumulator registers, and
PA1  means for restarting operation of the computer prior to execution by the
      computer of the next program instruction.
NUM  49.
PAR  49. A method of monitoring the operation of a digital computer comprising:
PA1  temporarily storing representations of the program instructions executed by
      the computer during operation thereof, and
PA1  permanently storing a predetermined number of the last program instructions
      executed by the computer prior to the occurrence of a specified state of
      operation of the computer.
NUM  50.
PAR  50. The method of claim 49 and further comprising:
PA1  temporarily storing the representations in a first in-first out manner, and
PA1  permanently storing the predetermined number of representations in a first
      in-last out manner.
NUM  51.
PAR  51. A method of monitoring the operation of a programmed digital computer
      comprising:
PA1  temporarily storing a representation of each program instruction executed
      by the computer,
PA1  monitoring the operation of the computer for the occurrence of a
      predetermined operational state,
PA1  permanently storing a predetermined number of the last program instructions
      executed prior to the occurrence of the predetermined operational state,
      and
PA1  selectively displaying said permanently stored program instructions.
NUM  52.
PAR  52. The method of claim 51 wherein the predetermined operational state
      comprises the execution of a predetermined program instruction.
NUM  53.
PAR  53. The method of claim 51 wherein the predetermined operational state
      comprises:
PA1  the malfunction of the computer.
NUM  54.
PAR  54. The method of claim 51 wherein the predetermined operational state
      comprises:
PA1  the execution of an instruction at a prescribed address.
NUM  55.
PAR  55. The method of claim 51 wherein the predetermined operational state
      comprises:
PA1  the execution of an instruction at a prescribed range of addresses.
NUM  56.
PAR  56. The method of claim 51 wherein the predetermined operational state
      comprises:
PA1  the execution of an instruction at a prescribed address during a prescribed
      computer operational mode.
NUM  57.
PAR  57. The method of claim 51 wherein the digital computer includes
      accumulator registers and further comprising:
PA1  storing the contents of selected ones of the accumulator registers of the
      computer upon the occurrence of the predetermined operational state
      without interfering with the continued operation of the computer.
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ABST
PAL  An electronic digital calculator, the calculator being in the form of an
      elongated tubular body having a size and shape similar to a pen or pencil
      and having a plurality of input valve setting keys and function keys
      carried on its surface as well as illuminable "read-out", or display,
      screen. The value setting keys and the function keys are arranged on the
      surface of the tubular body such that the calculator can be used while
      held in one hand of the user.
BSUM
PAR  This invention relates to an electronic digital calculator having a size
      and shape similar to a pen or pencil and containing a "read-out" or
      display screen, input value setting keys, and function keys which are
      arranged on the calculator so that it can be operated while held in one
      hand of the user.
PAC  BACKGROUND OF THE INVENTION
PAR  The use of electronic digital calculators of reduced size have recently
      received widespread acceptance and such calculators are becoming
      increasingly popular as they are compact, lightweight, and can be carried
      in a briefcase or in the pocket of a user. Exemplary of one such compact
      digital calculator is a portable microelectronic calculator manufactured
      by Bowmar/Ali, Inc. and being Model No. 901 B.
PAR  While these pocket-size calculators have met with some success, they are
      not completely satisfactory. Although relatively lightweight and compact,
      they are generally still too bulky and too heavy to be comfortably carried
      in a user's jacket pocket for ready accessibility. Therefore, most such
      calculators are carried in a briefcase and are not as conveniently
      accessible as many users would like them to be.
PAR  In addition, and more importantly, these compact calculators must either be
      placed on a firm surface or held in one hand by the user while he operates
      it with his other hand. Thus, a user must either be near a table, desk, or
      other convenient surface, or must hold the calculator in one hand and
      operate it with the other hand, in which instance the operator is not free
      to refer to data or other information as he must interrupt his
      calculations and place the calculator down before referring to such data
      or information.
PAR  It would be desirable, therefore, to provide a calculator which is of a
      size, shape and weight that enables it to be easily and comfortably
      carried in the pocket of a user for ready accessability, and which can be
      operated while held in one hand of the user, thereby leaving the other
      hand of the user free to refer to notes, data, and the like, while
      operating the calculator.
PAC  THE INVENTION
PAR  These desirable ends have now been attained by the electronic digital
      calculator of the invention which is of a size, shape and weight that
      enable it to be comfortably and conveniently carried in a jacket pocket of
      a user and which is manufactured in such a way that it can be operated
      while held in only one hand of the user. Generally, the calculator of the
      invention comprises an elongated cylindrical, tubular boy having a
      plurality of input value setting keys and a plurality of function keys
      carried on the outer surface of the tubular body; an illuminable display
      "read-out" screen; an electronic chip housed within the tubular body
      electrically connected to the value and function keys and the read-out
      screen; and, batteries housed within the tabular body providing a source
      of electrical power to the electronic chip, the arrangement of the value
      setting keys and function keys being such that the calculator can be
      operated while held in only one hand of the user.
PAR  The calculator carries a sufficient number of value keys to enable digital
      input from 0 to 9 and also carries a sufficient number of function keys to
      enable such operations as addition, subtraction, multiplication, division,
      decimal point placement, clearing, correcting error, and the like, to be
      readily and easily performed. In alternate embodiments, the tubular body
      can be equipped with writing means, such as pencil lead and eraser, ball
      point pen tip, and the like, and can also be equipped with support means
      for the user's fingers during manipulation of the keys of the calculator.
DRWD
PAR  The structural details and operational features of the calculator of the
      invention will become clear from the ensuing description thereof when
      taken together with the accompanying drawing wherein the several figures
      illustrate a preferred embodiment thereof, and wherein:
PAR  FIG. 1 is a side view of the electronic digital calculator of the invention
      showing the arrangement of the input value setting keys, the function
      keys, and the illuminable display read-out screen as seen when the
      calculator is held by the hand of an operator which is shown in dot-dash
      lines;
PAR  FIG. 1a is a view similar to FIG. 1 but showing the calculator as it would
      be seen if rotated 180.degree. about its longitudinal axis;
PAR  FIG. 2 is a plan view of the input value setting keys, the read-out screen,
      and the function keys showing the relative positions of these components
      as they would appear if placed on a flat surface; and
PAR  FIG. 3 is a schematic view illustrating a typical functional diagram of an
      electronic chip which can be used in the calculator of the invention.
DETD
PAR  As shown in FIGS. 1 and 2, the calculator of the invention generally
      comprises an elongated cylindrical tubular body 10 having an illuminable
      display "read-out" screen 11 disposed between a first row 12 and a second
      row 13 of manually operated keys. Tubular body 10 can be formed to be
      about the same size and shape as a pen or pencil and can be provided
      either with such writing means as pencil lead or a ball point tip 10a and
      a cap or eraser 10b, or without such writing means to merely house and
      carry the components of the calculator. In either embodiment, the read-out
      screen 11 and the first and second rows of keys 12 and 13 are
      circumferentially spaced from each other on the outer surface of the
      tubular body 10 so that they are parallel to each other and parallel to
      the longitudinal axis of the tubular body 10. The keys in each row 12 and
      13 are mounted so that they protrude slightly above the surface of the
      tubular body 10 and are longitudinally spaced from each other so that when
      the calculator is held in the hand of an operator, these keys can be
      conveniently and easily contacted by and manipulated with the fingers on
      one hand of the operator as shown in dot-dash lines in FIG. 1.
PAR  Display or read-out screen 11 is mounted so that it is flush with or,
      preferably, slightly below the surface of tubular body 10 and can include
      means to illuminate it as well as protective means, such as placing a
      transparent plastic sheet (not shown) over it to form a window through
      which screen 11 can be viewed.
PAR  In FIG. 1, the calculator is shown held in the right hand of an operator
      with each of the operator's fingers in contact with an input value setting
      key. Hence, keys 14, 16, 18 and 20 in the first row of keys 12 are all
      input value setting keys as is key 22 in the second row of keys 13. As
      shown in FIG. 1, each of these keys is manually actuated by a finger of
      the operator; key 14 by the little finger (L), key 16 by the ring finger
      (R), key 18 by the middle finger (M), key 20 by the index finger (I), and
      key 22 by the thumb (T). Furthermore, each of these keys is capable of
      putting in two different digital values so that, collectively, they
      provide a ten digit keyboard. Thus, in the embodiment shown, key 14 is for
      input of digital "3" and 4, key 16 is for digits 5 and 6, key 18 is for
      digits 7 and 8, key 20 is for digits 9 and 0, and key 22 is for digits 1
      and 2.
PAR  The remaining keys in the second row of keys 13 are all function keys and
      are all actuated by the thumb (T) of the operator. These keys consist of
      keys 15, 17, 19 and 21, each of which perform two functions which are
      designated in FIG. 2 by a letter or mathematical symbol. Thus, key 15 is
      for recall (D) and to correct error (CE), key 17 is for clear (C) and
      decimal point placement (.), key 19 is for subtraction (-) and division
      (.div.) and key 21 is for addition (+) and multiplication (.times.). To
      facilitate manual actuation of the keys, their surface can be slightly
      depressed, as shown in dotted lines at 23 for key 15 in FIG. 1, for firmer
      contact of the keys by the operator's fingers.
PAR  Each of the keys is mounted to be movable to one of three positions: a
      neutral or off position, or to one of the two digit values on each key of
      the input value setting keys or to one of the two functions of the
      function keys as described immediately above. The keys can be mounted on
      the surface of the tubular body 10 so that they are actuated by sliding
      them to one of the two operable positions depending upon the digital value
      desired or the function to be performed. The two, sliding, actuating
      positions of each key can be either longitudinal of the tubular body 10 or
      arcuate along the circumferential surface of the tubular body 10. For
      example, longitudinal sliding from their off position of keys 14, 16, 18,
      20 and 22 toward tip 10a of tubular body 10 to a first operable position
      will result in the input and setting of digital values 3, 5, 7, 9 and 1
      respectively, while sliding these same keys longitudinally toward cap end
      10b to a second operable position will result in the input and setting of
      digital values 4, 6, 8, 0 and 2, respectively. Similarly sliding keys, 15,
      17, 19 and 21 from an off position toward tip 10a will result in the
      functions of recall, clear, subtraction and addition, respectively, while
      sliding these same keys to a second operable position toward cap 10b will
      result in the functions of correct error, decimal point placement,
      division, and multiplication, respectively.
PAR  As mentioned earlier, the value setting keys and the function keys can
      alternatively be mounted to be arcuately slid from an off position to one
      of two operable positions, such as toward or away from read-out screen 11,
      to input and set the digital values and perform the functions just
      described. In either embodiment, actuation of the input value setting keys
      and the function keys causes the performed calculation to digitally appear
      on the display read-out screen 11.
PAR  For ease of handling and manipulation of the various keys by the operator,
      the calculator can be equipped with suitable support means. For example
      lateral support for the little finger (L) and index finger (I) of the
      operator's hand can be provided in the form of wedge-shaped stops, as
      shown by dotted lines 24 and 25, while support for the operator's thumb
      (T) can be in the form of a pull-out clip, as shown in dotted lines at 26,
      the clip being pivoted to the tubular body 10 as at 27 and having a curved
      extension 28 against which the operator's thumb can be placed when the
      calculator is held for use. When not in use, the curved extension 28 can
      be recessed within the tubular body 10. A typical pen-type carrying clip
      33 can be mounted to the tubular body 10 for carrying the calculator in a
      jacket pocket. In addition, the tubular body 10 can have a longitudinally
      flattened surface area as shown in 10c in FIG. 1a so that the calculator
      can be placed on a flat surface without rolling and still be operated with
      one hand.
PAR  Circuitry for the calculator of the invention can be provided by any one of
      a number of electronic semi-conductor chips of the type and kind generally
      used for large scale integrated circuits (LSI) having a power consumption
      of about 20-30 mw. and which are known to those skilled in the art. For
      example, the circuitry described by the Mostek Corporation in connection
      with their MOS-10 digit portable microelectronic calculator Model No.
      MK5010P could also be used in the calculator of this invention. The power
      supply for the electronic chip can be provided by small batteries of the
      mercury cell type. Positioning of the electronic chip and batteries within
      the tubular body can be at any convenient point such as is shown in dotted
      lines at 29 for the electronic chip and at 30 for the batteries. A
      receptacle can also be included as shown in dotted lines at 31 in FIG. 1a
      for periodic recharging of batteries 30.
PAR  The schematic functional diagram shown in FIG. 3 is typical of those which
      are descriptive of the function of a miniaturized electronic chip, such as
      is used in the calculator of the invention. A typical function of such a
      miniaturized chip would be that of performing calculations, including
      addition, subtraction, multiplication and division, with resultant display
      of up to 10 digits and decimal point.
PAR  As shown in FIG. 3, a typical miniaturized chip uses simple, external
      binary encoding of numeric keys for inputs at N.sub.1, N.sub.2, N.sub.4
      and N.sub.8. These inputs sense their logic state, and entry is made with
      logic 1 at any input. Previous entries are then shifted to the left and
      when all inputs are at logic 0, entry is complete.
PAR  The numeric entry, or the resulting calculation, is displayed on a scan or
      strobed basis. A Digit Select output enables the appropriately selected
      digit to be displayed. In the diagram of FIG. 3, 11DD corresponds to the
      Most Significant Digit (MSD) while 2DD corresponds to the Least
      Significant Digit (LSD). As outputs are scanned from LSD to MSD, the
      appropriate data for each selected digit appears at the segment outputs.
PAR  By inhibiting the appropriate Digit Select Outputs, leading zeros can be
      blanked and meaningless zeros to the left of the decimal point are not
      displayed. In this embodiment all digits are blanked during calculation
      time (t.sub.cal).
PAR  The decimal point can be selected at inputs SP1 and SP2 to provide results
      in units (0 places); in hundredths (2 places); in thousandths (3 places);
      or ten-thousandths (4 places), and numeric entry can be carried as far as
      the selected decimal point placement. Any further entry past the selected
      decimal point placement would be disregarded.
PAR  Overflow can occur when a numeric entry exceeds 10 digits, or a resultant
      calculation exceeds 10 digits, when carried to the selected number of
      decimal places. When overflow does occur, the display becomes all 0's,
      with the decimal point output (PPS) in a static logic 1 condition so the
      displayed reading becomes all zeros.
PAR  The Clear Input provides a complete clearing of all entries and resultant
      calculations. Clear Entry provides clearing of all numeric entries
      following the last function command, but does not clear previous entries
      stored in the register that are awaiting calculation. Completion of Clear
      or Clear Entry produces a numeric zero display.
PAR  The negative sign output, NGD, will assume a static logic 1 state when a
      negative number (number less than zero) is selected, and a logic 0 state
      when a positive number is selected.
PAR  The Decimal Point output, PPS, will assume a logic 1 state at the
      appropriate Digit Select time and a logic 0 state at all other times.
PAR  A summary of the function of a typical electronic chip with respect to the
      input value setting keys and function keys of the calculator would be as
      follows:
PA1  0 - 9 Numeric inputs. The decimal is entered to the right of the least
      significant digit. Once entered, further decimal depressions are
      disregarded.
PA1  C ce clear and Clear Entry. See description above
PA1  X stores multiplication command and the associated numeric entry. Can also
      be used to accomplish a preceding operation such as in chain calculations.
PA1  .div. Stores division command and the associated numeric entry. Can also be
      used to accomplish a preceding operation, such as in chain calculations.
PA1  = Stores the associated numeric entry as a negative number. Can also be
      used to accomplish a preceding operation, e.g., to gain the resultant in a
      substraction problem or to add negative numbers.
PA1  = Stores the associated numeric entry as a positive number. Can also be
      used to accomplish a preceding operation.
PAR  The circuitry schematically shown in FIG. 3 is intended for use with
      displays having the decimal point physically located on the right side of
      the display elements so that calculations will be displayed to the
      selected number of decimal places and lesser significant digits will be
      truncated.
PAR  It will be apparent that the electronic circuitry described above can be
      modified to obtain other desired results. It will also be apparent that
      various structural changes can be made in the calculator of the invention
      such as different positioning of the keys and the display read-out screen.
      In addition, the value setting and function keys can be assigned other
      values so that a mathematical result rather than an arithmetical result is
      obtained. Such changes and modifications are all considered to be within
      the knowledge of the skilled artisan and can be accomplished with the
      calculator of the invention, without departing from the scope and spirit
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic digital calculator comprising an elongated cylindrical
      tubular body; a plurality of input value setting keys mounted on and
      carried on the outer surface of said tubular body; a plurality of function
      keys mounted on and carried on the outer surface of said tubular body; a
      display readout screen mounted on said tubular body for visible scanning
      of the calculation being performed; an electronic chip housed within said
      tubular body and electrically connected to said value setting keys, said
      function keys, and said read-out screen; and, battery means housed within
      said tubular body for providing a source of electrical power to said
      electronic chip, said valve setting keys and said function keys being
      arranged on the outer surface of said tubular body such that they can be
      manually actuated by the fingers of one hand of a user while held in said
      hand.
NUM  2.
PAR  2. The calculator of claim 1 wherein the tubular body comprises a size and
      shape similar to a pen.
NUM  3.
PAR  3. The calculator of claim 1 wherein said tubular body includes a
      receptacle means for periodic recharging of said batteries.
NUM  4.
PAR  4. The calculator of claim 1 wherein said tubular body has a longitudinally
      flattened surface for placement of said calculator on a flat surface.
NUM  5.
PAR  5. The calculator of claim 4 wherein the tubular body comprises a size and
      shape similar to a pen.
NUM  6.
PAR  6. The calculator of claim 1 wherein said value setting keys and said
      function keys are mounted on the outer surface of said tubular body in two
      rows of longitudinally spaced keys, each of said rows being
      circumferentially spaced from each other with said display read-out screen
      disposed therebetween, said two rows and said read-out screen being
      parallel to the longitudinal axis of said tubular body.
NUM  7.
PAR  7. The calculator of claim 6 wherein said value setting keys and said
      function keys are slidably mounted on said tubular body such that said
      keys can be slidably actuated from an off position to one of two operable
      positions, each of said value setting keys being capable of inputting two
      different digital values, and each of said function keys being capable of
      performing two different functions when said value setting keys and said
      function keys are manually actuated by sliding them from their off
      positions to one of said two operable positions.
NUM  8.
PAR  8. The calculator of claim 7 wherein said value setting keys and said
      function keys are mounted to be manually actuated by sliding them
      longitudinally of said tubular body to one of two operable positions.
NUM  9.
PAR  9. The calculator of claim 7 wherein said value setting keys and said
      function keys are mounted to be manually actuated by sliding them
      arcuately of said tubular body to one of two operable positions.
NUM  10.
PAR  10. The calculator of claim 9 wherein the tubular body comprises a size and
      shape similar to a pen.
NUM  11.
PAR  11. The calculator of claim 6 wherein one of said rows of keys comprises
      four input value setting keys and the other of said rows of keys comprises
      one input value setting key and four function keys, said function keys and
      one of said value setting keys being spaced and arranged for manual
      actuation of the thumb of a user and the remainder of said value setting
      keys being spaced and arranged for manual actuation by the remaining four
      fingers on the same hand of the user.
NUM  12.
PAR  12. The calculator of claim 11 wherein said value setting keys collectively
      comprise a digital keyboard capable of inputting digital values from 0-9,
      inclusive, and said function keys collectively comprise a function
      keyboard capable of performing the functions of recall, correct error,
      clear, decimal point placement, addition, subtraction, division and
      multiplication.
NUM  13.
PAR  13. The calculator of claim 11 wherein support means are mounted on said
      tubular body adjacent the positions of the thumb, index finger, and little
      finger of the user when said calculator is held for use.
NUM  14.
PAR  14. The calculator of claim 11 wherein said tubular body has mounted
      thereon clip means for securing said calculator to and carrying said
      calculator in the pocket of a user.
NUM  15.
PAR  15. The calculator of claim 11 wherein said tubular body has housed therein
      writing means mounted such that said writing means can be mechanically and
      manually actuated.
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ABST
PAL  A greatly simplified calculator circuit implemented, for example, utilizing
      I.sup.2 L technology, is fabricated on a relatively small semiconductor
      chip resulting in high yield. A unique feature of such calculator which
      permits direct instruction compares while reducing the number of ROM
      instructions required and hence the size of the ROM to permit fabrication
      on the smaller chip is embodied in the present invention. The adder and
      adder input circuits allow a direct comparison of the contents of an
      addressed RAM word and the contents of the accumulator, a constant and the
      contents of the accumulator, or a constant and the contents of the RAM
      address register.
BSUM
PAR  This invention relates to calculators and, in particular, to digital
      electronic calculators fabricated as integrated circuit systems.
PAR  Integrated circuit technology has advanced to the stage where an entire
      calculator system is fabricated on a single chip of semiconductor material
      including all interface circuitry to an input keyboard, output drivers and
      display and power supply. These integrated circuit chips have been
      fabricated, for example, utilizing MOS technology and, more recently, CMOS
      technology. Reduction of cost in fabricating such integrated calculator
      systems is directly related to yield. Circuitry embodied in the calculator
      system of the present invention which is implemented utilizing injection
      logic I.sup.2 L technology is directly related to yield in that, by
      reducing the circuitry required to perform the calculator system function,
      the chip size is reduced by about 25% and hence the yield increased. The
      I.sup.2 L calculator system in addition provides for a lower operating
      voltage supply of 0.7 volt for the chip and 4.5 for the LED display and
      provides for the digit drivers to be provided on the single chip.
PAR  It is therefore an object of the present invention to provide a greatly
      simplified calculator circuit on a relatively small semiconductor chip.
PAR  It is another object of the invention to provide a semiconductor integrated
      circuit calculator system in higher yields than presently achieved.
PAR  It is still a further object of the invention to provide a bipolar
      injection logic I.sup.2 L integrated circuit calculator system.
PAR  Still another object of the invention is to provide direct instruction
      compares in a greatly simplified digital electronic calculator.
PAR  These and other objects are provided in accordance with an embodiment of
      the invention in which a greatly simplified calculator circuit is
      implemented, for example, utilizing injection logic I.sup.2 L technology.
      The integrated circuit calculator system is fabricated on a single
      relatively small semiconductor chip resulting in low cost and high yield.
      A unique feature of such calculator which permits direct instruction
      compares while reducing the number of ROM instructions required and hence
      the size of the ROM to permit fabrication on the smaller chip is embodied
      in the present invention. The adder and adder input circuits allow a
      direct comparison of the contents of an addressed RAM word and the
      contents of the accumulator, a constant and the contents of the
      accumulator, or a constant and the contents of the RAM address register.
DRWD
PAR  Still further objects and advantages of the invention will become apparent
      from the detailed description and claims when read in conjunction with the
      appended drawings wherein:
PAR  FIG. 1 is a perspective view of a digital electronic calculator employing
      the present invention;
PAR  FIG. 2 is a block diagram of a digital electronic calculator system
      embodying the present invention;
PAR  FIGS. 3A and 3B comprise a block diagram of the circuitry comprising the
      digital electronic calculator of FIG. 2;
PAR  FIGS. 4A-I form a detailed logic diagram of the calculator system; and
PAR  FIG. 5 is a circuit diagram of the digit and segment drivers employed in an
      embodiment of the calculator system.
DETD
PAR  This application discloses subject matter related to that disclosed and
      claimed in the following U.S. patent applications, all filed herewith and
      assigned to Texas Instruments Incorporated, the assignee of this
      invention: Ser. No. 527,505, 527,506, 527,507, 527,508, 527,509 and
      527,510, all filed on Nov. 26, 1974.
PAR  An example of a calculator employing the present invention is illustrated
      in FIG. 1. The calculator includes a display 12A which has, for example,
      seven or nine digit positions for the display of a sign and six or eight
      numeric characters, respectively, and a keyboard 11A comprised of numeric
      keys 0-9 and function keys such as plus, minus, multiply, divide, equal,
      clear, etc. The display 12A and keyboard 11A, as well as a power supply
      13A, comprised of batteries, for example, and a switch which couples the
      batteries to the integrated calculator system are shown in FIG. 2. The
      integrated calculator system 14A is preferably an I.sup.2 L integrated
      circuit system fabricated on a single semiconductor chip of relatively
      small size. The I.sup.2 L circuitry requires lower operating voltages than
      MOS or CMOS circuits. For example, the I.sup.2 L calculator circuits
      described herein require a system operating voltage of approximately .7
      volt and the LED display requires an operating voltage of approximately
      4.5 volts.
PAR  The calculator system is illustrated in greater detail with reference to
      the block diagram of FIG. 3 comprised of sections 3A and 3B and in still
      greater detail in the logic diagram of FIG. 4 comprised of sections 4A-I.
      Referring then to FIGS. 3 and 4, the calculator system is controlled by a
      programmed ROM 20A which is coupled to and addressed by program counter
      19A. Program counter 19A provides a 9-bit address BIT.sub.0 -BIT.sub.8 to
      the ROM 20A. The ROM, which in this embodiment, is a 512 word by 11 bit
      programmed memory with outputs I.sub.0 -I.sub.10, in conjunction with the
      other circuitry of the calculator system, causes the system to operate in
      a particular manner upon activation of each key or sequence of keys from
      keyboard 11A. An example of a ROM program for the calculator of FIG. 1 is
      described in Tables I and II.
PAR  A single set of digit lines D.sub.0 -D.sub.6 are utilized to multiplex the
      display and to scan the keyboard. During the normal display, every digit
      line D.sub.0 -D.sub.6 is scanned and every key input line K.sub.1 -K.sub.4
      is sensed by the key latch 17A. The key latch 17A is comprised of
      cross-coupled NAND gates 804 and 805 and receives inputs from the key
      input lines K.sub.1 -K.sub.4 via NAND gates 800, 1202 and 1203. By means
      of the instruction "test key" which is also fed into the universal
      condition latch 15A, at the end of every six digit times, the key latch is
      tested to determine whether a key is being actuated or not.
PAR  In order to compensate for key bounce which is typically about 8
      milliseconds, the ROM program causes testing of the key latch 17A three
      consecutive times to insure that a key is actually being actuated.
      Scanning at, for example, 72 instructions per cycle provides for
      approximately a 5 millisecond delay. After the key latch 17A has been
      tested for the third time, and it is determined that the key latch is
      still latched, the digit lines beginning with D.sub.6 are scanned and each
      K line is individually tested during each digit time until a positive test
      sets the universal condition latch 15A.
PAR  The universal condition latch 15A, comprised of cross-coupled NAND gates 60
      and 71, is a unique feature of the calculator system described herein. In
      prior art calculators, a condition latch was utilized to test the results
      of a compare operation and/or the carry from the arithmetic unit. The
      state of the universal condition latch disclosed herein is additionally
      set by the logical OR of up to four flags in the RAM after a test flag
      instruction, testing of the RAM for other purposes such as for all 0's,
      and testing the logical OR of the keyboard input lines K.sub.0 -K.sub.3
      after a test key instruction. These additional inputs provided to the
      universal condition latch circuitry 15A saves a large number of
      instructions and contributes to the smaller high yield chip where the
      calculator system is implemented as an integrated circuit. The universal
      condition latch will later be referred to with respect to the memory test,
      flag test, carry output, compare and other operations carried out
      utilizing the universal condition latch. Referring to FIG. 4, the key inpt
      lines K.sub.1 -K.sub.4 are coupled to the universal condition latch by
      means of NOT gates 810-813, 56-59, NAND gates 49-52, and NAND gate 53. The
      output of gate 53 is the logical OR of the key inputs K.sub.1 -K.sub.4 as
      controlled by gates 45, 46, 55 and 54.
PAR  A positive test determines which of the keys is actuated and the ROM causes
      the calculator to act according to the actuated key. For example, if a
      numerical key is being actuated, the condition latch 15A is set (in this
      particular instance to a 0) and the subroutine register 18A, by means of
      the branch and call logic 16A coupled to the universal condition latch
      15A, cause a branch to the number entry routine and enters the numbers,
      corresponding to the actuated key, in the next location in RAM 25A. Where
      the actuated key is a function key, the condition latch 15A is set to a
      logical 0 and the subroutine register branches to the particular routine
      to carry out the function for that actuated key. At digit time D.sub.1,
      the key latch is disabled and reset. As can be seen from the above
      description, utilization of the universal condition latch 15A and key
      latch 17A coupled to the key input lines K.sub.1 -K.sub.4 provides for
      less ROM lines to decode an actuated key. Utilization of the key latch
      avoids the necessity of testing each individual K line during each normal
      cycle. The use of the universal condition latch circuitry avoids the
      necessity of a programmed logic array which is utilized in prior art
      calculators in conjunction with additional programming.
PAR  The output of the condition latch circuitry 15A is connected to the branch
      and call logic circuitry 16A. The branch and call logic circuitry 16A
      includes gate 221 which circuitry determines whether the instruction is a
      branch or a call instruction and also checks the condition of condition
      latch 15A to determine whether it is set to a logical 1 or 0. If condition
      latch 15A is set to a logical 1 the branch or call is executed; if it is
      set to a logical 0 it is not executed. With condition latch 15A set to a
      logical 1, gate 897 is forced to input the instruction word ROM address
      BIT.sub.0 -BIT.sub.8 which is the new location to branch to or call to
      into the program counter 19A. The ROM instruction branch or call has two
      bits I.sub.9 and I.sub.10. A logical 1 in I.sub.10 determines that the
      instruction is a branch or a call instruction and a logical 1 in I.sub.9,
      in conjuction with a logical 1 in I.sub.10, determines that it is a call
      rather than a branch. If the instruction is a call instruction, then a
      logical 0 output is provided for gate 221; if it is a branch or a call, a
      logical 1 at the output of gate 229 and if it is a call, then a logical 1
      appears on ROM output line I.sub. 9 to the input of gate 13 along with the
      logical 1 from gate 229. Thus, under normal conditions each of the stages
      of the subroutine register 18A, comprised of a set of gates B.sub.1
      -B.sub.4 for each stage, is loaded with the information contained in a
      previous program counter stage comprised of a set of gates A.sub.1
      -A.sub.4 for each stage so that the next address from that contained in
      program counter 19A is normally being stored in subroutine register 18A.
      When a call occurs, the "load subroutine register" latch, comprised of
      gates 14 and 15, disables the normal loading of the subroutine register
      18A. A branch to the new location occurs and, at the same time, the
      address of the location that next would have been executed is saved in
      subroutine register 18A. Thus, in the call mode, the output of gate 14 is
      coupled to return gate 223. If a return instruction is decoded, then the
      output of gate 223 goes to a logical 0 and through paths 228 and 230
      forces the program counter to be set to the location stored in the
      subroutine register (via gate A.sub.6 on all stages). After that is
      accomplished, it allows the subroutine register to return to its normal
      state and begin loading a new address from the program counter 19A.
PAR  Every call after the initial call is treated as a branch by the called
      program in order to save words in the program. Thus, if a call appears
      within a call, the program returns to the initial return address; this is
      the same as a branch.
PAR  A power up clear latch 21A comprised of cross-coupled NAND gates 17 and 18
      are coupled to program counter 19A by means of gate 19 and program counter
      19A is coupled back to the power up clear latch 21A through reset NAND
      gate 16.
PAR  The power up clear latch is another unique feature of the disclosed
      calculator which provides power up clear to reset the calculator to a 0
      idle state when the calculator power, provided by power supply 13A, is
      initially switched on. The power up clear latch 21A disclosed herein is
      smaller and more reliable than the conventional open loop power up clear
      circuits which rely entirely on an RC time constant. Elimination of the
      relatively large capacitor and other associated circuitry contributes to
      the fabrication of the present system on the smaller semiconductor chip.
      The power up clear latch comprised of cross-coupled gates 17 and 18 forces
      the input to the program counter 19A at the output of gate 19 to a logical
      1. This causes program counter 19A to increment. When an initial logical
      state is reached, as indicated by the output of the program counter (in
      this embodiment all logical 1's), the logical NAND gate 16 coupled to the
      program counter outputs causes the power up clear latch to be reset.
PAR  In the preferred I.sup.2 L embodiment, the gates A13 and 18 automatically
      and accurately power up low (logical 0) when the power is turned on. This
      is accomplished by increasing the size of the injectors of gates A13 and
      18 relative to those of 14 and 17. The injectors are made larger by
      approximately a factor of 4 so that when the power is turned on, the
      output of gate 18 is a logical 0, the output of gate 19 is a logical 1,
      and each stage of the program counter will, in turn, change to a logical
      1. In other MOS or bipolar embodiments, a relatively small capacitor may
      be utilized in lieu of the enlarged gates to power the gates up in a
      particular logic state. When all of the stages of the program counter have
      changed to logical 1's, gate 16 resets the latch comprised of gates 17 and
      18 on the next phase 2 clock pulse and the ROM address is set at an
      initial IFF ready to accept the first key entry.
PAR  Flag data stored in random access memory 25A is tested by flag test
      circuitry 22A comprised of NAND gates 40-44. Gates 40-43 provide the
      logical OR of up to four flags at the output of gate 44 which is utilized
      to set the condition of universal condition latch 15A after a test flag
      instruction. NAND gate 44 is coupled to condition latch gates 60-71 by
      means of gates 47 and 53. Gate 47 is enabled by the decoding of a test
      flag instruction from ROM outputs to gates 45-47.
PAR  Random access memory 25A, in this particular embodiment, is 28 locations by
      4 bits addressed by a 5-bit address word provided by means of address
      selector 26A. The address selector 26A is a unique feature of the
      calculator system described herein in that both direct and indirect RAM
      addressing is provided while the number of ROM instructions required for
      calculator operation is reduced. Thus, by reducing the number of ROM
      instructions required, the direct and indirect addressing feature
      contributes to a reduced size of the ROM to permit fabrication on the
      smaller semiconductor chip. Address selector 26A includes inputs RA.sub.0
      -RA.sub.3 from the RAM address register 33A to apply the address stored in
      the RAM address register to an input of NAND gates 192, 189, 186 and 183.
      The first four bits of the instruction word from ROM 20A is applied to an
      input of NAND gates 190, 188, 184 and 182. NAND gates 191, 187, 185 and
      181 provide the first four bits of the RAM address as either the contents
      of the RAM address register 33A or the first four bits of the instruction
      (I.sub.0 -I.sub.3) contained in the addressed ROM word depending upon the
      logical state of the seventh (I.sub.6) bit of the instruction word
      contained in the ROM. The state of instruction bit I.sub.6 enables either
      the set of gates 192, 189, 186 and 183 or the set of gates 190, 188, 184
      and 182. The fifth bit of the RAM address is always provided by the fifth
      bit (I.sub.4) of the ROM instruction word.
PAR  Indirect addressing, that is, enabling RAM address selector 26A to select
      the address from RAM address register 33A, is particularly useful for
      register type adds or shifts where it is desired to use the exact same
      instruction from the ROM but with the address of the RAM incremented by
      one so as to perform the exact same function to each of a series of digits
      by incrementing from digit to digit. Thus, for example, a particular
      operation such as adding digits or shifting may be accomplished by
      initializing the RAM address to 0, performing the function on digit 0,
      incrementing the RAM address register and then testing to determine if the
      RAM address register has reached the last digit (for example, digit 7). If
      the RAM address register does not contain a 7, the operation is performed
      on the addressed digit (which in this case would be digit 1). The digit is
      then incremented, tested for last digit, function performed, incremented,
      etc. Direct addressing, on the other hand, provides for addressing of the
      RAM by the permanently stored contents of the first five bits of the ROM
      instruction. By the use of a single location in the ROM, an operation is
      performed on eight or nine different digits, for example, providing in
      essence the equivalent of eight or nine different instructions. By
      utilization of the indirect addressing feature, the number of ROM
      instructions is thereby decreased. Additionally, the direct addressing is
      directly from the ROM without disturbing the contents of RAM address
      register 33A. A location does not have to be extracted from the ROM and
      loaded into the RAM address register to indirectly address the RAM 25A by
      means of RAM address register 33A as is done in some prior art
      calculators. Testing operations are therefore conveniently carried out by
      utilization of the direct addressing feature. For example, while the RAM
      address register is incrementing from digit to digit, the ROM word may be
      utilized to directly address some known location like the location of the
      first digit without disturbing the contents of the RAM address register.
      The contents of the RAM address register does not have to be temporarily
      stored, reset and restored.
PAR  A further example of the use of the direct and indirect addressing feature
      is illustrated with respect to the multiply routine in which the final
      digit is checked and a binary one is continually subtracted from the least
      significant digit in the multiplier and the multiplicand is continually
      added to the partial product. Once the least significant digit becomes a
      0, the partial product multiplicand and multiplier are shifted and the
      operation continues on the next digit with the adding of the multiplicand
      to the partial product. Each time the least significant digit of the
      multiplier is to be checked, the least significant digit is directly
      addressed without affecting the contents of the RAM address register 33A
      from which a one is continually being subtracted. In division, a one is
      continually added to the quotient and, as long as the dividend can be
      subtracted from the divisor, directly puts the result in the accumulator,
      adds one to it, and returns the result without changing any of the address
      selects.
PAR  The direct and indirect addressing feature is also particularly useful in
      the display cycle, saving additional ROM memory locations. During the
      display cycle, in order to light up the decimal point, for example, the
      condition latch 15A is set to a particular logical level (logical 0) and
      two instructions take place before a load output. With direct addressing,
      the digit being scanned is stored in the accumulator, compared to the
      decimal point value, which value is determined by directly addressing the
      memory at the decimal point location, and on the next instruction taking
      the next digit to be displayed in the particular D time by indirectly
      addressing RAM 25A from the RAM address register 33A and storing the digit
      in the accumulator. On the next instruction "load output" the correct D
      time is stored in RAM address register 33A and the correct digit has been
      loaded in accumulator register 34A.
PAR  Another unique feature of the calculator system is the particular structure
      of the adder 30A. The adder 30A is comprised of four 1-bit adders 32A-D.
      Each 1-bit adder includes first and second half adder stages as shown in
      FIG. 4G. The first half adder stage of first 1-bit adder section 32A is
      comprised of NOT gate 103 which receives the first A input bit from A
      input selector 27A, NOT gate 108 which receives the first B input bit from
      B input selector 28A, NAND gates 104-106 which add the first A input bit
      to the first B input bit, and NOT gate 107 which transfers the carry to
      the second half adder stage of second 1-bit adder 32B. In this particular
      embodiment, first adder section 32A does not include a second half adder
      stage and the output from NAND gate 106 is applied directly to an output
      latch comprised of NOT gate 602 and NAND gates 194-197 which store the
      adder output during a phase 1 clock pulse. A carry input is omitted
      because it eliminates about six gates thereby contributing to the reduced
      size of the semiconductor chip. The input carry function is provided by
      the ROM instruction which adds a one to any constant of the accumulator
      when it is loaded. The first half adder stage of second 1-bit adder
      section 32B is comprised of NOT gate 109 which receives the second A input
      bit from A input selector 27A, NOT gate 117 which receives the second B
      input bit from B input selector 28A, NAND gates 110-112 which add the
      second A input bit to the second B input bit, and NAND gate 141 which
      transfers the C.sub.2 carry to the second half adder stage of third 1-bit
      adder section 32C. The second half adder stage of second 1-bit adder
      section 32B includes NAND gates 142-143 and NOT gates 145 and 146 which
      add the C.sub.1 carry applied from NOT gate 107 of first adder section 32A
      when NAND gate 147 is enabled in accordance with the logical state of
      instruction bit 5(I.sub.5) from ROM 20A. The first half adder stage of
      third 1-bit adder section 32C is comprised of NOT gate 116 which receives
      the third A input bit from A input selector 27A, NOT gate 118 which
      receives the second B input bit from B input selector 28A, NAND gates
      113-115 which add the third A input bit and the third B input bit and NAND
      gate 134 which transfer the C.sub.4 carry bit to the second half adder
      stage of fourth 1-bit adder section 32D. The second half adder stage of
      third adder section 32C is comprised of gates 135-139 which add the
      C.sub.2 carry applied from NAND gate 141 of second adder section 32B when
      NAND gate 140 is enabled in accordance with the logical state of
      instruction bit 5 as discussed with respect to NAND gate 147. The first
      half adder stage of fourth 1-bit adder section 32D includes NOT gate 119
      for receiving the fourth A input bit from A input selector 27A, NOT gate
      123 for receiving the fourth B input bit from B input selector 28A, NAND
      gates 120-122 for adding the fourth A and B input bits, and NAND gate 124
      for generating the C.sub.8 carry output. The second half adder section of
      fourth adder section 32D is comprised of gates 128-133 which add the
      C.sub.4 carry from adder section 32C. NAND gate 133 is enabled in
      accordance with the logical state of instruction bit 5 from ROM 20A and
      operates in the same manner as gates 140 and 147. The output latch of
      adder sections 32B-D are identical to the output latch of section 32A.
      Thus, adder 30A comprised of sections 32A-D including carry C.sub.1 from
      section 32A to 32B carry C.sub.2 from section 32B to 32C and carry C.sub.4
      from section 32C to 32D when a logical 1 enable signal is applied to NAND
      gates 133, 140 and 147 by instruction bit 5 from ROM 20A. If instruction
      bit 5 is a logical 0 NAND gates 133, 140 and 147 disable the carries from
      adder section to adder section so that the adder sections 32A-32D operate
      as individual non-carry 1-bit adders. In this manner, adder 30A
      selectively functions dually as a multi-bit word adder and also as a
      plurality of single bit adders. The dual function adder is utilized, for
      example, to perform bit operations for us in flagging and 2' s complement
      addition for subtraction operation as well as normal multi-bit word
      addition. With the carry disabled, a 1 can be added to any bit without
      having it carry bit to bit so that selected bits are toggled individually
      by adding 1 to those bits. Flags are toggled in this manner. For example,
      utilizing indirect addressing, a particular RAM address is selected by RAM
      address register 33A. The RAM data applied to the A input selector 27A is
      added to selected binary 1' s from first four bits of the ROM instruction
      word applied through B input selector 28A with the carry disabled by
      instruction bit 5 to selectively and individually toggle one or more
      flags. The altered RAM flag data is then returned to the RAM at the same
      address without the contents of the accumulator being altered.
PAR  Disabling of the carry is also utilized in this embodiment to perform
      subtraction utilizing 2's complement as indicated above. In order to
      generate the 2's complement of the data in the accumulator, a numerical 15
      from a ROM instruction at the A input selector 27A is added to the
      contents of the accumulator transferred through B input selector 28A with
      carry enable gates 133, 140 and 147 disabled by bit 5 of the instruction.
      In this manner every bit of the accumulator is toggled and a one is added
      to the results to obtain the 2's complement. Feedback of the complement of
      the accumulator and the carry is not required thereby reducing the number
      of interconnects and selector gates on the front end of the adder and
      contributing to the smaller sized chip. Adder 30 also includes NAND gate
      148 for performing a compare of the outputs from the first adder stages to
      generate a C compare output to condition latch 15A.
PAR  As previously mentioned, there are A and B inputs to the adder with the A
      input provided by A input selector 27A and the B input provided by B input
      selector 28A. A input selector 27A selects as the A input to adder 30A
      either the 4-bit data from the RAM (MEM1, MEM2, MEM4, MEM8) or the first
      four bits of the ROM instruction (I.sub.0 -I.sub.3) depending upon the
      state of instruction bit 7. The A input selector is comprised of NAND
      gates 100-102 for selection of the first bit, NAND gates 97-99 for
      selection of the second bit, NAND gates 94-96 for selection of the third
      bit, and 91-93 for selection of the fourth bit to adder 30. B input
      selector 28A selects as the B input to adder 30A either the 4-bit output
      of RAM address register 33A (RA.sub.0 -RA.sub.3) or the four bits of
      accumulator 24A (ACC.sub.1, ACC.sub.2, ACC.sub.4, ACC.sub.8) depending
      upon the logical states of ROM bits 6 and 7 to NAND gate 180 to NOT gate
      179. The input selector 28A includes NAND gates 167-169 for selection of
      the first bit, NAND gates 170-172 for selection of the second bit, NAND
      gates 173-175 for selection of the third bit and 176-178 for selection of
      the fourth bit to adder 30.
PAR  Zero selector 29A comprised of NAND gates 163-166 couples B input selector
      28A to the B inputs of adder 30A. The zero selector provides for the
      generation of all zeros at the B adder inputs in order to load a constant
      from the ROM by means of A input selector 27A to the A adder inputs. The
      zeros are generated when the instruction bit 9 to gates 163-166 is a
      logical 1.
PAR  The 4-bit output Y from adder 30A, which does not include the carry output
      C.sub.8, is stored in either RAM address register 33A or accumulator
      register 34A. In general, RAM address register 33A is utilized to store
      RAM addresses as previously discussed with respect to indirect addressing.
      Four identical sections are provided, one corresponding to each of the
      adder sections, to store the 4 bits. Each of the sections is comprised of
      a latch such as that provided by cross-connected NAND gates 199 and 200
      shown for the first section and input gates such as NAND gates 198 and 201
      also shown only for the first section. The input gates 198-201, etc. are
      controlled by the load address register enable signal (LDR) generated by
      instruction decoder NAND gates 149-151. Decoder NAND gates 149-151 decode
      selected bits from the instruction word and generate the LDR enable signal
      so that the adder output is loaded into RAM address register 33A for
      instructions which cause the calculator system to operate on RAM
      addresses. The outputs RA.sub.0 -RA.sub.3 of RAM address register 33A are
      coupled to RAM address selector 26A for providing the RAM address to RAM
      25A when indirect addressing is selected by instruction bit 6 to RAM
      address selector 26A. The outputs RA.sub.0 -RA.sub.3 are also fed back to
      B input selector 28A to adder 30A so that the RAM address may be
      selectively incremented by the adder. The output bits from the four adder
      sections 32A-32D are also coupled to accumulator register 34A as indicated
      above for storing all other data received from the adder. Each section of
      accumulator register 34A is identical and comprised of two cross-coupled
      NAND gates such as 203 and 204 shown only for the first section and two
      input gates such as 202 and 205 also shown only for the first section. The
      input gates 202 and 205 transfer the data from the adder outputs to the
      latch as controlled by the load accumulator enable signal (LDA)
      transferred from decoder NAND gate 814, 125 and 126 up to the gates 202,
      205, etc. by means of NOT gates 127. The decoder gates 814, 125 and 126
      are coupled to and decode selected bits of the ROM instruction so that the
      input gates of the accumulator are enabled for all instructions requiring
      the adder output to be stored in the accumulator register 34A. The output
      bits ACC.sub.1, ACC.sub.2, ACC.sub.4 and ACC.sub.8 from accumulator
      register 34A are coupled to the corresponding bits of the RAM data input
      (BIT1, BIT2, BIT4 and BIT8, respectively) for the storage of data in RAM
      25A. The accumulator outputs ACC.sub.1, ACC.sub.2, ACC.sub.4 and ACC.sub.8
      are also fed back to adder 30A by means of B input selector 28A so that
      additional operations are carried out on data stored in accumulator
      register 34A by adder 30A.
PAR  The ACC.sub.1, ACC.sub.2, ACC.sub.4 and ACC.sub.8 accumulator register
      outputs are also coupled to segment decoder 35A. Segment decoder 35A is
      illustrated in detail in FIG. 4C as a programmed logic array which accepts
      the 4-bit binary or binary coded decimal output of accumulator register
      34A, stores it in latches and converts it to one of, for example, seven
      segments SA-SG. The SH or DP output is provided for the decimal point. The
      segment decoder of the illustrated embodiment is unique in that the
      segment outputs are latched at the input to the programmed logic array.
      Latching of the segments allows the display to be continuous during the
      time in which the calculator is performing other operations. Latching of
      the decoder at its input rather than at its output reduces the number of
      gates and latches required to perform the function thereby contributing to
      the smaller size of the higher yield semiconductor chip. NAND gates 870,
      873 and NOT gate 874 input the first bit from the accumulator which is
      stored in the first latch comprised of cross-coupled NAND gates 871 and
      872. Gates 870A-874A provide the same function for the second bit, gates
      870B-874B for the third bit, and gates 870C-874C for the fourth bit. The
      output section is comprised of NAND gates 829-846 with inverter drivers
      S.sub.1 -S.sub.17 for the segment outputs SA-SH.
PAR  Digit scanning is provided in the present embodiment by the output state of
      the three output bits RA.sub.0 -RA.sub.2 of RAM address register 33A which
      is decoded by digit decoder 36A. Digit decoder 36A stores the three bits
      and decodes them into one of six, seven or eight unique digit output
      signals D.sub.0 -D.sub.6. The first bit from the RAM address register is
      input to NAND gate 870F and NOT gate 874F to NAND gate 874F and stored in
      the latch comprised of cross-coupled NAND gates 871F and 872F. Gates
      870E-874E provide the same function for the second bit and gates 870D-874D
      for the third bit. The latches allow a digit output to be on while the
      calculator is performing other operations and are provided for the same
      reason as the input latches to the segment decoder 35A. NAND gates 817-825
      and 847-848 provide the unique digit line outputs from the digit decoder
      36A to the inverter drivers 1D-21D for digit outputs D.sub.0 -D.sub.6.
PAR  In the preferred I.sup.2 L single chip integrated circuit embodiment of the
      described calculator system, the inverter drivers 1S-17S and 1D-21D are of
      the grounded emitter type. The segment drivers 8S-14S and 17S are shunt
      type drivers as illustrated in FIG. 5. Each of the light emitting diode
      segments of each digit such as L.sub.1 is coupled to the digit line
      associated with that particular digit D.sub.0, D.sub.1, D.sub.2, etc. and
      to the common segment line for that particular segment SA, SB, SC, etc.
      The digit drivers 15D, 16D, 17D, etc. each include an emitter grounded
      transistor Q.sub.2. The segment drivers 8S, 9S, 10S, etc. each include an
      emitter grounded transistor Q.sub.1, a shunt resistor R.sub.2 and a load
      resistor R.sub.1 with load resistor R.sub.1 coupled to power supply 13A
      (VCC). To turn off the segment, transistor Q.sub.1 pulls the voltage down
      at node N.sub.1 to the point where the light emitting diode L.sub.1 is not
      forward biased. It required more current to keep the light emitting diode
      L.sub.1  turned off than it does to drive the diode L.sub.1. In accordance
      with the described embodiment, in order to reduce the current drawn by
      those drivers for which the segment is turned off, whenever all segments
      of a particular digit are blank, the digit driver is turned off (even if
      it would otherwise be time for that particular digit to be on) and all of
      the segment drivers are turned off. In that manner, no current flows
      through resistors R.sub.1 and R.sub.2 because the digit is off and the
      segment driver is off thereby conserving a considerable amount of power
      for blank digits.
PAR  With the above scheme, for blank digits, all segments are allowed to be on
      but the digit line turned off, instead of the normal mode in which the
      digit line is turned on and the segments are turned off. Without the digit
      outputs D.sub.0 -D.sub.6 being turned on for the blanked digits, the
      keyboard 11A is checked only by means of the special automatic blanking
      circuit of 38A. The automatic blanking circuit switches back to the normal
      mode for one half of an instruction cycle out of 12, for example,
      instruction cycles per D (digit) time for the key input to be tested.
PAR  The autoblanking, minus sign and decimal point latch circuitry 38A is shown
      on FIG. 4B and provides several unique functions for the calculator. The
      segment decoder, in addition to decoding the segments, decodes a 15 (1111)
      to determine whether the digit is blank and generates a BLANK signal to
      NAND gate 910 of automatic blanking circuit 38A. A disable latch comprised
      of NAND gates 887 and 888 is controlled by the BLANK signal to NAND gate
      910 and also by inputs from NAND gates 889, 890 and 1202. A disable signal
      is applied to NAND gate 815 and NOT gate 816 by the disable latch to block
      all segment outputs SA-SG at the output side of the segment decoder PLA
      and block all digit outputs D.sub.1 -D.sub.6 at the output side of the
      digit decoder PLA thereby providing blank digits to the display 12A in the
      minimum power mode.
PAR  Gates 890 and 891 decode selected instruction bits and gate 889 detects a
      phase 1 clock pulse (.phi..sub.1) so that on the first phase 1 clock pulse
      of a load output instruction the digit line is activated as in the normal
      mode and all segment outputs are forced to their load state so that the
      display is blank for a blank digit due to the segments being blank. During
      this same half clock pulse, the key latch comprised of NOT gate 802 and
      NAND gates 803-805 is enabled to be set if a key is actuated. Then, at the
      phase 2 clock pulse which is detected by one input of NAND gate 910, if
      the digit is not D.sub.6 (indicating a possible minus sign) and the digit
      is a blank as indicated by the BLANK signal, the output of gate 910 causes
      latch 887, 888 to shut off all of the digit and segment outputs so that
      the drivers are drawing no current for the next 11 instruction cycles to
      take place during the particular D time.
PAR  Circuitry 38A also includes a minus sign latch comprised of NAND gates
      893-901 which is set by negative numbers and a decimal point latch
      comprised of NAND gates 902-905.
PAR  NAND gates 806-808, 822, 24, 26, and 28 provide means for directly
      outputting the contents of RAM 25A, condition latch 17 and ROM instruction
      bits 8-10 via digit decoder gates 848-853 for test purposes. This is
      accomplished by providing a test enable signal (T) to terminal T.sub.14.
      In a like manner, the test enable signal enables gates 840-846 of segment
      decoder 35A to output ROM instruction bits 0-7 for test purposes.
PAR  The I.sup.2 L calculator system as described above is controlled by a two
      phase clock system provided by oscillator 40A. The oscillator is comprised
      of inverter gates C1-C25, NAND output gates C27 and C28, and output
      inverter gates C29-C34. The inverter gates C1-C25 are an odd number so
      that the logic level of gate C27, for example, goes to one at the input
      from gate C1 when the pulse is at gate C1. When the pulse reaches gate
      C14, gate C27 is switched to zero. The pulse continues to travel around
      the loop to gate C1 again and gate C27 is switched back to a logical 1
      thereby providing clock pulses of phase 1 (.phi..sub.1). Gate C28 which
      operates in a similar manner is out of phase with the first phase clock
      pulses, receiving its input from gates C2 and C7 to produce the clock
      pulses of the second phase (.phi..sub.2).
PAR  As mentioned previously, the calculator system operates in accordance with
      a program stored in ROM 20A. The instruction set for the illustrated
      embodiment of the calculator system is given in Table I. An example of a
      specific program for the four function calculator illustrated in FIG. 1 is
      given in its entirety in Table II.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     INSTRUCTION SET                                                           
     ROM CODE                                   Action and                     
     Mnemonic                                                                  
          I.sub.10                                                             
              I.sub.9                                                          
                 I.sub.8                                                       
                    I.sub.7                                                    
                       I.sub.6                                                 
                           I.sub.5                                             
                              I.sub.4                                          
                                  I.sub.3                                      
                                     I.sub.2                                   
                                        I.sub.1                                
                                           I.sub.0                             
                                                Description                    
     __________________________________________________________________________
     AKRA 0   1  0  0  1   1  1   K.sub.8                                      
                                     K.sub.4                                   
                                        K.sub.2                                
                                           K.sub.1                             
                                              K+RAMAD  RAMAD -                 
                                              A four bit constant K.sub.8      
                                              -K.sub.1                         
                                              is added to the contents         
                                              RA3-RA0 of RAM address           
                                              register 33A and the results     
                                              stored in register 33A. If       
                                              a carry output (C8) is pro-      
                                              duced condition latch 15A        
                                              is set to 0 for one instruction  
                                              cycle.                           
     AKAC 0   1  0  0  0   CE 0   K.sub.8                                      
                                     K.sub.4                                   
                                        K.sub.2                                
                                           K.sub.1                             
                                              K+ACC  ACC - A four bit          
                                              constant K.sub.8 -K.sub.1 is     
                                              added to                         
                                              the contents ACC.sub.8 -ACC.sub.1
                                              1                                
                                              of accumulator register 34A      
                                              and the results stored in        
                                              register 34A. CE is adder        
                                              carry enable; 1 = enable.        
                                              If a carry (C8) is produced      
                                              condition latch 15A is set       
                                              to 0 for one instruction         
                                              cycle.                           
     CKRA 0   1  1  0  1   0  0   K.sub.8                                      
                                     K.sub.4                                   
                                        K.sub.2                                
                                           K.sub.1                             
                                              K=RAMAD - A four bit             
                                              constant K.sub.8 -K.sub.1 is     
                                              compared                         
                                              to the contents of RAM           
                                              address register 33A. If         
                                              they compare (C) condition       
                                              latch 15A is set to 0 for one    
                                              instruction cycle.               
     CKAC 0   1  1  0  0   0  0   K.sub.8                                      
                                     K.sub.4                                   
                                        K.sub.2                                
                                           K.sub.1                             
                                              K=ACC - A four bit constant      
                                              K.sub.8 -K.sub.1 is compared to  
                                              the                              
                                              contents of accumulator          
                                              register 34A. If they com-       
                                              pare (C) condition latch         
                                              15A is set to 0 for one          
                                              instruction cycle. LKRA 0 0 0 0 1
                                              10 1 K.sub.8 K.sub.4 K.sub.2 K.su
                                              b.1 K  RAMAD - A four bit        
                                              constant K.sub.8 -K.sub.1 is     
                                              stored                           
                                              in RAM address register          
                                              33A.                             
     LKAC 0   0  0  0  0   0  0   K.sub.8                                      
                                     K.sub.4                                   
                                        K.sub.2                                
                                           K.sub.1                             
                                              K  ACC - A four bit con-         
                                              stant K.sub.8 -K.sub.1 is stored 
                                              in                               
                                              accumulator register 34A.        
     LKAR 0   0  0  0  1   1  1   K.sub.8                                      
                                     K.sub.4                                   
                                        K.sub.2                                
                                           K.sub.1                             
                                              K  RAMAD; K  ACC -               
                                              A four bit constant K.sub.8      
                                              -K.sub.1                         
                                              is stored in both RAM            
                                              address register 33A and         
                                              accumulator register 34A.        
                                              MEM+ACC  ACC                     
     AMAC 0   1  0  1  ADS 1  R.sub.16                                         
                                  R.sub.8                                      
                                     R.sub.4                                   
                                        R.sub.2                                
                                           R.sub.1                             
                                              The contents of RAM 25A          
                                              at a specified address is        
                                              added to the contents of         
                                              accumulator register 34A         
                                              and the results are stored       
                                              in register 34A. If a            
                                              carry (C8) is produced           
                                              condition latch 15A is set       
                                              to 0 for one instruction         
                                              cycle. *The specified            
                                              address is R.sub.16 -R.sub.1 if  
                                              ADS                              
                                              is 1 (direct address) or         
                                              R.sub.16, RA3-RA0 if ADS is      
                                              0 (indirect address).            
     CMAC 0   1  1  1  ADS 0  R.sub.16                                         
                                  R.sub.8                                      
                                     R.sub.4                                   
                                        R.sub.2                                
                                           R.sub.1                             
                                              MEM=ACC - The contents           
                                              of RAM 25A at a specified        
                                              address* is compared to          
                                              the contents of accumulator      
                                              register 34A. If they com-       
                                              pare (C) condition latch         
                                              15A is set to 0 for one          
                                              instruction cycle.               
     MTOA 0   0  0  1  ADS 0  R.sub.16                                         
                                  R.sub.8                                      
                                     R.sub.4                                   
                                        R.sub.2                                
                                           R.sub.1                             
                                              MEM  ACC - The contents          
                                              of RAM 25A at a specified        
                                              address* is stored in            
                                              accumulator register 34A.        
     ATOM 0   1  1  1  ADS 1  R.sub.16                                         
                                  R.sub. 8                                     
                                     R.sub.4                                   
                                        R.sub.2                                
                                           R.sub.1                             
                                              ACC  MEM - The con-              
                                              tents of accumulator             
                                              register 34A is stored in        
                                              RAM 25A at a specified           
                                              address*.                        
     EXAM 0   0  0  1  ADS 1  R.sub.16                                         
                                  R.sub.8                                      
                                     R.sub.4                                   
                                        R.sub.2                                
                                           R.sub.1                             
                                              MEM ACC - The con-               
                                              tents of accumulator             
                                              register 34A and the con-        
                                              tents at a specified             
                                              address* of RAM 25A are          
                                              exchanged.                       
     MTRA 0   0  1  1  ADS 0  R.sub.16                                         
                                  R.sub.8                                      
                                     R.sub.4                                   
                                        R.sub.2                                
                                           R.sub.1                             
                                              MEM  RAMAD - The                 
                                              contents of RAM 25A at           
                                              a specified address* is          
                                              stored in RAM address            
                                              register 33A.                    
     BRNC 1   0  A.sub.8                                                       
                    A.sub.7                                                    
                       A.sub.6                                                 
                           A.sub.5                                             
                              A.sub.4                                          
                                  A.sub.3                                      
                                     A.sub.2                                   
                                        A.sub.1                                
                                           A.sub.0                             
                                              BRANCH if condition latch        
                                              is equal to 1. A.sub.8 -A.sub.0  
                                              is                               
                                              the branch address.              
     CALL 1   1  A.sub.8                                                       
                    A.sub.7                                                    
                       A.sub.6                                                 
                           A.sub.5                                             
                              A.sub.4                                          
                                  A.sub.3                                      
                                     A.sub.2                                   
                                        A.sub.1                                
                                           A.sub.0                             
                                              CALL if condition latch is       
                                              equal to 1. A.sub.8 -A.sub.0 is  
                                              the                              
                                              call address.                    
     RETN 0   0  1  0  1   1  0   0  0  0  0  RETURN if in CALL mode,          
                                              otherwise NO-OP.                 
     TSTF 0   0  1  0  0   0  R.sub.16                                         
                                  F.sub.4                                      
                                     F.sub.3                                   
                                        F.sub.2                                
                                           F.sub.1                             
                                              Test Flag - F.sub.4 -F.sub.1     
                                              are                              
                                              flag test select bits. A         
                                              flag test is performed on        
                                              each bit of a RAM word           
                                              at a specified location          
                                              for which the select bit         
                                              is a 1. Any bit or the           
                                              logical OR of any com-           
                                              bination of bits selected        
                                              by the flag test select          
                                              bits of the addressed            
                                              RAM word are tested.             
                                              The specified location           
                                              is, in this instance,            
                                              always the indirect              
                                              address R.sub.16, RA3-RA0.       
     TSTK 0   0  1  0  1   0  0   K.sub.4                                      
                                     K.sub.3                                   
                                        K.sub.2                                
                                           K.sub.1                             
                                              Test Key Line -                  
                                              K.sub.4 -K.sub.1                 
                                              are the key line select          
                                              bits. Any key line can           
                                              be tested. If the test is        
                                              true, condition latch 15A        
                                              remains 1. For a special         
                                              TSTK instruction (TSTKF)         
                                              in which I.sub.3 -I.sub.0 =      
                                              1111, the                        
                                              key latch is checked. If         
                                              the key latch is set to 1,       
                                              it indicates a key being         
                                              detected since the last          
                                              TSTKF instruction and            
                                              condition latch 15A is           
                                              set to 0 for one instruc-        
                                              tion cycle.                      
     LOUT 0   0  1  0  1   1  1   1  0  0  0  Load Outputs                     
     SMIN 0   0  1  0  1   1  0   1  0  0  0  Set Minus Sign                   
     __________________________________________________________________________
                                              Latch                            
      ##SPC1##
      ##SPC2##
PAR  A calculator system embodying the present invention has now been described
      in detail. It is anticipated that various modifications may be made to the
      described system such as increasing its bit capacity, modifying,
      increasing, or decreasing the instruction set given by way of example in
      Table I in order to perform other functions and/or modifying, increasing
      or decreasing the specific program steps stored in ROM 20A as given by way
      of example in Table II in order to cause the system to operate in a
      different manner.
PAR  In addition, the preferred embodiment has been described as utilizing
      I.sup.2 L circuitry; however, it is contemplated that one of ordinary
      skill in the art could easily fabricate the same circuitry utilizing other
      bipolar technology, metal insulator semiconductor technology, CMOS
      technology, etc.
PAR  Since it is obvious that many additional changes and modifications can be
      made in the above described details without departing from the nature and
      spirit of the invention, it is understood that the invention is not to be
      limited to said details except as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic calculator system having data storage means, an
      arithmetic unit including first and second input means and first and
      second cascaded half adder stages for performing operations on data
      applied to said input means and control circuitry including addressable
      instruction storage means for providing multi-bit commands at its output
      which define the operation of the system, a circuit arrangement for
      directly comparing selected bits of said instruction storage means with
      resultant data from said arithmetic unit comprising:
PA1  a. comparison means in said first half adder stage of said arithmetic unit
      coupled to the first and second input means for comparing data applied to
      said first input means with data applied to said second input means and
      generating a condition signal indicative of the results of the compaison;
PA1  b. means coupling first selected bits of a multi-bit command at the output
      of said instruction storage means directly to said first input means of
      said arithmetic unit;
PA1  c. register means coupled to the second half adder stage of said arithmetic
      unit for receiving data from said arithmetic unit;
PA1  d. means coupling said register means to the second input means of said
      arithmetic unit; and
PA1  e. means coupled to second different selected bits of said multi-bit
      command at the output of said instruction storage means for controlling
      said comparison means to compare said first selected bits to the contents
      of said register means in accordance with a compare command defined by
      said second selected bits.
NUM  2.
PAR  2. The circuit arrangement according to claim 1 wherein said instruction
      storage means is a read only memory.
NUM  3.
PAR  3. The circuit arrangement according to claim 1 wherein said register means
      is an accumulator register for storing resultant data.
NUM  4.
PAR  4. The circuit arrangement according to claim 1 wherein said register means
      is an address register for defining addresses to said data storage means.
NUM  5.
PAR  5. The circuit arrangement according to claim 1 including a condition latch
      coupled to said comparison means wherein said condition signal sets said
      condition latch in accordance with the results of said comparison.
NUM  6.
PAR  6. The circuit arrangement according to claim 5 including program counter
      means for generating addresses of said instruction storage means and
      branch logic means responsive to said control circuitry and to the state
      of said condition latch for causing branch addresses to be generated in
      said program counter means.
NUM  7.
PAR  7. The circuit arrangement according to claim 6 including subroutine
      register means for storing return addresses.
NUM  8.
PAR  8. In an electronic calculator system having addressable data storage
      means, an arithmetic unit having first and second input means for
      performing operations on data applied to said input means and control
      circuitry including addressable instruction storage means for providing
      multi-bit commands at its output which define the operation of the system,
      a circuit arrangement for directly comparing the contents of an addressed
      word of said data storage means with data from said arithmetic unit
      comprising:
PA1  a. first register means coupled to said arithmetic unit for storing
      indirect addresses generated in said arithmetic unit;
PA1  b. second register means coupled to said arithmetic unit for storing
      resultant data from said arithmetic unit;
PA1  c. comparison means coupled to the first and second input means of said
      arithmetic unit for comparing data applied to said first input means with
      data applied to said second input means and generating a condition signal
      indicative of the results of the comparison;
PA1  d. means coupling said second register means to the first input means of
      said arithmetic unit;
PA1  e. means coupling said data storage means to the second input means of said
      arithmetic unit;
PA1  f. selector means having first and second inputs and an output, said
      selector means coupled at one input to selected bits at the output of said
      instruction storage means, at a second input to said first register means
      and at the output thereof to said addressable data storage means for
      selectively providing either the selected bit output from said instruction
      storage means as a direct address or said indirect address from said first
      register means to address said data storage means; and
PA1  g. logic means coupling said control circuitry to said selector means for
      controlling said selector to select the direct or indirect address in
      accordance with commands to compare the contents of said second register
      means with the contents of an addressed word of said data storage means.
NUM  9.
PAR  9. The circuit according to claim 8 wherein said logic means is coupled to
      and directly controlled by second selected bit outputs of said instruction
      storage means.
NUM  10.
PAR  10. The circuit arrangement according to claim 8 including a condition
      latch coupled to said comparison means wherein said condition signal sets
      said condition latch in accordance with the results of said comparison.
NUM  11.
PAR  11. The circuit arrangement according to claim 10 including program counter
      means for generating addresses of said instruction storage means and
      branch logic means responsive to said control circuitry and to the state
      of said condition latch for causing branch addresses to be generated in
      said program counter means.
NUM  12.
PAR  12. The circuit arrangement according to claim 11 including subroutine
      register means for storing return addresses.
NUM  13.
PAR  13. In an electronic calculator system including an addressable data
      storage means having an address input, a data input and a data output, an
      arithmetic unit having first and second inputs for performing operations
      on data applied to said inputs and storage means having a multi-bit
      instruction output for providing commands which define the operation of
      the system, a circuit arrangement comprising:
PA1  a. comparison means coupled to the inputs of said arithmetic unit for
      comparing data applied to the first input of said arithmetic unit with
      data applied to the second input of said arithmetic unit;
PA1  b. first register means coupled to the output of said arithmetic unit for
      storing addresses generated in said arithmetic unit;
PA1  c. second register means coupled to the output of said arithmetic unit for
      storing data from said arithmetic unit;
PA1  d. first controllable selector means for selectively coupling the output of
      said data storage means and first selected bits at the output of said
      instruction storage means to the first input of said arithmetic unit;
PA1  e. second controllable selector means for selectively coupling said first
      and second register means to the second input of said arithmetic unit;
PA1  f. third selector means having first and second inputs and an output, said
      third selector means coupled at one input to second selected bits at the
      output of said instruction storage means, at a second input to said first
      register means and at the output thereof to the address input of said
      addressable data storage means for providing either the second selected
      bit output from said instruction storage means as a direct address or the
      contents of said first register means as an indirect address to address
      said data storage means; and
PA1  g. logic means coupling said control circuitry to said first, second and
      third selector means for controlling each of said selector means in
      accordance with said commands.
NUM  14.
PAR  14. The circuit according to claim 13 wherein said logic means is coupled
      to and directly controlled by other selected bit outputs of said
      instruction storage means.
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ABST
PAL  Disclosed is a BCD arithmetic method and BCD arithmetic apparatus for use
      in a data processing system. The binary adder included in a data system
      for binary arithmetic operations is additionally utilized in the invention
      to provide BCD sign-magnitude addition and subtraction of packed digits.
      The apparatus is utilized to carry out the method steps of preconditioning
      one of the operands by adding a predetermined binary number to each BCD
      digit, performing a binary addition, and applying a decimal adjust to form
      the decimal arithmetic sum. Subtraction steps include performing a two's
      complement binary subtraction of each BCD digit, and applying a decimal
      adjust to form the decimal difference. The method and apparatus may be
      utilized with other base number systems having members which may be
      represented by a binary sequence that does not use all of the 2.sup.N
      binary combinations in the set.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of data processing systems,
      specifically to the field of arithmetic apparatus and methods for
      performing arithmetic operations within data processing systems.
PAR  Decimal arithmetic operations have been implemented in prior art large
      scale digital processing systems. However, the apparatus used in large
      scale systems requires expensive hardware and requires extensive space.
      Decimal arithmetic operations have been performed within relatively small
      scale systems in microprocessors which generally may be two orders of
      magnitude smaller in scale then large scale systems. Because of the small
      size of microprocessors the hardware for implementing decimal arithmetic
      functions must be proportionately smaller and less elaborate than their
      counterparts in large systems. Prior art microprocessors utilize nine's or
      ten's complement addition and subtraction making addition and subtraction
      excessively complex to implement and understand, and difficult to use and
      manipulate. Although some microprocessors have performed BCD arithmetic
      methods in a sign magnitude representation, they have not utilized a
      binary adder to operate on multiple digits simultaneously. Thus there is a
      need for an apparatus and method for packed BCD sign magnitude arithmetic
      operations wherein the data remains in true digital decimal format and is
      implemented with a minimum of electronic circuitry.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide an
      arithmetic method and arithmetic apparatus for providing BCD
      sign-magnitude arithmetic operation in a data processing system.
PAR  It is a particular object of the present invention to provide a method, and
      an apparatus for carrying out the method, for adding and subtracting
      encoded packed digits to form the respective decimal digit sum or
      difference.
PAR  The present invention performs arithmetic operations utilizing arithmetic
      apparatus within a data processing system. In performing an addition, the
      data processing system storing a BCD encoded addend A.sub.d and a BCD
      encoded auguend A.sub.v operates on information bytes from low to high
      order to form a decimal arithmetic sum S.sub.C. The information bytes
      include least and most significant decimal digits each encoded as four BCD
      bits. Addition steps include preconditioning one of the operands by adding
      a predetermined binary number to each BCD digit, performing a binary
      addition, and adjusting to form the decimal sum S.sub.C. In subtraction,
      the two's complement of the subtrahend is added to the minuend, and a
      decimal adjust is performed to form the decimal difference D. Although the
      present invention utilizes a BCD embodiment, the method and apparatus of
      the present invention may be utilized with other base number systems
      having numbers which may be represented by a binary sequence that does not
      use all of the 2.sup.N binary combinations in the set.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a block diagram of a basic environmental system suitable for
      employing the arithmetic method and apparatus of the present invention.
PAR  FIG. 2 shows a schematic representation of the data paths and apparatus
      associated with the execution unit of the system of FIG. 1 wherein
      arithmetic instructions are executed.
PAR  FIG. 3 shows a schematic representation of the data paths and apparatus
      associated with a generalized execution unit such as the system of FIG. 1
      expanded to operate on a variable number of digits simultaneously.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A basic environmental processing system which is suitable for employing the
      arithmetic method of the present invention is shown in FIG. 1. Briefly,
      that system includes a main storage unit 12, a storage control unit 14,
      instruction unit 16, an execution unit 18, a channel unit 20 with
      associated I/O and a console 22. In accord with well known principles, the
      data processing system of FIG. 1 operates under control of a stored
      program of instructions. Typically, instructions and the data on which the
      instructions operate are introduced from the I/O equipment via the channel
      unit 20 through the storage control unit 4 into the main storage unit 12.
      From the main storage unit 12, instructions are fetched by the instruction
      unit 16 through the storage control 14 and are decoded to control the
      execution of instructions. Execution unit 18 executes instructions decoded
      in the instruction unit 16 and operates upon data communicated to the
      execution unit from the appropriate location in the system.
PAR  The execution unit 18 of the system of FIG. 1 is shown in further detail in
      FIG. 2. The execution unit has a plurality of units including a byte adder
      31, an adder input control 33, and a logic comparison unit LCU 35 for
      performing logical comparison operations. These functional units may be
      typically implemented using apparatus and techniques well known in the
      data processing field. In addition to the functional units, it is to be
      noted that the byte adder 31 utilized in performing normal binary
      additions in the system has additional plural carry outputs and carry
      blocking inputs. Further, adder input control 33 has been expanded to
      provide additional inputs from gating and storage apparatus in accord with
      the present invention. Specifically, carry outputs from the byte adder 31
      are connected to the signal inputs of intermediates storage flip-flops 42
      and 44. Clock inputs are provided to the respective flip-flops 42 and 44.
      The carry output of flip-flop 42 is connected to a second input of NOR
      gate 38, the most significant digit (MSD) gate. The output of gate 38 is
      connected to adder input control 33. The output of flip-flop 44, IDC, is
      connected to the second input of the least significant digit (LSD) NOR
      gate 40. The output of gate 40 is connected to the adder input control 33.
      The first inputs of gates 38 and 40 are connected to a decimal adjust
      signal DECADJ. The output flip-flop 42, a carry signal, is also connected
      to the input control 33. An AND gate 46 is provided having inputs
      connected to the fourth carry output of the adder 31 and connected to the
      DECADJ signal line. The output of the gate 46 is connected to the carry
      input to the fifth bit of the adder 31.
PAR  It is to be noted that the present invention merely requires the addition
      of the above mentioned intermediate storage 42 and 44, and gating means
      38, 40 and 46 to a conventionally known execution unit for binary addition
      having only the additional requirements that the carry outputs and carry
      blocking inputs are provided, and the adder input control can provide the
      appropriate decimal correction value. The functional units of FIG. 2 are
      typically implemented using apparatus and techniques well known in the
      data processing field. In addition to the functional units the execution
      unit 18 includes a plurality of registers which function to store, to
      ingate and to outgate data from the various functional units in controlled
      steps pursuant to executing the programmed instructions of the data
      processing system of FIG. 1. Specifically these registers include a first
      register 52 and a second register 54. These registers are included within
      the normal data processing system and each must be capable of storing one
      information byte, 8 bits in the present embodiment.
PAR  The execution unit 18 additionally includes a control 56 which controls in
      a conventional manner the ingating, outgating and other timing associated
      with execution unit 18.
PAR  While the general nature of the operation of an execution unit like that of
      FIG. 1 is well known, certain specific features may now be explained in
      further detail particularly in connection with the additional apparatus
      and the arithmetic algorithm of the present invention.
PAR  In accord with the present invention a predetermined method including
      plural steps is executed to form a sum S.sub.C from a given addend A.sub.d
      and a given auguend A.sub.v. The problem of utilizing binary computing
      logic to add or subtract in a given number system other than the base
      2.sup.N (where N is a positive integer) is general in nature.
      Conventionally, digits of other based number systems must first be
      encoded, possibly by assigning a sequence of binary numbers, to represent
      corresponding digits of a particular number system. For simplicity, the
      binary number sequence may be assigned beginning with zero and ending with
      the binary equivalent of the maximum digit in the particular base number
      system. For example, the correspondence within the well known Binary Coded
      Decimal (BCD) system wherein the decimal digits from 0 to 9 are assigned a
      corresponding binary value may be represented as:
TBL             0       0000                                                   
                1       0001                                                   
                2       0010                                                   
                3       0011                                                   
                4       0100                                                   
                5       0101                                                   
                6       0110                                                   
                7       0111                                                   
                8       1000                                                   
                9       1001                                                   
PAL  When adding BCD digits, it is of course desirable that the carry
      information generated at a particular digit position be processed in a
      regular and straightforward manner so as to minimize the apparatus
      required to perform the addition. For example, addition of two digit BCD
      encoded numbers in a conventional binary adder provides:
TBL  28         0010     1000    =   2    8                                    
     +35        +0011    0101    =   3    5                                    
     63         0101     1101        5    13                                   
PAR  It is to be noted that the low order digit result is 1101, an unassigned
      number in the set of BCD numbers. Thus to provide a correct decimal sum, a
      correction must be applied to the result. When correction is required
      subtracting 10.sub.10 (1010) from the low order position and adding one
      (0001) to the next higher order digit position yields the proper answer
      within the BCD assigned number system of (0110 0011).
PAR  A general method which would transform the result of a binary addition back
      into the set of assigned BCD numbers requires an elaborate scheme for
      testing every digit for values greater then the maximum digit
      representation, 9 in the BCD case. However, it would be advantageous and
      desirable if the carry out of a digit position would be included in the
      next higher order digit as an integral part of the binary addition
      process. A convenient way to accomplish this is to translate the set of
      BCD numbers toward the maximum value contained within the set of binary
      digits used for encoding.
PAR  For Binary Coded Decimal:
TBL  Set A       Set C                                                         
     0           0000                                                          
     1           0001                                                          
     2           0010                                                          
     3           0011                                                          
     4           0100           Set B                                          
     5           0101                                                          
     6           0110           0                                              
     7           0111           1                                              
     8           1000           2                                              
     9           1001           3                                              
                 1010           4                                              
                 1011           5                                              
                 1100           6                                              
                 1101           7                                              
                 1110           8                                              
                 1111           9                                              
PAL  where Set A is BCD and where Set B is translated BCD.
PAR  In Set A adding a 1 (0001) to a 9 (1001) develops an answer within the
      complete binary Set C, but no useful carry information is generated. On
      the other hand, if the assigned codes in Set B are used to represent one
      of the decimal digits, this set when combined with Set A, generates useful
      carry information. For example, adding a one (0001) in Set A to a 9 in Set
      B (1111) yields an answer of (0000) with a carry of one. This method is
      analogous to the conventional decimal add and carry steps:
TBL  Set B 9 =            1111               9                                 
     plus Set A 1 =       0001 is like       +1                                
                  1       0000        1      0                                 
                  Carry               Carry                                    
PAL  From this analogous operation with BCD digits, it is seen that a
      preconditioning factor of six (0110) provides the necessary translation.
PAR  The above specific example may be more generally expressed:
PA1  let n = the number of bits required to hold an encoded
PA1  digit
PA1  Let B = the base of the encoded number system
PA1  let N = the number of the encoded digit
PA1  let C.sub.f = the correction factor and the translation factor
PA1  let C = the carry bit into the next high order digit position
PAL  then:
TBL       C = 2.sup.N  by pure binary arithmetic                               
     and,                                                                      
          C.sub. f = 2.sup.N - B                                               
                       because C.sub.f must translate to the end               
                       of the numbers representable in N                       
                       bits                                                    
     so   C.sub. f = 2.sup.N - B                                               
                       and then C.sub.f + B = 2.sup.N                          
          C = 2.sup.N = C.sub.f + B                                            
          C = C.sub.f + B                                                      
PAL  Interpretation of this result provides a general statement:
PAR  When a carry is developed from a binary addition of a preconditioned
      (translated) digit and a non-translated digit, the carry includes the
      correction factor plus the base value. For the BCD arithmetic case C.sub.f
      = 6 and B = 10. Further it is to be noted that when a carry does occur,
      the correction factor C.sub.f flows along with the carry out of a
      particular digit position. Thus for the selected set when a carry leaves
      the digit position the correction factor is removed and the remaining
      digit is translated back to the original number set, needing no
      correction. However, when a carry is not generated as a result of the
      addition, the correction factor, C.sub.f, must be removed to return the
      result to the original number set. The method will be demonstrated later
      with a specific example.
PAR  In carrying out a subtraction operation, the subtraction algorithm need not
      require the preconditioning of one operand so long as a two's complement
      conversion is first carried out. The binary adder utilized for the
      addition may be a two's complement adder to provide this result. It is to
      be noted that the precondition value or correction factor is thereby
      provided since the taking of the one's complement of the subtrahend is the
      same as taking the (B-1)'s complement and adding the correction factor.
      The binary one added to the one's complement representation in the adder
      to form the two's complement representation in analogous to the
      end-around-carry in the (B-1)'s complement representation. By way of
      example in the BCD system the one's complement of the BCD digit may be
      seen to form the nine's complement of the BCD digit plus the correction
      factor:
     7.sub.10 = 0111                  7.sub.10 = 1000                          
     9's complement of                                                         
                   7.sub.10 =                                                  
                           2.sub.10                                            
     correction factor     +6.sub.10                                           
     one's complement of                                                       
                   0111    8.sub.10 =1000                                      
PAL  Thus it is apparent that the above described arithmetic, that is, the
      addition and subtraction scheme, may be utilized in any base number system
      having members which are represented by a sequence of binary numbers that
      do not make use of all the 2.sup.N binary combinations available in the
      set. Of particular interest of course, is the BCD number system. The
      arithmetic scheme may likewise be utilized in other number systems, such
      as a base 20 system represented in 5 binary bits and a base 9 system
      represented in 4 binary bits.
PAR  The hardware elements necessary to implement packed digit arithmetic in
      number systems other than BCD is identical to the hardware elements in
      FIG. 3. To expand the technique illustrated in FIG. 3 to other number
      systems the digit carry outputs and inputs must occur at the digit
      boundaries for the given number system. The structural elements shown have
      characteristics defined by the following:
PA1  let n = the number of bits needed to hold an encoded digit,
PA1  m = the number of digits to be operated on simultaneously
PA1  C.sub.f = the correction value
PAR  The reference callouts shown in FIG. 3, correspond to those of FIG. 2 with
      the addition of a 100 prefix. Binary adder 131 has a minimum length of mn
      bits with the carry outputs at the digit boundaries being provided for
      every n bit position and the carry inputs to all digit boundaries being
      provided for every n+1 bit position.
PAR  AIC 133 is an input control with a minimum length of mn bits capable of
      ingating the addition and subtraction operands and ingating the correction
      value, C.sub.f, or 0, at each digit position during the decimal adjust
      instruction. A plurality of m flip-flops 142, 144, . . . are used to store
      the interdigit carries and are connected through NOR gates 138, 140, . . .
      to AIC 133.
PAR  A plurality of m NOR gates, 138, 140, . . . , are connected to AIC 133 and
      control the adding of C.sub.f to each decimal adjust instruction. When the
      output of a NOR gate is 1, C.sub.f is added to the corresponding digit.
      When the output of a NOR gate is 0, 0 is added to the corresponding digit.
      An array of (m-1) AND gates, 146, . . . are connected to block interdigit
      carries to adder 131 during the decimal adjust instruction. Operation of
      the FIG. 3 apparatus is as previously discussed in conjunction with FIG.
      1.
PAR  Sign magnitude arithmetic methods of the present invention to calculate
      decimal sums and differences are in accord with the following steps.
PAR  For addition:
PAR  Step 1. Load the m least significant digits of the addend and auguend into
      registers R1 and R2, where m is the number of digits operated on
      simultaneously.
PAR  Step 2. Add the correction value C.sub.f to each encoded digit of the
      auguend.
PAR  Step 3. Binary addition of addend, preconditioned auguend and carry value
      from lower order m digits.
PAR  Step 4. Determine the correction value for each digit sum generated in Step
      3.
PAR  Step 5. Add correction value to the sum generated in Step 3.
PAR  Step 6. Store the sum and repeat Steps 1 through 5 for next m higher order
      encoded digits.
PAR  For subtraction:
PAR  Step 1. Load the m least significant digits of the minuend and subtrahend
      into registers R1 and R2, where m is the number of digits operated on
      simultaneously.
PAR  Step 2. Form two's complement of subtrahend.
PAR  Step 3. Binary addition of minuend, complemented subtrahend and borrow from
      lower order m digits.
PAR  Step 4. Determine the correction value for each digit difference generated
      in Step 3.
PAR  Step 5. Add correction value to the sum generated in Step 3.
PAR  Step 6. Store the difference and repeat Steps 1 through 5 for the next m
      higher order encoded digits as necessary to complete the subtraction.
PAR  It is to be noted that since the above steps operate on a sign-magnitude
      number representation, the sign of the answer must be predetermined before
      the operation is performed. Conventional methods well known to those
      skilled in the art may be utilized. It is to be noted that the methods
      outlined in the above steps are entirely consistent with the equations and
      discussion in the previously described arithmetic algorithm background.
PAR  The execution unit 18 of the system of FIG. 1 carries out the above
      described sign magnitude arithmetic method using the apparatus of FIG. 2.
      The following steps refer to FIG. 2 and describe the addition process in
      detail.
PAR  In Step 1, the control unit 56 loads from storage the addend A.sub.d into
      register 52 and the auguend A.sub.v into the register 54.
PAR  In Step 2, the auguend is transferred by conventional means under control
      of control unit 56, from register 54 to the first input of adder 31. A
      predetermined binary 0110, 0110 is provided at the second input of adder
      31. After the addition is completed the total is transferred back to
      register R1.
PAR  In Step 3, the m lower order, least significant digits are gated from
      register 52 via AIC 33 to adder 31, the current contents of register 54
      are similarly gated to the second input of adder 31, and the current
      content of the carry flip-flop 42 is also gated through the AIC 33 to the
      adder 31. The sum is gated into register 54. Simultaneously, the clock
      under control of control unit 56 rises to a logical one thus gating and
      storing the carry out of the eighth bit of the adder 31 into the carry
      flip-flop 42 and gating and storing the carry out of the fourth bit of the
      adder 31, C4 into the IDC flip-flop 44.
PAR  In Step 4, the DECADJ control line under control of control unit 56 falls
      to a low state enabling the LSD.sub.10 and MSD.sub.10 control lines,
      coupling the state of the IDC flip-flop 44 and carry flip-flop 42 to the
      adder input control 33. The LSD.sub.10 control line goes to a logical one
      if the IDC flip-flop 44 is set to a logical zero, and the MSD.sub.10
      control line goes to a logical one if the carry flip-flop 42 is set to a
      logical zero. When either flip-flop is set to a logical one, the
      respective control line remains low. The DECADJ control line also blocks
      the propagation of the carry signal through gate 46 from the fourth to the
      fifth bit of the adder 31 during the time that it is in a logical one
      state. The correction value generated by the AIC 33 may have four
      different values depending on the states of the LSD.sub.10 and MSD.sub.10
      control lines as shown in the following table.
TBL  ______________________________________                                    
     MSD.sub.10                                                                
              LSD.sub.10 Binary Correction Value                               
     ______________________________________                                    
     0        0          00000000                                              
     0        1          00001010                                              
     1        0          10100000                                              
     1        1          10101010                                              
     ______________________________________                                    
PAR  In Step 5, the contents of register 54 are gated to an input of the adder
      control and the correction value is simultaneously gated to the other
      input of adder 31. The summed output of adder 31 is gated to and stored in
      register 54.
PAR  In Step 6, the execution unit stores the contents of register 54 in main
      storage 12. Steps 1 through 5 are repeated for the next higher order BCD
      encoded digits until the addition is complete. The final carry generated
      is the most significant digit of the decimal answer.
PAR  The following steps refer to FIG. 2 and describe the subtraction process in
      detail.
PAR  In Step 1, the control unit 56 loads from storage the least significant
      digits of the minuend into R1 register 54 and the least significant digits
      of the subtrahend into R2 register 52.
PAR  In Step 2, the minuend is transferred from register 54 to the adder 31
      under control of the AIC 33. Simultaneously, the subtrahend is transferred
      from register 52 to the adder 31 where the two's complement of the
      subtrahend is generated.
PAR  In Step 3, the simultaneous binary addition of the minuend, the
      complemented subtrahend, and the carry from flip-flop 42 is executed in
      the adder 31. The result is gated back into register 54. The carry
      (borrow) information from bit 8 of the adder 31 is strobed into the carry
      flip-flop 42 and the carry out of bit 4 of the adder is strobed into the
      IDC flip-flop 44.
PAR  In Step 4, the DECADJ control line under control of control unit 56 falls
      to a low state enabling the LSD.sub.10 and MSD.sub.10 control lines,
      coupling the state of the IDC flip-flop 44 and carry flip-flop 42 to the
      adder input control 33. The LSD.sub.10 control line goes to a logical one
      if the IDC flip-flop 44 is set to a logical zero, and the MSD.sub.10
      control line goes to a logical one if the carry flip-flop 42 is set to a
      logical zero. When either flip-flop is set to a logical one, the
      respective control line remains low. The DECADJ control line also blocks
      the propagation of the carry signal through gate 46 from the fourth to the
      fifth bit of the adder 31 during the time that it is in a logical one
      state. The correction value generated by the AIC 33 may have four
      different values depending on the state of the LSD.sub.10 and MSD.sub.10
      control lines as previously discussed in conjunction with addition Step 4.
PAR  In Step 5, the contents of register 54 are gated to an input of the adder
      control and the correction value is simultaneously gated to the other
      input of adder 31. The summed output of adder 31 is gated to and stored in
      register 54.
PAR  In Step 6, the execution unit stores the contents of register 54 in main
      storage 12. Steps 1 to 5 are repeated for the next higher order BCD digits
      until the subtraction is complete.
PAC  SPECIFIC EXAMPLES
PAR  Specific examples of the above described respective sign-magnitude addition
      and subtraction are as follows:
TBL  Addition                                                                  
     Problem:  5364     0101     0011   0110   0100                            
              +6932     0110     1001   0011   0010                            
              12296                                                            
     Step 1                                                                    
     Add 6 to Auguend   0101       0011     0110     0100                      
                        1100       1111     1001     1000                      
     Step 2       1            1        0        0                             
     Binary Addition    0101       0011     0110     0100                      
                        1100       1111     1001     1000                      
                        0010       0010     1111     1100                      
     Step 3       1                                                            
     Correct Binary     0010       0010     1111     1100                      
     Result             0000       0000     1010     1010                      
                        0010       0010     1001     0110                      
     Subtraction                                                               
     Problem:  7416         0111   0100   0001   0110                          
              -2345         0010   0011   0100   0101                          
               5071                                                            
     Step 1           1                                                        
     Binary Subtraction                                                        
                    0111     0100     0001   0110                              
                    1101     1100     1011   1011                              
                    0101     0000     1101   0001                              
     Step 2                                                                    
     Correct Binary 0101     0000     1101   0001                              
     Result         0000     0000     1010   0000                              
                    0101     0000     0111   0001                              
PAR  Thus it is apparent that there has been provided an improved arithmetic
      method and arithmetic apparatus for providing BCD sign-magnitude
      arithmetic operations in a data processing system. Further, there has been
      provided a method and an apparatus for carrying out the method, for adding
      and subtracting encoded packed digits to form the respective decimal digit
      sum or difference.
CLMS
STM  We claim:
NUM  1.
PAR  1. A data processing system storing a BCD encoded number N and a BCD
      encoded number P which are operated upon in low to high order information
      bytes to form a decimal arithmetic sum and a decimal arithmetic difference
      where each byte includes least and most significant decimal digits each
      encoded as four BCD bits, said system comprising,
PA1  a first unit for adding and for two's complementing operands, said unit
      including an eight bit adder having first and second inputs and having
      fourth and eighth bit carry outputs and a blocking input for blocking the
      fourth carry input to the fifth bit,
PA1  an input control unit for directing data to said first unit inputs and
      providing a predetermined translation value and plural predetermined
      adjust values,
PA1  a plurality of registers for storing operands including said BCD encoded
      number N and said BCD encoded number P,
PA1  a carry storage unit for storing the adder carry outputs,
PA1  control means for controlling the processing of operands,
PA1  means, responsive to said control means, for gating an information byte of
      number N from said registers to the first input of said adder and if the
      operands are to be added for gating the predetermined operand translation
      value to the second input of said adder to form a preconditioned sum and
      connecting said adder to said registers for storing said sum, and if the
      operands are to be subtracted for forming the two's complement of said
      information byte of N by said adder,
PA1  means, responsive to said control means, for gating said byte of N and byte
      of P from the respective registers and the carry from the carry storage to
      the first and second inputs of said adder to form an initial binary sum
      and connecting the adder output to said registers for storing said sum,
      and simultaneously storing the adder carry outputs in said carry storage,
PA1  means, responsive to said control means, for gating to said input control
      unit the contents of said carry storage to form an adjust value in a
      predetermined manner,
PA1  means, responsive to said control means, for gating the initial binary sum
      from said registers and the adjust value to the first and second inputs of
      said adder to form an adjusted sum, and gating said sum to said registers
      for storing said adjusted sum.
NUM  2.
PAR  2. A system as in claim 1 wherein said first unit includes an X bit binary
      adder having first and second inputs and having carry outputs for every
      fourth bit carry output of said output and a blocking input for blocking
      the carry input from every fourth bit carry to the next bit.
NUM  3.
PAR  3. A data processing system storing a BCD encoded addend A.sub.d and a BCD
      encoded auguend A.sub.v which are operated upon in low to high order
      information bytes to form a decimal arithmetic sum S.sub.a, where each
      byte includes least and most significant decimal digits each encoded as
      four BCD bits, said system comprising,
PA1  an eight bit adder having first and second inputs for the least and most
      significant BCD digits to be added, said adder having fourth and eighth
      bit carry outputs and a blocking input for blocking the fourth carry input
      to the fifth bit,
PA1  an input control unit for directing data to said adder inputs and providing
      a predetermined translation value and plural predetermined adjust values,
PA1  a plurality of registers for storing operands including said addend A.sub.d
      and said auguend A.sub.v,
PA1  a carry storage unit for storing the adder carry outputs,
PA1  control means for controlling the processing of operands,
PA1  means, responsive to said control means, for gating the auguend from said
      registers to the first input of said adder and for gating the
      predetermined operand translation value to the second input of said adder
      to form a preconditioned auguend sum and connecting said adder to said
      registers for storing said sum,
PA1  means, responsive to said control means, for gating the preconditioned
      auguend and the addend from the registers and the carry from the carry
      storage to the first and second inputs of said adder to form a sum and
      connecting the adder output to said registers for storing said sum, and
      simultaneously storing the adder carry outputs in said carry storage,
PA1  means, responsive to said control means, for gating to said input control
      unit the contents of said carry storage and for generating predetermined
      adjust values in response thereto,
PA1  means, responsive to said control means, for gating the initial sum from
      said registers and the adjust values to the first and second inputs of
      said adder to form an adjusted sum, and gating said sum to said registers
      for storing said sum.
NUM  4.
PAR  4. A data processing system storing a BCD encoded subtrahend S.sub.d and a
      BCD encoded minuend S.sub.m which are operated upon in low to high order
      information bytes to form a decimal arithmetic difference D, where each
      byte includes least and most significant decimal digits each encoded as
      four BCD bits, said system comprising,
PA1  an eight bit adder for adding and two's complementing operands having first
      and second inputs for the least and most significant BCD digits to be
      added, said adder having fourth and eighth bit carry outputs and a
      blocking input for blocking the fourth carry input to the fifth bit,
PA1  an input control unit for directing data to said adder inputs,
PA1  a plurality of registers for storing operands including said subtrahend
      S.sub.d and said minuend S.sub.m,
PA1  a carry storage unit for storing the adder carry outputs,
PA1  control means for controlling the processing of operands,
PA1  means, responsive to said control means, for gating said byte of said
      subtrahend S.sub.d from said registers to the first input of said adder
      and for two's complementing said byte of S.sub.d,
PA1  means, responsive to said control means, for gating said byte of said
      minuend S.sub.m from said registers to the second input of said adder to
      form a sum, by addition of the two's complement of said byte S.sub.d and
      said byte of said minuend S.sub.m, and connecting the adder output to said
      registers for storing said sum, and simultaneously storing the adder carry
      outputs in said carry storage,
PA1  means, responsive to said control means, for gating to said input control
      unit the contents of said carry storage and for generating predetermined
      adjust values in response thereto,
PA1  means, responsive to said control means, for gating the initial sum from
      said registers and the adjust values to the first and second inputs of
      said adder to form an adjusted sum, and gating said sum to said registers
      for storing said sum, said adjusted sum forming the difference D.
NUM  5.
PAR  5. A method for arithmetic operation in a data processing system storing a
      BCD encoded number N and a BCD encoded number P which are operated upon in
      low to high order information bytes to form a decimal arithmetic sum and a
      decimal arithmetic difference where each byte includes least and most
      significant decimal digits each encoded as four BCD bits, said system
      having a first unit having carry outputs for adding and for two's
      complementing operands, having an input control unit for directing data to
      said first unit and providing a predetermined translation value and plural
      predetermined adjust values, having a plurality of registers for storing
      operands, having control means for controlling the processing of operands,
      having a carry storage unit for storing the adder carry outputs, the steps
      comprising,
PA1  gating an information byte of number N from said register means to said
      adder,
PA1  gating, if the operands are to be added, a predetermined operand
      translation value to said adder, adding said byte of N and said
      translation value to form a preconditioned sum and storing said sum in
      said registers,
PA1  gating, if the operands are to be subtracted, said byte of N to said adder,
      two's complementing said byte of N and storing the result thereof,
PA1  gating said byte of N and byte of P from said registers and said carry
      storage to the inputs of said adder, adding said inputs to form an initial
      binary sum and storing said initial sum in said register means, and
      simultaneously storing the adder carry outputs in said carry storage,
PA1  gating the contents of said carry storage to said control unit, forming an
      adjust value in a predetermined manner and storing said value in said
      register means,
PA1  gating the initial sum from said registers and adjust value from storage to
      said adder inputs, adding said initial sum and said adjust value to form
      an adjusted sum, and storing said sum in said register means.
NUM  6.
PAR  6. A method for arithmetic operation in a data processing system storing a
      BCD encoded number N and a BCD encoded number P which are operated upon in
      low to high order information bytes to form a decimal arithmetic sum and a
      decimal arithmetic difference where each byte includes least and most
      significant decimal digits each encoded as four BCD bits, said system
      having a first unit having carry outputs for adding and for two's
      complementing operands, having an input control unit for directing data to
      said first unit and providing a predetermined translation value and plural
      predetermined adjust values, having a plurality of registers for storing
      operands, having control means for controlling the processing of operands,
      having a carry storage unit for storing the adder carry outputs, the steps
      comprising,
PA1  if the operands are to be added, adding said byte of N and a predetermined
      operand translation value to form a preconditioned sum and storing said
      sum in said registers,
PA1  if the operands are to be subtracted, two's complementing said byte of N,
PA1  adding said byte of N and byte of P and said carry outputs to form an
      initial binary sum and storing said initial sum in said register means,
      and simultaneously storing the adder carry outputs in said carry storage,
PA1  forming an adjust value in a predetermined manner and storing said value in
      said register means, and adding said initial sum and said adjust value to
      form an adjusted sum, and storing said sum in said register means.
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PAL  A multi-channel optical correlation system employs a light source to
      illuminate a mask having a plurality of linearly disposed channels, each
      of which has recorded information defined by variations in opacity along
      its linear length. The light source is modulated as a function of an
      unknown input signal. A multiple element charge coupled device having its
      elements arrayed in linearly disposed groups along axes parallel to the
      linearly disposed channels of the illuminated mask is positioned to
      receive the light energy transmitted by the illuminated mask for
      developing a charge within each such element commensurate with the photo
      energy received at its discrete position. A source of clock signals is
      periodically applied to the charge coupled device for cumulatively
      shifting the charges developed by each of the linearly disposed groups of
      discrete elements and a suitable means responsive to the resultant
      cumulative charge outputs of such groups indicates the group having
      maximum amplitude of cumulative charge thereby identifying the unknown
      input signal with the recorded information contained on the particular
      channel associated with that group.
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PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The subject matter of the present invention is related generally to pending
      U.S. patent application Ser. No. 234,749, filed Mar. 15, 1972 now U.S.
      Pat. No. 3,816,735 in the name of the inventor herein.
PAC  BACKGROUND OF THE INVENTION
PAR  Within present day data processing and signal identification technologies
      there are many requirements for the classification of an unknown input
      signal. Typically, such an unknown input signal may be represented in
      various forms of energy including sound, electromagnetic, visible light,
      etc. In many prior art systems it was customary to convert such an unknown
      input signal from its original form of energy to a commensurate electrical
      signal to render it compatible with electronic data processing and
      computation techniques and equipments. The capabilities of such electronic
      equipment in both digital and analog form were thus rendered available to
      perform the task of classifying an unknown incoming signal, such as, for
      example, by electronic comparison with a stored library of known reference
      signals and signal combinations.
PAR  Unfortunately, however, electronic data processing computation techniques
      suffer from the disadvantage that they are basically one-dimensional in
      nature in the sense that an electron flow has but a single dimension;
      therefore, the comparisons between an unknown input signal and a stored
      library of known reference signals and signal combinations must be
      accomplished sequentially.
PAR  Despite the high speed of modern data processing and data computation such
      a process which is inherently limited to a "one-dimensional" sequential
      operation can take a considerable length of time to accomplish, with the
      result that the process may not truly be a "real time" procedure. That is
      to say, that the comparison process is not completed before another
      unknown input signal has arrived for identification by subsequent
      comparison. Of course, those skilled in the pertinent arts will be fully
      aware that an electronic data processing system can be arranged to operate
      in a plurality of parallel equipments, but such multiple expansion is
      costly, adds undesirable complexity, and involves an almost prohibitive
      number of component elements where a large plurality of parallel
      equipments are required.
PAR  Also known in the prior art are optical techniques for performing
      correlation processes to identify unknown incoming signals but many of
      such optical techniques depend upon a special coherent source of light
      such as a laser which adds to the complexity and maintenance of stringent
      operational performance as well as contributing undesirably to the overall
      size of the equipment. Additionally, many of the equipments employed to
      carry out such optical techniques for performing correlation processes
      involve moving parts in the form of elements such as oscillating
      reflective surfaces or revolving mirrors, for example, for performing
      optical sweeping functions. Such moving elements undesirably add to the
      problem of synchronism of operation of the equipments in which they are
      employed and also inherently involve the possibility of a lessened
      reliability due to unavoidable factors affecting moving parts such as
      wear, lubrication, vibration, shock damage, etc.
PAR  Accordingly, there is a need for a "real-time" multi-channel optical
      correlation system that will classify an unknown incoming signal rapidly
      with a high degree of reliability and which can be performed by equipment
      that is relatively simple, compact in size, has a minimum of stringent
      maintenance requirements, is devoid of any mechanically moving parts, and
      additionally can readily accommodate a large plurality of stored reference
      signals for simultaneous processing.
PAC  SUMMARY OF THE INVENTION
PAR  The concept of the present invention obviates many of the disadvantages of
      prior art systems and also provides very desirable advantages which inher
      in its operation. Because it is an optical system employing optical
      techniques, the method and concept of the present invention is conducive
      to the simultaneous processing of an unknown input signal to determine its
      correlation with one or more of a great number of stored known reference
      signals which may number as many as a thousand channels or more, for
      instance. Most importantly, the concept of the present invention provides
      a technique and system which is inherently and entirely electro-optic in
      nature so that no moving parts or mechanical elements are involved in any
      way whatever.
PAR  Moreover, the concept and method of the present invention affords the added
      advantage that it is readily adaptable to accommodate a high density of
      data points per channel for a great number of such channels. For instance,
      the present invention may readily embody a thousand channels of recorded
      reference signal information, each channel having the capability of
      recording and representing one thousand or more data points. Though in
      many instances the data points within a channel may be in a simple binary
      form, the method and concept of the present invention is not so limited
      but is capable of accommodating any bounded, one-dimensional function in
      either analog or digital form.
PAR  The concept of the present invention contemplates a method and means by
      which a library of reference signals is recorded on a plurality of
      adjacent linearly disposed channels. Such a recording may, in one of its
      simplest forms, comprise a mask of photographic film or plate in which the
      reference information is linearly disposed along a plurality of channels
      and defined by variations in opacity along the linear length of each
      channel.
PAR  A light source is positioned to illuminate the mask so that the non-opaque
      or less opaque portions of the mask permit light to pass therethrough as a
      function of its opacity at each discrete position, while the opaque
      portions of the mask substantially block the passage of light. A most
      important feature of the concept of the present invention is that the
      light source need not be any particular type of light such as
      monochromatic, non-coherent, coherent, or laser light but may be any light
      source which provides sufficient intensity to meet the design requirements
      of the system.
PAR  An appropriate means is arranged to temporally modulate the intensity of
      the light source as a function of the unknown incoming input signal. A
      multiple-element charge coupled device having its elements arrayed in
      linearly disposed groups along axes parallel to the previously described
      linearly disposed channels is positioned to receive the light energy
      transmitted by the illuminated mask for developing a charge within each
      such element commensurate with the photo energy received at its particular
      discrete position.
PAR  A source of clock signals is applied to the charge coupled device for
      cumulatively shifting charges developed by each of the linearly disposed
      groups and a suitable means responsive to the cumulative charge outputs of
      the groups is provided for indicating that particular group having the
      maximum amplitude of cumulatively shifted charges thus indicating that the
      channel operatively associated with that group of elements of the charge
      coupled device is substantially correlated to and identified with the
      unknown incoming input signal.
PAR  Thus, it may be readily appreciated by those knowledgable and skilled in
      the pertinent arts that the concept of the present invention provides a
      system which, through the use of a multiple element charge coupled device,
      combines the functions of photo responsivity, simultaneous sweeping of
      multiple channels by cumulatively shifting charges, and the resultant
      integration of such cumulatively shifted charges, as well. Most
      importantly, in addition to the combination and simplification of such
      multiple functions, the concept of the present invention eliminates the
      necessity for the use of any moving parts or mechanical elements in its
      practice.
PAR  Because the method and concept of the present invention contemplates a
      system wherein an unknown input signal may be compared with a large
      plurality of stored known reference signals simultaneously, it is in
      effect a "two-dimensional" system which inherently is capable of great
      speed of operation providing "real time" results and a high degree of
      reliability as well, because it is wholly and entirely electro-optical in
      nature.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved high speed correlation system for identifying unknown input
      signals by simultaneous comparison with a large plurality of known stored
      reference data.
PAR  Another object of the present invention is to provide such capabilities in
      a wholly electro-optical system which is simple in concept and operation,
      compact in size, and inherently possesses a high degree of reliability
      because of the absence of moving parts or mechanical elements.
PAR  A further object of the present invention is to provide such a correlation
      system which, because of its concept, inherently combines a number of
      functional requirements such as photo responsivity, channel sweep, and
      integration in one single element.
PAR  Yet another object of the present invention is to provide such a high
      performance correlation system which does not require a highly specialized
      light source but is readily adaptable to the use of non-coherent light
      sources.
PAR  Another most important object of the present invention is to provide such a
      high performance correlation system which because of its concept is
      readily adapted to embody the advantageous use of integrated
      electro-optical components.
DRWD
PAR  These and other features, objects, and advantages of the present invention
      will be better appreciated from an understanding of the operative
      principles of a preferred embodiment as described hereinafter and as
      illustrated in the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a top view schematic representation of an embodiment of the
      present invention;
PAR  FIG. 2 is an illustration of a mask such as may be employed in the present
      invention having a plurality of linearly disposed channels each containing
      known recorded information defined by variations in the opacity at
      discrete positions along each channel.
PAR  FIG. 3 is a schematic representation of a charge coupled device such as may
      be employed in the present invention; and
PAR  FIGS. 4a, 4b, 4c, 4d, and 4e are illustrations of the types of signals
      developed in the operation of the present invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The cross-correlation function between an input signal f(t) and a reference
      signal g(t) is given mathematically by
EQU  C(.tau.) = .intg. g(t) f(t - .tau.) dt                     (1)
PAL  If both the input and reference signals are sampled signals then this
      equation becomes
      ##EQU1##
      It can be shown that each horizontal channel of a charge coupled device
      array performs the above operations. Since there are a multiplicity of
      such channels and a multiplicity of reference signal channels on the mask
      a charge coupled device array can perform many such cross-correlation
      operations simultaneously. That is, the j.sup.th channel of the mask and
      the j.sup.th channel of a charge coupled device array give the output
      ##EQU2##
PAR  Using an optical system to perform this multi-channel cross-correlation
      provides the advantages of (1) the transmission of light through an
      optical transparency provides an extremely fast analog multiplication
      rate, and (2) the two-dimensional nature of light wavefronts allows
      parallel processing capability, i.e., all the C.sub.j 's are generated
      simultaneously. In the concept of the present invention the g.sub.j 's
      form a library of J-reference signals and the C.sub.j 's are the cross
      correlation values between the input data and the reference signals
      g.sub.j.
PAR  In FIG. 1 an unknown incoming input signal is received by a modulator 10
      which operates to temporally modulate the intensity of a suitable light
      source 11. The light source 11 may be incoherent light as provided by a
      suitable light emitting diode, for example. The diverging light energy
      emitted from the light source 11 can be passed through an optional
      condensing lens 12 to provide a plane of uniform light distribution. The
      light condensing lens 12, however, is not an absolutely essential element
      of the present invention in those combinations of elements embodying the
      present invention wherein the light source 11 itself provides a
      sufficiently uniform plane of light distribution. Also, with such a
      large-area light source, the light source, mask, and charge coupled device
      may be in physical contact (i.e., no space required between them) thus
      forming a laminate configuration.
PAR  A two-dimensional mask 13 is positioned to intercept the light energy which
      has been modulated in accordance with the unknown input signal. The mask
      13 is of the type illustrated in FIG. 2 comprising a plurality of linearly
      disposed channels, each channel having recorded information which is
      defined by variations in opacity along its linear length. Such a mask may
      be suitably fabricated by photographic recording on film or photographic
      plate, for example.
PAR  Immediately adjacent to mask 13 a multiple element, charge coupled device
      is positioned to receive the light energy transmitted by the illuminated
      mask 13 and containing J-horizontal rows of N-detector elements each.
      These elements are arrayed and linearly disposed in groups along axes
      which are parallel to the linearly disposed channels of the mask so as to
      be capable of developing a charge within each said element commensurate
      with the photo energy received at its discrete position. It should be
      noted that for purposes of explanation and avoiding undue complexity the
      schematic illustration of FIG. 1 depicts only a single horizontal channel
      of the mask 13 and of the multiple element charge coupled device 14 in a
      schematic, cross-sectional manner. The spaced individual elements disposed
      on the charge coupled device 14 and facing the mask 13 schematically
      represent the photo-responsive discrete areas of the charge coupled device
      14 which may take the form of a multiple element self-scanning image
      sensor such as the Fairchild CCD 201, which has 10,000 elements in a 100
      .times. 100 disposition.
PAR  A clock 15 is provided to supply suitable timing pulses for implementing
      the scanning or sweeping functions within the groups of linearly disposed
      elements of the charge coupled device 14 so as to cause it to operate in
      the manner of a shift register for cumulatively shifting charges developed
      within each such linearly disposed group, generating a cumulative charge
      output for each such group indicative of its degree of correlation with
      the unknown incoming input signal. The outputs thus are connected to an
      indicator 16 which may be employed to visually indicate, record, or
      otherwise utilize the output of the charge coupled device 14. Such an
      indicator is not an absolute essential of the concept of the present
      invention however, and the output of the charge coupled device of the
      present invention may be used directly as desired for any one or more of a
      number of suitable purposes.
PAR  The operation of the embodiment of FIG. 1 may be explained by letting the
      time varying light intensity impinging upon the mask 13 be designated by
      f.sub.t where the subscript t represents time. The position varying
      intensity transmittance across the j.sup.th channel of the mask is
      g.sub.j,n where the subscript n denotes the increments of horizontal
      position along the channel. In the following discussion of the operational
      sequence of events, reference should be made to Table I which is
      representative of the values of electron charges stored in the j.sup.th
      horizontal channel as a function of time.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Channel Elements .fwdarw.                                                 
     __________________________________________________________________________
     Time                                                                      
        1    2        3           N .fwdarw.                                   
     t.sub.1                                                                   
        f.sub.1 g.sub.1                                                        
             f.sub.1 g.sub.2                                                   
                      f.sub.1 g.sub.3                                          
                                  f.sub.1 g.sub.N                              
     t.sub.2                                                                   
        f.sub.2 g.sub.1                                                        
             f.sub.2 g.sub.2 +f.sub.1 g.sub.1                                  
                      f.sub.2 g.sub.3 +f.sub.1 g.sub.2                         
                                  f.sub.2 g.sub.N +f.sub.1 g.sub.N.sub.-1      
     t.sub.3                                                                   
        f.sub.3 g.sub.1                                                        
             f.sub.3 g.sub.2 +f.sub.2 g.sub.1                                  
                      f.sub.3 g.sub.3 +f.sub.2 g.sub.2 +f.sub.1 g.sub.1        
                                  f.sub.3 g.sub.N +f.sub.2 g.sub.N.sub.-1      
                                  +f.sub.3 g.sub.N.sub.-2                      
     .vertline.                                                                
        .vertline.                                                             
             .vertline.                                                        
                      .vertline.  .vertline.                                   
     t.sub.N                                                                   
        f.sub.N g.sub.1                                                        
             f.sub.N g.sub.2 +f.sub.N.sub.-1 g.sub.1                           
                      f.sub.N g.sub.3 +f.sub.N.sub.-+f.sub.N.sub.-2 g.sub.1    
                                  f.sub.N g.sub.N +f.sub.N.sub.-1 g.sub.N.sub.-
                                  1 +...+f.sub.1 g.sub.1                       
     __________________________________________________________________________
PAL  In the time sequence of events at time t = 1, the intensity illuminating
      the mask 13 is f.sub.1. Immediately behind the j.sup.th channel of the
      mask the intensity values of f.sub.1 g.sub.j1, f.sub.1 g.sub.j2, f.sub.1
      g.sub.j3, - - - f.sub.1 g.sub.jN impinge upon the j.sup.th channel of the
      charge coupled device array. The photo responsive elements as shown on the
      left-hand face of the charged coupled device array 13 of FIG. 1 then
      convert the received intensity distribution to a commensurate charge
      distribution which is stored in the j.sup.th horizontal shift register
      channel within the CCD.
PAR  When a timing pulse is received by the charge coupled device array 14 from
      the clock 15, the electron charges in the J-channels are shifted by one
      increment to the position associated with the adjacent photo responsive
      element. Then the cycle starts over again; at time t = 2 the intensity
      illuminating the mask is f.sub.2 and the intensity distribution emerging
      from the j.sup.th channel of the mask 13 is f.sub.2 g.sub.j1, f.sub.2
      g.sub.j2, f.sub.2 g.sub.j3, - - - f.sub.2 g.sub.jN.
PAR  As before the photo responsive elements of the charge coupled device array
      14 now convert the light energy intensity distribution to a commensurate
      charge distribution. The charge coupled device array 14 then adds the
      latter generated charges to those stored in the associated storage cells.
      Thus, the state of the j.sup.th channel may be represented as f.sub.2
      g.sub.j1,f.sub.2 g.sub.j2 +f.sub.1 g.sub.j1, f.sub.2 g.sub.j3 +f.sub.1
      g.sub.j2 - - - , f.sub.2 g.sub.jN +f.sub.1 g.sub.jN.sub.-1 as shown for
      line t.sub.2 for Table I.
PAR  Subsequent timing pulses cause charges to be shifted along the channels by
      a commensurate number of increments. During these shifts for each of the
      J-channels, the charges stored in the N.sup.th cell of the charge coupled
      device array emerges in a cumulative form as output data. The process of
      repetitively shifting the charges within each of the channels by one
      increment and then adding to them the new intensity distribution
      illuminating the photo responsive elements may be referred to as the
      "shift and add" property of charge coupled devices.
PAR  At the time t = N the intensity distribution impinging on the j.sup.th
      channel of the charge coupled device array photo responsive elements is
      f.sub.N g.sub.j1, f.sub.N g.sub.j2, f.sub.N g.sub.j2, f.sub.N g.sub.j3, -
      - - , f.sub.N g.sub.jN after the charge coupled device array has converted
      the received light energy intensity distribution to a commensurate
      electron charge distribution and it has been added to the previously
      stored charge distribution the j.sup.th channel of the charge coupled
      device array contains f.sub.N g.sub.j1, f.sub.N g.sub.j2 +f.sub.N.sub.-1
      g.sub.j1, - - - , f.sub.N g.sub.jN +f.sub.N.sub.-1 g.sub.jN.sub.-1 + - - -
      +f.sub.1 g.sub.j1 as stated at line t.sub.N of Table I. When the timing
      pulse then shifts this last distribution by one increment, the cumulative
      charge is read out and this cumulative charge is in the desired form which
      may be expressed as
      ##EQU3##
PAR  FIG. 3 is a diagrammatic illustration in which J-channels of linearly
      disposed groups, each group including photo-responsive elements
      represented by the rectangles designated PR, are schematically shown
      immediately above respectively associated charged coupled elements
      designated CCD. From Table I and the foregoing description, together with
      the illustration of FIG. 3, it may be appreciated that the sequence of
      events as just described for the j.sup.th channel also takes place
      simultaneously for all J-channels. On the right hand side of FIG. 3 it is
      shown that the J-values of C.sub.j are simultaneously transferred out of
      the J-channels into a single vertical shift register where they are
      sequentially shifted downward to form the ultimate output signal.
PAR  By iterating through the preceding sequence of events one more time, it is
      seen that at time t.sub.N.sub.+1 the values transferred out of the J
      horizontal shift registers have the form
      ##EQU4##
      More generally, at the time t.sub.N.sub.+m, they have the form
      ##EQU5##
      Note that this is of the desired form of equation (2).
PAR  In effect, this device is performing a "sliding-window correlation" in that
      it is correlating N-samples of the input with the reference library and
      then "sliding" this "window" along the input signal to obtain correlation
      values for all possible registrations between the reference and input
      signals.
PAR  For simplicity the preceding explanation assumed that the input signal
      modulating the light source is a discrete time sample signal f.sub.t and
      that the charge coupled device timing pulses were synchronized to occur
      between the input samples. The input signal may, however, be a continuous
      analog waveform and it can be shown that the charge coupled device array
      itself performs the sampling operation.
PAR  The continuous analog input signal as illustrated in FIG. 4a will cause the
      intensity of the optical energy illuminating the charge coupled device
      array to have a continuous time variation, as illustrated by FIG. 4b. The
      discrete photo responsive elements of the charge coupled device array
      operate to integrate the total light intensity which illuminates the
      surface of each photo responsive element during some integration time T as
      determined by the length of the timing pulses provided by the clock in the
      manner graphically illustrated by the waveform of FIG. 4c. The photo
      responsivity of the charge coupled device is represented by the waveform
      of FIG. 4d and resultant shifted charges are shown by FIG. 4e.
PAR  Thus, the sequence of charges which the charge coupled device array photo
      responsive elements adds to each channel is a discrete analog time-sampled
      version of the input signal with each sample being the integration of the
      input signal for a period T.
PAR  It is assumed that the timing pulses provided by the clock have a frequency
      f.sub.h, then the input signal is sampled at the frequency of f.sub.h ;
      therefore, by the Shannon sampling theorem, the input signal can contain
      frequencies no higher than f.sub.h /2 with loss of some information. Thus,
      f.sub.input .ltoreq. f.sub.h /2.
PAR  It should also be noted that the horizontal shifting of charges should also
      have the frequency f.sub.h and should occur immediately after the clocking
      pulses. Therefore the output values C.sub.j should emerge from the
      horizontally disposed channels also at a frequency of f.sub.h.
PAR  As may be seen from FIG. 3 the vertically operative shift register must
      operate at a frequency f.sub.v which is at least greater than f.sub.h by a
      factor J in order that all J values or C.sub.j are read out before the
      next J values of C.sub.j are shifted from the horizontal channels. Thus
EQU  f.sub.v .gtoreq. Jf.sub.h
PAR  With typical values of f.sub.v = 4 MHz and J = 100, then f.sub.H =40KHz and
      f.sub.input =20 KHz. Thus this mode is limited to audio frequencies.
      (Although the output coefficient rate is 4 .times. 10.sup.6 analog values
      per second).
PAR  There is a second mode of operation of this device, called the adjacent
      window mode for applications where the sliding window mode is not
      appropriate. To achieve this second mode of operation it is necessary that
      in future charge coupled devices designed for this type of processing a
      "leakage tap" must be inserted between the outputs of the horizontal
      registers and the vertical register such that, upon application of a
      predetermined voltage to this lead, the charges extruding from the
      horizontal registers will be prevented from entering the vertical register
      by being diverted along this leakage path. With reference to equation (2),
      all correlation values for m = 1 to N-1 (more generally from m = kN+1 to
      (k+1)N-1, k = 0, 1, 2, 3, 4, - - - ) may then be discarded along this
      leakage tap so that only the values for m = kN are allowed to enter the
      vertical register and be outputted. The net effect of this is that the
      device is now correlating the reference library with adjacent windows of
      the input signal.
PAR  For the case of J=N (i.e., a square array), the vertical shift register
      need now only operate at a frequency
EQU  f.sub.v = f.sub.H
PAL  in order to allow the J-correlation coefficients pertaining to one window
      of the input signal to be read out before the coefficients pertaining to
      the adjacent window are ready to enter the vertical register. Using the
      same typical operational values used above, the highest input frequency is
      now limited only to 2 MHz.
PAR  Those skilled and knowledgeable in the optical processing arts will
      appreciate that the system of the present invention provides many
      advantages by the utilization of a two-dimensional charge coupled device
      array to perform not only integration and optical readout functions but
      also the scanning or sweep operation which in prior art systems was
      previously performed by an oscillating or revolving mirror. This is a most
      important aspect, feature, and advantage of the concept of the present
      invention because it (1) employs a wholly solid state device in the place
      of the only mechanical moving part of comparable prior art systems such as
      the U.S. patent referenced hereinbefore (2) eliminates the need for an
      optical imaging system (3) significantly increases the speed and dynamic
      range of the system, and (4) reduces the size, weight, and complexity of
      the overall system.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-channel optical correlation system comprising:
PA1  a mask having a plurality of linearly disposed channels, each said channel
      having known recorded information defined by variations in opacity along
      its linear length;
PA1  a light source positioned to illuminate said mask;
PA1  means for modulating the intensity of said light source as a function of an
      input signal;
PA1  a multiple element, photo-responsive charge coupled device positioned to
      receive the light energy transmitted by the illuminated mask and having
      elements arrayed in linearly disposed groups along axes parallel to said
      linearly disposed channels for developing a charge within each said
      element commensurate with the photo energy received at its position;
PA1  a source of clock signals; and
PA1  means applying said clock signals to said charge coupled device for
      cumulatively shifting charges developed within each said linearly disposed
      group and generating a cumulative charge output for each said group
      indicative of its degree of correlation to said input signal.
NUM  2.
PAR  2. A multi-channel optical correlation system as claimed in claim 1 wherein
      said mask comprises photographically recorded information.
NUM  3.
PAR  3. A multi-channel optical correlation system as claimed in claim 1 wherein
      said light source emits non-coherent light.
NUM  4.
PAR  4. A multi-channel optical correlation system as claimed in claim 1 wherein
      said light source comprises a light emitting diode.
NUM  5.
PAR  5. A multi-channel optical correlation system as claimed in claim 1 wherein
      said clock signals have the same cyclic period as iterative samplings of
      said input signal.
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ABST
PAL  Method and apparatus for enabling the observation of a physical reaction
      occurring over many orders of magnitude in time including sensing
      information during a kinetic action and providing a corresponding output
      signal, integrating the output signal over periodic linear time segments,
      converting the information into digital form, and averaging the periodic
      information samples over exponentially increasing time intervals, each
      containing a plurality of said linear time segments. A digital signal
      averager with logarithmic time base in which analog signal information
      derived for instance during a physical reaction is converted into digital
      form in periodic samples of discrete linear time intervals, and including
      means for summing the samples over time intervals increasing by a fixed
      power, for instance two, and means for dividing the sum for each of the
      increasing time intervals by the number of linear time intervals in each
      of the increasing time intervals.
BSUM
PAR  This invention relates to methods and apparatus for measuring physical
      reactions and in particular to the measurement of reactions occurring over
      several time decades.
PAR  In many physical reactions, it is desirable to measure and analyze the
      kinetics of the reaction extending over relatively long time periods.
      However, presently available apparatus and techniques are not well suited
      for the study of such reactions. For instance, in a flash photolysis
      system, photo dissociation is induced in a subject sample by a light flash
      and the resulting photo dissociation is detected by a photo multiplier.
      Normally, the photo multiplier output is fed into a storage oscilloscope
      and the data taken from the scope tracing. The time bases of oscilloscopes
      are linear, however. Thus, the observation of a process or physical
      reaction that extends over many orders of magnitude in time presents
      problems in that in any one observation after a flash, only a limited
      range in time, at most two decades, can be observed well.
PAR  Therefore, data from a series of flashes must be pieced together in order
      to get the entire information and measurements concerning the subject
      physical reaction being investigated. Such an approach is wasteful, time
      consuming, and furthermore introduces errors because of the required
      difficult matching of the individual output curves resulting from the
      respective light flashes.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of the present invention, there is
      provided method and apparatus for enabling the observation of a physical
      reaction over several decades in time.
PAR  In accordance with one aspect of the invention, a physical reaction is
      sampled and the resulting sampled output is provided in periodic, discrete
      time intervals. The periodic sampled output is then averaged over
      ever-increasing time intervals which are exponentially related to the
      initial sample intervals. This provides the desired ability to measure not
      only the rapidly occurring transient conditions of a physical reaction,
      but also one which extends over several time decades.
PAR  In accordance with another aspect of the invention, there is provided a
      signal averager capable of digitizing an analog signal that occurs over
      many decades in time. The averaging is done in the following manner: (1)
      initially, an analog signal, such as one resulting from a sampled physical
      reaction, is periodically integrated over fixed time segments (of discrete
      length); (2) the integrated analog output is then converted into digital
      form at the end of each discrete time interval; and (3) summing the
      converted digital signal over a respective second group of time intervals
      increasing exponentially, (for instance) by powers of two, and dividing by
      the number of linear time segments in each respective second group of time
      intervals. There is thus provided a digital signal averager with
      logarithmic time base.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a logarithmic digital signal averager in
      accordance with one aspect of the invention utilized in accordance with
      the method aspect of the present invention for measuring the kinetic
      actions occurring in a physical reaction;
PAR  FIG. 2 represents the output measurement results derived in measuring the
      physical reactions of FIG. 1 over several time decades;
PAR  FIG. 3 is a block diagram of a logarithmic signal averager apparatus in
      accordance with one aspect of the present invention capable of measuring
      an input signal over several time decades;
PAR  FIG. 4 is a time diagram useful in the description of the present invention
      and illustrating the linear time intervals and the logarithmic time
      intervals; and,
PAR  FIG. 5 is a detailed apparatus block diagram illustrating the logarithmic
      digital signal averager apparatus aspect of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, there is illustrated measuring apparatus 10
      utilizing a logarithmic digital signal averager 12 for measuring the
      kinetics of a physical reaction occurring over several time decades in
      accordance with another aspect of the invention. In the illustration of
      FIG. 1, the measuring apparatus 10 is applied to the study of biological
      molecules and in particular to the kinetic action occurring in an
      atom-molecule binding process. The sample 14 under investigation is placed
      in a cryostat 16 having optical windows. Photo dissociation is induced by
      a flash 18 from flash lamp 20 initiated by the trigger 22. The subsequent
      rebinding of sample 14 following dissociation is observed optically with a
      light beam 24 having a wave-length corresponding to the absorption peak of
      the rebinding of the sample 14 under investigation. The measuring
      apparatus 10 enables the observation of the kinetic actions occurring
      during the rebinding over at least seven decades in time.
PAR  The trigger 22 which releases the flash also at the same time starts a
      logarithmic clock 26. A photo multiplier detector 28 detects the
      transmitted beam resulting from the light beam 24 passing through sample
      14 and thus directly observes the kinetic action during the rebinding
      process. The output of detector 28 is coupled into the logarithmic digital
      signal averager 12. After triggering, the logarithmic clock 26 begins to
      emit signals in ever-increasing time intervals. The first interval has a
      length .DELTA., the second interval 2.DELTA., the third 2.sup.2 .DELTA.,
      and the n-th 2.sup.n.sup.-1 .DELTA.. The output from the photo multiplier
      detector 28 is first converted into digital form and then summed over a
      given interval. The sum over the n-th interval is divided by
      2.sup.n.sup.-1 and the result is provided at the output of logarithmic
      averager 12.
PAR  As an example, the system can be provided to measure over 19 intervals. If
      the first interval has a length of .DELTA. = 1 msec, the 19th has a length
      of
EQU  2.sup. (19 .sup.- 1) .DELTA. msec = 262 seconds,
PAL  and the entire measurement extends over a time of 524 seconds. Thus, after
      a flash, signals derived from photo multiplier detector 28 can be observed
      in the time range from about 1 microsecond to nearly 1000 seconds in one
      run with the apparatus of FIG. 1.
PAR  Reference may be made to FIG. 2 wherein there is illustrated a set of
      typical data where, for instance, H(t) denotes the fraction of myoglobin
      molecules that have not rebound with carbon monoxide at the time (t) after
      the flash. In FIG. 2, the log H(t) is plotted versus log t. Therefore, the
      curves in FIG. 2 illustrate the binding of carbon monoxide to myoglobin in
      the temperature range between about 40.degree.K and 200.degree.K over the
      several decades herein noted.
PAR  Referring now to FIG. 3, there is illustrated in a more specific block
      diagram, the individual components and functions provided for the
      logarithmic digital signal averager in accordance with the present
      invention. The analog signal under observation resulting from kinetic
      processes occurring during a physical reaction are coupled on a line 30 to
      an integrator 32. The integrator 32 includes a high input impedance and a
      suitable time constant to smooth the analog signal input and provide a
      corresponding analog signal output on line 34, which is coupled to a
      sample/hold unit 36. The sample/hold circuit 36 samples the input analog
      signal on line 34 at a rate determined by a linear clock 38 and maintains
      the sampled analog signal constant for digital conversion via an analog to
      digital converter 40. The analog to digital converter 40 converts the
      sampled analog signal input to digital form every .DELTA.t.sub.O which is
      supplied by the constant frequency clock 38.
PAR  A clock divisor 42 groups the constant frequency pulses from clock 38 into
      ever-increasing time intervals or segments, .DELTA.t.sub.n =
      2.sup.n.sup.-1 .DELTA.t.sub.0. An averaging unit 44 functions in response
      to the log time output of clock divisor 42 so as to sum the digital input
      for a certain number of linear time intervals and then divides the sum by
      the number of intervals summed over as can be seen more clearly by
      referring to the time diagram of FIG. 4.
PAR  In FIG. 4, the linear time intervals marked 1, 2, 3, etc. correspond to the
      intervals provided by the constant frequency clock 38. In the same figure,
      the ever-increasing time intervals or segments .DELTA.t.sub.n provided by
      the log time clock divisor 42 have been marked for convenience as t.sub.1,
      t.sub.2, t.sub.3, etc. Thus, in the first log time interval, one linear
      time interval is averaged by summing and dividing in unit 44 with a
      resulting output being placed in memory 46. During the second log time
      interval, as is shown in FIG. 4, the result of two linear time intervals
      is averaged and placed in the memory. In the third log time interval, the
      result of four linear time intervals are averaged; during the fourth log
      time interval, the results of eight linear time intervals are averaged,
      etc. Thus, the average over the n-th interval is determined by summing the
      output of analog to digital converter 40 over 2.sup.n.sup.-1 consecutive
      segments of time length .DELTA.t.sub.O and simultaneously dividing by
      2.sup.n.sup.-1.
PAR  The memory 46 stores the final averaged values in ten-bit words per log
      time interval. That is, each ten-bit word represents the averaged values
      during a certain interval. The interval size increases as time gets
      longer. The output of memory 46 is then coupled to an output device 48
      such as a teletype unit or a computer.
PAR  FIG. 5 illustrates in detail one embodiment of a digital logarithmic
      averager apparatus in accordance with one aspect of the present invention.
      It is to be understood that the apparatus illustrated in FIG. 5 is of
      standard construction, that is, each individual component being well known
      in the art. It is of course preferred that integrated circuits be used as
      the actual devices and as an example one may utilize the integrated
      circuits of the TTL-74 series logic circuits readily available. A digital
      log clock 50 provides the linear output such as a one-KHz clock rate into
      a reset 52 in order to integrate and sample through integrator 54 and
      sample/hold circuit 56 the input analog signal. The output of the
      sample/hold circuit 56 is in serial form and is coupled into an analog
      digital converter 58.
PAR  The output of ADC 58 is a digital number which corresponds to the analog
      input. The output of ADC 58 is loaded in parallel into a 12-bit counter 60
      using the STATUS of the ADC for a loading command. After the number is
      loaded into counter 60, the STATUS going high starts a 1.0 MHz clock 62
      which couples into the 12-bit counter 60 and causes the counter to count
      down to zero. It is to be noted that the clock 62 is free-running and is
      switched in and out of the circuit when given proper commands; such
      commands are readily provided for and have not been illustrated in FIG. 5
      in order to avoid encumbering the drawing.
PAR  When counter 60 has counted to zero, it provides a pulse which shuts off
      clock 62. A system of four inverters (not shown) prevents the clock 62
      from starting and stopping in the middle of a pulse. Otherwise, the clock
      could put out a very short pulse which would disrupt the counter 60. A
      string of pulses (equal in number to the output of the ADC 58) is coupled
      into a scaling counter 63 every 1 msec, assuming the linear output of log
      clock 50 is 1 KHz. Scaler counter 63 counts all pulses received between
      two reset commands from a reset unit 64. The reset unit 64 resets counter
      63 at logarithmically varying time intervals determined by the log output
      of digital log clock 50 delayed about 900 microseconds by delay unit 66.
      The delay interval allows analysis of the previous 1-millisecond interval
      to be completed and sent to a memory unit 68. It is to be noted that the
      time intervals between which the scaler 63 is reset increases
      logarithmically by a factor of 2, that is, the time intervals between
      resets are t.sub.O, 2t.sub.O, 4t.sub.O, 8t.sub.O, etc.
PAR  In order to prevent the digital numbers which are loaded into the memory
      unit 68 from increasing by factors of two for each time interval, a
      multiplexor 70 looks at different bit-outputs of the scaling counter 62.
      When the time interval increases by a factor of two, the multiplexor 70
      divides the number of counts by a factor of two. The output of memory 68
      is coupled into an output device 70 such as a teletype unit or a computer.
PAR  It is to be understood, of course, that whereas the present invention has
      been described in connection with the study of biological molecules, the
      principles of the digital logarithmic averager can as well be applied to
      the investigation of any time-varying process over long time bases without
      loss of resolution. Thus, the principle of the present invention is also
      applicable to studies in pulse radiolysis, radiation damage, fluorescence,
      diffusion, annealing, luminescence, etc.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of analyzing a kinetic action comprising the steps of:
PA1  providing periodic digital samples of information sensed during said
      kinetic action; and
PA1  averaging said periodic digital samples of information over exponentially
      increasing time intervals to obtain measurements of said kinetic action
      over several time decades.
NUM  2.
PAR  2. The method of claim 1, wherein said averaging is provided over time
      intervals increasing by the power of two.
NUM  3.
PAR  3. A method of analyzing a kinetic action comprising the steps of:
PA1  sensing said kinetic action and providing a corresponding output signal;
PA1  periodically integrating said output signal over time segments of discrete
      length to provide periodic information samples related to said kinetic
      action;
PA1  converting said periodic information samples into a digital signal; and
PA1  averaging said periodic information samples over exponentially increasing
      time intervals each corresponding to a plurality of said linear time
      segments.
NUM  4.
PAR  4. The method of claim 3, wherein said averaging is provided over time
      intervals increasing by the power of two.
NUM  5.
PAR  5. The method of claim 3, wherein said averaging includes the steps of:
PA1  summing said periodic information samples over time intervals increasing by
      the power of two; and
PA1  dividing said sum for each time interval by the corresponding number of
      said time segments of discrete length in each of said respective time
      intervals.
NUM  6.
PAR  6. Apparatus for analyzing information sensed during a kinetic action
      comprising:
PA1  means for providing periodic digital samples of said information; and
PA1  means for averaging said periodic digital samples of information over
      exponentially increasing time intervals.
NUM  7.
PAR  7. Apparatus for analyzing information sensed during a kinetic action
      comprising:
PA1  means for periodically integrating said information over discrete linear
      time segments to provide periodic information samples;
PA1  means for converting said periodic information into a digital signal;
PA1  means for summing said periodic information samples over time intervals
      increasing by the power of two; and
PA1  means for dividing said sum for each of said time intervals by the
      corresponding number of said time segments in each of said respective time
      intervals.
NUM  8.
PAR  8. Apparatus for analyzing information sensed during a kinetic action
      comprising:
PA1  means for sensing said kinetic action and providing a corresponding output
      signal;
PA1  means for periodically integrating said output signal over time segments of
      discrete length to provide periodic information samples related to said
      kinetic action;
PA1  means for converting said periodic information samples into a digital
      signal; and
PA1  means for averaging said periodic information samples over exponentially
      increasing time intervals each corresponding to a plurality of said linear
      time segments.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, including means for averaging said
      periodic information samples over time intervals increasing by the power
      of two.
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ABST
PAL  The invention relates to a method of reducing the second and higher order
      distortion in electronic devices such as multipliers by feeding cross feed
      signals to the inputs whereby the output signal is a function of the
      original signals and the cross feed input signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in electronic circuitry, and in
      particular to the reduction of distortion in electronic devices whose
      principal desired function is the performance of nonlinear operations. An
      important special case is the reduction of second-order distortion in
      devices performing a multiplication operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method for the reduction of undesired
      second and higher order distortion products present in the signal(s)
      w.sub.1, w.sub.2, . . . , w.sub.M appearing at the M outputs of an
      imperfect nonlinear electronic device which has input signals u.sub.1,
      u.sub.2, . . . , u.sub.N applied to its N inputs, where N is an integer
      greater than unity and M is an integer greater than zero, and where input
      u.sub.n is applied to the n-th input, n being an integer lying between 1
      and N inclusive, characterised in that cross-feed connections are
      incorporated at the inputs of the nonlinear electronic device in such a
      way that instead of applying the input signals u.sub.1, u.sub.2, . . . ,
      u.sub.N directly to the N inputs of the imperfect nonlinear electronic
      device, the signals u.sub.1 ', u.sub.2 ', . . . , u.sub.N ' actually
      applied to the N inputs of the electronic device are individually
      functions of at least one of the input signals u.sub.1, u.sub.2, . . . ,
      u.sub.N, that at least one of the signals u.sub.1 ', u.sub.2 ', . . . ,
      u.sub.N ' is a nontrivial function of at least two of the signals u.sub.1,
      u.sub.2, . . . , u.sub.N, that the functional relations between the
      signals u.sub.1 ', u.sub.2 ', . . . , u.sub.N ' and u.sub.1, u.sub.2, . .
      . , u.sub.N are either linear or non-linear, and that the signal u.sub.n '
      is a non-trivial function of at least the signal u.sub.n, where n is any
      integer between 1 and N inclusive.
PAR  The following terms will first be defined before proceeding with the
      description of the invention:
PA0  nonlinear operations
PA0  Nonlinear device
PA0  Distortion
PA0  Order of distortion
PA0  Distortion product
PA0  Multiplier
PAC  GENERAL DEFINITIONS:
PAC  Definition 1 -- Nonlinear Operation
PAR  Suppose an electronic device has N inputs and M outputs, where N and M are
      integers greater than unity. Let u.sub.1, u.sub.2, . . . , u.sub.N be the
      N signals or variables applied respectively to the N inputs. Let v.sub.1,
      v.sub.2, . . . , v.sub.M be the signals or variables appearing at the M
      outputs when u.sub.1, u.sub.2, . . . , u.sub.N are applied to the N
      inputs. Let the function of the electronic device be described by the
      following functional relationships between the v.sub.j (j = 1, 2, . . . ,
      M) and the u.sub.i  (i  = 1, 2, . . . , N):
EQU  v.sub.1 = G.sub.1 (u.sub.1, u.sub.2, . . . , u.sub.N),
EQU  v.sub.2 = G.sub.2 (u.sub.1, u.sub.2, . . . , u.sub.n),     (1)
EQU  v.sub.M = G.sub.M ( u.sub.1, u.sub.2, . . . , u.sub.n).
PAR  It is customary to write this set of equations in vector notation as
EQU    v = G (u)                                                (2)
PAL  where
PA1  v denotes the set (v.sub.1, v.sub.2, . . . , v.sub.M),
PA1  u denotes the set (u.sub.1, u.sub.2, . . . , u.sub.N), and
PA1  G denotes the set (G.sub.1, G.sub.2, . . . , G.sub.M).
PAR  A function G.sub.j (j = 1, 2, . . . , M) is defined to be nonlinear if the
      corresponding output v cannot be expressed in the form
EQU  v.sub.j =  g.sub.1j u.sub.1 + g.sub.2j u .sub.2 + . . . +g.sub.Nj u.sub.N (
      3)
PAL  for all admissible values of u, where g.sub.1j, g.sub.2j, . . . , g.sub.Nj
      are weighting constants independent of u.
PAR  A relationship of the form eq. (3) is commonly described as linear.
      Examples of nonlinear relationships are:
EQU  v.sub.1 = g.sub.11 u.sub.1 + g.sub.21 u.sub.2 + g.sub.31 u.sub.1 u.sub.2 +
      G.sub.41 u.sub.3.sup.2                                    ( 4)
PAL  and
EQU  v.sub.2 = Ksin(au.sub.1 + bu.sub.2),                       (5)
PAL  where g.sub.11, g.sub.21, g.sub.31, g.sub.41, K, a, b, are constants.
PAC  Definition 2 -- Nonlinear Device
PAR  An electronic device with one or more inputs (i.e. N.gtoreq.1) and one or
      more outputs (i.e., M.gtoreq.1) which performs a nonlinear operation as
      defined in Definition 1 will be termed a "nonlinear device."
PAC  Definition 3 -- Distortion
PAR  Suppose an electronic device with one or more inputs and one or more
      outputs be desired to ideally perform operations, either linear or
      nonlinear, according to eq. (1). Suppose further that an imperfect
      realization of such an ideal device performs an operation described in
      vector notation by the expression:
EQU  w = F (u)                                                  (6)
PAL  where F denotes the function set (F.sub.1, F.sub.2, . . . , F.sub.M), w
      denotes the set (w.sub.1, w.sub.2, . . . , w.sub.M) of output variables of
      the imperfect device, and u is as previously defined. Since the device is
      assumed to be imperfect, F will not in general be identical to G, so that
      w will not in general equal v. The distortion is defined as the difference
      between the actual outputs w.sub.1, w.sub.2, . . . , w.sub.M and the
      corresponding desired outputs v.sub.1, v.sub.2, . . . , v.sub.M. In vector
      notation this may be written as
EQU  d = w - v,                                                 (7)
PAL  where d is the set of distortion signals (d.sub.1, d.sub.2, . . . ,
      d.sub.M).
PAC  Definition 4 -- Order of Distortion
PAR  It is usually possible, at least approximately, to express each of d.sub.1,
      d.sub.2, . . . , d.sub.M as a weighted sum of products of variables
      selected one or more times from the set (u.sub.1, u.sub.2, . . . ,
      u.sub.N). For example, for a single output device with three inputs, the
      distortion d.sub.1 may be expressed in the form:
EQU  d.sub.1 = a.sub.o + b.sub.1 u.sub.1 + b.sub.2 u.sub.2 + b.sub.3 u.sub.3 +
      c.sub.1 u.sub.1.sup.2 + c.sub.2 u.sub.2.sup.2 + c.sub.3 u.sub.3.sup.2
EQU  + c.sub.12 u.sub.1 u.sub.2 + c.sub.23 u.sub.2 u.sub.3 + c.sub.31 u.sub.3
      u.sub.1
EQU  + e.sub.1 u.sub.1.sup.3 + e.sub.2 u.sub.2.sup.3 + e.sub.3 u.sub.3.sup.3
EQU  + (terms of the form e.sub.123 u.sub.1 u.sub.2 u.sub.3)
EQU  +  (terms of the form e.sub.23 u.sub.2.sup.2 u.sub.3)
EQU  + (terms involving 4th degree products of u.sub.1, u.sub.2, u.sub.3 in any
      combination)
EQU  + . . .                                                    (8)
PAL  where a.sub.o, b.sub.1, b.sub.2, b.sub.3, c.sub.1, c.sub.2, c.sub.3,
      c.sub.12, c.sub.23, c.sub.31, e.sub.1, e.sub.2, e.sub.3, e.sub.123,
      e.sub.23 are constants independent of u.sub.1, u.sub.2 and u.sub.3. Some
      of those constants could be zero.
PAR  Each additive term in an expression of the form in eq. (8) is denoted a
      distortion product.
PAR  A distortion product is said to be zeroth-order when it is a constant,
      i.e., not dependent on any of u.sub.1, u.sub.2, . . . , u.sub.N (e.g.
      a.sub.o in eq. (8) ). A distortion product is said to be k.sup.th - order
      when it is composed of a multiplicative product of total degree k in one
      or more of u.sub.1, u.sub.2, . . . , u.sub.N. (e.g. a distortion product
      of the form u.sub.1 u.sub.2.sup.2 u.sub.3 u.sub.4.sup.5 is 9th-order).
PAC  Definition 5 -- Multiplier
PAR  For the purposes of this specification the term "multiplier" will be used
      to denote a device, and in particular an electronic device, with two or
      more inputs and one or more outputs whose principal desired function is to
      perform multiplicative operations on two, or more input signals, each of
      which may be involved one or more times in the multiplication product. For
      example, using the notation of Definition 1, for a two-output, three-input
      multiplier, the multiplier may ideally be expected to perform operations
      such as:
EQU  v.sub.1 = K.sub.1.sup.. u.sub.1.sup.. u.sub.2.sup.. u.sub.3 ( 9)
PAL  or
EQU    v.sub.2 = K.sub.2.sup.. u.sub.2.sup.. u.sub.3, etc.      (10)
PAR  The description of the present invention now follows:
PAR  The present invention is characterised in a nonlinear device having two or
      more inputs and one or more outputs, of cross-feed signals to reduce
      distortion products in the system. Although, for the purposes of
      simplifying the following exposition, the examples below all refer to
      two-input, single output multipliers, the invention can by obvious
      extensions be applied equally well to multipliers having two or more
      inputs and one or more outputs, and to other nonlinear devices having two
      or more inputs and one or more outputs.
DRWD
PAR  The invention is hereinafter described with reference to the accompanying
      drawings in which
PAR  FIG. 1 is a diagram of a distortion model for an imperfect two-input
      single-output multiplier.
PAR  FIG. 2 is a diagram showing schematically the principle of the present
      invention as applied to an imperfect two-input single-output multiplier.
PAR  FIGS. 3 and 4 are diagrams showing applications of the present invention.
PAR  FIG. 5 is a detailed working circuit of the present invention in
      conjunction with a commercially available integrated circuit multiplier
      unit.
DETD
PAR  The two inputs of two-input multiplier will be denoted by "X-input" and
      "Y-input" respectively. The symbols "X" and "Y" will be used to denote the
      values of the corresponding electrical quantities at these inputs (usually
      voltages or currents). The output quantity Z, which is the value of an
      electrical quantity (usually a voltage or a current) at the output of the
      multiplier, is ideally proportional to the product of X and Y:
EQU  Z = KXY                                                    (11)
PAL  where K is a constant dependent only on the particular multiplier. In
      practice the output will depart from this ideal and may be expressed in
      the form,
EQU  Z = Z.sub.o + K (X + X.sub.o) (Y + Y.sub.o) + a.sub.x X.sup.2 + a.sub.y
      Y.sup.2 + higher order terms                              (12)
PAL  where
PA1  Z.sub.o is a constant offset appearing at the output (output offset),
PA1  X.sub.o and Y.sub.o are constant offsets associated with the respective
      input terminals,
PA1  a.sub.x, a.sub.y are constant factors related to second-order distortion.
PAL  The distortion model is illustrated diagrammatically in FIG. 1. The
      constants in the foregoing expression are considered to be independent of
      the multiplier input quantities, but their values could in practice depend
      on the temperature, operating points or other environmental factors.
PAR  Let us suppose that the actual signals whose product is desired are x and
      y. That is, the desired output from the multiplier is
EQU  z = Kxy                                                    (13)
PAL  where K is a constant. It is current practice when using imperfect
      multipliers described by equation (12) to provide external circuitry for
      the reduction or cancellation of the offset terms X.sub.o, Y.sub.o and
      Z.sub.o. This external circuitry operates by adding appropriate components
      x.sub.o, y.sub.o and z.sub.o to x, y and z, respectively, so that the
      signals applied to the imperfect multiplier inputs are
EQU  X = x + x.sub.o                                            (14)
PAL  and
EQU  Y = y + y.sub.o                                            (15)
PAL  and the new output signal is given by
EQU  z = Z + z.sub.o                                            (16)
PAL  Values of x.sub.o, y.sub.o and z.sub.o are commonly chosen to reduce or
      eliminate the undesired effects of X.sub.o, Y.sub.o and Z.sub.o, as
      discussed further below.
PAR  These adjustments, hereinafter referred to as "offset adjustments," do not
      in general reduce distortion of order higher than unity. The purpose of
      the present invention is to provide additional external adjustments,
      hereinafter referred to as "cross-feed adjustments," to reduce or cancel
      higher-order distortion (especially, the second-order distortion). The
      essence of the method of the present invention lies in the exploitation of
      the normal function of the nonlinear device to generate additional output
      products, the magnitude and polarity of which are adjusted to cancel, as
      accurately as practicable, undesirable distortion products of similar form
      already present in the output due to imperfections in the characteristics
      of the nonlinear device. In the special case of the single-output
      two-input multiplier, this is achieved by cross-feeding a small portion
      b.sub.x x of the signal x into the imperfect multiplier Y-input, and a
      portion b.sub.y y of the signal y into its X-input, where b.sub.x and
      b.sub.y are constants, at least one of which must be non-zero. These
      cross-feed adjustments may be effected in conjunction with the usual
      offset adjustments, or independently, as desired. In the following we will
      consider the general case in which the offset and cross-feed adjustments
      are performed in conjunction. The signals applied to the imperfect
      multiplier inputs are thereby:
EQU  X = x + x.sub.o + b.sub.y y                                (17)
PAL  and
EQU  Y = y + y.sub.o + b.sub.x x,                               (18)
PAL  as shown schematically in FIG. 2. The output signal z is still given by eq.
      (16). The overall effect of this arrangement is evaluated by substituting
      in eq. (12) the quantities in equations (17) and (18) above for X and Y
      respectively. In accordance with this substitution, and with the provision
      of an output offset compensation term z.sub.o, the expression for the
      output becomes:
EQU  z = Z.sub.o + z.sub.o +  K [(x.sub.o + Y.sub.o) (y.sub.o + Y.sub.o) +
      a.sub.x x.sub.o.sup.2 + a.sub.y y.sub.o.sup.2 ]
EQU  + K xy [1 + b.sub.x b.sub.y +  2(b.sub.y a.sub.x + b.sub.x a.sub.y)]
EQU  + x[(y.sub.o + Y.sub.o) + b.sub.x (x.sub.o + Y.sub.o + 2a.sub.y y.sub.o) +
      2a.sub.x x.sub.o  ]
EQU  + y [(x.sub.o + Y.sub.o) + b.sub.y (y.sub.o + Y.sub.o + 2a.sub.x x.sub.o) +
      2a.sub.y y.sub. o ]
EQU  + x.sup.2 (b.sub.x + a.sub.x + a.sub.y b.sub.x.sup.2) + y.sup.2 (b.sub.y +
      a.sub.y + a.sub.x b.sub.y.sup.2)
EQU  + [other minor cross-feed components]
EQU  + [higher order terms]                                     (19)
PAL  where minor cross-feed components not given explicitely in eq. (19) are
      normally negligible low-order terms produced by the substitutions of eqs.
      (17) and (18) into higher order terms in eq. (12).
PAR  In equation (19), the xy term is the desired output; the other terms are
      distortion products. The effects of these may be minimized by assigning
      appropriate values to x.sub.o, y.sub.o, z.sub.o, b.sub.x, b.sub.y, as
      required for each individual device. Prior to the present invention,
      compensation was limited to compensation of the 1st-order distortion
      products. The present invention also allows for compensation of 2nd-order
      distortion products. A practical method of effecting the optimum
      adjustment of x.sub.o, y.sub.o, z.sub.o, b.sub.x and b.sub.y is described
      further on by reference to a working circuit of the invention. The
      characteristics of devices normally encountered in practice are such that
      the coefficients a.sub.x and a.sub.y may be considered small in relation
      to unity. Accordingly, values of b.sub.x and b.sub.y which minimize the
      x.sup.2 and y.sup.2 terms are approximately given by,
EQU  b.sub.x = -a.sub.x                                         (20)
EQU   b.sub.y = -a.sub.y                                        (21)
PAL  In the foregoing example (corresponding to FIG. 2) the cross-feed principle
      has been described in terms of linear cross-feed only. For example, input
      signal x is cross-fed to the imperfect multiplier Y-input without any
      functional modification other than multiplication by the constant
      weighting factor b.sub.x. According to the present invention, the
      imperfect nonlinear device may be more general than the multiplier in FIG.
      2 and it is also permissible to incorporate in the cross-feed connections
      for this more general device (as defined by eq. (6)) additional devices
      which have the effect of combining one, two, or more of the input signals
      u.sub.1, u.sub.2, . . . , u.sub.N, by means of operations, which may be
      nonlinear (of the general form as in eq. (1)), before application to the
      inputs of the original imperfect nonlinear device defined by eq. (6).
PAR  Embodiments of the invention are shown in FIGS. 3, 4 and 5. The arrangement
      in FIG. 3 is suitable for use with a multiplier with single-ended input
      terminals. The inverter circuits (consisting of the additional operational
      amplifiers and the resistors labelled R) allow compensation of either
      polarity.
PAR  The arrangement of FIG. 4 is suitable for use with a multiplier with
      differential input terminals. The current dividers RV1 and RV2 across each
      pair of input terminals provide for compensation of either polarity. FIG.
      5 shows a detailed working circuit of the present invention as applied to
      a commercially available integrated circuit analog multiplier unit. In
      this embodiment, which is a special case of the circuit in FIG. 4, the
      resistive divider implemented by the variable resistor RV1 controls mainly
      the value of b.sub.x. The value of b.sub.y is similarly mainly controlled
      by RV2. RV1 and RV2 are the cross-feed adjustors. RVX controls mainly
      x.sub.o , RVY controls mainly y.sub.o, RVO controls mainly z.sub.o. RVG
      controls K. RVX, RVY and RVO are the offset adjustors. The resistive
      controls may in practice partly affect parameters other than those upon
      which they are designed to exercise primary control, so that adjustment
      procedures may need to be repeated several times before convergence is
      obtained.
PAR  It will be apparent from the example in FIG. 5 that the cross-feed
      principle can be implemented cheaply and with very little additional
      circuitry. It will also be apparent from the description of the adjustment
      procedure described below that the adjustment of the cross-feed network is
      very straightforward.
PAR  A method for the optimum adjustment of cross-feed weights is now described
      by way of example with particular reference to the circuit of FIG. 5.
      However, the method is general and is suitable for use, with modification
      if required, in any combination of the following situations:
PA1  a. with nonlinear devices other than multipliers;
PA1  b. where the number of cross-feed connections is other than two;
PA1  c. where the number of outputs is greater than one;
PA1  d. where additional nonlinear devices are incorporated within the
      cross-feed connections; and
PA1  e. where the number of inputs is greater than two.
PAR  In the implementation of the adjustment procedure, a test signal is
      required whose peak-to-peak value can be made as large as the range of
      expected input signal values. A signal is connected to one input first,
      say the x-input of the overall multiplier with compensating circuitry, and
      a zero signal is connected to the other input. The output is connected to
      the vertical deflection input of a cathode ray oscilloscope (CRO). The
      test signal (which is already connected to the multiplier x-input) is also
      connected to the CRO horizontal deflection input. The CRO is adjusted to
      produce a display of convenient amplitude. Variable resistors RV1 and RVY
      in the multiplier circuit are adjusted to minimize the peak-to-peak
      vertical deflection of the CRO trace. Similarly, with the test signal now
      applied to the multiplier y-input (and still connected to the CRO
      horizontal input) and a zero signal applied to the x-input, RV2 and RVX
      are adjusted for further reduction of vertical displacement of the CRO
      trace. RVO may be similarly adjusted in conjunction with either or both of
      the foregoing test arrangements, or alternatively with a zero signal
      applied to both multiplier inputs simultaneously. The procedure may be
      repeated as many times as necessary for convergence. RVG is an independent
      adjustment for setting the overall gain factor (K) of the multiplier,
      which is best left as the last adjustment, and performed according to well
      known methods. In applications with more than two inputs, a non-zero test
      signal is applied to one input only at a time. In applications with more
      than one output, each output may be displayed simultaneously either
      through the use of a multi-trace CRO, or additional CRO's.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for the reduction of undesired second and higher order
      distortion products present in the signal(s) w.sub.1, w.sub.2, . . . ,
      w.sub.M appearing at the M outputs of an imperfect nonlinear electronic
      device which has input signals u.sub.1, u.sub.2, . . . , u.sub.N applied
      to its N inputs, where N is an integer greater than unity and M is an
      integer greater than zero, and where input u.sub.n is applied to the n-th
      input, n being an integer lying between 1 and N inclusive, which comprises
      the steps of:
PA1  incorporating cross-feed connections at the inputs of the non-linear
      electronic device, and
PA1  generating by use of the cross-feed connections signals u .sub.1 ' u.sub.2
      ', . . . , u.sub.N ' from the input signals u.sub.1, u.sub.2, . . . ,
      u.sub.N such that at least one of the signals u.sub.1 ', u.sub.2 ', . . .
      , u.sub.N ' is a non-trivial function of at least two of the signals
      u.sub.1, u.sub.2, . . . , u.sub.N and such that the signal u.sub.N is a
      non-trivial function of at least the signal u.sub.N, where n is an integer
      between 1 and N inclusive, and
PA1  applying the signals u.sub.1 ', u.sub.2 ', . . . , u.sub.N ' to the N
      inputs of the electronic device instead of applying the input signals
      u.sub.1, u.sub.2, . . . , u.sub.N directly to the N inputs so that the
      undesired second and higher order distortion products are reduced.
NUM  2.
PAR  2. A method as claimed in claim 1 in which the functional relation between
      the signal u.sub.n ' and u.sub.n is linear, where n is any integer between
      1 and N inclusive.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein the functional relations between
      the signals u.sub.1 ', u.sub.2 ', . . . , u.sub.N ' and u.sub.1, u.sub.2,
      . . . , u.sub.N are individually linear.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the imperfect nonlinear
      electronic device is ideally a general multiplier with N inputs and M
      outputs.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the imperfect nonlinear
      electronic device has two inputs and one output.
NUM  6.
PAR  6. A method as claimed in claim 4 wherein the multiplier has two inputs and
      one output.
NUM  7.
PAR  7. A method as claimed in claim 4 which comprises the step of utilizing as
      the imperfect nonlinear device an electronic analogue multiplier in which
      none of the M + N input and output variables u.sub.1, u.sub.2, . . . ,
      u.sub.N and w.sub.1, w.sub.2, . . . , w.sub.M is subjected to a
      quantization operation.
NUM  8.
PAR  8. A method as claimed in claim 6 wherein the multiplier inputs are
      unbalanced with respect to earth, and the operational amplifier inverter
      arrangement provides for compensation of either polarity.
NUM  9.
PAR  9. A method as claimed in claim 6 wherein the multiplier inputs are
      balanced with respect to earth.
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ABST
PAL  A space-to-space or space-to-earth optical transmission link is simulated
      by positioning a linear optical modulator between an optical carrier
      source and a receiver for the carrier. The optical modulator is driven by
      an analog signal having random variations indicative of characteristics of
      the transmission link, as derived from an analog computer circuit. The
      analog computer circuit is responsive to a Gaussian random analog source.
      For certain types of links, the analog computer circuit is responsive to a
      pair of Gaussian analog signals which are derived by feeding a relatively
      wide band Gaussian analog source in parallel to a first low pass filter
      and to a heterodyne circuit that derives a beat frequency output that is
      passed through a second low pass filter having the same characteristics as
      the first low pass filter. For space-to-space transmission, transmitter
      pointing jitter is a dominant noise source and is simulated by deriving a
      beta statistical variation from the analog computer. For space-to-earth
      transmission, atmospheric scintillation is a dominant noise source and is
      simulated by driving the modulator with one of (1) a log normal, (2)
      Rayleigh, or (3) Ricean output of the analog computer circuit.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by employees of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalities thereon or
      therefor.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates generally to an apparatus for simulating
      space-to-space or space-to-earth, i.e., ground, optical transmission links
      wherein a linear optical modulator is connected to be responsive to an
      analog signal derived from a Gaussian random source, wherein the analog
      signal has random variations simulating characteristics of the
      transmission link.
PAC  BACKGROUND OF THE INVENTION
PAR  There are presently programs directed toward developing high data rate,
      nominally 300 MBps to 1 GBps, optical communication systems for space
      flight use. A typical system might employ a Nd:YAG mode locked laser
      transmitter using on-off key (OOK), binary polarization (BPM) or pulse
      quaternary (PQM) modulation formats and a photoemissive direct detection
      receiver incorporating either high speed, gated photomultiplier tubes or
      avalanche photodiode-low noise, wideband amplifier combinations. Such
      systems are governed by Poisson statistics. The performances thereof for
      OOK or BPM modulation formats and deterministic average receiver signal
      intensity have previously been analyzed and reported in the literature.
PAR  Optical communication systems appear at present most attractive in the
      space-to-space link. In the space-to-space configuration, it is easiest to
      take full advantage of the relatively small size, power and weight of
      optical communication systems as well as the rugged and long lifetime
      components used in such systems. However, in the space-to-space
      configuration, as exemplified by a low earth orbiter to synchronous
      satellite link, the operational system may require sub-arcsecond pointing
      of the laser transmitter beam. As a result, a dominant noise source may be
      the interaction of the transmitter far field irradiance profile and the
      instantaneous transmitter pointing direction. Thus, the average receiver
      signal level may be random and obey beta statistics, as reported in the
      literature. For the space-to-ground link one can take advantage of the
      transmitter low power, light weight, etc. system parameters, but must
      contend with the perturbing effects of the atmosphere. Performance
      analysis reported in the literature for the space-to-ground link
      incorporate the effects of atmospheric scintillation assuming a log normal
      channel. Theory exists and has been reported asserting that certain
      space-to-ground optical communication links will also be subject to
      atmospheric scintillation resulting in time varying average signal
      amplitudes described by Ricean or Rayleigh probability distributions.
PAR  Past attempts to simulate the random variations of space-to-earth and
      space-to-space optical communication links have involved physically
      perturbating air between a source of optical radiation and a detector for
      the radiation. The air has generally been perturbated by heating or
      introducing air current turbulence. It has been found that such techniques
      do not provide sufficiently consistent and accurate simulation of the
      random variations to enable laboratory testing of the link in a desired
      manner.
PAC  BRIEF DESCRIPTION AND OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide new and improved apparatus for
      enabling random effects of a free space optical communication system to be
      simulated so that such systems can be tested in a laboratory environment.
PAR  Another object of the invention is to provide new and improved apparatus
      for simulating random effects of a space-to-earthh optical communication
      system, including the effects of atmospheric scintillation.
PAR  Another object of the invention is to provide new and improved apparatus
      for simulating random effects of a space-to-space optical communication
      system, including the effects of transmitter pointing jitter.
PAR  It is a further object of the present invention to provide a new and
      improved apparatus for simulating controlled effects of atmospheric
      scintillation and transmitter pointing inaccuracy of optical communication
      systems for testing and evaluating space-to-space and space-to-ground
      optical links.
PAR  The present invention utilizes a linearized optical modulator responsive to
      a computer driven by at least one Gaussian source. The modulator
      transforms a constant intensity optical signal (I) into a modulated,
      random optical signal (I.sub.M) having a pre-selected probability
      distribution f.sub.I.sbsb.m (i.sub.m) dependent on the link to be
      simulated. The apparatus is designed to produce random optical signals
      having time varying irradiance that obeys log normal or beta statistics or
      a time varying E-field amplitude that obeys either of the Ricean or
      Rayleigh statistics. The computer is preferably of an analog type and
      includes elements for enabling voltage replicas of the irradiance and
      amplitude modulations to be applied to the optical modulator.
PAR  For the beta, Rayleigh and Ricean modulations, the Gaussian source includes
      first and second analog signals having a substantially zero
      cross-correlation coefficient. The first and second signals are preferably
      derived from a single analog Gaussian source having a relatively wide
      bandwidth. The source feeds a first low pass filter for deriving the first
      analog signal as a baseband signal. The second analog is also derived at
      baseband by heterodyning the Gaussian source and feeding a resulting beat
      frequency to a second low pass filter having the same cutoff frequency as
      the first low pass filter.
DRWD
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of one specific embodiment thereof, especially when
      taken in conjunction with the accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of one embodiment of the invention, and
PAR  FIG. 2 is a block diagram of an analog computer circuit and Gaussian source
      of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Reference is now made to FIG. 1 of the drawing wherein there is illustrated
      a coherent optical carrier source 11, such as a Nd:YAG mode locked laser
      which illuminates an optical receiver 12, e.g., a photomultiplier, for the
      carrier wave of source 11, after passing through a linearized optical
      modulator 13. Laser source 11 and receiver 12 simulate a transmitter and
      receiver of a space-to-space or space-to-earth optical transmission link,
      such as utilized for optical communications between spacecraft or between
      a spacecraft and the earth. Linearized optical modulator 13 modulates the
      carrier source from laser 11 to simulate perturbations that are a dominant
      noise source in the transmission of the carrier.
PAR  For space-to-space transmission links, pointing jitter of a laser
      transmitter is the dominant noise source and this pointing jitter is
      simulated by causing the modulator to impose beta statistics on the laser
      beam. The beta statistics result in the optical energy incident on
      modulator 13 being modified to provide an output, I.sub.M, in accordance
      with:
EQU  I.sub.M = I.sub.0 e.sup.-.sup..rho..spsp.2.sup./2.sup..epsilon..spsp.2(1)
PAL  where:
PA1  I.sub.0 corresponds to the peak of the spatial Gaussian irradiance profile,
PA1  .epsilon. is the transmitter beam half angle at the 1/e.sup.2 points and
PA1  .rho. is the distance the beam is off-axis from the center of the receiving
      aperture.
PAL  For typical optical transmission links, .rho..sup.2 is a chi-squared random
      variable of two degrees of freedom corresponding to two independent and
      orthogonal Gaussian tracking error signals.
PAR  For space-to-earth transmission, the dominant noise source is atmospheric
      scintillation which is simulated by causing modulator 13 to impose either
      of (1) log normal, (2) Rayleigh, or (3) Ricean variations on the optical
      wave passing through the modulator 13. For the log normal situation, the
      intensity ratio is given by:
EQU  I.sub.M = I.sub.0 e.sup.2L                                 (2)
PAL  where:
PA1  2L is Gaussian with a mean value of K and a variance, i.e., standard
      deviation squared (.sigma..sup.2), of .lambda..sup.2.
PAL  For Rayleigh or Ricean variations, the atmospheric scintillation is
      simulated by causing the E field amplitude, rather than irradiance, of the
      optical beam emerging from modulator 13 relative to the amplitude of the
      peak of the spatial Gaussian E field profile derived from the modulator to
      be represented as:
      ##EQU1##
      where for the Ricean case X.sub.1 and X.sub.2 are independent Gaussian
      random variables with different mean values (.mu..sub.1 and .mu..sub.2)
      and with variances (.sigma..sub.1.sup.2 = .sigma..sub.2.sup.2). For the
      Rayleigh case, .mu..sub.1 = .mu..sub.2 = 0.
PAR  Linearized optical modulator 13 may be either the acousto-optic type or an
      electro-optic type. If the modulator 13 is of the acousto-optic type, it
      typically includes a photoelastic medium wherein the optical energy is
      modulated due to interaction of the energy with a sound wave in the
      modulator. The interaction induces diffracted light waves at a frequency
      equal to the sum or difference of the sound and optical waves. The cell is
      driven by an electric voltage which induces the acoustic wave therein. It
      can be shown that if the applied voltage is considerably less than the
      voltage which results in maximum diffraction of the light wave, the ratio
      of the diffracted to incident light is directly proportional to the square
      of the voltage applied to the cell. Thus the modulating voltage applied to
      the cell is applied via square root device 19. Such device may, for
      example, be a square root module of the type obtainable from Burr Brown,
      Model 9874/19. This in turn provides a linearized output from modulator
      13.
PAR  When the linearized optical modulator 13 is of the electro-optic type, as
      illustrated in FIG. 1, it includes an electro-optical modulator crystal
      14, preferably a KDP crystal, having a pair of parallel electrodes 15 and
      16 which are positioned on faces of the crystal parallel to the direction
      of the laser beam and induce an electric field in the crystal at right
      angles to the propagation direction of the optical energy through the
      crystal. Positioned between laser source 11 and one face of crystal 14 is
      a polarizing plate 17, having its polarization axis inclined at a
      45.degree. angle relative to the E-field established in crystal 14 by
      electrodes 15 and 16. Positioned between crystal 14 and receiver 12 is a
      further polarizing plate 18, having its polarization axis at right angles
      to that of plate 17. It can be shown that the ratio of the irradiance of
      optical energy transmitted through an electro-optical modulator 13 to the
      intensity of the optical energy incident on the modulator is directly
      proportional to the square of the voltage between electrodes 15 and 16,
      provided the voltage between the electrodes is much less than the voltage
      required for maximum transmission through crystal 14. Since the ratio of
      the amplitude of the transmitted optical E-field to the amplitude of the
      incident E-field is the square root of the ratio of the irradiance of the
      transmitted energy to the incident energy, the amplitude of the
      transmitted to incident E-field is directly proportional to the voltage
      applied between electrodes 15 and 16 of crystal 14.
PAR  To enable modulator 13 to be driven in accordance with any one of the four
      random, staitistical functions noted above (realizing that Equation (3)
      covers two cases, viz, .mu. = 0 and .mu. .noteq. 0, analog computer
      circuit 21 is provided and is responsive to an analog Gaussian source 22.
      Analog computer circuit 21 can be set to any one of four different
      configurations, depending upon the setting of knob 23 which activates
      certain switches within the computer circuit. In particular, knob 23 can
      be set to one of four positions corresponding with log normal, Rayleigh,
      Ricean, or beta statistics. The square root of the output signal of analog
      computer circuit 21 corresponding with the selected statistical
      distribution is applied, via square root device 19, between electrodes 15
      and 16 of crystal 14 to establish random voltage variations across the
      crystal corresponding with the relationships given by Equations 1-3. To
      establish offset voltages included for the log normal and Ricean
      statistical functions, analog computer circuit 21 is provided with a pair
      of d.c. input voltages, as derived from potentiometers 24 and 25, having
      settings respectively determined by the Ricean and log normal offsets.
      Potentiometer 25 is connected between a positive d.c. source and ground
      because the log normal offset is always uni-polar, while potentiometer 24
      is connected between positive and negative d.c. power supply voltages,
      because the Ricean offset may be positive or negative relative to a zero
      mean value, which describes the Rayleigh statistical variations.
PAR  Reference is now made to FIG. 2 of the drawing wherein there is illustrated
      a circuit diagram of a preferred embodiment of analog computer circuit 21,
      Gaussian source 22 and switches which enable Equations 1-3 to be
      implemented.
PAR  Analog computer circuit 21 is driven by a relatively wide band analog
      Gaussian, white noise random signal source 22, which in a preferred
      embodiment has a bandwidth from 0 to 15 KHz. Signal source 22 drives
      parallel circuitry for deriving a pair of independent, random, baseband
      analog signals having approximately a zero cross-correlation coefficient
      and the same bandwidth. Typically, the bandwidth is from 0 to 500 Hertz,
      and one of the random signals is derived by feeding source 22 directly to
      low pass filter 31, having a high frequency cutoff of 500 Hertz. The other
      500 Hertz baseband random signal is derived by supplying the output of
      signal source 22 to bandpass filter 32, having a bandpass typically
      between 9 and 11 KHz. Filter 32 derives an output signal that is
      heterodyned with a carrier frequency of oscillator 33, having a frequency
      of 10 KHz. The heterodyning is performed in analog multiplier 34, which
      derives sum and difference frequencies having random components governed
      by the signal passed through filter 32. The difference or beat frequency
      derived from multiplier 34 is at baseband, and is passed through low pass
      filter 35, having a cutoff frequency equal to the cutoff frequency of
      filter 31, i.e., 500 Hertz.
PAR  The first and second random Gaussian signals derived from filters 31 and 35
      are applied to the remainder of the circuitry in computer 21 to derive
      voltages enabling the four different types of perturbations to be
      simulated. For beta, Rayleigh or Ricean statistics, the output signals of
      filters 31 and 35 are respectively applied to variable gain, operational
      d.c. amplifiers 36 and 37, having gain settings adjusted so that the
      desired maximum range of voltages is applied between electrodes 15 and 16
      of crystal 14. The signal derived from filter 35 is coupled to the input
      of amplifier 37 via switch 38, the position of which is controlled by knob
      23. The output signal of filter 31 is selectively combined with the Ricean
      offset derived from potentiometer 24 when switch 39 is activated to a
      closed state in response to knob 23 being positioned for selection of the
      Ricean statistics. Thereby, the output signal of low pass filter 31 is
      selectively added to the Ricean offset determined by the setting of
      potentiometer 24 in variable gain amplifier 36.
PAR  The output signals of amplifiers 36 and 37 are selectively applied to
      analog squaring modules 41 and 42 which derive positive d.c. analog output
      signals having magnitudes proportional to the square of the input voltages
      thereof. In preferred embodiments, the squaring modules may be of the type
      obtainable from Burr Brown, Model 9874/19 or Model 4096/15.
PAR  The output signals derived from squaring modules 41 and 42 are applied as
      input signals to analog, operational summing amplifier 43 which derives a
      negative voltage, output signal having a magnitude proportional to the sum
      of its two input signals. The negative output voltage of summing amplifier
      43 is reversed in polarity to a positive voltage by inverting operational
      amplifier 44. Amplifier 44 derives an output signal having a magnitude
      representing a chi-squared function enabling Rayleigh or Ricean amplitude
      modulation of the optical energy E-field incident on modulator 13 to be
      obtained. To this end, the output signal of amplifier 44 is applied
      through switch 45 to square root device 19, with knob 23 activated when
      one of the Ricean or Rayleigh statistics is selected.
PAR  For the beta statistics being selected by knob 23, switch 45 is not
      connected to the output of inverting amplifier 44. Instead, the output of
      amplifier 44 is coupled through switch 46 to an input of antilog converter
      47. Switch 46 is controlled by the position of knob 23 so that the output
      of amplifier 44 drives the input of converter 47 only when the knob is
      adjusted to select the beta statistics. For selection of the log normal
      statistics, knob 23 activates switch 46 so that the output of amplifier 44
      is decoupled from switch 45 and square root device 19.
PAR  In the log normal configuration, switch 38 is activated so that the output
      of low pass filter 35 is coupled to an input of operational summing
      amplifier 48. A further input to amplifier 48 is derived from log normal
      offset potentiometer 25. The output signal of amplifier 48 is selectively
      coupled through switch 46 to the input of antilog converter 47 when knob
      23 is adjusted to select the log normal statistics.
PAR  Antilog converter 47 responds to its input, whether from the chi-squared
      voltage output of amplifier 48, to transform the input voltage thereof
      into an output voltage having a magnitude porportional to the base of
      natural logarithms (e) raised to a power proportional to the value of the
      input voltage. Thereby, the output voltage of antilog converter 47 is
      represented as:
PA1  e.sup.A, where A is proportional to the magnitude of the input voltage to
      the antilog converter.
PAL  In one embodiment, antilog converter 47 may be a logarithmic amplifier
      connected in the feedback loop of a high gain amplifier. Such a unit is
      available as Burr Brown, Model 4116.
PAR  The output signal of antilog converter 47 is selectively applied through
      switch 51 to an input of operational scaling amplifier 52. Switch 51 is
      controlled by the position of knob 23 so that for the log normal
      statistics, the output of the converter 47 is applied to the input of
      amplifier 52, the gain of which is adjusted to enable the desired maximum
      range of output voltages to be applied between electrodes 15 and 16 of
      crystal 14. In the log normal mode, the output signal of scaling amplifier
      52 is applied through switch 53 to a further, fixed gain operational
      amplifier 54. For the beta statistics, switches 51 and 53 are activated by
      knob 23 so that scaling amplifier 52 is bypassed, whereby the output
      signal of antilog converter 47 is applied directly to the input of
      amplifier 54. The output signal of amplifier 54 represents either the beta
      or log normal statistics and is applied between electrodes 15 and 16 via
      switch 45 in response to knob 23 being positioned to select either the log
      normal or beta statistics.
PAR  The circuit of FIG. 2 applies voltage variations between electrodes 15 and
      16 in accordance with Equations 1-3. For the beta statistics, switches 38,
      46, 51, and 53 are adjusted so that the output voltage of amplifier 54, as
      coupled through switch 45, is:
EQU  I.sub.M = C10e.sup.-.sup.(.sup.[1n 10.sup.]/5)
      .sup.[(X.sbsp.t.sbsp.p.sbsp.2.spsp.2 .sup.+
      X.sbsp.t.sbsp.p.sbsp.5.spsp.2)/20.sup.]                   (4)
PAL  where:
PA1  X.sub.tp2 and X.sub.TP5 are zero, mean, equal variance, Gaussian random
      signals derived from low pass filters 31 and 35.
PAL  Since .rho..sup.2 in Equation (1) is a chi-squared random variable of two
      degrees of freedom corresponding to two independent orthogonal Gaussian
      tracking error signals, Equation (4) is an accurate simulation of Equation
      (1).
PAR  To simulate the log normal statistics given by Equation (2), switches 38,
      46, 51, and 53 are activated to cause the output signal of filter 13 to be
      combined with the log normal offset of potentiometer 25, with the
      resultant combined signal being supplied to antilog converter 47 which
      drives amplifier 52 to provide an output signal at switch 45 that
      corresponds with a modulated irradiance:
      ##EQU2##
      The voltages derived from amplifier 54 represented by Equations (4) and
      (5) are transformed into irradiance modulations of the optical energy
      passing through modulator 13 by the direct proportionality constant, C.
      Thereby, Equation (4) can be transformed into an equation having the same
      form as Equation (1) by redefining:
EQU  I.sub.0 = 10C
EQU  .sigma..sup.2 = variance [X.sub.TP2 ] = variance [X.sub.TP5 ]
EQU  .epsilon..sup.2 = 50/1n 10
PAL  and
EQU  .rho..sup.2 = X.sup.2.sub.TP2 + X.sup.2.sub.TP5.
PAL  Thereby Equation (1) is satisfied and the probability density of the
      modulated optical energy can be written as:
      ##EQU3##
      The ratio of .epsilon./.sigma. is determined by the transmission link
      being simulated and varies typically from 3 to 10.
PAR  Equation (5) is transformed by the modulation process of modulator 13 into
      Equation (2) by redefining the variables in Equation (5) so that
      ##EQU4##
      and
      ##EQU5##
      The log amplitude has a mean value equal to the negative value of its
      variance s.sup.2. Therefore, letting
EQU  E {L} = -Var {L} = - s.sup.2,
PAL  relationships for the values of A and .sigma..sup.2 X.sub.TP7 with s.sup.2
      are established as:
EQU  A = s.sup.2 10/1n 10,
PAL  and
EQU  .sigma..sup.2.sub.X.sbsb.t.sbsb.p.sbsb.7 = s.sup.2 [10/1n 10].sup.2.
PAL  The value of s.sup.2 is selected from atmospheric scintillation data and
      ranges nominally from s.sup.2 = 0.01 to s.sup.2 = 0.1.
PAR  For the Rayleigh and Ricean statistics, the output signal of amplifier 44
      drives the square root device 19, the output of which drives electrodes 15
      and 16 of crystal 14 to simulate the amplitude ratio of Equation (3) in
      accordance with:
      ##EQU6##
      The square root function introduced by Equation (6) is obtained since the
      Ricean and Rayleigh statistics are related to the amplitude, rather than
      irradiance, of the optical beam derived from modulator 13.
PAR  While there has been described and illustrated one specific embodiment of
      the invention, it will be clear that variations in the details of the
      embodiment specifically illustrated and described may be made without
      departing from the true spirit and scope of the invention as defined in
      the appended claims. For example, the analog computer circuit 21 and
      analog Gaussian source 22 could be replaced by equivalent digital computer
      circuitry that drives a digital to analog converter which is connected
      between electrodes 15 and 16 of crystal 14, although the analog computer
      circuitry is believed more advantageous, from an economic and flexibility
      standpoint than a digital computer approach.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for simulating a space-to-space or space-to-earth optical
      transmission link comprising a Gaussian random source, a computer
      responsive to the Gaussian random source for deriving an analog signal
      having random variations indicative of characteristics of the transmission
      link, and a linear optical modulator connected to be responsive to the
      analog signal and adapted to be positioned between an optical carrier
      source and a receiver for the carrier of the source, whereby light
      transmitted through the modulator is modulated in accordance with the
      random variations of the analog signal.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the Gaussian source includes means for
      deriving first and second random Gaussian signals having a substantially
      zero cross-correlation coefficient, said computer including: means
      responsive to the first and second signals for deriving a third signal
      having a magnitude commensurate with the value of the sum of the squares
      of the first and second signals, and means responsive to the third signal
      for deriving the analog signal as a function of the third signal.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the means for deriving the third signal
      includes antilog converter means responsive to the third signal for
      deriving the analog signal as a beta output for modulating the optical
      energy coupled through the modulator to simulate a space-to-space optical
      transmission link having pointing errors imposed thereon.
NUM  4.
PAR  4. The apparatus of claim 2 wherein the deriving means includes means for
      applying a replica of variations of the third signal to the modulator as a
      chi-squared output for amplitude modulating the light coupled through the
      modulator to simulate a space-to-earth optical transmission link having
      atmospheric perturbations.
NUM  5.
PAR  5. The apparatus of claim 4 further including means for selectively
      offsetting one of the Gaussian random signals, whereby the chi-squared
      output respectively simulates Ricean and Rayleigh modulation while the
      offset is and is not imposed on the one Gaussian signal.
NUM  6.
PAR  6. The apparatus of claim 2 wherein the means for deriving the first and
      second Gaussian signals includes an analog Gaussian signal source having
      at least a first predetermined bandwidth, bandpass filter means responsive
      to only a first segment of th bandwidth of the analog Gaussian source for
      deriving the first signal as an additional analog signal having a second
      predetermined bandwidth less than the first bandwidth, and heterodyne
      means responsive to only a second segment of the bandwidth of the analog
      Gaussian source for deriving the second signal as a further analog signal
      having the same bandwidth as the bandwidth of the additional analog
      signal.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the means for deriving the additional
      signal includes low pass filter means for deriving the additional signal
      as a baseband signal, and the means for deriving the further signal
      includes low pass filter means responsive to a beat frequency of the
      heterodyne means for deriving the further signal as a baseband signal.
NUM  8.
PAR  8. The apparatus of claim 1 wherein the computer includes antilog converter
      means for deriving the analog signal as a function of the antilog of
      variations of the Gaussian source.
NUM  9.
PAR  9. The apparatus of claim 8 wherein the computer includes means for
      offsetting the variations of the Gaussian source, and means for coupling
      the offset variations to the antilog converter means, and means for
      coupling a replica of variations of the antilog converter to the modulator
      as the analog signal to modulate optical energy coupled through the
      modulator, whereby the irradiance output of the modulator simulates log
      normal characteristics of a space-to-earth transmission link due to
      atmospheric perturbations.
NUM  10.
PAR  10. The apparatus of claim 1 wherein Rayleigh amplitude modulation can be
      simulated, said Gaussian random source includes a means for deriving first
      and second analog signals having a substantially zero cross correlation
      coefficient, and said computer is responsive to the first and second
      analog signals for deriving an analog signal having variations
      proportional to Rayleigh amplitude modulation.
NUM  11.
PAR  11. The apparatus of claim 1 wherein Ricean amplitude modulation can be
      simulated, said Gaussian random source includes a means for deriving first
      and second analog signals having a substantially zero cross correlation
      coefficient, and said computer is responsive to the first and second
      analog signals for deriving an analog signal having variations
      proportional to Ricean amplitude modulation.
NUM  12.
PAR  12. The apparatus of claim 1 where beta irradiance modulation can be
      simulated, said Gaussian random source includes a means for deriving first
      and second analog signals having a substantially zero cross correlation
      coefficient, and said computer is responsive to the first and second
      analog signals for deriving an analog signal having variations
      proportional to beta irradiance modulation.
NUM  13.
PAR  13. The apparatus of claim 1 wherein log normal irradiance modulation can
      be simulated, said Gaussian random source includes a means for deriving
      first and second analog signals having a substantially zero cross
      correlation coefficient and said computer is responsive to the first and
      second analog signals for deriving an analog signal having varations
      proportional to log normal irradiance modulation.
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ABST
PAL  A multiple photoflash lamp unit is connectable to a camera in different
      orientations in each of which a different group of the lamps is relatively
      farthest from the camera lens axis. The lamps are arranged so that in any
      of the orientations of the unit with respect to the camera, only the group
      of lamps relatively farthest from the lens axis will be flashed. This
      reduces the "red-eye" effect that can occur when the flashing lamp is
      close to the lens axis, undesirably causing a red coloration of the pupils
      of eyes of people in the picture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of multiple photoflash lamp units, such as
      flashcubes and planar arrays, adapted to be temporarily attached to a
      camera and capable of producing a plurality of flashes for taking a
      plurality of flash pictures.
PAR  Various designs and constructions have been proposed for multiple flash
      units. An example of a flashcube is described in U.S. Pat. No. 3,739,166
      to R. M. Anderson. An example of a planar array is described in U.S Pat.
      Nos. 3,598,984 to S. L. Slomski and 3,598,985 to J. D. Harnden and W. P.
      Kornrumpf. Numerous types of cameras are provided with built-in sockets to
      which multiple flash units can be attached. When the flash lamps are close
      to the camera's lens axis, such as within a few inches, and especially
      with the small "pocket" cameras, there is a tendency for an undesirable
      "red-eye" effect to occur, i.e., a red coloring of the pupils of persons
      in the picture. This is caused because the flash of light enters the
      person's pupils and illuminates the retinas in the eyes at regions
      approximately in line with the optical axis of the camera's lens, so that
      the illuminated red coloring of the retina shows in the picture and causes
      the person's pupils to appear red. Extender posts are available for
      positioning flashcubes higher above the camera, and hence farther from the
      lens axis, for reducing the red-eye effect.
PAC  SUMMARY OF THE INVENTION
PAR  Objects of the invention are to provide a multiple flash unit which reduces
      or eliminates red-eye effect, which can be manufactured feasibly and at
      reasonable cost, and which contains flash sequencing circuitry thereby
      minimizing the number of electrical connections to the camera and
      increasing camera design flexibility.
PAR  The invention comprises, briefly and in a preferred embodiment, a multiple
      flash unit that can be connected to a camera in different orientations in
      each of which a different group of the flash lamps is relatively farther
      from the camera lens axis than are the other lamps of the unit. The lamps
      are arranged so that in any of the orientations of the unit with respect
      to the camera, only the group of lamps relatively farther from the lens
      axis will be flashed. The invention can be employed in various forms of
      multiple flash units, such as a double-deck rotatable flash "cube" having
      connector plugs at each end, or a planar array having a plurality of
      oppositely disposed connector means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front view of a multiple flash lamp unit in accordance with a
      preferred embodiment of the invention, attached to a camera.
PAR  FIG. 2 is a perspective view of the multiple flash lamp unit of FIG. 1.
PAR  FIG. 3 is a front view of a circuit board to which flash lamps are
      connected in the multiple lamp unit.
PAR  FIG. 4 is a cross-section view of a portion of FIG. 2, taken on the line
      4--4 thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, a camera 11 is provided with a lens 12, a view finder 13, a
      picture-taking button or lever 14, and a socket 16 for receiving a
      multiple flash unit. When the picture-taking lever 14 is depressed in
      order to take a flash picture, a firing pulse voltage is applied to the
      socket 16 in synchronism with opening of the camera shutter, in the case
      of electrically fired flash lamps, and a mechanical motion is applied at
      or near the socket 16 in the case of percussively fired flash lamps. These
      pulses and mechanical motions are referred to generally herein as flash
      actuation signals.
PAR  A multiple flash lamp unit 17, shown as being of the planar array type and
      containing a plurality of electrically fired flash lamps, is provided with
      a plug-in mounting device or connector tab 18 at the lower side or end
      thereof, adapted to fit into the socket 16 of the camera 11. The lamp
      array 17 is provided with a second plug-in connector tab 18' at the top
      side or end thereof, whereby the array 17 is adapted to be attached to the
      camera 11 in either of two orientations, i.e., with either the tab 18 or
      the tab 18' plugged into the socket 16. The array 17 is provided with an
      upper group 21 of flash lamps 22, 23, 24, and 25, and a lower group 26 of
      flash lamps 27, 28, 29, and 30. Reflectors 22', etc., are disposed behind
      the respective flash lamps, so that as each lamp is flashed its light is
      projected forwardly of the array 17 and camera 11. The relationship of
      each reflector to its associated lamp, and a suitable plastic housing and
      transparent front cover, may be generally that as is disclosed in the
      above-referenced planar array patents.
PAR  In accordance with the invention, the four lamps in the upper group 21 are
      connected to the lower plug-in tab 18, and the lower group 26 of lamps are
      connected to the upper plug-in tab 18'. Thus, with the orientation of the
      array 17 with respect to the camera 11 as shown in FIG. 1, only the upper
      four lamps of the array, which constitute the upper group 21, can be
      flashed, and the four lamps of the lower group 26 will not flash. Thus,
      the above-described undesirable red-eye effect is reduced or eliminated,
      since the only lamps of the array that can flash are grouped relatively
      far from the axis of the camera's lens 12. The array 17 can be removed
      from the camera 11, either before or after all lamps of the upper group 21
      have been flashed, and turned around and reinserted into the camera with
      the upper tab 18' now the lower tab which is inserted into the socket 16,
      whereupon the group 26 of lamps becomes the upper group, and its lamps are
      flashed, again reducing or eliminating the red-eye effect because the
      active lamps are relatively farthest from the axis of the lens 12.
PAR  In effect, the part of the unit containing the lower group of lamps, being
      either group 21 or group 26 depending on the orientation of the array 17
      when attached to the camera 11, serves as an extension pedestal for the
      upper and active group of flash lamps, without wasting space in the unit,
      and increasing the number of flashes per unit. For the relative sizes of
      the camera 11 and flash array 17 shown in FIG. 1, the lamps of the upper
      group 21 (or group 26 if the array is turned over) are generally about
      twice the distance from the axis of the lens 12 as are the lower group
      lamps. For smaller cameras having less distance from the axis of the lens
      12 to the flash socket 16, this ratio will be greater, thereby relatively
      more reducing the undesirable red-eye effect that would occur. This
      objective is preferably accomplished by configuring the array as shown,
      with a vertical length (height) greater than its width, with the connector
      tabs 18 and 18' at the ends of the long dimension of the array.
PAR  The perspective view of FIG. 2 shows that the array can be shaped in a
      shallow and compact elongated rectangular body configuration. Electrical
      connector terminals are provided at the tabs 18 and 18', and if flash
      sequencing circuitry is included in the multiple flash unit, for instance
      as illustrated in FIG. 3, only two electrical terminals, which may be in
      the form of printed circuit stripes, need be provided on each tab. Thus,
      tab 18 is provided with a pair of electrical terminals 21 and 32, and the
      tab 18' is provided with a pair of terminals 31' and 32'. These terminals
      are referred to generally herein as flash actuation coupling means, and
      they receive the flash actuation signals of the camera when a connector
      means 18 or 18' is connected to the camera and the picture-taking lever 14
      is depressed. The connector terminals are shown in non-symmetrical
      positions on the plug-in tabs, to better illustrate the reverse mirror
      symmetry of the unit, which is further illustrated by the unit being shown
      upside down in FIG. 2 with respect to its orientation in FIG. 1. It will
      be noted that the unit looks the same in either of its two orientations
      (except for a difference that would be apparent if certain ones but not
      all of the lamps have been flashed). It will also be noted that in the
      embodiment shown the upper group of flash lamps are always right side up,
      and the lower group of flash lamps are upside down, no matter which way
      the array is plugged into the camera. This helps the user to realize that
      only the upper lamps will flash, and has a further practical benefit
      because base-down bulbs can better withstand and contain the heat and
      pressure produced when flashed because the hot combustion particles fall
      onto the thick-walled base 22", etc., of the glass bulb, which is thicker
      than the top.
PAR  FIG. 3 shows a circuit board 36 which can be contained within the housing
      of the unit 17 behind the reflectors 22', etc., and which supports the
      flash lamps by their lead-in wires and provides for sequential firing of
      each group of lamps. The plug-in connector tabs 18 and 18' may be formed
      integrally with the circuit board 36 at opposite ends thereof, as shown.
      The printed circuitry for flashing the lower inactive group of lamps
      (which group becomes active when the unit is turned around in reverse
      orientation with respect to the camera) is a reverse mirror image of the
      printed circuitry for flashing the active upper group of lamps, as shown.
PAR  The camera socket 16 for the flash unit 17 is provided with a pair of
      contacts 37 and 38 which respectively electrically engage the terminals 31
      and 32 of the flash unit when it is plugged into the socket 16.
PAR  A firing pulse source 39, which may be contained within the camera 11, is
      connected to the contacts 37 and 38 of the socket 16. The type of firing
      pulse or flash actuation signal produced by the source 39 and applied
      across the contacts 37 and 38 will of course depend on the type of lamps
      used in the unit 17. If low voltage filament types of flash are employed
      in the unit 17, the firing pulse source 39 may be a battery or
      battery-capacitor discharge type, producing, in synchronization with
      opening of the camera shutter, a pulse of approximately 3 volts to 15
      volts or more and of sufficient energy to fire a single flash lamp. An
      example of a low voltage flash lamp is disclosed in U.S. Pat. No.
      3,506,385 to K. H. Weber and G. W. Cressman, and an example of a low
      voltage flash sequencing circuit is disclosed in U.S. Pat. No. 3,532,931
      to P. T. Cote' and J. D. Harnden. If the flash lamps in the multiple flash
      unit 17 are of the so-called high voltage type, requiring a pulse of
      approximately 1000  or 2000 volts, the firing pulse source 39 may comprise
      a suitable battery-capacitor discharge and voltage step-up transformer
      type of circuit, or may employ a compact piezoelectric element arranged to
      be impacted or stressed in synchronization with opening of the camera
      shutter, so as to produce a firing pulse having a voltage of approximately
      1000 or 2000 volts and of sufficient energy to fire a single flash lamp.
      An example of a high voltage flash lamp and a firing pulse source
      comprising a piezoelectric element synchronized with a camera shutter is
      described in U.S. Pat. Nos. 2,972,937 and 3,106,080, both to C. G. Suits.
PAR  The circuit board 36 in FIG. 3 is shown in the orientation in which the
      connector tab 18 faces downwardly and is plugged into the camera socket
      16, whereby the circuit board terminals 31 and 32 respectively make
      electrical contact with the socket contacts 37 and 38. The circuit board
      terminal 31 is part of a continuous conductor run on the board, which is
      connected to one electrical lead wire (22a, 23a, 24a, etc.) of each of the
      upper four flash lamps 22, 23, 24, and 25 at points 41, 42, 43, and 44, by
      suitable means such as soldering, welding, or crimping. For the sake of
      clarity, only two flash lamps 24 and 25 are shown in FIG. 3, and in dashed
      lines. Suitable openings are provided through the reflectors at the bases
      of the lamps, to permit the connections of the lead-in wires to the
      circuit board.
PAR  The other circuit board terminal 32 is part of a conductor run that is
      connected to lead-in wire 24b of lamp 24 at point 45, and terminates at
      radiation switch terminals 46, 47, and 48 respectively positioned near
      lamps 24, 25, and 23. A circuit board conductor run 51 is connected
      electrically to the remaining lead wire of flash lamp 25 at 52, and
      terminates at a radiation switch terminal 53 which is near to but spaced
      from radiation switch terminal 46. A circuit board conductor run 56 is
      connected electrically to the remaining lead-in wire of flash lamp 23 at
      point 57, and terminates at a radiation switch terminal 58 which is near
      to but spaced from radiation switch terminal 47. Similarly, a circuit
      board conductor run 61 is connected to the remaining lead-in wire of flash
      lamp 22 at point 62, and terminates at a radiation switch terminal 63
      which is near to but spaced from the radiation switch terminal 48.
PAR  Radiation switches 66, 67, and 68 are respectively positioned to be in
      contact with and bridging across the respective pairs of switch terminals
      46-53, 47-58, and 48-63. The material for the radiation switches 66, 67,
      and 68 may be any suitable material initially having an open circuit or
      high resistance, the resistance thereof becoming zero or a low value when
      the material receives radiation in the form of heat and/or light from a
      respective adjacent lamp, upon the lamp being flashed. For this purpose,
      each of the radiation switches 66, 67, and 68 is respectively positioned
      behind and near to a flash lamp 24, 25, 23. Windows in the form of
      transparent sections or openings 69 may be provided in the reflectors in
      front of the switches as shown in FIG. 4 to facilitate radiation transfer.
      A suitable material for the radiation switches 66-68 is silver oxide
      dispersed in a binder such as polyvinyl resin. Each of these radiation
      switches, upon receiving heat and/or light radiation from the adjacent
      lamp when it is flashed, changes from an open circuit or high resistance
      to a closed circuit or low resistance between its switch terminals on the
      circuit board.
PAR  As has been explained, the lower portion of the circuit board contains a
      reverse mirror image of the same circuit shown in the upper part of the
      circuit board. It will be noted that the circuit runs from the plugged-in
      terminals 31 and 32 at the lower part of the circuit board extend upwardly
      so as to activate the circuitry in the upper half of the circuit board.
      These circuit runs and circuitry are referred to generally herein as means
      for coupling the flash actuation coupling means (terminals 31 and 32, for
      example) to a group of lamps (the group of lamps 22, 23, 24, and 25, for
      example). Similarly, when the unit is turned around and tab 18' is plugged
      into the socket 16, the circuit board terminals 31' and 32' will be
      connected to and activate the lamps which then will be in the upper half
      of the circuit board, and hence in the upper half of the flash unit 17.
      This accomplishes, as has been stated, the desirable characteristic
      whereby only the group of lamps relatively farthest away from the lens
      axis will be flashed, thereby reducing or eliminating the undesirable
      red-eye effect.
PAR  The circuit of FIG. 3 functions as follows. Assuming that none of the four
      lamps in the upper half of the unit 17 have been flashed, upon occurrence
      of a first firing pulse from the source 39, this pulse will be directly
      applied to the lead-in wires of first flash lamp 24, whereupon the lamp 24
      flashes and becomes an open circuit between its lead-in wires. Heat and/or
      light radiation from the flashing first lamp 24 causes the adjacent
      radiation switch 66 to become a closed circuit between terminals 46 and 53
      (or a low value of resistance), thereby connecting the circuit board
      terminal 32 electrically to the lead-in wire of the second lamp 25 at
      point 52. By the time this occurs, the firing pulse has diminished to a
      value insufficient to cause the second lamp 25 to flash. When the next
      firing pulse occurs, it is applied to the lead-in wires of the second lamp
      25, via the now closed radiation switch 66, whereupon the second lamp 25
      flashes, thereby causing radiation switch 67 to assume zero or low
      resistance, and the second lamp 25 now has an open circuit or high
      resistance between its lead-in wires. When the next firing pulse occurs,
      it is applied via now closed radiation switch 67 to the third lamp 23 via
      its lead-in wires which are connected to the printed circuit at points 43
      and 57, thereby firing the lamp which becomes an open circuit, and the
      radiation from it causes the radiation switch 68 to become essentially a
      closed circuit across its terminals. Thus, the next firing pulse will be
      applied, via now closed radiation switch 68, to the lead-in wires of the
      fourth flash lamp 22 which are connected to the circuit at points 44 and
      62, thereupon causing the lamp to flash. Since this lamp is the last lamp
      in the active circuit, it does not matter whether its lead-in wires are
      open or closed circuits after flashing. Additional flash lamps, radiation
      switches, and electrical conductors can be employed, if desired, using the
      just described principles. When the flash unit is turned around and the
      other connector 18' attached to the camera socket 16, the group of lamps
      that then become uppermost and relatively farthest away from the lens axis
      will be in an active circuit and will be flashed in the same manner as has
      been described.
PAR  Another type of sequencing circuit that could be used employs switches that
      are initially closed and become open circuits in response to flashing of
      an adjacent lamp, the lamps being a type that is a short circuit or low
      resistance between the lead-in wires after flashing. Other types of
      switching, such as those employing mechanical, current, or voltage
      actuated switches, can be used instead of radiation switches. It has been
      found that the invention achieves its objectives of providing a multiple
      flash unit which can contain sequencing circuitry and which reduces or
      eliminates the undesirable red-eye effect, and which is readily
      manufacturable at reasonable cost.
PAR  While a preferred embodiment of the invention has been shown and described,
      various other embodiments and modifications thereof will become apparent
      to persons skilled in the art, and will fall within the scope of the
      invention as defined in the following claims; for example, mechanically or
      percussively actuated flash lamps can be employed in the multiple flash
      unit instead of electrically actuated lamps as has been specifically
      described, and the invention can have various geometries and be embodied
      in the form of stacked double-decked flashcubes, and to other planar array
      configurations which may have more than the two operable orientations that
      have been specifically described. An array may have a group of lamps and
      reflectors in one part of the array arranged to illuminate in one
      direction and another group of lamps and reflectors in another part of the
      array arranged to illuminate in the opposite direction, the array being
      arranged so that in either orientation of connection to the camera only
      the frontwardly facing lamps can be flashed and the rearwardly facing
      lamps cannot be flashed. Also, an array may have two or more groups of
      lamps and reflectors positioned back to back, so as to illuminate in
      opposite directions. The term camera as used herein is intended to include
      a flash adapter device for a camera.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A multiple flash lamp unit for alleviating red-eye photographic results
      comprising a unitary structure having definable first and second regions,
      at least one photoflash lamp disposed in each of said regions, first and
      second mounting devices forming a part of said structure and disposed in
      or adjacent to said first and second regions respectively, said lamp in
      said first region being separated from said second mounting device by said
      second region, said lamp in said second region being separated from said
      first mounting device by said first region, and coupling means for
      transmitting flash actuation signals from said first mounting device to
      the lamp in said second region and from said second mounting device to the
      lamp in said first region respectively.
NUM  2.
PAR  2. A multiple flash lamp unit for alleviating red-eye photographic results
      comprising, in a given orientation, an upper group of photoflash lamps and
      a lower group of photoflash lamps, all of the lamps of the upper group
      being located above all of the lamps of the lower group, an upper
      connector means and a lower connector means, first means coupling said
      upper connector means to each lamp of said lower group of lamps, and
      second means coupling said lower connector means to each lamp of said
      upper group of lamps, each of said coupling means enabling flashing of the
      lamps in the group coupled thereto in response to flash actuation signals
      applied to its associated connector means.
NUM  3.
PAR  3. A flash lamp unit as claimed in claim 2, in which each of said flash
      lamps comprises a glass bulb having a base of greater wall thickness than
      that of the top of the bulb, the lamps of said upper group being
      positioned so that their bases face toward said lower connector means, and
      the lamps of said lower group being positioned so that their bases face
      toward said upper connector means.
NUM  4.
PAR  4. A flash lamp unit of elongated shape having first and second oppositely
      disposed ends, said unit being provided with first connector means at said
      first end thereof and second connector means at said second end thereof, a
      first group of flash lamps positioned in a first section of said unit
      relatively nearer to said first end thereof, a second group of flash lamps
      positioned in a second section of said unit relatively nearer to said
      second end thereof, first coupling means coupling said first connector
      means to said second group of lamps and enabling flashing of the latter in
      response to flash actuation signals applied to said first connector means,
      and second coupling means coupling said second connector means to said
      first group of lamps and enabling flashing of the latter in response to
      flash actuation signals applied to said second connector means, said first
      section of the unit functioning as a flash extender for said second group
      of lamps and said second section of the unit functioning as a flash
      extender for said first group of lamps.
NUM  5.
PAR  5. A flash lamp unit as claimed in claim 4, in which each of said flash
      lamps comprises a glass bulb having a base of greater wall thickness than
      that of the top of the bulb, said first group of lamps being positioned in
      the unit so that their bases face generally toward said second connector
      means and said second group of lamps being positioned in the unit so that
      their bases face generally toward said first connector means.
NUM  6.
PAR  6. A flash lamp unit as claimed in claim 4, in which said unit is a planar
      array, all of said lamps being arranged in the array to illuminate in the
      same direction when flashed.
NUM  7.
PAR  7. A flash lamp unit as claimed in claim 4, in which said flash lamps are
      electrically fired types, said first connector means being provided with
      electrical terminals, said first coupling means comprising circuit means
      connecting said electrical terminals to said second group of lamps, said
      second connector means being provided with electrical terminals, and said
      second coupling means comprising circuit means connecting said last-named
      electrical terminals to said first group of lamps.
NUM  8.
PAR  8. A flash lamp unit of generally rectangular body configuration having
      first and second oppositely disposed end surfaces, said unit being
      provided with first and second connector means respectively at said first
      and second end surfaces, a first group of flash lamps positioned in a
      first section of said unit relatively nearer to said first end surface
      thereof, a second group of flash lamps positioned in a second section of
      said unit relatively nearer to said second end surface thereof, first
      coupling means coupling said first connector means to said second group of
      lamps and enabling flashing of the latter in response to flash actuation
      signals applied to said first connector means, and second coupling means
      coupling said second connector means to said first group of lamps and
      enabling flashing of the latter in response to flash actuation signals
      applied to said second connector means.
NUM  9.
PAR  9. A flash lamp unit as claimed in claim 8, each of said first and second
      connector means of the unit being provided with flash actuation coupling
      means said first coupling means comprising means for coupling said flash
      actuation coupling means at the first connector means only with said
      second group of lamps, and said second coupling means comprising means for
      coupling said flash actuation coupling means at the second connector means
      only with said first group of lamps.
NUM  10.
PAR  10. A flash lamp unit as claimed in claim 9, in which said unit is a planar
      array, all of said lamps being arranged in the array to illuminate in the
      same direction when flashed.
NUM  11.
PAR  11. A flash lamp unit as claimed in claim 9, in which said lamps are
      electrically fired types, each of said flash actuation coupling means
      comprising electrical terminals, and each of said means for coupling a
      flash actuation coupling means with a group of lamps comprising electrical
      conductors.
NUM  12.
PAR  12. A flash lamp unit as claimed in claim 11, in which said unit is an
      elongated planar array, all of said lamps being arranged in the array to
      illuminate in the same direction when flashed.
NUM  13.
PAR  13. An elongated planar flash array as claimed in claim 12, including an
      elongated circuit board, said first and second connector means comprising
      first and second integral tabs respectively at the ends of said circuit
      board, means attaching said first group of lamps to said circuit board on
      a first half thereof that is nearest said first connector tab, means
      attaching said second group of lamps to said circuit board on a second
      half thereof that is nearest said second connector tab, said electrical
      conductors comprising a first group of circuit runs on said circuit board
      beginning on said first connector tab and extending to said second group
      of lamps, and a second group of circuit runs on said circuit board
      beginning on said second connector tab and extending to said first group
      of lamps.
NUM  14.
PAR  14. An elongated planar flash array as claimed in claim 13, in which each
      of said flash lamps comprises a glass bulb having a base of greater wall
      thickness than that of the top of the bulb, said first group of lamps
      being positioned so that their bases face generally toward said second tab
      and said second group of lamps being positioned so that their bases face
      generally toward said first tab.
NUM  15.
PAR  15. An elongated planar flash array as claimed in claim 13, in which each
      of said flash lamps comprises a pair of lead-in wires which serve as said
      attaching means, said means for coupling a flash actuation coupling means
      with the first group of lamps comprising a first switching circuit carried
      on said first half of said circuit board for causing sequential flashing
      of said first group of lamps, said means for coupling a flash actuation
      coupling means with the second group of lamps comprising a second
      switching circuit carried on said second half of said circuit board for
      causing sequential flashing of said second group of lamps, said first
      group of circuit runs comprising a first circuit run from said first
      connector tab to one lead-in wire of each lamp of said second group of
      lamps, and a second circuit run from said first connector tab to said
      second switching circuit, said second group of circuit runs comprising a
      first circuit run from said second connector tab to one lead-in wire of
      each lamp of said first group of lamps, and a second circuit run from said
      second connector tab to said first switching circuit, said first switching
      circuit including connections to the remaining lead-in wires of said first
      group of lamps and said second switching circuit including connections to
      the remaining lead-in wires of said second group of lamps.
NUM  16.
PAR  16. An elongated planar flash array as claimed in claim 15, in which said
      first switching circuit comprises a first radiation switch carried on said
      circuit board near a first lamp of said first group of lamps so as to be
      actuated by radiation from said first lamp when flashed, said second
      circuit run from said second connector tab extending to and being in
      contact with said first radiation switch and the remaining lead-in wire of
      said first lamp of said first group of lamps, a conductor run on said
      board spaced from said second circuit run from the second connector tab
      and in contact with said first radiation switch and extending to and being
      in contact with the remaining lead-in wire of a second lamp of said first
      group of lamps, and in which said second switching circuit similarly
      comprises a first radiation switch carried on said circuit board near a
      first lamp of said second group of lamps so as to be actuated by radiation
      from said last-mentioned lamp when flashed, said second circuit run from
      said first connector tab extending to and being in contact with said
      last-named radiation switch and the remaining lead-in wire of said
      last-mentioned lamp, and a conductor run on said board spaced from said
      last-mentioned circuit run and in contact with the last-mentioned
      radiation switch and extending to and being in contact with the remaining
      lead-in wire of a second lamp of said second group of lamps.
NUM  17.
PAR  17. An elongated planar flash array as claimed in claim 16, in which the
      circuit runs of said first switching circuit and said first and second
      circuit runs from said second connector tab are laid out in a reverse
      mirror image of the circuit runs of said second switching circuit and said
      first and second circuit runs from said first connector tab.
NUM  18.
PAR  18. An elongated planar flash array as claimed in claim 16, including
      reflector means positioned between said lamps and said circuit board, said
      reflector means being provided with windows therethrough respectively at
      each of said radiation switches.
NUM  19.
PAR  19. A circuit board for a planar flash array, comprising an elongated
      circuit board member having first and second integral connector tabs
      respectively at the ends thereof, a first group of pairs of flash lamp
      connection areas carried on said circuit board on a first half thereof
      that is nearest said first connector tab, a second group of pairs of flash
      lamp connection areas carried on said circuit board on a second half
      thereof that is nearest said second connector tab, a first group of
      circuit runs on said circuit board beginning on said first connector tab
      and extending to said second half of the circuit board, circuitry carried
      on said second half of the circuit board for connecting said first group
      of circuit runs to said second group of pairs of lamp connection areas,
      and a second group of circuit runs on said circuit board beginning on said
      second connector tab and extending to said first half of the circuit
      board, and circuitry carried on said first half of the circuit board for
      connecting said second group of circuit runs to said first group of pairs
      of lamp connection areas.
NUM  20.
PAR  20. A circuit board as claimed in claim 19, in which a circuit run of said
      first group of circuit runs is connected to one flash lamp connection area
      of each pair thereof in said second group thereof, a circuit run of said
      second group of circuit runs being similarly connected to one flash lamp
      connection area of each pair thereof in said first group thereof.
NUM  21.
PAR  21. A circuit board as claimed in claim 20, in which said circuitry carried
      on said first half of the circuit board and said second group of circuit
      runs from said second connector tab are laid out in a reverse mirror image
      of said circuitry carried on said second half of the circuit board and
      said first group of circuit runs from said first connector tab.
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ABST
PAL  A new design lamps in which two lamp bulbs are contained, and either only
      one or both lamps can be turned on, as wished; the lamp including a novel
      switch consisting of a pair of circular disks mounted on a rotatable
      cylinder from opposite ends of which the two lamp bulbs protrude, and each
      disk has radial extending contacts for selectively engaging a pair of
      stationary contacts on a base of the lamp housing.
BSUM
PAR  This invention relates generally to novelty lamps.
PAR  A principle object of the present invention is to provide a disk switch
      light in which manually rotatable disks can cause lighting up either one
      or both of a pair of lamp bulbs supported on a lamp.
PAR  Another object is to provide a disk switch light wherein, in one form of
      the invention, the lamp bulbs can selectively be either in a series or
      parallel circuit by rotating a novel disk switch unit that also controls
      whether one or both lamp bulbs are lighted.
PAR  Other objects are to provide a disk switch light which is simple in design,
      inexpensive to manufacture, rugged in construction, easy to use and
      efficient in operation.
PAR  Further objects of the invention will appear as the description proceeds.
DRWD
PAR  To the accomplishment of the above and related objects, this invention may
      be embodied in the form illustrated in the accompanying drawings,
      attention being called to the fact, however, that the drawings are
      illustrative only, and that changes may be made in the specific
      construction illustrated and described within the scope of the appended
      claims.
PAR  FIG. 1 is a perspective view of one form of the invention.
PAR  FIG. 2 is an electric diagram thereof.
PAR  FIG. 3 is a cross sectional view on line 3--3 of FIG. 4.
PAR  FIG. 4 is a cross sectional view on line 4--4 of FIG. 3.
PAR  FIG. 5 is a perspective view of another form of the invention.
PAR  FIG. 6 is an electric diagram thereof.
PAR  FIG. 7 is a cross sectional view on line 7--7 of FIG. 8.
PAR  FIG. 8 is a cross sectional view on line 8--8 of FIG. 7.
DETD
PAR  Referring now to the drawings in detail, and more particularly to FIGS. 1
      to 4 thereof at this time, the reference numeral 10 represents a disk
      switch light according to the present invention wherein there is a base 11
      over which there is placed an inverted, hollow, transparent dome 12 so to
      enclose a central chamber 13, thus formed, and which contains an
      electrical mechanism 14.
PAR  The mechanism 14 includes a rotatable disk switch 15 supported in bearing
      openings 16 of a pair of upstanding stanchions 17 integrally formed with
      the base 11. The disk switch 15 has a tubular, cylindrical hub 18 that
      fits into bearing openings 16, and around which a pair of axially spaced
      apart, circular disks 19 and 20 are secured by attachment means 21 so that
      the disks rotate together with the hub. Within both ends of the hub 18 a
      lamp socket is formed and lamps 22 and 23 are fitted thereinto.
PAR  A leaf contact 24 is secured by suitable adhesive means around a peripheral
      edge of the disk 19 and which is connected by wire conductor 25 to the
      lamp 22. Another pair of leaf contacts 26 and 27 are likewise secured
      around a peripheral edge of the disk 20. A conductor 28 connects leaf
      contact 26 to lamp 22, while a conductor 29 connects leaf contacts 27 to
      the lamp 23. The lamps are connected together by a conductor 30, as best
      shown in FIG. 2.
PAR  Upon the base 11, a pair of contacts leaf spring 31 and 32 are fixedly
      placed. The leaf spring 31 has a pair of upward, spaced apart bends that
      form contacts 33 and 34. The leaf spring 32 has likewise upward, equally
      spaced apart bends so to form contacts 35 and 36. Contacts 33 and 34 are
      engagable by contact 24, while contacts 35 and 36 are engagable by
      contacts 26 and 27 when the disk switch 15 is rotated. It is to be noted
      that the contacts 24 is wide enough so to engage both contacts 33 and 34
      while at a same time the narrow contacts 26 and 27 each engage only one of
      the contacts 35 and 36, as clearly shown in FIG. 2.
PAR  Accordingly, it is now evident that when the disk switch 15 is rotated into
      the position for accomplishing the connection shown in FIG. 2, the both
      lamps are lighted in a parallel circuit. If the disk switch 15 is rotated
      slightly in a direction indicated by arrow X so that contacts 24 engages
      only contact 33, while contacts 27 engages contact 35, then only lamp 23
      is lighted. However, if the disk switch is slightly rotated instead in a
      direction indicated by arrow Y, then the contact 24 engages only contact
      34 while contacts 26 engages contact 36 so that only one lamp 22 is
      lighted. Further rotations in either directions X or Y causes both lamps
      to be shut off.
PAR  The dome 12 has a pair of slots 37 on top and through which the disks 19
      and 20 protrude so that they may be manually rotated.
PAR  One end 38 of the leaf springs 31 and 32 extend outwardly through notch 39
      from the chamber 13 in order to be connected to an electric power source.
PAR  The base 11, made of insultation material has a series of rib-like feet 40
      on its underside for resting upon a supporting surface.
PAR  Reference is now made to FIGS. 5 through 8 wherein a modified design of
      disk switch light 50 includes base 51 having integral stanchions 52 that
      rotatably support disk switch 53 comprised of tubular hub 54 and disks 55
      and 56 secured fixedly thereto, as above described. Lamps 57 and 58 are
      carried by the hub, as also above described.
PAR  A leaf contact 59 wraps around the peripheral edge of disk 55, while
      another leaf contact 60 wraps around the peripheral edge of disk 56. Leaf
      springs 61 and 62 are secured on the base 51 and each includes a single
      upward bend so to form contacts 63 and 64 respectively.
PAR  Contacts 59 is connected by wire conductor 65 to lamp 57, while contact 60
      is connected by conductor 66 to a spiral spring 67 which is located
      between and connects together the tip terminals 68 of the lamps 57 and 58.
      Another conductor 69 connects together the side terminals 70 of the two
      lamps.
PAR  In operative use, it is now evident that when the disk switch 53 is rotated
      so that contact 59 engages contact 63 and the contact 60 engages contact
      64, both lamps are lighted together, and when the disk switch is further
      rotated to disengage these contacts, then both lamps simultaneously go
      out.
PAR  While certain novel features of this invention have been shown and
      described and are pointed out in the annexed claims, it will be understood
      that various omissions, substitutions and changes in the forms and details
      of the device illustrated and in its operation can be made by those
      skilled in the art without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a disk switch light, the combination of a base of electrical
      insulation material, said base having upstanding stanchions with bearing
      openings, a rotatable disc switch supported in said bearing openings, a
      pair of stationary leaf springs secured upon said base providing electric
      contact means, said rotatable disk siwtch carrying a pair of lamps and a
      plurality of leaf contacts engagable with said contact means for
      illumination of said lamps, said rotatable disk switch comprising a
      tubular, cylindrical hub having a lamp socket in each end fitted with said
      lamps, a pair of axially spaced apart circular disks affixed around said
      hub, said leaf contacts being connected to said lamps and being wrapped
      around the peripheral edges of said disks so to engage said stationary
      leaf springs of said base, and a transparent hollow dome being fitted upon
      said base enclosing said rotatable disk switch and stationary leaf
      springs, said dome including a top wall having a pair of slots
      therethrough, a portion of each said circular disk protruding upwardly
      therethrough for manual rotation thereof, and an end of each said
      stationary leaf spring extending sidewardly outward from under said dome
      for connection to a power source.
NUM  2.
PAR  2. The combination as set forth in claim 1, wherein said base stationary
      leaf springs each has a pair of equally spaced apart, upward bends forming
      contacts, and a first of said disks has a wide singular said leaf contact
      for engaging both said contacts of one said base leaf spring while the
      second of said disks has a pair of narrow said leaf contacts for
      individually engaging both said contacts of the other said base leaf
      spring at a same time when said wide singular contact engages both said
      base leaf spring contacts; said wide singular contact being connected to
      one terminal of a first of said lamps, one of said narrow leaf contacts
      being connect to another terminal of said first lamp, another of said
      narrow leaf contacts being connected to one terminal of a second of said
      lamps, and another terminal of said second lamp being connected to said
      first stated terminal of said first lamp.
NUM  3.
PAR  3. The combination as set forth in claim 1 wherein said base leaf springs
      each has a singular upward bend forming a contact, engagement between one
      said leaf contact and one said base leaf spring contact being at a same
      time when engagement is between the other said leaf contact and the other
      of said base leaf spring contact; one said leaf contact being connected to
      one terminal of a first said lamp, said terminal of said first lamp being
      also connected to one terminal of a second of said lamps, the other
      terminals of both said lamps being axially aligned with each other and
      connected together by a flat spiral spring held thereby therebetween, and
      the other said leaf contact being connected to said flat spiral spring.
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ABST
PAL  Disclosed is a light fixture having mirrored surfaces angularly related one
      to the other and about a light source. The mirrors are either all two-way
      mirrors or a combination of two-way and one-way mirrors. The arrangement
      of the mirrors about the light source presents a three-dimensional
      multiple light source effect, particularly a series of discrete light
      sources which diminish in intensity and size with depth. Variations of the
      light fixtures hereof include multisided fixtures, for example fixtures
      triangular, hexagonal, octagonal, etc. in shape, all particularly arranged
      to present the foregoing optical effect.
BSUM
PAR  The present invention relates to a light fixture and particularly relates
      to a multiple mirrored light fixture for presenting a three-dimensional
      multiple light source effect characterized by a series of discrete light
      sources which diminish in intensity and size with depth and repetitiously
      fade to infinity to produce a kaleidoscopic lighting effect.
PAR  Many and various types of light fixtures have been proposed and constructed
      in the past. Typical of such fixtures is a light producing element, for
      example an electric light bulb, and surrounded by a transparent or
      transluscent material such as glass or plastic which may also be tinted.
      The light rays from the light source are usually transmitted directly
      through the enclosure material without noticeable reflection or unusual
      optical effect. Mirrors are used, albeit somewhat infrequently, with
      certain types of lighting fixtures and these usually comprise standard
      one-way mirrors serving as a background whereby light rays from the light
      source are reflected forwardly through a transparent enclosure to produce
      a greater intensity of the light and the illusion of multiple light
      sources. More recently, one-way and two-way mirrors have been used in
      combination in a light fixture to produce a three-dimensional optical
      lighting effect. For example, one such light fixture mounts a plurality of
      lights between a standard one-way mirror and a two-way mirror, such
      mirrors being disposed in spaced parallel planes relative to one another.
      The light rays are reflected from the one-way mirror and a part of these,
      along with part of the light rays directed forwardly from the light
      source, are transmitted through the two-way mirror. The remaining parts of
      such light rays are reflected back for further reflection by the one-way
      mirror and further partial transmission through and reflection from the
      two-way mirror. This partial transmission and reflection continues and
      produces a three dimensional optical effect with a plurality of apparent
      discrete lights fading in intensity with depth. Such fixtures, however,
      still make use of and require a significant number of light producing
      elements to produce the desired effect. Also, such fixtures are not
      particularly adaptable for three-dimensional lighting, for example, a
      light fixture comprising a hanging lamp.
PAR  The present invention provides a light fixture which minimizes or
      eliminates the foregoing and other disadvantages associated with prior
      light fixtures and provides a novel and improved multiple mirrored light
      fixture having various advantages in construction and optical effect in
      comparison with such prior light fixtures. Particularly, the present
      fixture provides a multiple mirrored light fixture comprised of a light
      producing source, i.e., an electric light bulb, which cooperates with a
      plurality of angularly related mirrors to produce a three-dimensional
      multiple light source effect from the single light source and which effect
      comprises particularly a series of apparent discrete light sources which
      diminish in intensity and size with depth and repetitiously fade to
      infinity. The optical effect is also kaleidoscopic when viewed from
      different angles. More particularly, the present invention makes use of
      either a plurality of two-way mirrors angularly related one to the other
      or a combination of two-way and one-way mirrors angularly related one to
      the other, each in optical relation to a light source, to produce the
      foregoing effect. For example, and in one form of the present invention, a
      light source is enclosed on three sides by planar extending mirrored
      surfaces. Two of the mirrored surfaces constitute standard one-way mirrors
      while the third mirror is a two-way mirror. Light rays produced by the
      light source are reflected from the two-way mirrors at various angles and
      together with the light rays projecting directly from the light source
      toward the two-way mirror in part pass through the two-way mirror and in
      part are reflected by the two-way mirror for further reflection by the
      one-way mirrors. The optical effect is that of multiple light producing
      elements disposed three-dimensionally which diminish in intensity and size
      with depth, which fade into infinity in the fixture, and which produce a
      changing light pattern, i.e., a kaleidoscopic effect when viewed from
      different angles. Another form of light fixture according to the present
      invention provides a housing which in platform and side elevation appears
      trapezoidal with the larger side constituting a two-way mirror and the
      other five sides constituting standard one-way mirrors. In this form, a
      pair of light sources adjacent opposite sides of the trapezoid are
      utilized. The optical effect is again three-dimensional presenting a
      visual impression of a plurality of discrete light sources which diminish
      in intensity and size with depth and fade into infinity in the light
      fixture. A variation of the foregoing provides the reversed miror
      arrangement. That is, the large mirror constitutes a standard one-way
      mirror while the other five sides of the fixture constitute two-way
      mirrors. Further embodiments of the present invention provide hexagonal,
      octagonal or other multisided light fixtures with various combinations of
      one-way and two-way mirrors arranged about the light source to similarly
      produce a three-dimensional multiple light source effect with the apparent
      discrete sources diminshing in intensity and size, fading into infinity
      into the fixture and affording a kaleidoscopic light pattern when viewed
      from various angles.
PAR  Accordingly, it is a primary object of the present invention to provide a
      novel and improved multiple mirrored light fixture.
PAR  It is another object of the present invention to provide a novel and
      improved multiple mirrored light fixture which provides a
      three-dimensional multiple light source effect wherein a plurality of
      apparent discrete light sources are produced from one or more actual light
      sources and which apparent light sources diminish in intensity and size,
      fade into the fixture and afford a kaleidoscopic light pattern when viewed
      from various angles.
PAR  It is still another object of the present invention to provide a novel and
      improved multiple mirrored light fixture wherein all two-way or
      combination one-way and two-way mirrors are arranged in angular relation
      one to the other to provide a three-dimensional multiple light source
      optical effect having the foregoing characteristics.
PAR  It is a further object of the present invention to provide a novel and
      improved multiple mirrored light fixture which is formed from standard
      readily available materials, which can be arranged in conventional as well
      as unique lighting designs, which can be inexpensively fabricated and
      which produces a multiple light source effect, such as produced by a
      chandelier from a single or minimum number of light sources.
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PAR  These and further objects and advantages of the present invention will
      become more apparent upon reference to the following specification,
      appended claims and drawings wherein:
PAR  FIG. 1 is a perspective view of a multiple mirrored light fixture
      constructed in accordance with the present invention;
PAR  FIG. 2 is an enlarged cross-sectional view thereof taken generally about on
      line 2--2 in FIG. 1;
PAR  FIG. 3 is a perspective view of another form of multiple mirrored light
      fixture constructed in accordance with the present invention;
PAR  FIG. 4 is an enlarged cross-sectional view thereof taken generally about on
      line 4--4 in FIG. 3;
PAR  FIG. 5 is a cross-sectional view thereof taken generally about on line 5--5
      in FIG. 4;
PAR  FIG. 6 is a horizontal cross-sectional view of another embodiment of light
      fixture constructed in accordance with the present invention;
PAR  FIG. 7 is a cross-sectional view taken generally about on line 7--7 in FIG.
      6;
PAR  FIG. 8 is a view similar to FIG. 6 showing a further variation of the light
      fixture of FIG. 6;
PAR  FIG. 9 is a perspective view of another form of light fixture constructed
      in accordance with the present invention;
PAR  FIG. 10 is a cross-sectional view thereof taken about on line 10--10 in
      FIG. 9;
PAR  FIG. 11 is a horizontal cross-sectional view of still another form of light
      fixture constructed in accordance with the present invention; and
PAR  FIG. 12 is a horizontal cross-sectional view illustrating a still further
      form of light fixture constructed in accordance with the present invention
     .
DETD
PAR  For convenience of illustration herein, the mirrored surfaces from which a
      single arrow extends normal to the surface thereof and which arrow is
      directed toward the light source as hereinafter identified indicates a
      standard one-way mirror. The double arrow which extends normal to both
      sides of the mirrored surfaces and in opposite directions indicates a
      two-way mirror. A two-way mirror constitutes a transparent element having
      a silvered or other light reflecting coating on one side whereby a portion
      of the light rays incident to the coated side are transmitted through the
      mirror and a portion of which light rays are reflected therefrom. The
      arrows extending from the surfaces in a direction away from the light
      source as hereinafter identified indicate a plane transparent or
      translucent surface.
PAR  Referring now to the drawings and particularly to FIGS. 1 and 2, there is
      illustrated a multiple mirrored light fixture constructed in accordance
      with the present invention generally designated 10 and comprised of a
      housing 12 for a light source 14, for example an electric light bulb.
      Housing 12 is multi-sided and in this form is triangular in planform
      having a top wall 16 and a bottom wall 18. The light source 14, for
      example a light bulb, is suspended within the enclosure 12 by a wire 20
      extending through the top wall 16 and which wire is coupled to a suitable
      electrical source. The wire 20 may also serve to support the light fixture
      or other means of support may be provided. The sides of housing 12 may
      constitute either planar two-way mirrors or a combination of two-way and
      one-way mirrors, each mirror lying in a plane angularly related. For
      example, in the illustration of FIGS. 1 and 2 the sides 22 and 24 are
      comprised of regular one-way mirrors while the third side 26 is comprised
      of a two-way mirror. The mirrors are connected one to the other at their
      adjoining edges by brackets 28 and 30 and which brackets are also suitably
      secured to the top 16 and bottom walls 18 respectively whereby an integral
      housing 12 is formed. With the illustrated arrangement and type of
      enclosure, it will be appreciated that the light rays produced by light
      source 14 and incident on the one-way mirrors 22 and 24 are reflected
      thereby toward one another or toward the two-way mirror 26. Such reflected
      light rays as well as the light rays directly incident on the two-way
      mirror 26 are in part transmitted through two-way mirror 26, and in part,
      reflected thereby. The light rays reflected by the two-way mirror 26 are
      in turn again reflected by one or both of the mirrors 22 and 24 toward the
      two-way mirror 26 for, in part, transmission therethrough and, in part,
      reflection therefrom. This sequence of reflection by the one-way mirrors,
      part transmission and part reflection by the two-way mirror continues with
      fading intensity.
PAR  The visual effect of the foregoing described arrangement of mirrored
      surfaces is that of a plurality of discrete light sources which diminish
      in intensity and size with their apparent depth location in the fixture
      and which apparent sources fade into infinity into the fixture. A
      kaleidoscopic effect is also produced when the fixture is viewed from
      various angles. It will be appreciated that the form of light fixture
      illustrated in FIGS. 1-2 is for lighting to one side of the fixture and
      for viewing from that one side. The sides of mirrors 22 and 24 may also be
      formed of two-way mirrors whereby the light fixture may disperse light
      about its entire periphery and also produce a like three-dimensional
      multiple light source optical effect when viewed from all sides thereof as
      described above. The top 16 and bottom walls 18 are opaque in the
      preferred embodiment hereof but may be formed of either one-way or two-way
      mirrored surfaces if desired to provide a like optical effect as above
      described from locations above or below the fixture.
PAR  Referring now to the embodiment hereof illustrated in FIGS. 3-5, there is
      provided a light fixture generally designated 32 and comprised of a
      housing 34 having a top wall 36 and a bottom wall 38 between and about the
      periphery of which are disposed a plurality of discrete angularly related
      planar side surfaces 40. As illustrated in FIG. 4, side surfaces 40 form a
      generally octagon shaped housing 34 about a centrally disposed light
      source, i.e., a light bulb 42. In this form, the top wall 36 is comprised
      of a one-way mirror while the discrete planar sides 40 extending normal
      thereto are comprised of two-way mirrors, each of the mirrors 36 and 40
      having their reflective surfaces directed toward light source 42. The
      bottom 38 comprises of a two-way mirror with the coated surface thereof
      facing light source 42 to reflect the light rays therefrom and the light
      rays reflected from the mirrors 36 and 40.
PAR  When bulb 42 is lit, part of the light rays are reflected from one-way
      mirror 36 and from the two-way mirrors 40 toward mirror 38 or are multiply
      reflected from mirrors 36 and 40 toward mirror 38 for, in part,
      transmission through the bottom two-way mirror 38 or for, in part,
      reflection therefrom back towards the mirrors 36 or 40. Part of the light
      rays from light 42 are also transmitted directly through the side two-way
      mirrors 40 and part will be reflected for ultimate transmission through
      either the two-way side mirrors 40 or two-way bottom mirror 38. The visual
      effect again is that of a plurality of three-dimensional multiple discrete
      light sources which diminish in intensity and size and fade in depth into
      the fixture with a kaleidoscopic pattern being produced when viewed from
      different angles. It will be appreciated that fewer or greater number of
      sides of the fixture may be provided and that a great number of discrete
      planar sides may be used to provide a fixture which appears generally
      circular or oval shaped.
PAR  Referring now to the embodiments hereof illustrated in FIGS. 6-8, there is
      illustrated a light fixture generally designated 50 comprised of a housing
      52 defined by a rectangular planar wall 54, four side walls 56, each
      having an edge adjacent an edge of rectangular wall 54 and extending in a
      plane forming an acute angle with the plane of wall 54, and a wall 58
      spaced from and parallel to wall 54 and connected to and along the outer
      edtes of walls 56. The walls of housing 52 thus define a trapezoid in both
      horizontal and vertical cross-section. In this form, a pair of light
      sources, i.e., light bulb 60, are disposed within housing 52 adjacent
      opposite sides thereof with suitable wires therefor, not shown, for
      connecting the bulbs with a source of electricity. As illustrated by the
      arrows in FIGS. 6 and 7, the wall 54 of fixture 50 is comprised of a
      two-way mirror having the coated surface on the side thereof facing light
      source 60. Each of the side walls 56 and wall 58 are formed of standard
      one-way mirrors. Consequently, part of the light rays reflected by the
      one-way mirrors 56 and 58 are transmitted through wall 54 while parts are
      reflected back to the one-way mirrors for further reflection and
      transmission. As in the prior embodiments, a three-dimensional multi light
      source effect is provided with the apparent multiple light sources
      diminishing in intensity and size and fading in depth in the fixture. Also
      produced is a kaleidoscopic light pattern when the fixture is viewed from
      various angles.
PAR  An alternate form of this embodiment is illustrated in FIG. 8 wherein the
      type of mirrors are reversed from those illustrated in FIGS. 6-7. That is,
      the large planar mirror 54a constitutes a one-way mirror while the four
      side mirrors 56a as well as the mirror 58a parallel to mirror 54a comprise
      two-way mirrors. The visual effect produced is similar to the effect
      described above with respect to the form of light fixture illustrated in
      FIGS. 6 and 7.
PAR  Referring now to FIGS. 9-10, there is illustrated a hanging cage-type light
      fixture generally designated 68. In this form, light fixture 68 comprises
      a hexagonal cage with angled top and bottom wall surfaces. Particularly,
      the angularly related side walls 70 are each formed of a two-way mirror
      with the coated surface thereof lying in opposition to the light source,
      i.e., bulb, 72. The top surface is formed of truncated triangular panels
      75 which incline inwardly toward a central support 76 through which a cord
      for supporting the fixture and supplying electricity to the light source
      72 is provided. The truncated panels 75 are formed of standard one-way
      mirror material such that the light incident thereon from light bulb 72 is
      reflected back into the cage. The lower wall surface 80 is similarly
      formed of truncated triangularly shaped panels 81 which are comprised of
      two-way mirrors with their coated sides in opposition to the light source
      72. The short edge of the lower truncated panels terminate at and are
      suitably secured to a central two-way mirror 82. Mirror 82 has its coated
      side in opposition to light source 72. Three-dimensional multiple discrete
      light sources are visually produced when the fixture is viewed from the
      side or bottom with the apparent discrete sources diminishing in intensity
      and size and fading into infinity into the fixture. A kaleidoscopic
      pattern of light is also visually produced when the fixture is viewed from
      different angles.
PAR  Referring now to the embodiment hereof illustrated in FIG. 11, there is
      illustrated in horizontal cross-section a further form of light fixture
      hereof generally designated 90 and comprised of an enclosure or housing 92
      including upper and lower walls, only the lower wall 94 being illustrated,
      and a plurality of side walls each normally related to the adjacent pair
      of side walls. The upper and lower walls may comprise standard one-way or
      two-way mirrors or one may comprise a one-way mirror and the other a
      two-way mirror. The side walls 96 are suitably secured to the upper and
      lower walls by means not shown and the adjacent edges thereof are spaced
      one from the other to define open ends 98 between next adjacent side walls
      96. Side walls 96 comprise two-way mirrors with the reflective surface
      thereof facing and in opposition to a light sourcee, for example a light
      bulb, 100 disposed in housing 92. The enclosure 92 may be comprised of
      three or more walls arranged about the light source such that enclosure 92
      may be triangular, rectangular, pentagonal etc. Such walls would be spaced
      one from the other to define openings into the enclosure. The multiple
      three dimension light effect including the kaleidoscopic effect previously
      described is also produced by the light fixture illustrated in FIG. 11.
PAR  Referring now to the embodiment hereof illustrated in FIG. 12, there is
      illustrated a light fixture cage similar to the cage illustrated in FIGS.
      9 and 10. In this form, the cage is octagonal in planform. The side walls
      110 are alternately formed of mirrored surfaces and a transparent or
      translucent material, for example clear or smoked plastic or glass. Side
      walls or panels 112 preferably constitute two-way mirrors with the
      reflective surfaces thereof in opposition to the light source 114 within
      the enclosure. The walls 116 may be formed, for example, of clear or
      smoked plastic or glass and such walls 112 and 116 are alternately
      arranged about the fixture. As in the prior embodiment, upper and lower
      walls may be provided and comprised of either two-way or one-way mirrors
      or one wall may be a one-way mirror while the other wall may be a two-way
      mirror. The optical effect provided by the foregoing arrangement is
      similar to the effect previously described.
PAR  From the foregoing, it will be appreciated that the present invention
      provides a novel light fixture which produces a novel and unusual lighting
      effect in that, from one or a minimum number of light sources, i.e.,
      bulbs, there is produced a three-dimensional multiple light source effect
      which diminishes in intensity and size and fades with depth into the
      fixture and which provides a kaleidoscopic effect when viewed from
      different angles. This effect is similar to a multiple bulb chandelier but
      is derived in an inexpensive manner and from preferably only a single
      light source. It will also be appreciated that the light fixture hereof
      can be variously mounted. For example, the light fixture can be hung from
      ceiling or other overhead structure, wall mounted, mounted on a pedestal
      or a table, etc. and thereby disposed in any convenient position or area
      of a house, office and the like. Also, while the reflective surface has
      been described herein as being located on the side of the mirror directly
      exposed to the light source, the reflective surface may also be mounted on
      the side remote from the source. Still further, the light fixture hereof
      can be used in conjunction with fluorescent, flame, intermittent and other
      types of light sources and is of course not restricted for use with an
      electric bulb.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be claimed by United States Letters Patent
      is:
NUM  1.
PAR  1. A light fixture comprising a housing, a light source carried by and
      disposed substantially centrally within said housing, said housing
      including a plurality of reflective surfaces disposed about said light
      source and comprising a first planar two-way mirror, second and third
      planar mirrors each including one of said plurality of reflective
      surfaces, said first two-way mirror being carried by said housing along
      one side of said light source and said second mirror being carried by said
      housing along another side of said light source and disposed in a plane at
      an angle other than 90.degree. with respect to the plane containing said
      first mirror, said third mirror being carried by said housing along
      another side of said light source and disposed in a plane at an angle
      other than 90.degree. with respect to said first planar two-way mirror
      said mirrors being arranged about said light source such that at least a
      portion of the light rays generated by said light source are reflected by
      the reflective surfaces of said second and third mirrors for passage
      through said first mirror and another portion of the light rays are
      reflected by the reflective surface of said first mirror interiorly of
      said housing for further reflection by said reflective surfaces and
      passage through said first mirror whereby a three-dimensional multiple
      light source effect comprised of a series of discrete light sources which
      diminish in intensity and size with depth and repetitiously fade to
      infinity within said housing is provided when the light source is viewed
      through said first mirror.
NUM  2.
PAR  2. A lighting fixture according to claim 1 wherein said third mirror is a
      two-way mirror having an interiorly directed reflective surface whereby at
      least a portion of the light rays generated by said light source are
      reflected by the reflective surfaces of said first and second mirrors for
      passage through said third mirror and another portion of the light rays
      are reflected by the reflective surface of said third mirror interiorly of
      said housing for further reflection by said reflective surfaces and
      passage through said third mirror whereby a three-dimensional multiple
      light source effect comprised of a series of discrete light sources which
      diminish in intensity and size with depth and repetitiously fade to
      infinity within said housing is provided when the light source is viewed
      through said third mirror.
NUM  3.
PAR  3. A light fixture according to claim 2 wherein said second mirror is a
      two-way mirror having an interiorly directed reflective surface whereby at
      least a portion of the light rays generated by said light source are
      reflected by the reflective surfaces of said first and third mirrors for
      passage through said second mirror and another portion of the light rays
      are reflected by the reflective surface of said second mirror interiorly
      of said housing for further reflection by said reflective surfaces and
      passage through said second mirror whereby a three-dimensional multiple
      light source effect comprised of a series of discrete light sources which
      diminish in intensity and size with depth and repetitiously fade to
      infinity within said housing is provided when the light source is viewed
      through said second mirror.
NUM  4.
PAR  4. A light fixture according to claim 1 wherein said third mirror is a
      one-way mirror.
NUM  5.
PAR  5. A light source according to claim 4 wherein said second mirror is a
      one-way mirror.
NUM  6.
PAR  6. A light fixture according to claim 1 wherein said housing has walls
      constituting an enclosure about said light source, said first, second and
      third mirrors comprising at least a portion of said walls about said light
      source.
NUM  7.
PAR  7. A light fixture according to claim 6 wherein said third mirror
      constitutes a one-way mirror, each of said second and third mirrors
      forming acute angles with said first mirror along opposite edges of said
      first mirror.
NUM  8.
PAR  8. A light fixture according to claim 6 wherein said second mirror is a
      two-way mirror having an interiorly directed reflective surface whereby at
      least a portion of the light rays generated by said light source are
      reflected by the reflective surfaces of said first and third mirrors for
      passage through said second mirror and another portion of the light rays
      are reflected by the reflective surface of said second mirror interiorly
      of said housing for further reflection by said reflective surfaces and
      passage through said second mirror whereby a three-dimensional multiple
      light source effect comprised of a series of discrete light sources which
      diminish in intensity and size with depth and repetitiously fade to
      infinity within said housing is provided when the light source is viewed
      through said second mirror, said third mirror being a two-way mirror
      having an interiorly directed reflective surface whereby at least a
      portion of the light rays generated by said light source are reflected by
      the reflective surfaces of said first and second mirrors for passage
      through said third mirror and another portion of the light rays are
      reflected by the reflective surface of said third mirror interiorly of
      said housing for further reflection by said reflective surfaces and
      passage through said third mirror whereby a three-dimensional multiple
      light source effect comprised of a series of discrete light sources which
      diminish in intensity and size with depth and repetitiously fade to
      infinity within said housing is provided when the light source is viewed
      through said third mirror, said second and third mirrors each forming an
      obtuse angle with said first mirror along the respective opposite sides of
      said first mirror.
NUM  9.
PAR  9. A light fixture according to claim 1 wherein said third mirror is a
      two-way mirror having an interiorly directed reflective surface whereby at
      least a portion of the light rays generated by said light source are
      reflected by the reflective surfaces of said first and second mirrors for
      passage through said third mirror and another portion of the light rays
      are reflected by the reflective surface of said third mirror interiorly of
      said housing for further reflection by said reflective surfaces and
      passage through said third mirror whereby a three-dimensional multiple
      light source effect comprised of a series of discrete light sources which
      diminish in intensity and size with depth an repetitiously fade to
      infinity within said housing is provided when the light source is viewed
      through said third mirror, said mirrors forming an enclosure for said
      fixture having top, bottom and side walls, said first mirror forming a
      part of the side wall of said fixture, said second mirror forming a part
      of one of said top and bottoom walls of said fixture, said third mirror
      forming a part of the other of the other of said top and bottom walls of
      said fixture.
NUM  10.
PAR  10. A light fixture according to claim 1 wherein said light source consists
      of a single electric light bulb.
NUM  11.
PAR  11. A light fixture according to claim 9 wherein said second mirror
      constitutes a one-way mirror, said second and third mirrors forming obtuse
      angles with said first mirror along opposite side edges thereof.
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ABST
PAL  An improvement in optical remote-control apparatus which comprises a
      light-beam transmitter and a light-receiver, wherein the improvement is
      that a light-scattering (i.e., light-diffusing) plate having a suitable
      area is provided in front of the light-receiver, so that the aiming
      tolerance of the light-beam transmitter becomes broader, enabling easy
      remote-control.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an optical remote-control apparatus capable of
      controlling an appliance by a remote-control means by employing a light
      signal.
PAR  In an optical signal transmission system, for instance, one used in optical
      communications, it is important to converge the light to form a collimated
      beam, in order that the rays do not scatter even after arrival at a remote
      light-receiver after travelling a long distance. For attaining such a
      purpose, the light-beam transmitter, as well as the light-beam receiver,
      have been provided with such converging means as a parabolic mirror,
      spherical mirror or converging lens in order to make their sensitivity
      high. When such converging means are provided for both the transmitter and
      the receiver, both light axes of both converging means should coincide
      exactly with each other for obtaining reliable remote-controlability. In
      order to attain such coincidence of the light axes, a telescope, for
      instance, has been used. However, in the application of the optical
      remote-control apparatus for home appliances such as a television
      receiver, air conditioner, etc., employment of such sophisticated
      apparatus as an aiming telescope is not appropriate in view of its
      handling inconvenience as well as its size and weight.
PAC  SUMMARY OF THE INVENTION
PAR  This invention purports to eliminate the above-mentioned drawback of the
      conventional optical remote-controlling apparatus and to provide an
      improved compact optical remote-control apparatus capable of easy aiming
      at a light-receiver with a light-transmitter, suitable for use in home
      appliances, for instance, such as television receiver, radio set or air
      conditioner.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWING
PAR  FIG. 1 is the side-view of the apparatus of the optical remote-control
      apparatus of the present invention;
PAR  FIG. 2 is an enlarged perspective view of a part of the light-scattering
      plate 7 provided in front of the light-receiver; and
PAR  FIG. 3 is a pattern showing angular response of the apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 showing a side-view of the apparatus embodying the present
      invention, a light-beam transmitter comprises a signal generator 3 for
      generating electric signals, a light-emitting element 1, such as a
      light-emitting diode, which receives electric signals from the signal
      generator 3 and emits light-signals, and a reflecting mirror 2 for
      effectively converging the light-signal of the light-emitting element 1 so
      as to form a parallel or collimated beam. A light-receiver comprises a
      light-scattering plate 7, a photo-electric element 4, a light-reflecting
      mirror 5 and an output circuit 6.
PAR  An infra-red light-emitting diode consisting mainly of a gallium-arsenide
      compound semiconductor which diode emits infra-red light which is nearly
      monochromic having a peak wavelength of 9500 A and a half-value spectrum
      width of 500 A when an input forward current flows therethrough, is used
      as the light-emitting element 1. For the converging mirror 2, a parabolic
      mirror or a semi-spherical mirror is used, so as to converge or focus the
      light from the light-emitting element 1 to form a parallel light beam to
      reach the remote light-receiver. Signal generator 3 comprises a pulse
      generator which generates electric pulses modulated by desired
      information.
PAR  For the photoelectric element 4, a solid state element having a sensitivity
      in infra-red region, such as a silicon photo-transistor or a silicon
      photo-diode, is preferable. The photo-electric element 4 is located at a
      suitable point of the reflecting mirror 5 so that the transmitted light
      having passed through the light-scattering plate 7 and being scattered is
      focused or converged on the photoconductive area of the element 4.
PAR  The output circuit 6 comprises a demodulating circuit which decodes or
      demodulates the electric signals produced by the photoelectric element 4
      and produces a desired controlling of the output signals.
PAR  The light-scattering plate 7 is located in front of the photoelectric
      element 4 and the reflecting mirror 5 so as to scatter the incoming
      parallel light beam from the light-transmitter in order to ease the aiming
      tolerance of the light transmitter.
PAR  As described in the above, such a light-scattering plate is for scattering
      an incident parallel light beam, so that the incident light beam 21
      deviated by a specified solid angle around the theoretical light-axis 51
      of the light-receiver can reach the photo-electric element 4. For instance
      a plate which is transparent for infra-red light and has an inhomogeneous
      structure with respect to its refractive index can be used for the plate
      7. For instance, a transparent plastic plate containing a number of
      particles of transparent material having a large refractive index, such as
      titanium oxide or glass, can be used for the plate 7. One practical
      example of such a plate is an epoxy-resin plate containing a number of
      glass particles of 5 to 15 microns in diameter.
PAR  FIG. 3 is a chart showing the angular response of such a plate 7 with
      respect to the direction of the incident light when the plate 7 is used as
      shown in FIG. 1. The curve I indicates the angular response for the
      light-receiver with the above-mentioned plate, while the curve II
      indicates the angular response for the light-receiver without the plate.
      As is shown by the curve I of FIG. 3, when the plate containing particles
      of a higher refraction coefficient than the substance of surrounding
      plastic substrate is provided in front of the light-receiving element and
      the mirror, a suitably widened angular characteristic is obtainable.
PAR  Another example of the light-scattering plate is constituted by a
      transparent glass plate one face of which has a roughened surface. One
      practical example of such a roughened face plate is shown in FIG. 2, which
      is an enlarged perspective view of a part of the light-scattering plate,
      wherein the front face 71 (i.e., light-receiving face) of the plate is
      made flat while the rear face 72 is roughened. The roughened rear face 72
      preferably has an unevenly curved face, the normal (i.e., a line
      perpendicular to the surface) to which is directed in various directions.
      This example also has the same angular response as shown by curve I in
      FIG. 3.
PAR  A further example of the light-scattering plate is constituted by coating a
      transparent plastic layer on a roughened face of a transparent glass
      plate. The angular response is the same with the above examples.
PAR  When the light-scattering plate is made of a plastic which is transparent
      only for infra-red light then it is possible to eliminate light rays other
      than the infra-red signal light, hence to eliminate background-noise in
      the electric output signal of the photoelectric element 4 due to various
      light rays other than the infra-red light.
PAR  By employing the light-scattering plate 7 according to the present
      invention, the aiming tolerance of the light-tranamitter at the
      light-receiver is suitably broadened without an adverse increase of weight
      or size or inconvenience, hence enabling easier aiming of the
      light-transmitter.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In an optical-remote-control apparatus including a light beam
      transmitter and a light-receiver disposed remote with respect to said
      transmitter, the improvement wherein a light-scattering plate is provided
      in front of said light-receiver and is arranged so as to have the entirety
      of its light receiving face exposed to the light beam from said
      transmitter irrespective of the direction from which said light beam
      impinges upon said light receiving face, said plate being transparent and
      the light receiving face thereof being substantially flat and the rear
      face thereof being roughened, said receiver including a photodetecting
      element and a focusing element disposed relative to said photodetecting
      element for focusing impinging light onto said photodetecting element,
      said focusing element comprising a reflecting focusing mirror disposed
      behind said photodetecting element, and wherein said light-scattering
      plate is disposed relative to said focusing element to scatter said
      impinging light thereonto, and thereby increase the angular response
      characteristic of said light-receiver.
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PAL  A system for detecting the distinction of the object image characterized in
      that respectively on a photoelectric transducing element presenting
      electrodes on both extremities along the longer sides of a photoelectric
      semiconductor presenting considerably short sides as compared with the
      long sides and on a photoelectric transducing element presenting
      electrodes on both extremities along the shorter sides of a photoelectric
      semiconductor presenting considerably short sides as compared with the
      long sides an object image is formed by means of an optics and that the
      distinction of the above mentioned object image is detected by detecting
      the electric characteristics variable corresponding to the distinction of
      the above mentioned object image, of each of the above mentioned
      photoelectric transducing elements.
BSUM
PAR  The present invention relates to a system for detecting the image of the
      object for focus adjustment of the optics suited for photographic devices
      such as camera as well as to a system and a device for adjusting the focus
      of the optics such as camera utilizing the above mentioned detecting
      system. Until now various systems for detecting the destinction of the
      image of the object utilizing the non linear photoelectric effect
      especially taking place in the photoconductive materials such as CdS or
      CdSe have already known for example for the Japanese patent publications
      Sho 39-29120, Sho 41-14500 and Sho 44-9501. Hereby the above mentioned non
      linear photoelectric effect of the photconductive material means the
      phenomenon that the electric characteristics of the above mentioned
      photoconductive materials, especially the value of resistance is increased
      or decreased according as the distinction of the object image formed on
      the photoconductive materials is raised, whereby this phenomenon arises
      from the fact that the quantity of the incident beam per unit area of the
      photoconductive material is varied according to the variation of the
      distinction of the object image in such a manner that when the distinction
      is maximum the distribution of the quantity of the incident beam on each
      point of the photoconductive materials becomes remarkably uneven.
PAR  In other words the differences between the quantity of the beam at the
      bright part and that at the dark part of the image of the object becomes
      largest when the distinction is highest in such a manner that the value of
      the resistance differs very much at the different parts of the
      photoconductive materials. However in case of the actual objects which are
      often photographed die distribution of the bright parts and of the dark
      parts is remarkably irregular, whereby it can not always be said that the
      difference between the brightness at the bright part and that at the dark
      part, namely the contrast is large so that it must be said that only by
      forming the object image on the surface of the photoelectric element
      consisting of the above mentioned photoconductive material a sufficient
      photoelectric effect cannot be obtained so that it is difficult to detect
      the distinction of the object image with high accuracy.
PAR  The object of the present invention is to offer a process and a device by
      means of which the focus of the optics such as camera can easily be
      detected by detecting the distinction of the object image with high
      accuracy so as to solve the above mentioned difficulties.
PAR  The present invention is characterized in that respectively on a
      photoelectric transducing element presenting electrodes on both
      extremities along the longer sides of a photoelectric semiconductor
      presenting considerably short sides as compared with the long side (hereby
      called parallel type element) and on a photoelectric transducing element
      presenting electrodes on both extremities along the shorter sides of a
      photoelectric semiconductor presenting considerably short sides as
      compared with the long sides (hereby called series type element) an object
      image is formed by means of an optics and that the producing a synergistic
      effect on the above mentioned photoelectric effects produced by the above
      mentioned photoelectric transducing elements the distinction of the object
      image is detected with extremely high accuracy, whereby the purpose of the
      present invention is to offer a system and a device for adjusting the
      focus of the optics such as camera utilizing the output of such a
      detecting system.
DRWD
PAR  Below the present invention will be explained in detail according to the
      attached drawings.
PAR  FIGS. 1A-1D shows diagrammatical drawings for the explanation of the effect
      of the series type element and of the parallel type element.
PAR  FIGS. 2A-2D shows embodiments consisting of the series type element and of
      the parallel type element.
PAR  FIGS. 3A-3D is a table to show the variation of the resistance value when
      the distinction of the object image on the photoelectric element of each
      type becomes maximum.
PAR  FIGS. 4A-4F shows the circuits of various disposition suited for the
      present invention, of the detecting members for the distinction of the
      object image.
PAR  FIG. 5 shows a diagrammatical drawing of the automatic focus setting device
      especially suited for the camera and the like, in which the distinction
      detecting system according to the present invention is used.
PAR  FIG. 6 shows an embodiment of the electric circuit applicable for the above
      device as well as diagrams for showing the variation of the output of each
      circuit member.
DETD
PAR  In FIGS. 1(a) and (b) a photoelectric transducing element namely a series
      type element presenting two electrodes on both extremities along the
      shorter sides of a photoelectric semi-conductor 1 presenting considerably
      short sides as compared with the long sides is connected with the current
      source 4 by means of a lead wire 3. 5 is a galvanometer for measuring the
      photoelectric current. Further in FIGS. 1(c) and (d) a photoelectric
      transducing element namely a parallel type element presenting two
      electrodes on both extremities along the longer sides of a photoelectric
      semi-conductor 1 presenting considerably short sides as compared with the
      long sides is connected with the current source 4 by means of a lead wire
      3. Further in FIG. 1(a) the image of an object presenting a dark portion 7
      in the center of the bright portion 6 is formed, while in FIG. 1(b) the
      image of an object presenting a bright portion 9 in the center of the dark
      portion 8 is formed. In FIGS. 1(c) and (d) the image of an object
      presenting a bright and a dark portion is similarly formed.
PAR  In case of FIG. 1(a) it is clear that the clearer the image of the object
      becomes the less photoelectric current flows because the brightness of the
      dark portion is extremely lowered. The less clear the image of the object
      becomes the more photoelectric current flows because the difference
      between the brightness of the bright portion 6 and that of the dark
      portion 7 becomes smaller.
PAR  The clearer the image of the object in case of FIG. 1(b) becomes, the less
      photoelectric current flows until no current flows because the brightness
      of the dark portion 8 is lowered. Although however in this case the image
      of the object becomes less clear, the area of the dark portion 8 is
      considerably large as compared with that of the bright portion 9 so that
      it is considered that the brightness in the neighborhood of the electrodes
      2 should remain considerably low and the photoelectric current should
      practically be not increased. Namely it is considered that in case of a
      photoelectric transducing element namely a series element as shown in
      FIGS. 1(a) and (b) the photoelectric current is almost decided by the dark
      portion of the image of the object, namely it can be concluded that the
      series type element is very sensitive to the dark portion of the image of
      the object.
PAR  Although the image of the object in case of FIG. 1(c) becomes clearer or
      less clearer, the internal resistance of the photoelectric semi-conductor
      between the electrodes 2 does not make any practical change because the
      area of the bright part 6 is considerably large as compared with that of
      the dark portion 7, so that the variation of the photoelectric current is
      small. In case of FIG. 1(c) on the other hand a photoelectric current
      flows through the part of the photoelectric semi-conductor corresponding
      to the bright portion 9, so that it is clear that the intensity of the
      photoelectric current depends upon the brightness of the bright portion 9.
      Namely the photoelectric current make a considerably large variation
      depending upon the bright portion so that it can be concluded that the
      parallel type element is very sensitive to the bright portion.
PAR  Although the image of the object in case of FIG. 1(c) becomes clearer or
      less clear the internal resistance of the photoelectric semiconductor
      between the electrodes 2 does not make any practical change because the
      area of the bright portion 6 is considerably large as compared with that
      of the dark portion 7 so that the variation of the photoelectric current
      is small. In case of FIG. 1(d) on the other hand a photoelectric current
      flows through the part of the photoelectric semiconductor corresponding to
      the bright portion 9, whereby it is clear that the intensity of the
      photoelectric current varies depending upon the brightness of the bright
      portion 9. Namely the photoelectric current makes a considerably large
      variation depending upon the bright portion, whereby it can be concluded
      that the parallel type element is sensitive to the bright portion. In the
      conventional system for detecting the distinction of the object image
      making use of the photoelectric effect of semiconductor it seems that it
      is mostly proposed to use a photoelectric element presenting an electrode
      structure called comb type, which element corresponds with the parallel
      type element, whereby as is clear from the above explanation it is
      impossible to obtain a sufficient sensitivity for detecting the
      distinction of the object which present dark lines in the bright portion.
      The present invention is characterized in that a parallel type element and
      a series type element are used as mentioned above in common in order to be
      able to detect the distinction of the object always with high accuracy
      regardless of the distributed state of the bright and the dark portion of
      the object.
PAR  FIG. 2 shows practical dispositons of the light reveiving element
      consisting of series type elements and parallel type elements as shown
      diagrammatically in FIG. 1 so as to be applicable for the present
      invention. FIG. 2(a) and (b) respectively show the disposition of the
      series type element and that of the parallel type element. In FIG. 2(a) 10
      is a base plate consisiting of a non-conductive body, on which a
      photoelectric semiconductor is disposed by vaporization. 12 is a
      separation wall of a non-conductive body for forming narrow-tape shaped
      structure of the photoelectric semiconductor, whereby in the present
      embodiment the photoelectric semiconductor shapes in form of narrow-tape
      by means of the separation wall is folded again and again along the
      semicircular arc up to the center of the circle so as to reach the other
      end through a similar process in such a manner that the photoelectric
      semiconductor presents conductive electrodes 13 at both extremities along
      the short sides together with the lead wires 14. It can easily be
      understood that the photoelectric element consisting of the above
      mentioned photoelectric semiconductor and the above mentioned electrode be
      of series type, whereby further it can be expected from the reason
      explained according to FIG. 1 that on certain determined portion of the
      photoelectric semiconductor the distinction should be detected regardless
      of the distributed state of the image of any object, when the image is
      formed on the element, by the fact that the photoelectric semiconductor is
      formed in concentrical arcs.
PAR  In FIG. 2(b) on a base plate 10 consisting of a nonconductive body a
      photoelectric semiconductor 11 is disposed by evaporation. 15 is a
      conductive part composing a narrow-tape shaped structure of the
      photoelectric semiconductor and serving electrode at the same time,
      whereby it is so designed as to present the same structure as that of the
      separation wall 12 of the series type element shown in FIG. 2(a). 14 are
      the lead wires connected to the extremities of the conductive part 15 by
      means of separate conductive bodies 13.
PAR  It is clear that the photoelectric element consisting of the photoelectric
      semiconductor and the electrodes as mentioned above is of parallel type
      element, whereby the photoelectric semiconductor is formed equally to the
      case of the series type element so as to be effective for detecting the
      distinction of the image of any object.
PAR  FIGS. 2(c) and (d) respectively show further another embodiment according
      to the present invention, of the series type element and the parallel type
      element as mentioned above. FIG. 2(c) shows a disposition of a series type
      element, in which the electrodes 34 and the lead wires 35 are provided at
      both extremities along the direction of the short sides of the
      photoelectric semiconductor 33 presenting a form of folded arc, whereby
      the element is disposed on a base plate 36 consisting of non-conductive
      body. In FIG. 2(d) shows the disposition of the parallel type element, in
      which the electrodes 34 and the lead wires 35 are formed on both
      extremities along the direction of the long sides of the photoelectric
      semiconductor 33 presenting a form similar to that of the series type
      element, whereby the element is disposed on a base plate 36 consisting of
      non-conductive body. The forms of the photoelectric semiconductors shown
      in FIG. 2 differ much from those shown in FIG. 1, while their principal
      dispositions are equal to each other, whereby in case of the dispositions
      shown in FIG. 2 the elements present a form of the folded arcs in order
      that the elements present a sufficient efficiency as mentioned according
      FIG. 1 even for such an image of the object in general as presents a
      complicated form presenting boundaries between the bright and the dark
      portion along the various directions, whereby it is natural that the form
      of the photoelectric semiconductor does not necessarily present the forms
      shown in FIG. 2.
PAR  It is already known that the relation between the brightness E on the
      photoelectric semiconductor and the value of the resistance are generally
      represented by the following formula:
EQU  R = KE.sup.-.sup..gamma.                                   (1)
PAL  whereby K and .gamma. respectively are the constants proper to the kind of
      the photoelectric semiconductor, the composition and so on. The analytical
      explanation of the variation of the value of the resistance corresponding
      to the distinction of the image of an object due to the photoelectric
      effect will be made according to the above mentioned formula and the FIG.
      3.
PAR  FIG. 3(a) is a diagram of the distribution of the brightness of the object
      image in FIG. 1 on the photoelectric transducing element, whereby the
      ordinate represents the brightness while the abscissa represents the
      position on the photoelectric transducing element. Hereby an example
      presenting a bright portion in the dark portion is adopted in FIG. 3(a).
      As it is clear from the analysis to be mentioned below that the case when
      the bright portion exist in the dark portion gives the same result, the
      explanation for such case is omitted. Hereby as is already mentioned, the
      extent of the variation of the value of resistance differs according to
      the combination of the above mentioned distribution of the brightness of
      the object image, the series type element and the parallel type element.
      In FIG. 3 the solid line represents the distribution of the brightness
      when the distinction is maximum, while the broken line represents the
      distribution of the brightness when the distinction is maximum, while the
      broken line represents the distribution of the brightness when the
      distinction is lowered.
PAR  Let I be the photoelectric current when a certain determined voltage is
      given to the photoelectric semiconductor, so it is clear from the above
      mentioned formula that the following is satisfied
EQU  I = K'E.sup..gamma.                                        (2)
PAL  whereby K' is a constant which is determined by the properties of the
      photoelectric semiconductor and the voltage given. The relations between R
      and E respectively I and E especially when .gamma. is greater than
      I(.gamma.&gt;1), .gamma. is equal to 1(.gamma. = 1) and .gamma. is smaller
      than 1(.gamma.&lt;1) are respectively shown in FIGS. 3(b) and (c). At first
      let us suppose that the distribution of the brightness in the neighborhood
      of the boundary between the bright and the dark portion shown by the solid
      line be changed into that shown by the broken line, namely let us suppose
      that the brightness at the part A.sub.1 B.sub.1 in the left neighborhood
      of the point A.sub.1 and at the part A.sub.2 B.sub.2 in the right
      neighborhood of the point A.sub.2 be lowered, while the brightness at the
      point A.sub.1 ' C.sub.1 in the right neighborhood of the point A' and at
      the part A.sub.2 ' C.sub.2 in the left neighborhood of the point A.sub.2 '
      is raised, whereby the brightness E.sub.3 can be considered as the mean
      value of E.sub.1 and E.sub.2. From the relation between the variation of
      the brightness and the variation of the local resistance value in FIG.
      3(b) it can be thought that the above mentioned decrease of the brightness
      nearly corresponds to the variation of the brightness from E.sub.1 to
      E.sub.3, while the increase of the brightness nearly corresponds to the
      variation of the brightness from E.sub.2 to E.sub.3, whereby the length at
      the part of A.sub.1 B.sub.1, A.sub.2 B.sub.2 and A.sub.1 ' C.sub.1,
      A.sub.2 ' C.sub.2 is very small. Consequently as is shown in FIG. 3(b) the
      increase of the resistance value accompanied by the decrease of the
      brightness is .DELTA.R.sub.U, while the decrease of the resistance value
      accompanied by the increase of the brightness is .DELTA.R.sub.D, when
      .gamma. is smaller than 1 (.gamma.&lt;1). On the other hand the second
      differentials of the formula (1) is
      ##EQU1##
      This means that the ratio of the variation of the resistance value R to
      the unit variation of the brightness becomes smaller according to the
      increase of the brightness E, and therefore .DELTA.R.sub.D becomes greater
      than .DELTA.R.sub.U (.DELTA.R.sub.D &gt;.DELTA.R.sub.U). Thus the algebraic
      sum of the variation of the resistance value due to the local variation of
      the brightness becomes negative so that after all the total resistance
      value of the photoelectric semiconductor 1 is decreased while the
      photoelectric current is increased. It is clear that the same thing can be
      said of when .gamma. is equal to 1(.gamma.= 1) and .gamma. is larger than
      1 (.gamma.&gt;1). In other words it can be understood that in case of the
      series type element regardless of the value of .gamma. the value of the
      resistance becomes maximum (the value of the photoelectric current becomes
      minimum) when the distinction of the object image is maximum. Now let us
      consider the same thing for the parallel type element in FIG. 1(c). Hereby
      let us proceed the consideration adopting the relation between I and E in
      FIG. 3(c) in order to simplify the case. Let us represent in this case the
      decrease of the photoelectric current accompanied by the decrease of the
      brightness at the part A.sub.1 B.sub.1 and the part A.sub.2 B.sub.2 in
      .DELTA.I.sub.D and the increase of the photoelectric current accompanied
      by the increase of the brightness at the part A.sub.1 ' C.sub.1 and the
      part A.sub.2 ' C.sub.2 in .DELTA.I.sub.U, so from the formula (2)
      ##EQU2##
      so that according as .gamma.&lt;1
PA1  .gamma. = 1
PA1  .gamma.&gt;O , respectively
PA1  d.sup.2 I/dE.sup.2 &lt;O
PA1  d.sup.2 I/dE.sup.2 = O
PA1  d.sup.2 I/dE.sup.2 &gt;O
PAR  Thus in case .gamma.&lt;1, .DELTA.I.sub.U &gt;.DELTA.I.sub.D, in case .gamma. =
      1, .DELTA.I.sub.D = .DELTA.I.sub.U and in case .gamma.&gt;1, .DELTA.I.sub.U
      &lt;.DELTA.I.sub.D, when as mentioned to the series type element the
      dependency of the ratio of the variation of the value of the photoelectric
      current I to the unit variation of the brightness E on the brightness E is
      judged from the sign of d.sup.2 I/dE.sup.2. Thus it can be understood that
      photoelectric current flowing through the total photoelectric
      semiconductor becomes minimum (the value of the resistance becomes
      maximum) in case .gamma.&lt;1, that the photoelectric current becomes
      constant (the value of the resistance becomes constant) regardless of the
      distinction of the object image in case .gamma. = 1 and that the
      photoelectric current becomes maximum (the value of the resistance becomes
      minimum) when the distinction of the object image is maximum in case
      .gamma.&gt;1. From the above it becomes clear that the series type element
      and the parallel type element for which .gamma.&gt;1 have reversed
      characteristics to each other for the variation of the electric
      characteristics for the distinction of the object image although both of
      them have non-linear photoelectric effect of the photoelectric
      semiconductor. The above result is shown in FIG. 3(d).
PAR  The purpose of the present invention is, as mentioned above, to utilize
      both of the series type element and the parallel type element so as to
      respond to the distinction of the image of any object as well as to obtain
      a considerably increased detectability of the distinction by means of the
      synergistic effect of the variation of the resistance value of the series
      type element and of the parallel type element. In case both the series
      type element and the parallel type element for both of which .gamma.&gt;1 are
      utilized and the image of the object is formed, the difference between the
      resistance values of both photoelectric element becomes considerably large
      when the distinction of the object is maximum because the resistance of
      the series type element becomes large while that of the parallel type
      element becomes small, so that the detectability for the distinction by
      means of both photoelectric elements is considerably large as compared
      with the case with only one type of the element.
PAR  Thus by properly combining various types of the elements various
      disposition of the system for detecting the object image suited to the
      present invention can be realized. Below the present invention will be
      explained in detail according to FIG. 4 of the embodiments of the present
      invention.
PAR  In FIG. 4 R.sub.S and R.sub.P respectively show a series type element and a
      parallel type element. In FIG. 4(a) R.sub.S and R.sub.P are connected in
      series and given a voltage from the current E source. The potential at the
      middle point O between R.sub.S and R.sub.P varies according to the
      variation of R.sub.S and R.sub.P. In case .gamma. of R.sub.P is larger
      than 1(.gamma.&gt;1), R.sub.S is increased while the R.sub.P is decreased
      when the object image of each element becomes most distinct, so that the
      potential at O is rasied. Consequently the distinction on each element
      becomes maximum when the potential at D is maximum.
PAR  FIG. 4(b) shows a bridge circuit having R.sub.P and R.sub.S at the one side
      and the fixed resistance R.sub.1 and the variable resistance R.sub.2 at
      the other side, which bridge circuit is given a voltage from the current
      source E. In case .gamma. of R.sub.P is larger than 1(.gamma.&gt;1) R.sub.S
      is increased while R.sub.P is decreased when the distinction of the image
      on R.sub.S and R.sub.P is raised so that the potential at a is raised and
      therefore the voltage produced between O and O' becomes maximum when the
      distinction is maximum. In FIG. 4(d) R.sub.S and R.sub.P are connected to
      the calculating amplifier A as shown in the drawing, whereby the voltage +
      E is given at point I. The potential at point O is proportional to the
      ratio of R.sub.S to R.sub.P. In case .gamma. of R.sub.P is larger than 1
      (.gamma.&gt;1) R.sub.S is increased while R.sub.P  is decreased according as
      the distinction of the image on R.sub.S and R.sub.P is raised so that the
      ratio of the one to the other is varied considerably and therefore the
      potential at point O becomes either maximum or minimum when the
      distinction of the image becomes maximum. FIG. 4(d) shows the disposition
      of the detecting member in which R.sub.P for which .gamma.&lt;1 is used.
      R.sub.P and R.sub.S form two oblique sides and the fixed resistance
      R.sub.1 and the variable resistance R.sub.2 form other two oblique sides,
      whereby the bridge is given a voltage from the current source E.
PAR  When the distinction of the image on R.sub.S and R.sub.P is increased the
      resistance of R.sub.S and that of R.sub.P are also increased and therefore
      the potential at point a is raised while the potential at point b is
      lowered so that the potential difference between O and O' is increased and
      becomes maximum when the distinction of the image is maximum. FIG. 4(e)
      shows an embodiment in which in one side of the bridge circuit R.sub.P for
      which .gamma. .div. 1 is used. In case of R.sub.P for which .gamma. .div.
      1, the value of the resistance does not depend upon the distinction of the
      image but is varied only by the brightness of the object image, so that by
      means of the circuit shown in the drawing when the distinction of the
      object image is raised the potential at point a is also raised while the
      potential at point b remains unvaried, only assuming a value corresponding
      to the brightness of the object so that the potential difference between O
      and O'  becomes maximum when the distinction of the object is maximum.
PAR  The advantage of the above embodiment lies in the fact that the variation
      of the level between O and O' due to the brightness can be checked. The
      embodiment of FIG. 4(f) is equal to that of FIG. 4(c) in its principle,
      whereby the calculating amplifiers A.sub.1 and A.sub.2 are cascade
      connected in such a manner that the potential at point O is varied
      corresponding to the ratio of the product R.sub.P .times. R.sub.S to the
      product R.sub.1 .times. R.sub.2, whereby in ase R.sub.P for which
      .gamma.&lt;1 is used the potential proportional to the product R.sub.P
      .times. R.sub.S so that according as the distinction of the object image
      is raised the resistance value of R.sub.P and that of R.sub.S are
      increased and therefore the potential at point a assumes maximum value or
      minimum value when the distinction of the object image becomes maximum,
      although in case of the embodiment of FIG. 4(c) a considerable increase of
      the detecting sensibility of the distinction cannot be expected.
PAR  FIG. 5 shows a concrete embodiment of the automatic focus setting device
      according to the present invention, in which one of the detecting members
      of the distinction of the object image in FIG. 4 is used, whereby 16 is an
      optics for detecting the distinction, being held by means of the lens
      barrel 17. On a lower part of the circumference of the lens barrel 17 a
      worm gear 18 engages with a rack 19 for moving the optics 16 forward and
      backward, being secured on the lens barrel 17. The worm 18 is engaged with
      the rack 22 provided on the upper part on the circumference of the lens
      barrel 20 so as to be rotated by the motor 24 by means of the shaft 23 in
      order that the photographing optics 21 held by the lens barrel 20 is moved
      forward and backward at the same time with the optics for detecting the
      distinction 16, so that by the forward and the backward rotation of the
      motor 24 the optics for detecting the distinction 16 and the photographing
      optics 21 is moved forward and backward at the same time. 25 is the film.
      Behind the optics for detecting the distinction 16 a semipermeable mirror
      26 is provided in order to distribute the light beam to the series type
      element R.sub.S and to the parallel type element R.sub.P to form the image
      of the same object on those elements. The permeability of the
      semipermeable mirror 26 is desired to be so determined that such a ratio
      of distribution of the light beam as makes the resistance values of both
      elements almost equal when the object image is formed according to the
      difference between the resistance values of R.sub.S and R.sub.P for
      example in darkness can be obtained. R.sub.S and R.sub.P deliver the
      output to the control circuit 27, in which a control output corresponding
      to the distinction of the object image is delivered to the motor 24 which
      moves the optics for detecting the distinction 16 and the photographing
      optics 20 forward and backward respectively stops them in order to carry
      out the automatic focus setting by automatically setting the position of
      both optics at which the most distinct object image can be obtained. The
      operation of the present device will be explained in detail according to
      the drawing of an embodiment of the control circuit.
PAR  FIG. 6(a) shows an embodiment of the control circuit suited for the
      automatic focus setting device shown in FIG. 5, in block diagram. In the
      drawing 28 is a detecting circuit in which a proper embodiment of the
      circuit for detecting the distinction of the object image shown in FIG. 4
      is used, whereby the output of the detecting circuit corresponds to the
      distinction of the object image as mentioned above, assuming a maximum
      value at the maximum distinction and a minimum value at the minimum
      distinction. The output is then delivered to the direct current amplifier
      29 and amplified into a signal large enough for the next process. The
      output of the direct current amplifier 29 is delivered to the
      differentiating circuit 30 which delivered an output corresponding to the
      variation of the output of the direct current amplifier 29. The output of
      the differentiating circuit 30 is then delivered to the input of the
      comparator in which an abrupt variation of the differentiated output,
      namely the point at which the most distinct object image is obtained, is
      detected in such a manner that an impulse output is produced. Due to the
      impulse output the motor 24 is brought into a shortcircuited state by
      means of a switching circuit of the already known disposition in such a
      manner that the motor 24 is stopped instantly. The operation of the
      automatic focus setting device according to the present invention, shown
      in FIG. 5 and 6 is as follows.
PAR  The photographer directs the device to the object to be photographed and
      pushed down a not shown for example two step release button down to the
      first step, when the control circuit of FIG. 6(a) is brought into
      operation in such a manner that the motor 24 rotates according to a
      certain determined direction so as to move the photographing optics 21 and
      the optics for detecting the distinction 16 from the very near position or
      from the infinite position along a certain determined direction. The
      variation of the outputs of each block of the control circuit to the time
      is shown in FIGS. 6(b) - (e).
PAR  The output of the detecting circuit for the distinction 28 varies as shown
      in FIG. 6(b). At the most distinct point of the object image the output is
      raised abruptly and is lowered at both side. The variation of the output
      of the direct current amplifier 29 is as shown in FIG. 6(c), whereby it is
      merely the amplified variation of the output of FIG. 6(b). FIG. 6(d) shows
      the output of the differentiating circuit 30, whereby the sign is reversed
      at the most distinct point of the object image in such a manner that the
      output passes the zero potential in a very short time. In this embodiment
      the standard potential for comparison, of the comparator is set at zero in
      such a manner that an impulse is produced as soon as the differentiated
      output passes the zero potential. FIG. 6(e) shows this impulse. The
      impulse shown in FIG. 6(e) is delivered to the switching circuit 32 so
      that the motor 24 is instantly brought into the shortcircuited state and
      stopped. Thus the photographer learns that the object image is distinctly
      formed, by recognizing by a certain means that the optics is stopped, and
      then can expose the film by pushing down the release button down the
      second step.
PAR  it is natural that the present invention is not limited to the disposition
      of the above mentioned embodiments, whereby it is also possible to obtain
      a stable operation by providing the optics for detecting the distinction
      with a conventional diaphragm so as to make the illumination on the
      surface of the photoelectric element almost constant independent of the
      brightness of the object, or it is possible to stop the photographing lens
      at the over focus position by controlling the motor through detection of
      the output level of the direct current amplifer in case the above
      mentioned automatic focus setting operation is difficult for example when
      the brightness of the object is considerably low. Further it goes without
      saying that other embodiment of the control circuit presenting sufficient
      efficiency than the above mentioned can also be easily realized.
PAR  As mentioned above by adopting both series type element and parallel type
      element the device according to the present invention present a efficiency
      to carry out an automatic focus detection of the object of any pattern
      with high accuracy so that it is quite effective for the actual focus
      setting of the object which usually consists of complicated patterns.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A detecting device for detecting the image sharpness of an object,
      comprising;
PA1  A. a movable image forming optical system;
PA1  B. a photoelectric transducing means positioned behind the optical system
      to receive an image formed by the optical system, and having;
PA1  a. a first elongated photoelectric transducing element having a
      semiconductor and electrodes deposited on both long sides of the
      semiconductor;
PA1  b. a second elongated photoelectric transducing element having a
      semiconductor and electrodes deposited on both short sides of the
      semiconductor;
PA1  C electrical circuit means coupled to the elements for generating an
      electrical signal in response to the intensity distribution of the light
      on the phototransducing means, said first transducing means and second
      transducing means being connected to the circuit means to produce the
      electrical signal combining the output of the first transducing means with
      the output of the second transducing means,
PA1  D. signal responding means coupled to said electrical circuit means in the
      path of light from the imaging forming optical system for detecting the
      image sharpness,
PA1  E. said first transducing means and second transducing means being
      positioned in the path of light from the image forming optical system to
      receive light from the object.
NUM  2.
PAR  2. The device according to claim 1, wherein said electrical circuit forms
      voltage dividing means with said first element and said second element,
      said elements being connected in series and responsive to the electrical
      signal, and output means connected to the connecting point between said
      elements.
NUM  3.
PAR  3. The device according to claim 1, wherein said electrical circuit means
      forms a bridge circuit having a first branch with said first element
      connected therein, and a second branch with said second element connected
      therein.
NUM  4.
PAR  4. The device according to claim 1, wherein said electrical circuit means
      forms an operational amplifier having one element connected as an input
      circuit and the other element as a feedback circuit.
NUM  5.
PAR  5. The device according to claim 4, wherein said electrical circuit means
      forms two operational amplifiers with said elements, each of said
      amplifiers having one said elements connected in its feedback circuit.
NUM  6.
PAR  6. A focusing device for focusing the image of an object in a focal plane
      comprising;
PA1  A. optical means for forming the image on the focal plane,
PA1  B. adjusting means for varying the distance between the optical means and
      the focal plane,
PA1  C. photoelectric means arranged for receiving at least one portion of the
      object light image, the photoelectric means comprising:
PA2  a. a first photoelectric transducing element having a first elongated
      semiconductor with two long sides, and electrodes deposited on both long
      sides of the semiconductor,
PA2  b. a second photoelectric transducing element having a second elongated
      semiconductor with two long sides and two short sides and electrodes
      deposited on both short sides of the semiconductor,
PA1  D. electrical circuit means coupled to the elements for generating an
      electrical signal in response to the intensity distribution of the light
      falling on the phototransducing means, said first transducing element and
      second transducing element being connected to the circuit means to produce
      the electrical signal combining the output of the first transducing
      element with the output of the second transducing element,
PA1  E. means coupled to said electrical means and responsive to the electrical
      signal generated for driving and adjusting means so as to cause the light
      ray from the object to be focused into a sharp image on the photoelectric
      means.
NUM  7.
PAR  7. The device according to claim 6, wherein the first photoeelectric
      element has a sinuous strip-like photoconductor means with two ends,
      output electrode means attached at the ends of the photoconductor means
      and an insulating material deposited in the space formed by said sinuous
      photoconductor means, the second photoelectric element having a second
      photoconductor means, contact electrode means attached on the
      photoconductor means in the substantially same form as said element and
      output electrode means which is connected to the contact electrode means.
NUM  8.
PAR  8. The device according to claim 6, wherein the first photoelectric element
      has a base, a plurality of coaxial .OMEGA. shaped photoconductor means
      deposited on the base and connected in series, and an output electrode
      means deposited on the extremity of the photoconductor means, the second
      photoelectric element having a second base, a plurality of second
      photoconductor means deposited on the second base means, and a plurality
      of .OMEGA. shaped electrode means deposited on the second photoconductor
      means, said second photoconductor means being connected in series.
NUM  9.
PAR  9. The device according to claim 8, wherein said first and second
      photoconductor means have the substantially same form.
NUM  10.
PAR  10. A device as in claim 6, wherein said second semiconductor is in the
      shape of an elongated strip continuously folded upon itself in folds and
      insulated at the folds, said first semicondcutor is in the form of an
      elongated strip folded upon itself and conductively connected at the
      folds.
NUM  11.
PAR  11. A device as in claim 6, wherein said first semiconductor is in the form
      of a semiconductor material covering an area, one of said electrodes
      including a plurality of conductive paths extending through the
      semiconductor material throughout the area and connected to each other,
      the other of said electrodes including a second plurality of
      interconnected conductive paths extending throughout the area, and
      interleaved with the first plurality of conductive paths, said first and
      second plurality of conductive paths being connected in said transducing
      element only through said semiconductor material,
PA1  said second semiconductor including a semiconductor material covering a
      second area, said second semiconductor forming a plurality of insulating
      separations penetrating through the semiconductor material throughout the
      area so as to separate the semiconductor material conductively, said
      separations being continuous and extending into each other, said element
      including a second plurality of connected separations extending throughout
      the area and separating the semiconductor material conductively and
      interleaved between the first plurality of separations.
NUM  12.
PAR  12. An apparatus as in claim 11, wherein said interleaved conductors in
      said first elements are branched, and wherein said separations in said
      second elements are branched.
NUM  13.
PAR  13. An apparatus as in claim 6, wherein said first semiconductor forms a
      plurality of annular rings connected at predetermined locations but
      otherwise separated from each other and said electrodes extend between
      alternate ones of said rings along said ring, and wherein second
      semiconductor is in the shape of a plurality of annular rings connected at
      predetermined points to each other.
NUM  14.
PAR  14. An apparatus as in claim 6, wherein said semiconductors each form a
      plurality of end connected elongated paths having given widths and
      separated along the elongated path from each other distances equal to or
      less than the widths, said electrodes in the first element extending
      between the paths where said paths are separated, said paths of said
      second elements being insulated from each other along the elongated
      lengths.
NUM  15.
PAR  15. A device as in claim 6, wherein said optical means further comprises an
      optical arrangement having semitransparent means for reflecting and
      transmitting light and said first element and said second element are
      positioned for receiving the reflected and transmitted light respectively.
NUM  16.
PAR  16. A device as in claim 6, wherein the value .nu. of the first and second
      photoconductor element is unequal to 1.
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ABST
PAL  A pair of position sensing photodiodes of a conventional quadrature or
       duaxis type are deployed face-upwardly at a predetermined distance one
      from the other. A vertically pointing fisheye lens covers each of the
      position sensing diodes so that the diodes view a full 360.degree. in
      azimuth and about 180.degree.  in zenith angle. Each of the diodes
      produces four current outputs whose fractional distribution provides the
      location of the optical center of a luminous source, such as a lightning
      discharge. The outputs, in turn, are applied to a data acquisition system,
      such as a simple analog computer, which provides the location data for the
      lightning discharge as well as its total intensity. The circuit applying
      the outputs to the data acquisition system includes filtering means for
      eliminating background noises and passing to the system only the optical
      transients of the discharge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to lightning detectors capable of detecting,
      locating and determining the intensity of lightning discharges.
PAR  Present methods for locating lightning discharges are based in large part
      on providing instruments capable of detecting electromagnetic fields or
      optical transients produced by the discharge. Crossed-loop direction
      finders and other versions of sferics detectors are in common use as are
      cameras and T.V. systems. Unfortunately, however, the complex nature of
      the emitting source, as well as the rather long wavelengths involved,
      limit the accuracy of these electromagnetic field techniques. Photography,
      on the other hand, can provide accurate angular information but it is
      limited in time resolution and also by the fact that it entails rather
      slow processing of the data. Further, photography suffers during daylight
      because of film exposure. Other techniques include rather sophisticated
      T.V. systems utilizing video recording and, although these have fair
      accuracy and time-resolution, they obviously become rather expensive and
      cumbersome particularly when widely used for many field experiments.
PAR  Although, as far as is known, position sensing photodiode detector systems
      have not been used for locating such transient and spatially unpredictable
      events as lightning discharges, it is recognized that these detectors are
      well known and that they have been used for locating light sources of a
      rather wide variety. For example, U.S. Pat. No. 3,800,146 issued Mar. 26,
      1974 to Brunkhorst, Carr and Dueker describes these light sensitive
      detectors in some detail and further identifies other U.S. patents in
      which the detectors are disclosed. In general, the detector of the type
      presently under consideration is a light sensitive device usually having
      pairs of opposed output electrodes at which quadrature signals are
      produced and the signals that are produced vary inversely with the
      distance from the location of the image or light spot impinging on the
      detector. Thus, when the image is closer to one output electrode than to
      the others, a larger signal is produced at the one electrode with the
      result that the position of the image on the detector can be determined by
      determining the fractional distribution of the quadrature outputs.
      However, as has been indicated, the potential of such conventional
      detector units for locating lightning discharges has not been recognized
      and, simple and effective systems for realizing this potential have not
      been realized.
PAC  OBJECTS OF THE INVENTION
PAR  A primary object of the present invention is to provide a simple,
      inexpensive instrument for detecting and locating lightning discharges in
      real time.
PAR  Another related object is to provide a simple detector apparatus capable of
      viewing substantially the entire sky and its horizon so as to provide in
      real time the desired location data with an accuracy of at least 1.degree.
      in azimuth and 2.degree. in zenith angle.
PAR  Another object is to provide a lightning detector which also can be used to
      measure the propagation speed of the lightning.
PAR  A further object is to provide the position sensing in a manner that is
      independent of detector gain or atmospheric attenuation of the light
      radiation signals and, in a manner which will be described, this feature
      is permitted by utilizing a system in which the location data is
      determined only by using the ratios of the four output signals of each of
      the detectors.
PAR  Yet another object is to provide the XY lightning coordinates which
      represent the lightning location data in terms of sums, differences,
      products, and ratios as detector signal outputs so as to enable the
      calculation of the lightning coordinates by the use of simple analog
      circuits.
PAR  Other objects and their attendant advantages will become apparent in the
      ensuing description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated in the accompanying drawings of which:
PAR  FIG. 1 is a schematic illustrating one of the detector units disposed to
      receive and process the optical transients of a lightning discharge
      occuring at any location in the sky;
PAR  FIG. 2 is a diagrammatic plan view of one of the position sensing
      photodiodes showing in particular, the coordinate system used for locating
      the lightning image on the photodiode detector, and
PAR  FIG. 3 is another schematic showing the use of a pair of photodiode
      detectors deployed to permit a resolution of the X and Y coordinates of a
      particular lightning discharge or, in other words, to permit the location
      of the lightning discharge by means of its X and Y coordinates.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The system illustrated in FIG. 1 includes a dual-axis quadrature-output,
      position-sensing photodiode 1, a fisheye lens 2 and circuit means 3
      coupling the outputs of the photodiode to a data acquisition system such
      as a computer 4. As shown, fisheye lens 2 is an optical lens such as a
      220.degree. fisheye pointed vertically to view substantially the entire
      sky and preferably to view a full 360.degree. in azimuth and over
      180.degree. in zenith angle. Consequently, a lightning discharge, such as
      discharge 6 occurring at any location in the sky is imaged by lens 2 on
      detector 1 and the location of the optical center of the lightning
      discharge will vary in accordance with the location in the sky of the
      lightning itself. Although the use of a fisheye lens provides a simple,
      effective means for viewing the entire sky, it is recognized that other
      arrangements, such as the use of parabolic reflectors, can be substituted.
PAR  Position sensing photodiode 1 is, as already has been noted, a conventional
      and rather well known device comparable to the devices or detectors
      described in the referenced U.S. Pat. No. 3,800,146. For present purposes
      however, it is desired to use a detector or photodiode unit having a
      sufficiently wide dynamic range and position sensing capability to
      accommodate the lightning discharge images and, in particular, an example
      of an appropriate detector is a planar, dual-axis unit known as PIN-SC 50
      manufactured by United Detector Technology, Inc., in Santa Monica, Calif.
      As shown in FIG. 1, impingement on the detector of the light radiations
      from discharge 6 is capable of providing a lightning discharge image 7 on
      the detector and the impingement of this light radiation on the detector,
      in turn, produces four output signals or currents identified in FIG. 1 and
      I.sub.1, I.sub.2, I.sub.3, and I.sub.4. Depending upon the location of the
      optical center of image 7, these currents have varying magnitudes to the
      extent that the output is greatest at the nearest output electrode, while
      the other outputs vary in accordance with their distances from the optical
      center of image 7. Consequently, it becomes a simple matter to determine
      the location of the optical center of the image on the diode by analyzing
      the fractional distribution of these four output signals. The total of the
      outputs proportional to the total intensity of the light source at the
      detector so that, by proper calibration, the intensity of the lightning
      itself can be determined.
PAR  However, accuracy or the resolution precision of the system also requires
      that the information applied to the data acquisition system, such as
      computer 4 or, whatever other data-reducing device may be employed, be
      representative solely of the optical transients of the lightning discharge
      itself as distinguished from any background noise or other random
      background variations such as would not be truly representative of the
      optical transients of the discharge. To achieve this purpose, circuits 3
      which are used to apply the four signal outputs to computer 4 each include
      a filtering means, such as high pass filters 8 which are capable of
      removing this undesired AC background. Obviously, a wide variety of
      filtering means can be used for this purpose although it is preferred to
      utilize a simple capacitor which, for present purposes, may have a value
      of about one microfarad.
PAR  FIG. 2 further illustrates the position-sensing, photodiode detector of
      FIG. 1. Thus, FIG. 2 includes lightning image 7 which, as may be noted,
      defines a coordinate system centered on the detector to permit the optical
      center of light image 7 to be located by its XY coordinates. As also will
      be noted, the FIG. 2 representation includes the four output currents as
      well as a length L which is the width of the detector itself. Using a
      centered coordinate system as shown, the X and Y coordinates of the center
      of the light image are approximately:
      ##EQU1##
      also, the tangent of the azimuth angle .psi. to the light image is:
      ##EQU2##
      these relationships, as will be recognized, are theoretically valid
      although there may be deviations produced by detector non-uniformity. If
      so, such deviations can be corrected by laboratory calibration or, if
      needed, by incorporating corrective circuitry into the data acquisition.
      It further is recognized that light scattering may introduce errors by
      producing a shift in the image. This type of error is common to all
      optical detectors and, if considered appropriate, the instrument can be
      modified to accommodate it.
PAR  One further advantage of the all-sky detector is that it provides a simple,
      inexpensive and reliable method for determining the propagation speed of
      lightning. Thus, because of the so-called `all-sky` view and also because
      of the real time operation of the instrument, it is possible to obtain a
      series in rapid succession of position and intensity measurements. The
      image of the lightning during the rapidly-successive measurements will
      change and the rate of change will provide a reliable measure of the speed
      of propagation.
PAR  Also, the zenith angle to the optical center of a light source can be found
      if the zenith angle projection of fisheye lens 2 is known. For example, if
      the zenith angle scales linearly with the radial distance R (FIG. 2), it
      can very simply be found from the following equation .theta.=Kr. Further,
      since the small r is an hypotenuse, .theta.=K(x.sup.2 +y.sup.2) to the
      exponent 1/2 where x and y are given by equation (1) and K is equidistant
      projection factor of the lens. In other situations, if K is not constant,
      the zenith angle can be determined rather simply by laboratory
      calibration.
PAR  FIG. 3 illustrates the present method of determining the location of the
      lightning discharge itself or, in other words, determining the X and Y
      coordinates of the lightning discharge. Determination of the lightning
      discharge X and Y coordinates requires the use of two detectors identified
      as detector one and detector two operated simultaneously at a known
      distance D one from the other all as shown in FIG. 3. Specifically, the X
      and Y coordinates of a lightning discharge are found to be:
      ##EQU3##
      where tan .psi..sub.1 and tan .psi..sub.2 are the tangents of azimuth
      which, in turn, can be determined from the detector output currents by the
      use of equation 2.
PAR  Using the foregoing relationships and applying them to the deployment of
      the two detectors one and two (FIG. 3) it becomes a relatively simple
      matter to a data acquisition system such as computer 4, in which the
      analog information provided by the detector outputs (I.sub.1 -I.sub.4) of
      both detectors can be analyzed, to resolve the desired azimuth coordinates
      X and Y of the lightning discharge, as well as the zenith angle needed to
      locate the discharge within the sky. One important factor to be noted is
      that since the angles are determined solely by the use of the ratios of
      the signals, the position sensing is independent of any detector gain
      and/or atmospheric attenuation of the light signals. Further, since the
      lightning coordinates are given entirely in terms of sums, differences,
      products and ratios of signal currents it is possible to calculate these
      coordinates using simple analog circuits in real time. Consequently, an
      all-sky photoelectric lightning detector can be provided in a simple,
      accurate and easily calibrated system well adapted for use in lightning
      field experiments. Additionally, such a detector system has a wide dynamic
      range and can be used during day or night. Finally, the information needed
      to locate the lightning is presented in the form of four analog signals
      easily interfaced to a conventional data acquisition system so as to be
      capable of being analyzed in real time. Laboratory tests of photo type
      detectors indicate a resolution of 10.sup.-.sup.6 seconds in time with
      1.degree. in azimuth and 2.degree. in zenith angle although it is
      recognized that significant improvements in resolution can be achieved by
      refinement of the circuitry and actual components used in the prototype.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. All-sky photoelectric apparatus for detecting and locating lightning
      discharges comprising:
PA1  a pair of wafer-like planar detector members disposed horizontally with
      their vertical axes spaced apart a predetermined distance (D), said
      members each including means responsive to impinging optical radiations
      for producing XY quadrature electrical signal outputs corresponding in
      magnitude to the XY wafer location of the impinging radiation,
PA1  optical means for imaging substantially the entire sky on the detectors
      whereby a lightning discharge radiation occurring at any sky location is
      optically imaged simultaneously at a related location on both of said
      detectors,
PA1  data acquisition means, and
PA1  circuit means coupling said quadrature signal outputs to said data
      acquisition means, said circuit means including background-filtering means
      for passing to said acquisition means signal information substantially
      wholly representative of the optical transients of the lightning
      discharges,
PA1  said data acquisition means being responsive to said filtered information
      for providing in real time said lightning discharge location data.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said optical means is a fisheye lens.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said data acquisition means includes
      means for determining the total intensity of the lightning discharge at
      the detectors.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said data acquisition means is formed
      to utilize only the information contained in said XY coordinate signal
      outputs of each of said pair of detector members for locating the
      lightning discharge.
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ABST
PAL  A switch for use in a keyboard consists of an input light pipe, one or more
      output light pipes and means selectively operable to cause light to be
      reflected from the input light pipe into the output light pipes. The
      output light pipes are preferably connected to photodetectors which detect
      whether or not the switch is actuated by determining the amount of light
      incident thereon. When such a switch is to be used in a keyboard which is
      required to produce a coded output, one photodetector is provided for each
      digit of the code and output light pipes on the various switches are
      connected to the photodetectors in accordance with the code.
PARN
PAR  This is a continuation, of application Ser. No. 399,618, filed Sept. 21,
      1973, now abandoned.
BSUM
PAR  This invention relates to switches and to keyboards employing such
      switches.
PAR  According to the invention, a switch comprises an input light pipe having a
      first end adapted to receive light from a light source, an output light
      pipe having a first end in proximity to a second end of said input light
      pipe, the arrangement being such that, in use, the amount of light from
      said first light pipe entering said second light pipe is variable between
      a first level when said switch is actuated and a second level when said
      switch is not actuated.
PAR  In one form of the invention, a reflective surface forms part of a push
      button whereby the switch is actuated. In another form of the invention,
      the arrangement is such that the finger of the operator serves as the
      reflective surface.
DRWD
PAR  A fuller understanding of the present invention may be had from the
      following description, by way of example, with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of a switch in accordance with the invention;
PAR  FIG. 2 is a plan view of part of the switch shown in FIG. 1;
PAR  FIG. 3 is a graph illustrating the variation in the output of the detector
      of the switch shown in 1 with position of the reflecting surface thereof;
PAR  FIG. 4 is a sectional view of another form of switch in accordance with the
      invention;
PAR  FIG. 5 is a plan view of the switch shown in FIG. 4;
PAR  FIG. 6 is a sectional view of a further form of switch in accordance with
      the invention;
PAR  FIG. 7 is a sectional view of a light source for use with the switches
      described with reference to FIGS. 1 to 6;
PAR  FIG. 8 is a schematic diagram illustrating how the switches described with
      reference to FIGS. 1 to 7 may be used in a keyboard to obtain a coded
      output; and
PAR  FIG. 9 is a schematic diagram similar to FIG. 7 illustrating modification
      whereby the code of the coded output can readily be varied.
DETD
PAR  Referring to FIGS. 1 and 2, a switch in accordance with the invention
      comprises a bundle of light pipes consisting of a central light pipe 10
      surrounded by six peripheral light pipes 11 to 16. One end of each of the
      light pipes 10 to 16 is disposed in a common plane confronting a
      reflective surface 17 formed on the movable member 18 of the switch which
      takes the form of a push button which is spring-biased away from the light
      pipes. The central light pipe 10 is connected to a light source (not
      shown) and the peripheral light pipes 11 to 16 are connected to one or
      more photodetectors (not shown). In use, light from the central light pipe
      10 is reflected by the surface 17 on to the co-planar ends of the
      peripheral light pipes 11 to 16 and thence directed to the photodetector
      or photodetectors.
PAR  Referring to FIG. 3, which shows the variation of output from the
      peripheral light pipes 11 to 16 with distance d between the coplanar ends
      of the light pipes 10 to 16 and the surface 17, it will be seen that when
      d = 0, the output is zero since no light can escape from the pipe 10.
      Similarly, when d approaches infinity, very little light is reflected back
      into the outer pipes. At some intermediate value of d the maximum occurs.
      The movement of the push button 18 is limited by mechanical stops which
      can be set to allow travel either as indicated by the arrow A to cause
      interruption of the output light when the push button 18 is depressed, or
      as indicated by the arrow B which switches light on when the push button
      18 is depressed. With the first alternative the co-planar ends of the
      light pipes 10 to 16 can themselves be used as one of the mechanical
      stops. It has been found that reliable detection can be obtained with
      movements of as little as 0.5 mm.
PAR  The surface 17 need not be flat.
PAR  With the embodiment of the invention illustrated in FIGS. 1 and 2,
      operation as illustrated by arrow B (FIG. 3), so that the light is
      switched on when the push button 18 is depressed, requires the push-button
      to have a relatively large length of travel. In some applications,
      particularly when the switch is to form part of a keyboard, the length of
      travel involved is ergonomically unacceptable. An ergonomically acceptable
      distance of travel can be obtained by operating as indicated by arrow A,
      so that depression of the push-button causes interruption of the output of
      light. This is satisfactory when one or more of the peripheral light pipes
      is connected to a photodetector exclusively associated with the particular
      switch. However, when, as will be explained hereinafter, light pipes from
      a number of switches are connected to each photodetector, operation as
      indicated by the arrow A would mean that when no switch is actuated, the
      photodetector would be fully illuminated and, on actuation of a switch,
      the photodetector would be required to detect a change in level of
      illumination from the condition when it is illuminated by all the light
      pipes to which it is coupled to the condition when it is illuminated by
      all but one of such light pipes. Satisfactory operation of such an
      arrangement would be critically dependent on various factors, such as the
      brightness of the light source, remaining accurately constant.
PAR  FIGS. 4 and 5 illustrate, an alternative form of switch in which depression
      of the push-button can be arranged to switch the light on without
      requiring an unacceptably large distance of travel for the moving part.
      This is achieved by arranging for the reflective surface to move laterally
      relative to the light pipes. Referring to FIG. 4, a bundle of light pipes
      consisting of a central light pipe 20 surrounded by nine peripheral light
      pipes 21 to 29 are each arranged with one end disposed in a common plane
      in a hole 31 in a metal block 32. A movable member 33 is disposed in
      contact with the block 32 confronting the ends of the light pipes 20 to 29
      in the hole 31. The member 33 contains a recess 34 having the same
      cross-section as the hole 31 and having a reflective coating 35 on the
      face thereof confronting the block 32. The side walls of the recess 34 and
      the rest of the surface of the member 33 which confronts the block 32 are
      blackened. The movable member 33 is arranged to be slidable relative to
      the block 32 in the direction indicated by arrow 36 so as to bring the
      recess 34 into alignment with the hole 31. Thus, when the movable member
      33 is in the position shown in FIG. 4, no light is reflected from the
      light pipe 20 into any of the peripheral light pipes 21 to 29. On the
      other hand, when the recess 34 is in alignment with the hole 31, light is
      reflected from the central light pipe 20 into all the peripheral light
      pipes 21 to 29. The slidable member 33 is springbiased into the position
      shown in FIG. 4.
PAR  Since both the ends of the light pipes 20 and 29 and the reflective surface
      35 are recessed into the block 32 and the movable member 33 respectively,
      both are protected from damage due to scratching during the sliding
      movement.
PAR  It will be apparent that when the slidable member 33 is depressed, the
      light output from the various peripheral light pipes 21 to 29 do not rise
      to their maximum value simultaneously. In fact the light pipes 25 and 26
      will produce their maximum output before any significant output is
      received from the light pipe 21. In order to prevent maloperation, the
      light pipe 21 is preferably used to produce a "ready" signal and logic
      circuitry provided to prevent any response being made to the depression of
      the slidable member 33 until such ready signal is received.
PAR  Referring particularly to FIG. 5, it will be seen that the diameter of the
      central light pipe 20 is much greater than that of the peripheral light
      pipes 21 to 29. This arrangement possesses the advantage that it is
      possible to group a greater number of peripheral light pipes round the
      central light pipe than was the case with the arrangement shown in FIG. 2
      and that the greater diameter of the central light pipe 20 enables the
      level of illumination of the reflective surface to be higher. This is at
      the expense of increasing the overall diameter of the bundle of light
      pipes and thus also the distance of travel of the movable member 33. It
      should be realised that a bundle of light pipes as shown in FIG. 2 can be
      used with the switch illustrated in FIG. 4. Similarly, a bundle of light
      pipes as illustrated in FIG. 5 can be used with the switch shown in FIG.
      1. Other bundlings can also be used. For example, with the switch shown in
      FIG. 5, arrangement of the light pipes in a straight row perpendicular to
      the direction of movement of the member 33 enables the distance of travel
      to be minimised.
PAR  FIG. 6 illustrates a further embodiment providing a key switch having no
      moving parts. The switch is formed in a block 41, which may form part of a
      control panel or keyboard and comprises a recess 42 of a size suitable to
      receive the finger tip of an operator. A central light pipe 43 and a
      plurality of peripheral light pipes, of which the light pipes 44 and 45
      can be seen in FIG. 6, are embedded in the block 41, each having one end
      in the surface of the recess 42. The light pipe 43 is connected to a
      source of light and the peripheral light pipes such as 44 and 45 are
      connected to one or more photodetectors. In the absence of any reflecting
      surface in the vicinity of the recess 42, no light from the central light
      pipe 43 reaches the peripheral light pipes such as 44 and 45. However, if
      an operator's finger 46 is placed in the recess 42 as shown, light from
      the central light pipe 43 is reflected into the peripheral light pipes
      such as 44 and 45.
PAR  It will be realised that, if the finger 46 is allowed to actually come in
      contact with the end of the light pipe 43, this will prevent all light
      from emerging and consequently no light will be received by the peripheral
      light pipes such as 44 and 45. This would mean that, for each time an
      operator's finger is placed in the recess 42, two output signals would be
      received by the photodetectors, one as the finger approaches just prior to
      its making contact with the end of the light pipe 43 and the other as the
      finger as removed. It is therefore preferred to form the recess 42 with an
      annular shoulder 47 in order to prevent the finger of the operator from
      actually coming into contact with the light pipe 43.
PAR  FIG. 7 illustrates a light source suitable for use with any of the switches
      described above. One of the problems in providing a suitable light source
      is that the light pipes cannot withstand high temperatures. Referring to
      FIG. 7, a tungsten filament lamp 50 is enclosed within a block of metal,
      formed in two sections 51 and 52 to permit replacement of the lamp, and
      containing a recess of the same shape and slightly larger than the bulb of
      the lamp 50. A hole in the block 51 contains a lamp holder 53 and a hole
      in the block 52 accommodates a boss 54 in which are secured the ends of a
      bundle of light pipes 55. The light pipes forming the bundle 55 are the
      central light pipes 10, 20 or 43 of all the switches which are to be
      illuminated by the lamp 50. A heat pipe 56 has its lower end embedded in
      the section 52 close to the boss 54 and its upper end connected to a set
      of cooling fins 57. A heat pipe consists of a sealed tube containing a
      volatile liquid so that when a heat source is applied to one end and a
      heat sink to the other end, the liquid vapourises at the first mentioned
      end, rises to the other end within the tube where it condenses and then
      runs back as a liquid to the first mentioned end. Thus, the rate of
      transfer of heat depends primarily on the latent heat of vapourisation of
      the liquid rather than on its specific heat or on the thermal conductivity
      of the walls of the tube. A suitable heat pipe for use in the apparatus
      illustrated in FIG. 7 is manufactured by Jermyn Industries Limited.
PAR  If desired, one of the light pipes of the bundle 55 may be directly
      connected to a photodetector which is used to provide a feedback signal to
      maintain the lamp 50 at constant brightness.
PAR  With the key switch illustrated in FIG. 6, the peripheral light pipes 44
      and 45 receive ambient illumination when the switch is not actuated by the
      presence of a finger. The ambient illumination produces either a d.c.
      output if it is due to daylight, or a signal modulated at twice the mains
      frequency (100 Hz in the case of the 50 Hz mains supply frequency in the
      United Kingdom) if it is due to mains-powered electric lighting. To enable
      the light from the central light pipe 43 to be distinguished from such
      ambient light, it is therefore preferably modulated with a different
      frequency. This can be readily done by supplying the lamp 50 from the
      mains supply via a half-wave rectifier so that the resulting light output
      is modulated at mains frequency.
PAR  FIG. 8 shows how the key swiches described above may be used to form a
      keyboard giving a seven-bit output in standard A.S.C.I.I. code. By way of
      example, the key 61 is shown as coded for letter `A` and the key 62 for
      letter `R`. Each of the key switches 61 and 62 has seven peripheral light
      pipes each of which is associated with a respective one of detectors D1 to
      D7. Each of the seven detectors D1 to D7 corresponds to a respective bit
      of the A.S.C.I.I. code. Those light pipes connected to a detector for
      which the corresponding bit in the code is a 1 are actually connected to
      their detectors. Light pipes corresponding to digit 0 are left
      disconnected. The connections for the key switches 61 and 62 are shown in
      the following tables:
     Detector                                                                  
            D1      D2      D3    D4    D5    D6    D7                         
     ______________________________________                                    
     A      1       0       0     0     0     0     1                          
     R      0       1       0     0     1     0     1                          
     ______________________________________                                    
PAL  Thus, the key switch 61 has only its first and seventh light pipes
      connected to detectors while the key switch 62 has its second, fifth and
      seventh light pipes connected to detectors.
PAR  For a complete keyboard, each detector must be capable of receiving a large
      number of light pipes, up to one light pipe for each key switch. One way
      of doing this is to use a lens to focus all such outputs on to the
      relatively small area of a single detector. An alternative is to use a
      plurality of cells for each detector, each receiving only about a dozen
      light pipes, and electrically combining their outputs.
PAR  FIG. 9 illustrates a modification of the arrangement shown in FIG. 8 which
      enables the seven bit code used to be changed readily. As in FIG. 8, the
      keys 61 and 62 representing the letters A and R are shown each having
      seven peripheral light pipes each associated with respective detectors D1
      to D7. Between their respective key switches and detectors, all the light
      pipes pass through two parallel plates 63 and 64 and the section of each
      light pipe between the plates 63 and 64 is removed. The plates 63 and 64
      are closely spaced so that the sections of each light pipe on opposite
      sides of the gap between the two gaps 63 and 64 are held accurately in
      alignment so that a substantial proportion of the light from the sections
      connected to the key switch is picked up by the corresponding sections
      connected to the detectors and a negligible amount is picked up by
      adjacent light pipes. A coding card 65 is inserted between the plates 63
      and 64. The card 65 has holes aligned with those of the light pipes which
      are to be connected to detectors in accordance with the required code. The
      card 65 is shown as allowing connection in accordance with the A.S.C.I.I.
      code but it will be appreciated that it may readily be replaced by another
      card having punchings in accordance with a different code.
PAR  FIG. 9 also illustrates the logic required to cater for the ready signal
      when switches of the type illustrated in FIG. 4 and 5 are used. The
      "ready" output light pipes from each switch are connected to an additional
      detector D8. The outputs of the detectors D1 to D7 are connected to the D
      inputs of respective Dtype bistables B1 to B7. The output of the eighth
      photodetector D8 is connected to the clock inputs of the bistables B1 to
      B7 so that they can change state only when a ready signal has been
      received. This arrangement may, of course, also be applied to the
      permanently coded system illustrated in FIG. 8.
PAR  When switches of the type illustrated in FIGS. 4 and 5 are used in the
      manner described with reference to FIG. 9, it may be arranged that there
      are two spare light pipes on each switch. Preferably, the light pipes 22
      and 29 (FIG. 5) immediately adjacent to the light pipe 21 which produces
      the ready signal are left unused so as to reduce the chance of a ready
      signal being produced before a photodetector connected to one of the other
      light pipes has produced a sufficient output to operate its associated
      bistable.
PAR  The photodetectors may be of type IPL 15 manufactured by Integrated
      Photomatrix Limited.
CLMS
STM  We claim:
NUM  1.
PAR  1. A keyboard comprising:
PA1  a light source,
PA1  a plurality of optical switches,
PA1  a plurality of photodetectors,
PA1  a plurality of output light pipes for each switch selectively connecting
      the switch to a plurality of photodetectors,
PA1  one input light pipe for each switch being connected to the light source,
PA1  each optical switch comprising light conduction means to transmit light
      from the input light pipe to the plurality of output light pipes,
PA1  the amount of light from each input light pipe entering the light
      conduction means for transmission to the plurality of output light pipes
      being variable between a first level when the switch is actuated and a
      second level when the switch is not actuated,
PA1  each plurality of output light pipes being connected to a different
      combination of photodetectors which generate a signal consisting of a
      different multibit binary code for each switch.
NUM  2.
PAR  2. A keyboard as claimed in claim 1 wherein the end of the input light pipe
      for each switch is disposed with respect to the light conduction means for
      each switch so that when the finger of a user is disposed in a
      predetermined position light from the input light pipe is reflected into
      the light conduction means.
NUM  3.
PAR  3. A keyboard as claimed in claim 1 comprising an operating member for each
      switch having a reflective surface moveable between a position in which
      the amount of light entering the light conduction means is at a first
      level and a position when the amount of light entering the light
      conduction means is at a second level.
NUM  4.
PAR  4. A keyboard as claimed in claim 3 wherein the operating member of each
      switch is moveable to vary the distance between the reflective surface and
      the end of the input light pipe thereof.
NUM  5.
PAR  5. A keyboard as claimed in claim 3 wherein the operating member of each
      switch is moveable to move the reflective surface into and out of
      alignment wiht the end of the input light pipe thereof.
NUM  6.
PAR  6. A keyboard as claimed in claim 1 wherein the selective connection
      between the plurality of output light pipes for each switch and the
      plurality of photodetectors comprises the division of the output light
      pipes into two portions having confronting spaced apart end faces with a
      coding member disposed between selected end faces to prevent passage of
      light between the selected end faces so that the code may be easily
      changed by changing the position of the coding member.
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ABST
PAL  A proximity sensor utilizing nucleonic radiation fluorescence to detect the
      presence, position and/or distance of a target object from a monitoring
      object. The inventive system has particular application in collision
      avoidance systems for subsatellites, final docking alignment systems in
      spacecraft applications, collision avoidance systems for teleoperated
      manipulative arms, homing devices for manipulative devices as well as
      hazard detection systems for planatary rovers. Where necessary, the target
      object is fitted with cooperative radiation fluorescent material. The
      monitoring object looks for and detects the preselected fluorescence, thus
      discriminating between radiation emitted by the target object and
      extraneous radiation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is in the field of nucleonic radiation responsive measuring
      and detecting systems.
PAR  2. Prior Art
PAR  As is known, there are various types of instruments which are used to
      detect the presence, position and/or distance of a target body from a
      monitoring body. As used herein, the monitoring body is defined as that
      body which carries the detecting instrumentation. Typical examples of
      conventional type instruments are those which are barometric pressure,
      radar and radio waves to detect the target body. As explained in U.S. Pat.
      No. 3,508,046, issued Apr. 21, 1970 to Anton et al., instruments which
      make use of the above-listed phenomenons suffer serious disadvantages when
      the instruments are used to measure the distance between the target and
      monitoring bodies under certain conditions, especially where small
      distances are being measured.
PAR  As further explained in the Anton et al. patent, several of the problems
      with the above-listed types of range measuring instruments have been
      alleviated with the advent of a new type of range measuring apparatus
      which makes use of nucleonic radiation. In such range measuring devices,
      the monitoring body is fitted with a source of nucleonic radiation.
      Typical sources include those which produce alpha, beta, gamma or
      X-radiation. Conventionally, the source radiation is collimated, using a
      suitable radiation lens system, to thereby direct the radiation to a
      defined area on the target body. A portion of the transmitted radiation is
      reflected or back scattered from the target body surface and returned to
      the monitoring body where suitable detectors to produce an electrical
      signal proportional to the reflected radiation over a given time interval.
PAR  In accordance with the Anton et al teaching, the distance between the
      target and monitoring objects can be determined using a two detector
      system. The specifics of the distance measuring technique are set out in
      detail therein and need not be described herein.
PAR  A similar type distance measuring device, dependent upon reflected
      radiation from the target body, is described in U.S. Pat. No. 3,483,371
      issued Dec. 9, 1969 to Canup et al. As with the Anton et al patent,
      radiation reflected from the target body and originating at the monitoring
      body, is detected and used for range measuring purposes.
PAR  Radiation responsive instruments have also been used to determine the
      orientation of a moving body in the atmosphere. Such an instrument is
      described in U.S. Pat. No. 3,557,366 issued Jan. 19, 1971 to Jernigan, Jr.
      Again, the detector is specifically responsive to radiation produced by
      the monitoring body and reflected from the target.
PAR  It is also known to use nucleonic radiation deflected from the surface of a
      terrestrial body for the purposes of terrestrial prospecting and terrain
      mapping. Examples of such techniques are described in U.S. Pat. No.
      3,341,706 issued Sept. 12, 1967 to Swift et al. and U.S. Pat. No. Re.
      26,335 issued Jan. 9, 1968 to Chope.
PAR  A problem with such radiation responsive instruments, whether they be used
      for object locating purposes or terrain analysis, is that they are
      susceptible to interference from extraneous radiation and particularly
      from reflected radiation emanating from non-target objects. To overcome
      this problem, vaarious additional sophisticated and expensive equipment
      has been utilized to counteract the unwanted reflections. For example, as
      indicated in the Anton et al patent, an extra detector and associated
      circuitry may be used in an attempt to alleviate the problem associated
      with extraneous reflections. The present invention solves the problem of
      unwanted reflections and extraneous radiation received by the detector
      without the need of additional sophisticated and expensive equipment.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved radiation responsive type
      monitoring system as well as to new applications for such systems.
PAR  Primarily, the present invention makes use of nucleonic radiation
      fluorescence rather than reflected radiation, in non-contactive proximity
      detection systems to determine the presence, position and/or distance of a
      target object from a monitoring object as well as for terrain analysis. An
      important advantage of the present inventive radiation fluorescence system
      over prior art radiation reflection systems is the subject system's
      inherent ability to discriminate between radiation from the target object
      and extraneous radiation, which may, for example, result from radiation
      reflected from non-target objects.
PAR  The apparatus, described more fully hereinbelow, has particular application
      to collision avoidance systems, to systems which control the final docking
      alignment of spacecrafts, homing devices for manipulative devices as well
      as homing and hazard detection systems for planatary rovers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the preferred embodiment of the present
      invention;
PAR  FIG. 2 illustrates a first application of the invention,
PAR  FIG. 3 illustrates a second application of the invention, and
PAR  FIG. 4 illustrates a third application of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  It is known that when some materials are excited with nucleonic radiation,
      such as X-rays, the radiation is absorbed causing the material to emit
      characteristic radiation during the time of radiation absorption. This
      phenomenon is generally known as fluorescence. The present invention makes
      use of this phenomenon to develop new and improved radiation responsive
      position and/or distance detecting systems as well as terrain analysis
      systems.
PAR  The primary teachings of the present invention will now be explained with
      reference to FIG. 1. It should be noted at this point, that while the
      present invention will herein be described with reference to systems which
      make use of X-ray sources, the inventionn is not so limited. It includes
      any system which directs radiation to a target body, said radiation
      causing corresponding characteristic fluorescence which is thereafter
      detected to develop information pertinent not only to the relative
      position of a target body with respect to a monitoring body, but also to
      the characteristics of the target body terrain composition.
PAR  Referring now to FIG. 1, numeral 2 denotes the monitoring object, which can
      be, for example, a spacecraft approaching a landing site 4, termed
      generally herein the "target object." The target object may be fitted,
      where necessary, with a cooperating X-ray fluorescence material 10, which
      fluoresces with characteristic radiation in response to being excited by
      radiation produced from a source on the monitoring object 2. In certain
      instances, the target itself may be comprised of material which
      fluoresces. For example, it is known that aluminum will fluoresce in
      response to X-rays. Thus, if the monitoring body is a spacecraft and the
      target body an aluminum space station, no special cooperative X-ray
      fluorescent material need by affixed to the target body.
PAR  Looking now more particularly to the monitoring object 2, it contains a
      conventional source of radiation 4, which in the preferred embodiment, is
      a source of X-rays. A collimator 6 operates in a conventional manner to
      focus the X-rays into a sharp narrow beam directed to a desired location
      10 on the target body 4. When the X-rays impinge the cooperating
      fluorescent material 10, it is absorbed to stimulate fluorescence which is
      detected by a photon detector 8.
PAR  The detector 8 advantageously includes suitable radiation filters to block
      all but the expected fluorescence.
PAR  The output of the photon detector 8, passes through a pulse amplifier 12
      and thence to a rate meter 14. The rate meter 14 may correspond to the
      rate meter described in the aforementioned Canup et al. patent and
      operated to producd a D.C. voltage which varies as a function of the rate
      of occurrence or intensity of the input pulses thereto. The output of the
      rate meter 14 is applied to a conventional rate and/or distance computer
      such as described in the Anton et al. and Canup et al. patents. The photon
      detector 8 and rate meter 14, are conventional and do not, per se, form a
      portion of the present invention.
PAR  One application of the invention radiation fluorescence sensor is
      illustrated in FIG. 2. FIG. 2 schematically illustrates two large orbiting
      systems in the midst of a docking maneuver. The fluorescence sensor of the
      present invention can be used to provide accurate range and angle data
      during the critical one to two meters immediately prior to the docking of
      the two orbiting systems.
PAR  The spacecrafts would include, for example, three detector-target pairs and
      would make use of the detection  1/r4 sensitivity, where r equals the
      distance between the orbiting bodies, to measure the range and angle
      between each detector-target pair.
PAR  More specifically, spacecraft 30, may include detector units 40, 42 and 44
      each of which includes the apparatus indicated at 2 of FIG. 1. Spacecraft
      32 on the other hand, would include cooperating targets 34, 36, and 38
      each provided with a cooperating fluorescent material. To distinguish
      between the target pairs, the material coating each of the targets 34, 35
      and 38 may be different thereby generating different characteristic
      fluorescence, after being converted into proportional electrical signals,
      could then easily be used with either manual or automatic closure-docking
      systems. The system's range and angle calculation capability, the fact
      that it is lightweight, utilizes low power (generally approximately 1 watt
      per sensor) is easy to calibrate, and has an inherent high capability to
      discriminate between docking targets and background objects and/or
      surfaces, make it virtually ideal for this application. At this point, it
      should be noted, that calibration is easily effectuated using dummy
      targets at known distances and angles in front of the sensor prior to each
      use.
PAR  FIG. 3 illustrates another application of the inventive sensor system. This
      Figure illustrates a free flying spacecraft with teleoperated manipulative
      arms 60, fitted with radiation fluorescent detectors 62 and cooperating
      fluorescent material 64. The detectors 62 correspond to the detectors 2 of
      FIG. 1. The detector system may be used in this application as a safety
      device for collision avoidance, a standoff guidance sensor, a docking
      alignment reference, a station keeping sensor, as well as an integrated
      contamination-guidance sensor.
PAR  For example, standoff guidance of the free flying spacecraft can be
      achieved by propelling the spacecraft to equalize signal levels received
      by the sensors 62 on the three docking arms 66.
PAR  Unique docking ports or station keeping sites can be easily identified by
      utilizing identifying X-ray fluorescent materials around the docking sites
      and incorporating suitable filters with the photon detector 8.
PAR  Looking more specifically to the integrated contamination/guidance sensor
      feature of the invention, the fluorescent property allows the detector
      unit to analyze materials, possibly contaminants, in the field of view of
      the source radiation. This can be done simultaneously with standoff or
      station keeping when multi-spectral filters are incorporated with the
      detector apparatus.
PAR  With reference now to the teleoperated manipulative arms 60, they are
      provided with radiation fluorescent detectors 62 as well as cooperating
      X-ray material 64, to develop a safety device which prevents collision
      between arms as well as between the arm and work site objects. Potential
      collisions between multiple arms on a spacecraft or between an arm and a
      near object on the work site can be sensed by configuring the sensors as
      illustrated in FIG. 3.
PAR  A still further application of the present invention is illustrated in FIG.
      4. In FIG. 4, the invention is applied to a planetary rover. In this
      application the X-ray fluorescence detector 70 provides a unique combined
      hazard detector and surface material analyzer. As is known, certain
      materials fluoresce in response to X-ray excitation with predetermined
      fluorescence. As illustrated in FIG. 4, the detector source unit 70 may be
      mounted on the front of the vehicle 72. Terrain analysis may then be
      effectuated by determining the fluorescence and matching it to
      fluorescence from known materials. With the source-detector 70 mounted in
      front of the vehicle as shown, the sensor, or for that matter, a plurality
      of sensors as desired, may also map the terrain contour in front of the
      vehicle to permit stopping the vehicle prior to contact with excessive
      slopes, steep obstacles and crevices while performing a measurement of the
      relative abundance of elements and compounds in the surface material.
PAR  In summary, the present invention provides a significant advantage over the
      prior art radiation sensitive proximity sensor systems in that when used
      as a position or distance sensing system, it automatically discriminates
      between radiation from the target object as opposed to extraneous
      radiation. Still further, the present invention provides a significant
      advantage to conventional radiation responsive terrain mapping and
      analysis systems by recognizing that particular materials fluoresce with
      characteristic radiation in response to certain types of radiation
      excitation.
PAR  The invention has been described and illustrated with reference to a
      preferred embodiment thereof but it will be understood by those skilled in
      the art that various changes in form and detail may be made therein
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a terminal closure and docking alignment system for docking a
      monitoring vehicle with a target vehicle, radiation responsive apparatus
      for providing range data comrising:
PA1  a source of radiation,
PA1  means for directing said radiation to said target vehicle,
PA1  at least three targets arranged in a nonlinear configuration on said target
      vehicle, each of said targets being coated with a different fluorescent
      material for emitting a different characteristic fluorescence in response
      to said radiation, and
PA1  a plurality of detectors on said monitoring vehicle equal in number to the
      number of said targets, each of said detectors cooperating with a single
      one of said targets for detecting only the characteristic fluorescence of
      said target.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said source of radiation is a source of
      nucleonic radiation.
NUM  3.
PAR  3. The apparatus of claim 1 wherein each of said detectors comprises:
PA1  radiation filter means for passing only said characteristic fluorescence,
PA1  photon detector means, responsive to the output of said filter means, for
      detecting said characteristic fluorescence, and
PA1  counting means for producing an electrical signal indicative of the
      quantity of received radiation over a given time interval.
NUM  4.
PAR  4. The apparatus of claim 3 wherein each of said detectors further includes
      means, responsive to said counting means, for producing an electrical
      signal proportional to the distance between the monitoring and target
      vehicles.
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ABST
PAL  Methods and apparatus for spatially separating AC and DC electric fringe
      fields near the ends of quadrupole mass filters which involve use of
      materials with electric properties that function as dielectrics to the AC
      fields and as conductors to the DC fields. Devices constructed of such
      materials shield against DC fringe fields, but not against AC fringe
      fields. Such devices include a small shield in the form of a tube or other
      appropriate configuration disposed coaxially with the axis of the mass
      filter at either or both ends thereof. A good dielectric is used as the
      supporting structure and a thin conductive or semi-conductive layer is
      applied thereto which functions as the shield.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation-in-part application of my copending application Ser.
      No. 346,250 filed Mar. 30, 1973 now U.S. Pat. No. 3,867,632.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My copending patent application Ser. No. 346,250 describes methods and
      apparatus for the spatial separation of high frequency AC electric fields
      of the order of 10.sup.6 Hz from low frequency, including DC, electric
      fields. The method disclosed involves the use of materials with a ratio of
      electrical conductivity to dielectric constant whereby the material
      functions as a conductor to low frequency, including DC, fields and as a
      dielectric material to high frequency AC fields.
PAR  The invention was applied to the problem of the spatial separation of the
      AC and DC fringe fields near the ends of a quadrupole mass filter. As
      indicated by W. M. Brubaker in U.S. Pat. No. 3,129,327, providing for the
      AC fringe fields to extend farther away from the mass filter ends than the
      DC fringe fields keeps the ions entering into the mass filter on stable
      trajectories. Brubaker teaches a method involving metallic electrodes on
      which only AC potentials are placed, as opposed to both AC and DC
      potentials that are applied to the four rods of the quadrupole mass filter
      structure, as a means to separate the fringe fields.
PAR  My copending patent application Ser. No. 346,250 discusses the theory of
      electric fields in imperfect, or leaky, dielectrics in a general way and
      demonstrates theoretically and experimentally that materials with a
      suitable ratio of conductivity to dielectric constant can be used to
      shield against DC electric fields while not shielding (at least
      completely, depending on the specific material used) against AC fields.
      Among the embodiments of the invention disclosed therein is a tube
      constructed of such a material, which is placed coaxially with the axis of
      the quadrupole mass filter and located such that one end of the tube
      extends preferably a short distance into the space between the four rods
      of the filter with the other end extending away from this space.
PAR  The present application considers the theory of such devices, as applied to
      tubular form, to derive the fundamental physical requirements on devices
      which are of a tubular form, and further discloses the use of
      heterogeneous devices; that is, devices made up of several materials.
PAC  THEORY AND SUMMARY OF THE INVENTION
PAR  The quadrupole mass filter comprises four parallel electrically conducting
      rods or hyperbolic cylindrical sheets, located at equal distances from the
      axis of the mass filter and at angles of 90.degree. spaced about a circle
      centered on the axis of the mass filter. Opposite rods, i.e., those at
      0.degree. and 180.degree., are electrically connected together, as are
      those located at 90.degree. and 270.degree.. A potential difference is
      placed between the two rods at 0.degree. and 90.degree. which is a
      combination of AC and DC fields of the form 2 (U+Vcos.omega.t), where U is
      a DC voltage and V is the amplitude of an AC voltage which has an angular
      frequency .omega., where .omega.=2.pi.f and f is the frequency. It is
      common practice to arrange the circuit common of the circuitry providing
      this difference of potential so that each rod has a potential with respect
      to the circuit common of one half the value given above, whereby two
      opposite rods have a potential with respect to the circuit common of
      U+Vcos.omega.t and the other two opposite rods have a potential with
      respect to the circuit common of -(U+Vcos.omega.t)
PAR  At any point in the space between the four rods there is a potential given
      by:
      ##EQU1##
      where r and .theta. describe the location of any point in the space
      between the rods and r.sub.o is the distance from the axis of the mass
      filter to the nearest point on any rod (see FIG. 1). This field has both
      DC and AC components.
PAR  As is indicated by Brubaker, it is desirable for stability of trajectories
      of ions entering the mass filter to have only AC fields present in the
      fringe fields near the ends of the mass filter. This, as disclosed in
      copending application Ser. No. 346,250, may be accomplished by the placing
      in the fringe fields a tube of material which appears as a dielectric to
      the AC fringe fields but as a conductor to the DC fringe fields. Within
      the tube only the AC fringe fields are present, the tube material acting
      as a shield against the DC fringe fields.
PAR  A two dimensional problem is considered sufficient to ascertain the
      physical characteristics of such a tube as concerns its physical
      dimensions and the electrical properties of the tube material.
PAR  FIG. 1 thus diagrammically illustrates a section taken proximate the ends
      of the rods of a quadrupole mass filter with the tube in place. The
      relevant parameters are the inscribed circle radius r.sub.o, the inside
      diameter of the tube a, and the outside diameter of the tube b. Tube 10 is
      composed of a material with an electrical conductivity .sigma. and a
      dielectric constant .epsilon..sub.1. The four rods 11 are made of metal or
      another conductor and are interconnected electrically as previously
      indicated. The space not occupied by tube 10 or rods 11 is under vacuum
      and has a dielectric constant value of .epsilon..sub.o =1.
PAR  According to Maxwell's equations, (see for Example, J. D. Jackson,
      "Classical Electrodynamics" John Wiley and Sons, 1962, Chapter 4), the
      potential, .phi., must satisy the equation:
EQU  .sup.2 .phi. = 0                                           (2)
PAL  in the three regions: (1) outside the tube, (2) in the material of the tube
      and (3) inside the tube. Furthermore, continuity conditions at the
      surfaces at r =  a and r = b require that: (1) .delta..phi./.delta..theta.
      and (2) .epsilon. .delta..phi./.delta.r have the same values on either
      side of any surface. An additional condition is that at distances from the
      axis which approach infinity, the field is a pure hyperbolic field, i.e.,
      the asymptotic solution must be given by:
EQU  .phi. = Ar.sup.2 cos2.theta.                               (3)
PAR  The solution to this problem in the three spatial regions gives:
PA1  r &gt; b (outside the tube)
      ##EQU2##
      a &lt; r &lt; b (in the tube material)
      ##EQU3##
      r &lt; a (inside the tube)
      ##EQU4##
      where
      ##EQU5##
      Either by making the tube wall of vanishingly small thickness (i.e., b =
      a) or by making the electric constant of the tube equal to unity, which is
      mathematically equivalent to saying that no tube is present, the field in
      all three regions is given by
EQU  .phi. = Ar.sup.2 cos2.theta.                               (5)
PAL  which is a pure hyperbolic field. With the tube in place, the field outside
      the tube is distorted, but within the tube the field is pure hyperbolic
      with a strength that is given by 4.epsilon..sub.1 /D times the strength
      that would be present if the tube were not in place.
PAR  The mathematical formalism above is of the type usually used to describe
      cases where the materials are pure dielectrics, i.e., having a
      conductivity of zero, and where the dielectric constant is mathematically
      a purely real number. However, as will be appreciated by those acquainted
      with electromagnetic theory, the same formalism may be applied to
      conducting materials, having both a dielectric constant and a non-zero
      conductivity, in the presence of sinusoidally time-varying potentials. The
      only requirement is to replace the purely real dielectric constant by a
      complex dielectric constant:
      ##EQU6##
      where i=.sqroot.-1, .sigma. is the conductivity, .omega. is the angular
      frequency of the sinusoidally time-varying potential and .alpha. =
      4.pi..sigma./.epsilon..sub.1 .omega..
PAR  The potential inside such a conducting tube is given from equation (4c) as:
      ##EQU7##
      It is convenient to rewrite equation (7) as:
EQU  .phi. = Br.sup.2 cos2.theta.                               (8)
PAL  Then the ratio, B/A, is the amplitude of the potential inside of the tube
      relative to the amplitude of the potential that would be at the same
      position if the tube were not in place. From equations (7) and (8), the
      quantity of interest is:
      ##EQU8##
PAR  First to be noted is that if .alpha. &lt;&lt; 1, equation (9) reduces to:
      ##EQU9##
      which is the equation governing the situation discussed in my copending
      patent application Ser. No. 346,250. It may be noted that if the interior
      radius a of tube 10 is one-half the exterior diameter b of the tube and if
      the dielectric constant is of the order of 10, equation (10) indicates
      that B/A = 0.345, which is to say that the potential at any point inside
      the tube would be about one third as large as it would be if the tube were
      not present.
PAR  It may also be noted that if .alpha. &gt;&gt; 1 equation (9) reduces to:
      ##EQU10##
PAR  In the event that the frequency is zero (i.e., DC potentials), .alpha.
      becomes infinitely large and B takes on the value of zero. Thus fields of
      DC potentials are completely shielded out by a tube of any material with
      non-zero conductivity.
PAR  Of particular interest to the present application is the "thin wall
      approximation," where a is only slightly less than b. Calling T = b - a,
      which is the wall thickness, the thin wall approximation is that T/b &lt;&lt;
      1/.epsilon..sub.1 or .epsilon..sub.1 T/b &lt;&lt; 1. By conventional
      mathematical means it can be shown that under these circumstances and for
      .epsilon..sub.1 .apprxeq.1 equation (9) reduces to:
      ##EQU11##
      In this approximation, if .alpha. &lt;&lt; 1, B/A=1. Further if .alpha.
      .apprxeq. 1, B/A is still equal to very nearly 1, since the third term in
      the denominator is vanishingly small. In the event that .alpha. &lt;&lt; 1,
      equation (10) becomes
      ##EQU12##
      The quantity of real interest in the present instance is the ratio of the
      absolute values of B to A, which may be found by taking the square root of
      the product of B/A times its complex conjugate. This ratio of absolute
      values is:
      ##EQU13##
      In order to have the potential inside the tube be a substantial fraction
      of the potential that would be there if the tube were absent, the
      condition is:
      ##EQU14##
      or
      ##EQU15##
      This condition is the design criterion for a tubular field separator
      having a thin wall. It may be noted that metallic conductors have
      conductivities in the units used in this analysis of about 10.sup.17
      sec.sup.-.sup.1. For a time-varying potential having a frequency f of
      10.sup.6 Hz, the requirement from equation (15) is that the wall thickness
      must be about 5 .times. 10.sup.-.sup.12 times the radius to the wall. For
      tubes with a radius of the order of a centimeter or less, the wall
      thickness of the conductor would have to be less than one-thousandth of
      the dimensions of an atom. Thus solid ordinary conducting materials cannot
      be used for the separation of the AC and DC fields.
PAR  It is to be noted, however, that thin layers of conducting and
      semi-conducting materials can be used, provided that they are not solid;
      for example, a layer of material consisting of solid particles just barely
      making electrical contact, may suffice. In this connection it is
      interesting to determine the requirement and to do this it is convenient
      to use the commonly used concept of surface conductivity. The surfaces
      conductivity s is related to the volume conductivity .sigma. by:
EQU  s = .sigma.T                                               (16)
PAL  Substituting equation (16) into equation (15) and converting from cgs units
      to practical units, the requirement for shielding against electric fields
      of DC potentials while transmitting fractionally AC potentials at a
      frequency f is:
      ##EQU16##
      Thus for fields at a frequency of 10.sup.6 Hz, and for a tube with a
      radius of 0.5 cm, the surface resistivity desired is of the order of 4
      .times. 10.sup.6 ohms/square. Such surfaces resistivities can be produced
      on dielectric substrates.
PAR  It may be noted that if such a surface is produced on the interior of a
      dielectric tube, it is necessary to measure the surface resistivity. This
      may be accomplished easily by measuring the resistance R over the length
      of the tube. The total resistance is given by:
      ##EQU17##
      where L is the length of the tube. For a tube with a surface resistivity
      R.sub.s = 4 .times. 10.sup.6 ohms/square, a radius of 0.5 cm and a length
      of 2 cm, the total resistance is about 5 .times. 10.sup.6 ohms. Thus by
      simply measuring the resistance of a tube with an interior surface
      coating, it is easily determined whether the tube will separate the DC and
      AC fields in the manner given in the theory.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1, as previously described in an explanation of the theory of the
      invention, diagrammatically illustrates a section of the rods of a
      quadrupole mass filter with a tube in accordance with the invention
      inserted between the rods proximate their ends;
PAR  FIG. 2 is a side elevation sectional view similar to FIG. 1 illustrating
      the effect of the invention on the fringe fields of the mass filter;
PAR  FIG. 3 is a front elevational view similar to FIG. 2;
PAR  FIG. 4 illustrates in perspective a tube insert in accordance with the
      invention wherein the tube comprises four separate pieces;
PAR  FIG. 4a is a front elevational view of four separate strips located
      parallel around a circle to form a tube in accordance with the invention;
PAR  FIG. 5 illustrates in perspective a tube insert in accordance with the
      invention wherein the tube insert is funnel shaped; and
PAR  FIG. 6 illustrates in perspective a tube insert which has a rectangular
      cross-section and opening.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Devices of homogeneous material for the separation of AC and DC fields near
      the ends of a quadrupole mass filter are described in my copending patent
      application Ser. No. 346,250. The essential characteristic of the material
      is that it must react to high frequency AC fields as a dielectric and to
      low frequency, including direct current, fields as a conductor. Such
      materials which are operable are known as "leaky dielectrics" in contrast
      with good dielectrics which have resistivities of 10.sup.12 ohm-cm and
      higher. A dielectric is considered leaky when its resistance is such that
      leakage current flows. For the purpose of the instant invention, this
      generally covers resistivities from greater than about 10.sup.5 ohm-cm to
      less than about 10.sup.11 ohm-cm. The practical upper limits of the
      resistivity insofar as a quadrupole mass filter is concerned relate to the
      sweep rate as will be understood by those skilled in the art having the
      teachings of the instant and parent applications before them. As a
      practical matter, the upper limit to the sweep of the mass filter is about
      1,000 Hz and in the context of quadrupole mass filter operations this is
      considered to be a low frequency. For such frequency, theoretically the
      material involved should have a resistivity of about 3 .times. 10.sup.6
      ohm-cm. However, as a practical matter, materials having resistivities up
      to about 10.sup.8 ohm-cm are operable even at the maximum sweeping rate
      for the quadrupole mass filter. By reducing the sweeping rate to about 10
      Hz, materials with resistivities up to about 10.sup.10 ohm-cm are
      operable. Materials which have been found operable include Ceramag C/12
      and Ceramag C/11 which are manufactured by the Stackpole Carbon Company of
      St. Marys, Pa. These materials are known as ferrites and basic formula for
      same is set forth in U.S. Pat. No. 3,036,009. In addition, a tube composed
      of slate having a resistivity of about 10.sup.6 ohm-cm has been tested and
      found operable. Each of the foregoing materials was generally homogenous
      in composition. The present continuation-in-part application relates to
      the use of selective shielding devices which are not of homogeneous
      constitution but instead comprised of a thin layer of conductive material
      deposited on the surfaces of good dielectric materials with such
      dielectric material used in part to provide mechanical strength. As
      evident from the theory discussed above, the presence of a dielectric
      tube, if very thin or if the dielectric constant of the tube is not
      appreciably greater than unity, the fields within the tube are affected
      only slightly.
PAR  FIGS. 2 and 3 show a preferred embodiment of the invention. Inserted
      slightly into the space between the four rods of a quadrupole mass filter,
      12, 13, 14, and 15 is a dielectric tube 16 with an interior surface
      coating 17 which is electrically conducting. The end surface 20 of tube 16
      is also electrically conducting and is in electrical contact with a
      conducting end plate 18 which is connected to ground through a bias
      potential, v. Ions from an ion source, which follow a trajectory indicated
      by reference numeral 19 in the figure, pass through an aperture in the end
      plate 18, proceed along the axis within the tube 16 and enter the mass
      filter proceeding along its axis. The figure also shows the DC electrical
      field lines, a typical one being designated 21, which terminate on the
      conducting coating of interior surface 17 of tube 16; the AC field lines,
      a typical one of which is designated as 22 do not, on the other hand,
      completely terminate on the conducting coating of interior surface 17 but
      penetrate such coating 17 and are present within the interior of tube 16.
PAR  In one test of the invention, tube 16 was composed of ceramic alumina
      (Al.sub.2 O.sub.3) of 1 inch length and inside and outside diameters of
      3/8 inch and 1/2 inch respectively. A suspension of colloidal graphite
      (sold by Graphite Products Corporation of Brookfield, Ohio, as "Aquadag")
      was further diluted in water by a factor of about twenty to one. The
      diluted substance was applied to the interior of the tube, lightly wiped
      off by a cotton-wool swab and allowed to dry to form conducting coating
      17. One end of tube 16 was thereafter dipped into the colloidal graphite
      suspension and a thick layer comprising end surface 20 formed upon drying.
      Tube 16, so constructed had an over-all resistance from end to end of 1.7
      .times. 10.sup.6 ohms. Tube 16, mounted on an end plate 18 of a quadrupole
      mass filter (Extranuclear Model 324-9) as shown in FIGS. 1 - 3 proved
      operable as described to separate the AC and DC electric fringe fields
      proximate the end of the mass filter.
PAR  Those skilled in the art, in view of the discussion presented herein, will
      understand that if the material of the conducting coating has sufficiently
      low conductivity (i.e., .alpha. &lt;&lt; 1 at the high frequency used) and
      sufficient mechanical strength to support its own weight then the
      dielectric tube 16 can be eliminated and the invention is a homogeneous
      device as disclosed in my copending application Ser. No. 346,250.
PAR  It is also to be appreciated by those skilled in the art that other forms
      than the tubular form shown in FIGS. 2 and 3 are effective embodiments of
      the invention. Shapes that are operable include cones such as cone 30 in
      FIG. 5, preferably with the apex of the cone directed toward the mass
      filter with the axis of the cone co-axial with the axis of the mass
      filter. Also, as shown in FIG. 6, tubes 40 similar to the tubes discussed
      above, but with rectangular or other cross-sectional configurations may be
      used. Further devices may be comprised of more than one piece of material
      or materials. As an example, a device as shown in FIG. 4 comprising a tube
      31 split along its length into four pieces 34, 35, 36 and 37 and then
      mounted substantially as shown in FIG. 4 serves to permit the high
      frequency AC fields to penetrate into the space surrounded by the four
      pieces of the split tube 31, while serving to shield the same space from
      the penetration of DC and low frequency AC fields. Similarly, in such an
      embodiment, it is not necessary that the four pieces 34, 35, 36 and 37 of
      material be from a tube split along its length. Thus four strips of
      material 34a, 35a, 36a and 37a placed parallel to each other, spaced
      around a circle as viewed from the ends of the four strips, and located
      such that the spacing between the strips is very small compared to the
      width of the strips as shown in FIG. 4a, will equally effect the
      separation of the high frequency AC potentials from the DC and low
      frequency AC fields, by excluding the penetration of the DC fields from
      the region between the four strips.
PAR  Other configurations of materials will be readily apparent to those skilled
      in the art.
PAR  Equally apparent is the fact that a thin conducting layer can be produced
      by means other than disclosed herein where granular carbon particles made
      up the layer. For example, known means of producing conducting layers on
      glass can be used to produce the devices described herein, such means
      including spraying solutions of tin oxides and other compounds on to hot
      glass.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. In a method for the spatial separation of the high frequency AC fringe
      fields and low frequency AC, including DC, fringe fields, near the ends of
      a quadrupole mass filter, the use of field separation means which includes
      a material which responds to the high frequency AC fields substantially as
      a dielectric and responds to the low frequency AC, including DC, fields
      substantially as a conductor of electricity.
NUM  2.
PAR  2. A method in accordance with claim 1, wherein said field separation means
      is physically located to provide a region proximate the end of a
      quadrupole mass filter which is substantially surrounded thereby,
      provision being made for openings therein to permit ions from an ion
      source to enter the substantially surrounded region and then to leave said
      region and pass on into the quadrupole mass filter.
NUM  3.
PAR  3. Apparatus for the spatial separation of high frequency AC fringe fields
      and low frequency AC, including DC, fields near an end of a quadrupole
      mass filter comprising separation means composed of a material which
      responds to high frequency AC fields substantially as a dielectric and
      responds to low frequency AC, including DC, fields substantially as a
      conductor of electricity, separation means having a form whereby it has an
      axis which is coaxial with the axis of the quadrupole mass filter, one end
      of said separation means being located within the region between the four
      poles of the quadrupole mass filter and the other end of said separation
      means being located outside said region between the four poles of the
      quadrupole mass filter.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 wherein said separation means has
      the form of a tube.
NUM  5.
PAR  5. Apparatus in accordance with claim 4, wherein said tube is constructed
      of a substantially homogeneous material having a volume resistivity in
      excess of about 10.sup.5 ohm-cm and less than about 10.sup.11 ohm-cm.
NUM  6.
PAR  6. Apparatus in accordance with claim 3, wherein said separation means
      comprises several pieces of said material.
NUM  7.
PAR  7. Apparatus in accordance with claim 6 in which said pieces have volume
      resistivities in excess of about 10.sup.5 ohm-cm to less than about
      10.sup.11 ohm-cm.
NUM  8.
PAR  8. Apparatus in accordance with claim 3, wherein said material comprises a
      thin conducting layer applied to the surface of a good dielectric
      material.
NUM  9.
PAR  9. Apparatus in accordance with claim 8, wherein said layer from end to end
      has a resistance in a range of 10.sup.5 to 10.sup.11 ohms.
NUM  10.
PAR  10. Apparatus in accordance with claim 9, wherein said resistance is in a
      range of 10.sup.6 to 10.sup.8 ohms.
NUM  11.
PAR  11. Apparatus in accordance with claim 8, wherein said layer comprises
      carbon.
NUM  12.
PAR  12. Apparatus in accordance with claim 8, wherein said separation means is
      in the form of a tube.
NUM  13.
PAR  13. Apparatus in accordance with claim 12, wherein said good dielectric
      material forms said tube together with said layer which comprises an
      interior coating on said dielectric material.
NUM  14.
PAR  14. A device for improving the efficiency of injection and/or transmission
      of ions passing through quadrupole mass filters, said device comprising a
      tube inserted from at least one of the ends along the axis and into the
      space between the four electrodes of the mass filter whereby ions passing
      through said space transit through said filter, the end of said tube
      directed away from the mass filter being electrically connected to a
      predetermined potential, said tube being composed of a good dielectric and
      having a thin coating of an electrically conducting material which is such
      that it functions substantially as a high dielectric to the high AC fields
      of a quadrupole mass filter and substantially as an electrical conductor
      to the low AC and DC fields of the mass filter.
NUM  15.
PAR  15. A device in accordance with claim 14 wherein said tube is inserted into
      the entrance end of said space between the four electrodes and the mass
      filter.
NUM  16.
PAR  16. A device in accordance with claim 14 wherein said tube is substantially
      cylindrical in form.
NUM  17.
PAR  17. A device in accordance with claim 14 wherein said tube is substantially
      in the form of a truncated cone.
NUM  18.
PAR  18. A device in accordance with claim 14 wherein said layer of electrically
      conducting material is in the interior portion of said tube.
NUM  19.
PAR  19. A device in accordance with claim 18 wherein said material has a
      resistance in the range of about 10.sup.5 to 10.sup.10 ohms.
NUM  20.
PAR  20. A device for improving the efficiency of injection and/or transmission
      of ions passing through a quadrupole mass filter, said device comprising
      at least two separated pieces which are symmetrically disposed about the
      axis of the mass filter to receive between them ions that travel through
      the mass filter each said piece being composed of a material which is a
      good dielectric and a thin layer of electrically conducting material
      thereon, said thin layer of material being characterized by functioning
      substantially as a conductor to the low AC and DC fields and as a good
      dielectric to the high AC fields of the mass filter whereby said layer
      causes the high AC fringe fields of the mass filter to extend relatively
      farther away from at least one end of the mass filter than the low AC and
      DC fringe fields.
NUM  21.
PAR  21. A device in accordance with claim 20 which comprises four pieces, each
      of said pieces being adjacent and parallel to a pole of the quadrupole
      mass filter.
NUM  22.
PAR  22. A device in accordance with claim 21 wherein said pieces are
      substantially planar.
NUM  23.
PAR  23. A device in accordance with claim 21 wherein said pieces are curved in
      cross section.
NUM  24.
PAR  24. In a method of mass analysis which utilizes a quadrupole mass filter
      and comprises the steps of producing ions, causing the introduction of
      said ions into the space between the poles of the quadrupole mass filter
      and causing the transmission of only those ions of a selected
      mass-to-charge ratio through the space between said poles, the improvement
      comprising the use of an electric field separation means adjacent at least
      one of the ends of said poles, said field separation means comprising a
      shield composed of a material which is a good dielectric and a further
      material applied to said good dielectric material which functions
      substantially as a high dielectric to AC electric fields and substantially
      as a conductor to substantially DC electric fields, said further material
      applied to said good dielectric material so as to allow said transmission
      of ions and to shield them during said transmission through said field
      separation means at least in part from the substantially DC electric
      fields.
NUM  25.
PAR  25. A method in accordance with claim 24 wherein said further material
      which is providing said shielding during said transmission of the ions has
      a resistance from end to end in the range of 10.sup.5 to 10.sup.11 ohms.
NUM  26.
PAR  26. In a method for improving the efficiency of injection and/or
      transmission of ions passing through quadrupole mass filters which
      comprises the steps of producing ions and transmitting said ions into,
      through and from the region between the poles of the quadrupole mass
      filter, the improvement comprising the use of field separation means
      placed at at least one end of the mass filter pole structure, said field
      separation means comprising a supporting structure composed of a good
      dielectric material and a further conductive material applied thereto so
      that said field separation means functions substantially as a high
      dielectric to the AC electric fields and substantially as a conductor to
      the substantially DC electric fields of the mass filter, said field
      separation means configured to permit said transmission of ions with said
      further substance applied so as to shield the ions in said transmission at
      least in part from said substantially DC electric fields, the geometries
      of the arrangement being such as to make the AC electric fringe fields at
      a given relative field strength in space extend relatively farther away
      from the ends of the mass filter pole structure than the DC electric
      fringe electric fields wherein the relative electric fringe field strength
      is defined as the strength of the electric field at a given point divided
      by the strength of the corresponding electric field within the mass filter
      electrode structure.
NUM  27.
PAR  27. A method in accordance with claim 26, wherein said further material
      comprises a layer applied to said good dielectric material.
NUM  28.
PAR  28. A method in accordance with claim 26 wherein said layer from end to end
      has a resistance in the range of 10.sup.5 to 10.sup.11 ohms.
NUM  29.
PAR  29. A method in accordance with claim 28, wherein said resistance is in the
      range of 10.sup.6 to 10.sup.8 ohms.
NUM  30.
PAR  30. A method in accordance with claim 29, wherein said layer comprises
      carbon.
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ABST
PAL  A gas sample is introduced into an ion cyclotron resonance cell enclosed in
      a vacuum chamber, and ionized. A magnetic field constrains ions to
      circular orbits. After an optional delay adequate to allow ion-molecule
      reactions to occur, a pulsed broad-band oscillating electric field
      disposed at right angles to the magnetic field is applied to the ions. As
      the frequency of the applied electric field reaches the resonant frequency
      of various ions, those ions absorb energy from the field and accelerate on
      spiral paths to larger radius orbits. The excited motion is sensed and
      digitized in the time domain. The result of the digitization is Fourier
      transformed into the frequency domain for analysis. If desired, a
      sequential series of pulsed broad-band oscillating fields can be applied
      and the resulting change in motion sensed, digitized and accumulated in a
      sequential manner prior to Fourier transformation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to spectroscopy, and more particularly to ion
      cyclotron resonance spectroscopy.
PAR  Ion cyclotron resonance is well known, and provides a sensitive and
      versatile means for detecting gaseous ions. In this regard, it is well
      known that a moving gaseous ion in the presence of a static magnetic field
      is constrained to move in a circular orbit in a plane perpendicular to the
      direction of the magnetic field, and is unrestrained in its motion in
      directions parallel to the magnetic field. The frequency of this circular
      motion is directly dependent upon the strength of the magnetic field and
      the charge-to-mass ratio of the ion. When such orbiting ions are subjected
      to an oscillating electric field disposed at right angles to the magnetic
      field, those ions having a cyclotron orbital frequency equal to the
      frequency of the oscillating electric field absorb energy from the
      electric field and are accelerated to larger orbital radii and higher
      kinetic energy levels. Because only the resonant ions absorb energy from
      the electric field, they are distinguishable from non-resonant ions upon
      which the field has substantially no effect.
PAR  Various methods of and apparatus for taking advantage of the foregoing
      phenomena and utilizing it to measure the number of ions having a
      particular resonant frequency have been proposed and are in use. These
      devices are generally referred to as ion cyclotron resonance mass
      spectrometers.
PAR  In the omegatron type of ion cyclotron resonance mass spectrometer, gaseous
      ions are generated by bombardment of a gaseous sample with moving
      electrons. These ions are then subjected to mutually perpendicular
      magnetic and oscillating electric fields. The electric fields accelerate
      the resonant ions to higher velocities and larger oribtal radii.
      Ultimately these ions accelerate to a point where they impinge upon a
      collector plate. The resulting ion current is measured and recorded.
PAR  In another type of ion cyclotron mass spectrometer, ions having a resonant
      frequency equal to the frequency of the oscillating electric field are
      accelerated and the resultant power absorbed from the electric field is
      measured. The measured power is related only to the resonant ions, and not
      to ions having other resonant frequencies. Thus, detection of the absorbed
      power results in a measurement of the number of resonant gaseous ions of a
      particular mass-to-charge ratio present in a sample. Obviously, an ion
      mass-to-charge ratio spectrum of a particular ionized gas sample is
      obtained by scanning and detecting. Scanning can be accomplished by
      varying the frequency of the oscillating electric field, the strength of
      the applied magnetic field, or both, so as to bring ions of differing
      mass-to-charge ratios into resonance with the oscillating electric field.
      An example of an ion cyclotron resonance mass spectrometer utilizing such
      a power absorption detection technique is described in U.S. Pat. No.
      3,390,265 entitled "Ion Cyclotron Resonance Mass Spectrometer Means for
      Detecting the Energy Absorbed by Resonance Ions" issued to Peter M.
      Llewellyn on June 25, 1968.
PAR  Other U.S. patents disclosing various related ion cyclotron resonance mass
      spectrometers methods and apparatus, and improvement thereto, are: U.S.
      Pat. No. 3,446,957 entitled "Ion Cyclotron Resonance Spectrometer
      Employing Means for Recording Ionization Potentials" issued to David E.
      Gielow et al on May 27, 1969; U.S. Pat. No. 3,475,605 entitled "Ion
      Cyclotron Double Resonance Spectrometer Employing a Series Connection of
      the Irradiating and Observing RF Sources to the Cell" issued to Peter M.
      Llewellyn on Oct. 28, 1969; U.S. Pat. No. 3,502,867 entitled "Method and
      Apparatus for Measuring Ion Interrelationships by Double Resonance Mass
      Spectroscopy" issued to J. L. Beauchamp on Mar. 24, 1970; U.S. Pat. No.
      3,505,516 entitled "Ion Cyclotron Resonance Spectrometer Employing an
      Optically Transparent Ion Collecting Electrode" by D. E. Gielow et al
      issued Apr. 7, 1970; U.S. Pat. No. 3,505,517 entitled "Ion Cyclotron
      Resonance Mass Spectrometer with Means for Irradiating the Sample with
      Optical Radiation" issued to P. M. Llewellyn on Apr. 7, 1970; U.S. Pat.
      No. 3,511,986 entitled "Ion Cyclotron Double Resonance Spectrometer
      Employing Resonance in the Ion Source and Analyzer" issued to P. M.
      Llewellyn on May 12, 1970; U.S. Pat. No. 3,535,512 entitled "Double
      Resonance Ion Cyclotron Mass Spectrometer for Studying Ion-Molecule
      Reactions" issued to J. D. Baldeschwieler on Oct. 20, 1970; and U.S. Pat.
      No. 3,677,642 entitled "Ion Cyclotron Resonance Stimulated Low-Discharge
      Method and Apparatus for Spectral Analysis" issued to J. D. Baldeschwieler
      on July 18, 1972.
PAR  In general, all of the foregoing patents disclose ion cyclotron resonance
      mass spectrometers wherein adverse space charge effects are reduced by
      continuously ionizing a gas sample within a first region of a sample
      chamber, and subjecting the ions thus produced to transverse magnetic and
      static electric fields. These fields move the ions along cycloidal paths
      in a direction perpendicular to both fields to a second region of the same
      sample chamber removed in space from the first region. In the second
      region, the ions are subjected to the combined influence of the magnetic
      field and an oscillating electric field lying at right angles thereto. In
      accordance with general ion cyclotron resonance phenomena discussed above,
      the ions having a resonant frequency equal to the frequency of the
      oscillating electric field absorb energy from that field and the energy
      absorption is detected to provide a measure of the number of such resonant
      ions. Because the resonant ions are detected in a second analyzing region,
      which is spatially distinct from the first ionizing region, the effect of
      space charge in the analysis is reduced.
PAR  A U.S. patent disclosing a somewhat different type of ion cyclotron
      resonance mass spectrometer is U.S. Pat. No. 3,742,212 entitled "Method
      and Apparatus for Pulsed Ion Cyclotron Resonance Spectroscopy" issued to
      Robert T. McIver, Jr. on June 26, 1973. The spectrometer disclosed in this
      patent includes a single-section ion cyclotron resonance cell. In this
      cell, ions are formed during a known first time period, allowed to react
      with neutral molecules for a second time period, and detected in a third
      time period. The detection of ions of a particular mass-to-charge ratio is
      achieved by suddenly changing the resonant frequency of the desired
      mass-to-charge ratio ions so as to equate their resonant frequency to the
      fixed frequency of a marginal oscillator detector. (Except during the
      "detect" time period, the ion cyclotron frequencies are not equal to the
      marginal oscillator frequency.) The marginal oscillator frequency then
      provides an output signal proportional to the number of ions that absorb
      energy from it at a given instant of time. The required sudden change in
      the cyclotron frequency of the ions of a given mass-to-charge ratio is
      achieved either by a sudden change in the value of the applied magnetic
      field or by a sudden change in the magnitude of the static electric field
      which is used to "trap" the ions in the ion cyclotron resonance cell. An
      alternative means for initiating the ion cyclotron resonance detection
      period is to suddenly change the amplitude of the radio frequency level of
      the marginal oscillator from zero volts to some higher level. After the
      ion cyclotron resonance detection period is completed, a "quench" electric
      field pulse is applied to remove all ions from the ion cyclotron resonance
      cell. The total operational sequence (ion formation, delay period for
      ionmolecular reactions, ion cyclotron resonance detection, ion removal) is
      then repeated.
PAR  One of the major disadvantages of all of the above-noted prior art ion
      cyclotron mass resonance spectroscopy methods and apparatus is that ion
      cyclotron resonance detection is limited to a single frequency (and
      therefore a single mass-to-charge ratio) at any instant in time. In order
      to obtain a wide-range mass-to-charge ratio spectrum of a given ionized
      gaseous sample, it is necessary to vary either the magnetic field (or the
      frequency of the oscillating electric field, or both) so as to equate the
      resonance of the various ions with the resonance of the oscillating
      electric field. In this regard, by way of example, using a fixed
      oscillator detector frequency of 153 KHz, it requires about 25 minutes to
      obtain a typical mass-to-charge ratio spectrum by varying the applied
      magnetic field by an amount adequate to cover a mass range of 15 atomic
      mass units to 240 atomic mass units, for singly charged ions.
PAR  Therefore, it is an object of this invention to provide a new and improved
      method of and apparatus for ion cyclotron resonance spectroscopy that
      provides a wide-range mass-to-charge ratio spectrum for a given ionized
      sample in a relatively short period of time.
PAR  In addition to the slow spectrum processing time of prior art ion cyclotron
      methods and apparatus, other disadvantages exist. For example, the
      resolution of the resultant signals is relatively fixed and cannot easily
      be varied to improve the accuracy of the resultant information. More
      specifically, prior art methods and apparatus are not readily adapted to
      vary the resultant signal-to-noise ratio in order to improve resolution.
      It will be appreciated that the ability to trade one of these factors
      against the other is of particular importance when the sample being
      analyzed is very dilute.
PAR  Therefore, it is also an object of this invention to provide a new and
      improved method of and apparatus for ion cyclotron spectroscopy wherein
      resolution and signal-to-noise ratio can be readily varied.
PAR  The utilization of Fourier transform techniques in infra-red and nuclear
      magnetic resonance spectroscopies has been proposed by the prior art. In
      general, Fourier transform techniques provide for the detection of a
      complete speectrum of information in the time normally required to scan
      through a single frequency-resolution element using conventional scanning
      techniques. In this regard, U.S. Pat. No. 3,475,680 entitled "Impulse
      Resonance Spectrometer Including a Time Averaging Computer and Fourier
      Analyzer" issued to W. A. Anderson et al on Oct. 28, 1969 suggests the use
      of Fourier techniques in a variety of spectroscopies; however, not ion
      cyclotron resonance spectroscopy. Further, U.S. Pat. No. 3,530,371
      entitled "Internal Field-Frequency Control for Impulse Gyromagnetic
      Resonance Spectrometers" issued to F. A. Nelson et al on Sept. 22, 1970,
      suggests a Fourier method for the specialized purpose of controlling the
      magnetic field intensity in various spectrometers, including ion cyclotron
      resonance spectrometers. Finally, U.S. Pat. No. 3,461,381 entitled "Phase
      Sensitive Analog Fourier Analyzer Read-Out for Stored Impulse Resonance
      Spectral Data" issued to F. A. Nelson et al on Aug. 12, 1969 suggests an
      analog techique for obtaining the Fourier transform of a nuclear magnetic
      free-induction response to a pulse magnetic field excitation. This
      technique is suggested for application to ion cyclotron resonance
      spectrometers. While this and other similar prior art does broadly suggest
      the application of Fourier techniques to ion cyclotron spectroscopy, they
      do not disclose a method of or apparatus for utilizing Fourier transform
      techniques to provide a Fourier transform ion cyclotron resonance
      spectrometer. In fact, these patents merely disclose impulse excitation of
      the transient spectral response, which excitation is not particularly
      suitable for utilization in a Fourier transform ion cyclotron resonance
      spectrometer for reasons which are set forth below.
PAR  Therefore, it is a general object of this invention to provide a new and
      improved method of and apparatus for ion cyclotron resonance spectroscopy.
PAR  It is a further object of this invention to provide a Fourier transform ion
      cyclotron resonance spectrometer.
PAR  It is yet another object of this invention to provide a method of ion
      cyclotron resonance spectroscopy that utilizes Fourier transform
      techniques to obtain a spectrum of ion cyclotron resonance information.
PAR  It is yet another object of this invention to provide a Fourier transform
      ion cyclotron resonance spectrometer suitable for obtaining an ion
      cyclotron resonance spectrum of a specified mass-to-charge range and
      resolution in a time period much shorter than that required by prior art
      ion cyclotron resonance spectrometers.
PAR  It is a subsidiary object of this invention to provide an ion cyclotron
      resonance spectrometer that employs a fixed-field magnet for generating
      the necessary magnetic field.
PAR  It is yet another object of this invention to provide an apparatus for
      exciting ions of many different mass-to-charge ratios in a short period
      time and rapidly detecting the excited ion cyclotron motion of such ions.
PAR  It is a further object of this invention to provide a method of and an
      apparatus for ion cyclotron resonance spectroscopy that provides a
      technique for reducing the effect of erroneous information created by
      noise and the like.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred form of this invention a gas sample is
      admitted into an evacuable chamber within which a trapped ion analyzer
      cell is disposed. In its preferred form, the cell includes four electrode
      side plates, which may be curved, and a pair of electrode end (trapping)
      plates. The gas sample is ionized within this cell by a suitable ionizing
      source, such as an electron beam pulsed through the cell. These ions are
      trapped within the cell by the application of a low DC trapping potential
      of one polarity to the trapping plates and a smaller magnitude DC
      potential to the other plates. The ions within the cell are subjected to a
      unidirectional magnetic field that causes them to move in circular orbits
      in the plane perpendicular to the magnetic field direction. Following ion
      formation, and double irradiation, if desired, and a known delay period in
      which ionmolecular reactions may proceed, if desired, the ions in the cell
      are excited by a pulsed broad-band oscillating electrical field applied in
      a direction perpendicular to the applied magnetic field. The excited ion
      cyclotron motion of all of the excited ions is sensed by a broad-band
      amplifier, digitized by a high-speed analog-to-digital converter, and,
      preferably, the digitized transient response is added point-by-point to
      the existing sum of previous digitized signals from preceding cycles of
      operation. All ions are then removed from the ion cyclotron resonance cell
      by a "quench" electric field pulse created by applying a pulsed DC
      potential to one or more of the plates of the trapped ion analyzer cell.
      Thereafter, the cycle of operation is repeated.
PAR  After the digitized transient ion cyclotron resonance information generated
      by a predetermined number of cycles of operation is accumulated, it is
      Fourier transformed to produce a frequency-domain ion cyclotron resonance
      spectrum. By suitable phase adjustments made at the time of Fourier
      transformation, it is possible to extract a spectral display comprising
      dispersion, absorption or absolute-value information. By varying the time
      delay period between ion formation and ion excitation and detection, the
      sample concentrations of ions of any mass-to-charge ratio lying within a
      specified mass-to-charge ratio range may be obtained as a function of time
      following ion formation. Further, ion cyclotron double resonance
      spectroscopy may be readily carried out by irradiating ions of one or more
      selected mass-to-charge ratios with a pulsed oscillating electric field
      that excites resonances at the appropriate mass-to-charge ratio(s) prior
      to the application of the usual excitation pulse.
PAR  It will be appreciated at this point that the invention provides a Fourier
      transform ion cyclotron resonance spectroscopy method and apparatus. The
      invention overcomes many of the disadvantages of prior art devices.
      Specifically, the invention provides an entire spectrum of information in
      essentially the same time the prior art requires to obtain information
      related to a particular resonant frequency. Further, because a broad-band
      spectrum of information is rapidly obtainable utilizing the method and
      apparatus of the invention, double resonance spectroscopy information is
      obtained in a more rapid and accurate manner. In addition, very dilute
      samples can be analyzed using the present invention because information
      accumulation is very rapid and, in addition, can proceed in a manner such
      that resolution can be traded off against signal-to-noise ratio. For
      example, better resolution can be obtained if the information acquisition
      period is made longer. On the other hand the signal-to-noise ratio will be
      improved to the detriment of resolution if the acquisition period is made
      shorter, using the same total observation period.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and many of the attendant advantages of this
      invention will become more readily appreciated as the same becomes better
      understood from the following more detailed description of a preferred
      embodiment of the invention when taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a block diagram of a preferred embodiment of the invention;
PAR  FIG. 2 is a partially pictorial and partially block diagram, in somewhat
      more detail, of a preferred embodiment of the invention;
PAR  FIG. 3 is a timing diagram illustrating the sequence of signal application
      and signal formation in the preferred embodiment of the invention herein
      described;
PAR  FIG. 4 is a pictorial diagram of an alternative embodiment of a trapped ion
      cell formed in accordance with the invention and suitable for use in the
      embodiment of the invention illustrated in FIGS. 1 and 2;
PAR  FIG. 5 is a schematic diagram of a circuit including an analog means for
      controlling the amplitude of voltages that is suitable for use in
      combination with a digital means for controlling the timing sequence and
      duration of various applied pulses;
PAR  FIG. 6 is an alternate coupling circuit suitable for coupling a pulsed
      broad-band oscillating electric field signal to a trapped ion cell in
      push-pull manner; and
PAR  FIG. 7 is a schematic diagram illustrating an alternate circuit for
      transformer coupling a trapped ion cell to a broad-band amplifier.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates an ion cyclotron resonance cell 3 enclosed in an
      evacuable chamber 21. The chamber 21 is evacuated to a suitably low
      pressure (say 10.sup.-.sup.8 torr) by a suitable vacuum pump 22. The
      vacuum pump 22 may consist of any one of many well known pumps which are
      capable of achieving a low pressure in the desired range, such as a
      sputter-ion pump, a sublimation pump, a diffusion pump with the necessary
      traps, or the like. Initial evacuation of the chamber 21 is achieved with
      a mechanical forepump, or a refrigerated sorption pump, if desired.
      Further, the evacuable chamber 21 and the vacuum pump 22 may be heated
      with a heating jacket (not shown) to aid in evacuation, if desired.
PAR  Once pump-down to 10.sup.-.sup.8 or so torr is attained, the gaseous sample
      to be analyzed is introduced into the evacuable chamber from a suitable
      gas source 20. Gas is supplied until a pressure in the range of
      10.sup.-.sup.4 to 10.sup.-.sup.7 torr is achieved. Thereafter, dynamic
      pressure balance is maintained by continuous pumping and leaking of gas
      into the evacuable envelope. Alternatively, following pump-down and
      subsequent isolation of the pump 22 from evacuable envelope 21 by a valve
      (not shown), a gas sample may be introduced from a gas source 20 until a
      static pressure in the range of 10.sup.-.sup.4 to 10.sup.-.sup.7 torr is
      achieved.
PAR  The ion cyclotron resonance cell may take on various forms. FIG. 2
      illustrates a parallelepiped form and FIG. 4 illustrates a generally
      cylindrical form, and is discussed below. In either case, the cell
      includes six electrodes or plates. The plates define the sides and ends of
      the parallelepiped form. The parallelepiped cell, thus, includes a first
      pair of side plates 34 and 37, a second pair of side plates 32 and 35, and
      a pair of end or trapping plates 33 and 36. The plates are formed of any
      suitably conductive material such as molybdenum or rhodium-plated
      beryllium copper, stainless steel, or the like, and are held in fixed
      positions within the evacuated chamber 21 by any suitable insulating
      supporting means, not shown.
PAR  An ionizing beam source such as an electron gun comprising a filament 15
      and a control grid 16 is mounted within the chamber 21 so as to discharge
      a stream of electrons through suitable apertures in the trapping plates
      toward a collector electrode 17. The orientation of the ion cyclotron
      resonance cell and, thus, the ionizing beam source inside of the evacuable
      chamber is such that the electrons are discharged in a direction parallel
      to a fixed, externally applied magnetic field 18. In the case of the
      cylindrical ion cyclotron resonance cell, the magnetic field may be
      created by a toroidal winding wrapped around the side plate and having a
      longitudinal axis that coincides with the longitudinal axis defined by the
      electron beam, as discussed below with respect to FIG. 4.
PAR  In operation, the bias voltage applied to the control grid 16 is pulsed in
      the manner hereinafter described to allow a burst of electrons generated
      by the filament to pass therethrough. The thusly generated electron beam
      then passes through the aligned apertures in the trapping plates 33 and 36
      and are collected at the collector electrode 17. Ionization of the gas
      sample is effected by collision of the electrons with the gas, with all
      primary ions being formed within the cell during passage of the burst of
      electrons therethrough.
PAR  By way of illustration, the voltage on the filament 15 is maintained at any
      suitable level, such as -15 volts by a filament bias digital-to-analog
      converter 29 forming a portion of a filament power control 14. The
      filament power control 14 also includes an emission current monitor and
      feedback circuit 46 connected to the collector electrode 17 and a filament
      power source 45 biased by the filament bias digital-to-analog converter
      29. In this regard, the control grid 16 is normally maintained at a
      suitable voltage level such as -20 volts. This voltage is controlled by a
      grid digital-to-analog converter 28 forming part of an ICR cell voltage
      source 2. The ICR voltage source 2 is, in turn, under the control of a
      computer 1.
PAR  When at its normal voltage level (e.g. -20 volts), the grid
      digital-to-analog converter 28 cuts off the flow of electrons through the
      cell 3. Periodically, every 100 milliseconds, for example, a voltage pulse
      of a different level, such as -10 volts, for example, is applied to the
      control grid by the grid digital-to-analog converter 28 for a suitable
      time period (e.g. 1 microsecond to 10 milliseconds). This change in
      voltage level permits the ionizing beam to pass through the grid and,
      thus, through the cell for this "ionizing" time period. The collector
      plate is maintained at any suitable voltage level (such as between +10 and
      +20 volts) by the emission current monitor and feedback circuit 46. Thus,
      in a conventional manner the collector plate 17 recaptures secondary
      electrons emitted upon primary electron impact.
PAR  The emission current monitor and feedback circuit 46 also senses the
      electron current generated at the collector plate and provides a feedback
      signal to the filament power supply 45. In accordance with this signal,
      the filament power supply 45 applies power to the filament 15 adequate to
      keep emission current constant during the ion formation time period.
      Alternatively, if desired, ion formation during a controlled time period
      may also be achieved by changing the filament bias voltage to a negative
      value from a normal positive value and thereby control the electron beam
      flow through the ion resonance cell 3. Obviously, other means for ionizing
      the gas molecules may also be employed, including the use of ionizing
      beams of particles other than electrons and electromagnetic radiation.
      Furthermore, it is not absolutely necessary that ionization be conducted
      only along a line parallel to the magnetic field direction 18. If desired,
      for example, ionization may be effected by a light source 19 (FIG. 1)
      along a line orthogonal to the second pair of side plates 34 and 37.
PAR  As will be understood by those skilled in the art, the ions formed by
      electron impact and trapped within the ion resonance cell 3 by the various
      voltages applied to the plates, as herein described, are constrained by
      the unidirectional magnetic field 18 to circular orbits in a plane normal
      to the direction of the magnetic field. The angular cyclotron frequency,
      .omega..sub.c, of this motion (in mks units) is:
PAC  .omega..sub.c = (q/m)B                                     (1)
PAL  where:
PA1  (q/m) = charge-to-mass ratio of the ion; and,
PA1  B = the magnetic field strength.
PAR  The ions are trapped within the cell by voltages applied to the various
      plates. The voltages are generated by the ICR cell voltage source 2 which
      includes a plurality of digital-to-analog converters controlled by the
      computer 1. For normal operation of the spectrometer with positive ions,
      static voltages are applied to trapping plates 33 and 36 by trapping plate
      digital-to-analog converters 25 and 27. These trapping plate static
      voltages are normally equal to about +1 volt with respect to the static
      voltages applied to the other plates of the cell. For reasons hereinafter
      discussed, a gated picoammeter 31 is connected between the output of the
      digital-to-analog converter 25 connected to the trapping plate nearest the
      collector 17, and that trapping plate.
PAR  The static voltages applied to the four other plates 32, 34, 35 and 37 are
      generated by four other digital-to-analog converters 23, 24, 30 and 26
      respectively. If negative ions are to be analyzed utilizing the method and
      apparatus of the invention, then the voltages applied to the trapping
      plates 33 and 36, will be negative with respect to the voltages applied to
      the other plates of the ion resonant cell. In any event, the required
      digital control signals for the various digital-to-analog converters are
      all provided by the computer 1, as illustrated in FIG. 2. The computer, in
      turn, is under the control of any suitable communication source, such as
      the teletype 10 illustrated in FIG. 1.
PAR  As illustrated in FIG. 3, the ion formation pulse, generated by the
      electron gun, is only the first step in the sequence of steps of the
      present invention. Following ion formation, the kinetic energy of ions of
      any selected mass may be increased by the application of a pulsed radio
      frequency (RF) electric field transverse to the direction of the magnetic
      field 18. Obviously the frequency, .omega..sub.2, of this field is made
      equal to the resonance frequency of the selected ions, according to
      equation (1).
PAR  FIG. 2 illustrates two alternate apparatus of producing the required pulsed
      RF electric field. First, the required radio frequency electric field may
      be produced by a controllable remote programmable frequency synthesizer 38
      controlled by the computer 1. As will be better understood from the
      following discussion this same frequency synthesizer is utilized to create
      the pulsed broad-band oscillating electric field hereinafter described. If
      the pulsed RF electric field is generated in this manner, it is applied
      through an amplitude control circuit 39 and a first coupling compacitor 40
      to one of the side plates 35 (or 350).
PAR  The alternative method of creating the required pulsed RF electric field is
      to utilize an entirely separate programmable frequency synthesizer,
      designated .omega..sub.2 remote programmable frequency synthesizer 44 in
      FIG. 2. The .omega..sub.2 remote programmable frequency synthesizer 44 is
      also under the control of the computer 1. The output of the .omega..sub.2
      remote programmable frequency synthesizer 44 is applied through a separate
      path including a second amplitude control 43 and a second coupling
      capacitor 41 to the side plate 35 (or 350). For radio frequency blocking,
      a blocking resistor 42 is connected between the side plate 35 which
      receives the pulsed RF electric field and its associated digital-to-analog
      converter 30. The amplitude control circuits 39 or 43 control both the
      amplitude and pulse duration time of the output of their associated
      frequency synthesizers 38 and 44, in accordance with control signals
      generated by the computer 1.
PAR  FIG. 3 also illustrates that, following the application of pulsed RF
      electric field (.omega..sub.2), the ions trapped in the ion resonance cell
      3 are allowed to react with neutral molecules for a specified delay
      period, if desired, before ion cyclotron resonance detection is initiated.
PAR  The invention excites the trapped ions by applying a pulsed broad-band
      radio frequency electric field across the ion resonance cell 3, as
      illustrated on line 3 of FIG. 3. The field is applied in a direction
      transverse to the direction of the applied magnetic field 18. FIG. 2
      illustrates the preferred apparatus for creating the required pulsed
      broad-band radio frequency electric field. Specifically, the computer 1
      controls the controllable remote programmable frequency synthesizer 38 in
      a manner such that it generates a pulsed broad-band radio frequency
      electric field. The output of the remote programmable frequency
      synthesizer 38 is amplitude controlled by its associated amplitude control
      39. The output of the amplitude control 39 is coupled via the coupling
      capacitor 40 to plate 35 of the cell 3. The radio frequency blocking
      resistor 42 prevents the output of the remote programmable frequency
      synthesizer from affecting the operation of the digital-to-analog
      converter 30 associated with the plate 35 receiving the broad-band radio
      frequency electric field.
PAR  As discussed above, the amplitude control 39 is controlled by the computer
      1. The control of the synthesizer 38 is such that during the time interval
      that the amplitude control 39 is gated on, the computer 1 provides a
      sequential frequency-programming input to the remote programmable
      frequency synthesizer 38. The input to the frequency synthesizer is such
      that it generates a broad-band radio frequency electric field that covers
      the cyclotron frequencies of all ions in a given mass-to-charge range (or
      ranges) in the ion resonance cell 3. Thus, all ions falling within a
      desired range are irradiated at their resonant ion cyclotron frequencies
      during the irradiation period. The simplest (but by no means the only)
      manner in which this result may be achieved is to control the remote
      programmable frequency synthesizer in a manner such that it produces a
      radio frequency signal which varies linearly from a low frequency value to
      a high frequency value during the period of time the associated amplitude
      control 39 is gated on, as shown schematically in FIG. 3.
PAR  If desired, other apparatus for exciting the ion cyclotron resonance of
      ions of a wide range of mass-to-charge ratios may also be utilized by the
      invention. All that is required is that the ion cyclotron motion of all
      specified ions be excited during the excitation period, i.e., the period
      during which the amplitude control 39 is gated on by the computer 1. For
      example, the remote programmable frequency synthesizer 38 may be frequency
      swept from a high value to a low value. Or, the output may be frequency
      swept back and forth between high and low values. Further, the frequency
      variation may be nonlinear with respect to time. Alternatively, the remote
      programmable frequency synthesizer 38 may be replaced by a suitable
      pseudo-random digital voltage sequence whose frequency components span the
      frequency range of interest. In this regard, as will be appreciated by
      those skilled in the art, suitable pseudo-random sequences can be readily
      extracted from the binary sequences generated by shift registers (shift
      register "codes").
PAR  A further alternative apparatus for creating a suitable electric field
      across the ion cyclotron resonance cell is formed by merely replacing the
      remote programmable frequency synthesizer 38 with a pulse amplifier. In
      this regard, since it is well known that the Fourier transform of a
      sine-wave pulse of duration .tau. seconds is a frequency function which is
      essentially flat over the frequency range .+-. 1/4 .tau. Hz centered at
      the frequency of the sine wave of the original pulse, it is possible to
      achieve an essentially uniform irradiation field over a frequency range
      from about d-c to about 2M Hz by the application of a d-c pulse of about
      100 nsec duration. However, the amplitude of such a pulse must be very
      large if the pulse is to be adequate to create excitation over that entire
      frequency range. In general, ion cyclotron resonance excitation over any
      arbitrary frequency bandwidth can be achieved by the generation of a pulse
      of a suitable duration, i.e., an excitation electric field having a
      frequency bandwidth of 1/4 .tau. Hz, centered at the pulse frequency, will
      result when a pulse of duration .tau.  is generated and applied to one of
      the plates of the ion resonance cell.
PAR  The excitation of the ion cyclotron resonance of ions of many different
      mass-to-charge ratios over a short period of time, 3 milliseconds, for
      example, is one of the principal advantages of the present invention over
      the prior art. Because the ions whose motion has been excited by an
      excitation pulse of the type described above will orbit at their
      respective cyclotron frequencies [given by equation (1)], they will
      introduce an alternating voltage at their respective cyclotron frequencies
      in the plates of the ion cyclotron resonance cell. Any of these plates may
      be used to sense these frequencies, plate 32 being utilized in the
      illustrated embodiment of the invention. The simultaneous detection of the
      voltages induced by all of the excited ions in the ion cyclotron resonance
      cell 3 is the second principal advantage of the present invention.
PAR  Detection of the ion cyclotron resonance signals is accomplished by means
      of a receiver 4. The receiver, preferably, includes a high-gain broad-band
      amplifier 47, a mixer 49, a remote programmable frequency synthesizer 48
      and a filter 50. The output of the broad-band amplifier 47, which receives
      the signal from the detecting plate 32, is applied to one input of the
      mixer 49. The remote programmable frequency synthesizer 48, forming a
      portion of the receiver 4, is controlled by the computer 1 and its output
      is applied to the second input of the mixer 49. The output of the mixer 49
      is connected to the input of the filter 50. The output of the filter 50,
      which is the output of the receiver 4, is applied, as illustrated in FIG.
      1, to a fast analog-to-digital converter 5.
PAR  The receiver 4 operates in the following manner: following the termination
      of the excitation pulse, the ion cyclotron resonance response signal is
      sensed by the high-gain broad-band amplifier 47, which may be a gated
      amplifier and, if so, is gated on by a suitable signal from the computer
      1. The ion cyclotron resonance response signal detected by the broad-band
      amplifier 47 consists of a plurality of distinct signal frequencies, each
      frequency being related to excited ions of a distinct mass-to-charge
      ratio, with individual frequency component amplitudes being proportional
      to the respective number of ions having a particular mass-to-charge ratio.
      In other words, frequency is related to the mass-to-charge ratio and
      amplitude is related to the number of ions of a distinct mass-to-charge
      ratio. This signal is amplified by the broad-band amplifier 47 and mixed
      by the mixer 49 with the output of the remote programmable frequency
      synthesizer 48. The remote programmable frequency synthesizer 48 acts as a
      local oscillator. The difference frequency output of the mixer is filtered
      by the low-pass filter 50 and applied to the fast analog-to-digital
      converter 5.
PAR  The purpose of the mixer/synthesizer/filter assembly is simply to extract
      only a portion of the total amplified frequency spectrum, and shift it in
      frequency. By way of example, for a magnetic field of one tesla and a mass
      range of one to two hundred atomic mass units, ion cyclotron resonance
      frequencies for singly charged ions lie in the range between 15.3 MHz and
      76.5 kHz. If it is desired to extract the ion cyclotron resonance spectrum
      only for masses lying in the range between 30 atomic mass units (510 kHz)
      and 50 atomic mass units (306 kHz), the remote programmable frequency
      synthesizer 48 might, for example, be programmed to generate a 300 kHz
      signal and the filter 50 adjusted to pass all frequencies below 230 kHz.
      The result of this adjustment of the apparatus of the invention is the
      extraction of the 0-230 kHz band of frequencies from 300 kHz to 530 kHz
      from the ion cyclotron resonance spectrum and shifting of each frequency
      downward by 300 kHz. This frequency shifting process is particularly
      useful when it is desired to achieve high mass resolution, as described
      below. In some situations, it may not be desirable to shift the output in
      frequency. For example, a shift is not desirable when the widest possible
      mass-to-charge ratio is to be observed. If such is the case, the output of
      the amplifier 47 should be directly connected to the input of the filter
      50.
PAR  Preferably the amplifier 47 includes a preamplifier and a remotely located
      post-amplifier. In addition, it may also include a means for applying a
      positive feedback signal to the coaxial shield 52 surrounding the lead 51
      running to the sensing plate 32 in order to minimize the capacitive
      loading seen by the sensing plate 32. Preferably, the coaxial shield 52 is
      in turn surrounded by an outer coaxial shield 53 which is connected to
      electrical ground. Preferably, the triaxial assembly consisting of the
      lead, and the two shields, extends through a wall of the evacuable chamber
      21. The filter 50 may be either of the active or passive type and,
      preferably, is tunable. Since the requisite technology for creating
      amplifiers, filters and mixers of the type described above is well known,
      no further discussion is deemed necessary here.
PAR  The output of the receiver 4 is converted from analog form to digital form
      by the fast analog-to-digital converter 5 upon the occurrence of a
      suitable command signal generated by the computer 1. The required
      digitizing rate of the analog-to-digital converter 5 is 2f.sub.max where
      f.sub.max if the highest frequency signal (in Hz) passing through the
      filter 50. Generally 8 or 9 bit accuracy in digitation of a given analog
      signal is adequate. Since the actual digitizing rate required for a given
      experiment is determined by the lowest mass-to-charge ratio of ions in the
      mass range of interest and by the number of atomic mass units in that mass
      range, the rate of digitization is variable and controlled by the computer
      1. Since the technology for digitizing analog signals falling within the
      typical ion cyclotron resonance frequency range of 10 kHz to 5 MHz is well
      known, it will not be further discussed here.
PAR  FIG. 1 illustrates two different paths for the output of the fast
      analog-to-digital converter. The first path is designated A and extends to
      the computer 1 and the second path is designated B and extends to the
      computer 1 through a shift register memory 6. These paths are illustrated
      in time form in FIG. 3. In operation, if the cycle time of the computer 1
      is sufficiently fast (i.e. about 1/4 of the time between successive
      digitizations) than path A applies and digitized ion cyclotron resonant
      transient information (data set) is transferred directly from the
      analog-to-digital converter 5 to the computer 1 to be Fourier transformed
      as hereinafter described. Alternatively, if the cycle time of the computer
      is not sufficiently fast by the previous criteria, then it is necessary
      for the digitized data to follow path B. In this case, the digitized data
      is first entered into a intermediate storage register, such as the shift
      register memory 6, illustrated in FIG. 1. When a complete data array has
      been digitized and stored in the shift register memory 6, a suitable
      command from the computer 1 causes the data to be transferred from the
      shift register memory 6 to the computer 1 at a transfer rate limited by
      the cycle time of the computer 1. Since control logic and interfacing
      circuitry suitable for carrying out this sequence of operations is well
      known in the computer art, it will not be discussed here.
PAR  It is emphasized here that the sequence of events illustrated in FIG. 3 is
      to be taken as illustrative, rather than definitive. For example, if it is
      desired that time delay between ion formation and ion excitation and
      detection be long, it may be desirable to carry out the shift register
      memory-to-computer transfer (path B) while a "quench" pulse (hereinafter
      described), ion formation pulse, and even an ion excitation pulse are
      still in progress for the next cycle of the sequence. This would be done,
      for example, in order to minimize the total cycle time for the
      signal-averaging cycle herein described.
PAR  In order to improve the signal-to-noise aspects of the received
      information, it is generally desirable to accumulate a number of digitized
      ion cyclotron resonant transient data sets before the resultant data is
      further manipulated in the manner herein described. In other words, it is
      desirable to cycle the apparatus of the invention and obtain sequential
      sets of information. The word-by-word addition of the digitized ion
      cyclotron resonance transient data from one set to that of a previous set
      may be carried out continuously at the stage of transfer of digitized data
      from either the fast analog-to-digital converter 5 or the shift register
      memory 6 to the computer 1, depending upon which mode of operation is
      being utilized. Since the ion cyclotron resonant transient information
      will increase in amplitude in accordance with the number of accumulated
      transients, while any random noise information will only increase in
      amplitude as the square-root of the number of accumulated transients, it
      is clear that the signal-to-noise ratio for any given ion cyclotron
      resonant transient response will increase as the square-root of the number
      of accumulated transients. Consequently, the number of transients to be
      accumulated for any particular set of conditions will be determined by the
      desired signal-to-noise ratio acceptable for the final ion cyclotron
      resonance spectrum.
PAR  As illustrated in FIG. 1, once the desired number of ion cyclotron resonant
      transient data sets has been accumulated in the computer 1, the resultant
      data may either be examined directly on an oscilloscope 8, plotted on
      either an analog X-Y recorder 9 or a digital X-Y recorder 11, printed out
      on a teletype 10, or transferred to a magnetic storage device 12 for later
      use. The magnetic storage device may consist of, but is not limited to, a
      magnetic cassette or reel-to-reel tape deck, or a magnetic disk system.
PAR  Alternatively, in accordance with this invention, the accumulated digitized
      ion cyclotron resonant transient data sets may be subjected to a discrete
      Fourier transformation to yield real and imaginary ion cyclotron resonance
      frequency spectra (each containing half as many data information points as
      did the original time-domain data set), either of which may be displayed.
      Following phase corrections described hereinafter, the ion cyclotron
      resonance frequency spectrum is displayed on the oscilloscope or the
      plotters, or stored in a magnetic storage device 12.
PAR  In order to obtain a uniform spectral display, wherein each of the ion
      cyclotron resonance spectral line shapes is of similar form, it is
      necessary to apply zero- and first-order phase corrections to the
      accumulated ion cyclotron resonant transient digitized data sets following
      Fourier transformation into a real and imaginary data array. Since such
      phase corrections are available as part of the usual software package
      accompanying any of several commercially available computers, such
      transformations are not discussed here. Alternatively, by taking the
      point-by-point sum of the squares of the real and imaginary data points
      resulting from the Fourier transformation of the accumulated original ion
      cyclotron resonant transient data sets, it is possible to obtain an
      "absolute-value" spectrum which exhibits a uniform spectral line shape
      even when there is a non-linear phase variation in the Fourier transformed
      accucmulated ion cyclotron resonant transient data sets. Again, since this
      procedure is well known to those skilled in the Fourier transformation
      art, it will not be described here.
PAR  Obviously, the absolute-value spectral display just described is not
      limited to use with frequency-sweep excitation. It may also be achieved
      with any suitable excitation, including either radio frequency pulse
      excitation or any of several types of pseudo-random ("stochastic")
      excitation hereinafter described.
PAR  It is pointed out here that one particular class of ion cyclotron resonance
      experiments is made relatively easy by the method and apparatus of the
      present invention. This class of experiments relates to the kinetics of
      ion-molecular reactions. In this experiment, a fixed time delay is
      initially specified for the interval between the completion of the ion
      formation pulse and the initiation of the ion excitation pulse illustrated
      in FIG. 3. Thereafter, a specified number of ion cyclotron resonance
      transient digitized data sets are accumulated in the manner previously
      described. When the desired number of data sets have been accumulated, the
      accumulation is transferred to the magnetic storage device 12. The whole
      procedure is then repeated for a different specified time delay until a
      desired number of accumulated data sets, corresponding to different time
      delays, have been stored in the magnetic storage device 12. Next, each of
      the stored accumulated data sets is individually subjected to Fourier
      transformation and phase correction as described above. Then, the
      corresponding ion cyclotron resonance frequency spectrum corresponding to
      each time delay is either plotted as a function of frequency (or
      mass-to-charge ratio) or stored in a separate region of the magnetic
      storage device 12, or both. The resultant information comprises a complete
      set of ion cyclotron resonance mass specra with each spectrum
      corresponding to a particular delay time between ion formation and ion
      excitation and detection. Using well known procedures of either a manual
      or computer nature allows the relative ion cyclotron resonance spectral
      intensity for each of the ion masses in the mass-to-charge range included
      in the experiment to be simultaneously determined as a function of delay
      time, and the various ion-molecular reaction rates determined from the
      rates of increase or decrease in the numbers of each ion of distinct
      mass-to-charge ratio. Obviously, the great advantage of the present
      invention over prior art ion cyclotron resonance spectroscopy methods and
      apparatus is its ability to observe a wide range of ionic mass-to-charge
      ratios in each experiment. Thus, the invention achieves great economy in
      observation period when compared to conventional prior art spectrometers
      which are limited to the observation of a single ion during the time
      interval equivalent to the time interval of the pulse sequence of the
      present invention.
PAR  Turning now to the final phase of the operational sequence illustrated in
      FIG. 3, subsequent to either mode A or mode B operation, a quench pulse is
      applied to one or more of the plates (illustrated as trapping plate 33) by
      its associated digital-to-analog converter 27 under the control of the
      computer 1. The quench pulse removes all ions from the interior of the ion
      resonance cell 3, after the ion cyclotron resonance detection portion of
      the cycle of operation is completed.
PAR  If positive (negative) ions are being examined using the apparatus of the
      invention, then the magnitude of the quench pulse is such that the
      trapping plate 33 is made more positive (negative) than any of the
      remaining plates. During the quench pulse period, all of the positive ions
      in the ion resonance cell 3 are driven toward the other trapping plate 36.
      If desired, the resultant ion current may be measured by the gated
      picoammeter 31. The computer 1 controls the timing of this measurement by
      applying a gating pulse to the gated picoammeter during the quench pulse
      period, so that current is measured only during that period. If it is
      desired to monitor the spurious loss of ions to plate 36 prior to the
      quench period, for example during the ion-molecule reaction time delay
      period, then the computer 1 applies a gating pulse to the picoammeter
      coincident with the delay period. Similarly, if it is desired to measure
      the total number of ions which are in the cell 3 at some intermediate time
      during the duty cycle illustrated in FIG. 3, then the quench pulse and a
      gating pulse (to the picoammeter) are applied at that period of time.
      Obviously, if the quench pulse is applied prior to the digitization
      period, then no ion cyclotron resonance signal will be detected. It will
      be appreciated that this aspect of the invention allows the number of ions
      present in the trapped ion cell 3 to be monitored at any particular period
      of time, as desired.
PAR  The foregoing has described a preferred embodiment of the invention;
      however, it will be obvious to those skilled in the art and others that
      various changes and modifications can be made therein without departing
      from the spirit and scope of the invention. For example, the timing
      sequence illustrated in FIG. 3 may be controlled by analog means, such as
      a voltage ramp sensed by comparator circuits, the comparator circuits in
      turn driving pulse circuits adapted to provide any or all of the
      illustrated pulses. Similarly, the voltages provided by the various
      digital-to-analog converters may be furnished by batteries and
      potentiometers, or operational amplifiers, or the like. In this regard,
      attention is directed to FIG. 5, which illustrates an apparatus for
      controlling the amplitude of necessary plate voltages using analog means
      while the timing sequence and duration of the various pulses used are
      controlled using digital means, under the control of the computer 1. This
      apparatus provides a particularly convenient method for controlling the
      individual voltages applied to the various plates forming the ion
      resonance cell 3.
PAR  FIG. 5 illustrates three buffer amplifiers 80, 82 and 88; an operational
      amplifier 86; two potentiometers 81 and 87; and, four resistors 83, 84,
      85, and 89. It should be pointed out here that FIG. 5 is an exemplary
      circuit and, as illustrated, is adapted to control the voltage and
      amplitude applied to one of the plates, namely plate 33. Obviously,
      similar circuits will be needed to control the voltages applied to the
      other plates.
PAR  The computer 1 is connected to the first buffer amplifier 80, which
      provides isolation between the computer output and the further circuitry
      illustrated in FIG. 5. Thus, pulses generated by the computer to be
      applied to the circuit illustrated in FIG. 5 are received by the first
      buffer amplifier 80. The output of the first buffer amplifier 80 is
      connected across the first potentiometer 81. The movable element of the
      first potentiometer 81 is connected to the input of the second buffer
      amplifier 82. The output of the second buffer amplifier 81 is applied via
      the first resistor 83 to the inverting input of the operational amplifier
      86.
PAR  The second potentiometer 87 is connected between a DC voltage source having
      a suitable voltage level, for example +15 volts, and ground. The movable
      element of the second potentiometer 87 is connected to the input of the
      third buffer amplifier 88. The output of the third buffer 88 is connected
      through the second resistor 84 to the inverting input of the operational
      amplifier 86. (It will be understood by those skilled in the analog
      computer art that the first and second resistors 83 and 84 are adding
      resistors.) The third resistor 85 is a feedback resistor connected between
      the output of the operational amplifier 86 and its inverting input. The
      non-inverting input of the operational amplifier 86 is connected through
      the fourth resistor to ground. The output of the operational amplifier is
      connected to the plate which it is intended to control, in this case end
      plate 33.
PAR  It will be appreciated by those skilled in the analog computer arts that
      the circuit comprising the operational amplifier 86, adding resistors 83
      and 84, feedback resistor 85 and bias resistor 89 is a well known
      operational amplifier inverting adder circuit. Adjustment of the second
      potentiometer 87 establishes the quiescent voltage applied to the end
      plate 33. Adjustment of the first potentiometer 81 controls the height of
      the pulse applied to plate 33. The timing of the pulse is, of course,
      controlled by the computer 1.
PAR  It will be appreciated that it may be desirable in certain circumstances to
      use either a non-inverting circuit or a combination of inverting and
      non-inverting circuits to provide an add-subtract function, as opposed to
      the inverting circuit illustrated in FIG. 5. Such circuits are well known
      in the analog computer art. In this regard, attention is directed to
      "Application Manual for Operational Amplifiers," Philbrick/Nexus Research,
      Dedham, Mass., 02026 (1969) for a discussion of such amplifiers.
PAR  Preferably the gain of the first and second buffer amplifiers 80 and 82 is
      chosen to be either +1 or -1, depending upon the respective polarity of
      the desired pulse from the operational amplifier 86. In general, the pulse
      from the computer will have positive polarity and inversion of the output
      pulse may be necessary before that pulse is sent to the associated end
      plate 33, depending upon the circumstances of operation. Similarly, the
      polarity of the quiescent voltage on the end plate may be controlled by
      selection of the polarity of the DC voltage applied to the second
      potentiometer 87, or by choosing the gain of the third buffer amplifier 88
      to be either +1 or -1. The polarity of both the quiescent voltage and the
      pulse polarity on the associated plate 33 may also be controlled by the
      wiring of the operational amplifier 86 so as to provide an add or subtract
      function, as is well known in the analog computer art.
PAR  As will be appreciated by those skilled in the ion cyclotron resonance art
      and others, the ion resonance cell 3 of the invention can take on a
      variety of forms. For example, rather than being formed of relatively
      solid trapping and side plates, any or all of the plates may be replaced
      by grids. Or, the trapping plates may be replaced by a plurality of plates
      connected to the DC voltage sources having different levels. Such a
      structure will improve the mass resolution of the invention. Moreover, the
      relative dimensions of the plates may differ from that illustrated in FIG.
      2. A cell of modified dimensions will be particularly desirable when a
      solenoidal magnet is used to create the unidirectional magnetic field 18.
      Specifically, when such a solenoidal magnet is used, it will be desirable
      to increase the relative distance between the trapping plates as compared
      to the relative distance between the pairs of opposite side plates.
      Furthermore, as illustrated in FIG. 4 and hereinafter described, the side
      plates may be curved in order to improve the operation and sensitivity of
      the cell.
PAR  FIG. 4 illustrates an ion resonance cell 300 having a cylindrical shape.
      The cylindrical side walls are broken into four sections 320, 340, 350,
      and 370. The sections are equal in dimensions and are spaced from one
      another. Two of the sections, 320 and 350 form one set of side plates and
      the other two opposing sections 340 and 370 form the other side plates.
      (If desired, only two spaced semicylindrical side plates need be included,
      one forming essentially one side of the cylinder, and the other forming
      the other side.) The cylindrical structure is enclosed by a pair of
      trapping plates 330 and 360 which have suitable central apertures. The
      electron beam generated by a filament 150 and a grid 160 passes
      longitudinally through the central apertures in the trapping plates and
      the interior of the cylindrical ion resonance cell 300. The emitted
      electrons are collected by a collector plate 170. A solenoidal magnet
      formed by a coil 380 surrounds the exterior of the cylindrical ion
      resonance cell in a manner such that it creates a uniform magnetic field
      that extends between the trapping plates 330 and 360. (It will be
      appreciated by those skilled in the art that in an actual embodiment of
      the invention, the coil 380 will be physically located outside of the
      evacuation chamber, as well as outside of the cell 300). It will be noted
      at this point that the reference numbers used in FIG. 4 for the components
      of the cell 300 correspond to those used in FIG. 2 with the addition of a
      zero (0) suffix. Thus, the manner of connecting the cell illustrated in
      FIG. 4 to the previously described electronic system will be readily
      apparent.
PAR  Obviously, many modifications may be made to the connections running from
      the plates forming the ion resonance cell 3 to the other elements making
      up the overall ion resonance spectrometer illustrated in FIG. 2. For
      example, the junction between the two capacitors connected to the output
      of the amplitude control circuit may be made to any of the other side
      plates, 34, 37 or 32, rather than to the illustrated side plate 35.
      Furthermore, the connection to the broad-band amplifier 47 may be made to
      any of the other plates, 37, 34 or 35, rather than to the illustrated
      plate 32. In addition, it is not necessary that the connections from
      either capacitor 40 or 41, or the broad-band amplifier 47, be to only one
      plate of the ion resonance cell 3. For example, the radio frequency output
      of the capacitor 40 coupled to the amplitude control circuit 39 may be
      applied to a transformer, the secondary winding of which is connected to a
      pair of opposing plates, such as plates 32 and 35 to provide a push-pull
      alternating electric field in the cell. In this regard, attention is
      directed to FIG. 6 which illustrates a circuit suitable for making a
      connection in this manner.
PAR  In FIG. 6 the terminal of capacitor 40, opposite to the terminal connected
      to the amplitude control 39, is connected through the primary winding 101
      of a transformer 103 to ground. The secondary winding 105 of the
      transformer 103 has its ends connected to opposed side plates 32 and 35
      through suitable RF coupling capacitors 107 and 109. In addition, RF
      blocking resistors 111 and 113 are connected between these side plates and
      their associated digital-to-analog converters to provide RF blocking.
PAR  In a substantially similar manner, the primary winding of a transformer may
      be connected to a pair of plates, such as side plates 34 and 37 and the
      secondary winding of the transformer may be connected to ground and to the
      input of the broad-band amplifier 47. A circuit for accomplishing this
      connection is illustrated in FIG. 7. FIG. 7 illustrates that the
      associated side plates 34 and 37 are connected through suitable RF
      coupling capacitors 115 and 117 to the opposite ends of the primary
      winding 119 of a transformer 121. RF blocking resistors 123 and 125 are
      connected between these side plates and their associated digital-to-analog
      converters 24 and 26. The secondary winding 127 of the transformer 121 has
      one end connected to ground and the other connected via lead 51 to the
      broad-band amplifier 47.
PAR  While the computer 1 provides the most generally useful means for
      generating the Fourier transform of the digitized ion cyclotron resonance
      transient data sets, it is not necessary to use a computer because analog
      Fourier analyzers are commercially available. These devices provide an
      inexpensive and reliable means for obtaining the Fourier transform spectra
      of any time-domain stored digitized data set in any desired phase mode,
      while correcting for zero- and first-order variations of phase with
      frequency. When the time-domain transient signal consists of the
      superimposition of one or more exponentially decaying sine waves, such
      Fourier analyzers provide a frequency resolution that is twice as good as
      a computer employing the well known Cooley-Tukey algorithm.
PAR  As briefly noted above, the broad-band, short-duration radio frequency
      excitation used to increase the radii of the cyclotron orbits of ions of a
      wide range mass-to-charge ratios should not be construed as limited to
      being generated by a frequency-sweep excitation device such as a remote
      programmable frequency synthesizer. For example, the psuedo-random (but
      precisely reproducible) binary sequences generated by shift registers can
      be used to modulate the amplitude of the (fixed) frequency of a radio
      frequency oscillator to generate a stochastic irradiation spectrum which
      is essentially flat for any specified frequency region either to higher or
      lower frequency levels with respect to the radio frequency oscillator
      frequency. Alternatively, the psuedo-random binary sequence may be used to
      modulate the amplitude of a DC signal, to generate a stochastic
      irradiation spectrum which is essentially flat for any specified frequency
      region from DC up to the desired irradiation cut-off frequency. Also the
      required psuedo-random binary sequence may be taken directly from the
      computer 1 without use of special shift register sequences. In fact, the
      pseudo-random binary sequence may be derived from any source of
      reproducible pseudo-random noise voltage. The computer is used to initiate
      the pseudo-random binary sequence and to trigger the high-speed
      analog-to-digital converter 5 at fixed time intervals later. In this
      fashion, a series of digitized ion cyclotron resonance transient data sets
      may be accumulated in a manner such that the phase at any point of the
      transient is preserved from one transient to the next.
PAR  In order to recover the ion cyclotron resonance frequency spectrum from an
      ion cyclotron resonance transient response to a pseudo-random frequency
      excitation the signal-averaged digitized transient is subject to a base
      line correction and Fourier transformation in the computer, as previously
      described. When an absolute-value ion cyclotron resonance spectral display
      is desired, the computer is instructed to construct a point-by-point sum
      of the squares of the cosine and sine Fourier transforms of the digitized
      time-domain ion cyclotron resonance signal. Alternatively, when an
      absorption-mode or dispersion-mode ion cyclotron resonance spectral
      display is desired, the digitized time-domain ion cyclotron resonance
      signal is cross-correlated with the pseudo-random excitation. This cross
      correlation is preferably performed in the following manner. First, the
      pseudo-random excitation is itself subjected to Fourier transformation.
      Then, the result is complex-multiplied with the Fourier transform of the
      digitized transient response, subjected to phase corrections as previously
      described, and then subjected to Fourier transformation to yield an ion
      cyclotron resonance frequency domain spectrum. These digitized data
      reduction procedures are well known and, hence, will not be further
      described here. In any event, the result of the above procedures is to
      produce a uniform-phase ion cyclotron resonance frequency spectra from the
      ion cyclotron resonance transient responses to a pseudo-random frequency
      excitation. The pseudo-random binary sequence may be used to provide
      amplitude, frequency, or phase modulation of a fixed radio frequency
      oscillator output, as is well known in the art.
PAR  It is emphasized that an ion cyclotron resonance absolute-value spectrum
      may be obtained by Fourier transformation of the digitized ion cyclotron
      resonance time-domain response to an excitation of arbitrary waveform
      (i.e., the procedure is not limited to the specific pulse-, frequency-,
      sweep- and stochastic-waveforms already described), followed by
      point-to-point sum of the squares of the cosine and sine Fourier
      transforms of the digitized time-domain ion cyclotron resonance signal.
      Finally, an absorption-mode or dispersion-mode spectrum may be extracted
      from the ion cyclotron resonance response to an excitation of arbitrary
      waveform by carrying out a cross-correlation of the digitized time-domain
      ion cyclotron resonance signal with the digitized excitation function in a
      manner analagous to that just described for the spectral excitation
      waveform.
PAR  One of the principal advantages of the present invention is its ability to
      produce an ion cyclotron resonance frequency spectrum having improved
      signal-to-noise ratio and/or resolution when compared to a spectrum
      generated in the same length of time for the same mass-to-charge ratio
      range by prior art ion cyclotron resonance spectrometers. In this regard,
      a preferred procedure for optimizing resolution is hereinafter described.
      It will be appreciated that the mass-to-charge ratio resolution in Fourier
      transform ion cyclotron resonance is limited by two factors: the time
      constant, t, for disappearance of the transient ion cyclotron resonance
      signal, whether by way of removal of ions from the ion resonance cell
      through contact with one of the plates or by chemical reaction with a
      suitable neutral molecule, or by collisions with neutral molecules in
      which momentum transfer occurs; and the duration of the detection period
      T. In the limit condition where T&gt;&gt;t, (limit (a)), the width of an ion
      cyclotron resonance "absorption"-mode signal is (2/t) seconds.sup.-.sup.1
      or (1/.pi. t) Hz at half of the maximum amplitude in the frequency domain.
      For limit (a), then, it is necessary that the ions of two distinct
      mass-to-charge ratios differ in ion cyclotron resonance frequency by more
      than (1/.pi.t) Hz in order that the two absorption mode signals exhibit
      resolved maximum intensity. On the other hand, if T&lt;&lt;t, (limit (b)) then
      the width at half maximum intensity of an ion cyclotron resonance
      absorption-mode signal is given by (3.8/T) seconds.sup.-.sup.1 or (0.6/T)
      Hz. Thus, for limit (b), it is necessary that ions of two distinct
      charge-to-mass ratios differ in ion cyclotron resonance frequency by more
      than (1/T) Hz in order that the two absorption-mode signals exhibit
      resolved maximal intensity. The absorption-mode signal variation with
      frequency for detection periods, T, which are intermediate between limits
      (a) and (b) is well known and requires no further elaboration. Since the
      time constant, t, varies inversely with gas pressure, there will always be
      a pressure sufficiently low that limit (b) applies for a specified data
      acquisition period, T. Once limit (b) has been reached the resolution for
      ions of any charge-to-mass ratio is determined solely by the acquisition
      period, T, the size of the digital data set in which the transient is
      stored, N, and the digitizing rate employed during the acquisition of the
      transient ion cyclotron resonance data, F, according to the following
      equation:
PAC  F.sup.. T = N                                              (2)
PAR  The data points in Fourier transform ion cyclotron resonance frequency
      spectra are spaced every (1/T) Hz. Thus, for a magnetic field [see
      equation (1)] for which an ion of charge-to-mass ratio 15 has a resonance
      cyclotron frequency of 2.0 MHz, an acquisition time of 4 milliseconds
      produces an absorption-mode line width which is uniformly 151 Hz
      throughout the entire mass-to-ratio range with an approximate line width
      of 0.3 mass-to-charge units at mass-to-charge ratio 240.
PAR  N in equation (2) is determined by the size of the computer memory (and the
      shift register memory 6 if the mode B detection, illustrated in FIG. 1, is
      used). F is determined by the magnitude of the lowest mass-to-charge ion
      which is to be detected. And, T follows directly from equation (2) and the
      specified values of N and F. In practice, the size of the computer memory
      is generally set to the maximum possible number of words, so that the
      mass-to-charge resolution is ultimately determined by the ion of lowest
      mass-to-charge ratio [and therefore the largest ion cyclotron frequency
      determined by equation (1)], since F = 2f, where f is the largest
      frequency to be digitized by the analog-to-digital converter 5. In order
      to make F as small as possible so that in turn T may be made as long as
      possible and the resolution (1/T) as small as possible, it is desirable to
      mix the output of the broad-band amplifier 47 with the output of the
      frequency synthesizer 48, and then extract the difference frequency with
      the low pass filter 50, as discussed above. If the mixing frequency from
      the synthesizer 48 is chosen to lie slightly above the largest ion
      cyclotron frequency to be observed, then, the signal which is actually
      digitized by the fast analog-to-digital converter 5 will span a much
      smaller frequency range than would the unmixed output received via the
      conductor 51. The low pass filter is used to reduce the amplitude of all
      signals at frequencies higher than f to prevent their well known
      "foldover" into the displayed Fourier transform frequency range.
PAR  Prior art ion cyclotron resonance spectroscopy methods and apparatus have
      been employed in a number of studies, including studies of the sequence,
      energy dependence, and rates of ion-molecule reactions for either positive
      or negative ions, photo-detachment and photodissociation studies, double
      resonance studies and the like. The Fourier transform ion cyclotron
      resonance method and apparatus of the present invention possesses the
      capability to perform all of the above experiments, plus several unique
      advantages hereinafter set forth.
PAR  Obviously, the principal advantage of the present invention over prior art
      ion cyclotron resonance spectroscopy methods and apparatus is the rapidity
      with which an ion cyclotron resonance frequency spectrum can be obtained
      for a specified mass-to-charge range, signal-to-noise ratio, and
      mass-to-charge resolution. More specifically, most prior art ion cyclotron
      resonance spectrometers require about 25 minutes to obtain a typical ion
      cyclotron resonance frequency spectrum for a mass range of 15- 240 atomic
      mass units for singly charged ions and a mass-to-charge resolution of one
      atomic mass unit per charge. On the other hand, the present invention only
      requires about 15 seconds to produce a spectrum with the same mass range
      and mass-to-charge resolution, and equal or better signal-to-noise ratio,
      and, in addition, the present invention will yield a signal-to-noise ratio
      at mass-to-charge = 15 which is about 16 times greater than that of prior
      art magnetic field-sweep devices.
PAR  A unique advantage of the present invention is its ability to obtain a
      mass-to-charge resolution which is much higher than that obtainable by
      prior art devices of a similar nature. As described above, mass-to-charge
      resolution may be made arbitrarily high for a homogeneous magnetic field
      simply by making the acquisition time sufficiently long at low pressure.
      No prior art ion cyclotron resonance spectrometer has possessed this
      capability.
PAR  Further advantages of the present invention over prior art devices follow
      directly from its ability to operate at a fixed value of magnetic field
      strength. More specifically, such operation results in the production of
      ion cyclotron resonance frequency spectra which are equivalent to those
      which could be obtained by continuously monitoring the ion cyclotron
      resonance response to a continuous or discrete frequency sweep excitation.
      Thus, the present Fourier transform ion cyclotron resonance spectrometer
      can be continuously operated at a magnetic field strength which is equal
      to the maximum magnetic field strength reached in prior art magnetic field
      sweep spectrometers. More specifically, it is well known that ion
      cyclotron resonance sensitivity is proportional to magnetic field
      strength. Thus, when the spectrometer of the present invention is operated
      so as to achieve a sensitivity which is equal to the sensitivity of a
      conventional ion cyclotron resonance spectrometer for the largest
      mass-to-charge ion in a mass-to-charge spectrum, it automatically produces
      a higher sensitivity for all ions having a smaller mass-to-charge ratio.
      Because the magnetic field strength in prior art instruments varies, this
      advantage cannot be achieved by such instruments. A second advantage is
      that spurious effects due to space charge, which may vary inversely with
      magnetic field strength, are obviously minimized because the maximum
      magnetic field strength possible with the present invention is
      continuously being applied. Third, the use of a permanent magnet or
      fixed-field super conducting solenoidal magnet is possible with the
      present invention. Such magnets cannot be used in prior art magnetic
      field-sweep spectrometers.
PAR  A further advantage of the present invention is its capability for high
      resolution ion cyclotron double resonance experiments in which one or all
      reactant ions are irradiated prior to the simultaneous detection of all
      other ions of a specified mass-to-charge range in the sample. Thus, with
      the present invention, it is possible to discover all the product ions
      which are coupled to a given reactant ion in a single experiment. Prior
      art ion cyclotron resonance spectrometers do not possess this capability.
PAR  A still further advantage of the present invention not possessed by any
      prior art methods and apparatus of a similar nature derives from the
      temporal separation between the excitation and detection periods of the
      total experimental operational cycle shown in FIG. 3. It is well known
      that second-order ion cyclotron resonance frequency shifts due to the
      electric trapping field of the spectrometer vary with the radius of the
      ion orbit. In prior art devices, if spectrometer detection occurs while
      the ion orbit is increasing, a second-order deterioration of the observed
      mass-to-charge resolution results. On the other hand, ion cyclotron
      resonance detection by the present invention only occurs after all ions
      have been excited to substantially common orbital radii. Thus,
      second-order ion cyclotron resonance line-broadening is minimized by the
      present invention.
PAR  A yet further advantage of the present invention is its capability of
      generating an ion cyclotron resonance absolute-value frequency spectrum.
      Such a spectrum exhibits a better signal-to-noise ratio than the
      absorption-mode spectrum obtainable by prior art spectrometers.
PAR  While a preferred embodiment of the invention has been illustrated as
      described, it will be appreciated by those skilled in the art and others
      that various changes can be made therein without departing from the spirit
      and scope of the invention. Hence, the invention can be practiced
      otherwise than as specifically described herein.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A Fourier transform ion cyclotron resonance mass spectrometer
      comprising:
PA1  an evacuable chamber suitable for receiving a gaseous sample to be mass
      analyzed;
PA1  evacuation means connected to said evacuable chamber for reducing the
      atmospheric pressure in said chamber to a predetermined level;
PA1  an ion cyclotron resonance cell, including a plurality of electrode plates,
      mounted in said evacuable chamber;
PA1  ion forming means for ionizing gases located in said ion cyclotron
      resonance cell;
PA1  magnetic field means for creating a unidirectional magnetic field, said
      magnetic field means mounted so that said unidirectional magnetic field
      passes through said ion cyclotron resonance cell in a predetermined
      direction;
PA1  voltage means connected to said plurality of plates of said ion cyclotron
      resonance cell, said voltage means generating voltages of a level and a
      polarity adequate to trap substantially all ions of a given charge sign
      formed by said ion forming means in said ion cyclotron resonance cell,
      said unidirectional magnetic field means causing said trapped ions to move
      orbitally at angular frequencies dependent on the mass-to-charge ratio of
      individual ions;
PA1  broad-band excitation means connected to said ion cyclotron resonance cell
      for producing a broad-band electric field at right angles to said
      unidirectional magnetic field, said broad-band electric field exciting all
      ions trapped within said ion cyclotron resonance cell that have a
      mass-to-charge ratio falling within a predetermined range;
PA1  broad-band detection means connected to said ion cyclotron resonance cell
      for simultaneously detecting the number of ions of each different
      mass-to-charge ratio excited by said broad-band excitation means and for
      generating a single time domain analog signal containing information
      related to the magnitude and nature of said numbers;
PA1  digitizing means connected to said broad-band detection means for
      digitizing said time domain analog signal related to the magnitude and
      nature of the number of ions of each different mass-to-charge ratio so as
      to produce a time domain digital signal related to the magnitude and
      nature of said numbers; and,
PA1  Fourier transform means connected to said digitizing means for transforming
      said time domain digital signal into a frequency domain signal containing
      information about the numerical magnitude and frequency of excited ions of
      each different mass-to-charge ratio trapped in said ion cyclotron
      resonance cell.
NUM  2.
PAR  2. A Fourier transform ion cyclotron resonance mass spectrometer as claimed
      in Claim 1 wherein:
PA1  said ion cyclotron resonance cell includes a plurality of plates mounted
      such that said plates enclose a predetermined volume, said plurality of
      plates including a pair of opposed trapping plates; and,
PA1  said ion forming means generates an ionizing beam, said ion cyclotron
      resonance cell being mounted in a manner such that said ionizing beam
      passes therethrough.
NUM  3.
PAR  3. A Fourier transform ion cyclotron resonance mass spectrometer as claimed
      in Claim 2 wherein said unidirectional magnetic field passes through said
      ion cyclotron resonance cell, in a direction orthogonal to said trapping
      plates.
NUM  4.
PAR  4. A Fourier transform ion cyclotron resonance mass spectrometer as claimed
      in claim 3 wherein said voltage means applies a voltage to each of said
      plates, said voltages having levels and polarities adequate to create a
      static electric field within said ion cyclotron resonance cell adequate to
      trap within said cell substantially all ions of a given charge sign.
NUM  5.
PAR  5. A Fourier transform ion cyclotron resonance mass spectrometer as claimed
      in claim 4 wherein said broad-band excitation means creates a pulsed
      broad-band oscillating electric field.
NUM  6.
PAR  6. A Fourier transform ion cyclotron resonance mass spectrometer as claimed
      in claim 5 wherein said broad-band detection means comprises:
PA1  a broad-band amplifier connected to at least one of said plates of said ion
      cyclotron resonance cell for detecting excited ion cyclotron motion;
PA1  a signal generating means for producing a signal at a desired frequency;
PA1  a mixer having one input connected to the output of said signal generating
      means and a second input connected to the output of said amplifier for
      mixing said signals; and,
PA1  a low pass filter connected to the output of said mixer for passing only
      the portion of the output of said mixer lying below a predetermined
      frequency.
NUM  7.
PAR  7. A Fourier transform ion cyclotron resonance mass spectrometer as claimed
      in claim 5 including a frequency and amplitude controllable frequency
      generator that produces an oscillating electric field at a predetermined
      frequency related to the resonant frequency of ions of a predetermined
      mass-to-charge ratio prior to said pulsed broad-band oscillating electric
      field being produced.
NUM  8.
PAR  8. A Fourier transform ion cyclotron resonance mass spectrometer as claimed
      in claim 5 wherein said pulsed broad-band oscillating electric field is
      produced by a frequency and amplitude controllable frequency generator.
NUM  9.
PAR  9. A Fourier transform ion cyclotron resonance mass spectrometer as claimed
      in claim 8 wherein said frequency and amplitude controllable frequency
      generator that produces said pulsed broad-band oscillating electric field
      is a frequency synthesizer.
NUM  10.
PAR  10. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 5 wherein said voltage means is adapted to apply a quench
      pulse to one of said plates.
NUM  11.
PAR  11. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 10 wherein said quench pulse is applied to one of said
      trapping plates; and, including a gated picoammeter connected between the
      output of said voltage means connected to the other trapping plate, and
      the other trapping plate, so as to sense the ion current created when said
      quench pulse is applied to said one of said trapping plates.
NUM  12.
PAR  12. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 10 wherein said ion forming means generates a pulsed
      electron beam.
NUM  13.
PAR  13. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 1 wherein said voltage means applies a voltage to each of
      said plates, said voltages having levels and polarities adequate to create
      a static electric field within said ion cyclotron resonance cell adequate
      to trap within said cell substantially all ions of a given charge sign.
NUM  14.
PAR  14. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 13 wherein said voltage means is adapted to apply a
      quench pulse to one of said plates.
NUM  15.
PAR  15. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 14 including an accumulation means connected to said
      digitizing means for accumulating a plurality of said time domain digital
      signals related to the numerical magnitude of ions of different
      mass-to-charge ratios prior to said Fourier transform means transforming
      said time domain digital signals into a frequency domain signal containing
      information about the numerical magnitude and frequency of ions of each
      different mass-to-charge ratio trapped in said ion cyclotron resonance
      cell.
NUM  16.
PAR  16. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 1 wherein said broad-band detection means comprises:
PA1  a broad-band amplifier connected to at least one of said plates of said ion
      cyclotron resonance cell for detecting ion cyclotron motion;
PA1  a signal generating means for producing a signal at a desired frequency;
PA1  a mixer having one input connected to the output of said signal generating
      means and a second input connected to the output of said amplifier for
      mixing said signals; and,
PA1  a low pass filter connected to the output of said mixer for passing only
      the portion of the output of said mixer lying below a predetermined
      frequency.
NUM  17.
PAR  17. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 1 wherein said broad-band detection means comprises:
PA1  a broad-band amplifier connected to at least one of said plates of said ion
      cyclotron resonance cell for detecting ion cyclotron motion; and,
PA1  a low pass filter connected to the output of said amplifier for passing
      only the portion of the output of said amplifier lying below a
      predetermined frequency.
NUM  18.
PAR  18. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 1 wherein said ion forming means generates a pulse
      electron beam.
NUM  19.
PAR  19. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 1 wherein said broad-band excitation means creates a
      pulsed broad-band oscillating electric field.
NUM  20.
PAR  20. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 19 wherein said said broad-band oscillating electric
      field is produced by a frequency and amplitude controllable frequency
      generator.
NUM  21.
PAR  21. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 20 wherein said frequency and amplitude controllable
      frequency generator is a frequency synthesizer.
NUM  22.
PAR  22. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 20 wherein said frequency and amplitude controllable
      frequency generator produces a pseudo-random noise signal.
NUM  23.
PAR  23. An ion cyclotron resonance mass spectrometer as claimed in claim 1
      including a frequency and amplitude controllable frequency generator that
      produces an oscillating electric field at a predetermined frequency
      related to the resonant frequency of ions of a predetermined
      mass-to-charge ratio prior to said pulsed broad-band oscillating electric
      field being produced.
NUM  24.
PAR  24. A Fourier transform ion cyclotron resonance mass spectrometer as
      claimed in claim 1 wherein said plurality of plates comprises first and
      second trapping plates and a plurality of curved plates disposed so as to
      define a segmented cylinder.
NUM  25.
PAR  25. In an ion cyclotron resonance mass spectrometer wherein an ion
      cyclotron resonance cell formed of a plurality of plates is mounted in an
      evacuable chamber suitable for receiving a gaseous sample to be ionized by
      an ion-forming means, said ions being trapped in orbits within said ion
      cyclotron resonance cell by unidirectional magnetic field in combination
      with a static electric field, the improvement comprising:
PA1  broad-band excitation means suitable for applying a broad-band electric
      field at right angles to said unidirectional magnetic field to said ions
      trapped in said ion cyclotron resonance cell so as to accelerate all
      trapped ions that lie within a predetermined mass-to-charge ratio range to
      larger radius orbits; and,
PA1  broad-band detection means suitable for detecting said accelerated ions and
      producing a time domain signal containing information related to the
      number of ions of specific mass-to-charge ratios which are accelerated by
      said broad-band electric field.
NUM  26.
PAR  26. An improved ion cyclotron resonance mass spectrometer as claimed in
      claim 25 wherein said broad-band electric field is a pulsed broad-band
      oscillating electric field.
NUM  27.
PAR  27. An improved ion cyclotron resonance mass spectrometer as claimed in
      claim 26 wherein said pulsed broad-band oscillating electric field is
      produced by a frequency and amplitude controllable frequency generator.
NUM  28.
PAR  28. An improved ion cyclotron resonance mass spectrometer as claimed in
      claim 27 wherein said frequency and amplitude controllable frequency
      generator is a frequency synthesizer.
NUM  29.
PAR  29. An improved ion cyclotron resonance mass spectrometer as claimed in
      claim 25 including a frequency and amplitude controllable frequency
      generator that produces an oscillating electric field at a predetermined
      frequency related to the resonant frequency of ions of a predetermined
      mass-to-charge ratio prior to said broad-band electric field being
      produced.
NUM  30.
PAR  30. An improved ion cyclotron resonance mass spectrometer as claimed in
      claim 25 wherein said broad-band detection means comprises:
PA1  a broad-band amplifier connected to at least one of said plates of said ion
      cyclotron resonance cell for detecting excited ion cyclotron motion;
PA1  a signal generating means for producing a signal at a desired frequency;
PA1  a mixer having one input connected to the output of said signal generating
      means and a second input connected to the output of said amplifier for
      mixing said signals; and,
PA1  a low pass filter connected to the output of said mixer for passing only
      the portion of the output of said mixer lying below a predetermined
      frequency.
NUM  31.
PAR  31. An improved ion cyclotron resonance mass spectrometer as claimed in
      claim 25 wherein said broad-band detection means comprises:
PA1  a broad-band amplifier connected to at least one of said plates of said ion
      cyclotron resonance cell for detecting ion cyclotron motion; and,
PA1  a low pass filter connected to the output of said broad-band amplifier for
      passing only the portion of the output of said broad-band amplifier lying
      below a predetermined frequency.
NUM  32.
PAR  32. A method of Fourier transform ion cyclotron resonance spectroscopy
      comprising the steps of:
PA1  ionizing a gas sample located within an analyzer cell mounted in an
      evacuable chamber during an ionizing period;
PA1  trapping substantially all ions of a given charge sign formed within the
      analyzer cell during and after the ionization period and causing them to
      move obitally at an angular frequency by subjecting them to the combined
      action of static electric fields and a unidirectional magnetic field;
PA1  exciting, during a broad-band ion cyclotron resonance excitation period,
      all ions trapped within the cell that lie within a range of mass-to-charge
      ratios by applying a broad-band exciting electric field to said analyzer
      cell in a direction substantially transverse to the direction of said
      unidirectional magnetic field;
PA1  converting said excited ion cyclotron motion of ions falling within said
      range of mass-to-charge ratios into a time domain analog signal;
PA1  digitizing said analog signal in the time domain to form a time domain
      digital signal; and,
PA1  converting said time domain digital signal into a frequency domain signal.
NUM  33.
PAR  33. A method of Fourier transform ion cyclotron resonance spectroscopy as
      claimed in claim 32 including the step of reducing the frequency range of
      said time domain analog signal prior to digitizing said time domain analog
      signal.
NUM  34.
PAR  34. A method of Fourier transform ion cyclotron resonance spectroscopy as
      claimed in claim 32 including the step of quenching substantially all of
      said trapped ions during a quench period occurring subsequent to said
      ionizing, trapping, exciting, converting, and digitizing sequence.
NUM  35.
PAR  35. A method of Fourier transform ion cyclotron resonance spectroscopy as
      claimed in claim 34 including the steps of:
PA1  sequentially repeating the steps of ionizing, trapping, exciting,
      converting, digitizing and quenching to create a plurality of time domain
      digital signals; and,
PA1  accumulating said plurality of time domain digital signals, prior to
      converting said time domain digital signals to a frequency domain signal.
NUM  36.
PAR  36. A method of Fourier transform ion cyclotron resonance spectroscopy as
      claimed in claim 35 including a reaction time delay period between said
      step of trapping substantially all ions of a given charge formed within
      said analyzer cell and said step of exciting said trapped ions during said
      broad-band ion cyclotron resonance excitation period of each of said
      sequences.
NUM  37.
PAR  37. A method of Fourier transform ion cyclotron resonance spectroscopy as
      claimed in claim 36 including the step of varying the reaction time delay
      period during succeeding ionizing, trapping, exciting, converting,
      digitizing and quenching sequences in order to determine the concentration
      of ions of different distinct mass-to-charge ratios lying within said
      range of mass-to-charge ratios, as a function of said reaction time.
NUM  38.
PAR  38. A method of Fourier transform ion cyclotron resonance spectroscopy as
      claimed in claim 36 including the step of exciting a group of trapped ions
      at their resonant frequency by subjecting them to an irradiating pulse
      created by a pulsed oscillating electric field applied transversely to
      said unidirectional magnetic field during a double irradiating period
      occurring prior to said broad-band ion cyclotron resonance excitation
      period to impart energy to said group of trapped ions, in order to
      determine simultaneously the concentrations of many ions of different
      distinct mass-to-charge ratios lying within said range of mass-to-charge
      ratios as a function of the intensity of said irradiating pulse.
NUM  39.
PAR  39. A method of Fourier transform ion cyclotron resonance spectroscopy as
      claimed in claim 38 including the step of varying the reaction time delay
      period during succeeding ionizing, trapping, exciting, converting,
      digitizing and quenching sequences in order to determine the concentration
      of ions of different distinct mass-to-charge ratios lying within said
      range of mass-to-charge ratios, as a function of said reaction time.
NUM  40.
PAR  40. A method of Fourier transform ion cyclotron resonance spectroscopy as
      claimed in claimed 32 wherein said broad-band ion cyclotron resonance
      excitation is achieved by varying the frequency of the output of a source
      of alternating voltage during said ion cyclotron resonance excitation
      period.
NUM  41.
PAR  41. A method of Fourier transform ion cyclotron resonance spectroscopy as
      claimed in claim 32 wherein said broad-band ion cyclotron resonance
      excitation is achieved by modulating an alternating carrier voltage by
      intermittent phase modulation provided by a repeatable pseudo-random noise
      sequence.
NUM  42.
PAR  42. A method of Fourier transform ion cyclotron resonance spectroscopy as
      claimed in claim 32 including the step of irradiating said trapped ions
      with photons prior to said excitation period.
NUM  43.
PAR  43. A method of Fourier transform ion cyclotron resonance spectroscopy as
      claimed in claim 32 including the steps of:
PA1  sequentially repeating the steps of ionizing, trapping, exciting,
      converting and digitizing to create a plurality of time domain digital
      signals; and,
PA1  accumulating said plurality of time domain digital signals, prior to
      converting said time domain digital signals to a frequency domain signal.
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ABST
PAL  The instant invention relates to a process for separating a material into
      two or more parts in each of which the abundances of the isotopes of a
      given element differ from the abundances of the isotopes of the same
      material in said material. In one embodiment, the invention relates to a
      method for the isotopically selective excitation of gas phase molecules by
      multiple infrared photon absorption followed by selective dissociation of
      said excited molecules by the absorption of a single photon of visible or
      ultraviolet light. This invention is useful for, but not limited to, the
      separation of the principal isotopes of uranium.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The instant invention relates to a process for separating a material into
      two or more parts in each of which the abundances of the isotopes of a
      given element differ from the abundances of the isotopes of the same
      material in said material. In one embodiment, the invention relates to a
      method for the isotopically selective excitation of gas phase molecules by
      multiple infrared photon absorption followed by selective dissociation of
      said excited molecules by the absorption of a single photon of visible or
      ultraviolet light. This invention is useful for, but not limited to, the
      separation of the principal isotopes of uranium.
PAC  BACKGROUND OF THE PRIOR ART
PAR  In order that the instant invention may be clearly understood, it is useful
      to review the prior art relating to photochemical isotope separation. U.S.
      Pat. No. 2,713,025 and British Pat. No. 1,237,474 are good examples of
      processes for the photochemical separation of the isotopes of mercury. The
      first requirement for a photochemical isotope separation is that one finds
      conditions such that atoms or molecules of one isotope of a given element
      absorb light more strongly than do atoms or molecules of another isotope
      of said element. Mercury is a volatile metal and readily forms a vapor of
      atoms. Said atoms absorb ultraviolet light at 2537 A. The absorption line
      of Hg.sup.202 is displaced by about 0.01 A with respect to the absorption
      line of Hg.sup.200. Since the absorption lines are extremely narrow, one
      may by use of a light in a critically narrow wavelength region excite
      either Hg.sup.200 or Hg.sup.202 without substantially exciting the other,
      depending on the exact wavelength used.
PAR  The second requirement for a photochemical isotope separation is that those
      atoms or molecules which are excited by light undergo some process which
      the atoms or molecules which have not been excited do not undergo, or at
      least do not undergo as rapidly. A quantum of 2537 A ultraviolet light
      imparts an excitation of 112.7 Kcal/mole to the mercury atom which absorbs
      it. The number of mercury atoms which at room temperature are thermally
      excited to this energy is vanishingly small, hence the atoms excited by
      light are not diluted by atoms excited by thermal means. Atoms of this
      high excitation readily undergo reactions with H.sub.2 O (as taught in the
      U.S. Patent) or with O.sub.2, HCl or butadiene (as taught in the British
      patent), said reactions not occurring at room temperature with unexcited
      mercury.
PAR  Uranium, however, is a highly refractory metal, boiling only at extremely
      high temperatures. Thus use of the above described process with uranium
      atoms instead of mercury involves obvious difficulties. The most volatile
      form of uranium is UF.sub.6. U.sup.235 F.sub.6 and U.sup.238 F.sub.6 both
      absorb ultraviolet light and do so to exactly the same extent at all
      wavelengths in the UV; hence, UV excitation of UF.sub.6 does not satisfy
      the first requirement of photochemical isotope separation. However,
      UF.sub.6 will also absorb infrared light in the region around 626
      cm.sup.-.sup.1 (the V.sub.3 band) and 189 cm.sup.-.sup.1 (the V.sub.4
      band). Both the V.sub.3 and V.sub.4 bands of U.sup.235 F.sub.6 are shifted
      slightly toward higher energy with respect to the V.sub.3 and V.sub.4
      bands of U.sup.238 F.sub.6 respectively, but the size of these shifts is
      small compared to the width of the bands; in other words, the infrared
      absorption spectra of U.sup.238 F.sub.6 and U.sub.235 F.sub.6 do not
      exactly coincide, but they overlap at all wavelengths so that if one
      isotope absorbs light, so, to a substantial degree, will the other. Hence
      the infrared excitation of UF.sub.6 by absorption of a single IR photon is
      a process of limited isotopic selectivity.
PAR  The second requirement for isotope separation is also a matter of some
      difficulty for UF.sub.6. UF.sub.6 molecules which are excited by IR light
      are no different from molecules which have received the same energy by
      thermal excitation. Whatever process the photo-excited molecules will
      undergo, those molecules which are thermally excited to the same energy
      will also undergo. This dilution of the photo-excited molecules with
      thermally excited molecules will further decrease the isotopic separation
      factor.
PAR  The process of the instant invention is schematically illustrated in FIG.
      1. This process is applicable to isotopic separation of uranium isotopes
      using UF.sub.6 but is by no means limited thereto. Hence, in FIG. 1 let A
      designate a molecule containing an atom of the lighter isotope of some
      element whose isotopes we desire to separate and let B designate the
      corresponding molecule containing the heavier isotope of said element. The
      ways in which a molecule may contain energy are called the degrees of
      freedom. It is well known that molecules have three different kinds of
      internal degrees of freedom, rotational, vibrational, and electronic, That
      is, a molecule may contain energy by spinning about its axis, it may
      contain energy because its atoms are vibrating against each other, and it
      may contain energy by virtue of having one or more of its electrons in
      higher energy orbits.
PAR  All of these forms of energy are quantized, that a molecule may hold only
      certain discrete amounts of energy in each of these forms. In general, for
      a given molecule the rotational quanta will be the smallest and the
      electronic the largest. A molecule containing the absolute minimum
      posssible energy would be said to be in the ground electronic, ground
      vibrational, ground rotational state. Because rotational quanta are very
      small, rotationally excited states are populated even at very low
      temperatures. Hence in FIG. 1 the ground vibrational state of the ground
      electronic level is shown not as a single line but as a band because
      within the ground vibrational, ground electronic state the molecules are
      distributed among many rotational levels.
PAR  The instant invention is a three step process, the first step being that
      the molecules to be isotopically separated are irradiated with a high
      power infrared laser under a critical set of conditions described
      hereinafter. The effect of this irradiation is to cause molecules of A and
      B to absorb IR photons and be progressively excited from the ground
      vibrational state to the first excited vibrational state, to the second
      excited vibrational state, to the third excited vibrational state, etc. It
      is to be noted that spacing between the vibrational levels of A and B is
      not exactly the same, although the difference in spacing of the levels is
      small compared to their width. Thus both A and B absorb the infrared laser
      radiation, but depending on the wavelength of the laser one will do so
      faster than the other. Hence, the isotopic selectivity of the absorption
      process is compounded as molecules are progressively excited up the
      vibrational ladder. Further, the total vibrational energy given the
      molecule is that of several infrared photons; hence the molecules are
      excited to levels but little populated by thermal means and dilution of
      photoexcited molecules by thermally excited molecules is minimized.
PAR  It will at once be realized that if A and B are polyatomic molecules they
      have several vibrational degrees of freedom. UF.sub.6, for example, has
      15.degree. of freedom, but because of its symmetry only six normal modes
      of vibration. Thus, to specify the vibrational state of UF.sub.6 one must
      specify how many quanta of vibrational energy are in each of these six
      modes. The ground state would be designated UF.sub.6 (0,0,0,0,0,0). If the
      IR laser were tuned to the V.sub.3 band of UF.sub.6, the sequential
      excitation process shown in FIG. 1 would be described by
PA1  Uf.sub.6 (0,0,0,0,0,0) + h.sub..nu. .fwdarw. UF.sub.6 (0,0,1,0,0,0)
PA1  Uf.sub.6 (0,0,1,0,0,0) + h.sub..nu. .fwdarw. UF.sub.6 (0,0,2,0,0,0)
PA1  Uf.sub.6 (0,0,2,0,0,0) + h.sub..nu. .fwdarw. UF.sub.6 (0,0,3,0,0,0) It is
      well known that UF.sub.6 has many low energy vibrational states which at
      room temperature are substantially populated. Hence, the sequential
      excitation process shown in FIG. 1 is not the only such process occurring
      but is merely a representative of many similar processes.
PAR  The second step of the instant invention is the irradiation of the
      molecules to be isotopically separated with visible or ultraviolet light
      from a second laser. It is to be done under a set of hereinafter described
      critical conditions. Let there be a critical vibrational energy content,
      E.sub.v, such that molecules with greater than said vibrational energy
      content may absorb photons from said second laser and become
      electronically excited while molecules with less than said critical energy
      either do not absorb or absorb said photons more slowly. The molecuules in
      said excited electronic state undergo a chemical reaction which the
      molecules in the ground electronic state undergo more slowly if at all.
PAR  Thus in the first two steps of the instant invention, A and B are converted
      with isotopic selectivity into some chemically different substance. The
      third step of the instant invention is the recovery of said substance by
      any of the means known in the art.
PAR  From the above description, the instant invention is readily distinguished
      from the prior art. Thus U.S. Pat. No. 3,443,087 teaches the separation of
      U.sup.235 F.sub.6 from U.sup.238 F.sub.6 by selectively exciting one of
      them with an infrared laser then ionizing said excited molecules with
      ultraviolet light and recovering the ions by means of electric and/or
      magnetic fields of chemical reactions. In a review entitled "Photochemical
      Isotope Separation As Applied To Uranium" (Union Carbide Corporation
      Nuclear Division, Oak Ridge Gaseous Diffusion Plant, Mar. 15, 1972,
      K-L-3054, Revision 1, page 29), Farrar and Smith discuss the
      abovementioned patent and comment unfavorably on the practicality of the
      proposed second step of photoionization. As an alternative, they suggest
      photodissociation. However, both U.S. Pat. No. 3,443,087 and Farrar and
      Smith explicitly teach that each UF.sub.6 molecule undergoing the
      photoexcitation step acquires an energy corresponding to one infrared
      photon. Thus, neither Farrar and Smith nor U.S. Pat. No. 3,443,087 teach,
      show or suggest the use of multiple IR photon absorption.
PAR  British patent No. 1,284,620, German patent No. 1,959,767 and German patent
      No. 2,150,232 teach the use of infrared radiation of excited molecules,
      said excited molecules to undergo some chemical reaction which the
      unexcited molecules undergo more slowly. The energy given the molecules
      during the infrared excitation step is explicitly taught to be the energy
      of a single IR photon, and these references neither teach, show, nor
      suggest the use of multiple infrared photon absorption.
PAR  It is to be recognized that excitation by multiple infrared photon
      absorption is entirely different from repeating the step of excitation by
      single infrared photon absorption. The conditions necessary to achieve
      excitation by single infrared photon absorption are merely that molecules
      be irradiated with infrared radiation of an appropriate wavelength. A set
      of critical conditions must be maintained if multiple infrared photon
      absorption is to occur. Multiple infrared photon absorption requires the
      use of a high power infrared laser, specifically said laser must emit at
      least 10.sup.4 watts per cm.sup.2 per torr pressure of the gas which
      contains the isotopes that are being separated. Further, the time the gas
      molecules are subjected to this high power infrared radiation must be
      between 10.sup.-.sup.10 and 5 .times. 10.sup.-.sup.5 seconds. Thus if the
      sum of the partial pressures of A and B is 2 torr, a power density of at
      least 2 .times. 10.sup.4 watts/cm.sup. 2 is required. Failure to use at
      least this critical power density will have the result that the time
      required for the multiple photon excitation process will not be short
      compared to the average interval between collisions of A and B molecules.
      During such collisions, transfer of vibration excitation may occur, with
      the result that the excitation process loses its isotopic selectivity.
PAR  The second requirement for a multiple infrared photon absorption is the
      presence of a second gas, the partial pressure of said gas being at least
      5, preferably between 5 and 100,000 times the partial pressure of A and B.
      Said second gas may be any substance chemically different from A and B,
      but H.sub.2, N.sub.2, O.sub.2, He, Ne, Ar, Kr and Xe are most preferred.
      The reason said second gas is needed is subtle and relates to an effect
      known as anharmonicity. The levels of the vibrational ladder shown in FIG.
      1 are not exactly uniformly spaced but become slightly closer together as
      one goes up the ladder. This effect is known as anharmonicity, because for
      a perfect harmonic oscillators the energy levels would be uniformly
      spaced. It is also well known that a molecule in a given rotational state
      J may absorb infrared radiation and go the next higher vibrational level
      and either rotational level quantum number J + 1, rotational level quantum
      number J, or rotational level quantum number J-1. Hence for a group of
      molecules in a thermal equilibrium distribution, there are three distinct
      absorption processes and the infrared absorption band is composed of three
      branches, the R branch (transitions in which the rotational quantum number
      increases by 1), the Q branch (transitions in which the rotational quantum
      number is not changed), and the P branch (transitions in which the
      rotational quantum number decreases by 1). The effect of anharmonicity
      upon the process of the instant invention is as follows: Let the infrared
      laser emit radiation of wavelength .lambda.. Let said wavelength .lambda.
      be within the R branch of an infrared absorption band of A and B. There
      will be some rotational quantum number J such that molecules of A in the
      ground vibrational state may absorb radiation of wavelength .lambda. and
      be raised to the first excited vibrational state and rotational state J +
      1. However because of anharmonicity, molecules of A must be in some
      rotational state other than J + 1 in order to absorb radiation of
      wavelength .lambda. and go from the first to the second vibrational state.
      Thus a means by which molecules may change their rotational state is
      needed. Any molecular collision may cause rotational relaxation, i.e. put
      molecules back into a thermal distribution among the rotational energy
      levels, but if said collision is between A and B molecules transfer of
      vibrational excitation may also occur. This would have the effect of
      destroying the isotopic selectivity of the excitation process.
      Accordingly, it is the teaching of this invention that a second gas be
      provided as specified above in order that rotational relaxation may occur
      during the sequential excitation process.
PAR  The sequential excitation process may occur if the above critical
      requirements are met, if said process is to have an optimum isotopic
      selectivity other requirements must be met. The first of these
      requirements relates to the degree of conversion achieved in the first
      step. If nearly all of the irradiated A and B molecules are excited to
      vibrational energies such that they may undergo step 2, then the product
      collected in step 3 will have nearly the same isotopic composition as the
      starting material and only a poor isotope separation will be achieved. On
      the other hand, if an extremely low degree of conversion is used, the
      molecules which are isotopically selectively excited by infrared radiation
      will be substantially diluted with those which are nonselectively excited
      by thermal means. Hence there clearly exists an optimum conversion for the
      first step of the instant invention. The energy density to which the A and
      B molecules are subjected must be controlled to achieve said optimum
      conversion. The optimum energy density depends to some extent on the exact
      wavelength which the IR laser emits, but it is preferred that the
      molecules undergoing isotopic separation be subjected to no less than
      10.sup.- .sup.3 joules/cm.sup.2 nor more than 10.sup.3 joules/cm.sup.2
      during the performance of step one of the instant invention.
PAR  The optimum wavelength for the infrared laser depends on what molecule is
      being used. If A and B are U.sup.235 F.sub.6 and U.sup.238 F.sub.6
      operation of the IR laser is in the range 620 to 645 cm.sup.-.sup.1 (the R
      branch of the V.sub.3 band of UF.sub.6) or in the range 189 cm.sup.-.sup.1
      to 204 cm.sup.-.sup.1 (the R branch of the V.sub.4 band). In general, one
      may use the R branch of any vibrational band, provided that said band
      corresponds to a normal mode of vibration in which there is participation
      by atoms of the element whose isotopes it is desired to separate. The R
      branch is preferred because it is preferred to selectively excite A, that
      is to selectively excite molecules containing the lighter of the isotopes
      being separated. The reason for this is related to anharmonicity. As a
      molecule is progressively excited up the vibrational ladder, its
      absorption spectra shifts toward lower energy. Thus, if the infrared laser
      is operating on the low energy edge of the absorption band, the P branch,
      the rate at which molecules will absorb IR radiation increases as they go
      up the vibrational ladder, but the isotopic selectivity of said absorption
      decreases. Conversely, if the laser is operating in the R branch, the rate
      of radiation absorption decreases but the isotopic selectivity increases.
      This is a more favorable situation for the overall separation.
PAR  In FIG. 1, E.sub.v is shown as three times the energy of a vibrational
      quanta. E.sub.v may be greater or less than this without going beyond the
      scope of this invention.
PAR  The laser used in the second step must supply photons corresponding to the
      difference between the energy required for the chosen photochemical
      process and E.sub.v. The wavelength at which the second step laser
      operates thus depends on the molecule which contains the isotope being
      separated, the photochemical process chosen, and the desired value of
      E.sub.v. In the case of UF.sub.6, it is preferred that the photochemical
      process should be photodissociation, UF.sub.6 + h.sub..nu. .fwdarw.
      UF.sub.5 + F and that the second step laser should operate in the range
      2400 A to 4600 A.
PAR  The time during which molecules of the gas which contains the isotopes
      being separated are subjected to radiation from the second step laser must
      be between 10.sup.-.sup.10 and 5 .times. 10.sup.-.sup.5 seconds. Further,
      the total time the molecules of the gas which contain the isotopes being
      separated are subjected to radiation during both the first and second
      steps of the instant invention must be between 10.sup.-.sup.10 and 5
      .times. 10.sup.-.sup.5 seconds; however, it is not necessary that the
      first step be completed before the second step is begun.
PAR  An apparatus suitable for the performance of this invention is shown in
      FIG. 2. The infrared laser (1) must be operated in accord with the
      teaching of this invention concerning minimum power density, and optimum
      energy density. There are numerous IR lasers known in the art and one must
      be chosen which can be adjusted to emit radiation within the R branch of
      an infrared absorption of the gas which contains the isotopes being
      separated. For operation on UF.sub.6, one may use an HF laser which can
      emit at 629.16 cm.sup.-.sup.1. The visible or ultraviolet laser may be a
      dye laser tuned to whatever wavelength is desired.
PAR  The object labeled 3 is a mirror transparent to infrared light but
      reflecting visible or UV light. By this means, the output light beams from
      lasers 1 and 2 are made colinear. The light beams pass through window 4
      and into a vessel containing the gas which contains the isotopes to be
      separated. The time that molecules of said gas are exposed to radiation
      from the lasers may be limited by any of several means. The gas may be
      flowing so that molecules are swept into and out of the irradiated volume
      in a time of 5 .times. 10.sup.-.sup.5 sec. or less. The irradiated volume
      may be made very narrow by focusing the lasers so that molecules diffuse
      out of said volume in an average time of 5 .times. 10.sup.-.sup.5 seconds
      or less. The lasers may be pulsed, each pulse lasting less than 5 .times.
      10.sup.-.sup.5 seconds. The time between pulses should be greater than
      10.sup.-.sup.3 seconds.
PAC  PREFERRED EMBODIMENT
PAR  Uranium ore of natural isotopic distribution is converted to UF.sub.6 vapor
      by means well known in the art. Said UF.sub.6 is placed within the
      photolysis cell of the apparatus shown in FIG. 2. The temperature of said
      cell is in the temperature range 200.degree.K to 400.degree.K. The partial
      pressure of UF.sub.6 in said cell is preferably in the range
      10.sup.-.sup.4 to 100 torr. Said cell also contains a gas chosen from the
      group hydrogen, nitrogen, oxygen, helium, neon, argon, krypton and xenon
      at a partial pressure of 5 to 100,000 times the partial pressure of the
      UF.sub.6. If helium, neon, argon, krypton or xenon or mixtures thereof are
      used as the second gas, then a third gas is also added to the photolysis
      cell at a partial pressure preferably less than or at most equal to the
      partial pressure of UF.sub.6. Said third gas is any substance which will
      react rapidly and irreversibly with either UF.sub.5 radical or atomic
      fluorine, examples of such substances include hydrogen, the gaseous
      hydrocarbons, e.g. C.sub. 1 to C.sub.10, e.g. alkanes, alkynes, aromatics,
      alkenes, etc., HCl, HBr, HI, and H.sub.2 S.
PAR  The above mixture of UF.sub.6 with said second and third gases is subjected
      to irradiation by an IR laser and a UV laser. Said IR laser is preferably
      operated in a pulsed mode, the time between pulses being at least
      10.sup.-.sup.3 sec., and the pulse duration between 10.sup.-.sup.10 and
      5.times.10.sup.-.sup.5 seconds. The power density of light from the IR
      laser to which said gas mixture is subjected preferably is at least
      10.sup.4 watts per cm.sup.2 per torr of partial pressure of UF.sub.6 and
      the energy density per pulse preferably is not less than 10.sup.-.sup.3
      joules/cm.sup.2 nor more than 10.sup.3 joules/cm.sup.2. The wave length of
      the IR laser preferably is in the range 620 to 645 cm.sup.-.sup.1 or 189
      to 204 cm.sup.-.sup.1. The UV laser preferably operates in the range
      2400.degree.A to 4600.degree.A. The UV light from said laser passes
      through the photolysis cell colinearly with the light from the IR laser.
      The UV laser is preferably operated in a pulsed mode, the time between
      pulses being at least 10.sup.-.sup.3 sec. and the pulse duration less than
      5 .times. 10.sup.-.sup.5 sec. The light pulses from the UV laser should
      occur at the same time as or within 5 .times. 10.sup.-.sup.5 sec. of the
      light pulses from the IR laser.
PAR  The photolytic cell may be operated as either a batch or continuous
      reactor. In the former case the gas mixture in the reactor is subjected to
      enough laser pulses to produce the desired degree of photodecomposition of
      the UF.sub.6, then the undecomposed UF.sub.6 which is depleted in
      U.sup.235 and the product of the photodecomposition which enriched in
      U.sup.235 are recovered by any of the means well known in the art. Should
      a higher degree of enrichment be desired, then by means well known in the
      art the photodecomposition product may be converted to UF.sub.6 and the
      process of the instant invention repeated. Likewise, if the undecomposed
      UF.sub.6 is not depleted to the desired level, further depletion may be
      achieved by repeating the process of the instant invention. The techniques
      of staging isotopic separation so as to achieve desired levels of
      enrichment in the product and depletion in the tails are well known. Once
      the desired enrichment level is reached, the product may be made into
      nuclear reactor fuel rods by the methods well known in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of separating the isotopes of an element, said method being
      applied to a gaseous compound of said element, said method comprising
      subjecting the molecules of said compound to IR radiation at a
      predetermined frequency by means of an IR laser, said gaseous compound
      being irradiated by said IR laser at a power density of at least 10.sup.4
      watts per cm.sup.2 per torr pressure of said gaseous compound for a time
      of between 10.sup.-.sup.10 and 5.times.10.sup.-.sup.5 seconds and wherein
      a second gas is present along with said gaseous compound, said second gas
      partial pressure being at least 5 times the partial pressure of said
      gaseous compound, whereby the molecules containing the lighter isotope or
      isotopes are preferentially excited and absorb more than one quanta of IR
      radiation, subjecting said gaseous mixture to radiation at the second
      predetermined frequency within the visible or ultraviolet spectrum, said
      second predetermined frequency being selected to convert said excited
      molecules to a form whereby they may be separated from the nonexcited
      molecules, and separating said converted molecules.
NUM  2.
PAR  2. The method of claim 1 wherein said visible or ultraviolet radiation
      source is a visible or ultraviolet laser.
NUM  3.
PAR  3. The method of claim 1 wherein the excited molecules are photodissociated
      by said visible or ultraviolet laser.
NUM  4.
PAR  4. The method of claim 1 wherein said second gas is selected from the group
      consisting of hydrogen, nitrogen, oxygen, helium, neon, argon, krypton and
      xenon.
NUM  5.
PAR  5. The method of claim 4 wherein said gaseous compound is subjected to IR
      light at an energy density of between 10.sup.-.sup.3 joules per cm.sup.2
      and 10.sup.3 joules per cm.sup.2.
NUM  6.
PAR  6. The method of claim 5 wherein said gaseous compound is subjected to
      radiation from said visible or ultraviolet laser for less than 5 .times.
      10.sup.-.sup.5 seconds.
NUM  7.
PAR  7. The method of claim 6 wherein said IR laser operates at a wave length
      corresponding to an R branch of a vibrational absorption band of said
      gaseous compound.
NUM  8.
PAR  8. The method of claim 6 wherein said gaseous compound is UF.sub.6.
NUM  9.
PAR  9. The method of claim 8 wherein said IR frequency ranges from 620 to 645
      cm.sup.-.sup.1.
NUM  10.
PAR  10. The method of claim 8 wherein said IR frequency ranges from 189 to 204
      cm.sup.-.sup.1.
NUM  11.
PAR  11. The method of claim 8 wherein said second predetermined frequency
      ranges from 2400 to 4600.degree.A.
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ABST
PAL  In a device for measuring the energy of charged particles separated from a
      sample by bombardment with ionizing radiation, which device includes an
      energy analyzer and an electron lens system disposed between the sample
      location and the analyzer and including a charged particle deceleration
      path, the electron lens system is composed of two individual lenses
      producing an intermediate image between them, with the deceleration path
      being located between the two lenses to contain the plane of such
      intermediate image.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for determining the energy of
      charged particles, particularly of electrons separated from a sample by
      bombardment with ionizing radiation, the apparatus including an evergy
      analyzer as well as an electron-optical system disposed between the sample
      and the energy analyzer and containing a deceleration path for the charged
      particles to be analyzed.
PAR  In order to perform electron spectroscopy for chemical analysis (ESCA), it
      is common practice to bombard the sample to be tested with ionizing
      radiation. The energy of the electrons thus separated from the surface of
      the sample is then measured. The recorded energy spectrum of the electrons
      indicates the chemical composition of the surface of the sample. The
      energy of the electron leaving the sample can be measured between 2 and
      1487 electron volts. When using the AL- Kd radiation for excitation. For
      other excitation-energys, the margin will have other limits.
PAR  German Offenlegungsschrift (Laid-Open Patent Application) No. 1,948,757
      discloses a system for decelerating the electrons emanating from the
      sample directly in the vicinity of the sample and for guiding them through
      an annular gap to an energy analyzer. The deceleration effects an
      improvement in the properties, particularly the resolution, of the
      electronspectrometer disclosed in German Offenlegungsschrift (Laid-Open
      Patent Application) No. 1,948,757. However, this known
      electronspectrometer has the drawback that the immediate vicinity of the
      sample is not free of fields. Thus, it is impossible to perform other
      experiments simultaneously with the same sample or to perform successive
      analyses of the sample merely by switching instruments without modifying
      them.
PAR  Furthermore, the distance between the sample and the analyzer is very
      small. It is therefore difficult to define the aperture opening from
      outside the analyzer.
PAR  It is a further drawback that the particles, which may be electrons,
      photons, fast neutral particles, or sputter dirt, enter the analyzer with
      high energy and may there produce stray electrons which then contribute to
      an increased noise background in the energy spectrum.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to avoid the above-noted
      drawbacks in an apparatus for determining the energy of charged particles,
      particularly electrons separated from a sample by bombardment with
      ionizing radiation, of the type including an energy analyzer and an
      electron-optical system disposed between the sample and the energy
      analyzer, the latter system presenting a deceleration path for the
      particles to be analyzed.
PAR  The advantages realized by retarding the charged particles before their
      entrance into the analyzer are maintained. Moreover, a relatively compact
      structure is realized for the electron-optical system disposed between the
      sample and the energy analyzer.
PAR  These and other objects are achieved according to the present invention by
      constituting the electron-optical system disposed between the sample and
      the analyzer of two parts acting as individual lenses which are separated
      by a region constituting a deceleration path in which is formed the
      intermediate image of the point on the sample from which electrons
      emanate. The vicinity of the sample can thus be kept free of fields, which
      permits the sample to additionally be arranged for other, simultaneously
      performed, experiments.
PAR  The first part, or first lens, disposed between the sample and the
      deceleration path may, for example, be a lens which produces an image
      enlargement so that, according to the Lionville theorem, the angle of the
      electron beam envelope will not be widened. The "enlargement" will
      advantageously be selected so that only the electrons emitted from the
      sample and not those from the sample mount will reach the entrance gap of
      the analyzer.
PAR  In the second part, or second lens, disposed between the deceleration path
      and the entrance gap of the energy analyzer, the aperture of the beam
      envelope is formed in the parallel beam path with simultaneous directing
      into the analyzer. Both lenses operate in the manner of a single lens
      which can be easily engineered. Thus, not only the vicinity of the sample
      but also the entrance gap of the energy analyzer can be kept free of
      interfering fields.
PAR  Advisably the second lens includes an asymmetrical aperture which
      corresponds to the angle of impingement and the entrance gap of the energy
      analyzer. This aperture prevents entrance of the above-mentioned
      high-energy particles into the analyzer.
PAR  The image reproduction properties of the two lenses are advisably selected
      so that the image plane of the first lens lies in the deceleration path
      and this image plane constitutes the object plane of the second lens,
      whose image plane lies in the entrance gap of the energy analyzer. This
      produces optimum reproduction properties. The deceleration in this mode of
      operation leads merely to a widening of the beam with a slight change in
      the second object plane without a change in the reproduction scale.
PAR  It is further advisable to limit the individual lenses, with respect to the
      deceleration path, by high-transmission grids. This prevents the fields of
      the individual lenses from being influenced by the field causing the
      deceleration of the particles.
PAR  A compact structure of the lens system can advantageously be obtained by
      providing, at least in the first lens, a further grid with high
      transmission. This reduces the spherical reproduction error by at least a
      factor 2. It is moreover advisable to make the lenses of nonmagnetic and
      noncorroding material in the form of tubular lenses with further grids
      disposed therein. The grids advantageously are made of molybdenum with
      niobium rings and have a transmission of higher than 95%.
PAR  Advantageously the point of transfer for the potentials of the respective
      lenses is selected to be at a distance from each grid of about 1/4 the
      diameter of the grid. Thus electron beams with a large aperture, e.g.
      .+-.20.degree., can be utilized without losses for the
      electronspectroscopy despite the resulting delay. ("The point of transfer
      for the potentials" is that place where the potential difference of one
      tubular lens is laid on the tubular lens.
PAR  Is is finally particularly advantageous for the vacuum apparatus in which
      the apparatus of the present invention is accommodated to be constituted
      in the area of the sample, by a spherical container with a plurality of
      flange connections. Further instruments, such as mass filters, an ion
      source, an electron source, an X-ray source, a UV source, preparation
      chambers, locks, pumps and the like, can be connected to these flange
      terminals for the simultaneous performance of further experiments or for a
      series of experiments to be performed without modification of the
      apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a preferred embodiment of the
      invention.
PAR  FIG. 2 is a cross-sectional, axial end view looking into the second lens of
      the embodiment of FIG. 1, from the output end thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows an embodiment of the apparatus according to the present
      invention which contains a sample 1, and which is composed of an
      electron-optical system 2 and a hemispherical energy analyzer 3. The
      elements 1, 2 and 3 are disposed inside a vacuum container generally
      indicated at 4 which includes in the region surrounding sample 1, a
      spherical container 5 provided with a plurality of flange terminals 6.
PAR  The electron-optical system 2 includes parts 7 and 8, each constructed to
      act as separate lens. Between these two individual lenses there is
      provided a region 9 defining a deceleration path. Lenses 7 and 8 are
      separated by grids 10 and 11, respectively, from the deceleration path
      region 9.
PAR  In order to produce an image without errors, a grid 12 is also provided in
      lens 7 at a distance from the potential transfer point of that lens which
      is approximately 1/4 of the diameter of the grid. Lens 7 is also limited
      in the direction of sample 1 by a grid 13 so that the field of lens 7 is
      kept away from sample 1 and a lens with a short focal length is
      simultaneously produced. An aperture disc 14 with an asymmetrical gap 15
      is accommodated in lens 8. A further grid 16 may be accommodated
      essentially in the plane of this aperture plate 14.
PAR  FIG. 2 is a sectional view through the lens system 2 at the level of
      aperture 14. The shape and lateral displacement of slit 15 in aperture 14
      corresponds to the entrance gap 17 of the hemispherical energy analyzer 3.
      The entrance gap 17 is also shown in FIG. 2 in dashed lines. The grid 16
      is not shown in this figure for the sake of clarity.
PAR  The beam envelope emanating from sample 1 and recorded by the illustrated
      spectrometer is marked 18. The lens 7 initially reproduces and enlarges
      the image. The image plane of lens 7 lies within the deceleration path 9
      where the angle of the electron beam is merely widened according to the
      Lionville theorem. The virtual object plane of lens 8 also lies in the
      deceleration path 9. This lens directs the beam through an aperture and
      into the entrance gap 17 of the energy analyzer 3. Within the energy
      analyzer the beam 18 is deflected by 180.degree. in a known manner and the
      energy content of the electrons is discriminated. Thereafter beam 18 is
      recorded in a secondary electron multiplier 19.
PAR  The deceleration path 9 is suited not only to provide deceleration but also
      to provide acceleration, to thus improve the intensity of the signals by
      larger spatial angles in the acceleration. This mode of operation is
      advisable if an increase in resolution is not required.
PAR  The figure shows an embodiment of the invention with reduced scale. The
      opening of the tube 4 is for example 100 mm.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended clams.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a device for measuring the energy of charged particles separated from
      a sample by bombardment with ionizing radiation, which device includes an
      energy analyzer and an electron-optical system disposed between the sample
      location and the energy analyzer and containing means defining a
      deceleration path for the charged particles to be analyzed, the
      improvement wherein said electron-optical system comprises means defining
      two individual lenses between which an intermediate image is formed, and
      grids with high transmission disposed at the boundary between each said
      lens and said deceleration path, and wherein said deceleration path is
      disposed between said lenses at the location of such intermediate image,
      and said two lenses are constructed so that the image plane of the lens
      closer to the sample lies in the deceleration path, this image plane
      coincides with the object plane of the lens closer to the analyzer and the
      image plane of the lens closer to the analyzer lies in the entrance slit
      of the analyzer.
NUM  2.
PAR  2. An arrangement as defined in claim 1 wherein that one of said lenses
      which is closer to the sample is an enlarging lens.
NUM  3.
PAR  3. An arrangement as defined in claim 1 wherein that one of said lenses
      which is closer to the analyzer comprises means defining an asymmetrial
      aperture for controlling the cross section of the beam formed by the
      charged particles.
NUM  4.
PAR  4. An arrangement as defined in claim 1, further comprising a vacuum
      container in which said analyzer, said electron-optical system and the
      sample are disposed, said container including a spherical container
      portion provided with a plurality of flange terminals and enclosing the
      location in which the sample is to be disposed.
NUM  5.
PAR  5. Apparatus as defined in claim 1 wherein said lenses are constituted by
      nonmagnetic and noncorroding material, are in the form of tubular lenses,
      and each said lens comprises at least one further grid.
NUM  6.
PAR  6. An arrangement as defined in claim 5 wherein each said grid is spaced
      from the potential transition point of its respective lens by a distance
      approximately equal to 1/4 the diameter of said grid.
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ABST
PAL  A charged particle beam (e.g., ions or electrons) apparatus including two
      electrostatic focusing lenses and an electrode having a diameter limiting
      aperture positioned between the lenses is further provided with two
      electrode assemblies which interact with an extractor electrode and with a
      source of charged particles such that the trajectories of the particles in
      the beam passing through the second of the two assemblies are
      substantially parallel. This feature and other disclosed improvements
      facilitate the production of a substantially monoenergetic beam which
      under a first set of conditions can be focused to provide a
      small-diameter, spherical-aberration limited beam and which under another
      set of conditions, can be focused to provide a high current beam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for generating charged particle beams,
      e.g., electron and ion guns. Such beams are typically utilized to bombard
      surfaces to cause the emission of particles therefrom, which particles may
      then be analyzed to determine the composition or other characteristics of
      the surface.
PAR  2. Background of the Prior Art
PAR  One type of apparatus for generating a charged particle beam, especially
      for generating a highly focused beam of positive ions, ionizes gas atoms
      in an electrical discharge and extracts the ions thus formed by suitable
      electric and/or magnetic fields to form the beam. Such plasmatron sources
      are capable of providing intense beams; however, the high energies
      involved in the plasma result in an ion beam containing ions in a number
      of different ionization states, which have a considerable spread in energy
      and which contains ions of a variety of elements. Filtering of such a beam
      is often required if the beam is to be used in applications where a
      monoenergetic beam is required.
PAR  Another general type of ion gun for directly producing a beam having a
      considerably smaller spread in energies utilizes low voltage electron
      bombardment of gas atoms such that substantially all of the energy of the
      ions in the ultimately produced beam is provided upon acceleration. One
      such gun is disclosed in U.S. Pat. No. 3,665,182 (Goff & Smith). While
      such a device is capable of providing a substantially monoenergetic beam,
      it is incapable of providing a highly focused beam. If apertured to a
      small diameter, the current would be reduced to an undesirable extent for
      such purposes as forming an image representing surface characteristics.
PAR  U.S. Pat. No. 3,840,743 (Tamura & Kondo) discloses an ion gun including two
      focusing lenses and a plate having a relatively large diameter aperture
      positioned therebetween. A plasmatron type ion source having a small
      source diameter is disclosed. The spot diameter of the beam is said to be
      variable to any desired value from 1 micrometer to several hundred
      micrometers. Such a variation is readily produced by changing the
      potential in the first focusing lens such that a variable amount of the
      beam is blocked by the aperture plate. However, as discussed hereinabove,
      the energy spread and varying composition of such a beam precludes its use
      in many applications.
PAC  THE INVENTION
PAR  In contrast to such prior art charged particle apparatus, the apparatus of
      the present invention permits a substantially monoenergetic beam to be
      generated which, under a first set of conditions, can be focused to a very
      small diameter spot, the diameter of which is essentially limited by
      spherical aberration, and which under another set of conditions can be
      focused to provide a high current beam. In the novel apparatus, the
      charged particles emanating from the source are accelerated and directed
      into substantially parallel trajectories. Such a condition facilitates the
      construction of a highly compact and relatively simple structure which is,
      nonetheless, capable of producing the aforementioned small diameter beam
      without requiring the application of uneconomically large electrical
      potentials.
PAR  The novel apparatus comprises means for generating a charged particle beam
      including therein a source of charged particles and a primary extractor
      electrode having an aperture defining the effective diameter of the
      generated beam. Preferably, the source includes a source of electrons
      which may be directed to form an electron beam or which may be directed to
      bombard gas atoms to form a positive ion beam. Sequentially downstream
      from the source are means for accelerating the charged particles in the
      beam, a first means for focusing the beam at a cross-over point, an
      electrode having an aperture for limiting the diameter of the focused
      beam, and a second means for focusing the beam at a target. As used
      herein, upstream or downstream means the relative direction from the
      source of charged particles to the target.
PAR  A primary improvement of the present invention over the prior apparatus
      lies in the accelerating section, wherein first and second electrode
      assemblies are provided. The first electrode assembly comprises the
      primary extractor electrode at the upstream end together with means for
      providing a unipotential-surface, circularly-symmetric about the axis,
      extending a first predetermined distance downstream from the primary
      extractor electrode. The second electrode assembly is positioned to have
      its upstream end spaced downstream from the downstream end of the first
      assembly a second predetermined distance, and includes means for providing
      a circularly-symmetric, axially-centered, unipotential surface extending
      axially a third predetermined distance. Preferably, these three
      predetermined distances are equal.
PAR  The apparatus further includes means for applying a given potential between
      the source of charged particles and the second electrode assembly and
      means for applying a given fraction of that potential to the first
      electrode assembly. These potentials and the respective assemblies
      establish an electrostatic lens, and are selected to cause a focal point
      of the electrostatic lens to be approximately in the plane of the aperture
      of the primary extractor electrode such that the trajectories of charged
      particles passing through the second electrode are substantially parallel.
PAR  It has been found that such a parallel beam may be focused to provide a
      small diameter beam and enhanced current density at the target under a
      given set of focusing conditions. Because of such parallelity, the beam
      may be focused under a first set of focusing conditions at a cross-over
      point within the first focusing lens, thus enabling the apparatus to be
      relatively short and compact.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a cross section of a preferred embodiment of the apparatus
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The embodiment of the present invention shown in the drawing is intended to
      be exemplary only. It is within the scope of the present invention that a
      number of constructional variations such as other types of charge particle
      generators and focusing elements may be substituted for those shown in
      this embodiment.
PAR  The illustrated apparatus may employ any type of charged particles but will
      hereinafter be described primarily in connection with a positive ion beam.
PAR  As shown in the drawing, the apparatus 10 comprises an ion generator 12
      which includes a source of charged particles shown generally as 14 and a
      primary extractor electrode 16 having an aperture 18. The aperture 18
      controls the passage of ions from the source and thus defines the
      effective diameter of the generated beam. The effective source diameter is
      believed to be approximately one-half the diameter of the aperture 18.
      Sequentially positioned downstream of the generator 12 is an acceleration
      section shown generally as 20, a first focusing lens 22, a diameter
      limiting electrode 24 and a second focusing lens 26. Upon emerging through
      the second lens 26 the beam is focused at a target 28. The apparatus
      preferably includes deflection electrodes 29 and 30 positioned between the
      second focusing lens 26 and the target 28. A sample 31 a surface 32 of
      which is to be analyzed may be positioned at the target 28. Suitable
      equipment 33 for receiving particles emitted from the surface and for
      analyzing those emissions may also be provided. Such particles may include
      scattered and sputtered ions, secondary electrons, photons and the like.
PAR  The ion generator 12 comprises a source of electrons 36, an electron
      permeable cylindrical grid 38 and a supplemental extractor electrode 40.
      The electron source 36 is a circular single-turn filament which encircles
      the cylindrical grid 38 and which lies in a plane approximately normal to
      the axis of the beam. The single-turn filament 36 is positioned near the
      supplemental extractor electrode 40, i.e., upstream therefrom a distance
      not greater than the diameter of the aperture 44. Such positioning is
      desirable in that electrons emitted from the filament are attracted
      through the grid near the extraction electrodes. Ionization of gas atoms
      is thus concentrated proximate the extraction electrodes to increase the
      probability with which the created ions are attracted into the resultant
      beam. Such a filament 36 is conveniently formed of a single turn of 0.005
      inch diameter tungsten wire, approximately 0.75 (1.9 cm) inch in diameter,
      and may be energized with 7 volts to produce a 15 milliamp current of
      electrons. The cylindrical grid 38 is an open mesh tungsten screen having
      90% open area and is approximately 1/2 (1.27 cm) inch in diameter and 1/2
      (1.27 cm) inch long and is closed on the upstream end thereof with a
      similar open mesh screen or solid tantalum plate. The ion generator 12
      further includes a stainless steel outer reflecting cylinder 42 which may
      be electrically coupled to the filament 36 or biased negatively thereto so
      as to reflect electrons emitted from the filament and increase the flow of
      electrons through the grid 38.
PAR  The supplemental extractor electrode 40 is a stainless steel plate having a
      circular aperture 44 concentric with the aperture 18, the cylindrical grid
      38 and the filament 36. The electrode 40 is positioned downstream from the
      lower end of the grid 38 a distance approximately 0.10 (0.25 cm) inch. The
      diameter of the aperture 44 is approximately 0.25 (0.63 cm) inch.
PAR  The first electrode assembly 34 includes the primary extractor electrode 16
      at the upper end of the assembly and integral therewith. The electrode 16
      is planar, and its aperture 18 is preferably within the range of 0.015 to
      0.05 inch (0.038 to 1.27 cm) and is 0.040 inch (0.1 cm) in diameter. The
      first electrode assembly 34 further comprises a first acceleration
      electrode 46 which is planar and includes a circular aperture 48, which is
      large relative to the aperture 18 but which is not greater in diameter
      than the distance between the primary extractor electrode 16 and the first
      acceleration electrode 46, i.e., the first predetermined distance. The
      aperture 48 is 0.375 inch (0.95 cm) in diameter. Extending between and
      integral with the first acceleration electrode 46 and the primary
      extractor electrode 16 is a cylindrical section which is equal to or
      larger in diameter than the aperture 48, and is 0.75 inch (1.9 cm). This
      cylindrical member 50 spaces the first acceleration electrode 46 from the
      primary extractor electrode 16 the first predetermined distance and
      provides a circularly-symmetric axially-centered unipotential surface
      extending over that distance. In the emodiment shown in the drawing, this
      distance is shown approximately as 0.55 inch (1.4 cm). The restricted
      diameter of the aperture 48 lessens the effect of fields emanating from
      downstream electrodes upon fields within the first electrode assembly 34.
PAR  The second electrode assembly 52 includes a second acceleration electrode
      54 at the upstream end thereof. The electrode 54 is planar and includes a
      circular aperture 56 therein, which aperture is large relative to the
      aperture 18 and is 0.375 inch (0.95 cm) in diameter. Positioned at the
      downstream end of the second electrode assembly 52 is another planar
      electrode 58 which forms the upstream outer electrode of the first
      focusing lens 22, and which defines the downstream limit of the
      unipotential surface associated with this assembly. Extending between the
      electrodes 54 and 58 and integral therewith is a circular section 60 which
      separates the two electrodes 54 and 58 a third predetermined distance. The
      second electrode assembly 52 is positioned such that the second
      acceleration electrode 54 is spaced downstream from the first acceleration
      electrode 46 a second predetermined distance. Preferably, the first,
      second and third predetermined distances are equal, and are 0.55 inch (1.4
      cm). The diameter of aperture 56 is large with respect to the aperture 18
      but is not greater than the third predetermined distance, so as to lessen
      the effect of fields emanating from the first electrode assembly 34 on
      fields within the second electrode assembly 52. The diameter of the
      aperture 56 is 0.375 inch (0.95 cm).
PAR  The first focusing lens 22 is a symmetric einzel lens having an upstream
      outer electrode 58, a downstream outer electrode 62 and an axially thick
      center electrode 64, each having an axially located aperture 66, 68 and 70
      respectively, which apertures are substantially equal in diameter. The
      third predetermined distance is greater than the diameters of the
      apertures 66, 68 and 70 so as to minimize the interacting fields.
      Furthermore, the spacing between the upstream and downstream outer
      electrodes 58 and 62 and the center electrode 64 is preferably
      approximately equal to the radius of the aperture 70. The axial length of
      the center electrode 64 is not less than the radius of the aperture 70,
      and is preferably approximately equal to the diameter thereof. This
      ensures that when a potential less than that applied to the acceleration
      section 20 is applied between the outer electrodes 58 and 62 and the
      center electrode 64, such a potential will be sufficient to cause the
      cross-over point 72 at which the beam is focused to lie in the plane of
      the downstream electrode 62.
PAR  The downstream diameter limiting electrode 24 is preferably planar and has
      an aperture 74 axially centered therein. The radius of the aperture 74 and
      the spacing of the electrode 24 from the downstream electrode 62 are
      selected such that the ratio between the radius and the spacing is not
      greater than 0.1. The diameter of the aperture 74 ranges between 0.03 and
      0.08 inch (0.076 and 0.20 cm). The spacing between the electrode 24 and
      the downstream electrode 62 is approximately 1.27 inches (3.22 cm). In one
      embodiment, the diameter of the aperture 74 is substantially equal to the
      diameter of the aperture 18 in the primary extractor electrode 16.
PAR  Downstream of the diameter limiting electrode 24, is positioned the second
      focusing lens 26. This lens comprises an asymmetric einzel lens including
      a relatively thin upstream outer electrode 78, a relatively thin
      downstream outer electrode 80 and an axially thick center electrode 82,
      all of which have axially located apertures 84, 86 and 88 respectively.
      The diameter of the apertures 84 and 88 are approximately equal and are
      0.375 inch (0.95 cm), while the diameter of the aperture 86 in the
      downstream outer electrode 80 is somewhat smaller, and is 0.20 inch (0.51
      cm), thereby shielding electrostatic fields within the second lens 26 from
      external fields downstream thereof. The second focusing lens 26 is
      positioned downstream of the diameter limiting electrode 24 a distance
      such that the separation between the electrode 24 and the outer upstream
      electrode 78 is approximately equal to the diameter of the aperture 84,
      and is 0.375 inch (0.95 cm). The axial length of the center electrode 82
      is preferably not less than the radius of the aperture 88 therethrough.
      The downstream outer electrode 80 is positioned to permit the beam to be
      focused by a potential less than the potential applied to the acceleration
      section 20 on a target 28 beyond the downstream outer electrode 80, a
      distance sufficient to facilitate the intermediate placement of the
      deflection plates 29 and 30. The spacing between the upstream outer
      electrode 78 and the center electrode 82 is preferably greater than
      one-half but less than three times the diameter of the apertures 84 and
      88, thereby minimizing spherical aberration such as may be accentuated by
      the asymmetric placement of the downstream electrode 80.
PAR  The relative spacing of the diameter limiting electrode 24 and the diameter
      of the radius therein are selected such that the ratio between the radius
      of the aperture 74 and the spacing between the electrode 24 and the
      downstream electrode 62 of the first focusing lens 22 is maximized
      consistent with a desired minimum beam radius at the target 28 according
      to the following expression:
      ##EQU1##
      r.sub.A is the radius of the aperture in the diameter limiting electrode,
      L is the distance between the diameter limiting electrode and the
      downstream outer electrode of the first einzel lens,
PA1  r.sub.t is the beam radius at the target, ignoring components due to a
      finite source size,
PA1  M.sub.l2 is the magnification factor of the second einzel lens, and
PA1  C.sub.s2 is the spherical aberration coefficient of the second lens.
PAR  Since a change in the physical size or placement of any one of the
      structural elements or a change in the applied potential on the elements
      affects the resultant beam diameter and current, such changes are
      preferably made in an iterative manner, i.e., making repeated adjustments
      in the position and size of the various apertures and in the potentials
      applied to the various electrodes to determine the optimum conditions
      consistent with a desired beam diameter and current.
PAR  A significant attribute of the apparatus of the present invention is that
      it is capable of providing a highly focused beam at the target 28 under a
      first set of focusing conditions and of providing a high current beam at
      the target 28 under a second set of focusing conditions. The first set of
      focusing conditions are established such that the beam is focused at a
      cross-over point 72 lying approximately in the plane of the downstream
      electrode 62 of the first focusing lens 22. This results in the beam
      impinging on the diameter limiting electrode 24 out of focus. Under such
      conditions, only the center-most portion of the beam passes through the
      aperture 74. Since aberrations in the lens which limit the focusing of the
      beam more strongly influence the outer portion of the beam, the restricted
      passage ensures that the particles which do pass through may be focused by
      the second focusing lens to produce a small diameter beam at the target.
      Under the second set of focusing conditions, the beam is desirably focused
      at the plane of the aperture 74 so that substantially all of the beam
      passes therethrough to produce a high current beam at the target 28. While
      the total current is substantially reduced when operating under the first
      set of focusing conditions from that obtained under the second set of
      focusing conditions, the current density under both sets of conditions is
      approximately the same.
PAR  Typical operation of the apparatus of the present invention is conveniently
      described in a static mode of operation in conjunction with the production
      of a 2000 eV beam of neon ions. In such a use the apparatus is mounted in
      a conventional manner in a standard vacuum chamber fitted with appropriate
      electrical feedthroughs to enable the various electrodes to be
      appropriately energized. The chamber is evacuated by a vacuum pump to a
      pressure of less than about 10.sup..sup.-8 Torr. If desired, a getter and
      liquid nitrogen cold surface may also be provided within the chamber to
      further purify the active elements remaining in the chamber. Neon is then
      released into the chamber by suitable valves until the static pressure is
      increased to approximately a pressure of 5 .times. 10.sup..sup.-5 Torr. At
      this point all openings to the chamber are closed and the neon atoms
      become uniformly dispersed within the chamber and within the ionization
      region formed within the cylinder grid 38.
PAR  Alternatively, the apparatus may also be operated in a dynamic mode by
      preferentially injecting a gas to be ionized into the region defined by
      grid 38. Such an operation is less demanding in terms of the overall
      composition of residual gas atoms, since the gases so injected will
      preferably be withdrawn downstream by conventional vacuum pumps.
PAR  A positive potential of 2000 eV is applied to the cylindrical grid 38 and
      to the supplemental extractor electrode 40 while a somewhat lower DC
      voltage of 1850 eV is applied to the filament 36 and to the outer cylinder
      42. The filament 36 is then energized with 7 volts to provide an electron
      current of 15 milliamps. Electrons thus emitted are attracted toward the
      grid as a result of the difference in the potential between the filament
      and the grid and pass therethrough into the region within the grid. The
      resultant bombardment of the neon atoms within the grid produces a source
      of neon ions. The first electrode assembly 34 is energized with a
      potential of 1830 volts. This difference in potential causes the ions
      within the cylindrical grid 38 to be extracted through the apertures 44
      and 18.
PAR  The second electrode assembly 52 is maintained at ground potential, and
      thus provides substantially a 2000 volt accelerating potential to attract
      ions passing through the aperture 18 downstream toward the second
      electrode assembly. The 2000 volt potential between the second electrode
      assembly and the ion source 14 and the fraction thereof (1830 volts)
      applied to the first electrode assembly together with the relative
      placement of these assemblies establish an electrostatic lens, a focal
      point of which is approximately at the aperture 18. This causes
      trajectories of the ions passing through the second electrode assembly to
      be substantially parallel.
PAR  Under a first set of focusing conditions, the first focusing lens 22 is
      preferably energized with the outer electrodes 58 and 62 grounded and with
      the center electrode 64 at a potential of 1800 volts. This causes the beam
      to be focused at the crossover point 72 which is approximately in the
      plane of the downstream electrode 62 of the first focusing lens 22. The
      diameter limiting electrode 24 is also at ground potential such that the
      beam upon leaving the first focusing lens 22 passes through an essentially
      field-free region. Under such conditions the beam will impinge on the
      diameter limiting electrode 24 substantially out of focus such that only
      the center portion of the beam passes through the aperture 74.
PAR  The second focusing lens 26 is energized with the outer electrodes 78 and
      80 at ground potential and the center electrode 82 at a potential of 1585
      volts, and thus causes the portion of the beam passing through the
      aperture 74 to be focused at the target 28, thereby providing a beam of
      approximately 100 micrometers in diameter and having a current of
      approximately 30 nanoamps. Under such conditions the target point 28 is
      approximately 2.5 cm from the downstream electrode 80. The ion beam thus
      produced is monoenergetic, having an energy spread of approximately .+-. 5
      eV and has been found to be relatively independent of changes in the
      source gas pressure, the electron emission current, ionization voltage and
      extraction voltages.
PAR  Under the second set of focusing conditions, the potention on the center
      electrode 64 of the first focusing lens 22 is changed to 1333 volts, while
      the potential on the center electrode 82 of the second focusing lens 26 is
      changed to 1675 volts. Under such conditions the target 28 remains
      substantially at the same location, however, the cross-over point 72 of
      the beam emerging from the first focusing lens 22 is moved downstream to
      lie approximately in the plane of the diameter limiting electrode 24.
      Under these conditions substantially all of the beam passes through the
      aperture 74 and is then focused at the target 28. Under such conditions, a
      beam approximately 500 micrometers in diameter and approximately 700
      nanoamps is produced.
PAR  In the above example, the current density of the beam at the target
      produced with the first set of focusing conditions is approximately 0.38
      mA/cm.sup.2, while that produced under the second set of focusing
      conditions is 0.35 mA/cm.sup.2.
PAR  Such a beam of noble gas ions is desirably utilized in surface analysis
      techniques wherein it may be desirable to bombard the surface of a sample
      to be analyzed with a relatively intense beam of charged particles to
      thereby produce emissions from the surface indicative of characteristics
      of the surface so bombarded and to thereafter convert such emissions via
      conventional apparatus 33 into a spectrum indicative of such
      characteristics. It may be further desirable to bombard the surface with a
      small diameter beam produced as described hereinabove which is also
      deflected by appropriate deflection electrodes such as 29 and 30 so as to
      scan the surface of the sample. The emissions resulting from the
      bombardment of the small diameter scanned beam may then be converted via
      apparatus 33 into an emission indicative of spacial concentration
      variations of a characteristic shown in the previously prepared spectrum.
PAR  For example, an ion scattering spectrometer (ISS) such as disclosed in U.S.
      Pat. No. 3,665,182 may be modified to include the apparatus of the present
      invention. The apparatus may be first operated to provide a high current
      beam impinging on a surface portion. The high current results in a
      relatively high current of scattered ions, thereby allowing a spectrum
      showing the mass of elements on the surface of the sample to be rapidly
      generated. Upon determining the presence of a given atomic mass the beam
      may then be switched to another second set of focusing conditions to
      provide a small diameter beam. The energy analyzer associated with the ion
      scattering spectrometer may then be tuned to transmit only scattered ions
      indicative of a given atomic mass shown to be present in the spectrum. A
      signal corresponding to such scattered ions may then be generated. A
      display device such as a cathode ray tube may be deflected in
      synchronization with the scanning of the small diameter beam to form a
      raster corresponding to the scanned area. This raster may then be
      modulated by the electronic signal so produced to provide a graphic image
      of spacial variations of the selected atomic mass on the surface of the
      sample.
PAR  In another variation, the high current beam may similarly be deflected to
      also scan the surface of the sample positioned at the target thereby
      expanding the area of the analysis.
PAR  Another method of using the apparatus in a dual mode provides an improved
      depth profile analysis. In such a method, the high current beam is
      impinged upon the surface of a sample to be analyzed and causes surface
      atoms to be sputtered therefrom resulting in a crater on the surface.
      Charged particles indicative of surface characteristics may then be
      converted into a spectrum indicative of such characteristics. The focus
      may then be changed to provide a small beam which then bombards only the
      portion of the sample at the bottom of the crater. The charged particles
      indicative of the characteristic at the bottom portion may be converted
      into a spectrum indicative of the limited area at the bottom of the
      crater. In this manner, the variations and composition along the walls of
      the crater are prevented from obscuring analysis.
PAR  Alternatively, the small diameter beam may be deflected and a display means
      synchronized to the deflection as described hereinabove so as to display
      an image formed by a raster modulated by a signal corresponding to the
      concentration of a given characteristic. In this manner, changes in a
      given characteristic, such as a selected atomic mass, as a function of
      depth into the crater may be compared with the concentration of that
      characteristic on the surface of the sample.
PAR  The apparatus of the present invention may also be used to provide an
      electron beam to bombard the surface of the sample to be analyzed. In such
      a technique, the chamber, within which the apparatus is positioned, is
      evacuated. The potentials on the appropriate electrodes are reversed from
      that provided when the apparatus is used to provide an ion beam, to
      attract electrons produced from the filament 36 through the extractor
      apertures 44 and 18, thereby providing an electron beam impinging upon the
      target 28. This enables the analysis of surfaces according to conventional
      secondary electron microscopic techniques (SEM), Auger electron
      micrography, etc. Upon completion of such analysis, the potentials may
      then be reversed, gas atoms to be ionized may be introduced into the
      chamber, if not already present, and the same surface area analyzed
      according to conventional ion scattering spectroscopic (ISS) techniques or
      by secondary ion spectroscopic (SIMS) techniques without removing or
      modifying the sample being analyzed.
CLMS
STM  Having thus described the present invention, what is claimed is:
NUM  1.
PAR  1. A charged particle beam apparatus comprising: (a) means for generating a
      charged particle beam including a source of charged particles and a
      primary extractor electrode having an aperture defining the effective
      diameter of said generated beam, (b) means for accelerating said charged
      particles in said beam, (c) a first focusing means for focusing said beam
      at a cross-over point, (d) means for limiting the diameter of said focused
      beam, and (e) a second focusing means for focusing said beam at a target,
      each of said means being located along a beam axis downstream from
      previously recited means, THE IMPROVEMENT WHEREIN: said accelerating means
      comprises
PA1  a first electrode assembly including said primary extractor electrode at
      the upstream end thereof and means for providing a circularly-symmetric
      axially-centered unipotential surface extending a first predetermined
      distance downstream from said extractor electrode,
PA1  a second electrode assembly the upstream end of which is spaced a second
      predetermined distance downstream from the downstream end of said first
      electrode assembly and including means for providing a
      circularly-symmetric axially-centered unipotential surface extending
      axially a third predetermined distance,
PA1  means for applying a given potential between said source of charged
      particles and said second electrode assembly, and
PA1  means for applying a given fraction of said given potential to said first
      electrode assembly in order to establish an electrostatic lens, a focal
      point of which is approximately in the plane of the aperture of said
      primary extractor electrode such that the trajectories of charged
      particles passing through said second electrode assembly are substantially
      parallel, thereby enhancing the current density of the beam at said target
      under a given set of focusing conditions.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said first, second and third
      predetermined distances are approximately equal.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein said unipotential surface of
      said first electrode assembly is cylindrical and wherein said first
      electrode assembly further includes a first acceleration electrode having
      a circular aperture at the downstream end thereof, which aperture is large
      relative to the aperture of the primary extractor electrode but is not
      greater in diameter than said first predetermined distance to lessen the
      effect of the fields emanating from said second electrode assembly on
      fields within said first electrode assembly.
NUM  4.
PAR  4. An apparatus according to claim 3, wherein said unipotential surface of
      said second electrode assembly is cylindrical and wherein said second
      electrode assembly further includes a second acceleration electrode having
      a circular aperture at the upstream end thereof, which aperture is large
      relative to the aperture of the primary extractor electrode but which is
      not greater in diameter than said third predetermined distance to lessen
      the effect of fields emanating from said first electrode assembly on
      fields within said second electrode assembly.
NUM  5.
PAR  5. An apparatus according to claim 4, wherein said primary extractor
      electrode, said first acceleration electrode and said second acceleration
      electrode are each planar and are parallel to each other.
NUM  6.
PAR  6. An apparatus according to claim 1, wherein said charged particle
      generating means comprises
PA1  a. a source of electrons,
PA1  b. an electron permeable cylindrical grid which when electrically biased
      with respect to said source attracts electrons into the chamber within the
      grid,
PA1  c. a supplemental extractor electrode positioned between said grid and said
      primary extractor electrode and parallel thereto and having a circular
      aperture axially centered such that when said primary extractor electrode
      is electrically biased with respect to said supplemental extractor
      electrode and said grid, the resultant electric field extends into said
      grid to enhance the extraction of charged particles therefrom.
NUM  7.
PAR  7. An apparatus according to claim 6, wherein said source of electrons
      comprises a circular filament substantially encircling said cylindrical
      grid and lying in a plane approximately normal to said axis.
NUM  8.
PAR  8. An apparatus according to claim 7, wherein said circular filament
      consists of a single turn.
NUM  9.
PAR  9. An apparatus according to claim 7, wherein said circular filament is
      positioned upstream from the supplemental extractor electrode a distance
      not greater than the diameter of the aperture in said supplemental
      extractor electrode.
NUM  10.
PAR  10. An apparatus according to claim 1, wherein the beam diameter defining
      aperture of the primary extractor electrode is 0.015 to 0.050 inch (0.038
      to 0.127 cm).
NUM  11.
PAR  11. An apparatus according to claim 1, wherein said first and second
      focusing means are first and second axially-located einzel lenses
      respectively.
NUM  12.
PAR  12. An apparatus according to claim 11, wherein said first einzel lens
      comprises outer electrodes and an axially thick center electrode, all
      having axially-located apertures which are substantially equal in diameter
      and are not larger than said third predetermined distance and wherein the
      upstream outer electrode is integral with said second electrode assembly,
      is electrically coupled thereto and defines the downstream limit of the
      unipotential surface associated with the second electrode assembly.
NUM  13.
PAR  13. An apparatus according to claim 12, wherein each of said outer
      electrodes of said first lens is spaced from said center electrode a
      distance approximately equal to the radius of the aperture therethrough,
      and wherein said center electrode of said first einzel lens has an axial
      length not less than the radius of the aperture therethrough, whereby the
      application of a potential to said first lens not greater than that
      potential applied between said source of charged particles and said second
      electrode assembly is sufficient to cause said cross-over point at which
      the beam is focused to lie in the plane of the downstream electrode of
      said first einzel lens.
NUM  14.
PAR  14. An apparatus according to claim 11, wherein said means for limiting the
      diameter of said focused beam comprises a planar electrode positioned
      normal to said axis and having a circular aperture centered on said axis.
NUM  15.
PAR  15. An apparatus according to claim 14, wherein said diameter limiting
      electrode is positioned from the upstream outer electrode of said second
      einzel lens a distance approximately equal to the diameter of the aperture
      through said upstream electrode.
NUM  16.
PAR  16. An apparatus according to claim 15, wherein the radius of the aperture
      in said diameter limiting electrode is selected and said diameter limiting
      electrode is positioned downstream from the downstream electrode of said
      first einzel lens such that the ratio between said radius and the
      separation between said diameter limiting electrode and said downstream
      outer electrode of the first einzel lens is not greater than 0.1.
NUM  17.
PAR  17. An apparatus according to claim 16, wherein said radius is selected and
      said diameter limiting electrode is positioned such that said ratio is
      maximized consistent with a desired minimum beam radius at the target
      according to the following expression:
      ##EQU2##
      r.sub.A is the radius of the aperture in said diameter limiting electrode,
      L is the distance between said diameter limiting electrode and said
      downstream outer electrode of the first einzel lens,
PA1  r.sub.t is the beam radius at the target, ignoring components due to a
      finite source size,
PA1  M.sub.l2 is the magnification factor of the second lens, and
PA1  C.sub.s2 is the spherical aberration coefficient of the second lens.
NUM  18.
PAR  18. An apparatus according to claim 17, wherein the diameter of said
      aperture in said diameter limiting electrode is substantially equal to the
      diameter of said diameter defining aperture of the primary extractor
      electrode.
NUM  19.
PAR  19. An apparatus according to claim 17, wherein said aperture in said beam
      limiting electrode is 0.03 to 0.08 inch (0.075 to 0.20 cm).
NUM  20.
PAR  20. An apparatus according to claim 1, wherein said second focusing means
      comprises an asymmetric einzel lens including relatively thin outer
      electrodes and an axially thick center electrode, all having axially
      located apertures therethrough, the diameters of the apertures in the
      upstream outer electrode and in the center electrode being approximately
      equal and the diameter of the aperture in the downstream outer electrode
      being somewhat smaller, whereby electrostatic fields within said second
      lens are shielded from external fields downstream of said second lens.
NUM  21.
PAR  21. An apparatus according to claim 20, wherein the axial length of said
      center electrode of said einzel lens is not less than the radius of the
      aperture therethrough.
NUM  22.
PAR  22. An apparatus according to claim 21, wherein the downstream outer
      electrode of said einzel lens is positioned to permit the beam to be
      focused by a potential less than the given potential between said source
      and said second electrode assembly on a target beyond said downstream
      outer electrode a distance sufficient to facilitate the intermediate
      placement of deflection plates.
NUM  23.
PAR  23. An apparatus according to claim 22, wherein the center and upstream
      outer electrodes of said einzel lens are spaced by a distance greater than
      one-half but less than three times the diameter of the apertures
      therethrough to minimize spherical aberration.
NUM  24.
PAR  24. A method of surface analysis using a dual mode charged particle beam
      apparatus comprising
PA1  positioning a sample, a surface of which is to be analyzed,
PA1  generating a beam of charged particles,
PA1  accelerating and directing said beam of charged particles into
      substantially parallel trajectories,
PA1  focusing said parallel beam at a first cross-over point,
PA1  refocusing substantially all of the particles emerging from the cross-over
      point in a high current beam which impinges on a portion of said surface,
PA1  converting emissions resulting from the high current beam into a spectrum
      indicative of characteristics of said surface portion,
PA1  changing the focus of said parallel beam to a second cross-over point
      substantially upstream from said first cross-over point,
PA1  blocking all but a small center portion of said beam,
PA1  focusing the said center portion of said beam into a small-diameter,
      spherical-aberration limited beam to produce emissions,
PA1  deflecting the small-diameter beam to scan said surface,
PA1  converting emissions resulting from the small-diameter beam into an
      electronic signal and in turn into an image indicative of spacial
      concentrations of a characteristic shown in said spectrum.
NUM  25.
PAR  25. A method according to claim 24 further comprising deflecting the high
      current beam to scan the surface of a sample positioned at said target,
      thereby expanding the area of analysis.
NUM  26.
PAR  26. A method of surface analysis using a dual mode charged particle beam
      apparatus comprising
PA1  positioning a sample, a surface of which is to be analyzed,
PA1  generating a beam of charged particles,
PA1  accelerating and directing said beam of charged particles into
      substantially parallel trajectories,
PA1  focusing said parallel beam at a first cross-over point,
PA1  refocusing substantially all of the particles emerging from the cross-over
      point in a high current beam which impinges on a portion of said surface,
      and which sputters atoms therefrom, resulting in a crater in said surface
      portion,
PA1  converting emissions resulting from the high current beam into a spectrum
      indicative of characteristics of the surface portion within said crater,
PA1  changing the focus of said parallel beam to a second cross-over point
      substantially upstream from said first cross-over point, blocking all but
      a small center portion of said beam,
PA1  focusing the said center portion into a small diameter spherical aberration
      limited beam to produce emissions,
PA1  deflecting the small diameter beam to scan a portion of said surface
      including said crater,
PA1  converting emissions resulting from the small diameter beam into an
      electronic signal and in turn into an image indicative of spacial
      concentrations of a characteristic shown in said spectrum, whereby changes
      in the concentration of said characteristic as a function of depth into
      said crater may be compared with the concentration of said characteristics
      on said surface within the scanned portion.
NUM  27.
PAR  27. A method of surface analysis using a dual mode charged particle beam
      apparatus comprising
PA1  positioning a sample, a surface of which is to be analyzed,
PA1  generating a beam of electrons,
PA1  accelerating and directing said beam of electrons into substantially
      parallel trajectories,
PA1  focusing said parallel beam of electrons to impinge on a portion of said
      surface,
PA1  converting a first type of emissions resulting from said electron
      impingement into an indication of certain characteristics of said impinged
      upon surface portion,
PA1  supplying gas atoms into said apparatus, whereby electrons from said supply
      of electrons collide with and ionize said gas atoms,
PA1  generating a beam of positive ions,
PA1  accelerating and directing said beam of positive ions into substantially
      parallel trajectories,
PA1  focusing said parallel beam of positive ions to impinge on the same portion
      of said surface,
PA1  converting a second type of emissions resulting from said ion impingement
      into an indication of said another characteristic,
PAL  whereby said another characteristic is determined without repositioning or
      altering said sample.
NUM  28.
PAR  28. A method according to claim 27, wherein said step of converting said
      first type of emissions further comprises transmitting such electrons as
      are reflected, scattered or emitted from said surface portion, and
      converting the transmitted electrons into an electronic signal
      corresponding to characteristics indicative of the reflection, scattering
      or emission of said electrons.
NUM  29.
PAR  29. A method according to claim 27, wherein said step of converting said
      second type of emissions further comprises transmitting a fraction of said
      gas ions scattered from said portion at a given angle, the loss of energy
      of which is indicative of the atomic weight of surface atoms off which
      said transmitted ions were scattered, receiving said scattered ions, and
      converting the same into an electronic signal and in turn into a spectrum
      of the atomic weight of atoms within said surface portion.
NUM  30.
PAR  30. A method according to claim 27, further comprising deflecting either
      said beam of electrons or said beam of ions to scan an extended portion of
      said surface and synchronizing a display means with said deflection and
      modulating said display means with said electronic signal whereby
      particular characteristics within said extended portion of said surface
      are identified.
NUM  31.
PAR  31. A method of surface analysis using the charged particle beam apparatus
      according to claim 1 comprising
PA1  positioning a surface of a sample to be analyzed at said target,
PA1  energizing said source of charged particles to provide a supply of
      electrons,
PA1  applying a positive potential to said second electrode assembly with
      respect to said source,
PA1  applying a given fraction of said positive potential to said first
      electrode assembly to cause a beam of electrons to be focused at and to
      impinge on a portion of said surface,
PA1  converting a first type of emissions resulting from said electron
      impingement into an indication of certain characteristics of said impinged
      upon surface portion,
PA1  supplying gas atoms into said apparatus, whereby electrons from said supply
      of electrons collide with an ionize said gas atoms,
PA1  applying a negative potential to said second electrode assembly with
      respect to said source,
PA1  applying a given fraction of said negative potential to said first
      electrode assembly to cause a beam of monoenergetic positive ions to be
      focused at and to impinge on the same portion of said surface,
PA1  converting a second type of emissions resulting from said ion impingement
      into an indication of said another characteristic, whereby said another
      characteristic is determined without repositioning or altering said
      sample.
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ABST
PAL  The sum of the intensity changes of one polarity in the video signal is
      used as a signal indicative of the diameter of the electron beam
      irradiating a specimen. A storage counter which produces the signal
      indicative of the beam diameter is reset periodically in synchronism with
      the beam scan and two successive outputs of the counter are compared by a
      comparison circuit. The excitation current of the focusing lens is varied
      in synchronism with beam scan. The magnitude and polarity (increase or
      decrease) of the change in excitation current are controlled in response
      to the output of said comparison circuit to maximize the output of the
      storage counter.
BSUM
PAR  This invention relates to a method and apparatus for automatically focusing
      the electron beam in a scanning electron microscope or other apparatus
      having an electron optical system.
PAR  It is known that to obtain a high resolution image with a scanning electron
      microscope, it is necessary to irradiate the specimen with an electron
      beam having a very fine spot diameter. In order to focus the electron
      beam, the operator must adjust the focal length of the condenser lens in
      accordance with his own visual assessment of the microscope image, an
      operation which is extremely exacting and time consuming, especially for a
      person untrained in this type of adjustment.
PAR  Efforts have been made to automate the above focusing operation. One
      proposed method involves time differentiating the detected signal and then
      maximizing the differentiated value by controlling the condenser lens
      excitation current. In this method, however, only the sharpness in the
      rise (amplitude) of the detector output signal is monitored. Focusing
      errors due to signal noise are always a possibility, because, although the
      intensity of ordinary noise is low, the amount of high frequency component
      contained therein is large. In the case of time differentiation, the
      differentiated value of the noise component is high, thus making it
      difficult in practice to judge whether the electron beam is in or out of
      focus.
PAR  An advantage of the present invention is to eliminate visual focusing by
      providing a method and means for automatically adjusting the condenser
      lens to give optimum results. Another advantage of this invention is to
      eliminate the possibility of focusing errors due to noise signals.
DRWD
PAR  Other objects and advantages of this invention will become apparent by
      reading the following detailed description in conjunction with the
      accompanying drawings, wherein:
PAR  FIGS. 1, 2a, 2b, 2c, 3a, 3b, and 3c are schematic drawings for explaining
      the relation between the electron beam diameter and the waveforms of the
      video signal detected from the specimen,
PAR  FIG. 4 is a schematic drawing showing one embodiment according to this
      invention,
PAR  FIG. 5 is a schematic drawing showing the circuitry for the embodiment
      shown in FIG. 4,
PAR  FIG. 6 is a circuit diagram of the storage counter shown in FIG. 5 and
      forming part of the automatic control circuit shown in FIG. 4,
PAR  FIGS. 7a, 7b, 8a, 8b, 8c, 8d, 8e, 8f, 8g, 8h and 8i are schematic diagrams
      for explaining the operational principles of the embodiment shown in FIG.
      4,
PAR  FIG. 9 is a schematic diagram showing circuitry for another embodiment
      according to this invention,
PAR  FIGS. 10a, 10b and 10c are schematic diagrams for explaining the operation
      of the embodiment shown in FIG. 9 and
PAR  FIGS. 11 and 12 are schematic drawings relating to other embodiments
      according to this invention.
DETD
PAR  In FIG. 1, a indicates the line area where the quantity of the generated
      signal is 1; elsewhere, the quantity of the generated signal is assumed to
      be 0. FIGS. 2a, 2b and 2c show three spot diameters and their respective
      detection signals when the electron beam is made to scan an object from
      point b towards point c shown in FIG. 1. It is apparent from FIG. 2(a) (b)
      and (c) that the smallest electron beam spot diameter produces the
      sharpest signal having the greatest amplitude and that, as the beam spot
      diameter increases, the signal shows a marked tendency to flatten out.
      Accordingly, if there are two or more signals and their amplitude
      variations are accumulated or summed, the accumulation or summation values
      VI, V2 and V3 as shown in FIGS. 3(a), (b) and (c) respectively are
      obtained. Moreover, if these values are compared, the relationship VI &gt; V2
      &gt; V3 is established. That is to say, since the accumulation value is
      maximum when the electron beam is in focus, automatic focusing can be
      achieved by comparing the accumulation value at a certain focal length of
      the condenser lens with the accumulation value at a slightly different
      focal length and controlling the lens excitation current so as to maximize
      said accumulation value.
PAR  FIG. 4 illustrates one embodiment of a scanning electron microscope
      according to this invention. A microscope column 1 contains the electron
      optical system comprising an electron gun 2 for producing an electron beam
      3 which irradiates a specimen 4, a first condenser lens 5 and a second
      condenser lens (objective lens) 6. Mutually synchronized horizontal
      X-direction and Y-direction scanning signal generators 7X and 7Y,
      respectively, provide scanning signals to scanning coils 8X and 8Y to make
      the electron beam 2 scan the surface of the specimen 4 in a
      two-dimensional raster. Signals generated by the scanning signal
      generators 7X and 7Y are also supplied to scanning coils 9X and 9Y forming
      part of the CRT 10 so as to scan electron beam 11 over the CRT screen in a
      corresponding raster. The intensity of said electron beam is modulated by
      the varying potential of control grids 12 and 13 and the specimen image is
      displayed on the CRT screen in accordance with the secondary electrons,
      X-rays, etc. emanating from the specimen due to electron beam irradiation,
      said electrons, etc. being detected by detector 14 and amplified by
      amplifier 15 prior to being impressed as an electrical signal on control
      grid 13. The signal applied to control grid 12 is supplied by a blanking
      signal generator 16 which is synchronized with the X-direction scanning
      signal generator 7X, the purpose of said signal being to maintain the CRT
      brightness at the zero level during the so called blanking period; i.e.,
      the retrace time of the multiple X-direction (direct line) scanning. In
      the apparatus thus far described, the specimen image is focused by
      adjusting the excitation current power source 17 of the objective lens 6.
      By adding another small auxiliary lens 18 complete with excitation current
      power source 19, however, as envisaged in the apparatus according to this
      invention, and by locating said auxiliary lens near the objective lens 6,
      the specimen image can be focused both automatically and precisely. This
      type of automatic and precise focusing control is achieved by automatic
      control circuit 20 which supplies a control signal to the lens power
      source 19 based on the video signal from detector 14 and the electron beam
      scanning blanking signal.
PAR  In automatic focusing, according to this invention, the condenser lens
      focal length varies with each horizontal scan and the video signals
      obtained during each two horizontal scans are converted into d.c. voltages
      indicative of the beam diameter of the irradiating electron beam. Thus, it
      is possible to determine whether or not the focal length of the condenser
      lens is approaching optimum by comparing the beam diameter signals, i.e.
      the d.c. voltages for each pair of horizontal scans. If the change in the
      focal length is made smaller, the focal length of the condenser lens will
      gradually approach the optimum focal length.
PAR  FIG. 5 shows the composition of the automatic control circuit 20 described
      in FIG. 4. The video signal from the amplifier 15 and the output signal
      from the blanking signal generator 16 which is synchronized with the
      scanning signal are fed into the two input terminals S and B respectively.
      Part of the video signal output from the amplifier 15 is fed into a
      storage counter 21 via. terminal S. Here, the amplitude variation of the
      signal is converted into a d.c. signal so as to obtain a signal indicative
      of the beam diameter. The counter 21 is reset by each blanking signal. A
      typical storage counter comprises an operational amplifier A, two diodes
      D1 and D2, and two capacitors, C1 and C2, as shown in FIG. 6. The video
      signal before and after accumulation respectively is shown in FIG. 7(a)
      and (b) in which n equals C1/C2. The accumulated output signal of the
      storage counter 21 is fed into two gate circuits 22a and 22b, said gate
      circuits being activated and deactivated during one horizontal scanning
      time in alternate sequence by a pulse signal from a timing circuit 23
      which is synchronized with the blanking signal. In other words, when gate
      circuit 22a is "on," gate circuit 22b is "off," and vice versa.
      Accordingly, the accumulation value of a signal corresponding to one
      horizontal scan of the electron beam on the specimen 4 passes through the
      two gate circuits in alternate sequence. The alternating outputs of the
      gate circuits 22a and 22b then enter memory circuits 24a and 24b prior to
      being compared in a comparison circuit 25.
PAR  FIGS. 8a to 8i are schematic diagrams for explaining the operation of the
      embodiment of FIG. 5. FIGS. (a) and (b) show the horizontal scanning
      signal waveform and pulsed blanking signal respectively. FIG. 8c shows the
      video signal supplied to the storage counter 21 and FIGS. (d) and (e) are
      the output signal of the memories 24a and 24b, respectively. The amplitude
      of these two output signals shown in FIGS. 8 (d) and (e) are compared by
      the comparison circuit 25 in the embodiment of FIG. 5.
PAR  The output of the comparison circuit 25 has rising and falling times as
      shown by the square wave as shown in FIG. 8 (f). When the accumulated
      output during one scan exceeds the total accumulated output of the last
      scan, the comparison pulse rises or falls during scan. Otherwise, a rise
      or fall occurs at the end of the scan. This square wave signal is then fed
      into a pulse generator 26 which produces a pulsed output signal waveform
      as shown in FIG. 8(g). Pulses occur at every rise or fall of the
      comparision circuit output. As will be seen, these pulses control the
      polarity of the stepwise change imparted to the focusing current.
PAR  A control signal generating circuit 27 produces signals for controlling the
      current power source 19 of the auxiliary lens 18 and consists of a
      distributor 28 which supplies current at fixed intervals to converter E1,
      E2, E3 . . . or En according to the distributor input signals, and an
      adding circuit 29 which adds the output of said converters E1, E2, . . .
      En after passing through attenuators F2, F3, . . . Fn. In other words,
      each converter and associated attenuator when individually and stepwise
      actuated by control pulses from circuits 30 and 31 change the control
      signal current. Alternate converters increase or decrease the current
      (take forward or backward steps). Each succeeding converter and associated
      attenuator are arranged to take smaller steps.
PAR  AND circuit 30 output is fed into the pulse distributor 28 as a control
      signal, and control signal only being generated when the blanking signal
      (b) and the pulse signal (g) are in accord as shown in FIG. 8(h). This
      signal serves as a shift signal for actuating the next converter E1, E2, .
      . . En. The output pulses (blanking pulses) of a second AND circuit 31 are
      also applied to the pulse distributor 28 as a further control signal for
      varying the d.c. current supplied to said converter, E1, E2, . . . or En
      stepwise each time a horizontal scanning signal is generated. A blanking
      signal is applied to one of the AND circuit 31 input terminals.
PAR  FIG. 8 (i) shows the waveform of the output signal at terminal 0 of control
      circuit 27. J1, J2, J3 and J4 show the state or condition where the
      control signal is varied stepwise by converter E1 each time a horizontal
      scanning signal is generated. When the auxiliary lens current exceeds the
      correct current i.sub.o, pulses (h) from the AND circuit 30 are generated
      so as to reverse the direction of the control current (see J5 and J6) by
      sustaining the output of the converter E1 and, at the same time,
      activating the next converter E2. Concurrently, the step current width is
      reduced to less than that in the case of J1, J2, J3 and J4 by attenuator
      F2. when the J6 condition is reached, converter E2 is kept in the
      activated condition and converter E3 starts to operate and gradually
      approaches the optimum value i.sub.o. The above sequence continues until
      the final converter En commences to operate, at which time, the stop pulse
      generator 32 generates a stop signal by the signal from the pulse
      distributor 28. Further, a start signal generator 33 supplies a start
      signal to the timing circuit 23 so as to start the control of the gates
      22a and 22b, and memories 24a and 24b, and supplied to the circuit 27 so
      as to reset the converters E1, E2, . . . En. By so doing, the image is
      accurately and automatically focused only during the extremely short
      period of time which the start signal generator 33 is in operation.
PAR  FIG. 9 is a schematic diagram showing the circuitry for another embodiment
      of this invention. In the FIG., 18a represents the auxiliary lens coil
      shown in FIG. 4 and 20a is a control circuit which is more or less the
      same as the control circuit described in FIG. 5. This embodiment differs,
      however, from the previously described embodiments in that a circuit 34
      for controlling the polarity of the current supplied to the coil 18a from
      the control circuit 20a and an amplifier 35 are provided between the
      output 20a and the coil 18a. Moreover, this embodiment is so designed that
      the control circuit 20a does not come into operation until the polarity
      identification circuit 38 deactivates (i.e., until the operation of
      circuit 34 is complete). The output current I (see FIG. 10(b)) supplied to
      the coil 18a from the sweep current generator 36 remains zero except
      during the judgment of the polarity. That is to say, when the start signal
      generator 37 generates a signal, the sweep current generator 36 generates
      a sweep signal as shown by d1 and d2 in FIG. 10(b) which is synchronized
      with the blanking signal shown in FIG. 10 (a). Further, a signal from the
      start signal generator 37, which is synchronized with a blanking signal
      fed in through terminal B, is applied to a polarity identification circuit
      38. By so doing, circuit 38 detects and converts the respective video
      signals into voltages having values corresponding to those of the diameter
      of the beam irradiating the specimen as shown in FIG. 10 (c). The size of
      the two detection values are compared and the high value is identified and
      selected signal is then applied to a flip-flop circuit 39 forming part of
      the polarity control circuit 34. For example, in the case of the correct
      focus current value Ic as shown in FIG. 10 (b), since a high detection
      value is obtained when the sweep current is d2, a signal which moves in
      the negative direction. Circuit 34 determines whether the output signal
      from the control circuit 20a is supplied to the + or - terminals of the
      amplifier 35. Upon completion of this operation, control circuit 20a is
      brought into operation by a start signal generated by the polarity
      identification circuit 38. In this way, the current supplied to the
      correction coil varies as shown by J1', J2', J3', . . . etc. in FIG.
      10(b), thereby gradually approaching the correct focus current value Ic.
      The difference between the embodiment described in FIG. 9 and the
      previously described embodiment is in that the shift from J1' to J2' is
      normally in correct polarity direction, whereas in the previously
      described embodiments, this is not so (J1' to J2"). In other words, the
      first step is always in the correct direction.
PAR  In the embodiments described above, each electron beam scanning position on
      the specimen is slightly changed during the automatic focusing operation.
      However, it is easy to remove the position change by adding a means for
      keeping the output of the Y-direction scanning signal generator 7Y shown
      in FIG. 4 constant during the automatic focusing operation.
PAR  FIG. 11 is a schematic diagram illustrating another embodiment according to
      this invention. In the figure, auxiliary lens coils 40 are wound around
      the objective lens yoke 41, whereas the auxiliary lens 18 is completely
      independent from the objective lens 6. Further, it is possible to directly
      control the objective lens power source 19.
PAR  FIG. 12 is a schematic diagram showing part of yet another embodiment
      according to this invention. This embodiment incorporates a high frequency
      filter 42 and integral circuits 43a and 43b instead of the storage counter
      21 and memory circuits 24a and 24b as in the case of the embodiment shown
      in FIGS. 4 and 5.
PAR  Having thus described my invention with the detail and particularity as
      required by the patent laws, what is desired protected by Letters Patent
      is set forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for automatically focusing the electron beam of a scanning
      device having an electron beam source, a condenser lens system for
      focusing the electron beam on the specimen, a scanning means for scanning
      the electron beam over the specimen, a detecting means for detecting the
      signal emanating from the specimen, and a display means for displaying the
      specimen image on a display device by using the output signal of said
      detecting means to modulate the scanning beam of the display device which
      is in synchronism with said scanning means comprising the steps for:
PA1  a. changing the condenser lens system focal length stepwise in synchromism
      with said scanning means,
PA1  b. converting the output of said detecting means into a signal indicative
      of the diameter of said electron beam,
PA1  c. comparing two converting signals indicative of the beam diameter
      obtained in step (b) and,
PA1  d. controlling the polarity and change width in step (a) in response to the
      result in step (c) to minimize the beam diameter.
NUM  2.
PAR  2. In a scanning beam device comprising an electron beam source, a
      condenser lens system for focusing the electron beam on a specimen, a
      scanning means for scanning the electron beam over the specimen, and a
      detecting means for detecting the signal emanating from the specimen
      caused by the electron beam irradiation, and a display means for
      displaying the specimen image on a displaying device by using the output
      signal of said detecting means to modulate the scanning beam of the
      displaying device which is in synchronism with said scanning means, the
      improvement comprising control means for changing the focal length of said
      condenser lens system stepwise in synchronism with said scanning means, a
      converting means for converting the output of said detecting means into a
      signal indicative of the diameter of said electron beam during a time
      interval at each focal length, a comparing means for comparing two
      successive signals indicative of said beam diameter, and a means for
      controlling the polarity and width of the stepwise changes of the control
      means in response to the output of said comparing means to minimize the
      beam diameter.
NUM  3.
PAR  3. A scanning beam device as claimed in claim 2, wherein said converting
      means consists of a high-pass filter and integration circuit.
NUM  4.
PAR  4. A scanning beam device as claimed in claim 2, wherein said control means
      is incorporated in the final stage condenser lens power source.
NUM  5.
PAR  5. A scanning beam device as claimed in claim 2, wherein said control means
      consists of an independent auxiliary lens coil wound around the
      conventional yoke of the final stage condenser lens and an auxiliary lens
      power source.
NUM  6.
PAR  6. A scanning beam device as claimed in claim 2, wherein said control means
      consists of an independent auxiliary lens yoke and lens coil complete with
      lens power source.
NUM  7.
PAR  7. A method for automatically focusing the electron beam on a specimen in a
      scanning device having an electron beam source, a condenser lens system
      for focusing the electron beam on the specimen, a scanning means for
      scanning the electron beam over the specimen, a detecting means for
      detecting the signal emanating from the specimen, and a display means for
      displaying the specimen image on a display device by using the output
      signal of said detecting means in synchronism with said scanning means
      comprising the steps for:
PA1  a. changing the condenser lens system focal length stepwise in synchronism
      with said scanning means,
PA1  b. integrating changes of the output signal of said detecting means to
      produce a signal indicative of beam diameter,
PA1  c. comparing the two successive scanning output signals obtained in step
      (b), and
PA1  d. controlling the polarity and change width in step (a) in response to the
      result obtained in step (c) to minimize the beam diameter.
NUM  8.
PAR  8. In a scanning beam device comprising an electron beam source, a
      condenser lens system for focusing the electron beam on the specimen, a
      scanning means for scanning the electron beam over the specimen, a
      detecting means for detecting the signal emanating from the specimen by
      the electron beam irradiation, and a displaying means for displaying the
      specimen image on a display device by using the output signal of said
      detecting means in synchronism with said scanning means, the improvement
      comprising a control means for changing the focal length of said condenser
      lens system stepwise in synchromism with said scanning means, a storage
      counter circuit for integrating the intensity changes of the output of
      said detecting means, to produce a signal indicative of beam diameter, a
      comparing means for comparing the two successive output signals of said
      storage counter circuit, and a means for controlling the polarity and
      change width of the output of said control means in response to the output
      of said comparing means to minimize beam diameter.
NUM  9.
PAR  9. A method for automatically focusing the electron beam on a specimen
      using a scanning device having an electron beam source, a condenser lens
      system for focusing the electron beam on the specimen, a scanning means
      for scanning the electron beam over the specimen, a detecting means for
      detecting the signal emanating from the specimen, and a display means for
      displaying the specimen image on a display device by using the output
      signal of said detecting means in synchronism with said scanning means
      comprising the steps of:
PA1  a. integrating the intensity changes of the output signal of said detecting
      means to provide a signal indicative of the beam diameter,
PA1  b. comparing the two successive output signals obtained in step (a),
PA1  c. changing the condenser lens system focal length stepwise in synchronism
      with said scanning means in response to the result obtained in step (b) to
      minimize the beam diameter.
NUM  10.
PAR  10. In a scanning beam device comprising an electron beam source, a
      condenser lens system for focusing the electron beam on the specimen, a
      scanning means for scanning the electron beam over the specimen, a
      detecting means for detecting the signal emanating from the specimen by
      the electron beam irradiation, and a display means for displaying the
      specimen image on a display device by using the output signal of said
      detecting means in synchronism with said scanning means, the improvement
      comprising a storage counter circuit for integrating the intensity changes
      of the output of said detecting means to produce a signal indicative of
      the beam diameter, a comparing means for comparing the two successive
      output signals of said storage counter circuit, and a control means for
      changing the focal length of said condenser lens system stepwise in
      synchronism with said scanning means in response to the output of said
      comparing means to minimize the beam diameter.
PATN
WKU  039379604
SRC  5
APN  4667638
APT  1
ART  256
APD  19740503
TTL  Charging device for electrophotography
ISD  19760210
NCL  4
ECL  1
EXA  Anderson; B. C.
EXP  Lawrence; James W.
NDR  1
NFG  4
INVT
NAM  Matsumoto; Seiji
CTY  Asaka
CNT  JA
INVT
NAM  Takahashi; Isoji
CTY  Tokyo
CNT  JA
ASSG
NAM  Rank Xerox, Ltd.
CTY  London
CNT  EN
COD  03
RLAP
COD  71
APN  227970
APD  19720222
PSC  03
CLAS
OCL  250326
XCL  250324
XCL  317262A
EDF  2
ICL  G03G 1300
FSC  250
FSS  324;325;326
FSC  313
FSS  262 A
UREF
PNO  3358289
ISD  19671200
NAM  Polee
OCL  250 49.5
UREF
PNO  3541329
ISD  19701100
NAM  Roth
OCL  250 49.5
UREF
PNO  3655966
ISD  19720400
NAM  Takimoto et al.
OCL  250 49.5
UREF
PNO  3811048
ISD  19740500
NAM  Matsumoto et al.
OCL  250325
ABST
PAL  A charging device for an electrophotographic apparatus wherein at least a
      first portion of a control plate is movable relative to a corona
      generating device. A support member having a photoconductive insulating
      layer is maintained in spaced relationship relative to the corona
      generating device. A suitable mechanism is operably associated with the
      control plate for varying the position of at least the first portion of
      the control plate relative to the corona generating device to thereby
      adjust the strength of the corona discharge from the portion of the corona
      generating device generally adjacent the first portion of the control
      plate.
PARN
PAR  This is a continuation of application Ser. No. 227,970, filed Feb. 22,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electrophotography, and more
      particularly to a charging device in which the strength of the corona
      discharge from a suitable corona generating device may be partially varied
      to obtain a desired charge on an ion receiving surface.
PAR  As is well known in the art, the electrostatic photography process is
      achieved by uniformly charging a photoconductive insulating layer provided
      on an electrically conductive support member wherein the layer is treated
      as a photosensitive layer, exposing the photoconductive layer to an image,
      and, then, effecting toner development of the image.
PAR  During the charging step, the support member has to be grounded. However,
      it is difficult to obtain a good grounded condition when the support
      member is formed of flexible material. For example, where the support
      member is formed of a plastic film or paper made of material such as
      polyester, triacetate, cellophane, or resin coated paper, it is very
      difficult to obtain uniform charging of the photosensitive layer. When it
      is desired to charge a photosensitive layer provided on a support member
      of the type noted above, it is common in the art to ground the peripheral
      portions of the support member prior to the commencement of the charging
      operation. However, the center portion of the member is not grounded
      thereby decreasing the charge that is obtained on the portion of the
      surface of the photosensitive layer contacting the ungrounded center
      portion of the member. In order to obtain a uniform charge on the surface
      of the photosensitive layer, it is necessary to provide additional means
      to supply added charging to the central portion of the layer.
PAR  Further, as is well known in the art of electrostatic photography, there
      occurs what is commonly referred to as the "edge effect" whereby the
      peripheral portion of an image is developed dark and the center portion is
      light. This is most noticeable when a relatively wide solid area image is
      to be developed. Thus, in order to minimize the edge effect, it is
      desirable to charge the center portion of a relatively wide solid area
      image to a greater level when compared to the remaining portions, to
      thereby obtain a copy of substantially uniform contrast.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a charging
      device for charging the photosensitive layer utilized in electrostatic
      photography by which a portion of the layer may be charged to a greater
      level relative to other portions of the photosensitive layer.
PAR  It is a further object of the invention to provide a charging device
      operable to charge a photosensitive layer contacting an ungrounded support
      member to the same level as a photosensitive layer contacting a grounded
      support member.
PAR  It is yet another object of the present invention to provide a charging
      device having first and second portions, wherein the strength of the
      corona generated by the first portion is of a greater magnitude when
      compared to the strength of the corona generated by the second portion.
PAR  These and other objects of the present invention are obtained by providing
      a corona discharge device including a conductive fine wire connected to a
      source of high DC voltage. The wire is supported in space relationship
      relative to an ion receiving surface which is to be charged.
PAR  A control plate formed of a flexible conductive material is operatively
      associated with the fine wire and is supported in spaced relationship
      relative to the ion receiving surface and to the fine wire. A suitable
      mechanism is connected to the control plate for moving at least a first
      portion of the plate relative to the wire and surface. The movement of the
      control plate relative to the ion receiving surface and the fine wire
      produces a corresponding variation in the ion flow between the wire and
      ion receiving surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a preferred embodiment of a charging device in
      accordance with the present invention;
PAR  FIG. 2 is a side view of the charging device shown in FIG. 1;
PAR  FIG. 3 illustrates another embodiment of the charging device; and
PAR  FIG. 4 illustrates still another embodiment of the charging device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, there are illustrated several embodiments in
      accordance with the present invention. In referring to the drawings, like
      numerals shall refer to like parts.
PAR  Referring in particular to FIGS. 1 and 2 there is shown a first embodiment
      of a charging device in accordance with the present invention. Paper or
      similar member 1 having a photosensitive or photoconductive insulating
      layer to be charged is positioned on conveyor 2 whereby paper 1 is
      advanced at a predetermined speed through the various stages of a
      conventional electrostatic photographic process. As illustrated in FIG. 1,
      the path of travel for the paper is from the front of the drawing paper
      towards the back thereof. Corona discharge electrode 3 comprises a
      conductive fine wire of about 20-100 mils in diameter. Generally a high DC
      voltage, on the order of 3-10 KV is applied to the wire from a source not
      shown. A shielding case 4 for the wire includes an electrically insulative
      layer 5. A discharge control plate 6 formed of a flexible conductive
      material, for example a relatively thin piece of metal, is spaced apart
      from wire 3. Wire 3 and plate 6 form a pair of electrodes for corona
      discharging.
PAR  A suitable mechanism is connected to plate 6 for varying the distance
      between the plate and wire as desired. Such a mechanism may include a
      screw 7 which is movably positioned in shield 4 and is attached to collars
      11 and 12. A nut 8 is suitably affixed to the shield and functions as a
      guide for screw 7. A knob or other device 9 may be affixed to one end of
      the screw for moving the screw relative to the shield as is desired. A
      metal fitting 10 is connected to control plate 6. Collars 11 and 12 are
      spaced about fitting 10 so that the movement of screw 7 is transmitted to
      plate 6 whereby the position of the plate relative to wire 3 may be
      varied. Wire 3 is suitably supported by members 13. Electrically
      conductive rollers 14 are provided for grounding the peripheral portions
      of photosensitive paper 1.
PAR  As noted before, discharge control plate 6 used in the illustrated device
      is electrically conductive and is flexible. The plate is generally
      grounded; however, the plate may be alternatively supplied with a low
      voltage, preferably not higher than 100 volts.
PAR  As is illustrated in FIG. 1, the photosensitive paper contacts the
      electrically conductive rollers 14 only at its peripheral portions.
      However, since the support member of the photosensitive paper has a
      relatively large electrical resistance, and the center portion of the
      paper is ungrounded, such center portion may have only a relatively small
      amount of charge on its surface when compared to the grounded peripheral
      portions, when the paper has been subjected to corona discharge from wire
      3.
PAR  The space between discharge control plate 6 and wire 3 may be suitably
      adjusted by the mechanism heretofore described. It should be noted that a
      plurality of such mechanisms are provided at several locations along the
      length of plate 6.
PAR  If it is noted that the center portion of the surface of photosensitive
      paper 1 becomes short of electric charge due to its ungrounded condition,
      the center portion of plate 6 may be moved closer to corona discharge wire
      3. The corona discharge about the portion of wire 3 adjacent to the center
      portion of plate 6 becomes stronger as the plate is moved towards the wire
      thereby resulting in an increased flow of ions towards the portion of the
      photosensitive surface contacting the ungrounded support member. In
      response to the increased flow of ions, the center or ungrounded portion
      of the photosensitive paper has an increased electrical charge provided on
      its surface. The increased corona discharge obtained by the movement of
      plate 6 towards wire 3 compensates for the ungrounded condition of the
      center portion of the paper and thus uniform charging may be obtained.
PAR  It should be noted that control plate 6 may be moved in its entirety
      relative to wire 3 by adjusting all of the mechanisms simultaneously.
PAR  It should be further noted that insulation layer 5 provided inside
      shielding case 4 is included in order to enhance the control function of
      plate 6. Without a suitable insulating layer, if the conductive shielding
      case 4 were positioned so as to oppose corona discharging wire 3, there
      would occur corona discharging therebetween and the control effect of
      plate 6 might be diminished. It is of course possible to manufacture the
      pertinent portions of the shielding case from an insulative material, or
      in the alternative, if there is enough space between the corona
      discharging wire 3 and the shielding case there is no need to provide an
      insulating layer 5.
PAR  FIG. 3 shows another embodiment of the present invention in which the
      discharge control plate 6 is positioned sideways relative to wire 3.
      Shielding plate 4 is made of an insulating material. Springs 15 are
      interposed between a fixed plate 16 and discharge control plate 6 and
      serve to maintain the discharge control plate on the point of screw 7. By
      the foregoing construction, the height of the discharge control plate may
      be selectively adjusted by rotating knob 9.
PAR  FIG. 4 shows a still further embodiment of the present invention wherein,
      in lieu of the conductive fine wire, a number of needle like electrodes 3'
      are arranged in a single row and are employed as the corona discharging
      electrode.
PAR  Desired corona discharging may be obtained by positioning respective points
      of the needle like elements 3' in the previously occupied position of the
      fine wire as to form a single line. This embodiment can also provide a
      uniform charging of the photosensitive layer of paper 1 by suitably
      adjusting the position of discharge control plate 6.
PAR  Thus, according to the present invention, the corona discharge obtained
      from a suitable corona discharge device may be partially varied so as to
      obtain a desired charge on an ion receiving surface.
PAR  It should be further understood that, although the charging device of the
      present invention has been particularly described with respect to charging
      a photoconductive insulating surface, it should be particularly understood
      that the device may be otherwise employed in an electrophotographic
      process without departing from the spirit of the invention.
PAR  While the invention has been described with reference to preferred
      arrangements and embodiments, it will be generally understood by those
      skilled in the art that various changes may be made and equivalents may be
      substituted for elements thereof without departing from the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination
PA1  a chargable insulating surface having a directly grounded portion and
      another portion which is not directly grounded,
PA1  corona electrode means overlying said surface, said electrode means having
      a first segment overlying said directly grounded portion and a second
      segment overlying said portion of said surface which is not directly
      grounded, and
PA1  movable control plate means for varying the corona discharge generated
      adjacent said first segment relative to the corona discharge adjacent said
      second segment, whereby the flow of charge from said second segment to
      said indirectly grounded portion is greater than that from said first
      segment to said portion which is directly grounded.
NUM  2.
PAR  2. The combination recited in claim 1 wherein said plate means comprises an
      elongated flexible member spaced from and extending collateral to said
      electrode means and means for moving a first section of said plate
      relative to said electrode means while maintaining a second section of
      said plate at a substantially constant distance from said electrode means.
NUM  3.
PAR  3. The combination recited in claim 1 wherein said electrode comprises an
      elongated wire and said plate means comprises a movable first conductive
      plate section collateral with said wire over substantially less than the
      entire length thereof and means for moving said first section relative to
      other sections of said plate means.
NUM  4.
PAR  4. The combination recited in claim 3 further comprising at least one
      insulating side wall member partially surrounding said wire.
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PAL  Liquid scintillation detection system employs improved sample holders in
      which the cap of a glass vial is provided with a well for receiving a
      standard laboratory test tube containing a radioactive sample. The well is
      immersed in a liquid scintillator in the vial, the scintillator containing
      lead acetate solution to enhance its efficiency. A commercially available
      beta-counting liquid scintillation apparatus is modified to provide
      gamma-counting with the improved sample holders.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to scintillation detection system, and is more
      particularly directed to apparatus for enabling conventional beta-counting
      liquid scintillation systems to count high-energy radiation, such as gamma
      rays, emitted by samples carried in standard laboratory test tubes.
PAR  Beta-counting systems are employed by many laboratories in clinical testing
      procedures. In certain procedures, such as radioimmunoassay (RIA), it is
      desired to measure gamma rays or X-rays, such as the emissions from
      radioiodinated substances in biological samples. Because of the high cost
      of commercially available gamma-counting systems it has previously been
      proposed to measure gamma rays and other high-energy emissions with
      existing beta-counting systems. See, for example, Clinical Briefs, Nos.
      1-4 and Nos. 6 and 7, published by Beckman Instruments, Inc., Fullerton,
      California. In a first method described in Clinical Briefs the
      gamma-emitting sample is mixed with a liquid scintillator contained in a
      small sample vial which is carried in a larger vial holder. In a second
      method, the gamma-emitting sample is placed in a small plastic tube
      depending from the cap of a standard vial into liquid scintillator
      contained in the vial. These methods have certain disadvantages. For
      example, both methods require that the samples be transferred from the
      standard laboratory test tubes in which they have been developed to
      separate sample containers, a procedure which runs the risk of spilling
      the samples. In the first method, since the sample is directly mixed with
      the liquid scintillator, the sample is sacrificed and the liquid
      scintillator is rendered unfit for further use. In the second method, the
      sample-holding tube is contaminated by the sample, and it has been found
      that radioactive substances present in certain samples can diffuse through
      the wall of the plastic tube to contaminate the liquid scintillator.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Accordingly, a principal object of the invention is to provide improved
      scintillation detection systems and apparatus which overcome the problems
      of prior systems and apparatus.
PAR  A further object of the invention is to provide a scintillation system for
      efficiently and economically measuring the high-energy radioactivity of
      samples without requiring the transfer of the samples to container
      separate from those in which the samples are normally developed.
PAR  A further object of the invention is to provide a system of the foregoing
      type in which the measurement of radioactivity is performed upon samples
      held in standard laboratory test tubes.
PAR  Another object of the invention is to provide a scintillation detection
      system for high-energy emissions which may be produced by inexpensive
      modification of an existing beta-counting scintillation system.
PAR  Another object of the invention is to provide an improved sample holder for
      use in measuring high-energy radiation.
PAR  Briefly stated, in accordance with a first aspect of the invention,
      improved sample holders are employed, comprising a transparent vial having
      a well which is immersed in a liquid scintillator contained in the vial
      and which receives a standard laboratory test tube carrying a sample. The
      liquid scintillator employed is characterized by high sensitivity to gamma
      radiation. In accordance with another aspect of the invention, standard
      laboratory beta-counting apparatus is modified to accommodate the improved
      sample holders. The modification involves adjusting the operation of a
      shutter which opens and closes a passage leading to a test chamber and
      controlling a light which senses the presence of a sample holder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described with reference to the accompanying
      drawings, which illustrate preferred and exemplary embodiments, and
      wherein:
PAR  FIG. 1 is a perspective view of a known scintillation detection system
      which may be modified in accordance with the invention;
PAR  FIG. 2 is a vertical sectional view of typical apparatus which may be
      employed in the system of FIG. 1; FIG. 3 is a plan view of a shutter
      employed in the apparatus of FIG. 2;
PAR  FIG. 4 is a fragmentary perspective view of an elevator drive wheel and
      photodetector arrangement which may be employed in the system of FIG. 1;
PAR  FIG. 5 is a fragmentary plan view of a photodetector arrangement shown in
      FIG. 1;
PAR  FIG. 6 is a side view of a known sample holder;
PAR  FIG. 7 is an exploded perspective view showing a sample holder in
      accordance with the invention;
PAR  FIG. 8 is a side view of the sample holder of FIG. 7 with the parts shown
      assembled;
PAR  FIG. 9 is a side view of the elevator drive wheel and associated parts of
      FIG. 4, as modified in accordance with the invention; and
PAR  FIG. 10 is a block diagram of a tower light and tower light control circuit
      in accordance with the invention which may be employed in the system of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In order that the invention may be best understood, it is desirable to
      describe first a standard beta-counting scintillator system to which the
      principles of the invention may be applied. Referring to the drawings,
      FIG. 1 illustrates an existing beta-counting scintillation system which
      may be modified in accordance with the invention (as later described) to
      provide a scintillation system which can detect high-energy radiation,
      such as gamma rays, emitted by samples carried in standard laboratory test
      tubes. For example, the system may be a type LS-233 or LS-250 liquid
      scintillation system manufactured by Beckman Instruments, Inc. Fullerton,
      California, as described in Beckman Instructions 1664-A (incorporated
      herein by reference). Further details of such systems or similar systems
      are described in French Pat. No. 1,518,327 and U.S. Pat. No. b 3,626,190;
      3,348,658; and 3,163,756 (all incorporated herein by reference). The
      system shown in FIG. 1 comprises a sample conveyor belt 10 (only partially
      shown) for moving on a conveyor base plate 12 a plurality of sample vials
      (not shown), each of which may carry a radioactive sample in a liquid
      scintillator contained in the vial. Conveyor belt 10 comprises a
      multiplicity of interlocked vial carriers forming a continuous loop wound
      about the spools 18 and moved by sprockets 20 and 22 which are driven by a
      motor 24 in a known manner. A photodetector unit 26 mounted on the
      conveyor base plate is responsive to a beam of light from a "tower light"
      28, also mounted on the base plate. The photodetector unit detects the
      presence of a sample vial in the position above a base plate opening 30
      through which the sample vials are transferred individually in a known
      manner to a detection unit 14 located below the conveyor base plate on a
      lower mounting plate 16. Photomultipliers 32 and 34 are mounted on
      opposite sides of a detection chamber in detection unit 14 for detecting
      scintillations emanating from the liquid scintillator, the output signals
      from the photomultipliers being amplitude-descriminated and counted by a
      processor (not shown) in a known manner for providing an indication of the
      types and amounts of radioactive substances present in the samples.
PAR  FIGS. 2 - 4 illustrate apparatus of the type disclosed in U.S. Pat. No.
      3,626,190 to Cannon (referred to above) which may be employed in a
      scintillation-detection system of the type shown in FIG. 1 for
      transferring sample vials between sample conveyor 10 and a
      scintillation-detection chamber 36 located in detector unit 14. A
      unidirectional motor 38 mounted on mounting plate 16 by a bracket 40 has
      its shaft 42 connected through a gear box 44 to an output shaft 46 which
      drives an elevator drive wheel 48 fixed thereto. A shaft 50 projection
      perpendicularly from one side of the drive wheel near its periphery
      supports a drive bearing 52 which cooperates with a channel in a drive
      track 54 attached to the lower end of an elevator shaft 56 for controlling
      the vertical position of the elevator shaft.
PAR  Detection chamber 36 is connected to opening 30 in conveyor base plate 12
      by a cylindrical elevator passage 58. Elevator shaft 56 is parallel to the
      vertical diameter of wheel 48 and is supported for movement along the axis
      of the elevator passage by a bearing 60 in an opening 61 in the bottom of
      detector unit 14. The upper end of the elevator shaft has a disc or table
      62 fixed thereto for carrying individual sample vials. A soft seal 64
      mounted on the shaft and urged upwardly against the table by a coil spring
      66 prevents light from entering the detection chamber when the seal is in
      the elevator passage. As elevator drive wheel 48 is rotated by motor 38,
      bearing 52 cooperates with drive track 54 for moving the elevator table
      between the lower scintillation-detection position shown in FIG. 2 and an
      upper position (not shown) in which the table is substantially coplanar
      with conveyor base plate 12.
PAR  A circular shutter 70 fixed to the upper end of a shutter-drive shaft 72
      and having a pair of openings 74 therein is responsive to the position of
      the elevator drive wheel 48 (and thus to the position of the elevator
      table 62) for opening and closing the top of elevator passage 58. The
      shutter prevents external light from entering the detection chamber when
      the seal 64 is below elevator passage 58 and is thus ineffective to block
      out external light. As shown in FIG. 4, a shutter drive wheel 75 fixed to
      the lower end of shutter drive shaft 72 carries four upper teeth or pins
      76 extending along two lines perpendicular to each other and four lower
      teeth or vanes 78 displaced 45 degrees about the axis of the shutter drive
      shaft respect to the pins 76. Rotation of elevator drive wheel 48 (in the
      direction of the arrow shown in FIG. 4) by motor 38 causes a drive pin 80
      extending outwardly from the circumference of the elevator drive wheel 48
      to engage one of drive pins 76 on the shutter drive wheel for initially
      rotating shutter shaft 72, thereby causing one of the vanes 78 on the
      shutter drive wheel to be inserted in a slot 82 in elevator drive wheel 48
      behind drive pin 80, which will permit the shutter shaft to turn. Further
      rotation of elevator drive wheel 48 causes continued rotation of shutter
      shaft 72, whereby the shutter is rotated a total of ninety degrees so as
      to move the shutter from a closed position to an open position. This
      occurs as elevator table 62 moves upwardly to return a sample vial from
      the detection chamber to the conveyor. A second drive pin 84 and
      associated slot 86 are displaced 180 degrees from pin 80 and slot 82,
      respectively, and operate in the same manner to cause the shutter to be
      moved from an open position to a closed position when table 62 moves
      downward, thereby closing passage 58 when the next sample vial has been
      transferred from the conveyor to the detection chamber. For every
      revolution of the elevator drive wheel, the elevator shaft moves up and
      down once and the shutter is rotated twice, 90.degree. each time, so that
      the shutter turns 180 degrees for each revolution of the elevator drive
      wheel. The elevator drive wheel 48 and shutter drive wheel 75 cooperate to
      actuate the shutter mechanism when the elevator table has just entered or
      is about to leave the lower end of elevator passage 58.
PAR  As shown in FIG. 4, for providing an indication of the upper and lower
      positions of elevator table 62, photocell assemblies 87 and 88 are mounted
      on the upper and lower portions, respectively, or a rod 90 which is
      mounted below lower mounting plate 16. The right-hand extremity of drive
      track 54 carries a flag 92 which cooperates with the upper and lower
      photocell assemblies when the table is in its upper and lower positions,
      respectively, to produce control signals which are applied to a control
      circuit (not shown) for controlling energization of unidirectional motor
      38 in a known manner.
PAR  FIGS. 1 and 5 show an alternative device for detecting the upper and lower
      positions of the elevator table, this device being directly responsive to
      the angular position of elevator drive wheel 48. Photocell assemblies 94
      and 96 are mounted on mounting plate 40 diametrically opposite each other
      with respect to the axis of the output shaft 46, and are cooperable with a
      flag 98 fixed to the end of the output shaft for providing control signals
      when the angular position of the output shaft corresponds to the upper and
      lower positions, respectively, of the elevator table.
PAR  FIG. 6 illustrates a prior art sample holder of the type disclosed in
      Clinical Briefs, Nos. 1-4 and No. 6, (referred to previously), for
      enabling a beta-counting liquid scintillation system, such as the system
      illustrated in FIGS. 1-5, to count gamma rays and X-rays emitted by
      samples containing substances radioiodinated with .sup.125 I. The sample
      holder comprises a glass vial 100 containing a suitable liquid
      scintillator 102 and having a cap 104 with a high-density, linear
      polyethylene tube 106 extending downwardly therefrom into the vial cavity
      for receiving a sample to be supported centrally in the liquid
      scintillator. The open top of tube 106 receives a stopper 108. In the use
      of the sample holder of FIG. 6, a radioactive sample is placed in tube
      106. In due course the sample holder is carried by the conveyor to the
      detection chamber for measurement of the radioactivity in a well known
      manner. While the sample holder of FIG. 6 can thus be employed in the
      system of FIGS. 1-5 to permit measurement of gamma rays without requiring
      a separate gamma ray detection system, there are certain disadvantages.
      First, it is necessary to transfer the sample to the small-diameter tube
      106, with the risk of spilling the sample. Second, the tube 106 is
      contaminated by the sample. Third, radioactive substances contained in
      certain samples can diffuse through the plastic wall of tube 106 to
      contaminate the liquid scintillator.
PAR  FIGS. 7 and 8 illustrate a preferred embodiment of a sample holder in
      accordance with the invention for overcoming the disadvantages of the
      prior art. As will be seen hereinafter, the sample holders of the
      invention enable high-energy radiation emitted by samples to be measured
      in the standard laboratory test tubes in which the samples are typically
      developed. Moreover, since neither the sample nor the test tube contacts
      the scintillator, contamination of the scintillator is avoided. Also
      direct contact between the sample and the scintillator container is
      avoided. The sample holder of the invention comprises a container cap,
      such as a vial cap 112, perferably formed of polyethylene, fitted to a
      transparent open-top container, such as a glass vial or bottle 100, which
      may be of the type previously used in the beta-counting liquid
      scintillation system of FIGS. 1-5 and in the gamma-counting embodiment of
      FIG. 6. In the form shown, the container cap comprises a cover portion 116
      having a threaded peripheral rim 118 adapted to fit the threaded open top
      of bottle 100 and also having an opening 120 centrally therein. A tubular
      portion 122 depends from the cover portion and has its lower end closed to
      form a well centrally in the cap, the upper end of the well being open and
      in communication with the exterior of the vial through opening 120 in the
      cover portion, for receiving a test tube 110. In the preferred form, the
      inside diameter of tubular portion 122 is just large enough to accommodate
      the standard 10 mm. .times. 75 mm. test tubes utilized in clinical
      research without restricting insertion of the test tube into the well. The
      cover portion 116 and the tubular portion 122 of the cap may be formed
      integrally or as separate parts with the open upper end of the tubular
      portion received in opening 120 and cemented to the cover portion by a
      suitable adhesive, such as Eastman Adhesive 910, an .varies.
      -cyanoacrylate material. As shown in FIG. 8, when the cap 112 is applied
      to bottle 100, the tubular portion of well 122 extends centrally into the
      bottle 100 throughout most of the height of the bottle cavity and most of
      the test tube 110 is in the well 122.
PAR  The space in the bottle cavity surrounding tubular portion 122 is filled
      with a suitable liquid scintillator 114. Liquid scintillator compositions
      (including those particularly adapted to gamma-counting) are well known.
      See, for example, U.S. Pat. Nos. 3,673,100; 3,573,219; 3,068,178;
      3,244,637; 3,573,220; and 3,372,127; Investigation of Energy Transfer in
      Liquid Organic Systems, by H. P. Kallmann et al, pp. 269-284; and Fifth
      Scintillation Counter Symposium, Feb. 28-29, 1956, "Use of Heavy Metals in
      Scintillating Solutions", by Kallmann, pp. 10-11. A suitable liquid
      scintillator contains POPOP, bis MSB, zylene and a non-ionic detergent, to
      which a densifying agent is added to improve gamma-counting efficiency. A
      liquid scintillator known as Insta-gel (available from Packard Instrument
      Company, Downers Grove, Illinois) to which lead acetate solution has been
      added has been found to be especially effective. For example, to provide
      an amount of scintillator sufficient for a single sample holder, 4.5 ml.
      of 90% lead acetate solution is added to 11 ml. of Insta-gel. Greater
      concentrations of lead acetate cause precipitation of lead acetate in the
      vial, decreasing the counting efficiency. The lead acetate solution may be
      prepared by adding pure powdered lead acetate to distilled water at room
      temperature (while stirring) until the solution is cloudy, heating
      slightly (50.degree.-55.degree.C) until the solution clears, allowing the
      solution to cool to room temperature (so that crystals precipitate) and
      diluting the saturated supernatant with distilled water. This scintillator
      solution provides higher counting efficiency than can be obtained with
      solutions such as Ready-Solv VI (available from Beckman Instruments, Inc.)
      to which has been added expensive and/or highly toxic densifiers, such as
      tetrabutyllead.
PAR  Although sample holders of the present invention as shown in FIG. 8 have
      the same diameter as standard sample vials employed for beta-counting,
      they are taller than standard vials, because of the length of the test
      tube. Modification of the conventional beta-counting apparatus of FIGS.
      1-5 to accommodate the taller structures was found to be necessary.
      Referring to FIG. 9, in accordance with a preferred embodiment of the
      present invention the usual drive pins 80 and 84 (shown in phantom) of
      elevator drive wheel 48 of FIG. 4, which cause the shutter to be actuated
      when elevator table 62 is just entering or just leaving the bottom of
      elevator passage 58, are removed, and pins 80' and 84' and associated
      slots 82' and 86' are provided for advancing opening and retarding closing
      of the shutter. (Because pins 80 and 84 are removed, slots 82 and 86 are
      ineffective to cause rotation of the shutter drive shaft.)
PAR  Thus modified, the apparatus of FIGS. 1-5 can transfer the sample holders
      of the invention through openings 74 in shutter 70 without interference,
      because the shutter remains open for a longer period of time. However,
      because this modification causes elevator table 62 to leave elevator
      passage 58 while the shutter is still open, elevator shaft seal 64 is
      ineffective at that time to prevent external light from entering the
      detection chamber. Therefore, for preventing light rays generated by tower
      light 28 from entering detection chamber 36 and damaging the sensitive
      photodetectors 32 and 34 during the time when the elevator shaft seal 64
      is not effective, the tower light, in the preferred embodiment of the
      invention, is automatically turned off whenever shutter 70 is open and,
      more specifically, whenever elevator table 62 is moving. As illustrated in
      FIG. 10, a control circuit 124 for controlling the energization of the
      tower light 28 has input terminals A and B to which are applied control
      signals generated when the elevator table 62 is in the upper and lower
      positions, respectively. These signals may be generated by the
      photodetectors in the assemblies 87 and 88 of FIG. 4 or in the assemblies
      94 and 96 of FIG. 5. The control circuit may comprise conventional gate
      circuits and associated driver circuits for producing an ON signal
      whenever the light directed onto either of the two photodetectors is
      interrupted and for producing OFF signal at all other times.
PAR  Modified as described above, a commercially available beta-counting liquid
      scintillator system not only can be utilized to count beta emitters in a
      known manner but also can be utilized to count emitters of high-energy
      radiation, such as gamma rays or X-rays, in samples carried in standard
      laboratory test tubes. Problems associated with the use of prior art
      sample holders are eliminated.
PAR  While preferred embodiments of the invention have been shown and described,
      it will be apparent to those skilled in the art that changes can be made
      in these embodiments without departing from the principles and spirit of
      the invention, the scope of which is defined in the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A scintillation detection system for detecting radiation emitted by
      radioactive samples, said system comprising:
PA1  a sample holder including a vial containing a scintillator, means forming a
      well extending substantially centrally into the scintillator, the bottom
      end of said well being closed and the top end of said well being open, and
      a test tube received in said well;
PA1  a scintillation detection chamber; and
PA1  transfer means for moving said sample holder into said scintillation
      detection chamber for detection of scintillations emanating from said
      scintillator and for removing said sample holder from said chamber after
      said detection.
NUM  2.
PAR  2. A scintillation detection system as set forth in claim 1, further
      comprising a conveyor positioned at a lever different from that of said
      detection chamber for conveying a plurality of said sample holders, and
      wherein said transfer means comprises an elevator passage between said
      conveyor and said detection chamber, an elevator movable upwardly and
      downwardly through said elevator passage for carrying individual sample
      holders between said conveyor and said detection chamber, and means
      including a shutter for closing the conveyor end of said elevator passage
      after a sample holder enters said passage and for opening said end of said
      elevator passage to permit a sample holder to leave said elevator passage.
NUM  3.
PAR  3. A scintillation detection system as set forth in claim 2, wherein said
      conveyor has a light source associated therewith near said elevator
      passage, and light source control means for turning off said light source
      to prevent its light from reaching said detection chamber.
NUM  4.
PAR  4. A scintillation detection system as set forth in claim 3, wherein said
      light source control means comprises means dependent upon the position of
      said elevator for turning off said light source whenever said elevator is
      in motion.
NUM  5.
PAR  5. A scintillation detection system as set forth in claim 2, wherein said
      means for closing and opening said passage comprises a drive wheel for
      moving said elevator, said drive wheel having control means for
      controlling said shutter in accordance with the circumferential position
      of said control means on said wheel, said control means being positioned
      to permit said sample holders to pass said shutter without interference.
NUM  6.
PAR  6. A scintillation detection system as set forth in claim 1, wherein said
      scintillator is a liquid scintillator containing lead acetate.
NUM  7.
PAR  7. A scintillation detection system as set forth in claim 6, wherein said
      scintillator is Insta-gel containing 90% aqueous lead acetate solution in
      a ratio of about 11 to 4.5.
NUM  8.
PAR  8. A holder for radioactive samples comprising a vial having a cavity
      therein and having means forming a well extending into said cavity, the
      bottom end of said well being closed and the top of said well being open
      to the exterior of said vial for receiving a test tube, said cavity
      receiving a liquid scintillator surrounding said well.
NUM  9.
PAR  9. A sample holder as set forth in claim 8, wherein said well has
      dimensions just sufficient to accommodate a test tube having a diameter of
      10 mm.
NUM  10.
PAR  10. A sample holder as set forth in claim 8, wherein said vial comprises a
      transparent container having an open top and has a cover fitted to said
      open top, and wherein said well depends from said cover.
NUM  11.
PAR  11. A sample holder as set forth in claim 8, wherein said well extends
      throughout most of the height of said cavity.
NUM  12.
PAR  12. A device for holding a sample for radiation detection comprising a
      transparent container having an open top in communication with a container
      cavity, a cap fitted to said open top and having means depending therefrom
      forming a well extending into said container cavity, the bottom of said
      well being closed and the top of said well being open, and a test tube
      received in said well and adapted to contain a radioactive sample.
NUM  13.
PAR  13. A device as set forth in claim 12, wherein said test tube measures
      about 10mm. .times. 75mm.
NUM  14.
PAR  14. A device as set forth in claim 12, further comprising a liquid
      scintillator contained in said container cavity surounding said well.
NUM  15.
PAR  15. A device as set forth in claim 14, wherein said scintillator comprises
      a solution containing lead acetate.
NUM  16.
PAR  16. A device as set forth in claim 15, wherein said scintillator comprises
      Insta-gel and 90% aqueous lead acetate solution in a ratio of about 11 to
      4.5.
NUM  17.
PAR  17. A container cap for supporting a test tube in an open-top container
      having external threads around an open upper end, said container cap
      comprising:
PA1  internally-threaded cover means adapted to fit over the open top of said
      container, and
PA1  means forming a cylindrical well depending substantially centrally from
      said cover means, the bottom end of said well being closed and the top end
      of said well being open and dimensioned for receiving a test tube about 10
      mm in diameter, whereby said test tube may be supported substantially
      centrally in said container when said container cap is fitted thereto.
PATN
WKU  039379620
SRC  5
APN  5284201
APT  1
ART  252
APD  19741129
TTL  Correction of two beam photometer for fluid analysis
ISD  19760210
NCL  8
ECL  1
EXP  Grimm; Siegfried H.
NDR  2
NFG  5
INVT
NAM  Faulhaber; Reimar
CTY  Frankfurt
CNT  DT
INVT
NAM  Moldenhauer; Kurt
CTY  Frankfurt
CNT  DT
ASSG
NAM  Hartmann & Braun Aktiengesellschaft
CTY  Frankfurt
CNT  DT
COD  03
PRIR
CNT  DT
APD  19731130
APN  2359637
CLAS
OCL  250346
XCL  250351
XCL  356 51
XCL  356206
XCL  356222
EDF  2
ICL  G01N 2126
ICL  G01N 2136
FSC  356
FSS  206;222;51
FSC  250
FSS  343;345;346;351
UREF
PNO  3700891
ISD  19721000
NAM  Luft
OCL  250343
UREF
PNO  3725702
ISD  19730400
NAM  Schaefer
OCL  250343
LREP
FR2  Siegemund; Ralf H.
ABST
PAL  A two infrared beam gas analyzer, with sample and reference paths and
      radiation chopper has two absorption cells as detectors wherein the
      pressures are compared in a first diaphragm capacitor and the sum with
      parameter modification by operation of pneumatic inpedances is formed in a
      second diaphragm capacitor. The ratio of the two capacitor outputs
      constitutes the output of the system. A compact unitary construction is
      described in detail including the detector chambers and one capacitor in a
      body serving as mounting element for the second capacitor with a frit like
      element interposed as pneumatic inpedances and rotational adjustment of
      that second capacitor as a whole results in parameter adjustment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to correction of a measuring signal being
      derived from a two beam photometer. Photometers of the type improved by
      the invention are used for example for fluid analysis. Two beams are
      derived for example from a single source for radiation, and one beam
      penetrates a measuring sample (test fluid), while the other beam serves as
      a reference. The two beams are modulated accordingly and the difference in
      intensity is detected and measured electrically. A signal is provided
      accordingly which is proportional to the concentration of a particular
      constituent in the test fluid.
PAR  Two beam photometers as outlined above in general are used for example in
      gas analysis. The source of radiation provides here particularly radiation
      which is rich in infrared. In addition to the modulation as established by
      absorption, the beams are modulated through periodic interception. Also,
      one uses a pneumatic electric radiation detector which has a gas filled
      detection chamber for intercepting each beam, and the periodically
      interrupted beams as absorbed in these chambers produce corresponding
      pressure variations and pulses. These pressure variations are applied to a
      diaphragm of a capacitor, and the resulting capacitance variations are
      electrically detected; they are reflected in a measuring signal
      representing the pressure difference in the detection chambers,
      accordingly, that signal is proportional to the beam intensities prior to
      detection. For a device of this kind, see for example British patent No.
      634,453.
PAR  It was found that such photometric gas analyzer does not have constant zero
      or null point and also varies in regards to its sensitivity. Even greatest
      care in the assembly and operation does not eliminate these variations. As
      a consequence, a semiautomatic test and calibration apparatus has been
      developed (see for example German patent 1,548,653) which tests such gas
      analyzer in predetermined intervals, so that sensitivity and/or zero point
      can be adjusted; particularly the adjustment is carried out in the
      amplifier circuit of the instrument. This test equipment is quite
      extensive and includes gas flow diverter, automatic control and gas
      adjustment devices.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to improve sensitive stability of
      a two beam photometer in a less complicated manner, the purpose being in
      particular the elimination of interferences which affect both beam paths
      equally.
PAR  Interferences are, for example, dust deposits on optical parts in the two
      beam paths; changes in the radiation emission characteristics of the
      common source; and sensitivity changes in the electrical equipment and
      radiation detectors. It should be noted here that interferences affecting
      both beams and signal paths still distort the output even though symmetry
      in the construction is observed as to both beam paths because the
      difference in the two beams as detected is still proportionate to the
      intensity of either beam. More specifically, the difference in detected
      beam intensities is equal to or proportional to the product of absorption
      by sample gas and of the resulting beam intensity in the sample gas path.
      Variations in the latter for reasons other than a change in absorption
      still affect the difference as established, even if such variations are
      tracked by the reference beam.
PAR  In accordance with the preferred embodiment of the invention a two beam
      photometer with measuring beam and reference beam is improved in that the
      detected intensities of each beam, denoted I.sub.1 and I.sub.2 are
      processed, in that a first particular signal K is formed realizing the
      relation K = .alpha..sup.. I.sub.1 + .beta..sup.. I.sub.2 wherein .alpha.
      and .beta. are preselected constant coefficients or parameters both of
      which are not zero at the same time; and a second particular signal X is
      formed realizing the relation X = (I.sub.1 - I.sub.2)/K. The signal X will
      then represent the relation A/(.alpha. + .beta. (1 - A) wherein A is the
      absorption of and in the sample fluid. Thus, the invention takes into
      consideration that means are provided to establish a difference signal in
      representation of I.sub.2 - I.sub.1. Now, in addition, a parameter
      modified sum signal is formed and the ratio X of these two signals is
      generated.
PAR  Under the assumption that all nonselective changes in intensity have the
      same influence on both individual intensities I.sub.1 and I.sub.2, this
      ratio defining signal X is, in effect, the corrected measuring signal
      which is now free from disturbances in that it is no longer proportionate
      to any of the intensities I.sub.1, I.sub.2 individually.
PAR  The invention is realized in the following manner. As stated, the basic
      equipment used is a single radiation source from which two beams are
      derived, one traversing a cell, cuvette or receptacle as a chamber holding
      the test fluid, the other beam traversing a cell, cuvette or receptacle as
      a chamber holding a reference fluid. Both beams are intercepted by
      absorptioon chambers, and the difference in pressure resulting from
      absorption is monitored by a capacitor having one electrode constructed as
      deflectible diaphragm. This equipment is improved in that another
      diaphragm capacitor has one side of its diaphragm partitioned chamber
      connected to both radiation detection chambers but via pneumatic
      impedances. Adjustment in these impedances amounts to selection and
      variation of the two parameters .alpha. and .beta. introduced above. The
      two capacitors are input elements in two individual signal processing
      channels terminating in a combining circuit that forms the ratio.
PAR  Detection chambers, capacitors, and pneumatic impedances can be established
      in a block with ducts, chambers and attachments to obtain a rather compact
      and unitary construction, with ease of access for adjustment of the
      parameters.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a schematic representation of a two beam infrared gas analyzer
      improved in accordance with the preferred embodiment of the invention;
PAR  FIG. 2 is a block circuit diagram for processing of signals to be derived
      from the analyzer shown in FIG. 1;
PAR  FIG. 3 is a graph showing a family of curves for a corrected measuring
      signal X as it represents concentration of an constituent in a fluid to be
      detected;
PAR  FIG. 4 is a section view through equipment for practicing the invention;
      and
PAR  FIG. 5 is a section along lines 5--5 in FIG. 4.
DETD
PAR  Proceeding now to the detailed description of the drawings, FIG. 1 depicts
      a source 1 of infrared radiation which may be comprised on an electrically
      heated filament coil. Two beams are branched off and redirected optically
      into two parallel paths. Reference numerals 2 and 3 denote the necessary
      optical equipment, known per se, to establish such two beams.
PAR  A slotted disk 4 is driven by a motor 4a and intercepts the two beams for
      example in phase synchronism. Accordingly, the two beams are periodically
      interrupted and can be deemed modulated to obtain a carrier frequency.
PAR  A first one of the two beams traverses a cell, cuvette or receptacle 5
      which is flown through by sample gas on a continuous basis. Specifically,
      that gas flowing through this sample chamber 5 includes the specific
      component whose concentration is to be detected on a running basis. The
      second beam traverses a closed cell, cuvette or receptacle 6 filled with a
      nonabsorbing gas and serving as a reference chamber. The length l of of
      the two optical paths through the containers are preferably similar and
      the material of which they are made is preferably similar.
PAR  The two beams as leaving the receptacles 5 and 6 respectively intercept
      detector chambers 7 and 8, which are filled with the specific gaseous
      component 1 to be measured. Output ducts 26 and 27, respectively, lead to
      two entrances in a chamber for a differential pressure capacitor C1.
PAR  Capacitor C1 has a first, stationary electrode 10 which can be e.g.
      bypassed by gas flow. A second capacitor electrode 9 partitions the
      chamber into two chambers, separately receiving pressure from detector
      chambers 7 and 8. Electrode 9 is of deflectible diaphragm construction and
      deflects upon occurrence of a pressure differential at its two sides.
PAR  The deflection of electrode 9 varies the effective capacitance of capacitor
      C1 in representation of different absorption activities in the two
      detectors. An electrical signal can be derived from the capacitor C1
      representing the difference in intensities I.sub.1 and I.sub.2 of the
      radiation as intercepted by the two detectors 7 and 8 and converted
      therein into pressure. If the intensities of the beams as reaching the
      detection chambers are I.sub.1 and I.sub.2, the capacitor signal will
      represent I.sub.2 - I.sub.1.
PAR  Second duct branches 34 and 35 connect detector chambers 7 and 8
      additionally to a second capacitor C2 also having a deflectible diaphragm
      electrode 13 and a stationary electrode. However, the two ducts terminate
      on the same side of diaphragm 13. The other subchamber of capacitor C2 is
      sealed, and subjected to constant pressure. Moreover, pneumatic impedances
      11 and 12 are respectively included in the duct paths 34, 35.
PAR  As a consequence, diaphragm 13 is deflected in proportion to the expression
      .alpha..sup.. I.sub.1 + .beta..sup.. I.sub.2, wherein .alpha. and .beta.
      are constants (coefficients, parameters) corresponding to the pneumatic
      impedances 11, 12. .alpha. and .beta. each have value between 0 and 1,
      wherein 1 in effect represents zero impedance and 0 represents infinite
      impedance (i.e., just cut off). It can readily be seen that the ratio of
      coefficients .alpha. and .beta. is the decisive aspect here, common
      factors can be eliminated or are taken care of in further processing of
      signals. Actually the one of the parameters .alpha. , .beta. can be deemed
      as being set to 1, the other one being smaller than 1 accordingly. It
      should be noted, therefore, that impedances 11 and 12 are needed in both
      branches as a pneumatic short circuit is to be avoided.
PAR  It can thus be seen that the two capacitors C1 and C2, upon appropriate
      bias permit derivation of electrical signals, one being proportionate to
      I.sub.1 - I.sub.2, the other one being proportionate (or equal) to the
      above defined quantity K(= .alpha..sup.. I.sub.1 + .beta..sup.. I.sub.2).
      The circuit shown in FIG. 2 processes these signals further and
      particularly forms the ratio.
PAR  FIG. 2 shows the two capacitors represented by their electric circuit
      symbols. The two capacitors each have their own source of dc bias
      represented by a series circuit connection of a battery and of a resistor.
      The battery represents merely a suitable source for dc voltage. The
      capacitors are stimulated periodically and pressure imbalance is
      superimposed as modulation. The periodically variable voltage as derivable
      from capacitor C1 is first passed through an amplifier 14, and the
      amplified signal is rectified in rectifier 15. An electric filter or
      filter unit 16 smoothes the dc signal which can be termed Y and is
      proportional to I.sub.1 - I.sub.2.
PAR  The biased capacitor C2 provides a signal which is likewise amplified in
      amplifier 17, rectified by a rectifier 18 and filtered in unit 19 to
      provide for a dc signal which can be termed Z, and which is proportional
      to .alpha.I.sub.1 + .beta.I.sub.2, wherein one can assume that one of
      these coefficients ( .alpha.,.beta. ) is 1 and the other one smaller than
      1. Circuit 20 is a signal divider and forms the ratio Y/Z which is (or
      proportional to) the desired signal X to be constructed. X = (I.sub.1 -
      I.sub.2)/K = A/( .alpha. + .beta. (1-A), wherein A represents the
      absorption by the component to be detected in the sample or test gas
      passing through a receptacle 5.
PAR  In accordance with integration of the well known Lambert -- Beer law, there
      is a particular relation of between absorption A (and, therefore, quantity
      X as per the relation X = A/( .alpha. + .beta. (1 - A), and the product of
      concentration C of the measured component and the length l of the optical
      path through the cell or receptacle 5. The functions and characteristics A
      (C, l) and X (C, l) are not linear.
PAR  FIG. 3 shows in particular the resulting functional relation between X and
      the product C.sup.. l, in accordance with the Lambert -- Beer law, as well
      as in accordance with the relation above.
PAR  The different curves in FIG. 3 result from different parameters .alpha. and
      .beta. and are all contained between two characteristics: a first
      characteristic for .alpha. = 0, .beta. = 1 and a second characteristic for
      .alpha. = 1 and .beta. = 0. One can see, that for .alpha. = 0, .beta. = 1
      the relation above reduces to X = A/(1 - A) and for .alpha. = 1, .beta. =
      0 X = A. The characteristic per se for the latter relation is the one
      arrived at in prior art devices but without the inventive correction. This
      particular relation would be arrived at by making impedance 11 infinitely
      high (i.e., by just eliminating duct 34). Under such circumstnace, one
      will still have the two capacitors and the two channels, and the
      corrective funtion is fully effective.
PAR  Looking closely at the characteristics one can see that for
      .alpha..fwdarw.0 and .beta..fwdarw.1, one obtains a linearization of the
      characteristic X(C,l), in that the linear portion for low values is
      extended. One can linearize the characteristic further through
      interpositioning of a non-linear network between ratio forming circuit 20
      and instrument 21. Moreover, the indicating instrument 21 as connected to
      network 20 will be calibrated to eliminate in effect proportionality
      factors in relations between Y and Z as formed, and I.sub.1 and I.sub.2 to
      be represented.
PAR  Turning now to structure details as shown in FIGS. 4 and 5, this device
      permits, particularly, trimming and adjustment (within limits) of the two
      parameters .alpha. and .beta.. Reference numeral 21 denotes a receiver
      block 21 having two input chambers 22 and 23 representing in unitary
      construction the two detectors 7, 8.
PAR  The arrows in FIG. 5 denote incoming radiation of the two beams. Each of
      the chambers is covered by a window 24. Ducts 26 and 27 respectively
      connect the two chambers 22, 23 to a capacitor chamber 25 partitioned by
      the diaphragm 9.
PAR  Reference numerals 29 and 30 denote the electrical connection to the
      capacitor C1, one serving directly as output, the other one leading to the
      series circuit of biasing dc source and resistor as shown in FIG. 2.
PAR  The cylindrical block 21 has a recess 31 in which is received a flat frit
      or frit like, porous body 32 disposed with one side on a gas impermeable
      foil or seal 33 which covers the bottom of recess 31. These parts are
      bonded together by a suitable adhesive.
PAR  Seal 33 is traversed by two openings respectively above the ends of two
      branch ducts 34, 35, branching off ducts 26, 27. Therefore, there are
      defined two entrances for gas respectively from chambers 22, 23 into
      porous body 32.
PAR  A stopper like block 36 closes opening 31 from above and contains the
      capacitor chamber 37 of the second capacitor C2, with diaphragm electrode
      13. The bottom of block 36 is covered by a second foil 38 or seal which is
      likewise gas impermeable, except for an opening 41. A duct 39 registers
      with opening 41 and interconnects porous body 32 with one side of the
      chamber 37 for conduction of gas pressure to that second capacitor.
PAR  Accordingly, the two sealing foils 33 and 38 restrict gas flow from ducts
      34 and 35 to duct 39 (or to each other), whereby the flow path from 34 to
      39 through body 32 establishes the first pneumatic impedance 11 and the
      flow path through body 32 from 35 to 39 establishes the second pneumatic
      impedance 12. Ducts 34 and 35 are separated crosswise or transverse
      through body 32.
PAR  Recess 31 as well as the inserted portion of block 36 are of cylindrical
      configuration, so that block 36 can be turned in recess 31. Accordingly,
      the disposition opening 41 is varied in relation to openings 42, 43. This
      change in disposition results in a change in the pneumatic resistance of
      the two gas paths towards their combining point, which is entrance 41. The
      drawings show excentric disposition of the openings 42, 43 and 41 in
      relation to each other. The turning of block 36 accordingly establishes
      the adjustment function of parameters .alpha. and .beta..
PAR  This particular construction for adjustment does not permit directly
      adjustment over the full range from .alpha. = 1, .beta. = 0 to .alpha. =
      0, .beta. = 1. It was found in practice, however, that this full range is
      not really needed. In reality, a range from .alpha. = .beta. up to a
      dissimilarity ratio of 1:10 well suffices.
PAR  The electrodes in capacitor chamber 37 permit connection to external
      circuit elements to derive therefrom the signal K. Electrodes 29 and 30
      permit derivation of a signal proportionate to I.sub.1 - I.sub.2 and the
      circuit of FIG. 2 will then establish signal X.
PAR  The invention has been described with reference to an infrared gas
      analyzer. However, other kinds of radiation can be used where appropriate
      for the desired analysis, and the invention can also be practiced for
      liquid analysis. Moreover, the difference signals corresponding to I.sub.2
      - I.sub.1 and the sum signal .alpha. I.sub.1 + .beta. I.sub.2 can be
      formed electrically from appropriate outputs of the respective radiation
      detectors as intercepting the two beams.
PAR  The invention is not limited to the embodiments described above but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a two beam infrared gas analyzer having a first and a second beam of
      radiation, the first beam traversing sample fluid in a chamber, the second
      beam traversing a reference fluid in a chamber, a first and second
      detector respectively for the first and second beams, and first means
      connected to the first and second detectors to derive therefrom a first
      signal representing the difference in detected intensities of the beams,
      the improvement comprising:
PA1  second means connected to the first and second detectors to derive
      therefrom a second signal which is the sum of the products, respectively,
      of two parameters .alpha. and .beta. and of the detected intensities; and
PA1  third means connected to the first and second means for forming the ratios
      of the first and second signals, said ratio representing directly the
      relation A/( .alpha. + .beta. (1 - A), wherein A is the absorption of
      radiation in the first chamber due to presence of a particular component
      to be quantitatively detected in said sample fluid.
NUM  2.
PAR  2. In an analyzer as in claim 1, wherein the first and second detectors
      respectively include absorption gas chambers, the first means connected to
      be responsive to differential pressure as between said detector chambers,
      the second means connected to be responsive to the sum of the pressures in
      said detector chambers respectively modified by pneumatic impedances in
      representation of said two parameters.
NUM  3.
PAR  3. In an analyzer as in claim 2, wherein the first means includes a
      differential pressure, diaphragm capacitor, and the first and second
      detector chambers providing pressure variations corresponding to
      variations in absorption, the second means includes a diaphragm capacitor
      connected with one and the same side to said detector chambers
      respectively via said pneumatic impedances.
NUM  4.
PAR  4. In a gas analyzer as in claim 2, wherein the pneumatic resistances are
      established by paths through porous, outwardly sealed material.
NUM  5.
PAR  5. In a gas analyzer as in claim 4, wherein the material is a porous body
      with two connections to the two detector chambers and a third connection
      to said diaphragm capacitor of said second means.
NUM  6.
PAR  6. In a gas analyzer as in claim 5, said body being a frit or a frit like
      body.
NUM  7.
PAR  7. In a gas analyzer as in claim 1, and including a first body with two
      chambers as said detector chambers, each chamber having a window, a first
      capacitor chamber in the first body with a diaphragm as one electrode
      partitioning the chamber; ducts in the first body connecting the chamber
      at opposite sides of said diaphragm to said two chambers; the first body
      having a recess receiving a second body of porous material, a pair of
      ducts in said first body connecting the two chambers respectively to the
      recess; the second means including means defining a second capacitor
      chamber with diaphragm and being disposed in the recess so that one side
      of the diaphragm communicates with the ducts of the pair through the
      second body of porous material.
NUM  8.
PAR  8. In an analyzer as in claim 7, the means defining a second capacitor
      chamber being an insert rotatably disposed in said recess for adjustment
      of the travel path of gas from the ducts of the pair through the second,
      porous body to the one side of the diaphragm of the second capacitor.
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ABST
PAL  Apparatus for examining a body by means of penetrating radiation includes a
      source of the radiation, disposed to irradiate the body, and detector
      means, responsive to the radiation, disposed to receive radiation emergent
      from the body. The source and detector means are scanned relative to the
      body, the scanning motion including a rotation of the source and detector
      means around the body. An attenuating mass is disposed between the source
      and detector means and rotates therewith so as to present substantially
      the same profile to the radiation when the source and detector means
      assume different angular positions with respect to the body.
BSUM
PAR  This invention relates to apparatus for examining a body by means of
      penetrating radiation, such as X-radiation, and it relates in particular
      to such apparatus for examining human patients.
PAR  In our U.S. Pat. No. 3,778,614 appartus is described for examining this
      sectional slices of the human body by means of penetrating radiation, and
      for reconstructing an image of the variable transmission or absorption of
      the elements of the section of the body, with respect to said radiation.
      One form of apparatus according to this British Patent Specification is
      now in use for examining the human head. In this apparatus, accurate
      positioning of the head relative to the source of radiation, and to the
      means for detecting the radiation after passage through the head, is
      necessary to ensure accurate image reconstruction. The required accuracy
      of positioning is achieved by supporting the head in a pouched flexible
      member forming one wall of a water reservoir. When the reservoir is filled
      with water, the flexible member serves to hold the head firmly but gently.
      The source of radiation and the detecting means are scanned relative to
      the head supported in the pouched member, the scanning movements including
      a step by step rotation of the source of radiation and detecting means.
      The water reservoir, apart from its flexible wall, participates in this
      rotation, and the reservoir in addition to its function of supporting the
      head, acts as an attenuator serving in all angular positions to compensate
      substantially for variations in the path length for the radiation across
      the width of the head.
PAR  The expedient used in the case of a head machine however gives rise to
      difficulties if other parts of the body have to be examined. One reason
      for such difficulties is that it is impracticable to use a flexible
      pouched member for support if for example, the torso or other intermediate
      parts of the body have to be examined. Moreover provision has to be made
      to accommodate a much greater variety of sizes than in the case of the
      head.
PAR  The principal object of the present invention is to reduce the difficulties
      indicated in the preceding paragraph.
PAR  According to the present invention there is provided apparatus for
      examining the body of a patient by means of penetrating radiation
      comprising:
PA1  A. a ring-shaped locating structure adapted to enclose the part of the
      patient to be examined,
PA1  B. a source of penetrating radiation,
PA1  C. a detecting means sensitive to the radiation,
PA1  D. a scanning structure, which is rotatable about an axis passing through
      the part of the patient enclosed by said locating structure, supporting
      said source and said detecting means so the source can project radiation
      through the said part of the patient to be received by the detecting
      means,
PA1  E. means for rotating said scanning structure about said axis so that the
      radiation can be projected through the body from a plurality of different
      directions in a plane substantially perpendicular to the said axis and,
PA1  f. an attenuating mass not attached to and adapted to rotate around said
      locating structure on rotation of said scanning structure so as to present
      substantially the profile to the radiation in the different positions of
      the scanning structure to compensate for changes in the absorbing path
      length presented to the X-rays by the body and locating structure during
      the scanning movement,
PAL  wherein the locating structure is located in a fixed position during motion
      of the scanning structure.
PAR  Usually the source of radiation will be arranged to project the radiation
      across the aperture in many laterally spaced beam paths, which define
      chords in the aperture, the detecting means being arranged to provide
      separate output signals indicative of the amount of radiation transmitted
      along such paths. This can be achieved by collimating the radiation from
      the source so that it is confined to one beam path in the plane of
      examination and by scanning the source and detection means laterally in
      the plane, a lateral scan being executed for each small increment of
      rotation of the scanning structure. Alternatively the radiation from the
      source may be collimated to form a sectoral swath of radiation in the
      plane of the aperture, the angular subtense of the swath being sufficient
      to include the aperture. With either construction, the aforesaid
      attenuating mass would normally be shaped to compensate for different
      lengths of the various chordal path, which the radiation follows across
      the aperture. The attenuating mass preferably includes a solid member
      which is spaced from or moveable away from the locating structure so that
      the latter can be adjusted or replaced to accommodate different parts of
      the patient's body or patients of different sizes.
PAR  When reference is made herein and in the claims to the attenuating mass
      comprising a solid member, this is intended to mean that the attenuation
      occurs mainly in solid material, and does not necessarily mean that the
      member does not include cavities. The attenuating mass may also include
      liquid.
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect, some embodiments thereof will now be described by way of
      example only with reference to the accompanying drawings of which:
PAR  FIG. 1 shows, schematically and in plan view, one example of radiographic
      apparatus in accordance with the invention,
PAR  FIG. 2 shows, in perspective view, a clamping means suitable for use in the
      apparatus shown in FIG. 1,
PAR  FIG. 3 shows, schematically and in plan view, another example of apparatus
      in accordance with the invention,
PAR  FIG. 4 shows, in perspective view, a calibration disc which may be utilised
      instead of the calibration arrangements shown in FIGS. 1 and 3,
PAR  FIG. 5 shows, in elevational view, yet another form of the present
      invention,
PAR  FIG. 6 shows, in similar view, a portion of the appartus of FIG. 5, adapted
      to accommodate a smaller body,
PAR  FIG. 7 shows, in perspective view, part of a member which can be used to
      locate a body, and
PAR  FIG. 8 shows a compensating member, and a modification to its shape which
      is useful in certain applications of the invention.
DETD
PAR  Referring now to FIG. 1, a tubular, flexible bag 1 containing water is
      wrapped around the region of interest of a body to be examined, so that
      the ends of the bag 1 overlap. The bag may be constructed, for example, of
      rubber and it is fitted tightly around the body 2 by deflating the bag and
      then re-filling it with water, so as to assume intimate contact therewith
      -- excluding as much air as possible from the region between the bag 1 and
      the body 2. The overlapping ends of the bag 1 are secured together, for
      example by means of tapes (not shown) to hold the bag temporarily in
      position around the body and the bag is then clamped firmly in place with
      a clamping or locating means 3, which is shown in more detail in FIG. 2.
      The clamping means 3 comprises a pair of semi-circular members 4, 5
      hingedly secured together as at 6. The members 4 and 5 each comprise a
      central band 7 and upper and lower flanges 8, 9 respectively; at least the
      central band of each member being formed of Perspex or another suitable
      plastics material. The hinge 6 has a part which links the upper flanges of
      members 4 and 5 and a part which links the lower flanges of said members;
      the arrangement being such that when the non-hinged ends of the two
      members are closed together, the central bands at the hinged ends of the
      two member abut closely. The clamping means 3 can be secured in its closed
      position by means of a clasp 10 which links the top and bottom flanges of
      the non-hinged ends of the members 3 and 4 but does not overlie the
      central band 7.
PAR  In fitting the clamping means 3 around the bag 1, the former is opened,
      placed so as to encircle the bag 1, (which, in turn, surrounds the part of
      the body 2 to be examined) closed and secured in position by means of the
      clasp 10. The inner diameter of the clamping means 3 and the amount of
      water contained in the bag 1 are chosen in accordance with the dimensions
      of the body part to be examined and it is arranged that, when the clamping
      means 3 is secured around the bag 1, the latter is urged against the body
      part 2 by pressure exerted all around it, thereby ensuring intimate
      contact between the bag 1 and the body part 2 and also providing
      sufficient grip to prevent the bag 1 moving relative to the body part.
PAR  This having been done, the body is then located within a circular aperture
      11 in a radiographic scanning apparatus. The apparatus includes a source
      12 of X- or .gamma.- radiation, a divided, sectoral-shaped sheet 13 of
      Perspex which contains the aforementioned aperture 11, and a plurality of
      detectors 14 sensitive to the radiation produced by the source 12. The
      source 12 produces a sectoral swath of radiation indicated by the dotted
      outlines 12a, the angular subtense of the swath being sufficient to
      include the locating or clamping means 3 for the patient. The Perspex
      sheet 13 is extended on the left-hand side of the said aperture 11 (as
      viewed in FIG. 1) for calibration purposes as will be described in more
      detail hereinafter. The scanning apparatus is mounted on a rotatable,
      annular disc-like member 15 which is concentric with the aperture 11 and
      can be rotated, about an axis passing through the centre of the aperture,
      by means of a motor 16 which drives a gear wheel 17, the wheel 17 being
      adapted to co-operate with gear teeth (not shown) provided around the
      periphery of the disc-like member 15.
PAR  The source 12 and detectors 14 are moveable relative to the Perspex sheet
      13 by means of a pivot 18, so that the detectors 14 can be swung, in their
      own plane, to occupy the position shown in dotted outline at 19. The
      source 12 also pivots through the same angle as the detectors 14 and this
      enables radiation to be passed from the source 12 to the detector 14 via
      the part of the Perspex sheet 13 which does not contain the aperture 11.
      This is useful for calibration purposes, since the relative performances
      of the various detectors when operated under substantially identical
      conditions to one another can be determined.
PAR  In normal operation, however, the source 12 and the detectors 14 occupy the
      respective positions shown in solid outline in FIG. 1.
PAR  In order to locate the body, which is surrounded by the water bag 1 and the
      clamping means 3, in the scanning apparatus, the internal diameter of the
      aperture 11 is formed with a tongue adapted to engage with the central
      band 7 of the clamping means 3. Moreover, the two parts of the sheet 13
      are hingedly separable; the hinge being co-sited with the pivot 18. The
      two parts of sheet 13 are opened to permit the body with its surrounding
      water bag and clamp to be positioned within the aperture 11 (which is
      bisected by the dividing line between the two parts of the sheet 13). The
      two parts of sheet 13 are then closed together such that the
      aforementioned tongue engages with the central band 7 of the clamping
      means 3. Said clamping means 3 is then fixedly secured, for example by
      means of locating rods 20, to prevent it rotating with the member 15, and
      the process of irradiating the body from a plurality of different
      directions can commence. The aforementioned irradiation is carried out by
      rotating the member 15 step-wise (say by one degree at a time) or
      continuously through a total of about 180.degree. (or 360.degree.) and
      noting the radiation detected by the detectors 14 at successive angular
      positions.
PAR  When the scanning apparatus rotates, the tongue and the inner diameter of
      the aperture 11 acts as a bearing in the central band 7 of clamping means
      3. Other bearing surfaces could, however, be provided if desired and
      moreover it will be appreciated that the whole apparatus may be suitably
      mounted in a vertical plane rather than in a horizontal plane as thus far
      described.
PAR  FIG. 3 shows part of the scanning apparatus, and the clamping means, of an
      alternative embodiment of the invention. Similar features are denoted by
      the same reference numerals as were used in FIG. 1.
PAR  In FIG. 3, in contrast to FIG. 1, the part of sheet 13 between the aperture
      11 and the detectors 14 is omitted. In order to compensate for this,
      additional Perspex is provided, as shown at 21 between the source 12 and
      the aperture 11. The clamping or locating means 3 is shown in position in
      the aperture 11 although it contains no water bag and no body.
PAR  Although the clamping means 3 has been described herein as comprising two
      semi-circular members 4 and 5 which are hingedly secured together, it can
      be advantageous in some circumstances for the two members 4 and 5 to be
      separate and held together, when in position around the bag 1, by clasps
      such as 10 at both ends.
PAR  FIGS 4(a) and 4(b) show, in plan and elevational views respectively, a
      calibration disc 22 made, for example, of Perspex, which is dimensioned so
      as to fit into the aperture 11 in the scanning apparatus.
PAR  The disc 22 is provided with a peripheral channel 23 with which the
      aforementioned tongue formed on the internal surface of aperture 11 can
      engage. If a disc such as 22 is used, then the extended portion of the
      sheet 13 to the left of the aperture 11 can be omitted, thus saving in
      material. Moreover, if the disc 22 is fixed so that it does not rotate
      with radiation of the scanning apparatus, then the calibration can be
      carried out under pseudo-operational conditions. It will be understood
      that the sheet 13 or the parts thereof, constitute an attenuating mass
      shaped to compensate for different lengths of the various chordal paths
      which the radiation from the source 12 follows across the patients
      aperture to reach the detectors 14. The attenuating mass rotates with the
      structure which supports the source 12 and detectors 14, so that the same
      profile is always presented to the sectoral swath of radiation from the
      source.
PAR  The number of detectors 14 illustrated in FIGS. 1 and 3 is relatively
      small. In practice the number would be much larger. Each detector provides
      an output signal indicative of the transmission or absorption of the
      X-radiation from the source along a narrow beam path. The output signals
      from the detectors are utilised in reconstructing an image of the
      transmission or absorption of the elementary areas of the cross section of
      the body which is examined by the X-radiation. To achieve accuracy in the
      image reconstruction, outputs from many beams across the width of the
      swath, at many different angular positions of the scanning structure 12,
      14, 15, are required. For this reason the detectors 14 are placed very
      close together in practice, and expedients may also be adopted for
      obtaining output signals from beams intermediate to those defined at any
      one time by the detectors 14.
PAR  The image reconstruction may be affected as described in our U.S. Pat. No.
      3,778,614, or by methods involving convolution.
PAR  Referring now to FIG. 5, the apparatus illustrated therein includes a
      radiation source 121. The source 121 is arranged to generate a beam 122 of
      radiation. Mounted opposite the source 121 and disposed to receive the
      radiation therefrom is detector means which is sensitive to the radiation.
      Typically the detector means 123 comprises a sodium iodide or caesium
      iodide detector eptically coupled to a respective photomultiplier tube
      (not shown). The photomultiplier tube provides output signals which are
      indicative of the absorption suffered by the radiation from the source 121
      on traversing a body (not shown) which is disposed within a --
      substantially cylindrical body locating structure 124 which will be more
      fully described hereinafter. In order to define the aforementioned beam,
      each of the detector means 123 receives the radiation via a respective
      collimator, not shown in the drawing.
PAR  The source 121 and the detector means 123 are linearly movable, in
      respective channels 125 and 126, relative to the body locating structure
      124, so as to effect a translational scan of the radiation in a plane of
      interest through a body disposed in the structure 124.
PAR  Disposed between the source 1 and the body locating structure 124 on the
      one hand and between the structure 124 and the detector means 123 on the
      other hand are respective compensating or attenuating membes 127 and 128,
      these members being formed conveniently of the material known by the
      Registered Trade Mark "Perspex." The function of the members 127 and 128,
      in conjunction with two other compensating members 129 and 130 which are
      formed of the same material, is to present to radiation from the source
      121 a substantially constant absorption or attenuation as the
      aforementioned  translation scan occurs, when the body locating structure
      124 is replaced by a homogeneous disc (not shown) of the same material as
      the compensating members. The parts 127, 128, 129 and 130 thus constitute
      an attenuating mass. This ensures that when the scanning is carried out
      with the body in place, variations in absorption, as represented by
      variations in the output signals from the photomultipliers, can be
      attributed to variations within the body. In some circumstances, as will
      be explained later, it is not possible to render the absorption in the
      absence of a body entirely constant across the lateral extent of the scan,
      and in these circumstances, a computer which is arranged to process the
      output signals is programmed to take variations in absorption, due to
      causes other than the body, into account when performing its operations
      upon output signals derived when the body is inserted.
PAR  The source 121, detector means 123 and compensating members 127 to 130 are
      arranged to rotate relative to the body locating structure 124, and they
      are thus supported in a common frame or structure 131 which is caused to
      rotate (usually step-wise) about an axis perpendicular to the plane of the
      beam 122 and passing through the body.
PAR  The members 129 and 130 are substantially in the form of isosceles
      triangles with concave bases, the concave bases being curved to fit the
      outer cylindrical surface of the body locating structure 124. The members
      129 and 130 are resiliently urged towards the structure 124 by means shown
      schematically as a pair of compression springs 131 and 132. The plastics
      material of the members 129 and 130 has been found to slip readily on the
      surface of the structure 124 which is formed of aluminum without the need
      for special bearing surfaces.
PAR  A particular advantage of the apparatus shown in FIG. 5 is that differently
      sized bodies can be accommodated without the need for any movement of the
      source 121, the detector means 123, the frame 121 or the larger
      compensating members 127 and 128. All that is necessary is to remove the
      smaller compensating members 129 and 130, together with the associated
      springs, and to withdraw the body locating structure 124 axially. Suppose
      that a substantially smaller body is now to be investigated by the
      apparatus then, as shown in FIG. 6, the structure 124 is replaced by a
      suitably smaller container 124', the members 129 and 130 are replaced by
      smaller members 129' and 130' and larger spring members 132' and 133' are
      provided. The beam 122 shown in FIG. 6 at the leftwards extremity of its
      translational scanning motion for the smaller body, to indicate that, as
      in FIG. 5, there is an overscan which permits the source 121 and the
      detector means 123 to be disposed completely to one side of the body
      locating structure 124 (or 124') for calibration purposes. It will be
      observed that in FIG. 6 the straight sides of the members 129' and 130'
      are parallel to the sloping surfaces of the members 127 and 128, as are
      the straight sides of the members 129 and 130 in FIG. 6. The small arcuate
      portions of the members 127 and 128, however, are dimensioned to conform
      to the curvature of the outer surface of the body locating structure 124,
      which represents a container for a body of average size, so that when a
      smaller structure (such as 124') or a larger container is used, slight
      variations in absorption will occur in the middle of the translational
      scan due to the slight mismatch in curvature between the body container
      and the arcuate portions of members 127 and 128. Such variations, however,
      can be compensated for in the manner previously described and by suitable
      programming of the computer.
PAR  Although in operation of the apparatus the locating structure 124 is fixed
      relative to the scanning structurre, it can also occur that the body
      locating structure may not be located exactly centrally between the two
      members 127 and 128, and in these circumstances, the overscan positions at
      the left and right hand sides of the body container provide information
      indicative of this and the information so provided can be used to
      pre-programme the computer in such a way as to compensate for the lack of
      centrality.
PAR  For example, if in FIG. 6, the body locating structure is disposed to the
      left of the central position in which it is shown, then the overscan
      readings taken with the beam 122 completely to the left of the structure
      124 will provide absorption readings higher than they should be because
      the member 129 will be displaced to the left, whereas the overscan
      readings taken with the swath completely to the right of the structure 124
      will provide absorption readings lower than they should be, because the
      member 120 has been displaced to the left. These overscan readings are fed
      into the computer which is arranged to extrapolate linearly between them
      to effect compensations for each point across the lateral scan.
PAR  In a convenient arrangement, as shown in FIG. 7, the body locating
      structure 124 comprises two semi-cylindrical portions, one of which is
      shown at 134 and the other of which is not shown. The portions such as 134
      are constructed of aluminum of thickness 0.020 inch and end rim portions
      135, 136 0.5 inch thick are formed integrally therewith. The axial extent
      of the rim portions such as 135 is 0.25 inch. Within the portion 134 is
      laid a bag 137 which is either empty or contains a little water. The
      patient is laid upon the portion 134 so that the part of his body which is
      to be examined is over the bag 137. The free ends of the bag, which depend
      outside the portion 134 as shown, are then wrapped around the patient so
      that the ends overlap and the second cylindrical portion of the structure
      124 is placed on top of the portion 124, so that corresponding parts abut,
      and secured thereto by any convenient means. Water is then pumped into the
      bag 137 until it fits tightly around the patient's body, so as to expel
      air from the region of interest, i.e. the region around the edge of the
      patient's body which is intersected by the plane of investigation.
PAR  The above procedure holds for examination most parts of a patient's body,
      but when a plane through the lungs is to be examined, large areas of the
      plane will comprise air and thus it has been found unnecessary to surround
      the body with water, since this expedient is used to reduce
      discontinuities in absorption suffered by the radiation on passing from
      the source to the detector means. The body locating structure may also be
      dispensed with in these circumstances and a pair of specially shaped
      members, one of which is shown at 138 in FIG. 8, are provided to replace
      the members 127 and 128 of FIGS. 5 and 6. The shaping of the members such
      as 138 is designed to allow for the fact that, on investigating a plane
      through the lungs, two large areas of air are usually separated by a
      continuous region of tissue in which the heart is situated. Thus in this
      central region, the thickness of the members such as 138 is reduced as
      compared with its thickness in regions which overlie the large areas of
      air, thus to minimise variations in absorption across a lateral scan in
      order to improve the resolution of the apparatus. When planes passing
      through the lungs are examined, the "zero" of the apparatus is made to
      correspond with the absorption of air, whereas when other planes through
      the body are investigated, the "zero" is made to correspond to the
      absorption of tissue -- i.e., approximately, to the absorption of water.
      It is to be understood that the invention can be applied to many forms of
      apparatus with many diifferent beam scanning systems. Moreover, although
      scanning in a single plane alone has been indicated, simultaneously
      scanning in adjacent parallel planes may occur, using the same source and
      attenuating mass. It is also to be noted that some discretion must be
      exercised in the choice of the attenuating mass. In the interest of
      maintaining high accuracy the attenuating mass should be such that it does
      not excessively disturb the frequency spectrum of the penetrating
      radiation. Absorbing masses of water or many plastics are suitable.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for examining the body of a patient by means of penetrating
      radiation comprising:
PA1  a. a ring-shaped locating structure adapted to enclose the part of the
      patient to be examined,
PA1  b. a source of penetrating radiation,
PA1  c. a detecting means sensitive to the radiation,
PA1  d. a scanning structure, which is rotatable about an axis passing through
      the part of the patient enclosed by said locating structure, supporting
      said source and said detecting means so that the source can project
      radiation through the said part of the patient to be received by the
      detecting means,
PA1  e. means for rotating said scanning structure about said axis so that the
      radiation can be projected through the body from a plurality of different
      directions in a plane substantially perpendicular to the said axis and,
PA1  f. an attenuating mass not attached to and adapted to rotate around said
      locating structure on rotation of said scanning structure so as to present
      substantially the same profile to the radiation in the different positions
      of the scanning structure to compensate for changes in the absorbing path
      length presented to the X-rays by the body and locating structure during
      the scanning movement, wherein the locating structure is located in a
      fixed position during motion of the scanning structure.
NUM  2.
PAR  2. Apparatus according to claim 1 in which the attenuating mass comprises a
      solid member which is held in contact with the outer surface of the
      ring-shaped locating structure and rotates there around on rotation of
      said scanning structure.
NUM  3.
PAR  3. Apparatus according to claim 2 in which said solid member can be moved
      apart from said locating structure to facilitate the positioning of the
      patient or replacement of the locating structure.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein a deformable mass having an
      absorption similar to that of the body is positioned around the patient to
      fill gaps between the patient and said locating structure.
NUM  5.
PAR  5. Apparatus according to claim 1 in which said locating structure is held
      in position during rotation of the scanning structure with the aid of said
      scanning structure.
NUM  6.
PAR  6. Apparatus according to claim 1 in which said locating structure
      comprises a plurality of members which can be separated or opened to
      facilitate positioning of the patient.
NUM  7.
PAR  7. Apparatus according to claim 1 in which said attenuating mass comprises
      solid material spaced from the locating structure and shaped to compensate
      for different path lengths for the radiation crossing the said locating
      structure.
NUM  8.
PAR  8. Apparatus according to claim 1 in which said attenuating mass comprises
      at least one member spaced from said locating structure and two members
      which contact an outer surface of said locating structure at opposite
      sides thereof and which can be moved apart to allow removal and
      replacement of said locating structure.
NUM  9.
PAR  9. Apparatus according to claim 1 in which said attenuating mass is located
      substantially wholly on the source side of the locating member.
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ABST
PAL  A scintillation camera for use in radioisotope imaging to determine the
      concentration of radionuclides in a two-dimensional area in which means is
      provided for second order positional resolution. The phototubes, which
      normally provide only a single order of resolution, are modified to
      provide second order positional resolution of radiation within an object
      positioned for viewing by the scintillation camera. The phototubes are
      modified in that multiple anodes are provided to receive signals from the
      photocathode in a manner such that each anode is particularly responsive
      to photoemissions from a limited portion of the photocathode. Resolution
      of radioactive events appearing as an output of this scintillation camera
      is thereby improved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Radiation imaging devices employing a laminar scintillation crystal and a
      plurality of photomultiplier tubes in optical communication with respect
      to the crystal are currently in use with particular application in the
      field of nuclear medicine. The basic design of such a radiation imaging
      device is described in U.S. Pat. No. 3,011,057. This device is commonly
      termed a scintillation camera, and is widely used to rapidly project an
      image of the distribution of radioactivity throughout an object under
      investigation. The object viewed is typically an organ of a living subject
      which has been injected with a diagnostic quantity of a radioactive
      tracer. A scintillation camera of this type produces a picture of the
      radioactivity distribution by detecting individual gamma rays emitted by
      the distribution by detecting individual gamma rays emitted by the
      distributed radioactive isotope and passed through a collimator to produce
      a scintillation in a thin laminar scintillation crystal. The scintillation
      is detected by an array of individual photomultiplier tubes which view
      overlapping areas of the crystal. Appropriate electronic circuits
      translate the outputs of the individual photomultiplier tubes into X and Y
      coordinate signals and a Z signal which indicated generally the energy of
      a scintillation event. If the energy of a scintillation lies within a
      predetermined acceptable range, an image representing the location of the
      scintillation in a two dimensional matrix will be produced and recorded. A
      visual display of the radioactivity distribution in an object may be
      obtained by coupling the X, Y and Z signals to a cathode ray oscilloscope,
      or other image display device. The individual scintillation events are
      displayed thereon as small spots of light positioned in accordance with
      the X and Y coordinate signals. A record of the spots of light is obtained
      through the use of photographic film. Alternatively, the signals
      indicating the scintillation occurrences and locations may be digitized
      and stored in electrical or magnetic form. Both options are available in
      commercial scintillation cameras.
PAC  BACKGROUND OF THE INVENTION
PAR  It is highly desirable to maximize the degree of spatial resolution of the
      scintillation camera system. This degree of resolution is measured by the
      minimum distance which must be maintained between radioemitters in order
      for the radioemitters to be imaged separately at the output of the
      scintillation camera. Various preventative measures are employed to
      prevent the degradation of resolution. For example, lead collimators are
      provided so that scintillations will be caused only by gamma rays striking
      the scintillator from a particular direction. Heretofore, however, all
      scintillation cameras have employed a single order coordinate
      determination means in the form of photomultiplier tubes having a single
      anode and a single cathode. This use of a single order coordinate
      determination means fixes in two dimensional space only a single reference
      point corresponding to each phototube. The images of gamma rays impacting
      upon the scintillator are then displayed at locations interpolated between
      these reference points. More specifically, in a commercial scintillation
      camera employing nineteen photomultiplier tubes, there are only nineteen
      reference points. In a scintillation camera employing thirty-seven
      photomultiplier tubes, there are thirty-seven reference points. To the
      extent that there is any non-linearity in response either in the crystal,
      in the photomultiplier tubes, or in the electronic processing circuitry,
      there is an error incurred in linearly interpolating the position of a
      scintillation to be recorded.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a second
      order co-ordinate determination means so that the number of fixed
      reference points fixed in the two dimensional matrix may be multiplied.
PAR  It is a further object of the invention to provide the second order
      co-ordinate determination means as an adjunct to the first order
      co-ordinate determination means. More specifically, a plurality of fixed
      reference points are produced for each phototube instead of a single fixed
      reference point as in conventional systems.
PAR  Another object of the invention is to increase the field of view of a
      scintillation camera employing the present invention. If a particular area
      of two dimensional space may be viewed employing a single order
      co-ordinate determination means, the same degree of resolution may be
      obtained and the overall field of view expanded by employing the second
      order determination means of the present invention. This makes possible a
      large field of view scintillation camera without increasing the number of
      photomultiplier tubes required.
PAR  A further object of the invention is to produce scintillation cameras with
      improved spatial resolution. By increasing the number of fixed reference
      points, the reference points become more closely spaced so that the
      distortions occurring in interpolating between adjacent reference points
      are minimized and the overall resolution of the scintillation camera
      improved.
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is an elevational view of a scintillation camera system.
PAR  FIG. 2 is a sectional elevational view of the detector head of FIG. 1.
PAR  FIG. 3 illustrates a two dimensional matrix and the relationship of the
      phototubes of the scintillation camera to the matrix.
PAR  FIG. 4 illustrates a two dimensional coordinate system and the improved
      resolution achieved by the coordinate determination means of the present
      invention.
PAR  FIG. 5 is an elevational sectional view of a photomultiplier tube having a
      plurality of anodes for use in this invention.
PAR  FIG. 6 is a sectional plan view of the phototube of FIG. 5.
PAR  FIG. 7 illustrates the electronic circuitry employed in a preferred
      embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 illustrates the physical arrangement of a scintillation camera
      system according to this invention. The major elements of the
      scintillation camera system are the detector head 10 and a console 60.
      Console 60 is connected to detector head 10 by cabling 47. A stand 50
      supports the yoke 17 in which is mounted the detector head 10. The stand
      50 comprises a base 51 and a vertical column 18. The yoke 17 is vertically
      movable with respect to the column 18 and the detector head 10 is
      rotatable within the arms of the yoke 17. The rotation of detector head 10
      and the translation of the yoke 17 are sometimes motorized so that the
      detector head 10 can be positioned with relative ease. A lead collimator
      75 is attached to the underside of the detector head 10. This collimator
      may be a pinhole collimator or multichannel collimator with either
      parallel, converging or diverging apertures. The particular collimation
      configuration will vary with the intended diagnostic usage.
PAR  Console 60 contains all the power supplies needed for the detector head,
      stand, and console equipment. Console 60 typically includes a main display
      module 70, amplifying and position computing circuitry 80, central control
      module 73, and an auxiliary display module 110. The amplifying and
      position computing circuitry develops rectilinear coordinates for a
      detected radioactive event. When radiation is detected, a pulse amplitude
      signal is produced which is proportional to the energy of the
      scintillation. Coordinate indication signals are normalized against the
      pulse amplitude signal, and pulse height analysis circuitry produced a
      trigger or unblanking signal when the pulse amplitude signal is within a
      preselected amplitude range. Display module 70 acts as a location
      registration device to display the outputs of the amplifying and position
      computing circuitry 80 for registering and recording the co-ordinates of
      detected radiation. This recordation occurs on a cathode ray tube where
      the rectilinear coordinate signals which accompany a trigger signal appear
      and are photographed. Control module 73 contains scaling and timing
      circuitry with registers and digital display apparatus together with other
      control features. Display module 110 can repeat the display of information
      on module 70 or accept other information for simultaneous display.
PAR  With particular reference to FIG. 2, it can be seen that the detector head
      10 is comprised of a metal jacket 16 within which is disposed radiation
      shielding 12, constructed of lead or other radiation absorbing material. A
      similar radiation shield 92 is located within a head cover 93 disposed
      above the casing body 16. The lower edge of body casing 16 terminates in
      an inwardly extending flange 41 which supports an annular steel frame 20
      and a scintillation crystal assembly 42. The operative element of the
      scintillation crystal assembly 42 is a laminar or planar scintillation
      crystal 37 which is entrapped between a thin aluminum shield 36 and a
      transparent glass cover disc 39. The scintillation crystal 37 is a thalium
      activated sodium iodide crystal. Because the crystal 37 is hydroscopic, it
      must be completely encapsulated as indicated. The aluminum shield 36 is
      fastened to frame 20 by means of machine screws 19 which are embedded in a
      potting compound 99. A light guide 45 is comprised of a clear plastic
      capable of transmitting ultraviolet light and is held in intimate contact
      with the glass cover disc 39 of the scintillation crystal assembly 42 by
      means of spring-biased bolts 22 which extend through the light guide and
      into the steel frame 20. Within the radiation detector head are positioned
      a plurality of photomultiplier tubes P1 through P19 having light sensitive
      faces 26 lying in intimate contact with pedestals of the light guide 45
      which are separated from each other by V-shaped grooves 15. Nineteen
      photomultiplier tubes are used in the preferred arrangement, and these are
      positioned above the scintillation crystal 37. It can be seen that the
      light sensitive faces 26 of the photomultiplier tubes lie in a plane
      parallel to the scintillation crystal assembly 42 and are spaced therefrom
      by the light guide 45 interposed therebetween. The positions of some of
      the photomultiplier tubes (P1 through P12) with respect to each other is
      illustrated in FIG. 3. Photomultiplier tube P10 lies above the center of
      the scintillation crystal 37, and the center of the light sensitive face
      of photomultiplier tube P10 defines the point or origin C of a two
      dimensional coordinate system divided into quadrants by an X axis and a Y
      axis as indicated in FIG. 3 and FIG. 4. It should be noted that the view
      of FIG. 2 corresponds to a section taken along the X axis of FIG. 3. The
      photomultiplier tubes are laterally restrained at their upper ends by a
      restraining plate 24 which is attached to a bearing ring 97 by means of
      screws 23. Bearing ring 97 is fastened to the upper ends of upright
      columns 46 by means of screws 21. The lower ends of columns 46 are
      fastened to annular frame 20 by means of flat head screws (not visible).
      Extension columns 95 extend upward from bearing ring 97 at spaced
      intervals offset from columns 46. Extension columns 95 are attached at
      their lower ends to bearing ring 97 and at their upper ends to an
      intermediate annular ring 91. Cover bearing supports 94 extend upward from
      intermediate ring 91 and are fastened thereto at spaced intervals offset
      from columns 95. The supports 94 carry the weight of the cover 93.
PAR  The photomultiplier tubes P1 through P19 are normally spring-biased into
      intimate contact with the light guide 45 by coil springs positioned about
      the photomultiplier tubes and maintained in compression by the lower
      flared ends of the photomultiplier tubes P1 through P19 and by restraining
      plate 24. The springs have been omitted to improve the clarity of the
      illustrations by avoiding unnecessary detail. The upper ends of the
      photomultiplier tubes are each plugged into an electrical socket 52 from
      which cords 54 containing electrical leads extend. Cords 54 are combined
      into a cable 47 that leaves the radiation detecting head to connect it to
      the console 60.
PAR  The scintillation camera illustrated is used to determine the distribution
      of radiation emanating from an object and to record the locations of
      interaction of quanta of radiation with the scintillation crystal 37. The
      flashes of light produced by the scintillation crystal 37 at the points of
      impinging radiation are detected and registered as coordinates in a two
      dimensional matrix or co-ordinate system. The laminar scintillation
      crystal 37 thereby acts as a transducer to transform the energy emitted by
      radionuclides or radioisotopes into visible light.
PAR  The photomultiplier tubes P1 through P19 are spaced from the crystal 37 by
      means of a light pipe 45 to view overlapping areas of the crystal. The
      particular areas of the scintillation crystal 37 which are viewed mutually
      overlap so that light emanating from a point in the scintillation crystal
      37 will be detected by more than one photomultiplier. Collectively, the
      photomultiplier tubes P1 through P19 along with position responsive
      circuitry serve as a first order co-ordinate determination means for
      producing output signals representing principal points in a rectangular
      matrix spaced from each other at predetermined intervals. A single
      photomultiplier tube and its associated position responsive circuit are
      enclosed within the dashed lines of envelope 5 in FIG. 7. Collectively,
      all of the component elements corresponding to those encompassed within
      the envelope 5 for all of the photomultiplier tubes may be considered to
      be the first order co-ordinate determination means of the illustrated
      embodiment. The principal points defined by the first order co-ordinate
      determination means are designated by the numerals 25 in the rectangular
      co-ordinate system illustrated in FIG. 4 and correspond to the centers of
      the light sensitive faces 26 of the photomultiplier tubes. The position
      coordinates of incident radioactive emissions in the two dimensional
      co-ordinate system are derived from the output signals of the
      photomultiplier tubes after processing by the amplifying and position
      computing circuitry of the scintillation camera system. The total output
      of each photomultiplier tube may be considered to be a coarse co-ordinate
      signal from which the location of detected radioactive events may be
      derived by interpolating distances between the principal reference points
      25 in FIG. 4 in response to the respective total outputs of each
      photomultiplier tube.
PAR  Considered another way, the photomultiplier tubes P1 through P19 are
      associated position responsive circuitry forming the first order
      co-ordinate determination means of the system may be considered to
      quantitatively signal the amount of light received from each of nineteen
      different hexagonal areas 29 for each detected scintillation event as
      illustrated in FIG. 3. Although each phototube views overlapping areas, a
      separate phototube may be considered to be associated with each of the
      hexagonal areas 29. These hexagonal areas 29 represent coterminous
      composite areas of a two dimensional field of view.
PAR  Each of the photomultiplier tubes is constructed in a manner identical with
      that of photomultiplier tube P10 illustrated in FIG. 5. P10 is comprised
      of an evacuated envelope 71 a portion of which is a light sensitive face
      26 in optical communication with the crystal 37. A light sensitive
      photosurface in the form of a photocathode 72 is located proximate to the
      light sensitive face 26 of the envelope 71. This photocathode is capable
      of absorbing the light photons emitted by the scintillation crystal 37 and
      emitting electrons in a quantity proportional to the number of photons of
      light received. These electrons are not emitted uniformly over the area of
      the photocathode 72. Instead, more electrons are emitted from that area of
      the photocathode 72 closest to the light source than are emitted from
      other areas of the photocathode 72 more distant from the light source. The
      photocathode 72 is connected to the cathode terminal of a direct current
      power source to provide for the replacement of the electric charge lost by
      photoelectric emission, thus maintaining the required potential on the
      photocathode.
PAR  The electrons emitted from the photocathode 72 are received by the dynode
      slats in an initial dynode stage located diagonally opposite the sector of
      the photocathode from which the electrons emanate. That is, electrons
      emitted from the photocathode 72 are channeled by electron partitions,
      such as partitions 3, 4, 8 and 9 in FIGS. 5 and 6 and are attracted to a
      specific one of the four slat arrays 61, 62, 63 or 64 in the initial
      dynode stage. To illustrate, the photocathode 72 may be considered to be
      divided by imaginary dotted lines into four sectors or quadrants 115, 116,
      117 and 118. Electrons emanating from sector 115 will produce the largest
      response at dynode slat array 64. By the same token electrons from sector
      116 will produce a principal response at slat array 62 while sectors 117
      and 118 will produce responses primarily in slat arrays 61 and 63
      respectively. The individual slats 53 in each of the slat arrays are
      arranged at an angle of roughly 45.degree. with respect to the path of the
      electrons and are so oriented as to cause the electrons emitted to move
      toward the dynode positioned directly above it, and ultimately to the
      anode positioned above it. In FIG. 5, it can be seen that the anode A2P10
      is positioned directly above the slat array 63, and the anode A1P10 is
      positioned directly above the slat array 61. As in conventional
      photomultiplier tubes, an electron impinging upon one of the plates 53 in
      the first dynode 81 will cause the emission of several more electrons,
      which then proceed to the second dynode 82 where the process is repeated.
      This electron cascade continues through dynodes 83 through 90. The
      electrons finally impinge upon a single one of the anodes. For example,
      the electrons emanating from the slat array 61 of the first dynode stage
      81 will cause electrons to be received by the anode A1P10. Similarly,
      electrons from the slat array 63 will cause an electron impact on anode
      A2P10. It can be seen that with a plurality of anodes located within the
      envelope 71 as indicated, each anode is associated with an ascertainable
      sector of the photocathode 72 and provides an identifiable anode output
      signal on the leads 120 uniquely associated with that anode. Other of the
      leads 120 are connected to the various dynode stages and to the
      photocathode 72. As previously indicated, the partitions 3, 4, 8 and 9 are
      located between the cathode and the first dynode and are structures
      designed to assure that electrons from the cathode reach the corresponding
      first dynode.
PAR  The photomultiplier tube P10 operates in a manner similar to the tube type
      F4002 (Sl) manufactured by the Electron Tube Division of ITT Corporation,
      3700 East Pontiac Street, Fort Wayne, Indiana, but is a geometrical
      variation thereof.
PAR  While other phototubes with plural anodes have been proposed for viewing
      scintillations, these tubes have often proved unsuccessful. For example,
      U.S. Pat. No. 3,209,201 illustrates a system in which only a single
      phototube is used to view an area of interest and in which variable
      weighting is attributed to the individual signals from the anodes to
      determine X and Y co-ordinates. To the contrary, signals from the anodes
      in the present invention represent the amount of light received at a
      specific point or area, such as the points 30 and areas 32 in FIG. 4, as
      will be hereinafter explained. In the illustrated embodiment of the
      invention, the plurality of anodes in the photomultiplier tubes along with
      their associated position responsive circuitry collectively function as a
      second order position resolving means responsive to signals from the
      scintillation crystal 37. A single anode and its associated position
      responsive circuit are enclosed in dotted lines of envelope 6 in FIG. 7.
      Collectively all of the component elements corresponding to those
      encompassed within the envelope 6 for all of the anodes for all of the
      photomultiplier tubes may be considered to be the second order co-ordinate
      determination means. This second order position resolving means, in the
      embodiment illustrated, is encompassed within the glass envelopes 71 and
      the associated position responsive circuitry of the photomultiplier tubes.
      The second order position resolving means may therefore be considered to
      be encompassed within the first order resolving means, and is used to
      provide fine co-ordinate signals representing the locations of detected
      radioactive events in contra-distinction to the coarse co-ordinate signals
      which are provided by the summation of the total outputs from a single
      photomultiplier tube. The output of the anodes thereby represents a
      further refinement of the position co-ordinates produced on the display
      module 70 of the scintillation camera system.
PAR  As previously explained, each anode in the photomultiplier tubes is
      particularly responsive to flashes of light emanating from a sector
      encompassing only a part of the area of the scintillation means viewed by
      the associated phototube. For example, with particular reference to FIG.
      3, a single anode may be considered to be associated with a single one of
      sectors 32 comprising the coterminous hexagonal areas 29. The second order
      co-ordinate determination means thereby produces output signals
      representing coterminous composite sectors 32 of the areas 29. The signal
      from each anode may be considered to represent the amount of light
      received at an associated one of the interstitial points 30 and 30' in the
      rectangular matrices of FIGS. 4 and 3, respectively. These interstitial
      points, for example the points 30, are interspersed among the principal
      points 25 and are spaced from each other at predetermined sub-intervals.
      With reference to FIG. 4, the principal points are spaced from each other
      by a distance S in the X direction and a distance D in the Y direction.
      The interstitial points 30 are spaced from each other by a distance I in
      the X direction and J in the Y direction. The interstitial points 30 are
      spaced from the principal points 25 by a distance I in the X direction and
      a distance J in the Y direction. As illustrated, each of the second order
      spacing sub-intervals is smaller than the corresponding first order
      spatial interval S or D. The interstitial points 30 and 30' thereby
      provide additional reference points which are used in interpolating
      distances in the determination of the coordinates of impinging radiation
      in the scintillation crystal 37. There is some latitude in the exact
      location which the reference points may be considered to represent. For
      example, the reference points 30 in FIG. 4 represent the centroids of each
      of the sectors 32 comprising hexagonal areas 29. In another embodiment,
      the reference points 30' each represent the centroid of an associated
      quadrant 31 comprising circles inscribed within the hexagonal areas 29 and
      corresponding to the circular areas of contact of the photosensitive
      surfaces 26 of the photomultiplier tubes P1 through P19 with respect to
      light pipe 45. Other alternative choices of the exact locations of
      reference points will become apparent to those familiar with the optical
      properties of scintillation cameras.
PAR  The scintillation camera system of this invention comprises amplifying and
      position computing circuitry coupled to the anodes of the photomultiplier
      tubes for producing electrical signals corresponding to co-ordinates in a
      rectilinear co-ordinate system of scintillations produced in response to
      radiation impinging upon the scintillation crystal. This amplifying and
      position computing circuitry is connected to the anodes of the phototubes
      and resolves the outputs of the phototubes in response to each flash of
      light into co-ordinate signals corresponding to the co-ordinates of
      impinging radiation in the scintillation crystal. The amplifying position
      sensitive circuitry is comprised of four co-ordinate signal lines +X, -X,
      +Y, and -Y as well as resistors 7 in FIG. 7 which allow a signal of the
      appropriate magnitude to be produced on the co-ordinate signal lines. The
      resistance values of the resistors 7 are determined in accordance with the
      positions of the sectors 32 (and in particular the associated interstitial
      reference points) with respect to the X and Y axes in the two dimensional
      co-ordinate system of FIG. 3 or FIG. 4. The resistance values of the
      resistors 7 connected to either or both the +X and -X or +Y and -Y
      co-ordinate signal lines will therefore ordinarily vary for adjacent
      anodes. These resistors apply a separate factor of consequence to each
      signal transmitted from each of the anodes in correlation with the
      co-ordinate location represented by each anode in a two-dimensional
      co-ordinate system. The matrixing system of FIG. 7 is a modification of a
      present commercial version of a scintillation camera constructed for use
      with the present invention. It should be understood, however, that other
      matrixing approaches using capacitors as impedance elements or delay line
      amplifiers have been used in the construction of scintillation cameras,
      and are adaptable for use with the present invention.
PAR  The scintillation camera of this invention further includes a weighting
      circuit means connected to the anodes for amplifying the output signals
      therefrom in a non-linear fashion wherein the larger anode output signals
      receive greater amplification than smaller anode output signals, thereby
      enhancing the relatively accurate signal information contributed by anodes
      associated with sectors 32 of areas 29 near each scintillation in
      preference to the relatively inaccurate signal information derived from
      more distant sectors. In FIG. 7 this weighting circuit system comprises a
      threshold preamplifier circuit 2 in which the anode output signals of less
      than a preselected threshold magnitude produce substantially no
      contribution to the location coordinates of scintillations. This threshold
      magnitude is established by the selection of threshold appropriate
      criteria for the preamplifiers 2 in FIG. 7. The anode output signals at
      least equalling the preselected threshold magnitude of the preamplifiers 2
      produce amplified output signals substantially proportional to the
      magnitude of the anode output signals from which they are derived over a
      significant portion of the amplitude spectrum of the anode output signals.
      For example, an output of the anode A1P1 exceeding the threshold setting
      of preamplifier 2 will produce a signal of proportional amplitude on the
      line 135.
PAR  The weighting circuit may also be considered as including the resistors 7
      of the amplifying and position computing circuitry. As heretofore
      discussed, a location registration means, in the form of a display module
      70 is connected to the output of the amplifying and position computing
      circuitry for registering and recording the coordinates of detected
      radiation.
PAR  It should be understood that the above disclosure and drawings have been
      given for purposes of illustration only, and no unnecessary limitations
      should be construed therefrom. For example, virtually any plural number of
      anodes may be employed in place of the four anode photomultiplier tubes
      illustrated. Also, delay line amplification used with multiplier anode
      tubes may be employed to the same advantage as are the resistors 7.
      Alternatively, single anode photomultiplier tubes may be used in place of
      the multiple-anode phototubes depicted if different sectors of the
      photocathode of a tube are coated with some material which shifts the
      energy of wavelength of scintillations received so that the resulting
      phototube pulses can be identified as emanating from a particular
      electrical In addition, the various features found in conventional
      scintillation camera systems may be modified as necessary and incorporated
      into the scintillation camera system disclosed herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A radiation imaging device comprising scintillation means producing
      flashes of light therein at the locations of impinging quanta or
      radiation, a plurality of phototubes each positioned for viewing a
      particular area of said scintillation means and each comprising a
      plurality of anodes for generating discrete electrical output signals,
      each anode being particularly responsive to flashes of light emanating
      from a sector encompassing only a part of the area of said scintillation
      means viewed by the associated phototube, and electrical circuit means
      connected to the anodes of said phototubes and resolving the outputs of
      said anodes in response to each flash of light into co-ordinate signals
      corresponding to the co-ordinates of impinging quanta of radiation in said
      scintillation means.
NUM  2.
PAR  2. In a scintillation camera for producing an image of the distribution of
      radioisotopes within an object and employing a single, laminar
      scintillation crystal, a plurality of photomultiplier tubes each viewing a
      particular area of said crystal whereby mutually overlapping viewing areas
      exist, amplifying and computing circuitry for producing electrical signals
      representing the co-ordinates in a two dimensional matrix of the locations
      of interaction of quanta of radiation with said crystal, and location
      recordation means for recording the aforesaid co-ordinates of interaction,
      the improvement wherein each of said photomultiplier tubes is comprised of
      a plurality of anodes each particularly responsive to scintillations
      emanating from a determinable sector of the particular area in view.
NUM  3.
PAR  3. A scintillation camera for depicting in a two dimensional co-ordinate
      system the distribution of radiation emanating from an object comprising:
PA1  a. a laminar scintillation crystal,
PA1  b. a plurality of photomultiplier tubes spaced from said crystal to view
      overlapping portions thereof, each photomultiplier tube comprising an
      evacuated envelope having a light sensitive face in optical communication
      with said crystal, a plurality of anodes located within said envelope each
      associated with an ascertainable sector of said light sensitive face and
      providing an identifiable anode output signal,
PA1  c. amplifying and position sensitive circuitry coupled to the anodes of the
      aforesaid photomultiplier tubes for producing electrical signals
      corresponding to the co-ordinates in the aforesaid co-ordinate system of
      scintillations produced in response to radiation impinging upon said
      scintillation crystal, and
PA1  d. location registration means connected to said amplifying and position
      sensitive circuitry for recording the aforesaid co-ordinates.
NUM  4.
PAR  4. The scintillation camera of claim 3 further comprising weighting circuit
      means connected to the aforesaid anodes for amplifying the output signals
      therefrom in a non-linear fashion wherein the larger anode output signals
      receive greater amplification than smaller output signals, thereby
      enhancing the relatively accurate signal information contributed by anodes
      associated with sectors of areas near each scintillation over the
      relatively inaccurate signal information derived from distant sectors.
NUM  5.
PAR  5. The scintillation camera of claim 4 wherein said weighting circuit means
      comprises a threshold preamplifier circuit in which the anode output
      signals of less than a preselected threshold magnitude fail to produce any
      substantial contribution to the aforesaid co-ordinates and the anode
      output signals which at least equal sid preselected threshold magnitude
      produce amplified output signals substantially proportional to the
      magnitudes of the anode output signals over a significant portion of the
      amplitude spectrum of the anode output signals.
NUM  6.
PAR  6. The scintillation camera of claim 3 further comprising co-ordinate
      signal lines connected to said location registration means, and separate
      resistor means are connected from each of said anodes to each of said
      co-ordinate signal lines to apply a separate factor of consequence to each
      signal transmitted from each of said anodes in correlation with a
      coordinate location represented by each anode in a two dimensional
      co-ordinate system.
NUM  7.
PAR  7. The scintillation camera of claim 6 wherein the resistor means have
      different values of resistance chosen to correspond to the distance of the
      associated co-ordinate location represented by each anode from the
      appropriate axis in a two dimensional co-ordinate system.
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PAL  A novel apparatus for radiographic examination purposes comprises an x-ray
      source emitting a flat beam. Detectors are arranged in the plane of the
      beam in order each to pick up part of the beam. To avoid the Compton
      effect, each detector is associated with it an auxiliary detector which
      only receives the rays emitted by the Compton effect. An electrical
      circuit forms a predetermined linear combination of the signals
      respectively picked up by each detector and the associated auxiliary
      detector, this in order to prevent the errors which are due to the Compton
      effect when the beam passes through the body being analysed.
BSUM
PAR  The present invention relates to a novel radiography apparatus.
PAR  In the known apparatus of this kind, an X-ray emission device is employed
      which illuminates a given volume of the body being examined. The image
      produced upon the display screen (and the resultant photograph), tends to
      be blurred because of the following reasons:
PAR  For one thing the volume is viewed on a flat surface, and for another the
      diffusion effect known as the Compton effect, increases the blurring still
      further.
PAR  To improve the definition of the images thus obtained, it is known to use
      an X-ray source emitting a very fine beam and a detector is connected to
      the source in order to receive the beam whatever the position of the
      system. Parallel plane sections of the body are scanned in succession by
      the source-detector system. The analysis thus made makes it possible, with
      help of a data-processing system, to achieve a very fine analysis of the
      volume. It is clear, however, that the analysis takes quite a long time,
      scanning of the body in effect being a two-dimensional process; moreover,
      the Compton effect is only of second order.
PAR  In order to reduce the analysis time, it has been proposed that a source
      should be used which emits a beam which is concentrated in a plane. This
      source is associated with a set of detectors arranged in line in the plane
      in order that each of them receives a well-defined part of the beam. In
      this system, the source-detector system scans in succession sections by
      plane parallel to the above mentioned plane of the body by rotation and
      the body itself by successive displacements perpendicularly to the plane,
      so that scanning is a unidimensional operation. On the other hand, the
      Compton effect produces substantial blurring in the images obtained.
PAR  The object of the invention is an apparatus of this latter type in which
      the blur due to the Compton effect, is very largely eliminated.
PAR  The device in accordance with the invention comprises an X-ray source,
      means capable of concentrating the beam emitted, in a plane, and a system
      of detectors arranged in said plane, and each capable of picking up a
      well-defined portion of the beam. It is characterized essentially in that
      each detector is associated with at least one detector located outside the
      plane of the beam and consequently not receiving direct radiation from the
      source, and with electrical circuits for producing a linear combination of
      the electrical signals furnished by the detector and the associated
      detector.
DRWD
PAR  The invention will be better understood from a consideration of the
      following description by reference to the attached drawings in which:
PAR  FIGS. 1 and 2 illustrate a longitudinal section and a cross section
      respectively, of the schematic diagram of the device in accordance with
      the invention.
PAR  FIG. 3 illustrates the same diagram in perspective.
PAR  FIGS. 4 and 5 respectively illustrate in section and in perspective, a
      first embodiment of an electrical circuit for producing an electrical
      signal from an information element supplied by the X-rays.
PAR  FIG. 6 illustrates in section a second example of a circuit intended for
      the same application.
PAR  FIG. 7 illustrates the signal obtained at the output of the device shown in
      FIG. 5.
PAR  FIG. 8 schematically illustrates, in longitudinal section, a third example.
PAR  In all the figures, similar references indicate similar elements.
DETD
PAR  The device in accordance with the invention comprises an X-ray source 1
      arranged behind a diaphragm 2. This source directs a substantially flat
      X-ray beam 3, onto a set of receptors 5. These receptors are provided with
      diaphragms 4 enabling each of them to receive a portion of the beam. The
      set of receptors as well as the source, are carried by the same frame 6
      and held together, the source always displacing at the same time as the
      receptors, as FIGS. 1, 2 and 3 show.
PAR  Associated with each receptor 5, in accordance with the invention, there is
      a receptor 51 with a diaphragm 41 preventing it from receiving any direct
      radiation from the X-ray source. Preferentially, a second set 52, equipped
      with diaphragms 42, will be disposed symmetrically in relation to the set
      41.
PAR  Operation is as follows:
PAR  Each receptor element 5 receives an X-ray intensity which corresponds to
      the absorptive power of the particular portion of a body 7 arranged in the
      trajectory of the X-rays, the power being picked up by the receptor 5
      through its diaphragm.
PAR  However, it also receives photons scattered by other portions of the body
      being analysed, due to the scatter or diffusion effect known as the
      Compton effect.
PAR  In other words, the receptor 5 will receive a light beam whose intensity
      can be expressed as follows:
PAC  P.sub.i + D.sub.i
PAL  P.sub.i being the intensity of the elementary beam at exit from the body
      being analysed and D.sub.i the energy due to the Compton effect and
      deriving from the neighbouring beams. However, this latter energy depends
      essentially upon that portion of the body which has been traversed and
      consequently there is no means of calculating it if only P.sub.i is known.
PAR  It is in order to eliminate this Compton effect, that in accordance with
      the invention at least one and preferably two auxiliary receptors are
      provided, associated with each main receptor and, due to the presence of
      their diaphragms, receiving purely the radiation which is due to the
      Compton effect.
PAR  These two receptors simply receive radiation intensities which, in
      accordance with the laws of probability, are close to D.sub.i.
PAR  The invention therefore consists in translating into terms of electrical
      signals, the radiations received by each doublet or triplet of receptors,
      and in performing upon these signals the operation:
      ##EQU1##
       where n.sub.1 and n.sub.2 are adjusted to give the best possible
      correction, and are close to 2.
PAR  It will be self-evident that other linear relationships are conceivable and
      that even a single auxiliary receptor could be used.
PAR  In FIGS. 4 and 5, the receptors 5.sub.j, 51.sub.j, and 52.sub.j (j = 1 . .
      . n) are PIN-type photodiodes of silicon, the intrinsic part of which is
      lithium-doped; these diodes have their P regions, for example, earthed,
      their N regions being connected across a load resistor R.sub.c to the +
      pole of a common supply source, with the consequence that they are
      reverse-biased. These diodes behave, vis-a-vis X-rays, as photodiodes and
      the currents which they produce are function of the intensity of the
      received X-ray radiation. The output voltage picked off across the
      terminals of the load resistor, is connected to the input of an
      operational amplifier A, A.sub.1 and A.sub.2, for the respective receptors
      5.sub.j, 51.sub.j, or 52.sub.j.
PAR  The output voltages are applied to three resistors R, R.sub.1  and R.sub.2
      which are designed to produce a linear combination of the three currents
      flowing through them, or in other words:
      ##EQU2##
      in the example under consideration.
PAR  When analysis has been completed, these currents are stored in a store M
      and can be utilised in a data-processing system. In other words, by
      displacement of the system in relation to the body being examined, it is
      possible to divide the latter up into meshes and to determine by
      calculation the absorbing power of each mesh, as those skilled in the art
      will be aware.
PAR  Other devices are conceivable.
PAR  FIG. 6, in plan, views the triple set of receptors 5, 51, 52 and the
      associated diaphragms. The system is deposited upon one wall 101 of a
      vacuum tight envelope 100. On said wall there are successively deposited:
      a photo-scintillation layer 102 opposite the receptor set and a
      photo-cathode layer 103. An electron-optical system 104 directs the
      electrons emitted by the photo-cathode onto the fluorescent screen 105
      located opposite the wall 101 and constituting the opposite wall of the
      the envelope.
PAR  The envelope 1 has an optical axis on which there is centered an optical
      lens 106 projecting the image of the screen onto the target of a vidicon
      tube 107.
PAR  The operation of this system is as follows:
PAR  The photo-cathode, at each of its elementary areas, emits an electron
      current which is proportional to the luminous intensity emitted by the
      associated part of the photo-scintillation arrangement. This luminous
      intensity is proportional to the quanity of X-rays received by the
      receptor located opposite.
PAR  An image of the system is produced by the screen 105. This image is
      converted onto a charge image on the target of the vidicon 107. This
      target is scanned line by line, scanning taking place perpendicularly to
      the plane of section. With each line-scan, the amplitude of the three
      signals is proportional to the intensity of the X-rays received by each of
      the three receptors forming a triplet. These signals have been shown in
      FIG. 7.
PAR  In this figure, there can be seen the main signal S and the two signals
      s.sub. 1 and s.sub. 2 which are due to the Compton effect. The three
      signals have the same duration but their amplitudes are the electrical
      translation of the X-ray illumination of each receptor and the associated
      receptors. These signals are processed as before.
PAR  A third solution has been shown in FIG. 8. In this device,
      photo-scintillation layer 101 is directly deposited upon the set of
      receptors and with each receptor there is associated an ordinary
      photodiode 120. This directly produces an electrical signal which is
      exploited in the manner indicated in FIG. 4.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A radiography apparatus comprising an X-ray source, a collimator system
      for concentrating the emitted rays in a flat beam, and principal receptors
      connected to said source and arranged in the plane in order each to
      receive a predetermined portion of the beam, the set of principal
      receptors receiving substantially the whole of the beam, and associated
      with each principal receptor at least one auxiliary receptor, means for
      shielding said auxiliary receptor from the direct rays emitted by the
      source so that it only receives the radiation portions emitted as a
      consequence of the Compton effect, electrical circuits being provided in
      order to effect a linear combination of the amplitudes of the signals
      received respectively by the receptor and the auxiliary receptor.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein a second auxiliary receptor
      is associated with each receptor, each set of receptors and auxiliary
      receptors being aligned on a straight line perpendicular to the plane of
      the beam, the detector being arranged between the two auxiliary detectors
      and electrical circuits being provided in order to form a linear
      combination of the signals emitted by the three receptors.
NUM  3.
PAR  3. An apparatus as claimed in claim 2, wherein a diaphragm is associated
      with each receptor, the diaphragm of the principal receptor being arranged
      in order to receive a predetermined portion of the beam being emitted by
      the source, and the diaphragms of the auxiliary receptors being designed
      in order to prevent any direct transmission of the x-rays emitted by the
      source to said auxiliary receptors.
NUM  4.
PAR  4. An apparatus as claimed in claim 3, wherein the receptors are
      constituted by reverse-biased X-ray sensitive photodiodes.
NUM  5.
PAR  5. An apparatus as claimed in claim 4, wherein the photodiodes are made of
      silicon, the diodes being of P.I.N. type and the I region being
      lithium-doped.
NUM  6.
PAR  6. An apparatus as claimed in claim 3, wherein a scintillator is associated
      with each receptor, a device being provided in order to translate into an
      electrical signal the amplitude of the light signal emitted by each
      scintillator.
NUM  7.
PAR  7. An apparatus as claimed in claim 6, wherein said device comprises a
      photo-diode associated with each receptor.
NUM  8.
PAR  8. An apparatus as claimed in claim 6, wherein said device comprises a
      vacuum tight enclosure, a photo-cathode arranged beside the scintillator,
      an electron-optical system to form upon a fluorescent screen the image of
      the scintillator, and a lens in order to form upon the target of a vidicon
      an electrical charge image of said image produced on said screen.
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ABST
PAL  A beam profile analyzer employing sector or quadrant plates each servo
      controlled to outline the edge of a beam.
GOVT
PAR  The invention described herein was made in the course of, or under a
      contract with the U.S. Atomic Energy Commission.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Particle accelerators and cyclotrons have become the best tools for
      producing short-lived radionuclides and labelled compounds. The rapid
      growth of nuclear medicine in the advanced countries has quickly required
      a wider range of isotopes with favorable medical characteristics: short
      half-life, decay scheme by .gamma. emission, high activity of carrier-free
      produced isotopes, all of which are more readily capable of being produced
      in such devices.
PAR  Preparation of such isotopes in an accelerator involves bombarding a target
      with the beam. It has developed that the production of specific isotopes
      not only involves the use of specific targets and specific beam energies,
      but in addition, specific beam dimensions. For example, in certain
      applications a highly focussed beam is required while in other
      applications a defocussed beam is desired. A variety of beam cross-section
      configurations may also be necessary in other situations.
PAR  Heretofore, beam configuration in an accelerator has been monitored in
      several ways. In one arrangement, plates may be inserted to block the beam
      and thereby obtain a picture of its cross-section. Of necessity this is
      only a sampling arrangement for use at spaced intervals and does give
      continuous results. A commercially available device which is used for this
      purpose employs a thin wire matrix, but this device is generally limited
      to beam intensities in the 10.sup.-.sup.3 to 10.sup.-.sup.2 microampere
      range. The preparation of radionuclides for medical application quite
      often involves beams of much higher intensities. Also, these so-called
      beam analyzers now available tend to be quite expensive.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes many of the disadvantages of prior beam
      analyzers by providing for the continuous, non-interfacing determination
      of beam shape capable of being employed with beams of great intensity.
PAR  In accordance with a preferred embodiment of this invention, there is
      provided apparatus for defining the edges of a beam of sub-atomic charged
      particles along an axis transverse to the directional axis of said beam
      utilizing a pair of independently movable target members, means to measure
      current flow out of the target members caused by impingement thereon by
      said beam, and means for moving each of the target members until the
      current reached for each target member is a predetermined value thereby
      defining the width of the beam along the transverse axis. If desired or
      required, additional independently movable target members may be employed
      to define the beam width along any axis transverse to the directional
      axis.
PAR  It is therefore a principal object of this invention to provide apparatus
      for defining the transverse shape of a beam of charged sub-atomic
      particles.
PAR  Other objects and advantages of this invention will hereinafter become
      obvious from the following description of a preferred embodiment of this
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE shows schematically a preferred embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the FIGURE, there is shown in cross-section evacuated beam
      tube 12 of an accelerator (not shown). Within tube 12 there are four
      quadrant plates 14a,  14b,  14c, and 14d all of which are mounted to
      permit movement in the manner to be described below. Preferably,
      immediately adjacent plates would be in different planes perpendicular to
      or at right angles to the axis of tube 12 so that movement of each of the
      quadrant plates would not interfere with the remaining plates.
PAR  Each quadrant plate is provided with its own system for positioning same,
      and all the systems would be identical so that there is shown and
      described now only the system for positioning quadrant plate 14a.
PAR  Attached to quadrant plate 14a at one end is a shaft 16 having a rack 16a
      and vacuum sealed where it penetrates the wall of tube 12. The opposite
      end of shaft 16 is connected to the wiper 18 of a potentiometer 22 which
      is connected in turn to a meter I.sub.1  calibrated to show the position
      of quadrant plate 14a along its axis of movement within beam tube 12.
PAR  Rack 16 is positioned by a pinion 24 actuated by a servo motor M which is
      energized by a servo amplifier A.sub.1 through a three way switching
      device 26. The latter, as shown by the three switching positions shown,
      can be employed to manually control servo motor M to move quadrant plate
      14a either in or out, or permit automatic control by servo amplifier
      A.sub.1.
PAR  Current flow from quadrant plate 14a is by way of electrical lead 28 to an
      electrometer amplifier A.sub.2 having a sensitivity control resistor bank
      32. Output of amplifier A.sub.2  goes to servo amplifier A.sub.1  through
      a two position switch 34 permitting either automatic or manual control of
      servo motor M. When manual control is desired, the manual switch position
      prevents current flow to amplifier A.sub.1, and switching device 26 is
      operated in the IN or OUT positions to drive the quadrant plate in the
      appropriate direction. A beam current meter I.sub.2  shows current flow
      out of quadrant plate 14a . Amplifiers A.sub.1  and A.sub.2 , the various
      instruments, and other devices making up the system just described are all
      well known in the art, are available commercially, and are provided with
      conventional power sources (not shown).
PAR  Quadrant plates 14a-14 d may be constructed from any suitable material
      which will block the beam and conduct current flow. A suitable material
      has been found to be tungsten for use with a proton beam. This material
      has a high melting temperature and does not become appreciably radioactive
      upon being hit by the beam in a way which would produce undesirable
      secondary emissions.
PAR  In the operation of the apparatus just described, a beam such as a proton
      beam is present in tube 12. Quadrant plates 14a-14b are initially in their
      maximum open position as illustrated. Switch device 26 and switch 34 are
      placed in their automatic operation modes. Servo amplifier A.sub.1 will
      produce an error signal moving quadrant plate 14a inwardly until current
      flow out of quadrant plate 14a by way of lead 28 cancels the error signal.
      The servo loop would be calibrated as is understood in the art to bring
      quadrant plate 14a to a stabilized position where current flow is at some
      predetermined level. Each servo loop for each of the quadrant plates
      14a-14d can be operated one at a time or altogether. In this automatic
      mode, the quadrant plates will automatically and continuously be moved to
      delineate the outer edges of the beam and if desired meter I.sub.1 can be
      connected to a pen and ink recorder (not shown) to show a history of the
      beam shape and size. If desired, the servo loop or loops can be manually
      operated using the manual mode positions in switch device 26 and switch
      34, using current meter I.sub.2 to indicate when the edge of the beam is
      delineated.
PAR  The apparatus just described not only does not interfere with beam
      operation but also provides a continuous and accurate determination of the
      beam shape and size, and if desired additional quadrant plates may be
      employed for a more accurate record of beam shape, and by the same token,
      if there is interest only in one edge of the beam only one quadrant plate
      may be utilized. Furthermore, the system is easy and convenient to make
      and operate, is quite inexpensive when compared to commercially available
      devices, and furthermore, either the automatic or manual modes of
      operation may be selected.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for defining edges of a beam of subatomic particles along axes
      transverse to the directional axis of said beam comprising:
PA1  a. multiple quadrant plate means independently movable along each of said
      transverse axes;
PA1  b. means for measuring current flowing out of each of said plate means
      caused by impingement of said beam on each of said plate means; and
PA1  c. means for moving each of said plate means along each said transverse
      axis until current flow reaches predetermined values indicating a
      predetermined point on the outer edges of said beam along said transverse
      axes thereby defining the extent of said beam along said transverse axes.
NUM  2.
PAR  2. The apparatus of claim 1 in which adjacent plate means are located in
      transverse axes in different planes to permit free movement of said plate
      means.
NUM  3.
PAR  3. The apparatus of claim 2 in which said means for moving each of said
      plate means includes an automatically functioning servo system for moving
      its plate means to a point on its transverse axis where current flow is at
      a predetermined value.
NUM  4.
PAR  4. The apparatus of claim 3 having means for bypassing the servo system and
      adjusting said plate means under manual control.
NUM  5.
PAR  5. The apparatus of claim 4 in which each plate means has its own and
      completely independent moving means.
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PAL  An electronic air purifying method and apparatus whereby the air to be
      purified is introduced into the apparatus and oxygen molecules of said air
      are first transformed into the allotropic form of oxygen by a low pressure
      mercury ultra violet radiating device and then said allotropic form of
      oxygen is decomposed to nascent oxygen by heat. The so created nascent
      oxygen oxidizing instantaneously impurities contained in the air moving
      through the air purifying apparatus.
BSUM
PAC  PRIOR ART
PAR  My invention relates to air purifiers and more particularly to an
      electronic air purifier which utilizes a low pressure mercury lamp for
      purposes of purification of air in a room.
PAR  In the prior art such devices are known as "ozonaires". The working
      principle of an "ozonair" is based on the electronic energy radiated in
      the ultra violet light spectrum by a low pressure mercury lamp. One well
      known ultra violet radiator in this group is a germicidal lamp type G4S11,
      manufactured by General Electric. Such germicidal lamps are designed to
      produce ultra violet radiations in the 2537 Angstroms wavelength and in
      the 1849 Angstroms wavelength.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of my invention to provide an improved method and apparatus
      to utilize the 1849 Angstroms wavelength of such a low pressure mercury
      lamp for air purification in a room.
PAR  Another object of my invention is to provide an apparatus in which the low
      pressure mercury lamp is so arranged that the germicidal effect on the
      room air passing through the apparatus is relatively large but where the
      area outside the apparatus is completely shielded against the germicidal
      radiation.
PAR  The primary object of my invention is to provide an air purifying device
      which utilizes a low pressure mercury lamp and which has the ability to
      control the creation, the break down, and the release of ozone.
PAR  In the prior art ozonaires ozonize the air and then release the air-ozone
      mixture into the room air, and it is claimed that the released ozone will
      eliminate unpleasant and disagreeable odors in the room. In praxis such an
      effect can be observed, but there is a definite disadvantage in having an
      appreciable amount of ozone in the air of a room at any time. The ozone
      might collect there to an undesirable or even toxic level.
PAR  I have found that the generally held view that ozone is the purifying
      medium is a misconception. It is rather the decomposition product of
      ozone, namely the oxygen atom, which is responsible for the observed
      effect. In room air of approximately 70.degree.F ozone can linger for a
      long time. At such a temperature ozone deteriorates very slowly.
PAR  It is therefore an object of my invention to provide an improved method and
      apparatus which will permit the purification of the air in a room with an
      ozone producing low pressure mercury lamp without releasing uncontrolled
      quantities of ozone into the room air. In my apparatus ozone is
      efficiently created at ideal temperature, and said ozone is broken down to
      nascent oxygen in a controlled manner within the air purifying device
      itself, and therefore an undesirable accumulation of ozone within the room
      air is prevented. The advantage of such a device over an "ozonaire" is
      obvious.
PAR  Further objects of my invention are to provide an electronic air purifying
      device which operates uniformly and absolutely quietly, and in which the
      components that have to be replaced after a useful life can be exchanged
      easily without the use of tools and by unskilled hands.
DRWD
PAR  Still further objects and advantages of my method and apparatus will appear
      from the following description and from the exemplifying embodiment of my
      invention, from the appended claims, and from the accompanying drawing in
      which:
PAR  FIG. 1 shows my apparatus with an opaque housing in perspective view.
PAR  FIG. 2 shows my apparatus with a partially translucent housing in
      perspective view.
PAR  FIG. 3 shows a cross-sectional view of my apparatus.
PAR  FIG. 4 shows an electric circuit diagram of my apparatus.
DETD
PAR  Referring to FIG. 1 of the drawing in details: an air purifying device is
      shown comprising a tubular housing 1 which is opaque to visual and ultra
      violet light, filters 2 inserted in the top and the bottom of said housing
      and legs or brackets 3 fastened to said housing for the purpose of
      elevating said tubular housing 1 to allow air to enter through the bottom
      filter 2 of said housing 1.
PAR  Referring to FIG. 2 of the drawing in details: shown is a similar housing
      as in FIG. 1 with the distinction that the housing 1 consists of a lower
      section 1A which is preferably made from an opaque material and an upper
      section 1B which is preferably partially made from a material translucent
      to visual light but opaque to ultra violet light.
PAR  Referring to FIG. 3 of the drawing in details: shown is a cross-sectional
      view of an air purifying device with a housing 1 of tubular form with an
      inner horizontal cross-section smaller than its inner vertical
      cross-section and so constructed that air heated inside the housing 1 will
      rise in said housing and create an air convection flow through said
      housing 1, a feature which is known as a "chimney effect". The inner walls
      of said housing 1 in its lower section A have a surface 9 which is highly
      reflective for the ultra violet radiation at the 2537 Angstroms
      wavelength. Filters 2 are inserted in the top and bottom of the tubular
      housing 1. Said filters 2 are preferably made from glass fibers and are
      held in frames 10 which can be snapped in said housing 1 by a simple push
      and which can be snapped out by a simple pull. In place, said filters 2
      will allow air to flow freely through the housing 1 and in permitting the
      air to pass, the filters 2 will retain any coarse air-borne particles and
      said filters 2 are made dense enough to prevent ultra violet radiation,
      which is absorbed by the glass fibers, to escape to the outside of the
      housing. A low pressure mercury lamp 4 mounted in the lower section A of
      said housing 1, and a heater 5, which may be an ordinary incandescent
      light bulb, and an auxiliary heater 6 both mounted in the upper section B
      of said housing 1 above the low pressure mercury lamp 4. Electrical wiring
      8 to connect the low pressure mercury lamp 4, the heater 5 and the heater
      6 to an electrical power supply line.
PAR  The heater 5 is preferably so dimensioned that it can serve in known manner
      as a load resister or ballast for the low pressure mercury lamp 4. The
      auxiliary heater 6 is dimensioned to allow its surface temperature to be
      set or regulated up to 600.degree.F. As heater 6 I prefer a tapped wire or
      band heater which is mounted on the inner walls in the upper section B of
      the housing 1 and which can be regulated by a step switch 11. The heater 5
      and the low pressure mercury lamp 4 are connected electrically preferably
      in series. Socket 7 is a double socket which contains means for the type
      of electrical connection as shown in FIG. 4 of the drawing. This socket
      arrangement permits the low pressure mercury lamp 4 and the heater 5 to be
      exchanged easily after removing the filters 2.
PAR  Utilizing for instance the germicidal lamp G4S11 as an ultra violet
      radiator 4 the heater 5 may be a 40 Watt light bulb on an electrical
      supply line of 115 Volts, and in this case the peak glass surface
      temperature of the bulb will be approximately 400.degree.F inside the
      housing 1. On a 220 Volts electrical supply line the heater 5 may be a 75
      Watt light bulb which will operate with a glass surface temperature of
      approximately 460.degree.F inside the housing 1.
PAR  Having described an exemplifying embodiment of my air purifying device I
      will point out in the following its mode of operation: When heater 5 and
      low pressure mercury lamp 4 are activated, the heat created by the heater
      5 will cause an air convection flow through the housing 1 as illustrated
      by the arrows in FIG. 3 of the drawing. The replacement air, room air of
      ambient temperature enters through the bottom filter 2 and passes in
      proximity of the low pressure mercury lamp 4. In passing a strong dose of
      radiation of germicidal wavelength impinges on the air. The highly
      reflective surface 9 on the inner walls in the lower section A of the
      housing 1 enhances the effect of this radiation. In my exemplifying
      embodiment the average distance at which the air has to pass the ultra
      violet radiator 4 is approximately one inch and at a distance of one inch
      the radiation intensity of the low pressure mercury lamp 4GS11 at the
      germicidal wavelength is greater than 1.5 Watts/sq.ft., an intensity great
      enough to exert a strong germicidal impact on the passing air.
PAR  At the same time the 1849 Angstroms wavelength transfers energy to some
      oxygen molecules (O.sub.2) of the air and creates the allotropic form of
      oxygen, namely ozone molecules (O.sub.3). The radiation energy of the 1849
      Angstroms wavelength changes three stable molecules of oxygen (O.sub.2)
      into two less stable ozone molecules (O.sub.3). This transformation is
      performed in the lower part A of my air purifying device rather easily,
      because here the air temperature is always approximately 70.degree.F. The
      air-ozone mixture flowing upwards is replaced by new incoming air of
      ambient temperature. Under such steady temperature condition a low
      pressure mercury lamp will produce stable radiation at the proper
      wavelengths.
PAR  The air-ozone mixture moves upwards after being created in the lower
      radiation zone A. Due to the fact that ozone is heavier than air a certain
      turbulence takes place during this upwards movement. A homogeneous mixture
      of air and ozone arrives in the upper section B of the air purifying
      device. In said section B of the housing 1 ozone is forced to break down
      by the infrared energy of the heaters in said section B. The ozone
      (O.sub.3) distributed within the heated air decomposes to nascent oxygen
      (O.sub.1). The oxygen atom (O.sub.1) by its nature has to react almost
      instantaneously. In this moment impurities (for instance, odors) are
      oxidized and disappear from the air. The process is a continuous one; As
      long as the device is activated room air will be moved through its housing
      1 and air will be purified by the germicidal wavelength and by the nascent
      oxygen, the decomposition product of the ozone created by the 1849
      Angstroms wavelength in the lower section A and broken down by heat in the
      upper section B of the housing 1.
PAR  My method and apparatus make air purification of room air efficient and
      safe. Ozone is rather stable up to a temperature of 212.degree.F. Above
      this temperature ozone decomposes rapidly. I have found that at a heater
      surface temperature of 400.degree.F most of the ozone in my device is
      broken down and at 600.degree.F all ozone has deteriorated. The auxiliary
      heater 6 in my device will allow one to set the temperature for any level
      of ozone decomposition. Inside the housing 1 the actual temperature of the
      air in the housing reaches a somewhat higher degree than the temperature
      that is transferred to the air by the heaters. When the ozone (O.sub.3)
      breaks down in its components of three oxygen atoms (O.sub.1) the energy
      that was originally needed to form the ozone molecule is released as heat.
      Oxygen can appear in three possible modes: (1) The stable oxygen molecule
      (O.sub.2), which is our breathable oxygen normally contained in air. (2)
      The allotropic form of oxygen (O.sub.3) known as ozone which can be
      created from O.sub.2 by ultra violet radiation energy. (3) The oxygen atom
      (O.sub.1) also known as nascent oxygen, which is created in my device by
      heat decomposition of ozone (O.sub.3) and which has only a short life of 4
      .times. 10.sup.-.sup.6 sec. The short life characteristic, after its
      creation, of nascent oxygen (O.sub.1) is the working principle of my
      device.
PAR  If all odors in the upper section B are oxidized, the surplus oxygen atoms
      combine in pairs with each other and form stable oxygen molecules. After
      the air taken in from the room through the lower filter 2 has passed
      through the device, the top filter 2 will expel into the room purified air
      enriched with newly formed stable oxygen molecules (O.sub.2) and deprived
      of odors and ozone. I have found that in practical use a heater 5 alone
      without activating the auxiliary heater 6 is already sufficient to break
      down ozone within the device to a degree which will prevent any
      accumulation of ozone in the room air. I have found also that my air
      purifier will remove odors and will limit the amount of micro organisms in
      room air to a desirable level, whereby the length of time needed to
      operate the device depends on the size of the room. The auxiliary heater 6
      can be set and can be regulated in such a manner as to prevent the excape
      of any ozone from the device into the room.
PAR  I desire it understood that my invention is not confined to the particular
      embodiment shown and described, the same being only illustrative. My
      invention may be carried out in other ways within the scope of the
      appended claims without departing from its spirit.
CLMS
STM  Having described the nature of my invention, what I claim and desire to
      protect by Letter Patent is:
NUM  1.
PAR  1. An apparatus for purifying and sterilizing the air in a space and for
      decomposing ozone within said air comprising; a tubular housing having top
      and bottom sections with a horizontal cross section smaller than its
      vertical cross section and comprising a flow path for air and air-ozone
      mixtures; an air inlet in said bottom section and air outlet in said top
      section; an ultra violet radiating device placed in said bottom section of
      said housing in proximity to said air inlet for creating within said
      bottom section ozone in air of ambient temperature, and for emitting
      germicidal radiation; a heating device placed in said top section of said
      housing above said ultra violet radiating device for heating and
      decomposing ozone in said air-ozone mixture, and for supporting air flow
      through said tubular housing; means for connecting said ultra violet
      radiating device and said air heating device to an electric power supply;
      means for regulating the temperature of said heating device and of said
      air-ozone mixture in said top section of said housing; the air flow path
      in said housing comprising in the bottom section a germicidal radiation
      and ozone forming region and in the top section an ozone decomposing,
      impurities oxidizing and molecular oxygen forming region.
NUM  2.
PAR  2. An apparatus for purifying and sterilizing the air in a space and for
      decomposing ozone within said air as in claim 1, said tubular housing
      including a removable inlet filter covering the bottom of said tubular
      housing and a removable outlet filter covering the top of said tubular
      housing, said filters preferably comprised of ultra violet radiation
      energy absorving fiber material permitting unhampered in-and-out flow of
      air.
NUM  3.
PAR  3. An apparatus for purifying and sterilizing the air in a space and for
      decomposing ozone within said air as in claim 2 wherein said bottom
      section is of material opaque to visual light and to ultra violet
      radiation, and said upper section is translucent to visual light and
      opaque to ultra violet radiation.
NUM  4.
PAR  4. A method of purification and sterilization of air by exposing said air
      to ultra violet radiation followed by application of heat, whereby air of
      ambient temperature and with ambient amounts of ozone and impurities is
      first exposed to ultra violet radiation in the 2537 Angstroms wave band
      and in the 1849 Angstroms wave band; the 2537 Angstroms wave length having
      a sterilizing effect and the energy of the 1849 Angstroms wave band
      transforming oxygen molecules in said air into the allotropic form of
      oxygen, ozone; creating a continuously flowing and turbulent
      air-ozone-impurities mixture, which thereafter is exposed to heat; said
      heat decomposing the ozone molecules in said air-ozone-impurities mixture
      to nascent oxygen; said nascent oxygen practically instantaneously
      reacting with impurities by oxidizing them and at the same time reacting
      with neighboring oxygen atoms to form new stable oxygen molecules.
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ABST
PAL  An aiming device of the general type shown in U.S. Pat. No. 2,488,541 is
      disclosed. The device comprises a tubular housing for mounting on a gun or
      other device which must be manually aimed and the housing contains a spot
      source of light which is projected rearwardly toward one eye of the user
      through a collimator contained within the housing. The light source is
      preferably a radiation activated phosphor of one color housed in a filter
      of a different color in order to present automatically a spot source of
      light of the color of the filter during high ambient lighting intensity
      and a spot source of light the color of the phosphor during low ambient
      lighting intensity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The aforementioned U.S. patent contains a disclosure of an aiming device
      for a gun wherein the user keeps both eyes open. The device which is
      mounted on the gun projects a spot source of light rearwardly toward one
      eye of the user with the result that the user in viewing the target with
      the other eye sees the spot of light superimposed thereon. So long as the
      device is correctly aligned on the gun, the user has only to point the gun
      until the light spot is superimposed on the target in order to correctly
      aim the gun. This is obviously an easier operation than a conventional
      rear and front sight arrangement in which the two sights have to first be
      aligned with the shooter's vision and the two then positioned in alignment
      with, or immediately below, the desired target. The present invention
      represents an improvement on the light source which is employed in the
      aiming device of the aforementioned patent. It is contemplated that the
      aiming device of the present invention will have utility not only with
      firearms but also for optical instruments such as telescopes, levels,
      sextants, and the like as well as parabolic microphones or any other
      apparatus which must be manually aimed by the user.
PAC  Brief Summary of the Invention
PAR  The sensitivity of the average human eye is a maximum at a wavelength of
      approximately 550 mm. Of the radiation activatable phosphors which are
      effective to convert beta particles into visible light, green phosphors
      are 25% more efficient than red phosphors. This would seem therefore to
      dictate the use of a green phosphor as a light source for this purpose.
      However, tree foliage and grass colors all fall in the general area of the
      550 mm wavelengths and therefore the color which is best suited to
      conversion of beta particles into visible light sources, namely, green is
      poorly suited for use as a light source in aiming device for use during
      the daylight hours. Of the basic colors, however, red is easily seen
      against a green (foliage) or blue (sky) background. It then becomes
      further logical to assume that an ideal light source for an aiming device
      in accordance with the present invention would be one which automatically
      changes from red during daylight hours to green at night. Since the eye is
      very sensitive to green, a green light of a very low intensity can be used
      thus avoiding the hazard of night blindness. If the user at night were to
      stare, for example, at a red light and then look away, he would be much
      more subject to temporary blindness which is obviously undesirable from
      the standpoint of the military. In order to accomplish this purpose, in
      accordance with the present invention, a small sphere or nodule of green
      radioluminescent material is housed within a red light gathering filter.
      Ambient light of relatively high intensity passing through the red filter
      causes the sphere to glow red and thus provides a red point light source
      which is very well suited for daylight conditions. As the ambient light
      intensity decreases toward zero, the activated sphere will appear to glow
      first yellow and finally green as the intensity falls to zero.
      Substitution therefore of this particular combination of phosphors and
      filter for the radioluminescent light source taught in the aforementioned
      patent results in a vastly improved aiming device which is useful and
      operates at maximum efficiency over complete variations of ambient
      lighting intensity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE of drawings shows a preferred form of the device in side
      elevation and partially in section.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  The aiming device of the present invention is contained within a housing 10
      having an enlarged end 12 which in use is directed toward the user.
      Concentrically positioned within the housing 10 is an enlongated tubular
      member 14 which is tapered through a portion of its length and terminates
      at the large end in an outer surface 16 which is a segment of a sphere.
      Positioned between the spherical surface 16 and the inner portion of the
      housing 10 is an annular member 17, the inner periphery of which has a
      surface which conforms to the spherical surface 16. Preferably the member
      17 is formed of polytetrafluoroethylene. A pair of adjusting means
      positioned at right angles to each other and one of which is generally
      indicated at 18 are positioned between the housing 10 and the tubular
      member 14 in order to permit fine adjustments of the member 14 with
      respect to the axis of the gun.
PAR  A collimating lens system 20 is positioned at the outer end of the inner
      tube and held in place by a rubber washer or eyepiece 22 which in turn is
      maintained in compression within the housing 10 by means of an externally
      threaded annular member 24. At the opposite end of the inner tube 14 there
      is mounted a light gathering filter indicated by the referecne numeral 26
      in which is embedded the radioluminescent light source 27 in the form of a
      small sphere or nodule. A transparent dome 28 is secured to the outer end
      of the housing 10 to close the end of the housing but permit the entrance
      of ambient lighting to the filter and phosphor. Immediately adjacent the
      rear of the filter 26 there is positioned an opaque disc 30 having a small
      aperture 32 in the center thereof. Light from the phosphor 27 passes
      through the aperture and then to the collimating lens system 20. The
      actual size of the aperture is not critical and in fact varies depending
      upon the type of shooting to be done. In one aiming device which has been
      used successfully the disc 30 was formed of copper foil 0.0008 inch thick
      and the aperture was 0.020 inch in diameter.
PAR  From the foregoing it will be apparent to those skilled in this art that
      there is herein disclosed a new and useful aiming device and one which
      will have wide utility in connection with the manual aiming of any type of
      firearm, optical instrument, microphone or the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. An aiming device for guns, optical instruments and the like comprising:
PA1  a. an elongated housing for mounting on a gun or optical instrument with
      the longitudinal axis of said housing substantially parallel to the
      longitudinal axis of the device to be aimed;
PA1  b. a light collimator adjacent one end of said housing and having its
      optical axis substantially aligned with the longitudinal axis of said
      housing;
PA1  c. a spot source of light of a first color supported adjacent the opposite
      end of said housing and positioned on the optical axis of said collimator;
PA1  d. a thin opaque plate having an aperture therein smaller than said spot
      source, positioned adjacent said source and between said source and said
      collimator with said aperture on the optical axis of said collimator; and
PA1  e. a light gathering filter surrounding said spot light source, said filter
      having a color different from said first color, said filter being exposed
      to the ambient light surrounding said housing;
PA2  whereby under conditions of high ambient lighting intensity said spot
      source of light will appear to the user as a spot of the color of said
      filter and as ambient lighting intensity decreases toward zero, said spot
      source of light will appear to the user as a spot of said first color.
NUM  2.
PAR  2. The combination defined by claim 1 in which said first color is green
      and in which said filter color is red.
NUM  3.
PAR  3. An aiming device for guns, optical instruments and the like comprising:
PA1  a. an elongated housing for mounting on a gun or optical instrument with
      the longitudinal axis of said housing substantially parallel to the
      longitudinal axis of the device to be aimed;
PA1  b. a light collimator adjacent one end of and having its optical axis
      substantially aligned with the longitudinal axis of said housing;
PA1  c. a nodule of radioluminescent material which emits light of a first color
      supported adjacent the opposite end of said housing and positioned on the
      optical axis of said collimator;
PA1  d. a thin opaque plate having an aperture therein smaller than said nodule,
      positioned adjacent said nodule and between said nodule and said
      collimator with said aperture on the optical axis of said collimator; and
PA1  e. a light gathering filter surrounding said radioluminescent material,
      said filter having a color different from said first color, said filter
      being exposed to the ambient light surrounding said housing;
PA2  whereby, under conditions of high ambient lighting intensity said nodule
      will appear to the user as a spot of light having the color of said filter
      and as ambient lighting intensity decreases toward zero, said nodule will
      appear to the user as a spot of light having the color of said
      radioluminescent material.
NUM  4.
PAR  4. The combination defined by claim 3 in which said filter is colored red
      and said radioluminescent material is green.
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ABST
PAL  A gamma ray camera system, such as an Anger-type camera, fitted with a
      collimator comprising an arrangement of straight and corrugated strips of
      lead foil. One embodiment comprises a parallel multi-channel collimator
      employing corrugated strips with regular, parallel corrugations. A second
      embodiment comprises a focusing multi-channel collimator employing
      corrugated strips having corrugations which focus substantially to a
      common point and are generally wider and deeper on the side more remote
      from said common point.
PARN
PAR  This is a continuation, of application Ser. No. 357,917, filed May 7, 1973;
      and a continuation-in-part of application Ser. No. 332,934, dated Feb. 16,
      1973, and application Ser. No. 260,188, dated June 6, 1972, now abandoned,
      which latter application is a division of application Ser. No. 52,924,
      filed July 7, 1970, now abandoned.
BSUM
PAR  Radiation cameras typically employ a radiation collimator of some type
      between the raditation sensitive tranducer and the radioactive object
      under investigation. The most widely used radiation camera is the
      Anger-type scintillation camera (U.S. Pat. No. 3,011,057) which is
      employed in hospitals to obtain an image of the distribution of a
      radiopharmaceutical introduced into the body of a human patient. The
      purpose of a radiation collimator is to provide substantially one gamma
      ray transmissive passageway between each elemental volume of the
      radioactive object and a corresponding elemental volume of the transducer.
      The most commonly used collimator is the multichannel collimator which
      comprises a number of collimating apertures separated from each other by a
      volume of radiation--opaque material--most commonly lead.
PAR  It is well known that radiation collimator design involves basically the
      parameters of aperture size and shape, septal thickness, and aperture
      length. These are the parameters which determine the resolution and
      efficiency of the collimator for gamma rays of a particular energy. In
      general, the septal thickness, which is the thickness of the walls
      separating adjacent collimating apertures, is chosen in accordance with
      the energies of gamma rays to be collimated so that the collimator will
      blcok substantially all gamma rays which enter the collimator at an angle
      and location such that they would otherwise tranverse the wall between two
      apertures. Thus the septal thickness must be relatively large for high
      energy gamma emitting isotopes, but for low energy isotopes the septum or
      wall between apertures may be quite thin. Indeed, it is desirable to
      employ only the septal thickness actually required for the gamma ray
      energy involved in order to avoid unnecessary loss of efficiency.
PAR  Initially, all multi-channel collimators were of the parallel channel type.
      The first parallel channel collimators were cast-lead collimators. Later,
      extruded lead collimators consisting of comb-shaped pieces assembled to
      provide square-channels were designed to achieve better imaging efficiency
      for low energy isotopes. As imaging with technetium- 99m having a 140 KEV
      gamma energy began to dominate imaging procedures and improvements in
      resolution of radiation cameras were made, radiation collimators with very
      thin septa (i.e., about 0.010 inches) were needed to avoid loss of
      efficiency in imaging.
PAR  Faced with this need, some investigators turned to the general approach of
      using corrugated foil of a material which is relatively opaque to low
      energy gamma rays. The corrugation approach would at first seem to offer a
      simple solution to the problem of constructing a collimator with septa of
      about 0.010 inch in thickness by enabling a large number of corrugated
      strips of metal foil to be mounted together in rows to build up a
      structure of the desired size. It turns out, however, that the use of a
      multiplicity of corrugated strips creates rather severe tolerance problems
      because the corrugations must be extremely uniform from strip-to-strip or
      they won't match up at the surfaces which are to be mated and fastened
      together throughout the length of each strip. The larger the collimator
      and the smaller the corrugation, the greater the tolerance problem. In
      addition, since lead is the preferred collimator material from a cost
      standpoint, the corrugating of lead foil which has a very low tensile
      strength creates an additional problem, especially when relatively large
      volume production is needed.
PAR  The problems involved in employing corrugated lead foil in the construction
      of a low energy radiation collimator are solved in accordance with the
      present invention by mounting the corrugated strips of foil between
      successive straight strips of foil, thereby eliminating the basic
      tolerance problem in forming the corrugated strips so they can be matched
      up and in handling the rather easily distorted strips after they have been
      formed. In accordance with another aspect of this invention, this solution
      also leads to an improved method of constructing a corrugated-strip
      collimator using adhesives such as epoxy rather than welding or similar
      techniques. In addition, in accordance with a further aspect of this
      invention, the problem of forming corrugated lead strips is solved by
      using a highly advantageous new method in which straight strips of lead
      foil are corrugated by using a pair of substantially meshed gear-like
      members. These initially corrugated strips either are employed as is or,
      to produce a collimator with superior uniformity, are subjected to further
      forming by pressing them between male and female forming dies.
PAR  The general techniques of this invention are also extremely useful in
      manufacturing corrugated diverging or converging collimators in an
      inexpensive manner. A diverging collimator has the multiple collimator
      channels focused at a point some distance away and arranged to diverge in
      the transducer to object sense so that objects larger than the transducer
      can be imaged. A converging collimator has the focused channels arranged
      to converge in the transducer to object sense so that objects smaller than
      the transducer are imaged in a magnified way.
PAR  The first commercially available diverging collimator was designed for
      medium energy gamma rays because such a design employs thick septa between
      channels and can be made by conventional lead casting or drilling
      techniques. Attempts to use casting techniques to produce a low energy
      diverging collimator failed because void areas in the thin septa could not
      be avoided. An approach involving assembling about 15,000 individual
      thin-walled lead tubes, each having an appropriate taper to produce
      divergent channels, was successful, but turned out to be extremely costly
      to manufacture. Adapting the corrugated collimator approach to produce
      diverging and converging collimators reduces the manufacturing cost
      dramatically and produces a collimator which is virtually identical in
      performance to the multiple tapered tube design.
PAR  To produce a collimator with converging channels a pair of gear-like
      members having tapered teeth are employed to produce initial corrugated
      strips which have tapered corrugations generally pointing to a common
      focus. The initial corrugated strips are pressed between a set of male and
      female forming dies to produce highly regular, tapered, triangular
      corrugations which focus to a point. These corrugated strips are mounted
      between straight strips, using an alignment fixture, and the taper of each
      strip causes the assembled strips to focus to a common line. The final
      collimator structure has collimating apertures which focus to a short line
      segment such that no observable distortion due to imperfect focus is
      noticeable.
DRWD
PAR  Other features and advantages of this invention will be aoparent from a
      consideration of the detailed description below together with the
      accompanying drawings which are briefly described as follows:
PAR  FIG. 1 is a exemplary portion of a section view through a collimator
      constructed in accordance with this invention (along the lines 1--1 in
      FIG. 6);
PAR  FIGS. 2-5 are exemplary of a method for constructing a collimator in
      accordance with this invention;
PAR  FIG. 6 is a schematic view of the employment of a parallel channel
      corrugated collimator in an Anger camera system;
PAR  FIGS. 7-9 are exemplary of an improved method for constructing a parallel
      channel collimator in accordance with this invention;
PAR  FIGS. 10-16 are exemplary of a method of constructing a diverging or
      converging channel collimator in accordance with this invention;
PAR  FIGS. 17A and 17B are schematic views of the employment of a diverging
      channel collimator and a converging collimator, respectively; and
PAR  FIGS. 18 and 19 are exemplary of an alternate approach to performing some
      of the steps of the method of this invention.
DETD
PAR  Referring to FIG 1, the basic cross-sectional configuration of a collimator
      in accordance with this invention is shown as corrugated lead foil strips
      13 mounted between successive straight strips 12 of lead foil. In FIG. 1
      the thickness of the foil is exaggerated, and for 140 KEV gamma rays the
      preferred thickness would be about 0.010 inches. It should be understood
      that foils of material other than lead but which are highly opaque to
      gamma rays could also be used here but lead is preferred from a cost
      standpoint. The sinusoidal-like corrugations are formed by a technique
      later to be described, but it should be understood that other forms of
      regularly corrugated strips such as the triangular form shown in FIG. 9
      could also be employed. The corrugated strips are preferably substantially
      aligned so that triple-thicknesses of metal are avoided, but the
      employment of straight strips of lead foil between corrugated strips
      eliminates any severe tolerance problem in forming and assembling the
      strips. As will later be explained in more detail, the strips may be
      mounted together with an adhesive such as epoxy and the use of straight
      strips thus also eliminates the need for more sophisticated fastening
      techniques, such as welding. As is evident, the open areas formed by the
      walls of the straight and corrugated strips are the collimating apertures
      through which gamma rays may pass unhindered, and as previously mentioned
      the fact that the apertures are not axially symmetric does not seriously
      affect the performance of the collimator.
PAR  As shown in FIG. 2, corrugated strips of lead foil may be constructed by
      passing a strip 50 of lead foil through a pair of substantially meshed
      gear-like members, such as pinion wire rollers 42, 43. Lead foil strip 50
      has a straight portion 51 entering the rollers and a corrugated portion 52
      coming out of the rollers. Rollers 42 and 43 are mounted on a support
      structure 40 having vertical members 41 on which the rollers are rotatably
      mounted. One of the rollers is turned by a hand crank 44 with a handle 45.
      The rotation could also be mechanized. Rollers 42 and 43 must be mounted
      in slightly less than a completely meshed relation to accommodate the
      thickness of lead foil so that the foil will not be stretched to a lesser
      thickness at certain points as it is pulled through the rollers. "24
      pitch" pinion wire rollers produce corrugated strips which have an
      effective aperture size of about 1.6 to 1.7 millimeters which lead foil of
      0.010 inch thickness.
PAR  FIG. 3 shows a collimator being assembled from the corrugated and straight
      lead strips (the size of the corrugations is exaggerated for pictorial
      clarity). A fixture 30 is useful in assembling the strips since the walls
      of support sections 32 and 33 mounted on base 31 intersect at a 90.degree.
      angle and can be used to keep the strips at a 90.degree. angle to the
      resulting face of the collimator. Using the fixture 30, a collimator may
      be constructed by the following technique. A flat strip with epoxy spread
      on one side is placed on support 33, epoxy side up (an epoxy such as
      "Bondmaster 773B" from PPG Industries may be used). Then, a corrugated
      strip is placed on top of the epoxied strip. A second flat strip with
      epoxy spread on both sides is placed on top of the corrugated strip, and a
      second corrugated strip is then placed upon the flat strip. Preferably the
      second corrugated strip is aligned with the first one as closely as the
      eye can tell. This laying down of a flat strip with epoxy on both sides
      followed by a corrugated strip is continued until the desired size of
      collimator is achieved. Of course, the lengths of the strips must also be
      selected in accordance with the desired size of collimator. It is
      preferable to "load" the collimator structure after every inch or so of
      strips is built up to insure that the strips are tightly packed together.
      This can be done by resting a solid lead block on the strips for a short
      time. In FIG. 3 a partial collimator assembly 34 is shown on the fixture
      30.
PAR  When the desired number of strips have been assembled into a square array
      of appropriate size, a pair of thin aluminum sheets 22 and 23 may be
      epoxied onto the square honeycomb-like array 21 as shown in FIG. 4 to
      build up the assembly 20. At least one such sheet should be used to
      provide additional structural rigidity to the assembly as well as to
      protect the edges of the strips from performance-damaging deformations.
      Two sheets are preferred to provide even more rigidity and protection. The
      thin aluminum sheets are essentially transparent to gamma rays of 140 KEV
      energy.
PAR  After the epoxy in assembly 20 has set, the corners 11 thereof may be
      removed with a band saw, leaving a circular central portion 10 as the
      resulting collimator. This circular collimator disc usually serves as an
      insert in a collimator mounting frame which attaches to the head of a
      scintillation camera. A schematic side view of the elements in an
      Anger-type scintillation camera are shown in FIG. 6. Collimator 10 is
      interposed between a subject 90 containing a radioisotope distribution and
      a thin sodium iodide crystal 60. A light pipe 70 transmits light from
      crystal 60 to a matrix of photomultiplier tubes 80. Parallel channel
      collimator 10 functions essentially to allow only those gamma rays which
      are emitted from a location in object 90 in a direction substantially
      perpendicular to crystal 60, i.e., substantially parallel to apertures in
      collimator 10, to reach crystal 60. Thus a gamma ray 92 from a location 91
      interacts in crystal 60 to produce a scintillation 93. A gamma ray headed
      off at a different angle such as the ray designated 94 will probably be
      absorbed in one or more walls of collimator 10. All of the functional
      details of a scintillation camera are well known and need not be further
      explained here.
PAR  FIG. 9 shows an alternate form of a corrugated collimator according to this
      invention. Here corrugated strips 113 have a triangular configuration. A
      collimator constructed with this form of corrugated strip has a somewhat
      improved performance which is more reproducible in volume production.
      Highly regular triangular corrugations are produced by first forming
      initial corrugated strips in gear-like members 42 and 43 in FIG. 2, and
      then pressing each strip between male and female forming dies 100, 110
      shown in FIGS. 7 and 8. Gear-like members 42 and 43 are either pinion-wire
      rollers, as previously disclosed, or rollers with triangular teeth. It is
      vital to form initial corrugated strips in order to have sufficient metal
      between forming dies 100, 110 such that no tearing or excessive stretching
      of the lead strips is produced. Thin lead strips are not sufficiently
      ductile to enable the corrugated strips to be formed directly from
      straight strips in forming dies 100 and 110. The method of forming highly
      regular, triangular corrugations thus involves an additional step, and the
      collimator produced with triangular corrugations is somewhat superior to
      one with sinusoidal-like corrugations.
PAR  The corrugation method of collimator construction is also highly
      advantageously employed to produce converging or diverging channel
      collimators. The equipment shown in FIGS. 10-14 is employed to form
      corrugated strips of lead foil which have the characteristics that the
      triangular corrugations focus to a common point and are tapered, with
      wider and deeper corrugations at portions remote from the focal point.
      Because of the tapered corrugations, the strips stack in such a way that
      they all point to a common focal line. The resultant collimator is a
      highly satisfactory diverging or converging collimator for use in imaging
      low energy radiopharmaceuticals.
PAR  FIG. 10 shows apparatus 120 for producing an initial corrugated strip for a
      converging or diverging collimator. A base 121 supports in a rotatable
      fashion a tapered gear-like member 124 on a pair of posts 126, 127. A
      support arm 122 is mounted on base 121 by way of a pivot structure 123.
      Support arm 122 carries a second tapered gear-like member 125 on a pair of
      posts 128, 129. 130 refers to a crank for turning tapered gear-like member
      125. 140 refers generally to a locking apparatus for maintaining base 121
      and arm 122 in a set relationship when the gear-like members are engaged.
      When arm 122 is pivoted downward, surfaces 128A and 129A on posts 128 and
      129 rest on surfaces 126A and 127A on posts 126 and 127. These surfaces
      are machined or shimmed such that, when in contact, the degree of meshing
      or engagement of gear-like members 124 and 125 is proper for receiving and
      forming an initial corrugated strip.
PAR  FIGS. 13 and 14 show that gear-like member 124 has tapered triangular teeth
      to form tapered triangular corrugations in a flat strip. The diameter of
      gear-like member 124 and the size and taper of triangular teeth thereon
      determine the focal point of the initial corrugated strip.
PAR  Preferred method steps for producing an initial corrugated strip will now
      be detailed in conjunction with FIGS. 10 and 13-15. The first step is to
      form a flat strip of lead foil with curved top and bottom edges (strip
      161A, FIG. 15). This is formed by cutting or stamping curved strip 161
      from rectangular piece 160. The next step is to form in strip 161A an
      initial central corrugation having a tapered triangular configuration. The
      result is strip 161B with initial corrugation 162. Initial corrugation 162
      must be carefully formed to have its axis perpendicular to an intersecting
      tangent line of the curved strip. A tapered file of the proper size or a
      specially made tapered forming tool is used to produce the initial
      corrugation, which is then marked for later reference with paint or ink.
PAR  Strip 161B is then inserted between gear-like members 124 and 125 with
      initial corrugation 162 over one of the tapered teeth, and gear-like
      members 124 and 125 are brought together and locked by locking apparatus
      140 into a substantially meshed relationship. Crank 130 is then turned in
      one direction to form the first half of an initial strip. Preferably, the
      strip is removed and repositioned with the central reference corrugation
      between substantially meshed teeth, and crank 130 is turned in the
      opposite direction to form the second half of an initial corrugated strip.
      These steps result in a strip such as 161C in FIG. 15.
PAR  It should be noted that, when strip 161B is inserted in the apparatus 120
      of FIG. 10, it is placed on the left end of gear-like members 124 and 125;
      and as crank 130 is turned, the strip is pulled toward the right. Strip
      161C therefore has generally triangular, tapered corrugations which vary
      in width and depth from center to edge and have rounded corners.
PAR  The next step is to press initial corrugated strip 161C between male and
      female forming dies, the male die 150 being shown in FIGS. 11 and 12. This
      step produces the final corrugated strip 161F which is trimmed to a
      rectangle while in the forming dies. A large number of these final
      corrugated strips are made for assembly into a final collimator product.
PAR  FIG. 16 shows a collimator assembly fixture 170 which is employed in
      assembling the final product. A base 171 holds a collimator base plate 180
      on which individual corrugated and straight strips will be mounted and
      fastened during the process of gluing individual strips together. Support
      members 172 and 173 are rigidly mounted to base 171, and alignment arm 176
      is pivotally mounted to support member 172 by a pivoting mechanism 174.
      Alignment arm 176 has a telescoping portion 175 with an alignment wiper
      arm 177 at the end thereof. A stop block 178 rests on top of base plate
      180 during the construction of the first half of the collimator.
PAR  Final assembly of the collimator follows this procedure. Base 171 is tilted
      somewhat so that an initial corrugated strip may be rested on stop block
      178 such that it touches base plate 180 and points along line 179 to the
      pivot line of alignment arm 176. A first straight strip with both sides
      glued is rested on the initial corrugated strip and a second corrugated
      strip is mounted on the first straight strip. Alignment wiper arm 177 is
      employed to press the strips together to ensure good contact and to ensure
      that the second corrugated strip points toward the pivot of aligmnet arm
      176. It should be noted that the pivot line is set in terms of the taper
      of the individual corrugated strips so that the strips quite naturally
      stack to point toward the pivot line. The alignment arm ensures that the
      strips are tightly pressed together and proper alignment is maintained.
      Straight and corrugated strips are added, each time using alignment arm
      176 until one half of a collimator is built up. The glue on the strips
      tends to run down between assembled strips and automatically glues the
      assembled strips to base plate 180. To assemble the second half of the
      collimator, stop block 178 is removed and base plate 180 is turned around
      so that strips can be built up in the other direction. The resultant
      collimator has triangular channels which generally focus to a short line
      segment, which is entirely adequate for purpose of gamma imaging with a
      radiation camera.
PAR  FIG. 17A shows the imaging properties of a diverging collimator 210A which
      enables the imaging, on a radiation sensitive transducer 206A, of an
      object 290A which is larger than transducer 260A. It is called a diverging
      collimator because its collimating apertures diverge in the transducer to
      object direction. Dashed lines 211A and 212A portray the diverging field
      of view of the collimator.
PAR  FIG. 17B shows the imaging properties of a converging collimator 210B which
      enables magnification imaging, on a radiation transducer 260B, of an
      object 290B which is smaller than transducer 260B. It is considered a
      converging collimator because its collimating apertures converge in the
      transducer to object direction.
PAR  From the above it should be apparent that the method of this invnetion is
      capable of producing all three forms of low energy multichannel
      collimators--parallel, converging, and diverging channel units. The method
      results in high quality collimators at low manufacturing cost.
PAR  FIGS. 18 and 19 illustrate an alternate method of forming initial
      corrugated strips. A pair of forming tools 273 and 274 pivoted at point
      275 press portions of lead foil 161E into tapered grooves of male forming
      die 150. Forming heads 271 and 272 are tapered to match grooves in forming
      die 150. After making an initial central corrugation, using head 272 to
      push foil 161E into the groove in the forming die, head 272 holds the
      initial corrugation in that groove while head 271 pushes foil into an
      adjacent groove to form the next corrugation. Both heads are then shifted
      one groove and head 272 holds the last made corrugation while head 271
      forms the next adjacent corrugation. This continues until all the
      corrugations are formed in an initial corrugated strip, and then the
      female die is mated to the male die and pressure exerted to make the final
      corrugated strip. Assembly of corrugated strips made by this alternate
      method into a final collimator would proceed as set forth above.
PAR  The above description is intended to be exemplary of general concepts of
      methods of constructing corrugated collimators, and many changes could be
      made without departing from the scope of the invention as claimed in the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gamma ray camera system for imaging an in vivo distribution of a
      radioactive material which emits gamma rays comprising:
PA1  a gamma ray detector, including a transducer sensitive to gamma rays, of
      the type producing output signals delineating spatial coordinates of
      interaction of gamma rays with said transducer; and
PA1  a gamma ray collimator adapted to be mounted adjacent said transducer
      comprising a plurality of straight strips of lead foil no greater than
      about 0.01 inches in thickness and a plurality of strips of lead foil no
      greater than about 0.01 inches in thickness and having corrugations
      therein arranged with each corrugated strip mounted between successive
      straight strips to produce an array of collimating channels.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said corrugated strips have
      regular, parallel corrugations and said collimator is thereby a parallel
      multi-channel collimator.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein said corrugated strips have
      corrugations which focus substantially to a common point and are generally
      wider and deeper on the side more remote from said common point and said
      collimator is thereby a focused multi-channel collimator which may be
      employed as an image-minifying or image-magnifying collimator.
NUM  4.
PAR  4. A gamma ray camera system for imaging an in vivo distribution of a
      radioactive material which emits gamma rays comprising:
PA1  a gamma ray detector, including a transducer sensitive to gamma rays, of
      the type producing output signals delineating spatial coordinates of
      interaction of gamma rays with said transducer; and
PA1  a gamma ray collimator adapted to be mounted adjacent said transducer
      comprising a plurality of straight strips of lead foil no greater than
      about 0.01 inches in thickness and a plurality of corrugated strips of
      lead foil no greater than about 0.01 inches in thickness, said corrugated
      strips each having corrugations which focus substantially to a common
      point and are generally wider and deeper on the side more remote from said
      common point such that said straight strips and corrugated strips provide
      a collimator with multiple channels focused substantially to a common
      focus.
NUM  5.
PAR  5. A collimator for a gamma ray imaging system comprising a plurality of
      strips of lead foil no greater than about 0.01 inches in thickness at
      least some of which contain a repetitively occurring pattern of
      corrugations and alternating ones of said strips have surfaces extending
      laterally relative to said corrugations and lying in contact with and
      sealed to adjacent corrugations, thereby forming a multiplicity of
      collimating channels aligned with the areas of contact between said
      laterally extending surfaces and said corrugations.
NUM  6.
PAR  6. A lead collimator for use in gamma ray imaging comprising a plurality of
      strips of lead foil no greater than about 0.01 inches in thickness at
      least some of which are deformed into a pattern of recurring corrugations
      having contiguous sides which form intersecting planes and at least some
      of said strips have laterally expansive planar surfaces lying in contact
      with and sealed to adjacent corrugations of another strip so that
      contiguous sides of each corrugation and a laterally expansive surface of
      an adjacent strip intersect in a single straight line extending the
      coextensive width of adjacent strips, thereby defining a multiplicity of
      collimating channels aligned with straight lines formed as aforesaid.
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ABST
PAL  An optically transparent, essentially colorless radiation shielding
      material for high energy radiation contains a combination of lead or
      thallium salts of C.sub.1 to C.sub.5 organic acids and may contain lead or
      thallium salts of mineral acids. Shields of complex shapes are easily
      constructed.
BSUM
PAR  This invention relates to optically transparent radiation shielding devices
      and compositions for use therein.
PAR  Heretofore, personnel have been shielded from high energy radiation, such
      as X-rays, or gamma rays, by use of lead or lead-concrete barriers. When
      it is necessary for the personnel to observe operations, lead-borosilicate
      glass, plastics loaded with metal salts, or solutions containing a high
      concentration of heavy metal salts are utilized as optically transparent
      radiation shields. The prior art is represented, for example, in U.S. Pat.
      Nos. 2,162,178; 2,403,794; 2,441,945; 2,683,650; 2,748,099; 3,148,160;
      3,149,235 and 3,286,095 095 and in publications such as Bartholomew and
      Lewck, Journal of the American Ceramic Society, Vol. 53, pages 445-7, Van
      Uitert, Bonner and Grodkiewicz, Materials Research Bulletin, Vol. 6, pages
      513-8 (1971).
PAR  Heavy metal atoms such as lead, are capable of absorbing high energy
      radiation, and the effectiveness of the shield is a function of the heavy
      metal concentration. Thus, in providing a shield for high energy
      radiation, the required thickness of the shield is a function of the
      concentration of the heavy metal and the energy of the radiation to be
      absorbed. Specifically, if the energy of the .gamma.-rays or X-rays is
      relatively low, either a very thin shield containing a high concentration
      of heavy metal or a thicker shield containing a lower concentration of
      metal may be utilized. Thus, high energy radiation either requires a low
      concentration of heavy metal in a very thick shield, which tends to reduce
      the optical transparency of the shield or a high concentration of heavy
      metal in the shielding material which permits a thinner shield but also
      tends to reduce the optical transparency.
PAR  The lead glass radiation shields are optically transparent, but are
      brittle, expensive and are often more or less yellow colored particularly
      at very high lead contents. Complex shapes must be formed at the high
      temperatures of molten glass. Furthermore, the glasses are soft and
      relatively easily scratched and must be polished and may even have to be
      immersed in oil.
PAR  Polymers loaded with metal are not transparent; and polymers loaded with
      metal salts necessarily contain a lower concentration of metal if the
      shield is to be transparent.
PAR  The use of solutions in glass presents the danger of a cracked glass, loss
      of solution and subsequent loss of radiation shielding. Because solubility
      limits the concentration of the metal, shields incorporating solutions
      have to be inordinately thick in order to shield against high energy
      radiation and therefore require very clear solutions. Although a solution
      of lead perchlorate is a relatively good absorber for radiation, the
      crystallization of small quantities of the salt as a result of evaporation
      may create the risk of an explosion.
PAR  It is an object of this invention to provide a high energy radiation shield
      which is optically highly transparent but capable of being formed in any
      convenient configuration. It is a further object to provide a high energy
      radiation shield which is relatively inexpensive. Other objects will
      become apparent herein elsewhere.
PAR  In accordance with these and other objects of the invention, it has been
      found that a relatively inexpensive high energy radiation shield is
      produced by filling a suitable container means with a highly viscous,
      substantially optically transparent, clear and colorless metastable liquid
      or fused composition comprising at least one lead salt of C.sub.1 to
      C.sub.5 organic acids, and at least one chloride, bromide, nitrate or
      different salt of organic acid of one to five carbon atoms of at least one
      metal of the group consisting of lead, thallium and mercury. In general,
      such compositions are nearly anhydrous but they may retain small amounts
      of water particularly when one or more of the salts form hydrates.
DRWD
PAR  Referring to the drawings herewith,
PAR  FIG. 1 shows a top view of a high energy radiation shield of the invention;
PAR  FIG. 2 shows a cross-section at 2--2 of the high energy radiation shield of
      FIG. 1; and
PAR  FIG. 3 is a flow diagram showing the method of making a high energy
      radiation shield according to the invention.
DETD
PAR  In FIG. 1 it will be seen that container means 30 containing transparent,
      clear and colorless metastable liquid composition 40 is illumed by
      incandescent light source 10 the rays of which 12 pass through container
      means 30 and composition 40 whereas the high energy source 20 produces
      rays 22 which are absorbed as they pass through composition 40. From FIG.
      2 it is evident that container means 30 is constructed of plastic and that
      the contents 40 are a liquid.
PAR  In the flow diagram of FIG. 3 it will be seen that water is combined with
      at least one lead salt of a first organic acid of from 1 to 5 carbon atoms
      and at least one chloride, bromide, nitrate or different salt of organic
      acid of 1 to 5 carbon atoms of at least one of lead, thallium or mercury
      to provide a concentrated aqueous solution from which water is evaporated
      to liquid so that on cooling the material will form a glassy phase, the
      liquid is poured into optically transparent container means, the whole is
      cooled so that the glassy phase is obtained and there is thus obtained a
      high energy radiation shield.
PAR  The composition utilized in the radiation shield of this invention contains
      at least one lead salt of C.sub.1 to C.sub.5 organic acids, among such
      salts are included the anhydrous or hydrated salts:
      ##EQU1##
      where
EQU  R is C.sub.n H.sub.2n.sub.]1
PAL  wherein n is 0 to 4, or C.sub.x H.sub.2x.sup.+1 ,
PAL  wherein x is 2,3 or 4 or
EQU  CH.sub.3.sup.+m X.sub.m
PAL  wherein X is F, Cl, Br, I and m is 1,2 or 3;
      ##EQU2##
      (lead(II)lactate) or
      ##EQU3##
      (lead(II)malate).
PAR  Lead mercury and/or thallium salts of inorganic mineral acids are also
      included in amounts up to about 35%, such as lead(II)nitrate,
      lead(II)chloride, lead(II)bromide, lead(II)dithionate or
      lead(II)perfluoromethane sulfonate, and thallium salts of formic, acetic,
      propionic, butyric, nitric or dithionic acid. The inorganic acids which
      can be employed are generally those which form lead salts having a
      solubility of at least about 1% in water at 100.degree. C. The composition
      must have two or more components and may include minor amounts of other
      materials which are soluble in it at the melting point such as lead oxide
      or mercuric acetate or nitrate.
PAR  The selection of salts for use in the composition is based upon the energy
      of the radiation and the desired thickness and use of the shield. If a
      thin shield is desired and the energy of radiation is high, lead acetate
      and propionate are preferred because these salts possess higher
      concentrations of lead. If, however, the physical dimensions of the shield
      are not critical, then a combination of larger anions can be tolerated.
PAR  Not only are the density and concentration of lead determined by the ratio
      of salts, but the clarity of the resultant metastable solid or highly
      viscous liquid is also determined by the ratio of the salts. For example,
      75% lead acetate and 25% lead propionate gives a solid which maintains its
      optical transparency for many months. If the concentration of lead acetate
      is changed to 80% and if the lead propionate is 20%, crystals form in the
      optically transparent solid in about one month. However, this 4:1 ratio of
      lead acetate to lead propionate may be utilized if a third component, such
      as lead butyrate is added in amounts of a few percent of the total.
PAR  The lead salts utilized in this invention may be purchased as such or
      prepared by reacting lead(II) oxide, lead carbonate, basic lead carbonate
      or similar basic lead salts with the appropriate organic or mineral acid
      in water. This solution is heated until substantially all of basic lead
      salt is dissolved, filtered hot and the filtrate is evaporated until a
      concentrated anhydrous salt solution remains from which lead salts
      crystallize on cooling. The crystalline mass is broken up and washed with
      acetone to remove the residual water and organic acid. The salt obtained
      after washing is a white, free-flowing crystalline lead acetate,
      propionate, butyrate, valerate or other salt depending on the acid used.
PAR  Thallium(I) salts are prepared in similar manner by reacting thallium(I)
      carbonate with the appropriate organic or mineral acid.
PAR  The composition used in the invention is made by mixing together two or
      more salts in the appropriate concentration. One lead salt of an organic
      acid must be used, and additional components may be lead thallium and/or
      mercury organic and/or inorganic salts which serve to reduce the melting
      point into a suitable range. The mixture is heated to form a clear,
      essentially water white, moderately viscous liquid. Temperatures are
      usually of the order of 100.degree. - 120.degree. C or broadly from about
      75.degree. - 150.degree. C. Some decomposition may occur at higher
      temperatures. Nitrogen or other inert gases may be bubbled through the
      heated liquid to remove entrapped gases and water. Alternatively,
      entrapped gases and water may be removed by evaporation in a vacuum oven.
      The clear, viscous, essentially colorless hot liquid is then poured into a
      clear plastic or glass shield casing, or similar optically transparent
      container means, and allowed to cool to room temperature. The mixture,
      upon cooling, may contract somewhat and the case or container may be
      filled by adding additional hot or warm liquid. Upon cooling, the liquid
      solidifies to form an optically transparent, substantially colorless,
      noncrystalline solid mass. Although the mass is hard and may be referred
      to as being solid, it is in a metastable state as a very viscous glass
      fluid or liquid and may flow somewhat over prolonged times. Therefore, the
      optically transparent container means, such as a plastic mold or shell, is
      an integral part of the radiation shield.
PAR  The container means may be of an extremely complicated design or shape
      because it is only limited by the ability to form the plastic or glass
      used. Particular shapes will be made for particular purposes. In a
      preferred form the container means is made of an optically transparent
      plastic which is stable up to 110.degree. C such as polymethylmethacrylate
      or polycarbonate. Polystyrene or glass may also be used. In filling a
      container means of a relatively low melting polymer, the container means
      may be cooled externally during filling. In some instances when the
      composition of lead salts is sufficiently stable and rigid, a coating of
      polyvinylacetate may be applied to the surface and serve as container
      means.
PAR  The thickness of the radiation-absorbent material and the concentration
      needed in the shield are determined by consideration of the energy and
      type of radiation emitted by the isotope to be shielded. If, for example,
      Tc.sup.99m is to be considered, then the thickness of the shield required
      will be a function of the heavy metal concentration. The symbol will be
      recognized as referring to a 140 Kev .gamma.-emitter which yields
      Tc.sup.99.
PAR  The density of lead(II)acetate hemihydrate-lead(II) propionate compositions
      varies from about 2.33 g/cc at 100% of the propionate to about 3.34 g/cc
      at 100% of the acetate. From these data, one can calculate the variations
      in d.sub.1/2 in cm. for Tc.sup.99m over this range of compositions which
      decreases from about 0.21 cm. to 0.14 cm. The symbol d.sub.1/2 is used to
      represent the thickness in centimeters which results in absorption of 1/2
      the incident radiation i.e., to reduce 100 gamma counts per minute to 50
      counts per minute.
PAC  EXAMPLE 1
PAR  A litharge (PbO) suspension in water is dissolved in an equimolar mixture
      of propionic, acrylic, n-butyric and isobutyric acids. Evaporation of the
      water from the solution at 80.degree. C gave a clear, colorless rather
      viscous liquid with a density of 2.5 gm/cc. Because the lead content of an
      equimolar mixture of lead(II)acetate, lead(II)acrylate, lead(II)n-butyrate
      and lead(II)isobutyrate is approximately 56%, the product contains about
      1.5 gms Pb/cc.
PAR  The material is fabricated into a radiation shield by heating the
      composition to 100.degree. C and pouring the mixture into an appropriate
      container means to give 1 cm. thickness. Upon cooling to room temperature,
      the composition becomes tough, hard, clear and colorless.
PAR  The fabricated shield reduced the observed 140 Kev .gamma.-radiation from
      Technetium - 99m from 23,000 counts/minute to about 200 counts/minute as
      determined by use of a Geiger counter.
PAC  EXAMPLE 2
PAC  Preparation of lead(II)propionate
PAR  Lead(II)oxide (2.86 kg - 12.8 moles) is added over a one hour period to a
      heated solution of propionic acid (2.00 kg - 27.0 moles) in 1.5 liters
      water. The solution is heated near the boiling point and stirred until
      substantially all of the lead oxide has dissolved and the solution is
      transparent with a small amount of red solid suspended therein. The hot
      solution is filtered through a medium glass frit and the filtrate
      concentrated by evaporation of about half the water, suitably in an oven
      held at 100.degree. C under a slow air stream. The clear, liquid
      concentrate is allowed to cool to room temperature and crystallizes. The
      cake of crystals is broken up and washed with large amounts of acetone to
      remove residual acid and water and finally washed with acetone and ether
      on a Buechner funnel. The resulting lead propionate is a white, free
      flowing powder, m.p. 120.degree. C., % Pb in Pb(C.sub.3 H.sub.5
      O.sub.2).sub.2 : Calculated at -58.7; found 58.7, 58.6.
PAC  Preparation of lead(II)butyrate
PAR  Lead(II)oxide (1.59 kg - 7.13 moles) is slowly added over a 1 hour period
      to a heated mixture of butyric acid (2.00 kg - 22.8 moles) in 15 liters
      distilled water. The reactants are stirred and heated. Phase separation,
      which may occur, is eliminated by addition of ethanol or methanol. The
      warm, clear solution containing a small amount of unreacted red solid is
      filtered on a medium frit and the bulk of the solvent removed in a vacuum
      oven at 60.degree. C. After cooling to room temperature, a solid crystal
      cake forms, which is broken up and washed on a suction filter with large
      amounts of acetone. The cake dries to a free flowing white crystalline
      powder, m.p. 70.degree. C. Calculated for Pb(C.sub.4 H.sub.7
      O.sub.2).sub.2 : 54.3 % Pb Found 54.5% Pb.
PAR  A radiation-absorbing, optically transparent, colorless composition is
      prepared using the above prepared salts by mixing together 1.5 kg. reagent
      grade lead(II)acetate trihydrate, 1.5 kg. lead(II)propionate and 1.5 kg.
      lead(II)butyrate in a large glass breaker or stainless steel container.
      The beaker or container and its contents are heated and maintained at
      120.degree. C in an oil bath. The compounds readily melt together to form
      a clear, moderately viscous liquid. There is some effervescence during
      early stages of heating due to the release of water from the
      lead(II)acetate. Nitrogen gas is bubbled through the mixture to provide
      stirring and to sweep out entrapped gases and water. After three hours
      purging with nitrogen and maintaining the temperature at 120.degree. C,
      the mixture is quite viscous. The mixture is allowed to cool to
      100.degree. C and poured into a casing made of 3 mm. thick
      polymethylmethacrylate. The casing was 15 .times. 22.5 .times. 2.5 cm. The
      entire assembly is allowed to cool to room temperature, and an additional
      small amount of the liquid lead salt mixture is added to fill the
      container to the top. Then, a lid is affixed to the container to provide a
      hermetically sealed shield. The final composition in the shield contains
      58.3% Pb and the density is 2.5 gm/cc and d.sub.1/2 = 0.203 cm. Such a
      radiation shield of 1 inch thickness is equal to about twelve
      half-thicknesses for Tc.sup.99m 140 Kev .gamma.-rays.
PAC  EXAMPLE 3
PAR  An aqueous suspension is made from 446 g. lead oxide (PbO) in 800 ml.
      distilled water by stirring rapidly and a mixture of 180 gm. glacial
      acetic acid and 74 gm. propionic acid is added to the suspension over 1
      hour to dissolve the lead oxide. After the reaction is substantially
      complete, the solution is filtered and the filtrate is heated at
      80.degree. C in vacuo to evaporate the water. The resultant clear,
      colorless, viscous liquid was heated to 100.degree. C and poured between
      two concentric cylinders of polymethylmethacrylate with one end sealed at
      the bottom designed as a shielding vial container. The annular space
      between the cylinders is 1 cm. A reagent vial containing radioactive
      material could be placed inside this radiation absorbing shield for
      storage. Suitable shields might also be placed at the ends.
PAR  The composition assayed 61.4% Pb and had a density of 2.7 gm/cc, d.sub.1/2
      (for 140 Kev .gamma.) = 0.178 cm.
PAC  EXAMPLE 4
PAR  Lead(II)lactate, lead(II)crotonate and lead(II)valerate are prepared by
      essentially the procedures above by reacting basic lead carbonate with the
      acid in water. The water is substantially removed by evaporation and the
      residue is then allowed to crystallize and is treated with acetone to
      remove the remainder of the water. The fine crystalline colorless salts
      are vacuum dried.
PAR  Two methods of preparing radiation shields are convenient.
PAC  Method A.
PAR  Pure components (lead or thallium salts) are mixed together and heated to
      about 120.degree. C to form a clear, colorless, viscous liquid. The liquid
      is heated at 120.degree. C until the extraneous water is substantially
      removed, as indicated by cessation of bubbling, and nitrogen is then
      bubbled through the hot liquid mixture for about 1/2  hour to remove
      extraneous gases. A portion of the mixture is poured into a vial as a
      sample and the vial is capped. Another portion is poured into a 19 .times.
      9.4 .times. 1.4 cm. shield casing made of 3 mm. polymethylmethacrylate.
PAC  Method B.
PAR  Pure components are mixed together and heated to about 120.degree. C, and a
      small amount of water is added to hasten the formation of a clear liquid.
      The clear compositions are heated to 130.degree. for approximately 30
      minutes and are then swept with a stream of dry nitrogen for about 15
      minutes. Substantially all water (except possibly 1/2 mole associated with
      lead(II)acetate) is removed and the resulting clear, colorless, viscous
      liquid is treated as in Method A.
PAR  Various mixtures of salts are used in Examples 5 through 13 as shown in
      Table I. The salts are given in parts per hundred. The density of each
      clear solid mixture is determined by the displacement method. The grams of
      metal per cc are calculated using the density and per cent metal in the
      mixture. Half thickness for Tc.sup.99m are determined using the graph on
      Page 114 of Friedlander, Kennedy and Miller, "Nuclear and Radiochemistry"
      2nd Ed., John Wiley and Sons, Inc., New York (1964).
TBL                                    TABLE I                                 
     __________________________________________________________________________
     RADIATION SHIELD COMPOSITIONS                                             
     EXAMPLE                                                                   
           METHOD                                                              
                 INITIAL COMPOSITION                                           
                 Lead(II)acetate                                               
                           Lead(II)                                            
                                 Lead(II)n-                                    
                                        Lead(II)n-                             
                                               Lead(II)                        
                                                     Lead(II)                  
                 hemihydrate                                                   
                           propionate                                          
                                 butyrate                                      
                                        valerate                               
                                               crotonate                       
                                                     lactate                   
     __________________________________________________________________________
     5     B     51.0      39.3  --     --     --    --                        
     6     B     51.0      19.6  --     --     --    --                        
     7     B     56.0      34.2  --     --     --    --                        
     8     B     33.8      33.1  --     --     --    --                        
     9     A     25.6      24.8  24.8   24.8   --    --                        
     10    A     45.0      45.0  --     --     10.0  --                        
     11    A     45.0      45.0  --     --     --    10.0                      
     12    A     30.7      39.6  --     --     --    --                        
     13    A     81.5      --    --     --     --    --                        
     EXAMPLE                                                                   
           METHOD                                                              
                 FINAL COMPOSITION                                             
                 Lead(II)                                                      
                       Lead(II)                                                
                             Thallium(I)                                       
                                    %   Density:                               
                                             Concentration                     
                                                      d.sub.1/2 for            
                                                      Tc.sup.99m               
                 chloride                                                      
                       nitrate                                                 
                             acetate                                           
                                    Metal                                      
                                        g/cc.                                  
                                             g. metal per cc.                  
                                                      (cm.)                    
     __________________________________________________________________________
     5     B     9.8   --    --     62.0                                       
                                        3.14 1.95     0.152                    
     6     B     9.8   19.6  --     62.8                                       
                                        3.53 2.22     0.133                    
     7     B     --     9.8  --     61.0                                       
                                        2.94 1.79     0.165                    
     8     B     --    33.1  --     61.2                                       
                                        3.24 1.98     0.149                    
     9     A     --    --    --     56.5                                       
                                        2.30 1.30     0.228                    
     10    A     --    --    --     59.8                                       
                                        2.70 1.61     0.183                    
     11    A     --    --    --     59.8                                       
                                        2.70 1.61     0.183                    
     12    A     --    --    29.7   70.3                                       
                                        3.03 2.13     0.139                    
     13    A     --    18.5  --     62.1                                       
                                        3.46 2.15     --                       
     __________________________________________________________________________
PAC  EXAMPLE 14
PAR  A fused mixture (after drying containing about 71: Pb(C.sub.2 H.sub.3
      O.sub.2).sub.2.sup.. 0.5H.sub.2 O and 20% Pb(C.sub.3 H.sub.5
      O.sub.2).sub.2) is found to dissolve at 110.degree. C at least 5% mercuric
      nitrate or up to at least 11% mercuric acetate. The same mixture readily
      dissolves about 3 - 4% of PbO by heating together for about 16 hours. On
      the other hand, bismuth nitrate tungstic oxide or tungstic acid do not
      appear to dissolve. The glassy solutions of salts made above also exhibit
      good radiation-shielding abilities.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high energy radiation shield consisting essentially of
PA1  A. an optically transparent container means and, filling said container
      means,
PA1  B. highly viscous substantially optically transparent, coloress and clear
      liquid composition in metastable glassy state consisting essentially of
PA2  a. at least one lead salt of a first organic acid of from one to five
      carbon atoms and
PA2  b. at least one chloride, bromide, nitrate or different salt of organic
      acid of one to five carbon atoms, of at least one metal of the group
      consisting of lead, thallium and mercury.
NUM  2.
PAR  2. A high energy radiation shield according to claim 1 wherein the
      colorless and clear liquid composition is substantially anhydrous.
NUM  3.
PAR  3. A high energy radiation shield according to claim 1 comprising lead
      acetate.
NUM  4.
PAR  4. A high energy radiation shield according to claim 2 comprising lead
      propionate.
NUM  5.
PAR  5. A high energy radiation shield according to claim 2 comprising lead
      butyrate or valerate.
NUM  6.
PAR  6. A high energy radiation shield according to claim 2 comprising
      lead(II)nitrate.
NUM  7.
PAR  7. A high energy radiation shield according to claim 2 comprising thallium
      acetate.
NUM  8.
PAR  8. A high energy radiation shield according to claim 1 comprising at least
      lead acetate and lead propionate together with two other lead salts of the
      group of butyrate, valerate, lactate, crotonate, chloride or nitrate.
NUM  9.
PAR  9. A high energy radiation shield according to claim 1 comprising mercuric
      acetate.
NUM  10.
PAR  10. The process for preparation of a high energy radiation shield which
      comprises the step of preparing a highly viscous substantially anhydrous
      optically transparent colorless and clear liquid composition in metastable
      glassy state by removing water from a concentrated aqueous solution of
PA1  a. at least one lead salt of an organic acid of from 1 to 5 carbon atoms
      and
PA1  b. at least one chloride, bromide, nitrate or different salt of organic
      acid of 1 to 5 carbon atoms of at least one metal of the group consisting
      of lead thallium and mercury.
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ABST
PAL  A focused shield for use in connection with a radiation therapy machine or
      the like is constructed using a method and apparatus that results in a
      shield having a bevel-walled aperture. The aperture is cut into a focused
      shield blank and has a predetermined configuration corresponding to a
      selected area of a patient to be exposed to a field of radiation with the
      angularity of the aperture sidewalls relative to the radiation rays being
      such that any rays of a radiation beam in alignment with the aperture
      enter the same and do not strike the sidewalls thereof but rather pass
      through the aperture in an unimpeded manner. The method and apparatus
      employed in making the focused shield incorporates the use of a focused
      shield blank having a convexly rounded bottom side and a blank holding
      fixture, adapted for use with a band saw or the like, having a bowl-shaped
      concavity for receiving the blank and positioning the same on a surface
      that has a radius of curvatuve corresponding to the curvature of the blank
      bottom wall during the cutting of the aperture into the blank.
BSUM
PAR  This invention relates to a shield of the kind employed in connection with
      radiation therapy machines to limit the area of exposure of a patient to
      cobalt rays or the like such that the radiation rays only strike at the
      very exact spot intended on the human body. In order that the rays strike
      only the intended spots, lead shields are positioned between the source of
      the cobalt rays and the patient's body such that the shields serve to
      protect those areas of the body that are not to be treated.
PAR  Conventionally, focused shields are custom-made for each individual and
      contain an aperture therein having a configuration corresponding to the
      area of the body that is to be treated so that any cobalt rays directed to
      an area laterally of the aperture are blocked by the lead shield. Inasmuch
      as the patients normally require more than one treatment the shields must
      be very exact in order that the very same spot is uniformly and
      consistently exposed to the rays each time the patient is treated.
PAR  The lead shields, which are approximately 2 inches thick, are disposed to
      intersect a radiation beam and thus block off all rays except those which
      are in a position to pass through the aperture in the shield. However,
      because of the thickness of the shields, as conventionally known, all of
      the rays entering the aperture do not necessarily exit the same because
      their angular disposition relative to the shield and the aperture
      sidewalls is such that they strike a sidewall before they have a chance to
      exit the aperture. Also, because of this aforementioned angularity of the
      rays relative to the focused shield, which is normally disposed
      perpendicular to the central, longitudinal axis of the radiation beam,
      there is also a "dead" spot below that portion of the aperture where the
      upper or entry edge of the aperture intersects the radiation rays proximal
      thereto.
PAR  It is, therefore, a very important object of this invention to provide a
      method of fabricating a focused shield for use in connection with a
      radiation therapy machine or the like which the focused shield has a field
      of radiation aperture configured to permit precise exposure of a
      predetermined area of a patient's body and in which all of the radiation
      rays in alignment with the aperture pass therethrough to expose an area of
      the patient corresponding to the full area and configuration of the
      aperture.
PAR  Another very important object of the invention is to provide a focused
      shield having an aperture therein through which any rays entering the
      aperture also exit the aperture in an unimpeded manner.
PAR  It is another very important object of our invention to provide a method
      and apparatus for use in connection therewith for making a focused shield
      having an aperture therein that permits all radiation rays entering the
      aperture to exit therefrom in an unimpeded manner.
PAR  Yet another important object of the instant invention is to provide a
      focused shield, as well as a method and apparatus for making the same, in
      which the focused shield has an aperture in which the sidewalls thereof
      are disposed to permit all radiation rays in alignment with the aperture
      to pass therethrough.
PAR  A still further object of the instant invention is to provide a focused
      shield having a bevel-walled field of radiation aperture in which the
      sidewalls thereof are in substantial parallelism with the radiation rays
      passing through the aperture and proximal a sidewall thereof.
PAR  A still further object of our invention is to provide a focused shield
      blank holding fixture adapted especially for use with a band saw or the
      like to permit cutting an aperture having the desired radiation field
      outline in which the sidewalls of the aperture are automatically beveled
      in order that the sidewalls will be substantially parallel with the
      radiation rays passing thereby and proximal thereto when the focused
      shield is inserted in a radiation therapy machine.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is an elevational view of a focused shield blank having a rounded
      bottom wall made pursuant to the present invention;
PAR  FIG. 2 is an exploded, top and edge perspective view of a focused shield
      blank and a piece of sheet material having a predetermined radiation field
      outline drawn thereon, the sheet material being spaced from the shield
      blank to illustrate the centering of the sheet material on the planar top
      side of the focused shield blank;
PAR  FIG. 3 is a perspective view similar to FIG. 2 showing the sheet material
      centrally positioned on the top side of the focused shield blank;
PAR  FIG. 4 is a fragmentary, vertical, cross-sectional view showing the focused
      shield blank holding fixture on the cutting table of a band saw with a
      focused shield blank positioned in a concavity of the fixture for cutting
      a radiation field aperture in the shield blank to make a focused shield;
PAR  FIG. 5 is a top and edge perspective view showing a completed focused
      shield having a radiation field aperture and trimmed edges; and
PAR  FIG. 6 is an elevational view with the focused shield and a holder therefor
      shown in section, illustrating the positioning of a focused shield and its
      holder relative to a radiation beam emanating from a source of radiation
      forming a part of a radiation therapy machine.
DETD
PAR  A focused shield blank 10 is preferably cast or molded from molten lead to
      present a generally rectangular body having a planar top side 12, a
      rounded bottom side 14 opposite the top side 12 and longitudinal and
      transverse edges 16 and 18, respectively, generally perpendicular to the
      planar top side 10. The shield blanks 10 may be uniformly cast having
      overall standard dimensions that are compatible with a radiation therapy
      machine (not shown) in connection with which the blanks 10 are to be
      ultimately used. If desired, the edges 16 and 18 may be subsequently
      trimmed for purposes of reducing weight if the full area of the blank 10
      is not required. Normally the blanks 10 are at least 2 inches thick.
PAR  The method of making a focused shield 20 from the shield blank 10 in
      accordance with the present invention includes the use of a shield blank
      holding fixture 22 especially constructed for placement on a conventional
      cutting table 24 of a band saw 26. The fixture 22 may be molded or
      fabricated in any suitable manner out of fiber glass, plastic, or the like
      and is comprised of a flat bottomed receptacle 28 having an upwardly
      facing concavity 30 presenting a rounded, shield blank supporting surface
      32 provided with a radius of curvature complementary to the curvature of
      the bottom side 14 of the shield blank 10. An opening 34 is provided at
      the bottom center of the concavity 30 to provide clearance for a saw band
      36. Reference to FIG. 4 of the drawing will clearly illustrate the
      complementary nature of the respective radii of curvature of the shield
      blank 10 and the blank-supporting surface 32 of the fixture 22.
PAR  Prior to the placement of the shield blank 10 in the concavity 30, a
      desired radiation field outline 38 corresponding to a predetermined area
      of a patient that is to be exposed to a field of radiation is drawn on a
      piece of paper or other sheet material 40. Initially the area to be
      exposed to a radiation field is outlined on an X-ray radiograph (not
      shown) of the patient by a radiotherapist and the outline as sketched is
      then reduced to the appropriate size on the paper 40 using a pantograph
      (not shown) resulting in the outline 38. It is, of course, to be
      understood that the degree of reduction of the outline is dependent upon
      the relative location of the completed focused shield 20 in a radiation
      therapy machine with respect to the source of the cobalt rays and relative
      location of the patient. The procedure employed in determing the extent of
      outline reduction and the relative distances involved between the patient
      and shield 20, as well as the distance from the shield 20 to the source of
      the radiation rays, is well known to those experienced in the field of
      rendering radiation treatments and will not be detailed herein.
PAR  Although it is not essential, it is desirable to cut the paper 40 to a size
      corresponding to that of the transverse dimensions of a radiation beam,
      which has a rectangular cross section at the point the latter strikes the
      top side 12 of the shield 20. In any event, the desired radiation field
      outline 38 is to be selectively placed on the paper 40 at a predetermined
      point relative to a center marking 42 representing the center of a
      radiation beam when the focused shield 20 is operably inserted in a
      radiation therapy machine.
PAR  Once the radiation field outline 38 has been properly located on the paper
      40 the latter is then placed on the top side 12 of the shield blank 10
      such that the center marking 42 is superimposed over a predetermined
      center 44 of the shield blank 10 as shown in FIG. 2. Normally the paper 40
      is pasted or otherwise secured to the top side 12 to insure that there is
      no inadvertent displacement of the outline 38 once the paper 40 has been
      positioned on the shield blank 10.
PAR  After the paper 38 has been secured to the top side 12, the shield blank 10
      is positioned on the fixture 22 with the convexly rounded bottom side 14
      of the shield blank 10 resting on the rounded, concave surface 32 of the
      bowl-shaped receptacle 28. Thus, it will be seen that as the shield blank
      10 is normally manipulated, the actuated saw band 36 cuts an aperture 46
      therein having a transverse configuration corresponding to that of the
      predetermined area of a patient to be exposed to a field of radiation as
      represented by the outline 38. Further, not only will the aperture 46 have
      the correct configuration, but the aperture 46 will also have beveled
      sidewalls 48 which are angularly disposed to be in parallelism with the
      angularity of the radiation rays passing through the aperture 46 adjacent
      the sidewalls 48 when the shield 20 is properly associated with a
      radiation therapy machine.
PAR  By way of further description it will be seen in referring to FIG. 4 that
      were the blank 10 positioned at the exact center of the concavity 30 any
      aperture sidewall located at this point would be perpendicular or normal
      to the top side 12 and be in alignment with the center of a radiation beam
      during use of the shield 20. Additionally, it will be further observed
      that when the blank 10 is shifted in any direction away from center, the
      angularity of the corresponding cut is increased in accordance with the
      increased angularity of the radiation rays as the outer perimeter of a
      radiation beam is approached with the sidewalls 48 diverging as the
      rounded bottom side 14 is approached.
PAR  Once the focused shield 20 has had the aperture 46 cut therein the focused
      shield is then securely attached to a mounting plate 50 by means of screws
      52 for insertion into a radiation machine. The relative disposition of the
      focused shield 20, after it is inserted in a radiation machine, is
      depicted in FIG. 6 wherein the numeral 54 generally identifies a radiation
      beam as it would appear while emanating from a radiation source 56 of a
      radiation therapy machine.
PAR  It will be seen in referring to FIG. 6 that the shield 20 stops the
      radiation rays of any portion of the radiation beam 24 that is not in
      direct linear alignment with the aperture 46 while those rays, identified
      by the numeral 58 in alignment with the aperture 20 pass therethrough in
      an unimpeded manner. The unique construction of the focused shield 20,
      typified by the beveled aperture sidewalls 48, permits those rays 58
      proximal thereto to pass through the aperture 46 in substantial
      parallelism with their respective adjacent sidewall 48. As is further
      apparent in viewing FIG. 6, the radiation rays will be precisely focused
      on the desired area of the patient for full exposure within the boundary
      of the outline 38. There will be no unintended "dead" spots beneath the
      shield 20 because the relative angularity of all portions of the sidewalls
      48 is the same as that of the radiation rays passing thereby. The aperture
      46 is, in effect, disposed within the shield 20 in axial alignment with
      the radiation rays 58 passing therethrough and no sections of the upper
      edge 60 of the aperture 46 block off any of the radiation rays 58.
      Likewise, none of the radiation rays 58 entering the aperture 46 strike
      any portion of the sidewalls 48 because of the parallelism of the same
      with the radiation rays 58. Manifestly, it is to be understood that all
      radiation rays 58 entering the aperture 46 at the top side 10 will exit in
      an unimpeded manner at the bottom side 14.
PAR  The angularity of the sidewalls 48 relative to the top side 12 is
      determined by the radius of curvature of the surface 32 and the rounded
      bottom wall 14. However, the required angularity of the sidewalls 48 and
      therefore the radius of the blank bottom side 14 and surface 32, needs to
      be calculated, keeping in mind the angle of divergence of the rays within
      the radiation beam 54.
PAR  While it is not necessary, the edges 16 and 18 of the blank 10 may also be
      trimmed to present beveled edges 16a and 18a as shown in FIGS. 5 and 6 to
      reduce the size of the finished focused shield 20 for purposes of weight
      reduction. However, in no event should the blank 10 be reduced to a size
      less than that of the paper 40 or the transverse width of the radiation
      beam 54 at the point it strikes the top side 12. It is to be further
      understood that the blank 10 is to be kept in full contact with the
      surface 32 during the cutting of the aperture 46 to insure the proper
      angularity of the sidewalls 48.
PAR  Once the blank 20 has been secured to the mounting plate 50 the focused
      shield 20 may be repeatedly used to treat a patient simply by inserting
      the assembled plate and shield into a radiation thereapy machine with the
      assurance that the exact same spot is being treated each time, that all
      rays in alignment with the aperture 46 enter the same, and that the rays
      exit the aperture in the exact same pattern they enter the aperture.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. A method of making a focused shield for use in connection with a
      radiation therapy machine or the like, said method comprising the steps
      of:
PA1  forming a shield blank having a planar top side and an opposite, rounded
      bottom side;
PA1  forming a shield blank holding fixture having a rounded shield blank
      supporting surface provided with a radius of curvature complementary to
      the curvature of the bottom side of said shield blank;
PA1  selectively placing on the top side of said shield blank an outline having
      a configuration corresponding to a predetermined area of a patient to be
      exposed to a field of radiation;
PA1  placing said fixture on a cutting table of a band saw or the like;
PA1  positioning said shield blank on said fixture with the rounded bottom side
      of said shield blank resting on said rounded surface of said fixture; and
PA1  cutting said shield blank along said outline with said saw or the like
      while maintaining the shield blank in contact with said rounded surface to
      provide a focused shield having a bevel-walled aperture corresponding to
      said predetermined area.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein said shield blank forming step
      includes shaping said bottom side to present a convexly rounded contour;
      and wherein the step of forming said shield blank holding fixture includes
      shaping said rounded surface to present a bowl-shaped concavity.
NUM  3.
PAR  3. A method as claimed in claim 2, wherein said shield blank forming step
      includes premolding said shield blank in a rectangular shape having said
      planar top side and said convex bottom side.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein said step of placing said
      outline on said blank includes the step of drawing the desired radiation
      field boundary on paper or the like for placement on said shield blank.
NUM  5.
PAR  5. A method as claimed in claim 4, wherein said step of placing said
      outline on said shield blank includes the step of indicating on said paper
      or the like the required location of the center of a radiation beam
      relative to said radiation field when the focused shield is properly
      inserted in a radiation therapy machine.
NUM  6.
PAR  6. A method as claimed in claim 5, wherein said placement step further
      includes the step of positioning said paper or the like on said shield
      blank such that the indicated radiation beam center is superimposed over
      the center of the shield blank and is transversely centered relative to a
      radiation beam when said focused shield is inserted in a radiation therapy
      machine.
NUM  7.
PAR  7. A method as claimed in claim 6; and the step of trimming the outer edges
      of said focused shield while the same is in said holding fixture to
      present a focused shield having beveled outer edges in angular alignment
      with the periphery of said radiation beam, said trimming step including
      reducing said focused shield to a size in which the perimeter of said top
      side encloses an area at least equal to that encompassed by the periphery
      of a radiation beam at the point the latter strikes said focused shield.
NUM  8.
PAR  8. Apparatus for making a focused shield for use in connection with a
      radiation therapy machine or the like, said apparatus including:
PA1  a focused shield blank having a planar top side and a rounded bottom side
      opposite said top side;
PA1  a shield blank holding fixture having a rounded shield blank supporting
      surface provided with a radius of curvature complementary to the curvature
      of the bottom side of said shield blank; and
PA1  means for placing at a predetermined location on the top side of said
      shield blank an outline representing a required boundary of a field of
      radiation and having a configuration corresponding to a predetermined area
      of a patient to be exposed to a field of radiation whereby a focused
      shield having a bevel-walled aperture with a transverse configuration
      corresponding to that of said predetermined area is provided when said
      shield blank is cut along said outline by a band saw or the like while
      maintaining the bottom side of said shield blank in contact with the
      rounded surface of said fixture.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, wherein said rounded bottom side has a
      convex contour, and wherein said rounded surface of said fixture presents
      a bowl-shaped concavity.
NUM  10.
PAR  10. Apparatus as claimed in claim 8, wherein said outline placement means
      includes a piece of sheet material on which said outline is drawn, said
      outline displacement means further including means for retaining said
      sheet material on said top wall during the cutting of said aperture in
      said shield blank.
NUM  11.
PAR  11. Apparatus as claimed in claim 10, wherein said sheet material has
      indicated thereon a marking representing the location of the center of a
      radiation beam when said focused shield is operably inserted in a
      radiation therapy machine, said outline being positioned on said sheet
      material at a predetermined location relative to said marking.
NUM  12.
PAR  12. Apparatus as claimed in claim 11, wherein said sheet material is
      positioned on said top wall with said center marking on said sheet
      material superimposed over the center of said shield blank.
NUM  13.
PAR  13. Apparatus as claimed in claim 12, wherein said sheet material is of a
      rectangular size having an area at least equal to that encompassed by the
      periphery of said radiation beam at the point the latter strikes said
      focused shield when the same is inserted in said therapy machine.
NUM  14.
PAR  14. A focused shield for use in connection with a radiation therapy machine
      or the like, said focused shield comprising:
PA1  a generally rectangular body having a planar top side and a rounded bottom
      side opposite said top side; and
PA1  an aperture extending through said body from said top side to said bottom
      side and having a transverse irregular configuration corresponding to that
      of a predetermined area of a patient to be exposed to a field of
      radiation,
PA1  said aperture being selectively located in said body and having beveled
      sidewalls for permitting those radiation rays in alignment with said
      aperture to enter the same and to pass therethrough unimpeded when said
      focused shield is operably inserted in a radiation therapy machine.
NUM  15.
PAR  15. A focused shield as claimed in claim 14, wherein each aperture sidewall
      is in substantial parallelism with the path of travel of those radiation
      rays adjacent thereto.
NUM  16.
PAR  16. A focused shield as claimed in claim 15, wherein said aperture
      sidewalls diverge as said bottom side is approached.
NUM  17.
PAR  17. A focused shield as claimed in claim 14, wherein said body is of
      sufficient length and breadth to at least span the transverse width of a
      radiation beam at the point the latter strikes said focused shield when
      the same is operably inserted in said therapy machine.
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PAL  A frequency synthesizer for scanning a number of predetermined frequencies
      using radiated electromagnetic energy detected at an array of
      electromagnetic energy transducers for providing a frequency determinative
      code. The frequency code is obtained by insertion of a programmed data
      mask between a source of electromagnetic energy and the array of
      electromagnetic energy transducers. The frequency code is connected to the
      input of a programmable divider which also receives the output from a
      voltage controlled oscillator. The programmable divider provides an output
      frequency which is a quotient of the voltage controlled oscillator output
      frequency. The quotient output frequency is compared with a reference
      frequency for producing a control voltage for the voltage controlled
      oscillator. The voltage controlled oscillator is thereby driven to produce
      an output frequency determined by the coded input to the programmable
      divider. A series of adjacent arrays of electromagnetic energy transducers
      is disposed to be serially exposed to a plurality of serially excited
      electromagnetic energy sources. Electromagnetic energy is sensed at
      predetermined ones in each array of electromagnetic energy transducers in
      accordance with the frequency determinative code. The sources of
      electromagnetic energy are serially energized by serial output signals
      from a counter connected thereto and means are provided for bypassing a
      coded channel when a source of electromagnetic energy is inoperative.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  This invention relates to a programmable frequency synthesizer and more
      particularly to such a programmable frequency synthesizer for use with
      such devices as radio receivers and transmitters.
PAR  Frequency synthesizers in the past have generally taken a form utilizing a
      plurality of groups of crystal controlled oscillators having preselected
      oscillators in each group providing output frequencies determined by the
      crystals together with mixers for summing the output frequencies in
      specified combinations to provide a desired synthesized output frequency.
      Sources of visible light have been used in the past together with a number
      of photo detectors and a card disposed therebetween having a predetermined
      pattern of punched holes therethrough for passing light to predetermined
      ones of the photo detectors and for blocking light from the remaining
      photo detectors. A digital output is thereby provided for selecting the
      appropriate crystal oscillators to provide the desired output frequency.
      Such a scheme is disclosed in U.S. Patent No. 3,531,724, issued to
      Fathauer.
PAR  Prior art devices have used mechanical means for moving the program card to
      provide different programs for disposition between a continuously
      energized light source and a single line of light transducers. The digital
      output obtained from the line of transducers has been utilized to select a
      predetermined combination of crystal oscillators having output frequencies
      which are mixed to obtain the desired output frequency. A matrix of diodes
      has also been used in printed circuit form for providing the frequency
      determinative output code. Devices are also known which continuously scan
      through a given band until a frequency is reached upon which a received
      signal is detected. Thereafter the scanning of the band is terminated and
      the device locks on the frequency of the received signal.
PAR  There is a need for a frequency synthesis apparatus which does not require
      crystal controlled oscillators and which may be programmed by merely
      forming a data mask having a predetermined series of areas for passing and
      blocking electromagnetic energy to provide a predetermined synthesized
      frequency.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  In general the frequency synthesizer disclosed herein provides
      predetermined output frequencies related to a digital code which is preset
      on a data mask card. An electromagnetic energy source is disposed opposite
      a geometric pattern of discrete electromagnetic energy transducers and the
      data mask card is formed for positioning therebetween. A data output is
      derived from the geometric pattern of electromagnetic energy transducers
      which is connected as a program input to a programmable divider. The
      program input provides a predetermined divide ratio for the programmable
      divider which operates on a frequency obtained from a voltage controlled
      oscillator. A quotient frequency is thereby obtained at the programmable
      divider output which is compared with a reference frequency for producing
      a control voltage connected to the control input of the voltage controlled
      oscillator. In this fashion the output frequency of the voltage controlled
      oscillator is driven to a predetermined value. Means are provided for
      causing the electromagnetic energy source to scan a plurality of digital
      codes carried on the data mask card each of which overlie one in a
      plurality of electromagnetic energy transducer arrays for providing a
      plurality of data outputs therefrom. In this fashion a plurality of
      predetermined output frequencies is obtained in a scanned sequence from
      the voltage controlled oscillator.
PAR  In general it is an object of the present invention to provide a frequency
      synthesizer in which predetermined frequencies are programmable at the
      synthesizer site by non-technical personnel.
PAR  Another object of the invention is to provide a frequency synthesizer of
      the above character which does not utilize crystal controlled oscillators.
PAR  Another object of the invention is to provide a frequency synthesizer of
      the above character which scans through a number of predetermined
      frequencies.
PAR  Another object of the invention is to provide a frequency synthesizer for
      use with a radio receiver which locks on a predetermined reception
      frequency when a received carrier frequency is present.
PAR  Another object of the invention is to provide a frequency synthesizer which
      scans up to 30 predetermined frequencies per second.
PAR  Another object of the invention is to provide a frequency synthesizer which
      is programmable by a punched data mask card.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiment has been set forth
      in detail in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the frequency synthesizer.
PAR  FIG. 2 is a block diagram of the frequency synthesizer used in conjunction
      with a radio frequency receiver.
PAR  FIG. 3 is an isometric view showing the front of an outer case for housing
      a radio receiver incorporating the disclosed frequency synthesizer.
PAR  FIG. 4 is an isometric view of the rear of the outer case of FIG. 3.
PAR  FIG. 5 is an isometric exploded view of a scanning optical mask reader.
PAR  FIG. 6 is a sectional view along the line 6--6 of FIG. 5.
PAR  FIG. 7 is a sectional view along the line 7--7 of FIG. 5.
PAR  FIG. 8 is an isometric view of a data mask program card.
PAR  FIG. 9 is an electrical schematic of a data mask program reader. FIG. 10 is
      an electrical schematic of a frequency synthesizer.
PAR  FIG. 11 is a block diagram of a radio frequency band reception select
      apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following is a description of a frequency synthesis apparatus which is
      energized by radiated electromagnetic energy and which has the ability to
      scan through a number of predetermined frequencies. Referring to FIG. 1 an
      optical mask reader 11 is shown having a source 12 for radiating
      electromagnetic energy and a sensor 13 spaced from and exposed to the
      source 12 for providing a data output responsive to received
      electromagnetic energy. An optical mask or data mask 14 is provided for
      positioning between the source 12 and the sensor 13 having a program or
      code for blocking radiated electromagnetic energy from the sensor 13 at
      predetermined areas thereon. The data output from sensor 13 is connected
      to a programmable divider 16. A voltage controlled oscillator 17 (VCO)
      provides an output frequency, f.sub.O, which is also connected to the
      programmable divider 16. The output frequency f.sub.O is divided as
      determined by the data output from the sensor 13 and produces a quotient
      frequency f.sub.d. A stable reference frequency is produced by a clock 18
      having an output frequency which is divided by a fixed ratio divider 19. A
      phase and frequency discriminator 21 receives the reference frequency and
      the quotient frequency and produces an output which is related to the
      difference therebetween. The output of comparator 21 provides a control
      voltage which is connected to the control input of the VCO 17.
PAR  Data mask 14 may carry a plurality of programs or codes thereon and the
      electromagnetic energy source 12 may have a plurality of energy radiating
      sources therein for alternate excitation. Sensor 13 may also have a
      pattern of discrete transducers having sub-patterns each arranged to face
      predetermined ones of the alternately excited radiated energy sources. In
      this fashion a plurality of data outputs may be provided from sensor 13
      according to individual ones of the plurality of codes on the data mask 14
      overlying one of the transducer sub-patterns in sensor 13.
PAR  The plurality of electromagnetic energy radiating sources collectively
      shown at 12 are alternately excited in a predetermined sequence for
      intervals as determined by a slow scan clock 22 which receives a scan
      control signal from scan control 23. A gate 24 is provided for passing
      signals from the slow scan clock 22 to the input of electromagnetic energy
      source 12. A fast scan clock 26 is also provided which produces an output
      connected to gate 24 and which is passed to electromagnetic energy source
      12 in a manner hereinafter described. A manual scan control 25 is also
      connected to gate 24 for providing manual excitation of predetermined ones
      of the plurality of electromagnetic energy sources 12.
PAR  Referring to FIG. 2 a block diagram is shown for illustrating one use for
      the electromagnetically energized scanning frequency synthesizer. FIG. 2
      shows a radio receiver for receiving transmitted radio frequencies in any
      one of a number of predetermined frequency bands. For example, the
      reception bands shown in FIG. 2 may be the UHF band extending from 450 to
      470 megahertz utilizing UHF antenna 27, the high VHF band extending from
      150 to 170 megahertz utilizing VHF antenna 28, and the VHF low frequency
      band extending from 30 to 50 megahertz utilizing the VHF antenna 29.
      Preamplifiers 31, 32, and 33 are connected to receive the inputs from
      antennas 27, 28, and 29, respectively. A crystal oscillator 34 and a
      multiplier 36 is provided in this embodiment for producing a frequency
      which is mixed with the received and amplified UHF frequency in mixer 37.
      Mixer 37 provides a frequency which is capable of amplification by the low
      VHF band preamplifier 33 and is connected thereto. The received and mixed
      UHF frequencies and the received VHF low band frequencies are connected
      from the output of the VHF low band preamplifier 33 to a mixer 38. Mixer
      38 also receives the output f.sub.O from VCO 17 and produces an output
      frequency within the band pass frequency of an IF amplifier 39.
PAR  The received high band VHF frequencies are connected from VHF high band
      preamplifier 32 to a mixer 41. An additional crystal oscillator 42 and
      multiplier 43 are provided for producing a frequency connected to a mixer
      44. Mixer 44 also receives the output frequency f.sub.o from VCO 17. The
      output from mixer 44 is connected to a band pass filter 46 for producing
      frequencies within the band which are connected to mixer 41. Mixer 41
      produces an outpput at the tuned frequency of IF amplifier 39 which is
      connected thereto.
PAR  The output from IF amplifier 39 is connected to a frequency modulation
      discriminator 47 which is connected to a switch 48 on the input of an
      audio-amplifier 49. A volume control potentiometer 50 adjusts the input to
      audio-amplifier 49. A speaker 51 is energized by the output from
      audio-amplifier 49. A high pass filter 52 also receives the output from
      frequency modulation discriminator 47 and passes a signal to a squelch and
      detect circuit 53. A squelch adjust potentiometer 55 connects one output
      of squelch and detect circuit 53 to switch 48. The squelch and detect
      circuit also provides an enabling signal which is connected to slow scan
      clock 22 through a pause circuit 54.
PAR  The above described multiband radio frequency receiver is well-known in the
      art and is not a part of the disclosed invention. FIG. 2 shows the manner
      in which the electromagnetically energized scanning frequency synthesizer
      may be combined with a typical radio receiver such as that described above
      for preselecting reception frequencies in predetermined frequency bands.
      FIG. 2 includes the frequency synthesizer of FIG. 1 and like elements have
      like item numbers. FIG. 2 also shows a decade counter 56 for receiving the
      output of gate 24. Decade counter 56 has a binary coded decimal output
      which is connected to a decimal decoder 57. Decoder 57 produces alternate
      outputs in sequence for energizing separate ones of the plurality of
      electromagnetic energy sources 12. Individual lockout switches 58 are
      connected in each of the energy source circuits in the optical mask reader
      11. An array of front panel lights 59 is provided for indicating when the
      receiver is programmed to receive the frequency on a particular channel.
      It should also be noted that the optical mask reader 11 provides 15 output
      bits. Bits 1 through 13 are provided to the programmable divider 16. Bits
      14 and 15 are connected to a band select circuit 61 for providing an
      enabling signal for one of the UHF, VHF high or VHF low frequency
      reception bands.
PAR  FIG. 3 shows a case 62 for enclosing the programmable radio receiver of
      FIG. 2. A front panel 63 on case 62 has ten of the lockout switches 58 and
      ten of the receiving channel indicator lights 59 located thereon. A slot
      64 is also provided on front panel 63 for receiving the data mask 14. An
      automatic/manual scan mode switch 66 and a manual scan momentary contact
      switch 67 are also provided on front panel 63. A control knob 68 for
      adjusting the squelch potentiometer 53 and a control knob 69 for adjusting
      the volume control potentiometer 50 are also mounted on the front panel
      63.
PAR  A rear panel 71 is mounted on the case 62 having a low band VHF antenna
      connector 72, a high band VHF antenna connector 73 and a UHF band antenna
      connector 74. An external speaker connector 76 and an AC/DC primary power
      connector 77 are also provided on rear panel 71. An opening 78 is provided
      in the underside of case 62 for allowing sound from loud speaker 51 to
      pass therethrough.
PAR  FIG. 5 shows the optical mask reader 11 in an exploded view. A light
      diffuser section 79 has mounted therein a plurality of incandescent lamps
      81. One lamp 81 is provided for each available frequency channel. The
      incandescent lamps 81 provide sources of radiated electromagnetic energy.
      An optical mask reader throat 82 is formed on light diffuser 79. Throat 82
      acts as an external light trap for mask reader 11. A bottom plate 83 is
      formed for attachment to light diffuser 79 having four locating pins 84
      mounted therein. A depression 85 is formed in bottom plate 83. A foil
      sheet 86 having an array of electromagnetic energy transducers mounted
      thereon has holes 87 formed therein in a pattern matching that of locating
      pins 84. The array of electromagnetic energy transducers in this
      embodiment is a pattern of discrete photo conductor devices formed in
      lines and having a data output lead 88 connected to each of the lines. A
      single common lead 89 is provided connected to the electrically opposite
      side of all of the photo conductors in the array. A clear vinyl abrasion
      shield 91 has holes 92 formed therein for matching the pattern of locating
      pins 84. A recess 93 is formed in the side of light diffuser 79 for
      allowing leads 88 and 89 to pass. A data mask 14 is shown for insertion
      through optical mask reader throat 82 for positioning between incandescent
      lamps 81 and the array of photo conductors on foil 86. Screws 94 pass
      through holes 96 in light diffuser 79 for engagement in threaded holes 97
      in bottom plate 83 for securing the optical mask reader 11 together.
PAR  Turning now to FIG. 6 a sectional view of the optical mask reader 11 is
      shown. Light diffuser 79 is shown holding incandescent lamps 81 in
      individual channels 98 for forming lines of electromagnetic radiated
      energy. Incandescent lamps 81 provide electromagnetic energy in the
      visible and the infrared portions of the electromagnetic spectrum. Index
      holes 99 are shown formed in light diffuser 79 for receiving locating pins
      84 so that the lines of light afforded by channels 98 overly matching
      lines of photo conductors mounted on foil 86. Light diffuser 79 is formed
      to provide a space 101 when joined with bottom plate 83. Space 101
      receives the programmed data mask 14.
PAR  FIG. 7 is a section through light diffuser 79 showing one form of the
      channels 98 for converting the electromagnetic energy from incandescent
      lamps 81 from a point source to a line source. The walls of channels 98
      have a coat thereon which reflects substantially all of the energy from
      incandescent lamps 81. Foil 86 mounted in depression 85 is overlaid by
      clear abrasion shield 91.
PAR  FIG. 8 shows a program data mask 14 having ten rows 102 containing fifteen
      areas 103 in each row. The areas 103 are configured to either pass or
      block radiated electromagnetic energy. Areas 103 may be discrete clear
      windows which may be painted with an opaque substance for blocking
      radiated energy and left clear for passing the same. The program on data
      mask 14 may also be formed by merely punching out predetermined areas 103
      in each of the rows 102 according to the divide ratio desired to obtain a
      predetermined output frequency f.sub.O.
PAR  Turning now to FIG. 9 the details of the circuitry included in scanning
      optical mask reader 11 together with scan control clocks are shown. Slow
      scan clock 22 and fast scan clock 26 are multivibrator circuits providing
      slow output pulses and fast output pulses respectively when enabled. Slow
      scan clock 22 is enabled by a ground signal at the emitter of transistor
      Q1 which is obtained from the squelch circuit 53 as mentioned above. Slow
      clock pulses are stopped, and consequently scanning is stopped, when
      squelch circuit 53 lifts the enable signal from ground. As long as no
      carrier is present on a selected frequency as presented at the output of
      IF amplifier 39, the squelch circuit will provide a ground for enabling
      slow scan clock 22 after a pause controlled by the pause circuit 54, and
      the multivibrator will oscillate at a frequency determined by R1 and C1 in
      the emitter circuit of transistor Q2.
PAR  Slow clock pulses are passed through the automatic/manual mode switch 66
      when in the automatic mode to one input of AND gate 24. The outer input to
      AND gate 24 is taken from the collector of transistor Q3 in fast scan
      clock 26. Fast scan clock 26 is also a multivibrator providing fast clock
      pulses having a short dwell time compared to the dwell time of slow clock
      pulses. The dwell time of fast clock pulses is determined by the values of
      R2 and C2 in the emitter circuit of transistor Q4. When fast scan clock 26
      is disabled a continuous logical high is provided at one input to AND gate
      24. When slow scan clock 22 is enabled a second logical high is presented
      to the other input of AND gate 24 by the slow pulse, and a logical high
      output from AND gate 24 is connected to advance decade counter 56. BCD to
      decimal decoder 57 is actuated by the output from decade counter 56 to
      alternately produce a signal at each one of its outputs in sequence. Each
      output of BCD to decimal decoder 57 is separately connected to alternately
      drive transistors Q5 through Q14 when the associated lockout switch 58 is
      closed.
PAR  A frequency channel in the scan with a closed lockout switch 58 will cause
      channel indicator lights 59 and incandescent lamps 81 to illuminate when
      the associated driver transistor in the group Q5 through Q14 conducts.
      Conduction in a driver transistor Q5 through Q14 places a high voltage at
      the base of a first transistor Q15 in a lockout detector circuit 104
      causing Q15 to conduct. Conduction in Q15 clamps the base of a second
      transistor Q16 in lockout detect circuit 104 at ground turning Q16 off. In
      this fashion fast scan clock 26 is disabled and the output of fast scan
      clock 26 is held at a logical high state which is connected to one input
      of AND gate 24 as mentioned above.
PAR  When BCD to decimal decoder 57 selects a lamp driver transistor in the
      group Q5 to Q14 which has an open associated lockout switch 58 or a bad
      lamp 81, the bias at the transistor Q15 is too low to cause conduction.
      Thus the base of transistor Q16 has a high signal level causing Q16 to
      conduct. This places the collector of Q3 at ground potential enabling the
      multivibrator in fast scan clock 26 and providing fast clock pulses to the
      input of AND gate 24. Every logical high on each fast clock pulse causes
      AND gate 24 to produce an output for advancing decade counter 56. The only
      requirement for fast scan frequency is that it be able to produce at least
      as many pulses during a slow scan clock pulse cycle as there are channels
      to be scanned. For example, in the embodiment of FIG. 9, slow clock pulses
      could have a period of 0.1 seconds and fast clock pulses could have a
      period of no more than 0.01 seconds since there are ten channels present.
      In this fashion if every channel to be scanned is locked out, the fast
      scan may go all the way through the total number of channels at fast scan
      rate without stopping at a locked out channel. The fast clock pulses have
      a pulse width which is insufficient to cause illumination of indicator
      lights 59 or incandescent lamps 81.
PAR  FIG. 9 also shows incandescent lamps 81 in channels 98 overlying an array
      of photo conductors 105. The array of electromagnetic energy transducers
      105 is mounted on foil 86 as mentioned above. There are ten rows of photo
      conductors 105 in this embodiment, each row having 15 photo conductors
      therein. A single incandescent lamp 81 is lighted at any given instant and
      electromagnetic energy is clocked or passed by the programmed or coded
      data mask 14. When areas 103 on data mask 14 are open to pass
      electromagnetic energy the underlying photo conductor in that row of photo
      conductors will conduct, thereby producing a signal at the base of an
      associated transistor Q17 through Q31. In like manner when electromagnetic
      energy is directed toward a photo conductor in a row having an overlying
      opaque area 103, the associated transistor Q17 through Q31 will not
      conduct. A conducting transistor in the group Q17 through Q31 will provide
      a logical 0 at the collector thereof and a non-conducting transistor will
      provide a logical 1. The combination of binary states at the 15 collectors
      of transistor Q17 through Q31 provide the output data. Thirteen bits are
      connected to divider 16 and two bits are connected to band select circuit
      61.
PAR  Turning now to FIG. 10 an electrical schematic diagram of programmable
      digital frequency synthesizer is shown for receiving digital programs such
      as those supplied by the scanning optical mask reader of FIG. 9 at the
      outputs of transistors Q17 through Q31. These outputs are labeled 1
      through 15 on FIG. 9 and the first 13 outputs are connected to terminals
      P1 through P13 respectively on FIG. 10.
PAR  The programmable digital frequency synthesizer of FIG. 10 may be seen to
      include the programmable divider 16 connected to receive the output
      frequency f.sub.0 of the VCO 17 as hereinbefore described. The
      programmable divider 16, as mentioned above, produces a quotient output
      frequency f.sub.d dependent upon the divide ratio programmed into divider
      16 at pins P1 through P13.
PAR  The reference frequency f.sub.r is obtained from clock 18 which is a
      crystal controlled oscillator having a crystal X1 which in this embodiment
      provides a control frequency of 5.120 megahertz. The output of clock 18 is
      delivered to the input of fixed ratio divider 19 which performs a division
      by the fixed divisor 1024. Therefore the reference frequency at the output
      of divider 19 is 5 kilohertz. In this circuit the reference frequency is
      passed through a pulse shaper 106 and thereafter connected to one input of
      the phase and frequency discriminator 21. The quotient frequency f.sub.d
      is connected to another input of the phase and frequency discriminator 21.
      Discriminator 21 produces an output voltage which is a function of the
      difference between frequencies f.sub.r and f.sub.d which is passed through
      a circuit functioning as a low pass filter 107 and thereafter to a DC
      amplifier 108. DC amplifier 108 provides an output voltage which is
      connected to the control input of VCO 17.
PAR  The programmable counter or divider 16 in FIG. 10 is seen to contain a
      prescaler 109 and a swallow counter 111 which includes a NAND gate having
      an output connected to pin 7 of the swallow counter 111. The programmable
      counter 16 also includes a counter 112 having three sections A, B, and C
      together with a four input NAND gate 113. The VCO output frequency f.sub.0
      is comprised of fast pulses which are directed to the input of prescaler
      109. Prescaler 109 is a divide-by-ten device when a logical high is
      present at both pins 2 and 3 thereof. When a logical low is present at
      both pins 2 and 3, prescaler 109 produces one output pulse for every 11
      fast pulse inputs. It may therefore be seen to be a device which may be
      controlled to divide by 10 or 11 as desired. The output of prescaler 109
      is connected to drive transistor Q32 which provides slow pulses connected
      to the clock inputs of swallow counter 111 and sections A, B, and C of
      counter 112.
PAR  Swallow counter 111 has a terminal count of 9 in this embodiment. Prior to
      reaching terminal count, swallow counter 111 presents a logical low output
      at pin 15 which is attached to the input of the associated NAND gate
      providing a logical high at the output thereof which serves as an enabling
      signal attached to pin 7 of swallow counter 111. When swallow counter 111
      is filled to terminal count, the output at pin 15 assumes a logical high,
      thereby producing a logical low at the output of the associated NAND gate
      which disables the counter 111 at pin 7 thereof. Thereafter all slow
      pulses at the clock input of swallow counter 111 will cause no change in
      the state of the counter, and a logical high at pin 15 will continue to
      exist until such time as the counter is reset as hereinafter described.
PAR  As further seen in FIG. 10 the slow pulses for swallow counter 111 and the
      three sections of counter 112, which are TTL devices, are derived from the
      output of the prescaler 109 which is a fast ECL device. Prescaler 109
      provides one slow output pulse for every ten fast input pulses when a
      logical high is connected to pins 2 and 3 thereof. The input program for
      the swallow counter 111 is in binary coded decimal form connected to pins
      P1 through P4, and is determined in the following fashion. For example, if
      a divide ratio of 9380 is desired, the least significant number of the
      decimal number 9380 is 0. The nines complement of the least significant
      number 0, which is decimal 9, is programmed into P1 through P4. By
      reference to a nines complement table it may be seen that the nines
      complement of decimal 0 in binary form is the binary number 1001. In this
      fashion a decimal 9 in binary code is the same as the terminal count of
      the counter. Therefore pin 15 assumes a logical high upon loading,
      disabling swallow counter 111 from further counting as explained above,
      and also placing a logical high at pins 2 and 3 of the prescaler 109,
      thereby causing it to provide one slow pulse for every ten fast input
      pulses from the outset. Prescaler 109 will be a divide-by-ten device until
      a new program is placed on pins P1 through P4 for swallow counter 111.
PAR  Another example is presented wherein a desired divide ratio of decimal 9381
      will be used. The least significant number in the decimal number is 1. The
      nines complement of the decimal 1 is decimal 8 which is, in binary coded
      decimal (BCD) form, 1000. The nines complement of decimal 1 in BCD form is
      placed on pins P1 through P4 as 0001 respectively since the least
      significant bit appears at P1. This amounts to loading the swallow counter
      111 to the eighth level. Terminal count is nine, and therefore only one
      more count is required to fill the swallow counter 111. After loading the
      0001 program, the swallow counter 111 is not filled, and the output at pin
      15 is at a logical low which is connected to pins 2 and 3 of the prescaler
      109. In this fashion eleven fast pulses must come into prescaler 109
      before a slow pulse will be produced thereby. At the first slow pulse
      output from prescaler 109 the swallow counter 111 will be clocked to
      advance one count to its terminal count of nine. Pin 15 of swallow counter
      111 will assume a logical high state, placing the same state at pins 2 and
      3 of prescaler 109. The next 10 fast pulses arriving at prescaler 109 will
      therefore cause an output therefrom in the form of a slow pulse. Swallow
      counter 111 is disabled as described above and continues thereafter to
      function as a divide-by-ten device until reset. Regardless of the number
      of slow pulses before reset, the swallow counter 111/prescaler 109 has
      absorbed one extra fast pulse than would be the case in the previous
      example.
PAR  The least significant number in the decimal number 9381 already having been
      disposed of, the next significant numbers 938 are left to deal with. This
      number may be seen to be N.sup.1, or the divide ratio in counter 112, as
      hereinafter described.
PAR  As seen in FIG. 10, pins 4, 5 and 6 of counter 112, section C, are
      permanently set at 1, 0 and 0 respectively. The logical high at pin 4
      presets the binary equivalent of 2.sup.9, or 512, above the counter zero
      state into counter 112. Since prescaler 109 divides by 10, this is
      equivalent to a preset program of 512 slow pulses or 5120 fast pulses.
PAR  Sections A, B and C of counter 112 are loaded at pins P5 through P13 with
      the complement of the number 938. The terminal count for counter 112 in
      this embodiment is 1920. Since 512 is already loaded into counter 112
      there remain only 1408 counts to reach terminal count. One more count is
      required to reset counter 112 and swallow counter 111. Therefore 1409 slow
      pulses from prescaler 109 will fill counter 112 and reset it if no program
      number is entered at pins P5 through P13 of counter 112.
PAR  The program number is entered as the complement of the divide ratio in
      counter 112 so that a number of slow pulses is presented to counter 112
      equivalent to the divide ratio before terminal count is reached. In the
      current example the program number is 1409 minus 938, or 471. This latter
      number is converted to binary form which is 111010111, and is applied to
      pins P13 to P5 from most to least significant bit.
PAR  The one additional slow pulse necessary to reset all of the sections of
      counter 112 as well as swallow counter 111 is required because the reset
      actually occurs on the rising edge of the slow pulse which follows a
      logical low state applied to all number 9 pins of the counter sections A,
      B, and C and swallow counter 111 from the output of NAND gate 113. The
      logical low state is obtained from NAND gate 113 when all four inputs
      thereto are in a logical high state as counter 112 reaches its terminal
      count. In summary, the total number that the counter 112 may count is one
      count plus the difference between 1920 and the preset program. The preset
      program is the sum of 512 and the program number. The divide ratio applied
      to the frequency f.sub.0 is 10 times the counter 112 divide ratio plus the
      number of fast pulses absorbed in swallow counter 111. The relationships
      between the divide ratio, program number, preset program and preset number
      are set out below.
PA1  N = divide ratio applied to f.sub.0
PA1  Sw = least significant decimal number in N
PA1  N.sup.1 = divide ratio in counter 112
PA1  N.sup.1.sub.p = program number for P5 through P13 program inputs in binary
      form
PA1  512 = preset program of counter 112 by hardwiring pins 4, 5 and 6, section
      C, as shown
PA1  (SW).sub.BCD = (9-SW).sub.BCD programmed into pins P1 through P4 at swallow
      counter 111 in binary code decimal form
PA1  N.sup.1.sub.s = preset number for counter 112
PA1  1920 = terminal count for counter 112
PA1  1 = number of slow pulses for counter to pass from terminal count to preset
      program 512
PA1  N.sup.1 = n-sw/10
PA1  n = 10n.sup.1 + sw
PA1  n.sup.1.sub.s = 512 + N.sup.1.sub.p
PA1  N.sup.1 = 1920 - n.sup.1.sub.s + 1
PA1  N.sup.1.sub.p = 1409 - N.sup.1
PA1  N.sup.1.sub.s = N.sup.1.sub.p + SW
PAR  As described above the program input to pins P1 through P13, respectively,
      on the divider 16 is therefore the following: 0001111010111. Such a
      program for a frequency in the UHF band may be seen in FIG. 8 in the upper
      row 102 from right to left with areas 103 blocked for a binary 1 and open
      for a binary 0. It has taken 938 slow pulses to fill the three sections A,
      B and C of the counter. Since 937 of the slow pulses are equivalent to
      9370 fast pulses and one of the slow pulses is equivalent to 11 fast
      pulses, divider 16 has produced 1 cycle of quotient frequency f.sub.d for
      each 9381 cycles of frequency f.sub.0. The divisor for frequency f.sub.0
      is therefore 9381 to arrive at the quotient frequency f.sub.d.
PAR  In the embodiment of FIG. 2 there is interest in three bands of reception.
      A low VHF band extends from 30 to 50 megahertz. A high VHF band extends
      from 150 to 170 megahertz. A UHF band extends from 450 to 470 megahertz. A
      local oscillator is present to provide the received signals at a frequency
      of 16.9 megahertz to the input of IF amplifier 39. The manner in which the
      16.9 megahertz signals are generated is old in the art and is not intended
      to be a part of this disclosure. FIG. 2 shows one typical manner in which,
      with appropriate oscillators, multipliers, and mixers, the input to IF
      amplifier 39 may be obtained.
PAR  The preset program number N.sup.1.sub.s is computed in the following
      fashion. The divide ratio N is equivalent to the desired output frequency
      f.sub.0 plus the tuned frequency of the IF amplifier 39, 16.9 megahertz,
      divided by the channel spacing, 0.005 megahertz. For the lower edge of the
      low VHF band, 50 megahertz, this may be seen to reduce to 13,380. The
      complement of the preset number N.sup.1.sub.s, which is the program number
      N.sup.1.sub.p, from the foregoing relationships, may therefore be seen to
      range from 71 to 471. These are the numbers which are entered into
      programmable divider 16 as described above. Since the swallow counter can
      absorb between 0 and 9 extra pulses for each of the 400 possible values of
      N.sup.1.sub.s, there are a total of 4000 combinations.
PAR  Referring to FIG. 11 the manner in which the band of interest is selected
      in this embodiment is shown. The fourteenth and fifteenth bit from the
      circuit of FIG. 9 are delivered to terminals identified 14 and 15 in FIG.
      11 on band select 61. A logical high enables any of the preamplifiers 31,
      32, or 33 for the UHF, VHF high or VHF low bands. Band select 61 has a
      pair of inverting amplifiers 114 and 116 therein for receiving bits 15 and
      14 respectively. When bits 14 and 15 are two logical high states an
      enabling signal will be available only to low band VFH amplifier 33. For a
      logical low on pin 14 and a logical high on pin 15 only preamplifier 32
      will be enabled for receiving the high band VHF. For a logical high on pin
      14 and a logical low on pin 15 preamplifier 31 for receiving signals in
      the UHF band will be enabled. Low band preamplifier 33 will also be
      enabled, but in this scheme preamplifier 33 is used to process received
      UHF band frequencies after they have been mixed to be brought within the
      band width of preamplifier 33.
PAR  An electromagnetically energized scanning frequency synthesizer has been
      disclosed which does not require replacement of costly crystals in crystal
      controlled oscillators for changing frequencies to be scanned. The only
      requirement for causing changes in the scan frequencies is that the data
      mask be modified in a predetermined manner to block reception of
      electromagnetic energy at predetermined ones of the electromagnetic energy
      sensors in the array of sensors. This may be accomplished through any one
      of a number of simple operations which may be performed by non-technical
      personnel according to program or code tables provided, without removing
      the frequency synthesizer from its operational location. Data masks or
      cards may have predetermined patterns of holes punched therethrough, or
      may have an array of clear windows which may be either painted with an
      opaque paint to block electromagnetic energy transmission or left clear to
      allow transmission therethrough.
CLMS
STM  I claim:
NUM  1.
PAR  1. A frequency synthesizer comprising means for radiating electromagnetic
      energy, an array of electromagnetic energy transducers spaced from said
      means for radiating for producing a plurality of discrete electrical
      output signals responsive to impingement of electromagnetic energy
      thereon, removable means for positioning between said means for radiating
      and said array having a predetermined pattern thereon for blocking said
      electromagnetic energy from predetermined transducers in said array,
      thereby providing a predetermined combination of said discrete electrical
      output signals, a voltage controlled oscillator for providing an output
      signal at a controlled output frequency, a programmable divider having a
      plurality of input terminals each connected to one of said discrete
      electrical output signals, said programmable divider connected to receive
      said controlled output frequency and producing an output signal having a
      divider output frequency determined by said predetermined combination of
      said discrete electrical output signals, means for providing a reference
      frequency, means for comparing said divider output frequency with said
      reference frequency producing a control signal related to the difference
      therebetween, said control signal being connected to said voltage
      controlled oscillator for driving said controlled output frequency to a
      predetermined value.
NUM  2.
PAR  2. A frequency synthesizer as in claim 1 wherein said means for radiating
      electromagnetic energy comprises a plurality of adjacent elongate lines of
      radiated electromagnetic energy, wherein said array of electromagnetic
      transducers comprises a plurality of elongate adjacent serial patterns
      each being aligned with one of said lines of radiated electromagnetic
      energy, and wherein said predetermined pattern on said removable means
      comprises a plurality of elongate serial arrays each overlying one of said
      adjacent serial transducer patterns, together with means for alternately
      energizing said lines of radiated electromagnetic energy, whereby a
      plurality of controlled output frequencies are produced in sequence.
NUM  3.
PAR  3. A frequency synthesizer as in claim 2 wherein said means for alternately
      energizing said lines of radiated electromagnetic energy, comprises a slow
      scan clock providing slow clock pulses, having a dwell time sufficient for
      energizing said lines of electromagnetic radiated energy, a scan control
      terminal on said slow scan clock for receiving an enabling signal, a fast
      scan clock providing fast scan pulses having a dwell time insufficient for
      energizing said lines of radiated electromagnetic energy, a fast scan
      control terminal on said fast scan clock for receiving an enabling signal,
      a gate for receiving said slow and fast scan pulses, said gate passing
      slow scan pulses when said slow scan clock only is enabled and fast scan
      when said fast scan clock is enabled, means connected to said fast scan
      control terminal for detecting inoperative status in ones of said
      plurality of adjacent elongate lines of radiated electromagnetic energy, a
      counter connected to said gate and having a plurality of counter outputs
      connected to alternately energize said lines of radiated electromagnetic
      energy in sequence, whereby ones of said plurality of radiated
      electromagnetic energy lines are quiescent when said means for detecting
      inoperative status enables said fast scan clock and ones of said lines of
      radiated electromagnetic energy are radiating energy when said slow scan
      clock only is enabled.
NUM  4.
PAR  4. A frequency synthesizer as in claim 3 together with means for manually
      rendering predetermined ones of said lines of radiated electromagnetic
      energy inoperative.
NUM  5.
PAR  5. A frequency synthesizer comprising a source of electromagnetic energy, a
      geometric pattern of discrete electromagnetic energy transducers spaced
      from and for exposure to said source of electromagnetic energy, said
      pattern providing a data output dependent upon exposure of individual ones
      of said electromagnetic transducers to said source of electromagnetic
      energy, means for positioning between said source and said geometric
      pattern for providing a program pattern matching said geometric pattern of
      discrete transducers and having areas for blocking electromagnetic
      radiation, means for providing a reference frequency, a voltage controlled
      oscillator for providing an output frequency, a programmable counter for
      receiving said data output and said output frequency and providing a
      counter frequency which is a quotient of said output frequency, a
      frequency comparator for receiving said reference frequency and said
      counter frequency and providing a control voltage for said voltage
      controlled oscillator, whereby when said means for providing a program
      pattern overlies said geometric pattern of discrete transducers,
      predetermined ones of said discrete transducers are shielded from said
      source of electromagnetic energy so that said data output provides a
      counter frequency which causes said control voltage to drive said voltage
      controlled oscillator to a predetermined output frequency.
NUM  6.
PAR  6. A frequency synthesizer as in claim 5 wherein said source of
      electromagnetic energy comprises a plurality of elongate lines for
      radiating electromagnetic energy, wherein said geometric pattern of
      discrete transducers comprises a plurality of elongate serial arrays
      corresponding to said plurality of elongate lines, together with means for
      alternately energizing said elongate lines, whereby a plurality of
      predetermined output frequencies is provided in sequence.
NUM  7.
PAR  7. A frequency synthesizer as in claim 6 wherein said means for alternately
      energizing said elongate lines comprises a slow scan clock providing a
      slow clock output, a counter connected to receive said slow clock output
      and providing a serial output responsive thereto connected to energize
      said elongate lines in a predetermined sequence.
NUM  8.
PAR  8. A frequency synthesizer as in claim 7 wherein said means for alternately
      energizing said elongate lines includes a fast scan clock providing a fast
      clock output having a dwell time insufficient to energize said elongate
      lines, means for enabling said fast scan clock responsive to an
      inoperative one of said plurality of elongate lines, a gate for receiving
      said slow clock output and said fast clock output for passing said slow
      clock output and for passing said fast clock output when said fast scan
      clock is enabled, whereby said elongate lines are quiescent when said fast
      scan clock is enabled.
NUM  9.
PAR  9. A frequency synthesizer as in claim 8 together with means for manually
      selecting a single scan pulse connected to said counter, whereby said
      counter may be advanced to the next operative one of said plurality of
      elongate lines.
NUM  10.
PAR  10. A frequency synthesizer as in claim 8 together with means for manually
      rendering predetermined ones of said plurality of lines inoperative.
NUM  11.
PAR  11. A frequency synthesizer as in claim 5 together with a plurality of
      additional means for providing a program pattern, whereby a plurality of
      predetermined output frequencies may be obtained by positioning separate
      ones of said means and additional means for providing a program pattern
      between said source and said geometric pattern of discrete transducers.
NUM  12.
PAR  12. A frequency synthesizer for use with a radio frequency receiver of the
      type for receiving a plurality of reception frequencies and providing an
      enabling signal when a transmitted radio frequency is received and
      removing the enabling signal when no transmitted radio frequency is
      received, comprising an optical mask reader providing a data output, an
      optical mask for insertion into said optical mask reader and having at
      least one code thereon for determining said data output, a programmable
      divider for receiving said data output and for providing a divider ratio
      related thereto, a voltage controlled oscillator having an output
      frequency connected to said divider for providing a quotient frequency
      determined by said divider ratio, means for providing a reference
      frequency, means for receiving said reference frequency and said quotient
      frequency for providing a control output related to the difference
      therebetween, said control output being connected to said voltage
      controlled oscillator, whereby said output frequency is determined by said
      code.
NUM  13.
PAR  13. A frequency synthesizer as in claim 12 wherein said optical mask reader
      provides a data output for a plurality of data output channels, said
      optical mask has a plurality of codes thereon for determining said data
      outputs from said plurality of data output channels, and said programmable
      divider provides a plurality of divider ratios related to said optical
      mask codes, together with a slow scan clock enabled by said enabling
      signal and providing a slow clock output, a counter actuated by said slow
      clock output and connected to said optical mask reader for providing a
      serial output for selecting reading of predetermined ones of said
      plurality of codes, whereby said divider provides a plurality of quotient
      frequencies determined by ones of said plurality of divider ratios,
      whereby a plurality of output frequencies is provided sequentially by said
      ones of said plurality of codes and each of said output frequencies is
      retained as long as a transmitted radio frequency is received.
NUM  14.
PAR  14. A frequency synthesizer as in claim 13 together with a fast scan clock
      providing a fast clock output having a dwell time insufficient to excite
      said optical mask reader, means for enabling said fast scan clock
      responsive to an inoperative data output channel, a gate connected to said
      counter input for receiving said slow and fast clock pulses, said gate
      passing said slow clock pulses when receiving said slow clock pulses only,
      and passing said fast clock pulses when said fast scan clock is enabled,
      whereby inoperative data output channels are bypassed.
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ABST
PAL  A system for determining the thermal characteristics of a cooling system
      and controlling the cooling system in response to the determined thermal
      characteristics. The flow pattern of a cooling reservoir having a surface
      exposed to the atmosphere is represented by a plurality of water segments
      each representing a specified time interval, preferably equal time
      intervals. A thermal characteristic of the segments is determined at least
      periodically, preferably in response to the prevailing thermal transfer
      characteristics at the surfaces of the segments, and the flow pattern of
      the cooling reservoir is modified to accommodate the required cooling
      needs of the system and to prevent the discharge of cooling water into
      natural reservoirs if the thermal characteristics of the cooling water do
      not permit such discharge because of set standards. A method for at least
      periodically calculating the temperature of each segment from known and
      assumed thermal data through a trial iteration process is also disclosed.
PAL  The system can also be used to determine the thermal characteristics of a
      natural body of water and to describe its responses to meteorological
      conditions.
PARN
PAR  This is a division, of application Ser. No. 247,703, filed Apr. 26, 1972
      now Pat. No. 3,847,207.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for determining and varying the
      thermal characteristics of a liquid cooling system and more particularly
      to a method for determining the thermal characteristics of a water cooling
      system having a surface exposed to the atmosphere and modifying the flow
      pattern of the system in response to the determined thermal
      characteristics.
PAR  In thermal electric power generating plants and in other manufacturing
      processes, water or other liquid cooling media are a necessary part of
      proper plant operation. Natural fresh and saline water supplies are
      particularly attractive from the standpoint of economy and are thus
      ordinarily utilized for cooling purposes and in most large scale
      operations in which cooling is necessary. For example, large electric
      power generating plants require a liquid cooling media to condense the
      stream which drives the turbines and are thus almost exclusively situated
      adjacent natural water sources such as lakes and rivers so that water from
      the natural source may be utilized either directly for cooling purposes or
      as a source of make-up water for closed loop cooling reservoirs.
PAR  In the cooling system where the water is used directly, i.e. a once-through
      system, water from the natural reservoir is routed through the plant
      cooling system and is thereafter discharged into the natural reservoir. A
      closed loop or recirculating cooling system, on the other hand, involves
      the use of water from a man-made reservoir and the cooling water is
      circulated in a closed loop through the reservoir and the plant cooling
      system. In either case, the cooling water absorbs heat as it passes
      through the plant cooling system and the heated water is then discharged
      into the cooling water reservoir.
PAR  Ideally, in a closed loop, recirculating system, the cooling water should
      give up at least the same amount of heat which it absorbs before it is
      reused for cooling purposes. If not, the efficiency of the plant may
      suffer during periods in which maximum plant output is required. If the
      heated cooling water is to be discharged into a natural reservoir as in a
      once-through cooling system, it may be mandatory for the temperature of
      the discharged water to fall below a certain prescribed maximum limit
      before being discharged into the natural reservoir.
PAR  The thermal characteristics of any cooling system of the above-described
      type having a fixed surface area exposed to the atmosphere may vary
      immensely with plant loading conditions and prevailing meteorological
      conditions, both of which may be continuously changing. It may thus be
      particularly difficult to maximize plant efficiency and/or insure
      compliance with regulations concerning water discharge temperature using
      known closed, recirculating types of systems or once-through systems. The
      answer to this complex cooling problem has often necessarily been a costly
      over-design of the cooling system or merely tolerance of periods of low
      efficiency plant operation or periods of noncompliance with water
      discharge temperature standards.
PAR  Of course, an optimum solution to the problems encountered in known cooling
      systems may require an accurate awareness of reservoir thermal
      characteristics and cooling requirements for the prevailing plant load
      conditions. With this information available during and after the initial
      reservoir design stages, the types of reservoir cooling system initially
      selected and the method of operating that particular type of cooling
      system can be varied to optimize the cooling needs of the plant while
      maintaining the set standards of water temperature discharge.
PAR  It has been suggested that the thermal characteristics of a cooling
      reservoir may be determined by placing a number of thermometers or other
      suitable temperature sensors at predetermined locations throughout the
      cooling system. To employ this approach, either the temperature measured
      at each isolated location in the cooling system must be assumed to be
      representative of the overall thermal characteristics of the cooling fluid
      at and between each location or enough temperature measuring devices must
      be utilized to provide an accurate indication of the overall thermal
      characteristics of the cooling system. The assumption required if only a
      few temperature sensors are used may not be a valid assumption because of
      the wide temperature variations ordinarily encountered in a cooling
      reservoir. The use of a large number of temperature sensors may provide
      sufficient accuracy but may also be extremely expensive and complex.
      Moreover, this approach may not permit any reasonably accurate predictive
      studies which are highly useful in both the design of the cooling system
      and the planning required for its optimum use. Thus, not only may such
      instrumentation be extremely expensive, it may not provide the flexibility
      and accuracy required in applications such as power plant cooling
      reservoirs.
PAR  Another approach which may permit a degree of design and operation
      predictability on a gross or long-term basis involves the calculation of
      heat transfer across the exposed surface of the body of water on a
      longterm average basis taking into account the major mechanisms of heat
      transfer. For example, "The Johns Hopkins University Cooling Water Studies
      for Edison Electric Institute," research project RP-49 by Dr. John E.
      Edinger et al, which is available from Edison Electric Institute, 750 3rd
      Avenue, New York, N.Y., sets forth certain equations for the transfer of
      heat across a water surface on a gross basis as it relates to cooling
      reservoirs having a surface exposed to atmosphere. The equations are based
      upon average climatological conditions over fairly long periods of time
      and thus provide gross heat exchange values which may be usable in
      approximating the required characteristics of the cooling system for a
      particular application.
PAR  Of course, the average or gross data obtained using these equations may not
      be useful in controlling the hour-by-hour operation of a cooling reservoir
      required to optimize the operation of the power plant and to maintain the
      cooling water discharge temperatures within the set standards. Moreover,
      it appears from the above Edinger et al study that a discrepancy may exist
      between calculated and empirical data even when calculated on an average
      or gross basis.
PAR  It is accordingly an object of the present invention to provide a novel
      method for determining the thermal characteristics of a cooling reservoir
      on an essentially real time basis.
PAR  It is a further object of the present invention to provide a novel method
      for determining the thermal characteristics of at least a portion of a
      cooling system at selected locations in the system whereby the cooling
      system may be controlled in accordance with the prevailing reservoir
      thermal characteristics.
PAR  It is yet another object of the present invention to provide a novel method
      for controlling a cooling reservoir to provide the required reservoir
      cooling capacity for a predetermined power plant heat load.
PAR  It is a further object of the present invention to provide a novel method
      for optimizing the efficiency of a power plant on an essentially real time
      basis in response to determined thermal characteristics of the power plant
      cooling system.
PAR  It is a more specific object of the present invention to provide a novel
      method for providing at least hourly accounting of water temperatures
      throughout at least a portion of a cooling system reservoir of a thermal
      power generating station.
PAR  It is another specific object of the present invention to provide a novel
      method for determining the natural equilibrium temperature of segments of
      a cooling system reservoir of a thermal power generating station whereby
      the temperatures of the segments are available on a relatively short,
      periodic basis for use in controlling the operation of the cooling system
      on a real time or predictive basis.
PAR  One embodiment of the present invention intended to accomplish at least
      some of the foregoing objects comprises establishing in a cooling system
      reservoir a plurality of reservoir segments each representing a specified
      time interval, preferably equal time intervals, determining an initial
      thermal characteristic of at least one of the segments at a first time and
      at a predetermined location in the cooling system, thereafter determining
      the thermal characteristic of the at least one segment at the specified
      time intervals, e.g., equal time intervals after the first time, and
      controlling the cooling system flow pattern in response to the determined
      thermal characteristic.
PAR  In a preferred form of the invention, the thermal characteristic of the
      segment is determined by calculating the temperature of segment in
      response to the initially determined characteristic and prevailing
      meteorological conditions affecting heat transfer across the surface of
      the segment. An equilibrium temperature is established for the segment
      and, to the extent that the prevailing meteorological conditions affect
      the equilibrium temperature, the calculated temperature of the segment is
      increased or decreased.
DRWD
PAC  THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      to one skilled in the art from a perusal of the following detailed
      description when read in conjunction with the attached drawings in which:
PAR  FIG. 1 is a schematic diagram illustrating one form of a cooling system
      according to the present invention;
PAR  FIG. 2 also is a schematic diagram of another form of a cooling system
      according to the present invention;
PAR  FIG. 3 is a schematic diagram illustrating another form of a cooling system
      according to the present invention;
PAR  FIG. 4 is a schematic diagram functionally illustrating a method according
      to the present invention for determining the thermal characteristics of a
      cooling system; and,
PAR  FIG. 5 is a functional block diagram illustrating the operation of the
      central processing unit of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAC  General System Description
PAR  The present invention may be most easily understood with reference to FIGS.
      1-3 wherein three types of cooling reservoir systems are illustrated. In
      FIGS. 1-3 the method is described as applied to a cooling reservoir for a
      thermal power generating plant. However, it should be understood that the
      method may be utilized in other applications where a fluid having a
      surface exposed to the atmosphere is utilized for cooling purposes.
PAR  Referring now to FIG. 1 wherein a closed-recirculating cooling system is
      illustrated, a cooling fluid such as fresh or saline water flows from a
      cooling reservoir generally indicated at 10 to a cooling water intake
      opening 12 of a power plant 14. The cooling water is mainly utilized for
      cooling purposes in one or more condensers in the power plant 14 and is
      then discharged from the power plant 14 at an outlet point 16 into the
      cooling reservoir 10.
PAR  In the closed system illustrated in FIG. 1, the discharged cooling water is
      then slowly recirculated through the cooling reservoir with a surface
      exposed to the atmosphere so that the heat absorbed by the water in
      passing through the power plant 14 can be lost before being reused for
      cooling purposes.
PAR  In a thermal power generating plant such as that illustrated in FIG. 1, the
      temperature of the cooling water supplied to the condensers may be
      particularly critical at periods of peak power demand. The condensers are
      operated at a pressure below atmospheric pressure, i.e., at a negative
      guage pressure, to assist in driving the steam turbines. Thus, if the
      condensers can be operated at pressures substantially below atmospheric,
      the efficiency of the turbines may be increased, within practical limits.
      However, the operating pressure of the condensers depends upon the degree
      of condensation of the steam introduced through the turbine and into the
      condenser. Of course, the degree of condensation of this steam and thus
      the condenser pressure is directly dependent on cooling water temperature.
PAR  The temperature of the cooling water in the reservoir 10 is related to the
      initial temperature of the water at the intake point 12, the total
      generating load of the power plant 14, e.g., the total output power of the
      power plant 14 in megawatts, and the prevailing meteorological conditions
      affecting the surface of the cooling reservoir 10. On a particularly hot,
      clear day, for example, in early afternoon when the demand for electrical
      power is ordinarily the greatest, the water discharged from the power
      plant 14 may be extremely warm over a 2 or 3 hour period.
PAR  According to the method of the present invention, the flow pattern of the
      cooling reservoir 10 may be divided into a plurality of segments each
      representing a specified time interval, e.g., equal time intervals. For
      example, as is illustrated in FIG. 1, a plurality of segments S.sub.1
      through S.sub.n, together representing the overall flow pattern of the
      cooling reservoir 10, may be established. Each of the segments S.sub.1
      -S.sub.n may represent an equal time interval, e.g., 1 hour, during which
      a segment such as the segment S.sub.3 will be displaced in the indicated
      direction of flow by the immediately preceding segments, i.e., the segment
      S.sub.2.
PAR  Each segment of water in the cooling reservoir 10 may be accounted for at
      all times in this manner. By determining a thermal characteristic, for
      example, the average temperature, of each segment on a periodic basis, the
      overall thermal characteristics of the cooling reservoir are available and
      the flow pattern of the cooling reservoir may be altered as necessary to
      obtain maximum power plant operating efficiency. For example, assuming
      that each segment represents a time interval of one hour, the segments
      S.sub.3, S.sub.2 and S.sub.1 may represent the respective time intervals
      12-1 p.m., 1-2 p.m., and 2-3 p.m. The segments S.sub.1 -S.sub.3 might
      therefore represent those segments of the cooling reservoir water having
      the highest temperature of all segments in the cooling reservoir. As time
      advances and cooling water continues to flow from the discharge point 16
      of the power plant 14, the segments flow through the cooling reservoir
      until they reach the intake point 12.
PAR  When the segment S.sub.3 representing the time interval 12-1 p.m. reaches
      the end of the cooling reservoir adjacent the intake point 12, this
      segment is at that time designated S.sub.n since, at each selected time
      interval the subscript of each segment is incremented and after n time
      intervals, the segment S.sub.1 has moved completely around the reservoir
      10. Moreover, the temperature of this segment, then designated S.sub.n,
      will have changed due to thermal transfer, primarily across the surface of
      the cooling water segment. However, although the temperature of the now
      designated segment S.sub.n may be considerably less than when it was
      initially discharged from the power plant into the cooling reservoir, its
      temperature may be higher than desired for condenser cooling.
PAR  On the other hand, a segment S.sub.x which may have been discharged from
      the power plant 14 during the late evening or early morning hours, may be
      much cooler than the segment S.sub.n. It may thus be desirable to divert
      cooling water from the segment S.sub.x and either mix this water with the
      cooling water represented by the segment S.sub.n or use the water
      represented by the segment S.sub.x exclusively for cooling purposes in the
      power plant 14. This may be particularly advantageous during periods of
      peak load when maximum efficiency is essential.
PAR  In accordance with the present invention, a conduit or other suitable flow
      path generally indicated at 18 may be provided between various segments
      and either the power plant intake 12 or other segments of the cooling
      reservoir so that the flow pattern of the reservoir may be modified in
      response to the thermal characteristics of the various segments. A
      suitable control means such as the schematically illustrated valve 20 may
      be provided in the flow path 18 to provide control of water flow along the
      flow path 18 and thereby permit the selective modification of the flow
      pattern of the cooling reservoir 10.
PAR  For example, the flow path 18 may be provided between the segment S.sub.x
      and the intake point 12 of the power plant 14 as illustrated in FIG. 1.
      When it is determined that the temperature of the cooling water designated
      by the segment S.sub.n is undesirably high, cooling water from the segment
      S.sub.x may be diverted directly to the cooling water intake point 12
      through the flow path 18 by opening the valve 20. This diverted water may
      be mixed with the water drawn from the cooling reservoir segment S.sub.n
      or may be used exclusively for cooling purposes by closing a valve
      indicated in phantom at 22 and/or diverting the cooling water represented
      by the segment S.sub.n to another point in the cooling reservoir as is
      generally indicated in phantom at 24.
PAR  Of course, the flow pattern of the cooling reservoir may be modified in
      various manners to provide the desired thermal characteristics of the
      cooling water at the intake point 12 of the power plant 14. For example,
      as is generally indicated in phantom at 26, cooling water may be diverted
      from one segment to another segment to provide the desired thermal
      characteristics in the other segment.
PAR  The flow pattern shown in FIG. 1 can be used also to describe the response
      of natural water temperatures to changing meterological conditions. For
      this type operation the power plant heat load at point 14 is assumed to be
      zero and each segment responds to changing climatic conditions as it
      proceeds through the flow pattern shown in FIG. 1.
PAR  A system which may be employed as an alternative or an adjunct to the
      system of FIG. 1 for selectively modifying the flow pattern of a cooling
      reservoir in response to its thermal characteristics is illustrated in
      FIG. 2.
PAR  With reference now to FIG. 2, wherein like numerical designations have been
      utilized to indicate previously described portions of the system, the
      cooling reservoir 10 for the power plant 14 may be located adjacent a
      natural reservoir 28 such as a lake, river or other large body of fresh or
      saline water. Since a large surface area of the cooling reservoir 10 is
      generally exposed to atmosphere, a large evaporative loss of water
      generally occurs. Make-up water from the natural reservoir 28 is thus
      added to the cooling reservoir 10 periodically. This make-up water is
      generally cooler than the cooling water in the reservoir 10 and, in
      accordance with the present invention, may be added in such a manner that
      the flow pattern of the cooling reservoir is modified when modification of
      the flow pattern is deemed most necessary in view of the determined
      thermal characteristics of the reservoir 10.
PAR  With continued reference to FIG. 2, a plurality of water intake conduits 30
      may be provided between the natural reservoir 28 and the various segments
      of the cooling reservoir 10. Each of the intake conduits may be provided
      with a valve 32 or other suitable means for controlling the flow of water
      therethrough to the selected points in the cooling system. When it is
      determined that the temperature of the segments approaching the intake
      point 12 of the power plant 14 is too high, the valves 32 may be
      selectively operated to modify the flow characteristics of the cooling
      reservoir 10 and thereby provide water at a desired temperature at the
      intake point 12 of the power plant 14 for condenser cooling.
PAR  This system may be particularly advantageous if the natural reservoir 28 is
      a large stratified body of water. The stratification permits water to be
      drawn for make-up purposes from the cooler lower portion or hypolimnion
      which exists during the summer months when cooling problems are most
      severe. However, it should be noted that the amount of water which can be
      added at selected times and in selected segments of the cooling reservoir
      10 is limited by the physical size of the reservoir 10 and the amount of
      the evaporative water loss.
PAR  In this respect, it may be possible to discharge water comprising selected
      segments of the cooling reservoir 10 during or immediately preceding
      period of peak power demand so that the cooler water from the natural
      reservoir 28 may be utilized almost exclusively during these period. For
      example, the temperature of the water represented by the segments S.sub.x
      and S.sub.x-1 in FIG. 2 may be sufficiently cool to meet the established
      standards for discharge into the natural reservoir 28. However, the
      temperature of this water may be somewhat higher than the water available
      from the hypolimnion of the natural reservoir 28 and, although
      sufficiently low to permit discharge into the natural reservoir 28, may be
      too high to permit operation of the power plant 14 at maximum efficiency.
PAR  To permit operation of the power plant at peak efficiency during peak
      periods of maximum demand, the flow pattern of the cooling reservoir 10
      may be thus further modified by discharging water from the segments
      S.sub.x and S.sub.x-1 through the opening of suitable valves or other
      control means 34 in discharge conduits leading from these segments to the
      natural reservoir 28. Alternatively, the water from these segments S.sub.x
      and S.sub.x-1 may be removed from the cooling reservoir 10 and stored
      during peak power demand periods to permit the use of sufficient
      quantities of water from the natural reservoir 28. At a later time when
      power demand is less, the stored water may be returned to the cooling
      reservoir 10 while water from other, cooler segments is discharged into
      the natural reservoir 28 to prevent too high a water level in the cooling
      reservoir 10.
PAR  Referring now to FIG. 3 wherein a once-through cooling system is
      illustrated schematically, cooling water for the power plant 14 is drawn
      from a natural body of fresh or saline water 38 via the cooling water
      intake 12 and is discharged at the discharge point 16 into the cooling
      reservoir 10. The cooling reservoir 10 may include a discharge cooling
      canal 40 and a discharge cooling basin 42 into which the canal 40 empties.
      The discharge basin 42 may be separated from the natural reservoir 38 by
      one or more conventional weir gates generally indicated at 44 so that the
      discharge of water from the discharge basin 42 into the natural reservoir
      38 may be controlled.
PAR  A plurality of segments S.sub.1 -S.sub.n may be established in the cooling
      canal 40 as previously described, each of the segments representing an
      equal time interval. After the water used for condenser cooling in the
      power plant 14 is discharged into the canal 40, the thermal
      characteristics of the water represented by the segments S.sub.1 -S.sub.n
      are periodically determined and accounted for as will hereinafter be
      described in greater detail. As for the water in the discharge basin 42,
      it can be assumed that, for the most part, this water is thoroughly mixed
      and may thus be accounted for as a single segment S.sub.d.
PAR  In the cooling system illustrated in FIG. 3, power plant cooling may not
      present problems since the cooling water is drawn directly from the
      natural reservoir 38. However, the cooling water discharged from the power
      plant 14 may be at too high a temperature to meet the standards for
      discharge into the natural reservoir 38 even after it has travelled the
      length of the canal 40 and has mixed with the water in the discharge basin
      42. The temperature of the water in the basin may, however, be suitable
      for discharge into the natural reservoir 38 if it is stored for a period
      of time in the discharge basin 42 sufficient to permit the required loss
      across its surface. In the meantime, the temperatures of the water
      represented by several of the segments S.sub.1 -S.sub.n may be determined
      to be sufficiently low to meet the discharge standards and may be diverted
      from the discharge canal 40 through suitable conduits 46 controlled by
      suitable valves 48 and discharged directly into the natural reservoir 38.
      In this manner, the level of the water in the basin 42 may be prevented
      from becoming excessively high in the time period during which the water
      is stored in the basin 42 and allowed to cool through heat transfer to the
      atmosphere until the water is at a temperature which meets the discharge
      standards.
PAR  For example, the water representing peak operating periods of the power
      plant 14 may be discharged into the basin 42 and may still be too warm to
      be immediately discharged into the natural reservoir 38. Accordingly, the
      weir gate 44 may be operated to prevent the discharge of this warm water
      from the basin 42. While the flow of water from the basin 42 is prevented,
      there may be several segments in the canal 40 representing periods of
      relatively low power demand which may be safely discharged directly into
      the natural reservoir 38. Thus, the valves 48 in the conduits 46
      communicating with these segments may be opened to permit water from these
      segments to be dumped directly into the natural reservoir 38 bypassing the
      basin 42. At a later time, when the temperature of the water in the basin
      42 is sufficiently low for discharge, the weir gate 44 may be operated to
      permit discharge of water from the basin 42 and the valves 48 may be
      closed in coordination with the opening of the weir gates 44. Thus, the
      flow pattern of the cooling system may be modified responsively to the
      determined thermal characteristics of the cooling system to prevent
      excessive discharge temperatures.
PAC  Determination and Control of Thermal Characteristics
PAR  To insure accurate control of the flow pattern of the cooling system as
      described in connection with FIGS. 1-3, accurate data as to the thermal
      characteristics of the cooling system must be available at least
      periodically.
PAR  As was previously mentioned, a suitable temperature sensor may be disposed
      at a fixed location in each segment of the cooling reservoir and the
      temperature of each segment at this one location may be read periodically,
      e.g. every hour. These readings may be transmitted to some central control
      location, for example, as electrical signals, and there utilized to
      determine the manner in which the cooling system should be operated.
      Suitable conventional flow metering devices, for example, flow meters
      designated M in FIG. 3, may be provided to account for the total volume of
      water in the cooling reservoir so that, in the illustrated system of FIG.
      3, the operation of the valves 48 and the weir gate 44 may be coordinated
      to control water level in the reservoir.
PAR  By way of example, the operation of the cooling system illustrated in FIG.
      3 may proceed as follows: The total flow of cooling water through the
      power plant 14 may be some quantity A (cubic feet per hour) and the total
      area of the cooling reservoir 10 including the discharge canal and the
      discharge basin may be some quantity B (square feet). Assuming, for the
      purpose of explanation, that the water level throughout the reservoir 10
      is some quantity C (feet), and that the control level of the weir gate 44
      is also equal to C, as water is discharged into the canal 40 displacing
      water in the basin 42, water is discharged from the basin 42 into the
      natural reservoir 48.
PAR  At some time it may be determined that the temperature of the water in the
      discharge basin 42 is above the maximum all owable water discharge
      temperature. However, it may also be determined at that same time that the
      temperature of the water represented by several segments in the canal 40,
      e.g. the segments S.sub.4 -S.sub.7, is low enough to permit discharge into
      the natural reservoir 38. At that time, the appropriate control valves 48
      may be opened to permit the direct discharge of water from the segments
      S.sub.4 -S.sub.7 at least until it is determined at a later time that the
      temperature of the water in the discharge basin 42 is sufficiently low to
      be discharged into the natural reservoir 38. During the period in which
      cooling water is bypassed around the discharge basin 42 through the
      conduit 46, the level of the cooling reservoir 10 may be determined, by
      way of example, as follows:
      ##EQU1##
      where D is the total flow rate in cubic feet per hour through the conduit
      46.
PAR  Of course, if the total amount of water discharged directly from the canal
      40 into the natural reservoir 38 is equal to or exceeds the total amount
      of water flowing through the plant 14, the water level in the cooling
      reservoir 10 will remain the same or decrease. However, if the quantity of
      water discharged through the conduit 46 is less than the quantity of water
      discharged into the cooling reservoir 10 from the power plant 14, the
      level of the cooling reservoir 10 will rise and water will be discharged
      from the basin 42 into the natural reservoir 38. Accordingly, under such
      conditions, the weir gates 44 may be operated to prevent such discharge.
      At a later time when the temperature of the water in the basin 42 is
      sufficiently low, the valves 48 may be closed and water thereafter
      discharged from the discharge basin 42 into the natural reservoir 38 by
      changing the levels of the weir gates 44.
PAR  As was previously discussed, the use of a single temperature sensor in each
      segment of the cooling reservoir to determine the required thermal
      characteristics may not provide sufficiently accurate results for some
      applications. Thus, a plurality of temperature readings may be taken
      throughout each segment at least periodically and averaged to provide an
      average temperature of each segment. This, of course, requires much more
      expensive instrumentation.
PAR  To provide reliable data as to the thermal characteristics of the cooling
      reservoir, both for control purposes on a real time basis and for
      predictive studies, the temperature of the various segments may be
      determined and the segments accounted for in accordance with the system
      illustrated in FIGS. 4 and 5. In this system, the temperature of each
      segment is calculated periodically, e.g. on an hourly basis, in accordance
      with the conditions which affect the transfer of heat across a water
      surface.
PAR  Before proceeding with a description of FIGS. 4 and 5, it may be useful to
      first note the mechanisms by which heat is transferred to and from a body
      of water from the atmosphere.
PAR  A body of water having a surface exposed to the atmosphere varies in
      temperature primarily by gaining or losing heat in an amount relating to
      the prevailing conditions of the atmosphere above the surface. The various
      mechanisms by which heat is exchanged between the water surface and the
      atmosphere include (1) back radiation, (2) evaporation, (3) conduction,
      (4) short-wave solar radiation and (5) long-wave atmospheric radiation.
      The first three of these heat exchange mechanisms are those by which
      bodies of water discharge heat to the atmosphere whereas the latter two
      mechanisms are those by which water primarily receives heat from the
      atmosphere. Thus, if the first three mechanisms exceed the latter two, the
      body of water discharges heat to the atmosphere and vice versa.
PAR  The transfer of heat across the surface of a body of water may be expressed
      as follows:
EQU  H = H.sub.r - H.sub.t                                      (1)
PAL  where
PA1  H.sub.r = H.sub.s + H.sub.a - H.sub.sr - H.sub.ar (radiation terms); and,(2
     )
PAL  Ht = H.sub.br .+-. H.sub.c + H.sub.e (temperature dependent terms).(3)
PAR  The various symbols utilized in the above equations are discussed in the
      previously referenced Edinger et al study and designate the following:
PA1  H.sub.s is the incoming short-wave solar radiation;
PA1  H.sub.a is the long wave atmospheric radiation;
PA1  H.sub.sr is the reflected solar radiation;
PA1  H.sub.ar is the reflected atmospheric radiation;
PA1  H.sub.br is the outgoing long-wave radiation;
PA1  H.sub.e is the heat loss due to evaporation; and,
PA1  H.sub.c is the heat loss or gain by conduction.
PAR  Incoming short-wave solar radiation H.sub.s is a measure of the radiant
      solar energy which passes directly through the atmosphere to the earth
      from the sun. The intensity of the radiant solar energy at any location on
      earth varies with the latitude of the location, time of day, season of the
      year and the amount of cloud cover. The amount of shortwave solar
      radiation reaching the earth's surface may be measured by a pyrheliometer
      and this value is generally available from weather bureaus.
PAR  Long-wave atmospheric radiation, H.sub.a, depends primarily upon air
      temperature and humidity and increases as the moisture content of the air
      increases. This term adds the largest amount of heat to a body of water on
      warm cloudy days when direct solar radiation decreases essentially to
      zero. The long-wave atmospheric radiation is a complex function of many
      variables and is largely dependent upon the distribution of moisture,
      temperature, ozone, carbon dioxide and other materials within the
      atmosphere. It is thus generally estimated by an empirical formula rather
      than measured. A commonly used formula, i.e. Brunt's formula, is set forth
      in the previously referenced Edinger et al study and may be expressed as
      follows:
EQU  H.sub.a = 4.15 .times. 10.sup.-.sup.8 (Ta + 460).sup.4 (C + 0.031
      .sqroot.e.sub.a ) BTU Ft.sup.-.sup.2 DAY.sup.-.sup.1      (4)
PAL  where:
PA1  Ta = Air temperature (Dry Bulb in .degree.F)
PA1  e.sub.a = Air vapor pressure at Ta (mm Hg)
PA1  C = brunt Coefficient (Edinger et al, supra, at 26)
PAR  A portion of the incoming solar and atmospheric radiant energy is reflected
      by the water surface before it can be abosrbed by the water. The reflected
      solar radiation, H.sub.sr, is a function of the sun's attitude measured in
      degress from the horizon, i.e., relative to the water surface, and the
      amount of cloud cover. The reflected atmospheric radiation, H.sub.ar, is
      relatively constant at H.sub.ar = 0.03 H.sub.a.
PAR  The four preceding radiation terms, H.sub.s, H.sub.a, H.sub.sr and
      H.sub.ar, comprise the radiation absorbed by the water, i.e. H.sub.r, and
      are independent of the temperature of the water upon which the radiation
      falls. The back radiation term, H.sub.br, is a measure of the radiation of
      energy to the atmosphere from the water surface in the form of long-wave
      radiation and depends on water temperature. The rate at which heat is lost
      by the water by this mechanism is commonly computed from the Step-Boltman
      Fourth Power Radiation Law also set forth in the previously referenced
      Edinger et al study at page 31 and expressed as follows:
EQU  H.sub.br = (0.97) (4.15 .times. 10.sup.-.sup.8)(Ts + 460).sup.4 (5)
PAL  where:
PA1  Ts = water surface temperature (.degree.F).
PAR  Another method by which heat is lost from a body of water is by
      evaporation. The evaporative heat loss H.sub.e is also dependent on water
      temperature and may be computed by an empirical relationship dependent
      upon wind speed and the difference between the saturated water vapor
      pressure at the surface of the body of water and the water vapor pressure
      in the air above the surface (see Edinger et al, supra, p. 34).
PAR  The temperature of the body of water may be increased or decreased by heat
      conduction H.sub.c, if the air temperature differs from the water
      temperature. The rate at which heat is conducted between the surface of
      the water and the atmosphere is equal to the product of a heat transfer
      coefficient and the difference in temperature between the two media, as
      well as the wind speed. A general equation for determining the conductive
      heat loss H.sub.c is also set forth in the Edinger et al study at page 38.
PAR  The other major variable which adds heat to the cooling water in a plant
      cooling system is the total cooling load of the plant itself. This change
      in temperature of the cooling water through the plant may be empirically
      related to the hourly plant load for a particular plant. For example, in
      one thermal power generating plant having four generating units, it has
      been determined empirically that the temperature rise through the plant,
      .DELTA.T.sub.p, may be expressed as follows:
EQU  .DELTA.T.sub.p = 1.491 + 0.00433 (L.sub.1 + L.sub.2) + 0.00726 (L.sub.3 +
      L.sub.4)                                                  (6)
PAL  where:
PA1  L.sub.1 - l.sub.4 are the hourly loads in megawatts for the various
      generating units 1-4, respectively, based upon constant flow rates for the
      various units.
PAR  It can be seen from the above equations for heat transfer across the water
      surface that there will be no heat transfer when the total heat lost
      across the water surface is equal to the total heat gained. This condition
      may be termed an equilibrium condition in that the net change in heat
      across the water surface is zero. This equilibrium condition is dependent
      upon numerous variables and may be expressed as follows:
      ##EQU2##
      where: E = variable dependent equilibrium temperature (.degree.F);
PA1  H = total absorbed radiation (BTU/sq.ft./day);
PA1  T.sub.a = dry bulb air temperature (.degree.F);
PA1  B.sub.1 = proportionality factor for the temperature vs. vapor pressure
      relationship (mm Hg/.degree.F);
PA1  K = variable heat exchange coefficient (BTU/sq.ft./day/.degree.F); and,
PA1  C(b.sub.1) = proportionality intercept for temperature vs. vapor pressure
      relationship (mm Hg).
PAR  The total absorbed radiation, H, may be determined by algebraically summing
      all of the radiation terms as was previously described (equation (2)). The
      value of H may be calculated as previously described from climatological
      data obtained from either a weather bureau or conventional instrumentation
      at the plant site. The dry bulb air temperature, T.sub.a, may also be
      obtained in this manner.
PAR  However, the variable heat exchange coefficient K and the proportionality
      factor B.sub.1 must be calculated, respectively, from the following
      equations:
      ##EQU3##
      where: e.sub.a = air vapor pressure at T.sub.a (mm Hg);
PA1  e.sub.E = saturation vapor pressure at E (mm Hg);
PA1  T.sub.d = air dewpoint temperature (.degree.F);
PA1  K = 15.538 + 2.929 (1+0.01 w.sup.2) (6.24 +24B.sub.2)      (9)
PAL  where:
PA1  w = wind speed (MPH); and,
PA1  B.sub.2 = proportionality factor for temperature vs. vapor pressure
      relationship (mm Hg/.degree.F).
PAR  The proportionality factor for temperature vs. vapor pressure relationship
      B.sub.2 may be expressed as follows:
      ##EQU4##
      where: e.sub.s = saturation vapor pressure at water temperature T.sub.s
      (mm Hg);
PA1  e.sub.E = saturation vapor pressure at E (mm Hg); and,
PA1  T.sub.s = water temperature (.degree.F).
PAR  It can be seen from the above that most of the variables in these equations
      are obtainable by measuring the climatological conditions in the vicinity
      of the power plant or by obtaining these values from the local weather
      bureau. However, it can also be seen that the equilibrium temperature E,
      the variable heat exchange coefficient K and the water temperature
      T.sub.s, which is to be determined, are interdependent.
PAR  The temperature T.sub.s can be equated to the variable dependent
      equilibrium temperature, E, the variable dependent exchange coefficient K,
      the initial temperature T.sub.i of the water at some time t.sub.1 and
      other climatological variables as follows:
      ##EQU5##
      where: T.sub.s = water temperature of a segment in degress F at time
      t.sub.2
PA1  .rho. = density of water in lbs. per cubic ft;
PA1  C.sub.p = specific heat of water BTU/lb/.degree.F;
PA1  A = surface area in square feet exposed to atmosphere; and,
PA1  Q = reservoir flow rate in cubic feet/day.
PA1  e = base of natural logarithms (2.178)
PAR  From the previous equations, it may be seen that most of the variables may
      be obtained manually using conventional meters at the plant site or by
      obtaining the readings from a local weather bureau. These readings may
      then be plugged into the equations and the temperature T.sub.s is
      calculated for each segment through a successive trial iteration method,
      i.e., by assuming values of E and T.sub.s and changing these values until
      the assumed values equal the calculated values.
PAR  Preferably, however, the terms which vary with climatological conditions
      are obtained at various locations at the plant site and transmitted as
      electrical or other suitable signals to a central processing unit
      generally indicated at 50 in FIG. 4. For example, the variable terms
      H.sub.br, H.sub.c, H.sub.e, H.sub.a, H.sub.sr and H.sub.ar may be obtained
      using appropriate conventional instrumentation and by making certain known
      calculations, as was previously described and as indicated at 52 in FIG.
      4. The dry bulb and wet bulb temperatures T.sub.a and T.sub.w may be
      provided from a conventional dry bulb and wet bulb thermometer,
      respectively, generally indicated at 54, and the wind speed w may be
      provided from a suitable conventional cup or propellor anomometer 56.
PAR  The barometric pressure P may be measured in any suitable conventional
      manner as is generally indicated at 55 and provided at the central
      processing station 50. The surface area A for each segment, the water
      density .rho., and the specific heat of water C.sub.p, may be a
      predetermined and stored value which the central processing unit 50 can
      read from memory when needed. The quantities Q and .DELTA.T.sub.p
      (equation 6) may be calculated in accordance with the number of generating
      units in operation when the thermal characteristics of the segments are
      desired.
PAR  The quantity T.sub.i is the stored value of the water segment temperature
      calculated during the immediately preceeding time interval. When the
      process is initially started, the initial temperature may be measured or
      approximated and thereafter utilized to calculate the periodic segment
      temperatures. Any error in the initial calculation or approximation is
      eliminated after the cooling water has cycled a few times.
PAR  The central processing unit 50 uses this data relating to the prevailing
      meteorological conditions on at least a periodic basis to determine the
      temperature T.sub.s of each of the segments of the cooling reservoir 10.
      The temperatures T.sub.s may then be indicated or printed out to permit
      manual control of the valves which control the flow pattern of the cooling
      reservoir 10. Alternatively, the temperatures T.sub.s may be applied to a
      valve control unit 52 which may, in turn, correlate the temperature data
      of the segments in any suitable conventional manner and generate valve
      control signals for automatic control of the flow pattern of the cooling
      reservoir 10 as was discussed in connection with FIGS. 1-3.
PAR  The central processing unit 50 may solve equation (11) through successive
      trail iteration in the manner functional illustrated in FIG. 5. Referring
      now to FIG. 5 the temperatures T.sub.a, T.sub.w and the barometric
      pressure P are utilized to calculate the air vapor pressure e.sub.a in a
      suitable conventional manner, as is indicated at 54. The dry and wet bulb
      air temperatures T.sub.a and T.sub.w are utilized to calculate the
      dewpoint temperature T.sub.d in a conventional manner, as is indicated at
      56.
PAR  The total absorbed radiation H is calculated by algebraically summing the
      terms H.sub.br, H.sub.c, H.sub.e, H.sub.s, H.sub.a, H.sub.sr, and
      H.sub.ar, in accordance with equation (1), as is indicated at 58. However,
      the remainder of the calculations must be accomplished by trial iteration
      by assuming an equilibrium temperature E.sub.as and a water temperature
      T.sub.as, as is indicated at 60 and 62, respectively.
PAR  After having assumed initial values of E.sub.as and T.sub.as, these values
      are utilized, together with the barometric pressure P, to calculate the
      respective saturation vapor pressures e.sub.E and e.sub.s at these
      temperatures in a conventional manner, as is indicated at 64 and 66,
      respectively. The vapor pressures e.sub.E and e.sub.a, the dewpoint
      temperature T.sub.d, and the assumed equilibrium temperature E.sub.as are
      then used to calculate the proportionality factor and the proportionality
      factor intercept B.sub.1 and C(B.sub.1), respectively, in accordance with
      equation (8), as is indicated at 68. The vapor pressures e.sub.E and
      e.sub.s, together with the assumed equilibrium temperature E.sub.as and
      the assumed water temperature T.sub.as are utilized to calculate the
      proportionality factor B.sub.2, in accordance with equation (10), as is
      indicated at 70.
PAR  The variable dependent exchange coefficient K is then calculated in
      accordance with equation (9) using the calculated proportionality factor
      B.sub.2 and the wind speed w, as is indicated at 72, and the actual
      equilibrium temperature E is calculated in accordance with equation (7)
      from the values of B.sub.1, C(B.sub.1), H, T.sub.a, and K, as is indicated
      at 74. Likewise, the actual water temperature T.sub.s is determined in
      accordance with equation (11), as is indicated at 76, using the values of
      the initial temperature T.sub.i and the area A of the particular segment
      for which the temperature T.sub.s is desired, and using the known values
      of water density .rho. , specific heat of water C.sub.p, and the flow rate
      through the reservoir Q. When the cooling system has been operating for a
      predetermined period of time, e.g., one day, the initial segment
      temperature T.sub.i may be the temperature of that segment calculated and
      stored during the immediately preceding time period.
PAR  The calculated values of equilibrium temperature E and the temperature
      T.sub.s of the water segment may then be compared, respectively, to the
      corresponding assumed values, as is indicated at 78 and 80. Predetermined
      tolerances .delta. (for the equilibrium temperature comparison) and
      .gamma. (for the water temperature comparison) may be used as tolerances
      within which the differences between the calculated and assumed values
      must fall before the calculated water segment temperature T.sub.s can be
      provided as an output quantity.
PAR  For example, if the absolute value of the difference between the calculated
      equilibrium temperature E and the assumed equilibrium temperature E.sub.as
      is less than or equal to the predetermined tolerance .delta. , an enabling
      signal may be provided at an output gate 82. Likewise, if the difference
      between the calculated segment temperature T.sub.s and the assumed segment
      temperature T.sub.as is less than or equal to the predetermined tolerance
      .gamma. , an enabling signal is applied from the comparator 80 to the
      output gate 82. If both enabling signals are present at the output gate 82
      simultaneously, the calculated value of segment temperature T.sub.s is
      provided as an output quantity, as is illustrated in FIG. 5.
PAR  However, if the predetermined tolerances .delta. and .gamma. are not met,
      control signals (&gt; .delta. -, &gt; .delta. +) and (&gt; .gamma. -, &gt; .gamma. +)
      are generated, and either increment or decrement the assumed E and assumed
      T values E.sub.as and T.sub.as in accordance with the sign of the control
      signals. The process is then repeated, using the new values of E.sub.as
      and T.sub.as, and is further repeated if necessary until the tolerances
      .delta. and .gamma. are met.
PAR  While the quantity .DELTA. T.sub.p is not shown as being used in the
      calculation of T.sub.s, one or more segments may be established through
      the power plant 14 (FIGS. 1-4) and the new temperatures of these segments
      may be calculated by periodically adding the quantity .DELTA. T.sub.p or
      an appropriate portion thereof to the initial temperature of the incoming
      segment, i.e., the plant intake temperature.
PAR  For example, the segment S.sub.n may pass entirely through the plant 14 and
      become the segment S.sub.1 between successive temperature determinations.
      In this event, the entire quantity .DELTA. T.sub.p may be added to the
      temperature of the segment S.sub.n to calculate the temperature of the
      segment S.sub.1.
PAR  The trial iterative process described in connection with FIG. 5 may be
      performed as illustrated, employing suitable conventional electronic
      hardware, e.g., analog or digital adders, subtractors, dividers,
      multipliers, and the like, or may be performed on a general purpose
      digital computer appropriately programmed to perform the functions
      indicated in FIG. 5. Iterative techniques suitable to perform the
      indicated calculations are well known in the art and may be adapted to
      this process by one skilled in the art.
PAC  SUMMARY OF ADVANTAGES AND SCOPE OF THE INVENTION
PAR  It is apparent from the foregoing description that the present invention
      offers numerous advantages over prior art methods for determining and
      accounting for the thermal characteristics of the cooling liquid in
      various types of cooling systems. The present invention permits the
      thermal characteristics to be determined accurately and rapidly on an
      essentially real time basis whereby the cooling system can be controlled
      on an essentially real time basis.
PAR  Using the data provided in accordance with the present invention, the flow
      pattern of a cooling reservoir may be controlled to maximize plant
      efficiency under various plant load conditions and under various
      climatological or meteorological conditions. Moreover, temperature
      standards for the discharge of cooling water into natural reservoirs may
      be met in accordance with the present invention.
PAR  The determination of temperatures through the use of the iterative
      technique of the present invention provides a convenient and highly
      accurate accounting of water temperatures for real time control or for
      predictive studies. Plant efficient and cooling system operation can
      thereby be optimized in a particularly advantageous manner.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential characteristics thereof. The
      presently disclosed exemplary embodiments are therefore to be considered
      in all respects as illustrative and not restrictive, the scope of the
      invention being indicated by the appended claims rather than by the
      foregoing description, and all changes which come within the meaning and
      range of equivalency of the claims are therefore intended to be embraced
      therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for operating a liquid cooling system including a cooling
      reservoir having a surface exposed to the atmosphere along at least a
      portion of a flow path of a reservoir, the method comprising the steps of:
PA1  establishing a plurality of reservoir segments each representing specified
      time intervals and together representing at least a portion of an overall
      flow pattern of the cooling system, the flow path of the reservoir
      including an electric power generating plant condenser;
PA1  determining an initial thermal characteristic of at least one of the
      segments at a first time and at a predetermined location in the cooling
      system;
PA1  at least periodically determining the thermal characteristic of the one
      segment at successive specified time intervals after said first time in
      response to the initially determined thermal characteristic and prevailing
      heat transfer conditions to which the segments are exposed, the prevailing
      heat transfer conditions including the hourly generated electric power of
      the electric power generating plant; and,
PA1  modifying the flow pattern of the cooling system responsively to the
      determined thermal characteristics of the at least one segment.
NUM  2.
PAR  2. The method of claim 1 wherein the thermal characteristics of the one
      segment are determined at least hourly in response to the prevailing heat
      transfer conditions including the heat transfer conditions to which the
      surface of the segment is exposed.
NUM  3.
PAR  3. The method of claim 1 wherein the flow pattern of the cooling reservoir
      is modified by changing the length of the flow path of the at least one
      segment through the cooling reservoir.
NUM  4.
PAR  4. The method of claim 1 wherein the flow pattern of the cooling reservoir
      is modified by introducing a liquid having thermal characteristics which
      differ from the calculated thermal characteristics of the one segment into
      the cooling reservoir at a predetermined location along the flow path of
      the reservoir.
NUM  5.
PAR  5. The method of claim 4 wherein the flow pattern of the cooling reservoir
      is further modified by discharging liquid from the one segment of the
      cooling reservoir.
NUM  6.
PAR  6. A method for operating a liquid cooling system including a cooling
      reservoir having a surface exposed to the atmosphere along at least a
      portion of a flow path of the reservoir, the method comprising the steps
      of:
PA1  establishing a plurality of reservoir segments each representing specified
      time intervals and together representing at least a portion of an overall
      flow pattern of the cooling system, the flow path of the reservoir
      including an electric power generating plant condenser;
PA1  determining an initial temperature of at least one of the segments at a
      first time and at a predetermined location in the cooling system;
PA1  determining subsequent temperatures of the at least segment at specified
      time intervals after said first time in response to the initial
      temperature adn prevailing thermal transfer conditions at the surface of
      the segment by assuming a subsequent temperature and a thermal transfer
      condition and calculating the actual subsequent temperature of the at
      least one segment by successive trial iteration;
PA1  increasing the determined temperature of the segment as the segment passes
      through the condenser by an amount proportional to the amount of generated
      electric power; and,
PA1  modifying the flow pattern of the cooling system responsively to the
      determined temperature of the at least one segment.
NUM  7.
PAR  7. The method of claim 6 wherein the assumed thermal transfer condition is
      the equilibrium temperature at the surface of the segment.
NUM  8.
PAR  8. The method of claim 7 wherein the flow pattern of the cooling reservoir
      is modified by changing the length of the flow path of the at least one
      segment through the cooling reservoir.
NUM  9.
PAR  9. The method of claim 7 wherein the flow pattern of the cooling reservoir
      is modified by introducing a liquid having thermal characteristics which
      differ from the calculated thermal characteristics of the one segment into
      the cooling reservoir at a predetermined location along the flow path of
      the reservoir.
NUM  10.
PAR  10. The method of claim 9 wherein the flow pattern of the cooling reservoir
      is further modified by discharge liquid from the one segment of the
      cooling reservoir.
NUM  11.
PAR  11. A method for determining the thermal characteristics of a liquid
      cooling system including a cooling reservoir having a surface exposed to
      the atmosphere along at least a portion of a flow path of the reservoir,
      the method comprising the steps of:
PA1  establishing a plurality of reservoir segments each representing specified
      time intervals and together representing at least a portion of an overall
      flow pattern of the cooling system, the flow path including an electric
      power generating plant;
PA1  determining an initial temperature for each of the segments at a first time
      and at predetermined locations in the cooling system;
PA1  thereafter determining subsequent temperatures of each of the segments at
      specified time intervals after said first time in response to the initial
      temperature of each segment and prevailing thermal transfer conditions at
      the surface of each segment by:
PA2  assuming a subsequent segment temperature and an equilibrium temperature
      for each of the segments;
PA2  calculating the actual equilibrium temperature and the actual subsequent
      temperature for each of the segments from the assumed temperatures and the
      prevailing thermal transfer conditions;
PA2  comparing the values of assumed and calculated temperatures; and,
PA2  if the compared values are within predetermined tolerances, modifying the
      values of the assumed temperatures and repeating the steps of calculating
      and comparing;
PA1  wherein the initial temperature of each segment comprises the temperature
      of that segment calculated during the immediately preceding time period
      and wherein the initial temperature of one of the segments includes the
      change in temperature of cooling liquid due to the liquid passing through
      the power generating plant.
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ABST
PAL  The instant invention describes an improvement in a starter-generator
      arrangement in which a dynamoelectric machine is driven as a brushless DC
      motor to start a dynamic load such as a jet engine and as a cynchronous
      constant frequency generator after the jet engine is ignited and brought
      up to speed. A plurality of cycloconverters utilizing phase controlled
      rectifier banks are operated from a constant frequency supply source to
      supply current to the armature windings of the machine in the starting
      mode. Position sensing elements such as Hall generators sense the rotor
      position relative to the machine windings and generate enabling signals to
      control conduction of the phase controlled rectifiers to supply current to
      the proper armature windings so that the machine functions essentially as
      a DC brushless motor to drive a dynamic load such as a jet engine. The
      Hall sensors are so positioned that the enabling signals are generated so
      that stator current conduction in one winding may be terminated and
      current conduction switched to the next winding in such a fashion that
      commutation of the conducting SCR's by the machine counter EMF is made
      possible at high speeds while permitting maximum torque at standstill and
      low speeds. The stator current conduction angle with respect to the rotor
      position is varied as a function of speed. By varying the position sense
      advance and hence, the phase angle between the armature current and the
      machine voltage, maximum torque may be produced at the low speeds and
      maximum current may be commutated at the speeds where the machine voltage
      must be utilized to commutate the SCR's to transfer current flow from one
      winding to the other. The cranking time of an engine is thus substantially
      reduced since at low speeds, maximum torque is developed from the machine.
BSUM
PAR  The instant invention relates to a system for controlling a dynamoelectric
      machine to operate the machine as a DC brushless motor in one operating
      mode and as a generator system with constant frequency output in another
      mode. More particularly, the invention relates to a system in which
      cycloconverter control circuits are operated in such a manner as to drive
      the dynamoelectric machine as a brushless motor in one mode and to provide
      frequency conversion of a variable frequency voltage from the machine
      during the generator mode. Furthermore, circuitry is provided which
      adjusts the phase angle between the armature current, the flux, and the
      machine counter EMF to provide maximum torque at low speeds while
      permitting maximum current commutation by the machine counter EMF at
      speeds where the machine frequency is equal to or greater than half the
      supply frequency.
PAR  In an application for U.S. letters Patent, Ser. No. 440,322, filed Feb. 7,
      1974 in the name of David Lafuze and entitled "Starter Generator
      Electrical System Utilizing Phase Controlled Rectifiers to Drive a
      Dynamoelectric Machine as a Brushless DC Motor in the Starter Mode and to
      Provide Frequency Conversion for a constant Frequency AC Output in the
      Generating Mode," and assigned to the General Electric Company, the
      assignee of the present application, a starter-generator system is
      described in which a plurality of cycloconverter SCR banks are provided to
      supply current to the proper armature windings of a synchronous
      dynamoelectric machine so that the machine functions essentially as a DC
      brushless motor to start a jet engine. When the engine comes up to speed,
      the system is converted to the generating mode and the phase controlled
      rectifier banks are operated from the synchronous generator output voltage
      to produce a constant frequency 400 Hz output from the varying frequency
      output of the generator. While the system is operating in the starter mode
      as a brushless DC motor, the rectifier banks associated with each of the
      supply voltage phases are selectively driven into conduction and phase
      controlled to provide current flow of the proper magnitude into and out of
      the armature windings of the machine as a function of the supply voltage
      phase and the rotor position. Thus, suitable logic circuitry associated
      with the rotor position sensors determines which of the phase controlled
      rectifiers in the various banks is to be triggered to supply current to
      the winding where the field flux density is high. As current flow is
      switched from one set of windings to another, one set of SCR's must be
      commutated off and another set of SCR's associated with the winding to
      which current is to be switched, must be driven into conduction.
PAR  To obtain maximum torque from the machine (which is proportional to the
      flux density, the armature current and the cosine of the angle between
      them), it is desirable to maintain conduction in the winding as long as
      possible, i.e., virtually up to the point when the current in that winding
      reverses phase before commutating the conducting SCR's and switching
      current flow to the next armature winding. However, since SCR's are
      devices which need a finite number of volt-seconds to be driven from the
      conducting state, it is necessary to initiate the commutation process some
      point prior to the time that the current reverses phase, i.e., provides
      the commutation phase angle. On the other hand, the advance should not be
      more than necessary because the torque produced is proportional to the
      cosine of the angle of advance so that excessive advance reduces the
      amount of torque available. At low speeds, the frequency of the counter
      EMF induced in the armature winding is low compared to the supply
      frequency. Consequently, the phase angle can be very small to maximize
      torque since commutation of the conducting SCR's and transfer of current
      to the next winding can be accomplished by the supply voltage. That is,
      when the frequency of the supply voltage is high compared to that of the
      machine voltage there is a phase reversal of the supply voltage every few
      degrees of the machine voltage. Hence, every few degrees reversal of the
      supply voltage polarity reverses the anode to cathode voltage of the
      conducting SCR and thereby commutating one SCR off while another SCR is
      triggered into conduction to supply current to the next phase winding.
      However, as the machine speed increases and the machine voltage frequency
      approaches the supply frequency, it becomes more difficult to commutate
      the SCR's with the supply voltage. For example, when the machine speed is
      such that the machine counter EMF frequency is one-half the supply
      frequency, there is a phase reversal of the supply voltage only every
      90.degree. of the machine frequency which makes its commutation by the
      supply voltage very unreliable. Thus, as the machine frequency approaches
      the frequency of the supply voltage, there is no assurance that there will
      be a suitable phase reversal of the supply voltage to commutate the SCR's.
      Consequently, the machine voltage must be used to commutate the conducting
      SCR's. The amount of current that can be so commutated is proportional to
      the amount of phase advance. As a result, the phase advance with respect
      to the machine voltage must be sufficiently great to commutate the current
      at these high speeds.
PAR  In the system described in the aforesaid Lafuze application, the rotor
      position sensing Hall elements which drive the logic network that produce
      the enabling signals for one set of SCR's and commutates the conducting
      SCR's, are positioned so as to establish a fixed angle of advance. This
      angle of advance is adequate to commutate the maximum expected current by
      the machine counter EMF. That is, the position of the Hall sensor and the
      point at which commutation is initiated is fixed and represents the worst
      case condition. However, a fixed phase advance that is adequate to
      commutate the maximum current at higher speeds reduces the torque more
      than necessary at low speed where the commutation is by the supply
      voltage. This, of course, increases the angle between the armature
      current, and the flux and the machine voltage much more than necessary
      reducing the torque the machine is capable of producing. This, of course,
      represents an inefficient condition which results in reduced torques at
      the lower speeds and hence, a longer period of time is ncessary to crank
      the engine and bring it up to speed.
PAR  It is therefore one of the objectives of the instant invention to provide a
      starter-generator system utilizing a common dynamoelectric machine and
      common cycloconverter control circuitry for controlling distribution of
      current to the dynamoelectric machine during motoring in which the angle
      of advance for commutating the SCR's is optimized.
PAR  Applicant has found that an improvement in the efficiency and the torque
      output of the machine can be achieved by varying the phase advance for
      commutation of the SCR's as a function of the machine speed. Thus, at low
      speeds when commutations of the SCR is possible by the supply voltage, the
      phase advance produced by the signals from the rotor position logic is
      very small producing maximum torque from the machine. As the machine speed
      reaches a value at which the frequency of the machine counter EMF is equal
      to or greater than one-half of the supply frequency so that the machine
      voltage must commutate the SCR's, the angle of advance is increased in
      order to provide sufficient volt seconds to commutate the SCR current.
      Thus, over a given critical speed range which, for example, may be the
      range over which the machine frequency varies from one-half of the supply
      frequency to the supply frequency, the phase angle is continually
      increased until it is a maximum value to permit commutation of the maximum
      expected current by the machine counter EMF. Thus, at low speeds, the
      phase angle of advance is maintained at a minimum value so that the cosine
      of the angle between the flux, the armature current and the counter EMF is
      at a high value and maximum torque output from the machine is possible. As
      the speed of the machine increases into the critical range, the angle of
      advance is increased to permit proper commutation of the SCR's by the
      machine voltage. However, it will be realized that the overall machine
      efficiency is thus increased since at low speed where commutation by the
      supply voltage maximum torque is produced by minimizing phase advance. At
      the same time, in the critical speed range where it becomes difficult to
      commutate with the supply voltage, the phase angle of advance is optimized
      to allow commutation of the SCR's for the given current condition by the
      machine voltage.
PAR  It is therefore another object of the invention to provide a
      starter-generator system in which a dynamoelectric machine is operated as
      a brushless DC machine in the motoring mode in which the angle of phase
      advance is controlled as a function of speed to produce maximum torque at
      low speed and proper commutation by the machine voltage at high speeds.
PAR  Other advantages and objectives of the instant invention will become
      apparent as the description thereof proceeds.
PAR  The various advantages of the instant invention are realized by providing a
      synchronous type of main machine which is operated as a DC brushless motor
      in the motoring mode and as a synchronous generator in the generating
      mode. The main machine in both modes, is controlled by cycloconverters
      having a plurality of phase controlled rectifier banks which operate as
      commutating or switching elements during the motoring mode. In the
      motoring mode, signals representative of the main machine rotor position
      are processed in suitable logic circuitry to generate signals which
      control individual rectifiers in the rectifier bank to switch current to
      the proper armature windings of the main machine. The main machine rotor
      position signals are modified as a function of the speed of the machine to
      minimize the position sense advance, i.e., the phase angle between the
      armature current and the flux at standstill and low speeds when
      commutation is accomplished by the supply voltage. When the machine speed
      increases beyond a predetermined value, preferable speed at which the
      machine voltage frequency is one-half the frequency of the supply voltage,
      the commutation of the SCR's is by the machine counter EMF. It is
      therefore necessary to optimize the phase angle of advance so that the
      armature current which can be commutated by the machine back EMF is
      optimized. Thus, over the critical speed range, the phase angle is
      progressively advanced in order to permit commutation of the current by
      the machine back voltage. The system operates in such a manner that at low
      speeds the angle of advance for the position sense is minimized thereby
      producing maximum torque from the machine at low speed and is
      progressively advanced over the critical range of speed to assure proper
      commutation for the current levels as the current is switched from winding
      to winding.
DRWD
PAR  The novel features which are believed to be characteristic of this
      invention are set forth with particularity in the appended claims. The
      invention itself, however, both as to its organization and mode of
      operation, together with further objectives and advantages, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of the overall starter generator system utilizing
      a single dynamoelectric machine both as a motor and a generator and shows
      the control circuitry for achieving the switching of current to the proper
      windings during motoring control, controlling current levels during
      motoring and converting the output from the dynamoelectric machine to a
      constant output frequency during the generating mode.
PAR  FIG. 2 shows the generated voltages in the machine when functioning as a
      motor and its phase relationship to the position sensor and the position
      sensor output.
PAR  FIG. 3 is a schematic diagram of the circuitry associated with the position
      sensors to generate the logic which controls the firing of the phase
      controlled rectifiers and the manner in which it is modified as a function
      of speed.
PAR  FIG. 4 is a wave form diagram showing the output signal from the speed
      control network utilized to modify the position sensor phase advance.
PAR  FIGS. 5a-5b show the machine voltage, Hall output voltage, and output from
      the operational amplifier to illustrate the manner in which the position
      sensor advance is modified as a function of the machine speed.
DETD
PAR  FIG. 1 is a block diagram of the overall system in which a dynamoelectric
      machine is utilized both as a DC brushless motor to start a dynamic load
      such as a jet engine and as a synchronous generator driven by the jet
      engine after it has ignited and been brought up to speed. The system
      consists of four major subsystems. The first is the main power chain shown
      generally at 1 which includes the dynamoelectric machine and its
      associated energizing elements. The cycloconverters including the phase
      controlled rectifier banks which selectively switch current flow to the
      proper windings of the main machine during the motoring mode and convert
      the variable frequency output from the generator to the constant frequency
      output generating mode are shown at 2. A current control system shown
      generally at 3 is provided to control the current level in the machine
      during motoring operation and senses both input current and machine
      current to control the firing angle of the rectifiers in the
      cycloconverters and hence the armature current levels during the motoring
      mode. The current control system also includes means for weakening the
      field of the main machine to maintain the system in the motoring mode up
      to a predetermined speed. The fourth major subsystem includes the control
      circuits for firing the cycloconverter rectifiers in the proper sequence
      to switch current at the proper armature windings as a function of rotor
      position as well as the means to vary the phase angle as a function of
      machine speed.
PAR  The main power chain consists of a main machine 10 mounted on a shaft 11
      and is preferably a synchronous machine having DC field windings mounted
      on the rotor and a six-phase armature mounted on the stator. Mounted on
      the same shaft as the main machine 10 is an exciter generator 12 which has
      armature windings on the rotor and field windings on the stator. The
      exciter field windings are the only elements which are modified in
      switching between the motoring and the generating modes. The exciter field
      is connected in a three-phase WYE connection and energized from an AC
      source through a field excitation and field winding connection control
      circuit 13 during the motoring mode and is connected in series and excited
      from a DC source to function as an insideout synchronous generator during
      the generating mode.
PAR  The manner in which the exciter field windings are modified in switching
      between the motoring and generating modes is described and claimed in a
      contemporaneously filed application for U.S. letters Patent entitled:
PAC  A Field Excitation System for Synchronous Machines Utilizing a Rotating
      Transformer/Brushless Exciter Generator Combination
PAL  Ser. No. 440,516, Docket (52-AY-E174) filed, Feb. 7, 1974 in the name of
      Lawrence Waters Messenger and assigned to the General Electric Company,
      the assignee of the present application.
PAR  The voltages induced in the rotor winding of exciter 12 are rectified in a
      rectifier bridge, not shown, mounted on or within shaft 11 to provide DC
      excitation for the main machine. Also mounted on shaft 11 is a permanent
      magnet generator (PMG) 14 having a rotor consisting of a plurality of
      permanent magnet pole pairs and an armature winding mounted on the stator.
      The PMG provides the DC field excitation for exciter 12 during the
      generating mode and provides a means for determining the rotor position of
      the main machine during the motoring mode with the rotor position being
      utilized to control switching of current to the armature windings by the
      cycloconverter system 2. To this end, three Hall generators 15, 16 and 17
      mounted in the air gap of the PMG are spaced 120 electrical degrees apart
      with respect to the permanent magnet pole pairs and in magnetic flux
      sensing relationship to the rotor permanent magnets. The Hall generators
      are energized by applying a voltage from a DC source 18 across one pair of
      faces of the Hall material. A voltage is generated across the Hall element
      which is proportional to the magnetic flux density applied to the Hall
      element. Thus, as rotor of PMG 14 rotates, the voltage across the
      respective Hall generators varies from 0 to a maximum as a function of the
      flux density thereby generating three varying trapezoidal voltages spaced
      120 electrical degrees apart. The output from the Hall sensors are thus
      representative of the position of the PMG rotor. If the rotor of the PMG
      is constructed to have the same number of pole pairs as the main machine
      and the poles on the PMG are aligned with the poles of the main machine,
      the main machine rotor position is known if the PMG position is known.
      Thus, the output signals from the Hall elements 15-17 may be used to
      control switching of the gated elements in the cycloconverters to switch
      current to the proper winding in the armature of the main machine.
PAR  To this end, the three output signals from the Hall sensors are applied to
      a Rotor Position Logic Network shown generally at 20 which converts the
      varying Hall voltages to six enabling signals of 120.degree. duration to
      control the conduction interval of the six rectifiers in each bank. These
      rotor position logic signals are applied over suitable leads to the
      individual cycloconverters forming part of the cycloconverter assembly 2.
PAR  The Rotor Position Logic Network is also controlled in response to a signal
      proportional to the speed of the machine to vary the conduction period
      with respect to rotor position as a function of speed. The duration of the
      enabling signals for the SCR's which are produced by the Rotor Position
      Logic Network 20 is varied as a function of machine speed. Thus, over a
      critical range of machine speeds (preferably at speeds where the machine
      frequency varies from half the supply frequency up to the supply
      frequency), i.e., the range where commutation of the SCR's is transferred
      from commutation by the supply voltage to commutation by the machine
      voltage (counter EMF), the rotor position sense is varied to permit proper
      commutation of the armature current by the machine voltage. To this end,
      the output voltages from Hall probes 14-16 are processed in a Rotor
      Position to Speed Converter Network 49 to produce a signal proportional to
      speed. That is, by differentiating the rotor position signals from the
      Hall probes, a signal proportional to rotor speed is produced and is
      applied to a Speed Signal for Rotor Position Logic Network 19. Network 19
      may, for example, include circuitry for producing a variable width pulse
      which is proportional to speed. The output from Network 19 is applied to
      Rotor Position Logic Network 20 to vary the duration of the enabling
      signal and thereby control the phase angle between armature current, flux
      and machine voltage. It will be apparent to those skilled in the art that
      the invention is not limited to an arrangement in which a variable width
      pulse is provided as the speed signal for the Rotor Position Logic
      Network. Any suitable DC signal which is proportional to speed may be
      utilized. In fact, the output from Network 49 may be applied directly to
      Rotor Position Logic Network 20 and Network 19 eliminated completely.
PAR  Cycloconverter assembly 2 consists of three cycloconverters 21, 22 and 23
      along with the associated output filters which are connected through leads
      25, 26 and 27 and a speed controlled switch, shown for the sake of
      simplicity as three single pole double throw switches 28, 29 and 30,
      alternatively to a source of 400 Hz supply voltage at the terminals 31 or
      to an electrical output load connected to the terminals 32. The single
      pole double switches are controlled by a Supply Disconnect Network 33
      which positions the single pole double throw switches to connect the
      cycloconverters to the source 400 Hz supply voltage when the system is in
      the start mode. When the main machine 10 has brought the jet engine up to
      idling speed, Supply Disconnect Network 33 repositions the single pole
      double throw switches to disconnect the constant frequency supply source
      from the converters and to couple the output of the cycloconverters to the
      electrical load which receives the constant frequency output signal during
      the generating mode.
PAR  Each cycloconverter 21-23 consists of two banks of oppositely poled silicon
      controlled rectifiers (SCR's) which are selectively gated to control their
      conduction interval. Each bank consists of six rectifiers, one SCR for
      each of windings of the six-phase armature. Oppositely poled rectifier
      banks are provided for each supply phase to allow flow of current into and
      out of the respective windings, i.e., negative and positive current,
      during the motoring mode and to provide current during rectification and
      inverting mode of the machine when operating in a generating mode.
PAR  One input to the cycloconverters is from the main machine armature windings
      over leads 35-37. This input is shown as a three-phase lead from the
      machine. In actuality, for a six-phase machine, each of the outputs is a
      pair of windings from the corresponding pair of armature windings in the
      machine since the voltages in complementary pairs of windings of a
      six-phase machine are 180.degree. out of phase. Thus, phase 1 and phase 4
      of a six-phase machine are 180.degree. out of phase so that at any given
      time the corresponding rectifiers in a positive and negative bank of the
      converter will be conducting at the same time to permit current flow into
      one winding of the pair and out of the other winding of the same pair.
PAR  The cycloconverters are also supplied with the output from the Rotor
      Position Logic Network to determine which of the SCR's in any given bank
      is to be fired and which of the armature windings is to be supplied with
      the current. Simultaneously, each of the cycloconverters is supplied with
      a firing and blanking wave from the firing and blanking wave circuit 40 to
      ensure that firing or triggering pulses are supplied to the SCR's at any
      given bank only when the polarity of voltage across that SCR in a given
      bank is proper. To this end, firing and blanking wave network 40 is
      supplied by the 400 Hz supply voltage and generates suitable blanking
      waves for each of the cycloconverters depending on the phase of the supply
      voltage. Firing and blanking network 40 is operative to provide the firing
      and blanking signals only during the motoring mode of the machine.
      Whenever the system switches to the generating mode, firing and blanking
      network 40 is disabled in response to a speed control signal impressed on
      an associated disable terminal. Reference wave generator 41 which is
      normally disabled by control circuit 43 during the motoring mode is then
      coupled to the cycloconverters and supplies a reference wave signal. The
      signal from reference wave generator 41 is compared in the cycloconverter
      to the integral of the machine line-to-line voltage to produce the
      triggering pulses for the individual rectifiers which control the
      conducting intervals so as to produce a constant frequency output from the
      variable frequency input signal of the main machine. Control circuit 43
      which normally disables reference wave generator 41 is controlled by a
      speed signal so that when the main machine reaches a certain speed, a
      speed at which the machine converts from the motoring to the generating
      mode, the firing and blanking wave generating circuit 40 is disabled and
      the constant frequency reference wave generator 41 is enabled to take over
      control of the cycloconverters.
PAR  The firing sequence of the individual rectifiers in the cycloconverter
      rectifier banks is also controlled by a fourth signal which varies the
      firing point and hence, the phase angle of the rectifiers in the banks as
      a function of the current in the machine during the motoring mode. To this
      end, the current sensing and control chain, illustrated generally at 4,
      initially regulates the current level as a function of input current from
      the supply source to the cycloconverters and thereafter, as the starter
      picks up speed, controls the current level both in response to the machine
      stator current level and machine speed. As the machine increases in speed
      thereby increasing counter EMF generated in the stator windings of the
      main machine, a point is eventually reached at which the counter EMF is
      sufficiently high so that insufficient armature current flows to continue
      to provide accelerating torque. At this point, the current control network
      4 introduces field weakening, i.e., reduces the magnitude of the field of
      the main machine thereby reducing the counter EMF increasing armature
      current. In addition, the current control source also operates to control
      the field excitation of exciter 12 to maintain the exciter current
      constant as the speed increases to avoid overheating when the machine is
      at a standstill and at very low speeds.
PAR  When the machine is at a standstill, the current in the machine windings is
      DC and therefore difficult to measure. At low speeds, the AC machine
      current is at a very low frequency and consequently also difficult to
      measure. Hence, machine current control at standstill and low speeds is
      obtained indirectly by measuring the supply current rather than the
      machine current. A Starting Current Control Network 45 receives, via
      current transformer 46, the incoming 400 Hz current from the supply source
      compares it with a reference current and provides an error signal
      proportional to any deviation. The error signal is applied to a Machine
      Armature Current Control Network 47 which provides a control voltage that
      is applied to the cycloconverters to vary the current level of the
      cycloconverter. Machine Armature Current Control Network 47 is also
      controlled in response to an Armature Current/Speed Control Network 48
      which senses the machine armature current and the speed of the machine to
      override the effect of Starting Current Control Network 45 whenever the
      armature current and the machine speed reach a predetermined level. When
      Starting Current Control Network 45 is disabled, Machine Armature Current
      Control Network 47 produces control signals for the cycloconverter solely
      in response to the machine armature current and machine speed. To this
      end, machine armature current is sensed by a suitable armature current
      transformer coupled to one of the main machine output lines and applied as
      an input to network 48. It will be appreciated that although but a single
      current transformer is indicated that the signal representative of the
      armature current may be taken from all of the armature windings to present
      an average armature current at the regulating element.
PAR  The other input to Armature Current Speed Control Network 48 is from Rotor
      Position to Speed Converter 49 which is coupled to the output of one of
      the Hall devices associated with the PMG generator. That is, the voltage
      from the Hall generators represent the position of the PMG rotor. By
      suitably processing these position signals, as by differentiation, for
      example, the speed of the rotor may be sensed and the speed signal is
      utilized to control the armature current level and is also utilized to
      disable the various logic networks whenever the speed of the machine is
      sufficiently high to switch operation from the starting to generating
      mode.
PAR  As the speed of the machine increases in the starting mode, the counter EMF
      generated in the armature winding of machine 10 rises until at some speed,
      which is still less than the idling speed of the jet engine, the counter
      EMF equals or exceeds the supply voltage. When this occurs, the supply
      voltage can no longer force enough current to the armature windings to
      satisfy the control loop requirements. In other words, the accelerating
      torque is reduced until eventually there is insufficient torque to
      accelerate the engine further. It is, therefore, necessary to initiate
      field weakening for the main machine by reducing the excitation for
      exciter 12. At this time, the output from Machine Armature Current Control
      Network 47 applies a control signal to a field weakening control circuit
      50 which normally maintains field weakening circuit 51 in a disabled
      state. Field weakening control circuit 50 now permits field weakening
      circuit 51 to operate and produce an output signal which is applied to
      field control circuit 52 which varies the energizing voltage to field
      excitation network 13. By reducing the excitation for the exciter which is
      operating as a rotating transformer, the rectified output applied to the
      main field is reduced and this, in turn, reduces the counter EMF in the
      machine until it is less than the supply voltage. Current is again
      supplied to the armature winding so that positive accelerating torque
      continues to be supplied to the output shaft which drives the jet engine.
PAR  Field control circuit 52 also operates to maintain field excitation of
      exciter 12 constant in the absence of field weakening. One input to field
      control circuit 52 is from a current transformer 53 coupled to the exciter
      field winding which senses the current supply to the exciter. Field
      control circuit 52 maintains field excitation constant by maintaining
      constant field current for exciter 12. The basis for this form of
      regulation of the field current is the fact that as the speed of the
      exciter increases, the effective impedance of the exciter goes down. If a
      constant voltage is applied to the field winding, the field current will
      increase with speed. This increases the output of the exciter and
      correspondingly increases the excitation applied to the main rotor field.
      Since the main rotor field is already at saturation, this would simply
      pump more current into the main machine field resulting in heating of the
      machine. Consequently, as the speed of the machine goes up and the
      impedance of the exciter goes down, a condition which tends to increase
      current flow, the current flow in the exciter is sensed and the field
      control circuit produces a control signal which reduces the excitation to
      maintain the current constant as the machine increases in speed from
      standstill to operating speed.
PAR  In summary, the starter generator circuit illustrated generally in block
      diagram in FIG. 1, consists of a main machine which is of synchronous
      construction, an exciter generator to supply field excitation for the main
      machine and a permanent magnet generator which supplies DC excitation for
      the exciter during the generating mode and which is also utilized to sense
      the position of the main machine rotor. Sensing of the main machine rotor
      position is achieved by means of suitably positioned Hall generators in
      the permanent magnet generator, which has the same number of pole pairs as
      and are aligned in the same manner as the main machine to produce position
      sensing voltages which are converted in suitable logic circuitry to
      produce control signals which control the rectifiers in cycloconverters
      21-23 to switch current to the proper armature windings of the main
      machine.
PAR  In addition, the rotor position logic is modified as a function of speed to
      control the phase angle between armature current, flux and machine voltage
      to advance the phase angle with speed to ensure that proper commutation of
      the SCR's by the machine voltage can take place at speeds where the
      machine frequency is at least half of the supply frequency or greater. In
      this fashion, the main machine is operated as a brushless DC generator
      with the cycloconverter banks operating as commutating or switching means
      to supply current to the proper armature windings in response to the rotor
      position sensed by the Hall devices associated with the PMG's with the
      phase angle controlled by the speed of the machine.
PAR  After the machine reaches the idling speed of the jet engine, it is driven
      by the engine and must convert from the starting (motoring) mode to a
      generating mode. Speed signals are generated which disable the Rotor
      Position Logic Network that switches current between armature windings as
      a function of rotor position. The constant frequency supply voltage is
      disconnected from the cycloconverters and the field windings for exciter
      12 are reconnected. DC excitation is applied to the exciter to operate it
      as a synchronous exciter-generator. Reference wave generator 41 is coupled
      to the cycloconverters so that the cycloconverters now function as
      frequency converters to convert the varying frequency output from the main
      machine armature now being driven by the engine, to a constant frequency
      output signal.
PAR  The details of the circuits for producing starting current control, machine
      armature control, armature current speed control, field weakening, 400 Hz
      firing and blanking, the details of the cycloconverter connections, and
      the means of firing the same, are not critical to the instant invention
      which is concerned with the means for modifying the rotor position logic
      output as a function of speed to control the phase angle of the armature
      current flow as a function of speed. The details of these various other
      circuits are described and shown in the aforementional Lafuze Patent
      application, Ser. No. 440,322 and reference is hereby made to the said
      copending application for the details of the circuits and it is hereby
      incorporated by reference for a showing of the details of these particular
      circuits making up a part of the overall starter generator.
PAR  The Rotor Position Logic Network is shown in FIG. 3 and processes the
      output signals from the Hall generators to provide enabling signals which
      control the current flow in the selected windings. By positioning three
      (3) Hall probes 120 electrical degrees apart, (for a six-phase machine),
      it is possible to determine when the flux associated with a given winding
      approaches a maximum value. From this information, it is possible to an
      generate enabling signal which then allows current to flow into and out of
      a particular winding to produce torque. In addition, the rotor position
      logic must ensure that the SCR associated with a given winding is
      triggered to allow current to flow only when the SCR associated with the
      next succeeding armature winding is not in condition to be triggered to
      prevent simultaneous current flow in successive armature winding phases.
      Furthermore, the Hall probes are so positioned, mechanically, with respect
      to the armature windings that the Hall probe output leads the actual field
      flux sufficiently so that the SCR's may be properly commutated. In other
      words, the armature current must be sufficiently phase advanced with
      respect to the flux field to permit proper commutation of the SCR' s.
      Consequently, at low speed the phase angle can be very small producing
      maximum torque since the supply voltage can commutate the SCR's. As the
      speed increases to a level where the machine frequency exceeds half the
      supply frequency and commutation must be accomplished by the machine
      voltage, the armature current phase angle must be advanced. The Rotor
      Position Logic output must be modified in response to a speed signal to
      allow variation with speed by phase advancing the armature current
      sufficiently to permit commutation of the SCR's by the machine voltage.
PAR  With respect to the main enabling signal from the rotor position logic,
      assume for example, that the firing sequence is to be such that current
      flows successively into windings W1, W3 and W5 (and out of Windings 2, 4,
      and 6). When the hall probe indicates that current is to be supplied to
      Winding W3, because the flux from the field is increasing so that the flux
      at Winding W3 becomes high, the logic circuit must generate the enabling
      signal for the SCR's associated with Winding W3 only during the interval
      when the Hall probes also indicate that the flux at W3 is high and the
      flux associated with the next succeeding winding, i.e., W5, to which
      current is to be switched thereafter, is low. This is to ensure that only
      one winding at a time receives current.
PAR  Hence, with phase sequence 1, 3 and 5, it is obvious that when current is
      flowing in phase 1 winding W1, current flow can be switched to the phase 3
      winding W3 only during the interval when the flux associated with the
      phase 3 winding is high but not if the flux associated with phase 5 is
      also high. Similarly, when current conduction is to be transferred from
      the phase 3 winding W3 to the phase 5 winding W5 of the machine, this can
      take place only when the flux at W5 is high but not while the flux at
      phase 1 winding W1 is also high. The SCR's associated with the individual
      windings are thus triggered when the SCR's associated with the next phase
      windings conduct current are positively disabled. The nature and
      significance of this relationship can best be understood in connection
      with the wave form diagrams of FIG. 2 which illustrate the wave form of
      the counter EMF generated in the phase windings W1, W3 and W5 (i.e., the
      machine voltages) and the output voltages from the Hall probes. Thus, in
      FIG. 2a, the counter EMF in the machine windings W1, W3 and W2 is shown by
      the wave form 55, 56 and 57. The output of the Hall probe amplifiers
      associated with phase winding W1, (and hence also with phase 4 which is
      180.degree. out of phase with phase 1) is illustrated in FIG. 2b by the
      wave form 58 whereas the outputs of the Hall probes associated with
      windings W3 and W5 (and hence W2 and 6) are shown by the wave forms 59 and
      60 in FIGS. 2c and 2d. The outputs of the Hall probes have been processed
      in an operational amplifier or the like to convert the trapezoidal outputs
      from the Hall probes to square waves 58-60 which are displaced by 120
      electrical degrees. The position of the Hall generator is such relative to
      windings and the counter EMF generated in the windings that the output of
      the Hall probe is phase advanced sufficiently relative to the counter EMF
      to permit the conducting SCR to be commutated into the non-conducting
      state when current is transferred to the next winding. Thus, at t.sub.0,
      assume that current is flowing in phase winding W5 and is to be
      transferred next to phase winding W1. In order to obtain the maximum
      torque out of the motor, it would be desirable to allow current conduction
      into W5 winding until t.sub.1 and then switch current conduction from the
      W5 winding to the W1 winding. If this were done, then the angle between
      the flux, the armature current, and the machine voltage would be zero
      degrees, the cosine of the angle is unity thereby producing maximum
      torque. Stating it another way, it would be desirable to allow the number
      5 SCR's to conduct current into winding 5 as long as possible and turn
      them off at t.sub.1 when the machine voltage phase reverses. However,
      because it may be difficult if not impossible to commutate the SCR's at
      t.sub.1, it is necessary to advance the firing of the next SCR's, i.e.,
      the No. 1 SCR's to allow sufficient volt seconds to turn off the
      previously conducting No. 5 SCR's. Consequently, the Hall probles are
      mechanically positioned so that the Hall voltage goes to a maximum at some
      time t.sub.0 before t.sub.1, generating an enabling or firing voltage for
      the No. 1 SCR's while at the same time, terminating the enabling signal
      for the No. 5 SCR's. When the No. 1 SCR's are turned on, the conducting
      No. 5 SCR's are then comutated off either by the supply voltage reversing
      at low speeds or by the machine voltage driving current through it at high
      speeds. That is, if the No. 1 SCR is triggered into conduction at t.sub.0
      when the counter EMF winding W5 is still more positive than the counter
      EMF of winding W1, it has a tendency to drive current through SCR 5 in the
      opposite direction. This internal current loop between the SCR's will tend
      to turn the No. 5 SCR off before t.sub.1 since the counter EMF volt
      seconds from t.sub.0 to t.sub.1 of wave form 55 is available to commutate
      the No. 5 SCR off. It will be understood that this commutation of the
      SCR's by the machine voltage takes place at speeds where the frequency of
      the machine voltage is at least half that of the supply voltage or larger.
      As pointed out previously, at standstill or low speed, the frequency of
      the supply voltage is so much greater than the frequency of the machine
      voltage, that there is a phase reversal of the supply voltage every few
      degrees of the machine voltage and this phase reversal reverses the
      voltage across the anode and cathode path of the conducting SCR and
      commutates the SCR off without need for commutation of the SCR by driving
      current through the SCR in the manner described above. However, as the
      machine speed and the machine frequency increases, the supply signal can
      no longer be relied on to commutate the SCR's off and the machine voltage
      must be utilized to provide the commutation of the SCR's. Consequently, as
      will be described in detail below, the Rotor Position Logic Network is so
      constituted that at standstill and speeds up to those at which the machine
      frequency is one-half the supply frequency, the phase advance is minimal
      since the supply voltage is being relied on for commutating the SCR. As
      the speed exceeds the speed at which the machine voltage frequency equals
      or is greater than one-half of the supply frequency, the speed signal
      modifies the rotor position logic enabling signals so that the enabling
      signals are phase shifted to increase the phase angle to allow commutation
      of the armature current by the machine voltage with increasing speed.
PAR  It can also be seen from the voltages 58-60 that the enabling voltage for
      the No. 1 SCR's in the various banks produced in the rotor position logic
      cannot be coextensive with the enabling voltages for the No. 3 SCR's. That
      is, the field flux at succeeding windings and the Hall output voltages
      overlap so that at time t.sub.2 the phase 3 Hall probe voltage goes
      positive and the enabling signal for the No. 3 SCR's in the various banks
      is generated. It is therefore necessary to terminate the enabling voltage
      for the No. 1 SCR's at the time the No. 3 SCR's are enabled for otherwise
      it would not be possible to turn off the No. 1 SCR's and turn the No. 3
      SCR's on. Hence, when the SCR's associated with a given phase winding are
      enabled to allow current transfer to that winding from the previous
      winding in the sequence, this can take place only if the SCR's associated
      with the succeeding winding to which current is to be transferred are
      disabled. Otherwise miscommutation takes place. The following Truth Table
      indicates the relationships and establishes the intervals during which
      enabling voltages for the SCR's may be generated to proper switching of
      current between the windings.
TBL  ______________________________________                                    
                                Positive Bank                                  
                  Negative Bank SCR                                            
                                SCR                                            
     Hall Probe Condition                                                      
                  Which May be Fired                                           
                                Which May be Fired                             
     ______________________________________                                    
     1 (High) . 3 (Low)                                                        
                  1N            4P                                             
     1 (Low)  . 3 (High)                                                       
                  4N            1P                                             
     3 (High) . 5 (Low)                                                        
                  3N            6P                                             
     3 (Low)  . 5 (High)                                                       
                  6N            3P                                             
     5 (High) . 1 (Low)                                                        
                  5N            2P                                             
     5 (Low)  . 1 (High)                                                       
                  2N            5P                                             
     ______________________________________                                    
PAR  FIG. 3 illustrates one form of the Rotor Position Logic Network which
      generates the enabling voltage for the various SCR combinations to permit
      current flow into and out of the armature windings in the proper sequence
      when the flux is maximum in the positive and negative directions with
      respect to those windings. Also incorporated in the logic network is a
      means for modifying the enabling voltages in response to a signal
      proportional to machine speed to shift the phase of the enabling voltages
      and to vary the phase angle to permit commutation of the SCR's by the
      machine voltage over a critical speed range where the machine frequency is
      equal to or greater than one-half of the supply voltage frequency.
PAR  The three Hall devices .phi..sub.1, .phi..sub.2 and .phi..sub.3 which sense
      the PMG field and hence the corresponding main machine rotor field, are
      illustrated schematically at 61, 62 and 63. The Hall probes are positioned
      120 electrical degrees apart and consist of slabs of Hall material which
      has an energizing voltage from a source of positive potential +V applied
      across one pair of faces of the Hall material. A Hall voltage is generated
      across the orthogonal faces in response to flux applied to the device. The
      Hall devices, as pointed out previously, are mechanically positioned so
      that the output of the Hall probe is advanced relative to the machine
      counter EMF and flux by an angular amount sufficient to permit commutation
      of the SCR's by the machine voltage. The Hall voltages which are generally
      trapezoidal in shape are fed in phase opposition to the inverting and
      non-inverting input terminals shown respectively by the minus (-) and plus
      (+) signs of a plurality of operational amplifiers 64, 65 and 66 which
      drive a series of digital gates shown generally at 67, presently to be
      described, which generate the enabling voltages for the SCR's.
PAR  The operational amplifiers have a very high gain so that they saturate at a
      very low threshold voltage. When the voltage associated with the inverting
      terminal of each operational amplifier is positive and exceeds the
      threshold voltage the output of the operational amplifier goes negative.
      Correspondingly, when the Hall voltage reverses and the input to the
      non-inverting terminal becomes positive and exceeds the threshold voltage,
      the output of the operational amplifier switches and becomes positive. As
      a result, a square wave is generated from the Hall voltages at the outputs
      of the amplifiers. Feedback paths 67-69 are provided to the inverting
      inputs and feedback paths 70-72 are provided to the non-inverting
      terminals of each of the operational amplifiers. A control signal
      proportional to the machine speed from network 99, presently to be
      described in detail, is coupled to the individual positive feedback paths
      of the operational amplifier and cause the operational amplifiers to
      switch with a hystersis or delay proportional to the feedback signal.
      Therefore, the speed related signal from network 73 delays or advances the
      switching of the operational amplifiers as a function of machine speed,
      thereby shifting the phase of the enabling signals generated by the
      digital network and varying the phase angle at which commutation is
      initiated.
PAR  The square wave output voltages from the operational amplifiers are it will
      be appreciated, 180.degree. out of phase with the Hall voltages and are
      therefore applied to a series of inverting NAND gates 73-75 to invert the
      square waves and produce square waves which are in phase with the
      individual Hall voltages from the sensor 61-63. The output from gates
      73-75 are also applied as inputs to a set of NAND gates 76-78 which invert
      the voltages again so that the outputs of gates 73-75 and 76-78 are
      respectively in phase and out of phase with the Hall voltages from sensors
      61-63.
PAR  Coupled between the outputs of NAND gates 73-75 and 76-78 and the positive
      feedback paths of the operational amplifiers, are a first set of switching
      diodes 79-81 coupled between the output of gates 73-75 and the feedback
      paths 67-69 associated with the inverting inputs of the amplifiers and a
      second set of switching diodes 82-84 coupled between the outputs of NAND
      gates 76-78 and the feedback paths 70-72 associated with the non-inverting
      terminals of the operational amplifiers. The individual diodes are
      controlled by the outputs of the NAND gates, which in turn, are controlled
      by the output of the operational amplifiers to apply the speed control
      voltage selectively to the inverting and non-inverting inputs. Thus, if
      the input to the inverting terminal of amplifier 64 is positive, its
      output is negative and the output of NAND gate 73 is at a high or logic 1
      level. This reverse biases diode 79 permitting the positive speed signal
      from network 99 to be applied unhibited to the amplifier inverting input
      thereby adding the speed signal to the Hall voltage from sensor 61. Diode
      82, on the other hand, is forward biased since the output of NAND gate 76
      is at a low or logic zero level thereby clamping the junction of feedback
      network 70 associated with the non-inverting terminal of operational
      amplifier 64 to ground and virtually no speed signal goes to the
      non-inverting input of operational amplifier 64. In a similar manner, the
      other diodes 80-81 and 83-84 associated with the NAND gates control the
      speed signal input to operational amplifiers 65 and 66. Conversely, if the
      output of the operational amplifier 64 is positive, NAND gate 73 is at the
      low or logic 0 level whereas NAND gate 76 is at the high or logic 1 level.
      Diode 79 is, therefore, forward biased clamping the junction of the
      resistors of feedback network 67 to ground and inhibiting passage of any
      of the speed signals to the inverting terminal. Diode 82, on the other
      hand, is reverse biased and almost all of the speed signal goes unhibited
      into the amplifiers non-inverting terminal to control switching of the
      amplifiers, a function of the Hall voltage and the speed signal. It is
      therefore seen that switching diodes 79-84 control the application of the
      speed signals to the non-inverting and inverting terminals of the
      operational amplifiers to add these voltages to the Hall voltages and
      thereby control the conduction switching period of the operational
      amplifier. As will be pointed out in detail subsequently, the enabling
      signal is shifted in phase, varying the phase angle as a function of
      speed.
PAR  The outputs from NAND gates 73-75 and 76-78 are applied to a plurality of
      further NAND gates which combine the signals in such a manner that
      enabling signals are generated only if the conditions set forth in the
      above mentioned Truth Table are present. That is, enabling signals are
      generated for the SCR's associated with a given winding to permit transfer
      of current to that winding, only if the flux associated with that winding
      is high but the flux associated with the winding to which current is to be
      transferred thereafter is low. Thus, the outputs from NAND gates 73-75
      which are in phase with the output wave form from the Hall sensors and
      thus represent the flux states at the W1, W3 and W5 windings, are applied
      to a series of NAND gates 85-87 whereas the output from NAND gates 76-78,
      which are 180.degree. out of phase with the Hall voltages are applied to a
      second set of NAND gates 88-90. The other inputs to NAND gates 85, 86 and
      87 are respectively from NAND gate 77, NAND gate 78 and NAND gate 76 which
      represent the inverse of phase 3, phase 5 and phase 1 (3, 5, 1) sensors
      respectively. The outputs from NAND gates 85-87 are therefore negative
      when both inputs are positive; for NAND gate 85 when the flux is high at
      winding 1 but low at winding 3 (1.3 permitting current transfer from
      winding 5 to winding 1), for NAND gate 86 when flux is high at winding 3
      and low at winding 5 (3.5) permitting current transfer from winding 1 to
      winding 3); and for NAND gate 87 when flux is high at winding 5 and low at
      winding 1 (5.1) permitting current transfer from winding 3 to winding 1.
      The outputs of NAND gates 88-90, on the other hand, go negative for the
      flux condition, 3.1, 5.3 and 1.5 respectively. The outputs from NAND gates
      85-90 are applied as one input to NAND gates 91-96 with the other input
      being from a start mode gating signal input terminal 97 which applies a
      positive voltage to the other input terminals whenever the system is
      enabled. NAND gates 91 through 96 produce positive output enabling signals
      for their associated SCR's whenever the associated NAND gates 85 etc. goes
      negative. Thus, the output of NAND gate 91 when NAND gate is negative,
      i.e., when the flux is high at armature winding 1 but not armature winding
      W3 (i.e., 1.3, thus permitting transfer of current from phase winding 5 to
      phase winding 1. NAND gate 92 is positive when NAND gate 88 is negative,
      i.e., the flux is high at winding W3, but not winding W1 (i.e., 3.1). The
      outputs of NAND gates 91 and 92 may therefore be used to trigger the No. 4
      SCR (4P) in the positive bank, i.e., the bank which permits current flow
      out of the machine to to permit current flow out of the phase 4 winding
      (which is complementary to the phase 1 winding) and the No. 1 SCR's (1N)
      in negative banks, to permit current flow into the phase 1 winding. NAND
      gate 92 enables the No. 1 SCR's in the positive bank (1P) and the No. 4
      SCR's in the negative bank (4N) to permit reversal of current flow in this
      pair of windings. NAND gate 93 and 94 are respectively positive when the
      flux is high at winding W3 but not winding W5 (i.e., 3.5) permitting
      transfer of current from winding 1 to winding 3 and high at winding W5 but
      not at winding W3 (5.3). The outputs of NAND gates 93 and 94 thus
      respectively trigger the No. 3 SCR in the negative bank and the No. 6 SCR
      in the positive bank in the case of NAND gate 93 and the No. 3 SCR in the
      positive bank and the No. 6 SCR in the negative bank in the case of NAND
      gate 94.
PAR  Thus, when the flux is high at winding W5 but not winding W1 (i.e., 5.1)
      NAND gate 95 is positive permitting transfer of current from winding 3 to
      winding 5. When the flux is high at winding W1 but not winding W5 (1.5)
      the output from NAND gate 96 goes positive. The outputs of these two NAND
      gates enable the No. 2 SCR's in the positive banks and the No. 5 SCR's in
      the negative banks in the case of NAND gate 95 and the No. 2 SCR's in the
      negative banks and the No. 5 SCR's in the positive banks in the case of
      NAND gate 96.
PAR  We have seen from the foregoing that the rotor position logic network
      selectively enables the individual SCR's to transfer to current to a given
      winding whenever the Hall probe voltages indicate the flux at that
      particular winding is high and also that the flux density at the next
      succeeding winding is low.
PAR  The enabling signals to the various SCR's are applied simultaneously to all
      of the SCR's associated with that winding. The particular SCR that is
      fired to supply current into or out of the winding is controlled not only
      by the SCR enabling voltage, but also by the phase enabling voltage. The
      manner in which a phase enabling voltage illustrated in block diagram form
      at 40 in FIG. 1, is described in detail in the copending Lafuze
      application, Ser. No. 440,322 incorporated by reference herein. For
      example, if the output of one of the NAND gates from the rotor position
      logic network indicates that the No. 1 SCR in the positive bank and the
      No. 4 SCR in the negative bank is to be fired, all of the No. 1 SCR's in
      all of the positive banks (which equal the number of machine phases), are
      enabled as well as all the No. 4 SCR's in the negative banks. However,
      only one No. 1 SCR in the positive bank and one No. 4 SCR in the negative
      bank is triggered since only one supply voltage phase is positive with
      respect to the other phases to allow firing of the No. 4 negative SCR and
      only one supply voltage is negative with respect to the other phases to
      allow firing of the No. 1 positive SCR. Thus, current flow into and out of
      the armature windings are controlled by the phase enabling signals and the
      rotor position signals which control the particular armature winding to
      which current is to be supplied at a given time.
PAR  The machine speed signal generating network 99 includes an integrating
      amplifier 100 having an output coupled over lead 101 to the feedback
      networks 67-72 associated with the operational amplifiers 64-66. Coupled
      to the inverting input terminal of integrating amplifier 100 is a negative
      reference signal from a reference potentiometer 102 which maintain the
      output of integrating amplifier at a high positive value at low speeds.
      The reference potential from potentiometer 102 is sufficiently negative to
      drive integrating amplifier into saturation and produce a highly positive
      output voltage from the amplifier. Also coupled to the inverting terminal
      of the integrating amplifier is a signal proportional to machine speed. A
      signal proportional to speed from speed signal generating network 19 is
      coupled to input terminal 103 and AND gate 104. The output of AND gate 103
      is a variable width positive pulse the duration of which is proportional
      to the speed of the machine. Since the positive pulse is applied to an
      integrating amplifier, the voltage at the inverting terminal due to the
      speed responsive signal from AND gate 104 has an integrated positive value
      proportional to the width of the incoming pulse. At low speeds and up to a
      predetermined speed, i.e., the speed at which the machine frequency equals
      one-half of the supply frequency, the negative voltage from reference
      potentiometer 102 is sufficiently large to override the effect of the
      positive speed voltage from AND gate 104 so that integrating amplifier 100
      remains in the positive saturation and the output from the amplifier as
      applied to the operational amplifiers remains at a maximum positive
      voltage. As the machine speed goes above the predetermined speed, the
      speed signal becomes increasingly more positive and reduces negative
      voltage at the inverting terminal of the amplifier sufficiently so that
      the output of the inverting amplifier becomes less positive with
      increasing speed. When the machine reaches a speed at which the machine
      frequency equals the supply frequency the input voltage from AND gate 103
      is sufficiently large to switch the output of amplifier 100. The output of
      the amplifier however, is clamped at a voltage equal to the diode drop of
      diode 105 in the feedback path, below ground potential.
PAR  The voltage variations of the amplifier output with speed is illustrated in
      FIG. 4 which shows speed is plotted along the abscissa and the output
      voltage from amplifier 100 along the ordinate. From standstill to the
      predetermined speed S1, at which the machine frequency is one-half of the
      supply frequency, the output voltage from integrating amplifier 100 is at
      a positive maximum value. As the machine speed exceeds S1 the input from
      AND gate 104 becomes sufficiently positive to reduce the output voltage
      from the amplifier until at the speed S2 where the machine frequency
      equals the line frequency the output from the integrating amplifier has
      gone negative and is clamped at a value equal to the voltage drop across
      diode 105 below ground. At any speed between S1 and S2 such as at S.sub.x,
      the output of the amplifier is a positive voltage S.sub.x having a
      magnitude which varies inversely with speed. This positive voltage is
      applied via feedback networks 67-72 to the input terminals of operational
      amplifiers 64-66. The positive speed responsive voltage is added to the
      voltage from the Hall sensors and delays switching of the operational
      amplifiers as a function of the speed signal. The Hall sensors are
      mechanically positioned for maximum position advance, i.e., to provide the
      maximum phase advance for commutating of the SCR's by the machine voltage
      and therefore represent the maximum phase angle between the armature
      current flux and the machine voltage. The addition of the speed signal
      delays switching of the operational amplifiers by the amount proportional
      to the magnitude of the speed signal and, in a manner presently to be
      described in connection with the wave form diagrams of FIG. 5, shifts the
      phase of the enabling signal from the Rotor Position Logic reducing the
      angle of advance as a function of speed. Thus, at standstill and low
      speeds, when the positive speed related voltage is at a maximum, switching
      of the operational amplifier is delayed by a maximum amount. The enabling
      signals are phase shifted in a direction such that the phase angle of
      advance is minimized and the torque is maximized at the low speeds where
      commutation is provided by the supply voltage. As the machine reaches the
      predetermined speed where the machine frequency is one-half of the supply
      voltage, the positive speed signal is reduced in amplitude switching delay
      of the operational amplifier is, correspondingly reduced. The phase shift
      of enabling voltages at the output of the Rotor Position Logic is reduced
      and the phase angle increases so that additional current may be commutated
      by the machine voltage. At the speed where the machine frequency equals
      the supply frequency, the speed signal goes to zero and slightly negative
      so that there is no further delay in swithing of the operational
      amplifiers and the enabling voltages from the Rotor Position Logic are
      shifted in phase to produce the maximum phase advance as established by
      the mechanical position of the rotor position sensing Hall devices.
PAR  In summary, the system is arranged so that the rotor position sensing
      devices are positioned for maximum phase advance thereby permitting
      maximum current commutation by the machine voltage. At lower speeds, the
      enabling signals as produced by the Rotor Position Logic are modified to
      reduce the phase advance to a minimum value. As a result, the phase angle
      between armature current, flux and machine voltage is minimized and the
      torque is high. As the machine speed reaches the critical range, the speed
      control signal is modified to increase the phase advance to permit
      commutation of increasing amounts of current by the machine voltage. For a
      better understanding of the mode of operation, assume for the moment, that
      the output of operational amplifier 64 at a particular time is negative.
      Logic gate 73 which is driven by the output of operational amplifier 64 is
      therefore at its high or logic 1 state whereas the output of NAND gate 76
      which is driven by NAND gate 73 is at the low or logic zero state. In this
      condition, the positive speed signal applied is impressed on the inverting
      input of amplifier 64 over feedback network 67 since switching diode 79 is
      reverse biased by the positive or logic 1 output of NAND gate 73.
      Virtually, none of the speed signals go to the non-inverting input of
      operational amplifier 64 since diode 82 is conducting due to the low or
      logic 0 level at the output of NAND gate 76 clamping the junction of the
      series resistors in the feedback path essentially at ground potential.
      With the output of operational amplifier 64 negative, the input to its
      inverting terminal is positive. Hence, the positive speed signal from
      network 99 is therefore added to the positive signal from the Hall probe
      61 at the inverting terminal of the amplifier. When the sensor output
      reverses, it must overcome the thereby speed signal before the output of
      amplifier 64 switches from negative to positive. When the amplifier output
      goes positive the NAND gates reverse states with NAND gate 73 and 76
      respectively going to the logic zero and logic 1 levels. Switching diode
      79 is now driven into conducting state whereby clamping the junction of
      the resistors in feedback path 67 to ground potential removing the
      positive speed signal from the inverting terminal. Diode 82, on the other
      hand, is driven into the non-conducting state so that the full speed
      signal from integrating amplifier 100 is applied over feedback path 70 to
      the non-inverting terminal of the amplifier thereby adding this positive
      voltage to the signal from the Hall sensor 61 applied to the non-inverting
      terminal. It can be seen therefore, that the application of a speed signal
      from network 99 delays switching of the operational amplifiers and also
      delays the initiation and termination of the enabling signals from the
      logic network thereby shifting the enabling signals in phase. This phase
      shift of the enabling signals results in a reduction of the phase advance
      so that the phase angle between the armature current, the flux, and the
      machine voltages is reduced and controls the torque produced by the
      machine. The speed signal is at maximum at low speed so that the phase
      shift of the enabling signals is maximum, reducing the phase advance and
      reducing the phase angle between the armature current and the machine
      voltage thereby producing maximum torque at the low speeds. As the machine
      speed reaches the critical range, the voltage is reduced as is the phase
      shift of the enabling voltage thereby increasing the phase advance. By
      increasing the phase advance, the amount of current that can be commutated
      by the machine voltage is increased although at the price of a reduction
      in torque since the phase angle between current, flux and machine voltage
      is also increased. At maximum speed, the speed signal goes essentially to
      zero so that the phase advance for the Rotor Position Logic signals is
      that established by the mechanical position of the rotor position sensor
      which, as has been pointed out previously, are set for maximum phase
      advance for commutation by the machine voltage of the maximum expected
      current.
PAR  The manner in which the Rotor Position Logic Network of FIG. 3 functions to
      control the phase angle as a function of speed may best be understood in
      connection with FIGS. 5(a) through 5(h) which illustrate the wave forms in
      various portions of the Rotor Position Logic circuitry and shows the
      manner in which the current flow in phase winding W1 is varied as a
      function of speed to control the phase advance and hence the phase angle
      between the current and the machine voltage to permit commutation of the
      SCR's.
PAR  FIG. 5(a) shows the machine voltages 55, 56 and 57 for the three of the six
      phases of the machine, namely, the counter EMF induced in the windings 1,
      3 and 6. The voltages induced in windings 2, 4 and 5, which are
      180.degree. out of phase with these windings are not shown. However, the
      manner in which these affect control of the rotor logic circuitry is
      symmetrical with that of phases 1, 3 and 5 and hence, they will not be
      described as shown in the following wave form diagrams. The counter EMF
      induced in windings W1, W3 and W5 are in phase with the field flux
      produced by the rotor of the main machine. At time t.sub.0, let it be
      assumed that current is flowing into phase winding 5 and out of phase
      winding 2 utilizing the current flow convention of the aforesaid Lafuze
      application Ser. No. 440,322, i.e., negative current is current flowing
      into any given phase and positive current is current flowing out of any
      phase winding. With current flowing into phase winding 5 the transfer of
      current (assuming a 5, 1, 3 phase sequence) is to phase winding 1. Thus,
      at t.sub.1, the No. 1 SCR in one of the negative banks and No. 4 SCR in
      one of the positive banks must be enabled by the Rotor Position Logic
      Circuitry to allow current to flow into and out of phase windings 1 and 4.
      As pointed out previously, the phase 1 rotor position sensing device is
      mechanically positioned to provide the maximum desired phase advance for
      commutating the SCR's by the machine voltage at the worst current
      conditions. Hence, the position sensor associated with the phase winding 1
      is so positioned as to lead the machine no load voltage by the desired
      angle of advance. Thus, at time t.sub.1, the Hall sensor associated with
      winding W1 senses a change in the flux position even though flux at
      winding W1 still has not yet changed. The Hall voltage across sensor 61 is
      shown in FIG. 5(b). The Hall voltage 105 from sensor 61 is impressed on
      the inverting terminal of amplifier 64. Simultaneously, the inverse of the
      Hall voltage, i.e., a Hall voltage which is 180.degree. out of phase shown
      by curve 106 in FIG. 5(c) is applied to the non-inverting terminal of the
      operational amplifier. Although the Hall voltages, like the flux applied
      thereto, are generally trapezoidal in shape, the operational amplifiers
      have sufficiently high gain so that they saturate at a very low voltage
      level. Thus, at time t.sub.1 when the Hall voltage at the inverting
      terminal goes positive and the Hall voltage at the non-inverting terminal
      goes negative, the output of operational amplifier 64 saturates to produce
      a negative output in response to the positive input to its inverting
      terminal. The voltage at the inverting terminal remains positive until at
      t.sub.4 when the Hall voltage reverses and becomes negative. Similarly,
      the Hall voltage at the non-inverting terminal also reverses at t.sub.4
      and becomes positive. At time t.sub.4 the output of the operational
      amplifier reverses and becomes positive. Thus, the output of the
      operational amplifiers as illustrated by curve 107 in FIG. 5(d) is a
      square wave which is 180.degree.  out of phase with the Hall voltage and
      the field flux. This amplifier output is thereafter inverted in NAND gate
      73 to produce an output signal from NAND gate 73 which is in phase with
      the Hall voltage and the flux. The output signal from the operational
      amplifiers and the NAND gates are then processed in the digital gates to
      produce the enabling signals for the SCR's associated with the respective
      windings.
PAR  FIGS. 5(e) and 5(f) illustrate the voltage at the inverting and
      non-inverting terminals of operational amplifier 64 with a positive speed
      signal from network 99 added. This is, the voltages at the input terminals
      to the operational amplifiers and the output from the operational
      amplifiers 64 illustrated in FIG. 5(b)-5(d) illustrate the situation where
      there is no speed signal applied to the operational amplifier, i.e., the
      high speed condition where the maximum phase advance is desired for
      commutation purposes. FIGS. 5(e) et seq, on the other hand, illustrate the
      manner in which the addition of the positive speed voltage to the
      operational amplifier feedback networks produce a delay in switching of
      the operational amplifiers as a function of the speed signal thereby
      shifting the phase of the enabling signal for the SCR's and hence, the
      phase angle of the armature current in each winding with respect to flux
      and the machine voltage. FIGS. 5(e) and 5(f) show voltages at the
      non-inverting and inverting terminals of operational amplifier 64
      respectively. In 5(e) the out of phase Hall voltage 106 is applied to the
      non-inverting terminal. Similarly, in FIG. 5(f) the in-phase Hall voltage
      105 applied to the inverting terminal of the operational amplifier. A
      positive speed voltage represented by the dot and dash curve 108 is
      applied to the inverting terminal at time t.sub.2 so that the voltage 110
      at the inverting terminal is the sum of the positive speed voltage 108 to
      the Hall voltage 105 from the sensor 61. At t.sub. 1, when the Hall
      voltage applied to the inverting terminal and goes positive, which would
      normally tend to drive the output of the operational amplifier 64
      negative, the voltage at the non-inverting terminal is still positive by
      an amount equal to the speed voltage 108 as seen in FIG. 5(e).
      Consequently, the voltage at the non-inverting terminal does not go to
      zero until time t.sub.2 when the voltage at the non-inverting terminal has
      reversed phase and gone negative by an amount equal to the speed voltage
      applied from speed network 99. At time t.sub.2, the output of the
      operational amplifier changes from the positive to the negative saturated
      state. As the output of operational amplifier 64 changes state, the NAND
      gate 73 goes to the high or logic 1 level and NAND gate 76 goes to the low
      or logic zero level. Diode 79 is driven into non-conducting state whereas
      the diode 82 associated with NAND gate 76 is driven into conduction
      clamping the junction of the feedback path 70 associated with the
      non-inverting terminal of operational 64 essentially to ground potential.
      As a result, the speed voltage is removed from non-inverting terminal and
      now applied to the inverting terminal. Thus, as shown at time t.sub.2  in
      FIG. 5(f) the speed voltage 108 is virtually instantaneously added to the
      voltage from the Hall sensor 61 and the voltage 110 at the inverting
      terminal jumps to a level which is the sum of the speed voltage and the
      sensor voltage. Simultaneously, the speed signal is removed from the
      non-inverting terminal and the voltage at the non-inverting terminal drops
      virtually instantaneously to the value of the Hall voltage at time
      t.sub.2. From time t.sub.2.sup.1 until t.sub.3, the Hall voltage stays at
      a constant value. At t.sub.3, the voltage from Hall sensor 61 begins to
      drop in value until at t.sub.4, the phase of the Hall sensor voltage
      reverses. However, the voltage at the inverting terminal is still positive
      by an amount equal to the speed voltage 108 from integrating amplifier
      100. Thus, the amplifier voltage remains negative because the voltage at
      the inverting input is still positive by an amount equal to the speed
      signal. It is not until t.sub.5 when the Hall voltage has gone negative by
      an amount equal to the speed signal that the voltage at the inverting
      terminal starts to go negative.
PAR  Thus, at time t.sub.5, the voltage at the inverting terminal goes to zero
      switching the output of the operational amplifier driving the amplifier
      from the negative saturation to positive saturation. As the amplifier is
      driven into positive saturation, NAND gate 73 does to the low or logic
      level and NAND gate 76 goes to the high or logic 1 level. As a result,
      diode 79 conducts, clamping the junction of the resistors in feedback path
      67 connected to the inverting terminal to ground potential thereby
      removing the speed signal from the inverting terminal. Diode 82, on the
      other hand, is driven into the non-conducting state so tht the speed
      signal is now applied fully to the inverting terminal thereby switching
      the voltage at the inverting terminal to a value equal to the sum of the
      positive speed voltage and the now positive Hall sensor voltage applied to
      the inverting terminal. The output from the operational amplifier, as
      illustrated in FIG. 5(g) by curve 112 switches at t.sub.2 and t.sub.5
      rather than at t.sub.1 and t.sub.4 with the amount of delay being
      proportional to the magnitude of the speed voltage.
PAR  By shifting the switching of the operational amplifier, the switching times
      of the digital gates driven by the operational amplifiers are shifted
      correspondingly thereby introducing a phase delay or phase shift in the
      enabling voltages for the SCR's which are proportional to the speed
      voltage applied to the network. The manner in which this affects the phase
      angle between the armature current and the machine voltage and the field
      flux is illustrated in FIG. 5(h). In FIG. 5(h) the machine voltage 55
      induced in phase 1 is shown by means of the dash and dot curve and the
      flow of armature current by the solid line curve 115. Thus, solid line
      curve 115 represents the armature current flow for maximum phase advance.
      With maximum phase advance an enabling signal is generated at t.sub.1 for
      the SCR's associated with the phase 1 winding and the SCR's associated
      with the phase 5 winding are commutated off. Thus, at some time after
      t.sub.1, the current in winding 1 reaches a maximum value and positive
      current flows into winding W1. Positive current flow into winding 1
      continues until the Hall position sensor associated with winding W3 senses
      the flux to indicate a current transfer from winding 1 to winding W3 is
      required. The logic circuitry associated with the SCR's for winding 3
      thereafter produce an enabling signal for the SCR's associated with
      winding 3, while at the same time, the enabling signal for the winding 1
      SCR's is terminated and the winding 1 SCR's is terminated and the winding
      1 SCR's are commutated off. Thus, at time t.sub.6, the current in winding
      1 terminates and goes to zero. It can be seen therefore that for this
      condition for maximum phase advance a phase angle .theta..sub.a exists
      between the armature current and the machine voltage and the field flux.
      Thus, where maximum phase advance is provided, in order to commutate the
      SCR's by the machine voltage, the phase angle between the armature current
      and the machine voltage is such that the torque is reduced since the
      torque is a function of the cosine of the angle between the current, the
      flux and the voltage.
PAR  If however, the speed signal is applied to the rotor position logic thereby
      delaying switching of the operational amplifiers and shifting the phase of
      the enabling signals, the phase angle between the current and the voltage
      is reduced thereby increasing the torque. Thus, for example, for the
      condition shown in FIGS. 5(b) through 5(g), with the speed signal with an
      amplitude shown by curve 108 in FIGS. 5(e) and 5(f) the operational
      amplifier switches at t.sub.2 and t.sub.5 rather than t.sub.1 and t.sub.4
      thereby delaying the switching of the operational amplifier and the phase
      shifting the enabling signal for the SCR' s. As a result, of this phase
      shift of the enabling signals, the positive current flow into phase
      winding 1 no longer is initiated at time t.sub.1 but is initiated at time
      t.sub.2 instead and now terminates at time t.sub.7. It can be seen
      therefore, that the armature current flow in winding W1 has been shifted
      in phase so as to reduce the phase angle between the armature current and
      the winding by an amount which is proportional to the speed signal. The
      phase angle between the current and the voltage is now .theta..sub.b and
      with the reduced phase angle, the torque produced by the motor is
      increased. As has been pointed out previously at the lowest speeds, the
      speed signal is very high and the amount of phase shift is directly
      proportional to the speed signal so that a standstill the low speeds, the
      phase shift is maximum and the phase angle between armature current and
      the machine voltage is reduced to a minimum thereby maximizing the torque
      output of the machine. As the speed of the machine increases, the positive
      speed voltage applied to the operational amplifiers is reduced thereby
      reducing the delay in switching of the amplifiers and reducing the phase
      shift of the enabling signals and the phase shift of the armature current.
      This increases the phase advance between the current and the machine
      voltage which reduces the torque but, on the other hand, permits
      increasing amounts of current to be commutated by the machine voltage as
      speed increases and the machine frequency approaches that of the supply
      frequency. At a speed when the machine frequency and the supply frequency
      are equal, the speed signal goes to zero and the phase shift of the
      enabling signals and the phase angles is reduces to zero and the phase
      angle between the armature current and the machine voltage is at a
      maximum. This reduces the torque. However, the phase angle being at a
      maximum, permits the maximum current to be commutated by the machine
      voltage.
PAR  It can be seen therefore that an arrangement is provided in which the rotor
      position sense is controlled so that the phase angle between armature
      current machine voltage is optimized for various speeds to provide maximum
      torque at standstill and low speeds when commutation of the SCR's can be
      readily achieved by means of the supply voltage and that the phase angle
      is increased as speed increases to allow commutation of the SCR's by the
      machine voltage even though torque is reduced at these higher speeds.
      However, by optimizing the phase advance as a function of speed, the
      overall efficiency of the machine is increased since maximum torque can be
      obtained from the machine at the low speeds and at standstill.
PAR  While a particular embodiment of the invention has been illustrated and
      described, it will be apparent that various modifications thereof may
      obviously be made in the various instrumentalities and arrangement
      described without departing from the true spirit and scope of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed as new and desired to be secured by letters patent of the
      United States is:
NUM  1.
PAR  1. In a starter-generator system, the combination of:
PA1  a. a dynamoelectric machine for operation both as a brushless DC motor and
      as a constant frequency AC generator,
PA1  b. cycloconverter means coupled to said machine for selectively supplying
      current to the machine armature windings during motoring operation and for
      converting the frequency of the output signal from the machine to provide
      a constant frequency output during generator operation, said
      cycloconverter means including banks of oppositely poled, phase
      controlled, gated, switching devices.
PA1  c. means to operate said dynamoelectric machine as a brushless DC motor
      including,
PA2  1. a source of constant frequency alternating supply voltage coupled to
      said banks of switching devices,
PA2  2. means for sensing the rotor position of said dynamoelectric machine and
      for producing in response thereto enabling signals to gate selected ones
      of said switching devices in sequence to permit current flow in selected
      armature windings as a function of rotor position so that current flows in
      the armature winding having flux associated therewith to produce positive
      torque,
PA2  3. means for controlling the phase angle between armature current, flux,
      and machine voltage over a predetermined speed range only to provide a
      fixed phase angle over a speed range wherein the machine voltage frequency
      does not exceed one-half of the supply voltage and to vary the phase angle
      at speeds wherein the machine voltage frequency exceeds one-half the
      supply voltage frequency, including means responsive to the speed of the
      machine for shifting the phase of the enabling signals to vary the angle
      at which the switching devices are gated over the speed range wherein the
      machine voltage frequency exceeds one-half of the supply voltage
      frequency, to permit commutation of the switching devices by the machine
      voltage whereby the said gating angle is maintained at a fixed minimum
      value at speeds up to said range thereby maximizing torque, and is
      increased with speed over said speed range,
PA1  d. a source of constant frequency reference waves,
PA1  e. means for converting the system from the motoring to the generating mode
      including means responsive to the speed of the dymamoelectric machine for
      disconnecting the constant frequency supply voltage, and for disconnecting
      the rotor position sensing and enabling signal producing means from said
      bank of switching devices when the machine reaches a predetermined speed
      at which the machine is to operate as a generator, and means for coupling
      the source of constant reference frequency waves to said banks of said
      switching devices for said cycloconverter means when the machine reaches
      said predetermined speed.
NUM  2.
PAR  2. The starter-generator system according to claim 1 wherein said rotor
      position gating means includes means for sensing said rotor pole position
      and for producing a polyphase signal proportional to the pole flux, means
      for comparing said polyphase signals and means for producing a gating
      signal when the pole flux adjacent a given armature winding is high but
      the flux adjacent the next armature winding is low, and means responsive
      to the machine speed for shifting the phase of said gating signal to
      produce a minimum advance of the gating angle for said switching devices
      at speeds up to a speed where the machine voltage frequency exceeds
      one-half of the supply frequency and to advance the gating angle as the
      machine speed exceeds the speed at which the machine frequency is greater
      than half the supply frequency to thereby permit commutation of said
      switching devices by the machine voltage.
NUM  3.
PAR  3. A starter-generator according to claim 2 wherein the means for producing
      a gating signal includes a switching amplifier means responsive to said
      polyphase signal proportional to pole flux to produce switching of said
      amplifiers in response to the flux, and means to vary the switching point
      of said amplifiers as a function of said speed signal to vary the phase of
      the enabling signals generated therefrom and the gating angles of said
      switching devices.
NUM  4.
PAR  4. The starter-generator according to claim 2 wherein said rotor position
      gating means includes a permanent magnet generator mounted on the same
      shaft as said dynamoelectric machine and having a rotor with the same
      number of poles as said dynamoelectric machine, a plurality of Hall probes
      mounted in the air gap of said permanent magnet generator to produce phase
      displaced output voltages indicating the pole position of the
      dynamoelectric machine rotor, said Hall probes being so positioned as to
      produce polyphase signals proportional to flux which are phase advanced
      relative to the flux relationship to the machine armature windings, said
      speed signals varying the phase shift of said enabling signal so that the
      gating angle of said switching device is less than the phase advance of
      said polyphase signals at speeds below that at which the machine frequency
      is less than half of the supply frequency and is increased as the machine
      voltage speed increases to increase the machine voltage frequency to a
      value greater than one-half of the supply frequency.
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PAL  The valve comprises a relay valve unit constituted by a main valve disc
      having an axial exhaust bore therethrough, and normally biased to a closed
      position, and a control piston assembly for adjustably moving the main
      valve disc to the open position, and a modulated-pressure control valve
      unit operable to supply a pressure, modulated in accordance with the
      loading of the vehicle, to the control piston assembly. The control piston
      assembly includes first, second and third pressure-responsive pistons with
      the first piston being cooperable with the main valve disc and the third
      piston being interengageable with the first and second pistons. A loading
      spring is engaged with the second piston, an indicated pressure chamber is
      formed between the first and second pistons, and a modulated-pressure
      chamber is formed beneath the third piston and is in communication with
      the control valve unit. A stroke adjuster, operable in accordance with the
      loading of the vehicle, is operatively associated with the control valve
      unit, and the control valve unit includes a spring biased check valve
      opened, when the modulated pressure exceeds the supply pressure, to
      equalize the modulated pressure and the supply pressure.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates to a combined load-sensing proportioning relay valve
      for use in the air brake systems of heavy duty vehicles.
PAR  In general, air brake systems of heavy-duty vehicle comprise a compressor
      and an air reservoir interconnected by piping. When either the compressor
      or the air reservoir is damaged, it becomes impossible to supply the
      required supply pressure from the air reservoir, resulting in inability to
      provide normal brake action and incurring the danger of a serious
      accident.
PAC  SUMMARY OF THE INVENTION
PAR  The general object of the present invention is to provide an improved relay
      valve combined with a load-sensing proportioning control valve which, when
      the brake supply pressure is exceeded by the modulated supply pressure for
      some reason or other, will immediately equalize the two pressures and
      thereby avoid a drop of the valve output and ensure a constant braking
      force.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and advantages of the invention will be
      apparent from the following description and from the accompanying
      drawings, wherein:
PAR  FIG. 1 is a vertical sectional view of a relay valve embodying the
      invention;
PAR  FIG. 2 is a graph showing the characteristics of the relay valve; and
PAR  FIG. 3 is a schematic diagram of an air brake circuit incorporating the
      valve of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a relay valve according to the
      invention as comprising, in general, a housing 3 containing a main valve
      disc 2 formed with an axial exhaust bore 1 and a control piston assembly
      for adjustably moving the main valve disc 2 to open the valve, and a
      modulated-pressure control valve unit 4 for supplying a pressure modulated
      to suit the payload or braking load condition of the vehicle to the
      control piston assembly. Main valve disc 2 is biased upwardly by a return
      spring 201 to the position shown in FIG. 1, in which a valve seat 202 on
      main valve disc 2 is brought into engagement with a fixed valve seat 301
      which latter is an annular valve seat sloping inwardly and downwardly.
PAR  The control piston assembly comprises three pressure-responsive pistons,
      namely first, second and third pistons 5, 6, 7, respectively.
PAR  The first pressure-responsive piston 5 has a central tubular downward
      protrusion 8, with a valve seat 9 formed at the lower end for engagement
      with valve seat 202 of valve disc 2. Piston 5 has also a central tubular
      upward protrusion 10 extending into the second pressure-responsive piston
      6, with a stopper 11 at its upper end, engageable with the second piston.
      First pressure-responsive piston 5 is urged upwardly by a spring 501 to
      the position shown in FIG. 1. A loading spring 42 is provided with between
      the housing 3 and the upper end of the second piston 6. Loading spring 42
      biases second pressure-responsive piston to engage a snap ring 43 inserted
      in an annular groove in the inner surface of housing 3 of the relay valve
      unit. The third pressure-responsive piston 7 is cooperable with second
      piston 6 by means of its upwardly extending rod 12 engageble with an upper
      boss 13 of the second piston.
PAR  Between the first and second pistons 5, 6, there is defined an
      indicated-pressure chamber 14 for receiving an indicated pressure Pi via a
      port 15. Under the third piston 7, there is formed a modulated-pressure
      chamber 16 for receiving a modulated pressure Pm from the control valve
      unit 4 through a passage 17.
PAR  Brake supply pressure Pt flows along the valve disc 2 in the open position
      of the latter and enters an output-pressure chamber 18 between valve seats
      202 and 301 while, at the same time, part of it is led through a passage
      19 into the modulated-pressure control valve unit 4.
PAR  The unit 4 comprises a pressure piston 20 reciprocably movable in the
      housing of unit 4, a sub-valve having an axial exhaust bore 22 exhausting
      and accommodated in a supply-pressure chamber 21 formed in a center boss
      of the piston 20, a balancing spring 24 disposed on the atmosphere side of
      the pressure piston 20, and an exhaust valve rod 26 formed with an exhaust
      valve seat 25 at its end adjacent the sub-valve. Sub-valve 23 is pushed to
      the left by return or balancing spring 24 to the position shown in the
      drawing, and has a a valve seat 231 at its left end confronting piston 20
      so as to contact exhaust valve seat 25.
PAR  The other end of the rod 26 carries a roller 27, and a stroke adjuster 31,
      formed with a cam plate 30 having a working cam face 28 in contact with
      the roller 27 and an idle cam face 29, is pivoted by a pin 32 to the
      housing.
PAR  A check valve 33 of the ball valve type, an essential feature of the
      present invention, is biased by a spring 34 to the normally closed
      position. The inlet side of this valve communicates with the
      modulated-pressure chamber 16 via an output-pressure chamber 35 and the
      passage 17, and the outlet side with a supply-pressure port 37 via a
      radial passage 36, formed in the pressure piston 20 and communicating with
      an external circumferential groove in piston 20, and through the passage
      19.
PAR  A spring 38 biases the exhaust valve rod 26 so that the roller 27 at its
      front end is kept in contact with the cam plate 30. Another spring 39 is
      provided to turn the cam plate 30 clockwise whenever the stroke adjuster
      31 fails to function properly for some reason.
PAR  The operation of the relay valve constructed in the manner described in
      accordance with the invention is as follows.
PAR  When the brake control valve, which has not been shown in FIG. 1, is opened
      by a driver stepping on the brake pedal, the indicated pressure Pi at port
      14 is effective in indicated pressure chamber 14. At this time, and if the
      vehicle is heavily loaded, the modulated pressure Pm is not imposed on the
      device. Accordingly, first pressure-responsive piston 5 is caused to move
      downwardly by the pressure in chamber 14 equal to the pressure-receiving
      area of piston 5 multiplied by the indicated pressure Pi, and valve seat
      9, at the lowerend of downward protrusion 8, is brought into contact with
      main valve disc 2 which is then opened downwardly. Simultaneously, the
      supply pressure Pt in port 37 is effective, through the clearance between
      valve seats 301 and 202, in output pressure chamber 18, thus providing the
      output pressure Po at port 41. The output pressure Po effective in
      pressure chamber 18 concurrently pushes first pressure-responsive piston 5
      upwardly so that the latter has its piston adjusted to a condition
      representing the balance between the indicated pressure Pi and the output
      pressure Po. Through port 41, output pressure Po is supplied to the brake
      actuators, such as the brake pistons.
PAR  The situation where the output pressure is the modulated pressure Pm will
      now be explained. When the vehicle is in an empty state, or does not
      contain any load, stroke adjuster 31 is rotated counterclockwise in the
      direction of the arrow head B, so that roller 27 comes in contact with
      working cam surface 28 and rod 26 is moved to the right in the direction
      of the arrow in FIG. 1, so that exhaust valve seat 25 closes exhaust bore
      22. Subsequently, subvalve 23 is opened against the bias of spring 44.
PAR  Under these conditions, the supply pressure Pt is effective in passage 19
      and radial bore 36, and thus in output pressure chamber 35 through the
      clearance between valve seat 40 and sub-valve 23. The pressure in pressure
      chamber 35, which is the modulated pressure Pm, is also effective in
      passage 17 and in modulated-pressure chamber 16. With the modulated
      pressure Pm effective beneath the third pressure-responsive pin 7, the
      latter is moved upwardly so that second pressure-responsive piston 6 is
      moved upwardly against the force of spring 42, through upwardly extending
      rod 12 in boss 13. Consequently, the control piston assembly is moved
      downwardly by a force corresponding to the difference between the downward
      force, acting on first pressure-responsive piston 5 by indicating pressure
      Pi, and the upward force, acting on second pressure-responsive piston 6.
      More specifically, first pressure-responsive piston 5 is pushed downwardly
      and this movement is restricted to the position where the stopper 11
      engages a radially inwardly extending contact surface in piston 6.
PAR  Then main valve disc 2 is pushed downwardly against the bias of spring 201,
      by means of valve seat 9 to close exhaust bore 1 and is opened for the
      required flow area. Simultaneously, supply pressure Pt is effective in
      output pressure chamber 18 through the clearance between valve seat 301
      and valve seat 202 of main valve disc 2. At this time, output pressure Po
      is determined by the movement of pistons 5 and 6 so that main valve disc 2
      is opened for the duration of the required output to the brake actuators.
PAR  The action when the vehicle is heavily loaded will now be explained. Roller
      27 occupies a position on working cam surface 28 corresponding to the
      magnitude of the load. Rod 26 is moved to the right in correspondence with
      this position, so that sub-valve 23 is opened in the same manner as
      described above. At this time, the pressure in output pressure chamber 35
      acts in the direction of moving pressure piston 20 to the right and
      closing sub-valve 23.
PAR  Thus, the clearance between supply valve seat 40 and sub-valve 23 is
      established in a position where there is a balance with the opposing force
      of spring 24. Accordingly, there is obtained a modulated pressure Pm
      corresponding to the position of rod 26, and thus to the loading of the
      vehicle. The modulated pressure Pm is effective in modulated-pressure
      chamber 16 to raise piston 7 for the required flow area. Thus, piston 6 is
      raised upwardly through upwardly extending member 12, resulting in control
      of the movement of main valve disc 2 to determine the output pressure Po.
PAR  Normally the supply pressure Pt is higher than the modulated pressure Pm.
      If, for some reason, the supply pressure decreases and the modulated
      pressure becomes relatively higher, it follows that, as will be seen from
      the foregoing, a low output pressure will be applied to the brake
      actuators. When this is about to happen, in the embodiment being
      described, the ball type check valve 33, installed in the pressure piston
      20 of the modulated-pressure control valve unit 4, is opened to reduce the
      modulated pressure Pm to a level equal to the supply pressure Pt. Here, at
      the point where the open check valve 33 has lowered the modulated pressure
      to a certain degree, the balance of force between the pressure piston 20
      and the balancing spring 24 is lost. This permits the spring to force out
      the piston 20, leaving a sufficient gap between the supply valve seat 40
      and the sub-valve 23 to establish communication between the
      modulated-pressure side and the supply-pressure side, thus perfectly
      equalizing the both pressures.
PAR  With the relay valve according to the invention, as noted above, the
      modulated pressure can in no circumstance exceed the supply pressure, and
      there is no danger of insufficient braking force regardless of the
      vehicle's payload condition.
PAR  The performance of the relay valve with the foregoing features is
      graphically represented in FIG. 2. The line O-D is the output
      characteristic of the valve in a loaded vehicle. The line O-A is the
      characteristic in an unloaded state. Here, the modulated pressure,
      represented by Pm2, is the relation Pm1 &lt; Pm2. If the supply pressure Pt
      drops, when the brake output pressure is PoE at the point E on the line
      O-A, that is, it differs by .DELTA.P from Pm2, then, as will be clear from
      the foregoing description, the modulated pressure will change from Pm2 to
      Pm2 - .DELTA.P. The drop of the pressure Pt accordingly reduces the
      indicated pressure from the brake valve down to Pi - .DELTA.P. Thus, the
      valve output PoE at the point E is shifted to PoF at F. This example shows
      the case of Pi=Pt=Pm2. The output differential PoF - PoG represents the
      increment of the brake application pressure attained with the relay valve
      of the invention.
PAR  FIG. 3 schematically illustrates a typical arrangement of an air brake
      circuit using the relay valve in conformity with the invention. The system
      for the supply of indicated pressure Pi comprises an air reservoir AR, a
      brake valve BV, and a relay valve RV of the invention. The output pressure
      Po controlled by the indicated-pressure system is thence conducted from
      the relay valve RV to a power chamber PC, which in turn actuates a slack
      adjuster SA. The modulated pressure Pm is obtained through control with a
      stroke adjuster SC according to the payload of the vehicle.
PAR  As has been described hereinabove, the combined load-sensing proportioning
      relay valve of the invention offers added safety of vehicle braking
      because the ratio of the output pressure to the indicated pressure remains
      unchanged, regardless of the payload, even if the pressure in the air
      reservoir has abnormally decreased.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combined load-sensing and pressure-proportioning relay valve, for a
      vehicle air brake system, comprising, in combination, a relay valve unit
      including a relay valve body formed with a first inlet port for connection
      to a source of indicated pressure for controlling brake application, a
      second inlet port for connection to a source of brake supply pressure, an
      outlet port for connection to the air brake actuators, and an exhaust
      port, a main valve disc in said relay valve body controlling communication
      between said second inlet port and said outlet port and having an axial
      exhaust bore communicating with said exhaust port, means in said relay
      valve body biasing said main valve disc to a closed position blocking
      communication between said second inlet port and said outlet port and said
      exhaust bore, and a control piston assembly in said relay valve body
      operable to adjustably displace said main valve disc to an open position;
      and a modulated-pressure control valve unit communicating with said relay
      valve unit and supplying, to said control piston assembly, a pressure
      modulated according to the loading of the vehicle; said control piston
      assembly including first, second and third pressure-responsive pistons;
      said first and second pressure-responsive pistons conjointly defining,
      with said relay valve body, an indicated pressure chamber communicating
      with said first inlet port; said first pressure-responsive piston and said
      relay valve body defining an output pressure chamber communicating with
      said outlet port; said third pressure-responsive piston and said relay
      valve body defining a modulated-pressure chamber; said first
      pressure-responsive piston being engageable with said main valve disc,
      responsive to the indicated pressure, to close said axial exhaust bore and
      to displace said main valve disc to an open position connecting said inlet
      port to said output pressure chamber; means biasing said first
      pressure-responsive piston to a position disengaged from said main valve
      disc; a loading spring biasing said second pressure-responsive piston
      toward aid first pressure-responsive piston in opposition to the indicated
      pressure; said modulated-pressure control valve unit communicating with
      said second inlet port and said modulated-pressure chamber; means biasing
      said modulated-pressure control valve unit to a closed position blocking
      communication between said second inlet port and said modulated-pressure
      chamber; a stroke adjuster operatively associated with said
      modulated-pressure control valve unit and operable, responsive to vehicle
      loading, to open said modulated-pressure control valve unit; and a
      normally closed valve in said modulated-pressure control valve unit
      opened, responsive to the modulated pressure exceeding the brake supply
      pressure upon a decrease in the brake supply pressure, to equalize the
      modulated pressure and the brake supply pressure.
NUM  2.
PAR  2. A combined load-sensing and pressure-proportioning relay valve, as
      claimed in claim 1, in which said first pressure-responsive piston is
      formed with a downward protrusion having a valve seat at its lower end
      engageable with said main valve disc, and an upward protrusion having a
      stopper at its upper end engageable with said second pressure-responsive
      piston; said second-pressure-responsive piston, upon displacement by the
      indicated pressure in opposition to said loading spring, engaging said
      stopper to lift said first pressure-responsive piston to disengage said
      main valve disc.
NUM  3.
PAR  3. A combined load-sensing and pressure-proportioning valve, as claimed
      claim 2, in which said downward and upward protrusions are formed with
      coaxial bores therein; said third pressure-responsive piston having an
      upwardly extending protrusion engaged with said second pressure-responsive
      piston to lift said second pressure-responsive piston against the bias of
      said loading spring responsive to an increase of the pressure in said
      modulated-pressure chamber.
NUM  4.
PAR  4. A combined load-sensing and pressure-proportioning relay valve, as
      claimed in claim 1, in which said modulated-pressure control unit
      comprises a second valve body formed with ports communicating with said
      inlet port and said modulated-pressure chamber; a cylindrical piston
      displaceable in said second valve body and having a transverse wall formed
      with an axial port therein defining an annular valve seat; said wall
      defining, with said second valve body, a second modulated-pressure chamber
      communicating with said first-mentioned modulated-pressure chamber; means
      biasing said piston in a direction to reduce the volume of said second
      modulated-pressure chamber; said piston being formed with a cylindrical
      extension extending away from said second modulated-pressure chamber, and
      with passage means communicating with said second inlet port and with the
      interior of said cylindrical extension; a spring biased valve mounted in
      said cylindrical extension and normally engaged with said annular valve
      seat to block communication between the interior of said extension and
      said second modulated-pressure chamber; said stroke adjuster including a
      rod extending through said port in said piston wall and engaged with said
      last-mentioned valve and operable to displace said last-mentioned valve
      out of engagement with said annular valve seat to connect the interior of
      said extension with said second modulated-pressure chamber; said normally
      closed check valve being mounted in said piston wall and controlling
      communication between said passage means and said second
      modulated-pressure chamber.
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ABST
PAL  A coil is encapsulated in a symbol formed of cast epoxy for display on the
      exterior of an automobile. The coil is connected to and forms part of a
      security system which is actuated by the inductive coupling of a keying
      circuit to the encapsulated coil. Two threaded metal rods are partially
      embedded in the epoxy symbol to enable mounting on the exterior of an
      automobile.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  The present invention may be advantageously employed with any one of a
      number of security systems for automotive vehicles and the like, such as
      the systems disclosed and claimed in U.S. Pat. No. 3,801,798 issued on
      Apr. 2, 1974 upon application Ser. No. 361,249 entitled POWER TRANSFER
      CIRCUIT FOR MOMENTARILY ENERGIZING KEYABLE CONTROL CIRCUITS filed on May
      17, 1973 in the name of Carl E. Atkins; U.S. Pat. No. 3,824,403 issued on
      July 16, 1974 upon application Ser. No. 289,283 entitled POWER CONTROL
      CIRCUIT FOR AUTOMOTIVE VEHICLES AND THE LIKE filed on Sept. 15, 1972 in
      the name of Francis A. McGuirk; U.S. Pat. No. 3,723,967 issued on Mar. 27,
      1973 upon application Ser. No. 127,463 entitled INDUCTION-KEYED DOOR-LOCK
      AND POWER CONTROL CIRCUIT FOR AUTOMOTIVE VEHICLES AND THE LIKE filed on
      Mar. 24, 1971 in the names of Carl E. Atkins and Paul A. Carlson;
      copending application Ser. No. 323,827 entitled DOOR LOCK, POWER AND ALARM
      CONTROL CIRCUIT FOR AUTOMOTIVE VEHICLES AND THE LIKE filed on Jan. 15,
      1973 in the name of Francis A. McGuirk, now U.S. Pat. No. 3,866,168 issued
      on Feb. 11, 1975; copending application Ser. No. 345,281 entitled
      INDUCTION-KEYED AUTOMATIC IGNITION CONTROL SECURITY SYSTEM filed on Mar.
      27, 1973 in the name of Paul A. Carlson, now abandoned; copending
      application Ser. No. 301,438 entitled INDUCTION-KEYED CONTROL CIRCUIT WITH
      KEYING NETWORK HAVING VARIABLE RESONANT FREQUENCY filed on Oct. 27, 1972
      in the name of Carl E. Atkins, now U.S. Pat. No. 3,842,324 issued on Oct.
      15, 1974; and copending application Ser. No. 418,683 entitled DUALMODE
      SECURITY CIRCUIT FOR AUTOMOTIVE VEHICLES AND THE LIKE filed on Nov. 23,
      1973 in the name of Paul A. Carlson, now U.S. Pat. No. 3,852,614 issued on
      Dec. 3, 1974. The disclosures of each of the aforementioned patents and
      applications are incorporated herein by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  In retrofitting security systems of the type disclosed and claimed in the
      cross-referenced applications, the initial approach was to cut a slot in
      an existing symbol, such as a letter or number forming part of the
      trademark or model mark on the vehicle, and to glue a sensing coil in the
      slot. Although this retrofitting technique produced an operative system,
      it was not completely satisfactory for the reasons that the placement of
      the sensing coil in the symbol, which was formed of metal, degraded the
      merit factor or Q of the coil and also made it difficult to re-mount the
      symbol on the exterior of the automobile. In addition, there was little
      control over the positions from which the coil leads extended from the
      modified symbol with the coil inserted therein. The present invention
      involves the recognition of the aforementioned problems and disadvantages,
      and provides a solution therefor.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in the combination of a coil encapsulated
      in a symbol formed of cast epoxy resin. Means such as threaded rods extend
      rearwardly from the epoxy symbol to enable mounting of the symbol on the
      exterior of an automobile. Preferably, the symbol is formed by a raised
      surface or surfaces extending from a base of contrasting color, and the
      coil extends at least partially into an extended portion forming a raised
      surface to enable closer inductive coupling with the associated keying
      circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be better understood when the written
      description thereof is read in the light of the accompanying drawing, of
      which:
PAR  FIG. 2 is a plan view of a cast epoxy symbol in the form of a letter of the
      alphabet;
PAR  FIG. 2 is a side view of the cast epoxy symbol shown in FIG. 1 showing the
      threaded mounting rods and the coil leads extending from the rear surface;
      and
PAR  FIG. 3 is a sectional view taken along line A--A in FIG. 1, showing the
      coil aligned with the diagonal part of the symbol and also showing the
      relationship of the coil to the other components of a security system.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, the symbol formed by casting epoxy resin in a
      suitable mold is shown for exemplary purposes as being the letter N of the
      English alphabet. The casting 10 forming this symbol comprises a base
      portion 12 and extended portions forming raised surfaces 14, 16 and 18
      which form the letter N. The color or the epoxy resin casting may be any
      pre-selected color and the raised surfaces 14, 16 and 18 may be painted
      with any one of a number of contrasting colors. A coil 20 is encapsulated
      by the epoxy resin symbol as a result of being placed in the mold either
      prior to the introduction of the resin, or after the introduction of the
      resin but before it has been hardened. The leads 22, 24 from coil 20
      extend out of the casting 10 at predetermined locations, e.g., from the
      rear surface of the casting 10 as shown in FIGS. 2 and 3. Similarly, the
      threaded rods 26 and 28 are partially embedded in the casting 10 and also
      extend from the rear surface to enable mounting of the casting 10 on a
      panel or surface on the exterior of an automobile, for example. These
      threaded rods 26 and 28 are shown as being disposed vertically, i.e., one
      directly over the other, although other arrangements may be employed.
PAR  In the sectional view of casting 10 shown in FIG. 3, the coil 20 is shown
      as extending into and being aligned with the raised portion 16 shown in
      FIG. 1. In this position, closer inductive coupling of the coil 20 with
      the cooperative coil which forms part of keying circuit 30 is made
      possible. When the keying circuit 30 is brought into a spatial
      relationship with coil 20 so that sufficient inductive coupling is
      effected, keyable control circuit 32 will produce an output signal which
      actuates the door unlock circuits 34 and 36 and causes the engine enabling
      circuit 38 to enable engine start-up for a predetermined period of time.
PAR  By the present invention, applicant has secured all of the advantages of
      encapsulation of an electronic component, and at the same time has
      provided an effective disguise for the sensing element of the keyable
      control circuit. Since even a sophisticated thief would not be able to
      discern which of the various symbols (indicia, letters, numbers or
      designs) affixed to the exterior of an automobile contains the sensing
      element (coil 20), he will therefore be unable to even attempt
      unauthorized entry to the vehicle by a keying circuit which he may have
      constructed himself, or may have stolen from the vehicle owner.
      Consequently, the efficacy of the security system in the automobile is
      enhanced by the present invention.
PAR  The advantages of the present invention, as well as certain changes and
      modifications of the disclosed embodiment thereof, will be readily
      apparent to those skilled in the art. It is the applicant's intention to
      cover all those changes and modifications which could be made to the
      embodiment of the invention herein chosen for the purposes of the
      disclosure without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A security system comprising:
PA1  A keyable control circuit operative to generate a signal to actuate at
      least a door unlock circuit; a sensing element connected to said keyable
      control circuit for coupling a key circuit to said keyable control
      circuit; a molded epoxy resin casting having a plurality of surfaces
      encapsulating said sensing element; at least one predetermined symbol
      molded into a first surface to disguise said sensing element; mounting
      means molded into and extending from a second surface of said epoxy resin
      casting; and electrical connections from said sensing element molded into
      and extending from the same second surface of said epoxy resin casting.
NUM  2.
PAR  2. A security system as recited in claim 1 wherein said sensing element is
      positioned close to a predetermined surface of said epoxy resin casting to
      facilitate coupling of the keying circuit thereto.
NUM  3.
PAR  3. A security system as recited in claim 1 wherein said epoxy resin casting
      comprises a base portion and at least one extended portion forming a
      raised surface, said sensing element being at least partially positioned
      within said extended portion in proximity with said raised surface.
NUM  4.
PAR  4. A security system as recited in claim 1 wherein the sensing element
      comprises a sensing coil disposed in some known angular relationship with
      respect to some feature of said molded letter or numeral in the said epoxy
      resin casting.
NUM  5.
PAR  5. A security system for motor vehicles comprising:
PA1  a. a keyable control circuit, said keyable control circuit being operative
      to generate a signal to actuate at least a door unlock circuit;
PA1  b. a sensing element connected to said keyable control circuit, said
      sensing element being operative to couple said keyable control circuit to
      a keying circuit;
PA1  c. a plurality of epoxy resin castings mounted on the exterior of the motor
      vehicle at least some of which are provided with an integrally molded
      identifying symbol, each said epoxy resin casting having a plurality of
      surfaces and said identifying symbol being on one said surface;
PA1  d. said sensing element being encapsulated in one said epoxy resin casting
      provided with said integrally molded identifying symbol and being aligned
      essentially parallel to the surface having the identifying symbol;
PA1  e. leads extending from a second said surface of the epoxy resin casting
      having the encapsulated sensing element; and
PA1  f. mounting means spaced from the leads extending from the same second said
      surface as that from which the leads extend.
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ABST
PAL  An electrical switch in a modular unit between a single fused 15 amp power
      source and two electrical appliances, such as a garbage disposer and a
      dishwasher in a kitchen unit, is connected so that only one appliance can
      be connected to the power source at any one time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improvement in electrical circuitry employed
      to connect different appliances in a modular unit to a single fused source
      of power.
PAR  2. Description of the Prior Art
PAR  In the prior art, a modular unit having for instance a sink, a food waste
      disposer, and a dishwasher has required two 120 V., 15 ampere fused supply
      circuits because of the current requirements of each of the food waste
      disposer and the dishwasher. The requirement of dual circuitry for the two
      appliances caused relatively high material and installation costs.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a double-throw electrical switch is used
      in place of the single throw switch commonly used to control the
      availability of power to one appliance such as a garbage disposer. The
      second contact or pair of contacts in the double throw switch, normally
      closed vis-a-vis the first appliance, is connected to the second
      appliance. The second appliance may have a separate start/stop switch, so
      that power is normally provided to the second appliance via the double
      throw switch in the first appliance except when the first appliance is
      running. With this arrangement, the first and the second appliances share
      the same power source, but are never operated at the same time and thus
      the power source can not be overloaded.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of the circuitry of the invention using a single
      pole switch.
PAR  FIG. 2 is a schematic diagram of an alternative embodiment of the circuitry
      of the invention, employing a double-pole switch.
PAR  FIG. 3 is a partial view in cross section of a batch-feed garbage disposer
      employing a cam operated switch with the circuitry of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the schematic of FIG. 1, a modular kitchen unit 10 has a power
      cord 11 ending in a plug 12 which may be inserted into a conventional a.c.
      110-120 volt wall outlet 13. The wall outlet 13 is supplied with power
      through an overload protective device 14 from an electrical power source
      such as the usual domestic supply in the house shown generally at 15.
      While it is contemplated that the device 14 may conveniently comprise a
      fuse it will be appreciated that a circuit breaker or any other form of
      protective device may be employed. The power cord 11 on the module 10 has
      two conductors 16 and 17. A conductor 17 connects with a switch 18 and a
      pole 19 therein. A movable contact within the switch 18 normally connects
      the pole 19 with a first contact 20. A further conductor 21 connects the
      contact 20 to a first appliance 22 such as a dishwasher to supply
      electrical energy to the motor and other functional and control circuits
      thereof. A final conductor 23 connects the appliance 22 with the other
      wire 16 of the power cord 11.
PAR  A second contact 24 in the double-throw switch 18 may be connected to the
      pole 19 upon operation of the switch when it is desired to operate the
      second appliance. A conductor 25 connects the second contact 24 to a
      second appliance 26 such as a garbage disposer to supply electrical energy
      to the motor or other functional and control circuits thereof. A further
      wire 27 completes the circuit to conductor 16 of the power cord 11 as
      previously.
PAR  FIG. 3 shows the upper portion of a batchfeed garbage disposer
      corresponding to the second electrical appliance 26 of FIG. 1 and
      incorporating the circuitry thereof. The line switch 18 is shown operated
      by a plunger 28 which is cammed by the stopper assembly 29 of the disposer
      unit. The conductor wire 17 leads to the pole of the switch 18, while the
      conductor 21 leads from the normally closed contact 20 of the switch 18 to
      the other electrical appliance in the kitchen module and conductor 25
      leads from the normally open contact 24 in the switch 18 to one side of
      the motor circuit of the garbage disposer 26. When the switch plunger 28
      is operated by a cam 30 on the rotatable stopper assembly 29, the contact
      20 is disconnected from the pole 19 and the contact 24 is connected
      thereto as previously described.
PAR  The invention of the present disclosure may also be employed in the
      alternative embodiment shown in FIG. 2 where a double-pole, double-throw
      switch is used to connect both conductors of the power cord 11 to one or
      the other of the electrical appliances. In describing this form of the
      invention like reference numerals will be used where possible with the
      addition of a prime mark if needed to develop any differences in
      identification. In this form of the invention, a double-pole, double-throw
      switch 18' has a first pole 19a connected to one conductor 16 of the power
      cord 11 and a second pole 19b connected to the second conductor 17 of said
      power cord. The switch 18' has two normally closed contacts 20a and 20b
      which connect respectively to the poles 19a and 19b. The contacts 20a and
      20b are connected to the first electrical appliance 22 via conductors 21'
      and 23' as shown.
PAR  The other set of contacts 24a and 24b in the switch 18', which are normally
      open, are connected via conductors 27' and 25' to the second electrical
      appliance 26 in the manner previously described. When the switch plunger
      28 is actuated, the poles 19a and 19b are disconnected from the contacts
      20a and 20b to the first appliance 22 and are connected instead to
      contacts 24a and 24b to energize the second electrical appliance 26.
PAR  The double-pole, double-throw switch 18' may be employed in the same manner
      as the single pole, double throw switch 18 shown in FIG. 3, but there
      would be six wires leading to the switch rather than three as shown in
      FIG. 3.
PAR  Switches 18 or 18' may also be employed in connection with electrical
      appliances other than batchfeed garbage disposers by mounting same in a
      wall adjacent the module unit or on another place on the module. Such
      other arrangements would be particularly suitable for continuous feed
      garbage disposers or the like.
PAR  Although various modifications might be suggested by those versed in the
      art, it should be understood that I wish to embody within the scope of the
      patent warranted hereon all such modifications as reasonably and properly
      come within the scope of my contribution to the art.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. A modular kitchen unit comprising a dishwasher, a sink, and a batch-feed
      garbage disposer in said sink, in combination with, a supply circuit
      having a single overload protection means remote from said unit, and
      comprising: an electrical switch in said disposer, means electrically
      connecting said switch to said single overload protection means and to
      circuitry for operating said unit, said switch having a first, normally
      closed contact means therein to supply electrical energy to said
      dishwasher and having a second, normally open contact means therein to
      supply electrical energy upon actuation of said switch to said disposer,
      said actuation interrupting said supply of energy to said dishwasher and
      connecting power to said disposer so that said single overload protection
      means is used and only one appliance is connected to the power source at
      one time.
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ABST
PAL  A remote control system for operating electrical loads, particularly in
      multi-unit lodging establishments such as hotels, motels and the like,
      includes a power sensing circuit for deenergizing the loads when the power
      supplied varies beyond predetermined limits in voltage or phase, a restart
      circuit for sequentially reenergizing the loads with the time between
      reenergization of loads on successive buses being dependent upon the
      period of time the loads were deenergized in order not to produce an
      overload by simultaneous load operation under peak demand conditions, a
      start-up circuit for controlling the cycle period of the loads in
      accordance with outdoor temperature in order to provide efficient freeze
      protection and temperature maintenance, an excess manual switching circuit
      for comparing the number of loads presently energized with the number of
      loads energized at a predetermined prior time plus a preset number
      representing the maximum number of loads desired to be energized over the
      predetermined period of time such that if the number of presently
      energized loads exceeds the desired number of energized loads over the
      predetermined time no additional loads can be manually switched on-line
      until the number of presently energized loads is reduced below the desired
      number of energized loads thereby increasing electrical efficiency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to remote control systems for electrically
      operated loads and, more particularly, to such systems for controlling
      electrically operated loads in a multi-unit lodging establishment, such as
      heating and air-conditioning systems, hot water supply, lighting and the
      like in hotels and motels and other similarly designed occupancies.
PAR  2. Discussion of the Prior Art
PAR  Multi-unit lodging establishments, such as hotels, motels, and the like,
      require equipment for controlling the environment in each unit or room,
      and inefficient operation of such equipment leads to great economic loss
      as well as energy waste. To this end, the continuous energizing of such
      equipment for each unit represents a great waste of energy and increases
      operating costs; however, individual control of each unit cannot be
      sacrificed in order to optimize energy usage due to the different comfort
      requirements of various occupants of the units. Accordingly, there is a
      need for a remote control system operable from a central station in such
      establishments, such as in the lobby or at the registration desk, to
      permit the equipment in the units to be efficiently controlled without
      inconveniencing occupants of the units.
PAR  In operating environmental control equipment, it is important to consider
      outdoor temperature in order to protect against freezing conditions and to
      sense conditions of the electrical power supplied for operating the loads
      to assure that the loads are operated within their recommended design
      power requirements. An additional problem exists in multi-unit lodging
      establishments due to the great numbers of electrical loads utilized, and
      it is desirable to take into account the number of loads on line when
      controlling the energizing of additional loads. Other considerations
      include prevention of the temperature of an individual room from dropping
      below a level at which freeze damage might occur and temperature
      maintenance of individual units while taking into account the design
      considerations of the units. There is no system in the prior art capable
      of providing centralized control for multi-unit lodging establishments in
      accordance with the above requirements.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of the present invention to provide a
      remote control system for electrically operated loads fulfilling the above
      requirements for multi-unit lodging establishments while overcoming the
      problems normally associated with such systems.
PAR  Another object of the present invention is to utilize a centralized
      switching system to control remote electrical loads with the statee of the
      loads annunciated by pilot lights positioned on a console adjacent the
      switches, the switches and their respective remotely controlled loads
      being grouped for operation on different buses.
PAR  A further object of the present invention is to control remote electrically
      operated loads in accordance with under-voltage or phase failure of
      electrical power for operating the loads, current demand of the loads
      determined by the number of units occupied on a time basis, the length of
      time during which a load was off-line due to a power outage, and outdoor
      temperature.
PAR  The present invention has another object in that the restarting or
      re-energizing of loads after a power outage or other power failure is
      sequentially controlled in accordance with the length of time of the
      disruption of service.
PAR  A further object of the present invention is to compare a timing signal
      representative of power outage with a preset, time representative signal
      to provide a compare output for operating sequencer means at a first
      sequential rate when the timing signal is less than the preset time
      representative signal and at a second rate slower than the first rate when
      the timing signal is greater than the preset time representative signal.
PAR  The present invention is generally characterized in a remote control system
      for a plurality of loads adapted to be operated by electrical power
      supplied on a plurality of buses including a switching circuit for
      controlling the electrical power supplied the the loads, an electrical
      sensing circuit for providing a signal corresponding to the variations of
      the electrical power from a prescribed value, a restart circuit receiving
      the signal from the electrical sensing circuit and including a timing
      circuit for producing a timing signal representative of the time the
      signal from the electrical sensing circuit exists, a plurality of outputs
      coupled with the switching circuit, and a sequencer responsive to the
      timing circuit to sequentially operate the output with the time between
      the operation of the successive outputs dependent upon the time the signal
      from the electrical sensing circuit exists.
PAR  The present invention is further generally characterized in a remote
      control system for electrically operated loads including a switching
      circuit for controlling heating equipment, means for sensing outdoor
      temperature and providing an electrical signal representative thereof, a
      comparator for comparing the signal from the temperature sensor with
      predetermined levels to provide a plurality of cycling signals, and means
      responsive to the cycling signals to cyclically operate the switching
      circuit whereby the heating equipment is time cycled in accordance with
      the outdoor temperature.
PAR  The present invention is also further generally characterized in a remote
      control system for electrically operated loads comprising a switching
      circuit for controlling a plurality of loads, means for manually actuating
      the switching circuit to energize the switching circuit to energize the
      loads, a counter for counting the number of loads presently energized and
      providing a first signal corresponding thereto, a memory having an input
      receiving the first signal from the counter for storing the first signal
      and an output providing a second signal stored in the memory for a
      predetermined period of time and representative of the number of loads
      energized at a prior time, an adder receiving the second signal from the
      output of the memory for adding a signal thereto representative of a
      maximum preset number of loads allowed to be additionally energized in the
      predetermined period of time to produce a third signal representative of
      the number of loads representative of the number of loads at the prior
      time plus the preset number of loads allowed to be additionally energized
      in the predetermined period of time, a comparator receiving the first
      signal from the counter and the third signal from the counter for
      comparing the number of loads presently energized with the number of loads
      energized at the prior time plus the preset number of loads allowed to be
      additionally energized in the predetermined period of time, and means
      responsive to the comparator to prevent energization of a manually
      actuated load when the number of loads presently energized exceeds the
      number of loads energized at the prior time plus the preset number of
      loads allowed to be additionally energized in the predetermined period of
      time.
PAR  Some of the advantages of the present invention over the prior art are that
      the environment control equipment of a multi-unit lodging establishment
      can be efficiently operated to limit peak electrical power demand and
      electrical power consumption, restarting of equipment after a power outage
      is accomplished without creating excessive demand, automatic cycling is
      provided in an efficient manner to prevent freeze damage and provide
      temperature maintenance in response to outdoor temperature, and excessive
      manually actuated loads are prevented.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description of the preferred embodiments taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a remote control system for electrically
      operated loads according to the present invention.
PAR  FIG. 2 is a schematic diagram of the bus control circuit, the switch and
      pilot light console and the remote controlled loads of the remote control
      system of FIG. 1.
PAR  FIG. 3 is a schematic diagram of the bus restart circuit of the remote
      control system of the present invention.
PAR  FIG. 4 is a schematic diagram of the group start-up circuit of the remote
      control system of the present invention.
PAR  FIG. 5 is a schematic diagram of the room count circuit of the remote
      control system of the present invention.
PAR  FIG. 5a is a schematic diagram of an input circuit for the room count
      circuit of FIG. 5.
PAR  FIG. 6 is a schematic diagram of the excess manual switching circuit of the
      remote control system of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A remote control system according to the present invention is shown in
      block diagram form in FIG. 1 and includes an AC power input 20 from any
      commercially available source supplying electrical power to a remote
      control power supply 22 and a logic power supply 24 and a standby battery
      26 for supplying electrical power to the logic power supply 24 should the
      AC power input 20 be interrupted. A circuit 28 monitors the AC supply
      input in a conventional manner to sense variations in power
      characteristics, such as under-voltage or phase failure conditions, and
      has an output 30 supplied to a bus restart circuit 32. A temperature
      sensor 34 is positioned to sense outdoor temperature and has an output 36
      supplying an electrical signal to a group start-up circuit 38. The logic
      power supply 24 supplies low voltage DC operating power via an output 39
      to the bus restart circuit 32, the group start-up circuit 38, a room count
      circuit 40 and an excess manual switching circuit 42, and power from the
      remote control power supply 22 on an output 44 is controlled by a bus
      control circuit 46 which receives outputs 48, 50 and 52 from the bus
      restart circuit 32, the group start-up circuit 38 and the excess manual
      switching circuit 42, respectively. The bus control circuit 46 has an
      output 54 connected with a plurality of remote control devices 56 via a
      switch and pilot light console 58, and the remote control devices 56
      operate a plurality of remote controlled loads 60, such as heating and
      air-conditioning units, or other similar loads or circuits normally found
      in a multi-unit lodging establishment, in a conventional manner. The
      switch and pilot light console 58 has an output 62 connected with the room
      count circuit 40, and a display 64 is connected with the room count
      circuit 40 via a lead 68. The room count circuit 40 has an output 72
      supplied to the excess manual switching circuit 42.
PAR  In order to facilitate understanding of the more detailed circuit
      description to follow, the general function of the circuits shown in FIG.
      1 is set forth at this point. The remote control power supply 22 supplies
      the electrical power requirements of the remote control devices 56 on
      output 44 under the control of the bus control circuit 46. The remote
      control devices 56, which can be any type of suitable switches, including
      relays or solid state switching devices, operate the remote controlled
      loads 60 directly or through other switches, such as contactors or relays.
      The bus control circuit 46 is operated in accordance with the outputs from
      the bus restart circuit 32, the group start-up circuit 38 and the excess
      manual switching circuit 42 to control the remote control devices (loads)
      and therefore the power supplied on the buses. The under-voltage and phase
      failure sensor 28 detects brown outs, phase loss and power interruption or
      outage; and, should any of these conditions exist for longer than a
      predetermined period of time, a signal will be supplied on output 30 to
      interrupt the power supplied to and, therefore, deenergize the remote
      control devices 56. The bus restart circuit 32 determines the time during
      which power was disrupted and controls the restarting of the loads on a
      sequential basis in accordance with the power disruption time such that
      for long power disruption periods the intervals between restarting of
      successive bus loads is increased. The outdoor temperature sensor 34
      produces a signal on output 36 representative of outdoor temperature to
      group start-up circuit 38 for freeze protection and temperature
      maintenance control, and the group start-up circuit 38 controls the duty
      cycle or percentage of operating time of the loads in accordance with the
      outdoor temperature. The room count circuit 40 provides data on output 72
      relative to the number of remote control devices 56 presently energized,
      and the excess manual switching circuit 42 prevents the addition of loads
      to the power buses when more than a predetermined number of remote control
      devices have been energized over a predetermined period of time. The
      display 64 provides a visual representation of the number of remote
      control devices energized and the pilot lights on console 58 provide an
      indication of which rooms or units are occupied and which are vacant.
PAR  The bus control circuit 46 and switch and pilot light console 58 are shown
      in FIG. 2 for controlling the remote control devices 56, it being realized
      that the manually operated switches and the pilot lights forming the
      concole 58 will be located at a central station, such as the registration
      desk in the lobby of a multi-unit lodging establishment. Electricity is
      supplied on output 44 from the remote control power supply 22 through
      normally open contacts K-10, operated by a conventional relay, not shown,
      in the under-voltage and phase failure sensor 28, which in turn connects
      to normally open, bus restart contacts K-20, K-30, K-40, K-50 and K-60,
      each of which is associated with a group of loads on a bus. It will be
      appreciated that the contact designations K-n is associated with an
      operator by corresponding relays R-n to be described hereinafter. The
      group of loads 74 associated with contact K-20 includes a load relay R-70
      connected between groun and contacts K-20 through the series combination
      of normally open, group start-up contacts K-80 and a diode D-1 in parallel
      with normally open, escess manual contacts K-90, diode D-2 and manually
      operated switch S-1. A pilot light PL-1 is connected in parallel across
      the relay R-70, and normally open holding contacts K-70 are connected in
      parallel with contacts K-90 and diode D-2. A second load in the form of a
      relay R-100 is serviced by contacts K-20 and connected thereto in the same
      manner as relay R-70, that is via a diode D-3 connected with contacts K-80
      and a diode D-4 connected between a manually operable switch S-2 and
      contacts K-90 while holding contacts K-100 are connected in parallel with
      contacts K-90 and diode D-4. A pilot light PL-2 is connected across load
      R-100. The remaining loads are connected in groups generally indicated at
      76, 78, 80 and 82 serviced via bus restart contacts K-30, K-40, K-50 and
      K-60, respectively. The circuit connections in each of the bus groups are
      similar to the connections of group 74 and for purposes of brevity, will
      not be described in detail, it being noted that group 76 includes start-up
      contacts K-110 and excess manual switching contacts K-120, group 78
      includes start-up contacts K-130 and excess manual switching contacts
      K-140, group 80 includes start-up contacts K-150 and excess manual
      switching contacts K-160 and group 82 includes start-up contacts K-170 and
      excess manual switching contacts K-180. Any number of groups of loads can
      be utilized with the remote control system of the present invention
      dependent upon the number of power buses available, and each group can
      include any suitable number of loads.
PAR  In order to energize a selected load, an operator at the central station
      actuates the corresponding manual switch, for example switch S-1, which
      will energize relay load R-70 through contacts K-10, K-20 and K-90.
      Contacts K-10 and K-20 are closed as long as the power supplied to the
      buses is within the prescribed voltage and phase limits, and contacts K-90
      are closed as long as the present number of energized loads is less than
      the predetermined excess number of loads over a preset period of time.
      Once relay load R-70 is energized, holding contacts K-70 are closed such
      that even if an excess number of loads are energized to cause contacts
      K-90 to open, the relay load R-70 will remain energized. If there is a
      power outage or other power failure for a time sufficient to energize the
      relay in the under-voltage and phase failure sensor 28, the contacts K-10
      and K-20 will open, along with contacts K-30, K-40, K-50 and K-60, such
      that the relay load R-70 will be deenergized. After power is returned,
      contacts K-10 will be immediately closed, and the bus restart contacts
      will be closed in sequence to reenergize the bus loads sequentially. When
      contacts K-20 are closed, the relay load R-70 will again be energized as
      long as manual switch S-1 remains closed. If the outdoor temperature as
      sensed by sensor 34 creates a demand, group start-up contacts K-80, K-110,
      K-130, K-150 and K-170 will be automatically cyclically closed in a
      predetermined sequence to energize the loads with a duty cycle dependent
      upon the outdoor temperature.
PAR  The bus restart circuit 32 is shown in FIG. 3 and receives the output 30
      from under-voltage and phase failure sensor 28 at an AND gate A-1 which
      supplies pulsed output to a counter chain formed of counters C-1, C-2, and
      C-3 to define an outage timer 84 with the most significant digit output
      from the counter chain being supplied through an inverter I-1 to an input
      of AND gate A-1 which receives a third clock pulse input on a line 86 from
      a 1Hz oscillator shown in the excess manual switching circuit, of FIG. 6,
      it being appreciated that a single 1Hz oscillator, such as that in the
      excess manual switching circuit, can be used to supply 1Hz pulses to the
      various circuits of the system. A counter chain formed of counters C-4,
      C-5, C-6 and C-7 defines a restart timer 88 and receives an input from an
      AND gate A-2. The AND gate A-2 receives the 1Hz oscillator clock signal on
      lead 86 as one input, the signal on output 30 from the under-voltage and
      phase failure sensor 28 through an inverter I-2 as a second input and a
      third input from the most significant digit of the restart timer 88
      through an inverter I-3. The outputs of the counters of restart timer 88
      are supplied to a sequencer series of AND gates 90 and a sequencer series
      of AND gates 92, and an eight-bit comparator 94 receives the output from
      the counters of outage timer 84 to supply a 1 when the output of the
      outage timer 84 is greater than a predetermined time and a 0 when the
      output is less than the predetermined time. The output of comparator 94 is
      connected directly as an input to each of AND gates A-3, A-4, A-5, A-6 and
      A-7 of sequencer 90 and through an inverter I-3 to each of AND gates A-8,
      A-9, A-10, A-11 and A-12 of sequencer 92 such that, dependent upon the
      outage time, either the AND gates of sequencer 90 or sequencer 92 will be
      enabled. OR gates O-1, O-2, O-3, O-4 and O-5 receive the outputs of AND
      gates A-3 and A-8, A-4 and A-9, A-5 and A-10, A-6 and A-11 and A-7 and
      A-12, respectively; and, the outputs of the OR gates are respectively
      connected as data inputs to latches L-1, L-2, L-3, L-4 and L-5. The signal
      from output 30 of the under-voltage and phase failure sensor 28 is
      supplied to the enable inputs of latches L-1, L-2, L-3, L-4 and L-5,
      respectively, through OR gates O-6, O-7, O-8, O-9 and O-10 which receive
      second inputs from AND gates A-13, A-14, A-15, A-16 and A-17,
      respectively. The AND gates A-13, A-14, A-15, A-16 and A-17 each receive
      an input from the least significant digit of restart timer 88 through an
      inverter I-4 and an input from OR gates O-1, O-2, O-3, O-4 and O-5,
      respectively. The outputs from latches L-1, L-2, L-3, L-4 and L-5 are
      connected through buffers B-1, B-2, B-3, B-4 and B-5 to bus restart relays
      R-20, R-30, R-40, R-50 and R-60, respectively, which control corresponding
      bus restart contacts K-20, K-30, K-40, K-50 and K-60 in the bus control
      circuit of FIG. 2. The outage timer 84 is reset to zero via a lead 96 from
      latch L-5, and the restart timer 88 is reset to zero by a 1 received on
      output 30 from under-voltage and phase failure sensor 28.
PAR  The operation of the bus restart circuit is such that when a signal is
      received on output 30 from the relay in under-voltage and phase failure
      sensor 28 representative of a variation of the electrical power beyond a
      prescribed value, a 1 will be supplied to AND gate A-1 which will also
      receive a 1 from the inverter I-1 connected to the most significant digit
      output of the outage timer such that the 1Hz clock pulses from 86 will be
      supplied to the outage timer. The signal from the under-voltage and phase
      failure sensor output 30 will also be supplied to reset the restart timer
      88 and through OR gates O-6, O-7, O-8, O-9 and O-10 to the enable inputs
      of latches L-1, L-2, L-3, L-4 and L-5, respectively. The outage timer 84
      determines the amount of time that the variation in the electrical power
      is beyond the prescribed value by counting the 1Hz clock pulses, and the
      output from the outage timer is compared with a predetermined time set in
      comparator 94 such that if the outage timer is less than the predetermined
      time, a 0 will be supplied to the AND gates in sequencer 90 and a 1 will
      be supplied to the AND gates in sequencer 92 via inverter I-3.
      Correspondingly, if the outage timer output is greater than or equal to
      the predetermined time, the comparator output will supply a 1 to the AND
      gates in sequencer 90 and a 0 to the AND gates in sequencer 92. If the
      power outage is of sufficient duration, the outage timer may continue to
      count until the output at the most significant digit of the counter chain
      is 1, and this 1 input to inverter I-1 is such that a 0 will be supplied
      to inhibit AND gate A-1 and interrupt the 1Hz clock input to the counter
      chain.
PAR  Upon return of normal power conditions, the under-voltage and phase failure
      sensor output 30 will be 0, and all inputs to AND gate A-2 will be 1
      thereby permitting the 1Hz clock pulses to pass to the restart timer 88.
      As the restart timer counts the clock pulses, the restart relays R-20,
      R-30, R-40, R-50 and R-60 are sequentially energized to sequentially
      energize the bus loads in groups 74, 76, 78, 80 and 82, the time duration
      between the energization of successive restart relays being determined by
      the outage time as compared with the predetermined time in comparator 94.
      That is, if the output of comparator 94 is a 1 indicating a long outage
      time, the bus restart relays will be energized over an extended period of
      time whereas if the outage was short thereby placing a 0 on the output of
      comparator 94, the bus restart relays will be energized in rapid
      succession. To this end, the gates in sequencer 90 are connected with the
      restart timer so as to have large count differences required for enabling
      thereof whereas the gates in sequencer 92 are connected with the restart
      timer to have small count differences for enabling thereof. It will be
      appreciated, of course, that the AND gates in groups 90 and 92 can be
      connected in any manner with the restart timer to provide any desired
      sequence timing pattern and that any number of sequencer groups can be
      provided along with additional preset times in the comparator to provide a
      plurality of sequencing restart operations. When either AND gate A-3 or
      AND gate A-8 is enabled, OR gate O-1 will supply a 1 to the data input of
      latch L-1 and AND gate A-13; and, similarly, the remaining AND gates in
      the sequencers 90 and 92 are connected to provide 1's at the inputs to
      latches L-2, L-3, L-4 and L-5. With a 1 supplied to latch L-1, AND gate
      A-13 will provide a 1 through OR gate O-6 to the latch enable input when
      the least significant digit of the restart timer 88 goes to 0 while the
      data input to the latch remains at 1, and the output of the latch will
      remain at 1 to supply current to bus restart relay R-20 through buffer B-1
      to permit energization of the loads in group 74. The bus restart relays
      R-30, R-40, R-50 and R-60 operate in a similar fashion to control load
      groups 76, 78, 80 and 82, respectively, with the time between energization
      of successive relays being determined by the outage time. The outage timer
      84 will not be reset until the last bus restart relay R-60 is energized;
      and, thus, should power again be interrupted before the entire sequencing
      operation is completed, the outage timer will add this time to the
      previous outage time.
PAR  The group start-up circuit is shown in FIG. 4 and includes a counter chain
      formed of counters C-8, C-9, C-10 and C-11 to define a cycle start timer
      98, the counter chain receiving a clock input from the 1Hz oscillator on a
      lead 100. The outputs of the counters are supplied to AND gates A-18,
      A-19, A-20, A-21 and A-22 in a predetermined pattern to control cyclically
      the start times of the sequentially energized loads. The outdoor
      temperature sensor 34 provides an analog signal on output 36 to
      analog-to-digital converter 102 which supplies a digital signal
      corresponding to the outdoor temperature sensed to comparators 104, 106,
      108 and 110. Comparator 104 produces a 1 output at 112 to the data input
      of latches L-6, L-7, L-8, L-9 and L-10 when zero percent cycling is
      required. Comparators 104 and 106 supply outputs to an AND gate A-24 which
      has its output connected through an OR gate O-11 to each data input of the
      latches L-6, L-7, L-8, L-9 and L-10, and the comparators 106 and 108
      similarly have their outputs supplied to an AND gate A-25 which is
      connected via an OR gate O-12 with the data inputs of latches L-6, L-7,
      L-8, L-9 and L-10. An AND gate A-26 receives the outputs from comparators
      108 and 110 and is connected with the data inputs of latches L-6, L-7,
      L-8, L-9 and L-10 through OR gates O-11 and O-12. The comparator 110 has
      an output 114 representative of 100 percent cycling connected directly
      with the data inputs of latches L-6, L-7, L-8, L-9 and L-10. The 1Hz
      oscillator pulses are also supplied via a lead 116 and counters C-12 and
      C-13 to be supplied to a cycle run timer chain 118 formed of counters C-14
      and C-15, C-16 and C-17, C-18 and C-19, C-20 and C-21, and C-22 and C-23.
      The outputs from the latches L-6, L-7, L-8, L-9 and L-10 are compared with
      the outputs from the various counters of cycle run timer chain 118 in
      comparators 120, 122, 124, 126 and 128, respectively, and the outputs from
      the comparators 120, 122, 124, 126, and 128, respectively, drive group
      start-up relays R-80, R-110, R-130, R-150 and R-170 through buffers B-6,
      B-7, B-8, B-9 and B-10. The output from counter C-13 is supplied to AND
      gates A-27, A-28, A-29, A-30 and A-31 which also receive as second inputs
      the outputs of comparators 120, 122, 124, 126 and 128, respectively.
PAR  In operation, the group start-up circuit is responsive to the outdoor
      temperature sensed by sensor 34 to control the duty cycling of the loads
      at 25 percent increments, that is 0%, 25%, 50%, 75% or 100%. The
      comparators 104, 106, 108 and 110 have present inputs supplied thereto
      such that if the digital output of A/D converter 102 is greater than the
      preset input of comparator 104, the output on lead 112 will be a 1. This
      would correspond to a high outdoor temperature and the cycle will run 0%
      of the time. If the output of the A/D converter is less than or equal to
      the preset input of comparator 104 and more than or equal to the preset
      input of comparator 106, AND gate A-24 will be 1 to provide a 25% duty
      cycle. In similar fashion, comparators 108 and 110 have preset inputs
      cooperating such that when AND gate A-25 is enabled, the cycle will run
      50% of the time, when AND gate A-26 is enabled, the cycle will run 75% of
      the time and when there is a 1 on output 114, the cycle will run 100% of
      the time. The cycle start times are determined by AND gates A-18, A-19,
      A-20, A-21 and A-22 which are connected such as to be enabled at equal
      time spacings. When all of the inputs to AND gate A-18 are 1 indicating
      the proper cycle start time, latch L-6 will be enabled and counters C-14
      and C-15 will be 0 reset. The comparators 120, 122, 124, 126 and 128
      control the operation of relays R-80, R-110, R-130, R-150 and R-170 in
      such a manner that the relays are energized when the data from the latches
      is greater than the data from the corresponding counters and the relays
      are deenergized when the data from the latches is less than or equal to
      the data from the counters.
PAR  Assuming a binary minute to be equal to 64 seconds and a binary hour to be
      equal to 64 binary minutes, the output from counter C-13 will supply a 1
      pulse every binary minute; and, if the output of OR gate O-11 corresponds
      to 2.sup.4 binary minutes or 0.25 binary hours, when AND gate A-24
      supplies a 1 and AND gate A-19 supplies a 1, a 1 .times. 2.sup.4 will be
      stored in latch L-7. This data will be compared with 0 .times. 2.sup.4 + 0
      .times. 2.sup.5 + 0 .times. 2.sup.6 output from counters C-16 and C-17;
      and, since the value of the data in latch L-7 is greater than that of the
      counters C-16 and C-17, the counter will receive one pulse per binary
      minute via AND gate A-28 and group start-up relay R-110 will be energized
      until the counters C-16 and C-17 count up to 1 .times. 2.sup.4. At this
      time, the output from the comparator 122 will go to 0 to inhibit the AND
      gate A-28 and deenergize the group start-up relay R-110. If the output
      from AND gate A-25 was 1 when latch L-7 was latched, then the cycle would
      have run 32 binary minutes, the run start cycles being started at 64/5
      binary minute intervals and the cycle start counter chain being 0 reset
      when 2.sup.6 binary minutes output goes to 1. The remaining group start-up
      relays R-130, R-150 and R-170 are operated in a manner similar to that
      described above relative to group start-up relays R-80 and R-110; and,
      thus, operation thereof is not described in detail.
PAR  An input circuit for the room count circuit 40 is shown in FIG. 5a, it
      being appreciated that an input circuit similar to that shown will be
      provided for each load. The input circuit includes contacts K-71, a
      resistor R and a capacitor C with the junction between the resistor and
      capacitor connected to an inverter I-14. Whenever a load relay is
      energized, its associated contacts (K-71 for R-70) in the corresponding
      input circuit will be closed to provide a 0 or low input to the inverter
      and, thus, produce a 1 output from the inverter, essentially indicating
      occupation of a room. The nature of the inverter is such that when the
      contacts K-71 are open, the capacitor will be charged to produce a 1 input
      to the inverter and, thus, provide a 0 output.
PAR  The room count circuit is shown in FIG. 5 and includes level-1, 2-bit full
      adders 130-161 each connected to receive an input from an inverter I-14 of
      FIG. 5a corresponding to energization of a load representative of room
      occupation, and the 2-bit adders 130-161 at level-1 supply outputs in
      successive pairs to level-2, 2-bit full adders 162--177 which also receive
      one input from an inverter I-14. Successive pairs of the second level full
      adders are connected with level-3, 4-bit full adders 178-185 which also
      receive one input from an inverter I-14, and the adders of level-3 are
      connected in successive pairs to level-4, 6-bit full adders 186-189 which
      also receive one input from an inverter I-14. Level-5 includes 8-bit full
      adders 190 and 191 receiving inputs from one of the inverters I-14 and
      from successive pairs of the level-4 adders and the level-5 adders supply
      outputs to an 8-bit full adder 192 along with one of the inverters I-14.
      The adders thus form a room count adder chain having an output 194 from
      adder 192 representative of the number of loads energized and therefore
      the number of rooms occupied. Of course, any desired counting scheme could
      be used to produce an output representative of the number of loads
      energized.
PAR  The output 194 from adder 192 is supplied to the excess manual switching
      circuit shown in FIG. 6. The output 194 is supplied to display 64 through
      decoder driver 196 in order to provide a visual display at the console of
      the actual number of energized remote control relays. The output 194 is
      also supplied to a 128-bit memory 198 and an 8-bit comparator 200. The
      data in the memory 198 is stored in sixteen, 8-bit words and stepped one
      position every 64 binary seconds and just prior to stepping to the next
      position a write enable input 202 to the memory is held at 0 by a NAND
      gate N-1 such that the data from adder 192 can be stored therein. The
      memory receives stepping inputs from counters C-24, C-25 and C-26 which
      count pulses from a 1Hz oscillator 204. The output of counters C-24 and
      C-25 are supplied to the write input of memory 198 via NAND gate N-1 while
      counters C-25 and C-26 have outputs supplied directly to the memory 198 to
      select memory location. The output of the memory 198 is inverted by an
      inverter I-5 and supplied to an 8-bit adder 206 which supplies an output
      to the comparator 200. The output from the comparator 200 is supplied
      along with 1Hz pulses and the output from a 3-line to 8-line decoder 208
      to an AND gate A-32 which supplies its output to a counter C-27. The
      output from comparator 200 is also connected to the reset input of counter
      C-21 through an inverter I-6 and connected through an inverter I-7 to
      provide one input of OR gates O-13, O-14, O-15, O-16 and O-17. The counter
      C-27 has a least significant digit output supplied through an inverter I-8
      to AND gates A-33, A-34, A-35, A-36 and A-37, and the decoder 208 has
      outputs supplied through inverters I-9, I-10, I-11, I-12 and I-13 to AND
      gates A-33, A-34, A-35, A-36 and A-37 and the data inputs to latches L-11,
      L-12, L-13, L-14 and L-15, respectively. The outputs of latches L-11,
      L-12, L-13, L-14 and L-15 are supplied through buffers B-11, B-12, B-13,
      B-14 and B-15 to excess manual switch relays R-90, R-120, R-140, R-160 and
      R-180 which control corresponding contacts K-90, K-120, K-140, K-160 and
      K-180, respectively, in the bus control circuit.
PAR  In operation, the 8-bits of memory from memory 198 are inverted due to the
      nature of the memory and added to a preset amount set in adder 206, and
      the output from adder 206 is compared to the output from adder 192 in
      comparator 200. The memory 198 is stepped once per binary minute such that
      the output of the memory at any time corresponds to the input of the
      memory sixteen minutes prior. If the output from adder 192 equals or
      exceeds the output from adder 206, the output of comparator 114 will be a
      0 thereby inhibiting the 1Hz pulsing of counter C-27, causing the counter
      C-27 to be 0 reset through inverter I-6 and causing the latches L-11,
      L-12, L-13, L-14 and L-15 to be 0 reset through inverter I-7 and OR gates
      O-13, O-14, O-15, O-16 and O-17. Accordingly, excess manual switching
      relays R-90, R-120, R-140, R-160 and R-180 will be deenergized to open the
      corresponding excess manual contacts in the bus control circuit and
      thereby prevent the adding of additional loads. Memory 198 has sixteen
      memory addresses, and the output of the oldest stored data is continuously
      compared to the output of adder 192. In this manner, when the output of
      adder 206 again exceeds the output of adder 192, the output of comparator
      200 will be a 1 and AND gate A-32 will be enabled to pass the 1Hz pulses
      to counter C-27 until the eighth line goes to 0 at which time the AND gate
      A-32 will be inhibited through decoder 208. The least significant digit
      output (2.sup.0 count) of counter C-27 is inverted and supplied to AND
      gates A-33, A-34, A-35, A-36 and A-37 while the three most significant
      digit outputs of counter C-27 are supplied to decoder 208. When a line is
      decoded from counter C-27, for example on the output to inverter I-9, the
      output of inverter I-9 will be 1. When the least significant digit goes to
      0 and, consequently, the output of inverter I-8 goes to 1, latch L-11 will
      be enabled, and the data input to the latch will be 1 to close excess
      manual switching relay R-90. If the added load should exceed the amount
      allowed by the input to comparator 200 from adder 206, then the excess
      manual switching relays R-90, R-120, R-40, R-160 and R-180 that had been
      energized will be deenergized.
PAR  The operation of the remote control system of the present invention as a
      whole will now be described without reference to the specific operation of
      each of the circuits set forth above. During normal operation, the relay
      in the under-voltage and phase failure sensor 28 is closed with the AC
      power input within the normal operating conditions and the bus restart
      contacts K-20, K-30, K-40, K-50 and K-60 are closed due to the restart
      timer having counted out with a 0 on the under-voltage and phase failure
      sensor output 30. The desired remote controlled loads are energized in
      accordance with those switches S-1, S-2 . . . which have been manually
      actuated by an operator at the central station with current through the
      load relays being maintained via their associated holding contacts.
PAR  Should the sensor 28 sense a variation in the supplied electrical power,
      such as under-voltage or phase failure, for a small period of time
      sufficient to permit normal line transients of short duration to be
      disregarded, the relay will drop out and contacts K-10 will open to
      deenergize the loads. Accordingly, protection is afforded to motorized
      loads if one or more of the phase voltages varies from the prescribed
      limit for a period exceeding the time delay period provided for
      transients. Additionally, the period of time that power is not supplied to
      the loads is determined by outage timer 84 such that, once power is
      resumed, the loads can be sequentially reenergized via bus restart relays
      R-20, R-30, R-40, R-50 and R-60 with the timing between successive
      energization of the relays being determined in accordance with the outage
      time. The outage timer 84 measures the total length of time during which
      no load was on the line from the first power outage until all loads have
      been reenergized due to the fact that the outage timer is not 0 reset
      until the last bus restart relay R-60 is energized. For example, if an
      outage occurs at time A and continues to time B and the bus restart
      sequence control commences restoring the loads to the line but does not
      complete the procedure of restoring full load prior to another outage at
      time C which continues to time D, the outage timer will add the time
      between the times A and B to the time between times C and D. The time
      determined by outage timer 84 determines which procedure will be followed
      for restoring the loads to full operation which is extremely inportant in
      the operation of air-conditioning equipment. If the time outage is less
      than the predetermined period of time set in comparator 94, the load buses
      will be returned to service in rapid succession with the delay imposed
      between sequential energization being such that the starting current for
      all units on line will not appear simultaneously. If the time outage has
      been off for more than the predetermined period of time, it is likely,
      especially during periods of peak demand, that a significant number of
      units, more than the average number of units which would be calling for
      heating or cooling due to normal cycling, would appear on the line thereby
      creating a maximum demand condition. Accordingly, a delayed restarting
      procedure is used which allws sufficient time for the first level of load
      to begin its normal cycling process before a second level of loads would
      be applied and in a similar manner, the third, fourth and fifth load
      levels are controlled. Therefore, peak demand for the installation is
      normally limited to the average number of units cycling on the first four
      buses in addition to the full load which might be applied on the fifth
      bus.
PAR  The room count circuit limits the operator at the central control console
      from manually adding an excessive amount of load to the line within a
      specified period of time in that the room count circuit provides a binary
      output indicative of the number of loads (remote control devices)
      energized for storage in memory. is continuously updated, and every minute
      the instantaneous output is stored in another register of a memory which
      will store sixteen readings. After each recording of the output, the
      memory is stepped to the next position which was recorded sixteen minutes
      previous to that time, and this output plus a signal from the adder 206
      representative of a maximum preset number of loads allowed to be
      additionally energized in the predetermined period of time is continuously
      compared to the current reading. If the new current reading exceeds the
      reading of sixteen minutes prior by a predetermined amount determined by
      adder 206, the excess manual switching circuit will prevent further manual
      starting until the previously applied load has commenced cycling.
PAR  The group start-up circuit provides temperature control operation for the
      units to prevent indoor temperature of individual units from dropping
      below a predetermined level below which freeze damage might occur. The
      operation of the group start-up circuit is dependent upon the mechanical
      design considerations of the units. The percentage of time or duty cycle
      that all of the units on each bus are energized in inversely related to
      the outdoor temperature; and, where five bus levels are used as disclosed
      above, they are cycled at equal intervals. By modifying the output of the
      analog-to-digital converter of the group start-up circuit to be inversely
      proportional to the outdoor temperature, the group start-up circuit can
      provide room temperature maintenance control; or, if desired, two
      substantially identical group start-up circuits could be used to provide
      freeze protection and room temperature maintenance simultaneously.
PAR  The circuits of the remote control system of the present invention could be
      implemented in any suitable logical manner; however, the above described
      logic arrangements are preferred. Similarly, the remote control system of
      the present invention can use AC or DC power for relay control and the
      remote control devices can be loads of any nature suitable to control
      ultimate remotely controlled loads.
PAR  Inasmuch as the present invention is subject to many variations,
      modifications and changes in detail, it is intended that all subject
      matter described above or shown in the accompanying drawings be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A remote control system for a plurality of loads adapted to be operated
      by electrical power supplied on a plurality of buses comprising:
PA1  switching means for controlling the electrical power supplied to the loads;
PA1  electrical sensing means for providing a signal corresponding to variations
      of the electrical power from a prescribed value;
PA1  restarting means receiving said signal from said electrical sensing means
      and including timing means for producing a timing signal representative of
      the time said signal from said electrical sensing means exists, a
      plurality of output means coupled with said switching means and responsive
      to said signal from said electrical sensing means for interrupting power
      supplied to the loads, and sequencing means responsive to said timing
      means to sequentially operate said output means with the time between the
      operation of successive output means dependent upon the time said signal
      from said electrical sensing means exists whereby power is returned to the
      loads sequentially.
NUM  2.
PAR  2. A remote control system as recited in claim 1 wherein said restarting
      means includes comparator means for comparing said timing signal with a
      preset, time-representative signal and providing a compare output, and
      said sequencing means includes sequencer means responsive to said compare
      output to operate said output means at a first sequential rate when said
      timing signal is less than said preset, time-representative signal and at
      a second rate slower than said first rate when said timing signal is
      greater than said preset, time-representative signal.
NUM  3.
PAR  3. A remote control system as recited in claim 2 wherein said sequencing
      means includes restart counter means, and said sequencer means includes
      first and second groups of gates enabled by said restart counter means and
      said comparator means.
NUM  4.
PAR  4. A remote control system as recited in claim 3 wherein said switching
      means includes a plurality of contacts for controlling the loads and said
      output means of said restarting means includes a plurality of relays
      operated by said first and second groups of gates for controlling said
      plurality of contacts.
NUM  5.
PAR  5. A remote control system as recited in claim 1 and further comprising
      means for sensing outdoor temperature and providing an electrical signal
      representative thereof, comparator means for comparing said signal from
      said temperature sensing means with predetermined levels to provide a
      plurality of cycling signals, and means responsive to said cycling signals
      to cyclically operate said switching means whereby said loads are time
      cycled in accordance with the outdoor temperature.
NUM  6.
PAR  6. A remote control system as recited in claim 5 and further comprising
      means for manually actuating said switching means to energize said
      switching means to energize said loads, counter means for counting the
      number of loads presently energized and providing a first signal
      corresponding thereto, memory means having an input receiving said first
      signal from said counter means for storing said first signal and an output
      providing a second signal stored in said memory means for a predetermined
      period of time and representative of the number of loads energized at a
      prior time, adder means receiving said second signal from said output of
      said memory means for adding a signal thereto representative of a maximum
      preset number of loads allowed to be additionally energized in said
      predetermined period of time to produce a third signal representative of
      the number of loads energized at the prior time plus the preset number of
      loads allowed to be additionally energized in said predetermined period of
      time, comparator means receiving said first signal from said counter means
      and said third signal from said adder means for comparing the number of
      loads presently energized with the number of loads energized at the prior
      time plus the preset number of loads allowed to be additionally energized
      in said predetermined period of time, and means responsive to said
      comparator means to prevent energization of a manually actuated load when
      the number of loads presently energized exceeds said number of loads
      energized at said prior time plus the preset number of loads allowed to be
      additionally energized in said predetermined period of time.
NUM  7.
PAR  7. A remote control system as recited in claim 1 and further comprising
      means for manually actuating said switching means to energize said
      switching means to energize said loads, counter means for counting the
      number of loads presently energized and providing a first signal
      corresponding thereto, memory means having an input receiving said first
      signal from said counter means for storing said first signal and an output
      providing a second signal stored in said memory means for a predetermined
      period of time and representative of the number of loads energized at a
      prior time, adder means receiving said second signal from said output of
      said memory means for adding a signal thereto representative of a maximum
      preset number of loads allowed to be additionally energized in said
      predetermined period of time to produce a third signal representative of
      the number of loads energized at the prior time plus the preset number of
      loads allowed to be additionally energized in said predetermined period of
      time, comparator means receiving said first signal from said counter means
      and said third signal from said adder means for comparing the number of
      loads presently energized wtih the number of loads energized at the prior
      time plus the preset number of loads allowed to be additionally energized
      in said predetermined period of time, and means responsive to said
      comparator means to prevent energization of a manually actuated load when
      the number of loads presently energized exceeds said number of loads
      energized at said prior time plus the preset number of loads allowed to be
      additionally energized in said predetermined period of time.
NUM  8.
PAR  8. A remote control system for electrically operated loads comprising:
PA1  switching means for controlling a plurality of loads;
PA1  means for sensing outdoor temperature and providing an electrical signal
      representative thereof;
PA1  comparator means for comparing said signal from said temperature sensing
      means with predetermined levels to provide a plurality of cycling signals;
      and
PA1  means responsive to said cycling signals to cyclically operate said
      switching means whereby said loads are time cycled in accordance with the
      outdoor temperature.
NUM  9.
PAR  9. A remote control system as recited in claim 8 wherein said cyclically
      operating means includes latch means for storing said cycling signals,
      counter means for counting clock pulses, second comparator means coupled
      with said counter means and said latch means for comparing the count in
      said counter means with said cycling signals and a plurality of relay
      means operable by said second comparator means at predetermined intervals.
NUM  10.
PAR  10. A remote control system as recited in claim 9 and further comprising
      means for manually actuating said switching means to energize said loads,
      counter means for counting the number of loads presently energized and
      providing a first signal corresponding thereto, memory means having an
      input receiving said first signal from said counter means for storing said
      first signal and an output providing a second signal stored in said memory
      means for a predetermined period of time and representative of the number
      of loads energized at a prior time, adder means receiving said second
      signal from said output of said memory means for adding a signal thereto
      representative of a maximum preset number of loads allowed to be
      additionally energized in said predetermined period of time to produce a
      third signal representative of the number of loads energized at the prior
      time plus the preset number of loads allowed to be additionally energized
      in said predetermined period of time, comparator means receiving said
      first signal from said counter means and said third signal from said adder
      means for comparing the number of loads presently energized with the
      number of loads energized ath the prior time plus the preset number of
      loads allowed to be additionally energized in said predetermined period of
      time, and means responsive to said comparator means to prevent
      energization of a manually actuated load when the number of loads
      presently energized exceeds said number of loads energized at said prior
      time plus the preset number of loads allowed to be additionally energized
      in said predetermined period of time.
NUM  11.
PAR  11. A remote control system for electrically operated loads comprising:
PA1  switching means for controlling a plurality of loads;
PA1  means for manually actuating said switching means to energize said
      switching means to energize said loads;
PA1  counter means for counting the number of loads presently energized and
      providing a first signal corresponding thereto;
PA1  memory means having an input receiving said first signal from said counter
      means for storing said first signal and an output providing a second
      signal stored in said memory means for a predetermined period of time and
      representative of the number of loads energized at a prior time;
PA1  adder means receiving said second signal from said output of said memory
      means for adding a signal thereto representative of a maximum preset
      number of loads allowed to be additionally energized in said predetermined
      period of time to produce a third signal representative of the number of
      loads energized at the prior time plus the preset number of loads allowed
      to be additionally energized in said predetermined period of time;
PA1  comparator means receiving said first signal from said counter means and
      said third signal from said adder means for comparing the number of loads
      presently energized with the number of loads energized at the prior time
      plus the preset number of loads allowed to be additionally energized in
      said predetermined period of time; and
PA1  means responsive to said comparator means to prevent energization of a
      manually actuated load when the number of loads presently energized
      exceeds said number of loads energized at said prior time plus the preset
      number of loads allowed to be additionally energized in said predetermined
      period of time.
NUM  12.
PAR  12. A remote control system as recited in claim 11 and further comprising a
      plurality of output means responsive to said comparator means for
      sequentially controlling the loads when the number of loads presently
      energized drops below the number of loads energized at the prior time plus
      the preset number of loads allowed to be energized in said predetermined
      period of time.
NUM  13.
PAR  13. A remote control system as recited in claim 12 and further comprising
      counting means receiving clock pulses under the control of said comparator
      means to sequentially operate said output means.
NUM  14.
PAR  14. A remote control system for electrically operated loads comprising:
PA1  manually responsive means for selectively controlling the energization of a
      plurality of loads;
PA1  means for determining the number of loads energized at a point in time;
PA1  means, connected to said means for determining, for comparing the number of
      loads energized at a point in time with a predetermined maximum; and
PA1  means, responsive to said means for comparing, for preventing energization
      of additional loads by said manually responsive means until the number of
      loads energized is less than the predetermined maximum number of loads.
NUM  15.
PAR  15. A remote control system as recited in claim 14 wherein said means for
      comparing comprises:
PA1  memory means for receiving signals representative of the number of loads
      energized at points in time;
PA1  adder means for adding a signal representative of a preset maximum number
      of loads allowed to be energized to signals received from said memory
      means; and
PA1  comparator means for comparing a signal representative of the number of
      loads presently energized with signals from said adder representative of
      the number of loads energized at a prior predetermined point in time and
      the preset maximum number of loads allowed to be energized.
NUM  16.
PAR  16. A remote control system as recited in claim 14 and further comprising:
PA1  display means responsive to said means for determining for indicating the
      number of loads energized at any point in time.
NUM  17.
PAR  17. A method for remotely controlling electrically operated loads to reduce
      peak energy consumption comprising the steps of:
PA1  energizing a plurality of loads by manual selection;
PA1  determining the number of loads energized at sequential points in time;
PA1  comparing the number of loads energized at sequential points in time with a
      predetermined maximum number of loads which can be energized at any point
      in time; and
PA1  controlling the capacity to manually energize additional loads in the event
      said step of comparison indicates that the number of loads energized at a
      point in time is equal to or exceeds the predetermined maximum.
NUM  18.
PAR  18. A method for remotely controlling electrically operated loads as
      defined in claim 1 wherein said step of comparing comprises the steps of:
PA1  storing signals representative of the number of loads energized at points
      in time;
PA1  sequentially adding to the stored signals a signal representative of a
      preset maximum number of loads allowed to be energized; and
PA1  comparing a signal representative of the number of loads presently
      energized with the sequentially added signals.
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PAL  A low frequency photoparametric amplifying upconverter comprising an indium
     ntimonide or silicon photodiode, source of pumping voltage and clamping
      device to clamp the diode in a self biased condition, all functioning to
      amplify an input signal applied to the photodiode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Reverse biased silicon p-n junction photodiodes are widely used for
      applications which require the detection of intensity-modulated light in
      the spectral wavelength range of 0.2 to 1.1 microns. In recent years, the
      sensitivity of these photodiodes, which operate at room temperature, has
      increased to the point that they are now challenging the monopoly once
      held by the photo-multiplier in low-light-level sensing systems.
      Similarly, the need for highly sensitive photodetectors in the 3 to 5
      micron region of the infrared spectrum is being fulfilled by photovoltaic
      indium antimonide devices which operate at 77.degree.K.
PAR  Both silicon and indium antimonide photodiodes produce an output which is
      proportional to the intensity of the incident radiation; therefore, the
      output of these devices is a true replica of the intensity-modulated input
      signal. However, the output of these devices is so small, especially in
      the case of indium antimonide photodiodes, that a low-noise preamplifier
      is generally used to boost the signal amplitude to a useful level.
PAR  An alternative approach has been used successfully with silicon photodiodes
      employed as sensors of light which is intensity-modulated at microwave
      frequencies. This technique, in which both photodetection and
      amplification take place within a single p-n junction, is called
      photoparametric amplification. The primary advantage of this technique is
      its improved noise performance.
PAR  2. Description of the Prior Art
PAR  Photoparametric operation of a photodiode was first predicted by Ahlstrom,
      Matthei and Gartner in July 1959 ("REV SCI INST," July, 1959, pp.
      592-593). It was first demonstrated by Saito in 1962 and reported in
      "Proceedings of the IRE," November, 1962, pp. 2369-2370. Shortly
      thereafter, in September 1963, David E. Sawyer reported the successful
      operation of a negative resistance photoparametric amplifier in
      "Proceedings of the IEEE," September, 1963, page 1238. Detailed analyses
      were then carried out separately by Saito and Fugii and Penfield and
      Sawyer and reported respectively in "Proceedings of the IEEE", August,
      1964, pp. 978-979 and "Proceedings of the IEEE," April, 1965, at page 340.
      They essentially predicted that, if high Q photodiodes are employed, the
      photoparametric amplifier should provide an amplified output with a
      signal-to-noise ratio nearly equal to that of the unamplified output of
      the same photodiode. This prediction was experimentally confirmed in 1966
      by Grace and Sawyer, who utilized a specially fabricated silicon device
      with a p -v-n-n.sup.+ construction designed for excellent photodetection
      properties but also retaining a high Q for good parametric operation. This
      was reported in the IEEE TRANSACTIONS ON ELECTRONIC DEVICES, December,
      1966, at pages 903 and 904. Roulston, in 1968, made a similar analysis for
      a photoparametric upconverter which he also verified and reported in the
      "IEEE Journal of Solid-State Circuits," December, 1968, pp. 431-440.
PAR  The devices reported in Sawyer and Roulston both operate with high
      frequency pumps ie, greater than 600 megahertz. Therefore these devices
      require microwave structure with the attended requirement of high
      precision components.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention comprises a low frequency photoparametric
      amplifying upconverter which utilizes a pumping source, isolating and
      clamping capacitor, photodiode and load resistance, all connected in
      series. The input for the photoparametric amplifying upconverter is the
      junction current generated by illumination of the photodiode. Thus, the
      photoparametric amplifying upconverter is simply a p-n junction that is
      illuminated to act as a photodiode and pumped so that it operates as a
      photoparametric amplifying upconverter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit schematic of a silicon photoparametric upconverter;
PAR  FIG. 2 is a schematic with the photodiode equivalent circuit of FIG. 1; and
PAR  FIG. 3 is a circuit schematic of an indium antimonide photoparametric
      upconverter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An amplifier may be defined as an input-output device in which an input
      signal causes a variation in the amount of energy flowing from an energy
      source to an output load. Useful gain is provided by an amplifier if the
      power which it delivers to the output load is greater than the power which
      it receives from the input signal.
PAR  A parametric amplifier differs from a conventional amplifier in two ways:
      (1) it uses an AC rather than a DC energy source, and (2) it channels
      power from the energy source to the output load by modulating an energy
      storage element such as an inductor or a capacitor rather than an
      effective resistance. Parametric amplifiers are therefore relatively
      noise-free when compared to conventional amplifiers because energy storage
      elements, unlike resistances, do not give rise to thermal noise.
PAR  Photoparametric amplifiers differ from conventional parametric amplifiers
      in one respect i.e.; the input signal. The input for a photoparametric
      amplifier is the junction current generated by illumination of the
      photodiode. Thus, a photoparametric amplifier is simply a p-n junction
      that is illuminated to act as a photodiode and pumped so that it operates
      as a parametric amplifier.
PAR  The analysis of photoparametric amplification is equivalent to that of
      parametric amplification with the input modified to account for the
      photo-generated input current. A detailed analysis of the operation of
      both parametric and photoparametric amplifiers is given in the
      "Proceedings of the IEEE," April 1965, page 340 by Penfield, P., Jr., and
      D. E. Sawyer.
PAR  The circuit of FIG. 1 illustrates one embodiment of the present invention
      comprising a low-frequency photoparametric up-converter utilizing a
      silicon diode as the photoparametric amplifier. In FIG. 1, a pumping means
      comprising a sinusoidal function generator 10 is connected in series
      through an isolating capacitor 11 to a silicon photodiode 12. The silicon
      diode 12 is connected to one side of load resistor 13, the other side of
      which is connected back to the pump source 10. In the present embodiment,
      the sinusoidal generator was operated at one megahertz, the capacitor 11
      was 100 pico-farads and the load comprised a 50.OMEGA. resistor. Larger
      load resistors (up to 10K.OMEGA.) have also been used successfully.
PAR  The pump signal is obtained from the sinusoidal function generator 10 and
      the capacitor 11 serves to separate the pump and signal currents so that
      parametric mixing of the two frequencies can occur in the diode. The
      capacitor, together with the rectification action of the diode, clamps the
      diode to a reverse biased condition. The input signal was obtained from a
      light emitting diode which emits radiation at 9,000 A. The light emitting
      diode was driven with a 2 KHz sinusoidal current with a peak-to-peak
      amplitude of 56 .mu.a.
PAR  With a sinusoidal pump voltage of 2.8 volts peak-to-peak across the
      photodiode, the observed power gain was 23 db.
PAR  The equivalent circuit of the photodiode is illustrated in FIG. 2. The
      characteristics of the silicon diode are set forth in the table below.
TBL  ______________________________________                                    
     Diameter                 0.040 in                                         
     Active Area              0.81 mm.sup.2                                    
     C.sub.j (zero bias)      7.5 pF                                           
     R.sub.j                  1 M.OMEGA.                                       
     R.sub.s                  100 .OMEGA.                                      
     .phi. (forward cuton voltage)                                             
                              0.5V                                             
     V.sub.B (reverse breakdown voltage)                                       
                              45V                                              
     ______________________________________                                    
PAR  FIG. 3 is a circuit schematic of an indium antimonide photoparametric
      upconverter comprising again, a source of pumping voltage 31, an isolating
      and clamping capacitor 32, photodiode 33 and load resistor 34 all
      connected in series. The pump 31 was operated at one megahertz, the
      capacitor in this case was 2200 pF and again the load was a 50 .OMEGA.
      resistor. The indium antimonide photodiode was illuminated by 1.5 KHz
      chopped radiation from a 500.degree.K blackbody.
PAR  The photodiode used in the embodiment of FIG. 3 had the characteristics as
      set forth in the table below.
TBL  ______________________________________                                    
     Diameter               2 mm                                               
     Active Area            3.14 mm.sup.2                                      
     C.sub.j (zero bias)    1200 pF                                            
     R.sub.j                500 K .OMEGA.                                      
     .phi. (cuton voltage)  10 mV                                              
     V.sub.B (reverse breakdown)                                               
                            300 mV                                             
     ______________________________________                                    
PAL  a power gain of 5 db was obtained using the circuit configuration of FIG.
      3.
PAR  Low frequency photoparametric amplification is possible in both silicon and
      indium antimonide using the circuitry of the present invention. This
      creates a new concept in the detection and amplification of intensity
      modulated infrared radiation, that of performing both operations
      simultaneously within the same p-n junction. The advantages of using the
      photoparametric upconverter rather than the conventional
      photodetector-preamplifier combination lie in the greatly simplified
      circuitry and the improved noise performance of the photoparametric
      upconverter configuration. Further, the output provided is broad band.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A low frequency photoparametric amplifying upconverter comprising:
PA1  pump means for providing a pumping voltage of a frequency of approximately
      one megahertz;
PA1  an output load;
PA1  photodiode means operatively connected in series with said pump means and
      said load means;
PA1  clamping means comprising an isolating capacitor also connected in series
      with said pump means and said photodiode means for clamping the photodiode
      means in a reverse bias condition and for blocking the input signal;
PA1  said photodiode being pumped so that it operates as a photoparametric
      amplifying upconverter;
PA1  the input signal for the photoparametric amplifying upconverter comprising
      the junction current generated by illuminating the photodiode means.
NUM  2.
PAR  2. A low frequency photoparametric amplifying upconverter as set forth in
      claim 1 wherein;
PA1  said photodiode means comprises a silicon photodiode.
NUM  3.
PAR  3. A low frequency photoparametric amplifying upconverter as set forth in
      claim 1 wherein;
PA1  said photodiode means comprises an indium antimonide photodiode.
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ABST
PAL  When a conventional printed wiring board is subjected to a harsh
      environment, leakage can develop between adjacent conductors over a period
      of time. If high impedance circuits are employed on the board, such
      leakage can adversely affect circuit performance. The effect of such
      leakage can be minimized if the circuit layout is so arranged that
      potentially troublesome leakage occurs only to elements that operate at
      comparable operating potentials. In one embodiment of the invention, a
      circuit is shown having a high impedance point on a printed wiring board
      intended for an automotive application. The high impedance wiring
      conductor is completely surrounded by a metal conductor that is connected
      to a potential point in the circuit that approximates the potential at
      which the high impedance point will operate. When the automotive
      environment results in surface leakage, there will be very little change
      in the operational character of the high impedance circuit.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 372,593, filed June 22, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The conventional printed wiring (PW) circuit board has proven to be an
      excellent interconnection medium for solid state circuits. Using this
      approach high reliability at low cost has been achieved for a wide variety
      of electronic circuit functions. PW circuit boards are ordinarily quite
      stable and durable, but problems can develop when they are used in harsh
      ambients. In automotive applications the conditions within the engine
      compartment are extreme. These include large temperature variations,
      exposure to corrosive fumes and exposure to moisture. When the equipment
      is located inside the automobile passenger compartment, the severity of
      the environment is greatly reduced, but substantial problems still exist.
      Circuit boards are still subjected to high humidity and corrosive
      atmosphere conditions along with substantial temperature extremes.
PAR  The combination of moisture with corrosive fumes constitutes a particularly
      severe problem because it can create conductive paths on insulating
      surfaces. This means that conductive paths exist where none are desired.
      This is most troublesome in high impedance circuits. Ordinarily solid
      state circuits operate at low impedance levels and are relatively tolerant
      of moderate leakage. However, in some applications high impedance circuits
      are called for and these constitute a special problem.
PAR  One solution to the problem is to hermetically seal the circuit board
      inside a suitable housing. This approach is expensive and vitiates some of
      the advantages of PW. Another solution is to spray coat the circuit board
      with a protective film or coating of a suitable plastic. This is helpful
      but does not completely solve the problem.
PAR  In recent years electronically operated automatic speed control devices
      have been developed and are being used in increasing numbers. These
      devices employ high impedance circuits which are subject to the potential
      leakage problem to which the present invention is directed. A typical
      state of the art speed control system is shown in U.S. Pat. No. 3,455,411,
      issued July 15, 1969. Speed control is achieved by comparing an analog
      voltage proportional to speed with a reference voltage. Any departure from
      a desired difference causes the automobile accelerator to be operated to
      reduce the departure. This constitutes a servomechanism that acts to hold
      vehicle speed relatively constant.
PAR  Electronically the reference voltage is a charge on a high quality
      dielectric capacitor. Very little leakage can be tolerated because the
      reference voltage must be kept constant for extended time periods. The
      circuit for comparing the reference voltage with the speed analog voltage
      must not discharge the capacitor and therefore must be a high impedance
      circuit. By way of example, if the reference voltage is stored in a 0.01
      microfarad capacitor and the voltage is not allowed to vary more than 1%
      over a one hour interval, a time constant interval of over 6,000 seconds
      is required. For the above capacitor a resistance on the order of 6
      .times. 10.sup.11 ohms or 600,000 megohms is required. This high
      resistance is ordinarily achieved by using an insulated gate type of
      transistor and special wiring and shielding techniques.
PAR  Other portions of the speed control circuit operate at substantially lower
      resistance values. For example a 30 megohm resistor is employed in the
      accelerate circuit. Reliable operation of this circuit requires that
      leakage values of in excess of 3000 megohms be maintained. Such values are
      quite difficult to maintain on commercially produced products used over
      long periods of time in the automotive environment. It is to this latter
      problem that the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to reduce the effect of surface leakage
      between conductors on PW circuit boards.
PAR  It is a further object of the invention to provide high impedance PW
      circuit connections with means for reducing the loading effects of surface
      leakage.
PAR  It is a still further object of the invention to isolate high impedance
      points on a PW circuit board by surrounding them with metal conductors
      that interrupt surface leakage thereto.
PAR  These and other objects are achieved as outlined in the following
      description. The high impedance points on a PW circuit board are
      individually surrounded with a closed ring of conductive material. This
      ring can be a separate conductor or in the interest of economy it can be
      part of the regular wiring. The ring is connected to a source of d-c
      potential that approximates the operating potential of the high impedance
      point. Thus even though some surface leakage develops the leakage will not
      alter the potential at the protected point to the degree that uncontrolled
      leakage would produce.
PAR  In a typical embodiment of the invention in an automatic speed control
      circuit, a high impedance point is surrounded with a conductor ring that
      is connected to the reference source potential which represents the d-c
      voltage level that the high impedance point will normally achieve. This
      action in practice constitutes a safety feature. If the high impedance
      point were to develop uncontrolled leakage to a point of substantially
      different potential, the speed control circuit could malfunction to result
      in excessive accelerations of the vehicle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial schematic block diagram of an electronic speed control
      device of the type generally taught in the above-referred U.S. Pat. No.
      3,455,411, but showing a leakage protected high impedance point in
      accordance with the present invention; and
PAR  FIG. 2 is a fragmentary sketch of the printed wiring used in connection
      with the circuit of FIG. 1.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows the elements of a speed control circuit for use in automobiles
      or like vehicles. Tachometer circuits 5 are normally activated by the
      speedometer shaft and produce a d-c output voltage proportional to vehicle
      speed. Typically this value will be about 0.075 volt per mile per hour.
      Thus at 60 m.p.h. there will be 4.5 volts at the output of block 5. This
      is called the speed analog voltage.
PAR  Memory capacitor 6 couples the output of the tachometer circuits 5 to the
      gate of an insulated gate field effect transistor (IGFET) 7, the output of
      which is coupled to servo circuits 9. The servo circuits 9 provide a
      mechanical output which operates the automobile accelerator 10. In
      operation control circuits 11, which are under control of the vehicle
      operator, operate reed relay coils 12 and 13 which in turn actuate
      contacts 14 and 15 respectively when energized. These contacts are
      normally open as shown.
PAR  Assume that the vehicle is operating at 60 m.p.h. and that it is desired to
      actuate the speed control circuits to hold that speed. The operator
      momentarily moves SET SPEED switch 16 to its "on" position and the control
      circuits momentarily energize relay coils 12 and 13. While the relays are
      energized, the right hand terminal of capacitor 6 is connected to a
      positive potential established at the arm of potentiometer 17. This
      potentiometer is present in the circuit to provide a means for
      compensating circuit component tolerances. It is adjusted, after the
      circuit is assembled, to provide for a predetermined overall system
      response to a particular input speed analog voltage. This avoids the need
      for excessively strict component values and/or parts selection. Together
      with resistor 18 potentiometer 17 forms a voltage divider connected across
      the regulated 8.2 volt supply. While not shown this regulated supply is
      conveniently obtained by means of a zener diode in conjunction with a
      dropping resistor and the automobile 12-volt battery circuit. The midpoint
      on potentiometer 17 will develop about 2 volts. Assuming that this setting
      is being used, the right hand terminal of capacitor 6 is at 2 volts while
      the left hand terminal is at 4.5 volts due to the tachometer output. Thus
      capacitor 6 will charge to 2.5 volts. After their brief on period, during
      which capacitor 6 charges, the control circuits de-energize relay coils 12
      and 13 thereby opening contacts 14 and 15. At this point the voltage on
      the base of IGFET 7 will be 2 volts (the tachometer output less the charge
      on capacitor 6.) This will, due to IGFET conduction, produce a voltage
      across resistor 8 and this in turn will operate servo circuits 9 which in
      turn operate accelerator 10.
PAR  In an actual circuit the servo circuits are quite complex and the
      accelerator control function very sophisticated. Since the invention is
      unrelated to this complexity, the complex circuits and functions will not
      be shown or described in detail. Only the basic action will be described.
PAR  If the vehicle speed were to increase, for example due to a downgrade, the
      tachometer circuits will produce a greater output voltage. Since capacitor
      6 retains its original charge the voltage at the gate of IGFET 7 will go
      more positive and a greater voltage will be developed across resistor 8.
      This will, through the servo circuits 9 action, pull the accelerator 10
      back thereby reducing power to the automobile drive system so as to
      maintain the 60 m.p.h. speed. Conversely, if the vehicle speed were to
      decrease, for example due to an upgrade, the tachometer circuits 5 will
      produce less output and the IGFET 7 gate voltage will decrease. This
      reduces the voltage across resistor 8 and the servo circuits 9 cause the
      accelerator 10 to be depressed thereby applying more power to the
      automobile drive so that the desired speed is maintained.
PAR  The control circuits 11 may also provide a number of safety functions by
      way of line 19. For example the control circuits will disable the speed
      control operation if the actual speed departs excessively from the desired
      speed or if the brake is actuated. These functions too are not crucial to
      the invention and will not be shown or described in detail.
PAR  From the above it can be seen that memory capacitor 6 is critical. It must
      hold the charge applied to it when the speed control circuits are
      actuated. This charge acts as the electrical reference against which the
      tachometer circuits 5 output is compared. If the charge on capacitor 6
      were to leak off, the vehicle speed under speed control would vary.
      Accordingly capacitor 6 is specified as a high quality low leakage device.
      Typically it will employ polystyrene or Teflon (polytetrafluoroethylene)
      as the dielectric medium and will be carefully manufactured to avoid
      surface leakage. In addition the wiring associated with the right hand
      terminal must be as completely free of leakage as possible. This is why an
      IGFET is used as the comparison device. In actual practice, capacitor 6,
      reed relay contacts 15, and IGFET 7 are all mounted inside a shielded
      enclosure and preferably covered with an insulating plastic coating. The
      gate electrode of IGFET 7 and the right hand terminal of capacitor 6 are
      disassociated from the ordinary PW board and they are connected in free
      standing form to the reed relay contact terminal. Thus PW board leakage
      does not have any effect on the charge on capacitor 6.
PAR  Switch 24 is an "accelerate" switch that operates the speed control system
      to cause the vehicle to accelerate at a controlled rate while the speed
      regulating function is operative. Diode 25 and resistor 26 are connected
      from the arm of potentiometer 17 to ground. Since the diode is a silicon
      device and is forward biased, and, since resistor 26 is much larger than
      potentiometer 17, the voltage of the left hand terminal of resistor 27
      will be about 0.6 volt below the voltage at the arm of potentiometer 17.
PAR  When accelerate switch 24 is actuated to its "on" position it establishes a
      particular mode of operation in control circuits 11. Elements present in
      control circuits 11 cause it to respond to accelerate switch 24 so that
      upon initial closure both relay contacts 14 and 15 are closed. After a
      brief on period contacts 14 open thereby leaving contacts 15 closed as
      long as switch 24 is closed. During the initial period when both relays
      are on, capacitor 28, which is selected to have a capacitance very large
      relative to that of capacitor 6, is connected in parallel with capacitor 6
      and both are connected to the arm of potentiometer 17. The two capacitors
      will charge rapidly to the difference in potential between the tachometer
      circuits 5 output and that present at the arm of potentiometer 17.
      Assuming that the speed control had been working normally on a flat run,
      both capacitors will then be charged to the level to which capacitor 6 had
      previously charged. When contact 14 opens, following its brief
      commanded-on period, capacitors 6 and 28 will be connected through
      resistor 27 to the juncture of diode 25 and resistor 26 which is operating
      about 0.6 volt below the voltage at the arm of potentiometer 17. The
      capacitors will begin to discharge at a rate determined by the capacitor
      28 -- resistor 27 time constant and the differential voltage. Since all of
      these factors are fixed, a steady predetermined rate is assured. As the
      capacitors discharge the gate of IGFET 7 will be driven to a lower voltage
      and the vehicle will accelerate. As far as the speed control circuits are
      concerned, this lower voltage will act as if the vehicle had slowed for
      some reason.
PAR  The acceleration raises the tachometer output which will tend to charge the
      capacitors. Thus as the capacitors are discharged through resistor 27 the
      resulting acceleration will act to produce a compensating charging effect.
      The component values are selected in respect to the automobile performance
      in combination with the control circuit operation to give a desired
      acceleration characteristic.
PAR  When the accelerate switch 24 is turned "off" the control circuits 11 will
      establish a mode of operation that causes both relays to close momentarily
      and then revert to their normally open states. During the closed interval
      the speed control will be reset to the vehicle speed present at turnoff
      and this speed will then be maintained in the usual manner.
PAR  As a practical matter resistor 27 must be made quite large to achieve the
      desired time constant (and rate of acceleration). Typically a value of
      about 30 megohms will be used. This makes point 40 of the circuit a high
      impedance point. For convenience and in the interest of production
      economy, point 40 should be included in, and lie on the surface of, a
      conventional PW board circuit assembly. It can be seen that if leakage
      develops on the surface of the PW board the voltage at point 40 will vary
      at other than the rate predetermined by resistor 27 and this could result
      in uncontrolled speed changes when the accelerate function is in
      operation. Certainly the accelerate function will not operate in its
      intended manner if such leakage is present.
PAR  Since resistor 27 is about 30 megohms it is clear that any leakage at this
      point should be greater than about 300 megohms to avoid uncontrolled
      changes. This value is difficult to maintain on a PW board subjected to
      severe ambient conditions such as those encountered in the automotive
      situation.
PAR  The leakage problem can be greatly alleviated by constructing the printed
      wiring about point 40 as shown in FIG. 2. This drawing shows a fragmentary
      portion of the PW board with point 40 indicated. This connection point is
      completely surrounded by a ring of wiring designated 41. This ring is
      connected to the arm of potentiometer 17 as can be seen in FIG. 1 where
      the ring 41 is represented in dashed outline. Using this shielding or
      guard ring type of construction, any leakage that develops to point 40
      will only relate to a potential source that approximates the normal
      potential at point 40. As described above, the potential of point 40 will
      normally operate very closely to the potential at the arm of potentiometer
      17. Thus a leakage resistance much lower than the postulated 300 megohms
      could be tolerated. In fact a leakage resistance as low as 30 megohms
      could probably be tolerated since its major effect would be to reduce the
      time constant and the magnitude of maximum acceleration in the accelerate
      mode of speed control operation. This is clearly preferred to an
      uncontrolled leakage which could result in rapid uncontrolled acceleration
      or even deceleration in the accelerate mode.
PAR  Wiring ring 41 could if desired be returned to a separate voltage divider
      designed to provide the desired potential. However returning ring 41 to
      the arm of potentiometer 17 has two advantages. First, a separate divider
      is not needed and the wiring is therefore simplified. Second, since
      potentiometer 17 will be set to its final value as part of the
      manufacturing process, its setting will automatically provide the desired
      voltage. For the wiring shown in FIG. 2, ring 41 is actually made a part
      of the regular PW. For example point 43 is physically located at the arm
      of potentiometer 17, point 44 is physically located at the left hand
      terminal of relay contacts 14, and point 45 is physically located at the
      anode terminal of diode 25. Thus ring 41 simultaneously isolates wiring
      point 40 and joins components 17, 14 and 25 together.
PAR  The following part values were used in a speed control device constructed
      as shown in FIGS. 1 and 2 to demonstrate the improved tolerance to leakage
      of the wiring form of FIG. 2.
TBL  ______________________________________                                    
     Capacitor 6   .01 Microfarad (polystyrene)                                
     IGFET 7       MFE 3004 (Motorola)                                         
     Resistor 8    2.2 K ohms                                                  
     Potentiometer 17                                                          
                   5 K ohms linear                                             
     Resistor 18   3.9 K ohms                                                  
     Diode 25      FD-100 (Fairchild)                                          
     Resistor 26   12 K ohms                                                   
     Resistor 27   30 M ohms                                                   
     Capacitor 28  0.12 Microfarad (Mylar)                                     
     ______________________________________                                    
PAR  The device was subjected to extended testing under highly adverse
      conditions and was found to be much less subject to leakage than were
      conventionally constructed devices.
PAR  A means for substantially reducing the effects of electrical leakage on a
      PW board has been set forth and an example of an application has been
      shown. A person skilled in the art will find many other applications and
      equivalents. Therefore it is intended that the scope of our invention be
      limited only by the following claims.
CLMS
STM  We Claim:
NUM  1.
PAR  1. A printed wiring circuit board intended for automotive speed control
      circuit applications; said circuit including a low leakage memory
      capacitor connected to provide a speed reference function; a first
      electrical relay connected to establish a controlled charge on said
      capacitor; a controlled accelerate component group including a large value
      resistor, a second electrical relay, and a capacitor having a value large
      compared with said memory capacitor; said group connected to provide for a
      slowly changing increment of charge on said memory capacitor in response
      to the controlled actuation of said relays, and having a common point of
      connection on said printed wiring board; said circuit board comprising: an
      insulating substrate having metallic conductors arrayed thereon to
      establish the wiring pattern necessary to interconnect the components of
      said circuit, and a conductive ring immediately surrounding said common
      point of connection, said ring being connected to a source of potential
      approximating the normal operating potential of said common point.
NUM  2.
PAR  2. The printed wiring circuit board of claim 1 wherein a potentiometer is
      included in said circuit and connected to provide an adjustable reference
      source for establishing in part said controlled charge, and said ring is
      connected to the arm of said potentiometer.
NUM  3.
PAR  3. The printed wiring circuit board of claim 2 wherein said ring
      additionally interconnects said potentiometer to said accelerate
      components group.
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ABST
PAL  Apparatus and logic circuitry for selection of a desired wash program in a
      laundry machine in which multiple programs are available and occupy zones
      of varied extent on a continuous program surface. An indexing surface is
      connected to and moves with the program surface. The indexing surface is
      divided into a plurality of tracks, each of which is marked to identify
      the position and extent of a distinct program encoded on the program
      surface. Individual pushbutton selection switches provide power to enable
      individual sensing switches paired with the tracks. An enabled switch
      senses the markings defining the program selected by actuation of a
      particular pushbutton. The pushbutton switch enabling an individual
      sensing switch also actuates an indexing drive which rapidly and
      automatically drives the indexing surface to a position where the enabled
      sensing switch senses a program point corresponding to the beginning of
      the selected program. The sensing switch then disconnects indexing drive
      and engages a timer motor, also enabling means responsive to the
      information encoded on the program surface so that the selected program
      may be performed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to program controllers for machines whose
      operation may involve any one of a number of distinct cycles or programs
      and more particularly concerns improved indexing and program selection
      apparatus suitable for use in commercial or institutional laundry
      machines.
PAR  It is typical in existing laundry machines for controllers to have a
      manually rotatable dial marked so that various sectors of the dial
      identify various distinct wash programs, formulas, or cycles. Such dials
      are often fixed to rotatable shafts on which a plurality of cams engage a
      gang of individual switches for controlling various mechanisms and
      subsystems within the machine. After the dial is manually rotated to the
      operator-selected sector, a timer motor which drives the dial shaft and
      cams through that section is engaged. In this manner, the steps defined by
      portions of the cams in that sector are performed by the machine. In a
      machine having a number of special purpose cycles, some of which may
      involve addition of special additives to deal with hard-to-remove stains
      or other environmental conditions, it is particularly important that the
      machine perform exactly the desired program. Often the omission of one
      step from a cycle or the inclusion of an unwanted step or additive may
      render the desired program ineffective or even harmful to the material
      being laundered. Since the program is defined by manual selection of a
      particular dial sector, errors of this type are likely. Another
      disadvantage of conventional machines having a manually settable circular
      dial used for program selection is that the number of easily
      distinguishable programs available is significantly limited.
PAR  In addition, a number of manual controllers have program selection dials
      which operate independently of the mechanism for starting machine
      operation. With such machines it is quite possible to forget to select the
      proper program before actuating the machine. This will result in a repeat
      of the program previously selected.
PAR  The indexing and selection apparatus of the present invention overcomes
      these disadvantages in a system in which improved flexibility and an
      ability to select many distinct programs is combined with simplified
      controls which accurately and repeatably cycle through all steps defining
      a particular program without deletion or addition of unwanted steps.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, program indexing and selection apparatus
      is provided for a laundry machine having a movable continuous program
      surface with zones of differing extent spaced about said surface, each
      zone defining a plurality of laundry program functions collectively
      defining a distinct wash program. The laundry machine has a timer motor
      for moving the program surface past control means responsive to the steps
      encoded thereon, which means in turn actuates the laundry machine to
      perform the encoded steps. Means defining a movable continuous indexing
      surface associated with the program surface and maintaining a fixed
      positional relationship thereto is also provided. The indexing surface has
      distinct index points thereon which have a predetermined positional
      relationship to the beginning and end of the zones defining distinct wash
      programs.
PAR  A plurality of individual sensing means are mounted above the indexing
      surface. Each such sensing means is adapted to sense the index points
      corresponding to the beginning and end of a different distinct wash
      program encoded on the program surface. Connected to the individual
      sensing means are program selection means. The program selection means
      function to enable a sensing means corresponding to a selected program.
      The program selection means also energizes an indexing drive which moves
      the program surface and indexing surface with respect to the individual
      sensing means. The enabled sensing means eventually senses an index point
      on the indexing surface. The sensed point is positioned so that, when it
      is sensed, the beginning of the selected program will be aligned with the
      sensitive area of the control means. When the index point is sensed, the
      sensing means causes the indexing drive to be discontinued. The normal or
      timer motor drive is then used to drive the program surface and the
      control means are enabled so that they can sense and respond to the zone
      occupied by the selected program.
PAR  Depending upon the particular embodiment of the present invention, when the
      program is complete and the entire zone has been surveyed by the control
      means, a second index point on the indexing surface corresponding to the
      end of the selected program may be sensed by the sensing means and used
      either to de-energize the system or to reconnect the indexing drive to
      drive the program surface back to an initial or "ready" position, after
      which a limit stop de-energizes the drive.
PAR  Selection and indexing apparatus according to the present invention thus
      requires the machine operator only to select the proper program. After the
      initial choice is made, the apparatus searched for and finds those portion
      of the program surface which defines the selected program and
      automatically cycles the laundry machine through the entire series of
      steps which define the selected program.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Additional advantages and desirable features of the present invention will
      be better understood after consideration of the drawings and the detailed
      description relating to them. Referring particularly to the drawings,
      wherein the use of like reference numerals throughout the several views is
      indicative of like elements:
PAR  FIG. 1 is a view in perspective of a laundry machine having a wash cycle
      controller incorporating one embodiment of the program selection and
      indexing apparatus of the present invention;
PAR  FIG. 2 is a perspective view of a wash cycle controller as shown in
      connection with FIG. 1, portions thereof being cut away to show the
      structure and particular features of an embodiment of the present
      invention;
PAR  FIG. 3 is a greatly enlarged view in side elevation of a portion of the
      internal structure of the controller shown in FIG. 2;
PAR  FIG. 4 is a schematic diagram illustrating the logic circuitry of the
      indexing and selection apparatus of the present invention; and
PAR  FIG. 5 is a simplified electrical schematic diagram showing essential wash
      controller mechanisms controlled by the indexing and selection apparatus
      and the interaction of the apparatus with the laundry machine.
PAR  The invention will now be described in connection with preferred
      embodiments thereof. It will be understood, however, that the invention is
      not limited in scope to any particular embodiment. On the contrary, all
      alternatives, equivalents, and modifications which do not depart from the
      spirit and scope of the invention as defined by the claims are covered.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning first to FIG. 1, there is shown in perspective a laundry machine
      generally designated 10. Laundry machine 10 has a body 12 of substantially
      rectangular exterior construction. In the front wall of the body 12 is a
      loading door 14 with a circular window which provides a view of the load
      and the laundry cycle in progress. Located in a recessed area below
      loading door 14 are a plurality of detergent or additive containers 18.
      Each container has a tube leading from it to an internal injection system
      which controls injection of detergents and additives for the various
      cycles or programs which the machine is capable of performing. Laundry
      machine 10 has a wash cycle controller 20 mounted thereon. Wash cycle
      controller 20 contains basic program logic and circuitry which control the
      operations of the laundry machine as well as indexing and selecting
      apparatus of the present invention, all housed in a generally rectangular
      enclosure. Protruding from the top surface of wash cycle controller 20 are
      three syphon breakers 24. These syphon breakers prevent laundry products
      or solution from backing up into the fresh water supply line in case of
      reduced or negative pressure upstream of the syphon breakers.
PAR  Wash cycle controller 20 is shown in more detail in FIG. 2. Controller 20
      has a front panel 28, portions of which are broken away in FIG. 2 to show
      its internal structure. In the preferred embodiment, located to the left
      of panel 28 are toggle switches, an indicator light and a pushbutton
      generally designated at No. 21 which provide basic laundry machine
      functions. Since these elements are not essential to or required for an
      understanding of the structure and operation of the present invention,
      their function will not be discussed in detail. They may, for example, be
      power switches, stop switches, indicator lights or other elements which
      provide emergency deenergization, program cancelling or other common
      control functions.
PAR  Wash cycle controller 20 has housed therein means having a movable
      continuous program surface, which in the present embodiment is a
      cylindrical controller drum or roll chart generally designated 32.
      Cylindrical controller drum 32 is divided into a number of laterally
      spaced longitudinal tracks 34 which extend around the exterior surface
      thereof. A number of the individual tracks 34 on the right side of drum 32
      shown in FIG. 2 comprise an indexing surface generally designated 36. A
      larger number of the tracks 34 on the left side of drum 32 in FIG. 2
      comprise the program surface 38. For illustrative purposes, a dotted line
      37 in FIG. 2 divides the program and indexing surfaces.
PAR  Located immediately above drum 32 is a switch head 42 carrying a plurality
      of individual sensing means or sensing switches 44, one for each of the
      individual tracks 34 on drum 32. Each of switches 44 has an actuator
      finger or lever 46 which is spring biased away from its respective switch
      body 48 by a spring loaded actuator button 52. Each of switch bodies 48 is
      affixed to switch head 42 and positioned so that its actuator finger 46
      may ride along the contour of its associated individual track 34. The
      switches are adjusted so that changes in the contour of the track affect
      the position of actuator fingers 46, resulting in switch travel and
      actuation due to depression and extension of actuator buttons 52.
PAR  The individual switches which follow tracks on program surface 38 control
      various steps in a wash or laundry program. Typical of the types of
      functions which might be controlled by these switches are the amount of
      detergent added, the time detergent is injected, wash, spin, rinse and
      cycle times, water temperatures, extraction temperatures, injection of
      solvents or soak additives, drain energization, and agitation. Tracks
      controlling each of these parameters for distinct wash program may have
      varying contours. When drum 32 is rotated at a time-dependent rate by a
      timer motor, controlled on and off times for the program switches result.
      It will thus be understood that by varying the contour of the individual
      tracks on the program surface 38, a wash program is in effect encoded on
      the surface.
PAR  For a laundry machine of the type shown in FIG. 1, selectability of any one
      of a large number of distinct wash programs is desired. For this purpose,
      program surface 38 may be divided up into a number of zones upon which are
      encoded the steps which make up individual wash programs. These zones may
      overlap; i.e., have common steps. For distinctness, however, in the
      embodiment described the zones will differ in extent about the periphery
      of the 360.degree. program surface. As an example, if five programs having
      no common steps were desired, each requiring the same laundry time, each
      program would occupy program surface corresponding to approximately
      72.degree. of the total 360.degree. of the arc of the drum.
PAR  With most machines, it will be desired to have programs of varied extent
      including various functions and different function sequences, all of which
      give the laundry machine flexibility and utility. The desired programs
      will therefore be encoded on the program surface in zones of varying
      extent about the periphery of the controller drum 32.
PAR  Indexing surface 36 has a plurality of individual tracks designed for use
      in indexing and selection of the programs encoded on program surface 38.
      Each of the individual tracks has index points which correspond to the
      beginning and end of the particular program indexed by that track. In the
      embodiment shown, these index points are abrupt changes in the contour of
      the individual track. These abrupt changes in contour are identified as 54
      and 56 in FIG. 3, which shows a cut away of controller drum 32 revealing
      the contour of an individual track 34. Depending on the switching
      convention chosen, the program length may be indicated either by a groove
      or by a protrusion on the track. In the particular embodiment shown in
      FIGS. 1-3 a cutout portion (one of lesser radial extent than the remainder
      of the track) defines the extent of the particular program indexed by the
      track.
PAR  In the embodiment shown the sensing switches which follow both program and
      indexing tracks have substantially parallel actuator fingers. Therefore,
      depressed portion 58 of the indexing track shown in FIG. 3 defines a wash
      program covering a zone on the program surface 36 defined by lines
      parallel to the axis of drum 32 through program points 54 and 56.
PAR  Controller drum 32 is rotatably driven, either by a timer motor or by an
      indexing drive motor (not shown in FIG. 1-3). The timer motor provides
      drive at a relatively slow rate, for example, one complete revolution of
      drum 32 in 90 minutes. The indexing drive motor will drive at a
      considerably faster rate, to eliminate delay between selection and wash
      cycle performance. It may drive at a rate of 0.5 --3 R.P.M.
PAR  To the right of front panel 28 is a means for program selection in the form
      of a plurality of pushbutton switches 60. Individual pushbutton switches
      60 may, for convenience, be labeled to identify the individual program
      they represent or the type or kind of laundry to which the program is
      suited. Corresponding to each pushbutton 60 is one of a plurality of
      program relays 68. Among other functions, program relays 68 provide
      continuous energization to the sensing switch corresponding to a selected
      program despite release of the associated pushbutton switch 60. Connected
      to each of program relays 68 is one of a number of program indicator
      lights 76. During operation of the indexing and selection apparatus of the
      present invention and performance of the selected program, indicator
      lights identify the program chosen.
PAR  Wash cycle controller 20 has a right side panel shown in FIG. 1 which may
      contain additional special purpose switches. In particular, in the
      embodiment shown in FIG. 1, a reset switch 78 is shown. Reset switch 78
      provides a means of returning the program surface to an initial or "ready"
      position after a program has been cancelled midway or interrupted as a
      result of power loss.
PAR  The operation of the system will be best understood after reference to the
      elements shown in electrical schematics of FIGS. 4 and 5. Therefore
      description of operation of the structure of FIGS. 1-3 will be deferred
      until these figures have been described. In FIG. 4, a control power source
      in the form of a step-down transformer 86 having a secondary winding 88 is
      shown. Secondary winding 88 provides power for the selection and indexing
      apparatus via a pair of power leads 90 and 92. Connected to power lead 90
      through a set of normally closed relay contacts 94 is a power bus 98.
      Power lead 90 is also connected to one terminal of a single pole, double
      throw, spring biased limit stop switch 45 which may be mounted on switch
      head 42 in the same manner as sensing switches 44 shown in FIG. 3. Limit
      stop switch 45 disconnects power from relays which actuate the timer motor
      and indexing drive motor and drive the controller drum 32. Limit stop
      switch 45 is mounted directly above and has an actuator finger in physical
      contact with one of the tracks 34, designated as a limit stop track on
      controller drum 32. The limit stop track has a contour such that switch 45
      opens to disconnect power to the drive relays at a convenient zone on the
      drum where no program is encoded on surface 38. A convenient placement for
      the index point or contour which actuates limit stop switch 45 is parallel
      to a blank zone of program surface 38 following the contours which define
      the encoded programs.
PAR  Connected between one of the contacts of limit stop switch 45 and one side
      of a cancel switch 100 is a connective link 102. Cancel switch 100 is a
      pushbutton switch used to disconnect power to the timer motor driving drum
      32 in situations where it becomes necessary to stop the machine at an
      intermediate point in a program. Connected to the opposite side of cancel
      switch 100 is a power bus 106. Power bus 106 is used to provide power for
      the indexing drive motor and timer motor relays after release of a program
      selection pushbutton switch 60 makes power unavailable from lead 90 and
      bus 98.
PAR  A dotted line block generally designated 108 surrounds and defines the
      program selection circuitry for an individual program, "Program Selector
      No. 1". This circuitry includes a pushbutton switch 60 (physically shown
      in FIGS. 1 and 2) connected in series with the coil of an individual
      program relay 68 between power bus 98 and power bus 92. Relay 68 performs
      a "hold-in" function for the selection circuitry. It has two pair of
      normally open contacts 110 and 112 within the block 108. Contacts 110 are
      connected between power bus 106 and a junction point 114. Also connected
      to junction point 114 is a conductor 116 the other end of which is
      connected to a junction point 118. Junction point 118 is connected between
      pushbutton switch 60 and relay coil 68. Connected in series between
      junction point 114 and power bus 92 are a diode 120, an indicator light
      124 and a current limiting resistor 128. When selection of Program 1 is
      made by depressing pushbutton 60, power is provided through switch 60 to
      pull in relay 68. This closes normally open contacts 110 and provides an
      alternate path for power to diode 120, indicator light 124 and current
      limiting resistor 128. Indicator light 124 is illuminated to indicate that
      the selector circuit for Program 1 is energized. Light 124 will remain
      energized after manual release opens switch 60 by means of the alternate
      path through contacts 110.
PAR  Also connected to junction point 114 through normally open contacts 112 of
      relay 68 is the common terminal 130 of a spring biased sensing switch 44.
      Switch 44 is one of the switches, physically shown in FIGS. 2 and 3,
      having a actuator finger or lever which rides on one of the individual
      program indexing tracks 34 on indexing surface 36. Depending on the
      contour of the track to which actuator finger 46 responds, switch 44 may
      be in a state conducting from common 130 to a first terminal 132 or to a
      second terminal 134. Connected between terminal 132 and power bus 92
      through a junction point 136 is an indexing motor relay 140. Connected
      between junction point 134 and power bus 92 through a junction point 142
      is a timer motor relay 144. Indexing motor relay 140 has a pair of
      normally open contacts 150 shown in FIG. 5 through which power to indexing
      motor 154 must pass.
PAR  Therefore, when sensing switch 44 is enabled, either by depression of said
      pushbutton 60 or pull-in of relay 68, power is provided to terminal 130.
      Switch 44, when in the position shown, energizes the coil of relay 140,
      closing contacts 150 and driving indexing motor 154. On the other hand,
      when switch 44 is in a position which conducts between terminals 130 and
      134 and contacts 110 and 112 are closed, timer motor relay 144 is
      energized. Relay 144 has two pair of normally open contacts 160 and 162
      shown in FIG. 5. Pull-in of relay 144 closes contacts 160 and 162 and
      provides paths through which power may be distributed through a main
      control relay 170 and a timer motor 174.
PAR  Control relay 170 is the main control relay which enables switches riding
      on tracks on program surface 38 to respond to the contours of that surface
      to perform the steps in various of the wash programs encoded on the
      surface. Timer motor 174 provides a time-dependent drive of the program
      surface at a considerably slower speed than indexing motor 154 as
      previously mentioned.
PAR  Completing the simplified diagram of FIG. 5, which shows the relationship
      between the selection and indexing logic circuitry of FIG. 4 and basic
      wash controller elements, a power source or transformer 180 has a
      secondary 182, one terminal of which is connected to a fusable link 184.
      The other terminal of secondary 182 is connected to a power bus 186.
      Fusable link 184 is connected to power bus 190. Connected in parallel
      between power bus 190 and power bus 186 are indexing motor 154 and a set
      of normally open contacts 150 of relay 140; main control relay 170 and a
      set of normally open contacts 160 of timer motor relay 144; and timer
      motor 174 and a second set of normally open contacts 162 of timer motor
      relay 144. It will be apparent that pull-in of indexing motor relay 140
      merely closes the set of contacts 150 to provide indexing drive power to
      indexing motor 154. Normally open contacts 160 prevent actuation of any
      steps in wash programs during indexing drive of controller drum 32.
      However upon sensing a program point, switch 44 changes to its second
      position, engaging contact 134, in which timer motor relay 144 is
      energized. This closes the contacts 162 to energize timer motor 174 and
      provide power to main control relay 170 via the closed contacts 160, while
      de-energizing the indexing motor.
PAR  Returning now to complete description of the circuitry shown in FIG. 4, a
      power indicator light 200 is connected between power bus 106 and power bus
      92 in series with a current limiting resistor 204 and diode 206. Light 200
      provides an indication that power is available for selection of specific
      programs and that the control circuitry for the machine is being powered.
PAR  Shown in a dotted line block generally designated 208 immediately below
      light 200 is circuitry for selection of a second program, "Program
      Selector No. 2". This circuitry is substantially identical to the
      circuitry of block 108 which defines Program Selector No. 1. For this
      reason, each of the elements in dotted line block 208 have been designated
      with the same reference numerals used to designate like elements of
      Program Selectors 1 and 2. Spring biased sensing switch 44' of block 208
      will be laterally spaced so that its actuator finger 46' rides on a
      different one of the indexing tracks 34. The contours of that track, as in
      the case of the indexing track for Program 1, define Program 2. As an
      example, Program 2 could be a program having entirely different steps from
      Program 1. If so, the index points on the track for Program 2 would be
      positioned to define a zone on program surface 38 which had no area in
      common with the zone defined by the index points on the indexing track for
      Program 1. The contacts of switch 44' in block 208 are connected to relay
      140 and relay 144 by means of connection to junction points 136 and 142
      respectively. Connection between switch 44' and junction point 136 is made
      via a common conductor 210, which also provides connection for additional
      program selectors similar to Selectors No. 1 and 2, two of which are shown
      as blocks in FIG. 4 labeled program selector No. 3 and program selector
      No. k respectively. Similarly, the opposite contact of switch 44' is
      connected to junction point 142 by means of a common conductor 214 which
      provides this function for additional selectors.
PAR  It may occasionally be desirable to stop in the middle of a program, then
      subsequently advance drum 32 back to an initial or "ready" position
      defined by the point at which limit stop switch 45 interrupts power to the
      controller drum drive and control relays. This is accomplished in the
      embodiment shown by a program reset block generally designated 220.
      Located in reset block 220 and connected in series between bus 98 and
      power bus 92 are a reset switch 78, which may be a pushbutton switch, and
      a hold-in relay 222. Relay 222 has two pair of normally open contacts 224
      and 226. Contacts 224 are connected between reset switch 78 and relay 222.
      Contacts 224 "hold-in" relay 222 upon release of pushbutton reset switch
      78. Normally open contacts 226 are connected between junction point 230
      and common conductor 210. Between sets of contacts 224 and 226 is a
      junction point 232. Connected in series between junction point 232 and a
      common conductor 236 which connects the indicator lights to current
      limiting resistor 128 are a diode 238 and indicator light 242.
PAR  It will be apparent from comparison of the circuit in block 220 and the
      circuit in block 108 or 208 that the only significant difference in block
      220 is the lack of a single pole, double throw switch. The reason for its
      omission is that the reset switch needs only to energize the indexing
      motor to drive the drum to the limit stop. The indexing motor relay is
      then de-energized by limit stop switch 45.
PAR  The operation of a laundry machine using the preferred embodiment of
      applicants' invention as shown in FIGS. 1-5 will now be described. Assume
      first that a power switch (not shown) has been thrown to provide power to
      control power source 86. An operator selects one of the programs and
      pushes the appropriate program selection means or pushbutton switch which
      may be, for example, pushbutton switch 60 for selection of Program 1.
      Since timer motor relay 144 will not be initially energized, a set of
      normally closed contacts 94 thereof will be closed and power to relay 68
      will flow through conductor 90, contacts 94 and pushbutton switch 60.
PAR  Energization of relay 68 will result in closing of normally open contacts
      110 and 112. Contacts 110 and conductor 116 will then shunt around
      pushbutton switch 60 to "hold-in" relay 68 after release of switch 60 by
      the operator. Power will also be provided to common terminal 130 of
      sensing switch 44 through conductor 90, limit stop switch 45, cancel
      switch 100 and contacts 110 and 112 of relay 68. Actuation of pushbutton
      switch 60 enables spring biased switch 44 by providing power to its common
      terminal 130 so that changes in the state of the sensing switch associated
      with the depressed switch will be reflected in changes of energization at
      relays 140 and 144. Spring biased switch 44 will initially be in the
      position shown in FIG. 4, providing a conductive path between terminals
      130 and 132, since drum 32 will be in a "ready" position after the end of
      a previous cycle. Switch 44 in this state provides a path for power to
      indexing drive relay 140. Pull-in of indexing drive relay 140 will close
      contacts 150 shown in FIG. 5 and provide power from secondary 182 to
      indexing motor 154. Indexing motor 154 will then rotate controller drum 32
      at an indexing rate of speed until actuator finger 46 reaches an index
      point.
PAR  As previously mentioned, the index point corresponds to the beginning of
      the selected program. In the specific embodiment shown in the Figures, the
      index point is identified by a change in contour of the individual track
      34 on which actuator finger 46 rides. The index point or change in track
      contour will result in a change of state of sensing switch 44. In its
      second state, sensing switch 44 will provide power to terminal 134 and
      timer motor relay 144 to which it is connected. This will pull-in relay
      144. Relay 140 will drop out and therefore indexing drive by motor 154
      will be discontinued. At the same time, normally open contacts 160 and 162
      will close. This will provide conductive paths for power to pull in main
      control relay 170 and to drive drum 32 by means of timer motor 174. In
      addition, normally closed contacts 94 of relay 144 will open. This
      eliminates the possibility of inadvertent actuation of an alternate
      program during the laundry machine's performance of the program already
      selected.
PAR  The closing of contacts 160 will enable control relay 170 to pull-in.
      Control relay 170 will then enable the switches controlled by individual
      tracks on program surface 38 to respond to the information encoded on
      those tracks and to perform the steps in the selected wash program
      (Program 1). Upon completion of those steps, actuator finger 46 of spring
      biased switch 44 will encounter a second index point which, in the case of
      the present embodiment, will be a change in contour of the track causing
      it to return to its first state, energizing indexing drive relay 140 and
      dropping out timer motor relay 144. Contacts 160 and 162 will open,
      disconnecting main control relay 170 and timer motor 174 so that no
      further wash steps will be performed. Energization of the indexing motor
      relay will again provide power to indexing drive motor 154 which will
      drive through the remainder of the program surface until limit stop switch
      45 reaches its limit position, disengaging power to the indexing drive
      relay.
PAR  The performance of individual programs by each of the other program
      selector circuits will be similar to that of Program Selector No. 1, with
      the exception that each program selector has a separate spring biased
      sensing switch which rides on an indexing track 34 on which a program is
      defined by the zone between the index points thereon.
PAR  Under certain circumstances, it may be desirable to cancel a program during
      an intermediate point in its performance. If so, depression of cancel
      switch 100 will disconnect power from the hold-in relay for the selected
      program. This will disenable the sensing switch and remove energization
      from common terminal thereof so that neither timer motor relay 144 nor
      indexing drive relay 140 will be energized. This will stop drum 32 and the
      machine will cease performing program steps.
PAR  The circuitry of block 220 provides a capability to reset the program
      surface after cancellation has occurred without using a complicated
      procedure or cycling the laundry machine through undesired steps. The
      operator first depresses the pushbutton switch 78. Since relay 144 will
      not be energized, power will be provided through normally closed contacts
      94, power bus 98 and pushbutton switch 78 to relay 222. Relay 222 pulls
      in, closing sets of contacts 224 and 226. Power then flows through power
      bus 106, contacts 224 and junction point 230 to hold-in relay 222. In
      addition, power flows through contacts 224, 226 and common conductor 210
      to indexing drive relay 140. Relay 140 closes contacts 150 to the indexing
      motor to drive drum 32 until limit stop switch 45 is reached. Since there
      is no equivalent to sensing switch 44 in block 220, relay 144 is not
      energized. Therefore contacts 160 remain open and the switches associated
      with the program surface are not enabled.
PAR  Although the present invention has been described in terms of programming
      and indexing surfaces defined on the exterior surface of a circular
      cylindrical drum, it will be understood by those of skill in the art that
      the invention is not limited to use with a cylindrical drum or sensing
      switches which respond only to variations in contour on indexing and
      program surfaces. Alternatively, the sensing switches might be photodiodes
      capable of sensing variations in the reflectivity on the individual
      indexing tracks. These variations in reflectivity would be used to define
      index points for the beginning and end of a program. Another possibility
      would be to make portions of the indexing track conductive and other
      portions nonconductive, thereby defining the extent of a program on the
      track using conductivity.
PAR  It is not critical to the present invention that the indexing drive
      re-engages and drives the drum to an initial position defined by a limit
      stop each time a selected program is complete. Alternatively, it would be
      possible to have limit stops associated with each of the individual
      program indexing tracks to disconnect power therefrom after the program
      has run its course. When selection of the next program was made, the
      indexing drive could then drive from the end of the last program used to
      the point at which the selected switch reached its first index point.
PAR  In addition, the embodiment shown and described has program and indexing
      surfaces comprising a plurality of individual tracks on a circular
      cylindrical drum. Such a drum may be constructed by clamping or fastening
      together a number of individually cut discs which define the tracks having
      information to which individual sensing switches respond by cutting
      grooves in a solid drum. On the other hand, it would be possible to
      substitute a continuous movable band or chart for the drum. Such a band
      would rotate or move with respect to the sensing switch head in response
      to drive from either the indexing motor or the timer motor.
PAR  It will also be understood that it is not necessary to use normally open
      contacts on the timer motor relay to prevent the main control relay from
      driving the laundry machine through unwanted steps on the program surface.
      Normally closed contacts on the indexing drive relay or any other
      apparatus which prevents the sensing switches for the program surface from
      driving the machine until the selected zone is reached would work equally
      well.
PAR  It will be further understood that it is not essential to the present
      invention that a momentary contact pushbutton program selector switch and
      holding relay be used for program selection. Pushbutton switches with
      mechanical latches and interlocks and a mechanically operated cancel
      switch or any other functional equivalent could as well be used.
PAR  Other modifications of the invention will be apparent to those skilled in
      the art in light of the foregoing description. The description is intended
      to provide concrete examples of individual embodiments clearly disclosing
      the present invention. Accordingly, the invention is not limited to any
      particular embodiment. All alternatives, modifications and variations of
      the present invention which fall within the spirit and broad scope of the
      appended claims are covered.
CLMS
STM  We claim:
NUM  1.
PAR  1. Wash program controller apparatus for a laundry machine of the type
      having a plurality of subsystems each operable to perform a unique
      laundering function, comprising:
PA1  a. means for automatically activating said plurality of subsystems to
      execute a plurality of distinct laundering programs, comprising:
PA2  i. first triggering apparatus defining an encoded movable program surface
      continuously disposed in the direction of movement thereof, having a
      plurality of laterally spaced tracks each encoded with triggering elements
      of varied lengths in said direction of movement, wherein each of said
      plurality of triggering elements is identifiable with at least one of the
      unique laundering functions and, wherein said triggering elements of said
      program surface occupy zones of varying extent in said direction of motion
      with those said triggering elements within each zone being identifiable
      with a different one of said distinct laundering programs;
PA2  ii. control means operatively connectable to the plurality of subsystems
      and disposed to survey a portion of said encoded program surface tracks
      for activating responsive to movement of said triggering elements thereof
      said plurality of subsytems in sequential time dependent manner; and
PA2  iii. first drive means for advancing said encoded program surface relative
      said control means at a first rate of speed so that said control means
      actuates the plurality of subsystems in sequential time dependent manner;
      and
PA1  b. indexing means for automatically synthesizing said plurality of distinct
      laundering programs by selecting for execution various combinations of the
      plurality of laundering functions, comprising:
PA2  i. second triggering apparatus defining an encoded movable indexing surface
      continuously disposed in the direction of movement thereof, having a
      plurality of laterally spaced indexing tracks each encoded with at least
      one index element, said one index element of each of said indexing tracks
      having a predetermined positional relationship on said indexing surface
      corresponding to the beginning of a different one of said zones of said
      program surface;
PA2  ii. a plurality of sensing means, each operatively disposed relative said
      indexing surface to survey a different one of said indexing tracks, for
      sensing when activated said index elements of its surveyed track;
PA2  iii. second drive means for advancing when activated said indexing surface
      relative said plurality of sensing means;
PA2  iv. program selection means having a plurality of input selector means each
      operatively connected with a different one of said sensing means and
      identifiable with a different one of said laundering programs for
      activating in response to energization of one of said input selectors the
      associated single one of said sensing means and for activating said second
      drive means, thereby automatically advancing said indexing surface
      relative said sensing means until said activated sensing means senses said
      one index element of its surveyed indexing track, indicating the beginning
      of the selected laundering program zone; and
PA2  v. switching means responsive to the sensing of said one index element by
      said activated sensing means for deactivating said second drive means, for
      activating said first drive means and for actuating said control means to
      respond to said triggering elements within that zone defined by said
      sensed one index element, to execute the selected laundering program.
NUM  2.
PAR  2. The apparatus of claim 1 including means for physically connecting said
      second means and said first means so that said program surface and said
      indexing surface move together, and wherein said first and second drive
      means are each connected to advance simultaneously said program surface
      and said indexing surface.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said program selection means includes a
      power source and plurality of selector switches connected in electrical
      parallel thereto, with each of said selector switches being operatively
      connected to a different one of said input selector means for activation
      thereby; wherein said plurality of sensing means includes a plurality of
      sensing switches each of which is operatively aligned with a different one
      of said indexing tracks and is responsive to said index elements thereon
      to switch between first and second states, each of said sensing switches
      being connected in series to a different one of said selector switches so
      that actuation of a particular selector switch activates its associated
      sensing switch by connection of said power source thereto.
NUM  4.
PAR  4. The apparatus of claim 3 wherein each of said sensing switches is
      connected so that, when activated and operative in its said first state,
      it provides a conductive path for energization of said second drive means
      to drive said movable program surface at a second rate of speed, faster
      than said first rate of speed, and when activated and operative in its
      said second state, provides a conductive path for energization of said
      first drive means.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said second drive means includes a
      drive motor for driving said first and second triggering apparatus and
      wherein said switching means comprises a first relay operatively connected
      for energization by said sensing switches when one of said sensing
      switches is activated in said first state, said first relay having a set
      of normally open contacts operatively connected for providing power
      therethrough to said drive motor during energization of said first relay.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said switching means includes a second
      relay connected for energization by said sensing switches when one of said
      sensing switches is activated in said second state, said second relay
      having a first set or normally open contacts operatively connected for
      providing power to said first drive means during energization of said
      second relay.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said second relay has a second set of
      normally open contacts operatively connected for providing actuation power
      to said control means during energization of said second relay.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said control means includes a control
      relay connected to said second set of normally open contacts of said
      second relay and a plurality of individual program switches at least one
      of said program switches being operatively aligned with each of said
      spaced tracks of said program surface each of said program switches being
      responsive to movement of said triggering elements within its associated
      said program surface track to control at least one of said laundry machine
      subsystems for performing the associated ones of said unique laundering
      functions when activated by said control relay.
NUM  9.
PAR  9. The apparatus of claim 4 wherein each of said indexing tracks is
      contoured with areas of differing height, wherein said sensing switches
      are characterized by contact fingers spring-biased to follow said track
      contours and to switch said sensing switches between their said first and
      second states in response thereto, and wherein said index elements are
      defined by changes in said track contours.
NUM  10.
PAR  10. The apparatus of claim 9 wherein each indexing track has a contour
      characterized by a first segment of a first height which occupies a
      portion of the track length and a second segment of a second height
      different from said first height which occupies the remainder of the track
      length with transition portions between said first and second segments
      whose positional relationship to said program surface defines the
      beginning and end of the laundering program corresponding thereto.
NUM  11.
PAR  11. The apparatus of claim 9 wherein said first triggering apparatus and
      said second triggering apparatus comprise a cylindrical member mounted for
      rotation about its longitudinal axis, and wherein said program surface and
      said indexing surface comprise axially spaced portions of the exterior
      surface of the cylindrical member.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said second triggering apparatus
      further comprises a sheet of material bearing said encoded indexing
      elements and means for removably mounting said sheet to the external
      surface of said cylindrical member to define said indexing surface.
NUM  13.
PAR  13. The apparatus of claim 12, wherein said sheet contains a plurality of
      slots defining said plurality of encoded indexing elements and wherein
      said contact fingers of said sensing switches engage one surface of said
      sheet and are operatively activated by said slots.
NUM  14.
PAR  14. The apparatus of claim 9, wherein each of said indexing tracks has a
      contour characterized by a first segment of a first height which occupies
      a portion of the respective track length and a second segment of a height
      different from said first height which occupies the remainder of the
      respective track length, and wherein said contact fingers of said sensing
      switches include sloped portions engaging respective ones of said indexing
      track contours for causing said sensing switches to gradually respond to
      transition portions of said contours of said indexing tracks between their
      said first and second segments.
NUM  15.
PAR  15. The apparatus of claim 9, wherein said second triggering apparatus
      further comprises a sheet of material bearing said encoded indexing
      elements and means for mounting said sheet for operative movement relative
      said plurality of sensing means.
NUM  16.
PAR  16. In fabric washing apparatus having a program band having a continuous
      program surface encoded with a plurality of program triggering elements
      occupying zones of varying extent about the program surface each of the
      program triggering elements being associated with at least one laundering
      function, and control means operatively connected to survey the continuous
      program surface and being responsive, when activated, to the encoded
      program triggering elements to cause said washing apparatus to
      sequentially preform selected ones of the laundering functions in time
      dependent manner as the program band is advanced, the improvement
      comprising:
PA1  a. a continuous indexing band connected to said program band to advance
      therewith, said indexing band being divided into a plurality of laterally
      spaced tracks extending longitudinally about said band, each of said
      tracks being characterized by indexing elements thereon marking the start
      and end of a different laundry program defined by the program triggering
      elements representing laundry functions encoded within one of the zones on
      said program band whose longitudinal extent corresponds to the spacing of
      said indexing elements within that associated track and has a
      predetermined longitudinal position with respect thereto;
PA1  b. a plurality of individual sensing means each operatively mounted in
      fixed position relative a different one of said tracks and disposed to
      survey a small area of its associated said track, for sensing when
      energized said indexing elements of its associated said track within said
      surveyed area thereof;
PA1  c. a plurality of manually operated input selector switching means, one
      each of said selector switching means being operatively connected with a
      different one of said sensing means, for selectively energizing in
      response to manual stimulation thereof said sensing means, each of said
      switching means being operative upon stimulation thereof to energize a
      different one of said sensing means;
PA1  d. motor means, responsive to energization of any one of said sensing
      means, for moving said indexing band relative said sensing means;
PA1  e. means, responsive to each of said sensing means for activating the
      control means upon the sensing of one of said indexing elements by any one
      of said energized sensing means; and
PA1  f. timer means, responsive to each of said energized sensing means upon the
      sensing thereof of their respective said indexing elements for moving said
      program band relative said control means in time dependent fashion to
      sequentially execute the laundering functions of the selected said laundry
      program.
NUM  17.
PAR  17. The apparatus of claim 16 wherein said plurality of individual sensing
      means comprise a plurality of single pole, double throw sensing switches,
      each having a first and a second throw terminal and a common terminal,
      wherein said motor means includes an indexing drive relay operatively
      connected to said first terminal of each of said sensing switches, wherein
      said timer means includes a timer relay operatively connected to said
      second terminal of each of said sensing switches, and wherein said common
      terminal of each of said sensing switches is operatively connected for
      energization by one of said manually operated input selector switching
      means.
NUM  18.
PAR  18. The apparatus of claim 17 wherein each of said sensing switches further
      has an actuator lever riding in contact with an associated one of said
      tracks, each of said levers being responsive to the indexing elements
      encoded on its associated track to switch the sensing switch associated
      therewith.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said indexing elements are defined by
      variations in the contour and height of said tracks.
NUM  20.
PAR  20. The apparatus of claim 17 wherein said plurality of manually operated
      input selector switching means comrpise a plurality of individual
      pushbutton switches, a power source, operatively connected with each of
      said pushbutton switches, and means for connecting said common terminal of
      each of said sensing switches to said power source through a different one
      of said pushbutton switches.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said plurality of manually operated
      input selector switching means further includes a plurality of hold-in
      relays each associated with a different one of said pushbutton switches
      for energization therethrough, each of said hold-in relays having a set of
      normally open contacts operatively connected in parallel with its
      associated pushbutton switch.
NUM  22.
PAR  22. The apparatus of claim 20 wherein said timer relay further has a pair
      of normally closed contacts and wherein said power source is operatively
      connected to said plurality of pushbutton switches through said pair of
      normally closed contacts of said timer relay.
NUM  23.
PAR  23. In a laundry machine control system of the type having a laundry cycle
      controller including first means defining a continuous movable program
      surface encoded with a plurality of laterally spaced groups of laundry
      function triggering elements occupying zones of different lengths in the
      direction of movement of the program surface, with the zone lengths being
      dependent upon the desired execution time for the associated laundry
      function, timing means for advancing the encoded program surface relative
      a sensing area, and sensing control means for surveying the program
      surface at the sensing area and responsive to the encoded triggering
      elements to sequentially drive a laundry machine through the laundry
      functions at a rate dependent upon the speed of movement of the program
      surface, laundry program indexing and selection apparatus for
      automatically synthesizing distinct laundry programs from selected ones of
      the laundry function, comprising:
PA1  a. second means defining a continuous movavle indexing surface, operatively
      subdivided into a plurality of laterally spaced program tracks, each track
      having a portion of its total length encoded with indexing elements of
      varied lengths in predetermined position relative selected ones of the
      laundry function indexing elements of the program surface and defining a
      different laundry program of related extent on the program surface;
PA1  b. means operatively connecting said second means for simultaneously
      advancing said indexing surface for movement with said program surface by
      the timing means;
PA1  c. a plurality of switching means one each of said switching means being
      positioned relative a different one of said indexing tracks for sensing
      said encoded indexing elements thereof each of said switching means being
      normally operative in a first state and being operable in response to
      detection of said indexing elements in its associated track to change from
      said first state to a second state in response thereto when the sensed
      indexing element has a particular positional relationship to its
      associated switching means;
PA1  d. program selection means for providing power to a selected one of said
      switching means associated with a desired program track:
PA1  e. indexing drive means connected to said plurality of switching means, and
      responsive to the selected energized one of said switching means for
      advancing said program and indexing surfaces at a first rate of speed when
      the selected energized switching means is in its said first state;
PA1  f. means operatively connected to said plurality of switching means for
      preventing the sensing control means from driving the laundry machine
      while said selected switching means is operative in its said first state;
      and
PA1  g. means responsive to an energized switching means operative in its said
      second state for energizing said timing means, whereby said first and said
      second means are driven at a second slower time dependent speed while
      indexing element bearing portions of said program track are in said
      particular positional relationship to said energized switching means.
NUM  24.
PAR  24. The appatatus of claim 23 wherein said energized switching means
      resumes operation in its said first state to drive said indexing drive
      means after the sensed indexing element of the track associated therewith
      moves past said energized switching means, and wherein said apparatus
      includes limit stop means for de-energizing said indexing drive means
      after all triggering elements encoded on the program surface have passed
      said sensing means.
NUM  25.
PAR  25. The apparatus of claim 24 wherein said indexing surfaces includes a
      limit stop track laterally spaced from said program tracks having a limit
      stop indexing element thereon, and wherein said limit stop means includes
      a stop switch operatively mounted in proximity with said limit stop track,
      responsive to sensing of said limit stop index element to de-energize said
      indexing drive means.
NUM  26.
PAR  26. The apparatus of claim 23 wherein the laundry cycle controller of the
      laundry machine control system is of the type characterized by said first
      means comprising a generally cylindrical drum having a first continuous
      band connected about its external surface and defining the program
      surface, wherein said laundry function triggering elements encoded on said
      first band occupy zones of different arc lengths thereon, wherein the
      timing means rotates the cylindrical drum about its longitudinal axis, and
      wherein the laundry program indexing and selection apparatus is further
      characterized by said second means comprising a continuous indexing band
      connected about the surface of said cylindrical drum and forming said
      indexing surface and means for removably mounting said indexing band to
      the external surface of said cylindrical drum.
NUM  27.
PAR  27. The apparatus of claim 23 wherein said second means comprises a sheet
      of material defining said continuous movable indexing surface and bearing
      said encoded indexing elements, and means for mounting said sheet for
      operative movement relative said plurality of switching means.
NUM  28.
PAR  28. The apparatus of claim 27, wherein said sheet contains a plurality of
      slots defining said encoded indexing elements and wherein each of said
      switching means includes a switching arm disposed to engage one surface of
      said sheet and movable in response to engagement of said slots therein to
      operate their respective said switching means.
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ABST
PAL  A gate circuit employing insulated gate field effect transistors of
      complementary types includes a logic circuit such as an inverter, a NAND
      or a NOR circuit which is connected to an inverter circuit. Bias means are
      connected to the logic circuit through a first switching means and to the
      inverter circuit through a second switching means. A common clock signal
      is used to switch both the first and second switching means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a gate circuit which employs complementary
      insulated gate field-effect transistors, and more particularly to such a
      gate circuit having a delay function.
PAR  In the field of digital equipment, gate circuits are widely used. Such a
      gate circuit can be used for instance to temporarily store information
      from the time when a first clock pulse is applied to the circuit until the
      next clock pulse is applied to the circuit. Such a gate circuit is
      generally called a delay type flip-flop or a D-type flip-flop and is
      widely used as a basic portion of digital circuits such as shift registers
      and counters.
PAR  Conventional gate circuits of this type employing insulated gate field
      effect transistors (IGFET's) can be broadly classified into two kinds. One
      kind utilizes single conductivity type IGFET's and another kind utilizes
      IGFET's of two complementary conductivity types. Use of circuits having
      complementary conductivity type IGFET's is greatly advantageous as
      compared to circuits having single conductivity type IGFET's in that the
      range of operating voltage of such circuits is widened and the power
      dissipation is minimized. On the other hand, circuits employing IGFET's of
      two conductivity types have the disadvantage that two clock signals of
      different polarities are required for control of the circuit.
PAR  An object of the present invention is to provide a gate circuit employing
      complementary IGFET pairs and having a delay function which can be
      controlled by a single clock signal.
PAC  SUMMARY OF THE INVENTION
PAR  A gate circuit utilizing insulated gate field effect transistors of
      complementary conductivity types includes a logic circuit having an input
      terminal and an output terminal, an inverter circuit having an input and
      an output terminal, the output terminal of the logic circuit being
      connected to the input terminal of the inverter circuit, bias means, first
      switching means connected in series with the bias means and the logic
      circuit, second switching means connected in series with the inverter
      circuit and the bias means and means to apply a common control signal to
      both the first and second switching means.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be described more in detail with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 is a circuit diagram showing a conventional D-type flip-flop circuit
      having a delay function which is composed of complementary IGFET's;
PAR  FIG. 2 is a circuit diagram showing an embodiment of the present invention;
PAR  FIG. 3 shows signal waveforms at various indicated portions of the circuit
      shown in FIG. 2 at various intervals of time;
PAR  FIGS. 4, 5 and 6 are circuit diagrams each showing an alternative
      embodiment of the present invention; and
PAR  FIGS. 7 and 8 are block diagrams each showing example applications of some
      of the gate circuit embodiments of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  While, in the following description, MOS transistors are used as the
      IGFET's in the gate circuit, it is to be understood that the fundamental
      idea of the present invention is applicable to other kinds of IGFET's.
PAR  Referring to FIG. 1, a prior-art circuit of the D-type flip-flop comprises
      a complementary MOS transistor pair 100 which includes a P-channel MOS
      transistor 1 and an N-channel MOS transistor 2. The source of the
      P-channel MOS transistor 1 is grounded. The drain of the P-channel MOS
      transistor is connected at a node 7, to the drain of the N-channel MOS
      transistor 2. The source of the N-channel MOS transistor 2 is connected to
      a power source -- V.sub.DD. The gates of the respective MOS transistors 1
      and 2 are connected to each other, and to an input terminal 5. A P-channel
      MOS transistor 4 and an N-channel MOS transistor 3 are connected in
      parallel by connecting the source of one transistor to the drain of the
      other. One terminal of this parallel connection is connected to the node
      7, while the other terminal of the parallel connection is connected to an
      output terminal 6.
PAR  The gate of the P-channel MOS transistor 3 is supplied with clock signal
      .phi. and the gate of the N-channel MOS transistor is supplied with clock
      signal .phi.. Clock signals .phi. and .phi. are opposite in polarity to
      each other. By this means output signals opposite in polarity to the input
      signals applied at terminal 5 are periodically obtained at the output
      terminal 6. As can be understood from the above description, the prior-art
      gate circuit employing complementary MOS transistor pairs requires the
      application of two clock signals (such as .phi. and .phi.) which are
      opposite in polarity to each other.
PAR  FIG. 2 is a circuit diagram of a gate circuit 200 which is an embodiment of
      the present invention. An N-channel MOS transistor 8 and a P-channel MOS
      transistor 9 are connected in series by having the respective drains
      connected in common at terminal 16. These transistors constitute a
      complementary MOS transistor inverter circuit 300 which corresponds to a
      logic circuit. The respective gates of transistors 8 and 9 are connected
      in common and are connected to an input terminal 13. Likewise, a
      complementary pair comprising an N-channel MOS transistor 14 and a
      P-channel MOS transistor 15 constitute another inverter circuit 301. The
      gates of the MOS transistors 14 and 15 are connected in common and are
      further connected to the output terminal 16 of the inverter circuit 300 at
      the preceding stage. Terminal 16 is the common connection point of the
      drains of the transistors 8 and 9. The drains of transistors 14 and 15 are
      connected together and to the output terminal 17' of the inverter circuit
      301. Terminal 17' is in turn connected to terminal 17 which is the output
      terminal for gate circuit 200. At the outputs of the respective inverter
      circuits 300 and 301, parasitic capacitances are formed by the transistor
      elements and accompanying wirings. These capacitances are shown in FIG. 2
      for circuit 300 and 301 respectively as capacitors 18 and 19. The source
      electrodes of the P- channel MOS transistors 9 and 15 of the respective
      inverter circuits 300 and 301 are grounded. A power source -- V.sub.DD is
      connected in common to the source electrodes of both of the N-channel MOS
      transistors 10 and 11. The gates of transistors 10 and 11 are both
      connected to terminal 12. The drain electrode of transistor 10 is
      connected to the source electrode of transistor 8 of inverter circuit 300.
      The drain electrode of transistor 11 is connected to the source electrode
      of transistor 14 of circuit 301. The N-channel MOS transistors 10 and 11
      comprise first and second switching elements. The gates of the switching
      MOS transistors 10 and 11 are connected through a common control terminal
      12 to a source of a clock signal .phi..
PAR  The operation of the circuit in FIG. 2 will now be explained with reference
      to FIG. 3. As shown in FIG. 3 the control terminal 12 is supplied with the
      clock signal .phi. which is at a high level (0 volt) during time intervals
      S.sub.1, S.sub.4 and S.sub.7 and at a low level (--V.sub.DD volt) during
      the other time intervals S.sub.2, S.sub.3, S.sub.5 and S.sub.6. The input
      terminal 13 of inverter 300 is supplied with an input signal D which is at
      the high level (0 volt) during the time intervals S.sub.3, S.sub.4, and
      S.sub.5, and is at the low level (--V.sub.DD volt) during the other time
      intervals including S.sub.1, S.sub.2, S.sub.6, and S.sub.7.
PAR  The MOS transistors 10 and 11 are conductive in the time interval S.sub.1
      since a high pulse is applied to their gates so that the inverter circuits
      300 and 301 effect the usual inverter operation. Since the input signal D
      is at the low level transistor 9 conducts causing Q.sub.1 to be at ground
      potential or high. Since the level Q.sub.1 at the output terminal 16 of
      the inverter 300 becomes high, the transistor 14 will conduct. This in
      turn causes the level Q.sub.2 of the output terminal 17 to become low by
      providing a path to power supply --V.sub.DD which places a negative charge
      on capacitor 19.
PAR  Although the MOS transistors 10 and 11 are in a nonconductive state during
      the time interval S.sub.2, the level Q.sub.1 remains high since the MOS
      transistor 9 is conductive during this time interval. The MOS transistor
      15 is in the non-conductive state during this time period and the level
      Q.sub.2 is retained at the negative voltage to which the capacitor 19 has
      been charged during the time interval S.sub.1. When the input D changes
      from --V.sub.DD to 0 volt in the time interval S.sub.3, the MOS transistor
      9 becomes non-conductive and the MOS transistor 8 changes to the
      conducting state. However, since the MOS transistor 10 is in the
      non-conductive state the capacitor 18 will not be charged by the power
      source (--V.sub.DD) and the level Q.sub.1 will remain at the high level.
      Since the level Q.sub.1 does not change, the level Q.sub.2 is still held
      at the low level by the charge on capacitor 19. When the clock pulse .phi.
      becomes high causing MOS transistor 10 and 11 to conduct in the time
      interval S.sub.4, the inverter circuits 300 and 301 then effect the usual
      inverter operation. The transistor 8 has a high voltage on its gate
      causing it to conduct and charging capacitor 18 with a negative charge
      reducing Q.sub.1 to the low level. This in turn causes transistor 15 to
      conduct and the charge leaks off capacitor 19 permitting Q.sub.2 to go to
      the high level. .phi. becomes low in time interval S.sub.5 causing the MOS
      transistors 10 and 11 to become non-conductive. The input signal D is high
      (0 volt) in this period causing the MOS transistor 8 to be in the
      conductive state and the MOS transistor 9 to be in the non-conductive
      state. Consequently, the level Q.sub.1 is held at a low level by the
      charge stored on the capacitor 18 during the preceding time interval
      S.sub.4. This causes the MOS transistor 15 to be in the conductive state
      and the level of Q.sub.2 remains high. When the input signal D changes to
      --V.sub.DD volt in the time interval S.sub.6, Q.sub.1 changes to the high
      level, because transistor 9 becomes conductive permitting the charge to
      leak off capacitor 18. Q.sub.2 remains at the high level since capacitor
      19 is not charged during this period. Subsequently, when the MOS
      transistors 10 and 11 turn to the conductive state by the application of
      high clock pulse .phi. in the time interval S.sub.7, the level Q.sub.2
      changes to the low level because the level Q.sub.1 remains high and the
      negative voltage --V.sub.DD from the power source charges capacitor 19
      through conducting transistors 11 and 14.
PAR  To summarize the above operation, during the periods in which a clock pulse
      is applied to the circuit 200 the input signal D is transmitted unchanged
      to the output terminal 17. During the periods in which the clock pulse is
      not applied, the switching transistors 10 and 11 are non-conductive and
      hence the output signal Q.sub.2 does not change its level even if the
      level of the input signal D changes. The output signal Q.sub.2 is stored
      at the output terminal temporarily until the next clock pulse .phi. is
      impressed on the circuit 200.
PAR  According to the above embodiment, no DC current path from the power supply
      to the ground is formed during any operational period so that the power
      dissipation of the circuit is low. Moreover, only 1 clock signal is
      required.
PAR  FIG. 4 shows a D-type flip-flop 400 which is another embodiment of the
      present invention. In this embodiment, P-channel MOS transistors 30 and 31
      are substituted for the N-channel MOS transistors 10 and 11 as shown in
      FIG. 2. The source electrodes of transistors 30 and 31 are connected to
      ground. The drain electrode of transistor 30 is connected to the source
      electrode of transistor 9 of the inverter circuit 300. The drain electrode
      of transistor 31 is connected to the source electrode of transistor 15 of
      the inverter circuit 301. The source electrodes of the N-channel MOS
      transistors 8 and 14 of inverter circuits 300 and 301 respectively are
      connected to the power source (--V.sub.DD). The D-type flip-flop 400
      operates in the manner described above for the flip-flop circuit 200 in
      FIG. 2 except that a clock signal .phi. opposite in polarity to the clock
      signal .phi. shown in FIGS. 2 and 3 is used for controlling the switching
      transistors 30 and 31.
PAR  It is also possible to replace the N-channel MOS transistors 10 and 11
      shown in FIG. 2 by P-channel MOS transistors and the P-channel MOS
      transistors 30 and 31 shown in FIG. 4 can be replaced by N-channel MOS
      transistors. In order to make the amplitude of the output signal greater
      and to raise the operating speed, however, the circuit arrangements shown
      in FIGS. 2 and 4 are more advantageous.
PAR  FIG. 5 shows still another embodiment of the present invention. This
      embodiment substitutes a conventional NAND gate circuit 500 for the
      inverter circuit 300 as the logic operation means in the circuit of FIG.
      2. This circuit can perform the logic operation using a plurality of input
      signals D.sub.1 and D.sub.2. It is apparent that, even when the NAND
      circuit 500 is replaced by another logic operation circuit, for example, a
      NOR circuit, a similar operation can be effected. A circuit diagram with a
      NOR circuit 600 utilized as the logic operation circuit is shown in FIG.
      6.
PAR  The NAND circuit 500 shown in FIG. 5 is composed of the N-channel MOS
      transistors 41 and 43 and the P-channel MOS transistors 42 and 44. The
      N-channel MOS transistors 41 and 43 are connected in series by having the
      drain of the transistor 41 and the source of the transistor 43 connected
      to each other. The P-channel MOS transistors 42 and 44 are connected in
      parallel by having their respective drains connected and their respective
      sources connected. The common connection of the sources of transistors 42
      and 44 is grounded while the common connection of the drains of these
      transistors is connected through terminal 16 to the drain of the
      transistor 43. The source of the transistor 41 is connected to the drain
      of the first switching transistor 10. The gates of the transistors 41 and
      42 are commonly connected and are supplied with a first input signal
      D.sub.1. The gates of the transistors 43 and 44 are commonly connected and
      are supplied with a second input signal D.sub.2. The output terminal of
      the NAND circuit 500 is led out from the terminal 16. The circuit 500
      employs two complementary transistor pairs; one being constituted of the
      N-channel MOS transistor 41 and the P-channel MOS transistor 42 and the
      other being constituted of the N-channel MOS transistor 43 and the
      P-channel MOS transistor 44. Other components of FIG. 5 are connected as
      described above with reference to FIG. 2.
PAR  The operation of the circuit in FIG. 5 will be explained with reference to
      FIG. 3. The clock signal .phi. which is applied to the gates of the
      transistors 10 and 11 is at the high level during the time interval
      S.sub.1 and hence the transistors 10 and 11 are conductive. This permits
      the NAND circuit 500 and the inverter circuit 301 to effect the NAND
      operation and the inverter operation, respectively. If at least one of the
      input signals D.sub.1 and D.sub.2 to the NAND circuit is at the low level
      in this interval S.sub.1, the output level Q.sub.1 of the NAND circuit 500
      will be high. This is so since if D.sub.1 is low transistor 42 will
      conduct grounding Q.sub.1 and if D.sub.2 is low transistor 44 will conduct
      grounding Q.sub.1. In either case Q.sub.1 will be high (i.e., at 0 volts).
      With Q.sub.1 high the output level Q.sub.2 of the inverter circuit 301
      will be at the low level for the reasons described above with reference to
      FIG. 2. In the time interval S.sub.2 the clock signal .phi. becomes low
      and hence the transistors 10 and 11 switch to the non-conductive state so
      that the path from the low power supply --V.sub.DD is cut. The output
      level Q.sub.1 remains high and the output level Q.sub.2 remains low during
      period S.sub.2. If both the input signals D.sub.1 and D.sub.2 are the high
      level during the time interval S.sub.3 the N-channel MOS transistors 41
      and 43 will be conductive. However, since the clock signal .phi. is low
      the transistor 10 is non-conductive cutting off the path to power supply
      --V.sub.DD so that the level Q.sub.1 remains high. As the result, the
      level Q.sub.2 does not change, remaining low. When the clock signal .phi.
      becomes high during period S.sub.4 transistors 10 and 11 turn to the
      conductive state. If both D.sub.1 and D.sub.2 are high the power supply
      will put a negative charge on capacitor 18 causing Q.sub.1 to be low which
      in turn will cause Q.sub.2 to be high as described above with reference to
      FIG. 2. The clock signal becomes low in period S.sub.5 causing the
      transistors 10 and 11 to become non-conductive. If both D.sub.1 and
      D.sub.2 remain high the levels Q.sub.1 and Q.sub.2 will remain at the low
      and high levels, respectively. If at least one of the input signals
      D.sub.1 and D.sub.2 is at the low level in the time interval S.sub.6, at
      least one of the transistors 42 and 44 will be conductive. This will
      permit the charge to leak off capacitor 18 and Q.sub.1 turns to the high
      level. The level Q.sub.2 is maintained high since transistor 11 is
      non-conducting. The transistors 10 and 11 turn to the conductive state in
      the time interval S.sub.7 since clock signal .phi. is high and hence the
      level Q.sub.2 changes to the low level because the high level of Q.sub.1
      causes transistor 14 to be conductive connecting capacitor 19 to negative
      power supply --V.sub.DD. So that if the time intervals during which at
      least one of the input signals D.sub.1 and D.sub.2 is at the low level
      corresponds to the time intervals of FIG. 3 during which the input signal
      D is at the low level and if the intervals during which both of the input
      signals D.sub.1 and D.sub.2 are at a high level corresponds with the
      intervals of FIG. 3 during which the input signal D is at the high level,
      the circuit of FIG. 5 will perform as a D-type flip-flop in a manner
      analogous to FIG. 2.
PAR  The NOR circuit 600 in FIG. 6 is composed of N-channel MOS transistors 51
      and 53 and P-channel MOS transistors 52 and 54. The N-channel MOS
      transistors 51 and 53 are connected in parallel by having their respective
      sources connected and their respective drains connected. The P-channel MOS
      transistors 52 and 54 are connected in series in such way that the drain
      of the transistor 52 and the source of the transistor 54 are connected to
      each other. The common source connection of the parallel transistors 51
      and 53 is connected to the drain of the first switching transistor 10,
      while the common drain connection of these transistors is connected to the
      drain of the transistor 54 through terminal 16. The source of the
      transistor 52 is grounded. The gates of the transistors 51 and 52 are
      connected in common and are supplied with a first input signal D.sub.1,
      while the gates of the transistors 53 and 54 are connected in common and
      are supplied with a second input signal D.sub.2. The output terminal of
      the NOR circuit 600 is connected to the terminal 16. In the NOR circuit
      600 the complementary transistor pairs consist of a first pair comprising
      the N-channel transistor 51 and the P-channel transistor 52, and a second
      pair comprising the N-channel transistor 53 and the P-channel transistor
      54.
PAR  The operation of the circuit in FIG. 6 will now be described with reference
      to FIG. 3. The clock signal, which is applied to the gates of the
      transistors 10 and 11, is at a high level in the interval S.sub.1.
      Therefore, the NOR circuit 600 and the inverter 301 effect the NOR
      operation and the inverter operation, respectively. If both of the input
      signals D.sub.1 and D.sub.2 are at the low level in this interval S.sub.1,
      the output levels Q.sub.1 and Q.sub.2 are high and low, respectively. This
      is so since transistors 52 and 54 will then be conductive causing point 16
      and Q.sub.1 to be at ground or high level. If Q.sub.1 is high Q.sub.2 will
      be low as described in reference to FIG. 2. In the interval S.sub.2 the
      clock signal .phi. turns to the low level and hence the transistors 10 and
      11 are in the non-conductive state. This cuts off the path to power supply
      --V.sub.DD and Q.sub.1 remains high so the level Q.sub.2 is maintained at
      the low level. If at least one of the input signals D.sub.1 and D.sub.2 is
      at the high level in the interval S.sub.3, at least one of the N-channel
      MOS transistors 51 and 53 will be conductive. However, since the clock
      signal .phi. is low the transistor 10 is not conductive and hence the
      level Q.sub.1 remains at the high level. Consequently, the level Q.sub.2
      is held at the low level. When the clock signal .phi. becomes high turning
      the transistors 10 and 11 to the conductive state in the interval S.sub.4,
      the levels Q.sub.1 and Q.sub.2 change to the low and high levels
      respectively for the first time, if at least one of signals D.sub.1 and
      D.sub.2 is high. This is so since either transistor 51 or transistor 53
      will then provide a connection between terminal 16 and the negative power
      supply --V.sub.DD causing capacitor 18 to charge making Q.sub.1 low which
      in turn causes Q.sub.2 to become high. Since the transistors 10 and 11
      turn to the non-conductive state in the interval S.sub.5, the levels
      Q.sub.1 and Q.sub.2 remain at the low and high levels, respectively, if at
      least one of the signals D.sub.1 and D.sub.2 are high. If both of the
      input signals D.sub.1 and D.sub.2 are at the low level in the interval
      S.sub.6, the P-channel MOS transistors 52 and 54 will be conductive. As
      the result, the level Q.sub.1 turns to the high level since these
      transistors provide a path to ground. The level Q.sub.2 is maintained at
      the high level, however, since the path to power source --V.sub.DD is cut
      off. The transistors 10 and 11 turn to the conductive state in the
      interval S.sub.7 and hence the level Q.sub.2 changes to the low level
      because the level Q.sub.1 is high causing transistor 14 to be conductive
      and to provide a path to the negative power source. From the above, it is
      apparent that the circuit of FIG. 6 performs as a D-type flip-flop.
PAR  FIG. 7 is a block diagram showing a first example of an application in
      which gate circuits such as 200 or 400 according to the present invention
      can be connected in cascade to construct a shift register. In this block
      diagram, D-type flip-flop circuits 201, 202, 203 and 204 are respectively
      connected in cascade. A first clock signal .phi..sub.1 is applied to
      control terminals 12-1 and 12-3 and a second clock signal .phi..sub.2 is
      applied to control terminals 12-2 and 12-4. The clock signals .phi..sub.1
      and .phi..sub.2 are the same in polarity but different in phase. For the
      D-type flip-flop circuits 201 to 204 in FIG. 7, either the D-type
      flip-flop circuit 200 in FIG. 2 or the D-type flip-flop circuit 400 in
      FIG. 4 can be used.
PAR  When the prior-art D-type flip-flop circuit 100 shown in FIG. 1 is used for
      the D-type flip-flop circuits 201 to 204, four clock signals (.phi..sub.1
      , .phi..sub.1 and .phi..sub.2 , .phi..sub.2) are necessary consisting of
      two sets of clock signals which are mutually opposite in polarity. In
      contrast, using the flip-flop circuit of the present invention, only two
      clock signals .phi..sub.1 and .phi..sub.2 are required as controlling
      signals for a shift register shown in FIG. 7.
PAR  FIG. 8 illustrates another example of an application in which the D-type
      flip-flop circuits 200 and 400 of the present invention are alternately
      connected in cascade to construct a shift register. That is, the flip-flop
      circuit 200 according to this invention is employed as the D-type
      flip-flop circuits 205 and 206, and the flip-flop circuit 400 according to
      this invention is employed as the D-type flip-flop circuits 401 and 402.
      These circuits are alternated and are connected in cascade, as shown in
      FIG. 8. In accordance with the example shown in FIG. 8, the operation of
      the shift register can be effected with only one clock signal .phi. by
      applying it to control terminals 12-1', 12-2', 12-3' and 12-4' of the gate
      circuits 205, 401, 206 and 402.
PAR  While the present invention has been described above in connection with the
      preferred embodiments, it is not restricted thereto but can have a variety
      of modifications, as those skilled in the art will be aware.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gate circuit including
PA1  a power source having first and second terminals;
PA1  a logic circuit including at least one complementary pair of insulated gate
      field effect transistors, said logic circuit having at least one input
      terminal, an output terminal, a first biasing terminal and a second
      biasing terminal, said first biasing terminal of said logic circuit being
      directly and continuously connected to said first terminal of said power
      source;
PA1  means for applying an input signal to said input terminal of said logic
      circuit;
PA1  first switching means connected between said second terminal of said power
      source and said second biasing terminal of said logic circuit;
PA1  a first inverter circuit including a complementary pair of insulated gate
      field effect transistors, said first inverter circuit having an input
      terminal, an output terminal, a first biasing terminal and a second
      biasing terminal, said input terminal of said inverter circuit being
      connected to said output terminal of said logic circuit and said first
      biasing terminal of said inverter circuit being directly and continuously
      connected to said first terminal of said power source;
PA1  second switching means connected between said second terminal of said power
      source and said second biasing terminal of said inverter circuit; and
PA1  means for applying a common control signal to both said first and said
      second switching means, said common control signal including at least a
      first and second sequential pulses, and wherein an output signal is
      generated at said output terminal of said inverter circuit in response to
      said input signal which is applied to said input terminal of said logic
      circuit while said first pulse is being applied to said first and second
      switching means and said output signal is stored at said output terminal
      of said inverter circuit until said second pulse is applied to said first
      and second switching means.
NUM  2.
PAR  2. A gate circuit as claimed in claim 1 wherein said logic circuit includes
      a second inverter circuit.
NUM  3.
PAR  3. A gate circuit as claimed in claim 1 wherein said logic circuit
      includes:
PA1  a first insulated gate field effect transistor of a first conductivity
      type;
PA1  a second insultated gate field effect transistor of a second conductivity
      type opposite to said first conductivity type;
PA1  the gate electrodes of said first and second transistors being connected
      together at a first common point, said input terminal of said logic
      circuit being connected to said first common point;
PA1  the drain electrodes of said first and second transistors being connected
      together at a second common point, said output terminal of said logic
      circuit being connected to said second common connection point, the source
      electrode of said first transistor being connected to said first biasing
      terminal of said logic circuit;
PA1  said first switching means including a third field effect transistor of
      said second conductivity type;
PA1  the source electrode of said third transistor being connected to said
      second terminal of said power source;
PA1  the gate electrode of said third transistor being connected to said means
      for applying a control signal; and
PA1  the drain electrode of said third transistor and the source electrode of
      said second transistor being commonly connected to said second biasing
      terminal of said logic circuit.
NUM  4.
PAR  4. A gate circuit as claimed in claim 3 wherein said first inverter circuit
      includes:
PA1  a fourth insulated gate field effect transistor of said first conductivity
      type;
PA1  a fifth insulated gate field effect transistor of said second conductivity
      type;
PA1  the gate electrodes of said fourth and fifth transistors being connected
      together at a third common point, said input terminal of said first
      inverter circuit being connected to said third common point, said third
      common point being connected to said second common point;
PA1  the drain electrodes of said fourth and fifth transistors being connected
      together at a fourth common point, said output terminal of said inverter
      circuit being connected to said fourth common point;
PA1  the source electrode of said fourth transistor being connected to said
      first biasing terminal of said inverter circuit;
PA1  said second switching means including a sixth insulated gate field effect
      transistor of said second conductivity type;
PA1  the source electrode of said sixth transistor being connected to said
      second terminal of said power source;
PA1  the gate electrode of said sixth transistor being connected to the gate of
      said third transistor and to said means for applying a control signal; and
PA1  the drain of said sixth transistor and the source electrode of said fifth
      transistor being commonly connected to said second biasing terminal of
      said inverter circuit.
NUM  5.
PAR  5. A gate circuit as claimed in claim 1 wherein said logic circuit
      includes:
PA1  a first insulated gate field effect transistor of a first conductivity type
      and a second field effect transistor of a second conductivity type
      opposite to said first conductivity type;
PA1  the gate electrodes of said first and second transistors being connected
      together at a first common point, said input terminal of said logic
      circuit being connected to said first common point;
PA1  the drain electrodes of said first and second transistors being connected
      together at a second common point, said output terminal of said logic
      circuit being connected to said second common point;
PA1  the source electrode of said second transistor being connected to said
      first biasing terminal of said logic circuit;
PA1  the source electrode of said first transistor being connected to said
      second biasing terminal of said logic circuit.
NUM  6.
PAR  6. A gate circuit including
PA1  a power source having first and second terminals;
PA1  a first insulated gate field effect transistor of a first conductivity
      type;
PA1  a second insulated gate field effect transistor of a second conductivity
      type opposite to said first conductivity type, the gate electrodes of said
      first and said second transistors being connected together at a first
      common point, the drain electrodes of said first and second transistors
      being connected together at a second common point, and the source
      electrode of said first transistor being connected directly and
      continuously to said first terminal of said power source;
PA1  means for applying an input signal to said first common point;
PA1  a third insulated gate field effect transistor of said second conductivity
      type, the drain electrode of said third transistor being connected to the
      source electrode of said second transistor, the source electrode of said
      third transistor being connected to said second terminal of said power
      source;
PA1  a fourth insulated gate field effect transistor of said first conductivity
      type;
PA1  a fifth insulated gate field effect transistor of said second conductivity
      type, the gate electrodes of said fourth and fifth transistors being
      connected together at a third common point, said third common point being
      connected to said second common point, the drain electrodes of said fourth
      and fifth transistors being connected together at a fourth common point,
      and the source electrode of said fourth transistor being directly and
      continuously connected to said first terminal of said power source;
PA1  a sixth insulated gate field effect transistor of said second conductivity
      type, the drain electrode of said sixth transistor being connected to the
      source electrode of said fifth transistor, the source electrode of said
      sixth transistor being connected to said second terminal of said power
      source; and
PA1  means for applying a common control signal to the gate electrodes of said
      third and said sixth transistor, said common control signal including at
      least a first and second sequential pulses, and wherein an output signal
      is generated at said fourth common point in response to said input signal
      which is applied to said first common point while said first pulse is
      being applied to said first and second switching means, and said output
      signal is stored at said fourth common point until said second pulse is
      applied to said first and second switching means.
NUM  7.
PAR  7. A gate circuit including:
PA1  a power source having first and second terminals;
PA1  a NAND circuit including at least one complementary pair of insulated gate
      field effect transistors, said NAND circuit having at least one input
      terminal, an output terminal, a first biasing terminal and a second
      biasing terminal, said first biasing terminal of said NAND circuit being
      directly and continuously connected to said first terminal of said power
      source;
PA1  first switching means connected between said second terminal of said power
      source and said second biasing terminal of said NAND circuit;
PA1  an inverter circuit including a complementary pair of insulated gate field
      effect transistors, said inverter circuit having an input terminal, an
      output terminal, a first biasing terminal and a second biasing terminal,
      said input terminal of said inverter circuit being connected to said
      output terminal of said NAND circuit and said first biasing terminal of
      said inverter circuit being directly and continuously connected to said
      first terminal of said power source;
PA1  second switching means connected between said second terminal of said power
      source and said second biasing terminal of said inverter circuit; and
PA1  means for applying a common control signal to both said first and said
      second switching means.
NUM  8.
PAR  8. A gate circuit including:
PA1  a power source having first and second terminals;
PA1  a logic circuit having first and second input terminals and an output
      terminal, first and second field effect transistors of a first
      conductivity type, and third and fourth field effect transistors of a
      second conductivity type opposite to said first conductivity type, the
      source electrodes of said first and second transistors being connected
      together at a first common point, which first common point is directly and
      continuously connected to said first terminal of said power source, the
      drain electrodes of said first and second transistors being connected
      together at a second common point, said second common point being
      connected to the drain electrode of said fourth transistor and to the
      output terminal of said logic circuit, the gate electrode of said first
      transistor being connected to the gate electrode of said third transistor
      at a third common point, said third common point being connected to said
      first input terminal of said circuit, the gate electrode of said second
      transistor being connected to the gate electrode of said fourth transistor
      at a fourth common point, said fourth common point being connected to said
      second input terminal of said logic circuit, and the drain electrode of
      said third transistor being connected to the source electrode of said
      fourth transistor;
PA1  first switching means connected between said second terminal of said power
      source and the source electrode of said third transistor;
PA1  an inverter circuit including a complementary pair of insulated gate field
      effect transistors, said inverter circuit having an input terminal, an
      output terminal, a first biasing terminal and a second biasing terminal,
      said input terminal of said inverter circuit being connected to said
      output terminal of said logic circuit and said first biasing terminal of
      said inverter circuit being directly and continuously connected to said
      first terminal of said power source;
PA1  second switching means connected between said second terminal of said power
      source and said second biasing terminal of said inverter circuit; and
PA1  means for applying a common control signal to both said first and said
      second switching means.
NUM  9.
PAR  9. A gate circuit including:
PA1  a power source having first and second terminals;
PA1  a NOR circuit including at least one complementary pair of insulated gate
      field effect transistors, said NOR circuit having at least one input
      terminal, an output terminal, a first biasing terminal and a second
      biasing terminal, said first biasing terminal of said NOR circuit being
      directly and continuously connected to said first terminal of said power
      source;
PA1  first switching means connected between said second terminal of said power
      source and said second biasing terminal of said NOR circuit;
PA1  an inverter circuit including a complementary pair of insulated gate field
      effect transistors, said inverter circuit having an input terminal, an
      output terminal, a first biasing terminal and a second biasing terminal,
      said input terminal of said inverter circuit being connected to said
      output terminal of said NOR circuit and said first biasing terminal of
      said inverter circuit being directly and continuously connected to said
      first terminal of said power source;
PA1  second switching means connected between said second terminal of said power
      source and said second biasing terminal of said inverter circuit; and
PA1  means for applying a common control signal to both said first and second
      switching means.
NUM  10.
PAR  10. A gate circuit including:
PA1  a power source having first and second terminals;
PA1  a logic circuit having first and second input terminals and an output
      terminal, first and second insulated gate field effect transistors of a
      first conductivity type, and third and fourth insulated gate field effect
      transistors of a second conductivity type opposite to said first
      conductivity type, the gate electrodes of said first and third transistors
      being connected together at a first common point, said first common point
      being connected to said first input terminal of said logic circuit, the
      gate electrodes of said second and fourth transistors being connected
      together at a second common point, said second common point being
      connected to said second input terminal of said logic circuit, the drain
      electrodes of said second and third transistors being connected together
      at a third common point, said third common point being connected to the
      drain electrode of said fourth transistor and to said output terminal of
      said logic circuit, the source electrodes of said third and fourth
      transistors being connected together at a fourth common point, the source
      electrode of said first transistor being connected directly and
      continuously to said first terminal of said power source, and the drain
      electrode of said first transistor being connected to the source electrode
      of said second transistor;
PA1  first switching means connected between said second terminal of said power
      source and said fourth common point;
PA1  an inverter circuit including a complementary pair of insulated gate field
      effect transistors, said first inverter circuit having an input terminal,
      an output terminal, a first biasing terminal and a second biasing
      terminal, said input terminal of said inverter circuit being connected to
      said output terminal of said logic circuit and said first biasing terminal
      of said inverter circuit being directly and continuously connected to said
      first terminal of said power source;
PA1  second switching means connected between said second terminal of said power
      source and said second biasing terminal of said inverter circuit; and
PA1  means for applying a common control signal to both said first and said
      second switching means.
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PAL  An MOS dynamic buffer circuit described in terms of an inverter and used
      for inverting a timing signal is disclosed. Through the use of
      bootstrapping, the output from the inverter is equal to the voltage used
      to drive the inverter without having conduction through the output
      transistor when the inverter is not supplying an output signal. Thus, the
      inverter does not require the large amounts of standby power associated
      with prior art circuits.
PARN
PAR  This is a continuation of application Ser. No. 380,348, filed July 18,
      1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the field of MOS buffer circuits such as inverter
      circuits.
PAR  2. Prior Art
PAR  In MOS circuitry there is often a need for controlling one signal with
      another such as controlling the output of a circuit with an input signal
      or for buffering a signal. In such circuits it is often desirable or
      necessary to have the output voltage equal to or very close to the source
      of potential used to power the circuit. More specifically, on an MOS chip,
      it is necessary in some cases to generate signals such as the inverse or
      complement of a timing signal where the inverse of complement is of the
      same magnitude as the voltage used to power the chip. This is particularly
      important where the inverted signal is utilized to drive other MOS devices
      on the chip.
PAR  Most often the output signal from a buffer or inverter is controlled by an
      output MOS device such as a field effect transistor. These devices
      generally have a voltage drop approximately equal to a threshold voltage
      between their source and drain terminals. Even where the potential applied
      to the gate of the output MOS device is equal to the potential applied to
      this device, this voltage drop exists. It is necessary to apply a
      potential to the gate of the output MOS device which is greater than the
      source of potential applied to the terminals of the device in order to
      avoid the undesirable threshold voltage drop.
PAR  Bootstrapping is a well known prior art technique for generating a voltage
      in an MOS circuit which is greater than the potential applied to the
      circuit. It is often used where it is necessary to avoid the effects of
      the threshold drop of an MOS device. Most often the bootstrapping utilizes
      a capacitor such as Miller capacitance to raise the potential on the gate
      of an MOS device to a potential greater than the potential across the
      source and drain of the device so that the effects of the threshold drop
      may be eliminated. Typically, in order to bootstrap the output transistor
      of a circuit, current must be supplied to that transistor when it is not
      supplying an output signal. Often the output transistor is large so it may
      drive other circuits and the standby power consumed by this device causes
      the circuit to be inefficient.
PAR  As will be seen, the present circuit utilizes a plurality of bootstrap
      circuits and a feedback path to provide a control circuit which is
      disclosed in the form of an inverter. The output signal is equal to the
      voltage used to power the circuit. The output transistor does not draw any
      current, except that supplied to the output.
PAC  SUMMARY OF THE INVENTION
PAR  An MOS buffer circuit utilized for producing the complement of a timing
      signal is described. The output from the buffer is derived from the source
      of an MOS device which is coupled to the source of potential used to
      supply power for the buffer. The gate of this output MOS device is
      sequentially coupled to a first bootstrap circuit and then to a second
      bootstrap circuit. A feedback MOS device which has its gate coupled to the
      output, senses the rise in the output potential and causes the potential
      supplied to the gate of the output MOS device to be changed from the first
      bootstrap circuit to the second bootstrap circuit. The first bootstrap
      circuit applies a potential to the gate of the output MOS device
      approximately equal to the source of potential applied to the circuit
      while the second bootstrap circuit applies a potential to the gate of the
      MOS device which is greater than the source of potential applied to a
      circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an electrical schematic of the presently invented MOS buffer
      circuit.
PAR  FIG. 2 illustrates the input and output waveforms for the circuit of FIG. 1
     .
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the dynamic buffer or inverting buffer of the present
      invention is illustrated. It includes an input (lead 40) and an output
      (lead 41). Referring briefly to FIG. 2, a typical input is illustrated on
      line 50, this input may be a periodic timing signal. A typical output is
      illustrated on line 51 which is the inverse or complement of the signal
      shown on line 50. The circuit illustrated in FIG. 1 is supplied power from
      a power source, line 42 designated as V.sub.DD.
PAR  In the presently preferred embodiment the circuit of FIG. 1 is fabricated
      on an integrated circuit chip which includes a memory array and is
      utilized for generating timing signals in the memory array. Also in the
      presently preferred embodiment the entire circuit of FIG. 1 is fabricated
      utilizing MOS technology and in particular n-channel field effect
      transistors (FET) which employ polycrystalline silicon gates, although
      P-channel devices may be utilized. See copending applications Ser. No.
      380,350 filed July 18, 1973, Ser. No. 380,349, filed on July 18, 1973 and
      Ser. No. 380,347, filed on July 18, 1973, now U.S. Pat. 3,858,185 both
      assigned to the assignee of this application for additional circuitry used
      in the memory array.
PAR  In FIG. 1 MOS devices 11, 12, 13 and 14 are utilized in conjunction with
      capacitors 31 and 32 as a bootstrapping circuit for producing a potential
      on node B which is greater than V.sub.DD and which is in fact close to 2
      V.sub.DD. MOS devices 11, 12, 13 and 14 are all MOS-FETs, as are all the
      other MOS devices in the circuit of FIG. 1, which include a gate and two
      other terminals commonly referred to as the source and drain. MOS devices
      11, 12 and 13 each have one of their terminals coupled to line 42, also
      the gate of device 11 is coupled to line 42. The other terminal of device
      11 is coupled to the gate of device 12 and to one terminal of capacitor
      31. The other terminal of device 12 is coupled to node D which is also
      common with the other terminal of capacitor 31, one terminal of capacitor
      32 and one terminal of MOS device 13. The gate of MOS device 13 is coupled
      to the input line 40 while the other terminal of MOS device 13 is coupled
      to ground 43. The gate of MOS device 14 is likewise coupled to the input
      line 40 with the other terminal of device 14 being coupled to node B. Node
      B is formed by the other terminal of capacitor 32, the gate of MOS device
      16 and one terminal of MOS devices 15 and 14.
PAR  As will be seen, MOS device 15 provides feedback from the output line 41
      and causes node B to be discharged at an appropriate time. The gate of MOS
      device 15 is coupled to line 41 and the other terminal of device 15 is
      coupled to the ground 43.
PAR  MOS device 16 is utilized to initially turn-on the output MOS device 23 and
      has one of its terminals coupled to line 42 (V.sub.DD) and the other of
      its terminals coupled to node A which is common with one terminal of MOS
      device 17. MOS device 17 allows node A to float when the signal is removed
      from the input line and hence has its gate coupled to the input line 40
      and its other terminal coupled to ground 43.
PAR  MOS devices 18, 19, 20 and 21 are utilized as a delay circuit and for
      providing bootstrapping of node A to a potential greater than V.sub.DD at
      an appropriate time during the operation of the circuit as will be
      explained. MOS device 18 has one of its terminals coupled to line 42 and
      its other terminal coupled to one terminal of device 19 and the gate of
      MOS device 21. The gate of device 18 is coupled to the input line 40. MOS
      device 19 has its gate coupled to the output line 41 and its other
      terminal coupled to ground 43. MOS devices 20 and 21 are coupled in series
      with one terminal of device 20 being coupled to V.sub.DD and one terminal
      of device 21 being coupled to ground 43. The common junction between
      devices 20 and 21 is designated as node C, this node being common with one
      terminal of capacitor 33. The other terminal of capacitor 33 is coupled to
      node A, this node includes the gate of the output MOS device 23.
PAR  MOS device 22 has its gate coupled to the input 40 and one of its terminals
      coupled to node C and its other terminal coupled to ground 43. This device
      allows node C to float when the input signal to line 40 is zero. MOS
      device 24 also has its gate coupled to the input line 40 and has one of
      its terminals coupled to the output line 41 and its other terminal coupled
      to the ground 43. This device allows the output line 41 to be decoupled
      from the ground 43 when no input signal is applied to line 40. The output
      device 23 is coupled between the source of potential utilized to drive the
      circuit (V.sub.DD) and the output line 41.
PAR  Assume for the purposes of discussion that at time t = 0 illustrated as
      line 52 in FIG. 2 the input to line 40 is high or positive (for the
      n-channel embodiment under discussion) and that at time t = t.sub.1 the
      input drops to zero as illustrated on line 50. During the time that the
      input is positive or high, (0&lt;t&lt;t.sub.1) devices 12 and 13 are conducting
      and the gate of device 12 and one terminal of capacitor 31 is at a
      potential equal to V.sub.DD less the threshold drop of device 11. The
      conducting impedance of devices 12 and 13 is constructed such that node D,
      during this time is approximately at ground potential. That is, the
      conducting impedance of device 13 is much less than for device 12. This is
      the common arrangement for a capacitor type bootstrap circuit utilized in
      the MOS art. Also during this time node B (also capacitor 32) is charged
      to a voltage equal to V.sub.DD less the threshold drop of device 14.
PAR  When the input drops to zero at t.sub.1, devices 13 and 14 cease
      conducting, causing the charge on capacitor 32 to be connected in series
      with the potential at node D and the total potential being applied to the
      gate of device 16. Note that the charge on capacitor 31 bootstraps device
      12 such that node D rises to a potential approximating V.sub.DD, thus the
      total potential applied to node B is approximately equal to twice
      V.sub.DD. Therefore, devices 11, 12, 13 and 14 are utilized to bootstrap
      node B or the gate of device 16 to a potential substantially greater than
      V.sub.DD.
PAR  As node B rises in potential it causes device 16 to conduct and allows node
      A to begin approaching the potential V.sub.DD. Since device 16 is being
      driven with a voltage greater than V.sub.DD, the potential on node A may
      rise to a potential equal to V.sub.DD. Note that node A is left floating
      when the input signal drops to zero since device 17 ceases to conduct. As
      node A rises in potential it causes the output device 23 to begin
      conducting, thereby causing the output line 41 to rise in potential. As
      the output potential increases, device 15, the feedback device, begins to
      conduct. This causes node B to begin discharging. As will be seen, the
      discharge of node B prevents node A from being clamped to V.sub.DD and
      allows node A due to the bootstrapping of capacitor 33 to rise to a
      potential greater than V.sub.DD.
PAR  As the potential on the output line 41 increases, it also causes device 19
      to conduct thereby turning off device 21. When this occurs node C is
      allowed to float. Prior to the time that node C is allowed to float, this
      node has been charged through device 20 to a substantial potential,
      although a potential less than V.sub.DD. After node C begins to float the
      charge on capacitor 33 remains substantially constant and node A will
      increase to a potential determined by the charge delivered through device
      16 and the change in voltage on node C. The timing delay of devices 18,
      19, 20 and 21 is such as to allow enough time for the charge on node A to
      build to a significant voltage before node C begins to move. When the
      voltage on line 41 rises sufficiently to discharge node B through the
      feedback device 15, thereby causing device 16 to cease conduction, node A
      no longer being clamped to V.sub.DD, rises to a potential greater than
      V.sub.DD. This potential is equal to the voltage on node C plus the
      voltage across capacitor 33. Since a potential greater than V.sub. DD is
      applied to the gate of device 23 the output line will be substantially
      clamped to V.sub.DD.
PAR  When the input signal again rises the output will drop to ground potential
      since devices 17 and 24 begin conducting.
PAR  In typical applications device 23 will be utilized to drive a plurality of
      other circuits such as in a memory array. Thus, device 23 will be
      particularly large when compared to the other devices utilized in the
      circuit of FIG. 1.
PAR  If the prior art bootstrapping techniques were to be utilized directly on
      the gate of the output MOS device 23, current would be drawn through this
      device even when the output line 41 was coupled to ground. Since device 23
      is relatively large in many practical applications, a substantial amount
      of power would be required. Thus, the presently disclosed circuit when
      compared to prior art circuits, dissipates only a small amount of power.
PAR  Thus, an Mos inverter buffer has been disclosed which provides an output
      signal equal in potential to the potential applied to the buffer. The
      circuit may be fabricated utilizing known MOS techniques.
CLMS
STM  I claim:
NUM  1.
PAR  1. An MOS control circuit for controlling an output signal, said control
      circuit being coupled to a source of potential comprising:
PA1  an output MOS device coupled to the output of said circuit and to said
      source of potential, said MOS device including a gate;
PA1  a first circuit means for providing a first signal to said gate of said MOS
      device, said first circuit means including capacitance means;
PA1  a second circuit means for providing a second signal to said gate of said
      MOS device, said second signal following said first signal and having a
      magnitude greater than said source of potential; and
PA1  a third circuit means for electrically decoupling said capacitance means of
      said first circuit means from said gate of said MOS device as said second
      signal increases in magnitude so as to allow said second signal to
      increase in magnitude without restraint of said capacitance means of said
      first circuit means;
PA1  whereby said output signal may have a magnitude substantially equal to said
      source of potential.
NUM  2.
PAR  2. An MOS control circuit for causing an output signal to approach the
      voltage of a source of potential comprising:
PA1  an output MOS device having a gate and two terminals, said one of said
      terminals being coupled to said source of potential and said other
      terminal to the output of said control circuit;
PA1  a first MOS circuit means for applying a first voltage to said gate of said
      output MOS device, coupled to said output MOS device, said first MOS
      circuit means including capacitance means;
PA1  a second MOS circuit for applying a second voltage to said gate of said
      output MOS device, coupled to said output MOS device, said second voltage
      having a magnitude greater than said source of potential;
PA1  feedback means, for feeding back said output signal such as to cause said
      second voltage to be applied to said gate of said output MOS device and to
      electrically decouple said capacitance means of said first MOS circuit
      from said gate;
PA1  whereby said output MOS device is first driven by said first voltage, then
      by said second voltage.
NUM  3.
PAR  3. The circuit defined in claim 2 wherein said first MOS circuit means
      includes a bootstrap circuit.
NUM  4.
PAR  4. The circuit defined in claim 2 wherein said second MOS circuit means
      includes a bootstrap circuit.
NUM  5.
PAR  5. The circuit defined in claim 2 wherein said feedback means includes an
      MOS device having its gate coupled to said output signal.
NUM  6.
PAR  6. The circuit defined in claim 2 wherein said circuit comprises n-channel
      MOS devices which utilize polycrystalline silicon gates.
NUM  7.
PAR  7. A MOS control circuit having an input line for controlling an output
      line, said circuit being powered from a source of potential comprising:
PA1  an output MOS device having a gate and at least two terminals, one of said
      terminals coupled to said source of potential and said other terminal
      coupled to said output line for coupling said potential to said output
      line;
PA1  a second MOS device;
PA1  a first bootstrap circuit means for generating a voltage greater than said
      source of potential coupled between said input line and said second MOS
      device;
PA1  a second bootstrap circuit means for generating a voltage greater than said
      source of potential coupled between said output MOS device and said second
      MOS device; and
PA1  feedback means for feeding back at least a portion of said output to said
      second MOS device;
PA1  whereby an output signal may be generated which is approximately equal to
      said source of potential.
NUM  8.
PAR  8. The circuit defined in claim 7 wherein said feedback means includes an
      MOS device having its gate coupled to said output line.
NUM  9.
PAR  9. The circuit defined in claim 8 wherein said circuit comprises n-channel
      MOS field effect transistors which employ polycrystalline silicon gates.
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ABST
PAL  A shift register stage comprises an MOS gating transistor having its drain
      and source electrodes connected respectively to an input node receiving
      pulses to be shifted through the stage and a gate electrode of an MOS
      amplifying transistor. A capacitor is connected between the gate and
      source electrodes of the amplifying transistor. The source electrode of
      the amplifying transistor constitutes the output of the stage and is
      connected to the drain electrode of a current source transistor having its
      source electrode connected to an earth line and its gate electrode
      connected to a reference potential. The gate electrode of the gating
      transistor is connected to receive a first series of clock pulses, and the
      drain electrode of the amplifying transistor is connected to receive
      another series of clock pulses in non-overlapping relation with the first
      series.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to shift registers and stages thereof.
PAR  It is an object of the invention to provide a shift register stage which is
      economical in its use of components.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention provides a shift register stage
      comprising an input node for receiving pulses to be shifted through the
      stage, an input gate means which is connected between the input node and a
      non-inverting signal input of an amplifying element and which has a
      control electrode for receiving one series of clock pulses, charge storage
      means connected between the signal input of the amplifying element and an
      output of the amplifying element which constitutes the output of the
      stage, and a current source connected between the output of the amplifying
      element and a clock pulse reference potential, the amplifying element
      having a current input for receiving another series of clock pulses in
      non-overlapping relation with the pulses of the first series.
PAR  In an embodiment of the invention, the amplifying element comprises a
      metal-oxide semiconductor field-effect amplifying transistor, the gate
      electrode of which constitutes the non-inverting signal input and the
      current-carrying electrodes of which respectively constitute the output
      and current input of the amplifying element.
PAR  Preferably, the input gate means comprises a metal oxide semi-conductor
      field-effect gating transistor having its current-carrying electrodes
      connected respectively to the input node and the non-inverting signal
      input of the amplifying element, and its gate electrode connected to
      receive the said one series of clock pulses.
PAR  Conveniently, the charge storage means comprises a capacitor connected
      between the signal input and the output of the amplifying element.
PAR  According to a preferred feature, the current source comprises a
      metal-oxide semiconductor field-effect current source transistor having
      its current-carrying electrodes connected respectively to the output of
      the amplifying element and the clock pulse reference potential, and its
      gate electrode connected to receive a second reference potential adapted
      to bias the current source transistor for conduction.
PAR  The invention also provides a shift register comprising a plurality of
      stages according to the invention, in which register the output of each
      stage is connected to the input node of the succeeding stage, and the
      current input of the amplifying element in each stage is connected to
      receive the same series of clock pulses as the input gate means of the
      succeeding stage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be readily understood, embodiments thereof
      will now be described in more detail, by way of example, with reference to
      the appended drawings, in which:
PAR  FIG. 1 is a circuit diagram illustrating two stages of a shift register
      embodying the invention;
PAR  FIG. 2 is a timing diagram showing the potentials at various points of the
      FIG. 1 circuit during operation of the shift register; and
PAR  FIG. 3 is a circuit diagram like that of FIG. 1 illustrating the use of
      metal-oxide semiconductor (MOS) field-effect transistors as the current
      sources for the shift register stages.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates the circuitry of two stages 1 and 1' of a shift register
      embodying the invention. In the two stages 1, 1' like parts are indicated
      by like reference numerals, with the addition of a prime in the case of
      stage 1'. Each stage 1, 1' comprises: a p-channel enhancement mode MOS
      transistor 2, 2' constituting an amplifying element; a p-channel
      enhancement mode MOS transistor 3, 3' constituting an input gate; a
      capacitor 4, 4' constituting charge storage means; and a current source 5,
      5'.
PAR  Referring to register stage 1, the transistor 2 has a gate 6 constituting a
      non-inverting signal input electrode, a drain 7 constituting a supply
      current input electrode and a source 8 constituting an output electrode.
PAR  The input gate 3 has its drain 9 connected to an input node 10 of stage 1
      and its source 11 connected to the gate 6 of transistor 2. The gate 12 of
      transistor 3 is connected to a supply of a first series of negative-going
      clock pulses .phi..sub.1.
PAR  The current source 5 is connected between the source 8 of transistor 2 and
      an earth rail 13, while the drain 7 of the transistor 2 is connected to a
      supply of a second series of negative-going clock pulses .phi..sub.2 which
      do not overlap the clock pulses .phi..sub.1. The capacitor 4 is connected
      between the gate 6 and source 8 of the transistor 2.
PAR  The output signal of stage 1 is delivered on line 14 and is also applied to
      the input node 10' of the stage 1' which is the same as stage 1 except
      that the gate 12' of transistor 3' is connected to receive the second
      series of clock pulses .phi..sub.2 and the drain 7' of transistor 2' is
      connected to receive the first series of clock pulses .phi..sub.1. In a
      complete register stages like stage 1 alternate with stages like stage 1'.
PAR  If stage 1 is the first stage of the register, input node 10 constitutes
      the input of the register; otherwise, node 10 is connected to receive the
      output of the preceding stage.
PAR  The operation of the FIG. 1 circuit will now be described with reference to
      the waveforms shown in FIG. 2.
PAR  Assume that all potentials in the circuit are zero just prior to time T1
      and that the input node 10 receives a negative-going pulse which commences
      simultaneously with negative-going clock pulse .phi..sub.1 of magnitude
      -V.phi. at time T1. At this time, therefore, transistor 3 is turned on by
      the clock pulse and the gate 6 of transistor 2 is charged from input node
      10 through transistor 3 to a potential which is one MOS transistor
      threshold voltage positive relative to clock pulse .phi..sub.1. The output
      line 14 of stage 1 being held to earth potential by the positive current
      source 5, the capacitor 4 becomes charged to the potential of the gate 6.
PAR  At time T2, the clock pulse .phi..sub.1 and the potential of input node 10
      return to zero potential together. However, since the MOS transistor 3 is
      turned off by the removal of the negative potential from its gate 12, the
      gate 6 of transistor 2 remains at its acquired negative potential.
PAR  At time T3, negative-going clock pulse .phi..sub.2 of magnitude -V.phi. is
      applied to the drain 7 of transistor 2. Since transistor 2 is biased for
      conduction by the gate-source potential difference held on capacitor 4,
      the potential of output line 14 of stage 1 goes negative at the same time,
      until the potential difference between the source 8 and drain 7 of
      transistor 2 is just sufficient to maintain a current equal to that of
      current source 5. This source-drain potential difference can be made as
      small as desired by a suitable choice of current source 5. Since the
      potential difference across capacitor 4 is maintained during this time,
      the voltage on the gate 6 of transistor 2 becomes more negative than that
      on the output line 14 by an amount equal to the potential difference
      across the capacitor. The negative-going clock pulse .phi..sub.2 is also
      applied to the gate 12' of transistor 3' in the stage 1' at time T3, so
      that transistor 3' is turned on and the gate 6' of transistor 2' becomes
      charged from input node 10' through transistor 3' to a potential which is
      one MOS threshold potential positive with respect to the clock pulse
      .phi..sub.2.
PAR  At time T4, clock pulse .phi..sub.2 returns to zero potential and, as
      transistor 2 is still held in a conducting state by the potential
      difference across capacitor 4, output line 14 is therefore discharged
      through transistor 2 to zero potential at the same time and the potential
      of gate 6 of transistor 2 falls back to the value it had during the period
      T1 and T3. Since transistor 3' is turned off by the removal of clock pulse
      .phi..sub.2, gate 6' of transistor 2' remains negatively charged.
PAR  At time T5, another negative-going clock pulse .phi..sub.1 occurs and, as
      the potential difference across capacitor 4' holds transistor 2' in a
      conducting state, the potential on output line 14' of stage 1' goes
      negative until transistor 2' is just maintaining a current equal to that
      of current source 5'. As in the case of the output line 14 of stage 1, the
      output line 14' can be brought to within a fraction of a volt of the
      potential of clock pulse .phi..sub.1. The potential of gate 6' goes
      further negative by an amount equal to the potential of output line 14'.
      In stage 1, where the clock pulse .phi..sub.1 at time T5 is applied to the
      gate 12 of transistor 3, transistor 3 is turned on so that capacitor 4 is
      discharged by current source 5 and the potential of gate 6 falls to 0.
PAR  At time T6, clock pulse .phi..sub.1 returns to zero potential, output line
      14' is discharged to 0 potential by the still conducting transistor 2',
      and the potential of gate 6' of transistor 2' falls to the value which it
      had during the period T3 to T5.
PAR  Finally, at time T7, a further clock pulse .phi..sub.2 turns on transistor
      3' and the potential of gate 6' is discharged to 0.
PAR  Thus, as can be seen from the waveforms of FIG. 2, a negative pulse applied
      at input node 10 is propagated to the outputs 14, 14' in turn in response
      to successive clock pulses.
PAR  As shown in FIG. 3, the current source 5, 5' may be a further MOS
      transistor 15, 15' having its source 16, 16' connected to earth line 13,
      its drain 17, 17' connected to the respective output line 14, 14', and its
      gate 18, 18' connected to a reference supply line 19 at a potential
      somewhat above the threshold voltage of the transistor 15.
PAR  As can be seen from FIG. 3 each register stage 1, 1' only requires three
      MOS transistors in contrast to known register stages employing MOS
      transistors which require at least six transistors per register stage.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shift register stage comprising:
PA1  an input node for receiving pulses to be shifted through the stage;
PA1  a single amplifying element having a non-inverting signal input electrode,
      a current input electrode and an output electrode which constitutes the
      output of the stage;
PA1  an input gate means which is connected between the input node and the
      signal input electrode of the amplifying element, said input gate means
      having a control electrode;
PA1  charge storage means connected between the signal input electrode and the
      output electrode of the amplifying element; and
PA1  a current source connected between the output electrode of the amplifying
      element and a clock pulse reference potential, said current source having
      a control electrode connected to a second reference potential continuously
      biasing the current source for conduction;
PA1  said control electrode of said input gate means being connected to receive
      one series of clock pulses;
PA1  said current input electrode of said amplifying element being connected to
      receive another series of clock pulses in non-overlapping relation with
      the pulses of the first series.
NUM  2.
PAR  2. A shift register stage as claimed in claim 1, wherein the amplifying
      element comprises a metal-oxide semiconductor field-effect amplifying
      transistor having a gate electrode which constitutes the non-inverting
      signal input electrode and current-carrying electrodes which respectively
      constitute the output electrode and the current input electrode of the
      amplifying element.
NUM  3.
PAR  3. A shift register stage as claimed in claim 1, wherein the input gate
      means comprises a metal-oxide semiconductor field-effect gating transistor
      having current-carrying electrodes connected respectively to the input
      node and the signal input electrode of the amplifying element and a gate
      electrode connected to receive the said one series of clock pulses.
NUM  4.
PAR  4. A shift register stage as claimed in claim 1, wherein the charge storage
      means comprises a capacitor connected between the signal input electrode
      and the output electrode of the amplifying element.
NUM  5.
PAR  5. A shift register stage as claimed in claim 1, wherein the current source
      comprises a metal-oxide semiconductor field-effect current source
      transistor having current-carrying electrodes connected respectively to
      the output of the amplifying element and the clock pulse reference
      potential and a gate electrode connected to receive said second reference
      potential adapted to bias the current source transistor for conduction.
NUM  6.
PAR  6. A shift register circuit comprising:
PA1  a plurality of stages, each stage including an input node for receiving
      pulses to be shifted through the stage; a single amplifying element having
      a non-inverting signal input electrode, a current input electrode and an
      output electrode which constitutes the output of the stage; an input gate
      means which is connected between the input node and the signal input
      electrode of the amplifying element, said input gate means having a
      control electrode; charge storage means connected between the signal input
      electrode and the output electrode of the amplifying element; and a
      current source connected between the output electrode of the amplifying
      element and a clock pulse reference potential, said current source having
      a control electrode connected to a second reference potential continuously
      biasing the current source for conduction;
PA1  means connecting the output electrode of at least selected of said stages
      to the respective input node of the next succeeding stage in the shift
      register circuit,
PA1  the said control electrode of a said input gate means for a given stage
      being connected to receive a first series of clock pulses, and said
      current input electrode of said amplifying element of the same given stage
      being connected to receive a second series of clock pulses in
      non-overlapping relation with the pulses of the first series,
PA1  and wherein a next succeeding stage following said given stage has the
      control electrode of its input gate means connected to receive the second
      series of clock pulses, and the current input electrode of its amplifying
      element connected to receive said first series of clock pulses.
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ABST
PAL  An apparatus and a method for regenerating charge packets representing
      logical information in a charge transfer device uses a pattern of field
      plate electrodes and impurity zones to perform arithmetic operations. To
      regenerate a charge packet it is first multiplied by a factor dependent
      upon transfer imperfections. Then an amount of charge representing a
      logical 0 is substracted from the charge packet. Finally, the magnitude of
      the charge packet is limited to the amount of charge representing a
      logical 1.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to charge transfer devices; and, more
      particularly, to an apparatus and a method for regenerating charge packets
      representing information in a semiconductor charge transfer device.
PAR  A component utilized in some practical applications of charge transfer
      devices is a charge regenerator. The regenerator is used to reduce
      deviations from the correct amount of charge in a charge packet
      representing either a logical 1 or a logical 0. Without regeneration the
      amount of charge in a packet representing a logical 1 and the amount of
      charge in a packet representing a logical 0 tend to equalize, making
      discrimination between the two more difficult and eventually resulting in
      a loss of information.
PAR  Known prior art methods typically have used a threshold or reference
      voltage in a charge regenerator. Such a regenerator is described by M. F.
      Tompsett in an article entitled "A Simple Charge Regenerator for Use with
      Charge Transfer Devices and the Design of Functional Logic Arrays,"
      appearing in the IEEE Journal of Solid State Circuits, June, 1972, page
      237. In the described regenerator the flow of charge carriers from a
      charge source is controlled by a potential barrier whose level is a
      function of the charge to be regenerated. A threshold or reference voltage
      is applied to the charge carrier source. The voltage is set to a potential
      level between the level of the potential barrier representing a logical 1.
      and the level of the potential barrier representing a logical 0.
      Therefore, charge flows from the source when there is a potential barrier
      representing a logical 0 and does not flow when there is a potential
      barrier representing a logical 1.
PAR  As the overall transfer efficiency approaches 50 percent, the separation
      between the potential level representing a logical 1 and the potential
      level representing a logical 0 diminishes and the requirements on the
      stability of the reference voltage becomes severe. The reference voltage
      is often derived using an on-chip voltage regulator which depends upon the
      difficult-to-control threshold voltages of insulated gate field effect
      transistors. Also, regeneration as taught in the Tompsett article results
      in an inversion of logical 1--s and 0+s. It would be desirable to
      eliminate the need for a threshold voltage and its associated voltage
      regulator. It would further be desirable to regenerate charge packets
      representing information without inverting.
PAR  Other prior art teaches performing various arithmetic and logic functions
      using charge transfer devices. For example, U.S. Pat. No. 3,777,186,
      issued to W. H. Chang on Dec. 4, 1973 and an article by T. D. Mok and C.
      A. T. Salama entitled "Logic Array Using Charge Transfer Devices"
      appearing in Electronics Letters, Vol. 8, No. 20, Oct. 5, 1972, page 495,
      describe performing logic functions using charge transfer devices. The
      logic functions are obtained by using parallel and serial gates to perform
      operations akin to charge limitation and charge subtraction. However, it
      is neither taught nor suggested that such techniques can be used to
      regenerate charge in charge transfer devices.
PAC  SUMMARY OF THE INVENTION
PAR  A charge packet from a charge transfer device is regenerated in accordance
      with this invention by performing arithmetic operations on the charge in
      the packet. The charge is first multiplied so the difference in the amount
      of charge in a charge packet representing a logical 1 and in a charge
      packet representing a logical 0 is at least as great as the charge storage
      capacity of a potential well of the charge transfer device. It can be
      appreciated that the multiplication factor depends on the charge transfer
      imperfections of the charge transfer device. Then a fixed quantity of
      charge is subtracted from the multiplied charge packet. The fixed quantity
      is sufficient to remove all the charge if the charge packet represents a
      logical 0. Then the remaining amount of charge in a packet representing a
      logical 1 is limited to a maximum value equal to the charge storage
      capacity of a potential well of the charge transfer device.
PAR  Once the multiplication factor and the amount to be subtracted are
      determined for a given transfer efficiency, they can also be used for any
      improved transfer efficiency. As transfer efficiency improves, the amount
      of charge in a packet representing a logical 0 tends to decrease.
      Therefore the fixed quantity subtracted remains sufficient to remove all
      the charge. As transfer efficiency improves, the amount of charge in a
      packet representing a logical 1 tends to increase. Therefore, since the
      difference in the amount of charge representing a logical 1 and logical 0
      tends to increase, the multiplication factor remains adequate.
PAR  The arithmetic operations are done by using a well controlled geometric
      layout of transfer electrodes in combination with impurity zones. As a
      result of relying upon geometry rather than upon voltage levels for
      discriminating between a logical 1 and 0, the regenerator is relatively
      insensitive to process variation of such parameters as threshold voltage
      and substrate doping.
PAR  To multiply, the charge packets in a charge transfer device are used to
      establish a potential barrier between a charge source and a charge storage
      region under an amplification electrode. A voltage pulse of greater
      magnitude than the potential barrier is applied to the charge source and
      the charge storage region is filled with charge carriers. When the voltage
      pulse is removed from the charge source, the potential level of the charge
      source is less than the level of the potential barrier. Charge carriers at
      a potential level greater than the potential barrier flow from the charge
      storage region back to the charge source.
PAR  More specifically, a sensing impurity zone in the charge flow path of the
      charge transfer device detects the amount of charge in a charge packet and
      establishes a surface potential. A control electrode contacts the sensing
      impurity zone and extends over an insulating layer to the region between
      the charge source and the charge storage region. Thus, when a charge
      packet enters the sensing impurity zone, a voltage proportional to the
      size of the charge packet appears on the control gate to form the
      potential barrier across the charge flow path between the charge source
      and charge storage region. The amount of charge stored under the
      amplifying gate in an amplifying potential well is varied by the height of
      the potential barrier in conjunction with the capacitance of the
      amplifying gate. The ratio of the capacitance of the amplifying gate to
      the capacitance of the sensing diffusion determines the amount of
      amplification of the charge packet.
PAR  The voltage pulse applied to the charge source is of shorter duration than
      the length of time a charge packet remains in the sensing impurity zone so
      the potential barrier remains longer than the charge source is supplying
      charge. Accordingly, when the potential barrier is still in place and the
      voltage pulse is not applied to the charge source, the excess charge in
      the potential well under the amplifying gate can drain off back to the
      charge source. This leaves the potential level of the charge in the
      amplification potential well the same as the potential level of the
      potential barrier. To increase the amplification factor and therefore the
      amount of charge under the amplifying gate, the capacitance of the
      amplifying gate can be increased.
PAR  To subtract, the amplified charge in the amplifying potential well is
      shifted and split between a branching subtraction charge flow path and a
      main charge flow path. In the subtraction path is a subtraction electrode
      with an underlying subtraction potential well. The charge storage capacity
      of the well is equal to the amount to be subtracted. As stated, this is
      the amount of charge representing a logical 0. Any charge which cannot
      enter the subtraction path enters the main charge flow path.
PAR  The charge in the main charge flow path is transferred to a limiting
      electrode which has a potential charge storage well. Charge in excess of
      the amount stored in the potential well is transfered down an excess
      charge path to a charge sink. The charge storage capacity of the potential
      well is equal to the amount of charge needed to represent a logical 1. Of
      course, when the charge packet represents a logical 0 the amount of charge
      stored may be less than the capacity of the potential well. The charge in
      the potential well is then transfered to the output of the charge
      regenerator.
DRWD
PAC  Brief Description of the Drawing
PAR  FIG. 1 shows a schematic plan view of the layout of the structure of the
      regenerator in accordance with an embodiment of this invention;
PAR  FIGS. 2 through 5 show cross sections of portions of the structure of the
      charge regenerator shown in FIG. 1;
PAR  FIGS. 6A through 6C show the waveforms of the voltages applied to the
      regenerator;
PAR  FIG. 7 shows a schematic plan view of the layout of the structure for
      introducing a "fat zero"; and
PAR  FIGS. 8 and 9 show cross sections of portions of the structure shown in
      FIG. 7.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a schematic plan view of the regenerator in accordance with an
      embodiment of this invention. The embodiment shown is a two-phase charge
      coupled device with a stepped oxide to obtain directionality. Charge
      packets to be regenerated are received from a conventional semiconductor
      charge transfer device section 1 and regenerated charge packets are
      supplied to another conventional semiconductor charge transfer device
      section 2.
PAR  In charge transfer devices (CTDs), digital information is represented by
      the presence or absence of packets of charge carriers localized in and
      electrostatically coupled to artificially induced potential wells, usually
      adjacent an interface with a superimposed material. Advantageously, the
      potential wells are formed and controlled by application of voltages to
      field plate electrodes of the type conventionally used in the
      metal-insulator-simiconductor (MIS) technologies. Inasmuch as the MIS art
      is well established and well known, it is considered unnecessary to
      describe in detail procedures for fabricating the structures disclosed
      below.
PAR  The detailed operation of the regenerator is more easily understood when
      FIG. 1 is considered in conjunction with cross sectional views of the
      regenerator. FIGS. 2 through 5 are cross sectional views taken along
      correspondingly numbered sections in FIG. 1.
PAR  FIG. 2 is a cross sectional view of a regenerator device structure 10 taken
      along section 2 -- 2 of FIG. 1. Device 10 includes an insulating layer 12
      of non-uniform thickness disposed on a semiconductive n-type substrate 11.
      Typically, layer 12 is silicon dioxide and substrate 11 is n-type silicon
      with phosphorous impurities at a concentration of about 10.sup.15 per
      cubic centimeter.
PAR  Overlying layer 12 are charge transfer field plate electrodes 21 and 22. As
      shown in FIG. 2, each electrode includes a first portion overlying a
      relatively thick region of insulating layer 12 and a second portion
      overlying a relatively thin region of insulating layer 12. Electrodes 21
      and 22 are connected to a conventional associated timing circuit (not
      shown) to receive therefrom drive pulses .phi.2 and .phi.1, respectively.
      Charge packets are transfered along a charge flow path in substrate 11
      beneath electrodes 21 and 22. Typically, this path is a continuation of
      the charge flow path of charge transfer device section 1.
PAR  A sensing impurity zone 24 shown in FIG. 2 is a p-type conductivity region
      located in substrate 11. Typically, zone 24 contains boron impurities at a
      concentration of about 10.sup.18 per cubic centimeter. A charge transfer
      field plate electrode 23 overlies a relatively thick portion of layer 12
      and is located between electrode 22 and sensing impurity zone 24. A
      control field plate electrode 25 on layer 12 contacts sensing impurity
      zone 24 through an opening in layer 12 above zone 24. Overlying a
      relatively thin region of layer 12 and adjacent to impurity zone 24 is a
      charge transfer field plate electrode 26. Adjacent to electrode 26 is a
      p-type impurity zone 27 formed in substrate 11. Overlying layer 12 and
      above impurity zone 27 is a charge sink electrode 28 which contacts
      impurity zone 27 through an opening in layer 12. Field plate electrode 23
      is connected to drive pulse .phi.2 and field plate electrodes 26 and 28
      are connected to drive pulse .phi.1.
PAR  In FIG. 1 solid line patterns 21, 22, 23, 25, 26 and 28 represent
      electrodes identified by the same reference numerals used in FIG. 2.
      Broken line patterns 24 and 27 represent impurity zones identified by the
      same reference numerals used in FIG. 2. Driving pulse lines likewise are
      correspondingly identified.
PAR  Illustrative waveforms of the voltages applied to the electrodes of this
      two phase embodiment of the regenerator are shown in FIGS. 6A through 6C.
      Driving pulses .phi.1 and .phi.2 are both square waves which are
      180.degree.  out of phase and vary between -V2 volts and -V3 volts. A
      driving pulse .phi.3 is a periodic square pulse rising from -V3 volts to
      -V1 volts when .phi.1 rises to -V2 and goes to -V3 before .phi.1 goes to
      -V3. The voltages V1, V2 and V3 are taken as positive numbers; and V3 is
      greater than V2 which, in turn, is greater than V1. Typical values for the
      voltages are V1= 2 volts, V2= 8 volts and V3= 16 volts.
PAR  In operation, charge packets are transferred sequentially under field plate
      electrodes 21, 22 and 23 to sensing impurity zone 24. The flow of charge
      packets from impurity zone 24 to impurity zone 27 is controlled by field
      plate electrode 26. Charge carriers leave sensing impurity zone 24 when
      their potential level is in excess of the potential barrier provided by
      field plate electrode 26. Likewise, charge carriers at a potential level
      below the potential barrier underlying electrode 26 remain in sensing
      impurity zone 24. Sensing impurity zone 24 can be regarded as "calibrated"
      when charge carriers have filled any charge storage capacity of zone 24 at
      a potential level below the lowest potential barrier provided by field
      plate electrode 26. Typically, this occurs after a few cycles of charge
      transfer. It means that the same number of charge carriers which
      subsequently enter impurity zone 24 will leave zone 24. It also means that
      the surface potential variation of zone 24 and therefore the potential of
      control electrode 25 will be proportional to the charge packets entering
      zone 24. Further, the period of variation of the surface potential is the
      same as the period of drive pulses .phi. 1 and .phi.2.
PAR  The purpose of electrode 28 and impurity zone 27 is to provide a charge
      sink for charge carriers from sensing impurity zone 24. Accordingly, since
      electrode 28 does not have to provide a barrier to charge flow, it can
      alternatively be connected to a fixed negative potential, -V3, instead of
      to drive pulse .phi.1. If electrode 28 remains connected to drive pulse
      .phi.1, one continuous metallization can be used to form electrodes 26 and
      28.
PAR  FIG. 3 shows a cross section taken along section 3 -- 3 of FIG. 1. A p-type
      impurity zone 32 is formed in substrate 11 and an electrode 31 overlies
      layer 12 and contacts impurity zone 32 through an opening in layer 12.
      Drive pulse .phi.3 is connected to electrode 31. Overlying a relatively
      thick region of layer 12 and arranged in a line from electrode 31 are, in
      succession, control electrode 25, a blocking electrode 33 and an
      amplifying electrode 34. Blocking electrode 33 is connected to drive pulse
      .phi.2 and amplifying electrode 34 is connected to -V3.
PAR  When drive pulse .phi.3 is at potential level -V1, there is an outward flow
      of charge carriers from zone 32 to an induced potential well beneath
      amplifying electrode 34 and blocking electrode 33. It is advantageous to
      make blocking electrode 33 small so the size of amplifying electrode 34
      substantially determines the size of the induced potential well and
      therefore the amount of "amplified charge". When the -V1 potential level
      pulse terminates, electrodes 31 and 34 both have an applied potential of
      -V3 and charge begins to flow back from under amplifying electrode 34 to
      impurity zone 32. Limiting this backward flow of charge is control
      electrode 25 between amplifying electrode 34 and impurity zone 32.
PAR  A potential barrier beneath control electrode 25 is set by the surface
      potential created in sensing impurity zone 24. The magnitude of the
      surface potential is dependent on the charge from charge transfer device 1
      stored in zone 24 and the capacitance of zone 24. Charge packets in
      sensing impurity 24 representing a logical one form a higher potential
      barrier than charge packets representing a logical zero. Since the
      potential barrier under control electrode 25 varies at the same rate as
      drive pulses .phi.1 and .phi.2 which control the transfer of charge from
      charge transfer section 1, the potential barrier remains longer than the
      duration of the -V1 potential level of drive pulse .phi.3 applied to
      source electrode 31. Accordingly, the potential level of the charge
      carriers stored under amplifying electrode 34 reaches the same level as
      the potential barrier under control electrode 25. Charge carriers can
      initially pass over the potential barrier because the -V1 potential level
      of drive pulse .phi.3 applied to source electrode 31 is greater than the
      peak potential barrier under control electrode 25.
PAR  To prevent backward flow of charge carriers stored under amplifying
      electrode 34 when the potential barrier under control electrode 25 is
      reduced, blocking electrode 33 is located between control electrode 25 and
      amplifying electrode 34. Because blocking electrode 33 is connected to
      drive pulse .phi.2 it provides a potential barrier to backward flow of
      charge stored under electrode 34 until the charge is transferred to under
      a subsequent electrode. An alternative is to use an additional drive pulse
      so charge can be transferred from under electrode 34 before the potential
      barrier under control electrode 25 is reduced.
PAR  Amplifying electrode 34 is connected to the voltage -V3 which, in
      conjunction with the capacitance of amplifying electrode 34, determines
      the charge storage capacity of a potential well beneath amplifying
      electrode 34. The size of the potential well and the height of the
      potential barrier under control electrode 25 determine the amount of
      charge stored. The ratio of the charge stored under amplifying electrode
      34 to the charge stored in sensing impurity zone 24 is proportional to the
      ratio of the capacitance of amplifying electrode 34 to the capacitance of
      sensing diffusion 24. The ratio is an amplification factor of the charge
      packets from charge transfer device section 1. The magnitude of the
      amplification factor is chosen to take into consideration the charge
      transfer imperfections of charge transfer device section 1. After
      amplification, the charge difference between packets representing logical
      ones and zeros should at least equal the charge in a full potential well.
      Therefore, the closer that the charge packets representing logical ones
      and zeros are in magnitude the greater will be the required amplification.
PAR  Subsequent to the amplifying electrode 34 in the direction of charge flow
      is an electrode 35 overlying layer 12. Electrode 35 is connected to drive
      pulse .phi.1 and acts to split the flow of charge carriers from beneath
      amplifying electrode 34 into two paths. One path is the main charge flow
      path shown in FIG. 3. The other is a subtraction path shown in FIG. 4
      which is a cross section of FIG. 1 along section 4 -- 4. Referring to
      FIGS. 1, 3 and 4 it can be seen that electrode 35 has a first portion
      formed over a relatively thick region of layer 12 and a second portion
      formed over a relatively thin region of layer 12.
PAR  The subtraction path of FIG. 4 removes an amount of charge equal to a
      logical 0 from the charge which flows into the region under electrode 35.
      Adjacent to electrode 35 in the subtraction path is a transfer electrode
      41 having a first portion formed over a relatively thick region of layer
      12 and a second portion formed over a relatively thin region of layer 12.
      Further along the subtraction path are, in succession, an electrode 42
      overlying a relatively thick region of layer 12 and a sink electrode 43
      formed on layer 12 and contacting, through an opening in layer 12 a p-type
      impurity zone 44 in substrate 11. Electrode 41 is connected to drive pulse
      .phi.2. Electrodes 42 and 43 are both connected to .phi.1.
PAR  In operation, electrode 41 induces a potential well with a charge storage
      capacity equal to the amount to be subtracted from the charge carriers
      stored under electrode 35. Charge from under electrode 41 is transferred
      to impurity zone 44 when a potential barrier under electrode 42 is
      reduced. Impurity zone 44 is part of a charge sink arrangement which also
      includes electrode 43. Electrodes 42 and 43 can be one continuous
      metallization since they are both connected to drive pulse .phi.1.
      Alternatively, sink electrode 43 can remain separate and be connected to
      fixed potential level -V3. The fixed potential can be used instead of
      drive pulse .phi.1 because electrode 43 doesn't have to provide a variable
      height potential barrier.
PAR  To be sure that the potential well under electrode 41 is full, the charge
      from under field plate electrode 35 is advantageously temporarily blocked
      from proceeding in the main charge flow path shown in FIG. 3. To this end,
      a diverting field plate electrode 36 is located adjacent electrode 35 and
      overlies a relatively thick region of layer 12. Field plate electrode 36
      is connected to drive pulse .phi.3 and induces an underlying potential
      barrier to block charge transfer toward the output of the regenerator
      while the potential well beneath field plate electrode 41 is filling up.
      It should be understood that since electrode 36 only serves to provide
      this slight delay in opening up the charge path to the output of the
      regenerator, other alternatives such as a different geometric arrangement
      of electrodes can be used to insure that the subtraction takes place.
PAR  Continuing with the charge flow path in FIG. 3, when the -V1 potential
      level of drive pulse .phi.3 terminates, charge flows past electrode 36 to
      a limiting electrode 37. Limiting electrode 37 is connected to drive pulse
      .phi.2 and splits the flow of charge carriers into two paths. One path is
      a continuation of the charge flow path in FIG. 3. The other path is an
      excess charge path along section 5 -- 5 of FIG. 1 shown in FIG. 5. Charge
      entering the region under electrode 37 in excess of the amount needed to
      represent a logical 1 flows in the excess charge path. The amount of
      charge needed to represent a logical 1 is transferred along the charge
      path of FIG. 3.
PAR  Splitting charge flow between the two paths is done by the shape of
      electrode 37 in conjunction with appropriate application of voltages.
      Referring to FIGS. 1, 3 and 5 it can be seen that electrode 37 has a first
      portion formed on a relatively thick region of layer 12, a second portion
      formed on a relatively thin region of layer 12 and, only in the excess
      charge path, a third portion formed on a relatively thick region of layer
      12. In particular, from FIG. 5 it can be seen that the second portion of
      electrode 37 can provide a central potential well which can store charge.
PAR  Adjacent limiting electrode 37 in the excess charge path is a p-type
      conductivity impurity zone 51 formed in substrate 11. Formed on layer 12
      is a sink electrode 52 which contacts impurity zone 51 through an opening
      in layer 12. Electrode 52 is connected to drive pulse .phi.2. Since
      electrodes 37 and 52 are both connected to drive pulse .phi.2, all charge
      entering the region under electrode 37 flows into impurity zone 51 beneath
      electrode 52 except for the charge stored under the central portion of
      electrode 37. Electrodes 37 and 52 can be one continuous metallization
      since they are both connected to drive pulse .phi.2. Alternatively,
      electrode 37 can remain separate and be connected to fixed potential level
      -V3.
PAR  Adajcent the second portion of limiting electrode 37 in the main charge
      flow path shown in FIG. 3 is a stepped electrode 38. Electrode 38 is
      connected to drive pulse .phi.1 and has a first portion formed on a
      relatively thick region of layer 12 and a second portion formed on a
      relatively thin region of layer 12. Since limiting electrode 37 appears as
      a simple stepped electrode without a central potential well along the main
      charge path of FIG. 3, transfer of charge from beneath electrode 37 to
      beneath electrode 38 occurs when drive pulse .phi.1 induces a potential
      well beneath electrode 38 deeper than the potential well induced beneath
      electrode 37 by drive pulse .phi.2. The amount of charge transferred is
      the amount that was stored in the potential well under the second portion
      of electrode 37 which is formed on the relatively thin portion of layer
      12.
PAR  As with FIG. 2, FIG. 1 is numbered corresponding to FIGS. 3, 4 and 5. In
      FIG. 1 solid line patterns 31, 33, 34, 35, 36, 37, 38, 41, 42, 43 and 52
      represent electrodes. Broken line patterns 32, 44 and 51 represent
      impurity zones. Driving pulse lines and voltage V3 likewise are
      correspondingly identified.
PAR  The size of the potential well under the second portion of electrode 37 is
      advantageously as large as the smallest potential well in subsequent
      charge transfer device 2. If the potential well is larger, too much charge
      may be introduced into charge transfer device 2. Variation in sizes of
      potential wells in charge transfer devices can be due to fabrication
      variations. For example, if a subsequent charge transfer device uses
      stepped oxide for directionality, the alignment between the oxide step and
      the stepped electrode determines the size of the storage potential well in
      the charge transfer device.
PAR  It is known that in some charge transfer devices it is advantageous that a
      logical zero is represented by a small amount of charge instead of no
      charge. Such a logical 0 has been called the "fat 0" and can be used in
      this regenerator. One way to produce the fat 0 is to adjust the size of
      the potential well under subtracting electrode 41 so the amount subtracted
      is less than the charge representing a logical 0 after multiplication. One
      drawback of this approach is that variation of the transfer efficiency of
      charge transfer device section 1 changes the size of the charge packet of
      a logical 0 after multiplication and necessitates that a different amount
      be subtracted to maintain a fat 0 of the same size. Changing the amount to
      be subtracted is an undesirable complication.
PAR  Another way to produce a fat 0 is to use additional circuitry whose
      schematic plan view is shown in FIG. 7. The charge for the fat 0 is
      introduced into the circuit of FIG. 1 at electrode 37. Electrode 37 also
      appears in FIG. 7. FIG. 8 is a cross section taken along section 8 -- 8 of
      FIG. 7 and FIG. 9 is a cross section taken along section 9 -- 9 of FIG. 7.
      The circuit can be formed in the same material as the regenerator circuit
      and, as shown in FIGS. 8 and 9, includes substrate 11 and overlying
      insulating layer 12.
PAR  Referring to FIG. 8, a p-type impurity zone 78 is located in substrate 11.
      A source electrode 71 overlies layer 12 and contacts impurity zone 78
      through an opening in layer 12. Along the charge path shown in FIG. 8
      there are, in succession after electrode 71 and overlying layer 12, a
      charge transfer electrode 72, a charge storage electrode 73, a charge
      dividing electrode 74 and a fat 0 electrode 75. Electrodes 72 and 73 each
      have first portions on relatively thick regions of layer 12 and second
      portions on relatively thin regions of layer 12. Electrodes 74 and 75 are
      formed on relatively thin regions of layer 12. Electrode 75 is located
      adjacent limiting electrode 37 of FIG. 1. Electrodes 71 and 74 are
      connected to drive pulse .phi.3; electrode 72 is connected to drive pulse
      .phi.2; electrode 73 and 75 are connected to drive pulse .phi.1.
PAR  Referring to FIG. 9, the fat zero circuit further includes a transfer
      electrode 76 located adjacent to electrode 73 and overlying a relatively
      thick region of layer 12. A p-type impurity zone 79 is formed in substrate
      11 adjacent transfer electrode 76. A sink electrode 77 overlies layer 12
      and contacts impurity zone 79 through a contact opening in layer 12.
      Electrodes 76 and 77 are connected to drive pulse .phi.2.
PAR  FIG. 7 is numbered corresponding to FIGS. 8 and 9. In FIG. 7 solid line
      patterns 71, 72, 73, 74, 75, 76 and 77 represent electrodes. Broken line
      patterns 78 and 79 represent impurity zones. Driving pulse lines are
      likewise correspondingly numbered.
PAR  In operation, the circuitry shown in FIG. 7 splits an amount of charge
      stored under electrodes 73, 74 and 75 so the amount of charge desired for
      a fat zero is stored under fat zero electrode 75. Charge carriers are
      provided by source electrode 71 contacting impurity zone 78. A potential
      well induced beneath transfer electrode 72 has a charge storage capacity
      advantageously equal to the minimum charge storage capacity of a potential
      well of charge transfer device 2. That amount of charge is transferred
      from inpurity zone 78 to transfer electrode 73. The charge spreads out
      beneath the second portion of transfer electrode 73 as well as electrode
      74 and electrode 75. This is because electrodes 74, 75 and the second
      portion of electrode 73 all have induced potential wells of the same depth
      beneath them.
PAR  When the potential level -V1 from drive pulse .phi.3 commences, a potential
      barrier is formed under dividing electrode 74 and the charge stored under
      electrode 73 is split from that stored under electrode 75. The ratio of
      the area of the second portion of electrode 73 to the area of electrode 75
      is such that the desired amount of charge for a fat zero is stored under
      electrode 75. This amount is then transferred to limiting electrode 37.
      The amount of charge stored under electrode 73 is transferredd along a
      charge transfer path shown in FIG. 9 to a charge sink arrangement.
      Electrode 76 induces an underlying potential barrier which regulates the
      flow of charge carriers from beneath electrode 73 to impurity zone 79. As
      with previous charge sink arrangements, electrodes 76 and 77 can be joined
      or, alternatively, electrode 77 can be connected to a fixed potential
      level.
PAR  It should be understood that the regulator is equally applicable to charge
      transfer devices other than that described. For example, charge coupled
      devices having other than two phases can use this regenerator as can
      bucket brigade devices. Further, in a two phase system the directionality
      can be obtained by means other than the stepped oxide. For example, a dc
      bias or an impurity zone under part of one electrode are alternative means
      of obtaining an asymmetry to provide the desired directionality.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor apparatus including first and second charge transfer
      device sections of the type adapted for the storage and serial transfer of
      charge carriers localized in induced potential wells along a surface
      portion of a body by sequentially applying a plurality of differing
      potentials to successive portions of the surface and further adapted for
      logical bit regeneration, said apparatus comprising:
PA1  means for detecting a charge packet output of the first charge transfer
      device section and for multiplying said charge packet by a multiplication
      factor so that after multiplication the difference in the amount of charge
      in a charge packet representing a logical 1 and in a charge packet
      representing a logical 0 is at least as great as the maximum charge
      storage capacity of a potential well of the second charge transfer device
      section, said means for multiplying including a semiconductor charge
      storage region controlled by an overlying electrode of such geometry as to
      produce a sufficient storage capacitance that the region in response to
      said output stores a charge packet which is amplified compared with the
      storage packet output;
PA1  means for subtracting a fixed quantity of charge from the multiplied charge
      packet, sufficient to remove the charge of a charge packet representing a
      logical zero, said means for subtracting including a second semiconductor
      charge storage region controlled by an overlying electrode; and
PA1  means including a localized impurity zone charge sink for limiting the
      amount of charge in the charge packet to a maximum value equal to the
      minimum charge storage capacity of a potential well of the second charge
      transfer device section.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein the means for multiplying
      includes:
PA1  means for detecting the charge carriers in the charge packet,
PA1  means for producing a potential level proportional to the number of charge
      carriers in the charge packet,
PA1  means for providing a source of charge carriers,
PA1  means for providing a charge storage region with a charge storage capacity
      at least as great as the charge packet,
PA1  means for providing a charge flow path between the charge source and the
      charge storage region,
PA1  means for inducing a potential barrier proportional to the potential level
      in the charge flow path between the charge source and the charge storage
      region, and
PA1  means for filling the charge storage region to a potential level equal to
      the potential barrier.
NUM  3.
PAR  3. Apparatus as recited in claim 2 wherein the means for filling the charge
      storage region includes:
PA1  means for applying a potential level greater than the potential barrier to
      the source of charge carriers,
PA1  means for filling the charge storage region to the potential level applied
      to the source of charge carriers,
PA1  means for reducing the potential level applied to the source of charge
      carriers to below the level of the potential barrier, and
PA1  means for reducing the potential level of the charge carriers in the charge
      storage region to the potential level of the potential barrier.
NUM  4.
PAR  4. Apparatus as recited in claim 1 wherein the means for subtracting
      includes:
PA1  means for filling a charge storage region having a charge storage capacity
      equal to the amount to be subtracted with charge from the multiplied
      charge packet, and
PA1  means for retaining the remainder of the multiplied charge packet.
NUM  5.
PAR  5. Apparatus as recited in claim 1 wherein the means for limiting includes:
PA1  means for filling a charge storage region having a charge storage capacity
      equal to the minimum charge storage capacity of a potential well of the
      charge storage device with charge carriers from the charge packet,
PA1  means for removing the remaining charge carriers in the charge packet, and
PA1  means for retaining the charge carriers stored in the charge storage
      region.
NUM  6.
PAR  6. Apparatus as recited in claim 1 further comprising:
PA1  means for providing a charge packet equal in size to that representing a
      logical one,
PA1  means for splitting the charge packet into parts whereby one of the parts
      is a small amount of charge relative to the amount of charge representing
      a logical 1, and
PA1  means for adding the small amount of charge to the charge packet to be
      regenerated after subtraction of the fixed quantity of charge.
NUM  7.
PAR  7. A semiconductor apparatus of the type adapted for the storage and serial
      transfer of charge carriers localized in induced potential wells along a
      surface portion of a body of a first type semiconductivity by sequentially
      applying a plurality of differing potentials to successive portions of the
      surface through field plate electrodes and further adapted for logical bit
      regeneration, said apparatus comprising:
PA1  a first zone of a second type semiconductivity disposed within the body and
      adjacent one of the field plate electrodes for sensing the number of
      charge carriers existing under said one field plate electrode,
PA1  a second zone of the second type semiconductivity disposed within the body,
PA1  a source electrode contacting the second zone for supplying charge
      carriers,
PA1  an output electrode for accumulating charge carriers and creating an output
      potential well, and
PA1  a control field plate electrode in contact with the first zone, disposed
      over and insulated from the body, and between the source electrode and the
      output electrode for creating in the body beneath the control field plate
      electrode a control potential barrier,
PA1  the apparatus further including:
PA1  an amplifying field plate electrode disposed over and insulated from the
      body and between the control field plate electrode and the output
      electrode, for creating in the body beneath the amplifying field plate
      electrode an amplifying potential well with a charge storage capacity
      greater than the charge storage capacity of the first zone,
PA1  a third zone of the second type semiconductivity disposed within the body,
PA1  a first sink field plate electrode contacting the third zone for
      accumulating charge carriers,
PA1  a transfer field plate electrode disposed over and insulated from the body,
      and between the amplifying field plate electrode and the output electrode
      and between the amplifying field plate electrode and the first sink field
      plate electrode, for creating in the body beneath the transfer field plate
      electrode a transfer potential well with a charge storage capacity at
      least as great as the charge storage capacity of the amplifying potential
      well,
PA1  a subtraction field plate electrode disposed over and insulated from the
      body, and between the transfer field plate electrode and the first sink
      field plate electrode, for creating in the body beneath the subtraction
      field plate electrode a subtraction potential well with a charge storage
      capacity less than the charge storage capacity of the amplifying potential
      well,
PA1  a fourth zone of the second type semiconductivity disposed within the body,
PA1  a second sink field plate electrode contacting the fourth zone for
      accumulating charge carriers, and
PA1  a limiting field plate electrode disposed over and insulated from the body
      and between the transfer field plate electrode and the output electrode
      and between the transfer field plate electrode and the second sink field
      plate electrode, for creating in the body beneath the limiting field plate
      electrode a limiting potential well with a charge storage capacity not
      greater than the charge storage capacity of the output potential well.
NUM  8.
PAR  8. Apparatus as recited in claim 7 in combination with means for applying
      to the source electrode a potential level of greater magnitude and shorter
      duration than the magnitude and duration of any potential level of the
      control potential barrier.
NUM  9.
PAR  9. Apparatus as recited in claim 7 in combination with means for
      maintaining a DC bias potential on the amplifying field plate electrode.
NUM  10.
PAR  10. A semiconductor apparatus as recited in claim 7 further comprising:
PA1  a blocking electrode disposed over and insulated from the body, and between
      the control electrode and the amplifying electrode for creating in the
      body beneath the blocking electrode a potential barrier.
NUM  11.
PAR  11. A semiconductor apparatus as recited in claim 7 further comprising:
PA1  a diverting field plate electrode disposed over and insulated from the
      body, and between the transfer field plate electrode and the limiting
      electrode for creating in the body beneath the diverting field plate
      electrode a potential barrier.
NUM  12.
PAR  12. Apparatus as recited in claim 11 in combination with means for applying
      to the blocking electrode a potential level of greater magnitude and
      shorter duration than the magnitude and duration of any potential level
      applied to the transfer electrode.
NUM  13.
PAR  13. A semiconductor apparatus as recited in claim 7 further comprising an
      intermediate field plate electrode disposed over and insulated from the
      body, and between the subtraction field plate electrode and the first sink
      field plate electrode creating in the body beneath the intermediate field
      plate electrode a potential barrier.
NUM  14.
PAR  14. A semiconductor apparatus as recited in claim 13 wherein the
      intermediate field plate electrode and the first sink field plate
      electrode are conductively connected.
NUM  15.
PAR  15. A semiconductor apparatus as recited in claim 7 further including means
      for generating a charge packet representing a logical zero comprising:
PA1  a fifth zone of the second type semiconductivity disposed within the body
      and spaced from the limiting electrode,
PA1  a second source electrode contacting the fifth zone for supplying charge
      carriers,
PA1  a second transfer field plate electrode disposed over and insulated from
      the body, and between the second source electrode and the limiting
      electrode for creating in the body beneath the second transfer field plate
      electrode a second transfer potential well with a charge storage capacity
      not greater than the charge storage capacity of the output potential well,
PA1  a storage field plate electrode disposed over and insulated from the body,
      and between the second transfer electrode and the limiting electrode for
      creating in the body beneath the storage field plate electrode a storage
      potential well,
PA1  a dividing field plate electrode disposed over and insulated from the body,
      and between the storage field plate electrode and the limiting electrode
      for creating in the body beneath the dividing field plate electrode a
      potential barrier,
PA1  a fat zero electrode disposed over and insulated from the body, and between
      the dividing field plate electrode and the limiting electrode for creating
      in the body beneath the fat zero electrode a fat zero potential well, with
      a charge storage capacity greater than zero,
PA1  a sixth impurity zone of the second type semiconductivity disposed within
      the body and spaced from the storage field plate electrode,
PA1  a third sink field plate electrode contacting the sixth zone for
      accumulating charge carriers, and
PA1  a barrier field plate electrode disposed over and insulated from the body,
      and between the third sink field plate and the storage field plate
      electrode for creating in the body beneath the barrier field plate
      electrode a potential barrier to control the flow of charge carriers from
      the storage potential well to the sixth zone.
NUM  16.
PAR  16. A semiconductor apparatus as recited in claim 15 wherein:
PA1  the barrier field plate electrode and the third sink field plate electrode
      are conductively connected.
NUM  17.
PAR  17. A semiconductor apparatus as recited in claim 15 wherein:
PA1  the ratio of the charge storage capacity of the fat zero potential well to
      the charge storage capacity of the storage potential well is the same as
      the ratio of the amount of charge in a logical zero to the amount of
      charge difference between a logical one and a logical zero.
NUM  18.
PAR  18. Apparatus as recited in claim 15 in combination with means for applying
      to the dividing field plate electrode a potential level greater in
      magnitude and shorter in duration than the magnitude and duration of any
      potential level applied either to the storage field plate electrode or to
      the fat zero electrode.
NUM  19.
PAR  19. A method for use with a charge transfer device for regenerating charge
      packets emanating from a first transfer device section for injection into
      a second transfer device section, said packets representing logical 1's
      and 0's comprising the steps of:
PA1  multipying a charge packet emanating from the first transfer device section
      by a multiplication factor so that after multiplication the difference in
      the amount of charge in a charge packet representing a logical 1 and in a
      charge packet representing a logical 0 is at least as great as the maximum
      charge storage capacity of a potential well of the second transfer
      section,
PA1  subtracting by shifting a fixed quantity of charge from the multiplied
      charge packet, sufficient to remove the charge of a charge packet
      representing a logical 0 and
PA1  limiting the amount of charge in the charge packet to a maximum value equal
      to the minimum charge storage capacity of a potential well of the second
      transfer device section by shifting of excess charge into a localized
      impurity zone charge sink.
NUM  20.
PAR  20. A method of regenerating charge as recited in claim 19 further
      comprising adding to a charge packet representing a logical 0 a small
      amount of charge relative to the amount of charge representing a logical
      1.
NUM  21.
PAR  21. A method as recited in claim 20 wherein the charge is added by the
      steps of:
PA1  providing a charge packet equal in size to that representing a logical 1,
PA1  splitting the charge packet into parts whereby one of the parts is the
      magnitude of the desired charge addition to a logical 0, and
PA1  adding the part equal to the magnitude of the desired charge addition to
      the charge packet to be regenerated after subtraction of the fixed
      quantity of charge.
NUM  22.
PAR  22. A method as recited in claim 19 wherein multiplying the charge packet
      comprises the steps of:
PA1  detecting the charge carriers in the charge packet,
PA1  producing a potential level proportional to the number of charge carriers
      in the charge packet,
PA1  providing a source of charge carriers,
PA1  providing a charge storage region with a charge storage capacity at least
      as great as the charge packet,
PA1  providing a charge flow path between the charge source and the charge
      storage region,
PA1  inducing a potential barrier proportional to the potential level in the
      charge flow path between the charge source and the charge storage region,
      and
PA1  filling the charge storage region to a potential level equal to the
      potential barrier.
NUM  23.
PAR  23. A method as recited in claim 22 wherein filling the charge storage
      region to a potential level equal to the potential barrier comprises the
      steps of:
PA1  applying a potential level greater than the potential barrier to the source
      of charge carriers,
PA1  filling the charge storage region to the potential level applied to the
      source of charge carriers,
PA1  reducing the potential level applied to the source of charge carriers to
      below the level of the potential barrier, and
PA1  reducing the potential level of the charge carriers in the charge storage
      region to the potential level of the potential barrier.
NUM  24.
PAR  24. A method as recited in claim 19 wherein subtracting a fixed quantity of
      charge from the multiplied charge packet comprises the steps of:
PA1  filling a charge storage region having a charge storage capacity equal to
      the amount to be subtracted with charge from the multiplied charge packet,
      and
PA1  retaining the remainder of the multiplied charge packet.
NUM  25.
PAR  25. A method as recited in claim 19 wherein limiting the amount of charge
      in the packet comprises the steps of:
PA1  filling a charge storage region having a charge storage capacity equal to
      the minimum charge storage capacity of a potential well of the charge
      storage device with charge carriers from the charge packet,
PA1  removing the remaining charge carriers in the charge packet, and
PA1  retaining the charge carriers stored in the charge storage region.
PATN
WKU  039379868
SRC  5
APN  4502701
APT  1
ART  254
APD  19740311
TTL  Linear waveform generator
ISD  19760210
NCL  2
ECL  1
EXP  Miller, Jr.; Stanley D.
NDR  2
NFG  8
INVT
NAM  Wilson; Arnold
CTY  Hertford
CNT  EN
ASSG
NAM  Rank Xerox Ltd.
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730323
APN  14211/73
CLAS
OCL  307228
XCL  307293
XCL  307310
EDF  2
ICL  H03K  408
FSC  307
FSS  228;293;310
UREF
PNO  3189844
ISD  19650600
NAM  MacKenzie
OCL  307228
UREF
PNO  3194977
ISD  19650700
NAM  Anzalone et al.
OCL  307310
UREF
PNO  3313955
ISD  19670400
NAM  Brisay, Jr.
OCL  307228
UREF
PNO  3509367
ISD  19700400
NAM  Orsen
OCL  307228
UREF
PNO  3551705
ISD  19701200
NAM  Juliusburger
OCL  307293
UREF
PNO  3619659
ISD  19711100
NAM  Meyer et al.
OCL  307310
UREF
PNO  3794857
ISD  19740200
NAM  Milovancevic
OCL  307293
OREF
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ABST
PAL  A transistor timing ramp generator having collector, emitter and base
      electrodes and having a capacitor connected between collector and base, a
      resistance connected between base and emitter, the emitter being connected
      directly to a first input terminal, a resistive load in the collector
      circuit and means for supplying a signal to a second input terminal in the
      collector circuit and the input terminal to switch on the transistor when
      said signal is supplied, and to operate in the region where the
      base-emitter potential is substantially constant, thus providing a
      constant current to charge the capacitor and thereby obtaining a linear
      timing ramp at the collector which approaches the potential of said
      signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a transistor timing ramp generator.
PAR  The Miller effect has been used in conventional timing ramp generators, and
      a Miller amplifier has been used to produce a linear decreasing output
      waveform during the period of an input pulse of constant amplitude applied
      to the input of the amplifier. In this arrangement, the amplifier consumes
      power continuously, and is not switched off at the end of the input pulse.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a transistor timing
      ramp generator having collector, emitter and base electrodes and having a
      capacitor connected between collector and base, a resistance connected
      between base and emitter, the emitter being connected directly to a first
      input terminal, a resistive load in the collector circuit and means for
      supplying a signal to a second input terminal in the collector circuit and
      the input terminal to switch on the transistor when said signal is
      supplied, and to operate in the region where the base-emitter potential is
      substantially constant, thus providing a constant current to charge the
      capacitor and thereby obtaining a linear timing ramp at the collector
      which approaches the potential of said signal.
PAR  The potential between the base and the emitter, although substantially
      constant, does vary with temperature and it is therefore sometimes
      necessary to include a temperature compensation means within the
      base-emitter circuit in order to keep the potential across the emitter
      base resistor constant. When the transistor is of silicon, such means may
      comprise a germanium diode in series with the emitter base resistor with
      the junction of the resistor and the diode connected through a further
      resistor to the said second input terminal. The temperature coefficients
      of the germanium diode and the base emitter junction of the silicon
      transistor are approximately equal and cancel each other out in the effect
      of temperature on the voltage across the base-emitter resistor of the
      transistor.
PAR  A firing circuit may be connected across the collector load which will fire
      when the potential at the collector terminal reaches a given value. Firing
      can be achieved by means of a programmable unijunction arranged to latch
      down after having reached the said collector potential, so that power is
      only taken from said signal supply means by the said transistor from the
      start of the signal until the circuit fires.
PAR  A sequential firing circuit can be provided with a number of firing states
      connected across the collector load arranged to fire at different
      potentials across the collector load, and an insulating device can be
      connected in all but the last firing circuits in order to prevent the
      transistor switching off until all the firing circuits have fired.
PAR  The two stage transistor device can be provided, with the capacitive
      coupling between the base of one transistor and the collector of a second
      transistor, the base of the second transistor connected from the base of
      the second transistor to the emitter of that transistor and to said first
      input terminal.
PAR  A constant current device may be connected in the collector circuit of the
      transistor, in order to provide further stabilization of the base-emitter
      voltage, and current injection means may be provided between said signal
      source and the base of the transistor, in order to provide a further
      degree of control of the rate of rise of the ramp.
PAR  When it is desired to reset the circuit quickly, an amplifier may be
      connected between the output of a firing circuit and the base of the
      transistor through a diode in order quickly to discharge the capacitor.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 represents a basic circuit,
PAR  FIG. 2 represents a basic circuit with temperature compensation,
PAR  FIG. 3 represents a circuit including a firing circuit,
PAR  FIG. 4 represents a circuit with sequential firing circuits,
PAR  FIG. 5 represents a two stage basic timer,
PAR  FIG. 6 shows a basic circuit with a constant current feed,
PAR  FIG. 7 shows a basic circuit with current injection, and
PAR  FIG. 8 represents a quick release circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, a transistor VTI has its emitter connected directly to the earth
      line which is connected to an input terminal. In the collector circuit of
      the transistor is a load RC connected to a signal supply line VCC. A
      capacitor Cl is connected between the base and collector electrodes of the
      transistor, and the resistor R is connected between the base and emitter
      electrodes.
PAR  Assuming, when the transistor is switched on, the current passing through
      the capacitor is very much greater than the base current, the capacitor
      charging current will be equal to VBE over R. VBE depends on the collector
      current of the transistor, the magnification factor and the temperature.
      The first two of these parameters do not vary significantly over the range
      of the transistor characteristic to be used, or for temperature constant
      conditions, the basic circuit can be used with the capacitor charging
      current substantially constant.
PAR  With the capacitor charging current constant, the voltage at the collector
      of the transistor will rise linearly towards the signal supply potential
      VCC when the potential is applied to the supply line, the potential
      between it and the input terminal increasing at a rate inversely
      proportional to R and C. The rate can therefore be adjusted by adjusting
      the value of the resistor R.
PAR  When the temperature is likely to vary, a diode DL can be included in the
      base emitter circuit as shown in FIG. 2, with the junction of the resistor
      R and the diode D1 being connected through a further resistor R1 to the
      signal supply line. The charging current through the capacitor is now
      proportional to the difference of the potentials across the base and
      emitter and across the diode, and using a germanium diode and a transistor
      which have approximately equal temperature coefficient, the charging
      current becomes substantially independent of temperature.
PAR  FIG. 3 shows a firing circuit connected across the collector load of
      transistor VTI. The firing circuit comprises an AND gate PT1 having one
      input connected to the collector of the transistor VT1, and the second
      input connected to the potential divider line between the signal supply
      line and the input terminal. When the potential of the capacitor reaches
      the potential set by the voltage divider, the AND gate fires and provides
      a signal to a second transistor VT2, thus switching on a load in the
      collector circuit of that transistor. The firing of the gate Pt1
      discharges the capacitor C1 and turns the transistor off. The transistor
      is thus only conducting between the start of the signal and the firing of
      the AND gate. The AND gate is shown here as a programmable unijunction
      transistor, used in the latching mode so that, after firing, the collector
      load of VT2 is held on until power is removed from the circuit. For
      simplicity, the protective diodes have been omitted from the circuit
      diagram of the firing arrangements.
PAR  FIG. 4 shows two firing circuits connected to the collector of the main
      transistor VT1, the first circuit being connected by means of a diode D2
      which prevents the firing of the PUT from switching off the transistor
      VT1, time allowing it to continue to produce a linear ramp until the
      second firing circuit fires. Clearly, further firing circuits could be
      provided, each with a separate diode D2, although if the last firing
      circuit had a diode, separate means would have to be provided to switch
      off the transistor VT1.
PAR  in order to produce linear ramps rising at a slower rate, a two-stage timer
      can be provided as shown in FIG. 5. In this circuit, the capacitor is not
      connected to the collector of the main transistor, but to the collector of
      a second transistor whose base is connected to the emitter of the first
      transistor, and whose emitter is connected to the input terminal. The
      emitter of the first transistor is connected through a further resistor to
      the input terminal, and the linear waveform is taken from the collector
      load of the second transistor. The second transistor acts as an emitter
      follower stage which reduces the base current of the first stage, thus
      allowing lower capacitor charging current to be used. The basic circuit of
      FIG. 1 can provide a linearly increasing ramp extending up to about 20
      seconds, after which it becomes too expensive in most cases to provide a
      capacitor of sufficient size. The emitter follower stage provided by the
      second transistor reduces the current flow through the capacitor and main
      resistor of the first transistor, thus providing a slow rate of charging.
      The second stage can increase the duration of the linear ramp by a factor
      of about 30.
PAR  In FIG. 6, the circuit of FIG. 2 is provided with a constant current device
      in the collector circuit of the transistor VT1. The constant current
      device comprises a transistor VT2 of opposite conductivity type to the
      transistor VT1, whose base is connected to the junction of a voltage
      divider formed by a pair of resistors connected across the supply line and
      input terminal. The constant current device of FIG. 6 provides further
      stabilization of the base-emitter voltage of the main transistor VT1.
PAR  Further control of the rate of rise of the ramp can be provided by the
      current injection circuit shown in FIG. 7. This circuit comprises a
      resistor connected between the supply line and the base of the transistor.
      The injection of current by this circuit reduces the current charging the
      capacitor, thus reducing the rate of rise of the ramp.
PAR  FIG. 8 shows the circuit of FIG. 3 with a quick release facility. The 50
      microfarad capacitor connected between the supply line and the input
      terminal provides a current source which is connected by the means of two
      diodes to the emitter of the main transistor VT1 to enable the
      capacitative coupling of the transistor emitter and collector to be
      quickly discharged. When the firing circuit fires, the main transistor VT1
      will switch off. Without the quick release circuit, the capacitor C1 will
      take an appreciable time to discharge completely when the power is removed
      from the circuit. The additional circuit of FIG. 8 stores charge in the 50
      microfarad capacitor when power is applied to the signal line, and this
      charge is available through the diodes to discharge the capacitor c1
      through the main transistor after the removal of power. The capacitor of
      50 microfarads enables the capacitor c1 to be discharged within 50
      miliseconds of the firing of the firing circuit.
PAR  The circuit of FIG. 8 allows, with the values of component shown, the ramp
      generator to be reset quickly when the voltage is removed from the input.
      The energy stored in the 50.mu.F capacitor supplies current to the base of
      VT1 for a short time (less than 50mS) after the input voltage has been
      removed. This bottoms transistor VT1 thus discharging capacitor C1
      quickly, so that the timing cycle can be restarted in the shortest time
      possible.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A timing ramp generating comprising first and second transistors each
      having collector, emitter and base electrodes, a capacitor connected
      between base of said first transistor and the collector of said second
      transistor, a resistance connected between the base and emitter of said
      first transistor, the emitter of said first transistor being connected to
      a first terminal and the base of said second transistor, a resistive load
      coupled intermediate the collector of said second transistor, and a second
      terminal, said second terminal connected to the collector of said first
      transistor, source of d.c. voltage connected across said first and second
      terminals, whereby a constant current charges the capacitor and a linear
      timing ramp is generated at the collector of said second transistor which
      approaches the applied d.c. voltage.
NUM  2.
PAR  2. A timing ramp generator including a main transistor having collector,
      emitter and base electrodes and having a capacitor connected between
      collector and base, a resistance connected between base and emitter, the
      emitter being connected directly to a first terminal, a resistive load in
      the collector circuit, means for supplying a d.c. voltage across a second
      input terminal in the collector circuit and the first terminal to switch
      on the transistor when said voltage is supplied, and to operate in the
      region where the base-emitter potential is substantially constant, thus
      providing a constant current to charge the capacitor and thereby obtaining
      a linear timing ramp at the collector which approaches the potential of
      said signal, a constant current device in the collector circuit of said
      main transistor, said constant current device includes a second transistor
      of opposite conductivity type to said main transistor, said second
      transistor havings its base connected to a reference potential, the
      collector-emitter circuit of said second transistor being connected in
      series with the collector emitter circuit of said main transistor across
      said first and second terminals.
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ABST
PAL  Two transistors, the emitter of the first joined to the collector of the
      second via a resistor and two bases joined by an element such as a diode.
      When the input signal applied to the base electrode of the first
      transistor is less than a given value, neither transistor conducts; when
      it exceeds a second value close to this given value, substantially
      constant voltages develop across the diode and resistor, respectively, and
      the two transistors conduct a constant current.
BSUM
PAR  Relatively complex circuitry has been required to realize the following
      features in a solid-state switch: the switch preferably should draw no
      current while in its off state, it must switch when the switching command
      reaches a predetermined threshold, the transition from off to on must be
      relatively abrupt; the output current must be relatively constant and
      independent of power supply variations.
PAR  The circuits of the present invention are easily implemented threshold
      switches that can have zero stand-by power consumption and controlled
      output current. They may be realized using first and second transistors, a
      resistive means between the emitter of the first and the collector of the
      second, and means providing a substantially fixed offset potential between
      the bases of the two transistors in response to an input signal of greater
      than a given amplitude applied to the base of the first transistor.
DRWD
PAR  The invention is discussed in greater detail below and illustrated in the
      drawing of which:
PAR  FIG. 1 is a schematic circuit diagram of a preferred embodiment of the
      invention;
PAR  FIG. 2 illustrates the switching characteristics of the circuit of FIG. 1;
      and
PAR  FIG. 3 is a schematic circuit diagram of a second embodiment of the
      invention.
DETD
PAR  In FIG. 1, input terminal 10 is connected to the base terminal of
      transistor 14 through resistor 12. This base terminal is also connected
      through diode 16 to the base terminal of transistor 18. The emitter of
      transistor 18 is connected to terminal 20 which is common to the output
      and input. The collector of transistor 18 is connected through resistor 22
      to the emitter of transistor 14 while the collector of the latter
      transistor is connected through an arbitrary load 24 to a positive
      potential V.sub.CC.
PAR  With zero potential across input terminals 10-20, the load current I.sub.O
      is zero. As the input voltage V.sub.I is increased from zero volts, the
      output current remains at zero until the threshold potential of the switch
      is reached. For the preferred embodiment, this threshold potential is the
      threshold potential of diode 16 plus the threshold potential of transistor
      18. Diode 16 and transistor 18 (as well as transistor 14) are silicon
      devices. The threshold voltage for each device is essentially equal and
      equals the voltage drop V.sub.F across a forward-biased silicon diode when
      it just begins to conduct current (about 500 millivolts).
PAR  When the input voltage exceeds 2V.sub.F, transistors 14 and 18 begin to
      conduct. The threshold voltage is shown at 25 in FIG. 2. As the input
      voltage is increased over the range 25-26, the output current also
      increases. When the input voltage reaches point 26, the output current is
      at its maximum value and this current remains essentially constant for
      further increases in V.sub.I.
PAR  Constant current operation is realized by maintaining a constant potential
      across resistor 22. The terminal of resistor 22 connected to the emitter
      of transistor 14 is maintained at a constant potential by the clamping
      circuit formed by resistor 12, diode 16 and the base-emitter diode of
      transistor 18. The clamping circuit limits the maximum excursion of input
      voltage V.sub.I that is applied to the base of transistor 14 to the value
      of the clamping voltage. This substantially constant base voltage equals
      (V.sub.16 +V.sub.be18), where V.sub.16 is the voltage across diode 16 and
      V.sub.be18 is the voltage across the base-emitter junction of transistor
      18. The voltage at the emitter electrode of transistor 14 is (V.sub.16 +
      V.sub.be18 - V.sub.be14 ), where V.sub.be14 is the voltage across the
      base-emitter junction of transistor 14. The remaining terminal of resistor
      22 is maintained at the collector-to-emitter voltage V.sub.ce18 of
      transistor 18. This transistor is driven into saturation when V.sub.I
      reaches the voltage corresponding to 26 in FIG. 2, causing V.sub.ce18 to
      become essentially constant over a wide range of collector current.
PAR  The voltage across resistor 22 equals the emitter voltage of transistor 14
      minus the collector voltage of transistor 18, both measured with respect
      to the common terminal. A particular value of constant output current, 28
      in FIG. 2, can be realized by dividing the voltage across resistor 22 by
      the desired value of output current thereby determining the required
      resistance value of resistor 22.
PAR  It should be mentioned at this point that the circuit of FIG. 1 produces an
      output current that is only approximately constant. With an actual
      physical implementation of the circuit, the region 28 in FIG. 2 will not
      be horizontal as shown, but will instead have a positive slope. While this
      slope is small with respect to the slope of the region 25-26, there will
      be a slight increase in output current for increases in input voltage.
      There are two major sources of this current increase. The first is the
      non-ideal characteristics of p-n junctions. Ideally, the current through
      such a junction would be zero until the threshold voltage V.sub.F was
      reached and the device began to conduct current. In the ideal case, the
      junction voltage would remain constant for all values of current through
      the diode. Actual diodes will begin to conduct current at a voltage
      V.sub.F but the junction voltage increases with increasing current flow.
      As the diode current increases, however, a particular incremental increase
      in current will produce a smaller incremental increase in voltage.
PAR  In the present circuit, where the voltage needed to produce a constant
      output current is derived, in part, from the voltage across diode 16 and
      the base-emitter junctions of transistors 14 and 18, it is clear that an
      increase in input voltage V.sub.I will increase the current through these
      devices. This will increase the junction voltage drops and tend to
      increase the voltage across resistor 22, increasing the output current.
PAR  A second source of output current increase is the increase in the
      base-emitter voltage drop of transistor 18 when it is driven into
      saturation. This voltage increase is due, in addition to the increase in
      junction voltage, to the voltage drop caused by the resistivity of the
      transistor base material. This voltage will be discussed more fully in
      connection with the circuit of FIG. 3.
PAR  The circuit of FIG. 3 is a modification of the circuit of FIG. 1.
      Components common to this circuit and the circuit of FIG. 1 are identified
      by the same reference numbers. A resistor 32 is added connecting the base
      of transistor 18 to the common terminal. Resistor 34 connects input
      terminal 10 to resistor 12. Diodes 36 and 38 are essentially serially
      connected between the connection between resistors 34 and 12 and the
      common terminal, while resistor 40 is connected across diode 38.
PAR  The addition of resistor 32 reduces the width of region 25-26 in FIG. 2,
      thereby enabling the switch to reach its maximum current value with a
      smaller change in input voltage than the switch of FIG. 1. In FIG. 1, as
      V.sub.I reaches 2V.sub.F, the threshold voltage of the switch, diode 16
      and transistor 18 begin to conduct. An increase in V.sub.I, .DELTA.V.sub.I
      will increase the voltage drop across each p-n junction by an amount
      .DELTA.V.sub.F, resulting in an increased current flow into the base of
      transistor 18. Since the two p-n junctions are in series, the effect of a
      change in input voltage .DELTA.V.sub.I upon the operation of transistor 18
      is less than would occur if .DELTA.V.sub.I were applied directly across
      the base-emitter terminals of 18.
PAR  In other words, the presence of diode 16 requires that a greater change in
      input voltage be applied to the switch input to increase the base current
      of transistor 18 to the point where saturation of the device occurs, that
      is, the effect of the diode in series with the base emitter junction of
      transistor 18 is to reduce the overall gain of the switch in region 25-26.
PAR  The addition of resistor 32 reduces the gain reduction effects of diode 16.
      Resistor 32 is chosen in value such that the current through it necessary
      to produce the voltage V.sub.F across the base emitter junction of
      transistor 18 is much larger, for example greater by a factor of ten, than
      the base current necessary to saturate transistor 18.
PAR  Quiescently, that is, when V.sub.I = 0, there is zero power consumption,
      just as in the FIG. 1 circuit. As the input voltage is increased from zero
      volts, diode 16 will begin to conduct current through resistor 32 before
      transistor 18 becomes conductive. In this sense there is now some power
      consumption, that is, current flows via path 10, 12, 16, 32 prior to the
      time transistors 18 and 14 start to conduct (which is not the case in the
      FIG. 1 circuit).
PAR  When the input voltage is increased to the point where the voltage drop
      across resistor 32 equals V.sub.F, transistor 18 will begin to draw base
      current. At this instant of operation, diode 16 is conducting a current
      far in excess of the transistor 18 base current. As the input voltage is
      further increased, the current through diode 16 increases. This increase,
      however, corresponds only to a small percentage of the current already
      flowing in diode 16. The base current of transistor 18 increases
      appreciably, driving the transistor towards saturation. The reason for
      this abrupt increase is that as the operating point of the base-emitter
      junction moves from the essentially constant current region of its
      characteristic to the bend in the characteristic and toward the constant
      voltage region of the characteristic, the junction's dynamic resistance
      rapidly changes from a value much higher than that of resistor 32 to one
      much lower than that of resistor 32. The current which initially flows in
      its entirety into this resistor is now steered almost entirely into the
      base of transistor 18, rapidly driving it into saturation and
      substantially reducing the width of the region between points 25 and 26 in
      FIG. 2. Thus, a much smaller change in input voltage V.sub.I is needed,
      once point 25 is reached, to cause a given change in output current in the
      FIG. 3 circuit than in the FIG. 1 circuit and in this sense the gain of
      the circuit is very substantially increased (at a cost of a small
      additional amount of power). Because this additional power is supplied
      from the input source, rather than from the V.sub.CC source, it is a power
      loss that occurs only when the input source is energized. The switch still
      consumes no power when the input voltage is less than the voltage V.sub.F.
PAR  Looked at another way, at the relatively high current flow through diode 16
      just proir to the switching of transistor 18, this diode is operating in
      its substantially constant voltage region, that is, its forward voltage
      drop, remains essentially constant as transistor 18 is driven from cutoff
      towards saturation. The voltage divider effect of the two p-n junctions
      discussed earlier is thereby avoided, circuit gain is increased and the
      width of region 26-26 in FIG. 2 becomes narrower. The circuit threshold
      voltage, 25 in FIG. 2, is slightly increased by the addition of resistor
      32, This is due to the higher forward voltage drop across diode 16 because
      of the increased current flow through it when resistor 32 is present.
PAR  If desired, the circuit of FIG. 3 can be made more sensitive to the input
      signal by quiescently biasing it at some voltage level V.sub.I ' such that
      substantial current flows through diode 16 and resistor 32 but with
      transistor 18 still not conducting any base current, that is, still cut
      off. However, doing this is at the expense of power consumption and in
      many applications would not be desired. The circuit can also be made more
      sensitive by quiescently biasing it at a lower level, somewhat under
      V.sub.F, such that the diode 16 has not yet begun to conduct. Similarly,
      the FIG. 1 circuit can be quiescently biased closer to point 25 of FIG. 2
      to make it more sensitive to input signal. This can be accomplished with
      no increase in quiescent power consumption.
PAR  Resistors 34 and 40, and diodes 36 and 38 are added to minimize the effects
      of the earlier mentioned increase in voltage at the base of transistor 18
      when, as the base current is increased, the transistor is operated in its
      saturation mode. The above-identified components are not necessary for the
      switching function and may be eliminated if desired. If eliminated, the
      circuit of FIG. 3 would then be identical, except for the addition of
      resistor 32, to the circuit of FIG. 1.
PAR  When a transistor is driven into saturation, there is a substantial
      increase in the base current required to maintain a particular collector
      current level. This is because the current gain of a transistor decreases
      significantly when the transistor saturates. As this increased current
      flows through the base region, an appreciable voltage drop may occur in
      this base region due to the resistance of the material comprising the
      base. The voltage is not to be confused with the voltage across the
      base-emitter junction. This increase in base voltage will cause an
      increase in potential at the resistor 22 terminal connected to the emitter
      of transistor 14, causing an increase in output current. To avoid this
      effect, the network including resistors 34, 40 and diodes 36, 38 may be
      used. This network will clamp the input voltage level, thereby limiting
      the current flow into the base of transistor 18 and avoiding the above
      described effect.
PAR  Resistor 40 is chosen such that the current through diode 36 is high
      compared to the current through diode 16. This higher current ensures that
      the voltage across diodes 36, 38 is greater than the voltage across the
      anode terminal of diode 16 and terminal 20. The clamping will thus be
      large enough to allow normal switching action to occur while avoiding an
      undesirable voltage drop across the base-emitter terminals of transistor
      18.
PAR  An alternative technique for ensuring that the clamping voltage amplitude
      is adequate for normal switching action is to fabricate diode 16 such that
      its junction area is larger than the junction areas of diodes 36 and 38.
      This reduces the forward voltage drop across diode 16 relative to the
      smaller diodes for a given current level, thereby eliminating the need for
      resistor 40.
PAR  While the threshold voltage was realized, in part, in the preferred
      embodiment by the voltage drop across diode 16, it should be mentioned
      that this device can be replaced by other threshold elements. For example,
      an increased threshold voltage would be realized by replacing diode 16
      with several forward biased diodes in series. Further, these diodes could
      be realized by using transistors connected in a diode configuration. The
      threshold element could also be a reverse biased avalanche diode.
PAR  A circuit such as shown in FIG. 3 may have the following resistance values:
      resistors 34 and 12, 1000 ohms; resistors 22 and 40, 700 ohms; resistor
      32, 6000 ohms. Transistors 14 and 18 and diodes 16, 36 and 38 may be
      realized in integrated circuit form, the diodes being transistors operated
      with their base-collector electrodes connected together.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A threshold switch comprising:
PA1  input, output and common terminals;
PA1  first and second transistors, each having a base and an emitter and a
      collector electrode, said first transistor collector electrode being
      connected to said output terminal and said second transistor emitter
      electrode being connected to said common terminal;
PA1  a first resistive element connected between said first transistor emitter
      electrode and said second transistor collector electrode;
PA1  a second resistive element connected between said input terminal and said
      first transistor base electrode;
PA1  means with first and second terminals for providing a substantially fixed
      offset potential responsive to current flow having a range of values
      between its first and second terminals;
PA1  negligible direct current impedance means connecting said first terminal to
      said base electrode of said first transistor; and
PA1  negligible direct current impedance means connecting said second terminal
      to the base electrode of said second transistor.
NUM  2.
PAR  2. A threshold switch as set forth in claim 1 further including:
PA1  a third resistive element connected between the base and the emitter
      electrodes of said second transistor.
NUM  3.
PAR  3. A threshold switch as set forth in claim 1 wherein said means for
      providing an offset potential comprises a diode.
NUM  4.
PAR  4. A threshold switch as set forth in claim 1 wherein said second resistive
      element is subdivided into two portions serially connected to each other
      at a point of interconnection and further including:
PA1  clamping means connected between said point of interconnection and said
      common terminal for limiting the maximum value of potential appearing
      between said point of interconnection and said common terminal.
NUM  5.
PAR  5. A threshold switch as set forth in claim 4 wherein said clamping means
      includes a plurality of serially connected diodes.
NUM  6.
PAR  6. A threshold switch as claimed in claim 4 wherein said means for
      providing an offset potential comprises solely a single diode, and further
      including:
PA1  a third resistor element connected between the base and emitter electrodes
      of said second transistor;
PA1  second and third diodes serially connected between said point of
      interconnection and said common terminal to form a part of said clamping
      means; and
PA1  a fourth resistive element connected in parallel with said second diode.
NUM  7.
PAR  7. In combination:
PA1  first and second transistors, each having base, emitter and collector
      electrodes, the first transistor connected at its collector electrode to
      an output terminal and the second connected at its emitter electrode to a
      point of reference potential;
PA1  resistive means connected between the collector electrode of said second
      transistor and the emitter electrode of said first transistor; and
PA1  means connected to the base electrode of said first transistor and
      responsive to a signal having a range of values applied thereto of greater
      than a given value for establishing a relatively constant difference in
      potential between said first and second base electrodes and a sufficient
      flow of base current into said second transistor for driving the same into
      saturation.
NUM  8.
PAR  8. In the combination as set forth in claim 7, said last-named means
      comprising a diode connected in the forward direction with respect to the
      flow of base current in said second transistor, between the two base
      electrodes.
NUM  9.
PAR  9. In the combination as set forth in claim 8, further including a resistor
      connected between the base and emitter electrodes of said second
      transistor and having a value such that the current flow through it for
      developing a voltage equal to the threshold voltage of the base-emitter
      junction of said second transistor is substantially greater than the base
      current required to drive said second transistor to saturation.
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ABST
PAL  An active termination network for clamping a line signal near the receiving
      end of a data path. The termination network comprises an NPN transistor, a
      PNP transistor, the emitter electrodes of the transistors being coupled
      together to form an input terminal which is connected to the data path, a
      first bias source for biasing the base of the NPN transistor such that the
      NPN transistor is caused to turn on when the line signal is below a low
      state, a second bias source for biasing the PNP transistor such that the
      PNP transistor is caused to turn on when the line signal is above a high
      state, a third bias source biasing the collector of the NPN transistor at
      ground, and a fourth bias source for biasing the collector of the PNP
      transistor with a negative voltage such that when the line signal
      fluctuates, the PNP and NPN transistors selectively turn on so as to
      appropriately clamp the line signal at the high and the low states so as
      to dissipate ringing energy and thus prevent the detrimental undershoot
      toward the threshold level. This network lends itself for usage in ECL
      circuits in which the logic states have a peak-to-peak amplitude of about
      one volt. In the preferred embodiment the first and second bias sources
      are developed from a temperature and voltage compensating network
      connected between the third and fourth bias sources.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a termination network for clamping line signals
      to a low and a high logic state and, in particular, to such a network
      which comprises an NPN and PNP transistor pair that are biased so as to
      selectively turn on when the line signal fluctuates below the low state
      and above the high state.
PAR  2. Description of the Prior Art
PAR  In electronic circuitry comprised of several discrete integrated circuits
      which are interconnected by conductors, it is important that the circuitry
      be capable of providing predictable and constant logic signals under all
      adverse conditions so as to provide a sufficient worst case level of noise
      immunity. However, even though care is exercised in fabricating and
      designing the circuits themselves, many times the received logic signal is
      not representative of that transmitted due to electrical noise and to the
      electrical parameters of the conductor itself. In general, there will be a
      mismatch on both the transmitting and the receiving ends of the conductor,
      causing reflections, which superimpose as noise, on the date being
      transmitted. For example, noise may superimpose spikes on the logic signal
      and inductance inherently associated with the actual conductor may
      introduce ringing oscillations on the logic signal. If the amplitude of
      the noise spike or ring is appreciable with respect to the amplitude of
      the logic signal, then the receiving logic may interpret each spike or
      ring as a logic pulse. Generally, incorrect interpretations cause
      malfunctions in the operation of the host system which could be of
      catastrophic proportions. The probabilities of malfunction are
      substantially increased when emitter-coupled logic (ECL) is used since ECL
      logic pulses have only about a one volt peak-to-peak amplitude as well as
      relatively high slew rates between the high and low states. In addition,
      the detrimental effect of randon noise pulses superimposed on transmitted
      data increases with an increase in the data rate of the transmission. At
      the present state of the art, ECL circuitry provides the fastest means for
      data transmission.
PAR  In the prior art, termination networks have been used near the receiving
      end of a data path to remove the noise and ringing effects from appearing
      at the receiver. In one terminating system, a network is connected to the
      line conductor. The network includes a pair of Schottky diodes, an
      inverter gate, a load resistor and two bias sources. One of the bias
      sources is ground and the other one is a negative voltage. The Schottky
      diodes are connected in parallel in a back-to-back arrangement between the
      line conductor and the inverter gate. The input and the output of the
      inverter gate are connected together. The resistor is connected between
      the output-input feedback of the inverter gate and the negative bias
      source. This arrangement sets a reference voltage at the center of the ECL
      logic swing (center between logic 1 and logic 0). Due to the fact that a
      Schottky diode base-emitter forward voltage equals approximately half the
      ECL logic swing, the network operatively clamps the voltages of the logic
      signals appearing on the line conductor which are above or below the
      base-emitter forward voltage of the Schottky diodes, i.e., above and below
      the logic 1 and logic 0 state, respectively. However, several problems
      have been found in the use of such a network. First, if the dc level of
      the high state of the line signal is above the threshold of one of the
      Schottky diodes, the signal remains clamped for the duration of the high
      state, thus causing a large and constant current through the load
      resistor. This load resistor, therefore, needs to be dimensioned such that
      it will sink the worst-case current supplied through the terminals. The
      requirement for this relatively high stand-by current is the major
      drawback of this implementation. Second, the threshold voltage of a
      Schottky diode varies substantially with changes in temperature. For
      example, at room temperature a Schottky diode may have a 0.5 volt
      threshold whereas at colder temperatures the threshold may be 0.7 volts,
      and at hot temperatures the threshold may be 0.3 volts. Accordingly, the
      clamping signal would vary with temperature from between 0.6 volts to 1.4
      volts peak to peak. Thus, in cold environments ringing pulses having an
      amplitude comparable to that of the logic signal levels could be conducted
      into the receiver and in hot environments excessive current could be drawn
      through the load resistor. Third, since two Schottky diodes are required
      for each data line and a resistor and an inverter gate are required to set
      the threshold voltage, the expense of such a network for terminating a
      multiplicity of data lines would be substantial.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  Briefly, the present invention is directed toward an active termination
      network for clamping a line signal near the receiving portion of a data
      conductor, the line signal having a high state and a low state and being
      susceptible to noise which causes the line signal to undesirably fluctuate
      about the high state and the low state. The network includes an NPN
      transistor having a first emitter, a first base and a first collector, a
      PNP transistor having a second emitter, a second base and a second
      collector, the first and second emitters being coupled together to form an
      input terminal which is connected to the data conductor near the receiving
      portion, first means for biasing the first base with a first reference
      bias potential such that the NPN transistor is caused to turn on when the
      line signal is below the low state, second means for biasing the second
      base with a second reference bias potential such that the PNP transistor
      is caused to turn on when the line signal is above the high state, third
      means for biasing the first collector at a third reference potential, and
      fourth means for biasing the second collector at a fourth reference
      potential that is relatively negative with respect to the third reference
      potential, such that when the line signal fluctuates above the high state,
      the PNP transistor turns on so as to clamp the line signal to the high
      state, and when the line signal fluctuates below the low state, the NPN
      transistor turns on so as to clamp the line signal to the low state. In
      these cases the overshoot energy is dissipated so as to avoid the
      following detrimental undershoot. In one embodiment, the bias network
      coupled between the third and fourth reference potentials comprises a pair
      of serially-connected diodes.
PAR  In another embodiment a temperature compensated voltage regulating circuit
      is connected between the third and fourth bias means so as to apply
      substantially voltage compensated bias potentials to the bases of the
      respective NPN and PNP transistors, and to apply bias potentials of the
      proper temperature tracking to the respective NPN and PNP transistors so
      as to temperature compensate the output. Voltage compensation refers to
      invariance of the bias potential with respect to the third bias source.
PAR  One advantage of the present invention is that it requires very little
      stand-by as well as system operation power.
PAR  Another advantage of the present invention is that it is used to terminate
      a plurality of data conductors.
PAR  Still another advantage of the present invention is that it lends itself to
      terminating rack-mounted ECL prototype logic circuits where the
      transmitter is physically separated from the receiver. This advantage is
      especially important in high frequency applications.
PAR  Other advantages will be apparent to those skilled in the art after having
      read the following detailed disclosure which makes reference to the
      several figures of the drawings.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a circuit diagram of a system, in block diagram form, employing
      the active termination network of the present invention.
PAR  FIG. 2 is a series of wave forms representative of signals appearing in the
      system of FIG. 1 when the active termination network is not employed.
PAR  FIG. 3 is a series of wave forms representative of the signals appearing in
      the system of FIG. 1 when the active termination network of the present
      invention is employed.
PAR  FIG. 4 is a schematic circuit diagram of a simplified embodiment of the
      present invention.
PAR  FIG. 5 is a schematic circuit diagram of a second embodiment of the present
      invention which is operative uniformly over a range of temperatures and
      supply voltage.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and in particular to FIG. 1, a logic system
      is illustrated in block diagram form. As shown therein, the system
      comprises a transmitter, generally designated by the numeral 10, a
      conductor 30, which has one terminal 32 connected to the output of the
      transmitter 10 and another terminal 34 connected to the input of the
      receiver 20, and a termination network 50 which is connected to the
      conductor 30 near, or at, the terminal 34 at the receiving portion of the
      system.
PAR  The transmitter 10 comprises a pulse generator 12, a logic gate 14 that is
      serially connected to the pulse generator 12 with a conductor 15, and a
      load resistor 16. The pulse generator supplies a train of square wave
      pulses, one of which is illustrated in FIG. 2A, to a gate 14 which in turn
      gates the pulses in a preselected code so as to provide information in the
      form of a line signal comprising a plurality of logic pulses on the
      conductor 30. Each of the logic pulses includes a high state 40 and a low
      state 42. The conductor 30 is schematically represented as being an
      inductor since it is well known in the art that conductors inherently have
      inductive properties. Moreover, as frequency increases the inductive
      impedance of the conductor increases, and as the length of the conductor
      increases, it tends to act as an antenna and as such, it is quite
      susceptible to picking up or emitting spurious radiation. Accordingly,
      electrical noise and the well-known ringing oscillations are superimposed
      on high frequency pulses traveling down the lengths of the conductor. In
      addition, impedance mismatches on both the receiving and the driving
      source versus the conductor impedance cause reflections at those nodes
      which superimpose noise on the transmitted data. The receiver 20, which is
      connected to the terminal 34 of conductor 30, comprises a logic gate 22
      and a load resistor 24. The output signal of the receiver appears across
      the resistor 24 at the node 26.
PAR  FIG. 2B represents the signal at the input of gate 22 when the square wave
      of FIG. 2A is applied to conductor 30 by the pulse generator 12 when no
      termination network is provided in the logic system. As illustrated, the
      signal of FIG. 2B includes a pronounced ringing effect at each transistion
      between the high and the low states. The output signal appearing at node
      26 is illustrated in FIG. 2C after being received by the gate 22. As
      shown, each undershoot of the ringing oscillation below the high logic
      state 40 and each overshoot above the low logic state 42 which approaches
      the input threshold of gate 22 would be interpreted by the gate as an
      additional input pulse. Accordingly, the output signal would include
      additional pulses 44 and 46 caused by the ringing oscillation associated
      with high logic state 40 and pulses 48 and 49 caused by ringing
      oscillations associated with the low logic state 42 which have a
      sufficient amplitude so as to be interpreted by pulse counting circuitry
      (not shown) as additional pulses. It is obvious that the additional pulses
      introduced by the conductor create a received logic pattern which is
      substantially different than that transmitted. Accordingly, the
      termination network 50 of the present invention is connected to the logic
      system to clamp the line signal on the data-carrying conductor 30 so as to
      prevent fluctuations in the line signal from producing incorrect
      information at the receiver 20.
PAR  Referring to FIG. 4, a first simplified embodiment of the termination
      network of the present invention is illustrated. The network includes an
      active branch 51 for clamping the line signal and a bias circuit 61 for
      applying the preselected bias potentials to the active elements of branch
      51. The active branch 51 includes a NPN transistor 52, which includes an
      emitter electrode 53, a base electrode 54 and a collector electrode 55,
      and a PNP transistor 57, which includes an emitter electrode 56, a base
      electrode 58 and a collector electrode 59. The emitter 53 is connected to
      the emitter 56 so as to form a terminal 69. A current limiting resistor 68
      is connected between terminal 69 and the input terminal 34 of the
      conductor 30. The collector 55 of the NPN transistor 52 is connected to a
      bias potential, which is preferably ground and is represented by the
      numeral 60. The collector 59 of the PNP transistor 57 is connected to a
      negative reference bias source, V.sub.EE, which is negative with respect
      to ground 60. A bias circuit 61 is serially connected between ground and
      the negative bias, V.sub.EE. The bias circuit 61 includes two
      unidirectional current conduction devices, such as diodes 62 and 64, and a
      resistor 66 which are serially connected between ground 60 and the
      negative supply, V.sub.EE. Accordingly, substantially constant voltages
      with respect to variations of V.sub.EE are developed at the cathodes of
      diodes 62 and 64. The cathode of diode 62 is connected to base 54 of the
      NPN transistor 52 and the cathode of diode 64 is connected to the base 58
      of the PNP transistor 57.
PAR  In the preferred embodiment, the negative bias potential V.sub.EE has a
      magnitude of 5.2 volts so as to forward bias the diodes 62 and 64, and to
      produce a voltage drop across diode 62 of about 0.8 volts, and across
      diode 64 of about 0.8 volts. The NPN transistor 52 and the PNP transistor
      57 are chosen to have substantially matched characteristics so as to have
      equal base-to-emitter voltage drops when the transistors are on and to
      have a beta (.beta.) parameter which is approximately equal to but not
      less than 50. It is noted that beta is recognized by those skilled in the
      art as being the ratio of the collector current to the emitter current in
      a transistor.
PAR  In the following description it should be noted that the ECL signal
      appearing on the conductor 30 at the input terminal 34 of the termination
      network will be considered to have a high state when its value is -0.850
      volts and to have a low state when its value is -1.75 volts. The
      characteristics of the diodes 62 and 64 are chosen such that when a logic
      signal in the high state is applied to the input of the termination
      network, the NPN transistor 52 is turned off and the PNP transistor 57 is
      biased so as to be slightly conductive. Accordingly, when the voltage of
      the line signal fluctuates above the high state level, the base to emitter
      junction of the transistor 57 becomes forward biased, turning on the
      transistor so as to clamp the line signal at the high level. However, when
      the voltage of the line signal at node 69 drops below the high state, the
      base-to-emitter voltage is insufficient to maintain conduction of the PNP
      transistor, whereby transistor 57 turns off. Since the NPN transistor 52
      is already turned off, the active termination network has no effect on
      signals appearing at the input of receiver 20 until the line signal drops
      below the low state. When this occurs, in a manner similar to that
      described above, the NPN transistor 52 turns on so as to clamp the line
      signal at the low state. Current limiting resistor 68 serves to match the
      impedance between the conductor and the receiving point at a current level
      which does not exceed the power rating of the termination network.
PAR  The effect of including the termination network 50 of the present invention
      in a logic system is illustrated in FIG. 3. FIG. 3A illustrates the wave
      form of the line signal applied to gate 22 when the termination network is
      connected at the receiving end of an ECL transmission system. As shown,
      the wave form is similar in shape to the pulse generated by the pulse
      generator, differing only by the very small noise bursts 41 and 43 on the
      high and low logic levels, respectively. Most importantly, all ringing is
      substantially eliminated. FIG. 3B illustrates the wave form of the signal
      appearing at node 26 which is seen to be substantially similar in shape to
      the generated pulse and which does not include the noise bursts which were
      present prior to the application of the termination network to the input
      of the gate 22.
PAR  Referring now to FIG. 5, a second embodiment of the termination network
      formed in accordance with the present invention is illustrated in a
      schematic circuit diagram. Although the various elements are shown in the
      form of discrete classical electrical components, it will be appreciated
      that these elements are only representative of the electrical
      characteristics exhibited by various integrated circuit components and
      that the termination network is preferably fabricated as an integrated
      circuit.
PAR  The termination network 50 comprises an active clamping network 70, and a
      bias circuit which includes a circuit, generally designated by the numeral
      72, for developing a pair of reference signals which are voltage
      compensated and have the proper temperature gradient so as to compensate
      the terminal 34 and adjustment circuits 74 and 76 for developing voltage
      compensated and temperature compensating bias signals from the respective
      reference signals for application to the active elements of the active
      clamping network.
PAR  The fundamental difference between the bias circuit of FIG. 5 and the bias
      circuit of FIG. 4, which is described above, is that in the bias circuit
      of FIG. 5 the reference bias signals applied to the bases of the NPN and
      PNP transistors are voltage compensated such that they are substantially
      independent of changes in the supply voltage and have the proper
      temperature gradient so as to compensate the terminal 34 for variations in
      the ambient temperature or semiconductor parameters.
PAR  In the description that follows, with respect to components of the circuits
      72, 74 and 76, a transistor is denoted by the letter Q followed by a
      number, transistors connected as diodes are designated by the letter Q
      followed by a number, a resistor by the letter R followed by a number, and
      other types of components by an identifying letter, such as C for a
      capacitor and D for a diode, followed by a number. Nodal points within the
      network are designated solely by a number.
PAR  The voltage and temperature compensated bias circuit 72 is substantially
      the same as that described in U.S. Pat. No. 3,781,648, entitled
      "Temperature Compensated Voltage Regulator Having Beta Compensating
      Means," invented by William K. Owens and assigned to the assignee of the
      present invention. Accordingly, certain details of construction and
      operation of the circuit 72 have been omitted in this specification since
      they are the same as disclosed in the above-referenced Owens patent and
      that patent is incorporated by reference to this specification for any
      details not disclosed herein. Many of the elements of the temperature
      compensated voltage regulator of the Owens patent are identical to like
      parts in the bias signal developing circuit 72 of the termination network
      of the present invention. Accordingly, there has been applied to each
      element of the circuit 72 a reference letter and numeral that corresponds
      to the reference letter and numeral applied to the like element in the
      Owens patent.
PAR  The active clamping network 70 comprises the same elements as the active
      branch 51, which has been previously described. Accordingly, the same
      reference numerals are applied to corresponding elements of the NPN
      transistor 52 and the PNP transistor 57.
PAR  The reference signal developing circuit 72, sometimes referred to as the
      regulator circuit or the bias driver, is provided with four external
      contact points including the node 60 to which the ground voltage is
      applied, a node 78 to which the negative supply voltage V.sub.EE is
      applied, and output terminals 80 and 82 from which the reference voltages
      may be taken. The circuit 72 includes a first branch which comprises a
      resistive impedance element represented by the resistor R2 and a
      unidirectional current conducting device such as the diode Q1, which are
      serially connected between the emitter of an NPN transistor Q5 and node
      78. The base of Q5 is connected to the output terminal 80. The collector
      of Q5 is connected to the output terminal 82 and to the emitter of an NPN
      transistor Q4. The collector of Q4 is connected to ground 60. A second
      branch of the circuit 72 is similarly connected between ground 60 and the
      negative bias supply V.sub.EE. The second branch comprises resistor R1',
      transistor Q6, resistor R3, transistor Q2 and resistor R4 which are
      serially connected. In one coupling connection the base of Q4 is connected
      to the junction between the resistor R1' and the collector of the NPN
      transistor Q6. The base of transistor Q5 is connected to the base of Q6,
      to resistor R5 and to the collector of an NPN transistor Q3 in a third
      branch of the circuit 72. The emitter of Q3 is connected to node 78. The
      transistor Q6 comprises two emitters. One of the emitters is connected
      through a resistive element R3 to the collector of transistor Q2. The
      emitter of Q2 is connected to one end of resistor R4. The other end of R4
      is connected to node 78. Between the base of the transistor Q2 and the
      common collector and base terminals of diode Q1, a resistance RX is
      connected. A complete description of the method of choosing RX is
      contained in the Owens patent. The collector of Q2 is connected to the
      base of Q3. It should be noted that R1' is different from the resistor R1
      described in the Owens patent and is chosen to compensate the additional
      base-emitter voltage introduced by the NPN transistor 52.
PAR  One of the features of the active termination network of this embodiment is
      the combination of the temperature compensated voltage regulator and the
      adjustment circuits 74 and 76 in an arrangement so as to provide
      predictable bias voltages on the respective bases of both the transistors
      52 and 57, while maintaining terminal 34 in a temperature compensated
      condition. Because of the temperature dependency of the base to emitter
      junctions of the transistors 52 and 57, the Owens voltage regulator would
      not provide temperature compensation at the terminal 34.
PAR  The temperature and voltage compensated adjustment circuit 76 compensates
      for the temperature variation in the parameters of the NPN transistor 52
      and includes an NPN transistor Q10, which is connected as a fractional
      diode. The collector of Q10 is connected to one of the emitters of Q6. The
      emitter of Q10 is connected to one end of a resistive element R12. The
      other end of R12 is connected to node 78. In the fractional diode a
      resistive element R10 is connected between the collector and the base of
      Q10, and a resistive element R11 is connected between the base and the
      emitter of Q10. In this configuration the current through R11 can be
      expressed as
      ##EQU1##
      where V.sub.BE is the base-to-emitter voltage across that junction of Q10.
PAR  Transistor Q10 is chosen to have a beta of approximately 100 such that the
      current through R11 is approximately equal to that flowing through R10.
      Upon substitution of the above relationships, the following equation may
      be written:
      ##EQU2##
      Thus, the voltage across the transistor Q10 is proportional to the ratio
      of the resistance of R10 to that of R11.
PAR  Since the resistance R12 in the fractional diode branch draws current
      through Q6, the collector resistor R1' is chosen to translate the
      temperature compensating voltage developed across R12 to the base of Q4.
      The fractional diode circuit must be included to compensate for the
      introduction of the NPN transistor 52 since it translates to R1' a
      temperature dependence in the opposite direction to that attributed to the
      base-to-emitter junction of transistor 52. Accordingly, a reference bias
      potential, designated V.sub.BB, is provided on terminal 82 to the base 54
      of the NPN clamping transistor 52 which is voltage compensated. In
      addition, the effects of temperature variations of the NPN transistor 52
      on the termination network are compensated for at the input to the data
      conductor 30.
PAR  The adjustment circuit 74 compensates for temperature variations due to the
      introduction of the PNP transistor 57. Circuit 74 is coupled between the
      terminal 80 and the terminal 90 and comprises transistors Q7 and Q9 along
      with the appropriate resistors and capacitor. The base of Q7 is connected
      to terminal 80. A bias resistor R6 is connected from ground 60 to the
      collector of Q7 and to the base of Q9. The emitter of Q7 is connected to
      the negative supply voltage V.sub.EE through bias resistor R8. The emitter
      of Q9 is connected to the negative supply voltage V.sub.EE through a load
      impedance, which includes the parallel combination of load resistor R9 and
      a filter capacitor C1, and to the base driving terminal 90. In this
      arrangement the transistor Q9 is matched to transistor 57 and also
      provides beta isolation to R6. The load resistor R9 is chosen to assure
      that the current flowing therethrough is substantially independent of the
      conduction state of the PNP transistor 57. The filter capacitor C1 damps
      the base 58 to prevent transients at one terminal (terminal 34) from
      causing glitches on other terminals (terminal 34') which would otherwise
      result due to beta loading of the terminal 90 by an emitter of the PNP
      transistor 57 (emitter 56). The collector to base junction of Q7 is
      compensated for by the base-to-emitter junction of Q9. Accordingly, the
      voltage developed at terminal 90 is voltage compensated and the voltage on
      terminal 34 at the input of the network 50 is both temperature and voltage
      compensated.
PAR  In summary, the circuits 74 and 76 provide the adjustment necessary such
      that constant and predictable reference voltages are applied to the bases
      of the clamping transistors 57 and 52 respectively. In operation, the
      transistors 52 and 57 function as previously described such that the NPN
      transistor is caused to turn on when the line signal is below the low
      state and the PNP transistor is caused to turn on when the line signal is
      above the high state.
PAR  Another feature of the termination network of this invention is that it
      lends itself to terminating a plurality of data paths. In this embodiment
      the NPN transistor 52 and the PNP transistor 57 are fabricated with a
      plurality of emitters 53' and 56', respectively (as illustrated by the
      dashed lines in FIG. 5), and the corresponding pairs of emitters are
      connected together to one end 69' of a current limiting resistor 68'. The
      other end 34' of resistor 68' is then appropriately connected to a second
      data conductor 30'. In the preferred embodiment the transistors 52 and 57
      include seven emitters so as to provide a termination network for seven
      different data paths.
PAR  In the preferred embodiment R1' is 135 ohms, R2 is 565 ohms, R3 is 550
      ohms, R4 is 90 ohms, R5 is 3100 ohms, R6 is 1534 ohms, R8 is 2684 ohms, R9
      is 907 ohms, and RX is 525 ohms. V.sub.EE is 5.2 volts. The transistors Q3
      and Q4 are matched as are the characteristics of the complementary
      transistor pairs 52 and 57, and Q9 and Q7.
PAR  From the above, it will be seen that there has been provided an active
      termination network for clamping line signals which fulfills all of the
      objects and advantages set forth above.
PAR  While there has been described what is at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An active termination network for clamping line signals near the
      receiving portions of a plurality of data paths, said line signals each
      having a high state and a low state and being susceptible to noise, which
      causes said line signals to undesirably fluctuate above said high state
      and below said low state, said network comprising:
PA1  Npn transistor means including a first plurality of emitter means, a first
      base and a first collector;
PA1  Pnp transistor means including a second plurality of emitter means, a
      second base and a second collector, each of said first plurality of
      emitter means being coupled to corresponding ones of said second plurality
      of emitter means to form a plurality of input terminal means for said
      termination network, said plurality of input terminal means being disposed
      for connection to said plurality of data paths near said receiving
      portion;
PA1  first means for biasing said first base with a first reference bias
      potential such that said NPN transistor means is caused to turn on when
      said line signals are below said low state;
PA1  second means for biasing said second base with a second reference bias
      potential such that said PNP transistor means is caused to turn on when
      said line signals are above said high state;
PA1  third means for biasing said first collector at a third reference
      potential; and,
PA1  fourth means for biasing said second collector at a fourth reference
      potential that is relatively negative with respect to said third reference
      potential, such that when said line signal fluctuates above said high
      state said PNP transistor means turns on so as to clamp each of said line
      signals to said high state, and when said line signals fluctuate below
      said low state said NPN transistor means turns on so as to clamp each of
      said line signals to said low state, wherein said first and second means
      for biasing include means responsive to said third and said fourth
      reference potentials and operative to provide said first and said second
      reference bias potentials which are voltage compensated with respect to
      said third reference potential such that each of said input terminal means
      is voltage and temperature compensated.
NUM  2.
PAR  2. An active termination network as recited in claim 1 and further
      including second resistive means connected between said input terminal
      means and said coupled emitter means for limiting the current applied to
      said coupled emitter means.
NUM  3.
PAR  3. An active termination network as recited in claim 1 and further
      including a plurality of current limiting resistive means connected
      between respective ones of said plurality of input terminal means and a
      corresponding data path.
NUM  4.
PAR  4. An active termination network as recited in claim 1 wherein said first
      and second biasing means include a voltage regulating means and further
      comprising first temperature dependent means coupled to said voltage
      regulating means which has a temperature dependence in the opposite
      direction to that of said NPN transistor means so as to provide
      temperature compensation at said input terminal means.
NUM  5.
PAR  5. An active termination network as recited in claim 4 wherein said first
      temperature dependent means includes a fractional diode means.
NUM  6.
PAR  6. An active termination network as recited in claim 5 wherein said
      fractional diode means includes a second NPN transistor connected as a
      diode.
NUM  7.
PAR  7. An active termination network as recited in claim 4, and further
      including second temperature dependent means coupled to said voltage
      regulating means which has a temperature dependence in the opposite
      direction of that of said PNP transistor means so as to provide
      temperature compensation at said input terminal means.
NUM  8.
PAR  8. An active termination network as recited in claim 7 wherein said second
      temperature dependent means includes a third NPN transistor means arranged
      so that its base-to-emitter junction is connected in series with the
      base-to-emitter junction of said PNP transistor means.
NUM  9.
PAR  9. An active termination network as recited in claim 7, including filter
      capacitor means coupled between said PNP transistor means and said second
      temperature dependent means for providing a substantially constant voltage
      at said second base that is substantially independent of the conduction
      state of said PNP transistor means.
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ABST
PAL  A temperature discrimination apparatus is disclosed which comprises a first
      switching device exhibiting regenerative switching action at a power level
      which is dependent on the temperature sensed by such first switching
      device, a second switching device exhibiting regenerative switching action
      solely in response to a pre-selected power level, means connected to the
      first and second switching devices for determining if the first switching
      device has switched before the second switching device in the cycle of the
      a.c. power source as the magnitude of the voltage increases from zero.
      This will serve as an indication that the temperature to be sensed has
      been reached.
BSUM
PAR  This invention relates to a temperature discrimination apparatus and more
      particularly to a temperature discrimination apparatus using switching
      devices showing regenerative switching action.
PAR  There are a large number of devices that show regenerative switching action
      at a specific voltage or current threshold. Some examples are tunnel
      diodes, four layer switches, amorphous glass devices, gas discharge
      devices, electro mechanical relays, etc. A substantial number of these
      devices show switching action in response to both temperature and voltage
      or current. As a matter of fact, a large number of these devices, such as
      the amorphous glass devices, transition metal oxides and certain classes
      of negative temperature coefficient devices, show a regenerative switching
      action which is strongly dependent on the temperature of the switching
      device. In most cases, elevated temperatures correspond to reduction in
      the voltage or current threshold necessary to cause switching.
PAR  The expression "temperature dependent regenerative switching devices" as
      used below means devices exhibiting avalanche behaviour due to their very
      high negative temperature coefficient of resistance. As commonly known,
      most thermal avalanche behaviour is due to a current crowding effect in
      which current crowding leads to local heating in the device which in turn
      leads to further current crowding. On completion of this process, most of
      the device current flows through a very narrow filament in the device.
      Because of the relatively low resistance of the conducting material, total
      device resistance becomes quite low. Such devices therefore behave like
      switches and go from a high resistance to a low resistance state in a very
      short period of time.
PAR  The basic switching mechanism of the temperature dependent regenerative
      switching devices is usually thermal and occurs in response to both joule
      heating and the ambient thermal energy. In most cases, switching action is
      observed when the sum of all energies yields a given temperature at the
      switching element. In other words, whatever the source of heat, the
      switching device always switches at an essentially fixed temperature. As
      disclosed in U.S. application Ser. No. 530,389 filed Dec. 6, 1974 by the
      same assignee as the present application, such devices may advantageously
      be used as thermostats for sensing ambient temperature or the temperature
      of a medium. The temperature discriminating ability of the switching
      device is, however, always dependent on the voltage applied to the device
      and variations of line voltage will appreciably affect the accuracy of
      such switching element when used to sense temperature only.
PAR  It is therefore the object of the present invention to provide a
      temperature discrimination apparatus which is substantially independent of
      line voltage variations and, furthermore, is not sensitive to the inherent
      hysteresis (dead band) of the known on-off thermostat devices.
PAR  The temperature discriminating apparatus, in accordance with the invention,
      comprises a first switching device exhibiting regenerative switching
      action at a power level which is dependent on the temperature sensed by
      such first switching device, a second switching device exhibiting
      regenerative switching action solely in response to a preselected power
      level, means for simultaneously feeding power from an a.c. source to both
      the first and second switching devices, and discriminating means
      interconnecting the first and second switching devices for determining if
      the first switching device has switched before the second switching device
      in the cycle of the a.c. power source as the magnitude of the a.c. source
      increases from zero, thus providing an indication that the temperature to
      be sensed has been reached.
PAR  The discriminating means may be any well known digital circuit
      interconnecting the first and second switching devices to detect the
      firing sequence of the two switching devices to indicate whether or not
      the temperature exceeds a predetermined threshold.
PAR  A resistor is preferably connected in series with the first switching
      device across the a.c. source and the value of such resistor is selected
      to insure regenerative switching action at about 90.degree. of the a.c.
      waveform at the lowest temperature to be sensed and the minimum peak
      voltage of the source at expected extreme r.m.s. voltage variations. As
      the sensed temperature increases, the firing angle of the first switching
      device will move from 90.degree. towards 0.degree. of the a.c. waveform
      and such variation will be proportional to the temperature.
PAR  The above mentioned second switching device may operate at a voltage which
      is much lower than the one of the a.c. source. In that case, a voltage
      divider may be connected across such a.c. source and include a resistor
      for setting the proper voltage for firing the above-mentioned second
      switching device. Such resistor may be variable so as to manually set such
      second switching device so that it will turn on at various pre-selected
      instantaneous values of the source voltage.
PAR  In a preferred embodiment of the invention, the first and second switching
      devices are connected in parallel across the a.c. source and the
      discriminating means is a diode interconnecting the first and second
      switching devices and poled in such a direction so as to be reverse biased
      until the first switching device has switched to its low resistance state
      but to become forward biased when the first switching device has switched
      so as to clamp the voltage applied to the second switching device to a
      value below its switching voltage thereby preventing switching of the
      second switching device when the first switching device is switched before
      the second.
PAR  The above disclosed discrimination apparatus may be used for firing a triac
      connected in series with a temperature conditioning element. In a
      preferred embodiment of the invention, the second switching device may be
      a silicon unilateral switch which will provide pulses at the output
      thereof depending on whether the desired temperature has been reached or
      not. Such pulses may be applied to the gate of a silicon controlled
      rectifier which in turn will control by a well known gate circuitry the on
      or off status of the triac.
DRWD
PAR  The invention will now be disclosed, by way of example, with reference to
      accompanying drawings in which:
PAR  FIG. 1 illustrates a block diagram of the temperature discriminating
      apparatus in accordance with the invention;
PAR  FIG. 2 illustrates the temperature dependent current-voltage
      characteristics of a vanadium oxide device suitable for use as the
      above-mentioned first switching device;
PAR  FIG. 3 illustrates a preferred embodiment of a discrimination apparatus and
      a specific circuitry utilizing such discrimination apparatus; and
PAR  FIG. 4 illustrates a temperature discriminating device which may be used
      with the discrimination apparatus of FIG. 1.
DETD
PAR  Referring to FIG. 1, there is shown a block diagram of a temperature
      discrimination apparatus in accordance with the invention. The circuit
      comprises a first switching device 10 and a second switching device 12 in
      parallel across a source of alternating current voltage such as a
      conventional 110 volts power line. The switching device 10 must show
      regenerative switching at an instantaneous value of line voltage which is
      dependent on a temperature to be sensed. The switching device 12 must also
      show regenerative switching but solely in response to a preselected
      instantaneous value of line voltage. Examples of suitable switching
      devices 10 are amorphous glass devices, transition metal oxides, and
      certain classes of negative temperature switching devices. FIG. 2 of the
      drawings shows the temperature dependent current-voltage characteristics
      of a vanadium dioxide device which is well suited for the present
      invention. Examples of suitable switching devices 12 are tunnel diodes,
      four layer switches, gas discharge devices, etc. The current-voltage
      characteristics of such devices are similar to any one of the
      current-voltage characteristics illustrated in FIG. 2 except that they are
      not dependent on temperature.
PAR  The switching sequence of switching devices 10 and 12 is sensed by
      discriminating device 14 as an indication of whether or not the
      temperature to be sensed has been reached and such discriminating device
      may be designed by well known circuitry to automatically operate a
      suitable temperature conditioning apparatus such as a heater, a fan, a
      freezer, etc.
PAR  It will be easily understood that line voltage variations will equally
      affect both switching devices 10 and 12 since they are connected in
      parallel across the line and, therefore, line voltage variations will have
      no affect on the temperature discriminating function, i.e., switching
      sequence.
PAR  It is also to be understood that switching devices 10 and 12 could be
      connected in series across the a.c. source since the main aspect of the
      invention is to feed a.c. power through both switching devices and
      determine which one has switched first in the a.c. cycle.
PAR  FIG. 3 illustrates a preferred embodiment of a discrimination apparatus and
      a specific circuitry utilizing such discrimination apparatus. Such
      apparatus includes a first regenerative switching device R1 which may be
      an amorphous glass device, a negative temperature coefficient device, or a
      transition metal oxide device, such as a vanadium dioxide device having
      temperature dependent current-voltage characteristics as illustrated in
      FIG. 2. Electrical energy sufficient to cause regenerative switching of
      device R1 is drawn through a resistor R2 from an a.c. source which is
      adapted for connection to terminals M1 and M2. Resistor R2 is selected to
      insure regenerative switching action at the lowest temperature to be
      sensed and at the minimum peak value of the voltage source at expected
      maximum voltage variations. The second regenerative switching device is
      silicon unilateral switch D1 the firing point of which is set by voltage
      divider resistor R3 in series with fixed resistors R4 and R5 connected
      across resistor R3 so as to insure proper operation of silicon unilateral
      switch D1. A diode D2 is connected between the connecting point of
      regenerative switching device R1 and resistor R2. Such diode D2 performs
      the discriminating function of the discriminating device identified by
      reference numeral 14 in the block diagram of FIG. 1 as it will be more
      clearly seen in the later part of the description. The value of resistor
      R3 with respect to resistor R3 and R5 is set so that, at the maximum
      setting of the variable tap, no excessive voltage is applied to the
      silicon unilateral switch D1. The value of resistor R4 is set so that D2
      is reverse biased until switching device R1 switches to its low impedance
      state. In the preferred embodiment of the invention, the value of resistor
      R4 is also selected to such a value as to insure clamping of silicon
      unilateral switch D1 when diode D2 becomes conductive. It will be
      understood that the voltage across the switching device R1 during
      conduction of diode D2 is the voltage applied to the series combination of
      resistors R3 and R4. Therefore, the value of resistor R4 must be high
      enough so that the portion of the voltage appearing across resistor R3 due
      to the clamping action of switching device R1 is below the voltage
      required to fire the silicon unilateral switch D1.
PAR  Diode D3 is connected in series with the a.c. source to limit the portion
      of the a.c. cycle applied to switching device R1 and silicon unilateral
      switch D1 to the positive portion of the a.c. waveform. This is due to the
      use of diode D2 as a discriminating device and silicon unilateral switch
      D1 as a second switching device. Of course, when using other types of
      discriminating devices, and/or second switching devices, the full period
      of the a.c. voltage could be applied to the first and second switching
      devices.
PAR  The above disclosed discrimination apparatus operates as follows:
PAR  As previously mentioned, switching device R1 will show regenerative
      switching at a point around 90.degree. of the a.c. waveform at the minimum
      temperature value of the temperature range that the discrimination circuit
      is designed to sense and at the minimum peak voltage of the source at
      expected maximum variations of the line voltage. It will be easily
      understood that, as the temperature to be sensed increases, the firing
      point will move from 90.degree. towards 0.degree.. Therefore, the higher
      the temperature to be sensed, the closer to 0.degree. of the a.c. waveform
      is the switching of the switching device R1. On the other hand, the
      setting of the variable tap of resistor R3 determines the point in the
      cycle at which the silicon unilateral switch fires. When the tap is set at
      the upper end of resistor R3 in FIG. 3 of the drawings, the silicon
      unilateral switch will fire near the 0 of the a.c. waveform whereas, when
      the tap is set near the lower end of the resistor R3, the silicon
      unilateral switch will fire near the 90.degree. of the a.c. waveform. It
      will therefore be seen from the above that the firing angle of the silicon
      unilateral switch is governed by the setting of the tap of variable
      resistor R3.
PAR  When the temperature to be sensed has not been reached, the resistance of
      switching device R1 remains high and diode D2 remains reverse biased,
      while silicon unilateral switch D1 will become conductive at a point of
      the a.c. waveform which is set by the tap of variable resistor R3 and a
      sharp pulse will appear across resistor R6 connected at the output of
      silicon unilateral switch D1. Similar action is obtained on each
      successive line cycle and, thus, a series of pulses will appear at the
      output of silicon unilateral switch D1.
PAR  When the temperature to be sensed has been reached, the switching voltage
      of device R1 is lowered to a point such that diode D2 becomes forward
      biased before silicon unilateral switch D1 can be fired. When this
      happens, the voltage appearing across series resistors R3 and R4 is
      lowered to a point such that the voltage applied to the silicon unilateral
      switch is insufficient to fire silicon unilateral switch and,
      consequently, no pulses appear across resistor R6. Diode D2, which acts as
      a discriminating device, therefore monitors the state of temperature
      sensitive switching device R1 with respect to switching device D1 which is
      not temperature sensitive and prevents switching device D1 from firing
      after desired temperature has been reached.
PAR  It is to be understood that the above disclosed discrimination apparatus is
      one which automatically controls firing of the switching device D1. The
      present invention also contemplates the case wherein such control is done
      by other techniques and the discrimination apparatus only provides an
      indication of the firing sequence of the switching devices.
PAR  The pulses appearing at the output of silicon unilateral switch D1 during
      conduction thereof may be used to control the operation of a temperature
      conditioning element such as a heater H. In the embodiment illustrated in
      FIG. 3, heater H is connected in series with a triac TR across terminals
      M1 and M2 of the a.c. source. The firing of the triac is controlled by a
      silicon controlled rectifier Q1 having its main electrodes connected in
      series with a resistor R7 and a capacitor C2 across terminals M1 and M2 of
      the a.c. source. The pulses appearing at the output of silicon unilateral
      switch D1 are applied to the gate of the silicon controlled rectifier Q1
      for controlling the state of the silicon controlled rectifier. The output
      of the silicon controlled rectifier Q1 is applied to the gate of triac TR
      by a well known circuitry including the above mentioned resistor R7 and
      capacitor C2 and resistors R8 and R9.
PAR  It is to be understood that the above disclosed invention is not restricted
      to the discrimination apparatus shown in FIG. 3. FIG. 4 of the drawings
      illustrates an example of a discriminating device 14 which may be used for
      monitoring the switching sequence of switching devices 10 and 12. The
      discriminating device comprises two well known set-reset flip-flops FF1
      and FF2 which may be set by the output of AND gates AND 1 and AND 2. Gate
      AND 1 has a first input connected to the output Q of flip-flop FF2 and a
      second input connected through a delay device 16 to a differentiating
      circuit including resistors R10 and R12 and capacitor C10 connected in
      series with switching device 10. Gate AND 2 has a first input connected to
      the output Q of flip-flop FF1 and a second input connected, through a
      delay device 18, to a second differentiating circuit including resistors
      R14 and R15 and capacitor C.sub.12 connected in series with switching
      device 12. The flip-flop FF1 and FF2 are reset through OR gate OR1
      everytime a pulse is fed to AND gates AND 1 or AND 2. Delay devices 16 and
      18 are used to insure resetting of flip-flops FF1 and FF2 before they are
      operated by AND gates AND 1 or AND 2. Thus, when a pulse appears at the
      output of either one of the differentiating circuits, the output Q of
      flip-flops FF1 and FF2 is low and the output Q is high to open gates AND 1
      and AND 2. If the first switching device to fire is switching device 10,
      the pulse appearing at the output of the differentiating circuit including
      resistors R10 and R12 and capacitor C10 will pass through gate AND 1 and
      change the state of flip-flop FF1 so that its output Q will turn high.
      Output Q of flip-flop FF1 will thus turn low and block gate AND 2 to
      prevent operation of flip-flop FF2 when switching device 12 is
      subsequently fired. On the other hand, if switching device 12 is switched
      on first, the pulse appearing at the output of the differentiating circuit
      including resistors R14 and R15 and capacitor C12 will change the state of
      flip-flop FF2 and its output Q will turn high. The output Q of flip-flop
      FF2 will thus turn low and block gate AND 1 so that the subsequent firing
      of switching device 10 will not change the state of flip-flop FF1. Thus,
      when switching device 10 is fired first, the output Q of flip-flop FF1
      alone is high. On the contrary, when the switching device 12 is fired
      first, the output Q of flip-flop FF2 alone is high.
PAR  It is also to be understood that the application of such discrimination
      apparatus is not limited to the one shown in FIG. 3. The application may
      be to the control of any temperature conditioning devices such as heaters,
      fans, freezers, etc. In the case of cooling devices, it is to be
      understood that adequate interface circuitry would be required to control
      cooling in a manner which is inversely proportional to temperature
      increases or decreases.
CLMS
STM  I claim:
NUM  1.
PAR  1. A temperature discrimination apparatus comprising:
PA1  a. a first switching device exhibiting regenerative switching action at a
      power level which is dependent on the temperature sensed by said first
      switching device;
PA1  b. a second switching device exhibiting regenerative switching action
      solely in response to a preselected power level;
PA1  c. means for simultaneously applying power from an a.c. source to said
      first and second switching devices; and
PA1  d. discriminating means connected to said first and second switching
      devices for determining if said first switching device has switched ahead
      of said second switching device in the cycle of the a.c. power source as
      the magnitude of the a.c. source increases from zero, thus providing an
      indication that the temperature to be sensed has been reached.
NUM  2.
PAR  2. A temperature discrimination apparatus as defined in claim 1, wherein
      said discriminating means includes a digital circuit interconnecting said
      first and second switching devices, said digital circuit detecting the
      firing sequence of said first and second switching devices so as to
      indicate whether or not the temperature to be sensed has been reached.
NUM  3.
PAR  3. A temperature discrimination apparatus as defined in claim 1, further
      comprising a resistor connected in series with said first switching device
      across said a.c. source, the value of said resistor being selected to
      insure regenerative switching action at the lowest and highest temperature
      to be sensed.
NUM  4.
PAR  4. A temperature discrimination apparatus as defined in claim 1, further
      comprising a voltage divider connected across said a.c. source and
      including a variable resistor the value of which is manually set to switch
      said second switching device on at various preselected instantaneous
      values of source voltage.
NUM  5.
PAR  5. A temperature discrimination apparatus as defined in claim 1, wherein
      said first and second switching devices are connected in parallel across
      the a.c. source and the discriminating means is a diode interconnecting
      the first and second switching devices and poled in such a direction so as
      to be reverse biased until the first switching device has switched but to
      become forward biased when the first switching device has switched, said
      diode, when becoming conductive, clamping the voltage applied to said
      second switching device to a value below its switching voltage thereby
      preventing switching of the second switching device when the first
      switching device is switched before the second.
NUM  6.
PAR  6. A temperature discrimination apparatus as defined in claim 5, used for
      the firing of a triac connected in series with a temperature conditioning
      element and further comprising means responsive to said discrimination
      apparatus for controlling the operation of said triac.
NUM  7.
PAR  7. A temperature discrimination apparatus as defined in claim 6, wherein
      said second switching device is a silicon unilateral switch and wherein
      said means for controlling the operation of said triac comprises a gate
      control circuit for firing said triac and a silicon controlled rectifier
      connected in said gate control circuit and having its gate connected to
      the output of said silicon unilateral switch.
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ABST
PAL  The invention relates to vibratory devices, and more particularly to tools
      designed to be vibrated at an ultrasonic rate for vibratory energy
      transmission.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of vibratory mechanical energy
      and more particularly, to energy transmission devices for transmitting
      vibratory energy that may be used in the construction of ultrasonic motors
      or the transmission of vibratory energy therefrom.
PAR  The prior art designs or ultrasonic motors and acoustical impedance
      transformers or tools are generally of a nature that the vibratory energy
      generated is transmitted in a plane substantially along the axis thereof
      and the shape, length and design, or the various parameters thereof, have
      become known in the art as to the various dimensional relationships in
      order to properly transmit vibrations. All of the prior art devices are
      generally made out of metallic materials for high power applications and
      in some instances plastic material for low power applications.
PAR  Because of the inherent strength limitations of metallic tools, the nodal
      regions of ultrasonic tools or horns under high stroke conditions tend to
      crack. I propose a new class of ultrasonic tools, or output sections,
      which are comprised of composite materials, having the following
      characteristics:
PA1  1. High tensile strength
PA1  2. High strength to weight ratios
PA1  3. High stiffness fibers
PAR  Typical strengths of such fibers can run as high as millions of pounds per
      square inch and modulii of tens of millions. Graphite fibers, which act as
      the vibration transmitting components, for example, have tensile strengths
      on the order of 310 k psi and modulii of 75,000 k psi. Graphite, then, and
      fibers of sapphire, boron, silicon carbide, are used as a substrate and
      are impregnated with plastic or metal, one of which acting as coupling
      means. This gives rise to a situation in which a plurality of fibers,
      which may be random, oriented, woven, etc., are surrounded with a matrix
      of metal or plastic and pressed, molded or otherwise formed into the shape
      of the output section of an ultrasonic transducer or transmission member.
      A series of advantages are inherent in this design. The uniqueness inheres
      in the idea of prefabricated ultrasonic tools or devices which formerly
      were expensive shapes to machine. In the past, cheap prefabrication was
      impossible because plastic alone is generally too weak to withstand
      high-stress vibration, ergo molded plastic would not prove useful;
      alternately cast metals are similar in strength and have poor acoustic
      properties.
PAR  Unique possibilities that are inherent in the design of devices in
      accordance with the present invention are as follows:
PA1  1. Unusual short or long wavelength dimensions for a given frequency.
PA1  2. Variations in density of tool.
PA1  3. Modification of the nature of output tip portion by differing fiber
      orientation.
PAR  All or the above can be achieved by varying the concentration and
      orientation of the reinforcing fibers. Of course, the fibers themselves by
      virtue of their properties will tend to impede the progress of a crack due
      to stress as such reinforced materials are totally devoid of cracks, such
      cracks ruin metal tools.
PAR  Applicant has now discovered that the fabrication of vibratory ultrasonic
      composite devices as hereinafter disclosed in detail further expands the
      utilization and application of mechanical vibrations at an ultrasonic
      frequency, herein defined to include vibrations in the range of 1,000 to 1
      million cycles per second. This advancement in the art permits the design
      of various ultrasonic transmission assemblies, motor constructions and
      vibratory members or tools not heretofore possible.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to provide an ultrasonic motor construction
      in which the energy is transmitted through transmission means constructed
      of a composite material.
PAR  Another object of the invention is to provide an acoustical impedance
      transformer made of a composite material for the transmission of vibratory
      energy.
PAR  Another object of the invention is to provide a new and improved article of
      manufacture made of a plurality of components which are bonded together
      into an integral structure adapted to be vibrated at an ultrasonic
      frequency for transmission of vibratory energy therethrough.
PAR  Another object of the invention is to provide an improved article of
      manufacture made of a multitude of elements to form a composite ultrasonic
      device or tool which has enhanced acoustical strength to permit
      transmission of energy for ultrasonic vibratory devices.
PAR  Another object of of the invention is to provide an improved ultrasonic
      vibratory tool thata may be molded.
PAR  The invention also consists of certain new and original features of
      construction, in accordance with the combination of parts herein set forth
      as claimed.
PAC  SUMMARY OF THE INVENTION
PAR  The invention sets forth an advancement in the ultrasonic art in the
      ability to employ composite devices constructed of a number of components
      or elements that are adapted to be vibrated at an ultrasonic rate in order
      to act as a transmitter of ultrasonic mechanical vibrations. The
      configuration of the ultrasonic devices may take various shapes and forms
      in accordance with formulae disclosed in the art in order to transmit
      longitudinal, flexural, elliptical, rotational, and radial vibrations.
      Accordingly, these acoustical impedance transformers or devices are
      designed so that at their designed frequency of vibration, various loops
      and nodes of vibration are contained therein. This permits novel
      constructions of an ultrasonic trasmission assembly having a composite
      transmission member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Although the characteristic features of this invention will be particularly
      pointed out in the claims, the invention itself, and the manner in which
      it may be made and used, may be better understood by referring to the
      following description taken in connection with the accompanying drawings
      forming a part hereof, wherein like numerals refer to like parts
      throughout the several views and in which:
PAR  FIG. 1 is a graph displaying the important dynamical data relevant to a
      half wave bar vibrating at its fundamental resonance frequency in a
      standing wave pattern;
PAR  FIG. 2, is a side elevational view of an ultrasonic system and tool, partly
      in section, in accordance with the present invention;
PAR  FIG. 3, is an enlarged partial cross-sectional view of one form of
      construction;
PAR  FIG. 4, is a side elevational view of another modified form of construction
      of a composite tool made according to the invention;
PAR  FIG. 5, is an end view of the tool illustrated in FIG. 4;
PAR  FIG. 6, is an enlarged partial cross-sectional view of another form of
      construction;
PAR  FIG. 7, is a side elevational view of another modified form of construction
      of a composite tool made according to the invention;
PAR  FIG. 8, is an end view of the tool illustrated in FIG. 7; and
PAR  FIG. 9, is an enlarged partial cross-sectional view of another form of
      construction.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  Ultrasonic technology, as somewhat discussed above, in sonic power
      applications requires as its most basic element one or more ultrasonic
      motors, which provide the ultrasonic energy needed to process the
      designated load. The evolution of this technology in recent years has
      resulted in two widely used types of motors. One type relates to those
      applications where the output stroke capability of the transducer alone is
      not sufficient to produce the desired results in the load. This has
      reference, for example, to ultrasonic machining, metal welding, metal
      forming and extrusion, plastic joining and assembly methods, and in
      medical and dental procedures of certain kinds. In order to provide the
      increased amplitude or velocity of output of the motor, the generally
      accepted method has been to add to the transducer assembly a tool, or more
      technically a mechanical impedance transformer, which provided the
      necessary amplification of the motion of the transducer.
PAR  The present invention relates to the construction of a transmission
      assembly and composite tools that may also be of the amplifying
      configuration. The disclosure will set forth in detail the basic
      fabrication of a simple class of composite tools and will show how this
      technology serves as an adequate guide in the design of composite tools or
      horns for general use.
PAR  By way of background information, suppose we wish to supply a specified
      peak amplitude of vibration to an output area of specified dimensions. We
      will take a bar whose cross-section equals the specified output area
      dimensions and whose length is one-half wave length at the proposed
      frequency of operation in the material of said bar. Now, if this bar is
      vibrating in a standing wave pattern such that the central or midsection
      is a nodal plane of motion and the end surfaces are loops or antinodal
      planes of motion, we would have achieved our objective stated above
      provided the output amplitude is as desired. According to the prior art
      one could achieve the desired objective by coupling the bar at one end to
      an ultrasonic motor whose output has the desired peak amplitued of
      vibrations. Such a motor, for example, could be of the type described in
      U.S. Pat. No. Re. 25,033 or it might be of the type illustrated in U.S.
      Pat. No. 3,328,610, or it could be as described in U.S. Pat. No.
      3,368,085. These patents are cited because they each disclose useful
      embodiments of prior art high amplitude ultrasonic motors and horns based
      on the different principles of design cited above.
PAR  Before describing applicant's description of the solution of providing
      composite transmission members and tools, let us review briefly some of
      the characteristic features of the half wave bar vibrating in a
      substantially standing wave pattern. What is usually presented in the
      analysis of a half wave bar is the distribution of stress and
      displacement, as illustrated in FIG. 1, in addition applicant has added
      data showing how the peak kinetic energy and peak potential (elastic
      strain) energy are distributed along such a bar.
PAR  FIG. 1, is an attempt to summarize most of the important dynamical data
      relevant to a half wave bar vibrating at its fundamental reasonance
      frequency, fo, in a standing wave pattern. Curve 1 shows the peak dynamic
      stress in the bar at some time, say t.sub.1. As time varies this peak
      stress at each point along the bar alternates in simple harmonic manner
      between its peak positive and peak negative value. As may be seen the
      stress is at all times relatively small in the neighborhood of the loops
      of motion of the bar. At the same time, the peak velocities of the various
      sections of the bar are also varying in time in simple harmonic fashion
      and these velocities are at all times relatively small in the neighborhood
      of the nodal plane of motion. As a consequence of this polarization of
      velocity and stress values in different regions of the bar, it follows
      that the peak kinetic and potential energy distribution in the bar will
      show a similar polarization. This is, in fact, true and the distribution
      curves for the kinetic and potential energy are shown in FIG. 1 as curves
      3 and 4. The results for the peak kinetic energy are shown in regions 6
      and 7 of the bar. Thus, we see that 41 percent of the peak kinetic energy
      concentrates in one-quarter of the bar at one end. Taking both ends into
      account, 82 percent of the peak kinetic energy is then seen to be
      concentrated in the neighborhood of the loops of motion. Now the curves 3
      and 4 are inversely identical in shape so that it follows that 82 percent
      of the peak potential energy concentrates around the nodal region of the
      bar. These polarizations of peak kinetic and potential energies of the
      dynamic vibratory motion of a bar are basic to energy transmission tools.
      Of course, as is required by the principle of the conservation of energy
      the areas under the peak kinetic energy and peak potential energy curves
      are equal, or, in other words, the peak potential energy and the peak
      kinetic energy are equal. At any time other than when a peak value is
      reached the sum of kinetic and potential energies of the bar is constant
      and, of necessity, this sum equals either the peak kinetic energy or the
      peak potential energy. The actual value of the peak kinetic energy is
PA1  (A) peak kinetic energy - 1/4MV.sub.o.sup.2
PA1  M = mass of bar
PA1  V.sub.o = peak velocity at either end.
PAR  Now let us return to the explanation of how to realize a specified value of
      V at the output section of a bar. Evidently, somehow an amount of energy
      equal to 1/4 MV.sub.o.sup.2 must be supplied to the bar and the deed is
      accomplished. But if the bar produces internal dissipation of energy and
      if the bar is loaded externally, this energy will be quickly used up and
      the motion of the bar will damp down to zero. To prevent this some source
      of power must be coupled to the bar so as to renew the energy being
      consumed. This, of course, is the role of ultrasonic motors, and as has
      been outlined above may be coupled by attachment to the surface of the
      bar, usually at one end thereof.
PAR  In the subject invention it is proposed to resort to the composite type of
      tool construction in order to get total flexability and take advantage of
      various tool designs known in the art.
PAR  Referring to FIG. 2, we have the ultrasonic transmission system or
      apparatus generally indicated by the reference numeral 10, for coupling
      and transmitting to the tool or horn 15 mechanical vibratory energy in the
      ultransonic frequency range. The necessary high frequency vibrations is
      produced by an ultrasonic motor 12. The ultrasonic motor 12 is energized
      by an oscillation generator 16, with a power cable 18, connecting the two
      together. The generator is an oscillator adapted to produce electrical
      energy having an ultrasonic frequency and designed to drive the motor 12
      at an ultrasonic rate.
PAR  The composite tool member 15 is comprised of an input or rear section 20
      terminating in an end surface of input end 22, and a generally smaller
      output or front section 25 terminating in a front surface 26, both of
      which sections may have the same or different cross-sectional areas and
      formed from a plurality of components of material capable of supporting
      ultrasonic vibrations. The juncture of the two sections is provided with a
      radius 28 to permit the proper transmission of the high frequency
      vibrations.
PAR  The tool or horn member 15 may be in the form of an acoustic impedance
      transformer and made of half wavelength (or an integral number thereof)
      long at the frequency of vibration. The rear section 20 thereof coupled to
      the connecting member 30, which may be in the form of a threaded stud that
      mates with a complimentary threaded portion in the motor 12, is of
      relatively greater mass than the front section 25 although it does not
      have to be unless an increase in the amplitude of vibration is required.
      The transition region between the two sections of differing mass is
      generally located at approximately the nodal or quarter wave point along
      its length with each section being equal to a quarter wavelength. The
      difference in mass between the two halves of the tool member 15 effect an
      acoustic impedance transformation which increases the amplitude of
      vibration at the front end 26 relative to the driven or rear end 22 in
      inverse ratio to their masses.
PAR  A more complete discussion of several forms of acoustic impedance
      transformers, that may be used with the present invention, may be found in
      U.S. Pat. No. Re. 25,033, and which acoustic impedance transformers as
      taught in the prior art are formed of a single piece of vibration
      transmitting material, having a longitudinal length L substantially
      corresponding to one-half wavelength of sound traveling longitudinally
      through the material of the tool member 15 at the frequency of the
      vibrations which are to be magnified, and the transformer is composed of
      two parts, having substantially different cross-sectional areas which are
      substantially uniform throughout the major lengths thereof, with the
      juncture between the two parts being constituted by a portion of variable
      cross-section confined within a proportion of the total length of the
      transformer, and with the nodal plane N, of longitudinal vibration of the
      transformer being the division between the input or rear section 20 and
      the output or front section 25 of substantially different mass so that the
      transformer is operative to modify the amplitude of longitudinal
      vibrations transmitted therethrough by virtue, or least in part, of a mass
      effect.
PAR  In particular acoustic impedance transformers constructed in accordance
      with the above requirements for modifying the amplitude of vibrations
      transmitted longitudinally therethrough, the rear and front sections of
      substantially different mass may be defined by cylindrical portions having
      suitably different diameters, or by prismatic portions having different
      cross-sectional dimensions.
PAR  For the purposes of the present invention, it is sufficient to note that
      the application of a relatively small longitudinal vibration to the end 22
      will produce an amplified longitudinal vibration at its outer or free end
      26, in the direction indicated by the arrow 32.
PAR  Further, the vibration transmitting components, as herein discussed, are
      selected of one acoustical impedance and the coupling means of another
      acoustical impedance, different from the first acoustical impedance, such
      that the composite article has in effect its own acoustical impedance
      different from each of the other two. The materials selected are generally
      of a high Q material having a high quality, which is defined as the amount
      of energy dissipated per unit volume of material. In this manner an
      efficient transmission of mechanical energy in a composite article of
      manufacturer is accomplished.
PAR  FIg. 3 is an enlarged view of a portion of the composite tool 15 contained
      in FIG. 2 and illustrates that tool 15 is comprised of a plurality of
      vibration transmitting means or components 35 which in the present example
      include filaments or fibers 36 that may extend the longitudinal length of
      the tool 15 and these fibers are capable of transmitting the mechanical
      vibratory energy therethrough. Coupling means 40 is provided as seen in
      FIG. 3 between the respective components 35 to form a unitary bond
      therebetween such that the plurality of vibration transmitting components
      35 in conjunction with the coupling means 40 acts as a unitary structure
      that is capable of transmitting the mechanical vibrations of predetermined
      frequency therethrough. However, a random array of unjoined filaments,
      fibers, wires or whiskers may also be provided which criss-cross
      throughout the tool 15 and bonded to each other so as to anchor each one
      in place whithin or against the coupling means of material which may be of
      any material having the desired physical and acoustical characteristics.
PAR  The respective components 35, illustrated in the form of fibers 36, may
      each be of an identical material such as boron filaments that have the
      same acoustical impedance or they may be an admixture of respective types
      components with each one having a different acoustical impedance. The
      unique flexibility of the present invention is the ability for the first
      time to permit the user to select and calculate an ultrasonic tool 15
      having a family of characteristics that would make it ideally suitable for
      its intended use. As already discussed above, the flexibility afforded by
      this is in effect a new class of ultrasonic tools having high tensile
      strength, high strength to weight ratios, and high stiffness
      characteristics.
PAR  The tool 15 will generally have a longitudinal length substantially greater
      than the largest diameter defined by its cross-sectional area for
      transmitting vibrations along its longitudinal length. The ratio of the
      vibration transmitting components to the coupling means will vary in
      accordance with the particular embodiment of the invention and the power
      to be transmitted therethrough.
PAR  The coupling means 40 may be contained circumferentially on each filament
      36 which may have a circular, rectangular or any other desired
      cross-sectional area dependent upon the design of tool 15. As an example
      of one such tool, boron filaments 36 are unwound from a spool and passed
      through a bath containing a liquid epoxide of a molecular weight of from
      5,000 to 20,000. The excess polymer is scraped off in order to retain a
      controlled quantity of epoxide evenly distributed on the surface of the
      filaments 36. The coated boron filaments 35 are passed through a second
      bath containing a curing agent, which is typically a difunctional or
      polyfunctional organic compound with a plurality of active hydrogen atoms.
      Alternately the caring agent and epoxy material 42, which acts as the
      coupling means 40, may be premixed in suitable proportions in the first
      bath, if the mixture has a sufficiently long pot life to ensure ease of
      processing, to form an epoxide prepolymer. The prepolymer or the two-bath
      product is cured after the fibers are cut to size and laid in a mold in
      various thicknesses according to web dimensions. Typical curing is at
      250.degree.F for 90 minutes. This permits for the first time in the
      ultrasonic field the manufacture of tools without the need for the
      machining thereof.
PAR  Alternately, this technique may be used to manufacture tape. Dry fiber
      enters a bath of liquid epoxy and excess liquid is squeezed off. The
      plastic is partially cured and then frozen. The tape is wound up and cut
      to requisite lengths and thickness, and placed in a matched die mold at
      200.degree.-300.degree.F under vacuum at 500 psi pressure.
PAR  With respect to FIGS. 4 and 5, we have an alternate embodiment of another
      form of tool 15a, and it will be seen that the tool 15a contains a
      plurality of sections 44a positioned in end to end relationship and
      calculated so that the axial length of the composite tool 15a at the
      desired frequency of vibration may be a half-wavelength or multiples
      thereof of the sound travelling longitudinally through the respective
      materials forming the tool.
PAR  Each of the respective sections 44a are formed of a cloth or tape-like
      filament 45a and as seen more particularly in FIG. 6, the respective
      components in the form of the tape-like filament 45a is wound in a helical
      fashion with the coupling means 40a interspersed between respective layers
      of the tape 45a in the form of an epoxy or other material 42a to thereby
      maintain and solidify the composite tool 15a such that the vibratory
      energy is properly transmitted therethrough. The coupling means 40a is
      also contained in the axial plane of the tool 15a between respective
      sections 44a in the form of epoxy 42a. In this manner we have a composite
      tool having a plurality of sections 44a joined together by coupling means
      40a which may be in the form of an epoxy-like material 42a and having a
      threaded hole 46a at one end thereof to permit its being coupled to the
      ultrasonic motor.
PAR  As the term "tool" is used herein, it is to be understood and appreciated
      that the same is generally shown herein as a detachable member that is
      secured to and removed from a coupling relationship with the ultrasonic
      motor such that interchangeability, etc., is obtained. But for the
      purposes of the present invention, the term tool is to be defined in the
      context of which it may be permanently secured to the driving portion of
      an ultrasonic motor which may be piezoelectric, magnetostrictive, etc.,
      such that for various applications the tool in effect is part of the
      ultrasonic motor. The importance of this is that as the continued
      development of the ultrasonic art advances, there are those applications
      where cheap, durable and flexible configurations are required in
      ultrasonic applications with respect to particularly consumer ultrasonics
      where it is necessary to provide ultrasonic motors that are durable and
      yet can be manufactured at low cost. The composite tool of the present
      invention lends itself for that need in that it may be molded, and one can
      obtain flexibility and surface design configuration without sacrificing
      strength and at the same time avoiding costly machining operations.
PAR  Accordingly, the tool illustrated in FIGS. 4-6 may be made of sections of
      graphite cloth prepared from specially pyrollized high strength polymers.
      For example, polyphenylene oxide or nylon 66 cloths or mats are cut into
      shapes which represent cross-sections at different depts of the desired
      tool; and these are passed through one or more baths as described in the
      discussion of FIGS. 2 and 3, and laid one upon the other in the
      appropriate order to build up to the requisite dimensions of the tool 15a.
      These are then cured under pressure in a mold of the appropriate shape.
      Alternately, preforms of rectilinear configuration may be made, these
      having none of the complicated radii of ultrasonic tools and these forms
      can be machined in subsequent operations if so desired.
PAR  FIGS. 7-9 illustrate another embodiment of the present invention wherein
      the tool 15b is made up of a plurality of vibration transmitting
      components 35b with each component formed of an integral piece of
      vibration transmitting material having its own acoustical impedance
      characteristic such that between the input surface 33b and the output
      surface 26b, the composite tool has its own acoustical impedance that can
      be calculated and determined. In this manner the proper longitudinal
      length and the cross-sectional areas of the input surface 22b and the
      output surface 24b may be determined. As illustrated the tool 15b has a
      tapered rear section 20b and a cylindrical output section 25b with a
      radius 28b joining the two sections together at approximately the nodal
      region. To maintain the individual components 35b, in energy transmission
      relationship coupling means 40b is utilized in order to obtain an
      acoustical bond between the respective individual components 35b for
      proper transmission of the vibratory energy. The individual components 35b
      may be in the form of short filamentary bodies 36b that may be randomly
      spaced in the admixture with the material forming the coupling means 40b
      in the form of an epoxy-type material 42b. In this manner the filamentary
      bodies 36b are embedded in the bonding material 42b so as to bond the
      components to each other and the bonding material 42b. The composite tool
      15b permits due to moulding ease for certain embodiments the selection of
      wavelength, variations in density of the tool and modification of the
      output tip portion by differing fiber orientation. The construction of the
      tool embodied in FIGS. 7-9 inclusive may be of a variety of materials and
      combinations thereof, examples of which are hereinafter set forth.
PAR  A mold cavity is filled under pressure with a mixture of silicon carbide
      whiskers or fibers 36b that forms the vibration transmitting components
      and a high strength molten aluminum alloy, for example 7075 to act as the
      coupling means 40b. Glass fibers may be substituted for the silicon
      carbide whiskers. The fibers, which typically would have a dimension
      0.020-0.030 inch long, are oriented by a high frequency electrostatic
      field. The orientation can take advantage of the superior longitudinal
      tensile strength of the whiskers or fibers. In all of these methods
      described, a higher concentration of fibers, whiskers, or cloths, etc.,
      may be provided at points of maximum strain; i.e., stressed radii and
      nodes. With particular reference to FIG. 7 it will be seen that a greater
      concentration of fibers 36b exist in the area of the high strain location
      at the nodal region evidenced by the radius 20b. All of these procedures
      may be aided by coating, surfactant techniques, and plasma spraying in
      known techniques of the state of the art. In the above example, the
      composite tool 15b is pressed at 1100.degree. -1160.degree.F.
PAR  In another form of tool boron fibers are first wetted with an eutectic of
      Ti-Ni or Ti-Fe by passing it through a bath. A subsequent admixture of
      lengths of fibers in a titanium powder is achieved and this mixture is
      pressed at 2000 psi at 900.degree.-1000.degree.C for one hour. Similarly,
      boron fibers mixed with nickel powder is pressed at 3000 psi for 15
      minutes at 1000.degree.C.
PAR  Similarly, boron filaments are pulled through a bath or molten 6061
      aluminum and these coated fibers are pressed at 1100.degree.F in a matched
      die mold.
PAR  In making a composite tool for ultrasonic use, various methods may be
      employed: liquid infiltration, electro-deposition, plasma spraying, powder
      metallurgy. Nitriding certain elements assists in allowing their bonding
      in the matrix. For example, boron Nitride, boron show improved binding to
      aluminum. The nitrided boron assists bonding in pressure bonding the basic
      techniques of powder metallurgy are applied. For example, a composite of
      titanium powder and boron fibers may be pressed at
      900.degree.-100.degree.C for one hour. Or similarly, a boron fiber and
      nickel powder mixture may be processed at 2000 psi for 15 minutes.
PAR  Low melting eutectics of Ti-Ni and Ti-Fe may be used to assist in
      processing boron filaments may also be pulled through a bath of molten
      6061 aluminum, and these metallized fibers may be diffusion bonded between
      aluminum foils. Silicon carbide whiskers (as opposed to fibers ) may be
      aligned by a voltage applied to a molten aluminum bath. The composite may
      be pressed at 1100 .degree.-1160.degree.F.
PAR  Boron or graphite fibers may be used in combination with plastics such as
      epoxies. Here boron fibers are coated with a liquid plastic to form a
      tape; layers of tape may be heat cured together in a specific mold. The
      tape is typically 5 mils thick. Typical cures are in vacuum at
      250.degree.for 90 minutes.
PAR  One of the advantages of having a composite article of manufacture designed
      to transmit ultrasonic mechanical vibrations of predetermined high
      frequency is the ability to alter the amplitude of vibration from the
      input end to the output end without necessarily changing the physical
      dimensions of the article or tool. As explained hereinabove, the prior art
      discloses various means to modify the amplitude of vibration between the
      input end and the output end of a tool. Applicant has now discovered that
      an additional feature of the present invention is the ability to obtain
      the amplitude modification in the acoustical impedance transformer by
      designing the composite article such that the plurality of vibration
      transmitting components which are coupled together to obtain the unitary
      structure are such that the density distribution of the vibration
      transmitting components along the longitudinal length is operative to
      modify the amplitude of the vibrations by virtue at least in part by a
      mass effect.
PAR  For example, the composite article illustrated in FIG. 4 could be such that
      the upper three sections are made of a composite substance having one
      density whereas the lower three sections may have a different density
      which may be designed to increase the amplitude of vibration from its
      input end to its output end.
PAR  Similarly the change of amplitude of the tool illustrated in FIG. 2 and
      FIG. 7 which has different cross-sectional areas at the input end and
      output end respectively with a taper or other definitive change in
      cross-sectional area may now be designed to be totally cylindrical, if
      desired, such that the input end and the output end are of the same
      cross-sectional area but yet due to the density variation in the composite
      article there is the built in amplitude modification to the tool.
PAR  In such a manner we have a composite article that has a longitudinal length
      substantially corresponding to one-half length of sound traveling
      longitudinally through the components at a predetermined frequency. The
      density concentration to modify the amplitude of vibration may be
      accomplished, depending on the materials used by either increasing the
      number of components in a particular portion of the tool or the coupling
      means or any combination of the two. Furthermore, the components may also
      have a higher density at a high stress region of the article along its
      longitudinal length.
PAR  The above, therefore, sets forth for the first time the ability in the
      manufacture of a composite article or member which is used either as an
      integral part of an ultrasonic motor or as a removable tool, that has a
      threaded portion at one end for the attaching means, to have the amplitude
      either increased or decreased between its respective ends. The amplitude
      increase aspect is generally more important since for most applications of
      vibratory energy the amplitude generated by the ultrasonic motor is
      generally of a nature that motion is increased at the working end of the
      tool member. In this manner in accordance with this aspect of the present
      invention by molding or other process tools may be manufactured having
      this density variation to obtain the requisite amplitude modification. The
      density concentration may be obtained by shaking, vibrating the tool in
      its fluid state at a lower frequency or by other conventional means so as
      to obtain the change of mass in certain areas of the tool. Accordingly,
      customized tools may be manufactured in accordance with the above
PAC  CONCLUSION
PAR  The present invention now advances the ultrasonic technological art by
      providing for the first time the ability of one to select a composite tool
      to suit the characteristic needs of the user in a particular ultrasonic
      application that is required. Although the tools herein illustrated have
      been shown to be of a solid design, it is understood and appreciated that
      the cross-sectional areas may be varied and in addition to vary the
      cross-sectional areas, it is possible to provide an opening therein such
      that an aperture may be provided therein.
PAR  Furthermore, by being able to selectively control the respective components
      that are being combined in the composite tool, those areas normally
      exhibiting a higher stress concentration may have a more dense
      concentration of the components that tend to provide the greatest strength
      to the tool.
PAR  Further, the vibration transmitting components and coupling means are
      selected from materials having an acoustical impedance or a combined
      impedance of matrix and binder that permits an efficient transmission of
      the vibratory energy therethrough.
PAR  Although illustrative embodiments of the invention have been described in
      detail herein with reference to the accompanying drawings it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein without
      departing from the scope or spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mechanical energy transmitting tool consisting of:
PA1  A. a plurality of vibration transmitting components, each having an average
      cross-sectional area substantially less than the cross-sectional area of
      the tool, and a longitudinal length substantially less than the
      longitudinal length of the tool,
PA1  B. means for coupling said components together along the longitudinal
      length and circumferentially of each component to form a bond therebetween
      so as to obtain a unitary rigid composite structure containing the
      plurality of vibration transmitting components randomly positioned such
      that mechanical vibrations of predetermined high frequency are adapted to
      be transmitted through said coupling means and the plurality of vibration
      transmitting components, and
PA1  C. wherein said tool has a longitudinal length substantially greater than
      the largest diameter defined by its cross-sectional area for transmitting
      vibrations along its longitudinal length.
NUM  2.
PAR  2. A mechanical energy transmitting tool as defined in claim 1, wherein
      said mechanical vibrations are transmitted longitudinally through said
      tool.
NUM  3.
PAR  3. A mechanical energy transmitting tool as defined in claim 1, wherein
      said tool has a longitudinal length substantially corresponding to
      one-half wavelength of sound traveling longitudinally through the
      composite materials of the tool at said predetermined frequency.
NUM  4.
PAR  4. A mechanical energy transmitting tool as defined in claim 1, wherein
      said tool is operative to modify the amplitude of and whereby said
      longitudinal vibrations transmitted therethrough by virtue at least in
      part of a mass effect.
NUM  5.
PAR  5. A mechanical energy transmitting tool as defined in claim 1, wherein
      said components consist of glass fibers.
NUM  6.
PAR  6. A mechanical energy transmitting tool as defined in claim 1, wherein
      said components consist of fibers having a length in the range of 0.020
      inch to 0.030 inch.
NUM  7.
PAR  7. A mechanical energy transmitting tool as defined in claim 1, wherein
      said components are distributed substantially uniformly throughout said
      tool.
NUM  8.
PAR  8. A mechanical energy transmitting tool as defined in claim 1, wherein
      said components have a higher density at a high stress region of said
      tool.
NUM  9.
PAR  9. A mechanical energy transmitting tool as defined in claim 1, wherein a
      threaded hole is provided at one end of said tool.
NUM  10.
PAR  10. A mechanical energy transmitting tool consisting of:
PA1  A. a plurality of vibration transmitting components, said components
      consist of boron filaments, and
PA1  B. means for coupling said components together to form a bond therebetween
      so as to obtain a unitary structure containing the plurality of vibration
      transmitting components such that mechanical vibrations of predetermined
      high frequency are adapted to be transmitted therethrough.
NUM  11.
PAR  11. A mechanical energy transmitting tool as defined in claim 10, wherein
      said means coupling said boron filaments is an epoxy material.
NUM  12.
PAR  12. A mechanical energy transmitting tool consisting of:
PA1  A. a plurality of vibration transmitting components, said components
      consist of graphite cloth, and
PA1  B. means for coupling said components together to form a bond therebetween
      so as to obtain a unitary structure containing the plurality of vibration
      transmitting components such that mechanical vibrations of predetermined
      high frequency are adapted to be transmitted therethrough.
NUM  13.
PAR  13. A mechanical energy transmitting tool as defined in claim 12, wherein
      said graphite cloth is composed of pyrollized polymer.
NUM  14.
PAR  14. A mechanical energy transmitting tool as defined in claim 13, wherein
      said pyrollized polymer is poly phenylene oxide.
NUM  15.
PAR  15. A mechanical energy transmitting tool as defined in claim 13, wherein
      said pyrollized polymer is nylon 66.
NUM  16.
PAR  16. A mechanical energy transmitting tool consisting of:
PA1  A. a plurality of vibration transmitting components, said components
      consist of silicon carbide fibers, and
PA1  B. means for coupling said components together to form a bond therebetween
      so as to obtain a unitary structure containing the plurality of vibration
      transmitting components such that mechanical vibrations of predetermined
      high frequency are adapted to be transmitted therethrough.
NUM  17.
PAR  17. A mechanical energy transmitting tool consisting of:
PA1  A. a plurality of vibration transmitting components, said components
      consist of boron fibers, and
PA1  B. means for coupling said components together to form a bond therebetween
      so as to obtain a unitary structure containing the plurality of vibration
      transmitting components such that mechanical vibrations of predetermined
      high frequency are adapted to be transmitted therethrough.
NUM  18.
PAR  18. A mechanical energy transmitting tool as defined in claim 17, wherein
      said coupling means includes titanium powder.
NUM  19.
PAR  19. A mechanical energy transmitting tool as defined in claim 17, wherein
      said coupling means includes nickel powder.
NUM  20.
PAR  20. A mechanical energy transmitting tool consisting of:
PA1  A. a plurality of vibration transmitting components, said components
      consist of boron filaments, and
PA1  B. means for coupling said components together to form a bond therebetween
      so as to obtain a unitary structure containing the plurality of vibration
      transmitting components such that mechanical vibrations of predetermined
      high frequency are adapted to be transmitted therethrough and said boron
      filaments coated with aluminum acting as said coupling means.
NUM  21.
PAR  21. A mechanical energy transmitting tool consisting of:
PA1  A. a plurality of vibration transmitting components with each component
      formed from an integral piece of vibration transmitting material having
      its own acoustical impedance and having an average cross-sectional area
      substantially less than the cross-sectional area of the tool, and a
      longitudinal length substantially less than the longitudinal length of the
      tool,
PA1  B. means for coupling said plurality of components together along the
      longitudinal length and circumferentially of each component to provide a
      bond therebetween so as to obtain a unitary rigid composite structure with
      said components randomly positioned in said tool such that mechanical
      vibrations of predetermined high frequency are adapted to be transmitted
      from the input end to the output end thereof, through the plurality of
      vibration transmitting components and said coupling means, said coupling
      means having a different acoustical impedance than said components,
PA1  C. wherein said tool has a longitudinal length substantially greater than
      the largest diameter defined by its cross-sectional area for transmitting
      vibrations along its longitudinal length based upon the acoustical
      impedance of the composite tool, and
PA1  D. wherein said tool includes a plurality of sections comprised of
      tape-like filaments wound in a helical fashion pooitioned in end to end
      relationship, each of said sections consisting of vibration transmitting
      components and said coupling means.
NUM  22.
PAR  22. A mechanical energy transmitting tool as defined in claim 21, wherein
      the tool has a nodal plane of longitudinal vibration defining an input
      section and an output section of substantially different mass
      substantially separated by said nodal plane and whereby said tool is
      operative to modify the amplitude of longitudinal vibrations transmitted
      therethrough by virtue at least in part of a mass effect.
NUM  23.
PAR  23. A mechanical energy transmitting tool as defined in claim 21, wherein
      said tool has a longitudinal length substantially corresponding to
      one-half wavelength of sound traveling longitudinally through the
      materials of said tool at said predetermined frequency, said tool being
      composed of an input part and an output part each of substantially uniform
      cross-sectional area throughout the respective major lengths thereof, the
      cross-sectional area of said input part being substantially greater than
      the cross-sectional area of said output part, the juncture between said
      input and output parts being confined to the nodal plane of longitudinal
      vibration of said tool and whereby said tool is operative to increase the
      amplitude of longitudinal vibrations transmitted therethrough by virtue at
      least in part of a mass effect.
NUM  24.
PAR  24. A mechanical energy transmitting tool as defined in claim 21, wherein
      said components consist of glass fibers.
NUM  25.
PAR  25. A mechanical energy transmitting tool as defined in claim 21, wherein
      said components consist of fibers having a length in the range of 0.020
      inch to 0.030 inch.
NUM  26.
PAR  26. A mechanical energy transmitting tool as defined in claim 21, wherein
      said components are distributed substantially uniformly throughout said
      tool.
NUM  27.
PAR  27. A mechanical energy transmitting tool as defined in claim 21, wherein
      said components have a higher density at a high stress region of said
      tool.
NUM  28.
PAR  28. A mechanical energy transmitting tool consisting of:
PA1  A. a plurality of vibration transmitting components with each component
      formed from an integral piece of vibration transmitting material having
      its own acousitcal impedance, said components consist of boron filaments,
PA1  B. means for coupling said plurality of components together to provide a
      bond therebetween so as to obtain a unitary structure such that mechanical
      vibrations of predetermined high frequency are adapted to be transmitted
      from the input end to the output end thereof, said coupling means having a
      different acoustical impedance than said components, and
PA1  c. wherein said tool has a longitudinal length substantially greater than
      the largest diameter defined by its cross-sectional area for transmitting
      vibrations along its longitudinal length based upon the acoustical
      impedance of the composite tool.
NUM  29.
PAR  29. A mechanical energy transmitting tool as defined in claim 28, wherein
      said means coupling said boron filaments is an epoxy material.
NUM  30.
PAR  30. A mechanical energy transmitting tool consisting of:
PA1  A. a plurality of vibration transmitting components with each component
      formed from an integral piece of vibration transmitting material having
      its own acoustical impedance, said components consist of silicon carbide
      fibers,
PA1  B. means for coupling said plurality of components together to provide a
      bond therebetween so as to obtain a unitary structure such that mechanical
      vibrations of predetermined high frequency are adapted to be transmitted
      from the input end to the output end thereof, said coupling means having a
      different acoustical impedance than said components, and
PA1  C. wherein said tool has a longitudinal length substantially greater than
      the largest diameter defined by its cross-sectional area for transmitting
      vibrations alongn its longitudinal length based upon the acoustical
      impedance of the composite tool.
NUM  31.
PAR  31. A mechanical energy transmitting tool consisting of:
PA1  A. a plurality of vibration transmitting components with each component
      formed from an integral piece of vibration transmitting material having
      its own acoustical impedance, said components consist of boron fibers,
PA1  B. means for coupling said plurality of components together to provide a
      bond therebetween so as to obtain a unitary structure such that mechanical
      vibrations of predetermined high frequency are adapted to be transmitted
      from the input end to the output end thereof, and coupling means having a
      different acoustical impedance than said components, and
PA1  C. wherein said tool has a longitudinal length substantially greater than
      the largest diameter defined by its cross-sectional area for transmitting
      vibrations along its longitudinal length based upon the acoustical
      impedance of the composite tool.
NUM  32.
PAR  32. A mechanical energy transmitting tool as defined in claim 31, wherein
      said coupling means includes titanium powder.
NUM  33.
PAR  33. A mechanical energy transmitting tool as defined in claim 31, wherein
      said coupling means includes nickel powder.
NUM  34.
PAR  34. A mechanical energy transmitting tool consisting of:
PA1  A. a plurality of vibration transmitting components with each component
      formed from an integral piece of vibration transmitting material having
      its own acoustical impedance, said components consist of boron filaments,
PA1  B. means for coupling said plurality of components together to provide a
      bond therebetween so as to obtain a unitary structure such that mechanical
      vibrations of predetermined high frequency are adapted to be transmitted
      from the input end to the output end thereof, said coupling means having a
      different acoustical impedance than said components, and said boron
      filaments coated with aluminum acting as said coupling means, and
PA1  C. wherein said tool has a longitudinal length substantially greater than
      the largest diameter defined by its cross-sectional area for transmitting
      vibrations along its longitudinal length based upon the acoustical
      impedance of the composite tool.
NUM  35.
PAR  35. An ultrasonic system, comprising:
PA1  A. an ultrasonic motor,
PA1  B. a mechanical energy transmitting member including:
PA2  1. a plurality of vibration transmitting components, each having an average
      cross-sectional area and length substantially less than the longitudinal
      length or cross-sectional area of the tool, and
PA2  2. means for coupling said components together along the longitudinal
      length and circumferentially of each component to form a bond therebetween
      so as to obtain a unitary rigid composite structure containing the
      plurality of vibration transmitting components substantially uniformly
      oriented throughout said member and bonded together along the longitudinal
      length and outer surface thereof such that mechanical vibrations of
      predetermined frequency are adapted to be transmitted through said
      coupling means and the plurality of vibration transmitting components, and
PA1  C. means connecting said energy transmitting member to said ultrasonic
      motor.
NUM  36.
PAR  36. An ultrasonic system as defined in claim 35, wherein said ultrasonic
      motor includes a driving member and said driving member is connected to
      said energy transmitting member.
NUM  37.
PAR  37. An ultrasonic system as defined in claim 35, wherein said member has a
      longitudinal length substantially greater than the largest diameter
      defined by its cross-sectional area for transmitting vibrations along its
      longitudinal length.
NUM  38.
PAR  38. An ultrasonic system as defined in claim 37, wherein said member has a
      longitudinal length substantially corresponding to one-half wavelength of
      sound traveling longitudinally through the composite materials of the
      member at said predetermined frequency.
NUM  39.
PAR  39. An ultrasonic system as defined in claim 35, wherein said components
      are randomly positioned in said member.
NUM  40.
PAR  40. An ultrasonic system as defined in claim 35, wherein said components
      consist of fibers having a length in the range of 0.020 inch to 0.030
      inch.
NUM  41.
PAR  41. An ultrasonic system, comprising:
PA1  A. an ultrasonic motor,
PA1  B. a mechanical energy transmitting member including:
PA2  1. a plurality of vibration transmitting components, said components
      consist of boron filaments, and
PA2  2. means for coupling said components together to form a bond therebetween
      so as to obtain a unitary structure containing the plurality of vibration
      transmitting components such that mechanical vibrations of predetermined
      frequency are adapted to be transmitted therethrough, and said boron
      filaments coated with aluminum acting as said coupling means, and
PA1  C. means connecting said energy transmitting member to said ultrasonic
      motor.
NUM  42.
PAR  42. An ultrasonic system comprising:
PA1  A. an ultrasonic motor,
PA1  B. a mechanical energy transmitting member including:
PA2  1. a plurality of vibration transmitting components, and
PA2  2. means for coupling said components together to form a bond therebetween
      so as to obtain a unitary structure containing the plurality of vibration
      transmitting components such that mechanical vibrations of predetermined
      frequency are adapted to be transmitted therethrough, and said means
      coupling said boron filaments is an epoxy material, and
PA1  C. means connecting said energy transmitting member to said ultrasonic
      motor.
NUM  43.
PAR  43. An ultrasonic system comprising:
PA1  A. an ultrasonic motor,
PA1  B. a mechanical energy transmitting member including:
PA2  1. a plurality of vibrational transmitting components, said components
      consist of boron fibers, and
PA2  2. means for coupling said components together to form a bond therebetween
      so as to obtain a unitary structure containing the plurality of vibration
      transmitting components such that mechanical vibrations of predetermined
      frequency are adapted to be transmitted therethrough, and
PA1  C. means connecting said energy transmitting member to said ultrasonic
      motor.
NUM  44.
PAR  44. An ultrasonic system, comprising:
PA1  A. an ultrasonic motor,
PA1  B. a mechanical energy transmitting member including:
PA2  1. a plurality of vibration transmitting components, said components
      consist of silicon carbide fibers, and
PA2  2. means for coupling said components together to form a bond therebetween
      so as to obtain a unitary structure containing the plurality of vibration
      transmitting components such that mechanical vibrations of predetermined
      frequency are adapted to be transmitted therethrough, and
PA1  C. means connecting said energy transmitting member to said ultrasonic
      motor.
NUM  45.
PAR  45. A composite article of manufacture designed to transmit ultrasonic
      mechanical vibrations of predetermined high frequency from the input end
      to the output end thereof comprising:
PA1  A. a plurality of vibration transmitting components each having an average
      cross-sectional area substantially less than the cross-sectional area of
      the tool and a longitudinal length substantially less than the
      longitudinal length of the tool, with each component formed from an
      integral piece of vibration transmitting material having its own
      acoustical impedance coupled together along the longitudinal length and
      circumferentially of each components so as to obtain a unitary rigid
      composite structure such that mechanical vibrations of predetermined
      frequency are adapted to be transmitted from the input end to the output
      end thereof, through each individual component distributed substantially
      uniformly throughut said article,
PA1  B. wherein said article has a longitudinal length substantially greater
      than the largest diameter defined by its cross-sectional area for
      transmitting vibrations along its longitudinal length substantially
      corresponding to one-half wavelength of sound traveling longitudinally
      through the composite article at said predetermined frequency, and
PA1  C. means for attaching said composite article to a source of ultrasonic
      mechanical vibrations.
NUM  46.
PAR  46. A composite article as defined in claim 45, wherein said attaching
      means includes a threaded portion at one end of said composite article.
NUM  47.
PAR  47. A composite article as defined in claim 45, wherein said components
      consist of fibers having a length in the range of 0.020 inch to 0.030
      inch.
NUM  48.
PAR  48. A composite article of manufacture designed to transmit ultrasonic
      mechanical vibrations of predetermined high frequency and alter the
      amplitude of the vibrations from the input end to the output end thereof
      comprising:
PA1  A. a plurality of vibration transmitting components each having an average
      cross-sectional area and length substantially less than the longitudinal
      length or cross-sectional area of the tool and a longitudinal length
      substantially less than the longitudinal length of the tool, randomly
      coupled together along the longitudinal length and circumferentially of
      each component so as to obtain a unitary rigid composite structure such
      that mechanical vibrations of predetermined frequency are adapted to be
      transmitted from the input end to the output end thereof,
PA1  B. wherein the density distribution of the vibration transmitting
      components along the longitudinal length is operative to modify the
      amplitude of the vibrations by virtue at least in part a mass effect, and
PA1  C. means for attaching said composite article to a source of ultrasonic
      mechanical vibrations.
NUM  49.
PAR  49. A composite article as defined in claim 48, wherein the density
      distribution of said components is designed to increase the amplitude of
      vibration from its input to its output end.
NUM  50.
PAR  50. A composite article as defined in claim 48, wherein said attaching
      means includes a threaded portion at one end of said composite article.
NUM  51.
PAR  51. A composite article as defined in claim 48, wherein said components are
      coupled together by coupling means to provide a bond between said
      components.
NUM  52.
PAR  52. A composite article as defined in claim 51, wherein said coupling means
      has an acoustical impedance different from said components.
NUM  53.
PAR  53. A composite article as defined in claim 51, wherein the density
      distribution of said coupling means is at least in part responsible for
      the amplitude modification.
NUM  54.
PAR  54. A composite article as defined in claim 48, wherein said article has a
      longitudinal length substantially greater than the largest diameter
      defined by its cross-sectional area for transmitting vibrations along its
      longitudinal length.
NUM  55.
PAR  55. A composite article as defined in claim 48, wherein said article has a
      longitudinal length substantially corresponding to one-half wavelength of
      sound traveling longitudinally through said components at a predetermined
      frequency.
NUM  56.
PAR  56. A composite article as defined in claim 48, wherein said components
      further have a higher density at a high stress region of said article.
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ABST
PAL  An electroacoustic transducer uses a bilaminar vibratile element having at
      least two plate members which are bonded together in face-to-face
      relationship, at least one of the plates being made from a piezoelectric
      material. The bilaminar plate is supported within a frame-like structure
      by resilient pads which attach the bilaminar plate at its nodal points to
      the surface of the supporting frame.
PARN
PAR  This is a continuation-in-part of our copending U.S. patent application
      Ser. No. 17,430, filed Mar. 9, 1970, and assigned to the assignee of this
      invention (now abandoned).
BSUM
PAR  Other related copending U.S. applications are "ELECTROACOUSTIC TRANSDUCERS
      OF THE BILAMINAR FLEXURAL VIBRATING TYPE," Ser. No. 81,842, filed Oct. 19,
      1970, by Frank Massa, inventor, now U.S. Pat. No. 3,707,131, issued Dec.
      26, 1972; and "ELECTROACOUSTIC TRANSDUCERS OF THE BILAMINAR FLEXURAL
      VIBRATING TYPE", Ser. No. 81,891, filed Oct. 19, 1970, by Gilbert C.
      Barrow, inventor, both of which are also assigned to the assignee of this
      invention.
PAR  This invention relates to electroacuoustic transducers and more
      particularly to transducers employing a resonant bilaminar plate operating
      at its fundamental resonant flexural mode of vibration.
PAR  The patent application describes a transducer employing a bilaminar
      flexural vibrating plate. The vibratile plate is suspended by flexible
      electrical ribbon conductors which are attached to opposite faces of the
      vibratile plate and extend beyond the edges of the plate, along mutually
      perpendicular axes. These ribbons are utilized for mounting the vibratile
      plate within an opening in a rigid frame-like member. The vibratile plate
      is flexibly suspended at its nodal points by the ribbon conductors for
      operating at its fundamental resonant mode of vibration.
PAR  The present invention provides an improvement in the construction of the
      transducer described in the co-pending application. The improvement
      eliminates the ribbon conductors from the assembly, which results in a
      lower manufacturing cost and provides a construction which achieves more
      uniform and stable operating characteristics throughout the operating life
      of the transducer.
PAR  Accordingly, an object of this invention is to provide a new and efficient,
      low cost electroacoustic transducer utilizing a bilaminar plate operating
      at a fundamental, free resonant mode.
PAR  A further object of this invention is to suspend a bilaminar piezoelectric
      vibratile transducer element within a frame-like mounting structure,
      without imposing mechanical restraints at the fundamental resonant mode of
      vibration.
PAR  Yet another object of this invention is to mount a piezoelectric bilaminar
      square plate within a clearance opening provided in a frame-like
      structure. Here an object is to use small elastic pads to attach the
      center point of each edge of the square vibratile plate to the edge of the
      frame-like opening within which the vibratile plate is mounted.
PAR  An additional object of this invention is to provide a method of
      manufacture which enables an assembly of a square bilaminar vibratile
      element which is accurately positioned within a clearance opening in a
      supporting frame-like structure.
PAR  A still further object of this invention is to provide a unitary mounting
      structure for a bilaminar transducer element, which achieves a low cost
      assembly and simultaneously results in a high degree of uniformity in the
      operating characteristics of mass produced quantities of transducers.
PAR  Still another object of this invention is to provide a very simple mounting
      and housing structure for a bilaminar piezoelectric plate in order to
      achieve an efficient operation at its fundamental resonant frequency mode
      of vibration.
PAR  In keeping with an aspect of this invention, a small spot of a viscous
      fluid is applied to bridge the gaps between the nodal points around the
      periphery of a square vibratile plate and the nearby edges of an opening
      in the supporting frame-like member, within which the vibratile plate is
      located. The viscous fluid has the property of curing into a flexible
      rubber-like solid after it is applied to the assembly. Or, according to
      another aspect, a resilient rubber-like support member is provided with an
      opening which is larger than the size of a vibratile plate member mounted
      within said opening. This rubber-like support member has small tabs
      integrally extending radially inward from the wall of the opening toward
      the center of the opening. The extension tabs include notches for locating
      and retaining the center nodal regions along the edges of the vibratile
      plate, which is adapted to fit snugly into the notched resilient tabs.
      According to either of these aspects, the vibratile plate floats freely
      and without restraint.
DRWD
PAR  Other objects, features and advantages will become more apparent from the
      following description when taken in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a plan view of one embodiment of the invention with the outer
      housing removed;
PAR  FIG. 2 is a cross-sectional view taken along the line 2-2 of FIG. 1 (with
      the outer housing in place);
PAR  FIG. 3 is a plan view of another embodiment of the inventive transducer
      element assembly which uses fewer parts as compared to the number of
      elements used in the assembly of FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a plan view of still another embodiment of the inventive
      transducer element assembly which employs a resilient structural frame
      member for holding the bilaminar plate assembly; and
PAR  FIG. 6 is a cross-sectional view taken along the line 6--6 of FIG. 5.
DETD
PAR  In the FIGS. the reference character 10 designates a rigid flat plate
      preferably made of an electrical insulation material, such as Bakelite. A
      square piezoelectric bilaminar plate assembly 12 is suspended within a
      square opening formed in the center of the rigid plate.
PAR  the bilaminar plate 12 could take either of two forms. In one form, the
      plate may include a pair of polarized piezoelectric ceramic elements such
      as barium titanate or lead zirconate titanate, for example. Alternatively,
      other suitable piezoelectric materials may also be used, as is well known
      in the art. Metallized electrodes are formed on the opposite surfaces of
      the two piezoelectric elements. The bilaminar plates are arranged with
      their common potential surfaces bonded together in face-to-face
      relationship. In the second form, the bilaminar assembly 12 could also
      include an inert plate such as aluminum which has a piezoelectric element
      bonded thereto. However, it should be understood that other inert
      materials could also be used. The elements 10 and 12 are similar to the
      elements 10 and 12 shown in FIG. 1 of copending application Ser. No.
      17,430, filed Mar. 9, 1970.
PAR  Electrical conductors 13 and 14 are conductively bonded to the opposite
      exposed electrode surfaces of the bilaminar plate assembly. The conductive
      bond may be made by soldering, by welding, or by any other suitable means.
      The conductors 13 and 14 are attached to the electrodes near the center
      points along a side of the square bilaminar element. These points are in
      the nodal regions of the vibratile plate assembly, when it operates at its
      fundamental resonant frequency mode.
PAR  The vibratile plate 12 is held in position within the square opening of the
      plate member 10 by four spots of rubber-like elastic material 15. One
      satisfactory method for assemblying the plate structure is to locate the
      piezoelectric plate 12 concentrically within the opening in support plate
      10. While holding the two plates in a fixed relationship, a small quantity
      of a viscous fluid is applied at each of the four nodal points to fill the
      gaps between the piezoelectric plate assembly and the peripheral walls of
      the window opening of the plate 10. The viscous fluid has the property of
      becoming a flexible rubber-like solid after it is cured. One of the
      suitable materials is a silicone rubber compound commonly sold under the
      trademark "SILASTIC." Other similar materials or potting compounds, which
      may be applied as a viscous fluid and subsequently cured and converted to
      a flexible rubber-like consistency may also be used.
PAR  Although not absolutely essential to the operation of this transducer, it
      is preferable to make the support plate member 10 thicker than the
      thickness of the bilaminar piezoelectric plate 12. Then, during assembly,
      the bottom surface of the plate member 12 may be aligned with the bottom
      surface of the support plate member 10, such as by placing both plate
      members on a flat reference surface. This procedure simplifies the
      assembly process by holding the surfaces in alignment during the
      application of the elastic spots 15. When the spots 15 have cured to form
      the resilient suspension members, a clearance space exists between the top
      surface of the bilaminar piezoelectric plate 12 and the top surface of the
      support plate member 10, as illustrated in the view of FIG. 2. This
      clearance space prevents a sound opaque mask 16 from coming in contact
      with the vibrating ceramic element 12.
PAR  By the procedure just described, the vibratile piezoelectric plate 12 is
      held by the four flexible, resilient spots 15. The plate 12 is free to
      vibrate at its fundamental resonant mode without restraint or loss of
      mechanical energy. When conductors 13 and 14 are energized by an
      alternating voltage of a frequency corresponding to the fundamental
      flexural resonant frequency of the plate 12, the four corners of the
      square bilaminar ceramic plate 12 vibrate together in phase. All four
      corners move opposite in phase to the movement at the center area of the
      bilaminar elements.
PAR  To improve the radiating efficiency of the transducer, the sound opaque
      mask 16 is suspended over the center portion of the bilaminar
      piezoelectric element 12. The opaque mask prevents the out-of-phase
      radiation from the center area of the bilaminar plate from neutralizing
      the radiation from the four corners of the element. The outline contours
      of the opaque mask 16 follow the shape of the nodal line on the surface of
      the piezoelectric plate 12. Thus, the area of the mask is about one-half
      the area of the piezoelectric element. Therefore, only the four corners of
      the piezoelectric element 12 remain exposed to the surrounding medium, as
      illustrated in FIG. 1. The mask 16 may be made from any suitable sheet of
      metal or plastic which is sufficiently thick to remain practically
      stationary during the operation of the transducer.
PAR  To complete the transducer assembly, a U-shaped metal bracket 17 is notched
      at the tips of the arms forming the U. The notch locks into mating slots
      18 at the periphery of the plate 10, as shown in FIGS. 1 and 2. At its
      base, an eyelet 19 attaches the bracket 17 to a metal lid 20. The eyelet
      19 is part of the insulated terminal 21 to which the lead 14 is soldered.
      The conductor 13 is soldered to the surface of the U bracket 17. Thus, the
      complete electrical circuit extends from the eyelet 19 through bracket 17,
      conductor 13, the element 12, conductor 14, and the pin 21.
PAR  A cup-shaped metallic housing 22 has a protective screen 23 welded or
      cemented therein to cover an open surface 24. The open lip of the cup
      housing 22 is crimped at 25 over the edge of the lid 20 to complete the
      outer shell of the transducer. For operating the transducer, electrical
      connections are made to external equipment via the terminal 21 and
      metallic plate 20.
PAR  The transducer described thus far is identical in its operation with the
      transducer shown in FIGS. 1 and 2 of the copending application Ser. No.
      17,430. The only difference lies in the mounting for the piezoelectric
      plate. In the previous invention, ribbon electrode leads were used for
      suspending the piezoelectric ceramic plate. These ribbons have been
      eliminated in the present invention, and the piezoelectric ceramic plate
      is now attached by means of the elastic spots 15.
PAR  A second embodiment of the transducer element assembly is shown in FIGS. 3
      and 4. In this embodiment, a single molded piece of rigid plastic 30
      provides a flat plate structure with a square cavity 31 partly recessed in
      the bottom thereof, as shown in FIG. 4. The plane surface inside cavity 31
      and on the bottom of the plate 30 forms a closure at the base of the
      cavity 31. The four corner sections of this plate are perforated or
      pierced to form four approximately right triangular openings 32, as shown
      in the plan view of FIG. 3. One of these four openings is outlined by
      heavily inked lines, for easy identification.
PAR  The four corners of the piezoelectric ceramic plate 12 may be seen through
      the four perforated corners 32 (FIG. 3). Conductors 13 and 14 are attached
      to the vibrating piezoelectric plate member 12 in the same fashion as was
      described in connection with FIGS. 1 and 2. The plate 12 is located within
      the square recess provided in the molded plastic piece 30, and the
      resilient spot members 15 are applied for holding the vibratile
      piezoelectric plate 12 in place, as was described in connection with FIGS.
      1 and 2. In the perforated base portion of the cavity 31, the solid center
      section 33 serves the same function as the masking plate 16 of FIGS. 1 and
      2. After completing the assembly of FIGS. 3 and 4, it may be supported, as
      by the U-shaped bracket 17 in FIG. 2, for example.
PAR  FIGS. 5 and 6 show another embodiment of the transducer element assembly,
      using small resilient spot support members for mounting the nodal points
      of the square bilaminar vibratile piezoelectric plate. In this embodiment,
      the support plate is a molded rubber member 40, which includes a square
      opening 41 through its center. Midway along each edge of the square
      opening a triangular-shaped tip 42 protrudes. A rectangular notch 43 is
      recessed into each tip 42, (FIG. 6) to hold the vibratile piezoelectric
      plate 12 in place after it is inserted within the notches. The insertion
      may be accomplished by stretching the rubber disc member 40 until the tip
      members 42 clear the width dimension of the piezoelectric plate 12. Then
      the rubber member 40 is allowed to snap back to its original dimension to
      secure the vibratile plate 12 in place, as illustrated in FIGS. 5 and 6.
      The construction shown in FIGS. 5 and 6 provides a resiliennt nodal point
      suspension for the vibratile piezoelectric plate 12 without the necessity
      of separately applying the spots of resilient material 15, as described
      above in the constructions of FIGS. 1-4.
PAR  The operation of the transducer herewith described is the same as the
      operation described in the previously referenced copening parent
      application, wherein the specific relationships were also given for the
      preferred ratios of thickness to periphery dimensions for the vibratile
      element 12, in order that the vibrational resonance mode of the plate may
      be established without undue mechanical restriction or loss of efficiency.
PAR  While several specific embodiments of the present invention have been shown
      and described, it should be understood that the appended claims are to be
      construed to cover all equivalent structures which do not depart from the
      true spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electroacoustic transducer comprising a bilaminar vibratile element
      having at least two plate members bonded together in face-to-face
      relationship, at least one of said bonded plates being piezoelectric
      material with electrode surfaces thereon, electrical conductor means
      connected to said electrode surfaces, vibratile plate mounting means
      comprising a structural support member having an opening therein for
      receiving said vibratile plate with a space separating the entire
      periphery of the plate and the support, flexible rubber-like support means
      for attaching said bilaminar vibratile element to said structural support
      member, said vibratile element having flexural vibrations responsive to an
      application of alternating voltage to said electrical conductors, said
      flexible support means comprising a plurality of resilient spot members
      spanning said peripheral space between the plates and said support member
      for holding said vibratile element in a predetermined spacial relationship
      without any direct contact with said structural support member, said
      resilient spot members being attached to said vibratile element in the
      vicinity of the nodal points established in said vibratile element when
      said vibratile element is operating at its fundamental resonant frequency
      mode of vibration.
NUM  2.
PAR  2. The invention in claim 1 wherein said bilaminar vibratile element is
      approximately square and said structural support member includes a
      frame-like portion having an opening within which said square bilaminar
      vibratile element may be freely suspended, said resilient spot members
      being attached between said nodal points which are established near the
      center of each side of said square vibratile bilaminar plate member during
      its fundamental resonant mode of vibration and the proximate edges of said
      frame-like structural portion which surrounds said vibratile plate.
NUM  3.
PAR  3. The invention in claim 2 wherein said resilient spot members comprise
      elastic bridge members attached between the center nodal points of the
      peripheral edges of said vibratile square plate and the proximate edges of
      said surrounding frame-like opening in said structural portion.
NUM  4.
PAR  4. An electroacoustic transducer comprising an approximately square
      bilaminar vibratile plate member including at least two plate members
      bonded together in face-to-face relationship, at least one of said bonded
      plates being a piezoelectric material with electrode surfaces, means
      comprising a structural frame member having an opening larger than said
      vibratile plate member for supporting said vibratile plate within said
      opening with a peripheral space completely surrounding the plate and
      separating it from the support, and means comprising a rubber-like
      resilient spot member spanning said peripheral space near the center at
      the fundamental node point of each side of said vibratile plate member for
      attaching it to the proximate edge of said structural frame member whereby
      said vibratile plate member is secured in an operating position within
      said frame member, said resilient member having a characteristic which
      does not change as a function of the excursion of the plate.
NUM  5.
PAR  5. The invention in claim 4 wherein said structural frame member is a rigid
      plate having a thickness which is greater than the thickness of said
      bilaminar vibratile element.
NUM  6.
PAR  6. The invention in claim 5 wherein said resilient spot members comprise
      bridge members attached between the center points of the edges of said
      vibratile plate and the proximate edges of said surrounding frame-like
      structural portion.
NUM  7.
PAR  7. The invention in claim 5 wherein one surface of said bilaminar vibratile
      element lies in approximately the same plane as one surface of said rigid
      structural frame member.
NUM  8.
PAR  8. The invention in claim 7 wherein said resilient spot members comprise
      elastic bridge members attached between the center point of the edges of
      said vibratile square plate and the proximate edges of said frame-like
      structural portion.
NUM  9.
PAR  9. The invention in claim 4 wherein said structural frame member is of an
      elastic material.
NUM  10.
PAR  10. The invention in claim 9 wherein said resilient spot members are an
      integral part of said structural frame member.
NUM  11.
PAR  11. An electroacoustic transducer comprising an approximately square
      bilaminar vibratile plate member having at least two members bonded
      together in face-to-face relationship, at least one of said bonded plates
      being a piezoelectric material with electrode surfaces, means comprising a
      rigid structural plate member having a thickness which is greater than the
      thickness of said bilaminar vibratile plate member, a square cavity
      recessed into one surface of said structural plate member, the depth of
      said cavity being greater than the thickness of said vibratile plate
      member and less than the thickness of said structural plate member whereby
      a solid wall remains as a closure to the recessed cavity, said wall
      surface being perforated with triangular openings at each corner of said
      recessed closure, the hypotenuse of said triangles being arranged to leave
      a solid diamond-shaped center portion of said closure wall surface as in
      integral part of said structural plate member, said vibratile plate member
      being located within said recessed cavity with clearance spaces between
      the periphery of said vibratile plate member and the surrounding edges of
      said recessed square cavity and a clearance space between the flat surface
      of said vibratile plate member and the diamond-shaped recessed surface
      facing said bilaminar plate when said bilaminar plate is in said recessed
      cavity, and resilient spot members attached between the center points of
      the peripheral edges of said vibratile plate member and the proximate
      edges of said square recessed cavity in said structural plate member.
NUM  12.
PAR  12. An electroacoustic transducer comprising an approximately square
      bilaminar vibratile plate member including at least two plate members
      bonded in face-to-face relationship, at least one of said bonded plates
      being a piezoelectric material with electrode surfaces, support means
      comprising an elastic structural frame member made of resilient material
      and having a square opening which is larger than said vibratile plate
      member, said square vibratile plate member being located within said
      square opening, integral projecting tabs extending inward from the inner
      peripheral wall of said opening toward the center of the opening, notches
      provided in the free ends of said extension tabs, said notches being
      dimensioned to enable the assembly and snug retention of said square
      vibratile plate therein in operative relationship within said elastic
      structural frame member.
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ABST
PAL  The switch includes an annular permanent magnet, a plate of soft magnetic
      material at one side of the magnet, a stationary electric coil at the
      opposite side of the magnet, and an unrestrained free-flying member of
      soft magnetic material coaxial with magnet and coil and movable axially in
      them toward and away from the plate. It normally is held by keeper means
      in a rest position away from the plate, but means are provided movable
      relative to it for first engaging and then pushing it toward the plate
      until the magnetic attraction between the magnet and the free-flying
      member causes that member to fly from the pushing means to the plate at
      high velocity. This creates a rapid change in flux in the free-flying
      member and produces a voltage pulse in the coil.
BSUM
PAR  There are patents on electric switches that generate electric pulses by the
      rapid movement of an armature of soft magnetic material through a coil
      toward or away from a permanent magnet. When the armature moves toward the
      magnet, the air gap between them is reduced and there is a sudden change
      in flux in the armature resulting from its rapid movement. This generates
      a voltage in the coil that can be used for producing a switching signal
      for activating electronic equipment, such as an electric typewriter or
      data processing equipment. In most of such switches the armature strikes
      the face of the permanent magnet. It has been found that by making certain
      changes as disclosed in this specification and the accompanying drawings,
      the voltage output for a pulse generating switch can be increased many
      times.
PAR  Of some interest is Zehfeld et al. U.S. Pat. No. 3,130,332, which has a
      soft iron pole plate 3 on top of the magnet and a projection 9 of the
      plate extending into the central passage through the magnet. The armature
      7 normally engages the projection, but moves rapidly down away from it
      when spring 11 is compressed sufficiently. Since the armature starts to
      move out of the magnet from zero velocity, the voltage pulse developed in
      the coil is not as great as it would be if it were possible for the
      armature to fly unrestrained from its lowest position upwardly toward
      projection 9. Such free flying of the armature is not possible because its
      upward movement is restrained by spring 11, and the spring is necessary
      for the operation of the patented pulse generator.
PAR  It is an object of this invention to provide a keyboard switch that
      produces a greatly increased voltage output as compared with similar
      switches known before, and that is simple and inexpensive in construction.
DRWD
PAR  The invention is illustrated in the accompanying drawings, in which
PAR  FIG. 1 is a central vertical section through the switch;
PAR  FIG. 2 is a horizontal section taken on the line II--II of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1, but showing the switch key depressed;
      and
PAR  FIGS. 4 and 5 are views similar to FIGS. 1 and 2, respectively, of a
      modification.
DETD
PAR  Referring to FIGS. 1 and 2 of the drawings, a switch case 1 made of
      insulating material is provided in its top with a vertical passage, in
      which a nonmagnetic plunger 2 is slidably mounted. The bottom of the case
      is likewise provided with a vertical passage 3 in line with the upper
      passage and slidably receiving the lower end of the plunger to help guide
      it. The plunger extends above the case and a push button or key 4 is
      rigidly mounted on its upper end. The projecting portion of the plunger is
      encircled by a coil spring 5 that normally holds the key and plunger in
      their upper position as shown.
PAR  Inside of the case a plate of soft magnetic material 7, such as soft iron
      or a soft ferrite, is disposed against its upper wall. This plate is
      provided with a central opening through which the plunger extends. A
      similar plate 8 seats against the bottom wall of the case and likewise is
      provided with a central opening for the plunger. These two plates are
      magnetically connected, such as by a metal strap 9, the opposite ends of
      which are integral with the edges of the plates.
PAR  Seated on the lower plate 8 is an annular permanent magnet 11 that
      encircles the plunger but is spaced a considerable distance from it. Also
      encircling the plunger in the space between the top of the magnet and the
      upper plate there is an electric coil 12, the central opening of which
      registers with the opening through the magnet. Disposed in these two
      openings is a vertically movable member or armature 13 of soft magnetic
      material. The length of this armature is less than the distance between
      the two plates 7 and 8. Normally, the armature is held against the upper
      plate by magnetic attraction, so the lower end of the armature is spaced
      from the lower plate. Although the armature is shown projecting part way
      down into magnet 11, it is not necessary that it do so. This armature is
      slidably mounted on the central portion of the plunger, which is reduced
      in diameter to provide it with upper and lower radial shoulders 14 and 15
      that overlap the top and bottom of the armature a slight distance but
      normally are spaced from it. The upper plate 7 serves as a keeper for
      normally holding the armature in its upper position, because the flux from
      the magnet is sufficient for that purpose.
PAR  When the armature is in its upper or normal rest position, as shown in FIG.
      1, both plunger shoulders are spaced from it. The same thing is true when
      the plunger is in its lower position and the armature is in engagement
      with the lower plate 8, as shown in FIG. 3. When the key is depressed
      while the armature is in its upper position, the upper shoulder 14 of the
      plunger will be moved down into engagement with the top of the armature
      and then will push it downwardly away from the upper plate 7 far enough
      for magnet 11 to attract the armature strongly enough to pull it down the
      plunger at high velocity and against the lower plate 8. That is, when the
      magnetic attraction of the magnet overcomes the attraction of the upper
      plate for the armature, the latter will be free to slide down away from
      its upper plunger shoulder. It will be seen that there is nothing between
      the upper shoulder and the lower plate to restrain the descent of the
      armature at that time, so it can be referred to as free flying toward the
      lower plate, which stops it. The armature is free to fly at a speed
      determined by its own weight and the magnetic field induced in it by the
      magnet and the lower plate toward which it is flying. The movement of the
      armature is not restrained in any way by a spring.
PAR  When the key is released, the coil spring will lift the lower shoulder of
      the plunger into engagement with the bottom of the armature and raise the
      armature away from the lower plate until it is attracted magnetically to
      the upper plate 7, toward which it will fly away from the lower shoulder
      on the plunger and thus return to its normal upper position shown in FIG.
      1. The flying of the armature in either direction is independent or free
      of any spring force. It is free flying.
PAR  What is accomplished electrically by operation of the switch will now be
      explained. While the armature 13 is in its upper position it extends most
      or all of the way through the coil 12, but in its lower position the
      armature cannot extend more than part way through the coil as shown in
      FIG. 3. While the armature is up, the magnetic field generated by the
      permanent magnet is primarily external to the magnet, but when the
      armature drops into the hole in the magnet and engages the lower plate the
      field then is forced to take the shortest path and goes through the
      armature and the lower soft iron plate. The result is that many more lines
      of flux cut the coil than in switches of this general type known
      heretofore. When the armature flies toward the lower plate, the air gap
      between them is eliminated and there is a sudden change in flux in the
      armature that results from its rapid movement. This generates a voltage
      pulse in the coil, which can be used for producing a signal. In fact, it
      has been found that more than 10 times the voltage output is obtained than
      is the case where a flying armature strikes the end of a magnet instead of
      entering it. Since the armature is being drawn toward the lower plate
      instead of being forced away from it, the armature accelerates as it moves
      toward the plate, whereby the air gap between them is reduced at a
      constantly increasing velocity. This is another reason why the voltage
      pulse is stronger with the switch just described.
PAR  The time and duration of the voltage pulse generated in the coil is
      determined by the design of the switch and not by the way in which the key
      is depressed or released. By this is meant that once the key has been
      depressed or released a certain distance, the action of the switch is
      taken out of the control of the operator. This is because the armature
      then flies ahead faster than the plunger moves in the same direction.
PAR  In the modification shown in FIGS. 4 and 5, the case 20 contains upper and
      lower soft iron plates 21 and 22 as before, but they are not magnetically
      connected. Instead, there is an upper permanent magnet 23 as well as a
      lower permanent magnet 24. These two magnets are opposed to each other;
      that is, if the bottom of the upper magnet happens to be its south pole,
      then the lower magnet is disposed with its south pole at the top. The coil
      25 is between the two magnets. Movable vertically in these last three
      annular elements there is an armature 26, which normally is held against
      the upper plate 21 by magnetic attraction. The armature is spaced from the
      lower plate 22 and does not necessarily have to extend all of the way
      through the coil. It is slidably mounted on a vertical plunger 27 that can
      move up and down in the case. A key 28 is mounted on the projecting upper
      end of the plunger and normally is held in its upper position by a coil
      spring 29.
PAR  When the key is depressed, the upper shoulder 31 on the plunger first
      engages the top of the armature and then pushes it down until the
      attraction of the lower magnet overcomes the attraction of the upper
      magnet, whereupon the armature flies down through the lower magnet and
      against the lower soft iron plate. In doing so, there is a sudden change
      in flux in the armature, which generates a voltage pulse in the coil.
PAR  When the key is released and the spring raises the plunger, its lower
      shoulder 32 lifts the armature until the attraction of the upper magnet
      for the armature overcomes the attraction of the lower magnet. This causes
      the armature to fly up through the upper magnet and against the upper
      plate 21 and generate another voltage pulse in the coil in the opposite
      direction.
PAR  Whether the armature is flying down or up, in each direction of
      unrestrained movement it reduces and closes an air gap between it and a
      soft iron plate at the far side of a magnet at a constantly increasing
      velocity.
PAR  According to the provisions of the patent statutes, I have explained the
      principle of my invention and have illustrated and described what I now
      consider to represent its best embodiment. However, I desire to have it
      understood that, within the scope of the appended claims, the invention
      may be practiced otherwise than as specifically illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pulse keyboard switch comprising an annular permanent magnet having an
      open center, a plate of soft magnetic material disposed against one side
      of said magnet, a stationary electric coil at the opposite side of the
      magnet and coaxial therewith, the coil having an open center, an
      unrestrained free-flying member of soft magnetic material coaxial with
      said magnet and coil, said member being small enough to move axially in
      the open centers of said coil and magnet toward and away from said plate,
      keeper means normally holding said free-flying member in a predetermined
      rest position away from the plate, means movable relative to the
      free-flying member for first engaging and then pushing that member toward
      said plate until the magnetic attraction between said magnet and
      free-flying member causes said member to fly from said pushing means
      through said magnet to said plate at increasing high velocity, whereby a
      rapid change in flux in said free-flying member is created and produces a
      voltage pulse in said coil, and movable means for returning said member to
      said keeper means, said returning means being spaced from said free-flying
      member while it is flying to said plate.
NUM  2.
PAR  2. A pulse keyboard switch according to claim 1, in which said pushing
      means includes a plunger extending freely through said free-flying member,
      said plunger and free-flying member being provided with overlapping radial
      surfaces that are separated while the free-flying member is flying.
NUM  3.
PAR  3. A pulse keyboard switch according to claim 1, in which said keeper means
      includes a second annular permanent magnet, and a plate of soft magnetic
      material disposed against the side of said permanent magnet farthest from
      the coil, said magnets being magnetized longitudinally with a pole of one
      magnet opposed to the end of the other magnet having the same polarity.
NUM  4.
PAR  4. A pulse keyboard switch according to claim 1, in which said keeper means
      is a plate of soft magnetic material magnetically connected with said
      first-mentioned plate.
NUM  5.
PAR  5. A pulse keyboard switch according to claim 1, in which said keeper means
      is a plate of soft magnetic material connected with said first-mentioned
      plate by a rigid soft magnetic metal strip outside of said magnet, coil
      and free-flying member.
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ABST
PAL  A DC permanent magnet machine having stator and rotor assemblies of the
      "inside out" design. The stator is provided with a plurality of
      electrically energizable poles having windings which are electrically
      coupled to associated commutator bars forming an annular array. The rotor
      is provided with a plurality of permanent magnet poles equal in number to
      the poles provided in the stator. A plurality of roller contact assemblies
      mounted upon the rotor serve to progressively and sequentially couple the
      commutator bars to brush rings and through brushes to opposite polarities
      of a DC energizing source, thereby sequentially providing electrical power
      to associated coils of the stator winding. The interaction of the magnetic
      field created by the energized stator coils and the magnetic field of the
      permanent magnets in the rotor assembly causes rotation of the rotor
      which, in turn, rotates the roller contacts to continuously and
      progressively switch the DC source to succeeding stator coils. The roller
      contacts are arranged in an assembly which greatly enhances the dynamic
      stability of the rollers despite uneven wear of the rollers caused by
      long, continued use. The commutator bar array is kept free of dirt and/or
      conductive particles by the blower action created by openings in the
      rotating roller contacts which move air therethrough by centrifugal force.
      Alternatively, fan blades on the rotor may be used to create the blower
      action. If desired, both techniques may be used. The configuration of the
      commutator array protects adjacent bars against short-circuiting by
      conductive particles collecting therebetween.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      471,313 filed May 20, 1974, now U.S. Pat. No. 3,876,892, which in turn is
      a continuation-in-part of my application Ser. No. 383,883 filed July 30,
      1973, now U.S. Pat. No. 3,819,964.
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PAC  BACKGROUND OF THE INVENTION
PAR  Conventional DC motors typically utilize a multipole permanent magnet
      stator and a rotor having a plurality of energizable conductors arranged
      about the surface thereof and parallel to the axis of rotation. Pairs of
      said conductors are electrically energized by rotating commutator bars
      provided on the rotor, which commutator bars are electrically energized by
      a DC source through stationary commutator brushes which make wiping
      engagement with the commutator bar array. Interaction of the stator
      permanent magnet fields with the magnetic fields created by DC
      energization of the rotor conductors provides for rotation of the rotor,
      whereby relative rotation of the commutator bars and commutator brushes
      continuously changes the electrical connections between the DC source and
      the array of conductors in the rotor. Significant wearing of the
      commutator bars is caused both by the sliding friction of the brushes and
      the burning action of the commutating current, thereby reducing the useful
      operating life of the motor.
PAR  The above disadvantages, as well as the fact that conventional DC motors
      have high inertia, has led to the development of the inside out motor
      design in which the multi-pole rotor is provided with permanent magnet
      members and the stator is provided with an equal number of poles whose
      windings are energized by the DC source. This design provides a rotor with
      lower inertia for a given peak torque, and a stator having greater copper
      volume and better heat dissipation as compared with conventional DC motor
      designs. Thus, the inside out motor design has a higher continuous rating
      in contrast to conventional DC motors of the same size and weight.
PAR  The problems of commutation in motors of the inside out type have led to
      the development of a DC brushless type motor which employs electronic
      amplifiers and other solid state circuit elements to provide the necessary
      commutation. The electronic amplifiers and circuit elements required for
      proper switching of power to the stator windings to generate the rotating
      field add significant cost and weight to the motor. The solid state
      switching circuitry also increases motor "cogging" which occurs during low
      speed motor operation.
PAR  The numerous problems and disadvantages encountered in DC motors of both
      the conventional and inside out design have, in turn, led to the
      development of the design described in U.S. Pat. No. 3,819,964 which is
      characterized by providing novel electromechanical switching techniques
      for commutating the motor windings.
PAR  In a preferred embodiment of the invention disclosed in U.S. Pat. No.
      3,819,964, the stator assembly is provided with first and second annular
      conductive rings connected to opposite polarities of a DC source and an
      annular array of commutator bars disposed proximate thereto. The rotor
      assembly is provided with a plurality of roller contacts which revolve
      with the rotation of the rotor shaft to simultaneously couple the opposite
      terminals of the stator coils to the opposite polarities of the DC source
      so as to progressively energize the stator coils, the magnetic fields of
      which interact with the rotating magnetic fields of the rotor permanent
      magnets to effect rotor rotation.
PAR  The commutating technique of the above design exemplified by U.S. Pat. No.
      3,819,964 employs a "rigid" roller concept in which the roller contacts
      are used to bridge between the conductive rings and the commutator bars.
      These rollers are also mechanically tied together. In this approach, the
      associated rollers must operate at the same speed. Any factor which
      results in the production of differing roller or ring diameters or any
      other condition which would cause one of the rollers to operate at a
      different speed would impose upon its associated roller the requirement
      that it must slip with respect to the other. Also, if after long,
      continued use one of the rollers wears at a rate different from its
      associated roller causing its diameter to change, slippage will occur. It
      has also been found that a structure mechanically tying two rollers
      together introduces dynamic instability in that the moment of inertia of
      the roller assembly about an axis at right angles to the axis of rotation
      is quite high and any bounce or eccentricity is greatly magnified at high
      rotating speeds which can cause the rollers to pull away from the
      contacting surfaces.
PAR  In addition, dust and/or conductive particles developed by wearing of the
      moving parts and/or introduced from the surrounding environment may settle
      and collect upon the stator mounted (and hence stationary) commutator
      array resulting in undesirable and even harmful short-circuiting of
      adjacent commutator bars.
PAR  The rotor permanent magnet assembly also has the disadvantage of being
      susceptible to demagnetization. Also, for DC machine applications
      requiring high output shaft velocities it is desirable to operate the
      roller contacts employed for commutation at lower angular velocities.
PAR  The motor, in one preferred embodiment, is of a modular design comprising a
      hermetically sealed housing containing the stator coils and rotor
      permanent magnet structure. The commutation structure is coupled thereto
      and is enclosed in separate accessible housing.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention conductive rollers are provided
      which incorporate the dual functions of providing rolling contact with the
      commutator bar array and creating a blower action which serves to free the
      array of unwanted dust and/or conductive particles. The commutator array
      is designed to provide a gap between adjacent bars which allows for
      collection of particles while simultaneously preventing short-circuiting.
PAR  Each roller is independently spring loaded against its mating surface and
      therefore can operate independently of the other thereby greatly enhancing
      the dynamic stability of the roller assemblies. The roller contact spring
      arrangement conducts current through a flexible conductor from a selected
      one of two independent brush rings mounted upon the rotor. Spring loaded
      brushes, which form part of the stator structure, wipingly engage the
      rotor brush rings and couple the opposite polarities of a DC source
      thereto.
PAR  The rollers have openings in their side walls which communicate with
      openings in their cylindrical surface. The centrifugal force created by
      rotation of the rollers during machine operation causes air to be drawn
      into the side openings and forced out of the openings in the cylindrical
      surface thereby creating a blower action to rid the commutator bar array
      of dust and/or conductive particles.
PAR  Either as an alternative, or in addition to the blower action provided by
      the rollers, the rotor may be fitted with fan blades aligned adjacent to
      the stator commutator array to keep the array free of foreign matter.
PAR  The commutator bars are also arranged in a "see-through" manner whereby
      gaps are provided between adjacent bars. The gaps narrow towards their
      bases wherein the sidewalls of each gap are respectively one side surface
      of a commutator bar and one side surface of an insulation material
      interposed between the above mentioned bar and the next adjacent bar to
      provide a region in the bottom of the gap which is free to collect dust
      and/or conductive particles without danger of short-circuiting the
      commutator bars.
PAR  The rotor may comprise a permanent magnet assembly having laminated iron
      pole pieces surrounded by magnetic members which enhance impedance
      matching, increase flux density in the air gap and resist demagnetization.
      In high speed DC machine applications the rotor mounted roller contacts
      may be of increased diameter and rollingly engage the outer peripheries of
      the stator mounted commutator bars.
PAR  The DC machine may be of a modular design, comprising a hermetically sealed
      housing containing the stator windings and rotor permanent magnet
      assembly. A separate accessible housing then contains the commutation
      assembly which may be either magnetically or mechanically coupled to the
      rotor assembly drive shaft.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a DC machine of the inside-out type which
      embodies the principles of the present invention;
PAR  FIG. 2 is a partially sectionalized detail view of the roller contact
      assembly of FIG. 1;
PAR  FIG. 2a is a partial end view of the roller contact assembly of FIG. 2;
PAR  FIG. 3 is an end view of the rotor permanent magnet assembly of FIG. 1;
PAR  FIG. 3a is a side view of the permanent magnet assembly of FIGS. 1 and 3
      illustrating the manner of assembly;
PAR  FIG. 4 is a partially sectionalized end view of a molded commutator array
      embodying the principles of this invention;
PAR  FIG. 4a is a partial front view of the commutator bar array of FIG. 4;
PAR  FIG. 4b shows a detailed sectional view of one bar of the commutator bar
      array of FIG. 4;
PAR  FIG. 5 is a simplified diagrammatic view of a DC machine of modular design
      embodying the principles of the present invention; and
PAR  FIG. 6 is a simplified diagrammatic view of a DC machine for use in high
      speed operation and which embodies the principles of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a preferred embodiment 10 of the invention which is comprised
      of housing members 11 and 12 which are each provided with openings 11a and
      12a for receiving bearings 13 and 14 which surround a rotatably mounted
      rotor shaft 15. The inner ends of housing members 11 and 12 are hollow and
      are contoured or otherwise formed to receive and support the stator and
      rotor assemblies.
PAR  The stator assembly is comprised of a laminated core 16 formed of
      individual laminations 16a. The stator winding is comprised of a plurality
      of coils 17 (not shown in detail for purposes of simplicity) which, when
      energized, create magnetic fields in the stator core which interact with
      the magnetic fields set up in the rotor assembly to effect rotor rotation.
PAR  Housing member 12 is further adapted to receive the commutator assembly 18
      which includes a plurality of commutator bars 19 mounted in radial fashion
      (see FIGS. 4-4b) within annular-shaped molded insulating material 42.
      Selected ones of the commutator bars are electrically connected to the end
      terminals of associated stator coils. As shown in FIG. 4a, the commutator
      bars 19 are skewed at a small angle .theta. so that a roller contact
      moving left to right with respect to FIG. 4a will effect a
      make-before-break contact with the commutator bars. In addition, skewing
      the commutator bars provides a smooth rolling surface for the roller
      contact so that it will mate smoothly with the inside surface of the
      commutator.
PAR  As shown in FIG. 1, the rotor assembly comprises a permanent magnet array
      secured to shaft 15. The outer periphery of the permanent magnet array
      lies a small, spaced distance from the interior periphery of the stator
      core 16 to form a hollow, annular-shaped air gap G therebetween.
PAR  Referring now to FIGS. 2-2a, the details of roller contact assemblies 22
      will be explained. Unitary sleeve 20 is mounted on rotor shaft 15 (see
      also FIG. 1) and has an annular recess 20a for positioning floating roller
      platform 30 which is resiliently mounted to sleeve 20 by springs 31 and
      31'. Support arms 30a and 30b respectively support roller shaft 32 and
      contact 33. Spring 34 urges roller 35 towards contact 33. In the event of
      excessive wear, that portion of roller 35 bearing against contact 33 may
      be fitted with a plug of highly conductive, low resistance material. The
      arms 30a and 30b are slidably supported by the slots 20c provided in
      upright supports 20b arranged at spaced intervals about sleeve 20.
PAR  Conductive roller 35 is provided with hollow elongated passageways 35a
      parallel to the rotating axis and which extend to both sidewalls of the
      roller. The passageways communicate with radially aligned passageways 35b
      which open into the cylindrical surface of the roller.
PAR  Fan blades 36 are molded into sleeve 20 and are interspersed between
      adjacent pairs of rollers.
PAR  Sleeve 20 supports continuous brush rings 23 and 24, each of which is
      electrically connected to selected ones of the roller assemblies 22 by
      flexible conductors 37, 37a. Brushes 25 and 26 are spring loaded and
      mounted upon the stator assembly. They engage brush rings 23 and 24
      respectively. The brushes are, in turn, connected to opposite polarities
      of a DC power source (not shown). While depicted in FIG. 1 as disposed to
      one side of the roller contact assemblies 22, brush rings 23 and 24 may be
      positioned on opposite sides of the roller contact assemblies, if desired.
PAR  The rolling engagement between rollers 35 and the bars 19 of the commutator
      array rotates the rollers creating a centrifugal force which causes air to
      be drawn into the side openings of passageways 35a and urged out of radial
      passageways 35b. The rapidly moving air blows dust and/or other conductive
      particles away from the commutator array. Blades 36 serve the same
      function.
PAR  Rollers 35 of roller contact assemblies 22 progressively rollingly engage
      the commutator bars 19 while brushes 25 and 26 wipingly engage conductive
      rings 23 and 24, whereby the electrical path extends from one terminal of
      the DC source to brush 25, brush ring 23, flexible conductor 37, contact
      33, conducting roller 35 and the commutator bars 19. The opposite polarity
      of the DC source is coupled to brush 26, brush ring 24, flexible conductor
      37a, a roller (spaced from roller 35 of FIG. 2) and commutator bars 19.
      The end terminals of the stator winding are thus progressively energized
      and the magnetic field generated thereby interacts with the magnetic field
      of the rotor permanent magnet structure to sustain rotation.
PAR  The commutator bar array of FIGS. 4-4b contributes to the blower action by
      providing gaps 40 between adjacent bars 19. Each commutator bar has a
      roller contact portion 19a and upright arms 19b and 19c. Arm 19b extends
      inwardly at 19d to secure commutator bar 19 to insulating material 42.
      Terminals of the stator windings are connected to commutator bars 19 at
      19e. The bars 19 are embedded in an insulating material 42 which extends
      partially into each gap 40 and engages one wall of each bar. For example,
      molded portion 40a engages one sidewall of bar 19' and is spaced from the
      adjacent sidewall of bar 19". Particles falling into gap 40' and
      collecting in the bottom-most portion are prevented from creating an
      electrical path between bars 19' and 19" due to the presence of molded
      insulating portion 40a. The blower action created by fan blades 38 and/or
      rollers 35 keep gaps 40' clear of particles.
PAR  FIGS. 3 and 3a show the rotor permanent magnet structure in greater detail.
      The permanent magnet structure comprises a Plurality of laminated iron
      pole piece assemblies 44 each having individual pole pieces 45 (see also
      FIG. 1) and each having an arcuate outer periphery and radially aligned
      sides 44b and 44c. Each pole piece is provided with an opening 44e. The
      sidewalls of laminated assemblies 44 are embraced by solid
      rectangular-shaped permanent magnets 46.
PAR  Rotor shaft 15 has a hexagonal-shaped cross section extending the length of
      the permanent magnet assembly and is preferably formed of a magnetic
      material such as, for example, soft iron. Elongated rectangular-shaped
      permanent magnets 47 are positioned in pole pieces 45 and an associated
      surface 15a of rotor shaft 15. The magnets 46 are preferably rare-earth
      magnets which resist demagnetization, provide better impedance matching
      and serve to increase flux density across the air gap G (see FIG. 1).
      Magnets 47 are preferably Alnico-8 magnets. The magnet members 46, 47 and
      46 embrace pole pieces 45 and serve to concentrate the flux density in the
      air gap G.
PAR  FIG. 3a shows the manner of assembly of the rotor permanent magnet
      structure. End caps 49 and 50, rods 51 and fastening nuts 52 hold the
      permanent magnet assembly together. Set screws 53 and 54 engage tapped
      openings in collar portions 49a and 50a of the end caps 49 and 50 to lock
      the assembly to shaft 15.
PAR  FIG. 5 shows a DC machine 60 of modular design comprised of a hermetically
      sealed housing 61 having internally mounted bearings 62 and 63 for
      rotatably mounting shaft 15. The permanent magnet assembly 23, which is
      preferably of the type shown in FIGS. 3 and 3a, is mounted upon rotor
      shaft 15.
PAR  The stator assembly has a laminated core 16 comprised of individual
      laminations 16a. The stator winding is comprised of a plurality of coils
      17 (not shown in detail) which, when energized, create magnetic fields in
      the stator core which interact with the magnetic fields set up by the
      rotor permanent magnet assembly to effect rotor rotation.
PAR  The end terminals 17a and 17b of the stator coils are led out of the
      hermetically sealed housing and terminate at a hermetically sealed
      terminal assembly 64 molded into side face 61a of housing 61.
PAR  A second housing 65 has molded or otherwise provided along one side wall
      65a a mating terminal assembly 66 which is releasably inserted into
      terminal assembly 64. Housing 65 is provided with bearing assemblies 67
      and 68 for rotatably mounting shaft 69.
PAR  Roller contact assemblies such as, for example, 70 and 70' and brush rings
      71 and 72 are mounted on sleeve 73 which encircles shaft 69. Stationary
      mounted brushes 74 and 75 are secured within housing 65 and respectively
      wipingly engage rings 71 and 72. Opposite polarities of a DC source are
      electrically connected to brushes 74 and 75 by conductors 76 and 77 which
      extend between brushes 74 and 75 and the exterior of housing 65. Flexible
      conductors 78 and 79 electrically connect brush rings 74 and 75 to spring
      loaded contacts 80 and 81 which engage roller contacts 82 and 83
      respectively.
PAR  Roller contacts 82 and 83 are preferably of the type shown in FIGS. 2 and 3
      and operate to sequentially rollingly engage stationary mounted commutator
      bars 84 mounted within housing 65 and which are preferably of the type
      shows in FIGS. 4-4b. The commutator bars are selectively coupled to the
      stator coils 17 through conductors 85, terminal assemblies 66 and 64 and
      conductors 17a-17b.
PAR  A permanent magnet member 86 is secured to rotor shaft 15 and is positioned
      in housing 61 immediately adjacent side wall 61a. A second permanent
      magnet member 87 is secured to shaft 69 and is positioned in housing 65
      immediately adjacent side wall 65a and adjacent to member 86.
PAR  In operation, the DC source is progressively and sequentially coupled to
      coils of the stator-mounted hermetically sealed housing 61 through leads
      76-77, brushes 74-75, brush rings 71-72, conductors 78-79, contacts 80-81,
      conductive rollers 82-83, commutator bars 84, leads 85-86, terminal
      assemblies 66 and 64 and conductors 17a-17b. The magnetic fields created
      by coils 17 interact with the fields of the permanent magnet structure 23
      in air gap G to effect rotation. The rotation of shaft 15 rotates magnetic
      member 86. The magnetic coupling between members 86 and 87 imparts
      rotation to shaft 69 causing the roller contact assemblies 70--70' and
      commutator bars 84 to progressively switch DC power to successive stator
      coils.
PAR  Hermetically sealed housing 61 keeps the rotor and stator assemblies, which
      are practically wear-free, safe from contamination by dust or dirt.
      Housing 65, however, is designed to be accessible for servicing.
      Alternatively, housing 65 may comprise a replaceable unit.
PAR  While housing 61 is shown as containing the load 88 driven by rotor shaft
      15, rotor shaft 15 may extend beyond the left-hand side wall 61b of
      housing 61 and an appropriate seal may be provided to keep the housing
      interior hermetically sealed. The magnetic member 86 may also be
      eliminated and instead rotor shaft 15 extended beyond the right-hand side
      wall 65a upon providing a similar seal. The magnet member 87 of shaft 69
      may then be eliminated and replaced by keying means on the left-hand end
      of shaft 69 for locking shaft 69 to rotate with rotor shaft 15.
PAR  FIG. 6 shows a DC motor 100 adapted for use in high speed applications. It
      comprises a housing 101 which contains bearings 62 and 63 for rotor shaft
      15 which has a permanent magnet assembly 23 mounted thereon. The stator
      comprises a laminated core 16 having individual laminations 16a. The
      stator coils 17 are electrically connected to selected commutator bars 84
      by leads 17a-17b.
PAR  A pair of brush rings 71 and 72 are mounted upon rotor shaft 15 and are
      respectively wipingly engaged by brushes 74 and 75. Leads 76 and 77
      electrically connect brushes 74 and 75 to opposite polarities of a DC
      source.
PAR  Roller support assemblies 102 and 103 support roller contact shafts 104 and
      105 which rotatably mount conductive rollers 106 and 107. Spring mounted
      contacts 108 and 109 are secured to supports 102 and 103 and electrically
      connect brush rings 71 and 72 to rollers 106 and 107 by conductors 110 and
      111.
PAR  The bars 84 of the commutator array are secured in stationary fashion and
      are selectively connected to end terminals of the stator coils 17 by leads
      17a-17b. Conductive rollers 106 and 107, which may be of the type shown in
      detail in FIGS. 2 and 2a, rollingly engage the outer peripheries of
      commutator bars 84.
PAR  The diameter of rotor shaft 15 is made as small as practical under the
      commutator array while the outer diameter of conductive rollers 106 and
      107 is made as large as practical. This arrangement, in one preferred
      embodiment, reduces the angular velocity of the conductive rollers to less
      than one-half the angular velocity of rotor shaft 17, thereby providing a
      motor design which is advantageous for use in applications requiring high
      speed rotation.
PAR  Since the distance traveled by rollers 106 and 107 during one revolution of
      rotor shaft 15 is 2.pi. times the outer diameter of the commutator bar
      array, then for the angular velocity of rollers 106 and 107 to be less
      than the angular velocity of rotor shaft 15 the diameters of rollers 106
      and 107 must be greater than the outer diameter of the commutator bar
      array.
PAR  The invention disclosed and claimed herein is not limited to the specific
      mechanism and techniques herein shown and described since modifications
      will undoubtedly occur to those skilled in the art. Hence, departures may
      be made from the form of the instant invention without departing from the
      principles thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Switching apparatus for a machine responsive to a source of DC power and
      having interacting rotor and stator assemblies which rotate relative to
      each other wherein said stator has a winding having a plurality of
      energizeable coils, said coils having an annular array of commutator bars
      associated therewith for supplying electrical power thereto, and said
      rotor has a magnetic assembly associated therewith, said apparatus
      comprising:
PA1  a. first and second annular brush rings associated with said rotor;
PA1  b. first and second brush means associated with said stator for
      respectively coupling said first and second brush rings to opposite
      polarities of said DC source;
PA1  c. first roller contact means associated with said rotor and electrically
      connected to said first brush ring for progressively and sequentially
      engaging said commutator bars to thereby momentarily couple said
      commutator bars to said first brush ring; and
PA1  d. second roller contact means associated with said rotor and electrically
      connected to said second brush ring for progressively and sequentially
      engaging said commutator bars to thereby momentarily couple said
      commutator bars to said second brush ring.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said first and second roller
      contact means each includes a roller mounted to rotate about its axis and
      to move radially with respect to said rotor.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said roller is provided with
      passageways communicating between a sidewall and the cylindrical surface
      thereof for blowing air upon said commutator bars.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said rotor has at least one fan
      blade located between said first and second roller contact means for
      blowing air upon said commutator bars.
NUM  5.
PAR  5. Switching apparatus for a machine responsive to a source of DC power and
      having interacting rotor and stator assemblies which rotate relative to
      each other wherein said stator has a winding having a plurality of
      energizeable coils, said coils having an annular array of commutator bars
      associated therewith for supplying electrical power thereto, and said
      rotor has a plurality of permanent magnets, said apparatus comprising:
PA1  a. first and second annular brush rings associated with said rotor;
PA1  b. first and second brush means associated with said stator for
      respectively coupling said first and second brush rings to opposite
      polarities of said DC source;
PA1  c. first roller contact means associated with said rotor and electrically
      connected to said first brush ring for progressively and sequentially
      engaging said commutator bars to thereby momentarily couple said
      commutator bars to said first brush ring; and
PA1  d. second roller contact means associated with said rotor and electrically
      connected to said second brush ring for progressively and sequentially
      engaging said commutator bars to thereby momentarily couple said
      commutator bars to said second brush ring;
PAL  said first and second roller contact means each including a roller mounted
      to rotate about its axis and to move radially with respect to said rotor,
      said roller having passageways communicating between a sidewall and the
      cylindrical surface thereof for blowing air upon said commutator bars.
NUM  6.
PAR  6. Switching apparatus for a machine responsive to a source of DC power and
      having interacting rotor and stator assemblies which rotate relative to
      each other wherein said stator has a winding having a plurality of
      energizeable coils, said coils having an annular array of commutator bars
      associated therewith for supplying electrical power thereto, and said
      rotor has a magnetic assembly associated therewith, said apparatus
      comprising:
PA1  a. first and second annular conductive rings adapted respectively for
      coupling to opposite polarities of said DC source;
PA1  b. first roller contact means associated with said rotor and electrically
      connected to said first conductive ring for progressively and sequentially
      engaging said commutator bars to thereby momentarily couple said
      commutator bars to said first conductive ring; and
PA1  c. second roller contact means associated with said rotor and electrically
      connected to said second conductive ring for progressively and
      sequentially engaging said commutator bars to thereby momentarily couple
      said sommutator bars to said second conductive ring,
PAL  said magnetic assembly comprising a rotor shaft of magnetic material; an
      array of pole pieces of magnetic material arranged at spaced intervals
      about said shaft; a first array of magnets arranged at spaced intervals
      about said shaft, radially aligned with said array of pole pieces and
      located between said pole pieces and said shaft; and a second array of
      magnets arranged at spaced intervals about said shaft and positioned
      between adjacent ones of said pole pieces.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said second array of magnets are
      rare earth magnets.
NUM  8.
PAR  8. Apparatus according to claim 6 wherein said first and second roller
      contact means each includes a roller mounted to rotate about its axis and
      to move radially with rexpect to said rotor, said roller having
      passageways communicating between a sidewall and the cylindrical surface
      thereof for blowing air upon said commutator array.
NUM  9.
PAR  9. Switching apparatus for a machine responsive to a source of DC power and
      having interacting rotor and stator assemblies which rotate relative to
      each other wherein said stator has a winding having a plurality of
      energizeable coils, said coils having an annular array of commutator bars
      associated therewith for supplying electrical power thereto, and said
      rotor has a magnetic assembly associated therewith, said apparatus
      comprising:
PA1  a. first and second annular conductive rings adapted respectively for
      coupling to opposite polarities of said DC source;
PA1  b. first roller contact means associated with said rotor and electrically
      connected to said first conductive ring for progressively and sequentially
      engaging said commutator bars to thereby momentarily couple said
      commutator bars to said first conductive ring; and
PA1  c. second roller contact means associated with said rotor and electrically
      connected to said second conductive ring for progressively and
      sequentially engaging said commutator bars to thereby momentarily couple
      said commutator bars to said second conductive ring,
PAL  said commutator bar array having gaps between adjacent commutator bars
      formed by the side walls of said adjacent bars, at lease one side wall in
      each gap having at least the lower portion thereof covered by an
      insulating material so as to prevent particles collecting in the bottom of
      said gaps from short-circuiting adjacent commutator bars.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said first and second roller
      contact means each includes a roller mounted to rotate about its axis and
      to move radially with respect to said rotor, said roller having
      passageways communicating between a sidewall and the cylindrical surface
      thereof for blowing air upon said commutator array.
NUM  11.
PAR  11. Switching apparatus for a machine responsive to a source of DC power
      and having interacting rotor and stator assemblies which rotate relative
      to each other wherein said stator has a winding having a plurality of
      energizeable coils, said coils having an annular array of commutators bars
      associated therewith for supplying electrical power thereto, and said
      rotor has a magnetic assembly associated therewith, said apparatus
      comprising:
PA1  a. first and second annular conductive rings adapted respectively for
      coupling to opposite polarities of said DC source:
PA1  b. first roller contact means associated with said rotor and electrically
      connected to said first conductive ring for progressively and sequentially
      engaging said commutator bars to thereby momentarily couple said
      commutator bars to said first conductive ring; and
PA1  c. second roller contact means associated with said rotor and electrically
      connected to said second conductive ring for progressively and
      sequentially engaging said commutator bars to thereby momentarily couple
      said commutator bars to said second conductive ring,
PAL  said first and second roller contact means each including a roller for
      making rolling contact with the outer periphery of said commutator bar
      array.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein the diameter of said roller is
      larger than the outer diameter of said commutator bar array.
NUM  13.
PAR  13. Switching apparatus for a machine responsive to a source of DC power
      and having interacting, hermetically sealed rotor and stator assemblies
      which rotate relative to each other wherein one of said assemblies is
      provided with a winding having a plurality of energizeable coils and the
      other of said assemblies has a magnetic assembly associated therewith,
      said apparatus positioned external to said hermetically sealed assemblies
      and comprising:
PA1  a. an annular array of commutator bars fixed relative to said assembly
      having said energizeable coils and electrically connected to said coils
      for supplying electrical power thereto;
PA1  b. first and second annular conductive rings adapted respectively for
      coupling to opposite polarities of said DC source;
PA1  c. first and second roller contact means fixed relative to said magnetic
      assembly and electrically connected respectively to said first and second
      conductive rings; and
PA1  d. means for coupling the relative rotation of said hermetically sealed
      rotor and stator assemblies to effect relative rotation between said first
      and second roller contact means and said commutator bars so that said
      first and second roller contact means progressively and sequentially
      engage said commutator bars to momentarily couple said commutator bars to
      said first and second conductive rings.
NUM  14.
PAR  14. Apparatus according to claim 13 wherein said first and second roller
      contact means each includes a roller mounted to rotate about its axis and
      to move radially with respect to said rotor, said roller having
      passageways communicating between a sidewall and the cylindrical surface
      thereof for blowing air upon said commutator array.
NUM  15.
PAR  15. Switching apparatus according to claim 13 wherein said winding is
      associated with said stator and said magnetic assembly is associated with
      said rotor.
NUM  16.
PAR  16. Switching apparatus according to claim 15 further including:
PA1  a. a first rotor shaft for supporting said hermetically sealed rotor
      assembly;
PA1  b. a second rotor shaft for supporting said first and second roller contact
      means;
PA1  c. hermetically sealed barrier means positioned between said first and
      second rotor shafts for isolating said hermetically sealed rotor and
      stator assemblies from said switching apparatus;
PA1  d. first and second magnet means mounted respectively on said first and
      second rotor shafts and positioned proximate each other for coupling the
      relative rotation of said rotor and stator assemblies to said roller
      contact means and said commutator bars.
NUM  17.
PAR  17. Switching apparatus for a machine responsive to a source of DC power
      and having interacting rotor and stator assemblies which rotate relative
      to each other wherein one of said assemblies is provided with a winding
      having a plurality of energizeable coils, said coils having an annular
      array of commutator bars associated therewith for supplying electrical
      power thereto, and the other of said assemblies is provided with a
      magnetic assembly, said apparatus comprising:
PA1  a. first and second annular conductive rings adapted respectively for
      coupling to opposite polarities of said DC source;
PA1  b. first roller contact means associated with said other assembly and
      electrically connected to said first conductive ring for progressively and
      sequentially engaging said commutator bars to thereby momentarily couple
      said commutator bars to said first conductive ring; and
PA1  c. second roller contact means associated with said other assembly and
      electrically connected to said conductive ring for progressively and
      sequentially engaging said commutator bars to thereby monentarily couple
      said commutator bars to said second conductive ring.
NUM  18.
PAR  18. Apparatus according to claim 17 wherein said commutator bars are skewed
      so that when said first and second roller contact means engage said
      commutator bars they effect a make-before-break contact sequence.
NUM  19.
PAR  19. Apparatus according to claim 17 wherein said first and second roller
      contact means each includes a roller mounted to rotate about its axis and
      to move radially with respect to said rotor, said roller having
      passageways communicating between a sidewall and the cylindrical surface
      thereof for blowing air upon said commutator array.
NUM  20.
PAR  20. Switching apparatus for a machine responsive to a source of DC power
      and having interacting rotor and stator assemblies which rotate relative
      to each other wherein one of said assemblies is provided with a winding
      having a plurality of energizeable coils, said coils having an annular
      array of commutator bars associated therewith for supplying electrical
      power thereto, and the other of said assemblies is provided with a
      magnetic assembly, said apparatus comprising:
PA1  first and second roller contact means associated with said other assembly
      and adapted respectively for connection to opposite polarities of said DC
      source and to progressively and sequentially engage said commutator bars
      to momentarily couple said commutator bars to opposite polarities of said
      DC source.
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ABST
PAL  A speed sensor for a vehicle wheel has a rotating tone wheel with a
      stationary magnetic sensor having a pair of sensing poles positioned
      proximate the tone wheel teeth. Coil means are wound on the poles and the
      poles are magnetized to induce a signal voltage in the coil means
      corresponding to wheel speed. The poles are phased relative to the teeth
      on the tone wheel to reduce noise voltage components in the wheel speed
      signal voltage due to axial misalignment and vibration of the tone wheel.
      The poles may be phased 180.degree. relative to one another with respect
      to the teeth on the tone wheel so that one pole is in registry with a
      tooth when the other pole is in registry with a space between two teeth.
      With this arrangement the combined reluctance of the poles is
      approximately constant.
BSUM
PAR  The invention relates to adaptive braking systems for use on vehicles such
      as automobiles or trucks and more specifically to wheel speed sensors for
      providing the adaptive braking system with information relating to the
      speed and acceleration of the wheels. The invention can be used in the
      adaptive braking system described in U.S. Pat. No. 3,494,671 and may be
      applied to the wheel speed sensors described in U.S. Pat. Nos. 3,626,225;
      3,626,226; 3,626,227; 3,626,228 and 3,629,635. All of the above patents
      are assigned to the same assignee as the present application.
PAR  The present invention reduces the effects of axial tone wheel misalignment
      and axial tone wheel vibration. Axial tone wheel misalignment, such as run
      out or wobble, causes low frequency noise components in the speed signal.
      Axial tone wheel vibration causes high frequency noise components in the
      speed signal. In adaptive braking systems the speed signal is usually time
      differentiated to obtain an acceleration signal and this causes the noise
      components to reach excessive values. Of course, the low frequency noise
      components can be reduced to an acceptable level by close manufacturing
      tolerances and accurate alignment of the tone wheel, but the cost of this
      solution is much too high for automotive applications. The speed signal
      must be filtered to reduce the high frequency noise components.
PAR  The invention contemplates a speed sensor for a vehicle wheel comprising a
      tone wheel driven by the vehicle and subject to axial misalignment and
      vibration, the tone wheel being made of magnetic material and having a
      plurality of teeth, and sensing means having a pair of poles of magnetic
      material proximate the tone wheel teeth, coil means on the poles, and
      means for magnetizing the poles to induce a signal voltage in the coil
      means corresponding to the wheel speed upon rotation of the tone wheel
      relative to the sensing means, the poles on the sensing means being phased
      relative to the teeth on the tone wheel to reduce noise voltage components
      in the wheel speed signal voltage due to axial misalignment and vibration
      of the tone wheel.
PAR  The present invention reduces the noise components to an acceptable level
      even when the tone wheel is warped and axially misaligned and subject to
      severe vibrations by using two sensing poles located radially proximate
      the tone wheel teeth and separated from one another circumferentially of
      the tone wheel to provide a suitable phase difference between the flux in
      the two poles. In the preferred embodiment the phase difference is
      180.degree. so that one pole is adjacent a tooth when the other pole is
      adjacent a space between two teeth. A single sensing coil may be wound on
      both poles or a sensing coil may be wound on each pole with the sensing
      coils connected in series opposition and preferably having the same number
      of turns.
PAR  The wheel speed signal components A sin wt add and the low frequency noise
      components due to axial misalignment cancel. The low frequency noise
      components V.sub.0 may be considered constant for a few cycles of the
      signal component so that the voltages V.sub.1 and V.sub.2 induced in the
      separate sensing coils are:
EQU  V.sub.1 = V.sub.0 + A sin wt                               (1)
EQU  V.sub.2 = V.sub.0  - A sin wt                              (2)
EQU  V.sub.1 - V.sub.2  = 2A sin wt                             (3)
PAR  With the sensing coils connected in series opposition the low frequency
      noise components cancel and the signal voltages induced in the sensing
      coils are added.
PAR  The high frequency noise components due to vibration are reduced
      considerably unless the high frequency noise components are exactly in
      phase with the signal voltage. In one position of the tone wheel relative
      to the sensor poles, the reluctance between the tone wheel and both
      sensors is the same and the vibration noise components are cancelled
      almost completely in this position since the same voltage amplitude is
      generated in each sensing coil. When one sensing pole is adjacent a tooth
      and the other sensing pole is adjacent a space between two teeth the
      difference in reluctance between the tone wheel and sensors is maximum and
      the difference in signals including the high frequency components in the
      two sensing coils is maximum.
PAR  With a single coil wound on both sensing poles, as the tone wheel rotates
      the flux through the coil changes direction as the poles alternately are
      positioned adjacent the teeth and the change of flux through the coil
      generates a speed signal. Axial vibration causing high frequency noise
      components increases the flux through both poles and, because the flux is
      in opposite directions, it effectively cancels. The degree of cancellation
      of the high frequency noise components depends on the tone wheel position
      relative to the sensing poles and the greatest cancellation occurs when
      both poles have equal flux paths. Low frequency noise components caused by
      wheel misalignment increases the flux in both poles as the tone wheel
      moves towards the poles and the noise components cancel since the flux
      through the coil is in opposite directions.
PAR  In another arrangement, the two sensors are phased 90.degree. apart and
      this configuration may be more effective in cancelling the high frequency
      component due to tone wheel vibration than the arrangements described
      briefly above since the maximum difference in reluctance of the two poles
      is less. However, this arrangement may not be as effective in cancelling
      the low frequency components due to tone wheel misalignment as the
      arrangements described briefly above.
PAR  With a phase difference of 180.degree. between the poles, that is, when one
      pole is adjacent a tooth and the other pole is adjacent a space between
      two teeth, a constant reluctance load is presented to the permanent magnet
      and this reduces noise resulting from tone wheel misalignment and
      vibration. As the tone wheel rotates the permeance of each pole varies
      approximately sinusodially and the phase difference is 180.degree.. The
      combined permeance of the two poles is approximately constant as shown by
      the following equations:
EQU  P.sub.1 = P.sub.0 + .DELTA.P sin .theta.                   (4)
EQU  P.sub.2 = P.sub.0 - .DELTA.P sin .theta.                   (5)
EQU  P.sub.1 + P.sub.2 = 2P.sub.0                               ( 6)
PAL  Where
PA1  P is steady state permeance due to air gap,
PA1  P.sub.1 is the permeance of pole 1,
PA1  P.sub.2 is the permeance of pole 2,
PA1  .DELTA.P sin .theta. is the permeance variation due to tone wheel rotation.
PAR  The reluctance R also is constant since it is the reciprocal of permeance
      and is given by the following equation:
      ##EQU1##
PAR  When the reluctance of the wheel speed sensor varies a minor magnetic
      hysteresis loop is generated each time a tooth passes a sensor pole and
      the sensor inductance varies with the position of a tooth relative to a
      pole. This distorts the speed signal waveform resulting in speed signal
      frequency modulation noise. With constant reluctance the minor magnetic
      hysteresis loop does not occur and there is no variation in sensor
      inductance and the speed signal is a sinusodial waveform without
      appreciable distortion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a wheel speed sensor constructed according
      to the invention,
PAR  FIG. 2 is a wiring diagram showing the coils of FIG. 1 connected in series
      opposition,
PAR  FIG. 3 is a schematic diagram partly in section of a second embodiment of a
      wheel speed sensor constructed according to the invention,
PAR  FIG. 4 is an end view of the embodiment shown in FIG. 3,
PAR  FIG. 5 is a front view of the embodiment shown in FIG. 3,
PAR  FIG. 6 is a schematic diagram partly in section of a third embodiment of a
      wheel speed sensor constructed according to the invention,
PAR  FIG. 7 is an end view of the embodiment shown in FIG. 6,
PAR  FIG. 8 is a front view of the embodiment shown in FIG. 6,
PAR  FIG. 9 is an isometric view of a fourth embodiment of a wheel speed sensor
      constructed according to the invention, and
PAR  FIG. 10 is a schematic diagram of a fifth embodiment of a wheel speed
      sensor constructed according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1 of the drawings, the wheel speed sensor shown therein
      and constructed according to the invention includes a tone wheel 1 of
      magnetic material having a series of equally spaced teeth 3 about its
      periphery. The tone wheel may be secured to the vehicle wheel hub and may
      be of relatively large diameter or it may be frictionally driven and of
      relatively small diameter as described in the above patents. The friction
      drive may be operated by the wheel or drive shaft or in any other suitable
      manner.
PAR  A magnetic sensor 5 has a pair of sensing poles 7 and 9 secured to the ends
      of a permanent magnet 11 in U-shaped configuration. Coils 13 and 15 are
      wound on sensing poles 7 and 9, respectively, and the coils are connected
      in series opposition as shown in FIG. 2.
PAR  The magnetic sensor is mounted on a stationary part of the vehicle with
      poles 7 and 9 located radially at tooth centers proximate the tone wheel.
      The poles are spaced relative to teeth 3 so that one pole is adjacent a
      tooth when the other pole is adjacent a space between two teeth. This
      arrangement provides 180.degree. phase difference between the flux in the
      two poles and presents a constant reluctance load to the permanent magnet.
PAR  In FIGS. 3, 4 and 5 the magnetic sensor 25 comprises a pair of sensing
      poles 27 and 29 secured to a permanent magnet 31. A single coil 33 is
      wound on both sensing poles. The poles are spaced relative to teeth 3 on
      the tone wheel so that one pole is adjacent a tooth when the other pole is
      adjacent a space between two teeth to provide a 180.degree. phase
      difference between the flux in the two poles and to present a constant
      reluctance load to the permanent magnet. The poles are shaped so that the
      ends adjacent the teeth are substantially smaller than the remainder of
      the poles and preferably smaller than the depth of the teeth on the tone
      wheel.
PAR  In FIGS. 6, 7 and 8, the magnetic sensor comprises a U-shaped pole piece 45
      having poles 47 and 49. The pole piece is secured at the base of the U to
      a permanent magnet 51. Sensing coils 53 and 55 are wound on poles 47 and
      49, respectively, and are connected in series opposition as shown in FIG.
      2. A U-shaped shield 57 is secured to permanent magnet 31 and provides a
      return path for magnetic flux and shields the sensor from electromagnetic
      noise. Poles 47 and 49 are located radially at tooth centers proximate the
      tone wheel and one arm of U-shaped shield 57 is positioned proximate the
      tone wheel spaced from the teeth. The poles are spaced relative to teeth 3
      so that one pole is adjacent a tooth when the other pole is adjacent a
      space between two teeth to provide a 180.degree. phase difference between
      the flux in the two poles and to present a constant reluctance load to the
      permanent magnet.
PAR  In FIG. 9 the magnetic sensor comprises a U-shaped pole piece 75 having
      poles 77 and 79. One end of a permanent magnet 81 is secured to pole piece
      75. Sensing coils 83 and 85 are wound on poles 77 and 79, respectively,
      and are connected in series opposition as shown in FIG. 2. A third pole 87
      is secured to the other end of permanent magnet 81 and directs the return
      flux from the tone wheel to the magnet similarly to the embodiment of
      FIGS. 6, 7 and 8. Poles 77 and 79 are located radially at tooth centers
      proximate the tone wheel and pole 87 is positioned proximate the tone
      wheel spaced from the teeth. Poles 77 and 79 are spaced relative to teeth
      3 so that one pole is adjacent a tooth when the other pole is adjacent a
      space between two teeth to provide 180.degree. phase difference between
      the flux in the two poles and to present a constant reluctance load to the
      permanent magnet.
PAR  The embodiment shown in FIG. 10 is substantially the same as the embodiment
      shown in FIG. 1 except that sensing poles 97 and 99 are spaced relative to
      teeth 3 so that one pole is adjacent a tooth when one half of the other
      pole is adjacent a space between two teeth and the other half of the pole
      is adjacent a tooth. This arrangement provides a 90.degree. phase
      difference between the flux in the two poles.
PAR  Although the reluctance in this arrangement is not constant it is more
      effective in cancelling vibration noise than the other arrangements where
      the poles are phased 180.degree. because the maximum difference in
      reluctance between the two poles is less than in those arrangements.
PAR  As explained above, this arrangement is effective in cancelling high
      frequency components due to tone wheel vibration because the maximum
      difference in reluctance of the two poles is small.
PAR  In all the above embodiments of the invention noise components are reduced
      to an acceptable level even when the tone wheel is warped and axially
      misaligned and subject to severe vibrations. Low frequency noise
      components due to axial misalignment cancel and high frequency noise
      components due to axial vibration are reduced considerably. A constant
      reluctance load is presented to the permanent magnet to prevent minor
      magnetic hysteresis loops from occuring and there is no variation in
      sensor inductance. The speed signal is a sinusodial waveform without
      appreciable distortion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A speed sensor for a vehicle wheel comprising a tone wheel driven by the
      vehicle and subject to axial misalignment and vibration, the tone wheel
      being made of magnetic material and having a plurality of teeth, and
      sensing means having a pair of poles of magnetic material proximate the
      tone wheel teeth, coil means on the poles, and a permanent magnet having
      one of its poles connected to the poles on the sensing means for
      magnetizing the poles on the sensing means to induce a signal voltage in
      the coil means corresponding to wheel speed upon rotation of the tone
      wheel relative to the sensing means, the poles on the sensing means being
      phased relative to the teeth on the tone wheel to reduce noise voltage
      components in the wheel speed signal voltage due to axial misalignment and
      vibration of the tone wheel, and a substantially U-shaped shield connected
      to the other pole of the permanent magnet and enclosing a substantial
      portion of the sensing means from electromagnetic noise, a portion of the
      U-shaped shield being positioned adjacent the tone wheel remote from the
      teeth to provide a return path for magnetic flux.
NUM  2.
PAR  2. A speed sensor as described in claim 1 in which the poles on the sensing
      means are spaced relative to the tone wheel teeth so that one of the poles
      is in registry with a tooth when the other pole is in registry with a
      space between two teeth.
NUM  3.
PAR  3. A speed sensor as described in claim 1 in which the poles on the sensing
      means are phased 180.degree. relative to one another with respect to the
      teeth on the tone wheel.
NUM  4.
PAR  4. A speed sensor as described in claim 1 in which the coil means includes
      a separate coil wound on each sensing pole and the coils are connected in
      series opposition.
NUM  5.
PAR  5. A speed sensor as described in claim 1 in which the poles on the sensing
      means are phased relative to the teeth on the tone wheel so the combined
      reluctance of the poles is approximately constant.
NUM  6.
PAR  6. A speed sensor for a vehicle wheel comprising a tone wheel driven by the
      vehicle and subject to axial misalignment and vibration, the tone wheel
      being made of magnetic material and having a plurality of teeth, and
      sensing means having a pair of poles of magnetic material proximate the
      tone wheel teeth, coil means on the poles, and a permanent magnet having
      one of its poles connected to both poles of the sensing means for
      magnetizing the poles to induce a signal voltage in the coil means
      corresponding to wheel speed upon rotation of the tone wheel relative to
      the sensing means, the poles on the sensing means being phased relative to
      the teeth on the tone wheel to reduce noise voltage components in the
      wheel speed signal voltage due to axial misalignment and vibration of the
      tone wheel, and the sensing means including a third pole connected to the
      other pole of the permanent magnet and positioned proximate the tone wheel
      remote from the teeth to provide a return path for magnetic flux.
NUM  7.
PAR  7. A speed sensor as described in claim 6 in which the pair of poles on the
      sensing means are spaced relative to the tone wheel teeth so that one of
      the poles is in registry with a tooth when the other pole is in registry
      with a space between two teeth.
NUM  8.
PAR  8. A speed sensor as described in claim 6 in which the pair of poles on the
      sensing means are phased 180.degree. relative to one another with respect
      to the teeth on the tone wheel.
NUM  9.
PAR  9. A speed sensor as described in claim 6 in which the coil means includes
      a separate coil wound on each sensing pole of the pair and the coils are
      connected in series opposition.
NUM  10.
PAR  10. A speed sensor as described in claim 6 in which the pair of poles on
      the sensing means are phased relative to the teeth on the tone wheel so
      the combined reluctance of the poles is approximately constant.
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ABST
PAL  High voltage grounding strap including a terminal member with a plurality
      of resilient tines for providing electrical contact such as to the
      external Aquadag coating on a picture tube, a receptacle connector formed
      in the shape of an elongated flattened cylinder and having a flared open
      end for allowing easy insertion of a corresponding male connector formed
      on the terminal member. The grounding strap including a plastic sheath
      extending up to and covering said receptacle connector to minimize corona
      and arcing and the receptacle connector includes a locking means on its
      interior surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electrical connector and is particularly
      directed toward an insulated high voltage grounding strap assembly. High
      voltage grounding straps have long been used, and the necessary
      characteristics of a high voltage grounding strap are therefore well
      known. Such features include suitable mechanical and electrical
      connections at both discharge and ground terminals, a capacity for
      operating at the requisite voltages and currents and the capability of
      withstanding mechanical as well as electrical stresses. Another important
      feature for grounding straps for use with television picture tubes is that
      of enabling quick and convenient connecting and disconnecting of the strap
      end adjacent the picture tube.
PAR  A principal feature of the present invention is the provision of an
      improved grounding strap for television picture tube including an improved
      assembly for connecting to the picture tube.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a unique combination of elements which
      include a connector for electrically connecting, such as to the external
      conductive coating of a picture tube, the so-called ground dag connector.
      This connector comprises a device having a plurality of independently
      resilient tines or comb-like extensions attached to an elongated base. A
      number of male connector portions extend from the opposite side of the
      base. This comb has a sufficient number of the resilient tines to insure a
      good electrical contact with the graphite or aquadag coating on the
      picture tube, which contact is enhanced by the capability of the free ends
      of the tines to closely conform to the curvilinear outlines of the tube's
      outside wall.
PAR  Attached to the above-mentioned connector is an electrical lead or ground
      strap which may be either stainless steel, tincoated copper or tin-coated
      steel and can be easily stamped out to its desired shape and length. The
      electrical characteristics of a strap formed of these materials are
      desirable for its use as a high-voltage grounding strap.
PAR  A terminal connector is affixed onto the strap at the end which is adjacent
      to the picture tube. This connector is essentially a receptacle for a flat
      electrical tap and is generally in the shape of a flattened oval cylinder,
      with one of the flattened sides having a centered, longitudinally
      extending first opening and an outwardly flared upper end portion, the
      flaring functioning to enable easy insertion of the corresponding male
      portion.
PAR  The side of the flattened oval cylinder generally opposite the first
      longitudinally extending opening consists of two additional longitudinally
      extending openings, these openings being spaced and separated by a strip
      of metal directly opposite the first longitudinally extending opening.
      This strip of metal has an oval indentation stamped into its center
      section, which corresponds to a similarly shaped opening in the male
      portion, so that when the two are connected the famale portion secures the
      male portion tightly therein, and yet allows an easy release when desired,
      as will be explained.
PAR  From the foregoing description of the receptacle, it can be seen that the
      nature of its design allows easy insertion and withdrawal of the
      corresponding male portion while providing a tight fit of said male
      portion along with a good electrical connection between said male portion
      and the receptacle.
PAR  The plastic sheathing covering the entire connector receptacle portion
      serves to minimize exposed metallic surface areas and thereby minimizes
      corona discharges and arcing, thus reducing electrical disturbances or
      interferences to the picture tube system. A further advantage accruing
      from this disposition of the plastic sheathing in covering the terminal
      connections lies in the retardation of corrosion. By completely covering
      the connection, moisture and corrosion-causing air pollutants are denied
      contact with the connector, thereby maintaining a clean and electrically
      sound contact.
PAR  It is therefore an object of the present invention to provide an improved
      high voltage grounding strap.
PAR  Another object of the present invention is to provide a reliable electrical
      connection for the high voltage grounding strap from the picture tube to
      the ground.
PAR  A further object of the present invention is to provide a grounding strap
      which is suitably sheathed to prevent corona discharge, arcing and
      corrosion of the conductor.
PAR  Still another object of the present invention is to permit easy
      disengagement of the connected portion.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Further objects of the invention together with additional features
      contributing thereto and advantages accrusing therefrom will be apparent
      from the following descriptions of one embodiment of the invention when
      read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 shows a preferred embodiment of the invention connected to a picture
      tube at one end and to a ground source at the other.
PAR  FIG. 2 is a frontal view of the preferred embodiment of the present
      invention with the plastic sheathing partially cut away to show the
      connection of the high voltage grounding strap to the picture tube of FIG.
      1 in more detail.
PAR  FIG. 3 is a front view of the connector portion of the preferred embodiment
      of the present invention.
PAR  FIG. 4 is a back view of the connector portion of the preferred embodiment
      of the invention.
PAR  FIG. 5 is a side view of the connector portion of the preferred embodiment
      of the present invention.
PAR  FIG. 6 is a front view showing the female connector portion of the
      preferred embodiment of the present invention accepting the male connector
      portion of the picture tube.
PAR  FIG. 7 shows a front view of the female connector portion of the preferred
      embodiment of the present invention securing holding the male connector
      protion of the picture tube.
PAR  FIG. 8 is a cross-section of the embodiment of the invention taken along
      the lines 1--1 of FIG. 1.
PAR  FIG. 9 is a front view of yet another embodiment of the invention.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring more specifically to the drawings, FIG. 1 shows a principal use
      for the present invention, that of providing a ground connection to the
      external Aquadag or conductive coating of a television set picture tube.
PAR  The high voltage grounding strap assembly 11 consists of a metal strip 19
      covered by a polymeric, i.e., plastic or vinyl sheathing 17 as can be
      better seen in FIG. 2. More specifically, the material of choice in the
      preferred embodiment is a polyvinyl chloride polymer.
PAR  The ground connector portion 13 of the present invention consists of a hole
      14 integrally stamped or cut into the metal strap 19 whereby the
      high-voltage grounding strap may be secured to a ground source 21. The
      ground connector end of the ground strap 11 can thus be conveniently
      inserted into the plastic sheath 17 to cover the metal strap including the
      receptacle portion 15, while leaving only the ground connector portion
      unsheathed to permit mounting of the strap as by a screw onto the chasis
      or electrical ground reference indicated generally at 21. Insertion of a
      strap is made extremely convenient by the smooth exterior structure of the
      ground connector portion 13 which enables the sheath 19 to be easily drawn
      over the strap 17 in one continuous motion, there being no protuberances
      or projections on the strap 17 to catch on or engage the sheath. This
      relationship of the strap to the sheathing can be seen in FIG. 8.
PAR  Referring now also to FIG. 2, at the opposite end of the strap, the
      receptacle or female connector portion 15 of the high voltage grounding
      strap 11 is connected to the male connector portion 23 and electrically
      connected to the picture tube by means of a comb shaped contact member 26
      which is in contact with the conductive coating of the picture tube. This
      contact member 26 in the preferred embodiment as shown in FIG. 2 which is
      substantially in the shape of a comb includes independently resilient
      tines 28 attached to a base 30. This contact member 26 is formed of a
      conductive material which is resilient and also resistant to corrosion,
      such as spring brass. The contact member conforms to the curvilinear shape
      of the outside wall of the picture tube and maintains sufficient tension
      in the tine members 28 to insure a good electrical contact at all times
      and in all positions on the tube. The free end of the tines 12 are angled
      to provide a relatively flat surface contact against the picture tube.
PAR  The male connector portion 23 of the comb 26 is fashioned in such a manner
      as to provide a stop 37 for the female connector portion 15 to butt up
      against, thereby giving tactile assurance of a good electrical connection.
      This male portion 23 has an oval opening 24 corresponding in size, shape
      and location to the oval indentation or impression of the female connector
      portion. Along the same axis as this hole 24 of the male connector portion
      and partially in the body of the comb member is a longitudinal detent 38
      forming a strengthening shoulder or ridge, as can be seen clearly in FIG.
      2.
PAR  Also shown in FIG. 2 are three male portions 23, two of which serve as
      supplemental to that male portion 23 illustrated in FIG. 1 as being
      connected to the ground source. These two extra male portions may be used
      to connect to separate grounding straps similar to strap 19 thereby
      providing additional electrical grounding reference points.
PAR  It can be seen that the vinyl sheathing 17 entirely covers the connection
      of the male 15 and female 23 portions (which is shown in dotted lines in
      FIG. 2) thereby providing a shield to prevent corona discharge and arcing
      as discussed above. The means of attachment of the female connector
      portion 15 to the high voltage grounding strap can also be seen here
      wherein a rivet 25 inserted into the aperture 32 (see FIGS. 2, 3 and 4)
      holds the connector portion 15 securely.
PAR  FIGS. 2, 4 and 5 show the detail of the receptacle or female connector
      portion 15 of the present invention where it can be seen that the flaring
      27 around the top of this receptacle serves to allow easy entrance of the
      male connector portion 23. This flaring can be either entirely around the
      periphery of the receptacle top as in FIGS. 3 and 4, or only along the
      front and back sides as in FIG. 9.
PAR  As best seen in FIG. 3, the front side of the receptacle 15 comprises a
      flattened, cylinder 40 with a longitudinally extending opening 29 on its
      periphery. The rear or back side 42 of the receptacle 15 as best seen in
      FIG. 4, includes a pair of longitudinal openings 31 defining a metal strip
      35 therebetween.
PAR  The metal strip 35 has an oval indentation 33 in its mid-section. This
      indentation 33 serves to retain and hold securely the male portion when
      inserted. The means of retention between the male portion 23 and the
      indentation 33 of the female connector portion 15 can be seen more
      explicitly in FIGS. 6 and 7 wherein the indentation 33 fits into the
      corresponding opening 24 of the male connector portion 23, the opening 24
      being slightly larger than the indentation 33, so that said male connector
      portion is retained securely when inserted. FIG. 6 shows the male portion
      23 being inserted into the receptacle 15, and shows the lower edge of the
      male portion 23 pushing or bearing against the indentation 33 and thus
      against the resilient strip 35. Further movement of the male portion 23
      into the receptacle 15 as shown in FIG. 7 produces the snap action whereby
      the resilient strip returns to its original position by virtue of the
      indentation 33 fitting into the opening 24 of the male portion 23.
PAR  In spite of the tight hold afforded by the indentation 33 and the opening
      24, an easy withdrawal of the male portion 23 is allowed by the front
      opening 29 and back opening 31 which is structured in such a manner as to
      give the conductor portion resiliency and to permit flexing of the
      connector portion thereby facilitating an easy withdrawal of the female
      connector portion 15 from the picture tube.
PAR  While the invention has been described with reference to a preferred
      embodiment it will be understood by those skilled in the art that various
      changes may be made and equivalence may be substituted for elements
      thereof without departing from the scope of the invention. In addition,
      many modifications may be made to adapt to a particular situation or
      material to the teachings of the invention without departing from the
      essential scope thereof. Therefore, it is intended that the invention not
      be limited to the particular embodiment disclosed as the best mode
      contemplated for carrying out this invention but that the invention will
      include all embodiments falling within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high voltage grounding strap connected to the graphite coating of a
      cathode ray tube, said grounding strap comprising a connector device
      having a base with opposing sides, a plurality of independently extending
      resilient members attached to a first edge of said base, at least one male
      connector being attached to the edge opposite the first edge of said base,
      said connector device being electrically connected to the graphite-coated
      periphery of the cathode ray tube with said resilient members closely
      conforming to and making electrical contact with the graphite-coated
      periphery of the cathode ray tube, an electrically conductive strap, a
      connector means affixed to one end of said strap, said connector means
      formed as flattened oval having a flared top receiving said male connector
      therein, metal strips depending from said top, said metal strips having
      lengthwise openings therebetween, one of said metal strips having an
      impression thereon facing the interior of the connector means and bearing
      against and securing said male connector inserted therein, said openings
      enabling said strips to resiliently deform for facilitating release of
      said male connector, and insulation sheathing covering the entire
      electrically conductive strap thereby inhibiting corona discharge and
      arcing therefrom.
NUM  2.
PAR  2. The assembly of claim 1 wherein the insulation sheathing is formed of a
      polymeric material.
NUM  3.
PAR  3. The assembly of claim 2 wherein the polymeric material is a polyvinyl
      chloride material.
NUM  4.
PAR  4. The assembly of claim 1 wherein the strap is formed of a stainless steel
      metal strip.
NUM  5.
PAR  5. The assembly of claim 1 wherein the strap is formed of a tin-coated
      copper.
NUM  6.
PAR  6. The assembly of claim 1 wherein the strap is formed of a tin-coated
      steel.
NUM  7.
PAR  7. The assembly of claim 1 wherein said male connector has an opening
      therein receiving said impression on said female connecting means thereby
      grasping and holding said male connector.
NUM  8.
PAR  8. The assembly of claim 1 wherein three of said male connectors are
      attached to said opposite edge of said base.
PATN
WKU  039379965
SRC  5
APN  512705&
APT  1
ART  252
APD  19741007
TTL  Metal halide lamp using loop electrodes
ISD  19760210
NCL  10
ECL  1
EXA  Hostetter; Darwin R.
EXP  Rolinec; R. V.
NDR  1
NFG  5
INVT
NAM  Cap; Daniel M.
CTY  Kirtland
STA  OH
ASSG
NAM  General Electric Company
CTY  Schenectady
STA  NY
COD  02
CLAS
OCL  313217
XCL  313229
XCL  313344
EDF  2
ICL  H01J 6106
FSC  313
FSS  217;229;344
UREF
PNO  2123015
ISD  19380700
NAM  Marden et al.
UCL  313217
UREF
PNO  3313974
ISD  19670400
NAM  Koury et al.
OCL  313218
UREF
PNO  3356884
ISD  19671200
NAM  Decker et al.
XCL  313217
UREF
PNO  3689794
ISD  19720900
NAM  Van Esdonk
XCL  313217
LREP
FR2  Legree; Ernest W.
FR2  Kempton; Lawrence R.
FR2  Neuhauser; Frank L.
ABST
PAL  A metal vapor arc lamp having a filling including pyrolitically decomposing
      metal halides such as thorium iodide uses a loop electrode which allows
      the heat from the hot spot to flow in two directions. Such electrodes are
      less expensive to manufacture and, in an environment where the decomposing
      metal halide provides activation, they are less subject to deformation and
      consume less energy than conventional electrodes comprising shank plus
      overwind.
BSUM
PAR  This invention relates to high pressure metal halide vapor lamps and
      particularly to a new construction of electrode which improves efficiency
      and color stability and which facilitates manufacture and reduces cost.
PAC  BACKGROUND OF THE INVENTION
PAR  The type of electrode which is in almost universal use in high pressure
      metal vapor lamps comprises a rod or shank around which is wound a
      tungsten coil structure. A common design is a two-layer coil wherein the
      inner layer has spaced turns and the outer layer is close wound and
      screwed over the first. The interstices between turns are filled with
      emissive material which is retained in place by the outer layer. Emissive
      materials commonly used are oxides of low work function materials such as
      thorium oxide or mixtures of alkaline earth oxides including barium oxide.
      The shank projects through the coil and forms a tip to which the arc
      attaches with formation of a hot spot.
PAR  In such electrodes the emissive material or activator reaches the tip by
      diffusion over the surface in a process which is strongly temperature
      dependent. With a high tip temperature, electron emission is large and the
      cathode fall is low but the evaporation rate of emission material is
      large. Reducing the tip temperature reduces the evaporation rate but
      electron emission is decreased, cathode fall increases and sputtering by
      ion bombardment may take place. The common electrode design problem is to
      arrange the dispensing of the activator so that it balances the rate of
      loss. Since this cannot be done exactly, the compromise generally adopted
      is to design the electrode for an excess rate of activator supplied to the
      tip and to provide an ample reservoir of emissive material in the coil
      structure. Accordingly, the electrodes of high intensity discharge lamps
      have tended to be relatively large massive wound tungsten coil structures
      which are difficult to locate accurately in the ends of the fused silica
      envelopes into which they are pinch-sealed.
PAR  It is known that in metal halide lamps having a fill including thermally
      decomposing metal halides such as thorium iodide ThI.sub.4, pyrolytic
      decomposition of the thorium iodide followed by condensation of thorium
      metal on the electrode surface yields a surface which emits electrons
      efficiently. The thorium layer shields the tungsten from erosion. As for
      the thorium, an iodine transport cycle continually replenishes the
      quantity of thorium on the electrode tip. An efficient electrode
      activation system is thus available but up to the present it has been used
      with the relatively massive wound tungsten electrode structures developed
      for the prior art electron emissive materials. The object of the invention
      is to provide improved and more efficient electrode structures taking
      greater advantage of the characteristics of pyrolitically decomposing
      metal halides for electrode activation.
PAC  SUMMARY OF THE INVENTION
PAR  Since activation of an electrode surface via the mechanism of pyrolytic
      decomposition of a metal halide present as part of the vapor filling does
      not require a structure with an emission mix reservoir, a radical
      departure from the usual shank plus overwind structure becomes possible.
      In accordance with my invention, I provide an electrode having an open
      loop geometry which may be made of tungsten or of more easily formed
      material such as tantalum or tantalumtungsten alloy. My loop electrodes
      are lighter, smaller and cheaper than prior electrodes, they are more
      efficient electron emitters, they are geometrically more stable and less
      subect to deformation, and they are more easily and accurately
      pinch-sealed into fused silica envelopes.
PAR  A metal halide lamp embodying my invention in preferred form comprises open
      loop electrodes of tungsten wire mounted in the ends of a fused silica
      envelope with the axes of the loops normal to the interelectrode axis.
      Both legs or ends of the wire forming the loop may extend to and be
      attached to the foil forming part of the electrode inlead. The loop may be
      formed as a simple hairpin or may include one or more turns depending upon
      the desired current carrying capacity and temperature distribution. The
      pyrolytically decomposable metal halide contained in the lamp is thorium
      tetraiodide, and the lamp also contains mercury, sodium iodide, scandium
      triiodide and an inert starting gas such as argon.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  FIG. 1 is a side view of a metal halide lamp in which the arc tube is
      provided with loop electrodes embodying the invention.
PAR  FIG. 2 is a pictorial view to a larger scale showing one end of the arc
      tube with the loop electrode extending through the neck prior to pinching.
PAR  FIGS. 3 to 5 are pictorial views to a larger scale of a variety of loop
      electrodes embodying the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a metal halide lamp 1 of 400 watt size utilizing my improved
      loop electrodes. It comprises an outer glass envelope 2 containing a
      quartz or fused silica are tube 3 having conical ends 4,4' tapering down
      into small diameter necks 5,5'. The loop electrodes 6,6' embodying the
      invention are mounted in opposite ends of the arc tube with the loop
      portions proper located within the conical shoulder portions. The loop
      electrodes extend from inleads comprising intermediate molybdenum foils
      7,7' and outer inlead portions 8,8' through which current is conducted to
      the electrodes. The hermetic seals are made at the molybdenum foils 7,7'
      upon which the fused silica of the necks is pressed during the pinch
      sealing operation. Inlead portions 8,8' are connected by conductors 9,10
      to outer envelope inleads 11, 12 sealed through stem 13 of the outer
      envelope or jacket 2. The outer envelope inleads are connected to the
      contact surfaces of screw base 14 attached to the neck end of the
      envelope, that is to the threaded shell 15 and to the insulated center
      contact 16. The arc tube is supported within the outer envelope primarily
      by the metal straps 17,17' which wrap around the necks and which are
      attached respectively to conductor 9 and to a support member 18 which
      engages inverted nipple 19 at the dome end of the outer envelope.
PAR  My improved loop electrodes require that there be present in the arc tube
      as part of the vapor through which the discharge takes place a compound of
      a metal of low work function which is subject to pyrolytic decomposition
      and plating out on the electrodes. Further the compound must participate
      in a transport cycle such as a halogen transport cycle which continually
      returns to the electrode the low work function metal which is lost
      therefrom by vaporization or other processes. Materials which will serve
      this function are low work function metals which can be purified via the
      van Arkel process such as thorium tetraiodide ThI.sub.4, lanthanum
      triiodide LaI.sub.3, and uranium tetraiodide UI.sub.4.
PAR  In the preferred embodiment of the invention illustrated in FIG. 1, the arc
      tube contains a quantity of mercury which is substantially completely
      vaporized and exerts a partial pressure in the range of 1 to 15
      atmospheres during operation. In addition it contains metal iodides in
      excess of the quantities vaporized at the operating temperature which
      includes sodium iodide, scandium iodide, and thorium idodide. An inert
      rare gas at a low pressure, for instance argon at 25 torr, is included in
      the arc tube to facilitate starting and warm-up.
PAR  In operation, thorium iodide is decomposed by the heat of the arc and
      thorium metal condenses on the electrode surface. The arc originates from
      a hot spot which occurs at the front end of the loop close to the points
      where the interelectrode distance is least. A small molten pool of thorium
      is formed which erodes by evaporation but the supply of thorium is
      continually replenished by reason of the iodine transport cycle. In the
      cycle, iodine released by decomposition of thorium iodide at the electrode
      diffuses throughout the arc tube and reacts with thorium at the walls or
      at any other places where it may have condensed and reforms sodium
      tetraiodide. The sodium tetraiodide circulates through the arc tube in the
      vapor phase and decomposition thereof by the heat of the arc in the
      vicinity of the hot spot renews the supply of thorium on the electrode.
      This cyclic process returns to the cathode any thorium activator lost and
      results in an efficient long-lived cathode.
PAR  For a long-lived electrode, a steady state operating mode must be achieved
      wherein the amount of thorium evaporated from the electrode-arc interface
      is exactly balanced by the amount returned through pyrolytic decomposition
      of ThI.sub.4. The geometry of the loop electrode must be adjusted such
      that the temperature distribution in operation causes a substantial
      portion of the thorium in the lamp to be condensed at the front of the
      loop. The loop electrode may be analogized to a hairpin having at the end
      anywhere from one half turn up to any number of turns desired. Such a
      design splits the heat dissipated by the electrode structure into two
      approximately equal portions which are transported via thermal conduction
      into the seal area. The design also subjects the lateral surfaces of the
      wire to the erosion stresses which occur during life by contrast with the
      conventional shank plus overwind structure where the arc electrode
      interface usually attaches to the tip of the shank. I have found that my
      loop electrodes are dimensionally more stable than the shank plus overwind
      construction wherein the shank tends to slump down into the overwind coil.
PAR  The loop electrode permits a lightweight design as illustrated in FIGS. 2
      to 5. In FIG. 2 loop electrode 6a comprises a tungsten or a thoriated
      tungsten wire formed into a 1-1/2 turn loop 21 with both ends or legs of
      the wire welded to molybdenum foil 7. The electrode is shown in place for
      pinch sealing within the neck 5 of a fused silica envelope 3. The turns 21
      are so dimensioned that the electrode can be inserted with enough
      clearance to avoid binding through the small diameter neck 5 as
      illustrated. When inserted, the electrode is supported by the neck and the
      wire loop structure is so light that it is supported by the foil without
      any distortion taking place. To make the seal, the silica neck 5 is heated
      to the softening point while an inactive gas is caused to flow through it
      to prevent oxidation of the metal parts. A pair of jaws then closes upon
      the neck in the region of the foil to press the silica into wetting
      contact with the foil and thereby achieve a hermetic seal. Alternatively
      the seals may conveniently be made by vacuum shrinking.
PAR  In FIG. 3 loop electrode 6b comprises a tungsten wire 22 formed to a
      half-turn or simple hairpin shape and having both legs welded to
      molybdenum foil 7.
PAR  In FIG. 4 loop electrode 6c comprises a tungsten wire formed to a
      three-turn loop 23 and again having both ends or legs welded to a
      molybdenum foil 7. In all the loop electrode designs of FIGS. 2 to 4 the
      heat dissipation is split by the two leg portions for conduction into the
      seal area.
PAR  In FIG. 5 a loop electrode 6d is illustrated as a variant of the invention
      wherein the entire electrode including the inlead portion is made from a
      single piece of tungsten wire. A single loop 24 is formed in one end of
      the wire which is twisted and locked upon itself at 25. An intermediate
      foliated portion 26 for sealing into silica is formed by rolling or
      swaging the wire. The single piece electrode of FIG. 5 does not have heat
      conduction by two legs into the seal area and must be differently
      proportioned for an equivalent heat balance. In other respects it operates
      in the same fashion as the electrodes illustrated in FIGS. 2 to 4.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A metal halide vapor arc lamp comprising:
PA1  a fused silica envelope;
PA1  an ionizable filling within said envelope comprising mercury, an inert
      starting gas and metal halide including at least one pyrolytically
      decomposable metal halide of low work function capable of serving as
      activator of a higher work function refractory metal to promote electron
      emission therefrom;
PA1  and electrodes sealed into opposite ends of said envelope, said electrodes
      being of refractory metal wire formed into open loops with their axes
      normal to the inter-electrode axis, said lamp operating with a temperature
      distribution permitting condensation of metal from said pyrolytically
      decomposable metal halide on said electrodes.
NUM  2.
PAR  2. A lamp as in claim 1 wherein each electrode comprises a refractory metal
      wire formed into at least a half turn open loop at its forward end and
      having the legs extending from said loop attached to a foliated conductor
      which is pinch-sealed into an end of the envelope.
NUM  3.
PAR  3. A lamp as in claim 1 wherein each electrode comprises a refractory metal
      wire formed into at least one full turn open loop at its forward end and
      having the legs extending from said loop attached to a foliated conductor
      which is pinch-sealed into an end of the envelope.
NUM  4.
PAR  4. A lamp as in claim 1 wherein the pyrolytically decomposing metal halide
      is a low work function metal which can be purified by the van Arkel
      process.
NUM  5.
PAR  5. A lamp as in claim 1 wherein the pyrolytically decomposing metal halide
      is selected from the group consisting of thorium tetraiodide, lanthanum
      triiodide, uranium tetraiodide and mixtures thereof.
NUM  6.
PAR  6. A lamp as in claim 1 wherein each electrode is formed by a refractory
      metal wire shaped into an open loop at its forward end and into a foliated
      portion at an intermediate point which is pinch-sealed through an end of
      the envelope.
NUM  7.
PAR  7. A metal halide vapor arc lamp comprising:
PA1  a fused silica envelope;
PA1  an ionizable filling within said envelope comprising a quantity of mercury
      which is substantially totally vaporized in operation, sodium iodide,
      scandium triiodide and thorium tetraiodide in excess of the quantities
      vaporized, and an inert starting gas;
PA1  and electrodes mounted in opposite ends of said envelope, said electrodes
      being of tungsten wire formed into open loops attached to inleads
      including thin sealing foil portions, said foil portions being
      pinch-sealed through narrow necks in the ends of said envelope and
      supporting said electrodes with the axes of the loops normal to the
      inter-electrode axis, said lamp operating with a temperature distribution
      causing condensation of thorium on the electrodes where it serves as
      activator and where the supply is continually replenished by a transport
      cycle involving decomposition of thorium tetraiodide in the hotter regions
      of the envelope and reaction of released iodine and condensed thorium in
      the cooler regions to reform thorium tetraiodide.
NUM  8.
PAR  8. A lamp as in claim 7 wherein each electrode comprises a refractory metal
      wire formed into at least a half turn open loop at its forward end and
      having the legs extending from said loop attached to the sealing foil
      portion of the inleads.
NUM  9.
PAR  9. A lamp as in claim 7 wherein each electrode comprises a refractory metal
      wire formed into at least one full turn open loop at its forward end and
      having the legs extending from said loop attached to the sealing foil
      portion of the inleads.
NUM  10.
PAR  10. A lamp as in claim 7 wherein each electrode comprises a refractory
      metal wire shaped into an open loop at its forward end and into a foliated
      portion at an intermediate point to form the inlead sealing foil portion.
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ABST
PAL  The present invention relates to apparatus for generating electric signals.
      Basically, the disclosed apparatus comprises a cathode-ray-type tube
      wherein the electron-beam sweeps across an especially designed
      electron-receptor. By suitable design of the receptor in conjunction with
      the beam-deflecting signal, the disclosed apparatus generates many desired
      output signals.
BSUM
PAC  BACKGROUND
PAR  In the electronics art, there is frequently a need for electric signals
      having specific variations with respect to time; and there are a number of
      different ways for "generating" such signals. Most such signal generators
      are all electronic circuitry; but all electronic-circuit signal generators
      have many inherent problems -- especially in the generation of complex
      electric signals -- these problems including circuit complexity; high
      cost; relative inefficiency -- due to waveshaping, clipping, drift, etc.
PAC  OBJECTIVES AND DRAWINGS
PAR  It is, therefore, the principal objective of the present invention to
      provide an improved signal generator.
PAR  It is another objective of the present invention to provide an improved
      signal generator adapted to produce complex electric signals.
PAR  It is still another objective of the present invention to provide an
      improved signal generator by utilizing a cathode-ray-tube type of
      structure.
PAR  It is a further objective of the present invention to provide an improved
      signal generator adapted to function as an analog-to-digital converter.
PAR  It is a still further object of the present invention to provide an
      improved signal generator adapted to convert one electric signal to
      another form.
DRWD
PAR  The attainment of these objectives and others will be realized from a study
      of the following specification, taken in conjunction with the drawings, of
      which:
PAR  FIG. 1 shows a simplified over-all schematic representation of the subject
      signal generator;
PAR  FIG. 2 shows a post-type electron receptor;
PAR  FIG. 3 shows one type of electric signal that may be generated by the
      electron receptor of FIG. 2;
PAR  FIG. 4 shows a volumetric type of electron receptor;
PAR  FIG. 5 shows one type of electric signal that may be generated by the
      receptor of FIG. 4;
PAR  FIG. 6 shows an opposed complementary type electron receptor;
PAR  FIG. 7 shows one type of electric output signal that may be generated by
      the receptor of FIG. 6;
PAR  FIG. 8 shows a multi-layer type of electron receptor;
PAR  FIG. 9 shows one type of electric signal that may be generated by the
      electron receptor of FIG. 8;
PAR  FIG. 10 shows a thin-film type of electron receptor;
PAR  FIG. 11 shows one type of electric signal that may be generated by the
      electron receptor of FIG. 10;
PAR  FIG. 12 shows a type of electron receptor having all points of its front
      surface substantially equi-distant from the electron gun;
PAR  FIG. 13 shows one type of electric signal that may be generated by the
      electron receptor of FIG. 12;
PAR  FIG. 14 shows a stepped volumetric electron receptor;
PAR  FIG. 15 shows one type of electric signal that may be generated by the
      electron receptor of FIG. 14;
PAR  FIG. 16 shows two of the disclosed signal generators connected in a
      push-pull arrangement for generating synchronized electric signals.
DETD
PAC  SYNOPSIS
PAR  Broadly stated, the disclosed cathode-ray type tube comprises an electron
      receptor that is positioned so as to be impinged upon by the sweeping
      electron beam. The receptor is "resistance-configurated"; that is, it has
      a resistance characteristic that depends upon the point at which the
      electron beam impinges onto the electron receptor. The flow of electrons
      through the resistive receptor produces electric signals that vary in
      amplitude with the sweeping action of the electron beam. In this way, the
      disclosed signal generator is enabled to produce complex electric signals.
PAC  INTRODUCTION
PAR  The Cathode Ray Tube
PAR  In order to clarify the operation of the disclosed signal generator, it is
      desirable to first clarify the operation of a cathode ray tube; and FIG. 1
      shows a schematic representation of the subject signal generator 10. Here,
      the signal generator 10 comprises an evacuated envelope or "tube" 11
      (usually of glass) that has an "electron gun" 12 positioned at one end
      thereof, for producing a stream or a beam 13 of preferably collimated
      electrons. Electron guns and collimating means are well known to those
      skilled in the cathode-ray-tube art; these electron guns usually
      comprising a heated material for emitting electrons that are formed into
      the desired collimated electron beam by any of a number of collimating
      means -- such as magnetic fields, electrostatic fields, ceramic ring
      magnets, and the like.
PAR  It is usually desirable, in a cathode-ray-tube, to move (or "deflect") the
      electron beam 13 in such a manner that it "sweeps" across a target; and
      this electron beam movement is usually produced by one or more (usually a
      pair) of "deflection elements", such as plates 14 to which a "deflection
      signal" is applied.
PAR  The deflecting -- or sweeping -- action of the electron beam 13 will be
      better understood when it is recalled that the electrons carry a negative
      electric charge; so that when a positive deflection signal is placed on
      one of the deflection plates 14, the electron beam 13 is attracted towards
      that deflection plate; and when a negative deflection signal is placed on
      one of the deflection plate, the electron beam 13 is repelled. Usually, a
      positive deflection-signal is placed on one deflection plate 14, and a
      negative deflection signal is simultaneously placed on the other
      deflection plate 14 -- so that the two oppositely-poled deflection signals
      act in a "push-pull" manner to provide improved deflection of the electron
      beam 13.
PAR  As the deflection signals applied to the deflection plates 14 are changed
      in strength and in polarity, the electron beam is deflected in a
      corresponding manner; so that suitable deflection signals cause the
      electron beam 13 to sweep across a target located in the cathode-ray-tube.
PAR  In FIG. 1, the deflection plates 14 are such that they cause the electron
      beam 13 to sweep back and forth in a single plane; but many, in fact most,
      cathode-ray-tubes have an additional set of deflection plates to produce a
      sweeping action in a second -- usually perpendicular -- plane. Thus, by
      suitable choice of deflection plates and deflection signals, the electron
      beam 13 may be swept in a horizontal plane, in a vertical plane, or in a
      combination of planes that produce two-dimensional sweep patterns.
PAR  A "collector electrode" 16 coacts with the electron gun 12 to establish an
      electrostatic field that accelerates the electrons from the gun 12 to the
      collector 16; and the electrons flow out of the tube along a collector
      wire 17.
PAR  It is well known that if a high velocity electron beam is used, its
      impingement upon a target may cause the emission of "secondary electrons"
      that could inadvertently form part of the output signal. Since this is a
      well known phenomenon, there are a number of well known solutions that are
      used in conventional vacuum tubes. Therefore, secondary-emission electrons
      do not introduce any problem in the present invention.
PAR  Under certain conditions, it may be desirable to include various components
      (not shown) that improve the action of beam collimation; and to enclose
      the tube in a metal shield 18 for the purpose of protecting it from
      external electric and/or magnetic fields.
PAR  Electric Signals
PAR  One of the easiest electric signals to generate electronically is that
      known as a "sinusoidal", or "sine" waveform; so that sine-waveform
      generators are readily available. If such a sine waveform is applied as a
      deflection signal to the deflection plates 14 of FIG. 1, it causes the
      electron beam 13 to sweep cyclically back and forth -- as indicated by the
      double-ended curved arrow 19.
PAR  Another type of electric signal is known as a "sawtooth" waveform; and this
      waveform has the advantage that, when used as a deflecting signal, it
      causes the electron beam to be deflected "linearly" with respect to time.
      This sawtooth waveform is somewhat more difficult to generate; and it will
      be shown later that the disclosed signal generator may be readily adapted
      to produce such a sawtooth waveform.
PAR  Other electric signals, or portions of the above, may at times be desired
      for special types of beam-deflection.
PAC  DISCLOSURE
PAR  The Electron Receptor (I)
PAR  As indicated in FIG. 1, the electrons that form the electron beam 13
      traverse the length of the cathode-ray-tube, and impinge onto the front
      surface of an electron receptor 21. Here the electrons flow longitudinally
      through the receptor 21 to the previously described collector electrode
      16, positioned contiguously with the back surface of the receptor and flow
      out of collector wire 17 -- to form an electic output signal. The front
      surface/back-surface direction of the receptor defines the longitudinal
      direction, which conforms with the longitudinal direction of the cathode
      ray tube.
PAR  As will be discussed later, the number of electrons that flow through the
      electron receptor 21 varies; and these variations in the electron-flow
      produces a varying electron current that forms an output electric signal.
      For reasons that will become apparent later, the electron receptor 21 will
      be designated as being "resistance configurated."
PAR  It will be recalled from the foregoing description -- and from FIG. 1 --
      that the electron beam 13 sweeps across, and impinges on the electron
      receptor 21; and attention is now directed to FIG. 2, which illustrates an
      electron receptor 21a formed of two sets of insulated resistive posts 22a
      and 22b of resistive material such as the compounds that are used for
      making composition resistors.
PAR  In FIG. 2, the solid-line representation of electron beam 13 is illustrated
      as impinging upon the front surface of a long resistive post 22a; so that
      the electrons flowing through post 22a to collector 16 encounter an
      appreciably high electric resistance path -- to form a low-amplitude
      output electric current.
PAR  Under the influence of the deflection system discussed above, the electron
      beam may be deflected to the position indicated by the dotted line
      representation 13' of the electron beam in FIG. 2. Now the electrons
      impinge upon the front surface of a short resistive post 22b; so that the
      electrons flowing longitudinally through the short resistive post 22b
      encounter a smaller electric resistance path -- to form a larger amplitude
      output current.
PAR  It will be noted that the value of the instantaneous resistive path depends
      upon the point of impingement of the electron beam 13 on the target 21
      that is, the front-to-collector electric resistance of the target varies
      along the area presented to the electron beam, thus forming a
      resistance-configurated receptor.
PAR  Thus, as the electron beam 13 sweeps across the resistance configurated
      receptor 21a of FIG. 2, the electron beam 13 alternately impinges onto the
      front surfaces of long and short resistive posts 22a and 22b. The
      resistance configuration formed by posts 22 causes the resultant output
      signal to vary as indicated at 23 of FIG. 3, to generate a "square"
      waveform electric signal.
PAR  Alternatively, it may be desirable that the resistive posts 22a and 22b be
      of the same length; and, in this case, the same output waveform 23 of FIG.
      3 may be achieved by forming one set of the resistive posts of a different
      material -- and thus of a different resistance -- than the other set.
PAR  It will be realized that by using a deflecting signal of suitable
      frequency, the output signal 23 of FIG. 3 may have any desired repetition
      rate. Moreover -- by suitably pre-determining the length and number of the
      resistive posts 22a and 22b, the strength of the electron beam 13, and
      other factors of the cathode-ray-tube -- the amplitude of the output
      signal 23 may be made as large or as small as desired, or may have unequal
      pulses. In some cases, the characteristics of the desired output signal
      and/or of the deflecting signal, may require that the diameters or other
      cross sections of the receptor posts may have to differ from each other
      for extremely precise or special outputs. In this way, the disclosed
      signal generator may generate a relatively complex square waveform,
      rectangular waveform, or the like.
PAR  It may be understood that the receptor is resistance configurated to
      provide different and diverse-valued resistance paths for the electrons as
      they traverse the receptor, and flow toward the collector electrode 16.
PAR  The Electron Receptor (II)
PAR  As pointed out above, there is frequently a need for a sawtooth waveform;
      and this waveform is usually generated electronically by repeated
      amplifying and clipping a sinusoidal waveform, by charging a capacitor, or
      by other relatively complex techniques.
PAR  Such a sawtooth waveform is readily generated by the subject invention as
      follows. Referring now to FIG. 4, it will be seen that in this case, the
      receptor 21b takes the form of a volumetric wedge of resistive material.
      When the electron beam 13 impinges as indicated by the solid-line
      representation of FIG. 4, the electrons flow longitudinally from the point
      of impingement to the collector electrode 16; and the high electric
      resistance between the impingement point of the receptor 21b and the
      collector 16 provides a low-amplitude output current; whereas, when the
      electron beam 13' is deflected to impinge as indicated by the dotted line
      13', the low electrical resistance between the impinged portion of the
      receptor 21b and the collector 16 provides a high amplitude output
      current.
PAR  Thus, the resistance configurated volumetric receptor 21b provides
      different and diverse valued resistive paths for the electron flow as the
      electrons traverse the receptor, and flow to the collector. In this way,
      the resistance configurated receptor 21b causes the disclosed signal
      generator to produce a relatively complex ramp-type output sawtooth signal
      indicated at 24 of FIG. 5.
PAR  Here too, it will be noted that the value of the front-to-back resistive
      paths between the point of electron impingement and the collector 16
      depends upon the point of impingement and the resistive configuration of
      the electron receptor. Because of the use of the volumetric wedge, rather
      than the use of insulated posts, it is possible to continuously vary the
      resistance configuration of the receptor 21b in order to obtain a precise
      linear signal 24.
PAR  FIG. 6 shows an electron receptor 21c that may be used for producing a
      repetitive ramp-type signal; the composite electron receptor 21c
      comprising two oppositely sloping but similar electron receptors 21b in an
      opposed complementary relationship. The electron beam 13 is deflected in
      an elliptical path 25 -- as by means of a second pair of deflection
      plates, as discussed above.
PAR  The resultant output waveform of the resistance configurated electron
      receptor 21c is indicated in FIG. 7.
PAR  The Electron Receptor (III)
PAR  FIG. 8 shows another receptor 21d; and here the electron beam 13 is
      normally positioned at the center of the receptor 21d, as by suitably
      biasing the deflection system. A more positive deflection signal moves the
      electron beam 13 in one direction; whereas a less-positive (or negative)
      deflection signal moves the electron beam 13 in the opposite direction.
PAR  As indicated in FIG. 8, the receptor 21d is illustrated to be composed of
      layers of different valued resistive material; and if desired, the
      receptor 21d may be non-symmetrical. Here too, the resistive configuration
      provides different and diverse-valued resistive paths for the electrons as
      they flow through the receptor 21d to the collector 16; the front-to-back
      resistive values depending upon the point of impingement of the electron
      beam onto the receptor.
PAR  A typical complex output signal 26 of this multi-layered resistance
      configurated receptor as established by the various layers and deflection
      of electron beam 13, is indicated in FIG. 9.
PAR  The Electron Receptor (IV)
PAR  It has been pointed out that the present invention uses the concept of a
      resistance configurated receptor that may take any of a number of forms.
      Another form of the receptor may utilize thin film techniques, it being
      known that thin films of desired resistance may be formed on a desired
      surface.
PAR  FIG. 10 shows a receptor 21e using a thin resistive film 27 that has its
      resistance varied across the width thereof. When the electron beam 13
      impinges near one edge of the film 27 -- as indicated by the solid line
      representation, 13 the electrons flow transversely relative to the
      longitudinal direction of the target through the thin film 27 to the
      collector 16a; and the low transverse electrical resistance of the film 27
      produces a high amplitude output signal, whereas when the electron beam
      impinges near the other edge of the film 27, as indicated by the dotted
      line --13'-- the high transverse electrical resistance of the film 27
      produces a low amplitude output signal. Thus, the
      front-surface-to-collector electric resistance of the receptor also varies
      along the area presented to the electron beam.
PAR  A typical output current waveform is shown at 28 of FIG. 11; but it may
      obviously take a much more complex form.
PAR  The Electron Receptor (V)
PAR  Under some conditions, it may be desirable that the electron receptor
      provide an impingement surface substantially equi-distant from the
      electron gun; and this result may be achieved by the type of receptor 21f
      shown in FIG. 12. Here, the receptor 21f is volumetrically configurated in
      such a manner that it has desired resistance paths while still providing
      an equi-distant front surface to the source of the impinging electron beam
      13 -- as indicated by the radii "R". The back-surface collector 16b may be
      correspondingly configurated to produce a flat rear surface, where this is
      desired.
PAR  A typical simplified output waveform is indicated at 29 of FIG. 13.
PAR  The Electron Receptor (VI)
PAR  There are times when a "staircase waveform" is desired; and the present
      invention generates such a waveform by using a receptor configuration 21g
      illustrated in FIG. 14. As the electron beam 13 sweeps across the receptor
      21g, the resistance configuration thereof produces resistive paths that
      generate the complex staircase waveform 30 illustrated in FIG. 15.
PAR  This same receptor 21g, or a modification thereof, may be used to convert
      an input "analog" signal to an output "digital" signal; that is, when the
      input signal varies in amplitude -- and thus selectively positions the
      electron beam 13 -- the output signal varies in a correspondingly
      step-like manner that is characteristic of a digital representation.
      Alternatively, the input deflection signal may be of the digital step-like
      type; and a suitably resistance configurated receptor may produce analog
      output signals.
PAR  Additional Uses
PAR  In electronic circuitry, there are many times when a plurality of signals
      are required; with the additional requirement that the various signals be
      synchronized. In the past, this has required circuitry that included
      timing and synchronizing signals -- and these have usually produced
      additional circuit complications.
PAR  The partial illustration of FIG. 16 shows how the subject invention solves
      this problem of generating synchronized signals. Here, two of the
      disclosed signal generators 10a and 10b are connected in the well known
      "push-pull" arrangement. In this circuit, operating power is applied to
      the two signal generators 10a and 10b in the well known manner; and the
      deflection electrodes, indicated to be magnetic deflection coils 32, of
      the separate signal generators 10a and 10b are connected to opposite sides
      of a deflection signal source 31. Thus, electron beams 13 of the two
      signal generators 10a and 10b are activated simultaneously, by the same
      deflection signal; so that the output signals of the signal generators 10a
      and 10b are synchronized -- even though their separate output signals may
      be entirely different from each other, due to the use of different
      electron receptor configurations.
PAR  It should be noted that the disclosed push-pull arrangement does not
      require a phase splitter for its operation.
PAR  The disclosed signal generator may also be used as a "mixer", by applying
      different input signals to the separate deflection electrodes. Referring
      back to FIG. 1, it will be noted that when the two input signals are of
      opposite polarity, each acts to deflect the electron beam in the same
      direction -- thus adding their instantaneous values. On the other hand,
      when both of the input signals are of the same polarity, each acts to
      deflect the electron beam in the opposite direction -- thus subtracting,
      or "mixing" their instantaneous values.
PAR  As a result of this signal mixing, the instataneous position of the
      electron beam 13 corresponds with the instantaneous values of the two
      input signals; and the receptor 21 thus produces an output signal in
      accordance with the instantaneous input signals, and with its resistive
      configuration.
PAR  It is well known that "switching" signals are frequently desired; that is,
      the signal should have two levels -- one of which may represent an ON
      state and the other of which may represent an OFF state. A resistive
      configuration similar to that of FIG. 2 (or of FIG. 14) may be used to
      generate multi-level switching signals.
PAR  When the electron beam 13 is in the illustrated solid-line position of FIG.
      2, one signal level is produced; whereas when the electron beam is in the
      illustrated dotted-line position, 13' another signal level is produced --
      this two post configuration corresponding to a single-pole single-throw
      switch.
PAR  By using three adjacent posts, the apparatus acts as a single-pole,
      double-throw switch; and the neutral position may be selected to be ON or
      OFF by selecting the proper combination of resistive posts, or by
      selecting the proper neutral position of the electron beam.
PAR  By using five adjacent posts arranged in the form of a plus sign, and by
      using a second pair of deflection plates, the electron beam may be
      positioned to impinge onto any of the five posts. Thus, the present
      invention may serve as a single-pole four-throw switch. Other more complex
      switching arrangements are also possible.
PAR  While the foregoing discussion has been presented in terms of relatively
      simple electric signals, it is obvious that by suitable design of the
      resistance configuration of the electron receptor and of the deflecting
      signals, more complex electric signals may be generated.
PAR  As indicated above, the electron beam may be caused to vary in a
      one-dimensional pattern by the use of suitable deflection plates and
      signals; but more complex output signals may be generated by using a
      two-dimensional resistive configurated receptor and suitable deflection
      plates and signals.
PAR  It was pointed out above that the present invention can generate a wide
      variety of output signals by using suitable deflection signals and
      resistance configurated electron receptors. It should also be noted that
      the disclosed signal generator may be designed in such a way that its
      output signal is an amplified version of its deflection, or input, signal.
PAR  This amplifier effect is achieved as follows. Referring back to the types
      of electron receptors of FIGS. 4, 8, 10 and 12, it is apparent that the
      disclosed signal generator may be designed in such a way that the electron
      beam is normally positioned at the center portion of the electron
      receptor. If now, the electron beam is deflected in one direction (say to
      the right), the amplitude of the output signal will be varied (say
      increased); whereas if the electron beam is deflected in the opposite
      direction, the amplitude of the output signal will be decreased.
      Therefore, if the deflection signal were a sine-wave-form that causes the
      electron beam to oscillate cyclically, the output signal increases and
      decreases cyclically; and the resistance configuration of the electron
      receptor may be such that the output signal is also a sine-waveform.
      Moreover, by suitable selection of the strength of the electron beam and
      of the actual resistance of the electron receptor, the sine-waveform
      output signal may be made much larger than the input signal. Suitable
      resistance gradients of the electron receptor assure that the output
      signal has the desired proportions.
PAR  Similarly, if the deflection signal were a square waveform, the output
      signal may be an amplified square wave. In a like manner, the disclosed
      signal-generator may amplify other input signals.
PAC  SUMMARY
PAR  The present invention has many advantages over prior-art signal generators.
PA1  First of all, it is relatively simple.
PA1  It does not vary or age with time.
PA1  It produces constant and consistent results.
PA1  It may be quite small and compact.
PA1  It requires only very simple electric signals for its operation.
PA1  It requires minimal or no maintenance.
PA1  It uses simple well known principles.
PA1  It is long lived.
PA1  And, finally, it generates electric signals that may be quite complex.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a cathode-ray tube having means for producing an
      electron beam, means for deflecting said electron beam, and a collector
      electrode for collecting the electrons of said electron beam, the
      improvement comprising:
PA1  a resistance configurated electron receptor positioned to be impinged upon
      by said electron beam as said electron beam is deflected by said
      deflection means;
PA1  the resistance of said resistance-configurated electron-receptor varying
      longitudinally along the area presented to the electron beam, being
      adapted to produce an output signal corresponding to a desired waveform;
PA1  said electron-receptor being a unitary structure of resistive material,
      having a front surface onto which said electron beam impinges, and having
      a back surface;
PA1  the front-surface/back-surface direction defining the longitudinal
      direction of said electron-receptor;
PA1  the entire back-surface of said electron-receptor being in electrical
      contact with said collector-electrode.
NUM  2.
PAR  2. The invention of claim 1, wherein said resistance-configurated receptor
      comprises resistive material configurated to provide a plurality of
      resistive paths for electrons resulting from said electron beam as said
      electrons traverse said receptor, and flow longitudinally to said back
      surface.
NUM  3.
PAR  3. The invention of claim 2, wherein the front-to-back values of said
      resistive paths varies along the area of impingement of said deflected
      electron beam on said receptor, and the electrons resulting from said
      electron-beam leave said electron receptor at said back surface.
NUM  4.
PAR  4. The invention of claim 3, wherein said resistive configuration of said
      receptor provides diverse resistive paths in said longitudinal direction.
NUM  5.
PAR  5. The invention of claim 3, wherein said resistive configuration comprises
      a plurality of electrically resistive posts.
NUM  6.
PAR  6. The invention of claim 3, wherein said resistive configuration
      electron-receptor comprises a multi-layer resistive configuration.
NUM  7.
PAR  7. The invention of claim 3, wherein said resistive configuration
      electron-receptor comprises a front surface that is struck by said
      electron beam, said front surface having a curvature placing all areas of
      said front surface substantially equi-distant from said electron beam
      producing means;
PA1  said front-to-back resistive values varying to compensate for said
      curvature.
NUM  8.
PAR  8. The invention of claim 3, wherein said resistive configuration
      electron-receptor comprises a stepped volumetric arrangement of resistive
      material.
NUM  9.
PAR  9. The invention of claim 3, wherein said resistive configuration
      electron-receptor comprises a volumetric arrangement of resistive
      material.
NUM  10.
PAR  10. The invention of claim 9, wherein said resistive configuration
      comprises a volumetric wedge-like arrangement of resistive material, said
      wedge-like arrangement having a front surface onto which said
      electron-beam impinges, and having a back surface from which the electrons
      of said electron-beam leave said electron-receptor.
NUM  11.
PAR  11. The invention of claim 9, wherein said resistive configuration
      comprises two similar volumetric wedge-like arrangements of resistive
      material positioned in an opposed complementary relationship, each of said
      wedge-like arrangements having a front surface onto which said
      electron-beam impinges, and having a back surface from which the electrons
      of said electron-beam leave said electron-receptor.
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ABST
PAL  A low-pressure mercury vapour discharge lamp provided with a luminescent
      coating comprising three luminescent materials each emitting in a narrow
      spectral range. The first material has an emission band with a maximum
      between 430 and 490 nm; the second material has its emission in the range
      520-565 nm; the third material emits in the range 590-630 nm. The second
      material is defined by one of the formulas:
PA1  A. Ce.sub.1-x-y La.sub.x Tb.sub.y MgAl.sub.11 O.sub.19
PA1  b. (Ce.sub.1-x-y La.sub.x Tb.sub.y).sub.2 O.sub.3.nAl.sub.2 O.sub.3
PAL  The first material is preferably chosen from
PA1  C. A.sub.1-p Eu.sub.p Mg.sub.2-q Mn.sub.q Al.sub.16 O.sub.27
PA1  d. B.sub.5.5-x Eu.sub.x Mg.sub.6-y Mn.sub.y Al.sub.55 O.sub.94
PAL  (a and B are barium and/or strontium).
BSUM
PAR  The invention relates to a low-pressure mercury vapour discharge lamp
      having an envelope containing a quantity of mercury and a quantity of rare
      gas and provided with electrodes, between, which the discharge takes place
      during operation, and with a luminescent coating which upon excitation by
      ultraviolet radiation generated in the mercury vapour discharge emits
      visible light. More particularly the invention relates to such a lamp
      intended for general illumination purposes whose colour temperature of the
      emitted radiation has a value of between 2300 and 8000 K and with which
      both a high luminous flux and a satisfactory colour rendition is obtained.
PAR  In a recent Article by M. Koedam and J. J. Opstelten in "Lighting Research
      and Technology", Vol. 3 No. 3 (1971) page 205 it is shown that a
      satisfactory rendition of the colours of an object can be obtained by
      illuminating the object with radiation whose spectral distribution
      consists of three spectral lines. In this connection a satisfactory colour
      rendition is understood to mean that the general colour rendering index Ra
      (see the publication C.I.E. No. 13, 1965 of the Commission Internationale
      de l'Eclairage) has a high value of for example 80 or more. To achieve
      this satisfactory colour rendition the spectral lines must be located
      within three specific spectral ranges, namely one line in the blue part of
      the spectrum between 455 and 485 nm, one line in the green part of the
      centrum between 525 and 560 nm and one line in the red part of the
      spectrum between 595 and 620 nm. The optimum location of each line in the
      spectral ranges is determined by the desired colour temperature of the
      radiation, on the understanding that with decreasing values of the colour
      temperature the optimum location of the three spectral lines is found at
      longer wavelengths in the three ranges. By suitable choice of the location
      of the three spectral lines values of the colour temperature of
      approximately 6800 and 2300 K can be achieved as is apparent from the
      Article by Koedam and Opstelten, where in all cases the colour rendering
      index has a value of 79 or more.
PAR  It is quite desirable to use the above-mentioned principle of a radiation
      source emitting in three spectral lines in practical lamps because then a
      satisfactory colour rendition in combination with a high luminous flux can
      be realized. A luminous flux is obtained which is larger than that of
      known lamps having a satisfactory colour rendition and a continuous
      spectral distribution of the emitted radiation. The practical use is, for
      example, possible in low-pressure mercury vapour discharge lamps provided
      with luminescent materials exhibiting the desired emissions.
PAR  When using luminescent materials in a low-pressure mercury vapour discharge
      lamp for the envisaged object the fact is to be taken into account that
      most luminescent materials do not exhibit line emission. Many of such
      materials emit in a broadened line or in a band. It is alternatively
      possible for a luminescent material to emit in a group of lines which
      together can form an emission band, in a plurality of line groups or in a
      plurality of emission bands. It has been found that also with such
      spectral distributions deviating from the line shape a satisfactory colour
      rendition is possible. A condition is then, however, that there is no or
      only little overlap between the emissions in the three above-mentioned
      spectral ranges. One requirement is that the materials luminescing in the
      green and red ranges have their emission mainly in the wavelength range
      between 520 and 565 nm and between 590 and 630 nm, respectively, i.e. at
      least 50% of the radiation energy emitted by these materials is found in
      the said ranges. For the material emitting in the blue range materials
      having a band emission are mainly available in practice; for these
      materials the requirement holds that the half value width of the emission
      band (that is to say, the width of the band measured at a radiation
      intensity which is 50% of the maximum intensity) is less than 100 nm.
PAR  In the choice of the luminescent materials to be used the following factors
      play a role: spectral distribution and colour point of the emitted
      radiation, the conversion efficiency of the exciting ultraviolet radiation
      into visible radiation, the application resistance and the decline in the
      lamp. Application resistance is understood to mean the ability of the
      luminescent material to maintain the luminescent properties, particularly
      the efficiency when it is provided and processed in a lamp. Decline in the
      lamp is understood to mean the decrease in the luminous flux of the
      luminescent material during the life-time of the lamp.
PAR  For the material luminescing in the green range a choice may be principally
      be made from a number of known luminescent materials. Notably the
      materials activated by bivalent manganese or by terbium are suitable.
      Netherlands Patent application No. 7109983 describes as the most important
      green luminescing material for the envisaged object willemite (zinc
      silicate activated by bivalent manganese: Zn.sub.2 SiO.sub.4 :Mn) which
      material has a high efficiency. The use of manganese-activated magnesium
      gallate (MgGa.sub.2 O.sub.4 :Mn) or manganese-activated magnesium gallate
      aluminate (Mg(Ga,Al).sub.2 O.sub.4 :Mn) is alternatively feasible which
      materials have comparable properties, but are relatively expensive.
PAR  The use of willemite has a number of disturbing drawbacks. This material
      gives rise to an unstable lamp behaviour as a result of the frequently
      very high decline in the luminous flux during the lifetime of the lamp and
      also as a result of a non-optimum and a poorly reproducible application
      resistance. Lamps comprising willemite may therefore exhibit a very
      troublesome colour variation of the emitted radiation during the lifetime.
      Furthermore it is found that the emission of willemite is too shortwaved
      so that a satisfactory colour rendering index particularly at low colour
      temperatures is not verywell possible.
PAR  An object of the invention is to provide a lamp acoording to the
      above-mentioned principle which comprises a material luminescing in the
      green spectral range with a high efficiency and with which the drawbacks
      of the use of the known willemite can be obviated. Furthermore it is an
      object of the invention to provide such combinations of luminescent
      materials for these lamps that colour temperatures of the emitted
      radiation in the entire range from 2,300 to 8,000 K can be achieved.
PAR  A low-pressure mercury vapour dischargelamp according to the invention has
      a vacuum tight sealed radiation transmitting envelope comprising a
      quantity of mercury and a quantity of rare gas and provided with
      electrodes between which the discharge takes place during operation, and a
      luminescent coating comprising three luminescent material, the first
      material having an emission band with a maximum in the wavelength range
      between 430 and 490 nm and a half value width of less than 100 nm, the
      second material having its emission mainly in the wavelength range between
      520 and 565 nm and the third material having its emission mainly in the
      wavelength range between 590 and 630 nm and is characterized in that the
      second luminescent material is activated by terbium and is defined by one
      of the formulas:
EQU  a. Ce.sub.1-x-y La.sub.x Tb.sub.y MgAl.sub.11 O.sub.19      A.
EQU  b. (Ce.sub.1-x-y La.sub.x Tb.sub.y).sub.2 O.sub.3.nAl.sub.2 O.sub.3, B.
PAL  in which
PA1  0 .ltoreq. .times. .ltoreq. 0.50
PA1  0.20 .ltoreq. y  .ltoreq. 0.50
PA1  x+y .ltoreq. 0.90
PA1  10 .ltoreq. n .ltoreq. 12
PAL  and in which up to a maximum of 25 at% of aluminium may be replaced by
      gallium and/or scandium and magnesium may be entirely or partly replaced
      by zinc and/or beryllium.
PAR  The materials to be used according to the invention for the green emission
      have a very high efficiency which is comparable with or is even higher
      than that of willemite. These materials have an aluminate fundamental
      lattice with a crystal structure which is analogous to that of hexagonal
      magnetoplumbite and are further described in the Netherlands Patent
      applications 7214862 (formula (a)) and 7216765 (formula (b)) not published
      yet. The said green luminescing aluminates have not only a high efficiency
      but also a very satisfactory application resistance and a very low decline
      of the luminous flux in the lamp.
PAR  A great advantage of the use of the green luminescing aluminates proposed
      for lamps which emit in the three said spectral ranges is that very low
      colour temperatures (as from approximately 2300 K) of the radiation
      emitted by the lamp can be achieved while maintaining high values of the
      colour rendering index. The use of willemite in such lamps yields an
      unsatisfactory colour rendition at low colour temperatures because the
      emission of willemite as already stated hereinbefore, is too shortwaved.
      Experiments have also shown that although the emission of the trivalent
      terbium ion is in principle usable as a green component, not all
      terbium-activated luminescent materials are suitable if low colour
      temperatures are to be achieved. This may be clarified with reference to
      FIG. 1 in which the colour gamut in the x, y-C.I.E. coordinate plane is
      shown. In the colour gamut the line of the black bodies is shown with the
      colour temperatures 2500, 3000, 4000, 5000 and 6000 K. The reference Hg
      denotes the colour point of the visible spectrum of the low-pressure
      mercury vapour discharge. This mercury spectrum must always be considered
      when composing a mixture of luminescent materials for a low-pressure
      mercury vapour discharge lamp because a portion, though small, (for
      example 7% when using luminescent materials having a high efficiency) of
      the radiation emitted by such a lamp consists of visible mercury
      radiation. The influence of the mercury spectrum on the colour point of a
      luminescent material becomes manifest in a shift of this colour point into
      the direction of the point Hg. This influence is greater as the efficiency
      of the luminescent material is lower. Furthermore the shift of the
      original colour point of the luminescent material in the x, y plane is
      larger as this original point is farther away from the point Hg. The
      colour points R and G of two luminescent materials suitable as red and
      green components, respectively, in a lamp according to the invention are
      shown in FIG. 1 while the visible mercury spectrum present has been taken
      into account. A lamp having a colour temperature of less than 2500 K can
      be manufactured by means of the luminescent materials of the colour points
      R and G because the connection line RG in the colour gamut intersetcts the
      line of the black bodies to the right of the point 2500 K. This
      consideration leads to a number of requirements to be satisfied by a
      terbium-activated luminescent material. Firstly the material must have a
      very dominant green emission. The emission of the terbium ion consists of
      at least 4 lines namely at approximately 543, 490, 570 and 610 nm. The two
      first lines are generally the strongest and of these two the 543 nm line
      is generally the strongest. The ratio between the green (543 nm) and blue
      (490 nm) emission of a terbium-activated material also determines the
      usability of the material, If the green/blue ratio is too low, the
      situation may arise where the connection line RG no longer intersetcts the
      line of the black bodies to the right of the 2500 K point. Secondly the
      material must have a high efficiency because the influence of the mercury
      spectrum on the colour point of the material is relatively great (point G
      is far away from point Hg). If the efficiency is too low, the line RG may
      be displaced again in such a manner that a colour temperature of less than
      2500 K is no longer achieved. Finally the material must have a
      satisfactory application resistance and a low decline in the lamp. If this
      requirement is not satisfied the lamp will change its colour during its
      lifetime.
PAR  It has been found that the proposed terbium-activated aluminates for the
      lamps according to the invention eminently satisfy the above-mentioned
      requirements. When using a suitable blue luminescing material it is
      furthermore possible to manufacture lamps according to the invention with
      a colour temperature of the emitted radiation in the entire range of from
      2,300 to 8,000 K.
PAR  A further advantage of the use of terbium-activated aluminates as compared
      with the use of the known willemite is that the lumen equivalent of the
      radiation emitted by the aluminates is larger than that of willemite so
      that higher luminous fluxes are obtained. furthermore the distance between
      the colour point of the aluminates and the line of the black bodies is
      shorter than the distance between the colour point of willemite (see point
      (W) in FIG. 1) and this line. Consequently when using the aluminates in a
      mixture of red and green luminescing materials relatively more of this
      green luminescing material must be used to reach the line of the black
      bodies than in the case of using willemite. This is very advantageous
      because the green luminescing material contributes to a considerable
      extent to the luminous flux so that when using the aluminates luminous
      fluxes are obtained which are larger than when using willemite.
PAR  It is to be noted that in known lamps having a satisfactory colour
      rendition and a continuous spectral distribution of the emitted radiation
      a low colour temperature (for example 2500 K) is only possible if separate
      absorption layers are used which of course has a very detrimental
      influence on the luminous flux of the lamp.
PAR  In the green luminescing aluminates used in the lamps according to the
      invention the exciting energy is transferred from the cerium to the
      terbium activator. It has been found that ceriumcan be partly replaced by
      lanthanum. Generally, however, such a replacement does not yield
      advantages. A replacement of more than 50% of cerium by lanthanum is not
      used because then a too low absorption of the exciting radiation would be
      obtained. For this reason the replacement of cerium by lanthanum combined
      with a terbium activator is chosen to be not more than 90% (x+y .ltoreq.
      0.90). The terbium content y is chosen to be between the limits 0.20 and
      0.50 because then high quantum efficiencies are obtained.
PAR  In a lamp according to the invention an aluminate defined by the formula
      Ce.sub.1-x-y La.sub.x Tb.sub.y MgAl.sub.11 O.sub.19 is preferably used as
      a second green luminescing material in which 0 .ltoreq. x .ltoreq. 0.20
      and 0.20 .ltoreq. y .ltoreq. 0.40. In fact, the highest luminous fluxes
      are achieved with these materials.
PAR  Low-pressure mercurcy vapour discharge lamps according to the invention in
      which a material activated by bivalent europium is used as a first blue
      luminescing material are preferred because these materials have a very
      suitable emission spectrum. A material known for this purpose is
      strontiumchloroapatite activated by bivalent europium (see the said
      Netherlands Patent application No. 7109983) whose emission spectrum
      satisfactorily meet the requirements imposed. A drawback of this material
      is the relatively low efficiency and furthermore the dissatisfying
      application resistance and decline in the lamp. These drawbacks are
      particularly noticeable if the material is used in lamps having
      comparatively high colour temperatures (.ltoreq. 4000 K).
PAR  The drawbacks of the use of the known strontiumchloroapatite are obviated
      in a preferred embodiment of a lamp according to the invention in which an
      aluminate of barium and/or strontium activated by bivalent europium or by
      bivalent europium and by bivalent manganese is used as a first luminescent
      material, which aluminate has a hexagonal crystal structure akin to the
      structure of the hexagonal ferrites. Such materials are, for example, the
      materials defined by the formula
EQU  Ba.sub.x Sr.sub.y Eu.sub.p Al.sub.12 O.sub.19 in which x+y+p = 1 and 0.001
      .ltoreq. p .ltoreq. 0.1 (see Netherlands Patent application N. 6715823)
      and defined by the formula
EQU  Ba.sub.x Sr.sub.y Eu.sub.p Mn.sub.q Al.sub.12 O.sub.19 in which x+y+p+q =
      1, 0.001 .ltoreq. p .ltoreq. 0.1 and 0.001 .ltoreq. 1 .ltoreq. 0.15
PAL  (see Netherlands Patent application No. 7214860). These aluminates have the
      crystal structure of magnetoplumbite (one of the hexagonal ferrites) and
      have a satisfactory application resistance and low decline in the lamp.
PAR  Aluminates activated by europium and optionally also by manganese with a
      very high efficiency are the ternary aluminates of barium and/or strontium
      and of magnesium which have a hexagonal ferrite structure and in which the
      atomic fraction of aluminium is larger than 1.8 times the atomic fraction
      of magnesium and is also larger than 3.7 times the atomic fraction of
      barium and/or strontium and in which up to a maximum of 25 at% of
      aluminium may be replaced by gallium and/or scandium, and magnesium may be
      entirely or partly replaced by zinc and/or beryllium. These ternary
      aluminates (described in Netherlands Patent application No. 7214862 not
      published yet) are therefore preferably used as a first luminescent
      material in a lamp according to the invention.
PAR  In one preferred embodiment of a lamp according to the invention the first
      luminescent material is such a ternary aluminate which is defined by one
      of the formulas:
EQU  A.sub.1-p Eu.sub.p Mg.sub.2-q Mn.sub.q Al.sub.16 O.sub.27  , C
EQU  B.sub.5.5-x Eu.sub.x Mg.sub.6-y Mn.sub.y Al.sub.55 O.sub.94, D
PAL  in which A and B represent at least one of the elements barium and
      strontium and in which
PA1  0.05 .ltoreq. p .ltoreq. 0.20
PA1  0.25 .ltoreq. x .ltoreq. 1.50
PA1  0.ltoreq.q/p.ltoreq.1.5
PA1  0 .ltoreq. y/x .ltoreq. 1.5
PAL  It has been found that of the large group of luminescent ternary aluminates
      having a hexagonal ferrite structure the materials defined by the formulas
      (c) and (d) have the best properties for use in the relevant lamp type.
      This is particularly the case if at least 50 at% of the element A is
      barium and at least 50 at% of the element B is strontium.
PAR  The above shows that the luminescent aluminates having a hexagonal crystal
      structure (akin to the structure of hexagonal ferrite) in a lamp according
      to the invention may not only comprise europium but also manganese as an
      activator. If these aluminates comprise manganese a transfer of part of
      the exciting energy from europium to manganese takes place. In that case
      the aluminate emits not only in the europium band but also in the band of
      bivalent manganese (maximum at approximately 515 nm). Coactivation of the
      luminescent aluminate with manganese has the advantage that the colour
      rendering index of the lamp increases. In that case a slightly lower
      luminous flux is obtained. A lamp according to the invention provides the
      possibility of choosing an optimum luminous flux (activation of the
      aluminate by europium only) or an optimum colour rendition (activation by
      europium and manganese). The ratio between the manganese and europium
      contents is preferably chosen to be not more than 1.5 (see the upper limit
      for q/p in formula (c) and for y/x in formula (d)). At larger values of
      the said ratio the manganese band dominates and not only a further
      decrease in the luminous flux is obtained but also a decrease in the
      colour rendering index.
PAR  Materials activated by trivalent europium are mainly suitable as a third
      luminescent material in a lamp according to the invention, such as the
      vanadates or fosfate vanadates of yttrium and/or of gadolinium activated
      by trivalent europium or the oxysulfides of yttrium and/or of lanthanum.
      In a lamp according to the invention a rare earth oxide activated by
      trivalent europium defined by the formula Ln.sub.2 O.sub.3 :Eu.sup.3.sup.+
      is preferably used as a third luminescent material, where Ln represents at
      least one of the elements yttrium, gadolinium and lutetium. These rare
      earth oxides are very efficient red luminescing materials having a very
      suitable emission for the envisaged object.
PAR  In a special preferred embodiment of a lamp according to the invention the
      luminescent coating not only comprises the three luminescent materials but
      also one or more of the following luminescent materials in a quantity of
      not more than 50% by weight: antimony-activated alkaline earth
      halofosfate, antimony and manganese-activated alkaline earth halofosfate,
      tin-activated alkaline earth mangesium orthofosfate, manganese-activated
      magnesium arsenate and manganese-activated magnesium germanate.
      Replacement of part of the three luminescent materials emitting in the
      above-mentioned spectral ranges by the conventional luminescent materials
      referred to is surprisingly found to have relatively little influence on
      the luminous flux and the colour rendition of the lamp. Such a partial
      replacement is advantageous because this makes the lamp cheaper. If the
      luminescent coating of the lamp comprises more than 50% by weight of the
      said conventional luminescent materials, an unwanted decrease in the
      luminous flux and/or the colour rendering index is obtained.
DRWD
PAR  The invention will not be further described with reference to a drawing and
      a number of examples.
PAR  FIG. 1 shows the colour gamut in the x, y coordinate plane referred to
      hereinbefore;
PAR  FIG. 2 diagrammatically shows a low-pressure mercury vapour discharge lamp
      according to the invention and
PAR  FIG. 3 shows the spectral energy distribution of the radiation emitted by a
      lamp according to the invention.
DETD
PAR  In FIG. 2 the reference numeral 1 denotes the glass envelope of a
      low-pressure mercury vapour discharge lamp according to the invention.
      Electrodes 2 and 3 between which the discharge takes place during
      operation of the lamp are provided on both ends of the lamp. The lamp is
      provided with a rare gas mixture which serves as an ignition gas and
      furthermore with a small quantity of mercury. The inner side of the
      envelope 1 is coated with a luminescent coating 4 comprising a mixture of
      three luminescent materials according to the invention. This mixture may
      be provided in a conventional manner on the envelope 1, for example, by
      means of a suspension comprising the three luminescent materials. A
      reflector coating for visible radiation may be provided in known manner in
      a lamp according to the invention between the glass envelope 1 and the
      luminescent coating 4, which reflector coating extends over a part of the
      envelope 1. Furthermore it is possible to deviate from the straight
      tubular shape shown in FIG. 2 and to form the lamp as a curved tube, for
      example, as a torus. The invention has the advantage that such a reflector
      coating or a curved shape of the tube is also possible for lamps having a
      very satisfactory colour rendition at a low colour temperature of the
      emitted radiation. Hitherto such a combination of a low colour temperature
      and a satisfactory colour rendition had only been possible for lamps which
      had not only the luminescent coating but also an extra absorption coating.
      In practice it is very difficult to provide such two-coating lamps with a
      reflector coating. Furthermore it has been found in practice that it is
      not very well possible to form these lamps in a curved shape.
PAR  The following table I comprises the formulas of a number of luminescent
      materials which may be used in a lamp according to the invention. The
      first column states the luminescent material with a character and a
      figure. This indication will hereinafter be used for the relevant
      luminescent material. In addition to the formula (in column 2) table I
      furthermore states the results of measurements on lamps coated with these
      materials. In the first place the x and y co-ordinates of the colour point
      of the lamp provided with the luminescent material are mentioned. In the
      second place the luminous flux (LO) in 1m/W after 100 operating hours is
      mentioned. The reference QR denotes the absolute quantium efficiency (in
      %) upon excitation of the material by short-wave ultraviolet radiation
      (predominantly 254 nm). The columns .lambda..sub.max and hwb finally
      indicate the location of the maximum of the emitted radiation in the
      spectrum and the half value width of the strongest emission band. The
      colour point of a number of the luminescent materials stated in table I
      are shown in FIG. 1.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     material                                                                  
          formula         colour point                                         
                                    LO   QR .lambda..sub.max                   
                                                  hwb                          
                          x    y    (Im/W)                                     
                                         (%)                                   
                                            (nm)  (nm)                         
     __________________________________________________________________________
     G1   Ce.sub.0.67 Tb.sub.0.33 MgAl.sub.11 O.sub.19                         
                          0.295                                                
                               0.579                                           
                                    106  78 543   8                            
     R1   Y.sub.1.95 Eu.sub.0.05 O.sub.3                                       
                          --   --   66   99 611   2                            
     R2   Y.sub.1.92 Eu.sub.0.08 O.sub.3                                       
                          --   --   65   99 611   2                            
     R3   Y.sub.1.9 Eu.sub.0.1 O.sub.3                                         
                          0.597                                                
                               0.331                                           
                                    66   99 611   2                            
     B1   Ba.sub.0.9 Eu.sub.0.1 Mg.sub.2 Al.sub.16 O.sub.27                    
                          0.151                                                
                               0.066                                           
                                    21   95 450   50                           
     B2   Ba.sub.1.sub.-x Eu.sub.x Al.sub.2 Si.sub.2 O.sub.8  1)               
                          0.161                                                
                               0.147                                           
                                    29   73 445   85                           
     B3   Ba.sub.2.sub.-x Eu.sub.x BeP.sub.2 O.sub.8   2)                      
                          0.164                                                
                               0.257                                           
                                    48   80 480   80                           
     B4   Sr.sub.5 Eu.sub.0.5 Mg.sub.6 Al.sub.55 O.sub.94                      
                          0.149                                                
                               0.181                                           
                                    48   99 465   65                           
     B5   Ba.sub.0.9 Mg.sub.1.9 Eu.sub.0.1 Mn.sub.0.1 Al.sub.16 O.sub.27       
                          0.149                                                
                               0.225                                           
                                    60   90 450,512                            
                                                  50,27                        
     B6   Ba.sub. 0.86 Eu.sub.0.14 Mg.sub.2 Al.sub.16 O.sub.27                 
                          --   --   26   95 450   50                           
     B7   Sr.sub.4.93 Eu.sub.0.07 (PO.sub.4).sub.3 Cl                          
                          --   --   12   55 450   35                           
     __________________________________________________________________________
      1) see German Patent Specification 2.028.376                             
      2) see Netherlands Patent Application 7307627                            
PAR  To check the behaviour in lamps, notably the decline in the luminous flux
      during the lifetime of some pf the luminescent materials to be used a
      number of test lamps (of the 40 W-type) was made all of which only
      comprised one luminescent material. Table II states for each test lamp the
      measured value of the luminous flux (in 1m/W) after 0, 100, 1000 and in
      some cases 2500 hours of operation. A clear picture of the extent of
      decline is obtained from the value of the luminous flux expressed as a
      percentage of the luminous flux at 100 hours. The first column of table II
      states the spectral range in which the material emits. The used
      luminescent material is denoted in column 2 by the above-mentioned
      characters and figures.
TBL                                    TABLE II                                
     __________________________________________________________________________
     colour                                                                    
         lum.mat.                                                              
                 0u    %     100u  %   1000u                                   
                                            %    2500u                         
                                                      %                        
     __________________________________________________________________________
         G1      108.9 102.3 106.4 100 104.4                                   
                                            98.1 --   --                       
     green                                                                     
         G2  1)  104.5 102.0 102.5 100 99.7 97.3 96.7 94.                      
         (W) 2)  105.0 111.0 94.0  100 83.7 89.0 69.0 73.                      
         B1      21.5  101.9 21.1  100 19.9 94.3 19.5 92.                      
     blue                                                                      
         B6      26.0  101.6 25.6  100 24.4 95.3 --   --                       
         B7      12.5  105.1 11.9  100 --   --   --   --                       
         R1      69.2  104.5 66.2  100 61.9 93.5 --   --                       
     red R2      66.6  102.9 64.7  100 62.2 96.1 --   --                       
         R3      68.1  103.7 65.7  100 63.0 95.9 --   --                       
     __________________________________________________________________________
      1) the luminescent material G2 is defined by the same formula as the     
      material G1, but belongs to a different production batch.                
      2) the lamp denoted by (W) is only included for the purpose of comparison
      This lamp contains the known willemite (Zn.sub.2 SiO.sub.4               
      --Mn.sup.2.sup.+) as a luminescent material which is used in lamps not   
      according to the invention.                                              
PAR  Table II clearly shows that the green luminescinG materials to be used
      according to the invention have a very high luminous flux and a very low
      decline of the luminous flux. Particularly the decline is found to be
      considerably better than that of willemite hitherto used for the envisaged
      object. The table furthermore shows the favourable lamp behaviour of
      several blue luminescing materials for use in a lamp according to the
      invention. It is also evident that the europium-activated aluminates
      having a hexagonal ferrite structure (B1, B6) are preferred to the known
      europium-activated strontium chloroapatite (B7) because these aluminates
      yield a much larger luminous flux and also exhibit a decline which is less
      unfavourable. The measurements on the lamps comprising the red luminescing
      materials shown that these materials have high luminous fluxes and exhibit
      an eminent lamp behaviour.
PAR  It has been checked by means of calculations which values of the luminous
      flux (1m/W) and colour rendering index (Ra) are achieved with a given
      combination of luminescent materials according to the invention at
      different values of the colour temperature of the emitted radiation. The
      calculation was performed for four different blue luminescing materials,
      namely the materials B1, B2, B3 and B4. The combination comprises the
      materials G1 and R3 in all cases as green and red luminescing materials,
      respectively. The result of these calculations are shown in table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     blue colour temperature of the emitted radiation                          
     lum. 2500 K    3000 K     4000 K   6500 K                                 
     mat. 1m/W   Ra     1m/W  Ra   1m/W  Ra   1m/W  Ra                         
     ______________________________________                                    
     B1   80     83     79    82   77    80   70    76                         
     B4   80     83     79    86   77    90   71    90                         
     B2   79     83     77    83   72    83   --    --                         
     B3   79     84     77    87   71    91   --    --                         
     ______________________________________                                    
PAR  Table III shows that luminous flux values from approximately 80 (at a low
      colour temperature) to 70 1m"W (at a high colour temperature) can be
      achieved. A colour rendering index of 80 or more is possible in almost all
      cases. A given value of the colour temperature is achieved with a given
      combination of luminescent materials by correctly choosing the percentage
      by weight of the three materials in the combination and therefore their
      relative contribution to the luminous flux. The table shows that with a
      given combination of luminescent materials lamps can be manufactured with
      which the entire range of the desired colour temperatures (from
      approximately 2500 K to 6500 K and over) can be covered. This is of course
      very advantageous because only three luminescent materials (chosen in an
      optimum manner) are sufficient for the manufacture of low-pressure mercury
      vapour discharge lamps and with which all lamp types can be obtained.
PAR  Examples A to D.
PAR  A. A lamp as shown in FIG. 2 having a power of 40 W during operation was
      provided with a luminescent coating comprising 3% by weight of the
      material B1, 30% by weight of the material G1 and 67% by weight of the
      material R3. Measurement of the colour temperature (Tk), colour rendering
      index (Ra), luminous flux at 0 hour (LO.sub.o in 1m/W) and luminous flux
      at 100 hours (LO.sub.100 in 1m/W) yielded the following results:
TBL  Tk          Ra         LO.sub.o    LO.sub.100                             
     ______________________________________                                    
     2600        85         80.8        79.2                                   
     ______________________________________                                    
PAR  B. A lamp provided with the same luminescent material as the lamp described
      under A, but in the quantities 7% by weight of B1, 29% by weight of G1 and
      64% by weight of R3 was measured as follows:
TBL  Tk          Ra         L.sub.o     LO.sub.100                             
     ______________________________________                                    
     3000        85         82.8        80.0                                   
     ______________________________________                                    
PAR  C. A lamp comprising the same luminescent materials as the lamps described
      hereinbefore under A and B in the quantities 18% by weight of B1, 34% by
      weight of G1 and 48% by weight of R3 yielded the following measuring
      results:
TBL  Tk          Ra         LO.sub.o    LO.sub.100                             
     ______________________________________                                    
     4000        85         83.5        80.5                                   
     ______________________________________                                    
PAL  The spectral energy distribution of the emitted radiation of this lamp is
      shown in FIG. 3. The wavelength .lambda. is plotted in nm on the
      horizontal axis of the graph in FIG. 3. The emitted radiation energy E per
      constant wavelength interval is plotted in arbitrary units on the vertical
      axis. The reference Hg denotes the visible mercury lines. For the purpose
      of comparison a lamp having a colour temperature of 4000 K was made which
      lamp was completely analogous to the above-described lamp in which,
      however, the material G1 was replaced by the known willemite. The lamp,
      which is not according to the invention, has a colour rendering index Ra =
      80 and a luminous flux at 0 hour LO.sub.0 = 73.2 1m/W.
PAR  D. A lamp whose luminescent coating consisted of 26% by weight of the
      material B5, 23% by weight of the material G1 and 51% by weight of the
      material R3 yielded the following measured values:
TBL  Tk          Ra         LO.sub.o    LO.sub.100                             
     ______________________________________                                    
     4000        87         80.0        77.5                                   
     ______________________________________                                    
PAL  Comparison of the lamps according to the invention described under C and D
      shows the influence of co-activation of the blue luminescing aluminates
      with manganese: the lamp of D has a higher colour rendering index and a
      slightly lower luminous flux.
PAR  Replacement of part of the combination of three luminescent materials in a
      lamp according to the invention by one or more conventional luminescent
      materials has relatively little influence on the colour rendering index
      and the luminous flux of the lamp. If, for example, in a lamp according to
      the invention having a colour temperature Tk = 3000 K and a quantity of
      25% by weight of the mixture of the three luminescent materials B4, G1 and
      R3 is replaced by antimony and manganese-activated calcium halofosfate
      (colour temperature 3000 K) the luminous flux (at 100 hours) is found to
      have substantially the same value (approximately 79 1m/W) and Ra is found
      to decrease by only approximately 5 points (from 86 to approximately 81).
      A lamp comprising the same combination of luminescent materials B4, G1 and
      R3, however, with Tk = 4000 K, is found to yield substantially the same
      luminous flux (approximately 78 1m/W) and to decrease only approximately 5
      point in Ra (from 90 to approximately 85) for the same quantity (25% by
      weight) of halofosfate. The 6500 K lamp is found to maintain the same
      luminous flux (71 1m/W) and the same Ra (approximately 92) in case of an
      analogous replacement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A low-pressure mercury vapour discharge lamp having a vacuum tight
      radiation transmitting envelope comprising a quantity of mercury and a
      quantity of rare gas and provided with electrodes between which the
      discharge takes place during operation, and with a luminescent coating
      comprising three luminescent materials, a first material having an
      emission band at a maximum in the wavelength range between 430 and 490 nm
      and a half value width of less than 100 nm, a second material mainly
      having its emission in the wavelength range between 520 nm and 565 nm, and
      a third material mainly having its emission in the wavelength range
      between 590 and 630 nm, wherein said second luminescent material is
      activated by terbium and is selected from the group consisting of
      materials defined by the formulas:
EQU  Ce.sub.1-x-y La.sub.x Tb.sub.y MgAl.sub.11 O.sub.19 and    a
EQU  (Ce.sub.1-x-y La.sub.x Tb.sub. y).sub.2 O.sub.3.sup.. nAl.sub.2 O.sub.3 b
PAL  in which
PA1  O .ltoreq.  x .ltoreq. 0.50
PA1  0.20 .ltoreq. y .ltoreq. 0.50
PA1  x+y .ltoreq. 0.90
PA1  10 .ltoreq. n .ltoreq. 12
PAL  and in which up to a maximum of 25 at% of aluminum may be replaced by
      elements selected from the group consisting of gallium and scandium and in
      which magnesium may at least in part be replaced by one or more elements
      selected from the group consisting of zinc and beryllium.
NUM  2.
PAR  2. A low-pressure mercury vapour discharge lamp as claimed in claim 1,
      wherein said second luminescent material is defined by formula (a) and 0
      .ltoreq. x .ltoreq. 0.20 and 0.20 .ltoreq. y .ltoreq. 0.40.
NUM  3.
PAR  3. A low-pressure mercury vapour discharge lamp as claimed in claim 1,
      wherein said first luminescent material is activated by bivalent europium.
NUM  4.
PAR  4. A low-pressure mercury vapour discharge lamp as claimed in claim 3,
      wherein said first luminescent material is an aluminate of an element
      selected from the group consisting of barium and strontium activated by a
      material selected from the group consisting of (1) bivalent europium and
      (2) bivalent europium and bivalent manganese, which aluminate has a
      hexagonal crystal structure akin to the structure of the hexagonal
      ferrites.
NUM  5.
PAR  5. A low-pressure mercury vapour discharge lamp as claimed in claim 4,
      wherein said first luminescent material is a ternary aluminate of an
      element of the group consisting of barium, strontium and magnesium in
      which the atomic fraction of aluminum is larger than 1.8 times the atomic
      fraction of magnesium and is also larger than 3.7 times the atomic
      fraction of the element selected from the group consisting of barium and
      strontium and in which up to a maximum of 25 at% of aluminum may be
      replaced by an element selected from the group consisting of gallium and
      scandium and in which magnesium may at least in part be replaced by an
      element selected from the group consisting of zinc and beryllium.
NUM  6.
PAR  6. A low-pressure mercury vapour discharge lamp as claimed in claim 5
      characterized in that said first luminescent material is selected from the
      group consisting of materials defined by the formulas:
EQU  A.sub.1-p Eu.sub.p Mg.sub.2-q Mn.sub.q Al.sub.16 O.sub.27 and C
EQU  B.sub.5.5-x Eu.sub.x Mg.sub.6-y Mn.sub.y Al.sub.55 O.sub.94 D
PAL  in which A and B represent at least one of the elements selected from the
      group consisting of barium and strontium and in which
PA1  0.05 .ltoreq. p .ltoreq. 0.20
PA1  0.25 .ltoreq. x .ltoreq. 1.50
PA1  0 .ltoreq. g/p .ltoreq. 1.5
PA1  0 .ltoreq. y/x .ltoreq. 1.5
NUM  7.
PAR  7. A low-pressure mercury vapour discharge lamp as claimed in claim 6,
      wherein at least 50 at% of A is barium and at least 50 at% of B is
      strontium.
NUM  8.
PAR  8. A low-pressure mercury vapour discharge lamp as claimed in claim 1 in
      which said third luminescent material is a rare earth oxide activated by
      trivalent europium and defined by the formula Ln.sub.2 O.sub.3
      :Eu.sup.3.sup.+ in which Ln represents at least one of the elements
      yttrium, gadolinium and lutetium.
NUM  9.
PAR  9. A low-pressure mercury vapour discharge lamp as claimed in claim 1
      wherein said luminescent coating comprises at least one of the luminescent
      materials selected from the group consisting of antimony-activated
      alkaline earth halofosfate, antimony and manganese-activated alkaline
      earth halofosfate, tin-activated alkaline earth magnesium orthofosfate,
      manganese-activated magnesium arsenate and manganese-activated magnesium
      germanate in a quantity of not more than 50% by weight.
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ABST
PAL  A gaseous glow discharge display tube having a plurality of digits
      positioned within a common envelope is filled with a gas mixture of such a
      composition so as to reduce the blanking requirements for streamer
      elimination. Within a prescribed range of current densities, and applied
      voltage, blanking requirements may be entirely elininated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to cold cathode gaseous glow discharge
      display devices of the multi-digit or character indicator type and more
      particularly to features related to multiplexed operation of such
      indicators for reducing blanking requirements for streamer elimination.
PAR  2. Description of the Prior Art
PAR  Each digit or character position of cold cathode gaseous glow discharge
      multi-digit indicators to which the present invention relates typically
      comprises a plurality of cathodes arranged in a pattern such as a figure
      eight representative of each digit and a respective operatively associated
      anode. The plurality of digits of such tubes are generally contained in a
      common envelope with an ionizable gas such as neon. Such tubes generally
      are of the type disclosed in U.S. Pat. No. 3,675,065 issued July 4, 1972,
      "Planar Gas Discharge Indicator", by L. C. Warne and U.S. Pat. No.
      3,675,066 issued July 4, 1972, "Planar Raised Cathode Alpha-Numeric Gas
      Discharge Indicator", by J. B. Armstrong et. al., both patents assigned to
      the assignee of the present invention. For multiplexed operation these
      tubes would be constructed with individual anodes associated respectively
      with each digit position.
PAR  In the case of multiplexed operation of such indicators, the corresponding
      cathodes of each digit are connected to each other and the cathode groups
      (comprising the figure-eight, for example) are selectively energized from
      a common decoder-driver while the anodes associated with adjacent digits
      are sequentially energized. A symbol is displayed at each digit position
      in accordance with the selective energization of the cathodes (which
      determine the symbol) at the instant of energization of each anode (which
      determines the digit position). The rate of sequential energization of the
      anodes is sufficiently rapid to preclude observable flicker of the
      display.
PAR  In order to achieve suitable operation without undesirable effects, it is
      necessary in prior art indicators to utilize a blanking interval between
      energizations of successive anodes, that is energization must be removed
      from a previously energized anode before excitation is applied to the next
      adjacent anode with a blanking interval in between. Alternatively the
      blanking interval may be applied with respect to the cathode excitation or
      with respect to both the anode and cathode excitations. In the absence of
      a blanking interval, a positive column "streamer" glow is likely to occur
      between cathodes of the previously energized digit position and the
      adjacent successively energized anode because the ionized gas in the space
      therebetween has not had sufficient time to deionize. Such streamers are
      undesirable as they tend to mar the clarity of the display presentation,
      and produce "glow" in undesired locations. Provision of a sufficiently
      long blanking interval between energizations of digit positions eliminates
      such streamers by permitting the gas between successively ionized digits
      to de-ionize before transferring the energization therebetween. If,
      however, the blanking interval is insufficient, streamers are still likely
      to occur. The use of a suitable blanking interval therefore eliminates the
      occurrence of streamers, but on the other hand has the undesirable effect
      of limiting the sequential excitation rate of the digits with the
      likelihood of attendant flicker or alternatively limiting the number of
      digit positions which can be multiplexed.
PAR  An alternative to blanking for streamer elimination is to provide
      interdigit partitions or other mechanical isolation means so that positive
      column streamers are prevented from occuring between electrodes of
      adjacent digits. This solution increases the manufacturing complexity and
      hence the cost of such indicators.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide means for
      overcoming the aforementioned limitations so as to significantly reduce or
      entirely eliminate the blanking interval without the occurrence of
      interdigit streamers and without resorting to interdigit partitioning or
      mechanical isolation.
PAR  The invention provides for the substantial reduction or complete
      elimination of the blanking interval required in prior art multidigit
      multiplexed indicators for the elimination of interdigit streamers. This
      result is achieved by the use of a particular composition gas mixture as
      the ionizable gas in the indicator tubes. Complete elimination of the
      necessity for a blanking interval may require utilizing means for
      controlling the current and/or voltage applied to the selectively
      energized cathodes so as to limit the current density to a predetermined
      value.
PAR  Gas mixtures (such as Penning mixtures) have been utilized in gaseous
      discharge indicator tubes for providing desirable properties such as
      lowering the minimum required voltage to ionize the display, reducing the
      electrical characteristics of the tube's dependence on manufacturing
      tolerances, etc. It was found quite unexpectedly that the combination of a
      multiplexed multidigit indicator tube with a particularly constituted gas
      mixture as the ionizable gas therein had the beneficial effect of
      substantially reducing the blanking interval compared to that required in
      such tubes with previously utilized gaseous atmospheres. It was a further
      surprising result that by suitably limiting the current density and
      applied voltages that the requirement for blanking could be entirely
      eliminated without the occurrence of interdigit streamers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block schematic diagram illustrating the multiplexed operation
      of a multidigit gaseous discharge display indicator, and
PAR  FIG. 2 is a waveform diagram illustrating waveforms useful in explaining
      the operation of the apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a cold cathode gaseous glow discharge multi-digit
      display 10 is illustrated. The display 10 would normally comprise a
      plurality of individual tubes each with a plurality of digit positions
      therein. For simplicity of description and illustration, however, the
      display 10 will be considered as comprising a single N digit position tube
      with a common envelope enclosing the electrodes therein. The tube 10 may
      generally be of the type described in the afore-cited patents except that
      each digit position would be provided with an individual operatively
      associated anode.
PAR  The tube 10 differs from prior art tubes of similar design in that a
      gaseous atmosphere of a particular composition is utilized therein to
      produce quite surprising results to be later discussed. The gas to be
      utilized is a mixture comprising neon and argon, the argon constituting
      approximately from 0.1 to 0.8 percent and the neon constituting the
      remainder thereof. Preferably a mixture comprising 99.5 percent neon and
      0.5 percent argon is utilized.
PAR  The tube 10 comprises a plurality of digit positions indicated as 1 through
      N where each digit position includes a plurality of cathodes arranged in a
      pattern such as a figure eight. The digit positions 1 and 2, for example,
      include the groups of cathodes 11 and 12 respectively. Each digit position
      includes an anode operatively associated with the plurality of cathodes.
      For example, the digit positions 1 and 2 include the anodes 13 and 14
      respectively. It is appreciated that the anodes 13 and 14 are
      schematically illustrated for simplicity of drawing. These anodes may
      conveniently comprise, for example, transparent metallic films deposited
      on the inner surface of the envelope faceplate (not shown) directly over
      the associated groups of cathodes.
PAR  In a multiplexed arrangement of the tube 10, corresponding cathodes in each
      group of cathodes are commonly connected in parallel. For example, the
      lower horizontal cathode in each group is connected to a conductor 17. In
      a similar manner the remaining corresponding cathodes in each group are
      commonly connected by the conductors 18-23 respectively.
PAR  For purposes of illustration, the conductors 17-23 are connected as the
      respective outputs of a decoder driver 24 which receives as inputs binary
      coded decimal signals on leads 27. The decoder driver 24 is a conventional
      logic and driving circuit that energizes selected combinations of the
      output leads 17-23 in response to binary coded decimal signals applied to
      the leads 27 so as to selectively ignite cathode segments to display
      characters corresponding to the input codes applied to the leads 27.
PAR  The leads 27 are connected to the outputs of a refresh memory 28. The
      refresh memory 28 comprises a conventional storage device for storing a
      number of binary coded decimal words equal to the number of digit
      positions of the display 10. The refresh memory 28 receives inputs, for
      example, binary coded decimal signals, on leads 29 which are stored in the
      memory 28 for reasons to be explained.
PAR  In multiplexed arrangement of the tube 10 the anodes thereof, such as
      anodes 13 and 14, are individually and sequentially energized by anode
      drive circuits such as the circuits 30 and 31 connected to the anodes 13
      and 14 respectively. All of the anode drive circuits are connected to a
      power supply 32 for providing energization to the tube 10 through the
      individually actuated anode drive circuits. The power supply 32 also
      provides an input to the decoder driver 24 for energizing the cathode
      segments of the display tube 10.
PAR  The multiplexing arrangement of FIG. 1 also includes a Base-N counter that
      provides digital count output signals to a 1-of-N decoder 34 in response
      to clock pulses from a clock pulse generator 35. The counter 33, decoder
      34 and clock generator 35 are conventional components well known in the
      art for sequentially applying energization to the output leads of the
      decoder 34 in response to successive clock pulses from the generator 35.
      In a well known manner the counter 33 provides digital count output
      signals that successively increase from for example, 0 to a maximum count
      in response to N pulses from the generator 35 after which the counter 33
      returns to its initial count to begin another cycle in response to the
      next occurring N clock pulses. In response to the count sequence from the
      counter 33, the 1-of-N decoder 34 provides energization sequentially on
      its output leads. Thus, it is appreciated that in response to continuous
      train of clock pulses from the generator 35 the decoder 34 cyclically
      provides successive energization of its output leads.
PAR  The N output leads from the decoder 34 are connected respectively to the N
      anode drive circuits thus providing successive energization to the digit
      positions of the tube 10 in a cyclic manner. The anode drive circuits
      conveniently comprise conventional transistor switches for performing the
      function, or may comprise a complex MOS LSI circuit designed to perform
      this function.
PAR  As well as providing an input to the counter 33, the clock pulse generator
      35 also provides an input to the memory 28 and to a delay multivibrator 36
      for blanking purposes. The delay multivibrator 36 provides a blanking
      signal to the decoder 34 and/or to the decoder driver 24 for reasons to be
      discussed.
PAR  In multiplexed operation of the apparatus of FIG. 1, N binary coded decimal
      input signals are serially applied to the leads 29, the N signals
      representative of the characters to be displayed by the N digit positions
      of the tube 10, respectively. These N signals are stored in the memory 28
      and are successively and cyclically provided on the leads 27 in response
      to the clock pulses from the clock pulse generator 35 at a rate controlled
      by the pulse repetition rate of the clock pulses. For each successive
      pulse provided by the clock pulse generator 35 the refresh memory 28
      provides the next successive binary coded decimal signal to the decoder
      driver 24 and the counter decoder 33, 34 steps the energization to the
      next successive anode drive circuit so as to energize the associated digit
      position of the tube 10. In this manner combinations of the lines 17-23
      are energized by the decoder driver 24 thereby energizing the cathodes
      connected thereto so as to display a selected character at each digit
      position as its corresponding anode is energized from its associated anode
      drive circuit. For example, if it is desired to display the character 7 at
      digit position 1 and the character 3 at digit position 2 the first pulse
      in a group of N pulses from the generator 35 will cause the memory 28 to
      provide the first stored binary coded decimal signal to the lines 27 which
      signal in this instance will represent the numeral 7. In response to this
      code signal, the decoder-driver 24 energizes lines 21-23 thus applying
      energization to the cathode segments that form the numeral 7. At the same
      time the counter 33 is stepped to its first count causing the decoder 34
      to activate the anode drive circuit 30 which energizes the anode 13
      causing the energized cathodes 11 to glow in the form of the numeral 7.
      The next occurring clock pulse causes the memory 28 to provide the next
      stored binary coded decimal signal which in this example represents the
      numeral 3 and also increments the counter 33 to cause the decoder 34 to
      activate the anode drive circuit 31. Under these conditions the leads 17,
      19 and 21-23 are energized thus causing the cathodes 12 to display the
      numeral 3. This procedure is applied successively to each of the digit
      positions up to N and repeated at a rate sufficiently rapid to preclude
      flicker of the display presentation.
PAR  Referring to FIG. 2, the voltage waveforms applied to the anodes and
      cathodes of the tube 10 by the anode drive circuits and the decoder-driver
      24, respectively, are illustrated. The legend T.sub.a and T.sub.k indicate
      the intervals of energization of the anodes and cathodes respectively. The
      legend T.sub.r indicates the refresh interval for the display. It is noted
      that the cathode voltage energizing pulse is comprised of two levels, the
      lower level representing a firing potential and the upper level
      representing a sustained potential. These particular cathode voltages are
      controlled by conventional networks in the decoder driver 24.
PAR  Legend T.sub.b indicates a blanking interval or an interval between
      terminating the excitation at a digit position and initiating the
      excitation at the next following digit position. The blanking interval
      T.sub.b is controlled by the delay multivibrator 36 of FIG. 1. The
      blanking interval T.sub.b of FIG. 2 is effected by the lead from the
      multivibrator 36 to the decoder 34. Blanking may also be performed with
      regard to the cathodes and in this instance would be controlled by the
      lead from the multivibrator 36 to the decoder driver 24. A combination of
      anode and cathode blanking as illustrated in FIGS. 1 and 2 may also be
      utilized.
PAR  In accordance with the present invention the use of the specifically
      constituted gas mixture discussed above in the tube 10 permits a blanking
      interval for streamer elimination that is significantly reduced compared
      to that required utilizing conventional gaseous atmospheres, such as neon,
      in the tube 10. Greater than a three fold reduction in the required
      blanking interval has been achieved utilizing the specified mixture
      compared to the conventional neon gaseous atmosphere in similarly
      constructed tubes operating under similar conditions. Specifically a
      blanking interval of 150 microseconds had been utilized in typical prior
      art arrangements for streamer elimination which under similar conditions
      would be reduced to approximately 50 microseconds using the invention.
PAR  This significant reduction in required blanking interval for streamer
      elimination permits a higher refresh rate, hence reducing flicker than has
      heretofore been achievable with the typical prior art displays without
      interdigit mechanical isolation. Similarly the present invention permits
      more digit positions to be multiplexed without attendant flicker than was
      possible using the prior art arrangements.
PAR  Further in accordance with the invention, the blanking interval may be
      entirely eliminated in a multiplexed tube with the above prescribed
      gaseous atmosphere and without interdigit mechanical isolation by suitably
      limiting the current density through the cathodes as well as the applied
      voltage. Conventional means may be utilized within the decoder driver 24
      for so limiting the current density and within the power supply 32 for so
      limiting the applied voltage. For example, display tubes with
      approximately 3/10 inch high digits with the above prescribed gaseous
      atmosphere operated without streamers and without a blanking interval with
      a current density of 150 milliamperes per square inch of cathode area, and
      170 volts maximum applied voltage. For similar displays with approximately
      1/2 inch high digits, 100 milliamperes per square inch of cathode surface
      and less than 180 volts was utilized to eliminate a requirement for
      blanking and yet not incur undesirable streamers. It is believed that the
      display tubes with approximately 3/10 inch high digits will exhibit this
      effect in the current density range of approximately from 90 to 150
      milliamperes per square inch of cathode area and an applied voltage in the
      range of approximately from 140 volts to 170 volts. It is furthermore
      believed that the display tubes with the 1/2 inch high digits will exhibit
      this effect with a current density in the range of approximately from 45
      to 100 milliamperes per square inch of cathode area and an applied voltage
      in the range of approximately from 140 volts to 180 volts.
PAR  With the elimination of a requirement for blanking by utilizing the above
      prescribed gaseous atmosphere and limited current density and voltage, it
      is appreciated that the delay multivibrator 36 of FIG. 1 may be dispensed
      with thus effecting a desirable economy.
PAR  The above described improvements in the prior art were achieved by
      utilizing the above prescribed gaseous atmosphere comprising 99.5 percent
      neon and 0.5 percent argon in a multiplexed multi-digit display tube
      without interdigit mechanical isolation. Similar results are obtained
      where the argon comprises approximately from 0.1 percent to 0.8 percent of
      the gas mixture. Operation with such gaseous atmospheres at a pressure of
      60-65 torr has provided display tubes that very successfully exhibited the
      above described improvements. It is believed that the above described
      effect of significantly reduced blanking intervals occurs because of the
      faster deionization time (to sufficiently low ionization levels) of the
      prescribed mixture compared to prior art gaseous atmospheres such as neon.
      The range for the argon constituent of approximately from 0.1 percent to
      0.8 percent of the mixture is chosen because it was found that larger
      amounts of argon in the mixture resulted in high firing and sustaining
      potentials as well as in low display brightness. In fact, the optimum
      mixture with 0.5 percent argon was found to provide a minimum in the
      firing and sustaining potentials compared to pure neon and that the
      brightness and life of the display decreased fairly rapidly as the
      percentage of argon was increased.
PAR  The above described tubes with which the effects discussed were achieved
      are of the type described in said U.S. Pat. No. 3,675,066 as well as in
      U.S. Pat. application No. 742,662 filed July 5, 1968, "Planar Raised
      Cathode Alphanumeric Gas Discharge Indicator" by Armstrong et. al.,
      assigned to the assignee of the present invention and now abandoned and in
      U.S. Pat. application No. 158,536, filed June 30, 1971, "Planar Raised
      Alphanumeric Gas Discharge Indicator" by Armstrong et al., and assigned to
      the assignee of the present invention.
PAR  Referring to FIG. 3, such tubes are of planar construction and comprise a
      closed hermetically sealed envelope having a flat non-conductive back base
      substrate 40 and a front viewing window 41 hermetically sealed to the
      substrate around the edges and containing the above prescribed gas
      mixture. Cathode segments 42 are mounted on cathode support feedthrough
      pins 43 passing through and hermetically sealed in the substrate 40
      whereby the segments lie in a common plane within the envelope with each
      segment raised above the substrate on the order of 0.005 inches. The
      cathode segments are arranged in groups 44 generally in the well known
      figure-eight configuration. The support pins have portions exterior of the
      envelope for connecting corresponding cathodes in each group to each other
      to enable electrical potentials to be applied simultaneously thereto in
      multiplexed fashion. Around the base of each cathode support pin is a cup
      shaped depression or moat 45 formed on a substrate on the surface thereof
      facing the cathodes to reduce the effect of sputtering. The envelope is
      relatively thin and flat and the tube dimensions and operating parameters
      are such that glow occurs only on the sides of the cathodes facing the
      viewing window. Anodes 46 are also included within the envelope and are,
      for example, in a plane in front of and parallel to the plane of the
      cathodes and spaced from the cathodes on the order of 0.030 inches. The
      anodes may be of the transparent thin film variety through which the
      glowing cathodes may be viewed. Other well known anode arrangements may
      also be utilized. The thin and flat envelope of the tube has a relatively
      large internal wall area compared to the relatively small internal volume
      thereof.
PAR  The tubes as mentioned above with the approximately 3/10 inch high digits
      have character heights, character widths, character center to center
      spacing, cathode segment area and interanode spacing of 0.330 inches,
      0.162 inches, 0.375 inches, approximately 0.001 inches squared and
      approximately 0.070 inches respectively. The tubes as mentioned above with
      approximately 1/2 inch high digits have these dimensions as 0.55 inches,
      0.271 inches, 0.531 inches, approximately 0.004 inches squared and
      approximately 0.25 inches respectively.
PAR  Tubes of the type described above have exhibited the desirable effect of
      reduction or elimination of blanking requirements by utilizing the above
      specified gas mixture. It is believed that the specific tube arrangements
      as described may contribute to the effect.
PAR  It will be appreciated that the circuit of FIG. 1 represents a particular
      multiplexing arrangement to which the present invention may be applied to
      obtain the improvements described. Other known multiplexing configurations
      may also be utilized to the same advantageous effect.
PAR  The present invention permits using gas tubes for applications requiring
      fast timing where under past practice the prior art blanking requirements
      may have precluded the use of such tubes. This situation may occur
      particularly in cases where the digit ontime approaches the required
      blanking time.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than limitation and that changes may be made within the
      purview of the appended claims without departing from the true scope and
      spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multiple character multianode, raised planar cathode gaseous glow
      discharge display device adapted for multiplexed operation comprising
PA1  a closed hermetically sealed planar envelope having a substantially flat
      non-conductive back base substrate and a front viewing window and
      containing a prescribed ionizable gas mixture,
PA1  a plurality of electrically conductive cathode support pins passing in
      hermetically sealed relation through said substrate into the interior of
      said sealed envelope to terminate in a common plane parallel to and
      closely spaced from the interior surface of said substrate,
PA1  the interior surface of said substrate having a plurality of cup shaped
      depressions formed therein, each said cup shaped depression surrounding a
      respective cathode support pin,
PA1  a plurality of groups of flat strip-like raised planar cathodes, each group
      arranged in a character forming pattern and each cathode supported at the
      central region thereof on a respective pin end interior of said envelope
      so that the bottom flat surfaces of the cathodes lie in said common plane
      spaced from the interior surface of said substrate whereby glow is
      substantially eliminated from the bottom surfaces of said cathodes in
      operation of said device,
PA1  said pins having portions exterior of said envelope for connecting
      corresponding cathodes in each said group to each other to enable
      electrical potential to be applied simultaneously thereto in multiplexed
      fashion, and
PA1  plural, adjacent anode means disposed within said envelope in spaced
      relation to said cathodes; one anode means for each cathode group;
PA1  said prescribed ionizable gas mixture comprising neon and argon with said
      argon constituting approximately from 0.1 percent to 0.8 percent of said
      mixture, said device cathodes being disposed at heights of from at least
      one to a few mils and operated at minimum current density and maximum
      anode-cathode voltage conditions on the order respectively of about
      one-tenth ampere per square inch and at about one hundred to two hundred
      volts;
PA1  whereby in operation of said device the blanking interval utilized for
      streamer elimination is reduced to an arbitrarily small value in
      accordance with the anode-to-cathode voltage applied to said device and
      the current density through said cathodes as well as in accordance with
      electrode geometry and spacing.
NUM  2.
PAR  2. The device of claim 1 in which said prescribed gas mixture comprises
      99.5 percent neon and 0.5 percent argon.
NUM  3.
PAR  3. The device of claim 1 in which said envelope is relatively thin and flat
      and has a relatively large internal wall area compared to the internal
      volume thereof.
NUM  4.
PAR  4. The device of claim 1 in which said common plane is spaced on the order
      of 0.005 inches from said interior surface of said substrate.
NUM  5.
PAR  5. The device of claim 4 in which said anode means is spaced on the order
      of 0.03 inches from said cathodes.
NUM  6.
PAR  6. The device of claim 1 in which said groups of cathodes define characters
      of height, width and center-to-center spacing on the order of 0.33 inches,
      0.162 inches and 0.375 inches respectively.
NUM  7.
PAR  7. The device of claim 6 in which the area of each said cathode is on the
      order of 0.001 inches squared and the inter-anode spacing between said
      anode means is on the order of 0.0070 inches.
NUM  8.
PAR  8. The device of claim 1 in which said groups of cathodes define characters
      of height, width and center-to-center spacing on the order of 0.55 inches,
      0.271 inches and 0.531 inches respectively.
NUM  9.
PAR  9. The device of claim 8 in which the area of each said cathode is on the
      order of 0.004 inches squared and the inter-anode spacing between said
      anode means is on the order of 0.25 inches.
NUM  10.
PAR  10. A multiplexed multiple character multi-anode, raised planar cathode
      gaseous glow discharge display device comprising
PA1  a plurality of groups of raised planar cathodes, each group arranged in a
      character forming pattern,
PA1  connection means for electrically connecting corresponding cathodes in each
      group to each other to enable electrical potentials to be applied
      simultaneously to selected corresponding electrodes in each group,
PA1  a plurality of operatively adjacent anodes operatively associated with said
      groups of cathodes respectively,
PA1  means for individually energizing said anodes in a predetermined order,
PA1  envelope means enclosing said cathodes and anodes, and
PA1  a prescribed mixture within said envelope means comprising neon and argon
      with said argon constituting approximately from 0.1 percent to 0.8 percent
      of said mixture, said device cathodes being disposed at heights of from at
      least one to a few mils and operated at minimum current density and
      maximum anode-cathode voltage conditions on the order respectively of
      about one-tenth ampere per square inch and at about 100 to 200 volts;
PA1  whereby in operation of said device the blanking interval utilized for
      streamer elimination is reduced to an arbitrarily small value in
      accordance with the voltage applied to said anodes and the current density
      through said cathodes as well as in accordance with electrode geometry and
      spacing.
NUM  11.
PAR  11. The device of claim 10 in which said prescribed mixture comprises 99.5
      percent neon and 0.5 percent argon.
NUM  12.
PAR  12. The device of claim 10 further including blanking means for providing
      said blanking interval for eliminating streamers, said interval being
      substantially smaller than that required for streamer elimination with
      gaseous atmospheres other than said prescribed mixture.
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ABST
PAL  An electrical circuit for limiting surge currents through incandescent
      indicator or display lamps is disclosed. It is essentially a constant
      current device having a current controlling transistor in the load circuit
      to limit the initial surge current to a first value after, which the lamp
      itself limits the current. Provision is made for testing of the lamp and
      circuit by maintenance personnel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to lamp control devices and more
      particularly to surge current control circuit to limit the lamp inrush
      current.
PAR  2. Description of the Prior Art
PAR  In a digital system, display lamps are usually subjected to a constant
      switching action. This is the worst mode of operation for incandescent
      lamps and results in an extremely short lamp life. The reason for this is
      that the cold lamp filament exhibits approximately one-tenth the
      resistance of the hot filament and when the lamp is switched on, there is
      an initial inrush current which is 10 times greater than the normal rated
      lamp current. This power surge is therefore 10 times greater than the lamp
      rating and lamp life is shortened.
PAR  Various attempts have been made to overcome the effects of this problem.
      Keep on circuits which allow a small current to flow through the lamp at
      all times have been used. The heater resistor is usually used to heat the
      lamp filament to something in the order of 75-85% of the hot filament
      resistance. This method of operation improves the "switched" lamp life but
      cannot equal the rated lamp due to polarization. Further the improved
      "switched" lamp life is obtained at the expense of wasted power during the
      idle state.
PAR  Another technique resorted to is a series resisitor to maintain a minimum
      resistance in the circuit. With such an arrangement 28 volt lamps are
      operated at 26 volts for increased life in a 50 volt environment and the
      inrush current is limited to approximately 175% of rated value. This
      method of operation eliminates power waste during the idle state and the
      excess polarization problem, but power comsumption is almost doubled
      during the "on" periods. Lamp life will be extended but will still fall
      short of rated value because of the 75% over current during inrush.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly it is an object of the present invention to improve the
      reliability of indicator lamps by providing a circuit to control them that
      eliminates the surge currents.
PAR  It is a further object of this invention to eliminate the use of heater
      resistors or series limiting resistors with such lamps.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above-mentioned objects and other features of the invention and manner
      of obtaining them will become more apparent, and the invention itself will
      be best understood by reference to the following description of an
      embodiment of the invention taken in conjunction with the accompanying
      drawing which is a schematic of the current limiting circuit of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing, input terminals INF and LT are adapted to be connected to a
      source of positive electrical potential to activate lamp RL. Terminal INF
      is normally connected to some control apparatus of a telephone central
      office, but is shown connected to a ground potential connected switch K1.
      Terminal LT is normally connected in multiple with a large plurality of
      other similar terminals and then to a switch such as switch K2 for use by
      the test personnel to ascertain the operability of the lamps and their
      associated circuits. The circuits and lamps would normally be connected to
      a source of electrical energy, which in a telephone exchange would be the
      50 volt exchange battery. This battery has not been shown, instead only
      the conventional triangle and the short parallel lines have been shown to
      symbolize the source of negative potential and positive potential
      respectively.
PAR  The particular incandescent indicator lamp RL is connected with one
      terminal to ground potential and the other terminal to the control circuit
      output terminal TRL. This lamp in a particular embodiment is a Sylvania
      extended service bulb commonly known as type 48ESB. It is designed for use
      with telephone equipment and operates from a 48 volt source, drawing 0.04
      amperes when hot. Its cold resistance is approximately 165 ohms.
PAR  The main active member of the current control circuit is an NPN transistor
      Q1, which has its collector C connected to the cathode end of diode D3 and
      through this diode to output terminal TRL. The transistors's emitter E is
      connected to the negative source of electrical energy via resistor R5 and
      a bias circuit consisting of diodes D4, D5 and R2. The diodes D4 and D5
      are connected in parallel with their cathodes connected to the negative
      source and their anodes to a terminal TB and a terminal of resistor R5
      which has its other terminal connected to the emitter. A resistor R2 is
      shown connected from the anodes of diodes D4 and D5 to ground potential to
      keep a minimal current flowing through the diodes to maintain it
      approximately 1 volt positive with respect to the base during the inactive
      period of the transistor. The bias current output at terminal TB is used
      in common by a large number of current control transistors such as Q1. The
      base B of transistor Q1 is connected to the negative current source via a
      5 volt zener diode D6 through terminal TA and blocking diode D1. Resistor
      R1 from terminal TA to ground is for the purpose of maintaining a minimal
      current through zener diode D6. The constant base bias voltage supplied by
      the zener diode D6 at terminal TA is used by a plurality of control
      transistors such as Q1. Capacitor C1 connected between the base and
      emitter of the transistor is for the purpose of stabilizing the stage by
      making it insensitive to short noise spikes.
PAR  The remaining elements of the circuit are only for purposes of safety or
      reliability of the circuit. Resistor R6 functions to limit the input
      current from terminal INF. Resistor R3 has a similar current limiting
      function relative to input terminal LT. While resistor R4 is used to keep
      a negative bias on the base B of transistor Q1 when there is no input
      signal.
PAR  Diodes D2 and D3 are also protection diodes. Diode D2 functions to shunt
      large positive going noise spikes to ground, which might otherwise damage
      the transistor. Diode D3 blocks large negative spikes. The type selected
      has a very high peak inverse voltage rating.
PAR  Operation. The circuit as shown is basically a constant current source lamp
      driver circuit. The transistor Q1 has a negative cutoff bias on its base B
      which is overcome by a positive signal via terminals INF or LT. At which
      time the transistor begins to conduct a fixed constant current. The
      magnitude of the current is fixed at a level as determined by the constant
      base bias voltage, constant off bias voltage at TB and R5. The main
      current path then being from ground through the lamp RL, the
      collectoremitter path of the transistor through resistor R5 and diodes D4
      and D5 to negative battery. With the biasing arrangement shown only a
      fixed amount of current can flow in this path until the lamp heats up and
      becomes the sole current limiting element, since the transistor then will
      be in a saturated state exhibiting a very low loss.
PAR  In one specific embodiment of the invention the following component values
      have been utilized to achieve very satisfactory operation; however it will
      be appreciated that these values are given by way of example.
TBL  ______________________________________                                    
     R1                4.87K                                                   
     R2                4.02K                                                   
     R3               23.2 K                                                   
     R4                3.32K                                                   
     R5               51.1 .OMEGA.                                             
     R6                1K                                                      
     C                .1mf                                                     
     D1, D2, D3       IN 645                                                   
     D4, D5           IN 5061                                                  
     D6               IN 5231                                                  
     Q1               2N2219                                                   
     RL               Sylvania Type 48ESB                                      
     ______________________________________                                    
PAR  While there has been shown and described a specific embodiment of the
      invention, other modifications will readily occur to those skilled in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lamp driver for switching electrical current from a power source to an
      incandescent lamp whose resistance is low during the first moments of
      application of power thereto; said lamp having one terminal connected to a
      first terminal of said power source, said lamp driver including a
      transistor having a base, a collector, and an emitter, a biasing diode
      having an anode and a cathode, said collector electrically connected to
      said incandescent lamp and said emitter electrically connected to a second
      terminal of said power source via said biasing diode in the anode to
      cathode direction, a zener diode in series with a first resistor having
      its anode connected to said second terminal and said resistor to said
      first terminal of said power source, said base electrically connected to a
      control input terminal operative to cause said transistor to begin
      conduction, and to said second terminal of said power source via a second
      resistor for maintaining said transistor in a nonconducting state and an
      isolating diode having its cathode connected to the junction of said zener
      diode and first resistor for maintaining a predetermined bias on said base
      during the conduction of said transistor.
NUM  2.
PAR  2. A lamp driver as claimed in claim 1 wherein a second diode is serially
      connected between said collector and said lamp, and a third diode is
      connected across said lamp with the anodes of both said second and third
      diodes connected to a common lamp terminal.
NUM  3.
PAR  3. A lamp driver as claimed in claim 2 wherein a third resistor is
      connected from said first terminal of said power source to said emitter
      for maintaining a minimal current flow through said biasing diode, and a
      capacitor is connected between the base and emitter of said transistor to
      stabilize its operation.
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PAL  An electron gun comprising a changeover chamber and changeover circuit
      between the gun chamber and the insulated cable which connects the power
      supply circuits to the electrodes which enables adjustment of electrode
      potentials to accomplish electrode treatment without excessive gun
      currents.
BSUM
PAR  This invention relates to an improvement for an electron gun in an electron
      beam apparatus.
PAR  Certain types of electron guns employed in electron microscopes and the
      like occasionally require special treatment prior to being operated. For
      example, with electron guns operating at very high accelerating voltages,
      it may be necessary to follow a procedure known as "conditioning" to
      increase the in-vacuo withstand voltage, viz., insulation, between the
      accelerating electrodes prior to generating an electron beam. Also, with
      field emission type electron guns, it may be necessary to clean the
      surface of the emitter by subjecting it to short periods of heat treatment
      known as "flushing".
PAR  In either the case of conditioning or flushing, it is necessary to
      changeover the wiring between the gun electrodes and their respective
      power circuits. In conventional apparatus, this changeover operation is
      carried out by mechanically changing the wiring in a power box located
      separately from gun chamber, a procedure which is not only troublesome but
      has the drawback of being prone to human error. Furthermore, if the
      insulated cable connecting the electron gun chambers to the power supply
      circuits is long and its stray capacity is large and the emitter is likely
      to be damaged when vacuum discharge occurs inside the electron gun chamber
      during the conditioning and flushing procedures.
PAR  The object of this invention is to eliminate the above drawbacks and
      thereby facilitate and enhance the reliability of conditioning and
      flushing by incorporating a novel device for switching the electric wiring
      between the gun electrodes and their respective power supply circuits
      which device is located between the gun chamber and the insulated cable
      which connects the power supply circuits to the electrodes.
PAR  Briefly, according to this invention, there is provided an electron gun for
      emitting an electron beam into an evacuated chamber having a power supply.
      The power supply is connected to the gun by a cable. Between the cable and
      the electron gun, adjacent the electron gun, there is provided a switching
      means. The switching means comprises a protection circuit comprising
      resistors, capacitors and automatic switches to prevent excess of currents
      from flowing through the electron gun during an unexpected disorder of the
      gun during normal operation. In preparation for a normal operation, the
      switching circuit may be used to adjust the electrode potential to
      accomplish an electrode treatment without causing excessive current. The
      placement of the switching circuit provides added protection for the
      electrodes because the capacity of the cable is eliminated as a factor.
DRWD
PAR  This invention will be more clearly understood by reading the following
      detailed description, in which the invention is described with reference
      to a field emission type electron gun illustrated in drawings of which:
PAR  FIG. 1 shows a field emission type electron gun capable of emitting an
      electric field in the cold state; and,
PAR  FIGS. 2 and 3 show the mechanical structure adjacent to the wiring
      changeover chamber 12 shown in FIG. 1.
DETD
PAR  Referring to FIG. 1, an electron gun comprises a chamber 1 maintained in
      vacuo, a filament 2 for heating an emitter 3 attached to said filament 2,
      a first electrode 4 for generating a strong electric field at the emitter
      tip, a second electrode or anode 5 maintained at ground potential. The
      filament 2 and the first electrode 4 are connected to power box 6 by an
      insulated cable 7. A D.C. high voltage power source 8 supplies a high
      potential of 100KV to the emitter 3. A D.C. voltage power source 9 applies
      a potential difference in the order of several tens of KV between the
      emitter 3 and the first electrode 4 to cause field emission, and an A.C.
      power source 10 in circuit with an insulation transformer 11 supplies
      heating filament 2. Located between the insulated cable 7 and the electron
      gun chamber 1, is an electric wiring changeover chamber 12, which houses a
      bank of three changeover switches SW.sub.1, SW.sub.2, SW.sub.3, discharge
      proof high order resistors 13 and 14, a condenser 15 and an arrester 16.
PAR  Since the high voltage for accelerating the field emitted electron beam is
      applied between electrodes 4 and 5, a vacuum insulated breakdown will
      occur if the vacuum pressure in the chamber should deteriorate for any
      reason. In event of such a breakdown, excess voltage will be generated
      between emitter 3 and the electrode 4, a phenomenon which gives rise to an
      arc discharge between said electrodes with resultant damage to the emitter
      tip. The high order resistors 13 and 14 serve to prevent the electric
      charge stored in the capacitance of the power sources housed in the power
      box 6 and the stray capacitance of the cable 7 from discharging as excess
      current in event of insulation breakdown due to vacuum deterioration, and
      the condenser 15 and the arrester 16 serve as a circuit breaker in event
      excess voltage is generated between the emitter 3 and the electrode 4.
PAR  If the changeover chamber 12 comprising high-order resistors is arranged in
      the power box 6, instead of between the cable 7 and the gun chamber 1, the
      electric charge stored in the stray capacitance of the cable 7 will
      generate an excess discharge current between the emitter and the first
      electrode directly and not through the high order resistors.
PAR  To perform the operation known as flushing (i.e. to clean the emitter by
      subjecting it to short periods of heat treatment as previously referred
      to) in the apparatus shown in FIG. 1, the switches SW.sub.1, SW.sub.2 and
      SW.sub.3 are brought into a conducting condition and the emitter is heated
      by the A.C. power source 10 without using the resistor 13. In this state,
      it is necessary to reduce the output of the power source 9 to zero, with
      SW.sub.3 closed, because an excess field emission is generated by the
      electric field between the heated emitter and the first electrode 3.
PAR  To perform the operation known as conditioning (i.e. to increase the
      in-vacuo withstand voltage between electrodes 4 and 5), only switch
      SW.sub.3 is engaged and the output of the power source 9 is reduced to
      zero as in the case of flushing. In this case, the output of the high
      voltage power source 8 is increased by 5 .about. 30% over normal. As a
      result, ions are forcibly made to impinge on the electrode surfaces,
      thereby removing micro-protuberances and dust. By so doing, the
      possibility of electric discharge is minimized.
PAR  Furthermore, by forcibly generating a micro discharge on the electrode
      surfaces, the electric charge which builds up on said surfaces is
      eliminated, thereby creating a situation whereby the occurrence of an
      electric charge, is highly unlikely with time.
PAR  For normal operation, switches SW.sub.1, SW.sub.2 and SW.sub.3 are open and
      the output of the power source 9 is normalized; i.e. increased from zero
      to appropriated operating value.
PAR  FIG. 2 shows the mechanical structure adjacent to the wiring chamber 12
      shown in FIG. 1. In the figure the upper cover 17 of an electron gun
      chamber is fabricated in ceramic or either suitable insulating material so
      as to provide physical support for the filament and emitter. The upper
      side of upper cover 17 is provided with three terminals to which are
      connected lead wires 7a and 7b for heating the emitter and lead wire 7c
      which supplies potential to electrode 4. Said three terminals are in turn
      connected to another set of terminals provided on an insulated supporting
      member 19 which is attached to the base of an insulated container 18
      constituting the upper part of the electron gun. Resistors 13 and 14,
      changeover switches SW.sub.1, SW.sub.2 and SW.sub.3, condenser 15 and
      arrester 16 etc. are supported in the insulated container 18 by the
      insulated supporting member 19. The changeover switches SW.sub.1, SW.sub.2
      and SW.sub.3 are connected to an insulated rod 20 which passes through a
      hole cut into the container wall and a member 21 so as to enable said rod
      to be externally controlled. The rod assembly is supported and secured by
      manipulating a knob 22 attached to the end of said rod. The insulated
      container 18 is filled with insulating oil 23 and the top of the container
      is sealed by an insulated supporting member 24 which supports cable 7 and
      a second supporting member 25 which supports the supporting member 24. The
      cable 7 which connects the electron gun and high voltage power circuits is
      held fixedly in a holder 26 by a clamping screw 27.
PAR  The switches SW.sub.1, SW.sub.2 and SW.sub.3 are engaged or disengaged by
      rotating the rod 20. However, the amount of rotation required to engage or
      disengage the switches varies from switch to switch. That is to say, there
      are three switch combinations according to a given amount of rotation and
      each combination sets the precise condition for "normal operation",
      "conditioning" or "flushing" respectively. Thus, in the arrangement as
      embodied in this invention, it is possible to make the necessary wiring
      changeovers between the respective power circuits and the gun electrodes
      safely and surely simply by manipulating a knob located conveniently near
      the gun chamber.
PAR  FIG. 3 shows an essential part of another changeover chamber according to
      this invention. In this embodiment, reed switches 28, 29, 30 are
      incorporated instead of the mechanical changeover switches SW.sub.1,
      SW.sub.2 and SW.sub.3. The said reed switches 28, 29 and 30 are changed
      over by magnetic field generated by magnetic coils 31, 32 and 33. These
      coils are excited by the output current of a D.C. voltage supply source 34
      spaced from the changeover chamber. The excitation currents are controlled
      out from the wall of container 18 by mechanical changeover switches
      SW.sub.4, SW.sub.5 and SW.sub.6 which are connected to an insulation rod
      35. By rotating a knob 36 attached to the end of the rod 35, the switches
      SW.sub.4, SW.sub.5 and SW.sub.6 are changed over as same as the switches
      SW.sub.1, SW.sub.2 and SW.sub.3 shown in FIG. 2.
PAR  The above described invention is not limited to the above described
      embodiment. It is also applicatory to various types of electron guns. For
      example, it can be incorporated into hot filament type field emission guns
      or conventional thermionic emission type guns in which case flushing is
      unnecessary thereby reducing the changeover sequence to two switch
      combinations instead of three. Again, if a thermionic irradiating means is
      provided to clean the anode or the first electrode, the necessary
      changeover means for this capability can be easily added.
PAR  Having thus described the invention with the detail and the particularity
      as required by the Patent Laws, what is desired protected by Letters
      Patent is set forth in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A field emission type electron gun comprising an electron gun chamber
      (1) containing a filament (2) for supporting and heating an emitter (3), a
      first electrode (4) for generating a strong electric field at the emitter
      tip, and a grounded anode (5), a power unit (6) containing a d.c. high
      voltage power source (8) for maintaining the filament (2) and first
      electrode (4) at negative high potential, and a power source (10) for
      supplying heating current to said filament (2), an insulating cable (7)
      for connecting the power unit (6) and the electron gun chamber (1) via an
      electric wiring changeover chamber (12) located between said insulating
      cable (7) and said electron gun chamber (1), said chamber (12) containing
      high order resistors (13 and 14) located in the d.c. high voltage power
      source (8) and first electrode (4) line circuit and the power source (10)
      and filament (2) line circuit respectively, for preventing the electric
      charge stored in the stray capacity of the insulated cable (7) and in the
      capacitance of power sources (8 and 10) from discharging an excess
      current, within said changeover chamber (12) a changeover means (SW3)
      being connected between the emitter (2) and the first electrode (4) in
      order to provide a normal operating mode when open and a conditioning
      operating mode for increasing the in-vacuo withstand voltage in the gun
      chamber when closed.
NUM  2.
PAR  2. A field emission type electron gun as described in claim 1 in which said
      changeover means comprises a magnetically activated reed switch.
NUM  3.
PAR  3. A field emission type electron gun as described in claim 1 in which said
      changeover means comprises a mechanical switch.
NUM  4.
PAR  4. A field emission type electron gun comprising an electron gun chamber
      (1) containing a filament (2) for supporting and heating an emitter (3), a
      first electrode (4) for generating a strong electric field at the emitter
      tip, and a grounded anode (5), a power unit (6) containing a d.c. high
      voltage power source (8) for maintaining said filament (2) and first
      electrode (4) at negative high potential, and a power source (10) for
      supplying heating current to the filament (2), an insulating cable (7) for
      connecting the power unit (6) and the electron gun chamber (1) via an
      electric wiring changeover chamber (12) located between said insulating
      cable (7) and said electron gun chamber (1), said chamber (12) containing
      high order resistors (13 and 14) located in the d.c. high voltage power
      source (8) and first electrode (4) line circuit and the power source (10)
      and filament (2) line circuit respectively, for preventing the electric
      charge stored in the stray capacity of the insulated cable (7) and in the
      capacitance of power sources (8 and 10) from discharging as excess
      current, within said changeover chamber (12) first and second changeover
      means (SW1 and SW2) being connected in series in a filament heating
      circuit and with third changeover means (SW3) being connected between the
      emitter (2) and the first electrode (4) in order to provide a normal
      operating mode when all changeover means are open and a flushing operating
      mode for superheating and thereby decontaminating the emitter surface when
      all changeover means are closed and a conditioning mode when the first and
      second changeover means are open and the third changeover means is closed.
NUM  5.
PAR  5. A field emission type electron gun as described in claim 4 in which said
      changeover means comprise magnetically activated reed switches.
NUM  6.
PAR  6. A field emission type electron gun as described in claim 4 in which said
      changeover means comprise mechanical switches.
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ABST
PAL  A deflection circuit has a sawtooth generator with a control input and an
      output stage, each having a different power supply. A control voltage
      derived from the output stage supply is applied to the control input to
      decrease the flyback period as the output stage supply voltage increases.
BSUM
PAR  THE INVENTION relates to a field deflection circuit for television display
      apparatus.
PAR  In clamped flyback field deflection circuits in which the flyback pulse is
      clamped to a fixed potential the flyback pulse should be of such duration
      that the current flow in the deflection coils is exactly reversed. Failure
      to achieve this results in a non-linear scan, the non-linearity being
      particularly apparent at the start of the scan. One method of ensuring
      linearity of scan in clamped flyback field output stages is the use of
      current feedback to ensure that the scan does not start until the current
      in the deflection coil has fully reversed. However consistent interlace is
      difficult to achieve when using current feedback especially with
      110.degree. deflection tubes, and particularly when large line frequency
      currents flow in the field deflection coils to compensate for pin cushion
      distortion.
PAR  It is an object of the invention to provide an alternative method of
      maintaining the linearity of the field scan in a clamped flyback field
      deflection circuit.
PAR  The invention provides a clamped flyback field deflection circuit including
      means for producing flyback pulses whose duration increases as the picture
      height increases and decreases as the supply voltage to the output stage
      of the clamped flyback field deflection stage increases.
PAR  The means for producing flyback pulses may comprise means for charging a
      capacitor from a voltage source, the voltage of which increases as the
      picture height increases, means for causing the capacitor to discharge
      when the charge thereon reaches a predetermined value, and means for
      controlling the discharge path of the capacitor to cause the discharge
      path to pass a current dependent on the supply voltage to the output
      stage.
PAR  The apparatus may include control means of varying the picture height
      including a potentiometer, one point on which may be connected to a second
      supply voltage, and a second point on which forms the source of the
      voltage which increases as the picture height increases.
PAR  The second supply voltage may be the supply voltage to the output stages,
      and may be derived from a line scan rectified supply.
PAR  The discharge path of the capacitor may comprise the collector emitter path
      of a transistor and means for controlling the impedance of the
      collector-emitter path of the transistor. The means for controlling the
      impedance of the collector emitter path of the transistor may comprise
      means for producing a current proportional to the supply voltage to the
      output stage and feeding the current to the base of the transistor. The
      transistor may be connected to a second transistor to form a current
      mirror.
PAR  The output stage may include a first path for applying a deflection signal
      to the deflection coil and a second path for applying the flyback pulse to
      the deflection coil. The flyback pulse may be subdivided to produce
      separate pulses and be applied to the output stage to control the
      switching thereof.
PAR  The invention further provides television display apparatus including such
      a clamped flyback field deflection circuit.
DRWD
PAR  The above and other features of the invention will be more readily
      understood by a perusal of the following description with reference to the
      accompanying drawings in which:
PAR  FIG. 1 shows a theoretical circuit for producing a sawtooth waveform for
      use with a field deflection circuit according to the invention, whose
      flyback time varies as the voltages supplied to two terminals are varied,
PAR  FIG. 2 shows a modification of the circuit shown in FIG. 1,
PAR  FIG. 3 shows a practical version of the circuit of FIG. 1 adapted for
      fabrication as an integrated circuit, in monolithic form, and
PAR  FIG. 4 shows a suitable output stage for the circuit of FIG. 3.
DETD
PAR  As shown in FIG. 1 the circuit includes the series arrangement of a
      variable resistor R1, a resistor R2 and a potentiometer R3 connected
      between terminal 1 and an earth rail. The junction of variable resistor R1
      and resistor R2 is connected to line 5 which acts as a positive supply
      rail for the rest of the circuit. The junction of resistor R2 and
      potentiometer R3 is connected to terminal 2. The slider of potentiometer
      R3 is connected to the collector of an n.p.n transistor T1 and to the base
      of a p.n.p transistor T2. The emitter of transistor T1 is connected to the
      earth rail while its base is connected to the collector of transistor T2.
      The emitter of transistor T2 is connected to the emitter of a p.n.p
      transistor T3 and via a resistor R6 to a positive supply rail 5. The
      collector of transistor T3 is connected to the base of an n.p.n. a
      transistor T4 which has its emitter connected to the earth rail and its
      collector connected to the junction of the collector and base of an n.p.n
      transistor T5, the base of an n.p.n transistor T6, and one end of a
      variable resistor R4. The other end of variable resistor R4 is connected
      to a terminal 3. The emitters of transistors T5 and T6 are both connected
      to the earth rail. The series arrangement of a resistor R5 and a capacitor
      C1 is connected between the positive supply rail 5 and the earth rail with
      one end of resistor R5 connected to the positive supply rail 5. The
      junction of resistor R5 and capacitor C1 is connected to the junction of
      the collector of transistor T6, the base of transistor T3, and terminal 4.
PAR  In operation, a first source of direct voltage is applied between 1 and
      earth. The direct voltage may be derived, for example, from a line scan
      rectified supply. This will maintain a substantially constant picture
      aspect ratio if the line scan amplitude varies, since the amplitude of the
      ramp voltage generated will depend on the supply voltage on line 5.
      Terminal 3 is connected to a second source of direct voltage which also
      serves as a supply voltage for a field output stage which is driven by the
      sawtooth waveform generator. The second source of direct voltage is
      generated separately from the first source of direct voltage. When the
      supply voltages are initially applied to this circuit capacitor C1 will be
      discharged causing T3 and T4 to be ON and T1 and T2 to be OFF. The current
      through resistor R4 will flow through transistor T4 and since V.sub.ce
      (SAT) is less than V.sub.be (SAT) T5 and T6 will be OFF. Capacitor C1 then
      begins to charge through resistor R5 and generates a ramp voltage which is
      available at terminal 4. As the charge on capacitor C1 increases the
      voltage at the base of transistor T3 increases until it reaches the
      voltage at the slider of potentiometer R3 when transistor T2 starts to
      conduct. Positive feedback round the loop comprising transistors T1 and T2
      causes these transistors to switch rapidly from being OFF to being ON,
      causing transistors T3 and hence T4 to switch OFF. Transistors T5 and T6
      are now turned ON and the capacitor C1 discharges through the
      collector-emitter path of transistor T6. Transistors T5 and T6 are
      connected to form a current mirror, the operation of which is as follows.
PAR  When a voltage is applied to terminal 3 and transistor T4 is switched off a
      current will flow through resistor R4 to the base of transistor T5 and
      since the base and collector of transistor T5 are connected together this
      current will flow through the collector-emitter path of transistor T5 and
      also through its base-emitter path. However, if the gain of transistor T5
      is high the proportion of the current flowing through the base emitter
      path of transistor T5 will be very low. The potential at the base of
      transistor T5 will set the current flow through the collector-emitter path
      of transistor T5 and as the base of transistor T5 is connected to the base
      of transistor T6 and the collector of transistor T6 is fed with a voltage
      from a low impedance source, capacitor C1, if transistors T5 and T6 are
      identical then the current through the collector emitter path of
      transistor T6 will be equal to the current through the collector emitter
      path of transistor T5. Transistor T6 will therefore conduct a constant
      current, which is set by the value of the voltage applied to terminal 3
      and the setting of variable resistor R4, causing the voltage across
      capacitor C1 to fall linearly. When the voltage across capacitor C1 has
      fallen to a sufficiently low value transistor T3 will turn ON, causing
      transistor T4 to turn ON also. Consequently transistors T1, T2, T5 and T6
      turn OFF and capacitor C1 starts to charge again.
PAR  Adjustment of variable resistor R1 varies the scan amplitude and hence
      picture height since as the voltage at the positive supply rail increases
      the potential at the slider of potentiometer R3 increases and hence the
      potential to which the capacitor C1 charges will also increase. Thus the
      amplitude of the waveform at terminal 4 depends on the setting of variable
      resistor R1 but the frequency of the waveform remains substantially
      constant. Adjustment of potentiometer R3 will vary the frequency of the
      waveform and will also affect the amplitude of the waveform, since the
      potential at the slider of potentiometer R3 governs the potential to which
      capacitor C1 charges. The output frequency may be synchronised by applying
      negative going pulses to terminal 2. These pulses temporarily lower the
      potential at the base of transistor T2 and if the capacitor C1 has charged
      to a sufficiently high level the pulses will cause immediate switching of
      transistors T1 and T2, and C1 will start to discharge. The flyback time is
      governed by the voltage applied to terminal 3 and the setting of variable
      resistor R4 as these components together with transistor T5 control the
      impedance of the collector-emitter path of transistor T6.
PAR  Thus this circuit gives a flyback time which increases as the scan
      amplitude increases, since the time taken to discharge capacitor C1, at
      constant current, increases if the voltage to which the capacitor is
      charged is increased, and the voltage on positive supply rail 5 affects
      the voltage to which the capacitor is charged. The flyback time is also
      dependent on the voltage applied to terminal 3 and if this voltage is the
      supply voltage to the output stage then as this voltage increases the
      impedance of the collector-emitter path of transistor T6 decreases and the
      capacitor C1 discharges more quickly and the flyback time is reduced.
      Conversely as the voltage applied to terminal 3 decreases the impedance of
      the collector-emitter path increases and the capacitor C1 discharges more
      slowly and the flyback time is increased.
PAR  With the circuit of FIG. 1 unless the components are carefully selected so
      that transistor T1 is barely saturated when it is switched ON the circuit
      will lock up with transistors T3 and T4 partially conducting and the
      charging current from resistor R5 flowing through transistor T6. In order
      to reduce this problem the circuit may be modified as shown in FIG. 2.
PAR  The circuit of FIG. 2 shows transistor T1 replaced by two n.p.n transistors
      T1a and T1b which are connected to form a current mirror and have
      approximately unity gain. The impedance of potentiometer R3 is increased
      and n.p.n transistor T7 is introduced to clamp the lower trip level, i.e.
      the voltage at the base of transistor T2 while capacitor C1 is
      discharging, to approximately 0.6V. Transistors T8 and T9 both p.n.p form
      a comparator which controls the flyback current mirror formed by
      transistors T5 and T6. Diodes D1 and D2 produce a voltage reference level
      of approximately 1.2V at the base of transistor T8.
PAR  This circuit operates in a similar manner to the circuit described with
      reference to FIG. 1 as far as the generation of the ramp voltage is
      concerned. However, at the start of the flyback, when transistors T1a, T1b
      and T2 turn ON, most of the collector current flowing in transistor T1a is
      derived from transistor T7. This causes the potential at the base
      electrodes of transistors T2 and T9 to be held at about +0.6V. This causes
      transistor T9 to be held ON and transistor T8 to be OFF since the
      potential at the base of transistor T8 is held at about +1.2V by diodes D1
      and D2. Since transistor T8 if OFF there is no base current supplied to
      transistor T4 and consequently transistor T4 is OFF. The timing capacitor
      C1, therefore, discharges linearly, through the collector-emitter path of
      transistor T6, under the control of the voltage applied to terminal 3 and
      the setting of variable resistor R4. When the charge on capacitor C1 has
      fallen to such a value that the voltage across it, and hence at the base
      of transistor T3, is approximately +0.6V transistor T3 will switch ON and
      consequently transistors T1a, T1b and T2 switch OFF. Transistor T9 will
      not switch OFF until the voltage at its base and hence at the base of
      transistor T2 has reached approximately +1.2V. This allows transistors
      T1a, T1b and T2 to start to switch OFF before transistor T9. When the
      voltage at the base of transistor T9 rises above +1.2V transistor T8 will
      switch on which in turn causes transistor T4 to switch ON. Since V.sub.ce
      (SAT) of transistor T4 is less than V.sub.be (SAT) of transistors T5 and
      T6 this causes transistors T5 and T6 to switch OFF and the current through
      resistor R4 is conducted through transistor T4. Since the discharge path
      for capacitor C1 is now broken it commences to recharge via resistor R5
      and the generation of the ramp voltage recommences.
PAR  FIG. 3 shows a modification of the circuit of FIG. 1 in a form suitable for
      fabrication in monolithic form as an integrated circuit, the conductivity
      types of the transistors being as shown. The components inside the broken
      line in this Figure and FIG. 4 are those which may be included in the
      integrated circuit. Components which have the same function as those in
      FIGS. 1 and 2 are given the same reference numerals as in those Figures.
PAR  The series arrangement of a resistor R10, variable resistor R1, resistor
      R2, potentiometer R3 and resistor R11 is connected between terminal 1 and
      a terminal 10. The junction of potentiometer R1 and resistor R2 is
      connected to a terminal 15 and via a capacitor C2 to terminal 10. The
      junction of resistor R2 and potentiometer R3 is connected to a terminal 2.
      The series arrangement of a resistor R5 and a capacitor C1 is connected
      between a terminal 6 and terminal 10, the junction of capacitor C1 and
      resistor R5 being connected to a terminal 7. Potentiometer R4 is connected
      between terminal 3 and a terminal 9. Terminal 3 is connected to the
      junction of a first resistor R12, a second resistor R20, a third resistor
      R24 and the collector of transistor T11. The base of transistor T11 is
      connected to the junction of resistor R12 and the emitter of a transistor
      T10 whose base is connected via two serially connected diodes D3 and D4 to
      terminal 15. The emitter of transistor T11 is connected to the collector
      of transistor T10 and positive supply rail 5. Terminal 9 is connected to
      one end of a resistor R13 the other end of which is connected to the
      junction of the base of transistor T6, the collector of transistor T4 and
      the base and collector of transistor T5. The emitter of transistor T5 is
      connected to one end of a resistor R14 the other end of which is connected
      to terminal 10, the emitter of transistor T4, and one end of a resistor
      R38. The other end of resistor R38 is connected to the emitter of
      transistor T6. The collector of transistor T6 is connected to the base of
      a transistor T12 and to terminal 7. The base of transistor T4 is connected
      to the collector of transistor T8. The collector of transistor T12 is
      connected to terminal 6 and the positive supply rail 5. The series
      arrangement of resistor R7 and the two diodes D1 and D2 is connected
      between the positive supply rail 5 and terminal 10, the junction of
      resistor R7 and diode D1 being connected to the base of transistor T7, the
      base of transistor T8, and one end of a resistor R16. The emitter of
      transistor T8 is connected to the emitter of transistor T9 and via
      resistor R8 to the positive supply rail 5. The collector of transistor T7
      is connected to the positive supply rail 5 while its emitter is connected
      to the base of transistor T9, the base of transistor T2, the collector of
      transistor T1a, the emitter of a transistor T13, and via a resistor R17
      the positive supply rail 5. The base of transistor T13 is connected to
      terminal 8 while its collector is connected to terminal 10. The collector
      of transistor T9 is connected via a resistor R26 to the base of a
      transistor T23 and via a resistor R37 to the base of a transistor T27. The
      other end of resistor R16 is connected to the base of a transistor T15 and
      to the base and collector of a transistor T14. The emitters of transistors
      T14 and T15 are connected to terminal 10. The collector of transistor T15
      is connected to the base of a transistor T16, the base of transistor T3,
      the base of a transistor T17 and the emitter of transistor T12. The
      emitters of transistors T2 and T3 are commoned and connected via a
      resistor R18 to the positive supply rail 5. The collector of transistor T2
      is connected to the base of transistor T1a and to the base and collector
      of transistor T1b while the collector of transistor T3 is connected to the
      base of a transistor T18. The emitter of transistor T17 is connected to
      the emitter of a transistor T19, the collector of transistor T18, and via
      a resistor R19 the positive supply rail 5. The emitters of transistors
      T1a, T1b, and T18 are connected to terminal 10. The series arrangement of
      a diode D5, a resistor R22, a resistor R23 and a diode D6 is connected
      between the positive supply rail 5 and terminal 10. The base of transistor
      T19 is connected to a tapping point on resistor R23. The collector of
      transistor T17 is connected to the base of a transistor T20 while the
      collector of transistor T19 is connected to the base of a transistor T22.
      The emitter of transistor T16 is connected to the junction of a resistor
      R20, a resistor R21, a resistor R30 and the collector of a transistor T27.
      The other end of resistor R21 is connected to terminal 10 while a tapping
      point on resistor R21 is connected to the base of a transistor T21, the
      emitter of which is connected to the junction of resistor R24 and a
      resistor R25 whose other end is connected to terminal 4. The other end of
      resistor R30 is connected to the junction of a resistor R29 and the base
      of a transistor T28. The emitter of transistor T28 is connected through a
      resistor R35 to the positive supply rail 5 and through a resistor R36 to a
      terminal 11. The other end of resistor R29 is connected to the junction of
      a resistor R28 and the emitter of a transistor T26. The emitter of a
      transistor T25 is connected to the junction of resistor R28 and a resistor
      R27 the other end of which is connected to the emitter of a transistor
      T24. The collectors of transistors T24, T25, and T26 are connected to the
      positive supply rail 5. The series arrangement of a resistor R31, a
      resistor R32, a resistor R33, a resistor R34, a diode D7, a diode D8 and a
      diode D9 is connected between the positive supply rail 5 and terminal 10.
      The base of transistor T24 is connected to the junction of resistors R31
      and R32, the base of transistor T25 to the junction of resistors R32 and
      R33, and the base of transistor T26 to the junction of resistors R33 and
      R34. The emitters of transistors T20, T27, T23, and T22 and the collectors
      of transistors T21, T16 and T28 are connected to terminal 10. The
      collector of transistor T23 is connected to terminal 12, the collector of
      transistor T20 to terminal 13, and the collector of transistor T22 to
      terminal 14.
PAR  In operation, a first source of direct voltage is connected between
      terminals 1 and 10 and a second of direct voltage is connected between
      terminals 3 and 10. The first source of direct voltage is preferably
      derived from a line scan rectified supply, as described with reference to
      FIG. 1, in order to stabilize the picture aspect ratio. Adjustment of
      variable resistor R1 adjusts the scan amplitude and the voltage produced
      at the junction of variable resistor R1 and resistor R2 is applied via
      terminal 15 to a common collector amplifier circuit comprising diodes D3
      and D4, resistor R12 and transistors T10 and T11. Thus a positive supply
      voltage approximately 1.2V higher than the voltage applied at terminal 15
      is produced on the positive supply rail 5.
PAR  The diodes D3 and D4 increase the potential on supply rail 5 by two forward
      voltage drops i.e. approximately 1.2V so that the aiming voltage for
      capacitor C1 is approximately 1.2V above the voltage at the junction of
      resistors R1 and R2. The potential divider chain comprising resistors R2
      and R11 and potentiometer R3 provide the other input to the comparator
      formed by transistors T2 and T3 and give a lower trip level of
      approximately 1.2V due to the voltage drops in transistors T12 and T13.
      The sawtooth waveform is produced in a similar way to that described with
      reference to FIG. 2 and the components to both FIGS. 2 and 3 are shown
      with the same references.
PAR  The ramp voltage produced at the junction of capacitor C1 and resistor R5
      is fed via a common collector stage which includes transistor T12 to the
      base of transistor T3. This enbales a lower value capacitor to be used as
      the timing capacitor C1 and hence reduces the discharge current through
      transistor T6. The frequency control potentiometer R3 is buffered from the
      base of transistor T2 by a common collector stage which includes
      transistor T13. The ramp voltage from terminal 7 is fed through two
      further common collector stages including transistors T16 and T21 to give
      a low output impedance at terminal 4. Transistor T9 is not now directly
      connected to the earth but instead is used to produce a flyback pulse
      which is applied to the bases of transistors T27 and T23. Transistors T23
      then feeds the flyback pulse to terminal 12. The emitter of transistor T16
      and the collector of transistors T16 and T27 are commoned and hence the
      output at this point is the sum of the sawtooth waveform applied to the
      base of transistor T16 and the flyback pulse applied to the base of
      transistor T27. This waveform is applied to a shaping network which
      includes transistors T24, T25, T26 and associated resistors R27, R28, R29,
      R30, R31, R32, R33, R34 and diodes D7 and D8. The output from this shaping
      network, taken from the junction of resistors R29 and R30, is applied to
      the base of transistor T28. The shaped waveform is then available from
      terminal 11. The shaping network is introduced to give `s` correction for
      the first half of the scan to the ramp waveform and is selected to over
      correct the waveform. The `s` correction for the second half of the scan
      is produced by the fall in the rate of charging the capacitor C1 as the
      aiming voltage is approached. A delayed flyback pulse is available from
      terminal 13 and is generated by a comparator formed by transistors T17 and
      T19. The collector of transistor T3 is connected to the base of transistor
      T18 instead of, as in the previous figures, to earth. In this way when
      transistor T3 is switched ON, i.e. when the capacitor C1 is charging,
      transistor T18 is switched ON and holds transistors T17 and T19 OFF. When
      transistor T3 switches OFF, i.e. when capacitor C1 is discharging, the
      voltage across capacitor C1 is compared with that applied to the base of
      transistor T19. While the voltage across capacitor C1 is greater (more
      positive) than that applied to the base of transistor T19, transistor T19
      will conduct and consequently transistor T22 will also conduct to connect
      terminal 14 to terminal 10. When the voltage across capacitor C1 falls to
      a lower value than that applied to the base of transistor T19 transistor
      T17 switches ON and transistor T19 switches OFF. Consequently transistor
      T20 now conducts and connects terminal 13 to terminal 10 while transistor
      T22 becomes non conducting and isolates terminal 14 from terminal 10. The
      voltage applied to the base of transistor T19 is selected so that during
      about the first 30% of the flyback period transistor T22 is conductive and
      provides a pre-delay pulse at terminal 14 and during the rest of the
      flyback period transistor T20 is conductive and provides a delayed pulse
      at terminal 13.
PAR  FIG. 4 shows a suitable output stage for use with the circuit of FIG. 3 in
      a clamped flyback field output circuit according to the invention. The
      terminals having the same reference numerals as those in FIG. 3 are
      connected to the corresponding terminals of FIG. 3. While the conductivity
      types of the transistors are as shown. A potentiometer R40 is connected
      between terminals 4 and 11 with its slide connected to one end of a
      resistor R41 which is connected in series with a resistor R42. The other
      end of resistor R42 is connected to the junction of a capacitor C10, a
      resistor R46 whose other end is connected to terminal 10, and a resistor
      R58. The other end of capacitor C10 is connected to the junction of a
      resistor R44, the base of a transistor T43, and one end of a capacitor C11
      whose other end is connected to earth. The collector of transistor T43 is
      connected to the collector of a transistor T44, the collector of a
      transistor T50 and the base of a transistor T52. The emitter of transistor
      T52 is connected to the base of transistor T50 and the base of a
      transistor T51, whose collector is connected to the collectors of two
      transistors T45, and T46, to the bases of three transistors T60, T65 and
      T66 and to one end of a capacitor C12 whose other end is connected to
      terminal 10. The Emitters of transistors T50 and T51 are connected to
      terminal 3. The collector of transistor T52 is connected to terminal 10
      and to the base of a transistor T54 whose emitter is connected to the
      collector of a transistor T55 and the base of a transistor T53. The
      emitter of transistor T53 is connected to the junction of a resistor R43,
      a resistor R47 and a resistor R50. The other end of resistor R43 is
      connected to the junction of resistor R44 and the collector and base of a
      transistor T40. The emitter of transistor T40 is connected to the
      collector and base of a transistor T41 whose emitter is in turn connected
      to the collector and base of a transistor T42. The emitter of transistor
      T42 is connected to one end of a resistor R45 the other end of which is
      connected to terminal 10, and to one end of a resistor R55 the other end
      of which is connected to the junction of the base of transistor T55, the
      base of a transistor T58, and the emitter of a transistor T57. The other
      end of resistor R47 is connected to the collector and base of a transistor
      T76, and to the base of a transistor T77. The other end of resistor R50 is
      connected to the junction of the base of transistor T46 and the base and
      collector of a transistor T47. The emitter of transistor T47 is connected
      to the base and collector of a transistor T48 whose emitter is in turn
      connected to the base and collector of a transistor T49. The emitter of
      transistor T49 is connected via a resistor R57 to terminal 10, and via a
      resistor R56 to the collector of a transistor T68, the emitters of two
      transistors T61 and T62, one end of a resistor R54, the junction of two
      diodes D10 and D11 connected in series between terminal 3 and terminal 10,
      and terminal 16. The collector of transistor T77 is connected to the
      emitters of transistors T44 and T45. The emitter of transistor T43 is
      connected to the base of transistor T44 and to a resistor R48 which is
      connected in series with a resistor R49 whose other end is connected to
      the junction of the base of transistor T45 and the emitter of transistor
      T46. The emitters of transistors T76 and T77 are connected to terminal 10.
      The collector of transistor T58 is connected to the base of a transistor
      T59 whose collector is connected to the emitter of transistor T58 and
      through a resistor R52 to terminal 3. The emitter of transistor T59 is
      connected to the junction of the collector of transistor T62, the
      collector of a transistor T63, the base of a transistor T64, and one end
      of a resistor R53 whose other end is connected to the junction of resistor
      R54 and the base of transistor T63. The emitter of transistor T63 is
      connected to the base of transistor T62. The emitters of transistors T64,
      T65 and T66 are commoned. The collector of transistor T66 is connected to
      the base of a transistor T67 and terminal 14. The collector of transistor
      T67 is connected to the collector of transistor T64 and to the base of
      transistor T56 while its emitter is connected to the base of transistor
      T68. The collectors of transistors T53, T54, T56, T57, T60 and T61 and the
      base of transistor T56 are all connected to terminal 3. The emitter of
      transistor T55 is connected via a resistor R51 to terminal 3. The emitter
      of transistor T60 is connected to the base of transistor T61. Terminal 13
      is connected to the base of a transistor T70 and via a resistor R65 to
      terminal 3. The collector of transistor T70 is connected to the base of a
      transistor T71 whose emitter is connected to the base of a transistor T72
      and to one end of a resistor R67 whose other end is connected to the
      junction of a diode D17 and the emitter of transistor T72. Terminal 12 is
      connected to the collector of a transistor T75, the base of a transistor
      T73 and via a resistor R66 to terminal 3. The series arrangement of two
      resistors R69 and R70 is connected between terminals 10 and 18, the
      junction of resistors R69 and R70 being connected to the base of a
      transistor T69. The collector of transistor T69 is connected to terminal
      17 and via the series arrangement of a capacitor C14 and a resistor R71 to
      the other end of resistor R58. Terminal 19 is connected to the junction of
      diode D17, diode D19, the collectors of transistor T73 and a transistor
      T74 and terminals 18 and 21. The series arrangement of four diodes D13,
      D14, D15 and D16 and two resistors R72 and R73 is connected between
      terminals 10 and 18, the junction of resistors R72 and R73 being connected
      to the base of transistor T75. The collectors of transistors T71 and T72
      and the emitter of transistor T70 are connected to terminal 3. The
      emitters of transistors T68, T69, T74 and T75 and the anode of diode D19
      are all connected to terminal 10, A diode D18 is connected between
      terminals 3 and 19 while a capacitor C15 is connected between terminals 10
      and 21. Terminal 16 is connected to one end of an inductor L2 the other
      end of which is connected to the junction of a capacitor C16 and one end
      of the parallel arrangement of a resistor R59 and a termistor R60. The
      other end of this parallel arrangement is connected to one end of a
      deflection coil L1. The other end of the deflection coil L1 is connected
      to a transductor 40 through which the waveform to correct for pin cushion
      distortion may be applied. Terminal 17 is connected via a resistor R68 to
      the transductor 40 and to the junction of a capacitor C13 and the slider
      of a potentiometer R63. The other end of capacitor C13 is connected to the
      junction of a resistor R64 and an inductor L3 the other end of which is
      connected to terminal 18. The other end of resistor R64 is connected to
      one end of potentiometer R63 whose other end is connected via resistor R62
      and diode D12 to terminal 3. The other end of capacitor C16 is connected
      to terminal 10. A capacitor C12 is connected between terminals 10 and 20.
PAR  In operation the overshaped ramp voltage of terminal 11 is combined with
      the unshaped ramp voltage of terminal 4 in potentiometer R40. The
      proportion of each which is fed to the base of transistor T43 is dependent
      on the setting of potentiometer R40. The amplified ramp voltage is
      available at terminal 16 and is applied to the deflection coil L1. During
      the scan period there is no drive at terminal 13 and hence transistor T70
      is switched OFF and therefore transistors T71 and T72 are also OFF. Hence
      there is no drive to transistor T75 and this is also OFF. Transistors T73
      and T74 are ON and hence terminal 18 is held at approximately earth
      potential. Therefore current flows through the deflection coil L1 in the
      direction from terminal 16 to terminal 18.
PAR  During the flyback period a pre-day pulse is applied at terminal 14 for
      approximately the first 30% of the flyback period. This pulse is fed to
      the base of transistor T67 and hence transistors T67 and T68 are both
      turned OFF. Further, during the occurrence of the pre-delay pulse the
      signal applied to the base of transistor T43 is such that transistor T61
      will be turned OFF and transistor T68 would be turned on in the absence of
      the pre-delay pulse.
PAR  A flyback pulse is applied via terminal 12 to the collector of transistor
      T75 and the base of transistor T73. This causes transistors T73 and T74 to
      switch OFF. Therefore, for the first 30% of the flyback period, there is
      no drive from either of terminals 16 or 18 to the deflection coil L1, the
      current being maintained by diodes D11 anad D18 and capacitors C15 and
      C16.
PAR  After the first 30% of the flyback peeriod the pre-delay pulse disappears
      allowing transistor T67 and T68 to switch ON thus holding terminal 16 at
      near earth potential. At the same time a delayed pulse is applied to the
      base of transistor T70 via terminal 13. This causes transistor T70 and
      hence transistors T71 and T72 to switch ON. Terminal 18 is now held at a
      potential near to that of the supply rail 5 and the deflection coil L1 is
      energised in the opposite direction from that during the scan period.
PAR  The field deflection output stage is protected from the effects of
      flashover in the tube in two ways. Firstly since the deflection coils are
      driven double-ended, i.e. the flyback and scan waveforms are applied
      separately, larger valued capacitors across the outputs of both the scan
      and flyback circuits than those possible with single ended drive circuits
      are acceptable. The capacitance of capacitors C15 and C16 may be, for
      example, as high as 220 nF instead of about 22 nF in the case of a single
      ended output stage. This means that a very low impedance is available to
      by-pass flashover effects, and the addition of inductors L2 and L3 gives
      extra protection to the output devices in the event of flashover in the
      tube.
PAR  Secondly a high voltage at terminal 18, and hence at the collector of
      transistor T74, causes diodes D13, D14, D15, and D16 to conduct and
      therefore transistor T75 switches ON. This lowers the potential at the
      base of the transistor T73 causing it and also transistor T74 to be
      switched OFF hence reducing the current through transistor T74 to its
      leakage current.
PAR  The use of delayed and pre-delay pulses, as described above, reduces the
      possibility of dangerous switching conditions, due to the presence of the
      capacitors, where high voltages and currents are present in the output
      devices at the same time.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A field deflection circuit arrangement in which the flyback pulse
      produced across the deflection coil is clamped to a fixed potential, said
      deflection circuit comprising a sawtooth wave generator means adapted to
      be connected to a first source of direct voltage for producing a waveform
      having a scan period and a flyback period, said flyback period increasing
      as the amplitude of the sawtooth wave increases, said generator means
      having a control input means for varying said flyback period, an output
      stage adapted to be connected to a second source of direct voltage, and
      means for feeding said second source of direct voltage to said control
      input means of said sawtooth wave generator for causing the flyback period
      to decrease as the voltage of said second source of direct voltage
      increases.
NUM  2.
PAR  2. A field deflection circuit arrangement as claimed in claim 1 in which
      said first source of direct voltage is derived from a line scan rectified
      supply.
NUM  3.
PAR  3. A field deflection circuit arrangement as claimed in claim 1 in which
      said sawtooth wave generator comprises means for charging a capacitor to a
      potential which increases as the voltage of said first source of direct
      voltage increases and means for discharging said capacitor at a rate which
      is dependent on the voltage at the control input of said sawtooth wave
      generator.
NUM  4.
PAR  4. A field deflection circuit arrangement as claimed in claim 3 in which
      said means for discharging said capacitor comprises the collector emitter
      path of a first transistor and said control input means of said sawtooth
      waveform generator is coupled to the base of said transistor.
NUM  5.
PAR  5. A field deflection circuit arrangement as claimed in claim 4 further
      comprising a current mirror including said first transistor and a second
      transistor coupled to said first transistor.
NUM  6.
PAR  6. A field deflection circuit arrangement as claimed in claim 1 in which
      said sawtooth wave generator includes means for generating a pulse during
      the flyback period.
NUM  7.
PAR  7. A field deflection circuit arrangement as claimed in claim 6 including
      means for sub-dividing said pulse to produce further pulses each haaving a
      duration of less than said first mentioned pulse.
NUM  8.
PAR  8. A field deflection circuit arrangement as claimed in claim 1 in which
      said output stage includes a first path means for applying a scan current
      to the deflection coil and a second path means for applying a flyback
      current to the deflection coil.
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ABST
PAL  A dual trace display device having a gate circuit for receiving input
      signals, a sweep signal generator, a rectangular waveform generator
      supplied with the output signal from the sweep signal generator, and a
      driving circuit supplied with the output signal from the rectangular
      waveform generator and controlling the gate circuit. In this case, a
      display device is supplied with the output signals from the gate circuit
      and the sweep signal generator for displaying the same thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a dual trace display device, and
      more particularly to a dual trace display device in which two input
      signals are successively displayed on th same scanning axis of the display
      device changeably.
PAR  2. Description of the Prior Art
PAR  In a conventional dual trace display device, two input signals A and B are
      fed to input terminals 1 and 2 and then through pre-amplifiers 3 and 4 to
      a gate circuit 5, as shown in FIG. 1. The gate circuit 5 is supplied with
      a switching signal from a rectangular waveform generator 6 to pass
      therethrough the input signals alternately to an amplifier 7 and the
      output from the amplifier which is applied to the drive vertical axis of a
      cathode ray tube 11. A sweep signal generaor 9 is supplied through a
      switch 8 with the output from the pre-amplifier 4 or the amplifier 7 to
      produce a horizontal sweep signal in synchronism with the signal applied
      thereto. The horizontal sweep signal from the sweep signal generator 9 is
      applied through a amplifier 10 to drive the horizontal axis of the cathode
      ray tube 11. In this case, in synchronism with the switching of the two
      input signals, the level of the horizontal axis correspondng to the two
      input signals is switched to display the input signals A and B on a screen
      11a of the cathode ray tube 11 in parallel with each other in vertical
      direction as shown in FIG. 4. Accordingly, the dual trace display device
      mentioned as above will be convenient for comparing the phase of the input
      signals A and B but is not preferred for comparing the amplitude of the
      input signals A and B.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved dual trace
      display device.
PAR  It is another object of the present invention to provide a dual trace
      display device in which two input signals are displayed on the same
      horizontal axis.
PAR  It is a further object of the invention to provide a dual trace display
      device in which on of two input signals is displayed only.
PAR  The additional and other objects, features and advantages of the invention
      will be apparent from the following description taken in conjunction with
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram for showing a conventional dual trace display
      device;
PAR  FIG. 2 is a circuit diagram for showing an example of the dual trace
      display device according to the invention;
PAR  FIG. 3 is a connection diagram for showing the main part of the display
      device shown in FIG. 2;
PAR  FIG. 4 is a waveform displayed on the screen of the cathode ray tube of the
      device shown in FIG. 1;
PAR  FIG. 5 is a waveform displayed on the screen of the cathode ray tube of the
      device shown in FIG. 2; and
PAR  FIG. 6 is a waveform diagram used for explaining the operation of the
      device according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An embodiment of the present invention will be now described with reference
      to the drawings.
PAR  FIG. 2 is a circuit diagram which shows an embodiment of the invention and
      in which reference numerals similar to those of FIG. 1 designate the
      similar elements, so that their description will be omitted for the sake
      of brevity.
PAR  In the present invention, a driving circuit 21 for the gate circuit 5 and a
      rectangular waveform generator 20, which is supplied with the output from
      the sweep signal generator 9 through a output terminal 16 thereof, are
      respectively provided. The driving circuit 21 is supplied with the output
      of the rectangular waveform generator 20 to be controlled.
PAR  As shown in FIG. 3, an example of the rectangular waveform generator 20
      consists of a Schmitt trigger circuit which is composed of NPN transistors
      Q.sub.4 and Q.sub.5. The input level to the Schmitt trigger circuit is set
      or adjusted by a variable resistor VR1 connected to the emitter circuit of
      an NPN transistor Q.sub.3 the base electrode of which connected to the
      output terminal 16 of the sweep signal generator 9. The output of the
      rectangular waveform generator 20 is applied to the base electrode of an
      PNP-type transistor Q.sub.6 which forms together with PNP-type transistors
      Q.sub.7 and Q.sub.8 the driving circuit 21. The transistors Q.sub.6 and
      Q.sub. 8 serve as switching transistors which operate in opposite phases
      with each other. The collector electrode of the transistor Q.sub.6 is
      connected to the base electrode of the transistor Q.sub.7 which is
      connected as an emitter follower. The output of the transistor Q.sub.7 is
      fed to the base electrode of the transistor Q.sub.8.
PAR  The Schmitt trigger circuit is set in such a manner that when no input
      signal is applied thereto or the input signal applied thereto is lower
      than the trigger level thereof, the transistor Q.sub.4 is non-conductive
      but the transistor Q.sub.5 is conductive. At this time, the collector
      electrode of the transistor Q.sub.5 has a low voltage and hence the
      transistor Q.sub.6 is made conductive and its collector will have a high
      voltage. In accordance therewith, the voltage difference between the
      base-emitter electrodes of the transistor Q.sub.7 is reduced to make high
      the voltage level of the base electrode of the transistor Q.sub.8, which
      is connected to the emitter electrode of the transistor Q.sub.7, so that
      the transistor Q.sub.8 is made non-conductive to lower its collector
      voltage level. This state is kept during the time interval between times
      t.sub. 1 and t.sub.2 (time interval of t.sub.1 --t.sub.2) in FIG. 6.
      However, when the level of the input signal S exceeds a first trigger
      level E1 of the Schmitt trigger circuit but before it is lower than a
      second trigger level E2, that is, during the time interval between times
      t.sub.2 and t.sub.3 (time interval of t.sub.2 - t.sub.3), the above state
      is reversed to make the transistors Q.sub.5 and Q.sub.6 nonconductive but
      the transistor Q.sub. 8 conductive as shown in FIG. 6. The above states
      are repeated in accordance with the saw-tooth waveform input signal S.
      That is, the state during the time interval between times t.sub.3 and
      t.sub. 4 (time interval of t.sub.3 - t.sub.4) is the same as during the
      time interval of t.sub.1 - t.sub.2.
PAR  The gate circuit 5 consists of field effect transistors (FETs) Q.sub.1 and
      Q.sub.2 which are connected in series to the signal paths for the input
      signals A and B, respectively, as switching elements. The gate electrodes
      of the FETs Q.sub.1 and Q.sub. 2 are connected to the collector electrodes
      of the transistors Q.sub.8 and Q.sub. 6 through diodes D.sub.1 and D.sub.
      2, respectively. Thus, when the transistor Q.sub.6 is conductive but the
      transistor Q.sub.8 is non-conductive during the time interval of t.sub.1 -
      t.sub.2, the FET Q.sub.2 is conductive but the FET Q.sub.1 is
      non-conductive, so that the input signal A passed through the
      pre-amplifier 3 is not transmitted to an output terminal 15 of gate
      circuit 5 but the input signal B passed through the pre-amplifier 4 is
      transmitted to the output terminal 15. That is, during the first half of
      one sweep period of the sweep signal or the time interval of t.sub.1 -
      t.sub.2, the input signal B is applied through the gate circuit 5 to the
      vertical axis of the cathode raytube 11, but during the second half of the
      sweep period or the time interval of t.sub.2 - t.sub.3 the input signal A
      is applied through the gate circuit 5 to the vertical axis of the cathode
      ray tube 11. Thus, the input signals B and A are sequentially displayed on
      the screen 11a of the cathode ray tube 11 with the same scanning axis as a
      reference, as shown in FIG. 5. Accordingly, it will be apparent with the
      present invention that the amplitudes of the two signals A and B can be
      easily compared. In this case, it is easy to vary the time intervals of
      t.sub.1 - t.sub.2 and t.sub.2 - t.sub.3 or the display rate of the signals
      A and B by changing the resistance value of the variable resistor VR1.
PAR  When the level of the saw-tooth sweep signal S is low and does not arrive
      at the first trigger level E1, the transistor Q.sub.6 is conductive but
      the transistor Q.sub.8 is non-conductive. Therefore only, the input signal
      B is continuously applied to the vertical axis of the cathode ray tube 11
      and is displayed thereon. On the other hand, when the level of the signal
      S is higher than the trigger level, the transistor Q.sub.6 is
      non-conductive but the transistor Q.sub.8 is conductive with the result
      that only the signal A is displayed. Accordingly, it will be understood
      that by adjusting the variable resistor VR1 either of the signals A and B
      can be displayed, that is, the dual trace display device of the present
      invention can be also used as a single phenomenon display device.
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the spirits and scope of the novel concepts of the
      present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A dual trace display device comprising:
PA1  a. two input terminals supplied with two signals to be displayed,
      respectively,
PA1  b. a gate circuit connected to receive said two input signals,
PA1  c. a sweep signal generator producing a signal in synchronism with one of
      said two input signals,
PA1  d. a rectangular waveform generator connected to receive the output from
      said sweep signal generator and producing an output signal,
PA1  e. a driving circuit connected to receive the output from said rectangular
      waveform generator, producing a pair of signals with opposite polarities
      and applying said signals to said gate circuit to alternatively pass said
      two input signals through said gate circuit, and
PA1  f. a display device connected to receive the outputs from said gate circuit
      and said sweep signal generator and display thereon said input signals
      with the same reference axis and simultaneously in a time sequential
      manner.
NUM  2.
PAR  2. A dual trace display device according to claim 1, in which said gate
      circuit consists of two field effect transistors with their gate
      electrodes controlled by the output from said driving circuit.
NUM  3.
PAR  3. A dual trace display device according to claim 2, in which a pair of
      diodes are respectively connected between the gate electrodes of said
      field effect transistors and the output side of said driving circuit.
NUM  4.
PAR  4. A dual trace display device according to claim 1, in which said driving
      circuit further includes a means for changing the DC level of the output
      signal from said sweep signal generator, whereby only one of said two
      input signals is passed through said gate circuit to said display device.
NUM  5.
PAR  5. A dual trace display device according to claim 4, in which said means is
      a variable resistor.
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ABST
PAL  A horizontal deflection system is operable either from rectified and
      filtered alternating current line voltage or from a substantially lower
      voltage direct current voltage source. The need for a step-down
      transformer in the receiver power supply is eliminated by utilizing the
      horizontal output transformer to drop the rectified and filtered
      alternating current voltage when the receiver is operated in the
      alternating current line mode. The horizontal output transformer is
      utilized as a step-up inverter when the receiver is operated from the low
      voltage direct current source to produce a direct current voltage at a
      point on the horizontal output transformer substantially equal to the
      rectified and filtered alternating current line voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to deflection systems operable either from
      alternating current line voltage or from storage batteries.
PAR  A portable television receiver capable of being operated from an
      alternating current line voltage supply or alternatively from a battery
      supply typically develops direct current operating voltage by rectifying a
      relatively low voltage obtained from a step-down transformer. When the
      receiver is operated in the line voltage mode, the transformed alternating
      current line voltage may be rectified and filtered to develop direct
      current operating voltage substantially equal to the battery voltage. This
      direct current operating voltage usually is supplied through a winding of
      the horizontal output transformer to the horizontal deflection output
      stage which typically includes a power transistor. Current flow induced in
      a primary winding of the horizontal output transformer as the horizontal
      deflection system operates from this potential supply may then be used to
      induce voltage variations in other windings of the horizontal output
      transformer. The induced voltage variations may be rectified and filtered
      to supply additional direct current potentials to other receiver circuits.
PAR  When the receiver is operated in the battery mode, substantially the same
      direct current operating voltage is supplied to the same point on the
      horizontal output transformer from the battery and current flow induced in
      the horizontal output transformer primary winding by the action of the
      horizontal deflection system produces similar voltage variations which are
      rectified and filtered to create direct current voltage supplies at other
      potentials necessary for the operation of other receiver circuits.
PAR  Use of such a system requires that an expensive bulky step-down transformer
      be used to reduce the alternating current line voltage supply to the
      battery supply voltage. Attempts have been made to drop the voltage
      directly from rectified alternating current line potential to battery
      potential which may be supplied directly to the horizontal output
      transformer. Schemes involving this approach have met with little success,
      however, since the rectified alternating current line voltage must be
      dropped considerably in potential to approximate the voltage available
      from battery supplies commonly used with batteryor line-operated portable
      television receivers. Such a voltage dropping technique results in
      substantial power losses due to the flow of current through resistive
      elements.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a deflection system selectively operable
      either from a first rectified and filtered alternating current line
      voltage supply or from a second substantially lower voltage direct current
      voltage supply includes a deflection winding, a deflection current
      generator, switching means and a transformer having at least a first
      winding. The deflection current generator is coupled to the deflection
      winding for generating therein deflection current having trace and retrace
      intervals. The first winding of the transformer is coupled to the
      deflection current generator and to the first and second voltage supplies,
      the first and second supplies being coupled to the transformer at first
      and second points respectively for having excited at the first and second
      points respectively voltages substantially equal to the first supply
      voltage and to said second supply voltage during the trace interval, the
      second supply being coupled to the second points through the switching
      means which has a first state for coupling the second supply to the second
      point during at least a portion of the trace interval and a second state
      for decoupling the second supply from the second point during at least a
      portion of the retrace interval.
DRWD
PAR  The invention may best be understood by referring to the following
      description and accompanying drawings of which:
PAR  FIG. 1 is a schematic diagram of a deflection system embodying the
      invention; and
PAR  FIGS. 2a-2g illustrate waveforms obtained at various points in the diagram
      of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In a preferred embodiment of the invention illustrated in FIG. 1, a
      horizontal deflection rate signal 10 of FIG. 2a is coupled to a base
      electrode 5 of a horizontal deflection output transistor 20. The emitter
      of transistor 20 is grounded and its collector is coupled to a terminal of
      a retrace capacitor 22, to a terminal of a horizontal deflection winding
      24 and to a tap F of a winding 30b of a horizontal output transformer 30.
      The remaining terminal of retrace capacitor 22 is coupled to ground and
      the remaining terminal of deflection winding 24 is coupled to a terminal
      of a S-shaping capacitor 25 the remaining terminal of which is coupled to
      ground.
PAR  The remaining terminal of winding 30b is coupled to a terminal of a storage
      capacitor 27, the remaining terminal of which is coupled to ground. The
      junction of winding 30b and capacitor 27 is coupled to the cathode of a
      blocking diode 66 through a current limiting resistor 67. The cathode of
      diode 66 is also coupled to a terminal of a filtering and storage
      capacitor 64, the remaining terminal of which is coupled to ground. The
      anode of diode 67 is coupled to one terminal of a smoothing resistor 65.
PAR  The remaining terminal of resistor 65 is coupled to a terminal of a storage
      capacitor 63 and to the cathode of a rectifier diode 61. The remaining
      terminal of capacitor 63 is coupled to ground. The anode of rectifying
      diode 61 is coupled to one terminal of a switch 60, another terminal of
      which is coupled to ground.
PAR  A high voltage winding 30a of horizontal output transformer 30 is coupled
      at one terminal to terminal F. The remaining terminal of high voltage
      winding 30a is coupled to the anode of a high voltage rectifier diode 40.
      The cathode of high voltage rectifier 40 is coupled to a kinescope 50.
PAR  A winding 30c of horizontal output transformer 30 has one of its terminals
      coupled to the anode of a rectifier diode 32. The remaining terminal of
      winding 30c is coupled to ground. Terminal C, the cathode of diode 32, is
      coupled to another terminal of switch 60. A storage capacitor 37 is
      coupled between another terminal of switch 60 and ground. Another terminal
      of switch 60 is coupled to the positive terminal of a battery 39, the
      negative terminal of which is coupled to ground. Terminal C is also
      coupled to the anode of a damper diode 35 the cathode of which is coupled
      at point E to a tap on winding 30b.
PAR  Referring to FIG. 1, operation of the horizontal deflection system for
      alternating current line voltage occurs when switch 60 is in the G
      position. When the switch is in that position, point C is coupled across
      storage capacitor 37 to ground, one side of the alternating current line
      is coupled to ground and the other side of the alternating current line is
      coupled to the anode of rectifier diode 61. Half-wave rectified line
      potential is stored in capacitor 63. Direct current operating voltage is
      supplied through resistor 65 and the forward biased blocking diode 66 to a
      second filtering and storage capacitor 64. Capacitor 64 provides direct
      current operating voltage at substantially the rectified line potential
      through current limiting resistor 67 to the B+ terminal of storage
      capacitor 27. Additionally, capacitor 64 may be utilized for providing
      direct current operating voltage for other receiver circuits. Resistor 67
      protects horizontal output transformer 30 against excessive current in the
      event of arcing from the anode of kinescope 50 to ground.
PAR  During the first portion of the horizontal deflection trace interval,
      horizontal deflection output transistor 20 is held in cutoff by the
      negative-going portion of voltage waveform 10 of FIG. 2a coupled to point
      5, the base of transistor 20. Current flows from the rectified and
      filtered alternating current line voltage supply established across
      capacitor 27 through winding 30b of horizontal output transformer 30 and
      horizontal deflection winding 24 to charge S-shaping capacitor 25. An
      approximately linear decreasing current in a first direction through
      horizontal deflection winding 24 is as shown by waveform 11 of FIG. 2b,
      the current through winding 24, as capacitor 25 charges through the
      inductance of windings 30b and 24 from the substantially constant voltage
      supply at point B+. At approximately the middle of the horizontal
      deflection trace interval, transistor 20 is driven into saturation by the
      positive-going portion of waveform 10 of FIG. 2a, the voltage applied to
      the base of transistor 20. As transistor 20 begins to conduct through its
      collector-emitter path, the flow of current in deflection winding 24
      reverses and begins to increase in a second direction in an approximately
      linear fashion as shown by waveform 11 of FIG. 2b as S-shaping capacitor
      25 begins to discharge through winding 24 and the collector-emitter path
      of transistor 20.
PAR  S-shaping capacitor 25 continues to discharge in a substantially linear
      manner through deflection winding 24 until the end of the horizontal
      deflection trace interval when the negative-going portion of waveform 10
      of FIG. 2a drives transistor 20 into cutoff. As current abruptly ceases
      flowing in transistor 20, the current through deflection winding 24 begins
      to decrease in the second direction toward zero as waveform 11 of FIG. 2b
      indicates. The rapid turning off of transistor 20 marks the beginning of
      the horizontal deflection retrace interval. As transistor 20 is turned
      off, the current which had previously flowed to ground through it begins
      to charge retrace capacitor 22 as energy is transferred to retrace
      capacitor 22 from the magnetic fields established in windings 30b and 24
      by the trace interval currents flowing in windings 24 and 30b.
PAR  During the retrace interval the voltage at all points of windings 30a and
      30b rises above the B+ supply voltage to which winding 30b is coupled at
      its junction with B+ supply capacitor 27. The voltage waveform at point E,
      which is clamped at the voltage at point C during the trace interval as
      shown by waveform 14 of FIG. 2e, rises during the retrace interval as
      point E is decoupled from point C by virtue of the now reverse biased
      diode 35. Point F similarly rises from its approximately zero trace
      interval voltage to a high positive value with respect to ground, as shown
      by waveform 12 of FIG. 2c, as the energy recovered from windings 30a and
      30b is now transferred to retrace capacitor 22. The voltage at the
      junction of high voltage winding 30a and high voltage rectifier 40 also
      rises to a peak positive value with respect to ground as shown by waveform
      16 of FIG. 2f, and is rectified in rectifier 40 to supply high voltage to
      kinescope 50.
PAR  Retrace capacitor 22 then begins to discharge, transferring energy back
      into horizontal deflection winding 24 and horizontal output transformer
      30, re-establishing magnetic fields therein. As retrace capacitor 22
      discharges completely ending a first half-cycle of oscillation with the
      inductance of winding 24 and horizontal output transformer 30, damper
      diode 35 becomes forward biased again by virtue of the approximately zero
      voltage with respect to ground at point F illustrated in waveform 12 of
      FIG. 2c, and begins to conduct current from auxiliary supply capacitor 37
      to which its anode is coupled. At this time the next succeeding horizontal
      deflection trace interval begins.
PAR  The voltage waveforms induced across winding 30b cause voltage waveform 13
      of FIG. 2d to appear across winding 30c. Diode 32 is the rectifier which
      provides the trace interval rectified voltage of the positive-going
      portion of waveform 13 of FIG. 2d at point C. Winding 30c is selected to
      provide a rectified voltage at point C which is substantially equal to the
      supply voltage of battery 39. The rectified voltage is stored in storage
      capacitor 37 which is used to provide direct current voltage to other
      television receiver circuits and to provide damper current through diode
      35 to damp the horizontal deflection retrace interval.
PAR  Thus it may be seen that when the deflection system of FIG. 1 is operated
      in the alternating current line voltage mode, direct operating current for
      the deflection system is provided through winding 30b from direct current
      voltage supply point B+ to point F, the junction of winding 30b and high
      voltage winding 30a. The voltage at point E, waveform 14 of FIG. 2e, is
      typically on the order of twelve volts during the trace interval when the
      voltage at point B+ is on the order of 100 volts by virtue of this direct
      operating current. Similarly the voltage at point F, waveform 12 of FIG.
      2c, will be approximately zero volts during the trace interval. It is, of
      course, important that these trace interval voltages also appear at their
      respective points on transformer winding 30b when the deflection system is
      operated in the battery supply mode in order that the receiver performance
      be the same in the battery supply mode as it is in the alternating current
      line mode.
PAR  Accordingly, when the deflection system of FIG. 1 is disconnected from the
      alternating current line voltage supply by placing switch 60 in position
      H, capacitor 37 is disconnected and direct current operating potential is
      supplied to the horizontal deflection system from the low direct current
      voltage supply, battery 39. Direct current operating potential is supplied
      to the deflection system through deflection damper diode 35 and point E of
      horizontal output transformer winding 30b. The current supplied to the
      deflection system through damper diode 35 when the receiver is the battery
      operated mode, position H of switch 60, is illustrated by waveform 18 of
      FIG. 2g. It may be seen that current is supplied to the horizontal
      deflection system through damper diode 35 substantially throughout the
      horizontal deflection trace interval when the system is operating in the
      battery mode.
PAR  It is important to note that the battery supply 39 maintains the same trace
      interval voltage at point E as was provided at that point when the system
      was operating in the alternating current line mode. That trace interval
      voltage is again illustrated in waveform 14 of FIG. 2e. Similarly, the
      same trace interval voltage of approximately zero volts is established at
      point F as shown by waveform 12 of FIG. 2c. Consequently, the voltages at
      points E and F are substantially the same whether the receiver is operated
      in the line voltage mode or in the battery supply mode. However, in order
      to insure substantially the same performance in both the alternating
      current line voltage mode and the battery supply mode, a direct current
      voltage substantially equal to the rectified and filtered alternating
      current line voltage must be developed across B+ supply capacitor 27.
PAR  To accomplish this result the turns ratio of that portion of winding 30b
      between points E and F to that portion of winding 30b between points F and
      B+ is chosen substantially equal to the ratio of the voltage supplied by
      battery 39 to the B+ supply voltage across capacitor 27 when the receiver
      is operated in the alternating current line mode. By so choosing this
      turns ratio, as horizontal output transformer 30 is excited by current
      flow from terminal E to terminal F during the horizontal deflection trace
      interval, the voltage variations appearing between points E and F are
      transformed to substantially the amplitude of the direct current voltage
      which appears across B+ supply capacitor 27 when the receiver is operating
      from rectified alternating current line voltage.
PAR  In the battery operated mode the portion of horizontal output transformer
      winding 30b between points E and F is driven by current flow from point E
      to point F during the trace interval as illustrated by waveform 18, the
      current flow through damper diode 35 in the battery operated mode. The
      voltage appearing across supply capacitor 27 is stored therein to make
      capacitor 27 a substantially constant direct current voltage source.
      Current flow from point F to point E during the retrace interval is
      inhibited by the blocking action of damper diode 35. Thus there is no
      transformer action tending to discharge capacitor 27. Winding 30b and
      elements 35, 27 and 20 thus function as a step-up inverter, converting a
      substantially direct current illustrated by waveform 18, the current flow
      in damper diode 35, at a first voltage, the voltage provided by battery 39
      when switch 60 is in the H position, into a source of higher direct
      current voltage, the substantially constant B+ voltage which appears
      across storage capacitor 27. Thus, whether the receiver is operating from
      rectified and filtered alternating current line voltage established across
      capacitor 27 or is operating from the lower voltage battery supply 39, the
      voltage at point B+ will be approximately the same.
PAR  It may be seen that the trace interval voltages at all points on winding
      30b when the deflection system is operated in the battery supply mode are
      substantially the same as they are when the deflection system is operating
      in the alternating current line voltage supply mode. Differences in
      performance of the deflection system in the two modes are thereby
      eliminated. The B+ direct current voltage induced across capacitor 27 may
      be supplied to other receiver circuits whether the receiver is operating
      from the low direct current voltage supply, battery 39, or from the
      rectified and filtered alternating current line voltage supplied through
      elements 61, 63, 64, 65, 66, 67 and 27.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A deflection system selectively operable either from a first rectified
      and filtered alternating current line voltage supply or from a second
      substantially lower voltage direct current voltage supply, comprising:
PA1  a deflection winding;
PA1  a deflection current generator coupled to said deflection winding for
      generating in said deflection winding deflection current having trace and
      retrace intervals;
PA1  switching means; and
PA1  a transformer having at least a first winding coupled to said deflection
      current generator and to said first and second voltage supplies, said
      first and second supplies being coupled to said transformer at first and
      second points respectively for having excited at said first and second
      points respectively voltages substantially equal to said first supply
      voltage and to said second supply voltage during said trace interval, said
      second supply being coupled to said second point through said switching
      means having a first state for coupling said second supply to said second
      point during at least a portion of said trace interval and having a second
      state for decoupling said second supply from said second point during at
      least a portion of said retrace interval.
NUM  2.
PAR  2. A deflection system according to claim 1 wherein said switching means
      comprises unidirectional current conducting means for decoupling said
      second points from said second supply during at least a portion of said
      retrace interval for allowing said voltage at said second point to vary
      substantially from said second supply voltage during said portion of said
      retrace interval.
NUM  3.
PAR  3. A deflection system according to claim 1 wherein:
PA1  said transformer further comprises a second winding for having induced
      therein voltage variations in response to current flow in said first
      winding;
PA1  rectifying, filtering and storage means are coupled to said second winding
      for rectifying said voltage variations and for filtering and storing said
      rectified voltage for producing a direct current operating voltage
      substantially equal to said second supply voltage for supplying said
      second voltage to other receiver circuits when said deflection system is
      operated from said first voltage supply; and
PA1  capacitance means coupled between said first point on said first winding
      and a source of reference potential for storing said first voltage
      generated at said first point during said trace interval and for supplying
      said first voltage to other receiver circuits when said deflection system
      is operated from said second voltage supply.
NUM  4.
PAR  4. A deflection system according to claim 3 wherein said unidirectional
      current conducting means comprises a damper diode the anode of which is
      coupled to said rectifying, filtering and storage means when said receiver
      is operable from said first supply and to said second supply when said
      receiver is operable therefrom and the cathode of which is coupled to said
      second point on said first winding for damping said retrace interval
      portion of said deflection cycle.
NUM  5.
PAR  5. A deflection system according to claim 1 wherein:
PA1  a third voltage is established at said deflection current generator
      coupling to said first winding during at least a portion of said trace
      interval; and
PA1  said first and second supplies are coupled to said first winding such that
      the ratio of the number of turns of said first winding between said
      deflection generator coupling to said first winding and said second point
      to the number of turns of said first winding between said deflection
      generator coupling and said first point is substantially equal to the
      ratio of the difference between said second supply voltage and said third
      voltage to the difference between said first supply voltage and said third
      voltage.
NUM  6.
PAR  6. A deflection system selectively operable either from a first rectified
      and filtered alternating current line voltage supply or from a second
      substantially lower voltage direct current voltage supply, comprising:
PA1  a deflection winding;
PA1  deflection current switching means coupled to said deflection winding and
      having a terminal adapted for being coupled to a source of synchronizing
      signals for being synchronized by signals coupled therefrom for generating
      recurring deflection current cycles having trace and retrace intervals in
      said deflection winding; and
PA1  a first winding coupled to said deflection current switching means, to said
      first supply and to said second supply, said first and second supplies
      being coupled to first and second points respectively of said first
      winding for having excited at said first and second points respectively
      voltages substantially equal to said first supply voltage and to said
      second supply voltage during said trace interval, said second supply being
      coupled to said first winding through unidirectional current conducting
      means for decoupling said second point from said second supply during at
      least a portion of said retrace interval and for coupling said second
      point to said second supply during at least a portion of said trace
      interval when said deflection system is operable from said second supply.
NUM  7.
PAR  7. A deflection system according to claim 6 wherein:
PA1  a second winding is coupled to said first winding for having induced
      therein voltage variations in response to current flow in said first
      winding; and
PA1  rectifying, filtering and storage means are coupled to said second winding
      for rectifying said voltage variations and for filtering and storing said
      rectified voltage for producing a direct current operating voltage
      substantially equal to said second supply voltage for supplying said
      second supply voltage to other receiver circuits when said deflection
      system is operated from said first supply.
NUM  8.
PAR  8. A deflection system according to claim 7 wherein said unidirectional
      current conducting means comprises a diode the anode of which is coupled
      to said rectifying, filtering and storage means when said receiver is
      operable from said first supply and to said second supply when said
      receiver is operable therefrom and the cathode of which is coupled to said
      second point of said first winding.
NUM  9.
PAR  9. A deflection system according to claim 6 wherein:
PA1  a third voltage is established at said deflection switching means coupling
      to said first winding during at least a portion of said trace interval;
      and
PA1  said first supply and said second supply are coupled to said first and
      second points respectively for having the ratio of the number of turns of
      said first winding between said deflection switching means coupling and
      said second point to the number of turns of said first winding between
      said deflection switching means coupling and said first point
      substantially equal to the ratio of the difference between said second
      supply voltage and said third voltage to the difference between said first
      supply voltage and said third voltage.
NUM  10.
PAR  10. A deflection system selectively operable from a first rectified and
      filtered alternating current line voltage supply or from a second
      substantially lower voltage direct current supply, comprising:
PA1  deflection switching means adapted for being coupled to a source of
      deflection synchronizing signals for switching in response thereto;
PA1  first and second windings coupled to said deflection switching means, said
      first winding being coupled for having deflection currents comprising
      trace and retrace intervals induced therein in response to said switching
      and said second winding being coupled for having voltage variations
      induced thereacross in response to said switching and said flow of
      deflection current in said first winding, said first and second voltage
      supplies being selectively coupled to first and second points respectively
      of said second winding, said first and second points being chosen for
      inducing a direct current voltage substantially equal to said second
      voltage at said second point during said trace interval when said
      deflection system is operable from said first voltage supply and for
      inducing a direct current voltage substantially equal to said first
      voltage at said first point during said trace interval when said
      deflection system is operable from said second voltage supply; and
PA1  second switching means coupled to said second supply and to said second
      point for switching to provide a current path from said second supply to
      said second point during at least a portion of said trace interval.
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ABST
PAL  The fuse element of a thermal fuse and heater assembly is connected in
      series in the energizing circuit of the generator field winding of an
      electrical generating system between the field winding and the current
      carrying elements of an associated voltage regulator output switch. System
      potential is applied across circuitry responsive to system overvoltage
      conditions for completing an energizing circuit for the heater element of
      the thermal fuse and heater assembly. With sustained system overvoltage
      conditions, the heater element heats the thermal fuse element to a
      temperature at which the fuse element "burns out" to interrupt the
      generator field winding energizing circuit.
BSUM
PAR  This invention relates to an electrical generating system overvoltage
      protection circuit, and, more specifically, to a circuit of this type
      which provides for overvoltage protection of an electrical generating
      system with sustained overvoltage conditions.
PAR  In accordance with this invention, an electrical generating system
      overvoltage protection circuit is provided wherein the fuse element of a
      thermal fuse and heater assembly is connected in series in the protected
      generating system generator field winding energizing circuit and system
      potential is applied across circuitry responsive to system overvoltage
      conditions for completing an energizing circuit for the heater element of
      the thermal fuse and heater assembly whereby, with sustained overvoltage
      conditions, the generator field winding energizing circuit is interrupted
      by the thermal fuse element of the thermal fuse and heater assembly.
DRWD
PAR  For a better understanding of the present invention, together with
      additional objects, advantages and features thereof, reference is made to
      the following description and accompanying single FIGURE drawing wherein
      the electrical generating system overvoltage protection circuit of this
      invention is set forth in schematic form in combination with an electrical
      generating system and an associated voltage regulator circuit.
DETD
PAR  As point of reference or ground potential is the same point electrically
      throughout the system, it has been illustrated in the drawing by the
      accepted schematic symbol and is referenced by the numeral 5.
PAR  Referring to the drawing, the electrical generating system overvoltage
      protection circuit of this invention is set forth in schematic form within
      dashed line rectangle 10 in combination with an electrical generating
      system 11 and an associated voltage regulator circuit 12.
PAR  One example, and without intention or inference of a limitation thereto, of
      an electrical generating system with which the overvoltage protection
      circuit of this invention may be used is set forth schematically within
      dashed line rectangle 11. The generating system so illustrated includes a
      three-phase alternator 15 having three output windings 16, 17 and 18 and a
      field winding 19 and, to provide for full-wave rectification of the
      generator 15 output potential, a full-wave diode bridge type rectifier
      circuit 20 having positive and negative polarity output terminals. The
      electrical generating system may be employed to charge a conventional
      storage type battery 21 or to supply direct current operating potential to
      any other direct current electrical load. Although the electrical
      generating system has been illustrated in the drawing to be of the
      three-phase alternator-full-wave diode bridge rectifier type, it is to be
      specifically understood that the overvoltage protection circuit of this
      invention may be employed with other electrical generating system types
      without departing from the spirit of the invention.
PAR  Any voltage regulator circuit of the type including an output switching
      device having the current carrying elements thereof connected in series
      with the generator field winding across a source of DC operating potential
      may be employed in combination with an electrical generating system and
      the overvoltage protection circuit of this invention. One example, and
      without intention or inference of a limitation thereto, of a suitable
      voltage regulator circuit is set forth in schematic form within dashed
      line rectangle 12 and is illustrated as having an NPN transistor
      Darlington pair 24 and 25 output switch. The schematic circuitry of
      voltage regulator circuit 12 is set forth in the FIGURE only for the
      purpose of illustrating a complete, workable combination with which the
      overvoltage protection circuit of this invention may be employed. It is to
      be specifically understood that other voltage regulator circuits may be
      employed without departing from the spirit of the invention. The operation
      of the illustrated voltage regulator circuit will be described briefly
      later in this specification.
PAR  The overvoltage protection circuit of this invention is set forth
      schematically within dashed line rectangle 10 and includes a voltage
      divider network comprised of the series combination of resistor 30,
      potentiometer 31 having a movable contact 32 and resistor 33; Zener diode
      34; NPN transistor 35; PNP transistor 36 and thermal fuse and heater
      assembly 37 having a thermally sensitive fuse element 38 and an
      electrically energizable heater element 39 in heat transfer relationship
      with thermally sensitive fuse element 38. Thermal fuse and heater assembly
      37 is a commercially available item which is manufactured and marketed by
      Micro Devices of Dayton, Ohio under the designation SK-856 (type 3V53001).
      It is to be specifically understood, however, that a thermal fuse and
      heater assembly package is not absolutely necessary to the invention as a
      separate thermally sensitive fuse element and a separate electrically
      energizable heater element in heat transfer relationship with the fuse
      element may be employed. Generating system voltage is impressed across
      positive polarity potential lead 40, connected to the positive polarity
      output terminal of both rectifier circuit 20 and battery 21, and point of
      reference or ground potential 5, connected to the negative polarity output
      terminal of both rectifier circuit 20 and battery 21. Consequently,
      generating system voltage is supplied across the voltage divider network;
      across series collector resistors 41 and 42 and the collector-emitter
      electrodes of NPN transistor 35 in the proper polarity relationship to
      produce collector-emitter conduction through an NPN transistor; and across
      the emitter-base electrodes of PNP transistor 36, connected in series with
      collector resistor 42 and the collector-emitter electrodes of transistor
      35, in the proper polarity relationship to produce emitter-base current
      flow through a PNP transistor. Zener diode 34 is connected in an inverse
      polarity relationship across movable contact 32 of potentiometer 31 and
      the base electrode of NPN transistor 35 through a temperature compensating
      diode 43. The base electrode of NPN transistor 35 is connected to point of
      reference or ground potential 5 through resistor 45. Fuse element 38 of
      the thermal fuse and heater assembly 37 is connected in series in the
      energizing circuit of field winding 19 of generator 15 which may be traced
      from the positive polarity output terminal of both rectifier circuit 20
      and battery 21, through positive polarity potential lead 40, field winding
      19, lead 44, fuse element 38, the collector-emitter electrodes of the NPN
      transistor Darlington pair 24 and 25 of voltage regulator circuit 12 and
      point of reference or ground potential 5 to the negative polarity output
      terminal of both rectifier circuit 20 and battery 21. Generating system
      voltage, therefore, is applied across the generator field winding 19
      energizing circuit and is also applied across the emitter-collector
      electrodes of PNP transistor 36, connected in series with heater element
      39 and fuse element 38 and the collector-emitter electrodes of NPN
      transistor Darlington pair 24 and 25, in the proper polarity relationship
      to produce emittercollector conduction through a PNP transistor through
      positive polarity potential lead 40 and point of reference or ground
      potential 5.
PAR  Generating system voltage is the most convenient direct current voltage to
      be applied across series collector resistors 41 and 42 and the
      collector-emitter electrodes of transistor 35; across the emitter-base
      electrodes of transistor 36 and across the series combination of the
      emitter-collector electrodes of transistor 36, heater element 39, fuse
      element 38 and transistor Darlington pair 24 and 25, however, a separate
      source or sources of direct current voltage may be so employed if desired.
PAR  While movable contact 51 of electrical switch 50 is operated into
      electrical contact with stationary contact 52, as illustrated in the
      drawing, generating system voltage is applied across series resistors 53
      and 54. These resistors are so proportioned that the potential upon
      junction 55 is of a positive polarity with respect to point of reference
      or ground potential 5 and of a sufficient magnitude to produce
      base-emitter drive current through NPN transistor Darlington pair 24 and
      25, consequently, these devices are conductive to complete the field
      winding 19 energizing circuit previously described. Generating system
      voltage is applied across the voltage divider network including resistor
      61, potentiometer 62 having a movable contact 63 and resistor 64 through
      positive polarity potential lead 40 and point of reference or ground
      potential 5. In a practical application of the overvoltage protection
      circuit of this invention, a Zener diode having a rated inverse breakdown
      potential of 8.0 volts was selected as the Zener diode corresponding to
      Zener diode 65 and movable contact 63 of potentiometer 62 was adjusted to
      the point at which, with the preselected generating system output voltage
      level magnitude of 27.5 volts present across the voltage divider network,
      the potential across movable contact 63 and point of reference or ground
      potential 5 was of a magnitude equal to the actual inverse breakdown
      potential of the Zener diode selected for Zener diode 65 and of a positive
      polarity upon movable contact 63 with respect to point of reference or
      ground potential 5. While the generating system output voltage level is
      equal to or less than the preselected magnitude, the energizing circuit
      for field winding 19 of generator 15 is completed through the energizing
      circuit previously described. Should the system output voltage level rise
      above the preselected magnitude to a level at which the potential
      appearing across movable contact 63 and point of reference or ground
      potential 5 is equal to the inverse breakdown potential of Zener diode 65,
      this device breaks down and conducts in the reverse direction. While Zener
      diode 65 conducts in the reverse direction, baseemitter drive current is
      supplied to NPN transistor 60 through Zener diode 65 and temperature
      compensating diode 66. As the generating system voltage is applied through
      positive polarity potential lead 40 and point of reference or ground
      potential 5 across the collector-emitter electrodes of NPN transistor 60
      in the proper polarity relationship to produce collector-emitter
      conduction therethrough, this base drive current triggers NPN transistor
      60 conductive. While transistor 60 conducts, junction 55 is at
      substantially ground potential, a condition which extinguishes the NPN
      transistor Darlington pair 24 and 25 to interrupt the generator 15 field
      winding 19 energizing circuit. Upon the interruption of the energizing
      circuit for field winding 19, generating system voltage begins to fall
      until it reaches a level at which the potential appearing across movable
      contact 63 of potentiometer 62 and point of reference or ground potential
      5 is less than the inverse breakdown potential of Zener diode 65. At this
      time, Zener diode 65 ceases to conduct to interrupt the circuit through
      which base-emitter drive current is supplied to NPN transistor 60. Upon
      the interruption of this base-emitter drive current supply circuit, NPN
      transistor 60 extinguishes and the potential upon junction 55 rises to a
      level at which baseemitter drive current is supplied to the NPN transistor
      Darlington pair 24 and 25 to trigger these devices conductive through the
      collector-emitter electrodes to complete the energizing circuit for field
      winding 19 of generator 15. From this description, it is apparent that
      voltage regulator circuit 12 operates the current carrying elements of the
      output switching device to the electrical circuit open and closed
      conditions in response to system overvoltage and normal voltage
      conditions, respectively.
PAR  In the event of a regulator circuit fault of the type which would result in
      the failure of the regulator circuit to operate the current carrying
      elements of the output switch to the electrical circuit open condition
      with generating system over-voltage conditions, the voltage regulator
      circuit would be ineffective to interrupt the energizing circuit for field
      winding 19 of generator 15 with overvoltage conditions. Consequently,
      without the overvoltage protection circuit of this invention, the
      generating system output voltage would rise to intolerably high levels. In
      a practical application of the overvoltage protection circuit of this
      invention, a Zener diode having a rated inverse breakdown potential of 8.0
      volts was selected as the Zener diode corresponding to Zener diode 34 and
      movable contact 32 of potentiometer 31 was adjusted to the point at which,
      with a generating system output voltage level magnitude of 30.8 volts
      present across resistor 30, potentiometer 31 and resistor 33, the
      potential across movable contact 32 and point of reference or ground
      potential 5 was of a magnitude equal to the actual inverse breakdown
      potential of the Zener diode selected for Zener diode 34 and of a positive
      polarity upon movable contact 32 with respect to point of reference or
      ground potential 5. In the event of voltage regulator failure, when the
      generating system output voltage level rises to 30.8 volts, Zener diode 34
      breaks down and conducts in a reverse direction to supply base-emitter
      drive current to NPN transistor 35 through temperature compensating diode
      43. As generating system voltage is applied across the collector-emitter
      electrodes of NPN transistor 35 in the proper polarity relationship to
      produce collector-emitter current through an NPN transistor, this base
      drive current triggers NPN transistor 35 conductive through the
      collector-emitter electrodes. With NPN transistor 35 conducting through
      the collector-emitter electrodes, a circuit is established through which
      emitter-base drive current is supplied to PNP transistor 36, which may be
      traced from positive polarity potential lead 40, through the emitter-base
      electrodes of PNP transistor 36, resistor 42 and the collectoremitter
      electrodes of transistor 35 to point of reference or ground potential 5.
      As generating system voltage is applied across the emitter-collector
      electrodes of transistor 36 in the proper polarity relationship to produce
      emitter-collector conduction through a PNP transistor, this device
      conducts through the emitter-collector electrodes to establish a circuit
      through which energizing current is supplied to heater element 39 which
      may be traced from positive polarity potential lead 40, through the
      emitter-collector electrodes of transistor 36, heater element 39 and fuse
      element 38 of thermal heater and fuse assembly 37 and the
      collector-emitter electrodes of transistor Darlington pair 24 and 25 to
      point of reference or ground potential 5. The flow of energizing current
      through heater element 39 supplies heat to fuse element 38 and, with
      sustained overvoltage conditions, heats fuse element 38 to the point at
      which it opens to interrupt the generator field winding 19 energizing
      circuit previously described. Upon the interruption of the field winding
      19 energizing circuit, the system output voltage drops to zero. In this
      manner, the circuit of this invention provides overvoltage protection for
      the electrical generating system.
PAR  In the drawing, a self-excited electrical generating system is
      schematically set forth. It is to be specifically understood that the
      overvoltage protection circuit of this invention is equally applicable to
      electrical generating systems having separately excited generator field
      windings.
PAR  While a preferred embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that various
      modifications and substitutions may be made without departing from the
      spirit of the invention which is to be limited only within the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical generating system overvoltage protection circuit
      comprising in combination with an electrical generating system including
      an electrical generator having a field coil connected in series with the
      current carrying elements of a field coil energizing circuit electrical
      switching device across a source of energizing voltage and a voltage
      regulator circuit which operates the current carrying elements of the
      electrical switching device to the electrical circuit closed and open
      conditions in response to generator output voltage below and above a
      predetermined level, respectively: a thermally sensitive fuse element
      connected in series with said generator field coil and said current
      carrying elements of said field coil energizing circuit electrical
      switching device; an electrically energizable heater element in heat
      transfer relationship with said thermally sensitive fuse element; a
      voltage divider network including a potentiometer having a movable
      contact; means for applying the generating system output voltage across
      said voltage divider network; and NPN transistor having base, collector
      and emitter electrodes; a Zener diode; means for connecting said Zener
      diode in an inverse polarity relationship across said base electrode of
      said NPN transistor and said movable contact of said potentiometer; a PNP
      transistor having base, collector and emitter electrodes; means for
      connecting said emitter-base electrodes of said PNP transistor in series
      with said collector-emitter electrodes of said NPN transistor; means for
      applying the generating system output voltage across said
      collector-emitter electrodes of said NPN transistor and the series
      combination of said emitter-base electrodes of said PNP transistor and
      said collector-emitter electrodes of said NPN transistor; and means for
      applying the generating system output voltage across the series
      combination of said emitter-collector electrodes of said PNP transistor,
      said heater element, said thermally sensitive fuse element and said
      current carrying elements of said field coil energizing circuit electrical
      switching device.
NUM  2.
PAR  2. An electrical generating system overvoltage protection circuit
      comprising in combination with an electrical generating system including
      an electrical generator having a field coil connected in series with the
      current carrying elements of a field coil energizing circuit electrical
      switching device across a source of energizing voltage and a voltage
      regulator circuit which operates the current carrying elements of the
      electrical switching device to the electrical circuit closed and open
      conditions in response to generator output voltage below and above a
      predetermined level, respectively; a thermally sensitive fuse element
      connected in series with said generator field coil and said current
      carrying elements of said field coil energizing circuit electrical
      switching device; an electrically energizable heater element in heat
      transfer relationship with said thermally sensitive fuse element; a
      voltage divider network including a potentiometer having a movable
      contact; means for applying the generating system output voltage across
      said voltage divider network; an NPN transistor having base, collector and
      emitter electrodes; a Zener diode; means for connecting said Zener diode
      in an inverse polarity relationship across said base electrode of said NPN
      transistor and said movable contact of said potentiometer; a PNP
      transistor having base, collector and emitter electrodes; means for
      connecting said emitter-base electrodes of said PNP transistor in series
      with said collector-emitter electrodes of said NPN transistor; means for
      connecting said collector-emitter electrodes of said NPN transistor and
      the series combination of said emitter-base electrodes of said PNP
      transistor and said collector-emitter electrodes of said NPN transistor
      across a source of direct current voltage; and means for connecting said
      emitter-collector electrodes of said PNP transistor, said heater element,
      said thermally sensitive fuse element and said current carrying elements
      of said field coil energizing circuit electrical switching device in
      series across a source of direct current voltage.
NUM  3.
PAR  3. An electrical generating system overvoltage protection circuit
      comprising in combination with an electrical generating system including
      an electrical generator having a field coil connected in series with the
      current carrying elements of a field coil energizing circuit electrical
      switching device across a source of energizing voltage and a voltage
      regulator circuit which operates the current carrying elements of the
      electrical switching device to the electrical circuit closed and open
      conditions in response to generator output voltage below and above a
      predetermined level, respectively; a thermally sensitive fuse element
      connected in series with said generator field coil and said current
      carrying elements of said field coil energizing circuit electrical
      switching device; an electrically energizable heater element in heat
      transfer relationship with said thermally sensitive fuse element; a
      voltage divider network including a potentiometer having a movable
      contact; means for applying the generating system output voltage across
      said voltage divider network; a first transistor having base, collector
      and emitter electrodes; a Zener diode; means for connecting said Zener
      diode in an inverse polarity relationship across said base electrode of
      said first transistor and said movable contact of said potentiometer; a
      second transistor having base, collector and emitter electrodes; means for
      connecting said base and emitter electrodes of said second transistor in
      series with said collector-emitter electrodes of said first transistor;
      means for connecting said collector-emitter electrodes of said first
      transistor and the series combination of said base and emitter electrodes
      of said second transistor and said collector-emitter electrodes of said
      first transistor across a source of direct current voltage; and means for
      connecting said emitter-collector electrodes of said second transistor,
      said heater element, said thermally sensitive fuse element and said
      current carrying elements of said field coil energizing circuit electrical
      switching device in series across a source of direct current voltage.
NUM  4.
PAR  4. An electrical generating system overvoltage protection circuit
      comprising in combination with an electrical generator having a field
      coil, a rectifier circuit having input and output circuitry for rectifying
      the generator output voltage, an electrical switching device having
      current carrying elements connected in series with the field coil across
      the output circuitry of the rectifier circuit and a voltage regulator
      circuit which operates the current carrying elements of the electrical
      switching device to the electrical circuit closed and open conditions in
      response to generator output voltage below and above a predetermined
      level, respectively; a thermally sensitive fuse element connected in
      series with said generator field coil and said current carrying elements
      of said field coil energizing circuit electrical switching device; an
      electrically energizable heater element in heat transfer relationship with
      said thermally sensitive fuse element; a voltage divider network including
      a potentiometer having a movable contact; means for connecting said
      voltage divider network across said output circuitry of said rectifier
      circuit; a first transistor having base, collector and emitter electrodes;
      a Zener diode; means for connecting said Zener diode in an inverse
      polarity relationship across said base electrode of said first transistor
      and said movable contact of said potentiometer; a second transistor having
      base, collector and emitter electrodes; means for connecting said
      emitter-base electrodes of said second transistor in series with said
      collector-emitter electrodes of said first transistor; means for
      connecting said collector-emitter electrodes of said first transistor and
      the series combination of said emitter-base electrodes of said second
      transistor and said collector-emitter electrodes of said first transistor
      across a source of direct current voltage; and means for connecting said
      emitter-collector electrodes of said second transistor, said heater
      element, said thermally sensitive fuse element and said current carrying
      electrodes of said field coil energizing circuit electrical switching
      device in series across a source of direct current voltage.
NUM  5.
PAR  5. An electrical generating system overvoltage protection circuit
      comprising in combination with an electrical generator having a field
      coil, a rectifier circuit having input and output circuitry for rectifying
      the generator output voltage, an electrical switching device having
      current carrying elements connected in series with the field coil across
      the output circuitry of the rectifier circuit and a voltage regulator
      circuit which operates the current carrying elements of the electrical
      switching device to the electrical circuit closed and open conditions in
      response to generator output voltage below and above a predetermined
      level, respectively; a thermally sensitive fuse element connected in
      series with said generator field coil and said current carrying elements
      of said field coil energizing circuit electrical switching device; an
      electrically energizable heater element in heat transfer relationship with
      said thermally sensitive fuse element; a voltage divider network including
      a potentiometer having a movable contact; means for connecting said
      voltage divider network across said output circuitry of said rectifier
      circuit; an NPN transistor having base, collector and emitter electrodes;
      a Zener diode; means for connecting said Zener diode in an inverse
      polarity relationship across said base electrode of said NPN transistor
      and said movable contact of said potentiometer; a PNP transistor having
      base, collector and emitter electrodes; means for connecting said
      emitter-base electrodes of said PNP transistor in series with said
      collector-emitter electrodes of said NPN transistor; means for connecting
      said collector-emitter electrodes of said first transistor and the series
      combination of said emitter-base electrodes of said second transistor and
      said collector-emitter electrodes of said first transistor across said
      output circuitry of said rectifier circuit; and means for connecting said
      emittercollector electrodes of said second transistor, said heater
      element, said thermally sensitive fuse element and said current carrying
      electrodes of said field coil energizing circuit electrical switching
      device in series across said output circuitry of said rectifier circuit.
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ABST
PAL  A ground conductor break in a polyphase A.C. cable having a separate power
      conductor and an equal number of symmetrically spaced ground conductors
      for each phase is detected by sensing negative-sequence current components
      being induced in the ground conductors. In response to two or more ground
      conductors of a three-phase cable being broken, the break is detected by
      sensing a current flow in one of the power conductors and an absence of
      positive sequence current components in the ground conductors. In response
      to the broken ground conductor being sensed, power conductors are open
      circuited. The sequence components are sensed with a network including a
      channel responsive to the current induced in each ground conductor. Each
      channel includes a current transformer for deriving an A.C. voltage that
      is a replica of the induced current for the conductor of the particular
      channel. The network includes operational amplifiers responsive to the
      voltages derived from the current transformers. Each operational amplifier
      includes an input circuit including a series resistor and capacitor, as
      well as a feedback resistor, to provide 240.degree. phase shift between
      its input and output voltages.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to apparatus for detecting a broken
      ground conductor in a polyphase cable and, more particularly, to apparatus
      responsive to sequence components induced in a plurality of ground
      conductors in a polyphase cable.
PAC  BACKGROUND OF THE INVENTION
PAR  In the mining industry, high voltage, polyphase A.C. power is supplied
      through a relatively long cable from an appropriate source to a load that
      is frequently mobile. The cable includes a plurality of power conductors,
      usually one for each phase, as well as a plurality of ground conductors,
      usually a number equal to the number of phases. The majority of cables
      have the power and ground conductors symmetrically arranged. All of the
      ground conductors are connected together at the two ends of the cable,
      with the common connection at the supply source being connected to a
      neutral terminal through a resistor for safety purposes.
PAR  The ground conductors of the cable are susceptible to breaking, causing
      open circuits which result in an unbalanced voltage being induced in
      equipment at the load end of the cable. The induced unbalanced voltage is
      a potential safety hazard to personnel working around the equipment. The
      extent of the safety hazard is realized by the enactment of a United
      States Federal Law requiring the ground condition to be monitored by
      passing a signal from an insulated ground conductor to a frame of
      equipment at the load end of the cable. The signal must be returned
      through the ground conductor to a safety ground at the source.
PAR  Devices to monitor the condition of the ground conductor have been
      introduced into the market place. Generally, these devices can be divided
      into four different categories as follows:
PA1  1. Sensing reflected impedance between the ground conductor and a pilot
      line;
PA1  2. Sensing the impedance between the ground conductor and a pilot line; and
PA1  3. Transmitting a D.C. or A.C. signal from the load end of the cable
      through the ground conductors to a full-wave bridge rectifier at the
      source end of the cable.
PA1  4. Applying a D.C. signal to a loop which includes the ground conductors
      and measuring the potential developed across a shunt placed in the ground
      conductors.
PAL  Each of these devices has its own advantages and disadvantages regarding
      sensitivity, cost, safety, probability of malfunctioning, effects of
      transients and cable length, as well as induced A.C. voltages in the cable
      which are potentially dangerous. Also, the use of a pilot wire in many of
      the systems potentially requires the replacement of the existing cables,
      which do not have such a wire therein.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, most of the problems with the
      prior art devices are overcome by utilizing the principles of symmetrical
      components to detect positive and negative sequence current components in
      the plural ground conductors. Typically, the polyphase cable is responsive
      to a three-phase source and the power conductors thereof normally carry a
      set of balanced positive-sequence current components. The power and ground
      conductors are coupled together so that under normal conditions
      positive-sequence current components are induced in the ground conductors
      by the currents flowing in the power conductors. In response to an
      imperfection in the line occurring due to one of the ground conductors
      breaking, i.e., opencircuiting, negativesequence current components are
      induced in the ground conductors.
PAR  In response to two or three of the three ground conductors of a three-phase
      cable being broken, no negative-sequence or positive-sequence current
      components are induced in the ground conductors because there is either no
      current flowing in the ground conductors or only one of the ground
      conductors has a current flowing therein, in which case there is no
      meaningful definition of positive or negative sequence current components.
      Thereby, in accordance with another aspect of the invention, a break in
      two or three ground conductors of a three-phase cable is detected by
      sensing that there is current flowing in one of the power conductors while
      there are simultaneously no positive-sequence current components in the
      ground conductors. For an N phase cable having N ground conductors, where
      N is more than three, a break in the ground conductors is detected by
      sensing no positive-sequence components in (N-1) or N phases in
      combination with current flow in a power conductor.
PAR  The impedances and currents of the ground conductors are relatively low.
      Thereby, the phase sequence current components are sensed with relatively
      high quality current transformers that are inductively coupled to the
      ground conductors and do not significantly disturb the currents induced in
      the ground conductors. It has been found, however, that such current
      transformers have a tendency to introduce harmonics of a fundamental
      frequency of the A.C. voltage applied to the cable. To suppress the
      harmonics, filters are provided so that the harmonics do not affect a
      relay that is tripped in response to sensing an open circuit of one or
      more of the ground conductors.
PAR  In accordance with another aspect of the invention, the phase sequence
      components of the first, second and third ground conductors are sensed by
      an electronic network including operational amplifier means responsive to
      voltages that are replicas of the currents sensed by the current
      transformers. The operational amplifier means includes input and feedback
      impedances, at least one of which includes a resistor and another of which
      includes a capacitor. The impedances are selected so that a predetermined
      phase shift is introduced by the network on each of the voltage replicas.
      To sense a positive-sequence, the voltages of the second and third
      conductors are respectively phase advanced by 120.degree. and 240.degree.
      relative to the voltage of the first conductor which can be considered as
      having a reference phase. To detect a negative phase sequence, the values
      of the impedances of the operational amplifier means are selected so that
      the voltages of the second and third phases are delayed by 120.degree. and
      240.degree. relative to the reference phase voltage. The phase shifted
      voltages are additively combined in separate operational amplifier
      networks. The magnitude of the A.C. voltage derived from each of the
      operational amplifier networks is compared with a reference value to
      indicate the presence or absence of a positive or negative sequence.
PAR  Calculations reveal that monitoring the sequence components of currents
      induced in the ground conductors results in a detection process that is
      more sensitive than that employed in any of the prior art instruments. In
      addition, apparatus for monitoring the sequence components is relatively
      simple and can be utilized with the majority of existing cables connecting
      mobile equipment in a mine with an A.C. polyphase source.
PAR  It is, accordingly, an object of the present invention to provide a new and
      improved apparatus for sensing a broken conductor in a polyphase cable
      including a plurality of ground conductors.
PAR  Another object of the invention is to provide a new and improved apparatus
      for sensing a broken ground conductor in a polyphase cable having a
      plurality of ground conductors and for open-circuiting power conductors in
      the cable in response to a broken ground conductor occurring.
PAR  Another object of the invention is to provide a new and improved apparatus
      particularly adapted for sensing broken ground conductors in cables
      utilized for supplying polyphase currents from a power distribution center
      to mobile equipment in a mine.
PAR  Another object of the invention is to provide a new and improved electronic
      apparatus for enabling sequence components in a polyphase cable to be
      detected.
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of one specific embodiment thereof, especially when
      taken in conjunction with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an overall system diagram of a preferred embodiment of the
      present invention;
PAR  FIG. 2 is a side-sectional view of the cable illustrated in FIG. 1; and
PAR  FIG. 3 is a circuit diagram of a controller used in the system of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  The detailed description of the drawing is concerned with a three-phase
      system for supplying current to a mobile load in a mine. It is to be
      understood, however, that the principles of the invention are applicable
      to any polyphase system i.e., to an N-phase system (where N exceeds two)
      having plural ground conductors in a cable.
PAR  Reference is now made specifically to FIG. 1 of the drawing wherein there
      is illustrated a system for supplying power through a three-phase cable 11
      to a mobile three-phase A.C. load 12 in a coal mine from a three-phase
      A.C. power distribution center or source 13 inside the mine. Power
      distribution center 13 is responsive to three-phase, relatively high
      voltage, 60 Hertz voltage, from a surface substation (not shown). Power
      from the surface substation is supplied to delta connected primary
      windings 14 of three-phase transformer 15 by a three-phase cable 16.
      Secondary windings 17 of transformer 15 are typically connected in a wye
      configuration that includes a neutral terminal 18 and output terminals
      19-21. Cable 16, in addition to and including three power conductors
      connected to apex terminals of primary windings 14, includes a safety
      ground wire 23 that is connected to terminal 24 of power distribution
      center 13.
PAR  Between neutral terminal 18 and terminal 24, there is connected a ground
      safety resistor 25, across which is connected a coil 26 of relay 27. In
      response to the voltage across safety ground resistor 25 exceeding a
      predetermined value, coil 26 of latching relay 27 is energized, closing
      contacts 28 to supply voltage coupled through a relay contact from
      terminal 21 to coil 29 of circuit breaker 30. Circuit breaker 30 includes
      three normally closed contacts 31, 32 and 33 which are respectively
      connected in series between terminals 19, 20 and 21 and power conductors
      35, 36 and 37 of cable 11. Thereby, in response to the voltage between
      neutral terminal 18 and ground terminal 24 exceeding a predetermined
      magnitude, energization voltage to coil 29 is derived from power
      conductors 36 and 37, causing contacts 31-33 to open circuit to remove
      power from conductors 35-37.
PAR  Cable 11, in addition to including three-phase power conductors 35-37,
      includes three ground conductors 41, 42 and 43 that terminate at common
      ground terminal 24 of power distribution center 13 and at a common
      terminal 44 on a frame ground of the mobile load 12. Ground conductors
      41-43 are inductively coupled to each other and to power conductors 35-37
      so that different currents flow in the ground conductors. One type of
      cable that is frequently employed in the mining industry for connecting
      power distribution center 13 to a mobile load 12 is known as a type G
      cable, as illustrated in cross-section in FIG. 2. In the type G cable, the
      three power conductors 35, 36 and 37 are symmetrically nested relative to
      each other and are mutually insulated by separate dielectric layers 38,
      one of which covers each of the power conductors. Symmetrically nested
      between power conductors 35-37 are ground conductors 41-43, having a lower
      cross-sectional area than the power conductors. Thereby, a number of
      ground conductors are provided equal to the number of phases of the
      three-phase current applied by power conductors 35-37 between power
      distribution center 13 and load 12. Power conductors 35-37 are arranged so
      that the centers thereof define apices of a first equilateral triangle
      having a base that extends horizontally between the centers of conductors
      35 and 37 and a height extending vertically between the center of
      conductor 36 and a bisector between the centers of power conductors 35 and
      37. Ground conductors 41-43 are arranged so that the centers thereof form
      apices of a second equilateral triangle that is larger than and inverted
      relative to the first equilateral triangle. The altitude of the second
      equilateral triangle lies along the same line as the altitude of the first
      equilateral triangle. Both equilateral triangles have a common center,
      coincident with the center of a circle that defines the inside diameter of
      rubber tubing 44. Tubing 44 forms the outer covering of cable 11 and
      engages a peripheral portion of each of ground conductors 41-43 and a
      peripheral portion of the dielectric layer 38 on each of power conductors
      35-37.
PAR  Each of power conductors 35-37 and ground conductors 41-43 includes a
      finite impedance per unit length which is composed of the resistance of
      the conductor, the self-inductance of the conductor, and the mutual
      reactance of the conductor relative to the other conductors in the cable.
      The mutual reactance can generally be considered as consisting of mutual
      inductance between the several conductors, since the impedance of the
      capacitance between the conductors can be considered as virtually
      negligible at the 60 Hertz excitation frequency. (For convenience, the
      following subscript nomenclature is employed: the power conductors 35-37
      are respectively represented by the subscripts 1, 2 and 3; the ground
      conductors 41, 42 and 43 are respectively represented by the subscripts 4,
      5 and 6.) For 60 Hertz excitation, the mutual impedance between any two
      conductors (i and k) in cable 11 is given as:
      ##EQU1##
      where: i is not equal to k,
PA1  D.sub.ik is the distance from the center of conductor k to the center of
      conductor i, in inches,
PA1  L = the length of cable 11 in feet,
PA1  j = .sqroot.-1.
PAR  The self impedance of conductor i, including its resistance and self
      inductance, can be represented, for 60 Hertz excitation, as:
      ##EQU2##
      where: ri is the resistance of the conductor i in ohms per foot, and
PA1  D.sub.si = the self-geometric mean distance of conductor i in inches.
PAL  If cable 11 is supplied with an A.C. voltage other than 60 Hertz, the
      number (60) in Equations (1) and (2) is modified accordingly.
PAR  Before considering the invention further, consideration is given to certain
      principles of symmetrical components. Utilizing standard symmetrical
      component nomenclature, positive-sequence current components of a balanced
      three-phase line include three equal magnitude vectors (I.sub.g.sup.(1),
      a.sup.2 I.sub.g.sup.(1), aI.sub.g.sup.(1)) displaced from each other by
      120.degree. and having the sequence of vectors applied by secondary
      winding 17 to the line 11; where:
EQU  I.sub.g = the ground current, and
      ##EQU3##
EQU  a.sup.3 = 1. Negative-sequence current components include three vectors
      (I.sub.g.sup.(2), aI.sub.g.sup.(2), a.sup.2 I.sub.g.sup.(2)) equal in
      magnitude and displaced from each other by 120.degree. and having a
      sequence opposite to that of the vectors applied by secondary winding 17
      to cable 11. Zero-sequence current components include three equal vectors
      (I.sub.g.sup.(0), I.sub.g.sup.(0), I.sub.g.sup.(0)) pointing in the same
      direction. The currents in ground conductors 41, 42 and 43 can be
      mathematically expressed as the positive-sequence, negative-sequence and
      zero-sequence current components, in accordance with:
EQU  I.sub.4 = I.sub.g.sup.(0) + I.sub.g.sup.(1) + I.sub.g.sup.(2) (3)
EQU  I.sub.5 = I.sub.g.sup.(0) + a.sup.2 I.sub.g.sup.(1) + aI.sub.g.sup.(2) (4)
EQU  I.sub.6 = I.sub.g.sup.(0) + aI.sub.g.sup.(1) + a.sup.2 I.sub.g.sup.(2) (5)
PAR  Because of the symmetrical arrangement of the power and ground conductors,
      the mutual impedances between adjacent power conductors and the ground
      conductors are equal, i.e.,
EQU  Z.sub.41 = Z.sub.52 = Z.sub.63 = Z.sub.42 = Z.sub.53 = Z.sub.61 = Z.sub.ml
      ;
PAL  the mutual impedances between the remaining, i.e. remote, power and ground
      conductors are equal, i.e.,
EQU  Z.sub.43 = Z.sub.51 = Z.sub.62 = Z.sub.m2 ; and
PAL  the mutual impedances between the different ground conductors are equal,
      i.e.,
EQU  Z.sub.46 = Z.sub.54 = Z.sub.65 = Z.sub.mg.
PAL  Also, the symmetrical and identical geometric nature of the ground
      conductors means that the self-impedance of each conductor is the same,
      i.e.
EQU  Z.sub.44 = Z.sub.55 = Z.sub.66 = Z.sub.sg,
PAL  and the self-impedance of all of the power conductors is equal, i.e.
EQU  Z.sub.11 = Z.sub.22 = Z.sub.33 = Z.sub.sp.
PAL  Based upon these relationships, it can be shown for a balanced system when
      no broken ground conductor occurs that: (1) there is no negative-sequence
      current component in the ground conductors 41-43, (2) there is zero
      voltage drop in the ground conductors, and (3) the positive-sequence
      current components in the ground conductors are proportional to
      positive-sequence current components in power conductors 35-37.
PAR  In contrast, from Equations 3-5, it can be shown that the negative-sequence
      ground current component for a broken ground conductor 41, i.e., when
      ground conductor 41 is open-circuited, can be represented as:
      ##EQU4##
      where: I.sub.p.sup.(1) = the positive-sequence current component of power
      conductors 35-37 of cable 11.
PAL  If the resistive impedance (R) of a ground conductor, e.g. conductor 41,
      increases beyond a normal value, without reaching an open circuit, it can
      be shown that the negative ground sequence current component can be
      represented as:
      ##EQU5##
      by letting Equation (7) can be rewritten as:
      ##EQU6##
      From Equation (8), it is seen that as K increases, as occurs in response
      to an increase in Z.sub.sg - Z.sub.mg or a decrease in R, the
      negative-sequence current decreases. An investigation of the effect of the
      resistive impedance of conductor 41 on the magnitude the negative-sequence
      current, I.sub.g.sup.(2) reveals the worst case is for a cable 11 having a
      maximum value of (Z.sub.sg - Z.sub.mg), as is attained by reducing the
      size of the conductors in cable 11 as far as possible. Therefore, the
      smallest gauge possible cable (AWG 6) is chosen for investigation. With
      typical dimensions, the value of Z.sub.sg - Z.sub.mg is calculated for an
      AWG 6 type G cable as (1.12+j0.05) ohms per 1,000 feet. Table 3.1, at the
      end of the specification, indicates the ratio of negative-sequence current
      of cable 11 for a no fault condition relative to the negative-sequence
      current with ground conductor 41 in an open-circuited condition for
      various resistance values. From the last column in the table, it is
      apparent that the ratio of the negative-sequence ground current for normal
      conditions and for an open-circuited ground conductor 41 provides a very
      sensitive arrangement for detecting the presence of an open-circuited
      condition in ground conductor 41. Because of symmetry, it is apparent that
      a comparison of the negative-sequence current of the ground conductors for
      a normal condition can be utilized to detect a broken ground conductor in
      any one of the ground conductors.
PAR  To enable the negative-sequence current components of ground conductors
      41-43 to be detected, current transformers 51, 52 and 53 are provided at
      power distribution center 13 to respectively sense the currents of ground
      conductors 41, 42 and 43 and derive current waveforms that are replicas of
      the currents in the three ground conductors. The current replicas induced
      in current transformers 51-53 have the same phase as the currents in
      ground conductors 41-43 and produce voltage proportional at any instant to
      the currents in the ground conductors. Current transformers 51-53 are
      preferably of a high quality type that do not appreciably load or effect
      the impedances of ground conductors 41-43. Transformers 51-53 do not draw
      significant current from ground conductors 41-43, a particularly
      advantageous feature because the currents are relatively low under normal
      conditions.
PAR  The currents induced in current transformers 51-53 are supplied to
      controller 54 which includes a relay 55 having excitation winding 56 and
      contacts 57 which are open during normal operation and connected in
      parallel with contacts 28. In response to negative-sequence current
      components being induced in windings 51-53, controller 54 includes
      circuitry to activate coil 56 so that contacts 57 close, thereby to trip
      coil 29 of circuit breaker 30 and open circuit contacts 31-33 in the line
      connecting secondary winding 17 of power transformer 15 to power
      conductors 35-37.
PAR  If a break should occur in two or three of the ground conductors 41-43,
      there can be no negative-sequence or positive-sequence current components
      derived from current transformers 51-53. This is evident because, if all
      three of ground conductors 41-43 are broken, there is no current induced
      in any of the current transformers; in the event of two of the ground
      conductors 41-43 being broken, a current is induced in only one of the
      current transformers 51-53. A break in all three or two of the three
      ground conductors 41-43, without the entire cable 11 being severed,
      results in an alternative unsafe condition if the power conductors are not
      likewise broken. By detecting (1) the presence of current flowing in one
      of the power conductors, e.g., power conductor 37, with current
      transformer 58 on the power conductor, and (2) the failure of a
      positive-sequence current component in the ground conductors, the
      alternative unsafe condition can be determined. In response to controller
      54 detecting the alternative unsafe condition, coil 56 of relay 55 is
      energized, thereby open-circuiting contacts 57 and causing circuit breaker
      30 to be tripped open.
PAR  A circuit diagram of a preferred circuit for controller 54 is illustrated
      in FIG. 3.
PAR  A basic element included in controller 54 is a high gain operational
      amplifier network having phase inverting properties, a feedback impedance,
      and an input impedance. Certain of the amplifier networks are utilized as
      summing amplifiers, while others are employed as phase shift amplifiers to
      provide a total phase shift of +240.degree., as represented by the vector
      operator a.sup.2. To provide the +240.degree. phase shift, the operational
      amplifier feedback impedance is a resistance having a value of 10K. The
      input impedance of the amplifier includes a series resistance and
      capacitance; preferably, the capacitance has a value of 0.33 microfarads,
      and the resistance is provided by a variable resistor that is
      appropriately adjusted to provide the 240.degree. phase shift. By
      cascading two of the phase shifting operational amplifier circuits
      together, the vector operation a is provided since cascading results in
      the operation a.sup.2.a.sup.2 = a.sup.4 = a. Thereby, a single phase
      shifting operational amplifier provides a +240.degree. phase shift, while
      a pair of cascaded phase shifting amplifiers provides an effective phase
      shift of +120.degree..
PAR  The current replicas induced in transformers 51-53 and 58 are converted
      into voltages that are amplitude and phase replicas of the current
      replicas by connecting each of the current transformers across a separate
      load resistor 61. Each of load resistors 61 has the same value to achieve
      this result, while load resistor 62, shunted across current transformer
      58, has a lower value because of the higher current induced in current
      transformer 58 by power conductor 37. The voltages developed across load
      resistors 61 are applied to high input impedance operational amplifiers so
      that the remainder of the circuitry included in controller 54 does not
      load the current transformers and thereby does not affect the currents in
      ground conductors 41-43.
PAR  To detect the presence of negative-sequence current components in ground
      conductors 41-43, the currents of ground conductors 41-43 are combined to
      indicate the negative-sequence ground current components, I.sub.g.sup.(2),
      in accordance with:
EQU  I.sub.g.sup.(2) = 1/3(I.sub.4 + a.sup.2 I.sub.5 + aI.sub.6) (9)
PAL  To this end, the voltage replica of the current of ground conductor 41, as
      developed across current transformer 51, is supplied as one input to a
      180.degree. phase shifting operational amplifying circuit 71, including
      operational amplifier 72, feedback resistor 73, and input resistor 74. The
      term a.sup.2 I.sub.5 from Equation (9) is provided by supplying the
      voltage developed across current transformer 52 to a 240.degree. phase
      shifting operational amplifier circuit 75 including feedback resistor 76
      and an input impedance including series resistor 77 and capacitor 78. The
      output of operational amplifier circuit 75 is applied to the input
      terminal of operational amplifier 72 via variable resistor 79. The term
      aI.sub.6 is developed by supplying the voltage across transformer 53 to
      the input impedance of 240.degree. phase shifting operational amplifier
      circuit 81. Connected in series with 240.degree. phase shifting
      operational amplifier circuit 81 is a second 240.degree. operational
      amplifier circuit 82, which develops an A.C. output voltage that is
      coupled to the input terminal of operational amplifier 72 by variable
      resistor 83. The values of resistors 79 and 83 are adjusted so that for
      equal currents supplied to transformers 52 and 53, equal voltage
      contributions are derived from the output of summing, 180.degree. phase
      shifting operational amplifier circuit 71.
PAR  In operation, under normal conditions, the phases of the voltages developed
      across the current transformers 51, 52 and 53 can usually be represented
      as equal amplitude voltages displaced in phase by 120.degree. relative to
      each other. The voltage developed across transformer 51 can be considered
      as having a zero or reference phase, while the voltages respectively
      developed across transformers 52 and 53 can be considered as having phases
      of +120.degree. and -120.degree. relative to the reference phase. The
      voltages developed across transformers 51-53 are effectively from three
      different channels. The voltage applied to the channel including
      transformer 51 is supplied to circuit 71 with a reference phase, the
      voltage from the channel including transformer 52 is supplied to the input
      of circuit 71 with a phase shift of -120.degree. relative to the reference
      phase, and the voltage from the channel including current transformer 53
      is supplied to circuit 71 with a phase shift of -240.degree. relative to
      the reference phase. For the above indicated normal situation, it is
      evident that the voltages supplied to operational amplifier circuit 71 sum
      to a null voltage. In contrast, if the negative-sequence current
      components are exactly balanced, the three voltages applied to amplifier
      circuit 71 are exactly in phase and thereby sum to a vector having a
      magnitude three times the magnitude of the vector of the reference channel
      including transformer 51. Hence, by detecting the amplitude of the voltage
      derived from operational amplifier circuit 71, an indication of the
      presence of negative-sequence current components in ground conductors
      41-43 can be derived.
PAR  To enable the voltage magnitude derived from amplifier circuit 71 to
      represent the negative-sequence current components indicated by Equation
      (9), it is necessary to remove any harmonic components of the 60 Hertz
      A.C. source that may have been introduced either in the line or in the
      controller network. In particular, current transformers 51-53 are
      susceptible to introducing odd harmonics, and in particular the third
      harmonic. To these ends, the output of operational amplifier circuit 71 is
      applied to an active low pass harmonic filter 84 that includes operational
      amplifier 85 having a feedback capacitor 86 which is connected to a tap
      between series connected input resistors 87 and 88. One terminal of series
      resistor 88 is connected to a non-inverting input terminal of amplifier 85
      thereby to provide a positive feedback circuit. The non-inverting feedback
      path is provided between the output terminal of amplifier 85 and an
      inverting input terminal of the amplifier by connecting the output
      terminal of the amplifier to ground through potentiometer 91, having a tap
      92 which is connected to the inverting input terminal.
PAR  The level of the A.C. voltage developed by harmonic filter 84 is detected
      and converted into a D.C. voltage by a rectifier circuit 94 including a
      series connected diode 95 and a smoothing circuit including a shunt
      circuit comprising parallel capacitor 96 and resistor 97. The D.C. voltage
      developed across resistor 97 is proportional to the negative-sequence
      current and compared with a reference D.C. voltage in operational
      amplifier 98, having a non-inverting input terminal connected to be
      responsive to the output of rectifier 94 and an inverting input terminal
      connected to tap 99 of potentiometer 101 that is connected between ground
      and a positive D.C. power supply voltage at terminal 102. In response to
      the predetermined D.C. voltage at tap 99 exceeding the voltage derived
      from rectifier 94, the output voltage of amplifier 98 is at the level of
      terminal 102 so that no current flows from terminal 102 through resistor
      103 and diode 104. In response to a negative-sequence current being
      sensed, the output of amplifier 98 is at a voltage appreciably lower than
      that of terminal 102, causing current to flow through resistor 103 and
      diode 104.
PAR  To control energization of relay coil 56, the coil is connected to the
      collector of NPN transistor 111, having a base connected to be responsive
      to the voltage developed across resistor 103. Under normal conditions, no
      current flows through resistor 103 so that transistor 111 is forward
      biased and current flows through coil 56, that is shunted by diode 112 to
      protect transistor 111. In response to coil 56 being in its normal
      energized state, contacts 57 are open, enabling contacts 31-33 to be
      closed. In response to current flowing through resistor 103, transistor
      111 is back biased and current no longer flows through relay 56, thereby
      closing contacts 57 and opening contacts 31-33.
PAR  To enable controller 54 to activate coil 56 in the event of two or three of
      ground conductors 41-43 open-circuiting while current flows in the power
      conductors 35-37, a positive-sequence current component detection circuit
      is provided. The positive-sequence current component detection circuit
      includes summing operational amplifier 121 that responds to the currents
      from ground conductors 41-43 to derive a measure of the positive sequence
      ground current components, I.sub.g.sup.(1), in accordance with:
EQU  I.sub.g.sup.(1) = 1/3(I.sub.4 + aI.sub.5 + a.sup.2 I.sub.6) (10)
PAL  To these ends, the output voltage of 240.degree. phase shifting operational
      amplifier 81 is applied to an inverting input terminal of summing
      amplifier 122 included in operational amplifier circuit 121; the
      connection between amplifier 81 and the input terminal of amplifier 122 is
      via input variable resistor 123 to thereby provide the term a.sup.2
      I.sub.6 in Equation (10). The term aI.sub.5 is formed by supplying the
      output of 240.degree. phase shifting amplifier circuit 75 to an input
      impedance of 240.degree. phase shifting amplifier circuit 124, which
      develops an output voltage that is coupled via variable resistor 125 to
      the input terminal of amplifier 122. The term I.sub.4 in Equation (10) is
      derived by supplying the voltage developed across current transformer 51
      to the input terminal of amplifier 122 via fixed resistor 126. The values
      of variable resistors 123 and 125 are adjusted so that the voltage
      developed across the output terminal of amplifier circuit 121 represents
      the positive-sequence component of the currents in current transformers
      51-53.
PAR  The output voltage of amplifier circuit 121 can be considered as
      representing the vector sum of the currents applied to (1) a reference
      channel, including current transformer 51, (2) a first channel in which
      the voltage developed across current transformer 52 is effectively phase
      shifted by +120.degree. relative to the reference channel, and (3) a
      second channel in which the voltage developed across current transformer
      53 is effectively phase shifted +240.degree. relative to the reference
      channel. In response to positive-sequence current components existing in
      the ground conductors 41-43, the output voltage of amplifier circuit 121
      is a positive voltage having a magnitude three times that of the voltage
      representing one vector. In contrast, for balanced negative-sequence
      current components in conductors 41-43, the output voltage of amplifier
      circuit 121 is virtually a null.
PAR  The third harmonics of A.C. voltage derived from amplifier circuit 121 are
      removed by active filter circuit 127 that is the same as active filter
      circuit 84. The output circuit of low pass, harmonic filter 127 is applied
      to a rectifier 128 that is the same as rectifier 94. The positive-sequence
      ground current and the current of power conductor 37 are compared by
      supplying a percentage of the voltage, determined by the setting of tap
      130, developed across rectifier 128 and a D.C. voltage indicative of the
      voltage across current transformer 58, as derived from rectifier 129, to
      non-inverting and inverting input terminals of operational amplifier 131.
      When the voltage derived from rectifier 128 exceeds the voltage derived
      from rectifier 129, an indication is provided that the positive-sequence
      current components of ground conductors 41-43 are less in magnitude than
      the current induced in current transformer 58 by power conductor 37.
      Thereby, an indication is provided that the positive-sequence current
      component of conductors 41-43 is effectively zero while a finite non-zero
      current is flowing in power conductor 37.
PAR  In response to the voltage derived from rectifier 129 exceeding the voltage
      derived from tap 130 of rectifier 128, the output voltage of amplifier 131
      is at the level of terminal 102, resulting in energization of relay coil
      56, opening of contacts 57 and enabling contacts 31-33 to be
      open-circuited. In response to two or three of ground conductors 41-43
      opening, the output voltage of amplifier 131 drops, causing current to
      flow through resistor 103 to diode 132, whereby transistor 111 is back
      biased. In response to back biasing of transistor 111, coil 56 is
      deenergized and contacts 31-33 open. It is thereby seen that, if a broken
      ground conductor is sensed because of a significant increase in the
      resistance of any of ground conductors 41-43, contacts 31-33 are
      open-circuited, removing the safety hazard.
PAR  While there has been described and illustrated one specific embodiment of
      the invention, it will be clear that variations in the details of the
      embodiment specifically illustrated and described may be made without
      departing from the true spirit and scope of the invention as defined in
      the appended claims. For example, the active negative-sequence and
      positive-sequence component detector included in controller 54 can be
      replaced by a passive circuit. Also, the principles of the invention can
      be extended to a conductor including N phases wherein N power conductors
      and N ground conductors are included. In such an instance, N current
      transformers are provided for the ground conductors, and controller 54
      includes N channels. The phase shift of any channel is 360.degree. .times.
      K where:
      ##EQU7##
EQU  N = the number of phases. For a positive-sequence current component
      detection circuit, the phase shift of each channel is advanced by
      360.degree. .times. K relative to the reference channel. Also, the
      principles of the invention are applicable to asymmetrical situations,
      e.g., in monitoring a type G-GC cable in which the ground and power
      conductors are not symmetrical. In such a case, positive and
      negative-sequence current components are determined for a normal cable
      configuration. These components can be combined with the detected positive
      and negative-sequence current components to control contacts 31-33.
TBL                TABLE                                                       
     ______________________________________                                    
     Sensitivity of Negative-Sequence Scheme                                   
                                I.sub.g.sup.(2)                                
     RESISTANCE                                                                
                                I.sub.gb.sup.(2)                               
     (ohms)                                                                    
     ______________________________________                                    
     0.1              0.0555                                                   
     0.3              0.151                                                    
     0.7              0.295                                                    
     1.0              0.373                                                    
     3.0              0.642                                                    
     7.0              0.808                                                    
     10.0             0.855                                                    
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for detecting a broken ground conductor in a polyphase A.C.
      cable having a separate power conductor for each phase and an equal number
      of ground conductors, said power conductors normally carrying a set of
      balanced positive-sequence currents, said conductors being reactively
      coupled together so that currents are induced in the ground conductors in
      response to currents flowing in the power conductors, positive-sequence
      currents normally being induced into the ground conductors by the power
      conductors, comprising means coupled to the ground conductors for sensing
      a negative-sequence current induced in the ground conductors and for
      deriving a first signal indicative of a negative-sequence current being
      sensed, means coupled to the conductors for deriving a second signal
      indicative of no current flowing in the ground conductors because a
      plurality of the ground conductors are open-circuited, and means
      responsive to either the first or second signal being derived for open
      circuiting the polyphase power conductors.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the means coupled to the ground
      conductors includes a separate current transformer inductively coupled to
      each ground conductor, each of said current transformers being connected
      to drive a relatively high input impedance terminal of an amplifier,
      whereby the means coupled to the ground conductors does not significantly
      load the ground conductors and does not significantly disturb the currents
      induced in the ground conductors.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the current transformers have a
      tendency to introduce harmonics of a fundamental frequency of the
      alternating current supplied to the cable, and filter means for
      suppressing said harmonics so that the harmonics do not affect the means
      for open-circuiting the power conductors.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the second signal deriving means
      includes means for sensing a positive-sequence current induced in the
      ground conductors and for deriving a third signal in response to no
      positive-sequence currents being induced, means for sensing the presence
      of a current flow in one of the power conductors and for deriving a fourth
      signal in response to current flow in the power conductor being sensed,
      and means for deriving the second signal in response to the third and
      fourth signals being simultaneously derived.
NUM  5.
PAR  5. Apparatus for detecting a broken ground conductor in a polyphase A.C.
      cable having a separate power conductor for each phase and an equal number
      of ground conductors, said conductors being reactively coupled together so
      that currents are induced in the ground conductors in response to currents
      flowing in the power conductors, comprising means coupled to the ground
      conductors for sensing the sequence components of currents induced in the
      ground conductors, and means responsive to the sensed sequence components
      for controlling connections of the power conductors between a power source
      and a load.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the means for controlling connections
      includes means for open-circuiting the power conductors in response to a
      predetermined sequence being sensed.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the means for open-circuiting is
      responsive to a negative sequence being sensed.
NUM  8.
PAR  8. The apparatus of claim 6 further including means for sensing current
      flowing in one of the power conductors, and wherein the means for
      open-circuiting is responsive to the current sensing means sensing the
      flow of current and the absence of a positive sequence being sensed.
NUM  9.
PAR  9. The apparatus of claim 5 wherein the means for sensing includes a
      network comprising a channel for each conductor and responsive to the
      current induced in the ground conductor for the channel, each of said
      channels including means for deriving an A.C. voltage that is a replica of
      the induced current for the channel, said network including operational
      amplifier means responsive to the voltages and having input and feedback
      impedances, at least one of the impedances including a resistance and
      another of the impedances including a capacitor, the values of components
      included in the impedances being such that the A.C. voltage applied to
      each of the channels, except a reference channel, is transformed into a
      phase shifted voltage relative to an output voltage of the reference
      channel, the phase shift being on the order of 360.degree. .times. K where
      ##EQU8##
      and N = the number of phases.
NUM  10.
PAR  10. The apparatus of claim 9 wherein the operational amplifier means and
      the values of the impedances effectively cause the phase of the voltage
      applied to each channel to be advanced relative to the output voltage of
      the reference channel, whereby the network derives an output signal having
      a magnitude indicative of a positive sequence.
NUM  11.
PAR  11. The apparatus of claim 9 wherein the operational amplifier means and
      the values of the impedances effectively cause the phase of the voltage
      applied to each channel to be delayed relative to the output voltage of
      the reference channel, whereby the network derives an output signal having
      a magnitude indicative of a negative sequence.
NUM  12.
PAR  12. Apparatus for enabling phase sequence components of polyphase currents
      to be derived comprising a network including a channel for each phase,
      each channel including means for monitoring each of the currents and for
      deriving a separate voltage that is a replica of each of the monitored
      currents, said network including means for deriving an output signal
      representing the vector sum of phase shifted voltages of the different
      channels, the voltage for channel K being phase shifted by 360.degree.
      .times. K, where
      ##EQU9##
      and N = the number of phases, said network including operational amplifier
      means responsive to the voltages and having input and feedback impedances,
      at least one of the impedances including a resistance and another of the
      impedances including a capacitor, the values of components included in the
      impedances being such that the phase shifted voltages are derived.
NUM  13.
PAR  13. The apparatus of claim 12 wherein the operational amplifier means and
      the values of the impedances effectively cause the phase of the voltage
      applied to each channel to be advanced relative to the output voltage of
      the reference channel, whereby the network derives an output signal having
      a magnitude indicative of a positive sequence.
NUM  14.
PAR  14. The apparatus of claim 12 wherein the operational amplifier means and
      the values of the impedances effectively cause the phase of the voltage
      applied to each channel to be delayed relative to the output voltage of
      the reference channel, whereby the network derives an output signal having
      a magnitude indicative of a negative sequence.
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ABST
PAL  A distance protection device and an overcurrent protection device are
      coupled to a circuit breaker means of the network being protected by means
      of a logic system which enables the circuit breaker means to be activated
      by one of the two protection devices as a function of at least one signal
      derived from the network being protected, the at least one signal being
      also used in determining faults in at least one of the two protection
      devices. The logic system is activated by, for example, the at least one
      signal falling below a set minimum value. The result is the automatic
      change of function between distance and overcurrent protection.
BSUM
PAR  The invention relates to an electrical network protection apparatus, and
      more particularly, to such an apparatus having a distance protection
      device and an overcurrent protection device.
PAR  Protection devices of this kind are generally used for the supervision and
      selective disconnection of line sections of meshed transmission line
      networks in the event of a short circuit occurring in a given line
      section. Known distance protection devices are in general provided with a
      measuring device, e.g. a phase-measuring relay, which enables the site of
      the fault to be localized to a certain section of line. The same is
      applied to the supervision and selective disconnection of sections of
      networks. Overvoltage protection has generally another function in that
      distance along a line section with no branches cannot be determined by
      current measurement alone, and therefore selective response is possible
      only within network sections including branches. Nevertheless, the
      occurrence of overvoltage provides a general indication of faults
      (provided the maximum operating currents are not greater than the minimum
      short-circuit currents) and thus can be employed for triggering other
      selective protection devices.
PAR  A disadvantage of the usual distance protection devices which operate with
      input quantities in the form of voltages derived from the supervised
      network is that in the event of a fault these voltages can, under certain
      conditions (especially if the fault location is comparatively close to the
      point of measurement), decrease in magnitude so sharply that it is no
      longer possible to restrict the fault with certainty to a specific section
      of line or of the network, nor even, under certain circumstances, to
      determine with certainty the direction of the fault with respect to the
      measuring point. Selective disconnection of faults on line branches is
      thus also not possible. Thus, the overcurrent protection systems normally
      used as a fault indicator could possibly lead to indiscriminate, global
      disconnections, and hence to unnecessary interruptions in supply.
PAR  The object of this invention is to provide a network protection device
      which, in the case of fault locations far from the measuring point,
      exhibits the advantages of the usual distance protection system with its
      high selectivity and reliability of measurement, but which, in the event
      of faults near the measuring point, permits automatic changeover to
      overcurrent protection, with its high selectivity in respect of faults in
      branched network sections.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an electrical network protection device
      comprises a distance protection device coupled to the electrical network
      and indicating a fault condition in the network responsive to signals
      (U.sub.1 and U.sub.2) derived from the network and which are a function of
      voltages in the network; an overcurrent protection device coupled to the
      electrical network and indicating a fault condition in the network
      responsive to a current signal (I.sub.f) derived from the network and
      which is a function of a current flow in the network; and circuit breaker
      means coupled in the electrical network. The invention further includes a
      threshold-value logic system coupling the distance protection device and
      the overcurrent protection device to the circuit breaker means, and
      includes means for selectively enabling one of the protection devices to
      activate the circuit breaker means when at least one of the signals
      (U.sub.1,U.sub.2,I.sub. f) derived from the electrical network, and
      participating in determining faults in at least one of the protection
      devices, falls below a set minimum value.
PAR  The object of the invention is achieved in a particularly advantageous
      manner, if, in accordance with a further form of the invention, the
      overcurrent protection device has a declining response-time/overcurrent
      characteristic which in the region of small fault currents is steeper, and
      in the region of large fault currents flatter, than a hyperbolic
      comparison curve. In this way, fault tripping in response to overcurrents
      is graded with respect to time, resulting in increased selectivity for
      large currents and relatively small overcurrent differences in neighboring
      branch sections and thus being particularly suitable for the purposes of
      the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general block diagram of a network protection device according
      to the present invention;
PAR  FIG. 2 is a block diagram of the overcurrent protection device, including
      threshold-value logic, of the network protection device shown in FIG. 1;
      and
PAR  FIGS. 3a and 3b are graphs to explain the principle of operation of the
      overcurrent protection device shown in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  In FIG. 1 there is shown a three-phase main transmission line 1 with a
      branch line section 2 and the associated circuit-breaker 3 as the tripping
      device at the branching point. The branched line section 2 is connected
      over a set of current transformers 4 and voltage transformers 5 to two
      exciter or energizing circuits 6 and 7, as well as to a discriminator
      circuit 8. The exciter circuits 6,7, operating in known manner, cause the
      activation of the discriminator circuit 8 as a function of overcurrents,
      voltage drops or abnormal phase-voltage conditions. The circuit 8 in turn
      selects in a known manner sound and faulty transmission line phases in
      order to generate two voltage signals which are used for the purpose of
      determining the direction and/or distance of the fault in the transmission
      line. The discriminator circuit 8 is accordingly connected to a
      reference-voltage generator 9 and a fault voltage transmitter 10 which in
      turn generate respective signals U.sub.1 and U.sub.2 which activate the
      distance protection device 11. The discriminator circuit 8 and circuits 9
      and 10 are known and do not constitute this invention. The protection
      device 11 includes a normal phase-measuring relay, for example, and
      supplies at its output, via a threshold-value switch (not shown), a yes/no
      signal indicating whether a fault is located inside or outside a section
      of line or network being supervised, and a signal denoting the direction
      of the fault. The output of the distance protection device 11 is
      accordingly connected to a control input of the circuit breaker 3 by way
      of an AND gate 14 and an OR gate 15.
PAR  Further provided is an overcurrent protection device X to which the fault
      current I.sub.f is fed by way of a current transformer 4a and the output
      of which supplies a tripping signal having a time delay which decreases
      with increasing fault current. If, following energization of overcurrent
      protection device X by a fault, the energization or fault current
      disappears again owing to disconnection elsewhere in the network, the
      tripping signal is not emitted by protection device X (selection by
      fault-current time grading). The output of the overcurrent protection
      device X is connected to the circuit breaker 3 by way of an AND gate 16
      and OR gate 15.
PAR  The distance protection device 11 and the overcurrent protection device X
      are interlocked with respect to each other by means of a threshold-logic
      system which, in addition to the gates 14 to 16 already mentioned, also
      includes three threshold-value circuits (or switches) 12, 13 and 17 and
      also an OR gate 16a with negating inputs. The threshold circuits 12,13 and
      17 emit an affirmative (i.e., 1) dual signal in the sense of the gates
      coupled thereto if the input quantity to the threshold circuits exceeds a
      preset threshold value for the respective threshold circuits. If the
      threshold value is not exceeded, they emit a negating (i.e., 0) dual
      signal. The inputs of threshold circuits 12 and 13 are thus coupled to the
      respective input voltages U.sub.1 and U.sub.2 of the distance protection
      device 11, while threshold circuit 17 is coupled to receive the fault
      current I.sub.f as its input. The manner of connecting the affirmative and
      negating inputs of the gates to the threshold circuits and to the output
      of the protection devices is clearly evident from FIG. 1.
PAR  The principle of operation of the device as a whole is as follows:
      Following the occurrence of a fault and energization, the protection
      devices 11 and X are in the operating condition (i.e., they both indicate
      faults). But, both are either: interlocked or blocked on the output side,
      depending on the output of threshold-value switch 17, by way of
      corresponding affirmative inputs of AND gates 14 and 16; or are released
      to provide an output to circuit breaker 3 via gate 15 if the fault current
      I.sub.f exceeds a preset value. Using the fault current in this way as a
      general fault indication has the effect of improving reliability.
PAR  The overcurrent protection is interlocked or blocked, with lower priority
      relative to the distance protection, by the negating inputs of OR gate 16a
      and the corresponding affirmative input of AND gate 16, i.e., it is
      blocked as long as the input signals U.sub.1 and U.sub.2 of protection
      device 11 exceed their minimum values as set by the threshold circuits 12
      and 13, thus ensuring dependable operation of the distance protection. As
      an additional safety measure, the distance protection is also released by
      U.sub.1 and U.sub.2, as a function of exceeding the threshold values of
      circuits 12 and 13, via corresponding affirmative inputs of the AND gate
      14.
PAR  The overall result is that the overcurrent protection device X remains
      blocked as long as the input signals U.sub.1 and U.sub.2 to the distance
      protection device 11 are of sufficient magnitude to ensure operation of
      the latter. If, on the other hand, the fault is so close to the measuring
      point that one of the voltages U.sub.1 or U.sub.2, i.e., the reference
      voltage U.sub.1 or the fault measuring voltage U.sub.2, or both voltages,
      e.g. in the case of a multiple-phase fault, falls below the preset
      threshold value, the overcurrent protection device X, with its time
      grading and corresponding selectivity, becomes effective.
PAR  FIG. 2 shows an overcurrent protection device X in greater detail and the
      associated threshold-value logic circuits which are coupled thereto. The
      threshold circuits 12, 13 and 17 are fed from appropriate signal channels
      via rectifiers 19, 20 and 18, which are not shown in FIG. 1. In the
      example of FIG. 2, gate 16 is replaced by an AND gate 16c with two
      affirmative inputs, one of which is coupled through OR gate 16a to the
      threshold circuits 12 and 13 and the other of which is coupled to
      threshold circuit 17, and gating transistor 16b. Gate 16c, together with
      the switching transistor 16b (a unijunction transistor) located in
      protection device X, serve to selectively release or block protection
      device X. Device X includes an operational amplifier 21 and integrates by
      capacitive feedback through capacitor 22, the output voltage u.sub.1 of
      the amplifier 21, the magnitude of the output of amplifier 21 thus
      increasing at a rate dependent on the magnitude of the fault current, and
      in the same direction. A resistor 23 coupled in parallel with capacitor 22
      ensures that for a constant fault current I.sub.f this rate of rise is not
      linear, but follows a negative exponential saturation curve, i.e., becomes
      slower with increasing time. See the curve in block X in FIG. 1. As is
      apparent, when transistor 16b is energized the operation of amplifier 21
      and integrator 22,23 is disabled.
PAR  The output of amplifier 21 is coupled to a threshold circuit 24, the output
      of which forms the output of protection device X. Threshold circuit 24
      puts out a signal when the input thereto exceeds a given threshold value.
PAR  FIG. 3a illustrates two curves a) and b), linear and asymptotic
      respectively, with limit value U.sub.I1 corresponding to a lower value
      I.sub.1 of the fault current, and two curves a') and b') for a higher
      fault current value I.sub.2. It can be seen that the points A and A' at
      which the curves of U.sub.I, which are asymptotic owning to the
      proportional element (resistor 23), intersect with a tripping threshold
      value U.sub.O are displaced, compared with the corresponding linear
      integral curves, towards longer times, while for the same time constant
      .tau. the displacement for the lower fault current I.sub.1 is very much
      greater than for the higher fault current I.sub.2.
PAR  Thus, as fault current increases, the proportional element (resistor 23)
      has the effect of progressively flattening the curve representing the time
      T taken to reach a prescribed tripping threshold value U.sub.O as a
      function of fault current I.sub.f, in comparison with a hyperbolic curve T
      = const x 1/I.sub.f corresponding to the linear integral curves.
PAR  FIG. 3b illustrates the hyperbolic comparison curve c) and the curve d)
      which, owing to the resistor 23, is markedly steeper in the region of
      small fault currents, and less steep in the region of large fault
      currents. By simply altering the amplitude proportionality factors it is
      also possible to obtain a curve of shape e), which in the region of small
      currents is even steeper, but in the region of large currents is flatter
      than the hyperbolic comparison curve. This gives greater selectivity for
      large fault currents and relatively small current differences. Thus, the
      system can easily be adapted to various fault detection requirements.
PAR  The invention has been described with respect to a particular example, but
      variations and modifications may be made within the inventive concept.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrical network protection device comprising:
PA1  a distance protection device (11) coupled to said electrical network and
      indicating a fault condition in said network responsive to voltage signals
      (U.sub.1 and U.sub.2) derived from said network and being a function of
      voltages in said network;
PA1  an overcurrent protection device (X) coupled to said electrical network and
      indicating a fault condition in said network responsive to a current
      signal (I.sub.f) derived from said network and which is a function of
      current flowing in said network;
PA1  circuit breaker means (3) coupled to said electrical network;
PA1  a threshold-value logic system coupling said distance protection device
      (11) and said overcurrent protection device (X) to said circuit breaker
      means (3) and including OR gate means (15) having an output operatively
      coupled to said circuit breaker means (3) and having two inputs, one of
      which is coupled to an output of said distance protection device (11) and
      the other of which is coupled through additional gating means to the
      output of said overcurrent protection device (X), said additional gating
      means comprising first AND gate means (16) having one input coupled to the
      output of said overcurrent protection device (X) and a further input
      gating means (16a) coupled with said first AND gate means and having
      inputs coupled to said voltage signals (U.sub.1, U.sub.2) through
      respective first threshold switches (12, 13) which deliver output signals
      when the corresponding voltage signals (U.sub.1, U.sub.2) exceed
      predetermined threshold values, the output signal of said first AND gate
      means (16) depending on at least one of said voltage signals (U.sub.1,
      U.sub.2) failing to exceed the corresponding one of said predetermined
      threshold values.
NUM  2.
PAR  2. An electrical network protection device according to claim 1, wherein
      said threshold-value logic system further comprises a second threshold
      switch (17) delivering an affirmative output signal when the corresponding
      current in said electrical network exceeds a predetermined threshold
      value, said threshold-value logic system further comprising second AND
      gate means (14) coupled between the output of said distance protection
      device (11) and said OR gate means (15) and having an affirmative input
      coupled to the output of said second threshold switch (17) such that the
      output of said distance protection device (11) is operatively connected to
      said circuit breaker means (3) only when said current flowing in said
      electrical network exceeds said predetermined threshold value.
NUM  3.
PAR  3. An electrical network protection device according to claim 2, wherein
      said second AND gate means (14) comprises two further affirmative inputs
      coupled respectively to the outputs of said first threshold switches (12,
      13) such that the output of said distance protection device (11) is
      connected operatively to said circuit breaker means (3) only when said
      current flowing in the electrical network exceeds the corresponding
      predetermined threshold value of said second threshold switch (17), which
      threshold value is adjusted above any normal value of said current.
NUM  4.
PAR  4. An electrical network protection device according to claim 1 wherein
      said one input of said first AND gate means (16) is an affirmative input,
      and wherein said output signal of said first AND gate means (16) which
      depends on at least one of said voltage signal is an affirmative output
      signal.
NUM  5.
PAR  5. An electrical network protection device according to claim 1 wherein
      said further input gating means includes an OR gate (16a) with negating
      inputs, the output of which is coupled to an input of said first AND gate
      means (16).
NUM  6.
PAR  6. An electrical network protection device according to claim 1 wherein
      said threshold-value logic system includes means (14, 17) responsive to
      said current signal (I.sub.f) derived from said electrical network falling
      below a set minimum value to block said distance protection device (11)
      from activating said circuit breaker means (3) via said threshold-value
      logic system.
NUM  7.
PAR  7. An electrical network protection device according to claim 1 wherein
      said threshold-value logic system includes means (16, 17) responsive to
      said current signal (I.sub.f) derived from said electrical network falling
      below a set minimum value to block said overcurrent protection device (X)
      from activating said circuit breaker means (3) via said threshold-value
      logic system.
NUM  8.
PAR  8. An electrical network protection device according to claim 1 wherein
      said overcurrent protection device (X) has a falling tripping-time vs.
      overcurrent characteristic which in the region of small fault currents is
      steeper, and in the region of large fault currents is flatter, than a
      hyperbolic comparison curve.
NUM  9.
PAR  9. An electrical network protection device according to claim 1 wherein
      said additional gating means includes a gating element (16b) coupled to
      said overcurrent protection (X) device for disabling said overcurrent
      protection device (X).
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ABST
PAL  An over current protect circuit for a common bus driver having a
      complementary pair FET output includes a pair of AND circuits responsive
      to the gate-source and drain-source voltages for charging separate time
      integrating capacitors. If a threshold charge is reached a latch is
      triggered, which in turn disables the driver via a NAND gate and Inverter,
      and discharges the active capacitor. The latch is reset by dropping the
      driver enable line. As an alternative, high driver current may be sensed
      by placing a resistor in series with each output FET and charging the
      associated capacitor in response to a high current through the resistor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a protection circuit for disabling a bus driver
      circuit upon the detection of a destructively high current in its output
      for a predetermined time.
PAR  2. Description of the Problem to be Solved
PAR  In certain circuit designs a plurality of driver outputs are directly
      coupled to a common bus, which may be a data bus, an address line, or the
      like. The output stage of each driver may comprise a complementary pair of
      field effect transistors, and the many drivers are synchronously
      controlled such that only one driver is operatively enabled at a given
      time. The separate drivers may be physically located on a number of
      different chips. The general arrangement may easily be understood from the
      simplified circuit diagram shown in FIG. 1.
PAR  In the event of a malfunction in the control circuitry whereby two or more
      of the driver Enable lines are simultaneously raised, a situation could
      easily obtain where one driver is pulling up while another driver is
      pulling down. In other words, the upper or positive FET in Driver 1 could
      be conducting at the same time as the lower or negative FET in Driver 2.
      This would not only render the output indeterminate since the bus loading
      capacity would be neither charged nor discharged, but would create a
      direct, d.c. short from the source voltage to ground through the two
      conducting FET's and the common bus. The attendant high current could
      easily destroy the driver chips, and would certainly impact the
      reliability of the metal powering lines on these chips.
PAR  To combat this potential problem at the system level by providing circuitry
      to ensure that only one driver is enabled at a given time is both
      difficult and impractical, particularly in view of the requirements that
      would be imposed on such circuitry during start-up and testing.
PAC  SUMMARY OF THE INVENTION
PAR  Since it is mandatory to prevent driver chip destruction every time a
      multi-enable occurs, the present invention approaches the problem by
      accepting the latter condition and providing a protect circuit for the
      individual driver. Preferably, one protect circuit is provided for each
      individual driver. The protect circuit functions as a current sensing-time
      integrator, and disables its associated driver whenever its output appears
      as a d.c. short.
PAR  Specifically, means are provided for sensing an undesirably high current in
      the source-drain path on each of the two complementary driver output
      FET's. A time integrating capacitor is charged in response to the sensing
      of such over current, and if the capacitor reaches a predetermined
      threshold level a latch is triggered, which in turn disables the driver
      via a NAND gate and an inverter.
PAR  The current sensing may be done by ANDing the gate-source and drain-source
      voltages of each output FET, or by inserting a resistor in series with the
      source of each output FET and sensing the current through the resistor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1, which has already been referred to, shows a simplified circuit
      diagram of a common bus driver arrangement without any protect circuitry,
PAR  FIG. 2 shows a schematic diagram of a protect circuit constructed in
      accordance with the teaching of this invention and coupled to a
      complementary output FET driver,
PAR  FIG. 3 shows a truth table for the circuit of FIG. 2, and
PAR  FIG. 4 shows a partial schematic diagram illustrating an alternate current
      sensing arrangement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR   Referring to FIG. 2, a driver circuit comprises (field effect) transistors
      Q1-Q8 having the polarities indicated and connected as shown. The driver
      output, taken from the drain terminal junction of Q7 and Q8, is coupled to
      a capacitively loaded common bus, in the same manner as shown in FIG. 1.
PAR  A high output current through Q7 is sensed by ANDing its gate-source and
      drain-source voltages with transistors T1-T3, whose output feeds a
      charging capacitor C1. The latter is also coupled to the gate terminal of
      transistor T12, which serves to trigger a latch comprising transistors
      T7-T10 whenever the capacitor charge exceeds a predetermined threshold
      level. The latch output, which appears at node E, is applied to a two-way
      NAND circuit comprising transistors X3-X6, and the direct output of the
      latter, together with an inverted output effected by transistors X1 and
      X2, is fed to the driver transistors Q5, Q6 and Q2, Q4, respectively. In a
      similar manner, high output current through Q8 is sensed by an AND circuit
      comprising transistors T4-T6, whose output supplies charging capacitor C2.
      If such a high current persists for a sufficiently long time, typically
      about 1.mu.s, the time integrated charge on C2 becomes large enough in
      magnitude to turn on transistor T11, which in turn triggers the latch.
PAR  Transistor T3 serves to reset capacitor C1 to zero voltage if node A
      switches high, which occurs whenever the driver is disabled or whenever
      the driver Input is low. A similar reset function is performed by
      transistor T4 with respect to capacitor C2. Resistors R1 and R2 are
      provided in the circuit to prevent false triggering of the latch due to
      parasitic leakage currents from the V.sub.H supply to node C or from node
      D to ground. Stated another way, these resistors simply prevent their
      associated nodes from floating.
PAR  In normal operation, of course, the protect circuit never comes into play.
      With the Enable line high, node G is low, node H is high, and transistors
      Q2 and Q5 are both on, (Q4 and Q6 are off) thus readying the driver for
      operation. If the driver input is high, for example, Q1 switches off and
      Q3 switches on. This drops nodes A and B to ground, which turns Q7 on and
      Q8 off. During the initial time that Q7 conducts to charge the capacitive
      common bus load its drain potential is relatively low, and T1 and T2 may
      both turn on. Before the charge on capacitor C1 can reach the design
      threshold or triggering level, however, the load capacitance becomes
      charged and the drain potential of Q7 rises to cutoff T1, thus terminating
      the charging of C1. During the next input transition or Enable down
      condition, node A goes high which turns on T3 to drain C1 of any
      accumulated charge.
PAR  If a malfunction or short occurs, however, as when Q7 conducts
      simultaneously with Q8 of another driver, T1 remains hard on sufficiently
      long for the charge on C1 to reach the conduction threshold of T12. When
      the latter conducts, Node E goes to ground, and is clamped there by the
      triggered latch, X6 is cutoff, and X4 becomes conductive. This raises node
      G, which cuts off X1 and turns on X2 to drop node H to ground, which in
      turn cuts off Q2 and Q5 and turns on Q4 and Q6 to disable the driver and
      break the short circuit.
PAR  The latch is reset to node E high and node F low when the Enable line drops
      down to the Inhibit level. When the latch is triggered the Flag terminal
      also drops to ground through transistor T15. The latter may have its drain
      terminal tied to all of the other Flag terminals on a given chip to serve
      as an indicator whenever a multi-Enable or short condition occurs, and it
      may also be useful for diagnostic purposes.
PAR  A complete truth table for the circuit of FIG. 2 is presented in FIG. 3,
      from which the operation of the protect circuit can easily be determined
      for various combinations of the Input, Output, and Enable signals.
      Basically, if the Enable line is low the entire circuit is disabled
      regardless of whether or not an output short exists. When the Enable line
      is high the protect circuit is operative, protecting Q7 against a short to
      ground when the Input is high, and protecting Q8 against a short to
      V.sub.H when the Input is low. Both Q7 and Q8 must be protected since a
      situation might occur, as may be visualized from FIG. 1, where a number of
      drivers become enabled simultaneously. If only one driver is pulling up
      (Q7 on) while the rest are pulling down (Q8 on), the d.c. voltage on the
      bus could drop very close to ground potential. Under these circumstances
      there would be insufficient current in any one of the down pulling drivers
      to trigger its protect circuit. The single up pulling driver would exhibit
      a very large output current, however, and would be quickly disabled by its
      protect circuit to thereby open the short circuit path.
PAR  Referring now to the alternate embodiment shown in the partial schematic
      diagram of FIG. 4, resistors R3 and R4 are connected in series in the
      power supply to source terminal and source terminal to ground paths of Q7
      and Q8, respectively. Rather than employing AND gates to sense output over
      currents, the same function is now performed by sensing the voltage drop
      across the resistors, which is, of course, a function of the current
      flowing through the output transistors. Specifically, when the output
      current through Q7 reaches a predetermined level the potential at the
      source terminal side of R3 drops sufficiently low to turn on transistor
      T1' and initiate the charging of capacitor C1. The same analysis holds
      true with respect to Q8, R4, T6', and C2, except that in this instance,
      owing to the reversed polarities, T6' is gated on when the potential at
      the source terminal side of R4 rises sufficiently high. The structure and
      operation of the circuits of FIG. 2 and FIG. 4 are identical in all other
      respects.
PAR  This alternative embodiment may be attractive for situations where
      resistors R3 and R4 are inherently present in the circuit as parasitics or
      where their inclusion is easy to implement. This alternate approach may be
      less desirable for very high speed drivers where R3 and R4 might
      appreciably degrade the circuit performance, in which case the previously
      described embodiment would be favored.
PAR  While this invention has been particularly described with reference to the
      preferred embodiments thereof, it will be understood by those skilled in
      the art that the foregoing and other changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An over current protection circuit for at least one of a plurality of
      drivers whose outputs are coupled to a common bus load, each driver
      including an output stage comprising at least one active element having at
      least three terminals, comprising:
PA1  a. means for sensing an output current from the driver above a
      predetermined level and for producing an output signal during the time
      that the driver output current exceeds the predetermined level, said
      sensing means comprising and AND gate responsive to the potentials across
      at least two pairs of the three terminals of the active element,
PA1  b. capacitor means coupled to the sensing means output for accumulating and
      storing a charge proportional to the time integral of the output signal,
PA1  c. a bistable latch coupled to the capacitor means and adapted to be
      triggered thereby in response to the accumulated charge reaching a
      predetermined level, and
PA1  d. gate means coupled between the latch and the driver for disabling the
      driver in response to the triggering of the latch.
NUM  2.
PAR  2. An over current protection circuit as defined in claim 1 wherein:
PA1  a. the driver comprises an output stage including a pair of complementary
      field effect transistors, and
PA1  b. the sensing means comprises a pair of AND gates individually responsive
      to the gate-source and drain-source potentials of the transistors.
NUM  3.
PAR  3. An over current protection circuit as defined in claim 1 further
      comprising signal input means coupled to the gate means and to the latch
      for selectively enabling or inhibiting the driver and for resetting the
      latch after triggering.
NUM  4.
PAR  4. An over current protection circuit as defined in claim 3 wherein the
      gate means comprises a two-way NAND circuit.
NUM  5.
PAR  5. An over current protection circuit as defined in claim 1 further
      comprising switch means for discharging the capacitor means whenever the
      transistor is cut off.
NUM  6.
PAR  6. A number of over current protection circuits as defined in claim 1
      wherein said number is equal to the number of said drivers.
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ABST
PAL  A shift register is provided with two inputs and two outputs. One input is
      from a free running clock and a second input is provided for relay operate
      and release signals. The two outputs are coupled to a NAND gate to provide
      a longer relay operate than release time. The two outputs are coupled to a
      NOR gate for a longer relay release time than operate time. Either gate
      output is coupled to a relay driver to operate the relay.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This invention is incorporated in the Software Oriented Sender by Gauthier,
      Ser. No. 510,084, and in the Register and Sender Arrangement by Moorehead
      and Gauthier, Ser. No. 510,081, filed the same day as this application.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the precision control of operate and release times
      for relays.
PAR  2. Description of the Prior Art
PAR  The invention was developed for the system shown in U.S. Pat. No.
      3,767,863, issued Oct. 23, 1973, by Borbas et al. for a Communication
      Switching System with Modular Organization and Bus, hereinafter referred
      to as the System S2 patent.
PAR  Various methods have been used in the past to try to control the operate
      and release times of relays in order to accomplish various logic and
      switching requirements. In System S2, one such requirement is controlling
      the operate and release time of a specific relay (Relay B in sender) in
      order to close and release the contacts of the switching network when a
      signal is not being applied to those contacts, and to do so throughout a
      whole system so that a path has been formed before a signal is applied.
      One method used previously was to put copper slugs on certain types of
      relays (Class B) in order to obtain the slow to operate or slow to release
      relay. A second method involved using electrolytic capacitors and
      resistors in cooperation with the relays to provide the desired delays.
      These two methods produced delays which were not of sufficient accuracy
      for the System S2.
PAR  A third method was the combination of a unijunction transistor and SCR
      device. This method, although fairly accurate, presents a high circuit
      cost. All three of these methods were adaptable to provide only a specific
      operate time or a specific release time. In those particular methods to
      provide both a specific operate and a specific release time was extremely
      difficult.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention a shift register is provided with a clock pulse
      from any convenient clock in a system and a second input providing the
      relay operate and release signal. The two outputs of the shift registers
      are coupled to the inputs of a NAND gate for a longer operate than release
      time or a NOR gate for a longer release than operate time. The output of
      the gate is fed to the relay driver and the relay driver output is fed to
      the relay.
PAR  A first object of the invention is to provide varied operate and release
      times for relays.
PAR  A second object of the invention is to provide an accurate and specific
      release and operate times for relays.
PAR  A third object of the invention is to extend the operational life of the
      switching network relays in a switching system.
PAR  A fourth object of the invention is to provide a longer operate than
      release time for a relay.
PAR  A fifth object of the invention is to provide a shorter operate than
      release time for a relay.
PAR  A sixth and final object of the invention is to provide a circuit which can
      be readily tested with an automatic card test.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above mentioned and other features and objects of this invention and
      the manner of obtaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a prior art configuration of a relay with a slug;
PAR  FIG. 2 is a prior art configuration using resistors and capacitors with a
      relay;
PAR  FIG. 3 is a prior art configuration using a unijunction transistor and SCR
      device;
PAR  FIG. 4 is a schematic diagram of the system with longer operate than
      release time;
PAR  FIG. 5 is a timing diagram showing the timing of the embodiment of FIG. 4;
PAR  FIG. 6 is a schematic diagram of the device with shorter operate than
      release time; and
PAR  FIG. 7 shows the timing diagram for the embodiment of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a prior art configuration used in a Class B relay with one
      winding shorted to act as a slug. This produces a slow to operate relay.
      The Class B type relay is a large relay which is designed to mount on a
      relay plate and therefore cannot be easily adapted to card mounting. This
      configuration accomplishes dry switching and overlap releasing using only
      one relay. The shorted oil acting as a slug serves to provide the slow
      operate while the open coil provides a small delay on the release. The
      delays obtained are not very accurate.
PAR  FIG. 2 shows a prior art configuration for a method of a slow to release
      relay using the resistor capacitor combination. This configuration
      provides overlap releasing with a delay of about 25 to 50 milliseconds
      before the network is allowed to drop. This circuit will only produce a
      slow to release relay.
PAR  FIG. 3 shows a prior art configuration using a unijunction transistor and
      an SRC device in combination to provide a slow to operate relay. Here the
      BB relay is the slow to operate relay. Its design is to allow the network
      switches to operate before its contacts on the + lead and the - lead
      close. In this way the DC current which flows through the + and - leads is
      switched on through these contacts rather than the network switch
      contacts. Using the configurations of FIG. 2 and FIG. 3, both
      configurations must be used to have the slow to operate and slow to
      release features provided by the single circuit of the invention. There
      are thus two circuits and two relays which will produce fairly accurate
      release and operate times, however, the circuit is expensive.
PAR  FIG. 4 shows one form of the operate and release time system of the
      invention which is composed of 7400-Series Transistor Transistor Logic
      (TTL). The circuit is composed of commercial 7400 circuits including a
      74164 serial input parallel output eight bit shift register, a 7400 NAND
      gate, and a 7407 hexed buffer driver.
PAR  A clock pulse is one input to shift register 10 and a second input is
      provided for the relay operate signals (ROP) and the relay release signal
      (RR). This clock pulse may be derived from any convenient clock in the
      circuitry or of course could be a clock provided with the system itself.
      Such a clock is disclosed in the co-pending application to Moorehead and
      Gauthier. Two outputs are taken from the shift register 10 and fed to NAND
      gate 11. The inputs A and B are chosen for whatever particular delay is
      desired. This delay may be varied by picking the different outputs of the
      shift register however the operate time of the relay in this configuration
      must always be greater than the release time. The output from NAND gate 11
      is then fed to the relay driver 12 and than to the relay 13 itself.
PAR  The operation of the system of FIG. 4 is shown in FIG. 5. When the signal
      ROP appears the shift register will shift 1's for the period Z1 at which
      time the relay is operated which takes an actual time of Z2. The total
      apparent time for the relay to operate after ROP appears is Z3. When ROP
      is released (indicated by signal RR) there again is a delay time when a
      shift register is shifting 0's the delay being Z4. At the end of Z4 the
      actual release time Z5 occurs which has produced a total apparent time to
      release the relay 13 of Z6. The actual time the relay 13 has been operated
      is represented by Z7.
PAR  FIG. 6 shows a second configuration of the device. The same two inputs are
      presented to shift register 20. However, the outputs of shift register 20
      are now input to 7402 NOR gate 21. This reverses the functions of the two
      outputs of the shift register and now the operate time will be less than
      the relay release time. The output of NOR gate 21 is also fed to a relay
      driver 12 and its output is fed to the relay 13.
PAR  The operation of this configuration is shown in FIG. 7. When signal ROP is
      applied to the shift register 20 there is a delay in activating the relay
      of X1. When the relay is operated it takes an actual time of X2 which
      gives an apparent relay operate time of X3. Upon the relay release signal
      being present the delay in releasing the relay is shown by period X4. The
      actual time to release the relay is shown by X5. This makes a total
      apparent relay release time of period X6. Thus for this particular
      configuration the relay 13 has been operated for a total period of X7.
PAR  The accuracy which can be obtained using this method can be readily varied
      and adapted to the actual requirements of the system in which it is used.
      The factors which influence the accuracy are:
PAR  1. .+-. 1/2 clock period;
PAR  2. .+-. inherent relay tolerances;
PAR  3. .+-. clock frequency tolerance.
PAL  The frequency of the clock, the length of the shift register, and the
      positioning of the A and B inputs of the NAND or NOR gate used can all be
      varied in order to obtain the circuit configuration which best satisfies
      the actual system requirements. In this manner accuracy is obtained with a
      very few integrated components which provides a very low system cost.
PAR  The invention has been illustrated in one specific area of the telephone
      system. There are, however, many other areas within the telephone system
      in which it could be used. A few of such areas are trunk circuits, trunk
      adapters, and markers.
PAR  Further the invention can also be used in any system where having every
      relay or solenoid controlled from one master clock would be a desirable
      feature. One clock adjustment in such a system would set up all the
      sequential operations within the machine. Such a system would perhaps be a
      numerical control machine which requires many logical steps to occur one
      after the other.
PAR  All principles of the invention have been illustrated above in connection
      with specific apparatus and applications, and it should be understood the
      description is made only by way of example and not as a limitation on the
      scope of the invention as encompassed by the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for varied accurate relay operate and release times including,
      a relay, a free running clock producing clock pulses, and relay operate
      and release signals, said system comprising:
PA1  a single shift register device having one input coupled to said clock
      pulses and a second input coupled to said relay operate and release
      signals;
PA1  a single output gate means coupled to said shift register device; and
PA1  relay driver means coupled to said output gate means and to said relay.
NUM  2.
PAR  2. A system of claim 1 wherein said output gate means comprises:
PA1  Nand gate means;
PA1  whereby said relay has a longer operate than release time.
NUM  3.
PAR  3. A system of claim 1 wherein said output gate means comprises:
PA1  Nor gate means;
PA1  whereby said relay has a longer release than operate time.
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PAL  An electrical switch which can be remotely conditioned to an "ON" or "OFF"
      state, but which can also be controlled at the switch location, if
      desired. The conditioning of the switch is controlled by a means of a
      bistable electromechanical relay, a pair of silicon controlled rectifiers,
      a pair of transistors, and a pair of capacitance discharge circuits.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to electrical make and break switches, in general,
      and to such switches which can be remotely conditioned to an "ON" or "OFF"
      state for office buildings, schools and manufacturing facilities where
      computer control of light switches, for example, is employed as a means to
      reduce costs of electricity.
PAC  SUMMARY OF THE INVENTION
PAR  As will become clear hereinafter, the construction of the present invention
      is similar to those described in pending United States Patent Applications
      Ser. Nos. 390,532 and 423,229, now U.S. Pat. Nos. 3,829,683 and 3,869,651,
      respectively, assigned to the same assignee as is this invention, in its
      use of a bistable electromechanical relay and a pair of silicon controlled
      rectifiers to provide local and remote controls in energizing and
      de-energizing electrical devices. As with the constructions there
      described, the embodiment of this invention is designed to interface with
      computer, low voltage systems, so that the switch of the invention can be
      connected to the computer control center by low voltage, low current
      carrying conductors.
PAR  The arrangement described below is thus also especially attractive for use
      where the switches are employed in the control of lighting in office
      buildings, schools, and manufacturing plants, for example. Computer
      control signals could be coupled, as with the configurations of the Ser.
      Nos. 390,532 and 423,229 applications, to turn off all lights in a
      particular part of the facility automatically after the work day has
      ended. Correspondingly, control signals can be sent to those switches at
      the beginning of the work day, to automatically turn all lights on. In
      those installations where personnel periodically make security checks, the
      computer can transmit control signals to turn the lights on just before
      the guard makes his rounds, and to turn them off after they are completed.
      Conversely, all lights in a different part of a facility can be controlled
      to their temporary ON condition at the end of a work day, to be later
      turned off by a person working in that area at that time. Similarly, the
      computer control signal can be such as to place all lights in their
      temporary OFF mode just before the work day begins, to be individually
      turned on by the employees as they appear for work.
PAR  As will be seen below the transformer used in both the Ser. Nos. 390,532
      and 423,229 cases is omitted from the switch construction of the present
      invention. In particular, whereas the transformer was employed to provide
      the electrical power for the bistable relay and the silicon controlled
      rectifiers of the arrangements there described, a pair of low wattage
      resistors are utilized in the present configuration -- one, to provide the
      power for the relay, and the other, to provide the power for the control
      circuitry. Because the transformer in those prior designs represented a
      significant percentage of the overall cost, its elimination and
      replacement by significantly less expensive resistors make the switch of
      the present invention far more attractive from a cost standpoint. Cost
      reductions of 30% and more have thus been realized with the instant
      configuration, as compared with those previous designs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features of the present invention will be more readily
      understood from a consideration of the following description taken in
      connection with the accompanying drawing which shows a schematic diagram
      of an electrical switch embodying the invention, capable of being
      controlled both from local and remote locations.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  In the drawing, three terminals 10, 12 and 14 are shown. Terminal 10 serves
      as a ground or reference terminal while terminal 12 serves to supply the
      operating voltage for the system. Such voltage as is supplied between
      terminals 10, 12 may be of the order of 120 volts alternating line
      voltage, but in alternative embodiments of the invention may be of 277
      volts rms magnitude as that represents the lateral voltage which is
      oftentimes employed in large office buildings in order to save copper
      costs. Present in the prior constructions of the Ser. Nos. 390,532 and
      423,229 applications, but omitted from the present construction, was the
      primary winding of a transformer coupled between the terminals 10 and 12
      and a pair of secondary windings serially coupled to step the applied
      alternating voltage down to an amplitude suitable for powering the
      circuits of the construction.
PAR  As in those constructions, a pair of silicon controlled rectifiers 16, 18
      and a bistable electromechanical relay 20 are also shown in this case. As
      indicated, one power electrode 16a of rectifier 16 is connected to one end
      a of a relay coil 22 in the bistable unit 20, while a second power
      electrode 16b of rectifier 16 is coupled to the reference potential point.
      In corresponding manner, one power electrode 18a of rectifier 18 is
      coupled to one end b of a second relay coil 24 in the bistable unit 20
      while a second power electrode 18b of rectifier 18 is coupled to the
      ground point. The opposite end of the relay coil 22 and the opposite end
      the relay coil 24 are joined together at c, to which point is coupled one
      power electrode 26a of a third silicon controlled rectifier 26. The second
      power electrode 26b of the rectifier 26, on the other hand, is coupled by
      a low wattage resistor 28 to the supply terminal 12. As will be
      understood, current flowing through the relay coil 22 constitutes the
      "make" condition for the electrical switch, in which case a closed circuit
      path will exist between the terminal 12 and the third terminal of the
      drawing 14, to which terminal a utilization circuit 200 referenced to
      terminal 10 is connected, so as to draw power from terminal 12. It will
      also be understood that current flowing through the relay coil 24 will
      "break" the switch connection, and open the circuit path between the
      terminals 12 and 10. The switch connection is particularly illustrated by
      the contact arm 202, joining points d and e of the relay 20 when closed.
PAR  Four control terminals 30, 32, 34 and 36, and four transistors 38, 40, 42
      and 44 are also shown. As indicated, the collector electrodes of
      transistors 38 and 40 are interconnected -- as are the corresponding
      collector electrodes of the transistors 42, 44 --, the emitter electrodes
      of transistors 38 and 42 and of transistors 40 and 44 being interconnected
      as well. The input circuits to the transistors 38, 40, 42 and 44 are
      identical in each instance, comprising a first resistor, a semiconductor
      rectifier and a second resistor serially coupled in the order named from
      the control terminal associated with the transistor, with the junction
      between the rectifier and the second resistor being further connected to
      the base electrode of the transistor illustrated. With the transistors 38,
      40, 42 and 44 being of N-P-N type classification, the connection to the
      base electrode is from the junction of the second resistor with the
      cathode electrode of the semiconductor rectifier, the "first" resistors
      being respectively numbered 46, 48, 50, and 52; the semiconductor
      rectifiers being respectively numbered 54, 56, 58, and 60; and the
      "second" resistors being respectively numbered 62, 64, 66, and 68. The
      remote ends of resistors 62 and 64 will be seen as connecting to the
      ground terminal 10, while the remote ends of resistors 66, 68 will be
      noted as connecting to the emitter electrodes of transistors 42, 44,
      respectively.
PAR  Four resistors and eight capacitors are further shown in the bottom portion
      of the switch drawing. Resistors 70 and 72 respectively couple the joined
      emitter electrodes of transistors 38 and 42 first, to the reference
      terminal 10 and second, to the gate electrode 16c of the silicon
      controlled rectifier 16. In similar fashion resistors 74 and 76
      respectively couple the joined emitter electrodes of the transistors 40
      and 44 first, to the reference terminal 10 and second, to the gate
      electrode 18c of the silicon controlled rectifier 18. Capacitors 78 and 80
      bypass the gate electrodes 16c and 18c to ground, capacitors 82 and 84
      bypass the power electrodes 16a and 18a to ground, and capacitors 86 and
      88 similarly bypass the joined collector electrodes of transistors 38 and
      40 and of transistors 42 and 44. The remaining two capacitors 90, 92 are
      serially connected between the anode electrodes of the semiconductor
      rectifiers 54, 56, with corresponding capacitors 94, 96 being similarly
      coupled between the anode electrodes of the semiconductor rectifiers 58
      and 60 in the middle portion of the drawing. A zener diode 100 is
      additionally included, having its anode electrode connected to the
      reference terminal 10 and its cathode electrode connected to the junctions
      both of capacitors 90 and 92 and of capacitors 94 and 96. As will be
      readily apparent, the zener diode 100 and its connections divide the
      switch, as so far described, effectively into left-hand and right-hand
      portions with -- as will be seen from the table of component values at the
      end of this specification -- almost identical equivalencies. Neglecting,
      for the time being, the circuit constructions to the silicon controlled
      rectifier 26, the arrangement of the switch is completed by the addition
      of three more semiconductor rectifiers and two more resistors.
PAR  As indicated, the first of these rectifiers 102 is serially coupled, with
      its anode electrode at the junction beween capacitors 94 and 96, via the
      resistor 104 to the joined collector electrodes of transistors 38 and 40.
      The second of these rectifiers 106 is serially coupled, with its anode
      electrode at the same capacitor junction, via the resistor 108 to the
      joined collector electrodes of transistors 42 and 44. The third
      semiconductor rectifier 110 is shown with its anode electrode connected to
      the joined collector electrodes of transistors 38 and 40 and with its
      cathode electrode connected to the joined collector electrodes of
      transistors 42 and 44. As will be seen from the table of component values,
      corresponding components in the left-hand portion of the drawing are of
      identical value to the corresponding components in the right-hand portion,
      except that the capacitance value of the capacitor 88 is an order of
      magnitude greater than the capacitance value of capacitor 86 and the
      resistance value of resistor 104 is an order of magnitude greater than the
      resistance value of resistor 108.
PAR  Before proceeding with a discussion of the operation of the illustrated
      circuit, it will first be understood that the control terminals 30 and 32
      are available for local user control over the switch, whereas the control
      terminals 34 and 36 are available for remote, over-riding, or "priority"
      switch control. It will also be understood (though not so shown) that a
      single pole switch is available at each of the terminals 30, 32, 34, 36,
      for purposes of "grounding" such terminal. Although assumed in this manner
      for purposes of illustration, a more typical construction would
      incorporate a single pole, double throw switch for each of the terminal
      pairs 30, 32 and 34, 36, as will be readily apparent to one skilled in the
      art. In the discussion that immediately follows it will be assumed that
      the silicon controlled rectifier 26 is always conducting, so that the low
      wattage resistor 28 applies the voltage at terminal 12 directly to the end
      c of the relay 20. A second low wattage resistor 29 couples this same
      voltage from terminal 12 to the cathode electrode of the zener diode 100.
PAR  In operation, let it first be assumed that each of the control terminals
      30, 32, 34 and 36 are open-circuited, and that zener diode 100 regulates
      the voltage developed at the junction of capacitors 90, 92, 94 and 96, to
      be a square wave pulse extending substantially from ground to +10 volts.
      As the voltage at this junction pulsates with line alternations in this
      manner, there is developed a voltage of some 10 volts across each of the
      capacitors 90, 92, 94 and 96, with the capacitive plate closer the control
      terminal being effectively at -10 volts. Each of the transistors 38, 40,
      42 and 44 are non-conductive, as are the silicon controlled rectifiers 16
      and 18. If any one control terminal is then short-circuited to ground, a
      portion of the negative charge stored on its associated capacitor will
      leak-off, and a subsequent pulsating cycle at the aforementioned junction
      will bring its transistor to conduction. A pulse will thus be coupled to
      the gate electrode of one of the controlled rectifiers 16, 18, triggering
      it to conduction and completing a circuit path through one of the relay
      coils 22 or 24.
PAR  To be more specific, consider the case where control terminal 30 is
      momentarily grounded. As the pulse developed at the junction of capacitors
      90, 92 rises towards its +10 volt peak, a point will be reached at which
      transistor 38 conducts, to couple a positive signal to gate electrode 16c
      of the rectifier 16. This renders the silicon controlled device
      conductive, and a closed-circuit path is completed via resistor 28 to
      cause a current flow through the coil 22. The result will be the closure
      of the contact arm 202, representing the make condition of the switch, by
      means of which the utilization circuit 200 is energized.
PAR  Assume, further, that terminal 30 is thereafter held grounded. As will be
      readily apparent, the time constant control of semiconductor rectifier
      102, resistor 104 and capacitor 86 acts to reduce the voltage initially
      applied at the collector electrodes of transistors 38 and 40 towards
      ground. If control terminal 32 were, then, also grounded, there would be
      insufficient energy at the collector electrode of transistor 40 to permit
      it to become conductive. Grounding control terminal 30 thus represents a
      means by which the utilization circuit 200 (a bank of lights, for example)
      is turned on, and held on through local user control. Conversely, if
      control terminal 30 were open-circuited, then a momentary grounding of
      terminal 32 would render transistor 40 and silicon controlled rectifier 18
      conductive, and cause a flow through the coil 24. This would open the
      contact arm 202 and place the switch in its break condition. If terminal
      32 were thereafter held grounded, subsequent grounding of terminal 30
      would have no effect -- as, in this case, the combination of rectifier
      102, resistor 104 and capacitor 86 would reduce the available energy for
      conduction at the collector electrode of transistor 38. Grounding control
      terminal 32 thus represents a means by which the utilization circuit 200
      is turned off, and held off through local control.
PAR  Just as holding control terminal 30 connected to ground will place the
      bistable relay 20 in its make condition and holding the control 32 to
      ground will place the relay in its break condition, it will be readily
      apparent that once the short-circuit to ground is removed from either of
      these terminals, then the state of the switch will be controlled by the
      grounding of the other, local user terminal. Thus, if the short-circuit to
      ground on terminal 30 were removed, a subsequent short-circuiting to
      ground of control terminal 32 would switch the relay from its make to its
      break condition. On the other hand, if the short-circuiting of control
      terminal 32 to ground were removed, then further short-circuiting to
      ground of control terminal 30 would reinstate the relay 20 to its make
      state. It will additionally be appreciated that the rectifier 102,
      resistor 104, capacitor 86 combination serves not only to prevent the
      opposite side transistor from being rendered conductive when one terminal
      is held grounded, but, after a few cycles of pulsation, also serves to
      render its own transistor nonconductive because of the reduction in
      collector energization. This reduces power dissipation over the case where
      the controlled rectifiers 16 or 18 are permitted to continue operating.
PAR  Consider, now, the case where the control terminal 30 is grounded by the
      local user in order to place the switch in its make condition and it is
      desired to break the switch by remote, priority control. Thus, momentarily
      grounding terminal 36 changes the conductivity state of transistor 44,
      thereby triggering the silicon controlled rectifier 18 to pass a current
      through the relay coil 24. This current opens the contact arm 202 and
      removes the utilization device 200 from between the power terminals 12,
      10. This will be seen to occur even though the control terminal 30 were
      grounded to begin with. The reason for this is that the rectifier 102,
      resistor 104, capacitor 86 combination is coupled to the collector
      electrodes of transistors 38 and 40, but not to the collector electrodes
      of either transistors 42 or 44.
PAR  If, on the other hand, terminal 36 were grounded before terminal 30, the
      same control would result. That is, the time constant control of the
      rectifier 106, resistor 108 and capacitor 88 combination would, in this
      case, not only reduce the collector electrode voltage of transistor 42 so
      as to prevent that transistor from having its state switched, but would
      also prevent transistor 38 from being rendered conductive as the
      semiconductor rectifier 110 would limit the available energy at the
      collector electrode of transistor 38 below that needed to power that
      transistor. In the manner previously described, the combination of the
      rectifier 106, the resistor 108 and the capacitor 88 would also prevent
      transistor 42 from firing into the gate electrode of the silicon
      controlled rectifier 16 if, while terminal 36 were grounded, control
      terminal 34 were also short-circuited to ground. Thus, closing terminal 36
      to ground and holding it there, not only would place the bistable
      electromechanical relay 20 in the break condition for the switch, but
      would further take precedence over local, user control attempts to render
      the switch operative.
PAR  On the other hand, if terminal 36 where then open-circuited and control
      terminal 34 were connected to ground, then the bistable electromechanical
      relay 20 would be placed in its make condition irrespective of any attempt
      to change the state of the switch by grounding either control terminal 32
      or control terminal 36. In this way, priority of control can be effected.
PAR  As was previously mentioned, the time constant formed by the resistor 104
      and the capacitor 86 is different from the time constant formed by the
      resistor 108 and the capacitor 88. The reason for this is to take into
      accound possible instances where all control terminals were held
      open-circuited, and then, terminals 30 and 36 (or 32 and 34) were switched
      to ground almost simultaneously. In this case, there could be a period of
      hesitation by the circuit as to which mode is to take effect. The time
      constant for resistor 108 and capacitor 88 is selected greater than that
      for resistor 104 and capacitor 86, however, so that the transistor 44 (or
      42) will be able to sustain itself for a greater period of time and
      thereby permit the priority control 36 (or 34) to take precedence.
PAR  In the discussion that preceeded, it was assumed that the silicon
      controlled rectifier 26 was always conducting, and that the power for the
      electromechanical relay 20 was provided by the resistor 28. In actuality,
      the silicon controlled rectifier 26 is not always conducting. As shown in
      the drawing, the gate electrode 28c of the controlled rectifier 28 is
      coupled via a resistor 120 and via a parallel connected rectifier 122 to
      the junction of resistor 29 with zener diode 100. Also shown is a further
      resistor 124 coupled between the power electrode 26a and the gate
      electrode 26c.
PAR  It will be readily apparent that if the silicon controlled device were
      always conducting, then for those instances where the switch is neither
      opened nor closed (i.e., all terminals 30, 32, 34, 36 being
      open-circuited), the junction of the relay coils 22, 24 would be at the
      power line voltage. Even though such voltage would generally not be
      accessible as a shock hazard, good engineering practive dictates the
      potential at this junction to be closer to the 24 volts or so voltage
      rating of the relay windings.
PAR  The silicon rectifier 26 thus serves to isolate the relay coils from the
      power line voltage until one of the control terminals is coupled to
      ground. At the time of such connection, the cathode electrode of the
      device 26a is effectively grounded, and the subsequent rising voltage
      applied to the gate electrode 26c brings the silicon rectifier to
      conduction where it operates in the afore-described manner.
PAR  While applicants do not wish to be limited to any particular set of values,
      the following have proved useful in one embodiment of the described
      invention:
TBL  Resistor 28      150     ohms, 1/2 watt                                   
     Resistor 29      47      kilohms, 1/2 watt                                
     Resistors 46, 48, 50, 52                                                  
                      1       megohm                                           
     Resistors 62, 64, 66, 68                                                  
                      33      kilohms                                          
     Resistors 70, 74 150     ohms                                             
     Resistors 72, 76 1.5     kilohms                                          
     Resistor 104     1       megohm                                           
     Resistor 108     100     kilohms                                          
     Resistor 120     200     kilohms                                          
     Resistor 124     2       kilohms                                          
     Capacitors 78, 80, 82, 84                                                 
     90, 92, 94, 96   .01     micro-farads                                     
     Capacitor 86     .1      micro-farads                                     
     Capacitor 88     1.5     micro-farads                                     
     Semiconductor diodes                                                      
                        all     1N914                                          
     Transistors        all     2N3643                                         
     Silicon controlled recti-                                                 
      fiers             all     2N6241                                         
     Zener diode 100            1N714                                          
     Bistable relay 20          GE RR7                                         
PAR  As was previously described, and as can be seen from the component values
      set forth immediately above, one 1/2 watt resistor 28 is utilized to
      provide the power for the relay 20 and the rectifiers 16, 18, while a
      second 1/2 watt resistor 29 is utilized to provide the power for the
      control circuitry, including the transistors 38, 40, 42 and 44. These
      resistors essentially serve as fuses in that should any of the silicon
      controlled rectifiers unexplainably short circuit, the resulting duty
      cycle of current flow would be sufficient to burn up these resistors in a
      relatively short time. Resistors of 1/4 or 1/8 watt power ratings should
      also be sufficient for use in the illustrated circuit.
PAR  Such control operations as have been described will be readily seen as
      being particularly desirable in controlling office lighting, for example.
      Thus, at the end of the work day the control terminal 36 can be computer
      coupled to ground, to permanently turn off all lighting in a specified
      portion of a facility. If security checks are then to be made, the control
      terminal 36 is open-circuited and the control terminal 34 is computer
      coupled to ground to permanently turn on all lighting. After the guard
      completes his rounds, the control terminal 34 can be disconnected from
      ground, to thereby remove all priority control over the office lighting,
      and terminal 36 can be momentarily grounded to temporarily turn all lights
      off. At the beginning of the work day, workers can individually illuminate
      their work areas as they come on the job, by coupling the terminal 30 to
      ground. At the end of the work day, they can individually turn off the
      lighting in their areas, by disconnecting the control terminal 30 and by
      grounding the terminal 32. It will be readily understood and appreciated
      that this manner of electricity control can serve to greatly lessen
      electricity costs in factories, office buildings, schools and the like.
PAR  While there has been described what is considered to be a preferred
      embodiment of the present invention, it will be apparent to those skilled
      in the art that other configurations can be devised without departing from
      the scope of the teachings herein of eliminating the previously employed
      transformer in powering the electrical circuits used in making and
      breaking electrical connections. It will be understood that the resistive
      and capacitive component replacements for the transformer of the Ser. No.
      390,532 and 423,229 cases cost substantially less, and occupy much less
      space, than the previously used transformer. Whereas the transformers
      previously used functioned to step-down the applied alternating voltage to
      a level at which the described trigger circuits would operate, it will be
      seen that the necessary lower voltage is here provided through the use of
      zener diode technology. Once the transformer is eliminated, it will also
      be seen that higher voltage rated silicon controlled devices would be
      needed, as the previously used transformer stepped down the voltage for
      their power electrodes at the same time. As will be appreciated, this
      voltage rating will be substantially in excess of the breakdown voltage of
      the zener diode.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A controllable electrical switch, comprising:
PA1  first and second terminals; and
PA1  actuating means for making electrical connection between said terminals
      when closing said switch, and for breaking said electrical connection when
      opening said switch;
PA1  said actuating means including:
PA2  a. a bistable electromechanical relay having an input electrode coupled to
      said first terminal and an output electrode coupled to said second
      terminal, and conditionable to one of a low and high impedance state
      between its input and output electrodes as a function of current flow
      therein;
PA2  b. a pair of semiconductor control devices, each having an input circuit,
      and each having an output circuit respectively coupled to said
      electromechanical relay such that a conductivity condition in one of said
      devices produces a current flow in said relay as to place it in its low
      impedance state and such that a conductivity condition in the other of
      said devices produces a current flow in said relay as to place it in its
      high impedance state;
PA2  c. a pair of pulse triggering circuits for signal pulsing the input
      circuits of said semiconductor control devices to change the
      conductivities thereof, with said changes in conductivity conditions
      serving to change the current flow through the output circuits of said
      control devices to change the impedance state of said bistable relay in
      actuating said electrical switch from a make to a break condition and vice
      versa;
PA2  d. a first power supply means for energizing said bistable
      electromechanical relay and said pair of semiconductor control devices;
      and
PA2  e. a second power supply means for energizing said pulse triggering
      circuits at a lower potential than energizes said bistable relay and said
      pair of control devices.
NUM  2.
PAR  2. The controllable electrical switch of claim 1 wherein said second power
      supply means energizes said pulse triggering circuits at a potential at
      least one order of magnitude less than that which energizes said bistable
      relay and said pair of control devices.
NUM  3.
PAR  3. The controllable electrical switch of claim 1 wherein there is also
      included a third semiconductor control device having an output circuit
      arranged to couple said first power supply means to said bistable relay
      and to said pair of semiconductor control devices, and also having an
      input circuit arranged to disable said output circuit for a non-operative
      state of said pulse triggering circuits.
NUM  4.
PAR  4. The controllable electrical switch of claim 1 wherein said second power
      supply means includes a zener diode having a breakdown voltage comparable
      to the potential at which said pulse triggering circuits are energized.
NUM  5.
PAR  5. The controllable electrical switch of claim 4 wherein said pair of
      semiconductor control devices have a voltage rating substantiallly in
      excess of the breakdown voltage of said zener diode.
NUM  6.
PAR  6. The controllable electrical switch of claim 5 wherein each of said first
      and second power supply means includes a fusible resistor through which
      said energizing potentials are applied to said bistable relay, said pair
      of semiconductor control devices and said pulse triggering circuits.
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ABST
PAL  Apparatus for degaussing previously recorded tape, in reel form, in
      correspondingly bulk form, either of audio or visual character. It
      includes a conveyor for carrying the reel through the apparatus, past a
      pair of degaussing units which are magnetized for the degaussing steps,
      the degaussing units being arranged at mutually angular positions, and
      both at an angle to the direction of the passage of the reel through the
      apparatus. Means is included for reversing the polarity of the magnetism
      of the units repeatedly in progressively diminishing values for effecting
      the degaussing operation. The apparatus includes means for varying the
      speed of the conveyor to vary the period in which the tape is subjected to
      the degaussing operation. The apparatus will accommodate tape reels of
      great depth, either singly or in a stack, i.e., in axial direction of the
      reel, of more than two inches.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to degaussing or demangetizing recording tapes which
      have been magnetized or recorded on, linearly along the tape; the tape is
      normally kept in reel form or coiled form, both before and after the
      recording, and it is desired to degauss or demagnetize the reel as a
      whole, or in bulk form and not linearly of the tape. Bulk demagnetizing as
      a general operation has been done before, but the present invention
      relates to specific apparatus and method for accomplishing that overall
      effect.
PAC  OBJECTS OF THE INVENTION
PAR  A broad object of the invention is to provide novel apparatus for and
      method of degaussing or demagnetizing a magnetic tape in reel form or bulk
      form.
PAR  Another object is to provide such apparatus and method capable of
      degaussing a great mass of tape in bulk form, such as a plurality of reels
      in axially stacked form, resulting in a bulk of substantial dimension in
      axial direction, as well as of great dimension in diametrical direction.
PAR  A further object is to provide in a single apparatus, a novel arrangement
      for selectively demagnetizing the tape by either AC or DC and for doing so
      in a simple manner as by merely flipping a switch.
PAR  Yet another object is to provide apparatus of the general character
      referred to wherein novel means is provided for varying the speed of the
      tape through the degaussing field, and for varying the length of reversals
      of the effective degaussing steps, whereby to vary the speed of degaussing
      of the tape practically in infinite variations.
PAR  A further object is to provide apparatus for and method of the foregoing
      character for degaussing tape in bulk form, having a novel arrangement for
      applying magnetic degaussing fields successively in different angular
      positions, whereby to eliminate incidental noises that might otherwise
      occur in the tape at diametrically opposite sides of the tape as
      occasioned by opposite ends of the degaussing means as related to the
      diameter of the reel containing the tape.
PAR  Other objects are to provide novel apparatus and method, effective in the
      operation thereof, to utilize the strength of the degaussing operation to
      indicate whether the intended full degaussing strength is effective; to
      utilize the strength for controlling the conveyance of the tapes through
      the apparatus; to control the operation according to the value of the
      operating voltage applied from the source; and for other purposes.
DRWD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the drawings
PAR  FIG. 1 is a perspective view of the apparatus of the invention with certain
      portions broken away;
PAR  FIG. 2 is a perspective view of a reel of tape for which the apparatus is
      particularly adapted for degaussing;
PAR  FIG. 3 is a top view of the apparatus;
PAR  FIG. 4 is a diagram of the main electrical circuit utilized in the
      apparatus; and
PAR  FIG. 5 is a diagram of a component of the main circuit of FIG. 4.
DETD
PAR  Referring in detail to the drawings, attention is directed first to FIG. 1,
      which shows the apparatus as a whole, designated 10, which includes a
      suitable framework for mounting the various mechanical parts and
      electrical components. The framework may be of any suitable character and
      need not be described in detail except as it relates to certain
      significant and important elements of the invention as referred to
      hereinbelow.
PAR  FIG. 2 shows a reel 14 on which a magnetic tape 16 is reeled or coiled,
      this reel and tape being of known kind.
PAR  The apparatus 10 includes an endless conveyor belt 18 on which the reel 14
      is placed for carrying it through the apparatus in a predetermined path.
      The conveyor 18 at its non-driving end is trained on a roller 20, shown in
      FIG. 1 in exploded position, and a suitable belt tightening device 22 also
      shown in FIG. 1 in exploded position, works on the roller 20 for varying
      the tension on the conveyor 18.
PAR  The conveyor 18 at its driving end is trained on a roller 24 preferably is
      fixed location, this roller 24 having a shaft 26 on which is a pulley 28
      driven through a belt 30 from a drive pulley 32 on a variable speed motor
      34. The motor 34 as well as other electrical components is shown also in
      the electrical circuit of FIG. 4. This motor may be of any suitable and
      known type, but variable in speed, preferably through a great range so as
      to drive the conveyor 18 at any suitable speed in virtually infinitesimal
      increments, such as, for example from 0 per minute to 40 per minute. Also
      shown in FIG. 1 are various ones of the electrical components which are
      also included in the electrical circuit of FIG. 4.
PAR  Shown in FIGS. 1 and 3 are degaussing units 36 individually identified as
      36a and 36b. The degaussing units 36 in the form of electromagnets, have
      polar ends identified 38 establishing degaussing fields in corresponding
      directions, described in detail and for purposes referred to hereinbelow.
PAR  The degaussing units 36 are spaced longitudinally along the belt, the belt
      running for example in the direction of the arrows 40. These degaussing
      units further are disposed at different elevations so as to be
      respectively below and above the tape reel as the latter is carried along
      the conveyor. Additionally, the degaussing units are disposed at a mutual
      angle, preferably of 90.degree., and each is disposed at a corresponding
      angle, or 45.degree., to the direction of the movement of the conveying
      belt. As noted particularly in FIG. 3, the degaussing units extend fully
      across the width of the conveyor so as to impress the degaussing field
      fully on the reel or reels that are carried through.
PAR  Preferably the first degaussing unit 36a is disposed under the upper run of
      the conveyor, the conveyor material being of suitable kind as not to
      interfere with the impression of the field on the reels. The second
      degaussing unit 36b is mounted in a suitable frame element 42 in the
      framework and is disposed at a suitable level above the reels placed on
      the conveyor. Both units are disposed at suitable distances respectively
      below and above the top run of the belt so as to fully impress the
      degaussing field on the reels.
PAR  In the degaussing operation, the reels 14 are placed on the conveyor as
      indicated in FIG. 1. This may be a single reel or a stack of such reels
      arranged on a common axis. The apparatus as constructed in one form and
      capacity will handle reels in a stack to the extent of 2 inch thick in
      axial direction. The conveyor may be of any suitable width, such as 15
      inch, so as to accommodate reels of large size, and it may be 4 feet long.
      These dimensions are only examples.
PAR  The conveyor carries the reels along, first over the first degaussing unit
      36a and then under the second degaussing unit 36b. The speed of the belt
      is predetermined according to the mass or other characteristics of the
      reels at a suitable speed within the range indicated above. The diagonal
      arrangement of the degaussing units assures that all portions of the
      coiled tape are equally treated thereby so as to avoid any possible gaps
      in degaussing effect at diametrically opposite points on the reels.
PAR  Reference is next made to FIg. 4 showing the main electrical circuit
      utilized in the apparatus. In this circuit the coils and contacts of the
      respective relays are given the same reference numerals, the former with
      the subscript a and the latter with successive subscripts b, c, etc.
      Similarly, transformers are identified with single reference numerals, the
      primaries having the subscript P and the secondaries with the subscript S
      with additional numbers in the case where there are more than one
      secondary.
PAR  A suitable AC source 44 is provided, preferably three phase, with lines 46,
      48, 50, connected to lines 46a, 48a, 50a leading directly to respective
      ones of the degaussing units 36, these lines providing AC to the
      degaussing units. DC is provided by a DC unit 54, both as explained
      further hereinbelow. The degaussing units 36 are also known in the trade
      as "DEMAG" coils as indicated in FIG. 4.
PAR  The application of AC or DC to the degaussing unit is controlled by an
      AC-DC switch 56 and in the position of that switch shown, it applies AC to
      the degaussing units, energizing the relay 52, while in the opposite
      position it applies DC to the degaussing units through a relay 58, and as
      referred to hereinbelow.
PAR  Connected with AC source 44 is a transformer 60, the secondary of which is
      connected to a sub-circuit 62. Across the sub-circuit is a line 64 in
      which is a START switch 66 and a STOP switch 68. This line also includes
      the AC-DC switch 56 and leading from this line are branch lines, an AC
      line 70 and a DC line 72, respectively including the relays 52, 58. The
      sub-circuit also includes lines 74, 76 leading to a rectifier 78 for
      applying DC to the shunt field 80 of the motor 34 identified above, the
      latter also being included in the sub-circuit 62. The line 76 also leads
      to a variable speed control unit, the latter being connected to a line 84.
      The variable speed control unit 82 acts through a rectifier 86 for
      controlling the speed of the motor 34.
PAR  Also included in the sub-circuit 62 is a transformer 88, the secondary of
      which leads to a safety current sensing stage 90. This last unit includes
      a relay 92, and so long as the main power source is connected, the
      transformer 88 is energized and the secondary thereof controls the safety
      current sensing stage unit 90. The latter unit includes a control
      transformer 94. So long as the transformer 88 is energized the relay 92 is
      energized, performing certain operations. Relay contacts 92b, 92c are
      included in circuit units 98a, 98b including pick-up coils 100a, 100b
      respectively operatively associated with the degaussing units 36a, 36b,
      and when energized turning on signal lights 102a, 102b. So long as the
      main power source is on and the transformer 88 is energized, the relay 92
      closes the contacts 92b, 92c and turns on the signal lights 102.
      Additionally, when the relay 92 becomes de-energized, such as failure of
      the power source, the contacts 92d are opened, opening the circuit to the
      shunt field of the drive motor.
PAR  To initiate operation of the AC phase of the apparatus, the START switch 66
      is closed, and with the switch 56 in AC position, the relay 52 closes the
      contacts 52e and sets up a holding circuit through the line 64. The relay
      52 also opens the contacts 52f opening the circuit to the DC relay 58.
PAR  To initiate the DC phase, the switch 56 is moved to DC position and the
      START switch 66 closed. This energizes the relay 58 which closes the
      contacts 58e setting up a holding circuit. Also the relay 58 opens the
      contacts 58d and opens the circuit to the AC relay 52.
PAR  The unit 54 may be similar to that of my prior U.S. Pat. No. 3,619,729,
      dated Nov. 9, 1971, for generating DC. This unit is fed by lines 46, 50,
      leading from the AC source, and includes output lines 104, 106 having the
      contacts 58b, 58c respectively and connected with the lines 46a, 50a.
PAR  Summarizing, when the relay 52 is energized the contacts 52 are closed and
      AC is applied to the degaussing unit, and the relay 58 is de-energized,
      and the contacts 58b, 58c are open. In the DC phase, the relay 58 is
      energized which closes contacts 58b, 58c and the relay 52 is de-energized,
      leaving the contacts 52 open and DC is applied from the unit 54 to the
      degaussing units.
PAR  FIG. 5 shows diagrammatically a means for reversing the polarity of the
      degaussing units at intervals proportionate to the speed of a conveyor.
      This FIG. shows the DC unit 54 and a conventional reversing switch 108. A
      resistance unit 110 includes a body 112 and a plurality of resistances 114
      of values increasing in a preselected direction, as referred to below. The
      unit is controlled by or driven by the variable speed motor 34 which
      drives the conveyor. One of the lines from the degaussing units, e.g., 50a
      is connected to the unit at a common point, and the resistances 114 are
      connected to a line 116 leading to the reversing switch 108.
PAR  The unit is operative upon rotation by the motor for connecting the
      conductor 50a successively with the resistances. The reversing switch is
      controlled by an element 118 driven by the motor. As the motor operates,
      the DC applied to the degaussing units is reversed in polarity in steps
      successively, and upon each reversal, the voltage applied to the units is
      reduced because of the increase in value of the resistances referred to.
      This reversal of polarity and reduuction of voltage utilizes the principle
      of my prior U.S. Pat., Re. No. 25,607, dated June 30, 1964.
PAR  A great advantage of this arrangement is that the reversal of polarity and
      reduction of voltage are in direct proportion to the speed of the
      conveyor, so as to effect complete degaussing regardless of the speed of
      the conveyor.
PAR  The unit 110 and reversing switch 108 are indicated here strictly
      diagrammatically, and any desired form and arrangement may be used that
      perform the desired results, such as solid state reversing switch and
      control thereof.
PAR  It has been found that DC is effective for degaussing the tapes and is more
      economical than AC, utilizing much less power. On the other hand AC is
      much more effective in completely erasing all of the background noises in
      the tapes, than is DC, but more power is required and it is not so
      economical. In those cases where it is not necessary to eliminate all
      background noises, DC may be used, while on the other hand there may be
      many occasions when it is desired to erase all sound including background
      noises, and in that case, AC may be used. The arrangement of this
      apparatus provides an unusually effective and efficient arrangement for
      applying either AC or DC selectively, and further it includes a simple
      means for selecting the AC or DC, through the switch means 56.
PAR  The apparatus is equally effective for degaussing tapes of both audio and
      video character.
PAR  The apparatus can be effectively operated in the neighborhood of 3-4 KVA
      instead of the usual higher power required, such as in the neighborhood of
      56 KVA.
PAR  The control unit 94 in the safety current sensing stage unit 90 includes a
      transformer primary 94P1 included in the DC unit 54 which operates through
      the secondary 94S to indicate an operating signal in the unit 90. The unit
      94 additionally includes a coil 94P2 included in the line 48a between the
      degaussing units which also is effective for setting up a signal through
      the secondary 94S according to the application of AC on the degaussing
      unit.
PAR  Additionally, the secondary 88S2 is energized so long as the primary 88P is
      energized by continuation of the power source for further producing a
      signal in the unit 90.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for degaussing a magnetized tape wound in a reel about an axis
      and constituting bulk or mass form, comprising
PA1  conveyor means for conveying the tape continuously in a path extending
      longitudinally through the apparatus,
PA1  degaussing units in juxtaposition to the path and in close juxtaposition to
      the tape as the tape is conveyed along the path, the degaussing units
      being operative for impressing degaussing magnetic fields on the tape, and
PA1  means for adjustably driving the conveyor means at progressively reduced
      speeds and correspondingly adjustably reducing the magnetic field of the
      degaussing means to a level approximating zero while the tape is in the
      range of and passing the degaussing units.
NUM  2.
PAR  2. Apparatus according to claim 1 and including means for degaussing the
      tape in steps proportionate in number to the speed of the conveyor.
NUM  3.
PAR  3. A method of degaussing a magnetized tape in reel form including the
      steps, conveying the tape reel along a path,
PA1  proving a degaussing magnetic field and impressing it on the tape and
      reducing the degaussing magnetic field as the tape is moved therealong to
      a point where the magnetic field of the tape approaches zero, and
PA1  including the additional step of varying the speed of conveyance of the
      reel and correspondingly varying the intensity of the degaussing magnetic
      field in relation to the speed of conveyance of the reel whereby to
      effectively reduce the magnetic field of the tape to zero regardless of
      the rate of conveyance of the reel.
NUM  4.
PAR  4. A method according to claim 3 wherein the degaussing operation is
      conducted in steps in which the polarity of the magnetic field impressed
      on the reel is reversed in a series of steps, and the number of steps
      utilized in degaussing the magnetic field is varied in accordance with the
      rate of conveyance of the reel and the rate of reduction of the degaussing
      magnetic field in the degaussing unit.
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ABST
PAL  A capacitor having an elongated, generally tubular shape includes a metal
      clad dielectric sheet formed into an elongated, generally tubularly shaped
      core that is mounted between two conductive terminals and receives an
      elongated conductive member electrically connected to one of the
      conductive terminals. The axial position of the elongated conductive
      member within the core is variable to vary the capacitance of the
      capacitor. The method of making or assembling the capacitor includes the
      steps of forming first and second desired configurations of conductive
      material on one side of a substantially flat dielectric sheet, forming the
      dielectric sheet into an elongated, substantially tubularly shaped
      dielectric core with the first and second configurations of conductive
      material on the outer surface of the core, placing a first conductive
      terminal in a telescoping relationship over the first configuration of
      conductive material, placing a second conductive terminal in a telescoping
      relationship over the second configuration of conductive material and
      expanding the core radially outwardly by inserting an axially variably
      movable, elongated conductive member electrically connected with the first
      conductive terminal within the core to achieve a conforming contact
      between the elongated conductive member and the inner surface of the core,
      thereby providing a highly accurate, inexpensive and reliable variable
      capacitor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  The device and method of the present invention relate to devices for
      providing capacitance in electrical circuits, commonly referred to as
      capacitors, and, more particularly, to devices having an elongated,
      generally tubular shape for providing a variable amount of capacitance in
      electrical circuits, and commonly referred to as piston trimmers.
PAR  B. Description of the Prior Art
PAR  A piston trimmer is well known in the prior art and consists of a variable
      capacitor having an elongated, generally tubular shape and including a
      pair of capacitive plates formed by a pair of terminals spaced at opposite
      ends of a tubular dielectric member or core. The trimmer typically
      includes an elongated conductive member, such as a conductive screw,
      positioned within the core, electrically connected to one of the pair of
      terminals and variably axially movable within the core to vary the
      capacitance value of the trimmer.
PAR  A particular, widely used, prior art piston trimmer includes a pair of
      conductive terminals spaced at opposite ends of a tubularly shaped
      polystyrene core. A conductive screw is variably positioned within the
      polystyrene core. By varying the axial position of the conductive screw
      within the polystyrene core, the capacitance value of the trimmer is
      varied.
PAR  A major disadvantage of this type of piston trimmer is the unreliable and
      inaccurate capacitance value of the trimmer. This disadvantage is believed
      to result from the presence of air voids between the tips of the threads
      of the conductive screw and the inner surface of the polystyrene core. The
      presence of air voids varies the value of the dielectric constant of the
      dielectric medium, that is, the polystyrene core, separating the tips of
      the threads of the conductive screw and one of the pair of conductive
      terminals. The air voids may result from manufacturing tolerances and may
      be present upon the initial assembly of the piston trimmer. Additionally,
      the air voids may result from the relatively high temperatures, typically
      in the range of from 380.degree.F to 430.degree.F, encountered by the
      trimmer during a soldering operation, such as the rather common soldering
      operation of attaching the terminals of such a trimmer to a printed
      circuit board. These temperatures may cause the polystyrene core to
      plasticize or melt, resulting in the formation of the above-mentioned air
      voids and, possibly, in the formation of air voids between the mating
      surfaces of the polystyrene core and the conductive terminals which, in
      addition to altering the above-mentioned dielectric constant, may result
      in the separation of one or more of the conductive terminals from the
      polystyrene core.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a new and improved
      capacitor and a new and improved method for making or assembling a
      capacitor.
PAR  Another object of the present invention is to provide a new and improved
      variable capacitor having an elongated, generally tubular shape, commonly
      referred to as a piston trimmer, and a new and improved method for making
      or assembling a piston trimmer.
PAR  Another object of the present invention is to provide a new and improved
      piston trimmer having an elongated, generally tubularly shaped dielectric
      core formed from a substantially flat, metal clad, dielectric sheet and a
      new and improved method for making or assembling a piston trimmer.
PAR  Briefly, the device of the present invention comprises a capacitor having
      an elongated, generally tubular shape and including a metal clad
      dielectric sheet formed into an elongated, generally tubularly shaped core
      that is mounted between two conductive terminals and receives an elongated
      conductive member electrically connected to one of the two conductive
      terminals. The axial position of the screw is variable to vary the
      capacitance of the capacitor. Preferably, the tips of the threads of the
      screw are ground a predetermined amount to form substantially flat tips to
      provide an increased conductive surface for one of the plates of the
      capacitor and to prevent any possible deleterious journaling of the core
      upon its receipt of the screw.
PAR  The method of making or assembling a capacitor in accordance with the
      principles of the present invention includes the steps of forming at least
      first and second desired configurations of conductive material on one side
      of a metal clad dielectric sheet, forming the dielectric sheet into an
      elongated, substantially tubularly shaped dielectric core with the first
      and second configurations of conductive material on the outer surface of
      the core, placing a first conductive terminal telescopically over the
      first configuration of conductive material and placing a second conductive
      terminal telescopically over the second configuration of conductive
      material. The method further includes the step of expanding the core
      radially outwardly by inserting an axially variably movable conductive
      screw within the core to achieve the above-mentioned conforming contact
      between the inner surface of the core and the tips of the threads of the
      conductive screw. The method additionally includes the step of
      electrically connecting the conductive screw with the first conductive
      terminal to thereby form a variable capacitor or piston trimmer. The
      method may also include the steps of soldering the first conductive
      terminal to the first configuration of conductive material and soldering
      the second conductive terminal to the second configuration of conductive
      material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects and advantages and novel features of the
      present invention will become apparent from the following detailed
      description of a preferred embodiment of the present invention illustrated
      in the accompanying drawing wherein:
PAR  FIG. 1 is an upper, front perspective view of a preferred embodiment of a
      variable capacitor or piston trimmer constructed in accordance with the
      principles of the present invention;
PAR  FIG. 2 is a lower, front perspective view of the device of FIG. 1;
PAR  FIG. 3 is an enlarged, end elevational view of the device of FIG. 1 taken
      from line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged, cross-sectional view of the device of FIG. 1 taken
      along line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged, cross-sectional view of the device of FIG. 1 taken
      along line 5--5 of FIG. 1;
PAR  FIG. 6 is an enlarged, exploded, perspective view of the device of FIG. 1;
PAR  FIG. 7 is an enlarged, perspective view of a portion of the device of FIG.
      1;
PAR  FIG. 8 is a further enlarged, fragmentary, crosssectional view of a portion
      of the device of FIG. 1 taken along line 8--8 of FIG. 7;
PAR  FIG. 9 is an enlarged, fragmentary, perspective view of a source for the
      portion of the device of FIG. 1 illustrated in FIGS. 7, 10 and 11;
PAR  FIG. 10 is an enlarged, perspective view of an alternate embodiment of a
      portion of the device of FIG. 1; and
PAR  FIG. 11 is an enlarged, perspective view of an alternate embodiment of a
      portion of the device of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing and initially to FIGS. 1 through 6, there is
      illustrated a new and improved variable capacitor or piston trimmer 20
      constructed in accordance with the principles of the present invention.
      The trimmer 20 may be inserted in an electrical circuit to provide a
      variable amount of capacitance for that circuit. The trimmer 20 includes a
      plurality of elements assembled to provide a highly accurate, inexpensive
      and reliable electrical circuit element.
PAR  In accordance with an important feature of the present invention, the
      trimmer 20 includes a tubular dielectric member or core 22 that is capable
      of withstanding relatively high temperatures, for example, as encountered
      during soldering operations, without a substantial deterioration in the
      physical or electrical characteristics of the trimmer 20. This capability
      is achieved by forming the core 22 from a flat, thin sheet 23 (FIG. 7) of
      a heat resistant dielectric material which, in a preferred embodiment, may
      be polytetrafluoroethylene (Teflon). The polytetrafluoroethylene may, if
      desired, be glass reinforced to improve its stability in the presence of
      widely varying ambient temperatures. The core 22 includes a plurality of
      portions 24 and 26 of conductive material, such as metal platings. The
      portion 26 forms a fixed capacitive plate of the trimmer 20; and the
      portion 24 forms a suitable material or medium for attaching a conductive
      terminal to one end of the core 22. The portions 24 and 26 in a preferred
      embodiment are copper platings, although other suitable metals may also be
      used.
PAR  The trimmer 20 further includes a pair of outer, generally tubularly shaped
      terminals 28 and 30 that may be formed from any suitable conductive
      material, such as brass, and may be silver-plated prior to assembly in the
      trimmer 20. The terminals 30 and 28 are electrically connected to the
      portions 24 and 26, respectively, and include circuit connectors 32 and
      34, respectively, for electrically connecting the trimmer 20 in an
      electrical circuit, such as by attachment to a printed circuit board. The
      connectors 32 and 34 each include shoulder portions 36 for engaging the
      upper surface of a printed circuit board. The trimmer 20 is spaced from
      the upper surface of a printed circuit board by the upper portions 38 of
      the connectors 32 and 34. Further, each of the connectors 32 and 34
      includes lower portions 40 which may be attached by soldering to the
      printed circuit board.
PAR  In accordance with an important feature of the present invention, each of
      the terminals 28 and 30 and the core 22 include an axially or
      longitudinally extending split 42 (FIG. 6) which permits the radial,
      circumferential or peripheral expansion of the terminals 28 and 30 and the
      core 22. The terminals 28 and 30 and the core 22 are radially or
      peripherally expanded by the receipt of an oversized, elongated conductive
      screw 44 within the core 22. The screw 44 forms a movable capacitive plate
      of the trimmer 20. The radial or peripheral expansion of the core 22 by
      the screw 44 reduces the possibility of the formation or existence of air
      voids between the inner surface of the core 22 and the tips 46 of the
      threads of the screw 44, thereby ensuring that the value of the dielectric
      constant of the dielectric medium separating the tips 46 and the inner
      surface of the portion 26 remains constant.
PAR  The screw 44 may be formed from any suitable conductive material, such as
      brass, and may be silver-plated prior to assembly in the trimmer 20. The
      screw 44 is advanced within the core 22 and is electrically connected to
      the terminal 30 by a plurality of resilient conductive portions 45 of the
      terminal 30. The portions 45 may be formed in any convenient configuration
      to provide a resilient bias force against the screw 44.
PAR  Preferably, the tips 46 of the threads of the screw 44 are ground to form
      flattened tips 46 rather than pointed tips 46 prior to the receipt of the
      screw 44 within the core 22. For example, an elongated screw having an
      outer tip diameter of .138 inch may be ground to form the flattened tips
      46 until the outer tip diameter equals 0.128 inch. The flattened tips 46
      provide a larger capacitive plate surface area than the pointed tips and
      also prevent the core 22 from being damaged by preventing the formation of
      deep journals or threads in the core 22 as could occur by the receipt of
      pointed tips within the core 22.
PAR  In accordance with a further important feature of the present invention,
      the piston trimmer 20 is made or assembled in accordance with a novel
      method. Initially, the dielectric sheet 23 is formed from a relatively
      large metal clad dielectric sheet 60 (FIG. 9). For example, the sheet 60
      may comprise a .006 inch thick sheet of glass reinforced
      polytetrafluoroethylene (Teflon) that includes a layer of metal plating or
      cladding over one entire side 62 of the sheet 60. The metal plating or
      cladding may vary in thickness and, in a preferred embodiment, comprises a
      layer of copper plating or cladding approximately 0.001 inch in thickness.
      The portions 24 and 26 of each sheet 23 are formed by etching undesired
      portions of the metal cladding from the side 62 of the sheet 60.
      Subsequently, the sheet 60 is severed to form the individual sheets 23.
      The electrical characteristics, for example, the minimum capacitance
      value, of a trimmer 20 may be varied by varying a dimension 70
      corresponding to the spacing between the portions 24 and 26 and also by
      varying a dimension 72 corresponding to the length of the portion 26
      (FIGS. 7, 10 and 11).
PAR  Subsequent to the severing of the individual sheets 23 from the sheet 60,
      the individual sheet 23 is formed into a tubular shape (FIG. 7) to form
      the core 22. The terminals 28 and 30 are then placed in a telescoping
      relationship over the portions 26 and 24, respectively, of the core 22.
      The screw 44 is placed within the core 22 by the resilient engagement of
      the portions 45 of the terminal 30 with the threads of the screw 44. The
      receipt of the screw 44 within the core 22 causes the radial or peripheral
      expansion of the core 22 and of the terminals 28 and 30 to provide the
      above-mentioned conforming contact between the tips 46 of the threads of
      the screw 44 and the inner surface of the core 22. After the receipt of
      the screw 44 within the core 22, a soldering compound 50 may be applied to
      the terminals 28 and 30 and to the portions 26 and 24, respectively, to
      ensure the direct, low resistance, electrical connection therebetween.
PAR  In making or assembling the trimmer 20 in accordance with the principles of
      the present invention, the relatively high temperatures encountered during
      a typical soldering operation in which the portions 40 of the circuit
      connectors 32 and 34 are electrically connected to a printed circuit board
      do not have any substantial deleterious effect upon the physical or
      electrical properties of the trimmer 20.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. For example, the circuit
      connectors 32 and 34 may be physically dimensioned and positioned on the
      terminals 30 and 28, respectively, in any convenient manner to enable the
      trimmer 20 to be positioned as desired on a printed circuit board or
      otherwise in an electrical circuit. Thus, it is to be understood that,
      within the scope of the appended claims, the invention may be practiced
      otherwise than as specifically described above.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A capacitor comprising
PA1  means for electrically connecting said capacitor into an electrical
      circuit, said electrically connecting means comprising a first, elongated,
      generally tubularly shaped, radially outwardly expandable, conductive
      member, said first conductive member including a first elongated slot
      extending along the entire length of said first conductive member, and a
      second, elongated, generally tubularly shaped, radially outwardly
      expandable, conductive member, said second conductive member including a
      second elongated slot extending along the entire length of said second
      conductive member,
PA1  means electrically insulating said first and second conductive members,
      said electrically insulating means comprising an elongated, generally
      tubularly shaped, radially outwardly expandable, dielectric member
      received within said first and second conductive members, said first and
      second conductive members being spaced apart along the length of said
      dielectric member, said dielectric member including a third elongated slot
      extending along the entire length of said dielectric member, and
PA1  means radially outwardly expanding said first and second conductive members
      and said dielectric member to thereby increase the widths of said first,
      second and third slots, said expanding means comprising an elongated
      conductive member received within said dielectric member and electrically
      short circuited to said first conductive member.
NUM  2.
PAR  2. A capacitor as defined in claim 1 wherein said elongated member
      comprises an elongated conductive member movable along the longitudinal
      axis of said dielectric member, said elongated conductive member
      comprising a variable or movable capacitive plate of said capacitor.
NUM  3.
PAR  3. A capacitor as defined in claim 2 wherein said elongated conductive
      member comprises an elongated conductive screw, said screw including a
      plurality of flattened thread tip portions engaging the inner surface of
      said dielectric member.
NUM  4.
PAR  4. A capacitor as defined in claim 1 further comprising first and second,
      spaced, low resistance conductive means coated on the outer surface of
      said dielectric member, one of said first and second conductive means
      forming a fixed capacitive plate of said capacitor.
NUM  5.
PAR  5. A capacitor as defined in claim 4 wherein said first and second
      conductive members comprise first and second conductive terminals,
      respectively, that physically support said capacitor in a fixed condition,
      spaced from a mounting means or base for said electrical circuit.
NUM  6.
PAR  6. A capacitor as defined in claim 5 further comprising first means
      electrically connecting said first conductive terminal to said first
      conductive means and second means electrically connecting said second
      conductive terminal to said second conductive means.
NUM  7.
PAR  7. A capacitor as defined in claim 6 wherein said first and second
      electrically connecting means comprise solder compounds.
NUM  8.
PAR  8. A capacitor as defined in claim 5 wherein said first and second
      elongated slots respectively overlie elongated portions of said first and
      second low resistance conductive means.
NUM  9.
PAR  9. A capacitor as defined in claim 1 wherein said dielectric member
      comprises a sheet of polytetraflouroethylene.
NUM  10.
PAR  10. A capacitor comprising
PA1  a first, fixed, capacitive plate,
PA1  a second, variable, capacitive plate, and
PA1  means physically spacing apart and electrically insulating said first and
      second capacitive plates, said spacing and insulating means comprising an
      elongated, generally tubularly shaped, radially outwardly expandable,
      dielectric member, said dielectric member including an elongated slot
      extending along the entire length of said dielectric member,
PA1  said second capacitive plate comprising means radially outwardly expanding
      said dielectric member to thereby increase the width of said slot, said
      expanding means comprising an elongated member received within said
      dielectric member.
NUM  11.
PAR  11. A capacitor as defined in claims 10 wherein said first, fixed,
      capacitive plate is disposed on the outer surface of said dielectric
      member.
NUM  12.
PAR  12. A capacitor as defined in claim 11 wherein said dielectric member
      comprises a dielectric member formed from polytetrafluoroethylene.
NUM  13.
PAR  13. A capacitor as defined in claim 10 wherein said elongated member
      comprises an elongated conductive screw having a plurality of flattened
      thread tip portions engageable with the inner surface of said dielectric
      member.
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PAL  A d.c. motor control system includes a pair of armature windings mounted on
      a single rotor or on a pair of mechanically coupled rotors, and a field
      winding or windings. The system includes switch means operable to effect a
      change in the electrical connections of the armature windings to a pair of
      electrical supply terminals and means for effecting variations of the
      current flowing in the field winding or windings.
BSUM
PAR  This invention relates to a d.c. motor system and has for its object to
      provide such a system in a simple and convenient form.
PAR  According to the invention a d.c. motor control system comprises a pair of
      armature windings mounted on a single rotor or on a pair of mechanically
      coupled rotors, a field winding or windings, the system including switch
      means operable to effect a change in the electrical connections of the
      armature windings to a pair of electric supply terminals and means for
      effecting variation of the current flowing in the field winding or
      windings.
DRWD
PAR  One example of a d.c. motor system in accordance with the invention will
      now be described with reference to the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of the system,
PAR  FIGS. 2-7 inclusive are electrical circuits of individual modules of the
      system, and
PAR  FIG. 8 shows an electrical contactor for use in place of the
      electro-mechanical contactor shown in FIG. 1.
DETD
PAR  Referring to FIG. 1, there are provided terminals 10, 11 for connection to
      a source of d.c. supply, conveniently a storage accumulator.
PAR  Terminal 10 is connected to one contact of a single pole contactor 12
      having a control winding 13, the latter being connected between terminals
      10 and 11 by way of an operator controlled switch 14. The other contact of
      the contactor 12 is connected by way of a resistor 15 to one of a pair of
      contacts 16 of an electro-mechanical changeover contactor 17 having an
      operating winding 18. The other contact of the pairs of contacts 16 is
      connected to one contact of a further pair of contacts 19, and also to one
      brush associated with a commutator of one armature winding 20 of a d.c.
      motor. The other brush of the winding 20 is connected by way of a resistor
      21 with the terminal 11. The other contact of the contacts 19 is connected
      to one brush associated with a commutator of the other armature winding 22
      of the motor and the other brush of this winding is connected to the
      resistor 15. Finally the contactor 17 includes a further pair of contacts
      23, one of which is connected to the one contact of the pair of contacts
      19 which is connected to the brush of the armature winding 22, and the
      other contact of the pair of contacts 23 is connected by way of the
      resistor 21 to the terminal 11. For co-operation with the contacts 16,
      there is provided a normally open moving contact bar and a further moving
      contact bar is associated with the contacts 19, 23. Normally the second
      contact bar bridges the contacts 19, but when the winding 18 is energised,
      the contact bar moves to bridge the contacts 23. There is also provided a
      single pole contactor 24 including an operating coil 25, and the contacts
      of the contactor 24 are connected in parallel with the resistor 15.
PAR  The motor also includes a shunt field winding 26, one end of which is
      connected to the terminal 11 by way of a resistor 27. The other end of the
      field winding is connected to a power amplifier 28, and further power
      amplifiers 29, 30 are connected to the windings 18 and 25 of the
      contactors 17, 24 respectively. The resistors 21 and 27 are conveniently
      constituted by the cable resistance of the connecting cables. All the
      connections so far described are concerned either with heavy current
      flowing in the armature windings are with moderate currents flowing in the
      field winding and contactor coils. They are thus shown in continuous line,
      the remaining connections to be described are concerned with signals
      utilized in the system to control the operation of the motor and are thus
      shown in dotted outline.
PAR  Also provided are a pair of signal amplifiers 31, 32 amplifier 31 having
      its input connected to a point intermediate the shunt field winding 26 and
      the resistor 27, and amplifier 32 having its input connected to a point
      intermediate the armature winding 20 and the resistor 21. The amplifiers
      31 and 32 are provided with a d.c. supply by means of an invertor 33 which
      is supplied with power from terminal 10 by way of switch 14. The output
      from amplifier 31 is supplied to a module 34 the output of which is
      supplied to one input of an `AND` gate 35. The other input of the `AND`
      gate 35 is connected to the input of the amplifier 29 by way of an
      invertor 36 and the output of the AND gate 35 is applied to a flip flop
      circuit 37 which is able to receive a reset signal constituted by the
      input signal to the power amplifier 29. In addition, the input of the
      power amplifier 29 is connected to one input terminal of an AND gate 38
      the other input terminal of which is connected to a maximum armature
      current sensor 39. The input of this sensor is derived from the output of
      the amplifier 32 by way of a module 40. The output of the AND gate 38 is
      connected to a flip flop 41 which supplies one input terminal of an `OR`
      gate 42, the other input terminal of which is connected to the output of
      the flip flop 37. The output of the flip flop 37 is also connected to one
      input terminal of an AND gate 43, and this AND gate is able to supply a
      reset signal to a flip flop 44. The output of the flip flop 44 is
      connected to the power amplifier 29 and also it provides a reset signal by
      way of an invertor 45 to the flip flop 41 and a mode signal to the module
      40. The module 40 reduces by half the signal derived from the amplifier 32
      when the rotor windings 21, 22 are connected in the parallel mode.
PAR  The input of the flip flop 44 is connected to the output of an AND gate 46,
      one input of which is connected to the output of the flip flop 41, and the
      other input of which is connected to the output of an AND gate 47. In
      addition, the output of the AND gate 47 is connected to the other input of
      the AND gate 43.
PAR  There is also provided a pair of AND gates 48, 49 and one input of each of
      these gates is connected to the output of the OR gate 42. The other input
      of the AND gate 49 is derived from a sensor 50 which is responsive to the
      value of the current flowing in the armature as represented by the signal
      derived from the module 40. An output from this sensor is also provided by
      way of an invertor 51 to one of the inputs of the AND gate 47. The other
      input terminal of the AND gate 48 is connected to a further armature
      current sensor 52, and this provides the other input to the AND gate 47 by
      way of an invertor 53.
PAR  There is also provided a field controller 54, and the output of this is
      connected to the power amplifier 28. The field controller is of the
      chopper type, and it is controlled in part by a controller 55 which in
      turn is controlled by an actuator 56 operable by the operator of the
      system. The controller 55 receives a signal representing the armature
      current of the motor, and can effect a control over the field controller
      54 so as to ensure that the field current does not decrease below a
      predetermined value when the motor is accelerating.
PAR  The field controller 54 is also in part controlled by a module 57 which
      receives an input from the AND gate 48. The function of the module 57 is
      to set the maximum value of the field current. In addition, a further
      module 58 is provided, and sets the minimum value of the field current.
      The module 58 is controlled by the AND gate 49. Finally a sensor 59 is
      provided, and which senses the flow of armature current and provides a
      signal to the power amplifier 30 when the armature current has fallen to a
      predetermined value when the motor has been energised.
PAR  In use, when the system is at rest, the various switches are in the
      positions shown in the drawing and when the operator requires to effect
      operation of the motor, the switch 14 is closed. This has the effect of
      energising the coil 13, and therefore closing the contacts of the
      contactor 12. The contactor 17 is arranged such that initially the
      armature windings 20 and 22 are electrically connected in series, and the
      contactor 24 ensures that the starting resistor 15 is connected in series
      with the armature windings. As a result, the motor is series connected and
      starts to rotate, the current being limited by the resistor 15. At
      starting, the maximum value of field current flows in the shunt field
      winding 26, this being determined by the armature current feedback loop 32
      and 55.
PAR  As the armature speed increases, the back EMF increases, and the armature
      current decreases. When the armature current has reduced to the
      predetermined value, the sensor 59 detects the reduction in current and a
      signal is applied to the power amplifier 30 which effects energisation of
      the winding 25. As a result of this, the resistor 15 is effectively taken
      out of circuit.
PAR  When it is required to accelerate the motor, the actuator 56 is operated to
      cause the controller 54 to weaken the field current flowing in the shunt
      field. As the field is weakened the back EMF decreases, and hence the
      current flow increases thereby increasing the output torque and
      accelerating the armature. In order to limit the armature current and
      thereby ensure good commutation, the amount that the field current can be
      decreased is limited by means of the module 55. This module receives a
      signal indicative of the armature current.
PAR  When the field current has been reduced to a given amount and the armature
      current has also reduced to a predetermined amount, the situation is
      attained at which the armature windings 20 and 22 can be switched into a
      parallel connection. The switching is of course achieved by the contactor
      17, the operating coil 18 of which receives power from the amplifier 29.
      At the instant of switch-over, it is arranged that the armature current is
      reduced to practically zero in order to preserve the life of the contacts
      of the contactor 17. This is achieved by signals derived from the
      amplifier 31 and sensor 34 which effects switching of the flip flop 37 by
      way of the AND gate 35. Flip flop 37 provides a signal which triggers AND
      gate 48 by way of OR gate 42. Flip flop 37 also provides a signal to AND
      gate 43 thereby conditioning it so that when a signal from AND gate 47 is
      received it will initiate the operation of the contactor 17 by way of flip
      flop 44 and the power amplifier 29. When the AND gate 48 is signalled, it
      provides a signal to the module 57 to switch the field current to its
      maximum value, and this temporarily puts the motor into the generator mode
      so that the armature current changes direction. Clearly the armature
      current cannot change direction immediately and gradually reduces to zero.
      This is detected by the sensors 50 and 52, and the AND gate 47 provides a
      signal to the AND gate 43 causing operation of the contactor as stated
      above. When the flip flop 44 switches over, the signal to the module 40 is
      removed so that the sensors 39 and 52 and the controller 55 receive the
      correct armature current indicating signal to give the required field
      strength for satisfactory changeover. Acceleration of the motor therefore
      proceeds with the field current gradually being weakened by operation of
      the controller 56. It should be noted that close control of the field
      strength is maintained by the controller 55 so as to ensure that the field
      current does not fall below a safe value.
PAR  In order to decelerate the motor the actuator 56 is operated and this has
      the effect of strengthening the current flowing in the field winding by
      controlling the controller 54 and the power amplifier 28. This has the
      effect of causing the motor to operate as a generator and gives
      re-generative braking. The maximum amount of deceleration is achieved by
      controlling the amount of field strengthening with respect to the armature
      current. During this time the armature windings 20 and 22 of the motor
      will remain in the parallel connection if deceleration occurs when that
      mode of connection obtains. In the event that re-acceleration of the motor
      is required after a period of deceleration, then if the speed of rotation
      of the armature is above that at which a switch from the series to
      parallel connection occurs, operation of the control 56 will effect a
      reduction in the value of the field current and the motor will start to
      accelerate. If, however, the speed of the armature has fallen to a
      sufficiently low value, the armature windings 20 and 22 will be switched
      so that they are connected in series and this is achieved by the fact that
      sensor 39 will produce a signal when the armature current attains a
      predetermined value, and this through the AND gate 38, will cause
      switching of the flip flop 41. An output will thus be provided to the AND
      gate 46 and also the OR gate 42. In this manner the AND gate 46 is
      conditioned to effect a switching to the series connection, and will in
      fact effect this connection when a signal is received from AND gate 47.
      The signal which is supplied to the OR gate 42 provides a signal to the
      AND gate 48 and this causes the controller 57 to increase the field
      current thus reversing the current flow through the armature windings. As
      previously described, when the current flow in the armature is near zero
      and as sensed by sensors 50 and 52, signals will be provided to the AND
      gate 47 and this will provide the required input to the AND gate 46 to
      effect switching of the flip flop 44 and thereby de-energisation of the
      winding 18 of the contactor 17. The motor will then accelerate with the
      armature windings connected in series and switching to the parallel
      connection will take place at the appropriate time.
PAR  It should be noted that, if the armature windings are connected in parallel
      and a sudden load is applied, sensor 39 will provide a signal to AND gate
      38 and this will effect switching of the flip flop 41, and as a result the
      armature windings will be connected in series.
PAR  In an alternative arrangement the armature windings 20, 22 are wound on
      separate rotors which are mechanically coupled together. In addition,
      separate field windings are provided for the rotors and the field windings
      can be connected in series or in parallel the actual switching being
      achieved by a control circuit associated with the amplifier 28.
PAR  In the circuit, the modules comprise either standard components which are
      readily available or integrated circuits. In some instances, however,
      standard components are not available and in those cases, typical circuit
      configurations are shown in FIGS. 2-7 inclusive. The circuit shown in FIG.
      3 is for the module 39 and the same circuit configuration can be used for
      the module 52. The circuit shown in FIG. 4 is for the module 34 and the
      same circuit configuration may be utilized for the modules 50 and 59.
PAR  The circuit shown in FIG. 5 is a combined circuit for the modules 54, 57
      and 58. It will be seen that most of the modules shown in FIGS. 2-7
      require a d.c. power supply and this may be obtained from a power circuit
      not shown which is connected across the terminals 10 and 11. It is
      believed that the mode of operation of the various circuits shown in FIGS.
      2-7 will be readily apparent to an expert knowing the intended duty of the
      circuits from the earlier description.
PAR  The circuit shown in FIG. 1 utilizes an electromechanical contactor but
      this may be replaced by the electrical contactor arrangement seen in FIG.
      8. In FIG. 8 the armature windings 20, 22 are connected in series through
      a diode 65 and in parallel with but in back to back relationship to the
      diode is a thyristor 66 to the gate of which is applied a firing pulse
      when the windings are in the series mode and when regenerative braking
      occurs. In order to connect the windings in parallel two further
      thyristors 67, 68 are provided and the gates of these thyristors are
      provided with firing pulses when parallel connection of the windings is
      required. When the windings are connected in parallel the diode 65 no
      longer carries current. Moreover, to enable regenerative braking to take
      place with the windings in the parallel mode, a further pair of diodes 69,
      70 are provided in parallel with and in back to back relationship with the
      thyristors 67, 68 respectively. The gating pulses for the thyristors are
      supplied by a module not shown which replaces the power amplifier 28 and
      which may form part of the module 44.
CLMS
STM  We claim:
NUM  1.
PAR  1. A d.c. motor control system comprising a pair of armature windings
      mounted on a single rotor or on a pair of mechanically coupled rotors, a
      field winding or windings, the system including switch means operable to
      effect a change in the electrical connections of the armature windings to
      a pair of electric supply terminals, and means for effecting variation of
      the current flowing in the field winding or windings, said switch means
      comprising a contactor, the contactor serving in one condition to place
      said windings in series with each other and in the other condition in
      parallel with each other, said means for effecting variation in the
      current flowing in the field winding or windings comprising an operator
      controlled member, and a field current controller of the chopper type,
      said field current controller receiving a first control signal from said
      operator controlled member and acting to reduce the current flowing in the
      field windings when it is required to accelerate the motor, a power
      amplifier being further provided intermediate the controller and the field
      winding, said system additionally including means for providing a field
      current signal representative of the field current, means for providing an
      armature current signal representative of the armature current, switch
      means operable to control said contactor, said switch means being operated
      to cause the contactor to connect said armature windings in the correct
      parallel or series mode when the armature and field current are at
      predetermined values.
NUM  2.
PAR  2. A system as claimed in claim 1 including means for momentarily adjusting
      the field current so that operation of said contactor can occur whilst
      substantially no current is flowing through its contacts.
NUM  3.
PAR  3. A system as claimed in claim 2 including a first control for said switch
      means, said first control upon the receipt of two signals causing
      operation of said switch means, the first signal being derived from means
      responsive to said field current signal, and the second signal being
      generated by means which is responsive to the armature current signal and
      which provides said second signal when the armature current is
      substantially zero.
NUM  4.
PAR  4. A system as claimed in claim 3 in which the means for momentarily
      adjusting the field current includes first and second AND gates the first
      of which provides a control signal to the controller to effect a momentary
      increase in the field current whilst the second of which provides a
      control signal to effect a momentary reduction in the field current, means
      for providing to each of said AND gates a first signal when a change in
      the connection of the armature windings should occur, the second signal
      required for operation of the first AND gate being provided by means which
      provides said second signal when the current flowing in the armature
      windings is above a predetermined minimum value with current being
      supplied to the armature windings and the second signal required for
      operation of the second AND gate being provided by means which provides
      said second signal when the current flowing in the armature windings is
      below a predetermined value with current being generated in the armature
      windings.
NUM  5.
PAR  5. A system as claimed in claim 1 including a pair of AND gates the first
      of which provides a signal to said switch means to effect connection of
      the armature windings in the parallel mode and the second of which
      provides a signal to said switch means to effect connection of the
      armature windings in the series mode, means for providing a first signal
      to each of said pair of AND gates indicative of when the current in the
      armature windings is at or near zero the second signal to said first gate
      being provided by means which provide said second signal when the armature
      windings are connected in the series mode and when the field current is
      below a predetermined value, the second signal to said second gate being
      provided by means which provides said second signal when the armature
      windings are connected in parallel mode and the current flowing in the
      armature windings exceeds a predetermined value.
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PAL  A brushless d-c motor of the type having a permanent magnet rotor and a
      plurality of stator windings which are energized from a common d-c power
      source through transistors in response to means which detect the rotating
      position of the rotor in a manner such that the conductance of the
      transistors are so controlled as to ensure proper rotation, in which,
      means are provided for detecting the currents flowing through the stator
      windings and the outputs of these means used to control the transistors
      supplying current to the stators such as to equalize the current flow from
      stator winding to stator winding, thereby permitting transistors having
      unmatched gains to be used in the motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to permanent rotor brushless d-c motors which are
      energized from a d-c source using commutation transistors controlled by
      means sensing the angular position of the rotor in general, and more
      particularly to an improved circuit arrangement for use with such a motor
      which permits using unmatched commutation transistors.
PAR  It is well known that due to manufacturing tolerances, transistors of a
      given type will have very different current gain from one transistor to
      the other. When such transistors are used in a brushless d-c motor of the
      type described above, different currents can be caused to flow in the
      different stator windings. As a result, the torque of the motor will
      fluctuate. In order to avoid such variations in motor torque, it is
      necessary to use commutation transistors which have, to the greatest
      degree possible, equal current gains. Typically, such has been done by
      selecting transistors from a large number to obtain transistors which are
      matched in current gain. Obviously, this method requires a great deal of
      time and is quite expensive, thereby greatly increasing the manufacturing
      cost of such motors. Those skilled in the art will recognize that the cost
      of matched sets of transistors greatly exceeds the cost of the same
      transistor by itself.
PAR  Thus, it can be seen that there is a need for a brushless motor in which
      unmatched transistors can be used, thereby avoiding the process of
      transistor selection or the higher cost of buying prematched transistors,
      and which motor using unmatched transistors is still able to operate
      without the undesirable variations in motor torque.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a circuit arrangement for solving this
      problem by including means to measure the magnitude of the current flowing
      through the individual stator windings using at least one resistor and
      using the value so obtained to control the commutation transistors in the
      individual stator windings, in such a manner that the current flowing
      through each of the stator windings is approximately the same. In the
      preferred embodiment, the resistors determining current flow through the
      stator windings are connected in the common lead of the stator windings
      and the voltage drop across the resistors is used for driving at least one
      additional transistor which in turn controls the respective commutation
      transistor assigned to the individual stator windings in such a manner so
      as to equalize currents.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a first embodiment of the invention.
PAR  FIG. 2 is a schematic diagram of a second embodiment of the invention.
PAR  FIG. 3 is a waveform diagram illustrating operation of the embodiment of
      FIG. 1.
PAR  FIG. 4 is a similar diagram illustrating operation of the embodiment of
      FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a first embodiment of the present invention which
      includes a four winding stator with the stator windings designated 1, 2, 3
      and 4. In conventional fashion, the stator windings will have a permanent
      magnet rotor associated therewith and rotating within the windings. The
      windings are arranged in the motor such that they are spaced at 90.degree.
      increments. Also provided in conventional fashion are two Hall effect
      elements designated H1 and H2 which will be arranged displaced 90.degree.
      from each other and will generate voltages in dependence on the rotor
      position. In well known fashion, a current will be caused to flow in each
      of the stator windings in dependence on the position of the rotor with the
      current flowing over an electrical angle of 180.degree., i.e., current
      will flow in each winding half of the time. The commutation transistors
      used to provide current to the stator windings are designated as T1, T2,
      T3 and T4 and have their collectors connected respectively to the stator
      windings 1, 2, 3 and 4, with each having its emitter coupled to the
      negative voltage. Also in the circuit are input transistors designated
      T11, T12, T13 and T14 which provide at their collector output the base
      input to the respective commutation transistors T1 through T4. As shown,
      the collectors of transistors T11 through T14 are connected to the
      negative voltage through resistors R1, R3, R5, and R7 respectively. The
      inputs to these transistors are from Hall effect generators H1 and H2,
      with Hall effect generator H1 providing the inputs to transistors T11 and
      T12 and Hall effect generator H2 the inputs to T13 and T14. One pair of
      these transistors is always acting as a differential amplifier for
      amplifying the output voltage of the Hall elements. In addition to the
      above described elements which are basically a conventional arrangement,
      two additional transistors T5 and T6 are provided. These are the
      transistors which are used to equalize the currents in the stator windings
      1 through 4. As shown, these two transistors have their base coupled at
      the junction of a resistor divider made up of resistors R4 and R10. Also
      provided are resistors R2 and R6 coupling Hall effect generators H1 and H2
      to the negative voltage and resistance R8 and R12 coupling the Hall effect
      generators to the positive voltage.
PAR  The windings 1 and 2 form a first pair and the windings 3 and 4 a second
      pair which are coupled together at their lower ends. The windings 1 and 2
      are coupled to the positive voltage through a resistor R9, and the
      windings 3 and 4 through a resistor R11. The emitters of transistors T5
      and T6 are coupled to the resistors R9 and R11 respectively. As noted
      above, the other ends of the stator wiindings are coupled through the
      collector emitters paths of the respective transistors T1 through T4 to
      the negative voltage. As also noted above, the bases of transistors T1
      through T4 are coupled to the collectors of the transistors T11 through
      T14 with a pair of the latter always forming a differential amplifier. The
      bases of the one pair of transistors T11 and T12 are connected with the
      outputs of the Hall effect generator H1 and the bases of the other pair of
      transistors T13 and T14 to the two outputs of the other Hall effect
      generator H2. The emitters of transistors T11 and T12 are connected to the
      collectors of the one equalizing transistor T5 and the emitters of
      transistors T13 and T14 to the collector of the other equalizing
      transistor T6. As noted above, the collectors of transistors T11 through
      T14 are coupled to the negative voltage through the respective resistors
      R1, R3, R5 and R7.
PAR  In the circuit of FIG. 2, the Hall effect generators H1 and H2 generate
      output voltages which are approximately sinusoidal and have a phase
      difference of 90.degree. in accordance with the angular position of the
      rotor which is not specifically shown on the drawing. Without further
      measures and due to the different current gains, each pair of transistors
      T11 and T12 along with T13 and T14 would amplify the output voltages of
      the Hall effect generators H1 and H2 to a different degree. If the pair of
      transistors T11 and T12 which amplify the output voltages of the Hall
      effect generator H1 are considered, the transistor T11 will conduct for a
      period of 180.degree. with the output of the Hall effect generator H1
      positive, resulting in the transistor T1 going into a conducting state,
      causing a current to flow through stator winding 1. During the next
      180.degree. period, the transistor T12 conducts, at which point the Hall
      effect output is negative, resulting in the transistor T2 conducting and
      the transistor T1 being turned off. A current now flows in the stator
      winding 2. Transistors T13 and T14 which amplify the output voltages of
      the Hall effect generator H2 act in a similar manner, so that current
      flows alternatingly through the stator windings 3 and 4 for 180.degree.
      period. Since the Hall effect generators H1 and H2 are displaced by
      90.degree., the currents flowing through the stator windings 1 through 4
      will have a phase difference of 90.degree. with respect to each other as
      illustrated by FIG. 3.
PAR  On that figure, the currents flowing through the stator windings 1 through
      4 are designated as I1 through I4. It will be seen therefrom that the
      electric currents flow through the stator windings for a period of
      180.degree. el in the sequence 1-3-2-4 with a phase displacement of
      90.degree. between individual currents to result in a torque being
      produced between the stator and rotor. If, however, the currents flowing
      through the stator windings are of different magnitude, the torque will
      vary.
PAR  Currents flowing through the stator windings go through the resistors R9
      and R11. Because of this, it is possible to ascertain the magnitude of the
      current flowing through the stator windings through measurement of the
      voltage drop at the resistors 9 and 11. This voltage drop is applied to
      the emitters of T5 and T6 respectively, which have a base voltage which is
      kept constant through the voltage divider made up of resistors R4 and R10.
      In order words, the voltage drops across the resistors R9 and R11 are
      always sensed or monitored by the additional transistors T5 and T6. The
      emitter currents of the amplifier transistors T11 through T14 are then
      controlled by the collector currents of the additional equalizing
      transistors T5 and T6. These collector currents from the transistors T5
      and T6 vary according to the difference between their emitter potential
      and their constant base potential.
PAR  Assume that the current gain of the transistor T1 is greater than that of
      the transistor T2 due to manufacturing tolerances. With no further steps
      taken, the current flowing through the stator winding 1 would be larger
      than the current which flows through the stator winding 2 by an amount
      corresponding to the difference of the current gains of the two
      transistors. This would normally result in unequal torques as described
      above. However, with the use of the resistors R9 and R11 and the
      transistors T5 and T6, this is avoided. The voltage drop at the resistor
      R9 will be larger during the time when the larger current is flowing,
      i.e., while current is flowing in the stator winding 1 under the above
      assumption. A lesser current and thus a lesser voltage drop will be
      experienced when current flows through the stator winding 2. As a result
      of this larger voltage drop, during the period when current is flowing
      through the stator winding 1, the potential at the emitter of transistor
      T5 will become relatively lower. As a result of this, the base current of
      transistor T1 is also reduced to result in a current flowing through the
      stator winding 1 which is in turn reduced to a predetermined value.
PAR  As shown on FIG. 3, during the next 180.degree., period current will flow
      in the stator winding 2, with transistor T2 conducting. Under the above
      assumptions, transistor T2 has a lower gain and thus, a smaller current
      will flow, resulting in a lower voltage drop across resistor R9. As a
      result, the emitter potential of transistor T5 is increased and along with
      it, transistor T5 collector current. This results in the base current of
      transistor T2 being increased and thereby causes an increase current flow
      through the stator winding 2. The other half of the circuit which is
      controlled by the Hall effect generator H2 functions in similar manner
      with the transistor T6 controlling the current flowing through the stator
      windings 3 and 4 to a value predetermined by the voltage divider are made
      of resistors R4 and R10.
PAR  Thus, from the above description, it can be seen that in accordance with
      the present invention, the current flowing through the stator windings 1
      through 4 are ascertained at the resistors R9 and R11 and the voltages
      representative of these values so obtained used with equalizing
      transistors T5 and T6 to control the commutation transistors T1 through T4
      through the amplifier transistors T11 through T16. As described above, the
      current ascertained at the resistors R9 and R11 are compared with a
      predetermined value determined by the voltage divider made up of resistors
      R4 and R10. In this manner the flow of current through the stator windings
      is equalized regardless of the deviations in the characteristics of
      transistors T1 through T4 so that variations of the motor torque caused by
      the inequality of stator currents can be essentially eliminated.
PAR  In the above described embodiment, the currents flow through the stator
      windings for a period of 180.degree. el. For this reason, two transistors
      are required for equalizing the currents. In other embodiments such as
      that to be described below, the number of equalizing transistors can be
      reduced to 1. This is the case where currents flow through the stator
      windings only for 90.degree. periods.
PAR  FIG. 2 illustrates such a circuit with equivalent parts to FIG. 1 given
      identical reference numerals. In this embodiment, the emitters of the
      transistors T11 through T14 are all tied together. Similarly, the bottom
      ends of the stator windings 1 through 4 are also all tied together. Since
      the emitters of the four transistors T11 through T14 are all tied
      together, each of these transistors will conduct only if its base
      potential is lower than the base potentials of the other transistors. The
      base potentials of the transistors T11 through T14 vary sinusoidally as a
      function of the output voltage of the Hall effect generators. As a result,
      the period for which the base potential of a transistor is lower than the
      base potential of the other transistors is limited to 90.degree. el. Thus,
      as illustrated by FIG. 4, each of the transistors T11 through T14 conducts
      for a period of only 90.degree. as a function of the rotor position. The
      commutation transistors T1 through T4 are placed into conduction in
      synchronization with the transistors T11 through T14 with the currents
      shown on FIG. 4, i.e., I1 through I4 flowing through the stator windings,
      each for a period of 90.degree. .
PAR  Since only one current at a time is flowing, all of the stator windings may
      be tied together and led to the positive voltage through a single sensing
      resistor R13. Thus, by measuring the voltage drop across R13, the currents
      through each of the stator windings 1 through 4 can be ascertained. Thus,
      in this embodiment, only a single additional transistor T7, having its
      emitter coupled to measure the potential at R13 and its base coupled to
      the voltage divider as above and supplying its collector current to all
      four emitters of transistors T11 through T14, is required. In the manner
      described above, the equalizing transistor T7 responds to the difference
      between the voltage drop across resistor R13 and its base voltage to
      control the amplifier transistors T11 through T14 and thus, in turn, the
      base inputs of the commutation transistors T1 through T4 to maintain the
      currents flowing through each of the stator windings 1 through 4 at a
      predetermined value.
PAR  Thus, it can be seen from the above description that in the embodiment of
      FIG. 2, the stator currents can be compensated and maintained equal
      through the use of a single transistor T7, even where the characteristics
      of the commutation transistors T1 through T4 are not matched. Through this
      embodiment, all currents flowing through the stator windings are
      maintained at the same magnitude and variations in motor torque will not
      occur.
PAR  The application of the present invention is not limited to a particular
      circuit arrangement nor specifically to a definite number of stator
      windings. If desired, the resistors R4 or R10 of the voltage divider can
      be replaced by variable resistors so that the magnitude of the currents
      which flow through the stator windings can be varied. In addition, the
      speed of the motor can furthermore be controlled by applying to the base
      of the equalizing transistors T5 and T6 or T7, an additional speed
      dependent voltage.
PAR  In accordance with the present invention, any inequalities in the stator
      currents are compensated automatically, regardless of deviations in the
      characteristics of the commutation transistors, thereby suppressing
      variations in motor torque. As noted above, this eliminates the process of
      selecting transistors to formed matched sets, thereby greatly reducing the
      cost of manufacturing a brushless d-c motor of this type.
PAR  Although specific embodiments have been illustrated and described, it will
      be obvious to those skilled in the art that various modifications may be
      made without departing from the spirit of the invention which is intended
      to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a brushless d-c motor having a permenant magnet rotor and a plurality
      of stator windings with at least two of the stator windings having a lead
      in common and further including means to successively energize the stator
      windings using commutation transistors, in dependence of the angular
      position of the rotor, the improvement comprising:
PA1  a. a resistor coupling two stator windings in common to a voltage terminal
      to develop a voltage output representing the current flowing in the stator
      windings with which it is associated; and
PA1  b. means having said voltage output as an input and providing an output
      coupled to control the commutation transistors associated with said two
      stator windings having a common lead so as to regulate the current flowing
      through said transistors to maintain currents of approximately equal
      magnitude flowing in each of the two stator windings having a common lead.
NUM  2.
PAR  2. The improvement according to claim 1 wherein said means having the
      output of said resistor as an input comprise at least one additional
      transistor, coupled to and responsive to the voltage drop across said
      resistor and having an output coupled to control the commutation
      transistors associated with said stator windings having a common lead.
NUM  3.
PAR  3. The improvement according to claim 2 wherein said commutation
      transistors are controlled in response to the collector output of
      respective input transistors and wherein said additional transistor has
      its emitter coupled to measure the voltage drop across said resistor and
      its collector coupled in the collector emitter path of said input
      transistors associated with the commutation transistors with the emitters
      of said input transistors tied together and coupled to the collector of
      said additional transistor and further including a voltage divider
      providing a constant voltage at the base of said additional transistor.
NUM  4.
PAR  4. The improvement according to claim 3 wherein at least one of the
      resistors in said voltage divider is variable.
NUM  5.
PAR  5. The improvement according to claim 2 and further including means for
      providing a voltage proportional to the desired speed of the rotor to the
      base of said additional transistor.
NUM  6.
PAR  6. The improvement according to claim 2 wherein four stator windings are
      provided.
NUM  7.
PAR  7. The improvement according to claim 6 wherein each of said stator
      windings have current flowing therethrough for 180 electrical degrees and
      wherein pairs of said stator windings have a common terminal point tied to
      a voltage terminal through respective first and second measuring resistors
      and wherein two additional transistors are provided coupled respectively
      to said first and second resistors and to the commutation transistors
      associated with the stator windings whose currennt said associated
      resistors are measuring.
NUM  8.
PAR  8. The improvement according to claim 2 wherein each of said stator
      windings is conducting for only 90 electrical degrees and wherein all of
      said stator windings are tied together and coupled to a voltage terminal
      through a single sensing resistor and wherein a single additional
      transistor is provided coupled to said single resistor and to each of said
      commutation transistors.
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PAL  A voltage control circuit for a motor, such as a vehicle motor, energized
      from a battery. The circuit utilizes a commutating capacitor and a main
      pass SCR, and includes a separate capacitor charging circuit which always
      charges the capacitor to twice the unloaded battery voltage, the capacitor
      being charged whether or not the main pass SCR is on. The circuit operates
      at a fixed pulse frequency and has a manually operable potentiometer which
      controls the pulse width, whereby the effective DC voltage output to the
      motor is correspondingly controlled.
BSUM
PAR  This invention relates to motor control circuits, and more particularly to
      motor control circuits of the commutating capacitor type employed to
      control the effective DC voltage applied to a load, such as a vehicle
      motor.
PAR  A main object of the invention is to provide a novel and improved motor
      control circuit for controlling the effective DC voltage to a load such as
      a vehicle motor or the like, the control circuit being of the type
      utilizing a commutating capacitor with means to charge the capacitor, the
      circuit including a main pass SCR switching device and the circuit being
      arranged to charge the capacitor whether or not the main pass SCR
      switching device is on, whereby the charging of the capacitor is
      independent of the state of the SCR switching device, and whereby
      commutation can occur over a wide range of loading conditions, including a
      condition where the motor has stalled.
PAR  A further object of the invention is to provide an improved motor control
      circuit of the type employing a commutating capacitor for energizing a
      load, such as a vehicle motor, from a battery source, utilizing a main
      pass SCR switching device, the circuit operating at a fixed pulse
      frequency and employing means to vary the pulse width, to thereby vary the
      effective voltage applied to the motor, the circuit thereby providing
      smooth control of the motor speed and preventing jerky operation even at
      very low speeds.
PAR  A still further object of the invention is to provide an improved motor
      control circuit of the above-mentioned type wherein the main pass SCR
      switching device is turned on at different points in time over a range of
      such points for a given cycle of operation, depending on the desired motor
      speed, whereby to control the width of the energizing pulses applied to
      the motor and to thereby control the effective voltage applied to the
      motor, enabling the motor speed to be smoothly controlled and providing
      stable and efficient operation over a wide range of speeds.
DRWD
PAR  Further objects and advantages of the invention will become apparent from
      the following description and claims, and from the accompanying drawings,
      wherein:
PAR  FIG. 1 is a detailed circuit wiring diagram of a typical motor control
      circuit constructed in accordance with the present invention.
PAR  FIG. 2 is a block diagram showing portions of the control circuit of FIG. 1
      in generalized form.
PAR  FIGS. 3 to 9 are graphs showing voltage wave forms across various portions
      of the circuit of FIG. 1 and under various conditions of operation.
DETD
PAR  Motor control circuits of the capacitive commutating type, namely,
      employing capacitive turn-off of the SCR switch elements thereof, have
      been employed to control the effective DC voltage to various types of
      loads, for example, in golf carts, electric cars, and the like. A primary
      purpose of the present invention is to provide an improved control circuit
      of this type, which may be employed either with SCR elements or other
      devices equivalent thereto.
PAR  Previously employed systems for turning the SCR elements off utilize either
      transformers, inductors, capacitors or a combination of all three. These
      previously employed systems produce a fixed pulse width, and in order to
      vary the effective DC voltage furnished to the associated motor, the
      frequency must vary. This means that at low DC level output the frequency
      is very low, producing large energy pulses at a slow rate, which causes a
      jerky motion or action of the motor, which is quite objectionable.
PAR  Previously employed capacitive turn-off circuits use either transformers or
      inductors supplied with current by the main pass SCR to develop a charge
      on the associated capacitor. This system of operation has at least two
      drawbacks, namely, (1) the main pass SCR must turn on for a minimum fixed
      time before the capacitor is charged to the level required to cause it to
      provide the turn-off action, and (2) if the load is in a condition that
      requires a large amount of current, (for example, a stalled motor), the
      battery voltage will drop, and this will not allow the circuitry to charge
      the capacitor sufficiently to allow it to turn off the associated SCR
      elements.
PAR  The system of the present invention utilizes a separate capacitor charging
      circuit which always charges the capacitor to twice the unloaded battery
      voltage, and it charges the capacitor whether the main pass SCR is on or
      not, thus avoiding the above-described disadvantageous features. The
      system of the present invention operates at a fixed frequency and the
      pulse width is varied to thereby cause the effective DC voltage output to
      vary.
PAR  Thus, referring to FIG. 2, showing a generalized block diagram of a system
      according to the present invention, the main pass SCR Q.sub.6 is turned on
      at different periods of time in the operating cycle of the system,
      depending on the desired motor speed. The SCR element Q.sub.6 is turned
      off by turning on the SCR switch element Q.sub.7. When element Q.sub.7
      turns on, the large potential that the commutating capacitor C.sub.5 is
      charged to backbiases the SCR element Q.sub.6, allowing said element
      Q.sub.6 to turn off. The commutating capacitor C.sub.5 is maintained
      charged by the capacitor charging circuit designated generally at 11.
PAR  The capacitor C.sub.5 will supply current to the motor, shown at 12, until
      the motor voltage drops to a specific limiting value, for example,
      approximately 0.8 volt negative. At this time, the "fly-back" rectifier
      CR.sub.4, will conduct and supply current to the motor. When the
      recitifier CR.sub.4 begins to conduct, it allows the SCR element Q.sub.7
      to turn off.
PAR  The pulse width, for varying the effective DC voltage furnished to the
      motor 12 is varied, in a manner presently to be described, by means of a
      control potentiometer R.sub.2 connected into a frequency reference and SCR
      firing circuit, designated generally at 13. The operating energy for the
      motor 12 is derived from a suitable storage battery shown at 14. The motor
      12 is connected to the battery 14 through a circuit including the main
      pass SCR element Q.sub.6, which is controlled in a manner presently to be
      described by the circuit 13 and by the SCR element Q.sub.7.
PAR  Referring now to the detailed circuit shown in FIG. 1, the main pass SCR
      element Q.sub.6 acts as a switch that turns on and off at a 30hz rate. The
      turn-off pulses are approximately 200 microseconds in duration and occur
      at 33 millisecond intervals. The SCR Q.sub.6 may be turned on any time
      during the interval, but it is always turned off when the turn-off pulse
      occurs. The effective DC voltage that is applied to the motor is a
      function of the duty cycle of the SCR Q.sub.6, namely, the time that it is
      on in proportion to its off-time.
PAR  The turn-off pulses are generated by charging the capacitor C.sub.5 to
      approximately twice the DC source voltage, and then turning on the SCR
      device Q.sub.7. This produces the 200 microsecond pulse that is required
      to turn off the SCR device Q.sub.6.
PAR  The charging circuit for the capacitor C.sub.5 consists of a DC to DC
      converter composed of transistors Q.sub.11, Q.sub.12, transformer T.sub.3,
      inductor L.sub.1 and rectifiers CR.sub.7 through CR.sub.10, connected in
      the manner shown and presently to be further described. The inductor
      L.sub.1 limits the current flow in the circuit and establishes the
      charging time for the capacitor C.sub.5.
PAR  When the charge on the capacitor C.sub.5 reaches a level that is
      substantially twice the DC source, it causes a transistor Q.sub.13 to turn
      on. The transistor Q.sub.13 is of the 2N4985 type (SUS type). In this type
      of transistor, when the voltage across it reaches 8 volts, the device
      turns on and the voltage drop goes down to 0.9 volts and it remains in the
      on state until the current through it reduces to 0. The waveform of the
      voltage across a device of this type is graphically illustrated in FIG. 9.
PAR  When transistor Q.sub.13 turns on, this turns on transistor Q.sub.9, which
      causes transistor Q.sub.10 and transistor Q.sub.8 to turn off. When
      transistor Q.sub.8 turns off, it turns off the DC to DC converter, shown
      generally at 15.
PAR  The turn-on pulse of transistor Q.sub.9 is coupled through a capacitor
      C.sub.6 to the base of a transistor Q.sub.5, the turn-on pulse being
      differentiated by means of the capacitor C.sub.6 and resistors R.sub.9 and
      R.sub.10. Transistor Q.sub.5 drives a transformer T.sub.2 with a pulse.
      The transformer T.sub.2 has the two secondaries with respective outputs
      shown at A-B and C-D. The A-B output is used to turn on the SCR device
      Q.sub.7, which turns off the main pass SCR device Q.sub.6. The other
      output, namely, the C-D output is coupled to the base of a transistor
      Q.sub.4 which resets the control circuitry.
PAR  The speed control potentiometer R.sub.2 is in a voltage divider branch
      including a temperature compensating diode CR.sub.11 and a resistor
      R.sub.3 and controls a constant current circuit comprising a transistor
      Q.sub.1 and resistor R.sub.4. This constant current circuit charges a
      capacitor C.sub.1 at a linear rate. When the voltage across the capacitor
      C.sub.1 reaches approximately 8 volts, the transistor Q.sub.2 breaks down,
      causing a pulse to appear at the input to transistor Q.sub.3. The
      transistor Q.sub.2 is similar to the transistor Q.sub.13, and the voltage
      waveform thereacross appears in FIG. 9.
PAR  As will be seen from FIG. 1, the transistor Q.sub.3 drives a transformer
      T.sub.1. The output at the secondary winding of transformer T.sub.1 is
      shown at E-F. This output E-F is coupled to the control input of the main
      pass SCR device Q.sub.6, and when such a pulse is applied, it causes said
      power SCR device Q.sub.6 to turn on.
PAR  When the speed control potentiometer R.sub.2 is adjusted in the direction
      of series resistor R.sub.3, it causes the constant current circuit to
      charge the capacitor C.sub.1 more rapidly, thus producing the turn-on
      pulses at different periods of time in the pulsing cycle.
PAR  Thus, FIG. 3 shows the voltage waveform appearing across capacitor C.sub.5
      as it is charged from the D-C to D-C converter 11.
PAR  FIG. 4 shows the turn-off pulse which is developed when the SCR device
      Q.sub.7 turns on and discharges capacitor C.sub.5. When this pulse is
      applied to the cathode of the SCR device Q.sub.6, it causes the device
      Q.sub.6 to turn off.
PAR  FIG. 5 shows the control voltage which appears across the transistor
      Q.sub.2 when the potentiometer R.sub.2 is adjusted to a O position. It
      will be noted that the SUS device Q.sub.2 will not turn on until the
      voltage thereacross reaches 8 volts. The voltage across the Q.sub.2 device
      is a function of the setting of the potentiometer device R.sub.2. In FIG.
      5 it is seen that the waveform shows that the voltage just reaches the
      8-volt level at the time of reset, and therefore the power SCR device
      Q.sub.6 never turns on.
PAR  FIG. 6 shows the control voltage across the SUS device Q.sub.2 when the
      potentiometer R.sub.2 is adjusted to an approximately "half-on" position.
      The voltage across the device Q.sub.2 reaches the 8-volt level in 16
      milliseconds, and the transistor Q.sub.2 turns on, causing the transistor
      Q.sub.3 to produce a pulse to the transformer T.sub.1, which in turn
      develops a pulse in the secondary at the output E-F which is transmitted
      to the control gate of the SCR device Q.sub.6, turning this device on. The
      firing pulse at the secondary output E-F is graphically illustrated in
      FIG. 7.
PAR  FIG. 8 shows the output waveform which appears across the motor 12, namely,
      at the output of the SCR device Q.sub.6. The leading edge of this waveform
      is adjustable in time (in relation to the pulse cycle), depending upon
      where the control potentiometer R.sub.2 is set.
PAR  As above mentioned, the transistors Q.sub.11 and Q.sub.12 form part of a
      generally conventional D-C to D-C converter circuit. The circuit is
      self-excited, and when power supply voltage is applied to the primary
      center tap of the transformer T.sub.3, the circuit oscillates and produces
      a square wave across its output winding.
PAR  The power is supplied to the center tap of the primary of transformer
      T.sub.3 by turning on (into saturation) the transistor Q.sub.8. The
      emitter of transistor Q.sub.8 is connected to the positive terminal of the
      power supply battery 14, and when the transistor Q.sub.8 is turned on, its
      collector will rise to the same potential as the emitter.
PAR  The inductor L.sub.1 is connected in series with the secondary of
      transformer T.sub.3, and it limits the current flow in the secondary,
      because the voltage waveform is substantially square-waved. The square
      wave output of transformer T.sub.3 is rectified by the full-wave rectifier
      assembly consisting of rectifiers CR.sub.7 through CR.sub.10. The
      resulting DC voltage is used to charge capacitor C.sub.5.
PAR  When the DC voltage across capacitor C.sub.5 reaches substantially twice
      the power supply voltage, the SUS transistor Q.sub.13 will turn on and the
      voltage drop thereacross will change from 8.0 volts to 0.9 volts
      substantially in the manner shown in FIG. 9. This allows capacitor C.sub.7
      to discharge into the base of transistor Q.sub.9, thus driving it into
      saturation. When transistor Q.sub.9 turns on, its collector voltage will
      drop to almost zero volts, thus removing the drive voltage from the base
      of transistor Q.sub.10, forcing it to turn off. The base current of
      transistor Q.sub.8 must flow through the transistor Q.sub.10 and,
      therefore, when transistor Q.sub.10 turns off, transistor Q.sub.8 must
      also turn off.
PAR  When the transistor Q.sub.8 turns off, the power supply voltage is removed
      from the center tap of the primary of transformer T.sub.3, thus turning
      off the DC to DC converter 15. When transistor Q.sub.9 was turned on, a
      pulse was coupled through the capacitor C.sub.6 to a resistor network
      comprising resistors R.sub.9 and R.sub.10, including a connection at their
      junction to the base of transistor Q.sub.5. The pulse supplied to the base
      of transistor Q.sub.5 causes said transistor Q.sub.5 to turn on and
      produce a pulse in the primary circuit of a transformer T.sub.2, and
      consequently in the secondary windings thereof having the respective
      outputs shown at C-D and A-B. The A-B output is coupled to the gate and
      cathode of the SCR device Q.sub.7. The pulse received by the SCR device
      Q.sub.7 causes it to be turned on, whereupon the capacitor C.sub.5
      discharges through the SCR device Q.sub.7 to the cathode of the main pass
      SCR device Q.sub.6, causing device Q.sub.6 to turn off.
PAR  When the capacitor C.sub.5 discharges to substantially zero volts, the SUS
      transistor Q.sub.13 turns off and allows the DC to DC converter circuit to
      turn on and recharge the capacitor C.sub.5, thus beginning another cycle.
PAR  The cycle of charging and discharging the capacitor C.sub.5 in effect
      becomes the master clock of the system. One cycle will require
      approximately 30 milliseconds. When the transistor Q.sub.5 turned on and
      produced a pulse at the A-B secondary of transformer T.sub.2, a pulse was
      also produced at the C-D secondary. The C-D secondary pulse is coupled to
      the base of the transistor Q.sub.4, and this pulse causes it to turn on
      and reset capacitor C.sub.1 to substantially 0 volts.
PAR  The capacitor C.sub.1 is charged from a variable constant current source
      comprising the control potentiometer R.sub.2, the transistor Q.sub.1 and
      the resistor R.sub.4. The capacitor C.sub.1 is charged linearly and is
      reset to zero every 30 milliseconds, when the reset pulse occurs. The
      charge rate is controlled by the potentiometer R.sub.2. When the charge of
      the capacitor C.sub.1 reaches 8.0 volts, the SUS transistor Q.sub.2 (see
      FIG. 9) turns on, and the voltage drop thereacross changes from 8.0 to 0.9
      volts, thus producing a pulse at the base of transistor Q.sub.3.
      Transistor Q.sub.3 turns on and produces a pulse at the secondary E-F of
      transformer T.sub.1. This pulse is coupled to the power SCR device
      Q.sub.6, as above mentioned, and causes it to turn on. The SCR device
      Q.sub.6 remains on until the turn-off pulse from the SCR device Q.sub.7
      occurs, in the manner above described.
PAR  One of the main advantages of the control load system above described is
      that it will control large amounts of current, of the order of current up
      to 500 amperes, at reasonable voltages, (below 500 volts) from zero output
      to maximum output at an efficiency exceeding 95%. The control
      potentiometer is substantially linear and provides substantially direct
      proportionality thereof with respect to the output voltage. The turn-off
      pulse is generated by a separate charging circuit and is always present.
      The frequency is constant and only the turn-on time is variable. In proven
      designs according to this system, energy efficiency was maintained at 95%
      at all speeds, and in the proven design there were no "lock-up" effects.
      Complete control of the input energy was available from 0 to full speed
      and a power capacity up to 250,000 watts can be provided.
PAR  The following tables give the values of the parts and their functions, as
      employed in a specific embodiment of the circuit shown in FIG. 1:
TBL  Capacitors                                                                
     Value             Function                                                
     ______________________________________                                    
     C.sub.1                                                                   
          1 mfd, 25 w.v.   Linear voltage ramp source                          
     C.sub.2                                                                   
          75 mfd, 25 w.v.  Filter capacitor                                    
     C.sub.3                                                                   
          0.1 mfd, 100 w.v.                                                    
                           Coupling capacitor                                  
     C.sub.4                                                                   
          2300 mfd, 50 w.v.                                                    
                           Inductive shunt                                     
     C.sub.5                                                                   
          2000 mfd, 100 w.v.                                                   
                           Storage capacitor                                   
     C.sub.6                                                                   
          .01 mfd, 100 w.v.                                                    
                           Coupling capacitor                                  
     C.sub.7                                                                   
          .039 mfd, 100 w.v.                                                   
                           Time delay capacitor                                
     C.sub.8                                                                   
          0.1 mfd, 100 w.v.                                                    
                           Time delay capacitor                                
     C.sub.9                                                                   
          0.1 mfd, 100 w.v.                                                    
                           Coupling capacitor                                  
     C.sub.10                                                                  
          100 mfd, 50 w.v. Filter capacitor                                    
     ______________________________________                                    
     Diodes                                                                    
          Commercial Designation                                               
                           Function                                            
     ______________________________________                                    
     CR.sub.1                                                                  
          1N1782           30-volt zener, Power Supply                         
                           Regulator                                           
     CR.sub.2                                                                  
          1N914            Pulse suppressor                                    
     CR.sub.3                                                                  
          1N914            Pulse suppressor                                    
     CR.sub.4                                                                  
          976-3184(VY100 X/S)                                                  
                           25 amp. rectifier,                                  
                           Pulse suppressor                                    
     CR.sub.5                                                                  
          1N914            Coupling diode                                      
     CR.sub.6                                                                  
          1N5230           4.7-volt zener, level sensor                        
     CR.sub.7                                                                  
          976-3100(VR.sub.2 200 X/F)                                           
                           10 amp. rectifier                                   
     CR.sub.8                                                                  
          "                10 amp. rectifier full wave                         
     CR.sub.9                                                                  
          "                10 amp. rectifier bridge                            
     CR.sub.10                                                                 
          "                10 amp. rectifier                                   
     CR.sub.11                                                                 
          1N914            Temperature compensation                            
                           diode                                               
     ______________________________________                                    
     Resistors                                                                 
          Value            Function                                            
     ______________________________________                                    
     R.sub.2                                                                   
          1 K, 1/4 w.      Output Control Potentiometer                        
     R.sub.3                                                                   
          1 K, 1/e 3.      Voltage divider                                     
     R.sub.4                                                                   
          620 ohms, 1/4 w. Current Limiter                                     
     R.sub.5                                                                   
          180 ohms, 1/4 w. Current Limiter                                     
     R.sub.6                                                                   
          1 K, 1/4 w.      D.C. restorer                                       
     R.sub.7                                                                   
          1 K, 1/4 w.      D.C. restorer                                       
     R.sub.8                                                                   
          1 K, 1/4 w.      Current Limiter                                     
     R.sub.9                                                                   
          10 K, 1/4 w.     D.C. restorer                                       
     R.sub.10                                                                  
          10 K, 1/4 w.     Voltage divider                                     
     R.sub.11                                                                  
          47 K, 1/4 W.     Voltage divider                                     
     R.sub.12                                                                  
          5.6 K, 1/4 w.    Voltage divider                                     
     R.sub.13                                                                  
          10 K, 1/4 w.     D.C. restorer                                       
     R.sub.14                                                                  
          3.9 K, 1/4 w.    Current source                                      
     R.sub.15                                                                  
          1.8 K, 1/4 w.    Current supply                                      
     R.sub.16                                                                  
          10 K, 1/4 w.     D.C. restorer                                       
     R.sub.17                                                                  
          47 ohms, 1/4 w.  D.C. restorer                                       
     R.sub.18                                                                  
          120 ohms, 20 w.  Current Limiter                                     
     R.sub.19                                                                  
          100 ohms         Current Limiter                                     
     ______________________________________                                    
     Transformers      Function                                                
     ______________________________________                                    
     T.sub.1           Pulse Transformer                                       
     T.sub.2           Pulse Transformer                                       
     T.sub.3           Pulse Transformer                                       
     Inductors                                                                 
     L.sub.1           Current Limiting Induction                              
                       15 m. h.                                                
     ______________________________________                                    
     Transistors                                                               
          Commercial Designation                                               
                           Function                                            
     ______________________________________                                    
     Q.sub.1                                                                   
          2N2907           Constant current source                             
     Q.sub.2                                                                   
          2N4985           SUS switch                                          
     Q.sub.3                                                                   
          2N2222           Switch                                              
     Q.sub.4                                                                   
          2N2222           Switch                                              
     Q.sub.5                                                                   
          2N2907           Switch                                              
     Q.sub.6                                                                   
          400 amp. 50 v. SCR                                                   
                           Main Switch                                         
     Q.sub.7                                                                   
          IRC 16RC 10A     Switch                                              
     Q.sub.8                                                                   
          SDG607           Power switch                                        
     Q.sub.9                                                                   
          2N2222           Switch                                              
     Q.sub.10                                                                  
          2N2222           Switch                                              
     Q.sub.11                                                                  
          2N3773           Power converter                                     
     Q.sub.12                                                                  
          2N3773           Power converter                                     
     Q.sub.13                                                                  
          2N4985           Switch                                              
     Power Source                                                              
            Battery 14    36 volts                                             
     ______________________________________                                    
PAR  While a specific embodiment of an improved voltage control circuit for a
      motor has been disclosed in the foregoing description, it will be
      understood that various modifications within the spirit of the invention
      may occur to those skilled in the art. Therefore, it is intended that no
      limitations be placed on the invention except as defined by the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A motor speed controlling system comprising in combination:
PA1  a. a DC source;
PA1  b. DC motor means;
PA1  c. a main pass switch device connecting said source to said motor means;
PA1  d. means to turn on said main pass switch device at a constant periodic
      rate, comprising:
PA2  i. a constant current circuit connected to said DC source;
PA2  ii. a turn-on capacitor;
PA2  iii. means to charge said turn-on capacitor from said constant current
      circuit;
PA2  iv. a first transformer;
PA2  v. circuit means to apply a pulse to the input of said first transformer
      responsive to a predetermined charge level of said turn-on capacitor; and
PA2  vi. means operatively connecting said first transformer to said main pass
      switch device;
PA1  e. means to turn off said main pass switch device at said periodic rate
      after a power pulse, whereby to deliver power pulses to said motor means
      at said constant periodic rate, comprising:
PA2  i. a second switch device;
PA2  ii. a turn-off capacitor;
PA2  iii. a DC to DC converter operatively connected to said DC source for
      charging said turn-off capacitor to a trigger voltage substantially higher
      than that of the DC source;
PA2  iv. circuit means operatively connected to said second switch device and
      said turn-off capacitor acting to turn on said second switch device
      responsive to attainment of said trigger voltage including a second
      transformer operatively connected to said second switch device, a
      differentiating circuit drivingly connected to said second transformer and
      means to develop a driving pulse in said differentiating circuit
      responsive to the attainment of said trigger voltage;
PA2  v. circuit means to back-bias said main switch device to a turn-off state
      responsive to the turning on of said second switch device; and
PA2  vi. means to turn off said DC to DC converter simultaneously with the
      turning on of said second switch device responsive to the attainment of
      said trigger voltage; and
PA1  f. means to adjust the point of turn-on of said main pass switch device in
      its cycle, whereby to vary the width of the power pulses and
      correspondingly vary the effective voltage applied to said motor means.
NUM  2.
PAR  2. The motor speed controlling system of claim 1, and wherein said means to
      adjust the point of turn-on of said main switch device comprises
      adjustable circuit means connecting said constant current circuit to said
      DC source and arranged to control the rate of charge of said turn-on
      capacitor.
NUM  3.
PAR  3. The motor speed controlling system of claim 1, and wherein said constant
      current circuit comprises a resistor and a transistor connected in series
      with the turn-on capacitor and connected across the DC source, and a
      voltage divider network connected across the DC source and including a
      potentiometer, the potentiometer having an adjustable contact, and circuit
      means connecting said adjustable contact to the base of said transistor.
NUM  4.
PAR  4. The motor speed controlling system of claim 3, and means to discharge
      said turn-on capacitor responsive to the attainment of said trigger
      voltage.
NUM  5.
PAR  5. The motor speed controlling system of claim 4, and wherein said
      discharge means comprises a reset transistor connected across said turn-on
      capacitor, and means to fire said reset transistor responsive to the
      driving pulse of said differentiating circuit.
NUM  6.
PAR  6. The motor speed controlling system of claim 5, and wherein the means to
      fire said reset transistor comprises an output winding on said first-named
      transformer, and circuit means connecting said output winding between the
      base and emitter of said reset transistor.
NUM  7.
PAR  7. A motor speed controlling system comprising in combination:
PA1  a. a DC voltage source;
PA1  b. DC motor means;
PA1  c. circuit means including a main pass siwtch device connecting said source
      to said motor means;
PA1  d. means to turn on said main pass switch device at a constant periodic
      rate; and
PA1  e. means to turn off said main pass switch device at the same periodic
      rate, including:
PA2  i. a turn-off capacitor operatively connected to said main pass switch
      device; and
PA2  ii. means to charge said turn-off capacitor to a voltage substantially
      higher than said source voltage, independently of whether said main pass
      switch device is on or off;
PAL  so that the width of the power pulses and the effective voltage applied to
      said motor means may be varied over a wide range of loading conditions.
NUM  8.
PAR  8. The motor speed controlling system set forth in claim 7 wherein said
      turn-off capacitor is charged to a voltage equal to approximately twice
      the source voltage.
NUM  9.
PAR  9. The motor speed controlling system set forth in claim 7 wherein the
      means to turn off said main pass switch device further comprises a second
      switch device interconnected with said main pass switch device so that
      when said second switch device conducts, said main pass switch device is
      turned off and circuit means interconnecting said turn-off capacitor with
      said second switch device so that when said turn-off capacitor reaches
      said substantially higher voltage, said second switch device conducts.
NUM  10.
PAR  10. The motor speed controlling system set forth in claim 9 wherein said
      means to charge said turn-off capacitor comprises a DC to DC converter and
      further including circuit means to turn off said DC to DC converter
      simultaneously with the conduction of said second switch device.
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ABST
PAL  A manually shiftable actuator-position input member and an
      actuator-operator feedback member cooperate as switch means for
      controlling the operation of an actuator including a rod connected to be
      reciprocably driven by a reversible electric motor. The input and feedback
      members normally occupy neutral positions relative to each other wherein
      electrical current is disconnected from the motor. Energization of the
      motor to cause it to drive in the forward and reverse directions may
      respectively be accomplished by moving the input member in opposite first
      and second directions from its neutral position. The distance through
      which the input member is moved preselects the distance through which the
      motor drives the rod, the motor driving the feedback member via the rod
      such as to restore the neutral positions of the input and feedback members
      when the rod has been driven to the preselected position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a control for an electric motor of an
      actuator and more particularly relates to a position switch control by
      which a preselected position of the actuator may be selected, the control
      acting to de-energize the electric motor once the actuator has reached the
      preselected position.
PAR  Powered actuators are used for positioning many elements. Usually an
      operator must divide his attention among several different controls during
      the operation of a piece of equipment and it is therefore desirable to
      have some functions performed automatically.
PAR  While controls for achieving automatic position control are known in the
      art, many of these devices are quite complicated and are not entirely
      reliable.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an improved position control means is
      provided for automatically controlling the position to which an output
      member will be driven by a reversible electric motor.
PAR  An important feature of the present invention resides in the provision of a
      control which is compact and simply constructed. A more specific feature
      of the invention resides in the provision of a manually controlled input
      member and an actuator controlled feedback member which cooperate as
      switch means for controlling the operation of the electric drive motor of
      the actuator.
PAR  These and other features will become apparent from a reading of the
      following description in conjunction with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial schematic view of the actuator and control system of
      the present invention.
PAR  FIG. 2 is a schematic view of the electric circuitry for controlling the
      electric motor of the actuator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, therein is shown a linear actuator indicated
      in its entirety by the reference numeral 10. The actuator 10 is of the
      type generally similar to that disclosed in U.S. Pat. No. 2,424,492 issued
      on 22 July 1947 to Morris and includes a reversible electric motor 12
      which is drivingly connected to a rod 14 for reciprocating the latter in
      response to the electric motor being driven in forward and reverse
      directions. The right end of the rod 14 is adapted to be connected to an
      element to be controlled by the actuator 10.
PAR  For the purpose of controlling the motor 12 so as to position the rod 14 in
      a predetermined position, there is provided a position control mechanism
      indicated in its entirety at 16. The mechanism 16 includes a manually
      shiftable input or primary slide member 18 here shown supported by
      supports 19 for linear right and left shifting movement. In order to
      maintain a constant relationship between the directions of movement of the
      rod 14 and slide member 18, the supports 19 may be fixed rigidly to the
      actuator 10. The member 18 is constructed of a flat, rectangular piece of
      electrically nonconductive material and mounted in the member 18 are a
      left pair of electrical contacts 20 and 22, a right pair of electrical
      contacts 24 and 26 and an intermediate pair of electrical contacts 28 and
      30. The left, right and intermediate pairs of contacts are longitudinally
      aligned in the member 18 and first and second leads 32 and 34 respectively
      connect the contacts 20 and 22 to first and second terminals 36 and 38 of
      the electric motor 12 and respectively to the right contacts 26 and 24.
      For the purpose of shifting the member 18, there is schematically shown a
      lever 40 pivotally mounted for right and left swinging movement about a
      mounting pin 42 to respectively cause the member to be shifted leftwardly
      and rightwardly through means of a motion-transmitting linkage, which may
      be a Bowden wire or the like, indicated functionally here by the line 44.
PAR  Rigidly fixed to the actuator rod 14 through means of a connecting bracket
      46 is a feedback or followup slide member 48. The feedback member 48 is
      disposed in parallel facing relationship relative to the input member 18.
      Like the input member 18, the feedback member 48 is constructed of a flat,
      rectangular piece of electrically non-conductive material and secured to
      the member 48, as by screws 50, are a pair of electrically conductive
      strips of material 52 and 54 which are arranged parallel to each other and
      respectively in alignment with the contacts 20, 24 and 28, and the
      contacts 22, 26 and 30. The strips 52 and 54 are somewhat resilient and
      are respectively mounted so as to be in constant engagement with the
      intermediate contacts 28 and 30 throughout the movement of the rod 14. As
      viewed in FIG. 1, the left and right ends of the strips 52 and 54 are
      respectively spaced just slightly from the left pair of contacts 20 and 22
      and the right pair of contacts 24 and 26. The opposite terminals of a
      battery 56 are respectively connected to the intermediate pair of contacts
      28 and 30 respectively through means of leads 58 and 60. Thus, it will be
      appreciated that upon swinging the lever 40 leftwardly from its position
      shown in FIG. 1, the input member 18 will be moved rightwardly to bring
      the left pair of contacts 20 and 22 respectively into engagement with the
      strips 52 and 54 to complete a circuit between the motor 12 and the
      battery 56. This connection of the battery with the motor 12 will cause
      the latter to be driven such that it causes the rod 14 to be moved
      rightwardly, and rightward movement of the rod 14 will continue until the
      strips 52 and 54 are again moved out of contact with the left pair of
      contacts 20 and 22.
PAR  Similarly, it is evident that rightward swinging movement of the lever 40
      will cause the input member 18 to be shifted leftwardly to bring the right
      pair of contacts 24 and 26 into engagement with the strips 52 and 54 to
      complete a circuit to the motor 12 to drive it in a direction for causing
      the rod 14 to move leftwardly, the leftward movement continuing until the
      strips 52 and 54 are again moved out of contact with the right pair of
      contacts 24 and 26.
PAR  It will be appreciated then that the automatic positioning of the rod 14 to
      a preselected position may be accomplished by moving the lever 40 to an
      angular location corresponding to the desired position.
PAR  While the actuator position control disclosed here is adapted for use with
      an electrically driven actuator having a linear output, it is to be
      understood that the principle of the present invention could be applied to
      actuators having rotary outputs by merely substituting arcuate members for
      the input and feedback members 18 and 48.
PAR  The operation of the actuator position control is thought to be clear from
      the foregoing description and for the sake of brevity, the operation is
      not discussed further.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a combination of an actuator including a reversible electric motor
      and a control for the motor wherein the combination is of a type including
      an electical energy source connected to the motor by circuitry including
      control switch means having a normal condition disconnecting the source
      from the motor and first and second operative conditions respectively
      connecting the source to the motor for effecting forward and reverse
      driving of the motor; a manually operable input member connected to the
      switch means for controlling movement of the latter to its first and
      second operative conditions; a follow-up member connected to an output
      member of the actuator and to the switch means for restoring the latter to
      its neutral condition after the output member has undergone a
      predetermined movement corresponding to a selected setting of the input
      member, the improvement comprising: said input and followup members being
      mounted adjacent each other for relative movement along parallel first and
      second paths; said control switch means being entirely embodied in said
      input and follow-up members and including first electrical contact means
      carried by the input member and second electrical contact means carried by
      the follow-up member; said first and second electrical contact means being
      so arranged relative to each other that when the input and follow-up
      members bear a first spatial relationship to each other the neutral
      condition of the switch means exists and when the input member is
      respectively moved in said first and second directions, to thus disturb
      the first spatial relationship, the first and second operative conditions
      respectively exist.
NUM  2.
PAR  2. The automatic position control defined in claim 1 wherein said input and
      follow-up members are reciprocably mounted; said input member being
      electrically nonconductive and said first set of electrical contact means
      including first, second, third, fourth, fifth and sixth contacts; said
      first and fifth contacts being interconnected with each other and to a
      first terminal of said motor and said second and sixth contacts being
      interconnected with each other and a second terminal of said motor; said
      third and fourth terminals being connected across said source of
      electrical energy; said follow-up member being electrically nonconductive;
      first and second electrically conductive straps being secured to said
      output member and respectively positioned so as to be in constant
      engagement with said third and fourth contacts throughout the movements of
      said input and follow-up members; said first and second electrically
      conductive straps respectively being positioned relative to said first and
      fifth contacts and said second and sixth contacts such that movement of
      the input member in said first direction when the motor is deactivated
      will complete a circuit between the motor and the source of electrical
      energy by bringing the first and second strap members respectively into
      engagement with the first and second contacts, and such that movement of
      the input member in said second direction when the motor is deactivated
      will complete a circuit between the motor and source of electrical energy
      by bringing the first and second strap members respectively into
      engagement with the fifth and sixth contacts.
NUM  3.
PAR  3. An actuator position control comprising: an actuator including an
      electric motor coupled to an output shaft; a source of electric power;
      electric circuitry connecting said source to said motor and including
      current reversing switch means operable among open, first closed and
      second conditions for respectively establishing de-energized, forward
      driving and reverse driving conditions in said motor; said switch means
      including an electrically nonconductive feedback member joined by
      operative connection means to said output shaft for movement thereby in
      opposite first and second directions along a first path, and an
      electrically nonconductive manually operable control input member mounted
      adjacent said feedback member for selected movement in said first and
      second directions; first, second and third pairs of electrical contacts
      mounted on one of said feedback and input members and respectively
      connected across said source, across said motor for driving it in the
      forward direction and across said motor for driving it in the reverse
      direction; and a fourth pair of electrical contacts mounted on the one of
      said feedback and input members not having said first, second and third
      pairs of contacts mounted thereon and the latter named pairs of contacts
      being located relative to each other and the fourth pair of contacts such
      that the fourth pair of contacts respectively engage only said first pair
      of contacts to establish said open condition of the switch means when the
      feedback and input members are in respective first positions relative to
      each other, that the fourth pair of contacts respectively interconnect
      only the second pair of contacts with the first pair of contacts to
      establish said first closed condition in said switch means when the input
      member is moved from its first position in said first direction relative
      to said feedback member and that the fourth pair of contacts respectively
      interconnect only the third pair of contacts with the first pair of
      contacts to establish said second closed condition in said switch means
      when the input member is moved from its first position in said second
      direction relative to said feedback member.
NUM  4.
PAR  4. The position control defined in claim 3 wherein said first, second and
      third pairs of contacts are each arranged crosswise to said first path and
      are aligned with each other in the direction of said first path with said
      first pair of contacts located between the second and third pairs of
      contacts; said first, second and third pairs of contacts being in the form
      of small protuberances respectively projecting in the path of movement of
      said fourth pair of contacts; said fourth pair of contacts respectively
      including a pair of straps elongated in the direction of movement thereof
      and having a length just slightly less than the distance between said
      second and third pairs of contacts along the path of movement of the
      latter.
NUM  5.
PAR  5. The position control defined in claim 4 wherein said actuator includes a
      linearly reciprocable rod; said feedback member being secured to said rod
      and having a contact mounting position paralleling said rod; and said
      input member being mounted for reciprocable movement paralleling said rod.
NUM  6.
PAR  6. The power lift system defined in claim 5 wherein the fourth pair of
      contacts is mounted on said feedback member.
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ABST
PAL  An anti-reset windup proportional plus integral controller connectable in a
      proportional control loop of a process control system includes a
      proportional amplifier circuit and an integrating amplifier circuit
      responsive to a command signal to provide proportional and integral
      signals, respectively, which are summed by a summing amplifier to provide
      a modified command signal having a proportional and an integral component.
      A signal comparator means compares the modified command with a pair of
      reference signals which define an output range for said summing amplifier
      and disables the integrating amplifier circuit, permitting the integrating
      amplifier circuit to unwind whenever the modified command signal is not
      within the output range.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to proportional control systems, and more
      particularly to a proportional plus integral controller which avoids reset
      windup.
PAR  2. Description of the Prior Art
PAR  Proportional controllers are employed in process control systems to enable
      a controlled system variable to be maintained at a system set point by
      providing a feedback signal related in amplitude and polarity to
      deviations of the controlled variable from the set point.
PAR  In such systems, the controlled variable is monitored by a condition
      sensing device which provides a linearly changing command signal
      indicative of deviations of the controlled variable from the system set
      point. A process control apparatus is responsive to the command signal to
      effect an adjustment in the value of the manipulated variable to maintain
      the controlled variable at the system set point.
PAR  In known proportional controllers which provide only proportional action,
      the deviation of the controlled variable from the set point, or error, is
      never fully eliminated since it is necessary for an error to exist to
      command a system output other than the one neutral output at which the
      system was calibrated. This inherant deviation between the actual process
      condition, or controlled variable, and the desired process condition, or
      set point, is commonly referred to as "droop". In comfort control loops,
      for example, a relatively small droop can be felt by human occupants of a
      temperature controlled space.
PAR  Droop may be lowered through the use of a high gain amplifier in the
      proportional control loop. However, system stability requirements place a
      limit on the highest attainable gain and thus, on the minimum droop. Droop
      is eliminated through the use of controllers which provide proportional
      plus automatic reset action, sometimes called integral action.
PAR  Although proportional plus integral controllers provide the desired
      elimination of droop, control loops empolying an automatic reset control
      function are characterized by large overshoots in the event of process
      upsets as may be caused by start-up or large changes in load or set point,
      for example.
PAR  In some applications, it is desirable to prevent a proportional plus
      integral controller from acquiring a saturated condition in the integrator
      if the system being controlled is in a saturated condition such that the
      controlled variable is outside the control band for an extended period.
      For example, in the case where a proportional plus integral controller is
      employed to control the operation of a steam boiler or chiller a large
      overshoot may occur when the system is overloaded. Such condition occurs,
      for example, when a steam boiler operating at maximum capacity under heavy
      load cannot hold the steam pressure at the system set point so that the
      pressure is several degrees below the normal control set point.
PAR  If then the load is suddenly dropped, the pressure returns to the set point
      rapidly, but an integrator in the system, having accumulated maximum
      output, cannot begin to unwind until the set point is passed and the steam
      pressure is caused to increase above the set point. During the unwinding
      of the integrator, the system continues to operate at high capacity and
      the excessive overshoot may cause damage.
PAR  Therefore, it is desirable to have a proportional plus integral controller
      for use in a proportional control system, which provides an anti-reset
      windup function to eliminate the effect of reset windup in an integrator
      of the proportional plus integral controller.
PAR  It is also desirable to provide a proportional plus integral controller
      which may be included in an existing proportional control loop by simply
      cutting the lines between a controller sensor and an actuator controller.
PAR  It is also desirable to be able to retain the set point and proportional
      gain control of such existing proportional control loop in the
      proportional sensor controller.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a
      proportional plus integral controller for use in a process control system
      which automatically eliminates reset windup.
PAR  It is another object of the present invention to provide a proportional
      plus integral controller which may be inserted directly into an existing
      proportional control loop between a proportional sensor controller and
      command actuator, and which provides bumpless forward transfer from
      proportional only operation to proportional plus integral operation.
PAR  It is yet another object of the present invention to provide a proportional
      plus integral controller for use in a conventional proportional control
      loop between a proportional sensor controller means and a command actuator
      in which set point and gain adjustments of the conventional proportional
      control loop remain operational.
PAR  These and other objects are achieved by the present invention which has
      provided a proportional plus integral controller for use in a process
      control system having a proportional control loop including a sensor
      controller and an actuator operable to maintain a controlled process
      variable at a system set point. The sensor controller provides a linearly
      changing command signal indicating deviations of the controlled variable
      from the set point and the actuator is responsive to the command signal to
      control a manipulated process variable to effect a change in the
      controlled variable to return the controlled variable to the set point.
PAR  In accordance with one embodiment, the proportional plus integral
      controller is connected into the lines between the sensor controller and
      the actuator and is normally operable to be responsive to the command
      signal to provide a modified command signal, having a proportional
      component and an integral component, for the actuator. Whenever the value
      of the controlled variable is outside of the proportional band of the
      system, such that the integrator becomes saturated, an integrating means
      of the integrator is automatically disabled whereby the controller
      provides only a proportional signal until the controlled variable is again
      within the proportional band.
PAR  In accordance with an exemplary embodiment, the proportional plus integral
      controller comprises proportional amplifier means responsive to the
      command signal for providing a signal proportional to the command signal,
      an integrating amplifier means having an associated integrating capacitor
      which provides a signal proportional to the time integral of the command
      signal, and summing means for combining the proportional and integral
      components provided by the proportional and integrating amplifier means to
      provide a modified command signal which is extended to the actuator
      controller. In addition, a comparator means is operable to monitor the
      output of the summing means, and to disable the integrating amplifier
      means whenever the output of the summing means exceeds a predetermined
      maximum value or falls below a predetermined minimum value. Whenever the
      integrating amplifier means is disabled, the associated integrating
      capacitor is discharged thereby unwinding the integrating amplifier means.
PAR  Accordingly, whenever the command signal is within a predetermined range,
      the integral controller provides an output having both proportional and
      integral components. On the other hand, whenever the command signal is not
      within the proportional band of the system, the integrating amplifier
      means is disabled, and the proportional plus integral controller provides
      only a proportional output signal while the integrating means is unwound.
      As soon as the command signal again returns to the proportional band, the
      integrating means is enabled to provide an integral component which is
      added to the proportional component.
PAR  The proportional plus integral controller can be inserted into a
      conventional proportional control loop and requires minimal alteration of
      normal proportional application procedures. In such application, the
      sensor controller set point and gain adjustments remain operational.
      Moreover, the initial gain adjustment procedure for a conventional
      proportional control loop modified to include the proportional plus
      integral controller is similar to that established for the proportional
      control loop without the controller.
PAR  The proportional plus integral controller may be inserted directly into the
      lines which normally interconnect the sensor controller and the actuator.
      In such case, the power for the unit is furnished by those lines. Thus,
      installation procedures are considerably simpler than those required for
      known commercially available proportional plus integral controllers.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1, labelled "prior art," is a simplified block diagram of a known
      proportional control system;
PAR  FIG. 2 is a simplified block diagram of the proportional control system
      shown in FIG. 1, which includes proportional plus integral controller
      provided by the present invention; and,
PAR  FIG. 3 is a schematic circuit diagram of the proportional plus integral
      controller provided by the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, which is labelled "Prior Art," there is shown a block
      diagram of a typical automatic control system 10' having a proportional
      controller connected in a proportional control loop. The proportional
      control loop includes a proportional sensor controller 11 and an actuator
      12 which enable a controlled process variable to be maintained at a system
      set point.
PAR  By way of example, the process, represented by block 13, may be a control
      system for a steam boiler. In such system, the manipulated variable may be
      the amount of heating in the boiler which is controlled by the actuator
      12, and the controlled variable may be steam pressure in the boiler. In
      such application, the proportional sensor controller 11 may include a
      pressure sensing device which provides an output proportional to the
      difference between steam pressure in the boiler and a pressure set point.
      This output is the command signal for the actuator 12. The proportional
      controller 11 is responsive to command signals within a preselected
      proportional band as determined by a proportional band adjust associated
      with the proportional sensor controller 11.
PAR  The proportional sensor controller 11 receives power from the actuator
      circuit 12 over conductors 14 and 15, and the command signal, provided by
      the proportional sensor controller 11, is extended to the actuator 12 over
      a conductor 16. This signal is referenced to the potential of conductor 14
      which is normally grounded. The actuator 12 is responsive to the command
      signal to effect a change in the manipulated variable to permit an
      increase or decrease in the amount of heating supplied to the steam
      boiler. Such action effects a change in the controlled variable, or steam
      pressure, as the pressure of the boiler increases or decreases causing the
      controlled variable to approach the system set point and correspondingly
      effecting a decrease in the error signal.
PAR  Referring to FIG. 2, there is shown a block diagram of an automatic control
      system 10 including a proportional plus integral controller circuit 20
      provided by the present invention which is inserted into a conventional
      proportional control loop of a process control system, such as the one
      shown in FIG. 1.
PAR  As shown in FIG. 2, the proportional plus integral controller 20 is
      interposed between the proportional sensor controller 11 and the actuator
      circuit 12. The controller 20 obtains power from the actuator circuit 12
      over conductors 14A and 15A. The command signal provided by the
      proportional sensor controller 11 is extended to the controller over a
      conductor 16A.
PAR  Alternatively, the controller 20 may include a separate power supply (not
      shown) and a LVDT voltage transmitting sensor, thus isolating the
      controller 20 from the rest of the controlled system except for two-wire
      inputs and outputs for the command signal.
PAR  The system set point and proportional band adjustments of the system of
      FIG. 1 remain operational, such adjustments being made by the set point
      control and the proportional band adjust control associated with the
      proportional sensor controller 11.
PAR  Referring to FIG. 3, there is shown a schematic circuit diagram of the
      controller 20 provided by the present invention. The controller 20 is
      shown connected in a proportional control loop which is employed to
      control the operation of a steam boiler indicated generally at 21. The
      control loop, including the proportional sensor 11, the controller 20, and
      the actuator 12 is operable to maintain a pressure in the boiler 21 within
      a predetermined range. The proportional sensor 11 includes a pressure
      monitoring device 25 which is mechanically setable to a predetermined set
      point. The pressure monitoring device 25 is operable to convert pressure
      to an electrical signal, proportional to the pressure in the boiler 21,
      the signal being extended to the controller 20 over conductor 16A.
PAR  The controller 20 includes a proportional amplifier 31, an integrating
      amplifier 32 and a summing amplifier 33. The proportional amplifier 31 is
      responsive to the command signal to provide an output proportional to the
      command signal, and the integrating amplifier 32 is responsive to the
      command signal to provide an output signal proportional to the time
      integral of the command signal. The signals provided by the proportional
      amplifier 31 and the integrating amplifier 32 are combined by the summing
      amplifier 33 which provides an output signal having proportional plus
      integral components which is extended to the actuator 12 over conductor
      16B.
PAR  In addition, the controller 20 includes a comparator circuit 34 including a
      pair of amplifiers 70 and 71, which are operable to compare the output of
      summing amplifier 33 with first and second reference levels, respectively.
      In normal operation, the proportional plus integral signals sum to a value
      less than a full scale output for the summing amplifier 33, and the
      controller 20 operates as any other proportional plus integral controller.
      Whenever the output of the summing amplifier 33 reaches either the first
      or second reference level, the comparator circuit 34 effects disabling of
      the integrating amplifier 32 to temporarily inhibit the generation of the
      integral component of the output signal provided by the insertion
      integrator 20. Such action occurs whenever the command signal supplied to
      the controller 20 by the sensor controller 11 is sufficient to produce a
      full scale output from the porportional amplifier 31. At such time, the
      summing amplifier output is also full scale and the integrating amplifier
      32 is disabled by the comparator circuit. When the integrating amplifier
      32 is disabled, an integrating capacitor C1 of the integrating amplifier
      32 is permitted to discharge. In the event of a saturated condition, the
      capacitor C1 is fully discharged. Accordingly, when the output level of
      the summing amplifier 33 decreases below the detection level of the
      comparator circuit 34, in response to a decrease in the command signal,
      the system is under proportional control the instant the controlled
      variable is returned to the proportional band, since the integrating
      amplifier 32 is unwound.
PAR  Thus, if the command signal is sufficient to produce a full scale output
      from the proportional amplifier 31, then the summing amplifier provides a
      full scale output having proportional only components since the
      integrating amplifier 32 is disabled. If on the other hand the
      proportional signal is very small but the integrating signal is large, the
      summing amplifier can reach the limiting value again and the integrating
      output holds at the average limited value with a very small amplitude
      cycle. If the proportional amplifier output is some intermediate value,
      then the integrating amplifier output is limited to the value which
      provides nominal full scale output for the summing amplifier 33.
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 3, the proportional plus integral controller 20 is
      described with reference to an application in a proportional control loop
      for maintaining the pressure in the boiler 21 within a predetermined
      range. Heating for the boiler 21 is controlled by the actuator 12 which
      operates a fuel valve 22 and a burner 23 to supply a predetermined fuel
      and air mixture to a fire box 25 of the boiler 21. The steam pressure in
      the boiler 21 is a function of the amount of fuel supplied to the fire box
      25. The pressure in the boiler 21 is monitored by a pressure gauge 26
      which provides a mechanical output to the proportional sensor controller
      11.
PAR  The sensor controller 11 includes a pressure monitoring diaphram 27 which
      is mechanically linked to the pressure gauge 26 and which is mechanically
      setable to a predetermined set point. The diaphram 27 is mechanically
      linked to a wiper 28 of a slide wire potentiometer R1 which serves to
      convert pressure to an electrical signal which is proportional to the
      pressure in the boiler 21. The proportional sensor controller 11 may be
      the type P-80 controller commercially available from Penn Controls Inc.
      The sensor controller 11 provides a DC command signal over conductor 16A
      which may vary over a range of from zero to -16 volts. The sensor
      controller 11 obtains power from the actuator 12 over conductors 15 and
      14.
PAR  The command signal provided on conductor 16A by the sensor controller 11 is
      extended to inputs of the proportional amplifier 31 and the integrating
      amplifier 32 of the controller 20. The proportional amplifier 31 includes
      an operational amplifier 41 having an inverting input 42, a non-inverting
      input 43 and an output 44. An input resistor R2 is connected between
      terminal 16C and the inverting input 42 of the amplifier 43. A reference
      level is established for the amplifier 43 by a resistor R3 which is
      connected between the non-inverting input 43 of amplifier 41 and ground
      which is established by resistors R34 and R35 which are equal thus ground
      is -8v from conductor 14. The center of potentiometer R1 in sensor 11 is
      also 8v from conductor 14. The gain of the amplifier 41 is controlled by a
      variable resistor R4 which is connected between output 44 of amplifier 41
      and the inverting input 42 of the amplifier 41.
PAR  The integrating amplifier circuit 32 includes a further operational
      amplifier 51 having an inverting input 52, a non-inverting input 53 and an
      output 54. The non-inverting input 53 is connected over the resistance
      portion of a potentiometer R6 to terminal 16C and over a resistor R7 to
      ground. The inverting input 52 is connected over resistor R5 to a wiper 55
      of potentiometer R6 which sets the integrating rate for the integrating
      cirucit 32. An integrating capacitor C1 is connected between the output 54
      of amplifier 51 and the input 52 of the amplifier 51.
PAR  Power is supplied to amplifiers 41 and 51 over a positive bus +V and a
      negative bus -V. A current source regulator circuit 39, comprised of a
      transistor Q3, a Zener diode Z1 and associated bias elements, including
      resistors R32, R33 and diodes D5, D6 is connected between conductors 15A'
      and 14A' to supply regulated current for the circuits of the controller 20
      over the positive bus +V and the negative bus -V. The positive bus +V is
      maintained at ground potential, and the negative bus -V is maintained at
      -16 volts.
PAR  The proportional amplifier 41 may be the Type 741 Operational Amplifier,
      commercially available from Fairchild Semiconductor, and the integrating
      amplifier 51 may be the Type 776 Programmable Operational Amplifier,
      commercially available from Fairchild Seniconductor. The integrating
      amplifier 51 has a control input 80 which is connected to an output of the
      comparator circuit 34 which supplies bias current for the amplifier 51 in
      a manner to be described hereinafter. The operational amplifier 51 is
      turned on whenever current is drawn from terminal 80. Interruption of
      current flow from terminal 80 causes the amplifier 51 to be turned off,
      thereby disabling the integrating amplifier circuit 32.
PAR  When the command signal, which is representative of the value of the
      controlled variable, is within the proportional control band of the
      system, the proportional amplifier 31 is responsive to the command signal
      to provide an output signal which is proportional to the command signal.
      In addition, as capacitor C1 charges with the command signal, the
      integrating amplifier 32 provides a signal which is proportional to the
      time integral of the command signal which is zero at -8v from positive bus
      14 (integrator ground).
PAR  The signal output of the proportional amplifier 31 and integrating
      amplifier 32 are extended over resistors R8 and R9, respectively, to a
      summing point 56 which is connected to the inverting input 57 of an
      operational amplifier 58 which comprises the summing circuit 33.
PAR  Amplifier 58 has a non-inverting input 59 connected over a resistor R10 to
      ground. The output 60 of amplifier 58 is coupled over a capacitor C2 to a
      point 61 at the output of the summing circuit 33. A feedback resistor R11
      is connected between point 61 at the output of the summing circuit 33 and
      the inverting input 57 of the amplifier 58.
PAR  The summing amplifier 58 is followed by an output drive stage 63 consisting
      of transistors Q1 and Q2 and resistors R12 and R13 which supply drive
      current to load resistors R14-R15. Resistor R12 is connected between the
      positive bus +V and a positive supply terminal 64 of the amplifier 58 and
      resistor R13 is connected between the negative bus -V and a negative
      supply terminal 65 of the amplifier 58.
PAR  Transistor Q1, which is normally non-conducting, has its emitter base
      circuit connected in shunt with resistor R12, and its collector connected
      to point 61 at the output of the amplifier circuit 33. Similarly,
      transistor Q2, which is also normally non-conducting, has its base-emitter
      circuit connected in shunt with resistor R13 and its collector connected
      to point 61 at the output of the amplifier circuit 33.
PAR  Whenever a positive output swing is called for by the operational amplifier
      58, the amplifier 58 draws current from terminal 64 and delivers it to the
      load resistors R16-R17 when the voltage drop across resistor R12 increases
      due to such demand, transistor Q1 is turned on causing the output signal
      to swing in a positive direction. Transistor Q2 operates in a similar way
      to supply power to the load from the negative supply for negative swings.
PAR  The full scale output of the summing circuit 33 at point 61 may swing
      between very nearly zero and -16 volts. The load resistors R14-R15 serve
      as a voltage divider to provide a voltage swing between zero and -2 volts
      at terminal 16D which is extended to the actuator 12 over conductor 16B.
PAR  The output of the summing circuit 33 at point 61 is extended to an input of
      the comparator circuit 34 at point 69. The comparator circuit 34 includes
      two comparator amplifiers 70 and 71 which are the Type 741 operational
      amplifiers, operating without feedback, having non-inverting inputs 72 and
      73, respectively, set to two fixed reference levels provided by a pair of
      reference potentiometers R19, R20, which may be -7.7 volts and +7.7 volts,
      respectively. Potentiometer 19 has a resistance portion connected between
      the positive bus +V and the negative bus -V and a wiper 74 connected over
      a resistor R21 to the non-inverting input 72 of amplifier 70. Similarly,
      potentiometer R20 has a resistance portion connected between the positive
      bus +V and the negative bus -V and a wiper 75 connected over a resistor
      R22 to the non-inverting input 73 of amplifier 71. The inverting input 76
      of amplifier 70 is connected over a resistor R23 and a decoupling diode D1
      to point 69.
PAR  The inverting input 76 of amplifier 70 is also connected over a resistor
      R25 and a decoupling diode D2 to the output 78 of amplifier 71. The
      inverting input 77 of amplifier 71 is connected over a resistor R24 to
      point 69. The output 79 of amplifier 70 is extended to the control input
      80 of the integrating amplifier 51. The comparator amplifier 70 is
      normally maintained in a saturated condition providing a negative output
      and comparator amplifier 71 is normally maintained in a saturated
      condition providing a positive output. Diodes D1 and D2 serve as
      decoupling diodes to decouple the signals to the appropriate comparator
      amplifiers 70, 71 when they are of a polarity which is not used for
      limiting. This enables the comparator circuit 34 to be sensitive only to
      the proper signal at the preestablished level as determined by the
      reference potentiometers R19, R20. Comparator amplifier 70 is responsive
      to signals which decrease below a predetermined negative level and
      comparator amplifier 71 is responsive to output signals which increase
      above a predetermined positive level.
PAR  Whenever the output from the summing amplifier 33 reaches either the
      positive or negative reference levels established for the comparator
      amplifiers 70 and 71 by associated reference potentiometers R19 and R20,
      respectively, the appropriate comparator amplifier 70 or 71 suddenly flops
      to opposite saturation, causing amplifier 70 to provide a positive output.
      The comparator circuit 34 is operable such that if either reference level
      is reached, the normally negative output of comparator amplifier 70 is
      switched to a positive output, and this positive output is sufficient to
      disable the integrating amplifier 51. It is pointed out that since the
      output of the comparator amplifier 70 cannot reach the level of the
      positive supply +V, the programmable operational amplifier 51 is supplied
      with less than the full positive supply +V through the use of level
      shifting diodes D3 and D4 which are connected in series between the
      positive supply +V and the positive bias input of the amplifier 51.
PAR  Whenever the integrating amplifier 51 is disabled, the integrating
      capacitor C1 discharges toward ground at each end. The summing point 56 is
      always close to ground potential whenever the integrating amplifier 51 is
      enabled because the non-inverting terminal 53 is referenced to ground over
      resistor R7. The capacitor C1 discharges through the summing resistor R9
      of the summing amplifier 58 with a time constant R9 C1. When the output of
      the summing amplifier 58 decreases due to the disabling of the integrating
      amplifier 51, the signal supplied to the comparator amplifiers 70 or 71
      drops below the comparator trip point, causing the appropriate comparator
      amplifier to flop to opposite saturation, such that comparator amplifier
      70 provides a negative output permitting the integrating amplifier 51 to
      be enabled. For conditions approaching saturation, this cycle is repeated
      rapidly over a small increment of voltage which depends upon the gain of
      the comparator amplifiers 70, 71 and the RC time constant of the
      integrating capacitor C1 and resistor R6. In effect, this limits the
      output of the summing amplifier 33 to a maximum value set by the
      comparator reference potentiometers R19 and R20. The amplitude of charge
      and discharge voltage on the capacitor C1 may, for example, be
      approximately 100 millivolts.
PAR  As indicated above, the modified command signal provided at the output of
      the controller 20 at terminal 16D is extended to the actuator circuit 12
      over conductor 16B. The actuator 12 may be a motor actuator circuit such
      as the type disclosed in the U.S. Pat. No. 3,742,327, of R. G. Nettles,
      which was issued on June 26, 1973. Briefly, the motor actuator circuit 12
      is comprised of a differential amplifier 81 having a first input 82
      connected over conductor 16B to the output of the summing amplifier 33 at
      point 16D to receive the command signal. A second input 83 of the
      differential amplifier 81 is connected to a wiper 84 of a potentiometer
      R31 which provides a reference signal for the differential amplifier 81.
      The differential amplifier 81 is responsive to a difference in the command
      signal relative to the reference signal of either positive or negative
      polarity to effect the enabling of windings 85 and 86 of the motor 87 to
      effect clockwise or counter-clockwise rotation of the motor shaft 88. The
      differential amplifier 81 effects selective energization of motor drive
      circuits 89 and 90 to effect clockwise or counter-clockwise rotation of
      the shaft 88. The motor shaft 88 is mechanically linked to the fuel valve
      22 and the damper 23 to effect a change in the amount of heating supplied
      to the boiler 21 by varying the fuel mixture supplied to the fire box 25.
      Accordingly, an increase or decrease in the amount of heating in the
      boiler 21 effects a change in the steam pressure to return the steam
      pressure to the system set point as established by the sensor controller
      25.
PAC  OPERATION OF THE PROPORTIONAL PLUS INTEGRAL CONTROLLER
PAR  Assuming initially that the difference between the actual pressure in the
      boiler 21 and the system set point is such that the command signal
      provided by the proportional sensor 11 is within the proportional band of
      the system, then the command signal is less than zero volts and greater
      than -16 volts. Accordingly, both the proportional amplifier 31 and the
      integrating amplifier 32 are operable to enable the proportional plus
      integral controller 20 to provide a modified command signal having
      proportional and integral components. The proportional component, provided
      by proportional amplifier 31 is K Vin which is proportional to the command
      signal, and the integral component provided by the integrating amplifier
      32 is .intg. K Vin dt which is proportional to the time integral of the
      command signal. The signal Vin is defined as the difference between the
      ground references for the operational amplifiers 41 and 58, and the
      voltage on conductor 16A. The proportional and integral components are
      summed by the summing circuit 33 which provides the modified command
      signal having proportional and integral components. In such case, the
      output of the summing amplifier 33 is not full scale, and the integrating
      amplifier 32 is enabled.
PAR  The modified command signal provided at the output of the summing amplifier
      33 is extended to the actuator 12 over conductor 16B. For a positive
      difference in excess of a small predetermined value between the modified
      command signal extended to input 82 of the differential amplifier 81, and
      the reference signal established by potentiometer R31 at input 83 of the
      amplifier 81, one of the drive circuits 89, 90, such as drive circuit 89,
      is enabled to effect clockwise rotation of the motor shaft 88 causing a
      decrease, for example, in the amount of fuel mixture supplied to the fire
      box 25. Such decrease in the heating capability of the boiler 21 results
      in a decrease in the steam pressure so that the actual steam pressure
      approaches the system set point causing a corresponding reduction in the
      command signal provided by the proportional sensor 11. A similar operation
      ensues for non-saturated conditions where the actual steam pressure is
      lower than the system set point with the actuator 12 being enabled to
      increase the amount of fuel mixture supplied to the fire box 25 to thereby
      effect an increase in the steam pressure to compensate for such
      difference.
PAR  Considering now a saturated condition, when the boiler 21 is out of control
      for some extended time, such as during start-up or during a saturated
      over-load period, the command signal provided by the sensor 11 is full
      scale, such as -16 volts for example. Accordingly, the proportional
      amplifier 31 is also driven to full scale, causing the output of the
      summing amplifier 33 to be full scale value of -16 volts at point 61. When
      the potential at point 61 reaches the negative reference level established
      by potentiometer R19 of the comparator cirucit 34, the comparator
      amplifier 70 flops to opposite saturation, providing a positive output
      which disables the integrating amplifier 51.
PAR  Accordingly, amplifier 51 is turned off permitting capacitor C1 to
      discharge over resistor R9 since the non-inverting terminal 58 of the
      amplifier is at ground potential. This discharge continues a small
      increment until the output level of the summing amplifier drops below the
      comparator trip point and the comparator amplifier 70 flops to opposite
      saturation providing a negative output which allows the integrator
      amplifier 51 to turn on. When the controlled variable is close to being
      within the proportional band, as the result of a small load change, for
      example, this cycle is repeated rapidly over a small increment of voltage
      which depends on the comparator gain and the time constant C1 R9. In
      effect, this limits the output of the summing amplifier 33 to a maximum
      value set by the comparator potentiometer R19. When the controlled
      variable remains out of the proportional band for an extended period of
      time, as during start-up, the disabling of the integrator 32 is
      insufficient to drop the output level of the summing amplifier to a value
      below the comparator trip point and the integrator 32 remains disabled and
      capacitor C1 becomes discharged.
PAR  It is pointed out that since the output of the summing amplifier 34 is the
      sum of the proportional and integral components provided by amplifiers 31
      and 32, the output of the integrator 32 can increase only to a point at
      which the sum of the proportional and integral components reach the
      comparator trip point. Once the comparator circuit 34 trips, the
      integrator circuit 32 is disabled and the capacitor C1 begins to
      discharge.
PAR  If the input signal supplied by the sensor 11 is sufficient to produce a
      full scale output from the proportional amplifier 31, then the summing
      amplifier output is also full scale and the integrator 32 is turned off
      with the integrating capacitor C1 discharging. If the proportional signal
      is very small, but the signal provided by the integrator amplifier 32 is
      large, then the output of the summing amplifier 34 can only reach the
      limiting values and the output established by the comparator circuit 34,
      and the integrator circuit 32 cycles at the limited value. If the output
      of the proportional amplifier 31 is some intermediate value, the output of
      the integrator amplifier 32 is always limited to the value that produces a
      nominal full scale output within the limit settings of the summing
      amplifier 33. It is pointed out the limiting action occurs only when the
      summing amplifier output is full scale. At such point, the system is
      already out of control since, for example, the motor 87 of the actuator 12
      has been driven to full scale. Under normal conditions, the proportional
      plus integral signals sum to something less than full scale output for the
      summing amplifier 33, and the controller 20 operates as any other
      proportional plus integral controller.
PAR  Under the saturated conditions set forth above, wherein the command signal
      from the sensor controller 11 is full scale for an extended period of
      time, and the output of the proportional amplifier 31 is also full scale,
      the integrating amplifier 32 is automatically turned off by the comparator
      circuit 34 as described, and the capacitor C1 is discharged to zero. If
      the controlled variable then returns rapidly to the proportional control
      band, the decrease in the command signal effects a corresponding decrease
      in the output of the summing amplifier 33 enabling the integrating
      amplifier 32 to be enabled. At such time, the integrating amplifier 32
      starts from zero volts instead of from full scale output and accordingly,
      the system is under proportional control the instant the controlled
      variable returns to the proportional band and there is no waiting for the
      integrating circuit 32 to unwind.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process control system having a proportional control loop including
      sensor means for monitoring a controlled variable and for providing a
      linearly changing command signal indicating deviations of the controlled
      variable from a system set point, and actuator means responsive to the
      command signal to control a manipulated variable to effect a change in the
      controlled variable to return the controlled variable to the set point, a
      proportional plus integral controller means comprising proportional means
      responsive to said command signal to provide a first signal proportional
      to said command signal, integral means operable when enabled to be
      responsive to said command signal to provide a second signal that varies
      in proportion to the time integral of the command signal, summing means
      for summing said first and second signals to provide a modified command
      signal for said actuator means and control means for normally enabling
      said integral means to provide said second signal, said control means
      having a first means for providing at least one reference signal of a
      predetermined value and second means for comparing said modified command
      signal with said reference signal and for controlling said integral means
      to vary the amplitude of said second signal by disabling said integral
      means whenever said modified command signal exceeds said predetermined
      value.
NUM  2.
PAR  2. A process control system as set forth in claim 1 wherein said integral
      means comprises programmable operational amplifier means having an
      integrating capacitor means connected between a first input and an output
      of said operational amplifier means which is connected to said summing
      means, input means connected between said first amplifier input and an
      output of said sensor means for extending said command signal to said
      operational amplifier means to permit said integrating capacitor means to
      charge to a value related to the time integral of said command signal to
      provide said second signal at said output of said operational amplifier
      means whenever said operational amplifier means is enabled, said second
      means being operable to disable said operational amplifier means to permit
      said capacitor means to discharge over said summing means whenever said
      modified command signal exceeds said predetermined value.
NUM  3.
PAR  3. In a process control system having a proportional control loop including
      sensor means for monitoring a controlled variable and for providing a
      linearly changing command signal indicating deviations of the controlled
      variable from a system set point, and actuator means responsive to the
      command signal to control a manipulated variable to effect a change in the
      controlled variable to return the controlled variable to the set point, a
      proportional plus integral controller means comprising proportional means
      responsive to said command signal to provide a first signal that is
      proportional to said command signal, integral means having an input and an
      output, circuit means including integrating capacitor means connected
      between said input and said output, said integral means being operable
      when enabled to be responsive to said command signal to permit said
      capacitor means to charge to a value related to time changes of said
      command signal whereby said integral means provides a second signal that
      is proportional to the time integral of the command signal, summing means
      for summing said first and second signals to provide a modified command
      signal, and control means responsive to said modified command signal and
      operable to control said integral means to limit the amplitude of the
      second signal to a value which enables said summing means to normally
      provide a modified command signal of an amplitude that is between
      predetermined first and second values which define a proportional band for
      the controller means, and said control means disabling said integral means
      thereby permitting said capacitor means to discharge to cause the
      potential at said input and said output to decrease to substantially zero
      for reducing said second signal to zero whenever the amplitude of the
      modified command signal exceeds either one of said first and second
      predetermined values.
NUM  4.
PAR  4. A process control system as set forth in claim 3 wherein said integral
      means further comprises amplifier means, said integrating capacitor means
      being connected between an input of said amplifier means and an output of
      said amplifier means, and an input network means for extending said
      command signal to said amplifier means to permit said capacitor means to
      charge to a value related to the time integral of the command signal, said
      summing means providing a discharge path for said capacitor means whenever
      said amplifier means is disabled, and said amplifier means being
      controlled by said control means to enable said capacitor means to
      discharge to zero over said discharge path whereby the potential at said
      input and said output of said amplifier means is substantially zero
      whenever said modified command signal exceeds either one of said
      predetermined values for at least a predetermined time.
NUM  5.
PAR  5. In a process control system having a proportional control loop including
      sensor means for monitoring a controlled variable and for providing a
      linearly changing command signal indicating deviations of the controlled
      variable from a system set point, an actuator means responsive to the
      command signal to control a manipulated variable to effect a change in the
      controlled variable to return the controlled variable to the set point, a
      proportional plus integral controller means comprising proportional means
      including proportional amplifier means responsive to said command signal
      to provide a first signal which is proportional to the command signal,
      integral means including integrating amplifier means having an input and
      an output, and integrating capacitor means connected between said input
      and said output of said integrating amplifier means, said integrating
      amplifier means being operable when enabled to permit said capacitor means
      to be charged by said command signal to provide a second signal that
      varies in proportion to the time integral of the command signal, summing
      amplifier means for summing said first and second signals to provide a
      modified command signal for said actuator means, and signal comparator
      means including reference means for providing a reference signal, and at
      least one signal comparator amplifier means for comparing said modified
      command signal with said reference signal and operable in response to a
      first predetermined difference between said modified command signal and
      said reference signal to control said integrating amplifier means to
      respond to said command signal to provide said second signal, and said
      signal comparator amplifier means being operable in response to a second
      predetermined difference between said modified command signal and said
      reference signal to disable said integrating amplifier means to permit
      said capacitor means to discharge to zero to thereby permit the potential
      at said input and said output of said integrating amplifier means, and
      thus the amplitude of said second signal to decrease to zero.
NUM  6.
PAR  6. A process control system as set forth in claim 5 wherein said
      integrating amplifier means comprises a programmable operational
      amplifier, said integrating capacitor means being connected between said
      output of said operational amplifier means and said input of said
      operational amplifier means, and input network means for extending said
      command signal to said programmable operational amplifier means, said
      output of said operational amplifier means being connected to said summing
      means to permit said second signal to be extended to said summing means
      and for providing a discharge path for said capacitor means whenever said
      integrating amplifier means is disabled.
NUM  7.
PAR  7. In a process control system having proportional control loop including
      sensor means for monitoring a controlled variable and for providing a
      linearly changing command signal indicating deviations of the controlled
      variable from a system set point, and actuator means responsive to the
      command signal to control a manipulated variable to effect a change in the
      controlled variable to return the controlled variable to the set point, a
      proportional plus integral controller means comprising proportional
      amplifier means responsive to said command signal to provide a first
      signal which is proportional to the command signal, integrating amplifier
      means operable when enabled to be responsive to said command signal to
      provide a second signal that varies in proportion to the time integral of
      the command signal, summing amplifier means for summing said first and
      second signals to provide a modified command signal for said actuator
      means, said integrating amplifier means comprising a programmable
      operational amplifier means having an integrating capacitor means
      connected between an output of said operational amplifier means and an
      input of said operational amplifier means, and input network means for
      extending said command signal to said operational amplifier means to
      permit said integrating capacitor means to charge to a value related to
      time changes of said command signal whenever said operational amplifier
      means is enabled, said output of said operational amplifier means being
      connected to an input of said summing amplifier means to permit said
      second signal to be extended to said summing amplifier means and for
      providing a discharge path for said capacitor means, and signal comparator
      means including reference means for providing a reference signal, and at
      least one signal comparator amplifier means for comparing amplifier means
      said modified command signal with said reference signal, said operational
      amplifier means having a control input, and said signal comparator
      amplifier means being operable to normally extend an enabling signal to
      said control input for enabling said first operational amplifier means in
      response to a first predetermined difference between said modified command
      signal and said reference signal, said signal comparator amplifier means
      being operable to extend a disabling signal to said control input for
      disabling said operational amplifier means in response to a second
      predetermined difference between said modified command signal and said
      reference signal to disable said programmable operational amplifier means
      to permit said capacitor means to discharge over said discharge path.
NUM  8.
PAR  8. In a process control system having a proportional control loop including
      sensor means for monitoring a controlled variable and for providing a
      linearly changing command signal indicating deviations of the controlled
      variable from a system set point, and actuator means responsive to the
      command signal to control a manipulated variable to effect a change in the
      controlled variable to return the controlled variable to the set point, a
      proportional plus integral controller means comprising proportional means
      responsive to the said command signal to provide a first signal
      proportional to said command signal, integral means operable when enabled
      to be responsive to said command signal to provide a second signal that
      varies in proportion to the time integral of the command signal, summing
      means for summing said first and second signals to provide a modified
      command signal for said actuator means, and control means for normally
      enabling said integrating means, said control means including a first and
      a second signal comparator means and a first and a second reference means
      for supplying first and a second reference signals to said first and
      second signal comparator means respectively, said first and second
      comparator means being operable to compare said modified command signal
      with the reference signal extended thereto and to disable said integral
      means in response to a predetermined difference between said modified
      command signal and said reference signal, said first signal comparator
      means being operable to effect disabling of said integral means whenever
      said modified command signal is a predetermined amount greater than said
      first reference signal, and said second signal comparator means being
      operable to effect disabling of said integral means whenever said modified
      command signal is a predetermined amount less than said second reference
      signal.
NUM  9.
PAR  9. In a process control system having a proportional control loop including
      sensor means for monitoring a controlled variable and for providing a
      linearly changing command signal indicating deviations of the controlled
      variable from a system set point, and actuator means responsive to the
      command signal to control a manipulated variable to effect a change in the
      controlled variable to return the controlled variable to the set point, a
      proportional plus integral controller means comprising proportional means
      responsive to said command signal to provide a first signal proportional
      to said command signal, integral means comprising a programmable
      operational amplifier means having an integrating capacitor means
      connected between a first input and an output of said operational
      amplifier means, input means connected between said first amplifier input
      and an output of said sensor means for extending said command signal to
      said operational amplifier means to permit said integrating capacitor
      means to charge to a value related to the time integral of said command
      signal whenever said operational amplifier means is enabled to permit said
      integral means to provide a second signal that varies in proportion to the
      time integral of the command signal, summing means for summing said first
      and second signals to provide a modified command signal for said actuator
      means, and control means having a first means for providing at least one
      reference signal, and a second means for comparing said modified command
      signal with said reference signal, said programmable operational amplifier
      means having a control input connected to an output of said second means,
      said second means normally providing a first output to said control input
      for enabling said programmable operational amplifier means, and said
      second means being operable to provide a second output to said control
      input for disabling said programmable operational amplifier means in
      response to said predetermined difference between said modified command
      signal and said reference signal.
NUM  10.
PAR  10. In a process control system having a proportional control loop
      including sensor means for monitoring a controlled variable and for
      providing a linearly changing command signal indicating deviations of the
      controlled variable from a system set point, and actuator means responsive
      to the command signal to control a manipulated variable to effect a change
      in the controlled variable to return the controlled variable to the set
      point, a proportional plus integral controller means comprising
      proportional amplifier means responsive to said command signal to provide
      a first signal which is proportional to the command signal, integrating
      amplifier means operable when enabled to be responsive to said command
      signal to provide a second signal that varies in proportion to the time
      integral of the command signal, said integrating amplifier means
      comprising a first programmable operational amplifier means having a
      control input, an integrating capacitor means connected between an output
      of said first operational amplifier means and an input of said first
      operational amplifier means and input network means for extending said
      command signal to said first operational amplifier means to permit said
      integrating capacitor means to charge to a value related to time changes
      of said command signal whenever said first operational amplifier means is
      enabled, summing amplifier means for summing said first and second signals
      to provide a modified command signal for said actuator means, and signal
      comparator means including reference means for providing a reference
      signal, a second operational amplifier means, a first input means for
      extending said modified command signal to a first input of said second
      operational amplifier means and second input means for extending said
      reference signal to a second input of said second operational amplifier
      means, said second operational amplifier means having an output connected
      to said control input of said programmable operational amplifier means,
      said second operational amplifier means being operable to compare said
      modified command signal with said reference signal and to normally provide
      a signal to said control input for enabling said first operational
      amplifier means in response to a first predetermined difference between
      said modified command signal and said reference signal, and to extend a
      signal to said control input for disabling said operational amplifier
      means in response to a second predetermined difference between said
      command signal and said reference signal.
NUM  11.
PAR  11. A process control system as set forth in claim 7 wherein said signal
      comparator means comprises a third operational amplifier means having a
      third input means for connecting a first input of said third operational
      amplifier means to the output of said summing amplifier means and fourth
      input means for connecting a second input of said third operational
      amplifier means to said further reference means for receiving a further
      reference signal, and means for connecting the output of said third
      operational amplifier means to said first input of said second operational
      amplifier means over said first input means, said third operational
      amplifier means being responsive to a further predetermined difference
      between said modified command signal and said further reference signal to
      enable said second operational amplifier means to effect disabling of said
      programmable operational amplifier means.
NUM  12.
PAR  12. A process control system as set forth in claim 11 which includes means
      for providing a discharge path for said integrating capacitor means
      whenever said programmable operational amplifier means is disabled.
NUM  13.
PAR  13. A process control system as set forth in claim 12 wherein said second
      operational amplifier means is normally operable in a saturated condition
      to provide a negative output for said control input, and said third
      operational amplifier means is normally operable in a saturated condition
      to provide a positive output for said second operational amplifier means,
      said third operational amplifier means being responsive to said second
      predetermined difference to be switched to an opposite saturation
      condition to thereby provide a negative output for said second operational
      amplifier means causing said second operational amplifier means to switch
      to an opposite saturation condition thereby providing a positive output to
      said control input for disabling said programmable operational amplifier.
NUM  14.
PAR  14. A process control system as set forth in claim 11 which includes means
      for supplying power to said programmable operational amplifier to enable
      said second and third operational amplifier means to control the enabling
      of said programmable operational amplifier means.
NUM  15.
PAR  15. A process control system as set forth in claim 11 which includes
      decoupling means for preventing said second operational amplifier means
      from responding to said further predetermined difference between said
      modified command signal and said further reference signal.
NUM  16.
PAR  16. In a process control system as set forth in claim 8 having a
      proportional control loop including sensor means for monitoring a
      controlled variable and for providing a linearly changing command signal
      indicating deviations of the controlled variable from a system set point,
      an actuator means responsive to the command signal to control a
      manipulated variable to effect a change in the controlled variable to
      return the controlled variable to the set point, a proportional plus
      integral controller means comprising proportional amplifier means
      responsive to said command signal to provide a first signal which is
      proportional to the command signal, integrating amplifier means operable
      when enabled to be responsive to said command signal to provide a second
      signal that varies in proportion to the time integral of the command
      signal, summing amplifier means for summing said first and second signals
      to provide a modified command signal for said actuator means, and signal
      comparator means including at least one signal comparator amplifier means
      and reference means for providing a reference signal for said signal
      comparator amplifier means, said signal comparator amplifier means being
      operable to compare said modified command signal with said reference
      signal and to enable said integrating amplifier means in response to a
      first predetermined difference between said modified command signal and
      said reference signal and to disable said integrating amplifier means in
      response to a second predetermined difference between said modified
      command signal and said reference signal, said proportional plus integral
      controller means being interposed between said sensor controller means and
      said actuator means and and obtaining power from said actuator means.
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ABST
PAL  A normal 117-volt, 60 cycle source is converted into a high frequency
      signal resulting in radiation of a substantial portion of the energy in
      the signal. A receiving coil is inductively coupled to the radiation over
      a given distance substantially less than a wave length of the high
      frequency signal to provide a received signal without the necessity of any
      electrical wires. The received signal in turn is converted into a D.C.
      signal and passed to a rechargeable battery for charging. The inductive
      coupling can be utilized for recharging portable electrical instruments
      having rechargeable batteries or for charging larger rechargeable
      batteries such as used in electrically driven vehicles.
BSUM
PAR  This invention relates generally to battery charging systems and more
      particularly to an improved method and apparatus for recharging batteries
      without the necessity of any physical conductors extending between a
      charging source and the battery.
PAC  BACKGROUND OF THE INVENTION
PAR  Normal charging of batteries either in portable electrical devices such as
      electric shavers, mini calculators, and the like, or in larger
      applications such as electric golf carts or electrically driven
      automobiles, is accomplished by connecting a D.C. charging source directly
      with wires to the batteries involved. The source of charging current may
      be derived from a conventional 117-volt, 60 cycle source by rectification.
PAR  In all such prior art charging systems, a direct connection has been used.
      Thus, in the case of portable electrical devices, it is necessary for a
      user to plug in or connect wires from the charging unit directly to the
      device and when the charging is complete to effect a physical
      disconnection. For the case of larger applications, such as golf carts or
      electrically driven vehicles, the device itself must be kept stationary
      and an electrical line plugged into suitable receiving terminals connected
      to the battery to be charged.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention contemplates a battery charging system working on the
      principle of induction coupling to the end that no physical wires need be
      involved between the charging source and battery to be charged. With this
      arrangement, the electrical device in the case of portable units can
      simply be automatically charged when placed in its normal place of
      temporary storage without the operator having to worry about plugging or
      unplugging various connections. In the case of electrically driven
      vehicles, charging of the batteries therein can be accomplished again
      without any physical connection of wires and in certain embodiments, while
      the vehicle itself is in motion.
PAR  Briefly, the method of the invention contemplates the steps of converting a
      normal 117-volt, 60 cycle source to a higher frequency A.C. signal
      resulting in radiation of a substantial portion of the energy in the
      signal; inductively coupling to the radiation field over a given distance
      substantially less than a wave length of the higher frequency signal to
      provide a received signal; converting this received signal into a D.C.
      signal; and passing the D.C. signal to the battery to charge the same.
PAR  The preferred apparatus includes an oscillator means for connection to the
      charging source for converting the source into a signal of given high
      frequency and a transmitting coil means connected to the output of the
      oscillator means for radiating the signal. A receiving coil means
      incorporated either in an adapter arranged to be permanently connected to
      a portable electrical device or in an electrically driven vehicle is
      strategically positioned for inductive coupling over a given distance with
      the transmitting coil means. An A.C. to D.C. converter means is connected
      between the receiving coil means and the battery for converting the
      inductively received signal into a D.C. charging signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention will be had by now referring to the
      accompanying drawings in which:
PAR  FIG. 1 is a circuit diagram partly in block form illustrating the basic
      components making up a battery charging apparatus in accord with the
      present invention; and
PAR  FIG. 2 is an exploded perspective view illustrating an application of the
      apparatus to the charging of portable electrical devices.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, there is shown in the upper left portion a
      conventional 117-volt, 60 cycle source 10 connected to a rectifier 11 for
      driving an oscillator 12. By way of example, the oscillator 12 provides a
      high frequency A.C. signal of, for example, 30,000 cycles per second.
      However, the high frequency signal may vary from 10,000 to 40,000 cycles
      per second or even higher or lower frequency values depending upon the
      specific application.
PAR  A transmitting coil means takes the form in the particular embodiment
      illustrated of first and second coils 13 and 14 connected together at
      first ends as at 15 to a common connection 16 from the oscillator 12. The
      outer ends of the coils 13 and 14 in turn connect to the output leads 17
      and 18 of the oscillator to provide a two-phase transmitter. As shown, the
      coils include powdered iron cores 19 and 20 disposed at an angle to each
      other to direct the path of the generated electromagnetic field in a
      desired manner. A single phase transmitter could be used.
PAR  Shown spaced a given distance d from the transmitting coil means is a
      receiving coil means 21 which may also include a powdered iron core 22.
      The positioning is such as to provide for maximum flux coupling of the
      electromagnetic field 23 provided from the angular arrangement of the
      transmitting coil means over the given distance d. Preferably, both the
      transmitting coil means and receiving coil means may be resonantly tuned
      to the given high frequency by capacitors C1, C2 and by capacitor C3,
      respectively. The distance d is substantially less than one wave length of
      the given high frequency radiation so that inductive coupling ensues.
PAR  A meter M may be connected across the receiving coil means 21 to provide a
      visual indication of the degree of coupling.
PAR  As shown, the receiving coil means 22 connects to a regulator 24 in turn
      connecting to an A.C. to D.C. converter means 25. The A.C. to D.C.
      converter 25 provides a D.C. charging signal on line 26 to the
      rechargeable D.C. battery designated 27 which may constitute the
      rechargeable battery in either a portable type device or in an
      electrically driven vehicle.
PAR  The arrangement is such that charging is accomplished with a constant
      current. The regulator circuit 24 permits charging up to about 80%. The
      charging signal is then converted to a constant voltage or trickle type
      charge.
PAR  A rate limiter 28 connects between suitable sensor means in the battery 27
      as schematically indicated at 29 and the regulator 24 and A.C. to D.C.
      converter 25. The rate limiter 28 is responsive to the temperature,
      voltage and gas pressure in the battery 27, these three parameters being
      provided as indicated schematically on the input lines 30, 31 and 32 to
      the rate limiter 28.
PAR  Referring to FIG. 2, there is shown a specific application of the inductive
      charging system as might be used for a portable electrical device. Thus,
      there is shown a box structure 33 defining a cavity 34 dimensioned to
      cradle an electrical device such as a mini-calculator 35 wherein the
      device 35 incorporates a rechargeable battery.
PAR  The oscillator means and transmitting coil means are housed in the box
      structure 33, the latter being indicated by the dotted lines at 36.
PAR  A small adapter casing 37 in turn incorporates the receiving coil means
      indicated by the phantom lines 38 and also the A.C. to D.C. converter.
      This adapter casing is arranged to be plugged into the normal inlet
      charging socket for the mini calculator 35 as indicated at 39 such as by
      means of the male plug 40. The arrangement is such that when the adapter
      casing 37 is secured to the portable electrical device 35 and the device
      itself cradled in the cavity 34 of the housing 33, the receiving coil
      within the adapter will be in flux coupling relationship with the
      transmitting coil 36 in the housing 33.
PAR  The oscillating means within the housing 33 for the transmitting coil means
      36 is energized from a suitable rectifier and plug 41 arranged to be
      received in a conventional 117 -volt, 60 cycle outlet.
PAC  OPERATION
PAR  In the case of small portable electrical devices such as described in
      conjunction with FIG. 2, the adapter 37 may be simply plugged into the
      device itself or the portable device may be manufactured initially with
      the necessary receiving coil means and A.C. to D.C. converter built in.
      The transmitting coil and associated oscillator in turn would be provided
      in a mating base or housing structure such as described at 33 for
      supporting the portable electrical device when not in use. The arrangement
      would be such that the transmitting coil means and receiving coil means
      were spaced relatively close to each other for maximum inductive coupling.
PAR  If the portable device is in constant use, it is feasible to maintain the
      transmitting coil means continuously energized so that every time a user
      replaces the portable device in its receiving housing, automatic charging
      of the battery will take place. By utilizing a rate limiter as described
      in FIG. 1 incorporated in the adapter or the unit itself, overcharging is
      prevented.
PAR  In the case of electrically driven vehicles, the transmitting coil means
      and associated equipment would be permanently installed at a designated
      area in various recharging centers analogous to gasoline stations. The
      driver of the vehicle would then simply position the vehicle over the
      designated area such that optimum inductive coupling would obtain between
      the receiving coil means carried in the vehicle and the transmitting coil
      means at the particular station. The battery of the vehicle could then be
      charged over a period of time similar to that required to fill a vehicle
      with gasoline. A simple monitoring system would provide an indication of
      the amount of charging current used and the vehicle operator could utilize
      a credit card in the same manner as is presently used in gasoline filling
      stations.
PAR  Since the charging system of the present invention does not require any
      physical wire connections between the charging source and vehicle battery,
      the vehicle battery may be charged while the vehicle is in motion. In this
      respect, a series of transmitting coils could be built into a curb or into
      special sections along a highway adjacent to which the vehicle would
      travel and thereby inductively pick up the transmitted radiation while the
      vehicle is moving.
PAR  An important feature of this invention is the provision of a shaped
      electromagnetic field to optimize coupling between the transmitter and
      receiver. As shown in the preferred embodiment described this shaped field
      is provided by angulating the transmitting coils.
PAR  It will thus be appreciated from the foregoing that the present invention
      has provided a unique and valuable improvement in the art of charging
      rechargeable batteries.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for charging a D.C. rechargeable battery without physical
      conductors extending between a charging source and said battery,
      comprising in combination:
PAR  a. oscillator means for connection to said charging source for converting
      said source into a signal of given high frequency in the range from 10,000
      to 40,000 cycles per second;
PAR  b. a transmitting coil means including powdered iron core means connected
      to the output of said oscillator means for radiating said signal, said
      transmitting coil means being tuned to said given high frequency;
PAR  c. a receiving coil means including a powdered iron core spaced a given
      distance from said transmitting coil means substantially less than one
      wave length of said given high frequency so as to be inductively coupled
      with said transmitting coil means including first and second coils
      connected together at first ends to provide a common connection, said
      coils with their powdered iron core means being disposed at an angle to
      each other to direct the path of the generated electromagnetic field in a
      direction for maximum flux coupling with said receiving coil means over
      said given distance; and
PA1  d. A.C. to D.C. converter means connected between said receiving coil means
      and said battery for converting the inductively received signal into a
      D.C. charging signal.
NUM  2.
PAR  2. An apparatus according to claim 1, including regulating means connected
      between said receiving coil means and said converting means; and rate
      limiting means connected to said regulating means and to said converter
      means and responsive to the temperature, voltage, and gas pressure of said
      battery to control the D.C. charging current passed to said battery.
NUM  3.
PAR  3. An apparatus according to claim 1, in which said charging source
      comprises a 117-volt, 60 cycle source and a rectifier connected between
      said source and said oscillator means.
NUM  4.
PAR  4. An apparatus according to claim 1, in which said oscillator means and
      transmitting coil means are housed in a box structure defining a cavity
      dimensioned to cradle an electrical device containing said D.C.
      rechargeable battery; and an adapter casing incorporating said receiving
      coil means and converter means for connection to said electrical device in
      a position such that when said electrical device is positioned in said
      cavity, the receiving coil means is inductively coupled with said
      transmitting coil means whereby the rechargeable battery in said
      electrical device is charged.
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ABST
PAL  A battery is charged using a heavy charging phase, followed by a pulse
      charging phase. During the latter, charging continues beyond a
      predetermined battery voltage, for a predetermined interval. During a
      measuring portion of the succeeding charging pause, the falling battery
      rest potential is measured and the pulse charging phase is terminated when
      the measured rest potential no longer falls below a predetermined level.
BSUM
PAR  The invention relates to a method and apparatus for charging storage
      batteries, characterized by a heavy charging phase which is discontinued
      upon attainment of a predetermined battery voltage and which is then
      switched over to a pulse charging phase.
PAR  Battery charging apparatus is known in which, upon approaching the
      full-charge potential of the battery, the unidirectional current produced
      by the rectifier is steadily switched on and off, depending on the state
      of charge of the battery. In this charging apparatus two trigger circuits
      are provided, one of which senses the upper voltage limit during charging,
      while the other senses the lower voltage during discharging. Such charging
      apparatus yields only a slight reduction in the charging time.
PAR  It is an object of this invention to provide a technique for charging
      storage batteries which makes it possible to charge storage batteries
      within a very short time, without the drawback of a significant loss of
      water.
PAR  This and other objects which will appear are achieved in accordance with
      the invention by utilizing a heavy charging phase during which charging is
      carried out with constant current. Upon attainment of a predetermined
      battery voltage level, charging is continued with constant current pulses.
      During this pulse charging phase there is provided a predetermined
      charge-continuation interval after each attainment of said voltage level,
      at the end of which the charging pulse is turned off. During each pause
      between consecutive charging pulses, the battery rest potential is sensed
      over a predetermined measuring interval and compared with a reference
      potential. Finally, the whole pulse charging phase is discontinued, once
      the battery rest potential during the abovementioned measuring interval no
      longer drops below the said reference potential.
PAR  In a preferred embodiment of the invention, a Schmitt trigger circuit is
      connected to the battery. This circuit responds to attainment of a
      predetermined voltage level to produce a positive-going output switching
      transient which starts the charge-continuation interval. At the end of the
      charge-continuation interval the charging pulse is turned off. In response
      to the ensuing dropping of the rest potential of the battery to the lower
      trigger level of the Schmitt trigger circuit, the latter reverses state
      and the resulting negative-going switching transient in its output signal
      starts the pause and measuring intervals. A second Schmitt trigger
      circuit, also connected to the battery, operates during the measuring
      interval to compare the rest potential of the storage battery with the
      reference potential defined by the lower switching level of said second
      Schmitt trigger circuit. The latter's output signal starts the next
      succeeding charging pulse.
DRWD
PAR  For further details, reference is made to the discussion which follows in
      the light of the accompanying drawings, wherein
PAR  FIG. 1 shows the variation with time of the voltage of a battery when
      treated in accordance with the invention;
PAR  FIGS. 2a and 2b, respectively, show the variations of battery voltage with
      time at the beginning and end of the second charging phase;
PAR  FIG. 3 shows the variation in voltage as a function of time during the
      pauses in charging; and
PAR  FIG. 4 shows, in block diagram form, an embodiment of the invention.
DETD
PAR  The same reference characters are utilized in the various figures to denote
      similar phenomena.
PAR  As shown in FIG. 1, the charging process consists of two phases, the heavy
      charging phase and the pulse charging phase. During the heavy charging
      phase, the battery is charged with a constant current of, say, 100
      amperes, until the battery voltage reaches point C in FIG. 1. The battery
      voltage then has the value U1. At that time, the charging process is
      shifted, e.g. electronically, into its pulse charging phase. In that
      phase, charging in accordance with the invention takes place with constant
      current charging pulses of, say, 100 amperes. Until the fully charged
      state is reached, the battery potential rises freely. FIG 3 shows this
      rise during charging pauses as extending from point A to point B. As shown
      in FIGS. 2a and 2b, the battery voltage rises during charging pulses and
      reaches the value U1 at point D. During the immediately following
      charge-continuation interval t1 the battery voltage is free to rise
      further. This charge-continuation interval t1 brings about an appreciable
      reduction of the total charging time. The optimum adjustment of the
      charge-continuation interval is determined by the particular type of
      battery being charged. This charge-continuation interval t1 depends, among
      other things, upon the internal resistance of the respective battery. Too
      long an interval t1 leads to excessive gas evolution. Too short an
      interval leads to incomplete charging. An interval of about 0.5 to about 3
      seconds has been found to be particularly suitable. If a value lying
      within this range is selected for the charge-continuation interval, then
      the water loss remains within reasonable bounds and, at the same time, a
      reduction in total charging time of about 30% is experienced, compared to
      conventional techniques. At the start of the pulse charging phase, there
      occurs during the charging pauses t2 a drop in battery voltage within the
      measuring intervals t3 to a value significantly below U3 (point A in FIGS.
      2a and 2b). Through increase in acid concentration with increasing
      charging time, the rest potential of the battery also goes up during the
      charging pauses t2 and, having reached point B (FIGS. 1 and 2), it no
      longer falls below the reference voltage U3 during the measuring interval
      t3. When that happens, the charging current is turned off in accordance
      with the invention.
PAR  The functioning of the charge control system embodying the invention may be
      seen from the block diagram of FIG. 4, to which reference may now be had.
PAR  Upon connecting the system of FIG. 4 to the battery, as discussed further
      below, push button switch 10 is depressed to start the battery charging.
      This energizes the control circuit 11 which governs the operation of the
      charging circuit 12, which is connected in conventional manner to the
      battery terminals (not shown). The battery voltage thereupon rises until
      it reaches the upper switching level of Schmitt trigger circuit 13, which
      is also connected to the battery terminals in conventional manner (not
      shown) so as to sense that battery voltage. The trigger circuit 13
      thereupon switches and a positive-going voltage transient is developed in
      its output. This positive-going switching transient starts the
      charge-continuation interval, during which the battery voltage continues
      to rise. At the end of this charge-continuation interval the charging is
      interrupted and the battery voltage declines.
PAR  Upon reaching its lower switching level, the Schmitt trigger circuit 13
      switches its output in a negative sense. This negative-going transient,
      which corresponds to decline of the battery voltage to level U2 in FIGS.
      2a and 2b, starts the charging pause and measuring intervals t2 and t3.
      The measuring interval is typically shorter than the charging pause
      interval, being, for example, 66% of the latter. If, during the measuring
      interval t3, the battery voltage has fallen below the reference voltage
      constituted by the trigger level of Schmitt trigger circuit 14, then, at
      the end of the charging pause interval t2, the charging begins again. This
      Schmitt trigger circuit 14 also senses the battery voltage, being
      connected in conventional manner (not shown) to the battery for that
      purpose.
PAR  When the battery reaches its fully charged state, then the battery no
      longer falls below the reference voltage defined by trigger circuit 14
      during the measuring interval. As a result, at the end of the pause
      interval during which this occurs, battery charging is automatically
      terminated.
PAR  The various intervals t1, t2 and t3 are established by delay circuits 16,
      17 and 18, respectively.
PAR  To insure full charging of the battery, there is preferably provided a
      measurement blocking circuit 15, which blocks the first few, e.g. the
      first four measuring intervals following the end of the heavy charging
      phase, and makes the whole system insensitive to the battery voltage
      levels which prevail during these first few intervals. During this time,
      electrolytic equalization processes take place which cause the battery
      voltage to fluctuate, once the charging current has been turned off, in a
      manner which is different than during subsequent portions of the pulse
      charging phase.
PAR  The individual circuits represented by blocks in FIG. 4 may take a variety
      of conventional forms and are therefore not illustrated in further detail.
PAR  Preferably, digital logic is utilized for the various timing and control
      functions. Thus, each of delay circuits 16, 17 and 18 may take the form of
      a monostable multivibrator, responsive to the appropriate transient in the
      output of trigger circuit 13 to change from its stable to its unstable
      condition. The return to its stable condition may be controlled by a
      variable R-C network which can be adjusted to provide the appropriate
      interval t1, t2 and t3, respectively.
PAR  Blocking circuit 15 can be built around a digital counter, which counts the
      appropriate number (e.g. four) of occurences of outputs from pause delay
      circuit 17. Until this number has been counted the counter acts, through
      suitable AND-gate circuitry, to prevent the output from measurement delay
      circuit 18 from reaching control circuit 11 in such a way as to cause
      control circuit 11 to stop resumption of pulse charging. Once the desired
      number of pulses has been counted, the counter switches over to permit
      control circuit 11 to react to a charge-stopping signal.
PAR  Charging circuit 13 may take the form of a thyristor power device
      controlled selectively by a 7kH.sub.z multivibrator, which is turned on
      and off at the appropriate intervals under the control of the various
      signals feeding into control circuit 11. Circuit 11 also includes a
      switching circuit supplied with the outputs from trigger 14, blocking
      circuit 15 and switch 10, whose outputs in turn appropriately reset the
      counter of blocking circuit 15 and also cooperate through AND-gates with
      the delay circuit outputs to control the multivibrator which in turn
      controls the charging thyristor.
PAR  The technique embodying the invention makes it possible, through suitable
      adjustment of the charge-continuation interval, to achieve a charging time
      reduction of about 30% compared with conventional methods.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of charging a storage battery, utilizing a heavy charging phase
      followed by a pulse charging phase, and comprising the steps of:
PA1  charging during said heavy charging phase with constant current until a
      predetermined battery voltage U1 is reached;
PA1  charging during the subsequent pulse charging phase with constant current
      pulses which include a charge-continuation interval t1 following the
      attainment of said battery voltage U1 in response to each said pulse;
PA1  shutting off the charging pulse at the end of each t1 interval for a pause
      of duration t2;
PA1  measuring the battery rest potential during a measuring interval t3 within
      said pause and comparing said rest potential with a reference value; and
PA1  terminating the pulse charging phase when said rest potential ceases to
      fall below said reference value during a measuring interval.
NUM  2.
PAR  2. The method of claim 1, wherein said terminating of the pulse charging
      phase is inhibited during the first few pauses following the heavy
      charging phase.
NUM  3.
PAR  3. The method of claim 1, wherein each said measuring interval starts at
      substantially the same time as a pause, but lasts less long than said
      pause.
NUM  4.
PAR  4. The method of claim 3, wherein each measuring interval lasts about 66%
      as long as the corresponding pause.
NUM  5.
PAR  5. A storage battery charging system wherein continuous heavy charging is
      used to bring the battery voltage up to a predetermined level U1, said
      system comprising:
PA1  means responsive to the attainment of said voltage U1 to continue charging
      said battery for a period t1 and discontinuing said charging at the end of
      said period t1;
PA1  means for sensing the dropping of said battery voltage after said
      discontinuing to a level U2;
PA1  means responsive to said U2 level sensing to start both a measuring
      interval of duration t3 and a pause in the charging of duration t2 longer
      than t3;
PA1  means for comparing said battery voltage with a reference voltage U3 lower
      than U2 during said measuring interval; and
PA1  means for restarting said charging only if said battery voltage falls below
      said voltage U3 during said measuring interval t3.
NUM  6.
PAR  6. The system of claim 5, wherein said means responsive to U1 attainment
      includes a Schmitt trigger circuit which switches from one state to the
      other in response to said U1 attainment, and which switches back to said
      one state in response to said U2 level sensing.
NUM  7.
PAR  7. The system of claim 6, wherein said means for restarting said charging
      includes a second Schmitt trigger circuit which switches from one state to
      the other in response to the dropping of said battery voltage below said
      reference voltage U3.
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PAL  A charging circuit adapted to harvest excess energy from a resonating power
      circuit and use that energy for charging a battery. Energy is inductively
      transferred from the power circuit to the charging circuit allowing such
      circuits to remain electrically isolated. The charging circuit utilizes
      gate controlled thyristors for coupling the harvested energy to the
      battery and includes means for gating the thyristors at the proper time
      with respect to the resonant cycle in the power circuit.
BSUM
PAR  This invention relates to battery charging circuits and more particularly
      to such a circuit adapted to harvest excess energy from one circuit for
      charging a battery in another circuit.
PAR  A charging circuit according to the invention, is particularly suited for
      use with on the road, battery powered vehicles, although, as will become
      apparent, it is not limited to this use. In such vehicles, the propulsion
      battery is generally of a relatively high voltage. Since it is desirable
      to use standard accessories, such as headlights, windshield wipers, etc.,
      it is typical to power the accessories from a separate battery of the
      standard automobile type. The instant invention is well suited to
      efficiently and inexpensively charge this auxiliary battery.
PAR  If conventional automotive techniques were to be used for charging the
      accessory battery in an electrically powered vehicle, it would be
      necessary to provide a generator or an alternator, mechanically coupled to
      the output shaft of the motor. Such an arrangement, it will be
      appreciated, would require both a transformation of electrical energy to
      mechanical energy and a reverse transformation of mechanical energy to
      electrical energy. At each stage, energy losses would occur which would
      make the system extremely inefficient from an energy standpoint.
PAR  An alternative approach which has previously been known involves the use of
      a d.c. to d.c. converter, interposed between the propulsion battery and
      the accessory battery, for performing the required voltage transformation.
      The major disadvantage of this approach, however, involves the relatively
      high expense of providing the d.c. to d.c. converter.
PAR  To avoid such disadvantage associated with battery chargers heretofore
      known, it is a general aim of the present invention to provide a system
      for charging batteries, such as an accessory battery for an electrically
      powered vehicle, which is characterized by both a high degree of energy
      efficiency and relatively low cost. In this regard, it is an object of the
      invention to provide a static charging circuit which harvests excess
      energy from a primary energy source and applies it to charging a secondary
      energy source.
PAR  According to another aspect of the invention, it is an object to provide a
      circuit for charging a battery adapted to harvest energy from a resonant
      power circuit in a manner adapted to minimize the effect upon the
      operation of such resonant circuit.
PAR  A more detailed object of the invention is to provide a charging circuit
      for a battery having a charging inductor magnetically coupled to a
      resonating inductor in a power circuit, and having switch means for
      coupling the charging inductor to the battery at a precise instant in time
      related to conditions in the power circuit. Further in this regard, it is
      an object to sense the conditions in the power circuit directly from the
      charging inductor.
DRWD
PAR  Other objects and advantages will become apparent from the following
      detailed description, taken in conjunction with the drawings, in which:
PAR  FIG. 1 is a schematic drawing showing a charging circuit exemplifying the
      present invention;
PAR  FIG. 2 is a simplified schematic illustrating an inverter circuit usable
      with the charging circuit of FIG. 1; and
PAR  FIG. 3 is an exemplary waveform illustrating the operation of the circuit
      of FIGS. 1 and 2.
DETD
PAR  While the invention will be described in connection with certain preferred
      embodiments, it will be understood that there is no intent to limit it to
      such embodiments, but on the contrary, the intent is to cover all
      alternatives, modifications and equivalents, included within the spirit
      and scope of the invention as defined by the appended claims.
PAR  While the capability of maintaining the accessory circuit isolated from the
      resonating circuit is emphasized as a feature of the invention, it will be
      appreciated that such feature is not essential to the operation of the
      invention and, if desired, said circuits may be electrically joined.
PAR  Turning now to the drawings, FIG. 1 shows a battery charging circuit
      exemplifying the present invention and suitable for harvesting energy from
      an electrically isolated resonating circuit and delivering such energy to
      a battery 21. The resonating circuit may take the form of the inverter
      configuration illustrated diagrammatically in FIG. 2. It should be noted
      that the circuit elements illustrated in FIG. 2 comprise a portion of the
      invention disclosed and claimed in Christianson and Bourke application,
      Ser. No. 548,911 entitled Electrically Propelled Vehicle, filed
      concurrently herewith and assigned to the same assignee as the present
      invention. Accordingly, it will be appreciated that the charging circuit
      described and claimed herein, is suitable for use in charging the
      accessory battery of such vehicle.
PAR  The resonating circuit of FIG. 2 includes a pair of thyristor controlled
      inverter circuits 30, 31, serially coupled across a main battery 32. The
      inverter circuits include SCRs 33, 34, serially coupled with associated
      resonating inductors 35-1, 36-1. Paralleling the serially connected
      inductor-SCR combinations, are resonating capacitors 37, 38. Triggering of
      an SCR establishes a series resonant circuit including the inductor
      associated with the triggered SCR and the parallel combination of
      capacitors 37, 38. The capacitors 37, 38 are effectively operated in
      parallel because of the low power supply impedance at high frequencies,
      capacitor 41 coupled across the inverter assuring this low impedance.
PAR  In operation, the SCRs 33, 34, are alternately triggered, each half cycle
      causing a resonant exchange of energy between the inductor associated with
      the triggered SCR and the capacitors, as well as a transfer of energy to
      the circuit inverters from the battery 32 arming the circuit for its next
      conductive half cycle. As is well known to those skilled in the art, in a
      relatively lossless circuit as illustrated, the voltage across the
      respective capacitors will continue to rise until the voltage rating of
      the components is exceeded, causing a circuit failure.
PAR  The voltage buildup occurs substantially as follows: assuming that when the
      circuit is powered up the voltage initially divides equally between
      capacitors 37 and 38, each of such capacitors will be charged to one half
      battery voltage. When SCR 33 is gated, a resonant exchange of energy
      occurs between capacitors 37, 38 and inductor 35-1 reversing the charge on
      the capacitors to self-commutate SCR 33. Thus, after SCR 33 commutates the
      voltage at the junction 47 between the capacitors is at approximately
      three halves the battery voltage above the positive bus. When SCR 34 fires
      to set up a resonant exchange of energy between capacitors 37, 38 and
      inductor 36-1, current also flows from the power busses through capacitor
      37 which causes the voltage across the capacitor to ring in the positive
      direction until it is approximately five halves battery voltage below the
      positive bus. Thus, for each half cycle of the inverter, energy is removed
      from the battery and, because of the relatively low losses in the inverter
      circuit, the voltage across the commutating capacitors is increased by an
      amount approximately equal to battery potential. If this were allowed to
      go unchecked, the voltage would raise to the point where the circuit
      elements would be destroyed. To prevent this acceleration of potentially
      destructive voltages, clamping means are generally provided, shown herein
      as clamping winding 35-2, 36-2, magnetically coupled to resonating winding
      35-1, 36-1 respectively and serially connected with associated diodes 40,
      41 across the power bus. The turns ratio relating the respective windings
      is established such that the voltage in the clamping winding forward
      biases its associated diode at a point when the capacitors 37 or 38 have
      been charged with sufficient energy to perform the next conductive half
      cycle.
PAR  Turning briefly to FIG. 3, there is shown a voltage versus time
      representation of a waveform within the circuit of FIG. 2. Assuming that
      SCR 33 has commutated, the voltage at the junction 47, measured with
      respect to the positive bus at the instant before firing SCR 34, is
      illustrated at point 42. Triggering of the SCR 34 causes current flow to
      discharge the capacitors 37, 38 toward zero volts. At point 43, when the
      voltage across the capacitors is at zero, the current in the inductor 36-1
      is at a maximum. Accordingly, the circuit resonates to recharge the
      capacitors in the opposite direction as shown by the ascending portion 44.
      At the point 45, the voltage across inductor 36-2, inducted by the rising
      voltage in inductor 36-1, reaches a value just exceeding the battery
      voltage, causing diode 40 to become forward biased. Thus, a relatively low
      impedance path is provided for current in the coil 36-2, absorbing the
      energy present in the resonating coil 36-1, terminating current flow in
      the inverter and thus clamping the voltage at the junction 47 at the level
      illustrated in FIG. 3 as horizontal portion 48. Not only does such an
      arrangement limit the voltages in the inverter circuit to their desired
      values, but it increases efficiency as the excess power is returned to the
      main battery 32.
PAR  In accordance with one aspect of the invention, means are provided for
      harvesting energy from a resonating inductor in a manner which will have
      minimal effect upon the operation of the resonating circuit. Such
      operation may be appreciated with reference to FIG. 3 where it is seen
      that the optimum point for harvesting the energy is immediately before the
      clamping point 45. If the energy is harvested sooner in time, it is seen
      that the capacitor voltage will be clamped at a value lower than desired.
      By way of contrast, if the energy is harvested too late, as on the
      horizontal portion 48 beyond point 45, the energy will have already been
      returned to the main battery 32, and charging will be ineffective. Because
      of the relatively steep slope of the ascending waveform 44, it will be
      appreciated that the window within which harvesting of the energy must be
      initiated is rather small.
PAR  While the general shape of the waveform shown in FIG. 3 is representative
      of the operration of the circuit under a vareity of conditions, the
      overall magnitudes of the voltages vary with changing conditions. More
      specifically, it will be appreciated that the voltage at which clamping
      occurs is directly determined by the terminal voltage of the main battery
      32. Additionally, the terminal voltage of the main battery varies with
      such conditions as operating current, state of charge, temperature, etc.
      Thus, if it were attempted to sense the point 45 by measuring the
      magnitude of the voltage of the rising waveform 44 until a fixed level
      were reached, accuracy would be no better than the amount of variation in
      the terminal voltage of the battery 32 over all operating conditions. The
      shortcomings of this arrangement will be apparent.
PAR  In practicing the invention, means are provided for measuring the magnitude
      of the negative peak voltage and comparing that magnitude with the rising
      voltage until such rising voltage reaches a predetermined proportion of
      the negative peak. I have recognized that irrespective of the voltage
      magnitudes involved, the clamping point 45 will always be in proportion to
      the negative peak 42, the particular proportion being determinable for a
      given circuit. Accordingly, the invention provides means for harvesting
      the energy from the resonating inductor immediately before the clamping
      point 45 is reached.
PAR  For coupling the charging circuit to the resonating inverter circuit,
      charging inductors 35-3 and 36-3 are magnetically coupled to resonating
      inductors 35-1 and 36-1, respectively. As will become more apparent, the
      charging inductors perform three functions in the illustrative charging
      circuit, namely, providing signal for controlling the sensing portion of
      the circuit, providing gating energy for driving the triggered portion of
      the circuit, and coupling charging energy to the accessory battery itself.
PAR  For providing a path to couple charging current to the battery 21, one of
      the terminals of each of inductors 35-3 and 36-3 are joined and coupled to
      the negative terminal of the battery. The opposite ends of the inductors
      are coupled via respective gate controlled switches 50, 51 to the positive
      terminal of the battery 21. Thus, it is seen that if gate controlled
      switch 50 or 51 is fired, a path for charging current is provided from the
      inductor, through the associated switch, to the battery 21.
PAR  For sensing the conditions within the resonating inverter circuit, the
      transformers 35-3 and 36-3 are provided with respective taps coupled to
      the signal sensing circuitry of the charger. It should, however, be
      mentioned that untapped transformers might be used if desired, with
      external attenuation, if necessary, for providing a sensing signal of the
      proper magnitude.
PAR  For providing a first signal related to the peak negative voltage within
      the inverter, a diode 52 has its cathode coupled to the tap of transformer
      35-3 and its anode coupled to a sample and hold circuit comprising
      resistor 53 and capacitor 54. When the conditions in the inverter circuit
      induce a negative voltage in charging coil 35-3, current flows upwardly
      through the capacitor and through resistor 53 and diode 52 to the coil.
      Current flow increases for increasing values of peak negative voltage.
      However, once a peak is reached, current flow may not reverse, since there
      is no low impedance discharge path for capacitor 54. Thus capacitor 54 is
      charged with a voltage representative of the negative peak in the main
      inverter circuit. A diode 56, identical in function to diode 52 is coupled
      to the tap of charging inductor 36-3. Thus, it is seen that both charging
      inductors use a common sample and hold circuit for providing a signal
      related to the negative peak in the resonating inverter. The output of the
      sample and hold circuit is coupled via resistors 55 and 61 to a summing
      junction at the non-inverting input of an amplifier 62.
PAR  for providing a signal representative of the ascending positive voltage in
      the inverter circuit, a pair of diodes 58, 59 coupled to the taps of the
      respective charging inductors 35-3 and 36-3 have their common cathodes
      coupled to a resistor 60, which, in turn is coupled to the summing
      junction at the non-inverting input of amplifier 62. The inverting input
      of amplifier 62 is provided with a constant bias via resistor 64.
      Accordingly, during negative portions of the FIG. 3 waveform, the negative
      signal from the sample and hold circuit will dominate, and the output of
      amplifier 62 will be maintained at a low level. However, as the voltage
      waveform rises, current will be provided to the summing junction via
      resistor 60, ultimately causing the output of amplifier 62 to switch to a
      high level. The point at which the amplifier switches is determined by the
      relative values of resistor 60 with respect to resistors 55 and 61. Such
      resistors are weighted so that the output of amplifier 62 will be switched
      to a high level immediately before the operation of the clamping circuits
      in the inverter. It has been found that the circuit is effective to switch
      the output of amplifier 62 to a high level just before actuation of the
      clamping circuitry irrespective of variations in the terminal voltage of
      the main battery 32.
PAR  As a further feature of the sensing circuit means are provided for
      establishing a lower limit of propulsion battery terminal voltage below
      which the harvesting of energy by the charging circuit is terminated. To
      that end, resistor 61 and diode 63 are arranged to establish a fixed
      negative bias on the non-inverting input of amplifier 62. Accordingly, the
      positive signal coupled to the summing junction through resistor 60 must
      exceed the value of the fixed negative bias as a prerequisite for causing
      amplifier 62 to switch. When the terminal voltage of the main battery 32
      is reduced, the clamping voltage will be similarly reduced, and the signal
      coupled through resistor 60 in response to the positive swing will be
      incapable of overcoming the aforementioned bias. The output of amplifier
      62 will, in such condition, be maintained at a low level, preventing the
      harvesting of energy from the main inverter.
PAR  Neglecting for the moment the circuitry including amplifier 81 and its
      associated components, it will be seen that when the output of amplifier
      62 is at a low level, a current amplifying transistor 65, having its base
      coupled to the output of the amplifier 62 via a diode 66, will be caused
      to conduct so as to clamp any positive voltage appearing at its emitter to
      circuit common. The emitter of the transistor is coupled to a junction
      between a pair of Zener diodes 66, 67 adapted to isolate the respective
      gating circuits. It is thus seen that when the voltage on charging
      inductor 35-3 swings positively, diode 68 will become forward biased and
      conduct current through resistor 69. However, as the base of transistor 65
      is biased at a low level via the output of amplifier 62, current flow will
      be through Zener diode 66 and the transistor 65 to circuit common. When
      the amplifier 62 senses that the positive voltage in the charging inductor
      has reached the necessary predetermined proportion of the negative peak,
      it switches its output to a high level. Thus, base bias is removed from
      transistor 65, allowing the current which had previously passed
      therethrough to be conducted through diode 70 to the gate of SCR 50. As a
      result, SCR 50 will be driven into conduction to harvest the energy within
      the resonating inductor 35-1 via the charging inductor 35-3. This energy
      is, in turn, delivered to the accessory battery 21. It will be appreciated
      that such triggering initiates energy harvesting well before the clamping
      circuitry in the inverter takes the excess energy for return to the main
      battery 32. It is seen that the circuitry for triggering SCR 51, including
      resistor 72, Zener diode 67 and diode 73, is identical to that associated
      with SCR 50, and operates in the same manner for harvesting energy from
      resonating inductor 36-1.
PAR  The turns ratio relating the resonating inductors 35-1, 36-1 to their
      associated charging inductors 35-3, 36-3 is established to determine the
      conditions under which the harvested energy is delivered to the accessory
      battery. In other words, at the instant of firing the charging SCR, the
      amp-turns in the resonating inductor are transferred to the charging
      inductor. Raising the number of turns in the charging inductor to limit
      current, has the effect of lengthening the period during which energy is
      delivered to the accessory battery (the number of volt-seconds taken from
      the resonating winding must correspond to the number of volt-seconds
      delivered to the charging winding). In order to enhance the energy
      harvesting process under such conditions it is desirable to provide means
      for assisting the capture of the energy shown herein as capacitor 74
      coupled across the accessory battery 21 but located in proximity to SCRs
      50, 51. Such capacitor is rapidly charged at the instant the charging SCR
      is fired to immediately take the energy from the resonating inductor and
      transfer it to the battery.
PAR  In order to provide a regulation feature in the charger circuit described
      herein, means are provided for sensing the terminal voltage of the battery
      and disabling the charging circuit in the event the terminal voltage
      indicates the battery requires no charge. Accordingly, a voltage regulator
      80, powered by the battery 21, is adapted to produce a stable reference
      voltage, such as 5 volts. Such stable reference voltage is coupled to the
      non-inverting input of an amplifier 81. A summing junction is formed at
      the inverting input of amplifier 81, having a resistor 83 coupled between
      the positive battery terminal and the junction. Thus, when the battery is
      at a relative full charge, the summing junction will be maintained at a
      first comparatively higher voltage, thus maintaining the output of
      amplifier 81 at a low level. In this condition, transistor 65 will be
      continuously biased into the on condition irrespective of the action of
      amplifier 62. Accordingly, when the amplifier 81 senses a full charge on
      the battery, the charging portion of the circuitry is disabled. However,
      as the terminal voltage of the battery 21 decreases, indicating the need
      for a charge, the voltage at the summing junction will decrease,
      ultimately falling below the reference voltage at the non-inverting input
      and causing the output of amplifier 81 to be driven to a high level. In
      this condition the diode 84 will be reverse biased preventing the
      regulator amplifier 81 from having any effect upon the charging system,
      allowing the comparison amplifier 62 to trigger the respective SCRs at the
      proper points in the resonant cycles of the respective inverters.
PAR  In an alternative embodiment of the invention, the clamping means,
      including the clamping windings 35-2, 36-2 and the clamping diodes 39, 40,
      may be eliminated, the charging circuit serving as a clamp. In such case,
      the point at which the charging SCRs are fired is important, just as in
      the previous case, because it determines the recharge voltage in the
      inverter circuit. Whereas in the previous case the clamp circuit was
      effective to limit voltages in the inverter if the charging SCRs were
      fired too late, in the instant case there is no clamping until the
      charging SCRs fire. It will be appreciated that the particular form of
      regulator circuit must be modified for use with this alternative
      embodiment. More specifically, the charging SCRs must be fired for every
      cycle of the inverter irrespective of the state of charge of the accessory
      battery. Under conditions when the accessory battery is fully charged, the
      regulator may, for example, be adapted to cause the energy captured by the
      charging circuit to be dissipated in an external load.
PAR  It will be appreciated that the charging circuit and the battery to be
      charged are completely isolated from the inverter circuit. Accordingly,
      the inverter circuit may operate at a resonably high voltage without
      producing any safety hazards in the low voltage circuit of the accessory
      battery. Additionally, the triple function of the charging inductor should
      be noted whereby it provides a sensing signal, provides gating energy, and
      finally provides the path for coupling charging energy to the battery. The
      circuit is preferably comprised of low power, low voltage components and
      therefore may be manufactured relatively inexpensively, further enhancing
      the desirability thereof.
PAR  Finally, it should be noted that the terms "positive" and "negative" have
      been used for convenience in describing circuit operation with respect to
      a particular waveform in the context of a particular base or reference;
      use of the terms, however, is intended to impart no limitation to the
      invention described and claimed herein.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A circuit for charging a battery and usable with a thyristor controlled
      resonant circuit, said resonant circuit having a resonating inductance,
      and a clamping inductance magnetically coupled to the resonating
      inductance for clamping the voltage across said resonant circuit at a
      clamping point, said charging circuit comprising in combination, a
      charging inductance inductively coupled to the resonating inductance,
      detecting means coupled to the charging inductance and responsive to the
      signal induced therein by the resonating inductance for detecting a point
      in said signal immediately before the clamping point, and switch means
      responsive to said detecting means for coupling the charging inductor to
      the accessory battery for harvesting the energy from the resonating
      inductance and providing it to said battery for charging the same.
NUM  2.
PAR  2. A circuit for charging an accessory battery and usable with thyristor
      circuits of the type including auxiliary commutating circuits, said
      commutating circuits having commutating inductances therein, said charging
      circuit comprising in combination, charging inductance means magnetically
      coupled to the commutating inductance, a gate controlled switch coupling
      the charging inductance means to the accessory battery, sample and hold
      means driven by said charging inductance means for providing a sampled
      signal related to the peak voltage induced in said charging inductance
      means, sensing means for producing a sensed signal following the voltage
      induced in said charging inductance means, means for comparing the sampled
      signal and the sensed signal for producing a firing signal when said
      sensed signal reaches a magnitude which is a predetermined proportion of
      said sampled signal, and means coupling the firing signal to the gate of
      the gate controlled switch for causing said charging inductance means to
      take energy from the commutating inductance and couple said energy through
      said switch to the auxiliary battery.
NUM  3.
PAR  3. The accessory battery charging circuit as set forth in claim 2, wherein
      said comparing means comprises a summer having a first resistor coupled to
      said sample and hold means and a second resistor coupled to the sensed
      signal, the respective values of said resistors establishing said
      predetermined proportion.
NUM  4.
PAR  4. The accessory battery charging circuit as set forth in claim 2, further
      including regulator means responsive to the terminal voltage of the
      accessory battery for inhibiting said firing signal when the accessory
      battery is in a charged condition.
NUM  5.
PAR  5. The accessory battery charging circuit as set forth in claim 2, further
      including capacitor means coupled across said accessory battery and
      located in proximity to the gate controlled switch for capturing the
      energy taken by said charging inductance means.
NUM  6.
PAR  6. The accessory battery charging circuit as set forth in claim 2, wherein
      the firing signal producing means includes switch means responsive to the
      comparing means, and means coupling said charging inductance means to the
      gate of the gate controlled switch, said switch means being coupled in
      disabling relationship to said last mentioned means for allowing gating
      current to flow from the charging inductance means to the gate of the gate
      controlled switch only when the comparing means detects said predetermined
      proportion.
NUM  7.
PAR  7. In a thyristor circuit including resonant inductance and capacitance
      means, said thyristor circuit being powered from a main battery, said
      circuit including a clamping inductance magnetically coupled to the
      resonant inductance, a diode in series with said clamping inductance, said
      serially connected diode and clamping inductance being coupled across said
      main battery and adapted to clamp the resonant voltage in said circuit at
      a predetermined maximum, a circuit for charging an auxiliary battery with
      energy taken from said resonant circuit comprising in combination,
      charging inductance means magnetically coupled to said resonant
      inductance, a gate controlled switch coupling said charging inductance
      means to the auxiliary battery, means coupled to said charging inductance
      means for producing a first signal related to the peak voltage in said
      thyristor circuit, sensing means for producing a second signal following
      the resonant voltage in said thyristor circuit, comparison means for
      comparing the first and second signals in a predetermined proportion to
      produce an enabling signal immediately before said clamping circuit clamps
      said resonant voltage, and means responsive to said enabling signal for
      coupling a gating signal to the gate controlled switch, thereby to couple
      the energy in the resonant inductance to the auxiliary battery for
      charging the same.
NUM  8.
PAR  8. The auxiliary battery charging circuit as set forth in claim 7 wherein
      the means for coupling the gating signal comprises circuit means joining
      the charging inductance means to the gate of the gate controlled switch,
      and switch means responsive to said enabling signal for allowing
      conduction through said circuit means from said charging inductance means
      to said gate, thereby to trigger said gate controlled switch with energy
      taken from the resonant inductance.
NUM  9.
PAR  9. The accessory battery charging circuit as set forth in claim 8, further
      including regulator means responsive to the terminal voltage of the
      accessory battery for providing a disabling signal under conditions when
      the accessory battery is charged, and means coupling said disabling signal
      to the switch means for inhibiting the gating of said gate controlled
      switch thereby to disable the charging circuit.
NUM  10.
PAR  10. A circuit for charging an auxiliary battery for use with an auxiliary
      commutating inverter, said inverter comprising a pair of thyristor
      controlled resonant circuits serially coupled across a main battery, each
      of said resonant circuits including a resonant inductor, clamp means
      magnetically coupled to the respective resonant inductors for clamping the
      resonant voltage in the respective resonant circuits to a predetermined
      maximum, said auxiliary battery charger comprising in combination, first
      and second charging inductances magnetically coupled to the respective
      resonant inductors, first and second gate controlled switches coupling
      said charging inductors to the auxiliary battery, sample and hold means
      responsive to the charging inductors for providing a sampled signal
      related to the peak voltage within said resonant circuits, sensing means
      coupled to the charging inductor for producing signal following the
      resonant voltage within said resonant circuits, comparison means coupled
      to the sample and hold means and the sensing means for comparing said
      sampled signal to said resonant voltage and for producing an enabling
      signal at the point immediately before the clamping circuit is activated,
      circuit means coupling the respective gates of the first and second gate
      controlled switches to the respective charging inductors, switch means for
      interrupting the circuit means, and means coupling the comparison means to
      the switch means for allowing said current path in response to the
      presence of an enabling signal thereby to trigger the gate controlled
      switches immediately before activation of the clamping circuit to take the
      energy from the resonant inductor and couple it to the auxiliary battery
      for charging the same.
NUM  11.
PAR  11. In a thyristor inverter circuit, powered from a main battery and
      including resonant inductance means and clamping inductance means
      magnetically coupled to said resonant inductance means for clamping the
      voltage across said inverter at a predetermined maximum wherein sufficient
      energy is present in said inverter for operation of subsequent resonant
      cycles, a circuit for charging an electrically isolated accessory battery
      with energy taken from said inverter circuit, said charging circuit
      comprising in combination, charging inductance means magnetically coupled
      to said resonant inductance means, sample and hold means coupled to the
      charging inductance means for providing a signal related to the peak
      voltage in said inverter circuit, sensing means for providing a second
      signal following the voltage in said inverter circuit, comparison means
      including a summer for comparing the first and second signals in a
      predetermined proportion thereby to detect the point immediately before
      said clamping means is activated to clamp the voltage across said
      thyristor circuit, and switch means coupling the charging inductance means
      to the accessory battery, said switch means being closed by said
      comparison means to take the energy from the resonant inductance and
      couple said energy to the accessory battery immediately before the
      operation of said clamping means, whereby said charging circuit
      effectively harvests a portion of the energy from said resonant inductance
      means while leaving sufficient energy in said resonant circuit for
      operation of subsequent resonant cycles.
NUM  12.
PAR  12. A circuit for charging an auxiliary battery and usable with thyristor
      controlled resonant circuits of the type including a resonating
      inductance, said charging circuit comprising in combination, charging
      inductance means inductively coupled to the resonating inductance, switch
      means coupled to the charging inductance means, means for providing a
      first signal related to the peak voltage induced in said charging
      inductance means, means for producing a second signal following the
      voltage induced in said charging inductance means, means for comparing the
      first and second signals for producing a firing signal when said second
      signal reaches a magnitude which is a predetermined proportion of said
      first signal, and means coupling the firing signal to the switch means for
      causing said charging inductance means to take energy from the resonating
      inductance.
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ABST
PAL  A battery charging circuit which monitors the terminal voltage of the
      battery being charged and when the terminal voltage drops off, which
      occurs at full charge, the circuit operates to terminate the charging.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A rechargeable battery is damaged or ruined by charging past full charge at
      other than a trickle charge rate. The problem has become more acute since
      rapid recharge has come into use. For example, in place of 10 hour rate
      charging for sealed batteries (e.g., nickel-cadmium), new high rate
      recharge techniques of one hour or less are under investigation and may
      come into wide use by government and industry. The exothermic reaction in
      a battery being charged beyond full charge, particularly at high rate
      recharge can result in an explosion. An inefficient method of avoiding
      overcharging is for the technician to estimate the degree of battery
      discharge and then to decide on a safe charging period so as to terminate
      the charging with a conservative margin of safety, that is, substantially
      before the battery is fully charged.
PAC  SUMMARY OF THE INVENTION
PAR  This invention makes use of the terminal voltage v. time characteristic of
      a rechargeable battery. If the battery is nearly completely discharged
      when it is first connected to a charging source, the terminal voltage of
      the battery rises comparatively steeply for a short period of time and
      then bends sharply to exhibit a monatonically increasing voltage
      characteristic, that is, a positive gradual slope, under a constant
      current charge, until full charge. At full charge, the terminal voltage
      rises briefly and then falls back. This invention detects the inflection
      point at the peak of the voltage curve to terminate the charging. A
      capacitor is charged through a diode. The forward voltage across the diode
      is continuously monitored and up until full charge there is current
      through the diode into the capacitor and the voltage drop across the diode
      is about 0.7 volts. After the inflection point the voltage across the
      diode decreases, and this voltage change is used to terminate the charging
      of the battery.
PAR  An object of this invention is to fully charge a rechargeable battery at a
      substantially constant current rate without overcharging the battery.
DRWD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 is a circuit diagram of a preferred embodiment of the invention,
PAR  FIG. 2 is a plot of terminal voltage v. time during recharge of a near
      fully discharged rechargeable battery,
PAR  FIG. 3 is a plot of voltage across the diode shown in FIG. 1 over the
      charging period, and
PAR  FIG. 4 is a plot of collector voltage v. time of the transistor shown in
      FIG. 1 over the charging period.
DETD
PAR  In the embodiment shown in FIG. 1, a battery 10 is connected to the output
      terminals 12 and 14 of a conventional, selectively-adjustable,
      constant-current source 16. An on-off control 18 is connected to the
      current source and includes a manual switch 18a to turn on or turn off the
      charging current to the battery. Additionally the control includes an
      electronic or electromechanical relay responsive to a positive voltage
      step from full-charge detection means 20 to terminate the charging of the
      battery when it is fully charged.
PAR  The full-charge detection means 20 includes a voltage divider including
      resistors 22, 24 connected across the battery 10. The voltage divider may
      be omitted if the battery to be charged is of low voltage, e.g., 3 volts.
      A diode 26 and a capacitor 28 are connected in series across the resistor
      24. The diode 26 is connected in the forward direction. The input
      terminals 30, 32 of a very high input impedance amplifier 34 are connected
      to the anode and cathode ends of diode 26. The amplifier output changes in
      the same direction as the input voltage to the amplifier. It may have
      unity gain or higher gain depending upon the rate of response desired.
      There is about 0.7 volts forward voltage drop across the diode when the
      diode conducts and the capacitor charges. The capacitor voltage is equal
      to the voltage across resistor 24 less 0.7 volts. FIG. 2 shows the
      voltage-time characteristic of a rechargeable battery for constant
      current. The diode 26 conducts during the steeply rising initial portion
      36 and the gradual positively sloping portion 38, and the voltage rise at
      full charge. At the inflection point 42 of the peak of the curve the diode
      ceases to conduct but the capacitor retains the peak voltage because of
      the high input impedance of the amplifier and the high reverse-resistance
      of the diode. A switch-operated capacitor discharge shunt is included but
      not shown in FIG. 1. As the voltage decreases at 44, the voltage across
      the diode drops as shown at 46 in FIG. 3. The base of an NPN transistor 48
      is connected to the output of amplifier 34; a resistor 50 connects the
      collector to a dc source and a conductor connects the collector to the
      on-off control 18 to operate the relay therein when the collector voltage
      rises abruptly from near zero to the supply voltage as is shown in FIG. 4,
      in response to a small decrease in voltage across the diode. The
      transistor is biased such that a 0.7 volt base signal saturates the
      transistor. A switching network may be substituted for the transistor 48.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A battery charging circuit including overcharge protection for a battery
      being charged comprising:
PA1  a constant current source having a pair of output terminals,
PA1  a resistive voltage divider connected across the output terminals of the
      current source,
PA1  a series connected diode and capacitor connected across a resistor of the
      voltage divider with the diode in the forward direction to follow changes
      in the terminal voltage of a battery connected across the current source
      and being charged,
PA1  a high input impedance amplifier having a pair of input terminals connected
      across the diode,
PA1  a transistor amplifier including a collector resistor, the base of the
      transistor amplifier being connected to the output of the high input
      impedance amplifier to operate at saturation when the diode conducts, and
      to reduce current level abruptly when the diode ceases to conduct, and
PA1  on-off control means connected between the collector of the transistor
      amplifier and the constant current source for turning off the constant
      current source when the current level in the transistor amplifier is
      reduced abruptly.
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ABST
PAL  The terminal ends of a center tapped primary transformer winding are
      connected to the positive polarity direct current input terminal through
      the anode-cathode electrodes of respective power silicone controlled
      rectifiers which are alternately triggered conductive and the center tap
      is connected to the negative polarity direct current input terminal.
      Simultaneously with each power silicon controlled rectifier, a
      corresponding commutating capacitor charge circuit silicon controlled
      rectifier is triggered conductive to establish a charge circuit for the
      corresponding commutating capacitor across the direct current input
      terminals. Each power silicon controlled rectifier is commutated not
      conductive by the charge upon the corresponding commutating capacitor
      applied in an inverse polarity relationship across the anode-cathode
      electrodes thereof through a commutating silicon controlled rectifier. The
      transformer secondary winding output is rectified and filtered to supply a
      direct current potential to a connected load.
BSUM
PAR  This invention is directed to a DC to DC inverter circuit and, more
      specifically, to a DC to DC inverter circuit which obtains the commutating
      potential from the direct current supply.
PAR  Most prior art single phase inverter circuits obtain commutation energy
      from the load, subject the power silicon controlled rectifiers to voltage
      spikes which may be of the order of four times supply voltage and are so
      arranged that a given power silicon controlled rectifier is commutated by
      virtue of triggering an associated power silicon controlled rectifier
      conductive. Because the commutating energy is obtained from the load, a
      given power silicon controlled rectifier of most prior art inverter
      circuits has but one chance to commutate and these circuits can operate
      only within a small range of loads and power factors. Furthermore, the
      fact that the prior art inverter circuits commutate a given power silicon
      controlled rectifier not conductive by triggering an associated power
      silicon controlled rectifier conductive, these prior art inverter circuits
      are not adaptable to pulse width modulation. Therefore, the provision of a
      novel DC to DC inverter circuit which obviates these disadvantages of the
      prior art DC to DC inverter circuits is desirable.
PAR  It is, therefore, an object of this invention to provide an improved DC to
      DC inverter circuit.
PAR  It is an additional object of this invention to provide an improved DC to
      DC inverter circuit wherein the commutating energy is obtained from the
      supply potential.
PAR  In accordance with this invention, an improved DC to DC inverter circuit is
      provided wherein the center tap of a center tapped primary transformer
      winding is connected to the negative polarity direct current input
      terminal and the terminal ends are connected to the positive polarity
      direct current input terminal through respective power silicon controlled
      rectifiers which are alternately triggered conductive simultaneously with
      a corresponding charge circuit silicon controlled rectifier through which
      a charge circuit is established for a corresponding commutating capacitor
      across the direct current input; each power silicon controlled rectifier
      is commutated not conductive by the charge upon the corresponding
      commutating capacitor applied in an inverse polarity relationship across
      the anode-cathode electrodes thereof through a corresponding commutating
      silicon controlled rectifier and the output of the secondary transformer
      winding is rectified and filtered to supply a direct current potential to
      a connected load.
PAR  For a better understanding of the present invention, together with
      additional objects, advantages and features thereof, reference is made to
      the following description and accompanying single FIGURE drawing wherein
      the novel DC to DC inverter circuit of this invention is set forth in
      schematic form.
PAR  Without intention or inference of a limitation thereto, the direct current
      supply potential source is illustrated in FIG. 1 as a conventioal storage
      battery 8. It is to be specifically understood, however, that the novel DC
      to DC inverter circuit of this invention may be used with any other direct
      current supply potential source.
PAR  As the trigger signal circuitry per se does not enter into this invention
      and since many trigger signal circuit arrangements well known to those
      skilled in the art may be employed with the novel inverter circuit of this
      invention, in the interest of reducing drawing complexity, trigger signal
      circuitry is not illustrated in the FIGURE.
PAR  The novel DC to DC inverter circuit of this invention is provided with
      positive and negative polarity direct current input circuitry which may be
      positive polarity direct current input circuit terminal 6 and negative
      polarity direct current input circuit terminal 7. It is to be specifically
      understood that input circuit terminals are not absolutely necessary as
      any circuit arrangement suitable for connecting the DC to DC inverter
      circuit of this invention to a source of direct current supply potential
      may be employed or the circuit may be directly connected to the source of
      direct current supply potential without departing from the spirit of the
      invention.
PAR  Each terminal end, 16a and 16b, of center tapped primary winding 16 of
      transformer 15 is connected to the same one of the direct current input
      circuit terminals through the anode-cathode electrodes of a corresponding
      power silicon controlled rectifier, respective power silicon controlled
      rectifiers 10 and 20, and the transformer primary winding center tap 16c
      is connected to the other one of the direct current input circuit
      terminals. For the purpose of describing the novel DC to DC inverter
      circuit of this invention and without intention or inference of a
      limitation thereto, terminal ends 16a and 16b of center tapped primary
      transformer winding 16 are shown in the FIGURE to be connected to the
      positive polarity direct current input circuit terminal 6 through the
      anode-cathode electrodes of respective power silicon controlled rectifiers
      10 and 20 and supply lead 35 and the center tap 16c is connected to the
      negative polarity direct current input circuit terminal 7 through leads 36
      and 37.
PAR  The series combination of the anode-cathode electrodes of a charge circuit
      silicon controlled rectifier 11, a charge circuit inductor element 12 and
      a commutating capacitor 13, which corresponds to power silicon controlled
      rectifier 10, and the series combination of the anode-cathode electrodes
      of another charge circuit silicon controlled rectifier 21, another charge
      circuit inductor element 22 and another commutating capacitor 23, which
      corresponds to power silicon controlled rectifier 20, are separately
      connected across the positive and negative polarity direct current input
      circuitry through respective leads 35 and 37 to provide respective charge
      circuits for commutating capacitors 13 and 23.
PAR  The anode-cathode electrodes of a commutating silicon controlled rectifier
      14, which corresponds to power silicon controlled rectifier 10, are
      connected between the plate of commutating capacitor 13 which becomes
      positively charged through the previously described charge circuit
      therefor and the cathode electrode of power silicon controlled rectifier
      10 an the anode-cathode electrodes of another commutating silicon
      controlled rectifier 24, which corresponds to power silicon controlled
      rectifier 20, are connected between the plate of c ommutating capacitor 23
      which becomes positively charged through the previously described charge
      circuit therefor and the cathode electrode of power silicon controlled
      rectifier 20.
PAR  One terminal end 25a of an inductor element 25 is connected to one of the
      direct current input circuit terminals, positive polarity input circuit
      terminal 6 through lead 35, and the cathode electrode of each of
      commutating silicon controlled rectifiers 14 and 24 is connected to the
      other terminal end 25b of inductor element 25 through respective diodes 26
      and 27.
PAR  Terminal ends 16a and 16b of transformer primary winding 16 are connected
      to the same polarity direct current input circuit terminal to which the
      center tap 16c is connected, negative polarity direct current input
      circuit terminal 7, through respective resistors 30 and 31.
PAR  Power silicon controlled rectifier 10 and charge circuit silicon controlled
      rectifier 11 are simultaneously triggered conductive to establish,
      respectively, across battery 8, the energizing circuit for that portion of
      transformer primary winding 16 between terminal end 16a and center tap 16c
      and the charge circuit for commutating capacitor 13. Upon the completion
      of these two circuits, energizing current begins to build up through that
      portion of the transformer primary winding 16 between terminal end 16a and
      center tap 16c at a rate determined by transformer parameters and
      connected load to produce an expanding magnetic flux which induces an
      increasing potential in secondary winding 17 of transformer 15 and a
      potential of the opposite polarity in the other half of the transformer
      primary winding between center tap 16c and terminal end 16b and
      commutating capacitor 13 begins to charge through inductor element 12.
      When commutating capacitor 13 has become fully charged, charge circuit
      silicon controlled rectifier 11 self-commutates not conductive as there is
      no longer sufficient holding current to maintain this device conductive.
      At this time, commutating capacitor 13 is charged with a positive polarity
      potential upon the plate thereof connected to inductor element 12 of a
      value greater than the supply potential of battery 8 by an amount
      determined by the Q of the LC charging network. In a practical application
      of the circuit of this invention, inductor element 12 has an inductance
      value of 4 millihenrys and commutating capacitor 13 has a capacitance
      value of ten microfarads. With these values, the charging current pulse
      width of commutating capacitor 13 is approximately 200 microseconds and
      the commutating capacitor 13 potential may ring up to about twice the
      supply potential, depending upon the load. After commutating capacitor 13
      has become fully charged and charge circuit silicon controlled rectifier
      11 has self-commutated to the not conductive condition, commutating
      silicon controlled rectifier 14 may be triggered conductive to place the
      charge of approximately twice the supply potential in an inverse polarity
      relationship across the anode-cathode electrodes of power silicon
      controlled rectifier 10 to reverse bias this device. At the same time,
      diode 26 becomes forward biased and discharges commutating capacitor 13
      through inductor element 25 and the supply circuit until the potential of
      commutating capacitor 13 is equal to the supply potential, at which point
      diode 26 is no longer forward biased and ceases to conduct. The period of
      time during which diode 26 is conductive is essentially the shut-off time
      for power silicon controlled rectifier 10. Inductor element 25 is employed
      to lengthen this time to assure that power silicon controlled rectifier 10
      is commutated not conductive. In a practical application of the novel
      inverter circuit of this invention, inductor element 25 had an inductance
      value of 120 microhenrys. After power silicon controlled rectifier 10 has
      been commutated not conductive, the remaining charge upon commutating
      capacitor 13 discharges through commutating silicon controlled rectifier
      14 and that portion of the primary winding 16 of transformer 15 between
      terminal ends 16a and center tap 16c. When the discharge current from
      commutating capacitor 13 reaches 0, commutating silicon controlled
      rectifier 14 self-commutates not conductive. As commutating capacitor 13
      discharges through the inductance of the portion of primary winding 16
      between terminal end 16a and center tap 16c, capacitor 13 receives a
      charge in the reverse direction with the plate thereof connected to
      inductor 12 being of a negative polarity with respect to the opposite
      plate. With light or no secondary load, this reverse polarity charge may
      be as high as the supply potential, consequently, charge silicon
      controlled rectifier 11, when not conductive, must be capable of
      withstanding a potential of as high as twice the supply potential across
      the anode-cathode electrode thereof.
PAR  After commutating silicon controlled rectifier 14 has self-commutated not
      conductive, power silicon controlled rectifier 20 and charge circuit
      silicon controlled rectifier 21 are simultaneously triggered conductive to
      establish, respectively, across battery 8, the energizing circuit for the
      portion of transformer primary winding 16 between terminal end 16b and
      center tap 16c and the charge circuit for commutating capacitor 23. Upon
      the completion of these two circuits, energizing current begins to build
      up through that portion of the transformer primary winding 16 between
      terminal end 16b and center tap 16c at a rate determined by transformer
      parameters and connected load to produce an expanding magnetic flux which
      induces an increasing potential in secondary winding 17 of transformer 15
      and a potential of opposite polarity in the other half of the transformer
      primary winding between center tap 16 and terminal end 16a and commutating
      capacitor 23 begins to charge through inductor element 22. When
      commutating capacitor 23 has become fully charged, charge circuit silicon
      controlled rectifier 21 self-commutates not conductive as there is no
      longer sufficient holding current to maintain this device conductive. At
      this time, commutating capacitor 23 is charged with a positive polarity
      potential upon the plate thereof connected to inductor element 22 of a
      value greater than the supply potential of battery 8 by an amount
      determined by the Q of the LC charging network. In a practical application
      of the circuit of this invention, inductor element 22 has an inductance
      value of 4 millihenrys and commutating capacitor 23 has a capacitance
      value of 10 microfarads. With these values, the charging current pulse
      width of commutating capacitor 23 is approximately 200 microseconds and
      the commutating capacitor 23 potential rings up to about twice the supply
      potential. After commutating capacitor 23 has become fully charged and
      charge circuit silicon controlled rectifier 21 has self-commutated to the
      not conductive condition, commutating silicon controlled rectifier 24 may
      be triggered conductive to place the charge of approximately twice the
      supply potential in an inverse polarity relationship across the
      anode-cathode electrodes of power silicon controlled rectifier 20 to
      reverse bias this device. At the same time, diode 27 becomes forward
      biased and discharges commutating capacitor 23 through inductor element 25
      and the supply circuit until the potential of commutating capacitor 23 is
      equal to the supply potential, at which point diode 27 is no longer
      forward biased and ceases to conduct. The period of time during which
      diode 27 is conductive is essentially the shut-off time for power silicon
      controlled rectifier 20. Inductor element 25 is employed to lengthen this
      time to assure that power silicon controlled rectifier 20 is commutated
      not conductive. After power silicon controlled rectifier 20 has been
      commutated not conductive, the remaining charge upon commutating capacitor
      23 discharges through commutating silicon controlled rectifier 24 and that
      portion of the primary winding 16 of transformer 15 between terminal ends
      16b and center tap 16c. When the discharge current from commutating
      capacitor 23 reaches 0, commutating silicon controlled rectifier 24
      self-commutates not conductive. As commutating capacitor 23 discharges
      through the inductance of the portion of primary winding 16 between
      terminal end 16b and center tap 16c, capacitor 23 receives a charge in the
      reverse direction with the plate thereof connected to inductor element 22
      being of a negative polarity with respect to the opposite plate. With
      light or no secondary load, this reverse polarity charge may be as high as
      the supply potential, consequently, charge silicon controlled rectifier
      21, when not conductive, must be capable of withstanding a potential of as
      high as twice the supply potential across the anode-cathode electrode
      thereof.
PAR  After commutating silicon controlled rectifier 24 has self-commutated not
      conductive, power silicon controlled rectifier 10 and charge circuit
      silicon controlled rectifier 11 may be simultaneously triggered
      conductive. The sequence of events just described is repeated so long as
      power silicon controlled rectifiers 10 and 20 are alternately triggered
      conductive, each simultaneously with respective charge circuit silicon
      controlled rectifiers 11 and 21. From this description, it is obvious that
      a potential pulse is induced in secondary winding 17 during each
      conduction period of power silicon controlled rectifier 10 and power
      silicon controlled rectifier 20 and that while these devices are
      alternatively triggered conductive, a series of potential pulses of
      opposite polarity is induced in secondary winding 17. These potential
      pulses are full-wave rectified by diodes 41 and 42, connected in a well
      known full-wave rectifier circuit configuration with center tapped
      secondary winding 17, and the rectified potential is filtered by series
      resistor 43 and filter capacitor 44. That is, the output of secondary
      winding 17 is rectified and filtered to supply an output direct current
      potential of a magnitude proportional to the frequency of the pulses
      induced in secondary winding 17. For this reason, the direct current
      output potential of the DC to DC inverter circuit of this invention may be
      conveniently regulated by pulse width modulating the periods of and space
      of time between conduction of power silicon controlled rectifiers 10 and
      20. This rectified and filtered direct current output potential may be
      applied to any electrical load which is adaptable for energization by a
      direct current potential. In FIG. 1, the electrical load is represented by
      a resistor 45, however, it is to be specifically understood that any other
      electrical load which may be energized by a direct current potential
      source may be employed.
PAR  As power silicon controlled rectifiers 10 and 20 are triggered conductive
      by short duration trigger pulses, it is necessary that resistors 30 and 31
      be provided to complete a circuit for latching current for respective
      power silicon controlled rectifiers 10 and 20 during periods of light load
      when the transformer circuit is highly inductive. In a practical
      application of a circuit of this invention, resistors 30 and 31 were of
      the order of 1 kilohm.
PAR  Each of commutating capacitors 13 and 23 may be charged with a negative
      voltage upon the plate connected to the respective inductor elements 13
      and 23 at the conclusion of the commutation cycle as hereinbefore brought
      out. Therefore, these capacitors must be of the alternating current type.
PAR  For the proper operation of the novel inverter circuit of this invention,
      it is desirable that the current in the two primary winding halves decay
      to 0 as quickly as possible after each power silicon controlled rectifier
      10 or 20 has been commutated not conductive. If the current in one side
      has not returned to 0, a voltage will be induced in the opposite side that
      will tend to prevent the power silicon controlled rectifier on that side
      from turning on. This may be a problem with light or no secondary load. In
      a practical application of the novel inverter circuit of this invention,
      the core 18 of transformer 15 included a one-sixteenth inch air gap which
      provided a much more rapid time constant for current delay which permits
      low load operation at higher inverter frequencies.
PAR  There are several characteristics of the novel DC to DC inverter circuit of
      this invention that set it apart from more conventional types and which
      make it an excellent circuit for use as a high reliability stand-by power
      supply, as follows:
PAC  1. The Ability to Recover from a Commutation Fault
PAR  Most single-phase inverter types take their commutation energy from the
      load. If a given power silicon controlled rectifier fails to turn off, the
      load circuit conditions change so that commutation energy is no longer
      available. In these other inverter circuits, a given power silicon
      controlled rectifier has but one chance to commutate; and a result of a
      miscommutation is inevitably a blown fuse.
PAR  On the other hand, the novel DC to DC inverter circuit of this invention
      takes its commutation energy from the direct current supply independently
      of load. If a power silicon controlled rectifier for some reason fails to
      commutate, the commutation circuit tries again one cycle later. In fact,
      this inverter can be latched up by removing the power silicon controlled
      rectifier triggers and will recover once the gate drive is reapplied.
PAC  2. Commutation Independent of Load Level and Power Factor
PAR  Most inverter configurations that take commutation energy from the load can
      operate over only a small range of loads and power factors. For example,
      the well-known "parallel capacitor commutated inverter" must have a
      commutating capacitor reactance greater than the load inductive reactance.
PAR  Again, the novel DC to DC inverter circuit of this invention is free from
      such problems because the commutation energy is handled independent of
      load. Changing the load level from no load to a short circuit on the
      transformer secondary (at reduced input voltage) causes only a 5
      microseconds decrease in shut-off time. With changes in the inductor
      elements 12 and 22 and commutating capacitors 13 and 23, the circuit is
      capable of commutating very large load currents.
PAC  3. Low Silicon Controlled Rectifier Voltages
PAR  Any inverter configuration with a center-tapped load must switch voltages
      equal to 2E, but some types have voltage spikes as high as 4E at certain
      loads. The diodes 26 and 27 clamp the voltages on the transformer
      primaries at plus or minus E (except for the inductor 25 di/dt during the
      commutation interval).
PAC  4. The Ability to be Pulse-Width Modulated
PAR  In most single-phase silicon controlled rectifier inverters, a given power
      silicon controlled rectifier is commutated by virtue of triggering the
      opposite side power silicon controlled rectifier. Since in the novel DC to
      DC inverter circuit of this invention, the power silicon controlled
      rectifiers may be commutated at any point in time by triggering the
      associated commutating silicon controlled rectifier, the power silicon
      controlled rectifier conduction time can be controlled. This feature makes
      possible a convenient means of voltage regulation by pulse width
      modulating the circuit. That is, the power silicon controlled rectifiers
      may be rendered conductive for various periods of time and at various
      rates, as required by the application.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A DC to DC inverter circuit comprising: positive and negative polarity
      input circuit means; a transformer having at least a primary winding with
      two terminal ends and a center tap; first and second power silicon
      controlled rectifiers, each having anode and cathode electrodes; means for
      connecting each terminal end of said transformer primary winding to the
      same one of said input circuit means through the said anode-cathode
      electrodes of a respective one of said power silicon controlled
      rectifiers; means for connecting said transformer primary winding center
      tap to the other one of said input circuit means; first and second
      commutating capacitors; first and second charge circuit silicon controlled
      rectifiers, each having anode and cathode electrodes; first and second
      charge circuit inductor elements; means for separately connecting the
      series combination of said anode-cathode electrodes of one of said charge
      circuit silicon controlled rectifiers, one of said charge circuit inductor
      elements and one of said commutating capacitors and the series combination
      of said anode-cathode electrodes of the other one of said charge circuit
      silicon controlled rectifiers, the other one of said charge circuit
      inductor elements and the other one of said commutating capacitors across
      said positive and negative polarity input circuit means; a commutating
      silicon controlled rectifier having anode and cathode electrodes
      corresponding to each one of said power silicon controlled rectifiers; and
      means for connecting said anode-cathode electrodes of each of said
      commutating silicon controlled rectifiers across the positively charged
      plate of a respective one of said commutating capacitors and the said
      cathode electrode of the said power silicon controlled rectifier to which
      it corresponds.
NUM  2.
PAR  2. A DC to DC inverter circuit comprising: positive and negative polarity
      input circuit means; a transformer having a primary winding with two
      terminal ends and a center tap and a secondary winding; first and second
      power silicon controlled rectifiers, each having anode and cathode
      electrodes; means for connecting each terminal end of said transformer
      primary winding to the same one of said input circuit means through the
      said anode-cathode electrodes of a respective one of said power silicon
      controlled rectifiers; means for connecting said transformer primary
      winding center tap to the other one of said input circuit means; first and
      second commutating capacitors; first and second charge circuit silicon
      controlled rectifiers, each having anode and cathode electrodes; first and
      second charge circuit inductor elements; means for separately connecting
      the series combination of said anode-cathode electrodes of one of said
      charge circuit silicon controlled rectifiers, one of said charge circuit
      inductor elements and one of said commutating capacitors and the series
      combination of said anode-cathode electrodes of the other one of said
      charge circuit silicon controlled rectifiers, the other one of said charge
      circuit inductor elements and the other one of said commutating capacitors
      across said positive and negative polarity input circuit means; a
      commutating silicon controlled rectifier having anode and cathode
      electrodes corresponding to each one of said power silicon controlled
      rectifiers; means for connecting said anode-cathode electrodes of each of
      said commutating silicon controlled rectifiers across the positively
      charged plate of a respective one of said commutating capacitors and the
      said cathode electrode of the said power silicon controlled rectifier to
      which it corresponds; and means for rectifying and filtering the output of
      said transformer secondary winding.
NUM  3.
PAR  3. A DC to DC inverter circuit comprising: positive and negative polarity
      input circuit means; a transformer having at least a primary winding with
      two terminal ends and a center tap; first and second power silicon
      controlled rectifiers, each having anode and cathode electrodes; means for
      connecting each terminal end of said transformer primary winding to said
      positive polarity input circuit means through the said anode-cathode
      electrodes of a respective one of said power silicon controlled
      rectifiers; means for connecting said transformer primary winding center
      tap to said negative polarity input circuit means; first and second
      commutating capacitors; first and second charge circuit silicon controlled
      rectifiers, each having anode and cathode electrodes; first and second
      charge circuit inductor elements; means for separately connecting the
      series combination of said anode-cathode electrodes of one of said charge
      circuit silicon controlled rectifiers, one of said charge circuit inductor
      elements and one of said commutating capacitors in that order and the
      series combination of said anode-cathode electrodes of the other one of
      said charge circuit silicon controlled rectifiers, the other one of said
      charge circuit inductor elements and the other one of said commutating
      capacitors in that order across said positive and negative polarity input
      circuit means; a commutating silicon controlled rectifier having anode and
      cathode electrodes corresponding to each one of said power silicon
      controlled rectifiers; and means for connecting said anode-cathode
      electrodes of each of said commutating silicon controlled rectifiers
      across the positively charged plate of a respective one of said
      commutating capacitors and the said cathode electrode of the said power
      silicon controlled rectifier to which it corresponds.
NUM  4.
PAR  4. A DC to DC inverter circuit comprising: positive and negative polarity
      input circuit means; a transformer having a primary winding with two
      terminal ends and a center tap and a secondary winding; first and second
      power silicon controlled rectifiers, each having anode and cathode
      electrodes; means for connecting each terminal end of said transformer
      primary winding to said positive polarity input circuit means through the
      said anode-cathode electrodes of a respective one of said power silicon
      controlled rectifiers; means for connecting said transformer primary
      winding center tap to said negative polarity input circuit means; first
      and second commutating capacitors; first and second charge circuit silicon
      controlled rectifiers, each having anode and cathode electrodes; first and
      second charge circuit inductor elements; means for separately connecting
      the series combination of said anode-cathode electrodes of one of said
      charge circuit silicon controlled rectifiers, one of said charge circuit
      inductor elements and one of said commutating capacitors in that order and
      the series combination of said anode-cathode electrodes of the other one
      of said charge circuit silicon controlled rectifiers, the other one of
      said charge circuit inductor elements and the other one of said
      commutating capacitors in that order across said positive and negative
      polariity input circuit means; a commutating silicon controlled rectifier
      having anode and cathode electrodes corresponding to each one of said
      power silicon controlled rectifiers; means for connecting said
      anode-cathode electrodes of each of said commutating silicon controlled
      rectifiers across the positively charged plate of a respective one of said
      commutating capacitors and the said cathode electrode of the said power
      silicon controlled rectifier to which it corresponds; and means for
      rectifying and filtering the output of said transformer secondary winding.
NUM  5.
PAR  5. A polarity to DC inverter circuit comprising: positive and negative
      polarity input circuit means; a transformer having at least a primary
      winding with two terminal ends and a center tap; first and second power
      silicon controlled rectifiers, each having anode and cathode electrodes;
      means for connecting each terminal end of said transformer primary winding
      to the same one of said input circuit means through the said anode-cathode
      electrodes of a respective one of said power silicon controlled
      rectifiers; means for connecting said transformer primary winding center
      tap to the other one of said input circuit means; first and second
      commutating capacitors; first and second charge circuit silicon controlled
      rectifiers, each having anode and cathode electrodes; first and second
      charge circuit inductor elements; means for separately connecting the
      series combination of said anode-cathode electrodes of one of said charge
      circuit silicon controlled rectifiers, one of said charge circuit inductor
      elements and one of said commutating capacitors and the series combination
      of said anode-cathode electrodes of the other one of said charge circuit
      silicon controlled rectifiers, the other one of said charge circuit
      inductor elements and the other one of said commutating capacitors across
      said positive and negative polarity input circuit means; a commutating
      silicon controlled rectifier having anode and cathode electrodes
      corresponding to each one of said power silicon controlled rectifiers;
      means for connecting said anode-cathode electrodes of each of said
      commutating silicon controlled rectifiers across the positively charged
      plate of a respective one of said commutating capacitors and the said
      cathode electrode of the said power silicon controlled rectifier to which
      it corresponds; first and second diodes; and inductor element having two
      terminal ends; means for connecting one terminal end of said inductor
      element to one of said input circuit means; means for connecting said
      cathode electrode of each of said commutating silicon controlled
      rectifiers to the other said terminal end of said inductor element through
      a respective one of said first and second diodes; first and second
      resistors; and means for connecting each said terminal end of said
      transformer primary winding to the same polarity input circuit means to
      which said primary winding center tap is connected through a respective
      one of said first and second resistors.
NUM  6.
PAR  6. A DC to DC inverter circuit comprising: positive and negative polarity
      input circuit means; a transformer having a primary winding with two
      terminal ends and a center tap and a secondary winding; first and second
      power silicon controlled rectifiers, each having anode and cathode
      electrodes; means for connecting each terminal end of said transformer
      primary winding to said positive polarity input circuit means through the
      said anode-cathode electrodes of a respective one of said power silicon
      controlled rectifiers; means for connecting said transformer primary
      winding center tap to said negative polarity input circuit means; first
      and second commutating capacitors; first and second charge circuit silicon
      controlled rectifiers, each having anode and cathode electrodes; first and
      second charge circuit inductor elements; means for separately connecting
      the series combination of said anode-cathode electrodes of one of said
      charge circuit silicon controlled rectifiers, one of said charge circuit
      inductor elements and one of said commutating capacitors and the series
      combination of said anode-cathode electrodes of the other one of said
      charge circuit silicon controlled rectifiers, the other one of said charge
      circuit inductor elements and the other one of said commutating capacitors
      across said positive and negative polarity input circuit means; a
      commutating silicon controlled rectifier having anode and cathode
      electrodes corresponding to each one of said power silicon controlled
      rectifiers; means for connecting said anode-cathode electrodes of each of
      said commutating silicon controlled rectifiers across the positively
      charged plate of a respective one of said commutating capacitors and the
      said cathode electrode of the said power silicon controlled rectifier to
      which it corresponds; first and second diodes; an inductor element having
      two terminal ends; means for connecting one terminal end of said inductor
      element to said positive polarity input circuit means; means for
      connecting said cathode electrode of each of said commutating silicon
      controlled rectifiers to the other said terminal end of said inductor
      element through a respective one of said first and second diodes; first
      and second resistors; and means for connecting each said terminal end of
      said transformer primary winding to said negative polarity input circuit
      means through a respective one of said first and second resistors; and
      means for rectifying and filtering the output of said transformer
      secondary winding.
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ABST
PAL  A circuit for the monitoring and control of a DC to DC regulated power
      supply furnishing regulated voltage to a load. The output of the power
      converter is ultimately used to control a pair of shunting transistors
      which control the switching transistors in the power converter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to power supplies and more particularly to a circuit
      for the monitoring and control of a power supply furnishing precision
      regulated voltage to a load.
PAR  2. Description of the Prior Art
PAR  A free running DC to DC converter is a highly efficient and economical way
      of converting voltage from one potential level to another potential level.
      However, a major disadvantage of a free running converter is its poor
      inherent voltage regulation characteristics. With the continuing growth
      and complexity of telephone switching systems, the supporting power supply
      systems have been called upon to furnish a precision regulated voltage
      with only minor deviations from one potential level to another. Further
      the power supplies in such systems are required to retain their very high
      reliability and overload safety characteristics as those in the past while
      at the same time retaining some degree of efficiency.
PAR  The disadvantage of the poor inherent regulation may be readily corrected
      by inserting a series regulator between the converter output and the load.
      This solution, however, requires a separate circuit package which
      dissipates part of the converter's power output and reduces the
      efficiency.
PAR  Another method of regulation is disclosed by a French Pat. No. 1,492,611. A
      two transistor push-pull oscillator with a transformer and a zener diode
      voltage reference was used to drive a control transistor, which is in
      series with a common lead between the feedback winding centertap and the
      emitters of both oscillator transistors. Regulation is effected by turning
      the control transistor on to saturation in order to get the highest output
      voltage on one extreme and by turning the control transistor off to obtain
      no output voltage on the other extreme. The disadvantage of this circuit
      occurs during this "other extreme," for it is possible that the leakage
      current, output capacitance and stray capacitance of the circuit involving
      the "off" transistor may prevent turning off the "on" transistor.
PAR  Another means of effecting regulation was disclosed by U.S. Pat. No.
      3,327,199 which issued to Gardner et al on June 20, 1967. Regulation is
      provided by varying the input voltage to a basic one transformer converter
      circuit.
PAR  Another method providing regulation for a DC to DC converter was disclosed
      by U.S. Pat. No. 3,427,525 which issued to Thornwall on Feb. 11, 1969.
      Thornwall achieves regulation by using a switching means to alternately
      clamp and release a transformer couple regenerative blocking oscillator.
      The clamping and releasing rates are determined by the relative magnitude
      of the input and output voltages and by the power required by the load.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  From the foregoing discussion it will be understood that among the various
      objectives of the present invention are:
PAR  To provide a voltage monitor and control circuit capable of use with a
      push-pull oscillator converter giving positive control of each of the two
      oscillator transistors;
PAR  To provide a voltage monitor and control circuit capable of use in a
      push-pull oscillator converter utilizing a square loop type core and
      retaining its overload safety characteristics and reliability.
PAR  To provide a voltage monitor circuit used in a push-pull oscillator
      converter with a control circuit which is not affected by any leakage or
      capacitive currents passing through the transistors of the oscillator
      circuit.
PAR  These and other objectives of the present invention are efficiently
      achieved by providing a voltage monitor and control circuit to which the
      positive DC power source is fed. A voltage reference is provided by a
      zener diode connected to a differential amplifier. The differential
      amplifier consists of dual transistors having common emitter connections
      with one base connected to the zener diode and the other base connected to
      a voltage divider across the output voltage of the power supply. Should
      the voltage at the base of the second transistor exceed that of the base
      of the first transistor as determined by the zener diode, the first
      transistor is pulled into conduction thereby providing a load or a sink
      for a third transistor also connected to the positive DC power source. The
      third transistor then in turn provides a conductive path for a fourth
      transistor which turns on a dual arrangement of two transistors providing
      a shunting or clamping effect on the switching transistors contained in
      the DC power converter. When this occurs the switching transistors cease
      operation in the saturated mode thereby causing a voltage drop across the
      oscillator transistors causing the output voltage to drop to the regulated
      voltage level.
PAR  The level at which the second transistor or the differential amplifier
      comes into conduction is in part determined by the potentiometer
      adjustment attached to its base from the voltage dividing network
      connected between the current supply line and ground.
PAR  The foregoing as well as other objects,  features and advantages of the
      present invention will become more apparent from the following detailed
      description taken in conjunction with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single appended FIGURE is a schematic diagram of the voltage monitor
      and control circuit in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference now to the FIGURE there is shown a typical DC power
      converter 11 comprising a square loop core with a primary, secondary and
      feedback windings and a pair of switching transistors.
PAR  The monitor and control circuit 13 senses the positive output from the
      converter at point 10. This voltage is applied across resistor 12 and
      zener diode 22 serving as a reference source, connected in series. The
      voltage also appears across resistor 14, potentiometer 16 and resistor 18
      serving as a sensing device, also connected in series. Transistors 24 and
      26 function as a differential amplifier such that at a level determined by
      the adjustment of the potentiometer 16, the voltage at the base of
      transistor 26 reaches a predetermined level, a level higher than the base
      of transistor 24, at which point transistor 26 will be in conduction
      forming a current path starting at terminal 10 through transistor 32
      emitter to base junction and through the collector and emitter of
      transistor 26 and passing through resistor 20 to ground. This switches
      transistor 32 on with the current flowing through its emitter to collector
      and transistor 36 base to emitter. Transistor 36 now being in conduction
      the current passes through current limiting resistors 40 and 42 and
      through the shunting transistors 44 and 46 base to emitter and finally to
      the switching transistors 48 and 50 contained within the converter,
      thereby shunting the base emitter junction of the transistors such that
      the output of the converter drops. Leakage resistors 28, 34 and 38 are
      provided and a frequency compensator capacitor 30 prevents spurious
      oscillations occurring within the circuit. The frequency compensator
      capacitor 30 and transistors 32 and 36 form a translating device.
PAR  From the foregoing it will be seen that Applicant has provided an
      improvement in voltage monitor and control circuits whereby the objectives
      set forth hereinabove are effectively met. Certain changes in the above
      described construction will appear to those skilled in the art without
      departure from the scope of the invention, it is intended that all matter
      contained in the preceding description or shown in the appended drawing
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  Having described what is new and novel and desired to secure by Letters
      Patent, What is claimed is:
NUM  1.
PAR  1. A voltage monitoring control circuit connected to a DC to DC power
      converter utilizing switching transistors connected to a primary winding
      and a feedback winding of a transformer having a secondary winding whose
      output is rectified and forms the output of the power converter, wherein
      said voltage monitoring control circuit comprises:
PA1  a differential amplifier;
PA1  voltage reference means connected to one input of said differential
      amplifier;
PA1  sensing means connected between said power converter output and said second
      input of said differential amplifier, said differential amplifier
      producing an output in response to voltage changes at said second input
      proportional in magnitude to said voltage changes;
PA1  shunting control means connected to said switching transistors of said
      power counverter, said shunting means including a control transistor
      connected across each of said switching transistors, the main current path
      of said control transistors connected across the base emitter junction of
      said respective switching transistors; and
PA1  translating means connected between said control leads of said junction
      control transistors and said output of said differential amplifier, said
      shunting control transistors controlling the base current of said
      switching transistors so as to regulate the output of said power
      converter.
NUM  2.
PAR  2. A voltage monitor and control circuit as claimed in claim 1 wherein:
PA1  said translating means comprises a first and second transistor, said first
      transistor connected to said differential amplifier, said second
      transistor connected to said first transistor and to said shunting means.
NUM  3.
PAR  3. A voltage monitor and control circuit as claimed in claim 1 further
      comprising:
PA1  a frequency compensator means, said frequency compensator means connected
      between said differential amplifier and said power supply output, to
      prevent current leakage and acting as a filter to prevent spurious
      oscillations within the circuit.
NUM  4.
PAR  4. A voltage monitor and control circuit as claimed in claim 3 wherein said
      frequency compensator means comprises a capacitor.
NUM  5.
PAR  5. A voltage monitor and control circuit as claimed in claim 1 wherein:
PA1  said differential amplifier comprises a plurality of transistors, a first
      one of said transistors connected to said reference means and a second of
      said transistors connected to said sensing means.
NUM  6.
PAR  6. A voltage monitor and control circuit as claimed in claim 1 further
      including:
PA1  a leakage means, wherein said means comprises a grounding resistor
      connected to the base terminal of said shunting means and said translating
      means.
NUM  7.
PAR  7. A voltage monitor and control circuit as claimed in claim 1 wherein said
      voltage reference means comprises a zener diode.
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PAL  The regulation control for a DC to DC converter controls the duration of
      overlapping conduction periods of oppositely phased switching devices to
      achieve output signal regulation. Current limiting means is included in
      the signal path of the switching devices to prevent transient overcurrents
      during the period of overlap.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  A converter circuit is disclosed herein with particular attention given to
      the method of regulating the output signal of the converter. Specifically
      described is the operation of the switching devices of the converter and
      how this operation is controlled to secure regulation of the converter
      output signal.
PAR  2. Prior Art
PAR  A typical converter circuit of the prior art having a double-ended,
      push-pull type configuration is shown in FIG. 1 of the drawings. This
      converter circuit includes two switching devices which are alternately
      pulse width modulated to secure regulation of the converter output signal.
      The two switching devices comprise two alternately switched switching
      transistors 110 and 120 whose main conductive paths couple the primary
      winding 103 of a power transformer 101 to a ground terminal of a voltage
      source 104. The other terminal of the voltage source 104 is coupled to a
      center tap 100 of the primary winding 103 via a lowpass filter including
      the inductor 105 and the capacitor 106. The output winding 102 of the
      power transformer 101 is connected to a rectifier comprising the
      rectifying diodes 113 and 114 which in turn are connected to an output
      lowpass filter including the inductor 107 and the capacitor 108. A
      resistive load 109 to be energized is connected across the capacitor 108.
      Two voltage sensing leads 125 and 126 connect opposite terminals of the
      load 109 to a regulation control circuit 116. The regulation control
      circuit 116 includes an internal reference signal with which the load
      voltage is compared. The regulation control circuit 116 generates bias
      signals which are coupled to the base electrodes 111 and 121 to control
      the conductivity of the switching transistors 110 and 120 to maintain the
      desired output voltage at the load 109.
PAR  The operation of this typical converter circuit may be readily explained
      with reference to FIG. 2 which discloses waveforms illustrating the
      signals occurring within the converter circuit. The regulation control
      circuit 116 in response to the output voltage signal sensed by leads 125
      and 126 applies bias signals to the base electrode 111 and the base
      electrode 121 to control the alternate duration of conduction of the
      transistors 110 and 120, respectively, in order to regulate the output
      signal of the converter. The alternate intervals of conduction of the
      transistors 110 and 120 are shown by the waveforms Q.sub.1 and Q.sub.2,
      respectively. The solid lines 201 and 202 of waveforms Q.sub.1 and Q.sub.2
      represent the alternate conduction intervals of transistors 110 and 120,
      respectively. The conduction duration intervals a.sub.1, a.sub.3, and
      a.sub.5 shown in FIG. 2 represent the successive conduction intervals of
      the transistor 110. The conduction duration intervals b.sub.2, b.sub.4,
      and b.sub.6 represent the successive conduction intervals of the
      transistor 120. As is apparent from the waveforms Q.sub.1 and Q.sub. 2,
      the conduction intervals of transistors 110 and 120 are mutually
      exclusive. At no time do both of the transistors 110 and 120 conduct
      simultaneously. An interval of nonconduction x occurs between the
      alternate conduction intervals a and b.
PAR  The voltage waveform VQ.sub.1 represents the voltage drop across transistor
      110, and the voltage waveform VQ.sub.2 represents the voltage drop across
      transistor 120. During the conducting interval a.sub.1, it is apparent
      from the waveform VQ.sub.1 that the voltage drop across transistor 110 is
      either zero or a very small value since transistor 110 is in its saturated
      conduction state. As soon as the conducting interval a.sub.1 is
      terminated, a voltage spike 203 appears across transistor 110. This spike
      decays and the voltage subsequently rises to the steady state voltage
      value shown by the voltage level 204. This steady state voltage value is
      approximately twice the voltage of source 104. Similarly, the voltage drop
      across transistor 120 at the end of conduction interval b.sub.2 rises to a
      peak value shown by the spike waveform 205 and subsequently decays and
      then rises to a steady state voltage level 206 which is approximately
      twice the voltage of source 104. The voltage spikes 203 and 205 are due to
      the reverse EMF of the transformer 101 when current conduction is
      initially cut off in the primary winding 103.
PAR  The output voltage appearing across the secondary winding 102 is shown by
      the voltage waveform V.sub.s. The voltage spikes 207 and 208 occur
      coincident with the voltage spikes 203 and 205 of waveforms VQ.sub.1 and
      VQ.sub.2, respectively. The voltage spikes 207 and 208 decay and the
      subsequent square wave voltage waveform 219 is generated coincident with
      the conducting intervals of the two switching transistors 110 and 120.
      This square wave voltage appears across the secondary winding 102 of the
      converter. The abrupt switching of transistors 110 and 120, in conjunction
      with the nonconducting intervals x of the two switching transistors 110
      and 120, generates the current waveform spikes in the current waveform
      I.sub.1. This current waveform spike occurs when the transistors 110 and
      120 are switched into their conducting state. For example, the current
      spike 209 of the current waveform representing the current I.sub.1 flowing
      through the center tap 100 of the primary winding 103 occurs when the
      transistor 110 is biased into its conducting state. This spike rapidly
      decays and the current subsequently gradually increases as shown by ramp
      function current waveform 210.
PAR  In general, the regulation control 116 alternately drives the switching
      transistors 110 and 120 with square wave pulse bias signals. The two
      transistors 110 and 120 are alternately switched into conduction. The
      current flowing through each transistor is directed through opposite
      halves of the center tapped primary winding 103 of the transformer 101.
      This results in the approximate square wave voltage V.sub.s occurring
      across the secondary winding 102.
PAR  The typical push-pull type converter circuit, as described above, generally
      requires many circuit components in addition to those shown to compensate
      for the inherently disadvantageous characteristics of the converter
      circuit. For example, the input impedance of a conventional push-pull
      converter tends to be capacitive, causing large inrush currents when the
      ciruit is initially energized.
PAR  As shown by the above-described waveforms, peak transient voltages and
      currents occur due to the conduction discontinuity when both switching
      transistors are biased nonconducting. This requires large capacity
      switching transistors and converter power transformers to deal with these
      peak transient currents and voltages. In addition, symmetry correction is
      frequently necessary to prevent the transformer from drifting into
      saturation due to unequal parameter characteristics of the two switching
      transistors. A converter circuit such as disclosed in FIG. 1 normally
      requires both an input filter and an output filter. Should the converter
      circuit have multiple outputs, a filter inductor is required for each of
      the individual outputs.
PAC  SUMMARY OF THE INVENTION
PAR  The disadvantages described above in the prior art push-pull type converter
      circuit are alleviated in the circuit described herein by use of a
      different regulation arrangement which permits greater control of currents
      in the primary side of the converter and continuity of current flow to
      reduce the peak transient voltages and currents in the converter switching
      devices.
PAR  Therefore, in accordance with a circuit embodying the principles of the
      invention, a DC to DC converter circuit is provided with current limiting
      means on the primary side of the converter transformer. The switching
      devices are controlled so that their conducting intervals overlap.
      Regulation of the signal output of the converter is controlled by
      precisely regulating the time duration of the overlapping conduction
      intervals during each cycle. The current limiting means may advantageously
      comprise an inductor which is substantially large so that it may function
      as a current limiting means as well as a chief filter inductor in the
      converter for both the input and output circuits. The use of a single
      inductor in the input as the only filter inductor in the circuit permits
      the use of multiple outputs with a single filter inductor. The current
      limiting action of the single inductor in conjunction with the overlapping
      conduction intervals limits the peak transient current spikes on the
      primary side of the converter circuit.
PAR  Precisely, the invention is concerned with controlling the magnitude of the
      signal output of a double-ended or push-pull configuration converter
      circuit by varying the ratio of the duration of overlapping conducting
      intervals of the two switching transistors to the total period of
      oscillation of the converter. Signal limiting means is included to prevent
      peak transient signals.
PAR  This improvement provides many advantages. For example, it eliminates the
      need for inrush current limit controls because the input impedance of the
      converter circuit is the inductive impedance of the current limiting
      means. It permits the more efficient use of the converter's power
      transformer because symmetry correction is no longer a significant problem
      since the primary currents are limited by the inductive impedance. In
      addition, multiple outputs can utilize a single filter inductor located on
      the primary side of the converter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 discloses a schematic of a pulse width modulated converter circuit
      which is typical in the prior art and which has been described
      hereinabove;
PAR  FIG. 2 discloses waveforms to assist in understanding the operation of the
      converter circuit schematically shown in FIG. 1;
PAR  FIG. 3 discloses a schematic of a pulse width modulated converter circuit
      embodying the principles of the invention;
PAR  FIG. 4 discloses waveforms to assist in describing the operation of the
      converter circuit shown schematically in FIG. 3;
PAR  FIG. 5 discloses a more detailed schematic of the pulse width modulated
      converter disclosed in FIG. 3; and
PAR  FIG. 6 discloses a schematic of a pulse width modulated converter circuit
      utilizing silicon controlled rectifiers in place of switching transistors.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  The converter circuits shown schematically in FIG. 3 comprises a push-pull
      converter circuit having control circuitry with a crossover mode
      regulation characteristic. The regulation control of this circuit embodies
      principles of operation in accordance with the invention. In the
      embodiment disclosed, the conducting intervals of the two switching
      transistors overlap. The ratio of the duration of this overlap to the
      oscillation period determines the magnitude of the output voltage. Current
      protection is also provided in the regulation control to permit a
      crossover into a current regulating mode should the current exceed a
      critical threshold.
PAR  A converter circuit disclosed comprises a power transformer 301 having a
      primary winding 303 and a secondary winding 302. The primary winding 303
      has a center tap 300. Two switching transistors 310 and 320 have their
      collectors 313 and 323 connected, respectively, to opposite terminals of
      the primary winding 303. The emitters 312 and 322 are connected to a
      common node 330. This common node 330 is connected via a signal sensing
      circuit 315 to the ground terminal of battery 304. The other terminal of
      battery 304 is connected, via an inductor 325, to the center tap 300. The
      inductor 325 has sufficient inductance to operate as a current limiter and
      as a filter inductor for the converter circuit output signal. The
      secondary winding 302 has its opposite terminals connected to two
      rectifying diodes 318 and 314, respectively. The rectifying diodes 318 and
      314 comprise a full wave rectifier which in turn is connected to an output
      capacitive filter 308 and from thence to a load 309 to be energized. It is
      noted that the output filter comprises only the capacitor 308, no inductor
      being necessary. The output inductive filtering is performed by the
      inductor 325 located on the primary side of the converter transformer. The
      switching of the transistors 310 and 320 is controlled in response to the
      regulation control circuit 376 which has bias signal leads connected to
      the base electrodes 311 and 321 of transistors 310 and 320, respectively.
PAR  The regulation control circuit 376 incudes two voltage sensing leads 324
      and 328 coupled to the output terminals of the converter shunting the
      capacitor 308 and load 309. A current control lead 316 is connected to the
      signal sensing circuit 315. The regulation control circuit 376 is designed
      to operate in a crossover mode. That is, as long as the current detected
      by the signal sensing circuit 315 is within acceptable limits, the
      regulation control circuit 376 operates to regulate the output voltage at
      the load 309 at some definite value. If the current monitored by the
      signal sensing circuit 315 exceeds some predetermined limit, the current
      regulation becomes predominant and the conduction of the two switching
      transistors 310 and 320 is controlled to limit the current to that
      predetermined value.
PAR  In normal operation, the regulation control circuit controls the two
      transistors 310 and 320 so that their conduction intervals overlap. The
      duration of the conduction interval overlap is controlled to regulate the
      output voltage. Assuming that the converter has been in steady state
      operation for some period of time, the performance of the circuit is
      illustrated by the signal waverforms shown in FIG. 4. The solid lines 401
      of waveform S.sub.1 indicate the duration of the conduction intervals of
      the transistor 310. The solid lines 402 in waveform S.sub.2 indicate the
      duration of the conduction intervals of the transistor 320. From
      examination of the solid lines 401 and 402 of the waveforms S.sub.1 and
      S.sub.2, it is apparent that overlap intervals occur at which the
      transistors 310 and 320 conduct simultaneously. The transistor 310, for
      example, conducts during the designated time intervals .alpha..sub.1,
      .alpha..sub.3, .alpha..sub.5. The conducting intervals of transistor 320
      are shown by the time intervals .beta..sub.2, .beta..sub.4, and
      .beta..sub.6. The duration of overlap is a designated interval T to t
      which occurs during each half-cycle of operation.
PAR  From examination of the waveforms it is apparent that, during interval
      T.sub.o to t.sub.o, both transistors 310 and 320 are conducting. The
      voltage drop across the two transistors 310 and 320 during the interval
      T.sub.o to t.sub.o is zero as indicated by their voltage waveforms E.sub.1
      and E.sub.2. Within this time interval the voltage drop across the
      secondary winding 302, shown by voltage waveform E.sub.s, is zero.
      Current, however, is flowing in the primary side of the converter through
      the inductor 325. This current, shown by current waveform A.sub.1, is
      increasing in magnitude during the interval T.sub.o to t.sub.o, as shown
      by the ramp 403, and energy is being stored in the primary inductor 325.
PAR  At the termination of the first interval of simultaneous conduction T.sub.o
      to t.sub.o, the regulation control circuit 376, in accordance with the
      output voltage sensed, biases the transistor 320 nonconducting. Hence,
      current ceases to flow in the right-hand side of the primary winding 303,
      designated in FIG. 3 as 303R. Current, however, continues to flow in the
      left-hand side of the primary winding 303 which is designated as 303L. The
      current signal in winding 303L forward biases the output rectifier diode
      318. A current subsequent to the overlapping or simultaneous conduction
      interval T.sub.o to t.sub.o flows into the output circuit to the load 309.
      This output current is shown by the current waveform A.sub.2. The
      capacitor 308 is utilized to filter the ripple of the output voltage.
PAR  At the termination of the overlapping conduction interval T.sub.o to
      t.sub.o, the voltage across the transistor 320 rises to some fixed voltage
      as shown by voltage waveform E.sub.2. This fixed voltage is related to the
      output voltage shown by waveform E.sub.s by the turns ratio of the
      transformer 301. The energy stored in the inductor 325 during the
      overlapping conduction interval of the two transistors 310 an 320 is now
      delivered to the output load.
PAR  At time T.sub.1 the first half-cycle of operation indicated by the
      waveforms in FIG. 4 is terminated. At this time T.sub.1 the transistor 320
      is switched back into its conducting state. The transistor 310 has been
      continuously conducting during the first half-cycle and continues to
      conduct into the second half-cycle T.sub.1 to T.sub.2. The transistor 310
      continues to conduct for the simultaneous overlapping conduction interval
      defined by the time interval T.sub.1 to t.sub.1. At the termination of the
      time interval T.sub.1 to t.sub.1, the transistor 310 is biased
      nonconducting. The transistor 320 continues to conduct and the second
      half-cycle functions substantially the same as the first half-cycle
      described above with the exception that the conducting roles of
      transistors 310 and 320 are reversed.
PAR  It is apparent from examination of the waveforms and the description above
      that the output voltage of the converter circuit is determined by the
      formula:
EQU  E.sub.out = K E.sub.in P/[P-2x]N ; O.ltoreq.2x&lt;P
PAL  where:
PA1  K is the transformer coupling coefficient;
PA1  N is the turns ratio of the transformer;
PA1  P is equal to the period of oscillation of the converter; and
PA1  x is the duration T to t of the conduction overlap.
PAR  As is apparent from the above formula, the output voltage is determined by
      the duration of the overlapping conduction interval. By increasing the
      duration of the overlapping conduction interval x or T to t, the output
      voltage can be increased. Conversely, the output voltage can be decreased
      by decreasing the duration of the overlapping conduction inverval x. The
      current flowing in the primary of the converter is monitored by the signal
      sensing circuit 315 and in cases of overload is also regulated by
      controlling the duration of the overlapping conduction interval.
PAR  The converter circuit of FIG. 3 includes a clamping arrangement to prevent
      overvoltages on the primary side of the converter circuit. This clamping
      arrangement includes a secondary winding 326 coupled to the primary
      inductor 325. The secondary winding 326 is connected to the battery 304 by
      a diode 327 and to the common emitter node 330 of the converter. By
      selecting the windings ratio of winding 326 with respect to winding 325,
      the maximum voltage occurring on the primary side of the converter circuit
      can be precisely controlled. When the voltage across the secondary winding
      326 exceeds the voltage of the battery 304, the diode 327 is forward
      biased thereby clamping the voltage of the primary side of the converter
      to some predetermined value.
PAR  The circuit as disclosed in FIG. 3 provides many operating and component
      advantages as described hereinabove. For example, the large primary
      inductor 325 eliminates the need for inrush control circuitry, and by
      limiting the currents flowing through the transistors it permits the more
      efficient use of the converter transformer since saturation of a smaller
      size transformer no longer can cause large peak currents to flow through
      the switching transistors. In addition, symmetry correction circuitry is
      not generally needed to prevent drift saturation of the converter
      transformer. The schematic of a converter circuit shown in FIG. 5 shows in
      detail a regulation control circuit 576 to control the switching of the
      switching transistors 510 and 520. The converter circuit shown in FIG. 5
      comprises a voltage source 504, a primary inductor 525 connected to the
      center tap 500 of primary winding 503, two switching transistors 510 and
      520, and a voltage clamp comprising a secondary inductor winding 526 and
      diode 527. The output winding 502 of the transformer 501 is connected to
      the rectifying diodes 513 and 514 which in turn are connected via an
      output filter capacitor 508 to the load 509.
PAR  The converter shown in FIG. 5 operates in essentially the same manner as
      the converter described above in combination with FIG. 3.
PAR  The regulation control circuit 576 has two input voltage sensing leads 571
      and 572, and is also connected to a current sensing circuit 515. In
      operation the regulation control circuit 576 establishes the operating
      frequency at which the converter oscillates by controlling the switching
      of the transistors 510 and 520. The regulation control circuit includes a
      pulse generator 530 to generate a train of pulses to establish the
      operating frequency of the converter. These pulses are applied via lead
      564 to an integrating operational amplifier 531. The operational amplifier
      includes an integrating feedback capacitor 536 coupling its inverting
      input and output terminals. The output of the operational amplifier 531 is
      a triangular wave. The triangular wave is shown as waveform 590 adjacent
      to the lead 555. This triangular wave 590 is applied via leads 555 and 556
      to the operational amplifier comparators 532 and 533, respectively.
      Threshold signal levels are applied via leads 557 and 558 to the
      operational amplifier comparators 532 and 533, respectively. These
      threshold signals are shown on the accompanying waveform by the threshold
      voltage levels 591 and 592. The .alpha. duration shown thereon represents
      the conducting interval of transistor 510 and the .beta. duration shown
      thereon represents the conducting interval of transistor 520. It is noted
      that the conduction intervals of the two transistors 510 and 520 overlap.
      When the triangular wave voltage magnitude exceeds one of the threshold
      voltage levels 591 or 592, one of the switching transistors is biased
      nonconducting producing one of the square wave voltage waveforms 593 or
      594 across transistors 510 or 520, respectively.
PAR  The two sensing leads 571 and 572 in combination with the two resistors 548
      and 549 comprise a voltage divider connected across the output of the
      converter. The junction 581 of the two resistors 548 and 549 is coupled to
      the noninverting input of the operational amplifier 534. The operational
      amplifier 534 includes a stabilization feedback network comprising the
      resistor 539 and the capacitor 537. A reference signal is applied at a
      node 582 which is coupled to the inverting input of the operational
      amplifier 534. This reference signal is derived from a voltage divider
      comprising the Zener diode 535 and a resistor 547. The current sensing
      circuitry 515 is coupled to this voltage divider in order to modify this
      reference signal to permit a crossover mode of operation from voltage to
      current regulation. This crossover mode of operation is described below.
PAR  The output of the operational amplifier 534 is a signal whose level varies
      with the magnitude of the output voltage of the converter. This signal is
      applied to the base 541 of transistor 540.
PAR  The transistors 540 and 550 comprise the differential amplifier 570. A
      reference signal derived from a voltage divider comprising the Zener diode
      545 and the resistor 559 is applied to the base 551 of the transistor 550.
      The output signals across the two load resistors 544 and 554 of the
      differential amplifier 570 are applied, via leads 557 and 558, to the two
      operational amplifier comparators 532 and 533, respectively. These signals
      represent the threshold level signals 591 and 592 shown with the
      triangular waveform 590. The differential amplifier operates in the
      well-known fashion to amplify the difference between reference voltage and
      the feedback voltage regulation signal to produce these two threshold
      signal levels. It is apparent from the foregoing that the overlapping
      conduction intervals of the two switching transistors 510 and 520 are
      continuously modified by continuously adjusting the threshold voltage
      levels 591 and 592 to maintain the output voltage of the converter at a
      regulated value.
PAR  The current sensing circuit 515 comprises a current sensing resistor 516
      and a transistor 517 whose base emitter junction shunts the current
      sensing resistor 516. The collector 518 of transistor 517 is coupled
      through a resistor 538 to the junction 582 of the Zener diode 535 and the
      resistor 547. The signal applied by transistor 517 to this junction 582
      modifies the reference voltage applied to the operational amplifier 534
      and in the specific instance of very large currents flowing through
      sensing resistor 516 modifies the reference voltage sufficiently so that
      the regulation circuitry of the converter circuit operates in a current
      regulating mode rather than a voltage regulating mode.
PAR  FIG. 6 discloses a regulated converter circuit operating in accordance with
      the principles of the invention wherein SCRs are utilized as the converter
      switching devices. As in the previously described circuits, the converter
      includes a voltage source 604 and a primary inductor 625. The primary
      inductor has a secondary winding 626 and a clamping diode 627. Two
      switching SCRs 684 and 685 are coupled to the primary winding 603 of
      transformer 601. The secondary winding 602 is coupled through two
      rectifying diodes 613 and 614 to an output filter capacitor 608 to the
      load 609. A thyristor firing control circuit 680 is coupled to the gating
      leads 687 and 686 of SCRs 685 and 684, respectively. The thyristor firing
      control circuit is also connected to control the SCR 683 which shunts a
      resonant commutating circuit comprising a capacitor 682 and an inductor
      681. The commutating circuit operates to periodically terminate conduction
      in the two SCRs 684 and 685. The regulation of the converter output by
      control of the conduction overlap interval of the two SCRs 684 and 685 of
      the converter circuit is substantially the same as that described above in
      connection with the regulation control by overlapping conduction intervals
      described with reference to FIG. 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a DC to DC converter,
PA1  transformer means
PA1  first and second switching means coupled to said transformer means,
PA1  signal monitoring means responsive to a signal conducted by said
      transformer means,
PA1  switch control means to cyclically operate said first and second switching
      means,
PA1  said switch control means being responsive to said signal monitoring means
      to control conduction intervals of said first and second switching means,
      said switch control means operating to render each of said first and
      second switching means conducting during each cycle of operation for a
      time interval in excess of one-half the time period of each cycle of
      operation and nonconducting during each cycle of operation for a time
      interval less than one-half the time period of each cycle of operation,
      said first and second switching means thereby being alternately
      nonconducting and simultaneously conducting for a controlled time duration
      during each cycle of operation in order to maintain a predetermined
      regulated signal output magnitude to continuously energize a load at an
      output of said converter in response to the controlled time duration of
      simultaneous conduction.
NUM  2.
PAR  2. A converter as defined in claim 1 further including current limiting
      means to limit current flow in said first and second switching means.
NUM  3.
PAR  3. A converter as defined in claim 2 including terminal means to accept an
      energy source, and said current limiting means comprises an inductor
      coupling said terminal means to said first and second switching means.
NUM  4.
PAR  4. A converter as defined in claim 3 including voltage clamping means
      coupled across said terminal means and comprising a series connection
      including a second inductive winding magnetically coupled to said inductor
      and a clamping diode.
NUM  5.
PAR  5. A power supply circuit comprising a transformer including,
PA1  a first transformer winding having first and second end terminals,
PA1  first and second switching devices coupled to said first and second end
      terminals, respectively,
PA1  signal monitoring means to monitor an output signal of the power supply,
PA1  bias control means responsive to said signal monitoring means to
      periodically bias said first and second switching devices alternately
      nonconducting and simultaneously conducting for a controlled time duration
      each cycle of operation, said bias control means operating to render each
      of said first and second switching devices conducting during each cycle of
      operation for a time duration in excess of one-half of a time period of
      each cycle of operation and nonconducting during each half cycle of
      operation for a time duration less than one-half of a time period of each
      cycle of operation, and
PA1  current limiting means to limit current flow in said first and second
      switching devices whereby the controlled time duration of simultaneously
      conducting intervals of said first and second switching devices controls
      the output signal of said power supply in order to maintain a
      predetermined regulated output signal magnitude to continuously energize a
      load at an output of said power supply.
NUM  6.
PAR  6. A power supply circuit as defined in claim 5 wherein said bias control
      means comprises,
PA1  triangular wave generation means to generate triangular waveforms,
PA1  threshold signal generation means responsive to said signal monitoring
      means to generate first and second signal threshold levels, and
PA1  switching device drive means coupled to said triangular wave generation
      means and said threshold signal generation means, said switching device
      drive means responsive to a magnitude comparison of said triangular
      waveform and said first and second signal threshold levels to bias said
      first and second switching devices nonconducting when the magnitude of
      said triangular waveform exceeds said first and second signal threshold
      levels.
NUM  7.
PAR  7. A power supply circuit as defined in claim 5 wherein said signal
      monitoring means comprises,
PA1  a voltage divider shunting a signal output of said power supply,
PA1  a signal amplifier having a first reference signal input and a second input
      coupled to said voltage divider,
PA1  a differential amplifier having a second reference signal input and a third
      input coupled to said signal amplifier and having dual outputs to
      establish first and second threshold signal levels,
PA1  a triangular wave generator and comparator means to compare a triangular
      wave output of said triangular wave generator with said first and second
      threshold signal levels, and
PA1  driving means responsive to said comparator means to control said first and
      second switching devices.
NUM  8.
PAR  8. A power supply circuit comprising,
PA1  a power transformer including at least a primary winding having a center
      tap and two end terminals,
PA1  first and second switching devices,
PA1  an inductor connected to said center tap and having sufficient inductance
      to limit peak transient currents of said power transformer and said first
      and second switching devices,
PA1  signal detection means coupled to monitor a signal reflective of the signal
      magnitude conducted by said first and second switching devices,
PA1  conductive control means coupled to operate said first and second switching
      devices in a cyclic mode of operation and responsive to said signal
      detection means and operating to control the time duration of conductivity
      of the first and second switching devices during each cycle of operation,
      said conductive control means biasing each of said first and second
      switching devices in a conducting state during each cycle of operation for
      a time duration greater than one-half of the time period of each cycle of
      operation, and in a nonconducting state during each cycle of operation for
      a time duration less than one-half of the time period of each cycle of
      operation, whereby said first and second switching devices are alternately
      in a nonconduction state and simultaneously in a conduction state, the
      state of simultaneous conduction having a controlled time duration wherein
      the controlled time duration of simultaneous conduction is utilized to
      regulate the signal monitored by said signal detection means in order to
      maintain a predetermined regulated signal output to continuously energize
      a load at an output of said power supply
NUM  9.
PAR  9. Power supply regulation means comprising:
PA1  means to periodically bias first and second switching devices alternately
      nonconducting and simultaneously conducting;
PA1  means to monitor a signal to be regulated whose magnitude is responsive to
      conduction in said first and second switching devices;
PA1  said means to bias responsive to said means to monitor and including:
PA1  means to establish a periodic cycle;
PA1  means coupled to a reference signal to compare said signal to be regulated
      to said reference signal; and
PA1  means to control an interval of simultaneous conduction of said first and
      second switching devices in response to said means to compare, said means
      to control operating to render each of said first and second switching
      devices conducting during each periodic cycle of operation for a time
      interval in excess of one-half the time period of each periodic cycle of
      operation and nonconducting during each periodic cycle of operation for a
      time interval less than one-half of the time period of each periodic cycle
      of operation in order to maintain a predetermined regulated output signal
      magnitude to continuously energize a load at an output of said power
      supply.
NUM  10.
PAR  10. Power supply regulation means as defined in claim 9 further including
      current limiting means coupled to said first and second switching devices.
NUM  11.
PAR  11. Power supply regulation means as defined in claim 9 wherein said means
      to establish a periodic cycle comprises periodic signal generating means,
      said means to compare including means to generate threshold signal levels
      and said means to control comprising means responsive to said periodic
      signal generating means and said threshold signal levels to bias said
      first and second switching devices simultaneously conducting.
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ABST
PAL  A DC to DC converter which gives two individually controlled and stabilized
      DC voltages includes an oscillator of the push-pull type and two
      rectifiers which are connected to the output of the oscillator. The
      transformer of the oscillator has a primary winding which has been split
      up in two halves, the end of each half being connected to a controlling DC
      voltage. The secondary winding of the oscillator transformer has its one
      end connected to the two rectifiers. The output of each of the rectifiers
      is connected to one input of a regulating circuit, the output of which is
      connected to each of the primary winding halves for delivering the
      controlling DC voltage.
BSUM
PAR  The present invention relates to a DC to DC converter for producing two
      individually controlled and stabilized voltages.
PAR  One field of application for converters of the mentioned kind is, for
      example, in voltage units for certain cathode-ray tubes, where there is a
      need for a constant acceleration voltage of the magnitude of 16 kV and a
      variable focusing voltage between 3 and 5 kV. These two voltages are then
      to be adjusted independently of each other and to be stabilized for
      eventual variations in the load connected to the converter.
PAR  Such voltage units can be realized by utilizing two separate converters of
      known kind. Each converter then consists of a square wave oscillator, a
      pulse amplifier, a transformer, a rectifier and a filter as described in,
      for example, the German patent 1,242,742. The period of the square wave
      voltage from the oscillator to the amplifier can be changed in dependence
      on the magnitude of the output voltage, whereby its value can be made
      independent of eventual load variations. Another way is to provide a
      further secondary winding and a rectifier-filter combination to the output
      transformer of the known converter, whereby in principle it would be
      possible to obtain two DC voltages, but these voltages could not in that
      case be controlled independently of each other. Thus, one is obliged to
      use two completely separate converters which implies higher costs.
PAR  An object of the present invention is to eliminate the mentioned drawbacks
      by providing a DC to DC converter from which two mutually independent
      stabilized DC voltages can be obtained wherein the converter contains only
      one transformer included in an oscillator arrangement.
DRWD
PAR  The invention, the characteristics of which appear from the appended
      claims, will be closer described with reference to the accompanying
      drawings of which
PAR  FIG. 1 shows a circuit diagram of an oscillator known per se which is
      included as part of the converter according to the present invention.
PAR  FIGS. 2 - 4 show the characteristics of the output voltage from the
      oscillator according to FIG. 1.
PAR  FIG. 5 shows a block diagram of the DC converter according to the present
      invention. FIGS. 6 - 9 show different embodiments of the rectifiers
      included in the converter according to the present invention.
PAR  FIG. 10 shows wave forms of different voltages, which appear in the
      rectifier according to FIG. 9.
DETD
PAR  The oscillator according to FIG. 1 is included as an essential part in the
      converter according to the invention. This oscillator is designed and
      operates principally in accordance with a conventional inverter circuit
      with the exception that the midpoint of the included transformer Tr on the
      primary has been split up in two separate part windings 1 34 and 1 56.
      Each of its windings is connected to a DC voltage U1 and U2, respectively.
      The windings 1 12 and 1 78 form the two feed-back windings and each is
      connected to a power transistor T1 and T2, respectively in known manner.
      The transformer Tr has a secondary winding 1 910 one end point of which is
      grounded and across which the output voltage U3 appears. If the voltages
      U1 and U2 are equal, an output voltage is obtained which constitutes a
      symmetrical AC voltage having square wave form, c.f. FIG. 2. If, on the
      contrary, the voltages U1 and U2 are not equal, an output voltage U3 is
      obtained which still has a square wave form, but the form differs from the
      symmetrical. In dependence on the magnitude of the DC voltages U1 and U2,
      the positive and the negative half period of the voltage U3, respectively
      have different time durations, but the output voltage still has square
      wave form, c.f. FIGS. 3 and 4. Independent of the value of the DC voltages
      U1 and U2 it follows that the time integral of the voltage during the
      positive half period is equal to the time integral of the voltage during
      the negative half period of the output voltage U3. From this it follows
      that in the case that the pulse time ratio differs from unity, the
      positive and the negative half period, respectively will obtain different
      amplitude values. The magnetic flux in the core of the transformer Tr is
      independent of the ratio between the values of the DC voltages U1 and U2,
      while the pulse time for the positive and negative period, respectively in
      the output voltage U3 is dependent on this ratio.
PAR  The two transistors T1 and T2 are conducting alternatingly during each part
      of the total period of the output voltage U3, for which reason the DC
      voltages U1 and U2 each are connected during its positive and negative
      part, respectively of the total period. With the polarity designations
      according to FIG. 1, it appears that during the positive half period the
      transistor T1 is conducting and the DC voltage U1 appears across the
      winding 1 34, while during the negative half period the transistor T2 is
      conducting and the DC voltage appears across the winding 1 56. If the
      voltage U1 is connected during the time Tp1 and the voltage U2 is
      connected during the time Tp2, then Lenz's law shows that
      ##EQU1##
      where n = the ratio of the transformer between windings 1 34, 1 56 and the
      winding 1 910, respectively, A = the area of the transformer core and Bmax
      = the maximal field strength in the core which is constant. Thus, Tp1 = K
      . 1/U1 and Tp2 = K . 1/U2, where K is a constant. By varying the level of
      the DC voltages U1 and U2, thus the amplitude of the positive and the
      negative half period, respectively of the output voltage U3 can be varied
      independently of each other. The pulse duration for the respective half
      period will then be inversely proportional to the respective DC voltage
      U1, U2.
PAR  According to the inventive idea and in order to obtain two variable DC
      voltages, rectifier arrangements are connected to the output of the
      converter for rectifying the square wave formed output voltage U3. FIG. 5
      shows a block diagram of the DC voltage converter according to the
      invention. The oscillator described above is indicated by OSC and to this
      the two DC voltages U1 and U2 are supplied in the manner shown in FIG. 1.
      To the oscillator OSC on the one hand a first rectifier arrangement RL1
      and on the other hand a second rectifier arrangement RL2 are connected and
      the obtained rectified voltages are indicated by Us and Uf, respectively.
      According to the inventive idea, thus an oscillator known per se, the
      square wave formed output voltage of which can be controlled by means of
      two independent DC voltages is combined with two rectifier arrangements
      likewise known per se.
PAR  Different types of rectifier arrangements RL1, RL2 can be connected to the
      output of the oscillator OSC. According to one embodiment of the
      invention, half wave rectification of the output voltage U3 is carried
      out, the rectifier RL1 consisting of a half wave rectifier for the
      positive half wave of the output voltage U3 and the rectifier RL2
      consisting of a half wave rectifier for the negative half wave in the
      output voltage U3. Thus the amplitude of the two rectified voltages Us and
      Uf can be varied by varying the DC voltages U1 and U2, respectively.
      According to another embodiment of the converter according to the
      invention the rectifier arrangement RL1 consist of a half wave rectifier
      and the rectifier arrangement RL2 consists of a peak-to-peak rectifier.
      Herewith an output voltage Uf is obtained which is proportional to the sum
      U1 + U2 of the two half periods in the output voltage U3. Furthermore, an
      output voltage Us is obtained which is proportional either to the voltage
      U1 or to the voltage U2 dependent on which of the two half periods in the
      output voltage U3 which has been selected for the half wave rectification.
      If the positive half wave is rectified, so that a voltage Us proportional
      to the voltage U1 is obtained, the peak-to-peak rectified voltage Uf
      (proportional to U1 + U2) can be varied by means of the voltage U2 without
      changing the half wave rectified voltage Uf (proportional to U1).
PAR  The obtained DC voltages Us and Uf are suitably supplied to one input of
      each of two regulators indicated by RS1 and RS2 in FIG. 5. The second
      input of the respective regulator is connected to a variable reference
      voltage Ur1 and Ur2, respectively the voltages by means of which the
      desired value of the output voltages Us and Uf, respectively can be
      adjusted. In, for example, the regulator RS1 a comparison is carried out
      between the values Ur1 and Us, the difference between these two values
      giving a positive or a negative contribution to the DC voltage U1. If, for
      example, the output voltage Us is somewhat greater than the reference
      voltage Ur1, a decrease of the voltage U1 takes place, so that the voltage
      Us assumes the desired value adjusted by means of the reference voltage
      Ur1. Each regulator RS1, RS2 can then consist of an integrating summing
      circuit of known kind.
PAR  FIGS. 6, 7 and 8 show different embodiments of the rectifiers RL1, RL2 in
      the case when half wave rectification of the output voltage U3 from the
      oscillator OSC is carried out. FIG. 6 shows the secondary winding 1 910
      included in the oscillator OSC, the terminal 10 then being grounded. The
      rectifier RL1 consists of a diode D1, the capacitors C1, C2 and a resistor
      R1. The rectifier RL2 consists of the diode D2, the capacitors C3, C4 and
      the resistor R2. The capacitor C1, C2 and C3, C4 and the resistors R1, R2
      are all connected to ground. Hereby an output voltage Us from the half
      wave rectifier RL1 is obtained which is positive and constitutes the half
      wave rectified value of the positive pulse half in the voltage U3.
      Furthermore, the output voltage Uf is obtained which is negative and
      constitutes the half wave rectified value of the negative pulse half in
      the voltage U3.
PAR  FIG. 7 shows the case when two positive voltages can be obtained. The
      midpoint of the secondary winding 1 910 is then grounded, whereby two
      out-of-phase voltages U4 and U5 are obtained. The diode D3 is conducting
      for the positive half wave of the voltage U4, while the diode D4 is
      conducting for the negative half wave of the voltage U5.
PAR  FIG. 8 shows the case when two negative voltages can be obtained. Compared
      with FIG. 7 the two diodes D3 and D4 have been reversed.
PAR  As previously mentioned, it is also possible to carry out a peak-to-peak
      rectification of the positive and the negative pulse halves of the
      secondary voltage U3 and a half wave rectification of one pulse half (for
      example, the positive) to obtain two mutually independent DC voltages.
      This is suitable in the case when a higher DC voltage is desired. As an
      example of this, reference is made to FIGS. 9 and 10 of which FIG. 9 shows
      the rectifier RL2 as a half wave rectifier and the rectifier RL1 as a
      peak-to-peak rectifier. FIG. 10 shows the wave forms which appear in the
      circuit according to FIG. 9. The rectifier RL2 consists of the diode D7
      and the rectifier RL1 of the diodes D8, D9 the capacitors C5, C6 and the
      resistor R5. The output voltage Uf from the half wave rectifier RL2
      constitutes a voltage which is proportional to the positive pulse half of
      the output voltage U3 and the output voltage Us from the peak-to-peak
      rectifier RL1 constitutes a positive voltage proportional to the sum of
      the absolute value of the positive and the negative pulse half, c.f. FIG.
      10. Expressed in the control voltages U1 and U2 the following is valid Uf
      = k . U1 and Us = k . (U1 + U2), where k is a constant. The output voltage
      Uf can be varied by varying the reference voltage Ur2 to the regulator RS2
      according to FIG. 5. If the voltage Ur2 is varied so that U1 decreases,
      this implies that also the voltage Uf decreases. However, herewith the
      value of the voltage Us = k . (U1 + U2) will also decrease. This new value
      of the voltage Us is compared in the regulator RS1 with the reference
      voltage Ur1 and the difference voltage is added to the control voltage U2
      so that this voltage increases. Hereby also the voltage Us will increase
      to its original value. The regulation takes place automatically in the
      regulator RS1 and the output voltage Us is rapidly adjusted to its
      original value. In the case where the reference voltage is varied, whereby
      the output voltage Us is varied, the output voltage Uf will not be
      influenced according to what has been described above.
CLMS
STM  We claim:
NUM  1.
PAR  1. A DC-to DC converter for producing two individually controlled and
      stabilized DC-voltages comprising:
PA1  oscillator means having a first and second control terminal and an output
      terminal for producing a rectangular waveform with a controllable pulse
      ratio and controllable peak-to-peak amplitude;
PA1  first and second rectifier means, each of said rectifier means having an
      input terminal and an output terminal, said input terminal being connected
      to the output terminal of said oscillator means for rectifying the
      rectangular waveform voltage from said output terminal;
PA1  a first and a second variable voltage source;
PA1  first and second regulator means for regulating the output voltage from
      each of said rectifier means, each of said regulator means having a first
      and a second input terminal and an output terminal, said first input
      terminals being connected to each of said first and second variable
      reference voltage source and said second input terminals being connected
      to each output of said first and second rectifier means for providing an
      error voltage which is dependent on the difference between the output
      voltage of the associated rectifier means and the associated reference
      voltage, said error voltage being added to said reference voltage in order
      to form an output voltage which is supplied to the first and second
      control terminal, respectively, of said oscillator means.
NUM  2.
PAR  2. A DC to DC-converter according to claim 1, wherein said first and second
      rectifier means are half-wave rectifiers.
NUM  3.
PAR  3. A DC to DC-converter according to claim 1, wherein said first rectifier
      means consists of a half-wave rectifier while the second rectifier means
      consists of a peak-to-peak rectifier.
NUM  4.
PAR  4. A DC to DC-converter according to claim 1 wherein said regulator means
      is a summation means having two inputs and one output, where one input is
      connected to the output of one of said rectifier means while the other
      input is connected to a constant voltage and the output is connected to a
      control terminal of said oscillator means.
NUM  5.
PAR  5. A DC to DC converter for producing two individually controlled and
      stabilized DC-voltages comprising:
PA1  an oscillator arrangement of the push-pull type including a transformer
      having a primary winding which is split into two halves each having an end
      terminal and a secondary winding having an output terminal;
PA1  a first and a second DC voltage;
PA1  means for connecting said first and second DC voltage to the respective
      half of said primary winding for determining the amplitude of the two half
      waves appearing on the output of said secondary winding;
PA1  first and second rectifier means each having an input terminal and an
      output terminal, said input terminal being connected to the output
      terminal of said secondary winding for rectifying the pulse formed output
      voltage on said output terminal;
PA1  a first and a second variable reference voltage source, said first
      rectifier means being a half wave rectifier and said second rectifier
      means being a peak-to-peak rectifier; and
PA1  first and second regulator means for providing said first and second DC
      voltage, each having a first and a second input terminal and an output
      terminal, said output terminal being connected to each of said end
      terminals of said primary winding halves, the first of said input
      terminals being connected to the output of each of said rectifier means,
      and said second input terminal being connected to one of said reference
      voltage sources.
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ABST
PAL  The invention relates to a circuit arrangement for the simultaneous
      ignition of a plurality of thyristors. Control paths of the thyristors are
      each connected to a secondary winding of a pulse transformer by way of a
      separate full-wave rectifier, an alternating current of higher frequency
      being supplied to the primary winding of the pulse transformer by a
      control current amplifier. In order to obtain a continuous flow of control
      current when a control signal is given, it is provided, according to the
      invention, that there is connected to the control path of each thyristor
      the series arrangement of a storage reactance coil and an uncontrolled
      diode poled in the direction of the gate current, and that the output of
      the full-wave rectifier is connected to this uncontrolled diode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a circuit arrangement for the simultaneous
      ignition of a plurality of thyristors connected in series, the control
      paths of which are connected, by means of a full-wave rectifier, to a
      secondary winding of a common pulse transformer, the primary winding of
      which is supplied an alternating current of higher frequency by a control
      current amplifier.
PAR  2. Description of the Prior Art
PAR  Such a circuit arrangement is known, for example, from the German
      Offenlegungsschrift 1,563,395 or from the German Offenlegungsschrift
      2,638,637. Therein, the individual thyristors are components of a
      high-voltage converter. At least one high-voltage cable enclosing the
      magnet core or cores is used as primary winding for one or more pulse
      transformers. The secondary windings are connected, by means of full-wave
      rectifiers, to the control paths of the individual thyristors directly,
      i.e., without further wiring. By means of a coil between the high-voltage
      cable to the secondary winding and to rectifier, firing information and
      the firing energy for each transistor are jointly magnetically
      transformed.
PAR  In this arrangement, much firing energy is required for the ignition of a
      large number of thyristors. The high firing energy must be taken into
      account in the design of the control current amplifier. The inductance of
      the ignition circuit, must be considered because of the insulation
      spacings required. It is for this reason that a dc-ac converter feeding
      the high-voltage cable or cables is preferred to the control current
      amplifier in the known arrangements. This dc-ac converter is operated at a
      higher frequency, namely in the so-called medium frequency range. The
      medium frequency range extends essentially from 0.5 to 20 kHz.
PAR  Because of the operating mode of the dc-ac converters in common use for
      this purpose, the curve of the primary current supplied to the primary
      winding of the pulse transformer is not linear, but sine-shaped, for
      instance. Each half oscillation of the primary current is followed by a
      gap where no current flows lasting to the start of the next half
      oscillation in the opposite direction. The gap may be as wide as a half
      oscillation. The shape of the current in the secondary winding of the
      pulse transformer looks the same. After rectification in the full-wave
      rectifier there appears in the control path of the individual thyristors a
      gate current consisting of a succession of positive half oscillations with
      zero current intervals between them. Such a gate current curve may lead to
      the respective thyristor regaining its blocking ability in the zero
      current interval, despite the fact that a control signal continues to be
      applied to the control current amplifier and an ignition is desired.
PAR  It is an object of the invention to design a circuit described hereinbefore
      in such a manner that a sizable gate current flows in the control
      electrode of each thyristor fed by the common pulse transformer during the
      zero current gaps in the primary current curve. A non-zero gate current
      should flow also if the primary current is continuous, such as a
      sine-shaped curve.
PAC  SUMMARY OF THE INVENTION
PAR  The objective is met by connecting to the control path of each thyristor,
      the series arrangement of a storing reactance coil and an uncontrolled
      diode poled in the direction of the grid current, and that the output of
      the full-wave rectifier is connected to this uncontrolled diode.
PAR  In this circuit arrangement, the zero current intervals in the secondary
      current are bridged by a current which, due to the energy stored in the
      storage reactance coil, flows through this storage reactance coil, the
      control path of the thyristor and the uncontrolled diode.
PAR  It is advantageous to achieve a very high rate of change of the thyristor
      grid current at the moment of applying the control signal. This is usually
      accomplished by giving the individual half oscillations of the primary
      current a large amplitude and, therefore, slope steepness. According to
      another embodiment of the invention, it is possible by additional measures
      at the beginning of the control signal, to increase the slope steepness of
      the gate current versus the slope steepness of those half oscillations
      which are induced in the secondary winding of the pulse transformer by
      paralleling to the storage reactance coil the series arrangement of a
      capacitor to which a discharge resistor is paralleled, and a cutoff diode.
      This series arrangement is a bypass of the storage reactance coil. At the
      beginning of the control signal, the capacitor takes over the gate
      current. To make sure that the capacitor is discharged at the beginning of
      the control signal, the discharge resistor is in parallel with it. In the
      course of the continuing control signal the capacitor is being charged,
      and the gate current flows increasingly through the storage reactance
      coil.
PAR  According to another embodiment of the invention, a further increase in
      slope steepness of the gate current can be achieved by disposing parallel
      to the output of the full-wave rectifier a charge capacitor, a parallel
      discharge resistor for this charge capacitor, and a series connection of a
      threshold value element and the uncontrolled diode. A Zener diode may be
      provided as threshold value element. It is also possible to use as a
      threshold value element a series arrangement of diodes poled in the
      foreward direction of the gate current. The interaction of the charge
      capacitor and threshold value elements assures that capacitor voltages
      above a predetermined limit only lead to the formation of a gate current.
      At the same time, the charge capacitor serves the purpose of interference
      suppression. Lower interference voltage coupled to the circuit arrangement
      capacitively or inductively, for instance, can thus not lead to an
      ignition of the thyristor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic circuit arrangement of the invention.
PAR  FIG. 2 shows two current-time diagrams, one for pulse current, and another
      for thyristor gate current.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a circuit arrangement for the simultaneous ignition of a
      plurality of thyristors in series arrangement, of which only three
      thyristors t1, t2 and t3 are shown, however. These thyristors t1, t2 and
      t3 form part of a high-voltage converter. A wiring arrangement b1, b2 and
      b3 connects their control paths to a secondary winding w1, w2 and w3,
      respectively, of a common pulse transformer m. Only the wiring arrangement
      b1 is shown in detail. The make-up of the other two wiring arrangements b2
      and b3 is the same, and therefore shown in block form only. The primary
      winding of the pulse transformer m, the core of which has the reference
      symbol f, is supplied by a control current amplifier v with an alternating
      current of frequency in the medium frequency range. The primary current I
      can be turned on or off by a control signal S.
PAR  The common control current amplifier v is used for the generation of the
      power required to fire all thyristors t1, t2 and t3 to be fired
      simultaneously. In order to take into account the inductance of the wiring
      arrangements b1, b2 and b3, the control current amplifier v may be
      designed, in particular, as dc-ac converter with thyristors. A suitable
      dc-ac converter is described in the German Offenlegungsschrift 2,015,673,
      for example. The dc input terminals have the reference symbols e1 and e2.
      The control current amplifier v is thus capable of supplying much power.
      It can be turned on immediately by the control signal S and can also be
      turned off again quickly.
PAR  The primary current I supplied is of a frequency approximately in the range
      between 0.5 and 20 kHz. Each period consists of a positive and a negative
      half oscillation, between which there is a zero current interval, as shown
      in FIG. 2a. The amplitude of the first half oscillation of the primary
      current I after the application of the control signal S is about twice
      that of the succeeding half oscillations. The secondary currents in the
      secondary windings w1, w2, w3 have the same time slope. The amplitude of
      the first half oscillation may be as high as 20 amps in the secondary
      windings w1, w2, w3.
PAR  The primary winding w of the pulse transformer may be a single or multiple
      ignition cable. It may further be provided that several transformer cores
      f, each with a number of secondary windings, are assigned to the primary
      winding w.
PAR  A secondary current of medium frequency is generated in the secondary
      winding w1 of the pulse transformer m. This secondary current is rectified
      by a full-wave rectifier g. The full-wave rectifier g in FIG. 1 is one
      with center-connected diodes n1 and n2. The full-wave rectifier g may also
      consist instead of a bridge circuit with uncontrolled diodes. Due to the
      use of a full-wave rectifier g, both current directions of the primary
      current I are utilized for the transformation of power for ignition.
PAR  In case of a short-circuit in the wiring arrangement b1, the currents in
      the other wiring arrangements b2 and b3 assigned to the same transformer
      core f would be severely influenced. To avoid this and to limit the
      short-circuit current, cutoff resistors r1 and r2, respectively, are
      disposed in series to the diodes n1 and n2 of the full-wave rectifier g.
      The resistance of the cutoff resistors r1 and r2 may be 2 Ohms, for
      example.
PAR  A charging capacitor k1 is connected in parallel to the output of the
      full-wave rectifier g. Its capacity may be from 0.5 to 1.5 .mu.f, for
      instance. In parallel to it is a discharge resistor r3. Its resistance may
      be 300 Ohms, for instance. Also paralleled to the output of the full-wave
      rectifier g is the series arrangement of a threshold value element n3 and
      an uncontrolled diode n4. A Zener diode, for example, may be provided as
      threshold value element n3. Instead, a series arrangement of diodes may
      also be used as threshold value element n3. The anode of this series
      arrangement of diodes is then to be connected to the positive side of the
      storage capacitor k1. The threshold voltage of the threshold value element
      n3 may be 5 V, for example.
PAR  In general, the storage capacitor k1 and the threshold value element n3 may
      be designed so that a current flows through the threshold value element n3
      and on through the rest of the wiring arrangement b1 only after 1/10 to
      1/5 of the duration of a half oscillation of the secondary current in the
      secondary winding w1 has elapsed. After the first activation of the
      control current amplifier v, the onflowing current receives a higher slope
      steepness than the first half oscillation of the secondary current in the
      secondary winding w1 of the pulse transformer m. The charging capacitor k1
      serves the purpose of storing the charge and at the same time of
      suppressing interference, for interference voltages below the threshold
      cannot lead to the release of a firing pulse in the control path of
      thyristor t1.
PAR  Connected to the control path of thyristor t1 is the series arrangement of
      a storage reactance coil k2 with the uncontrolled diode n4. The diode n4
      is poled in the direction of the gate current I.sub.g. To achieve, at the
      beginning of the control signal S, a great slope steepness of the gate
      current I.sub.g, there is additionally connected in parallel to the
      storage reactance coil k2, the series arrangement of a capacitor k3 and a
      cutoff diode n5. The capacity of capacitor k3 is, for instance, 1 .mu.f.
      The cutoff diode n5 protects the capacitor k3, when charged in the manner
      shown, against discharge across the storage reactance coil k2. The cathode
      of the cutoff diode n5 is connected to the control electrode of thyristor
      t1. In addition, a discharge resistor r4 is connected parallel to the
      capacitor k3. The resistance of the discharge resistor r4 may be as high
      as 500 Ohms. It assures that the capacitor k3 is discharged when a new
      control signal S arrives, which means that a new ignition of thyristor t1
      is requested. If, at this moment, the capacitor k3 were still charged
      completely or partially, no adequate slope steepness of the gate current
      I.sub.g could be achieved for the new firing.
PAR  FIG. 2a shows the primary current I as a function of time t. It may be seen
      therefrom that zero current intervals exist between the individual half
      oscillations. The first half oscillation, originating at t = 0 upon the
      application of the control signal S, is of an amplitude approximately
      twice that of the next half oscillations. The secondary current induced in
      the secondary winding w1 looks the same. The first half oscillation,
      which, as mentioned above may have an amplitude as high as 20 A, starts
      charging the charge capacitor k1 which was initially completely
      discharged. When the capacitor voltage reaches the threshold of the
      threshold value element n3, a current starts flowing through this
      threshold value element n3. This current flows first through the parallel
      arrangement of capacitor k3 and discharge resistor r4 and through the
      cutoff diode n5, impacting the control electrode of the thyristor t1 with
      great slope steepness as grid current I.sub.g.
PAR  In FIG. 2b is shown the gate current I.sub.g as a function of time t. It
      may be seen therefrom that the grid current I.sub.g starts only a short
      time after t = 0 and that its slope steepness is greater than that of the
      primary current I in FIG. 2a. Consequently, it is also greater than that
      of the secondary current in the secondary winding w1. In accordance with
      the time integral of the capacitor voltage of capacitor k3, the component
      of the gate current I.sub.g flowing through the storage reactance coil k2
      increases slowly. At the end of the first half oscillation of the primary
      current I, it is roughly three to four times the static ignition current
      I.sub.z required to fire the thyristor t1. This static ignition current
      I.sub.z is also shown in FIG. 2b.
PAR  During the next gap in the primary current I and, hence, also in the
      secondary current of the transformer m, the energy stored in the storage
      reactance coil k2 continues to drive a gate current I.sub.g through the
      control path of thyristor t1 and the uncontrolled diode n4. Therefore, the
      storage reactance coil k2 serves the purpose of bridging the currentless
      gaps. The values of the capacitor k3 and the storage reactance coil k2,
      the level of the secondary voltage transformed by the pulse transformer m,
      and the pulse frequency of the control current amplifier v are selected in
      such a manner that, up to the start of the next half oscillation, the gate
      current I.sub.g of thyristor t1 is greater in any event than the static
      ignition current I.sub.z of this thyristor t1. This is evident from FIG.
      2b.
PAR  Since the zero current gaps are eliminated by the circuit arrangement of
      FIG. 1, the individual thyristors t1, t2, and t3 of the high-voltage
      converter fire without interruption, as long as a control signal S is
      applied to the control current amplifier and as long as there is a high
      voltage. In other words, while a control signal S is applied, all
      thyristors t1, t2, and t3 of the series arrangement are activated
      simultaneously and without interruption. The case in which some of these
      thyristors t1, t2 and t3 are shut off and block in a currentless interval
      of the primary current I cannot occur. It is possible in this manner to
      master the dangerous gap operation in high-voltage converters.
PAR  In addition, there are relaxed design requirements of the control current
      amplifier, preferably designed as dc-ac inverter with thyristors. It can
      be operated with a smaller pulse frequency than was common practice
      heretofore. For, due to the bridging of the zero current intervals, the
      gap operation can be achieved at a lower pulse frequency without danger to
      the thyristors. The probability of the destruction of the thyristors in
      operation is thus reduced considerably.
PAR  Furthermore, commercially available thyristors can be used in the control
      current amplifier. Therefore, the use of thyristors selected for extremely
      short unblocking time is unnecessary. It should be pointed out that the
      requirements relating to the slope steepness of the secondary current in
      the secondary windings w1, w2, w3 of the pulse transformer can be relaxed.
      In comparison to known circuit arrangements, this means that the output
      voltage of the control current amplifier v in the circuit arrangement
      shown in FIG. 1 can be lower.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for the simultaneous ignition of a plurality of
      series-connected thyristors comprising,
PA1  a control amplifier the output of which is an alternating current,
PA1  a pulse transformer, the primary windings of which are coupled to the
      output of said control amplifier, said transformer having a plurality of
      secondary windings,
PA1  a plurality of full-wave rectifiers, one each coupled to said secondary
      windings, and having two output leads,
PA1  a plurality of control circuits, one each coupled in the control path of
      each thyristor, each control circuit comprising,
PA2  a storage reactance coil having a first lead coupled to the grid of the
      thyristor and a second lead coupled to one output lead of a full-wave
      rectifier, and
PA2  an uncontrolled diode having its cathode coupled to said second lead of
      said storage reactance coil, and its anode coupled to the cathode of the
      thyristor and the other output lead of said rectifier.
NUM  2.
PAR  2. The apparatus of claim 1 further comprising for each control circuit a
      circuit coupled in parallel with said reactance coil comprising a cutoff
      diode in series with the parallel connection of a capacitor and a
      resistor.
NUM  3.
PAR  3. The apparatus of claim 1 further comprising for each full-wave
      rectifier,
PA1  a parallel connection across its output lead comprising a charging
      capacitor and a discharge resistor, and
PA1  a threshold value element coupled between the one rectifier output lead and
      said second lead of said storage reactance coil.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said threshold value element is a Zener
      diode.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said threshold value element is a
      series connection of diodes each connected to conduct current in the
      direction from the one full-wave rectifier output lead to the reactance
      coil.
NUM  6.
PAR  6. The apparatus of claim 1 wherein cutoff resistors are connected in
      series with each of two output winding leads for each of said secondary
      transformer windings.
NUM  7.
PAR  7. The apparatus of claim 2 further comprising for each full-wave
      rectifier,
PA1  a parallel connection across its output lead comprising a charging
      capacitor and a discharge resistor, and
PA1  a threshold value element coupled between the one rectifier output lead and
      said second lead of said storage reactance coil.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said threshold value element is a Zener
      diode.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said threshold value element is a
      series connection of diodes each connected to conduct current in the
      direction from the one full-wave rectifier output lead to the reactance
      coil.
NUM  10.
PAR  10. The apparatus of claim 9 wherein cutoff resistors are connected in
      series with each of two output winding leads for each of said secondary
      transformer windings.
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ABST
PAL  An electrical circuit comprising at least one thyristor having an anode,
      cathode and gate; an ignition circuit for applying an ignition signal
      between the gate and cathode of the thyristor when turning on the
      thyristor; a turn-off circuit for turning off the thyristor which applies
      a reverse voltage between the anode and cathode of the thyristor when
      turning off the thyristor and which comprises an inverse bias circuit;
      said inverse bias circuit comprising a first path across the gate and
      cathode of the thyristor and a second path acrosss the gate and anode of
      the thyristor; and said bias circuit applying a reverse bias voltage
      having opposite polarity to the ignition signal between the gate and the
      cathode of the thyristor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an improved electrical circuit having a
      thyristor such as a thyristor inverter or a thyristor chopper where the
      circuit includes circuitry for turning off the thyristor.
PAR  2. Description of the Prior Art
PAR  In general, thyristors have been used for imparting ON-OFF control to
      electric circuits such as an inverter or a chopper. The electrical circuit
      having a thyristor usually includes a turn-off circuit for turning off the
      thyristor. The turn-off circuit applies a reverse voltage (that is a
      voltage to give a positive polarity to the cathode and a negative polarity
      to the anode) between the anode and cathode of the thyristor to turn off
      the thyristor. The complexity of prior art circuits for turning off a
      thyristor has led to a need for a simple and uncomplicated circuit which
      can perform this function. It is preferable to turn off the thyristor in
      as short a time as possible. This is especially important for circuits
      where the thyristor is repeatedly turned on and off for short repeated
      periods such as an inverter or a chopper.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved electrical circuit of simple design for applying a reverse bias
      voltage between the gate and cathode of a thyristor.
PAR  The object of the present invention has been attained by providing an
      electrical circuit comprising at least one thyristor having an anode,
      cathode and gate; an ignition circuit for applying an ignition signal
      between the gate and cathode of the thyristor when turning on the
      thyristor; a turn-off circuit for turning off the thyristor which applies
      a reverse voltage between the anode and cathode of the thyristor when
      turning off the thyristor and which comprises an inverse bias circuit;
      said inverse bias circuit comprising a first path across the gate and
      cathode of the thyristor and a second path across the gate and anode of
      the thyristor; and said bias circuit applying a reverse bias voltage
      having opposite polarity to the ignition signal between the gate and
      cathode of the thyristor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily obtained as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is an electrical circuit diagram showing the basic structure of the
      electrical circuit of the present invention;
PAR  FIG. 2 shows waveform characteristics illustrating the operation of the
      circuit shown in FIG. 1;
PAR  FIG. 3 shows a characteristic curve showing the relation of reverse bias
      voltage applied between the gate and cathode of the thyristor to the
      turnoff time of the thyristor;
PAR  FIG. 4 is an electrical circuit diagram of a thyristor inverter according
      to the invention; and
PAR  FIG. 5 is an electrical circuit diagram of a thyristor chopper according to
      the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows the basic structure of the electrical circuit of the
      invention, which includes a power source 1 which can be a DC power source
      or an AC power source. In FIG. 1, the DC power source 1 has a first
      terminal 1p of positive potential and a second terminal 1n of negative
      potential. The electrical circuit comprises a load 2 and a thyristor 3
      connected in series. The load 2 can be a DC load or an AC load. The
      thyristor 3 is a three terminal thyristor having anode 3a, cathode 3c and
      gate 3g. The anode 3a of the thyristor 3 is connected through a load 2 to
      the power source 1.
PAR  The cathode 3c is directly connected to the second terminal 1n of the power
      source 1. A conventional ignition circuit 4 is connected between the gate
      and cathode of the thyristor 3. The ignition circuit 4 applies an ignition
      signal Vi between the gate and cathode of the thyristor so as to give a
      positive polarity to the gate 3g when turning on the thyristor 3.
PAR  The circuit of FIG. 1 comprises a turn-off circuit 10 for turning off the
      thyristor 3. The turn-off circuit 10 comprises a commutation capacitor 11
      and a charging circuit for charging the commutation capacitor 11 with a
      predetermined polarity. The capacitor 11 has terminals 11a, 11b and the
      terminal 11a is directly connected to the cathode 3c of the thyristor 3
      and the terminal 11b is connected through a switching element 13 to the
      anode 3a of the thyristor 3. The charging circuit 12 charges the capacitor
      11 to a predetermined polarity shown in FIG. 1 that is a positive polarity
      of the terminal 11a for turning off the thyristor 3. In the embodiment
      shown in FIG. 1, the charging circuit 12 is connected to DC power source 1
      so as to be fed from the DC power source 1. However, it is possible to
      connect charging circuit 12 to another power source.
PAR  The charging circuit 12 connected to the DC power source 1 comprises a
      switch for charging the capacitor to the polarity of FIG. 1 by switching
      the polarity of the DC power source 1. Alternatively, an inductance may be
      utilized for charging the capacitor 11 to the polarity of FIG. 1. The
      turn-off circuit 10 comprises an inverse bias circuit 14 which comprises a
      first path 14A across the gate 3g and the cathode 3c of the thyristor 3
      and a second path 14B across the gate 3g and the anode 3a of the thyristor
      3. The first path 14A comprises a voltage control element 15 and a diode
      16 which are connected in series to each other. The voltage control
      element 15 can be a zener diode or a selenium rectifier or a non-linear
      resistor.
PAR  In the embodiment of FIG. 1, the voltage control element 15 is a zener
      diode whose anode is connected to the gate 3g. The cathode is connected to
      the cathode of the diode 16. The anode of the diode 16 is connected to the
      cathode 3c. When the voltage applied between the gate and cathode of the
      thyristor 3 has a first polarity to give a positive polarity to gate 3g,
      the zener diode 15 is forward biased, but the diode 16 is reverse biased
      whereby voltage of the first polarity is blocked by the diode 16.
PAR  When the voltage has a second polarity to give a positive polarity to the
      cathode 3c, the diode 16 is forward biased and the zener diode 15 is
      reverse biased whereby voltage less than the zener voltage of the zener
      diode 15 is blocked. Of course, when the second polarity voltage is higher
      than the zener voltage, current corresponding to the excess voltage is
      passed to the first path 14A.
PAR  When a selenium rectifier is used as the element 15, the anode of the
      selenium rectifier is connected to the gate 3g of the thyristor 3 and the
      cathode is connected to the cathode of the diode 16. The selenium
      rectifier operates to control voltage less than a predetermined value in
      the reverse direction. The second path 14B comprises a diode 17 and a
      resistor 12 which are connected in series to each other. The anode of the
      diode 17 is connected to the gate 3g of the thyristor 3 and the cathode is
      connected through the resistor 18 and the anode 3a of the thyristor 3.
PAR  Referring to FIG. 2, the operation of the embodiment is illustrated. FIG.
      2a shows a waveform of current passing from the anode 3a to the cathode 3c
      of the thyristor. FIG. 2b shows a waveform of voltage applied between the
      anode and cathode of the thyristor 3. FIG. 2c shows a waveform of voltage
      applied between the gate and cathode of the thyristor 3.
PAR  At the time t.sub.1, the ignition signal Vi is applied from the ignition
      circuit 4 whereby the thyristor 3 is turned on. The ignition signal Vi is
      applied to give a positive polarity to the gate 3g between the gate and
      cathode of the thyristor 3 whereby the ignition current is effectively
      passed to the gate 3g without diversion to the first path 14A. When the
      thyristor 3 is turned on, the current as shown in FIG. 2a is passed from
      the anode 3a to the cathode 3c. The current is load current passing
      through the load 2.
PAR  At a time t.sub.2 when the commutation capacitor 11 is charged to the
      polarity shown in FIG. 2, the switching element 13 is closed whereby the
      thyristor 3 begins its turn-off operation. That is, the voltage of the
      capacitor 11 is applied through the switching element 13 between the anode
      and cathode of the thyristor 3 as a reverse voltage. The reverse bias
      voltage Vr is applied through the first and second paths 14A, 14B between
      the gate and cathode of the thyristor 3. The reverse voltage is applied to
      the diode 16, the zener diode 15, the diode 17 and the resistor 18. The
      reverse voltage gives a positive polarity to the cathode 3c and a negative
      polarity to the anode 3a.
PAR  The diodes 16, 17 are forward biased by the reverse voltage. The reverse
      bias voltage Vr reverse biases the zener diode 15. The forward voltage of
      diode 16 is negligibly small.
PAR  The reverse bias voltage Vr applied between the anode and cathode of the
      thyristor 3 is effective to shorten the turn-off time by promoting the
      turnoff operation of the thyristor 3. FIG. 3 shows a characteristic curve
      between the reverse bias voltage Vr and the turn-off time t.sub.q of the
      thyristor 3. The thyristor 3 has a turn-off time of 15 .mu.s at Vr = 0
      (the reverse bias voltage Vr is not applied). The turn-off time is
      shortened to about 7.3 .mu.s by applying the reverse bias voltage Vr
      having a peak value of 10 V. The turn-off of the thyristor can be attained
      by applying the reverse voltage between the anode and cathode of the
      thyristor 3 for a time equal to or large than the turn-off time t.sub.q.
      That is, it is necessary to apply a reverse voltage continuously for a
      period longer than the turn-off time t.sub.q in order to turn-off the
      thyristor 3.
PAR  In FIG. 2b, the reverse voltage is continuously applied from the time
      t.sub.2 to the time t.sub.21. The time the reverse voltage is applied is
      indicated as T.sub.R.
PAR  In the circuit of FIG. 1, the zener diode 15 prevents the application of
      excess reverse bias voltage between the gate and cathode of the thyristor
      3 so as to protect the thyristor 3. The diode 17 prevents the application
      of positive voltage from the anode 3a of the thyristor through the
      resistor 18 to the gate 3g of the thyristor 3 so as to prevent accidental
      ignition of the thyristor 3. The resistor 18 controls the current passing
      through the paths 14A, 14B.
PAR  In the inverse bias circuit shown in FIG. 1, the position of the zener
      diode 15 can be interchanged with the diode 16. In this case, the cathode
      of the zener diode 15 is connected to the cathode 3c of the thyristor 3
      and the cathode of the diode 16 is connected to the gate 3g. It is also
      possible to interchange the position of the diode 17 and the resistor 18.
PAR  FIG. 4 shows an inverter according to the invention. The inverter is a
      parallel type inverter which has a transformer 20 comprising an input coil
      21 and an output coil 22. The load 2 is connected to the output coil 22.
      The input coil 21 comprises first and second terminals 21a, 21b and a
      middle terminal 21c placed between them. The middle terminal 21c is
      connected to the first terminal 1p of the DC power source 1. The inverter
      has a pair of thyristors 31, 32. The anode 31a of the thyristor 31 is
      connected to the first terminal 21a  of the input coil 21 and the cathode
      31c is connected to the second terminal 1n of the DC power source 1. The
      anode 32a of the thyristor 32 is connected to the second terminal 21b of
      the input coil and the cathode 32c is connected to the second terminal 1n
      of the DC power source 1. The commutation capacitor 11 is connected
      between the anodes 31a, 32a of the thyristors 31, 32 and the terminal 11a
      of the capacitor 11 is connected to the anode 31a and the terminal 11b is
      connected to the anode 32a.
PAR  The ignition circuit 41 is connected between the gate and cathode of the
      thyristor 31 and the ignition circuit 42 is connected between the gate and
      cathode of the thyristor 32. When the thyristors 31, 32 should be turned
      on, the ignition circuits 41, 42 apply ignition signals to give a positive
      polarity to the gates 31g, 32g. The inverse bias circuit 141 is connected
      to the thyristor 31 and the inverse bias circuit 142 is connected to the
      thyristor 32. The structures of the inverse bias circuits 141, 142 are the
      same and are also the same as the inverse bias circuit 14 shown in FIG. 1.
      The path 14A of inverse bias circuit 141 is across the gate 31g and
      cathode 31c of the thyristor 31. The path 14B of the circuit 141 is across
      the gate 31g and anode 31a of the thyristor 31. The path 14A of the
      inverse circuit 142 is across the gate 32g and cathode 32c of the
      thyristor 32. The path 14B of the circuit 142 is across the gate 32g and
      anode 32a of the thyristor 32. When the thyristor 31 is turned on by the
      ignition signal transmitted from the ignition circuit 41, current is
      passed from the terminal 1p of the DC power source 1 through the middle
      terminal 21c and the first terminal 21a of the input coil 21 and the
      thyristor 31 of the terminal 1n of the DC power source 1. Simultaneously,
      current is passed from the terminal 1p of the DC power source 1 through
      middle terminal 21c, second terminal 21b of the input coil 21, capacitor
      11, and thyristor 31 to terminal 1n of the DC power source 1 whereby
      capacitor 11 is charged with a polarity opposite to that shown in FIG. 4.
PAR  The turn-off operation of the thyristor 32 begins by applying the voltage
      of the capacitor 11 charged to the polarity shown in FIG. 4 as the reverse
      voltage between the anode and cathode of the thyristor 32. The turn-off
      operation of the thyristor 31 begins by applying the voltage of the
      capacitor 11 charged to the polarity opposite to that shown in FIG. 4 as
      the reverse voltage between the anode and cathode of the thyristor 31.
PAR  The inverse bias circuits 141, 142 apply the reverse voltage between the
      gate and cathode whereby the turn-off operation of the corresponding
      thyristor 31, 32 is promoted.
PAR  FIG. 5 shows the thyristor chopper according to the invention. In the
      chopper, the anode 3a of the thyristor 3 is connected to the first
      terminal 1p of the DC power source 1 and the cathode 3c is connected
      through the load 2 to the second terminal 1n of the DC power source 1. The
      thyristor 3 is connected to the ignition circuit 4 and the inverse bias
      circuit 14 in a manner similar to that of FIG. 1. The chopper comprises an
      auxiliary thyristor 51, a commutation capacitor 11, a commutation reactor
      52 and a diode 54. The terminal 11a of the commutation capacitor 11 is
      connected to the anode 3a of the thyristor 3 and the other terminal 11b is
      connected to the anode 51a of the auxiliary thyristor 51. The cathode 51c
      of the auxiliary thyristor 51 is connected to the cathode 3c of the
      thyristor 3.
PAR  An ignition circuit 55 for turning on the thyristor 51 is connected between
      the gate 51g and cathode 51c of the auxiliary thyristor 51. The
      commutation reactor 52 and the diode 54 are connected in series between
      the anode 51a and cathode 51c of the auxiliary thyristor 51. The anode of
      the diode 54 is connected to the cathode 51c of the thyristor 51 and the
      anode is connected through the reactor 52 to the anode 51a of the
      thyristor 51.
PAR  When the thyristor 51 is turned on by the ignition circuit 55, current is
      passed from the terminal 1p of the DC power source 1 through the capacitor
      11, the thyristor 51 and the load 2 to the terminal 1n whereby the
      capacitor is charged to the polarity shown in FIG. 5. When the thyristor 3
      is turned on by the ignition circuit 4, current is passed from the DC
      power source 1 through the thyristor 3 to the load 2. Simultaneously, the
      voltage of the capacitor 11 charged to the polarity shown in FIG. 5 is
      applied as a reverse voltage between the anode and cathode of the
      thyristor 51 by turning on the thyristor 3 whereby the thyristor 51 is
      turned off. After turning off the thyristor 51, the capacitor 11
      discharges the charge having the polarity shown in FIG. 5 through the
      thyristor 3, the diode 54 and the reactor 52. The discharge is stopped in
      the state where the capacitor 11 has been charged to the polarity opposite
      to that shown in FIG. 5 by the resonance of the capacitor 11 and the
      reactor 52. When the thyristor 51 is again turned on in this state, the
      voltage of the capacitor 11 is applied as a reverse voltage through the
      thyristor 51 between the anode and cathode of the thyristor 3 whereby the
      turn-off operation of the thyristor 3 begins. The reverse bias voltage is
      applied between the gate and cathode of the thyristor 3 by the inverse
      bias circuit 14 whereby the turn-off operation of the thyristor 3 is
      promoted.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An electrical circuit comprising at least one thyristor having an anode,
      cathode and gate;
PA1  an ignition circuit for applying an ignition signal between the gate and
      cathode of the thyristor when turning on the thyristor;
PA1  a turn-off circuit for turning off the thyristor which applies a reverse
      voltage between the anode and cathode of the thyristor when turning off
      the thyristor and which comprises an inverse bias circuit;
PA1  said turn off circuit comprising a commutation capacitor connected by
      switch means across the anode and cathode of the thyristor, means for
      reverse charging the commutation capacitor while the thyristor conducts so
      that upon actuation of the switch means the commutation capacitor applies
      voltage to the anode of the thyristor which is negative with respect to
      the voltage applied by the commutation capacitor to the cathode of the
      thyristor;
PA1  said inverse bias circuit comprising a first path across the gate and
      cathode of the thyristor and a second path across the gate and anode of
      the thyristor; and
PA1  said inverse bias circuit applying a reverse bias voltage having opposite
      polarity to the ignition signal between the gate and cathode of the
      thyristor.
NUM  2.
PAR  2. The electrical circuit according to claim 1 wherein the second path
      comprises a diode which is connected between the gate and anode of the
      thyristor to give a forward direction characteristic to the voltage which
      applies a positive polarity to the gate.
NUM  3.
PAR  3. The electrical circuit according to claim 2 wherein the second path
      comprises a resistor connected in series to the diode.
NUM  4.
PAR  4. The electrical circuit according to claim 1, wherein said first path
      comprises a voltage control element so as to apply an inverse bias voltage
      which is sufficient to shorten the turn-off time of the thyristor between
      the gate and cathode of the thyristor.
NUM  5.
PAR  5. The electrical circuit according to claim 4 wherein said voltage control
      element is a zener diode which is connected to give a reverse direction
      characteristic to the reverse bias voltage.
NUM  6.
PAR  6. The electrical circuit according to claim 5 wherein the first path
      comprises a diode in series with the zener diode and the diode is
      connected to give a forward direction characteristic to the reverse bias
      voltage.
NUM  7.
PAR  7. An electrical circuit comprising:
PA1  a DC power source having first and second terminals;
PA1  a transformer having an input coil and an output coil;
PA1  said input coil having a middle terminal disposed between its first and
      second terminals and being connected to the first terminal of said DC
      power source;
PA1  a load connected to the output coil of said transformer;
PA1  a first thyristor connected between the first terminal of said input coil
      and the second terminal of said DC power source;
PA1  a second thyristor connected between the second terminal of said input coil
      and the second terminal of said DC power source;
PA1  each of said thyristors having an anode, cathode, and gate;
PA1  a commutation capacitor between the first and second terminals of said
      input coil;
PA1  said commutation capacitor being reverse charged while each of the
      thyristors conducts to apply a reverse voltage between the anode and
      cathode of each of said thyristors to give a positive polarity to the
      cathode when turning off each of said thyristors;
PA1  a first inverse bias circuit connected to the first thyristor and a second
      inverse bias circuit connected to the second thyristor whereby the reverse
      bias voltage is applied between the gate and cathode of each of said
      thyristors to give a positive polarity to the cathode when turning off
      said thyristors.
NUM  8.
PAR  8. The electrical circuit according to claim 7 further comprising a first
      path across the gate and cathode of the first thyristor and a second path
      across the gate and anode of the first thyristor in the first inverse bias
      circuit; and a first path across the gate and cathode of the second
      thyristor and a second path across the gate and anode of the second
      thyristor in the second inverse bias circuit.
NUM  9.
PAR  9. The electrical circuit according to claim 8 further comprising a voltage
      control element for applying inverse voltage sufficient to shorten the
      turn-off time of the thyristor between the gate and cathode of each
      thyristor in each of the first paths of the first and second bias
      circuits.
NUM  10.
PAR  10. The electrical circuit according to claim 9 wherein the voltage control
      element is a zener diode which is connected so as to impart an inverse
      direction characteristic to the inverse bias voltage.
NUM  11.
PAR  11. The electrical circuit according to claim 18 wherein the first paths of
      the first and second inverse bias circuits each include a diode connected
      in series to the zener diode with each diode being connected so as to
      impart a forward direction characteristic to the inverse bias voltage.
NUM  12.
PAR  12. The electrical circuit according to claim 8 wherein the second paths of
      the first and second inverse bias circuits each include a diode which is
      respectively connected so as to impart an inverse direction characteristic
      to the voltage applied between the gate and anode of the thyristor under
      positive polarity for the anode.
NUM  13.
PAR  13. The electrical circuit according to claim 12 wherein the second path of
      the first and second inverse bias circuits comprises a resistor connected
      in series to the diode.
NUM  14.
PAR  14. An electrical circuit comprising:
PA1  a first thyristor connected in series to a load and a DC power source;
PA1  said first thyristor having an anode, cathode, and gate;
PA1  an ignition circuit for applying an ignition signal between the gate and
      cathode of the first thyristor when turning on the first thyristor;
PA1  a turn-off circuit for turning off the first thyristor;
PA1  said turn-off circuit comprising a commutation capacitor and a second
      thyristor;
PA1  said commutation capacitor being reverse charged while the first thyristor
      conducts to apply a reverse voltage between the anode and cathode of the
      first thyristor to give a positive polarity to the cathode during the
      turn-on of the second thyristor;
PA1  said turn-off circuit comprising an inverse bias circuit which has a first
      path across the gate and cathode of the first thyristor and a second path
      across the gate and anode of the first thyristor;
PA1  said inverse bias circuit applying a reverse bias voltage having a polarity
      opposite to the ignition signal between the gate and cathode of the first
      thyristor.
NUM  15.
PAR  15. The electrical circuit according to claim 14 wherein said commutation
      capacitor is charged to a predetermined polarity during turning on of the
      first thyristor and the reverse voltage is applied to the first thyristor
      by the turn-on of the second thyristor when the charged voltage has a
      predetermined polarity.
NUM  16.
PAR  16. The electrical circuit according to claim 15 wherein said commutation
      capacitor is charged from the DC power source to yield a polarity opposite
      to the predetermined polarity by turning on the second thyristor before
      the turn-on of the first thyristor, and the charged polarity is inverted
      by the turn-on of the first thyristor to charge said capacitor in the
      predetermined polarity.
NUM  17.
PAR  17. The electrical circuit according to claim 16 which further comprises a
      circuit comprising a commutation reactor and a diode in series so as to
      invert the polarity of the commutation capacitor from the opposite
      polarity to the predetermined polarity.
NUM  18.
PAR  18. The electrical circuit according to claim 14 wherein the first path of
      the inverse bias circuit comprises a voltage control element for applying
      inverse bias voltage sufficient to shorten the turn-off time of the
      thyristor between the gate and cathode of the first thyristor.
NUM  19.
PAR  19. The electrical circuit according to claim 18 wherein the voltage
      control element is a zener diode which is connected so as to impart an
      inverse direction characteristic to the inverse bias voltage.
NUM  20.
PAR  20. The electrical circuit according to claim 19 wherein the first path of
      the inverse bias circuit comprises a diode connected in series to the
      zener diode, the diode being connected to impart a forward direction
      characteristic to the inverse bias voltage.
NUM  21.
PAR  21. The electrical circuit according to claim 20 wherein the second path of
      the inverse bias circuit comprises a diode which is connected so as to
      impart an inverse direction characteristic to the voltage applied between
      the gate and anode of the first thyristor under positive polarity for the
      anode.
NUM  22.
PAR  22. The electrical circuit according to claim 21 wherein the second path of
      the inverse bias circuit comprises a resistor connected in series to the
      diode.
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ABST
PAL  A voltage regulator for a separately excited generator including a main
      generator unit having generating winding means and exciting winding means
      and an exciter comprising a magnet field type generator with the output
      connected through a rectifier to said exciting winding means, said voltage
      regulator comprising thyristor means connected to said output of said
      exciter to short the AC output from said exciter from being supplied to
      said exciting winding means of said main generator unit characterized by
      further comprising a voltage divider including first electric resistance
      means non-linear in voltage to current characteristic, and second electric
      resistance means said voltage divider connected to the output of said
      generating winding means of said main generator, with the output voltage
      across said first electric resistance means of said voltage divider
      connected through a Zener diode to the gate of said thyristor means.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains generally to a voltage regulator for a separately
      excited generator and more particularly to a voltage regulator for a
      separately excited generator driven by a prime mover such as an internal
      combustion engine revolving at varied speed.
PAC  BACKGROUND OF THE INVENTION
PAR  An AC generator is well known which has field or exciting winding means
      supplied with a rectified exciting current from a single phase or multiple
      phase magnet field type AC generator. The excited AC generator will be
      referred to as main generator and the magnet field type AC generator will
      be referred to as exciter, hereinafter. Such main generator has usually
      employed a voltage regulator comprising thyristor means serving to
      partially short the AC output or exciting power from the exciter under
      control responsive to the signal detected from the main generator. In the
      prior arts, such detection of the output of the main generator has been
      effected by a voltage divider including linear resistance means connected
      to the output of the main generator. When the signal reaches a
      predetermined level, thyristor means is adapted to be turned on for
      shorting the exciting current from being supplied to exciting winding
      means. However, because of such voltage divider detecting a signal of the
      substantially same waveform as that of the output voltage of the main
      generator, when it is applied with electrical load so that the load
      current flows from the main generator to the load, the voltage regulator
      has never been capable of properly regulating the output voltage of the
      main generator. More particularly, where the main generator is under no
      load, thyristor means is to be turned on in an advanced phase of a cycle
      at more than predetermined level of the output of the main generator, but
      where the main generator is under load, thyristor means is required to be
      turned on in a relatively delayed phase at predetermined level of the
      output of the main generator. Nevertheless, the prior voltage regulator
      tends to turn on thyristor means in the advanced phase even where the main
      generator is under load because the detected signal has a steep rise of
      the curve due to its waveform being substantially identical to that of the
      output of the main generator. Thus, the conventional voltage regulator has
      the disadvantage of the output of the main generator under load decreasing
      as the load current becomes larger, resulting in improper regulation of
      the output of the main generator.
PAC  OBJECT OF THE INVENTION
PAR  Accordingly, it is a principal object of the present invention to provide a
      voltage regulator for a separately excited generator adapted to provide a
      substantially constant output voltage from the excited generator even
      though the load current increases.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a voltage
      regulator for a separately excited generator including a main generator
      unit having generating winding means and exciting winding means and an
      exciter comprising a magnet field type generator with the output connected
      to said exciting winding means of said main generator unit, said voltage
      regulator comprising thyristor means connected to said output of said
      exciter to short the exciting power from said exciter from being supplied
      to said exciting winding means of said main generator unit, characterized
      by further comprising a voltage divider including first electric
      resistance means non-linear in voltage to current characteristic, and
      second electric resistance means said voltage divider connected to the
      output of said generating winding means of said main generator unit, with
      the output voltage across said first electric resistance means of said
      voltage divider connected through a reversely disposed Zener diode to the
      gate of said thyristor means to turn on said thyristors when the output
      voltage of said divider reaches the Zener voltage of said Zener diode.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects and features of the present invention will be
      apparent from the teaching of preferred embodiments of the present
      invention taken with reference to the accompanying drawing in which;
PAR  FIG. 1 is a schematic diagram of a voltage regulator for a separately
      excited generator in accordance with the present invention;
PAR  FIGS. 2A through 2D show several embodiments of non-linear resistance means
      involved in a voltage divider in the voltage regulator of FIG. 1;
PAR  FIG. 3 shows curves of voltage to current characteristic of non-linear
      resistance means;
PAR  FIGS. 4A, 4B and 4C show curves of half cycles of the output voltages from
      the main generator and from the voltage divider, according to the present
      invention and from a conventional voltage divider respectively;
PAR  FIG. 5 shows the output voltage from the main generator under load relative
      to the load current therefrom.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to FIG. 1, a main generator unit is indicated generally at
      numeral 10 and comprises a generating or armature winding 12 and an
      exciting or field winding 14. The generating winding has the output
      connected to load (not shown) such as a battery, an ignition circuit, a
      lamp circuit and so on. While only one generating winding 12 is shown in
      FIG. 1, a plurality of generating windings may be provided in the unit. In
      order to excite the main generator is provided an exciter 16 in the form
      of a magnet field type AC generator which comprises a generating or
      armature winding 18 with the output connected to an AC terminal of a
      fullwave rectifier 20, the DC terminal of which at one end is grounded and
      at the other end connected to one end of the exciting winding 14 of the
      main generator unit 10 with the other end grounded.
PAR  A voltage regulator 22 comprises two thyristors 24 and 26 with the anodes
      connected to the respective AC terminals of the fullwave rectifier 20 and
      the cathodes connected to ground. The thyristors 24 and 26 serve to short
      the AC output current of the exciter 16 from flowing through the exciting
      winding 14 of the main generator 10 as described later herein. The voltage
      regulator 22 also comprises a voltage divider 28 to detect the output
      voltage of the main generator 10. The voltage divider includes a first and
      electric resistance means 32 having a non-linearly varied voltage to
      current characteristic and second electric resistor 30. A smoothing
      capacitance 34 may be connected in parallel to the voltage divider 28. A
      fullwave rectifier 36 may be provided having the AC terminals connected to
      the respective output terminals of the main generator 10 with one of the
      DC output terminals connected to one of the ends of the voltage divider
      28, that is the outer end of the second electric resistor 30 and the other
      DC output terminal connected to ground. The outer end of non-linear
      electric resistance means is connected to ground. Non-linear electric
      resistance means may be in any suitable form, but may preferably include a
      varistor or varistors, a diode or diodes, a Zener diode or diodes and the
      combination of any of the foregoing semconductors or of any of them and a
      linear electric resistor or resistors. Several examples of non-linear
      electric resistance means are shown in FIG. 2A to 2D. FIG. 2A shows
      non-linear electric resistance means comprising a varistor. FIG. 2B shows
      non-linear electric resistance means comprising the combination of a
      linear electric resistor and a varistor. FIG. 2C shows non-linear electric
      resistance means comprising the combination of a varistor and a diode.
      Lastly, FIG. 2D shows non-linear electric resistance means comprising a
      linear electric resistor and a Zener diode. It will be understood that any
      other non-linear electric resistance means may be used corresponding to
      the desired detected voltage by the voltage divider 28. FIG. 3 shows the
      voltage to current characteristics a and b of non-linear electric
      resistance means of FIG. 2A. The characteristics a and b of FIG. 3 depend
      approximately on the index of the particular varistors. It will be
      understood that these characteristics can be varied by combining them with
      a linear electric resistor (see FIG. 2B) or with a diode (see FIG. 2C).
      Non-linear electric resistance means of FIG. 2D has the characteristic
      substantially identical to that of a single varistor. The varistor used
      for non-linear electric resistance means may include a commercially
      available silicone varistor which preferably has the thermally stable
      characteristic.
PAR  In order to determine the conducting phase of the thyristors 24 and 26,
      there is provided a Zener diode 38 the cathode of which is connected to
      the point of connection between the linear electric resistor 30 and
      non-linear electric resistance means 32 or the output of the voltage
      divider 28 and the anode of which is connected to the gates of the
      thyristors 24 and 26. An electric resistor 40 is connected between the
      gates and cathodes of the thyristors 24 and 26, serving to protect the
      thyristors from the varied temperature and the surge voltage.
PAR  Referring now to the operation of the present voltage regulator, the output
      of the main generator 10 is partially fully rectified by the fullwave
      rectifier 36 and the rectified output is then supplied to the voltage
      divider 28. While the voltage across non-linear electric resistance means
      32 that is the output voltage of the voltage divider 28 is below the Zener
      voltage of the Zener diode 38, resulting from the relatively lower
      revolution number of the engine by which the main generator is driven, no
      gate current flows through the thyristors 24 and 26 due to the
      non-conductive condition of the Zener diode 38 and therefore, the
      thyristors 24 and 26 are in the non-conductive condition. Thus, the whole
      current is supplied from the exciter 16 through the fullwave rectifier 20
      to the exciting winding 14 of the main generator 10 for operation thereof.
      When the AC output voltage of the main generator increases resulting from
      the increased revolution number of the engine until the output voltage of
      the voltage divider 28 exceeds the Zener voltage of the Zener diode 38,
      the gate current flows through the gates cathodes of the thyristors 24 and
      26 so that they are turned on when the voltage is applied across the
      anodes and cathodes of the thyristors 24 and 26 with the positive
      polarities at the anodes of the thyristors. Thus, the exciting power from
      the exciter 16 to the main generator 10 decreases resulting in the
      resultant decreasing output voltage from the main generator 10. It should
      be noted that the output voltage of the voltage divider 28 has the
      waveform nearly clamped at the head as shown in FIG. 4B. The solid line of
      FIG. 4A shows one half cycle of the output voltage of the main generator
      10 while the main generator is under no load and the solid line of FIG. 4B
      shows the output voltage of the voltage divider 28 corresponding to the
      voltage represented by the solid line of FIG. 4A. On the other hand, the
      dotted line of FIG. 4A shows one half cycle of the output voltage of the
      main generator 10 while the main generator 10 is under load and the dotted
      line of FIG. 4B shows the output voltage of the voltage divider 28
      corresponding to the voltage represented by the dotted line of FIG. 4A.
      The output voltages shown in FIG. 4B are obtained by nonlinear electric
      resistance means of FIG. 2A. Provided that when the detected voltage
      reaches E.sub.g, the thyristors 24 and 26 are turned on, they are
      conductive at the phase angle of .theta..sub.1 under no load, but at the
      phase angle of .theta..sub.2 which is delayed relative to the phase angle
      1/4.sub.1, under load.
PAR  The novel features of the present invention will become more apparent from
      the following explanation of the difference between the present invention
      and the prior art. In prior art, the non-linear resistance means 32 of the
      present invention is not employed and, instead, a linear resistance means
      is employed. So, suppose, in FIG. 1, that the non-linear resistance means
      is replaced by a linear resistance means. Then, the output of the voltage
      divider 28 is as shown by the dotted line in FIG. 4C. The thyristors 24
      and 26 are turned on when the output voltage of the divider 28 reaches
      E.sub.g. When the main generator 10 is under load, the thyristors 24 and
      26 are turned on at the phase angle .theta..sub.1 so that the exciting
      current is fed to the exciting winding 14 during the phase interval of
      0.degree. to .theta..sub.1. When the main generator 10 is under load, it
      is necessary to turn on the thyristors 24 and 26 at an angle such as
      .theta..sub.2 as shown in FIG. 4B substantially lagging behind the angle
      .theta..sub.1 so as to feed larger exciting power to the exciting winding
      14. However, with the linear resistance means, the thyristors 24 and 26
      are turned on at the angle .theta..sub.2 ' which is close to
      .theta..sub.1. Therefore, the exciting power fed to the exciting winding
      14 is insufficient, resulting in inadequate output voltage of the main
      generator 10. For this reason, with the prior art voltage regulator, the
      output voltage of the main generator tends to decrease with increasing
      load current as shown by the dotted line in FIG. 5. The difference between
      the solid line and the dotted line of FIG. 5, hence the difference in the
      output voltage to load characteristic between the present invention and
      the prior art is attributable to the difference between the output
      voltages of the voltage dividers. As was already explained, the peaks of
      the output voltage of the voltage divider of the present invention are
      clamped as is shown in FIG. 4B. This effect can be utilized to design the
      voltage divider so that the output voltage of the divider may reach the
      level E.sub.g at a phase angle .theta..sub.2 much later than the angle
      .theta..sub.1 when the main generator 10 is under load and the output
      voltage of the divider may reach the level E.sub.g at a phase angle
      substantially the same as the angle .theta..sub.1 of the prior art when
      the main generator 10 is under no load. The fact that the output voltage
      of the divider reaches the level E.sub.g at a later angle when the main
      generator is under load leads to later turn-on of the thyristors and in
      turn to larger exciting power fed to the exciting winding, resulting in
      higher output voltage of the main generator. Thus, according to the
      present invention, the effective value of the output voltage of the main
      generator is kept constant as the load current is increased.
PAR  While some embodiments of the present invention have been shown and
      described in connection with the accompanying drawing, it will be
      understood that various modifications and changes might be made within the
      scope and spirit of the present invention, which has been difined only to
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voltage regulator for a separately excited generator including a main
      generator unit having generating winding means and exciting winding means
      and an exciter comprising a magnet field type generator with the output
      connected through a rectifier to said exciting winding means of said main
      generator unit, said voltage regulator comprising thyristor means
      connected to said output of said exciter to short the AC output from said
      exciter from being supplied to said exciting winding means of said main
      generator unit, a voltage divider with the input connected through a
      rectifier to the output of said generating winding means of said main
      generator unit, said voltage divider comprising first electric resistance
      means and second electric resistance means, and a Zener diode, the cathode
      of said Zener diode being connected to the point of connection between
      said first electric resistance means and said second electric resistance
      means and the anode of said Zener diode being connected to the gate of
      said thyristor means, characterized in that said first electric resistance
      means of said voltage divider is non-linear in voltage to current
      characteristic.
NUM  2.
PAR  2. A voltage divider as set forth in claim 1, wherein said non-linear
      electric resistance means comprises a varistor.
NUM  3.
PAR  3. A voltage regulator as set forth in claim 1, wherein said non-linear
      electric resistance means comprises the combination of a varistor and a
      linear electric resistor.
NUM  4.
PAR  4. A voltage regulator as set forth in claim 1, wherein said non-linear
      electric resistance means comprises the combination of a varistor and a
      diode.
NUM  5.
PAR  5. A voltage regulator as set forth in claim 1, wherein said non-linear
      electric resistance means comprises a Zener diode and a linear electric
      resistor.
PATN
WKU  039380297
SRC  5
APN  4860365
APT  1
ART  212
APD  19740705
TTL  Low noise DC power supply system for electronics on a rotating assembly
ISD  19760210
NCL  6
ECL  1
EXP  Pellinen; A. D.
NDR  2
NFG  2
INVT
NAM  Wagner; Peter B.
CTY  Reno
STA  NV
INVT
NAM  Telford; James W.
CTY  Reno
STA  NV
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL  323  2
XCL  307154
EDF  2
ICL  H02J  100
FSC  307
FSS  149;150;151;154
FSC  310
FSS  72
FSC  317
FSS  262 R
FSC  321
FSS  2;10
FSC  323
FSS  1;2;93;100
UREF
PNO  2008377
ISD  19350700
NAM  Whitaker
XCL  310 72
UREF
PNO  2015667
ISD  19351000
NAM  Fleming et al.
OCL  310 72
UREF
PNO  3665291
ISD  19720500
NAM  Weischedel et al.
XCL  321  2
UREF
PNO  3736491
ISD  19730500
NAM  Kuster
XCL  321  2
LREP
FR2  Sciascia; R. S.
FR2  Curry; Charles D. B.
ABST
PAL  A low noise D. C. power supply system that is particularly suited for
       suping D. C. power from a stationary source to electronics equipment
      mounted on a rotating assembly. Brush and slip ring assemblies are used to
      transfer the D. C. power to the rotating assembly and brush noise is
      minimized by having non-inductive impedences on both sides of the brush
      and slip ring assemblies. Floating circuits are employed to transfer the
      D. C. power from the stationary assembly to the rotating assembly with the
      return reference ground being through the brush and slip ring assemblies
      to the stationary assembly. Higher than usual voltages are supplied to a
      capacitor mounted on the rotating assembly to charge the capacitor
      providing reserve energy storage, providing a voltage margin for further
      regulation and thus minimizing the effect of brush noise.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a power supply system and more
      particularly to a low noise floating D. C. power supply system.
PAR  2. Description of the Prior ARt
PAR  Low-noise D. C. power is normally required for satisfactory operation of
      sensitive electronic equipment. When the electronic equipment is mounted
      on a rotating shaft the supply of the D. C. power is normally through
      brushes to slip rings mounted on the shaft or by mounting a D. C. battery
      on the rotating shaft itself. Brushes in contact with slip rings are
      invariably a source of noise due to varying resistance during rotation.
      Batteries are normally heavy, bulky and must be periodically replaced or
      recharged. The floating D. C. power supply system of the present invention
      overcomes these difficulties by providing a D. C. power supply system for
      electronics mounted on a rotating assembly that has low noise
      characteristics and is of small size and weight.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention comprises a low noise D. D. power supply
      system that is particularly suited for supplying D. C. power from a
      stationary source to electronics equipment mounted on a rotating assembly.
      Brush and slip ring assemblies are used to transfer the D. C. power to the
      rotating assembly and brush noise is minimized by having non-inductive
      impedences on both sides of the brush and slip ring assemblies. Floating
      circuits are employed to transfer the D. C. power from the stationary
      assembly to the rotating assembly with the return reference ground being
      through the brush and slip ring assemblies to the stationary assembly.
      Higher than usual voltages are supplied to a capacitor mounted on the
      rotating assembly to charge the capacitor providing reserve energy
      storage, providing a voltage margin for further regulation and thus
      minimizing the effect of brush noise.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide low noise D. C. power from
      a stationary member to a rotating member;
PAR  Another object of the present invention is to provide a floating ground D.
      C. power supply system;
PAR  Still another object of the present invention is to provide a D. C. power
      system that employs capacitive storage;
PAR  A further object of the present invention is to provide a D. C. power
      system that minimizes the noise introduced by brushes and slip rings; and
PAR  A still further object of the present invention is to provide a floating D.
      C. power supply system that employs a low current flow path that provides
      a reference to ground.
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the low noise D. C. power supply system of
      the present invention; and
PA1  Fig. 2 is a diagram illustrating an equivalent circuit to explain the
      operation of the floating circuits of the low noise D. C. power supply
      system of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 is illustrated the low noise D. C. power supply system 11 of the
      present invention for supplying power to electronics equipment mounted on
      a rotating assembly. FIG. 1 is divided into three parts: (1) the
      components mounted on an aircraft, for example; (2) the stationary mounted
      components on an electric field measuring device, for example; (3) the
      rotatably mounted components on an electric field measuring device, for
      example. This power supply of the present invention has been found to be
      particularly useful for supplying high quality low noise D. C. power to an
      electric field measuring device that is mounted on the nose boom of a
      flying aircraft. Since atmospheric electric fields can be as low as
      several volts per meter it is necessary to supply exceedingly low noise D.
      C. power to the rotating electronics of the electric field measuring
      device which senses and processes the low level signals received from
      these atmospheric fields.
PAR  Mounted on the aircraft are battery 13, having a 28 VDC output, for
      example, recorder 15, isolating D. C. to D. C. converter 17 having a +7.5
      VDC output, for example, isolating D. C. to D. C. converter 19 having a
      +7.5 VDC output, for example, and isolating D. C. to D. C. converter 21
      having a .+-. 20 VDC output, for example. The aircraft mounted battery 13
      has one side, the positive side, for example, connected to the respective
      inputs of recorder 15 and D. C. to D. C. converters 17, 19 and 21. The
      other side of battery 13, the negative side, for example, is connected to
      ground (the aircraft frame, for example) and to the respective other
      inputs of recorder 15, and to D. C. to D. C. converters 17, 19 and 21. The
      ground output of D. C. to D. C. converter 17 is directly connected to
      aircraft ground by cable 23 and the ground output of D. C. to D. C.
      converter 19 is connected through resistor 25 to aircraft ground. Resistor
      25 is selected to have a high value, for example  10 K ohms, for reasons
      to be hereinafter explained.
PAR  As illustrated in FIG. 1, the input of recorder 15, the outputs of
      isolating D. C. to D. C. converters 17, 19 and 21, and aircraft ground are
      respectively connected through a plurality of lead wires 27 through 43 and
      cable connectors to the stationary components of an electric field
      measuring device, for example. The input of recorder 15 is connected by
      lead wire 27 to the output of stationary electronics 45. The input to
      stationary electronics 45 is connected to the output of a stationary
      optical receiver 47 that may be an infrared phototransistor, for example.
      The outputs of isolating D. C. to D. C. converter 17 are connected to the
      inputs of +5VDC regulator 49, for example, that supplies regulated D. C.
      power to stationary electronics 45. The outputs of isolating D. C. to D.
      C. converters 19 and 21, through lead wires 33, 35, 37, 39 and 41 are
      connected to the respective brushes, schematically illustrated by dotted
      lines, of brush assembly 51. The aircraft ground, through lead wire 43, is
      connected to the stationary frame ground and to a plurality of brushes,
      schematically illustrated by dotted lines, of brush assembly 51.
PAR  Connected across lead wires 33 and 35 of the +7.5VDC floating power output
      of isolating D. C. to D. C. converter 19 is capacitor 53. Connected across
      lead wires 37 and 41 of the +20VDC floating power output of isolating D.
      C. to D. C. converter 21 is capacitor 55. Connected across lead lines 39
      and 41 of the -20VDC floating power output of isolating D. C. to D. C.
      converter 21 is capacitor 57.
PAR  The slip rings, schematically illustrated by dotted lines, of slip ring
      assembly 59 connect the output of isolating D. C. to D. C. converter 19 to
      the inputs of 5VDC, for example, rotating regulator 61. A capacitor 63 is
      connected across the input and ground of regulator 61. The slip rings,
      schematically illustrated by dotted lines, of slip ring assembly 59
      connect the outputs of isolating D. C. to D. C. converter 21 to the inputs
      of .+-. 15VDC, for example, rotating regulator 65. Capacitor 67 is
      connected across the +20VDC input and ground of regulator 65 and capacitor
      69 is connected across the -20VDC input and ground of regulator 65. The
      outputs of rotating regulators 61 and 65 are connected to the power inputs
      of rotating electronics 71. The output of rotating electronics 71 is
      connected to the input of rotating optical transmitter 73 which may be an
      infrared light emitting diode, for example. In response to an input
      signal, indicating an electric field, for example, the light from rotating
      optical transmitter 73 is transmitted across an air gap to the input of
      stationary optical receiver 47 where it is processed by stationary
      electronics 45 and then applied to the input of aircraft mounted recorder
      15.
PAR  It should be particularly noted that the grounds of rotating electronics 71
      and rotating regulators 61 and 65 are interconnected and are connected to
      the rotating frame ground and to a plurality of slip rings, schematically
      illustrated by dotted lines of slip ring assembly 59. These slip rings are
      operably connected to the respective brushes of brush assembly 51 that are
      connected to the stationary frame ground and to the aircraft ground.
PAR  The operation of the power supply of FIG. 1 is as follows. At the outset it
      should be noted that a slip ring and associated brush have a variable
      resistance contact and current flowing through the contact will therefore
      generate a variable voltage drop which may be viewed as undesirable noise.
      To reduce the noise across the brush and associated slip ring it is
      desirable that the impedence in both directions be non-inductive. For this
      reason, and to provide energy storage, large capacitors are employed on
      each side and physically located near to the brush and associated slip
      ring. In FIG. 1 this is illustrated with reference to isolating D. C. to
      D. C. converter 19 by the use of capacitors 53 and 63. This is also
      illustrated with reference to isolating D. C. to D. C. converter 21 by the
      use of capacitor pair 55 and 67 and capacitor pair 57 and 69. Resistor 25
      is provided to provide a high impedence current discharge path to prevent
      converters 19 and 21 from applying a leakage potential to floating
      circuits 75 and 77 when the rotatable electronics are not in operation or
      are removed.
PAR  It should be particularly noted that capacitors 63, 67 and 69 are selected
      to have large values of capacitance, such as 10 or more microfarads,
      depending on the current requirement. Not only does this provide a
      capacitive impedence but it also provides a current source which will
      supply current to the rotating regulators 61 and 65 when the resistance of
      the brush and associated slip ring increases and thereby minimizes the
      effect of brush noise.
PAR  It should be particularly noted that circuits 75 and 77 are floating. That
      is, without the rotating member these circuits would be floating in that
      there is no connection, except through resistor 25, which has a high
      value, to any other circuit or D. C. reference such as aircraft ground. It
      should be particularly noted however, that these floating circuits 75 and
      77 have an aircraft ground reference, through slip ring assembly 59 and
      brush assembly 51 and lead line 43, when the rotatably mounted circuits
      are connected in place as shown in FIG. 1.
PAR  In FIG. 2 is illustrated an equivalent circuit illustrating the reason for
      coupling the ground of circuits 75 and 77 through the brush and slip
      assemblies rather than directly connecting to aircraft ground.
PAR  In FIG. 2 the noise signal generated by current through brush contacts in
      the D. C. returns is illustrated by generator 79. Capacitive coupling
      between one capacitive plate on the rotating member and the stationary
      frame is equal to C(.theta.), a function of the angular position of the
      rotating member. The capacitive plate is held at ground by associated
      electronics in the rotating frame. This is represented by the dotted lines
      connection 81. Should there also be a connection represented by the dotted
      lines 85 between the D. C. return 83 and the stationary frame 85 the
      completed circuit made by this connection would induce a noise current
      V'.sub.noise /C(.theta.) in the capacitive plates. This would, at best,
      reduce the signal-to-noise ratio at the input to the rotating electronics
      and, at worst (in the case of high gain configuration), saturate the
      electronics and eliminate their further function. For this reason the
      entire supply circuit of FIG. 1 must have no low-impedence connection to
      the stationary frame.
PAR  Note also that since the capacitance in FIG. 2 is a function of angular
      position, .theta., any D. C. voltage offset V.sub.DCOS will also appear as
      a signal on the capacitive plate on the rotating frame. It is important to
      minimize this effect first by carefully connecting the rotating and
      stationary frames electrically through multiple parallel brush and
      associated slip ring contacts as shown in FIG. 1; second, by eliminating
      sources of current flowing through these contacts; third, by constructing
      the capacitive plate and stationary frame exerior of the same material to
      eliminate a contact potential difference between the capacitive plate and
      stationary body and last, by reducing the angular dependence of C(.theta.)
      to a minimum.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A low noise D. C. power supply comprising:
PA1  a. a stationary assembly and a rotatable assembly;
PA1  b. a brush assembly operably connected to said stationary assembly and a
      slip ring assembly operably connected to said rotatable assembly;
PA1  c. said brush assembly including at least first, second and third brushes
      and said slip ring assembly including at least first, second and third
      slip rings, said first, second and third brushes being respectively
      operably connected to said first, said and third slip rings;
PA1  d. a stationary D. C. power source having one side connected to a
      stationary ground, to said third brush and to one input of a stationary D.
      C. to D. C. converter and the other side connected to the other input of
      said D. C. to D. C. counter;
PA1  e. a first ouput of said stationary D. C. to D. C. converter being
      connected to said first brush and a second output being connected to said
      second brush;
PA1  f. said first and second slip rings being connected to a D. C. regulator
      mounted on said rotatable assembly;
PA1  g. the output of said D. C. regulator being connected to one input of an
      electronic assembly mounted on said rotatable assembly; and
PA1  h. the ground of said electronics assembly and said second slip ring being
      connected to said third slip ring.
NUM  2.
PAR  2. The device of claim 1 including:
PA1  a. a first capacitor connected between said first and second brushes.
NUM  3.
PAR  3. The device of claim 2 including:
PA1  a. a second capacitor connected between said first and second slip rings.
NUM  4.
PAR  4. The device of claim 3 wherein:
PA1  a. said second capacitor is greater than about 10 microfarads.
NUM  5.
PAR  5. The device of claim 4 including:
PA1  a. a resistor operably connected between said second output of said
      stationary D. C. to D. C. converter and said one side of said stationary
      D. C. power source.
NUM  6.
PAR  6. The device of claim 5 wherein:
PA1  a. the D. C. voltage supplied to said second capacitor is substantially
      greater than required to provide the required power supplied by said
      rotatable D. C. regulator.
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ABST
PAL  A controllable power transferring device of the type used for controlling
      or regulating the application of A.C. electric power to a load by means of
      a reactance controlled by selectively short-circuiting a control coil with
      a controllable short-circuiting switch such as an SCR. The device employs
      a power transformer with a power core and a primary coil and a secondary
      coil each encircling the power core. A control core, separate from the
      power core, is encircled by the selectively short-circuited coil and is
      also encircled by one of the primary or secondary coils to subject that
      coil to the controlled reactance of the control core. By arranging the
      primary or secondary coil to encircle both independent cores, more
      efficient use is made of core and coil material, and more efficient
      controlled power transfer is obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the field of controlled electric power
      transfer of the type designed, for example, to control or regulate the
      supply of alternating current electric power to a load in response to a
      device sensing voltage, current, temperature, motor speed, humidity, or
      another similar characteristic or quantity.
PAR  The present invention relates more particularly to a form of electric power
      control achieved by means of a variable reactance having a control coil
      selectively shortcircuited to cause the loading of a core and to decrease
      the reactance of another winding about that core. This form of power
      control has a number of advantages. Large amounts of power can be
      controlled using controllable short-circuiting switches, such as SCR's and
      other thyristors, of lesser power handling capacity. Precise control can
      be achieved, and the power used in controlling is small. In addition,
      capacitative switching effects are masked.
PAR  2. Description of the Prior Art
PAR  Various known arrangements achieve power regulation by periodically loading
      a control core with a selectively short-circuited control coil. Examples
      of such arrangements are shown in the following U.S. Pat. Nos.: 3,184,675
      (Macklem); 3,199,018 (Macklem); 3,103,619 (DuVall); 3,573,605 (Hart);
      3,739,257 (Hunter); 3,295,053 (Perrius); 2,725,508; 2,497,218; 3,065,399;
      2,767,364; and 3,182,249.
PAR  Although the arrangements described in the foregoing patents are able to
      provide power control, they have not been fully satisfactory. Considerable
      amounts of magnetic core material and copper coil material are needed to
      provide sufficient reactance for control in the known arrangements.
      Moreover, power dissipation in the short-circuited control coil often is
      at a level high enough to create design problems. Finally, such known
      control arrangements often do not provide good efficiency in terms of
      power transfer.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide an improved
      power transferring device of the type used for regulating or controlling
      the application of electric power by means of a reactance controlled by
      selectively short-circuiting a control coil with a controllable
      short-circuiting switch. It is a specific object of the present invention
      to provide a controllable power transferring device of this type which
      requires less core and coil material in order to achieve control, which
      requires less power dissipation in the control coil, and which provides
      efficient power transfer. It is a further object of the present invention
      to provide a controlled power transfer device which is more satisfactory
      commercially.
PAR  In accordance with the present invention, the controllable power transfer
      device includes a power transformer having a power core and primary and
      secondary coils each encircling the power core. Typically the primary and
      secondary coils are arranged to be connected respectively to means acting
      as a source of alternating current electric power and to means forming a
      load. A control core, separate from the power core and providing an
      independent flux path, is encircled by the selectively short-circuited
      control coil. One of the primary or secondary coils is arranged to have
      its winding encircle both the control core and the power core, thereby to
      subject that coil to the controlled reactance of the control core to
      achieve controlled power transfer. Several major advantages result from
      this arrangement: less core and coil material is needed to obtain power
      control, less power need be dissipated in the control coil, and greater
      efficiency of power transfer is obtained.
PAR  In various other aspects of the invention a booster coil around the power
      core is connected additively to the control coil, the control coil is
      segmented with separate short-circuiting switches for each segment, and
      the power core is coupled with multiple control cores and secondaries to
      provide multiple control.
PAR  Other objects, aspects and advantages of the invention will be pointed out
      in, or apparent from, the detailed description hereinbelow, considered
      together with the following drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating a controlled power transfer
      device in accordance with the present invention;
PAR  FIG. 2 is a graph showing typical signals in the power transfer device of
      FIG. 1;
PAR  FIGS. 3, 4, 5 and 6 are schematic diagrams illustrating modified power
      transfer devices in accordance with the present invention; FIGS. 7-10 are
      views showing practical constructions for controlled power transfer
      devices in accordance with the present invention;
PAR  FIG. 7 is an elevation of one form of contruction;
PAR  FIG. 8 is a section on line 7--7 of FIG. 6;
PAR  FIG. 9 is an elevation of a second form of construction; and
PAR  FIG. 10 is a section on line 9--9 of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates schematically a controlled power transfer device 10
      constructed according to the present invention and arranged to transfer
      controlled amounts of power from a source 12 of alternating current
      electric power, such as standard line voltage, to a load 14, such as a
      motor, an instrument, a heater, or other power consuming element.
PAR  The controlled power transfer device 10 shown in FIG. 1 comprises a power
      transformer 16 having a power core 18 of magnetic material, a primary
      winding or coil P encircling the core 18 and connected to the power source
      12, and a secondary winding or coil S encircling the core 18 and connected
      to the load 14. Power core 18, primary P, and secondary S form a standard
      transformer and are designed accordingly.
PAR  The controlled power transfer device 10 further includes a control core 20
      of magnetic material, separate and independent from power core 18. As
      shown in FIG. 1, secondary coil S of power trnasformer 16 is arranged to
      have its loops encircle control core 20 in addition to power core 18. A
      control coil C encircles control core 20 and is connected across a
      controllable short-circuiting switch element 22, such as the illustrated
      SCR, which is connected to respond to control or gating signals supplied
      by a control circuit 24, typically in response to a sensed load condition
      such as load voltage as depicted in FIG. 1, or current, motor speed,
      temperature, humidity, or the like. The controllable short-circuiting
      switch 22 preferably has low impedance and low power consumption during
      conduction, and high impedance otherwise. SCR's, triacs, and other devices
      in the thyristor family, as well as transistor switches, are suitable for
      various applications. The control circuit 24, which may be of various
      known constructions, supplies a gating signal to the switch to control its
      conduction. The control circuit typically gates the switch 22 into
      conduction at a selected phase angle during each cycle of operation, with
      so-called "phase angle firing," the phase angle being selected either
      manually, or automatically in accordance with control circuitry.
PAR  The operation of controlled power transfer device 10 is as follows. In
      normal transformer operation, current flowing through primary coil P
      creates a magnetic field in power core 18 which in turn induces a voltage
      across secondary coil S and tends to cause a current to flow through
      secondary S and load 14. Secondary coil S, however, in accordance with the
      present invention also loops or encircles control core 20 and thus is
      subject to a controlled reactance which influences the amount of power the
      secondary coil S can apply to load 14.
PAR  When control coil C is open-circuited, the control core functions as a
      reactive choke: the magnetic field created in control core 20 develops a
      counter electromotive force that opposes the flow of current in the
      secondary coil S and thereby limits power. Control core 20 contains
      sufficient cross-sectional area to provide enough reactance to achieve
      essentially complete choking without saturation. Power transfer rates
      between primary and secondary of as low as approximately 0.5 percent are
      obtained in this condition. A particular advantage of the present
      invention is that because secondary coil S encircles both power core 18
      and control core 20, smaller amounts of magnetic material are needed in
      control core 20 to obtain sufficient reactance for full choking without
      saturation. Moreover, since the same turns of secondary S encircle both
      cores, less copper coil material is needed than would be required for a
      series-connected saturable reactor.
PAR  Power control is achieved by selectively shorting control coil C. When
      control coil C is short-circuited, current flows in the control coil C to
      load the control core 20. With this loading, the counter electromotive
      force opposing current flow in secondary S disappears, and power flows
      essentially unimpeded from primary P to secondary S. The impedance across
      control coil C which is reflected into secondary coil S drops to the small
      value represented by the resistance of the control coil C and switch 22.
      By designing the control coil C to have approximately the same ampere turn
      capacity as the secondary possesses at full load, the current flow in
      control coil C never is required to rise to a significant level. This
      results because the voltage induced across the control coil drops to the
      value needed to overcome the small D.C. resistance of the control coil C
      and switch 22. A further advantage of the invention is that because the
      control core 20 may have a smaller cross-sectional area, a smaller loading
      current is required in control coil C. This small current flows through
      only the small resistance existing in control coil C and switch 22 during
      conduction. Accordingly, only small amounts of power are consumed in order
      to achieve control, and efficient power transfer results. During full
      loading, power transfer rates between primary and secondary of as high as
      about 98 percent are obtained. This compares favorably with efficiencies
      of 40-80 percent for ferroresonant devices and for conventionally
      constructed power supplies.
PAR  By suitably controlling short-circuiting switch 22 to provide different
      ratios of time for the choking and loading conditions of operation, power
      transfer rates may be arbitrarily selected in a continuously variable wide
      range of control.
PAR  Waveforms showing an example of operation of power transfer device 10 are
      shown in FIG. 2 with a common horizontal time scale. In this example, the
      short-circuiting switch 22 is gated at a 90.degree. phase angle to provide
      approximately a 50 percent power transfer rate. Curve A indicates the
      sinusoidal input voltage across primary coil P. Curves B and C show
      respectivley current in and voltage across the control coil C. Switch 22
      is short-circuited at time Ts, and it can be seen that control coil
      voltage drops to a low value while control coil current rises to a higher
      level to load control core 20. Curve D shows the output voltage across
      secondary S. Before time Ts, the output voltage is essentially zero, and
      after time Ts, the voltage follows the input voltage across primary coil
      P. It will be noted that even though switch 22 is a unilaterally
      conducting element, such as an SCR, which operates only in one half of a
      cycle, the demagnetization of control core 20 in the second half of the
      cycle will produce a second output wave D2 of opposite polarity, thus
      affording essentially full wave control. It should be further noted that
      the output wave is smooth and well-behaved with no large magnitude voltage
      spikes or high frequency transients present in many switching type power
      controls, such as in simple series SCR controls.
PAR  FIG. 3 illustrates a power transferring device 10' with a power core 18,
      primary coil P, secondary coil S, and control core 20 arranged as
      described above with reference to the device 10 shown in FIG. 1. Device
      10', however, employs two control coils C1 and C2 encircling control core
      20.
PAR  The control coils C1 and C2 are provided with the same number of turns, but
      are oppositely wound on core 20 and have their common polarity ends a1, a2
      and b1, b2 connected together as shown at points a and b to form a closed
      series loop. A short-circuiting switch 22' such as an SCR, joins points a
      and b and is gated by control circuit 24. When switch 22' is not
      conducting, coils C1 and C2 are in series and flux created in control core
      20 by secondary S induces equal and opposite cancelling voltages across
      coils C1 and C2 and no current flows in the coils. A high impedance
      accordingly reflects back to secondary S and prevents transfer of power to
      load 14. When switch 22' conducts, control coils C1 and C2 each become
      shorted and currents I1 and I2 flow through the coils and through switch
      22'. Since the resistances of the coils C1 and C2 are equal, currents I1
      and I2 will be equal and will induce equal magnetic fluxes F1 and F2 which
      oppose one another and cancel. The two short-circuited coils C1 and C2
      reflect a small impedance to secondary coil S and power is transferred
      substantially unimpeded to load 14.
PAR  Because coils C1 and C2 and switch 22' have small resistances, little power
      is consumed during control and high power transfer efficiencies are
      obtained. Moreover, because fluxes F1 and F2 cancel, eddy current losses
      in control core 20 decrease and efficiency is further enhanced.
      Experimental observations further indicate that opposed coils C1 and C2
      respond to phase angle firing of switch 22' in a fashion which yields an
      output waveform from secondary S which has a slower rise time and
      therefore more nearly approximates a portion of a sinusoidal wave. Such a
      waveform is beneficial for some applications, such as control of motor
      speed.
PAR  FIG. 4 illustrates a modified power transferring device 10A with a power
      core 18A and separate control core 20A. In contrast to the device shown in
      FIG. 1, however, device 10A has primary coil PA encircling the two cores
      18A and 20A and secondary coil SA encircling only the power core 18A. The
      same range of control is obtained with device 10A as with device 10, but
      when secondary SA is disconnected from the load 14, full voltage continues
      to be generated across control coil CA whereas no such voltage is
      generated in the device of FIG. 1. For some types of control, one
      arrangement or the other may be more desirable.
PAR  As shown in FIG. 4, the control coil CA of power transferring device 10A is
      segmented into plural similarly wound coils CA-1 and CA-2, which are
      provided with separate short-circuiting switches 22A-1 and 22A-2
      controlled by control circuit 24A. This arrangement allows large amounts
      of power to be controlled using low power switches 22A-1 and 22A-2 since
      the switches share in dissipating the power needed to cause the loading of
      the control core 20A.
PAR  Power transferring device 10A shown in FIG. 4 further illustrates a booster
      coil B encircling the power core 18A and connected additively with the
      control coils CA-1 and CA-2. Booster coil B insures that current will flow
      in coils CA-1 and CA-2 and that full loading of control core 20A will take
      place.
PAR  While the interchanged primary and secondary, the segmented control coil,
      and the booster coil are shown together on device 10A in FIG. 4, each of
      these features may be used independently of one another.
PAR  Another modified power transferring device 10B, illustrated in FIG. 5,
      comprises a single power core 18B encircled by a primary PB, and separate
      multiple control cores 20B-1 and 20B-2 with secondaries SB-1 and SB-2 each
      encircling a respective control core and the power core 18B. The control
      cores 20B-1 and 20B-2 are provided respectively with independent
      short-circuiting switches 22B-1, 22B-2 and control circuits 24B-1 and
      24B-2, thereby allowing multiple loads to be driven from a single
      transformer with independent control.
PAR  FIG. 6 illustrates another power transferring device 10C in which the
      primary coil PC and secondary coil SC are connected in series to serve as
      an autotransformer, which may be arranged either for step-up or step-down
      operation. As shown in FIG. 6, one of the coils, in this case the
      secondary SC, is arranged to encircle both the power core 18C and the
      control core 20C, while the other coil, the primary PC, encircles only the
      power core PC. Operation of device 10C is similar to the operation of
      device 10 described previously.
PAR  FIG. 6 further illustrates a shunting resistor R across control coil CC.
      Shunting resistor R reduces the reactance of control core 20C, and permits
      some power to be transferred during a choked condition, the amount of
      power being determined by the value of resistor R. Accordingly, the
      resistor R may be made variable to set the range of control over which the
      control circuit 24C operates. For example, the resistor R may be set to
      permit control over a range of about 50 percent to 100 percent power
      transfer. Shunting resistor R may be used with the other power
      transferring devices described herein.
PAR  FIGS. 7 and 8 illustrate one practical form of construction for the power
      transferring device 10 shown schematically in FIG. 1. As shown in FIGS. 7
      and 8, the cores 18 and 20 are rectangular, and secondary coil S encircles
      both the primary coil P and the control core 20. Another practical form of
      construction is shown in FIGS. 9 and 10, wherein the cores 18 and 20 are
      made from E-I laminations, the center legs of which are encircled
      respectively by the primary coil P and control coil C, with the secondary
      coil S encircling both the primary coil P and control coil C. Toroidal
      cores, useful for high frequency operation, can be constructed similarly,
      i.e., with the parallel toroidal cores each encircled respectively by the
      primary coil P and control coil C, and with the secondary coil S
      encircling both the primary coil P and control coil C.
PAR  Although specific embodiments of the invention have been disclosed herein
      in detail, it is to be understood that this is for the purpose of
      illustrating the invention, and should not be construed as necessarily
      limiting the scope of the invention, since it is apparent that many
      changes can be made to the disclosed structures by those skilled in the
      art to meet particular applications.
CLMS
STM  I claim:
NUM  1.
PAR  1. A power transferring device of the type used for regulating or
      controlling the application of alternating current electric power to a
      load by means of a reactance controlled by selectively short-circuiting a
      control coil with a controllable short-circuiting switch, characterized
      by:
PA1  a power transformer having a power core and primary and secondary coils
      each encircling the power core and arranged for connection respectively to
      means acting as a source of alternating current electric power and to
      means forming a load;
PA1  a control core separate from the power core and encircled by the
      selectively short-circuited control coil;
PA1  one and only one of the primary or secondary coils being arranged to
      encircle both the control core and the power core, thereby to subject that
      coil to the controlled reactance of the control core;
PA1  the control core being arranged to subject the coil encircling both cores
      to essentially complete choking reactance without saturation of the
      control core when the control coil is open-circuited, thereby to
      substantially prevent power transfer between the primary and secondary
      coils;
PA1  the control coil loading the control core with the small resistance of the
      control coil and switch when the switch is short-circuited, thereby to
      transfer power substantially unimpeded between the primary and secondary
      coils;
PA1  whereby the control core and coil are enabled to efficiently control the
      transfer of power between the primary and secondary coils by selective
      opening and closing of the switch with little power dissipation occurring
      in the transferring device in either switch state.
NUM  2.
PAR  2. A power transfer device as claimed in claim 1 wherein the one coil
      arranged to encircle both the control core and the power core is the
      secondary coil.
NUM  3.
PAR  3. A power transfer device as claimed in claim 1 wherein the one coil
      arranged to encircle both the control core and the power core is the
      primary coil.
NUM  4.
PAR  4. A power transfer device as claimed in claim 1 further comprising a
      booster coil encircling the power core and connected additively with the
      control coil.
NUM  5.
PAR  5. A power transfer device as claimed in claim 1 wherein the control coil
      comprises two oppositely wound coils having the same number of turns and
      being connected in a closed series loop, the controllable switch being
      arranged to short-circuit each of the two oppositely wound coils to
      produce cancelling magnetic fluxes in the control core.
NUM  6.
PAR  6. A power transfer device as claimed in claim 1 wherein the control coil
      is segmented into a plurality of segments each of which is shunted by a
      controllable short-circuiting switch, whereby each such switch dissipates
      a portion of the power used in saturating the control core.
NUM  7.
PAR  7. A power transfer device as claimed in claim 1 wherein the secondary coil
      encircles both the control core and power core and further comprising at
      least one additional control core separate from the power core and
      encircled by an independent short-circuited control coil, and the power
      transformer having at least one additional secondary coil encircling the
      power core and the additional control core, whereby a plurality of
      independently controlled loads may be supplied from a single power
      transformer.
NUM  8.
PAR  8. A power transfer device as claimed in claim 1 further comprising
      shunting resistor means connected across the control coil for decreasing
      the reactance of the control core.
NUM  9.
PAR  9. A power transfer device as claimed in claim 1 wherein the control coil
      has approximately the same ampere turn capacity as the coil encircling
      both cores, thereby limiting current flow and power dissipation in the
      control coil and switch.
NUM  10.
PAR  10. A power transfer device as claimed in claim 1 wherein the primary and
      secondary coils of the power transformer are connected to form an
      autotransformer.
NUM  11.
PAR  11. A power transfer device as claimed in claim 1 wherein the controllable
      short-circuiting switch is a thyristor.
NUM  12.
PAR  12. A power transfer device as claimed in claim 1 wherein the power and
      control cores are rectangular, and wherein the secondary coil encircles
      both the primary coil and the control core.
NUM  13.
PAR  13. A power transfer device as claimed in claim 1 wherein the power and
      control cores are formed from E-1 laminations, and wherein the center legs
      of the cores are encircled respectively by the primary coil and control
      coil, and wherein the secondary coil encircles both the primary coil and
      control coil.
NUM  14.
PAR  14. A power transferring device as claimed in claim 1 wherein the
      controllable short circuiting switch is arranged to selectively short
      circuit the control coil encircling the control core during alternate half
      cycles of the alternating current electric power applied to the primary,
      thereby to produce a first output wave on the secondary coil, and to
      remain open circuited during the opposite half cycles of alternating
      current, whereby the demagnetization of the control core during the
      opposite half cycles produces a second output wave of opposite polarity on
      the secondary coil, thus affording a full wave output on the secondary
      coil and efficient power transfer.
NUM  15.
PAR  15. A power transferring device as claimed in claim 14 wherein the
      controllable short circuiting switch is a unilaterally conducting device.
NUM  16.
PAR  16. A power transferring device as claimed in claim 15 wherein the
      unilaterally conducting device is an SCR.
NUM  17.
PAR  17. A power transferring method for regulating or controlling the
      application of alternating current electric power to a load by means of a
      reactance controlled by selectively short circuiting a control coil with a
      controllable short circuiting switch, wherein the improvement comprises:
PA1  providing a power transformer having a power core and primary and secondary
      coils each encircling the power core and arranged for connection
      respectively to means acting as a source of alternating current electric
      power and a means forming a load, a control core separate from the power
      core and encircled by the selectively short circuited control coil, and
      one and only one of the primary or secondary coils being arranged to
      encircle both the control coil and the power core,
PA1  selectively short circuiting the control coil encircling the control core
      with the short-circuiting switch during alternate half cycles of the
      alternating current electric power, thereby to produce a first output wave
      on the secondary coil; and
PA1  maintaining the switch open-circuited during the opposite half cycles of
      alternating current, whereby the demagnetization of the control core
      during the opposite half cycles produces a second opposite polarity output
      wave on the secondary coil, thus affording a full wave output on the
      secondary coil and efficient power transfer.
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ABST
PAL  An adjustable voltage alternating current power supply is provided which is
      especially suitable for supplying loads of variable resistance. The power
      supply consists of a transformer having two secondary windings with
      solid-state switches for alternatively connecting the secondary windings
      in either parallel or series, and with a firing control circuit for
      changing the connection of the windings from parallel to series at a
      predetermined point in each half-cycle of the voltage to adjust the
      effective output voltage so that constant output power can be maintained,
      or the output power can be varied in any desired manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to alternating current power supplies, and
      more particularly to an adjustable voltage power supply suitable for
      supplying constant power to a variable resistance load.
PAR  Many industrial loads have resistances which vary with temperature or with
      time. For example, glass melting furnaces, where the glass is heated by
      electric current, have a negative temperature coefficient of resistance,
      and the resistance varies with the temperature in a manner that can cause
      uneven heating or thermal runaway so that effective control is necessary.
      Other types of loads, such as silicon carbide heater elements, for
      example, have a resistance which changes with time. In such cases, it is
      usually necessary or desirable to maintain constant power input to the
      load, or to control the power input in a predetermined manner. This can be
      done by suitably adjusting the voltage applied to the load so as to
      control the current to maintain the desired power input even though the
      resistance, or other characteristics of the load, may change with
      temperature or time or in any other manner.
PAR  One way in which this type of control may be achieved is to provide a
      transformer capable of supplying the maximum required voltage and maximum
      current, with phase angle switching control by means of solid-state switch
      devices in the secondary circuit to adjust the effective output voltage.
      This, however, requires a very expensive transformer and is not an
      economical solution to the problem if the range of variation of the load
      resistance is more than about 2 to 1. A better approach is to provide taps
      on either the primary winding or the secondary winding of the supply
      transformer with switching means to change the tap connections for the
      desired voltage range as required by the resistance of the load. Phase
      angle switching control can be used in connection with taps on either the
      primary winding or secondary winding to obtain a smooth control of the
      output voltage from zero to a maximum value. Solidstate tap selector
      switches in the secondary circuit have also been used and, with phase
      angle switching control, smooth control of the voltage can be achieved.
      These arrangements have been widely used but they are relatively expensive
      because of the provision of taps on the transformer winding which requires
      a special design, so that the cost is high as compared to standard
      transformers. Furthermore, such a design is somewhat difficult to
      accomplish at the higher current levels that may be required, with a
      further increase in cost.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an adjustable voltage alternating current
      power supply which permits smooth and continuous adjustment of voltage
      over a wide range without requiring taps on the transformer of special
      transformer designs.
PAR  In accordance with the invention a standard transformer may be utilized of
      the type having two secondary windings connectable either in series or in
      parallel for two different output voltages. Solid-state switching means
      are provided for use with such a transformer arranged to switch the
      secondary windings between the series and parallel connections. The
      switching means are controlled so that, in the higher voltage range, the
      connection of the secondary windings is changed from parallel to series at
      an adjustable predetermined point in each half-cycle of the output
      voltage. In this way the effective output voltage can be varied smoothly
      and continuously over a wide range, and the desired constant power input
      to a variable resistance load can be maintained with a relatively simple
      switching means and with a standard type of firing control for the
      solid-state switches. This results in a power supply in which the maximum
      power output is obtainable over a wide range of output voltages with a
      transformer of reasonable size and of standard construction and with
      relatively simple solid-state switching means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description, taken in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a circuit diagram illustrating a preferred embodiment of the
      invention;
PAR  FIG. 2 shows typical output voltage waveforms;
PAR  FIGS. 3A--3E show representative output voltage waveforms obtainable with
      the circuit of FIG. 1; and
PAR  FIG. 4 is a set of curves showing the characteristics of the power supply
      of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As previously discussed, the present invention provides an adjustable
      voltage alternating current power supply which is particularly suitable
      for maintaining constant input power to a variable resistance load.
PAR  In the preferred embodiment of the present invention shown in FIG. 1, a
      power transformer 10 is provided having a primary winding 11 adapted to be
      connected to a substantially constant line voltage. The transformer 10 has
      two secondary windings 12 and 13 wound on the same core and which are
      preferably substantially identical. That is, the windings 12 and 13 have
      the same number of turns so that their output voltages are the same to
      enable them to be connected in parallel, and the windings 12 and 13 have
      substantially the same maximum current rating so that they can be
      connected in series. The transformer 10 may be a two-secondary transformer
      of standard or conventional construction since no winding taps or other
      special features are required.
PAR  The windings 12 and 13 are connectable either in parallel or in series to
      provide two output voltages or two ranges of output voltage. Thus, for
      example, if each winding has a rating of 120 volts, the output voltage
      with the windings in parallel is 120 volts and with the two windings in
      series is 240 volts. Any desired voltages may, of course, be utilized. The
      relative polarities of the transformer windings are indicated in FIG. 1 by
      the usual convention of a dot at the ends of the windings which have the
      same instantaneous polarity. The winding 12 has output terminals 14 and 15
      and the winding 13 has output terminals 16 and 17. The two windings are
      adapted to be connected either in series or in parallel to output
      terminals 18 and 19 for connection to a load 20 which, as previously
      indicated, may be a variable resistance load such as a glass furnace or an
      array of silicon carbide heaters where the resistance varies with
      temperature or time, or otherwise, and where a constant or controllable
      input power is desired.
PAR  The switching of the windings 12 and 13 between series and parallel
      connection is accomplished by solid-state switching means shown as three
      sets of semiconductor controlled rectifiers (SCR's), or thyristors,
      although any suitable type of switching devices could, of course, be used.
      Each set consists of two SCR's oppositely connected in parallel and
      adapted to be fired alternately for conduction on successive half-cycles.
      The first SCR set 21 is disposed to connect the terminal 16 of the winding
      13 to the output terminal 18 to which the corresponding terminal 14 of the
      winding 12 is also connected. The second SCR set 22 is disposed to connect
      the terminal 15 of the winding 12 to the output terminal 19 and the
      corresponding terminal 17 of winding 13 is also connected to the output
      terminal 19. Thus, when the SCR's 21 and 22 are made conductive, the
      windings 12 and 13 are connected in parallel between the output terminals
      18 and 19 to supply the lower of the available output voltages to the load
      20. The third SCR set 23 is connected as shown between the opposite
      transformer winding terminals 15 and 16 so that when the SCR's 23 are made
      conductive, the windings 12 and 13 are connected in series between the
      terminals 18 and 19 to supply the higher output voltage to the load 20.
PAR  A firing control circuit 24 is provided for firing the SCR sets 21, 22 and
      23 in the desired manner. The control circuit 24 may be any known or
      conventional type of phase angle firing control circuit adapted to fire
      the SCR's at predetermined or adjustable points in each half-cycle of the
      applied alternating current voltage, the SCR's of each pair being fired
      alternately in successive half-cycles in known manner for conduction on
      both half-cycles. As indicated in FIG. 1, the SCR sets 21 and 22 are fired
      simultaneously and the SCR's 23 are separately fired.
PAR  In accordance with the invention, as more fully discussed below, the SCR
      sets 21 and 22 are fired at each zero crossing of the voltage wave, and
      the SCR's 23 are then fired at a predetermined, adjustable point in each
      half-cycle. The circuit, as shown, is self-commutating. That is, firing of
      the SCR set 23 turns OFF the SCR sets 21 and 22. This may be seen from
      FIG. 1 in the following manner. Considering the secondary winding 13
      during a positive half-cycle, with the appropriate SCR 21 conductive, the
      terminal 16 will be positive and current flows from terminal 16 through
      SCR 21 to terminal 18, and then through the load 20 and terminal 19 to
      negative winding terminal 17. Terminal 16 is thus positive with respect to
      output terminal 18. If SCR 23 is now fired to make it conductive and
      connect the windings 12 and 13 in series, the winding terminals 15 and 16
      are connected together. The terminal 15 is negative, however, with respect
      to terminal 18 so that the polarity of the voltage across SCR 21 is
      reversed and the SCR is turned OFF. A similar effect occurs on the SCR set
      22. The same effect with opposite polarities obviously occurs during the
      negative halfcycles. Turning the SCR set 23 ON, therefore, during either
      half-cycle, connects the windings 12 and 13 in series and simultaneously
      turns OFF the SCR sets 21 and 22 to interrupt the parallel connection. The
      circuit is, therefore, self-commutating and a standard phase angle type of
      firing control circuit can be utilized.
PAR  The effect of this switching operation is illustrated in FIGS. 2 and
      3A--3E. In FIG. 2, there is shown a voltage wave V.sub.p representing the
      output voltage across the terminals 18 and 19 when the windings 12 and 13
      are in parallel, and a voltage wave V.sub.s representing the output
      voltage when the windings are in series. It will be seen that the voltage
      V.sub.s is twice the voltage V.sub.p so that two output voltages (120
      volts and 240  volts, for example), or ranges of voltages (0-120 volts and
      120-240 volts), are obtainable.
PAR  In accordance with the invention, the switching means described above are
      utilized to vary the output voltage over the range from V.sub.p to
      V.sub.s, that is, from 120 volts to 240 volts in the illustrative example,
      and if desired, conventional phase angle control may be used with the
      windings in parallel to vary the voltage between zero and V.sub.p. In
      accordance with the invention, the voltage is varied in the higher voltage
      range in the manner previously mentioned. That is, the SCR sets 21 and 22
      are fired at each zero point of the transformer voltage to connect the
      windings 12 and 13 in parallel for the lower voltage V.sub.p, and the SCR
      set 23 is fired at a predetermined point in each half-cycle to switch to
      the higher voltage V.sub.s. The effect of this is illustrated in the
      curves of FIGS. 3A-3E which show typical output voltage waves obtained in
      this manner. Thus, FIG. 3A shows the effect of firing the SCR's 23 at an
      angle of 30.degree. in each halfcycle to switch to the higher voltage.
      FIG. 3B shows switching at 60.degree. in each half-cycle and FIGS. 3C, 3D
      and 3E show the voltage waves obtained by switching at 90.degree. ,
      120.degree. and 150.degree., respectively, the effective voltage
      progressively decreasing. It will be seen that switching from low to high
      voltage in this manner in each half-cycle makes it possible to obtain a
      range of effective output voltages which is smoothly and continuously
      adjustable from the voltage V.sub.p to the maximum voltage V.sub.s. For
      example, if V.sub.p is 120 volts and V.sub.s is 240 volts, the following
      effective output voltages V.sub.o are obtained by switching from parallel
      to series at the points indicated.
TBL  ______________________________________                                    
     Switching                                                                 
     Angle            Fig.         V.sub.o                                     
     ______________________________________                                    
      0.degree.       2            240 (V.sub.s)                               
      30.degree.      3A           237                                         
      60.degree.      3B           221                                         
      90.degree.      3C           190                                         
     120.degree.      3D           151                                         
     150.degree.      3E           125                                         
     180.degree.      2            120 (V.sub.p)                               
     ______________________________________                                    
PAR  Intermediate voltages between those shown can obviously be obtained by
      control of the firing angle of the SCR set 23 so that a smooth, continuous
      control of output voltage is obtained over the entire voltage range.
PAR  The effect of controlling the output voltage in the manner described is
      further illustrated by the curves of FIG. 4. Curve A of this figure shows
      the output power obtainable from the circuit of FIG. 1, and curve B shows
      the output current, both as functions of the output voltage for a given
      load resistance. The power is expressed as a percentage of the rated KVA
      output of the transformer 10 and the current is expressed as a percentage
      of the maximum allowable output current of a single secondary winding 12
      or 13. The output voltage is also expressed in percentage, 100% being the
      maximum voltage V.sub.s with the two windings 12 and 13 in series, so that
      50% voltage represents the voltage V.sub.p of a single winding or of the
      two windings in parallel.
PAR  It will be seen from an examination of the curves of FIG. 4 that the output
      power remains above 80% of the KVA rating of the transformer as the
      voltage is decreased and the effective current increases due to the
      increasing proportion of each half-cycle in which the windings remain in
      parallel. The output power thus remains above 80% of the transformer
      rating over a range starting at the rated current and maximum output
      voltage, with both windings in series, and extending until the current has
      increased to 200% and the voltage has decreased to 50%, representing both
      windings in parallel with maximum rated current in each winding, Beyond
      this point, the current cannot be further increased and as the voltage is
      further decreased, the output power correspondingly decreases and reaches
      80% of the KVA rating at 40% output voltage, in the illustrated
      embodiment. Thus, the output power (kilowatts) remains above 80% of the
      KVA rating of the transformer throughout a range of output voltage from
      40% to 100% (96 volts to 240 volts in the illustrative example), The power
      factor varying as indicated by the curve A (assuming a primarily resistive
      load). Constant power output up to the maximum transformer rating can,
      therefore, be maintained throughout this range, as the voltage can be
      adjusted as required by any change in the load resistance to vary the
      current to maintain the power output of the transformer constant. The
      output power can, of course, be varied in any desired manner by similar
      adjustment of the voltage.
PAR  It will now be apparent that an adjustable voltage power supply has been
      provided which has many advantages, and which makes it possible to
      maintain constant power input to a load having a resistance which varies
      with temperature or with time or otherwise. The power supply utilizes a
      transformer of standard construction which requires no taps or other
      special features, and utilizes simple solid-state switching means with a
      standard type of firing control. The switching arrangement illustrated,
      however, makes it possible to smoothly and continuously vary or adjust the
      output voltage as required to maintain constant output power, and maximum
      power can be maintained over a voltage range of the order of 2.5 to 1, as
      discussed above in connection with the curves of FIG. 4. This result is
      obtained with a transformer of relatively low cost, not only because of
      its standard construction but also because the maximum KVA rating of the
      transformer need be only 25% greater than the desired output power. This
      results because of the fact that during each half-cycle of operation, the
      transformer secondary windings operate in parallel at reduced current for
      a substantial part of each half-cycle and in series at full current for
      only a part of the half-cycle. The thermal duty on the transformer is
      accordingly reduced. This permits full advantage to be taken of the
      characteristic illustrated in FIG. 4 that maximum power output can be
      maintained over the desired voltage range without falling below 80% of the
      maximum KVA. The KVA rating of the transformer, therefore, need be only
      25% greater than the maximum power desired. The firing control circuit 24
      may be of any suitable type which can be adjusted to fire the SCR's at the
      desired phase angle in each half-cycle, and may be controlled manually to
      set the firing angle or may be controlled automatically in any desired
      manner in response to the load power or current, or in response to any
      desired characteristic of the load such as the temperature, or to any
      other desired quantity.
PAR  A preferred embodiment of the invention has been shown and described for
      the purpose of illustration but it will be understood that various
      modifications and other embodiments are possible. Thus, any desired type
      of solidstate switching means may be utilized which will operate in the
      manner described, and any desired type of firing control may be provided.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An adjustable voltage alternating current power supply comprising two
      similar, substantially constant voltage sources, switching means for
      alternatively connecting said voltage sources in parallel or in series for
      connection to a load, and means for controlling said switching means to
      switch said voltage sources between parallel and series connections at
      predetermined points in each half-cycle of the applied voltage wave.
NUM  2.
PAR  2. A power supply as defined in claim 1 in which said switching means
      comprises solid-state switching devices connected to effect series or
      parallel connection of said voltage sources.
NUM  3.
PAR  3. An adjustable voltage alternating current power supply comprising
      transformer means having two substantially identical output windings,
      solid-state switching means for alternatively connecting said output
      windings in parallel or in series for connection to a load, and means for
      controlling said switching means to change the connection of the output
      windings from parallel to series at a predetermined point in each
      half-cycle.
NUM  4.
PAR  4. A power supply as defined in claim 3 in which said switching means
      includes means for effecting parallel connection of said output windings,
      and means operative at a predetermined point in each half-cycle for
      connecting said windings in series and simultaneously interrupting the
      parallel connection.
NUM  5.
PAR  5. A power supply as defined in claim 3 in which said switching means
      includes first solid-state switching means disposed to connect together
      corresponding terminals of said output windings to connect the windings in
      parallel to output terminals when the first switching means is conductive,
      and second switching means disposed to connect together opposite terminals
      of the output windings to connect the windings in series between the
      output terminals when the second switching means is conductive and the
      first switching means is nonconductive
NUM  6.
PAR  6. A power supply as defined in claim 3 in which terminals of opposite
      instantaneous polarity of each of said windings are connected to
      respective output terminals, first solid-state switch means connecting the
      other terminal of each winding to the first-mentioned terminal of the
      other winding, whereby the windings are connected in parallel to the
      output terminals when the first switch means is conductive, and second
      switch means connecting together said other terminals of the windings when
      the second switch means is conductive and the first switch means is
      non-conductive.
NUM  7.
PAR  7. A power supply as defined in claim 6 including control means for making
      said first switch means conductive at the beginning of each half-cycle to
      connect the windings in parallel and for making the second switch means
      conductive at an adjustable predetermined point in each half-cycle to
      connect the windings in series and to simultaneously make the first switch
      means non-conductive.
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ABST
PAL  An alternating current static switch comprising two branch circuits
      connected in inverse parallel circuit relation and having at least three
      semiconductor devices in series in each branch circuit has
      anode-to-cathode cross connections between oppositely poled devices at
      each voltage level. A single gate pulse transformer having secondary
      windings equal in number to the number of cross connections supplies
      positive gate current pulses to all semiconductor devices in both branch
      circuits once each half cycle of impressed circuit voltage. Each secondary
      winding has its negative terminal connected to one cross connection and
      its positive terminal connected to the gates of all devices having
      cathodes connected to the same cross connection.
BSUM
PAR  My invention relates to alternating current static switches of the
      semiconductor type wherein a pair of thyristors (or a pair of similarly
      poled thyristor groups) is connected in inverse parallel circuit relation
      and alternately triggered to conduct opposite half cycles of alternating
      current. The invention relates more particularly to a gate pulse power
      supply for such switches and is especially applicable to high voltages,
      high current switches. Such high power static switches may comprise a
      plurality, or matrix, of thyristors in series and/or parallel circuit
      relation in each parallel branch of the circuit and thus require a
      significant quantity of electric power in the gate pulse circuit. The
      following U.S. Patents are exemplary of related prior art presently known
      to applicant:
PA1  U.s. pat. No. 3,243,689 -- Perrins
PA1  U.s. pat. No. 3,766,409 -- Shuey
PAR  In firing, or gating, thyristors or thyristor matrices connected to form
      oppositely poled parallel branch circuits of an alternating current static
      switch it is usual to provide a separate gate pulse transformer for each
      branch circuit, or at least separate secondary windings for the gate
      circuits of each branch. In a high voltage, high current switch made up of
      many thyristors in series in each parallel branch, and with each branch
      circuit made up of a plurality of series thyristor circuits in parallel,
      the use of one or more gate pulse transformers for each similarly poled
      matrix of thyristors requires a duplication of equipment and a
      considerable consumption of power. During the nonconductive half cycles of
      each oppositely poled branch of the circuit the gate pulse transformer
      associated with that branch, while energized, is ineffective, so that its
      energization represents an unnecessary loss of power.
PAR  It is therefore a principal object of my invention to provide improved and
      simplified gate pulse power supply means for an alternating current
      thyristor switch having three or more thyristors connected in series
      circuit relation in each of its parallel branch circuits.
PAR  It is another object of my invention to provide gate pulse power supply
      means for high voltage alternating current thyristor switches wherein gate
      pulse transformer power loss in the gate pulse transformer and other
      circuit elements is minimized.
PAR  It is a more particular object of my invention to provide, in a high
      voltage alternating current static switch, a single gate pulse transformer
      having a minimum number of secondary windings for firing all the
      thyristors in both inversely poled parallel branches of the circuit.
PAR  In carrying out my invention in one preferred embodiment I utilize a full
      wave alternating current thyristor switch having inversely poled parallel
      branch circuits each of which comprises at least three thyristors
      connected in series circuit relation. In order synchronously to fire the
      series thyristors in each branch circuit on opposite half cycles of
      applied voltage I utilize a single gate pulse transformer having a primary
      winding and a plurality of secondary windings arranged to be energized
      twice per cycle of alternating line voltage. A separate secondary winding
      is provided for one end thyristor in each of the parallel branch circuits,
      but for intermediate thyristors a common secondary winding is connected to
      supply gate current pulses to the gate circuits of each pair of oppositely
      poled thyristors (or parallel thyristor groups) having a common cathode
      terminal. Each thyristor is thus supplied with a gate pulse twice per
      cycle (i.e., once in each half cycle of applied voltage), but becomes
      conductive only in that half cycle when its anode is positive with respect
      to its cathode.
DRWD
PAR  My invention will be more fully understood and its several objects and
      advantages further appreciated by referring now to the following detailed
      specification taken in conjunction with the accompanying drawing, the
      single FIGURE of which is a schematic circuit diagram of a static switch
      including a gate pulse power supply embodying my invention in one
      preferred form.
DETD
PAR  Referring now to the drawing, I have shown a static alternating current
      power switch S formed of a plurality of thyristors connected between line
      terminals T.sub.1, T.sub.2. The thyristors are assembled in two switch
      modules M.sub.1, M.sub.2 connected in series circuit relation between the
      line terminals and having an intermediate terminal or midpoint T.sub.M.
      Each switch module M.sub.1, M.sub.2, comprises two groups of similarly
      poled thyristors, or matrices, connected in inverse parallel circuit
      relation with conductive cross connections between each oppositely poled
      pair of thyristors at the same voltage level. The switch modules M.sub.1
      and M.sub.2 are alike in all respects and for simplicity the same
      reference numerals have been assigned to corresponding thyristors in each
      module.
PAR  More specifically each switch module M.sub.1, M.sub.2 comprises three
      switch sections, and each section comprises a pair of thyristors connected
      in inverse parallel branch circuit relation between a pair of
      anode-to-cathode cross connections. Similarly poled thyristors of the
      several series-connected sections in a module constitute one branch
      circuit or thyristor matrix, the oppositely poled matrices in each module
      being cross connected at the common terminals of each switch section.
PAR  In the illustrated embodiment of the drawing each switching module
      comprises three similarly poled thyristors 10, 11, 12 connected in series
      circuit relation between one line terminal and the midpoint T.sub.M to
      conduct half cycles of current in one direction and three similarly poled
      thyristors 10', 11', 12' connected in inverse parallel circuit relation
      between the same terminals to conduct half cycles of current in the other
      direction. These oppositely poled branch circuits are cross connected at
      the terminals of each switch module and at intermediate points of like
      voltage level between serially connected semiconductor devices in each
      branch circuit. Intermediate cross connectors 14, 15 between the branch
      circuits of each module extend between intermediate semiconductor device
      terminals of like voltage in each branch circuit. Each intermediate cross
      connector therefore constitutes a common cathode connection for one pair
      of oppositely poled thyristors in serially adjacent switch sections and a
      common anode connection for the other pair of oppositely poled thyristors
      in the same switch sections. The switch modules M.sub.1, M.sub.2 are
      connected, respectively, to the common terminal or midpoint T.sub.M
      through conductors 16 and 17, respectively, each of which constitutes the
      primary winding of one of two current transformers 20, 20' which will be
      more fully described hereinafter.
PAR  It will be understood by those skilled in the art that while I have
      illustrated for simplicity a single thyristor in each branch circuit of
      each switch section, as the thyristors 10, 10', each such sectional branch
      circuit may comprise a set plurality of similarly poled thyristors
      connected in parallel circuit relation to provide a desired current
      carrying capacity. Similarly while I have shown three switch sections (as
      10, 10'; 11, 11'; 12, 12') in each switch module and have shown two switch
      modules in series circuit relation, it will be evident to those skilled in
      the art that each switch module may comprise more than three sections, and
      that more than two modules may be utilized in order to provide a switch of
      desired voltage rating. Thus each branch circuit of each switch module may
      comprise a matrix of similarly poled thyristors connected in series and
      each thyristor of the series may be paralleled by one or more additional
      thyristors.
PAR  It will also be understood by those skilled in the art that the thyristors
      10, 11, 12 and 10', 11', 12' are gate controlled silicon semiconductor
      devices each of which has a nonconducting, or blocking, state in which it
      presents very high impedance to the flow of current and a conducting, or
      turned on, state in which it freely conducts forward current with only
      relatively slight voltage drop. Each thyristor includes a gating electrode
      which is effective to switch that thyristor abruptly from its blocking
      state to its turned on state when provided with a current impulse, or
      gating signal, while "forward" bias exists on its main electrode (i.e.,
      the thyristor anode is positive with respect to its cathode). As is well
      known, such a gating signal is effective to render a thyristor conductive
      at any time during a half cycle in which such forward bias exists. Once
      conduction is initiated during any half cycle the thyristor will continue
      to conduct "forward" current until that current is reduced below a
      predetermined holding level irrespective of voltage on the gate. The time
      during which the thyristor is conductive in any half cycle, measured in
      electrical degrees from the instant of turn on, is referred to as the
      "conduction angle". The time during any half cycle of positive bias
      potential prior to the initiation of conduction, measured in electrical
      degrees from the prior voltage zero, is referred to as the "delay angle"
      or "gating angle". Gating angle may, if desired, be varied by control of
      the phase relation of gating impulses with respect to the initiation of
      forward voltage, thereby to control the magnitude of average current
      traversing the thyristor. In order transiently to stabilize voltage across
      the series connected resistors of each matrix during the transition
      between blocking and conducting state of the thyristors it is desirable
      that each thyristor be shunted by an RC circuit (not shown) comprising a
      resistor and a capacitor in series, as is illustrated and described in
      U.S. Pat. No. 3,423,664-Dewey.
PAR  In order to derive thyristor gate pulse energy from the power circuit
      controlled by the static switch S I provide an energy storage capacitor 25
      associated with switching module M.sub.1 and an energy storage capacitor
      25' associated with module M.sub.2. The capacitors are charged from the
      power circuit and have discharge circuits including gate pulse generators
      26, 26', respectively. Each gate pulse generator 26, 26' is illustrated as
      a pulse forming network of the type described in the aforementioned Dewey
      patent. The output of the pulse forming networks 26, 26' is supplied at a
      selected instant during each half cycle of line voltage to the primary
      windings 30, 30', respectively, of a pair of gate pulse transformers 32,
      32', respectively.
PAR  Simultaneous discharge of the capacitors 25, 25', and consequent
      energization of the gate pulse transformers 32, 32' is controlled by light
      actuated firing switches 34, 34', respectively, which are synchronously
      and simultaneously closed at selected instants during each half cycle of
      power circuit voltage by a suitable firing control unit 35 having an
      output light source 36. The firing control unit 35 provides primary
      control for the static switch S and may, if desired, include means for
      variably phase controlling the thyristor gates during "on", or conductive,
      intervals of switch operation. Desirably the firing control unit 35 is
      similar to the gating control described in U.S. Pat. No. 3,693,069-Kelley
      et al. It will of course be understood by those skilled in the art that
      the light pipe actuating means schematically illustrated between the
      firing control unit 35 and the firing switches 34, 34' is optional but is
      desirable for high voltage applications where the gate pulse supply
      circuit must be at very high voltage above ground while the firing control
      is preferably at low voltage.
PAR  Gate pulse power supplied by discharge of the storage capacitors 25, 25' is
      derived from the power circuit through two charging circuits associated
      with each storage capacitor. Referring for simplification to only the
      capacitor 25, primary or starting power is supplied through a charging
      circuit comprising a rectifier bridge 40 having its output terminals
      connected across the capacitor 25 and its input terminals connected
      through a series bleeder resistor 45 across the switching module M.sub.1
      between the midpoint T.sub.m and the line terminal T.sub.1. Operating or
      running power during an "on" or conductive interval of switching operation
      is derived from a second charging circuit comprising a rectifier bridge 41
      having its output terminals connected across the capacitor 25 and its
      input terminals connected to the secondary winding midpoint current
      transformer 20. Similar dual charging circuits for the capacitor 25' have
      been assigned like reference numerals. Such dual charging circuits are
      more fully described and claimed in my patent application Ser. No.
      416,559, filed on Nov. 16, 1973 and assigned to the same assignee as the
      instant application.
PAR  It will now be apparent to those skilled in the art that the gate pulse
      transformers 32, 32' are simultaneously energized once during each half
      cycle of line voltage, the transformer 32 being energized from the
      capacitor 25 associated with switching module M.sub.1 and the transformer
      32, being energized from capacitor 25' associated with the switching
      module M.sub.2. As will be more fully described hereinafter, secondary
      windings of each gating transformer 32, 32' are connected to supply gating
      impulses to all the thyristors in both switching modules M.sub.1, M.sub.2,
      secondary windings gating the same thyristors being connected in parallel.
      While a single gating transformer would be sufficient, it is desirable to
      provide the redundant parallel connection illustrated in order to ensure
      reliability in case of failure within any one of the light actuated firing
      switches 34, 34'.
PAR  Referring now to switching module M.sub.1 and to the gate pulse transformer
      32 having its primary winding 30 associated with module M.sub.1 it will be
      observed that transformer 32 is provided with four secondary windings 50,
      51, 52, 53 associated with the switch module M.sub.1 and four secondary
      windings 50', 51', 52', 53' associated with the switch module M.sub.2. The
      secondary windings 50, 51, 52 and 53 are connected to supply gating pulses
      to the thyristors of switching module M.sub.1 at the voltage levels of the
      several switch sections which comprise that module. The secondary windings
      50 and 53 at the highest and lowest levels of the switching module M.sub.1
      each supply gating pulses to a single thyristor, while the intermediate
      secondary windings 51 and 52 each supply gating pulses to two oppositely
      poled thyristors having a common cathode connection. The secondary
      windings 50', 51', 52', 53' are similarly connected to supply gating
      pulses to the thyristors in the switching module M.sub.2. Thus in each
      module having N thyristors in series only (N+1) secondary transformer
      windings are required.
PAR  In like manner the gate pulse transformer 32' has its primary winding 30'
      associated with switch module M.sub.2 and secondary windings 100, 101,
      102, 103, 100', 101', 102' and 103' connected in parallel respectively
      with transformer windings 50, 51, 52, 53, 50', 51', 52' and 53'. For
      simplicity only the secondary winding circuits in module M.sub.1 will be
      described in detail.
PAR  Referring now to the gating circuits in the switching module M.sub.1, it
      will be observed that the pulse transformer secondary winding 50 is
      connected through a coaxial cable 60 to supply gating pulses between the
      cathode and a gating electrode 10A of the thyristor 10. In order to
      isolate the gating transformer secondary winding 50 electrically from
      other secondary windings of the transformer which supply the gates of
      other thyristors the load end of the positive central conductor in the
      coaxial cable 60 is connected to the gating electrode 10A through a
      current limiting resistor 61 and a blocking diode 62 poled to conduct
      positive impulses to the gating electrode 10A. Because the pulse
      transformer secondary winding 50 is connected to supply gating impulses to
      only a single transistor a load and isolating resistor 63 is connected
      across the gate-to-cathode circuit of the thyristor 10 in series with the
      resistor 61. The dummy load resistor 63 is required because the terminal
      pulse transformer secondary winding 50 is energized on every half cycle of
      power circuit voltage while the gate circuit of the thyristor 10 is
      conductive only on alternate half cycles. The resistor 63 serves to
      provide balanced loading for the secondary winding 50, and to thus prevent
      mismatch of the winding 50 on those half cycles when the thyristor 10 is
      not conductive. If the gate pulse wave shape is not critical this resistor
      may be omitted. The pulse transformer secondary winding 50 is connected to
      the input end of the coaxial cable 60 through a blocking diode 64 the
      purpose of which will be more fully described hereinafter.
PAR  In like manner the other terminal pulse transformer secondary winding 53 is
      connected to provide gating pulses to the gate electrode 12'A of the
      single thyristor 12' through a coaxial cable 70, a gating resistor 71, and
      a blocking diode 72. The winding 53 is provided with a dummy load resistor
      73. The transformer secondary winding 53 is connected to the input end of
      the coaxial cable 70 through a blocking diode 74.
PAR  The intermediate pulse transformer secondary windings 51 and 52 are each
      connected in parallel circuit relation to the gating electrodes of two
      oppositely poled thyristors having a common cathode connection, but are
      otherwise similar to the terminal gating circuits described above.
      Specifically, the transformer secondary winding 51 is connected through a
      coaxial cable 80 to the cross connector 14 and in parallel circuit
      relation to gating electrodes 10'A and 11A of the thyristors 10' and 11
      respectively the positive terminal of secondary winding 51 being connected
      to each such gating electrode through a blocking diode 84, the axial
      conductor of coaxial cable 80 and separate current limiting resistors 81
      and blocking diodes 82. In similar manner the pulse transformer secondary
      winding 52 has its negative terminal connected through a coaxial conductor
      90 and the cross connector 15 to the cathodes of thyristors 11A and 12.
      The positive terminal of winding 52 is connected to both gating electrodes
      11'A and 12A through a diode 94, cable 90 and parallel circuits each
      including a resistor 91 and a blocking diode 92.
PAR  To ensure reliability in the event of a failure in any one of the light
      activated firing switches 34 or 34' the secondary windings 100, 101, 102
      and 103 of pulse transformer 30' are connected, respectively, in parallel
      circuit relation with the transformer windings 50, 51, 52 and 53 through
      blocking diodes 104, 105, 106 and 107. It will be understood that this
      parallel connection of secondary windings on two pulse transformers
      synchronously energized provides redundancy only and is not necessary to
      the operation of the paired thyristor gating circuit which is a principle
      feature of my invention. In order to avoid loss of redundancy in the event
      of failure of either pulse transformer (and thus short circuit of active
      secondary windings) parallel-connected pairs of transformer windings are
      connected through isolating diodes, as the diodes 64, 74, 84, 94, 104,
      105, 106 and 107.
PAR  It may now be further observed that secondary windings 50', 51', 52' and
      53' of gate pulse transformer 30 are connected through coaxial cables 60',
      70', 80' and 90' to gate pulse circuits for several sections of switch
      module M.sub.2 which are similar in all respects to the gate pulse
      circuits described above for module M.sub.1 and that a redundant source of
      gating energy supply is provided by the parallel connected secondary
      windings 100', 101', 102' and 103' on the transformer 30'. As in the case
      of the switching module M.sub.1 the terminal transformer secondary
      windings 50' and 53' supply gating impulses to single transistors only and
      each of the intermediate secondary windings 51' and 52' and supply gating
      power to a pair of oppositely poled thyristors having a common cathode
      connection.
PAR  Referring now to the gating circuits particularly described in conjunction
      with the switching module M.sub.1, it will be observed that in operation
      both gate pulse transformers 30 and 30' are simultaneously energized at
      selected instants during each half cycle of power circuit voltage and each
      pair of parallel-connected redundant secondary windings (as 50, 100; 51,
      101 etc.) applies a voltage pulse to the gating electrodes connected
      thereto. All gating electrodes are thus impulsed twice per cycle of the
      alternating power circuit voltage. The associated thyristors, however, are
      fired only in that branch circuit, or thyristor matrix, to which forward
      voltage is then applied between the switch terminals T.sub.1, T.sub.2.
      Thus the thyristors 10, 11 and 12 are fired only on alternate half cycles
      of one polarity while the thyristors 10', 11' and 12' are fired on
      alternate half cycles of the opposite polarity. Because all intermediate
      pulse transformer secondary windings (i.e., intermediate the windings
      associated with a single thyristor at opposite terminal ends of each
      switching module) are each connected to fire pairs of oppositely poled
      thyristors having a common cathode I am able to utilize a single pulse
      transformer for both oppositely poled branch circuits of an alternating
      current static switch. As previously stated, the second gate pulse
      transformer illustrated in the drawing may be omitted if desired. It is
      illustrated only to provide a redundant source of supply for the purpose
      of enhancing reliability. By thus utilizing a single pulse transformer I
      am able to reduce the amount of apparatus required and minimize the power
      loss in the gate pulse circuits of a high voltage alternating current
      static switch.
PAR  It will be understood by those skilled in the art that in applying my
      invention with some thyristor types it is desirable to utilize relatively
      short gate pulses in order to minimize the application of gate-to-cathode
      voltage during negative half cycles of anode-to-cathode voltage on each
      thyristor. To avoid high loss or damage to certain thyristor types it is
      preferable that pulse duration be of the order of one third to one half
      the conductive interval in any half cycle.
PAR  While I have described a single preferred embodiment of my invention by way
      of illustration many modifications will occur to those skilled in the art
      and I therefore wish to have it understood that I intend in the appended
      claims to cover all such modifications as fall within the true spirit and
      scope of my invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. Alternating current static switching apparatus for an electric power
      circuit comprising two oppositely poled branch circuits connected in
      parallel circuit relation between a pair of terminal cross connections,
      each said branch circuit including an equal number of at least three gate
      controlled semiconductor devices in series circuit relation and each said
      device having an anode, a cathode and a gating electrode, serially
      connected semiconductor devices in each said branch circuit having common
      anode-cathode terminals defining intermediate operating voltage levels in
      each said branch circuit, intermediate cross connections between common
      anode-cathode terminals at like intermediate voltage levels in each of
      said branch circuits, said terminal and intermediate cross connections
      defining a plurality of serially connected switch sections each including
      at least two oppositely poled semiconductor devices, and common gate pulse
      supply means connected to supply current pulses between the cathodes and
      gating electrodes of all said semiconductor devices once during each half
      cycle of alternating voltage impressed between said switch terminals.
NUM  2.
PAR  2. Alternating current static switching apparatus according to claim 1
      wherein said gate pulse supply means includes a gate pulse transformer
      having a primary winding and a plurality of secondary windings each having
      positive and negative terminals, means connecting the negative terminal of
      each said secondary winding to a single one of said cross connections, and
      means connecting the positive terminal of each said secondary winding to
      the gating electrodes of all semiconductor devices having their cathodes
      connected to the negative terminal of the same secondary winding.
NUM  3.
PAR  3. Alternating current static switching apparatus according to claim 2
      wherein said switch comprises N sections and said gate pulse transformer
      has (N+1) secondary windings, two terminal secondary windings having their
      negative terminals connected respectively to said terminal cross
      connections and each intermediate secondary winding having its negative
      terminal connected to one said intermediate cross connection.
NUM  4.
PAR  4. Alternating current static switching apparatus according to claim 2
      wherein said transformer windings are connected to said cross connections
      and to said gate electrodes through coaxial cable and each gate electrode
      connection includes a blocking rectifier.
NUM  5.
PAR  5. Alternating current static switching apparatus according to claim 3
      which includes also an isolating load resistor connected across each said
      terminal secondary winding.
NUM  6.
PAR  6. Alternating current static switching apparatus according to claim 1
      including at least two switch modules each of which comprises at least
      three switch sections and wherein said gate pulse supply means comprises
      separate means for simultaneously deriving current pulses from each of
      said modules respectively at selected instants during each half cycle of
      alternating power circuit voltage and supplying said pulses redundantly to
      all semiconductor devices in both said modules.
NUM  7.
PAR  7. In an alternating current static switching apparatus according to claim
      1 including at least two switch modules each of which comprises at least
      three switch sections, current transformer means connecting said modules
      in series circuit relation, said gate pulse supply means including two
      gate pulse transformers each having a primary winding and a plurality of
      secondary windings, means including said current transformer means and
      responsive to an electrical characteristic of voltage applied across said
      switch modules, respectively, for separately impressing unidirectional
      current pulses upon said primary windings synchronously and simultaneously
      once each half cycle of power circuit voltage, each said pulse transformer
      having a number of secondary windings equal to the total number of cross
      connections in said switch modules, means connecting the negative
      terminals of one said secondary winding of each said transformer to said
      cross connections respectively, pairs of said secondary windings commonly
      connected to each said cross connection having their positive terminals
      connected together and to the gating electrodes of all semiconductor
      devices having cathodes connected to the same said cross connection.
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ABST
PAL  An electrical system wherein an electrical condition such as voltage is
      regulated by means of a static regulator of the ferroresonant type,
      including a high reactance transformer and wherein the regulator is
      particularly stable during start-up and under transient conditions by use
      of a clipping ballast load.
BSUM
PAR  This invention relates to ferroresonant transformer electrical condition
      regulators.
PAR  The aforementioned type of ferroresonant regulator is well known in the art
      as shown by U.S. Pat. Nos. 2,143,745, 2,346,621, 2,535,169, 2,694,177 and
      3,293,537, all issued to Joseph G. Sola. These regulators are well
      accepted and generally used because they combine the advantages of
      accurate regulation, lack of moving parts, compactness, reasonable cost
      and the requirement of minimum upkeep. While these regulators are
      generally satisfactory, they are affected by transients such as might
      occur at start-up. In some application where such instability would be
      troublesome, it would be very desirable to have a regulator which has all
      the advantages of the known ferroresonant transformer regulator but which
      is stable under transient and start-up conditions.
PAR  The principal object of the invention is to provide a static regulator
      whose output is relatively stable during transient conditions and at
      start-up.
PAR  In a specific embodiment of the invention, a high leakage reactance
      transformer, having a primary winding and at least one secondary winding
      means, has a magnetic shunt interposed between the primary and secondary
      winding means and a capacitor connected in shunt with at least one
      secondary winding to provide a ferroresonant circuit. To minimize the
      effect of transient conditions, such as may occur at start-up, an
      auxiliary load, which can be termed a "clipping ballast load," is
      connected to a secondary winding means to absorb the effects of a
      transient condition, particularly during start-up, and thereby to provide
      the load circuit with a more stable voltage condition.
DRWD
PAR  These and other objects, advantages and features of the invention will
      become apparent from the following description and drawings which are
      merely exemplary.
PAR  In the drawings:
PAR  FIG. 1 shows one form of circuit which may be used;
PAR  FIG. 2 shows a circuit modification illustrative of the invention; and
PAR  FIG. 3 shows the comparative wave forms of the voltage applied to the load
      during transient conditions at start-up for the prior art and for the
      present invention.
DETD
PAR  Referring now to FIG. 1, a high leakage reactance transformer 10 is
      provided with a closed core 11 upon which are mounted primary winding 12
      and secondary winding 13 with a magnetic shunt 115 interposed between the
      windings to provide a magnetic leakage path which diverts leakage flux
      away from the secondary winding. Primary winding 12 is energized from a
      conventional source of alternating current 14. Secondary winding 13 is
      shunted by capacitor 16 to provide a ferroresonant circuit and load 17 is
      connected across a predetermined portion of secondary winding 13,
      depending on the particular load voltage desired. As so far described,
      this regulator circuit arrangement is representative of the prior art
      ferroresonant high reactance transformer regulator arrangements disclosed
      in the previously mentioned patents to Sola.
PAR  When such prior art ferroresonant high reactance transformer arrangement is
      subjected to a transient condition such as occurs at start-up, the load
      voltage behaves in accordance with the wave form 25 of FIG. 3. When the
      primary voltage is applied, a no-flux condition exists in core 11 and no
      charge exists in capacitor 16. Under these conditions, the voltage induced
      in secondary winding 13 rises sharply and may reach a RMS value twice that
      of steady conditions. Then as the applied voltage goes through successive
      cycles, conditions will stabilize and the voltage wave will stabilize at
      the designed RMS value and the regulator is operating properly. Where the
      load device is relatively insensitive to transient voltage excess, such
      performance would be considered acceptable. However, there are many load
      devices which are seriously affected by such transient voltage excesses,
      and with respect to such applications, the prior art devices would not be
      acceptable or as satisfactory as desired. The present invention results in
      an arrangement which substantially reduces the effect of such transient
      voltage excess. This is done by applying a high speed supplemental load to
      the secondary winding which serves to clip the voltage wave form during
      the transient condition to thereby produce a wave form more closely
      approximating the the steady state conditions.
PAR  This is done by connecting clipping ballast load 18 to the secondary
      winding 13, the particular point of connection being determined by the
      designed voltage value to be applied to ballast load 18. Ballast load 18
      comprises a diode rectifier bridge consisting of diodes 19 whose direct
      current output is applied to capacitor 20 whose capacity is relatively
      high, the capacitor being shunted by a bleeder resistor 21. Since
      capacitor 20 is shunted by resistor 21, there would be no charge on
      capacitor 20 in a de-energized state and capacitor 20 would act as an
      instantaneous shunt when a voltage is first induced in secondary winding
      13 and the current taken by capacitor 20 would decrease as the charge in
      capacitor 20 built up. As a result of the current taken by capacitor 20,
      the voltage at load 17 would rise to a lesser extent, and in actual
      practice, it was found that the initial voltage surge was limited to 1.4
      times of the steady state RMS value. This is shown by wave form 26 in FIG.
      3, wherein the initial surge rises to 1.4 times the steady state RMS value
      and then gradually reaches the steady state RMS value. Thus, because the
      capacitor is in discharge condition at start-up, it acts as more than a
      mere clipping function. Also, it helps to stabilize an oscillatory
      condition that might exist in the ferroresonant transformer.
PAR  It accordingly follows that the present arrangement results in an RMS
      stability not found in prior art ferroresonant high reactance transformer
      regulators and will provide acceptable performance with surge voltage
      sensitive load devices.
PAR  Another satisfactory embodiment of the invention is shown in FIG. 2 wherein
      the high reactance transformer is provided with a secondary winding means
      composed of two secondary windings, secondary winding 13A which is shunted
      by capacitor 16 to provide ferroresonance and is connected to the load 17
      and by clipping ballast load 18 connected to secondary winding 13B. Since
      secondary windings 13A and 13B are closely coupled, the operation of the
      arrangement of FIG. 2 would be the same as that of FIG. 1. However, in the
      case of FIG. 2, load 17 would be electrically isolated, and in some
      applications, this might be highly desirable.
PAR  The clipping ballast load 18 can be incorporated in the regulator housing
      30 to provide a simple convenient overall structure.
PAR  It is apparant that variations can be made of circuitry without departing
      from the spirit of the invention except as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an alternating current regulator system resistant to the effects of
      transients such as occur at start-up, a source of alternating current
      energy, a high leakage reactance transformer, a primary winding therewith
      for connection to said source, secondary winding means having means for
      connection to a load, a magnetic shunt interposed between said primary
      winding and said secondary winding means, a first capacitor connected in
      shunt with said secondary winding means, means for minimizing the effects
      of transients such as occur during start-up comprising rectifier means
      connected to a portion of said secondary winding means, a second capacitor
      connected in shunt with the direct current output of said rectifier means
      and a resistor connected in shunt with said second capacitor, whereby the
      effects of voltage variation on said load due to transients is minimized.
NUM  2.
PAR  2. An alternating current regulator system as defined in claim 1, wherein
      said secondary winding means comprises a plurality of secondary windings,
      the load being connected to only one of said secondary windings.
NUM  3.
PAR  3. An alternating current regulator system as defined in claim 2, wherein
      said first capacitor is connected to said one of said plurality of
      secondary windings.
NUM  4.
PAR  4. An alternating current regulator system as defined in claim 2, wherein
      said rectifier means is connected to the other of said plurality of
      secondary windings.
NUM  5.
PAR  5. An alternating current regulator system as defined in claim 1, wherein
      said rectifier means comprises a diode bridge.
NUM  6.
PAR  6. An alternating current regulator system as defined in claim 1, including
      housing means wherein the recited system including said means for
      minimizing the effects of transients is enclosed.
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ABST
PAL  The embodiment of the invention disclosed herein is directed to a gas tube
      tester which provides a pair of terminals for connection to the external
      electrodes of a cold cathode gas discharge tube. The tester includes one
      circuit for applying a progressively increasing voltage across the
      discharge tube so that the breakover voltage of the tube can be
      determined, this breakover voltage being registered on a meter. A second
      circuit is provided for testing the leakage current of the gas discharge
      tube within predetermined limits. A leakage current corresponding to a one
      megohm internal resistance is sufficient to render conductive a
      programmable silicon controlled rectifier to give an indication of
      excessive leakage current.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to tube testing apparatus, and more
      specifically to a gas tube tester for testing both the breakover voltage
      and the leakage current of cold cathode gas discharge tubes. While the gas
      tube tester disclosed herein is directed primarily to a tester for testing
      gas tubes used in telephone line communications systems, it will be
      understood that other types of gas tubes may be tested.
PAR  Line protectors are used in the telephone line circuit to protect against
      overvoltage and overcurrent conditions which may occur should a power line
      or lightning bolt strike a telephone line. In many instances these line
      protectors include carbon elements which provide an arc-over gap. However,
      many line protector devices are of the type utilizing gas discharge tubes.
PAR  Gas discharge tubes are primarily used in line protecting devices located
      at the central office. The gas discharge tube line protector is a
      relatively expensive device and its reliability must be insured because of
      the large quantity of expensive telephone switching equipment to be
      protected at central office stations. Therefore, the gas discharge tube
      must be periodically tested to determine its reliability.
PAR  One gas discharge tube of the type which can be tested by the apparatus of
      this invention is disclosed in U.S. Pat. No. 3,755,715, which is assigned
      to the same assignee of record. It will be understood that other gas
      discharge devices can be tested with the apparatus of this invention.
PAR  Heretofore, testing of gas discharge tubes involved only a breakdown
      voltage test to determine the breakover voltage at which the gas tube
      would ionize. While this would give some indication of the relative
      quality of the tube, a leakage test would also indicate an important
      quality factor of the tube and would allow a technician to make a better
      determination of the possibility of further use of the gas discharge tube
      in a line protector. However, heretofore, leakage devices for gas
      discharge tubes have been almost nonexistent because of the complexity and
      high cost of such testing equipment. This complex and expensive equipment,
      furthermore, was relatively large and could not be portable so that
      technicians in the field could have ready access to a gas discharge tube
      tester.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved gas tube tester which can test both the breakover voltage of a
      cold cathode gas discharge tube as well as the leakage current through the
      tube.
PAR  Another object of this invention is to provide a new and improved gas tube
      tester which can test leakage current and which is readily portable for
      use in the field.
PAR  Still another object of this invention is to provide a gas tube tester
      which can operate for a long period of time from portable battery sources.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic wiring diagram of a gas tube tester constructed
      in accordance with the principles of this invention and shows circuitry
      for testing both the breakover voltage of a gas tube as well as the
      leakage current through the gas tube.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to the drawing, the gas tube tester of this invention has the
      circuit configuration illustrated and which is designated generally by
      reference numeral 10. The circuit 10 includes a free-running multivibrator
      11 for producing an output frequency in the order of about 10 KHz which is
      applied to the base electrode of a first amplifier transistor 12. This
      signal is then applied to the base electrode of a second amplifier
      transistor 13 which, in turn, controls a switching transistor 14. The
      collector and emitter electrodes of the switching transistor 14 are placed
      in series with a primary winding 16 of a step-up transformer 17. The
      step-up transformer 17 preferably has a turns ratio of 26 to 1, it being
      understood that other values may be incorporated. To prevent transient
      flyback voltages from the transformer 17 from damaging the transistor 14,
      a zener diode 18 is placed in parallel with the collector and emitter
      electrodes of the transistor. The zener diode 18 has a breakover voltage
      of approximately 60 volts.
PAR  The step-up transformer 17 has the secondary winding 20 thereof connected
      through a diode 21 to a capacitor 22. This diode-capacitor network
      provides a rectification and filtering of the A.C. signal coupled through
      the transformer. During an initial setting-up condition, the voltage
      applied to a terminal 23 through a resistor 24 is selected to be about
      1000 volts. The value of this voltage is adjustable by means of a
      potentiometer 26 located in the free-running multivibrator circuit 11. By
      providing the voltage adjustment in this manner, a decrease in battery
      supply voltage, due to aging batteries, can be compensated for by
      adjusting the potentiometer 26 to maintain the 1000 volt reading on the
      terminal 23. It will be understood that this is an initial static voltage
      reading and no current flow passes from terminal 23.
PAR  A rotary-type mode selector switch 27 has a plurality of arcuately spaced
      apart contact segments 28, 29 and 30 which engage selected ones of a
      plurality of wiper contact points 31, 32, 33, 34, 35, 36 and 37. The mode
      selector switch 27 enables the user to set a breakover voltage testing
      condition as well as a leakage current testing condition.
PAR  A gas tube to be tested is connected between the terminal 23 and a terminal
      38 which, in turn, is connected to wiper contact 35 engaging the contact
      segment 30. This then maintains an open circuit condition across the gas
      tube when it is connected and enables the user to set the voltage at
      terminal 23 to 1000 volts as mentioned above. This is accomplished when a
      push-to-test switch 39 is actuated to have the contact element thereof
      bridge terminals 40 and 41 to apply battery voltage to lines 42 and 43. It
      will be noted that when the switch is in the position shown, the meter
      movement of an indicating microamp meter 44 is shunted for protective
      purposes. The meter 44 may be a fifty microamp meter.
PAR  When the voltage on terminal 23 is to be set at 1000 volts, this reading is
      sensed through a diode 46, the contacts 32 and 33 passing through the
      contact segment 29 and a pair of series connected resistors 47 and 48
      through the meter 44. The values of resistors 47 and 48 are selected so
      that a full scale reading of meter 44 indicates a 1000 volt condition at
      terminal 23. For example, with a 50 microamp meter, a pair of 10 megohm
      one watt resistors are used.
PAR  When the breakover voltage of a gas tube is to be tested, the selector
      switch 27 is rotated as indicated by arrow 50 so that terminal 38 is now
      connected to line 42 through the contacts 35 and 36 through the contact
      segment 30. Diode 46 is maintained in the circuit through the contact
      segment 29. At the initial testing condition, no voltage is applied to
      terminal 23 as the free-running multivibrator 26 is inoperative. The test
      switch 39 is then actuated to start operation of the multivibrator. This
      will cause the voltage across capacitor 22 to build up and be applied to
      terminal 23. As the voltage on terminal 23 increases, so also does the
      voltage applied across a capacitor 51, which is in parallel with the meter
      and series resistors. When the breakover voltage of the gas tube is
      reached, the voltage at terminal 23 immediately decreases to the
      ionization voltage and the breakover voltage is thereby determined by the
      meter setting of microamp meter 44. Diode 46 prevents reverse current flow
      from the high voltage setting of the breakover voltage to the ionization
      voltage now sensed at terminal 23.
PAR  Release of the press-to-test switch 39 will reset the entire circuit. A
      leakage test is accomplished by further rotation of the selector switch 27
      to place terminal contact 35 in connection with terminal contact 37
      through the contact segment 30, in this instance terminal contact 36 is
      bypassed. Therefore, the terminal 38 connected to the gas tube is now
      connected to a resistor element 56 and to the anode of a programmable
      silicon controlled rectifier 57. In this instance the voltage applied
      across the terminals 23 and 38 is in the order of about 60 volts, this
      being obtained from a 60 volt zener diode 60 connected in series with a
      current limiting resistor 61. The voltage regulated by diode 60 is applied
      to terminal 23 and through the gas tube being tested to terminal 38 and
      therefrom to the anode of the programmable silicon controlled rectifier
      57. The value of resistor 56 is selected in conjunction with the value of
      a pair of resistors 62 and 63 connected to the anode and gate electrodes,
      respectively, so that the programmable silicon controlled rectifier will
      become conductive when a predetermined leakage current is sensed. In the
      illustrated embodiment, the value of resistor 56 is in the order of about
      470 K ohms and the value of resistors 62 and 63 is in the order of about
      100 K ohms. This circuit arrangement will cause the programmable silicon
      controlled rectifier 57 to be rendered conductive when a leakage current
      corresponding to a one megohm internal resistance is sensed. Capacitor 68
      is connected between the anode of programmable silicon controlled
      rectifier 57 and line 42 to act as a transient suppression device.
PAR  During each testing function the press-to-test switch 39 is operated to
      place a battery supply 70 in circuit with the multivibrator 11 and
      amplifiers 12, 13 and 14. The gas tube tester is intended to be portable
      and the battery supply 70 preferably is a pair of 11/2 volt cells thereby
      providing a total of 3 volts for operating the circuit. When the voltage
      of the battery supply decreases, due to aging conditions or excessive use,
      the 1000 volt condition at terminal 23 can be adjusted by varying the
      potentiometer 26. This will cause the duty cycle of the free-running
      multivibrator to shift so that more current passes through the primary
      winding 16 of the step-up transformer 17.
PAR  Resistor 72 is placed in series with capacitor 51 when the selector switch
      27 is rotated from the breakover voltage testing condition to the leakage
      current testing condition. This will substantially immediately discharge
      capacitor 51 through resistor 72 so that the high breakover voltage which
      was previously sensed will not be applied to the leakage testing current.
PAR  What has been described is a simple and efficient gas tube testing circuit
      arrangement which not only tests the breakover voltage of a gas tube but
      also tests the leakage current therethrough. While only a single specific
      embodiment of the invention has been disclosed herein, it will be
      understood that variations and modifications may be effected without
      departing from the spirit and scope of the novel concepts as set forth in
      the following claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A gas tube tester comprising in combination: terminal means for
      connection to the external terminals of a cold cathode gas discharge tube
      to be tested, a first circuit arrangement selectively connected to said
      terminal means for applying a progressively increasing voltage to said
      terminal means, said progressively increasing voltage ultimately reaching
      a breakover voltage of the gas tube being tested, first detector means for
      sensing said breakover voltage, indicating means connected to said first
      detector means for indicating said breakover voltage, a second circuit
      arrangement selectively connected to said terminal means for applying a
      fixed voltage of predetermined value to establish a static leakage current
      through the gas discharge tube being tested, and a second detector means
      for sensing said static leakage current flowing through said gas tube
      being tested, said detector means including switching means for producing
      a discharge current therethrough when the static leakage current through
      said gas tube being tested exceeds a predetermined minimum value.
NUM  2.
PAR  2. The gas tube tester as set forth in claim 1 wherein said first and
      second circuit means are selectively connected to said first and second
      detectors by a rotary selector switch.
NUM  3.
PAR  3. The gas tube tester as set forth in claim 1 wherein said second detector
      means includes a programmable silicon controlled rectifier connected in
      series with said terminal means for producing said discharge current
      therethrough when the leakage current through the gas tube being tested
      exceeds a predetermined minimum value.
NUM  4.
PAR  4. The gas tube tester as set forth in claim 3 wherein the fixed voltage
      applied to the second circuit is 60 volts and a 470 K ohm resistor is
      connected in series with said programmable silicon controlled rectifier.
NUM  5.
PAR  5. The gas tube tester as set forth in claim 4 wherein a 100 K ohm resistor
      is connected between the anode of said programmable silicon controlled
      rectifier and ground potential and a 0.01 microfarad capacitor is
      connected in parallel with said 100 K ohm resistor.
NUM  6.
PAR  6. The gas tube tester as set forth in claim 1 wherein said first circuit
      means applies 1000 volts to said terminal means and said second circuit
      means applies 60 volts to said terminal means and including switch
      terminals connected to a zener diode and a current limiting resistor in
      series therewith to limit the voltage to said second circuit at 60 volts.
NUM  7.
PAR  7. The gas tube tester as set forth in claim 1 wherein said second detector
      is rendered operative when the gas tube has a leakage current
      corresponding to a one megohm resistor.
NUM  8.
PAR  8. A gas tube tester comprising in combination: terminal means for
      connection to the external terminals of a cold cathode gas discharge tube
      to be tested, a circuit arrangement selectively connected to said terminal
      means for applying a fixed voltage of predetermined value to establish a
      leakage current through the gas discharge tube being tested, detector
      means for sensing a predetermined static leakage current flowing through
      said gas tube being tested, said detector means including a solid state
      switching device to be rendered conductive when said predetermined leakage
      current through the gas tube is sensed.
NUM  9.
PAR  9. The gas tube tester as set forth in claim 8 wherein said detector means
      includes a programmable silicon controlled rectifier connected in series
      with said terminal means for producing current flow therethrough when the
      leakage current through the gas tube being tested exceeds a predetermined
      minimum value.
NUM  10.
PAR  10. The gas tube tester as set forth in claim 9 wherein the fixed voltage
      applied to the second circuit is 60 volts and a 470 K ohm resistor is
      connected in series with said programmable silicon controlled rectifier.
NUM  11.
PAR  11. The gas tube tester as set forth in claim 10 wherein a 100 K ohm
      resistor is connected between the anode of said programmable silicon
      controlled rectifier and ground potential and a 0.01 microfarad capacitor
      is connected in parallel with said 100 K ohm resistor.
NUM  12.
PAR  12. The gas tube tester as set forth in claim 8 wherein said detector means
      is rendered operative when the gas tube has a leakage current
      corresponding to a one megohm resistor.
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ABST
PAL  A flask having a threaded neck and a cap adapted for threaded engagement on
      the neck. A laminated disc between the cap and the neck forms a gas tight
      seal and the cap has a central opening that exposes a medial region of the
      disc. Piercing the disc through the opening are two electrodes, the inner
      ends of which contact the sample within the flask and the outer ends of
      which afford connection of test equipment thereto. Cylindric glass tubes
      are fitted over the external portion of the electrodes to provide physical
      support therefor; silicone rubber or the like serves to retain the glass
      cylinders in place and form a gas tight seal between the cylinders and the
      electrodes. Shrinkable tubing is shrunk over the glass tubes to afford
      further mechanical support and sealing. A final relatively large diameter
      shrinkable tube is shrunk over both electrodes and their associated glass
      cylinders. The support and sealing means for the elctrodes is confined to
      a limited portion of the medial region of the disc so that the remainder
      of such region can be punctured by a hollow needle to introduce a test
      sample within the flask.
GOVT
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 U.S.C. 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a test cell for testing electrical
      characteristics such as conductivity of a sample and to a method for
      fabricating such test cell.
PAR  2. Description of the Prior Art
PAR  Exemplary of the known prior art is Rosenthal, et al. U.S. Pat. No.
      2,555,937 which discloses a stopper through which two electrodes extend so
      that when the stopper is placed in the neck of the test tube the
      electrodes are immersed in liquid in the test tube. No procedure for
      introducing fluids into the test tube other than by removing the stopper
      is disclosed.
PAR  U.S. Pat. No. 2,939,070 to Rosenthal discloses individual electrode support
      structures which are permanently mounted in the wall of an open top
      container so that when the container is filled with a sample liquid the
      electrical characteristics thereof can be measured.
PAR  Meyer U.S. Pat. No. 3,201,685 discloses a probe that can be immersed in
      liquid to measure the electrical characteristics thereof.
PAR  U.S. Pat. Nos. 2,964,941 (Marsh, et al.); 3,263,224 (Berman, et al.); and
      3,286,167 (Gwyn) disclose fittings for supporting two electrodes in a
      conduit or like path of fluid flow for measuring the characteristics of
      such fluid.
PAC  SUMMARY OF THE INVENTION
PAR  The preferred embodiment of the invention that is disclosed in specific
      detail hereinafter includes a flask and a screw cap for engagement with
      the neck of the flask. A laminated disc interposed between the cap and the
      flask neck affords a gas tight seal and the cap is apertured to expose a
      medial region of the disc. Transpiercing the medial region of the disc are
      two elongate thin electrodes. At the point where the electrodes pierce the
      disc a gas tight seal is formed according to the invention. The gas tight
      seal occupies a limited surface area of the medial region of the disc so
      that a portion of the disc acts as a septum that can be punctured by a
      thin needle for introducing sample material into the flask without opening
      the same. The disc has a lamina of self-sealing material such as silicone
      rubber so that upon removal of the hollow needle the sample within the
      flask cannot escape and contaminates cannot enter the flask from the
      exterior thereof.
PAR  The object of the present invention is to provide a test cell that permits
      introduction of samples into and removal of samples from the test cell
      without opening the test cell. This object is achieved because of the
      provision of the above mentioned laminated disc and confinement of the
      electrodes and their supporting structure to a limited portion of the
      exposed area of the disc.
PAR  Another object of the invention is to provide a test cell of the character
      to which reference has been made above that is simple and inexpensive to
      fabricate. This object is achieved because fabrication of the electrode
      supporting and sealing structure is achieved without special tools, jigs,
      or molds.
PAR  A feature and advantage flowing from achievement of the above stated object
      is that numerous test chambers employing electrodes of an appropriate
      material can be retained in inventory or can be fabricated quickly.
PAR  A further object of the present invention is to provide a method for
      fabricating a test cell of the type to which reference has been made above
      which method can be carried out without special equipment by relatively
      unskilled personnel.
PAR  The foregoing together with other objects, features and advantages will be
      more apparent after referring to the following specification and the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded view of a test cell according to the present
      invention.
PAR  FIG. 2 is a top plan view of the cap and electrode support structure
      according to the invention.
PAR  FIG. 3 is a fragmentary cross sectional view at enlarged scale taken along
      line 3--3 of FIG. 2.
PAR  FIG. 4 is a block diagram showing the sequence of steps for a method of
      fabricating a test cell according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawing reference numeral 12 indicates a
      conventional Erlenmeyer flask that has a threaded neck 14 at the top of
      which is a shoulder 16 which circumscribes an opening 18. A screw cap
      having a top planar wall 20 from the periphery of which depends an
      interiorly threaded skirt 22 is provided, the threads interior of skirt 22
      size to engage the threads on neck 14 of flask 12. Planar wall 20 is
      formed with an aperture or opening 24. A laminated disc 26 has a shape
      such that it fits within the cap and rests on shoulder 16 in spanning
      relation of opening 18. Disc 26 has an inner lamina 28 which is formed of
      a material such as teflon that is inert to the sample within flask 12 and
      an outer layer 30 of silicone rubber or the like that is self-sealing. It
      is thus seen that when the cap is threaded onto neck 14 with disc 26
      interposed between the lower surface of planar cap wall 20 and shoulder 16
      that a medial region of disc 26 is exposed through opening 24. The
      elements described up to this point are commercially available, one such
      commercial product being known by the trademark Reacti-Flask.
PAR  In fabricating a test cell according to the present invention two spaced
      apart holes are formed, such as by drilling, through the medial region of
      disc 26. Through the holes are passed elongate electrodes 32 and 34, the
      holes being somewhat smaller than the outer diameter of the electrodes so
      as to inhibit leakage therethrough. For example, in one structure designed
      according to the invention the outside diameter of electrodes 32 and 34 is
      2 mm and the diameter of the holes is 1.5 mm. The electrodes are
      positioned so that a portion of the electrodes extends into flask 12 and a
      portion extends above planar cap wall 20. When the cap and disc 26 are in
      place on neck 14 there is a concavity formed which concavity is bounded on
      the bottom by the medial region of the upper surface of disc 26 and the
      side wall of opening 24 in the cap. Into this concavity is introduced a
      curable rubber-like material, such as RTV silicone rubber, such material
      in its cured condition being indicated in FIG. 3 at 36. As is well known
      RTV silicone rubber is in a liquid condition before curing and after
      curing is a rubber-like material. According to the present invention a
      pair of insulative hollow cylindric support members 38 and 40 are
      installed on the exterior ends of electrodes 32 and 34. The cylindric
      members can be glass tubing having an inside diameter or bore 42 somewhat
      larger than the outside diameter of the electrodes and a length less than
      the amount by which the electrodes extend above disc 26. Cylindric members
      38 and 40 are moved downward, while rubber-like material 36 is in the
      uncured or liquid date, toward disc 26 until the cylindric members are at
      least partially immersed in the uncured rubber-like material. As seen in
      FIG. 3, there is an annular space between cylindric member and electrode
      32 so that a portion of the rubber-like material is extruded into the
      annular space and forms a seal around the electrode. Such portion of the
      rubber-like material is indicated in FIG. 3 at 44. Electrodes 32 and 34
      and their associated cylindric members 38 and 40 are retained in the
      position shown in FIG. 3 until the RTV silicone rubber material cures
      whereupon a gas tight seal is formed as well as a mechanical support.
PAR  In one test cell designed according to the invention cylindric spacers 38
      and 40 are formed of glass tubing having a length of about one centimeter
      and an outside diameter of 4 mm. When the cylindric members are fixed by
      virtue of the curing of rubber-like material 36 a pair of electrical
      connectors 46 and 48 is telescoped over the protruding ends of electrodes
      32 and 34. Electrical connectors 46 and 48 can be made of tubular spring
      bronze or the like so that when telescoped over the respective electrodes
      32 and 34 a good electrical and mechanical connection is formed. The upper
      ends of the electrical connectors can be provided with a hole 50 for
      facilitating connection of test circuit wiring to the electrodes.
PAR  With the electrical connectors in place tubular members 52 and 54 are
      placed over the electrical connectors and the upper portion of cylindric
      spacers 38 and 40. Tubular members 52 and 54 are constructed of flexible
      heat shrinkable material, such as PVC, so in their untreated condition
      they fit easily over the electrical connectors. When they are heated,
      however, the tubular members 52 and 54 shrink radially inward so as to
      compress the electrical connectors and retain them in place. Final
      assembly of the test cell according to the invention is achieved by
      placing a relatively larger heat shrinkable tubular member 56 over both of
      the previously installed shrunk tubular members 52 and 54, after which the
      assembly is again subjected to heat so as to cause relatively large
      tubular member 56 to shrink radially inward and reinforce the entire
      electrode structure.
PAR  Although the above described assembly operations are performed while the
      cap is engaged on neck 14 of the flask, the cap and electrode assembly can
      be removed after fabrication so that flask 12 can be cleaned or samples
      can be introduced into or removed from the interior of the flask.
PAR  FIG. 2 shows an important feature of the present invention, namely: that
      the electrode support structure occupies only a limited area of the medial
      region of disc 26 that is aligned with cap opening 24. Because the
      electrode structure occupies only a limited portion of the medial region
      there is a margin 58 of the medial region that is accessible for piercing
      by a hollow needle or the like so that samples can be introduced into or
      removed from the interior of the flask without removing the cap and
      without interrupting the tests that are being conducted. Because of the
      presence of rubber-like layer 30 on cap 26 and the presence of rubber-like
      material 36 thereover, the exposed margin acts as a septum in that it self
      seals upon removal of the hollow needle therefrom.
PAR  Because the test cell and electrode support structure of the invention can
      be fabricated without special tooling or jigs, a plurality of
      cap-electrode assemblies can be inventoried. This is important in certain
      tests because the material of which electrodes 32 and 34 are constructed
      is of importance. For example, one exemplary test for which the cell of
      the present invention is particularly suited is a test to determine the
      compatibility of copper and aluminum in freon. In such test electrode 32
      is constructed of copper and electrode 34 is constructed of aluminum and
      liquid freon is placed within flask 12. A second test in which electrodes
      32 and 34 are constructed of graphite is made in liquid freon, and the
      comparison of the conductivity between the two tests produces useful data.
      Moreover because inner disc layer 28 is constructed of inert material,
      e.g. teflon, its integrity is not impaired during performance of the
      tests.
PAR  Another test with respect to which the cell of the present invention is
      particularly useful is for observation of changes in electrical
      conductivity of hydrazine fuels during exposure to various metals and
      contaminates. Hydrazine fuels and various test metals and contaminates are
      introduced into flask 12 and the conductivity changes if any are observed
      by apparatus connected to electrical connectors 46 and 48.
PAR  The method for fabricating a test cell of the present invention can be more
      fully appreciated by reference to the block diagram of FIG. 4. After
      electrodes 32 and 34 are pierced through the holes in disc 26, the uncured
      rubber like material is poured into the concavity bounded by the disc and
      the wall of opening 24, such pouring or introducing step being indicated
      at 60 in FIG. 4. While the rubber like material is in its uncured state,
      cylindric glass tubes 38 and 40 are inserted over the electrodes and
      immersed in the uncured rubber material as indicated at 62. With the parts
      retained in the position described next above the rubber is cured which in
      the case of RTV silicone rubber is achieved by exposing the rubber to air
      for an extended period. The curing step is indicated at 64 in FIG. 4. Next
      electrical connectors 46 and 48 are telescoped over the protruding ends of
      the electrodes and flexible tubular members 52 and 54 are installed
      thereover, such steps being shown at 66 in FIG. 4. The parts assembled as
      described to this point are then subjected to an elevated temperature so
      that the PVC tubing is shrunk thus securing the electrical connectors in
      mechanical and electrical contact with the electrodes. Finally, the outer
      heat shrinkable tubing 56 is installed and heated so that it is shrunk so
      as to embrace tightly the electrodes and their associated components. In
      FIG. 4 the last mentioned step is indicated at 70. When step 70 has been
      completed the apparatus is ready for use, and because the sealing
      structure for the electrodes is confined to a limited area of the medial
      region of disc 26, the marginal area 58 of the disc is accessible for
      introduction and removal of samples to the flask interior.
PAR  Thus it will be seen that the present invention provides an extremely
      simple test cell structure and a method for forming the same that can be
      quickly accomplished without special fixtures or jigs. Accordingly, a
      large inventory of the electrode supporting structures can be stored so as
      to achieve virtually any test conditions. Although one embodiment of the
      invention has been shown and described, it will be obvious that other
      adaptations and modifications can be made without departing from the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A test cell for testing the electrical characteristics of a sample
      comprising an impervious container for the sample, said container having
      an opening and a shoulder circumscribing said opening, a laminated disc
      having an area corresponding to that of the opening, said disc having an
      inner lamina and an outer lamina, said inner lamina being inert to the
      sample and sealable on said shoulder, said outer lamina being formed of
      self sealing material fixed to said inner lamina, means for retaining said
      disc in spanning relation of said opening, said retaining means acting to
      seal the periphery of said inner lamina against said shoulder and to
      expose a medial region of said outer lamina exterior of said container,
      first and second electrodes transpiercing said disc at a portion of the
      medial region thereof, and means for supporting said electrodes in gas
      tight relation to said disc, said supporting means being limited so as to
      afford access to a portion of the medial region of said disc so that the
      medial region can be pierced to afford introduction of the sample into
      said container, wherein said supporting means comprises first and second
      cylindric members having central bores of a diameter larger than the outer
      diameter of said electrodes, said cylindric members being disposed on
      respective said electrodes so that the outer ends of the electrodes extend
      through said bores, said cylindric members having axial extremities
      secured to said outer lamina, and means intermediate the surface of said
      electrodes and said bores for forming a gas tight seal therebetween.
NUM  2.
PAR  2. A test cell according to claim 1 wherein said gas tight seal forming
      means comprises a silicone rubber like compound.
NUM  3.
PAR  3. A test cell according to claim 2 including first and second flexible
      tubular members having a length exceeding that of said cylindric members,
      said tubular members being shrunk fit over respective said electrodes and
      cylindric members.
NUM  4.
PAR  4. A test cell according to claim 3 including a third flexible tubular
      member having a length corresponding to said first and second tubular
      members, said third tubular member being shrunk fit in circumscribing
      relation of both said first and second tubular members.
NUM  5.
PAR  5. A test cell according to claim 3 including first and second electrical
      connectors, said electrical connectors defining openings for telescopic
      engagement with the outer ends of respective said electrodes, said first
      and second shrunk fit tubular members extending to a medial region of
      respective said connectors to retain said connectors onto respective said
      electrodes, there being a protruding portion of said connectors protruding
      exterior of said tubular members to afford circuit connection thereto.
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ABST
PAL  This disclosure relates to a magnetic system for controlling the rotational
      orientation of workpieces during the moving thereof from one work station
      to another. A magnetic sensing line is applied to the workpiece
      immediately adjacent the first work station and thereafter it is sensed
      adjacent the second work station where a workpiece found to be improperly
      oriented is either ejected or rotated.
PARN
PAR  This is a continuation of application Ser. No. 51,909, filed July 2, 1970,
      and now abandoned.
BSUM
PAR  The invention concerns a method for ascertaining whether a ferromagnetic
      workpiece that is being conveyed from a first to one or more subsequent
      work operations has changed position in the later operations from the
      position assumed in the first operation.
PAR  For example, in the manufacturing of flanged soldered cans, when the first
      operation is a flanging and a subsequent one is soldering of the side
      seam, attempts have previously been made to secure the can so that after
      flanging it is conveyed for soldering without changing its angular
      position. If the can nevertheless turns between flanging and soldering,
      the soldering will take place outside the seam whereby the can becomes
      leaky, which condition will not be detected until the can subsequently is
      filled. As this can create considerable inconvenience, it would be
      desirable if improperly soldered cans could be rejected immediately, which
      means that cans that have turned between flanging and soldering have to be
      rejected.
PAR  The purpose of the invention is to indicate a method by which workpieces
      that have turned after the first operation can be detected and possibly
      rejected or made the subject of a corrective movement.
PAR  The method of the invention is characterized in that in connection with the
      first operation there is laid in a magnetic track on the workpiece with a
      certain placement in relation to the site on the workpiece where the
      operation is performed, which track in combination with the subsequent
      operation or operations is detected by magnetism detecting means that have
      the same placement in relation to the desired placement of the first work
      site on the can during the subsequent operation or operations.
PAR  The magnetizing means that are used to lay in the magnetic track can be
      either permanent magnets or electromagnets, and can be shaped like rod
      magnets or horseshoe magnets or can have any other suitable configuration.
      The field strength along the cross section of the track varies in
      different ways depending on which type of magnet has been used, so that
      the signal transmitted by the magnetism detecting means can be used to
      measure the magnitude of the deviation from the desired position.
PAR  This can be important when a certain greater or lesser angular turn can be
      permitted, since the detecting means in connection with a logic circuit
      can determine whether a turning beyond the permissible has taken place,
      and likewise the magnitude of a possibly necessary correction can be
      calculated.
PAR  According to the invention the signal transmitted by the magnetization
      detecting means can be utilized for taking the workpiece out of the
      operating process, whereby workpieces that have turned beyond the
      permissible for example can be rejected.
PAR  According to the invention a correction can possibly be made in the
      position of workpieces that have turned away from the desired position, in
      that the signal transmitted by the magnetization detecting means is
      utilized for correction of the position of the workpiece, if this deviates
      from the desired position.
DRWD
PAR  The invention is explained in the following with reference to the drawing,
      in which:
PAR  FIG. 1 is a schematic view with parts in perspective showing the method of
      the invention.
PAR  FIGS. 2A and 2B are schematic elevation and plan views respectively showing
      how the track is laid in by means of a rod magnet.
PAR  FIGS. 3A and 3B are schematic elevation and plan views respectively showing
      how the track is laid in by means of a horseshoe magnet.
PAR  FIGS. 4A and 4B are diagrams of the output current of the detecting means
      as a function of the distance from the center of the track shown for a
      track laid in with a rod magnet and with a horseshoe magnet, respectively,
      and
PAR  FIG. 5 is a schematic showing of a detector with Hall generator.
DETD
PAR  In FIG. 1 a ferromagnetic workpiece 2 passes a rod magnet 4 that is
      disposed in suitable manner in relation to a first operation 5. Hereby a
      magnetic track is laid into the workpiece, which track is shown by way of
      a dotted line 6. A detecting element 8 is placed at the desired site of
      the track 6 in a subsequent or second work operation 9, which element can
      be a conventional Hall generator provided with a suitable magnetic circuit
      or other form of magnetic field strength indicator whose output signal is
      conveyed through an amplifier 10 and a comparison circuit 12, by means of
      which the said output signal can be compared with a predetermined value,
      to a compensated signal evaluator 14, which in its simplest form may be a
      logic circuit, in which the received signal is evaluated in accordance
      with previously determined standards, which evaluation results in a
      suitable signal such as a rejection, approval or correction signal in the
      output thereof, all according to the construction and purpose of this
      circuit.
PAR  The compensated signal evaluator 14 may emit a signal which will serve to
      actuate a kickout 15 when it has been determined that the track 6 has
      rotated beyond a predetermined degree. In this arrangement, the
      comparative circuit 12 may be set to emit a signal in accordance with the
      selected range of misalignment, and the compensated signal evaluator 14
      may be in the form of a simple logic circuit such as an "and" circuit.
PAR  If desired, there may be incorporated in the mechanism for moving the work
      2 from the first work operation 5 to the second work operation 9 a
      suitable work rotator 17. The work rotator 17 could be constructed to
      rotate a workpiece 2 a predetermined angular amount in a selected one of
      clockwise and counterclockwise directions. If a work rotator is utilized,
      the compensated signal evaluator would have to be more than a simple logic
      circuit, but could be in the form of any conventional signal evaluator
      which would receive the compensated signals from the comparative circuit
      and would emit a signal to actuate the kickout 15 if the misalignment of
      the track 6 is too great, or a suitable signal to actuate the work rotator
      in the proper direction to re-orient the workpiece 2. As indicated above,
      a typical use of the invention is where the workpiece 2 is a can body
      having a side seam which is formed in the first work operation and wherein
      the side seam is to be soldered in the second work operation. A typical
      example of permissive misalignment would be 5.degree. in either direction.
      When the compensated signal evaluator is a simple logic circuit, it would
      merely function to transmit a signal to the kickout 15 to kick out a
      workpiece 2 having excessive misalignment. On the other hand, when the
      compensated signal evaluator 14 is of a more complex nature and will react
      to degrees of signals, it may be utilized to actuate both the kickout 15
      and the work rotator 17. A typical example of such usage with respect to a
      can body seam would be that it would be set to actuate the kickout 15 when
      the misalignment exceeds 15.degree. in either direction. When the
      misalignment is 5.degree. or less in either direction, no signal would be
      transmitted to either the kickout or the work rotator. On the other hand,
      when the misalignment is between 5.degree. and 15.degree. in either
      direction, the signal transmitted from the signal evaluator 14 would
      actuate the work rotator to rotate the workpiece 2 in the proper
      direction. This would always assure that the misalignment of the workpiece
      2 not kicked out by the kickout 15 would be within 5.degree. of the
      desired position. A more specific description of the function of the
      detector follows:
PAR  FIGS. 2A and 2B show the placement of the track 6 on the workpiece 2 during
      magnetization with the rod magnet 4 while FIGS. 3A and 3B show the
      placement of the track with a horseshoe magnet 18. FIGS. 4A and 4B show
      the field strength variation in the transverse direction x of the track
      expressed by the output current i.sub.s from the detector, as i = k.sup..
      B, where k is a constant and B is the magnetic induction in the detector
      circuit.
PAR  As seen in FIG. 4A, the output signal from the detector is specific in a
      wide area y on both sides of the center of the track for the distance from
      the latter and indicates in case of magnetization with rod magnet also the
      distance from the center of the track calculated with signs. The last
      mentioned form of magnetization thus opens the way for a proportional
      regulation that is well suited for correction purposes, while both forms
      of magnetization are well suited for on-off regulation, as the levels at
      which such a regulation is to take effect can be adjusted by comparison
      circuit 12 and the arrangement of the compensated signal evaluator circuit
      14. In the laboratory, regulating accuracies of less than .+-.0.05 have
      been obtained.
PAR  FIG. 5 shows schematically a detecting device consisting of a magnetic
      circuit 20 with a conventional Hall generator built in. The Hall generator
      is loaded in known manner with a constant current and gives an output
      current that is proportional to the magnetic field strength between the
      poles shoes, as i.sub.s = k.sup.. B when k is a constant that depends on
      the data of the Hall generator, the magnitude of the load current and the
      magnetic circuit formed by the generator and the pole shoes, and B is the
      magnetic induction through the generator produced by the magnetic field
      strength between the pole shoes.
PAR  In the example described it is assumed that the workpiece moves past the
      magnet 4 or 16 and the detecting means 8, but the track 6 can of course be
      laid in by any relative motion between the workpiece and these means and
      likewise a plurality of tracks can be laid in or there can be a plurality
      of detectors distributed along the surface of the workpiece, so that
      besides a possible turning of the workpiece also other changes in the
      position of the workpiece can be ascertained.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Method for ascertaining whether a ferromagnetic cylindrical workpiece
      having an axis and being conveyed generally axially along a path of travel
      from a first work operation to a subsequent work operation has rotated
      about its axis away from the position assumed in the first work operation
      comprising the steps of in connection with the first work operation
      applying an axial magnetic track on the workpiece with a certain
      rotational placement about the workpiece axis in relation to a selected
      site where the first work operation is performed on the workpiece, and in
      combination with the subsequent work operation detecting the magnetic
      track on the workpiece by magnetism detecting means that have the same
      rotational placement with respect to the workpiece axis relative to the
      selected site of the first work site.
NUM  2.
PAR  2. Method as in claim 1, characterized in that the axial magnetic track is
      such that the signals transmitted by the magnetism detecting means can be
      utilized for measurement of the magnitude of a limited rotational
      deviation from the desired position.
NUM  3.
PAR  3. Method as in claim 2, characterized in that a signal transmitted by the
      magnetization detecting means is utilized for taking the workpiece out of
      the subsequent work operation process when the limited rotational
      displacement is excessive.
NUM  4.
PAR  4. Method as in claim 2, characterized in that the signal transmitted by
      the magnetization detecting means is utilized for correction of the
      limited rotational position of the workpiece when the position thereof
      deviates from the desired position.
NUM  5.
PAR  5. Method as in claim 1, characterized in that a signal transmitted by the
      magnetization detecting means is utilized for taking the workpiece out of
      the subsequent work operation process when the rotational displacement is
      excessive above a predetermined limit.
NUM  6.
PAR  6. Method as in claim 1, characterized in that the signal transmitted by
      the magnetization detecting means is utilized for correction of the
      rotational position of the workpiece when the position thereof deviates
      from the desired position a limited amount.
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ABST
PAL  A device is provided for measuring the ferrite content of austenitic
      stainless steel weld material. The device includes a base plate for
      rotatably mounting a mechanical vernier member thereupon; the mechanical
      vernier member supports a cantilever beam in a manner to provide vertical
      positioning of the beam. Suspended from the free end of the beam is a
      permanent magnet below which is positioned the specimen of austenitic weld
      material which is to be tested. Strain gauges are provided on the top
      surface of the beam for measuring the magnetic force between the magnet
      and weld material by measuring the amount of downward deflection of the
      beam. The measurement is then converted into a reading which indicates the
      percentage of ferrite of the weld material in the joint.
GOVT
PAC  Origin of the Invention
PAR  The invention described herein was made by employees of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for measuring the ferrite content in a
      weld deposit of an austenitic stainless steel weld material. A small but
      controlled amount of ferrite is effective in preventing cracking of
      austenitic stainless steel weld deposits and therefore it is important to
      know, as accurately as possible, the exact amount of ferrite present in
      the weld joint deposit. An incorrect amount of ferrite in the weld deposit
      leads to cracking and deterioration of the welded joint. Types of
      ferrite-containing austenitic weld metals which take advantage of the
      effect of ferrite include among others the 308, 308L, 309, 347, and 318
      electrode or rod types. In cooling from the molten state austenitic
      stainless weld metal of normal carbon content solidifies first as a
      mixture of ferrite and austenite; most of the ferrite subsequently
      transforms to austenite as the deposit cools. The two factors which have
      the greatest affect on the ferrite content of the weld deposit are the
      chemistry of the weld electrode or rod and the welding technique itself.
PAR  Heretofore, the amount of ferrite in stainless steel weld deposits has been
      determined in any of several ways. Metallographic examination of the
      deposit can provide an approximate indication of the ferrite content in
      terms of area distribution. However, such a method is cumbersome and
      requires considerable care to be sure that the sections examined give a
      true picture of the volumetric ferrite distribution. Various diagram
      methods have been used for calculating the amount of ferrite in weld
      deposits based on chemical analysis by graphically combining effects of
      the austenitizers nickel, carbon, and manganese, and the ferritizers
      chromium, molybdenum, silicon, and columbium. However, the accuracy of
      such calculations depends on how accurately the chemistry of the weld
      deposit is known. Some of the more well known diagram methods include the
      Schaeffler and the DeLong diagrams.
PAR  Prior art devices have been developed which use a magnet suspended from a
      beam and associated strain gauges for measuring the thickness of a
      material, such as U.S. Pat. No. 3,244,971. However, such devices are
      rather complicated as they are used for measuring flexing in two
      directions and would not provide for the precision required for measuring
      very small amounts of ferrite. Other prior art devices such as shown in
      U.S. Pat. No. 3,745,449 use electronic circuitry for measuring uniform
      wall thickness in the welded joints of tubular pipe by detecting magnetic
      flux variations in the weld line, but such a device would not be suitable
      for accurately measuring small amounts of ferrite.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found, in accordance with the present invention, that an
      accurate instrument device can be constructed for meaasuring the ferrite
      content in austenitic stainless steel. The device includes a base plate
      having mounted thereon an adjustable mechanical vernier member for
      supporting a cantilever beam and for finely adjusting the position of the
      beam in a vertical direction. Suspended from the free end of the beam is a
      small permanent magnet. Strain gauge means are mounted on the beam for
      measuring the deflection thereof. The strain gauge means are connected in
      a suitable Wheatstone bridge circuit for representing the strain gauge
      measurement as an electrical signal. An appropriate indicating meter is
      connected to the output of the bridge circuit for converting the
      electrical signal generated thereby into a signal representative of the
      percent of ferrite present in a tested specimen of austenitic stainless
      steel weld material. As the specimen is placed below the magnet, the
      magnet is allowed to "grab" the specimen and the resulting deflection of
      the cantilever beam is converted into a signal representing the ferrite
      content of the specimen as described above.
PAR  Accordingly, an important object of the present invention is to provide a
      device for accurately measuring the ferrite content in austenitic
      stainless steel weld material.
PAR  Another important object of the present invention is to provide a device
      which is rather simple and compact in operation and construction and can
      be effectively used either in the laboratory or in the field for
      accurately measuring the ferrite content in austenitic stainless steel
      material.
PAR  Still another important object of the present invention is to provide a
      device for determining the correct amount of ferrite in an austenitic
      stainless steel weld material so as to prevent cracking and deterioration
      of the weld joint.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features thereof.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawing
      forming a part thereof, wherein an example of the invention is shown and
      wherein:
PAR  FIG. 1 is a schematic illustration of a device for measuring the ferrite
      content of austenitic stainless steel weld material constructed in
      accordance with the present invention, and
PAR  FIG. 2 is a schematic illustration showing a top view of the device of FIG.
      1 and further showing a schematic circuit diagram constructed in
      accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is illustrated a ferrite measuring device in
      accordance with the present invention which includes a base plate 10
      having a spindle 12 fixed thereon. Rotatably mounted on spindle 12 is a
      base portion 14 of a mechanical vernier designated broadly as 16. A
      threaded member 18 of the mechanical vernier 16 is received in a threaded
      bore 14a of base 14 for providing a fine screw adjustment for raising and
      lowering the member 18. The threaded member 18 may include a vernier scale
      at 17 attached thereto, the detailed scale being omitted for purposes of
      clarity. Attached to the top of threaded member 18 is a cantilever beam 20
      which is fixed to member 18 by using screws 22 or any other suitable
      attaching means. Suspended from the free end of the beam 20 is a flexible
      braided member 24 which has a small permanent magnet 26 attached to the
      end thereof. Braided member 24 is attached to the end of beam 20 by
      inserting the end of member 24 through a small hole 28 and then forming a
      knot 30 in the end of braided member 24, or member 24 may be attached in
      any other suitable manner. Positioned below magnet 26 is a welded joint 32
      containing weld material 33 which is formed, as for example, by the
      welding together of the two rod or pipe sections 34 and 36. Mounted on the
      top surface of beam 20 is a reference strain gauge 38 and a measuring
      strain gauge 40 of the SR-4 wire type.
PAR  Referring now to FIG. 2, a top view of the cantilever beam 20 is shown with
      the stain gauges 38 and 40 mounted thereon having resistive elements 39
      and 41, respectively. The wiring of resistive elements 39 and 41 is so
      arranged to form a Wheatstone bridge circuit along with conventional
      resistors 42 and 44, as shown in FIG. 2. The input conductors 39a and 42a
      leading to resistive element 39 and resistor 42, respectively, are
      connected to the input terminal 46 and input conductors 41a and 44a
      leading to resistive element 41 and resistor 44, respectively, are
      connected to the input terminal 48. Input terminals 46 and 48 are
      connected to a suitable current source 50. Output conductors 39b and 41b
      leading from resistive elements 39 and 41, respectively, are connected to
      an output terminal 52 and the output conductors 42b and 44b leading from
      resistors 42 and 44, respectively, are connected to output terminal 54.
      Output terminals 52 and 54 are connected to indicating meter 56 which
      indicates the amount of ferrite measured in the weld joint 32 in a manner
      to be more fully described later.
PAR  Measuring strain gauge 40 is located on the top of beam 20 so as to cause
      the resistive element 41 to stretch as beam 20 is deflected downwardly.
      Reference strain gauge 38 compensates for environmental temperature
      changes, and is not placed on the beam 20 for detecting the downward
      flexing of the beam. One or both of the resistors 42 and 44 in the
      remaining branches of the bridge may be adjustable so as to provide for
      adjusting the current in the bridge circuit to zero prior to testing a
      specimen. The indicating meter 56 may include a conventional galvanometer
      which has a scale marked off in arbitrary divisions rather than in amperes
      or volts. The divisions may include percentages of ferrite content, for
      example. Standard specimens of weld metal having known percentages of
      ferrite content can be placed under the magnet 26 and measured in order to
      calibrate the divisions of the meter 56.
PAR  In use, the bridge circuit is first balanced by adjusting the current to
      zero, then the weld joint 33 is placed under the magnet 26 and the base
      member 14 of mechanical vernier 16 is rotated to provide for a fine
      adjustment in raising and lowering the beam 20 and thus magnet 26. As the
      magnet is gradually lowered, it grabs the weld material 33 in the joint
      32. Then, the force required to pull the magnet away is measured with the
      strain gauge 40 instrumentation. More specifically, as the beam 20 and
      magnet 26 are gradually raised, the strain gauge 40 measures the strain
      caused by the downward flexing or deflection of beam 20 until the force of
      attraction between magnet 26 and the weld material 33 is overcome. When
      the beam is flexing, the strain on gauge 40 causes the resistive element
      41 to stretch causing its resistance to the current passing therethrough
      to change. Stretching of the resistive element 41 will result in an
      increase in the resistance. With the resistive members 39, 41, and
      resistors 42 and 44 wired together to form a Wheatstone bridge circuit,
      the change in resistance of the strain gauge will have the effect of
      changing the balance of the bridge circuit with the degree of unbalance
      being registered on the meter 56 as representing the percentage of ferrite
      present in the weld material specimen 33.
PAR  In the event that very weak signals of unbalance are produced in the bridge
      circuit, as may be necessary in measuring very small concentrations of
      ferrite, the meter 56 may be readily adapted to include conventional
      amplifying means to amplify the signal.
PAR  A non-contact mode of operation is also possible. This involves placing the
      device so the magnet is near a specimen, but not near enough to "grab" it.
      In this mode, the adjustable support is moved only to change the range of
      the instrument. Of course the system would have to be calibrated for each
      range position of the support. The ferrite content of a specimen is
      determined by deflection of the cantilever beam which is proportional to
      the force of attraction between magnet and specimen. As in the first mode
      of operation, the deflection is measured with strain gages.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for measuring the ferrite content in an austenitic stainless
      steel weld material comprising:
PA1  a. a base plate;
PA1  b. a support member;
PA1  c. means mounted adjacent one end of said base plate for adjustably
      positioning said support member in a vertical direction;
PA1  d. a cantilever beam mounted on said support member;
PA1  e. a permanent magnet suspended from the free end of said cantilever beam;
PA1  f. strain gauge means mounted on said cantilever beam for measuring the
      amount of deflection of said beam;
PA1  g. instrumentation means connected with said strain gauge means for
      converting the amount of deflection of said beam into a signal indicating
      the ferrite content of a specimen of austenitic weld material;
PA2  whereby said magnet is lowered by adjusting said support member downwardly
      until said magnet magnetically grabs said specimen of weld material
      whereupon said magnet is raised by adjusting said support member upwardly
      until the force of attraction is overcome at which time the deflection of
      the beam is measured by said strain gauge means to indicate the content of
      ferrite present in the weld material specimen.
NUM  2.
PAR  2. The device of claim 1 wherein said strain gauge means includes a
      measuring strain gauge located on said cantilever beam so as to measure
      the deflection of said beam and a reference strain gauge located on said
      beam so as to compensate for environmental temperature variations.
NUM  3.
PAR  3. The device as set forth in claim 2, wherein said instrumentation means
      includes:
PA1  a. a Wheatstone bridge circuit having four branches;
PA1  b. said measuring strain gauge being connected in one branch of said bridge
      circuit so as to provide a signal of unbalance representative of said
      deflection of said beam;
PA1  c. said reference strain gauge being connected in a second branch of said
      bridge circuit;
PA1  d. adjustable resistor means connected in the third and fourth branches of
      said bridge circuit; and
PA1  e. indicating meter means for representing said signal of unbalance as an
      indication of said ferrite content of said specimen.
NUM  4.
PAR  4. In a device for measuring the ferrite content in an austenitic stainless
      steel weld specimen including a permanent magnet adapted to be disposed in
      an adhered relationship with a selected specimen for establishing a magnet
      couple between the specimen and the permanent magnet, the improvement
      comprising:
PA1  means for measuring the intensity of the magnetic force of attraction
      established between the permanent magnet and a selected specimen adhered
      to the magnet and proportional to the ferrite content of the specimen
      including,
PA2  a. a flexible beam;
PA2  b. a base supporting said beam at one end thereof and characterized by
      means for elevating the beam along a path angularly related to the
      longitudinal axis thereof;
PA1  c. means including a flexible line attached to the magnet and suspended
      from the end of the beam opposite said one end for positioning said magnet
      in an adhered relationship with a selected specimen characterized by a
      ferrite content, whereby flexural motion proportional to the ferrite
      content of the specimen is imparted to the beam in response to the
      intensity of the magnetic force of attraction as said beam is elevated;
      and
PA1  d. means for measuring the flexural motion imparted to said beam.
NUM  5.
PAR  5. The improvement of claim 4 wherein said means for measuring the flexural
      motion imparted to the beam includes a strain gauge mounted on said beam.
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PAL  A method and apparatus are disclosed wherein each particle pulse developed
      in response to passage of particles in a particulate system through a
      sensing zone is integrated to develop a first voltage whose amplitude
      varies in accordance with the number of pulses. The pulses are also
      integrated to develop a second voltage whose amplitude varies in
      accordance with the duration and, therefore, the size of all of the
      particle pulses. The first and second voltages are multiplied together to
      yield an error corrected voltage representing an error corrected particle
      pulse count, which is then converted to an error corrected particle pulse
      count.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to particle counting methods and apparatuses
      which provide a voltage correction to a voltage representing the count of
      particle pulses so that coincidence phenomena resulting in fewer particle
      pulses being counted in a predetermined time period does not induce an
      error in the particle pulse count ultimately obtained. The particle
      counting methods and apparatuses concerned employ particle sensing zones
      wherein the presence of one particle within the zone masks or hides the
      presence of another particle which also may be within the sensing zone.
      This invention particularly is directed to, but not limited to, the
      correct determination of non-electrical properties, such as size and count
      of microscopic particles by measuring electrical properties (Patent Office
      Class 324-71NE).
PAR  Now well known in the art of electronic particle counting and analyzing is
      apparatus marketed primarily under the trademark "Coulter Counter," and
      owned by the assignee of this application. Such apparatus and portions
      thereof are disclosed in several U.S. Pat. Nos., for example,: 2,656,508;
      2,985,830; and 3,259,842 (Class 324-71). A significantly important portion
      of such Coulter type of apparatus is the minute scanning aperture or
      scanning ambit or sensing zone relative to or through which pass and are
      detected and counted, single particles at a rate often well in excess of
      one thousand per second. Because of the physical parameters of the
      scanning aperture, and particle concentration, coincidence of two
      particles in the scanning ambit occurs quite often.
PAR  It has been found that once a particle pulse produced by the presence of a
      particle in the scanning ambit, exceeds the threshold setting of the
      apparatus and is detected, no other pulse will be produced in response to
      other particles in the scanning ambit until such times as the first
      particle has cleared the sensing zone. As the presence of a first particle
      masks a second particle causing a coincidence error the coincidence error
      is a function of the time that detected particles are in the scanning
      ambit, and the total coincidence error is a function of the total time
      that particles are in the scanning aperture during the detecting and
      counting process. Since the coincidence error is a function of the time
      that each particle is in the scanning aperture, it can also be said that
      the coincidence error is a function of the duration of each particle pulse
      produced and detected in response to passage of a particle through the
      scanning ambit. It has also been found that the coincidence error is
      functionally related to the rate at which particles pass through the
      scanning ambit, and therefore, the particle pulse repetition rate.
PAC  SUMMARY OF THE INVENTION
PAR  In practicing the invention, a method is provided for automatically
      correcting a particle pulse count subject to coincidence error. The method
      includes the steps of:
PA1  a. developing a first signal which varies in accordance with the number of
      particle pulses;
PA1  b. developing a second signal which varies in accordance with the duration
      of the particle pulses;
PA1  c. combining the first and second signals to develop an error corrected
      signal representing the error corrected particle pulses count.
PAR  An apparatus for automatically correcting a particle pulse count subject to
      coincidence error includes an accumulation device which is operative in
      response to the particle pulses to develop a first signal that varies in
      accordance with the number of particle pulses. An error correction device
      is operative in response to the duration of the particle pulses to develop
      a second signal which varies in accordance with the duration of the
      particle pulses. A combining device coupled to the accumulation device and
      the error correction device is operative to combine the first and second
      signals to develop an error corrected signal representing the error
      corrected particle pulse count. A converter circuit also can be employed
      and can be coupled to the combining device for converting the error
      corrected signal to an error corrected particle pulse count.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an apparatus embodying the features of this
      invention;
PAR  FIG. 2 is a combination schematic and block diagram of a multiplier circuit
      shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, a pulse source 10 couples particle derived pulses to
      threshold circuit 12 via conductor 14. The pulse source 10 may, for
      example, be a Coulter type of particle detector such as is shown and
      described in U.S. Pat. Nos. 2,656,508 and 3,259,842 wherein particle
      pulses are developed in response to the passage of particles in a
      particulate system through a sensing zone of the aperture tube. Each pulse
      developed by pulse source 10 has an amplitude which is a function of the
      size of the particle causing the particle pulse. It is now well known in
      the art that the pulse width or duration of each particle pulse is also a
      function of the size of the particle causing the particular particle
      pulse.
PAR  Threshold circuit 12 is operative in response to particle pulses coupled
      thereto, in excess of a predetermined amplitude to develop pulses of fixed
      amplitude at conductor 16. The duration of the pulses developed at
      conductor 16 would be equal to the period for which the particle pulses
      coupled to threshold circuit 12 exceed the predetermined amplitude. The
      fixed amplitude pulses developed by threshold circuit 12 at conductor 16
      are coupled to a differentiator circuit 18 and an integrator circuit 20.
PAR  Differentiator 18 is operative in response to each fixed amplitude pulse
      coupled thereto via conductor 16 to develop a voltage spike or pulse of
      very short duration which is coupled via conductor 22 to monostable
      multivibrator 24. Monostable multivibrator 24, commonly known as a one
      shot, will change states in response to each differentiator pulse coupled
      thereto and develop an output signal of fixed amplitude and fixed
      duration. It is to be understood, of course, that for purposes of this
      application the period of the output pulse developed by monostable
      multivibrator 24 is shorter than the period between differentiator pulses
      coupled from differentiator 18. This means that the period of monostable
      multivibrator 24 must be shorter than the highest repetition rate of
      pulses from pulse source 10.
PAR  The pulses of fixed amplitude and duration developed by monostable
      multivibrator 24 are coupled via conductor 26 to integrator 28. Integrator
      28 will integrate the pulses coupled from monostable 24 and develop an
      integration voltage which is proportional to the total number of pulses
      coupled from monostable multivibrator 24 and, therefore, is proportional
      to the total number of pulses coupled from pulse source 10. The
      integration voltage developed by integrator 28 is coupled via conductor 30
      to one input of an analog multiplier circuit 32.
PAR  As previously noted, the pulses developed by threshold circuit 12 are also
      coupled via conductor 16 to integrator circuit 20, and vary in duration in
      accordance with the duration of the particle pulses. Integrator circuit 20
      will integrate each pulse coupled thereto and develop an integration
      voltage which is proportional to the duration of that pulse. The
      integration voltage of each pulse is summed with the integration voltage
      of all preceding pulses in order to develop an integration voltage which
      is proportional to the total duration of all of the particle pulses
      received. As the voltage is proportional to the total duration of all of
      the particle pulses received, and as the duration of each particle pulse
      and, therefore, the duration of all of the particle pulse is functionally
      related to the time the particles are in the sensing zone, the integration
      voltage developed by integrator 20 is functionally related to the total
      time that detected particles are in the sensing zone.
PAR  In the preferred embodiment, the voltage developed by integrator circuit 20
      is a relatively small correction voltage, hereinafter termed the error
      correction voltage. This voltage is coupled via conductor 34 to a summer
      circuit 36. A second input to summer circuit 36 is derived from a
      reference source which may, for example, be a potentiometer 38 adjusted to
      provide a one-volt reference potential to summer circuit 36. The reference
      potential is summed with the integration voltage from integrator circuit
      20 in summer circuit 36 in order to obtain a voltage which is greater than
      one volt, and coupled via conductor 40 to a second input of analog
      multiplier circuit 32.
PAR  In analog multiplier circuit 32, the integration voltage coupled from
      integrator 28 via conductor 30 and representing the total number of pulses
      received, is multiplied by the voltage coupled from summer circuit 36 via
      conductor 40 representing the total pulse duration. The product voltage
      developed by this multiplication process in analog multiplier circuit 32,
      is coupled via conductor 42 to an analog to digital (A/D) converter 44.
      A/D converter 44 will convert the analog voltage at conductor 42 to a
      digital equivalent which is coupled to counter 46. Counter 46 will develop
      a number representing the error corrected particle pulse count in response
      to the digital signal from analog to digital converter 44.
PAR  Referring to FIG. 2, the multiplier circuit 32 of FIG. 1 is shown in
      greater detail. The integration voltage developed by integrator circuit 28
      is coupled via conductor 30 to a logarithmic conversion circuit 60, and
      the error correction voltage developed at the output of summer circuit 36
      is coupled via conductor 40 to a logarithmic conversion circuit 62.
      Logarithmic conversion circuits 60 and 62 are identical and are of the
      type now well known in the art which develop an output signal voltage
      which is proportional to the logarithm of the input voltage. The output
      voltage of logarithmic conversion circuit 60 is coupled via conductor 64
      to one input of summing circuit 66 and the output of logarithmic
      conversion circuit 62 is coupled via conductor 68 to the second input of
      summing circuit 66.
PAR  Summing circuit 66 adds the voltages coupled thereto via conductors 64 and
      68 and develops an output voltage equal to the sum of the two at conductor
      70. Adding the logarithmic equivalent of two voltages is the same as
      multiplying the two voltages together and is the way such multiplication
      is performed via use of electronic circuitry. The voltage developed at
      conductor 70 is coupled to an antilog conversion circuit 72.
PAR  Antilog conversion circuit 72 develops an output voltage which is the
      antilog of the voltage at its input. As the voltage on conductor 70 at the
      input of antilog conversion circuit 72 is a logrithmic equivalent voltage,
      the output of antilog conversion circuit 72 developed at conductor 42 is
      equal to the voltage from which the logarithmic equivalent voltage is
      derived, which is equal to the product of the voltages developed at
      conductors 30 and 40.
PAR  It is to be understood that other modifications of the above noted
      apparatus are envisioned as being within the scope of this invention. For
      example, threshold circuit 12, can be a window type threshold circuit such
      as is shown and described in U.S. Pat. No. 3,259,842, which only develops
      output pulses if the pulses coupled from the pulse source 10 have an
      amplitude which falls within a predetermined range.
PAR  The method for correcting a particle pulse count subject to coincidence
      error is also envisioned as being within the scope of this invention. This
      method includes the steps of (a) developing a first voltage which varies
      in amplitude in accordance with the number of particle pulses; (b)
      developing a second voltage which varies in amplitude in accordance with
      the duration of the particle pulses; (c) multiplying the first and second
      voltages together to develop an error corrected voltage which represents
      the error corrected particle pulse count.
PAR  It is to be further understood that other modifications of the method and
      apparatus described are capable of being made without departing from the
      spirit or scope of the invention as defined in the appended claims.
CLMS
STM  What is desired to be secured by Letters Patent of the United States:
NUM  1.
PAR  1. A method for automatically correcting a particle pulse count subject to
      coincidence error wherein particle pulses are developed in response to
      passage of particles in a particulate system through a sensing zone,
      including the steps of:
PA1  developing a first signal which varies in accordance with the number of
      particle pulses,
PA1  developing a second signal which varies in accordance with the duration of
      the particle pulses,
PA1  combining said first and second signals to develop an error corrected
      signal representing the error corrected particle pulse count.
NUM  2.
PAR  2. The method of claim 1 further including the step of converting said
      error corrected signal to an error corrected particle pulse count.
NUM  3.
PAR  3. The method of claim 1 wherein said step of developing said first signal
      includes the steps of detecting particle pulses in excess of a first
      amplitude, and developing said first signal in response to said detected
      particle pulses.
NUM  4.
PAR  4. The method of claim 1 wherein said step of developing said second signal
      includes the steps of detecting particle pulses in excess of a first
      amplitude, and integrating each of said portions of said particle pulses
      in excess of said first amplitude to develop said second signal.
NUM  5.
PAR  5. The method of claim 1 wherein said step of combining said first and
      second signals includes the step of algebraically multiplying said first
      signal by said second signal to develop said error corrected signal.
NUM  6.
PAR  6. The method of claim 5 further including the step of converting said
      error corrected signals to an error corrected particle pulse count.
NUM  7.
PAR  7. The method of claim 1 wherein the step of developing said first signal
      includes the steps of detecting particle pulses in excess of a first
      amplitude, developing first pulses of fixed amplitude and duration in
      response to each detected particle pulse, and integrating each of said
      pulses to develop said first signal.
NUM  8.
PAR  8. The method of claim 1 wherein said step of developing said first signal
      includes the steps of developing a first pulse of fixed amplitude and
      duration in response to each of said detected particle pulses, and
      integrating each of said first pulses to develop said first signals.
NUM  9.
PAR  9. The method of claim 8 wherein said step of developing said second signal
      includes the steps of integrating said particle pulses to develop said
      second signal.
NUM  10.
PAR  10. An apparatus for automatically correcting a particle pulse count
      subject to coincidence error wherein particle pulses are developed in
      response to passage of particles in a particulate system through a
      particle sensing device, said apparatus including in combination,
PA1  accumulation means operative in response to said particle pulses to develop
      a first signal which varies in accordance with the number of particle
      pulses,
PA1  error correction means operative in response to the duration of said
      particle pulses to develop a second signal which varies in accordance with
      the duration of said particle pulses,
PA1  combining means coupled to said accumulation means and said error
      correction means and operative to combine said first and second signals to
      develop an error corrected signal representing the error corrected
      particle pulse count.
NUM  11.
PAR  11. The apparatus of claim 10 further including converter means coupled to
      said combining means for converting said error corrected signal to an
      error corrected particle pulse count.
NUM  12.
PAR  12. The apparatus of claim 10 wherein said first and second signals and
      said error corrected signal are voltages and further including analog to
      digital converter means coupled to said combining means for converting
      said error corrected voltage to an error corrected particle pulse count.
NUM  13.
PAR  13. The apparatus of claim 10 wherein said combining means is a multiplier
      means for multiplying said first and second signals together and
      developing said error corrected signal.
NUM  14.
PAR  14. The apparatus of claim 10 further including threshold means coupled to
      said accumulation means and said error correction means, said threshold
      means being operative to develop detection signals in response to particle
      pulses of a predetermined amplitude, said accumulation means being
      operative in response to said detection signals to develop said first
      signal, said error correction means being operative in response to said
      detection signals to develop said second signal.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said accumulation means includes
      monostable means, coupled to said threshold means and operative in
      response to each of said detection signals to develop a monostable signal,
      and integration means coupled to said monostable means and operative to
      integrate such monostable signals and develop said first signal.
NUM  16.
PAR  16. The apparatus of claim 14 wherein said threshold means develops said
      detection signals for the period said particle pulses exceed said
      predetermined amplitude, said error correction means including second
      integration means operative to integrate said detection signals and
      develop said second signal which varies in accordance with the duration of
      said particle pulses.
NUM  17.
PAR  17. The apparatus of claim 14 wherein said threshold means develops said
      detection signals for the period said particle pulses exceed said
      predetermined amplitude, said error correction means including second
      integration means operative to integrate said detection signals and
      develop a second integration signal which varies in accordance with the
      duration of said detection signals, summing means coupled to said second
      integration means and a source of reference, said summing means summing
      said second integration signal and a reference signal from said reference
      source to develop said second signal.
NUM  18.
PAR  18. The apparatus of claim 10 wherein said accumulation means includes
      monostable means operative in response to each of said particle pulses to
      develop a monostable signal and integration means coupled to said
      monostable means and operative to integrate said monostable signal to
      develop said first signal.
NUM  19.
PAR  19. The apparatus of claim 10 wherein said error correction means includes
      second integration means operative to develop a second integration signal
      which varies in accordance with the duration of the particle pulses, and
      summing means coupled to said second integration means and a reference
      source said summing means summing said second integration signal and a
      reference signal from said reference source to develop said second signal.
NUM  20.
PAR  20. In a particle analyzer subject to coincidence error wherein particle
      pulses are developed in response to passage of particles in a particulate
      system through a sensing zone, the improvement comprising,
PA1  accumulation means operative in response to said particle pulses to develop
      a first signal which varies in accordance with the number of particle
      pulses received,
PA1  error corrections means operative in response to the particle pulses to
      develop a second signal which varies in accordance with the duration of
      particle pulses,
PA1  combining means coupled to said accumulation means and said error
      correction means for combining said first and second signals to develop an
      error corrected signal representing the error corrected particle pulse
      count.
NUM  21.
PAR  21. The apparatus of claim 20 further including converter means coupled to
      said combining means for converting said error corrected signal to an
      error corrected particle pulse count.
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ABST
PAL  A voltage measuring device is described which is suitable for application
      to encapsulated, high-voltage switching installations which include an
      inner conductor surrounded by a grounded metallic outer tube. The device
      utilizes the fact that an electric field exists between the inner
      conductor and metallic outer tube. It includes means for widening a
      portion of the outer tube to thereby form a space for locating certain
      portions of the measuring device. The device itself includes an
      electro-optical component, such as a Kerr or Pockels cell which is
      positioned in the space defined by the widening means, at a distance from
      the inner conductor which is approximately equal to the distance that the
      outer tube is located from said inner conductor. A metal layer is
      positioned on that side of the electro-optical component which is away
      from the inner conductor. The metal layer is electrically connected to the
      grounded, metallic outer tube. The presence of the layer insures that the
      lines of the electric field between the inner conductor and the outer tube
      are directed through the electrooptical component, perpendicular to the
      metal layer. A source of polarized light is directed towards said
      electro-optical component. As the light passes through the cell the plane
      of polarization of the light is rotated as a function of the electric
      field intensity. Thus the exiting light becomes a measure of the voltage
      between the inner conductor and the outer tube. The shifted, polarized
      light exiting from the electro-optical component is then processed by an
      optical evaluation device which produces an electrical output proportional
      to the amount of shift of the plane of polarization of the light.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to voltage measuring devices for high-voltage
      installations, and particularly to voltage measuring devices employing
      electro-optical detection components.
PAR  2. Description of the Prior Art
PAR  Apparatus useful in measuring the voltage in an encapsulated high-voltage
      installation are described in United States patent application, Ser. No.
      495,820, filed Aug. 8, 1974 and assigned to the same assignee as the
      present application. In general, the apparatus disclosed therein includes
      a capacitive voltage divider arrangement wherein the low voltage leg of
      the capacitor network is monitored by various devices to thereby give a
      reading which is proportional to the voltage between the inner conductor
      and the outer tube. Certain of the measuring devices described in the
      aforementioned application include electro-optical components such as the
      Kerr cell and the Pockels cell. The voltage developed across the "low
      voltage" capacitor of the capacitor voltage divider bridge is supplied to
      the electro-optical component with the result that the plane of
      polarization of polarized light entering the electro-optical component is
      shifted in proportion to said voltage.
PAR  Another utilization of an electro-optical component as a means for
      measuring voltage in such installations is described in German
      Offenlegungsschrift 2,130,046. Therein is described an electro-optical
      component which consists of an optical wave guide which is wound into a
      toroidal coil. The toroidal coil is mounted in a ring-shaped widening of
      the outer tube of the high-voltage installation. Since optical wave guides
      are relatively expensive, being more so when the latter are wound in
      toroidal coil form, the known device is a costly item to manufacture.
PAR  Further, it is known in the art that a Kerr of Pockels cell can be employed
      for the measurement of voltage, utilizing the electric field intensity
      (see the journal entitled "Elecktrie," vol. 22 (1968, No. 7, pages
      261-266). However, this article does not indicate how an arrangement of a
      Kerr or Pockels cell can be employed in the extension of an outer tube of
      a high-voltage installation without adversely affecting the field pattern
      of the electric field between the inner conductor and the outer tube.
PAR  It is therefore a primary object of the invention to provide a measuring
      device for such high-voltage installations which can be manufactured at a
      relatively low cost.
PAR  It is a further object of this invention to provide a measuring device
      which employs electro-optical components positioned in the electric field
      between the conductors without adversely affecting the field lines.
PAR  It is another object of this invention, to employ electro-optical
      components in such a manner that the additional space required to house
      such components is kept to a minimum.
PAC  SUMMARY OF THE INVENTION
PAR  A voltage measuring device is described which is suitable for application
      to encapsulated, high-voltage switching installations which include an
      inner conductor surrounded by a grounded metallic outer tube. The device
      utilizes the fact that an electric field exists between the inner
      conductor and metallic outer tube. It includes means for widening a
      portion of the outer tube to thereby form a space for locating certain
      portions of the measuring device. The device itself includes an
      electro-optical component, such as a Kerr or Pockels cell which is
      positioned in the space defined by the widening means, at a distance from
      the inner conductor which is approximately equal to the distance that the
      outer tube is located from said inner conductor. A metal layer is
      positioned on that side of the electro-optical component which is away
      from the inner conductor. The metal layer is electrically connected to the
      grounded, metallic outer tube. The presence of the layer insures that the
      lines of the electric field between the inner conductor and the outer tube
      are directed through the electro-optical component, perpendicular to the
      metal layer. A source of polarized light is directed towards said
      electro-optical component, perpendicular to the metal layer. As the light
      passes through the cell the plane of polarization of the light is rotated
      as a function of the electric field intensity. Thus the exiting light
      becomes a measure of the voltage between the inner conductor and the outer
      tube. The shifted, polarized light exiting from the electro-optical
      component is then processed by an optical evaluation device which produces
      an electrical output proportional to the amount of shift of the plane of
      polarization of the light.
PAR  The widening means in the preferred embodiment would include a metallic
      stub positioned in the outer tube and further includes a metal flange
      which seals the space defined by the stub from the outside. Where there is
      sufficient room, the electro-optical component, the source of polarized
      light and the optical evaluation device can all be placed within the space
      defined by the widening means. In that instance, the appropriate
      feedthroughs are needed to supply the electrical output from the
      evaluation device to monitoring equipment outside.
PAR  An alternate embodiment, for those situations where the space is a minimum,
      provides for the positioning of the polarized light source and optical
      evaluation device outside the space with suitable entrance and exit
      windows into the space area.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to the accompanying drawings for a better
      understanding of the nature and objects of the invention. The drawings
      illustrate the best mode presently contemplated for carrying out the
      objects of the invention and its principles, and are not to be construed
      as restrictions or limitations on its scope. In the drawings:
PAR  FIG. 1 depicts in schematic, elevational, sectional view, and embodiment of
      the present invention employing a Kerr cell.
PAR  FIG. 2 is a similar view depicting the arrangement used when a Pockels cell
      is employed in the invention.
PAR  FIG. 3 is a schematic diagram showing how the light source and the
      evaluation device can be positioned outside of the stub accommodating the
      electro-optical component.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A typical high-voltage switching installation 1, comprises an inner
      conductor 2 and an outer tube 3. For the purposes of this invention, the
      outer tube 3 is provided with a means for widening the tube, 4. The
      widening means defines a space 40 into which the parts of the measuring
      device may be included. In the preferred embodiments, the widening means
      or extension 4 can be formed by a stub 5, which may be attached to the
      outer wall of the tube 3 by suitable welding techniques such that the
      metallic portions of the stub 5 are electrically integral with the outer
      tube 3. Attached to a flanged portion of the stub 5 is an end plate or
      flange 6 which seals off the space 40 from the outside.
PAR  Positioned in the space 40, at a distance from the inner tube 2 which is
      approximately equal to the distance from the tube 2 to the outer tube 3 is
      an electro-optical component 7. In the embodiment of FIG. 1, such an
      electro-optical component would be the so-called Kerr cell, well known in
      the art. The cell is shown schematically and includes a housing 8
      manufactured from a non-conductive, light-transparent insulating material.
      On the side facing away from the inner conductor 2, there is positioned a
      metal layer 9. This metal layer is electrically connected to the metallic
      stub 5 by a suitable lead 10. With this arrangement of cell and metal
      layer, on the one hand, the electric field between the inner conductor
      group 2 is not interfered with by the presence of the Kerr cell in the
      space 40. Further, since the metal layer 9 is grounded through the metal
      stub 5 connected to the grounded metallic outer tube, the electric field
      lines through the Kerr cell 7 are maintained essentially perpendicular
      thereto and the metal layer 9.
PAR  Within the space 40 there is appropriately positioned a source of polarized
      light, 12. A suitable optical deflection device, such as a mirror, 14,
      directs the beam of polarized light, 11 towards the entrance opening of
      the Kerr cell 7. As the polarized light passes through the Kerr cell, the
      plane of polarization of the light is rotated by an amount which is
      proportional to the intensity of the electrical field passing through the
      cell. The optical deflection arrangement 14 insures that the polarized
      light entering the cell 7 is perpendicular to the lines of the electric
      field passing through the cell -- a necessary condition if the shift in
      the plane of polarization of the light exiting from the cell is to be a
      true indication of the intensity of the field. A second deflection
      arrangement, 15 is positioned appropriately at the exit opening of the
      cell 7 thereby directing the emanating light to an evaluation device 13.
      The optical evaluation device 13 is characterized in that it provides an
      electrical output which is proportional to the amount of shift of the
      plane of polarization of the light having passed through the cell.
      Consequently, its output is thus proportional to the voltage between the
      inner conductor 2 and the outer tube 3. Appropriate feedthrough terminal
      can be located either in the stub wall 5 or the flange 6 which enable the
      electrical output produced by the evaluation device 13 to be supplied to
      various monitoring equipment external to the installation. Of course, if
      only a reading of the voltage were desired, i.e., a reading of the voltage
      output of the optical evaluation device 13, then a suitable volt meter
      could be positioned in space 40 and a window provided in the stub 5 to
      make ready readability of the meter.
PAR  FIG. 2 shows a variation of the basic invention wherein a Pockels cell is
      employed as the electro-optical component. The cell 23 is positioned in a
      space 42 which is formed in the outer wall of the tube 21 by a metallic
      stub 29 and flange plate 28. As before, the cell 23 is positioned in the
      space 42 at a distance from the inner conductor 24 which is approximately
      equal to the distance between the conductor 24 and the outer tube 21. The
      cell 23 is encapsulated in an insulated housing 25. On the side facing
      away from the inner conductor, a metal layer 26 is positioned which is
      electrically connected via lead 27 to the stub 29 and thus to the grounded
      outer tube 21. The cell 23 includes within itself, on the side nearest the
      inner conductor 24, a mirror 30.
PAR  Positioned within the space 42 is a polarized light source 35 which directs
      polarized light 32 through an entrance window 31 appropriately located in
      the metal layer 26. The light is directed from the source through the
      window 31 into the cell 23 such that it is deflected by the mirror
      arrangement 30 back out of the cell and through an exit window 33 in the
      metal layer. The light exiting through the window, through the cell 23 and
      the window 33 is received by the evaluation device 34 which processes the
      polarized light in much the same manner as the device 13 in FIG. 1.
PAR  It should be noted that although the ray path of light 32 is shown entering
      the cell 23 at a considerable angle of incidence to the electric field
      lines (the latter passing through the Pockels cell 23 substantially
      perpendicular to the cell and the metal layer 26), it is to be understood
      that the optical deflection arrangement 30 is designed such that through
      multiple reflections within the cell 23 the entering rays are directed
      approximately parallel to the electric field lines. This is so in order to
      obtain, utilizing the Pockels effect, a rotation of the plane of
      polarization of the light in proportion to the field intensity within the
      cell 23. Thus, as a result, the rotating of the plane of polarization
      gives a measure of the voltage between the inner conductor 24 and the
      outer tube 21.
PAR  Other variations of the embodiments described above would be obvious to
      those skilled in the art. For example, where space limitations necessitate
      that the extensions formed by stubs 5 or 29 be kept to a minimum, the
      source of polarized light and/or the optical evaluation device (13, or 34)
      may be positioned outside of spaces 40 or 42. In that instance, suitable
      openings would have to be provided in the flanges 6 and 28 so that the
      polarized light exiting the light source or entering the optical
      evaluation device can find a passage to the electro-optical cells as
      shown, for example, in FIG. 3.
PAR  It is to be appreciated that the above are only preferred embodiments and
      are not to be construed as limitations on the breadth of the invention
      which shall be controlled by the scope of the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voltage measuring device for use with an encapsulated, high-voltage
      switching installation including an inner conductor within a grounded
      metallic outer tube wherein an electric field exists between said inner
      conductor and said outer tube which comprises:
PA1  a. means for widening said outer tube to thereby form a space for locating
      at least one of the following elements of said measuring device;
PA1  b. a Kerr cell positioned, approximately, at a distance from said inner
      conductor equal to the distance said outer tube is located from said inner
      conductor, said Kerr cell positioned such that said electric field passes
      through said cell;
PA1  c. a source of polarized light, said polarized light directed towards said
      Kerr cell and passing therethrough;
PA1  d. a metal layer covering said Kerr cell on the side facing away from said
      inner conductor, said metal layer electrically connected to said outer
      tube; and
PA1  e. an optical evaluation device for monitoring the polarized light exiting
      from said instrument, said evaluation device producing an indication
      proportional to the amount of shift of the plane of polarization of said
      light, the amount of said shifting being proportional to the intensity of
      said electric field.
NUM  2.
PAR  2. The voltage measuring device of claim 1 where said Kerr cell, said
      source of polarized light and said optical evaluation device are all
      positioned within said space formed by said widening means.
NUM  3.
PAR  3. The voltage measuring device of claim 1 where said light source and said
      evaluation device are positioned outside the space formed by said widening
      means, said widening means including an entrance and an exit window for
      routing the polarized light to and from said electro-optical components.
NUM  4.
PAR  4. The voltage measuring device of claim 1 where said widening means
      comprises a metallic stub positioned in said outer tube and a metal
      flange, connected to said stub, to thereby seal said space from the
      outside.
NUM  5.
PAR  5. A voltage measuring device for use with an encapsulated, high-voltage
      switching installation including an inner conductor within a grounded
      metallic outer tube wherein an electric field exists between said inner
      conductor and said outer tube which comprises:
PA1  a. means for widening said outer tube to thereby form a space for locating
      at least one of the following elements of said measuring device;
PA1  b. a Pockels cell positioned, approximately, at a distance from said inner
      conductor equal to the distance said outer tube is located from said inner
      conductor, said Pockels cell positioned such that said electric field
      passes through said cell;
PA1  c. a source of polarized light, said polarized light directed towards said
      Pockels cell and passing therethrough;
PA1  d. a metal layer covering said Pockels cell on the side facing away from
      said inner conductor, said metal layer electrically connected to said
      outer tube; and
PA1  e. an optical evaluation device for monitoring the polarized light exiting
      from said instrument, said evaluation device producing an indication
      proportional to the amount of shift of the plane of polarization of said
      light, the amount of said shifting being proportional to the intensity of
      said electric field.
NUM  6.
PAR  6. The voltage measuring device of claim 5 wherein said metal layer
      includes an entrance and an exit opening, said polarized light directed
      towards said component through said entrance opening, said Pockels cell
      including a mirror arrangement for directing said polarized light entering
      the cell, through said exit opening and towards said evaluation device.
NUM  7.
PAR  7. The voltage measuring device of claim 5 where said Pockels cell, said
      source of polarized light and said optical evaluation device are all
      positioned within said space formed by said widening means.
NUM  8.
PAR  8. The voltage measuring device of claim 5 where said light source and said
      evaluation device are positioned outside the space formed by said widening
      means, said widening means including an entrance and an exit window for
      routing the polarized light to and from said Pockels cell.
NUM  9.
PAR  9. The voltage measuring device of claim 5 where said widening means
      comprises a metallic stub positioned in said outer tube and a metal
      flange, connected to said stub, to thereby seal said space from the
      outside.
NUM  10.
PAR  10. A voltage measuring device for use with an encapsulated, high-voltage
      switching installation including an inner conductor within a grounded
      metallic outer tube wherein an electric field exists between said inner
      conductor and said outer tube which comprises: means for widening said
      outer tube to thereby form a space for locating at least one of the
      following elements of said measuring device; an electro-optical component
      positioned, approximately, at a distance from said inner conductor equal
      to the distance said outer tube is located from said inner conductor, said
      component positioned such that said electric field passes through said
      component; a source of polarized light, said polarized light directed
      towards said electro-optical component and passing therethrough; a metal
      layer covering said electro-optical component on the side facing away from
      said inner conductor, said metal layer electrically connected to said
      outer tube; and, an optical evaluation device for monitoring the polarized
      light exiting from said instrument, said evaluation device producing an
      indication proportional to the amount of shift of the plane of
      polarization of said light, the amount of said shifting being proportional
      to the intensity of said electric field, said electro-optical component,
      said source of polarized light and said optical evaluation device all
      being positioned within said space formed by said widening means.
NUM  11.
PAR  11. A voltage measuring device for use with an encapsulated, high-voltage
      switching installation including an inner conductor within a grounded
      metallic outer tube wherein an electric field exists between said inner
      conductor and said outer tube which comprises: means for widening said
      outer tube to thereby form a space for locating at least one of the
      following elements of said measuring device; an electro-optical component
      positioned, approximately, at a distance from said inner conductor equal
      to the distance said outer tube is located from said inner conductor, said
      component positioned such that said electric field passes through said
      component; a source of polarized light, said polarized light directed
      towards said electro-optical component and passing therethrough; a metal
      layer covering said electro-optical component on the side facing away from
      said inner conductor, said metal layer electrically connected to said
      outer tube; and, an optical evaluation device for monitoring the polarized
      light exiting from said instrument, said evaluation device producing an
      indication proportional to the amount of shift of the plane of
      polarization of said light, the amount of said shifting being proportional
      to the intensity of said electric field, said widening means including a
      metallic stub positioned in said outer tube and a metal flange, connected
      to said stub, to thereby seal said space from the outside.
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PAL  The present invention relates to an apparatus for measuring the level of a
      signal voltage supplied to the control input of a controllable constant
      current source whose output is connected to a phase inverting circuit
      conducting in one direction and to a rectifier conducting in the opposite
      direction so that a full-wave rectified current is obtained which is
      adapted to flow through a measurement device in order to obtain a measure
      of the voltage level.
BSUM
PAR  The present invention relates to an apparatus for measuring a signal
      voltage including a current source with a control input on which the
      signal appears. More particularly, the invention relates to a measuring
      device which includes a rectifier arrangement which is connected to the
      current source, and to a load measuring instrument or a level
      discriminator.
PAR  In for example, the carrier frequency techniques it is often required, with
      high precision, to be able to measure the level of a sine-wave signal, for
      example a pilot signal, the frequency of which can vary within wide
      limits. The principle of the measurement is such that whose signal, the
      level is to be measured, is supplied to a controllable current source
      which on its output delivers a current of the same form as the incoming
      signal with the value of the current being independent of possible
      variations in the subsequent load. This current is rectified and the
      rectified average value is measured by an instrument connected to the
      rectifier. Such a measuring principle is described in "Cables et
      Transmission" No. 4, 1970 pp. 340-349. In that connection, both voltage
      rectification and current rectification are used. The drawback with
      voltage rectification is that the rectifier is more temperature dependent
      and has bad linearity because of to the forward voltage drop of the
      included diodes. With current rectification these drawbacks are partly
      avoided, but the current rectifier demands, in contrast to the voltage
      rectifier, more components, as for example, capacitors.
PAR  In, for example, the article "Mittelwergleichrichtung in batteriegespeisten
      Transistorschaltungen" in "Radio Mentor" 1965, Heft 1, pp. 41-42 a testing
      device of above mentioned kind is shown which utilizes a constant current
      source having a very high output impedance for alternating current. The
      drawbacks with this circuit is, however, that only half-wave rectification
      is obtained and that the rectified output voltage is considerably less
      than the supplying voltage.
PAR  An object of the present invention is to provide an apparatus for measuring
      the level of an incoming signal voltage wherein a current corresponding to
      the signal voltage is full wave rectified and in which practically the
      entire supplying voltage is available on the output of the apparatus.
DRWD
PAR  The invention, the characteristics of which appear from the appended
      claims, will be described more in detail with reference to the
      accompanying drawing in which:
PAR  FIG. 1 shows a block diagram for illustrating the above mentioned principle
      of measuring; and
PAR  FIG. 2 shows a circuit diagram for the apparatus according to the present
      invention.
DETD
PAR  In FIG. 1 a block diagram is shown, which illustrates the known principle
      for measurement of the level of an incoming signal Ue, for example, the
      pilot signal in a carrier frequency system. The signal Ue is supplied to
      an amplifier F of suitable type whose the output is connected to the
      control input of a controllable current generator IT. This current
      generator consists suitably of common emitter transistor amplifier having
      a reactance circuit RN connected to its output. This a current source IK
      is obtained which for alternating voltages within a certain frequency
      range shows a very high internal impedance. On the output of the circuit
      RN a current appears whose amplitude and frequency depend on the incoming
      signal and which is essentially independent of the variations in the
      subsequent load. This load consists of the rectifier LS which rectifies
      the current from the current source IK and a measuring instrument M which
      measures its rectified mean value. A measure is thus obtained of the
      signal level of the incoming signal Ue. Owing to the high output impedance
      of the current source IK linearity errors and temperature dependence of
      the rectifier LS can be kept low.
PAR  The rectifier arrangement according to the present invention is constructed
      essentially according to the same principle as according to FIG. 1 but
      includes one capacitor this and, in contrast to the known arrangement, can
      be used for half-wave as well as for full-wave rectification. Thus also
      precise measurement of signals with low frequency can be carried out. With
      reference to FIG. 2 an embodiment of the invention will be described more
      in detail.
PAR  The reference IS designates a current source, corresponding to the block IK
      in FIG. 1, having an input which received the signal Ue whose level is to
      be determined. It is assumed that the signal Ue is a sine-wave, that is,
      Ue = ue sin .OMEGA..t. The current source IS includes a common emitter
      connected transistor stage operating as a current generator comprising the
      transistor Tr1 and the associated emitter resistor R. The collector of the
      transistor Tr1 is connected via point a to a transistor stage functioning
      as an operating impedance and comprising the transistor Tr2, the resistor
      R1 and the capacitor C1. The operating impedance is in this connection and
      in a known manner intended to give a high output impedance for the
      alternating current from the current generator Tr1, R at the output, point
      b. In the point a the current I = Io + i sin .OMEGA..t. appears consisting
      of a direct current component Io and an alternating current component i
      sin .OMEGA..t., having a frequency which is the same as the input signal
      Ue and an amplitude determined by the amplitude of the measuring signal.
      In the point b, a pure alternating current appears due to the coupling
      capacitor C1. To the point b a phase inverting circuit IM conducting in
      one current direction is connected comprising the transistor Tr3, Tr4
      together with the associated emitter resistors R2, R3. The resistance of
      the resistors R2 and R3 is in that connection equal.
PAR  The reference c denotes the output of the circuit IM which is, on the one
      hand, connected to the load Z, and on the other hand connected to the
      output of a rectifier stage IL consisting of the transistor Tr5, the diode
      D and the resistor R4. The emitter of the transistor Tr5 is connected
      directly to the point b'. The reference -E denotes the potential of the
      supplying voltage source relatively ground 0. The phase inverting circuit
      IM has the property that when a current of predetermined polarity, in the
      present case of positive polarity, flows to input b', an equivalent
      current flows to its output c, while for the opposite polarity the current
      to the input b' is blocked.
PAR  The input b' of the circuit IM is connected to the output b of the current
      source IS which output is formed by the connection point between the one
      plate of the capacitor C1 and the base of the transistor Tr2. Thus the
      capacitor C1, not only serves as a reactance in the operating impedance,
      but also serves as a coupling capacitor in order to block the direct
      current component Io of the current I from the constant current generator
      Tr1, R. In principle it would be possible to choose the point a as an
      output from the current source IS to the subsequent phase inverting
      circuit IM, whereby a very small alternating current flows through the
      capacitor C1 and the voltage drop across the capacitor thereby could be
      neglected. This would imply the advantage that the transistor Tr2 would
      only load the output to a negligible extent. In the present case, however,
      the point b is chosen as output for the current source IS so that, as
      mentioned above, the capacitor C1 also can be utilized as a coupling
      capacitor. The voltage drop Uc which hereby arises across this capacitor,
      certainly gives rise to a leakage current I1 = Uc/R1 through the
      transistor Tr2. This current, however, can be made small if the resistor
      R1 is chosen sufficiently great relative to the value of the capacitance
      of the capacitor C1 and the frequency .OMEGA. of the incoming signal. If,
      for example, the product .OMEGA.. R1.C1 is chosen &gt; 10 the measure fault
      is less than 0.5 percent.
PAR  To the phase inverting circuit IM the alternating current component I1 = i
      sin .OMEGA..t. is thus fed and for its positive half period an equivalent
      current I2 = i.sin.OMEGA. .t/ is obtained on the output c. In order to
      obtain full-wave rectification, a rectifier stage comprising the
      transistor Tr5, the resistor R4 and the diode D is connected to the ouput
      c. This stage conducts in the direction in which the phase inverting
      circuit IM is blocked. For the negative half period of I2, the transistor
      Tr4 is blocked and the current will flow from the point c through the
      collector-emitter circuit of the transistor Tr5 to the point b. The diode
      D connected between the base of the transistor Tr5 and the negative
      terminal -E is provided to compensate for the base-emitter voltage drop of
      the transistor Tr5, so that the point b momentarily is never lower than
      the supply voltage -E. Hence that the transistor Tr2 operates in its
      linear range which is necessary in order to obtain a high output impedance
      in the point b.
PAR  The base current which flows to the transistors Tr2 and Tr5 can be very
      small, approximately 200 times less than the corresponding
      collector-emitter current. Consequently its influence on the currents I1
      and I2, respectively is negligible.
PAR  As the voltage drop across the transistor Tr4 and the associated emitter
      resistor can be made small, expressed as a percentage, compared with the
      supply voltage -E, the major part of this supply voltage is available
      across the laod Z which consists of the mean value indicating instrument
      or the level detector.
PAR  By replacing the phase inverting circuit IM by a diode connected to the
      point b and through the load to the potential -E and to exclude the
      rectifier stage IL, half-wave rectification can be obtained.
PAR  The rectifier arrangement is not limited to the above described embodiment
      comprising transistors but also integrated circuits can be used. Thus the
      phase inverting circuit IM can form an integrated circuit whereby the
      point c can assume a potential which more closely follows up the supply
      voltage -E, than in the case of discrete components. The available voltage
      across the impedance Z can thereby be higher than when the phase inverting
      circuit includes transistors.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for measuring the voltage of a signal which is
      substantially sinusoidal comprising a source of operating voltage having
      first and second output terminals, first and second transistors each
      having emitter, collector and base terminals, a first resistor connecting
      the emitter terminal of said first transistor to the first output terminal
      of said source, the base terminal of said first transistor being adapted
      to receive signals to be measured, means for connecting the collector
      terminal of said second transistor directly to the second output terminal
      of said source, a second resistor connecting the collector terminal of
      said first transistor to the emitter terminal of said second transistor, a
      capacitor connecting the collector terminal of said first transistor to
      the base terminal of said second transistor, a current indicating means
      having one terminal connected to one of the output terminals of said
      source and having another terminal, phase inversion means having an input
      connected to the base of the second transistor and an output connected to
      the another terminal of said current indicating means, first
      unidirectional current conducting means having one terminal connected to
      the another terminal of said current indicating means and having a second
      terminal, and nonreactive means for directly connecting the second
      terminal of said first unidirectional current conducting means to the base
      terminal of said second transistor.
NUM  2.
PAR  2. The apparatus of claim 1 further comprising a second unidirectional
      current conducting means connected between the base terminal of said
      second transistor, and the junction of said current indicating means and
      said first unidirectional current conducting means.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said first unidirectional current
      conducting means comprises a further transistor having a collector
      terminal connected to said current indicating means, an emitter terminal
      connected to the base terminal of said second transistor and a base
      terminal connected to one of the output terminals of said source.
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PAL  An unknown tape pack diameter is determined by measuring the inertia of the
      unknown tape pack and comparing the inertia with an inertia value
      representative of the inertia of a second tape pack of known diameter.
BSUM
PAR  This invention relates to a means and method for measuring the tape pack
      diameter of a reel of tape and, more particularly, relates to a means and
      method for measuring the tape pack diameter of a reel of tape in an
      enclosed cassette.
PAR  Various mechanical and optical means have been devised to measure the
      amount of tape wound on a reel. These means have been generally suitable
      for measuring the diameter of tape on open reels but have proved
      impractical with enclosed cassettes and stereo cartridges. For example,
      mechanical arm followers have not been able to fit into cassettes to
      monitor tape pack diameter; optical systems are impeded by the cassette or
      cartridge cover. Visual indicators which can be used with see-through
      cassettes, such as the indicator disclosed in U.S. Pat. No. 3,630,170, are
      not suitable for electronic or automatic monitoring of tape pack diameter.
      Electronic schemes include a comparison between longitudinal tape speed
      and tape reel angular velocity to sense the approach of minimum tape pack
      diameter and a system for generating two pulse trains which are responsive
      to timing marks on a tachometer disc with a subsequent comparison of their
      phase difference to determine angular acceleration and velocity to sense
      when an angular velocity associated with minimum tape pack diameter is
      approached. These complex schemes are principally used for end of tape
      sensing.
PAR  Cassettes and stereo cartridges are typically manually introduced into a
      playback device which automatically threads the tape onto a tape pathway
      which includes a playback head. Numerous self-threading devices have been
      devised which in most cases require no critical threading time criterion
      to be met. However, for broadcast or studio quality playback devices it is
      a critical requirement that self-threading occur within specified time
      limits. For example, in U.S. Pat. No. 3,720,794 an automated cassette
      transport is disclosed which includes a self-threading vacuum network
      designed to take tape from one spool of a cassette and thread it onto an
      active record/play loop. In order that such a machine provide rapid access
      to video information recorded on a cassette it is necessary that tape be
      threaded at a threading speed which approaches the maximum safe linear
      tape speed; if tape is threaded too slowly rapid access will be lost while
      overly fast threading will result in damage to the tape. Since linear tape
      speed is related to both the reel angular velocity and to tape pack
      diameter it is necessary to determine this diameter to control the linear
      tape speed unless the linear tape speed is measured directly by means
      external to the cassette.
PAR  In practice, cassettes containing broadcast material will have tape pack
      diameters which vary within a range of 1 to 3 diameter units. Since
      threading time is a critical parameter the use of tape delivery
      measurements external to the cassette itself are not likely to provide
      prompt enough feedback information due to the inherent time required for
      the tape to reach the measurement means; a direct measurement of tape pack
      diameter is desirable so that reel velocity may be controlled in order to
      deliver tape at a uniform linear tape speed which approaches the maximum
      safe linear tape speed.
PAR  Accordingly it is an object of the present invention to provide a means and
      method for measuring tape pack diameter of a cassette or stereo cartridge
      which does not make a measurement external to the cassette or stereo
      cartridge and which does not employ mechanical followers or an optical
      system.
PAR  It is another object of the present invention to provide a means and method
      for measuring tape pack diameter by measuring the inertia of the tape on
      the reel and comparing the inertia with an inertia value representative of
      the inertia of a tape pack of known diameter.
PAR  It is a still further object of this invention to control the angular
      velocity of the supply reel in accordance with tape pack diameter to
      permit threading of a self-threading transport at a linear tape speed
      which approaches a maximum linear tape speed.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objects of the present invention are achieved by the
      means and method described as follows. A standard reel velocity tachometer
      is attached to the shaft of the reel servomotor. The voltage output of the
      reel velocity tachometer is passed into a sample and hold circuit so that
      an electrical quantity representative of the angular acceleration of the
      servomotor at a specified point in time after the startup of the motor is
      sampled and stored. This quantity is then transformed into a voltage and
      compared, using a differential amplifier, with a reference voltage. The
      reference voltage is the voltage which would be measured if the maximum
      tape pack diameter reel was encountered and if the reel had experienced an
      angular acceleration which would deliver tape at a linear speed which
      approaches the maximum safe linear tape speed. Thus, if the maximum
      diameter tape pack is on the reel then the voltage from the reel
      servomotor tachometer at the specified point in time and the reference
      voltage will be identical. However, if the voltage from the reel
      servomotor tachometer is greater than the reference voltage the reel has
      accelerated faster due to the lesser inertia of a less-than-maximum
      diameter tape pack on the reel. The differential amplifier will then
      increase the voltage to the motor so that its angular velocity will be
      increased a sufficient amount to permit the less-than-maximum diameter
      tape pack to discharge tape at a rate to produce a uniform tape speed
      which approaches the maximum safe linear tape speed.
PAR  The method of the present invention contemplates measuring the transient
      response of a reel servomotor to an impressed voltage and comparing this
      transient response to the known response for the maximum tape pack
      diameter case. Faster acceleration is associated with a lesser pack
      diameter due to the lower inertia. Since pack diameter is directly
      proportional to linear tape speed the comparison of the transient response
      with a maximum pack diameter transient response will relate the
      instantaneous linear tape speed with a known linear tape speed. This
      result may then be used, for example, in threading operations to determine
      an additive voltage required to increase the speed of the servomotor to
      produce threading at a uniform tape speed which approaches maximum safe
      linear tape speed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more detailed understanding of the present invention reference may be
      had to the accompanying drawings which are incorporated herein by
      reference and in which:
PAR  FIG. 1 is a schematic diagram of an embodiment of the present invention
      adapted for controlling a self-threading operation;
PAR  FIG. 2 is a partial perspective view of a self-threading tape transport
      illustrating the environment for the embodiment of FIG. 1;
PAR  FIG. 3A is a time chart of the energization of the motor of FIG. 1;
PAR  FIG. 3B is a time chart of the sampling activity of the sample and hold
      portion of the circuit of FIG. 1;
PAR  FIG. 3C is a time chart of servomotor angular velocity response for the
      maximum diameter tape pack case and a lesser diameter tape pack;
PAR  FIG. 3D is a time chart of a family of corrected angular velocity response
      curves for the reel servomotor, the curves representing reels having
      varying tape pack diameters;
PAR  FIG. 3E is a time chart of the voltage supplied to the servomotor of FIG. 1
      for the case of an angular velocity corrected small diameter tape pack and
      for the case of an uncorrected maximum diameter tape pack; and
PAR  FIG. 3F is a time chart of the delivered linear tape speed for the case of
      an angular velocity corrected small diameter tape pack and for the case of
      an uncorrected maximum diameter tape pack.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The measurement of tape pack diameter in accordance with the present
      invention is accomplished by determining the moment of inertia of the
      system and then making a comparison which eliminates the fixed
      contributions of the motor shaft, reel drive train and reel. The net
      moment of inertia of the tape pack is a function of pack mass and pack
      diameter, the term diameter as it is used in this specification meaning
      the outer diameter of the tape pack. Thus, a comparison between inertias
      will produce a comparison of tape pack diameters. Since the angular
      acceleration is inversely proportional to the inertia, it is convenient to
      compare the angular acceleration of an unknown diameter tape pack with the
      angular acceleration for a known diameter tape pack to yield a value for
      the unknown diameter.
PAR  As is well known the moment of inertia of a cylinder about its axis is
      given by
      ##EQU1##
      where R is the radius
PA1  a is the axis length
PA1  m is the cylinder mass.
PAL  Thus, in the nomenclature of the present invention, since the inner
      diameter of the tape pack is fixed for a particular reel, the moment of
      inertia of the tape pack is proportional to the fourth power of tape pack
      diameter. But the inherent inertia of the system due to the motor shaft,
      reel drive train and reel is much greater than the inertia of the tape
      pack. Thus, the fourth power relationship between tape pack diameter and
      moment of inertia appears as an approximately linear relationship when
      tape pack inertia is added to the inherent fixed inertia. Thus in the
      embodiment of FIG. 1 the tape pack inertia is treated as approximately
      linearly proportional to tape pack diameter. Then since angular
      acceleration is inversely proportional to the moment of inertia, the
      angular acceleration of the tape pack is approximately inversely
      proportional to the tape pack diameter. While this approximation is
      utilized in the embodiment of FIG. 1, it is merely a convenient way of
      comparing the inertia of an unknown diameter pack with the inertia of a
      known diameter pack. Other techniques such as the direct measurement of
      inertial torque may be employed.
PAR  In the embodiment of FIG. 1 an electrical quantity, e.g. voltage,
      representative of the instantaneous angular velocity of the reel
      servomotor 10 is measured from start-up to a preselected point in time and
      is then stored. This stored quantity, a measure of the angular
      acceleration, is then compared with the value for the same electrical
      quantity which is representative of the expected angular acceleration for
      the known maximum diameter tape pack. To accomplish this measurement,
      storage and comparison a single command signal, e.g. "thread" as shown in
      FIG. 3A is introduced at terminal 7 in coincidence with the initial
      energization of servomotor 10 at terminals 8 and 9. The command signal
      activates one-shot pulse generator 30 which generates a pulse for a time
      period t.sub.1, as shown in FIG. 3B. For purposes of this disclosure time
      t.sub.0 may be assumed to be zero. For the duration of this period field
      effect transistor 17 is rendered conductive so that the voltage output of
      differential amplifier 12, representative of the instantaneous angular
      velocity of servomotor 10, is continuously stored in capacitor 18, which
      operates as a sample and hold. Differential amplifier 12 is connected to
      the two output terminals of tachometer 11 by way of resistors 13 and 14.
      Feedback resistor 15 is connected between resistor 13 and the output of
      amplifier 12. Resistor 16 is connected between resistor 14 and ground. The
      charge is a measure of servomotor angular acceleration. During the pulse
      period t.sub.1, switch 21, whose rest position is across terminals 23 and
      24, is activated by the pulse generator 30 to connect terminals 22 and 24.
PAR  While the "thread" command is introduced to terminal 7 a similar command is
      introduced to terminal 6 to throw switch 33 across terminals 36 and 34; an
      "unthread" command, as described infra, would throw switch 33 across
      terminals 36 and 35. Thus, while an electrical quantity, e.g. voltage,
      representative of the instantaneous angular velocity of the servomotor 10
      is being measured and stored in capacitor 18 the servomotor is driven by a
      voltage determined by the reference voltage -V.sub.R. The value of
      -V.sub.R is selected to drive servomotor 10 at a steady state angular
      speed which would allow a maximum diameter tape pack to deliver tape at a
      uniform linear tape speed which approaches the maximum safe linear speed.
PAR  The charge stored in capacitor 18 at the end of the time period t.sub.1 is
      representative of the angular acceleration of servomotor 10 between time
      t.sub.0 and time t.sub.1. The voltage level on capacitor 18 at the end of
      period t.sub.1 is a direct indication of angular velocity of the
      servomotor 10 at the time t.sub.1, which is directly proportional to the
      servomotor's angular acceleration during the period. If t.sub.1 occurs
      before the system has achieved steady state operation then the angular
      acceleration is simply the angular velocity value divided by the period
      t.sub.1. If t.sub.1 occurred after the system reaches steady state
      generation it would not be possible to obtain an accurate measurement of
      angular acceleration since there would be no way of knowing how long the
      system had been operating in its steady state. It is desirable to choose
      t.sub.1 as close to the attainment of steady state operation in order to
      obtain optimum gain, i.e., to most accurately determine the angular
      acceleration. As set out above this angualr acceleration is inversely
      related to the tape pack diameter. It would be possible to devise
      circuitry to compare at this point this angular acceleration with the
      expected angular acceleration for a known tape pack diameter to produce a
      direct readout of tape pack diameter. However, in the particular threading
      application of the embodiment of FIG. 1 only a relative determination of
      tape pack diameter is required with maximum tape pack diameter as a
      reference. At time t.sub.1 when the output of one shot pulse generator 30
      returns to zero and switch 21 returns to its normal state to connect
      terminal 23 and 24, the voltage held on capacitor 18 is amplified by
      differential amplifier 19 and then transmitted by switch 21 and terminal
      25 to the servomotor loop to drive servomotor 10. The gain introduced by
      amplifier 19 and the value of bias resistor 20 are set in accordance with
      the angular acceleration -- tape pack diameter relationships set out
      above. The step in acceleration of servomotor 10 at time t.sub.1 and the
      attainment of a sufficiently high angular velocity is shown by the family
      of angular velocity versus time curves 47, 48 and 49 of FIG. 3D which are
      explained below in detail.
PAR  The end of the threading cycle may be ascertained by reaching a cutoff time
      t.sub.2, as shown in FIGS. 3A-F, at which time servomotor 10 is
      de-energized and braked, or may be triggered by a sensor which senses tape
      position and indicates to the reel servo loop that the tape transport has
      been threaded. In any event the cutoff of the "thread"  command to
      terminal 7 will eliminate the negative holding voltage from inverse
      amplifier 31 which rendered field effect transistor 32 nonconductive
      during the servomotor startup cycle. With field effect transistor 32
      conductive the charge on capacitor 18 passes to ground and the embodiment
      of FIG. 1 is ready for reemployment. Such reemployment will most likely
      come on unthreading of the tape transport. On unthreading an "unthreading"
      command is introduced at terminal 7 and the circuit functions as outlined
      above with the voltage output of differential amplifier 12 and the charge
      stored in capacitor 18 representing the instantaneous angular velocity of
      servomotor 12 as it rotates in the opposite direction. The "unthreading"
      command is also introduced to terminal 6 so that switch 33 closes across
      terminals 35 and 36. The reference voltage at the start of unthreading is
      +V.sub.R whose value is selected so that a maximum diameter tape pack will
      retrieve tape at a linear tape speed which approaches maximum safe linear
      tape speed. The reversal of voltage polarity from that employed in the
      startup cycle causes the servomotor 10 to rotate in a direction opposite
      to the thread direction. At the end of the time period t.sub.1 the
      comparison with possible addition of a step voltage occurs as set out
      above for the thread mode.
PAR  FIG. 2 illustrates a self-threading tape transport 60 of the type disclosed
      in U.S. Pat. No. 3,720,794. It is in this environment that the embodiment
      of FIG. 1 is operative. Professional signal broadcast and studio practices
      require short clips of video and audio material to be interleaved in
      precise time sequence. A cassette 77 from a suitable storate unit (not
      shown) is transported to a threading station 76 at which a supply reel hub
      74 and take-up reel hub 73 are engaged by appropriate spindle means such
      as take-up reel spindle 75 driven by servomotor 10 by way of belt 72.
      Control circuitry 61, which includes an embodiment of the present
      invention, emits a "thread" command which activates a vacuum source 62 and
      take-up reel servomotor 10. Tape 63 is drawn by the force of the vacuum
      past air lubricated guide posts 67, heads 64, video head drum 65 and
      retractable capstan 66 into vertical column 68 and horizontal finger 69 of
      the tape transport 60 until the tape transport 60 has been fully threaded.
      The threading sequence will terminate either when the servomotor 10 has
      operated for a specified period or when the tape passes photosensor (not
      shown) at the upper end of column 68. Since the threading time is a
      critical parameter of the precision interleaving of video material this
      threading must be accomplished with the tape moving at a linear tape speed
      approaching the maximum safe linear tape speed. This maximum safe speed is
      slightly below the speed at which the tape would be damaged or would bunch
      up in the transport. Uniform threading is accomplished by driving the
      servomotor initially at an angular speed which would produce the maximum
      safe tape speed for the maximum diameter pack of tape. If a greater
      angular acceleration is sensed by tackometer 11 and control circuit 61 due
      to the lower inertia of a lesser diameter tape pack the angular velocity
      of the servomotor will be increased to an angular velocity which will
      deliver the tape at a linear tape speed which approaches maximum safe
      linear tape speed.
PAR  In an embodiment of the present invention not shown in the drawings the
      tape pack diameter is nearly instantaneously determined during continuous
      operation. An incremental increase in voltage is introduced to the
      servomotor loop. As the servomotor accelerates its transient response is
      sampled, stored and compared to a reference voltage as described above.
      The tape pack diameter is displayed on a visual indicator and, in further
      alternative embodiments, is used as a coarse tape speed adjustment and as
      a double check for prerecorded clocking pulses.
PAR  The response of servomotor 10 of FIG. 1 during a tape threading operation
      is shown in FIGS. 3C-F. With an impressed voltage of -V.sub.R the angular
      velocity of the take-up reel servomotor as a function of time for the
      maximum tape pack diameter is shown as dotted line 51 in FIG. 3C; with the
      same voltage the angular velocity of the minimum tape pack diameter case
      is shown by curve 50. Servomotor transient responses for the range of tape
      pack diameters would fall between these curves, providing a voltage of
      -V.sub.R is used.
PAR  The family of curves in FIG. 3D illustrates angular velocity curves as a
      function of time which are corrected to obtain a linear tape speed which
      approaches maximum safe linear tape speed for tape pack diameters varying
      from maximum tape pack diameter, curve 49, to minimum tape pack diameter,
      curve 47. At time t.sub.1 the slope of each angular velocity curve, e.g.
      the angular acceleration, is sensed in accordance with the means set out
      above or the method set out below. The sensed angular acceleration is
      compared with the expected angular acceleration for the maximum tape pack
      diameter. If the angular acceleration is greater than the expected angular
      acceleration the voltage to the servomotor is increased in inverse
      proportion to the diameter of the lesser diameter tape pack. The increase
      in voltage further increases angular acceleration, as indicated by the
      steeper slopes of curves 48 and 47 after time t.sub.1, so that the linear
      tape speed approaches maximum safe linear tape speed. The angular velocity
      varies within a range of three, curve 47, to one, curve 49, since tape
      pack diameter varies within a range of one, curve 47 for minimum diameter,
      to three, curve 49 for maximum diameter.
PAR  The voltage supplied to the servomotor is shown by curve 55 in FIG. 3E, for
      the maximum pack diameter case, and by curve 54 for the case of angular
      velocity curve 48 which is corrected to obtain appropriate linear tape
      speed. In FIG. 3F the linear tape speed for the maximum diameter case is
      shown as curve 56. The linear tape speed increases until it approaches the
      maximum safe linear tape speed and then remains constant until the tape is
      threaded; there is no need to add an incremental voltage to the servomotor
      for the maximum pack diameter case. Linear tape speed for a
      less-than-maximum pack diameter case is shown in curve 57. The tape
      accelerates up to point t.sub.1. When the angular acceleration is sensed
      to be greater than that for the maximum diameter case, thus detecting a
      lower inertia, lesser diameter tape pack, a step voltage is added to the
      servomotor circuit so that the angular velocity is increased an amount
      sufficient to produce a linear tape speed approaching maximum safe linear
      tape speed as shown.
PAR  The method of the present invention may be implemented in several ways
      including the circuitry set out above. The method contemplates making a
      determination of tape pack diameter by observing the transient response of
      the servomotor during acceleration. The transient servomotor response is a
      function of net tape pack inertia which is related to the tape pack
      diameter as set out above. Once the reel hub has been attached to the
      servomotor spindle the steps of the method include (1) applying a step
      voltage to the servomotor; (2) detecting the transient response of the
      servomotor to the applied step voltage, i.e., the angular acceleration or
      response of servomotor angular velocity as a function of time; (3)
      comparing the transient response with a reference response for a known
      diameter tape pack to determine tape pack diameter in accordance with the
      relationship set out above. Knowledge of the tape pack diameter may be
      used in a feedback loop for various purposes; for example when the method
      of the present invention is used to accomplish a rapid self-threading
      operation the following step is added (4) increasing servomotor voltage in
      inverse proportion to tape pack diameter to effect delivery of tape at a
      linear tape speed approaching the maximum safe linear tape speed. Since
      the reverse of the method set out above is also within the scope of the
      present invention the steps of the method for the deceleration case
      include (1) removing a step voltage from a servomotor; (2) detecting the
      transient response of the servomotor to the removed step voltage, i.e.,
      the angular deceleration or response of angular velocity as a function of
      time; and (3) comparing the transient response with a reference response
      for a known diameter tape pack to determine tape pack diameter in
      accordance with the relationships set out above. Under either acceleration
      or deceleration a direct visual readout of tape pack diameter may also be
      obtained or a value for linear tape speed derived from tape pack diameter
      and servomotor angular velocity may be used as a coarse check on a
      prerecorded clocking pulse.
PAR  While specific embodiments of the present invention have been described
      herein the invention is intended to be limited solely by the scope and
      spirit of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of measuring the tape pack diameter of a reel of tape driven by
      a reel servomotor, comprising:
PA1  measuring the inertia of a first tape pack, and
PA1  comparing said inertia with an inertia value representative of the inertia
      of a second tape pack of known diameter to determine the diameter of said
      first tape pack.
NUM  2.
PAR  2. A method of measuring an unknown tape pack diameter of a reel of tape
      driven by a reel servomotor, comprising:
PA1  1. applying a step voltage to said servomotor;
PA1  2. detecting the transient response of said servomotor to said applied step
      voltage; and
PA1  3. comparing said transient response with a reference transient response
      for a tape pack of known diameter to determine said unknown tape pack
      diameter.
NUM  3.
PAR  3. A method of measuring tape pack diameter in accordance with the method
      of claim 2 wherein said detection of said transient response is
      accomplished by generating a first electrical quantity representative of
      the angular acceleration of said servomotor at a point in time subsequent
      to the application of said step voltage but prior to attainment of steady
      state operation and wherein said comparison of said transient response
      with said reference transient response is accomplished by comparing said
      first electrical quantity with a second electrical quantity representative
      of the angular acceleration that a known diameter tape pack would have
      achieved at said point in time.
NUM  4.
PAR  4. A method of measuring tape pack diameter in accordance with claim 3
      wherein said known diameter tape pack has the maximum expected diameter.
NUM  5.
PAR  5. A method of measuring tape pack diameter in accordance with the method
      of claim 4 wherein said point in time is chosen to be slightly prior to
      the time at which a minimum diameter tape would attain steady state
      operation in order to maximize gain.
NUM  6.
PAR  6. A method of measuring tape pack diameter in accordance with the method
      of claim 5 further comprising the step of
PA1  4. increasing the step voltage to said servomotor at said point in time if
      a less-than-maximum pack diameter is sensed so that tape is delivered from
      said reel at a uniform tape speed which approaches maximum safe linear
      tape speed.
NUM  7.
PAR  7. A method of measuring an unknown tape pack diameter of a reel of tape
      driven by a reel servomotor, comprising:
PA1  1. removing a step voltage from said servomotor while said servomotor is in
      operation;
PA1  2. detecting the transient response of said servomotor to the removal of
      said step voltage; and
PA1  3. comparing said transient response with a reference transient response
      for a tape pack of known diameter to determine said unknown tape pack
      diameter.
NUM  8.
PAR  8. A system for measuring the tape pack diameter of a reel of tape driven
      by a reel servomotor, comprising:
PA1  means for measuring the inertia of a first tape pack; and
PA1  comparison means for comparing said first tape pack inertia with an inertia
      value representative of the inertia of a second tape pack of known
      diameter to determine the diameter of said first tape pack.
NUM  9.
PAR  9. A system of measuring tape pack diameter in accordance with claim 8
      wherein
PA1  said means for measuring the inertia of said first tape pack comprises:
PA2  means for applying a step voltage to said servomotor;
PA2  tachometer means for producing a first electrical quantity representative
      of the angular acceleration of said servomotor at a point in time
      subsequent to the application of said step voltage but prior to attainment
      of steady state operation; and
PA1  said comparison means comprises
PA2  a means for comparing said first electrical quantity with a second
      electrical quantity representative of the expected angular acceleration of
      said second tape pack of known diameter to determine the diameter of said
      first tape pack.
NUM  10.
PAR  10. A system of measuring tape pack diameter in accordance with claim 9
      wherein said first and second electrical quantities are voltage.
NUM  11.
PAR  11. A system of measuring tape pack diameter in accordance with claim 10
      wherein said means for comparing said first electrical quantity with said
      second electrical quantity includes a sample and hold circuit which
      samples said first voltage up to said point in time and holds a capacitive
      charge representing said first voltage at said point in time, and a
      differential amplifier whose input is taken from said voltage represented
      by said capacitive charge and whose output is utilized to energize said
      servomotor from said point in time to servomotor shutoff, the gain on said
      differential amplifier being set so that said servomotor reaches a uniform
      linear tape speed which approaches maximum safe linear tape speed.
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ABST
PAL  A measurement averaging counting apparatus employing a randomly phase
      modulated time base provides resolution improvement when measuring an
      applied signal comprising time intervals or pulsed frequencies
      repetitively occurring at rates synchronous to a counter's clock
      frequency.
PAL  The phase of a reference frequency is varied in response to a random
      signal. The phase modulated reference frequency is applied to a frequency
      multiplier chain which multiplies both the frequency and the effective
      amount of phase modulation. The randomly phase shifting output of the
      frequency multiplier chain is applied as a clock signal to a measurement
      averaging counter thereby destroying coherence between the clock signal
      and the applied signal and allowing statistical averaging to take place.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 437,460, filed Jan. 28, 1974,
      now U.S. Pat. No. 3,886,451.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Typical devices and methods for measuring the time interval between two
      signals include connecting a source of periodic clock pulses to a clock
      gate. A first signal is used to enable the clock gate and thereby pass
      clock pulses of known period through the gate. A second signal is used to
      disable the clock gate and thereby inhibit the passage of clock pulses
      through the gate. The output is counted and the time interval is
      proportional to the number of pulses counted.
PAR  Disadvantages with this technique are that the shortest time interval which
      can be resolved is determined by the period of the clock pulses and the
      reading obtained may have an error corresponding to .+-.1 pulse count.
PAR  Additional error is introduced by using traditional direct control gating
      methods. When the gate opens it may truncate some fraction of a clock
      pulse. When closing the gate may again truncate a clock pulse. The
      response of the counter circuitry to a fraction of a clock pulse cannot be
      reliably determined. Depending on the time relative to the clock period
      when the time interval occurs, these fractions of clock pulses may be
      counted as zero, one or two clock pulses. If a number of time intervals
      are averaged, the average reading is a function of the response of the
      counter circuitry to fractional pulses which is difficult to control and a
      potential source of significant error.
PAR  This error can be greatly reduced and resolution improved by synchronizing
      the opening and closing of the clock gate with the periodic clock pulses
      and taking the average of a number of time interval measurements as
      disclosed, for example, in U.S. Pat. No. 3,631,343.
PAR  Such time interval averaging counters employing a synchronized clock gate
      produce valid and useful results for a majority of measurements possible.
      However, if a repetition rate of time intervals to be averaged in
      synchronous with the clock rate of periodic pulses from the counter's
      timebase, then typical averaging methods will not improve resolution
      beyond a .+-.1 pulse count error.
PAR  These synchronous rates are given by
      ##EQU1##
      where fo is the time base clock frequency; Q, L, and M are positive
      integers and L, M are co-prime. The worst case occurs when M=L=1 at which
      time no averaging at all takes place. For other values of M, partial
      averaging takes place with ever-increasing effectiveness as M increases.
      These frequencies, together with a small band of frequencies around each
      of them, are very numerous, often encountered and somewhat cumbersome to
      detect. A counter in a synchronous condition typically appears to hang up
      on some value which may be, but is not limited to, a reading that is an
      integral multiple of the clock period and averaging intervals will not
      increase the resolution of the measurement.
PAR  Similar limitations in resolution are observed in counters which pass a
      signal to be measured through a clock gate whose time window is determined
      by a fixed number of pulses produced at the clock rate by the counter's
      timebase. The gated signal may be, for example, a pulsed radio frequency
      signal whose frequency is to be determined. By counting the number of
      periods of the signal gated and dividing this number by the known time
      interval of the time window, frequency can be obtained within .+-.1 count.
      In averaging, a number of these known time intervals of time windows are
      generated and the gated periods are totalized. The average frequency is
      then the totalized periods gated divided by the sum of all the time
      intervals generated. If the unknown frequency and the intervals generated
      by the timebase exhibit a synchronous relationship, the same problem
      arises as in the time interval averaging case and statistical averaging
      does not take place. The fundamental problem is the relative coherence
      between the gating and the gated signal.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a drawing of a preferred embodiment of the invention.
PAR  FIG. 2 is a detailed schematic of the apparatus in FIG. 1.
PAR  FIG. 3 is a drawing of an embodiment of the invention wherein the apparatus
      of FIG. 1 is employed as a timebase for a typical time interval averaging
      counter.
PAR  FIG. 4 is a graph showing counter readings produced by the apparatus of
      FIG. 3 when measuring time intervals repetitively occurring at a rate
      synchronous to the counter's clock frequency.
PAR  FIG. 5 is a drawing of an embodiment of the invention wherein the apparatus
      of FIG. 1 is employed as a timebase for a frequency averaging counter.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a timebase and method which will
      consistently provide the resolution improvement predicted by statistics
      for time interval and frequency measurement averaging counters without
      regard to whether the repetition rate of the time intervals to be measured
      is synchronous with the counter's clock frequency. The phase of a clock
      signal produced by a time base is intentionally varied. The phase
      variation destroys coherence between the clock signal and an unknown
      signal thereby allowing statistical averaging to take place.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 there is shown a random phase modulated timebase.
      Modulating Signal Source 10 includes a noise source 12, gain control
      amplifier 14 and level detector 18. Noise source 12 produces a random or
      pseudo random signal 2 and is connected to a first input 5 of gain control
      amplifier 14. Gain control amplifier 14 amplifies the amplitude and band
      limits the frequency of the random signal 2 from noise source 12. A first
      output 8 of gain control amplifier 14 is connected to level detector 18
      which detects the amplified noise level amplitude of output gain control
      amplifier 14 and produces a level control signal 19 corresponding to an
      average of amplified noise level amplitude output peaks which are above a
      predetermined level. The level signal 19 is fed back to a second input 6
      of gain control amplifier 14 to provide automatic gain control of the
      amplification and thereby provide a leveled and amplified modulating
      signal 11 at a second output 7 of gain control amplifier 14. The second
      output 7 is connected by switch means 20 to phase varying means 30. Switch
      means 20 provides a capability of disconnecting the modulating signal 11
      from phase varying means 30. Phase varying means 30 varies the phase of a
      reference frequency 51 produced by reference frequency source 50 in
      response to the modulating signal 11 and produces as an output a random
      phase shifted reference frequency signal 31. The random phase shifted
      reference frequency signal 31 is applied to a frequency multiplier chain
      40 which multiplies the frequency and amount of phase shift and produces
      as an output a clock signal 60.
PAR  Referring now to FIG. 2 there is shown a detailed preferred embodiment of a
      random phase modulated timebase. In this embodiment noise source 12
      produces random white gaussian noise which is generated by a reverse
      biased zener diode 81. Zener diode 81 is connected serially with a biasing
      resistor 82 between a 15 volt power source and ground potential. The
      random signal 2 is obtained from the cathode of zener diode 81 and applied
      to the first input 5 of gain control amplifier 14.
PAR  Gain control amplifier 14 utilizes integrated circuit operational
      amplifiers, for example National Semiconductor LM 301A, or the like. The
      random signal 2 is coupled by capacitor 79 to the input of first
      operational amplifier 84. The gain of the first operational amplifier is
      determined by the ratio (R.sub.85 + R.sub.86)/R.sub.86 where R.sub.85 is
      the resistance of resistor 85, and R.sub.86 is is the resistance provided
      by field effect transistor 86. The output of operational amplifier 84 is
      coupled by capacitor 87 to a second operational amplifier 91. The gain of
      second operational amplifier 91 is determined by the ratio (R.sub.89 +
      R.sub.90)/R.sub.89 where R.sub.89 is the resistance of resistor 89, and
      R.sub.90 is the resistance of resistor 90. The output of the second
      operational amplifier 91 is connected to first output 8 and by means of
      isolation resistor 92 to second output 7. A resistor 93 is connected
      between output 7 and ground to reduce the output level of modulating
      signal 11.
PAR  Level detector 18 is connected to gain control amplifier 14 at first output
      8. The output of second operational amplifier 91 which appears at output 8
      is coupled by capacitor 100 to the cathode of a silicon diode 103. The
      cathode of diode 103 is maintained at a threshold voltage level by means
      of a voltage dividing network consisting of resistor 101 and resistor 102
      connected serially between a 15 volt source and ground and at their
      junction to the cathode of diode 103. Amplifier noise voltage peaks from
      the output of second operational amplifier 91 which are greater in
      negative amplitude than the sum of the threshold voltage level established
      at the cathode of diode 103 and a 0.7 volt forward bias potential for the
      silicon diode are applied to capacitor 104. Voltage changes which develop
      across capacitor 104 change the voltage potential at point 105 and create
      level signal 19. Level signal 19 is applied to field effect transistor 86
      within gain control amplifier 14 thereby changing resistance R.sub.86 and
      the gain of gain control amplifier 14.
PAR  The observed frequency band limiting of the leveled and amplified
      modulating signal 11 at the second output 7 is approximately 3 KHz, and is
      primarily due to the operating characteristics of the operational
      amplifiers 84 and 91. Excessive noise frequency bandwidth could be
      suitably limited by insertion of a filter network within gain control
      amplifier 14, or serially before first input 5, or after second output 7.
PAR  Modulating signal 11 is connected by a switch 20 to capacitor 110 within
      phase varying means 30. Capacitor 110 couples modulating signal 11 to
      point 120. Resistors 111 and 112 are connected in series and between a 15
      volt source and ground thereby establishing a bias potential at point 120.
      The potential at point 120 is varied about the bias potential by the
      modulating signal 11 and is coupled to the cathode of varactor 114 by
      resistor 113. Varactor 114 changes its capacitance in response to the
      voltage variations occurring at point 120. Coupling capacitor 115 couples
      the capacitance variations of varactor 114 to parallel tuned tank circuit
      116. The tank circuit 116, capacitor 115, and varactor 114 are tuned to
      resonate the phase varying means 30 to the reference frequency 51. The
      modulating signal 11 varies the capacitance of varactor 114 in such a way
      that the phase varying means 30 is detuned slightly to both sides of
      resonance. Detuning phase varying means 30 to the low frequency side of
      resonance causes a phase shift of signal 31 and detuning to the high
      frequency side causes an opposite phase shift. For a reference frequency
      51 of 10 MHz to RMS phase shift is approximately 7.degree..
PAR  The random phase shifted signal 31 is applied to a typical frequency
      multiplier chain 40 which multiplies the frequency of signal 31 by 50 from
      10 MHz to 500 MHz and produces clock signal 60. The time shift resulting
      from the phase shift due to modulating signal 11 at 10 MHz results in an
      effective phase shift of clock signal 60 at 500 MHz which is also
      multiplied by 50 since the effective phase shift is the frequency divided
      by the time shift. The standard deviation of the phase modulation at 500
      MHz should be at least approximately a full period phase shift of clock
      signal 60 in order to insure statistical averaging under synchronous
      rates.
PAR  Referring to FIG. 3 there is shown another embodiment of the invention
      which utilizes the random phase modulated timebase of FIG. 2 at the
      timebase for a typical measurement averaging counter 220 set to a time
      interval averaging mode, for example, a Hewlett-Packard Model 5345A, a
      counter of the type disclosed in U.S. Pat. No. 3,631,343, or the like.
      Assume that a time interval source 210 whose output is to be measured
      produces time intervals 211 or 11 ns at a repetition rate of exactly 50
      MHz which is an exact subharmonic of the 500 MHz clock rate produced by
      the random phase modulated timbase 200. If switch means 20 within timebase
      200 is adjusted in an off position so that there is no modulating signal
      11 applied to phase varying means 30 there will be no random phase
      shifting of the clock signal 60. Since this is a synchronous condition no
      statistical averaging takes place and the counter reads either 10 ns of 12
      ns dependent upon the initial phase relationship. If switch means 20 is
      adjusted to an on position so that the clock signal 60 is randomly phase
      shifted, the coherence is destroyed enabling the statistical averaging
      mechanism to take place and the counter reading approaches 11 ns. FIG. 4
      is a graph of the counter output reading 230 for the embodiment shown in
      FIG. 3 and time intervals 211 of 11 ns duration applied at a repetition
      rate of 50 MHz plus approximately 0.1 Hz. The 0.1 Hz frequency off-set
      allows the counter reading to traverse from one reading to the other
      several times during the measurement duration. When the random phase
      modulation is introduced as shown in FIG. 4, the coherence is destroyed,
      the statistical averaging mechanism takes place, and resolution is
      improved.
PAR  The penalty for phase modulating the time base is not severe. For a
      modulating signal 11 which has a modulation standard deviation of
      360.degree. and is band limited to 3 KHz, error is completely dominated by
      normal .+-.1 count quantization error when measuring time intervals less
      than 7 .mu.sec and no degradation in accuracy due to the random phase
      modulation can be observed. For time intervals much greater than 7
      .mu.sec, phase modulating the timebase increases the standard deviation of
      measurements by a factor of 2.75 above that due to the .+-.1 count
      quantization error which is the minimal error possible at non-synchronous
      rates. This increase in standard deviation is reduced by averaging a
      greater number of intervals.
PAR  Referring to FIG. 5 there is shown another preferred embodiment of the
      invention wherein the timebase of FIG. 2 is used as the timebase 200 for a
      frequency averaging counter 320 when measuring an applied signal 311
      comprising a pulsed frequency repetitively occurring at a rate synchronous
      to the frequency of the clock signal 60.
PAR  Another preferred embodiment of the invention includes using a pseudo
      random signal source as the modulating signal source 10. Typical pseudo
      random signal sources, such as a Hewlett-Packard Model 3722A, or the like,
      may be utilized.
PAR  Another preferred embodiment of the invention includes using a modulating
      signal source 10 which will produce deterministic waveforms such as those
      produced by typical oscillators, function generators, or the like.
CLMS
STM  We claim:
NUM  1.
PAR  1. Measuring apparatus comprising:
PA1  means for producing a modulating signal;
PA1  means for producing a reference frequency signal having a reference
      frequency;
PA1  means coupled to receive the modulating signal and the reference frequency
      signal for producing a plurality of phase varied reference pulses varied
      in phase with respect to the reference frequency signal; and
PA1  averaging counting means having a synchronized gate coupled to receive an
      applied signal having a repetitive characteristic to be measured and the
      plurality of phase varied reference pulse for producing an output
      representative of the average of the number of phase varied reference
      pulses with respect to the number of repetitive characteristics occurring
      during a measurement.
NUM  2.
PAR  2. Measuring apparatus as in claim 1 wherein the modulating source
      comprises means for producing a signal randomly varying in amplitude.
NUM  3.
PAR  3. Measuring apparatus as in claim 1 wherein the modulating source
      comprises means for producing a signal pseudo randomly varying in
      amplitude.
NUM  4.
PAR  4. Measuring apparatus as in claim 1 wherein the modulating source
      comprises means for producing a signal composed of repetitively occurring
      waveshapes.
NUM  5.
PAR  5. Measuring apparatus as in claim 1 wherein means for producing a
      plurality of phase varied reference pulses comprise:
PA1  means for varying the phase of the reference frequency and producing a
      phase modulated reference frequency; and
PA1  a frequency multiplier connected to receive the phase modulated reference
      frequency for producing reference pulses having a repetition rate and
      phase shift which are multiples of the frequency and phase shift of the
      phase modulated reference frequency.
NUM  6.
PAR  6. Measuring apparatus as in claim 1, wherein said characteristic is a time
      interval, comprising means coupled to receive the averaging counting means
      output for multiplying said output by a reference pulse period to obtain a
      time interval measurement.
NUM  7.
PAR  7. Measuring apparatus comprising:
PA1  means for producing a modulating signal;
PA1  means for producing a reference frequency signal having a reference
      frequency;
PA1  means coupled to receive the modulating signal and the reference frequency
      signal for producing a plurality of phase varied reference pulses, varied
      in phase with respect to the reference frequency signal; and
PA1  averaging counting means having a synchronized gate with a time window
      determined by receiving a fixed number of reference pulses coupled to
      receive an applied signal having a repetitive characteristic to be
      measured and the plurality of phase varied reference pulses for producing
      an output representative of a totalized number of repetitive
      characteristics passed through the synchronized gate divided by the sum of
      all the time windows determined during a measurement.
NUM  8.
PAR  8. Measuring apparatus as in claim 7 wherein means for producing a
      modulating signal produces a signal randomly varying in amplitude.
NUM  9.
PAR  9. Measuring apparatus as in claim 7 wherein means for producing a
      modulating signal produces a signal pseudo randomly varying in amplitude.
NUM  10.
PAR  10. Measuring apparatus as in claim 7 wherein means for producing a
      modulating signal produces signals composed of repetitively occurring wave
      shapes.
NUM  11.
PAR  11. Measuring apparatus as in claim 7 wherein means for producing a
      plurality of phase varied reference pulses comprise:
PA1  means for varying the phase of the reference frequency signal and producing
      a phase modulated reference frequency; and
PA1  a frequency multiplier connected to receive the phase modulated reference
      frequency for producing phase varied reference pulses having a frequency
      and phase shift which are multiples of the frequency and phase shift of
      the phase modulated reference frequency.
NUM  12.
PAR  12. Measuring apparatus as in claim 7 wherein said characteristic is
      frequency and comprising means for dividing the averaging counting means
      output by the time interval of a time window.
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ABST
PAL  Public address add-on circuitry to a conventional radio includes a
      microphone coupled to a preamplifier which draws significant idle current,
      and is optimally operable when coupled to a proper load resistance.
      Permanently affixed and capacitively coupled to the audio input stage of
      the radio is a series element containing a semiconductor junction device
      and a resistor selected to properly load the microphone preamplifier. When
      switching from radio operation to public address the quiescent current of
      the microphone amplifier reduces the resistance of the junction from a
      high to a low value thereby allowing the preselected resistor to load the
      microphone. Semiconductor action further disables the tuner portion of the
      receiver.
BSUM
PAC  BACKGROUND
PAR  This invention relates to combination radio/public address systems and
      particularly to means of switching the same.
PAR  It is well known in the art to use the audio amplifier section of a radio
      receiver to amplify signals other than from the radio tuner portion. U.S.
      Pat. No. 2,528,636 to Cisin illustrates a switching scheme wherein the
      audio amplifier of a radio receiver is used to amplify signals transmitted
      through a telephone system. Signals derived from pickups located in a
      piano are routed through the audio section of a radio receiver in U.S.
      Pat. No. 1,994,889 to Hammond. As a further example, U.S. Pat. No.
      3,283,076 to Moore illustrates a switching scheme whereby a radio tuner, a
      phonograph, or microphone outputs are routed through a common amplifying
      system.
PAR  In general, the required switching operation involves modifications to the
      existing radio circuitry. For example, the lead to the input of the
      amplifier must be cut with appropriate switching circuitry inserted to
      accomplish the multifunction operation. The switches, either manual or
      relays, are expensive and take up considerable space, which, in mobile
      applications, is a considerable disadvantage. Furthermore, many such
      switching schemes are subject to radio feedthrough. Radio feedthrough
      occurs when the amplifier is being used for other than radio signal
      amplification yet the radio pickup can be detected in the background. This
      of course is annoying and distracting.
PAR  A public address system may use the radio receiver's audio amplifier with a
      microphone input. A good microphone for public address applications is the
      Shure Model 414C which includes a build-in preamp and a pair of ganged
      leaf switches in one self contained unit. As with most microphone units,
      the 414C is desiged to be operated into a fixed load for maximum
      performance.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention, therefore, to provide a system
      for switching several inputs to the audio amplifier state of a
      conventional radio receiver without any alteration to the basic circuitry
      of the radio receiver.
PAR  It is a further object of the invention to provide a switching system which
      uses a minimum of components, and which is small in size and inexpensive
      to manufacture.
PAR  A further object of the present invention is to provide a system which
      includes a microphone input, and which provides the proper load to the
      microphone.
PAR  Briefly, the invention includes a radio receiver which is comprised of a
      tuner section and an audio amplifier section and in which an audio signal
      source, other than the radio tuner, has an electrical gain stage which is
      biased to conduct a quiescent current. The latter signal source is
      optimally operable when working into a fixed load.
PAR  A switching system, when activated, couples the signal from the signal
      source to the preamp of the audio amplifier. When inactivated, the switch
      isolates the preamp from the tuner thus reducing feedthrough. A series
      connected resistance element and semiconductor junction are affixed to the
      input of the audio amplifier through a capacitive coupling device. In
      radio operation, the semiconductor junction carries no net DC current, and
      therefore, assumes a very large resistance acting to isolate the series
      load from the audio amplifier. However, when it is desired to amplify
      signals from the signal source, a means couples the quiescent current of
      the microphone gain stage to the semiconductor junction which reduces to a
      lower resistance. The series element resistance is of predetermined value
      whereby the microphone preamplifier works into its ideal load. The
      semiconductor junction may be part of a multijunction device which in turn
      disables the tuner portion when the signal source is coupled to the audio
      amplifier, thus further preventing feedthrough.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a preferred embodiment of the invention when used to
      switch a PA system into a conventional AM radio;
PAR  FIG. 2 illustrates a preferred embodiment of the invention when used to
      switch a PA system into a conventional two channel FM/AM radio.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  FIG. 1 illustrates a conventional AM radio receiver, indicated generally at
      10 comprised of a tuner stage 12 and an audio amplifying stage 14. The
      tuner consists of an antenna 15, an RF amplifying state 16, a converter
      stage 17, an IF amplifier stage 18, and a detector stage 20. The detector
      stage 20 is shown containing the detector diode 22 whose function is well
      known in the art. The audio amplification stage couples to the output of
      the detector 20 stage and includes a volume control potentiometer 25 the
      tap of which connects to an audio amplifier 27 whose output couples to a
      speaker 29.
PAR  The add-on public address circuitry indicated generally at 30 consists of a
      microphone with built in preamplifier 32 which is biased through biasing
      resistor 33 to a power supply 34. The output of the microphone
      preamplifier 32 connects to one terminal 41 of a double pole, single throw
      switch 40. When activated, the above-mentioned pole 41 connects to
      terminal 43. Similarly, when switch 40 is activated the second pole 45
      connects to a corresponding terminal 47. Connected in series between
      ground 50 and terminal 43 are resistor 52 and semiconductor diode 53. As
      shown the anode of the diode connects to circuit ground 50.
PAR  As above mentioned, the microphone in preamplifier unit 32 consists of a
      transducing element coupled to a preamplifier. The preamplifier is biased
      to conduct a quiescent DC current.
PAR  Connection of the public address add-on circuitry to the radio receiver is
      as follows. Pole 45 of switch 40 connects to the cathode side of the
      detector diode 22. The terminal 47 corresponding to pole 45 connects to
      circuit ground 50. The terminal 43 corresponding to pole 41 couples
      through a series connected capacitor 60 to the junction of the anode of
      detector diode 22 and the top of the volume control potentiometer 25. No
      alterations of the existing receiver are made.
PAR  Circuit operation is as follows. With the system switched to the radio
      mode, i.e., with the switch poles, as shown, disconnected from their
      respective terminals, the only connection of the preamplifier circuitry to
      the radio receiver is the series connection of capacitor 60, resistor 52,
      and diode 53. Since the diode 53 is capacitively coupled, there is no net
      DC current through the diode and, in the well known manner, the diode
      resistance is quite high. Due to the high diode resistance, there is
      minimal loading of the preamp circuitry on the existing radio receiver. To
      switch the system to the public address mode the switch 40 is activated
      thereby accomplishing two effects. First, the cathode of the detector
      diode 22 is grounded thereby disabling audio signals from the tuner. This
      is advantageous since, otherwise, radio signals would continue to be fed
      through to the audio amplifier. Activating the switch also causes the
      quiescent current from the mike preamplifier 32 to flow through the diode
      53. The current greatly reduces diode resistance tending to take the
      diode's anode to near ground potential. Thus, the microphone preamplifier
      32 sees resistor 52 as its load, which is desirable since 52 has been
      selected to provide an optimally operable load to the preamp. Audio
      signals from the microphone preamplifier 32 are now fed via pole 41
      terminal 43 and capacitor 60 to the volume control 25 of the audio
      amplifying stage 14. These are amplified in a normal manner and applied to
      the speaker 29 where they are transduced to audibility. The existing radio
      receiver volume control can be used to vary the level of microphone
      amplification.
PAR  FIG. 2 illustrates a preferred embodiment of the invention wherein public
      address add-on circuitry is switchably amplified through the audio
      amplifier of a two channel AM/FM receiver. The tuner section 70 is
      comprised of an FM tuner 72 and an AM tuner 74. The FM tuner 72 has an FM
      RF stage with oscillator and mixer 75, an FM IF amplification stage 76, an
      FM detector stage 77 and a stereo demodulator stage 78. The AM tuner
      portion 74 is shown having an AM RF stage, an oscillator stage, a mixer
      stage, an IF stage and a detector stage. An antenna 80 couples RF signals
      to both the FM and AM tuner portions. The stereo demodulator 78 is shown
      producing two outputs, the first 85 corresponding to the left channel
      information of a stereo broadcast and the second 86 corresponding to the
      right channel. The AM tuner has a single, monophonic output at 88. The
      tuner outputs connect to terminals of a triple pole, double throw switch
      90. The first of the three switch portions has a first terminal 92, a
      second terminal 93 and a corresponding pole 94 which connects to either
      the first or the second terminals. The second portion of the switch 90 is
      comprised of a first terminal 97, a second terminal 98 and a pole 99 which
      connects to one of the terminals. The final portion of the switch has a
      first terminal 100, a second terminal 101 and a pole 102 which connects to
      one of the terminals. The first terminal 92 of the first portion of the
      switch connects to the left channel output 85 of the FM stereo demodulator
      78, whereas the second terminal 93 connects to the AM tuner output 88. The
      pole 94 of the first portion of the switch connects to a volume control
      potentiometer 110 whose opposite end connects to ground 115. The
      potentiometer 110 is provided with a movable tap 116 which connects to the
      input of an audio amplifier 117. The amplifier's output couples to a
      speaker 118. The first terminal 97 of the second switch connects to the
      right channel output 86 of the FM stereo demodulator, and the second
      terminal 98 also connects to the output 88 of the AM tuner portion 74. The
      corresponding pole 99 of the terminals connects to a second volume control
      potentiometer 120 whose opposing end also connects to ground 115.
      Potentiometer 120 has a movable tap 122 which couples to the input of the
      second audio amplifier 124 which in turn drives a second loudspeaker 126.
      The final portion of the switch 90 has its first terminal 100 connecting
      to a power supply input 130 to the FM RF, oscillator, and mixer stage 75.
      The second terminal 101 connects to a power supply input 132 of the AM
      tuner portion 74. The pole 102 of the final switch portion connects to a
      voltage supply 135 which produces an output voltage suitable for operating
      either the FM RF front end 75 or the AM tuner portion 74. The FM IF stage
      76 is supplied bias power from a separate supply 137 which has an output
      terminal 138. Similarly, the FM detector stage 77 is powered from a
      separate supply 140 which has an output terminal 141.
PAR  The public address add-on circuitry shown generally at 160 is comprised of
      a microphone with built in preamp 162 coupled through a bias resistor 163
      to a bias supply 164. Internal to the microphone with preamp 162 is an
      acoustic to electrical transducing element coupled to an electrical gain
      stage which is biased to conduct a quiescent direct current. The output
      from the microphone with preamp 162 connects to the first pole 166 of a
      double pole, single throw switch 167. When activated the first pole 166
      connects to the first terminal 168 in unison with a second pole 169 which
      connects to the second terminal 170. The first terminal 168 is coupled
      through a capacitor 172 to the second pole 169. The first terminal 168 is
      coupled to ground potential 115 through a first preselected resistor 180
      and a second series resistor 181. The tap of resistors 180 and 181
      connects to the base 190 of a transistor 192 whose emitter 193 connects to
      ground potential and whose collector 194 connects to the cathode 196 of
      diode 197.
PAR  Connections from the PA add-on circuitry to the radio receiver 72 are as
      follows. The second pole 169 of the switch 167 connects to the first pole
      of switch 90. The second terminal 170 of switch 167 connects to pole 99 of
      switch 90. The cathode 196 of diode 197 connects to the third pole 102 of
      the switch 90, and the anode 200 of diode 197 connects to the output
      terminal 141 of power supply 140. No alterations whatsoever are made to
      the existing radio circuitry.
PAR  Operation of the circuitry is as follows. When signals from the tuners are
      to be fed to the audio amplifying section the switch 167 is as shown in
      FIG. 2, i.e., pole 166 is disconnected from terminal 168 and pole 169 is
      disconnected from terminal 170. In this configuration there are three
      connections from the public address add-on circuitry to the radio receiver
      70. First there is the connection from the first volume control
      potentiometer 110 through capacitor 172 to earth via resistors 180, 181
      and transistor 192. Resistor 181 is chosen to be a high resistance, such
      as 1 megohm, thus minimizing any loading effects on the radio receiver
      through this branch of the PA circuitry. Further, as no DC bias is
      available to the base 190 of transistor 192 the base emitter junction is
      not forward biased and therefore is also of a very high impedance. Thus,
      the loading to potentiometer 110 through pole 94 is negligable. The
      remaining connections made to the radio receiver are via the anode 200 and
      cathode 196 of diode 197. However, since these connections are through the
      collector 194 of transistor 192 which is in the off state the impedance is
      quite high and there is negligable loading on terminal 141 of power supply
      140 or the pole 102 connected to the voltage supply 135. Also, since
      voltage supply 135 operates at a voltage very nearly equal to the voltage
      at power supply 140, diode 197 is not biased in the forward direction.
PAR  When switch 167 is activated the public address system is coupled to the
      audio amplifiers. This is seen as follows. The quiescent current of the
      microphone preamp 162 is coupled through resistor 180 to the base 190 of
      transistor 192, thereby to activate the transistor. When activated, the
      collector 194 of transistor 192 approaches ground potential and, in so
      doing, reduces both voltage supply 135 and voltage supply 140 to ground
      potential. Thus, either the FM RF oscillator and mixing stage 175 or the
      AM RF, oscillator, mixer, IF, and detector stage 174 will be biased to
      nonconduction, depending on whether the receiver is in the FM or AM mode.
      Also the FM detector 77 will be biased off. Thus both the FM tuner portion
      72 and the AM tuner portion 74 are disabled eliminating the possibility of
      radio feedthrough to the audio section. As above mentioned, optimum
      operating characteristics of the mike and preamp 162 occur when the preamp
      is biased with a fixed load. Resistor 180 is chosen to properly load the
      preamp 162 and, as the emitter base junction of transistor 192 is on
      effectively shorting out resistor 181, resistor 180 constitutes the only
      load seen by the preamp. Finally, the signals produced by the mike and
      preamp 162 are coupled to the first pole 166 of switch 167 to the terminal
      168 and there through capacitor 172 to the first audio preamplifier stage
      including volume control 110, audio amplifier 117 and speaker 118. The
      same microphone signal information is similarly transmitted through pole
      167 and terminal 170 to the second audio preamplifier stage comprised of
      volume control 120, amplifier 124, and speaker 126 via pole 99. Since the
      volume controls contained within the radio receiver are in series with the
      signal from the microphone, they act to vary the volume of the microphone
      signal to the speaker.
PAR  Thus, a switching system is shown which, using a minimum of small and
      inexpensive parts, couples the output from the signal source through the
      audio amplifier section of a conventional radio receiver without modifying
      the existing circuitry of the radio receiver. Further, means are disclosed
      switchably operating the microphone output of a public address system into
      an optimum load.
PAR  While preferred embodiments of the invention have been described, countless
      variations and modifications thereof are possible, all of which fall
      within the true spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a radio receiver having a tuner and an audio
      amplifier coupled thereto
PA1  a signal source means including an electrical gain stage, the gain stage
      biased to conduct a quiescent current, the signal source means optimally
      operable with a fixed load,
PA1  a switching means operable in a first or a second state, the switching
      means operable in the second state to couple the source means to the audio
      amplifier and operable in the first state to decouple the source means
      from the audio amplifier,
PA1  a load means including a semiconductor device series connected to a load
      element selected to optimally operate the signal source means, the device
      having a pair of electrodes and an internal resistance therebetween, the
      resistance relatively low in response to a common current flowing from the
      first to the second electrode, the resistance otherwise relatively high,
PA1  means coupling the source means quiescent current to the load means device
      in response to the switching means assuming a second state.
NUM  2.
PAR  2. The combination of claim 1 wherein the source means includes a
      microphone having an acoustic to electric transducing element.
NUM  3.
PAR  3. The combination of claim 1 wherein the switching means is further
      operable in the second state to disable the tuner.
NUM  4.
PAR  4. The combination of claim 1 wherein the switching means includes a
      mechanically activated switch coupled to control the state of the
      switching means.
NUM  5.
PAR  5. The combination of claim 1 wherein the load means couples through a DC
      blocking device to the audio amplifier and is permanently affixed thereto.
NUM  6.
PAR  6. The combination of claim 1 wherein the semiconductor device is a diode
      having its anode as the first electrode and its cathode as the second
      electrode.
NUM  7.
PAR  7. The combination of claim 1 wherein the semiconductor device is an NPN
      transistor having its base as the first electrode and its emitter as the
      second electrode.
NUM  8.
PAR  8. The combination of claim 7 wherein the transistor's collector is coupled
      to the tuner whereby the tuner is disabled in response to the switching
      means assuming the second state.
NUM  9.
PAR  9. A public address and radio receiver system comprising:
PA1  a radio receiver having a tuner and an audio amplifier,
PA1  a microphone means including a transducing element coupled to an electrical
      gain stage, the gain stage biased  to conduct a quiescent current,
PA1  a switching means operable in an active or an inactive state,
PA1  a semiconductor device having a gate terminal, a first terminal and a
      second terminal, the first and second terminals having a resistance
      therebetween, the resistance relatively low corresponding to gate current,
      the resistance otherwise high,
PA1  the switching means coupling the microphone means to the audio amplifier in
      the activated state,
PA1  the switching means further coupling the quiescent current to the gate
      terminal in the activated state, and
PA1  means disabling the tuner responsive to a low device resistance.
NUM  10.
PAR  10. The combination of claim 9 wherein the semiconductor device is an NPN
      transistor having its base as the gate terminal, its collector as the
      first terminal and its emitter as the second terminal.
NUM  11.
PAR  11. The combination of claim 10 wherein the microphone means further
      comprises a gain stage optimally operable with a fixed load.
NUM  12.
PAR  12. The combination of claim 11 wherein the switching means couples the
      microphone means to the base through a resistance which provides an
      optimum load to the microphone means.
NUM  13.
PAR  13. The combination of claim 9 wherein the radio receiver is comprised of a
      plurality of audio amplifiers.
NUM  14.
PAR  14. The combination of claim 13 wherein the activated switching means
      couples the microphone means to all of the audio amplifiers.
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PAL  For use in an electronic security system wherein a resonant tag circuit is
      sensed to denote an alarm condition, an antenna system which senses the
      presence of a resonant tag circuit and, upon such sensing, can
      automatically activate a deactivation field for destruction of the
      resonant properties of the tag circuit at its sensing frequency and
      provide an output indication that tag deactivation has been achieved. The
      antenna system includes a high Q resonant loop antenna for providing a
      deactivation field, and a coplanar sensing loop antenna isolated from the
      sensing circuitry during operation of the deactivation antenna.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to electronic security systems for sensing the
      presence of a resonant circuit in an area under protection, and more
      particularly to antenna systems therefor.
PAC  BACKGROUND OF THE INVENTION
PAR  Electronic security systems are known in which a resonant circuit is
      electromagnetically interrogated, the presence of such resonant circuit
      within a predetermined area under protection being indicative of an alarm
      condition. Such systems are employed, for example, for pilferage control
      in retail stores, libraries and the like wherein the resonant circuit is
      affixed to items being protected, such that unauthorized removal of an
      item from the protected area will occasion an alarm. A preferred system is
      the subject of copending application Ser. No. 214,361, filed Dec. 30,
      1971, of the same inventor as herein, in which a resonant tag circuit is
      operative at two frequencies, a first frequency for sensing tag presence
      and a second frequency for deactivation of the circuit by altering or
      destroying its resonant properties at the first or detection frequency.
      Deactivation of the tag circuit is accomplished by applying an
      electromagnetic field to the circuit of a strength sufficient to fuse a
      conductive link therein to alter resonant circuit characteristics. The
      electromagnetic field can be provided by manual actuation when a tag is
      presented to an attendant for such purpose. It is often desirable,
      however, to provide an automated means for applying a deactivation field
      when a tag is presented for such deactivation and also to sense that
      deactivation has indeed been accomplished.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an antenna system is provided for use in
      an electronic security system and by which the presence of a resonant tag
      circuit is sensed and an electromagnetic field is then produced for
      deactivation of the tag circuit, after which an output indication is
      provided to denote that deactivation has been achieved. The novel system
      includes a high Q resonant loop antenna driven by a stable transmitter
      operative at the deactivation frequency of the tag circuit. A coplanar
      loop antenna is provided for sensing tag presence and is isolated during
      operation of the deactivation antenna in a manner which prevents damage to
      the sensing circuitry and which prevents material loading of the
      deactivation antenna.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The invention will be more fully understood from the following detailed
      description, taken in conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a block diagram representation of part an electronic security
      system in which the invention is advantageously employed;
PAR  FIG. 2 is a combined plan and schematic representation of the antenna
      system of the invention;
PAR  FIG. 3 is an elevation view of the antenna system of FIG. 2; and
PAR  FIG. 4 is a sectional view of a portion of the antenna system taken along
      lines 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the invention, an antenna system is provided to sense the
      presence of a resonant tag circuit at a predetermined area and to destroy
      or alter its resonant properties by applying electromagnetic energy
      thereto. In a typical security system implementation in a department
      store, library or other location, an antenna for resonant tag detection is
      provided at a controlled area such as near the egress of the facility to
      sense the presence of a resonant tag within this area and to provide an
      alarm indication of tag presence. At a different area of the facility,
      such as a checkout counter, the tag detection and destruction system
      incorporating the present invention is employed to alter the resonant
      properties of the tag in order that it should not cause an alarm when
      subsequently brought into the controlled area.
PAR  Referring to FIG. 1, an antenna 10 driven by a transmitter in tag sensing
      system 16 provides an electromagnetic field within a prescribed area in
      which a resonant tag circuit 12 is presented for detection and
      deactivation. The presence of a tag circuit within the interrogating field
      is sensed by antenna 10 and associated system 16 and an output signal
      provided to an indicator 18 denoting tag presence. Upon detection of tag
      12, system 16 can also provide a signal to a tag deactivation system 20 to
      cause energization of an antenna 22 operative at the deactivation
      frequency of tag 12 to cause deactivation of the resonant properties of
      the tag at its detection frequency. Alternatively, system 20 can be
      manually energized by manual control 19 to cause tag deactivation after an
      attendant notes the presence of a tag by means of indicator 18. After
      operation of system 20, tag deactivation is verified by the absence of the
      tag detection frequency sensed by antenna 10 and in which event system 16
      provides an output indication of such deactivation by means of indicator
      24. In the system of FIG. 1 herein the antenna 10 is used for both aspects
      of tag interrogation; transmission at the detection frequency and sensing
      tag presence at the detection frequency. Antenna 10 and the associated
      transmitter within system 16 provide an electromagnetic field at a
      frequency which is swept within a range including the detection frequency
      of the resonant tag circuit. The resonant response of the tag to the
      interrogating field is sensed by the detection circuitry of system 16. In
      alternative implementation, separate antannas can be employed for
      transmission and tag sensing, although the single antenna version is
      usually preferable.
PAR  Antennas 10 and 22 are constructed and operative according to the invention
      as illustrated in FIGS. 2 and 3. The deactivation antenna 22 is a
      generally square single turn planar loop having a very high Q, typically
      over 300, and driven by an inductive coupling loop 28 integral with the
      antenna and disposed in a plane perpendicular to the plane of the antenna.
      The antenna loop is in series with a variable capacitor 26 which, in the
      illustrated embodiment, is a ganged two-section capacitor having a
      grounded center terminal. Antenna 22 is typically formed of copper tubing
      of sufficient size to conduct the relatively high current present during
      antenna operation and to dissipate the heat generated by such high
      current. The antenna is mounted within a conductive shielded housing 25
      and is supported in operative disposition by stand-off insulators or other
      support means.
PAR  Antenna 22 is coupled to the RF output of the transmitter in tag
      deactivation system 20 (FIG. 1) by means of an inductive loop 30 disposed
      in parallel coupling relationship with loop 28 and connected at one end to
      the center terminal of a coaxial connector 31 and at the other end by a
      variable capacitor 32 to ground. The shielded terminal of connector 31 is
      also connected to ground via housing 25. The transmitter is typically
      operative at a frequency of 27.12 MHz with a power output of 150 watts. In
      order to obtain maximum power transfer from the transmitter to antenna 22,
      it is necessary to tune the antenna precisely to the transmitter
      frequency, and variable capacitor 26 is operative for this purpose.
      Capacitor 32 is similarly operative for tuning loop 30 to provide maximum
      resonance at the resonant frequency of loop 28 at the particular spatial
      separation of the loops. The relative position of loops 28 and 30 is
      selected for efficient power transfer.
PAR  Sensing antenna 10 is a multi-turn loop antenna having a number of turns
      sufficient to provide requisite sensitivity for detecting tag presence.
      The antenna is formed as a printed or etched conductive path on one
      surface of a circuit board 33. The inner end 35 of antenna 10 is
      conductively connected to a terminal pad 36 on the opposite side of board
      33, while the outer end 37 of the antenna is also conductively connected
      to the opposite board surface and connected to a terminal pad 39 by means
      of a conductive path 41. The terminal pads 36 and 39 are connected to
      contacts 43 and 44 of a high voltage double pole single throw relay 45,
      typically a reed relay, which is secured to the same surface of board 33
      as the terminal pads.
PAR  The antenna 10 is symmetrically disposed in parallel spaced coaxial
      relationship to antenna 22 to provide uniform coupling between the
      antennas. The control leads 46 and 47 for the coil of relay 45, and the
      antenna leads 48 and 49 connected respectively to relay terminals 50 and
      51, extend in separate twisted pairs from the center of antenna 10 along
      an axis orthogonal to the plane of the antenna and centered with respect
      thereto to the bottom of enclosure 25, at which position the control and
      antenna wires are conveyed within an electrical shield 52 to a connector
      54 disposed at a side of enclosure 25. Alternatively, the interconnecting
      wires extending orthogonally from antenna 10 can pass directly through the
      bottom wall of enclosure 25 through a suitable connector for coupling to
      the associated circuitry. A control signal source 56 provides an
      energizing signal to the relay coil via connector 54 and wires 46 and 47.
      The wires 48 and 49 are coupled by connector 54 to system 16 (FIG. 1).
PAR  The detection and deactivation antennas are disposed in coplanar adjacent
      relationship as described in order to provide substantially coextensive
      area of coverage for detection and deactivation. As a result, there is
      normally a large mutual coupling between the antennas. During operation of
      deactivation antenna 22, a high voltage, typically in excess of 10,000
      volts, which could destroy electronic circuitry in tag sensing system 16,
      can be induced in antenna 10. According to the invention, antenna 10 is
      effectively isolated from tag deactivation system 16 to prevent
      destruction of the sensing circuitry of system 16 during energization of
      antenna 22, and is open-circuited to prevent loading of the high Q
      deactivation antenna by sensing antenna 10, which could result in a loss
      of transmitted power. In particular, when antenna 22 is in operation,
      relay 45 is opened to disconnect antenna 10 from antenna leads 48 and 49
      and cause antenna 10 to appear as an open-circuited loop. The reed relay
      has very low contact capacity, typically less than one picofarad per
      contact, to prevent current leakage across the open relay contacts at the
      relatively high frequency of operation. Additionally or as an alternative,
      a relay 58 or other switching device can be provided as shown in FIG. 3 at
      the opposite end of a cable 59 which connects the antenna system to the
      sensing circuitry in system 16 to further insure isolation between antenna
      22 and the sensing circuitry during operation of antenna 22.
PAR  Stray coupling between antenna 22 and the wires 46, 47, 48 and 49 extending
      from relay 45 and antenna 10 to shield 52 is also minimized by the
      centered and orthogonal position of the wires with respect to the plane of
      antenna 22 and the use of twisted pairs. The symmetrical disposition of
      antenna 10 within enclosure 25 and with respect to antenna 22 provides a
      balanced capacitance to ground and uniform coupling between the antennas.
PAR  The electrical shield 52 is illustrated in a preferred implementation in
      FIG. 4 and includes an elongated conductive enclosure, typically formed of
      aluminum, disposed along the path of the interconnecting wires and secured
      to conductive housing 25 by fasteners 60 such as machine screws or
      spotwelds attached to flanges 62. The shield engages the confronting wall
      of housing 25 to eliminate gaps through which magnetic flux might
      otherwise pass.
PAR  The operation of the invention will now be described in detail. The relay
      contacts of relay 45 are normally closed and antenna 10 is in condition to
      sense the presence of a tag circuit within a given area at the detection
      frequency of the tag. Received signals from antenna 10 are supplied via
      leads 48 and 49 to suitable processing circuitry in tag sensing system 16.
      In response to detection of a tag at the detection frequency, system 16
      may automatically provide a signal to tag deactivation system 20 to cause
      provision of an energizing signal to inductive loop 30 for coupling to
      loop 28 to thereby energize transmitting antenna 22 for energy
      transmission at the tag destruction frequency. Simultaneously with
      energization of antenna 22, a control signal is supplied from a suitable
      source 56, which can be part of system 16, to relay 45 to cause opening of
      the relay switch contacts. The antenna terminals are thus effectively
      isolated from antenna leads 48 and 49 and from each other in order to
      render antenna 10 as an open loop. Simultaneous with the activation of
      antenna 22, a further relay 58 may be energized to decouple antenna leads
      48 and 49 and also if desired, control leads 46 and 47 from system 16.
PAR  Transmitting antenna 22 is caused to transmit at the destruction frequency
      at a predetermined energy level for a predetermined period of time.
      Antenna 10 is subsequently activated for detection of tag presence. In the
      absence of detection of the resonant tag at its detection frequency, a tag
      deactivation indicator is energized by signals from tag sensing system 16.
      Should, on the contrary, tag detection be indicated, antenna 22 may again
      be energized and detection is again attempted until deactivation has
      indeed occurred.
PAR  It will be apparent that the antenna system of the invention is not to be
      limited to the particular embodiments and configurations herein described,
      as many variations in the implementation of the invention will occur to
      those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antenna system comprising:
PA1  a receiving loop antenna;
PA1  utilization means coupled to said receiving antenna and operative to
      provide an output indication of the presence of a resonant tag circuit in
      coupling relationship with said receiving antenna;
PA1  a transmitting loop antenna;
PA1  means for disposing said receiving and transmitting antennas in coplanar
      adjacent spaced balanced coupling relationship;
PA1  means for energizing said transmitting antenna to provide an
      electromagnetic field at a predetermined fixed frequency to alter the
      resonant properties of a tag circuit present in coupling relationship with
      said transmitting antenna and including:
PA1  coupling means operative to supply energizing signals to said transmitting
      antenna;
PA1  switching means operative to isolate said transmitting antenna from said
      utilization means upon energization of said transmitting antenna thereby
      to prevent damage to said utilization means during operation of said
      transmitting antenna, said switching means including:
PA1  a switch device disposed at a symmetrical center position with respect to
      said receiving antenna and coupled to respective ends thereof; and
PA1  a plurality of lead wires interconnecting said switch device and said
      utilization means and disposed in a centered and orthogonal position with
      respect to the plane of said receiving antenna to minimize stray coupling
      between said lead wires and said receiving antenna.
NUM  2.
PAR  2. An antenna system according to claim 1 wherein said coupling means
      includes:
PA1  a first inductive loop on said transmitting antenna; and
PA1  a second inductive loop on said transmitting means;
PA1  said first and second loops being disposed in a plane perpendicular to the
      plane of said transmitting and receiving antennas and in adjacent spaced
      coplanar relationship to each other.
NUM  3.
PAR  3. An antenna system according to claim 1 wherein said switching means
      includes means operative to render said receiving antenna as an open loop
      upon energization of said transmitting antenna.
NUM  4.
PAR  4. Deactivation antenna apparatus for an electronic security system
      comprising:
PA1  transmitter means for providing an electromagnetic field in a predetermined
      area at a first frequency;
PA1  a multi-resonant tag circuit having a first resonant frequency at said
      first frequency and a second resonant frequency;
PA1  a receiving antenna;
PA1  utilization means coupled to said receiving antenna and operative to
      provide an output indication of the presence of said tag circuit;
PA1  a transmitting loop antenna for providing an electromagnetic field in a
      predetermined area at said second frequency;
PA1  said receiving and transmitting antennas being disposed in coplanar
      adjacent spaced balanced coupling relationship;
PA1  means for energizing said transmitting antenna to alter the resonant
      properties of said tag circuit at said first frequency, including:
PA1  transmitting means;
PA1  coupling means operative to supply energizing signals from said
      transmitting means to said transmitting antenna;
PA1  switching means operative to isolate said receiving antenna from said
      utilization means upon energization of said transmitting antenna, thereby
      to prevent damage to said utilization means during operation of said
      transmitting antenna.
NUM  5.
PAR  5. Deactivation antenna apparatus according to claim 4 wherein said
      coupling means includes:
PA1  a first inductive loop on said transmitting antenna and disposed in a plane
      perpendicular to the plane of said transmitting antenna;
PA1  a second inductive loop on said transmitting means and disposed in adjacent
      spaced coplanar relationship to said first inductive loop; and
PA1  a variable capacitor in circuit with said second inductive loop to provide
      maximum coupling to said first inductive loop;
PA1  and wherein said transmitting loop antenna includes a variable capacitor in
      series therewith for tuning said transmitting loop antenna to resonance at
      said first frequency.
NUM  6.
PAR  6. Deactivation antenna apparatus according to claim 4 including received
      signal transmission means coupled to said receiving antenna and comprising
      a plurality of electrical conductors disposed between and connected to
      said switching means and extending in a direction perpendicular to the
      plane of said receiving antenna to a point at which said conductors are
      surrounded by a metal shield.
NUM  7.
PAR  7. Deactivation antenna apparatus according to claim 6 wherein said
      switching means includes:
PA1  relay means having first and second contacts in electrical connection with
      respective ends of said receiving antenna;
PA1  third and fourth contacts respectively cooperative with said first and
      second contacts and coupled to said received signal transmission means;
      and
PA1  a relay coil having leads coupled to a control signal source;
PA1  said relay coil upon energization by a signal from said control signal
      source causing closure of said first and third contacts and said second
      and fourth contacts respectively to couple said receiving antenna to said
      utilization means and operative upon de-energization to isolate said
      receiving antenna from said utilization means.
NUM  8.
PAR  8. Deactivation antenna apparatus according to claim 6 wherein said
      switching means further includes a plurality of switches connected to said
      plurality of electrical conductors at an end opposite to said switching
      means and operative to further isolate said receiving antenna from said
      utilization means upon energization of said transmitting antenna.
NUM  9.
PAR  9. Deactivation antenna apparatus according to claim 4 wherein said
      receiving loop antenna comprises a multi-turn planar loop disposed on a
      surface of an insulative circuit board;
PA1  first and second conductive areas disposed on the surface of said circuit
      board opposite to said multi-turn loop conductively connected through said
      circuit board to respective ends of said multi-turn loop;
PA1  said switching means being connected to said conductive areas.
NUM  10.
PAR  10. An antenna system comprising:
PA1  a receiving loop antenna operative to provide an output indication of the
      presence of a resonant tag circuit;
PA1  a transmitting loop antenna;
PA1  said receiving and transmitting antennas being disposed in coplanar
      adjacent spaced balanced coupling relationship;
PA1  means for energizing said transmitting antenna to alter the resonant
      properties of said tag circuit in response to a received signal from said
      receiving antenna including:
PA2  signal transmission means operative to supply said received signal to said
      energizing means;
PA2  transmitting means operative in response to said received signal;
PA2  coupling means operative to supply energizing signals from said
      transmitting means to said transmitting antenna in response to said
      received signal; and
PA2  switching means operative in response to said received signal to isolate
      said receiving antenna from said energizing means upon energization of
      said transmitting antenna, thereby to prevent damage to said energizing
      means during operation of said transmitting antenna.
NUM  11.
PAR  11. An antenna system according to claim 10 wherein said coupling means
      includes:
PA1  a first inductive loop on said transmitting antenna; and
PA1  a second inductive loop on said transmitting means;
PA1  said first and second loops being disposed in a plane perpendicular to the
      plane of said transmitting and receiving antennas and in adjacent spaced
      coplanar relationship to each other.
NUM  12.
PAR  12. An antenna system according to claim 10 wherein said signal
      transmission means includes a plurality of electrical conductors disposed
      between and connected to said switching means and extending in a direction
      perpendicular to the plane of said receiving antenna to a point at which
      said conductors are surrounded by a metal shield.
NUM  13.
PAR  13. An antenna system according to claim 12 and including a conductive
      housing surrounding said antennas and wherein said metal shield includes
      an elongated conductive enclosure surrounding said conductors and fastened
      to said antenna housing in a manner to eliminate gaps through which
      magnetic flux might pass.
NUM  14.
PAR  14. An antenna system according to claim 10 wherein said switching means
      includes means operative in response to said received signal to render
      said receiving antenna as an open loop upon energization of said
      transmitting antenna.
NUM  15.
PAR  15. Deactivation antenna apparatus for an electronic security system
      comprising:
PA1  transmitter means for providing an electromagnetic field in a predetermined
      area at a first frequency;
PA1  a multi-resonant tag circuit having a first resonant frequency at said
      first frequency and a second resonant frequency;
PA1  a receiving antenna operative to provide an output indication of the
      presence of said tag circuit;
PA1  a transmitting loop antenna for providing an electromagnetic field in a
      predetermined area at said second frequency;
PA1  said receiving and transmitting antennas being disposed in coplanar
      adjacent spaced balanced coupling relationship;
PA1  means for energizing said transmitting antenna to alter the resonant
      properties of said tag circuit at said first frequency in response to a
      received signal from said receiving antenna, including:
PA2  signal transmission means operative to supply said received signal to said
      energizing means;
PA2  transmitting means operative in response to said received signal;
PA2  coupling means operative to supply electrical signals from said
      transmitting means to said transmitting antenna in response to said
      received signal;
PA2  switching means operative in response to said received signal to disconnect
      said receiving antenna from said energizing means upon energization of
      said transmitting antenna, thereby to prevent damage to said energizing
      means during operation of said transmitting antenna.
NUM  16.
PAR  16. Deactivation antenna apparatus according to claim 15 wherein said
      coupling means includes:
PA1  a first inductive loop on said transmitting antenna; and
PA1  a second inductive loop on said transmitting signal supply means;
PA1  said first and second loops being disposed in a plane perpendicular to the
      plane of said transmitting and receiving antennas and in adjacent spaced
      coplanar relationship to each other.
NUM  17.
PAR  17. Deactivation antenna apparatus according to claim 15 wherein said
      signal transmission means include a plurality of electrical conductors
      disposed between and connected to said switching means and extending in a
      direction perpendicular to the plane of said receiving antenna to a point
      at which said conductors are surrounded by a metal shield.
NUM  18.
PAR  18. Deactivation antenna apparatus according to claim 15 wherein said
      switching means includes means operative in response to said received
      signal to render said receiving antenna as an open loop upon energization
      of said transmitting antenna.
NUM  19.
PAR  19. An antenna system comprising:
PA1  a receiving loop antenna operative to provide to utilization means an
      output indication of the presence of a resonant tag circuit;
PA1  a transmitting loop antenna;
PA1  said receiving and transmitting antennas being disposed in coplanar
      adjacent spaced balanced coupling relationship;
PA1  means for energizing said transmitting antenna in response to manual
      actuation, including:
PA1  transmitting means operative in response to said manual actuation;
PA1  coupling means operative to supply energizing signals from said
      transmitting means to said transmitting antenna in response to said manual
      actuation; and
PA1  switching means operative in response to said manual actuation to isolate
      said receiving antenna from said utilization means upon energization of
      said transmitting antenna, thereby to prevent damage to said utilization
      means during operation of said transmitting antenna.
NUM  20.
PAR  20. An antenna system according to claim 19 wherein said energizing means
      further includes means for providing control signals to said switching
      means, and wherein said signal transmission means is arranged to minimize
      loading of said transmitting antenna which could affect its resonant
      frequency.
NUM  21.
PAR  21. An antenna system according to claim 19 wherein said coupling means
      includes:
PA1  a first inductive loop on said transmitting antenna; and
PA1  a second inductive loop on said transmitting means;
PA1  said first and second loops being disposed in a plane perpendicular to the
      plane of said transmitting and receiving antennas and in adjacent spaced
      coplanar relationship to each other.
NUM  22.
PAR  22. An antenna system according to claim 19 including received signal
      transmission means coupled to said receiving antenna and comprising a
      plurality of electrical conductors disposed between and connected to said
      switching means and extending in a direction perpendicular to the plane of
      said receiving antenna to a point at which said conductors are surrounded
      by a metal shield.
NUM  23.
PAR  23. An antenna system according to claim 22 and including a conductive
      housing surrounding said antennas and wherein said metal shield includes
      an elongated conductive enclosure surrounding said conductors and fastened
      to said antenna housing in a manner to eliminate gaps through which
      magnetic flux might pass.
NUM  24.
PAR  24. An antenna system according to claim 19 wherein said switching means
      includes means operative in response to said manual activation to render
      said receiving antenna as an open loop upon energization of said
      transmitting antenna.
NUM  25.
PAR  25. Deactivation antenna apparatus for an electronic security system
      comprising:
PA1  transmitter means for providing an electromagnetic field in a predetermined
      area at a first frequency;
PA1  a multi-resonant tag circuit having a first resonant frequency at said
      first frequency and a second resonant frequency;
PA1  a receiving antenna operative to provide to utilization means an output
      indication of the presence of said tag circuit;
PA1  a transmitting loop antenna for providing an electromagnetic field in a
      predetermined area at said second frequency;
PA1  said receiving and transmitting antennas being disposed in coplanar
      adjacent spaced balanced coupling relationship;
PA1  means for energizing said transmitting antenna to alter the resonant
      properties of said tag circuit at said first frequency in response to a
      manual activation, including:
PA1  transmitting means operative in response to said manual activation;
PA1  coupling means operative to supply energizing signals from said
      transmitting means to said transmitting antenna in response to said manual
      activation;
PA1  switching means operative in response to said manual activation to isolate
      said receiving antenna from said utilization means upon energization of
      said transmitting antenna, thereby to prevent damage to said utilization
      means during operation of said transmitting antenna.
NUM  26.
PAR  26. Deactivation antenna apparatus according to claim 25 wherein said
      coupling means includes:
PA1  a first inductive loop on said transmitting antenna; and
PA1  a second inductive loop on said transmitting signal supply means;
PA1  said first and second loops being disposed in a plane perpendicular to the
      plane of said transmitting and receiving antennas and in adjacent spaced
      coplanar relationship to each other.
NUM  27.
PAR  27. Deactivation antenna apparatus according to claim 25 including received
      signal transmission means coupled to said receiving antenna and comprising
      a plurality of electrical conductors disposed between and connected to
      said switching means and extending in a direction perpendicular to the
      plane of said receiving antenna to a point at which said conductors are
      surrounded by a metal shield.
NUM  28.
PAR  28. Deactivation antenna apparatus according to claim 25 wherein said
      switching means includes means operative in response to said manual
      activation to render said receiving antenna as an open loop upon
      energization of said transmitting antenna.
PATN
WKU  039380459
SRC  5
APN  4855191
APT  1
ART  233
APD  19740703
TTL  Transmitter for frequency shift keyed modulation
ISD  19760210
NCL  8
ECL  1
EXP  Libman; George H.
NDR  3
NFG  3
INVT
NAM  Mathwich; Howard Robert
CTY  Cherry Hill
STA  NJ
ASSG
NAM  RCA Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  325163
XCL  178 66A
EDF  2
ICL  H04L 2712
FSC  178
FSS  66 R;66 A
FSC  325
FSS  30;163
UREF
PNO  3205441
ISD  19650900
NAM  Likel
OCL  325163
UREF
PNO  3582782
ISD  19710600
NAM  Danielson
OCL  325 30
UREF
PNO  3701053
ISD  19721000
NAM  DERubinat
OCL  325163
UREF
PNO  3731233
ISD  19730500
NAM  Hutchinson
OCL  178 66R
LREP
FR2  Norton; Edward J.
FR2  Lazar; Joseph D.
FR2  Lechter; Michael A.
ABST
PAL  A transmitter for communicating binary data by minimum shift keying (MSK)
      wherein control of the radiated spectrum of the transmitted signal is
      achieved by controlling the rate of switching between mark and space
      frequency signals such that the MSK switch acts as an equivalent of a low
      pass filter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to minimum shift keying ((MSK) transmitters.
PAR  2. Description of the Prior Art
PAR  Digital communication systems frequently have two design criteria which are
      of importance: the use of minimal r.f. spectrum and the ability to be
      transmitted through transmitters having non-linear amplitude transfer
      functions. The former stems from an ever increasing use of the r.f.
      spectrum. The latter stems from the observation that most medium and high
      output power transmitters perform with higher efficiency when they operate
      at or near saturation of their input vs. output amplitude transfer
      function.
PAR  Frequency shift keying (FSK), a technique of communicating digital
      information using discrete frequencies to represent specified symbols, has
      properties desirable in satisfying both of the above criteria. Binary FSK,
      for example, transmits a first (mark) frequency to represent a binary one
      and a second (space) frequency to represent a binary zero. The amplitude
      of the carrier, in the ideal case, is invariant and thus can pass through
      non-linear amplifiers with minimal degradation of signal quality. Further,
      proper choice of the difference between the mark and space frequencies and
      the time of switching between these frequencies can provide strict control
      and minimization of the radiated spectrum thereby minimizing the required
      channel bandwidth and the spurious emission of power outside the channel
      bandwidth. This reduces interference with other channels or services.
PAR  Minimum shift keying (MSK) is the special case of FSK wherein the bandwidth
      of the system is minimized (i.e. the difference between the respective
      mark and space frequencies is at the minimum value) also preserving an
      antipodal relationship between the mark and space symbols thereby making
      available high efficiency detection techniques. Continuous phase is
      maintained in the MSK signal at the transitions between the mark and space
      frequency signals to decrease spurious emissions of signals outside of the
      bandwidth, a phenomenon sometimes called "spectrum splatter".
PAR  Such conditions are met advantageously by maintaining phase-lock between
      the mark and space frequency signals and maintaining the separation
      between the mark frequency (f.sub.m) and the space frequency (f.sub.s)
      precisely one-half of the bit rate (R) of the binary information to be
      communicated, that is,
EQU  f.sub.m -  f.sub.s =  R/2                                  (1)
PAL  It is assumed, for the purposes of discussion, that f.sub.m is greater than
      f.sub.s. Such a case, however, is not a requirement of or a limitation on
      the system.
PAR  In order to control further the radiated spectrum for an MSK signal, the
      MSK signal has conventionally been band limited by a series of bandpass
      filters. However, the design requirements of such bandpass filters are
      quite complex and severe. For instance, an MSK signal is conventionally
      formed by generating mark frequency and space frequency signals, and
      producing therefrom what may be termed an MSK-intermediate frequency (IF)
      signal comprising a sequence of bits of the mark and space frequency
      signals in accordance with the binary data to be communicated. The MSK-IF
      signal is subsequently translated by an RF local oscillator frequency
      signal to the output RF frequencies. To reduce spectrum splatter, the
      MSK-IF signal is passed through a bandpass filter prior to being
      translated by the local oscillator frequency signal thereby attentuating
      sidebands.
PAR  In practice, the use of complex bandpass filters in many applications is
      disadvantageous, in addition to the difficulty in design, in that the
      expense, required volume and weight of such filters increases as a
      function of its complexity.
PAR  The present invention reduces the severity of the requirements on the
      bandpass filters by utilizing, for the production of the keying signal, an
      analog switch which, in itself, acts as the equivalent of a bandpass
      filter. Moreover the present invention further reduces the severity of the
      design requirements on the bandpass filters by making possible the use of
      this bandpass filtering at IF rather than RF frequencies. Thus, less
      stringent and complex filters may be utilized in the transmitter and the
      expense, size and weight of the transmitter is thereby reduced.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a transmitter for communicating binary data
      by minimum shift keying. The MSK signal comprises alternatively bits of
      specified mark frequency and space frequency signals in accordance with
      the binary data, the mark and space frequencies being, respectively,
      indicative of predetermined binary bit values in the data. The transmitter
      comprises means for generating the mark and space frequency signals.
      Analog switching means, which is receptive of the mark and space frequency
      signals and binary data, produces a MSK-IF signal, in accordance with the
      binary data, effecting transitions between the mark frequency and space
      frequency signals in such a manner that the derivatives with respect to
      time of the phase of the MSK-IF signal at the transitions are maintained
      at a reduced value. Spurious emissions are thereby controlled. Up
      converter means, receptive of the local oscillator frequency signal and
      MSK-IF signal, translates the MSK-IF signal to the desired transmission
      frequencies.
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PAC  DESCRIPTION OF THE DRAWING
PAR  Embodiments of the invention are described in the following detailed
      description taken in connection with the accompanying drawing wherein:
PAR  FIG. 1 is a block schematic illustration of an MSK transmitter in
      accordance with the present invention;
PAR  FIG. 2 is a diagram showing the timing relationship and waveform of the
      various signals involved in an analog switch in accordance with the
      present invention;
PAR  FIG. 3 is a diagram showing in detail the waveform of the signals of FIG. 2
      during a transition interval.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The communication of data by minimum shift keying (MSK) entails
      translating, by a specified local oscillator frequency (f.sub.0), a
      minimum shift keying, intermediate frequency (MSK-IF) signal. The term
      "MSK-IF signal" is used herein in the sense that the translation acts to
      translate or up-convert the information signals (MSK-IF) to the desired
      transmission frequencies of the system, by the local oscillator frequency
      (f.sub.0) signal, in a manner, it will be appreciated, that is inversely
      analogous to receiver action wherein an IF signal is utilized. The MSK-IF
      signal comprises, in accordance with the data to be communicated, bits of
      mark frequency (f.sub.m) and space frequency (f.sub.s) signals. The mark
      frequency is requisitely separated from the space frequency by exactly
      one-half bit rate of the data in accordance with the relation (1)
      described above.
PAR  The transition between bits of mark frequency and space frequency signals
      have been a source of undesirable transient and spurious emissions, which
      have made requisite in conventional systems complex and expensive
      filtering schemes.
PAR  The present invention is concerned with, in particular, a minimum shift
      keying transmitter wherein the complexity of the filters has been
      substantially reduced by utilization of an analog switch, for the
      production of the MSK-IF signal, which functions to be [acts in itself as]
      the equivalent of a bandpass filter. This is accomplished, as will be
      described, by controlling the amplitude of the mark and space frequency
      signals as a function of time during transitions therebetween. The
      amplitudes are controlled such that the derivatives with respect to time
      of the phase of the MSK-IF signal at the transitions are maintained at
      reduced values.
PAR  Referring now to the drawing, there is shown in FIG. 1, an MSK transmitter
      in accordance with the present invention, generally indicated as 10. A
      suitable data source 12 provides to the MSK transmitter 10, over conductor
      14, a clock signal indicative of the bit rate R of the binary data to be
      transmitted, preferably an NRZ type signal. More specifically, the bit
      rate signal on conductor 14 is applied to signal generating means,
      generally indicated as 16, for generating mark (f.sub.m) and space
      (f.sub.s) frequency signals associated with the MSK-IF signal. The bit
      rate signal on conductor 14 is applied to a phase locked loop 18
      comprising a voltage controlled oscillator (VCO) 20 and a first and second
      subtraction means 22 and 24, respectively. A second input signal to phase
      lock loop 18 is a signal (2f.sub.m) at twice the specified mark frequency
      as applied over conductor 28 from a suitable frequency source such as
      crystal oscillator 26. The 2f.sub.m signal is received by first subtration
      means 22, suitably a conventional double balanced mixer (DBM) 30 connected
      to a suitable low pass filter (LPF) 32. The second input signal to first
      subtraction means 22 iis the output signal of VCO 20, as applied over
      conductor 34. The output signal of first subtraction means 22 is applied
      over conductor 36 to second subtraction means 24, suitably, a conventional
      DBM 38 coupled to a suitable low pass filter 40. The second input signal
      to second subtraction means 24 is the bit rate signal as previously
      described applied over conductor 14. The output signal of subtraction
      means 24 is applied over conductor 42 as a control signal to VCO 20. The
      output signal of VCO 20 is maintained, as will hereinafter be explained,
      at twice the space frequency (2f.sub.s), in accordance with the requisite
      MSK relationship, and is also the output signal of phase locked loop 18.
PAR  The 2f.sub.s signal of phase locked loop 18 is maintained with the
      requisite phase lock and frequency separation relationship to the 2f.sub.m
      signal generated by crystal oscillator 26 in the manner described as
      follows. First subtraction means 22 serves to subtract the instantaneous
      2f.sub.s signal, as generated by VCO 20, from the instantaneous 2f.sub.m
      signal generated by crystal oscillator 26. In accordance with the
      requisite MSK relationship, (f.sub.m - f.sub.s) = R/2, it is desired that
      the frequency separation between the 2f.sub.s and 2f.sub.m frequency
      signals be equal to the bit rate R. Thus, second subtraction means 24,
      which is receptive of the output signal of first subtraction means 22
      (indicative of the instantaneous frequency separation) and the actual bit
      rate signal (as applied over conductor 14) produces an error signal
      indicative of the frequency and phase deviations between the instantaneous
      and the requisite frequency separation. The error signal is accordingly
      applied as a control signal to VCO 20.
PAR  The 2f.sub.m signal from crystal oscillator 26 is also applied over
      conductor 44 and therefrom over conductors 46 and 48 to an analog switch,
      generally indicated as 50, and a frequency multiplier 52, respectively.
      The output signal of phase lock loop 18 is applied over conductor 54 to
      the analog switch 50 as previously indicated. Analog switch 50 also
      receives, as input signals from data source 12, a bit rate signal (R) over
      conductor 56 and binary data to be communicated over condctor 58.
PAR  Frequency multiplier 52 derives the local oscillator frequency (f.sub.0)
      signal used to translate the MSK-IF signal to the desired transmission
      frequency range, as will be explained.
PAR  Thus, both the mark and space frequency signals and the local oscillator
      frequency signal are derived from a common source. It should be
      appreciated that separate sources can be used, but the utilization of a
      common source, such as in the preferred embodiment, is desirable, in that
      it further reduces the complexity, and hence the weight of the
      transmitter.
PAR  Analog switch 50, in the preferred embodiment, comprises a reclocking
      network 60, a suitable function generator 62, first and second variable
      gain amplifiers 64 and 66, respectively, and suitable summing means 68.
      Reclocking network 60 receives as input signals the bit rate signal (R)
      over conductor 56 and the data over conductor 58, and generates an output
      signal A. Output signal A is applied over conductor 70 to function
      generator 62. Function generator 62, in turn, produces a first output
      signal B and its inverse C, as a second output signal, which signals are
      applied over conductors 72 and 74 as control signals to first and second
      variable gain amplifiers 64 and 66, respectively. First variable gain
      amplifier 64 receives as an input signal the 2f.sub.m signal over
      conductor 46. The second variable gain amplifier 66 is receptive of the
      2f.sub.m signal over the conductor 54. First and second variable gain
      amplifier 64 and 66 respectively produce output signals D and E which are
      respectively applied over conductors 76 and 78, to summing means 68,
      suitably a resistor 80 connected to ground. The output signal .epsilon. of
      summing means 68 is applied over conductor 82 to a frequency divider 84,
      suitably a component of signal generating means 16 for generating the mark
      and space frequencies. Frequency divider 84 produces therefrom the MSK-IF
      signal. The MSK-IF signal is applied over conductor 86 through a suitable
      limiter 88, therefrom, over conductor 90 through a bandpass filter 92 and
      therefrom over conductor 94 to a suitable double balanced modulator 96.
      The second input to modulator 96 is the output signal of frequency
      multiplier 52 as applied over conductor 98 the output signal at f.sub.0
      being derived from the crystal oscillator signal at frequency 2f.sub.m as
      previously indicated. The modulator 96 serves to translate the MSK-IF
      signal to the desired transmission frequency range. The translated MSK
      signal from modulator 96 is applied over conductor 100 to a suitable
      bandpass filter 102. The filtered signal therefrom is thereafter amplified
      and transmitted by suitable amplifiers 104 and 106 and antenna 108.
PAR  In the operation of the preferred embodiment, analog switch 50 produces an
      output signal .epsilon. comprising, in accordance with the data to be
      transmitted, bits of 2f.sub.m and 2f.sub.s frequency signals. In
      accordance with the invention, switch 50 serves, in general, to control
      the amplitude of the 2f.sub.m and 2f.sub.s signals as a function of time,
      such that the derivatives with respect to time of the phase of the MSK-IF
      signal at the transitions between the 2f.sub.s and 2f.sub.m frequencies
      are at reduced values. Thus switch 50 acts as a bandpass filter. The
      operation of analog switch 50 will be explained with reference to both
      FIGS. 1 and 2. The binary data to be transmitted and a clock signal at bit
      rate R [R waveform in FIG. 2] are applied to reclocking network 60 wherein
      synchronization of the data to the clock signal is assured and any time
      jitter in the data source 12 is effectively isolated from the system. It
      should be apparent to those skilled in this art that reclocking network 60
      is not necessary to the switching function and may be omitted from the
      switch when data source 12 is adequately stable. For such an arrangement
      data over conductor 58 would be applied directly as the signal A to
      generator 62, and the clock signal R over conductor 56 would not be
      required.
PAR  The reclocked data signal fron network 60, shown as waveform A in FIG. 2,
      is applied to function generator 62, (suitably a voltage shaping network)
      which in turn generates a predetermined waveform B and its inverse C, both
      shown in FIG. 2, in accordance with the data. The waveforms are
      essentially bi-level, i.e., O and V volts, having a controlled transition
      function during a transition interval X, the transition period X being
      initiated by a change in value of the data as shown in (X.sub.1, X.sub.2)
      in FIG. 2. It should be noted that while the waveform A as shown in FIG. 2
      is linear during transition intervals X.sub.1, X.sub.2, it should be
      understood that the shape of the waveform during the transition intervals,
      X.sub.1, X.sub.2, etc. may be arranged to assume any desired shape,
      whereby the spectral or modulation effects may be controlled. Accordingly,
      the function generator 62 is designed to produce such desired waveforms by
      conventional waveform synthesis techniques, as well known in the art. For
      an explanation of such techniques, reference is made to Van Valkenburg,
      "Network Analysis", Prentis Hall Inc., Englewood Cliffs, New Jersey, 1964,
      Chapter 8, section 3.
PAR  In the example shown in FIG. 2, the first bit of the data waveform A has
      the value one (preceded by a zero). Control waveform B accordingly
      manifests a controlled transition of predetermined shape to its peak value
      V. Control waveform C, being the inverse of waveform B, similarly
      manifests a controlled transition from peak value V to zero value. The
      respective resultant output waveforms D and E of first and second variable
      gain amplifiers 64 and 66, are accordingly, at the end of transition
      period X.sub.1, respectively, a 2f.sub.m signal at its maximum amplitude
      value and a zero signal. Thus, during data bits of value one the sum
      signal .epsilon., after a transition period consists substantially of a
      signal at 2f.sub.m.
PAR  The second bit (BIT 2) of data waveform A in FIG. 2 is at a zero value.
      Control waveform B accordingly manifests a controlled transition to zero
      value and control waveform C similarly effects a transition to maximum
      value V during the period X.sub.2. The amplitude of the signal D from
      amplifier 64 assumes, after transition interval X.sub.2, a zero value,
      while signal E from second amplifier 66 achieves maximum amplitude. Thus,
      during data bits of zero value, after a controlled transition, the sum
      signal .epsilon. consists substantially of a signal at 2f.sub.s.
PAR  The controlled transition during transition periods operates to effect a
      relatively slow change in the frequency of the sum signal .epsilon. either
      from 2f.sub.s to 2f.sub.m or from 2f.sub.m to 2f.sub.s, thereby
      eliminating abrupt transitions and reducing the time derivative of the
      phase of the sum signal. Hence, analog switch 50 by reducing the ratio of
      transition between mark and space frequencies performs a filtering
      function, reducing thereby spurious emissions.
PAR  FIG. 3 shows in greater detail the waveforms of signals D, E and .epsilon.
      during a transition period from 2f.sub.s to 2f.sub.m. Just prior to a
      transition period X.sub.1, sum signal .epsilon. consists solely of the
      2f.sub.s signal E as at curve portion 120 in FIG. 3. During the transition
      period, however, the amplitude signal of E decreases to zero, while the
      2f.sub.m signal D increases by similar increments from zero to its maximum
      amplitude. The resultant sum signal .epsilon. has therefore, by the end of
      the transition period, gradually changed in frequency from 2f.sub.s to the
      2f.sub.m frequency of signal D, without, it should be noted, passing
      through abrupt transitions. The increased amplitude if any acquired by the
      sum signal .epsilon. during the transition period, is compensated by
      limiter 88 which serves to limit the MSK-IF signal to a substantially
      constant amplitude.
PAR  It should be noted that although conductors are shown in the drawing as
      single lines they are not so shown in a limiting sense, in that the
      conductors may comprise a plural connections between components as
      understood in the art.
PAR  It should now be understood, that, in accordance with the present
      invention, an analog switch is provided to effect transitions between the
      mark and space signal of an MSK transmitter in a predetermined controlled
      manner to reduce the spectral effects and thereby allow for the use of
      amplifier and transmitter of restricted bandwidth.
PAR  It should be apparent from the foregoing description that the present
      invention provides a particularly advantageous MSK transmitter. It will be
      understood that the above description is illustrative of the embodiments
      of the present invention and that the invention is not limited to a
      specific form shown. Modifications may be made in the design and
      arrangement of the elements without departure from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transmitter for communicating binary data by frequency shift keying
      (FSK), wherein the FSK signal comprises bits of mark frequency signals and
      space frequency signals in accordance with said binary data, said mark
      frequency and said space frequency being respectively indicative of
      predetermined values in said data, comprising:
PA1  means for generating said mark and space frequency signals;
PA1  analog switching means, receptive of said mark and space frequency signals
      and said binary data, for generating said FSK signal;
PA1  said analog switching means effecting, in accordance with said binary data,
      transitions between said mark frequency signals and said space frequency
      signals and controlling the respective amplitudes of said mark and space
      frequency signals during said transitions to lengthen said transitions as
      compared to an abrupt transition between said mark and space frequency
      signals, thereby controlling derivatives with respect to time of the phase
      of said FSK signal at said transitions.
NUM  2.
PAR  2. A transmitter for communicating binary data by frequency shift keying
      (FSK), wherein the FSK signal comprises bits of mark frequency signals and
      space frequency signals in accordance with said binary data, said mark
      frequency and said space frequency being respectively indicative of
      predetermined values in said data, comprising:
PA1  means for generating said mark and space frequency signals;
PA1  function generator means, receptive of said binary data, for producing a
      first and a second analog signal;
PA1  said first analog signal having a waveform having predetermined maximum and
      minimum amplitude levels and a predetermined transition waveform, said
      first analog waveform changing in response to said binary data, between
      said maximum and minimum levels, in accordance with said predetermined
      transition waveform;
PA1  said second analog signal having a waveform inversely related to said first
      waveform; and
PA1  first and second variable gain amplifier means, respectively receptive of
      said mark frequency and said space frequency signals, and, respectively,
      having applied as control signals, said first and second analog signals,
      for respectively modulating the amplitude of said mark and space frequency
      signals with said first and second analog waveforms.
NUM  3.
PAR  3. The transmitter of claim 1 wherein said mark and space frequency signal
      generator generates an MSK signal and includes a common oscillator for
      generating a local oscillator signal and, further including;
PA1  up converter means receptive of said MSK signal and said local oscillator
      signal for translating in frequency said MSK signal by a frequency
      proportional to said local oscillator signal.
NUM  4.
PAR  4. A method for generating a frequency shift keying (FSK) signal
      comprising:
PA1  a. generating a first continuous wave signal at a preselected mark
      frequency and a second continuous wave signal at a preselected space
      frequency;
PA1  b. generating an FSK signal by switching between said mark and said space
      frequency signals in accordance with binary data, said mark frequency and
      said space frequency signals being respectively indicative of a first and
      a second binary value in said data;
PA1  c. controlling the respective amplitudes of said mark and space frequency
      signals during said switching to lengthen the switching transition
      interval between said mark and space frequency signals as compared to an
      abrupt switching therebetween, thereby controlling the magnitude of the
      derivitives of the phase of the FSK signal during said switching.
NUM  5.
PAR  5. A method for generating a frequency shift keying (FSK) signal
      comprising:
PA1  a. generating a first continuous wave signal at a pre-selected mark
      frequency and a second continuous wave signal at a pre-selected space
      frequency;
PA1  b. generating a first analog signal having a waveform corresponding to said
      binary data, said first analog waveform having a predetermined maximum
      amplitude and a predetermined transition waveform,
PA1  c. generating a second analog waveform having both a predetermined maximum
      amplitude and a predetermined transition waveform inversely related to
      said first analog waveform,
PA1  d. respectively applying said first and second analog waveforms as control
      signals to a first and a second variable gain amplifier means,
      respectively receptive of said mark and space frequency signals,
PA1  e. respectively modulating the amplitudes of said mark and space frequency
      signals in accordance with said first and second analog waveforms; and
PA1  f. summing said amplitude modulated mark and space frequency signals to
      generate said FSK signal.
NUM  6.
PAR  6. The transmitter of claim 1 wherein said FSK signal has a predetermined
      bit rate and said mark and space frequencies are separated in frequency by
      an amount substantially equal to one-half of said bit rate.
NUM  7.
PAR  7. The transmitter of claim 2 wherein said FSK signal has a predetermined
      bit rate and said mark and space frequencies are separated in frequency by
      an amount substantially equal to one-half of said bit rate.
NUM  8.
PAR  8. The method of claim 4 wherein said binary data has a predetermined bit
      rate, and further comprising the steps of:
PA1  separating in frequency the mark and space frequency signals by an amount
      substantially equal to one-half of said bit rate.
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PAL  An isolation network for isolating a pair of balanced antenna terminals
      from a tuner located in a receiver of the type having a line connected
      chassis includes an isolating capacitor connected in series with each one
      of the antenna terminals. A high value bleeding resistor is connected in a
      direct current conductive circuit across one of the isolating capacitors
      for discharging the static charge accumulated on the isolating capacitor.
      A second lower value resistor is connected between the high value resistor
      and the other isolating capacitor for discharging the other isolating
      capacitor through the high value resistor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to isolation networks, and more
      particularly to networks for isolating a balanced antenna system from a
      line connected chassis.
PAR  Modern radio and television receivers often have chassis that are connected
      directly to one side of the AC power line. Such receivers generally employ
      a polarized power plug to assure that the chassis is connected to the
      grounded side of the power line. However, if an unpolarized plug, an
      extension cord or an adapter plug is used, the power plug may be reversed.
      Under such conditions, the chassis will be maintained at a potential equal
      to the potential of the AC power line.
PAR  The radio frequency input circuits of modern receivers generally employ at
      least one input inductor. Such input inductors are generally grounded to
      the chassis to reduce radio frequency interference and the possibility of
      oscillation. When such an input inductor is attached to an antenna
      terminal, and the AC power plug is reversed, the antenna terminal will
      have the full AC power line potential applied to it, thereby resulting in
      a significant shock hazard to the operator of the receiver.
PAR  A known technique for isolating an antenna terminal from a line connected
      chassis utilizes a capacitor connected in a series circuit between the
      receiver input inductor and the antenna terminal. The value of the
      capacitor is chosen such that the capacitor provides a relatively low
      impedance to radio frequency signals and a relatively high impedance to
      the sixty cycle power line frequency, thereby effectively isolating the
      antenna terminal from the line connected chassis. Because a static charge
      of sufficient magnitude to break down the isolating capacitor can build up
      on the capacitor during an electrical storm or as a result of an
      electrically charged cloud, a bleeding resistor is generally connected in
      parallel with the isolating capacitor to discharge any built up static
      charge. The value of the bleeding resistor is chose to be low enough to
      effectively discharge the capacitor, and high enough to limit the flow of
      AC line current between the chassis and the antenna terminal to a safe
      value. A resistor having a resistance of approximately 5 megohms has been
      found satisfactory for such purposes. If the resistance is increased
      significantly above 5 megohms, the capacitor may not be properly
      discharged, whereas if the value of the resistor is reduced substantially
      below 5 megohms, not enough isolation is provided to avoid the possibility
      of a shock hazard.
PAR  When a single antenna input terminal is used, adequate isolation can be
      provided by utilizing a capacitor and a resistor having a resistance in
      the range of 3 to 5 megohms. When a balanced antenna system having two
      input terminals is utilized, each terminal must be isolated by means of a
      separate isolating capacitor and resistor connected in series with each
      input terminal. The results in two separate paths between the antenna
      terminals and the chassis. As a result, if both antenna terminals, or both
      arms of a dipole antenna are simultaneously grasped, the effective
      resistance between the antenna or terminals and the chassis is equal to
      the parallel combination of the two isolating resistors. Because neither
      of the resistors can be reduced to a value of less than approximately 5
      megohms and still prevent excessive static charge buildup, the effective
      resistance between the two antenna terminals and the chassis will be
      approximately 2.5 megohms. The results in marginal isolation for safety
      purposes between the antenna terminals and the line connected chassis.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved isolation network for a balanced antenna system.
PAR  It is another object of the present invention to provide a resistance
      capacitance isolation network for an antenna system that provides greater
      discharge capability of the isolating capacitors and greater isolation
      between the antenna and chassis than prior art isolation systems.
PAR  In accordance with a preferred embodiment of the invention, an isolation
      capacitor is connected in series with each input lead of the balanced
      antenna system. A high value bleeding resistor having a resistance on the
      order of the 3-5 megohms is connected in a direct current conductive
      circuit across one of the capacitors for discharging any accumulated
      static charge. A second resistor having a much lower value, on the order
      of 22 kilohms, is connected between the high value bleeding resistor and
      the second capacitor. The first capacitor is discharged by the high value
      bleeding resistor, and the second capacitor is discharged by the series
      combination of the second resistor and the high value bleeding resistor.
      Because a single high value bleeding resistor is used to complete the
      discharge path for both capacitors, there is only one direct current
      conductive path between the chassis and the antenna terminals. As a
      result, the increased shock hazard resulting from the use of two separate
      chassis connected bleeding resistors, as in the prior art, is eliminated.
      The use of a single bleeding resistor in the system according to the
      invention, allows the resistance of the bleeding resistor to be reduced to
      a value below 5 megohms to provide an improved discharge path for the
      isolating capacitors without creating a shock hazard.
DRWD
PAR  The invention, and its method of operation, together with further objects
      and advantages thereof, will best be understood by reference to the
      following specification taken in connection with the accompanying drawing
      in which:
PAR  FIG. 1 is a block diagram of a television receiver of the type having one
      side of the power line connected to the chassis and employing a balanced
      antenna system;
PAR  FIG. 2 is a partial block and schematic diagram of a tuner usable in the
      circuit of FIG. 1 employing the antenna isolation system according to the
      invention;
PAR  FIG. 3 is a partial schematic and block diagram of a tuner employing an
      alternate embodiment of the antenna isolation network according to the
      invention;
PAR  FIG. 4 is a schematic diagram of an alternate form of the antenna isolation
      network used in the tuner of FIG. 2; and
PAR  FIG. 5 is a schematic diagram of an alternate form of the antenna isolation
      network used in the tuner of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning now to the drawing, with particular reference to FIG. 1, there is
      shown a television receiver 10 having a tuner 12, IF and signal processing
      circuitry 14, an audio amplifier 16, a video amplifier 18 and a sweep
      circuit 20. The audio amplifier 16 drives a loud speaker 22, the video
      amplifier 18 drives a picture tube 24 and the sweep circuit 20 drives a
      deflection yoke 26.
PAR  The components described above are conventional television components, well
      known in the art. The above television components are illustrated to
      provide an environment for the antenna isolation system according to the
      invention, but it is not intended to restrict the application of the
      isolation system according to the invention to the configuration shown,
      the isolation system being applicable to any balanced antenna system
      wherein it is desired to isolate the antenna from the chassis.
PAR  The circuitry of the television receiver 10 is powered by a power supply
      26. The power supply 26 illustrated in FIG. 1 utilizes a half wave
      rectifier 28 having an anode connected to one prong 30 of a power plug 31
      by means of a line 32. The cathode of the rectifier 28 is connected to a
      filter capacitor 34 and to the various stages of the television receiver
      for applying power thereto. The other prong 36 of the power plug 31 is
      connected directly to the chassis of the receiver 10 by means of a line
      38.
PAR  Television receiver tuners such as the tuner 12, generally employ a
      balanced antenna input system. Typically, such a system utilizes an
      antenna coil 40 connected to the chassis. The antenna coil 40 typically
      receives signals from a pair of antenna terminals 42 and 44 coupled to the
      coil 40 by a pair of isolation capacitors 46 and 48. The values of the
      capacitance of the isolation capacitors 46 and 48 are chosen such that
      radio frequency signals are passed from the antenna terminals to the
      antenna coil 40, but direct current and low frequency signals such as
      power line frequency signals are attenuated. Typical values for such
      capacitors lie in the range of approximately 130 pf for VHF television
      tuners.
PAR  The antenna terminals 40 and 42 are connected to an antenna 50 which may be
      either an indoor or an outdoor antenna. When the antenna 50 is
      electrically charged during a thunderstorm or as the result of a charged
      cloud passing overhead, the charge is transferred to the capacitors 46 and
      48. If no means are provided for discharging the capacitors 46 and 48, as
      in the case of the circuit shown in FIG. 1, the charge built up on the
      capacitors 46 and 48 can result in a voltage across the capacitors 46 and
      48 of a sufficient magnitude to break down the capacitors. When such a
      breakdown occurs, the terminals 42 and 44 are no longer isolated from the
      chassis of the receiver 10.
PAR  Accordingly, a direct current conductive path must be provided across the
      terminals of the isolation capacitors 46 and 48 in order to discharge the
      capacitors sufficiently to prevent the buildup of destructive voltages.
      Experimentation has indicated that in order to properly discharge the
      isolation capacitors 46 and 48, the resistance of the discharging path
      cannot exceed approximately 5 megohms. It has also been found that a 5
      megohm path between a live chassis and an antenna terminal does not cause
      a shock hazard nor any objectionable "tingle" when an antenna terminal is
      touched. Accordingly, in prior art systems, a 5 megohm resistor was simply
      placed in parallel with the antenna isolation capacitor for discharging
      the isolation capacitor.
PAR  Unfortunately, when a balanced antenna system is employed, and a separate 5
      megohm resistor is placed in parallel with each of the isolation
      capacitors, grasping both of the terminals effectively puts the two 5
      megohm resistors in parallel, thereby resulting in a 2.5 megohm path
      between the antenna terminals and the chassis. Such a 2.5 megohm path
      provides only marginal isolation, and the normally occurring resistor
      tolerances (e.g., 20%) can result in a resistive path of approximately 2
      megohms between the chassis and the antenna terminals. Such a low
      resistance results in a tingle when the antenna terminals are grasped and
      does not provide adequate shock hazard protection.
PAR  The isolation network according to the invention avoids the above problems
      by discharging both capacitors through a common resistor. Referring to
      FIG. 2, a tuner 12a similar to the tuner 12 of FIG. 1 has a pair of input
      terminals 52 and 54 connectable to the antenna terminals 42 and 44 of the
      circuit of FIG. 1 and an output terminal 56 connectable to the IF and
      signal processing circuit 14. The terminals 52 and 54 are coupled to an
      antenna coil 58, analagous to the antenna coil 40, by a pair of isolation
      capacitors 60 and 62 analagous to the capacitors 46 and 48, respectively.
      The antenna coil 58 is inductively coupled to a coil 64 which applies the
      received signal to a mixer 66. A local oscillator 68 applies a local
      oscillator signal to the mixer 66 to convert the frequency of the signal
      received from the coil 64 to a frequency compatible with the frequency
      response of the IF and signal processing circuit 14. The converted signal
      is then applied to the output terminal 56.
PAR  A bleeding resistor 70 is connected between chassis ground and one plate of
      the capacitor 62. A center tap of the antenna coil 58 is also connected to
      chassis ground, thereby providing a direct current conductive circuit
      comprising the resistor 70 and one-half of the coil 58 between the plates
      of the capacitor 62. If the value of the resistor 70 is kept below 5
      megohms, a suitable discharging path for the capacitor 62 is provided.
PAR  The capacitor 60 is discharged by means of a bleeding resistor 72 connected
      between the terminals 52 and 54. The resistor 72 completes a discharge
      path comprising one-half of the antenna coil 58 and the resistor 70 across
      the terminals of the capacitor 60. The value of the resistor 72 must be
      high compared to the radio frequency impedance between the terminals 52
      and 54, but should be low compared to the value of the resistor 70 so as
      not to increase the resistance of the series combination of the resistors
      70 and 72 substantially over the resistance of the resistor 70 alone. The
      resistors 70 and 72 may be physically located within the tuner as shown,
      or they may be located externally, at a location such as the antenna
      terminals 42 and 44.
PAR  Because the radio frequency impedance between the antenna terminals of a
      television receiver is generally on the order of 300 ohms, the value of
      the resistor 72 may be reduced to a value on the order of several thousand
      ohms. A value of several thousand ohms across a pair of 300 ohm antenna
      terminals does not significantly attenuate the received signal nor does it
      affect the discharge path when placed in series with the resistor 70
      having a value on the order of several megohms.
PAR  Because all direct current and low frequency current flowing between the
      antenna terminals and the chassis must flow through the resistor 70, there
      is no paralleling of current paths when a balanced configuration antenna
      input is used. As a result, the value of the resistor 70 may be reduced
      below the level of the 5 megohm bleeding resistors typically used. A good
      value for the resistance of the resistor 70 has been found to be
      approximately 3.3 megohms, such as value being low enough to discharge
      both of the capacitors 60 and 62 without causing a shock hazard. A value
      of 22K ohms for the resistance of the resistor 72 provides only minimal
      attenuation of the received signal without significantly increasing the
      combined series resistance of the resistors 70 and 72.
PAR  FIG. 3 shows the isolation network according to the invention used with a
      tuner 12b having a balun 74 in place of the inductively coupled coils 58
      and 64 for coupling signals to the mixer. The balun 74 is a conventional
      balun well known in the art and may be fabricated from coils or from
      transmission line sections. The components, other than the balun 74, of
      the tuner 12b are similar to the components of the tuner in 12a, and
      analagous components in the two tuners are designated by similar reference
      numerals with the reference numerals in the tuner 12b being followed by
      the suffix "a".
PAR  In the embodiment shown in FIG. 3, the resistors 70a and 72a discharge the
      isolation capacitors 60a and 62a through tha balun 74. The values of the
      resistors 70a and 72a are similar to the values of the respective
      resistors 70 and 72 of FIG. 2 discussed above.
PAR  The resistor 70 need not be connected directly between one of the antenna
      input terminals and the chassis ground as shown in FIG. 2. In an
      alternative embodiment, the bleeding resistor may be connected across one
      of the isolation capacitors, for example, the capacitor 62. Such a
      bleeding resistor 170 is illustrated in FIG. 4. The resistor 170 is
      connected directly across the terminals of the capacitor 62 for
      discharging the capacitor. The discharge path for the capacitor 60
      includes the resistor 170, the resistor 72 and the coil 58. Similarly, a
      resistor 170a may be connected across the capacitor 62a (FIG. 5) in place
      of the resistor 70a shown in FIG. 3. The values of the resistors 170 and
      170a are similar to the values of the resistors 70 and 70a, respectively.
      Components having the same reference numerals in FIGS. 2 and 4 and in
      FIGS. 3 and 5 are the same components.
PAR  Although the present invention has been described in conjunction with the
      embodiments illustrated in the accompanying drawing, it should be
      understood that modifications to the illustrated embodiments by one having
      skill in the art can be effected within the scope and spirit of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An isolation network for isolating a first pair of terminals from a
      second pair of terminals for preventing the flow of power line frequency
      signals between said first and second pairs of terminals while permitting
      the transfer of radio frequency signals between said first and second
      terminals comprising:
PA1  first isolating means connecting a first one of said first pair of
      terminals to a first one of said second pair of terminals, said first
      isolating means being operative to pass radio frequency alternating
      current signals therethrough and substantially to block the passage of
      power line frequency alternating current signals;
PA1  second isolating means connecting a second one of said first pair of
      terminals to a second one of said second pair of terminals, said second
      isolating means being operative to pass said radio frequency alternating
      current signals therethrough and substantially to block the passage of
      said power line frequency alternating current signals;
PA1  direct current conductive means connected between the first terminals of
      each of said first and second terminal pairs for providing a direct
      current conductive path therebetween for discharging said first isolating
      means; and
PA1  second direct current conductive means connected between the first and
      second terminals of said first pair of terminals to provide a direct
      current conductive path therebetween for discharging said second isolating
      means through said second direct current conductive means and at least a
      portion of said first direct current conductive means.
NUM  2.
PAR  2. An isolation network as recited in claim 1 wherein each of said first
      and second isolating means includes a capacitor.
NUM  3.
PAR  3. An isolation network as recited in claim 2 wherein said first direct
      current conductive means includes a first resistor and said second direct
      current conductive means includes a second resistor.
NUM  4.
PAR  4. An isolation network as recited in claim 3 wherein the resistance of
      said first resistor is higher than the resistance of said second resistor.
NUM  5.
PAR  5. An isolation network as recited in claim 4 wherein the resistance of
      said first resistor is on the order of approximately 3-5 megohms and the
      resistance of said second resistor is at least one order of magnitude
      lower than the resistance of said first resistor.
NUM  6.
PAR  6. An isolation network for isolating a pair of antenna terminals from a
      pair of tuner terminals which are direct current coupled to a chassis
      which is connectable to one side of an electric power line, comprising:
PA1  first and second capacitors, each having a pair of terminals, said first
      capacitor being connected in a series circuit with one of said antenna
      terminals and one of said tuner terminals and said second capacitor being
      connected in a series circuit between the other one of said antenna
      terminals and the other one of said tuner terminals;
PA1  a first resistor connected in a direct current conductive circuit connected
      across the terminals of said first capacitor for discharging said first
      capacitor; and
PA1  a second resistor connected between said antenna terminals, said first and
      second resistors being connected in a direct current conductive series
      circuit connected across the terminals of said second capacitor for
      discharging said second capacitor through said first and second resistors.
NUM  7.
PAR  7. An isolation network as recited in claim 6 wherein said first resistor
      is connected directly between said chassis and one terminal of said first
      capacitor.
NUM  8.
PAR  8. An isolation network as recited in claim 7 wherein said second resistor
      is connected directly between one terminal of said second capacitor and
      the junction of said first resistor and said first capacitor.
NUM  9.
PAR  9. An isolation network as recited in claim 8 wherein said second resistor
      is connected directly across said antenna terminals.
NUM  10.
PAR  10. An isolation network as recited in claim 8 wherein the resistance of
      said first resistor is greater than the resistance of said second
      resistor.
NUM  11.
PAR  11. An isolation network as recited in claim 8 wherein the resistance of
      said first resistor is greater than the resistance of said second resistor
      by an order of magnitude.
NUM  12.
PAR  12. An isolation network as recited in claim 8 wherein the resistance of
      said first resistor is on the order of several megohms and the resistance
      of said second resistor is on the order of several kilohms.
NUM  13.
PAR  13. An isolation network as recited in claim 8 wherein the resistance of
      said first resistor is on the order of approximately 3-5 megohms and the
      resistance of said second resistor is on the order of approximately 22
      kilohms.
NUM  14.
PAR  14. An isolation network as recited in claim 6 wherein said first resistor
      is connected directly across said first capacitor.
NUM  15.
PAR  15. An isolation network as recited in claim 14 wherein said second
      resistor is connected between said first and second capacitors.
NUM  16.
PAR  16. An isolation network as recited in claim 15 wherein said second
      resistor is connected directly across said antenna terminals.
NUM  17.
PAR  17. An isolation network as recited in claim 15 wherein the resistance of
      said first resistor is approximately an order of magnitude greater than
      the resistance of said second resistor.
NUM  18.
PAR  18. An isolation network as recited in claim 15 wherein the resistance of
      said first resistor is on the order of approximately 3-5 megohms and the
      resistance of said second resistor is on the order of approximately 22
      kilohms.
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ABST
PAL  A control circuit for use with an amplifier is disclosed which includes an
      amplifier circuit having an input transistor, a driving transistor and an
      output transistor, a negative feedback circuit consisting of a parallel
      connection of a capacitor and a resistor and connected between the output
      terminal of the output transistor and the base of the driving transistor
      of the amplifier circuit. It also includes a transistor having its
      collector and emitter connected to the negative feedback circuit, a
      charging and discharging circuit connected to the base of the last
      mentioned transistor, and a voltage source connected to the charging and
      discharging circuit through a switch. The operation of the amplifier
      circuit is controlled by instantly making the switch on through the
      charging and discharging circuit and the transistor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a control circuit for use with
      an amplifier, and more particularly is directed to a control circuit for
      use with an amplifier in which even if the amplifier is made operative
      automatically by a time switch, the amplifier can be made inoperative by a
      switch, but the amplifier is made operative automatically after a certain
      time period.
PAR  2. Description of the Prior Art
PAR  A radio receiver with a timer has been known as an electronic instrument
      with a timer. With such a radio receiver, it reproduces a received
      broadcasting wave as a sound at a set time by the timer, or operates its
      oscillator to produce an alarm sound. Thus, a user can be aware of a
      predetermined time by the reproduced sound or alarm sound which is
      utilized, for example, for awakening.
PAR  A so-called snooze switch, which operates to stop reproduction of sounds or
      an alarm once, has also been provided in this kind of electronic
      instrument. However, even if a user pushes down the snooze switch once
      after he has awaked to stop the reproduction of sounds from the radio
      receiver, the radio receiver operates again to produce sounds after a
      certain time period (for example, about 10 minutes). Then, the user again
      pushes down the snooze switch to stop the reproduction of sounds from the
      radio receiver. The user repeats the above operation a number of times
      (for example, about one hour to ensure that he awakes positively). In
      practice, since in the prior art the snooze switch turns a power source
      line on and off, it requires a transistor for a power source switch and
      another transistor for setting a time which will mean that it requires a
      number of parts. Further, with the prior art when the radio receiver
      reproduces sounds after the snooze switch is pushed down, the reproduced
      sounds are distorted during the transient time period which are offensive.
PAC  SUMMARY OF THE INVENTION
PAR  A control circuit for use with an amplifier according to the present
      invention is provided with a snooze switch with which when a timer switch
      is turned on at a predetermined time by a time setting means to make the
      amplifier operative, the amplifier is made inoperative by pushing down the
      snooze switch. However, the amplifier is automatically made operative
      again after a certain time interval. Even if the snooze switch is pushed
      down to stop the operation of the amplifier, the amplifier can restore its
      operation automatically. The above operation is repeated a number of
      times.
PAR  Accordingly, it is an object of the present invention to provide a control
      circuit for use with an amplifier free from the drawbacks encountered in
      the prior art electronic instrument with a timer.
PAR  It is another object of the invention to provide a control circuit for use
      with an amplifier with which even if an electronic instrument is made
      operative by turning a time switch on, the operation of the electronic
      instrument is stopped by operating a snooze switch and the electronic
      instrument restores its operation after a certain time interval, and no
      distorted sound is reproduced. It is a further object of the invention to
      provide a novel control circuit for use with an amplifier which has a
      relatively small number of parts.
PAR  Other objects, features and advantages of the invention will become
      apparent from the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a radio receiver provided with a control circuit
      for use with an amplifier according to the present invention; and
PAR  FIG. 2 is a circuit diagram of an embodiment of the control circuit for use
      with an amplifier according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An electronic instrument such as a radio receiver 1 shown in FIG. 1, which
      is provided with a control circuit for use with an amplifier according to
      the present invention, includes a time setting means to set a radio
      receiver 2 for reproducing a received broadcasting wave at a predetermined
      set time or to operate the oscillator of the radio receiver 2 so as to
      produce an alarm sound.
PAR  In FIG. 1, reference numeral 4 designates a housing of the electronic
      instrument 1; 5 its front panel; 6 a dial scale of the radio receiver 2; 7
      a pointer of the dial scale 6; 8 a clock of the electronic instrument 1; 9
      a time promise drum; and 10 its time indicator mark. The above mentioned
      elements can be viewed through windows formed in the front panel 5 of the
      housing 4.
PAR  Further, in FIG. 1, reference numeral 11 indicates a tuning dial knob of
      the radio receiver 2; 12 a volume adjusting knob of the radio receiver 2;
      13 a time adjusting knob of the rotation of which the time indicator
      members of the clock 8 are sequentially rotated to change their indication
      and hence to adjust the time; 14 a time setting knob of the time setting
      means which is provided coaxially with the time adjusting knob 13 by the
      rotation of which the time promise drum 10 is rotated to change the
      promise time; 15 a push button of a push-and-push switch type which
      operates a change over switch of a set-reset switch (called as an auto
      button) of the time setting means, and which operates such that when the
      clock 8 arrives at the promise time by the time setting means, the timer
      switch goes on to make the radio receiver 2 operative to reproduce
      received braodcasting wave as a sound, or to generate an alarm sound, and
      if it is left as it is, the radio receiver 2 will be kept operative for a
      rather long time period, for example, one hour and thereafter the radio
      receiver 2 will stop its reproduction of sound; 17 a push button of a
      push-and-push switch type for operating a power switch of the radio
      receiver 2, which is called a manual button; and 19 an operating knob of a
      snooze push button of a self return switch type.
PAR  When the radio receiver 2 with the timer is used for awakening, for
      example, as an alarm clock, the timer switch is set such that the switch
      in association with the manual button 17 is turned off and the switch in
      association with the auto button 15 is put in setstate or on to the set
      the time promise indicator drum 9 at a promised time when the user awakes.
      Thus, the timer switch will be placed on at the promised time and the
      radio receiver 2 will produce sounds to cause the user to be awakened.
PAR  The foregoing is already known and hence its practical circuit construction
      and operation are omitted.
PAR  The control circuit for use with an amplifier according to the present
      invention will be now described, with reference to FIG. 2.
PAR  In FIG. 2, reference numeral 51 indicates a tuner circuit including a
      detector circuit and so on; 52 a potentiometer in association with the
      volume adjusting knob 12; 53 a low frequency amplifier; and 54 a
      loudspeaker. The low frequency amplifier 53 includes an input transistor
      81, a driving transistor 82 and a pair of output transistors 83 and 84,
      respectively. These transistors 81-84 are direct coupled and the output
      transistors 83 and 84 are connected in the manner of a single ended
      push-pull (SEPP).
PAR  Further, in FIG. 2, reference numeral 55 indicates a voltage source
      terminal of +Vcc; 18 a power source changing switch in association with
      the manual button 17; 16 a changing switch for set and reset of the time
      setting means 3 in association with the auto button 15; 8 a clock; and 31
      a timer switch in association with the clock 8. In this case, the time
      setting means 3 consists of the clock 8, the promise time indicator drum
      9, the timer switch 31 and the changing switch 16, respectively.
PAR  With the present invention, the output terminal of the amplifier 53 or the
      common connection point 85 between the emitters of the transistors 83 and
      84 is connected to the base of the transistor 82 through a parallel
      connection of a resistor 141 and a capacitor 142 and through the
      collector-emitter of a transistor 143 to form a negative feedback circuit.
      While, the base of the transistor 143 is grounded through a resistor 144
      and a capacitor 145 of a charging and discharging circuit 140. The circuit
      140 includes a resistor 146 connected in parallel to the capacitor 145 for
      discharging. The connection point among the resistors 144, 146 and
      capacitor 145 is connected to the switches 16 and 18 through a switch 20
      and a resistor 148. The switch 20 is a self-return type one so that,
      during the time interval when the snooze button 19 is kept pushed down,
      the switch 20 is on.
PAR  With such a construction, if the electronic instrument is used as an
      ordinary radio receiver for hearing the broadcast wave, it is sufficient
      to have the switch 18 on. That is, if the switch 18 is on, power is
      supplied therethrough to the tuner circuit 41 and the amplifier 53. At
      this time, the switch 20 is turned off and the transistor 143 is also
      nonconductive, so that the amplifier 53 operates to reproduce the
      broadcasting wave through the loudspeaker 54.
PAR  If the instrument is desired to be used for awakening, the switch 18 is
      turned off but the switch 16 is turned on. Thus, when the set time comes,
      the timer switch 31 is turned on, so that power is supplied through the
      closed switches 31 and 16 to the tuner circuit 51 and the amplifier 53 and
      hence the broadcasting wave is reproduced through the loudspeaker 54 to
      awaken the user. At this time, if the reproduction of the broadcasting
      wave is desired to be stopped, it is sufficient to put the switch 20 on.
      That is, if the switch 20 is put on, the capacitor 145 is charged rapidly
      through the resistor 148 and the switch 20 to put the transistor 143 into
      a conductive state by its charging current. As a result, the DC negative
      feedback and AC negative feedback are applied from the connection point 85
      to the base of the transistor 82 through the resistor 141, the capacitor
      142 and the transistor 143 to lower the gain of the amplifier 53, and the
      voltage at the connection point 85 is lowered due to the conduction of the
      transistor 143, and hence the transistor 81 is made nonconductive. As a
      result, if the switch 20 is put on, the reproduction of the broadcasting
      wave through the loudspeaker 54 is stopped at once. In this case, by the
      provision of the resistor 141 the voltage at the connection point 85 is
      selected such that it is not so much lowered from 1/2 Vcc (the voltage of
      the voltage source 55).
PAR  However, if the switch 20 is turned off, the charge stored in the capacitor
      145 is discharged through the resistors 144 and 146, and the transistor
      143 becomes nonconductive after a time period determined by its
      discharging time constant, for example, 5 to 10 minutes. When the
      transistor 143 is made nonconductive, no negative feedback is applied to
      the base of the transistor 82, so that the gain of the amplifier 53 is
      restored and the transistor 81 becomes conductive to reproduce the
      broadcasting wave through the loudspeaker 54 again.
PAR  In this case, since the bias voltage of the transistor 81 gradually changes
      when the transistor 81 is changed from its off-to on-state, the output
      from the transistor 81 is distorted. However, since negative feedback is
      applied to the following stage transistors 82 and 84 due to the resistor
      141 and the capacitor 142 to lower their gain, the distorted output from
      the transistor 81 is prevented from being applied to the loudspeaker 54.
      As a result, when the alarm is sounded again no distortion occurs in the
      sounded alarm. Further, the voltage at the connection point 85 is always
      kept substantially at 1/2 Vcc, so that when the alarm is sounded again, no
      distortion is heard even if the alarm is high in magnitude.
PAR  With the present invention, when the alarm sound which is stopped once is
      produced again, it is prevented from being distorted and the circuit
      construction therefor is very simple.
PAR  The above description is given on only one preferred embodiment of the
      invention, but it may be apparent that many modifications and variations
      could be effected by those skilled in the art without departing from the
      spirit and scope of the novel concepts of the invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A control circuit for use with an amplifier comprising: a signal source
      for producing a signal; an amplifier circuit consisting of an input
      transistor which receives said signal from said signal source on its
      control electrode, a driving transistor with its control electrode
      connected to an output electrode of said input transistor, and a power
      amplifying transistor with its control electrode connected to an output
      electrode of said driving transistor;
PA1  an output means connected to the output electrode of said power amplifying
      transistor;
PA1  a switching transistor with its output electrode connected to the control
      electrode of said driving transistor;
PA1  a negative feedback circuit connected between the output electrode of said
      power amplifying transistor and an input electrode of said switching
      transistor, said negative feedback circuit including a capacitor and a
      resistor connected in parallel with each other;
PA1  a voltage source for applying a voltage to said amplifier circuit;
PA1  a charging and discharging circuit connected between ground and the control
      electrode of said switching transistor, and
PA1  a momentary switch means connected between said voltage source and said
      charging and discharging circuit such that when said switch is means
      momentarily closed said charging and discharging circuit charges which
      causes said switching transistor to conduct and supply negative feedback
      to said driving transistor to turn it off and when said switch opens after
      closing said charging and discharging circuit discharges for a period of
      time after which said switching transistor is turned off which turns said
      driving transistor on to supply power to said output means.
NUM  2.
PAR  2. A control circuit for use with an amplifier as claimed in claim 1,
      wherein said signal source includes a circuit which converts a radio
      frequency signal to an audio frequency signal, and wherein said output
      means is a loudspeaker which converts said audio frequency signal to
      sound.
NUM  3.
PAR  3. A control circuit for use with an amplifier as claimed in claim 1, which
      further comprises a timer, a first power source switch, a timer switch in
      series with said first power source switch and the combination connected
      between said voltage source and said momentary switch means, and said
      timer switch being controlled by said timer at a predetermined time.
NUM  4.
PAR  4. A control circuit for use with an amplifier as claimed in claim 3, which
      further comprises a second power switch connected in parallel with said
      first power switch and said timer switch.
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ABST
PAL  A multiband radio transceiver capable of operating in the CW, USB, and LSB
      modes is disclosed including a dual conversion receiver having digital
      apparatus for displaying the carrier frequency of the signal to which the
      transceiver is tuned. A mixer is included for deriving a premix signal
      related in frequency to the frequencies of two local oscillator signals.
      The display apparatus includes a counter for counting the frequency of the
      premix signal. In order to provide a direct display of the tuned signal
      carrier frequency, a number which varies according to the intermediate
      frequency of the signal to which the transceiver is tuned is loaded into
      the counter prior to occurrence of the counting operation. Apparatus is
      provided for loading the proper number into the counter in accord with the
      operating mode of the transceiver.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to frequency measuring apparatus and, in
      particular, relates to apparatus for indicating the frequency of operation
      of radio apparatus capable of operation in multiple modes and of radio
      apparatus using multiple frequency conversion and, in greater particular,
      relates to apparatus for providing a direct visual indication of the
      carrier frequency of the signal to which a multiple mode radio apparatus
      is tuned.
PAR  The desirability of apparatus for providing a direct, digital, visual
      indication of the signal to which a radio receiver is tuned is well known
      in the art. Such tuning indicators have the capability of being very
      accurate and dispensing with the calibration, alignment, and stability
      problems associated with traditional dial plate tuning indicators. An
      example of the digital tuning indicators provided by the prior art
      together with a more complete discussion of the advantages of digital
      tuning indicators may be found in U.S. Pat. No. 3,758,853 to W. R. Dionne,
      et al., which issued on Sept. 11, 1973. Another digital tuning indicator
      of the prior art forms the subject matter of U.S. Pat. No. 3,244,983 to R.
      J. Ertman which issued on Apr. 5, 1966. A radio receiver capable of
      receiving signals on the broadcast AM and FM frequency bands and including
      a digital frequency indicating apparatus was manufactured by The Magnavox
      Company, Fort Wayne, Indiana, under the chassis number R247 and is
      described in its service manual 1490.
PAR  However, the digital tuning indicators of the prior art have had various
      disadvantages associated therewith. Many of those indicators have been
      excessively complex in design and construction and have been excessively
      costly. Many of the digital indicators of the prior art have not been
      sufficiently accurate to meet present day requirements. Some of the
      digital tuning indicators of the prior art, such as that mentioned in the
      above-noted patent to Ertman, have not been capable of use in
      multi-conversion radio apparatus. Some of the digital tuning indicators of
      the prior art have not been capable of use in multi-mode radio apparatus
      wherein the same tuning apparatus is used to tune signals having a
      plurality of different modes. Some of the digital tuning indicators of the
      prior art have relied for their operation on the generation of signals at
      frequencies which degraded the operation of the apparatus. As an example
      of the last-mentioned disadvantage, it has been found to be particularly
      disadvantageous in radio receiver digital tuning indicators to make use of
      a signal at the frequency of the signal being received as such a signal
      interferes with and degrades reception of the received signal.
PAC  SUMMARY OF THE INVENTION
PAR  A digital, direct reading tuning indicator for a multi-conversion,
      multi-mode radio apparatus is provided by this invention which comprises
      apparatus for forming a signal having a frequency related to the
      frequencies of the local oscillator signals used in the apparatus, a
      digital counter for counting the frequency of that signal, and apparatus
      for altering the count obtained by the digital counter by variable amounts
      dependent upon the mode of operation of the apparatus.
PAR  Accordingly, it is an object of this invention to provide a digital, direct
      reading tuning indicator for multi-mode and multi-conversion radio
      apparatus.
PAR  It is an object of this invention to provide such a tuning indicator which
      is capable of high degrees of accuracy.
PAR  It is an object of this invention to provide such a tuning indicator which
      does not undesirably degrade the performance of the remainder of the radio
      apparatus.
PAR  It is an object of this invention to provide such a tuning apparatus which
      indicates the carrier frequency of the signal to which the radio apparatus
      is tuned and may simply and conveniently be altered to provide that
      indication upon changes in the mode of the tuned signal.
PAR  It is an object of this invention to provide such a tuning apparatus which
      indicates the carrier frequency of the signal to which the radio apparatus
      is tuned and may simply and conveniently be altered to provide that
      indication upon changes in the mode of operation of the apparatus.
PAR  It is an object of this invention to provide such a tuning apparatus which
      is characterized by simplicity in design, economy of construction, and
      ease in operation.
PAR  Further objects and advantages of this invention will be evident from the
      following specification and claims and the attached drawing and will be
      apparent to those skilled in the art.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of a multi-band, multi-conversion, multi-mode
      radio transceiver incorporating one embodiment of this invention;
PAR  FIG. 2 is a detailed, schematic diagram of a portion of the apparatus of
      FIG. 1; and
PAR  FIG. 3 is a series of waveforms for use in explaining the operation of the
      apparatus of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiment of this invention will now be described with
      reference to FIGS. 1-3 of the drawing. It will be apparent to those
      skilled in the art that this invention is of much broader application than
      the single embodiment shown in the drawing.
PAR  There is disclosed in FIG. 1 in block diagram form a radio transceiver 8
      including a double conversion superheterodyne receiver 10 and having a
      frequency measuring apparatus of the present invention. The transceiver 8
      is capable of receiving and transmitting signals in a plurality of
      different frequency bands and in either the continuous wave (CW), upper
      sideband (USB), or lower sideband (LSB) modes. The receiver 10 includes an
      antenna 12 coupled to an input of a bandpass filter 14 which, in turn, has
      its output coupled to an input of a first mixer 16. The bandpass filter 14
      is relatively broadly tuned so that it is effective to pass all signals
      received within one of the frequency bands of operation of receiver 10.
      Further, the tuning of that filter may be altered so that its passband
      corresponds to the different frequency bands of receiver 10. An output of
      a high frequency oscillator 18 (HFO) is coupled to a second input of first
      mixer 16. The frequency of operation of HFO 18 may be altered in accord
      with the frequency band to which the receiver is tuned but is chosen to be
      above all the frequencies in the corresponding band. The first mixer
      heterodynes the received RF signals with the output signal of the HFO 18
      and produces signals at frequencies equal to the sum and differences of
      the frequency of the HFO and the frequencies of the RF signals applied
      thereto by bandpass filter 14. The output of first mixer 16 is applied
      through a bandpass filter 20 to an input of a second mixer 22. Bandpass
      filter 20 selects the difference frequency signals present in the output
      of first mixer 16 and attenuates the sum frequency signals.
PAR  The output of a variable frequency oscillator 24 (VFO) is applied to a
      second input of second mixer 22. The operating frequency of oscillator 24
      is below the frequencies of the signals in the output of bandpass filter
      20 and is continuously and manually variable over a predetermined
      frequency range. The second mixer 22 heterodynes the output signals of
      bandpass filter 20 with the output signal of the VFO 24 and produces
      signals at frequencies equal to the sum and differences of the frequency
      of the VFO and the frequencies of the signals at the output of bandpass
      filter 20. The output of second mixer 22 is applied through a bandpass
      filter 26 to a detector 25. The bandpass filter 26 selects the difference
      frequency signals present in the output of second mixer 22 and attentuates
      the sum frequency signals. The passband of filter 26 is relatively narrow
      and, in particular, is of a width comparable to the width of the frequency
      spectrum occupied by a single received RF signal.
PAR  A beat frequency oscillator 27 (BFO) having its output coupled to a second
      input of detector 25 is provided. The frequency of the BFO for USB and LSB
      signals is the frequency corresponding to the carrier of the received
      signal and for CW signals is at a frequency slightly offset from the
      frequency corresponding to the carrier of the received signal. Detector 25
      heterodynes the signals applied thereto from bandpass filter 26 and BFO 27
      to obtain an audio signal which is amplified by an audio signal amplifier
      28 and reproduced by a speaker 30.
PAR  Apparatus is also included within transceiver 8 for controlling the band
      and mode of operation thereof. A band selector apparatus 32 is provided
      which is operative to simultaneously control the frequency range to which
      bandpass filter 14 is tuned and the frequency of the HFO 18. A mode
      selector apparatus 34 is provided which is operative to alter the
      frequency of operation of BFO 27 in accord with the mode of operation of
      the transceiver, i.e., in accord with whether it is being used as a
      transmitter or receiver and whether with USB, LSB, or CW signals.
PAR  The components of the apparatus of FIG. 1 as thus far described are well
      known and need not be further discussed here. The construction of
      apparatus to perform the required functions will be obvious to those
      having ordinary skill in the art.
PAR  Turning now to the features of this invention, the transceiver 8
      additionally includes a mixer 36 having a first input coupled to the
      output of HFO 18 and a second input coupled to the output of VFO 24. Mixer
      36 is operative to produce signals at frequencies equal to the sum and
      difference of the frequencies of the signals applied to the inputs
      thereof. The output of mixer 36 is applied through a bandpass filter 38 to
      a counter 40. The bandpass filter 38 selects the difference frequency
      signal and attenuates the sum frequency signal and produces at its output
      a signal hereinafter referred to as the "premix" signal. The center
      frequency of bandpass filter 38 may be altered in accord with the band to
      which the receiver 10 is tuned and is coupled to band selector apparatus
      32 for this purpose. Counter 40 counts the number of cycles occurring
      during a fixed period of time in the premix signal. The output of the
      counter is coupled to a display apparatus 42 which gives a visual
      indication of the count achieved by counter 40 and, thus, of the carrier
      frequency of the signal received by the receiver 10. A counter programmer
      44 is provided which is coupled to both the mode selector apparatus 34 and
      counter 40. The counter programmer 44 programs the operation of counter 40
      so that display apparatus 42 provides a direct visual reading of the
      frequency of the signal received by the receiver. The programming is
      achieved by setting a predetermined number into counter 40 prior to the
      commencement of the counting period. That preset number is altered in
      accord with the nature of the tuned signal, i.e., CW, USB, or LSB, and for
      CW signals, according to whether the transceiver is being used as a
      transmitter or a receiver. The coupling between the mode selector
      apparatus 34 and counter programmer 44 effects this alteration. The
      construction of apparatus to perform the functions of mixer 36 and
      bandpass filter 38 will also be apparent to those skilled in the art and,
      accordingly, those circuits will not be further discussed here. The
      construction and operation of counter 40, display apparatus 42, and
      counter programmer 44 will be futher discussed in relation to FIG. 2.
PAR  Also included within the transceiver 8 of FIG. 1 is apparatus 45 to perform
      the transmit function. That apparatus includes a modulator 46 having a
      first input coupled to the output of BFO 27 and a second input coupled to
      a microphone for receiving audio speech signals. Modulator 46 is also
      coupled to the mode selector apparatus 34. The modulator 46 is such that
      when the mode selector apparatus selects either the USB or LSB modes, the
      modulator produces at an output a double sideband, suppressed carrier
      signal on the appropriate sideband with the frequency of the suppressed
      subcarrier being the frequency of the output of BFO 27. When the mode
      selector apparatus 34 selects the CW mode, modulator 46 produces at its
      output a signal at the frequency of the output of BFO 27. The output of
      modulator 46 is applied through a bandpass filter 47 to remove the
      undesired sideband in the USB or LSB modes. The output of bandpass filter
      47 is applied to a first input of a mixer 48 while the output of bandpass
      filter 38 is coupled to a second input of that mixer. Mixer 48 produces at
      its output signals at frequencies equal to the sum and difference of the
      frequencies of the signals applied to the inputs thereof. The output of
      mixer 48 is applied through a bandpass filter 49 to the input of a radio
      frequency amplifier 50. The bandpass filter 49 selects the sum frequency
      signals in the output of mixer 48 and attenuates the difference frequency
      signals. The center frequency of bandpass filter 49 may be altered in
      accord with the band to which the receiver 10 is tuned and is coupled to
      band selector apparatus 32 for this purpose. Radio frequency amplifier 50
      amplifies the signal at its input, which amplified signal is applied
      through a low-pass filter 51 to antenna 12. A key is associated with
      amplifier 50 for controlling the presence of a signal at the output of
      amplifier 50 during the transmission of CW signals. Low-pass filter 51
      attenuates undesirable high frequency components which may be present in
      the output of radio frequency amplifier 50. The upper cutoff frequency of
      low-pass filter 51 may be altered in accord with the band to which the
      receiver 10 is tuned and is coupled to band selector apparatus 32 for this
      purpose. It will also be necessary to include within transceiver 8
      circuitry for coordinating the operation of the receiver 10 and
      transmitter 45 portions and so that, in particular, the output of low-pass
      filter 51 is not applied directly to the input of bandpass filter 14 when
      radio frequency amplifier 50 is operative. Both the function and
      construction of such circuitry will be readily apparent to those skilled
      in the art and need not be further discussed here. Similarly, the
      construction of apparatus to perform the required function of the other
      components of the transmitter 45 will be readily apparent to those skilled
      in the art and need not be further discussed here.
PAR  One transceiver 8 of this invention was constructed which was capable of
      both transmitting and receiving signals on the 80, 40, 20, 15, and 10
      meter amateur radio bands and also of receiving signals on the 15.0 to
      15.5 MHz band for reception of signals broadcast by WWV, a radio station
      operated by the U.S. Government and broadcasting standard radio, audio,
      and time signals. The frequencies of the tuned radio signals and the
      corresponding frequency of operation of HFO 18 and the passband of
      bandpass filter 38 are listed as follows:
TBL          Signal      HFO        BPF                                        
     Band    Frequencies 18 Frequency                                          
                                    38 Passband                                
     ______________________________________                                    
     80 Meters                                                                 
              3.5-4.0  MHz                                                     
                         12.395 MHz  6.895-7.395 MHz                           
     40 Meters                                                                 
              7.0-7.5  MHz                                                     
                         15.895 MHz 10.395-10.895 MHz                          
     WWV     15.0-15.5 MHz                                                     
                         23.895 MHz 18.395-18.895 MHz                          
     20 Meters                                                                 
             14.0-14.5 MHz                                                     
                         22.895 MHz 17.395-17.895 MHz                          
     15 Meters                                                                 
             21.0-21.5 MHz                                                     
                         29.895 MHz 24.395-24.895 MHz                          
     10 Meters                                                                 
             28.0-28.5 MHz                                                     
                         36.895 MHz 31.395-31.895 MHz                          
     10 Meters                                                                 
             28.5-29.0 MHz                                                     
                         37.395 MHz 31.895-32.395 MHz                          
     10 Meters                                                                 
             29.0-29.5 MHz                                                     
                         37.895 MHz 32.395-32.895 MHz                          
     10 Meters                                                                 
             29.5-30.0 MHz                                                     
                         38.395 MHz 32.895-33.395 MHz                          
     ______________________________________                                    
PAL  In that transceiver, the passband of filter 20 is approximately 8.395-8.895
      MHz, the range of operation of VFO 24 is 5.0-5.5 MHz, the center frequency
      of filters 26 and 47 are 3.395 MHz and their passbands are approximately
      2.1 kHz, and the frequency of operation of BFO 27 is 3.3936 MHz for LSB
      signals, 3.3964 MHz for USB signals, and 3.3964 MHz for CW signals in the
      receive mode and 3.3957 of CW signals in the transmit mode. As previously
      mentioned, in order to generate an audio tone for reception of CW signals,
      the frequency of the BFO must be offset from the CW carrier frequency by
      about 700 Hz. With this selection of BFO frequencies, the frequency used
      for USB signals, 3.3964 MHz, may also be used for reception of CW signals
      at 700 Hz removed therefrom, i.e., signals appearing at 3.3957 MHz in the
      output of bandpass filter 26. However, BFO 27 operates at the
      corresponding carrier frequency of 3.3957 MHz during transmission of CW
      signals so that the output of the transmitter will be at the same
      frequency as the received signal.
PAR  Turning now to FIG. 2 of the drawing, there is disclosed therein apparatus
      for performing the function of counter 40, display 42, and counter
      programmer 44 of the apparatus of FIG. 1 making use of the frequencies
      referred to in the immediately preceding paragraph. In the following
      description of that apparatus a convention will be used wherein a positive
      voltage represents a logic level 1 signal and a ground level voltage
      represents a logic level 0 signal. The premix signal from bandpass filter
      38 is applied through a capacitor 53 to the base of an NPN transistor 54.
      That base is coupled to a positive voltage supply V through a resistor 55
      and to a circuit ground through a resistor 56. The collector of transistor
      54 is coupled to positive voltage supply V through a resistor 57.
      Transistor 54 and its associated components form an amplifier for the
      premix signal. The output of that amplifier is taken from the collector of
      transistor 54 and applied to the toggle input T of a first clocked
      flip-flop 59. The output of flip-flop 59 is, in turn, applied to the
      toggle input T of a second clocked flip-flop 61. Flip-flops 59 and 61 are
      such that their outputs change states in response to the signals at their
      inputs only when a logic level 1 signal is applied to the clock input
      thereof. They are also such that they may be reset so their outputs are at
      logic level 0 when a logic level 0 signal is applied to reset inputs R
      thereof. Flip-flops 59 and 61 serve to divide the frequency of the premix
      signal by four and, thus, reduce the frequency response requirements of
      the following circuit elements.
PAR  The output of flip-flop 61 is coupled to the count input C of a first
      presettable decade counter 58. The counter 58 has four outputs Q1, Q2, Q4,
      and Q8, having the binary values 1, 2, 4, and 8, respectively, associated
      therewith and four inputs P1, P2, P4, and P8 also having the binary values
      1, 2, 4, and 8, respectively, associated therewith. A count/load input C/L
      is provided. The counter 58 is such that when the count/load input is at
      logic level 1, each negative going pulse from logic level 1 to logic level
      0 applied to the count input will cause the number represented by the
      outputs Q1, Q2, Q4, and Q8 to advance by one, until reaching the count of
      nine when the counter will return to zero, but when the count/load input
      is at logic level 0, the binary number represented by the inputs P1, P2,
      P4, and P8 will be set into the counter and appear on the counter outputs.
      For inputs P1, P2, P4, and P8, an unconnected or isolated input is the
      equivalent of a logic level 1 signal.
PAR  The circuit of FIG. 2 includes four additional decade counters 60, 62, 64,
      and 66 identical to counter 58. Output Q8 of counter 58 is coupled to the
      count input of counter 60 and, similarly, the outputs Q8 of counters 60,
      62, and 64 are each coupled to the count inputs of counters 62, 64, and
      66, respectively. The Q8 output of each counter has a negative going
      transition from logic level 1 to logic level 0 only when the state of that
      counter passes from nine to zero so that each counter 60, 62, 64, and 66
      advances one count when the preceding counter 58, 60, 62, and 64,
      respectively, has counted ten pulses. Thus, the decade counters 58, 60,
      62, 64, and 66 produce at their outputs in binary coded decimal form a
      count of the pulses applied to the count input of counter 58.
PAR  Five 4-bit latch memories 68, 70, 72, 74, and 76 are provided, each having
      four inputs D1, D2, D3, and D4 and four corresponding outputs 01, 02, 03,
      and 04, respectively. Each four-bit latch memory includes a clock input CP
      and is such that when the clock input is at logic level 1, the signals
      present at the output are the same as the signals present at the
      corresponding inputs, but when the clock input is at logic level 0, the
      signals present at the outputs remain fixed no matter what the state of
      the signals at the input. Outputs Q1, Q2, Q4, and Q8 of decade counter 58
      are coupled to inputs D1, D2, D3, and D4, respectively, of 4-bit latch
      memory 68 and the outputs of counters 60, 62, 64, and 66 are similarly
      coupled to the inputs of four-bit latch memories 70, 72, 74, and 76,
      respectively.
PAR  The outputs of the four-bit latch memories are each coupled to
      corresponding inputs of binary-coded-decimal to seven-segment converters
      78, 80, 82, 84, and 86, respectively. Each of the converters has four
      inputs R1, R2, R4, and R8 having binary values 1, 2, 4, and 8,
      respectively, associated therewith and 7 outputs A, B, C, D, E, F, and G.
      The converters are operative to convert the number represented in binary
      form at their inputs into seven signals operative to drive a seven-segment
      digit display. Five seven-segment digit displays 88, 90, 92, 94, and 96
      are provided each appropriately coupled to a corresponding converter 78,
      80, 82, 84, and 86. Only the connections between converter 78 and digit
      display 88 are shown in FIG. 2 for economy of drawing, but the remaining
      digit displays are similarly connected to their corresponding converters.
      Each of the digit displays 88, 90, 92, 94, and 96 includes an anode
      element coupled through a resistor 98, 100, 102, 104, and 106,
      respectively, to a source of relatively high positive voltage B. Digit
      display 90 may also include an element for displaying a decimal point
      which is coupled to circuit ground through a resistor 108. In the total
      display provided by digit displays 88, 90, 92, 94, and 96, the digit
      represented by display 88 is the least significant, that by display 90 the
      next most significant, and so on with the digit of display 96 being the
      most significant. Additionally, another binary-coded-decimal to
      seven-segment converter 110 and another seven-segment digit display 112
      identical to the other converters and displays are provided. Converter 110
      and display 112 are interconnected just as are converter 78 and display
      88. The anode of display 112 is coupled through a resistor 114 to positive
      voltage supply B. Converter 110 has a blanking input B which, when a logic
      level 1 signal is applied thereto, insures that no digit is shown on
      display unit 112 no matter what signals are present at inputs R1, R2, R4,
      and R8. Inputs B, R1, and R2 are coupled to circuit points 116, 118, and
      120, respectively, which, in turn, are coupled to the band selector
      apparatus 32 for reasons which will subsequently be made apparent.
PAR  The apparatus of FIG. 2 also includes timing circuitry for timing the
      operation of the counters and latch memories. The timing circuitry
      includes an oscillator operating at 1 MHz. The oscillator is comprised of
      a first NAND gate 122, a second NAND gate 124, and a 1 MHz crystal 126.
      The output of gate 122 is coupled through the parallel combination of a
      resistor 128 and a capacitor 130 to positive voltage supply V, through a
      resistor 132 to each of the inputs thereof, and to each of the inputs of
      gate 124. The output of gate 124 is coupled to positive voltage supply V
      through a resistor 134 and through the parallel combination of a capacitor
      136 and a variable capacitor 138 to a first terminal of crystal 126. The
      second terminal of crystal 126 is coupled to the inputs of gate 122. The
      output of the oscillator is taken from the output of gate 124 and applied
      to a clock input CP of a decade counter 140 having an output Q. Three
      additional decade counters 142, 144, and 146 are provided each having a
      clock input CP coupled to the output Q of the preceding counter 140, 142,
      and 144, respectively. Each of the decade counters is used to provide a
      divide-by-10 function so that they produce at their outputs a signal at
      one-tenth the frequency of the signal applied to their clock inputs. Thus,
      the signals at the Q outputs of counters 140, 142, 144, and 146 are at 100
      kHz, 10 kHz, 1 kHz, and 100 Hz, respectively. Three flip-flops 148, 150,
      and 152 are also provided each having a toggle input T and two outputs Q
      and Q. The toggle input T of flip-flop 148 is coupled to the Q output of
      decade counter 146 while the toggle inputs of flip-flops 150 and 152 are
      coupled to the Q outputs of the preceding flip-flops 148 and 150,
      respectively. The flip-flops each provide a divide-by-2 function and
      provide a signal at their outputs at one-half the frequency of the signal
      applied to their inputs. Thus, the signals at the outputs of flip-flops
      148, 150, and 152 are at 50 Hz, 25 Hz, and 12.5 Hz, respectively. Of
      course, the signal at the Q output of each flip-flop is merely the signal
      at the Q output but inverted.
PAR  The appropriate timing signals are derived from the outputs of decade
      counter 146 and flip-flops 148, 150, and 152. Output Q of flip-flop 152 is
      coupled to the clock inputs of flip-flops 54 and 56. Thus, output Q of
      flip-flop 152 is used to gate the passage of the premix signal from the
      amplifier including transistor 54 to the counter 58. A four-input NAND
      gate 154 is provided having first through fourth inputs coupled to the Q
      outputs of flip-flops 148, 150, and 152, and the Q output of decade
      counter 146. The output of gate 154 is coupled to the two inputs of a
      two-input NAND gate 156 which, in turn, has its output coupled to the
      clock inputs CP of each of the four-bit latch memories 68, 70, 72, 74, and
      76. A four-input NAND gate 158 is provided having a first input coupled to
      the Q output of flip-flop 152, a second input coupled to the Q output of
      flip-flop 150, and third and fourth inputs coupled to the Q output of
      flip-flop 148. The output of gate 158 is coupled to the reset inputs of
      flip-flops 59 and 61. Finally, a two-input NAND gate 160 is provided
      having first and second inputs coupled to the Q and Q outputs of
      flip-flops 150 and 152, respectively, and an output coupled to the
      count/load inputs C/L of each of decade counters 58, 60, 62, 64, and 66.
PAR  The operation of the timing circuitry will be explained with reference to
      FIG. 3. In that figure, seven waveforms labelled A-E are shown
      representing the signals appearing at the correspondingly labelled
      locations in FIG. 2. The waveforms A-D represent the signals at the Q
      outputs of decade counter 146 and flip-flops 148, 150, and 152,
      respectively. The logic level 1 portions of waveform D are used to gate
      the divided down premix signal to the input of decade counter 58 and,
      accordingly, are labelled "gate" in FIG. 3. The signal at the output of
      gate 156 is shown at waveform E. As will be apparent from FIG. 2, it may
      be represented in logic notation as A.B.C.D. The logic level 1 portions of
      waveform E are used to transfer the information present at the inputs of
      the four-bit latch memories 68, 70, 72, 74, and 76 to the corresponding
      outputs and, accordingly, are labelled "transfer" in FIG. 3. The signal at
      the output of gate 158 is shown at waveform F and may be represented as
      B.C.D. The logic level 1 portions of waveform F are used to reset
      flip-flops 59 and 61 so that each of their outputs Q are at logic level O
      at the commencement of a gate signal and, accordingly, are labelled
      "reset" in FIG. 3. The signal at the output of gate 160 is shown at
      waveform G and may be represented as C.D. The logic level 1 portions of
      waveform G are used to preset a given count into decade counters 58, 60,
      62, 64, and 66 prior to the commencement of a gate signal and,
      accordingly, are labelled "preset" in FIG. 3.
PAR  As shown in FIG. 3, the sequence of operation is as follows. First, the
      flip-flops 59 and 61 are reset and a predetermined count set into decade
      counters 58, 60, 62, 64, and 66. Second, the divided down premix signal is
      gated to counter 58 so that it and the succeeding counters count the
      premix signal during the count interval, which count is applied to the
      inputs of the four-bit latch memories 68, 70, 72, 74, and 76. Third, after
      the termination of the gate signal, the count on the decade counters 58,
      60, 62, 64, and 66 is transferred to the outputs of four-bit latch
      memories 68, 70, 72, 74, and 76. That transferred count is displayed on
      the digit displays 88, 90, 92, 94, and 96. Moreover, the digits displayed
      remain the same until after the completion of the next gate signal.
PAR  In order to preset a count into decade counters 58, 60, 62, 64, and 66, the
      P8 input of counters 58 and 60, the P1, P2, P4, and P8 inputs of counter
      62, the P1 and P8 inputs of counters 64 and 66, and the P8 inputs of
      counters 58 and 60 are all coupled to ground. The P1, P2, and P4 inputs of
      decade counter 58 and the P1, P2, and P4 inputs of decade counter 60 are
      coupled to ground through resistors 162, 164, 166, 168, 170, and 172,
      respectively. A circuit point 174 is coupled to the anodes of diodes 176,
      178, and 180 having their cathodes individually coupled to the P4 input of
      counter 58 and the P2 and P4 inputs of counter 60, respectively. A circuit
      point 182 is coupled to the anodes of diodes 184, 186, 188, and 190 having
      their cathodes individually coupled to the P2 and P4 inputs of counter 58
      and the P1 and P2 inputs of counter 60, respectively. A circuit point 192
      is coupled to the anodes of diodes 194, 196, and 198 having their cathodes
      individually coupled to the P1 and P2 inputs of counter 58 and the P4
      input of counter 60, respectively. Circuit points 174, 182, and 192 are
      coupled to the mode selector apparatus 34. Logic level 0 signals are
      applied to each of circuit points 174, 182, 192 except that when the
      transceiver is in the LSB mode, a logic level 1 signal is applied to
      circuit point 174, and, similarly, when the transceiver is in the USB and
      CW modes, logic level 1 signals are applied to circuit points 182 and 192,
      respectively.
PAR  It will be apparent that when the decade counters 58, 60, 62, 64, and 66
      are preset, a count of zero is placed in counter 62 and counts of 6 are
      placed into both counters 64 and 66. If, for example, the receiver is in
      the LSB mode, a count of 4 is set into counter 58 and a count of 6 is set
      into counter 60. Thus the number preset into the counters is 66064. In the
      USB and CW modes, the numbers preset into the counters are 66036 and
      66043, respectively.
PAR  As mentioned, the frequency of HFO 18 for any band of the transceiver 8 is
      above the frequency of any signal in that band. Further, the frequency of
      VFO 24 is always below the frequencies of the signals present in the
      output of bandpass filter 20. Thus, in the LSB and USB modes and the
      CW-transmit mode the carrier frequency of the tuned signal is equal to the
      frequency of the HFO 18 less the frequency of the VFO 24 less the
      frequency of the BFO 27. The premix signal which is applied to the input
      of counter 40 has a frequency equal to the frequency of the HFO less the
      frequency of the VFO. Thus, the carrier frequency of the tuned signal is
      equal to the frequency of the premix signal less the frequency of BFO 27.
      In order to achieve a direct display of the carrier frequency of the tuned
      signal, it is required that the frequency of the premix signal be counted
      but that the counter initially be programmed to a number below zero
      corresponding to the frequency of BFO 27.
PAR  In the CW-receive mode the situation is slightly different. There the BFO
      frequency must be offset from the frequency corresponding to the carrier
      frequency by approximately 700 Hz and the carrier frequency of the tuned
      signal is equal to the frequency of the premix less the difference of the
      frequency of BFO 27 and 700 Hz. Thus, to achieve a direct display of the
      tuned signal carrier frequency, the counter must be initially programmed
      to a number below zero corresponding to the frequency of BFO 27 less 700
      Hz. For the BFO frequencies mentioned above, the frequency of BFO 27
      during the CW-receive mode, 3.3964 MHz, less 700 Hz is 3.3957 MHz and is
      equal to the BFO frequency used during the CW-transmit mode. Thus, the
      number programmed into the counters will be the same for both the
      CW-transmit and the CW-receive modes despite the use of different BFO
      frequencies on those two modes.
PAR  From the discussion in the preceding two paragraphs it is apparent that the
      number which is programmed into the counters is related to the
      intermediate frequency of the transceiver for the corresponding mode of
      operation. The intermediate frequency is that frequency which corresponds
      to the carrier frequency of the signals present at the outputs of bandpass
      filters 26 and 47 in the transceiver 8. In particular, even though
      different BFO frequencies are used in the CW-transmit and CW-receive
      modes, the intermediate frequencies on those two modes are the same and
      the same number is programmed into the counters for operation in those two
      modes.
PAR  In the apparatus of FIG. 2, the frequency of the gate signal is 12.5 Hz and
      it has a duration of one-half the period of the 12.5 Hz signal or 0.04
      sec. Further, the frequency of the premix signal is divided by 4 before it
      is applied to counter 58. Thus, if the counters 58, 60, 62, 64, and 66
      were preset to zero prior to the commencement of each gate pulse, the
      digit displays 88, 90, 92, 94, and 96 would display five significant
      digits of the premix signal frequency, digit 88 being the least
      significant of the five digits displayed and representing 0.1 kHz and
      digit 96 being the most significant of the five digits displayed and
      representing 1,000 kHz. However, as mentioned in the apparatus of FIG. 2,
      the counters 58, 60, 62, 64, and 66 are set to a count below zero which
      varies according to the mode of operation of the transceiver. For example,
      in the LSB mode on either transmit or receive, the counters are preset to
      66064 so that a count of the BFO frequency, 3393.6 kHz, will set each of
      the counters 58, 60, 62, 64, and 66 to zero and the total count achieved
      by the counters during a single gate pulse and displayed on the digit
      displays will be equal to five significant digits of the carrier frequency
      of the received signal. Digit 88 will be the least significant of the five
      digits displayed and represent 0.1 kHz and digit 96 will be the most
      significant of the digits displayed and represent 1,000 kHz. The decimal
      point included in digit display 90 places the decimal between the digits
      of displays 88 and 90 so that the overall display provided by digits 88,
      90, 92, 94, and 96 is in kHz. Digit display 112 provides a sixth
      significant digit in the display of the received carrier frequency in
      representing 10,000 kHz. That digit could be generated through the use of
      an additional decade counter coupled to counter 66 and an additional
      four-bit latch memory coupled to the additional decade counter and the
      binary-coded-decimal to seven-segment converter 110. However, in the
      disclosed receiver, the value of the sixth significant digit is determined
      by the frequency band to which the receiver is tuned by band selector
      apparatus 32. Thus, circuit points 116, 118, and 120 are coupled to the
      band selector apparatus 32 so that digit display 112 is blank when the
      receiver is tuned to the 80 and 40 meter bands, so that it displays the
      numeral 1 when the receiver is tuned to the WWV and 20 meter bands, and so
      that it displays the numeral 2 when the receiver is tuned to the 15 and 10
      meter bands.
PAR  In one operative embodiment of a transceiver of this invention, the
      components used are more fully identified as follows:
TBL  46                   36 pfd.                                              
     50                   2N2369                                               
     51                   3,900 ohms                                           
     52, 53               1,000 ohms                                           
     54, 56               SN74H103                                             
     58, 60, 62, 64, 66   74196                                                
     68, 70, 72, 74, 76   SN7475N                                              
     78, 80, 82, 84, 86, 110                                                   
                          DM-8880                                              
     122, 124, 156, 160   SN7400N                                              
     128, 134             680 ohms                                             
     130                  0.005 mfd.                                           
     132                  150 ohms                                             
     136                  5 pfd.                                               
     138                  2-8 pfd.                                             
     140, 142, 144, 146   SN7490N                                              
     148,150, 152         SN7473N                                              
     154, 158             SN7420N                                              
     162, 164, 166, 168, 170,                                                  
                          220 ohms                                             
     172                                                                       
     176, 178, 180, 184, 186,                                                  
                          1N4149                                               
     188, 190, 194, 196, 198                                                   
PAL  In FIG. 2, the required power supply and ground connections to many of the
      circuit elements have not been shown. However, the manner in which they
      are supplied will be apparent to those skilled in the art. In constructing
      an apparatus of FIG. 2 if a common power supply is used as positive
      voltage source V, it is desirable to include means for blocking the flow
      of high frequency signals between the various components through the power
      supply connections.
PAR  It will be apparent that the display apparatus of this invention may
      readily be adapted for other modes of operation of the transceiver 8. For
      example, if that transceiver were operative in the amplitude modulation
      (AM) mode, in order to obtain a correct indication of the carrier
      frequency of the tuned signal, it would merely be necessary to program a
      count into the counters 58-66 which is less than zero by an amount
      corresponding to the center frequency of bandpass filter 26, that
      frequency then being the intermediate frequency of receiver 10. In the AM
      mode, of course, BFO 27 would not be required for the operation of
      receiver 10 but only for transmitter 45.
PAR  It will thus be seen that frequency measuring and indicating apparatus have
      been provided which fulfill each of the aforementioned objects. In
      particular, the disclosed apparatus provides a direct reading, visual
      frequency indicator which is operable with multi-frequency conversion
      radio apparatus capable of tuning signals in a plurality of different
      modes. The disclosed apparatus is economical in that relatively
      inexpensive and readily available components are used to provide the
      desired display. The disclosed apparatus is highly accurate in that it
      compensates for unintentional variations in the frequencies of both the
      local oscillators, high frequency oscillator 18 and variable frequency
      oscillator 24, such as might be caused by drift, operating temperature
      variations, component aging, power supply fluctuations, etc. In this
      connection, it should be noted that in most modern day, high quality
      receivers, the beat frequency oscillator is crystal controlled so that
      variations in its operating frequency are of relatively minor importance
      compared to variations in the frequency of the local oscillators.
PAR  Further, the accuracy of the disclosed apparatus is improved because even
      though it is used with a multi-conversion radio apparatus, it is only
      required to perform a single counting operation each time the tuned
      frequency is measured. This permits two ways in which the accuracy of the
      apparatus may be improved. The length of the counting period may be
      increased or the measuring apparatus may be performed at a faster rate.
      The second manner is especially advantageous when the frequency of the
      tuned signal is changing rapidly, especially during periods when the
      associated apparatus is initially warming up.
PAR  While particular embodiments of the invention have been disclosed herein,
      it will be understood, of course, that the invention is not to be limited
      thereto since many modifications may be made. It is contemplated,
      therefore, by the appended claims, to cover any such modifications as fall
      within the true spirit and scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A digital tuning indicator for use with a multi-conversion radio
      apparatus including a plurality of local oscillators, said indicator
      comprising:
PA1  mixing means coupled to each of said local oscillators and forming a premix
      signal having a frequency responsive to the frequencies of operation of
      said local oscillators;
PA1  counting means coupled to the output of said mixing means and forming a
      count responsive to the number of cycles of said premix signal occurring
      over a period of predetermined length;
PA1  display means coupled to said counting means for displaying the count
      achieved by said counting means at the end of said period; and
PA1  programming means coupled to said counting means for altering the count
      attained on said counting means by an amount related to an intermediate
      frequency of said radio apparatus.
NUM  2.
PAR  2. The digital tuning indicator of claim 1 wherein said programming means
      further loads a count into said counting means related to an intermediate
      frequency of said apparatus prior to the commencement of said period.
NUM  3.
PAR  3. A digital tuning indicator for use with a multiconversion radio
      apparatus having a single apparatus for tuning signals of a plurality of
      modes and including a plurality of local oscillators, said indicator
      comprising:
PA1  mixing means coupled to each of said local oscillators and forming a premix
      signal having a frequency responsive to the frequencies of operation of
      said local oscillators;
PA1  counting means coupled to the output of said mixing means and forming a
      count responsive to the number of cycles of said premix signal occurring
      over a period of predetermined length;
PA1  display means coupled to said counting means for displaying the count
      achieved by said counting means at the end of said period; and
PA1  programming means coupled to said counting means for altering the count
      attained on said counting means by an amount variable in response to
      alterations in the mode of said tuned signal.
NUM  4.
PAR  4. A radio apparatus comprising:
PA1  tuning means including a fixed frequency local oscillator and a variable
      frequency local oscillator;
PA1  detection means including a beat frequency oscillator;
PA1  mixing means coupled to said fixed frequency local oscillator and said
      variable frequency local oscillator and forming a premix signal having a
      frequency responsive to the frequencies of operation of said local
      oscillators;
PA1  counting means coupled to the output of said mixing means and forming a
      count responsive to the number of cycles of said premix signal occurring
      over a period of predetermined length;
PA1  display means coupled to said counting means for displaying the count
      achieved by said counting means at the end of said period; and
PA1  programming means coupled to said counting means for loading a count into
      said counting means variable in response to alterations of an intermediate
      frequency of said apparatus prior to the commencemet of said period.
NUM  5.
PAR  5. A digital tuning indicator for use with a multiple frequency conversion
      radio apparatus having a single tuning apparatus operable at a plurality
      of intermediate frequencies and including a first circuit for generating a
      first local oscillator signal and a second circuit for generating a second
      local oscillator signal, said tuning indicator comprising:
PA1  mixing means coupled to said first local oscillator circuit and said second
      local oscillator circuit and forming a premix signal having a frequency
      which varies in response to variations in the frequencies of said first
      local oscillator signal and said second local oscillator signal;
PA1  counting means coupled to the output of said mixing means and forming a
      count responsive to the number of cycles of said premix signal occurring
      over a period of predetermined length;
PA1  display means coupled to said counting means for displaying the count
      achieved by said counting means at the end of said period; and
PA1  programming means coupled to said counting means for loading a count into
      said counting means prior to the commencement of said period, said count
      being variable in response to alterations in said intermediate frequency.
NUM  6.
PAR  6. A multiple frequency conversion radio receiver comprising:
PA1  a single tuning apparatus operable at a plurality of intermediate
      frequencies and including a first circuit for generating a first local
      oscillator signal at a nominally fixed frequency and a second circuit for
      generating a second local oscillator signal at a variable frequency;
PA1  mixing means coupled to said first local oscillator circuit and said second
      local oscillator circuit and forming a premix signal having a frequency
      which varies in response to variations in the frequencies of said first
      local oscillator signal and said second local oscillator signal;
PA1  counting means coupled to the output of said mixing means and making a
      count responsive to the number of cycles of said premix signal occurring
      over a period of predetermined length;
PA1  display means coupled to said counting means for displaying the count
      achieved by said counting means at the end of said period; and
PA1  programming means coupled to said counting means for altering the count
      attained by said counting means by an amount variable in response to
      alterations in said intermediate frequency.
NUM  7.
PAR  7. The radio receiver of claim 6 wherein said programming means further
      loads a count into said counting means prior to the commencement of said
      period, said count being variable in response to alterations in said
      intermediate frequency.
NUM  8.
PAR  8. The radio receiver of claim 7 wherein the frequency of said first local
      oscillator signal is greater than the frequency of said second local
      oscillator signal.
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PAL  Baseline correction for a pulse train is achieved by arranging the source
      generating the pulse train in series circuit with a switch and by
      rendering the switch selectively conductive during time periods
      coextensive with the separation interval between successive pulses in the
      pulse train. The switch output is stored and is subtractively combined
      with the pulse train. Switching control is effected by a signal generator
      which also time controls generation of the pulse train.
PARN
     This is a division, of application Ser. No. 290,654, filed Sept. 20, 1972
      and now U.S. Pat. No. 3,837,745.
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PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to an apparatus and method for performing medical
      bacteriology and clinical chemistry by means of changes in turbidity,
      color or other optical properties which serve as indicators of biological
      activity, content or condition of the specimen under investigation. More
      particularly, this invention relates to an apparatus for automatically and
      continuously determining the rate of the bacterial growth by photometric
      means.
PAR  The specimen may be a biological fluid recovered from a patient, such as
      serum, plasma, urine, cerebrospinal fluid, acities or an artificially
      prepared nutrient or reagent fluid capable of supporting or demonstrating
      phenomena correlative to pathological, physiological, chemical, or
      metabolic state, activity or content.
PAR  Current clinical practice in medical microbiology and bacteriology is
      largely concerned with the isolation and evaluation of pathogenic bacteria
      from specimens of clinical interest. Such specimens may be derivative of
      both the patient, for example his blood, urine, wound exudate, or other
      biological fluid, or his immediate or etiological environment, such as
      food, air, water, or other factors of an infection or communicable disease
      vector system. Concomitant with the identification of a viral, mycotic, or
      bacterial pathogen agent in a specimen is the requirement for determining
      what antibiotic agent is effective against a specific pathogen and to what
      degree it is effective in comparison to other chemotherapeutic agents
      available to the clinician as treatment of the condition.
PAR  Assay of biological fluids for levels of antibiotic, in vivo, also falls
      within the scope of medical microbiology, although the performance of the
      procedure is far less frequent than the above-described identifications of
      antibiotic effectiveness or sensitivity, a term derived from the subject
      organism's "sensitivity" to a drug. The assay procedure is extremely
      difficult to perform under presently available conditions in the
      laboratory and as such it is used only in research or in cases of extreme
      clinical importance. Although the information derived from such a
      procedure is very valuable to the clinician, it is an abnormally severe
      imposition on the laboratory staff.
PAR  The determination of minimum inhibitory concentration (MIC) of the
      antibiotic effectiveness against a particular pathogen also falls within
      the scope of medical microbiology, although not performed as often as
      antibiotic sensitivity.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Prior art identification procedures in the bacteriology laboratory are
      based on the taxonomic evaluation of cultures grown on solid or gelled
      media, immunofluorescent microscopic evaluation or color change of a
      nutrient media such that bacterial growth is indicated by reaction with
      metabolic products derived from such growth. Nutrient media can also be
      formulated to support the growth of specific pathogens or classes or
      pathogens to the exclusion of others and to indicate such growth by color
      change.
PAR  Recently there have been a number of attempts for meeting the need for
      automating the tedious manual methods for the determination of an
      organism's sensitivity. Although there are a number of automatic devices
      on the market, they have not efficiently solved the problems of
      cross-contamination between samples and the slow rate of analysis and they
      have not provided for a convenient means of random sample ingress and
      egress during the bacterial growth cycle. Because of their complexity,
      prior art automatic devices, require a great deal of maintenance and
      laboratory space.
PAR  Examples of such complex prior art devices which photometrically analyze
      specimens in a plurality of cuvettes are disclosed in several recent
      patents including Wood et al, U.S. Pat. No. 3,523,737 and Kuzel et al,
      U.S. Pat. No. 3,609,040. These devices contain a plurality of moving parts
      which require constant maintenance and decrease their reliability. There
      is a long-felt need for an apparatus utilizing photometric principles
      which is simplistic in design with almost no moving parts and with all
      operations carried out pneumatically and optoelectronically.
PAR  In an entirely different application, i.e., the textile dyeing industry,
      than that of the present invention, a colorimeter has been described in
      Ward, U.S. Pat. No. 3,531,208, in which a plurality of dye samples are
      optically measured by means of a plurality of detectors and a plurality of
      amplifiers and the measurement is compared against a standard color chart.
      This reference is recited herein to show the general state of the
      colorimetric art.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of the present invention provides a biological fluid analyzer
      capable of antibiotic sensitivity testing and related procedures at a
      reduced cost in labor, time and expense, thus encouraging the clinician to
      use techniques heretofore considered impractical due to such costs.
PAR  The apparatus comprises:
PAR  a. a plurality of cuvettes,
PAR  b. a chamber for the fluid,
PAR  c. means for placing the chamber in fluid communication with each of the
      cuvettes and for permitting flow of fluid from the chamber into each of
      the cuvettes,
PAR  d. a plurality of optical transmitting means in registration with each of
      the cuvettes for transmitting a beam of radiant energy through each of the
      cuvettes, and
PAR  e. detector means for intercepting each of the beams of radiant energy and
      for measuring any optical change in the radiant energy passing through the
      fluid in each of the cuvettes.
PAR  The plurality of cuvettes and the chamber form a self-contained cartridge
      of unitary construction which can be made inexpensively of a transparent
      rigid plastic, e.g. polyvinyl chloride, polystyrene crystal and the like,
      thus making the entire cartridge disposable and eliminating repetitive use
      of nonexpendable equipment and eliminating the problem of
      cross-contamination of pathogenic specimens.
PAR  The chamber forms the upper portion of the cartridge which is filled with
      the growth or nutrient media. The plurality of small cells or cuvettes are
      in fluid communication with the larger chamber by a plurality of valve
      means positioned in the floor of the chamber above each of the cuvettes to
      permit unidirectional flow. When the cartridge is placed within a carriage
      housing the plurality of transmitting means and the detecting means, each
      of the cuvettes is in registration therewith.
PAR  Agitation means is provided for mechanically vibrating the complete
      carriage to effect agitation of the suspension. In addition, pneumatic
      means can be provided to permit aeration (bubbling) of the fluid in the
      chamber and cuvettes.
PAR  A suitable pneumatic connection is established between the disposable
      cartridge and the carriage housing the transmitting and detecting means.
      Upon an appropriate signal from the carriage, a differential pressure
      gradient is applied between the upper chamber and the lower cells and
      causes the contents of the upper chamber to flow to the lower ones. Gas
      permeable, liquid barrier means is in gaseous fluid communication with
      each of the cuvettes so as to permit the gas initially present in each of
      the cuvettes to escape from the cartridge when the unidirectional valves
      are open and to permit ease of flow of fluid from the chamber in order to
      completely fill the cuvettes, but prevents passage of liquid there
      through.
PAR  The method of the present invention comprises the following steps: (1)
      placing biological fluid, e.g. the bacterial suspension, in the chamber,
      (2) placing an array of biological challenge material, e.g. impregnated
      paper discs of lyophilized antibiotic agent, into at least a portion of
      the plurality of the cuvettes, (3) monitoring the changes in the optical
      properties of the fluid until at least the desired condition of the
      optical properties has been reached and then passing separate portions of
      the fluid into at least a portion of the cuvettes that contain the
      challenge material to produce an array of substantially identical fluid
      samples which are exposed to said array of biological challenge materials,
      and (4) evaluating the change in optical properties of the contents in
      each of the cuvettes.
PAR  As a result of step 3 above, for example, the antibiotic in the disc
      becomes rehydrated and forms an antibiotic and media/micro-organism
      suspension. The antibiotic titer is determined by the respective potency
      of the antibiotic in each of the cuvettes and the volume of each of the
      cuvettes which is constant in the apparatus of this invention. The
      bacterial growth rate, in this example, is evaluated by means of the
      plurality of individual optical detector systems each of which is in
      registration with its respective cuvette, or via one long detector in
      optical registration with all the cuvettes in the cartridge.
PAR  Electronic computation means such as computers and/or other computing
      devices well known in the art are available to evaluate the output of the
      detector means and to make the appropriate calculations either through
      analog or digital means to record and display the results in meaningful
      and appropriate manner. These results include the changes in the growth
      rate in each cuvette, the relative changes between the control cuvette
      containing no antibiotic and the sample cuvettes and overall relationship
      between each of the cuvettes if necessary. The detectors are connected in
      common and their serial outputs go through a single electronic
      amplification channel to the computation means, whereas the sequencing of
      the observation interval is accomplished by serially energizing the light
      source circuitry or by multiplexing the light sources in accordance with
      pre-programmed instructions. The results from the observations are
      amplified, normalized, base-line corrected and digitized to facilitate
      their display in a clear and clinically meaningful format either by
      alphanumeric printing, chart recording and/or cathode ray tube displays
      which are well known to the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing description of the present invention will become readily
      apparent when read in conjunction with the drawings in which:
PAR  FIG. 1 is a general perspective view of the plastic disposable cuvette
      cartridge;
PAR  FIG. 2 is a general perspective view of the cuvette cartridge in place
      within a detection module;
PAR  FIG. 3 is a partial perspective sectional detail of the pneumatic
      connection established between the cartridge and the detection module;
PAR  FIG. 4 is a sectional perspective view taken through the optical axis of
      the upper and lower optical systems of the cartridge detection module
      assembly;
PAR  FIG. 5 is a sectional elevation of the cartridge taken along axis A--A in
      FIG. 1;
PAR  FIG. 6 is a sectional elevation taken along axis B--B in FIG. 1;
PAR  FIG. 7 illustrates a sectional elevational view taken along the optical
      axis of FIG. 4, with the sample fluid being shown in the upper chamber;
PAR  FIG. 8 is as recited in FIG. 7, but with the sample fluid being shown in
      the lower chamber;
PAR  FIG. 9 illustrates a plurality of detection modules and cartridges as
      illustrated in FIG. 2 now embodied in a multiple configuration with an
      environmental control cover and control output components in an adjacent
      housing;
PAR  FIG. 10 is a functional block diagram of the electronic components required
      in the preferred embodiment; and
PAR  FIG. 11 is an electrical schematic diagram of the baseline correction
      module of FIG. 10.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1, 5 and 6, upper chamber 1 and the plurality of
      cuvettes 2 form disposable cartridge 3. Tubular channel 4 is shown
      positioned across the entire length of cartridge 3 and is in gaseous fluid
      communication with each of cuvettes 2 by means of orifices 8 and the fact
      that tube 4 comprises a gas permeable material, e.g., low density foamed
      polytetrafluorethylene. Tube 4 is within non-permeable channel 9. This
      critical feature of the present invention is described more completely
      below in connection with a discussion of FIGS. 2, 3, 7 and 8. Mounted on
      top of chamber 1 is inlet port 10 through which is passed the biological
      fluid to be evaluated. Positioned within inlet port 10 is inoculating loop
      11. For example, an isolated accession of the organism used in a given
      test is transported into chamber 1 via inoculating loop 11 through inlet
      port of cartridge 3 and is then isolated by means of cap 12. Discs 14 are
      impregnated to various concentrations with lyophilized antibiotic or other
      chemical reagent under evaluation and at least one disc is inserted into
      the relieved interior of each plug 15 which is positioned within each of
      cuvettes 2 as shown.
PAR  Cartridge 3 is at this point ready for insertion into frame 20 of detection
      module 21 as illustrated in FIGS. 2, 3, and 4. Frame 20 can be fabricated
      of milling, casting or extruding aluminum or other light-weight metal.
      Placed on the exterior surface of cartridge 3 is code 23 wich can be
      either in magnetic or optical ink or a coded panel of mechanically sensed
      depressions. Code 23 is in registration with and cooperates with
      appropriate sensors 32 mounted on frame 20 to instruct program control 34
      (shown in FIG. 10) of the present invention as to the test that is to be
      made on the particular cartridge. Other information such as patient or
      sample identification can also be programmed for interpretation by sensors
      32 so that detection module 21 can properly identify the cartridge for
      output calculation. In addition, sensors 32 start detection module 21 to
      place it into its operative state and to place cartridge 3 into the proper
      program sequence. All cartridges are scanned by the optical system at a
      nominal, pre-selected time interval.
PAR  Mounted within optical support member 35 of detection module 21 is the
      optical system for upper chamber 1 which comprises radiant energy or light
      source 40, collimated and condensed by lens 41 and aperture 42. The
      optical beam passes through the transparent wall of chamber 1 and the
      fluid specimen contained therein and then through the opposite wall of
      chamber 1 to fall onto the active surface of inoculum photodetector 45.
      The media present in chamber 1 is evaluated by this optical system every
      interval until, for example, its turbidity reached a preselected value.
      The original insertion of cartridge 3 into detection module 21 indicates
      to program control 34 that the cell growth in chamber 1 is the only growth
      to be monitored since transfer to cuvettes 2 has not yet taken place.
      Photodetector 45 transmits an electric signal to inoculum detection
      amplifier 46 (shown in FIG. 10) which compares the turbidity or total
      change in tubidity in chamber 1 against the preselected value which
      corresponds to the desired cell concentration. When this concentration is
      reached, the photodetection amplifier 46 sends a switching signal to
      program control 34 which activates air or pneumatic system (solenoid)
      valves 49 of FIG. 10. Valves 49 supply a vacuum to tube 4 to create a
      pressure differential across valves 50 causing the latter to open to cause
      the fluid, e.g. bacterial suspension, in chamber 1 to flow into curvettes
      2 through orifice 8. Each of the valves 50 is unidirectional and is
      positioned in the floor of chamber 1 above each cuvette 2. Transfer of
      fluid occurs only when the pressure in chamber 1 is sufficiently high to
      separate the lower walls of each of valves 50 which walls are biased
      through vulcanization and sectional construction so as to normally remain
      in intimate engagement. After this transfer, cuvettes 2 are completely
      filled with fluid and the gas in each cuvette is displaced through
      orifices 8 and the walls of gas permeable tube 4 and then through
      pneumatic port 51 and the outlet tube 52 to the atmosphere or gas disposal
      means (not shown). Gas permeable tube 4 presents an effective liquid
      barrier to prevent passage of liquid.
PAR  FIG. 7 illustrates the condition of cartridge 3 during the period when
      chamber 1 is substantially filled with fluid and the optical beam of light
      source 40 is transilluminating its contents. FIG. 8 illustrates the
      condition of cartridge 3 during the end of the transfer showing valve 50
      in its opened position and cuvettes 2 being completely filled with fluid.
      When this point is reached, the optical system for cuvettes 2 is enabled
      and light source 55 provides photon flux collimated by lens 56 and
      aperture 57 and transmitted through the transparent walls of cuvettes 2
      and the fluid therein to fall onto the active surface of inoculum
      photodetector 58. Electrical leads 60 and 61 provide the contact between
      the program control 34 and light sources 40 and 55, respectively.
      Similarly leads 63 and 64 provide the contact between photodetector 45 and
      photodetection amplifier 46 and between photodetector 58 and
      photodetection amplifier (AMP) 66 which amplifies the signal from the
      multiplicity of cuvette photodetector elements of photodetector 58
      respectively. Multiple lead cable 65 is provided for electrical leads 60,
      61, 63 and 64. Shield 70 is mounted onto frame 20 over the photodetector
      58 and electrical leads 63 and 64 of cuvettes 2.
PAR  For purposes of illustration, it is assumed that there are 10 cuvettes per
      cartridge. One of cuvettes 2 (cuvette no. 1) is filled with a completely
      arrested culture and is used as a blank for automatic gain control.
      Another cuvette which does not contain the antibiotic disc 14 is used as a
      control against which the growth rates of the organisms in the cuvettes
      containing the antibiotics can be compared and measured. Another function
      of the latter cuvette is to check the growth of the organism under normal
      growth conditions. If the control culture does not grow to acheive maximum
      turbidity, the program control will receive a signal of this condition.
      Sample and hold curcuit 69 receives the signal representing light passing
      through cuvette no. 1, which signal is evaluated against a reference value
      in the automatic gain control (AGC) error detector 90. The observation
      interval is approximately 1 second per cuvette in this example. During
      this period the amplitude of the signal is measured and automatic gain
      control (AGC) 72 and AGC error detector 70 compares the signal from
      cuvette no. 1 with the reference voltage and AGC 72 adjusts the gain on
      photodetection amplifier 66 so that the value of cuvette no. 1 equals this
      reference value. Since cuvette no. 1 contains an arrested culture, the
      maximum amount of light is transmitted therethrough. Prior to the end of
      the reading period or interval or cuvette no. 1, the program control 34
      signals the sample and hold circuit 69 for cuvettes 2 and retains the
      value derived therefrom. The gain of amplifier 66 will remain at this
      setting for the remainder of the sampling sequence within this detection
      module and cuvette array. Upon sequencing to the next cuvette cartridge
      that is inserted into the detection module, the gain will be readjusted
      appropriately as discussed above. Built into the signal amplifying system
      is a baseline correction module 80. Active filter 81 is positioned between
      baseline correction module 80 and amplifier 66. Immediately prior to the
      reading of the first cuvette, all light sources are off, and this
      correction circuit samples the dark baseline value and retains this value
      for substraction from cuvette no. 1. Consequently the reading following
      this subtraction represents only the light induced signal. This circuit is
      operative in all individual readings by all detector elements. The
      activation of each light source is preceded by a brief dark period during
      which period the correction value is obtained, and consequently all
      effects of drift and ambient light are efficiently counteracted. Baseline
      correction module 80 performs a critical feature of the apparatus of the
      present invention and is described in detail in connection with FIG. 11.
PAR  Signals coming out of active filter 81, whose purpose is the reduction of
      noise, contain useful data plus baseline off-set due to thermal drifts,
      ambient light, amplifier offsets and detector dark currents. It is the
      purpose of the baseline correction system to measure the offset prior to
      every reading and to retain it in a storage unit during the reading
      interval, subtracting it from the total signal containing both signal and
      offset.
PAR  The signal coming into the baseline correction module 80 splits into two
      paths, line 100 and line 101. Line 100 goes to buffer amplifier 102 whose
      output goes through a switching element 103, such as a MOSFET, to a
      storage capacitor 104. During the light off period, switch 103 is closed
      via ON signal from amplifier 105 on command from the program control 34.
      The signal out of amplifier 106 has the signal from line 101 subtracted
      from it, so that during the dark period, the output of amplifier 107 is
      essentially zero. Just prior to the end of the dark period, program
      control 34 via amplifier 105, opens the switch in element 103. The
      capacitor 104 now holds the value of voltage which was across it just
      prior to the opening of switch 103, as it has no substantial leakage paths
      to ground. When the light for a particular cuvette comes on, the value of
      voltage on the output of buffer amplifier 106, as read from the capacitor
      104, as its input, remains constant and essentially represents the offset
      value of the data. Line 101 now contains signal plus offset. As the output
      of amplifier 106 contains the offset and as it subtracts from the data on
      line 101 via differential amplifier 107, the output of amplifier 107
      contains only meaningful data since the offset is essentially cancelled
      out.
PAR  The signals coming from baseline correction module 80 then proceed via
      either logarithmic amplifier 112 or the scaling of logarithmic amplifier
      112 or scaling amplifier 113 depends upon whether the detection module is
      set up for turbidimetry or nephelometry. Double pole switch 115 places
      either operation into the circuit. These operations or others including
      absorption are covered within the scope of the present invention.
PAR  The signal corresponding to cell concentration is converted from an analog
      voltage to a digital number in the analog-to-digital converter 114. The
      signal then goes to the digital computation system described more fully
      below. The basic computation consists of reading the turbidity of a
      control cuvette and of a cuvette containing antibiotic disc 14. The
      tubidity of each is read for two successive time intervals. Successive
      control concentrations can be represented by the symbols C, C.sub.c1,
      C.sub.c2 etc. Successive sample concentrations can br represented by the
      symbols C.sub.s1, C.sub.s2 etc. The growth rate ratio after two successive
      readings is defined as:
      ##EQU1##
PAR  The computation section receives this ratio and assigns, for example, the
      different values to the result. Thus, the final result will always be one
      of 10 values namely: 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0.
      The lower the number, the greater is the effect the antibiotic has on the
      organism in a given test. A ratio of 1.0 would represent a completely
      resistant strain of organism.
PAR  The computation section comprises memory 116, memory input address and data
      transfer module 117 and memory output address and data transfer module 118
      and computation system 119. The former 3 units of this section perform the
      function of retaining the previous reading for subtraction from the
      current reading. After the computation, the current reading is stored as
      well as the growth rate ratio that has just been computed while the
      previous reading is erased.
PAR  Change in the growth rate ratios from a completed computation for detection
      module 21 establishes the criteria for printing out data by means of
      printer control 121 on a signal from program control 34. As soon as the
      growth rate ratio changes by 0.1, the results will be printed out by
      printer 124. Auxiliary criteria can be inserted for terminating the test
      at a specific ratio change or a ratio change for one cuvette compared to
      the others. The printed output format may just be a serial listing of the
      ratios, or may include patient and/or sample identification numbers. Other
      more complex formats may include test identification and perhaps even
      antibiotic identification. Manual entry of additional data into the
      program may be made by optional data entry 195 which is electrically
      connected to printer control 121.
PAR  Data presentation is not limited to the above, but shall include such
      output devices as analog recorders, teletype machines, typewriters,
      facsimile recorders, cathode ray tube displays, computers and other
      computation devices.
PAR  Program control 34, contains all of the hard-wired sequencing functions
      utilized in the multiplexing light sources, responding to the computer
      signals, sample and hold control, basic system timing (clock function)
      malfunction monitoring and digital interfacing. The programming of the
      test sequence is not limited to the above, but will be the function of
      specific applications of the apparatus of this invention.
PAR  The electro-optical section of the invention consists of multiple sets of
      light sources, lens, and detectors. On a cassette basis, all
      photodetectors are connected in parallel and may, without changing the
      function of the invention, be a long thin single photodetector or a series
      of photodetector elements deposited on a substrate as described above. The
      uniqueness of this part of the invention is that the photodetector
      elements are all connected in parallel, and the outputs from these
      elements all go to a common electronic preamplifying channel. The
      apparatus of the present invention refers to a multiplicity of detectors
      numbering greater than two and perhaps as many as two hundred in parallel.
      The invention does not exclude the case of several preamplifying
      electronic amplifiers whose outputs are added into a common channel. It
      may be that for more than 10 or 20 cuvettes separate preamplifiers are
      required. Herein, cost verses performance factors only influences the
      result. The light source described herein are solid state gallium arsenide
      phosphide light emitting diodes as manufactured by Fairchild, Monsanto and
      others, but are not limited to the type of light source. The light source
      may or may not contain the collimating lens. Where different wave-lengths
      are required, the use of tungsten type filament lamps, a plasma display
      type of lamps, or any of the class of light source which can be used
      economically in quantity are covered. Wave-length filters are used with
      tungsten sources to selectivity allow narrow band-pass light to go through
      the solution.
PAR  Also covered with the scope of the present invention is the use of the
      polarized light as a source and wherein the non-polarized light alone is
      detected on the premise that the light scattered by the particles in
      suspension comes off non-polarized. The non-polarized light quanta is
      proportional to the number of scattering particles in the path of the
      transmitted beam.
PAR  The light sources, in the invention, are multiplexed on and off at a rate
      such that the light from one has fully disappeared before the next light
      goes on. In fact, there is a dark period between light flashes wherein the
      baseline correction module samples the dark cuvette.
PAR  The electronic preamplifying channel will contain adequate filtering to
      pass thr information pertaining the cell concentration and to reject
      non-related noise, drift, and the like. Active filter 81 performs this
      function as discussed above.
PAR  The program control 34 is a sequence control which controls virtually all
      the sequential functions of the apparatus of this invention and which
      monitors all the malfunctions and acts accordingly. Its function may be
      derived from an assemblage of discrete digital logic components or may be
      derived from a Read-Only-Memory as manufactured by Radiation, Inc.,
      Fairchild, and others.
PAR  Photodetectors 45 and 58 may be of the photoconductive or photovoltaic or
      silicon photodiode variety as manufactured by Allen Bradley, Vactec and
      Solid State Radiation Inc., respectively.
PAR  Detection amplifiers 46 and 66 may be of the integrated high input
      impedance type. Amplifier 74 may be of a low noise hybrid type as
      manufactured by Philbrick Teledyne, Analog Devices and others. The scaling
      amplifier 83 may be of a type well known in the industry, for example, as
      manufactured by Fairchild, Motorola or Texas Instruments.
PAR  The conversion of the analog data into printed numbers is accomplished by a
      combination of commercially available digital logic modules assembled to
      perform the function illustrated in FIG. 10, between the outputs of the
      log. amplifier 112 or scaling amplifier 113 and the printer 124, which may
      be a line printer such as one manufactured by Seiko, Monroe, Victor and
      others. This illustration of the invention herein does not preclude the
      use of a single, large scale integrated circuit, custom-made to perform
      the functions of the digital circuitry of FIG. 10. Digital logic modules
      to accomplish these tasks include Transistor-Transistor-Logic (TTL) as
      manufactured by Signetics, Fairchild, Texas Instruments and Motorola.
PAR  Analog to digital (A to D) converter 114, may be a 12 bit BCD converter as
      manufactured by Philbrick or Burr-Brown, Inc.
PAR  Memory unit 116 of the electronic computation means may consist of a
      multiple semiconductor memory as manufactured by Intel, Fairchild, Micro
      Systems, American Micro Systems, Inc. and others.
PAR  Referring now to FIG. 9, a plurality of cartridges 3 are shown inserted
      into a plurality of detection modules 21 and mounted under environmental
      control cover 198 of console 200. A gentle orbital motion is
      simultaneously applied to all of the detection modules 21 by means of
      agitation means 98 which is mounted within console 200 and is shown in
      FIG. 10. Agitation means 98 may be any well known electro-mechanical
      device such as an electric motor driven off-set cam which is electrically
      controlled by program control 34. The control output components
      illustrated in FIG. 10 are mounted within adjacent housing 201. The
      results of the output components can be read from printout 202.
PAR  The foregoing disclosure of this invention is not considered to be limiting
      since variations can be made by those skilled in the art without departing
      from the scope and spirit of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In combination:
PA1  a. a source generating a train of pulses separated by intervals of varying
      baseline levels;
PA1  b. signal generator means for generating an output signal for each
      successive pair of said pulses, said output signal being of time extent
      equal to the interval separating such pulse pair;
PA1  c. switch means having an input terminal for receiving said train of
      pulses, a control terminal for receiving such output signals and an output
      terminal, said switch means being rendered conductive throughout
      occurrence of said output signals;
PA1  d. signal storage means connected to said switch means output terminal for
      storing signals conducted through said switch means; and
PA1  e. differential amplifier means having a first input terminal for receiving
      said signals stored in said storage means, a second input terminal for
      receiving said train of pulses and an output terminal providing signals
      indicative of the level difference between said pulse train and said
      stored signals.
NUM  2.
PAR  2. The invention claimed in claim 1 wherein said signal storage means
      comprises a capacitor.
NUM  3.
PAR  3. The invention claimed in claim 2 further including first buffer circuit
      means for impedance isolating said source means from said switch means
      input teminal.
NUM  4.
PAR  4. The invention claimed in claim 3 further including second buffer circuit
      means for impedance isolating said signal generator means from said switch
      means control terminal.
NUM  5.
PAR  5. The invention claimed in claim 4 further including third buffer circuit
      means for impedance isolating said signal storage means from said
      differential amplifier means.
NUM  6.
PAR  6. In combination:
PA1  a. a source generating a train of pulses separated by intervals of varying
      baseline levels;
PA1  b. signal generator means for generating an output signal for each
      successive pair of said pulses, said output signal being of time extent
      equal to the interval separating such pulse pair;
PA1  c. switch means having an input terminal, a control terminal and an output
      terminal;
PA1  d. first buffer circuit means for connecting said source to said switch
      means input terminal;
PA1  e. second buffer circuit means for connecting said signal generator means
      to said switch means control terminal whereby said switch means is
      rendered conductive throughout occurrence of said output signals;
PA1  f. signal storage means connected to said switch means output terminal for
      storing signals conducted through said switch means;
PA1  g. differential amplifier means having a first input terminal, a second
      input terminal connected to said source for receiving said train of pulses
      and an output terminal providing signals indicative of the level
      difference between signals applied to said first and second input
      terminals; and
PA1  h. third buffer circuit means for connecting said signal storage means to
      said first input terminal of said differential amplifier means.
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ABST
PAL  This disclosure relates to the non-linear correction of electrical signals
      in waveform transmission and recording systems such as television systems,
      visual telephone systems, facsimile transmission systems and sound
      recording systems.
BSUM
PAR  All practical visual telecommunications systems, for example, must
      necessarily include limitations which have some adverse effect on picture
      quality. Thus, in an analogue transmission system bandwidth is limited to
      some finite value and in a digital system a limitation is imposed on bit
      rate. These limitations are necessary in the interests of economy and
      efficiency.
PAR  Transmission of an analogue television signal through a system of
      restricted bandwidth gives rise to two impairments known as "rise-time
      limitation" and "ringing." A system suffering from rise-time limitation
      will be unable to respond quickly to a step input and the effect visible
      in the received image will be one of blur. Ringing is a damped oscillatory
      response to a picture pulse and produces a series of closely-spaced
      alternate positive and negative images of decreasing intensity. The
      relative magnitudes of the two impairments depends mainly on the manner in
      which the response of the system decreases at the edges of the
      transmission band. For example, a gentle roll-off will produce a step
      response with little ringing but large rise-time, whereas a sharp cut-off
      will produce appreciable ringing but small rise-time.
PAR  Various systems both linear and non-linear have been proposed for modifying
      video signals to achieve a subjective improvement in picture quality. It
      has been found that a controlled amount of a single undershoot preceding
      and single oversheet following a step waveform enhances the appearance to
      the eye of the image transition which such a waveform represents. For
      example E. F. Brown in the November 1963 issue of the Journal of the SMPTE
      has described the use of an electromagnetic delay line to add an inverted
      second derivative (linear correction) to a waveform and the article states
      that the subjective definition of a television image may be improved by
      overemphasizing its luminance transitions. The risetimes, and therefore
      the slopes, of the waveforms representing such transitions can only be
      substantially affected by linear correction of this type at the expense of
      much overemphasizing ringing.
PAR  P. C. Goldmark and J. M. Hollywood in a paper entitled "A New Technique for
      Improving the Sharpness of Television Pictures" (Proceedings I.R.E.
      October, 1951) have described the use of non-linear circuitry to decrease
      the rise-time of an isolated, full-amplitude step input which is applied
      to a bandwidth-limited system. Goldmark and Hollywood reformed the
      approximately triangular derivative of the bandwidthlimited step signal
      into a "spike" and added the "spike" to the original waveform to obtain a
      full-amplitude step response with about half the original rise-time.
PAR  It is an object of the invention to provide an improved circuit for
      non-linear waveform correction.
PAR  The present invention provides a waveform correction circuit comprising:
PAR  AN INPUT TERMINAL FOR RECEIPT OF A SIGNAL TO BE CORRECTED,
PAR  AN OUTPUT TERMINAL FROM WHICH, IN USE, A CORRECTED SIGNAL IS TAKEN,
PAR  A TIME-DELAY CIRCUIT HAVING ITS INPUT CONNECTED TO THE INPUT TERMINAL,
PAR  A DIFFERENTIATOR HAVING ITS INPUT CONNECTED TO THE INPUT TERMINAL,
PAR  A CIRCUIT WHOSE INPUT/OUTPUT CHARACTERISTIC IS NON-LINEAR AND
      SKEW-SYMMETRICAL HAVING ITS INPUT CONNECTED TO THE OUTPUT OF THE
      DIFFERENTIATOR,
PAR  A FURTHER DIFFERENTIATOR HAVING ITS INPUT CONNECTED TO THE OUTPUT OF THE
      NON-LINEAR SKEW-SYMMETRIC CIRCUIT,
PAR  A SIGNAL COMBINING CIRCUIT OPERATIVE TO COMBINE THE OUTPUT OF THE FURTHER
      DIFFERENTIATOR AND THE OUTPUT OF THE DELAY CIRCUIT, AND
PAR  MEANS CONNECTING THE OUTPUT OF THE SIGNAL COMBINING CIRCUIT TO THE OUTPUT
      TERMINAL.
PAR  The waveform correction circuit can also include a further circuit whose
      input/output characteristic is nonlinear and skew-symmetrical having its
      input connected to the output of the further differentiator and its output
      connected to the input of the signal combining circuit. The said further
      non-linear skew-symmetric circuit can and usually will have a
      characteristic which is the inverse of the characteristic of the
      first-mentioned non-linear skew-symmetric circuit.
PAR  The first-mentioned non-linear skew-symmetric circuit can be a
      sign-preserving amplitude squaring circuit; that is a circuit whose output
      is the product of its input and the modulus of its input and the further
      non-linear skew-symmetric circuit can be a sign-preserving square-root
      circuit.
PAR  The signal correction circuit can be such as to decrease rise-time or
      conversely to decrease slope and/or ringing according to the senses of
      signals combined by the signal combining circuit, and the circuit
      configuration used.
PAR  The means connecting the output of the signal combining circuit to the
      output terminal can, when the circuit is to be used for decreasing slope,
      include a low-pass filter.
DRWD
PAR  By way of example only, certain illustrative embodiments of the invention
      will now be described with reference to the accompanying drawings, in
      which:
PAR  FIG. 1, shows a video signal correction circuit embodying the invention.
PAR  FIGS. 2, 3 and 4 shows waveforms pertaining to the circuit of FIG. 1,
PAR  FIG. 5 shows another video signal correction circuit embodying the
      invention.
PAR  FIGS. 6 and 7 show waveforms pertaining to the circuit of FIG. 5,
PAR  FIGS. 8a, 8b, and 8c show energy density spectra of the FIGS. 2, 3 and 4
      waveforms respectively,
PAR  FIGS. 9, 10 and 11 show more waveforms pertaining to the circuit of FIG. 1,
PAR  FIGS. 12a, 12b, and 12c show energy density spectra of the FIGS. 9, 10 and
      11 waveforms respectively,
PAR  FIGS. 13 and 14 show more waveforms pertaining to the circuit of FIG. 5,
PAR  FIGS. 15a, 15b and 15c show energy density spectra of the FIGS. 2, 6 and 7
      waveforms respectively,
PAR  FIGS. 16a 16b and 16c show energy density spectra of the FIGS. 9, 13 and 14
      waveforms respectively.
PAR  FIGS. 17a, 17b and 17c, 18a 18b and 18c are further waveforms pertaining to
      the operation of the circuit of FIG. 1, when additionally including a
      low-pass filter at the output terminal, and
PAR  FIGS. 19a and 19b illustrate the connection of a low-pass filter in the
      circuits of FIGS. 1 and 5.
DETD
PAR  The waveforms shown in FIGS. 2 and 9 also pertain to the circuit of FIG. 5.
PAR  The circuits are shown and described in block schematic form but their
      detailed realisation will be apparent to those skilled in the art.
PAR  Referring to FIG. 1, a circuit is shown having an input terminal 1 for
      receipt of a signal to be corrected and an output terminal 2 from which
      the signal is taken after correction. The input terminal 1 is connected to
      both a differentiator 3 and a delay network 4. The differentiator can be
      realised by a lumped or a transversal network. The output of the
      differentiator 3 is connected to the input of an amplifier 5 and the
      output of the amplifier is connected to the input of a sign-preserving
      square-law circuit 6. It is possible to omit the amplifiers but their
      inclusion makes inversion and scaling simple. The square-law circuit 6 is
      such that its output signal comprises the square of the amplitude of its
      input signal, sign being preserved. The function of the square-law circuit
      6 could alternatively be expressed by saying that its output signal
      comprises the product of its input signal and the modulus of its input
      signal. The use of non-linear devices such as diodes to generate
      square-law characteristics is well known to those skilled in the art and
      it is not therefore necessary to give a detailed circuit for the
      square-law circuit 6. The output of square-law circuit 6 is connected to
      the input of a further differentiator 7, the output of which is connected
      to the input of a further amplifier 8. The output of the amplifier 8 and
      the output of the delay network 4 (comprising the input signal delayed in
      time but otherwise unchanged) are combined in a combining circuit 9, the
      output of which is connected to terminal 2. The connection between the
      combining circuit 9 and the terminal 2 is referenced '10'.
PAR  FIG. 2 shows a waveform corresponding to the output of an ideal low-pass
      filter when a certain square wave pulse is applied to its input. If such a
      waveform is applied to the terminal 1 of the circuit of FIG. 1 the
      resultant waveform appearing at the output of amplifier 8 will be as shown
      in FIG. 3. Thus, the combining circuit 9 combines the waveforms of FIGS. 2
      and 3 to produce the resultant waveform shown in FIG. 4. It should be
      noted that the correct time relationship between the waveforms to be
      combined is achieved by the choice of time delay of the delay network 4.
PAR  As shown the waveforms of FIGS. 2 and 3 have been added to produce the
      resultant FIG. 4 waveform having smaller rise-time and larger first
      undershoots and first overshoots in the vicinity of the transistions, but
      alternatively the FIG. 3 wave-form could be subtracted from the FIG. 2
      waveform to produce a resultant waveform (not shown) having larger
      rise-time and smaller first undershoots and first overshoots in the
      vicinity of the transitions. It hardly need be explained that addition or
      subtraction of signals is determined by the choice of amplifier type
      (inverting or non-inverting) for amplifiers 5 and 8, by whether the signal
      combining circuit 9 adds or subtracts signals, and by sign changes in any
      other block of the circuit of FIG. 1. Similarly, it will be understood
      that scaling of signal magnitudes is an important factor in the proper
      combination of the delayed signal and the correction signal from amplifier
      8 to achieve a particular correction. A more rigorous treatment of scaling
      will be given later.
PAR  An example of the use of the circuit of FIG. 1 with subtraction of the
      correction signal is to prevent slope overload in delta encoders.
      Contrariwise, the circuit can be used with addition of the correction
      signal to "crispen" the resultant picture in a television receiver.
PAR  FIG. 5 shows a further circuit which is very similar to the circuit of FIG.
      1 and corresponding parts have been given corresponding but primed
      reference numerals. It may easily be seen that the circuit of FIG. 5
      consists of the circuit of FIG. 1 with an extra stage connected from the
      output of amplifier 8 to the correction signal input of the combining
      circuit 9. This extra stage is a sign preserving square-root circuit 11,
      that is to say its output comprises the square-root of the modulus of its
      input signal and has the sign of its input signal.
PAR  If the waveform of FIG. 2 is applied to input 1' of the circuit of FIG. 5 a
      correction signal as shown in FIG. 6 is produced at the output of the
      square-root circuit 11. The addition of the waveforms of FIGS. 2 and 6 by
      the combining circuit 9' produces a resultant waveform as shown in FIG. 7.
      It will be seen that the FIG. 7 waveform has a smaller rise-time than the
      FIG. 2 waveform. As in the case of FIG. 1 circuit, appropriate choice of
      the inverting and non-inverting properties of the component blocks of the
      circuit determines whether the correction signal is added or subtracted.
      The FIG. 5 circuit can thus function as either a rise-time decreaser (or
      picture crispener) or a rise-time increaser (or slope reducer).
PAR  The relative merits of the FIG. 1 and FIG. 5 circuits will be discussed
      later in relation to each other and in relation to known circuits using
      linear correction.
PAR  A generalised analysis of the operation of the described circuit as
      crispeners (rise-time decreasers) will now be given.
PAR  Let an input signal be expressed as f(t), let this signal be firstly
      differentiated to yield a signal f'(t) and then be amplified (or scaled)
      by a factor a, the resultant signal being af'(t). Let af'(t) represent the
      input to a non-linear device (such as 6 or 6') of skew-symmetrical
      characteristic representable by the power series:
EQU  y/x = (b.sub.o +b.sub.2 x.sup.2 + b.sub.4 x.sup.4 + ....) sgn (x) + b.sub.1
      x+b.sub.3 x.sup.3 +b.sub.5 x.sup.5 +. . . where x and y are both functions
      of time and represent the input and output of the device respectively,
      b.sub.o,b.sub.1. . . b.sub.n are constants and the expression "sgn (x)" is
      equal to - 1 or + 1 for x negative or x positive respectively.
      Substituting x = af yields  y =
EQU  (b.sub.o +b.sub.2 a.sup.2 f'.sup.2 +b.sub.4 a.sup.4 f'.sup.4 +....) sgn
      (f') + b.sub.1 af' + b.sub.3 a.sup.3 f'.sup.3 + b.sub.5 a.sup.5 f'.sup.5
      +....
PAL  Let this signal y be amplified (or scaled) by a factor c to yield a
      resultant signal
EQU  Y = c[(b.sub.o + b.sub.2 a.sup.2 f'.sup.2 + b.sub.4 a.sup.4 f'.sup.4 +. .
      .) sgn (f') + b.sub.1 af' + b.sub.3 a.sup.3 f'.sup.3 + b.sub.5 a.sup.5
      f'.sup.5 +.... ]
PAL  For the purpose of analysis the set of co-efficients c b.sub.n a.sup.n  can
      be replaced by a set d.sub.o,d.sub.1,d.sub.2....d.sub.n and in particular
      it should be noted that if d.sub.n is zero for all n except n=k where k is
      an integer (that is, if one term only of the series exists) then the
      influence of a.sup.k is not distinguishable from the influence of c. That
      is to say, the variation of Y in response to variation in a.sup.k is the
      same as the variation of Y in response to variation in c if only one term
      exists, but this is not true if two or more terms exist (because the power
      to which a is raised varies from term to term whereas c is always to the
      power one).
PAR  Let the signal Y now be differentiated to yield
EQU  Y' = [2d.sub.2 f'f'' + 4d.sub.4 f'.sup.3 f" +....] sgn (f') + d.sub.1 f" +
      3d.sub.3 f'.sup.2 f" +...
EQU  = d.sub.1 f" + 2d.sub.2 .vertline.f' .vertline.f" + 3d.sub.3 f'.sup.2 f" +
      4d.sub.4 .vertline.f' .vertline..sup.3 f" +....
      ##EQU1##
PAR  Let Y' now be subtracted from f(t) to yield
      ##EQU2##
PAR  In the exemplary circuit of FIG. 1 a sign-preserving square-law (other laws
      are possible) non-linearity is inserted between two stages of
      differentiation; this effectively means that d.sub.n = 0 for all n except
      n = 2. Let the input signal f (t) be expressed as f(t)=kg(t) where k
      represents the waveform amplitude and g (t) its shape, then F (t) = kg (t)
      - 2b.sub.2 a.sup.2 ck.sup.2 g" (t) g' (t) =kg (t) - pk.sup.2 g" (t) g' (t)
      where p = 2b.sub.2 a.sup.2 c
PAL  and describes the scaling inside the system and can be freely chosen. For
      example, p can be set equal to unity. The correcting signal for the
      circuit of FIG. 1 is proportional to the square of the amplitude k of the
      input signal.
PAR  The performance of the FIG. 1 circuit can be assessed by considering a
      particular signal g (t), and inspecting the various waveforms in both the
      time and frequency domains. The voltage waveform resulting from the
      scanning of a white band on a black background can reasonbly be
      represented by a rectangular pulse of width .DELTA.t. Passing this
      rectangular pulse through a low-pass filter closely approximating to an
      ideal low-pass filter of cut-off frequency
      ##EQU3##
      gives the waveform kg (t) to be applied to the input 1. (In practice,
      f.sub.c could have any value and is taken as
      ##EQU4##
      by way of example only).
PAR  A full-amplitude (unity scaled) waveform f (t) and the corresponding
      correcting and corrected waveforms are shown in FIGS. 2, 3 and 4
      respectively. Corresponding energy density spectra, with components all
      relative to the zero-frequency component of the full-amplitude f (t) are
      shown in FIGS. 8a, 8b, and 8c. It can be seen from FIG. 4 that the
      long-term ringing amplitude is affected but little by the non-linear
      correction whereas this would not be true of linear correction. The
      high-frequency energy generated by the non-linear operation is clearly
      seen in FIG. 8c and thus it is feasible to reduce rise-time by a
      considerably greater amount that would be practically possible using a
      linear correction signal (which would not generate any "out of band"
      high-frequency energy). The non-linear derivation of the correcting signal
      selectively attenuates noise on large areas of pictures (where the first
      derivative is near zero) so that any noise existing in the original
      waveform is not generally made worse except at transistions.
PAR  For the circuit of FIG. 1 the amplitude of the correcting signal is, as
      stated by way of an example, proportional to the square of the input
      signal amplitude. FIGS. 2, 3 and 4 should be compared with their
      counterparts FIGS. 9, 10 and 11 respectively and similarly FIGS. 8a, 8b,
      and 8c should be compared with FIGS. 12a, 12b and 12c. In FIG. 9, the
      input signal is shown halved in amplitude and as shown in FIG. 10 the
      resultant correcting signal is reduced to one quarter of the amplitude of
      the FIG. 3 correcting signal. The corrected signal is shown in FIG. 11.
      Comparison of FIGS. 4 and 11 shows that "crispening" achieved by the
      circuit is effective mainly on large amplitude transitions. This is to
      some extent a disadvantage of the FIG. 1 circuit since in most television
      or visual telephone pictures large amplitude transitions are not
      particularly common. This disadvantage would not, however, matter in the
      transmission of documents having only black (for example, characters) and
      white (for example, paper) levels.
PAR  The circuit of FIG. 5 is capable of crispening both high and low amplitude
      signals while retaining the main advantage (large reduction of rise-time)
      of the FIG. 1 circuit. The circuit of FIG. 5 is slightly inferior to the
      circuit of FIG. 1 in handling signals with large amounts of noise and
      ringing, but is superior to linear correcting circuits. The insertion of
      the inverse non-linear circuit 11 after the second stage of
      differentiation gives the FIG. 5 circuit its advantage over the circuit of
      FIG. 1. For the circuit of FIG. 5:
EQU  f(t) = kg(t) - rk .vertline.g' g" .vertline.1/2 sgn (g") where r =
      .vertline.2b.sub.2 a.sup.2 c.vertline.1/2 and again describes the scaling
      inside the system which can be freely chosen and can for instance be set
      equal to unity. The correcting signal is proportional to the input signal
      amplitude and the circuit of FIG. 5 thus combines the desirable
      characteristics of both linear and non-linear correction. The shapes of
      full-amplitude and half-amplitude signals as functions of time are given
      in FIGS. 2, 6 and 7 and their counterparts FIGS. 9, 13 and 14
      respectively. Full-amplitude energy density spectra are shown in FIGS.
      15a, 15b and 15c (FIG. 15a is FIG. 8a repeated for ease of comparison) and
      half-amplitude energy density spectra are shown in FIGS. 16a, 16b and 16c
      (FIG. 16a is FIG. 12a repeated for ease of comparison). In the graphs of
      spectra, all components are shown on a logarithmic (dB) scale relative to
      the zero-frequency component of a full-amplitude f(t) waveform.
PAR  Comparison of the full-and half-amplitude Figures shows the one-to-one
      correspondence between the amplitude of the signal to be corrected and the
      correcting signal. The circuit of FIG. 5 is able to achieve a larger
      decrease in rise-time than a linear correction circuit could for equal
      ringing in the corrected signal and indeed it is possible to achieve a
      two-fold improvement in this respect. Examination of the energy density
      spectra graphs for the circuit of FIG. 5 shows that "out-of-band" energy
      is present.
PAR  If electrical noise is present in the signal to be corrected, the circuits
      described modify the amplitude and the power density spectrum of the noise
      in the correcting signal in different ways. In a television display, it is
      a well-known fact that the visibility of noise decreases as the noise
      frequency increases, so that with a moderate amount of noise present,
      neither of the described circuits noticeably increases the amount of
      visible noise in the display. When a very large amount of noise is
      present, the FIG. 1 circuit is superior to the FIG. 5 circuit; which is in
      turn superior to linear correction circuits. The above theoretical
      discussion and circuit comparison has been limited to the decrease of
      rise-time, the converse operation of the circuits will now be discussed.
PAR  There are applications in which it is necessary to limit the slope of
      waveforms and reduce ringing which will be produced by bandwidth
      restriction. Limitations on the slope of waveforms originating from
      wideband sources, such as television cameras, may be necessitated by the
      subsequent processing, for example analogue-to-digital conversion by delta
      encoders, or recording using slits of styli of finite dimensions.
      Limitations on ringing are, for example, desirable in order to keep the
      impairment of certain types of television pictures low. Known linear
      correction circuits are capable of reducing ringing but such circuits also
      unnecessarily reduce the slope of small-amplitude transitions and are not
      really satisfactory in this application.
PAR  It is important to note that slope is proportional both to rise-time and to
      signal amplitude, the rise-time being independent of signal amplitude. The
      amplitude of ringing occasioned by bandwidth limitation depends both on
      the bandwidth restriction and on the slope of the transition in the
      signal. The use of the non-linear correction circuit of FIG. 1 enables
      either slope or ringing (after further low-pass filtering) or both to be
      controlled yet without reducing the sharpness of small-amplitude
      transitions.
PAR  Consider a pulse corresponding to the output of a low-pass filter closely
      approximately to an ideal low-pass filter of cut-off frequency
      ##EQU5##
      in response to an input rectangular pulse of width .DELTA.t. If this
      output pulse is then passed through a low-pass filter closely
      approximating to an ideal low-pass filter of cut-off frequency
      ##EQU6##
      the waveform shown in FIG. 17a is produced for a full-amplitude input and
      that in FIG. 18a for a half-amplitude input. FIGS. 17a and 18a shown
      waveforms having large ring amplitudes proportional to signal amplitude.
      FIG. 17b shows the resultant waveform if the output of the
      ##EQU7##
      filter is passed through the circuit of FIG. 1 used in its subtraction of
      correction signal mode of operation and then applied to the
      ##EQU8##
      filter. FIG. 17c shows the resultant waveform if the scaling p (see
      earlier) of the circuit is twice that for FIG. 17b. FIGS. 18b and 18c
      correspond to FIGS. 17b and 17c respectively but relate to the
      half-amplitude input of FIG. 18a.
PAR  FIG. 19a illustrates a low-pass filter 12 connected between the signal
      combining circuit 9 and terminal 2 of the circuit of FIG. 1. FIG. 19b is
      similar but shows a low-pass filter 12' connected between circuit 9' and
      terminal 2' of FIG. 5.
PAR  Comparison of FIG. 17b with 18b and FIG. 17c with FIG. 18c shows that
      ringing amplitude has been reduced and the amplitude of the reduced
      ringing is substantially constant rather than proportional to the signal
      amplitude (as it would be in the case of a linear correction circuit).
      Ring amplitude can be maintained constant over a wide range of signal
      amplitudes thus retaining sharp transitions at low signal amplitudes.
PAR  For illustrative purposes, waveforms obtained by passing a rectangular
      pulse through an ideal low-pass filter and an arbitrary scaling of the
      correction signal path have been considered. In practice, signals
      originating from various sources and having passed through transmission
      media have to be processed, but such signals (particularly when the
      transmission systems are well-designed) closely resemble the waveforms
      discussed here. Thus, while the description given here may seem somewhat
      theoretical those skilled in the art will have no difficulty in reducing
      it to practice.
PAR  It should be understood that although the use of correcting signals
      obtained using non-linearities following square and square-root laws is
      described, other power law non-linearities can be employed. Both power law
      and scaling can be chosen to suit the particular application, for example
      the characteristic of a signal source or of a transmission system.
PAR  In some cases, optimum waveforms correction may be achieved by the
      connection of a number of correction circuits, of which FIG. 1 and FIG. 5
      are examples, in cascade.
CLMS
STM  We claim:
NUM  1.
PAR  1. A waveform correction circuit comprising:
PA1  an input terminal for receipt of a signal to be
PA1  corrected, an output terminal from which, in use,
PA1  a corrected signal is taken,
PA1  a time-delay circuit having its input connected to the input terminal,
PA1  a differentiator having its input connected to the input terminal,
PA1  a circuit whose input/output characteristic is non-linear and
      skew-symmetrical having its input connected to the output of the
      differentiator,
PA1  a further differentiator having its input connected to the output of the
      non-linear skew-symmetric circuit,
PA1  a signal combining circuit operative to combine the output of the further
      differentiator and the output of the delay circuit, and
PA1  means connecting the output of the signal combining circuit to the output
      terminal.
NUM  2.
PAR  2. A waveform correction circuit as claimed in claim 1 including a further
      circuit whose input/output characteristic is non-linear and
      skew-symmetrical having its input connected to the output of the further
      differentiator and its output connected to the input of the signal
      combining circuit.
NUM  3.
PAR  3. A waveform correction circuit as claimed in claim 2, wherein the said
      further non-linear skew-symmetric circuit has a characteristic which is
      the inverse of the characteristic of the first-mentioned non-linear
      skew-symmetric circuit.
NUM  4.
PAR  4. A waveform correction circuit as claimed in claim 3, wherein the
      first-mentioned non-linear skew-symmetric circuit is a sign-preserving
      amplitude squaring circuit and the further non-linear skew-symmetric
      circuit is a sign-preserving square-root circuit.
NUM  5.
PAR  5. A waveform correction circuit as claimed in claim 1, wherein the circuit
      is operative to decrease rise-time.
NUM  6.
PAR  6. A waveform correction circuit as claimed in claim 1, wherein the circuit
      is operative to decrease slope.
NUM  7.
PAR  7. A waveform correction circuit as claimed in claim 6, wherein the means
      connecting the output of the signal combining circuit to the output
      terminal includes a low-pass filter.
NUM  8.
PAR  8. A waveform correction circuit as claimed in claim 1, wherein the circuit
      is operative to decrease ringing.
NUM  9.
PAR  9. A waveform correction circuit as claimed in claim 1, wherein the circuit
      is operative to decrease slope and ringing.
NUM  10.
PAR  10. A waveform correction circuit comprising:
PA1  an input terminal for receipt of a signal to be corrected,
PA1  an output terminal from which, in use, a corrected signal is taken,
PA1  a time-delay circuit having its input connected to the input terminal,
PA1  a differentiator having its input connected to the input terminal,
PA1  first amplifier means having its input connected to the output of the
      differentiator,
PA1  a circuit whose input/output characteristic is non-linear and
      skew-symmetrical having its input connected to the output of the first
      amplifier means,
PA1  a further differentiator having its input connected to the output of the
      non-linear skew-symmetric circuit,
PA1  second amplifier means having its input connected to the output of the
      further differentiator,
PA1  a signal combining circuit operative to combine the output of the second
      amplifier means and the output of the delay circuit, and
PA1  means connecting the output of the signal combining circuit to the output
      terminal.
NUM  11.
PAR  11. A waveform correction circuit as claimed in claim 10 including a
      further circuit whose input/output characteristic is non-linear and
      skew-symmetrical having its input connected to the output of the second
      amplifying means and its output connected to the input of the signal
      combining circuit.
NUM  12.
PAR  12. A waveform correction circuit as claimed in claim 11, wherein the said
      further non-linear skew-symmetric circuit has a characteristic which is
      the inverse of the characteristic of the first-mentioned non-linear
      skew-symmetric circuit.
NUM  13.
PAR  13. A waveform correction circuit as claimed in claim 12, wherein the
      first-mentioned non-linear skew-symmetric circuit is a sign-preserving
      amplitude squaring circuit and the further non-linear skew-symmetric
      circuit is a signpreserving square-root circuit.
NUM  14.
PAR  14. A waveform correction circuit as claimed in claim 13, wherein the means
      connecting the output of the signal combining circuit to the output
      terminal includes a low-pass filter.
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ABST
PAL  This invention is a system for generating electrocardiogram waveforms which
      can be used for many purposes. The system provides a counter whose outputs
      are applied to a group of gates in different combinations. The outputs
      from the gates are applied to an integrating circuit which converts the
      pulse amplitude and the widths of the outputs from the gates into analog
      signals whose slopes depend upon the widths of the pulses applied to the
      integrator. Any type of cardiogram can be analyzed initially and broken
      into its components. These individual components and their sequence
      determine the connections from the outputs of the counter to the inputs of
      the gates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Since the beginning of World War II there has been a shortage of doctors in
      the world. Various means have been suggested and tried to overcome this
      shortage including the training of paramedics, the construction of
      additional instruction facilities, and similar programs. In the end, it
      comes down to the fact that we must train more medical specialists each
      year. The construction of additional instructional facilities is not
      enough since these facilities must also be staffed and equipped. Because
      of the great costs involved and because the faculties for additional
      instructional facilities come from the medical field and further deplete
      the ranks of medical practitioners, it has become apparent that more
      efficient ways of training medical personnel are required.
PAR  Mannikins which simulate some of the bodily functions and duplicate
      abberations thereof have been developed in recent years to aid in medical
      training. In addition to the mannikins, other simulators of medical
      equipment problems will improve the efficiency with which medical
      personnel are trained.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to electronic devices, and more particularly to
      devices for simulating the operation of medical equipment.
PAR  Simulators and similar training devices are finding greater use every day,
      particularly for training individuals to perform complex jobs. The
      training of medical personnel readily falls within that general type of
      subject. However, until very recently, few simulators have been used for
      that purpose.
PAR  This invention comprises a counter which is driven by a free-running pulse
      generator. The outputs from the various stages of the counter are applied
      to the inputs of a plurality of gates which generate outputs spaced in
      time in dependence upon the occurrence of the outputs from the various
      stages of the counter. The resulting pulses are then applied to an
      integrator which produces an output voltage dependent upon the amplitude
      and time-duration of the pulses applied to it.
PAR  It is an object of this invention to provide a new and improved signal
      generating system.
PAR  It is another object of this invention to provide a new and improved system
      for producing selected waveforms.
PAR  It is a further object of this invention to provide a new and improved
      system for generating and modifying waveforms.
PAR  It is still another object of this invention to provide a new and improved
      system for generating the waveform of an electrocardiogram.
PAR  Other objects and advantages of this invention will become apparent as the
      following description proceeds, which description should be considered
      together with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a logic-block diagram of a waveform generator in accordance with
      this invention.
PAR  FIG. 2 is a waveform of a typical electrocardiogram.
PAR  FIG. 3 is a logic-block diagram of an additional circuit provided for the
      output of the generator of FIG. 1.
PAR  FIG. 4 is a stylized representation of one pulse of a typical
      electrocardiogram.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail and more particularly to FIG. 1, the
      reference character 10 designates a free-running pulse generator which
      comprises a uni-junction transistor 11 having its drain electrode
      connected to ground through a load-resistor 12. The gate electrode of the
      transistor 11 is connected to a source of positive potential through a
      potentiometer 14 and to ground through a capacitor 13. The output of the
      transistor 11 is taken across the resistor 12 and is applied to the count
      input of a digital counter 15. The outputs from several of the stages of
      counter 15 are applied directly to some of the inputs of gates 16-1, 16-2,
      16-3, 16-4, 16-5, 16-6, 16-7, 16-8, 16-9, 16-10, 16-11, 16-12, 16-13, and
      16-14, and to other inputs of the gates 16 through inverters 17. The
      outputs from the AND gates 16-1 through 16-14 are connected in combination
      to the inputs of OR gates 18-1 through 18-4. The output from gate 18-1 is
      applied through a variable resistor 24 to the input of an integrator
      amplifier 25. The output from the gate 18-2 is applied through a variable
      resistor 23 to the input of the amplifier 25; the output from the gate
      18-3 and the output from the gate 18-4 are applied through resistors 21 to
      two inputs of an amplifier 19. The output of the amplifier 19 is fed back
      to a third input through another resistor 21. The output of the amplifier
      19 is also applied through a variable resistor 22 to the input of the
      amplifier 25. Connected across the amplifier 25 is an integrating
      capacitor 26 and also reversely connected diodes 27. The output of the
      highest stage of the counter 15 is connected to the diodes 27 directly and
      through an inverter 29. The output from the amplifier 25 is a negative
      version of the EKG waveform which is applied to terminal 28.
PAR  To explain the operation of this invention, reference will be made to FIGS.
      2 and 4. FIG. 2 is a portion of an electrocardiogram. Perhaps it should be
      explained that an electrocardiogram is a graph made by an electrical
      instrument which moves a pen transversely across a strip of chart paper
      which is moving longitudinally. The excursions of the pen are determined
      by electrical currents produced by electrodes placed on the body at
      selected points. The currents produced by the electrodes correspond to the
      action of the heart in its operation. Since the heart is a cyclically
      operating member, the cardiogram is a repetitious curve. Each cycle of the
      curve should be identical to each other cycle, and the basic curve should
      conform, generally, to the curve shown in FIG. 2 and labeled P, Q, R, S,
      T. Variations in one or more of the labeled portions of the curve indicate
      problems with the particular circulatory system represented by the
      electrocardiogram. The apparatus of this invention is designed to produce
      the curve of FIG. 2. To aid in an analysis of the curve, a stylized
      version of one cycle is shown in FIG. 4. Each portion of the curve of FIG.
      4 is labeled with one letter of the alphabet A-N. The apparatus of FIG. 1
      is designed to produce each of the individual portions of the curve of
      FIG. 4.
PAR  As can be seen from FIG. 4 the curve of the electrocardiogram comprises
      fourteen parts, each with its own length and slope. In the apparatus of
      FIG. 1 the gates 16-1 - 16-14 are labeled A-N and correspond to the
      fourteen portions of the curve in FIG. 4. The oscillator 10, which
      comprises the uni-junction transistor 11, potentiometer 14, and capacitor
      13, oscillates at a rate which is proportional to the standard heartbeat
      rate. The individual pulses are applied to the counter 15 and step that
      counter through its count. The outputs from the counter 15 correspond to
      the standard binary numbering system. Thus, the first pulse produces an
      output from the stage farthest to the right. The next pulse produces an
      output from the stage immediately to the left of the first stage. The
      third count produces outputs from both the first and the second stages. As
      the pulses from the oscillator are applied to the counter 15 the outputs
      from the various stages become energized in a binary sequence. These
      energizations are applied to the gates 16-1 - 16-14 to cause the
      individual gates to open and close at prescribed times and for a selected
      time interval. For example, consider the gate 16-1. The outputs from the
      stages which represent the counts of 8, 16, 32, and 64 are applied through
      inverters 17 to the inputs of the gate 16-1. During the time that the
      counter 15 energizes these four outputs, the gate 16-1 produces an output
      signal which is applied to one input of the gate 18-1. The output from the
      gate 18-1 is applied through the variable resistor 24 to the input of the
      integrator formed by the amplifier 25 and the capacitor 26. The integrator
      produces a rising output voltage whose final amplitude is proportional to
      the time-duration of the pulse applied from the gate 18-1. This increasing
      voltage appears at the output terminal 28 producing that portion of the
      curve shown in FIG. 4 labeled A. Since that portion of the curve of FIG. 4
      labeled B is horizontal, no output from the gate 16-2 is applied to the
      integrator. The inputs to the gate 16-3 are energized when the 8, the 16,
      and the 32 outputs from the counter 15 are energized and when the 16
      output from the counter 15 is not energized. In this manner, the slope of
      the curve which is determined by the time that the gate 16-3 is open is
      the same as the slope produced by the output of the gate 16-1, but at a
      later time. This is accomplished by taking the same inputs that are
      applied to the gate 16-1 and waiting until the count 16 output decays.
      Since the slope of the portion C of the curve of FIG. 4 has a negative
      slope, the output from the gate 16-3 is applied to the input of the gate
      18-4 which is a down-gate. The output from the gate 18-4 is applied
      through an amplifier 19 which serves to invert that segment. Thus, the
      output of the gate 18-4, and also of the gate 18-3, is of opposite
      polarity from the outputs of the gates 18-1 and 18-2. The output of the
      amplifier 19 is applied through the variable resistor 22 to the input of
      the integrator which produces a negative-going voltage having the same
      slope and of the same duration as the portion A. In the manner explained
      above in the operation of the gates 16-1, 16-2, and 16-3, the individual
      segments D-N of the curve of FIG. 4 are produced by the apparatus shown in
      FIG. 1. The amount of the slopes of several portions of the curve can be
      varied by changing the individual resistors 22, 23, and 24. If the portion
      of the curve of FIG. 4 represented by the horizontal segments B, D, I, or
      L are to have positive or negative slope portions, then corresponding
      gates 16-2, 16-4, 16-9, and 16-12 may have their outputs connected to the
      OR gates 18-1, 18-2, 18-3, or 18-4. Thus, the apparatus of FIG. 1 produces
      a waveform which corresponds to a typical electrocardiogram. In addition,
      the waveform produced at the output of FIG. 1 may be varied by modifying
      the values of the adjustable resistors 22, 23, and 24 and also by
      selectively connecting into or out of the circuit the outputs from the
      gates 16-2, 16-4, 16-9, and 16-12. The outputs from these gates may be
      connected to the inputs of the various series 18 gates by the use of
      suitable switches.
PAR  The amplitude of the output waveform produced by the system of FIG. 1
      varies somewhat with the frequency of the oscillator 10. To overcome this
      problem in cases where it is undesirable, the system shown in FIG. 3 can
      be substituted for the integrator of FIG. 1. In FIG. 3 the clock 10, which
      is shown in FIG. 3 but is really the same as oscillator 10 of FIG. 1,
      applies clock pulses directly to AND gates 38 and 41 and through a
      frequency multiplier 36 to one input of each of AND gates 37 and 39. The
      other inputs of AND gates 37, 38, 39 and 41 are directly connected to the
      outputs of the OR gates 18-1 - 18-4 of FIG. 1. The second input of gate 37
      is connected to an input terminal 31 which is adapted to be connected to
      the output of gate 18-1. The second input to the gate 38 is connected to a
      terminal 32 which is adapted to be connected to the output of gate 18-2.
      The second input to the gate 39 is connected to a terminal 33 adapted to
      be connected to the output of gate 18-3; and the second input to gate 41
      is connected to a terminal 34 which is adapted to be connected to the
      output of gate 18-4. The outputs of the two gates 37 and 38 are applied to
      the inputs of an OR gate 42. The outputs of gates 39 and 41 are connected
      to the two inputs of an OR gate 43. The output from gate 42 is applied to
      the count-up input to a reversible counter 44, and the output from gate 43
      is applied to the count-down input of the counter 44. The count-output of
      the counter 44 is applied as digital input to a digital-to-analog
      converter 45 whose analog output supplies the output terminal 46 with the
      electrocardiogram waveform.
PAR  In order to overcome the problem of the output waveform varying with the
      frequency of the input signal, the apparatus of FIG. 3 is connected to the
      outputs of the gates 18-1 - 18-4 to substitute a digital arrangement for
      the integrator 25. The gates 37,38,39, and 41 each have two inputs, one of
      which is a signal input and the other of which is a clock input from the
      clock 10. Each of the gates 37-41 produces an output signal only when both
      input signals are present. Thus, the output of any of the gates 37-41 can
      be considered to be a high frequency rectangular wave which is modulated
      by the pulse output from the gates 18-1 - 18-4. Expressed in another way,
      when any of the gates 37-41 produces an output signal, that signal
      comprises the pulse from the oscillator 10 for the length of time that the
      pulse outputs from the gates 18-1 - 18-4 exists. These pulses are applied
      through the up-gate 42 or the down-gate 43 to the respective inputs to the
      counter 44. When the signals appear at the output of gate 42, they cause
      the counter 44 to count upwards. When a signal appears at the output of
      the gate 43 the output pulses cause the counter 44 to count in a downward
      direction. Since the count-output of the counter 44 is applied to the
      input of the digital-to-analog converter 45, the output of the D/A
      converter 45 varies with the count of the counter 44. This is an EKG
      output at the terminal 46. The apparatus shown in FIG. 3 is a completely
      digital system and is not frequency-dependent.
PAR  The above specification has described a new and improved system for
      generating a prescribed waveform such as that of an electrocardiogram. It
      is realized that the above description may indicate to others skilled in
      the art additional ways in which the principles of this invention may be
      used without departing from its spirit. It is, therefore, intended that
      this invention be limited only by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A waveform generator for generating a non-symmetrical recurrent
      waveform, said generator comprising a source of clock signals, a counter,
      means for connecting the output from said source to the count input of
      said counter, said counter having a plurality of outputs which are
      energized in a prescribed sequence as said counter counts clock signals
      from said source, a plurality of coincidence circuits, means for
      connecting the individual outputs from said counter to the inputs of said
      coincidence circuits so that individual coincidence circuits are rendered
      conductive at prescribed times and for prescribed intervals to generate
      individual potentials each of which represents a unique slope of the
      waveform at a prescribed time, means connected to the outputs of said
      coincidence circuits for receiving the signal outputs of said coincidence
      circuits and forming them into a continuous multisloped waveform, said
      means for connecting the outputs of the counter to the inputs of said
      coincidence circuits includes means for directly connecting the outputs of
      said counter to the inputs of those coincidence circuits for generating
      the portions of the waveform having a slope in one direction, and means
      including inverters for connecting the inverted outputs from the counter
      to those coincidence circuits which generate the portions of the waveform
      having a slope of opposite polarity to said one direction.
NUM  2.
PAR  2. The generator defined in claim 1 wherein said means connected to the
      outputs of said coincidence circuits comprises an integrator.
NUM  3.
PAR  3. The generator defined in claim 2 further including adjustable means
      connected between the outputs of said coincidence circuits and the inputs
      to said integrator for changing the slopes of selected portions of said
      waveform output from said integrator.
NUM  4.
PAR  4. The generator defined in claim 3 wherein said means connected to the
      outputs of said coincidence circuits includes adjustable means of changing
      the slopes of said portions.
NUM  5.
PAR  5. The generator defined in claim 4 wherein said means connected to the
      outputs of said coincidence circuits includes an integrator.
NUM  6.
PAR  6. The generator defined in claim 1 wherein said means connected to the
      outputs of said coincidence circuits includes a counter, a
      digital-to-analog converter having its input connected to said counter for
      receiving the count output of said counter and converting said count into
      an equivalent waveform, and means between the outputs of said coincidence
      circuits and the input to said counter for providing the count input of
      said counter with signals from said source of clock signals modulated by
      the outputs of said coincidence circuits.
NUM  7.
PAR  7. The generator defined in claim 1 wherein said means connected to the
      outputs of said coincidence circuits comprises a counter, a
      digital-to-analog converter having its input connected to said counter for
      receiving the count output of said counter and converting said count into
      an equivalent waveform, and means between the outputs of said coincidence
      circuits and the input to said counter for providing the count input of
      said counter with signals from said source of clock signals modulated by
      the outputs of said coincidence circuits.
NUM  8.
PAR  8. The generator defined in claim 4 wherein said means connected to the
      outputs of said coincidence circuits includes a counter, a
      digital-to-analog converter having its input connected to said counter for
      receiving the count output of said counter and converting said count into
      an equivalent waveform, and means between the outputs of said coincidence
      circuits and the input to said counter for providing the count input of
      said counter with signals from said source of clock signals modulated by
      the outputs of said coincidence circuits.
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ABST
PAL  Digital logic apparatus for demodulating a received phase-modulated carrier
      wave wherein phase-shifts between successive signalling intervals encode
      data elements. A shift register serially stores periodic samples of a
      squared version of the received wave. Exclusive-OR gates compare pairs of
      stored wave samples, each pair comprising a sample from a previous
      signalling interval and a sample from a current signalling interval. At
      least one of the exclusive-OR gates derives synchronizing signals for a
      local timing generator. For each data element, an integrator is associated
      with one of the exclusive-OR gates to accumulate a count related to the
      time during which pairs of similar samples are sensed by its exclusive-OR
      gate during each signalling interval. The integrator registering the
      highest count at the end of a given data interval signifies the data
      element received during that interval. An alternate embodiment is
      disclosed for less critical applications wherein outputs from digital
      filters indicate the received data elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to demodulators, and more particularly, to digital
      demodulators for decoding phase-modulated carrier waves.
PAR  2. Description of the Prior Art
PAR  Apparatus for transmitting digital data over communications channels by
      means of phase-modulation techniques is well known in the art. This
      apparatus has typically comprised such circuit elements as high, low, and
      band-pass filters, delay lines, amplifiers, and product modulators, all
      adapted for use with analog waves, for example, as disclosed in U.S. Pat.
      Nos. 3,128,342 and 3,128,343 issued on Apr. 7, 1964 to P. A. Baker.
PAR  The recent development of low-cost digital integrated circuit elements has
      brought forth the possibility that the modulating and demodulating
      functions could be accomplished by combinations of such circuit elements
      with greater reliability and at lower cost than with the analog elements
      used in the prior art. Demodulators that incorporate some digital circuit
      elements for decoding purposes have been disclosed in the prior art, for
      example, see U.S. Pat. No. 3,590,381 issued to Robert G. Ragsdale on Mar.
      17, 1969, and U.S. Pat. No. 3,746,995 issued to H. C. Schroeder et al. on
      July 17, 1973. Both these patents disclose demodulators comprising such
      analog elements as modulators and filters in combination with digital
      circuit elements.
PAR  It is desirable to provide a digital demodulator that could be fabricated
      by the techniques used to produce large-scale integrated circuits, without
      the need for numerous additional discrete components. Thus, it is
      desirable to provide a digital demodulator that would comprise digital
      circuit elements almost exclusively. An example of such a digital
      demodulator is disclosed in U.S. Pat. No. 3,729,684 to Donald G. Shuda.
PAR  It is, therefore, an object of this invention to provide improved apparatus
      for demodulating a received phase-modulated wave that substantially
      comprises digital circuit elements.
PAC  SUMMARY OF THE INVENTION
PAR  Digital apparatus for demodulating a received phase-modulated wave, wherein
      phase-shifts in a carrier wave between successive signalling intervals
      encode data elements, includes a shift register foro serially storing
      periodic samples of a squared version of the received wave and a number of
      exclusive-OR gates, each of which compares a stored wave sample from a
      previous signalling interval with a stored wave sample from a current
      signalling interval. In a preferred embodiment of the invention,
      comprising a timing section and a decoding section, the timing section
      includes at least one of the exclusive-OR gates connected to a digital
      filter to generate signals reprsenting transitions between received
      signalling intervals for synchronizing a local timing generator. The
      decoding section includes, for each data element, one of the exclusive-OR
      gates connected to an integrator that essentially accumulates a count
      realted to the time during which similar wave samples are sensed by its
      exclusive-OR gate during each signalling interval. At the end of a given
      signalling interval, the integrator registering the highest count
      signifies the data element received during that interval. The integrators
      can be arranged to emphasize middle portions and deemphasize beginning and
      ending portions of each signalling interval to improve the reliability of
      decoding of a received wave that is affected by noise or distortion. In
      embodiments wherein pairs of phase-shifts differ by 180.degree., both the
      number of exclusive-OR gates and the number of stages in the shift
      register can be reduced.
PAR  A specific preferred embodiment of the invention described is a four-phase
      demodulator that decodes a carrier wave having phase shifts therein of
      +45.degree., +135.degree., +225.degree. and +315.degree. encoding data
      elements 11, 10, 00 and 01.
PAR  An alternate embodiment for less critical applications is also described,
      wherein outputs from the digital filters indicate the received data
      elements.
PAR  Other embodiments of the invention will become apparent and the invention
      will be more fully understood from the following detailed description and
      the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of a preferred embodiment of a
      four-phase digital demodulator, according to the invention;
PAR  FIGS. 2, 3, 4 and 5 are graphical representations of digital signals useful
      in understanding the operation of the digital demodulator shown in FIG. 1;
PAR  FIG. 6 is a more detailed schematic block diagram of a timing generator
      shown in FIG. 1;
PAR  FIGS. 7 and 8 are graphical representations of digital signals useful in
      understanding the operation of the timing generator shown in FIG. 6;
PAR  FIG. 9 is more detailed schematic block diagram of a digital filter shown
      in FIG. 1;
PAR  FIG. 10 is a graphical representation of digital signals and the count
      accumulated in a counter comprised in the digital filter shown in FIG. 9;
PAR  FIG. 11 is a more detailed schematic block diagram of a synchronizing
      circuit shown in FIG. 1;
PAR  FIGS. 12 and 13 are graphical representations of digital signals useful in
      understanding the operation of the synchronizing circuit shown in FIG. 11;
PAR  FIG. 14 is a more detailed schematic block diagram of an integrator shown
      in FIG. 1;
PAR  FIG. 15 is a more detailed schematic block diagram of an integrator control
      shown in FIG. 1;
PAR  FIG. 16 is a more detailed schematic block diagram of a translator shown in
      FIG. 1;
PAR  FIG. 17 is a schematic block diagram of an alternate embodiment of a
      four-phase digital demodulator according to the invention; and
PAR  FIG. 18 is a schematic block diagram of another alternate embodiment of a
      four-phase digital demodulator according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The digital demodulator of the invention comprises conventional logic
      circuit elements such as AND-gates, OR-gates, exclusive-OR gates,
      flipflops, shift registers, binary counters, pulse forming circuits, and
      the like. In the following description, the two possible states of a logic
      signal are characterized as 0 and 1. Certain signals are identified by
      capitalized names for convenience, e.g., DIBIT signal. Like elements in
      the different figures are referred to by like numerals. A letter adjacent
      to a lead in the schematic block diagrams refers to a graphical
      representation of a signal present on the lead that appears elsewhere in
      the figures.
PAR  FIG. 1 is a schematic block diagram of an exemplary embodiment of a
      four-phase digital demodulator, according to the invention, for
      demodulating a received wave whose phase-shifts of +45.degree.,
      +135.degree., +225.degree. and +315.degree. between successive signalling
      intervals encode four data elements. Henceforth, each data element will be
      termed generally as a dibit combination or identified specifically as a
      11, 10, 00 or 01 dibit combination, and signalling intervals will be
      termed dibit intervals.
PAR  Broadly, the digital demodulator shown in FIG. 1 comprises squaring circuit
      15, shift register 16, timing section 17, and decoding section 18. More
      specifically, timing section 17 further comprises exclusive-OR gates 20
      and 21, identical digital filters 22 and 23, synchronizing circuit 25, and
      timing generator 26. Decoding section 18 further comprises exclusive-OR
      gates 30 and 31, inverters 32 and 33, identical integrators 34, 35, 36 and
      37, integrator control 40, and translator 41. Timing generator 26
      generates timing signals that are connected to the several elements of the
      digital demodulator.
PAR  Several of the circuit blocks in FIG. 1 are marked with cross references to
      other figures of the drawings that show the elements of those blocks in
      greater detail.
PAR  In operation, a phase-modulated wave received from a communications
      channel, e.g., a telephone line, is converted by squaring circuit 15 to
      logic levels of 0 and 1. That is, if the input to squaring circuit 15 is
      negative, the output thereof is 0, and if the input to squaring circuit 15
      is positive, the output thereof is 1. Such a squaring circuit is well
      known in the art. The output of squaring circuit 15 is fed to the serial
      data input of shift register 16 via lead 42. The function of shift
      register 16 in the digital demodulator of the invention is analogous to
      that of the tapped delay line in the analog demodulator described in U.S.
      Pat. No. 3,128,343, noted above.
PAR  A shift pulse is periodically applied to the SHIFT input of shift register
      16 by timing generator 26. The designation .phi.A identifies one of a
      number of timing signals generated by timing generator 26. In the
      exemplary embodiment, .phi.A comprises 96 shift pulses per dibit interval.
      Thus, the signal on lead 42 is sampled 96 times per dibit interval, and
      shift register 16 stores, in its 112 stages, samples representing the
      squared input wave during essentially the previous 1-1/6 dibit intervals.
      The output signal of a given stage of shift register 16 is made up of the
      successive samples stored in that stage and is, therefore, a delayed
      version of the signal on lead 42. Thus, the output signal of stage 96 is
      delayed one dibit interval with respect to the signal on lead 42, and the
      output signal of stage 112 is delayed 1-1/6 dibit intervals with respect
      to the signal on lead 42.
PAR  In the exemplary embodiment, the carrier frequency of the received analog
      wave is 1800 hz., and the data rate is 1200 dibit intervals/second.
      Therefore, each dibit interval comprises 11/2 cycles of carrier, and
      samples representing one cycle of carrier occupy 64 stages of shift
      register 16. The 16 stages 97 to 112 store samples representing
      one-quarter cycle of carrier. Thus, the output signal of stage 112 is
      shifted in phase one-quarter cycle of carrier (-90.degree.), with respect
      to the output signal of stage 96.
PAR  Exclusive-OR gate 20 receives as inputs the signal on lead 42 and the
      output signal of stage 96 of shift register 16. Similarly, exclusive-OR
      gate 21 receives as inputs the signal on lead 42 and the output signal of
      stage 112. Since the carrier wave in a given received dibit interval is
      shifted in phase from the carrier wave in the previous dibit interval by
      an odd multiple of 45.degree., the two input signals to each of
      exclusive-OR gates 20 and 21 are always out of phase, also by an odd
      multiple of 45.degree..
PAR  The action of an exclusive-OR gate having rectangular waves as inputs can
      be likened to that of a product modulator having sinusoidal waves as
      inputs. As is well known, a product modulator having two out-of-phase
      sinusoidal waves of the frequency .omega. applied to the inputs thereof
      produces an output wave comprising both a sinusoidal component of
      frequency 2.omega. and a d-c component. The polarity and the magnitude of
      the d-c component are related to the difference in phase between the two
      input waves. Similarly, the output signal of an exclusive-OR gate having
      as its input signals two rectangular waves with frequency .omega., but out
      of phase, is a rectangular wave that includes a 2.omega. term, and the
      symmetry of the output signal is a function of the phase angle between the
      two input signals.
PAR  The action of an exclusive-OR gate, such as gate 20, having two
      out-of-phase, like frequency rectangular waves as input signals is
      graphically illustrated in FIG. 2. Waves A and B differ in phase, wave A
      being +45.degree. out of phase with wave B. Wave D is the output of an
      exclusive-OR gate, having waves A and B as inputs. Note that when waves A
      and B agree, wave D is 0, but when waves A and B differ, wave D is 1. Note
      also that the frequency of wave D is twice that of waves A and B, and
      that, in this example, wave D is predominantly 0.
PAR  Wave C is -90.degree. out of phase with wave B, and -135.degree. out of
      phase with wave A. Wave E represents the output of an exclusive-OR gate
      having waves A and C as inputs. Note that the frequency of wave E is also
      twice that of waves A or C, but that wave E is predominantly 1.
PAR  Waves A, B, C, D and E of FIG. 2 correspond substantially to the signals
      appearing on like-labeled leads in FIG. 1 during a dibit interval when the
      dibit combination 11 is received, as encoded by a +45.degree. phase shift
      in the carrier wave between the previous dibit interval and the current
      dibit interval.
PAR  When the 01 dibit combination is received, as encoded by a +315.degree.
      phase shift in the carrier wave between the previous dibit interval and
      the current dibit interval, the phase relationships among the waves in
      FIG. 2 will appear as shown in FIG. 3. In FIG. 3, wave A is +315.degree.
      out of phase with wave B, and wave C is -90.degree. out of phase with wave
      B. Note here that wave D is predominatly 0, as it was in FIG. 2, but wave
      E is also predominantly 0, a change from its condition in FIG. 2.
PAR  Similarly, it can be shown that for the 10 dibit combination, represented
      by a phase shift of +135.degree., waves D and E will both be predominantly
      1; and that for the 00 dibit combination represented by a phase shift of
      +225, waves D and E will be predominantly 1 and predeominantly 0,
      respectively.
PAR  Referrring again to FIG. 1, the output signals of exclusive-OR gates 20 and
      21 are filtered by digital filters 22 and 23, respectively, to remove
      short-term changes in these signals. The output signal of each filter is 1
      when its input is predominatly 1, and 0 when its input is predominantly 0.
      However, the filtering action causes a delay, so that the filtered output
      signal lags the input signal by 15 counts of timing signal .phi.B.
PAR  The output signals of filters 22 and 23 indicate the different dibit
      combinations received. The output signal of filter 22 coresponds to the
      second bit of the dibit combination, and the output signal of filter 23
      corresponds to the first bit of the dibit combination. The transitions in
      the output signals from filters 22 and 23 are used to provide
      synchronizing information to synchronizing circuit 25, which further
      controls timing generator 26 to synchronize all timing signals in the
      digital demodulator with the received analog wave.
PAR  From the above discussion, it may appear that the output signals of filters
      22 and 23 do not change when repeated identical dibit combinations are
      received. This is, indeed, the case for repeated 00 or 10 dibit
      combinations. However, repeated 11 or 01 dibit combinations cause some
      transitions in the output signals of filters 22 and 23. If it is necessary
      to repeat a dibit combination continuously, as in an idling signal, the 11
      dibit combination or the 01 dibit combination is repeated, so that
      transitions for maintaining synchronization occur. It should be noted here
      that the problem of maintaining synchronization when certain repeated
      dibits are received is also significant with respect to the prior art
      analog demodulators.
PAR  FIG. 4 is a graphical representation showing how repeated 11 dibit
      combinations cause transitions in the output signal of filter 23. In FIG.
      4, wave A is represented as it would appear during two dibit intervals.
      The +45.degree. phase shift in wave A between the dibit intervals encodes
      a 11 dibit combination. Note the transition between the first and second
      dibit intervals. Because only 11/2 cycles of carrier are included in each
      dibit interval, the advance of 45.degree. in phase of wave A during the
      second dibit interval with respect to the first dibit interval results in
      an absolute phase shift of +225.degree. in wave A between the end of the
      first dibit interval and the beginning of the second dibit interval, thus
      introducing a significant discontinuity into the wave at the transition
      between dibit intervals.
PAR  Wave C represents an earlier portion of wave A as it would appear if a
      succession of 11 dibit combinations is received. Recall that wave C is
      delayed one dibit interval and shifted in phase by -90.degree. with
      respect to wave A. The marks 50 on wave C represent transitions between
      dibit intervals. Wave G represents the output signal of digital filter 23
      in FIG. 1 having wave E as input. Dotted arrows 51 relate the long-term
      transitions in wave E to the resulting transitions in wave G. Note,
      however, that short-term transitions in wave E are removed by the action
      of filter 23 and do not result in transitions in wave G.
PAR  As noted avove, the outputs of digital filters 22 and 23 are related to the
      actual dibits being received. More specifically, the output of digital
      filter 22 corresponds to the inverse of the second digit of the dibit, and
      the output of digital filter 23 corresponds to the first digit of the
      dibit. Appropriate logic circuits can be provided to translate the outputs
      of digital filters 22 and 23 to a serial bit stream for output from the
      demodulator, as will be described later with respect to an alternate
      embodiment of the invention. Unfortunately, output signals from the
      digital filters are adversely affected by noise and delay distortion that
      may be introduced by the communications channel. In the presence of such
      adverse effects, digital data translated directly from the output signals
      of digital fitlers 22 and 23 could be erroneous. However, these output
      signals are reliable enought for synchronizing purposes, even when digital
      data translated therefrom may contain errors. As will be described, the
      preferred embodiment of the invention includes integrators that emphasize
      phase comparisons made during the mid-portion of each received dibit
      interval to counteract the effects of noise and distortion.
PAR  Referring again to FIG. 1, exclusive-OR gate 30 is connected to compare the
      output signals from stages 8 and 96 of shift register 15, and exclusive-OR
      gate 31 is connected to compare the output signals from stages 8 and 112
      of shift register 15. With respect to the output signal of stage 8, the
      output signal of stage 96 represents the signal from the previous dibit
      interval shifted in phase by +45.degree., and the output signal of stage
      112 represents the signal from the previous dibit interval shifted in
      phase by -45.degree..
PAR  FIG. 5 shows the phase relationships among the output signals from stages
      8, 96 and 112 of shift register 15 for different received dibit
      combinations. The output signals of stages 96 and 112 are 90.degree. out
      of phase with each other, as shown by waves B and C. The output signals of
      stages 8 and 96 are in phase when the 11 dibit combination is received,
      +90.degree. out of phase when the 10 dibit combination is received,
      +180.degree. out of phase when the 00 dibit combination is received, and
      +270.degree. out of phase when the 01 dibit combination is received.
      Therefore, the output signal of exclusive-OR gate 30 is predominantly 0
      when the 11 dibit combination is received, because the two inputs to gate
      30 are substantially identical. Similarly, the output signal of gate 30 is
      predominantly 1 when the 00 dibit combination is received, because the two
      inputs to gate 30 are substantially opposite. However, when either the 10
      or 01 dibit combination is received, the output signal of gate 30
      alternates between 1 and 0.
PAR  A similar analysis can be made for the output signal of exclusive-OR gate
      31. Thus, the output signal of gate 31 is substantially 1 when the 10
      dibit combination is received, and substantially 0 when the 01 dibit
      combination is received, and alternates between 0 and 1 when either the 00
      or 11 dibit combination is received.
PAR  The outputs of gates 30 and 31 are connected directly to the inputs of
      integrators 34 and 36, respectively, and through inverters 32 and 33, to
      integrators 35 and 37. Thus, the input signal to integrator 34 is
      substantially 1 only when the 00 dibit combination is received; the input
      signal to integrator 35 is substantially 1 only when the 11 dibit
      combination is received; the input signal to integrator 36 is substantilly
      1 only when the 01 dibit combination is received; and the input signal to
      integrator 37 is substantially 1 only when the 10 dibit combination is
      received.
PAR  Integrators 34, 35, 36, and 37 comprise counters that are enabled to cound
      during a mid-portion of each dibit interval when the input to the
      integrator is 1. After the mid-portion of a given dibit interval, each
      integrator contains a count; the highest count denotes which dibit
      combination was received. Adverse conditions in the communications channel
      may decrease the spread between the counts in the integrators, but it is
      most likely that the highest count represents the dibit combination
      actually transmitted. In the preferred embodiment, integrators 34, 35, 36
      and 37 are arranged to count during the middle two-thirds of each dibit
      interval, and to give double weight to the middle third of each dibit
      interval, thereby increasing the probability of decoding the correct dibit
      combination in the presence of noise or distortion in the communications
      channel.
PAR  Integrator control 40 includes means for controlling the counters in
      integrators 34, 35, 36 and 37. Translator 41 serially generates two output
      bits to represent each received dibit combination. Timing generator 26
      generates a bit clock signal in phase with the serial data signal from
      translator 41 to synchronize data utilization means receiving digital data
      from translator 41.
PAR  The various elements of the digital demodulator shown in FIG. 1 will now be
      described in more detail.
PAR  FIG. 6 is a detailed block schematic diagram of timing generator 26 for use
      with an embodiment of the invention wherein the bit rate is 2400
      bits/second, the dibit rate is 1200 dibits/second, and the carrier
      frequency is 1800 Hz.
PAR  Referring to FIG. 6, a primary timing signal is generated by fixed
      osciallator 60 at a frequency of 230.4 KHz, 192 times the dibit rate.
      AND-gates 62 and 63 derive out-of-phase 115.2 KHz signals .phi.A and
      .phi.B from the primary timing signal and the outputs from dividing
      flipflop 61. FIG. 7 shows the relationships among the 230.4 KHz signal
      from osciallator 60, the 115.2 KHz signal from the 1-output of flipflop
      61, and the .phi.A and .phi.B signals. FIG. 8 illustrates the
      relationships among other timing signals generated by timing generator 26.
      FIG. 8 will be referred to as timing generator 26 is described in more
      detail.
PAR  Referring again to FIG. 6, signal .phi.A is gated into timing counter 64
      via AND-gate 65. Counter 64 is a conventional arrangement of seven
      flipflops connected as a binary counter. The count in counter 64 is
      increased by 1 by each pulse on the COUNT input thereof, and all stages of
      the counter are set to 0 by a pulse on the RESET input thererof. Each
      stage of counter 64 generates output signals at a 1-output and a 0-output.
      When a counter stage is said to contain a 1, the signals on the 1- and
      0-outputs are 1 and 0, respectively; when a counter stage is said to
      contain a 0, the signals on the 1- and 0-outputs are 0 and 1,
      respectively. Other binary counters in the digital demodulator that will
      be described subsequently are similar in design and operation to timing
      counter 64.
PAR  Signal .phi.A is connected to the RESET input of counter 64 via AND-gate
      66. If SYNCH is 1, gate 66 gates .phi.A into the RESET input of counter
      64, onto lead 68 to form the END DIBIT signal, and to various SET and
      RESET inputs of flipflops 72, 75, 77 and 79. If SYNCH is 0, gate 65,
      through the action of inverter 67, gates .phi.A into the COUNT input of
      counter 64.
PAR  The source of SYNCH is synchronizing circuit 25, shown in FIG. 1. Usually
      this signal enables gate 66 during count 95 so that timing counter 64 is
      reset to 0 by .phi.A during count 95. Thus, the basic timing cycle
      generated by timing generator 26 is 96 counts long, corresponding with one
      received dibit interval. The length of each timing cycle is determined
      primarily by the frequency of the primary timing signal generated by
      osciallator 60. However, if that timing signal is not in synchronism with
      the timing signal generated by the corresponding osciallator in the
      modulating transmitter at the distant end of the communications channel,
      the locally generated timing signals may begin to lag or lead the received
      analog wave. Thus, synchronizing circuit 25 corrects for lagging local
      timing signals by shortening timing cycles, and for leading local timing
      signals by lengthening timing cycles. This is accomplished by periodically
      resetting timing counter 64 at the end of count 94 or count 96,
      respectively, instead of at the end of count 95.
PAR  Various counts of counter 64 are decoded by AND-gates comprising decoder
      70. Fro example, AND-gate 71 decodes the count of 72 in counter 64 to
      generate the 72-COUNT signal. Inputs to AND-gate 71 are connected to
      0-outputs from stages 1, 2, 4, 8 and 32 of counter 62, and to 1-outputs
      from stages 8 and 64 of counter 62. Thus, the output of AND-gate 71 is 1
      when the count in counter 62 is 1001000, the binary equivalent of 72.
      Other AND-gates (not shown) are provided to similarly decode counts of 0,
      16, 24,  48, 64, 72, 94, 95 and 96. The 48-COUNT signal is shown in FIG.
      8.
PAR  A BIT CLOCK signal, shown in FIG. 8, is generated at the 1-output of
      flipflop 72, which is set by either END DIBIT or 48-COUNT, and reset by
      24-COUNT or 72-COUNT. Thus, two BIT CLOCK cycles are generated during each
      timing cycle. Similarly, a DIBIT signal shown in FIG. 8 is generated at
      the 1-output of flipflop 5, which is set by END DIBIT and reset by
      48-COUNT. Flipflops 77, 78 and 79, respectively, generate WINDOW,
      MID-WINDOW and ENABLE REMAINDER signals, shown in FIG. 8, in response to
      the various indicated counts from decoder 70. Note in FIG. 8 that
      transitions in the BIT CLOCK, DIBIT, WINDOW and ENABLE REMAINDER signals
      occur at either 95-COUNT, 96-COUNT or 97-COUNT in correspondence with the
      END DIBIT signal.
PAR  AND-gate 80 generates a RESET INTEGRATORS signal by combining O-COUNT from
      decoder 70 with .phi.B. This signal is shown in FIG. 13, which will be
      described in more detail when the operation of translator 41 is discussed.
PAR  FIG. 9 is a more detailed block diagram of digital filter 22, which is
      identical to digital filter 23. AND-gates 82 and 84 gate signal .phi.B to
      the COUNT UP and COUNT DOWN inputs, respectively, of reversible four-stage
      binary counter 85. AND-gate 86 is conneced to the 1-outputs of all stages
      of counter 85, and is enabled when counter 85 registers 15. AND-gate 87 is
      connected to the 0-outputs of the stages of counter 85, and is enabled
      when counter 85 registers 0. The outputs of gates 86 and 87 are connected,
      respectively, to SET and RESET inputs of flipflop 88, and via inverters 91
      and 92. to inputs of gates 82 and 84.
PAR  The unfiltered input signal to digital filter 22 is connected by lead 81 to
      gate 82 and through inverter 83 to gate 84. If the signal on lead 81 is 1,
      and counter 85 does not register is gate 82 is enabled by each pulse of
      .phi.B to increment counter 85. Conversely, if the signal on lead 81 is 0,
      and counter 85 does not register 0, gate 84 is enabled by each pulse of
      .phi.B to decrement counter 85. When counter 85 registers 0, the output of
      gate 87 becomes 1, resetting flipflop 88, and disabling gate 84 through
      inverter 92 to prevent counter 85 from being decremented further. When
      counter 85 registers 15, the output of gate 86 becomes 1, setting flipflop
      88, and disabling gate 82 through inverter 91 to prevent counter 85 from
      being incremented further.
PAR  The operation of digital filter 22 can be more clearly understood by
      referring to FIG. 10. In FIG. 10, the relations among waves D and F and
      the contents of counter 85 are shown. Wave D has been arbitrarily chosen
      to demonstrate the operation of filter 22. Counter 85 registers 0
      initially. After transition 93 in wave D, counter 85 is incremented at the
      .phi.B rate of 96 counts per dibit until after transition 94, when counter
      85 is decremented at the same rate. After transition 95, counter 85 is
      again incremented and because wave D remains 1 for more than 15 counts,
      the contents of counter 85 eventually reach 15 and wave F changes to 1 at
      transition 96. Note that transition 96 lags its causing transition 95 by
      15 counts.
PAR  After transition 97 wave D, counter 85 is decremented until after
      transition 100, when counter 85 is again incremented. After transition
      101, counter 85 is decremented until the contents of counter 85 become 0,
      and wave F becomes 0 at transition 102. Note again that transition 102
      lags its causing transition 101 by 15 counts.
PAR  The series of transitions 103, 104 and 105 in wave D, and the resulting
      contents of counter 85 and transition 106 in wave F show what happens when
      a short-lived transition occurs within 15 counts of a transition that has
      moved counter 85 away from one of its limits, specifically the 0-limit
      here. Note that the short-lived transition further delays transition 106.
PAR  FIG. 11 is a detailed block schematic diagram of synchronizing circuit 25.
      The output signal from digital filter 22 is connected by lead 110 to pulse
      generating circuit 111 and, via inverter 112, to pulse circuit 115.
      Similarly, the output signal from digital filter 23 is connected by lead
      114 to pulse generating circuit 115, and, via inverter 116, to pulse
      generating circuit 117. Outputs from pulse generating circuits 111, 113,
      115 and 117 are connected to OR-gate 120. Each pulse generating circuit
      111, 113, 115 and 117 emits an output pulse when the signal at its input
      changes from 0 to 1. Thus, any transition from 0 to 1 or 1 to 0 on either
      lead 110 or 114 results in a pulse from the output of gate 120.
PAR  Position counter 125 is a reversible four-stage binary counter, and the
      output of gate 120 is gated by AND-gates 121 and 122 into the COUNT DOWN
      and COUNT UP inputs thereof. The DIBIT signal is connected to an input of
      gate 122 and, via inverter 124, to an input of gate 121. When the output
      of inverter 124 is 1, pulses from gate 120 either decrement counter 125,
      if DIBIT is 1, or increment counter 125, if DIBIT is 0.
PAR  If counter 125 registers 0, 0-outputs from the four stages of counter 125
      enable gate 132. If counter 125 is decremented from 0 to 15, a pulse on
      the BORROW output thereof sets flipflop 130. If counter 125 is incremented
      from 15 to 0, a pulse on the CARRY output thereof resets flipflop 130
      through OR-gate 131. Thus, if counter 125 registers a negative value, the
      1-output of flipflop 130 is 1; if counter 125 registers 0, the output of
      gate 132 is 1; but if counter 125 registers a positive value, both the
      1-output of flipflop 130 and the output of gate 132 are 0.
PAR  Sample counter 133 comprises a three-stage binary counter that is
      incremented by 48-COUNT at the middle of each timing cycle. AND-gate 134
      decodes one of the eight states of counter 133 to produce a SAMPLE signal,
      as shown at T in FIG. 12, which becomes 1 during every eighth timing
      cycle. SAMPLE is connected to AND-gates 140 and 141 and through inverter
      142 to AND-gate 143. Outputs of gates 140, 141 and 143 are connected to
      inputs of OR-gate 144. If SAMPLE is 0, gates 143 and 144 become enabled
      when 95-COUNT becomes 1. If SAMPLE is 1, the state of counter 125
      determines when gate 144 becomes enabled. If counter 125 is then negative,
      gates 140 and 144 become enabled when 94-COUNT becomes 1; if counter 125
      then registers 0, gates 141 and 144 become enabled when 95-COUNT becomes
      1; but if counter 125 is then positive, gate 144 becomes enabled directly
      when 96-COUNT becomes 1.
PAR  The output of gate 144 is connected to the D, (data) input of D-type
      flipflop 150, and .phi.B is connected to the CK (clock) input of flipflop
      150. Thus, every .phi.B pulse will set or reset flipflop 150 according to
      whether the output of gate 144 is 1 or 0. The 1-output of flipflop 150 is
      the SYNCH signal, shown at X in FIG. 13. Counter 125 and flipflop 130 are
      reset by the output from gate 136 when END DIBIT and SAMPLE both become 1.
PAR  OR-gate 151 receives as inputs 94-COUNT, 95-COUNT and 96-COUNT. Thus, the
      output of gate 151 is 1 from the time when 94-COUNT changes from 0 to 1 to
      the time when 96-COUNT changes from 1 to 0. AND-gate 152 combines the
      output of gates 151 and 134, so that if SAMPLE is 1, and either 94-COUNT,
      95-COUNT or 96-COUNT is 1, gate 152 and inverter 127 inhibit gates 121 and
      122 to prevent pulses from gate 120 from incrementing or decrementing
      counter 125.
PAR  The operation of synchronizing circuit 25 can be more readily understood by
      referring to FIG. 12, which graphically relates detected transitions
      between dibit intervals and the phase of the locally generated timing
      cycle as indicated by the DIBIT signal. In FIG. 12, line AA shows, with
      respect to theoretical transitons between received dibit intervals,
      intervals 155a and 155b where transitions detected by gate 20 (FIG. 1) can
      occur that result in transitions in the output of filter 22. Similarly,
      line AB shows intervals 156a and 156b where transitions detected by gate
      21 can occur that result in transitions in the output of filter 23. For
      random data, the accumulated number of transitions occurring during a
      given number of intervals 155a will tend to equal the accumulated number
      of transitions occurring during corresponding intervals 155b. Similarly,
      for random data, the accumulated number of transitions in a given number
      of intervals 156a will tend to equal the accumulated number of transitions
      occurring during corresponding intervals 156b.
PAR  Because of the delays introduced by digital filters 22 and 23, the output
      pulses from gate 120 are delayed 15 counts of the .phi.B rate of 96
      pulses/dibit from the transitions that caused the pulses. Intervals such
      as 160a and 160b, where output pulses from gate 120 occur, are shown in
      line AC in FIG. 12. These intervals can be thought of as combining the
      intervals shown in lines AA and AB and delaying these combined intervals
      by 15 counts. Again, for random data, the accumulated number of
      transitions in a given number of intervals 160a will tend to equal the
      accumulated number of transitions in corresponding intervals 160b. Note
      that the center lines between intervals such as 160a and 160b correspond
      to the 0 to 1 transitions such as 163 in the DIBIT signal. The SAMPLE,
      WINDOW and MID-WINDOW signals are shown in FIG. 12 for reference.
PAR  Returning now to FIG. 11, the count in position counter 125 indicates
      whether DIBIT signal is lagging, in phase with, or leading the received
      dibit intervals. Recall that this count is incremented or decremented by
      pulses from gate 120 that are routed to increment or decrement position
      counter 125 by means of gates 121 and 122, respectively, so that if DIBIT
      is 1, pulses from gate 120 increment counter 125 but if DIBIT is 0, pulses
      from gate 120 decrement counter 125.
PAR  Referring again to FIG. 12, assume that at transition 163 of DIBIT, the
      count in counter 125 is reset to 0. Because DIBIT is now 1, any pulses
      from gate 120 during the interval 160b in line AC will increment counter
      125. However, after the 1 to 0 transition 164 in DIBIT, pulses from gate
      120 during interval 161a in line AC will decrement counter 125. By the end
      of the eighth dibit interval, at transition 166, pulses from gate 120 will
      have incremented counter 125 during eight intervals such as 160b and
      decremented counter 125 during eight intervals such as 160a. If DIBIT is
      in phase with the received dibit intervals, counter 120 will then register
      0 at transition 166. However, if DIBIT lags the received dibit intervals,
      the transitions therein will be shifted with respect to line AC, to the
      right as shown in FIG. 12, and more pulses will decrement rather than
      increment counter 125. At transition 166, counter 125 will thus register a
      negative count indicating that the eighth timing cycle should be shortened
      to correct the phase of the locally generated timing signals. Conversely,
      if DIBIT leads the received dibits, the transition therein will be shifted
      to the left with respect to line AC and more pulses will increment rather
      than decrement counter 125, so that at transition 165 counter 125 will
      register a positive count, indicating that the eighth timing cycle should
      be lengthened to correct the phase of locally generated timing signals.
PAR  If SAMPLE is 1, DIBIT is lagging, and counter 125 registers a negative
      count, gate 140 will be enabled when 94-COUNT is 1, so that flipflop 150
      will be set by the .phi.B pulse that occurs while 94-COUNT is 1. If DIBIT
      is in phase, and counter 125 registers 0, gate 141 will be enabled when
      95-COUNT is 1, so that flipflop 150 will be set by the .phi.B pulse that
      occurs while 95-COUNT is 1. Similarly, if DIBIT is leading, and counter
      125 registers a positive count, flipflop 150 will be set by the .phi.B
      pulse that occurs while 96-COUNT is 1. It is convenient here to recall
      that when SAMPLE is 0 at the end of a timing cycle, gate 144 will be
      enabled when 95-COUNT is 1, and flipflop 150 will be set by the .phi.B
      pulse occurring while 95-COUNT is 1.
PAR  FIG. 13 illustrates the relationships among certain signals at the end of a
      timing cycle that is 97 counts long. Signals .phi.A and .phi.B are shown
      for reference. Signals 94-COUNT and 96-COUNT become 1, as shown. The
      .phi.B pulse occurring when 96-COUNT is 1 sets flipflop 150, resulting in
      SYNCH becoming 1. Thus, gate 65 (FIG. 6) is disabled and gate 66 is
      enabled, so that the next .phi.A pulse generates an END DIBIT pulse
      instead of incrementing timing counter 64. The END DIBIT pulse resets
      timing counter 64, sets flipflops 72, 75 and 77, resets flipflop 79, and,
      if SAMPLE is 1, resets position counter 125 (FIG. 11) and flipflop 130.
PAR  The combined operation of synchronizing circuit 25 and timing generator 26
      can be thought of as a phase-locked loop, in which a signal whose
      frequency is a multiple of the frequency of a desired signal is generated
      by an oscillator and divided by a divisor that is usually constant, but
      that is increased or decreased as necessary to corret the phase of the
      desired signal. Counter 64 normally divides the frequency of timing signal
      .phi.A by a divisor of 96 to determine the length of the timing cycle, but
      this divisor is changed to 95 or 97 if the timing cycle must be shortened
      or lengthened to maintain phase with the received dibits. The use of such
      a phase-locked loop is well known in the art, as exemplified by the
      article "Low-power digital phase locked loop utilizes CMOS logic"
      published in EDN/EEE, Mar. 15, 1972.
PAR  Gates 151 and 152, and inverter 127 inhibit gates 121 and 122 during
      intervals when either SAMPLE is 1  or flipflop 155 is set, and when either
      94-COUNT, 95-COUNT or 96-COUNT is 1. This feature "freezes" counter 125
      during the interval when the state of counter 125 determines whether the
      current timing cycle is to be lengthened, shortened, or ended normally.
PAR  Turning now to FIG. 14, integrators 34, which is identical to integrators
      35, 36 and 37, comprises integrator counter 170, AND-gates 171, 173 and
      174, and OR-gate 172. Integrator counter 170 is a seven-stage binary
      up-counter. Gate 171 is enabled when both WINDOW is 1 and the input to the
      integrator are 1, thus enabling gate 173 to count pulses comprising a
      COUNT INTEGRATORS signal. Note from FIG. 12 that WINDOW is 1 during
      approximately the middle two-thirds of the received dibit intervals at
      stage 8 of register 11. Gate 174 provides an output when counter 170
      registers 96. Gate 173 also gates pulses into counter 170 when COUNT
      REMAINDER is 1.
PAR  Integrator control 40, diagrammed more fully in FIG. 15, comprises OR-gates
      180, 181 and 182, AND-gates 183 and 184, and inverter 185. The outputs of
      gates 182 and 184 are the COUNT INTEGRATORS and COUNT REMAINDER signals,
      respectively. The COUNT INTEGRATORS signal comprises .phi.A pulses and,
      during intervals when either MID-WINDOW or ENABLE REMAINDER are 1, .phi.B
      pulses in addition. Thus, the pulse rate of COUNT INTEGRATORS is either 96
      pulses/dibit or 192 pulses/dibit. Note from FIG. 12 that MID-WINDOW is 1
      during approximately the middle third of the received dibit intervals
      timed with respect to the output signal from stage 8 of register 11.
PAR  Referring again to FIG. 14, when the input to decoder 34 is 1 and WINDOW is
      1, counter 170 is incremented at the pulse rate of COUNT INTEGRATORS.
      Because the rate of COUNT INTEGRATORS is 192 pulses/dibit when MID-WINDOW
      is 1, counter 170 is then incremented faster, thereby effectively
      weighting approximately the middle third of each dibit interval twice as
      much as the second sixth and the fifth sixth of the received dibit
      interval. Because counter 170 is not incremented when WINDOWW is 0,
      approximately the first and last sixths of each dibit interval are
      disregarded. Thus, the portions of each dibit interval least affected by
      noise or distortion are emphasized by integrator 34, and the portions most
      affected are deemphasized.
PAR  When WINDOW changes from 1 to 0, each integrator 34, 35, 36 and 37 contains
      a count in its counter 170 related to the time the input signal to the
      integrator was 1 during the previous dibit interval. The highest count
      indicates the received dibit. When ENABLE REMAINDER becomes 1, each
      counter 170 is incremented at 192 pulses/dibit until one of the counters
      registers a count of 96. The output of gate 174 associated with that
      counter then becomes 1, the output of gate 180 (FIG. 15) becomes 1, gate
      184 is disabled, and COUNT REMAINDER signal becomes 0. The output of the
      gate 174 that has become 1 in one of the integrators 34, 35, 36 or 37
      identifies the received dibit.
PAR  Referring now to FIG. 16, translator 41 comprises OR-gates 190 and 191 and
      two-stage shift register 192. Outputs from integrators 35, 36 and 37 are
      connected to inputs of gates 190 and 191. At the end of each dibit
      interval, END DIBIT loads shift register 192 according to the outputs of
      gates 190 and 191. Thus, the received dibit is loaded into shift register
      192. The 1-output of stage 1 of shift register 192 becomes the DIGITAL
      DATA OUT signal. At the middle of each dibit, 48-COUNT shifts the contents
      of stage 2 of register 192 into stage 1. Thus, a serial bit stream
      representing the received dibits is generated as DIGITAL DATA OUT.
PAR  FIG. 17 illustrates an alternate embodiment of the four-phase digital
      demodulator of the invention in which the received dibits are decoded from
      the outputs of the digital filters used primarily in timing section 17 of
      FIG. 1. Referring to FIG. 17, squaring circuit 15, shift register 16,
      exclusive-OR gates 20 and 21, digital filters 22 and 23, and synchronizing
      circuit 25 are identical to like-numbered elements in FIG. 1. Timing
      generator 26' in FIG. 17 generates timing signals similar to those
      generated by timing generator 26 in FIG. 1 but excluding those used solely
      by integrators 34, 35, 36 and 37 and integrator control 40 in FIG. 1.
PAR  Recall that the output of filter 22 represents the inverse of the second
      bit of the dibit combination represented by the phase shift between the
      previous and current dibit intervals, and the output of filter 23
      represents the first bit of the same dibit combination. Thus, the outputs
      of filters 22 and 23 can be sampled at the middle of each dibit interval
      to determine the bits of the dibit combination currently represented. For
      this purpose, shift register 192 is connected to receive parallel signals
      from the outputs of filters 22 and 23, the output of filter 22 being
      connected through inverter 193 to compensate for the previously mentioned
      inverse relationship. Shift register 192' is identical to shift register
      192 in FIG. 16. The LOAD and SHIFT inputs to shift register 192' can be
      48-COUNT and END DIBIT from timing generator 26'.
PAR  In operation, shift register 192' is loaded with the two bits representing
      a received dibitr combination at count 48 in each timing cycle, and
      shifted at the end of each timing cycle. Thus, a serial bit stream
      comprising successively received dibits is generated as DIGITAL DATA OUT.
PAR  As indicated earlier, if the received wave is distorted or impressed with
      electrical noise by the communications channel, the accuracy of the
      preferred digital demodulator of FIG. 1 will be superior to that of the
      demodulator of FIG. 17. However, the latter demodulator comprises fewer
      elements, and could, therefore, be desirable for less critical
      applications.
PAR  FIG. 18 shows an alternate and more general embodiment of the digital
      demodulator of FIG. 1 that is useful in demostrating how the principles of
      the invention can be extended to digital demodulators for other, similar
      phase modulating schemes. Referring to FIG. 18, squaring circuit 15 and
      the elements of timing section 17 are identical to like elements in the
      digital demodulator shown in FIG. 1, as are most of the elements in
      decoding section 18'. However, shift register 16' comprises 128 stages
      numbered 1-128, instead of the 113 stages of shift register 15, and the
      contents of pairs of stages of shift register 15' are compared by
      exclusive-OR gates 200, 201, 202 and 203, which are connected through
      inverters 204, 205, 206 and 207 to integrators 34, 35, 36 and 37.
PAR  The digital demodulator shown in FIG. 18 is designed to receive and decode
      the same phase-modulated wave as the demodulator of FIG. 1, that is, a
      wave whose phase shift between dibit intervals of +45.degree.,
      +135.degree., +225.degree. and +315.degree. encode 11, 10, 00 and 01 dibit
      combinations. Each exclusive-OR gate 200, 201, 202 and 203 is associated
      with a given dibit combination, and is connected to two stages of shift
      register 16' that contain in-phase samples of the waves received during
      the previous and current dibit intervals when the given dibit combination
      is encoded thereby. For example, inputs of gate 200 are connected to
      stages 8 and 128. Thus, 120 stages separate the samples compared by gate
      200. Since 96 stages encompass the samples of one dibit interval, the
      sample in stage 128 is delayed in phase by an amount corresponding to 120
      - 96 = 24 samples with respect to the sample in stage 8. Since a cycle of
      the carrier wave is encompassed by 64 samples in 64 stages of shift
      register 16', a span of 24 samples represents a phase delay of 24/64
      .times. 360.degree. = 135.degree., or a corresponding phase advance of
      360.degree. - 135.degree. = 225.degree.. If the carrier wave received
      during the current dibit interval is advanced in phase 225 with respect to
      the wave received during the previous dibit interval, the inputs to gate
      200 will be substantially identical, the output of gate 200 will be
      substantially 0, and the output of inverter 204 will be substantially 1.
      Thus, integrator 34 will register the highest count to indicate receipt of
      the 00 dibit combination encoded by the +225.degree. phase shift.
PAR  Gates 201, 202 and 203, inverters 205, 206 and 207, and integrators 35, 36
      and 37 respond to the phase relationships encoding their respective dibits
      in a similar manner to gate 200, inverter 204 and integrator 34.
PAR  If a digital demodulator according to the invention is required for
      phase-modulated waves encoded by other schemes, exclusive-OR gates can be
      connected to appropriate stages of a shift register, such as 15', to
      decode the phase shifts in the wave. For example, a commonly used
      eight-phase encoding scheme results in a wave comprising phase shifts
      between signalling intervals that are odd multiples of 22.5.degree.. A
      phase shift of 22.5.degree. between successive signalling intervals can be
      sensed by an exclusive-OR gate having inputs connected to stages 8 and 100
      of shift register 15'. Clearly, other phase shifts can be sensed by
      exclusive-OR gates connected to appropriately selected stages of shift
      register 15', and shift register 15' can be extended if necessary to
      provide appropriately delayed waves.
PAR  The digital demodulator diagrammed in FIG. 1 is a simplification of the
      digital demodulator of FIG. 18 in that exclusive-OR gates 30 and 31 in
      FIG. 1 each decode pairs of dibits encoded by pairs of phase shifts that
      differ by 180.degree.. Referring again to FIG. 18, gate 20 compares the
      contents of stages 8 and 128 to decode the 00 dibit combination, whereas
      gate 21 compares the contents of stages 8 and 96 to decode the 11 dibit
      combination. The phase shifts encoding these dibits, +45.degree. and
      +225.degree., differ by 180.degree., so that a sample in stage 96 is
      180.degree. out of phase with a sample in stage 128. Therefore, the sample
      in stage 128 could be represented by inverting the sample from stage 96,
      for example, by replacing the connection from stage 128 with a connection
      from stage 96 via inverter 210. Similarly, the sample in stage 80 could be
      represented by inverting the sample from stage 112, by means of inverter
      211. Thus, in the demodulator shown in FIG. 1, samples from stages 96 and
      112 can be used in conjunction with the samples from stage 8 to decode the
      four dibits.
PAR  It can be shown by well-known logic circuit analysis methods that the
      network comprising gates 30 and 31 and inverters 32 and 33 in FIG. 1 is
      the equivalent of the network comprising gates 200, 201, 202 and 203, and
      inverters 204, 205, 206, 207, 210 and 211 in FIG. 7. Obviously, the former
      network is preferred for its fewer components and shorter shift register.
      Clearly, similar simplifications can be made in digital demodulators for
      other phase-shift encoding schemes wherein pairs of phase shifts differ by
      180.degree..
PAR  The preferred embodiment of the invention described above is satisfactory
      for demodulatiing four-phase analog data signals wherein the dibit rate is
      1200 dibits/second and the carrier frequency is 1800 Hz. Clearly, other
      configurations of the invention can be contemplated for this bit rate and
      carrier frequency, and for applications using other bit rates and carrier
      frequencies, without departing from the spirit and scope of the invention.
      For example, if it were considered necessary to sample the received analog
      wave more frequently, shift register 11 in FIG. 1 could comprise more
      stages, fixed oscillator 60 in FIG. 6 could operate at a higher frequency,
      and timing counter 64 could comprise more stages. Similarly, if it were
      considered desirable to accumulate more samples of phase transitions
      between phase corrections of the timing cycles, sample counter 133 is FIG.
      11 could be enlarged. Other such changes that do not result in a departure
      from the invention will readily occur to one skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A demodulator for a received wave having phase shifts between successive
      signalling intervals the phase shifts encoding data elements, which
      includes: a timing generator, means for synchronizing the timing generator
      with the received wave, means for generating a squared version of the
      received wave, a shift register for storing periodic samples of the
      squared wave for a period encompassing a current signalling interval and
      at least a portion of a previous signalling interval, a plurality of
      exclusive-OR gates connected to stages of the shift register for comparing
      selected pairs of samples from the shift register; and means controlled by
      the exclusive-OR gates and the timing generator for identifying which data
      element is received during each signalling interval, wherein the
      identifying means comprises:
PA1  a. for each data element:
PA2  i. a counter,
PA2  ii. an output gate connected to the counter for sensing when the counter
      reaches a particular count,
PA2  iii. means controlled by the timing generator and the exclusive-OR gate
      whose selected output state is associated with the data element for
      incrementing the counter at a first periodic rate during a mid-portion of
      each signalling interval when the output signal of the exclusive-OR gate
      is in the selected state;
PA1  b. means controlled by the timing generator and the output gates for
      simultaneously incrementing all of the counters at a second periodic rate
      higher than the first periodic rate during a portion of each signalling
      interval subsequent to the mid-portion until one of the output gates
      becomes enabled, thus identifying the data element associated with the
      enabled output gate as received during the signalling interval; and
PA1  c. means controlled by the timing generator for resetting the counters
      subsequent to one of the output gates becoming enabled and before the
      mid-portion of the next signalling interval.
NUM  2.
PAR  2. Apparatus of claim 1 wherein the incrementing means for each data
      element further comprises:
PA1  means controlled by the timing generator for incrementing the counter at
      different periodic rates during different periods of the mid-portion of
      each signalling interval to thereby give different emphasis to the
      received wave during the different periods of the mid-portion.
NUM  3.
PAR  3. Apparatus for demodulating a received wave having phase-shifts of
      +45.degree., +1350.degree., +.sub.".degree. and +315.degree. between
      successive signalling intervals, the phase shifts encoding four dibit
      combinations, which comprises:
PA1  a timing generator;
PA1  means for synchronizing the timing generator with the received wave;
PA1  means for generating a squared version of the received wave;
PA1  a shift register having a plurality of stages for serially storing samples
      at a first periodic rate of the squared wave encompassing a current
      signalling interval and at least a portion of a previous signalling
      interval;
PA1  a first exclusive-OR gate associated with the first and the second of the
      dibit combinations for comparing samples stored in two stages selected to
      encompass the span between like-phased samples of the waves from the
      previous and current signalling intervals;
PA1  a first counter associated with the first dibit combination;
PA1  a second counter associated with the second dibit combination;
PA1  means controlled by the timing generator and the first exclusive-OR gate
      for incrementing at the first periodic rate during a mid-portion of each
      signalling interval, the first counter when the output of the first
      exclusive-OR gate indicates that the samples compared thereby agree, and
      the second counter when the output of the first exclusive-OR gate
      indicates that the samples compared thereby differ;
PA1  a second exclusive-OR gate associated with the third and the fourth of the
      dibit combinations for comparing samples stored in two stages selected to
      encompass the span between like-phased samples of the waves from the
      previous and current signalling intervals;
PA1  a third counter associated with the third dibit combination;
PA1  a fourth counter associated with the fourth dibit combination;
PA1  means controlled by the timing generator and the second exclusive-OR gate
      for periodically incrementing at the first periodic rate, during a
      mid-portion of each signalling interval, the third counter when the output
      of the second exclusive-OR gate indicates that the samples compared
      thereby agree, and the fourth counter when the output of the second
      exclusive-OR gate indicates that the samples compared thereby differ;
PA1  four output gates, one of the output gates being connected to each counter
      for sensing when that counter reaches a particular count;
PA1  means controlled by the timing generator and the output gates for
      simultaneously incrementing the counters at a second periodic rate higher
      than the first periodic rate during a portion of each signalling interval
      subsequent to the mid-portion until one of the output gates becomes
      enabled, thus identifying the data element associated with the enabled
      output gate as received during the signalling interval; and
PA1  means controlled by the timing generator for resetting the counters
      subsequent to one of the output gates becoming enabled and before the
      mid-portion of the next signalling interval.
NUM  4.
PAR  4. Apparatus of claim 3 wherein the received wave comprises an 1800 Hz
      carrier wave, the signalling intervals are repeated at a rate of 1200 per
      second, the first periodic rate is substantially 96 operations per
      signalling interval, the shift register comprises 112 stages numbered 1 to
      112, samples being shifted in the direction from stage 1 to stage 112, the
      first exclusive-OR gate compares samples from stages 8 and 96, and the
      second exclusive-OR gate compares samples from stages 8 and 112.
NUM  5.
PAR  5. Apparatus of claim 4 wherein the means for incrementing the first and
      second counters further comprises:
PA1  means controlled by the timing generator for incrementing the first and
      second counters, according to the output of the first exclusive-OR gate,
      at a periodic rate of 192 counts per signalling interval during
      substantially the middle third of each signalling interval, and at the
      first periodic rate during substantially the second sixth and the fifth
      sixth of each signalling interval, and wherein the means for incrementing
      the third and fourth counters further comprises:
PA1  means controlled by the timing generator for incrementing the third and
      fourth counters, according to the output of the second exclusive-OR gate,
      at the periodic rate of 192 counts per signalling interval during
      substantially the middle third of each signalling interval, and at the
      first periodic rate during substantially the second sixth and the fifth
      sixth of each signalling interval.
NUM  6.
PAR  6. A demodulator for a received wave having phase shifts of +45.degree.,
      +135.degree., +225.degree. and +315.degree. between successive signalling
      intervals that encode a respective plurality of dibit combinations of the
      type having: a timing generator, means for synchronizing the timing
      generator with the received wave, means for generating a squared version
      of the received wave, a shift register for storing periodic samples of the
      squared wave for a period encompassing a current signalling interval and
      at least a portion of a previous signalling interval, means responsive to
      selected samples from the shift register and controlled by the timing
      generator for decoding data elements received during each signalling
      interval and for loading the received data elements into an output
      register, characterized in that:
PA1  the means for decoding data elements comprises a pair of exclusive-OR gates
      connected to selected stages of the shift register for comparing pairs of
      samples from the shift register;
PA1  a first filter connected to the output of the first one of the exclusive-OR
      gates to eliminate shortterm transitions in the output signal thereof, the
      first exclusive-OR gate being connected to compare the first sample with
      the second sample delayed by one signalling interval with respect to the
      first sample;
PA1  a second filter connected to the output of the second one of the
      exclusive-OR gates to eliminate short-term transitions in the output
      signal thereof, the second exclusive-OR gate being connected to compare
      the first sample with the third sample removed drom the second sample by
      an interval occupied by a 90.degree. segment of the received wave, the
      short-term transitions eliminated by the first and second filters having a
      duration shorter than the interval occupied by a 90.degree. segment of the
      received wave; and
PA1  means controlled by the timing generator for loading the output of the
      first filter directly into one stage of the output register to represent
      one bit of the received dibit combination and for loading the output of
      the second filter directly into another stage of the output register to
      represent the other bit of the received dibit combination.
NUM  7.
PAR  7. A demodulator of claim 6 wherein the means for synchronizing the timing
      generator with the received wave is directly connected to and responsive
      to the outputs of the first and second filters.
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PAL  A Class-B power amplifier, designed as a monolithically integrated circuit,
      comprises in its final stage an NPN output transistor Q4 whose base is
      driven by an NPN control transistor Q3 through the intermediary of a pair
      of current-replicating PNP transistors Q6, Q7 with interconnected bases
      having their emitters tied to the collector of the output transistor.
      Their common base lead, also tied to the collector of the replicating
      transistor Q6 to connect same as a diode, is joined to the collector of
      control transistor Q3; the collector of the second replicating transistor
      Q7 is joined to base of the output transistor Q4. An alternating signal is
      fed to the base of a PNP input transistor Q1 lying in series with a NPN
      pilot transistor Q2, the collectors of the two latter transistors being
      tied to the base of the control transistor Q3 whose emitter is connected
      to a load terminal jointly with the emitter of the output transistor Q4.
      On negative half-cycles of the signal to be amplified, the second
      replicating transistor Q7 saturates before the input transistor Q1 to
      maximize the output voltage on the load terminal.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a power amplifier of Class B type, i.e. an
      amplifier for unipolar signals or for alternate half-cycles of a balanced
      oscillation such as a carrier wave.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional power amplifiers of this Class comprise several cascaded
      transistor stages, i.e. an input transistor driven by the signal to be
      amplified, a control transistor having its base connected to the collector
      of the input transistor, and an output transistor whose base is tied to
      the emitter of the control transistor. The emitter of the input
      transistor, whose conductivity type (e.g. PNP) is opposite that of the
      other two transistors, is connected to a bus bar of a d-c power supply in
      parallel with the collectors of the control and output transistors. The
      peak of the output voltage, occurring upon saturation of the input
      transistor, falls short of the supply potential by the sum of the
      saturation voltage drop across the input transistor and the base/emitter
      voltages of the control and output transistors.
PAR  In order to reduce the loss in signal strength represented by this voltage
      difference, it has already been proposed to separate the emitter of the
      input transistor and the collector of the control transistor from the
      associated supply bus bar by a resistor of a magnitude substantially
      greater than that of a load resistance energized by the output transistor
      and to feed back the emitter potential of the output transistor through a
      coupling condenser to the emitter of the input transistor. Such a system,
      known as a bootstrap circuit, drives the output transistor to saturation
      at the signal peaks but requires the use of a large capacitor (usually of
      the electrolytic type) in the feedback path and also causes the
      dissipation of energy in the isolating resistor. This system is therefore
      difficult or impossible to realize with a monolithic integrated circuit.
PAC  OBJECT OF THE INVENTION
PAR  The object of our invention is to provide an improved power amplifier of
      the type discussed which, while not quite attaining the high voltage ratio
      of a bootstrap circuit, significantly reduces the voltage loss of the
      first-mentioned type of power amplifier while being realizable as an
      integrated monolithic module.
PAC  SUMMARY OF THE INVENTION
PAR  This object is realized, pursuant to our present invention, by the
      provision of an ancillary transistor whose conductivity type is opposite
      that of the control and output transistors, this ancillary transistor
      having its emitter connected to a high-voltage supply bus bar (which also
      energizes the collector of the output transistor) and having its base
      connected to the collector of the control transistor; a diode connected in
      forward direction between that bus bar and the base of the ancillary
      transistor produces in the input thereof a small voltage drop proportional
      to the collector current of the control transistor so as substantially to
      replicate this collector current in the output of the ancillary transistor
      whose collector is tied to the base of the output transistor. Since the
      replicated collector current of the control transistor reaches the base of
      the output transistor directly from the supply bus bar through the
      emitter/collector path of the ancillary transistor, the difference between
      the supply potential and the peak output voltage is the sum of the
      saturation voltage drop of the ancillary transistor and the base/emitter
      voltage of the output transistor.
PAR  According to a more particular feature of our invention, the faithful
      replication of the collector current of the control transistor at the
      collector of the ancillary transistor is insured by designing the
      aforementioned diode as an image transistor of the same conductivity type
      and substantially the same operating characteristics as the ancillary
      transistor but with its collector directly connected to its base, these
      two transistors being paired with their bases as well as their emitters
      interconnected.
PAR  Since in our improved power amplifier the peak of the output voltage is
      achieved with saturation of the ancillary or second replicating transistor
      rather than the input transistor, it is desirable to select the circuit
      parameters in such a way that the ancillary transistor saturates within
      the operating range of the input transistor which therefore goes into
      saturation only after the ancillary transistor. In fact, the provision of
      such an input transistor as a source of driving current for the control
      transistor is not essential though this is convenient in practice since
      the collector of that input transistor, tied to the base of the control
      transistor, may be returned to the other (usually grounded) bus bar of the
      d-c power supply through a variable impedance such as a pilot transistor
      for the purpose of facilitating modulation of the basic signal fed to the
      base of the input transistor. The interconnected emitters of the control
      and output transistors may be similarly returned to that other bus bar
      through an adjustable impedance, preferably in the form of a switching
      transistor, enabling the load current to be turned on and off or otherwise
      adjusted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIGS. 1A and 1B are circuit diagrams of conventional power amplifiers of
      the type referred to above; and
PAR  FIG. 2 is a similar circuit diagram illustrating our present improvement.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The conventional power amplifier of FIG. 1A comprises a d-c supply with a
      grounded first bus bar 11 and a positive second bus bar 12. A signal
      source 13, such as a carrier-wave oscillator, is connected between these
      two bus bars in series with a diode 14 whose anode is connected to bus bar
      12 along with the emitter of an input transistor Q1 and the collectors of
      a control transistor Q3 and of an output transistor Q4. The base of input
      transistor Q1 is tied to the cathode of diode 14, at its junction with
      signal source 13, whereas its collector is connected to the base of
      transistor Q3 and also to the collector of a pilot transistor Q2 whose
      emitter is grounded and which therefore lies in series with input
      transistor Q1 between bus bars 11 and 12. The base of pilot transistor Q2
      may receive a modulating signal for the amplitude of the carrier delivered
      by oscillator 13.
PAR  The emitter of control transistor Q3 works into the base of output
      transistor Q4 whose emitter is connected to a load terminal 0 and is
      grounded through a switching transistor Q5 whose collector is tied to the
      same load terminal and whose emitter is joined to bus bar 11. A
      volume-controlling or on-off signal may be applied to the base of
      transistor Q5. A load circuit lying between terminal 0 and ground is shown
      to include a capacitor 15 in series with resistor RL. With the exception
      of input transistor Q1, which is of PNP type, all the transistors shown in
      FIG. 1A are of NPN type.
PAR  As will be readily apparent, the saturation of input transistor Q1 by a
      highly negative signal voltage from oscillator 13 will generate on load
      terminal 0 a peak voltage differing from supply voltage +V by a value
      V.sub.ce (Q1sat) + V.sub.be (Q3) + V.sub.be (Q4) where the first term is
      the saturation collector/emitter voltage of input transistor Q1, the
      second term is the base/emitter voltage of control transistor Q3 and the
      third term is the base/emitter voltage of output transistor Q4.
PAR  FIG. 1B shows a conventional power amplifier of the bootstrap type which
      differs from that of FIG. 1A by the insertion of a large isolating
      resistor RB, substantially greater than load resistance RL, between bus
      bar 12 and an ancillary bus bar 16 to which the anode of diode 14, the
      emitter of input transistor Q1 and the collector of control transistor Q3
      are connected. A large coupling condenser CB links the bus bar 16 with the
      load terminal 0.
PAR  In the system of FIG. 1B the maximum voltage on load terminal 0 is reached
      when the output transistor Q4 is driven to saturation, this voltage then
      differing from the supply voltage +V merely by the saturation voltage
      V.sub.ce (Q4sat) of transistor Q4.
PAR  Reference will now be made to FIG. 2 which shows our improved Class-B power
      amplifier embodied in a monolithic integrated circuit. Transistors Q1 - Q5
      of FIGS. 1A and 1B are here supplemented by a pair of current-replicating
      transistors Q6 and Q7 both of the PNP type. Transistors Q6 and Q7 are
      substantially identical and represent the above-discussed image and
      ancillary transistors, respectively. Both these transistors have their
      emitters tied to bus bar 12 and their bases connected to the collector of
      control transistor Q3 which is also joined to the collector of image
      transistor Q6 whereby the latter transistor functions as a diode with a
      forward resistance in the input circuit of ancillary transistor Q7. As
      explained above, the collector current of transistor Q7 is virtually a
      replica of the collector current of transistor Q3. The output voltage on
      terminal 0 reaches its peak on saturation of transistor Q7 so that its
      maximum value differs from supply voltage +V by V.sub.be (Q4) + V.sub.ce
      (Q7sat), the first term having the same significance as above whereas the
      second one denotes the collector/emitter voltage of the saturated
      transistor Q7.
PAR  For reasons already explained, transistor Q7 should go to saturation on
      negative values of the input signal from source 13 insufficient to
      saturate the transistor Q1.
CLMS
STM  We claim:
NUM  1.
PAR  1. A power amplifier comprising:
PA1  a supply of direct current with a first bus bar and a second bus bar of
      opposite polarities;
PA1  a source of signals to be amplified;
PA1  a control transistor of one conductivity type having a base, a collector
      and an emitter;
PA1  an output transistor of said one conductivity type having a base, a
      collector and an emitter, the emitter of said control transistor being
      tied to that of said output transistor;
PA1  an output impedance inserted between said first bus bar and the
      interconnected emitters of said control and output transistors;
PA1  input circuitry connecting said source between said first bus bar and the
      base of said control transistor;
PA1  a diode connected in forward direction between said second bus bar and the
      collector of said control transistor;
PA1  an ancillary transistor of opposite conductivity type having an emitter
      connected to said second bus bar, a base connected to the collector of
      said control transistor, and a collector connected to the base of said
      output transistor for delivering to said output transistor a driving
      current substantially replicating the collector current of said control
      transistor; and
PA1  a load circuit connected across said output impedance.
NUM  2.
PAR  2. A power amplifier as defined in claim 1 wherein said diode comprises an
      image transistor of said opposite conductivity type and of substantially
      the same operating characteristics as said ancillary transistor, said
      image transistor having an emitter connected to said second bus bar, a
      base connected to the base of said ancillary transistor, and a collector
      connected to the collector of said control transistor, the interconnected
      collectors of said control and image transistors being tied to the
      interconnected bases of said image and ancillary transistors.
NUM  3.
PAR  3. A power amplifier as defined in claim 2 wherein said input circuitry
      comprises an input impedance connected directly to said second bus bar and
      through said source to said first bus bar; a coupling impedance tied to
      said first bus bar; and an input transistor of said opposite conductivity
      type having an emitter connected to said second bus bar, a collector
      connected through said coupling impedance to said first bus bar, and a
      base connected to the junction of said input impedance with said source,
      the collector of said input transistor being further connected to the base
      of said control transistor.
NUM  4.
PAR  4. A power amplifier as defined in claim 3 wherein the characteristics of
      said transistors are such as to saturate said ancillary transistor before
      said input transistor in the presence of a signal from said source tending
      to drive said input transistor to saturation.
NUM  5.
PAR  5. A power amplifier as defined in claim 3 wherein said coupling impedance
      comprises a pilot transistor of said one conductivity type in series with
      said input transistor.
NUM  6.
PAR  6. A power amplifier as defined in claim 3 wherein said input impedance
      comprises the forward resistance of another diode.
NUM  7.
PAR  7. A power amplifier as defined in claim 1 wherein said output impedance
      comprises a switching transistor.
NUM  8.
PAR  8. A power amplifier as defined in claim 1 wherein said load circuit
      comprises a capacitor and a resistance in series therewith.
NUM  9.
PAR  9. A power amplifier as defined in claim 1 wherein said first bus bar is
      more negative than said second bus bar, said control and output
      transistors being of NPN type, said ancillary transistor being of PNP
      type.
NUM  10.
PAR  10. A power amplifier as defined in claim 1 wherein said transistors, said
      input circuitry and said output impedance are monolithically integrated.
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ABST
PAL  First and second transistors have their emitter electrodes connected to
      receive operating current from the same supply. A current amplifier has
      its input circuit connected to sense the base current of the second
      transistor and its output circuit connected to supply base current to the
      first transistor responsive to the sensed current. This current amplifier
      connection stabilizes the quiescent collector currents of the first and
      second transistors to predictable values. Balanced output currents
      responsive to an input signal coupled to the first transistor base
      electrode are available from the collector electrodes of the first and
      second transistors.
BSUM
PAR  The present invention relates to a transistor amplifier having an input
      transistor of bipolar type and, more particularly, to a network for
      applying bias current to that input transistor.
PAR  The application of a direct bias current from the collector electrode of a
      transistor of a first conductivity type to the base electrode of another
      transistor of a second, complementary type used as the input stage of a
      transistor amplifier is known. It is also known that it is desirable to
      develop a direct bias current inversely proportional to the h.sub.fe or
      common-emitter forward current gain of the transistor in the input stage,
      so that the quiescent collector current of the transistor can be
      controlled in a predictable manner to facilitate direct coupling of the
      input stage to subsequent amplifier stages. Certain of these circuits have
      sensed the collector current in the input stage transistor by means of
      another transistor operated in cascode relationship therewith, the base
      current of this other transistor being applied to the input terminal of a
      current amplifier having minus-unity gain and having its output terminal
      connected to supply bias current to the base electrode of the input stage
      transistor. This cannot always be done, particularly where there is little
      available collector supply potential for the input stage transistor.
PAR  The present invention is embodied in a transistor amplifier wherein the
      first input stage transistor has its emitter electrode connected together
      with that of a second transistor to receive a predetermined total current
      flow from a common supply. The first and second transistors have similar
      current gains. A direct-coupled amplifier with a predictable, negative
      transfer characteristic is connected with input terminal at the base
      electrode of the first transistor and with output terminal at the base
      electrode of the second transistor. The combined value of the collector
      currents of the first and second transistors is predictably determined
      from the total current flow to their emitter electrodes, and the ratio of
      the collector currents is predictably determined by the transfer
      characteristic of the direct-coupled amplifier.
DRWD
     In the drawing:
PAR  FIG. 1 is a schematic diagram partially in block form, of one embodiment of
      the present invention;
PAR  FIG. 2 is a schematic diagram of an amplifier having a PNP transistor in
      its input stage and embodying the present invention; and
PAR  FIG. 3 is a schematic diagram of an amplifier having an NPN transistor in
      its input stage and embodying the present invention.
DETD
PAR  In FIG. 1, transistors 1 and 2 are transistors of the same conductivity
      type, operating at substantially the same temperature and having the same
      common-emitter forward current gains or h.sub.fe 's--as may exist in a
      monolithic integrated circuit, for example. A source 3 supplies an input
      signal i.sub.IN via capacitor 4 to an input terminal 5, to which terminal
      the base electrode of input stage transistor 1 is connected. A current
      supply 6 supplies a current I.sub.S at an interconnection 13 between the
      emitter electrodes of transistors 1 and 2. A current amplifier 7 has its
      input terminal connected to the base electrode of transistor 2 and its
      output terminal connected at terminal 5 to the base electrode of
      transistor 1.
PAR  Current amplifier 7 has a low impedance input circuit between its input
      terminal and its common terminal which common terminal is connected to
      receive biasing potential provided in FIG. 1 by battery 10. This biasing
      potential is coupled through the input circuit of current amplifier 7 to
      reverse bias the collector-base junction of transistor 2. Current supply 6
      forward-biases the base-emitter junctions of both transistors 1 and 2, and
      the collector-base junction of transistor 1 is accordingly reverse-biased.
      In this way, transistors 1 and 2 are arranaged for operation in the normal
      mode of transistor operation. The open-loop output impedance of amplifier
      7 viewed from its output terminal is theoretically infinite and in
      practice usually is high compared to the open-loop input impedance at the
      base electrode of transistor 1.
PAR  The base current of transistor 1 is the sum of direct and signal components
      I.sub.B1 and i.sub.b1, respectively; its emitter current is the sum of
      direct and signal components I.sub.E1 and i.sub.e1, respectively; and its
      collector current is the sum of direct and signal components I.sub.C1 and
      i.sub.c1, respectively. The base current of transistor 2 is the sum of
      direct and signal components I.sub.B2 and i.sub.b2, respectively; its
      emitter current is the sum of direct and signal components I.sub.E2 and
      i.sub.e2, respectively; and its collector current is the sum of direct and
      signal components I.sub.C2 and i.sub.c2, respectively. The negative
      transfer characteristic of current amplifier 7 is its current gain of -G.
      Current gain of this nature, where the output current has the opposite
      sense of swing from the input current, is commonly referred to as
      "inverting current gain". Responding to the base current (I.sub.B2 +
      i.sub.b2) of transistor 2 flowing in its input circuit, current amplifier
      7 delivers from its output circuit a current -G (I.sub.B2 + i.sub.b2)
      applied to terminal 5.
PAR  Kirchoff's Current Law requires the following condition to be met at
      terminal 5.
EQU  i.sub.IN + (I.sub.B1 + i.sub.b1) -G (I.sub.B2 + i.sub.b2) = 0 (1)
PAL  This equation, by reason of the Superposition Principle, reduces to the
      following two equations.
EQU  i.sub.IN + i.sub.b1 - Gi.sub.b2 = 0.                       (2)
EQU  IB.sub.1 = GI.sub.B2                                       (3)
PAL  dealing first with the latter equation; since transistors 1 and 2 are
      presumed to have the same current gains, their quiescent collector
      currents will be related in the same ratio as their quiescent base
      currents. That is,
EQU  I.sub.C1 = GI.sub.C2                                       (4)
PAL  kirchoff's Current Law requires the following condition be met at the
      interconnection between the emitter electrodes of transistors 1 and 2 to
      which I.sub.S is applied.
EQU  I.sub.S = (I.sub.E1 + i.sub.e1) + (I.sub.E2 + i.sub.e2)    (5)
PAL  This equation, by reason of the Superposition Principle, reduces to the
      following two equations.
EQU  i.sub.e1 = -i.sub.e2                                       (6)
EQU  I.sub.S = I.sub.E1 + I.sub.E2                              (7)
PAL  the latter equation may have the folowing identities, each obvious to one
      skilled in the art, substituted into it.
      ##EQU1##
      The quantity h.sub.fe /(h.sub.fe + 1) is the common-base amplifier gain or
      "alpha" factor, which for good transistors, approaches unity. With such
      substitution, equation 10 is obtained.
      ##EQU2##
      (An equals sign with circle thereover signifies approximate equality, the
      degree of approximation in all instances of use in this specification
      being equal to the closeness with which the alpha factor of transistors 1
      and 2 approximates unity). Cross-solving equations 4 and 10, first for
      I.sub.C1 and then for I.sub.C2, one obtains equations 11 and 12,
      following.
      ##EQU3##
      So, I.sub.C1 and I.sub.C2 are well-defined in terms of I.sub.S where G is
      well-defined and h.sub.fe is reasonably large.
PAR  This certainty of the quiescent collector current of transistors 1 and 2
      permits the potential drops appearing across collector resistors 8 and 9
      to be accurately predicated and facilitates direct coupling of output
      terminals 11 or 12 to subsequent circuitry. Of course, one may use only
      one or the other of these collector resistors and its associated output
      terminal. The output signal potential appearing at terminal 12 will be of
      the same sense of swing as the input signal potential applied to terminal
      5; and the output signal at terminal 11 of the opposite sense of swing.
      The potential gains of the amplifier will be the same as that of other
      emitter-coupled transistor pairs. Also, other types of collector loads may
      be used instead of resistors 8 and 9.
PAR  The presence of amplifier 7 reduces the input impedance at terminal 5 as
      viewed from source 3. The following identities in equations 14 and 15,
      each obvious to one skilled in the art, substituted into equation 6 result
      in equation 15.
EQU  i.sub.e1 = (h.sub.fe + 1) i.sub.b1                         (13)
EQU  i.sub.e2 + (h.sub.fe + 1) i.sub.b2                         (14)
EQU  i.sub.b1 = i.sub.b2                                        (15)
PAL  Equation 15 comes about because of transistors 1 and 2 having equal
      h.sub.fe 's, it must be remembered. Substituting equation 15 into equation
      2, equation 16 is obtained.
      ##EQU4##
      Now, in the case where current amplifier 7 is not used, i.sub.b1 =
      -i.sub.IN. In either case, the variation of input signal potential at
      terminal 5 depends upon the variation of i.sub.b1. So, in the case where
      current amplifier 7 is used, the reduction of sensitivity to i.sub.IN by a
      factor of G + 1 insofar as input signal variation is concerned is
      indicative of a reduction of input impedance at terminal 5 by a factor of
      (G + 1) times.
PAR  This reduction in input impedance at terminal 5 can be forestalled, if
      desired, by coupling the base electrode of transistor 2 to the input of
      current amplifier 7 through a simple low-pass filter to by-pass signal
      currents to ground.
PAR  Current amplifier 7 may comprise a simple groundemitter transistor of a
      conductivity type complementary to that of transistors 1 and 2. But, it is
      more often convenient to arrange current amplifier 7 to have minus unity
      current gain and to operate transistors 1 and 2 as a balanced
      emitter-coupled differential amplifier.
PAR  In FIG. 2, current amplifier 7 is of a type known as a "current mirror
      amplifier" with an input terminal 21, an output terminal 22, and a common
      terminal 23. It comprises a pair of transistors 24 and 25 connected to
      have equal base-emitter potentials, supplied by direct-coupled
      collector-to-base feedback of transistor 24. Neglecting the base currents
      of transistors 24 and 25, which currents are usually relatively small
      compared to their collector currents, this feedback conditions transistor
      24 to accept as collector current the input current supplied to terminal
      21. The collector current of transistor 25 is related to that of
      transistor 24 in the same ratio as their transconductances, since the
      transistors have equal base-emitter potentials. For transistors having
      base-emitter junctions with identical diffusion profiles, their
      transconductances are related in the same ratio as the areas of their
      base-emitter junctions. Since the areas can be very accurately scaled, the
      current gain of a current mirror amplifier is very well-defined and is
      substantially independent of the individual current gains of its component
      transistors. The input impedance of amplifier 7 is known to be the
      reciprocal of the transconductance of transistor 24, which
      transconductance is of the order of 33 millimhos per milliampere of
      applied current.
PAR  The current I.sub.S is caused to flow in accordance with Ohm's Law by
      impressing a substantially constant potential across resistor 26, which is
      done in the following way. The operating potential provided by battery 27
      is applied to a potential divider comprising resistors 28 and 29. The
      divided potential is coupled (with some attendant potential offset) via
      the input circuit of amplifier 7 and the emitterfollower action of
      transistor 2 to interconnection 13. In a more complex circuit, the
      potential divided may comprise, in addition to resistors 28 and 29,
      elements to compensate for the temperature-dependent offset potentials
      across the input circuit of amplifier 7 and the base-emitter junction of
      transistor 2. Where the output signal is not too large, terminal 23 may be
      connected directly to ground; and the potential divider, dispensed with.
PAR  The FIG. 2 amplifier may be modified to improve its linearity. This can be
      done by including a resistor between interconnection 13 and the emitter
      electrode of one of transistors 1 and 2. Or resistors may appear between
      each of these emitter electrodes and interconnection 13 to form a
      tee-network; and, of course, an equivalent pi-network may be used instead
      of the tee-network.
PAR  The current mirror amplifier 7 may use field effect transistors rather than
      bipolar transistors. Any one of a number of known current mirror
      amplifiers may be used instead of amplifier 7, as shown.
PAR  FIG. 3 shows a configuration in which input stage transistor 1' is an NPN
      transistor having its emitter electrode coupled to another NPN transistor
      2'. I.sub.S is withdrawn from their emitter electrodes to supply the
      collector current demand of another NPN transistor 36 biased for constant
      current operation. A current mirror amplifier 7' responds to the base
      current of transistor 2' to supply a current to the base of transistor 1'.
PAR  The operation of current mirror amplifier 7' is generally analagous to that
      of amplifier 7. Transistor 25 is operated in cascode with common-gate
      field-effect transistor 45, however, to increase the open-loop output
      impedance exhibited by amplifier 7'. A self-biased field-effect transistor
      44 is included in the collector connection of transistor 24' to make its
      collector potential equal to that of transistor 25' to improve the
      matching of the transconductance of transistors 24' and 25'. To the same
      end, resistors 46 and 47 provide emitter degeneration to transistors 24'
      and 25', respectively. The collector-to-base feedback connection of
      transistor 24' includes, in addition to self-biased transistor 44, a
      source-follower field-effect transistor 48 which forestalls the base
      currents of transistors 24' and 25' from affecting the current gain of
      amplifier 7'. Elements 49 provide a source load to source-follower
      transistor 48.
PAR  The balanced collector current variations of transistors 1' and 2' are
      converted to single-ended form to appear at output terminal 12' by a
      current mirror amplifier 57'. Amplifier 57' is structurally similar to
      amplifier 7'; the parts of amplifier 57' have identification numerals
      larger by 50 than their counterparts in amplifier 7'. Amplifiers 7' and
      57' are assumed to have current gains of minus unity, since this gives
      most practical operation.
PAR  The FIG. 3 configuration may be modified to get better linearity by
      inserting a resistor between interconnection 13 and the emitter electrode
      of either of transistors 1' and 2'. Resistors may be inserted between
      interconnection 13 and both these emitter electrodes, also. Or a single
      resistor may link these emitter electrodes and transistor 36 may be
      replaced with a pair of transistors with their respective collector
      electrodes connected to the respective emitter electrodes of transistors
      1' and 2'.
PAR  Transistors 1 and 2 or 1' and 2' may be compound transistors as well as
      single transistors; for example, they may each comprise a similar number
      of transistors in Darlington connection.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a transistor amplifier having:
PA1  first and second bipolar transistors of the same conductivity type,
      operating at substantially the same temperature and having similar current
      gains, each having base and emitter and collector electrodes;
PA1  an input signal terminal connected to said first transistor base electrode;
PA1  an output signal terminal;
PA1  first and second terminals for connection to a supply of operating power;
PA1  means coupling the emitter electrodes of said first and said second
      transistors to each other and providing a direct current conductive path
      from each of the emitter electrodes of said first and said second
      transistors to said first terminal;
PA1  first direct current conductive means connecting the collector electrode of
      said first transistor to said second terminal;
PA1  second direct current conductive means for coupling the collector electrode
      of said second transistor to said second terminal; and
PA1  load means included in at least one of said first and said second direct
      current conductive means, the improvement comprising:
PA1  a current amplifier having an input terminal connected to said second
      transistor base electrode, having an output terminal connected to said
      first transistor base electrode, exhibiting direct-coupled inverting
      current gain between its input and output terminals, and having a common
      terminal; and
PA1  means referring the potential at the common terminal of said current
      amplifier to at least one of the potentials appearing respectively at said
      first and said second terminals.
NUM  2.
PAR  2. The improvement set forth in claim 1 wherein said current amplifier has
      substantially temperature-independent current gain.
NUM  3.
PAR  3. The improvement set forth in claim 2 wherein said current amplifier is a
      current mirror amplifier.
NUM  4.
PAR  4. In combination:
PA1  two transistors of the same conductivity type, each having base and emitter
      and collector electrodes, their respective emitter electrodes connected to
      one terminal for a current supply and individually coupled at their
      collector electrodes to the other terminal for said current supply, said
      transistors operating at substantially the same temperature and having
      substantially the same current gain;
PA1  a signal input terminal at the base electrode of said first transistor;
PA1  a signal output terminal at the collector electrode of one of said
      transistors; and
PA1  a feedback path comprising a current amplifier directly connected at its
      input terminal to the base electrode of said second transistor and at its
      output terminal to the base electrode of said first transistor, said
      amplifier exhibiting inverting current gain.
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PAL  A differential amplifier having very high common mode rejection is shown.
      In its simple form four transistors and three constant current sources are
      connected into a balanced configuration. Balance is automatic so that
      special component selection is not required.
BSUM
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  Differential amplifiers having high common rejection are well known in the
      prior art but their construction has required the use of carefully
      selected matched transistor pairs. Even then high common mode rejection
      was achieved over a relatively small range of common mode voltage.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a circuit configuration wherein
      ordinary components can be used to make a high common mode rejection
      differential amplifier.
PAR  It is a further object to arrange conventional circuit components in a
      differential amplifier circuit to provide high common mode rejection over
      a large range of common mode voltage.
PAR  These and other objects and features are achieved in the following circuit
      configuration. All stages use transistors having a high degree of emitter
      degenerative. The input circuits are directly connected to the input bases
      a pair of cascode (common emitter into common base) circuits which provide
      the output currents. The bases of the common base transistors are tied
      together and biased from a constant current source and each emitter of the
      pair of common emitter stages is supplied from an equal value constant
      current source. A balanced feed back resistor network interconnects the
      common bases with the common emitter stage emitters, thereby providing
      differential cross coupling in a floating voltage level arrangement. Thus
      four transistors and three constant current sources make up the entire
      circuit. If desired isolated inputs can be employed by adding a pair of
      emitter follower input stages. In this case each emitter follower is
      supplied a constant emitter current from a suitable source.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a simplified schematic diagram of the circuit of the invention;
PAR  FIG. 2 is a simplified schematic diagram of the circuit of the invention
      using emitter follower input stages; and
PAR  FIG. 3 is a complete schematic diagram of a functional circuit showing a
      preferred embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1, which is a simplified schematic diagram, shows a four transistor
      differential amplifier operated from three current sources, 10, 12, and
      13. To achieve balance, current sources 12 and 13 produce equal currents.
      Input transistor 16 is operated from current source 12 as a common emitter
      driver directly connected to the emitter of common base transistor 17.
      Thus the collector current in transistor 16 and hence the collector
      current in transistor 17, which is directly driven by transistor 16, will
      follow the input voltage on line 8. The output voltage on line 19 will be
      the inverted (-) function of the voltage at input line 8.
PAR  Similarly on the other half of the circuit, which is intended to be a
      mirror image of the section just described, an input on line 9 will be
      applied to the base of transistor 22 which acts as a common emitter
      amplifier and is directly coupled to the emitter on transistor 23. Thus
      the current in transistor 22, and hence the current in transistor 23, will
      follow the voltage at input 9 to produce an output at line 24.
PAR  The two halves of the circuit are made to fully interact by virtue of the
      common direct connections. The bases of transistors 17 and 23 are
      connected together and operated at point 30 which is the terminal of
      constant current source 10. This source operates from the +15 volt power
      supply line. (Note that two power supplies are indicated, a +15 volt
      supply and a -15 volt supply, both referenced to ground or neutral
      potential.) Point 30 is returned to point 31 by means of resistor 32.
      Point 31 represents the average potential of the emitters of transistors
      16 and 22 as determined by equal value resistors 33 and 34. Since the
      emitters of transistors 16 and 22 are operated from constant current
      sources 12 and 13 respectively which provide equal currents from the -15
      volt power supply, the emitter voltages will follow their respective base
      voltages. Therefore transistors 16 and 22 float, from a voltage
      standpoint, at a value determined by the common mode input voltage.
PAR  The so called common mode input voltage refers to the voltages applied
      equally to lines 8 and 9. So long as 8 and 9 are at the same voltage there
      will be no response at output terminals 19 and 24. This occurs because
      output transistors 17 and 23 have their bases connected together and
      returned by way of resistor 32 to point 31 which represents the average
      potential at the emitters of transistors 16 and 22. Since this average
      potential will follow the common voltage at inputs 8 and 9, any common
      mode signal voltage applied to the emitters at transistors 17 and 23 will
      be offset by the same change in voltage at the bases at point 30. This
      action tends to maintain a constant collector to emitter voltage across
      each of transistors 16 and 22, thereby keeping them at the same operating
      point and reducing common mode signal amplification due to dissimilarities
      of the devices.
PAR  If a differential voltage appears between input lines 8 and 9. a quite
      different action occurs. The voltage at the bases of transistors 16 and 22
      will no longer be the same therefore the currents fed to transistors 17
      and 23 will be different. However since the bases of transistors 17 and 23
      are still returned to the average voltage at the emitters of transistors
      16 and 22 the outputs at lines 19 and 24 will fully respond to the
      difference in input voltages while transistors 17 and 23 fluctuate around
      the same operating point.
PAR  Since the differences in input will produce a directly related output,
      whereas a common mode input will not, the circuit essentially rejects the
      common mode input. The term common mode rejection is the ratio of signal
      output for a differential input to the signal output for the same signal
      value applied to the two inputs in common. Since such a ratio is
      dimensionless it is expressed in dB. For example a common mode rejection
      of 20 dB means that a 1-volt differential input will produce the same
      output response as a 10-volt common mode signal. Thus it can be seen that
      the common mode rejection is a function of how well the two halves of the
      circuit are balanced.
PAR  The advantage of the above described circuit lies in its high common mode
      rejection while using parts that do not need to be carefully selected. In
      effect the circuit is highly self balancing. This is due to the high
      degree of coupling between the two halves of the circuit and the means
      employed to make the circuit responses independent of device parameters.
PAR  FIG. 2 shows the elements of FIG. 1 with emitter follower isolation added.
      Input 18 is applied to emitter follower transistor 15, the emitter of
      which is supplied from constant current source 11. Input 20 is applied to
      emitter follower transistor 21, the emitter of which is supplied from
      constant current source 14. To achieve circuit balance, sources 11 and 14
      are made to have equal currents.
PAR  Since transistors 15 and 21 are operated from constant current emitter
      sources 11 and 14, these emitter followers will have very close to unity
      gain independent of the transistor characteristics. Since transistors 16
      and 22 have their emitters supplied from constant current sources 12 and
      13 these common emitter stages will also have very close to unity gain.
      The common base connected stages using transistors 17 and 23 are emitter
      driven from high impedance drivers so that they too have very close to
      unity gain. It will be noted that in each stage the characteristics of the
      transistor will have practically no influence on the gain value.
PAR  FIG. 3 is a complete schematic diagram of a practical circuit using the
      invention. It will be noted that the circuit elements described in
      connection with FIGS. 1 and 2 employ the same numbers. Transistor 40 along
      with its biasing resistors 41-43 comprises constant current source 10
      operating from the +15 volt power supply. Matched transistors 44 and 45
      comprise constant current sources 12 and 13 respectively. Since the
      transistors have a common biasing source, made up of diode-connected
      transistor 46 and resistor 47, the currents will be equal. Matched
      transistors 48 and 49 comprise constant current sources 11 and 14
      respectively. Since they have a common biasing source, made up of
      diode-connected transistor 50 and resistor 51, the currents will be equal.
      The above described current equalities and their application to the
      associated transistor emitters is responsible in part for the excellent
      common mode rejection.
PAC  EXAMPLE
PAR  The circuit of FIG. 3 was constructed using the following components:
     Transistors 15, 21, 48, 49 and 50                                         
                        --                                                     
                          RCA CA3046 (5-NPN Transistors)                       
     Transistors 16, 22, 44, 45 and 46                                         
                        --                                                     
                          RCA CA3046 (5-NPN Transistors)                       
     Transistors 17 and 23                                                     
                        --                                                     
                          2N2369 (NPN)                                         
     Resistor 32        --                                                     
                          1.5 K ohms                                           
     Resistors 33 and 34                                                       
                        --                                                     
                          150 ohms (Matched Pair)                              
     Transistor 40      --                                                     
                          2N2907 (PNP)                                         
     Resistor 41        --                                                     
                          2.2K ohms                                            
     Resistor 42        --                                                     
                          5K ohms                                              
     Resistor 43        --                                                     
                          10K ohms                                             
     Resistor 47        --                                                     
                          3K ohms                                              
     Resistor 51        --                                                     
                          7.5K ohms                                            
     Resistors 52 and 53                                                       
                        --                                                     
                          300 ohms (Matched Pair)                              
PAL  No particular effort was made to select parts except for the matched
      resistor pairs 33 and 34 and 52 and 53. The 5-transistor IC's were
      employed because it was convenient to do so and the common substrate
      construction places the transistors close together and tends to make their
      characteristics similar. This made the circuit less temperature sensitive
      because, as temperature changes, the transistor characteristics tend to
      change in a balanced manner thus preserving circuit balance and common
      mode rejection.
PAR  The circuit had a common mode rejection of over 50 dB over the frequency
      range of 5Hz to 1 MHz. The gain of the circuit was about 1 when operated
      single ended (that is taking one output with respect to ground) and about
      2 when operated in the differential mode (that is taking one output with
      respect to the other output). The common mode input could be driven
      between the limits of about +9 to about -13 volts while maintaining the
      excellent common mode rejection.
PAR  The amplifier input impedance approximated a resistance in excess of 1.5K
      ohms shunted by a capacitance of less than 30 pFarads. Thus the amplifier
      is easily driven over great bandwidths by terminated transmission lines in
      the 75-ohm impedance range.
PAR  The foregoing has disclosed a high performance differential amplifier and
      an example given showing its excellent performance. Clearly equivalents
      and alternatives will occur to a person skilled in the art. For example
      while the circuit is shown in discrete device form, it is clear that the
      circuit would be quite suitable for integrated microcircuits either hybrid
      or monolithic type. Accordingly it is intended that my invention be
      limited only by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A differential amplifier comprising an input pair of transistors
      connected as base driven common emitter amplifiers, said input pair having
      the emitter of each element connected to a separate one of a first pair of
      constant current sources, said first pair of sources having equal current
      characteristics,
PA1  an output pair of transistors connected as common base transistors emitter
      driven from the collectors of said input pair, the base electrodes of said
      output pair being connected together and supplied from a constant current
      source independent from said first pair of constant current sources,
PA1  a matched pair of resistors elements series connected between the emitter
      electrodes of said input pair, and
PA1  a resistor connected between the juncture of said matched pair of resistors
      and the base electrodes of said output pair.
NUM  2.
PAR  2. The amplifier of claim 1 wherein each one of said input pair of
      transistors is driven by an emitter follower amplifier stage, each emitter
      follower having its emitter connected to one of a second pair of constant
      current sources, said second pair of sources having equal current
      characteristics.
NUM  3.
PAR  3. The amplifier of claim 2 wherein each one of said constant current
      sources comprises the collector circuit of a transistor, said transistor
      being connected to a constant voltage bias source.
NUM  4.
PAR  4. The amplifier of claim 3 wherein said first and said second pairs of
      constant current sources each comprise a pair of transistors having their
      emitters and bases connected together and biased by a constant voltage
      source with said voltage magnitude determining the value of said constant
      currents.
NUM  5.
PAR  5. The amplifier of claim 4 wherein said pair of transistors is located on
      a common substrate and in close physical proximity.
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PAL  Method and apparatus are described for reducing amplifier distortion by
      establishing a first signal at a first frequency to be amplified in an
      amplifier which while amplifying the first signal produces a second
      undesired signal at another frequency, producing on a cycle by cycle basis
      of the first signal a third signal at the other frequency, adjusting by no
      more than substantially 180.degree.  the relative phase and amplitude of
      the first and third signals for mutual cancellation of the second and
      third signals and then amplifying the first signal in the amplifier and
      reducing the power of signals at the other frequency relative to the power
      of the amplifier signal at the first frequency. Examples are given where
      the second signal is a harmonic or an intermodulation frequency signal of
      the first signal.
BSUM
PAR  The present invention relates in general to traveling wave tubes and, more
      particularly, to method and apparatus for enhancing the output of a
      traveling wave tube over a wide band.
PAR  All nonlinear amplifiers produce distortion that results in frequency
      outputs at multiples of the drive frequency. Since the amplifier can
      generate only limited power output or voltage, the power output at the
      fundamental frequency is a nonlinear function of power input. Where there
      are two or more input signals, intermodulation distortion results.
PAR  The level of the harmonic components is a function of the design parameters
      of the amplifier, operating frequency and power level. In octave bandwidth
      amplifiers it is not possible to filter out the second harmonic signal
      since the fundamental and second harmonic signals can exist together
      within the band. Typical octave bandwidth traveling wave tube amplifiers
      exhibit amplitude distortion and produce a second harmonic signal that is
      about 6  dB down at the saturation point when the device is operated near
      the lower band edge. At higher frequencies and lower drive levels, the
      separation is greater.
PAR  The reason that the level of second harmonic signals is higher at lower
      frequencies is related to the gain of the device at the second harmonic
      frequency. When driven at the lower band edge, the gain at the second
      harmonic is approximately equal to that of the fundamental, and therefore,
      a small amount of second harmonic power generated near the input of the
      traveling wave tube is amplified about as much as the fundamental signal.
      When the tube is driven at higher frequencies, the gain at the second
      harmonic frequency is extremely low and the amplification is much lower
      resulting in a lower level of second harmonic output.
PAR  Additionally, intermodulation distortion results where multiple signals are
      amplified simultaneously. This distortion is evident as signals being
      produced at other than the drive frequencies. For the simple case of two
      drive signals, f.sub.1 and f.sub.2, output signals will be produced at
      f.sub.1, f.sub.2, 2f.sub.1, 2f.sub.2, 2f.sub.1 -f.sub.2, 2f.sub.2
      -f.sub.1, etc. The latter two signals are referred to as third order
      intermodulation products and result from the mixing of the second harmonic
      of one signal with the other signal and vice versa. For typical
      traveling-wave tubes the amplitude of the third order intermodulation
      products is about 10 dB below the fundamental signal level at saturation
      and has a slope of 3 as a function of drive level compared to a slope of 1
      for the fundamental signal.
PAR  Since the third order intermodulation products are the result of mixing
      between a fundamental signal and a second harmonic of a nearby signal and
      the level of the second harmonic is a function of the level of the drive
      power or the closeness of the power level to the saturation point, the
      level of second harmonic signal is a measure of the non-linearity of the
      amplifier, and the higher the non-linearity the higher will be the third
      order intermodulation products. By reducing the level of second harmonic
      that a tube produces relative to the fundamental, non-linearity is
      reduced, and vice-versa.
PAR  It is known that second harmonic in the drive signal for a traveling wave
      tube influences fundamental power output and second harmonic separation as
      well as the level of third order intermodulation products. The degree of
      influence is a function of the level of the second harmonic in the drive
      signal and the phase of the signal relative to the fundamental.
PAR  U.S. Pat. No. 3,426,291 describes various arrangements for adjusting the
      phase of second harmonic drive signals into a traveling wave tube to
      reduce harmonic and intermodulation distortion in the output. However, the
      structures described limit the operation of the system to a narrow band.
      For accomplishing the desired phase adjustment filters and phase shifters,
      such as circulators, which are dispersive at band edge, are suggested. The
      use of such structures permits optimization of the system for a particular
      frequency, but in these devices the rapid change of phase with frequency
      makes improvement over more than about a few percent bandwidth impossible.
      This approach also insures that at frequencies near the frequency where
      improvement is achieved performance degradation will occur.
PAR  The object of the present invention is to provide a traveling wave tube
      with increased power in the fundamental signal frequency over a broad band
      and reduced intermodulation distortion.
PAR  In accordance with the present invention, a second harmonic signal of the
      fundamental drive signal is applied with the fundamental drive signal to
      the input of the traveling wave tube and the phase and amplitude of the
      second harmonic signal relative to the fundamental drive frequency is
      maintained across the entire operating frequency band of the traveling
      wave tube to cancel that second harmonic signal which would result within
      the traveling wave tube from the fundamental drive signal. The present
      invention employs a dispersive line that provides the proper amount of
      phase shift in a line length only a few wavelengths long.
PAR  In accordance with another aspect of the present invention, provision is
      made for reduction of intermodulation distortion for those amplifiers not
      capable of amplifying a phase adjusted second harmonic input signal. In
      accordance with this aspect of the present invention, third order products
      are provided in the input signal and phase adjusted to be opposite those
      the amplifier will produce for cancellation of signals at such
      frequencies.
PAR  The simplest and most straightforward utilization of this invention is
      establishment of the second harmonic or third order signal externally of
      the traveling wave tube for introduction into the tube without
      modification of existing tubes.
PAR  In accordance with another aspect of the present invention, the
      cancellation signal can be established by the tube generating the second
      harmonic and the output of which it is desired to control. The traveling
      wave tube can be provided with a slow wave structure, the dispersion of
      which varies with length. At some point along the slow wave structure, the
      physical characteristics of the tube are modified in such a way that the
      phase velocity at the fundamental signal is unchanged but the phase
      velocity of the second harmonic signal is different to accomplish the
      desired phase adjustment. Alternatively, the slow wave structure can be
      provided with resonant attenuation providing much greater loss at the
      fundamental than at the second harmonic so that the second harmonic
      propagates on the slow wave structure, the circuit geometry of which is
      changed following the attenuation for adjustment of the second harmonic
      phase relative to the fundamental in the manner set forth above.
PAR  In accordance with still another embodiment of the present invention, the
      slow wave structure can be broken and the appropriate phase shift between
      the second harmonic and the fundamental provided in an electrical line
      after the break. The electrical line can be a simple meander line located
      at the break, either inside or outside the vacuum tube envelope.
      Alternatively, the second harmonic energy can be removed from the circuit
      prior to a circuit attenuator and reapplied following the attenuator with
      the appropriate phase shift.
PAR  In accordance with still another embodiment of the present invention,
      second harmonic injection can be used for an amplifier operating over 2
      octaves and utilizing 2 drivers. Signals in the lower of the two octaves
      are amplified in a first driver amplifier which also generates second
      harmonic signals. The fundamental and second harmonic signal output from
      this first driver amplifier are phase adjusted in the manner previously
      described and combined with signals from a second driver amplifier
      operating on signals in the other octave for application to the 2 octave
      power amplifier.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic circuit diagram illustrating one embodiment of the
      present invention.
PAR  FIG. 1A is a plan view of a phase adjuster useful in the embodiment of FIG.
      1.
PAR  FIG. 2 illustrates phase length of a non-dispersive circuit such as a
      coaxial line or absolutely non-dispersive traveling wave tube.
PAR  FIG. 3 is a graph showing power output as a function of frequency for a
      traveling wave tube when driven with different signals.
PAR  FIG. 4 is a graph showing fundamental power relative to that obtained with
      no second harmonic in the drive signal as a function of second harmonic
      level.
PAR  FIG. 5 is a graph showing fundamental power relative to that obtained with
      no second harmonic in the drive signal as a function of second harmonic
      level with the phase adjusted to maximize and minimize fundamental power
      output.
PAR  FIG. 6 is a graph showing power output as a function of phase between
      fundamental and second harmonic drive signal with signal level as a
      parameter.
PAR  FIG. 7 is a graph showing the phase deviation from linearity for a phase
      adjusting line in accordance with the present invention.
PAR  FIG. 8 is a diagrammatic circuit diagram illustrating another embodiment of
      the present invention.
PAR  FIG. 9 is a diagrammatic view similar to FIG. 1 designating different
      points along the line for showing indication of intermodulation distortion
      utilizing the present invention.
PAR  FIGS. 9A, 9B, 9C and 9D illustrate power spectra at different points along
      the line shown in FIG. 8.
PAR  FIGS. 10A and 10B are graphs of phase change versus frequency over
      different portions of the line shown in FIG. 8.
PAR  FIGS. 11A and 11B are respectively graphs showing power output and
      intermodulation separation as a function of drive level to a chain such as
      shown in FIG. 9.
PAR  FIG. 12 is a diagrammatic circuit diagram illustrating another embodiment
      of the present invention.
PAR  FIGS. 13 and 14 respectively are graphs of phase length and amplifier gain
      as a function of frequency.
PAR  FIGS. 15 and 16 are schematic views of portions of a traveling wave
      embodying other aspects of the present invention.
PAR  FIGS. 17 and 18 are schematic diagram illustrating other embodiments of
      this invention.
DETD
PAR  As pointed out above, the present invention is directed to a distortion or
      error correction scheme which will be called "anticipation" error
      correction as contrasted with the more popularly known feedback and
      feedforward error correction schemes. This invention is directed to
      introduction of a cancellation signal ahead of an amplifier stage where a
      distortion signal will be generated with the phase of the cancellation
      signal adjusted to cancel the subsequently generated distortion signal.
      Two applications for this new technique are for intermodulation distortion
      correction and cancellation of harmonic frequency signals in broad band
      amplifiers, the latter of which will be first described.
PAR  Referring now to the drawing, with particular reference to FIG. 1, there is
      shown a diagrammatic view illustrating one system utilizing the present
      invention for increasing the fundamental signal output power and
      decreasing the harmonic signal output power of a traveling wave tube 11
      capable of amplifying a harmonic of the fundamental signal. To the
      traveling wave tube 11 both a fundamental drive signal f.sub.1 and a
      second harmonic signal 2f.sub.1 are applied in the desired phase
      relationship as described below by means of, for example, a loss equalizer
      phase adjusting element 12.
PAR  The drive signal f.sub.1 and harmonic signal 2f.sub.1 can be formed in
      different ways but conveniently are formed in a single amplifier 13 such
      as a lower power traveling wave tube driven by a drive signal f.sub.1.
PAR  In the traveling wave tubes 11 and 13 the fundamental drive signal f.sub.1
      will produce a second harmonic signal 2f.sub.1. For most traveling wave
      tubes, the phase relationship between fundamental and second harmonic is
      relatively constant with frequency; that is, the second harmonic and the
      fundamental signals are "phase locked." As shown in FIG. 2, a change that
      produces X.degree. of phase change for the fundamental will produce
      2X.degree. for the second harmonic. FIG. 2 illustrates phase length of a
      non-dispersive circuit such as a coaxial line or absolutely non-dispersive
      traveling wave tube.
PAR  When a non-dispersive traveling wave tube is driven by a frequency f.sub.1,
      signals are produced at f and 2f. The rate of change of phase length with
      frequency d.phi./df is constant for the signal at f.sub.1 and 2f due to
      the phase locked condition. In other words the rate of change of phase
      with frequency at the second harmonic is precisely what it would be if the
      amplifier were operated at that frequency.
PAR  For most traveling wave tubes, the fundamental-second harmonic phase
      relationship produced by the driver will differ approximately 180.degree.
      from that required for optimum performance of the subsequent amplifier.
      Thus, it is desired to introduce approximately 180.degree. of dispersion
      over the octave bandwidth. 180.degree. .+-. N360.degree. will work
      satisfactorily only for constant amplitude, constant frequency signals. By
      utilizing a dispersive line with only 180.degree. of phase shift, i.e.
      less than one cycle it is possible to achieve exactly the desired
      conditions at two frequencies separated by an octave. This insures that
      the phase relationship will be within .+-. 5.degree. over a 10 percent
      bandwidth, i.e. the rate of phase change from linearity is 180.degree.
      over 100 percent bandwidth. By properly shaping the dispersion, even less
      deviation can be achieved over greater bandwidths.
PAR  By insuring proper second harmonic-fundamental phase relationship at the
      input of the power tube 11, maximum fundamental power will be generated.
PAR  The basic physical explanation of the result is that as the RF wave is
      amplified in the traveling wave tube energy is removed from the electron
      beam and the average velocity of the electron beam is reduced as it passes
      through the slow wave structure. Thus, near the output, as the amplifier
      approaches saturation, the nonlinearity increases rapidly.
PAR  By injecting second harmonic into the input of the amplifier 11 I am
      effectively creating another nonlinearity that partially cancels the one
      the amplifier normally produces. Without second harmonic injection, the
      second harmonic builds up along the amplifier 11 with a slope of 2 with
      distance. Injection of the second harmonic results in straightforward
      amplification of this signal, the level of which will increase with a
      slope of 1. Provided the phase is selected properly, this signal will at
      some point be equal to and opposite in phase to a signal that is produced
      by the basic nonlinearity of the amplifier 11. The net result of this
      phenomenon is a tremendous reduction, or even elimination, of second
      harmonic output, a significant reduction in amplitude nonlinearity
      (compression) and greatly reduced AM to PM conversion. These two factors
      produce a greatly reduced level of intermodulation distortion. This
      invention can be characterized as anticipation error correction as
      contrasted with feedback and feedforward error correction.
PAR  For cancellation of the internally generated second harmonic of tube 11
      with the input second harmonic, the length of line between the driver tube
      13 and the power tube 11 should provide N wavelengths at the fundamental
      signal frequency and 2N + 1/2 wavelengths at the second harmonic
      frequency.
PAR  FIG. 3 shows a graph of the fundamental power output and second harmonic
      output and their separation as a function of frequency for typical
      220-watt traveling wave tubes operated at saturation. As is apparent from
      the graph, the fundamental power output decreases and the second harmonic
      output increases at the lower end of the band when no phase adjuster is
      provided. When the second harmonic drive signal is filtered out such as
      with a low pass filter, the fundamental power output increases at the
      lower end of the band, and when the phase adjuster is added, the
      fundamental power output is increased and the second harmonic output is
      decreased at the lower end of the band.
PAR  FIGS. 4, 5, and 6 show the effect of second harmonic level and phase on the
      power output of a typical octave bandwidth 220-watt amplifier and
      illustrate the importance of having a broadband device. FIG. 4 is a graph
      of power output as a function of frequency for such a traveling wave tube
      when driven with a clean drive signal and when driven with signals
      containing a second harmonic content 10 dB below the fundamental, 5 dB
      below the fundamental and equal to the fundamental. For each of the three
      different drive signal levels the phase of the second harmonic signal has
      been adjusted both to optimize power output and to minimize power output.
      As is apparent, the level and phase of the second harmonic drive signal
      has a profound effect on the power output. At the lower band edge, when
      the second harmonic is 5 dB below the fundamental drive signal, optimum
      phase can result in a half dB increase in power output and improper phase
      results in more than 11/2 dB reduction in power output. Also, where phase
      becomes adjusted such as to minimize power output, as can happen when
      utilizing a narrow band system of the type shown in the prior art, the
      resultant output using second harmonic power in the drive can be worse
      than the ouptut without the use of second harmonic drive.
PAR  FIG. 5 is a graph of the fundamental power relative to that obtained with
      no second harmonic in the drive signal as a function of second harmonic
      level for the two limiting cases. FIG. 6 shows power output as a function
      of phase between fundamental and second harmonic drive signal with level
      as a parameter.
PAR  A highly dispersive line can be constructed that provides the proper amount
      of phase shift in a line length only a few wavelengths long. On
      construction giving optimum results is a simple meander line constructed
      in microstrip form. Phase shift versus frequency for this line is shown in
      FIG. 7 relative to a non-dispersive line with the same electrical lengths
      at the lower band edge. Data shown is for a line that gives approximately
      130.degree. dispersion at 5.5 GHz compared to 2.5 GHz. Due to the
      relatively short length of the line, the insertion loss is very low, being
      less than 1 dB. The particular line which was designed to be approximately
      50 ohms impedence exhibits less than 2:1 VSWR for the frequency range of
      interest.
PAR  The microstrip circuit used in the embodiment described above is
      illustrated in FIG. 1A consisting of a meander line produced by exposure
      and etching to leave a gold plating approximately 0.0002 - 0.0004 inch
      thick on a thin chrome or molybdenum surface on an alumina ceramic
      substrate. The line, typically 0.025 inches wide, had leg length from end
      to end as listed in the following table with the strip length between all
      but legs L.sub.9 and L.sub.10 as 0.025 inches and with the strip length
      between legs L.sub.9 and L.sub.10 as 0.075 inches.
TBL  leg       length        leg          length                               
     ______________________________________                                    
     L.sub.1   .530"         L.sub.6      .255"                                
     L.sub.2   .302"         L.sub.7      .241"                                
     L.sub.3   .290"         L.sub.8      .228"                                
     L.sub.4   .285"         L.sub.9      .215"                                
     L.sub.5   .269"         L.sub.10     .480"                                
     ______________________________________                                    
PAR  In almost every construction in which the invention has been tested, there
      has been an improvement in fundamental output power. The improvement
      ranges from 0.3 dB to 1.0 dB.
PAR  The embodiment of the invention described above relates prinicipally to a
      one octave bandwidth tube. In accordance with as aspect of the present
      invention, appropriate injection of second harmonic drive signals for a 2
      octave bandwidth tube can be achieved using two driver tubes. As shown in
      FIG. 8, signals over a 2 octave bandwidth, such as 1-4 GHz, are divided in
      a diplexer 15 of the signals in the lower octave, such as 1-2 GHz,
      directed to one driver amplifier 16 and the signals in the other octave,
      such as 2-4 GHz, directed to the other driver amplifier 17. The signals
      from the lower octave amplifier 16 which includes fundamental and second
      harmonic signals are passed through a phase adjuster 18 and a coupler 19
      where output signals from the amplifier 17 are coupled to the line for
      input to the power amplifier 20. The desired phase adjustment of the
      second harmonic signal relative to the fundamental in accordance with this
      invention is accomplished in the phase adjuster 18 for application to the
      amplifier 20 wherein signals over the two octaves are amplified.
PAR  As pointed out above, reduction of second harmonic output can also reduce
      intermodulation distortion.
PAR  FIG. 9 is a schematic circuit similar to FIG. 1 illustrating operation of
      the present invention for reduction of intermodulation distortion, FIGS.
      9A and 9D being graphs showing power versus frequency at selected
      positions A-D along the line in FIG. 9 and FIGS. 10A and 10B,
      respectively, being graphs showing phase shift versus frequency over
      portions A-B and B-C of the line shown in FIG. 9.
PAR  Without utilization of the present invention a traveling wave tube power
      amplifier 21 shown in FIG. 9 would produce undesirably high third order
      products from input signals f.sub.1 and f.sub.2 introduced into the
      amplified chain. In accordance with the present invention, the input
      signals f.sub.1 and f.sub.2 drive an amplifier 22 which produces outputs
      at f.sub.1, f.sub.2, 2.sub.f, 2f.sub.2 and intermodulation frequencies.
      This amplifier 22 operates well below saturation and intermodulation
      frequencies are at very low levels. These signals pass through a microwave
      circuit 23 that exhibits more loss at f than at 2f and has approximately
      180.degree. dispersion at 2f across the amplification band for signals f.
      This second harmonic band introduced into traveling wave tube 21 exactly
      cancels that which would normally be generated by tube 21 with resultant
      elimination or substantial reduction in third order intermodulation
      signals.
PAR  FIGS. 11A and 11B, respectively, show graphs of power output and
      intermodulation separation as a function of drive level to a chain such as
      shown in FIG. 9 for the first case (in dashed line) where no second
      harmonic is injected into the second amplifier 21 and for the second case
      (solid lines) where second harmonics are injected and conditions optimized
      at a point approximately 3 dB below the maximum power output. The curves
      showing no second harmonic injection, i.e. conventional operation,
      illustrate that at saturation the third order intermodulation products are
      about 9 dB below saturation, and in order to obtain third order products
      36 dB below the fundamental as might be desired in a particular
      application, the amplifier 21 must be operated more than 10 dB below
      saturation. Performance is markedly different with second harmonic
      injection. First, it is apparent that maximum power output has been
      increased by a factor of more than 2. Secondly, with the conditions
      optimized and with power output 3 dB below the maximum capability (this
      corresponds to the maximum power output with no second harmonic
      injection), the intermodulation separation is 33 dB for third and all
      higher intermodulation products. This represents a 9.5 dB increase in
      power output capability in the situation where there is a requirement that
      intermodulation products be 33 dB below the fundamental.
PAR  For amplifiers that are not capable of amplifying the second harmonic
      signal but do produce a second harmonic output, intermodulation distortion
      is eliminated or substantially reduced by driving the amplifier with the
      conventional drive signals as well as third order products which are phase
      adjusted to be opposite to those that the amplifier will produce itself.
      This aspect of the present invention can be accomplished by utilizing the
      amplifier chain shown in FIG. 9 to drive the power amplifier 24, and
      rather than minimizing the third order intermodulation signals from tube
      21, the phase of these intermodulation signals is adjusted in adjuster 25
      to be opposite that of the third order products normally produced in the
      following power amplifier 25. As pointed out above, the total phase
      adjustment of the signals for opposition is less than one cycle, i.e. an
      angle such as 180.degree. .+-. N360.degree. will not work satisfactorily.
PAR  Referring now to FIGS. 12 and 13, there is shown a circuit which generates
      the second harmonic with optimum absolute phase and amplitude relative to
      the fundamental through the use of non-resonant, passive circuit elements.
      As shown in FIG. 12, the fundamental signal introduced onto line 31 at
      point M is coupled via a coupler 32 and by-pass line 33 around a
      multiplier 34 which multiplies the fundamental and has outputs at f and
      2f. The two lines are again coupled together via a coupler 35 for
      application of the signal f and 2f properly adjusted as to phase into the
      power amplifier 36. The line length between points 1 and 2 for either path
      differs by no more than 1/2 at the second harmonic. With the
      characteristics of tube 36, the deviation of phase from linearity between
      points M and N is selected to provide the optimum phase for
      intermodulation distortion reduction. (See FIG. 13)
PAR  FIG. 14 is a graph showing gain of the amplifier plotted versus frequency
      and wherein the normal amplifier gain is shown by the dashed line where
      second harmonic injection is not utilized. The solid line shows amplifier
      gain utilizing the present invention where excellent intermodulation
      distortion reduction is achieved.
PAR  While the present invention is ideally suited for second harmonic and
      intermodulation distortion reduction by external operation on presently
      available traveling wave tubes, the invention can also be utilized by
      internal modification of traveling wave tubes to achieve the desired
      results.
PAR  In accordance with one aspect of the present invention schematically
      illustrated in FIG. 15, the desired second harmonic signal for
      cancellation is established internally of the tube 41 utilizing a slow
      wave structure 42 for the tube that has dispersion which varies with
      length. At some point 43 along the slow wave structure the physical
      characteristics of the tube are modified in such a way that the phase
      velocity at the fundamental signal is unchanged, but the phase velocity of
      the second harmonic signal is different. Therefore, the second harmonic
      energy that is propagating on the slow wave structure will become out of
      phase with the second harmonic energy in the electron beam and establish
      the necessary cancellation process. The phase velocity change or the
      second harmonic signal can be accomplished by varying one or more of a
      number of the tube parameters such as helix pitch, shell diameter, helix
      support rod diameter, etc.
PAR  Instead of the construction illustrated in FIG. 15, the traveling wave tube
      structure 51 can take the form as shown in FIG. 16 wherein resonant
      attenuation 53 is provided along the slow wave structure 52 presenting
      much higher loss to the fundamental signal than to the second harmonic.
      Following the attenuation 53, the circuit geometry 54 is changed to adjust
      the second harmonic phase velocity relative to the fundamental phase
      velocity in accordance with the requirements described above.
PAR  In accordance with still another aspect of the present invention,
      schematically illustrated in FIG. 17, the slow wave structure 62 of a
      traveling wave tube 61 can be broken and the appropriate phase shift
      between the second harmonic and the fundamental provided in an electrical
      line at the break. By way of example, a simple meander line 63 located at
      the break can be utilized to establish the desired phase shift. This
      electrical line can be located either within the vacuum tube of the
      envelope or outside the vacuum tube of the envelope.
PAR  Instead of the structure shown in FIG. 17, the traveling wave tube 71 as
      shown in FIG. 18 can be constructed to remove the second harmonic energy
      from the slow wave circuit 72 prior to the conventional attenuator 73
      where the circuit is severed. The second harmonic signal can then be
      reapplied to the slow wave circuit following the attenuator with the
      appropriate phase adjustment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A microwave amplification circuit comprising:
PA1  a first microwave amplifying means of at least an octave bandwidth having
      an input and an output,
PA1  a second microwave amplifying means of at least
PA1  an octave bandwidth having an input connected to receive and amplify
      signals from the output of said first amplifier,
PA1  both of said amplifying means constructed to amplify a fundamental
      microwave signal and producing a second harmonic signal of such
      fundamental signal during amplification of said fundamental signal, and
PA1  a dispersive delay line connected in circuit between the output of said
      first amplifying means and the input of said second amplifying means,
PA1  said delay line constructed to shift the phase between a fundamental signal
      and a second harmonic of such fundamental signal from the output of said
      first amplifying means at the input of said second amplifying means by
      less than one cycle for optimum suppression at frequencies within at least
      plus or minus 20 percent of the upper frequency of the octave.
NUM  2.
PAR  2. The circuit of claim 1 wherein said first and second amplifying means
      comprise a traveling-wave tube having a slow wave structure and said
      dispersive delay line forms a part of said slow wave structure.
NUM  3.
PAR  3. The circuit of claim 1 wherein said first and second amplifying means
      comprise a traveling-wave tube having a slow wave structure and said
      dispersive delay line is connected between a break in the slow wave
      circuit of said tube.
NUM  4.
PAR  4. The circuit in accordance with claim 1 wherein said dispersive delay
      line is a microstrip meander line.
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ABST
PAL  A telecommunications signal amplifier comprising an active tripole the
      transfer function of which has a negative real portion, the input
      impedance and the output impedance of which are substantially equal to one
      another and to the iterative impedance of the line in which the amplifier
      according to the invention is inserted, a first dipole of defined
      structure, a second dipole of structure reciprocal to the first with
      respect to the iterative impedance of the circuit in which the amplifier
      according to the invention is inserted, characterised in that said signal
      amplifier is reduced to a tripole by merging an input terminal and an
      output terminal, the other input terminal is connected to a terminal of
      said first dipole and to an input terminal of said tripole, the other
      output terminal is connected to the other terminal of said first dipole
      and to an output terminal of said tripole, the common input and output
      terminal of this tripole being joined, by means of said second dipole, to
      the common input and output terminal of the telecommunications signal
      amplifier.
BSUM
PAR  The present invention relates to a telecommunications signal amplifier.
      This amplifier is capable of giving, in a wide frequency band, a small
      noise factor, good input and output adaptation with respect to the
      iterative impedance of the line in which it is inserted. Its gain,
      moreover, can vary as a function of the frequency, according to the
      pre-established law. These characteristics make it possible to use this
      amplifier in particular as an intermediate line amplifier of a cable
      transmission system with currents carrying several dozen communication
      channels.
PAR  The characteristics of the telecommunications signal amplifier, according
      to the invention, are the result of its particular structure and the
      specific relations established between the components which constitute it.
      These components are reduced to two dipoles and an active tripole.
PAR  The most general equivalent idea that can be given of this active tripole
      is that of an active quadripole reduced to a tripole by merging an input
      and output terminal, comprising between its input terminals an impedance,
      equal to the input impedance of the tripole and, between its output
      terminals, an electromotive force in series with an impedance, equal to
      the output impedance of the tripole. The electromotive force is defined as
      proportional to the input voltage of the tripole, the proportionality
      coefficient being a compound number. The use of this simplified concept of
      equivalene enables the structure of this amplifier according to the
      invention to be understood as a T bridge network of which three branchs
      are passive and the fourth is active.
PAR  The telecommunications signal amplifier according to the invention
      comprises an active tripole of which the transfer function, a compound
      number representing the relationship between the output voltage and the
      input voltage has a negative real portion, of which the input impedance
      and the output impedance are substantially equal to one another and to the
      iterative impedance of the line in which the amplifier, according to the
      invention, is inserted, a first passive dipole of a defined structure, a
      second passive dipole which is reciprocal to the first with respect to the
      iterative impedance of the line in which the amplifier according to the
      invention is inserted, and is characterised in that, the signal amplifier,
      is reduced to a tripole by merging an imput terminal and an output
      terminal, the other input terminal is connected to a terminal of said
      first dipole and an input terminal of said tripole, the other output
      terminal is connected to the other terminal of said first dipole and to an
      output terminal of said tripole, the common input and output of this
      tripole being joined, by means of the said second dipole, to the common
      input and output terminal of the telecommunications signal amplifier.
DRWD
PAR  The invention is illustrated by way of non-limitative example on the
      adjoining drawings in which:
PAR  FIG. 1 shows the wiring diagram of the amplifier according to the
      invention, of which the components are assembled in functional units.
PAR  FIG. 2 and its annexes 2a, 2b, 2c make it possible, by the consideration of
      the equivalent electrical diagram of a tripole, to understand its
      characteristics and to establish the relationships that exist between the
      components of the assembly.
PAR  FIG. 3 relates to a particular embodiment of the amplifier according to the
      invention given by way of example in the case where the active tripole
      comprises two transistors.
PAR  FIG. 4 represents the case of an amplifier, according to the invention,
      supplied with a constant current from a distance by means of a line in
      which the amplifier is inserted.
DETD
PAR  According to FIG. 1, the amplifier according to the invention has input
      terminals 1-2 and output terminals 3-2, the terminal 2 being common to the
      input and to the output.
PAR  The input terminal 1 is connected to an input terminal 4.sub.1, the output
      terminal 3 to an output terminal 4.sub.3 of the tripole 4, of which the
      terminal 4.sub.2 is common to the input and to the output. This tripole
      has, from input to output, a transfer function of which the real portion
      is negative.
PAR  The first dipole 5, is connected to the terminals 1 and 3 of the amplifier
      according to the invention. The second dipole 6 is connected to the
      terminal 4.sub.2 of the tripole and to the terminal 2 of the amplifier
      according to the invention.
PAR  The impedance values of the dipoles 5 and 6, designated respectively by Z
      and Z', are linked to one another by a reciprocal relationship.
EQU  Z Z' = Ro.sup.2
PAL  where Ro is the iterative impedance of the line connected, on one hand, to
      the terminals 1-2, and, on the other, to the terminals 3-2 of the
      amplifier according to the invention.
PAR  Moreover, the input impedance and the output impedance of the tripole are
      each close to Ro.
PAR  A study of the characteristics of the amplifier according to the invention
      can be made from the simplified equivalent diagram, in FIG. 2, of the
      assembly in FIG. 1.
PAR  As regards the active tripole 4, its input impedance R1 and its output
      impedance R2 are theoretically equal to one another and to the iterative
      impedance Ro of the connected line, before the terminals 1-2, and after
      the terminals 3-2, of the amplifier according to the invention. In
      addition, according to the sign convention adopted for the current i.sub.1
      which has flowed through the impedance R.sub.1, the sign convention of the
      equivalent electromotive force at the output of the amplifier as such is
      the one representative. It is taken, in the effective pass band of the
      tripole, this electromotive force is proportional to the potential
      difference V.sub.1 = R.sub.1 i.sub.1 between the input terminals 4.sub.1
      and 4.sub.2.
EQU  E = K V.sub.1
PAR  Relatively to the impedances of the dipoles 5-6, their values, respectively
      designated Z and Z', can be defined with respect to the iterative
      impedance Ro, according to the relationships:
EQU  Z = z Ro
EQU  zZ' = Ro
PAR  The small value z of the impedance Z varies with the frequency.
PAR  When the insertion is made under the conditions shown in FIG. 2a, it is
      possible to calculate the value of the input impedance Ze and of the
      output impedance Zs, as well as the value of the transfer function, G, of
      the amplifier according to the invention:
      ##EQU1##
PAR  The calculation shows that under the nominal conditions where each of the
      impedances R1 and R2 of the tripole is equal to Ro, the impedances Ze and
      Zs are exactly equal to Ro. It also shows that the amplifier according to
      the invention has a transfer function such that the following relation is:
      ##EQU2##
PAR  In practice it is found that when K is large there remains: G .about. z - 1
PAR  When R1 differs from Ro by a given quantity, .DELTA., the impedance Ze
      differs from Ro by a quantity .delta., equal to the product of .DELTA. in
      accordance with the relationship:
      ##EQU3##
PAR  The same applies to Zs when R2 differs from Ro. The amplifier according to
      the invention thus has very good characteristics as regards the adaptation
      of impedances to the circuit in which it is inserted. By the appropriate
      choice of the small impedance z, thus of the structure of the first
      dipole, it is possible to give the transfer function the absolute value
      which varies with the frequency within the entire pass band, that current
      price requires.
PAR  Lastly, it should be stated that it is possible to include in Z', and to
      compensate for them in Z, the electrical equivalents, the self-inductance
      in particular, of the interference connections which the wiring requires.
      On account of this fact, the tripole can be considered as being
      theoretically perfect. The amplifier according to the invention has
      characteristics which make it suitable for the amplification of wide
      frequency bands.
PAR  A consideration of the assembly, designed in another way, as is shown in
      FIG. 2c, easily leads to the conditions which ensure the stability of the
      amplifier according to the invention. These conditions can be derived from
      the following expression, which is an open loop transfer function:
      ##EQU4##
PAR  The noise factor of the amplifier according to the invention cannot be less
      than that of the isolated tripole of the assembly.
PAR  Referring to the assembly, represented in FIG. 2b, it can be shown that the
      impedances Z and Z' also contribute toward increasing the noise power.
      However, the increase of a noise factor which results from it is of the
      order of:
      ##EQU5##
      and, if K is sufficiently large, there remains an increase, normally
      negligible, equal to:
      ##EQU6##
      of the noise factor due to the tripole.
PAR  FIG. 3 shows one embodiment of the amplifier according to the invention. It
      is supplied, between the ground, connected to the terminal 2 and the
      positive pole 7 of a battery, by means of an effective decoupling unit 8,
      connected to 7 and to the supply terminal 9 of the active tripole.
PAR  The impedance Z is that of the network 5, constituted by the two resistors
      10, 11 and a self-inductance 12 in parallel with 11. The impedance Z' is
      that of the network 6 where the capacitor 13 to 12, the resistor 14 to 11,
      and the two resistors 15 and 16 in parallel, correspond to the resistor 10
      of the network 5, in a reciprocal relationship.
PAR  The active tripole 4 comprises the decoupling capacitors 17 to 19 and the
      two transistors T.sub.1, T.sub.2 constituting the amplifying means.
      According to an assembly known in itself, the collectors of T.sub.1 and
      T.sub.2 are joined together to the supply terminal 9, the emitter of
      T.sub.1 is joined to the base of T.sub.2. The base of T.sub.1 is polarised
      by the high value resistors 20 and 21 between the terminal 9 and the
      ground. The resistor 20 fixes the value of the input and output impedances
      of the tripole. The emitter resistor of T.sub.1, 22, enables the current
      in T.sub.1 to be adjusted, and contributes a little to the value of the
      input impedance of the tripole.
PAR  The given interference components: the self-inductance between the emitter
      of T.sub.1 and the base of T.sub.2, the self-inductance between the
      emitter T.sub.2 and the terminal 4.sub.2, which is the ground for
      alternating currents, of the tripole, the capacitor between the collector
      and base of T.sub.1, have an influence on the behaviour of the tripole. It
      is possible, however, by means of the structure Z', to compensate for the
      influence of the last mentioned of these components. In addition, it is
      advantageous that the components of the structure of Z' be concentrated at
      their relevant extremities.
PAR  The amplifir according to the invention, made as shown in FIG. 3, with
      suitable precautions has been designed, for a pass band going up to 60
      megahertz, to show a variable gain from 5 to 13 decibels and an impedance
      inadaptibility, with respect to a value of Ro equal to 75 ohms, which
      never exceeds 5 percent, in a pass band.
PAR  The structure in FIG. 3, where no transformers are included, lends itself
      to the production of integrated circuits.
PAR  The transistors T.sub.1 and T.sub.2, in a construction with discrete
      components, have frequency cuts f.sub.1, respectively of 1,8 GHz for
      T.sub.1 and of 1,3 GHz for T.sub.2.
PAR  The amplifier according to the invention has a structure which moreover is
      very advantageous in the frequent case, where the polarity of the terminal
      7 in the FIG. 3 is obtained, in fact, from a constant current supply
      provided by the telecommunications circuit itself.
PAR  In such a case, FIG. 4 represents the principle of the arrangement that
      should be adopted. The current supplied from a distance flows through the
      inductances 23 and 25, as well as through a Zener 24. This circuit is
      connected, as shown, to the terminals 3, 1 and 4.sub.2 of the amplifier
      according to the invention. Moreover, a high tension capacitor 26 is
      connected between the terminal 2 of the amplifier according to the
      invention and the return wire of the current supplied from a distance. A
      terminal of the Zener diode 24 is connected to the supply terminal 7 of
      the amplifier.
PAR  In some cases of embodiment of the device according to the invention for
      high frequencies the capacitor 26 is advantageously replaced by one or a
      plurality of capacitors which, if necessary, can be integrated in the
      impedance 6.
PAR  This arrangement greatly facilitates the construction of a switching
      filter, since the inductances 23 and 25 and the capacitor 26 cannot be
      compared, because of their values, with th analagous components of the
      commonly used switching filters.
PAR  Of course, the invention is not limited to the examples of its embodiment
      herein above described and illustrated, and on the basis of which other
      methods and other forms of embodiment can be envisaged, without departing
      from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A telecommunications signal amplifier presenting an input terminal, an
      output terminal, and a common input and output terminal and being
      composed:
PA1  of an active tripole provided with an input terminal,
PA1  an output terminal and a common input and output terminal and
PA1  a first passive dipole including two terminals, one of which is connected
      to the common input and output terminal of the tripole, and the other of
      which is connected to the common input and output terminal of the
      amplifier; and
PA1  a second passive dipole including two terminals, one of which is connected
      to said input terminal of said amplifier and said input terminal of said
      active tripole and the other of which is connected to said output terminal
      of said amplifier and said output terminal of said active tripole;
PA1  said amplifier being characterized in that the active tripole presents a
      transfer function with a negative real portion and the active tripole also
      exhibits an input impedance and an output impedance which are
      approximately equal to one another and to the iterative impedance of the
      line in which said amplifier is inserted, in that said first passive
      dipole presents a complex impedance, and in that the impedance of the
      second dipole is the reciprocal of the impedance of the first dipole with
      respect to the iterative impedance of the line into which the amplifier is
      inserted.
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ABST
PAL  A tunable laser is disclosed in which a plurality of laser beams different
      from one another in wavelength and polarization can be simultaneously
      oscillated. The tunable laser is advantageous among others in that an
      atomic absorption spectroscopic analysis can be carried out with very high
      sensitivity when it is used as, for example, a light source for
      two-wavelength measurement in the atomic absorption spectroscopic
      analysis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a tunable laser in which a plurality of spectral
      lines different from one another not only in wavelength but also in
      polarization can be simultaneously oscillated.
PAR  2. Description of the Prior Art
PAR  Since the advent of the laser, various proposals have been made in regard
      to applications of the laser. The laser is especially advantageous over
      light sources of other kinds in that it provides a spectroscopic light
      source emitting a light beam of satisfactory directivity and the light
      beam emitted therefrom is excellent in monochromaticity.
PAR  However, the laser has a disadvantage that individual sources of laser
      beams must be prepared for a plurality of desired wavelengths due to the
      fact that the oscillation wavelength of the laser beam cannot be freely
      controlled. Such a disadvantage is obviated by wavelength conversion
      techniques including dye laser and parametric oscillator.
PAR  An atomic absorption spectroscopic analysis for the quantitative analysis
      of an element contained in a sample comprises causing a spectral line
      having the same wavelength as that of the specific element to pass through
      an atomic vapor layer of the element and measuring the quantity of light
      absorption occurring when the atoms in the ground state in the atomic
      vapor of the element are excited to shift to an upper state. The detection
      sensitivity of the atomic absorption spectroscopic analysis can be
      improved when the emission spectral line width of the light source used in
      the analysis is selected to be at least equal to the absorption spectral
      line width of the element which is quantitatively analysed. In a prior art
      technique of atomic absorption spectroscopic analysis, emission from a
      hollow cathode discharge tube or high frequency discharge tube containing
      the same element as that quantitatively analysed has been utilized for
      such a purpose. However, the prior art analysis technique has been
      inconvenient in that separate light sources must be prepared when it is
      desired to quantitatively analyze a plurality of elements.
PAR  Further, two-wavelength measurement is frequently employed in the technique
      of atomic absorption spectroscopic analysis. This two-wavelength
      measurement is employed as a compensating means which eliminates such a
      disadvantage that the precision of measurement in the prior art atomic
      absorption spectroscopic analysis technique tends to be adversely affected
      by variations or instability of the emission intensity of the light source
      and the concentration of the sample relative to time. A method disclosed
      in an article of T. Hadeishi reported in "Applied Physics Letters", Vol.
      21, pp. 438-440 (1972) is a typical example of the two-wavelength
      measurement and employs a Zeeman-effect tunable light source. According to
      the method disclosed in this article, a light source (commonly containing
      an isotope of a sample element subjected to quantitative analysis) is used
      so as to emit a suitable spectral line which is very close to the
      absorption spectral line of the element to be quantitatively analysed, and
      a magnetic field is applied to the light source for the purpose of Zeeman
      splitting of the emitted spectral line. One of the components obtained by
      the Zeeman splitting is subjected to the Zeeman shift so that it has the
      same wavelength as that of the absorption spectral line of the sample
      element, while the other component is utilized as reference light which is
      not absorbed by the sample element. These two components can be easily
      separated from each other by an analyser due to the fact that they are
      polarized in different degrees by the Zeeman effect. Thus, this method is
      advantageous in that, when the light emitted from the light source is
      passed through the sample and the intensities of the two polarization
      components contained in the light transmitted through the sample are
      compared with each other, the ratio therebetween indicates solely the
      quantity of light absorbed by the sample and the result of analysis is not
      adversely affected by variations or instability of the emission intensity
      of the light source and the concentration of the sample. However, the
      Zeeman-effect tunable light source is defective in that the tunable range
      of the wavelength is quite narrow. Because of this defect, it is also
      inevitable to prepare separate light sources for the analysis of a
      plurality of elements.
PAC  SUMMARY OF THE INVENTION
PAR  With a view to obviate the defect pointed out above, it is a primary object
      of the present invention to provide a novel and improved tunable laser in
      which a plurality of laser beams different from one another in wavelength
      and polarization can be simultaneously oscillated, the wavelength of these
      laser beams being capable of being varied over a wide range.
PAR  The present invention is featured by the provision of a tunable laser
      comprising a pair of reflectors, a laser active material interposed
      between these reflectors, and means for exciting this laser active
      material, wherein an interference plate having an optically anisotropic
      property is additionally disposed between these reflectors.
PAR  The term "optical anisotropy" is used in this specification to denote such
      a property that the refractive index of a material or the reflection
      coefficient of the surface of a body varies depending on the polarization
      of incident light.
PAR  The tunable laser according to the present invention is featured by the
      fact that each of the laser beams consists of a plurality of spectral
      lines which are close to one another in wavelength and which are different
      from one another in polarization, and yet, the wavelengths of these
      spectral lines can be varied over a wide range.
PAR  Such a tunable laser is used as a light source in the present invention.
      Various tunable lasers are described in a Japanese magazine entitled
      "Bunko Kenkyu (Researches on Spectroscopy)", Vol. 21, No. 2. Among these
      tunable lasers, the dye laser and parametric wavelength conversion laser
      are especially advantageous in that they have a wide tunable range in
      wavelength. It is also known that the tunable range can be further widened
      by the combination of these two lasers, that is, by applying the
      parametric wavelength conversion technique to the light emitted from the
      dye laser. Another important feature of the present invention which is
      improved over the tunable lasers known in the art resides in the fact that
      a special means for selecting the oscillation wavelength is provided so
      that a plurality of spectral lines including different polarization
      components can be simultaneously oscillated.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic cross-sectional view showing the arrangement of
      component elements in a tunable laser according to the present invention.
PAR  FIG. 2 is a graph showing the relation between the wave number and the
      laser gain for illustrating the wavelength selecting characteristic of a
      reflector in the tunable laser shown in FIG. 1.
PAR  FIG. 3 is a graph showing the relation between the wave number and the
      laser gain for illustrating the characteristic of an interference plate
      having an optically anisotropic property employed in the tunable laser of
      the present invention.
PAR  FIG. 4 is a schematic perspective view showing the structure of one form of
      the optically anisotropic interference plate employed in the tunable laser
      of the present invention.
PAR  FIG. 5 is a schematic perspective view showing another form of the
      optically anisotropic interference plate employed in the tunable laser of
      the present invention.
PAR  FIG. 6 is a block diagram showing one basic structure of an atomic
      absorption spectroscopic analysing system in which the tunable laser
      according to the present invention is used as a light source for
      spectroscopic analysis.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a schematic cross-sectional view showing the arrangement of
      component parts of a tunable laser based on the principle of the present
      invention.
PAR  Referring to FIG. 1, an optical interference plate 2 which includes a
      transparent plate of optically anisotropic material is disposed opposite
      to a reflector which may be a reflecting type diffraction grating 1. This
      interference plate 2 has such a structure that a metal on dielectric
      material is evaporated on the opposite principal surfaces of a transparent
      plate of optically anisotropic material to constitute a reflector or a
      transparent plate of optically anisotropic material is interposed between
      a pair of reflectors disposed opposite to each other.
PAR  Means are provided for causing rotation of the reflecting type diffraction
      grating 1 and optical interference plate 2 around respective axes which
      are normal to the plane of the sheet on which the drawing is depicted. A
      lens system 3 and a beam magnifying system 4 are provided for improving
      the resolution of the diffraction grating 1 which selects the wavelength.
      However, these systems 3 and 4 may be eliminated depending on applications
      as they do not contribute essentially to the operation of the tunable
      laser. A dye cell 5 contains therein a solution of a dye which acts as a
      laser active material. Although the oscillation wavelength range differs
      depending on the dye, a material such as an organic scintillator or a
      coumarine dye which can oscillate in the ultraviolet or in the visible
      range of relatively short wavelengths is preferably used as a light source
      for atomic absorption spectroscopic analysis. Another reflector 6
      cooperates with the reflector 1 to constitute a laser cavity. A pumping
      light source 7 directs light to the dye cell 5 through a condenser lens
      system 8. A reflector may be used in lieu of the condenser lens system 8,
      and this condenser lens system 8 may be eliminated when the light source 7
      can emit light with good directivity. In order to prevent variations of
      the oscillation wavelength depending on the temperature, it is desirable
      that the entire laser cavity or the interference plate 2 is housed within
      a temperature controller 9 as shown in FIG. 1.
PAR  In operation, the light emitted from the pumping light source 7 excites the
      dye in the dye cell 5 and laser oscillation occurs in the laser cavity
      constituted by the reflector 1 and reflector 6. The laser beam thus
      obtained is derived outside from the laser cavity through the reflector 6.
PAR  FIG. 2 shows the characteristic of the reflector 1 which selects the
      oscillation wavelength. In FIG. 2, the horizontal axis represents the wave
      number which is the reciprocal of the wavelength, and the vertical axis
      represents the gain of the laser. The dye laser can oscillate within a
      wide wave number range with the laser gain as shown by the curve 1 in FIG.
      2, but the actual wave number range is limited to a range as shown by the
      curve 2 due to the wave number selecting function of the diffraction
      grating or reflector 1. In the present embodiment, the reflecting type
      diffraction grating 1 is used as a wave number selecting means, but this
      wave number selecting means may be a reflector using a multilayer, prism
      or the like. However, due to the fact that the wave number width
      .DELTA.K.sub.2 in the oscillation region selected by the reflector 1
      having such a wave number selecting function is still far large compared
      with the absorption spectral line width of the atoms of a sample element,
      high detection sensitivity cannot be obtained when the device is used as a
      light source for atomic absorption spectroscopic analysis in the state in
      which the wave number width is quite large as shown. It is therefore
      required to make the laser oscillation wavelength range (i.e. the laser
      oscillation wave number region) narrower, this purpose is attained by the
      interference plate 2. This interference plate 2 is an important part of
      the tunable laser of the present invention which contributes to the
      limitation of the oscillation wave number, and at the same time, to the
      determination of polarization of the oscillation beam. The function of the
      interference plate 2 will now be described in detail.
PAR  The interference plate 2 is made of an optically anisotropic material as
      described previously so as to attain a simultaneous oscillation of lights
      of different polarization and different wavelength which is the important
      feature of the tunable laser according to the present invention. At first,
      suppose that the interference plate is made of an optically isotropic
      material having a refractive index n. Suppose further that the thickness
      of the interference plate, that is, the distance between the opposite
      reflecting surfaces thereof is d and the angle of incidence of the laser
      beam on the reflecting surface of the interference plate is A. According
      to the theory of interference, the transmission of the interference plate
      is maximum at a wave number K at which the interference order m defined by
      the following equation will be an integer.
EQU  m = 2Knd . cosA                                            (1)
PAL  here, the transmission is minimum when the interference order m is
      integer/2. The laser oscillation occurs only at a point at which the
      transmission of the interference place is maximum, that is, at a point in
      the vicinity of the wave number at which the interference order m is an
      integer. Thus, the wavelength selection property, that is, the tuning
      curve 3 of the interference plate has a width narrower than that of the
      tuning curve 2 of the diffraction grating, and a sharp peak appears only
      in the vicinity of the point at which the interference order m is an
      integer. There exists another wave number value which satisfies
      periodically the condition for the maximum transmission for another
      integer value of the interference order. The wave number interval
      therebetween is given by
EQU  .DELTA.K.sub.o = (2nd . cosA).sup.-.sup.1                  (2)
PAR  the curves 3 and 4 in FIG. 2 represent the tuning property of the
      interference plate above described. The curve 3 is included within the
      region of the curve 2, and the laser oscillation occurs only in the region
      in which the curves 2 and 3 exist simultaneously, that is, in the narrow
      region 2 which is determined by the tuning property of the interference
      plate. High detection sensitivity can be expected due to the fact that the
      wave number width of the region 2 can be selected to be equal to or less
      than the absorption spectral line width of the atoms of the sample
      element.
PAR  It is shown in FIG. 2 that the tuning curve 3 corresponds to the
      interference order m and the tuning curve 4 corresponds to the
      interference order (m + 1). The relation between the wave number width
      .DELTA.K.sub.2 selected by the reflector and the interference interval
      .DELTA.K.sub.o may be suitably selected so that the tuning curve
      corresponding to the interference order (m + 1) or (m - 1) may not exist
      within the region of the tuning curve 2. In such a case, only one spectral
      line appears within the region of the tuning curve 2. It may be
      approximately defined that a single spectral line appears within the
      region of the tuning curve 2 when .DELTA.K.sub.o &gt;.DELTA.K.sub.2, and the
      oscillation occurs at a plurality of wave number values when
      .DELTA.K.sub.o &lt;.DELTA.K.sub.2.
PAR  In the later description, the case in which the condition for producing a
      single spectral line within the above region is satisfied, will be solely
      considered from the standpoint of simplicity of description and in view of
      the practical value. However, this is not in any way an essential
      condition which will limit the basic principle of the present invention.
PAR  A method of obtaining a single tuning curve having a sharp peak by use of
      an interference plate of optically isotropic material has been described
      in the above. The fact that the wave number of emission can be varied by
      adjusting the angle of incidence of light on the interference plate and
      the reflector in the form of a prism or diffraction grating, is also
      apparent when the properties of these wavelength selecting elements are
      considered.
PAR  In the next place, consider the case in which the interference plate is
      composed of a material which is optically anisotropic. For convenience of
      description, it is supposed that the two axes, for example, the X-axis and
      Y-axis among the major axes of a refractive index ellipsoid of optically
      anisotropic material are parallel with the mirror surface of the
      interference plate and that n.sup.(1) and n.sup.(2) are the refractive
      indices for the light polarized in the two directions respectively. Then,
      the tuning property of the interference plate for the light polarized in
      the direction of the X-axis can be discussed independently of that for the
      light polarized in the direction of the Y-axis. The interference orders
      m.sup.(1) and m.sup.(2) for the respective polarized light beams are given
      by
EQU  m.sup.(1) = 2K.sup.(1) n.sup.(1) d.cosA                    (3)
EQU  m.sup.(2) = 2K.sup.(2) n.sup.(2) d.cosA                    (4)
PAL  therefore, the laser can emit simultaneously two spectral lines which are
      different from each other in wave number and polarization when both the
      wave numbers K.sup.(1) and K.sup.(2) give integral values of the
      interference orders m.sup.(1) and m.sup.(2) and exist within the region of
      the tuning curve of the wavelength selecting reflector in the form of the
      prism or diffraction grating. The tuning curves 3 and 5 in FIG. 3
      represent such a case. The spectral line having the wave number K.sup.(1)
      is polarized in the direction of the X-axis, while the spectral line
      having the wave number K.sup.(2) is polarized in the direction of the
      Y-axis. The tuning curves 4 and 6 corresponding to the respective
      interference orders [m.sup.(1) +1] and [m.sup.(2) +1] exist outside of the
      region of the tuning curve 2 as apparent from the condition described
      previously.
PAR  The following condition must hold at least in order that both the two
      spectral lines which are different from each other in wave number and
      polarization must exist within the region of the same tuning curve 2. More
      precisely, the following relation must hold:
EQU  .vertline..DELTA.K.vertline. &lt; .DELTA.K.sub.2              (5)
PAL  where .DELTA.K = K.sup.(1) - K.sup.(2).
PAL  The following equation is generally obtained by differentiating the
      equation (1):
      ##EQU1##
      where K.sup.(1) .apprxeq. K.sup.(2) = K, n.sup.(1) .apprxeq. n.sup.(2) =
      n, m.sup.(1) .apprxeq. m.sup.(2) = m, .DELTA.n = n.sup.(1) - n.sup.(2),
      and .DELTA.m = m.sup.(1) - m.sup.(2). It is therefore necessary to select
      suitable values of .DELTA.n and .DELTA.m  so that .DELTA.K can satisfy the
      equation (6). Especially, when .DELTA.m = 0, that is, when the two
      spectral lines have the same interference order, the equation (6) is
      expressed as
      ##EQU2##
      In this case, the difference .DELTA.n between the refractive indices of
      the material composing the interference plate must correspond to the
      predetermined difference .DELTA.K between the wave numbers. The tunable
      width of the tunable laser including the prism or diffraction grating is
      determined from the limit of the resolution of the prism or diffraction
      grating, and numerically, it is of the order of .vertline..DELTA.K.sub.2
      /K.vertline. .apprxeq. 10.sup.-.sup.4. Therefore, the required difference
      .DELTA.n between the refractive indices of the material composing the
      interference plate is also very slight. When .DELTA.m .noteq.0, .DELTA. m
      and .DELTA.n should be selected so as to satisfy the relation
      ##EQU3##
      and especially when
      .vertline..DELTA.K/K.vertline.&lt;&lt;.vertline..DELTA.m/m.vertline., the
      following relation must hold:
      ##EQU4##
PAR  A material showing an electro-optic effect may be conveniently used to form
      the interference plate in order that the difference .DELTA.n between the
      refractive indices has the required value. More precisely, it is
      convenient to use materials showing the Pockels effect and Kerr effect
      because optical anisotropy is produced in the materials in response to the
      application of an electric field and the magnitude of the optical
      anisotropy .DELTA.n can be set at any desired value by suitably adjusting
      the strength of the electric field.
PAR  One form of the optically anisotropic interference plate utilizing the
      Pockels effect is shown in FIG. 4. Referring to FIG. 4, a flat plate 10 of
      potassium dihydrogen phosphate (hereinafter referred to as KDP) is
      disposed in such a manner that the Z-axis thereof registers with the
      optical axis of the laser cavity. A dielectric multilayer 11 is evaporated
      on each of the opposite principal surfaces of the flat plate 10 of KDP,
      and a transparent electrically conducting layer 12 is evaporated on each
      dielectric multilayer 11. These layers 11 and 12 constitute a so-called
      multilayer reflector. The reflective index of this multilayer reflector is
      desirably as high as possible, but it is required to permit transmission
      of light to some extent.
PAR  When a voltage V is applied across the electrically conducting layers 12,
      optical anisotropy is produced in the flat plate 10 of KDP by the
      electrooptic effect with respect to the two directions perpendicular to
      each other in the plane perpendicular to the Z-axis, (hereinafter refered
      to Z-plate). These two directions are the direction of the X-axis and the
      direction of the Y-axis in FIG. 4. As a result, the refractive index for
      light polarized in the direction of the X-axis differs from that for light
      polarized in the direction of the Y-axis. The difference .DELTA.n between
      these refractive indices is proportional to V/d where d is the thickness
      of the flat plate 10 of KDP. When d = 1 m and V = 1.5 kV, .DELTA.n = 0.55
      .times. 10.sup.-.sup.4 in the case of light having a wavelength of the
      order of 4000 A. Suppose that the refractive index n of KDP is 1.52, then
      .vertline..DELTA.K .vertline. = 0.9 cm.sup.-.sup.1 can be obtained from
      the equation (7). It will thus be understood that the tunable laser having
      such an optically anisotropic interference plate in the laser cavity can
      emit simultaneously two spectral lines which are spaced apart from each
      other by 0.9 cm.sup.-.sup.1 in wave number and these two spectral lines
      are polarized in the directions which are perpendicular to each other. It
      is known from the equation (2) that the interference interval
      .DELTA.K.sub.o in this interference plate is .DELTA.K.sub.o = 3.3
      cm.sup.-.sup.1.
PAR  In the above description, the opposite surfaces of the flat plate
      constituting the core of the interference plate are shaped in the form of
      mirror surfaces. However, such an optically anisotropic interference plate
      may be constituted by disposing a flat plate of optically anisotropic
      material in the space defined between confronting mirror surfaces of a
      pair of reflectors (i.e. so-called etalon), disposed opposite to each
      other. Further, fine meshed electrodes or annular electrodes may be used
      as the means for applying the voltage in lieu of the electrically
      conducting layers. Furthermore, the electric field may be applied in a
      direction perpendicular to the direction of the laser beam by suitably
      selecting the direction of the crystal axes. These are commonly widely
      known in the technical field of light modulators and the like which
      utilize the fact that the refractive index of a material can be varied by
      the electro-optic effect. Further, the methods including the method of
      constituting the etalon and the method for forming the reflecting layers
      and electrically conducting layers are also commonly widely known in the
      art. When the optically anisotropic flat plate disposed in the space
      defined between the mirror surfaces of the etalon has a thickness smaller
      than the width of the space and a gap is formed therebetween, this gap may
      be regarded as a dielectric layer and the theory of a multilayer
      interference plate described later may be applied. (In this case, the gap
      acts as an optically isotropic medium and the optical anisotropy is
      produced by the flat plate.)
PAR  Further, in lieu of resorting to the electrooptic effect, optical
      anisotropy inherent in a certain kind of crystalline material may be
      utilized. In this case, the magnitude .DELTA.n of the optical anisotropy
      cannot be freely controlled due to the fact that .DELTA.n in a specific
      material has a specific value. This problem can however be solved in a
      manner as described below. In the former calculation, the thickness d of
      the interference plate is not taken into account in deriving the equation
      (6) from the equation (1). When this thickness d is taken into account,
      the equation (6) is generally expressed as
      ##EQU5##
PAR  Suppose that the interference plate is composed of laminated layers of a
      plurality of materials having refractive indices different from one
      another, then the following relations hold:
      ##EQU6##
      The theorem given by the equations (1) to (10) applies also to the
      interference plate of such a structure. In the above relations, d.sub.j
      designates the thickness of the jth layer, and n.sub.j.sup.(1) and
      n.sub.j.sup.(2) designate the respective refractive indices of the jth
      layer in the directions of two major axes of a refractive index ellipsoid.
      It is apparent that
      ##EQU7##
      can be set at any desired value by suitably selecting the refractive index
      and thickness of the individual layers. Consider now a simple example in
      which the interference plate is composed of a lamination of two layers
      formed from the same material, two major axes of one of these two layers
      being heteroctritely arranged to two major axes of the other layer as
      shown in FIG. 5. In other words, the one layer has the first and second
      major axes optically similar to the first and second major axes of the
      other layer, respectively and the first and second axes of the one layer
      coincide with the second and first axes of the other layer in direction,
      respectively. Then, the following equation is obtained:
      ##EQU8##
      Therefore, .DELTA.(nd) can be set at any desired value by suitably
      selecting the thicknesses d.sub.1 and d.sub.2 of the respective thin
      plates 13 and 14 even when .DELTA.n.sub.1 is a constant peculiar to the
      material. However, in order that only one spectral line of the same
      polarization can exist within the region of the tuning curve 2 shown in
      FIG. 3, the relation
      ##EQU9##
      must hold in view of the equation (2) and as apparent from the condition
      described previously.
PAR  When the material is a rock crystal (i.e. transparent quartz),
      .DELTA.n.sub.1 = n.sub.1.sup.(1) - n.sub.1.sup.(2) =  1 .times.
      10.sup.-.sup.2. Therefore, when d.sub.1 .apprxeq.d.sub.2 =  0.1 cm and
      d.sub.1 - d.sub.2 = 10.sup.-.sup.3 cm, (nd) = 0.31 and .DELTA.(nd) =
      10.sup.-.sup.5 are obtained from the equations (11) and (13) respectively.
      Therefore, .vertline..DELTA.K/K.vertline.= 3.2 .times. 10.sup.-.sup.5 is
      obtained from the equation (10) when .DELTA.m = 0. .DELTA.K = 1.3
      cm.sup.-.sup.1 when the wavelength is 2500 A (K = 4 .times. 10.sup.4
      cm.sup.-.sup.1).
PAR  A reflecting mirror surface may be formed on each of the opposite surfaces
      of the optically anisotropic flat plate constructed in the manner above
      described or this flat plate may be disposed between a pair of reflectors
      forming a so-called etalon so as to constitute an optically anisotropic
      interference plate.
PAR  The above description has referred to the case in which only one spectral
      line polarized in the direction of the X-axis and only one spectral line
      polarized in the direction of the Y-axis exist within the region of the
      tuning curve 2. However, it will be apparent that such lines are selected
      merely for the sake of convenience as described previously and a plurality
      of oscillation lines polarized in these directions may exist
      simultaneously within the above region. In such a case, the equation (14)
      is not required as a matter of course.
PAR  FIG. 6 is a block diagram of an atomic absorption spectroscopic analysing
      system employing the tunable laser according to the present invention. The
      tunable laser designated by the reference numeral 15 emits, for example,
      two wavelength components which are different from each other in
      wavelength and polarization. One of the wavelength components is
      selectively absorbed by the atoms or molecules of a sample by resonance
      absorption when these two wavelength components are passed through a
      sample layer 16, and then the two polarization components are separated
      from each other by an analysing element 17. These separated polarization
      components are applied to a processing circuit 20 after being subjected to
      photoelectric conversion by respective photo detectors 18 and 19. In the
      processing circuit 20, the wavelength component which is not subjected to
      the resonance absorption is used as a reference signal to seek the ratio
      between the intensity of this wavelength component and that of the other
      wavelength component which is subjected to the resonance absorption, and
      the value thus obtained is applied to an indicator 21 as a signal
      corresponding to the sample quantity. According to this method, no
      measurement errors occur due to the fact that the two wavelength
      components pass along the common optical path in the sample and are
      equally affected by light intensity fluctuations due to the factors except
      the resonance absorption, such as scattering and the like caused by the
      atoms or molecules of coexisting other elements. Therefore, the precision
      and detection limit of measurement can be improved.
PAR  While the present invention has been described with reference to an
      application to an atomic absorption spectroscopic analysis, the tunable
      laser according to the present invention can be applied also to an atomic
      fluorescence analysis. In this case, one of the two laser beams emitted
      simultaneously from the tunable laser causes emission of resonance
      fluorescence from the atoms or molecules of a sample, and the intensity of
      the fluorescence thus produced indicates the quantity of the atoms or
      molecules of the sample. In this case, this spectral line is also
      scattered by coexisting atoms, molecules or particles of other elements.
      The other spectral line does not resonate with the atoms or molecules of
      the sample and are scattered by these atoms or molecules and by the
      coexisting atoms, molecules or particles of other elements. The intensity
      of light thus scattered indicates the background noise. Therefore, the
      difference between the responses of the sample material against the two
      spectral lines indicates the existing quantity of the element or material
      to be detected.
PAR  The tunable laser according to the present invention finds wide
      applications as a light source for use in an atomic absorption
      spectroscopic analysis, atomic fluorescence analysis and various other
      spectroscopic analyses.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tunable laser comprising:
PA1  an optical resonant cavity capable of supporting a plurality of optical
      wavelengths within only a selectable prescribed wave number range;
PA1  a laser active medium, disposed within said optical resonant cavity, for
      producing laser radiation;
PA1  pumping means for exciting said laser active medium, for producing laser
      radiation at said plurality of optical wavelengths; and
PA1  interference means, disposed within said optical resonant cavity in the
      path of said laser radiation, for permitting passage therethrough of only
      a pair of said laser wavelengths, the respective polarizations of which
      are different, said interference means including a pair of reflectors
      separated from each other by optically anisotropic material, the
      refractive index of said anisotropic material and the distance between
      said reflectors being such that the difference in the wave number between
      said pair of laser wavelengths is less than said prescribed wave number
      range.
NUM  2.
PAR  2. A tunable laser according to claim 1, wherein each of said reflectors is
      a multi-layer reflector and said anisotropic material is an electro-optic
      crystal plate on opposite surfaces of which the respective multi-layer
      reflectors are coated and further including a pair of transparent
      electrode layers respectively coated on said multi-layer reflectors and a
      source of voltage connected to said transparent electrode layers.
NUM  3.
PAR  3. A tunable laser according to claim 2, wherein said anisotropic material
      comprises a lamination of optically anisotropic material layers having
      different respective indices of refraction.
NUM  4.
PAR  4. A tunable laser according to claim 1, wherein said anisotropic material
      comprises a lamination of optically anisotropic material layers having
      different respective indices of refraction.
NUM  5.
PAR  5. A tunable laser according to claim 4, wherein the number of said layers
      is two, two major axes of one of said layers being heteroctritely arranged
      to two major axes of the other layer.
NUM  6.
PAR  6. A tunable laser according to claim 5, wherein said optically anisotropic
      material layers are made of rock crystal.
NUM  7.
PAR  7. A tunable laser according to claim 1, wherein said optically anisotropic
      material is an optically anisotropic crystal.
PATN
WKU  039380599
SRC  5
APN  4993675
APT  1
ART  252
APD  19740821
TTL  Solid state rectifier control unit
ISD  19760210
NCL  3
ECL  1
EXP  Grimm; Siegfried H.
NDR  2
NFG  3
INVT
NAM  Canning; Bernard
CTY  Birmingham
CNT  EN
ASSG
NAM  Lodge-Cottrell Limited
CTY  Birmingham
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730823
APN  39956/73
CLAS
OCL  331111
XCL  307305
XCL  323 22SC
XCL  331 75
EDF  2
ICL  H03K  326
ICL  H03K  335
FSC  331
FSS  111;74;75
FSC   55
FSS  105;139
FSC  307
FSS  305
FSC  323
FSS  22 SC
FSC  321
FSS  45 DT
UREF
PNO  3351776
ISD  19671100
NAM  Chin
XCL  331111
UREF
PNO  3688220
ISD  19720800
NAM  Gay
OCL  331111
LREP
FR2  Johnson, Jr.; William E.
FR2  Hazelwood; John N.
ABST
PAL  A circuit for controlling the rectifier circuit in an electrostatic dust
      precipitator, the circuit being an oscillator circuit utilising a pair of
      alternately conducting transistors and a timing circuit controlling
      conduction of one of the transistors, the other transistor controlling the
      circuit output.
BSUM
PAR  This invention is concerned with improvements in and relating to rectifier
      control units, especially such units for use in controlling an
      electrostatic dust precipitator.
PAR  It is an object of the present invention to provide an oscillator circuit
      for use in a rectifier control circuit.
PAR  It is a further object of the present invention to provide an improved
      rectifier control circuit.
PAR  The present invention is an oscillator circuit comprising a pair of
      parallel connected alternately conducting transistors, a capacitor timing
      circuit controlling the conduction of one of said transistors and a
      switching transistor whose conductive state is controlled by the other of
      said transistors.
DRWD
PAR   An embodiment of the present invention will now be described, by way of
      example, with reference to the accompanying drawings in which:
PAR  FIG. 1 diagrammatically illustrates the electrical supply circuit for an
      electrostatic dust precipitator;
PAR  FIG. 2 is a circuit diagram of the rectifier and rectifier control circuits
      of FIG. 1; and
PAR  FIG. 3 illustrates the construction of a transformer utilised in FIG. 2.
DETD
PAR   Referring now to FIG. 1, an electrostatic dust precipitator is
      schematically illustrated by a spark gap 10 and is supplied from a bridge
      rectifier circuit 11. The rectifier circuit 11 in turn is supplied through
      a transformer 12 and thyristor circuit 13 from supply terminals 14.
PAR  The optimum voltage across the gap 10 is maintained by a feedback loop
      comprising a feedback circuit 20 which senses variations in the voltage at
      the gap 10 and seeks to maintain that voltage at an optimum value by
      controlling a thyristor control circuit 21 and thereby adjusting firing
      periods of the thyristors in the circuit 13. The thyristor control circuit
      comprises a driver circuit 23 and an output transformer 24.
PAR  A bypass circuit 22 is provided in parallel with the feedback circuit 20
      for the purpose of interrupting normal operation of the feedback loop
      during sparking to protect the precipitators electrode assembly against
      excessive spark damage. The bypass circuit 22 comprises a detector 70, in
      this embodiment a Schmitt trigger, which provides an output pulse to one
      input of an AND gate 71 when the electrode voltage drops below a threshold
      level indicative of sparking. The second input to the AND gate is a square
      wave train at mains frequency and the output of the AND gate 71 passes
      through a divider 72 and a variable delay gate 73 to a chopper 74
      connected to the feedback circuit 20, to produce at the output of the
      feedback circuit 20 an inhibit signal as will be later described. The
      divider 72 provides an output after four consecutive input pulses and the
      bypass circuit 22, thus operates to detect sparking that persists for four
      mains cycles and then inhibits or interrupt the power supply to the
      precipitator for a period determined by the variable delay gate 73. In
      this way undue spark damage to the electrode assembly is avoided.
PAR  The thyristor control circuit and the thyristor circuit are shown in more
      detail in FIG. 2. The driver circuit 23 comprises a pair of parallel
      connected transistors 30 and 31, a timing circuit 32 controlling the
      conduction of the transistor 31 and a switching transistor 33 whose
      conductivity is controlled by the transistor 31. The switching transistor
      has its collector connected through a coaxial cable 39 to the base of a
      power transistor 36 whose emitter-collector circuit is connected in series
      with two parallel connected primary windings of the output transformer 24.
      The secondary windings of the transformer 24 are connected to supply
      trigger pulses to the two thyristors 40 and 41 of the circuit 13.
PAR  The timing circuit 32 includes a transistor 42 supplying a capacitor 43
      resistor 44 timing combination, the base of the transistor 42 being
      connected through a diode to the collector of the switching transistor 33.
      A further input 45 is provided to the base of the transistor 42 and is
      concerned with control of the driver circuit by the feedback circuit 20 as
      will be described hereinafter.
PAR  It should also be noted that while the transistor 30 has been referred to
      as a single transistor, as indeed it could be, as indeed it is in this
      embodiment a conventionally interconnected transistor pair.
PAR  To consider the operation of the thyristor control circuit consider firstly
      that capacitor 43 in the timing circuit 32 is discharged so that the
      transistor combination 30 is non-conducting, the transistor 31 is
      conducting so that the switching transistor 33 is also conducting.
PAR  The capacitor 43 in the timing circuit 32 commences charging through the
      conducting transistor 42 until the potential at the base of the first
      transistor of the transistor pair 30 rises to the level at which the pair
      30 become conductive. This abruptly switches off the transistor 31 and
      thus the switching transistor 33. This causes the voltage at the collector
      of the transistor 33 to fall abruptly thus switching off the transistor 42
      and allowing the capacitor 43 to discharge. With discharge of the
      capacitor 43 the potential at the base of the first transistor of the pair
      30 falls until the pair 30 becomes non-conductive and the above process
      reverses. It is clear that the circuit so far described functions simply
      as an oscillator having a frequency and pulse/space durations determined
      by the time constants of the charging and discharging circuits of the
      capacitor in the timing circuit.
PAR  The feedback circuit 20 comprises a circuit which provides an analogue
      voltage proportional to the desired precipitator voltage (see for example
      my copending patent application Ser. No. 512,575, filed Oct. 7, 1974,
      which is a continuation-in-part application of Ser. No. 415,592, filed
      Nov. 14, 1973 ) and this analogue voltage is compared with a mains phase
      reference voltage to produce an inhibit signal unless the analogue voltage
      is greater than the phase reference voltage. The inhibit signal applied to
      the input 45 at the base of the transistor 42, inhibits operation of the
      oscillator. Thus the oscillator oscillates only for that portion of each
      mains half cycle in which the analogue voltage is greater than the
      reference voltage.
PAR  The operation of the rest of the thyristor control circuit is
      straightforward. The power transistor 36, acting as a power switch,
      conducts synchronously with the switching transistor 33 and the pulses
      through the transformer 24 energise the thyristors 40 and 41.
PAR  In the circumstances of use, however, it is desirable to have minimum
      inductance in the thyristor control circuit and it is for this reason that
      the connection between the switching transistor 33 and the power
      transistor 36 is through a coaxial cable 39 as this minimises inductance
      and allows the power transistor 36 and the output transformer 24 to be
      physically located close to the thyristor circuit 13. A further precaution
      is taken in this respect in the design of the transformer 24 in that, as
      indicated in FIG. 3, each combination 60 and 61 of a primary and a
      secondary winding is formed by coaxial conductors 50 and 51 thus
      minimising inductance.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rectifier control circuit comprising a transformer having a primary
      winding and a secondary winding, a thyristor having anode and gate
      electrodes connected to the secondary winding and an oscillator coupled
      with the transformer primary winding, the oscillator comprising a pair of
      parallel connected alternately conducting transistors, a switching
      transistor connected with and controlling the energization of the primary
      winding, the conductive state of the switching transistor being controlled
      by one of said transistors, and a capacitor timing circuit controlling the
      conduction of the other of said transistors, the timing circuit comprising
      a capacitor connected in series with a charging transistor and in parallel
      with a discharge circuit, the base of said charging transistor being
      connected to said switching transistor whereby the conductive state of the
      switching transistor determines the conductive state of the charging
      transistor.
NUM  2.
PAR  2. A rectifier control circuit as claimed in claim 1, in which the
      switching transistor is connected with the primary winding through a
      coaxial cable.
NUM  3.
PAR  3. A rectifier control circuit as claimed in claim 1, including a power
      swith controlled by said switching transistor and connected with the
      primary winding to control the energization thereof.
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ABST
PAL  A device for modulating the intensity of light rays generated from a gas
      laser in which an input modulating signal is supplied to a switching
      element included in a modulating current supply source connected across a
      gas laser discharge tube to control the discharge current and hence
      modulate the laser light output. The gas laser discharge tube is
      eventually subjected to the influence of a magnetic field so as to
      stabilize the laser light output and modulating characteristic.
PARN
PAR  This Application is a continuation of co-pending application Ser. No.
      289,218 filed Sept. 15, 1972, now abandoned and claiming the priority of
      the Application filed in Japan on Dec. 27, 1971.
BSUM
PAR  This invention relates to devices for modulating the intensity of light
      rays generated from a gas laser, and more particularly to a device for
      modulating the intensity of light rays generated from a gas laser by means
      of high frequency facsimile signals arriving at facsimile signal
      receivers.
PAR  Heretofore, it has been the common practice to irradiate a suitable
      opto-electronic crystal with light rays generated from a gas laser and
      supply an electrical modulating signal to the crystal so as to modulate
      the intensity of laser light output penetrated through the crystal. Such
      conventional method has the disadvantage that provision must be made of a
      special high voltage modulating device in addition to the laser device,
      and as a result, the device as a whole becomes considerably large and
      expensive.
PAR  In facsimile fields, there has been necessity to increase the facsimile
      signal receiving speed. The intensity of light rays generated from the
      conventional light source, however, is too weak to provide satisfactory
      records in case of increasing the facsimile signal receiving speed, and as
      a result, it is impossible to modulate the intensity of light rays
      generated from the conventional light source by means of high frequency
      facsimile signals. Thus, it has been required to utilize as the above
      mentioned kind of light source the laser light for the purpose of
      obtaining intense modulated light rays.
PAR  In case of utilizing a gas laser using a mixture of He and Ne and
      modulating the intensity of light rays generated therefrom and having a
      wave length of 6328A or in case of providing an optical crystal element
      arranged in a laser discharge tube and changing the refractive index or
      polarization state thereof so as to effect the modulation, the laser light
      output becomes unstable at the time of starting the operation of the laser
      device or during the use thereof. As a result, the laser device can not be
      used unless a time of the order of at least 10 minutes has elapsed after
      the laser device has started its operation. Moreover, when the laser
      device is used as a facsimile light source, unevenness in differences
      between light and dark is produced in the printed results. Thus, for
      example, use in facsimile, for transmitting not only white and black
      colors but also its intermediate color, it is particularly desirous to
      stabilize the modulating characteristic. Such unstability is caused by the
      change in shape of the resonators due to heat radiated from the laser
      discharge tube. Moreover, the He-Ne laser generates light rays having a
      wave length of 6328A in the red part of the spectrum and at the same time
      generates light rays having a wave length of 3.39 .mu. in the infrared
      part of the spectrum, and as a result, the intensity of the light rays of
      6328A becomes more or less changeable in dependence with the intensity of
      the light rays of 3.39 .mu., thereby causing the above mentioned
      unstability in modulating characteristic. Even in multiple mode excitation
      at 6328A, the excitation at 3.39 .mu. causes the laser light output to
      change when the resonators are subjected to uniform elongation at the time
      of starting the operation of the laser device. The laser light output is
      also subjected to outer and inner disturbances during the use of the laser
      device, thereby making the laser light output and modulating
      characteristic unstable. In order to obviate such unstability, it might be
      considered to select those materials constituting resonators which are
      extremely stable in thermal and mechanical properties. But, such materials
      are expensive and moreover it is very difficult to sufficiently obviate
      such unstability.
PAR  An object of the invention, therefore, is to provide a device for
      modulating the intensity of light rays generated from a gas laser, which
      can effect modulation by means of high frequency signals and hence can be
      used as a light source for a high speed facsimile receiver, and which is
      simple and small in construction and less expensive and also reliable in
      operation.
PAR  Another object of the invention is to provide a device for modulating the
      intensity of light rays generated from a gas laser, by which the laser
      light output and modulating characteristic can be stabilized in a simple
      and reliable manner.
PAR  These and other desirable objects are attained, according to the invention,
      by a device for modulating the intensity of light rays generated from a
      gas laser, comprising a gas laser discharge tube, and a modulating current
      supply source connected across the gas laser discharge tube, whereby the
      modulating current supply source is controlled by an input modulating
      signal such that the discharge current changes within a range from a
      current value at which the laser light output becomes maximum to a current
      value which is larger than the above mentioned current value, thereby
      modulating the intensity of output light generated by the gas laser.
PAR  Another feature of the invention is the provision of a device for
      modulating the intensity of light rays generated from a gas laser, further
      comprising means for subjecting the influence of a magnetic field to the
      gas laser discharge tube, the pressure of gas sealed in the gas laser
      discharge tube being made higher than the optimum gas pressure which makes
      maximum the laser light output of a laser discharge tube not subjected to
      the influence of magnetic field.
PAR  In one embodiment of the invention, the modulating current supply source
      may include a direct current supply source connected across the gas laser
      discharge tube and for supplying the discharge current to the gas laser
      discharge tube and resistors connected in series with the gas laser
      discharge tube, and a switching element connected in parallel with one of
      the resistors, whereby the switching element is controlled by the input
      modulating signal so as to control the discharge current, thereby
      modulating the intensity of output light generated from the gas laser.
PAR  In the above embodiment, the switching element may be a switching
      transistor whose collector-emitter path is connected in parallel with one
      of the resistors and whose base is supplied with the input modulating
      signal.
PAR  In another embodiment of a the invention, the means for subjecting the
      influence of magnetic field to the gas laser discharge tube may consist of
      electromagnets or permanent magnets arranged near the gas laser discharge
      tube.
PAR  The invention proposes a device for modulating the intensity of light rays
      generated from a gas laser, which is simple and small in construction and
      less expensive and also reliable in operation.
PAR  The device of the invention is also capable of reducing the preliminary
      discharge time required to emit the laser light output to the order of 1
      minute and of maintaining the modulating characteristic of the laser
      device during its use in stable state without any fluctuation. Thus, the
      invention also provides a laser device adapted to effect modulation with
      an improved stable modulating characteristic.
DRWD
PAR  The invention will now be described with reference to the annexed drawings,
      in which:
PAR  FIG. 1 is a schematic circuit diagram of an embodiment of the device for
      modulating light rays generated by a gas laser according to the invention;
PAR  FIG. 2 is laser light output I-discharge current i.sub.o characteristic
      curves for explaining the operation of the device shown in FIG. 1;
PAR  FIG. 3a and 3b illustrates signal waves for showing the relation between
      facsimile modulating input signal i and laser light output I;
PAR  FIG. 4 shows a laser light intensity-modulating frequency-characteristic
      curve;
PAR  FIG. 5 shows laser light output I-discharge current i.sub.o characteristic
      curves and a curve of analog input signal i;
PAR  FIG. 6 is a schematic circuit diagram of another embodiment of the device
      according to the invention;
PAR  FIG. 7 is its equivalent circuit diagram;
PAR  FIG. 8 is a schematic circuit diagram of a further embodiment of the device
      according to the invention;
PAR  FIG. 9 shows laser light output I-discharge current i.sub.o characteristic
      curves of a laser device without subjected to the influence of magnetic
      field;
PAR  FIG. 10 shows similarly to FIG. 9 laser light output I-discharge current
      i.sub.o characteristic curves of a laser device subjected to the influence
      of magnetic field; and
PAR  FIG. 11 is a graph showing energy levels of Ne of a gas laser discharge
      tube using a mixture of He-Ne.
DETD
PAR  In FIG. 1 is shown the fundamental construction of a laser device for
      modulating the intensity of light rays generated from a gas laser
      according to the invention. Reference numeral 1 designates a gas laser
      discharge tube across which is connected a direct current supply source 2
      for supplying a discharge i.sub.o to the tube 1. Resistors 3 and 4 are
      connected in series with the direct current supply source 2.
PAR  In parallel with one of the resistors 4 is connected a collector-emitter
      path of a switching transistor 5, the base of which being supplied with an
      input modulating signal i.
PAR  In FIG. 2 are shown laser light output I-discharge current i.sub.o
      characteristic curves in which a dotted line curve A shows the
      characteristic when the pressure of gas sealed in the gas laser discharge
      tube 1 is 1.85 torr, broken line curve B shows the characteristic when the
      gas pressure is 2.16 torr, dot-dash line curve C shows the characteristic
      when the gas pressure is 2.76 torr, and full line curve D shows the
      characteristic when the gas pressure is 3 torr. As seen from FIG. 2, these
      characteristic curves change in dependence with the pressure of gas sealed
      in the gas laser discharge tube 1. Thus, in accordance with the invention
      it is preferable to suitably adjust the pressure of gas sealed in the gas
      laser discharge tube 1 so as to make these characteristic curves linear
      and sharp. That is, it is preferable to make these characteristic curves
      the single as shown by the solid line curve D. But, the modulation of the
      laser light output I may also be carried out according to the
      characteristic curves A, B and C. In FIG. 2 i.sub.1 is a discharge current
      value at which becomes maximum the laser light output I and i.sub.2 is a
      discharge current value at which becomes zero the laser light output I.
PAR  In the embodiment shown in FIG. 1, the facsimile receiving signal shown in
      FIG. 3A is supplied as a modulating input signal i to the base of the
      switching transistor 5. In this case, the presence or absence of the
      modulating input signal i corresponds to a black or white information of a
      picture image. If the modulating input signal i is present, the switching
      transistor 5 becomes conductive to short circuit the resistor 4. Thus, the
      discharge current i.sub.o flowing through the gas laser tube 1 becomes
      irrelevant to the resistor 4 and is determined by the equivalent impedance
      of the resistor 3 and gas laser tube 1. In this case, the discharge
      current is selected such that it takes a value shown by i.sub.2 or a value
      larger than the value shown by i.sub.2 (FIG. 2). That is, the presence of
      the modulating input signal i causes the discharge current i.sub.o to have
      the value i.sub.2 at which the laser light output I is not produced.
PAR  If the modulating input signal i is absent or zero, the switching
      transistor 5 becomes interrupted so that the discharge current i.sub.o is
      determined by the resistors 3 and 4. In this case, the discharge current
      i.sub.o takes the value shown by i.sub.1 in FIG. 2. Thus, if the
      modulating input signal i is zero, the discharge current i.sub.1 is
      capable of producing the maximum light output. Under the above
      circumstances, if the modulating input signal i shown in FIG. 3A is
      supplied to the base the the switching transistor 5, the light output I
      from the laser tube 1 is of one shown by FIG. 3B. That is, the input
      signal pulses i cause the switching transistor 5 to switch on and off so
      as to change the discharge current i.sub.o and hence modulate the laser
      light output I. It is sufficient to supply the modulating input signal i
      on the order of 0.5 V to 0.7 V in order to make the switching transistor
      on and off.
PAR  As described above, the intensity of the light rays of 6328A becomes more
      or less changeable in dependence with the intensity of the light rays of
      3.39 .mu.. Thus, it is desirable that provision should be made for means
      for refraining the gas laser discharge tube 1 from being excited at 3.39
      .mu.. Such means may be constructed by a reflecting mirror located at each
      end of the gas laser discharge tube 1 and a glass plate located between
      the reflecting mirrors at the Brewster's angle to the optical axis of the
      gas laser discharge tube 1 and for absorbing the excitation at 3.39 .mu..
PAR  As stated hereinbefore, the invention provides a device for modulating the
      intensity of light rays generated from a laser tube, which is extremely
      simple in construction and reliable in operation.
PAR  In FIG. 4 is shown a decrease of the laser light intensity when the laser
      light is modulated at a frequency range from 0 to 200 KHz with the
      intensity of laser light rays without modulation I.sub.o taken as a
      standard intensity. As seen from FIG. 4 the decrease of the laser light
      intensity is comparatively small up to the modulating frequency of 200 KHz
      and, particularly, the laser light intensity up to the modulating
      frequency of about 120 KHz is substantially constant without showing any
      decrease.
PAR  On the contrary, the conventional device for modulating the intensity of
      light rays emanated from the conventional light source by means of the
      oscillation subjected to a galvanomirror is limited in its modulating
      frequency to the order of 20 KHz. If the modulation were effected by such
      conventional device at a frequency higher than 20 KHz, the light intensity
      should considerably be decreased, and as a result, the conventional device
      could not be used in practice.
PAR  It might be considered to use a laser light source whose output light
      passes through an electronic-optical element so as to modulate the laser
      light output. Such device, however, has the disadvantage that the
      electronic-optical element must be driven by a high voltage modulating
      signal, and as a result, the modulating device becomes considerably large
      and expensive, and that the laser light is attenuated when passing through
      the electronic-optical element to decrease the amount of light rays. Such
      disadvantage can be obviated by the modulating device according to the
      invention.
PAR  In the above mentioned embodiment, use is made of digital facsimile signal
      containing black and white informations as a modulating signal, but the
      invention may also use an analog modulating signal. In FIG. 5 is shown
      laser light output I-discharge current i.sub.o curves in case of using the
      analog modulating signal i. That is, if the operating point is determined
      to that point on the laser light output-discharge current characteristic
      curve which corresponds to
      ##EQU1##
      and the analog modulating signal i changes in sine wave form and the
      discharge current i.sub.o changes from i.sub.1 to i.sub.2, then the laser
      light output I changes from 0 to I.sub.o. In this case, if the laser light
      output-discharge current characteristic curve is made linear, it is
      possible to effect linear modulation.
PAR  In FIG. 6 is shown another embodiment of the modulating device according to
      the invention. In this embodiment, provision is made for a full wave
      rectifier 6 adapted to supply a direct current voltave V.sub.o across a
      condenser 7. In FIG. 7 is shown an equivalent circuit of the embodiment
      shown in FIG. 6 wherein use is made of h parameters of the switching
      transistor 5. Then, the discharge current i.sub.o caused by the modulating
      input signal i may be controlled by the following formula
      ##EQU2##
      where R.sub.1 and R.sub.2 are values of the resistors 3 and 4,
      respectively.
PAR  In FIG. 8 is shown a further embodiment of the laser device according to
      the invention, in which provision is made for magnets 6 near the gas laser
      discharge tube 1 for the purpose of subjecting the influence of magnetic
      field to the gas laser discharge tube 1.
PAR  If the laser device is not subjected to the influence of a magnetic field,
      the laser light output I changes in dependence with the discharge current
      i.sub.o as shown in FIG. 9. That is, the laser light output I changes as
      shown by a shaded region A during a period from 0 to 1 minute after the
      laser device has started its operation, and changes as shown by another
      shaded region B during a period from 10 to 11 minutes after the laser
      device has started its operation. Thus, the laser light output I is kept
      changed in dependence with the discharge current i.sub.o even after the
      lapse of period from 10 to 11 minutes.
PAR  In accordance with the invention, the presence of He-Ne gas sealed in the
      gas laser discharge tube 1 shown in FIG. 8 is made higher than the optimum
      gas pressure under which becomes maximum the laser light output of a laser
      device not subjected to the influence of the magnetic field and provision
      is made for magnets 6' (or equivalent devices for producing the magnetic
      field) near the gas laser discharge tube 1. The magnetization of these
      magnets 6 in a direction vertically upwards from the plane of drawing is
      denoted by dot in circle   . The intensity of the magnetic field produced
      by each magnet 6 is made equal. The direction of magnetization is not
      limited to that shown in FIG. 8. The direction opposite to that shown in
      FIG. 8 or any other directions may also be adopted and the intensity of
      magnetic field of each magnet 6' may be made unequal to each other.
PAR  The mixing ratio of He-Ne gas used in the gas laser discharge tube 1 may be
      He:Ne=5:1 under a pressure of 3 to 4.3 mmHg, the discharge tube 1 having
      an inner diameter of 1 to 2 mm.phi. with the axial distance between the
      resonators of 15 cm to 30 cm.
PAR  In FIG. 10 are shown i.sub.o -I characteristic curves of the laser device
      shown in FIG. 8. As seen from FIG. 10, the laser light output I changes as
      shown by a shaded region A during a period from 0 to 1 minute after the
      laser device has started its operation, but after the lapse of time from 1
      to 2 minutes after the laser device has started its operation it becomes
      stable as shown by a shaded region B and remains its stable region B
      during the use, thereby opposing fluctuation of the the position and shape
      of the I-i.sub.o characteristic curve being fluctuated.
PAR  As seen from FIGS. 9 and 10 that value of the discharge current i.sub.o of
      the gas laser discharge tube subjected to the influence of magnetic field
      which makes the laser light output I maximum becomes larger than that of
      the gas laser discharge tube not subjected to the influence of a magnetic
      field. In order to make such value of the discharge current i.sub.o
      smaller, the sealing gas of the laser discharge tube subjected to the
      influence of the magnetic field is made higher than that of the laser
      discharge tube not subjected to the influence of a magnetic field, as
      described above. It is most preferable to make the sealing gas pressure
      higher by 1 to 2 mmHg than the optimum pressure under which the laser
      light output generated from the gas laser discharge tube not subjected to
      the influence of magnetic field becomes maximum. The increase of the
      sealing gas pressure ensures an increase of number of collisions between
      the atoms, and as a result, it is expected that the life of energy level
      of 2P.sub.4 becomes short, and that the frequency characteristic can be
      improved.
PAR  As stated hereinbefore, the use of the magnetic field subjected to the
      laser discharge tube and of the sealing gas pressure which is higher than
      that sealed in the laser discharge tube not subjected to the influence of
      magnetic field ensures a stabilization of the laser light output and
      modulations characteristic of a He-Ne laser device for effecting internal
      modulation and generating red light having a wave length of 6328A and
      further provides the important advantage that the sealing gas pressure can
      be increased in an extremely easy manner, and that the magnetic field can
      simply be obtained by magnets, for example, electromagnets or permanent
      magnets.
PAR  The invention is not limited to the above mentioned embodiments and various
      modifications may be made. For example, various kinds of modulating
      current supply sources may be used and switching elements other than a
      switching transistor may also be used. The invention is not limited to
      current modulation only and may be applied to internal modulation type
      laser devices in general. For example, the invention may effectively be
      applied to a laser device comprising a laser discharge tube in which is
      arranged an optical crystal element whose refractive index or polarization
      state is changed to effect the internal modulation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for rapidly modulating at frequencies up to 200 KH.sub.z the
      intensity of light rays generated by a gas laser for picture image
      transmission, said device comprising an He-Ne gas laser discharge tube
      connected across the secondary side of a transformer, the pressure of gas
      sealed being of the order of 3 to 4.3 torr, and a modulating current
      supply source connected across said gas laser discharge tube and
      controlled by an input modulating signal such that the discharge current
      changes within a range from a current value at which the laser light
      output becomes maximum to a current value which is larger than said
      current value, said current source including a direct current supply
      source connected across said gas laser discharge tube for supplying
      discharge current to said gas laser discharge tube, resistors connected in
      series with said direct current supply source, and a switching transistor
      connected in parallel with one of said resistors, whereby said switching
      transistor is controlled by said input modulating signal so as to control
      the discharge current, thereby modulating the intensity of output light
      generated from said gas laser.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said switching transistor has a
      collector-emitter path connected in parallel with one of said resistors
      and a base supplied with said input modulating signal.
NUM  3.
PAR  3. A device as claimed in claim 1 wherein the pressure of gas sealed in
      said gas laser discharge tube is of the order of 3 Torr.
NUM  4.
PAR  4. A device as claimed in claim 3 and further comprising means for
      preventing said He-Ne gas laser discharge tube form being excited at 3.39
      .mu..
NUM  5.
PAR  5. A device as claimed in claim 1 further comprising means for preventing
      said He-Ne gas laser discharge tube from being excited at 3.39.mu..
NUM  6.
PAR  6. A device as claimed in claim 5 and further comprising means for
      subjecting the influence of a magnetic field to said He-Ne gas laser
      discharge tube, the pressure of gas sealed in said He-Ne gas laser
      discharge tube being made slightly higher than the optimum gas pressure
      which maximizes the laser light output from a laser discharge tube not
      subjected to the influence of magnetic field.
NUM  7.
PAR  7. A device as claimed in claim 5 wherein said means for preventing said
      He-Ne gas laser discharge tube from being excited at 3.39.mu.comprises a
      reflecting mirror located at each end of said gas laser discharge tube,
      and a glass plate located between said reflecting mirrors at the
      Brewster's angle to the optical axis of said gas laser discharge tube and
      for absorbing the excitation at 3.39.mu..
NUM  8.
PAR  8. A laser device as claimed in claim 6 wherein said means for subjecting
      the influence of a magnetic field to the He-Ne gas laser discharge tube
      comprises magnets arranged near said He-Ne gas laser discharge tube.
NUM  9.
PAR  9. A device as claimed in claim 1 wherein the mixing ratio of the He-Ne gas
      in the gas laser discharge tube is He:Ne=5:1, the discharge tube having an
      inner diameter of 1 to 2 mm.phi. with an axial distance between resonators
      of 15 to 30cm.
NUM  10.
PAR  10. A device as claimed in claim 1 wherein said discharge current has a
      magnitude supplied to said switching transistor to provide laser light
      frequency between 120 and 200 KHz.
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PAL  Frequency summing device comprising a summing element effecting the summing
      of the output signals of a first multiplier receiving a signal whose
      frequency is f and a signal whose frequency is F and of a second
      multiplier receiving the signal whose frequency is f and the signal whose
      frequency is F after dephasing by 90.degree.. The dephasing by 90.degree.
      is obtained by a complex circuit comprising three elementary dephasers in
      series provided with an attenuator and an adder effecting the sum of the
      output signals of the attenuator and of the first dephaser.
BSUM
PAR  The present invention relates to a frequency summing device.
PAR  It is known that frequency transposition devices fed by a signal whose
      frequency is F and a signal whose frequency is f provide two signals, the
      one having a frequency of F + f and the other having a frequency of F - f
      as well as a mixture of harmonics of the input signals. It is known, on
      the other hand that to effect the summing of the two frequencies F and f
      and to obtain one of the two frequencies F + f or F - f, it is necessary
      to have available a filter eliminating all the output signals of the
      transposition device whose frequencies differ from F + f or from F - f.
PAR  When the frequency f is low in relation to the frequency F, the two
      frequencies F + f and F - f are close to each other and it is necessary,
      in order to retain only one of these two frequencies, to eliminate the
      other by means of a filter whose characteristic is very stiff.
PAR  The construction of such a filter is expensive and delicate and the device
      according to the invention makes it possible to avoid the use of such a
      filter.
PAR  For that purpose, the summing device for summing two frequencies F and f
      fed by a first signal whose frequency is F and a second signal whose
      frequency is f is characterized in that it comprises a first dephasing
      circuit receiving the said first signal and supplying a third signal whose
      frequency is F dephased by 90.degree. in relation to the said first
      signal, a second dephasing circuit receiving the said second signal and
      supplying a fourth signal whose frequency is f dephased by 90.degree. in
      relation to the said second signal, a first and a second analog multiplier
      each comprising two inputs and an output, the said first multiplier
      receiving on its inputs a signal whose frequency is F and a signal whose
      frequency is f taken in the group of signals constituted by the said
      first, second, third and fourth signals, the said second multiplier
      receiving at its inputs the two remaining signals of that group, a summing
      device effecting the summing of the output voltages of the two
      multipliers.
PAR  The first signal is in the form of S1 = A sine 2 .pi. Ft and the second
      signal is in the form of S2 = B sine (2 .pi. ft + q) q being the angle of
      dephasing at the instant t = 0 between the two signals A and B being their
      respective amplitudes.
PAR  At the output of the multipliers, the two signals AB sine (2 .pi. ft + q)
      and AB cosine 2 .pi. Ft cosine (2 .pi. ft + q) which, by addition, give
      the signal AB cosine [2 .pi. (F-f)t - q] and, by subtraction, give AB
      cosine [2 .pi. (F-f)t +  q] for example, are obtained.
PAR  Therefore, either the difference or the sum of the two frequencies are
      obtained, but not both simultaneously.
PAR  The invention is interesting more particularly when the f varies in a
      frequency band centered on a frequency fo. According to an improvement of
      the invention, the summing device is characterized in that the said second
      dephasing circuit comprises a first elementary dephaser provided with an
      input and an output receiving on the said second signal whose frequency is
      f and providing an intermediate signal whose amplitude is equal to the
      amplitude of the said second signal and whose dephasing in relation to the
      said second signal depends on the frequency f, that dephasing being equal
      to 90.degree. for the frequency fo, a second and a third elementary
      dephaser connected up in series at the output of the said first elementary
      dephaser, an attenuator having an attenuation factor of 3 whose input is
      connected up to the output of the said third elementary dephaser, an adder
      whose two inputs are connected together at the outputs of the said first
      elementary dephaser and of the said attenuator and whose output supplies
      the said fourth signal.
PAR  The said dephasing circuit supplies a signal having a relatively constant
      amplitude dephased substantially by 90.degree. in relation to the input
      signal.
PAR  In the case where the frequency F is fixed, the first dephasing circuit
      according to the invention comprises means for attenuating one of the
      signals applied to the analog multiplier which does not receive the said
      fourth signal.
PAR  That attenuator is used to compensate the attenuation of the signal whose
      frequency is f due to the second dephasing circuit.
PAR  When the frequency F varies in a frequency band centered on the frequency
      Fo, the said first dephasing circuit is characterized in that it comprises
      a first elementary dephaser provided with an input and an output receiving
      on the said input the said first signal whose frequency is F and providing
      an intermediate signal whose amplitude is equal to the amplitude of the
      said first signal and whose dephasing in relation to the said first signal
      depends on the frequency F, that dephasing being equal to 90.degree. for
      the frequency Fo, a second and a third elementary dephaser connected up in
      series to the output of the said first elementary dephaser, an attenuator
      having an attenuation factor of 3, whose input is connected up to the
      output of the said third elementary dephaser, an adder whose two inputs
      are connected together at the outputs of the said first elementary
      dephaser and of the said attenuator and whose output provides the said
      third signal.
PAR  The devices according to the invention therefore make it possible to carry
      out the sum or the difference of two frequencies F and f, whether they be
      fixed or vary in fairly narrow bands which extend up to about .+-. 20
      percent about the central frequencies (Fo and fo).
PAR  The device according to the invention may be applied to single side band
      modulators in which it is necessary to obtain a signal whose frequency is
      F + f or F - f, F being the carrier frequency and f being the data and
      being variable. The device according to the invention avoids the use of a
      filter whose characteristic is very stiff, intended for canceling one of
      the two modulation bands so as to keep only the other.
DRWD
PAR  The following description given with reference to the accompanying drawings
      will make it easier to understand how the invention may be implemented.
PAR  FIG. 1 shows a block diagram of the summing device according to the
      invention;
PAR  FIG. 2 shows a variant of the summing device according to the invention;
PAR  FIG. 3 shows an elementary dephaser of a known type;
PAR  FIG. 4 shows the block diagram of the summing device for a fixed frequency
      and a variable frequency according to the invention;
PAR  FIG. 5 shows, in a vectorial form, the electrical signals at different
      points of the variable frequency dephasing circuit shown in FIG. 4; and
PAR  FIG. 6 shows the block diagram of the summing device for two variable
      frequencies, according to the invention.
DETD
PAR  FIG. 1 shows a block diagram of the summing device according to the
      invention. That device comprises two input terminals 1 and 2 on which are
      applied a signal whose form is S1 = A sine 2 .pi. Ft. A representing the
      amplitude, F representing the frequency and t representing the time; and
      S2 = B sine (2 .pi. ft + q), q being the dephasing at the origin of the
      signal S2 in relation to the signal S1, B being the amplitude and f being
      the frequency.
PAR  The device comprises also two dephasing circuits, 3, 4, two analog
      multipliers 5, 6 and a summing circuit 7. Each analog multiplier 5, 6,
      comprises two inputs 5A and 5B and an output 5S, respectively 6A and 6B
      and an output 6S.
PAR  The signal S1 is applied to the dephasing circuit 3 providing a signal S3
      dephased by 90.degree. in relation to S1. S3 = A cosine 2 .pi. Ft.
PAR  The signal S2 is applied to the dephasing circuit 4 which supplied a signal
      S4 dephased by 90.degree. in relation to S2. S4 = B cosine (2 .pi. ft +
      q).
PAR  The signals S1 and S2 are applied to the two inputs 5A and 5B of the
      multiplier 5 and the signals S3 and S4 are applied to the two inputs 6A
      and 6B of the multiplier 6.
PAR  A signal T1 is obtained on the output 5S where:
EQU  T1 = AB sine (2 .pi. Ft) sine (2 .pi. ft + q)
PAL  and on the output 6S, a signal T2 is obtained:
EQU  T2 = AB cosine (2 .pi. Ft) cosine (2 .pi. ft + q).
PAR  The two outputs 5S and 6S are connected together at the two inputs 7A and
      7B of the summing circuit 7.
PAR  When it is required to obtain the difference between the two frequencies,
      it is sufficient to connect up the summing circuit 7 as an adder and when
      it is required to obtain the sum of the two frequencies, the summing
      circuit 7 is connected up as a subtractor. By subtracting the signal T2
      from T1, the signal obtained is:
EQU  V = T1 - T2 - AB cosine 2[(F + f)t + q]
PAL  and on adding the signals T1 and T2, the signal obtained is:
EQU  V = T1 + T2 = AB cosine [2 .pi. (F - f)t + q]
PAR  FIG. 2 shows a variant of the device in FIG. 1 in which the signals applied
      to the inputs 5B and 6B have been interchanged. The signal S2 is applied
      to the input 6B of the multiplier 6 and the signal S4 is applied to the
      input 5B of the multiplier 5. Therefore, the following is obtained at the
      output of the multiplier 5:
PAR  The signal T'1 = AB sine (2 .pi. Ft) cosine [2 .pi. ft + q] and the
      following is obtained at the output of the multiplier 6:
PAR  The signal T'2 = AB cosine (2 .pi. ft) sine [2 .pi. ft + q].
PAR  On carrying out the sum of these two signals T'1 and T'2, a signal whose
      frequency is F + f is obtained and on subtracting them, a signal having a
      frequency of F - f is obtained.
PAR  FIG. 3 shows the diagram of a known elementary dephaser. That dephaser
      enables a signal having a constant amplitude but whose dephasing varies
      with the frequency of the input signal to be obtained.
PAR  The dephaser comprises an operational amplifier Q having a very high gain
      in the open band and comprising a first and a second input and an output.
PAR  The input signal is applied to the first input through a resistor R1 and on
      a second input through a capacitor C1. That second input is earthed
      through a resistor R2.
PAR  A resistor R2 is connected up between the first input and the output.
      Assuming that R1 = 2R2, the transfer function of that elementary dephaser
      is
EQU  H (j .omega.) = (R2 C1 j .omega. - 1) / (R2 C1 j .omega. + 1)
PAL  .omega. being the pulsation of the input signal where .omega. = 2 .pi. F, F
      being the frequency of the input signal and j being the square root of -
      1.
PAR  The output signal has an amplitude equal to that of the input signal and it
      is dephased by an angle of .theta. where
EQU  .theta. = 2 arc tg (1/(R2 C1 .omega. ) )
PAR  That dephasing is equal to 90.degree. when the frequency assumes a value Fo
      satisfying the expression 2 R2 C1 Fo = 1.
PAR  When the frequencies f and F are fixed, it is possible to use, as dephasing
      circuits in the device shown in FIG. 1, dephasers of the known type such
      as shown in FIG. 2.
PAR  The dephaser 3 dephases by 90.degree. at the frequency F and the dephaser 4
      dephases by 90.degree. at the frequency f.
PAR  The analog multipliers will, to great advantage, be of the type such as
      described in the first addition to French Pat. No. 1,517,023.
PAR  FIG. 4 shows the block diagram of a device for summing a fixed frequency F
      and a variable frequency f. The frequency f varies on either side of a
      central frequency fo. That device is similar to that in FIG. 1 and the
      like elements have been referenced identically and comprise two input
      terminals 1 and 2, two dephasing circuits 3 and 4, two analog multipliers
      5 and 6 and a summing device 7.
PAR  The dephasing circuit 3 comprises an elementary dephaser 31 dephasing by
      90.degree. at the frequency F, of the type shown in FIG. 3. The dephasing
      circuit 4 comprises three identical elementary dephasers 41, 42, 43, of
      the type shown in FIG. 2 and dephasing by 90.degree. at the frequency fo.
PAR  The three dephasers 41, 42, 43 are connected up in series and to the output
      of the last dephaser 43 is connected an attenuator 44 whose output is
      connected up to the first input 45A of an adder 45 whose second input 45B
      is connected up to the output of the first dephaser 41.
PAR  A signal having a relatively constant amplitude and a dephasing
      substantially equal to 90.degree. in relation to the input signal is
      obtained at the output 45S of the adder 45.
PAR  The attenuator 44 attenuates with a factor 3 and a signal S'4 dephased by
      90.degree. in relation to S2 and whose amplitude is B/a, a being a
      coefficient greater than 1, is obtained at the output of the dephasing
      circuit 3.
PAR  Therefore, a signal T"2 having the form T"2 = S3.S4/a is obtained at the
      output of the multiplier 6.
PAR  It is assumed that AB/a cosine (2 .pi. FT). cosine (2 .pi. ft + q).
PAR  An attenuator 40 having attenuation coefficient of a is arranged in front
      of the input 5A so that the signal T"1 obtained at the output 5S has the
      form
EQU   T"1 = S1.S2/a
PAL  that is AB/a sine (2 .pi. Ft) sine (2 .pi. ft = q) T"1 therefore has an
      amplitude equal to T"2.
PAR  The summing element 7 carries out the summing of the two signals T"1 and
      T"2 and therefore supplies a signal whose frequency is equal either to the
      sum or to the difference of the two frequencies f and F.
PAR  It will be observed that the attenuator 40 may also be arranged at the
      input 5B of the multiplier 5.
PAR  The operation of the dephasing circuit 4 will be better understood on
      referring to FIG. 5 showing an explanatory diagram in which the electric
      signals have been illustrated by their Fresnel vectors.
PAR  It is assumed that OS2 is the horizontal vector representing the input
      signal whose frequency is f.
PAR  At the output of the dephaser 41, an intermediate signal Si represented by
      the vector OM having the same module as OS2 but dephased by an angle
      .theta. = .pi./2 - .alpha. is obtained at the output of the dephaser 41.
PAR  When the frequency f is equal to fo, .theta. = .pi./2.
PAR  A signal which may be represented by a vector OM' dephased by 3 .theta.,
      that is, 3 .pi./2 - 3.alpha. in relation to OS2 but having the same module
      is obtained at the output of the dephaser 43.
PAR  The signal represented by OM' is applied to the attenuator 44 which
      attenuates that signal by a factor K so that a signal represented by the
      vector OM" = OM'/k is obtained at the output.
PAR  In the adder 8, the sum of the two vectors OM and OM" is carried out and a
      signal represented by the vector OT dephased by an angle .beta. in
      relation to OS2 is obtained.
PAR  Assuming that OS2 = 1, the result obtained OT 2 = 1 + 1/k.sup.2 - (2/k)
      cosine 2.alpha., and
      ##EQU1##
PAR  The .+-. sign depends on the quadrant in which OM is situated. In the first
      quadrant, the sign is -.
PAR  Assuming k = 3 and making f vary only by fo/5 on either side of fo, the
      result obtained is, approximately:
EQU  OT.sup.2 = 4/9, that is, OT = 2/3
EQU  and tg (.pi. /2 - .beta.) = 0, that is, .beta. = .pi./2
PAR  Therefore, the attenuation coefficient a of the attenuator 40 must be
      chosen equal to 3/2.
PAR  The summing device shown in FIG. 4 may be used as a signle sideband
      modulator, F being the carrier frequency and f being the frequency of the
      data.
PAR  FIG. 6 shows the summing device for summing two variable frequencies F and
      f, according to the invention.
PAR  The frequency F varies on either side of the central frequency Fo and the
      frequency f varies on either of the central frequency fo.
PAR  The frequency summing device is similar to that shown in FIG. 2 and its two
      dephasing circuits are formed like the dephasing circuit 4 for the signal
      S2 of the device shown in FIG. 4.
PAR  The dephasing circuit 4 therefore comprises 3 elementary dephasers 41, 42,
      43 of the type described in FIG. 2, an attenuator 44 and an adder 45 and
      the dephasing circuit 3 also comprises three elementary dephasers 31, 32,
      33 of the type described in FIG. 2, an attenuator 34 and an adder 35.
PAR  The elementary dephasers 41, 42 and 43 dephase by 90.degree. at the
      frequency fo and the elementary dephasers 31, 32, 33 dephase by 90.degree.
      at the frequency Fo.
PAR  The attenuations of the dephasing circuits 3 and 4 are compensated and it
      is no longer necessary to provide extra attenuation means as in the device
      in FIG. 4.
PAR  It would also be possible to use the device in FIG. 1 for carrying out the
      sum of two variable frequencies, but it would then be necessary to provide
      an attenuator to compensate the attenuations of the two dephasing circuits
      3 and 4, which would be added together.
PAR  To obtain a good result, f must vary only by fo/5 on either side of fo and
      F must vary only by Fo/5 on either side of Fo.
PAR  The dephasing circuits 3 and 4 used for dephasing the frequency signals in
      the embodiments in FIGS. 4 and 6 may be replaced by other circuits.
PAR  Although the frequency summing devices which have just been described
      appear to afford the greatest advantage for implementing the invention, it
      will be understood that various modifications may be made thereto without
      going beyond the scope of the invention, it being possible to replace
      certain of their elements by other elements capable of fulfilling the same
      technical function or an equivalent technical function therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Device for summing two first and second sinusoidal signals of frequency
      F and f, respectively, comprising a first dephasing circuit receiving said
      first signal and providing a third signal whose frequency is F dephased
      90.degree. in relation to the said first signal, a second dephasing
      circuit receiving said second signal and providing a fourth signal whose
      frequency is f dephased by 90.degree. in relation to said second signal, a
      first and a second analog multiplier each comprising two inputs, said
      first multiplier receiving on one of its inputs a signal whose frequency
      is F and a signal whose frequency is f taken from the group of signals
      constituted by said first, second, third and fourth signals, said second
      multiplier receiving at its inputs, the two remaining signals of said
      group, and an adder having inputs connected to the outputs of said two
      multipliers, characterized in that the frequency f varies in a frequency
      band centered on the frequency fo and in that said second dephasing
      circuit comprises a first elementary dephaser receiving on its input said
      second signal whose frequency is f and providing at its output an
      intermediate signal whose amplitude is equal to the amplitude of said
      second signal and whose dephasing in relation to the said second signal
      depends on the frequency f, that dephasing being equal to 90.degree. for
      the frequency fo, a second and a third elementary dephaser connected in
      series to the output of the said first elementary dephaser, an attenuator
      having an attenuation factor of 3 whose input is connected to the output
      of said third elementary dephaser, and an adder having two inputs
      connected to the output of the said first elementary dephaser and of said
      attenuator, respectively, and whose output provides said fourth signal.
NUM  2.
PAR  2. Device according to claim 1, characterized in that the frequency F is
      constant, and further comprising means for attenuating one of the signals
      applied to the multiplier receiving said second signal.
NUM  3.
PAR  3. Device according to claim 1, characterized in that the frequency F
      varies in a frequency band centered on the frequency Fo and in that the
      said first dephasing circuit comprises a first elementary dephaser
      receiving on its input said first signal whose frequency is F and
      providing at its output an intermediate signal whose amplitude is equal to
      the amplitude of the said first signal and whose dephasing in relation to
      the said first signal depends on the frequency F, that dephasing being
      equal to 90.degree. for the frequency Fo, a second and a third elementary
      dephaser connected in series to the output of the said first elementary
      dephaser, an attenuator having an attenuation factor of 3 whose input is
      connected to the output of said third elementary dephaser, and an adder
      having two inputs connected to the outputs of said first elementary
      dephaser and to said attenuator, respectively, and whose output provides
      said third signal.
NUM  4.
PAR  4. A device for summing a first and a second sinusoidal signal of frequency
      F and f, respectively, comprising a first dephasing circuit receiving said
      first signal and providing a third signal whose frequency is F dephased
      90.degree. in relation to said first signal; a second dephasing circuit
      receiving said second signal and providing a fourth signal whose frequency
      is f dephased by 90.degree. in relation to said second signal, said second
      dephasing circuit including a first elementary dephaser which receives on
      its input said second signal and provides at its output an intermediate
      signal whose amplitude is equal to the amplitude of said second signal and
      whose dephasing in relation to said second signal depends on the frequency
      f, a second and a third elementary dephaser connected in series to the
      output of said first elementary dephaser, an attenuator whose input is
      connected to the output of said third elementary dephaser, and an adder
      having two inputs respectively connected to the output of said first
      elementary dephaser and to the output of said attenuator and whose output
      provides said fourth signal; a first multiplier having first and second
      inputs, said first input receiving one of said first, second, third and
      fourth signals and said second input receiving another of said first,
      second, third and fourth signals; a second multiplier having first and
      second inputs, said first input of said second multiplier receiving
      another of said first, second, third and fourth signals and said second
      input of said second multiplier receiving the remaining one of said first,
      second, third and fourth signals; and an adder having inputs connected to
      the outputs of said first and second multipliers.
NUM  5.
PAR  5. A device as defined in claim 4, wherein said first and second inputs of
      said first multiplier receive said first and second signals, respectively;
      and said first and second inputs of said second multiplier receive said
      third and fourth signals, respectively.
NUM  6.
PAR  6. A device as defined in claim 5, wherein said frequency F is constant and
      said frequency f varies in a frequency band centered on the frequency fo,
      and the dephasing for the frequency fo is equal to 90.degree..
NUM  7.
PAR  7. A device as defined in claim 6, further comprising means for attenuating
      one of said first and second signals before it is received by said first
      multiplier.
NUM  8.
PAR  8. A device as defined in claim 4, wherein said first and second inputs of
      said first multiplier receive said first and fourth signals, respectively;
      and said first and second inputs of said second multiplier receive said
      third and second signals, respectively.
NUM  9.
PAR  9. A device as defined in claim 8, wherein said frequencies F and f vary in
      a frequency band centered on the frequencies Fo and fo, respectively, and
      the dephasing for the frequencies Fo and fo is equal to 90.degree..
NUM  10.
PAR  10. A device as defined in claim 9, wherein said first dephasing circuit
      includes a first elementary dephaser which receives on its input said
      first signal and provides at its output an intermediate signal whose
      amplitude is equal to the amplitude of said first signal and whose
      dephasing in relation to said first signal depends on the frequency F, a
      second and a third elementary dephaser connected in series to the output
      of said first elementary dephaser included in said first dephasing
      circuit, an attenuator whose input is connected to the output of said
      third elementary dephaser included in said first dephasing circuit, and an
      adder having two inputs respectively connected to the output of said first
      elementary dephaser included in said first dephasing circuit and to the
      output of said attenuator included in said first dephasing circuit and
      whose output provides said third signal.
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ABST
PAL  An acoustic surface wave transducer characterized by a novel electrode
       coguration. A pair of electrode strips are positioned on the surface of a
      piezoelectric material, each of the strips having elongate fingers
      extending laterally towards one another. The fingers from the opposed
      electrode strips are aligned with one another, as opposed to the common
      interdigitated structure of the prior art. The fingers have a prescribed
      spacing from adjacent fingers as well as from opposed fingers. The
      prescribed configuration causes the electric field between corresponding
      fingers to peak at the points between the ends of the fingers which, in
      turn, causes high shear stresses to occur and be reinforced as the
      acoustic wave travels down the length of the material. The basic
      transducer generates a point source of acoustic waves. An extension of the
      basic embodiment utilizes an array of transducers having electrode pairs
      in the prescribed configuration and which are configured with respect to
      one another so as to render the point sources additive which yields a
      plane wave front.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the United States Government for governmental purposes without the
      payment to me of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is related to microwave acoustics, and more particularly, is
      related to an improved electro-acoustic transducer structure for acoustic
      surface wave devices.
PAR  2. Description of the Prior Art
PAR  Well-known acoustic wave circuits include a source of rf signals, a smooth
      slab-like element or substrate of a material capable of propagating
      acoustic surface waves, and a load or utilization device. Electro-acoustic
      transducers are attached or held in close proximity to the substrate to
      convert the rf energy to surface waves in the material and vice versa. In
      general, acoustic surface wave device substrates are fabricated from
      piezoelectric materials. With such substrates, the input and output
      transducers commonly take the form of interdigitated electrode fingers
      bonded or held in close proximity to the substrate surface. Such an
      electrode array, which may also be described as composed of a pair of
      interleaved combs of conducting teeth, are coupled to the piezoelectric
      medium and are utilized to launch acoustic surface waves on that medium.
      Such acoustic surface waves, or Rayleigh waves are produced upon
      application of an electrical signal to one of the transducers. An
      electrical signal is then picked up by the other transducer after a delay
      equivalent to the time taken by the acoustic waves to propagate from one
      transducer to the other. Prior art patents of which I am aware which are
      exemplary of the interdigitated electrode structure include the following
      U.S. Pat. Nos.: 3,600,710; 3,663,899; 3,742,396; 3,748,603; 3,753,164;
      3,790,828; 3,803,520; 3,831,044; and 3,516,027. Such structures may be
      utilized for various different components such as delay lines, amplifiers,
      attenuators, filters, and couplers, all having the advantage of
      micro-miniature construction techniques due to the considerably slower
      travel of acoustic surface waves than that of electromagnetic waves in
      free space. In the standard interdigitated transducer, the surface wave is
      generated by the interaction of the electric fields between the fingers
      and the material itself through the piezoelectric properties of the
      material, adjacent fingers being separated by half a wavelength. Details
      of operation are adequately described in some of the prior art patents, as
      well as in an excellent article by John deKlerk "Elastic Surface Waves,"
      which appeared in PHYSICS TODAY, November, 1972, pages 32 through  39.
PAR  In the deKlerk article, it is explained that the piezoelectric properties
      of a material are defined by the piezoelectric matrix for that material,
      the matrix being a 3 .times. 6 array of the form:
TBL             d.sub.11 d.sub.12 d.sub.13                                     
                            :     d.sub.14 d.sub.15 d.sub.16                   
                            :                                                  
                            :                                                  
     (d.sub.ij) =                                                              
                d.sub.21 d.sub.22 d.sub.23                                     
                            :     d.sub.24 d.sub.25 d.sub.26                   
                            :                                                  
                            :                                                  
                d.sub.31 d.sub.32 d.sub.33                                     
                            :     d.sub.34 d.sub.35 d.sub.36                   
                compression       shear                                        
PAR  The coefficients d.sub.ij (1.ltoreq.j.ltoreq.3) represent proportionality
      constants between the compressional stress and electric field components.
      The coefficients with 4.ltoreq.j.ltoreq.6 represent the shear stresses
      produced by electric fields. The index i refers to the crystallographic
      axes. The interdigital transducer of the prior art requires that there be
      non-zero off diagonal components in the shear half of the piezoelectric
      matrix in order for the surface waves to be generated.
PAR  However, due to the symmetry of many materials, all of the off-diagonal
      components in the shear portion of the matrix are zero, even though the
      material is piezoelectric. Zinc blende is one example of such a material.
      The only way one may utilize such materials with an interdigital
      transducer is to rotate the crystal so that the transducer is not aligned
      with one of the principal crystallographic axes. This rotation causes
      effective off-diagonal piezoelectric coefficients to appear. Some of these
      coefficients may then be utilized to generate surface waves. A problem
      with the latter approach is that excessive energy may be dissipated by
      generating unwanted acoustic waves due to inadvertent coupling through
      other effective coefficients that have appeared as a result of the
      rotation of the crystal.
PAR  It would therefore be extremely advantageous if a Rayleigh wave generator
      could be developed with a view towards utilizing those materials with
      simply non-zero diagonal components. This would open up a whole new class
      of heretofore unutilized materials for use as acoustic surface wave
      transducers.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the present invention to provide a
      novel acoustic surface wave device which permits the utilization of a
      piezoelectric material which has off-diagonal components in the shear
      portion of its piezoelectric matrix all of which are zero.
PAR  Another object of the present invention is to provide a novel and unique
      acoustic surface wave device which may utilize a piezoelectric material
      whose only requirement is that there exist non-zero on diagonal
      components.
PAR  An additional object of the present invention is to provide a novel and
      unique acoustic surface wave device for which a wide range of
      piezoelectric materials may be utilized which have heretofore been ignored
      in the primarily interdigital electrode structure utilized in conjunction
      therewith.
PAR  A further object of the present invention is to provide a novel acoustic
      surface wave transducer which generates a point source of acoustic surface
      waves.
PAR  A still further object of the present invention is to provide an acoustic
      surface wave transducer array in which a multiplicity of point-source
      acoustic surface waves may be combined in any desired manner to, for
      example, produce a plane wave, and end-fired array, a phased array, or the
      like.
PAR  The foregoing and other objects are attained in accordance with one aspect
      of the present invention through the provision of an acoustic surface wave
      device which comprises a substrate of a material capable of propagating
      acoustic surface wave energy, and at least one electro-acoustic transducer
      coupled to a region of a surface of the substrate. The transducer includes
      first and second sets of elongated electrode elements each having opened
      ends and being regularly spaced in a lateral direction. The open ends of
      the first set of elongated electrode elements substantially faces the open
      ends of the second set of electrode elements and are separated therefrom
      along a direction transverse to the lateral direction. Between the
      electrode elements of the first and second sets is connected electrical
      circuit means such as a source of rf energy, a load utilization device, or
      the like. The lateral distance between the centers of adjacent electrode
      elements of the first and second sets is approximately equal to one wave
      length of the acoustic surface wave energy launched or received at the
      elements. A further restraint is that the distance separating the ends of
      the facing sets of elements along the transverse direction be small
      relative to the adjacent electrode element distance. The net result is the
      generation of an electric field which is transverse to the direction of
      wave propagation and allows piezoelectric materials to be utilized which
      have non-zero diagonal components only. A single transducer endfires in
      that the surface wave propagates from one end of the electrode structure
      as a point source.
PAR  In accordance with another aspect of the present invention, a plurality of
      transducer structures are provided each individual transducer
      corresponding in geometry to the single transducer structure set forth
      hereinabove. The plurality of additional electro-acoustic transducers each
      include a pair of sets of elongated electrode elements coupled across a
      source of rf energy. One particular array combines the effective point
      sources of a plurality of transducers in order to generate a plane wave by
      having a distance between adjacent electrode element pairs equal to half a
      wavelength.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, aspects, uses, and advantages thereof will
      become more fully apparent and better understood when considered in
      connection with the following detailed description of the present
      invention viewed in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a single acoustic wave transducer constructed
      according to a preferred embodiment of the present invention;
PAR  FIG. 2 is a graph showing the electric field variation over the device
      depicted in FIG. 1; and
PAR  FIG. 3 is a plan view of an alternative preferred embodiment which
      illustrates an array of the transducers shown in FIG. 1 designed so as to
      generate a plane wavefront from a plurality of individual point sources.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, an acoustic surface wave device is shown
      fabricated on an elongated substrate 10. The substrate 10 is provided with
      an input transducer 16 adjacent one end, it being understood by a person
      of ordinary skill in the art that a like output transducer (not shown) is
      positioned adjacent the other end. A source of rf signals 12 is
      electrically coupled to input transducer 16, source 12 being in series
      with a resistor 14 which may represent the internal impedance thereof.
PAR  Input transducer 16 is seen to be comprised of an upper electrode 18 and a
      lower electrode 20. Upper electrode 18 includes a plurality of teeth 22
      extending downwardly as shown from a common bus 24. Likewise, lower
      electrode 20 includes a plurality of teeth 26 which extend upwardly from a
      common bus 28. Busses 24 and 28 are respectively connected to input pads
      25 and 27 which, in turn, receive the rf signal from source 12 as shown.
PAR  It is first noted that the opposing teeth 22 and 26 of the upper and lower
      electrodes 18 and 20, respectively, are not interdigitated, the open ends
      thereof respectively facing one another and leaving regions 30 formed
      between the tips thereof. As will be appreciated by a person of ordinary
      skill in the art, the electrode geometry depicted in FIG. 1 causes the
      electric field to be periodic along the length of piezoelectric material
      10, and further causes the electric field to be concentrated, or have
      maxima, at the regions 30 between the adjacent tips of fingers 22 and 26.
PAR  This may be seen more clearly in FIG. 2 which shows a plot of the electric
      field as a function of the position along the electrode structure of
      transducer 16. This plot illustrates the periodic nature of the electric
      field as well as the coincidence of the maximum peaks with the regions 30.
      The peaks in the electric field at the points between the ends of fingers
      22 and 26 cause high shear stresses to occur in regions 30. The
      disturbances propagate outwardly from such points at the speed of sound in
      the material. If the applied signal frequency of source 12 is such that
      the wavelength of the signal in the material is equal to the adjacent
      electrode separation (W), the electric field will be reinforced when the
      disturbances have traveled a distance W.
PAR  The amount of reinforcement received by the signal during each cycle
      depends on the magnitude of the peaks (.DELTA.E) of the electric field
      along the signal path. This non-uniformity must be a large part of the
      total field strength E. Accordingly, the ends of the upper and lower teeth
      22 and 26 of the electrodes 18 and 20 must be separated by a distance d
      that is small compared to the adjacent finger separation W. If such a
      condition is met with the structure depicted in FIG. 1, the transducer 16
      will serve as an approximate point source of surface wave radiation, which
      point source is designated in the drawing by reference numeral 32.
PAR  If a plane wave is desired, rather than a wave emanating from a point
      source, the alternative embodiment depicted in FIG. 3 may be utilized.
      FIG. 3 illustrates a plurality of transducers 42, 44 and 46 which are
      mounted on a piezoelectric substrate 66. A pair of busses 38 and 40 are
      coupled by an rf signal source 36 in series with a resistor 34, as in FIG.
      1. From bus 38 extends base electrode 54, and base electrode 58, while
      base electrodes 56 and 60 extend laterally from bus 40 as shown. It is
      again to be understood that FIG. 3 illustrates only one of the standard
      pair of acoustic devices commonly illustrated together, and it is
      understood that a receiving device connected across a utilization load may
      be identically configured to that shown in FIG. 3.
PAR  It is seen that base electrode 54 has a plurality of teeth extending
      downwardly therefrom which constitute the upper electrodes of transducer
      42, the lower electrodes of which extend upwardly from base electrode 56.
      Similarly, the upper electrodes of transducer 44 extend downwardly from
      base electrode 56, the lower electrodes thereof extending upwardly from
      base electrode 58. Finally, the upper electrode fingers of transducer 46
      extend downwardly from electrode member 58, while the lower electrodes
      thereof extend upwardly from base electrode 60.
PAR  The array of transducers 42, 44 and 46 create three point sources 48, 50
      and 52, respectively, which combine to generate a plane wave by having the
      point source dimension of the radiating area d much less than the
      wavelength. This is achieved, in FIG. 3, by separating transducers 42, 44
      and 46 a distance of one wavelength (W) and by driving them in phase.
      Since the electric field between fingers of adjacent transducers, 42 and
      44, for example, are oriented in opposite directions as shown in the
      drawing, adjacent electrode fingers must be placed half a wavelength out
      of phase spatially. This results in a net in-phase driven plane wave from
      the three point sources 48, 50 and 52, which obviously may be extended to
      a plurality of such point sources. In other words, adjacent point sources
      are electrically 180.degree. out of phase and by placing alternate point
      sources a distance of half a wavelength back from the wavefront line, as
      seen in FIG. 3, this phase difference may be exactly canceled.
PAR  It is seen by virtue of the foregoing I have provided a novel electrode
      geometry which, by having the basic transducer aligned along a principal
      crystallographic axis, allows surface waves to be generated with a thin
      film transducer by coupling through the diagonal components of the shear
      half of the piezoelectric matrix. Such components are the same components
      that are generally useless to the conventional interdigitated transducers
      as discussed hereinabove. While the interdigitated structure may be more
      efficient in certain cases, since the active area is greater, the present
      structure may be made more compact since the length of the electrode
      fingers is not a working dimension. An additional advantage over the prior
      art interdigitated structure, over and above that provided by the
      availability of a number of additional piezoelectric materials having
      merely non-zero diagonal components, is that a number of point sources may
      be arranged in any fashion to, for example, provide phase variations, the
      generation of beams in different directions, switching functions and, as
      shown in FIG. 3, plane wave generation. The interdigitated structures
      generally only provide plane wave generation.
PAR  In addition to the standard piezoelectric materials having non-zero
      off-diagonal components, the following piezoelectric materials
      characterized by non-zero diagonal components may be utilized in
      accordance with the present invention as the substrate material:
PA1  any crystal in the group III-V compounds which usually crystallize in the
      cubic zinc blende structure;
PA1  gallium arsenide;
PA1  gallium phosphide;
PA1  aluminum phosphide;
PA1  indium antimonide;
PA1  aluminum antimonide;
PA1  sodium chlorate;
PA1  sodium bromate;
PAL  and the like. The arsenides, phosphides, and antimonides should be highly
      doped for high conductivity.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An acoustic surface wave device, which comprises:
PA1  a substrate of a material capable of propagating acoustic surface wave
      energy;
PA1  at least one electro-acoustic transducer coupled to a region of a surface
      of said substrate; and
PA1  said transducer including first and second sets of elongated electrode
      elements having open ends and being regularly spaced along a first
      direction, each of said open ends of said first set of elongated electrode
      elements substantially facing one of said open ends of said second set of
      elongated electrode elements and being separated therefrom along a second
      direction which is substantially perpendicular to said first direction,
      the other ends of said first set of elongated electrode elements all being
      connected to a first common bus, the other ends of said second set of
      elongated electrode elements all being connected to a second common bus.
NUM  2.
PAR  2. The device as set forth in claim 1 further comprising electrical circuit
      means coupled between the electrode elements of said first set and the
      electrode elements of said second set.
NUM  3.
PAR  3. The device as set forth in claim 2 wherein the distance along said first
      direction between the centers of adjacent electrode elements of said first
      and second sets is approximately equal to the wavelength of acoustic
      surface wave energy launched or received at said adjacent electrode
      elements.
NUM  4.
PAR  4. The device as set forth in claim 3, wherein the distance separating said
      ends of said two sets of elements along said second direction is small
      relative to said adjacent electrode element distance.
NUM  5.
PAR  5. The device as set forth in claim 2, wherein said electrical circuit
      means comprises a source of rf signals.
NUM  6.
PAR  6. The device as set forth in claim 4, further comprising a second
      electro-acoustic transducer which includes third and fourth sets of
      elongated electrode elements having said electrical circuit means coupled
      therebetween and open ends arranged with respect to each other in the same
      geometrical manner as the open ends of said first and second sets of
      elements.
NUM  7.
PAR  7. The device as set forth in claim 6, wherein said third and fourth sets
      of electrode elements are separated along said first direction from said
      first and second sets of electrode elements a distance equal to half of
      said wavelength.
NUM  8.
PAR  8. The device as set forth in claim 7, wherein the other ends of said
      second and third sets of electrodes are connected to said second common
      bus and extend from opposite sides thereof towards said first and fourth
      sets of electrodes, respectively.
NUM  9.
PAR  9. The device as set forth in claim 4, further comprising a plurality of
      additional electro-acoustic transducers, each of which includes a pair of
      sets of elongated electrode elements, each pair having said electrical
      circuit means coupled therebetween and arranged with respect to each other
      in the same geometrical manner as between said first and second sets of
      elements.
NUM  10.
PAR  10. The device as set forth in claim 9, wherein the distance along said
      first direction between the electrode element pairs of each of said
      additional transducers and the immediately adjacent transducer is equal to
      half of said wavelength.
NUM  11.
PAR  11. The device as set forth in claim 10 wherein adjacent transducers share
      a common bus from which extends on opposite sides thereof two sets of
      electrode elements each of which respectively comprises one set of
      elements of the respective adjacent transducers.
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PAL  At least two coil spring rotational mode reverberation lines having
      transducers at two remote ends thereof are coupled in cascade circuit by
      means of intermediate long wire transverse mode line structure. Thus, two
      (or more) coils may be located side by side with a long thin wire coupling
      opposite ends of the coils, thereby considerably reducing packaging size
      of long time delay reverberation lines, and producing coupling means that
      is less susceptible to physical shock. The wire comprises universal type
      coupling means for coupling together coils of different characteristics.
BSUM
PAR  This invention relates to reverberation devices and more particularly it
      relates to means coupling two coiled spring type acoustical transmission
      lines.
PAC  BACKGROUND OF THE INVENTION
PAR  Coiled spring type acoustical transmission lines commonly called artificial
      reverberation lines, which convey acoustical signals in the rotary
      transmission mode are well known. Examples are U.S. Pat. No. 2,982,819
      issued to H. E. Meinema et al., May 2, 1961; U.S. Pat. No. 3,363,202
      issued to H. E. Meinema, Jan. 9, 1968; and U.S. Pat. No. 3,106,610 issued
      to A. C. Young, Oct. 8, 1963.
PAR  Although the prior art is well developed there are several major
      deficiencies present. One significant deterrent to use of such lines in
      modern miniaturized equipment is the large overall packaging size
      necessary in the lines to obtain the necessary reverberation
      characteristics. Thus, the lines may take up more room than the amplifier
      and signal processing electronic equipment in which they are used.
PAR  Prior art attempts made to shorten lines by folding them at the center have
      introduced various problems in the suspension of the line and coupling of
      signals as shown by Meinema U.S. Pat. No. 3,363,202; U.S. Pat. No.
      3,564,462 issued Feb. 16, 1971 to W. Fidi et al.; or U.S. Pat. No.
      3,431,516 issued Mar. 4, 1969 to H. W. Schafft et al. Such lines require
      special engineering construction of the coupling networks for different
      delays or line characteristics. If this is not done the coupling means may
      introduce distortions such as high frequency attenuation. Also matching of
      different length or different diameter spring line segments is difficult.
      Thus, construction techniques are not uniform and lines may become too
      costly to employ. Also, such folded lines of the prior art are susceptible
      to shock forces applied transverse to the coil spring axis, which tends to
      introduce rotational motion and thus introduces noise into output signals.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore a general object of this invention to provide an improved
      spring type acoustical line.
PAR  A more specific object of the invention is to provide a more compact line
      package.
PAR  Another object of the invention is to provide a coupling technique between
      two coil spring line segments that is adaptable to a large range of line
      characteristics.
PAR  A further object of the invention is to provide inexpensive reverberation
      lines that can be readily manufactured.
PAR  A still further object of the invention is to provide reverberation lines
      with broad frequency band characteristics useful in high fidelity music
      reproduction systems.
PAR  Other objects, features and advantages of the invention will be found
      throughout the following description of the invention.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Thus, in accordance with this invention, at least two coil springs are
      cascade coupled into a reverberation line having a transducer introducing
      acoustic energy in a rotational mode into a first spring and a transducer
      deriving acoustical energy from a terminal spring from the rotational mode
      therein. The springs may be of the same or different lengths and of the
      same or different physical characteristics. A thin long wire adapted to
      transmit transverse wave motion serves as a coupling medium between two
      springs. An end terminal on the springs rotates generally about the spring
      axis with rotational vibration in the spring, and extending from this
      terminal is a substantially normal length of the wire which serves as
      transition means from the rotational mode in the spring to the transverse
      mode in the wire. At each coupling a thin wire compliance member is
      connected to the frame along the spring axis to contain the line
      physically while permitting the rotational wave transmission therein.
PAR  The coupling wire has inertia and elasticity serving in the manner of a
      long rope under slight tension with one end fastened to a rigid support to
      generate transverse waves moving therealong in response to oscillatory
      motion at the free end. The waves at the far end are coupled to induce
      rotational wave motion in the second spring. The coupling wire is made
      long and thin with a length very long in relation to its diameter.
PAR  For minimum space packaging the coil springs are of equal length and in
      parallel side-by-side relationship with the coupling long thin wire member
      connecting opposite ends of adjacent springs. Thus the wire parallels the
      springs for a greater part of its length.
DRWD
PAC  THE DRAWING
PAR  In the drawing, wherein like reference characters indicate similar parts
      throughout the several views,
PAR  FIG. 1 is a plan view of a preferred reverberation line embodiment of the
      invention;
PAR  FIG. 2 is a detailed, enlarged partial view of the coupler at one end
      joining the frame, coil spring and coupling link with a compliance mount
      that permits the transition between rotational and transverse wave motion;
      and
PAR  FIG. 3 is a foreshortened partial view of a coupler embodiment of the
      invention between two coil springs of different physical characteristics.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows the overall delay line arrangement where two side-by-side
      parallel coil springs 10 and 11 of substantially similar physical
      properties are coupled by a long thin wire 12. As seen from FIG. 3, the
      lines may include more coil springs and may have springs of different
      physical size, shape or length. As may be seen from the view of FIG. 1,
      the line may be short and compact while giving required delay times by use
      of appropriate spring design.
PAR  The two remote ends of the delay line are coupled to electromechanic
      transducers 21, 22 in a conventional manner to send and receive acoustic
      signals.
PAR  FIG. 2 shows the details of the compliance mount structure at support
      brackets 15 and 20 mounted on a frame assembly in FIG. 1 along with
      brackets for the transducers 21 and 22. The compliance is a thin wire that
      freely permits rotational wave motion in the springs 10 or 11 while
      mechanically securing the ends of the springs to the frame assembly.
PAR  The long thin wire 12 has extending substantially normally from the axis of
      the spring 11 a portion 25 which at the terminal end is affixed at
      coupling means junction 19 to the hook portion 17 at the terminal end of
      spring 11. The compliance terminal end 23, the hook 17 and the wire
      portion 25 are therefore connected firmly together, by soldering, welding,
      crimping or other means to provide a coupling junction for transmitting
      acoustic waves in the delay line between the spring 11 and wire 12 in
      either direction.
PAR  Compliance wire 18 has small metal sleeves 23 and 24 slid over the ends of
      the wire and flattened and bent to form hooks at the end to engage bracket
      20 and the coupling junction 19. The compliance wire 18 has a diameter and
      mass so small compared to that of spring 11 that the spring hook 17 will
      be able to freely rotate about the axis of spring 11.
PAR  Similar coupling structure is used for coupling the other end of long thin
      wire 12 to line 10 as seen in FIG. 1 by reference to corresponding bracket
      15, compliance wire 14, hook 13 and coupling junction 16.
PAC  THE OPERATIONAL MODE
PAR  In operation acoustic signals are introduced at one end of the line such as
      at transducer 21 and are recovered at the other end such as at transducer
      22. The operation and physical construction of such transducers is
      conventional and need not be described in detail. They preferably include
      damping means for determining the rate of decay of signals. The sending
      transducer converts electrical signals into physical signals with a
      rotational mode of wave transmission in the delay coil spring 10. The
      physical rotational signals reaching the terminal end of coil spring 11
      are by transducer 22 reconverted to electrical signals, which constitute
      the original signals delayed in time.
PAR  At coupling junction 16, the rotational signals are converted in wire 12 to
      transverse wave motion. The wire 12 is long and thin with proper inertia
      and elasticity to operate in the type of motion of a long rope under
      slight tension fastened at one end to a rigid support. Thus, when
      oscillatory motion is introduced at the free end transverse waves are
      generated which move therealong to the far end. There at coupling junction
      19 the transverse waves are reconverted into rotational wave motion in
      spring 11. In order to enhance the development of transverse wave motion
      in the coupling wire 12, it is made as long as possible in relation to its
      diameter.
PAR  For the latter reason the springs 10 and 11 (or more) are preferably
      arranged in parallel side-by-side arrangement with the coupling wire 12
      extending along the length thereof from one end to the other, as shown in
      FIG. 1, and substantially parallel thereto for a substantial portion of
      their length.
PAR  In operation the performance and response of this line has been found
      equivalent to a longer straight spring line. Therefore the compactness and
      simplicity is accomplished without serious distortion of the signal
      transmission characteristics, and the state of the art is improved.
PAR  Having therefore set out a preferred embodiment of the invention, those
      novel features believed descriptive of the spirit and scope of the
      invention are set forth with particularity in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An artificial reverberation line comprising in combination, at least two
      coil springs coupled into said line in cascade from a first spring to a
      terminal spring, transducer means for introducing acoustic energy into the
      first spring in a rotational mode, transducer means for deriving acoustic
      energy in the rotational mode from the terminal spring, and transverse
      wave motion transmission means coupled between a selected two of said
      springs in said line with first coupling means to convert said rotational
      mode energy from one spring and transmit it in the transverse wave motion
      mode and second coupling means to transfer the transverse wave motion into
      the rotational mode into said other spring.
NUM  2.
PAR  2. A line as defined in claim 1, wherein said transverse wave motion means
      comprises a long thin wire.
NUM  3.
PAR  3. A line as defined in claim 2, wherein said selected two said springs are
      arranged substantially side-by-side in parallel arrangement and said wire
      extends between the springs from one end to the other.
NUM  4.
PAR  4. A line as defined in claim 2, wherein each said coupling means comprises
      a portion of said wire extending substantially normally to the axis of the
      spring to which the coupling means is respectively coupled.
NUM  5.
PAR  5. A line as defined in claim 4, wherein the line is supported in a frame
      and each said coupling means is connected to said frame by compliance
      means along the axis of said respective springs.
NUM  6.
PAR  6. A line as defined in claim 2, wherein the mass of the selected two
      springs is substantially greater than the mass of said wire.
NUM  7.
PAR  7. A line as defined in claim 2, wherein each said coupling means comprises
      one end of said selected two springs that essentially rotates about the
      spring axis in response to said rotational mode.
NUM  8.
PAR  8. A line as defined in claim 1, wherein said two selected springs have
      substantially similar physical dimensions and acoustical transmission
      characteristics.
NUM  9.
PAR  9. A line as defined in claim 1, wherein said two selected springs each
      have different delay times.
NUM  10.
PAR  10. A line as defined in claim 1, wherein said two selected springs each
      have different impedance characteristics.
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PAL  Devices are described which utilize a low loss dielectric material. This
      dielectric material is unique in that it combines low dielectric loss with
      a high and temperature-stable dielectric constant. The material is made up
      of BaO and TiO.sub.2 and corresponds closely in composition to the
      compound Ba.sub.2 Ti.sub.9 O.sub.20. Devices utilizing this material are
      useful at a variety of frequencies, but are particularly advantageous in
      the microwave region above 0.5 GHz.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 394,187, filed Sept. 4, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to microwave devices employing resonant elements made
      from dielectric material with a specific composition of the BaO -
      TiO.sub.2 system. Exemplary devices are pass-band filters and stop-band
      filters.
PAR  2. Description of the Prior Art
PAR  A variety of electrical devices use dielectric materials of various
      properties for various purposes. For example, materials with moderately
      high dielectric constants are used in such devices as dielectric resonator
      filters, microwave stripline circuits, various types of oscillators, as
      well as phase shifters, to name but a few. Dielectric constant is an
      important variable in the design of such devices, but equally important
      are low loss and temperature stability. For one class of devices, low loss
      is necessary to prevent dissipation of the electrical signal and for the
      design of circuits with high Q and narrow bandwidth. Temperature stability
      is required to prevent frequency changes in these devices. Good
      temperature stability permits much closer control of frequency
      characteristics when external temperature stabilization is used and may
      eliminate need for such stabilization in some applications. In addition,
      external temperature stabilization may not correct for temperature changes
      due to microwave heating of the dielectric material.
PAR  Up to the present time it has been relatively easy to obtain materials with
      high dielectric constant and low loss, but such materials have been
      accompanied by relatively large temperature variation of the dielectric
      constant. This temperature variation is measured by a temperature
      coefficient which represents the change in dielectric constant in parts
      per million per degree centigrade (ppm/degrees C). It should be recognized
      that device characteristics, such as frequency, etc., are particularly
      sensitive to slight variations in dielectric constant. This problem is
      usually more serious at high frequencies such as the microwave region (0.5
      GHz to 200 GHz) as is the problem of low loss. For this reason, dielectric
      materials suitable for use in the low frequency region (below
      approximately 100 mc) have not been completely satisfactory in the
      microwave region.
PAR  The temperature coefficient of interest here is the one determined by
      changes of resonance frequency of a dielectric resonator. This effective
      temperature coefficient includes thermal expansion effects as well as
      dielectric effects. The effective temperature coefficient is defined by
      the equation:
EQU  .tau..sub.eff = -2/f df/dT
PAL  in which f is the resonant frequency.
PAR  Presently known dielectric materials do not have widespread use in
      dielectric resonator devices in the microwave region at this time. For
      example, one of the better materials with 20 mole percent BaO and 80 mole
      percent TiO.sub.2 (represented by the formula BaTi.sub.4 O.sub.9) has a
      dielectric constant of 38.0, a Q equal to 2500, but a temperature
      coefficient (of dielectric constant) of -49 ppm/degrees C at 2-11 GHz D.
      J. Masse et al, Proc. IEEE, November 1971, page 1628). Although dielectric
      constant and Q are satisfactory for microwave applications, the
      temperature coefficient is sufficiently high so that very close
      temperature control would be required to stabilize device characteristics.
      Similar results were obtained with a second material with composition 14.0
      mole percent BaO and 86.0 mole percent TiO.sub.2 exhibiting a dielectric
      constant of 50.3, a Q of 1600 and a temperature coefficient (of dielectric
      constant) of -368 ppm/degrees C at X band frequencies (8-12 GHz, D. W.
      Readey et al, "Microwave High Dielectric Constant Materials," final report
      on Contract No. DAABO7-69-C-0455, reports control symbol OSD01366).
PAC  SUMMARY OF THE INVENTION
PAR  The invention is concerned with microwave devices which employ materials of
      a specific composition as a dielectric material. The composition of the
      material involves largely the BaO-TiO.sub.2 system. However, limited
      substitutions of certain oxides for BaO and TiO.sub.2 can be made without
      adverse effects on the dielectric properties of the materials. These
      substituted oxides are often those which naturally occur with BaO and
      TiO.sub.2. Thus, unintentional presence of these impurities is often
      advantageous economically especially for large scale production in that
      less pure (and therefore less expensive) materials may be used. Also, the
      mechanical properties of ceramics made from the material or size of the
      crystalline unit cell, may be improved by these substitutions.
PAR  A convenient way of defining the composition is in terms of mole percent of
      divalent metal oxides and mole percent of tetravalent metal oxides. The
      dielectric material consists essentially of a composition made up of a
      material that yields 18.0 - 19.0 mole percent of divalent metal oxides
      [XO], remainder tetravalent metal oxides [YO.sub.2 ]. Of the total amount
      of XO, up to 0.4 mole percent of the XO may be a divalent metal oxide
      other than BaO (e.g., MgO, CaO, SrO, etc.) remainder BaO. Of the total
      amount of YO.sub.2, up to 7 mole percent of the YO.sub.2 may be a
      tetravalent metal oxide other than TiO.sub.2 (e.g., ZrO.sub.2, HfO.sub.2,
      SnO.sub.2, SiO.sub.2 etc.) remainder TiO.sub.2. Beyond these limits, the
      temperature coefficient increases significantly, Oxides other than
      divalent and tetravalent metal oxides should be avoided and at least be
      kept below 0.5 weight percent. These oxides to be avoided alter the
      dielectric properties of these materials, especially the low temperature
      coefficient. Naturally, 18.0 - 19.0 mole percent BaO, remainder TiO.sub.2
      is included in the above compositions and is preferred where close quality
      control is desirable. The material composition corresponds closely to the
      compound Ba.sub.2 Ti.sub.9 O.sub.20. It is believed that the beneficial
      characteristics of the claimed composition range originate from the
      formation of this compound. Although method of preparation is not
      essential to the invention, a particular procedure has led to good
      results. This procedure will be described in the detailed description
      section. Microwave devices utilizing this dielectric material exhibit
      superior performance because of the high dielectric constant and low loss
      (high Q) and because the temperature coefficient is particularly low. For
      example, very close control of the electrical properties of microwave
      devices can be obtained with external temperatures stabilization and in
      some applications the need for external temperature stabilization may be
      eliminated. Typical dielectric properties for these materials are a
      dielectric constant of 39.8, a Q over 6,000 and an effective temperature
      coefficient of -5 ppm/degree C.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a graph showing data on dielectric constant (K), quality factor
      (Q) temperature coefficient (.tau.) as a function of material composition;
PAR  FIG. 2 shows a side view of a bandpass filter including the dielectric
      material;
PAR  FIG. 3 is a top view of a bandpass filter including the dielectric
      materials;
PAR  FIG. 4 is a side view of a band reject filter showing the strip line
      conductor and the dielectric resonator;
PAR  FIG. 5 is a top view of a complementary filter showing the dielectric
      material; and
PAR  FIG. 6 is a graph showing data on temperature coefficient (.tau.) as a
      function of initial material composition for acid leached and unleached
      procedures.
DETD
PAC  DETAILED DESCRIPTION
PAC  1. Electrical Characteristics as a Function of Composition
PAR  The invention is best illustrated by a study of the electrical
      characteristics of the dielectric material as a function of composition.
      The electrical characteristics are measured in the microwave region since
      it is in this frequency region that there is considerable difficulty in
      obtaining suitable properties.
PAR  The three properties which are of importance for electrical device
      application are dielectric constant, dielectric loss (or high Q) and
      temperature coefficient of dielectric constant. These quantities are
      measured by conventional means. The dielectric constant is obtained by
      measuring the resultant frequency of the TE.sub.011 mode with the
      dielectric material in a specific geometry. The dielectric losses are
      measured by determining the Q of the TE.sub.O1.sub..delta. dielectric
      resonator mode and the effective temperature coefficient of the dielectric
      constant is measured by determining the change in frequency of the
      dielectric resonator mode as a function of temperature.
PAR  The results are given in FIG. 1 where the dielectric constant, dielectric
      loss (in terms of the Q) and effective temperature coefficient are plotted
      as a function of the composition of the dielectric material. Particularly
      noteworthy is the fact that the absolute value of the effective
      temperature coefficient is a minimum close to the composition which
      corresponds to Ba.sub.2 Ti.sub.9 O.sub.20.
PAR  From a device point of view, satisfactory results may be obtained from a
      dielectric material made up from composition 18.0 - 19.0 mole percent
      divalent metal oxide (XO) remainder tetravalent metal oxide (YO.sub.2)
      with the restrictions on composition of XO and YO.sub.2 outlined in the
      summary section. For minimum temperature coefficient of dielectric
      constant, 18.1 - 18.3 mole percent divalent metal oxide remainder
      tetravalent metal oxide is preferred with the same restrictions on
      composition of the divalent metal oxides and tetravalent metal oxide as
      outlined above for the wider composition range. Again, 18.1 - 18.3 BaO
      remainder TiO.sub.2 is included in this composition range and is often
      preferred where a high degree of quality control might be desirable. It
      should be noted that this composition corresponds closely to the nominal
      composition Ba.sub.2 Ti.sub.9 O.sub.20 from which it is believed much of
      the desirable dielectric properties originate.
PAR  Other studies, such as X-ray studies, indicate that the phase responsible
      for the unique combination of suitable dielectric properties is a compound
      with the approximate nominal formula Ba.sub.2 Ti.sub.9 O.sub.20. For
      example, these X-ray studies show that at the composition of from 18.1 to
      18.3 mole percent BaO, remainder TiO.sub.2 (corresponding closely to the
      composition of Ba.sub.2 Ti.sub.9 O.sub.20), only one phase is detected and
      outside this range, other phases begin to appear. Further, substitutions
      consistent with the limitations outlined above do not produce any
      detectable additional phases.
PAC  2. Preparation of the Dielectric Material
PAR  A large variety of methods can be used for the preparation of the
      dielectric material. For example, single crystals might be prepared and
      used in an electrical device. However, this method is sometimes
      economically disadvantageous because of the difficulty in preparing single
      crystals in large quantities and the need for specific shapes and sizes in
      electrical devices. For this reason a polycrystalline technique is
      advantageous for preparing a ceramic form of the dielectric material.
PAR  Method of preparation is illustrated where the divalent metal oxide is BaO
      and the tetravalent metal oxide is TiO.sub.2. Starting materials can be
      any reagents that yield BaO and TiO.sub.2 under conditions of the
      preparation. Reagent grade BaCO.sub.3 and TiO.sub.2 are convenient.
      Measured amounts of starting materials are mixed by conventional means,
      such as ball milling, freeze drying, spray drying etc. The mixed reagents
      are dried, screened and reacted at a temperature between 1000.degree.C and
      1200.degree.C for 1 - 48 hours in an atmosphere containing oxygen. A
      reaction temperature of 1125 to 1175 for a time of 2 - 6 hours is
      preferred since it gives a superior product. Also, an oxygen enriched
      atmosphere, such as an atmosphere containing at least 90 percent oxygen is
      preferred for the same reason. X-ray analysis can be used to monitor the
      decomposition of reagents which yield BaO and TiO.sub.2 on decomposition
      and the formation of the reaction product. Additional mixing of the
      reacted powder is also beneficial.
PAR  One way of carrying out the mixing referred to above is the use of ball
      milling (see for example Physical Ceramics for Engineers, by L. H.
      VanVlack, Addison-Wesley, 1964) in a jar made for example of polyethylene
      under an organic liquid such as acetone or under water. The balls are made
      from a variety of materials such as aluminum silicate and alumina. Organic
      liquids are preferred where cost is not important such as where only
      limited amounts of dielectric material are being made. Organic liquids do
      not change the stoichiometry of the reactants since the reactants are not
      soluble in organic liquids. Water may be preferred where cost is
      important. In this case, some reactant dissolves in the water and some
      adjustment in initial amounts of reactant is required so that the
      composition after ball milling corresponds to the stoichiometric
      composition. To avoid this problem, the water may be saturated with the
      reactants (or just reused continuously) prior to use in the ball mill.
PAR  Before converting into a dielectric body by sintering or hot pressing, it
      is preferred to acid leach the reacted starting materials. This procedure
      improves the Q of the final product and makes the Q more reproducible from
      batch to batch. It also improves the aging qualities (especially stability
      of the Q to thermal cycling) of the final product. Any acid with
      dissociation constant greater than 10.sup..sup.-5 may be used for leaching
      but best results are obtained with a strong acid (dissociation constant
      greater than 10.sup..sup.-2 e.g., HNO.sub.3, HC1, H.sub.2 SO.sub.4, etc.)
      with HNO.sub.3 and HC1 being most preferred. For convenience, the acid
      leach is carried out for between 10 minutes and 6 hours. Times of 2-4
      hours are preferred. The temperature may vary from the freezing point of
      the acid to about 50.degree.C but room temperature is preferred for
      convenience. Acid leaching above 50.degree.C is inconvenient and has no
      advantages over acid leaching below 50.degree.C. Acid concentration may
      vary from 0.1M to ordinary concentrated acid (generally 10-18 Molar).
      Ordinary concentrated acid (10-18 Molar) is preferred for convenience. A
      typical procedure is to use concentrated HNO.sub.3 (14-17 Molar) at an
      acid to powder ratio of 200 m1/100 gms and to carry out the acid leach for
      three hours at room temperature. Because this leaching procedure removes
      material richer in Ba than the starting material, the final product is not
      the desired composition which corresponds to minimum absolute value of
      .tau..sub.eff. Where acid leach is used, the initial composition should be
      such as to compensate for this Ba loss. Typically, under the conditions
      described above, an initial composition of 18.4 to 18.6 mole percent BaO,
      remainder TiO.sub.2, yields minimum value of the absolute values of
      .tau..sub.eff.
PAR  FIG. 6 illustrates the procedure by which .tau..sub.eff is minimized by
      variation in initial composition. FIG. 6 shows a graph of .tau..sub.eff in
      units of ppm/degree C VS initial composition of the dielectric material in
      mole percent of TiO.sub.2. By varying initial concentration and measuring
      .tau..sub.eff, the initial concentration for minimum .tau..sub.eff may be
      obtained for a particular acid leaching procedure. For this illustration,
      concentrated HNO.sub.3 was used as the leaching acid and the procedure
      described in the above paragraph was followed. Similar results are
      obtained with concentrated HC1. Equally good results may be obtained with
      H.sub.2 SO.sub.4 but the optimum initial concentration appears to be on
      the TiO.sub.2 rich side of the optimum concentration of the unleached
      procedure.
PAR  Typical improvement in the Q as compared to the unleached material are as
      follows: For unleached material, the Q was 4,900; for HNO.sub.3 leaching
      9,400; for HC1 leaching 9,200 and for H.sub.2 SO.sub.4 leaching 9,600.
PAR  Acid leaching improves the dielectric properties of other compositions in
      the BaO-TiO.sub.2 systems. For example, the composition 19-21 mole percent
      BaO remainder TiO.sub.2 when prepared into a ceramic essentially as
      described above but without acid leaching yields a Q of 6400 at 4 GHz
      frequencies. With acid leaching, the Q was found to be 9400. In this
      composition range, the effective compound is believed to be BaTi.sub.4
      O.sub.9. For this reason, compositions closer to that of BaTi.sub.4
      O.sub.9 [20 mole percent BaO remainder TiO.sub.2 ] are preferred as for
      example 19.5 - 20.5 mole percent BaO remainder TiO.sub.2. Properties and
      preparation of these materials are given in the following publications:
PAR  1. D. J. Masse et al, Proceedings of the IEEE (Lett) Vol. 59, Nov. 1971,
      pp. 1628-1629.
PAR  2. Microwave High Dielectric Constant Materials, final report prepared by
      D. W. Readey et al of the Raytheon Co. under contract No.
      DAAB07-69-C-0455, Technical Report ECOM-0455-F, Reports Control Symbol
      OSD-1366, June 1971.
PAR  A dielectric body suitable mechanically for making specifically shaped
      bodies for use in devices is made by either of two methods; hot pressing
      or sintering. Preferably, these steps should be carried out in an
      oxygen-enriched atmosphere. These methods involve densification of the
      ceramic body so that the density of this body approaches the theoretical
      density exhibited by, for example, single crystals of the dielectric
      material. In the hot pressing method the ceramic is exposed to high
      pressures and temperatures to make a densified product. Typical pressures
      are 1000-6000 psi, the lower pressure limitation to insure reasonable
      densification and the upper limitation for convenience since higher
      pressures do not provide additional benefits and to prevent fracture of
      the pressure die. Temperature is between 1150.degree. and 1400.degree.C;
      the lower limit to insure densification; the upper limit for convenience
      since higher temperatures do not provide additional benefits. The minimum
      time is 30 minutes to insure complete reaction; the maximum 10 hours since
      reaction is complete in this time. The density attained is typically 99
      percent of the theoretical. Where required samples are given a reoxidation
      treatment. This treatment is carried out at a temperature between
      900.degree. and 1400.degree.C, in an oxygen-enriched atmosphere for 10 -
      100 hours. The lower limits are provided to insure reaction; the upper
      limits for convenience since higher temperature or longer reaction times
      provide no additional benefits.
PAR  In the sintering operation the dielectric material is first pressed in a
      steel die at a pressure between 2000-10,000 psi. The sample is then heated
      to a temperature between 1300 and 1420.degree.C where it is maintained for
      1 - 24 hours and then cooled. In the above pressure, temperature and time
      ranges, the lower limit is imposed to insure proper densification of the
      body made from the dielectric material. The upper limit is imposed for
      convenience since no benefits are obtained by exceeding these limits.
      Rates of heating and cooling higher than 300.degree.C per hour may have
      detrimental effects on the product but the lower limit is for convenience
      only. These samples may also be exposed to a post-firing reoxidation
      treatment as described above.
PAC  3. Devices Employing Dielectric Material
PAR  A variety of devices may be made employing this dielectric material.
      Particularly advantageous is the fact that strip line techniques may be
      used which yield devices both smaller in size and lower in cost than
      waveguide devices traditionally used in the microwave region. Also,
      performance is superior because of the greater flexibility in device
      design and characteristics of the dielectric material used in these
      devices.
PAR  One class of devices makes use of the dielectric material as a dielectric
      resonator. The dielectric resonator has dimensions and shape such that for
      the frequency of the microwave energy of interest, the microwave energy is
      resonant (has high energy storage) inside the resonator. A typical device
      is shown in FIGS. 2 and 3. This is a bandpass filter which allows a
      certain band of frequencies to propagate and reject frequencies outside
      this bandpass. The device shown in FIG. 2 is made up of cylindrical
      resonators 21 and a stripline conductor 22, ceramic substrate 23 and
      bottom 24 and top 25 ground planes. FIG. 3 shows a top view of this same
      device with cylindrical resonators 31 and stripline conductors 32.
      Frequency and bandpass characteristics of this device depend largely upon
      the diameter and height of these cylindrical resonators and spacing
      between these resonators. In the bandpass filter shown in FIGS. 2 and 3,
      the stripline is interrupted in the structure so the structure is
      non-propagating (in the absence of dielectric resonators) for microwave
      energy. One or more dielectric resonators are inserted between the
      interrupted stripline to couple energy from one stripline to another.
      Direct coupling is achieved by placing the dielectric resonators close
      together. Coupling can also be achieved by placing the dielectric
      resonator an odd multiple of one quarter wavelength apart when propagating
      stripline is used between the resonators. The wavelength referred to here
      is the microwave wavelength inside the microwave filter. Typical
      dimensions of the dielectric resonator for a center band frequency of 4
      GHz is diameter 0.6 inches, and height 0.175 inches.
PAR  FIG. 4 shows a side view of a band reject filter 40 (a certain band of
      frequencies not propagated by the device). Here cylindrical resonators 41
      are shown as well as a stripline conductor 42 and ceramic substrate 43.
      Here, the stripline is continuous and the structure is propagating in the
      absence of dielectric resonators. The dielectric resonators are placed an
      odd multiple of a quarter wavelength apart and make the structure
      non-propagating to frequencies surrounding the resonant frequency of the
      dielectric resonator.
PAR  FIG. 5 shows a dielectric resonator complementary filter 50 showing
      dielectric resonators 51 in a propagating waveguide 52 and some dielectric
      resonators in a non-propagating waveguide 55. Spacing of the dielectric
      resonators in the propagating and non-propagating waveguide is different.
      The dielectric resonators are arranged in such a way so that a narrow band
      of frequencies usually within the frequency range propagating in the
      microwave circuit is rejected in the band rejection section 53 but is
      passed in the bandpass section 54. This has the effect of removing one
      narrow band of frequencies or one channel from a larger band of
      frequencies or multiple channels in a communication system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for processing microwave electrical energy comprising a
      dielectric material for interaction with the microwave electrical energy a
      means for introducing microwave electrical energy to the dielectric
      material and a conducting member to contain the microwave electrical
      energy in the apparatus characterized in that the dielectric material
      consists essentially of a composition made up of ingredients that yields
      18.0 - 19.0 mole percent divalent metal oxide remainder tetravalent metal
      oxide in which of the total amount of divalent metal oxide 0 - 0.4 mole
      percent is a metal oxide other than BaO, remainder BaO and of the total
      amount of tetravalent metal oxide 0 - 7 mole percent is metal oxide other
      than TiO.sub.2, remainder TiO.sub.2.
NUM  2.
PAR  2. The apparatus of claim 1 in which the ingredients consist essentially of
      said divalent metal oxide and said tetravalent metal oxide.
NUM  3.
PAR  3. The apparatus of claim 1 in which the divalent metal oxide consists
      essentially of BaO and the tetravalent metal oxide consists essentially of
      TiO.sub.2.
NUM  4.
PAR  4. The apparatus of claim 1 in which said ingredients yield 18.1 - 18.3
      mole percent divalent metal oxide remainder tetravalent metal oxide.
NUM  5.
PAR  5. The apparatus of claim 4 in which the divalent metal oxide consists
      essentially of BaO and the tetravalent metal oxide consists essentially of
      TiO.sub.2.
NUM  6.
PAR  6. The apparatus of claim 1 in which the dielectric material consists
      essentially of a compound with approximate nominal formula Ba.sub.2
      Ti.sub.9 O.sub.20.
NUM  7.
PAR  7. The apparatus of claim 1 which include at least one dielectric resonator
      in the shape of a right cylinder with dimension such that it is resonant
      at a particular microwave frequency.
NUM  8.
PAR  8. The apparatus of claim 6 which includes a bandpass filter in which the
      means for introducing microwave electrical energy to the dielectric
      material is a stripline which is interrupted and at least one dielectric
      resonator is placed between the interrupted stripline.
NUM  9.
PAR  9. The apparatus of claim 6 which includes a band reject filter which
      rejects a band of microwave frequencies in which the means for introducing
      microwave electrical energy to the dielectric material is a stripline
      which is continuous through the structure so as to form in the absence of
      dielectric resonators a propagating structure and in which at least one
      dielectric resonator is located in the structure spaced from each other at
      odd multiples of a quarter structure wavelength of the microwave frequency
      band to be rejected.
NUM  10.
PAR  10. The apparatus of claim 6 which includes a complementary filter made up
      of two exit arms one of which is a bandpass filter for a particular
      microwave frequency and the other exit arm is a band reject filter for the
      same microwave frequency.
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ABST
PAL  This invention relates to a push-button operated bipolar, faulty current
      protective switch, with a trip-free release and a switched-on position
      that is not affected by the push-button.
PAL  Such a circuit breaker includes a bell crank and a switching bar which is
      controlled by an electromagnetic tripping device.
BSUM
PAR  This invention relates to a push-button operated bipolar faulty current
      protective switch having two fixed contacts, and co-operating therewith,
      two movable contacts, and an electromagnetic tripping device which is
      actuated in dependence on the fault current.
PAR  The known earth-leakage circuit breakers are of a relatively large size,
      have no instantaneous switching-on facility and sometimes also no
      trip-free release.
PAR  The invention is concerned with the problem of designing a circuit breaker
      of the above described kind in the most space-saving manner possible, in
      such manner that it switches both circuits simultaneously on or off, that
      it has instantaneous switching off and instantaneous switching on
      facilities and trip-free release and that its switched on or connection
      position cannot be altered by actuating the push-button.
PAR  According to the present invention there is provided a push-button operated
      bipolar faulty current protective switch having two fixed contacts
      co-operating with two movable contacts and an electromagnetic tripping
      device which is actuated in dependence on a faulty current, such a circuit
      breaker comprising a switching bar, a bell crank made of electrically
      insulating material, a spring biased pushbutton rigidly connected to the
      switching bar, the bell crank including first and second leg members, the
      first leg member being arranged transversely of the switching bar so that
      it is freely pivotable thereon and displaceable axially thereof, the
      second leg member being arranged parallel to the switching bar and having
      a cross member of an insulating material pivotally mounted about an axis
      substantially parallel to the switching bar and being provided at each of
      its ends with one of the movable contacts, the switching bar including a
      drive member adapted to engage an abutment on the second leg member in the
      switched off condition of the bell crank, a stop member for maintaining
      the bell crank at an angle to the switching bar in the switched off
      condition of the bell crank so that it can be moved to the switched on
      condition, the electromagnetic tripping device including an armature
      provided with a protuberance adapted to maintain the bell crank in its
      switched on condition against the bias of a spring.
PAR  This construction of circuit breaker firstly provides the possibility of
      both current circuits being simultaneously switched on or off. As soon as
      the faulty current has reached a specific value the electromagnet attracts
      the armature so that the latter releases the bell crank and, due to the
      spring, the bell crank jerks into its switched off position, whereby
      instantaneous switching off is obtained. In this switched off position the
      stop member positions the bell crank obliquely so that during the
      switching on movement of the push-button and the switching bar the drive
      member disposed on the switching bar entrains the bell crank and causes it
      to engage behind the protuberance of the armature of the electromagnetic
      tripping device. As soon as the first leg of the bell crank has engaged
      behind the protuberance and the push button is thereafter released there
      results, under the effect of the spring, a pivoting movement of the bell
      crank about the protuberance of the armature as fulcrum. During this
      pivoting movement of the bell crank and before the latter has reached its
      switched on position its abutment slides off the drive member of the
      switching bar so that the bell crank acted upon by the spring then
      performs a jerky pivoting movement and the two movable contacts also
      abruptly come into contact with the fixed contacts, whereby instantaneous
      switching on has been obtained. In the switched on position of the bell
      crank or of the movable contacts the abutment of the bell crank is not
      within the range of travel of the drive member of the switching bar, so
      that when the push button is actuated with the bell crank in the switched
      on position this position of the bell crank or of the movable contacts
      cannot be altered. In the present circuit breaker sparking in the switched
      on position is thus precluded. Consequently and by virtue of the
      instantaneous switching on and off facilities the movable and the fixed
      contacts are protected against wear so that the circuit breaker has a long
      useful life. The fact that a bell crank of insulating material mounted to
      be pivotable and to be displaceable in axial direction of the switching
      bar is employed provides the advantage of a space-saving construction.
      Automatic contact pressure compensation is obtained by virtue of the cross
      member carrying the movable contacts being pivotably mounted in the bell
      crank. As a result of the abutment of the bell crank not being within the
      range of travel of the drive member of the switching bar in the switched
      on position release is also possible when the push-button is jammed or
      held fast in the depressed position. Since the disconnection spring is
      then inactive, the compression spring moves the bell crank into the
      switched off position. This release is a trip-free release.
PAR  In one form each of the movable contacts is arranged on one arm of a
      U-shaped carrier on the cross member, the other arm of the said carrier
      being in electrical contact with a terminal of the circuit breaker.
PAR  Preferably, the axial displaceable movement of the bell crank is achieved
      by means of aligned members on the first leg of the bell crank which are
      guided in grooves which extend in the direction of movement of the
      push-button. Further, the switching bar may include shoulders which are
      also guided in the grooves.
PAR  Conveniently the circuit breaker may include a detector circuit for
      detecting a faulty current, the detector circuit being connected to the
      electromagnetic tripping device.
PAR  In one form the circuit breaker includes a pivotable contact spring
      provided with a terminal member, the said spring being movable into
      contact with a terminal for the circuit breaker in the switched on
      position by means of a member on the switching bar.
PAR  The circuit breaker may also include an additional pair of contacts, one of
      which is movable and the other of which is fixed, and a test key for
      actuating the further pair of contacts in order to energise the
      electromagnetic tripping device.
PAR  Further, the present circuit breaker may conveniently be incorporated in a
      conventional socket.
DRWD
PAR  An illustrative embodiment of the invention will now be described with
      reference to the accompanying drawings, in which:-
PAR  FIG. 1 shows a cross-sectional view of one form of the present circuit
      breaker in its switched on condition;
PAR  FIG. 2 shows a section taken along line II--II of FIG. 1;
PAR  FIG. 3 shows a section taken along line III--III of FIG. 1;
PAR  FIG. 4 shows a section taken along line IV--IV of FIG. 5;
PAR  FIG. 5 shows the same view as FIG. 1, but with the circuit breaker in its
      switched-off condition; and
PAR  FIG. 6 shows a section taken along line VI--VI of FIG. 5.
PAR  Referring now to the drawings, there is shown a circuit breaker having a
      housing comprised of two dish-shaped halves, or members 1 and 2, of
      dielectric material which halves may be connected to one another by
      tubular rivets passing through corresponding bores. A push-button 4 is
      mounted for vertical displacement in respective corresponding recesses 5
      of each housing members 1, 2. The push-button 4 which is of insulating
      material is detent fitted or snap fitted by undercuts onto a switching bar
      6 of insulating material and consequently rigidly connected with the
      switching bar 6. To the switching bar 6 there is mounted, with a
      relatively great clearance so as to be displaceable in axial direction of
      the switching bar 6, a leg 7 of a bell crank 8 of insulating material. The
      leg 7 is situated transversely of the switching bar 6 and the arrangement
      is such that the bell crank 8 which additionally possesses a second leg 9
      can also be pivoted relative to the switching bar 6. Lateral pins 10, of
      circular cross-section, of the leg 7 are supported on shoulders 11 of the
      switching bar 6. Both the pins 10 and the shoulders 11 are displaceably
      guided in corresponding vertical grooves of the parallel oppositely
      located walls of two housing members 1, 2. In the region of the shoulders
      11 the switching bar 6 has a drive member 12 capable of co-operating with
      an abutment 13 of the leg 9 of the bell crank 8.
PAR  As is apparent from FIG. 2, the leg 9 of the bell crank 8 has a recess 14
      the vertical boundary walls of which are of arcuate configuration. In this
      recess 14 there is pivotably mounted, between the arcuate boundary walls,
      a cross-bar 15 of insulating material to each of the two ends of which a
      respective U-shaped contact carrier 16 is secured. One arm of the contact
      carrier 16 carries a movable contact 17 which in the switched on positions
      of FIGS. 1 and 2 contacts a fixed contact 18 secured to a terminal 19. The
      other arm of the U-shaped contact carrier 16 is connected electrically,
      via a length of wire braiding 20, to a terminal 21. Thus the switch has
      two spaced apart parallel identical current circuits. Between the enlarged
      lower end of the switching bar 6 and the leg 7 of the bell crank 8 a
      compression spring 22 is provided on the switching bar 6, which spring is
      somewhat weaker than a disconnection spring 23 also in the form of a
      compression spring and also disposed on the switching bar 6, between the
      push-button 4 and an insulating disc 24 supported by the bottom of the
      recesses 5. The switching bar 6 passes with clearance through a
      corresponding bore of the insulating disc. At the lower end of the
      switching bar 6 the switching bar has an attachment 25 which in the
      switched on position of FIG. 1 urges a contact spring 26 against the
      terminal 21. The contact spring 26 is formed in one piece with a terminal
      27.
PAR  In suitable recesses of each housing member 1, 2 there is disposed on
      electromagnetic tripping device 28 including a coil body 29 with a coil 30
      the ends of which are electrically connected to two terminals 31. The
      tripping device 28 further includes a magnet core 33, a magnet yoke 34
      which encompasses the coil body 29 in U-configuration, and a pivotable
      armature 35 held in a non attracted position as in FIG. 1 by a torsion
      spring 36 disposed on a pivot shaft 32 of the armature. As can be seen in
      FIG. 5 in particular, the armature 35 has a recess and a retaining
      protuberance 37 bent at a right angle and supporting the leg 7 of the bell
      crank 8 in the switched on position of FIG. 1.
PAR  In suitable recesses of each housing member 1, 2 there is vertically
      displaceably mounted a test key 38 acting on a pivotable contact spring 39
      which co-operates with a fixed contact spring 40. Both contact springs 39
      and 40 are connected in the circuit of the coil 30 which can be
      selectively energised and thus tested by means of the test key 38.
PAR  The present circuit breaker operates in the following manner:-
PAR  The coil 30 is connected to an electronic circuit which serves to determine
      a faulty current fed to the coil 30. As soon as the faulty current reaches
      a specific value e.g 5 mA, the electromagnet attracts the armature 35 so
      that the latter passes into the FIG. 5 position. Its retaining
      protuberance 37 releases the bell crank 8 so that by the action of the
      disconnection spring 23 the bell crank 8 moves into the switched off
      position of FIG. 5 in which position the bell crank 8 is positioned
      obliquely relative to the FIG. 1 connection position, by a stationary stop
      41, as can be clearly seen in FIG. 5. The disconnection spring 23 effects
      an instantaneous disconnection. If during this release the push-button is
      constrained in the FIG. 1 position so that the disconnection spring 23 is
      ineffective, then the compression spring 22 causes the bell crank 8 with
      the movable contacts 17 to be displaced into the disconnection position of
      FIG. 5. This release is a trip-free release. During release the attachment
      25 of the switching bar 6 frees the contact spring 26 so that the latter
      lifts off the terminal 21 (FIG. 5).
PAR  When the push-button 4 is operated in the switched off position of FIG. 5,
      then the member 12 of the switching bar 6 entrains the abutment 13 of the
      bell crank 8 and causes the leg 7 of the bell crank to engage behind the
      retaining protuberance 37 of the armature 35. The thereby attained lowest
      position of the bell crank 8 is indicated by thin dot-dash lines in FIG.
      1. When the push button is now released, the bell crank 8 is rotated, by
      the action of the compression spring 22, clockwise in FIG. 5, about the
      retaining protuberance 37 as fulcrum. Thereby the abutment 13 slides off
      the drive member 12 just prior to the connection position being reached,
      so that subsequently the rotation of the bell crank 8 under the action of
      the compression spring 22 proceeds abruptly, so that the movable contacts
      17 also abruptly come to contact the fixed contacts 18 and thus an
      instantaneous connection has been obtained.
PAR  In this switched on position the attachment 25 of the switching bar 6 urges
      the contact spring 26 against the terminal 21. The contact spring 26 is
      thus leadingly connected and laggingly disconnected.
PAR  With the aid of the test key 38 it is at any time possible to check whether
      the tripping device 28 is in proper condition and ready to perform its
      function.
PAR  One terminal 31 or coil 30 is connected to the terminal 27 and the other
      terminal 31 is connected to the electronic circuit, so that when the
      push-button 4 is actuated the coil 30 is also energised.
CLMS
STM  I claim:
NUM  1.
PAR  1. A push-button operated bipolar faulty current protective switch having
      two fixed contacts and two movable contacts, said fixed contacts
      co-operating with said movable contacts, and an electromagnetic tripping
      device which is actuated in dependence of a faulty current, such a circuit
      breaker comprising a switching bar, a bell crank made of electrically
      insulating material, a spring biased push-button, said push-button being
      rigidly connected to the switching bar, said bell crank including first
      and second leg members, said first leg member being arranged transversely
      of the switching bar so that it is freely pivotable thereon and
      displaceable axially thereof, said second leg member being arranged
      parallel to said switching bar, a cross member of an insulating material,
      said cross member having an abutment and being arranged on said second leg
      member and pivotally mounted about an axis substantially parallel to said
      switching bar and being provided at each of its ends with one of said
      movable contacts, said switching bar including a drive member, said drive
      member being adapted to engage said abutment on said second leg member in
      the switched off condition of said bell crank, a stop member, said stop
      member being adapted to maintain said bell crank at an angle to said
      switching bar in the switched off condition of said bell crank, so that it
      can be moved to the switched on condition, said electromagnetic tripping
      device including an armature provided with a protuberance, a spring, said
      protuberance being adapted to maintain said bell crank in its switched on
      condition against the bias of said spring.
NUM  2.
PAR  2. A circuit breaker according to claim 1, which includes a U-shaped
      carrier on said cross member each of the movable contacts being arranged
      on one arm of said U-shaped carrier, the other arm of the said carrier
      being in electrical contact with a terminal of the circuit breaker.
NUM  3.
PAR  3. A circuit breaker according to claim 1 in which the axially displaceable
      movement of said bell crank is achieved by means of aligned members on the
      first leg of the bell crank which are guided in means defining grooves
      which extend in the direction of movement of the push-button.
NUM  4.
PAR  4. A circuit breaker according to claim 3, in which said switching bar
      includes shoulders which are also guided in said means defining said
      grooves.
NUM  5.
PAR  5. A circuit breaker according to claim 2, which includes a pivotable
      contact spring provided with a terminal member, said spring being movable
      into contact with a terminal for the circuit breaker in the switched on
      position by means of a member on said switching bar.
NUM  6.
PAR  6. A circuit breaker according to claim 1, which includes an additional
      pair of contacts, one of which is movable and the other of which is fixed,
      and a test key for actuating the further pair of contacts in order to
      energise the electromagnetic tripping device.
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ABST
PAL  A reed switch is made by forming an envelope tube, non-circular in
      cross-section, with a known internal heightwise dimension, forming a reed
      element with two end-bearing portions at least one of which is part of a
      contact section of the reed element and an intermediate sealing-bearing
      section between and entirely out of a plane defined by the end-bearing
      portions of the reed, the distance between the plane and a bearing surface
      of the sealing-bearing section being greater than the internal heightwise
      dimension of the envelope tube; inserting the reed element into an open
      end of the envelope tube sufficiently far to cause both of the end-bearing
      portions and the bearing surface of the sealing-bearing section to bear
      against the inside wall of the envelope tube, the end-bearing portion of
      the contact section of the reed element bearing with a force greater than
      the force ultimately to be exerted by that portion in the finished switch;
      sealing at least a part of the sealing section in the envelope tube to
      seal said tube and form the reed switch envelope, and relieving at least a
      part of the pressure exerted upon the inside wall by the end-bearing
      portion of the contact section of the reed.
PAL  The resulting reed switch has at least one reed element with two
      end-bearing portions bearing upon undistorted areas of the inside wall of
      the envelope and a sealing section sealed in the envelope, the force with
      which the end portion of the contact section or sections bears against the
      envelope wall being less than the force with which it bore during the reed
      switch forming process.
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PAC  RELATED APPLICATIONS
PAR  The subject matter of the present application is related to that of my
      co-pending U.S. application Ser. No. 400,796, and of its parent
      application Ser. No. 290,113 now U.S. Pat. No. 3,794,944 and, as to common
      subject matter, the present application, is a continuation-in-part
      thereof.
PAC  BACKGROUND OF THE INVENTION
PAR  The state of the art in the manufacture of reed switches before my
      inventions therein is described in my U.S. Pat. No. 3,794,944.
PAR  In that patent, I have disclosed a new reed switch in which the envelope is
      made non-circular in cross section and a reed is so formed as to permit it
      to constitute the sole means of positioning it in five of the six possible
      degrees of freedom while it is being sealed into its envelope.
PAR  The reed elements of the two-element reed switches described in U.S. Pat.
      No. 3,794,944 are made with a sealing section with an effective
      cross-sectional configuration complementary to and dimensioned to fit
      closely the noncircular envelope, and of greater cross-sectional area than
      that of the reed or contact section. This has required special forming of
      the reed elements. To maintain the position and orientation of the
      elements during manufacture of glass-envelope switches, it has been
      necessary to have a sealing section of a length to bear on unsoftened
      glass throughout the sealing step.
PAR  The present invention relates to a reed switch and method of making it, by
      which a reed element (or, in the usual case, each of a plurality of reed
      elements) and an envelope tube can be used to serve as the sole means for
      holding the reed element against movement in all six possible degrees of
      freedom, of using the dimensions of the envelope tube and reed element
      precisely to determine the gap between the contact areas of overlapping
      reed elements, and to produce a predetermined desired pressure of the
      end-bearing portion of the contact section of the reed element against the
      envelope wall to minimize bounce and flagging of th he reed contact, by
      utilizing the springiness of the reed element itself.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with this invention generally stated, a reed switch is
      provided with a reed element having two end-bearing portions, at least one
      of which is part of a contact section, and an intermediate sealing-bearing
      section, all within an envelope, the end-bearing portions bearing upon an
      undistorted part of the inside wall of the envelope and the
      sealing-bearing section being sealed in and to the envelope. In the
      finished switch, a part of the envelope surrounding an outer, lead,
      section of which one end-bearing portion is a part may be removed, to
      expose the lead section. In forming the reed switch of this invention, an
      envelope tube is formed, non-circular in cross-section, with a known
      internal heightwise dimension uniform throughout its envelope-forming
      length. A reed element is formed with two end-bearing portions and an
      intermediate sealing-bearing section between and entirely out of a plane
      defined by the opposite end-bearing portions of the reed element. The
      distance between the plane and a bearing surface of the sealing-bearing
      section is greater than the internal heightwise dimension of the envelope
      tube. The reed is forced into an open end of the envelope sufficiently far
      to cause both of the end portions and the bearing surface of the
      sealing-bearing section to bear against the inside wall of the envelope
      tube, the contact end-bearing portion of the reed bearing with a force
      greater than the force ultimately to be exerted by that portion in the
      finished switch. At least a part of the sealing-bearing section is then
      sealed in what becomes the envelope and the pressure exerted by the
      end-bearing portion of the contact section of the reed element is
      relieved, at least in part. In the preferred embodiment, the envelope tube
      is made of glass and is of substantially uniform, generally rectangular
      internal cross section. The reed element is of substantially uniform
      rectangular cross sectional configuration, of a width to fit slidably but
      closely within a widthwise internal dimension of the envelope tube, of a
      thickness less than half the heightwise internal dimension of the envelope
      tube, and of a length less than the length of the envelope tube. The reed
      element is bent intermediate its ends beyond the memory of the reed
      element to form the sealing-bearing section. After the formed reed element
      is inserted in the envelope tube, the glass of the envelope tube is
      softened in the area of the sealing-bearing section of the reed element
      until the reed is sealed in the envelope, while at the same time, the
      sealing-bearing section moves a part of the softened envelope tube away
      from the plane defined by the end-bearing portions of the reed and
      relieves at least part of the bearing force of the inner end-bearing
      portion of the reed. Either in lieu of the displacement of glass by the
      sealing-bearing section of the reed, or supplementary thereto, the reed
      between the sealing-bearing section and the inner contact portion of the
      reed can be heated to relieve the bearing force, as by a finely focused
      laser beam. In those embodiments in which in-line series-connected
      switches are formed in a single envelope, intermediate reed elements may
      have two contact sections rather than a lead and a contact section.
PAR  In the preferred embodiment, the springiness of the reed element not only
      serves to hold the reed element against lengthwise translation during the
      sealing process, but serves to provide an automatic pressure adjusting
      means when the glass is softened. The bearing of the contact section
      end-bearing portion on the inner wall of the envelope minimizes flagging
      and bounce of the contact sections of the switch.
PAR  In the description heretofore and to follow, the terms "heightwise" and
      "widthwise" are used only as a matter of convenience and clarity as
      applied to the drawings. Since the reed elements will hold themselves in
      position during the inserting and sealing steps of their manufacture, the
      envelope tube can be oriented in any possible attitude during those steps.
PAR  One of the objects of this invention is to provide a reed switch which is
      easy and economical to make, uniformly accurate and reliable, and in which
      bounce and flagging are minimized.
PAR  Other objects will become apparent to those skilled in the art in the light
      of the following description and accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawing, FIG. 1 is a view in side elevation, much enlarged, of one
      embodiment of reed element of this invention before its insertion in an
      envelope tube;
PAR  FIG. 2 is a lengthwise sectional view, much enlarged, of one embodiment of
      envelope tube of this invention, in which the reed element shown in FIG. 1
      has been inserted, and also another, identical, reed element, rotated
      180.degree. about a long axis from the other;
PAR  FIG. 3 is a top plan view, much enlarged, of a reed switch of this
      invention, just after the reed elements have been sealed into the
      envelope;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a view in end elevation, viewed from the line 5--5 of FIG. 4;
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 4;
PAR  FIG. 7 is a top plan view of a reed switch of the same construction as FIG.
      3, with an outside portion at each end of the envelope removed to expose
      outer lead portions of the reed elements;
PAR  FIG. 8 is a view in side elevation of the reed switch of FIG. 7;
PAR  FIG. 9 is a lengthwise sectional view showing a plurality of reed elements
      in an envelope tube before sealing to form a plurality of reed switches
      each with two reed elements; and
PAR  FIG. 10 is a lengthwise sectional view showing a plurality of reed elements
      in an envelope tube before sealing, arranged to form a single-envelope,
      aligned series-connected reed switch.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings and particularly FIGS. 1-8 for one
      illustrative embodiment of this invention, reference numeral 1, FIGS. 7
      and 8, indicates a completed reed switch, with an envelope 2 and reed
      elements 3 and 4. Except in a distorted sealing area, the envelope 2 is
      generally rectangular in cross section, as shown particularly in FIG. 5,
      with a widthwise dimension greater than a heightwise dimension, to provide
      broad upper and lower inside surfaces 21 and 22, relatively narrow
      heightwise inside surfaces 23 and 24, and somewhat rounded or chamfered
      concaves or fillets 25 between them. In practice, the heightwise inside
      surfaces are slightly bowed outwardly, as shown somewhat exaggeratedly in
      FIGS. 5 and 6.
PAR  The reed elements 3 and 4 are identical, but rotated 180.degree. from one
      another about their long center axis. Each of the reed elements in this
      embodiment is rectangular in cross-section, with a chamfer or radius at
      each long edge corresponding complementarily to the chamfer or radius of
      the fillets 25, and has a lead or outer section 51, a contact or inner
      section 52, and a sealing-bearing section 53. In the embodiments shown, an
      outer end bearing portion 55 consists of an edge of the end of the outer
      section 51. An inner endbearing portion 56 of the inner end section of the
      reed consists of an edge of the inner end of the inner section 52. The
      sealing-bearing section 53 has a bearing portion or surface 54. The
      bearing portions 55 and 56 are parallel and make line contact with the
      broad surface 22 when both bearing surfaces are within the envelope. If
      one end were canted slightly with respect to the other, three points or a
      point and a line of the bearing portions 55 and 56 would nevertheless
      define a plane of reference. The sealing-bearing section 53 is entirely
      out of that plane of reference before the reed element is inserted in the
      envelope.
PAR  The envelope 2 is formed from tube 20, of uniform internal dimensions
      through its envelope-forming length. It is open at at least one end which
      may be flared to facilitate insertion of the reed elements.
PAR  In the preferred embodiment of manufacture of the reed switch 1, the tube
      20 of glass is long enough to accomodate a multiplicity of pairs of reed
      elements. In FIG. 9, two of a larger number of pairs are shown. The reed
      elements are forced into the tube against the bias of the pressure of the
      bearing portions of the reed element, to the exact lengthwise position
      desired. In that position, as will be seen from FIG. 5, the dimensions of
      each reed element and of the tube are such that the reed element is in
      contact with the inner wall of the fillets 25 at six places, exactly
      positioning the reed element in five of the six possible degrees of
      freedom. The bearing of the bearing portions of the reed element against
      the fillets or the broad surfaces 21 and 22 of the inside wall of the tube
      holds the element against movement in the sixth degree, lengthwise
      translation. It also provides an exactly predetermined gap spacing between
      the overlapping contact sections, the maximum spacing being the difference
      between the effective heightwise dimension of the tube, i.e., the bearing
      points of the bearing portion of the contact section of the reed element
      on the inner wall of the tube, and the sum of the thickness of the reed
      elements at the contact end.
PAR  In forming the reed element of this embodiment, flat metal strip stock is
      bent beyond the memory of the metal from which the element is made. The
      reed is inserted in the tube. The glass of the tube 20 in the area of the
      sealing-bearing section of the reed is heated to and past the strain point
      of the glass above the annealing temperature but not to a watery
      consistency. In this condition, the wall of the glass tube against which
      the bearing surface of the bearing section of the reed elements does not
      bear will collapse as shown in FIG. 4, to seal the reed element along the
      sealing-bearing section 53, and at the same time, the spring of the
      element will cause the sealing-bearing section to move away from the
      reference plane of the end bearing portions, displacing the glass slightly
      outwardly. The heating of the glass, hence of the reed, will also tend to
      relax the reed element, but neither the outward movement of the reed nor
      the strain relief of the reed element by virtue of the heating during the
      sealing process will completely relieve the pressure of the end-bearing
      portions of the reed against the inner wall of the tube 20. The sealing of
      the tube 20 at spaced points, which can be accomplished simultaneously or
      sequentially, as explained in my U.S. Pat. No. 3,794,944, has now produced
      a plurality of envelopes 2, which can be separated by cutting or breaking
      the tube between the envelopes. Sections of the offal between successive
      switches can be removed to produce the kind of a switch shown in FIGS. 7
      and 8, with lead sections 51 projecting at each end.
PAR  The following example of useful dimensions is given merely by way of
      illustration and not by way of limitation.
PAR  Kimble glass Type KG12 or Corning Type 0120 lead glass tubing of initially
      round cross section may be formed on a metal mandrel by well-known vacuum
      forming methods to the shape shown in FIG. 5. The resulting tubing may
      have an inside height, between surfaces 21 and 22, as viewed in FIG. 5, of
      0.016 inches .+-.0.0001 inch and an inside width between surfaces 23 and
      24 of 0.051 inches .+-.0.0002 inches.
PAR  The inside width at the midline of surfaces 23 and 24 may be on the order
      of 0.0002 inches wider than the width between those surfaces at the
      heightwise margins of the fillets 25, and the fillets themselves may have
      a radius of 0.003 to 0.004 inches. The outside dimensions of the tube may
      be 0.040 inches by 0.070 inches .+-.0.001 inches, the outside dimensions
      not being critical. The reed elements in the embodiment shown in FIGS. 1
      through 4 can have a length of 0.700 inches, a width of 0.046 inches and a
      thickness of 0.007 inches. The reed element is bent along a transverse
      line on a radius on the order of 0.007 to 0.010 inches, leaving a straight
      lead section and a straight contact section. In this illustrative
      embodiment, the lead sections and the contact sections are not of equal
      length. The lead section is 0.289 inches long, the sealing section is
      0.188 inches long, and the contact section is 0.223 inches long. The
      distance from the bearing portion (edge) of the lead section to the high
      point of the sealing section bearing portion is 0.383 inches and the
      distance from the bearing portion (edge) of the contact section to the
      high point of the bearing portion of the sealing section is 0.317 inches.
      The high point of the bearing portion of the sealing section is 0.018
      inches above the reference plane, as illustrated in FIG. 1, before the
      reed element is inserted into the tube.
PAR  It can be seen that when the reed element is inserted into the tube, the
      high point of the bearing portion of the sealing section will be forced
      toward the reference plane 0.002 inches. When the glass is softened, which
      for the type of glass referred to by way of example requires a heat of the
      magnitude of 1250.degree.F. to 1300.degree.F., the spring of the reed
      element, which may be made of any number of well-known glass sealing
      alloys such as Westinghouse 52, Driver-Harris 152 or Carpenter Technology
      52 will displace the glass through about 0.0010 inches in a direction away
      from the reference plane, to produce the desired amount of residual
      pressure in the contact section bearing portion. The heating of the reed
      element will also cause some relaxation of the reed element, but not
      enough to relieve the pressure entirely. The contact section bearing
      portion bears lightly against the inside wall, but it does bear against
      that wall.
PAR  The reed elements 3 and 4 are positioned to overlap 0.012 inches in the
      tube 20. The amount of retraction of the contact ends from one another
      during the sealing process has been found negligible in practice.
PAR  In making a shorter reed switch, tubing of the same internal width and
      height can be used, but shorter reed elements for example 0.400 inches
      long can be used. The height of the high point of the bearing portion of
      the sealing section above the reference plane can still be on the order of
      0.018 inches. The length of the contact section in the shorter switch can
      be on the order of 0.200 inches.
PAR  In making larger reed switches or switches in which greater outward
      displacement of the glass is used there may be a somewhat noticeable
      retraction of the ends of the contact sections away from one another
      during the sealing process, but this can easily be taken into account when
      the reed elements are positioned initially.
PAR  Referring now to FIG. 10 for another embodiment of reed switch of this
      invention, three reed elements are shown arranged to produce an aligned,
      series-connected, two-pole reed switch in a single envelope. The tube 20
      in which the reed switch elements are postioned, will be sealed in the
      sealing areas of the three elements, and the tube at the two ends will be
      removed to expose the lead sections of the outer two of the three reed
      elements. It will be seen that in this embodiment, a center reed element
      30 will have two contact sections 32, and a sealing section 23 which, for
      the reed element 30, should be symmetrically positioned with respect to
      the two contact sections 32.
PAR  It is to be observed that, contrary to the process described in my U.S.
      Pat. No. 3,794,944, in which the sealing section of reed elements was
      restrained by the bearing of rigid parts of the sealing section on
      unsoftened areas of the glass envelope, the present method requires that
      at least a portion of the sealing area of the reed element be free to
      move, to displace the softened glass of the envelope away from the
      reference plane.
PAR  The amount of displacement of the glass in the present method can be
      limited by the span of the softened area of the glass. However, in actual
      production, using tubing of the dimensions described and reed elements of
      the dimensions described by way of illustrative example, the control of
      the amount of relief to the desired magnitude has been achieved by control
      of the intensity and duration of the heating of the glass rather than by
      precise control of the length of the softened area, but either or both
      means of control can be used.
PAR  In the illustrative embodiment shown and described, the end-bearing
      portions of the lead and contact sections have been constituted by an
      edge. It can be seen that the ends parts of one or both of the lead and
      contact sections can be recurved to provide a curved or flat bearing
      portion, to provide either a tangential or broad flat bearing portion
      surface.
PAR  If spacing ribs or lands are provided in the surface 22 or surface 21 or
      both, the bearing portions of the reed element will bear upon those ribs
      or lands, rather than upon the concaves or flat inside surfaces
      themselves, but this will have no effect upon the method of production of
      the reed switches or upon their character. In this case, the effective
      heightwise dimension of the tube will be measured from the top of the
      ribs.
PAR  In lieu of the displacement of the envelope wall during the sealing
      process, or supplementary to it, the contact section of the reed element
      can be made slightly arcuate initially and then relieved, to permit the
      memory of the contact section to tend to restore the section to its
      original unbent condition, by heating the contact section in an area
      between the sealing-bearing section and the bearing portion of the contact
      section with a carefully controlled heating source such as a finely
      focused laser beam or an induction heater.
PAR  Numerous variations in the reed switch of this invention and the method of
      making it, within the scope of the appended claims, will occur to those
      skilled in the art in view of the foregoing disclosure. Merely by way of
      example, other tubing can be used instead of glass, provided the tubing is
      dimensionally stable and capable of being formed to the tolerances
      suggested by the illustrative example given. The sealing can be
      accomplished by other means than melting of the tube, particularly if the
      relaxation of the contact section is accomplished after the sealing
      process by means of a laser beam, for example. The reed element need not
      be made uniformly rectangular in cross section, although the uniformly
      rectangular shape has many advantages. For example, hinging notches or
      score lines can be provided, or a thickened section or sections, or a
      long-bladed spade shaped reed can be used, with a narrower lead section
      and standard width sealing-bearing and contact sections. In the latter
      construction, the bearing portion of the lead section will bear on the
      inner wall of the envelope at a point or at a relatively narrow area. In
      all of these variations, the sealing-bearing section must be out of the
      plane of the end bearing portions and preferably the sealing-bearing and
      at least one end bearing portion are dimensioned to seat as they do in the
      preferred embodiment described, providing at least the equivalent of a
      five point locating arrangement. The envelope-tube itself can be made of
      other non-circular configurations. For example, if a single moveable reed
      is used in a switch with one fixed contact, and the internal configuration
      of the tube is an isoceles trapezoid, the contact end must bear against
      the narrower of the parallel sides and the width of the sealing-bearing
      section of the moveable reed element should be greater than that of the
      end-bearing portions. In such a trapezoidal construction, there are two
      effective widthwise dimensions. If a tube with a hexagonal or octagonal
      internal configuration is used, the reed element can be uniformly wide,
      the effective internal width of the tube for locating purposes being the
      length of one side. If a flattened oval such as that illustrated in U.S.
      Pat. No. 3,794,944 is used, the effective width is the length of the
      parallel sides. A larger number of switch elements can be used to make a
      multi-pole series connected switch rather than the two-pole switch
      illustrated, and large numbers of reed elements can be positioned and
      sealed in a single tube to form a multiplicity of separate switches. A
      long, recurved, lead section, with a rib, V or dimple intermediate its
      ends to form the end-bearing portion can be used, a part beyond the
      end-bearing portion projecting from the tube during and after the sealing
      step, to eliminate the need for removing a part of the envelope after the
      sealing step. These variations are merely illustrative.
CLMS
STM  Having thus described the invention, what is claimed and desired to be
      secured by letters patent is:
NUM  1.
PAR  1. The method of making a reed switch comprising forming a tube with a
      known effective internal heightwise dimension; forming a reed element with
      two end portions at least one of which is a part of a contact section and
      an intermediate sealing section between and entirely out of a plane
      defined by said end portions, a bearing surface of said sealing section
      being displaced from said plane a distance greater than said effective
      internal heightwise dimension of said tube; inserting said reed element
      into an open end of said tube sufficiently far to cause both of said end
      portions and said sealing section bearing surface to bear against the
      inside wall of said tube, the contact section end portion of said reed
      element bearing with a force greater than the force ultimately to be
      exerted by said portion in the finished switch; sealing said sealing
      portion in said tube and relieving at least a part of the pressure exerted
      by the said contact section end portion of the said reed element.
NUM  2.
PAR  2. The method of claim 1 wherein the pressure is relieved as the reed
      element is sealed in said tube.
NUM  3.
PAR  3. The method of claim 2 wherein at least a part of the tube surrounding an
      outer end portion of the reed element is removed subsequent to the sealing
      step.
NUM  4.
PAR  4. The method of claim 2 wherein the tube is glass, the sealing step is
      accomplished by softening said glass through at least the full initial
      bearing area of the sealing section of the reed element, and the glass is
      softened sufficiently to yield to the pressure of said bearing area of
      said sealing section.
NUM  5.
PAR  5. The method of claim 1 wherein the said force is relieved subsequent to
      the sealing step.
NUM  6.
PAR  6. The method of claim 5 wherein the relief is accomplished by heating an
      area of the reed element between the sealing section and the contact
      section end portion.
NUM  7.
PAR  7. The method of making a reed switch comprising forming a glass tube of
      substantially uniform, non-circular internal cross sectional configuration
      with precisely predetermined effective internal heightwise and widthwise
      dimensions and having at least one open end; forming an elongated reed
      element with an end-bearing portion at both ends, at least one of said
      ends being a contact section, said reed element ends having a maximum
      width to fit slidably but closely within said effective widthwise internal
      dimension of said tube, of a thickness less than half the effective
      heightwise internal dimension of said tube and of a length less than the
      length of said tube; bending said reed element intermediate its said ends
      beyond the memory of said reed element to form a sealing-bearing section
      displaced entirely from a reference plane defined by said end-bearing
      portions an amount to make the distance between the said reference plane
      and the farthest surface of said sealing-bearing section greater than the
      said effective heightwise internal dimension of the tube, said
      sealing-bearing section having a maximum width to fit slidably but closely
      within said effective widthwise dimension of said tube; forcing said reed
      element into said tube until both said end-bearing portions and said
      farthest surface of said sealing-bearing section bear upon the internal
      surface of said tube; softening the glass of said tube in the area of said
      sealing-bearing section of the reed element while maintaining the glass in
      the area of the end-bearing portions unsoftened to seal at least a part of
      said sealing bearing-section in said tube and to permit the said
      sealing-bearing section to move a part of said softened tube away from the
      said reference plane and to relieve at least part of the bearing force of
      the contact section end-bearing portion of the reed element, said reed
      element and tube constituting the sole means for positioning the reed
      element and tube with respect to one another during the sealing and
      relieving process.
NUM  8.
PAR  8. The method of making a reed switch comprising forming a glass tube
      substantially rectangular in cross section and of uniform effective
      heightwise and widthwise dimensions throughout an envelope-forming length
      of said tube and having at least one open end; forming an elongate reed
      element of uniform cross section throughout its length with two end
      portions, at least one of which is a part of a contact section and an
      intermediate sealing section between and entirely out of a reference plane
      defined by said end portions, a bearing surface of said sealing section
      being displaced from said plane a distance greater than said effective
      internal heightwise dimension of said tube, said reed element being of a
      width to fit slidably but closely within the effective widthwise dimension
      of said tube; inserting said reed element into said open end of said tube
      sufficiently far to cause both of said end portions and said sealing
      section bearing surface to bear against the inside wall of said tube, the
      contact section end portion of said reed element bearing with a force
      greater than the force ultimately to be exerted by said portion in the
      finished switch; heating the full circumference of said tube through at
      least the full initial bearing area of said sealing section of the reed
      element to soften the glass of said tube in said area to cause said tube
      to collapse against and seal to said reed element sealing section and to
      cause the said sealing section to move away from said reference plane
      against the bias of said softened glass to relieve at least a part of the
      bearing pressure of said end-bearing portions on said tube wall, the tube
      wall at the said end-bearing portions being unsoftened, and thereafter
      cooling said glass, the said reed element and tube constituting the sole
      means for positioning the reed element and tube with respect to one
      another during said sealing and relieving process.
NUM  9.
PAR  9. A reed switch comprising an envelope having a sealed, contact-containing
      section, and an elongated reed having, in succession, a lead section
      having an end-bearing portion, a sealing-bearing section, and a contact
      section having an end-bearing portion, all within said envelope, said lead
      and contact-bearing portions bearing upon undistorted parts of the inside
      wall of said envelope, at least a part of said sealing-bearing portion
      being sealed in and to said envelope, and said lead section extending in a
      direction from said sealed-in part of said sealing-bearing portion away
      from said sealed, contact-containing section of said envelope.
NUM  10.
PAR  10. The reed switch of claim 9 wherein the lead and contact section
      end-bearing portions of the reed element define a plane and said
      sealing-bearing portion lies out of said plane.
NUM  11.
PAR  11. In a reed switch having a fusible glass envelope, non-circular in cross
      section, and reed elements sealed in opposite ends of said envelope, each
      of said reed elements having a lead section, a contact section and an
      intermediate sealing-bearing section, the improvement comprising said lead
      section and said contact section having end-bearing portions bearing upon
      undistorted parts of the inner wall of said envelope and defining a
      reference plane and at least a part of said sealing-bearing section being
      sealed in and fused to the glass of the wall of said envelope and
      extending in a distorted part of said wall a distance from said reference
      plane greater than the distance from said reference plane to the
      undistorted part of said wall immediately adjacent said distorted part.
NUM  12.
PAR  12. The improvement of claim 11 wherein the said end-bearing portions of
      the reed element are of a width closely to fit an effective widthwise
      dimension of the envelope at the undistorted part upon which they bear,
      the intermediate sealing bearing section is of a width closely to fit an
      effective widthwise dimension of the undistorted part of said envelope
      adjacent the distorted part, and said reed elements and tube constitute
      the sole locating and positioning means with respect to one another in all
      six possible degrees of freedom when the reed elements are being sealed in
      the said envelope.
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ABST
PAL  A current-limiting, single-element, dual-function, electric fuse has a
      fusible element with at least one "weak spot" of very small cross section;
      and the temperature of that weak spot will exceed eighty percent of the
      melting temperature of the material of that fusible element when that
      electric fuse operates at its maximum continuous current carrying
      capacity. An appreciable amount of the heat, which the weak spot generates
      in response to a low but potentially-harmful overload, will be conducted
      to the inner surface of the housing for the electric fuse by the
      arc-quenching filler; and a substantial percent of that conducted heat
      will pass to, and be radiated by, the exposed outer surface of that
      housing. The conduction of heat to the inner surface of the housing is
      fostered by locating the weak spot closer to that inner surface than to
      either terminal of the electric fuse; and the passing of that heat to the
      exposed outer surface of that housing is fostered by making that housing
      of a material which has a thermal conductivity in excess of thirty
      thousandths of a calorie per square centimeter of cross section per
      centimeter of length per second of time per degree centigrade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fuse clips, fuse clamps, bus bars, heat sinks, and other metal objects to
      which the terminals of electric fuses are secured are usually cooler than
      the weak spots of those electric fuses. Consequently, it is traditional to
      expect, and to count on, a gradient between the temperatures of the weak
      spot and of the terminals of an electric fuse; and that gradient fosters
      cooling of that weak spot by causing heat to flow to those relatively-cool
      terminals. However, because the fusible elements of current-limiting fuses
      are made thin, those fusible elements limit the rate at which heat can be
      caused to flow from the weak spots to the terminals of such electric
      fuses.
PAR  Some electric fuses have fusible elements which perform only one function,
      whereas other electric fuses have fusible elements which perform dual
      functions. One example of an electric fuse that has a fusible element
      which performs only one function is an electric fuse that is connected in
      series relation with a circuit breaker; and the only function to be
      performed by the fusible element of such an electric fuse is to open the
      circuit on a heavy overload or short circuit. Another example of an
      electric fuse that has a fusible element which performs only one function
      is an electric fuse which has a spring-biased connector or a large mass of
      solder that can respond to a prolonged low overload to open the circuit;
      and the only function to be performed by the fusible element of such an
      electric fuse is to open the circuit on a heavy overload or short circuit.
      One example of an electric fuse that has a fusible element which performs
      a dual function is a renewable electric fuse that has a fusible element
      which is able to open the circuit in response to a prolonged low overload
      or to a heavy overload or short circuit. Another example of an electric
      fuse that has a fusible element which performs a dual function is an
      electric fuse that has a silver or copper fusible element with a mass of
      tin riveted or bonded to it. An electric fuse which has a spring-biased
      connector or a large mass of solder that can respond to a prolonged low
      overload to open the circuit is referred to as a dual-element electric
      fuse; and, similary, an electric fuse that has a silver or copper fusible
      element with a mass of tin riveted or bonded to it is referred to as a
      dual-element electric fuse.
PAR  Summary of the Invention: The present invention provides a
      current-limiting, single-element, dual-function, electric fuse which has a
      fusible element with at least one weak spot; and that weak spot is closer
      to the inner surface of the housing of that electric fuse than it is to
      either terminal of that electric fuse. That weak spot is directly
      contacted by arc-quenching filler which also directly contacts, and which
      can transfer heat to, that inner surface. The major portion of the outer
      surface of the housing of the electric fuse is exposed; and that housing
      is made from a material which has a thermal conductivity in excess of
      thirty thousandths of a calorie per square centimeter of cross section per
      centimeter of length per second of time per degree centigrade. As a
      result, that arc-quenching material and that housing can rapidly dissipate
      heat which is generated by the weak spot, and can thereby enable that weak
      spot to be made with a very small cross section. That weak spot will have
      a temperature in excess of eighty percent of the melting temperature of
      the material of that fusible element when the electric fuse is operating
      at its maximum continuous current carrying capacity; and hence that weak
      spot can rapidly respond to a low but potentially-harmful overload to open
      the circuit. It is, therefore, an object of the present invention to
      provide a current-limiting, single-element, dual-function, electric fuse
      which has a fusible element with at least one weak spot of very small
      cross section, and which has that weak spot operating at temperatures in
      excess of eighty percent of the melting temperature of that fusible
      element when the electric fuse is operating at its maximum continuous
      current carrying capacity.
PAR  The present invention disposes the weak spot of the electric fuse so the
      radial distance between that weak spot and the adjacent inner surface of
      the housing for that electric fuse is less than 64 millimeters, and so the
      axial distance between that weak spot and either terminal of that electric
      fuse is greater than eighty millimeters. Further, the present invention
      disposes the arc-quenching filler in direct contact with the weak spot and
      with the inner surface of the housing for the electric fuse. As a result,
      appreciable amounts of the heat which is generated by the small cross
      section weak spot will pass to, and be radiated by, the exposed outer
      surface of the housing. It is, therefore, an object of the present
      invention to dispose the weak spot of a current-limiting, single-element,
      dual-function, electric fuse so the radial distance between the weak spot
      and the adjacent inner surface of the housing for that electric fuse is
      less than 64 millimeters and so the axial distance between that weak spot
      and either terminal of that electric fuse is greater than 80 millimeters.
PAR  Other and further objects and advantages of the present invention should
      become apparent from an examination of the drawing and accompanying
      description.
PAR  In the drawing and accompanying description several preferred embodiments
      of the present invention are shown and described but it is to be
      understood that the drawing and accompanying description are for the
      purpose of illustration only and do not limit the invention and that the
      invention will be defined by the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  In the drawing,
PAR  FIG. 1 is a plan view of one preferred embodiment of electric fuse that is
      made in accordance with the principles and teachings of the present
      invention,
PAR  FIG. 2 is a sectional view, on a larger scale, through the electric fuse of
      FIG. 1, and it is taken along the plane indicated by the line 2--2 in FIG.
      1,
PAR  FIG. 3 is another sectional view, on the scale of FIG. 2, through the
      electric fuse of FIG. 1, and it is taken along the plane indicated by the
      line 3--3 in FIG. 1,
PAR  FIG. 4 is a plan view, on the scale of FIG. 2, of the fusible element of
      the electric fuse of FIG. 1,
PAR  FIG. 5 is a sectional view, on the scale of FIG. 1, through an embodiment
      of electric fuse which has a housing with three passages therein,
PAR  FIG. 6 is a sectional view, on the scale of FIG. 1, through an embodiment
      of electric fuse which has two housings and which has three passages in
      each of those housings,
PAR  FIG. 7 is a sectional view, on the scale of FIG. 1, through an embodiment
      of electric fuse which has three housings and which has three passages in
      each of those housings,
PAR  FIG. 8 is a broken plan view of an embodiment of electric fuse which is
      generally similar to the embodiment of FIGS. 1-4.
PAR  FIG. 9 is a broken view of the fusible element for the electric fuse of
      FIG. 8, and
PAR  FIG. 10 is a perspective view of a housing which has the upper portion of
      one wall thereof removed to show the positioning of three electric fuses,
      of the type provided by the present invention, within an air stream
      provided by a fan.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-4 in detail, the numeral 10 generally denotes an
      electric fuse which is made in accordance with the principles and
      teachings of the present invention. That electric fuse has a cylindrical
      housing 12 of inorganic ceramic material which has a thermal conductivity
      greater than thirty thousandths of a calorie per square centimeter of
      cross section per centimeter of length per second of time per degree
      centigrade. Some inorganic ceramic materials which have such a thermal
      conductivity are aluminum oxide, beryllium oxide and boron nitride. The
      housing has annular grooves 14 adjacent the opposite ends thereof, and it
      has an axially-extending passage 18 therein. In the preferred embodiment
      of FIGS. 1-4, the outer diameter of the housing 12 is one and nine hundred
      and five thousandths of a centimeter, the length of that housing is five
      and eight hundredths of a centimeter, and the diameter of the passage 18
      is six hundred and eighty-six thousandths of a centimeter. Where the
      electric fuse of FIGS. 1-4 is to be used on a one hundred and 25 volt
      circuit or on a 250 volt circuit, that housing will be one and
      nine-hundred and five-thousandths of a centimeter long. Where that
      electric fuse is to be used on a 500 volt circuit, that housing will be
      three and eighty-one hundredths centimeters long; and where that electric
      fuse is to be used on a seven hundred volt circuit, that housing will be
      five and eight hundredths centimeters long.
PAR  The numeral 20 generally denotes the fusible element for the electric fuse
      10; and that fusible element is shown in detail by FIG. 4. That fusible
      element has weak spots 22 and 40 which are defined by pairs of
      frusto-triangular notches in the elongated sides of that fusible element;
      and those weak spots are spaced away from the ends of that fusible
      element. In addition, the fusible element 20 has pairs of weak spots 24
      and 26, 28 and 30, 32 and 34, and 36 and 38. Each of those pairs of weak
      spots is formed by a rectangular slot which is located between, and which
      is in register with, two shallow rectangular notches in the elongated
      sides of that fusible element. The fusible element 20 could be made of
      silver or of copper; but, in all preferred embodiments of the present
      invention, that fusible element is made of silver. The fusible element 20
      is five hundred and forty-six thousandths of a centimeter wide; and, where
      the electric fuse 10 is to have a rating of one hundred amperes, that
      fusible element will have a thickness of thirteen thousandths of a
      centimeter. Where that electric fuse is to have a rating of two hundred
      amperes, that fusible element will have a thickness of twenty thousandths
      of a centimeter. Each weak spot 22 and 40 is thirty-eight thousandths of a
      centimeter wide; and the axial dimension of its inner end is thirty-eight
      thousandths of a centimeter. Each of the weak spots 24, 26, 28, 30, 32,
      34, 36 and 38 is forty-seven thousandths of a centimeter wide; and the
      axial dimension of each of those weak spots is fifty-three thousandths of
      a centimeter.
PAR  The electric fuse 10 does not have a connector which is normally held
      intermediate the confronting ends of a fusible element and of a
      heat-absorbing member by solder and which can be moved away from those
      confronting ends whenever a prolonged low overload softens that solder.
      Also, that electric fuse does not have a large mass of solder which
      normally interconnects the confronting ends of fusible elements and which
      can respond to a prolonged low overload to melt and flow away from those
      confronting ends. Further, that electric fuse does not have a mass of tin
      or alloying material which is riveted, bonded, or otherwise secured to the
      fusible element of that electric fuse and which can respond to a prolonged
      low overload to alloy with the material of that fusible element. All of
      this means that the fusible element 20 of the electric fuse 10 is the sole
      circuit-interrupting element of that electric fuse; and hence that fusible
      element must be capable of carrying its rated current continuously, must
      be capable of responding to a potentially-harmful low overload to rise to
      its melting temperature, and must be capable of responding to a short
      circuit or heavy overload to rise to its melting temperature. Because the
      fusible element 20 is the sole circuit-interrupting element of the
      electric fuse 10, that electric fuse is a single-element, dual-function,
      electric fuse rather than a dual element, electric fuse or a
      single-element, single-function, electric fuse.
PAR  The numeral 42 denotes a ferrule-like closure which is telescoped over the
      left-hand end of the housing 12; and that closure has the rim thereof
      extending into the left-hand annular groove 14. The numeral 44 denotes a
      similar ferrule-like closure which is telescoped over the right-hand end
      of the housing 12, and that closure has the rim thereof extending into the
      right-hand annular groove 14. The rims of the ferrule-like closures 42 and
      44 are caused to "cold flow" into those annular grooves and thereby lock
      those ferrule-like closures solidly onto that housing. If desired,
      yieldable annuli of the type disclosed in my U.S. Pat. No. 3,644,861 could
      be disposed in the annular grooves 14 prior to the time the rims of the
      ferrule-like closures 42 and 44 were forced to cold-flow into those
      annular grooves. The ferrule-like closures 42 and 44 are electrically
      connected to the ends of the fusible element 20 by solder; and, in the
      embodiment of FIGS. 1-4, that solder has a melting temperature of three
      hundred and nine degrees centigrade.
PAR  The ferrule-like closures 42 and 44 constitute intermediate terminals for
      the electric fuse 10; and one of those ferrule-like closures is telescoped
      over the appropriate end of the housing 12 and has its rim forced into the
      appropriate annular groove 14. Thereafter, that electric fuse is set with
      its axis vertical and with that ferrule-like closure at the lower end
      thereof. Thereupon, a piece of flux-containing solder or a piece of solder
      plus some flux are dropped downwardly through the passsage 18 and
      permitted to come to rest on the exposed portion of the inner surface of
      that ferrule-like closure. Heat is then applied to that ferrule-like
      closure to cause that solder to electrically bond the lower end of the
      fusible element 20 to the exposed inner surface of that ferrule-like
      closure. Subsequently, a quantity of arc-quenching filler 45, such as
      sand, is introduced into the passage 20. That arc-quenching filler will
      directly contact each of the weak spots 22, 24, 26, 28, 30, 32, 34, 36, 38
      and 40, and also will directly contact the inner surface of the passage
      18. Sufficient arc-quenching filler 45 will be introduced into the passage
      18 to substantially fill that passage. At such time, a piece of
      flux-containing solder or a piece of solder plus some flux will be
      introduced into the upper end of the passage 18, the second ferrule-like
      closure will be telescoped downwardly over the upper end of the housing
      12, and the rim of that ferrule-like closure will be forced into the other
      annular groove 14. Thereafter, the electric fuse 10 will be inverted, and
      heat will be applied to that second ferrule-like closure. The resulting
      melting of the solder will electrically bond the other end of the fusible
      element 20 to the exposed inner surface of that second ferrule-like
      closure.
PAR  The numeral 46 generally denotes a terminal which has a cylindrical portion
      48, a blade portion 50, an annular rim 52, and an opening 54. That rim
      projects from that face of the cylindrical portion 48 which is opposite to
      the blade portion 50; and the opening 54 is in that blade portion. The
      terminal 46 is dimensioned so the end wall of the ferrule-like closure 42
      can be telescoped inwardly of the rim 52 and can abut the recessed
      right-hand face of the cylindrical portion 48 of that terminal. Solder is
      used to electrically bond and mechanically connect the terminal 46 to the
      ferrule-like closure 42; and that solder will be applied while the axis of
      the housing 12 is vertical and that terminal underlies that ferrule-like
      closure. The rim 52 acts as a dam to confine the solder while that solder
      is being melted and is being permitted to alloy with that terminal and
      ferrule-like closure.
PAR  The numeral 56 generally denotes a terminal which can be identical to the
      terminal 46; and the former terminal has a cylindrical portion 58, a blade
      portion 60, a rim 62, and an opening 64. The rim 62 extends from that face
      of the cylindrical portion 58 which is opposite to the blade portion 60,
      and the opening 64 is in that blade portion. Solder is used to
      electrically bond and mechanically connect that terminal to the
      ferrule-like closure 44; and the rim 62 will act as a dam to confine the
      solder while that solder is being melted and is being permitted to alloy
      with that terminal and ferrule-like closure.
PAR  The solder which is used to electrically bond and mechanically connect the
      ends of the fusible element 20 to the exposed inner surfaces of the
      ferrule-like closures 42 and 44 has a melting temperature of about
      309.degree.  centigrade, and hence is known as high temperature solder.
      The solder which is used to electrically bond and mechanically connect the
      terminals 46 and 56, respectively, to the outer surfaces of the end walls
      of the ferrule-like closures 42 and 44 also has a melting temperature of
      about 309.degree.  centigrade, and hence is known as high temperature
      solder. At the time the terminal 46 is being soldered to the outer surface
      of the end wall of the ferrule-like closure 42, the solder which is used
      to electrically bond and mechanically connect the fusible element 20 to
      that ferrule-like closure will melt; but that solder will re-solidify as
      that terminal and that ferrule-like closure are permitted to cool.
      Similarly, at the time the terminal 56 is being soldered to the outer
      surface of the end wall of the ferrule-like closure 44, the solder which
      is used to electrically bond and mechanically connect the fusible element
      20 to that ferrule-like closure will melt; but that solder will
      re-solidify as that terminal and that ferrule-like closure are permitted
      to cool.
PAR  Each of the weak spots 22, 24, 26, 28, 30, 32, 34, 36, 38 and 40 is spaced
      away from the inner surface of the passage 18; but the longest radial
      distance between any part of any one of those weak spots and the adjacent
      surface of the passage 18 is shorter than the longest axial distance
      between that part of that one weak spot and the inner surface of the
      adjacent ferrule-like closure. Also, the cross sectional area of the path
      which the arc-extinguishing filler 45 provides for heat, which seeks to
      flow from that part of that one weak spot to the inner surface of the
      passage 18, is much greater than the cross sectional area of that portion
      of the fusible element 20 which connects that one weak spot to the
      adjacent ferrule-like closure. Consequently, although the metal of the
      fusible element 20 is a better thermal conductor than is the material of
      the arc-extinguishing material 45, that arc-quenching material can absorb
      very  appreciable amounts of heat from that one weak spot and can then
      conduct most of those amounts of heat to the inner surface of the passage
      18.
PAR  In the preferred embodiment of FIGS. 1-4, the longest radial distance
      between the weak spot 22 or the weak spot 40 and the inner surface of the
      passage 18 is measured at right angles to the plane of the fusible element
      20; and, when that fusible element is at the geometric axis of that
      passage and when the electric fuse 10 is rated at one hundred amperes,
      that radial distance is three hundred and thirty-six thousandths of a
      centimeter. Where that electric fuse is rated at two hundred amperes, that
      radial distance is three hundred and thirty-three thousandths of a
      centimeter. The longest radial distance between the weak spot 22 or the
      weak spot 40 and the inner surface of the passage 18, as measured in the
      plane of that fusible element, is three hundred and twenty-four
      thousandths of a centimeter. The shortest axial distance between the weak
      spot 22 or the weak spot 40 and the inner surface of the end wall of the
      adjacent ferrule-like closure is eight-tenths of a centimeter.
PAR  The high thermal conductivity of the material, from which the housing 12 is
      made, enables substantial amounts of the heat, which is absorbed by the
      inner surface of the passage 18, to readily pass to the outer surface of
      that housing. That heat will radiate into the surrounding cooling medium,
      which usually will be air; and it will be noted that the major portion of
      the outer surface of the housing 12 is exposed. Consequently, the outer
      surface of the housing 12 can, and will, radiate substantial amounts of
      heat.
PAR  Whenever current flows through the electric fuse 10, all of the weak spots
      of the fusible element 20 will generate heat; and the amount of heat which
      is generated by each of those weak spots will be proportional to the
      product of the square of that current and the resistance of that weak
      spot. Because the cross section of each of the weak spots 22 and 40 is
      much smaller than the combined cross sections of each of the pairs of weak
      spots 24 and 26, 28 and 30, 32 and 34, and 36 and 38, each weak spot 22
      and 40 will generate more heat than any of those pairs of weak spots will
      generate. When the fusible element 20 operates at its maximum continuous
      current carrying capacity, each of the weak spots 22 and 40 will attain a
      temperature in excess of eighty percent of the melting temperature of the
      material used in that fusible element. Specifically, where that fusible
      element is made from silver, each of the weak spots 22 and 40 will attain
      a temperature in excess of 768.degree.  centigrade when the electric fuse
      10 is operated at its maximum continuous current carrying capacity; and
      where that fusible element is made from copper each of those weak spots
      will attain a temperature in excess of 866.degree.  centigrade.
PAR  In determining the maximum continuous current carrying capacity of any
      given electric fuse, a current is selected which is so low that the
      electric fuse can carry that current indefinitely without opening the
      circuit. The temperatures of the terminals and of the longitudinal
      midpoint of the exterior of the housing are checked and recorded at
      intervals-- none of which is shorter than five minutes-- while that
      current flows through that electric fuse; and that current level is
      maintained until all of those temperatures have stabilized. Those
      temperatures are considered to have stabilized when all of them remain
      un-changed during three consecutive temperature checks at such intervals.
      Thereafter, the value of the current flowing through the electric fuse is
      increased by a fixed increment-- usually about five percent of the
      original current value-- and the three temperatures are permitted to
      stabilize. The value of the current is repeatedly increased by that fixed
      increment, and the temperatures are repeatedly permitted to stabilize,
      until a current level is reached which causes the electric fuse to open
      the circuit. The immediately-preceding current level, at which the three
      temperatures stabilized, is considered to be the maximum continuous
      current carrying capacity of that electric fuse.
PAR  As long as the value of the current flowing through the electric fuse 10 is
      at or below the maximum continuous current carrying capacity of that
      electric fuse, the temperature of each of the weak spots 22, 24, 26, 28,
      30, 32, 34, 36, 38 and 40 will be below the melting temperature of the
      material of the fusible element 20; because most of the heat which is
      generated by the weak spots 22, 24, 26, 28, 30, 32, 34, 36, 38 and 40 will
      be conducted to and dissipated by the housing 12 and the terminals 46 and
      56. In that regard, it should be noted that the high thermal conductivity
      of the material of the housing 12 limits the gradient between the
      temperature at the inner surface of the passage 18 and the temperature at
      the outer surface of that housing to less than 200.degree. centigrade.
      Such a low temperature gradient is important; because it makes certain
      that the inner surface of the passage 18 will be cooler than, and hence
      can readily absorb heat from, the various weak spots 22, 24, 26, 28, 30
      32, 34, 36, 38 and 40. As a result, the electric fuse 10 can carry any and
      all current values, at or below the maximum continuous current carrying
      capacity thereof, indefinitely.
PAR  Where the electric fuse 10 is used to protect a solid state diode or other
      solid state device, it will be desirable to have the maximum continuous
      current carrying capacity of that electric fuse be close to 105  percent
      of the rated current of that solid state device. Where that is done, that
      electric fuse will be able to continuously carry all values of current up
      to and including a value equal to 105  percent of the rated current of
      that solid state device; and yet that electric fuse will promptly open the
      circuit if the current rises to 110  percent of the rated current of that
      solid state device. Specifically, when the current level is 105  percent
      of the rated current of the solid state device, the electric fuse 10 will
      be operating at its maximum continuous current carrying capacity; and
      hence the temperature of the material of the weak spot 22 or of the weak
      spot 40 will be in excess of eighty percent of the melting temperature of
      that material. That temperature will quickly rise to the melting
      temperature of the material of the fusible element 20 when the current
      rises to 110  percent of the rated current of the solid state device; and
      the resulting rapid opening of the circuit will protect that solid state
      device. All of this means that the present invention enables the electric
      fuse 10 to continuously carry all safe levels of current, but enables even
      very low potentially-harmful overloads to promptly raise the temperature
      of one of the weak spots of the fusible element 20 to the melting
      temperature of that fusible element. In this way the electric fuse 10 can
      provide a desirably high degree of protection for solid state devices.
PAR  In the event a heavy overload or short circuit were to occur, the
      temperatures of several, and possibly all, of the weak spots 22, 24, 26,
      28, 30, 32, 34, 36, 38 and 40 would, almost instantaneously, rise to the
      melting temperature of the fusible element 20. The resulting rapid opening
      of the circuit would protect that circuit and any un-shorted components
      thereof.
PAR  It thus should be apparent that the fusible element 20 performs the dual
      functions of protecting the circuit against very low but
      potentially-harmful overloads and of protecting that circuit against heavy
      overloads and short circuits. This means that the electric fuse 10 is a
      current-limiting, single-element, dual-function, electric fuse.
PAR  Referring particularly to FIG. 5, the numeral 66 denotes a housing which
      has three passages 68 therein. The diameter of that housing is two and
      fifty-four hundredths of a centimeter, and the diameter of each of those
      passages is six hundred and eighty-six thousandths of a centimeter. The
      length of the housing 66 will be determined by the voltage of the circuit
      in which the electric fuse of FIG. 5 is connected; all as explained
      hereinbefore in connection with electric fuse 10 of FIGS. 1-4. The numeral
      70 denotes fusible elements which are disposed within the passages 68; and
      the numeral 72 denotes arc-quenching filler within those passages. Those
      fusible elements can be very similar to the fusible element 20 of FIGS.
      1-4; and that arc-quenching filler can be identical to the arc-quenching
      filler 45 of FIGS. 1-4. The numeral 73 in FIG. 5 denotes the rim of one of
      the terminals of the electric fuse; and that rim can be very similar to
      the rim 52 in FIGS. 1-4. Although FIG. 5. shows a fusible element 70 in
      each of the passages 68 in the housing 66, not all of those passages need
      be equipped with a fusible element and arc-quenching filler. By providing
      the housing 66 with the three passages 68, the present invention makes it
      a simple matter to produce specifically-different electric fuses that have
      the same size but that have specifically-different ratings. All that need
      be done is vary the number of passages 68 that are equipped with fusible
      elements 70.
PAR  Referring particularly to FIG. 6, the numeral 74 denotes a terminal which
      has parallel sides and rounded ends; and that terminal has a rim 76 which
      extends from one surface of that terminal. The numeral 66 denotes two
      housings which preferably will be identical to the housing 66 of FIG. 5.
      Although fusible elements are shown in each of the three passages in each
      of the housings 66 in FIG. 6, not all of those passsages need be equipped
      with a fusible element and arc-quenching filler. By providing the two
      housings 66, the present invention makes it a simple matter to produce
      specifically-different electric fuses that have the same size but that
      have specifically-different ratings. All that need be done is vary the
      number of passages that are equipped with fusible elements.
PAR  Referring particularly to FIG. 7, the numeral 78 denotes a terminal which
      is generally triangular in end elevation but which has convex, rather than
      sharp, corners. The numeral 80 denotes a rim which extends from one face
      of that terminal. The numeral 66 denotes three housings which preferably
      are identical to the housing 66 of FIG. 5. Although FIG. 7 shows a fusible
      element in each passage of each of the housings 66, not all of those
      passages need be equipped with a fusible element and arc-quenching filler.
      By providing the three housings 66, the present invention makes it a
      simple matter to produce specifically-different electric fuses that have
      the same size but that have specifically-different ratings. All that need
      be done is vary the number of passages that are equipped with fusible
      elements.
PAR  Referring particularly to FIGS. 8 and 9, the numeral 100 generally denotes
      a housing which is identical to the housing 12 of FIGS. 1-3; and the
      annular grooves 102 adjacent the opposite ends of that housing are
      identical to the annular grooves 14 of FIGS. 1 and 3. The numeral 104
      denotes a terminal which has a ferrule-like portion and a blade portion;
      and that ferrule-like portion can be identical to the ferrule-like closure
      42 of FIG. 1, and that blade portion can be similar to the blade portion
      50 of the terminal 46. The rim of the ferrule-like portion of the terminal
      104 extends into the left-hand annular groove 102 to mechanically secure
      that terminal to the housing 100. The numeral 106 denotes a terminal which
      is identical to the terminal 104; and the rim of the ferrule-like portion
      of terminal 106 extends into the right-hand annular groove 102 to
      mechanically secure that terminal to the housing 100.
PAR  The numeral 108 in FIG. 9 generally denotes a fusible element which can be
      used in the electric fuse of FIG. 8. That fusible element could be made
      essentialy of silver or of copper; but, in the embodiment of FIG. 9, it is
      made of silver. Weak spots 110, 112, and 114 are shown in the fusible
      element 108; and each of those weak spots is defined by a pair of
      semicircular notches which extend inwardly from the elongated edges of
      that fusible element. Although only three weak spots are shown in FIG. 9,
      one preferred embodiment of the electric fuse of FIG. 8 has a fusible
      element with five weak spots therein. That fusible element has a width of
      three hundred and eighteen thousandths of a centimeter, has a thickness of
      thirteen thousandths of a centimeter, and has the longitudinal centers of
      the centermost weak spots thereof spaced apart by eight-tenths of a
      centimeter. The distance between the longitudinal center of each endmost
      weak spot and the adjacent weak spots is eight hundred and thirteen
      thousandths of a centimeter. The radii of the semicircular notches are one
      hundred and twelve thousandths of a centimeter; and hence the width of
      each weak spot is ninety-four thousandths of a centimeter. The ends of the
      fusible element 108 are soldered to the exposed inner surfaces of the
      ferrule-like portions of the terminals 104 and 106 by high temperature
      solder; and arc-quenching filler surrounds that fusible element. Each of
      the endmost weak spots of the fusible element 108 is spaced from the
      exposed inner surface of the adjacent terminal by a distance of eight
      hundred and thirteen thousandths of a centimeter. Such a distance is more
      than twice the maximum distance of three hundred and thirty-six
      thousandths of a centimeter which will lie between the inner surface of
      the passage in the housing 100 and any of the weak spots of the fusible
      element 108 when that fusible element lies on the geometric axis of that
      passage.
PAR  Whenever current flows through the electric fuse of FIG. 8, all of the weak
      spots of the fusible element 108 will generate heat; and the amount of
      heat which is generated by each of those weak spots will be proportional
      to the product of the square of that current and the electrical resistance
      of that weak spot. Because some of the heat generated by the endmost weak
      spots of the fusible element 108 will be conducted to the terminals 104
      and 106, the centermost weak spot or weak spots will tend to be hotter
      than those endmost weak spots. The resulting relatively-higher electrical
      resistance of the centermost weak spot or weak spots will cause that weak
      spot or those weak spots to generate more heat than the endmost weak spots
      will generate; and hence the temperatures of the centermost weak spot or
      weak spots will be higher than those of the endmost weak spots. When the
      electric fuse of FIG. 8 operates at its maximum continuous current
      carrying capacity, each of the centermost weak spots of the fusible
      element 108 will attain a temperature in excess of eigthy percent of the
      melting temperature of the material used in that fusible element.
      Specifically, where that fusible element is made from silver, each of the
      centermost weak spots will attain a temperature in excess of 768.degree.
      centigrade when the electric fuse 100 is operated at its maximum
      continuous current carrying capacity; and where that fusible element is
      made from copper each of those weak spots will attain a temperature in
      excess of 866.degree.  centigrade. As long as the value of the current
      flowing through the electric fuse 100 is at or below the maximum
      continuous current carrying capacity of that electric fuse, the
      temperature of each of the centermost weak spots will be below the melting
      temperature of the material of the fusible element 100; because most of
      the heat which is generated by the various weak spots of that fusible
      element will be conducted to and dissipated by the housing 100 and the
      terminals 104 and 106. In that regard, it should be noted that the high
      thermal conductivity of the material of the housing 100 limits the
      gradient between the temperature at the inner surface of the passage in
      the housing 100 and the temperature at the outer surface of that housing
      to less than 200.degree. centigrade. Such a low temperature gradient is
      important; because it makes certain that the inner surface of the passage
      in the housing 100 will be cooler than, and hence can readily absorb heat
      from all of the weak spots of the fusible element 108. As a result, the
      electric fuse of FIG. 8 can carry any and all current values, at or below
      the maximum continuous current carrying capacity thereof, indefinitely.
PAR  Where the electric fuse of FIG. 8 is used to protect a solid state diode or
      other solid state device, it will be desirable to have the maximum
      continuous current carrying capacity of that electric fuse be close to one
      hundred and five percent of the rated current of that solid state device.
      Where that is done, that electric fuse will be able to continuously carry
      all values of current up to and including a value equal to 105  percent of
      the rated current of that solid state device; and yet that electric fuse
      will promptly open the circuit if the current rises to 110  percent of the
      rated current of that solid state device. Specifically, when the current
      level is 105  percent of the rated current of the solid state device, the
      electric fuse of FIG. 8 will be operating at its maximum continuous
      current carrying capacity, and hence the temperature of the material of
      the centermost weak spots will be in excess of eighty percent of the
      melting temperature of the fusible element 108. That temperature will
      quickly rise to the melting temperature of the material of that fusible
      element when the current rises to one hundred and ten percent of the rated
      current of the solid state device; and the resulting opening of the
      circuit will protect that solid state device. All of this means that the
      present invention enables the electric fuse of FIG. 8 to continuously
      carry all safe levels of current, but enables even very low but
      potentially-harmful overloads to promptly raise the temperature of one of
      the centermost weak spots of the fusible element 108 to the melting
      temperature of that fusible element. In this way the electric fuse of FIG.
      8 can provide a desirably high degree of protection for solid state
      devices.
PAR  In the event a heavy overload or short circuit were to occur, the
      temperatures of several, and possibly all, of the weak spots of the
      fusible element 108 would, almost instantaneously, rise to the melting
      temperature of that fusible element. The resulting rapid opening of the
      circuit would protect that circuit and any un-shorted components thereof.
PAR  It thus should be apparent that the fusible element 108 performs the dual
      functions of protecting the circuit against very low but
      potentially-harmful overloads and of protecting that circuit against heavy
      overloads and short circuits. This means that the electric fuse of FIG. 8
      is a current-limiting, single-element, dual-function, electric fuse.
PAR  The electric fuses of the present invention are able to open on very low
      but potentially-harmful overloads because the temperatures of the weak
      spots of the fusible elements thereof are in excess of eighty percent of
      the melting temperatures of those fusible elements when the currents
      flowing through those electric fuses are about 105  percent of the ratings
      of the loads protected by those electric fuses. Moreover, those electric
      fuses do not experience thermal or other degradation when they are
      operated continuously or intermittently on loads which make the
      temperatures of the weak spots exceed 80 percent of the melting
      temperatures of the fusible elements of those electric fuses; and no
      ordinary single-element, dual-function electric fuse can so do. To
      illustrate that fact, two electric fuses were made as shown in FIGS. 8 and
      9; and those fuses were identical except that one of them had the housing
      thereof made of glass melamine whereas the other had the housing thereof
      made of aluminum oxide. Thermocouples were attached to the longitudinal
      centers of the outer surface of those housings, further thermocouples were
      attached to points on the inner surfaces of the passages in those
      housings, and additional thermocouples were attached to the terminals of
      those electric fuses. The numbers and locations of those thermocouples are
      set forth in the following chart:
TBL  Thermocouple                                                              
                 Location of Thermocouple                                      
     Number                                                                    
     ______________________________________                                    
     1          At inner surface of passage of aluminum                        
                oxide housing                                                  
     2          Longitudinal center of outer surface                           
                of aluminum oxide housing                                      
     3          Terminal at one end of aluminum oxide                          
                housing                                                        
     4          Terminal at other end of aluminum                              
                oxide housing                                                  
     5          At inner surface of passage of glass                           
                melamine housing                                               
     6          Longitudinal center of outer surface                           
                of glass melamine housing                                      
     7          Terminal at one end of glass melamine                          
                housing                                                        
     8          Terminal at other end of glass melamine                        
                housing.                                                       
     ______________________________________                                    
PAL  Those electric fuses were connected in series relation so the exact same
      current would pass through both of them at any given instant; and each
      selected value of current was maintained until at least one of the
      electric fuses attained thermal equilibrium. The selected values of
      current, the temperatures sensed by the thermocouples, and the effects
      upon the electric fuses are set forth in the following chart:
TBL  Values of                                                                 
     Current Centigrade Temperatures Sensed By Thermocouples                   
     In amperes                                                                
             1       2      3    4    5    6    7    8                         
     ______________________________________                                    
     55      143     101    110  113  342  113  169  115                       
     60      195     131    150  135  500* 148  227  169                       
     65      232     144    174  151  Blew immediately                         
     70      286.sup.1                                                         
                     171    206  177                                           
     ______________________________________                                    
      *At the time the temperatures sensed by thermocouples 1, 2, 3 and 4 becam
      stabilized on sixty amperes, the temperature sensed by thermocouple 5    
      continued to rise -- indicating a charring or burning of the inner surfac
      of the passage in the glass melamine housing.                            
      .sup.1 Blew twenty-seven minutes after value of current was increased to 
      seventy amperes.                                                         
PAR  The foregoing chart shows that the electric fuse of FIG. 8 has a still-air
      maximum continuous current carrying capacity of 65 amperes when it has an
      aluminum oxide housing, and has a still-air maximum continuous current
      carrying capacity of only 55 amperes when it has a glass melamine housing.
      Further, that chart shows that the thermal conductivity of the aluminum
      oxide housing keeps the temperature at the inner surface of the passage in
      the electric fuse of FIG. 8 below 350.degree.C. when that electric fuse is
      operated at its maximum continuous current carrying capacity, whereas the
      temperature at the inner surface of the passage in the electric fuse with
      the glass melamine housing is greater than 350.degree.C. when that
      electric fuse is operated at its maximum continuous current carrying
      capacity.
PAR  Also, that chart shows that the thermal conductivity of the aluminum oxide
      housing keeps the temperature at the inner surface of the passage in the
      electric fuse of FIG. 8 below 350.degree.C. when the temperatures of the
      weak spots are caused by a prolonged low overload to reach 960.degree.C.,
      whereas the temperature at the inner surface of the passage in the
      electric fuse with the glass melamine housing is 500.degree.C. when the
      temperatures of the weak spots are caused by a prolonged low overload to
      reach 960.degree.C. In addition, that chart shows that the thermal
      conductivity of the aluminum oxide housing keeps the gradient between the
      temperature at the inner surface of the passage and the temperature at the
      outer surface of the housing less than 200.degree.C. at all times, whereas
      the gradient between the temperature at the inner surface of the passage
      and the temperature at the outer surface of the glass melamine housing for
      the other electric fuse greatly exceeded 200.degree.C. Moreover that chart
      showed that the glass melamine housing of the other electric fuse started
      to char or burn at a current level below the current level needed to cause
      that other electric fuse to open.
PAR  A slightly-different comparison was made between two further fuses like
      FIG. 8; but those fuses were cooled by ambient air which was moved over
      them at the rate of about nineteen and eight-tenths cubic meters per
      minute. Thermocouples were attached to the longitudinal centers of the
      outer surfaces of the housings of those further electric fuses, further
      thermocouples were attached to the inner surfaces of the passages in those
      housings, and additional thermocouples were attached to the terminals of
      those further electric fuses. The numbers and locations of those
      thermocouples are set forth in the following chart:
     Thermocouple                                                              
     Number     Location of Thermocouple                                       
     ______________________________________                                    
     1          At inner surface of passage of aluminum                        
                oxide housing                                                  
     2          Longitudinal center of outer surface                           
                of aluminum oxide housing                                      
     3          Terminal at one end of aluminum oxide                          
                housing                                                        
     4          Terminal at other end of aluminum                              
                oxide housing                                                  
     5          At inner surface of passage of glass                           
                melamine housing                                               
     6          Longitudinal center of outer surface                           
                of glass melamine housing                                      
     7          Terminal at one end of glass melamine                          
                housing                                                        
     8          Terminal at other end of glass melamine                        
                housing.                                                       
     ______________________________________                                    
PAL  Those further electric fuses were connected in separate, but closely
      adjacent and similar, circuits, so those electric fuses would have the
      same environment but could be required to carry specifically-different
      values of current. An effort was made to set an initial value of current,
      for the electric fuse with the aluminum oxide housing, which would enable
      the temperature sensed by thermocouple 2 to stabilize in still air at
      175.degree.  C.; and, similarly, an effort was made to set an initial
      value of current, for the electric fuse with the glass melamine housing,
      which would enable the temperature sensed by thermocouple 6 to stabilize
      in still air at one hundred and seventy-five degrees centigrade. As the
      following chart shows, the initial value of current for the electric fuse
      with the aluminum oxide housing caused the temperature sensed by
      thermocouple 2 in still air to stabilize at 175.degree.C., but the initial
      value of current for the electric fuse with the glass melamine housing
      caused the temperature sensed by thermocouple 6 in still air to stabilize
      at 174.degree.C. Further, that chart shows that although the initial
      current value and the initial temperature of the outer surface of the
      electric fuse with the aluminum oxide housing were higher than those of
      the electric fuse with the glass melamine housing, the latter electric
      fuse blew well prior to the blowing of the former electric fuse:
TBL  Condition                                                                 
             Value of Current                                                  
                       Centigrade Tempera-                                     
                                       Value of Current                        
                                                 Centigrade Tempera-           
     Of Air  In Amperes                                                        
                       ture Sensed by  In Amperes                              
                                                 ture sensed By                
             Flowing Through                                                   
                       Thermocouples   Flowing Through                         
                                                 Thermocouples                 
             Aluminum Oxide            Glass Melamine                          
             Housing Electric          Housing Electric                        
             Fuse      1   2   3   4   Fuse      5   6   7   8                 
     __________________________________________________________________________
     Still   66        261 175 174 175 54        432 174 121 122               
     Moving  60        95  50  50  49  54        333 59  52  52                
     at about                                                                  
     19.8 c.m.m.                                                               
             63        118 62  62  63  57        394 67  58  59                
             66        134 73  73  72  60        550 89  68  67                
             69        161 77  78  78            Fuse blew eight               
                                                 minutes after current         
             72        183 86  86  86            was raised to sixty           
                                                 amperes.                      
             75        205 95  94  95                                          
             78        222 105 106 105                                         
             81        252 115 116 116                                         
             84        Fuse blew when                                          
                       current raised to                                       
                       84 amperes                                              
     __________________________________________________________________________
PAR  The immediately-preceding chart shows that the electric fuse of FIG. 8 has
      a moving-air maximum continuous current carrying capacity of 81 amperes
      when it has an aluminum oxide housing, and has a moving-air maximum
      continuous current carrying capacity of only 57 amperes when it has a
      glass melamine housing. Further, that chart shows that the thermal
      conductivity of the aluminum oxide housing keeps the temperature at the
      inner surface of the passage in the electric fuse of FIG. 8 below
      350.degree.C. when that electric fuse is operated at its maximum
      continuous current carrying capacity, whereas the temperature at the inner
      surface of the passage in the electric fuse with the glass melamine
      housing is greater than 350.degree.C. when that electric fuse is operated
      at its maximum continuous current carrying capacity. Also, that chart
      shows that the thermal conductivity of the aluminum oxide housing keeps
      the temperature at the inner surface of the passage in the electric fuse
      of FIG. 8 below 350.degree.C. when the temperatures of the weak spots are
      caused by a prolonged low overload to reach 960.degree.C, whereas the
      temperature at the inner surface of the passage in the electric fuse with
      the glass melamine housing is 550.degree.C. when the temperatures of the
      weak spots are caused by a prolonged low overload to reach 960.degree.C.
      In addition, that chart shows that the thermal conductivity of the
      aluminum oxide housing keeps the gradient between the temperature at the
      inner surface of the passage and the temperature at the outer surface of
      the housing less than 200.degree.C. at all times, whereas the gradient
      between the temperature at the inner surface of the passage and the
      temperature at the outer surface of the glass melamine housing for the
      other electric fuse greatly exceeded 200.degree.C. Moreover that chart
      shows that the temperature at the inner surface of the passage in the
      glass melamine housing of the other electric fuse greatly exceeded
      149.degree.C----the recommended upper limit for the temperature of Type
      G-5 glass melamine----at a current level below the current level needed to
      cause that other electric fuse to open.
PAR  The immediately-preceding chart further shows that the temperature at the
      inner surface of the passage in the other electric fuse exceeds
      371.degree.C----the recommended upper limit for the temperature of G-7
      glass silicone----at a current level below the current level needed to
      cause that other electric fuse to open. As a result, that chart shows that
      prior fuses which utilized housings of glass melamine or of glass silicone
      did not operate, and could not have operated, as single-element,
      dual-function electric fuses if they utilized fusible elements of copper
      or silver. Hence that chart shows that such fuses did not operate, and
      could not have operated, as current-limiting, single-element,
      dual-function electric fuses.
PAR  The foregoing charts coact to show that the electric fuse of FIG. 8 has a
      still-air maximum continuous current carrying capacity which is more than
      one hundred and eighteen percent of the still-air maximum continuous
      current carrying capacity of the electric fuse which has the glass
      mealmine housing. They also coact to show that the electric fuse of FIG. 8
      has a moving-air maximum continuous current carrying capacity which is
      more than 142 percent of the moving-air maximum continuous current
      carrying capacity of that other electric fuse.
PAR  Referring particularly to FIG. 10, the numeral 82 generally denotes a
      housing for a number of diodes 86. Those diodes are mounted on heat sinks
      84 which are vertically-disposed, horizontally-extending,
      generally-rectangular metal plates. One of the electric fuses of FIG. 8 is
      connected to each of the heat sinks 84; and cables 88 are connected to the
      free ends of those electric fuses. The numeral 90 denotes a fan which is
      mounted adjacent the top of the housing 82; and that fuse is disposed
      immediately below an exhaust air grille 91 in that top. The numeral 92
      denotes an intake air grille adjacent the bottom of one side of that
      housing. The upper portion of that side of the housing is an opaque plate;
      but that plate has been removed to permit a full showing of the electric
      fuses of FIG. 8 and of their connections to the heat sinks 84.
PAR  The heat sinks 84 serve as conductors as well as heat sinks; and the
      electric fuses are bolted directly to those heat sinks. The fan 90 will
      draw relatively-cool air inwardly through the intake air grille 92, will
      cause that air to pass over the diodes 86 and the electric fuses and the
      heat sinks 84, and will then cause that air to exit through the exhaust
      air grille 91. That air will flow at a rate in excess of nineteen and
      eight tenths cubic meters per minute. By providing such a flow of air, it
      is possible to make the values of current which can safely flow through
      those diodes and those electric fuses substantially greater than the
      values of current which can safely flow through those diodes and those
      electric fuses in a still-air atmosphere. Specifically, each of the fuses
      in FIG. 10 can continuously carry eighty-one amperes, but could
      continuously carry only 65 amperes in a still-air atmosphere. The fusible
      elements, of the electric fuses provided by the present invention, are
      made from a material, such as silver or copper, which has a melting
      temperature that is substantially higher than the melting temperature of
      lead or zinc. Consequently, the fusible elements of those electric fuses
      can be said to be made from a material having a high melting temperature.
PAR  The electric fuses provided by the present invention have only one fusible
      element in any given passage in any given housing. Moreover, the
      arc-extinguishing filler in each passage directly contacts the entire
      surface of the fusible element in that passage, and also directly contacts
      the inner surface of that passage. Also, the elongated sides of those
      fusible elements are close to that inner surface, and the weak spots in
      those fusible elements are closer to that inner surface than they are to
      the adjacent terminals. As a result, those electric fuses can radiate and
      conduct very appreciable amounts of heat from the weak spots thereof to
      the inner surfaces of the passages in the housings thereof. Further, those
      housings can radiate substantial amounts of the heat which is absorbed by
      the inner surface of the passages therein; and hence the electric fuses of
      the present invention can use fusible elements with weak spots of
      relatively-small cross section and yet act as single-element,
      dual-function electric fuses.
PAR  Each fusible element of each electric fuse provided by the present
      invention will have at least one weak spot therein, and many of those
      fusible elements will have more than one weak spot therein. It should be
      understood that unless the context of the specification or of a claim
      requires otherwise, the phrase weak spot is intended to refer to a weak
      spot which can respond to a low but potentially-harmful overload to fuse
      and which also can respond to a heavy overload or a short circuit to fuse.
      It should also be understood that if each fusible element of an electric
      fuse can respond to a low but potentially-harmful overload to fuse and
      also can respond to a heavy overload or a short circuit to fuse, that
      electric fuse is considered to be a single-element, dual-function electric
      fuse----whether it has only one fusible element or has a plurality of
      fusible elements.
PAR  The spacing between the edges of the fusible element 108 and the inner
      surface of the passage in the housing 100 helps determine the maximum
      continuous current carrying capacity of the electric fuse of FIG. 8. For
      example, a still further electric fuse was made so it was identical to the
      electric fuse of FIG. 8 except for the fact that the width of the fusible
      element 108 was increased from three hundred and eighteen thousandths of a
      centimeter to six hundred and thirty-five thousandths of a centimeter. The
      widths of the weak spots were left unchanged; but the spacing between each
      edge of the fusible element 108 and the adjacent portion of the inner
      surface of the passage in the housing 100 was reduced from one hundred and
      eighty-four thousandths of a centimeter to twenty-five thousandths of a
      centimeter. The maximum continuous current carrying capacity of that still
      further electric fuse was determined; and, for reading comparison, the
      results of that determination are set out hereinafter opposite the results
      of the determination of the continuous current carrying capacity of the
      electric fuse of FIG. 8. The numbers and locations of the thermocouples
      used in making those determinations are set forth in the following chart:
TBL  Thermocouple                                                              
     Number     Location of Thermocouple                                       
     ______________________________________                                    
     1          At inner surface of passage of                                 
                housing of FIG. 8                                              
     2          Longitudinal center of outer surface                           
                of housing of FIG. 8                                           
     3          Terminal at one end of housing of                              
                FIG. 8                                                         
     4          Terminal at other end of housing of                            
                FIG. 8                                                         
     5          At inner surface of passage of housing                         
                of electric fuse of FIG. 8 with wider                          
                fusible element                                                
     6          Longitudinal center of outer surface                           
                of housing of electric fuse of FIG. 8                          
                with wider fusible element                                     
     7          Terminal at one end of housing of                              
                electric fuse of FIG. 8                                        
                with wider fusible element                                     
     8          Terminal at other end of housing of                            
                electric fuse of FIG. 8 with wider                             
                fusible element                                                
     ______________________________________                                    
PAL  The two electric fuses were connected in separate, but closely adjacent and
      similar, circuits, so those electric fuses would have the same environment
      but could be required to carry specifically-different values of current.
      The initial value of current, for the electric fuse of FIG. 8, was set at
      a value which enabled the temperature sensed by thermocouple 2 to
      stabilize in still air at 175.degree.C; and, similarly, the initial value
      of current, for the electric fuse of FIG. 8 with the wider fusible element
      was set at a value which enabled the temperature sensed by thermocouple 6
      to stabilize in still air at 175.degree.C.:
TBL  Condition                                                                 
            Value of Current                                                   
                      Centigrade Tempera-                                      
                                      Value of Current                         
                                                 Centigrade Tempera-           
     Of Air In Amperes                                                         
                      ture Sensed by  In Amperes ture Sensed By                
            Flowing Through                                                    
                      Thermocouples   Flowing Through                          
                                                 Thermocouples                 
            Electric Fuse             Electric Fuse of                         
            of FIG. 8                 FIG. 8 With Wider                        
                      1   2   3   4   Fusible Element                          
                                                 5   6   7   8                 
     __________________________________________________________________________
     Still  66        261 175 174 175 60         207 175 154 155               
     Moving at                                                                 
            60        95  50  50  49  60         111 71  65  66                
     about 19.8                                                                
     c.m.m. 63        118 62  62  63  63         123 82  74  74                
            66        134 73  73  72  66         137 84  74  76                
            69        161 77  78  78  69         156 98  86  84                
            72        183 86  86  86  72         178 109 94  95                
            75        205 95  94  95  75         188 119 103 102               
            78        222 105 106 105 78         218 139 118 118               
            81        252 115 116 116 81         245 153 128 128               
                      Fuse blew when  83         276  172                      
                                                         145 145               
                      current raised                                           
                      to 84 amperes   86         317 187 166 166               
                                                 Fuse blew when                
                                                 current raised to             
                                                 89 amperes                    
     __________________________________________________________________________
PAL  The immediately-preceding chart shows that the positioning of the edges of
      the fusible element 108 closer to the inner surface of the passage in the
      housing 100 increased the continuous current carrying capacity of the
      electric fuse from 81 amperes to 86 amperes. Consequently, in the electric
      fuses of the present invention, it is preferable that the fusible elements
      of those electric fuses have widths in excess of 75 percent of the
      diameters of the passages in which they are disposed.
PAR  The fusible elements of the electric fuses provided by the present
      invention can have different configurations, different widths, and
      different thicknesses. Also, the passages in the housings of those
      electric fuses can have different cross-sectional configurations and
      different cross sections. However, no passage should have a diameter
      larger than one and twenty-seven hundredths of a centimeter; and, where
      that is the case, the maximum radial distance between any weak spot, of
      any fusible element lying on the geometric axis of that passage, and the
      inner surface of that passage will be less than sixty-four millimeters.
      Each weak spot should be spaced from each terminal a distance greater than
      80 millimeters; and the inner surface of each passage should be as close
      to the elongated sides of the fusible element therein as assembly and
      economic requirements permit.
PAR  Whereas the drawing and accompanying description have shown and described
      several preferred embodiments of the present invention it should be
      apparent to those skilled in the art that various changes may be made in
      the form of the invention without affecting the scope thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A current-limiting electric fuse that comprises a housing which has an
      elongated passage therein, terminals which are located at the ends of said
      passage, a fusible element which is disposed within said passage and which
      is electrically connected to said terminals, said fusible element being
      essentially composed of copper or silver and having at least one weak spot
      therein, said fusible element responding to a prolonged low but
      potentially-harmful overload or to a short circuit or heavy overload to
      "open", and arc-extinguishing material which directly contacts said weak
      spot and the inner surface of said passage and which substantially fills
      said passage, said weak spot having at least one portion thereof which is
      displaced from said inner surface of said passage but said one portion
      being displaced from said inner surface by a distance less than 64
      millimeters, said weak spot having said one portion thereof displaced from
      each of said terminals a distance greater than eighty millimeters, said
      housing being made from an inorganic ceramic material which has a thermal
      conductivity greater than thirty thousandths of a calorie per square
      centimeter of cross section per centimeter of length per second of time
      per degree centigrade, said housing having the major portion of the outer
      surface thereof exposed to a cooling medium to enable said major portion
      of said outer surface to radiate heat to said cooling medium, said weak
      spot generating heat whenever current flows through said fusible element,
      said arc-extinguishing material absorbing appreciable amounts of said heat
      from said weak spot and transferring most of said appreciable amounts of
      said heat to said inner surface of said passage, said housing transferring
      appreciable amounts of the heat which it receives from said
      arc-extinguishing material to said outer surface thereof to enable said
      outer surface to radiate heat to said cooling medium, said weak spot
      having a temperature in excess of 80 percent of the melting temperature of
      said fusible element whenever said electric fuse is operated at its
      maximum continuous current carrying capacity but said arc-extinguishing
      material and said housing transferring so much heat to said outer surface
      of said housing that the temperature of said inner surface of said passage
      remains below 350.degree.C., said thermal conductivity of said inorganic
      ceramic material of said housing limiting the temperature gradient between
      said inner surface of said passage and said outer surface of said housing
      to less than 200.degree.C., the temperature of said weak spot rising to
      the melting temperature of said fusible element whenever said fusible
      element responds to a prolonged low but potentially-harmful overload to
      open but said arc-extinguishing material and said housing transferring so
      much heat to said outer surface of said housing that the temperature of
      said inner surface of said passage remains below 350.degree.C.
NUM  2.
PAR  2. A current-limiting electric fuse that comprises a housing which has an
      elongated passage therein, terminals which are located at the ends of said
      passage, a fusible element which is disposed within said passage and which
      is electrically connected to said terminals, said fusible element being
      essentially composed of copper or silver and having at least one weak spot
      therein, said fusible element responding to a prolonged low but
      potentially-harmful overload or to a short circuit or heavy overload to
      open, and arc-extinguishing material which directly contacts said weak
      spot and the inner surface of said passage and which substantially fills
      said passage, said weak spot having at least one portion thereof which hs
      displaced from said inner surface of said passage but said one portion
      being displaced from said inner surface by a distance less than 64
      millimeters, said weak spot having said one portion thereof displaced from
      each of said terminals a distance greater than eighty millimeters, said
      housing being made from an inorganic ceramic material which has a thermal
      conductivity greater than thirty thousandths of a calorie per square
      centimeter of cross section per centimeter of length per second of time
      per degree centigrade, said housing having the major portion of the outer
      surface thereof exposed to a cooling medium to enable said major portion
      of said outer surface to radiate heat to said cooling medium, said weak
      spot generating heat whenever current flows through said fusible element,
      said arc-extinguishing material absorbing appreciable amounts of heat and
      transferring most of said appreciable amounts of said heat to said inner
      surface of said passage, said housing transferring appreciable amounts of
      the heat which it receives from said arc-extinguishing material to said
      outer surface thereof to enable said outer surface to radiate heat to said
      cooling medium, said weak spot having a temperature in excess of 80
      percent of its melting temperature whenever said electric fuse is operated
      at its maximum continuous current carrying capacity but said
      arc-extinguishing material and said housing transferring so much heat to
      said outer surface of said housing that the temperature of said inner
      surface of said passage remains below 350.degree.C., the temperature of
      said weak spot rising to the melting temperature of said fusible element
      whenever said fusible element responds to a prolonged but
      potentially-harmful overload to open but said arc-extinguishing material
      and said housing transferring so much heat to said outer surface of said
      housing that the temperature of said inner surface of said passage remains
      below 350.degree.C.
NUM  3.
PAR  3. A current-limiting electric fuse that comprises a housing which has an
      elongated passage therein, terminals which are located at the ends of said
      passage, a fusible element which is disposed within said passage and which
      is electrically connected to said terminals, said fusible element being
      essentially composed of copper or silver and having at least one weak spot
      therein, said fusible element responding to a prolonged low but
      potentially-harmful overload or to a short circuit or heavy overload to
      open, and arc-extinguishing material which directly contacts said weak
      spot and the inner surface of said passage and which substantially fills
      said passage, said weak spot having at least one portion thereof which is
      displaced from said inner surface of said passage but said one portion
      being displaced from said inner surface by a distance less than 64
      millimeters, said weak spot having said one portion thereof displaced from
      each of said terminals a distance greater than 80 millimeters, said
      housing being made from an inorganic ceramic material which has a thermal
      conductivity greater than thirty thousandths of a calorie per square
      centimeter of cross section per centimeter of length per second of time
      per degree centigrade, said housing having the major portion of the outer
      surface thereof exposed to a cooling medium to enable said major portion
      of said outer surface to radiate heat to said cooling medium, said weak
      spot generating heat whenever current flows through said fusible element,
      said arc-extinguishing material absorbing appreciable amounts of heat and
      transferring most of said appreciable amounts of said heat to said inner
      surface of said passage, said housing transferring appreciable amounts of
      the heat which it receives from said arc-extinguishing material to said
      outer surface thereof to enable said outer surface to radiate heat to said
      cooling medium, said weak spot having a temperature in excess of eighty
      percent of its melting temperature whenever said electric fuse is operated
      at its maximum continuous current carrying capacity but said
      arc-extinguishing material and said housing transferring so much heat to
      said outer surface of said housing that the temperature of said inner
      surface of said passage remains below 350.degree.C., the temperature of
      said weak spot rising to the melting temperature of said fusible element
      whenever said fusible element responds to a prolonged but
      potentially-harmful overload to open but said arc-extinguishing material
      and said housing transferring so much heat to said outer surface of said
      housing that the temperature of said inner surface of said passage remains
      below 350.degree.C., said fusible element being the only fusible element
      within said passage, and the width of said fusible element being greater
      than seventy-five percent of the diameter of said passage.
NUM  4.
PAR  4. A current-limiting electric fuse that comprises a housing which has an
      elongated passage therein, terminals which are located at the ends of said
      passage, a fusible element which is disposed within said passage and which
      is electrically connected to said terminals, said fusible element being
      essentially composed of copper or silver and having at least onen weak
      spot therein, and arc-extinguishing material which directly contacts said
      weak spot and the inner surface of said passage and which substantially
      fills said passage, said housing being made from an inorganic ceramic
      material which has a thermal conductivity greater than thirty thousandths
      of a calorie per square centimeter of cross section per centimeter of
      length per second of time per degree centigrade, said housing having the
      major portion of the outer surface thereof exposed to a cooling medium to
      enable said major portion of said outer surface to radiate heat to said
      cooling medium, said weak spot generating heat whenever current flows
      through said fusible element, said arc-extinguishing material absorbing
      appreciable amounts of said heat from said weak spot and transferring most
      of said appreciable amounts of said heat to said inner surface of said
      passage, said housing transferring appreciable amounts of the heat which
      it receives from said arc-extinguishing material to said outer surface
      thereof to enable said outer surface to radiate heat to said cooling
      medium, said weak spot having a temperature in excess of eighty percent of
      its melting temperature whenever said electric fuse is operated at its
      maximum continuous current carrying capacity but said arc-extinguishing
      material and said housing transferring so much heat to said outer surface
      of said housing that the temperature of said inner surface of said passage
      remains below 350.degree.C., the temperature of said weak spot rising to
      the melting temperature of said fusible element whenever said fusible
      element responds to a low but potentially-harmful overload to open but
      said arc-extinguishing material and said housing transferring so much heat
      to said outer surface of said housing that the temperature of said inner
      surface of said passage remains below 350.degree.C.
NUM  5.
PAR  5. A current-limiting electric fuse that comprises a housing which has an
      elongated passage therein, terminals which are located at the ends of said
      passage, a fusible element which is disposed within said passage and which
      is electrically connected to said terminals, said fusible element being
      essentially composed of copper or silver and having at least one weak spot
      therein, and arc-extinguishing material which directly contacts said weak
      spot and the inner surface of said passage and which substantially fills
      said passage, said weak spot having at least one portion thereof which is
      displaced from said inner surface of said passage but said one portion
      being displaced from said inner surface by a distance less than 64
      millimeters, said housing being made from an inorganic ceramic material
      which has a thermal conductivity greater than thirty thousandths of a
      calorie per square centimeter of cross section per centimeter of length
      per second of time per degree centigrade, said housing having the major
      portion of the outer surface thereof exposed to a cooling medium to enable
      said major portion of said outer surface to radiate heat to said cooling
      medium, said weak spot generating heat whenever current flows through said
      fusible element, said arc-extinguishing material absorbing appreciable
      amounts of said heat from said weak spot and transferring most of said
      appreciable amounts of said heat to said inner surface of said passage,
      said housing transferring appreciable amounts of the heat which it
      receives from said arc-extinguishing material to said outer surface
      thereof to enable said outer surface to radiate heat to said cooling
      medium, said weak spot having a temperature in excess of 80 percent of its
      melting temperature whenever said electric fuse is operated at its maximum
      continuous current-carrying capacity but said arc-extinguishing material
      and said housing transferring so much heat to said outer surface of said
      housing that the temperature of said inner surface of said passage remains
      below 350.degree.C., the temperature of said weak spot rising to the
      melting temperature of said fusible element whenever said fusible element
      responds to a prolonged low but potentially-harmful overload to open but
      said arc-extinguishing material and said housing transferring so much heat
      to said outer surface of said housing that the temperature of said inner
      surface of said passage remains below 350.degree.C.
NUM  6.
PAR  6. A current-limiting electric fuse that comprises a housing which has an
      elongated passage therein, terminals which are located at the ends of said
      passage, a fusible element which is disposed within said passage and which
      is electrically connected to said terminals, said fusible element being
      essentially composed of copper or silver and having at least one weak spot
      therein, and arc-extinguishing material which directly contacts said weak
      spot and the inner surface of said passage and which substantially fills
      said passage, said housing being made from an inorganic ceramic material
      which has a thermal conductivity greater than thirty thousandths of a
      calorie per square centimeter of cross section per centimeter of length
      per second of time per degree centigrade, said housing having the major
      portion of the outer surface thereof exposed to a cooling medium to enable
      said major portion of said outer surface to radiate heat to said cooling
      medium, said weak spot generating heat whenever current flows through said
      fusible element, said arc-extinguishing material absorbing appreciable
      amounts of said heat from said weak spot and transferring most of said
      appreciable amounts of said heat to said inner surface of said passage,
      said housing transferring appreciable amounts of the heat which it
      receives from said arc-extinguishing material to said outer surface
      thereof to enable said outer surface to radiate heat to said cooling
      medium, the temperature of said weak spot rising to the melting
      temperature of said fusible element whenever said fusible element responds
      to a prolonged low but potentially-harmful overload to open but said
      arc-extinguishing material and said housing transferring so much heat to
      said outer surface of said passage that the temperature of said inner
      surface of said passage remains below 350.degree.C.
NUM  7.
PAR  7. A current-limiting, single-element, dual-function, electric fuse that
      comprises a housing which has an elongated passage therein, terminals
      which are located at the ends of said passage, a fusible element which is
      disposed within said passage and which is electrically connected to said
      terminals, said fusible element being essentially composed of copper or
      silver and having at least one weak spot therein, said fusible element
      responding to a prolonged low but potentially-harmful overload or to a
      short circuit or heavy overload to open, arc-extinguishing material within
      said passage, said weak spot having at least one portion thereof which is
      displaced from said inner surface of said passage but said one portion
      being displaced from said inner surface by a distance less than sixty-four
      millimeters, said weak spot having said one portion thereof displaced from
      each of said terminals a distance greater than 80 millimeters, said
      housing being made from an inorganic ceramic material which has a thermal
      conductivity greater than thirty thousandths of a calorie per square
      centimeter of cross section per centimeter of length per second of time
      per degree centigrade, and means to move a cooling medium into engagement
      with said outer surface of said housing to absorb heat from said outer
      surface, said means forcing said cooling medium to move into engagement
      with said outer surface of said housing to absorb heat from said outer
      surface throughout the time said current-limiting, single-element,
      dual-function, electric fuse is carrying current, said housing having the
      major portion of the outer surface thereof exposed to said cooling medium
      to enable said major portion of said outer surface to transfer heat to
      said cooling medium, said weak spot generating heat whenever current flows
      through said fusible element, said arc-extinguishing material absorbing
      appreciable amounts of said heat and transferring most of said appreciable
      amounts of said heat to said inner surface of said passage, said housing
      transferring appreciable amounts of the heat which it receives from said
      arc-extinguishing material to said outer surface thereof to enable said
      outer surface to transfer heat to said cooling medium, said weak spot
      having a temperature in excess of 80 percent of the melting temperature of
      said fusible element whenever said electric fuse is operated at its
      maximum continuous current carrying capacity.
NUM  8.
PAR  8. A current-limiting single-element, dual-function, electric fuse that
      comprises a housing which has an elongated passage therein, terminals
      which are located at the ends of said passage, a fusible element which is
      disposed within said passage and which is electrically connected to said
      terminals, said fusible element being essentially composed of copper or
      silver and having at least one weak spot therein, said fusible element
      responding to a prolonged low but potentially-harmful overload or to a
      short circuit or heavy overload to open, arc-extinguishing material within
      said passage, said weak spot having at least one portion thereof which is
      displaced from said inner surface of said passage but said one portion
      being displaced from said inner surface by a distance less than 64
      millimeters, said weak spot having said one portion thereof displaced from
      each of said terminals a distance greater than eighty millimeters, said
      housing being made from an inorganic ceramic material which has a thermal
      conductivity greater than thirty thousandths of a calorie per square
      centimeter of cross section per centimeter of length per second of time
      per degree centigrade, and means to move a cooling medium into engagement
      with said outer surface of said housing to absorb heat from said outer
      surface, said means forcing said cooling medium to move into engagement
      with said outer surface of said housing to absorb heat from said outer
      surface throughout the time said current-limiting single-element,
      dual-function, electric fuse is carrying current, said housing having the
      major portion of the outer surface thereof exposed to said cooling medium
      to enable said major portion of said outer surface to transfer heat to
      said cooling medium, said weak spot generating heat whenever current flows
      through said fusible element, said arc-extinguishing material absorbing
      appreciable amounts of said heat and transferring most of said appreciable
      amounts of said heat to said inner surface of said passage, said housing
      transferring appreciable amounts of the heat which it receives from said
      arc-extinguishing material to said outer surface thereof to enable said
      outer surface to transfer heat to said cooling medium, said weak spot
      having a temperature in excess of eighty percent of the melting
      temperature of said fusible element whenever said electric fuse is
      operated at its maximum continuous current carrying capacity, said thermal
      conductivity of said inorganic ceramic material of said housing limiting
      the temperature gradient between said inner and outer surfaces of said
      housing to less than 200.degree.C.
NUM  9.
PAR  9. A current-limiting single-element, dual-function, electric fuse as
      claimed in claim 7 wherein the temperature of said weak spot rises to the
      melting temperature of said fusible element whenever said fusible element
      responds to a prolonged low but potentially-harmful overload to open but
      wherein said arc-extinguishing material and said housing transfer so much
      heat to said outer surface of said housing that the temperature of said
      inner surface of said passage remains below 350.degree.C.
NUM  10.
PAR  10. A current-limiting single-element, dual-function, electric fuse as
      claimed in claim 7 wherein said arc-extinguishing material directly
      contacts said weak spot and said inner surface of said passage, wherein
      said arc-extinguishing material substantially fills said passage, and
      wherein said arc-extinguishing material and said housing transfer so much
      heat to said outer surface of said housing that the temperature of said
      inner surface of said passage remains below 350.degree.C.
NUM  11.
PAR  11. A current-limiting single-element, dual-function, electric fuse as
      claimed in claim 7 wherein said arc-extinguishing material directly
      contacts said weak spot and said inner surface of said passage, wherein
      said arc-extinguishing material substantially fills said passage, wherein
      said arc-extinguishing material and said housing transfer so much heat to
      said outer surface of said housing that the temperature of said inner
      surface of said passage remains below 350.degree.C., and wherein said
      thermal conductivity of said inorganic ceramic material of said housing
      limits the temperature gradient between said inner and outer surfaces of
      said housing to less than 200.degree.C.
NUM  12.
PAR  12. A current-limiting single-element, dual-function, electric fuse as
      claimed in claim 7 wherein said cooling medium is continuously forced to
      move into engagement with said outer surface of said housing to absorb
      heat from said outer surface.
NUM  13.
PAR  13. A current-limiting, single-element, dual-function, electric fuse that
      comprises a housing which has an elongated passage therein, terminals
      which are located at the ends of said passage, a fusible element which is
      disposed within said passage and which is electrically connected to said
      terminals, said fusible element being made from a material which has a
      high melting temperature, said fusible element responding to a prolonged
      low but potentially-harmful overload or to a short circuit or heavy
      overload to open, and arc-extinguishing material within said passage, said
      housing being made from an inorganic ceramic material which has a thermal
      conductivity greater than thirty thousandths of a calorie per square
      centimeter of cross section per centimeter of length per second of time
      per degree centigrade, said housing having the major portion of the outer
      surface thereof exposed to a cooling medium to enable said major portion
      of said outer surface to radiate heat to said cooling medium, said fusible
      element generating heat whenever current flows through said electric fuse,
      said arc-extinguishing material absorbing appreciable amounts of said heat
      and transferring most of said appreciable amounts of said heat to said
      inner surface of said passage, said housing transferring appreciable
      amounts of the heat which it receives from said arc-extinguishing material
      to said outer surface thereof to enable said outer surface to radiate heat
      to said cooling medium, at least one portion of said fusible element
      having a temperature in excess of eighty percent of the melting
      temperature of the material of said fusible element whenever said electric
      fuse is operating at its maximum continuous current carrying capacity.
NUM  14.
PAR  14. A current-limiting, single-element, dual-function electric fuse as
      claimed in claim 13 wherein said thermal conductivity of said inorganic
      ceramic material of said housing limits the temperature gradient between
      said inner and outer surfaces of said housing to less than 200.degree.C.
NUM  15.
PAR  15. A current-limiting, single-element, dual-function electric fuse as
      claimed in claim 13 wherein the temperature of said weak spot rises to the
      melting temperature of said fusible element whenever said fusible element
      responds to a prolonged low but potentially-harmful overload to open, but
      wherein said arc-extinguishing material and said housing transfer so much
      heat to said outer surface of said housing that the temperature of said
      inner surface of said passage remains below 350.degree.C.
NUM  16.
PAR  16. A current-limiting, single-element, dual-function electric fuse as
      claimed in claim 13 wherein said arc-extinguishing material directly
      contacts said weak spot and said inner surface of said passage, wherein
      said arc-extinguishing material substantially fills said passage, and
      wherein said arc-extinguishing material and said housing transfer so much
      heat to said outer surface of said housing that the temperature of said
      inner surface of said passage remains below 350.degree.C.
NUM  17.
PAR  17. A current-limiting, single-element, dual-function electric fuse as
      claimed in claim 13 wherein said arc-extinguishing material directly
      contacts said weak spot and said inner surface of said passage, wherein
      said arc-extinguishing material substantially fills said passage, wherein
      said arc-extinguishing material and said housing transfer so much heat to
      said outer surface of said housing that the temperature of said inner
      surface of said passage remains below 350.degree.C., and wherein said
      thermal conductivity of said inorganic ceramic material of said housing
      limits the temperature gradient between said inner and outer surfaces of
      said housing to less than two hundred degrees centigrade.
NUM  18.
PAR  18. A current-limiting, single-element, dual-function electric fuse as
      claimed in claim 13 wherein means moves a cooling medium into engagement
      with said outer surface of said housing to absorb heat from said outer
      surface, and wherein said means forces said cooling medium to continuously
      move into engagement with said outer surface of said housing to absorb
      heat from said outer surface throughout the time said current-limiting,
      single-element, dual-function, electric fuse is carrying current.
NUM  19.
PAR  19. A current-limiting, single-element, dual-function, electric fuse that
      comprises a housing which has an elongated passage therein, terminals
      which are located at the ends of said passage, a fusible element which is
      disposed within said passage and which is electrically connected to said
      terminals, said fusible element being essentially composed of copper or
      silver and having at least one weak  spot therein, said fusible element
      responding to a prolonged low but potentially-harmful overload or to a
      short circuit or heavy overload to open, and arc-extinguishing material
      which directly contacts said weak spot and the inner surface of said
      passage and which substantially fills said passage, said weak spot being
      displaced from said inner surface of said passage and also being displaced
      from both of said terminals, said weak spot being displaced from said
      inner surface by a distance smaller than the distance by which said weak
      spot is displaced from each of said terminals, said housing being made
      from an inorganic ceramic material which has a thermal conductivity
      greater than thirty thousandths of a calorie per square centimeter of
      cross section per centimeter of length per second of time per degree
      centigrade, said housing having the major portion of the outer surface
      thereof exposed to a cooling medium to enable said major portion of said
      outer surface to radiate heat to said cooling medium, said weak spot
      generating heat whenever current flows through said fusible element, said
      arc-extinguishing material absorbing appreciable amounts of heat and
      transferring most of said appreciable amounts of said heat to said inner
      surface of said passage, said housing transferring appreciable amounts of
      the heat which it receives from said arc-extinguishing material to said
      outer surface thereof to enable said outer surface to radiate heat to said
      cooling medium.
NUM  20.
PAR  20. A current-limiting, single-element, dual-function, electric fuse as
      claimed in claim 19 wherein said thermal conductivity of said inorganic
      ceramic material of said housing limits the temperature gradient between
      said inner surface of said passage and said outer surface of said housing
      to less than 200.degree.C.
NUM  21.
PAR  21. A current-limiting, single-element, dual-function, electric fuse as
      claimed in claim 19 wherein said thermal conductivity of said inorganic
      ceramic material of said housing keeps the temperature at said inner
      surface of said passage from reaching 350.degree.C.
NUM  22.
PAR  22. A current-limiting, single-element, dual-function, electric fuse as
      claimed in claim 19 wherein said weak spot has a temperature in excess of
      80 percent of the melting temperature of said fusible element whenever
      said electric fuse is operated at its maximum continuous current carrying
      capacity.
NUM  23.
PAR  23. A current-limiting, single-element, dual-function, electric fuse as
      claimed in claim 19 wherein said fusible element is the only
      circuit-interrupting element within said passage.
NUM  24.
PAR  24. A current-limiting, single-element, dual-function, electric fuse as
      claimed in claim 19 wherein the width of said fusible element is greater
      than 75 percent of the diameter of said passage.
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PAL  An electrical plug and outlet unit adapted for insertion into a
      conventional three-socket, high voltage receptacle for providing a reduced
      voltage at at least one outlet forming a part of the unit. The unit
      includes a single conductor prong and a single ground prong projecting
      rearwardly from within a non-conductive body member. These prongs are
      arranged in a pattern for permitting the conductor prong to be received
      within one of the hot sockets of the high voltage receptacle, and for
      permitting the ground prong to be received within an equipment ground
      socket of the high voltage receptacle. Each of the unit outlets includes a
      pair of electrical contacts aligned with respective openings in a front
      face of the non-conductive body member for receiving prongs of a
      conventional low voltage plug. Electrically conductive means connects the
      conductor prong to one of the pair of electrical contacts of each outlet,
      and connects the ground prong to the other electrical contact of each
      outlet. In this manner one of the hot lines of the high voltage receptacle
      is omitted from the circuitry of the unit of this invention. Therefore,
      each of the outlets is of a reduced voltage, equal to one-half of the
      voltage of the receptacle into which the unit of this invention is
      plugged. Preferably, a fuse is in the conductive path that connects the
      conductor prong to its respective electrical contacts so that the current
      flowing through the electrical plug and outlet unit must traverse the
      fuse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an electrical plug and outlet unit adapted to be
      plugged into a high voltage receptacle for converting the high voltage
      from the receptacle into a lower voltage at least one outlet forming a
      part of the unit.
PAR  2. Description of the Prior Art
PAR  Many household air conditioners and other appliances require 220-volt
      current for effective operation, and some appliances require current of a
      higher voltage. On the other hand, most household appliances, such as
      lamps, radios, clocks and the like operate on a current of 110-volts. In
      many sections of the country where air conditioners are in general use,
      the employment of them usually is confined to the summer months, so that
      for the major portion of each year they are disconnected and placed in
      storage. Consequently, during such times, a high voltage wall receptacle
      employed to service an air conditioner serves no useful purpose
      whatsoever.
PAR  U.S. Pat. No. 3,349,363, issued to Goodman, discloses an electrical plug
      and outlet unit which is adapted for insertion into a conventional high
      voltage receptacle for providing a reduced voltage at each of two outlets
      associated with the unit. Accordingly, the Goodman unit can be employed as
      an intermediary to service low voltage appliances when high voltage
      devices, such as air conditioners, are not required to be serviced by a
      high voltage receptacle outlet.
PAR  The Goodman unit includes a pair of conductor prongs, each of which is
      adapted to be inserted into a respective hot socket of the high voltage
      receptacle. One of the conductor prongs is electrically connected to one
      of the contacts associated with one of the outlets of the unit, and the
      other conductor prong is electrically connected to one of the contacts
      associated with the other outlet of the unit. The Goodman unit also
      includes a ground prong which is adapted to be received within the
      grounded socket of the high voltage receptacle, and this ground prong is
      electrically connected to the other contact of both of the unit outlets.
      Accordingly, both of the hot lines of the high voltage receptacle are
      included in the circuitry of the Goodman unit, one of the hot lines being
      connected to a contact of one of the duplex outlets and the other hot line
      being connected to one of the contacts associated with the other duplex
      outlet.
PAR  If a child inadvertently bridges the hot contacts of the Goodman unit with
      an electrically conductive member and simultaneously touches a ground, the
      high voltage current of the receptacle will pass through the child. This
      high voltage current can cause serious injury, and even death.
PAR  The only fuses associated with the circuitry of the Goodman unit are the
      main fuses employed in the high voltage lines associated with the high
      voltage receptacle. Accordingly, these fuses generally have a lower
      resistance (i.e. higher amperage rating) than fuses commonly employed in
      lower voltage circuits of the type provided at the outlets of the Goodman
      unit. Therefore, a low voltage household appliance or device being served
      by the Goodman unit as an intermediary might cause a sudden surge of
      current which would normally blow a fuse that was properly rated for the
      lower voltage outlet; however, this surge might not blow the lower
      resistance fuse associated with the high voltage receptacle in time to
      prevent damage to the appliance or device. In any event, even if the surge
      of current were sufficiently great to blow the high voltage receptacle
      fuse, this fuse generally is located in a basement, or some other
      inconvenient location for replacement. If a lower amperage fuse were
      directly associated with the Goodman unit, that fuse, rather than the main
      fuse associated with the high voltage receptacle, would blow, and such a
      low amperage fuse would be easily accessable for quick replacement.
PAR  Electrical plug and outlet units having a fuse directly associated with
      them are known in the prior art, as evidenced by the disclosures in U.S.
      Pat. Nos. 2,508,770 (Oshinsky) and 2,454,024 (Alemaghides). These units
      are not designed for reducing the voltage associated with a wall
      receptacle. The units disclosed in the Oshinsky and Alemaghides patents
      are adapted to divide a single receptacle outlet into a plurality of
      outlets having the same voltage as the receptacle outlet.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in an electrical plug and outlet unit
      including at least one electrical outlet for providing a lower voltage
      current than a high voltage receptacle into which the unit is plugged.
      Specifically, the electrical plug and outlet unit is effective to provide
      a voltage equal to one-half the high voltage associated with the
      receptacle.
PAR  The electrical plug and outlet unit of this invention includes a
      non-conductive body member. A single conductor prong and single ground
      prong project rearwardly from within the body member and are arranged in a
      pattern such that the conductor prong is receivable within one of the hot
      sockets of a high voltage receptacle, and the ground prong is receivable
      within a grounded socket of said receptacle. At least one outlet, and
      preferably a pair of outlets, forms a part of the unit of this invention;
      each outlet including a pair of electrical contacts aligned with openings
      in a front face of the non-conductive body member for electrically
      engaging prongs of a conventional low voltage plug which are inserted into
      said openings. The unit of this invention includes first electrical
      conductive means for connecting the conductor prong to one contact of each
      outlet, and second electrical conductive means for connecting the ground
      prong to the other contact of each outlet. Accordingly, the circuitry
      associated with the electrical plug and outlet unit of this invention
      completely omits one of the hot lines of the high voltage receptacle. In
      this manner the voltage associated with each outlet of the electrical plug
      and outlet units is equal to one-half that of the high voltage receptacle.
PAR  By completely omitting one of the hot sockets of the high voltage
      receptacle from the circuitry of the electrical plug and outlet unit, a
      safer arrangement is provided than that which is disclosed in the Goodman
      pat. no. 3,349,363. Specifically, assuming that the high voltage
      receptacle is a conventional 220-volt receptacle, a child that
      inadvertently bridges adjacent hot contacts of a pair of outlets
      associated with the plug and outlet unit of this invention, and thereafter
      touches a ground, will only receive a 110-volt surge of current.
      Accordingly, the likelihood of injury or death to the child will be less
      than that resulting from the bridging of hot contacts of adjacent outlets
      in the Goodman unit.
PAR  In a preferred embodiment of this invention a single fuse is included in
      the first electrical conductive means between the conductor prong and the
      electrical contacts of each outlet. In this manner, a fuse having a proper
      rating for the lower voltage circuitry associated with the unit of this
      invention can be provided to prevent damage to a conventional low voltage
      appliance, or other device being serviced by said unit. Specifically, the
      fuse associated with the unit of this invention should have a lower
      amperage rating than the main fuses associated with the high voltage
      receptacle. Accordingly, an appliance-damaging surge of current which
      might not be sufficient to blow the main fuse of the high voltage
      receptacle will blow a properly rated fuse associated with the unit of
      this invention. Preferably, the fuse is retained in a simple and reliable
      manner within the first electrical conductive means to permit its easy
      removal and replacement in the event it is blown.
PAR  In the most preferred embodiment of this invention, each outlet of the unit
      is a three socket outlet for receiving a low voltage plug having an
      equipment ground prong associated with it. A conductive ground means is
      associated with the equipment ground sockets of the outlets for permitting
      the grounding of said sockets.
PAR  Other objects and advantages of this invention will become apparent upon
      reading the detailed description which follows, taken in conjunction with
      the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded isometric view of an electrical plug and outlet unit
      according to this invention, and adapted to be plugged into a high voltage
      wall receptacle;
PAR  FIG. 2 is a rear elevation view of the electrical plug and outlet unit
      shown in FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 of FIG. 1; and
PAR  FIG. 5 is a schematic diagram showing the circuitry of the electrical plug
      and outlet unit of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring to FIG. 1, an electrical plug and outlet unit 10 according to
      this invention is adapted to be plugged into a conventional three-hole,
      high voltage wall receptacle 12. As shown in FIG. 1, the holes 14 and 16
      in the wall receptacle 12 are in alignment with electrical contacts
      connected to hot lines of the high voltage circuitry. The hole 18 is
      aligned with a contact that is grounded, and this last referred to hole
      constitutes the equipment ground for an appliance, or other device
      requiring a high voltage current for its operation.
PAR  Referring again to FIG. 1, the electrical plug and outlet unit 10 includes
      a non-conductive body member 20 having a front wall 22, a rear wall 24, a
      bottom wall 26, opposed side walls 28, a top wall 30 and a fuse housing
      32. The non-conductive body member 20 can be molded as a single unit with
      electrically conductive elements disposed therein, or alternatively, the
      body member 20 can be formed as a split-housing to permit the separate
      insertion of the conductive elements into the interior of the body prior
      to completing the assembly of said body member. In the embodiment shown
      for illustration, the non-conductive body member 20 is of a unitarily
      molded construction, and a separate screw cap 34 closes the open end of
      the fuse housing 32.
PAR  Referring to FIGS. 1 and 2, a single conductor prong 36 and a single ground
      prong 38 project rearwardly from within the body member 20. These prongs
      are arranged in a pattern for permitting the conductor prong to be
      received within the hole 16 of the high voltage wall receptacle 12 for
      providing a hot connection, and for permitting the ground prong 38 to be
      received within the hole 18 of said wall receptacle for providing a ground
      connection.
PAR  Referring to FIGS. 1 and 3, a pair of outlets 40 and 42 are included in the
      front wall 22 of the unit 10. Each of the outlets 40 and 42 includes three
      openings 44, 46 and 48 therein. The openings 44 and 46 are aligned with
      electrical contacts for servicing a low voltage appliance, or other low
      voltage device, when prongs of a low voltage plug associated with said
      appliance or device are inserted therein. The opening 48 is aligned with a
      contact which constitutes an equipment ground, and accordingly, this
      opening 48 is adapted to receive an equipment ground prong of the low
      voltage plug. Opening 46 of each outlet 40 and 42 is aligned with an
      electrical contact 50 that is electrically connected to a hot line of the
      high voltage receptacle 12 when the conductor prong 36 of the unit 10 is
      plugged into opening 16 of said high voltage receptacle. Specifically, the
      conductor prong 36 is in engagement with a bottom conductive cap 54 of a
      cartridge fuse 56 when the cartridge fuse is disposed in an interior
      compartment 53 of the fuse housing 32. The screw cap 34 retains the fuse
      56 in engagement with the conductor prong 32. A conductive spring clip 58
      includes a leg 59 which is biased toward the interior of compartment 53
      for engaging an upper conductive cap 60 of the cartridge fuse 56. This
      spring clip 58 includes a second leg 61 in electrical engagement with a
      conductive bus bar 62 which in turn is unitarily formed with the
      electrical contacts 50.
PAR  Referring to FIG. 5, it can easily be seen that the cartridge fuse 56 is in
      series with the conductor prong 36 and the electrical contacts 50 that are
      unitarily formed with the bus 62.
PAR  Referring to FIG. 4, the opening 44 of each of the outlets 40 and 42 is
      aligned with an electrical contact 64 which is the neutral, or ground
      contact, when the unit 10 is plugged into the high voltage wall receptacle
      12. Specifically, the contacts 64 are unitarily formed with a conductive
      bus 66, and the ground prong 38 is electrically connected to this bus at
      67. Accordingly, when the ground prong 38 is inserted into the equipment
      ground hole 18 of the wall receptacle 12, the ground connection to
      contacts 64 is completed. Thus, the electrical contacts 50 and 64 of each
      of the outlets 40 and 42, respectively, are adapted to service a low
      voltage appliance or device when prongs of a low voltage plug associated
      with said appliance or device are inserted into the openings 44 and 46 of
      one of the outlets 40 and 42, respectively.
PAR  Referring to FIG. 5, the circuitry between the ground prong 38, bus 66, and
      the contact 64 is represented schematically.
PAR  Referring again to FIGS. 1 and 4, in the preferred embodiment of this
      invention, each of the outlets 40 and 42 includes an equipment ground
      opening 48 associated with it. The equipment ground openings 48 are each
      aligned with an electrical contact 68 that is unitarily formed with an
      electrically conductive bus 70. One end of an electrically conductive
      ground wire 72 is electrically connected to the bus 70 by a solder joint
      74. The opposite end of the ground wire 72 includes a U-shaped conductive
      clip 76. The conductive clip 76 can be engaged by one of the screws 78
      which secures a face plate 80 in proper relationship to the high voltage
      receptacle 12. This screw 78 is electrically grounded in a well known
      manner, and accordingly, the connection of the U-shaped clip 76 to said
      screw grounds the contacts 68.
PAR  Referring to FIG. 5, the circuit connections between the ground wire 72,
      electrical contacts 68 and the bus 70 is schematically represented.
PAR  From the above discussion it is apparent that when the electrical plug and
      outlet unit 10 of this invention is inserted into the high voltage
      receptacle 12 one of the hot lines associated with the receptacle 12 is
      completely omitted from the circuitry of the unit 10. Accordingly, the
      voltage supplied at each of the outlets 40 and 42 of the unit 10 of this
      invention is one-half that of the voltage output of the receptacle 12.
      Moreover, the preferred construction of the electrical plug and outlet
      unit 10 according to this invention permits the inclusion of a fuse
      therein which can be properly rated for the particular appliance or device
      being serviced. In this manner, should the circuit become overloaded by a
      sudden surge of current, the fuse associated with the unit 10 of this
      invention will blow prior to the main fuse, and since this fuse is
      directly at the wall outlet, it can be conveniently replaced.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. An electrical plug and outlet unit adapted to be plugged into a high
      voltage, three-hole receptacle in which two of the holes are aligned with
      electrical contacts connected to hot lines for providing the high voltage
      current, and the other of said receptacle holes is aligned with a grounded
      electrical contact to provide an equipment ground; said unit comprising:
PA1  A. a non-conductive body member;
PA1  B. a single conductor prong and a single ground prong projecting rearwardly
      of the body member, said prongs being arranged in a pattern for permitting
      the conductor prong to be received within a receptacle hole aligned with
      an electrical contact connected to one of the high voltage hot lines, and
      for permitting the ground prong to be received within the receptacle hole
      aligned with the grounded electrical contact;
PA1  C. at least one outlet, each outlet including a pair of electrical contacts
      aligned with openings in a front face of said body member for permitting
      prongs of a conventional low voltage plug to be inserted through said
      openings into engagement with the electrical contacts aligned with said
      openings;
PA1  D. first electrical conductive means for connecting the conductor prong to
      one of said pair of electrical contacts of each outlet; and
PA1  E. second electrical conductive means for connecting the ground prong to
      the other of said pair of electrical contacts of each outlet, whereby one
      of the hot lines associated with the high voltage receptacle is excluded
      from the circuitry associated with each outlet of the plug and outlet
      unit.
NUM  2.
PAR  2. The unit according to claim 1, including at least a pair of outlets.
NUM  3.
PAR  3. The unit according to claim 2, wherein said first electrical conductive
      means includes a fuse therein.
NUM  4.
PAR  4. The unit according to claim 3, wherein said fuse is a cartridge fuse.
NUM  5.
PAR  5. The unit according to claim 1, wherein each outlet includes a third
      electrical contact aligned with a third opening in the front face of said
      body member, the third opening of each outlet being adapted to receive an
      equipment ground prong of a conventional low voltage plug, and conductive
      ground means associated with the third contact of each outlet for
      permitting the grounding of said third contact.
NUM  6.
PAR  6. The unit according to claim 2, wherein each outlet includes a third
      electrical contact aligned with a third opening in the front face of said
      body member, the third opening of each outlet being adapted to receive an
      equipment ground prong of a conventional low voltage plug, and conductive
      ground means associated with the third contact of each outlet for
      permitting the grounding of said third contact.
NUM  7.
PAR  7. The unit according to claim 3, wherein each outlet includes a third
      electrical contact aligned with a third opening in the front face of said
      body member, the third opening of each outlet being adapted to receive an
      equipment ground prong of a conventional low voltage plug, and conductive
      ground means associated with the third contact of each outlet for
      permitting the grounding of said third contact.
NUM  8.
PAR  8. The unit according to claim 4, wherein each outlet includes a third
      electrical contact aligned with a third opening in the front face of said
      body member, the third opening of each outlet being adapted to receive an
      equipment ground prong of a conventional low voltage plug, and conductive
      ground means associated with the third contact of each outlet for
      permitting the grounding of said third contact.
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ABST
PAL  A metal oxide varistor comprising a body portion that is composed
      essentially of a metal oxide and a small percentage of a plurality of
      preselected additives. A passivating coating is applied to the body
      portion prior to the application of metallic contacts. The passivating
      coating includes at least some of the preselected additives in order to
      enhance device stability and insure compatibility therewith.
PARN
PAR  This is a division of application Ser. No. 401,334, filed Sept. 27, 1973,
      now U.S. Pat. No. 3,857,174.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to metal oxide varistors and, more particularly, to
      a passivating coating for improving the stability and electrical
      characteristics of metal oxide varistors.
PAR  In general, the current flowing between two spaced points is directly
      proportional to the potential difference between those points. For most
      known substances, current conduction therethrough is equal to the applied
      potential difference divided by a constant, which has been defined by
      Ohm's law to be its resistance. There are, however, a few substances which
      exhibit non-linear resistance. Some devices, such as metal oxide
      varistors, utilize these substances and require resort to the following
      equation (1) to quantitatively relate current and voltage:
      ##EQU1##
      where V is the voltage applied to the device, I is the current flowing
      through the device, C is a constant and .alpha. is an exponent greater
      than 1. Inasmuch as the value of .alpha. determines the degree of
      non-linearity exhibited by the device, it is generally desired that
      .alpha. be relatively high. .alpha. is calculated according to the
      following equation (2):
      ##EQU2##
      where V.sub.1 and V.sub.2 are the device voltages at given currents
      I.sub.1 and I.sub.2, respectively.
PAR  At very low voltages and very high voltages metal oxide varistors deviate
      from the characteristics expressed by equation (1) and approach linear
      resistance characteristics. However, for a very broad useful voltage range
      the response of metal oxide varistors is as expressed by equation (1).
PAR  The values of C and .alpha. can be varied over wide ranges by changing the
      varistor formulation and the manufacturing process. Another useful
      varistor characteristic is the varistor voltage which can be defined as
      the voltage across the device when a given current is flowing through it.
      It is common to measure varistor voltage at a current of 1 milliampere and
      subsequent reference to varistor voltage shall be for voltage so measured.
      Still another useful varistor characteristic is the leakage current. This
      is the dc steady state current through the device when it is exposed to
      one-half of its varistor voltage. A high leakage current causes wasted
      power and, if high enough, can cause joule heating of the device, which
      leads to a higher current. Thus, high leakage current can lead to thermal
      runaway. The foregoing is, of course, well known in the prior art.
PAR  Metal oxide varistors are usually manufactured as follows. A plurality of
      additives is mixed with a powdered metal oxide, commonly zinc oxide.
      Typically, four to 12 additives are employed, yet together they comprise
      only a small portion of the end product, for example less than five to ten
      mole percent. In some instances the additives comprise less than one mole
      percent. The types and amounts of additives employed vary with the
      properties sought in the varistor. Copious literature describes metal
      oxide varistors utilizing various additive combinations. For example, see
      U.S. Pat. No. 3,663,458. A portion of the metal oxide and additive mixture
      is then pressed into a body of a desired shape and size. The body is then
      sintered for an appropriate time at a suitable temperature as is well
      known in the prior art. Sintering causes the necessary reactions among the
      additives and the metal oxide and fuses the mixture into a coherent
      pellet. Following sintering metallic contacts are applied and leads are
      fixed to the contacts. Finally, the device is generally encapsulated.
PAR  Problems encountered in varistors manufactured by the prior art method
      include poor stability and a current leakage that renders the device
      unsuitable for certain applications. Different varistor formulations have
      been tested in an effort to control the leakage current, but none has
      heretofore been fully acceptable. Passivating coatings are sometimes used
      to enhance the stability and reduce the leakage current of the device.
      However, the heretofore known coatings are not completely successful and,
      in addition, the constituents of the coating sometimes have an adverse
      effect on the electrical characteristics of the device.
PAR  It is, therefore, an object of this invention to provide a passivating
      coating for metal oxide varistors that is fully compatible therewith and
      improves device stability and reduces leakage current thus providing
      substantially improved devices.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is characterized by a metal oxide varistor comprising a body
      portion that is composed essentially of a metal oxide and a small
      percentage of a plurality of preselected additives. The metal oxide and
      the additives are mixed and then a portion of the mixture is pressed into
      a body of a desired shape and size. The pressed body is then sintered to
      form the varistor body in a manner well known in the prior art. A coating
      is then applied to the body and it is reheated as described below. Metal
      contacts are applied and wire leads are attached to the contacts. The
      device is then ready to be encapsulated.
PAR  A feature of the subject coating is that it is a passivating coating and
      substantially improves the stability of the devices as discussed below. In
      order to provide a coating compatible with the varistor body portion, the
      preselected additives form a major portion of the coating. Thus,
      compatibility of the coating and the varistor is assured.
PAR  The preselected additives can be prereacted to form a reaction product
      which is ground and then mixed with the metal oxide prior to pellet
      pressing and sintering. It has been found that such a technique provides a
      varistor with very desirable electrical properties, high stability and of
      a very uniform composition. A full discussion of the method for
      fabricating a varistor by prereacting the additives is in my co-pending
      U.S. patent application filed concurrently herewith, assigned Ser. No.
      401,131 and entitled "Low Voltage Varistor and Process for Making." The
      coating can comprise the reaction product. A carrier can be included, as
      is disclosed below, to enhance the adhesion of the reaction product to the
      body portion surface.
PAR  Another feature of the coating is that it is free of silver and other
      monovalent ions that tend to diffuse rapidly into the varistor pellet
      during the step of heating the coating. It is advantageous to prevent such
      ion diffusion inasmuch as it causes high leakage current and other effects
      on the varistor properties that are difficult to predict. Furthermore, the
      coating can be made free of silicon as disclosed below. It has been found
      that the inclusion of silicon in a varistor pellet coating increases the
      varistor voltage of the treated device. Thus, when fabricating low voltage
      varistors, it is preferable that the coating be free of silicon.
PAR  Yet another feature of the invention is that the coating enhances the
      contact adhesion. A preferred method of enhancement is to contour the
      surface of the varistor body. For example, particulate matter can be
      included in the coating and the step of heating the coating can be carried
      out, as described below, at a temperature that does not melt the
      particulate matter.
PAR  Inasmuch as metal contacts, when applied by such conventional methods as
      the application and heating of silver paste or the utilization of a
      metallic flame spray, closely conform to the contour of the substrate
      surface, in this case the varistor pellet surface, it will be appreciated
      that a substantial increase in contact adhesion will be realized by the
      utilization of a contoured pellet surface.
PAR  It is, of course, realized that other methods of contouring the surface of
      the pellet can be employed. For example, a coating that shrinks as cured
      can be employed. The shrinking coating will develop cracks that create a
      contoured surface effect.
PAR  Inasmuch as coatings are often applied to varistor bodies when manufactured
      by conventional methods, it will be appreciated that little extra cost
      will be incurred in the manufacture of the subject varistor since coating
      equipment is at the disposal of varistor manufacturers.
PAR  Consequently, it will be appreciated that there has been provided a coating
      for metal oxide varistors that functions as a passivating coating to
      improve the stability of the device. The coating is fully compatible with
      the varistor body portion, and, inasmuch as the coating is free of
      monovalent ions, does not adversely alter the electrical properties of the
      varistor. Furthermore, the coating can be free of silicon if a low voltage
      device is being manufactured. Finally, the coating enhances the adhesion
      of the contacts to the varistor body portion, thus preventing device
      failure due to detached, cracked or torn contacts.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other features and objects of the present invention will become
      more apparent upon a perusal of the following description taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a sectional view of a preferred metal oxide varistor; and
PAR  FIG. 2 is a detailed sectional view of a portion of the varistor depicted
      in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT AND METHOD
PAR  Referring first to FIG. 1 there is shown a metal oxide varistor 10 that
      includes a sintered body portion 11 composed essentially of a metal oxide
      and a plurality of preselected additives. The body 11 can be manufactured
      by methods well known in the prior art or by an improved technique to be
      discussed below. Surrounding the body portion is a passivating coating 12
      and, overlying the coating on two major surface areas of the body, are two
      metallic contacts 13 and 14. Two wire leads 15 and 16 are coupled to the
      contacts 13 and 14, respectively, by conductive couplers such as solder 17
      and 18.
PAR  Referring now to FIG. 2 there is shown a portion of the varistor 10 shown
      in FIG. 1. Specifically, a corner of the body portion 11 is shown in FIG.
      2. In the enlarged FIG. 2, the passivating coating 12 is more clearly
      visible. It is seen to consist of a coating material with particulate
      matter embedded therein. It will be appreciated that some of the grains 19
      of the particulate matter project beyond the surface of the coating 12
      while other grains, such as the grains 20, are completely encapsulated by
      the coating. The grains 19 and 20 are part of a contact adhesion
      enhancement system included in the coating 12. It will be appreciated that
      the surface of the coating 12 is substantially roughened or contoured as
      compared to what it would be were the contouring particles 19 and 20
      absent. It has been found that contacts applied by the conventional
      methods such as by application of silver paste or by metallic flame
      spraying do closely conform to surface irregularities. Thus, it will be
      appreciated that the contact 13 will adhere more tenaciously to the
      irregular surface than to a smooth surface. The includion of the
      particulate matter 19, 20 as described below has been found to increase
      the surface irregularity by at least one order of magnitude. Consequently,
      a substantial enhancement of contact ahesion is obtained.
PAR  In order to provide good passivating qualities and to be fully compatible
      with the pellet 11, the coating 12 preferably comprises at least some of
      the preselected additives. For example, it has been found that an
      effective passivating coating can be provided utilizing the "reaction
      product" that is discussed in my co-pending U.S. application entitled "Low
      Voltage Varistor and Process for Making," filed concurrently herewith.
      Briefly, the reaction product described therein is formed by thoroughly
      mixing the preselected additives in the absence of the metal oxide and
      then prereacting the additives. For example, the additives can be heated
      and cooled and thus fused into a solid body. This body is then ground to
      form the reaction product. The metal oxide is mixed with the reaction
      product and pressed and sintered in the conventional manner.
PAR  As specifically described in my previously referenced co-pending U.S.
      application, a varistor with excellent electrical characteristics can be
      fabricated from 98 mole percent zinc oxide, 0.5 mole percent bismuth
      oxide, 0.5 mole percent cobalt oxide, 0.5 mole percent manganese oxide,
      and 0.5 mole percent titanium oxide. In accordance with the method
      disclosed in my co-pending application, the oxides of bismuth, cobalt,
      manganese and titanium are thoroughly mixed in equal molar amounts, then
      heated and cooled to form a crystalline solid body. The crystalline solid
      body is ground to form the reaction product. Zinc oxide and the reaction
      product are thoroughly mixed and a portion of the mixture is pressed and
      sintered to form the varistor body 11.
PAR  For the specific formulation of a varistor described above, effective
      passivating coatings can be produced from any of the following base
      materials:
PA1  1. 16 gms. Reaction Product
PA1  2. 10.5 gms. Reaction Product + 5.7 gms. Bi.sub.2 O.sub.3
PA1  3. 14.5 gms. Reaction Product + 2.6 gms. H.sub.3 BO.sub.3
PA1  4. 10.5 gms. Reaction Product + 5.7 gms. Bi.sub.2 O.sub.3 +  1.9 gms.
      H.sub.3 BO.sub.3
PA1  5. 10.5 gms. Reaction Product + 5.7 gms. Bi.sub.2 O.sub.3 +  1.9 gms.
      H.sub.3 BO.sub.3 +  3.6 gms. Sb.sub.2 O.sub.3
PA1  6. 50 gms. Reaction Product + 30 gms. Bi.sub.2 O.sub.3 +  15 gms. H.sub.3
      BO.sub.3 +  7 gms. SiO.sub.2
PAR  With respect to the above formulas, it will be appreciated that the sixth
      formula can be used in medium or high voltage varistors, but it may be
      desired to avoid the sixth formula, which includes silicon, in the
      manufacture of low voltage varistors inasmuch as silicon increases the
      voltage rating of a varistor. Furthermore, it will be appreciated that
      each of the above formulations is free of silver and other monovalent ions
      that would tend to diffuse rapidly through the varistor body 11 during the
      coating heating step to be described subsequently. Such a diffusion of
      monovalent ions could adversely affect the stability of the varistor 10
      and affect the final electrical properties of the device in a manner
      difficult to preduct. Thus, it is beneficial to omit silver and other
      monovalent ions from the varistor formulation for reasons more fully
      discussed in a co-pending U.S. application entitled "Silver Free Varistor
      Passivating Coating," filed by S. I. Gabrail concurrently herewith and
      assigned to the same assignee as this application. The application of
      Gabrail was assigned Ser. No. 401,323 and is now abandoned.
PAR  The compounds of bismuth, boron, antimony, and silicon, where included, are
      carriers and serve to ultimately enhance the adhesion of the particulate
      matter 19 and 20 to the body 11.
PAR  In order to apply the passivating coating, any of the above formulas is
      selected and mixed with a vehicle to facilitate handling. A vehicle that
      has been found effective for the above formulations is composed of 135
      grams of n butyl acetate, 20 grams of ethyl cellulose and 15 grams of
      butyl carbitol.
PAR  Application of the coating is as follows. The coating, which when mixed
      with the vehicle is fluid, is poured over the sintered bodies 11 or the
      bodies 11 are dipped in the coating. The vehicle is then dried at a
      relatively low temperature. The devices are then heated to a temperature
      in the range of 600.degree.  to 1000.degree.C for a preselected time. The
      temperature and time selected should insure that the carrier is fused and
      thus enhances the adhesion of the particulate matter 19 and 20 to the body
      11. However, the particulate matter 19 and 20 should not melt so that a
      body 11 with the coating 12 and the irregular surface depicted in FIG. 2
      is provided. FOllowing the heating step, the metal contacts 13 and 14 are
      applied by conventional techniques such as the application of silver paste
      or flame spraying. As mentioned previously, the contacts 13 and 14 will
      closely conform to the irregular surface of the body 11 and thus adhere
      tightly thereto.
PAR  It will be appreciated that if it is desired for any reason, the carrier
      can be utilized with different particulate matter. For example, other
      suitable particulate matter is grains of aluminum oxide.
PAR  In summary it will be appreciated that there has been provided a varistor
      with a passivating coating that reduces leakage current, improves device
      stability and enhances contact adhesion. Tests have shown that contact
      adhesion is improved by at least one order of magnitude and leakage
      current is reduced by several orders of magnitude. Thus, an extremely
      desirable varistor and method of manufacture have been disclosed.
PAR  Many modifications and variations of the subject invention will be apparent
      to those skilled in the art. For example, other carriers and vehicles can
      be used. In addition, it will be appreciated that when the aforementioned
      first formula is used, only reaction product and vehicle is put on the
      body. Thus when using the first formula, the coating is the reaction
      product only. Furthermore, it is realized that when certain carriers are
      employed, they are substantially entirely absorbed into the outer portion
      of the varistor body but do aid in the adhesion of the particulate matter,
      which is still "embedded" therein, although only partially. Consequently,
      the true scope of the invention is as defined by the following claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A metal oxide varistor comprising a body portion consisting essentially
      of a metal oxide and a relatively small amount of a plurality of additives
      and with a passivating coating on said body portion, said coating
      comprising a granular reaction product obtained by prereacting said
      additives.
NUM  2.
PAR  2. A varistor according to claim 1 wherein said coating further comprises
      carrier means for enhancing adhesion between said body portion and said
      reaction product.
NUM  3.
PAR  3. A varistor according to claim 2 wherein said carrier means comprises a
      compound of at least one member of the group consisting of bismuth, boron,
      antimony, and silicon.
NUM  4.
PAR  4. A varistor according to claim 2 wherein said additives comprise the
      oxides of bismuth, cobalt, manganese and titanium, and wherein said metal
      oxide is zinc oxide.
PATN
WKU  039380700
SRC  5
APN  4930797
APT  1
ART  213
APD  19740730
TTL  Trimming potentiometer in T or Pi network connection with parallel
      resistance paths
ISD  19760210
NCL  9
ECL  1
EXP  Askin; Laramie E.
NDR  1
NFG  4
INVT
NAM  Koerner; Georg
CTY  Hohenkirchen
CNT  DT
INVT
NAM  Hargita; Tibor
CTY  Munich
CNT  DT
ASSG
NAM  Wilhelm Ruf KG
CTY  Hohenkirchen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730825
APN  7331048[U]
CLAS
OCL  338 60
XCL  323 78
XCL  323 96
XCL  333 81R
XCL  338 61
XCL  338126
XCL  338180
XCL  338202
EDF  2
ICL  H03H  726
ICL  H01C 1016
ICL  H01C 1040
ICL  H01C  112
FSC  338
FSS  60;61;92;97;118;120;123;125;126;128;130;133;176;180;183;194;202;322;327;328
     ;334
FSC  323
FSS  78;96
FSC  333
FSS  75;81 R;70 CR
UREF
PNO  2131101
ISD  19380900
NAM  Ferris
OCL  333 81R
UREF
PNO  2831094
ISD  19580400
NAM  Bourns et al.
OCL  338125
UREF
PNO  3371305
ISD  19680200
NAM  DeLong et al.
OCL  338202
UREF
PNO  3576513
ISD  19710400
NAM  Mathison et al.
OCL  338180
UREF
PNO  3597719
ISD  19710800
NAM  Martin et al.
OCL  338180
UREF
PNO  3639879
ISD  19720200
NAM  Rooijen
OCL  338180
UREF
PNO  3693062
ISD  19720900
NAM  VonVick
OCL  338 92
UREF
PNO  3735326
ISD  19730500
NAM  Gooding et al.
OCL  338180
FREF
PNO  1,540,339
ISD  19721100
CNT  DT
OCL  338180
OREF
PAL  German Utility Model (Gebrauchsmuster) No. 1,957,345, 3-1967.
LREP
FR2  Fogiel; Max
ABST
PAL  A trimming potentiometer in which three parallel resistance paths are
      located in a plane on an insulating plate. Wiper contacts are displaceable
      in the same direction on the resistance paths, and are attached to a
      common carrier which is longitudinally displaceable by a threaded spindle.
      Inductance loops are arranged between the resistance paths and the
      respective terminals for the paths, for the purpose of matching the
      trimming potentiometer to its inductance and capacitive input and output
      values.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a trimming potentiometer in T- or Pi-network
      connection with three parallel resistance paths located in a plane on an
      insulating plate. Along these resistance paths, wiper contacts fastened to
      a common carrier and moving in the same direction can be displaced. The
      carrier is in operative connection, through lengthwise displacement, with
      a screw spindle.
PAR  Trimming potentiometers of this species are already known from the German
      patent Dt-GM 1,957,345 as adjustable attenuator pads. They contain wiper
      contacts which are located in a plane normal to the longitudinal direction
      of the resistance paths. These attenuator pads are in particular for
      common antenna installations, and serve for adjusting to a desired
      attenuation between two high-frequency connections.
PAR  In a trimming potentiometer design known from German patent DT-OS
      1,926,199, the carrier for the wiper contacts is provided with a
      trough-shaped cross section and can be displaced by sliding action along
      the screw spindle.
PAR  German patent DT-PS 1,540,339 provides for the use of a sleeve for the
      wiper contacts. This sleeve is slipped over the screw spindle and has a
      reinforcing portion with a depth approximately equal to the depth of
      thread of the screw spindle, located at an angle equivalent to the pitch
      angle of the screw spindle.
PAR  Based on this state of the art, it is an object of the present invention to
      further improve a trimming potentiometer of the character described above.
PAR  Another object of the present invention is to provide a trimming
      potentiometer which is simple in design and may be easily fabricated.
PAR  Another object of the present invention is to provide a trimming
      potentiometer with substantially long operating life.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of the present invention are achieved by providing an
      inductance loop between the resistance paths and the associated terminal
      lugs for the electrical, and particularly frequency-wise, matching of the
      trimming potentiometer to its fixed inductive and capacitive input and
      output values.
PAR  In a further embodiment, the wiper contacts may be connected and maintain
      contact near their contact surfaces by a common crossbar and may have a
      second end crossbar. This crossbar has leaf springs located between the
      wiper contacts in the direction towards the contact surfaces. The springs
      rest against projections or lugs of the carrier of the wiper contacts. The
      rear-end of this second crossbar fits into recesses in a bridge running
      transversely across the carrier. Because of the first crossbar, very short
      electrical paths between the wiper contacts are attained, and an
      undesirable inductance is avoided; the second crossbar only serves to
      fasten the wiper contacts to the common carrier. The method of fastening
      permits a quick and simple insertion of the wiper contacts onto the
      carrier and replacement at any time without causing damage to the carrier
      or the wiper contacts. Furthermore, the connection is sufficiently safe
      and self-acting disconnection or break of the wiper contacts is
      eliminated.
PAR  To accomplish the above purpose of improving the state of the art of
      trimming potentiometers with respect to design and functional operation,
      the present invention provides for a trimming potentiometer based on the
      following combination of individual partially known characteristics:
PA1  a. the trimming potentiometer has a T- pr Pi-network.
PA1  b. the trimming potentiometer has three parallel paths located in a plane
      on an insulator. Wiper contacts fastened to a common carrier and moving in
      the same direction can be displaced along these resistance paths;
PA1  c. for the electrical, particularly frequencywise, matching of the trimming
      potentiometer to its fixed inductive and capacitive input and output
      values, inductance loops are provided between the resistance paths and the
      terminal lugs;
PA1  d. the carrier for the wiper contacts has a trough-shaped cross section
      with a crossbar whose height is approximately equal to the depth of thread
      of the screw spindle with which the carrier is in continuous contact. It
      is located at an angle equal to the pitch angle of the screw spindle.
PA1  e. the carrier for the wiper contacts is forced under spring pressure
      against the screw spindle by the wiper contacts with their trough-shaped
      cross-section, sliding along the resistance paths;
PA1  f. wiper contacts are connected to one another mechanically and
      electrically near their contact surfaces by a common first crossbar;
PA1  g. the wiper contacts have a second common end crossbar. This crossbar has
      leaf springs located between the wiper contacts in the direction towards
      their contact surfaces. These springs rest against projections or lugs on
      the carrier. The rear end of the second crossbar fits into recesses in a
      bridge running transversely across the carrier.
PAR  The bridge of the carrier may be provided with lugs located at both ends.
      These lugs slide under spring pressure by the wiper contacts on the
      insulator plate adjacent to the resistance paths. This design prevents
      tilting and twisting of the carrier during its longitudinal displacement
      caused by the screw spindle.
PAR  According to the present invention, the terminal lugs of the resistance
      paths may be in the form of tubular rivets inserted into the insulator
      plate.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal sectional view through the trimming potentiometer
      in accordance with the present invention;
PAR  FIG. 2 is a plan view of the wiper contacts with carrier in accordance with
      the direction of arrow II in FIG. 1;
PAR  FIG. 3 is a side view of the carrier with wiper contacts and supporting
      insulator plate with resistance paths in accordance with the direction of
      arrow III in FIG. 2;
PAR  FIG. 4 is a plan view of the resistance paths located on the insulator
      plate, in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing, the trimming potentiometer consists essentially
      of a housing 1, screw spindle 4 located rotatably but not displacably
      axially in drill holes of front sides 2 and 3 of housing 1, carrier 5
      actuated by screw spindle 4 for its wiper contacts 6 and insulator plate 7
      located at the bottom of housing 1 with the three resistance paths 8, 9,
      10 which are electrically connected with soldered connections 11, 11'. The
      three resistance paths 8, 9, 10 are placed parallel in a plane adjacent to
      each other on the insulator plate, and are rectinlinear parallel to the
      longitudinal axis of screw spindle 4. Resistance paths 8 and 10 are
      connected in the same direction with respect to their resistance values,
      and resistance path 9 is connected in the opposite direction,
      corresponding to a T-network. Along the three resistance paths 8, 9, 10,
      wiper contacts 12, 12', 12"  are connected mechanically and electrically
      by a first crossbar 14. By means of this crossbar 14, contact surfaces 13,
      13' and 13" are connected to one another through short paths in order to
      avoid undesirable inductance. With its second crossbar 15, the wiper
      contacts are fastened to carrier 5. This is accomplished by providing
      crossbar 15 with leaf springs 16, 16' pointing to contact surfaces 13,
      13', 13" between wiper contacts 12, 12', 12". These leaf springs rest on
      lugs 17, 17' which are an integral part of carrier 5. Furthermore, the
      back end of crossbar 15 is placed in recesses 18 of a bridge 19 running
      transversely across carrier 5. This type of fastening permits the
      immediate installation and removal of the wiper contacts on the carrier 5,
      without causing damage to the individual parts. Carrier 5 made of
      insulating synthetic material slides with two lugs 20, 20' located at the
      ends of bridge 19 on the insulator plate 7 next to resistance paths 8, 9,
      10. Lugs 20, 20' prevent tilting or twisting of carrier 5 during its
      longitudinal displacement. On the side facing wiper contacts 12, 12', 12",
      carrier 5 has a trough-like profile formed by two bars 21. This profile
      (cross section) extends at least partially around screw spindle 4 and thus
      assists in the axial rectilinear movement of the carrier 5 parallel to the
      resistance paths 8, 9, 10. Lengthwise displacement of the carrier is
      accomplished by crossbar 22 located at the bottom in the trough-shaped
      cross section. This crossbar is in constant contact with the threads of
      screw spindle 4. To accomplish this, cross-bar 22 is located in the
      trough-shaped cross section of carrier 5 at an angle equal to the pitch
      angle of screw spindle 4. The height of crossbar 22 is equal to or larger
      than the depth of thread of the screw spindle, to prevent carrier 5 from
      touching screw spindle 4. If, during the continuous rotation of screw
      spindle 4 in one direction of rotation, carrier 5 together with the wiper
      contacts hits one of the inside faces of housing 1 limiting the
      displacement, the crossbar 22 jumps from the one thread to the next one;
      this is possible because of the springy support of carrier 5 by wiper
      contacts 12, 12', 12". Hence, damage to the various parts in operative
      connection is prevented. The click arising when crossbar 22 jumps the
      screw threads of screw spindle 4, calls the end position to the attention
      of the operator.
PAR  The soldering connections 11 and 11' connected to resistance paths 8, 9, 10
      are tubular rivets and therefore can easily be fastened to the insulator
      plate.
PAR  In order to accomplish electrical matching of the trimming potentiometer,
      particularly frequency-wise, to its fixed inductive and capacitive input
      and output values, inductance loops 23, 23', are located between
      resistance paths 8, 9, 10 and the associated terminal lugs 11, 11'. The
      size and shape of these inductance loops depends on the overall design of
      the trimming potentiometer and must ordinarily be determined by tests and
      experiments from case to case. It was found, however, that the existence
      of such inductance loops results in a definite improvement of the
      functional operation and in an exact and constant adjustment of the
      resistance values of the trimming potentiometer.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A trimming potentiometer comprising, in combination, an insulating
      plate; three parallel resistance paths in a plane on said insulating
      plate; terminals connected to said resistance paths; wiper contacts
      displaceable in the same direction on said resistance paths; carrier means
      attached to said wiper contacts for mounting said contacts; a threaded
      spindle connected to said carrier means for displacing said carrier means
      longitudinally; and inductance loop means between said resistance paths
      and said terminals for matching electrically the trimming potentiometer to
      its inductive and capacitive input and output values.
NUM  2.
PAR  2. The trimming potentiometer as defined in claim 1 including first
      crossbar means connecting said wiper contacts together near their contact
      surfaces; second crossbar means having leaf springs; lugs on said carrier
      means, said leaf springs being located between said wiper contacts in the
      direction toward their contact surfaces, said leaf springs resting against
      said lugs of said carrier means; and bridge means transversely across said
      carrier means and having recesses receiving the rear end of said second
      crossbar means.
NUM  3.
PAR  3. A trimming potentiometer as defined in claim 2 wherein said carrier
      means has a trough-shaped cross section with an auxiliary crossbar
      arranged at an angle corresponding to the pitch angle of said spindle,
      said auxiliary crossbar having a height corresponding substantially to the
      depth of thread of said threaded spindle, said carrier means being forced
      under spring pressure against said screw spindle by said wiper contacts,
      said wiper contacts being arranged on the rear side of said trough-shaped
      carrier means.
NUM  4.
PAR  4. The trimming potentiometer as defined in claim 2, wherein said bridge
      means has lugs at both ends for sliding on said insulating plate adjacent
      said resistance paths, said lugs sliding under pressure by said wiper
      contacts.
NUM  5.
PAR  5. The trimming potentiometer as defined in claim 2 wherein said wiper
      contacts are connected to one another mechanically and electrically near
      their contact surfaces by said first crossbar.
NUM  6.
PAR  6. The trimming potentiometer as defined in claim 1 wherein said terminals
      of said resistance paths comprise tubular rivets inserted in said
      insulating plate.
NUM  7.
PAR  7. The trimming potentiometer as defined in claim 1 wherein said trimming
      potentiometer is connected in a T-network configuration.
NUM  8.
PAR  8. The trimming potentiometer as defined in claim 1 wherein said trimming
      potentiometer is connected in a Pi-network configuration.
NUM  9.
PAR  9. The trimming potentiometer as defined in claim 1 wherein said trimming
      potentiometer is matched frequency-wise to its inductive and capacitive
      input and output values.
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PAL  A generator for controlling a transducer by means of sinusoidal wave trains
      is constituted by the association in series of a generator for producing
      wave trains formed by a whole number of half-cycles of periodic signals
      and of a filter which is tuned to the frequency of the periodic signals.
BSUM
PAR  This invention relates to a generator for controlling a transducer by means
      of sinusoidal wave trains.
PAR  This device is particularly useful for pulsing the transducer of an
      ultrasonic emitter. In order to produce sinusoidal wave trains in
      ultrasonic systems, it had in fact been the practice up to the present
      time to make use of a continuously-operating sinusoidal wave generator
      followed by an analog gate (equivalent to a switch) which was opened
      during the time required for driving the transducer with the analog gate.
      This chopped sine-wave signal then drove the transducer after passing
      through a power amplifier. This produced a signal/noise ratio or rather a
      ratio of signal during the emission to signal outside the emission of the
      order of 500, the noise being caused by radiation of the generator,
      galvanic couplings and especially stray interelectrode capacitances of the
      transistors. If consideration is given by way of example to an experiment
      involving detection of echos which follow the ultrasonic emission, it is
      essential to ensure that this signal-to-noise ratio is excellent.
PAR  A further defect of the analog gate device is the non-synchronization in
      phase of the beginning of the ultrasonic emission and of the activation of
      the analog gate. One method of overcoming this disadvantage is to initiate
      the activation by division of the ultrasonic frequency (submultiple of the
      emission frequency). This practice, however, lacks flexibility since only
      particular values of the recurrence frequency can be obtained.
PAR  The two disadvantages which are in some cases prohibitive and are attached
      to the analog gate associated with a continuously-operating oscillator,
      namely a low ratio of emission signal to out-of-emission signal and lack
      of synchronization are the predominant defects of the prior art which have
      led to the elaboration of the present invention.
PAR  This invention consists in making provision for a control generator in
      which an emitter-oscillator is caused to oscillate only during the period
      of emission of the wave train, the emitter-oscillator being blocked
      outside the emission period. To this end, the oscillator is constructed
      with a generator for producing any periodic signals of given frequency and
      amplitude such as rectangular-wave signals, for example, followed in
      series by an active filter which permits the passage only of the
      fundamental component of the signal emitted by the generator. In other
      words, the control generator is constituted by the association in series
      of a generator for producing wave trains formed by a whole number of
      half-cycles of periodic signals and of a filter which is tuned to the
      frequency of said periodic signals.
PAR  Since it is a matter of difficulty to control a sine-wave generator
      directly without an extremely complicated circuit arrangement, a stable
      rectangular-wave generator is employed in accordance with the invention
      and the signal emitted by the generator is subjected to a strong filtering
      action. The distortion factor with respect to a pure sine-wave is not a
      consideration of key importance in many applications such as echo
      detection, the main criterion being that of amplifier noise outside the
      instants of emission and the character of such noise.
PAR  It is important to note, however, that the applications of the present
      invention are not limited to driving of ultrasonic transducers but extend
      to all applications in which the two criteria mentioned above must be
      satisfied.
PAR  In one embodiment of the invention, the rectangular voltage signal is
      obtained by generating two rectangular signals A and B which are
      symmetrical with respect to the zero voltage point, these two signals
      being added in an adding circuit so as to obtain a symmetrical alternating
      rectangular wave.
PAR  The invention consists of a generator comprising means for producing
      periodic signals of given frequency and amplitude, means for filtering the
      signal and permitting the passage of only the fundamental component, and a
      control for opening and closing of the generator which determines the
      time-duration of the emission.
PAR  The generator comprises a relaxation circuit having at least one stable
      state and control means for delivering turning-on and turning-off orders
      to said relaxation circuit. The relaxation circuit is advantageously a
      bistable circuit.
PAR  In one embodiment of the invention, recurrent rectangular functions of
      given frequency and amplitude are generated by means of oscillators having
      two monostable devices in closed integrated circuits in which the two
      output signals are added; the means for filtering the recurrent
      rectangular signal by allowing only the fundamental component to pass are
      low-pass filters of the second order having an adjustable damping
      coefficient in which the amplifying stage is a modular operational
      amplifier and the opening and closing control is a square-wave voltage on
      one of the gates of a monostable device of the periodic rectangular-signal
      generator.
PAR  The idea of controlling an oscillator directly in order that there should
      no longer be any signal outside the emission period does not readily lead
      to a practical design in the case of a sinusoidal oscillator since it is
      not possible to have short cut-offs in this case inasmuch as the current
      rises and falls are exponential. On the other hand, it is very easy to
      control a rectangular-wave generator by means of a logical pulse but it is
      then necessary to filter in order to make this signal sinusoidal; a
      difficulty then arises in the low-pass filter. This difficulty is overcome
      by the use of an active filter comprising an integrating amplifier having
      a gain which varies with the frequency on account of a reaction circuit
      which is also dependent on this latter; the filter has a resonant
      frequency which is so adjusted as to be equal to the frequency of the
      first harmonic of the input signal.
PAR  In accordance with the invention, there is obtained a sinusoidal wave train
      having a distortion factor of less than 1 % and the noise outside the
      instant of emission is "pseudo-white" (in all cases, when the oscillator
      is blocked, there are not any components at the frequency of the
      rectangular-wave generator); thus the ratio of emission signal to
      out-of-emission signal is practically infinite. Furthermore, the phase of
      the beginning of the oscillation is fixed in the case of all the wave
      trains.
DRWD
PAR  A better understanding of the invention will in any case be gained from the
      following description of one embodiment of the invention which is given
      without implied limitation, reference being made to the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagram of operation of the device in accordance with the
      invention as applied to the production of ultrasonic waves;
PAR  FIG. 2 shows one example of construction of the rectangular-signal
      generator which is formed by two mono-stable multivibrators;
PAR  FIG. 3 shows the waveform of the currents obtained at different points of
      the rectangular-signal generator;
PAR  FIG. 4 shows one form of construction of a low-pass filter by means of an
      operational amplifier;
PAR  FIG. 5a shows the appearance of the rectangular-pulse wave train emitted by
      the generator;
PAR  FIG. 5b shows the sine-wave which appears after passing through the filter;
PAR  FIG. 5c shows the appearance of the initial portion of the sine-wave
      produced by triggering of the generator
PAR  FIG. 5d shows the shape of the cut-off of the sine-wave emission, said
      cut-off being produced by closing the generator;
PAR  FIG. 6 shows another form of construction of the low-pass filter with
      separating amplifiers.
DETD
PAR  In the flow diagram of the invention which is represented in FIG. 1, the
      rectangular-wave generator designated by the reference numeral 2 is
      followed by a low-pass filter 4, then by a power amplifier 6 which drives
      a transducer formed by a piezoelectric crystal 8; triggering of the
      rectangular-wave generator 2 is initiated at 10 by the activating electric
      signal 12 so as to produce at 14 a train of rectangular-wave pulses which
      are filtered in the filter 4 so as to produce the train 16 of sine-waves,
      the amplitude of which is magnified by the power amplifier 6 so as to
      produce the wave train 18 for driving the transducer.
PAR  There is shown in FIG. 2 a rectangular-signal emitter constituted by two
      monostable multivibrators 20 and 22 in integrated loop circuits. The two
      outputs S.sub.1 and S.sub.2 are rectangular waves at a predetermined
      frequency (of the order of a few Mc/s) and synchronous. The frequency is
      adjustable by varying the time of transition of the two monostable
      multivibrators by means of resistors 19 and capacitors 21. In one example
      of utilization, the resistors 19 have a value of a few kilohms and the
      capacitors C have a value of 40 pF, which corresponds to frequencies of
      the order of 1 Mc/s. A pulsed D.C. inverter 24 which constitutes the
      activating and deactivating control permits transition from the position
      of continuous oscillation for adjusting the frequency of the oscillator to
      the utilization position of pulsed oscillation. The turning-on control
      waveform is shown at 25. A circuit constituted by two NOT-AND inverters 26
      and 27 and by a transistor 28 makes it possible to produce by means of
      displaced signals S.sub.1 and S.sub.2 two signals which are symmetrical
      with respect to zero and designated in the figure as A and B. These two
      signals A and B are summated in a resistor adder in which R.sub.1 = 1
      kilohm and R.sub.2 = 10 kilohms, for example. A symmetrical alternating
      square wave as designated by the letter O is obtained at the output and is
      subsequently filtered.
PAR  FIG. 3 represents the amplitude of the electrical signals as a function of
      time: the beginning of the turning-on control is represented at 30, the
      signal S.sub.1 is represented at 32, the signal S.sub.2 at 34, the signal
      A at 36, the signal B at 38 and finally the output signal O at 40.
PAR  The wave O which will be filtered has a development in a Fourier series of
      the form:
      ##EQU1##
      where O.sub.o is the maximum amplitude of the signal O (t) generated as
      shown at 40 and .omega. is the fundamental angular frequency. There only
      exist odd harmonics, the mean value of which is 0. If filtering is carried
      out, we form n = O and we have a filtered function O' (t):
      ##EQU2##
PAR  The wave train is rapidly initiated in less than 20 nanoseconds in the case
      of the transistors employed. Chopping is performed within one cycle.
PAR  The characteristics of this example of construction in accordance with the
      invention are set forth hereunder:
PA1  the shortest time-duration of emission is one half-wave of the ultrasonic
      signal;
PA1  the longest time-duration is the period of recurrence of the turning-on
      control less one period of the signal of the rectangular-wave generator;
PA1  in the example of construction which has been developed, the period of
      recurrence of this circuit was capable of varying between 3.6 c/s and 500
      kc/s;
PA1  the emission frequency can range from a few c/s to a frequency which is
      higher than 5 Mc/s. The change of frequency is carried out by means of a
      resistor-type potentiometer and a change of capacitance in the monostable
      circuits.
PAR  There is shown diagrammatically in FIG. 4 a first form of construction of
      the filter of the second order having an adjustable damping coefficient.
      The signal which enters at 42 is filtered and passes out at 44. The
      resistors R have a value of 6.8 kilohms, the capacitors C have a value of
      4.7 pF, the resistor at 50 and 52 have a value of 1 kilohm, the resistors
      at 54 has a value of 10 kilohms, the potentiometers at 46 and 48 are
      adjustable from 0 to 10 kilohms, the resistor R.sub.4 has a value of twice
      the resistor R.sub.3 which in turn has the value of 1 kilohm. In this
      case, the transfer function W of a filter of this type is given by:
      ##EQU3##
      where p = j.omega. in a sine-wave with A = 1.5 (1-B), B being the
      potentiometric ratio of the feedback loop. The modular operational
      amplifier which is employed has a gain of 100,000 in an open loop and a
      pass-band of 20 Mc/s with a gain of unity. The wave train obtained at the
      output of the filter at 44 is represented in FIG. 5a in which the scale of
      ordinates is 5 V/cm, the scale of abscissae is 5 .mu.s/cm: the wave train
      has a stable amplitude and sharp cut-offs. In the case of another time
      scale of 100 nanoseconds per centimeter and a scale in ordinates of 2
      V/cm, the sine-wave obtained in FIG. 5b which represents the signal at the
      output of the filter has low distortion. The initial portion of the
      sine-wave represented in FIG. 5c with a time scale of 200 ns/cm is good
      and the same applies to the cut-off signal shown in FIG. 5d with the same
      scales, the scale in ordinates being 2 V/cm in FIGS. 5c and 5d.
PAR  There is shown in FIG. 6 a second embodiment of the invention which
      consists of two amplifiers of the separating type which form a low-pass
      filter of lower cost than the operational amplifier shown in FIG. 4. These
      separating amplifiers have a uniform gain of 1 within the 0 - 30 Mc/s band
      with an input impedance of 200 kilohms and an output impedance of 6 ohms.
      Said amplifiers must be protected from short-circuits at the output 56 by
      means of a resistor 58 having a value of 50 ohms. The input is at 54. The
      resistors R' both have values of 1 kilohm whilst the capacitors C' have a
      value of 39 pF. The output voltage range can have a maximum peak-to-peak
      value of 5 volts in the case of these two amplifiers which can be mounted
      on the same plate as the blocked oscillator.
PAR  The invention is clearly not limited to the particular embodiments
      described by way of example and illustrated in the drawings. It must be
      understood that the scope of this patent extends to alternative forms of
      construction which come within the definition of equivalent means,
      particularly in regard to the regularization of the blocked oscillator,
      the character of the periodic signals which could be triangular signals,
      for example, as well as equivalent forms of construction of the active
      low-pass filter.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In combination, an ultrasonic transducer and a device for controlling
      said ultrasonic transducer; said device comprising control means having an
      output, said control means output providing a control signal of
      predetermined frequency, an oscillator, said control means being
      electrically connected to said oscillator to activate and deactivate said
      oscillator, said oscillator having an output emitting a rectangular
      full-wave periodic signal of predetermined oscillating frequency and
      predetermined amplitude, said oscillator being constructed and arranged
      such that the duration of said periodic signal is dependent upon said
      activating and deactivating of said oscillator by said control signal and
      such that said oscillator only oscillates during the time period between
      said activating and deactivating, said control signal being synchronous
      with said periodic signal, said predetermined oscillating frequency of
      said oscillator periodic signal being wholly independent of said
      predetermined frequency of said control signal, filter means electrically
      connected to said oscillator output for filtering said rectangular
      full-wave periodic signal, said filter means output being constructed and
      arranged to emit a sinusoidal signal consisting of the fundamental
      component of said rectangular full-wave periodic signal; and said
      ultrasonic transducer having an input electrically connected to said
      filter means output to receive said sinusoidal signal emitted by said
      filter means output.
NUM  2.
PAR  2. The combination defined in claim 1 wherein said oscillator includes at
      least one bistable circuit to deliver square wave form signals.
NUM  3.
PAR  3. The combination defined in claim 2 wherein an amplifier is electrically
      connected between said filter means output and said ultrasonic transducer.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said filter means is active.
NUM  5.
PAR  5. In combination, an ultrasonic transducer and a device for controlling
      said ultrasonic transducer; said device comprising control means having an
      output, said control means output providing a control signal, said control
      signal being a pulse train of predetermined frequency, a pulse thereof
      being rectangular and of predetermined duration and constant amplitude,
      said control means being electrically connected to an oscillator to
      activate and deactivate said oscillator, said oscillator having an output
      emitting a rectangular full-wave periodic signal of predetermined
      oscillating frequency and predetermined amplitude, said oscillator being
      constructed and arranged such that the duration of said periodic signal is
      dependent upon said activating and deactivating of said oscillator by said
      control signal and such that said oscillator only oscillates during the
      duration of said control pulse, said control signal being synchronous with
      said periodic signal, said predetermined oscillating frequency of said
      oscillator periodic signal being wholly independent of said predetermined
      frequency of said control signal train, said oscillator including first
      and second monostable multivibrators electrically connected in a closed
      integrated loop circuit to generate two separate rectangular half-wave
      signals, said monostable multivibrators being constructed and arranged
      such that an output of said first monostable multivibrator is electrically
      connected to an input of said second monostable multivibrator and an
      output of said second monostable multivibrator is electrically connected
      to an input of said first monostable multivibrator, said control means
      output being electrically connected to only one of said monostable
      multivibrators, said oscillator further including two inverters for
      inverting said rectangular half-wave signals and a resistor adder for
      summing said inverted rectangular half-wave signals to form said
      rectangular full-wave periodic signal, filter means having an output, said
      filter means being electrically connected to said oscillator output for
      filtering said rectangular full-wave periodic signal to emit a sinusoidal
      signal consisting of the fundamental component of said rectangular
      full-wave periodic signal at said filter means output, amplifier means
      having an output, said filter means being electrically connected to
      amplifier means, an ultrasonic transducer electrically connected to said
      amplifier means output, and said ultrasonic transducer emitting an
      ultrasonic signal only during the duration of said control pulse.
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ABST
PAL  A sonic generator sends a collimated acoustical wave into the section of
      earth under test and resonance conditions are established depending upon
      the nature and depth of discontinuities in the path of the acoustical
      wave. These resonance conditions are monitored by observing and recording
      electrical relationship in the power supply section of the sonic
      generator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatuss for logging earth
      formations of the type wherein electrical parameters and relationships of
      the power supply driving a transducer are recorded as the output of the
      transducer coupled to the earth establishes resonance conditions.
PAR  Geophysical prospecting has been used extensively for many years to obtain
      information about the internal structure of the earth. The usual method of
      doing this involves generating a pulse of energy, typically by setting off
      an explosive charge in a bore hole or by the operation of a mechanically
      driven thumper, and recording the return of the transmitted pulse as it is
      sent into the earth and is returned as an echo after being reflected from
      discontinuities. It is conventional practice to position the geophones
      used to receive reflected pulses or echoes in a pattern around the pulse
      generator. The geophone instruments typically incorporate pickup
      transducers to record echo pulses.
PAC  SUMMARY OF THE INVENTION
PAR  In the instant invention the energy is fed into the earth as a collimated
      beam, and reflected waves from interfaces travel directly back to the
      point of origin which is the transducer assembly converting electrical
      energy into mechanical motion. The interaction of outgoing and incoming
      waves creates resonance states which affect the driving transducers. The
      power supply driving the transducer elements is in turn affected and the
      electrical parameters thereof may be recorded and displayed. The recorded
      behavior of the power supply is the useful output of the system. A
      simulated borehole is thus created without the use of separate pickup
      transducers, without the recording of individual echoes, and without
      making an actual borehole.
PAR  The invention also comproses a method of utilizing resonance phenonmena in
      the manner indicated to log subsurface structure.
PAR  An object of the invention is to provide an improved method and apparatus
      wherein the behavior of a sonic generator creating resonance patterns is
      utilized for indicating subsurface structure.
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view showing the power supply and associated
      signal processing equipment;
PAR  FIG. 2 is a perspective view showing the transducer assembly used in
      conjunction with the power supply and equipment shown in FIG. 1;
PAR  FIG. 3 is an enlarged view, partly in section, of part of the transducer
      assembly shown in FIG. 2; and
PAR  FIG. 4 is a time versus current graph showing a typical power input plot to
      the transducer as resonance conditions are established.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus shown in FIG. 1 comprises power supply 12 providing an output
      to drive transducer elements by way of leads 14 and 16. Electrical
      relationships of the output of power supply 12 are monitored by signal
      processor 20 which in turn provides an output to recorder 22 such as a
      strip chart of X-Y plotter. It is often useful to observe the real time
      behavior of the elctrical parameters on the cathode ray tube display 24 of
      oscilloscope 26. Input to power supply 16 is provided on leads 28 and 30.
PAR  The transducer assembly 31 is shown in detail in FIGS. 2 and 3. The base
      plate 32, which may be on the order of 16 inches in diameter and 4 inches
      thick, is conveniently formed of cold rolled steel and is solid except for
      openings 33 to accommodate individual driving elements 34. A liftng yoke
      36 is bolted to the edge of plate 32 to avoid node formation problems as
      the plate is energized. There are more than 20 driving elements 34 each
      rated as 100 watts and arranged in a circle on the upper surface of plate
      32. The elements 34 are connected in series-parallel to achieve the
      desired relationship to the output impedance of power supply 12 and are
      driven in phase.
PAR  As shown in FIG. 3, the transducer driving elements 34 are each made up of
      a bolt 40 passing through the center of steel slug 42, upper piezoelectric
      element 44, and lower piezoelectric element 46. The lower threaded end of
      bolt 40 engages threaded hold 33 so the transducer driving assemblies can
      be tightened to baseplate 32. The upper and lower surfaces of
      piezoelectric elements 44 and 46 are metallized and the elements are
      polarized in accordance with well known procedures so that lead 48 joined
      to metal washer 49 at the center of the two adjacent elements goes to one
      output lead from power supply 12. The upper surface of element 44 and the
      lower surface of element 46 are connected in common through lead 50 to the
      other lead from power supply 12. Single piezoelectric elements may be used
      in each driving element with lower output. Slug 42 which may be made of
      steel or other relatively heavy metal provides a mass that the
      piezoelectric driving elements work against when energized to drive plate
      32. Lifting yoke 36 is secured to plate 32 by means of bolts 52. Packing
      washers 54 of soft material prevent yoke 36 from damping unduly the
      vibration of plate 32. A lifting cable may be threaded through opening 56,
      shown in FIG. 2, for moving and positioning the transducer assembly. The
      wires to the transducer driving elements may be secured to the lifting
      cable and dressed down one leg of yoke 36 before leads branch out to
      individual elements. As an alternative the plate may be driven by
      magnetostrictive or other types of transducer elements.
PAR  In the operation of the structure thus far described, the power
      supply-transducer circuit is considered first. This circuit has
      resistance, inductance, and capacitance characteristics. When the circuit
      is tuned to a low ultrasonic frequency, the inductive reactance will
      cancel the capacative reactance and the current in the circuit will be at
      a maximum. The current in a circuit in resonance will be limited only by
      the value of the resistance in the circuit. Base plate 32 has a thickness
      chosen that is one half the wavelength of the sound in the metal at the
      preassigned frequency. The metal plate vibrates in resonance with the
      elements attached thereto, and the electrical current will be at a maximum
      when the plate is suspended in air.
PAR  When the bottom of base plate 32 is lowered into contact with the earth,
      the natural frequency of the plate will drop and the current in the power
      supply will also drop, and there will also be phase angle changes. This
      condition will result since the natural frequency of the loaded transducer
      is lower than that of the transducer plate in air. The transducer will
      send a continuous noncavitational wave into the earth. The diameter of the
      metal plate and the frequency of the generator are preassigned to give a
      parallel wave within a total spread of not more than 15.degree.. The shape
      of baseplate 33 with parallel upper and lower surfaces separated by the
      plate thickness provides a generator producing this narrow acoustic output
      beam due to constructive and destructive interference effects. Once the
      broadcast is started it is normally continued until all formations have
      been reached and resonance established with the extreme depths. With the
      vibrating plate in contact with the earth, the changes in current in power
      supply 12 may be observed by watching the appearance of the display tube
      in oscilloscope 26 or of the output of recorder 22. Signal processor 20
      incorporates an analog to digital convertor and also a dedicated computer
      to handle the arithmetical functions in a manner well known in the data
      processing art. There will be no change in current in the power
      supply-transducer circuit until resonance is built up in the earth between
      the transducer and the first interface reached by the acoustical wave.
      Resonance in this layer of the earth will lower the damping of the metal
      plate and the transducer frequency will be raised nearer to the natural
      frequency. Since resonance is being maintained in this sector of the
      earth, the current will increase until equilibrium is reached. This
      condition will prevail until energy is received from the second interface.
      The total energy received from the first and second interfaces will be
      greater than that received from the first alone, therefore there will be a
      corresponding increase in current. This condition will repeat itself when
      energy is received back from the third, fourth, fifth interface, and so
      forth. Each time additional energy is received from a new interface the
      current in the power supply-transducer circuit will increase.
PAR  The chart for a typical resonance buildup pattern is shown in FIG. 4
      wherein current in the power supply-transducer circuit is plotted on
      vertical axis 56 versus time along horizontal axis 58. The high current as
      base plate 32 vibrates in air shows up as a high fixed value at line 60.
      When plate 32 is first lowered to the ground the current is also lowered
      and goes to the value shown by line 62 which then rises as time goes by
      and resonance is built up. Successive resonance currents represented by
      lines 64 and 66 point to the presence of still deeper discontinuities. The
      equipment is calibrated and operators trained by operating in areas for
      which geophone traces recorded by previously known techniques are
      available for giving average velocities to each respective interface.
      Repeated determinations may be made at any selected site for assurance
      that the equipment is working properly. The transducer is moved to new
      locations on a grid pattern as determinationa are made so that areas can
      be mapped for possible oil or mineral deposits.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for resonance earth structure logging comprising:
PA1  a. a constant frequency power supply,
PA1  b. a transducer adapted to be driven by the output of the power supply, and
PA1  c. means for presenting the electrical relationships of the output of said
      power supply as said transducer is operated at resonance while in contact
      with the earth, said electrical relationships versus time providing a
      representation of the subsurface structure of the earth.
NUM  2.
PAR  2. A method for logging earth formations comprising:
PA1  a. energizing a transducer in contact with the earth by means of a constant
      frequency power supply at the resonance frequency of the transducer,
PA1  b. displaying the electrical relationships of said power supply vs. time;
      and
PA1  c. determining from said relationships a representation of the structure of
      the earth.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said transducer comprises:
PA1  a. a baseplate having parallel upper and lower surfaces and adapted to
      receive transducer driving elements on said upper surface,
PA1  b. metal slugs,
PA1  c. piezoelectric elements,
PA1  d. holding means securing said metal slugs to said baseplate and spaced
      apart therefrom by at least one piezoelectric element for each slug.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said transducer comprises:
PA1  a. a generally cylindrical baseplate having flat and parallel upper and
      lower surfaces and defining threaded bores in said upper surface,
PA1  b. first and second generally cylindrical piezoelectric elements having
      conductive flat surfaces and a bore concentric with the outer cylindrical
      surface,
PA1  c. generally cylindrical metal slugs defining a bore concentric with the
      outer cylindrical surface,
PA1  d. a first power input lead connected to adjacent conductive surfaces of
      said peizoelectric elements,
PA1  e. a second input lead connected to nonadjacent conductive surfaces of said
      piezoelectric elements, and
PA1  f. means joining said first and second power input leads to the output of
      said power supply whereby said baseplate may be driven by said
      piezoelectric elements.
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ABST
PAL  This abstract describes a system for the field recording of seismic data in
      which a large plurality of geophones are divided into groups and each
      group is connected to an array terminal. All of the array terminals are
      connected in series, by cables, with the last terminal connected to a
      recording unit. In each of the terminals there are means to process the
      geophone analog signals by amplifying and adding them to a selected
      shifting function, and axis-crossing-coding (AXC) the resulting sum
      signals to provide a plurality of pulses which are stored in a
      prallel-to-serial converter. In addition, each of the terminals contains a
      buffer register. On command from the recording unit the bits stored in the
      converters are read out in series and are transmitted by a pair of signal
      conductors to the next in series terminal for storage in the buffer
      register, and from there to the buffer register in the next in series
      terminal, and so on, until all of the bits stored in each of the terminals
      are transmitted as a continuing train of single bit signals to the
      recording unit, where they are recorded on a magnetic disc.
PAL  Each of the array terminals has a hard wired address code which is
      transmitted as a heading to the data stored in that converter. Logic
      circuit means are provided to identify, for each terminal, which of the
      plurality of cable ports in the terminal are occupied by cables, and which
      of the cable ports is the one by means of which the commands are received
      from the recording unit.
PARN
PAR  This is a continuation of application Ser. No. 358,097 now U.S. Pat. No.
      3,881,166, filed May 7, 1973.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to three other applications assigned to the
      same assignee as this application and filed on the same date, May 7, 1973,
      as this application. The titles of the other three applications are as
      follows: DATA ACQUISITION TRANSPORT AND STORAGE SYSTEM, Ser. No. 358,077;
      DATA COMPOSITING AND ARRAY CONTROL SYSTEM, Ser. No. 358,078, now U.S. Pat.
      No. 3,883,725; and DARA ACQUISITION AND PROCESSING SYSTEM, Ser. No.
      358,076, now patented.
PAC  DEFINITIONS
PAR  In this application a shifting function is defined as any time function,
      which when added to an analog signal causes a shift of the axis crossing
      times of the sum signal of the analog signal and the shifting function.
      Examples of shifting functions are noise, sinusoids, sawtooth time
      functions and so on. In this application the shifting functions may be
      random in at least one parameter, such as frequency, or phase, for
      example, and may be the sum of a plurality of shifting functions. In
      general, the shifting functions will be amplitude controlled in relation
      to the analog signals to which they are added.
PAR  For the purpose of this application the terms: recording unit, recording
      truck, recording boat, recorder, will mean the location of the array
      controller and the magnetic digital recording means.
PAR  The magnetic recording means will be a controlled magnetic recording disc
      or drum, or other clock controlled magnetic recording means.
PAR  The terms detectors, geophones, sensors, transducers will means the device
      which provide the analog signals which are entered into the acquisition
      system of this invention.
PAR  In the acquisition system of this invention there may be one or more
      recording channels each with one or more detectors connected thereto.
PAR  While this invention is most applicable to a multichannel acquisition
      system, and while it is contemplated that digital signals from each
      channel will be transmitted in sequence to the recording unit over a
      single conductor pair, it is contemplated that this signal transmission
      can be any selected telemetering channel, including an electromagnetic
      radiation channel such as radio, or laser, or elastic wave channels such
      as in solids, liquids, or gases.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is in the field of data acquisition systems. More
      particularly, it is in the field of data gathering systems which involve a
      high plurality of separate detectors and channels, the signals from which
      are carried to the data storage means by a single pair of conductors. This
      system is ideally suited for use in seismic geophysical prospecting.
PAR  While this invention is useful in the acquisition of any type of analog
      signals such as in the field of data collection, vibration analysis, sonar
      signaling, nuclear technology, and so on, it is most appropriately useful
      in the area of seismic prospecting and as a matter of convenience will be
      discussed in that application. This description in terms of a seismic
      system does not limit in any way the scope of this application and its use
      in other fields of data acquisition.
PAR  In the prior art, seismic operations have been carried out with field
      instrumentation systems which have, in general, been limited by size,
      weight and power requirements to 24-48 separate recording channels.
      Additional recording channels have been provided by the process of adding
      additional recording truck units, and so on. Although there have been
      suggestions in the technical press for multiplex recording systems whereby
      high pluralities of recording channels can be provided using a single
      conductor pair for the transmission of the separate traces there have been
      no practical ways shown for carrying out such suggestions. Furthermore,
      those that have been suggested call for control and processing devices in
      series with each signal channel at considerable complexity and cost.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a system of data
      acquisition, and to provide a network of terminals for the acquisition,
      processing, and transmission of a large plurality of independent analog
      signals derived from a corresponding plurality of detectors spaced in a
      two dimensional array. It is a further object of this invention to provide
      means by which this large number of independent channels can be broken up
      into groups which are connected into a plurality of terminals and to
      provide means by which the sequence of data signals transmitted to the
      recording unit can be identified in terms of a specific array terminal and
      a specific channel in that terminal.
PAR  These and other objects are realized and the limitations of the prior art
      are overcome in this invention, which permits the operation of recording
      units in the field with a large number (such as 250 to 1,000) of separate
      recording channels, all of which are multiplexed onto a single pair of
      conductors. This is accomplished by having a plurality of array terminals.
      These are data coding units which are designed to handle a selected number
      of recording traces, such as 16, for example.
PAR  Each array terminal has a housing out of which are provided the 16 separate
      conductor pairs, of selected length, each connected to at least one
      geophone, so that the geophones can be arrayed in a selected spatial
      pattern on the earth.
PAR  There may be a large plurality of array terminals, all essentially
      identical in construction. These can be placed in any geometrical relation
      on the earth and interconnected by substantially identical
      multiple-conductor cable units. Each of the cable units includes signal
      conductors, power conductors and control conductors. Each of the array
      terminals has a plurality of input-output ports. There may be, for
      example, four of these ports, arranged on the four sides of a rectangular
      chamber, or housing. The arrangement of the ports is such as to facilitate
      interconnecting separate array terminals. For example, if all array
      terminals are in series an input cable can be connected to one port and
      the output cable would be connected at the third port counting in a
      clockwise direction from the input as the first port. If there are to be
      two cross lines, these would be connected into the array terminal at the
      second and fourth ports, for example.
PAR  Each of the array terminals has a logic network inside, arranged so that
      signals coming in on the control conductors can interrogate the first
      terminal, that is, the one into which the cable from the truck is
      connected. Upon interrogation, the logic network will transmit back to the
      truck, a coded signal which indicates, in sequential order, which of its
      ports are in use and which port is connected to the recording unit. It
      will then transmit to the next terminal, that is, through the cable which
      is connected next in sequential clockwise order, and will pass on the
      interrogation from the truck to the second in series array terminal. The
      second array terminal will then transmit its coded signal, indicative of
      the cable connection into the several ports of the second array terminal.
      This coded signal comes back to the first terminal, and it is then
      repeated back to the recording unit, and so on. By this means a complete
      picture, in terms of coded signals, is recorded at the recording truck,
      which shows the connection diagram (so to speak) of each of the array
      terminals and the sequence in which each of them responds to an
      interrogation from the truck.
PAR  The manner in which the seismic signals produced by the geophone are
      multiplexed and transmitted to the truck is described in a companion
      application filed on the same date as this application and titled "DATA
      ACQUISITION TRANSPORT AND STORAGE SYSTEM, Ser. No. 358,077 ".
PAR  In this system each array terminal receives an interrogation from the
      truck, answers it, then repeats the interrogation through to the second
      terminal, which answers it and passes it onto the third one, and so on.
      Similarly, the answers from succeeding series-connected terminals are
      received and repeated back to the truck. By this means the data signals
      which are short duration square wave pulses, or bits, are restructed at
      each repetition into new square wave pulses, and therefore, since the
      transmission between separate array terminals and between the first array
      terminal and the truck are relatively short cable lengths, these signals
      can be transmitted on conventional cable conductors. Therefore, the
      complexity of handling plugs and connections to coaxial cables, as
      previously suggested in the art, is not necessary in practicing this
      invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of this invention and a better understanding of the
      principles and details of the invention will be evident from the following
      description taken in conjunction with the appended drawings, in which:
PAR  FIGS. 1, 2 and 3 represent possible areal distributions of array terminals
      and geophones.
PAR  FIG. 4 represents schematically the logic operations of the array terminal.
PAR  FIG. 5 shows detailed circuits for the logic in the array terminals.
PAR  FIG. 6 shows in still greater detail part of the interrogate command system
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This information acquisition and transmission system is ideally suited for
      gathering time function information from a plurality of distributed
      locations, processing these into the form of axis-crossing-coded signals,
      that can be multiplexed from the entire plurality of separate channels
      onto a two conductor cable into the storage device. While this type of
      system can be used for any type of analog signals it is ideally suited for
      a seismic geophysical system and will be described in terms of such a
      system. However, the description of this invention in terms of a seismic
      system is purely coincidental and there are no limitations to the use of
      this system intended by a description in this manner.
PAR  Referring now to the drawings and in particular to FIGS. 1, 2 and 3, there
      are shown several geometrical arrays in which the plurality of array
      terminals and geophone cables can be placed. In FIG. 1 recording unit or
      recording truck 12 is shown connected by cable 14A to the first terminal
      10A, which is connected to the second terminal 10B, by cable 14B, and that
      is connected to the third terminal 10C, by means of cable 14C, and so on.
      Each terminal has a plurality of geophone conductors and geophones
      connected thereto, which are labeled 16A, 16B, 16C and so on. Although the
      geophone cable 16A can have as many separate geophones per channel as
      desired, these should be, of course, at least one geophone per conductor
      pair. In general, the spacing between individual geophones will be of a
      selected distance, such as 40', for example, in which case the spacing
      between array terminals will be approximately 15 times this, or 600'. The
      system is best adapted to be used with a roll along operating system, in
      which the source points, or vibrator positions, in case of a vibroseis
      system, are indicated at the X marks 18. These are placed approximately
      300' apart or half the terminal spacing.
PAR  In FIGS. 2 and 3 are shown two other geometrical arrays in which the four
      ports of each of the in-line array terminals are utilized to provide
      crosslines at each point. For example, in FIG. 2 the first array terminal
      10A has an input cable 22A from the truck 12, a cable 22B going north to
      the array terminal 10B. The geophone cable 16B from the second array
      terminal is directed at right angles to the line of survey, represented by
      cables 22A, 22C, 22E and so on. Similarly, the third port of array
      terminal 10A is connected by cable 22C to the third array terminal 10C.
      This has a cable going north to the fourth array terminal 10D, and so on,
      until the end position is reached which is terminal 10G. This is then
      connected to 10H to the north and terminal 10J to the south. Then going
      back towards the recorder, terminal 10E is connected to terminal 10(N-2),
      terminal 10C is connected to the south to the terminal 10(N-1) and
      terminal 10A is connected to the south to terminal 10N.
PAR  FIG. 3 illustrates a similar array to terminals, but the side terminal such
      as 10B, 10D, 10F and 10N, etc. are spaced apart by the full length of the
      interconnecting cables 26B, 26D, 26N, etc. In FIG. 3 there are three
      parallellines of geophones. It is easy to see, of course, that any
      geometrical two dimensional array of geophones can be obtained by this
      system of array terminals.
PAR  Referring to FIG. 4 there is a schematic diagram of the circuit
      arrangements in each of the array terminals such as 10A, for example.
      There are shown four ports to this array terminal, 30A1, 30A2, 30A3, 30A4,
      in clockwise order. As shown by the amplifiers 38 to leads 36 at each of
      the four ports, data and/or control signals can come in through the port
      on one pair of conductors and go out through the port on another pair of
      conductors, from the logic system 34, which will be described in detail in
      connection with FIG. 5. There may be a number of control conductor pairs.
      Power is provided on additional conductors such as 46 which are powered at
      the recorder, and go to the logic box and provide the necessary operating
      voltages for the logic elements. There is also the geophone coding system
      42 in the array terminal, which is connected to the logic box, so that
      signals can be delivered from the geophone coding box to the logic box to
      be transmitted to the recorder, for example. The geophone coding box 42
      will be described in greater detail in connection with FIG. 5.
PAR  Referring to FIG. 5 there is shown in greater detail the schematic diagram
      of a typical terminal such as shown by the numerals 10. As indicated
      previously there are a plurality of ports which will be numbered A, B, C,
      and D. Although four ports have been shown, any number greater than one
      can be used. These have provisions for connection of a multiconductor
      cable. One cable at one port will be connected in the direction of the
      recording unit and another cable in another port will be connected to a
      succeeding terminal in a series array of terminals.
PAR  There are three principal activities carried out in the array terminal. a.
      First there is a provision for receiving analog signals from detectors
      such as geophones and for processing these signals into digital bits, and
      on command, to convert the analog signals to a train of digital bits for
      storage in a register or buffer.
PAR  b. The second part of the diagram covers a sample command system in which a
      command can be received from the recording unit on the incoming cable
      which may be on any one of the plurality of ports. This is a command to
      sample the plurality of processed analog signals, convert them to digital
      pulses and to store them in a parallel-to-serial converter.
PAR  c. The third part of the system is in an interrogation command system which
      calls for a coded signal from each terminal giving a coded address of the
      terminal, and describing the ports, and which ports have cables connected
      to them, and also which of the plurality of ports is the source port, that
      is, which of the ports is the one that receives the command from the next
      preceding terminal, or the recording unit.
PAR  Once these coded signals are generated, the next operation following the
      interrogration command is to transmit the local address code of the
      terminal, the port coded signal, and the digital data stored in the
      parallel-to-serial converter and to transmit them onto the next succeeding
      terminal for storage in a buffer register. At the same time, corresponding
      address, port, and data information are received from the next preceding
      terminal and these are stored in a buffer register. As soon as the first
      address and data are transmitted to the next succeeding terminal in the
      direction toward the recording units, and so on.
PAR  There are many good text books on computers and similar digital electronic
      apparatus which fully describe these basic system elements and teach how
      they may be used. One such text is "Digital Computer Design Fundamentals"
      by Y. Chu, McGraw Hill Book Co., New York, N. Y. 1962. Another is "Digital
      Computer Design" by E. L. Braun, Academic Press, 1963.
PAR  In FIG. 5 starting at the top there is shown a sample channel comprising a
      detector 61 connected to an amplifier 62, a shifting function generator
      63, and resistor adding means 64, 65, to provide a sum signal which goes
      to an axis-crossing-coder 66.
PAR  There are a plurality of M channels similar to the one just described. This
      channel is of special design, which is fully described in the copending
      application Data Acquisition Transport and Storage System. It is uniquely
      suited to this data array network system, since the analog signals are
      modified and coded to zero-crossing-coded pulses, which can be
      conveniently transported on a two conductor cable. However, this invention
      is not limited to the particular system described briefly above, and more
      fully in the copending application, but can be used with any analog signal
      acquisition system, which includes the conversion of the analog signals to
      digital signals, which can be transmitted in serial train form to a
      recording unit.
PAR  There is a sample command channel which is essentially an OR gate 58 which
      receives incoming signals on any one of leads 54A, 54B, ...54D from the
      four ports labeled A, B, C and D. No matter from which port the sample
      command arrives, it will go through the OR gate 58 to lead 56 to sample
      command detector 57. The purpose of the detector 57 is to ensure that the
      voltage step, which is the command signal, and which is detected on one of
      the sample command input leads 54, is a true signal. To be a true command
      signal it must last for a selected period of time, say, 16 microseconds.
      Whether it does, or does not, is determined by a counting means operated
      by a clock so that if that voltage is still present on the line 56 to the
      sample command detector at the end of 16 microseconds it is identified as
      a true command.
PAR  Reference is made in Braun, pages 114, 115 to multiplexers. See also Chu,
      pages 122-124 on Delay and Sequential Functions, and pages 368-369 for
      data buffers."
PAR  The AND gate 78 has its two inputs connected to the lines 56 and 60. When
      the step voltage appears on line 56 the gate 78 is enabled and then at the
      end of the sixteen microseconds, when a positive voltage appears on line
      60 this is transferred to leads 59 and delay element 68 to the gate 78,
      which puts out a positive signal on lead 55 which goes to the "out" leads
      of each of the four ports.
PAR  While the apparatus is being described in terms of four ports for each of
      the terminals, the number can be any number desired, and will be described
      for convenience in terms of the four ports.
PAR  At the end of the 16 microsecond count the positive voltage appears on lead
      60 and goes to the sample control 79. This is a multiplexing device which
      puts a positive voltage on lead 71 going to each of the AND gates 67 on
      each of the signal channels. The axis-crossing-coded signals, or pulses,
      passed by gate 67 go through the OR gate 70 via lead 72 to a data register
      73, and they are controlled in sequence by the lead 88 from the sample
      control, so that each of the M pulses from the M channels are stored in
      parallel in the data register 73 or parallel-to-serial converter.
PAR  Reviewing now, on sample command, a voltage appears on any one of the input
      leads on any one of the ports and goes to a sample command detector, which
      determines that it is a true signal command. The signal then goes to the
      sample control which causes the axis-crossing-coder 66 to put out a serial
      train of bits corresponding, one bit, to each of the M channels, and these
      are stored in the register 73.
PAR  The next operation is an interrogate command which comes from the recording
      unit. Again this can come in on any one of the input leads on any one of
      the four ports. Like the sample command it is also a voltage step which
      must last for at least sixteen microseconds. At least one of the leads 87A
      to 87D in the four ports, will carry an interrogate command signal to the
      OR gate 90 to the interrogate command detector 91. Here again, like the
      sample command detector, the voltage must remain for at least 16
      microseconds to be detected as a true command. When the command is
      determined to be a true command, a voltage is placed on lead 97 to the
      sample transmit control 95. This enables an AND gate 102 through lead 100.
      This permits a clock 112 connected to the AND gate by line 115 to put out
      voltage pulses on lead 104. This provides clock pulses to the address
      register 75 by lead 105, the port register 74 by lead 106 and the data
      register by lead 107. The clock 112 has control of all buffering and
      reading out of digital signals.
PAR  The first step on the interrogate command after it is determined to be a
      true command by the detector 91, is to cause the address register to read
      in a series of bits which represents the address code of this particular
      terminal. Also as will be explained in connection with FIG. 6, a coded
      signal is impressed on the port register 74 which tells which of the four
      ports have cables connected and which of the four ports is the source
      port, that is, the one that leads toward the recording unit, and on which
      the commands arrive. Now the three registers 75, 74 and 73 are loaded and
      ready to transmit. The sample transmit control 95 puts out the signal to
      transmit, and causes the data bits stored in the three registers 75, 74
      and 73 to flow by way of lead 76 through the OR gate 77 and out through
      one of the four ports A, B, C, D through one of gates 80A, 80B, ...80D.
      Only one of these gates will be enabled by the leads 81A to 81D, and that
      is done in accordance with which of the ports A, B, C, D is determined to
      be the source port. This will be described in connection with FIG. 6.
      Knowing which port receives the command signal from the recording unit,
      the data are fed out through that same port on the Response Data Out
      leads.
PAR  All of the terminals are connected in series so that one will receive the
      command directly from the recording unit and it will transmit it by a
      second cable to a second terminal which will receive the command and
      transmit it to a third terminal, and so on. On the transmission of data
      toward the recording units the direction of transmission is opposite but
      that is no concern of the terminal because the data are fed out from the
      terminal through the same port on which the command came in, that is,
      through the source port.
PAR  Farther down on FIG. 5 there is a group of leads 116A, 116B, 116D, called
      response data in. On one of these digital data will be received from the
      next in series outwardly from the recording unit. In other words, all of
      the terminals are given the sample command simultaneously and the data
      register 73 in each of them is filled. Then on the interrogate command,
      the data from the registers 73, 74, 75 are transmitted out through the
      response data out line toward the next terminal in the direction toward
      the recording unit. All of these data transmissions go simultaneously from
      one terminal to the next, from that to the next and so on until the last
      terminal sends it directly to the recording unit.
PAR  The data are read out of a given terminal in accordance with a clock in
      that terminal and that clock is also transmitted to a parallel set of
      leads called the Response Clock Out, so that the next succeeding terminal
      will receive the data and clock pulses simultaneously. Thus, the data can
      be stored in a register in that next terminal at exactly the same rate it
      is read out of the previous terminal and transmitted. Thus the response
      data and response clock must be transmitted together.
PAR  It is an important part of this invention that the data are transmitted as
      groups from one terminal to the other. They are received from previous
      terminals into one of two response data buffers 126 and 128. Data coming
      in through the Response Data In leads 116 and OR gate 118 are sent into
      one buffer or the other, depending upon which is empty at the moment.
      Assume that the buffer select switch 120 is set so as to connect lead 121
      through switch 125 to lead 122 to the response data buffer 126. At the
      same time the clock lead 147 which serves buffer 126 will be connected
      through switch 145 and lead 140 to the Response Clock In lead 134. Thus
      data coming in on, let us say, port A, that is, lead 116A, will go to
      buffer 126 and will be clocked in at a rate determined by the response
      clock coming in on lead 134A, which is the clock of the preceding
      terminal, the data loaded in the previous cycle and stored in response
      data buffer 128, is read out on line 132 at a rate set by the clock 112,
      through its lead 152 through lead 150 through switch 146 and 148. Thus the
      data stored in buffer 128 goes through the OR gate 77 through the
      appropriate response data out lead, that is, through the port which has
      been determined to be the source port. Also the internal clock 112 goes by
      lead 152 to the response clock out lead of that same source port.
PAR  On the next cycle the response buffer 128 is loaded by the incoming
      response data and the data previously loaded in buffer 126 is then read
      out on line 131, through OR gate 77, through the proper response data out
      line.
PAR  Referring now to FIG. 6 there is shown in some additional detail the
      control circuitry. Dashed outline 84A represents port A and dashed outline
      84B represents the corresponding port B of the interrogate command
      circuit. Assume that port A is the source port, and interrogation commands
      arrive on lead 161A, and go through an inverter 180 to an AND gate 176.
      The interrogation signal is a negative step which is inverted by the
      inverter 180 to put a positive voltage on the AND gate 176. There are two
      additional contracts on the plug at each port such as A, these are
      identified as 163 and 164. On the cable side of the plug there is just a
      short circuit 165, so that when a plug is connected to port A, lead 163
      and 164 will be shorted together by lead 165. Normally the potential of
      lead 163 is held to plus five volts by the potential 168, through resistor
      166. The lead 164 is connected to ground. When a cable is plugged into
      port A the lead 163 is grounded, placing zero voltage on lead 170 going to
      inverter 172A, which makes a plus voltage on 173 and this goes by lead 175
      to the AND gate 176 which was enabled by the incoming signal on 161A. This
      causes a voltage to be applied to lead 177A to the OR gate 90, and this
      goes to the interrogation command detector 91 as previously described in
      connection with FIG. 5. Also the plus voltage on lead 173 appears at
      terminal 174A and this plus voltage is an indication that there is a cable
      plugged into port A. In general there will always be at least one cable.
      There may be as many as four cables plugged into four ports, but only one
      of these can be a source port. The coded signal sent back to the recording
      unit tells both. That is, it tells which of the ports have cable connected
      and which one of the four ports is the source. So terminal 174 provides a
      plus voltage which indicates that port A has a cable. Similarly all four
      of the ports could have a plus voltage on the corresponding terminals
      174B, 174C, etc.
PAR  In the remainder of the circuit there is a group of flipflops 179A, 179B,
      etc. connected one to each of the terminals 174 (through gate 176). Once
      set, these flip-flops hold their potential until the read command is sent.
      There is a second group of flip-flops 181A, 181B, etc. which are enabled
      by the first group of flip-flops, that is, those that are controlled by a
      cable connection. The second group are called source flip-flops and only
      one of these will be set, that is, by the first port that receives an
      interrogation command. It will have had a cable connected and will show
      the positive voltage on 174 and will set the corresponding port flip-flop
      179 and will then set the source flip-flop 181 which thereupon disables
      all of the other three source flip-flops. Only one source flip-flop will
      be set in each terminal. It is the signal from this source flip-flop 181
      that determines which of the gates 80A, 80B, 80C, 80D or gates 82A, 82B,
      82C, 82D (FIG. 5) are enabled so as to transmit the response data and
      response clock out.
PAR  On the interrogation command not only do the terminals communicate with
      each other serially and transmit their own data out, receive data in from
      a previous terminal, and transmit it out to the next terminal, and so on,
      but every command is passed on from one port to the other. For example in
      FIG. 6 consider that port A is the source port. A cable will be plugged
      into port A, therefore flip-flop 179A will be set and lead 196 will have a
      zero signal. This goes to gates 192, 193 and inverter 194 and places a
      plus signal on inverter 188B which places a negative voltage step on
      output lead 189B. This is the command signal, and goes by cable to the
      next terminal, if a cable is connected.
PAR  Assume that there is no cable connected to gate B. Thus there will be a
      plus voltage on lead 170B and 182B to AND gate 184B. The other lead to
      gate 184B is the lead 194 from port A which has a plus voltage. Thus gate
      184B puts out a zero to gate 192B, which, as seen in connection with port
      A, will place a plus voltage on lead 195C at port C. If port C has a
      cable, the command signal will be transmitted out, and also it will be
      passed on to port D, and so on.
PAR  Very little has been said about the data processing of the input channels,
      shown at the top of FIG. 5. This processing can be of any desired type so
      long as the input analog signals are converted to digital signals that can
      be stored in the data register 73. However, this system of array terminals
      is ideally suited to a processing system in which the analog signals are
      amplified, added to a shifting function and zero-crossing-coded to provide
      a train of digital bits for storage in the parallelto-serial converter.
      This is fully described in a copending application entitled: DATA
      ACQUISITION, TRANSMISSION AND STORAGE SYSTEM, Ser. No. 358,077. Also,
      little has been said about the source of the commands and the storage of
      the transmitted bit signals. However, this is fully described in another
      copending application entitled: DATA COMPOSITING AND CONTROL SYSTEM, Ser.
      No. 358,078.
PAR  While the coded signals have been described as being stored in
      parallel-to-serial converter means other types of digital storage means,
      well known in the art can, of course be used. Also, while the sample and
      interrogate command signals are described as voltage steps, other types of
      coded signals can be used.
PAR  While the invention has been described with a certain degree of
      particularity it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, includiing the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A data acquisition system comprising:
PA1  a. a plurality of N spaced apart array terminals and means for collecting a
      plurality of M analog signals into each of said terminals:
PA1  b. means in each of said terminals for converting said analog signals and
      storing same in parallel to serial converter means:
PA1  c. means to connect said parallel to serial converter means in each of said
      terminals in series operative connection and to connect said parallel to
      serial converter means in each of said terminals to the buffer register
      means in the next in series terminal the last in series parallel to serial
      converter means connected to a data storage means in an array processor
      means:
PA1  d. means on first command to simultaneously transmit the stored digital
      data in each of said parallel to serial converter means to said buffer
      register means in the next in series terminal to last in series, said
      array processor data storage means, and
PA1  e. means on second command to simultaneously transmit from the buffer
      register in each of said terminals the data stored therein to the buffer
      register in the next in series terminal to last in series, said array
      processor data storage means,
PA1  said data acquisition system further including clock means in each of said
      terminals and means to transmit the clock signals from a first terminal to
      the next in series second terminal simultaneously with the transmission of
      the data stored in the buffer register means in said first terminal to the
      buffer register means in said second terminal.
NUM  2.
PAR  2. A data acquisition system comprising:
PA1  a. at least two spaced apart array terminals and means for collecting at
      least one analog signal into each of said terminals;
PA1  b. means in each of said terminals for converting said analog signals to
      digital signals and storing same in a register means in said terminals;
PA1  c. first conductor means to connect said register means in one of said
      terminals to register means in the next in series terminals;
PA1  d. clock means in each of said terminals and second conductor means to
      connect said clock means in said one of said terminals to the next in
      series terminal; and
PA1  e. means on command simultaneously to transmit from said one of said
      terminals to the next in series of said terminals the digital signals
      stored in said register means, and the clock pulses from said clock means.
NUM  3.
PAR  3. The system as in claim 2 including means in said next in series terminal
      to receive said digital signals transmitted from said one of said
      terminals, and to store said digital signals in register means in said
      next in series terminal at the pulse rate of said clock pulses of said
      clock in said one of said terminals.
NUM  4.
PAR  4. The system as in claim 2 in which said digital signals are single bit
      signals.
NUM  5.
PAR  5. The system as in claim 4 including means to axis crossing code said
      analog signals.
NUM  6.
PAR  6. In a system comprising:
PA1  a plurality of spaced apart terminals and means for collecting at least one
      analog signal into each of said terminals; and
PA1  means for converting said analog signals to digital signals; and
PA1  means for storing said digital signals in register means in each terminal;
      and including:
PA1  first conductor means connecting said register means in a first terminal to
      the next in series second terminal;
PA1  clock means in each terminal, and second conductor means to connect said
      clock in said first terminal to said second terminal;
PA1  the method of signal transmission, comprising:
PA2  a. transmitting said digital signals from said first terminal sequentially
      at the pulse rate of said first clock to said second terminal;
PA2  b. transmitting said clock pulses of said first clock over said second
      conductors to said second terminal;
PA2  c. receiving over said second conductors at said second terminal said clock
      pulses of said first clock, and over said first conductors said digital
      signals from said first terminal; and
PA2  d. storing said digital signals in register means in said second terminal
      at said pulse rate of said first clock.
NUM  7.
PAR  7. The method as in claim 6 including the additional step of:
PA1  e. retransmitting from said second terminal to the next in series third
      terminal the digital signals stored in said register means at the pulse
      rate of the second clock in said second terminal.
NUM  8.
PAR  8. The method as in claim 6 including a first and second register in each
      terminal and the additional steps of:
PA1  a. receiving, and storing in said register in said second terminal the
      digital signals transmitted from said first terminal, at the pulse rate of
      said first clock; while simultaneously transmitting to the next in series
      third terminal at the pulse rate of said second clock, the data previously
      stored in said register in said second terminal; while
PA1  c. simultaneously transmitting to said third terminal the pulse rate of
      said second clock.
NUM  9.
PAR  9. The method of data acquisition in which at least one analog signal is
      generated at each of a plurality of signal terminals, said terminals
      connected in serial operative relation, each terminal having its own
      clock, comprising the steps of:
PA1  a. converting each of said analog signals to digital signals in each of
      said terminals and storing them in in a first register means;
PA1  b. transmitting from each terminal to the next in series terminal the clock
      rate of said each terminal, and said digital signals stored in said first
      register; while simultaneously
PA1  c. storing in a second storage register in each terminal at the clock rate
      received from the preceding in series terminal, the digital signals
      transmitted from said preceding in series terminal.
NUM  10.
PAR  10. In a digital data acquisition system in which at least one analog
      signal is received in each of a plurality of signal terminals, clock means
      in each of said terminals;
PA1  means in each of said terminals to convert said analog signals to digital
      signals and for storing said signals; the improvement comprising:
PA2  a. multiple conductor means connecting said terminals in series and to a
      data storage and control means;
PA2  b. said multiple conductor means including:
PA3  1. at least two first conductors for digital data signal transmission,
PA3  2. at least two second conductors for transmission of clock pulses; and
PA3  3. at least two third conductors for transmission of command signals;
PA2  c. means in each terminal to transmit digital data signals over said first
      conductors in a first direction, to the next in series terminal;
PA2  d. means in each terminal to transmit the pulses of said clock means over
      said second conductors in said first direction to the next in series
      terminal and store the data signals at the pulse rate transmitted from the
      preceding terminal; and
PA2  e. means in each terminal to transmit command signals over said third
      conductors in a second reverse direction from each terminal to the
      preceding in series terminal.
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ABST
PAL  A compact fuel economy indicator employs illuminated symbols such as
      colored lenses to indicate relative fuel economy. In one embodiment a
      series of lenses is moved with respect to a fixed lamp while in a second
      embodiment a lamp is moved with respect to the series of lenses for
      increasing the intensity of illumination of the appropriate lens.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates to indicator devices and more particularly to
      fuel economy indicator devices for use with internal combustion engines.
PAR  2. Prior Art.
PAR  It is known to provide a vacuum gage connected to the induction manifold of
      an internal combustion engine wherein the manifold depression can be
      interpreted as an indication of fuel economy. Such devices often include
      an indicator needle, movable with respect to a dial for indicating the
      degree of manifold depression or relative fuel economy. Interpretation of
      such devices requires concentrated attention on the part of the engine
      operator which can be objectionable particularly where the engine is
      mounted in a motor vehicle.
PAR  It is also known to provide one or more electrical contact switches which
      open and close responsive to changes in manifold depression, the switches
      being connected to indicator lamps. These latter mentioned devices
      overcome the problem of concentrated attention on the part of the operator
      but are subject to the objection that the desired number of switch-lamp
      pairs are expensive, occupy too much space and may malfunction as a result
      of frequent switch actuation.
PAC  SUMMARY OF THE INVENTION
PAR  A principal objective of the present invention is to provide an improved
      fuel economy indicator in which a group of lucid symbols and a light
      source are caused to partake of relative motion as a function of relative
      fuel economy. the resulting apparatus is reliable in operation, compact in
      size, economical to manufacture and displays visibly distinct illuminated
      symbols indicative of relative fuel economy during operation of an engine
      to which the device is connected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of one embodiment of a fuel economy indicator
      according to the present invention;
PAR  FIG. 2 is a section view to enlarged scale taken along the line 2--2 of
      FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary view similar to FIG. 1 having portions
      broken away to reveal details of construction of the device;
PAR  FIG. 4 is an elevation view of another embodiment of fuel economy indicator
      according to the present invention; and
PAR  FIG. 5 is a section view to enlarged scale taken along the line 5--5 of
      FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in more detail to the drawings, particularly FIGS 1-3
      thereof, the reference character 10 indicates a fuel economy indicator
      device according to one embodiment of the invention. The body 11 of
      indicator device 10 includes a base member 12, an actuating means 13 and a
      cover member 14. The cover member 14 includes a panel portion 16 which
      includes a window 17 arranged for display of a symbol indicative of
      relative fuel economy. The device can be secured to a mounting surface 18
      as by mounting screws 19 or by means of an adhesive or other well known
      means. Cover member 14 is provided with a pair of spring fingers 21
      including shoulders 22 arranged for engaging corresponding notched
      portions 23 of base member 12. Thus the cover member 14 can be removed
      from and replaced on base member 12 easily. Cover member 14 can be secured
      to the devices by other well known means. Actuator means 13 includes a
      connector 24 arranged for connecting the device to the fuel induction
      system 26 of an internal combustion engine 27 as by means of a tube 28.
PAR  Referring now to FIG. 2, base member 12 has a boss portion 29 which
      includes a socket 31 having appropriate electrical contacts for a luminous
      source such as a lamp 32. Electrical conductor leads 33, 34 extend into
      socket 31 for connection to the lamp contacts.
PAR  As shown in FIG. 2, actuating means 13 is in the form of an expansible
      chamber vacuum motor. The shell 36 of vacuum motor actuating means 13 is
      substantially cylindrical in shape having a stepped annular shoulder
      construction 37 engaging a similar recessed portion 38 of base 12. Shell
      36 may be rotated in base portion 12 to provide the desired orientation of
      connection portion 24 and then secured in place. A seal 39 is secured
      between a pair of washer members 41, 42 and forms a slidable fluid tight
      seal with inner surface 43 of shell 36. A return spring 44 is engaged
      between a bottom portion 46 of shell 36 and washer member 41 urging the
      washers 41, 42 and seal 39 toward base member 12.
PAR  A slidable holder 51 includes a rod portion 53 extending through a slot 52
      in base 12 which is secured to the washer 41 by means of a spring clip 54.
      Holder 51 includes a series of slots, here shown as three in number, 56,
      57, 58. A series of lucidly distinct symbols such as differently colored
      translucent lenses 61, 62 63 is mounted in respective slots 56, 57, 58. As
      shown in the drawing the symbols are hatch lined to indicate the color red
      for lens 63, yellow for lines 62, and green for lens 61. Other forms of
      symbols may be employed, if desired, however it has been found that
      distinctly colored translucent lenses are readily visible and easily
      interpreted and are therefore desirable for use in small instruments.
PAC  OPERATION OF THE FIRST EMBODIMENT
PAR  The fuel economy indicator device 10 is connected to the intake manifold of
      induction system 26 by means of a tube 28 connected to vacuum motor
      actuator 13. It is well known that manifold depression in the intake
      manifold of an internal combustion engine is an indicator of the amount of
      fuel being consumed by the engine, a weaker subatmospheric pressure or
      depression indicating a greater fuel consumption while a stronger
      subatmospheric pressure or depression indicates less fuel consumption.
PAR  At wide open throttle where fuel consumption is greatest, the weak manifold
      depression acting through tube 28 is unable to overcome the force of
      spring 44 with the result that holder 51 is in the position shown in FIG.
      2. In this position the red lens 63 is positioned between window 17 and
      lamp 32 where it receives the greatest intensity of illumination and is
      visible through the window to indicate high fuel consumption and
      relatively poor fuel economy. As the throttle of engine 27 is moved toward
      closed, requiring less fuel and creating a stronger manifold depression,
      the seal 39, washers 41, 42 and holder 51 are moved against the force of
      spring 44. As the rod portion of the holder is retracted through the base,
      the lenses are moved past window 17 so that the yellow lens 62 and then
      the green lens 61 becomes illuminated and visible through the window
      indicating intermediate and good fuel economy. As shown in the drawing the
      yellow lens 62 is narrower than the adjacent lenses indicating a
      transition zone between poor and good fuel economy. The holder 51 is thus
      extensible and retractible with respect to base portion 12 in response to
      changes in manifold depression. Movement of holder 51 results in display
      of various lenses through window 17 providing a visible indication of
      relative fuel economy.
PAC  DESCRIPTION OF THE SECOND EMBODIMENT
PAR  A second embodiment of fuel economy indicator device 110 is shown in FIGS.
      4 and 5. In the second embodiment a series of distinct symbols are fixed
      with respect to the body and receive varying intensity of illumination
      from a movable luminous source, whereas in the first embodiment the series
      of symbols are movable with respect to a fixed luminous source for varying
      the intensity of illumination.
PAR  The body 111 of indicator device 110 includes a main portion 112 and an
      actuator portion 113. Main portion 112 includes a panel portion 116. A
      series of apertures 156, 157, 158 are formed in panel portion 116.
      Distinctly colored translucent lenses 161, 162, 163 are secured in
      respective apertures 156, 157, 158. Panel portion 116 extends through an
      aperture in a mounting sheet 118, the device being secured to the mounting
      sheet by means of a bezel nut 119.
PAR  A diaphragm 139 is secured around its perimeter to the junction of body
      portions 112, 113 to form an expansible chamber vacuum motor. A connector
      portion 124 provides communication between the interior 143 of the vacuum
      motor and a line 128 which connects with the intake manifold of a fuel
      induction system similar to the arrangement shown in FIG. 2. A return
      spring 144 extends between an end surface 146 of body portion 113 and a
      plate 141 engaging diaphragm 139.
PAR  Body portion 112 includes a slot 152 through which extends a slidable rod
      151 having a rib 153 thereon. The rod and rib are notched as at 147 to
      support an end of a balance spring 148. Rod 151 includes a head 142
      secured to diaphragm 139. A lamp 132 is inserted in a lamp socket 131
      which is secured to rod 151 for movement therewith. A pair of electrical
      leads 133, 134 are connected to lamp socket 131 and extend externally of
      the body through body portion 112.
PAC  OPERATION OF THE SECOND EMBODIMENT
PAR  At wide open throttle the manifold depression communicated to vacuum motor
      actuator 113 is too weak to overcome the force of return spring 144, with
      the result that lamp 132 is in the position shown in FIG. 5 where it
      illuminates red lens 163 to indicate great fuel consumption and poor fuel
      economy. As the engine throttle is moved toward closed, the fuel
      consumption is reduced and the manifold depression increases with the
      result that diaphragm 139 compresses return spring 144 causing rod 151 and
      lamp 132 to move toward the right as viewed in FIG. 5. As the lamp is
      moved toward the right, the yellow lens 162 and then the green lens 161
      receive more intense illumination indicating, respectively, intermediate
      and good fuel economy. As lamp 132 is moved behind the series of lens 161,
      162, 163 in response to changes in manifold depression, the intensity of
      illumination of the lenses changes accordingly to provide an indication of
      relative fuel economy.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel economy indicator device for use with an internal combustion
      engine having a fuel induction system,
PA1  said device including a body having actuating means secured thereto, said
      actuating means being arranged for connection to said induction system and
      adapted for actuating movement in response to pressure changes in said
      induction system;
PA1  luminous means;
PA1  and spaced lucidly distinct symbols disposed adjacent said luminous means,
      each symbol representing a condition of relative fuel economy, said
      symbols and said luminous means being operatively connected to said body
      and said actuating means for relative movement in response to actuating
      movement of said actuating means,
PA1  whereby respective of said spaced symbols receive varying intensity of
      illumination responsive to changes in induction system pressure,
      automatically providing a distinct indication of relative fuel economy
      during engine operation.
NUM  2.
PAR  2. A fuel economy indicator device according to claim 1, wherein said
      symbols are provided by means of distinctly colored translucent lenses
      selected for indicating different condition of relative fuel economy.
NUM  3.
PAR  3. A fuel economy indicator device according to claim 1, wherein said body
      includes a panel portion, said panel portion including a window arranged
      for display of a respective symbol.
NUM  4.
PAR  4. A fuel economy indicator device according to claim 1, wherein said body
      includes a panel portion, said panel portion including a window arranged
      for display of a respective symbol, said symbols being mounted in series
      on a movable holder adjacent said window, said holder being operatively
      connected to said actuating means for displacement of said series of
      symbols with respect to said window and said luminous means.
NUM  5.
PAR  5. A fuel economy indicator device according to claim 1, wherein said body
      includes a base member, said luminous means and said actuating means being
      secured to said base member, a rod member disposed adjacent said luminous
      means and connected to said actuating means arranged for extensible and
      retractible movement with respect to said base member in response to
      pressure changes in said induction system, said symbols being mounted on
      said rod member, and a cover member adapted for connection to said base
      member, said cover member enclosing said rod member and said luminous
      means, said cover member including an aperture arranged and disposed for
      display of respective symbols in response to extensible and retractible
      movement of said rod member.
NUM  6.
PAR  6. A fuel economy indicator device according to claim 1, wherein said body
      includes a panel portion, said panel portion including a series of windows
      displaying respective of said symbols, said luminous means being mounted
      for movement with respect to said series of windows for illuminating
      respective symbols in response to changes in induction system pressure.
NUM  7.
PAR  7. A fuel economy indicator device according to claim 1, wherein said
      actuating means includes an impervious diaphragm mounted for cooperation
      with a first portion of said body defining expansible chamber vacuum motor
      means, a rod slideably mounted in said body and operatively engaged with
      said diaphragm for reciprocating movement with respect to said first body
      portion, said luminous means being mounted on said rod for movement
      therewith, said body including a panel portion, said panel portion
      including a series of spaced apertures arranged in a row parallel to the
      path of movement of said luminous means, and translucent lenses mounted in
      register with respective of said apertures, said lenses providing distinct
      indications of relative fuel economy, said luminous means being movable
      with respect to said apertures and lenses for changing the intensity of
      illumination thereof in response to changes in manifold depression.
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ABST
PAL  In a fuel management system of an internal combustion engine having an
      exhaust gas sensor positioned in the exhaust gases of the engine for
      controlling the fuel mixture to the engine, an exhaust gas sensor failure
      detection system for determining when the sensor fails to respond within a
      given time period to a rich to lean fuel mixture transition. The sensor in
      response to a rich fuel mixture generates a high voltage output which is
      switched to a low voltage output when the fuel mixture goes lean. The time
      of transition is used as an indication of the quality and performance of
      the exhaust gas sensor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to exhaust gas sensors as used in the control of the
      air and fuel mixture in an internal combustion engine and more
      particularly to a system for the detection of the failure of such an
      exhaust gas sensor.
PAR  2. Description of the Prior Art
PAR  The use of an exhaust gas sensor in exhaust systems of internal combustion
      engines for controlling the air/fuel ratio to the engine is well known as
      exhibited in the U.S. Pat. No. 3,745,768 issued to Zechnall et al. and
      entitled "Apparatus To Control The Proportion Of Air and Fuel In The
      Air/Fuel Mixture of Internal Combustion Engines." In this particular
      patent an oxygen analyzer or exhaust gas sensor is responsive to the
      oxygen present in the exhaust gas of an internal combustion engine. A
      signal is generated by the sensor indicating whether or not oxygen is
      present in the exhaust gas and this signal is supplied to an electronic
      control unit for controlling or supplying information to control the
      amount of fuel injected into the cylinder of the internal combustion
      engine. If the sensor indicates that oxygen is present in the exhaust gas
      the sensor signal will supply information to the control unit to increase
      the amount of fuel supplied to the internal combustion engine. Conversely,
      if the sensor indicates a lack of oxygen in the exhaust gas it will supply
      information tending to reduce the amount of fuel supplied to the cylinder.
PAR  Such control is necessary for an internal combustion engine to improve the
      performance of the engine and to control the quality of the exhaust gas
      components in the exhaust gas of an internal combustion engine.
PAR  The use of exhaust gas sensors in the exhaust lines of furnaces is likewise
      old in the art. Again the purpose of such sensors in the exhaust lines is
      to control the operation of the furnace for better performance and
      economy.
PAR  Oxygen sensors are used in the steel making processes to determine the
      amount of oxygen contained in the molten steel in the process of
      manufacture. These sensors generate signals which are applied to a control
      unit to control the process in the steel making.
PAR  In such instances of the prior art, detection of a failed sensor has been
      primarily one of observation by an operator such as by the ultimate
      failure of a component such as a converter downstream of the sensor or the
      physical destruction of the sensor by the environment in which it is
      placed. Constant or periodic monitoring of the output voltage of the
      sensor under controlled conditions has been required in order to determine
      whether or not the sensor is operating or performing correctly.
PAR  In fuel management systems for internal combustion engines it is necessary
      to accurately control the fuel/air ratio entering the engine in order to
      control the products of combustion as they appear in the exhaust gases. It
      is desired in the exhaust gas of internal combustion engines to control
      the amount of unburnt hydrocarbons and carbon monoxides by regulating the
      fuel/air mixture to the cylinder of the engine. Nitrogen compounds in the
      exhaust gases are another undesirable component which may be neutralized
      by a catalytic converter placed downstream of the gas sensor. With the gas
      sensor controlling the fuel/air ratio into the engine thereby controlling
      hydrocarbons and carbon monoxide in the exhaust gas the catalytic
      converter need only have a single bed for neutralizing nitrogen compounds.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises an exhaust gas sensor such as an oxygen gas sensor
      positioned in the exhaust gas of an internal combustion engine for
      generating either one or two voltage levels in response to the presence or
      absence of oxygen in the exhaust gas. The output of the sensor is
      electrically connected to a pair of comparators whose outputs depend on
      the sensor voltage output being below two predetermined voltage threshold
      levels. These two threshold levels are indication of a proper sensor
      voltage operation. The system responds to the transition of the sensor
      from one threshold level to a second threshold level in response to the
      oxygen mixture of the exhaust gas passing by the sensor.
PAR  It is a principal object of this invention to detect the failure of an
      exhaust gas sensor in the exhaust gas system of an internal combustion
      engine.
PAR  It is another object of this invention to provide a system for detecting
      the quality of production of exhaust gas sensors prior to their
      installation in conjunction with internal combustion engines.
PAR  It is yet another object of this invention to provide a continuous warning
      to the operator of an internal combustion engine when an exhaust gas
      sensor has failed and thereby permitting proper servicing steps to be
      maintained.
PAR  It is a further object of this invention to detect a failure exhaust gas
      sensor without requiring specific engine operating conditions other than
      determination that the sensor is at its operating temperature.
PAR  It is an indication of the quality of the sensor when the transition from
      the high voltage level to a low voltage level takes place within a
      predetermined interval as the exhaust gas is changed from a rich fuel
      mixture to a lean fuel mixture. If within a given period of time the
      sensor fails to make this transition within the predetermined interval,
      this is an indication of the failed sensor and the circuitry electrically
      connected thereto will provide a warning to the operator. A capacitor is
      electrically connected for charging to the output of the first comparator
      for storing an electrical signal representing the time duration of the
      output of the first comparator. A first timing generating means is
      responsive to the output of the first comparator for generating a timing
      signal for testing the output of the second comparator. If the output of
      the second comparator occurs during the timing signal duration, a storage
      reset means is activated for discharging the capacitor.
PAR  If however the second comparator does not have an output within the timing
      signal duration, the capacitor continues to charge in response to the
      output of the first comparator.
PAR  If the charge on the comparator reaches a predetermined voltage level
      within a predetermined time as determined by a voltage level from a timing
      voltage reference means, the third comparator generates an output which is
      supplied to a warning system for warning the operator of the engine that
      the sensor has failed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagrammatic schematic of an exhaust gas sensor failure
      detection system;
PAR  FIG. 2 is an electrical schematic of a preferred embodiment of the
      circuitry of FIG. 1;
PAR  FIG. 3 is an electrical schematic of an alternate embodiment of the circuit
      of FIG. 1;
PAR  FIG. 4 is a diagram showing the waveshapes of the signals of several points
      of the schematic illustrated in FIG. 2;
PAR  FIG. 5 is a diagram showing the waveshapes of the signal of several points
      of the schematic illustrated in FIG. 2 with the sensor broken;
PAR  FIG. 6 is a diagram showing the waveshapes of the signal of several points
      of the schematic illustrated in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the FIGS. by the characters of reference there is illustrated
      in FIG. 1 a block diagrammatic schematic of the exhaust gas sensor failure
      detection system according to the present invention.
PAR  The exhaust gas sensor 10 is positioned in the exhaust gas conduit of the
      internal combustion engine. The sensor is responsive to one of the
      constituent gases of combustion. The sensor will generate a first
      electrical signal greater than a first voltage threshold level in the
      presence of a first fuel mixture and will generate a second electrical
      signal less than a second voltage threshold level in the presence of a
      second fuel mixture.
PAR  For the purposes of this disclosure, one particular embodiment of exhaust
      gas sensors is an oxygen gas sensor of the class of sensors which may be
      used in a fuel management system for an internal combustion engine. The
      purpose of the sensor is to sense a particular characteristic or
      performance or result of the operation of an internal combustion engine
      and generate an electrical signal in response thereto.
PAR  In the preferred embodiment the sensor used in an oxygen gas sensor which
      is positioned in the exhaust system of the internal combustion engine and
      senses the presence or absence of oxygen gas in the exhaust gas. If the
      oxygen gas sensor senses oxygen in the exhaust this is defined as
      resulting from a lean fuel mixture being supplied to the engine and
      conversely if the sensor detects a lack of oxygen gas in the exhaust this
      is defined as resulting from a rich fuel mixture being supplied to the
      internal combustion engine. The voltage level of the output signal of the
      O.sub.2 sensor in a rich fuel mixture condition is approximately 800
      millivolts and the voltage level of the output signal of the sensor in a
      lean fuel mixture condition is approximately 75 millivolts. For the
      purposes of this disclosure the electrical signal output of the sensor is
      high in a first or rich fuel mixture and low in a second or lean fuel
      mixture.
PAR  As illustrated in FIG. 1, the output of the O.sub.2 sensor 10 is supplied
      in a substantially parallel manner to a comparator means 12 and to the
      fuel injection electronic control unit 14. The fuel injection electronic
      control unit 14 contains all the logic and circuitry necessary for
      controlling the fuel management system of the internal combustion engine.
PAR  The comparator means 12 further comprises a first comparator 16 to which is
      supplied a first voltage threshold level 18 for a rich fuel mixture and a
      second comparator 20 to which is supplied a second voltage threshold
      voltage level 22 representing a lean fuel mixture. The outputs of both
      comparators 16 and 20 are supplied to a storage means 24 wherein the first
      output signal from the first comparator 16 is stored as a variable voltage
      level proportional to the amount of time that the sensor 10 stays below
      the rich reference voltage level. When the sensor output voltage goes
      below the second threshold voltage level within a predetermined interval
      as defined by a timing generating means 26, the storage reset means 27
      operates to clear the stored signal.
PAR  The output signal of the storage means 24 is supplied to a third comparator
      28 wherein the signal is compared to a timing voltage signal from a timing
      voltage reference means 30 which is proportional to the maximum allowable
      time between successive reset signals. The comparator 28 generates an
      output signal in response to simultaneous occurrence of the timing voltage
      signal from the timing voltage reference means 30 and a predetermined
      voltage level from the storage means 24.
PAR  The output signal from the third comparator 28 is supplied to an alarm
      means or a latching circuit means 32 which is conditional by means of an
      inhibit means 34 for operation upon the engine being at a particular
      operating condition, namely, warmed up. When the latching circuit means 32
      operates it generates and maintains an error signal which is supplied to a
      warning system 36. The warning system 36 receives the signal from the
      latching circuit means 32 and indicates to the operator of the internal
      combustion engine by any one or a combination of several different warning
      alarms, the information that the sensor 10 is malfunctioning. Examples of
      such warning systems 36 are lights, buzzers, or other systems controlling
      the operation of the engine whereby the operator will have to provide
      service for the sensor.
PAR  As previously indicated the exhaust gas sensor 10 may be an oxygen gas
      sensor that switches between high and low voltage levels as the oxygen
      content of the exhaust gas changes. The switching point for the oxygen gas
      sensor is at an air/fuel ratio representing stoichiometric chemical
      operation. At stoichiometric which is an air/fuel ratio of approximately
      14.8:1, the output of the sensor is rapidly switched between its high and
      low levels.
PAR  As the sensor 10 decays or ages in time, the switching time between the two
      levels increases to such an extent that under rapid engine operations the
      sensor may not follow the composition of the exhaust gas. It is an object
      of this invention to use the switching rate of the sensor as an indication
      of the quality of the sensor, thereby, once the sensor signal crosses the
      first voltage threshold level in response to a rich to lean exhaust gas
      change, the sensor must complete the transition to the second voltage
      threshold reference level within a predetermined time period or interval.
      If the sensor 10 does not complete this transition within this
      predetermined interval, this may be an indication of a bad sensor.
PAR  Referring to FIGS. 2 and 3, which are substantially identical circuits with
      the exception of a clamping means or diode 38 between the collector of the
      first or reset transistor 40 and the output of the timing generating means
      26. The purpose and function of this diode 38 will be better explained
      after the general operation of the circuit is understood.
PAR  Referring to FIG. 2, there is illustrated the sensor 10 with its output
      electrically connected to the inverting inputs 41 and 42 of the first and
      second comparators 16 and 20 of the comparator means. The noninverting
      input 43 of the first comparator 16 is electrically connected to the first
      voltage reference circuit 18 which generates a first voltage threshold
      Y.sub.2 which is equal to the minimum acceptable voltage level from the
      sensor 10 in the presence of a first or rich fuel mixture. In the
      preferred embodiment Y.sub.2 is equal to 600 millivolts. The output of the
      first comparator 16 is high when the voltage input on the inverting input
      41 is less than the voltage value Y.sub.2. The output voltage level from
      the first comparator 16 is supplied to a pair of resistors 44 and 45, the
      first resistor 44 being electrically connected in series to the storage
      means 24 and the second resistor 45 being electrically connected in the
      timing generating means 26.
PAR  The output of the sensor 10 is additionally electrically connected to the
      inverting input 42 of the second comparator 20 of the comparator means 12.
      The noninverting input 46 of the second comparator 20 is electrically
      connected to a second voltage reference circuit 22 for generating a second
      voltage threshold Y.sub.3 which is equal to the maximum acceptable voltage
      level output of the sensor 10 in the presence of a second or lean fuel
      mixture. A good or operating sensor 10 operating in a lean fuel mixture
      exhaust gas has output voltage substantially less than the second voltage
      threshold Y.sub.3 which is 300 millivolts in the preferred embodiment. In
      a manner similar to the first comparator 16 the output of the second
      comparator 20 is a high voltage level when the voltage input on the
      inverting input 42 is less than Y.sub.3. The output of the second
      comparator 20 is electrically connected through a resistor 48 to the base
      49 of the reset transistor 40 and to the collector 50 of the second or
      timing transistor 52.
PAR  The storage means 24 in the preferred embodiment comprises a capacitor 54
      which is charged to the voltage output generated by the first comparator
      16 through the first resistor 44 and an isolation diode 56. The one plate
      of the storage capacitor 54 is electrically connected to the cathode of
      the isolation diode 56, the collector 58 of the reset transistor 40 and
      the noninverting input 60 of the third comparator 28. The inverting input
      62 of the third comparator 28 is electrically connected to a timing
      voltage reference means 34 or voltage divider network wherein the voltage
      applied to the inverting input 62 is a level which corresponds to a
      substantially long time period. In essence, the time period represented by
      this voltage level is used to determine whether or not the sensor 10 has
      failed. The output of the third comparator 28 is high when the voltage
      level at the noninverting input 60 from the charge on the storage
      capacitor 54 exceeds the voltage level of the voltage divider 34. As will
      hereinafter be shown, this high voltage level of the output of the third
      comparator 28 is an indication of an inoperative or failed sensor 10.
PAR  The one plate of the storage capacitor 54 as previously indicated is
      electrically connected to the collector 58 of the reset transistor 40.
      When the reset transistor 40 is driven into conduction it provides a rapid
      discharge path for the storage capacitor 54 for the purpose of discharging
      or clearing the storage means 24 and reinitiating the testing of the
      sensor 10.
PAR  The reset transistor 40 has its base 49 electrically connected through a
      resistor 48 to the output of the second comparator 20 and is conditionally
      responsive to the output of the second comparator 20. If the output of the
      second comparator 20 is high, the reset transistor 40 may be driven into
      conduction provided the timing transistor 52 connected to its base 49 is
      out of conduction.
PAR  The timing generating means 26 comprises the second or timing resistor 45
      and a series timing capacitor 64 electrically connected between the output
      of the first comparator 16 and ground. The junction between the timing
      resistor 45 and the capacitor 64 is electrically connected through a diode
      66 to the base 68 of the timing transistor 52. Additionally a discharge
      resistor 70 is electrically connected in shunt with the timing capacitor
      69. When the output of the first comparator 16 is high the timing
      capacitor charges to a voltage value, equal to two diode voltage drops,
      sufficient to supply enough base current to turn on the timing transistor
      52. When the timing transistor 52 is turned on, the base of the reset
      transistor 40 is clamped to ground preventing the reset transistor 40 from
      being driven into conduction. However, if the reset transistor 40 is in
      conduction, it is driven out of conduction. When the output of the first
      comparator 16 is low, the timing capacitor 64 discharges through its shunt
      resistor 70 and turns off the timing transistor 52.
PAR  In FIG. 3 there is the addition of the clamping diode 38 electrically
      connected between the collector 58 of the reset transistor 40 and the
      timing capacitor 64. The function of this diode 38 is to clamp the output
      of the timing capacitor 64 at ground through the reset transistor 40 when
      the reset transistor is driven into conduction prior to the timing
      transistor 52 being driven into conduction. With this diode 38
      electrically connected in the circuit once the reset transistor 40 is
      turned on by the output of the second comparator 20, it will not be
      influenced by the output of the first comparator 16. This will be made
      clear with reference to the timing diagrams of FIGS. 4, 5, and 6.
PAC  OPERATION
PAR  It was previously indicated that the purpose of the system of FIG. 1 is to
      detect a failure in a sensor 10 such as an oxygen gas sensor. Once the
      failure is detected the circuit will generate a signal which may be used
      in many ways to indicate the failure of the sensor 10 to the engine
      operator. However, as previously indicated, this is also an object of the
      invention to provide failure detection systems which may be used for
      production monitoring during the manufacture of exhaust gas sensors.
PAR  As previously indicated when the sensor environment is switched from a rich
      to lean gas mixture, the sensor 10 output switches from a high to a low
      voltage level. Such a sensor may be considered to have failed if the
      response of the switching is slower than a predetermined time which will
      be defined by the timing generating means 26 comprising the series
      resistor 45 and the timing capacitor 64, and the second or timing
      transistor 52.
PAR  The sensor 10 is also considered to have failed if it remains at the low
      voltage level for a period of time which is substantially long compared to
      the switching time. This is an example of a broken sensor wherein its
      output voltage remains low and is uneffected by the quality of the exhaust
      gas passing thereby.
PAR  Referring to FIG. 6, the upper waveform 72 represents the voltage waveform
      of a typical oxygen gas sensor 10 responding to the exhaust gas as a
      result of several changes in the air/fuel mixture supplied to the internal
      combustion engine. This waveform illustrates the waveshape of five
      possible voltage waveshapes 73-77 from the oxygen gas sensor 10 in
      response to the exhaust gas. The first waveshape 73 is a waveshape of a
      good sensor, wherein the transition from rich to lean is within the
      defined interval as defined by the circuitry. The second waveshape 74 to
      the right, illustrates the output of the sensor 10 responding to a very
      fast change between rich, lean, and back to rich condition of the exhaust
      gas. The third waveshape 75 represents another sensor signal generated in
      response to the slow switching transition between a rich and lean exhaust
      gas and in fact the sensor fails to respond to the lean mixture. The
      fourth waveshape 76 represents a sensor characteristic which would not be
      acceptable in that the switching transition is extremely long. The fifth
      waveshape 77 represents a sensor responding to the switching between rich
      and lean fuel mixtures in an acceptable interval.
PAR  By following the sensor waveshapes of FIG. 6, the circuit of FIG. 3 is
      easily understood. The circuit is defined so that the time of transition
      from first voltage threshold level Y.sub.2 to the second voltage threshold
      level Y.sub.3 must occur within a time period defined by X.sub.3. This
      time period X.sub.3 is generated by the timing generating means 26 and
      operates to turn on the second or timing transistor 52. As illustrated in
      the sensor waveshape 72, as the sensor signal crosses the Y.sub.2
      threshold, the output of the first comparator 16 is driven high. This
      first comparator 16 will maintain its output as long as the sensor signal
      is below the threshold level Y.sub.2. Simultaneously, the output signal 78
      from the first comparator 16 is supplied to both the capacitor 54 through
      the resistor 44 and isolation diode 56 and to the timing generating means
      26.
PAR  The capacitor 54 in the timing generating means 26 must charge through its
      timing resistor 45 to a voltage having a magnitude sufficient to turn on
      the timing transistor 52. In FIG. 3, this voltage is equivalent to two
      diode voltage drops above ground. The first voltage drop is that of the
      series diode 66 connected in the base 68 of the transistor 52 and the
      second voltage drop is due to the base-emitter junction. The time of the
      timing generating means 26 is represented by the width of the pulse
      X.sub.3 in FIG. 6. In FIG. 6, the waveshape Vc illustrates the charging of
      the capacitor 54 by the voltage output of the first comparator 16. As the
      sensor output crosses the threshold level Y.sub.3 in FIG. 6, the output of
      the second comparator 20 goes high as illustrated in the signal waveform
      80. When this voltage goes high, during the time period X.sub.3, the reset
      transistor 40 is turned on and through the clamping diode 38, the timing
      generating means capacitor 64 is clamped through the collector emitter
      junction of the reset transistor 40. This prevents the timing transistor
      52 from going into conduction and thereby allows the reset transistor 40
      to discharge the capacitor 54.
PAR  When the fuel mixture switches from a lean to a rich mixture the voltage
      output of the sensor crosses the threshold Y.sub.3 causing the output
      signal 80 of the second comparator 20 to go low. With this output low, the
      reset transistor 40 is driven out of conduction. The output of the first
      comparator 16 is then applied to the storage means 24 which begins to
      apply a charge to the storage capacitor 54. The timing generating means 26
      is again initiated and depending on the rise time of the sensor 10, the
      timing transistor 52 may or may not be driven into conduction. However,
      since the output of the second comparator 20 is low and will remain low,
      the timing transistor 52 has no effect on the operation of the reset
      transistor 40 at this time.
PAR  When the sensor output voltage crosses the threshold Y.sub.2 the output of
      the first comparator 16 is turned off, removing the charging power for the
      storage means 24 from the circuit. The timing capacitor 64 then discharges
      through its shunt resistor 70 for conditioning the circuit for the next
      sensor output voltage swing.
PAR  Referring to the second sensor waveshape 74, it is shown that the sensor
      output crosses the threshold Y.sub.2 but does not cross the threshold
      Y.sub.3 and quickly returns back across the threshold Y.sub.2. This is an
      indication of the exhaust gases being basically rich, except for a short
      quantity of gas which was lean. In this example, the output of the first
      comparator 16 is driven high for the total time at the sensor, is below
      the threshold Y.sub.2 and in addition the timing generating means 26 will
      generate or begin to time out and may or may not drive the timing
      transistor 52 into conduction. The decision of whether or not the timing
      transistor 52 is driven into conduction is based on the time length of the
      output signal from the first comparator 16. However, in this situation,
      the first comparator 16 does supply energy to the storage means 24 for
      increasing the voltage level on the capacitor 54.
PAR  The third sensor signal waveshape 75 is similar to the second with the
      exception of the slope being much more gradual or slower. The end result
      is that the storage capacitor 54 is charged up to a higher level as
      illustrated in the Vc waveshape.
PAR  The fourth sensor signal waveshape 76 is an illustration wherein the slope
      or transition time for the sensor to cross both thresholds, Y.sub.2 and
      Y.sub.3 is greater than that allowed by the timing generating means and
      the net result is that the timing transistor 52 is driven into conduction
      to prevent the reset transistor 40 from being driven into conduction by
      the output from the second comparator 20. The net result is that the
      output of the first comparator 16 is applied to the storage means 24 and
      increases the charge thereon.
PAR  Referring to the fifth sensor signal waveshape 77, which is similar to the
      first waveshape, in that the transition from the threshold level Y.sub.2
      to Y.sub.3 being within the predetermined time allowed by the timing
      generating means 26. The net effect is the turning on of the reset
      transistor 40 completely discharging from the storage means 24 and the
      diode 38 operates to clamp the timing generating means 26 and to
      effectively discharge the timing capacitor 64.
PAR  It was previously indicated that the difference between the embodiment of
      FIG. 3 and the embodiment of FIG. 2 is in the addition in FIG. 3 of the
      diode 38 clamping the timing generating means 26 to the collector 58 of
      the reset transistor 40. Without this diode 38 as illustrated in FIG. 2,
      the circuit will detect a broken sensor which would generate a low or zero
      voltage output as represented in FIG. 5 wherein the waveshapes are similar
      to those of FIG. 6. If the sensor is broken, the output of the first 16
      and second comparators 20 are both high. The output of the second
      comparator 20 will turn on the reset transistor 40 effectively shorting
      the charging voltage to the storage means 24 from the first comparator 16.
      However, the timing generating means 26 will begin to time out as a result
      of the output from the first comparator 16, and the second transistor 52
      will eventually turn on at the end of time X.sub.3. Turning on the timing
      transistor 52 removes the signal from the base of the reset transistor 40
      driving it out of conduction and allowing the output signal from the first
      comparator 16 to charge the storage means 24. The charge voltage on the
      storage means 24 will then charge up to the output voltage level of the
      first comparator 16.
PAR  FIG. 4 illustrates the voltage waveshapes for the circuit of FIG. 2 under
      the same conditions as previously explained in connection with FIG. 6 and
      FIG. 3.
PAR  Regardless of which circuit configuration is used, that is circuit
      configuration of FIG. 2 or FIG. 3, the output voltage of the storage means
      24 is applied to the noninverting input 60 of the third comparator 28. As
      previously indicated the voltage level applied to the inverting input 62
      of the third comparator 28 is from a voltage divider network 34 and the
      voltage level represents a time interval during which the O.sub.2 sensor
      should make a valid transition from rich to lean exhaust gas conditions.
      If the voltage on the storage capacitor 54 exceeds this level the output
      of the third comparator 28 becomes a high level and is supplied to the
      latching means 32.
PAR  As illustrated in FIG. 1, the latching means 32 is conditioned by an
      inhibit signal 34 which may represent any inhibiting condition. In the
      preferred embodiment this signal is identified as warm up inhibit and is a
      signal which may be generated from a temperature transducer in response to
      engine coolant temperature. The function of the warm up inhibit circuit 34
      is to insure that the sensor 10 is at its operating temperature and is
      generating the proper voltage level output signals before the sensor
      failure detection systems tests its characteristics. Also as indicated in
      FIG. 1, there is means 81 applied to the latching means 32 for manually
      resetting the latching means. Such manual resetting is optional and is not
      considered necessary for the operation of the sensor failure detection
      system of FIG. 1.
PAR  An example of such latching means 32 may well be conventional bistable
      multivibrator wherein the warm up inhibit signal is applied to the
      clearing or reset side of a multivibrator and effectively holds the
      multivibrator in a reset state, during a period of time that the signal is
      present. Once the engine has warmed up, the inhibit signal is driven low
      and the multivibrator is responsive to any high output voltage from the
      third comparator. Once the multivibrator is set, it will remain set until
      power is removed from the system or a resetting signal is applied to the
      reset side of the flip-flop.
PAR  The output of the latching means 32 indicated in FIG. 1 will drive or
      supply a signal to some form of warning system 36 which may be a light in
      the operator's compartment which will illuminate when the multivibrator is
      in its true or set state. An additional warning system 36 may be a buzzer
      in the operator's compartment which when the flip-flop is in its true or
      set state will sound the alarm thereby indicating to the operator that the
      sensor has failed but yet during normal engine operating conditions the
      warning system does not effect the engine operation in such a manner to
      disable the vehicle.
PAR  During the manufacturing of exhaust gas sensors for use in exhaust systems
      of internal combustion engines, the sensor may be tested prior to its
      being positioned in an internal combustion engine system. In a preferred
      embodiment using an oxygen gas sensor, the sensor is responsive to an
      atmosphere changing between a reducing atmosphere or one of no oxygen to
      an oxidizing atmosphere or one containing oxygen gas. In the manufacturing
      of the sensors it is necessary to position the sensor into a stream of gas
      having a chemical balance which is controlled. Electrically connected to
      the output of the sensor are means for measuring the voltage level of the
      output of the sensor as the chemical balance of the gas passing by the
      sensor is changed from a reducing to an oxidizing atmosphere. When the
      measured level of the voltage output of the sensor falls below the first
      predetermined voltage threshold level the timing is started or initiated.
      When the voltage output of the sensor responding to the oxidizing
      atmosphere crosses the second voltage threshold level, the timing is
      terminated and its indicated interval is measured. This interval is then
      compared to a predetermined time interval and if the interval is less than
      a predetermined time interval the sensor is found to be acceptable.
      However, if the measured interval is greater than a predetermined time
      interval, this indicates a failed sensor and the sensor is rejected from
      production.
PAR  In determining the quality of exhaust gas sensors after their fabrication
      and prior to their commercial use, it is necessary to place the sensor in
      a gas atmosphere containing the gas to be measured. In response to a first
      gas mixture containing the gas to be measured the sensor will generate a
      voltage signal having an amplitude greater than a first predetermined
      voltage threshold signal. The gas atmosphere is then changed to a second
      gas mixture wherein the gas to be measured is removed and the sensor
      should then generate a second voltage signal having an amplitude less than
      a predetermined second voltage threshold signal.
PAR  Upon determining that the sensor has these two voltage signal
      characteristics the gas is then returned to the first gas mixture
      composition. The output voltage of the sensor is compared with the first
      predetermined voltage threshold level and, as the gas mixture is changed,
      the first voltage signal is generated when the voltage output of the
      sensor is equal to said first predetermined voltage threshold. This first
      voltage signal is maintained during the period of time when the voltage
      output of the sensor is less than this first predetermined voltage
      threshold signal. The gas mixture is then changed to the second gas
      mixture and the voltage output of the sensor is compared with the second
      predetermined voltage threshold signal. When the voltage output of the
      sensor is equal to the second voltage threshold signal the second voltage
      signal is generated and maintained during the period of time when the
      sensor voltage is less than the second predetermined voltage threshold
      signal.
PAR  The first voltage signal is stored as a varying third voltage signal
      wherein the amplitude of the third voltage signal is in proportion to the
      time duration of said first voltage signal. In addition to the first
      voltage signal being stored, a timing signal is generated from the leading
      edge of the first voltage signal. This timing signal has a predetermined
      timing interval during which time a quality gas sensor will have generated
      a voltage which is equal to the second threshold signal, thereby
      generating the second voltage signal. Comparing the coincidence of the
      timing signal with the second voltage signal and if coincidence is found
      the stored third voltage signal is clear. If coincidence is not found
      between the timing signal and the second voltage signal, an alarm is
      generated indicating that the quality of the gas sensor may not be that
      which it is desired.
PAR  A less strict quality testing of the manufactured gas sensor can be
      performed by having the gas mixture continuously cycled between the first
      and second mixtures and each time the voltage output of the sensor causes
      the first voltage signal to be generated this signal is stored as the
      third voltage signal. When the third voltage signal reaches a
      predetermined voltage magnitude between successive storage reset signals
      or before a storage reset signal is generated, this is an indication that
      the sensor is not operating correctly and should be rejected.
PAR  There has thus been shown and described a sensor failure detection system
      for sensing the failure of any type of sensor connected to a fuel
      management system for an internal combustion engine. Particularly the
      system illustrated detects the failure of an oxygen gas sensor in the
      exhaust system of an internal combustion engine and will generate a
      warning to the operator of the failure of such a sensor. Additionally
      there is described a means for testing the sensor in a production or
      manufacturing environment.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fuel management system for an internal combustion engine wherein
      the quality of combustion of the fuel is sensed by a sensor unit in the
      exhaust gas, a sensor detection system comprising:
PA1  an exhaust gas sensor positioned in the exhaust gas conduit of the internal
      combustion engine, said sensor responsive to one of the constituent gases
      of combustion for generating a first electrical signal greater than a
      first voltage threshold level indicating a first fuel mixture and
      generating a second electrical signal less than a second voltage threshold
      level indicating a second fuel mixture;
PA1  comparator means responsive to said sensor for generating a first output
      signal when said first electrical signal falls below and remains below
      said first voltage threshold level and for generating a second output
      signal when said second electrical signal falls below and remains below
      said second voltage threshold level;
PA1  storage means responsive to said first output signal from said comparator
      means for storing an electrical signal during the time duration of said
      first output signal;
PA1  timing generating means responsive to the leading edge of said first output
      signal for generating a timing signal having a predetermined interval;
PA1  storage reset means responsive to the simultaneous occurrence of said
      timing signal and said second output signal for generating a reset signal
      for clearing said storage means;
PA1  a timing voltage reference means for generating a voltage level
      representing an interval substantially greater than said first interval,
      and
PA1  a comparator for receiving said signal from said timing voltage reference
      means and said electrical signal from said storage means and generating an
      ouput signal when the magnitude of said electrical signal exceeds the
      magnitude of said voltage level from said timing voltage reference means.
NUM  2.
PAR  2. The sensor detection system according to claim 1 additionally including:
PA1  a conditional circuit means responsive to a predetermined condition for
      generating a signal whenever said predetermined condition is present, and
PA1  a latching circuit means for receiving the said output signal from said
      comparator and said signal from said conditional circuit means for
      generating a retaining signal upon the simultaneous occurrence of both of
      said signals.
NUM  3.
PAR  3. The sensor detection system according to claim 1 additionally including
      an alarm means responsive to said output signal from said comparator.
NUM  4.
PAR  4. The sensor detection system according to claim 1 wherein said sensor is
      an oxygen gas measuring sensor generating a high voltage output signal
      above said first threshold level when the gas flowing relative thereto is
      in a reducing state and generates a voltage output signal below said
      second threshold level when the gas flowing relative thereto is in an
      oxidizing state.
NUM  5.
PAR  5. The sensor detection system according to claim 1 wherein said storage
      means comprises a capacitor electrically connected for receiving said
      first output signal from said comparator means and wherein the voltage
      charge level of the electrical signal on said capacitor is proportional to
      the total time duration of the occurrences of said first output signals
      between successive reset signals from said storage reset means.
NUM  6.
PAR  6. The sensor detection system according to claim 5 wherein said storage
      reset means comprises:
PA1  a first transistor having its input and output leads electrically connected
      in circuit for discharging said capacitor, said control lead of said
      transistor adapted to receive said second output signal from said
      comparator means for discharging said capacitor, and
PA1  a second transistor having its input and output leads electrically
      connected in shunt between said control lead and said output lead of said
      first transistor, the control lead of said second transistor adapted to
      receive said timing signal from said first timing generating means for
      driving said second transistor into conduction after said predetermined
      interval of said timing signal for holding said first transistor out of
      conduction.
NUM  7.
PAR  7. The sensor detection system according to claim 6 additionally including:
PA1  a clamping means electrically connected between the input lead of said
      first transistor and said timing generating means for limiting the
      amplitude of the signal on said timing generating means to the amplitude
      of the signal on said input lead for clamping said second transistor out
      of conduction when said first transistor is driven into conduction.
NUM  8.
PAR  8. A method for determining the quality of a gas sensor responsive to an
      atmosphere changing between a reducing atmosphere and an oxidizing
      atmosphere wherein the gas sensor generates an electrical signal having a
      first voltage level in the presence of the reducing atmosphere and a
      second voltage level in the presence of an oxidizing atmosphere, said
      method comprising the steps of:
PA1  positioning the sensor into a stream of gas,
PA1  changing the chemical balance of the gas between a reducing atmosphere and
      an oxidizing atmosphere,
PA1  measuring the voltage level output of the sensor in both the reducing gas
      and the oxidizing gas,
PA1  initiating timing when the voltage level of the electrical signal of the
      sensor goes below a first predetermined voltage threshold level when the
      atmosphere is changed from a reducing atmosphere to an oxidizing
      atmosphere,
PA1  terminating the timing when the voltage level of the electrical signal of
      the sensor goes below a second predetermined voltage threshold level,
PA1  comparing elapsed time with a predetermined time interval, and
PA1  selecting the sensor having an elapsed time less than the predetermined
      time interval.
NUM  9.
PAR  9. A method for measuring the quality of gas sensors responsive to a first
      fuel mixture for generating a voltage signal having an amplitude greater
      than a predetermined first voltage threshold signal and to a second fuel
      mixture for generating a voltage signal having an amplitude less than a
      predetermined second voltage threshold signal, the method comprising the
      steps of:
PA1  comparing the voltage output of said sensor with the first predetermined
      voltage threshold signal,
PA1  generating a first voltage signal when said sensor voltage is equal to said
      first predetermined voltage threshold signal and maintaining said voltage
      signal during the period of time when said sensor voltage is less than
      said first predetermined voltage threshold signal,
PA1  comparing the voltage output of said sensor with the second predetermined
      voltage threshold signal,
PA1  generating a second voltage signal when said sensor voltage is equal to
      said second predetermined voltage threshold signal and maintaining said
      voltage signal during the period of time when said sensor voltage is less
      than said second predetermined voltage threshold signal;
PA1  storing said first voltage signal as a third voltage signal having an
      amplitude proportional to the duration of said first voltage signal;
PA1  generating a timing signal from said first voltage signal;
PA1  comparing said timing signal with said second voltage signal and generating
      a storage reset signal if both of said signals are coincident and then
PA1  generating an alarm whenever said third voltage signal reaches a
      predetermined voltage magnitude between successive storage reset signals.
NUM  10.
PAR  10. A system for detecting when the switching rate of the output signal
      from an electrochemical transducer is within a predetermined time period,
      said system comprising:
PA1  electrochemical transducer generating an output signal having a first
      voltage level in response to a first chemical mixture and a second voltage
      level in response to a second chemical mixture;
PA1  means for generating a first voltage threshold level intermediate said
      first and second voltage levels of said transducer output signal;
PA1  means for generating a second voltage threshold level intermediate said
      first voltage threshold level and said second voltage level of said
      transducer output signal;
PA1  means responsive to said transducer output signal changing from said first
      voltage level to said second voltage level crossing said first voltage
      threshold level for generating a pulse electrical signal indicating a
      predetermined switching rate of said transducer output signal between said
      first and second threshold levels; and
PA1  a comparator means responsive to said pulse electrical signal from said
      last mentioned means and said transducer output signal crossing said
      second voltage threshold level for generating an output signal when the
      switching rate of said transducer output signal is within the
      predetermined time period.
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ABST
PAL  A casing is disposed in an air pressure chamber of a pneumatic tubeless
      tire and carries therein a switch cooperating with an alarm to produce an
      alarm signal upon a fall in the air pressure in the tire below a
      predetermined value. The switch is controlled by a leaf spring which is
      deformable by the movements, in one direction, of a flexible diaphragm
      deformable in response to variations in the air pressure in the tire. The
      leaf spring is returnable by its resilient force upon the movements, in
      another direction, of the diaphragm. The casing is fixedly mounted on a
      wheel rim through a projection extending outwardly of the tire from the
      casing through the rim.
BSUM
PAR  The present invention relates to a tire pressure sensing device responsive
      to the air pressure in a pneumatic tire for producing an alarm signal when
      the air pressure in the tire falls below a normal value.
PAR  It is an object of the invention to provide a tire pressure sensing device
      which is adapted to susceptibly and securely sense a fall of the air
      pressure in a pneumatic tire below a normal value to produce an alarm
      signal.
PAR  It is a further object of the invention to provide a tire pressure sensing
      device which is adapted to automatically cease producing an alarm signal
      when the air pressure in a pneumatic tire reaches a normal value by
      supplementing air into the tire.
PAR  It is a still further object of the invention to provide a tire pressure
      sensing device which is adapted to produce an alarm signal when the air
      pressure in a pneumatic tire is below a predetermined value higher than a
      normal value, where a vehicle equipped with the tire moves at high speeds
      or the temperature of air in a pneumatic tire is abnormally increased.
PAR  It is a still further object of the invention to provide a tire pressure
      sensing device in which stationary and movable contacts of switch means
      are adapted to be kept from foreign substances such as moisture and dust
      in the outside atmosphere.
DRWD
PAR  Further objects and advantages of the invention will become more apparent
      from the following detailed description taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a schematic view, partly in cross section, of a portion of a
      vehicle equipped with a tire pressure sensing device according to the
      invention;
PAR  FIG. 2 is a schematic cross sectional view of a preferred embodiment of a
      tire pressure sensing device according to the invention;
PAR  FIG. 3 is a schematic diagram of an electric wiring circuit of a tire
      pressure sensing device according to the invention; and
PAR  FIG. 4 is a schematic cross sectional view of another example of a leaf
      spring forming part of a tire pressure sensing device according to the
      invention.
DETD
PAR  Referring now to FIG. 1, there is shown a pneumatic tubeless tire 10 of a
      vehicle wheel, a wheel rim 12 cooperating with the tire 10, a tire
      pressure sensing device 13 according to the invention which is fixedly
      mounted on the rim 12, a movable coil 14 fixedly secured to the rim 12 at
      the exterior of the tire 10 and electrically connected to the tire
      pressure sensing device 13, and a stationary coil 15 fixedly secured to a
      stationary part 16 of a vehicle body so as to be opposite to the movable
      coil 14 once at every one revolution of the tire 10. The tire 10 is
      supplied with air under pressure through a valve (not shown) mounted on
      the rim 12. The tire pressure sensing device 13 is responsive to the air
      pressure in the tire 10 for producing an alarm signal when the air
      pressure in the tire 10 falls below a normal value.
PAR  Referring to FIG. 2, the tire pressure sensing device 13 is shown to
      comprise a casing 17 which is located in the interior or a pressurized air
      chamber 18 of the tire 10. The casing 17 has formed on one end thereof a
      threaded projection 20 extending outwardly of the pressurized air chamber
      18 of the tire 10 through the rim 12 and is rigidly mounted on the rim 12
      through the projection 20 and a nut 24 and a lock nut 26 attached to a
      threaded portion 28 of the projection 20. Other suitable fastening means
      may be employed for preventing the threaded portion 28 of the projection
      20 from loosening, in place of the nut 24 and lock nut 26. A seal or
      O-ring 30 is provided for making an air-tight joint between the casing 17
      and the rim 12 in cooperation with the nuts 24 and 26. An electrically
      conductive rod 32 extends through the casing 17 and projection 20 and is
      electrically insulated from those by an insulator member 34 interposed
      between the casing 17 and projection 20 and the rod 32. The rod 32 is
      electrically connected through a conductive wire 35 to the movable coil 14
      mounted on the rim 12, as shown in FIG. 1 and has formed therethrough a
      passage 36. A cover plate 38 is provided at an open end (no numeral) of
      the casing 17 and is fixedly fastened along its edges to the casing 17 as
      shown by suitable fastening means such as a flange 40 and a shoulder 42
      formed on the casing 17 and clamping the edges of the cover plate 38
      therebetween. The cover plate 38 is made of a suitable electrical
      insulating material and has formed therethrough holes 44. The interior of
      the casing 17 is divided by a flexible partition member or diaphragm 46
      into an atmospheric chamber 48 and a pressure chamber 50. The atmospheric
      chamber 48 is vented to the atmosphere through the passage 36 formed in
      the rod 32. The pressure chamber 50 communicates with the pressurized air
      chamber 18 of the tire 10 through the holes 44 formed in the cover plate
      38. The diaphragm 46 is fixedly fastened along its edges to the casing 17
      through suitable fastening means such as an annular snap ring 52 and an
      annular spacer 54 and is deformable in response to variations in the air
      pressure in the pressure chamber 50 and accordingly the pressurized air
      chamber 18 of the tire 10. The diaphragm 46 may be made of an electrical
      insulating material. A bracket 56 is fixedly mounted at one end thereof on
      the diaphragm 46 through a pair of plates 58 and 60 which clamp the
      diaphragm 46 therebetween so that it is movable together with the
      diaphragm 46. The plates 58 and 60 are electrically connected to each
      other. The bracket 56 has formed at the other or a free end thereof a
      flange 61 which extends perpendicularly to a longitudinal axis of the
      bracket 56. The flange 61 of the bracket 56 is engageable with the cover
      plate 38 as shown in FIG. 2. Biasing means such as a loop or U-shaped leaf
      spring 62 is disposed in the atmospheric chamber 48 and biases the
      diaphragm 46 and the bracket 56 toward the cover plate 38 against the
      effect of air pressure pushing the diaphragm 46 toward the rim 12. A
      compression coil spring may be employed in lieu of the loop spring 62. The
      cover plate 38 serves as a stop member which limits the upward movement in
      the drawing of the diaphragm 46 and bracket 56 effected by the action of
      the loop spring 62. The loop spring 62 is electrically connected to the
      rod 32. Two posts 64 and 66 are disposed in the pressure chamber 50 and
      are spaced apart from each other. Each of the posts 64 and 66 is fixedly
      secured at one end thereof on the cover plate 38. The posts 64 and 66 have
      formed at the other ends thereof apertures 68 and 70, respectively. A
      stationary contact member 72 is disposed in the pressure chamber 50 and is
      fixedly mounted on the cover plate 38 adjacent to an edge thereof. The
      stationary contact 72 is electrically connected to the flange 40 of the
      casing 17 through a screw 74. A leaf spring 76 is disposed in the pressure
      chamber 50. The leaf spring 76 comprises a flat section 78 which is
      rockably received at an approximately central portion thereof in the
      aperture 68 of the post 64 and which has a free end 79 and a curved
      section 80 of a sickle-shaped cross section which is connected at one end
      thereof to the flat section 78 and which is received at the other end
      thereof in the aperture 70 of the post 66. A movable contact member 82 is
      fixedly mounted on the free end 79 of the flat section 78 and is
      engageable with the stationary contact 72. The leaf spring 76 has a first
      position to disengage the movable contact 82 from the stationary contact
      72 as shown in solid lines in FIG. 2 when the air pressure in the pressure
      chamber 50 is at a lower value and a second position to engage the movable
      contact 82 with the stationary contact 72 as shown in phantom lines in
      FIG. 2 when the air pressure in the pressure chamber 50 is at a higher
      value which may be a normal pressure for the tire 10. The flange 61 of the
      bracket 56 is in abutting engagement with the top 84 of the curved section
      80 so that the bracket 56 pushes the leaf spring 76 down in the drawing to
      deform or deflect the leaf spring 76 from the first position toward the
      second position against the resilient force of the leaf spring 76 when the
      diaphragm 46 is deformed downward in accordance with the increases in the
      air pressure in the tire 10. The resilient force of the leaf spring 76
      acts to return the leaf spring 76 from the second position toward the
      first position in response to movements of the bracket 56 when the
      diaphragm 46 is returned upward in the drawing in accordance with the
      lowerings in the air pressure in the tire 10.
PAR  Referring to FIG. 3, there is shown a first electric wiring circuit 86
      having the stationary and movable contacts 72 and 82 and the movable coil
      14, and a second electric wiring circuit 88 having the stationary coil 15
      connected to the ground, alarm means 90 and a source 91 of electric power
      such as a battery connected to the ground. The stationary contact 72 is
      electrically connected to the movable coil 14 through the screw 74, casing
      17 and rim 12 as shown in FIG. 2 which each are made of electric
      conductive materials. The movable contact 82 is electrically connected to
      the movable coil 14 through the leaf spring 76, bracket 56, plates 58 and
      60, loop spring 62, rod 32 and wire 35 as shown in FIG. 2 which each are
      made of electric conductive materials. Disengagement of the stationary and
      movable contacts 72 and 82 opens the first electric wiring circuit 86 to
      cause the stationary coil 15 to produce a signal. The alarm means 90
      produces an alarm signal in response to the signal from the stationary
      coil 15 to indicate that the air pressure in the tire 10 is below the
      normal value and that the tire 10 must be supplied with a supplementary
      pressurized air until the air pressure in the tire 10 is increased to the
      normal value. The alarm means 90 may be a buzzer or a warning lamp which
      provides an aural or visual indication. Engagement of the stationary and
      movable contacts 72 and 82 when the air pressure in the tire 10 is not
      lower than the normal value closes the first electric wiring circuit 86 to
      cause the stationary coil 15 to produce no signal.
PAR  When, in operation, the air pressure in the tire 10 is not lower than the
      normal value, the leaf spring 76 is held in the second position to engage
      the movable contact 82 with the stationary contact 72 by the bracket so
      that the alarm means 90 produces no alarm signal. When the air pressure in
      the tire 10 falls below the normal value, the leaf spring 76 returns from
      the second position to a position to disengage the movable contact 82 from
      the stationary contact 72 by its resilient force in accordance with the
      displacement of the bracket 56 toward the cover plate 38 so that the alarm
      means 90 produces an alarm signal to indicate the necessity of air supply
      into the tire 10. When the air pressure in the tire 10 is increased to the
      normal value by supplement of air into the tire 10, the bracket is moved
      toward the rim 12 in accordance with an increase in the air pressure in
      the tire 10 to bend the curved section 80 of the leaf spring 76
      counterclockwise in the drawing about a point 92 to the second position.
      The curved section 80 thus bent turns the flat section 78 clockwise about
      a fulcrum 94 to the second position to engage the movable contact 82 with
      the stationary contact 72 so that the alarm means 90 ceases to produce the
      alarm signal. Thus, the supply of air into the tire 10 is stopped.
PAR  When a vehicle equipped with the tire 10 moves at high speeds, the
      diaphragm 46 is biased toward the cover plate 38 by a centrifugal force
      acting on the bracket 56. As a result, even if the air pressure in the
      tire 10 is at the normal value, the leaf spring 76 is held in a position
      to disengage the movable contact 82 from the stationary contact 72 but not
      in the second position by the bracket 56 so that the alarm means 90
      produces an alarm signal to indicate the need of air supplement into the
      tire 10 until the air pressure in the tire 10 reaches a predetermined
      value higher than the normal value. Thus, the tire 10 is prevented from
      bursting owing to a standing wave phenomenon. When the air pressure in the
      tire 10 reaches the predetermined value, the leaf spring 76 is deformed to
      the second position to engage the movable contact 82 with the stationary
      contact 72 by the bracket 56 so that the alarm means 90 ceases to produce
      the alarm signal. A normal pressure for the tire 10 can be raised to
      desired values corresponding to high vehicle speeds by selecting the
      weight of the bracket 56 at a suitable value.
PAR  Referring to FIG. 4, there is shown a leaf spring 96 which differs from the
      leaf spring 76 as shown in FIG. 2 in that it includes a bimetallic flat
      section 98. The flat section 98 has two members 100 and 102 overlapping
      one another and made of materials having different coefficients of thermal
      expansion such as, for example, brass and steel. The two members 100 and
      102 may be welded or bonded together. The member 100 having the greater
      coefficient of thermal expansion is arranged adjacent to the cover plate
      38 while the member 102 having the lesser coefficient of thermal expansion
      is arranged adjacent to the diaphragm 46, if the leaf spring 96 is
      employed in the tire pressure sensing device 13 as shown in FIG. 2 in lieu
      of the leaf spring 76. A curved section 104 is made of a material similar
      to that of the member 102. In the tire pressure sensing device 13
      employing the leaf spring 96 in place of the leaf spring 76, when the
      temperature of air in the tire 10 is higher than a predetermined value,
      the member 100 is expanded greater than the member 102 by the heat of air
      in the tire 10 to bend the flat section 98 downwardly in the drawing about
      a point 106 so that even if the air pressure in the tire 10 is at the
      normal value, the leaf spring 96 is held in a position to disengage the
      movable contact 82 from the stationary contact 72 but not in the second
      position by the bracket 56. Thus, the alarm means 90 produces an alarm
      signal to indicate an abnormal or undesirable rise in the temperature of
      air in the tire 10.
PAR  It will be thus understood that the invention has pronounced features or
      advantages in that switch means susceptibly and securely responds to a
      fall or a rise of air pressure in a tire below or to a normal value to
      produce or cease to produce an alarm signal, because a snap action of a
      leaf spring is employed for controlling the switch means, in that an alarm
      signal is produced to prevent the tire from bursting during vehicle
      movements at high speeds, even if the air pressure in the tire is at the
      normal value, because the leaf spring for controlling the switch means is
      controlled in accordance with a centrifugal force, in that an alarm signal
      is produced to indicate a undesirable rise in the tire operating
      temperature, even if the air pressure in the tire is at the normal value
      when the temperature of air in the tire exceeds a predetermined value, by
      employing a leaf spring having a bimetallic flat section, and in that
      contact members of the switch means are prevented from creating a spark
      upon engagement of the contact members and from rusting to lengthen its
      durability, because the contact members are disposed in a pressurized air
      chamber of the tire to be kept from foreign substances such as moisture
      and dust in the outside atmosphere.
PAR  Although the stationary and movable contacts 72 and 82 are constructed and
      arranged to engage each other when the air pressure in the tire 10 is
      higher than the normal value in the embodiment of FIG. 2, the stationary
      and movable contacts may be constructed and arranged to engage each other
      upon a fall in the air pressure in the tire 10 below the normal value.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tire pressure sensing device adapted to sense a fall in the pressure
      in a tire below a predetermined value, comprising a casing disposed in a
      pressure chamber of said tire and fixedly mounted on a wheel rim
      cooperating with said tire, a flexible diaphragm dividing said casing into
      an atmospheric chamber vented to the atmosphere and a pressure chamber
      communicating with said pressure chamber of said tire, said diaphragm
      being deformable in response to the pressures in said pressure chamber of
      said casing, a stationary contact disposed in said pressure chamber of
      said casing, a leaf spring disposed in said pressure chamber of said
      casing and supported by said casing, said leaf spring being deformable in
      response to movements of said diaphragm, a movable contact fixedly mounted
      on said leaf spring and engageable with said stationary contact, in which
      said casing has formed on one end thereof a projection extending outwardly
      of said pressure chamber of said tire through said rim and is fixedly
      mounted on said rim through said projection, said projection having a
      passage for communicating said atmospheric chamber with the atmosphere, in
      which said leaf spring comprises a flat section rockably supported by said
      casing and a curved section connected at one end thereof to said flat
      section and supported at the other end thereof by said casing, said curved
      section engaging said diaphragm through a bracket, said movable contact
      being mounted on said flat section, in which said flat section of said
      leaf spring comprises two members made of materials having different
      coefficients of thermal expansion.
NUM  2.
PAR  2. A tire pressure sensing device adapted to sense a fall in the pressure
      in a tire below a predetermined value, comprising a casing disposed in a
      pressure chamber of said tire and fixedly mounted on a wheel rim
      cooperating with said tire, a flexible diaphragm dividing said casing into
      an atmospheric chamber vented to the atmosphere and a pressure chamber
      communicating with said pressure chamber of said tire, said diaphragm
      being deformable in response to the pressures in said pressure chamber of
      said casing, a stationary contact disposed in said pressure chamber of
      said casing, a leaf spring disposed in said pressure chamber of said
      casing and supported by said casing, said leaf spring being deformable in
      response to movements of said diaphragm, a movable contact fixedly mounted
      on said leaf spring and engageable with said stationary contact, in which
      said casing has formed on one end thereof a projection extending outwardly
      of said pressure chamber of said tire through said rim and is fixedly
      mounted on said rim through said projection, said projection having a
      passage for communicating said atmospheric chamber with the atmosphere, in
      which said leaf spring comprises a flat section rockably supported by said
      casing and a curved section connected at one end thereof to said flat
      section and supported at the other end thereof by said casing, said curved
      section engaging said diaphragm through a bracket, said movable contact
      being mounted on said flat section, further comprising a cover plate
      fixedly secured to said casing to close an opening formed at the other end
      thereof, said cover plate having formed therethrough a hole for
      communicating said pressure chamber of said casing with said pressure
      chamber of said tire, and in which said flat and curved sections of said
      leaf spring are carried by said cover plate through first and second
      posts, respectively, further comprising an electrically conductive rod
      extending through said projection and electrically insulated from said
      casing and said projection, said passage of said projection being formed
      through said rod, a movable coil disposed exteriorly of said pressure
      chamber of said tire and fixedly mounted on said rim, said movable coil
      being electrically connected to said stationary contact through said rim
      and said casing and to said movable contact through a conducting wire,
      said rod, said bracket and said leaf spring, a stationary coil fixedly
      mounted on a stationary part of a vehicle body and opposite to said
      movable coil, and alarm means connected to said stationary coil, in which
      said alarm means produces an alarm signal when said movable contact is
      disengaged from said stationary contact, in which said flat section of
      said leaf spring has a free end and said movable contact is fixedly
      carried on said free end of said flat section, said movable contact
      engaging said stationary contact when the pressure in said tire is higher
      than a predetermined value, in which said flat section of said leaf spring
      comprises first and second members overlapping one another, said first
      member being positioned adjacent to said cover plate, said second member
      being positioned adjacent to said daiphragm and having a coefficient of
      thermal expansion lesser than that of said first member.
NUM  3.
PAR  3. A tire pressure sensing device for sensing a fall in the pressure in a
      tire below a predetermined value, comprising a casing disposed in an air
      chamber of the tire and fixedly mounted on a wheel rim on which the tire
      is mounted, a pressure sensitive member dividing the interior of said
      casing into a pressure chamber communicating with said air chamber of the
      tire and an atmospheric chamber vented to the outside atmosphere, said
      pressure sensitive member being movable in response to variations in the
      pressure in said pressure chamber, a leaf spring disposed in said pressure
      chamber, said pressure sensitive member being connected to said leaf
      spring to cause said leaf spring to move in accordance with movement of
      said pressure sensitive member, switch means actuated by movement of said
      leaf spring to produce an electric signal when the pressure in said
      pressure chamber falls below a predetermined value, said leaf spring
      having a portion made of two members which overlap one another and which
      have respectively coefficients of thermal expansion different from each
      other to deform said leaf spring to cause said leaf spring to actuate said
      switch means to produce an electric signal when the temperature of the
      pressure chamber exceeds a predetermined level.
NUM  4.
PAR  4. A tire pressure sensing device as claimed in claim 3, further comprising
      a member connecting said pressure sensitive member and said leaf spring to
      cause said leaf spring to move in accordance with movement of said
      pressure sensitive member, in which said connecting member having a weight
      which produces a centrifugal force to move said pressure sensitive member
      to cause said leaf spring to actuate said switch means to produce an
      electric signal when the speed of the vehicle exceeds a predetermined
      level.
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ABST
PAL  An alarm device for informing reduction of pneumatic pressure of tires
      comprises a group of oscillators each consisting of an oscillator circuit,
      an electric power supply source thereof, a switch for closing an electric
      power supply circuit when the internal pressure of the tire is lowered to
      less than a prescribed value and radiation antenna, a group of receiver
      tuning circuits having a receiver antenna, a sweep generator, a comparison
      circuit for generating the gate control signal, a gate circuit for
      sequentially gating the output of a ratio detection circuit, pulse noise
      elimination circuits consisting of monostable circuits and smoothing
      filters, comparators for comparing the smoothed DC signal with reference
      signals which discriminate the operation of an oscillator, and alarm
      devices for generating alarm information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an alarm device for informing reduction of
      pneumatic pressure of tires in which when pneumatic pressure of tires of a
      vehicle is reduced by some reason while running or stopping of the vehicle
      this reduction is automatically sensed and the sensed signals are informed
      to drivers as an alarm information, particularly, a transmitter and
      receiver device for use in such an alarm device.
PAR  2. Description of the Invention
PAR  While running, particularly, high speed running of the vehicle, the
      reduction to less than the prescribed value of the pneumatic pressure of
      the tires makes the driver very dangerous so that the driver must know
      this reduction by some means. For this purpose various means relating to
      such device have been proposed. However, such device in the prior art has
      some defects and then the elimination of these defects is desired. Some of
      these defects pointed out in the prior arts are explained herinafter. FIG.
      1 shows one embodiment of the relative relation between an oscillator of
      the prior device and a sensing coil for the reception of the incoming
      signals. The device comprises one set of a mechanism consisting of an
      oscillator 1, a power supply source 2, a sensing switch 3 which closes its
      contacts in case of lowering internal pressure of the tire to less than
      the prescribed value, and an electromagnetic radiation coil 4 for
      transmitting the output of the oscillator, and said mechanism is attached
      to the rotating wheel having tire. A sensing coil 5 is attached to the
      portion of a car body at the position nearly opposite to the coil 4. The
      output terminals 6 of the coil 5 are connected to a receiver 7 provided to
      the car body, respectively.
PAR  In this device when the internal pressure of any one of the tires is
      reduced to less than the prescribed value the sensing switch 3 is closed
      and thus a circuit including the power supply source 2 is closed so that
      the supply voltage is applied to the oscillator 1 and an alternating
      current thus generated flows through the coil 4. A part of an alternating
      magnetic field generated by the current through the coil 4 is passed
      through the coil 5 so that a voltage is induced in the coil 5 and thus an
      AC voltage is supplied to the receiver 7 from the output terminal 6 of the
      coil 5 resulting in the transmission and reception of the desired alarm
      information. The receiver 7 comprises, as shown in FIG. 2, receiver
      circuits Ra, Rb, Rc, and Rd, detection circuits Da, Db, Dc, and Dd and
      alarm circuits Aa, Ab, Ac, and Ad in channels 6a, 6b, 6c, and 6d of
      sensing coils. Alternatively, as shown in FIG. 3, normally closed switches
      Sa, Sb, Sc, and Sd are provided in the input channels of the system,
      respectively, and the outputs of these switches are OR-functionally
      connected to the receiver consisting of only one system of a receiver
      circuit R, a detection circuit D and an alarm circuit A. In the receiver
      constructed as shown in FIG. 2, when any one of the oscillators is
      operated the each corresponding alarm device of the system is operated so
      that this oscillator is separately identified. Moreover, in this receiver,
      the provision of many systems each consisting of a receiver, detector and
      alarm device becomes expensive.
PAR  In another known alarm device constructed as shown in FIG. 3 when either
      one of the oscillators is operated the receiver is operated through each
      switch formed by normally closed contacts. The identification of the
      oscillator related to the operation of the receiver is performed by
      sequentially making each switch OFF state. Then, the oscillator
      corresponding to the switch which stops the alarm at the OFF state may be
      identified. The defect of this device is that both the radiation coil 4 of
      the oscillator and the sensing coil 5 must be provided at the rear side of
      the wheel. In this case it is not preferable to provide the coil 4 near to
      the metal portion of the wheel because of large induction loss. On the
      contrary when the coil 4 is provided far from the metal portion of the
      wheel the attachment of the coil 4 is difficult because of no space
      between the wheel and the suspension portion of the axle. Therefore, the
      coil 4 is after all provided to the side wall of the tire at the rear side
      of the wheel. However, such provision makes the detachment of the tire
      from the wheel rim difficult when the punctured tire is changed. While the
      sensing coil 5 must be attached to the portion that relative distance
      between the sensing coil 5 and the radiation coil 4 is unchanged, i.e., to
      the axle housing forming a part of the suspension device of the vehicle.
      In addition, in order to lead the conductor wires to the receiver provided
      in the operator cabin the special machining to the completed car must be
      performed, and these elements must be attached every wheel. Moreover, in
      the receiver shown in FIG. 3 it is difficult to identify simultaneously
      operating oscillators.
PAR  The prior device above described utilizes an induction field in the
      propagation theory of electromagnetic wave in order to transmit the
      signals to the receiver from the oscillator and the radiator and the
      senser must be electromagnetically coupled or electrostatically coupled,
      i.e., nearly placed with each other so that the above described defects
      cannot be avoided.
PAR  On the contrary, when the radiation of the oscillator or the radiation
      field, i.e., the electromagnetic wave is utilized the relative distance
      between the radiator and the receiving antenna is large so that the
      intensity of the electromagnetic field at the receiving points falls off
      at the inverse square of its distance as compared with previous
      embodiment. While the SN ratio of desired signals and noises generated at
      the ignition system of the engine becomes worse so that the radiation
      power of the oscillator must be increased in order to improve this SN
      ratio but the capacity and the mass of the electric power supply source
      provided to the wheel are limited considering dynamic balancing and
      available space. While a mechanism of a slip ring and a brush or the like
      is required in order to supply the power from the car body rather than the
      wheel so that the attachment of this mechanism becomes very difficult and
      thus the increasing of the radiation power for improving the NS ratio
      cannot be easily realized in practice.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to eliminate the above described
      defects of the prior device.
PAR  Another object of the present invention is to provide an alarm device for
      informing reduction of pneumatic pressure of tires in which noise
      interference generated when radiation electromagnetic wave is utilized may
      be eliminated.
PAR  Further object of the present invention is to provide an alarm device for
      informing reduction of pneumatic pressure of tires including at least one
      receiver antenna and only one system of receiver mechanism to identify
      operating or non-operating condition of oscillator provided to each wheel
      irrespective of single or simultaneous operation of the oscillators.
PAR  The alarm device according to the present invention comprises a group of
      oscillators each consisting of an oscillator circuit, an electric power
      supply source thereof, a switch for closing an electric power supply
      circuit when the internal pressure of the tire is lowered to less than a
      prescribed value and radiation antenna, a group of receiver tuning
      circuits having a receiver antenna, a sweep generator, a comparison
      circuit for generating the gate control signal, gate circuit for
      sequentially gating the output of a ratio detection circuit, pulse noise
      elimination circuits consisting of monostable circuits and smoothing
      filters, comparators for comparing the smoothed DC signal with reference
      signals to discriminate the operation of an oscillator, and alarm devices
      for generating alarm information.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a principle diagram showing one embodiment of a relative relation
      of the oscillator and the receiver sensing coil of a conventional device;
PAR  FIGS. 2 and 3 are block diagrams showing the construction of the receiver
      according to the conventional method;
PAR  FIG. 4 is an oscillator circuit showing one embodiment of a receiver device
      used in an alarm device for informing reduction of pneumatic pressure of
      tires according to the present invention;
PAR  FIG. 5 shows a bottom view of a vehicle in which oscillators are provided
      at the wheels, respectively;
PAR  FIG. 6 is a circuit diagram showing a receiver according to the present
      invention;
PAR  FIG. 7 is a graph showing the output waveform appeared at the various
      points of the circuit shown in FIG. 6;
PAR  FIG. 8 is a graph showing the relation between a smoothed output (level B)
      and a reference voltage Er (level C) in the output waveform of a
      monostable circuit used in the circuit shown in FIG. 6; and
PAR  FIG. 9 is a circuit diagram showing another embodiment of the sweep
      generator used in the circuit shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 4, one embodiment of an oscillator section for use in the
      device according to the present invention is shown. The oscillator section
      comprises an oscillator circuit 11, an electric power supply source 12 of
      the oscillator, a switch 13 for closing its contacts when the internal
      pressure of the tire is lowered to less than a prescribed value, and an
      antenna 14a for radiating electromagnetic wave and these elements are
      attached to the center portion of the outer side of the wheel as an
      oscillator. That is, these oscillators Ta, Tb, Tc, and Td are attached to
      wheels having tires Wa, Wb, Wc, Wd, respectively, as shown in FIG. 5. The
      embodiment of the present invention is explained with respect to the
      four-wheel vehicle, but the present invention is not limited thereto and
      may also be applied to the other vehicle having a plurality of wheels.
PAR  The frequencies of electromagnetic wave generated by the oscillators Ta-Td
      are properly set such that as shown in FIG. 7 adjacent frequencies are of
      f.sub.a .+-..DELTA.f.sub.a /2, f.sub.b .+-..DELTA. f.sub.b /2, f.sub.c
      .+-..DELTA.f.sub.c /2, and f.sub.d .+-..DELTA.f.sub.d /2, respectively,
      and thus allowable frequency bands are respectively set as .DELTA.f.sub.a,
      .DELTA.f.sub.b, .DELTA. f.sub.c, and .alpha.f.sub.d.
PAR  FIG. 6 is a circuit showing one embodiment of a receiver according to the
      invention. In this circuit a receiver antenna 21 attached to the outer
      side of a car body is connected to an input coil 23 of the receiver
      provided in the operator cabin through a line 22. A capacitor 25 of an
      input tuning circuit 24 and a capacitor 28 of a resonance circuit 27 have
      capacitances controlled by an output signal e.sub.s of a sweep generator
      29 so that frequency bands f.sub.0 -f.sub.4 shown in FIG. 7A are
      repeatedly swept as receiving ranges of the input frequencies by
      constantly holding resonance frequencies of an IF tuning circuit 31 for
      the output of a mixing and detecting circuit 30 a value f.sub.i by means
      of the difference between the resonance frequencies of the tuning circuit
      24 and the resonance circuit 27. The tuning circuit 31 is of an IF
      transformer of a superheterodyne system and and IG signal is applied to a
      ratio detector circuit 33 through an IF amplifying circuit 32. The
      amplifying circuit 32 is constructed in a manner that it has an amplitude
      control circuit by which an IF signal more than a constant level is
      suppressed so as to keep the amplitude of the signal constant. The ratio
      detector circuit 33 is of conventional one and the detected output e.sub.o
      is continuously varied from negative to positive when the frequency of
      incoming signal is deviated in the band of the intermediate frequency from
      the smller band to the larger band than the intermediate frequency band
      with respect to the central value f.sub.io of said band while the detected
      output is zero when the frequency of the signal is coincided with the
      value f.sub.io.
PAR  The output waveform of the sweep generator 29 is a repeated saw-tooth
      waveform as shown in FIG. 7B and the range of the frequency of the
      received signal by the frequency sweeping is set f.sub.o for the voltage
      E.sub.0 of the line 40, f.sub.1 for E.sub.1, . . . , and .DELTA.f.sub.a
      &lt;f.sub.1 - f.sub.0, .DELTA.f.sub.b &lt;f.sub.2 -f.sub.1, . . . , for the
      allowable width .DELTA.f.sub.a, .DELTA.f.sub.b, . . . , of the frequency
      of the generator 29 as shown in FIG. 7A. The voltages having same value
      with the voltage E.sub.0, E.sub.1, . . . , are applied to a voltage
      comparator circuit 34 as a comparison and reference voltage. Therefore,
      the logic circuit is constructed in a manner that the logic output "1" is
      generated by sequentially comparing the swept voltage e.sub.s of the line
      40 with the reference voltage whenever the voltage e.sub.s is coincided
      with the reference voltage and the logic output "0" is generated when the
      voltage e.sub.s is coincided with the next higher reference voltage. As
      shown in FIG. 7C the logic outputs of multi-systems e.sub.a1, e.sub.b1, .
      . . of the comparator circuit 34 become the logic output "1" for E.sub.0
      &lt;e.sub.s .ltoreq.E.sub.1, E.sub.1 .ltoreq.e.sub.s .ltoreq.E.sub.2, . . .
      with respect to the swept voltage e.sub.s and become the logic output "0"
      for the time interval other than the above defined time interval. As has
      clear from the relation between these logic outputs and the time instant,
      at the time instant such as the time instant t.sub.0 for the point of
      sweep frequency f.sub.0, t.sub.1 for f.sub.1, t.sub.2 for f.sub.2 . . .
      the logic outputs of the multi-system delayed by one section such as time
      interval t.sub.0 &lt;t.ltoreq.t.sub.1 in the output line e.sub.a1, t.sub.1
      &lt;t.ltoreq.t.sub.2 in e.sub.b1 . . . are obtained and these outputs are
      supplied to the gate circuits 35a-35d as a control signal. On the other
      hand, the output e.sub.o of the ratio detector circuit 33 is supplied to
      the gate circuits 35a-35d as a common input. If this voltage e.sub.o
      operate the oscillators Ta and Tc and thus electromagnetic waves having
      frequencies f.sub.a and f.sub.c are transmitted the detected signal for
      the oscillator Ta is obtained as a voltage e.sub.o shown in FIG. 7C in the
      time interval t.sub.0 &lt;t.ltoreq.t.sub.1  and the detected signal as a
      voltage e.sub.o for the oscillator Tc is obtained in the time interval
      t.sub.2 &lt;t.ltoreq.t.sub.3 while the signal for the oscillator Ta is
      obtained in the output voltage e.sub.a1 of the gate circuit and the signal
      for the oscillator Tc is obtained in the output voltage e.sub.c2. Then,
      the output e.sub.a2 -e.sub.d2 of the gate circuits appear as an output
      signal in response to the oscillators Ta-Td only when the corresponding
      oscillator is operated. Circuits 36a-36d are of monostable circuit and
      operated by the outputs e.sub.a2 -e.sub.d2 of the gate circuits. In this
      case as shown in FIG. 8 the inversed duration .tau..sub.1 of the
      monostable circuits is a half of the recurrency period Ts of the sweep.
      Circuits 37a-37d are of smoothing circuit by which the square wave, i.e.,
      the output of the monostable circuit is smoothed and thus the voltage of
      level B shown in FIG. 8 is obtained. Circuits 38a-38d are of voltage
      comparator to which common reference voltage Er is applied. The value of
      this voltage Er is set to a value slightly less than the average level B
      as shown by level C of FIG. 8. When the monostable circuit of each system
      does not operate the output of the circuit 37 becomes lower value than the
      level C and the logic output "0" appears at the output of the voltage
      comparator 38 of each system, but when any one of the monostable circuits
      is operated the output of the circuit 37 in the corresponding system
      becomes higher level than the level C and the logic output of the voltage
      comparator 38 becomes "1". Circuits 39a-39d are of alarm device such as
      buzzer or lamp by which an alarm is informed to the driver only when the
      output of the circuit 38 is "1" in response to the oscillators Ta-Td.
PAR  The circuit shown in FIG. 6 shows an embodiment of the receiver in which a
      variable electrostatic capacitance element operated by voltage control is
      used to sweep signals having the resonance frequencies of the input tuning
      circuit 24 and the local resonance circuit 27 and the control signal is of
      voltage. It will be obvious that the present invention is not limited to
      the embodiments described above, but many variations are possible to those
      skilled in the art without departing from the scope of the invention. For
      instance, there is used a variable electrostatic capacitance element or a
      variable inductance element actuated by a mechanical displacement. For
      example, as the capacitance elements, mention may be made of a means for
      rotating a rotor of a variable capacitor by a motor or a solenoid, or a
      means for shifting a cylinder capacitor to the axial direction and
      utilizing the capacitance change thereof, etc. Further, as the inductance
      elements, mention may be made of a means for shifting an oxide core of an
      inductor to the axial direction and utilizing a change of the inductance
      thereof.
PAR  Moreover, the comparison circuit 34 can be constructed in such a manner
      that gate control signals of the output system corresponding to a
      plurality of sweeping levels as described above against the input due to
      the mechanical displacement are obtained. As an embodiment, as shown in
      FIG. 9, there is a mechanical viscous sweeper 29A in which in the inside
      of a plunger 55 consisting of a fixed iron core 50, a supporting element
      51, a plunger element 52, an oxide core 53 and a permanent magnet 54 is
      filled oil 56 having proper viscosity, the plunger 55 is reciprocated in
      the directions of arrows, and the oxide core 53 is shifted within the coil
      of the local oscillation circuits 26A and 27A, thereby varying the
      inductance of the coil and mechanically sweeping the oscillatory
      frequency. Further there are provided reed relays 57a, 57b, 57c and 57d
      and 58 cooperating with the plunger 55 and there is also provided a gate
      circuit 59 between these relays and the ratio detection circuit 33 of the
      receiver. Therefore, according to the mechanical viscous sweeper 29A, the
      voltage comparison circuit 34 and the gate circuit 35 shown in FIG. 6 can
      be omitted.
PAR  Further, the capacitor and inductor of the input tuning circuit and the
      local oscillation circuit can be interlocked.
PAR  In the circuit construction shown in FIG. 6, each circuit from the antenna
      21 to the detection circuit 33 is based on the superheterodyne system, but
      instead of this system, there can be used the so-called beat system, i.e.,
      the frequency range of the frequency f.sub.osc of the output signal of the
      local oscillation circuit is almost matched with the frequency range of
      the frequency f.sub.i of the input signal so as to make f.sub.1 &lt;f.sub.i
      &lt;f.sub.2 and f.sub.1 &lt;f.sub.osc &lt;f.sub.2, and in case of receiving the
      input signal f.sub.i, the beat signal is generated at the output side of
      the low frequency selective amplifier near the frequency of
      .vertline.f.sub.i -f.sub.osc .vertline.=f.sub.A, and this beat signal is
      used as an alarm. In addition, the AFC type superheterodyne system can be
      used. In addition, the input tuning circuit in the circuit construction of
      FIG. 6 is of an amplifier having band pass characteristics from f.sub.0 to
      f.sub.4 instead of variable tuning by the sweep and the intermediate
      frequency for the input signals within this frequency range may be
      obtained by a local oscillator same as that of FIG. 6.
PAR  Further, there is provided an additional resistance in the input tuning
      circuit, so that tuning reception of a broad band can be carried out. In
      addition, the provision of a double tuning circuit and the shift of its
      tuning frequency make the tuning reception of the broad band possible.
PAR  As described in the foregoing, when the frequency bands of the radiation
      electromagnetic wave from a plurality of oscillators caused by the
      reduction of pneumatic pressure of tires are preferably set and one system
      of a receiver antenna and its receiver is provided, if any one of a
      plurality of the oscillators of wheels having tires radiates the
      electromagnetic wave, a current having an oscillation frequency of the
      corresponding oscillator simultaneously flows through the receiver antenna
      21, its line 22 and the input coil 23 of the receiver. The tuning circuit
      24, according to the aforementioned sweep principle, is sequentially tuned
      with the lapse of a sweeping time at the position of sweep frequency of
      the frequency band f.sub.x .+-..DELTA.f.sub.x /2 (x: the number of the
      oscillators to be operated) against the corresponding oscillator within
      the band up to the tuning frequency f.sub.o -f.sub.n, while the tuning
      circuit 27 of the local oscillator circuit 26, according to the similar
      sweep principle, has frequencies different by f.sub.i to f.sub.x, and thus
      sequentially generates signals of intermediate frequencies to a plurality
      of input frequencies f.sub.x as sweeping in the output tuning circuit 31
      of a mixing and detecting circuit 30. The IF amplifying circuit 32 uses
      f.sub.io as a central frequency and has the band of .+-..DELTA.f.sub.iw /2
      and the detection characteristic of the ratio detector circuit 33 obtains
      the detected output consisting of -a in f.sub.io -.DELTA.f.sub.iw /2, 0 in
      f.sub.i =f.sub.io, and +a in f.sub.io +.DELTA.f.sub.iw /2, when the
      frequency f.sub.a1 of one oscillator is existent during the sweeping, the
      detected output can be obtained only in the sweeping time interval of
      f.sub.e consisting of f.sub.io -.DELTA.f.sub.iw /2&lt;f.sub.a, -f.sub.e
      &lt;f.sub.io +.DELTA.f.sub.iw /2 for frequency f.sub.e of the local
      oscillator. For example, when the oscillators Ta and Tc shown in FIG. 5
      are operated, the detected outputs thereof are generated in the time
      intervals of t.sub.0 -t.sub.1 and t.sub.2 -t.sub.3 within one sweeping
      period such as the output e.sub.o shown in FIG. 7C.
PAR  The detected output e.sub.o, as mentioned before, is separated into the
      outputs e.sub.a2, e.sub.b2, e.sub.c2 . . . by each time interval t.sub.0
      -t.sub.1, t.sub.1 -t.sub.2, t.sub.2 -t.sub.3 . . . during the sweeping
      period by means of a plurality of gate circuits, and in the aforementioned
      example, e.sub.o is separated and distributed as e.sub.a2, e.sub.c2 shown
      in FIG. 7C. These signals in each system drive the monostable circuit 36
      at each generating point thereof so that the output square waves of the
      circuit 36 are supplied to the smoothing circuit 37, respectively, and the
      d.c. output components of the circuit 37 are obtained as a level B shown
      in FIG. 8. These d.c. components are compared with reference voltages Er
      common to each system, i.e., the level C shown in FIG. 8 in the comparator
      38 and then the logic output for the alarm circuit 39 is obtained. When
      this output is "1" , the alarm device is actuated, and as a result, an
      alarm is obtained by corresponding to one or a plurality of operated
      oscillators, so that which tire of the wheel is reduced can be identified.
PAR  The characteristic of the device according to the invention in the above
      operations lies in to provide a receiver device which can positively
      receive faint electromagnetic waves from each oscillator by only one
      receiver antenna. Commonly, the electromagnetic waves of noise emitted
      from the engine system of the vehicle are very large and these noise
      currents flow through the input coil of the receiver. In order to remove
      such noises, the following methods are employed. That is, these noises
      generally cause at the time of intermittent action of the mechanical
      contact of a large current circuit and they are a radiation
      electromagnetic wave caused by a large current transionally flowed through
      the line, so that for a very short time interval from the beginning of
      contacting contacts or the like to the completion thereof, or from the
      contacted state to the completion of cutting, frequency distribution of
      the noises becomes a slight electromagnetic wave having the frequency
      component of continuous time change, but frequency distribution of the
      radiation electromagnetic wave caused by a transitional phenomanon on the
      circuit immediately after completion of the action of the contacts becomes
      almost stable in a very short time interval, and thereafter immediately
      becomes attenuated and disappeared. Further, frequency distribution of
      these noises has a different pattern each time noises are generated. On
      the other hand, in the receiver device, the frequency for permitting
      reception of the signals, as described in the foregoing, is in the form of
      slit of the IF band width .DELTA.f.sub.iw the sweep and the reception of a
      signal having the sweep speed S=(f.sub.4 -f.sub.0) / .tau..sub.s are
      performed, so that for the signals from each oscillator, regardless of the
      non-modulation (CW) of the signal, the signal is transmitted as a
      frequency modulated component in the intermediate frequency. As a result,
      the IF amplifying circuit and the ratio detector circuit having amplitude
      limitation can be employed. Then, amplitude variation of the noise can
      completely be removed. Further, when the slits are responded to the
      frequency distribution band for the frequency variation or nonvariation
      component at a slight time interval contained in said noise, this is
      restrained by utilizing the time responsive delay characteristic of the
      detector circuit.
PAR  The oscillator is to operate by closing the power supply circuit by the
      closure of the switch shown in FIG. 4 at the time of reducing pneumatic
      pressure of the tire, but even if this switch is closed under the reduced
      condition of the internal pressure as an average value, every time when
      the internal pressure of the tires is varied while running a bad road and
      the internal pressure is raised, the switch is opened and an intermittent
      phenomenon appears. As a result, there is caused a case that the signal
      input of the receiver becomes intermittent. Then, the circuit 37 is to
      smooth the output sqaure wave of the monostable circuit 38 and to prevent
      said signal intermittent phenomenon. Further, this device can modify the
      construction of the oscillator to the simplest non-modulation system. In
      addition, since reception of the signal is formed into a sweeping system,
      each oscillator can cheaply be manufactured with remarkable effect without
      using any highly stable and highly expensive elements such as a crystal
      oscillator for stabilizing frequencies.
PAR  The construction explained in the foregoing aims at to automatically
      discriminate and alarm which tire is reduced among a plurality of wheels
      with tires. FIGS. 5 and 6 show one embodiment for discriminating reduction
      of pneumatic pressure of four wheels with tires, and for the purpose of
      alarming without discriminating for more than one wheel with tire, the
      construction shown in FIG. 6 can be applied. One of such examples is
      performed by setting the frequencies of the oscillator all the same
      frequency band in the constructions case the sweep frequency band of the
      receiver is made smaller enough to include this band and the comparator
      circuit and the gate circuit are not required. Further, the monostable
      circuit, the smoothing circuit, the comparator and the alarm circuit can
      easily be constructed by unifying into one system.
PAR  In this construction, when one oscillator is operated, the monostable
      circuits are driven by one detected signal per a sweeping period, and a
      plurality of oscillators are operated at the same time, the monostable
      circuits are driven by the same number of detected signals per the
      sweeping period. In either case, an inversion duration of the monostable
      circuit is made about 1/2 of the sweeping period, so that the mean value
      of the square wave is equal to or more than the level B shown in FIG. 8,
      so that it is compared with the level C by the comparator circuit and a
      logic signal "1" is generated and supplied to the alarm circuit. That is,
      when one or a plurality of oscillators is operated, regardless of the
      number of the position of the operated oscillator, an alarm can be
      generated, without spoiling the essential effects of the present
      invention, such as an effect of removing noises, frequency stability of
      oscillators, etc.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An alarm device for informing reduction of pneumatic pressure of tires
      comprising a transmitter means including a group of transmitters provided
      at wheels having tires and each consisting of an oscillator circuit, an
      electric power supply source for said oscillator, a switch for closing an
      electric power supply circuit to supply the voltage to the oscillator when
      the internal pressure of the tire is lowered to less than a prescribed
      value and a radiation antenna for electromagnetic waves; a receiver means
      including at least one receiver antenna for reception of electromagnetic
      waves from the transmitters, and a receiver turning circuit capable of
      continuously tuning over a range of a predetermined tuning frequency
      covering a plurality of frequency sections; a sweep generator for sweeping
      said tuning circuit; a signal processing means including a comparison
      circuit for comparing the sweeping output of the sweep generator with
      reference voltages to generate gate control outputs of the multiple
      channels corresponding to the number of the sweep frequency sections, gate
      circuits for sequentially gating the output of the receiver means by said
      gate control signals, monostable circuits operated by the outputs of the
      gate circuits, pulse noise elimination circuits consisting of smoothing
      filters and for smoothing the outputs of the monostable circuits and
      comparators for comparing the smoothed DC outputs of the pulse noise
      elimination circuits with reference signals for discrimination of the
      operated transmitter; and alarm display means operated by the outputs of
      the signal processing means for generating and displaying alarm
      information.
NUM  2.
PAR  2. An alarm device as claimed in claim 1, wherein the frequency of each
      oscillator of the transmitters is nonmodulated and allowable frequency
      band is set to f.sub.ao - .DELTA.f.sub.a /2&lt;f.sub.a.DELTA. f.sub.ao
      +.DELTA.f.sub.a /2&lt;f.sub.bo- .DELTA.f.sub.b /2&lt;f.sub.b &lt;f.sub.bo
      +.DELTA.f.sub.b /2 . . . .
NUM  3.
PAR  3. An alarm device as claimed in claim 1, wherein the tuning frequency band
      of the receiver tuning circuit is set to a range between f.sub.1
      (&lt;f.sub.ao -.DELTA.f.sub.a /2) and f.sub.2 (&gt;f.sub.no +.DELTA.f.sub.n /2).
NUM  4.
PAR  4. An alarm device as claimed in claim 1, further comprising a ratio
      detector circuit coupled between the output of the receiver tuning circuit
      and the inputs of the gate circuits in the signal processing means, and
      wherein the frequency of the oscillators is set within the allowable range
      of f.sub.o -.DELTA.f.sub.o /2&lt;f&lt;f.sub.o +.DELTA.f.sub.o /2 and the range
      of the sweeping and tuning frequency of the receiver is determined by the
      receiver circuit set to include the above allowable frequency range and
      the sweeping circuit whereby the alarm is generated by processing the
      output of the ratio detector circuit by one channel of the monostable
      circuit, the smoothing filter circuit and the comparator circuit for
      comparing the output of the smoothing filter circuit with the reference
      signal.
NUM  5.
PAR  5. An alarm device as claimed in claim 1, wherein the receiver tuning
      circuit is consisted of an input tuning circuit inductively coupled to an
      input coil connected to the receiver antenna and formed by a parallel
      combination of an inductor and a capacitor, and a resonance circuit formed
      by a parallel combination of an inductor and a capacitor which are
      connected to a local oscillator circuit in parallel.
NUM  6.
PAR  6. An alarm device as claimed in claim 5, wherein the capacitor of the
      input tuning circuit and the capacitor of the resonance circuit are an
      electronically variable capacitance element.
NUM  7.
PAR  7. An alarm device as claimed in claim 5, wherein the capacitor of the
      input tuning circuit and the capacitor of the resonance circuit are a
      mechanically variable capacitance element.
NUM  8.
PAR  8. An alarm device as claimed in claim 5, wherein the inductor of the input
      tuning circuit and the inductor of the resonance circuit are a
      mechanically variable inductance element.
NUM  9.
PAR  9. An alarm device as claimed in claim 3, wherein the receiver tuning
      circuit is made of a band pass filter having a double-tuned circuit.
NUM  10.
PAR  10. An alarm device as claimed in claim 4, wherein the receiver tuning
      circuit is made of a band pass filter having a double-tuned circuit.
NUM  11.
PAR  11. An alarm device as claimed in claim 3, wherein an additional Q-damping
      resistor is connected to the receiver tuning circuit in parallel to make
      broad-band receiver tuning possible.
NUM  12.
PAR  12. An alarm device as claimed in claim 4, wherein an additional Q-damping
      resistor is connected to the receiver tuning circuit in parallel to make
      broad-band receiver tuning possible.
NUM  13.
PAR  13. An alarm device as claimed in claim 9, wherein the variable frequency
      element of the local oscillator circuit is a variable inductance element.
NUM  14.
PAR  14. An alarm device as claimed in claim 11, wherein the variable frequency
      element of the local oscillator circuit is a variable inductance element.
NUM  15.
PAR  15. An alarm device as claimed in claim 9, wherein the capacitance of the
      resonance circuit is a variable capacitance element.
NUM  16.
PAR  16. An alarm device as claimed in claim 11, wherein the capacitance of the
      resonance circuit is a variable capacitance element.
NUM  17.
PAR  17. An alarm device as claimed in claim 1, wherein the sweep generator
      comprises a mechanical viscous sweeper having a plunger reciprocable in
      viscous liquid to produce quick forward motion and slow backward motion, a
      core mounted on the plunger, and a coil of a local oscillation circuit
      cooperating with the core to produce sweep signals.
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PAL  A device adapted to be directly connected to the valve stem of automobile
      tires to indicate a low pressure condition. The device comprises a light,
      a battery, and a compressionable spring switch assembly uniquely
      responsive to a low pressure condition in the tires for operating the
      switch assembly thereby connecting an electrical circuit to energize the
      bulb. A fail-safe feature immediately prevents the loss of fluid pressure
      from the tire being measured should the device be damaged either
      maliciously or by road hazards. The low pressure signals indicated by an
      energized light are adapted to be seen by the driver through suitably
      placed mirrors located on the vehicle.
BSUM
PAR  This invention relates to a low pressure tire measuring apparatus and
      specifically to a device capable of being secured to each individual tire
      of a vehicle and in which a light on the device is energized in the
      presence of a low pressure detection.
PAR  With the increasing costs of tires, both for commercial vehicles and for
      pleasure vehicles, it has become highly desirous from an economic point of
      view to insure that the tire pressure does not fall below some arbitrary
      lower value.
PAR  The prior art concerning tires has shown that lower than normal air
      pressure in the tire is the major cause of blowouts, uneven wearing, and
      general deterioration of the tire. The commercial truck and bus operators
      are particularly concerned with obtaining optimum use from tires used on
      over-the-road vehicles since the replacement of tires represents a major
      expense in the operation of the trucking or busing business.
PAR  It is a well known fact that operating tires at lower than normal pressure
      increases the wear of the tire and thereby reduces the efficiency of the
      particular unit on the road and hence increases the cost for transporting
      any given vehicle. In view of the high cost of replacing truck tires, it
      is envisioned that the difference between a profitable operation and one
      that is not profitable can be traced to the obtaining of maximum usage of
      tires on the rolling stock.
PAR  The prior art has recognized the need for automatic low pressure tire
      indicating systems. Unfortunately these prior art devices have been
      complicated, unduly expensive, and overly sophisticated for the market
      being served.
PAR  For example, U.S. Pat. No. 3,533,063 issued to G. E. Garcia on Oct. 6,
      1970, describes the use of a radio transmitter receiving signals from each
      of the four tires. In the advent of a detected low pressure condition, the
      radio transmitter generates a signal which is received by a radio receiver
      located in the cab of the vehicle.
PAR  In U.S. Pat. No. 2,229,192 issued to L. Schultz on Jan. 21, 1941, there is
      disclosed a mechanical indicating device located in the cab portion of the
      vehicle having indicia directly related to the pressure of the individual
      four tires.
PAR  The prior art also discloses additional devices requiring special
      adaptation devices such as illustrated in U.S. Pat. No. 2,740,855 issued
      to F. E. Welpott, et al., on Apr. 3, 1956.
PAR  These prior art devices have not been accepted by the commercial market
      because of the inherent complexity and special valve arrangements needed
      to sense the low pressure in the individual tire. Additionally, the
      individual display devices in the cab of the vehicle have necessitated
      additional wiring, in some cases radio receivers and transmitters and
      other complicated and sophisticated apparatus that is generally not
      trusted by the truck operator and user.
PAR  In the present invention there is disclosed a completely portable device
      that is attached to the valve stem of the individual tire to be monitored.
      Each device is self-contained and separate from every other device and
      includes as an intrical part a battery, a light, and a compressionable
      spring switch assembly controlled by the pressure in the tire. In the
      event of a lower than normal pressure reading, the spring switch assembly
      is actuated causing the light to be energized, indicating to the observer
      that the particular tire in question has a low indicated pressure.
PAR  In the preferred embodiment, the individual devices are attached to the
      valve stem of the individual tire by a flexible rubber tube which allows
      the indicating portion of the device to be mounted on any portion of the
      wheel, preferably near the axle. Placing the main bulk of the device near
      the axle or hub of the wheel reduces to a minimum the unbalancing effect
      caused by the added mass of the indicating device and allows the operator
      to position the individual devices in a preferred position thereby
      allowing the driver to view the warning devices by means of suitably
      placed mirrors from a single location at the driver's position in the
      vehicle.
PAR  In the preferred invention, a collar containing a piston and a plunger is
      threadedly inserted on the valve stem of the tire. The plunger is forced
      into the valve stem, thereby releasing air from the tire into the defined
      cylinder causing the piston to move in an outward direction.
PAR  A flexible liquid filled tube is connected at one end to the defined
      cylinder and at the opposite end to a second cylinder located as part of a
      light assembly. The second cylinder comprises a moveable piston operating
      against a compressionable spring switch assembly in response to movement
      of the first piston through the fluid and against the second piston.
PAR  The light assembly comprises a battery, a bulb, and the defined second
      cylinder.
PAR  Moving the second piston against the compressionable spring switch assembly
      opens an electrical path between the battery and the bulb, whereas
      releasing pressure on the compressionable spring switch assembly closes an
      electrical path between the battery and the bulb, thereby allowing the
      bulb to be energized.
PAR  In operation the assembly is screwed onto the valve stem of the tire being
      monitored which immediately causes the plunger to release fluid pressure
      from the tire against the first piston. Movement of the first piston
      exerts a pressure on the fluid located within the flexible tube, resulting
      in the second piston pushing against the compressionable spring switch
      assembly, thereby opening the electrical circuit to the bulb.
PAR  In the event the pressure exerted upon the first piston is insufficient to
      force the compressionable spring switch assembly into an open electrical
      condition, the bulb will then remain lit indicating a low pressure
      condition. Further, damage to the flexible rubber hose will allow the
      trapped fluid to be released causing the first piston to be moved a
      sufficient distance allowing the plunger which is attached to the piston
      out of contact with the valve stem thereby closing the valve stem and
      preserving the remaining air within the tire. At the same time, reduced
      pressure on the compressionable spring switch assembly will cause the bulb
      to be energized indicating to the operator that a low pressure condition
      exists.
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PAR  Further objects and advantages of the present invention will be made more
      apparent by referring now to the accompanying drawing wherein:
PAR  FIG. 1 is a cross-sectional view of the low pressure assembly indicating a
      low pressure condition; and
PAR  FIG. 2 is a partial cross-sectional view illustrating a normal full
      pressure condition.
DETD
PAR  Referring now to FIG. 1 there is shown the complete indicating device 10
      threadedly attached to a tire valve stem 12 by means of a collar 14.
PAR  A conventional tire valve assembly 16 is located within the tire valve stem
      12 in the conventional manner and consists of a moveable stem 18 that
      allows air to be either inserted or removed from the tire.
PAR  The collar 14 comprises the lower end of the indicating device 10 and
      contains a lower cylinder 20 fixedly attached at one end to the collar 14.
      Located within the lower cylinder 20 is a piston 22 having a centrally
      located plunger 24 adapted to contact the stem 18 through a suitably
      located opening 26 in collar 14.
PAR  Located on the opposite side of the piston 22 is a rubber cup 28 that acts
      as a sealing member against the loss of liquid to be discussed.
PAR  The upper end of the indicating device 10 consists of a bulb assembly 30
      that comprises a bulb 32, a battery 34, and a compressionable spring
      switch assembly 36.
PAR  The bulb assembly 30 consists of a metallic supporting structure 38
      providing a central cavity 40 for completely enclosing the battery 34. The
      upper end of the metallic structure 38 provides a support for the bulb 32
      and a plastic lens portion 42.
PAR  The bottommost portion of the metallic structure 38 includes an
      electrically non-conducting insert 44 defining the base portion of an
      upper cylinder and a metallic insert 46 defining the wall portion of the
      upper cylinder.
PAR  Located within the defined upper cylinder is the compressionable spring
      assembly 36 which comprises a compression spring circular at one end 48
      and terminating in a point 50 at the other end. The point 50 projects
      through a centrally located opening 52 located within the plastic insert
      44 and allows the point 50 of the spring to contact a terminal of the
      battery 34.
PAR  The circular portion 48 of the compressionable spring assembly 36 contacts
      a piston 54 which is adapted to compress the compressionable spring 36.
PAR  The piston 54 is located within the defined upper cylinder defined by the
      plastic insert 44 and the electrically conductive insert 46 which defines
      the walls of the cylinder.
PAR  A rubber sealing cup 56 is located on the other side of the piston 54 to
      prevent the loss of liquid to be described.
PAR  A flexible rubber tube 58 is located in a sealing relationship with the
      upper cylinder and specifically with the wall portion of the electrically
      conductive insert 46. In a similar fashion the tube 58 is in a sealing
      relationship with the lower cylinder and specifically with the lower
      cylindrical walls 20.
PAR  Upon assembly of the device 10 the tube 58 is completely filled with a
      liquid that is preferably hydraulic fluid so that any movement of the
      lower piston 22 will cause a resulting pressure against the upper piston
      54 sufficient to compress the compressionable spring 36.
PAR  The illustration of FIG. 1 shows a low pressure condition in which the
      compressionable spring 36 is exerting a force on the upper piston 54
      through the liquid and against the lower piston 22. The plunger 24
      attached to the bottom side of the piston 22 is depressing plunger 18
      associated with the valve 16.
PAR  The air pressure is obviously not sufficient to overcome the tension on the
      compressionable spring 36 thereby allowing the spring 36 to expand and in
      so doing the circular portion 38 contacting the piston 54 also contacts
      the conductive wall portion of the insert 46 defining the cylinder wall of
      the upper cylinder.
PAR  The electrical path from point 50 contacting the battery through the spring
      36 through the conductive wall portion 46 and the conductive structure 38
      to the bulb 32 contacting the other terminal of the battery 34 completes
      the circuit thereby allowing bulb 32 to be energized.
PAR  Referring now to FIG. 2 there is shown the device 10 attached to a tire
      valve stem having the proper inflated pressure.
PAR  The air pressure emanating from the tire stem fills the lower cylinder
      formed by the lower piston 22 thereby exerting a pressure on the fluid
      located within the tube 58. The upper piston 54 exerts a pressure against
      compressionable spring 36 causing the circular portion 48 and the upper
      piston 54 to move within the region of the upper cylinder bounded by the
      non-conductive insert 44.
PAR  This action breaks the electrical contact and the bulb 32 is extinguished
      as long as pressure conditions remain the same.
PAR  A review of FIGS. 1 and 2 will show that the rubber cup 28 on the lower
      piston 22 and the rubber cup 56 on the upper piston 54 is necessary to
      prevent loss of the fluid located within the flexible tube 58.
PAR  In the preferred embodiment the compressionable spring 36 need only move
      1/16 of an inch between a fully conducting position and a fully
      non-conducting position.
PAR  The valve stem 18 located in the valve 16 on the other hand normally moves
      3/32 of an inch between a fully opened condition and a fully closed
      condition thereby providing additional leeway for compressing the spring
      36.
PAR  In the preferred installation the collar 14 is threadedly engaged on the
      tire valve and the bulb assembly 30 is turned and located anywhere on the
      wheel or hub assembly considered most advantageous for viewing the bulb
      32. In addition the flexible tube 58 allows the bulb assembly 30 to be
      positioned and located close to the axle or hub of the wheel assembly
      thereby minimizing unbalance due to the mass of the light assembly itself.
      It is obvious that the flexible tube 58 may be constructed of any length
      since the pressure will at all times be the same throughout the fluid
      located within the tube.
PAR  An unobvious advantage is the fail-safe feature of the indicating device
      should the tube 58 be punctured for any reason. Considering a normal road
      hazard such as a sharp rock or other flying debris cutting the tube 58
      will allow the liquid within the tube 58 to escape. Once the liquid is
      removed from the tube 58 the lower piston 22 is no longer being restrained
      by the compressionable spring 36 thereby allowing piston 18 of the valve
      stem to move and expel the plunger 24 which immediately prevents the loss
      of any air from the valve stem itself.
PAR  In addition, the escaping fluid allows compression spring 36 to expand
      thereby completing the electrical contact and turning on bulb 32 to
      thereby indicate a low pressure condition.
PAR  Depending upon the location of the individual bulb assemblies 30 located on
      each wheel the driver of the vehicle can view the individual wheels by
      suitably placed mirrors, thereby allowing continuous monitoring of the low
      pressure condition of each of the tires.
CLMS
STM  We claim:
NUM  1.
PAR  1. A low fluid presssure indicating system comprising:
PA1  a plunger adapted to fit into and open a pressure valve assembly for
      releasing fluid pressure,
PA1  a first moveable piston attached to said plunger and moveable by said
      releasing fluid pressure,
PA1  a light assembly comprising a battery, a bulb, and a compressionable spring
      switch assembly electrically connected in series with each other,
PA1  said compressionable spring switch assembly providing a closed electrical
      path for energizing said bulb in the normal position and an open
      electrical path for extinguishing said bulb in the compressed position,
PA1  a second moveable piston contacting said compressionable spring switch
      assembly for compressing said spring switch assembly to close said
      electrical circuit and extinguish said bulb, and
PA1  a flexible liquid filled tube connected at one end to said first moveable
      piston and at the other end to said second moveable piston whereby
      escaping fluid pressure moves said first piston causing pressure on said
      liquid in said tube to move against said second piston for operating said
      compressionable spring switch assembly.
NUM  2.
PAR  2. A system according to claim 1 in which said first moveable piston is
      located in a first cylinder for accepting said releasing fluid pressure
      and in which maximum travel of said piston is limited by the length of
      said plunger.
NUM  3.
PAR  3. A system according to claim 2 in which said first cylinder is sealed,
      completely entrapping and holding all of said releasing fluid pressure.
NUM  4.
PAR  4. A system according to claim 1 in which said light assembly holds said
      bulb, said battery, and said compressionable spring switch assembly in a
      coaxial relationship.
NUM  5.
PAR  5. A system according to claim 1 which includes a second cylinder located
      in said light assembly and consists of a first portion that is
      electrically non-conducting and a second portion that is electrically
      conductive.
NUM  6.
PAR  6. A system according to claim 5 in which said compressionable spring
      switch assembly is located in said second cylinder and includes a
      compression spring circular at one end for contacting said second piston
      and in which the opposite end of said compression spring terminates in a
      point penetrating said first portion of said second cylinder for
      contacting a terminal of said battery.
NUM  7.
PAR  7. A system according to claim 6 in which said compression spring
      electrically contacts the walls of said second cylinder and in which
      compression of said spring by said second cylinder causes said spring to
      alternately contact said second portion and said first portion of said
      cylinder wall.
NUM  8.
PAR  8. A system according to claim 5 in which said first portion is the base
      portion and part wall portion of said second cylinder and said second
      portion is all wall portion of said second cylinder.
NUM  9.
PAR  9. A system according to claim 1 in which said flexible tube is a rubber
      tube filled with hydraulic fluid.
NUM  10.
PAR  10. A system according to claim 1 in which said light assembly comprises
PA1  a chamber for holding said battery and said bulb in coaxial contacting
      alignment,
PA1  a cylinder located immediately below and separated from said battery by an
      electrically non-conducting insert formed at the base portion of said
      cylinder,
PA1  the remaining wall portion of said cylinder formed from an electrically
      conductive material.
NUM  11.
PAR  11. A system according to claim 10 in which said compressionable spring
      switch assembly consists of a spring located within said cylinder and
      adapted to electrically contact said electrically conductive wall material
      of said cylinder as said spring is moved.
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ABST
PAL  An anti-theft device for a vehicle whereby when the driver sets the correct
      combination on two knobs on a dashboard casing, he switches off the
      circuit supplying electrical power to the ignition device. In addition, by
      so doing the driver also switches on an anti-theft device which causes the
      emission of an alarm signal in the event of a thief attempting to
      short-circuit the power switch, or open the engine hood, or the lid of the
      luggage trunk, or any door of the vehicle. The anti-theft device does not
      require any switch key.
BSUM
PAR  The present invention relates to an anti-theft device of a new type for
      motorcars and other vehicles.
PAC  BACKGROUND OF THE INVENTION
PAR  The anti-theft device known heretofore lock the steering wheel of a vehicle
      as long as the user does not turn the switch key in the direction
      necessary to start the engine. It is known that with such devices it is
      easy to start the engine without using the switch key. As a matter of
      fact, it is only necessary to cut off the wires connected to the terminals
      of the known anti-theft device, and then to short-circuit them.
PAR  An object of the present invention is to obviate such drawbacks of the
      known devices by providing a simple and inexpensive device which prevents
      the electric start of the engine by releasing or activating an alarm in
      the event of an attempt to steal the car.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an anti-theft device for a vehicle,
      including a first casing disposed in the engine compartment of the
      vehicle, and a second casing disposed in the dashboard of the vehicle. A
      multi-lead electric cable is operably and electrically connected between
      the first casing and the second casing. Means are provided such that an
      alarm signal is emitted and the ignition circuit is switched off when a
      thief attempts to switch on the power switch or cut the multi-lead
      electric cable, or open the hood of the engine compartment, or open the
      lid of the luggage trunk, or open any door of the vehicle.
PAR  An anti-theft device for a vehicle according to the invention is
      characterized in that it comprises a first casing fixed inside the engine
      compartment, and which is connected by a cord or cable having several
      leads to a second casing mounted in the dashboard, while means are
      provided such that a warning signal is emitted and the ignition circuit
      for the engine is cut off as soon as a thief attempts to switch on the
      general circuit, or to cut the cord, or else to open the hood or bonnet of
      the vehicle.
PAR  According to another feature of the invention, the electric wire allowing
      the supply of electric power to the ignition device for the engine follows
      the following path;
PAR  IT STARTS FROM A FIRST TERMINAL OF THE BATTERY OF THE VEHICLE, AND LEADS TO
      A HAND POWER SWITCH,
PAR  STARTS AGAIN FROM SAID SWITCH AND ENTERS INSIDE THE CASING IN THE ENGINE
      COMPARTMENT, WHERE IT LEADS TO A CONTACTOR CONTROLLED BY ELECTRIC MEANS,
PAR  STARTS AGAIN FROM SAID CONTACTOR TO ENTER THE CASING ON THE DASHBOARD WHILE
      PASSING INSIDE THE CORD WHICH CONNECTS THE TWO CASINGS,
PAR  COMES BACK INTO THE CASING IN THE ENGINE COMPARTMENT, WHILE PASSING STILL
      INSIDE THE CORD CONNECTING THE TWO CASINGS,
PAR  LEAVES THE CASING IN THE ENGINE COMPARTMENT AND, AT LAST, REACHES THE
      IGNITION DEVICE.
PAR  Owing to the back and forth path of the wire between the two casings, any
      cutting of the cord or cable which connects said two casings cuts at the
      same time the wire and, consequently, the ignition circuit to the engine.
PAR  According to another feature of the invention, the contactor has three
      states of equilibrium, to wit:
PAR  a first state, or operative state, when the vehicle is running, at which
      time the contactor closes the contact between the positive terminal of the
      battery on the vehicle and the ignition device, while the main contact is
      closed;
PAR  a state of rest, the main contact being then open;
PAR  a third state, wherein it closes the contact between the positive terminal
      of the vehicle battery and an alarm device in order that the latter may
      emit its signal when a thief attempts to set the main contact again to
      start the engine.
PAR  According to an additional feature of the invention, the third state of
      equilibrium of the contactor allows, besides, cutting off the supply
      circuit to the ignition device as soon as the thief sets the main contact.
PAR  According to a further feature of the invention, the selection between the
      two first states of equilibrium is made through a knob located on the
      casing on the dashboard, said knob being adapted to take several
      positions, only one of which makes it possible to pass from one state to
      the other, said position corresponding to the state of rest, while all the
      other positions correspond to the first state.
PAR  According to a further feature of the invention, the contactor shifts
      automatically to the third state as soon as a thief attempts to set the
      main contact again while the contactor is in its state of rest.
PAR  According to a further feature of the invention, a bimetallic strip allows,
      at the end of a predetermined period of time, returning the contactor to
      its state of rest when it is in its third state.
PAR  According to an additional feature of the invention, the contactor is a
      two-contact relay, the contacts of which are adapted to take two
      positions.
PAR  According to a further feature of the invention, an additional electric
      circuit allows shifting the contactor to its third state when it is in its
      state of rest, such shifting taking place as soon as a thief attempts to
      open the hood or bonnet of the vehicle, while a knob located on the casing
      on the dashboard allows neutralizing said shifting when repairs to the
      engine must be effected, said knob being adpated to take several
      positions, one of which only corresponds to said neutralization.
PAR  According to a further feature of the invention, the additional circuit
      allows, besides, bringing the contactor to its third state when it is in
      its state of rest, as soon as the cord connecting the two casings is cut
      off.
PAR  According to a further feature of the invention, the additional circuit is
      constituted by at least one mocroswitch which closes as soon as the bonnet
      or engine hood opens, and one transistor which controls the power supply
      to a two-contact relay, said transistor being blocked as long as the cord
      or electric cable is not cut, while, when the cord is cut, said transistor
      is released, and supplies the relay, the latter supplying in turn the
      relay of the contactor which thus shifts from its state of rest to its
      third state.
PAR  According to a further feature of the invention, the power switch is
      mounted on the casing on the dashboard together with the switch
      controlling the relay of the starter, this arrangement making it possible
      to avoid the necessity of a switch key.
PAR  According to a further feature of the invention the casing in the engine
      compartment contains the two relays, together with the alarm, the latter
      being an audible alarm.
PAR  According to a further feature of the invention, the knobs disposed on the
      casing inserted in the dashboard of the vehicle are provided with skirts
      including numbers or digits along the periphery thereof, while only the
      correct combination allows starting the engine.
PAR  According to an additional feature of the invention, the casing is provided
      with a control light power-supplied from the lighting circuit of the
      dashboard, said control light allowing reading in the dark the numbers on
      the knobs of the casing.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the dashboard of a vehicle provided with an anti-theft device
      according to an embodiment of the present invention.
PAR  FIG. 2 shows a novel casing which is inserted in the dashboard.
PAR  FIG. 3 is a block diagram of the electric circuit of an anti-theft device
      according to a first embodiment of the present invention.
PAR  FIG. 4 shows a modification of said circuit.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawings, FIG. 1 shows a vehicle dashboard provided with the
      dashboard casing 1. To clarify the description, said casing 1 includes
      only two knob mechanisms or knobs 2 and 3 are provided with skirts 4 and
      5, respectively, which include figures or digits 8 along their periphery.
      A power switch 7 is mounted on the casing 1.
PAR  A control light 6 is inserted in the casing 1 and is supplied from the
      lighting circuit for the dashboard (FIG. 2).
PAR  A casing 9 (FIG. 3) is mounted in the engine compartment. It contains:
PAR  one solid state electronic switching device, such as a transistor 10,
PAR  one relay 11 having two contacts 12 and 13,
PAR  one relay 16 having two contacts 14 and 15,
PAR  an alarm 18,
PAR  one bimetallic strip 17 adapted to open the contact 19 at the end of a
      predetermined period of time, and
PAR  two resistors 20 and 24.
PAR  The electric parts contained in the first casing 9 are power-supplied from
      the negative terminal of a battery 22 of the vehicle, via the power switch
      7 and a fuse 21. A wire 25 allows the supplying of power to the control
      light 6 mounted on the casing 1.
PAR  A wire 26 leads to the engine ignition device, while a wire 27 allows the
      grounding or earthing of the casing 9. A wire 28 leads to a microswitch 23
      which closes as soon as the bonnet or hood of the vehicle is lifted.
PAR  Each knob 2 and 3 includes, inside the second casing 1, a small, circular
      metal plate 29 and 30, respectively.
PAR  The two casings 1 and 9 are interconnected by a cord or cable 31 which
      contains the following leads:
PAR  a lead 33, which allows earthing or grounding of the base of the transistor
      10.
PAR  a lead 34, which allows putting the resistor 20 in parallel with the coil
      of the relay 16,
PAR  a lead 35 through which the power supply to the relay 11 takes place,
PAR  the lead 26, which merely goes back and forth between the casings 1 and 9,
      and
PAR  the lead 25 through which the power supply to the control light 6 takes
      place.
PAR  All said leads lead to a terminal block 32, which allows making contact
      between each wire and the corresponding wire on the casing 9.
PAR  The operation is as follows:
PAR  When the vehicle is running, the knob 3 is in a position such that the
      notch in its small circular plate 30 cuts off the lead 35. Thus, the coil
      of the relay 11 is not energized, and the contacts 12 and 13 are in the
      position of rest as shown in FIG. 3. The power supply to the ignition
      device to which the lead 26 leads can then take place through the contact
      13. It is only necessary to close the power switch 7 to cause said supply
      to take place.
PAR  When the driver wants to stop his engine, he opens the power switch 7.
      Moreover, in order to switch on the antitheft device, he jams the
      combination indicated by the knob 3 in a manner such that the small
      circular plate 30 makes contact between its two terminals 38 and 39.
PAR  Under such conditions, three cases may occur if there is a breach:
PAR  if the thief attempts to close the power switch 7, the coil of the relay 11
      is power-supplied and the contacts 12 and 13 take the respective positions
      41 and 40 (FIG. 3) which correspond to the third state of the contactor.
      The alarm 18 is then power-supplied through the bimetallic strip 17 which,
      after a predetermined period of time cuts the supply to the coil of the
      relay 11, through the switch 19. The contacts 12 and 13 come back then to
      their positions of rest 42 and 43 (FIG. 3), which cuts off the emission of
      the warning signal. Said emission can last for all the period of time set
      by the bimetallic strip 17, as the contact 12 is a self-holding contact
      which remains closed even if the power switch 7 is opened again after
      being closed for a very short time. The emission will occur as many times
      as the thief will attempt to close the power switch 7;
PAR  if the thief cuts the cord 31, the two leads 26 and 33 are cut as well. The
      engine ignition device is therefore not supplied any longer. Moreover, as
      a result of the lead 33 being cut, the transistor 10 shifts from its
      blocked state to its conducting state. The coil of the relay 16 is
      therefore supplied through the transistor 10 and the contacts 14 and 15
      thereof will be placed in the positions 44 and 45, respectively. The coil
      of the relay 11 is power-supplied as well, and the same process as
      described previously is started; and/or
PAR  if the thief attempts to open the bonnet or hood of the vehicle, the
      microcontact 23 closes, and the coil of the relay 16 is supplied through
      the fuse 21. The contacts 14 and 15 are in the respective positions 44 and
      45 (FIG. 3) and the same process as described previously is started.
PAR  In order to prevent the warning signal from being emitted when repairs on
      the engine are required, the knob 2 allows neutralizing the effect of the
      microswitch 23. As a matter of fact, if the small tongue provided on the
      circular plate 29 is disposed under the contact 46, the resistor 20 is
      brought into parallel with the coil of the relay 16, said coil having a
      resistance higher than that of the resistor 20. so that the current
      flowing therethrough is not sufficient for enabling said coil to attract
      the contact 14 and 15. No warning signal, therefore, is emitted in spite
      of the microswitch 23 closing as a result of the bonnet or automobile hood
      being opened.
PAR  When the driver wants to start his engine, it is only necessary for him to
      dispose the notch in the small plate 30 under the contact 39, so as to cut
      out the lead 35. He can then close the power switch 7 without the alarm
      signal being emitted, and act on the switch controlling the electric
      starter.
PAR  In the modification illustrated in FIG. 4, the power switch 7 is mounted on
      the casing 1. The switch 48, which controls the power supply to the relay
      of the electric starter through the conductor 49, is likewise mounted on
      the casing 1. The operation is the same as previously described.
PAR  Furthermore, it is possible to mount in parallel several micorswitches 23
      in a manner such that the warning signal be emitted not only when the
      bonnet or hood of the engine is being opened, but also when the lid of the
      luggage trunk or a door is being opened. In addition, the scope of the
      present invention may include the provision of a third contact controlled
      by the coil of the relay 11, said third contact making the control of the
      starter relay impossible.
PAR  The advantages of the device according to the present invention are as
      follows:
PAR  use of a mere combination of figures or digits instead of a switch key;
PAR  impossibility of starting the engine merely by short-circuiting the power
      switch; and
PAR  emission of a warning signal not only when a thief attempts to
      short-circuit the power switch, but also when he cuts the cord connecting
      the two casings, or opens the bonnet or hood of the engine or the lid of
      the trunk.
PAR  The term "electronic switching device" as used herein is not intended to be
      limited to transistors. Rather, it is intended to mean any electronic
      switching or control device having three or more electrodes comprising at
      least two principle power elctrodes acting to control current flow in the
      power circuit, the conductivity between the power electrodes being
      controlled by a control electrode within the device thereby the
      conductivity of the power circuit is controlled statically or electrically
      without the movement of mechanical elements within the device. Included
      within this definition are transistors, vacuum tubes, and other solid
      state devices in which the turn-ON is accomplished by a control voltage
      applied to the control electrode and in which the turn-OFF is accomplished
      automatically in response to the removal of that control voltage.
CLMS
STM  I claim:
NUM  1.
PAR  1. An anti-theft device for a vehicle which includes an ignition circuit
      for the engine of the vehicle as well as a power switch, comprising, in
      combination:
PA1  a first casing disposed in the engine compartment of said vehicle;
PA1  a second casing disposed in the dashboard of said vehicle;
PA1  a multi-lead electric cable operable and electrically connected between
      said first casing and said second casing;
PA1  means operably and electrically connected to said multi-lead electric
      cable, said means emitting an alarm signal and switching off said ignition
      circuit to the engine of said vehicle when a thief attempts to switch on
      said power switch, or cuts said multi-lead electric cable, or opens the
      hood of said engine compartment, or opens the lid of the luggage trunk of
      said vehicle, or opens a door of said vehicle;
PA1  said ignition circuit including a vehicle battery, an ignition device and a
      contactor controlled by electric means;
PA1  said power switch comprising a manually-controlled power switch;
PA1  said multi-lead electric cable including at least a portion of an electric
      wire which enables said ignition device to be supplied with electrical
      energy; and
PA1  said electric wire starting from a terminal of said vehicle battery, leads
      to said manually-controlled power switch and from said power switch enters
      said first casing in said engine compartment wherein it leads to said
      contactor control by said electric means, and is connected from said
      contactor through said multi-lead electric cable to enter said second
      casing disposed in the dashboard of said vehicle, and from there passes
      again through said multi-lead electric cable back into said first casing
      in said engine compartment, and from there leads to said ignition device.
NUM  2.
PAR  2. An anti-theft device according to claim 1, wherein:
PA1  said first mentioned means includes and alarm device for emitting said
      alarm signal; and
PA1  said contactor controlled by said electric means has three states of
      equilibrium:
PA1  a first operative state when said vehicle is running, at which time said
      contactor closes a contact between said terminal of said vehicle battery
      and said ignition device while said power switch is also closed;
PA1  a state of rest when said power switch is open; and
PA1  a third operative state when a thief attempts to switch on said power
      switch again at the time said contactor is in its position of rest, said
      third state switching off the circuit which supplies said ignition device
      enclosing the contact between said terminal of said vehicle battery and
      said alarm device so as to cause said alarm device to emit said alarm
      signal.
NUM  3.
PAR  3. An anti-theft device according to claim 2, including:
PA1  a knob mechanism located on said second casing disposed in the dashboard of
      said vehicle;
PA1  said knob mechanism being used to select between the two first states of
      equilibrium of said contractor; and
PA1  said knob mechanism being adapted to take several positions, only one
      position of which makes it possible to pass from one state to the other of
      said contactor, said one position corresponding to said state of rest,
      while all the other positions correspond to said first state.
NUM  4.
PAR  4. An anti-theft device according to claim 2, wherein:
PA1  said contactor comprises a two-contact relay; and
PA1  said first mentioned means includes a bimetallic strip which allows, at the
      end of a predetermined period of time, returning said contactor to its
      state of rest when it is in said third state.
NUM  5.
PAR  5. An anti-theft device for a vehicle which includes an ignition circuit
      for the engine of the vehicle as well as a power switch, comprising, in
      combination:
PA1  a first casing disposed in the engine compartment of said venicle;
PA1  a second casing disposed in the dashboard of said vehicle;
PA1  said ignition circuit includes a vehicle battery, an ignition device and a
      contactor controlled by electric means;
PA1  said power switch comprises a manually-controlled power switch;
PA1  a multi-lead electric cable operably and electrically connected between
      said first casing and said second casing;
PA1  said multi-lead electric cable includes at least a portion of an electric
      wire which enables said ignition device to be supplied with electrical
      energy;
PA1  said electric wire starts from a terminal of said vehicle battery, leads to
      said manually-controlled power switch and from said power switch enters
      said first casing in said engine compartment wherein it leads to said
      contactor control by said electric means, and is connected from said
      contactor through said multi-lead electric cable to enter said second
      casing disposed in the dashboard of said vehicle, and from there passes
      again through said multi-lead electric cable back into said first casing
      in said engine compartment, and from there leads to said ignition device;
PA1  means operably and electrically connected to said multi-lead electric
      cable, said means emitting an alarm signal and switching off said ignition
      circuit to the engine of said vehicle when a thief attempts to switch on
      said power switch, or cuts said multi-lead electric cable, or opens the
      hood of said engine compartment, or opens the lid of the luggage trunk of
      said vehicle, or opens a door of said vehicle;
PA1  said first mentioned means includes an alarm device for emitting said alarm
      signal;
PA1  said contactor controlled by said electric means has three states of
      equilibrium:
PA1  a first operative state when said vehicle is running, at which time said
      contactor closes a contact between said terminal of said vehicle battery
      and said ignition device while said power switch is also closed;
PA1  a state of rest when said power switch is open;
PA1  a third operative state when a thief attempts to switch on said power
      switch again at the time said contactor is in its position of rest, said
      third state switching off the circuit which supplies said ignition device
      enclosing the contact between said terminal of said vehicle battery and
      said alarm device so as to cause said alarm device to emit said alarm
      signal;
PA1  a knob mechanism located on said second casing disposed in the dashboard of
      said vehicle;
PA1  said knob mechanism being used to select between the two first states of
      equilibrium of said contactor;
PA1  said knob mechanism being adapted to take several positions, only one
      position of which makes it possible to pass from one state to the other of
      said contactor, said one position corresponding to said state of rest,
      while all the other positions correspond to said first state;
PA1  a second knob mechanism located on said second casing; and said first
      mentioned means includes additional electric circuit which shifts said
      contactor to said third state when it is in its state of rest, such
      shifting taking place when a thief attempts to open the engine hood or the
      luggage trunk;
PA1  said second knob mechanism neutralizing said shifting when repairs have to
      made on the engine of said vehicle;
PA1  said second knob mechanism being adapted to take several positions only one
      positin of which corresponds to said neutralizing action; and
PA1  said additional electric circuit also shifting said contactor into said
      third state when it is in its state of rest as soon as said multi-lead
      electric cable connecting said first and second casings is cut.
NUM  6.
PAR  6. An anti-theft device according to claim 5, wherein:
PA1  said additional electric circuit includes a two-contact relay and a solid
      state electronic switching device;
PA1  said solid state electronic switching device controlling the supply of
      electrical power to said two-contact relay;
PA1  said solid state electronic switching device being blocked as long as said
      multi-lead electric cable has not been cut;
PA1  said solid state electronic switching device being in a conductive state
      when said multi-lead electric cable has been cut, and such state supplying
      said relay with electric power, said relay in turn supplying the relay of
      said contactor which thereupon shifts from its state of rest to its third
      state;
PA1  said additional electric circuit being controlled by at least two
      microswitches, one of which closes when the engine hood and the other of
      which closes when the lid of the luggage trunk of the vehicle is opened.
NUM  7.
PAR  7. An anti-theft device according to claim 5, wherein:
PA1  said first and second knob mechanisms located on said second casing are
      provided with skirts bearing numbers along their peripheries such that
      only the correct combination of such numbers will permit the engine of
      said vehicle to be started.
NUM  8.
PAR  8. An anti-theft device according to claim 7, wherein:
PA1  said first casing disposed in said engine compartment of said vehicle
      contains the aforementioned relays, said solid state electronic switching
      device, and said alarm device;
PA1  said second casing on the dashboard is provided with a control light
      supplied from a lighting circuit for said dashboard, said control light
      making it possible to read in the dark said figures on said skirts of said
      first and second knob mechanisms.
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PAL  A system for the programmed flashing of a plurality of highway warning
      lights includes a plurality of slave receivers each associated with a
      warning light to be mounted on respective barricades along with one or
      more master transmitters associated with certain receivers and warning
      lights. The master transmitter provides a coded signal which causes the
      warning lights to flash either in synchronization or in a predetermined
      sequence. Fail safe operation is provided by the use of a substitute
      master if the original master is disabled. The programmed flashing
      provides for greater depth perception by the approaching driver.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to a system for the programmed flashing
      of warning lights and more particularly to a system which is particularly
      useful for warning lights which form a portion of a highway barricade.
PAR  Where a number of amber flashing or warning lights are used in conjunction
      with a highway barricade, the lights flash randomly or indiscriminately
      presenting a confusing fire-fly type scene to the approaching driver. One
      of the major difficulties is that the lights do not provide any depth
      perception or direction or delineation. In fact, the indiscriminate
      flashing of warning lights is so misleading to the driver that they are
      prohibited in many instances.
PAR  Where highway construction is in progress it is impractical to provide
      wired or interconnected arrangements because of the expense involved and
      the necessity for placement of the lights at different locations depending
      on the progress of the highway construction.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of the present invention to provide a
      system for the programmed flashing of warning lights.
PAR  It is a more specific object to provide a system which is easily used, is
      portable and where the flashing may either be synchronized or sequential.
PAR  It is another object of the invention to provide a system as above which is
      fail safe in operation due to either failure of some circuit component or
      to actual physical destruction of a portion of the system.
PAR  In accordance with the above objects there is provided a system for the
      programmed flashing of a plurality of highway warning lights which
      includes a master transmitter means which provides a coded electromagnetic
      signal to control the warning lights. Receiving means are associated with
      each of the warning lights for receiving and decoding the signal and
      flashing the light associated with the receiving means in accordance with
      the code.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a master transmitter used in the present
      invention;
PAR  FIG. 2 is a block diagram of a slave receiver used in the present
      invention;
PAR  FIG. 3 is a perspective view of a typical highway barricade employing a
      warning light embodying the present invention;
PAR  FIG. 4 is a simplified perspective view of a typical layout of a warning
      light system embodying the present invention;
PAR  FIG. 5 is a detailed circuit schematic of the master transmitter of FIG. 1;
      and
PAR  FIG. 6 is a detailed circuit schematic of the slave receiver of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The master transmitter which provides a coded electromagnetic signal for
      controlling the warning lights is illustrated in FIG. 1 and basically by
      means of an oscillator 10 generates a 27 MHz carrier signal which is
      transmitted to the warning lights through the antenna 11. The 27 MHz
      conforms with Federal Communications Commission (FCC) requirements of the
      United States government for the operation of low power communication
      devices. However, as will be discussed below, because this wavelength
      falls within the citizens radio service band, extra precautions must be
      taken to reject any interfering signals. Other frequencies in the low,
      medium and high frequency bands and also in the UHF and VHF bands may be
      used depending upon legal requirements of the particular locality and
      application.
PAR  Still referring to FIG. 1, a multivibrator 12 having a frequency of 65
      flashes per minute (FPM) or 1.08 Hz amplitude modulates, with
      substantially 100% modulation, the signal of oscillator 10. As will be
      discussed below, multivibrator 12 determines the on time of the warning
      lights and thus the duty cycle or on time of the 65 FPM pulse may be
      adjusted accordingly.
PAR  Oscillator 10 is coupled to an output amplifier 13 which also has, as an
      amplitude modulating input, the output of a multivibrator 14 which
      provides an 8 kHz signal. The composite signal which is in effect a
      carrier which has two amplitude modulated signals imposed on it is
      transmitted via antenna 11 to the receiver antenna 16, one of which is
      illustrated in FIG. 2. Each warning light has a separate receiver
      associated with it.
PAR  The composite signal is decoded by means of two stages of tuned RF
      amplification 17 and 18 whose output is detected by detector 19 which
      decodes or amplitude demodulates the signal from the master transmitter to
      provide a signal on line 21 which is a carrier signal of 8 kHz, amplitude
      modulated by a 65 FPM (flashes per minute) signal. The 8 kHz signal is
      connected to a phase locked loop 22 which has a free running frequency
      f.sub.0 of 8 kHz which is fixed by potentiometer 20. The phase locked loop
      in accordance with well known theory amplitude demodulates the input
      signal on line 21 and provides on its output line 23 the final 65 FPM
      pulse signal. This drives the base of a switching transistor 25 whose
      collector is tied to an associated warning light 26 to activate the light
      in accordance with the duty cycle or on time of the 65 FPM signal.
PAR  A light dependent resistor 27 couples the light 26 to a voltage supply only
      during dark ambient conditions. The biasing of transistor 25 is such that
      it is normally on or conductive and is turned off by the 65 FPM pulse.
      Thus if the 65 FPM pulse on line 23 is not received, light 26 will be
      continuously activated to thereby provide fail safe operation.
PAR  The detector 19 also includes automatic gain control means which are
      coupled back to the tuned RF amplifiers 17 and 18 by the line. This
      prevents overload where a receiving station is in close proximity to a
      master transmitter.
PAR  The slave receiver of FIG. 2 is shown as it would be mounted in FIG. 3 on a
      barricade 31. The container 32 may contain either a single slave or
      receiving station along with the warning light or in addition, a master
      transmitter. In other words, as illustrated in FIG. 4 which is a typical
      orientation of warning lights along a highway 33, there may be a
      conglomerate of slaves 34 in which two or three master transmitters will
      also be provided. The activated master station is shown at 36 which also
      includes a slave.
PAR  In case the master-slave station 36 is disabled because of a collision with
      an automobile, a substitute master 37 is activated to continue the driving
      of the remaining slaves 34. This is accomplished as will be discussed in
      detail below by the fail safe nature of the operation of the warning
      lights. In other words, if the existing master is disabled, the remaining
      warning lights will be continuously illuminated and time delay means are
      provided to sense this continuous illumination and sequentially activate
      the substitute master.
PAR  In some cases where only a small group of lights are used only a single
      master transmitter may be suitable. That is, if this transmitter is
      disabled a steady illumination of all lights is acceptable.
PAR  Again referring to FIG. 3, an antenna for the master stations is provided
      by metallic strips embedded in the legs of the barricade 31; alternatively
      the antenna may be formed by the two metal legs of the barricade. For this
      type of antenna the legs may or may not be insulated from the ground with
      plastic cups. Also in accordance with United States Federal Communications
      Commission requirements the antenna length must not exceed 5 feet.
      Alternative antenna arrangements could be antenna strip sandwiched between
      wood faces of the barricade.
PAR  Referring now to FIG. 5 which is a detailed schematic of the master
      transmitter of the present invention the blocks of FIG. 1 are illustrated
      in dashed outline with the same reference numerals. Oscillator 10 is
      crystal controlled and includes a crystal 41 which provides a 27 MHz
      frequency. Instead of crystal control the oscillator may utilize
      inductance-capacitance or resistance-capacitance control. The output of
      oscillator 10 on line 42 is coupled through a tank circuit 43 to output
      amplifier 13 which is coupled to antenna 11. The coupling is through a
      loading coil 44. Specifically the oscillator 41 drives the base input 46
      of a transistor amplifier 47 which is a portion of the output amplifier
      13. This amplifier is amplitude modulated by oscillator 14 on line 48.
PAR  Oscillator 10 is amplitude modulated at a 100% level or in effect switched
      on and off by the multivibrator 12 which operates at approximately 65 FPM.
      As discussed above, multivibrator 12 determines the flashing rate and on
      time of the warning lights. The duty cycle and the flashing rate may be
      varied by varying the time constants of the multivibrator. Both the
      frequency and duty cycle of multivibrator 12 can, of course, be modified
      by adjustment of the associated feedback resistors and capacitors in
      accordance with well-known multivibrator theory. Such adjustments may be
      made at the factory or alternatively adjusting potentiometers may be
      provided for on-site adjustment.
PAR  With the simultaneous or synchronized operation of the lights, the on time
      of the lights, which was normally 20% may be reduced to 10% to conserve
      battery energy sources. The reduction of on time is made possible by the
      fact that the total light output is increased due to the simultaneous
      flashing of the lights.
PAR  In operation, the transmitter of FIG. 5 provides a signal on the antenna 11
      which has a carrier of 27 MHz which has superimposed on it two amplitude
      modulation signals; namely 65 FPM from the multivibrator 12 and 8 kHz from
      multivibrator 14. The purpose of the 8 kHz signal, which collector
      modulates the final output transistor 47 of amplifier 13, is to provide
      sufficient coding to avoid interference from other transmitters in the
      field and also to obtain a high audio selectivity. As discussed above,
      this is especially important because of the 27 MHz signal which is in the
      citizens band.
PAR  Referring now to FIG. 6 which illustrates a typical slave receiver of FIG.
      2 and in combination with a master transmitter of FIG. 1, the antenna 16
      receives the coded signal from a master transmitter which is filtered by
      tuned RF amplifiers 17 and 18. The tuned RF amplifiers provide for
      increased gain and a sensitivity in the range of 35 microvolts. AGC
      feedback on line 30 which is provided by the diode 51 prevents overload
      where the slave is in close proximity to the master transmitter. Detection
      by detector 19 is provided substantially by the diode 52.
PAR  The RF amplifiers 17 and 18 and detector 19 form a tuned radio frequency
      tuner which is commercially available, for example, under model ZN414 from
      the Ferranti Corporation. Alternatively, a super heterodyne configuration
      may be used which, however, must be highly selective. Thus, for example,
      the super heterodyne would utilize mechanical filters or resonators for
      the intermediate frequency portion of its circuitry. In any case, it is
      important to avoid interference from other transmitters which are either
      driving warning lights in other portions of the construction area or from
      nearby citizen band transmitters to provide high interference rejection
PAR  In the preferred embodiment along with the tuned radio frequency section
      17, 18, 19, the 8 kHz output of detector 19 is coupled to a phase locked
      loop circuit 22 on line 21. It is illustrated as a standard integrated
      circuit chip which is available from many electronics suppliers. The free
      running frequency of the phase locked loop is adjusted by the
      potentiometer circuit 20 to the 8 kHz frequency. It is believed that the
      phase locked loop provides a highly selective circuit arrangement. In
      addition, the phase locked loop is relatively inexpensive compared to a
      super heterodyne arrangement and has a simplified setup procedure. The
      output of the phase locked loop on line 24 drives the switching transistor
      which has its collector coupled to a warning light 26. As discussed above,
      fail safe operation is provided by the warning light being in an on
      condition unless a signal is received on line 23. Transistor 25 is
      normally in an on or conductive condition. The light dependent resistor 27
      supplies power to the light 26 during dark ambient conditions.
PAR  In accordance with the invention, sequential activation means are provided
      for sequentially activating respective transmitters in response to failure
      of a previously activated transmitter. This includes, as illustrated in
      FIG. 6, the flip-flop 53 which may be of the D-type, for example, which is
      coupled through a time delay means 54 to the power input of the warning
      light. The output of flip-flop 53 drives activating circuit to associated
      master 55 which is in the same physical location as the slave receiver. If
      the previously activated master is disabled either because of electrical
      circuit failure or being physically disabled by, for example collision
      with an automobile, the time delay 54 which, for example, may be 2, 5 or
      10 seconds senses the on condition of light 26 for this predetermined time
      and activates flip-flop 53 to cause the associated master 55 to begin
      transmitting the coded signal. It is, of course, apparent that if two or
      three substitute masters such as 55 are included in the conglomerate of
      slave receivers that the time delay circuit 54 would be selectively
      adjusted to cause sequential activation of the master stations.
PAR  With the above circuit as shown the plurality of slaves 34 as illustrated
      in FIG. 4 would flash in exact synchronization. This is believed to be the
      preferred type of warning light indication for most circumstances.
      However, the system can be utilized for sequential flashing by the use of
      a ring oscillator with a phase locked loop demodulator which is
      synchronized by the master pulse signal. More specifically, the ring
      oscillator (14 of FIG. 1) would provide 99 different frequencies spaced a
      suitable value apart such as 250 Hz. The phase locked loop demodulator for
      each light would have its free running frequency adjusted to a unique
      frequency of the ring oscillator.
PAR  Thus the present invention has provided an improved warning light system
      where each unit is physically independent with no interconnection and
      means are provided to avoid interference from other sources and for fail
      safe operation. With the use of either simultaneous or sequential
      flashing, depth perception, direction and delineation is improved for the
      motorist.
PAR  In addition to the illustrated use of the present invention is signalling
      and controlling traffic lanes, in all aspects the invention is also useful
      for marine marker buoys and at airports. The audio selectivity provided by
      the 8 kHz modulation, or other frequencies, is also useful for the control
      of remote controlled model airplanes when interference from nearby control
      stations is a problem.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a system for operating warning lights disposed along a street or
      highway traveled by a motorist, a plurality of spaced barricades, a
      plurality of warning lights respectively carried by said barricades and
      positioned along the street or highway to provide a warning to a motorist,
      said lights to be controlled in a pattern as to give an impression of
      depth to the motorist along the lane of travel by the motorist, each of
      said warning lights having a power supply, a lens assembly and a lamp
      mounted in the lens assembly, master transmitter means for providing an
      electromagnetic signal which is transmitted through the air; receiving
      means associated with said warning lights for receiving said transmitted
      signal and for intermittently connecting said lamp to said power supply so
      that the warning lights are flashed to give a perception of depth along
      the line of travel by the motorist.
NUM  2.
PAR  2. A system as in claim 1 where each of said receiving means is
      continuously responsive to said electromagnetic signal so that the warning
      lights are flashed simultaneously at a rate controlled by said code.
NUM  3.
PAR  3. A system as in claim 1 where each of said receiving means is responsive
      to said electromagnetic signal so that the warning lights are flashed in a
      continuous sequence beginning with the first warning light encountered by
      the motorist in the plurality of warning lights.
NUM  4.
PAR  4. As system as in claim 1 wherein the barricades are constructed with at
      least one member formed of a conducting material and wherein the master
      transmitter means is mounted upon one of the barricades and is coupled to
      said one member so that said one member serves as an antenna.
NUM  5.
PAR  5. A system as in claim 4 wherein the master transmitter is mounted on the
      same barricade as one of said plurality of warning lights.
NUM  6.
PAR  6. A system for the programmed flashing of a plurality of temporarily
      positioned highway warning lights controlled in a pattern to give a
      perception of depth to a motorist comprising: receiving means mounted with
      each of said warning lights for receiving and decoding a frequency coded
      electromagnetic signal said receiving means including energizing means
      responsive to said receipt of said electromagnetic signal for energizing
      said warning lights; master transmitter means for providing said
      electromagnetic signal for continuously actuating directly said energizing
      means and being in a stationary position with respect to said receiving
      means and being sufficiently close to said plurality of warning lights so
      that said flashing of said lights is controlled concurrently and
      continuously by said master transmitter in accordance with said code.
NUM  7.
PAR  7. A system as in claim 1 where at least one other of said receiving means
      is mounted with a substitute master transmitter means together with means
      for activating said substitute transmitter means in response to absence of
      a signal from a previously activated master transmitter means.
NUM  8.
PAR  8. A system as in claim 7 where one other of said receiving means includes
      fail safe means for maintaining the respective warning light on when no
      signal is received and where said activation means includes time delay
      means responsive to said on condition for activating an associated
      substitute master transmitter after a predetermined time period.
NUM  9.
PAR  9. A system as in claim 1 where each of said receiving means includes
      automatic gain control means.
NUM  10.
PAR  10. A system as in claim 1 where said receiving means includes means for
      rejecting interfering signals.
NUM  11.
PAR  11. A system as in claim 10 where said master transmitter means includes a
      carrier oscillator and first and second modulating means for modulating
      the carrier signal of said oscillator said first means providing a
      modulating signal for continuously actuating directly said energizing
      means and said second means providing a modulating signal to prevent
      interference from other transmitters and where said rejecting means
      includes a phase locked loop having a free running frequency equal to the
      frequency of said second modulating signal included in said master
      transmitter signal.
NUM  12.
PAR  12. A system as in claim 1 where each of said receiving means include fail
      safe means for maintaining the respective warning light on when no signal
      is received.
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ABST
PAL  A transceiver for computer controlled stacker cranes comprising an
      interface which controls the voltage level of incoming and outgoing serial
      signals, a sampling circuit and a voting circuit which together prevents
      transmission of transient or improper signals received from the interface,
      shift registers converting incoming serial data to parallel data and also
      converting stored parallel data to outgoing serial data, a temporary
      storage memory which holds parallel data received from the shift registers
      until commanded by timing signals to output said data, an end of
      transmission decoder which senses the end of a data message and triggers
      certain timing signals, timing circuitry for clocking transfer of data to
      and from said memory, and circuitry for preventing simultaneous
      transmission and reception of data.
PARN
PAC  BACKGROUND
PAR  Continuity
PAR  This application is a continuation of my U.S. Ser. No. 356,889, filed May
      3, 1973, now abandoned, which in turn was a continuation of U.S. Ser. No.
      216,318, filed Jan. 10, 1972, now abandoned.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates generally to the field of communications and more
      particularly to a transceiver for use with computer controlled stacker
      cranes.
PAR  In automated stacker crane systems, it is customary to use computers which
      employ parallel digital data, i.e. a central processing computer as well
      as a stacker crane controller. Data communicated between the central
      processing computer and a crane computer is normally transmitted in a
      serial manner. Thus, provision must be made for converting the parallel
      data coming from either the central processing computer or a crane
      computer to serial data. Likewise, serial data to be received by either
      the central processing computer or a crane computer must be converted to
      parallel data. Both requirements can be obtained and considerable money,
      weight and space saved by using a transceiver.
PAC  PRIOR ART
PAR  Numerous types of transceivers have been proposed heretofore. However, none
      of the prior art devices has been entirely satisfactory. Some of the prior
      art transceivers have been extremely bulky, complex and expensive. Others
      have served only to communicate and have required the use of additional
      equipment to convert between serial and parallel data. Additional prior
      art transceivers have been unable to discriminate against random pulses,
      such as noise.
PAC  BRIEF SUMMARY AND OBJECTS OF THE INVENTION
PAR  The above-mentioned disadvantages of the prior art are overcome or
      substantially alleviated by the present invention which provides a
      transceiver which is relatively simple and inexpensive, yet provides for
      conversion between serial and parallel data and comprises novel sampling
      and voting circuitry for distinguishing between data and noise signals.
PAR  The advantages of the present system are preferably attained by providing a
      transceiver comprising a central processing computer, a stacker crane with
      computer, sampling and voting circuitry, serial data memory, parallel data
      memory and timing and control circuitry, whereby noise is rejected and
      parallel data from the crane computer or central processing computer is
      converted to serial data and vice versa.
PAR  Accordingly, it is a primary object of the present invention to provide an
      improved transceiver for transferring data between a computer and one or
      more stacker cranes.
PAR  Another significant object of the present invention is to provide a
      transceiver which converts parallel data from a crane or a computer to
      serial data, and vice versa.
PAR  An additional object of the present invention is to provide a transceiver
      including sampling and voting circuitry for preventing passage of
      transient or erroneous signals.
PAR  Another paramount object is the provision of a plurality of transceivers
      each with a parallel data storage memory, at least one transceiver being
      used in conjunction with each of a plurality of stacker cranes and a
      single central processing computer controlling all of the stacker cranes.
PAR  A further and also important object of the present invention is the
      provision of an extremely simple and efficient interface between a
      computer which controls a stacker crane and a transceiver.
PAR  These and other objects and features of the present invention will be
      apparent from the following detailed description, taken in reference to
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation of a system utilizing transceivers
      according to the present invention whereby a central processing computer
      controls the function of one or more stacker cranes;
PAR  FIG. 2 is a functional diagram of the transceiver of FIG. 1;
PAR  FIG. 3 is a circuit diagram of the control portion, including sampling and
      voting circuitry, of the transceiver;
PAR  FIG. 4 is a circuit diagram of the serial data memory and the parallel data
      memory of the transceiver; and
PAR  FIG. 5 is a circuit diagram of the timing and control portions of the
      transceiver.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  In that form of the present invention chosen for purposes of illustration,
      FIG. 1 shows a warehousing retrieval system comprising a computer 2 and a
      plurality of stacker crane controllers 4, each controlled by the computer
      2. In order for the system to function, it is necessary that communication
      be maintained between the computer 2 and each stacker crane controller 4.
      Thus, the computer 2 may transmit command to any or all of the stacker
      crane controllers 4 and may receive status reports from each stacker crane
      controller 4. To accomplish this, the computer 2 and each of the stacker
      crane controllers 4 may be provided with a transceiver 6, the principal
      purposes of which are to eliminate transients and to convert signals
      received from the computer or any stacker crane controller from parallel
      to serial and data transmitted to the computer or any stacker crane
      controller from serial to parallel data. Additionally, each transceiver 6
      provides a parallel data memory which stores parallel data in readiness
      for the computer (or a stacker crane controller) until such time as the
      computer is available and ready to accept the data. Adjacent transceivers
      6 are connected to transmit and receive messages via a transmission line 8
      or the like. Preferably, all of the transceivers 6 are identical and are
      constructed as illustrated in FIGS. 3-5. For simplicity, only one
      transceiver 6, as it relates to an adjacent stacker crane controller 4
      will be described, but it is to be appreciated that the self same
      transceiver can and is used in conjunction with the computer 2 in an
      essentially identical manner.
PAR  With specific reference to FIG. 2, in reference to the serial input mode
      thereof, it is to be appreciated that signals to or from the interface 10
      are communicated along transmission line 8. This is a functional
      description and not necessarily a completely accurate hardware
      description. The interface 10 is a photocoupling line isolation circuit
      which optically transfers signals between high voltage and low voltage
      portions of the system, and avoids any need to couple the various ground
      lines up the system together, which eliminates noise. The circuit 10 is
      more fully described in U.S. Pat. No. 3,801,837 to which reference may be
      made.
PAR  Sampling circuit 11 and voting circuit 54 receive low voltage signals from
      interface 10 and communicate the verified ones of those signals to memory
      57 which comprises a series of shift registers. The specific manner in
      which the sampling and voting circuits function is to test the first
      incoming signal to determine if it is a zero or a one. If it is a logic
      zero the remaining signals of series are accepted and acted upon. If it is
      determined by circuits 11 and 54 that the signal is a logic one the
      circuit resets and awaits the next zero. At the end of each bit of data,
      circuitry 11 and 54 transmits a signal to serial receiving logic 25 which
      increments a bit counter thereof from which it is determined when the
      loading function to the memory 57 has been completed.
PAR  Data voted upon by circuits 11 and 54 is serially clocked into and stored
      within memory 57 from which it is output to parallel data memory 76. This
      is done following the issuance of a signal along conductor 90 from serial
      receive logic 25, once loading of memory 57 has been completed, to the
      mode control logic 27 from which a clock pulse is issued to the clock
      driver 13 which in turn clocks memory 76 for receipt of the data from
      memory 56. The same clock pulse issued from mode control logic 27 causes
      the status logic 21 to issue a UNIT BUSY signal which prevents conflicting
      use of the system. Also, the same clock pulse causes the up/down counter
      100 to count up one character, the up/down counter 100 having been
      previously set to count up by reason of the absence of signals from the
      serial transmit logic 23 and the status logic 21.
PAR  When the end of message has occurred, in the typical situation, memory 76
      is only partially loaded and zero detector 17, which monitors the output
      state of memory 76 continues to indicate a zero, even though the end of
      message has occurred. This state is conveyed through EOT decoder 104 to
      the mode control logic 27 causing issuance in rapid fashion of clock
      pulses through clock driver 13 shifting the data partially filling the
      memory 76 to a location where the initial bit is ready to be output at
      which time the detector 17 senses a non-zero character and this continues
      clocking of the data in memory 76.
PAR  Once the end of the message transmitted from memory 57 to memory 76 is
      transmitted, the same is sensed by the end of transmission (EOT) decoder
      104, which in turn signals the status logic 21 that transmission has ended
      following which the status logic 21 issues a DATA READY signal and also
      signals the up/down counter 100 to count down thereafter.
PAR  This concludes the serial input mode of the system.
PAR  At this point in time, the system is ready to proceed with the parallel
      output mode of its operation. Once the DATA READY signal has issued from
      the status logic 21, the DSF (device select function) signal is caused to
      go high and the DTIF (data transfer in function) and the DTIP (data
      transfer in pulse) signals are communicated at essentially the same time
      from the computer to the mode control logic 27 indicating that the
      computer has read the first character available from memory 76 on the DI
      lines and is ready to read the next character. Each character thereafter
      is read by the computer as a result of clocking pulses issued from the
      mode control logic, which at the same time counts down counter 100. This
      procedure continues until counter 100 reaches zero at which time the
      output of counter 100 is at a logic zero which resets the status logic
      clearing the DATA READY and the UNIT BUSY signals. At this point in time
      the parallel output mode of operation has been completed and the system is
      ready to either output data from the stacker crane controller via
      multiplexer 153 or to receive additional data from the computer via
      transmission line 8 at interface 10. The system may be operated in a
      parallel input mode such that information from the stacker crane
      controller is transmitted via the multiplexer 153 and shift register
      memory 57 to the central processing unit 2. Upon sensing that there is no
      UNIT BUSY signal, the stacker crane controller issues a DSF signal
      establishing the parallel input mode of operation at mode control logic
      27. The DTOP (data transfer output pulse) is also communicated to the mode
      control logic 27. Clock pulses are issued therefrom incrementing the
      counter 100 and causing clock driver 13 to load memory 76 as signals from
      the stacker crane controller are processed through multiplexer 153 and
      shift register 57. Once the DTOP signal is received the status logic 21
      issues the UNIT BUSY signal. Once the message from the stacker crane
      controller has been received at memory 76 it is displaced to the output in
      the previously described manner. At this stage, there is no DATA READY
      signal, the signal being inhibited by the mode control logic 27.
PAR  At this juncture in time, memory 76 and the remainder of the system is
      ready to be operated in the serial output mode. The apparatus is set in
      the serial output mode at the conclusion of the message being delivered to
      memory 76 as a result of the signal issued from the EOT decoder 104 to the
      serial transmit logic 23 which changes the counter 100 to the down count
      mode. As a result, the serial transmit logic 23 enables the memory 76 to
      shift data therefrom into memory 57. The SR SHIFT clock pulse issuing
      along conductor 182 causes the first character stored in memory 76 to be
      loaded into memory 57, memory 57 being in the serial mode of operation
      thereof as opposed to the parallel load mode. Thereafter, clock pulses
      from serial transmit logic 73 to shift register memory 57 cause the
      character stored therein to be communicated through interface 10 to the
      central processing unit 2 along transmission line 8. The described
      communication of characters from memory 76 to memory 57 and from 57 to the
      central processing unit continues until the counter 100 reaches an output
      condition of logic zero at which time the UNIT BUSY signal is cleared and
      the serial transmit logic 23 is reset and the system is in a condition to
      function in either the serial input mode or the parallel input mode.
PAR  With particular reference to FIG. 3, signals received from transmission
      line 8 are applied through the interface 10 to data NAND gates 12 and 14
      in the serial input mode. More specifically, when transmission line 8 is
      at ground potential, transistor Q1 is off, current from the 150 volt
      source is caused to flow across diode D1 of the solid state photocoupling
      unit 33, capacitor C1 functioning to stabilize potential of the circuit
      resistors R1 and R2 serving as bias resistors for transistor Q1 and
      resistor R3 serving as a load resistor for the transistor Q1. Current flow
      across light emitting diode D1 causes an optical signal to pass to
      phototransistor P1 where the optical signal is converted to the electrical
      signal communicated to the schmidt trigger comprising NAND gate 12 causing
      the output thereof to go high with the voltage at P1 low. For the output
      of NAND gate 14 to be functional, it must be a low voltage signal
      requiring that all inputs be high. Thus, the signal on line L1 must be
      high, a state occurring when the DSF signal at line 136 is preset to a low
      voltage state resulting in a high state on line L1. Also, the voltage on
      lines L3 and L4 must also be high. The voltage on line L3 is high when the
      data ready flip-flop 40 is reset or off indicating the data is not ready
      while the voltage on line L4 is high when the system is not in the serial
      output mode.
PAR  The low voltage output signal of NAND gate 14 is communicated to inverter
      20 and to the volting circuit 54 where the signal is voted upon on a two
      of three basis in a manner hereinafter explained. If the vote is
      favorable, flip-flop 34 of the sampling circuit 11 continues to operate,
      i.e. except each high voltage signal emanating from inverter 20 through
      AND gate 24. The output of AND gate 24 is caused to be high when the
      output from inverter 20 is high and clock pulses phi B are communicated
      along line 30 at the rate of 10 pulses per data bit. These same clock
      pulses are also input to AND gate 35. When the other input to AND gate 35
      is positive, the clock pulse is passed through AND gate 35 causing the
      voting circuit 54 to be clocked. The signal passed by AND gate 24 clocks
      the flip-flop 34 to a high state allowing clock signals phi A to pass and
      be inverted by NAND gate 37 to counter 66 which, together with counter
      decoder 102 breaks each bit of input data into ten segments. All other
      inputs to counter 66 other than that of gate 37 are retained at a logic
      one with power being supplied along line L5 to the counter with capacitors
      C2 and C3 functioning as bypass capacitors and line L6 grounding the
      counter 66. Four of the counter outputs are connected to the decoder 102
      and one being connected to line 64. The decoder 102 is wired to NAND gate
      39 so as to pass the fourth segment signal, a low signal to gate 39 of
      latch circuit 41. The decoder is also wired to gate 43 in such a way as to
      communicate the seventh segment signal thereto. As a result there exists a
      positive output from latch circuit 41 on the fourth, fifth and sixth
      segments of a given bit which enables gate 35 allowing the voting circuit
      54 to be clocked during that interval of time. In this fashion, the
      sampling of signals to be voted upon occurs eventually midway through a
      bit time so that transients and the like ordinarily encountered at the
      beginning of a bit time are not sampled and reliability is greatly
      improved.
PAR  The decoder is powered along line L7 and grounded at L8, a capacitor C4
      being interposed therebetween for the purpose of bypassing noise.
PAR  The seventh segment signal communicated to gate 43 is also communicated
      through gate 47 to gates 58 and 49. If the output from gate 52 of the
      voting circuit 54 along line 56 is a logic zero when the logic one signal
      from gate 47 is imposed upon AND gate 58, the output of gate 58 would be a
      logic one communicating via gates 60 and 62 along line 64 a logic one to
      flip-flop 34 allows continuation of transmission of data. If to the
      contrary the output from gate 52 is a logic one, a logic zero appears on
      line 64 which shuts off or resets flip-flop 34.
PAR  When a logic one is communicated from gate 47 to gate 49 a logic zero
      appears at the output of gate 49 along line 74 producing the SR clock
      signal which clocks the shift registers of memory 57 in a manner
      hereinafter more fully described. The mentioned output of gate 49 is also
      communicated via line 72 to bit counter 68 incrementing the counter to the
      next bit state. Naturally, a logic zero at the output of gate 49 does not
      appear unless a clock pulse phi B is communicated to the second input
      thereof.
PAR  It should be noted that segment 8 and segment 9 are respectively
      communicated through gates 51 and 53. The output of gate 51 is the BT8
      signal, while the output of gate 53 is communicated to gate 82.
PAR  The same procedure is followed for the next nine bits of information with
      two exceptions, i.e. the 2-10 bits are not effective through gate 58 for
      sampling an initial zero bit state and a signal appears during the tenth
      bit on line 80 causing the output of gate 82 to be positive causing the
      output of gate 86 to be negative which outputs BUFFER CLK signal along
      line 118 for the purpose of loading information from memory 57 to memory
      76 in a manner more specifically hereinafter set forth.
PAR  Bit counter 68 of serial receive logic 25 is powered via line 5 and
      grounded at line 6. Bit counter 68 is preferably a shift register with a
      feedback loop L9 which includes NAND gate 63. The output of gate 49 is
      communicated as an input via line 72 to the bit counter 68 as heretofore
      described and any reset signal appearing on line 64 is communicated via
      line L10 to the counter 68 thereby causing it to return to zero count.
      Outputs from bit counter 68 are communicated directly to gate 58 along
      line L11, indirectly to gate 58 via inverter 65 along line L12 and to gate
      78 via inverter 67. The time interval between outputs appearing on lines
      L11 and L12 represents bit time one, which is the interval time during
      which the sampling circuit 11 samples the fourth - seventh segment of said
      first bit time. The inverted signal passed by inverter 67 on line L13 and
      the signal on line L14 from bit counter 68 cause a high signal output from
      AND gate 78. This signal is inverted at 79 to become the BUFFER LOAD
      signal at line 82' and is also communicated to AND gate 82 causing a
      positive output signal when the other input signal from inverter 53 is
      also positive, which output signal is communicated along line 84 to NAND
      gates 86 and 69. When clock signal phi B is positive that the other input
      to gate 86 a logic zero appears at the output of gate 86 on line 88 which
      in turn is input to gate 71 and 92 for purposes later to be explained.
PAR  When the second input to NAND gate 69 is positive as a result of a clock
      pulse phi A, a logic zero exists at the output of gate 69 which is
      communicated to OR gate 60 causing a reset signal to appear on line 64 as
      earlier explained. Capacitors C5 and C6 function as signal extending
      devices.
PAR  With reference to voting circuit 54, it should be remembered that serial
      input data appears on input line 16 to voter register 18 and said data is
      clocked during fourth, fifth and sixth segments of each bit of
      information, the voter register being powered by five volt source at line
      L15 and grounded at L16. As a result, three successive outputs appear on
      lines L17, L18 and L19 which are input as illustrated to three NAND gates
      50. If two or three of the outputs from voter register 18 are high, one or
      more of the outputs of gates 50 will be high which results in a logic one
      output at gate 52 comprising the SR DATA I signal at line 55. If, during
      the first bit of information, a logic zero appears at the output of gate
      52, a reset signal occurs on line 64 as described earlier.
PAR  With reference to FIG. 4, each SR DATA I signal communicated along line 55
      is input to the serial data registers 57 at flip-flop 71. The same signal
      is communicated along line L20 to the same flip-flop 71 after it is
      inverted by inverter 73. The third input along line L21 to flip-flop 71 is
      obtained when SR CLOCK and SR SHIFT CLOCK signals occur on lines 74 and
      182 and are passed through gate 75 to line L21 as a logic zero.
PAR  It is to be appreciated that the memory 57 is comprised of two one bit
      shift registers (flip-flops) 71 and 75 together with two four bit shift
      registers 77 and 81 (each of which comprises four flip-flops). When the J
      input is high and the K input low of flip-flop 71 the Q output at line L22
      will be clocked to a high state when the described signal occurs on line
      L21. When the K input is high and the J input low, the Q output is clocked
      low by the signal appearing on line L21. Thus, each clock signal appearing
      on line L21 will shift data one position from left to right as shown in
      FIG. 4 in the flip-flops consecutively comprising units 71, 77, 81 and 75,
      the clocking pulse from gate 75 being communicated to each of the
      flip-flops. During the serial input mode under consideration the DO ENABLE
      and the PEI signals input to gate 83 are high which presets the registers
      77 and 81 to the serial input mode. Information is passed from shift
      register 77 to shift register 81 via line L23 and from shift register 81
      to flip-flop 75 via line L24, flip-flop 75 being operated in exactly the
      same fashion as described in conjunction with flip-flop 71.
PAR  The described shifting in memory 57 continues until such time as ten bits
      of information have been received. It is to be appreciated that the first
      and tenth bits stored in flip-flop 75 and 71 are not meaningful data but
      only bits 2-9 stored in registers 77 and 81.
PAR  As will be recalled in respect to the previous description of serial
      receive logic 25 the BUFFER LOAD signal is caused to occur on line 82' at
      the end of the tenth bit of information. This signal together with the DO
      ENABLE signal are communicated to gate 85 the output of which becomes a
      logic one which is input to one of the two inputs of each of the eight AND
      gates 59. The other input to the respective AND gates 59 will be either
      positive or negative depending upon the data stored in registers 77 and
      81. If positive, the output of the associated AND gate 59 will be
      positive, if negative the output will be negative. Each output of the
      gates 59 is communicated independently to the decoder 104 along conductors
      61 and also to respective MOS segments of memory 76. The MOS segments
      function essentially as shift registers, receiving the data upon being
      clocked by signals phi 1 and phi 2. Once the end of message has occurred,
      in a like fashion the information stored in the segments of memory 76 will
      be clocked to the output side thereof as later to be more fully described.
PAR  With reference to FIG. 5, conductors 61 communicate the output signals from
      shift registers 77 and 81 to the EOT decoder 104. The decoder comprises a
      plurality of inverters 87 which invert all but the fourth and ninth bits
      and input said signals together with the fourth and ninth bit signals to
      NAND gate 89. On all occasions during message transmission, at least one
      input to gate 89 will be a logic zero and the output a logic one
      indicating that the end of message has not occurred. By design, the end of
      message character will comprise a logic zero output for all bits except
      bits four and nine which will be at a logic one resulting in all logic one
      inputs and a logic zero output at gate 89. A logic zero output at line 106
      is designated EOT and is communicated from the EOT decoder 104 through
      inverter 91 (FIG. 3) to flip-flop 108 along line L25 and directly along
      line L26 to flip-flop 108 for purposes later to be described. The
      flip-flop 108 operates in a fashion identical to flip-flop 71 earlier
      described except the clocking pulse at the clock terminal may originate
      from any one of three sources under the control of gate 71. However, in
      the serial input mode only the input gate connected to line 88 is
      effective to clock flip-flop 108 when a logic zero clock pulse occurs.
      Thus, when the end of transmission has been effected and a clock pulse
      occurs on line 88 flip-flop 108 will clock to a high output at line L27
      and the information contained within flip-flop 108 is transferred to
      flip-flop 110 upon receipt of the next character which is the final
      character of the message.
PAR  It is to be appreciated when the output at line L27 is transferred from
      flip-flop 108 to 110 the signal across gate 93 to flip-flop 40 occurs. As
      a result, the output of flip-flop 40 goes high and a signal issued along
      line L28 sets counter 100 for counting down by creating a logic one at the
      output of gate 95 at line L29.
PAR  Once the information is transferred from flip-flop 108 to 110 the output of
      flip-flop 110 is clocked high which output is communicated to gate 112.
      Thus, upon receipt of a logic one fA clock pulse along line L30 a logic
      zero clock pulse occurs at the output of gate 112 along line 114 which
      becomes an input to OR gate 116. It is important to realize that up until
      an end of transmission signal is created, the logic zero clock pulses
      occurring along lines 88 and 90 for each character received and input to
      OR gate 92 are passed as logic one clock pulses to inverter 96 and
      thereafter input as logic zero clock pulses to increment the up/down
      counter and to function as an input to OR gate 116, the remaining three
      inputs to OR gate 92 being inactive during said mode of operation. In the
      serial input mode prior to receiving an end of transmission signal, the
      only input to gate 116 is that occurring along line 98 as described, which
      creates a logic one clock pulse output along line 118, which signal is
      designated the BUFFER CLOCK signal. Once the end of transmission signal is
      created, it comprises, during the serial input mode, the only inputs to
      gate 116 thereby creating a logic one clock pulse along line 118 which is
      communicated to the clock driver circuit 13, best shown in FIG. 5.
PAR  During the serial input mode before the end of transmission signal is
      generated, the logic one signal at the output of gate 92 is also
      communicated along line L31 to unit busy flip-flop 45, clocking the output
      thereof to a logic zero resulting in a logic zero output from gate 41 at
      line 65 which is the UNIT BUSY/DTF.sub.1 signal.
PAR  With reference to the clock driver 13 shown in FIG. 5, the logic one clock
      signal appearing on line 118 is communicated to flip-flop 97 clocking the
      flip-flop 97 to a logic one output at line L32 which connects with shift
      register 99 (the shift register 99 comprising a plurality of flip-flops).
      A feedback line L33 which includes an inverter 101 also connects flip-flop
      97 with the last flip-flop of shift register 99. With the output line L32
      at a logic one free running clock signals along line L34 from circuit 19
      clock logic ones to the three illustrated output positions of register 99,
      the last logic one signal being fed back along line L33 resetting the
      flip-flop 97 and resulting in the clocking of zeros into shift register 99
      thereafter. The remaining two logic one outputs are communicated
      respectively to gate 103 in one instance and through inverters 105 and 107
      to OR gate 109 in the other instance. Thus, a logic one is communicated
      from gate 103 to an MOS memory clock driver 15 and a logic zero from gate
      109 to a second MOS memory clock driver 15. More specifically, upon
      receipt by shift register 99 of the first logic one input signal along
      line L32, gate 109 inputs a logic zero to its associated MOS memory clock
      driver 15 which input continues until receipt of the second logic zero.
      When the second logic one is received by shift register 99 the input from
      gate 103 to its associated MOS memory clock driver changes from a logic
      zero to a logic one which state continues until the first logic zero is
      communicated from flip-flop 97 to register 99.
PAR  Each MOS memory clock driver 15 functions as now described. If the input
      thereto is a logic one, transistor Q2 is on as are transistors Q3 and Q4.
      Transistor Q5 is off resulting in a -12 volt output signal, denominated
      phi 2.
PAR  When the input to the MOS memory clock driver 15 is a logic zero the
      reverse is true resulting in a logic one 5 volt phi 2 output signal.
      Diodes D2, D3 and D4 function to prevent saturation of transistor Q3
      thereby facilitating more rapid shut off. Resistor R4 is a current
      limiting resistor, resistor R5 a biasing resistor as are resistors R6 and
      R7. Resistor R8 serves to slow down fast rise time signals reducing output
      ringing. The capacitors C8 and C9 are noise bypass capacitors.
PAR  As indicated earlier the clocking signals phi 1 and phi 2 are communicated
      to the respective MOS shift registers of memory 76 and clock a given data
      message into that memory as described. Once the message has been placed in
      memory 76 it is desirable to shift the message to the output side of the
      MOS registers thereof. This is accomplished as described when the fast
      clock fA signals are rapidly processed through gate 112 and gate 16 after
      receipt of an end of message signal which, in a very rapid fashion shifts
      the data to the output and at the same time loads logic zeros received
      from registers 77 and 81 into the MOS segments of the memory 76. When the
      data has been shifted to the output side of memory 76 the output of
      inverters 111 will be the opposite of the data bit at the output of each
      MOS segment of memory 76. At least one of the signals at the output of
      inverters 111 will be a logic zero causing the output of gate 113 to be a
      logic one. This signal is communicated along line L36 (FIG. 4) to inverter
      115 (FIG. 5) resulting in a logic zero input to gate 117. The signal from
      circuit 19 input to gate 117 is logic one at this point in time resulting
      in a logic zero output at gate 117, which signal is denominated EQ ZERO on
      line L37. This signal is communicated to flip-flops 108 and 110 resetting
      each preparatory to the receipt of an additional message and the end of
      transmission thereof. Resetting flip-flop 110 terminates passage of the
      fast clock signals fA which leaves the data stored at the output of memory
      76. The EQ ZERO reset signal on line L37 results in the output of a logic
      one on line 120 which is communicated to gate 46 resulting in a logic zero
      output at line 48, denominated the DATA READY or DTF.sub.k signal. This
      tells the stacker crane controller that a message is in memory preparatory
      to commanding the stacker crane controller to form a desired operation.
PAR  After completion of the serial input mode, the system must necessarily
      thereafter function in the parallel output mode. The DSF signal,
      originated at the stacker crane controller is communicated along line 136
      to NAND gate 154. The input to gate 154 from flip-flop 164 indicates
      system is not in the serial output mode and places a logic one at that
      input. The DSF INHIBIT signal is also a logic one and indicates that the
      system is not in the serial input mode. Thus, all the inputs to gate 154
      are high and the output is a logic zero. This signal is communicated as
      mentioned along line L1 to inhibit the serial input mode at AND gate 14
      and to inverter 156 from thence along line 158 to enable gates 160 and 44.
      Since flip-flop 40 has been set at the end of transmission by a signal
      emanating from flip-flop 110 line 42 is at a logic one and line L28 at a
      logic zero. As a result, a logic one exists at the output of gate 160
      along line L38, denominated the DO ENABLE and the output of gate 44 is a
      logic one along line 128 and 126, denominated the DI ENABLE signal, the
      third input DTIF to the gate 44 being a logic one as an input from the
      stacker crane controller. The signal on line 128 enables the gate 130 to
      pass the DTIP signal thereby generating the BUFFER CLOCK pulse on line 118
      and clocking the counter down.
PAR  The DI ENABLE signal on line 126 (FIG. 3) is communicated to each of a
      series of NAND gates 119 (FIG. 4). This causes the data in the MOS
      segments of memory 76 to be passed to the stacker crane controller. The
      controller continues to execute the input/output instructions until the
      message within the memory 76 has been output at which time the counter 100
      will be at zero. At this point in time the two inputs to gate 121 from
      counter 100 will each be a logic one resulting in a logic zero on line
      134. This resets the UNIT BUSY and the DATA READY flip-flops 45 and 40
      through gate 123. Thus, the DATA READY and UNIT BUSY signals become a
      logic one. This concludes the parallel output mode of operation.
PAR  The parallel input mode will now be described in detail. After
      determination that the unit is not busy and there is a requirement that
      data be communicated from the stacker crane controller to the central
      processing computer, the DSF signal in the form of a logic one is caused
      to appear on line 136 at one input to gate 154. Since the unit is not in
      the serial output mode, the input from flip-flop 164 to gate 154 is also
      at a logic one. The DSF INHIBIT is at a logic one also, indicative that
      the system is not in the serial input mode. Thus, a logic zero appears at
      the output of gate 154. As a consequence, the output of gate 160 at line
      L38, the DO ENABLE signal, is a logic zero and the DI ENABLE signal on
      line 126 from gate 44 a logic zero. In the manner described earlier
      communication of the logic zero output from gate 154 is communicated along
      line L1 to gate 14 to inhibit the serial input mode.
PAR  The logic zero appearing at line L38 is also communicated along line L162
      through inverter 127 to enable NAND gate 140 to pass the DTOP signal from
      line 138 to line 142. This signal, a logic zero pulse, is communicated as
      one input to gate 71 and also as an input along line 144 to gate 92 and
      along line 146 to gate 148 for purposes yet to be explained. DO ENABLE
      signal along line L38 is communicated along L39 to enable the multiplexer
      153 to pass information from a controller through the multiplexer 153 to
      the shift register 77 and 81 and from thence to the MOS segments of memory
      76. The communication of controller data through the multiplexer 153
      occurs because the DO ENABLE signal is caused to appear as a logic one on
      line L40 and a logic zero on line L41, the former signal being
      communicated to each gate 129 and the latter to each gate 131. Thus, the
      gates 131 are inhibited because of the one zero input and the gates 129
      are enabled because of the one logic one input. Thus, the output of the
      gates 129 will be identical to the controller input to the same gate.
      Thus, the inputs to the gates 133 will either be a logic one and a logic
      zero or two logic zeros resulting in a logic zero or a logic one output,
      respectively. Each said multiplexer output from gates 133 is communicated
      to shift registers 77 and 81 and processed for storage and shifting to the
      output position in memory 76 as previously described. The DTOP signal
      passed through gate 140 (FIG. 3) and to gate 71 functions to increment
      flip-flops 108 and 110 in the same manner as described in conjunction with
      the signal appearing on line 88. The DTOP signal on line 142 and 144
      creates the BUFFER CLOCK signal on line 118 and clocks up the counter 100
      from line 98 as did the earlier described signal appearing on line 90 and
      the signal appearing on line 132 each of which are input to gate 92 at
      different times.
PAR  Also, the DTOP signal passed by gate 140 appears on line 146 as an input to
      gate 148, the other input to which is a logic one along line 180 resulting
      in a logic zero at the output along line 150, the signal being designated
      PE CLOCK signal. This signal is communicated from circuitry shown in FIG.
      3 to that of FIG. 4 being input to each of the registers 77 and 81. At the
      same time, the DO ENABLE signal passed by gate 83 is communicated to the
      same two registers placing the registers in the parallel entry mode so
      that parallel data is clocked into the registers 77 and 81 by the PE CLOCK
      signal. Upon receipt of the end of transmission signal, which produces a
      logic one pulse at the output of gate 93 on line 122, which is
      communicated to flip-flop 164 and flip-flop 40. Because the DO ENABLE
      signal communicated to flip-flop 40 is zero, the logic one pulse appearing
      on line 122 produces no change in flip-flop 40. To the contrary, the
      output from flip-flop 164 at line L194 becomes a logic zero terminating
      the parallel input mode.
PAR  At this point in time, the system is in the serial output mode with the
      data received from the stacker crane controller stored in memory 76 at the
      output. Because gate 154 is inhibited, the DO ENABLE signal at line L38 is
      a logic one causing the signal appearing at line 40 (FIG. 4) to be a logic
      zero thus inhibiting the gates 129 and the signal appearing on line L41 to
      be a logic one thus enabling the gates 131. In this condition, signals may
      not pass from the controller of the stacker crane through the multiplexer
      153 to shift registers 77 and 81 but rather information from memory 76 may
      be processed through gates 131 of the multiplexer 53 to the shift
      registers 77 and 81 the passage of signals through multiplexer 153 via
      gates 131 being essentially the same as the previously described passage
      via gates 129 of multiplexer 153. Thus, the data in memory 76 is presented
      at the parallel input terminals of the shift registers 77 and 81. In this
      condition, flip-flop 164 is clocked high while flip-flop 40 remains off.
      The logic zero on line L42 is also communicated as one input to gate 95
      which puts the counter 100 into the down count mode. With the foregoing in
      mind, the output at line 194 from flip-flop 164 is at a logic one which is
      input to gate 137 and to flip-flop 135, the output of which is a logic one
      also communicated to gate 137 and also along 198 to gate 200. Thus, the
      output of gate 137 is a logic zero which is communicated along line 199 to
      NAND gate 14 thereby inhibiting the serial input mode. Said logic zero is
      passed through inverter 168 and is input to gate 172 at line 170. At this
      point in time, the optional line 190 is disconnected. Also, the input
      signal fB comprising logic one pulses are communicated along line L43 to
      NAND gate 172 resulting in logic zero clock pulses to shift register 174,
      which comprises a series of flip-flops. In this condition, the feedback
      line L44 communicates a logic zero signal through gate 139 to another
      input to the register 174. Thus, the shift register 174 is used as if it
      were a counter the initial state of each flip-flop being a logic zero and
      successively becoming a logic one until signal on line 144 becomes a logic
      one at which time the input from gate 139 becomes a logic zero and the
      register 174 is again loaded with zeros. At this point in time the output
      of gate 139 becomes a logic one which is communicated as an input to gate
      92 resulting in the issuance of a BUFFER CLOCK signal on line 118 and
      counts the counter 100 down one increment.
PAR  As the shift register 174 is loaded with logic ones, the output on lines
      L45, L46, L47, L48, and L44 successively. When the state of line L45 is a
      logic one while the state of line L46 remains a logic zero, the two inputs
      to NAND gate 141 are high and the output a logic zero. This output
      constitutes the PEI signal communicated along line 178. This signal is
      inverted at 143 and, when input to gate 145 simultaneous with the input of
      a logic one clock pulse fB results in a logic zero output from gate 145
      along line 180 to gate 148. The other input to gate 148, the DTOP signal
      passed by gate 144 will be a logic one causing a logic zero output pulse
      along line 150, the PE CLOCK pulse. The PEI and PE CLOCK signals are
      communicated to the memory 57 as hereinbefore explained in conjunction
      with FIG. 4. More specifically, the PEI pulse, a logic zero, in
      conjunction with the DO ENABLE signal which is a logic one, produces a
      logic one output from gate 83 which is input to the previously described
      register 77 and 81 placing these units in the parallel entry mode and
      allowing PE CLOCK signal to clock the data from memory 76 through gates
      111, 131 and multiplexer 153 to the shift registers 77 and 81. The PEI
      signal is also communicated along line L49 to flip-flop 75 thereby
      resetting or placing it at a logic zero output condition.
PAR  With reference again to FIG. 3, once the state on line L46 to inverter 147
      becomes a logic one, the output state of gate 41 is reversed and the PEI
      and PE CLOCK signals terminate. At this point in time, one input to gate
      149 at line L50 is a logic zero while the signal from line L48 through
      inverter 151 is a logic one causing a logic one to appear on line L51.
      This is communicated as an input to gate 155 and also to gate 159 of the
      interface 10. This enables gate 155 to pass nine clocks along line 182,
      the SR SHIFT CLOCK signals to unload the data from memory 57 through
      inverter 157 (FIG. 4) along line 188, the TR DATA signals to the interface
      10 (FIG. 3). The indicated signal on line L51 also enables gate 159 to
      pass the TR DATA. Thus, when each input to gate 159 is a logic one, the
      output is likewise a logic one which stops current flow through diode D5
      thereby inhibiting optical transmission across the photocoupling member
      161 to the photodetector P2. This results in a logic zero being placed
      upon transmission line 8 to the central processing. In like manner, when
      the signal on line L51 becomes a logic zero, a logic one is communicated
      to transmission line 8. With the passage of time and additional
      incrementation of shift register 174 the signals on lines L46 and L48
      become logic zeros causing both inputs to gate 149 to become logic ones
      and placing the output thereof at ground. This terminates issuance of SR
      SHIFT CLOCK signals resulting in two logic zero inputs to gate 158
      allowing diode D5 to conduct thereby placing the transmission line at a
      logic one state. Once the counter 100 has decremented to zero, a logic
      zero appears at the output of gate 121 on line 134 placing a zero at the
      output of gate 123 which is communicated as an input to gate 163. The
      other input is at a logic one causing the output along line L52 to be at a
      logic zero. This signal is communicated to flip-flop 135 resetting the
      same. The same logic zero output from gate 123 resets the UNIT BUSY
      flip-flop 45 and flip-flop 164 thereby terminating the serial output mode.
      This results in a logic zero output from gate 168 terminating the clocking
      effect of register 174.
PAR  The hand shake mode of operation will now be described wherein the
      connector 190 of FIG. 3 is utilized. Specifically, once the register 174
      has cycled once, the connector 190 is enabled thereby causing the
      flip-flop 135 to clock to a high output on line 198. This momentarily
      terminates through gates 137 and 168 clocking of the register 174. Also,
      the line L4, which connects with NAND gate 14 the system is momentarily
      placed in the serial input mode awaiting a one bit logic zero pulse from
      the transmission line 8. The same low state output from flip-flop 135 is
      communicated along line 198 as an input gate 200 which enables AND gate 58
      to treat any lead to zero pulse on the transmission line as a noise pulse
      communicating a signal, a logic zero pulse via line L53 to gate 163
      thereby resetting flip-flop 135 and causing the register 174 to cycle an
      additional time. In this way, difference in speeds of operation between
      the transceiver and peripheral equipment may be synchronized.
PAR  Reference is now made to FIG. 5 and particularly to the count down network
      19 which originates clock pulses for the system. Input pulses to the count
      down network 19 originate with oscillator 26. Oscillator 26 comprises a
      crystal XTL to inverters 167 and 169, three capacitors C10, C11 and C12
      and to resistors R9 and R10. Capacitors C10, C11 and C12 are tuning
      capacitors to maintain the desired frequency of oscillation at crystal
      frequency. Resistors R9 and R10 are bias resistors and the inverters 167
      and 169 function as amplifiers with the resulting clock signal appearing
      at line L54 which is communicated as an input to gate 171 and fed back via
      line L55 to maintain oscillation. The gate 171 functions as a buffer, the
      clock pulses appearing at the output thereof being communicated via line
      L34 to shift register 99 of circuit 13 and via line L56 to a divide by ten
      counter 173. Counter 173 feeds a divide by sixteen counter 175 one output
      of which is inverted at 177 and comprises signal fA. One of the outputs of
      the counter 175 will be electrically coupled to the input L57 to divide by
      sixteen counter 179, depending upon the frequency output desired for a
      particular installation. Counter 179 outputs to divide by ten counter 181
      from which an output signal, inverted at 183 becomes signal fB. Two
      outputs of counter 179 are input to gates 185 and 187, the latter through
      inverter 189. The outputs of gate 185 and 187 become signals phi A and phi
      B, each at ten times the frequency of fB. The described signals are used
      in the system as earlier described.
PAR  With continued reference to FIG. 5 and particularly the lower portion
      thereof, a watchdog timer circuit is illustrated. This circuit the failure
      to receive end of transmission signal within a prescribed interval of time
      where transmission apparently has stopped. More specifically, upon receipt
      during the serial input mode, the first character, the BT8 signal is
      generated as previously described and communicated to one shot
      multi-vibrator 191 causing the output thereof at line L58 to be a logic
      zero. The logic one pulse BT8 is at the same time communicated via line
      L59 to flip-flop 193. Clocking the same to a high state at line L60 and a
      low state at L61. This is the DSF INHIBIT signal which is processed to
      gate 154 (FIG. 3) to inhibit the parallel input and parallel output modes.
      With line L60 at a logic one and L58 at a logic zero, the output from gate
      195 is a logic one which comprises the SET EOT signal which is
      communicated along line L62 to gate 71 and flip-flop 108. In this
      condition, flip-flops 108 and 110 continue to await an end of transmission
      signal.
PAR  With the appearance of each BT8 signal for each character received, the
      described condition of multi-vibrator 191 is refreshed. However, if the
      BT8 signal is discontinued, the one shot 191 will time out placing a logic
      one on line L58 and creating a logic zero on line L62. This is
      communicated as mentioned to gate 71 and flip-flop 108 causing flip-flops
      108 and 110 to treat that communication as if it were an end of
      transmission signal.
PAR  If in the meantime, the EOT CLOCK signal is received at line L63, upon
      passing gate 197, reset flip-flop 193 causing a logic zero to appear on
      line L60 thereby maintaining a logic one along line L62. At the same time,
      the parallel mode on line L61 is changed to a logic one (the DSF INHIBIT
      signal) allowing the system to function in the parallel input or parallel
      output mode. The described watchdog timer circuit may be reset to its
      initial condition by election of the operator to transmit the SYRT signal
      to gate 199. This clears flip-flop 193.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. Circuitry for preventing the use of erroneous data in a transceiver for
      controlling computerized stacker cranes comprising:
PA1  means receiving serial incoming signals comprising data bits and control
      bits including a lead control bit;
PA1  memory means for storing at least some of said control bits and all said
      data bits;
PA1  voting circuitry in communication with said memory means and to which said
      data bits and at least some of the control bits are communicated, said
      voting circuitry comprising signal comparator means;
PA1  sampling circuitry in communication with the voting circuitry and to which
      the lead control bit is communicated, said sampling circuitry comprising
      means subdividing the lead control bit into sub-parts, delay sampling
      means for examining intermediate sub-parts of the lead control bit and
      clocking the voting circuitry when the state of said intermediate
      sub-parts comprise a predetermined state, and means for thereafter
      clocking the voting circuitry causing the signal comparator means to vote
      on all said data bits and at least some of the control bits, whereby
      approved bits are communicated to said memory means, and means turning off
      the voting circuitry when the state of said lead control bit is other than
      said predetermined state.
NUM  2.
PAR  2. Circuitry according to claim 1 further comprising counter means
      comprising means which determine the number of bits communicated to said
      receiving means and means discontinuing the clocking of the voting
      circuitry by the sampling circuitry after a predetermined number of bits
      have been so counted.
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PAL  A Split Phase Bi-polar Date Receiver is contemplated which uses an Interval
      Detector to measure the time interval between excursions of the bi-polar
      signal away from zero. This time interval or bit period is compared to
      predetermined intervals associated with different types of received bits,
      i.e., data, synch, etc. A Synchronizing Pulse Counter is provided to
      enable the receiver only if a specific number of synch pulses have been
      received indicating that a valid message is following. The enabling signal
      conditions a Data Clocking Path and allows the data bits to be accepted
      by, stored-in, and read-out of the Receiver Data Register. If the incoming
      data bits are of the proper duration, the Time Interval Detector produces
      an output data pulse which together with the enabling signal from the
      Synchronization Counter allows the data bits to be entered into the
      Register. If, on the other hand, the time interval is not correct due to
      transmission errors which can result in lost pulses, or the introduction
      of extraneous noise pulses, the Time Interval Detector generates an Error
      Pulse which disables the Data Clocking Path and receipt and entry of data
      into the Receiver Data Register is terminated while a Data Invalid Output
      signal is generated.
BSUM
PAR  The instant invention relates to digital data receiving system and more
      particularly, one which detects the presence of the transmitted pulse by
      measuring the time interval or period between receiving pulses rather than
      the pulse width, per se, so that the presence of a pulse within the time
      period is an accurate indication of the receipt of the pulse.
PAR  The transmission of coded data from a transmitter to various electronic
      systems on an aircraft, for example, presents many formidable problems.
      The data must often be transmitted over many miles of cable or wire. In
      order to reduce the weight, cost and Electromagnetic Interference (EMI)
      often associated with data transmission systems, special coding techniques
      have been devised in which data, synchronizing and clock signals are
      combined and transmitted over a single wire. In addition, the wave shape
      of the transmitted pulses are often modified to reduce EMI by avoiding the
      transmission of pulses, such as rectangular pulses, which have very short
      rise and fall times. However, by modifying the rise and fall times of the
      data pulses, serious difficulties may arise in recovering the data at the
      receiving end, particularly if the data pulse rise and fall times vary
      widely due to load and transmission characteristics. Hitherto, data
      receivers have relied heavily on using the pulse width of the received
      signal as the discriminant for sensing, processing and decoding. The
      sensing of pulse width to recover the received data involves many
      difficulties. These difficulties are primarily related to the varying rise
      and fall times of the received pulses. If the rise and fall times vary
      widely, the detected pulse width can also vary widely since width
      detection techniques rely heavily on sensing a threshold or "detect" level
      of the pulse. As a result, the receiver can malfunction or provide
      erroneous data indications under certain transmitter loading conditions
      because the detected pulse width is not within specified limits even
      though the signal, as a whole, is within specified limits. Furthermore,
      receivers of this type usually cannot detect invalid or incorrect data
      resulting from transmission problems such as noise spikes or pulses.
      Consequently, incorrect data can be and is sent to the computer or other
      data utilization circuit.
PAR  Applicant has discovered that virtually all of these difficulties may be
      avoided and the data received, processed and decoded with great accuracy
      by detecting the period of the transmitted data bit rather than the data
      bit pulse width. The use of period, instead of a pulse width, as a
      processing discriminant, makes the receiver independent of the rise and
      fall times associated with the incoming data signal. That is, for any
      succeeding pair of data bits, the period between the leading edge of a
      pulse of one data bit and the leading edge of a pulse of the next data bit
      remaining constant even if the rise and fall times are quite variable. If
      the pulse width increases, for example, the interval between the end of
      the pulse and the beginning of the next pulse decreases. The period thus
      stays constant even though the pulse width has changed. Obviously, then if
      the pulse width is the measuring discriminant, the system is subject to
      measuring errors resulting from the pulse width variations.
PAR  It is, therefore, a principal objective of this invention to provide a
      receiver for digital data in which the receiver's ability to detect and
      decode the data is independent of the rise and fall times of the incoming
      signal.
PAR  Another objective of the invention is to provide a receiver for digital
      data in which the period of the incoming digital data bits is utilized as
      the processing discriminant.
PAR  Other objectives and advantages of the invention will become apparent as
      the description thereof proceeds.
PAR  The various objectives and advantages of the invention are realized in a
      receiver in which digital data in a Split Phase Bi-polar (SPBP) format is
      received and processed.
PAR  Bi-polar data is data in which each bit is represented by two successive
      pulses of opposite polarity. Thus, a logic "1" bit is represented by a
      positive pulse relative to ground followed by a negative pulse. A logic
      "0" bit, on the other hand, is represented by a negative pulse followed by
      a positive pulse. The duration or interval of the bi-polar bits is
      utilized to distinguish synchronizing bits from data bits.
PAR  If the proper number of synchronizing bits is received, an enabling signal
      is generated which conditions a Data Clocking Path so that it is capable
      of clocking the received data into a receiver Data Storage Register. The
      received bits are also processed in a Bit Time Interval Detector Path in
      which the time interval between successive bits (whether the full bit time
      for two pulses or a half bit time for one pules), i.e., departures from
      zero, is measured. Since the interval between succeeding bits is measured,
      it is obvious that the bit period which is constant is being measured. The
      time Interval Detector Logic puts out a Data Pulse if the time interval or
      period is correct for a data bit, a synch pulse if the time interval or
      period is correct for a synchronizing bit, and Error pulse if the time
      interval is other than that for a data or synchronizing bit, and a Dead
      Line Pulse if the time interval exceeds a predetermined value indicating
      the receiving line or transmission medium has gone dead. The Data Pulses
      from the Interval Logic are applied to the Data Clocking Path and clock
      data into the Receiver Data Storage Register.
PAR  The Synchronizing, Error, and Dead Line pulses from the Interval Timer
      Logic are utilized to disable the Data Clocking Path and stop further data
      storage if any of these pulses are generated after clocking of data into
      the register has been initiated but not finished. That is, once the Data
      Clocking Path has been conditioned by the enabling signal generated by the
      receipt of the proper synchronizing bit sequence, the receipt of any bit
      other than a data bit, indicates a data error and causes the Time Interval
      Detecting Logic Output to be either an Error, a Synch Present or a Dead
      Line Signal. These signals disable the Data Clocking Path terminating data
      transmission to the Receiver Storage Register, resetting all of the logic
      networks and generating a Data Invalid signal. it will be appreciated that
      by measuring time interval or period, data errors occurring both at the
      transmitting end and during transmission will readily be detected. For
      example, the loss of a bit pulse either in transmission or at the
      transmitter itself or the introduction of a noise spike changes the time
      interval sensed by the Time Interval Logic and produces an error signal
      which disables the Data Clocking Path and prevents erroneous data from
      being entered into the Register, while at the same time, producing a Data
      Invalid indication. The system, therefore, provides a simple and unique
      arrangement which inherently detects any transmission errors by utilizing
      the bit period as the processing discriminant.
DRWD
PAR  The novel features which are characteristic of this invention are set forth
      with particularity in the appended claims. The invention itself, both as
      to its organization and method of operation, together with further
      objectives and advantages, may best be understood by reference to the
      following description taken in connection with the accompanying drawings
      in which:
PAR  FIG. 1 is a block diagram of a receiver embodying the instant invention;
      and
PAR  FIGS. 2A -2N are timing diagrams depicting wave forms in various parts of
      the receiver of FIG. 1.
DETD
PAR  The receiver illustrated in FIG. 1, as pointed out previously, senses the
      time interval or period between succeeding received bits or half bits to
      determine the validity of the received data. By sensing the period and
      determining whether it meets predetermined acceptable criteria unique to
      the synchronizing and data bits, any sequence errors or addition of noise
      spikes or noise pulses, are readily detected since they change the time
      interval between bits. If there has been a sequence error, storage of the
      invalid data in the Receiver Register is stopped and a Data Invalid Signal
      is generated. If there have been no sequence errors and if the proper
      parity, in this case odd, has been detected, the data is stored in the
      Receiver Register and a Data Valid Signal is generated.
PAR  The input data to and the particular embodiment of the receiver for
      decoding the data is designed for a Split Phase Bipolar (SPBP) code. It
      will be appreciated, however, as the description of the invention
      proceeds, that the invention is not limited thereto and is applicable to
      other code forms.
PAR  The input data, as shown in FIG. 2A, is in the form of a 32 bit word
      preceded by 2 synchronizing bits all in the Split Phase, Bi-polar format.
      The input data is coupled to a Differential Line Receiver 10 which
      consists of two comparators which separate the positive and negative
      pulses of the bi-polar input signal and produces two positive pulse trains
      as shown in FIGS. 2B and 2C, representative respectively of the positive
      and negative pulses of each synchronizing and data bit. The incoming
      signal in this modified form is applied to a Data Conversion Path 11 in
      which the bi-polar data is converted to standard digital format for entry
      in the Receiver Data Register 12 through a Data Clocking Path shown
      generally at 13.
PAR  The pulse trains from Differential Line Receiver 10 are also applied to a
      bit time Interval Detector Path 14 in which the interval between
      succeeding pulses, (i.e., the interval between half bits of the bi-polar
      code shown in FIG. 2A) is measured to determine whether a data bit, or a
      synchronizing bit has been received or whether an error condition or a
      dead line (i.e., data transmission has been lost) condition exists. That
      is, if the measured time interval falls within a predetermined value
      associated with a data bit, a Data Pulse is generated. If the time
      interval falls within the range of values associated with a synchronizing
      bit a Synchronizing Pulse is generated. If the time interval is other than
      the values associated with a data bit, a synchronizing bit, an Error or
      Dead Line Pulse is generated depending on the interval value. The Data,
      Synchronizing, Error and Dead Line Pulses are generated at output
      terminals 15-18 of Interval Timer Path 14.
PAR  The synchronizing pulses from bit Interval Detector Path 14 appearing at
      terminal 16 are applied to a Synchronizing Pulse Counter Network 19 which
      generates an enabling pulse for Data Clocking Path 13 if the proper number
      of synchronizing Pulses have been received indicating that a valid message
      is following. The enabling pulse conditions the Data Clocking Path so that
      the Data Pulses from the Interval Timer can clock data from Data
      Conversion Path 11 into Receiver Data Register 12. If no enabling signal
      is generated in Synchronizing Pulse Counter Network 19, Data Clocking Path
      13 is disabled and no data is clocked into Register 12 ensuring that no
      data is entered into the Register unless the proper sequency of
      Sychronizing bits at the beginning of the transmission indicates a valid
      message.
PAR  Data pulses at output terminal 15 of Interval or Period Timer path 14 are,
      in a manner presently to be described, applied to an input terminal 20 in
      Data Clocking Path 13 and used to clock data into the Data Register. The
      Data, Synchronizing, Error and Dead Line pulses from Interval Timer Path
      14 are also applied as reset signals to Synchronizing Pulse Network 19 to
      reset that network if a synchronizing, error dead line pulse is generated
      after clocking of data into Data Register has begun. That is, with input
      data in the form of 2 synchronizing bits and 32 data bits, the Data
      Clocking Path is enabled by the synchronizing bits and then the Bit
      Interval Timer Path should generate 64 successive data pulses (i.e., one
      pulse for each half data but time interval in a bi-polar code) if a valid
      32 data unit message follows. Hence, if an Error, Synchronizing or Dead
      Line pulse is produced after the clocking path is enabled, this is a clear
      indication that a data bit has been lost or a noise spike has been
      inserted or some other transmission sequence error has occurred and the
      data is invalid. By resetting Synchronizing Pulse Network 19, Data
      Clocking Path 13 is disabled so that the erroneous or invalid data is not
      entered into the Receiver Data Register 12.
PAR  Data from Data Conversion Path 11 is also applied to a Parity Detection
      Network 21 which senses the parity of the input SPBP data. Parity Detector
      21 produces one output if the proper parity, which in the system presently
      to be described is odd parity, is detected and a different output if the
      wrong, or even, parity is detected. The output from Parity Detecting
      Network 21 is applied along with a signal from a 32 bit counter in Data
      Clocking Path 13 to a Data Validation Circuit 22. Data Validation Circuit
      22 produces a Data Valid Signal if the output pulse from Parity Network 21
      indicates that the proper, i.e., odd parity has been detected and the
      output from the clocking path indicates that 32 consequetive data bits
      have been received. If either the parity is in error or the Data Clocking
      Path has been disabled because there has been transmission sequence error
      and a data bit has been lost, etc., a Data Invalid signal is generated to
      indicate this condition.
PAC  DATA CONVERSION PATH
PAR  Data Conversion Path 11 includes a J-K Flip-Flop 33. The pulses from
      Differential Line Receiver 10 which represent the positive pulses of the
      received bits are applied to the J terminal to set the flip-flop and the
      pulses representing the negative pulses from the split phase bi-polar
      (SPBP) data to the K terminal. Clock pulses from a 1 MHz clock pulse
      source, not shown, are applied to the clock input terminal and the data in
      a return to zero digital form is recovered at Q terminal. The operation
      characteristic for a J-K flip-flop for various combinations of logic
      inputs is shown in the following Truth Table.
TBL  ______________________________________                                    
     J       K           Q.sub.OUTPUT  Q.sub.OUTPUT                            
     ______________________________________                                    
     0       0           Q             Q                                       
     0       1           0             1                                       
     1       0           1             0                                       
     1       1           Q             Q                                       
     ______________________________________                                    
PAL  The J, K columns show the logic state of the respective input terminals.
      The Q and Q columns show the states the Q and Q output terminals assume
      upon receipt of a clock pulse immediately after the J and K terminals have
      assumed the designated states. As the Q and Q terminals are always
      opposite their output states are always opposite for any given combination
      of inputs to the J-K terminals. Thus, with J and K both at logic "zero"
      states the Q and Q outputs remain in their prior states. With J at the
      logic "zero" and K at the logic "one" level the Q output goes to the logic
      "zero;" and Q goes to the logic "one" level with the next clock pulse.
      With J at logic "one" and K at K at logic "zero" Q goes to logic "one" and
      Q to logic "zero." With the J and K inputs both at logic "one" the Q and Q
      terminal simply reverse or "toggle" their former states with each clock
      pulse. If the output terminal was previously at logic "one" it goes to
      logic "zero" and if it was at logic "zero" it goes to logic "one."
PAR  The data output from flip-flop 30 is taken from the Q terminal and the
      digital data, as shown by the wave form of FIG. 2E, is coupled over an
      output lead to the data input terminal of a 32 bit serial to parallel
      shift register 31 which acts as the Receiver Data Register.
PAR  As may be seen in FIGS. 2B, from t.sub.0 to t.sub.1, the J terminal input,
      i.e., the positive pulses of the SPBP data of FIG. 2A, is at logic "zero."
      As shown in FIG. 2C, the K input, i.e., the negative pulses of the SPBP
      data of FIG. 2A, is also at logic "zero". Hence, the Q and Q outputs of
      Data Flip-flop 30, as shown in FIG. 2E remain in their previous states
      with Q terminal in the logic "one" state and Q in the logic "zero" state.
      The negative pulse output of differential receiver goes positive so that
      at t.sub.1 the K terminal input (representing the negative pulses of the
      SPBP data of FIG. 2A) goes to the logic "one" state. The J input remains
      at the logic "zero" state. The next clock pulse switches the Flip-Flop in
      accordance with the "Truth Table" discussed previously and the Q output
      goes to "zero. " The output at Q as shown in FIG. 2E, goes to the logic
      "one" state. At t.sub.2, the input to the K terminal returns to the logic
      "zero" state and both the J and K inputs are now at logic "zero" stat so
      that the output of Flip-Flop 30 remain the same, i.e., the Q output
      remains at logic "zero" and the Q output at logic "one." At t.sub.3 the
      input to the J terminal goes to the logic "one" state so that the J input
      to Data Conversion Flip-Flop 30 is now at logic "one" and the K input at
      logic "zero." According to the Truth Table for a J-K flip-flop the next
      clock pulse causes the Q terminal to go to a logic "one" state and the Q
      terminal goes to the logic "zero" state. It is obvious, therefore, that
      flip-flop 30 converts the incoming bi-polar bits to the conventional
      return to zero digital data format. Since, as pointed out previously, a
      logic "one" data bit in the bi-polar code is represented by a positive
      pulse followed by a negative pulse whereas a logic "zero" bit is
      represented by a negative pulse followed by a positive pulse, Flip-flop
      30, as shown in FIG. 2E, convert each bit in the SPBP format to a digital
      data bit in which a positive pulse represents a "one" bit and ground
      represents "zero" data bit during the second half of the bit interval when
      data is clocked into the register.
PAC  BIT TIME INTERVAL DETECTOR PATH
PAR  Bit Time Interval Detector Path 14 includes an Exclusive OR circuit 33
      which receives the pulse trains representing the positive and negative
      pulses of the SPBP data, as shown in FIGS. 2B and 2C, from Differential
      Receiver 10. Exclusive OR circuits are well-known devices which produce a
      positive output in response to a positive input at either one but not both
      of its input terminals. Exclusive OR circuit 33 therefore adds the two
      pulse trains to produce a pulse train having a pulse repetition frequency
      which is twice that of the individual pulse trains from Differential Line
      Receiver 10. This Derived Double Frequency (DDF) pulse train is shown in
      FIG. 2D. It can be seen from FIG. 2D that OR gate 33 produces an output
      pulse for each pulse in the pulse trains from Differential Line Receiver
      10, shown in FIGS. 2B and 2C. The interval between successive pulses in
      the double frequency pulse (DDF) train thus represents a one-half of the
      data or synchronizing bit interval and this timing relationship is
      utilized subsequently to determine whether any given bit is a data or
      synchronizing bit. The DDF pulse train from OR gate 33 is applied as a
      clock signal to a Synchronous Edge Detector 34 which produces a short, 1
      microsecond, for example, output pulse in response to each positive going
      pulse edge and a similar, short, 1 microsecond pulse in response to each
      negative pulse edge. Synchronous Edge Detector 34, may, for example,
      consist of a pair of monostable or "one-shot" multivibrators. One
      multivibrator is triggered by a positive-going pulse edge and the other
      one is triggered by the negative-going edge. The "one-shots" are triggered
      by the positive and negative edges of the DDF pulses and then return to
      their original states producing a short 1 microsecond pulse in response to
      each positive and negative going pulse edge from the DDF train. The pulse
      trains (representing the positive and negative-going edges) at the output
      of Edge Detector 34 are coupled over lead 36 to Half Bit Period Timer 35
      and over lead 37 and inverting amplifier 38 to Receiver Clocking Path 13.
      The pulses representing the positive-going edges of the DDF pulses are
      applied to Timer 35 and are utilized to reset a shift register, to clock
      an interval timer and to measure the interval between successive
      positive-going pulses edges and consequently, the period between alternate
      half bits. Half Bit Period Timer 35 includes a series/parallel shift
      register 39 which is clocked from a source of one MHz clock pulses and is
      reset by the pulses from Edge Detector 34 which represent the positive
      going or leading pulse edges of the DDF pulses. The pulses are applied to
      the register resetting terminal through an inverting amplifier 40 to reset
      register 39 to the zero count. The output from shift register 39 is in the
      form of a plurality of parallel outputs, not shown, which are coupled to
      Time Interval Detector 41 which is also enabled by the positive pulses
      from Edge Detector 34.
PAR  As the cock pulses are shifted through Register 39, successive parallel
      output lines go high. The precise number of pulses shifted through and
      hence, the number of output lines which go high is determined by the
      interval between the reset pulses from Edge Detector 34. Shift Register 39
      therefore shifts by an amount depending on the time interval between
      successive reset pulses. Since the interval between reset pulses
      represents the time interval between two successive positive going edges
      of the DDF pulse train which, in turn, represents one-half bit time, the
      output of register 39 is representative of the half bit period of the
      received signals.
PAR  Time Interval Detector 41 senses the shift register count and generates the
      data and synchronizing pulses. If the time interval represented by the
      count is consistent with the half bit or bit times for Data or
      Synchronizing bit, a Data or Synchronizing Pulse is produced at output
      lines 15 and 16. If the interval is not correct, an Error or Dead Line
      pulse is generated. Interval Detector 41 consists of a plurality of logic
      gates, not shown, which are connected to selected output lines from shift
      register 39. Each of the logic gates also have an input from the
      Synchronous Edge Detector so that there is an output from a particular
      logic gate only if the count in the serial register is such that the time
      interval falls within the predetermined interval associated with a
      particular bit for which that gate is set. For example, let it be assumed
      that for 32 bit word preceded by two synchronizing bits, as shown in FIG.
      2A, the half-bit time interval T for the various bits is as follows:
TBL  Data pulse:     8 .mu.s &lt; T &lt; 14 .mu.s                                    
     Synch pulse:    16 .mu.s &lt; T &lt; 30 .mu.s                                   
     Error pulse:    T &lt;8 .mu.s or 14 .mu.s &lt; T &lt; 16 .mu.s                     
     Dead Line pulse:                                                          
                     T &gt; 30 .mu.s                                              
PAR  Thus, for this combination of bit times, the logic gate for the data bit
      interval has one input from the edge detector, one input from the number 8
      pulse (8.mu.s) output line from shift register 39 and one input from an
      inverting amplifier connected to the number 14 pulse (14 .mu.s) line.
      Thus, the inputs to this particular gate are all positive when a positive
      pulse from the Synchronous Edge Detector is present, i.e., the end of a
      period is being measured, the number 8 line from shift register 39 is
      positive, indicating that at least 8 clock pulses have been shifted down
      the register (i.e., at least an 8 microsecond interval has transpired) and
      the number 14 line has not yet gone high (i.e., indicating that less than
      14 .mu.seconds have transpired). Since the number 14 line coupled to the
      logic gate through an inverting amplifier, it can be seen that all three
      inputs to the logic gate are positive if the time interval has been
      greater than 8 microseconds and less than 14 microseconds at the time the
      Positive pulse from the Edge Detector enables the logic gate. As a result,
      data pulses, as shown in FIG. 2F, are produced on pulse line 15. If the
      interval is less, or greater, than the interval for the data bit, then all
      the inputs to that logic gate will not be positive and there is no data
      pulse at output line 15. Similarly, a synch pulse is produced at the
      associated logic gate only if the time interval criteria for T, as defined
      previously are met. Thus, a short, 1 microsecond pulse is outputted on one
      of three output lines 15, 16 and 17 after every positive going edge of one
      of the DDF pulses to indicate whether the previous half bit period was an
      Error, Data, or Synch pulse. Line 18 produces a Dead Line pulse in that,
      as shown in FIG. 2I, it goes to ground when 30 microseconds has elapsed
      since the last edge pulse and stays at ground until the next pulse.
PAR  The data pulses on line 15 are applied both to Synchronizing Pulse Counter
      Network 19 to reset the network after an enabling signal has been
      generated in response to the proper number of synchronizing bits and to
      enable the Data Clocking Path to transfer data from Data Conversion Path
      11 into the Receiver Register. The Synchronizing pulses at output line 16
      of Period Timer 35 are applied to a Synch Pulse Counter 42 in
      Synchronizing Pulse Counter Network 19 to set the counter and produce the
      enabling signal for Data Clocking Path 13, if four (4) synchronizing
      pulses representing two (2) bits have been received in succession. As has
      been pointed out previously, if the proper number of synchronizing bits
      precede the message (in this instance, two synchronizing bits and hence, 4
      synchronizing pulses) it is an indication that a valid data message
      follows. Synchronizing Pulse Counter Network 19 counts the synchronizing
      pulses from line 16 and if four successive synch pulses are received as
      shown in FIG. 2G, an enabling signal as shown in FIG. 2I is provided which
      conditions Data Clocking Path 13 to clock data into the Register.
PAC  SYNCHRONIZING PULSE COUNTER NETWORK
PAR  Synchronizing Pulse Counter Network 19 includes Synch Pulse Counter 42
      which may be a serial/parallel shift register. The output from synch pulse
      line 16 of Period Timer 35 is applied to the clock input terminal of the
      shift register. The output of Pulse Counter 42 is applied to AND gate 43
      which has one input connected to the number 4 line of the shift register
      and the other input connected through an inverting amplifier, not shown,
      to the number 5 line. The Shift Register shifts the incoming synch signal
      serially through the register. Thus, if four successive synchronizing
      pulses are received from line 16, the number 4 output line of the register
      goes high. The number 5 line, on the other hand, is still down, because
      line 5 is coupled to Gate 43 by an inverting amplifier, not shown, the
      other input to the logic gate is also positive thereby producing a
      positive pulse, as shown in FIG. 2I after four synchronizing pulses. If
      only three synchronizing pulses are received, then the number 4 line is
      still down so that the output from AND gate 43 remains at ground.
      Similarly, if more than 4 synch pulses are received, the number 4 line
      will be positive but so will the number 5 line. As a result, the output to
      gate 43 from the inverting amplifier will be negative and gate 43 output
      remains at ground.
PAR  The output of AND gate 43 is applied as one input to gate 44, the other
      input of which comes from a reset AND gate 45 which has the Synch, Error
      and Dead Line and End of Word pulses applied to its input. The inputs to
      AND gate 45 from Synch, Error and Dead Line terminals 16-18 are high in
      the absence of an output pulse from lines 16-18. Thus, at the end of 4
      synchronizing pulses, the output of reset gate 45 as shown in FIG. 2J,
      goes back to a logic "one" since all of the inputs to the AND gate are
      again high or logic "one."
PAR  The inputs to AND gate 44 are, therefore, positive after 4 synchronizing
      pulses producing a positive output pulse which is applied to the J gate of
      a Synch Gate Flip-Flop 46. The K input to Flip-Flop 46 is from reset gate
      45, through an inverting amplifier 47. Thus, after 4 sequential synch
      pulses, the input to J terminal is at the logic "one" level and the input
      to the K terminal is at the logic "zero" level. The next clock pulse at
      the clock pulse terminal of Flip-Flop 46 therefore, drives the Q output of
      Flip-Flop 46 to the logic "one" level as shown in FIG. 2K, to produce the
      enabling signal which conditions Data Clocking Path 13 to shift data into
      register 12. The Q terminal of Flip-Flop 46 goes to the logic "zero" level
      and is applied through a Resetting Circuit 48, presently to be described,
      to a 32 bit counter in Data Clocking Path 13 to reset Flip-Flop 46 at the
      end of the 32 bit word.
PAR  Synchronizing Gate Flip-Flop 46 is reset by AND gate 45 whenever a Synch
      pulse, Error pulse or Dead Line pulse is received after initiation of data
      clocking into the register. That is, once the Synch Pulse Network has
      produced the enabling pulse for Data Clocking Path 13, the output of AND
      gate 45 is at a high or logic "one" level so that the Q output of
      Flip-Flop 46 is high. If, after initiation of data transfer, a Synch
      pulse, Error pulse, or Dead Line pulse appears at lines 16-18 before all
      32 data bits have been shifted, one of the inputs to AND gate 45 goes from
      the logic "one" to the logic "zero" level and the output of the gate goes
      to logic "zero." As a result, the K terminal of Flip-Flop 46 goes to the
      logic "one" level because of inverting amplifier 47. The setting of the
      J-K terminals reverse and the J terminal goes to "zero" and the K terminal
      goes to "one." According to the J-K Truth Table the Q terminal of
      Flip-Flop 46 goes to logic "zero"  level terminating the enabling signal.
PAR  Synch Pulse Counter Shift Register 42, on the other hand, is reset by AND
      gate 49, the inputs to which are the Data, Error and Dead Line pulses. The
      inputs to AND gate 49 are at the logic "one" or high level in the absence
      of Data, Error or Dead Line pulses. If, after 4 synch pulses have been
      received and the enabling signal generated, either Data, Error, or in some
      instances, Dead Line pulses are produced, the input to gate 49 goes to the
      logic "zero" or low level. The output of gate 49 momentarily goes to the
      logic "zero" level resetting Synch Pulse Counter 42 until the appearance
      of the next sequence of 4 synch pulses. Alternatively, if less than 4
      consecutive synch pulses appear (i.e., an Error pulse intervenes), the
      output of gate 49 also resets the Synch Pulse Counter. It can be seen,
      therefore, that Synchronizing Pulse Counter Network 19 produces an
      enabling signal for Data Clocking Path 13 whenever 4 synch pulses in a row
      are received from Period Timer 35. This enabling signal is terminated if
      32 data bits have been received and read into the Receiver Register or if
      Synch, Error or Dead Line pulses are generated by the Timer after data
      clocking has been initiated but before 32 valid bits have been received.
PAC  DATA CLOCKING PATH
PAR  Data Clocking Path 13 clocks data into the Receiver Data Register during
      the second half of each SPBP bit time, i.e., the second of the pulses
      generated for every SPBP bit is used to generate the data pulse which
      clocks the data bits into the register and this allows every other
      Negative Edge pulse from Synchronous Edge Detector 34 to clock the Data
      Register. To this end, the Data pulses from lead 15 of Time Interval
      Detector 41 are utilized as clock pulses for a Clock Gate Flip-Flop 50.
      Flip-Flop 50 has the enabling signal from Synch Gate Flip-Flop 46 of
      Synchronizing Pulse Counter Network 19 applied both to its J and K
      terminals. With both of the J and K terminals at the logic "one" level,
      the Q output of this Flip-Flop reverses state or "toggles" with every
      input clock pulse. As shown in FIG. 2F the first Data pulse from Period
      Timer 35 is generated at the end of the first half of the first SPBP data
      bit. Flip-Flop 50 is initially reset and its Q output is at logic "zero"
      so that Flip-Flop 50 is "toggled" to the logic "one" state during every
      odd numbered data pulse (1, 3, 5 generated during the second half of every
      bit time) and is "toggled" to the logic "zero" state during every even
      numbered data pulse (2, 4, etc. which are generated during the first half
      of every bit time).
PAR  The output of Clock Gate Flip-Flop 50, as shown in FIG. 2L thus goes
      positive during the second half of each bi-polar data bit. The output of
      Flip-Flop 50 is applied as one input to NAND gate 51 which receives the
      negative or trailing edge pulses from Synchronous Edge Detector 34 and
      inverting amplifier 38. NAND gate 51 produces a negative output only if
      the output from Flip-Flop 50 is high and a positive pulse is received from
      Synchronous Edge Detector 34 and inverting amplifiers 38. If the output of
      Flip-Flop 50 is low, as it is during the first half of each SPBP bit, gate
      51 is blocked. Thus, the output of NAND gate 51 acts as a clocking or Data
      Strobing element. The negative pulse from NAND gate 51 is applied to
      inverting amplifier 52 which is connected to the clock terminal of 32 bit
      serial/parallel shift register 31. Thus, during the second half of each
      SPBP bit pulse derived from the negative going edge of the incoming data
      bits, Gate 51, generates a positive clock pulse shown in FIG. 2M for the
      Data Register which allows data from Data Conversion Path 11 to be shifted
      into the Register and stored. It can be seen that gate 51 produces a
      negative pulse only when the output at the Q terminal of Clock Gate
      Flip-Flop 50 is high or logic "one," which occurs during the second half
      of the SPBP bit time. This negative output clock pulse is applied to
      Inverting Amplifier 52 to Strobe Data Register 12.
PAR  The output of gate 51 is also applied as an input to a 32 bit Counter which
      resets Gate 45 in the Synchronizing Pulse Counter network to terminate the
      enabling signal for Clock Gate Flip-Flop 50 if the proper number of data
      bits have been received and the message is finished. Thus, if 32
      consecutive correct data bits are received after the synchronizing bits
      have enabled the Data Clocking Path, a positive output signal is generated
      from Bit Counter 53. This pulse is applied to inverting amplifier 54 which
      produces a negative pulse which is applied to the input of gate 45 and
      drives the output of that Gate from the logic "one" to the logic "zero"
      level. This resets Synch Gate Flip-Flop 46 and terminates the enabling
      signal for Clock Gate Flip-Flop 50. The entire system is thus reset and
      ready to receive the next message.
PAC  PARITY DETECTING NETWORK
PAR  The Parity Detecting Network 21 includes a parity checking J-K Flip-Flop 60
      having both its J and K terminals connected through line 61 to the Q
      output of Data Conversion Flip-Flop 30. The clock terminal of Parity
      Checking Flip-Flop 60 is connected to the output of logic gate 51 in the
      Data Clocking Path. Every time a logic "one" Data signal is received from
      Data Flip-Flop 30, both the J and K terminals of Flip-Flop 60 are at logic
      "one." The negative clock pulse from logic gate 51 simply reverses or
      "toggles" the Flip-Flop state each time a "one" data bit is shifted into
      the Data Register. The output of the Flip-Flop remains the same every time
      a logic "zero" is shifted in. Since Parity Flip-Flop 60 is originally
      reset to the logic "zero" state, a logic "one" at its output after the
      last data bit is shifted into the Register, indicates that the Flip-Flop
      output has been switched or "toggled" an odd number of times during the 32
      bit word, i.e., that an odd number of logic "one" data bits have been
      entered into the Data Register which means that the signal has odd parity
      and is acceptable. If the parity is odd then the output of Flip-Flop 60 at
      the end of the 32 bit word is a logic "one." This signal is applied to
      Data Validation Circuit 23 which remembers the output state of the Parity
      Detection Network and the output of the 32 Bit Counter from the Data
      Clocking Path. In other words, if the parity is coreect and 32 data bits
      have been received in sequence, this is an indication that the data is
      valid and a signal is generated at the output of the network indicating
      that this is, in fact, so. If, on the other hand, the parity is not odd or
      if 32 data bits have not been received, then the output of this network
      indicates a data invalid condition.
PAC  DATA VALIDATION CIRCUIT
PAR  Data Validation Circuit 23 includes a logic gate 62, one input of which is
      connected to Parity Flip-Flop 60 and the other input of which is connected
      to the output of 32 Bit Counter 53. If the output from Parity Flip-Flop 60
      is at a logic "one" indicating odd parity, one input to logic gate 62 is
      high and if 32 data bits have been counted, the output of Bit Counter 53
      goes high. Both inputs to logic gate 62 are, therefore, high and as a
      result, the output of Gate 62 which is applied to a Data Valid Flip-Flop
      63 goes to a logic "one" level. The output of gate 62 is applied directly
      to the J terminal to Flip-Flop 63 and to the K terminal through an
      inverting amplifier 64. The output of Synch Gate Flip-Flop 46 which is the
      enabling signal for the Data Clocking Path is applied to the clock
      terminal of Flip-Flop 63 over lead 65. Thus, if the output of gate 62 goes
      to the logic "one" level the J and K terminals of Data Valid Flip-Flop 63
      are respectively at the "one" and the "zero" level. When the enabling
      signal from Synch Gate Flip-Flop 46 terminates, the negative going edge of
      the enabling signal shifts the output of Data Valid Flip-Flop 63 to a
      logic "one" level indicating a Data Valid condition, i.e., parity is
      correct and 32 bits have been counted. If, on the other hand, either the
      parity is incorrect or 32 data bits have not been received by the time the
      enabling signal is terminated, (i.e., an Error pulse has been received,
      for example), the output from the 32 Bit Counter 53 or from Parity
      Flip-Flop 60 is at the logic "zero" level. The output of logic gate 62
      remains at the low or logic "zero" level so that the J and K terminals of
      Data Valid Flip-Flop are respectively at the "zero" and "one" level.
      Termination of the enabling signal which applies a negative clock pulse to
      the clock terminal of Flip-Flop 63 now switches Flp-Flop 63 to a logic
      "zero" state indicating a Data Invalid condition.
PAR  Whenever the enabling pulse from Synch Gate Flip-Flop 46 is terminated,
      whether due to the fact that the full 32 data bit message has been
      received or because an error condition has been detected, the output of
      the Q terminal of Synch Gate Flip-Flop 46 goes from the logic "zero" to
      the logic "one" level. This logic "one" signal is applied along with a
      clock pulse to logic gate 70 in Reset Circuit 48. Gate 70 has its output
      connected to the reset terminal of Parity Flip-Flop 60 and through an
      Inverting Amplifier 71 to the reset terminal of Bit Counter 53. Thus, when
      the enabling signal is terminated, a delayed reset signal is generated at
      the output of Logic Gate 70 which resets Bit Counter 53 and Parity
      Checking Flip-Flop 60. The Q terminal of Flip-Flop 60 is reset to the low
      or logic "zero" state so that the Flip-Flop is ready to provide an
      indication of the data parity of subsequent message.
PAR  In summary, it can be seen that a data receiver arrangement has been
      provided in which the period of the received bits is utilized as the
      processing discriminant in that the time interval between successive data
      bits is determined and compared to predetermined interval values to sense
      whether a proper data or synchronizing bit has been received or whether a
      transmission error has occurred which invalidates the data. As a result,
      errors due to variations of the rise and fall times associated with the
      transmitted digital bits is minimized and the receiver operation
      effectively becomes independent of the rise and fall times associated with
      incoming signal. Furthermore, the ability of the receiver to detect
      invalid data due to transmission errors, greatly increases the accuracy
      and credibility of the output data.
PAR  While a particular embodiment of this invention has been shown and
      described, it will, of course, be understood that the invention is not
      limited thereto since many modifications thereof may be made. It is
      contemplated by the appended claims to cover any such modifications which
      fall within the true spirit and scope of this invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In a data receiver for decoding digital data, the combination
      comprising,
PA1  a. means to extract the data from the received digital signal which
      includes a plurality of synchronizing and data bits,
PA1  b. a data storage means for storing received data,
PA1  c. Bit Period Timer means for determining from the bit period whether each
      received bit is a data or synchronizing bit or whether a transmission
      error has occurred including,
PA2  1. means for measuring the time interval between successive pulses of each
      received bit,
PA2  2. means for comparing the measured interval with predetermined intervals
      associated with data and synchronizing bits to produce data and
      synchronizing pulses if the measured intervals are the same as the
      predetermined intervals,
PA1  d. A Data Clocking Path associated with said Data Storage means for
      clocking received data from said data extraction means into said register,
      and,
PA1  e. means for coupling Data Pulses from said Bit Period Timer means to said
      Data Clocking Path as enabling pulses for said clocking path to permit
      clocking of data into said register only if the received bit period as
      determined by the Bit Period Timer indicates a valid data bit has been
      received.
NUM  2.
PAR  2. The data receiver according to claim 1 wherein said Bit Period Timer
      means includes a shift register having clock pulses shifted down the
      register, means for resetting said register in response to successive
      pulses of each reset bit, logic means coupled tp to the output of said
      shift register to measure the count entered into said register during each
      interval to determine whether the interval represents a data,
      synchronizing or error bit and to produce output pulses for these various
      bits.
NUM  3.
PAR  3. The data receiver according to claim 1 further including a synchronizing
      pulse counter network including means to produce an output signal if a
      predetermined number of synchronizing pulses are received from the Bit
      Period Timer indicating that the proper number of synchronizing bits
      associated with a valid message have been received, and means to couple
      the output signal from said Synchronizing Pulse Counter Network to said
      Data Clocking Path so that said Clocking Path is enabled to clock data in
      response to the data pulses only if the Synchronizing Pulse Counter
      Network indicates that the proper number of synchronizing bits have been
      received.
NUM  4.
PAR  4. The data receiver according to claim 1 wherein said incoming digital
      signal is in the bi-polar format and the said Bit Period Timer measures
      the interval between successive pulses to determine the half bit period of
      each bi-polar bit.
NUM  5.
PAR  5. The data receiver according to claim 4 including means to convert the
      bi-polar bits into a positive pulse train having one pulse for each pulse
      in the bi-polar bit whereby the frequency of said pulse train is twice the
      bit frequency, detector means to produce edge pulse trains in response to
      each departure of the double frequency pulses in positive and negative
      going directions, a shift register having clock pulses shifted down the
      register, means coupling one of said edge pulse trains to the reset
      terminal of said shift register to reset said register in response to
      successive pulses in one of said edge pulse trains, logic means coupled to
      said shift register and actuated in response to each pulse in said edge
      pulse train to measure the count entered into said shift register during
      each interval, and means to generate Data, Synchronizing or Error pulses
      based on the elapsed interval, said measurement of said count taking place
      during the second half of each bi-polar bit so that data is entered during
      the second half bit time.
NUM  6.
PAR  6. The data receiver according to claim 5 wherein the Data Clocking Path
      includes a Flip-Flop which is enabled from said Synchronizing Pulse
      Counter Network to switch states for successive clock pulses, means for
      coupling data pulses from said Bit Interval Timer as clock pulses to said
      Flip-Flop, clock pulse gating means coupled to the output of said
      Flip-Flop and said edge detector means, said clock pulse gating producing
      an output clocking pulse for said Data Register during the second half of
      each bi-polar data bit so that data is entered during the second half bit
      time.
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ABST
PAL  Method and apparatus are described for storing and retrieving data in the
      form of double-frequency coherent-phase signals having a plurality of "n"
      data bits, and particularly for making a parity check of such data. To
      make the parity check, the level of the signal is sampled at a first point
      between the beginning and middle of the first data bit, and at a second
      point between the middle and the end of the "n"th data bit. The levels of
      the two samples are compared, and a parity bit is generated of a level
      determined by whether "n" is an odd or even number, and whether there is
      to be odd or even parity. Described is a parity generating means in the
      form of an EXCLUSIVE-OR logical network to provide odd parity when "n" is
      an even number, or to provide even parity when "n" is an odd number. Also
      described is an equivalent logical network which can be used for effecting
      an even parity check when "n" is an even number, or an odd parity check
      when "n" is an odd number.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to methods and systems for storing and
      retrieving data, particularly data in the form of double-frequency
      coherent-phase signals, and especially concerns the technique of making a
      parity check of such data signals.
PAR  The double-frequency coherent-phase code is one technique for storing and
      retrieving information with respect to a data storage device, such as a
      magnetic record medium. In such a code, each binary bit experiences a
      change in level or polarity at the beginning and end of the bit. The
      double-frequency code involves the use of two frequencies, a unit
      frequency providing one complete cycle of flux change within a bit, and a
      double-unit frequency providing one-half cycle of flux change within a
      bit. Thus, the binary "1" may be represented on a magnetic record medium
      by a change in magnetization from a negative sense to a positive sense, or
      vice versa, at the centre of the bit; and the binary "0" would be
      represented by the absence of a change in magnetization at the centre of
      the bit.
PAR  Accordingly, when a binary digit is read from the storage device in a
      system based on such a code, a critical portion of the read signal is
      examined and within a precise time interval, or "sampling window", near
      the centre of the bit or cell, to determine the presence or absence of a
      polarity or level transition.
PAR  A parity check is a technique commonly used to determine whether the data
      retrieved or read-out of a storage device is exactly the same data
      originally stored or read-into the device. This method of checking for
      parity is executed by adding a parity bit to the data signal, the latter
      being in the form of a word having a plurality of data bits. In the case
      of an even parity check, if the data signal being stored has an even
      number of binary 1's, a "0" is recorded as the parity bit; and if the data
      signal has an odd number of binary 1's, a "1" is recorded as the parity
      bit. In the case of an odd parity check, the parity bit added would be the
      appropriate one to provide an odd number of binary 1's to the data word.
      Each time a data signal having a plurality of data bits is retrieved from
      the storage device, the number of 1's is sensed and compared with the
      parity bit. If they are alike, the data processing system continues to
      operate, but if they are unalike, an error signal is produced to indicate
      this error.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a simplified method and system for
      generating a parity bit for parity checking a double-frequency
      coherent-phase data signal. The present invention also provides a method
      and system for storing and retrieving information in a reliable manner by
      using the simplified parity check.
PAR  According to one aspect of the present invention, therefore, there is
      provided a method of generating a parity bit for parity checking a
      double-frequency coherent-phase data signal having a plurality of "n" data
      bits, comprising the steps of: sampling the level of the signal at a first
      point between the beginning and middle of the first data bit; sampling the
      level of the signal at a second point between the middle and the end of
      the nth data bit; comparing the levels at said two sampled points; and
      generating in response to said comparison a parity bit of a level as
      predetermined by whether "n" is an odd or even number and whether there is
      to be odd or even parity.
PAR  According to a more specific aspect, the method of checking parity as set
      forth above is one wherein a parity bit of a "1" level is generated when
      "n" is an even number and one sampled level but not both are a "1", or
      when "n" is an odd number and neither or both sampled levels are a "1";
      and wherein a parity bit of a "0" level is generated when "n" is an even
      number and one sampled level but not both are a "1", or when "n" is an odd
      number and neither or both sampled levels are a "1".
PAR  According to another aspect of the invention, there is provided a system
      for generating a parity bit for parity checking a double-frequency
      coherent-phase data signal having a plurality of "n" data bits comprising:
      first sampling means sampling the level of the signal at a point between
      the beginning and middle of the first data bit; second sampling means
      sampling the level of the signal at a point between the middle and the end
      of the nth data bit; and means generating from both said samples a parity
      bit of a level as predetermined by whether there is to be odd or even
      parity.
PAR  Such a system may take several different forms. In one form, "n" is an even
      number and the parity generating means comprises an EXCLUSIVE-OR logical
      network providing odd parity. In a second form "n" is an odd number, and
      the parity generating means comprises an EXCLUSIVE-OR logical network
      providing even parity.
PAR  In a further arrangement, "n" is an even number and the parity generating
      means comprises an EQUIVALENT (i.e. an inverted EXCLUSIVE-OR) logical
      network providing even parity; and in a still further arrangement, "n" is
      an odd number and the parity generating means comprises an EQUIVALENT
      logical network providing odd parity.
PAR  It will thus be seen that with the method and system of the present
      invention, a parity check can easily be made by merely sampling portions
      of the first and last data bits, without sensing the complete word or
      other information from the data bits inbetween the first and last ones.
      The parity check can thus be implemented with simpler and less expensive
      circuitry.
PAR  Further features and advantages of the invention will be apparent from the
      description below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  To better aid in understanding the present invention, it is described below
      with reference to two preferred embodiments thereof illustrated in the
      accompanying drawings wherein:
PAR  FIG. 1 illustrates one system constructed in accordance with the invention
      for recording and reproducing data with respect to a machine-readable
      card;
PAR  FIG. 2 illustrates a series of timing signal wave-forms involved in the
      system of FIG. 1; and
PAR  FIG. 3 illustrates a modification of the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiment of the invention illustrated in the drawings is a
      system for recording and reproducing data with respect to a
      machine-readable record medium. In this case, the record medium is a
      magnetically-encoded credit card in which the data is recorded in the form
      of magnetic stripes on a predetermined location on the card. Such devices
      are used in automatic currency dispensers, for example, wherein the user
      inserts into the machine his personalized credit card having identifying
      and other data magnetically recorded thereon, the card controlling the
      apparatus to dispense a predetermined amount of currency to the user and
      also to record this information on his card. Such systems are known and in
      commercial use, and therefore further particulars are not deemed
      necessary.
PAR  The present invention is concerned primarily with making a parity check
      with respect to the data recorded on the user's card and the data
      reproduced from the user's card, to minimize the possibility of error
      between the two.
PAR  In FIG. 1, the user's credit card is generally designated 2 and includes a
      stripe 4 of magnetizable material on which data is magnetically encoded by
      means of a magnetic recording and reproducing head 6. Read and write
      amplifiers, generally designated by box 8, feed the data to and from the
      magnetic head 6. The data fed to the head is supplied from a Central
      Processor 10 via a Read/Write Processor 12 and input line 14. The data
      read-out of the magnetic card 2 via head 6 is fed via a decoder 16 and the
      Read/Write Processor 12 to the Central Processor 10.
PAR  The Central Processor 10 and the Read/Write Processor 12 may both be well
      known and commercially available units, and therefore only those portions
      involved in the present invention are described below.
PAR  The data to be written on card 2 supplied from Central Processor 10 is in
      the form of 4-bit parallel hexadecimal digits in the application
      described. It is fed via line 18 to a parallel-to-serial converter 20 of
      the Read/Write Processor 12. A Control Logic Unit 22 in Processor 12
      time-shares, via line 24, the feeding of this data to the card 2.
PAR  The four bits of data exit from converter 20 in serial form, and after
      having the parity bit added in unit 26 as to be described below, are fed
      in binary form to an encoder 28. The latter encoder converts the signal to
      a double-frequency coherent-phase (F-2-F) signal which is fed via line 14
      and amplifier 8 to magnetic head 6 for encoding on the card.
PAR  The double-frequency current-phase signal outputted from encoder 28 is also
      fed to two sampling circuits, 30 and 32. Sample circuit 30 samples and
      stores the level of the signal at a point between the beginning and middle
      of the first data bit, preferably just after the beginning of the first
      data bit. Sample circuit 32 samples the level of the signal at a point
      between the middle and the end of the last (fourth) data bit, preferably
      just after the middle of that bit, or of approximately 70% of the bit
      time. The two samples are then fed to an EXCLUSIVE-OR logical network 34,
      the output of which network constitutes the parity bit fed to unit 26
      which adds same to the initial data signal.
PAR  FIG. 2 illustrates the wave-forms in the described example involving an
      even number (4) data bits and odd parity. In the example illustrated in
      FIG. 2, there are two data signals or words, W1, W2. Word W1 includes four
      data bits, B1-1 to B1-4 and a parity bit PB1; and word W2 includes four
      data bits B2-1 to B2-4 and a parity bit PB2.
PAR  Also in FIG. 2, wave-form V represents the binary value of the data and
      parity bit signals; wave-form X represents the signal at sampling point A
      effected by sample circuit 30; wave-form Y represents the signal at
      sampling point B effected by sample circuit 32; and wave-form Z represents
      the signal output from EXCLUSIVE-OR logic network 34 which is the parity
      bit added to the data signal in unit 26.
PAR  As shown in FIG. 2, the four bits of signal W1 are, respectively, 0, 1, 0
      and 1, it being appreciated that the code is a double-frequency
      coherent-phase one in which a "0" is represented by no level or polarity
      change within the bit, and a "1" is represented by there being a level or
      polarity change within the bit. Thus, sample circuit 30 samples the first
      signal W1 at the beginning (point A) of the first bit B1-1, and since that
      signal (V) is high at that point, the sampled signal will also be high as
      shown by signal X at point A. Sample circuit 32 samples the first signal
      W1 shortly after the middle of the last bit, at point B, and since the
      signal is low at that point, the sampled level will also be low, as shown
      by signal Y at point B.
PAR  The EXCLUSIVE-OR circuit 34 thus receives, at one input, the high level
      signal X, and at the second input the low level signal Y, and therefore
      the output of the EXCLUSIVE-OR network 34 (at point C, which is shortly
      after point B) is high. This high level signal, representing a "1", is the
      parity bit added to the data signal by unit 26.
PAR  With respect to the second data signal W2 illustrated in FIG. 2, it will be
      seen that its four bits are, respectively, 1, 0, 1, 1. Accordingly, when
      sampling circuit 30 samples the signal at the beginning of its first bit
      (point A), the output of the sampling circuit will be a "1" as represented
      by signal X in FIG. 2; and when sampling circuit 32 samples the signal
      just after the middle of its fourth bit (point B), the output of the
      sample circuit will also be a "1" as represented by signal Y in FIG. 2.
PAR  With respect to the second data word W2, therefore, the EXCLUSIVE-OR
      circuit 34 receives two 1's as its input; accordingly, it produces a "0"
      output as represented by signal Z at point C immediately following point
      B. The parity bit generated for signal W2 will thus be a "0", this parity
      bit being added to the data signal by unit 26.
PAR  The timing and control of sampling units 30 and 32 is effected by the
      Control Logic Unit 22 in the Read/Write Processor 12 in any well-known
      manner. This Control Logic Unit also controls other units of the system,
      including encoder 28, the parity bit adder unit 26, and the
      parallel-to-serial converter 28 as shown by the line connections to these
      units.
PAR  The information recorded on the magnetic card 2 will therefore include not
      only the double-frequency coherent-phase data signals (4 bits), but also
      the parity bit generated in the manner described above.
PAR  A parity check is made on the information read-out of the card via magnetic
      head 6 in the following manner.
PAR  The information from head 6 is fed via amplifier 8 to decoder 16, wherein
      the encoded signal is decoded into binary form, and is then fed to Central
      Processor 10 via serial-to-parallel converter 36 and its output line 38.
      The signal outputted from amplifier 8 is also fed via line 39 to two
      additional sampling circuits, 40 and 42, corresponding to sampling
      circuits 30 and 32 of the read-in system.
PAR  Sampling circuit 40 performs the same function with respect to the read-out
      signal supplied from line 39 as sampling circuit 30 performs with respect
      to the read-in signal supplied from line 14; namely, it samples the level
      of the signal at point A of FIG. 2, shortly after the beginning of the
      first bit, producing the sample signal X of FIG. 2. Similarly, sampling
      circuit 42 performs the same function with respect to the read-out signal
      as sample circuit 32 performs with respect to the read-in signal; namely
      it samples the level of the signal at point B of FIG. 2, shortly after the
      middle of the last (fourth) bit, producing the sample signal Y of FIG. 2.
PAR  The output of the two sample circuits 40, 42, are fed to EXCLUSIVE-OR
      network 44. The output (signal Z of FIG. 2) of the latter network is the
      parity bit. The so-produced parity-bit is fed to parity check circuit 46,
      and a parity check is made between the parity bit from the EXCLUSIVE-OR
      circuit 44 and the parity bit from the read-out signal fed thereto via
      decoder 16 and line 48.
PAR  If the two parity bits do not match, parity check circuit 46 produces an
      error signal on its output line 50, which signal is supplied to Central
      Processor 10.
PAR  The circuit of FIG. 1 utilizing the EXCLUSIVE-OR logical networks 34 and 44
      thus performs an odd parity check with respect to a double-frequency
      coherent-phase data signal having an even number of data bits. In the
      example described, the number ("n") is four, but it will be appreciated
      that the same circuit could be used with any other even number.
PAR  In addition, the same circuit utilizing the EXCLUSIVE-OR networks, 34, 44,
      could also be used to perform an even parity check with respect to a
      double-frequency coherent-phase data signal having an odd number of data
      bits.
PAR  With a slight modification, by changing the EXCLUSIVE-OR logical networds
      34, 44, to their inverted counterparts, or EQUIVALENT logical networks,
      the same circuit can also be used for effecting an even parity check with
      respect to a data signal having an even number of data bits, or to perform
      an odd parity check with respect to a data signal having an odd number of
      data bits.
PAR  The latter modification is exemplified by FIG. 3 illustrating the same
      circuit as FIG. 2(similar parts being identified with the same reference
      numerals as in FIG. 2), except that instead of using EXCLUSIVE-OR logical
      networks 34, 44, for the outputs of the sampling circuit 30, 32, 40, 42,
      there are used EQUIVALENT logical networks 134, 144, the output of which
      are inversions of the output of the corresponding circuits 34, 44 in FIG.
      1. These outputs are also supplied to the Add Parity Bit and Parity Check
      circuits, corresponding to circuits 26 and 46, respectively, for making
      the parity check.
PAR  Many other modifications, variations, and applications of the illustrated
      embodiment will be apparent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of generating a parity bit for parity checking a
      double-frequency coherent-phase data signal having a plurality of "n" data
      bits, wherein whether "n" is an odd or even number and whether there is to
      be an odd or even parity check have both been predetermined beforehand,
      the method comprising the steps of:
PA1  sampling the level of the signal at a first point between the beginning and
      middle of the first data bit;
PA1  sampling the level of the signal at a second point between the middle and
      the end of the "n"th data bit;
PA1  comparing the levels at said two sampled points;
PA1  and generating in response to said comparison a parity bit of a level as
      predetermined by whether "n" is an odd or even number and whether there is
      to be odd or even parity.
NUM  2.
PAR  2. The method according to claim 1,
PA1  wherein a parity bit of a "1" level is generated when "n" is an even number
      and one sampled level but not both are a "1", or when "n" is an odd number
      and neither or both sampled levels are a "1"; and
PA1  wherein a parity bit of a "0" level is generated when "n" is an even number
      and one sampled level but not both are a "1", or when "n" is an odd number
      and neither or both sampled levels are a "1".
NUM  3.
PAR  3. The method of recording from an input device and reproducing therefrom a
      double-frequency coherent-phase data signal having a plurality of "n" data
      bits and parity checking the recorded and reproduced signals, comprising:
PA1  generating from the signal of the input device a parity bit in accordance
      with claim 1;
PA1  recording on a record medium the data signal with said generated parity
      bit;
PA1  reading from the record medium said data signal with said parity bit;
PA1  generating from said read data signal a parity bit in accordance with claim
      1; and
PA1  making a parity check of the latter-generated parity bit with the parity
      bit read from the record medium.
NUM  4.
PAR  4. A system for generating a parity bit for parity checking a
      double-frequency coherent-phase data signal having a plurality of "n" data
      bits, wherein whether "n" is an odd or even number and whether there is to
      be an odd or even parity check have both been predetermined beforehand,
      the system comprising:
PA1  first sampling means sampling the level of the signal at a point between
      the beginning and middle of the first data bit;
PA1  second sampling means sampling the level of the signal at a point between
      the middle and the end of the "n"th data bit;
PA1  and means generating from both said samples a parity bit of a level as
      predetermined by whether "n" is an odd or even number, and whether there
      is to be odd or even parity.
NUM  5.
PAR  5. The system according to claim 4, wherein "n" is an even number, and said
      parity generating means comprises an EXCLUSIVE-OR logical network
      providing odd parity.
NUM  6.
PAR  6. The system according to claim 4, wherein "n" is an odd number, and said
      parity generating means comprises an EXCLUSIVE-OR logical network
      providing even parity.
NUM  7.
PAR  7. The system according to claim 4, wherein "n" is an even number, and said
      parity generating means comprises an EQUIVALENT logical network providing
      even parity.
NUM  8.
PAR  8. The system according to claim 4, wherein "n" is an odd number, and said
      parity generating means comprises an EQUIVALENT logical network providing
      odd parity.
NUM  9.
PAR  9. A system of recording on a record medium from an input device and
      reproducing therefrom a double-frequency coherent-phase data signal,
      comprising:
PA1  means in accordance with claim 4 for generating a parity bit;
PA1  means for recording on the record medium the data signal with said
      generated parity bit;
PA1  means for reading from said record medium said data signal with said parity
      bit;
PA1  means for generating from said read data signal another parity bit in
      accordance with claim 4; and
PA1  means for making a parity check of the latter-generated parity bit with the
      parity bit read from the record medium.
NUM  10.
PAR  10. The system according to claim 4, wherein said record medium is an
      machine-readable card containing magnetizable material on which said data
      signal and parity bit are to be recorded.
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ABST
PAL  A peripheral subsystem includes error detection apparatus for verifying
      whether "speed constants" applied thereto have been decoded properly and
      contain legal codes. The detection apparatus includes binary to decimal
      decoder circuits which receive the binary coded speed constants and
      generate a predetermined output signal on one of a plurality of output
      terminals of the decoder circuits. A selected number of output terminals
      of the binary to decimal decoder circuits which are less than one half of
      the total output terminals are applied as inputs to an odd-even check
      circuit. When each of the constants are decoded without error and contain
      a legal code, the decoder circuits provide signals to the check circuit
      which produce a predetermined check signal to indicate that the constant
      has been decoded properly by the decoder circuits and contains a legal
      code.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Use
PAR  This invention relates to detection apparatus and more particularly to
      apparatus capable of verifying the correctness of binary coded
      information.
PAR  2. Prior Art
PAR  It is well known to provide duplicate circuits together with compare
      circuits for duplicating the performance of a given operation and
      comparing both results in order to determine whether the operation was
      performed properly. It has been found that this type of checking
      arrangement is extremely costly. More importantly, such arrangements are
      not usually able to detect whether the particular code being checked is a
      "valid" or "legal" code.
PAR  The prior art has also provided arrangements for detecting errors produced
      by hardware failures occurring in a decoder circuit. While such
      arrangements reduces the redundancy of circuits required for performing
      verification, they also reduce the circuits capability of verifying the
      correctness of the binary coded signals. More importantly, arrangements of
      these types are also not normally able to detect whether the code is a
      valid code.
PAR  Accordingly, it is an object of the present invention to provide improved
      error detecting apparatus which utilizes a minimum of circuits for
      verifying the correctness of binary coded information signals.
PAR  It is a further object of the present invention to provide error detecting
      apparatus which also verifies the correctness of the code in addition to
      detecting the occurrence of hardware failures in the detection apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are achieved in a preferred embodiment of the present
      invention which includes error detection apparatus which operates in
      conjunction with a peripheral subsystem. The apparatus includes binary to
      decimal decoder circuits which receive the binary coded signals
      corresponding to speed constants to be verified. Only selected output
      terminals of the binary to decimal decoder circuits which correspond to
      valid or legal codes are applied as inputs to an odd-even check circuit.
      The odd-even check circuit generates odd and even check signals indicative
      of an error in response to the coded signals applied from the decoder
      circuits.
PAR  In the preferred embodiment, the number of codes to be verified correspond
      to an odd number, therefore, the check circuit provides an odd check
      signal indicative of an error. Since substantially all faults in the
      binary decoder circuit result in the generation of an odd parity signal,
      the output signal produced by the odd-even check circuit also verifies the
      operation of the decoder circuits. More importantly, the apparatus signals
      when an invalid code has been applied to the decoder circuits.
      Additionally, since only the used output terminals of the decoder circuits
      are checked by the odd-even check circuit, the detection apparatus ignores
      automatically errors or faults involving unused codes. Therefore,
      operation of the subsystem is only interrupted when the constant being
      verified could affect such operation.
PAR  The above and other objects of this invention are achieved in the preferred
      embodiment disclosed hereinafter. Novel features which are believed to be
      characteristic of the invention both as to its organization and method of
      operation, together with further objects and advantages will be better
      understood from the following description when considered in connection
      with the accompanying drawings. It is to be expressly understood that the
      drawings are for the purpose of illustration and description only and are
      not intended as a definition of the limits of the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows in block diagram form a peripheral subsystem which utilizes
      the error detection apparatus of the present invention.
PAR  FIG. 2 shows the error detection apparatus of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, there is shown a peripheral subsystem which
      utilizes the principles of the present invention. More particularly, as
      shown, the peripheral subsystem couples to an input/output controller
      (IOC) 200 and to a data processing system, not shown. Additionally, the
      peripheral subsystem includes one or more peripheral devices. In the
      figure shown, the peripheral devices correspond to magnetic tape drive
      devices 204-1 through 204-8 for recording and reading blocks of data.
PAR  As shown, the peripheral subsystem includes a peripheral processor or
      controller 100 for performing the necessary operations for transferring
      data between any one of the magnetic tape drive 204 devices and the IOC
      200. The controller includes a microprogrammed processing unit 104 which
      in response to commands received from the IOC executes microinstructions
      stored in a control store 104-1 necessary to perform the operations
      specified by the command. In addition to microinstructions, the control
      store 104-1 contains other information in the form of constants which are
      required to be transferred to the peripheral devices or to the IOC 200
      enabling proper execution of the commands.
PAR  More particularly, response to command code bytes received from the IOC
      200, applied via the PSI control 102, PSI register 103 and an arithmetic
      and logic unit (ALU) 104-2, the processing unit 104 causes
      microinstructions to be read out into a memory register 104-5 and decoded
      by decoder circuits 104-6 and 104-7. The decoder circuits generate the
      various control signals which condition the other portions of the
      controller 100 to perform operations necessary for executing the type of
      command specified.
PAR  Additionally, as seen from FIG. 1, signals from the memory register 104-5
      are also applied to multiplexer circuits 104-10, conventional in design,
      which additionally receive control and status signals from other portions
      of the system such as the data recovery unit 105, for testing the results
      or progress of the particular operation. Actual testing is accomplished by
      the branch logic circuits 104-12 which can be considered conventional in
      design. Also, signals representative of addresses contained within various
      types of microinstructions are applied from register 104-5 to a further
      pair of registers 104-14 and 104-16. The register 104-14 an index register
      which is loaded via register 104-5 in response to a subcommand signal
      RDLIR10 or via the ALU 104-2 in response to subcommand signal RDT1410. The
      register 104-14 couples to an index counter 104-16 and is used to provide
      the required timing strobe signals necessary for writing or reading
      information characters to and from the write buffer 109 and the data
      recovery unit 105 respectively. The index counter 104-16 is decremented in
      response to PDA clocking signals generated by multifrequency system clock
      circuits 104-20. For the purpose of the present invention, these circuits
      can be considered conventional in design.
PAR  The register 104-17 is used as a history address register which allows
      proper sequencing through microinstructions stored in memory 104-1. For
      example, the history register 104-17 is operative to store a return branch
      address from the memory local register 104-5 until such time that the
      address is to be transferred to the read only memory address register
      104-4. This address when transferred causes the register 104-4 to
      condition the memory 104-1 to select again a previous location within the
      memory allowing the continuance of a particular operation.
PAR  As seen from FIG. 1, the ALU 104-2 receives and delivers signals to the
      registers shown. The signals which are to be applied as operand inputs to
      the ALU 104-2 are selected via multiplexer circuits included therein. The
      ALU 104-2 and multiplexer circuits can be considered conventional in
      design and may for example take the form of circuits disclosed in a text
      titled "The Integrated Circuits Catalog for Design Engineers", published
      by Texas Instruments, Inc., dated 1972.
PAR  The ALU 104-2 is connected to provide output signals to a plurality of
      functional path registers 104-22 which are used for control purposes such
      as for providing control signals to the data recovery unit 105 and storing
      hardware error conditions as explained herein. Each bit in each of the
      individual registers is used to indicate or to initiate a specific event
      or operation. The contents of these registers are examined by the
      microprogram processing unit 104 via branch circuits in order to ascertain
      the state of the controller during an operation as well as being used for
      internal timing and for enabling the execution of commands.
PAR  Additionally, the ALU 104-2 is also connected to transmit and receive
      signals to and from a plurality of general register 104-8 (i.e. registers
      GR0 through GR2) which are used for storage of certain record processing
      information. More specifically, register GR0 is used to control the
      transfer of input and output data signals to and from a scratch pad memory
      107. Hence, it serves as a memory local register for scratch pad memory
      107. Register GR1 serves as an input buffer register for the scratch pad
      memory 107. Also, register GR2, similar to register GR0, provides
      temporary storage of information to be stored in the scratch pad memory
      107.
PAR  The scratch pad memory 107 provides temporary storage for data, various
      control information and parameters required for executing read and write
      operations. As seen from FIG. 1 and mentioned above, both address and data
      are transmitted to and from the scratch pad memory 107 via the ALU 104-2
      and general registers. The scratch pad memory 107 is of solid state
      construction and has 512 storage locations each containing 10 bit
      positions. The first 32 storage locations serve as a data buffer when the
      controller 100 is operating in a data mode (i.e. transferring or receiving
      data characters of a record). When in this mode, addressing of the scratch
      pad memory 107 takes place via a pair of address counters, write and read
      counters not shown. The contents of the read address counter are used to
      read out information from the locations of the scratch pad memory while
      the contents of the write address counter are used to write information
      into the scratch pad memory. For the purposes of the present invention,
      the operation of these counters for addressing the scratch pad memory 107
      can be considered conventional in design.
PAR  The remaining storage locations of the scratch pad memory 107 are used for
      storage of device constants, control parameters for control of the
      controller and associated tape drive devices. Additionally, the scratch
      pad memory 107 can be addressed by a scratch pad address register which
      receives information from the ALU 104-2 and the register is used when
      either control constants and parameters are to be sent to portions of the
      controller 100 or used for updating certain status information previously
      stored in scratch pad memory 107.
PAR  In the preferred embodiment of the present invention, it is the selected
      peripheral device which upon being polled by the processing unit 104
      provides a code indication of the devices operating speed (e.g. the speed
      of the magnetic tape device). This information is referred to as the
      "speed constant" of the device and is stored in scratch pad memory 107.
      The "speed constant" is transferred to an input register of the data
      recovery unit 105 as described herein and is used to condition data
      recovery clock circuits to respond to input data signals at the
      appropriate transfer rate.
PAR  From the speed constant and density information included within a "set
      function mask" command, the processing unit 104 determines the rate at
      which data bytes are to be written into or read from the selected device.
      This determination is made by combining in some arithmetic or logic
      fashion, the speed constant and density information to obtain an address
      which is loaded into the read only memory address register 104-17 for
      addressing the read only memory 104-1 which stores information defining
      the read/write rate for the selected device. This information, referred to
      as the "read/write pulse constant," is read out from the read only memory
      104-1 by the processing unit 104 and to the index register 104-14. During
      a data transfer, this information is loaded into index counter 104-16 as
      well as being applied to the data recovery unit 105 to define the time
      intervals during which strobe signals are generated which signal transfer
      of data bytes. Thus, these signals establish the rates at which data is
      transferred by the control 100 between a selected tape device and the IOC
      200. For further information regarding the manner in which this
      information is obtained and utilized in the system of FIG. 1, reference
      may be made to the copending patent application title "Method and
      Apparatus for Dynamically Controlling Read/Write Operations in a
      Peripheral Subsystem" invented by S. Patel bearing U.S. Ser. No. 430,837
      which is assigned to the same assignee as named herein.
PAR  From the above, it is seen that it is very important for the processing
      unit 104 to verify that a "valid" speed constant has been selected since
      the constant determines whether the device selected is a "legal" device.
      The apparatus shown in FIG. 2 is used to verify the constant. The
      detection apparatus of FIG. 2 is included within the data recovery unit
      105. This apparatus is used to accomplish this verification and provide an
      indication when the constant is incorrect.
PAC  Error Detection Apparatus -- FIG. 2
PAR  Referring now to FIG. 2, it is seen that the detection apparatus of the
      present invention includes an input register 105-100 operative to receive
      the binary coded signals SOPO410 through SOPO710 as shown. These signals
      are loaded into register 105-100 in response to the subcommand signal
      RDLSC10 upon the occurrence of a PDA clock pulse applied to each of the
      clock inputs of the four flip-flops which comprise register 105-100. As
      seen from the figure, register 105-100 is reset via a gate and inverter
      circuit 105-102 prior to loading the register flip-flops.
PAR  The binary ONE outputs of each of the four flip-flops are applied as an
      input to a first binary to decimal decoder circuit 105-110. The binary
      ZERO output of the first flip-flop and the binary ONE outputs of each of
      the remaining register flip-flops are applied as inputs to a second binary
      to decimal decoder circuit 105-112 as shown. Each decoder circuit can be
      considered conventional in design and make take the form of circuits
      disclosed in the previously referenced publication titled "The Integrated
      Circuits Catalog for Design Engineers". More specifically, each decoder
      circuit may employ circuits designated as SN7442 manufactured by Texas
      Instruments, Inc.
PAR  As seen from FIG. 2, a first group of binary coded signals are decoded by
      circuit 105-110 while the second group of binary coded signals are decoded
      by circuit 105-112. By taking the binary ZERO output of the first
      flip-flop (i.e. signal QCDC000), those input binary coded signals having
      values greater than 7 are decoded (i.e. output terminals 8 and 9 of
      decoder circuit 105-110 are not used).
PAR  It is seen that only selected ones of the output terminals of each of the
      binary decimal decoder circuits 105-110 and 105-112 are connected to an
      odd-even parity generator checker circuit 105-115 which includes an even
      and odd output terminals. In the preferred embodiment, these connections
      are etched on a substrate 105-114. This is illustrated diagrammatically in
      FIG. 2.
PAR  A different one of the signals QDND100, QDND400, QDND500, QDND800, QDND900,
      QDNDB00, and QDNDD00 is forced to binary ZERO when a binary code
      representative of valid or legal speed is applied as an input to one of
      the decoder circuits 105-110 and 105-112. The codes for the various speeds
      are as indicated. More specifically, signal QDND100 is forced to a binary
      ZERO when a speed constant binary code of "0001" is applied to decoder
      circuit 105-110. Similarly, signals QDND400, QDND500, QDND800, and QDND900
      are forced to binary ZEROS when codes of 4 through 9 respectively (i.e.
      codes of 0100 through 1001) are applied to the decoder circuits 105-110
      and 105-112. Signals QDNDB00 and QDNDD00 are forced to binary ZEROS when
      codes of 11 and 13 respectively (i.e. codes of 1011 and 1101 are applied
      to decoder circuit 105-112.
PAR  From the foregoing, it is seen that only eight of the possible ten decoded
      output signals from each of the decoder circuits 105-110 and 105-112 are
      required because four bit binary speed constant code provides only sixteen
      possible decodes. More importantly, it will be noted that only less than
      fifty percent of the possible decode output signals are applied as inputs
      to the parity generator checker circuit 105-115. That is, only seven speed
      constants define "legal" or "valid" codes and only these decoder outputs
      are checked by the circuit 105-115. By checking only the codes being used,
      the detection apparatus reduces the number of circuits required.
PAR  Because only seven of the nine possible inputs of the checker circuit
      105-115 are used, two of the inputs to the parity circuit 105-115 are
      connected to ground. Thus, when incorrect code signals are applied to the
      decoder circuits, all seven of the used output terminals of the decoder
      circuits will be binary ONES. This means that an odd number (i.e. seven)
      of binary ONES are applied to the checker circuit 105-115. Thus, the
      parity circuit 105-115 is arranged to generate a binary ONE at its odd
      output terminal only upon detecting an error condition. When one and only
      one of the decoder outputs is forced to a binary ZERO as is the case for a
      legal or correct code, this conditions the parity circuit 105-115 to
      produce a binary ONE at its even output terminal indicative of a no error
      condition.
PAR  It will be appreciated that in the case where there were only six valid
      speed constants only six signals would be applied to the parity circuit
      105-115. This would reverse the significance of the signals produced at
      the odd and even output terminals. That is, when the parity circuit
      105-115 produced a binary ONE at its terminal, this would signal an error
      condition. When the parity circuit 105-115 forces its odd output terminal
      to a binary ONE that indicates the occurrence of no error condition.
PAR  In the preferred embodiment of the present invention, the parity generator
      checker circuit 105-115 may be considered conventional in design. For
      example, the circuit may include a plurality of gates which are arranged
      to perform exclusive OR operation upon the input signals applied thereto
      and generate a signal indicative of the result. Also, the parity circuit
      may be implemented utilizing circuits designated S8260 manufactured by
      Signetics, Inc. It will be seen that an inhibit input is also applied to
      the parity check circuit 105-115. This signal when forced to a binary ONE
      inhibits the operation of the circuit. In the preferred embodiment, this
      signal corresponds to a mode signal derived from one of the flip-flops of
      functional path register HF4 of block 104-22 in FIG. 1.
PAR  The odd output terminal of parity circuit 105-115 is applied to set gate
      105-118 of a flip-flop 105-116. The binary ONE signal is operative to
      switch the flip-flop 105-116 to a binary ONE signalling the occurrence a
      clock selection error condition. The flip-flop is reset a clock pulse
      later via a reset AND gate 105-120 connected as shown only after signal
      QDPSE10 switches to a binary zero.
PAC  DESCRIPTION OF OPERATION
PAR  With reference to FIGS. 1 and 2, the operation of the error detection
      apparatus will now be described. It is assumed by way of example that a
      speed binary constant code of "0001" representative of a speed of 18.75
      inches per second (ips) is accessed from scratch pad memory 107 and loaded
      into input register 105-110 in response to signal RDLSC10 being forced to
      a binary ONE. The binary code bits of the constant are in turn applied to
      each of the decoder circuits 105-110 and 105-112. The code "0001" when
      decoded by circuit 105-110 normally forces signal QDND100 from a binary
      ONE to a binary ZERO. This in turn results in an even number of binary ONE
      signals being applied to parity check circuit 105-115 provided that none
      of the other decoder output terminals have been forced to binary ZEROS. In
      the absence of any fault condition in the decoder circuits, no other
      signals are forced to binary ZEROS. Thus, the parity circuit 105-115 is
      operative to force its even output terminal to a binary ONE and force its
      odd output terminal to a binary ZERO. Thus, signal QDPSE10 is a binary
      ZERO and flip-flop 105-116 is in a binary ZERO state.
PAR  It will be appreciated that where a fault condition prevents decoder
      circuit 105-110 from forcing signal QDND100 to a binary ZERO, parity
      circuit 105-115 forces its even output terminal to a binary ZERO and its
      odd output terminal to a binary ONE signalling the occurrence of an error.
      Thus, signal QDPSE10 is a binary ONE which switches flip-flop 105-116 to a
      binary ONE indicating the error condition. In this case, the error is
      signalled because of the occurrence of a fault condition. It will be
      appreciated that the present invention takes advantage of the fact that
      most failure conditions will prevent the decoder circuits from producing
      an output signal resulting in an error condition.
PAR  The detection apparatus also will signal an error in the event of a
      multiple failure. For example, where the application of the code "0001"
      causes the decoder circuits to force two output terminals to binary ZEROS,
      this causes an even number of binary ONES to be applied to parity check
      circuit 105-115. Accordingly, the check circuit 105-115 is then operative
      to force its odd output terminal to a binary ONE resulting in flip-flop
      105-116 switching to a binary ONE signalling the error condition.
PAR  When an illegal code is applied to the binary decoder circuits 105-110 and
      105-112, this results in none of the output terminals which connect to the
      check circuit 105-115 to be forced to binary ZEROS. This results in an odd
      number of binary ONES to be applied to the parity check circuit 105-115
      which again forces odd output terminal to a binary ONE signalling of an
      error condition. Where the occurrence of single or multiple fault also
      causes the selection of an unused output or illegal speed, such category
      of faults are automatically ignored by the error detection apparatus. That
      is, only multiple errors involving utilized output signals are signalled.
      Thus, the controller operation continues in such cases and is only
      interrupted when the error detection apparatus senses illegal codes or
      failures relating to "valid" codes.
PAR  From the foregoing description, it is seen that the error detection
      apparatus of the present invention provides for efficient sensing of
      illegal codes and detection of faults occurring within the error detection
      apparatus. It is able to perform such functions reliably utilizing a
      minimum of apparatus. Moreover, by arranging to detect errors in a limited
      number of "valid" codes corresponding to less than 50 percent of the total
      number of possible legal or valid codes, the apparatus minimizes the
      number of circuits increasing its reliability. Additionally, the error
      detection apparatus of the present invention is arranged to ignore
      automatically a category of fault conditions which will not interfere with
      normal operation. Thus, the arrangement provides for signalling error
      conditions to the controller of the peripheral subsystem only where the
      speed code being utilized could affect system operation.
PAR  It will occur to those skilled in the art that many changes may be made to
      the preferred embodiment of the present invention without departing from
      its scope. For example, a single decoder circuit which provides an
      hexadecimal output could be used in place of the two decoder circuits of
      the preferred embodiment. Also, different implementations of the decoder
      circuits and parity check circuits may also be employed.
PAR  While in accordance with the provision and statutes, there has been
      illustrated and described the best form of the invention and, certain
      changes as mentioned may be made in the apparatus and system described
      without departing from the scope of the invention as set forth in the
      appended claims and that in some cases, certain features of the invention
      may be used to advantage without a corresponding use of other features.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Error detection apparatus for verifying the correctness of a binary
      coded constant, said apparatus comprising:
PA1  code conversion means having a plurality of input terminals for receiving
      signals representative of said binary coded constant and a predetermined
      number of output terminals, said code conversion means being operative in
      response to said binary coded signals to produce output signals coded in a
      predetermined manner;
PA1  selection means coupled to only certain ones of said predetermined number
      of said output terminals; and,
PA1  check circuit means including a predetermined number of input terminals
      coupled to said selection means for receiving coded signals from said only
      certain ones of said predetermined number of output terminals, said check
      circuit means being operative to generate a check signal in response to
      said coded signals applied to said input terminals for signaling that said
      constant is valid and the error free operation of said code conversion
      means.
NUM  2.
PAR  2. The error detection apparatus of claim 1 wherein said code conversion
      means includes binary to decimal decoder means operative to produce coded
      signals having a predetermined number of binary ONES on said predetermined
      number of output terminals.
NUM  3.
PAR  3. The error detection apparatus of claim 2 wherein said binary to decimal
      decoder means consists of a pair of binary to decimal decoder circuits,
      each having said plurality of input terminals for receiving signals
      representative of said binary coded constant and each operative to
      generate said coded signals for binary coded constants having different
      numerical values.
NUM  4.
PAR  4. The error detection apparatus of claim 3 wherein one of said pairs of
      binary to decimal decoder circuits is operative to generate output signals
      on one half of said predetermined number of output terminals in response
      to binary values of zero through seven and the other one of said pairs is
      operative to generate output signals on the remaining half of said
      predetermined number of output terminals in response to values of eight
      through fifteen.
NUM  5.
PAR  5. The error detection apparatus of claim 1 wherein said certain ones of
      said predetermined number of output terminals correspond to those output
      terminals having signals representing only those decoded binary coded
      constants assigned numerical values being checked by said apparatus.
NUM  6.
PAR  6. The error detection apparatus of claim 5 wherein the number of said only
      certain ones of said predetermined number of output terminals applied to
      said check circuit means is less than one half said predetermined number
      of output terminals.
NUM  7.
PAR  7. The error detection apparatus of claim 6 wherein said check circuit
      means includes an odd-even check circuit having odd and even output
      terminals, said check circuit being operative to generate a check signal
      indicating when said coded signals applied to said input terminals contain
      odd and even number of binary ONES.
NUM  8.
PAR  8. The error detection apparatus of claim 7 wherein said predetermined
      number of said input is even and said odd-even check circuit is operative
      to produce an output signal at said odd output terminal and even output
      terminal respectively for signaling when said constant applied to said
      apparatus is valid and not valid.
NUM  9.
PAR  9. The error detection apparatus of claim 7 wherein said predetermined
      number of inputs is odd and said odd-even check circuit is operative to
      produce an output signal at said even output terminal and odd terminals
      respectively for signaling when said constant applied to said apparatus is
      valid and not valid.
NUM  10.
PAR  10. The error detection apparatus of claim 7 further including a bistable
      switching circuit coupled to a predetermined one of said output terminals,
      said bistable switching circuit being operative in response to an output
      signal to switch from a first to a second state indicative of an error
      condition.
NUM  11.
PAR  11. Error detection apparatus for use in a peripheral controller which
      controls a plurality of magnetic tape devices for checking speed constants
      specifying a plurality of different tape velocities, said error detection
      apparatus comprising:
PA1  a register coupled to receive a speed constant coded to designate a
      specified one of said plurality of different tape velocities;
PA1  decoder means having n input terminals and at least 2.sup.n output
      terminals, said n input terminals being connected to said register for
      receiving signals representative of said speed constant;
PA1  circuit selection means having a predetermined number of input terminals
      and ouptut terminals, said input terminals being connected only to those
      output terminals producing predetermined signals indicative of having
      decoded a valid speed constant; and,
PA1  check logic circuit means having at least one output terminal and a
      plurality of input terminals connected to said predetermined number of
      output terminals, said logic circuit means being operative to generate an
      output signal at said output terminal indicative of a valid code and no
      faults in said decoder circuit and inhibits generation of said output
      signal when said decoder generates none and more than one predetermined
      output signal on said 2.sup.n output terminals indicative of decoding an
      invalid speed code.
NUM  12.
PAR  12. The detection apparatus of claim 11 wherein said circuit selection
      means consists of a predetermined number of conductors for connecting a
      corresponding number of said 2.sup.n output terminals to said input
      terminals of said check logic circuit means.
NUM  13.
PAR  13. The detection apparatus of claim 11 wherein said predetermined number
      is less than 2.sup.n /2 of said output terminals.
NUM  14.
PAR  14. The detection apparatus of claim 13 wherein the number of said less
      than 2.sup.n /2 of said output terminals is odd and said output terminal
      corresponds to an even parity output terminal, said check circuit means
      being operative to produce said output signal at said even parity output
      when said decoder circuit means generates only one predetermined output
      signal on said 2.sup.n output terminals in response to said speed constant
      to signal said controller that constant represents a value speed
      selection.
NUM  15.
PAR  15. The detection apparatus of claim 13 wherein the number of said less
      than 2.sup.n /2 of said output terminals is even and said output terminal
      corresponds to an odd parity output, said check circuit means being
      operative to produce said output signal at said odd parity output terminal
      when said decoder circuit means generates only one predetermined output
      signal at said odd parity output terminal when said decoder means
      generates only one predetermined output signal at said 2.sup.n output
      terminals in response to said speed constant to signal said controller
      that said constant represents a valid speed selection.
NUM  16.
PAR  16. The detection apparatus of claim 15 wherein n is a number having a
      numerical value of 4.
NUM  17.
PAR  17. The detection apparatus of claim 15 wherein said predetermined output
      signal corresponds to a binary ZERO signal.
NUM  18.
PAR  18. The detection apparatus of claim 15 wherein said decoder means includes
      a pair of binary to decimal decoder circuits, each operative to provide
      signals at 2.sup.n /2 output terminals.
NUM  19.
PAR  19. The detection apparatus of claim 18 wherein each of said binary decoder
      circuits are connected to receive two different groups of signals
      representative of said speed constant, one of said groups corresponding to
      binary codes having values zero through seven and the other group
      corresponding to binary codes having values 8 through 15.
NUM  20.
PAR  20. An error detector circuit for signaling receipt of valid binary coded
      signals, said detector circuit comprising:
PA1  a binary to non binary decoder circuit means having n input terminals and
      2.sup.n output terminals;
PA1  a predetermined number of conductors connected at one end to less than
      2.sup.n output terminals; and,
PA1  a parity check circuit having a predetermined number of input terminals
      connected to the other end of said predetermined number of conductors,
      said parity circuit being operative to generate an output signal only when
      said binary to non binary decoder circuit forces only one of said
      predetermined number of conductors to a predetermined state indicating
      that said binary code is valid and that said decoder circuit is operating
      without fault.
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ABST
PAL  The transmitting station comprises coding means, including a shift-register
      having L stages, where L is the length of the code, for delivering
      continuation and repetition bit trains, each of which comprises
      information bits including at least L message bits as well as the parity
      bits associated with the information bits. In the case of a continuation
      bit train, the L message bits are supplied by a data source, in the case
      of a repetition bit train, they are fed back to the coding means from the
      shift-register. In the receiving station, the decoding of messages bits is
      a conventional decoding in accordance with the code where a continuation
      bit train is concerned, but also takes into account the previously decoded
      value where a repetition bit train is concerned. The trains may be
      identified by mean of prefixes of N.sub.1 bits, in which case, each bit
      train comprises (N.sub.1 + L) information bits.
BSUM
PAR  The invention relates to a transmitting station for information translated
      into binary signals and a corresponding receiving station, forming a
      transmission system which is well protected against errors.
PAR  Long-wave or short-wave radio transmission is affected by atmospheric
      noise, depending on storm activity; in short-wave transmission, the
      received signal also undergoes fluctuations and may even fade out,
      depending on the ionospheric propagation conditions. Consequently, it is
      particularly difficult to obtain data transmission wherein the proportion
      of errors is not greater than in wired transmission.
PAR  One solution is to use self-correcting codes. The efficiency of these
      codes, however, is critically dependent on the probability of error in the
      transmission channel, in that the residual error probability is a very
      rapidly-increasing function thereof. The possibility of correcting these
      codes is closely dependent on redundancy which, for a given channel and
      modulation system, determines the actual transmission speed. In order to
      maintain the efficiency of the system under the worst conditions, it is
      usually necessary for the actual speed to be very low, the redundancy
      being considerable but nearly always unnecessary. More realistic use of
      the correcting codes ensures good-quality transmission but only whenn the
      conditions are sufficiently favourable; a lowering of quality is accepted
      during part of the time.
PAR  Another solution, which has been tested inter alia on short wave under the
      name of T.O.R. (the initials of the English words "Teleprinting Over
      Radio"), is applicable when a return channel is available and consists is
      using an error detecting block code together with a possibility of
      repetition.
PAR  It will be recalled that in contradistinction with a recurrent code, a code
      block divides the message into successive blocks of n bits, each n-bit
      block being substituted for transmission by a p-bit block which is
      entirely determined by this n-bit block, n and p and being fixed numbers,
      and p being greater than n. The p-bit blocks which are transmitted belong
      to a limited list of the sequences of p bits among the general list of the
      2.sup.p sequences of p bits which exist. In the systems of the
      above-mentioned type, a received p-bit code which does not belong to the
      limited list gives rise to a request for repetition. This solution ensures
      a lower threshold for the quality of the accepted data, with, as a
      counterpart, an important slowing down of the average transmission speed
      when the quality of the channel decreases. It involves a waste of
      information, since the information contents of each of the blocks having
      given rise to repetition is not used.
PAR  The system formed by a transmitting station and a receiving station
      according to the invention combines the use of a systematic recurrent
      self-correcting code with a possibility of repetition.
PAR  According to the invention, there is provided a transmitting station for
      transmitting intelligence from a binary data source, said station
      comprising: coding means having an input, for coding in a systematic
      recurrent code of length L a sequence of bits applied to said input, said
      coding means comprising a shift-register having L successive stages, the
      first of said stages having an input and an output, and the last of said
      stages having an output, said input of said first stage forming the input
      of said coding means, and m module 2 adders, m being a positive integer,
      having respective outputs, each of said adders having a plurality of
      inputs respectively coupled to different stages of said shift register,
      and an output, for delivering at its output a parity bit associated with
      the bit appearing at said output of said first stage; a timing circuit;
      first further means coupled to said timing circuit for successively
      applying to said input of said coding means the bits of a group of L
      message bits from said data source; second further means, coupled to said
      timing circuit, for successively applying to said input of said coding
      means the bits of a group of L message bits previously stored in said
      shift register; controlling means, coupled to said timing circuit, for
      selectively actuating either said first further means or said second
      further means; and means for transmitting bit trains, referred to as
      continuation bit trains, each of which includes the L bits appearing at
      said output of said first stage of said shift register upon said first
      further means being actuated by said controlling means, and the parity
      bits associated therewith, and further bit trains, referred to as
      repetition bit trains, each of which includes the L bits appearing at said
      output of said first state of said shift register, upon said second
      further means being actuated by said controlling means, and the parity
      bits associated therewith.
PAR  According to the invention, there is further provided a receiving station
      comprising a receiver adapted for receiving a sequence of bit trains
      comprising identifiable continuation bit trains and repetition bit trains,
      the corresponding transmitted sequence resulting from the coding in a
      systematic recurrent code of information bits including at least message
      bits, and the formation of continuation and repetition bit trains, each
      including a predetermined number of information bits and the parity bits
      associated therewith, the message bits of a transmitted repetition bit
      train being identical to the message bits of the previously transmitted
      bit train; said station further comprising: a decoding arrangement for
      decoding the message bits included in the received bit trains, said
      decoding arrangement having a signal input coupled to said receiver, a
      control input, a first output for delivering the decoded bits, and a
      second output for delivering auxiliary signal, each of which is
      representative of the probability of accurateness of the decoded bit
      simultaneously appearing at its first output; signal generating means for
      identifying the nature, continuation or repetition, of the received bit
      trains and applying to said control input of said decoding arrangement,
      during the decoding of the message bits from a bit train, a control signal
      which is a first or a second decoding control signal according to whether
      the message bits being decoded belong to a continuation or a repetition
      bit train; a shift-register having an input coupled to said first output
      of said decoding arrangement and an output coupled to said decoding
      arrangement, for supplying thereto, when a message bit is being decoded,
      the decoded message bit corresponding to the message bit occupying in the
      bit train previously applied to said signal input of said decoding means
      the same position number as the message bit being decoded occupies in the
      bit train to which it belongs; storing means having an input coupled to
      said second output of said decoding arrangement and an output coupled to
      said decoding arrangement for supplying thereto the auxiliary signal
      associated with the bit simultaneously delivered by said output of said
      shift-register; said decoding arrangement comprising a decoder adapted to
      said code, whose input is said input of said decoding arrangement, and
      computing means coupled to said decoder, for, when a continuation bit
      train is applied to said input of said decoding arrangement, delivering
      for each message bit, at its first and second outputs respectively, a
      decoded bit and an associated auxiliary signal which are wholly determined
      by this continuation bit train and, when a repetition bit train is applied
      to said input of said decoding arrangement, delivering, for each message
      bit, at its first and second outputs respectively, a decoded bit and an
      associated auxiliary signal which are predetermined functions of the
      decoded bit and of the auxiliary signal which would be supplied if the
      message bit belonged to a continuation bit train, of the bit supplied by
      said output of said shift-register while this message bit is being
      decoded, and of the auxiliary signal simultaneously supplied by said
      output of said storing means, the operations performed by the decoding
      arrangement being respectively referred to as continuation decoding in the
      first case, and repetition decoding in the second case, and the nature of
      the decoding performed being determined by that one of said first and
      second decoding control signals which is applied to said control input.
DRWD
PAR  The invention will be more clearly understood and other features will be
      clear from the following description and accompanying drawings in which:
PAR  FIG. 1 is a diagram of a transmitting station for binary data according to
      the invention;
PAR  FIG. 2 is a diagram of the synchronisation signals used in the station in
      FIG. 1;
PAR  FIG. 3 is a detailed diagram of a circuit from the diagram in FIG. 1;
PAR  FIG. 4 is a diagram of a receiving station for binary data according to the
      invention;
PAR  FIG. 5 is a diagram of the synchronisation signals used in the station in
      FIG. 4;
PAR  FIGS. 6, 8 and 9 are detailed diagrams of components of the circuit in FIG.
      4;
PAR  FIG. 7 is a time diagram relating to the circuit of FIG. 6;
PAR  FIG. 10 shows the modifications to be made to the transmitting station, and
PAR  FIG. 11 shows the modifications to be made to the receiving station so that
      they can operate with systematic repetitions.
DETD
PAR  The following will be assumed in the description of the described examples:
PAR  The binary signals or bits have a duration T and a level 1 or 0 depending
      on their value. Independent of its duration, a "signal 1" or a "signal 0"
      denotes a lever 1 signal or a level 0 signal. A "pulse" always has the
      level 1.
PAR  The signals supplied by certain circuits (usually control or
      synchronisation) will be denoted by the same reference number (but in
      brackets) as the output of the circuit supplying them; the inputs of
      complex circuits receiving the same signals are also denoted by the same
      numbers as the corresponding outputs, except for the zero resetting
      inputs, which are systematically denoted by Z. With regard to the trigger
      circuits, an input for putting into state 1 will be called a "1" input and
      denoted by the sign 1. An input for putting into the state 0 will be
      called a "0" input and denoted by the sign 0 when its operation is
      symmetrical with that of a "1" input; in other cases it will be called a
      zero-resetting input and denoted by Z. An enabling input, also called a
      "clock input", will be denoted by the symbol H. Symbol H will also be used
      for the shift register clock inputs.
PAR  First some information will be given regarding the general operation of the
      non-limitative embodiment of the invention shown in FIGS. 1 - 9, wherein
      the two stations A and B of the system are assumed to be stationary, and
      the return transmission time between the digital circuits A and B is
      assumed (solely in order to simplify the description) to be equal to a
      multiple 2N.sub.3 T of the duration T of a binary signal or bit, more
      particularly with N.sub.3 = 1.
PAR  This convention, i.e. that the duration of transmission is equal to the
      duration of a bit between the digital circuits of stations A and B,
      simplifies the description. In reality, the duration will usually be
      longer since, in order to perform demodulation in the high-frequency
      circuits and convert the detected low-frequency signals into digital
      signals, the decision on each low-frequency signal representing a bit
      should preferably not be made until the entire low-frequency signal has
      been received.
PAR  Station A periodically transmits a bit train comprising (N.sub.1 +N.sub.2)
      information bits and (N.sub.1 +N.sub.2) parity bits in a recurrent,
      systematic self-correcting code which, by way of example, will be assumed
      to be such that each information bit i.sub.n is associated with a parity
      bit p.sub.n. N.sub.1 and N.sub.2 are defined hereinafter.
PAR  The self-correcting code used is defined by the relation:
EQU  p.sub.n = i.sub.n + i.sub.n-12 + i.sub.n-18 +i.sub.n-12    (M)
PAR  The notation (M) is adopted to indicate that a sum or an equality should be
      understood as "modulo 2".
PAR  The first N.sub.1 information bits form a prefix and the last N.sub.2 bits
      come from a data source.
PAR  The prefix can take only one or the other of two predetermined forms
      indicating whether the following N.sub.2 information bits form the
      "continuation" of the message in the preceding train, or the repetition
      thereof.
PAR  The number N.sub.2 of message bits is equal to the "code length" obtained
      by increasing by unity the maximum difference between two indices
      appearing in the relation defining the code; in the present case,
      therefore, we have N.sub.2 = 22.
PAR  With regard to the number N.sub.1, it should be at least equal to the
      minimum difference between two of these indices. It will be assumed that
      N.sub.1 = 3, the continuation prefix being 101 and the repetition prefix
      being the "complement" thereof, i.e. 010.
PAR  Or course, these values of N.sub.1 and N.sub.2 are deliberately made low so
      as not to overburden the description. They are normally much higher.
PAR  The N.sub.2 bits of a train coming from the data source will be called the
      "message" bits as opposed to "prefix bits". The term "information bit"
      covers both a prefix bit and a message bit, as opposed to "parity bits".
PAR  The notation i.sub.n will be used to denote the information bit having the
      position number n (n being any integer) in the sequence of bit trains, and
      the notation I.sub.m to denote the message bit having the position number
      m (m being any integer) in the sequence of bits supplied by the data
      source.
PAR  It will further be assumed that the digital circuits supplying the radio
      frequency transmitter of station A supply information bits and parity bits
      in parallel, and that the digital circuits of station B likewise receive
      these bits on two parallel channels from the radio-frequency receiver.
      This is merely for simplifying the description, since parallel-series
      conversion on emission and series-parallel conversion on reception are
      conventional operations.
PAR  After each train has been transmitted, the station A stands by for a
      "repetition" or "continuation" return signal indicating whether or not it
      is necessary to repeat the message which has been transmitted, the
      duration of the return signal being that of N.sub.4 bits.
PAR  It will be assumed N.sub.4 = 4.
PAR  A cycle lasts 32 T, T being the duration of a bit.
PAR  Accordingly, the time program during a cycle, with regard to transmission
      and reception, of the digital circuits of station A is as folows, the
      duration T being taken as the unit of time:
PAR  From 0.5 to 3.5; time interval T.sub.1 ; transmission of coded prefix.
PAR  From 3.5 to 25.5; time interval T.sub.2 ; transmission of coded message.
PAR  From 27.5 to 31.5; time interval T.sub.3 ; reception of return signal.
PAR  FIG. 1 is a diagram of station A, which comprises an input 11 for supplying
      message bits and a clock output 12, input 11 being adapted to be connected
      to the output of a data source and output 12 being connected to a
      synchronisation input of the source, which is represented by unit E.
      Source E supplies input 11 with a new bit in the sequence to be
      transmitted, under the action of the leading edge of each pulse received
      from output 12.
PAR  A timing circuit 3 supplies different signals illustrated in the diagram in
      FIG. 2 where, as already explained, they are denoted by the same numbers
      (between brackets) as the outputs of circuit 3 which supply them. FIG. 2
      also shows the aforementioned time intervals T.sub.1, T.sub.2 and T.sub.3.
PAR  In each cycle of duration 32, circuit 3 supplies the following (T being the
      time unit as before):
PAR  At an output 31: pulses of duration 1/2 at the bit recurrence frequency,
      the leading edges of the pulses coinciding with the instants k, k being an
      integer.
PAR  At outputs 32: a level "1" signal between t = 0.5 and t = 25.5.
PAR  At output 33: a level "1" pulse having a duration 1/4, beginning at the
      instant 31.5.
PAR  At output 34: a pulse of duration 1/2, beginning at instant 0.
PAR  At output 35: a signal 1 between t = 21.5 and t = 25.
PAR  At output 36: a signal 1 between t = 0 and t = 25, and
PAR  At output 37: a signal 1 between t = 27.5 and t = 31.5
PAR  A logic circuit 10, to be described hereinafter, supplies a signal 1 or 0
      at an output 16 between instant 31.75 in the (p-1).sup.th cycle and 31.75
      in the p.sup.th cycle depending on whether the station is due to transmit
      a new message during the p.sup.th cycle or repeat the preceding message,
      depending on the return signal of the (p-1).sup.th cycle.
PAR  The station comprises a three-state shift register 80, the three stages
      having auxiliary inputs for writing in the continuation prefix 101 or the
      repetition prefix 010 depending on the value of the signal supplied by
      output 16 of logic circuit 10. The writing-in is controlled by a
      writing-in circuit 23 comprising three outputs connected to the three
      auxiliary inputs of register 80 and two inputs 16, 34 connected
      respectively to output 16 of logic circuit 10 and to output 34 of timing
      circuit 3; depending on the value of the signal 16 at the instant when it
      appears, pulse 34 causes circuit 23 to write the appropriate prefix in
      register 80 at the instant 0.
PAR  A second register 9 has 22 stages corresponding to the 22 bits of a
      message.
PAR  The stages of register 9, like those of register 80, are symbolised by
      boxes separated by vertical lines.
PAR  The 1st, 13th, 19th and 22nd stages of register 9 have auxiliary outputs
      respectively connected to the four inputs of a modulo 2 adder 25, so that
      if the information bits i.sub.n to i.sub.n-21 are written in the 1st, 2nd
      . . . 22nd stages respectively, the output of adder 25 supplies the parity
      bit
EQU  p.sub.n = i.sub.n + i.sub.n-12 +i.sub.n-18 + i.sub.n-21
PAR  The output of register 80 is connected to the input of register 9 and, as
      will be seen, these two registers receive the same clock pulses and can
      therefore be combined in a single 25-stage register. They have been
      separated only in order to simplify the description.
PAR  The auxiliary output of the first stage of register 9 and the output of
      adder 25 are respectively connected to outputs 21 and 22 of the digital
      circuits of the station via two AND gates 27, 26, the second inputs of
      which receive the signal 32 from the timing circuit 3.
PAR  An AND gate 13 has its two inputs connected to outputs 31, 36 respectively
      of timing circuit 3 and therefore supplies the trailing edges of those
      pulses 31 which appear at instants 0, 1, 2 . . . 24. These pulses are
      applied to the clock inputs H of registers 80 and 9, which respond to the
      trailing edges of the pulses.
PAR  A three-input AND gate 14 has a first input connected to the output of gate
      13, a second input, which is an inverting input, connected to output 35 of
      timing circuit 3 and a third input connected to output 16 of circuit 10.
      Consequently, AND gate 14 supplies the leading edges of those pulses 13
      appearing at the instants 0, 1, 2 . . . 21 provided that the signal (16)
      then has the value 1. The output of gate 14 forms the output 12 of the
      digital circuits of the station which is connected to the synchronisation
      input of the data source E.
PAR  Since the main elements of the station have been mentioned, it will now be
      described in greater detail together with the operation thereof, starting
      from instant 0 of the p.sup.th cycle.
PAR  At this instant, as will be shown hereinafter, the 22 message bits
      transmitted during the (p-1).sup.th cycles are still written in register
      9. It will also be noted that the prefix of the message to be transmitted
      during the p.sup.th cycle was written in register 80 at the instant 0 of
      the same cycle.
PAR  First, it will be assumed that the "continuation" prefix is written in
      register 80, which means that output 16 of circuit 10 provides a signal 1.
PAR  Each of the pulses (31) appearing at the instants 0, 1 . . . 21 at output
      12 is consequently transmitted to the data source and each causes a new
      bit to appear at the station input 11 connected to the data output of
      source E.
PAR  Input 11 is connected to the first input of an AND gate 129 whose second
      input is connected to output 16 of logic circuit 10. Consequently, the
      bits provided as a result of the pulses appearing an output 12 are
      available at the output of gate 129 and are transmitted thereby to the
      input of register 8, via an OR gate 20.
PAR  At the instants 0.5, 1.5 and 2.5 the three prefix bits are successively
      written in the first stage of register 9 and appear in succession at
      output 21. The corresponding parity bits appears at output 22, since gates
      26 and 27 are made conductive by signal (32) between 0.5 and 25.5.
PAR  Each time a clock pulse is applied to the registers, a bit coming from the
      data source enters register 80.
PAR  At the instant 3.5, the bit I.sub.m which is the first bit in the message
      to be transmitted, in turn enters register 9 and is transmitted to output
      21, the corresponding parity bit appearing at 22.
PAR  At instant 24.5, bits I.sub.m to I.sub.m.sub.+21 have been written in
      register 9 and these bits together with the corresponding parity bits have
      been applied to outputs 21 and 22.
PAR  The remaining bit I.sub.m.sub.+21 written in register 9 and the
      corresponding parity bit still appear at the output of adder 25 but the
      transmission thereof is terminated at the end of duration T by the signal
      (32) applied to gates 26 and 27, signal (32) terminating at instant 25.5.
      Outputs 21 and 22 supply the radio-frequency stages (2) of the station.
PAR  The registers no longer receive feed pulses and there is no change until
      the return signal is received by the digital circuits of station A, the
      reception beginning at instant 27.5.
PAR  The coded return signal comprises e.g. four 1 bits for a continuation
      request and four 0 bits for a repetition request, i.e. a signal which is
      transmitted in any suitable manner but in different ways for continuation
      and repetition during the duration N.sub.4, and which is demodulated so as
      to supply level 1 in the first case and level 0 in the second case; the
      corresponding demodulated signals are applied between t = 27.5 and t =
      31.5 by a receiver 4 to an input 17 of circuit 10. Circuit 10 comprises
      three other inputs 31, 37 and 33 connected to the corresponding outputs of
      timing circuit 3. Output 33 of timing circuit 3 supplies the pulse (33)
      appearing at instant 31.5 of each cycle. The level of the output signal 16
      of logic circuit 10 may be inverted at the instant where the trailing edge
      of pulse (33) occurs; if it remains in state 1, the continuation prefix is
      written in register 80 at the instant 0 of the following cycle and the
      next cycle is the same as before, since the bits of the aforementioned
      prefix and the message bits I.sub.m.sub.+22 to I.sub.m.sub.+43 are
      transmitted together with the corresponding parity bits during the
      (p+1).sup.th cycle.
PAR  In the contrary case, signal (16) changes to level 0, and the repetition
      prefix is inscribed in register 80. On the other hand the circuit
      supplying registers 80 and 9 from the data source is made non-conductive.
      It is replaced in the following manner, causing the previous message to be
      repeated after the prefix. The output of register 9 is connected to the
      first input of an AND gate 28 whose second input, which is an inverting
      input, receives the signal (16) of circuit 10 and whose output is
      connected to the second input of the OR gate 20. The clock inputs are
      supplied as before, and it can be seen therefore that the (p+1).sup.th
      cycle will repeat the message and, at the end of the (p+1).sup.th cycle,
      register 9 will return to the same state as at the beginning of the cycle,
      so that either the transmission of information can continue or a new
      repetition can be given, by one or the other of the aforementioned
      processes.
PAR  FIG. 3 shows an embodiment of logic circuit 10. It comprises an AND gate
      200 having three inputs, the first input being connected to input 17 and
      receiving the output signal of receiver 4, the second input being
      connected to input 37 of circuit 10 and supplying it with a square wave
      signal between t = 27.5 and t = 31.5 and the third input being connected
      to input 31 of circuit 10 via a differentiator circuit 15 supplying output
      pulses for the leading edges of the input pulses thereof. Consequently,
      gate 20 transmits the differentiator circuit output pulses appearing at
      instants 28, 29, 30 and 31 if the output signal of receiver 4 is at level
      1 during the same instants, and a request for continuation will be assumed
      in this case only. An additional precaution, which is not absolutely
      necessary, consists in not enabling the AND gate 200 except during a
      signal (37).
PAR  The output of gate 200 is connected to the input of a binary counter 201
      having three stages, comprising a zero resetting input Z connected to the
      circuit input 33, the counter being reset to zero by the trailing edge of
      pulse (33). The counter output is the output of its third state. The
      counter is sensitive to leading edge of its input pulses. Consequently, it
      delivers 1 a signal between t = 31 and 31.75 when a return signal has been
      received and interpreted as a request for continuation; in the case of
      station A, this is the only return signal which will hereinafter be called
      a continuation request signal.
PAR  The following supplementary conditions will now be imposed in order to
      avoid a possibly erroneous continuation of transmission, since, in order
      to avoid a considerable increase in the duration of the cycles, it is
      preferable not to code the return signal. When the number of repetition of
      a message has reached a threshold value of e.g. 3, denoting that the
      general quality of the channel is bad, it will be necessary to detect two
      successive continuation requests before stopping the repetition.
PAR  To this end, the output of counter 201 is connected to the first input of
      an AND gate 41 and to the first input, which is an inverting input, of an
      AND gate 42. Input 33 is connected to the second inputs of gates 41 and
      42.
PAR  Pulse (33), which has a duration 1/4, consequently appears between instants
      31.5 and 31.75 at the output of gate 41 or at the output of gate 42,
      depending on whether there is a request for continuation or for
      repetition. The output of gate 41 is connected to the triggering input B
      of a trigger circuit 43 which also has a zero resetting input Z connected
      to the output of gate 42. Trigger circuit 43 is designed so that it
      changes state for the trailing edges of the pulses applied to its
      triggering input B if its Z input receives a signal 0, and changes to
      state 0 if not already in this state, independently of the signal applied
      to its triggering input as soon as a level 1 signal appears at its zero
      resetting input Z. The output of trigger circuit 43 is connected to the
      first input of an AND gate 45 whose output is connected to the first input
      of an OR gate 47. The outputs of AND gate 41 and the OR gate 47 are
      connected to the two inputs of and AND gate 48.
PAR  The output of AND gate 42 is connected to the first input of an AND gate 44
      whose second input is an inverting input. The output of gate 44 is
      connected to the input of a two-stage modulo 4 binary counter 54 having a
      zero resetting input Z. The count in the counter changes for any 0 - 1
      transition in the level of the signal applied to its input, the four
      binary states 00, 01, 10 and 11 of the counter corresponding to the four
      decimal counts 0, 1, 2 and 3 respectively. An AND gate 56 receives the
      output signals of the two stages of counter 54.
PAR  The output of gate 56 and the output of gate 41 are connected respectively
      to the first and second input of an AND gate 49 whose first input is an
      inverting input. The output of gate 56 is also connected to the second
      input, which is an inverting input, of AND gate 44, to the second input of
      AND gate 45, and, via a NOT circuit 55, to the second input of OR gate 47.
      The output of gate 56 is also connected to an input of an OR gate 46 whose
      other input is connected to the output of gate 42, input Z of trigger
      circuit 43 is connected to the output of gate 42, and input Z of the
      binary counter 54 is connected to the output of gate 48.
PAR  Output 16 of circuit 10 is the output of a trigger circuit 47 comprising a
      clock input H connected to input 33 of circuit 10, a "1" input connected
      to the output of AND gate 49 and a "0" input connected to the output of OR
      gate 46.
PAR  Trigger circuit 57 is designed so that is cannot change state except on the
      trailing edges of the pulses applied to its clock input H; at such
      instants, it assumes state 1 if the signal applied to its "1" input is at
      level 1 and the signal applied to its "0" input is at level 0, whereas it
      assumes state 0 if the signal applied to its "1" input is at level 0 and
      the signal applied to its "0" input is at level 1. In other cases it
      cannot change state.
PAR  The arrangement operates as follows:
PAR  Immediately before instant 31.5of the p.sup.th cycle, the count of counter
      54 as will be seen, is equal either to the number r of consecutive
      repetition requests previously detected by gate 42 since the last
      continuation request was detected, or to the maximum count 3 if r is
      greater than 3. Trigger circuit 43 can be in state 0 or in state 1.
PAR  1: First, will be assumed that at instant 31.5 of the p.sup.th cycle, the
      corresponding pulse (33) passes through gate 42, i.e. the return signal is
      a repetition request. Gate 41 does not supply any signal, but trigger
      circuit 43 is reset to zero, if not at zero already, by the output pulse
      of gate 42.
PAR  This output pulse is also transmitted via OR gate 46 to the "0" input of
      trigger circuit 57 whose "1" input receives a signal 0, since gate 49 is
      blocked in any case by gate 41. At instant 31.75, trigger circuit 57
      changes to or remains in state 0, thus resulting in a repeat transmission
      during the (p+1).sup.th cycle.
PAR  Hypothesis I must now be subdivided into the following two:
PAR  1A: Immediately before instant 31.5 counter 54 is not saturated, gate 56
      supplies a zero-level signal and gate 44 transmits the output pulse of
      gate 42 to the binary counter, whose count increases by 1 unit.
PAR  1B: Counter 54 is saturated. Gate 56 blocks gate 44 and the counter is kept
      in state 3. The level 1 signal supplied by gate 56 is likewise transmitted
      via gate 46 to the "0" input of trigger circuit 57, but this merely adds
      to the effect of the pulse transmitted by gate 47 and does not in any way
      modify the behaviour of trigger circuit 57.
PAR  It will now be assumed that the return signal requests the continuation of
      transmission. This case may be subdivides into the following three:
PAR  II (A): Counter 54 is not saturated. This time, the pulse (33) appearing at
      the instant 31.5 of the p.sup.th cycle is transmitted by gate 41 and
      reaches the "1" input of trigger circuit 57 via gate 49. OR gate 46 does
      not receive any signal so that level 0 is present at the "0" input of
      trigger circuit 57, which thus takes or keeps state "1" at the instant
      31.75. This ensures that a continuation is transmitted during the
      following cycle.
PAR  On the other hand, the OR gate 47 receives a signal 1 from the NOT circuit
      55, thus opening AND gate 48 for the output pulse of gate 41.
      Consequently, the binary counter is reset to zero, it not at zero already,
      at instant 31.5.
PAR  Second hypothesis:
PAR  II (B) Counter 54 is saturated and trigger circuit 43 is at state 1.
PAR  This means that, during the (p-1).sup.th cycle, the return signal detected
      was a continuation request (otherwise trigger circuit 43 would be in state
      0), and that this request was not complied with because trigger circuit 57
      could not have assumed state 1 ensuring continuation, since counter 54 was
      saturated and rendered gate 49 non-conductive.
PAR  This is thus the case of a continuation request following a continuation
      request which has remained ineffective, and the second request must be
      acted upon. This is done as follows: Trigger circuit 43 is in state 1
      until instant 31.75, when it is reset to zero by the trailing edge of the
      output pulse of gate 41. Gate 45, which receives the output signal of
      trigger circuit 43 and the output signal of gate 56, acts via OR gate 47
      so that AND gate 48 conducts the pulse provided by gate 41, well before
      the end of the last-mentioned pulse. Binary counter 54 is reset to zero by
      the leading edge of the output signal of gate 48, and gate 56 supplies a 0
      signal to the inverting input of gate 49, which then transmits the output
      pulse (slightly mutilated) of gate 41. Consequentely, trigger circuit 57
      will change to state 1 at instant 31.75.
PAR  II (C): Counter 54 is saturated and trigger circuit 43 is in state 0. This
      means that the continuation request received at the end of the p.sup.th
      cycle is the first since the repetition request which resulted in the
      saturation of the counter. The reason why is that if the continuation
      request had been the second, trigger circuit 43 would have been triggers
      to state 1 by the trailing edge of the pulse (33) of the (p-1).sup.th
      cycle and that no third request would be possible, in accordance with the
      process described in II (B). Consequently, the repetition must be
      continued during the (p+1).sup.th cycle. Thus is done as follows: Between
      instants 31.5 and 31.75, trigger circuit 43 remains in state 0, and gate
      45 is blocked, OR gate 47 does not receive anything, gate 48 cannot
      transmit the output pulse of gate 41, and counter 54 is not reset to zero.
      Consequently gate 56 continues to supply a level 1 signal, and gate 49 is
      blocked. Trigger circuit 57 therefore receives the zero level at its "1"
      input and receives the signal of gate 56 at its "0" input via OR gate 46.
      It remains in state 0 at instant 31.75, when the trailing edge of the
      pulse is applied to its H input.
PAR  FIG. 4 is a diagram of station B.
PAR  In FIG. 4, a receiver 5 applies the information bits and the corresponding
      parity bits to two outputs 51, 52 between t = 1.5 and t = 26.5, the bits
      corresponding after transmission to those which have been transmitted
      between t = 0.5 and t = 25.5 on outputs 21 and 22 (FIG. 1) of the digital
      circuits of station A.
PAR  Station B comprises a synchronisation signal generator 7 operating in a 32
      T cycle which is synchronised with the receiving cycle (i.e. with the
      transmitting cycle disregarding the transmission time) by conventional
      methods, and which uses the output signals of the digital output 51 of
      receiver 5, those signals supplying the phase of the bits and, after
      recognition of the first received prefix, which is necessarily a
      continuation prefix, the phase of the cycles.
PAR  Generator 7 supplies the signals illustrated in FIG. 5. At its output 71,
      there are pulses having a duration 1/2 and the recurrence frequency of the
      bits, those pulses, appearing at the instants t = k, k being an integer;
      at its output 72 there is a two-level signal having the level 1 between
      instants 1.5 and 26.5 and the level 0 during the rest of the time; at its
      output 73 there is a pulse beginning at instant 26 and ending a little
      after instant 26.25, e.g. 26.3, to ensure an overlap with the pulse
      provided at output 74 and defined hereinafter; at output 74 there is a
      pulse beginning at instant 26.25 and terminating at instant 26.5; at its
      output 75, there is a signal having the level 1 between instants 2 and 24
      and level 0 for the rest of the time; at its output 76 there is a train of
      20 short pulses appearing at the instants k + 0.01, k + 0.02 . . . k +
      0.20 for each pulse (71) appearing at an instant k (only the envelopes of
      these pulse trains are shown in FIG. 5) and at its output 77 there is a
      level 1 signal between t = 1 and t = 23.
PAR  In order to simplify the drawing, the connections between the outputs of
      the synchronisation generator and the other units of FIG. 4 are only shown
      in part; there can be no ambiguity, however, since the other units are
      provided with "synchronisation inputs" denoted by the same numbers as the
      outputs of generator 7 connected thereto.
PAR  A control circuit 8 comprises synchronisation inputs 71, 72, 74, 75 and 77.
PAR  The station comprises two registers 61 and 62, each having 22 stages, the
      inputs of which are respectively connected to outputs 51 and 52 of
      receiver 5, the first receiving information bits i' and the second
      receiving the parity bits p', the prime symbol showing that they may,
      differ owing to faulty transmission, from the i and p bits.
PAR  A third register 63 has 25 stages and is adapted to receive the
      successively evaluated i" bits from a computer 6. An assembly 67 comprises
      three shift registers in parallel, each having 25 stages, adapted to
      receive a value V which will be defined hereinafter and is associated with
      each of the decoded bits i". Value V, which is limited to the value 7, is
      expressed by a three-bit binary integer. To simplify the drawing, this
      group of registers has been symbolically indicated by a single rectangle
      shown in thicker lines than the single registers. Similarly all the triple
      inputs and outputs conveying the values V are represented by individual
      connections shown by thicker lines than the single connections.
PAR  The clock inputs H of registers 61, 62, 63 and of the three registers 67
      are connected to an output 81 of the control circuit 8 which normally
      (i.e. except for an exceptional case described hereinafter) feeds them at
      the instants 2, 3, 4 . . . 26 of each cycle.
PAR  The writing of the received bits into registers 61 and 62 is therefore
      performed on the centres of the bits, the reception period extending from
      1.5 to 26.5.
PAR  In register 62, the parity bits always occupy the stages of the same
      position number as the corresponding information bits in register 61, and
      they will not mentioned henceforth. Similarly, the values V associated
      with a decoded bit i" always occupy, in the register assembly 67, groups
      of stages having the same position number as the corresponding bit i"  in
      register 63.
PAR  When an information bit i'.sub.n enters the last stage of register 61, bits
      i'.sub.n.sub.+21 to i'.sub.n.sub.+1 occupy the 21 first stages thereof
      and, as will be seen, the decoded bits i".sub.n.sub.-1 to i".sub.n.sub.-25
      occupy the 25 stages of register 63.
PAR  An information bit i'.sub.n entering the last stage of register 61 is
      decoded while it occupies this last stage, as will be shown hereinafter,
      and enters the first stage of register 63 in decoded form during the
      subsequent shift in the registers.
PAR  The decoding principle is based on the observation that each one of the
      combinations of received bits derived from the relation
EQU  (1) p.sub.n = i.sub.n + i.sub.n.sub.-12 + i.sub.n.sub.-18 + i.sub.n.sub.-21
      (M) defining the code, through shifting the values of all the indices by a
      value j causing one of the indices to be equal to n (j = 0, 12, 18, 21)
      supply an expression for i.sub.n or a "replica" of i.sub.n ; the replicas
      thus obtained are independent from each other and equal in number to the
      different indices in relation (1). The code is so chosen that the number
      of different indices is an even number; it is 4 in the present case.
PAR  Clearly, all these replicas would be equal if all the bits used were
      received without error.
PAR  In addition to the four aforementioned "composite" replicas of bit i.sub.n,
      there is obtained a simple replica of bit i.sub.n, i.e. the corresponding
      received bit i'.sub.n.
PAR  For a bit i.sub.n, therefore, they are a simple replica r.sub.n and four
      composite replicas r.sub.n (j) the five replicas being, noting that in
      modulo 2 algebra the + sign and the - sign are interchangeable:
PA1  r.sub.n = i'.sub.n
PA1  r.sub.n(0) = i'.sub.n.sub.-12 + i'.sub.n.sub.-18 + i'.sub.n.sub.-21 +
      p'.sub.n                                                  (M)
PA1  r.sub.n(12) = i'.sub.n.sub.+12 + i'.sub.n.sub.-6 + i'.sub.n.sub.-9 +
      p'.sub.n.sub.+12
PA1  r.sub.n(18) = i'.sub.n.sub.+18 + i'.sub.n.sub.+6 + i'.sub.n.sub.-3 +
      p'.sub.n.sub.+18
PA1  r.sub.n(21) = i'.sub.n.sub.+21 + i'.sub.n.sub.+9 + i'.sub.n.sub.+3 +
      p'.sub.n.sub.+21
PAR  The expressions for the replicas of i.sub.n include received bits having a
      subscript less than n, the decisions for which, therefore, have been taken
      before the decision for i.sub.n . i" denotes the value attributed to a bit
      i after decoding. The decision on i.sub.n should preferably be based on
      the thus-estimated values rather than the received values of the bits.
PAR  Accordingly, the replicas are:
PA1  r.sub.n = i'.sub.n                                         (M)
PA1  r.sub.n(0) = i".sub.n.sub.-12 + i".sub.n.sub.-18 + i".sub.n.sub.-21 +
      p'.sub.n
PA1  r.sub.n(12) = i'.sub.n.sub.-12 + i".sub.n.sub.-6 + i".sub.n.sub.-9 +
      p'.sub.n.sub.+12
PA1  r.sub.n(18) = i'.sub.n.sub.+18 + i'.sub.n.sub.+6 + i".sub.n.sub.-3 +
      p'.sub.n.sub.+18
PA1  r.sub.n(21) = i'.sub.n.sub.+21 + i'.sub.n.sub.+9 + i'.sub.n.sub.+3 +
      p'.sub.n.sub.+21
PAR  When a bit i'.sub.n forming the simple replica of a bit i.sub.n is written
      in the last stage of register 61, the output of the same supplies the
      simple replica.
PAR  The corresponding composite replicas should be formed at the same instant.
      To this end, as can be seen by referring to expressions (3), use is made
      of the auxiliary outputs of the 1st, 4th, 10th, 13th, 16th and 19th stages
      of register 64, the 3rd, 6th, 9th, 12th, 18th and 21 st stages of register
      63, and the 1st, 4th, 10th and 22nd stages of register 62.
PAR  These outputs supply a group 24 of four modulo 2 adders, so that the four
      adders supply the four composite replicas respectively. To simplify the
      drawing, this group of four adders has been represented by a single unit
      having four outputs forming the four composite replicas of bit i.sub.n
      when the last stage of register 61 supplies a simple replica.
PAR  The simple replica and the four composite replicas are supplied to five
      inputs 91 - 95 of the computer 6 which also has an input 96 connected to
      the last stage of register 63 and a triple input 69 connected to the last
      group of parallel stages of the register assembly 67.
PAR  A binary output 66 of computer 6 is connected to the input of register 63,
      to which it supplies the i" bits.
PAR  A triple output 65 of computer 6 is connected to the first group of
      parallel stages of the register assembly 67.
PAR  Computer 6 has two synchronisation inputs 71, 76 and a control input 82
      connected to an output 82 of the control circuit 8.
PAR  In the case of a prefix bit or a continuation message bit, the value
      i".sub.n attributed by computer 6 involves only the 5 replicas of i.sub.n.
PAR  In the case of a repetition message bit, the value i".sub.n attributed by
      computer 6 involves the five replicas of i.sub.n, the decoded bit
      i".sub.n.sub.-25 (i.sub.n.sub.-25 in this case corresponding to the same
      message bit I.sub.m as i.sub.n) and the corresponding value
      V.sub.n.sub.-25 which is dependent on the amount of agreement between the
      replicas which have been used to decide on the value to be given to
      i".sub.n.sub.-25. The calculations will be given in detail during the
      description of computer 6.
PAR  Station B also comprises a "prefix circuit" 100 used for identifying the
      prefix and evaluating the channel quality. Circuit 100 has three inputs
      130, 230 and 330 which receive the values V written in the first three
      groups of stages in the register assembly 67, and three inputs 631, 632,
      633 which receive the bits written in the first three stages of register
      63. The circuit has two synchronisation inputs 73, 76 and two outputs 101
      (prefix identification) and 102 (channel quality) connected to two
      corresponding inputs 101, 102 of control circuit 8.
PAR  A return signal transmitter 136 has one input connected to an output 85 of
      control circuit 8, and one synchronisation input 74.
PAR  A data receiver R, adapted to be fed by station B, has also been shown;
      unit R may have an output 29, connected to a corresponding input 29 of
      control circuit 8 and supplying a signal (29) at level 1 or 0 depending
      upon whether the receiver is available or not (the latter case may occur
      e.g. if receiver R is in turn supplying a chain of relays). In the present
      example, it will be assumed that output 29 is present. Receiver R has a
      data input 30, a clock input 78 and an auxiliary input 70.
PAR  The rest of the circuit in FIG. 4, more particularly the other connections
      of the control circuit 8, will be described at the same time as its
      "normal" operation, which is defined by the following conditions:
PAR  1. Receiver R is always available.
PAR  2. The prefix received during the p.sup.th cycle always corresponds to the
      return signal transmitted during the (p-1).sup.th. The contrary case as
      has been seen, occurs in the case of a first continuation request signal
      received after the repetition counter at station A has been saturated. It
      may also occur if the return signal has not been correctly interpreted at
      station A.
PAR  "Abnormal" modes of operation will be discussed during the description of
      the control circuit 8.
PAR  During "normal" operation, at instant 0 of the p.sup.th cycle, according to
      the way the registers are fed and shifted, the 22 message bits of the
      (p-1).sup.th train received during the (p-1).sup.th cycle occupy the 22
      stages of register 61 whereas the 25 decoded bits corresponding to the
      previous information bits occupy register 63. Between instants 1 and 23 of
      the p.sup.th cycle, depending on the prefix of the (p-1).sup.th train,
      input 82 of computer 6 receives a signal 0 or 1, the signal 0 indicating
      that the decoding required is continuation decoding, and the signal 1
      requiring repetition decoding; signal (82) is always 0 at other times. A
      bit is decoded and the associated value V is calculated in less than 1
      time unit.
PAR  The bit which has been written in the last stage of register 61 is decoded
      between t = 1 and t = 2, but the corresponding value i" and the associated
      value V do not enter register 63 and register assembly 67 until instant 2,
      constituting the first register feed during the p.sup.th cycle.
      Accordingly, the message bits of the (p-1).sup.th train are successively
      decoded and transmitted to register 63, the last bit entering the register
      at instant 23.
PAR  If the return signal of the (p-1).sup.th cycle was not a request to repeat
      the message, a signal (84) supplied by an output 84 of control circuit 8
      is at level 1 between instants t = 2 and t = 24 and is applied to the
      first input of an AND gate 77 whose second input is connected to the
      output 66 of computer 6 and whose output is connected via an OR gate 40 to
      the data input 30 of the data receiver R, which thus receives the decoded
      message bits at the same time as they are written in register 63. The
      reception is synchronised in the following manner. The synchronisation
      input 78 of receiver R is connected to the output of an AND gate 68 whose
      first input 71 receives the pulses (71) at the frequency of the bits,
      supplied by generator 7, and whose second input, via an OR gate 79,
      receives signal (84). Accordingly, the trailing edges of pulses (71)
      (instants 2.5 etc. up to 23.5) can be used for writing in the receiver R.
PAR  If there was a request for a repetition, signal (84) is at level 0 and the
      decoded message bits of the (p-1).sup.th train are not transmitted to
      receiver R.
PAR  Between t = 23 and t = 26, the signal (82) supplied by circuit 8 to
      computer 6 is always at level 0.
PAR  It is now necessary to decode the three prefix bits of the p.sup.th train,
      the first of which has entered the first stage of register 61 at instant 2
      and the last stage of register 61 at instant 23.
PAR  From instant t = 26, the three decoded prefix bits occupy the first three
      stages of register 63 and the shifts in the registers interrupted; the 22
      message bits of the p.sup.th train then occupy the 22 stages of register
      61.
PAR  Between instants t = 26 and two instants t.sub.1 and t.sub.2, both previous
      to t = 26.5, circuit 100 identifies the prefix and evaluates the channel
      quality in dependence on the prefix reception quality and, if required,
      the quality of reception of the previous prefixes.
PAR  The corresponding signals appear at its outputs 101, 102 respectively
      during time intervals including instant 26.25. At this instant they are
      recorded in control circuit 8 and stored there until the instant 26.25 of
      the following cycle.
PAR  The control circuit 8 uses signals 101 and 102, which have thus been stored
      at instant 26.25 of the p.sup.th cycle to provide:
PAR  1. A signal 85 which determines the nature of the return signal transmitted
      by transmitter 136 between instant 26.5 and instant 30.5 of the p.sup.th
      cycle.
PAR  During normal operation, signal (85) has bthe same value as signal (102),
      value 1 producing a request for continuation if signal (102) indicates
      that the channel quality is good, and value 0 producing a request for
      repetition in the contrary case. The corresponding transmission is
      triggered in transmitter 136 by the trailing edge of pulse (74) applied
      thereto.
PAR  2. The aforementioned signal (82) which, between instant 1 and 23 of the
      (p+1).sup.th cycle, determines the nature of the decoding performed in
      computer 6. In both normal and abnormal operation, signal (82) depends
      only on the recorded signal (101).
PAR  3. The aforementioned signal (84), which is provided between instants 2 and
      24 of the (p+1).sup.th cycle in order to determine whether the decoded
      bits will or will not be provided to receiver R. During normal operation,
      its value is the same as that of the recorded signal (102).
PAR  FIG. 4 also shows the following components, which are used for "abnormal"
      operation of the station: An output 83 of circuit 8 is connected to the
      second input of AND gate 79 and to the auxiliary input 70 of receiver R.
      An AND gate 39 has a first input connected to output 83 of circuit 8, a
      second input connected to the output of register 63, and an output
      connected to the second input of OR gate 40.
PAR  Computer 6 will now be described at the same time as the principles of the
      calculation giving the values of the decoded bits and the corresponding
      values V. will be set forth. Prefix circuit 100 bill be described at the
      same time as the channel quality criteria will be specified; and the
      control circuit 8 will be described at the same time as the "abnormal"
      modes of operation of station B will be set out.
PAR  FIG. 6 is a diagram of computer 6 from FIG. 1. All the store, register, and
      trigger components in the circuit which will be described hereinafter are
      provided with zero resetting inputs, and are reset to zero by the trailing
      edge of the pulses (71), at the frequency of the bits, supplied to input
      71 of computer 6, except for an element 615 which is reset to zero by the
      leading edge of the same pulses, slightly delayed, as will be explained
      hereinafter. In order to not overload the drawing, the zero resetting
      inputs and the corresponding connections to input 71 have not been shown.
PAR  Basically, the calculation is as follows:
PAR  a. Continuation decoding (equally applicable to all the prefixes):
PAR  A simple method of using the replicas is to attribute the same importance
      to each of them.
PAR  The sum S.sub.n is formed of the five replicas of a considered bit i.sub.n.
      If the replicas were all accurate, this sum would be equal to 5 or 0,
      depending on whether the bit to be decoded had the value 1 or 0.
PAR  The sign of the difference 5/2 - S.sub.n or (which comes to the same thing)
      the sign of the difference D.sub.n = 5 - 2 S.sub.n is thus taken as a
      criterion to assign a bit i.sub.n a decoded value i".sub.n which is equal
      to 1 or 0 depending on whether D.sub.n = 5 - 2 S.sub.n is negative or
      positive.
PAR  The aforementioned value V is taken equal to V.sub.n =
      1/2(.vertline.D.sub.n .vertline.- 1) the value of which increases in
      proportion to the closeness of agreement of the replicas, but is not used
      to decode the information bit in question.
PAR  b. Repetition decoding.
PAR  1. Calculation of d.sub.n = 5 - 2 S.sub.n
PAR  This is the same value as that denoted by D.sub.n in the case of
      continuation decoding. In the present case, however, its sign does not
      determine the value of i".sub.n and therefore a different notation (d
      instead of D) is used, D in all cases being the difference whose sign
      determines the value to be given to the corresponding bit, and also being
      the value in the expression for V.
PAR  2. Calculation of D.sub.n, which is taken equal to d.sub.n + 2
      V.sub.n.sub.-25 if i".sub.n.sub.-25 = 0 and to d.sub.n -  2
      V.sub.n.sub.-25 if i".sub.n.sub.-25 = 1. The absolute value of D.sub.n,
      being however, limited to 15.
PAR  In this case, D.sub.n has the following meaning;
PAR  It will be recalled that if i.sub.n is a message bit, of a repetition bit
      train, it corresponds to the same message bit I.sub.m as the bit
      i.sub.n.sub.-25.
PAR  First, it will be assumed that the repetition is the first one.
PAR  For I.sub.m, there were obtained 5 replicas of i.sub.n.sub.-25 leading to a
      difference D.sub.n.sub.-25 = 5 - 2 S.sub.n.sub.-25, and 5 replicas of
      i.sub.n leading to a difference d.sub.n = 5 - 2 S.sub.n ; in order to make
      use of the two results, it is natural to form the cumulative difference
EQU  + d.sub.n + D.sub.n.sub.-25
PAL  Now V.sub.n.sub.-25 = 1/2 (.vertline.D.sub.n.sub.-25 .vertline. -  1).
      Therefore .vertline.D.sub.n.sub.-25 .vertline.= 2 V.sub.n.sub.-25 + 1. And
      D.sub.n.sub.-25 =  2 V.sub.n.sub.-25 +  1 if i".sub.n.sub.-25 =  0 and -
      (2 V.sub.n.sub.-25 + 1) if i".sub.n.sub.-25 =  1.
PAR  Thus d.sub.n + D.sub.n.sub.-25 = d.sub.n .+-. (2 V.sub.n.sub.-25 +  1);
      this expression has the disadvantage of being even (d.sub.n being odd).
      Indetermination could therefore occur. For this reason the expression
      D.sub.n = d.sub.n .+-. 2 V .sub.n.sub.-25 is substituted therefor, the
      sign preceding 2 V.sub.n.sub.-25 being "+" or "-" depending on whether
      i".sub.n.sub.-25 = 0 or 1.
PAR  The sign of D.sub.n determines the value of i".sub.n (0 when D.sub.n is
      positive, 1 when D.sub.n is negative) and there is associated therewith a
      cumulative value V.sub.n, V.sub.n = 1/2 (.vertline.D.sub.n .vertline.- 1),
      which can be used in the case of a second repetition, and so on.
PAR  Since the number of repetitions is not limited, maximum values must be
      assigned to D and V. In this example, D is limited to 15 consequently V is
      limited to 7.
PAR  In all case, in order to decode a i.sub.n bit, the computer must compute 5
      - 2 S.sub.n = (5 - S.sub.n) - S.sub.n.
PAR  S.sub.n is the number of replicas having the value 1 and 5 - S.sub.n is the
      number of replicas having the value 0.
PAR  For this calculation, use is made of an up - down counter 615 having 5
      binary stages (FIG. 6) which is reset to zero as described hereinafter and
      whose count increases by one for each replica having the value 0 and
      decreases by one for each replica having the value 1.
PAR  In the case of repetition decoding, rapid pulses, equal in number to 2
      V.sub.n.sub.-25, are subsequently added to the "+" or "-" input of the
      counter, depending on whether i".sub.n - 25 is equal to 0 or 1.
PAR  A five-stage up - down counter of the aforementioned kind can without
      ambiguity effect algebraical sums equal to not more than 15 in absolute
      value, the maximum chosen for D.
PAR  If, therefore, N.sub.5 denotes the number finally recorded by the counter,
      N.sub.5 = D.sub.n or D.sub.n + 32 depending on whether D.sub.n is positive
      or negative.
PAR  Under those conditions, it can easily be shown that if D.sub.n is less than
      15
PAR  1. At the end of the operations, the bit recorded in the 5th stage of the
      counter is 1 if D.sub.n is negative, and 0 if D.sub.n is positive.
      Accordingly, this stage contains i".sub.n.
PAR  2. The number N.sub.234 formed by the digits written in the 2nd, 3rd, and
      4th counter stages is equal to V.sub.n if D.sub.n is positive and to the
      complement of V.sub.n if D.sub.n is negative (a number is a complement of
      another number if each digit 1 of the first number corresponds to a digit
      0 in the second number and vice versa).
PAR  In all cases, therefore V.sub.n will be formed at the outputs of 3 modulo 2
      adders 644, 645, 646 whose first inputs are respectively connected to the
      outputs of the 2nd, 3rd and 4th stages of the counter and whose second
      inputs are connected to the output of the last stage.
PAR  On the other hand, since V.sub.n and D.sub.n increase together and D.sub.n
      is 15 when V.sub.n = 7, the last-mentioned threshold value of V is used to
      stop up or down counting.
PAR  To this end, the outputs of the three modulo 2 adders 644, 645, 646 supply
      the three inputs of an AND gate 647 whose output is used to stop the
      supply of pulses to the counter, by a method which will be specified
      hereinafter.
PAR  There will now be described the additional computer elements for performing
      the aforementioned operations with the desired synchronisation.
PAR  It will be recalled that the input 71 supplies pulses at the bit frequency
      at the instants t = k, k being an integer, and input 76 supplies a train
      of 20 fast pulses having a short duration, h, the leading edges of which
      appear at the instants k + 0.01, k + 0.02 . . . k + 0.20.
PAR  It will be assumed that the value of k is determined; so is then the
      subscript n of the information bit entering the last stage of register 61
      at the instant k of the cycle considered. For simplification, instant k
      will be taken as a new time origin.
PAR  Up to instant 1, therefore, the five inputs 91 - 95 supply the computer
      with the five replicas of i.sub.n, whereas its input 96 supplies
      i".sub.n.sub.-25 and its input 69 supplies V.sub.n.sub.-25.
PAR  The operations are programmed by a 6-stage shift register 614, in the first
      stage of which a digit 1 is written under the action of the leading edge
      of the first pulse (76). The digit subsequently moving forward one stage
      for each of the five following pulses.
PAR  To this end, the input of the first stage of the register is connected to
      the complementary output 625 of a trigger circuit 613. Circuit 613 which,
      as already indicated, is reset to zero at the instant 0, also has an input
      "1" connected to the complementary output 625 and an input H authorizing
      the change to state 1, input H being sensitive to the trailing edge of the
      pulses applied thereto and being connected to the circuit input 76.
PAR  The clock input H of register 614 is connected to circuit input 76 through
      an AND gate 622 whose second input (an inverting input) receives the
      output signal of the 6th stage of the register. The clock input is
      sensitive to the leading edge of the pulses applied thereto.
PAR  At the instant 0, trigger circuit 613 is put into the state 0 and its
      complementary output 625, thus supplies a signal 1 which is applied to the
      input of the first stage of register 614 and which is recorded there at
      the instant 0.01; signal 1 is also transmitted to input "1" of trigger
      circuit 613, which changes into the state 1 at the instant 0.01 + h, h
      being the duration of a pulse (76), and remains in the same state until
      reset to zero at instant 1, until which time its input "1" receives a zero
      signal, thus converting to zero the signal applied to the input of
      register 614. Digit 1 moves forward in the register, at the same rate as
      the clock pulses applied to register input H, until it reaches the 6th
      register stage (at instant 0.06) after which gate 622 cuts off the feed of
      pulses to register input H. U.sub.1, U.sub.2 . . . U.sub.6  will designate
      the time intervals corresponding to the presence of digit 1 in each of the
      successive register stages.
PAR  FIG. 7 shows, in dependence on time, the beginning of a pulse (71), the
      corresponding pulse train (76) and the signal (625) supplied by the
      complementary output 625 of trigger circuit 613.
PAR  The external outputs of the five first stages of register 614 are connected
      to the first inputs of five AND gates 331 - 335 whose second inputs
      receive the five replicas of bit i.sub.n applied to the computer inputs 91
      - 95. The output of the 6th register stage and computer input 96 (which
      supplies it with i".sub.n.sub.-25 when input 91 supplies i'.sub.n) are
      connected to the two inputs of an AND gate 336.
PAR  The outputs of gates 331 - 336 are connected to corresponding inputs of an
      OR gate 630 whose output supplies in parallel an inverting input of an AND
      gate 637 and an input of an AND gate 638; the second inputs of AND gates
      637 and 638 are connected to the output of an AND gate 639 having two
      inputs, the first of which is an inverting input. The second input of AND
      gate 639 is connected to circuit input 76 via a delay element 640. As will
      be shown hereinafter, the inverting input of gate 639 cannot receive a
      signal 1 until the computer has finished operation. It should thus be
      understood that this input receives a zero signal until stated otherwise.
PAR  The output of AND gate 639 transmits the delayed synchronisation pulses
      (76), starting from the first pulse and until the gate 639 is blocked on
      its inverting input.
PAR  AND gates 331 - 336 are successively unblocked via their inputs connected
      to the outputs of the stages of register 614. Consequently, the output of
      OR gate 630 assumes a state which in succession is the state of inputs 91
      - 96.
PAR  The output of AND gate 637 is connected to the "+" input of the five-stage
      up - down counter 615, whose "-" input is connected to the output of AND
      gate 638.
PAR  The counter responds to the leading edges of the pulses applied thereto.
PAR  The delay introduced by delay element 640 is such that a pulse (76) has
      produced a shift on register 614 before it is applied through elements 640
      and 639 to AND gates 637 and 638.
PAR  Consequently, counter 615 positively counts each of the 6 replicas of
      i.sub.n having the value 0 and negatively counts each replica having the
      value 1, the operation being terminated when the delay device 640 has
      transmitted five pulses (76) to the counter.
PAR  Counter 615 must then stop being fed in the case of continuation decoding
      corresponding to the level 0 of signal (82) applied to circuit input 82
      (this is always the case for the first train received after the system is
      put into operation).
PAR  To this end, a gate 641 receives the output signal of the 6th stage of
      register 614 on one input and the signal (82) on its second, or inverting
      input.
PAR  Through an OR gate 642, the signal of gate 641 is applied to the inverting
      input of gate 639, which thereafter prevents any further change in the
      count in counter 615.
PAR  In the contrary case, operations are continued during time interval U.sub.6
      by the following circuit:
PAR  An AND gate 629 having four inputs is used to supply a four-stage auxiliary
      binary counter 616, with pulses (76).
PAR  To this end, gate 629 comprises a first, inverting, input receiving the
      same end-of-operations signals as the inverting input of gate 639; a
      second input receives the output signal of the 6th stage of register 614;
      a 3rd input receives the signal (82) and a 4th input receives the pulses
      (76) delayed by the delay device 640.
PAR  Counter 616 counts pulses (76), starting from the 6th, until the
      end-of-operations signal 1 appears; in all cases this signal is supplied
      by the output of OR gate 642.
PAR  The outputs of the 2nd, 3rd and 4th stages of counter 616 are connected to
      the first triple input of a comparator 643 whose second triple input is
      connected to the triple input 69 of the computer 6, shown in FIG. 6 by the
      three wires 691, 692 and 693 in the order of increasing weight of the
      corresponding digits.
PAR  In comparator 643, the number P formed by the digits written in the last
      three stages of register 616 (the weight of the digits increasing with the
      position number of the stage) is compared with the number V (more
      precisely V.sub.n.sub.-25) and a level 1 signal is supplied if these two
      numbers are equal.
PAR  It will be noted, that if Q denotes the four-digit number written in
      counter 616, Q = 2P or 2P+1 depending on whether the first stage of the
      counter contains 0 or 1. It has been seen, however, that the values V are
      integers, so that the values of 2V are even.
PAR  Therefore, a detector output signal indicates that Q = 2V. Until this
      output signal appears, counter 615 counts up or down (depending on the
      value of bit i".sub.n.sub.-25) a number of pulses equal to the number of
      pulses applied to counter 616.
PAR  This state of affairs may end in two ways. Firstly, if counter 615 is not
      saturated, if may be ended by the detector output signal. In this case,
      gates 629 and 639 are simultaneously blocked by the detector output signal
      transmitted by OR gate 642.
PAR  Alternatively, the state of affairs may be ended if the counter 615 is
      saturated, this result being obtained by connecting the output of gate 647
      to a 3rd input of OR gate 642.
PAR  Accordingly, output 66 delivers i".sub.n and triple output 65, comprising
      the outputs of adders 644, 645 and 646, delivers V.sub.n not later than
      the instant 0.19.
PAR  Since these values must be recorded at the instant 1, or k+1 if the
      previous time origin is again considered, it will be seen that counter 615
      must be reset to zero later than the other store elements in the computer,
      i.e. by the leading edges of pulses (71) which have been slightly delayed
      by a delay device so that zero resetting is performed after the leading
      edge of pulse (71) and before the leading edge of the first delayed pulse
      (76) supplied by the delay device 640.
PAR  FIG. 8 illustrates an embodiment of circuit 100 in FIG. 4.
PAR  In FIG. 8, the two synchronisation inputs are shown again. Those are input
      73 which supplies pulses covering the time intervals 26 to 26.3 in each
      cycle, and input 76, which supplies the fast pulse trains.
PAR  The operations are programmed by a five-stage shift register 881 which is
      reset to zero at the instant t = 26.3 of each cycle at its Z sinput
      connected to input 73, via the NOT circuit 874.
PAR  An AND gate 884 has three inputs, the first being connected to input 73,
      the 2nd to input 76, the 3rd (an inverting input) to the output of the 5th
      stage of register 881. The output of gate 884 is connected to the register
      clock input H, which is sensitive to the leading edges of the pulses
      applied thereto. The input of the first register stage is connected to the
      output of an AND gate 888 whose first input is connected to a source 880
      permanently supplying level 1 and whose second input (an inverting input)
      is connected to the output of an OR gate 886. OR gate 886 is directly
      connected to the outputs of the last two stages of the register and,
      through another OR gate 885, to the outputs of the first three stages of
      the register. Consequently, the first rapid pulse (76) following the
      leading edge of pulse (73) will cause the digit 1 to be written in the
      first register stage, and digit 1 will subsequently move forward one stage
      in the register for each of the following rapid pulses, until it reaches
      the last stage.
PAR  Let .theta..sub.1, .theta..sub.2, .theta..sub.3, .theta..sub.4 and
      .theta..sub.5 denote the time intervals during which the digit 1 written
      in register 881 occupies the 1st, 2nd, 3rd, 4th and 5th stage thereof.
PAR  An adder 873 is reset to zero at the instant 26.3 of each cycle, at its Z
      input connected to the output of NOT circuit 874, itself connected to the
      synchronisation input 73, Adder 873 identifies the decoded prefix of each
      train, comprising digits denoted by P".sub.1 P".sub.2, P".sub.3, by
      effecting the sum P".sub.1 + P".sub.2 + P".sub.3 (P".sub.2 denoting the
      complementary digit of P".sub.2). This sum is nominally equal to three for
      the continuation prefix 101 and to 0 for the repetition prefix. It will
      therefore be assumed that there is a continuation prefix if the sum is 3
      or 2, and a repetition prefix if the sum is 1 or 0.  In other words, the
      nature of the prefix is directly given by the heaviest-weight bit in the
      sum. Adder 873 adds the bits applied to its bit input to its previous
      contents, when a control pulse is applied to its control input 801. Its
      bit input is connected to the output of a switching circuit 500 having
      three inputs respectively connected to circuit inputs 631, 632 and 633.
      Circuit 500 has three control inputs connected to the outputs of the 1st,
      2nd and 3rd stage of register 881. It applies bit P".sub.1 to the adder
      during time interval .theta..sub.1, bit P".sub.2 during the time interval
      .theta..sub.2 and bit P".sub.3 during the time interval .theta..sub.3. The
      circuit can comprise three AND gates whose first inputs are connected to
      inputs 631, 632 and 633 respectively, the first input of the AND gate
      connected to input 632 being an inverting input, whereas the 2nd inputs of
      the AND gates are connected to the outputs of the 1st, 2nd and 3 rd stage
      respectively of register 881, and their outputs supply an OR gate whose
      output forms the output of the switching circuit.
PAR  Successive additions are made under the action of the leading edge of the
      first three slightly-delayed pulses (76), the pulses being obtained as
      follows:
PAR  Gate 884, acting via a delay device 894, supplies the first input of an AND
      gate 890 whose second input receives the output signal from OR gate 885
      and whose output is connected to the control input 801 of adder 873.
PAR  With the 3rd control pulse, adder 873 delivers the prefix identification
      signal (101) at its output, which forms the prefix circuit output 101.
      Signal (101) has the value 1 for a continuation prefix.
PAR  A second adder 810 effects the sum D.sub.s of the differences
      .vertline.D.vertline. relative to the three prefix bits, which for
      simplicity will hereinafter be called .vertline.D.sub.1 .vertline.,
      .vertline.D.sub.2 .vertline., .vertline.D.sub.3 .vertline.. As pointed
      out, the value of D increases with the amount of agreement between the
      replicas. On the other hand, .vertline.D.vertline.= 2V + 1. In other
      words, a number .vertline.D.vertline. can be formed from V by doubling the
      weight of the bits expressing V and by adding the unit 1 to complete the
      thus obtained number.
PAR  The values V relating to a prefix bit are always obtained by continuation
      decoding and therefore cannot exceed 2. It is therefore unnecessary in the
      present case to use the heavyweight bit expressing V, and therefore only
      two wires of each the multiple inputs 130, 230 and 330 in FIG. 4 have been
      shown. Inputs 131 and 231, 132 and 232, 133 and 233 in FIG. 8 give the
      bits having the weight 1 and 2 of numbers V.sub.1, V.sub.2 and V.sub.3
      supplied at the triple inputs 130, 230 and 330 in FIG. 4.
PAR  Adder 810 has three inputs 811 - 813 adapted to receive, in the order of
      increasing weight, the bits of the numbers successively denoting
      .vertline.D.sub.1 .vertline., .vertline.D.sub.2 .vertline. and
      .vertline.D.sub.3 .vertline.. Apart from the fact that it operates on
      three-bit input numbers, it operates in the same manner as adder 873, its
      control input 901, and its zero-resetting input Z receiving the same
      signals as adder 873; its bit input 811 (weight 1) is connected to the
      output of source 880 supplying the level-one signal. Its input 812 (weight
      2) is connected to the inputs 131, 132, 133 supplying the weight-1 bits of
      the values V.sub.1, V.sub.2, V.sub.3 associated with bits P'".sub.1,
      P".sub.2 and P".sub.3, via a switching circuit 501 which is identical with
      circuit 500 except that none of the AND gates has an inverting input,
      input 812 receiving the same control signals as circuit 500. Finally,
      input 813 (weight 2.sup.2 = 4) is similarly connected to the inputs 231,
      232, 233 supplying the weight-2 bits of values V.sub.1, V.sub.2 and
      V.sub.3 via a switching circuit 502 identical with circuit 501 and
      receiving the same control signals.
PAR  The sum D.sub.1 + D.sub.2 + D.sub.3 is at the most equal to 15 (for this
      value, the five replicas are identical for each of the three bits).
      Consequently, adder 810 has four outputs 821, 822, 823, 824 supplying the
      four bits of the numbers forming the sum, in order of increasing weight.
PAR  In the present embodiment, the following quality criterion is adopted : In
      the case of a continuation prefix, the sum must exceed 12 (an average of
      four identical replicas for each of the three bits). In the case of a
      repetition prefix the requirements cannot be so high, and the channel
      quality is evaluated allowing for the reliability provided by the
      repetitions. In the latter case, therefore, sums D.sub.s are used which
      have accumulated since the first transmission of the same message.
PAR  These operations are performed using another adder 830 whose zero-resetting
      input Z receives the output signal of adder 873 through an AND gate 895
      which receives the output signal of the fourth stage of register 881, so
      that the adder is reset to zero at the end of the time interval
      .theta..sub.4 if the decoded prefix is a continuation prefix, but is not
      reset in the contrary case. The four outputs of adder 810 are connected to
      the four bit inputs 831 - 834, in the order of increasing weight, of adder
      830 through four AND gates 875 - 878 whose second inputs receive the
      output signal of the 5th stage of register 881. Adder 830 makes only one
      addition, i.e. adds the number set up at its bit inputs to its previous
      contents (which is zero in the case of a continuation prefix). The
      addition, under the control of the output signal of the 5th stage of
      register 881, is performed unless the previous contents of adder 830
      already exceeds 12. To this end, the control input 530 of adder 830 is
      connected to the output of the 5th stage of register 881 through an AND
      gate 889.
PAR  The other input of gate 889 is an inverting input which, as will be seen
      later, receives the signal 1 if the previous contents of the adder is
      already 12.
PAR  Adder 830 has five outputs 841 - 845 which, in the order of increasing
      weight, supply the five bits of the number expressing the sum resulting
      from the last addition process. This number is greater than 12, either if
      the weight-16 bit appearing at output 845 is equal to 1, or if the
      weight-8 and weight-4 bits are both equal to 1 and eitheir the weight-2
      bit or the weight-1 bit is also equal to 1. Consequently the circuit for
      detecting when the threshold has been passed is as follows an AND gate 893
      has three inputs, the first two of which are connected to adder outputs
      844, 843 and the third of which is connected to the output of an OR gate
      892, the two inputs of gate 892 being connected to outputs 841 and 842.
      The output of gate 893 and output 845 of adder 830 are connected to the
      two inputs of an OR gate 887 whose output forms the circuit output 102.
PAR  The output of gate 887 is also connected to the inverting input of AND gate
      889.
PAR  FIG. 9 is a diagram of the control circuit 8, which comprises three trigger
      circuits 768, 773 and 776 each having a "1" input, a "0" input and an
      clock input H connected to the synchronisation input 74 of the circuit.
PAR  The H inputs of the three trigger circuits are sensitive to the leading
      edges of the pulses applied thereto.
PAR  These three circuits are adapted to record the following signals
      respectively : (101) showing the nature of the prefix, (102) showing the
      channel quality and (29) showing whether the receiver is available, the
      signals being applied to the corresponding inputs of the circuit.
PAR  To this end, inputs "1" and "0" of trigger circuit 768 are connected to
      input 101, the first directly and the second through a NOT circuit 796;
      inputs "1" and "0" of trigger circuit 773 are connected to input 102, the
      first directly and the second via a NOT circuit 797; and inputs "1" and
      "0" of trigger circuit 776 are connected to input 29, the first directly
      and the second through a NOT circuit 795.
PAR  Write-in in these trigger circuits is performed at the instant 26.25 of
      each cycle. It has been seen that at this instant, the signals (101) and
      (102) produced during the cycle are already available at inputs 101 and
      102.
PAR  The receiver-available signal (29), indicating, if is equal to 1, that the
      receiver R can still record at least 22 bits, is also available at the
      instant 26.25 occurring after the instant 23.5 when the receiver has just
      recorded a message.
PAR  The signal (82) for controlling the nature of the decoding operation and
      sent to computer 6 (FIG. 4) is obtained. at output 82 of an AND gate 783
      whose first input (an inverting input) is connected to the output of
      trigger circuit 768 and whose second input receives the square signal (77)
      lasting from t = 1 to t = 23.
PAR  A trigger circuit 777 is similar to the preceding three, its clock input H
      being likewise connected to circuit input 74. As will be seen, starting
      from instant t = 26.5 of the p.sup.th cycle, it supplies the return signal
      transmitted during the (p-1).sup.th cycle and maintains the same state
      until instant 26.5 of the (p+1).sup.th cycle. (It is put into state 1 by
      means (not shown) when the system is put into operation, i.e. on reception
      of the first train, which will be a continuation train).
PAR  The output of trigger circuit 768 is connected to the first inputs of the
      two AND gates 769 and 770, the second input of gate 769 being an inverting
      input. The output of trigger circuit 777 is connected to the second inputs
      of the same two gates. Between instant t = 26.5 of the p.sup.th cycle and
      t = 26.5 of the (p + 1).sup.th cycle, a level-1 signal at the output of
      eitheir gate indicates that the bit train received during the p.sup.th
      cycle is a continuation bit train, received following a continuation
      request if it appears at the output of gate 770, and following a
      repetition request if it appears at the output of gate 769, the second
      case being a case of abnormal operation giving rise to an emergency
      procedure for supplying the data receiver R (FIG. 4).
PAR  A continuation request signal should be transmitted during the p.sup.th
      cycle if, starting from the instant 26.5, the following conditions are
      fulfilled: a level 1 of the signal (102) denoting a good-quality channel,
      a level 1 of the signal (29) denoting that the receiver is available, and
      level 0 of the output signal of gate 769.
PAR  Consequently there are three connections to an AND gate 779 having three
      inputs, the first two of which are connected to inputs 29 and 102, and the
      3rd (an inverting input) is connected to gate 769. The output of gate 779
      constitutes output 85 of circuit 8 which, from instant 26.25 +.epsilon. in
      the p.sup.th cycle (.epsilon. corresponding to the triggering time of
      trigger circuits 768, 773 and 776) supplies the level which determines the
      nature of the return signal transmitted during the p.sup.th cycle. The "1"
      and "0" inputs of trigger circuit 777 are connected to the output of gate
      779, the first directly and the second through a NOT circuit 999. Clearly,
      therefore, trigger circuit 777, at the instant 26.25 of the p.sup.th
      cycle, records the signal (85) which has determined the nature of the
      return signal transmitted during the (p-1).sup.th cycle.
PAR  Signal (85) is applied to transmitter 136 (FIG. 4) where the transmission
      of the proper return signal, depending upon the level of signal (85), is
      triggered by the trailing edge, which appears at instant 26.5, of pulse
      (74) which is also applied to the transmitter.
PAR  Signal (84) which during "normal" operation will ensure the transfer to the
      data receiver of the message bits receiverd during the p.sup.th cycle and
      decoded during the (p+1).sup.th, must be supplied in the case where the
      return signal transmitted during the p.sup.th cycle is a continuation
      request signal, "normal" operation implying that the corresponding message
      bits have not already been transferred to receiver R.
PAR  Accordingly, signal (84) is obtained in the following manner;
PAR  A trigger circuit 780 has a "1" input connected to the output of gate 770
      and a "0" input, both being sensitive only to the 0-1 transitions of the
      signals applied thereto. An AND gate 781 receives the output signal of
      trigger circuit 780 and the output signal of gate 779, its output being
      connected to the "0" input of trigger circuit 780 through a delay element
      751, and being directly connected to the "1" input of a trigger circuit
      787. The delay element 751 imposes a very short delay. Trigger circuit 787
      also has a "0" input connected to the circuit input 74, its two inputs
      being sensitive to 0-1 transitions, which cannot occur simultaneously at
      those two inputs.
PAR  If .epsilon. is the general term used for the triggering time of a trigger
      circuit, trigger circuit 780 takes the state 1 from the instant 26.25 + 2
      .epsilon. of a cycle, e.g. the j.sup.th cycle, at which the received train
      comprise a continuation message (i.e. transmitted for the first time) in
      response to a continuation request.
PAR  The continuation message which caused trigger circuit 780 to flip must be
      discharged towards receiver R during the (j+x+1).sup.th cycle if a
      continuation-request return signal is transmitted during the (j+x).sup.th
      cycle, x = 0 or 1 or 2 etc, i.e. if, in accordance with the criteria
      employed at station B, the message does not need to be repeated (x-0) or
      no longer needs to be repeated (x &gt; 0). The corresponding signal is
      delivered by gate 781 from the instant 26.25 + 2 .epsilon. (if x = 0) or
      from instant 26 + (x &gt; 0) of the (j+x).sup.th cycle.
PAR  Trigger circuit 787 is returned to or maintained at 0 at the instant 26.25
      of each cycle and records signal 1 when the signal supplied by gate 781
      changes from 0 to 1, after which, delay device 751 ensuring the necessary
      time interval, the output signal of gate 781 resets trigger circuit 780 to
      zero.
PAR  The output of trigger circuit 787 is connected to the first input of an AND
      gate 788 whose second input is connected to circuit input 75 which
      supplies it with a level 1 square wave signal between the instant 2 and 24
      of each cycle. The output of gate 788 forms circuit output 84.
PAR  Abnormal functioning occurs in the following cases:
PA1  a. receiver 29 is not available and/or
PA1  b. a message received during the p.sup.th cycle does not correspond to the
      return signal transmitted during the (p-1).sup.th cycle.
PAR  First, it will be assumed that only condition (b) is fulfilled.
PAR  This case can be subdivided into two as follows:
PAR  b1. A repetition message is received in response to a continuation request.
      This is provided for by the way in which signal (84) has been produced.
      This message will not be used to supply the receiver (since trigger
      circuit 780 has been reset to zero). On the other hand, if the channel
      quality is still good, another continuation will be requested and
      operation will again be normal. If the channel quality has become bad, a
      repetition will be requested and the corresponding message will still be
      unnecessary, but not transmitted to receiver R.
PAR  b2. A continuation message is received during the p.sup.th cycle in
      response to a repetition request transmitted during the (p-1).sup.th
      cycle.
PAR  In this case, the message bits of the (p-1).sup.th train were not supplied
      to receiver R after decoding during the p.sup.th cycle. But, they were
      stored in register 63 (FIG. 4). They can therefore, for want of a better
      alternative, be conveyed to receiver R during the (p+1).sup.th cycle, by
      successively taking them from the last stage of register 63; this is done
      by means of AND 39 and OR gate 40 (FIG. 4) provided that circuit 8
      supplies gate 39 with a level 1 signal (83) between instants 2 and 24; the
      corresponding synchronisation signals are then supplied to the receiver by
      means of an OR gate 79, allowing an unblocking of gate 68 by signal (83)
      as well as by signal (84).
PAR  Signal (83) is supplied (FIG. 9) by the output 83 of an AND gate 789 having
      three inputs and receiving signal (75), the output of signal of gate 769
      and the output signal of trigger circuit 776.
PAR  The auxiliary input 70 of receiver R must also be supplied with a signal
      indicating that the data transmitted by this emergency procedure may be
      faulty; to this end, the same signal (83) is applied to the auxiliary
      input (70), as shown in FIG. 4.
PAR  Finally, it will be recalled that in this case (when a signal 1 is supplied
      by OR gate 769) a return signal requesting a repetition has been
      transmitted during the p.sup.th cycle, so that signals (83) and (84) can
      never be present simultaneously.
PAR  It will be now be assumed that only condition (a) applies; Receiver R is
      not available for reception during the (p+1).sup.th cycle. In this case, a
      repetition must continually be requested until the receiver becomes,
      available; this is ensured by the way in which signal (85) is produced and
      operation will return to normal as soon as the receiver becomes available.
PAR  Finally, conditions (a) and (b) may occur simultaneously if receiver R is
      not available and a continuation message is received during a cycle (e.g.
      the y.sup.th cycle) in spite of the repetition request or requests which
      have been transmitted since receiver R became saturated (this case being
      very improbable in view of the Draconian conditions imposed with regard to
      the transmission of a continuation message by station A).
PAR  In such a case, the feed of the registers in station B must be stopped
      during the (y+1).sup.th cycle in order to prevent the message stored
      during the y.sup.th cycle in register 63 from being lost. This result is
      achieved by the circuit used for supplying the register clock pulses to
      output 81 of control circuit 8.
PAR  An AND gate 791 has three inputs, the first of which receives pulses (71)
      at the bit frequency, the second of which receives the square signal (72)
      between t = 1.5 and t = 26.5 in each cycle, and a 3rd of which (an
      inverting input) receives a signal which blocks this gate in the case in
      question. The latter signal is supplied by an AND gate 790 whose first
      input receives the output signal of gate 769 and whose second input (an
      inverting input) receives the output signal of trigger circuit 776.
PAR  As long as the registers are "frozen", circuit 100 continues to supply the
      same signals (101) and (102), the return signal constantly demands a
      repetition, trigger circuit 777 remains in state 0 and gate 769 constantly
      supplies a signal 1.
PAR  If, at instant t = 26.25 of the z.sup.th cycle, trigger circuit 776 changes
      into state 1 indicating that the receiver has become available, the
      registers again receive clock pulses during the (z+1).sup.th cycle and,
      since a signal 1 is still appearing at output 769 during the z.sup.th
      cycle, the signal transmitted during the z.sup.th cycle will be a
      repetition request, whereas the emergency procedure will be applied during
      the (z+1).sup.th cycle so that the message recorded in register 63 during
      the y.sup.th cycle can be discharged towards receiver R (FIG. 4).
PAR  It will be noted that the case where a repetition train follows a
      continuation request when receiver R is not available, is solved in the
      same manner as if receiver R were available.
PAR  FIGS. 10 and 11 illustrate the additions and modifications to be made to
      station A and station B respectively so that the stations can be used for
      systematic repetition. For example, each message is transmitted seven
      times, a first time with the continuation prefix and six times with the
      repetition prefix, no return signal being involved during the operation.
PAR  In this case, receiver 4 and circuit 10 of station A are not used. The
      connection 16 previously used as an output of circuit 10, is now fed by a
      circuit which comprises a threestage binary counter 410 receiving the
      pulses (33) from the timing circuit 3; it will be recalled (FIG. 5) that
      pulses 33 appear at instant 31.5 of each cycle and have a duration of
      0.25.
PAR  Each stage has a normal output delivering the signal corresponding to the
      state of the stage, and a complementary output. The complementary outputs
      of the three counter stages supply the three inputs of an AND gate 411
      which supplies a signal 1 when count of the counter is 0, and the normal
      outputs of the three stages supply the three inputs of an AND gate 412
      whose output is connected to the zero-resetting inputs Z of the three
      stages. The output of AND gate 411 is connected to the connection 16.
PAR  The counter changes state for the leading edges of pulses (33). When its
      count is 0, output 16 supplies a signal 1. When a pulse (33) is supplied,
      the count becomes 1 whereas output 16 supplies a zero signal. With the 7th
      pulse (33), the counter sets up 111, i.e. 7 in decimal notation, and is
      immediately reset to zero, and so on. Consequently the signal obtained at
      output 16 can perform the same function as the signal obtained previously
      with circuit 10, i.e. control gates 14, 28 and 129 and circuit 23 (FIG. 1)
      at the desired instants.
PAR  Apart from adding the circuit in FIG. 10, the only modification to be made
      to station A is to supply a switch which can selectively connect this
      circuit or circuit 10 to the same output. The modifications required for
      station B can be based on the following simple principle:
PAR  Any message received will (ficticiously) be assumed to follow a repetition
      request and to give rise to a repetition request.
PAR  As long as the message is actually preceded by the repetition prefix, the
      procedure will be the same as was the case with the circuit of FIG. 4.
      When a message received during the p.sup.th cycle is preceded by the
      continuation prefix, the previous message, which has been decoded by the
      cumulative procedure, will be discharged from register 63 to receiver R,
      using the emergency procedure.
PAR  The following modifications are to be made to the circuit, compared with
      FIG. 4. A signal 1 is permanently applied to input 29 of control circuit
      8, since the proposed method of operation has no point unless receiver R
      is always available. There is no further need for input 70 of receiver R
      (showing the risk of error).
PAR  On the other hand a signal 102 of value 0 (poor channel quality) is
      maintained at input 102 of control circuit 8.
PAR  The only components of the prefix circuit used are those required for
      producing the signal (101) indicating the nature of the prefix, i.e. adder
      873 and the components which directly or indirectly supply its input
      signals.
PAR  With regard to the control cirucit in FIG. 9, only those components are
      used which are necessary for producing signals 81, 82, 83 and 85, as
      concerns the latter, because of the part it plays in the operation of
      trigger circuit 777.
PAR  FIG. 11 symbollically illustrates the two methods of supplying inputs 29
      and 102 of control circuit 8, depending on the chosen manner of operation.
PAR  Of course, stations A and B could be designed solely for operation with
      systematic repetitions. The required simplifications are within the scope
      of those skilled in the art.
PAR  Whatever embodiment is considered, the invention can easily be applied to
      the case where a number m 1 of parity bits are associated with each
      information bit. In such a case, register 9 of station A (FIG. 1) supplies
      m modulo 2 adders which simultaneously supply the m parity bits associated
      with a single information bit.
PAR  Station B must then be provided with m registers for storing the received
      parity bits so as to prepare replicas which can be obtained from the m
      parity bits associated with each information bit.
PAR  In that case the length of the code is derived from that one of the
      relations defining the code in which the maximum difference between two
      indices is the highest among those maximum differences, unity being added
      to this highest of the maximum differences for obtaining L.
PAR  It will be appreciated that the use of continuation and repetition prefixes
      for identifying the received bit trains has this advantage that it is also
      a convenient means for appreciating the channel quality, but that is is by
      no means a necessary condition for implementing the invention.
PAR  For instance, where return signals are used, the received bit trains could
      be identified by assuming that a received bit train corresponds to what
      was requested, the corresponding request being stored, in which case of
      course the transmitting station would always transmit according to the
      received return signal.
PAR  In the case of systematic repetitions, the bit trains could be identified
      by the way the various bit trains follow one another as a function of
      time.
PAR  Of course, the invention is not limited to the embodiments described and
      shown which were given solely way of example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transmitting station for transmitting intelligence from a binary data
      source, said station comprising : coding means having an input, for coding
      in a systematic recurrent code of length L a sequence of bits applied to
      said input, said coding means comprising a shift register having L
      successive stages, the first of said stages having an input and an output,
      and the last of said stages having an output, said input of said first
      stage forming the input of said coding means, and m modulo 2 adders, m
      being a positive integer, having respective outputs, each of said adders
      having a plurality of inputs respectively coupled to different stages of
      said shift-register, and an output, for delivering at its output a parity
      bit associated with the bit appearing at said output of said first stage;
      a timing circuit; first further means coupled to said timing circuit for
      successively applying to said input of said coding means the bits of a
      group of L message bits from said data source; second further means,
      coupled to said timing circuit, for successively applying to said input of
      said coding means the bits of a group of L message bits previously stored
      in said shift-register; controlling means, coupled to said timing circuit,
      for selectively actuating either said first further means or said second
      further means; and means for transmitting bit trains, referred to as
      continuation bit trains, each of which includes the L bits appearing at
      said first output of said first stage of said shift register upon said
      further means being actuated by said controlling means and the parity bits
      associated therewith, and further bit trains, referred to as repetition
      bit trains, each of which includes the L bits appearing at said output of
      said first stage of said shift-register, upon said second further means
      being actuated by said controlling means, and the parity bits associated
      therewith.
NUM  2.
PAR  2. A transmitting station as claimed in claim 1, further comprising a
      receiver for receiving return signals, each of which is either a request
      for a continuation bit train signal, referred to as a "continuation
      request", or a request for a repetition bit train, referred to as a
      "repetition request", said receiver having an output coupled to said
      controlling means.
NUM  3.
PAR  3. A transmitting station as claimed in claim 2, further comprising an
      auxiliary shift-register having N.sub.1 stages, N.sub.1 being an integer
      greater than 1, coupled for receiving the same clock pulses as said
      shift-register, hereinafter referred to as the main shift-register, and
      forming therewith a shift-register having (L+N.sub.1) stages, said first
      further means being connected between said data source and said auxiliary
      shift-register for applying through said auxiliary shift-register the
      message bits applied from said data source to said input of said coding
      means, and said second further means being connected between said output
      of said last stage of said main shift-register and said auxiliary
      shift-register for applying through said auxiliary shift-register the
      message bits applied from said main shift-register to said input of said
      coding means; write-in means for writing in said auxiliary shift-register,
      previous to an actuation of said first further means by said controlling
      means, a fixed continuation prefix of N.sub.1 bits, and previous to an
      actuation of said second further means by said controlling means a fixed
      repetition prefix of N.sub.1 bits; a continuation bit train comprising
      (L+N.sub.1) information bits including L message bits and the N.sub.1 bits
      of the continuation prefix, and the parity bits formed by said modulo 2
      adders for said (L+N.sub.1) information bits, and a repetition bit train
      comprising (L+N.sub.1) information bits including L message bits and the
      N.sub.1 bits of the repetition prefix, and the parity bits formed by said
      modulo 2 adders for said last mentioned (L+N.sub.1) information bits.
NUM  4.
PAR  4. A transmitting station as claimed in claim 3, wherein said controlling
      means include: a counter for counting the number of repetition requests
      received starting from the reception of the last received continuation
      request: means for blocking said counter upon its count reaching a
      predetermined number greater than one; means for, after receiving a return
      signal at a time where the count of said counter differs from said
      predetermined count, actuating said first further means or said second
      further means according to whether this return signal is a continuation
      request or a repetition request and means for, after reception of a return
      signal at a time when the count of said counter is equal to said
      predetermined count actuating said first further means and returning said
      count to zero if this return signal is the second of two successive return
      signals each of which is a continuation request, and actuating said second
      further means if the contrary is the case.
NUM  5.
PAR  5. A receiving station comprising a receiver adapted for receiving a
      sequence of bit trains comprising identifiable continuation bit trains and
      repetition bit trains, the corresponding transmitted sequence resulting
      from the coding in a systematic recurrent code of information bits
      including at least message bits, and the formation of continuation and
      repetition bit trains, each including a predetermined number of
      information bits and the parity bits associated therewith, the message
      bits of a transmitted repetition bit train being identical to the message
      bits of the previously transmitted bit train; said station further
      comprising: a decoding arrangement for decoding the message bits included
      in the received bit trains, said decoding arrangement having a signal
      input coupled to said receiver, a control input, a first output for
      delivering the decoded bits, and a second output for delivering auxiliary
      signals, each of which is representative of the probability of
      accurateness of the decoded bit simultaneously appearing at its first
      output; signal generating means for identifying the nature, continuation
      or repetition, of the received bit trains and applying to said control
      input of said decoding arrangement, during the decoding of the message
      bits from a bit train, a control signal which is a first or a second
      decoding control signal according to whether the message bits being
      decoded belong to a continuation or a repetition bit train; a
      shift-register having an input coupled to said first output of said
      decoding arrangement and an output coupled to said decoding arrangement,
      for supplying thereto, when a message bit is being decoded, the decoded
      message bit corresponding to the message bit occupying in the bit train
      previously applied to said signal input of said decoding means the same
      position number as the message bit being decoded occupies in the bit train
      to which it belongs; storing means having an input coupled to said second
      output of said decoding arrangement and an output coupled to said decoding
      arrangement for supplying thereto the auxiliary signal associated with the
      bit simultaneously delivered by said output of said shift-register; said
      decoding arrangement comprising a decoder adapted to said code, whose
      input is said input of said decoding arrangement, and computing means
      coupled to said decoder, for, when a continuation bit train is applied to
      said input of said decoding arrangement, delivering for each message bit,
      at its first and second outputs respectively, a decoded bit and an
      associated auxiliary signal which are wholly determined by this
      continuation bit train and, when a repetition bit train is applied to said
      input of said decoding arrangement, delivering, for each message bit, at
      its first and second outputs respectively, a decoded bit and an associated
      auxiliary signal which are predetermined functions of the decoded bit and
      of the auxiliary signal which would be supplied if the message bit
      belonged to a continuation bit train, of the bit supplied by said output
      of said shift-register while this message bit is being decoded, and of the
      auxiliary signal simultaneously supplied by said output of said storing
      means, the operations performed by the decoding arrangement being
      respectively referred to as continuation decoding in the first case, and
      repetition decoding in the second case, and the nature of the decoding
      performed being determined by that one of said first and second decoding
      control signals which is applied to said control input.
NUM  6.
PAR  6. A receiving station as claimed in claim 5, wherein, the first N.sub.1,
      N.sub.1 being a positive integer greater than 1, information bits of each
      transmitted continuation bit train are N.sub.1 prefix bits forming a
      predetermined continuation prefix, and the first N.sub.1 information bits
      of each transmitted repetition bit train are N.sub.1 prefix bits forming a
      predetermined repetition prefix, each received bit train thus comprising
      (N.sub.1 + L) information bits, including N.sub.1 prefix bits, said
      receiving station further comprises: a transmitter for transmitting a
      return signal which is either a request for a continuation bit train,
      referred to as a continuation request, or a request for a repetition bit
      train, referred to as a repetition request; wherein said decoding
      arrangement is further for decoding the N.sub.1 prefix bits of each
      received bit train according to a continuation decoding; wherein said
      signal generating means is also for applying said first decoding control
      signal to said control input during the decoding of the bits of a prefix;
      wherein said signal generating means are coupled to said shift-register
      for receiving the decoded prefix bits of each bit train applied to said
      decoding arrangement and to said storing means for receiving the auxiliary
      signals associated with these prefix bits; wherein said generating means
      are for identifying the nature of a bit train through identifying the
      nature of its prefix and are also for delivering, for each bit train
      applied to said decoding means, a two-value channel quality signal which
      is a predetermined function of the last mentioned auxiliary signals if the
      identified prefix is the continuation prefix and a function of these last
      mentioned auxiliary signals and of the auxiliary signals having determined
      the previously delivered channel quality signal if the identified prefix
      is a repetition prefix, the first value of said channel quality signal
      meaning good quality and the second value poor quality; said receiving
      station further comprising: a data output for being coupled to a data
      receiver, switching means for selectively coupling said data output to, or
      decoupling it from, said first output of said decoding arrangement in the
      course of the decoding of the message bits; and a logical circuit, coupled
      to said signal generating means, for controlling said switching means to
      prevent said data output from receiving from said decoding arrangement
      decoded message bits derived from a bit train whose prefix was associated
      with a channel quality signal having said second value and for, in the
      same case, causing the transmission by said transmitter of a repetition
      request.
NUM  7.
PAR  7. A receiving station as claimed in claim 6, adapted for supplying a data
      receiver which is per se always available for receiving data, wherein said
      logical circuit further comprises: a memory for storing the return signal
      transmitted after reception of each bit train; comparing means for
      delivering an "erroneous continuation" signal upon a continuation bit
      train being received in answer to a repetition request and a "correct
      continuation" signal upon a continuation bit train being receiving in
      answer to a continuation request; a second memory for storing the "correct
      continuation" signals and delivering for each of them a "message waiting"
      signal and means for causing the transmission of a request for
      continuation and the suppression of the "waiting message signal" after
      reception of a bit train only if the two following conditions are
      fulfilled: the channel quality signal supplied by said signal generating
      means for this bit train had the first value and this bit train was not a
      continuation bit train having given rise to an "erronenous continuation"
      signals and for causing the transmission of a repetition request in all
      the other cases; first additional means for controlling said switching
      means so that said data output is coupled to said output of said decoding
      arrangement in the course of the decoding of the message bits of a bit
      train only if the two following conditions are fulfilled: the "message
      waiting" signal was present upon the identification of the prefix of this
      bit train, and this identification was followed by a continuation request;
      said logical circuit further comprising second additional means for
      causing a subsidiary coupling from said shift-register to said data output
      during the decoding of the message bits of a bit train for the prefix of
      which said comparing means have delivered said "erroneous continuation"
      signal.
NUM  8.
PAR  8. A receiving station as claimed in claim 7, further adapted for supplying
      a data receiver which may not always be available for receiving the L
      message bits of a bit train, said logical circuit further comprising an
      input for receiving from said receiver a data receiver signal having a
      first value indicating that it is available or a second value indicating
      that it is not available, and wherein said logical circuit further
      comprises means controlled by said second value of said data receiver
      signal for inhibiting the coupling of said output of said decoding means
      to said data output and for inhibiting said subsidiary coupling; and
      further means for blocking the feeding of said decoding arrangement and of
      said shift-register after the decoding of the messages of a bit train for
      whose prefix said comparing means have delivered an "erroneous
      continuation signal" while said data receiver had said second value, and
      for unblocking said feeding after said data receiver signal has resumed
      its first value.
NUM  9.
PAR  9. A transmitting station as claimed in claim 1, wherein said controlling
      means comprise a modulo N counter, N&gt;1 means, for applying to said counter
      pulses from said timing circuit at a fixed frequency, and means for
      actuating once said first further means each time said counter reaches a
      predetermined count and said second further means each time said counter
      reaches any other of its N possible counts.
NUM  10.
PAR  10. A receiving station as claimed in claim 5, wherein, the first N.sub.1,
      N.sub.1 being a positive integer greater than 1, information bits of each
      transmitted continuation bit train are N.sub.1 prefix bits forming a
      predetermined continuation prefix, and the first N.sub.1 information bits
      of each transmitted repetition bit train are N.sub.1 prefix bits forming a
      predetermined repetition prefix, each received bit train thus comprising
      (N.sub.1 + L) information bits, including N.sub.1 prefix bits, two
      successive continuation bit trains being separated by (N-1) repetition bit
      trains, N being an integer greater than 1, said decoding arrangement is
      further for decoding the N.sub.1 prefix bits of each received bit train
      according to a continuation decoding; wherein said signal generating means
      is also for applying said first decoding control signal to said control
      input during the decoding of the bits of a prefix; wherein said signal
      generating means are coupled to said shift-register for receiving the
      decoded prefix bits of each bit train applied to said decoding arrangement
      and to said storing means for receiving the auxiliary signals associated
      with these prefix bits; wherein said generating means are for identifying
      the nature of a bit train through identifying the nature of its prefix;
      said receiving station further comprising: a data output for being coupled
      to a data receiver; switching means connected between said output of said
      shift-register and said data output; and a logical circuit coupled to said
      signal generating means for controlling said switching means so that said
      data output only receives from said output of said shift-register those
      decoded bits resulting from the decoding of the message bits of those
      repetition bit trains which have been followed by a continuation bit
      train.
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PAL  A receiver of n-bit data words, each consisting of k information bits and
      (n-1) redundancy bits, comprises three error detectors receiving the
      incoming bit stream in parallel with one another and with a shift register
      of a transfer circuit, the three error detectors being triggered by timing
      pulses fed to them in staggered relationship from a clock circuit
      extracting synchronizing signals from the bit stream. In normal operation,
      the middle detector generates a recurrent no-error output signal which has
      no effect upon the cadence of the timing pulses. If either of the two
      other detectors emits such a no-error output signal in response to a
      forward or a backward slip by a predetermined number of bits h, the clock
      circuit is reset to compensate for the slip. The emission of an output
      signal from any error detector causes the readout of the received bits
      from the shift register in the transfer circuit.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a circuit arrangement for correcting
      deviations from synchronization, referred to as slip errors, in a receiver
      of a pulse-code-modulation (PCM) system used, for example, in data
      transmission.
PAC  BACKGROUND OF THE INVENTION
PAR  In order to provide a check on the accuracy of an incoming code word and to
      facilitate the correction of errors, use is made in such data-transmission
      systems of binary code words of n-bits each which consist of a group of k
      information bits supplemented by (n-k) redundancy bits, all these bits
      constituting respective coefficients of a composite polynomial which
      normally is a multiple of a predetermined generator polynomial. The first
      k-bits, associated with the highest terms of the (n-1).sup.th --order
      polynomial, represent the information bits whereas the remaining (n-k)
      bits serve as a check. If the word is correctly received, division of the
      generator polynomial into the composite polynomial results in an integral
      quotient, with zero remainder. A detector circuit can thus decide whether
      the received word is to be delivered to a load for which it is intended,
      such as a message decoder, or whether an error signal is to be generated.
PAR  Such detector circuits are well known per se. Reference in this connection
      may also be made to commonly owned U.S. application Ser. No. 536,992,
      filed Dec. 27, 1974 by Gustavo Pavoni et al.
PAR  If the detected error is merely the result of faulty synchronization, i.e.
      a simple slip in the timing of the incoming signals causing the bit count
      to commence before the end of a preceding word or after the beginning of a
      succeeding one, corrective measures can be taken at the receiving end
      without the need for transmission of an error signal to the originating
      station. Such corrective measures may comprise a compensatory shift
      neutralizing the slip error.
PAC  OBJECT OF THE INVENTION
PAR  The object of my present invention, therefore, is to provide a relatively
      simple circuit arrangement for discovering slip errors in a PCM receiver
      and promptly correcting such errors to re-establish proper
      synchronization.
PAC  SUMMARY OF THE INVENTION
PAR  I realize this object, in accordance with my present invention, by the
      provision of a plurality of error detectors connected to a transmission
      line carrying incoming code words with information and redundancy bits, as
      discussed above, these error detectors including transitory storage means
      for the incoming code words. The checking on the accuracy of a n-bit code
      word with the aid of its redundancy bits is carried out, in the usual
      manner, in response to timing pulses triggering each detector once per
      cycle, the trains of timing pulses fed to the several error detectors by a
      clock circuit being relatively staggered so that only one error detector
      -- referred to hereinafter as the principal detector -- emits an output
      signal during normal operation to indicate the presence of an error-free
      code word on its storage means. If a shift occurs, such an output signal
      is generated by another error detector and, through logical circuitry, is
      fed back to the clock circuit for resynchronizing same, thus
      re-establishing the principal detector as the generator of the output
      signal.
PAR  According to a more specific feature of my invention, the system includes
      two ancillary error detectors respectively receiving their timing pulses
      in leading and in lagging relationship with the timing pulses fed to the
      principal detector so as to be able to ascertain forward and backward
      slips, respectively.
PAR  According to a further feature of my invention, the several error detectors
      are connected to the line in parallel with a shift register also receiving
      the incoming code words, the contents of the shift register being read out
      to a load upon emission of an output signal by any error detector, under
      the control of a summing (OR or NOR) gate with input connections to these
      detectors. Thus, the readout occurs at precisely the time when the n-bits
      of a code word occupy the correct position within the shift register,
      regardless of a possible slip.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a block diagram of a circuit arrangement for correcting slip
      errors in accordance with my invention;
PAR  FIGS. 2A, 2B and 2C are three sets of graphs serving to explain the
      operation of the system of FIG. 1; and
PAR  FIG. 3 is a more detailed circuit diagram of various components shown in
      block form in FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 I have shown a transmission line L carrying incoming PCM signals.
      These signals are applied in parallel to the inputs of three
      error-detecting networks RE.sub.1 - RE.sub.3, an associated timer UT, and
      a shift register SR forming part of a transfer circuit AR. This transfer
      circuit also includes a further shift register SR', with n stages directly
      connected to corresponding stages of register SR for parallel readout, and
      an OR gate N.sub.1 connected to the outputs of error detectors RE.sub.1 -
      RE.sub.3 in order to cause the transfer of the contents of the n
      significant stages of register SR to register SR' in response to an output
      signal u.sub.1, u.sub.2 or u.sub.3 from any of these detectors. The same
      output signal also reaches a logic network RL adapted to feed back a
      resynchronization signal e to timer UT as more fully described
      hereinafter.
PAR  The principal error detector RE.sub.2 receives timing pulses c from
      component UT, these pulses being synchronized with the incoming code words
      during normal operation so that this detector will periodically emit its
      output signal u.sub.2 if no slip or other error occurs. Similar timing
      pulses b and d are applied to ancillary detector RE.sub.1, in leading
      relationship with pulses c, and to ancillary detector RE.sub.3, in lagging
      relationship therewith, respectively. Thus, if a temporary malfunction
      causes the loss of a certain number h of bits in transmission so that an
      incoming word is advanced by that many bit positions with reference to its
      normal time position as determined by the pulses c, detector RE.sub.1 will
      note the presence of an error-free code word and will generate an output
      signal u.sub.1 ; conversely, a delay in the relative time position through
      the accidental acquisition of a like number h of supernumerary bits will
      elicit a response from error detector RE.sub.3 with corresponding emission
      of an output signal u.sub.3. Since the occurrence of signal u.sub.1 or
      u.sub.3 will coincide with the proper positioning of the advanced or
      delayed word in shift register SR, a transfer of its n bits to the
      associated register SR' with subsequent serial readout of these bits to a
      nonillustrated load can take place under the control of OR gate N.sub.1.
PAR  Under these circumstances, the resynchronization signal e appearing in the
      output of logic network RL resets the timer UT so as to advance or delay
      the timing of the pulse trains b, c and d by h time positions whereby the
      next code word, in the absence of any further slip, will be properly
      recognized by the principal detector RE.sub.2 with resulting restoration
      of the normal mode of operation.
PAR  This normal mode has been illustrated by the graphs of FIG. 2A showing a
      succession of code words m.sub.1 - m.sub.4 of identical length, each
      consisting of n bits including k information bits and (n-k) redundancy
      bits. Timer UT (FIG. 1) derives from this bit stream, in the conventional
      manner, a train of synchronization pulses a coinciding with the pulse
      train c delivered to principal detector RE.sub.2. Pulse trains b and d,
      having the same cadence as pulse train c, are respectively advanced and
      delayed with reference thereto by h bits (cf. FIG. 2B).
PAR  FIG. 2B illustrates the situation where, in a succession of incoming code
      words m.sub.1 ' - m.sub.4 ', a loss of h bits occurs in the second word
      m.sub.2 ' which therefore numbers only (n-h) bits. At the time of
      occurrence of a timing pulse b, error detector RE.sub.1 contains all the
      (n-1) bits of the foreshortened word m.sub.2 '  along with h bits of the
      preceding word m.sub.1 '; this will generally not provide the necessary
      correlation between information and redundancy bits to yield an output
      signal u.sub.1. Such correlation will also be absent in error detectors
      RE.sub.2 and RE.sub.3 both containing bits of the next code word m.sub.3 '
      at the instant of triggering by pulses c and d, respectively. Thus, OR
      gate N.sub.1 in FIG. 1 remains closed and the multilated word m.sub.2 ' is
      not read out.
PAR  In the next cycle, the full code word m.sub.3 ' properly registers with a
      timing pulse b so that error detector RE.sub.1 emits an output signal
      u.sub.1. That signal, besides authorizing the readout of word m.sub.3 ',
      also gives rise to a resynchronization signal e which resets the pulse
      trains a, b, c and d, from the dotted-line to the solid-line positions, in
      the next cycle whereby the following word m.sub.4 ' again properly
      registers with a pulse c and produces a signal u.sub. 2 in the output of
      error detector RE.sub.2.
PAR  In FIG. 2C, illustrating a further series of incoming code words m.sub.1 "
      - m.sub.4 ", the second word m.sub.2 " has been lengthened to a bit count
      of (n+h) through the acquisition of h supernumerary bits. In that cycle,
      error detector RE.sub.1 will have no output because of the presence of
      bits of the preceding word m.sub.1 " whereas detectors RE.sub.2 and
      RE.sub.3 will sense a lack of correlation in the presence of an incomplete
      code word. Again, therefore, no transfer between shift registers SR and
      SR' will take place. In the next cycle, however, word m.sub.3 " registers
      properly with pulse train d so that detector RE.sub.3 emits an output
      signal u.sub.3, authorizing the readout. This same output signal gives
      rise to a resynchronization signal e which now realigns the pulse trains
      a- d with the shifted word sequence, in the next cycle, by the duplication
      of pulses c, d and by a delay of pulse b as indicated in dotted and solid
      lines. Word m.sub.4 ", accordingly, will be properly recognized by
      detector RE.sub.2 with restoration of the normal mode of operation.
PAR  In FIG. 3 I have shown, by way of example, details of components UT, RL and
      RE.sub.2, the latter being of course also representative of error
      detectors RE.sub.1 and RE.sub.3. Timer UT comprises a clock circuit CK
      which extracts the synchronization pulses a from the bit stream arriving
      over line L and feeds them to an n -stage pulse counter CT. Leading pulses
      b, normal pulses c and lagging pulses d are obtained from stages
      s.sub.n.sub.-h, s.sub.O and s.sub.h, respectively, of counter CT; if h =
      1, stage s.sub.n.sub.-h is the last stage of the counter. The timing
      pulses delivered to error detector RE.sub.2 from counter CT, specifically
      from its stage s.sub.O, are applied on the one hand to a shift register XR
      and on the other hand to a binary divider DV. A generator polynomial,
      stored in a divisor memory DM, is fed to divider DV along with a group of
      n bits stored in a central section of register XR at the instant of
      arrival of pulse c. With proper synchronization, a weighted polynomial
      derived from these n bits is an exact multiple of the generator polynomial
      stored in memory DM so that the remainder of the arithmetical operation
      performed in divider DV is zero, this remainder being delivered to a
      decoder DC whose output is the signal u.sub.2 in the presence of such a
      zero remainder.
PAR  As described in the commonly owned application Ser. No. 536,992 identified
      above, register XR may include one or more supplemental stages S', S" at
      its input and output ends to permit discrimination between different kinds
      of errors; the contents of these supplemental stages are not taken into
      consideration by the divider DV.
PAR  Logic network RL is here shown to comprise simply an OR gate N.sub.2
      generating the resynchronization signal e in its output whenever one of
      the signals u.sub.1, u.sub.2, u.sub.3 appears in its input. Signal e
      resets the counter CT and also readjusts the clock circuit CK. Since the
      counter is already reset at the time a pulse c is emitted by its stage
      s.sub. 0, a signal e resulting from a signal u.sub.2 does not cause any
      change in timing. On the other hand, a resetting in response to a signal
      u.sub.1 advances the counter from stage s.sub.n.sub.-h to stage s.sub.0
      whereas a resetting in response to a signal u.sub.3 restarts the count as
      indicated by the duplication of pulses in FIG. 2C.
PAR  If h is an integer greater than 1, pulses c could also be obtained from the
      final stage or stages beyond stage s.sub.n.sub.-h and from all the initial
      stages preceding stage s.sub.h, thus allowing for the occurrence of
      limited shifts without a resetting of the timer. The number of counter
      stages alternatively emitting signals b and d could be similarly
      increased.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a receiver for binary code words including information bits and
      redundancy bits to enable detection of an error, in combination:
PA1  a line carrying incoming code words;
PA1  a plurality of error detectors including a principal detector connected to
      said line in parallel with one another and provided with transitory
      storage means for said code words;
PA1  clock means connected to said line for generating a plurality of relatively
      staggered trains of timing pulses respectively delivered to said error
      detectors for triggering same into emitting an output signal in the
      presence of an error-free code word on said storage means thereof, only
      said principal detector emitting such an output signal upon proper
      synchronization of said clock means with said incoming code words; and
PA1  logical circuitry connecting said error detectors to said clock means for
      resynchronizing same in response to an output signal from an error
      detector other than said principal detector.
NUM  2.
PAR  2. The combination defined in claim 1 wherein said error detectors include
      two ancillary detectors respectively receiving said timing pulses in
      leading relationship and in lagging relationship with the timing pulses
      fed to said principal detector for ascertaining forward and backward
      slips.
NUM  3.
PAR  3. The combination defined in claim 1, further comprising register means
      connected to said line in parallel with said error detectors for receiving
      said code words, said error detectors being connected to said register
      means for reading out the contents thereof to a load upon emission of an
      output signal by any error detector.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said register means comprises
      a first shift register connected to said line for serially receiving the
      bits of successive words and a second shift register connected to said
      first shift register for parallel transfer of said bits between respective
      stages thereof in response to said output signal.
NUM  5.
PAR  5. The combination defined in claim 3 wherein said register means is
      provided with a control circuit including a summing gate with input
      connections to all said error detectors for receiving the output signals
      thereof.
PATN
WKU  039380874
SRC  5
APN  4750896
APT  1
ART  236
APD  19740531
TTL  High speed binary comparator
ISD  19760210
NCL  23
ECL  1
EXA  Krass; Errol A.
EXP  Morrison; Malcolm A.
NDR  4
NFG  7
INVT
NAM  Louie; Ming H.
CTY  Norristown
STA  PA
ASSG
NAM  Honeywell Information Systems, Inc.
CTY  Waltham
STA  MA
COD  02
CLAS
OCL  3401462
XCL  235177
EDF  2
ICL  G06F  702
FSC  340
FSS  146.2
FSC  235
FSS  177
UREF
PNO  3091392
ISD  19630500
NAM  Arya
OCL  340146.2
UREF
PNO  3241114
ISD  19660300
NAM  Zieper et al.
OCL  340146.2
UREF
PNO  3320587
ISD  19670500
NAM  Becker
OCL  340146.2
UREF
PNO  3390378
ISD  19680600
NAM  Dryden
OCL  340146.2
UREF
PNO  3660823
ISD  19720500
NAM  Recks
OCL  340146.2
LREP
FR2  Reiling; R. T.
FR2  Frank; D. A.
ABST
PAL  A comparator circuit compares the relative magnitudes of two binary
      numbers. Each of the binary numbers is fed in parallel through a plurality
      of two-bit comparator modules corresponding to the number of two-bit pairs
      in the largest binary number. The binary numbers are compared order by
      order and simultaneously to determine one or more of five relationships
      between the numbers. For binary numbers greater than two bits in length,
      the two-bit comparator module is utilized as the basic building block and
      an additional level of logic circuitry is required in order to obtain an
      output identifying one of the relationships. Since the two-bit modules may
      be used interchangeably and since the relative magnitude of any two-bit
      grouping is generated simultaneously, the comparator circuit provides for
      a fast and efficient identification of relationships between two binary
      numbers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for comparing two numbers and more
      particularly to a high speed binary parallel digital comparator for
      determining one of five relationships between two binary numbers.
PAR  2. Description of the Prior Art
PAR  In data processing systems, it is frequently necessary to ascertain the
      relationship between two numbers in order for a given sequence of
      operations to occur. Thus, in most digital or data processing systems, a
      given data word A of n number of bits is required to be compared with
      another data word B of m number of bits. On the basis of their relative
      magnitudes, i.e. A is greater than B, A is greater than or equal to B, A
      equals B, A is less than or equal B, A is less than B, the operating
      sequence may stop, continue, or branch to another sequence. Thus, for
      example, in data processing systems securing data, it is usual to compare
      the ring number (security code number) of the presently operating job with
      the ring number identifying the importance of data to be utilized. If the
      ring number of the job is greater than the ring number of the data, the
      job will be halted such that the data being addressed is not allowed to be
      utilized. Conversely, however, if the ring number of a job is less than or
      equal to the ring number of the data, the operations of a job may be
      performed.
PAR  In the past, the methods, for comparing two binary digital numbers in
      parallel have been slow and inefficient. Moreover, the common methods used
      for implementing comparators were not modular and generally introduced
      longer propogation delays, higher costs, and increased complexity (more
      logic gate connections).
PAR  Most often, the comparison has been done by subtracting one binary number
      from another number digit by digit with the results being observed and an
      indication given as to the determination of the results. This method
      employs complicated and extensive circuitry requiring excessive
      components. The number of "AND" or "OR" gates required becomes
      prohibitively large for larger numbers having numerous digits therein.
      Additionally, limitations and speed of response resulting from inherent
      limitations in the complicated circuitry present another serious source of
      difficulty in such methods. Moreover, for some instances, the subtraction
      method may not be fast enough to meet the desired speed necessary for
      performing the operations. This is because the carry/borrow signals have
      to go through many levels of logic (even with carry/look-ahead schemes)
      before the results become stable.
PAR  The apparatus of this invention provides simple and efficient means having
      a fast response time for comparing two binary numbers. New and novel
      circuitry including fewer elements than heretofore provided produces
      output signals indicating one of five relationships between the two binary
      numbers. Moreover, the design suggested herein uses a modular approach for
      constructing the comparator. A basic unit is a two-bit comparator which
      derives the relative magnitudes of the two binary numbers each consisting
      of two bits. The basic units can be utilized as the building blocks to
      implement an N-bit comparator in a tree-type structure. Since the relative
      magnitudes of any two-bit group can be generated simultaneously, the speed
      is much faster than that of a regular subtractor. Furthermore, the
      realization of an N-bit comparator using this kind of building block
      approach is very simple and flexible.
PAC  OBJECTS OF THE INVENTION
PAR  It is a primary object of the present invention to provide an improved
      binary digital comparator.
PAR  It is a further object of the invention to provide a high speed binary
      parallel digital comparator which minimizes the number of logic levels and
      cost.
PAR  It is another object of the invention to provide a comparator circuit for
      determining one of five relationships between two binary numbers.
PAR  It is a further object of the invention to provide a modular two-bit
      comparator which is simple, flexible and fast.
PAR  It is yet another object of the invention to provide a two-bit comparator
      module which is shareable by like operands.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly and in accordance with the above objects, the present invention is
      concerned with an apparatus for comparing two binary numbers. The two
      binary numbers are fed two bits by two bits into basic two-bit comparator
      modules and are compared order by order and simultaneously to provide a
      plurality of relationships between each pair of two-bits. In one
      embodiment of the two-bit comparator module, a minimum of electrical
      connections via logical AND gates is made to determine if A &gt; B (i.e., the
      first two bits being compared is numerically greater than the second two
      bits), A &lt; B, or A = B. Inverters are used to determine the derivative
      relationships A .ltoreq. B and A .gtoreq. B. In an alternative embodiment
      of the two-bit comparator module, the relationship A = B is also a
      derivative one, formed by combining signals denoting A &gt; B and A &lt; B by
      means of a NAND gate. In one embodiment of the generalized n-bit
      comparator, each of the five relationships is obtained by comparing like
      relationships from the member two-bit comparator modules. In an
      alternative embodiment of the n-bit comparator the relationships A
      .gtoreq. B and A .ltoreq. B are derived from other relationships by means
      of OR gates.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other more detailed and specific objects and features will be
      disclosed and become apparent in the course of the following
      specification, reference being had to the accompanying drawings in which:
PAR  FIG. 1 is a logic diagram showing a preferred embodiment of a two-bit
      comparator module of the instant invention;
PAR  FIG. 2 is a logic diagram showing an alternative embodiment of a two-bit
      comparator module;
PAR  FIG. 3 is a logic diagram showing a preferred embodiment of a four-bit
      comparator;
PAR  FIG. 4 is a logic diagram showing alternative embodiment of a four-bit
      comparator;
PAR  FIG. 5 is a logic diagram showing the preferred embodiment of an n-bit
      comparator;
PAR  FIG. 6 is an alternative embodiment of an n-bit comparator; and
PAR  FIG. 7 is a block diagram showing the shareability of the two-bit
      comparator modules.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Assume for purposes of explanation that one binary number is A and the
      other binary number is B. The operand A can be denoted as A.sub.1, A.sub.2
      . . . A.sub.n wherein A.sub.n is the least significant order (bit) of the
      data string and A.sub.1 is the most significant order (bit) of the data
      string A. In like manner, B is also a data string of a given length and
      can be represented as B.sub.1, B.sub.2 . . . B.sub.m wherein B.sub.m is
      the least significant bit and B.sub.1 is the most significant bit.
PAR  Referring now to FIG. 1, there is shown the circuitry of the invention in
      which the comparison of a pair of two-bit binary numbers is made. The
      basic two-bit comparator module 10 has eight inputs representing both the
      true and complement of each of the binary numbers. These inputs are
      derived from a register which in usual practice comprises a plurality of
      flip flops, the flip flops each having a true and complementing output. As
      a result, the inputs A.sub.1, A.sub.2, A.sub.1 and A.sub.2 identify all
      the possibilities for the A data operand. In like manner, the B data
      operand is identified by B.sub.1, B.sub.2, B.sub.1 and B.sub.2. These
      inputs are provided to a plurality of AND gates 20 to 38. For example, AND
      gate 20 is coupled to the inputs A.sub.2, B.sub.1 and B.sub.2. In like
      manner AND gates 22 to 38 are coupled to selected inputs in order to
      provide a predetermined output.
PAR  If all the inputs to AND gates 20, 22 or 24 are true, i.e. provide a binary
      1 signal, then that AND gate provides a true or positive output over
      conductor 40. Conductor 40 is essentially a wired OR gate which is
      responsive to any of the outputs from AND gates 20, 22 or 24. If a
      positive signal is generated to conductor 40, output terminal 42 contains
      a high signal which indicates the relationship that the A operand is
      greater than the B operand. Also coupled to conductor 40 is inverter 44.
      As is well known in the art, if conductor 40 does not transfer a positive
      signal, then inverter 44 provides a positive or true signal. This would be
      transferred to output terminal 46 indicating the relationship that A is
      less than or equal to the B operand. Inverter 44 does not provide a signal
      to output terminal 46 if conductor 40 is providing a signal to terminal
      42.
PAR  Connected to the output of AND gates 26, 28, 30 and 32 are inverter 47 and
      conductor 48 which provide a signal to output terminal 50 if the A and B
      operands are equal. In like manner, connected to AND gates 34, 36 and 38
      is conductor 52 which provides a signal to output terminal 54 if any of
      AND gates 34, 36 or 38 are enabled. Output terminal 54 indicates the
      relationship that the A operand is less than the B operand. Coupled to
      conductor 52 is inverter 56 which provides an output signal to output
      terminal 58 when there is no signal provided over conductor 52. Output
      terminal 58 indicates the relationship that the A operand is greater than
      or equal to the B operand.
PAR  In order to illustrate the operation of the two-bit comparator shown in
      FIG. 1, an example is given as follows. If the A operand is equal to 1, 0
      and the B operand is equal to 0, 1, then A.sub.1 =  1, A.sub.2 =  0,
      A.sub.1 =  0, A.sub.2 =  1, B.sub.1 =  0, B.sub.2 =  1, B.sub.1 =  1 and
      B.sub.2 =  0. With these inputs, AND gates 26 and 32 are enabled thereby
      providing a signal to inverter 47 and as a result no signal appears over
      conductor 48 to output terminal 50. Also, AND gate 24 is enabled thereby
      providing a signal over conductor 40 to output terminal 42 indicating that
      the relationship exists wherein A is greater than B. Finally, none of the
      AND gates 34 to 38 are enabled and as a result no signal is provided over
      conductor 52 to output terminal 54. However, inverter 56 provides a
      positive signal in response to the absence of the signal over conductor 52
      thereby enabling output terminal 58 indicating that A is greater than or
      equal to B.
PAR  As another example, let the A operand be such that A.sub.1 =  0 and A.sub.2
      =  1 and the B operand be such that B.sub.1 =  1 and B.sub.2 =  0. Thus,
      A.sub.1 =  1, A.sub.2 =  0, B.sub.1 =  0 and B.sub.2 =  1.  With these
      parameters, AND gates 28 and 30 are enabled thereby providing a signal to
      inverter 47 and an absence of the signal to output terminal 50 thereby
      indicating that A is not equal to B. In addition, AND gate 38 is enabled
      thereby providing a signal over conductor 52 to output terminal 54 thereby
      indicating that A is less than B. Since none of the AND gates 20 to 24 are
      enabled, inverter 44 in response to the absence of a signal over conductor
      40 provides a signal to output terminal 46 thereby indicating the
      relationship that A is less than or equal to B.
PAR  Referring next to FIG. 2, an alternative embodiment of the two-bit
      comparator module 10 of FIG. 1 is shown. In FIG. 2, AND gates 26 and 32
      are omitted and in their place, NAND gate 60 is provided. NAND gate 60
      provides another level of circuitry so that the fast response time
      provided in FIG. 1 is slightly diminished. However, the advantage is the
      utilization of four fewer AND gates in order to provide the same five
      relationships between the binary numbers. In order to explain the
      operation of FIG. 2, assume then that A operand equals 1, 1, and the B
      operand also equals 1, 1. As a result, the A.sub.1, A.sub.2, B.sub.1 and
      B.sub.2 inputs will all contain a positive signal whereas the
      complementing inputs, i.e. A.sub.1, A.sub.2, B.sub.1, and B.sub.2 inputs
      will all provide the absence of a signal, i.e. a binary ZERO. With these
      inputs, none of the AND gates 20, 22, 24, 34, 36 or 38 are enabled and as
      a result conductors 40 and 52, do not provide signals. Inverters 44 and 56
      in response to the absence of the signals provide signals to output
      terminals 46 and 58 thereby indicating that A is less than or equal to B
      and A is greater than or equal to B. Obviously the logical analysis must
      be that A is equal to B. This is reiterated by NAND gate 60 which in
      response to the absence of two signals and the inversion thereof provides
      a signal to output terminal 50.
PAR  Each of the output terminals serves to trigger a response in the data
      processing system. Thus, for example, in the ring checking example given
      previously, if output terminal 50 had a signal, then the indicated
      operation for retrieving the information from the memory of the data
      processor would be allowed to occur. Conversely, if output terminal 54 or
      42 had a signal, then the indicated operation would be inhibited, and as a
      result, no execution of the operation would occur. In addition, it is
      possible that more than one signal may be utilized by the data processing
      system. Thus, using the same example, the results of the output terminal
      46 could enable the inhibiting of the instruction whereas the result on
      output terminal 54 could cause a branching operation to occur such that
      another sequence of operation would be enabled.
PAR  Referring now to FIG. 3, a parallel four-bit binary comparator is shown. In
      order to provide the comparator circuit, the two-bit comparator circuits
      shown in FIGS. 1 and 2 are modularized thus providing greater reliability
      and making it easy to detect logic faults within the comparator. Moreover,
      by standardizing the circuitry, the added advantages of providing
      flexibility and shareability are also realized. These basic building
      blocks, as they will be subsequently called, are indicated by numerals 10.
      The operands now each have four designations, i.e. A.sub.1 . . . A.sub.4
      wherein A.sub.4 is the least significant order (bit) and A.sub.1 is the
      most significant order (bit). FIG. 3 illustrates that when more than two
      bits are being compared, another level of circuitry is required in order
      to realize the output of the binary comparators. While this additional
      level of circuitry slows down the response time, it is still considerably
      faster than the typical response time provided by a subtractor unit.
      Moreover, as will be subsequently shown in FIG. 5, the number of levels of
      circuitry are not increased as the number of orders of the larger binary
      number increases. The number of levels will be increased only when the
      number of wired OR gates exceeds the physical limit of wired OR capability
      of the type of circuit used.
PAR  The most significant orders (bits) of the binary number of delivered to
      basic building block 10.sub.1, and the least significant orders (bits) are
      delivered to basic building block 10.sub.3. The output signals were well
      defined in FIGS. 1 and 2, and there is no need to further amplify them
      herein. For the relationship A greater than B, two additional AND gates,
      80 and 82, are utilized. AND gate 80 is connected to output terminal 42 of
      basic building block 10.sub.1, and AND gate 82 is connected to the output
      terminal 42 of basic building block 10.sub.3 and also to output terminal
      50 of basic building block 10.sub.1. If A is greater than B, then either
      A.sub.1 A.sub.2 is greater than B.sub.1 B.sub.2 (in which case AND gate 80
      will be enabled) or else A.sub.1 A.sub.2  equals B.sub.1 B.sub.2 but
      A.sub.3 A.sub.4 is greater than B.sub.3 B.sub.4 (in which case AND gate 82
      will be enabled). In any event, a positive signal will be applied to
      terminal 100, indicating that A is greater than B. In like manner, the
      other relationships between the A operand and the B operand may be
      determined. Thus, AND gates 84 and 86 in FIG. 3 are responsive to the
      "greater than" output from basic building block 10.sub.1, to the "equal
      to" output of 10.sub.1, and to the "greater than or equal to" output of
      10.sub.3. If A is greater than or equal to B then either A.sub.1 A.sub.2
      is greater than B.sub.1 B.sub.2 (in which case AND gate 84 will be
      enabled) or else A.sub.1 A.sub.2 is equal to B.sub.1 B.sub.2 and A.sub.3
      A.sub.4 is greater than or equal to B.sub.3 B.sub.4 (in which case AND
      gate 86 will be enabled. In either event, an output signal will be applied
      to terminal 104.
PAR  FIG. 3 illustrates the utilization of an additional level of circuitry in
      order to perform the comparison for the five relationships between the two
      binary numbers. As the orders of binary numbers increases, the number of
      AND gates required also increases; however, no additional levels of
      circuitry are necessary in order to obtain the output. Thus, the same fast
      and reliable output is able to be obtained utilizing the preferred
      embodiment shown in FIG. 3 and expanded to multiples of two.
PAR  An alternative embodiment which adds an additional level of circuitry is
      shown in FIG. 4. Although the speed is depreciated, fewer overall
      components are required. In FIG. 4, the outputs from the "less than or
      equal to" or the "greater than or equal to" inputs are not utilized but
      are derived from a combination of the "greater than" or "less than"
      outputs in combination with the "equal to" outputs. Thus, for example, in
      order to obtain the relationship "A greater than or equal to B", either A
      is greater than B (enabling either AND gate 80 or AND gate 82, thus
      enabling OR gate 120) or else A is equal to B (enabling AND gate 88 and OR
      gate 120. In either case, a positive signal reaches terminal 122. It is
      noted that OR gate 120 is responsive only after the previous level of AND
      gates, i.e. AND gates 80, 82, and 88 have been activated, thereby
      providing for a slower response time.
PAR  In like manner, the output for the relationship A less than or equal to B
      is similarly derived. Either A is less than B (enabling either AND gate 94
      or AND gate 96, thus enabling OR gate 128) or A is equal to B (enabling
      AND gate 88 and OR gate 128). In either case, a positive signal reaches
      terminal 130.
PAR  FIG. 5 shows the implementation of the parallel comparator extended to the
      nth order. The basic building blocks 10.sub.1, 10.sub.3, . . . 10.sub.n-3,
      10.sub.n-1 are shown as each receiving inputs from flip-flops for
      comparing an A operand of n bits and a B operand of n bits. For the
      relationship A equal to B, all the equal output signals are provided to
      one AND gate which is then utilized to provide the output indicating the
      equality relationship. For the other relationships, j AND gates are used
      where j is the number of two-bit modules (building blocks). For example,
      AND gate 200 is coupled to the most significant basic building block
      10.sub.1. If the most significant pair of binary numbers indicates that
      the A operand is greater than the B operand, then the relationship between
      the other pairs of the numbers being compared is immaterial. As a result,
      a signal is provided from basic building block 10.sub.1 enabling AND gate
      200 to provide a signal over conductor 210 to output terminal 208 thereby
      indicating the relationship that A is greater than B. Conversely, if all
      the most significant bit pairs between the two numbers are equal, and the
      least significant two bit pairs indicate that the A operand is greater
      than the B operand, then AND gate 204 is enabled. AND gate 204 has one
      output coupled to the basic building block 10.sub.n-1 which indicates the
      relationship of A greater than B. Its remaining inputs are coupled to the
      equality relationships from basic building blocks 10.sub.1, 10.sub.3, . .
      . 10.sub.n-3. If all the inputs to AND gate 204 are enabled, then AND gate
      204 provides a signal over conductor 210 to output terminal 208 thereby
      indicating the relationship.
PAR  In like manner, FIG. 6 shows the alternative embodiment for the situation
      wherein the A and B operands are of length n. The implementation for the
      relationship wherein A is greater than B utilizes AND gates 300 to 306
      each having one input to the "greater than" output from each of the basic
      building blocks in ascending order. For AND gates other than that
      associated with the most significant pair, the equality relationship for
      the immediately higher pair is also coupled. Thus, AND gate 300 is coupled
      to the output of basic building block 10.sub.1 which provides the
      comparison between the most significant two orders of the A and B binary
      numbers. If the greater than relationship exists, AND gate 300 is enabled
      thereby providing an output signal over conductor 310 to output terminal
      308. If the most significant pair are equal, and the next most significant
      pair are such that the A operand is greater than the B operand, then AND
      gate 302 is enabled and provides a signal over conductor 310 to output
      terminal 308. AND gate 306 is also shown which provides a signal when the
      least most significant pair of binary orders have a relationship wherein A
      is greater than B and the previous orders all have the relationship
      wherein the operands are equal. If this situation occurs, then AND gate
      306 is enabled and provides a signal over conductor 310 to output terminal
      308.
PAR  As was explained when describing FIG. 4, the relationship "A greater than
      or equal to B" or "A less than or equal to B" is derived from two other
      output signals. Thus, when there is an output signal provided over
      conductor 310, this signal enables OR gate 318 which provides a signal to
      output terminal 322 over conductor 324 thereby indicating the relationship
      that A is greater than or equal to B.
PAR  In like manner, AND gate 312 identifies the equality relationships wherein
      all the orders of binary numbers being compared are equal. If this
      situation occurs, then AND gate 312 is enabled thereby providing a signal
      to output terminal 314 over conductor 316. In addition, if this
      relationship exists, then OR gate 318 is enabled thereby providing a
      signal to output terminal 322 via conductor 324 indicating the
      relationship "A is greater than or equal to B" also co-exists.
PAR  A similar situation exists for the "less than" relationship which senses
      the outputs from the basic building blocks via AND gates 326 to 330 and
      provides a signal to output terminal 322 via conductor 334. When a signal
      is provided to output terminal 332, the relationship "A less than B" is
      known. If a signal has been provided over conductor 334, this also enables
      OR gate 342 to provide a signal to output terminal 338 via conductor 340
      thereby indicating the relationship that A is less than or equal to B.
      Similarly, if a signal has been provided over conductor 316, then OR gate
      342 is enabled thereby providing a signal to output terminal 338 via
      conductor 340, indicating that A is less than or equal to B.
PAR  It is noted that by the circuit utilized in FIG. 6 fewer gates are required
      as the size of the binary numbers increases. However, this is accomplished
      at the expense of introducing an additional time delay. Each of the
      embodiments, i.e., the preferred alternative embodiments, provide for the
      use of the basic building blocks in order to obtain the binary comparison
      result. These basic building blocks are two-bit comparator modules which
      are standardized thereby providing for greater reliability in their
      operation. Moreover, since the basic building blocks have been
      standardized in modular form, it is easier to identify erroneously
      operating circuitry so that fast and efficient corrections may be made.
PAR  In FIG. 7, the modularity of the basic building blocks is utilized to show
      how the comparators may be shared so as to reduce the overall circuitry
      required. For example, in address development, it may be necessary to
      compare addresses in order to determine the proper group address.
      Subsequently, further information in the address may be required in order
      to perform a comparison to determine the proper address block. By the
      circuitry shown in FIG. 7, the same logic is utilized for both these
      operations. Thus, if the two-bit comparator had not been modularized, it
      would have been necessary to repeat the same logic construction and
      configuration, thus requiring extra circuitry.
PAR  In FIG. 7, an A operand is shown having six orders, A.sub.1 to A.sub.6, and
      a B operand having six orders, B.sub.1 to B.sub.6. Basic building blocks
      10.sub.1 and 10.sub.3 compare A.sub.1 to A.sub.4 with B.sub.1 to B.sub.4.
      Basic building blocks 10.sub.3 and 10.sub.5 compare A.sub.3 to A.sub.6
      with B.sub.3 to B.sub.6. As is evident, basic building block 10.sub.3 is
      being shared by both comparators. The logic shown as connected to the
      basic building blocks and indicated by reference numerals 400 and 402 is
      identical to that shown in FIGS. 3 to 6.
PAR  The above-described comparator also has applicability when the operands
      have different numbers of bits. In this situation, the input taken from
      the registers will be binary zeroed in sufficient high order positions to
      make the operands equal and even-numbered. For example, if the A operand
      were 5 bits and the B operand were 4 bits, then the A operand would be
      extended to six positions and the most significant digit of the A operand
      would be set to zero. Concurrently, the B operand would also be extended
      to the sixth order by adding binary ZEROS in the two most significant
      positions. The comparison between the two numbers would then be made.
PAR  While the principles of the invention have now been made clear in the
      illustrated embodiment shown above, there will be obvious to those skilled
      in the art many modifications in structure, arrangement and components
      used in the practice of the invention without departing from the above
      enunciated principles. For example, the AND gates may be converted to NAND
      or exclusive OR gates as is well known in the art with corresponding
      changes in the connecting circuitry. Additionally, the utilization of any
      three given inputs will provide the logic necessary in order to develop
      the five relationships described above. The appended claims are therefore
      intended to cover and embrace any such modification within the limits only
      of the true spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A binary comparator for determining a plurality of relationships between
      a first and a second binary number, each of said binary numbers having two
      bits, said comparator comprising:
PA1  first comparing means having a plurality of inputs from bits of said first
      binary number and a corresponding plurality of inputs from complements of
      bits of said second binary number, said first comparing means providing a
      first signal indicating a first relationship between said binary numbers;
PA1  second comparing means having a plurality of inputs from bits of said
      second binary number and a corresponding plurality of inputs from
      complements of bits of said first binary number, said second comparing
      means providing a second signal indicating a second relationship between
      said binary numbers;
PA1  third comparing means having a plurality of inputs from bits of said first
      and said second numbers and from complements of bits of said first and
      said second numbers providing an intermediate signal, said third comparing
      means further having first inverting means responsive to said intermediate
      signal providing a third signal indicating a third relationship between
      said binary numbers; and
PA1  output means coupled to each of said comparing means for transferring each
      of said indicating signals.
NUM  2.
PAR  2. A two-bit comparator as defined in claim 1 wherein said first comparing
      means includes a first plurality of AND gates including:
PA1  a first AND gate having one input from said first binary number and two
      inputs from the complements of one of the bits of said secondary binary
      number;
PA1  a second AND gate having two inputs from said first binary number and one
      input from the complement of one of the bits of said second binary number;
      and
PA1  a third AND gate having one input from the most significant order of said
      first binary number and a second input from the complement of the most
      significant order of said second binary number.
NUM  3.
PAR  3. A two-bit binary comparator as defined in claim 2 wherein one input to
      said first AND gate is the least significant order of said first binary
      number and wherein one input to said second AND gate is the complement of
      the least significant order of said second binary number.
NUM  4.
PAR  4. A two-bit binary comparator as defined in claim 3 wherein said second
      comparing means includes a second plurality of AND gates and wherein the
      inputs to said first plurality of AND gates are complementary to the
      inputs of said second plurality of AND gates with respect to said first
      and said second binary numbers.
NUM  5.
PAR  5. A two-bit binary comparator as defined in claim 4 and further including:
PA1  second inverting means responsive to said first signal for providing a
      fourth signal indicating a fourth relationship between said binary
      numbers, and
PA1  third inverting means responsive to said second signal for providing a
      fifth signal indicating a fifth relationship between said binary numbers.
NUM  6.
PAR  6. A two-bit binary comparator as defined in claim 5 wherein said first,
      second and third inverting means provide a second level of circuitry
      whereby the signals from said inverting means are provided simultaneously,
      said third, fourth and fifth signals occurring at a later time than said
      first and second signals.
NUM  7.
PAR  7. A two-bit binary comparator as defined in claim 5 wherein:
PA1  said first signal identifies said first binary number as being greater than
      said second binary number;
PA1  said second signal identifies said first binary number as being less than
      said second binary number;
PA1  said third signal identifies said first binary number as being equal to
      said second binary number;
PA1  said fourth signal identifies said first binary number as being less than
      or equal to said second binary number; and
PA1  said fifth signal identifies said first binary number as being greater than
      or equal to said second binary number.
NUM  8.
PAR  8. A two-bit binary comparator for determining a plurality of relationships
      between a first and a second binary number, each number having two bits,
      said comparator comprising:
PA1  first comparing means having a plurality of inputs from bits of said first
      binary number and a corresponding plurality of inputs from complements of
      bits of said second binary number, said first comparing means providing a
      first signal indicating a first relationship between said binary numbers;
PA1  second comparing means having a plurality of inputs from bits of said
      second binary number and a corresponding plurality of inputs from
      complements of bits of said first binary number, said second comparing
      means providing a second signal indicating a second relationship between
      said binary numbers;
PA1  third comparing means having a logical NAND gate coupled to receive said
      first signal and said second signal for providing a third signal
      indicating a third relationship between said binary numbers; and
PA1  output means coupled to each of said comparing means for transferring each
      of said indicating signals.
NUM  9.
PAR  9. A two-bit binary comparator as recited in claim 8 wherein said first
      comparing means includes a first plurality of AND gates comprising:
PA1  a first AND gate having one input from said first binary number and two
      inputs from the complements of bits of said second binary number;
PA1  a second AND gate having two inputs from said first binary number and one
      input from the complement of one of the bits of said second binary number;
      and
PA1  a third AND gate having one input from the most significant order of said
      first binary number and a second input from the complement of the most
      significant order of said second binary number.
NUM  10.
PAR  10. The two-bit binary comparator as recited in claim 9 wherein one input
      to said first AND gate is the least significant order of said first binary
      number and wherein one input to said second AND gate is the complement of
      the least significant order of said second binary number.
NUM  11.
PAR  11. A two-bit binary comparator as recited in claim 10 wherein said second
      comparing means includes a second plurality of AND gates and wherein the
      inputs to said first plurality of AND gates are complementary to the
      inputs to said second plurality of AND gates with respect to said first
      and said second binary numbers.
NUM  12.
PAR  12. A two-bit binary comparator as defined in claim 11 further comprising:
PA1  first inverting means responsive to said first signal for providing a
      fourth signal indicating a fourth relationship between said binary
      numbers; and
PA1  second inverting means responsive to said second signal for providing a
      fifth signal indicating a fifth relationship between said binary numbers.
NUM  13.
PAR  13. A two-bit binary comparator as defined in claim 12 wherein:
PA1  said first signal identifies said first binary number as being greater than
      said second binary number;
PA1  said second signal identifies said first binary number as being less than
      said second binary number;
PA1  said third signal identifies said first binary number as being equal to
      said second binary number;
PA1  said fourth signal identifies said first binary number as being less than
      or equal to said second binary numbers; and
PA1  said fifth signal identifies said first binary number as being greater than
      or equal to said second binary number.
NUM  14.
PAR  14. A two-bit binary comparator circuit for determining one of five
      relationships between a first and a second binary number, each number
      having two bits, said comparator comprising:
PA1  first comparing means including:
PA2  a first AND gate having as inputs the least significant order of said first
      binary number and the complements of the most and least significant orders
      of said second binary number;
PA2  a second AND gate having as inputs the most and the least significant order
      of said first binary number and the complement of the least significant
      order of said second binary number; and
PA2  a third AND gate having as inputs the most significant order of said first
      binary number and the complement of the most significant order of said
      second binary number;
PA2  said first comparing means providing a first signal indicating the
      relationship that said first binary number is greater than said second
      binary number;
PA1  second comparing means including:
PA2  a first AND gate having as inputs the least significant order of said
      second binary number and complements of the most and least significant
      orders of said first binary number;
PA2  a second AND gate having as inputs the most and least significant orders of
      said second binary number and the complement of the least significant
      order of said first binary number; and
PA2  a third AND gate having as inputs the most significant order of said second
      binary number and the complement of the most significant order of said
      first binary number;
PA2  said second comparing means providing a signal indicating the relationship
      that said first binary number is less than said second binary number;
PA1  third comparing means including:
PA2  a first AND gate having as inputs the most significant order of said first
      binary number and the complement of the most significant order of said
      second binary number;
PA2  a second AND gate having as inputs the complement of the most significant
      order of said first binary number and the most significant order of said
      second binary number;
PA2  a third AND gate having as inputs the least significant order of said first
      binary number and the complement of the least significant order of said
      second binary number; and
PA2  a fourth AND gate having as inputs the complement of the least significant
      order of said first binary number and the least significant order of said
      second binary number;
PA2  said AND gates connected via an inverter to provide a third signal
      indicating the relationship that said first binary number is equal to said
      second binary number;
PA2  first inverting means responsive to said first signal for providing a
      fourth signal indicating the relationship that said first binary number is
      less than or equal to said second binary number;
PA2  second inverting means responsive to said second signal for providing a
      fifth signal indicating the relationship that said first binary number is
      greater than or equal to said second binary number; and
PA2  output means coupled to each of said comparing means and inverting means
      for transferring each of said signals.
NUM  15.
PAR  15. A binary comparator for determining a plurality of relationships
      between a pair of binary numbers, each of said pair having an ordered
      length of n-bits, where n is a positive integer, said comparator
      comprising:
PA1  first circuitry means including a plurality of comparator modules connected
      in parallel, each of said modules comparing like orders of two-bits from
      each of said pair of binary numbers, and providing a plurality of signals
      each corresponding to one of said plurality of relationships between said
      pair of binary numbers, and
PA1  second circuitry means including a plurality of logic gates coupled to said
      modules, each gate coupled to receive a signal from at least one module
      for providing a set of output signals corresponding to the plurality of
      relationships between the pair of binary numbers.
NUM  16.
PAR  16. An n-bit binary comparator as defined in claim 15 wherein said gates
      are organized into groups corresponding to each of said plurality of
      relationships between said numbers, said groups corresponding to the
      relationships wherein said first binary number is greater than said second
      binary number, said first binary number is greater than or equal to said
      second binary number, said first binary number is less than said second
      binary number, or said first binary number is less than or equal to said
      second binary number, each of said groups including:
PA1  a first gate responsive to one output of the module corresponding to the
      most significant bits of the numbers being compared for providing an
      output signal indicating a relationship between said binary numbers
      corresponding to the relationship denoted by the signal from said module,
      and
PA1  at least one additional gate having two inputs, one input from the module
      corresponding to the next most significant bits and a second input from
      the equality relationship of the corresponding to the most significant
      bits, said additional gate also providing an output signal indicating a
      relationship between said binary numbers corresponding to the group to
      which said gate belongs.
NUM  17.
PAR  17. An n-bit comparator as defined in claim 16 wherein for the
      relationships wherein said first binary number is greater than said second
      binary number or said first binary number is less than said second binary
      number the number of said additional gates is j-l where j is the number of
      modules, each of said additional gates having one input from a module
      signal corresponding to the same relationship its own output signal
      identifies, and remaining inputs from the equality relationship of each
      higher order module.
NUM  18.
PAR  18. An n-bit binary comparator as defined in claim 15 wherein the
      relationships are greater than, less than, equal to, greater than or equal
      to, or less than or equal to.
NUM  19.
PAR  19. An n-bit binary comparator as defined in claim 15 wherein said binary
      numbers, if unequal in ordered length, are made equal by adding to the
      smaller ordered length number binary zeros in its high ordered digits.
NUM  20.
PAR  20. An n-bit binary comparator as defined in claim 19 wherein said larger
      binary number if not having an even number of bits is provided with a
      binary zero in its highest order.
NUM  21.
PAR  21. An n-bit binary comparator as defined in claim 15 wherein said modules
      are usable for parts of said binary numbers.
NUM  22.
PAR  22. An n-bit binary comparator as recited in claim 15 wherein said second
      level of circuitry provides only three output signals and further
      comprising a third level of circuitry including a plurality of gates
      coupled to outputs of said second level of circuitry for providing signals
      corresponding to the remaining two relationships between said two binary
      numbers.
NUM  23.
PAR  23. An n-bit binary comparator as recited in claim 22 wherein said second
      level of circuitry provides signals corresponding to the relationships
      greater than, equal to, and less than, and wherein said third level of
      circuitry provides signals corresponding to the relationships greater than
      or equal to, and less than or equal to.
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PAL  Coding of a group of characters for recognition by a machine and by a human
      viewer is provided by coloring each character with a predetermined
      plurality of colors arranged in predetermined locations within a character
      configuration. Each character configuration in a set of characters is
      segregated into a plurality of sectors and each sector is coded by a
      predetermined one of a plurality of colors which differs from the color
      coding of an adjacent sector. Apparatus for forming the color-coded
      characters by printing and by a photoelectrophoretic process is disclosed.
      Apparatus for automatically recognizing characters colored according to
      the predetermined code comprise color detecting elements positioned in an
      array at a reading station for generating output electrical signals
      representative of the color-sector coding and circuit means coupled to the
      detection means for translating the color-sector signals into an
      electrical signal representative of a character in a set.
BSUM
PAR  This invention relates to data input arrangements for a data processing
      system. The invention relates more particularly to an improved character
      recognition system for recognizing color coded characters.
PAR  In various data handling operations, the need exists for transmitting data
      in a form which is both recognizable by machine and readable by
      individuals. Information presented in a form which satisfies these
      requirements permits use of the information by an individual in the
      performance of limited tasks and additionally provides for high speed
      recognition and processing by automatic equipment.
PAR  A known system of character presentation which satisfies these general
      requirements employs characters of conventional configuration which are
      color coded. An individual visually scans the data and recognizes the
      characters presented by virtue of the familiar shape of the characters
      while data processing equipment which is employed for high speed
      processing of information recognizes the characters by virtue of the color
      coding of the characters. Each of the characters is coded with one or more
      colors and automatic detection means are provided for sensing different
      character colors and for generating a digital output indication which is
      representative of the color or combination of colors and therefore of the
      character detected. In a known arrangement, each detector includes a
      photosensitive element and a color filter which are arranged for surveying
      an entire character for the presence of color coding associated with the
      absorption characteristics of the filter.
PAR  A detection arrangement of the type described exhibits several limitations
      which reduce its operational effectiveness. In practice the characters are
      preferably formed on a white or other light colored record medium
      background and illumination of a character results in reflection of light
      from the record medium as well as from the character. Light components
      reflected from the record medium which correspond to a color being
      detected can and often do result in the production of an erroneous output
      indication. In addition, the indexing of, or proper placement of a color
      coded character at a station for reading has not been accomplished in
      prior arrangements with a high degree of accuracy and this further
      contributes to the generation of false signals. These limitations
      substantially restrict the reliability of a character recognition system
      of the type wherein the characters are color coded. Furthermore, means for
      producing or reproducing color coded characters tends to be relatively
      complex and costly.
PAR  Accordingly, it is an object of this invention to provide an improved
      character recognition system of the type wherein the characters are color
      coded and are recognizable both by an individual and by a machine.
PAR  Another object of the invention is to provide a relatively non-complex
      character color coding detection arrangement which enhances the
      reliability of the machine readability of the characters.
PAR  Another object of the invention is to provide a character color coding
      arrangement which reduces the cost and complexity of equipment required
      for automated recognition of these characters.
PAR  A further object of the invention is to provide improved means for creating
      color coded characters.
PAR  In accordance with the general features of the present invention, coding of
      a group of characters for recognition by a machine and by an individual is
      provided by coloring each character with a predetermined plurality of
      colors arranged in predetermined locations within a character
      configuration. Each character configuration in a set of characters is
      segregated into a plurality of sectors and each sector is coded by a
      predetermined one of a plurality of colors which differs from the color
      coding of an adjacent sector. In a particular embodiment of the invention,
      coding of a set of alpha-numeric characters is provided by dividing each
      character into an array of parallel bands each of which extends across a
      dimension of the character and coloring each of the bands with a
      predetermined one of a plurality of colors. A plurality of alpha-numeric
      characters is printed by an apparatus having a multi-band ribbon or tape,
      positioned between a record medium and a printing character. Means are
      provided for varying the tape location with respect to a printing
      character in order to position a plurality of bands of preselected colors
      corresponding to a color code for a character to be imprinted between the
      printing character and the record medium. In accordance with another
      embodiment of the invention, color coded characters having a predetermined
      multiband color code are formed by a photoelectrophoretic process.
      Apparatus for automatically recognizing characters colored according to
      the predetermined code comprise color detecting elements positioned in an
      array at a reading station for generating output electrical signals
      representative of the color band coding and circuit means coupled to the
      detection means for translating the color-sector signals into an
      electrical signal representative of a character in a set.
DRWD
PAR  These and other objects and features of the invention will become apparent
      with reference to the following specification and to the drawings wherein:
PAR  FIG. 1 is a plan view of a record medium having color coded characters and
      a character recognition means arranged in accordance with the invention;
PAR  FIG. 2 is an elevation view of the character recognition arrangement of
      FIG. 1;
PAR  FIG. 3 is a side view of the character recognition arrangement of FIG. 2;
PAR  FIG. 4 is a schematic diagram of an apparatus for forming the color coded
      characters of FIG. 1;
PAR  FIG. 5 is a front view of a printing tape of FIG. 4 having a plurality of
      color bands for printing a color coded character;
PAR  FIG. 6 is a diagram illustrating an alpha-numeric color code format printed
      with the tape of FIG. 4;
PAR  FIG. 7 is a logic diagram illustrating the generation of white and black
      signals for use in recognizing characters which are color coded in
      accordance with the format of FIG. 6;
PAR  FIG. 8 is a logic diagram illustrating the logical functions performed in
      the recognition of particular characters which are color coded in
      accordance with the format of FIG. 6;
PAR  FIG. 9 is a diagram of an apparatus for photoelectrophoretically forming
      color coded characters in accordance with the present invention;
PAR  FIG. 10 is a side view of a portion of a character disc employed with the
      apparatus of FIG. 9 and illustrating a color coded character;
PAR  FIG. 11 is a diagram illustrating an alternative color coding format which
      is printed by the apparatus of FIG. 9 in accordance with the invention;
PAR  FIG. 12 is a diagram of a photodetector array utilized in a detecting and
      translating apparatus for recognizing the color coded characters produced
      by the apparatus of FIG. 9;
PAR  FIG. 13 is a diagram illustrating the conversion of primary colors in an
      additive color system to primary colors, and to black and white, in a
      subtractive color system;
PAR  FIG. 14 is a logic diagram illustrating the electrical conversion of the
      primary colors in an additive color system of FIG. 13 to black and white;
PAR  FIG. 15 is a logic diagram illustrating the logical functions performed in
      the recognition of particular characters which are color coded in
      accordance with the format of FIG. 11;
PAR  FIG. 16 is a circuit diagram partly in block form illustrating a character
      recognition element of the detector array of FIGS. 1-3 and of FIG. 12;
PAR  FIG. 17 is a circuit diagram of an AND gate employed in the logic
      arrangements of FIGS. 7, 8, 14, and 15; and,
PAR  FIG. 18 is a circuit diagram of an inverter circuit employed in the logic
      arrangement of FIGS. 7 and 14.
DETD
PAR  Referring now to FIG. 1, there is shown a record medium 10 comprising a
      sheet of paper, a paper tape, a paper card or other similar body of
      material having alpha-numeric characters formed thereon. These characters
      are recognizable both automatically with data processing apparatus and by
      an individual through normal viewing of the record medium. The record
      medium is divided into a plurality of elongated parallel extending sectors
      or bands 12, 14, 16, 18 and 20, each of equal width. Each of the bands in
      a character is colored by a choice of one of a plurality of colors in
      accordance with a predetermined code. The characters are recognizable by a
      human viewer by virtue of their familiar configuration while, as indicated
      in greater detail hereinafter, the characters are recognizable
      automatically with automatic reading apparatus by virtue of the
      predetermined coding of colors present in each respective band. Characters
      which are color coded as indicated can be formed on the record medium 10
      through printing techniques including printing apparatus such as a
      typewriter having a multiband ribbon and by electrophoretic printing
      apparatus, both of which are described in more detail hereinafter.
      Alternatively, the color coded characters can be formed by hand.
PAR  A color coding format for providing color coding of 26 lower case English
      script characters along with 10 numeric characters is illustrated in FIG.
      6. This format is particularly applicable for use with a coding apparatus
      which employs a multiband color ribbon or tape 22 as illustrated in FIG.
      5. In forming these characters, the position of the ribbon with respect to
      a character printing head 30 is varied in order to provide at a location
      opposite the printing head a plurality of color band code combinations
      each of which is associated with a character in the set. The color bands
      shown in FIG. 5 extend horizontally and the tape position is varied in a
      vertical direction. The tape 22 is positioned for providing that at least
      three bands of the tape such as bands 14, 16 and 18 are positioned
      opposite a printing character such as is illustrated for the character a
      in FIG. 1. Certain of the lower case English characters have a greater
      height than others and extend vertically into an upper band 12 as
      illustrated by the character t in FIG. 1, or, into a lower band 20 as
      illustrated by the character y in FIG. 1. More particularly, the lower
      case characters a, c, e, i, m, n, o, r, s, u, v, w, x and z comprise 14
      characters of the same general height. In addition, there are 12
      alphabetic characters of relatively greater height, six of which include
      segments extending upward into band 12 and six of which include segments
      extending downward into band 20. The former comprise the letters b, d, h,
      k, l and t while the latter comprise the letters f, g, j, p, q and y.
PAR  As indicated, these characters are color coded in accordance with one
      embodiment of the invention through the use of the ribbon or tape 22
      having the continuous color bands shown in FIG. 5. This tape includes
      bands of the colors cyan, black and red and is arranged to provide
      permutations of sequences of these colors wherein color bands of a same
      color are not contiguous. Twelve of the above enumerated 14 lower case
      characters are printed with the tape 22 having the permutations and
      sequences illustrated in FIG. 5 by vertically raising this ribbon adjacent
      the printing head 30 to 12 different positions so that at each of the 12
      positions three color bands are positioned adjacent a printing character
      of the head. When a one of the six upward elongated lower case characters
      is printed at one of the 12 positions, four stripes will be contacted and
      four color bands will be printed having a configuration of this character.
      Similarly, each of the six lower case downward elongated characters is
      printed with four stripes.
PAR  The tape illustrated in FIG. 5 provides for a total of 12 combinations of
      three color bands illustrated by the bands 14, 16, and 18 of FIG. 6, 12
      combinations of four color bands illustrated by the bands 12, 14, 16 and
      18 of FIG. 6, and 12 combinations of four color bands illustrated by bands
      14, 16, 18 and 20 of FIG. 6. Thus, 26 distinct combinations are available
      for color coding alpha-numeric characters with a tape as illustrated in
      FIG. 5. It is noted from the color coding format of FIG. 6 that the number
      of lower case characters which can be coded by three color bands exceeds
      the number of available three band combinations by two characters. In the
      format shown in FIG. 6, the lower case characters m and u have been
      modified to include extended lower leading edges and are coded by the four
      bands 2, 3, 4, and 5. Additionally, the format illustrates the numeric
      characters 1, 2, 3, 4, 5 and 0 printed by four stripes in bands 12, 14, 16
      and 18 while the numeric characters 6, 7, 8 and 9 are printed by four
      stripes and bands 14, 16, 18, and 20.
PAR  A printing apparatus employing a color coding tape is illustrated in FIG.
      4. The printing apparatus include means for transporting the ribbon 22
      through 12 vertical locations. The ribbon 22 is mounted in a frame 24 and
      is positioned between a record medium 26 and a printing body 30. The
      printing medium comprises for example sheet paper 26 or alternatively a
      tape or card which is backed by a platen 28. The printing body comprises a
      rotatable globular shaped printing head 30 having 26 raised alpha-numeric
      characters formed thereon. Both the ribbon tape 22 and the paper tape
      record medium 26 are fed to, and, advanced through a printing station by
      conventional means, not illustrated. Vertical motion of the ribbon frame
      24 is effected by a cam 32 which is rotated to a selected one of 12
      positions by a stepping motor 34 which is mechanically coupled to a rotary
      shaft of the cam 32. The globular printing head 30 is similarly rotated
      about its axis to 26 positions by a stepping motor 36 which is coupled to
      the globe 30 through a shaft coupling 38. The stepping motors are actuated
      from an operator's print select console 40 which includes 26 alpha-numeric
      select buttons 42. Depression of an alpha-numeric select button 42 causes
      the stepping motor 34 to rotate the cam 32 to a one of 12 positions and
      the motor 36 to rotate the globe 30 to a one of 26 circular positions at
      which the stripes of the tape 22 correspond to the color coding for an
      alpha-numeric character to be printed. The head 30 is then forced against
      the tape 22 and printing medium 26 for printing the selected character by
      conventional means not illustrated. The operation of stepping motors and
      means for causing this selective movement are well known in the art. While
      it is not shown in detail, it is understood that the console 40 includes
      conventional electronic responsive devices for controlling the operation
      of motors in accordance with the depression of a particular alpha-numeric
      select button 42. More particularly, a digital binary register having 12
      and 26 output combinations can be provided and coupled to the stepping
      motors 34 and 36 respectively. Depression of an alpha-numeric select push
      button 42 will set the register to a condition for establishing an output
      for causing the stepping motors to rotate the cam and the printing globe
      to preselected positions. Typical registers comprise a shift register or a
      ring counter. The means for triggering these registers into a
      predetermined state are well known and further elaboration is believed
      unnecessary.
PAR  An array of detecting elements for detecting alpha-numeric characters color
      coded in accordance with the color coding format of FIG. 6 is illustrated
      in FIG. 1. Two detection elements, each capable of detecting a single one
      of the two code colors cyan and red and for generating signals indicative
      of a black code color are aligned with each of the bands 12 through 20.
      These cell pairs provide an output signal when a one of these colors
      appears in a character in the associated band. For example, the elements
      R.sub.2 and C.sub.2 are aligned with the band 14 and an output will be
      generated by one or both of these elements when a character is located at
      the sensing station. Similarly, the elements R.sub.3 and C.sub.3 are
      aligned with band 16 and the elements R.sub.4 and C.sub.4 are aligned with
      the band 18 and output signals will be generated by these elements in
      accordance with the color coding of the character in the associated band
      when a character is properly located at a sensing station. In addition to
      the detecting elements aligned with bands 14, 16 and 18 sensing elements
      R.sub.1 and C.sub.1 are aligned with a band 12 and elements R.sub.5 and
      C.sub.5 are aligned with a band 20. An output signal will be generated by
      one of the elements aligned with band 12 when one of the upper elongated
      lower case characters b, d, f, h, k, l and t is positioned at the sensing
      station. Similarly, an output signal will be generated by one of the
      elements aligned with the band 18 when the lower elongated lower case
      letters g, j, p, q and y as well as the modified characters m and n are
      positioned at the sensing station. As viewed in FIG. 1, the record medium
      10 is advanced to provide the positioning of a character at a sensing
      station within detection range of each of these elements and an
      appropriate output indication will be provided.
PAR  Advancement of the record medium is provided by a conventional transport,
      not shown, for stepwise or continuous advancement of the record medium.
      The transport includes guides for establishing and maintaining alignment
      between the record medium and the detector array. Advancement can be
      effected with a sprocket drive in which case the record medium includes
      sprocket drive holes. Alternatively, a conventional friction drive
      arrangement can be provided.
PAR  In FIG. 2, the elevated position of the array of detecting elements with
      respect to the record medium is illustrated. A lamp 50 is provided along
      with a lens arrangement 52 for illuminating an area beneath the
      photodetectors at which position a character is to be sensed. An
      illuminated character at this station is then focused on the array of
      photocells by a lens 54. The detecting elements comprise photocells which
      are mounted in a housing 56 and are spaced from a support table 58 upon
      which the record medium 10 is advanced. Photocells of different color
      coding bands which detect a same color are aligned in a column as viewed
      in FIG. 1 and an absorption filter strip is positioned between the lens 54
      and these photocells for absorbing the color of interest. Absorption
      filter strips 60 and 62 are provided for absorbing the color of interest
      associated with the columnar array of red and cyan photocells. The
      absorption filters cause a decrease in the illumination falling on their
      associated photocells for a color being sensed and the photocell provides
      a corresponding electrical indication. In order to reduce the
      responsiveness of cells to undesired reflections and other like
      interferences, each of the cells is masked by a shade 64.
PAR  A detection element and signal generating means for the detector array of
      FIG. 1 is shown in detail in FIG. 16. The detection element comprises a
      photocell 66 which may be of the cadmium sulfide photoconductive type.
      This photocell is coupled in a bias circuit of a PNP transistor amplifier.
      The transistor 68 which is shown coupled in a common emitter amplifier
      configuration includes a resistive collector impedance 70. A base
      electrode bias current is provided for the transistor 68 by a voltage
      divider which includes the resistive impedance of the photoconductive
      device 66, a resistance 72 of fixed impedance and a variable resistance
      74. As the illumination incident on the photocell 66 decreases, its
      resistive impedance will increase thereby raising the base electrode to
      emitter electrode bias and causing the voltage at a collector electrode 76
      to become more negative. At a predetermined collector voltage level, a
      conventional Schmitt trigger circuit 78 which is coupled to transistor 68
      will be triggered. The Schmitt trigger circuit, as is well known, is a
      voltage level sensitive circuit. Upon triggering, the circuit 78 generates
      a positive output voltage which is coupled to a signal translating circuit
      arrangement described in detail hereinafter. The bias level of the
      transistor 68 is adjustable in order to compensate for variations in
      background illumination falling on the photodetector. This adjustment is
      provided by manually varying the impedance of the resistance 74.
      Alternatively, the photocell and amplifier may be arranged in a well known
      bridge circuit which exhibits less sensitivity to background illumination.
      In addition, noise filtering circuit means can be employed between the
      output of the transistor 68 and the Schmitt trigger circuit 78.
PAR  The logic diagrams of FIGS. 7 and 8 illustrate logical operations which are
      performed in translating detector signals derived from a ribbon coded
      record medium into electrical outputs representative of the characters
      being detected. The three code colors, namely red, cyan and black of the
      ribbon printing arrangement when associated with the five bands 12, 14,
      16, 18 and 20 of the record medium and subject to the restriction of
      noncontiguous colors in adjacent bands provide for the encoding of 26
      characters as illustrated in FIG. 6. Detector cells are provided for
      sensing for the presence of the colors red and cyan in each band while
      detection of the color black in a band is accomplished electrically by
      sensing for the simultaneous absence of the colors red and cyan in the
      band. The ribbon coding arrangement relates three predetermined colors
      with either three or four of the five bands. As a result each character
      code includes an uncolored band. This is illustrated in FIG. 6 for the
      character a by bands 12 and 20, for the letter b by band 20, etc. Although
      this coding system simplifies the tape encoding apparatus, i.e. it reduces
      the number of different color bands required on the tape and the number of
      vertical positions through which the ribbon is transported, a same color
      code and sequence can exist for different characters although in displaced
      bands. An ambiguity can therefore arise such as is illustrated by the
      coding of the letters b and f in FIG. 6. This ambiguity is overcome during
      detection by employing a record medium whose color can be sensed through
      the electrical combination of existing color signals. With respect to the
      ribbon-coding arrangement which provides a code format as shown in FIG. 6,
      a white record medium is employed. As is well known, the colors red and
      cyan combine to form the color white. The output signals of the red and
      cyan detectors are therefore employed in each band to sense for the
      presence of the color white.
PAR  FIG. 7 is a logic diagram illustrating the generation of white and black
      signals. The red and cyan signals for the bands 12, 14, 16, 18 and 20 are
      applied to associated AND gates 80, 82, 84, 86 and 88 respectively. The
      red and cyan signals are identified by color reference letter R or C
      followed by a subscript 12, 14, 16, 18 or 20 associated with a band. An
      output from these gates indicates the presence of the color white in a
      band of a character being sensed. The absence of both a red and a cyan
      signal indicates the presence of the color black. The color black is
      sensed by inverting the red and cyan signals to provide red and cyan
      signals. Inversion is provided by inverter amplifiers 89-98. The output of
      these amplifiers are then applied to AND gates 99-103.
PAR  FIG. 8 which illustrates a logic translating arrangement for translating
      color-sector signals into a signal representative of an alpha-numeric
      character is shown to include AND gates 104, 105, 106, 107 and 108. Red
      and cyan input signals to these gates are coupled thereto from the
      detector elements of FIGS. 1-3. Similarly, white and black signals from
      the logic unit of FIG. 7 are coupled to these gates. An output signal will
      be provided by one of these AND gates when all inputs exist simultaneously
      at a particular gate in time coincidence with a timing signal which is
      derived from a timing signal generator 110. The generator 110 comprises a
      conventional triggered multi-vibrator unit arrangement which is
      synchronized generally with the tape reading drive apparatus referred to
      hereinbefore. The timing signal generates a signal which enables the AND
      gates 104-108 when a character is properly positioned for reading. Each of
      the AND gates 104-108 have inputs in accordance with the color sector code
      of Table 6 for sensing the three alphabetic characters a, t, z and two
      numeric characters, 4 and 7 which were shown recorded in the record medium
      of FIG. 1. For purposes of simplifying the disclosure and the drawings,
      the AND gates for sensing the coding of the remaining 21 alpha-numeric
      characters are not shown. However, it is understood that they operate in a
      similar manner with input signals from the detector array and logic unit
      of FIG. 7 as enumerated by Table 1. The signal from an output terminal of
      each of these AND gates is in the form of a voltage level which is
      employed to actuate other utility equipment, not shown, or to set a memory
      device such as a bistable device, for example, for storing the
      information. The data can then be used in a data processing arrangement
      for interpreting the information.
PAR  An alternative format for color coding characters in accordance with this
      invention is illustrated in FIG. 11. In this arrangement, the four colors
      red, cyan, magenta and black are employed as code colors. Four bands i.e.,
      12, 14, 16 and 18 are employed with this format to provide a relatively
      larger number of code combinations than was provided with the format of
      FIG. 6. This is accomplished by utilizing printing apparatus which in this
      embodiment is not restricted to the use of sequences of colors as was
      provided with the color-coding tape of FIG. 5. The four color band coding
      arrangement of FIG. 11 provides for color coding 26 lower case alphabet
      characters, 26 upper case alphabet characters, 10 numeric characters, and,
      in addition provides 22 remaining combinations which can be utilized for
      other characters. In this format, the lower case letters a, c, e, i, n, o,
      r, s, v, w, x and z are color coded in the two central bands, bands 14 and
      16. The elongated, upper extending, lower-case characters b, d, h, k, l
      and t are color coded in bands 12, 14 and 16. Similarly, the lower-case,
      elongated, lower-extending characters, f, g, j, p, q and y are color coded
      in the bands 14, 16 and 18. The lower case letters m and u are color coded
      in the bands 14, 16 and 18 also. All upper case characters are color coded
      in bands 12, 14 and 16 while the numeric characters are color coded in
      bands 14, 16 and 18.
PAR  The large number of color coding combinations presented in FIG. 11 can be
      produced in accordance with a feature of this invention with a
      polychromatic photoelectrophoretic (PEP) imaging system. In a
      polychromatic (PEP) system, an image is produced by disposing a suspension
      of colored photosensitive pigmented particles in an insulating carrier
      liquid between injecting and blocking electrodes. These particles are
      exposed under light in accordance with a desired image configuration while
      an electric field is simultaneously established between electrodes. The
      exposed pigment particles in one embodiment migrate through the insulating
      liquid toward a receiving surface of the blocking electrode and adhere to
      the receiving surface forming a negative image thereon. The receiving
      surface and suspension are then removed leaving behind a positive pigment
      image on the surface of the injection electrode. A positive image
      remaining on the injection electrode can be fixed on the electrode or
      alternatively the positive image can be transferred to, and fixed on,
      another receiving surface. A transfer to another surface may be effected
      with an adhesive pickoff for example, or, it can preferably be
      accomplished with electrostatic field transfer techniques. Electrostatic
      field transfer to another surface is provided subsequent to the above
      desired imaging step by introducing an intermediate receiving surface
      between the electrodes and reapplying a potential which is of a polarity
      opposite to that employed during the imaging step.
PAR  Reproduction of the image in color with a polychromatic
      photoelectrophoretic process is provided by employing different colored
      photosensitive pigmented particles which exhibit desired spectral
      responses and by exposing the material to an image configuration in color.
      In an exemplary arrangement, the pigmented particles may comprise a
      mixture of red, magenta and cyan colored particles. A polychromatic
      photoelectrophoretic imaging system of this type is described in U.S. Pat.
      Nos. 3,384,488 and 3,384,565, the disclosures of which are incorporated
      herein by reference.
PAR  An imaging system employing polychromatic PEP techniques for generating a
      color code in accordance with the format of FIG. 11 is illustrated in
      FIGS. 9 and 10. The system employs a rotating disc 120 which has formed
      thereon a plurality of circumferentially spaced alpha-numeric characters.
      The 26 lower case and the 26 upper case alphabet characters as well as the
      10 numeric characters of the format of FIG. 11 will be spaced
      circumferentially about the disc. These characters may be formed on the
      disc, for example, by shearing or stamping a character configuration from
      the disk or by other mechanical forming process. FIG. 10 illustrates the
      upper case letter A formed in the disc. Each of the characters is color
      coded by a translucent plastic film positioned over the character cutout
      in the disk which establishes the sector color coding for each of the
      characters. For example, with respect to the upper case letter A of FIG.
      10, a transparent plastic film having the colors red, black and red formed
      to establish these code colors in bands 12, 14 and 16 is mounted by an
      adhesive, for example, over the character cutout. Other characters in this
      set are color coded in accordance with the color coding format of FIG. 11.
      Thus, a set of alpha-numeric characters which are color coded are formed
      and arranged in a circle about the disc 120. The disc is mounted on a
      shaft 122 which is rotated by a stepping motor 124. The stepping motor 124
      is coupled to an operating console 126 having a plurality of alpha-numeric
      select push buttons 128. By depressing a selected alpha-numeric push
      button, the stepping motor 124 rotates the disc and positions a selected
      character at a station aligned with a beam of light 130. The beam of light
      is provided by a lamp 132 and a lens 134 which focuses the light output
      from the lamp on the character at the reading station. The lamp 132
      preferably provides a white light output and the color coded character on
      the disc 120 is thereby projected at a receiving surface in the PEP
      imaging apparatus. The operation of the stepping motor 124 and the
      operating console 126 have been described hereinbefore with respect to
      FIG. 4. The lamp 132 is synchronized with the rotation of the disc 120 for
      providing that the lamp illuminates the character at the reading station
      when the character is properly positioned. This is accomplished by the
      provision of sensing contacts at the disc, not shown. Alternatively, lamp
      synchronization is effected by providing means for interrupting electrical
      energization of the lamp 132 when the stepping motor is being rotated.
PAR  The polychromatic photoelectrophoretic recording apparatus includes a pair
      of cylinders, 150 and 145, in whose nip the electrophoretic materials
      undergo processing. Cylinder 145 is transparent in order that exposure can
      take place through it. Cylinder 150 is conductive. A polychromatic
      photoelectrophoretic recording medium 153 is transported to a recording
      station 154 by a continuous strip of Mylar tape 156 which is fed from a
      supply reel 158. The tape is drawn over the drum 150 and is taken up by a
      reel 160. One surface of the tape 156 is coated with the polychromatic
      photoelectrophoretic recording material 153 which is contained in a
      reservoir 164. This material is deposited on the tape 156 by an applicator
      roller 166 which in turn is coated by a transport roller 168. The
      transport roller 168 is partially in contact with the material 153 in the
      reservoir 164. The polychromatic photoelectrophoretic material 153
      comprises a suspension of polychromatic photosensitive particles in an
      insulating carrier liquid. Typical polychromatic photoresponsive materials
      include substituted and unsubstituted organic pigments as for example
      phthalocyanines such as Monarch Blue G beta crystalline form of copper
      phthalocyanine available from Hercules, Inc., and quinacridones and
      pigments such as Watchung Red B and Algol Yellow G.C. A more complete list
      of photosensitive pigments is described in the aforementioned U.S. Pat.
      No. 3,384,488. Typical insulating liquids include decane, dodecane,
      tetradecane, Sohio Solvent 3454, a kerosene fraction available from
      Standard Oil Company of Ohio.
PAR  An optically transparent, electrically conductive strip of tape 170 is fed
      from a supply roller 172 and is drawn along an outer surface of the drum
      145 in contact with the suspension 153 which is coated on the surface of
      the tape 156. The tape 170 may, for example, comprise a thin sheet of
      polystyrene or polyethylene having deposited thereon a thin film of tin
      oxide. The polychromatic photoelectrophoretic recording medium 153 is thus
      sandwiched between the surfaces of the tape 170 and the tape 156 at the
      recording station 154.
PAR  In a photoelectrophoretic imaging system, an image is formed from the
      imaging suspension by subjecting the suspension to an electric field while
      simultaneously exposing the suspension to activating electromagnetic
      radiation such as visible light. In FIG. 9, an electric field is
      established by a source of potential shown to be a battery 176 having a
      positive terminal thereof coupled by a contact member 178 to the
      conductive surface on the tape 170, that surface being in contact with the
      photophoretic imaging material on the surface of tape 156. The conductive
      drum 150 is coupled to a negative common ground connection. A relatively
      positive potential is therefore established between the injecting
      electrode and the blocking electrode. A character to be recorded in
      accordance with the color coding format of FIG. 11 is projected from the
      disc 120 toward a reflective body 182 from which it is then reflected
      toward the recording station 154.
PAR  Under the action of the field, the particles, which are primarily negative,
      will be attracted to tape 170. When they are exposed to light, the
      particles, in accordance with one theory, exchange charge with the
      injecting electrode and migrate under the influence of the electric field
      through the carrier liquid to tape 156. Particles which absorb the colors
      present in the projected image thereby are removed from tape 170.
      Conversely those remaining on tape 170 constitute a positive photographic
      colored reproduction of the characters forming them. The tape 170,
      carrying these positive images away from the exposure and image forming
      stage, then contacts a paper tape, web or sheet 183 which is supplied by a
      reel 185. The web 183 is transported to an electrostatic image transfer
      station 187 and is then taken up by a reel 189. The web 183 now carries
      away the positive color copy of the characters presented at the imaging
      stage. The image can be fixed to the web, for example, by heat fixing. A
      reel 174 takes up the discarded tape 170.
PAR  FIGS. 12 and 13 illustrate a photodetector array and truth table for
      sensing characters colored in accordance with the format of FIG. 11. The
      detection elements in this array along with the signal generating means
      for each of the elements of the array are shown in FIG. 16 and have been
      described in detail hereinbefore. The colors represented in FIG. 12 refer
      to the color filter strip which is to be employed with the associated
      column of photocells. In this instance, the color filter strips are red,
      green and blue. By referring to the truth table of FIG. 13, it can be seen
      that a magenta color code in a particular band will be sensed when outputs
      are generated by photocells having red and blue filters. Similarly, a cyan
      color code will be sensed by outputs from photocells having green and blue
      filters while white will be sensed by outputs from each of the photocells
      whereas black will be sensed by the absence of outputs from each of the
      cells in a band.
PAR  A white output signal for each of the bands in the format of FIG. 11 is
      provided by the logic circuit of FIG. 14 wherein AND gates 184, 186, 188
      and 190 are associated with the bands 12, 14, 16 and 18 respectively.
      Inputs to each of these AND gates comprises the output signals from the
      red, green and blue photosensing cells for each of the associated bands. A
      black output signal is provided for the bands by inverter amplifiers 192,
      193, 194, 195, 196, 197, 198, 199, 200, 201, 202, and 203 for the bands
      and associated AND gate 204, 205, 206 and 207.
PAR  A plurality of AND gates 210, 212 and 214 for sensing and generating an
      output indication of the presence of the lower case characters a, d, and g
      respectively is provided. Each of these AND gates has applied thereto
      input signals derived from the detection elements and logic unit of FIG. 4
      which is representative of the coding of a particular character as
      indicated in FIG. 11. An output will be provided by these AND gates when
      each of these input signals is present along with a timing signal which is
      provided by a timing signal generator 16. This timing signal generator
      operates in a manner similar to that described with respect to FIG. 8 and
      further elaboration is believed unnecessary. For purposes of simplifying
      the drawings and the disclosure, and AND gates for sensing the coding of
      the remaining alpha-numeric characters of the format of FIG. 11 are not
      shown. However, it is understood that they operate in a similar manner
      with input signals from the detector array as enumerated by FIG. 11. The
      signal from an output terminal of the AND gates is in the form of a
      voltage level or pulse which is employed to actuate other utility
      equipment or to set a memory device such as a bistable device, for
      example, for storing the information. The data can then be used in the
      data processing arrangement for interpreting the information. Although the
      recording medium provided by the PEP system of FIG. 9 has been described
      to be a transparent Mylar material having a conductive film upon which a
      positive image is formed, or a strip of tape 156 upon which a negative
      image is formed, the image may be transferred by pressure contact to a
      record medium of desired color for detection by the apparatus described
      with respect to FIGS. 12 through 15. This technique was referred to
      hereinbefore with respect to the record medium and employed for recording
      the characters of the format of FIG. 6.
PAR  A particular circuit arrangement for the AND gates of FIGS. 7, 8, 14 and 15
      is illustrated in FIG. 17. Similarly, a particular circuit arrangement for
      the inverter amplifier circuits of FIGS. 7 and 14 is illustrated in FIG.
      18. FIG. 17 illustrates a diode logic AND gate arrangement having a
      plurality of input diodes 218-224. This diode circuit is coupled to a
      transistor amplifier 226 which is normally biased to a saturated condition
      and collector output potential is thereby established near ground
      potential. The application of a positive potential to one or more but less
      than all of the diode input terminals will result in the transistor 226
      remaining biased in a saturated state. However, when positive potential
      are simultaneously applied to each of the diodes, then the transistor 226
      becomes reversed bias and is driven to cutoff. The output potential of the
      collector will then become relatively negative thereby driving an inverter
      amplifying transistor 228 from cutoff to saturation and generating a
      positive going output signal.
PAR  The inverter amplifier circuit arrangement of FIG. 18 includes a PNP
      transistor amplifying device 230 having a base electrode 232 to which an
      input signal is applied through a speed up network 234. This amplifier is
      biased by a driver amplifier having an output signal which is to be
      inverted. A typical example of coupling this is illustrated in FIG. 17
      wherein the transistor 218 is biased by the amplifier 226.
PAR  A color coded character recognition system has thus been described which
      provides for coding a plurality of characters by dividing each of the
      characters into sectors and by providing predetermined color coding for
      the particular sectors of each character. A detection arrangement has been
      described for the detection of particular characters by sensing the color
      coding associated with particular bands and by generating output signals
      which are indicative of this coding and which are translated by logical
      circuits into representations of the characters sensed. A means for
      providing color coded characters comprises printing apparatus utilizing a
      multi-stripe ribbon which provides a color coding through relative motion
      with respect to the printing head. Photoelectrophoretic imaging apparatus
      has also been described for forming color coded characters.
PAR  Various modifications to the described system and apparatus will occur to
      those skilled in the art. For example, more or less code colors and code
      color bands can be employed in accordance with the number of characters in
      a set which are to be color coded.
PAR  While I have illustrated and described particular embodiments of my
      invention, it will be understood that various modifications may be made
      therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming coded characters which are recognizable both by an
      individual and a machine comprising impacting a printing character against
      a multi-color printing band, said band comprising two or more parallel
      colored strips, no two adjacent strips being of the same color, to create
      indicia corresponding to the shape of a character on a record member;
PA1  said characters being of a size relative to said band to intersect more
      than one but less than all the strips in said band when impacted against
      said band; and,
PA1  shifting said characters and said band relative to one another in
      predetermined manner to code different characters with different color
      combinations or different color strip positions contained in the band.
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ABST
PAL  An improved character reading system that utilizes two separate read
      devices: a first read device and a second read device in combination with
      a random access memory for storing each character read by the first read
      device, a memory control circuit for writing each character into the
      random access memory, and a comparison logic circuit for comparing each
      character as read by the second read device with the corresponding
      character stored in the random access memory. The system also includes a
      time-out counter for indicating when the last character has been read and
      a comparison logic timing circuit for controlling the comparison logic and
      triggering the random access memory read control circuit so as to provide
      the corresponding character to the comparison logic.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of invention is character recognition systems and more
      particularly magnetic ink character recognition systems for reading
      documents wherein the characters are printed with magnetic ink.
PAR  The prior art devices utilized for reading documents printed with magnetic
      ink used, for the most part, a single read head for reading the
      magnetically encoded character. Most typically utilized, in more recent
      types of equipment, is the alternating current type of read head. However,
      there are a large number of older systems that use a direct current type
      of read head. In practice it has been discovered that each of these types
      of read heads have its own particular advantages and disadvantages. For
      example the direct current read heads have the advantage of being able to
      read more deeply into the document so that when the ink encoded character
      is covered by cellophane tape or similar substances the direct current
      head is still able to read the character. In addition, direct current read
      heads are quite effective in reading documents that have been creased or
      folded. On the other hand, direct current read heads are not always able
      to correctly interpret documents that have correction labels affixed over
      the original characters since the deep reading characteristics of the head
      tend to cause it to also react to the character inscribed underneath
      thereby causing misreads. In addition the direct current read heads are
      significantly more likely to misread, or substitute characters, due to
      misprinted or skewed characters on the document than are alternating
      current read heads.
PAR  On the other hand, alternating current read heads have the disadvantage of
      not being able to read documents that are creased with the same facility
      as direct current heads nor, due to the fact that they read a shallower
      field, are they able to read characters that are covered by cellophane
      tape or the like. The alternating current read heads do, however, have the
      advantage of having significantly greater overall accuracy in reading
      characters and thus have a substantially lower reject rate than the direct
      current read heads. It is this improved rejection rate that has led to the
      use of alternating current read heads on most of the newer magnetic
      character reading devices.
PAR  In developing the invention, it was discovered that by utilizing both an
      alternating current read head and a direct current read head in the same
      system that a significantly lower reject rate could be achieved for
      documents passing through the reading device. One of the principle
      advantages of the two read head system consists of being able to read a
      character with one head when the other read head is unable to recognize
      that particular character. Also in the event that the character read by
      each of the heads does not agree, it is possible to either select the
      character identified by the head with the greatest overall accuracy,
      generally the alternating current read head, and to use that as the
      identified character or to insert a reject character in place of the
      identified characters. By utilizing these two different reading
      techniques, in a magnetic ink character recognition system it is possible
      to significantly reduce the rejection rate of documents passing through
      the system.
PAR  In the prior art, there have been incidences of the use of more than one
      read head for sensing the same character in a magnetic ink character
      recognition system, specifically U.S. Pat. No. 3,629,822, where each
      character is read by two heads at the same time in order to get an
      improved signal identifying that character. But the prior art does not
      show the use of two separate read heads that utilize two entirely
      different reading techniques, i.e. alternating current and direct current,
      to make two separate readings of each character and to logically compare
      the results.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an important object of the invention to provide an
      improved method of and means for increasing the accuracy of character
      recognition systems.
PAR  It is another object of the invention to provide novel logic circuitry for
      detecting and comparing the output of character read devices employing
      different character recognition techniques.
PAR  It is an additional object of the invention to utilize the characteristics
      of two different transducing techniques for improving the machine reading
      of characters and thereby reducing the rejection rate of characters
      incapable of being read by either technique.
PAR  A still further important object of the invention is to provide an improved
      logic circuit for comparing successive characters in similar bit form and
      for making logic decisions based on the relative relationships between the
      two sets of characters.
PAR  In a preferred form of a character recognition system embodying the present
      invention, the document to be read will first pass under a magnetic read
      head capable of producing signals in response to direct current
      magnetically encoded characters. This would be the first read device. The
      direct current read head and associated circuitry converts the waveforms
      picked up by the read head into a multi-bit binary representation of the
      DC character and then transfers the representations to a DC character
      storage unit, a random access memory, under the control of a memory write
      control circuit. Each character on the document is thus read in turn and
      written in sequence into the DC character storage unit.
PAR  The document then passes under a second read head capable of producing
      signals generated by alternating current magnetically encoded characters.
      This would be the second read device. Associated logic circuitry converts
      the signal generated by each such AC impressed character into a multi-bit
      binary representation of the character. This multi-bit representation is
      then transferred to a comparison logic circuit where it is compared with
      the multi-bit representation produced by the DC read head and associated
      circuitry for the same character on the document.
PAR  Although the illustrated embodiment of the invention first reads the direct
      current form of encoded characters before reading the alternating current
      form of the same encoded characters, it is understood that the order of
      the readings of the encoded characters may be reversed with the result
      that the alternating current magnetically impressed characters will be
      read before the same characters in direct current magnetically impressed
      form are read. Also, it is well within the scope of this invention to use
      techniques other than magnetically encoded character reading equipment to
      read characters on a document. For example, this invention can be applied
      to an optical character reading system where two different types of
      scanning are used.
PAR  More specifically, as each character passes underneath the AC read head, an
      AC pulse is generated as signified by P(AC). The P(AC) pulse is applied to
      the read control circuitry for the DC character storage unit and will thus
      cause the corresponding DC character to be read out of the memory and into
      the comparison logic. Under control of the comparison logic timing circuit
      the "first character" read by the AC head and by the DC head are stored in
      a set of registers in the comparison logic. Then the "second character" as
      read by the AC head will be applied to the comparison logic along with the
      multi-bit representation of the corresponding DC character from the DC
      character storage unit. Thus it may be seen that two characters, each
      represented by two multi-bit characters, are examined simultaneously so
      that it may be determined whether two rejects appear in succession on
      either of the read heads. A reject is defined as a character that was not
      successfully decoded by the read head and such is represented by all 1's
      in the multi-bit character representation. If in fact two rejects do
      appear on either of the read heads in succession then that particular read
      head is shut down for the remainder of the document and readings will only
      be taken from the other read head.
PAR  The comparison logic also compares each of the two corresponding characters
      of the first character to determine if they are the same. If they are the
      same, and not reject characters, then the representation of that
      particular character will be transmitted to an output register. If, on the
      other hand, neither of the representations of the first character is a
      reject but they are unequal and both the second characters are the same
      (equal) and not rejects the logic circuitry will transmit a reject
      character to the output register. In the event that the AC and DC
      representation of the first character are unequal and one is a reject
      character then the non-reject character will be transmitted to the output
      register. Of course, in the case where both the AC and the DC
      representations of the first character are reject characters the reject
      character will be transmitted to the output register.
PAR  In addition to the above mentioned circuits, the system also contains a
      time-out counter. The time-out counter is responsive to the P(AC) signal
      and will generate a "single send signal" (SSS) if another P(AC) signal is
      not received within 11/2 times the normal character read time. When the
      SSS signal is generated it is an indication that the last character on the
      document, or the last character of a group of characters on the document,
      has been read by the AC head and the character resident in the output
      register should be sent to the rest of the system. The SSS signal also
      conditions the comparison logic timing circuitry for the reception of the
      first of a new group of characters so that the contents of the output
      register is not sent to the rest of the system as the first character is
      being read into the comparison logic.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an overall block diagram of the double read head system;
PAR  FIG. 2 is a block diagram of the direct current read head and associated
      circuitry;
PAR  FIG. 3 is a block diagram of the alternating current read head and
      associated circuitry;
PAR  FIG. 4 is a schematic diagram of the comparison logic circuitry;
PAR  FIG. 5 is a schematic diagram of the decision logic circuitry contained
      within the comparison logic;
PAR  FIG. 6 is a schematic diagram of the comparison timing locic; and
PAR  FIG. 7 is a timing chart illustrating various signals within the system.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In order to gain a general overview of the operation of the double read
      head system, reference will first be made to the block diagram in FIG. 1.
      In the preferred embodiment of the invention the document to be read
      passes from left to right, as indicated by the arrow in the FIG. 1
      underneath the DC read head 10 and then under the AC read head 12. As each
      character that is printed in magnetic ink passes underneath the DC read
      head 10 a signal P(DC) will be generated on line 14. At the same time, the
      character is read by the DC read head 10 and decoded by the associated
      circuitry of the DC read head 10 into a 4 bit "DC character"
      representation and transmitted by means of lines 16 into the DC character
      storage unit 18. In the preferred embodiment of the invention, this DC
      character storage unit 18 is a random access memory (RAM). The signal
      P(DC) on line 14 causes the write RAM control circuit 20 to write the four
      bit representation of the DC character on lines 16 into a storage location
      in the DC character storage unit 18. As each character printed in magnetic
      ink passes underneath the DC read head 10 the decoded DC character
      representation is placed in sequence in the DC character storage unit 18.
PAR  After the document has passed the DC read head, each of the DC characters
      read by the DC read head 10 will be stored in sequence in the DC character
      storage unit 18. It should be noted here that it is not necessary, in the
      preferred embodiment, that all of the magnetic ink characters be read by
      the DC read head before any of the characters are read by the AC read
      head.
PAR  In a similar manner, as the document passes under the AC read head 12 each
      character will be decoded by the logic circuitry associated with the AC
      read head 12 and converted into the 4 bit "AC character" representation.
      For purposes of describing the invention, the DC character will refer to a
      character read and decoded by the DC read head 10 and associated circuitry
      and the term AC character representation will refer to a character read
      and decoded by the AC read head 12 and associated circuitry. In addition
      to decoding each printed character, the AC read head 12 will generate a
      signal P(AC) on the line 22 for each character read. At the same time, the
      four bit binary representation of the AC character converted by the
      associated circuit of the AC read head 12 will be placed on the lines 24
      and supplied to the comparison logic component 26.
PAR  The P(AC) signals is used as an input to the read RAM control circuit 28
      which will in turn cause this circuit to place the corresponding DC
      character representation on the lines 30 (here the term "corresponding
      character" refers to the same printed character as read by both the DC
      read head 10 and the AC read head 12). Therefore, when the first character
      is read by the AC read head, the four bit representation of the AC
      character will be placed on lines 24 and at the same time the signal on
      line 22 P(AC) will cause the read RAM control circuit 28 to retrieve the
      first character read by the DC read head 10 from the DC character storage
      18 and place the four bit representation of the DC character on lines 30.
      As a result, the comparison logic 26 will have as an input, at any given
      time, the corresponding AC representation and DC representation of a
      single character.
PAR  The P(AC) signal on line 22 also triggers a time-out counter 32 which
      generates an SSS signal on line 34 when, in the preferred embodiment, a
      time of 11/2 characters has passed without a new signal P(AC) being
      received from the AC read head 12. The purpose of the counter 32 and its
      output, the SSS signal is to indicate when the last character, or when the
      last in a group of characters, on a document has been read by the AC read
      head 12.
PAR  In addition to triggering the time-out counter 32, the P(AC) signal on line
      22 also triggers the comparison timing logic 36. The comparison timing
      logic 36 has two functions, the first of which is to cause the registers
      in the comparison logic 26 to store the AC character representation and
      the corresponding DC character representation and secondly, to cause the
      output register 38 to send its contents to the rest of the system. In
      terms of the operation, the comparison timing logic 36 will respond to the
      first P(AC) signal on line 22 by causing the registers in the comparison
      logic to store the AC character representation received over lines 24 and
      the DC character representations received over line 30 in the respective
      registers, and at the same time to inhibit the comparison logic 26 from
      performing any of the tests on the first characters representations
      so-received. The receipt by the comparison timing logic 36 of the next
      P(AC) signal generates another store signal on line 40 and, at the same
      time, permits the comparison logic 26 to compare the AC and DC character
      representations stored in the comparison logic registers with each other
      and with the second AC and DC character representations resident on lines
      24 and 30 respectively. In addition the comparison timing logic 36 will
      transmit a SEND signal on line 42 to the output register 38 thereby
      permitting the contents of the output register to be transmitted to the
      rest of the system. When the time-out counter 32 has detected the last
      character on the document, the SSS signal on line 34 will combine with the
      previous information stored in the comparison timing logic 36 to generate
      another SEND signal on line 42 so that the last character present in the
      output register 38 may be transmitted to the rest of the system.
PAR  In discussing in detail the circuits of the preferred embodiment of the
      present invention, a detailed explanation of the operation of the DC read
      head and the AC read head will be given, even though both techniques
      separately are old in the art. With respect to the DC read head and
      associated circuitry 10 of FIG. 1, the logic diagram of FIG. 2 illustrates
      the operation of this circuitry. The direct current method of reading
      magnetic ink characters has been in commercial use for many years, a
      typical example being the Burroughs B100 Sorter-Reader for sorting and
      reading bank checks.
PAR  In a DC read system a magnetic field is applied by biasing magnetic write
      (not shown) to the character before the character passes under the DC read
      head 44 of FIG. 2. Since each of the 14 printed characters has a different
      shape, and, of course, therefore a different magnetic flux configuration,
      each character will generate a different voltage waveform in the read head
      as the character passes underneath. The characteristic waveform for the
      character is then stored in the waveform storage device 46 which in the
      Burroughs B100 system cited above comprises a delay line made up of seven
      delay segments in series. In identifying the waveform stored in the
      waveform storage device a separate circuit is employed to interrogate and
      identify each of the 14 waveforms that represent individual characters.
      Each of these identification circuits 48, 50, 52 and 54 will have as an
      input seven taps 56, each from one of the delay segments in the waveform
      storage device 46. As an example, the "0" identification circuit 48 will
      monitor the delay line taps 56 wherein the voltage peaks for the "0"
      waveform should appear on taps 0, 1, 6 and 7. Assume, for the purpose of
      explanation, that the "0" is the only waveform having peaks at these taps.
      Then, it can be safely assumed that any time peaks of the correct polarity
      and amplitude occur only at these taps, it must be the waveform generated
      by the magnetic character "0". The remaining 13 waveform identification
      circuits function in a similar manner. Each monitors the delay line taps
      where the peaks of its particular characters waveform should occur.
      Therefore, when any one identification circuit has the correct polarity
      and amplitude peak at this particular monitor point, the assumption is
      made that this specific waveform must have been generated by the character
      associated with this waveform. When one of the waveform identification
      circuits 48, 50, 52 or 54 identifies a character it will signal its
      associated switching circuit 56, 58, 60 and 62 which will in turn generate
      in the character storage register 64 the 4 bit binary representation of
      the identified character. This 4 bit binary representation will then be
      made available on the output lines 16 which are used as input to the DC
      character storage unit 18 as shown in FIG. 1.
PAR  The AC read head and associated circuitry 12 of FIG. 1 works on an entirely
      different principle than the DC read head. Before the character printed in
      magnetic ink passes under the AC read head 66 of FIG. 3, a write circuit
      (not shown) places a sine wave onto the MICR characters at a frequency
      sufficient to apply approximately seven sine waves on each character. As
      shown in the block diagram of FIG. 3, there are, in the preferred
      embodiment, 30 read heads 66 and associated circuitry that will each read
      portions of the character and reduce it into 10 channel signals. The read
      head system shown in FIG. 3 may be similar to that shown in U.S. Pat. No.
      3,668,634 as used in the Burroughs B9134-1 Character Recognition System
      and the read head per se may be similar to the multiple transducing read
      head described in U.S. Pat. No. 3,758,727 which employs a plurality of
      parallel arranged electromagnetic transducers for reading different
      portions of the same character. The signals as read by the read heads 66
      are then transmitted to amplifying circuits 68 wherein the signals
      generated in the read head are amplified. The signals so amplified are
      then transmitted to quantizers 70 which are circuits that perform a
      quantative analysis on the signals received from the amplifiers 68.
      Signals from the quantizers are subsequently transmitted to the AC
      character recognition logic 72 and converted into a four bit binary
      representation of the read AC character which is in turn placed on the
      output lines 24. In addition, as each character is read, a pulse will be
      generated by the character recognition logic on line 22 this pulse being
      the P(AC) signal. The character recognition logic 72 functions essentially
      by comparing various features of the characters with sets of stored
      features and a character will be identified if sufficient features exist
      for that given character. In the event that the character read is not
      recognized by the character recognition logic 72 this circuit will place
      the reject character signal (1,1,1,1) on the lines 24. It may therefore be
      seen that the AC read head 12, as diagramed in FIG. 3, functions in
      entirely different ways from the DC read head 10 thereby providing two
      entirely different approaches for reading the same magnetic ink character.
PAR  In describing the comparison logic circuitry within the block 26 of FIG. 1
      reference will be made to the schematic diagram that is set forth in FIG.
      4. When the first magnetic ink character is read by the AC read head 12
      the binary representation of that character will be placed on lines 24
      and, as previously described, the corresponding DC character will be read
      out of the DC character representation storage unit 18 and placed on lines
      30. Since this is the first character on the document or the first of a
      group of characters on a document, the comparison timing logic 36 will not
      transmit a SEND signal on line 42 thereby preventing the contents of the
      output register 38 from being transmitted to the remainder of the system.
      When the next character is read, the 4 bit representation of the DC
      character and the corresponding AC character will representation be placed
      on lines 30 and 24, respectively, and the first character will be stored
      in the DC register 74 and the AC register 76 (FIG. 4).
PAR  With respect to the terminology used in this description, the term first
      character will refer to the character stored in the registers 74 and 76
      and the term second character will refer to the character resident on
      lines 24 and 30. The first character is, therefore, not necessarily the
      first character on the document.
PAR  At this point it is possible to compare the first two characters that have
      been read by the AC and DC heads due to the fact that the first character
      will be stored in the registers 74 and 76 and the second character will be
      resident on the lines 30 and 24. Referring first to the test performed on
      the second character, the comparison circuit 78 will generate a high
      signal on line 80 if the two second characters are equal, i.e. their 4 bit
      representations match. The NAND gate 82 will produce a low signal on line
      84 if the second DC character is a reject character, i.e. consist of all
      ones. Similarly the NAND gate 86 will produce a low signal on line 88 if
      the second AC character is a reject. The NAND gate 90 will produce a low
      signal on line 92 if the second characters are unequal where neither of
      them is reject character. In a similar manner the NAND gate 94 will
      produce a low signal on line 96 if the second characters are equal and
      neither of the characters is a reject. It is the signals on these lines
      84, 88, 92, and 96 that indicate to the decision logic 98 the status of
      the second character.
PAR  The first character is contained in the DC register 74 and the AC register
      76. These two registers will apply the four bit representations of the DC
      and the AC characters, respectively, on the buses 100 and 102 which serve
      as inputs to: the decision logic 98, a multiplexor switch 104, a reject
      register 106 and a comparator circuit 108.
PAR  The multiplexor switch 104 performs the basic function of selecting as
      input to the output register 38 either the DC character from the register
      74 or the AC character from the register 76. The multiplexor functions in
      response to a signal over line 110 from the decision logic 98. When the
      signal on line 110 is high the multiplexor switch 104 will output the AC
      character to the output register and when it is low the multiplexor switch
      will select the DC character for input to the output register 38. Once the
      tests have been performed by the various elements of the comparison logic
      circuitry 26 and more particularly the decision logic 98, a signal will be
      generated on line 110 which will in effect determine which character will
      be utilized as the reading of the system as a whole.
PAR  Also illustrated in FIG. 4 are flip flops 112 and 114 which have as their
      primary function the conditioning of the comparison logic circuitry 26 so
      that only readings from the DC head 10 or the AC head 12 may, under
      certain circumstances, be accepted as output of the system. The first flip
      flop 112 (AC only) responds to a signal from the decision logic over line
      116 which indicates that the DC read head has generated two reject
      characters in a row. At this point the flip flop 112 will be set thereby
      producing an "AC only" signal on line 118. The AC only signal on line 118
      is then utilized as an input signal to the decision logic 98 which will,
      as explained in the detailed description of the decision logic, serve to
      lock out the DC head for the remaining characters on a document. The
      second flip flop (DC only) 114 operates in a similar manner from a set
      signal received on line 120 from the decision logic 98 indicating that two
      consecutive reject characters have been generated by the AC read head 12.
      When this flip flop has been set, a DC ONLY signal will be generated on
      line 122 which in a similar manner will cause the decision logic 98 to
      produce a low signal on line 110 thereby causing the multiplexor switch
      104 to only transmit readings from the DC register 74 to the output
      register 38.
PAR  As has been noted before, the comparator circuit 108 accepts inputs from
      the DC bus 100 and the AC bus 102. This comparator circuit 108 generates a
      high signal on line 124 indicating that the contents of the DC register 74
      and the AC register 76 are the same when they are in fact equal. This has
      the effect of comparing the two representations of the first character for
      equality and such occurrence is utilized as an input signal over line 124
      to decision logic 98.
PAR  The reject register 106 as shown in FIG. 4 has the function of inserting a
      reject character (1,1,1,1) into the AC bus 102 in response to a signal
      over line 126 from the decision logic 98. When it is necessary to insert a
      reject character, as determined by the decision logic 98, it will become
      in effect the output of the AC register as transmitted to the multiplexor
      switch 104. In the preferred embodiment of the invention, the decision
      logic will have at that time caused the multiplexor switch 104 to accept
      as input to the output register 38 the reading, in this case the reject
      character, from the AC head. The purpose of inserting a reject character
      into the output register 38 is to provide for the case, as determined by
      the decision logic, when the readings of the AC head and the DC head do
      not correspond in such a manner as it can be confidently assumed that
      either head has read a valid character.
PAR  In examining the decision logic 98 in detail with reference to the logic
      circuit shown in FIG. 5, it may be useful to identify each of the input
      lines thereto and the state of the system that they represent. This is
      provided in Table A below:
TBL                TABLE A                                                     
     ______________________________________                                    
     Line  State   Condition                                                   
     ______________________________________                                    
     92    L       "second characters" .noteq. but neither reject              
     84    L       "second DC character" reject                                
     96    L       "second characters" = neither reject                        
     88    L       "second AC character" reject                                
     124   H       "first characters" =                                        
     118   L       AC only                                                     
     122   L       DC only                                                     
     ______________________________________                                    
PAR  In describing the preferred embodiment of the decision logic of block 98 of
      FIG. 4, the details of which are illustrated in FIG. 5, the discussion
      will generally start with the output elements and work back to the inputs
      to the decision logic as shown in Table A. Starting with the gate 128,
      this gate generates a signal on line 116 which, as shown in FIG. 4, is
      coupled to the SET input of the AC only flip flop 112. When a high signal
      is generated by the gate 128 on line 116 the effect will be to set the AC
      only flip flop 112 thus having the result of locking out the DC read head
      and only accepting AC characters from the system. The first input to the
      gate 128 is over line 130 is from the NAND gate 132. When the NAND gate
      132 produces a low signal on line 130 this will represent the condition
      wherein the first DC character is a reject and the second character is a
      substitution (i.e. the DC character is unequal to the AC character). This
      result is readily apparent since the gate 134 will respond to the signal
      on line 92 and the signal on line 136 which will be low when the first DC
      character is a reject as determined by the NAND gate 138. Thus it may be
      seen that in the circumstances wherein the first DC character is a reject
      and there is a substitution in the second character the gate 128 will pass
      a high signal and cause the AC only flip flop 112 of FIG. 4 to set. At
      this point it might be appropriate to indicate that when the AC only flip
      flop 112 is set there will be a low signal on the AC only line 118. In the
      corresponding situation, when the DC only flip flop 114 of FIG. 4 is set
      there will be a low signal on line 122. When the DC only flip flop 114 is
      in a reset condition, there will be a high signal on line 122 thus
      enabling the NAND gate 132 as well as the NAND gates 140 and 142 so that
      the AC only flip flop 112 may be set via the NOR gate 128. This likewise,
      serves the function of preventing the AC only flip flop to be set while
      the DC only flip flop is set.
PAR  The gate 128 will also generate a high signal on line 116 when the NAND
      gate 140 produces a low signal on line 144 thereby indicating the
      condition that both the first DC character and the second DC character are
      rejects. Here, the NAND gate 140 responds to the NOR gate 146 which in
      turn has an input from line 84, indicating the second DC character is a
      reject, and an input from the NAND gate 138 that indicates when the first
      DC character is a reject.
PAR  The gate 128 will also produce a high signal in response to the NAND gate
      142 over line 148 which indicates that there are two consecutive
      substitutions. The NAND gate 142 responds to the gate 150 which in turn
      responds to line 92, where the second character is a substitution, and a
      low signal on the line 152 indicating that the first character is a
      substitution. The signal on line 152 is generated by the NAND gate 154
      which in turn responds to a high signal on line 136, indicating that the
      first DC character is not a reject, the high signal on line 156 which is
      the inverse of the low signal on line 124, indicating that the first
      characters are unequal, and the high signal on line 158 from the NAND gate
      160 which indicates that the first AC character is not a reject.
PAR  The gate 128 will also produce a high signal when the NAND gate 162
      produces a low signal on line 164. When NAND gate 162 produces a low
      signal on line 164, this indicates the condition that the first AC
      character is a reject and the second character is a substitution. The NAND
      gate 162 responds to the signal produced by the gate 166 which in turn
      responds to the signal on line 158, explained in the above paragraph, and
      the input signal on line 92. The NAND gate 162 is also enabled by the AC
      only signal on line 118 so that when the AC only flip flop 112 of FIG. 4
      is set another setting signal will not be generated by the gate 128.
PAR  One of the primary outputs of the decision logic 98 is the output on line
      110 to the multiplexor switch 104. When the signal on line 110 is low the
      multiplexor switch 104 will transfer the DC character on bus 100 to the
      output register 38 and when the signal on line 110 is high the AC
      character on bus 102 will be transmitted to the output register 38. The
      first element that effects the operation of the multiplexor switch 104 is
      the gate 168 of FIG. 5. The first input to the gate 168 is the signal on
      line 122 that represents DC only operation. The second input to gate 168
      over line 170 is generated by the NAND gate 172. If one or more of the
      inputs 118, 136, or 174 are low the output of gate NAND 172 will be high
      thus causing a high signal on line 110 which in effect means that the
      first AC character will be transmitted to the output register.
PAR  The conditions under which the NAND gate 172 will provide what is in effect
      an AC character read are briefly summarized. A low signal on line 118
      indicates that the AC only flip flop 112 has been set and a low signal on
      line 136 indicates that the first DC character is a reject. A low signal
      on line 174 is the result of inverting by means of the amplifier 176 the
      signal from the NAND gate 160 thereby indicating that there is a valid
      first AC character.
PAR  The DC only flip flop 114 shown in FIG. 4 is set by the signal on line 120
      which in return is responsive to the AND gate 178. The DC only flip flop
      114 may be disabled by placing a low signal on line 180 thereby giving the
      capability to manually select which head will be doing the reading. The
      AND gate 178 also responds to AND gate 184. The AND gate 184 will generate
      a high signal when it is desired to set the DC only flip flop 114. The
      first input to the AND gate 184 is the AC only input on line 118 which has
      the effect of locking out the DC only flip flop 114 when the AC only flip
      flop 112 is set. The other input to the AND gate 184 is taken from lead
      186 which is connected to the output of gate 188. The gate 188 responds to
      the NAND gate 160 producing a low signal when the first AC character is a
      reject and the gate 188 also responds to a low signal on line 88
      indicating that the second AC character is a reject. It may therefore be
      apparent that the DC only flip flop will be set when two consecutive AC
      characters are rejects.
PAR  The last output of the decision logic as illustrated in FIG. 5 is the
      output on line 126 to the reject register 106 of FIG. 4. A high signal on
      line 126 will have the effect of inserting a reject character into the AC
      character bus 102. The high signal will be placed on line 126 when the AND
      gate 190 receives a high signal on both line 118 and line 192. A high
      signal on line 118 indicates that the AC only flip flop 112 has not been
      set. The signal on line 192 is generated by the NAND gate 194 which in
      turn responds to the low signal on line 96, representing the condition of
      a valid second character, and the signal on line 152 representing the
      condition of a substitution in the first character as previously
      explained. The net result will be the insertion of a reject character on
      the AC bus 182 when the first character is a substitution and the second
      character is valid. The reason for inserting a reject character into the
      output register at this point in the preferred embodiment has to do with
      the fact that it is not certain as to which representation, the AC or the
      DC, has been read correctly where the second character is valid thereby
      giving no indication as to a pattern of errors in the read system. Given
      the above conditions it is considered best, in the preferred embodiment,
      to reject the reading and since the system would tend to accept the AC
      reading, it is necessary to force it to accept a reject character.
PAR  The final portion of the circuitry of the preferred embodiment of the
      invention is the comparison timing logic 36 of FIG. 1. The comparison
      timing logic for which the detailed schematic is presented in FIG. 6, will
      be discussed in conjunction with the timing chart or diagram shown in FIG.
      7. The inputs to the comparison timing logic include the P(AC) signal 22,
      the clock 196 and the SSS (time-out) signal 34. When the first P(AC)
      signal is received, indicating the first character on the document, the
      flip flops 198 and 200 will set and reset so as to cause both of the
      inputs to the gate 202 to go low thereby generating a pulse on the RDMEM
      line 43. A RDMEM signal on line 43 will cause the READ RAM CONTROL circuit
      28 of FIG. 1 to produce the corresponding DC character on lines 30. The
      output of these two flip flops 198 and 200 are also combined in the gate
      204 so as to cooperate with the clock pulse in the AND gate 206 to
      generate the store signal on line 40. This will have the effect of storing
      the first character in the DC register 74 and the AC register 76 as shown
      in FIG. 4.
PAR  Since it is just the first, first character that has been received into the
      comparison logic 26 of FIG. 1 it is important that the contents of the
      output register 38 not be sent to the system nor the various flip flops in
      the comparison logic be set or reset as though a test were being performed
      on two consecutive characters on the same document. Therefore the outputs
      of the gate 204 and the AND gate 206 for the first character will set the
      flip flop 208, which had been reset at the end of the previous document
      using SSS or by means of line 210 which is start of document. A low value
      on line 212 will operate to prevent the clock pulses from being
      transmitted through gate 214 on line 216 to enable the AC only flip flop
      112 and the DC only flip flop 114 of FIG. 4. By the same token the low
      value on line 212 serves to disable the NAND gate 218 thereby preventing
      the SEND signal from being sent over line 42 to the output register 38 of
      FIG. 1. These effects are illustrated for the first character in FIG. 7
      since the TEST line and the SEND line do not show any pulses for the FIRST
      CHARACTER.
PAR  When the SECOND CHARACTER is read by the AC read head, the P(AC) pulse on
      line 22 will have a somewhat different effect on the circuitry of FIG. 6.
      The principle difference concerns the fact that the flip flop 208 will now
      be set thereby enabling the NAND gate 214 and the NAND gate 218 so that
      the comparison logic may perform the test on the two characters being
      stored in the comparison logic and the send signal on line 42 may be
      transmitted.
PAR  After a predetermined amount of time between pulses, P(AC), the time-out
      counter 32, as previously described, will produce the SSS pulse on line 34
      that serves to indicate that the last character on the document has been
      read. This pulse is then transmitted through gate 220 of FIG. 6 thereby
      generating a SEND pulse on line 42 as indicated in the timing diagram in
      FIG. 7. By so generating a pulse after the last character has been read,
      the transmitting of the last character from the output register 38 to the
      system as a whole is assured.
PAR  The foregoing has been a description of the preferred embodiment of the
      invention, but it will be obvious to those skilled in the art that many
      modifications and alterations may be made to the preferred embodiment and
      still fall within the scope of the invention as claimed. For example using
      read heads that function on principles other than the direct current read
      head or alternating current read head certainly falls within the broad
      concept of the invention. Also having the document read by the AC read
      head first and having that character stored in the storage unit rather
      than the DC character is certainly within the inventive concepts herein
      presented.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of reading characters which includes the steps of reading
      each character with a first reading means and again reading each character
      with a second independent and different reading means, the improvement
      comprising the steps of:
PA1  storing two interpretations of a first character, the first interpretation
      as read by said first reading means and the second interpretation as read
      by said second reading means;
PA1  providing two interpretations of a second character, the first
      interpretation as read by said first reading means and the second
      interpretation as read by said second reading means;
PA1  selecting for output the first interpretation of said first character if
      both interpretations of said first character are the same;
PA1  selecting a non-reject interpretation of said first character for output
      when the other interpretation of said first character is a reject
      character;
PA1  outputting a reject character when both interpretations of said first
      character are reject characters;
PA1  selecting only characters from said first reading means when the second
      interpretation of said first character and of said second character are
      both reject characters;
PA1  selecting only characters from said second reading means when the first
      interpretation of said first character and of said second character are
      both reject characters; and
PA1  outputting a reject character where the interpretations of said first
      character are not equal, but where neither is a reject character, and
      where both interpretations of said second character are equal and not
      reject characters.
NUM  2.
PAR  2. In a character reading system having a first reading means and a second
      independent and different reading means for reading characters, the
      improvement comprising:
PA1  a first register means for temporarily storing the first character read by
      said first reading means;
PA1  a second register means for temporarily storing the corresponding first
      character read by said second reading means;
PA1  first input means for receiving the next successive character read by said
      first reading means;
PA1  second input means for receiving the corresponding next successive
      character read by said second reading means;
PA1  a first comparison logic means coupled to said first and second register
      means for comparing the first character read by said first reading means
      with the corresponding first character read by said second reading means;
PA1  a second comparison logic means coupled to said first and second input
      means for comparing the next successive character read by said first
      reading means and the corresponding next successive character read by said
      second reading means; and
PA1  decision logic circuit means responsive to said first and second register
      means, to said first and second input means, and to said first and second
      comparison logic means for determining whether the first character read by
      said first reading means or the corresponding first character read by said
      second reading means is more likely to be a valid character.
NUM  3.
PAR  3. The character reading system of claim 2 which further includes:
PA1  switching means responsive to said decision logic circuit means for
      selecting the output of said first register means when it is determined
      that said first character read by said first reading means is more likely
      to be valid and for selecting the output of said second register means
      when it is determined that the corresponding first character read by said
      second reading means is more likely to be valid.
NUM  4.
PAR  4. The character reading system of claim 3 wherein said decision logic
      means further includes:
PA1  output register means for receiving the selected character from said
      switching means;
PA1  reject insertion means responsive to said decision logic circuit means for
      inserting a reject character into said switching means when said decision
      logic circuit means is unable to determine whether the character read by
      said first reading means or the corresponding character read by said
      second reading means is more likely to be a valid character;
PA1  a first bistable means responsive to an indication by said decision logic
      circuit means that said first character read by said first reading means
      will continue to be more likely to be valid than said first character read
      by said second reading means for insuring that said decision logic circuit
      means enables said switching means to transfer only the contents of said
      first register means to said output register means; and
PA1  a second bistable means responsive to an indication by said decision logic
      circuit means that said first corresponding characters read by said second
      reading means will continue to be more likely to be valid than the first
      character read by said first reading means for insuring that said decision
      logic circuit means enables said switching means to transfer only the
      contents of said second register means to said output register means.
NUM  5.
PAR  5. The character reading system of claim 4 wherein said character reading
      system further includes:
PA1  counter means responsive to the latter of said first and second reading
      means to sequentially read a character for establishing a predetermined
      time interval indicative of the fact that said latter reading means has
      read the last character for generating a signal indicative thereof; and
PA1  timing logic means for coordinating the operation of said comparison means
      and said decision logic means, for controlling the transmission of said
      character selected as valid from said output register means; and being
      responsive to said signal from said counter means for insuring that the
      last character passed to said output register means by said switching
      means is transmitted.
NUM  6.
PAR  6. A magnetic ink character reading system comprising:
PA1  first direct current reading means for reading characters printed in
      magnetic ink;
PA1  second alternating current reading means for reading characters printed in
      magnetic ink;
PA1  storage means for storing the characters read by said first direct current
      reading means; and
PA1  logic means responsive to said storage means and to said second alternating
      current reading means for evaluating the relative validity of the
      character read by said first direct current reading means and the
      corresponding character read by said second alternating current reading
      means.
NUM  7.
PAR  7. The magnetic ink character reading system of claim 6 wherein said first
      direct current reading means includes a direct current read head and
      associated circuitry and said second alternating current reading means
      includes an alternating current read head and associated circuitry.
NUM  8.
PAR  8. The magnetic ink character reading system of claim 6 wherein said
      storage means includes:
PA1  a random access memory;
PA1  a write control circuit means responsive to said first direct current
      reading means for writing the characters read by said first direct current
      reading means into said random access memory; and
PA1  a read control circuit means responsive to said second alternating current
      reading means and said logic means for reading said corresponding
      characters out of said random access memory.
NUM  9.
PAR  9. The magnetic ink character reading system of claim 6 wherein said logic
      means includes:
PA1  a first register for storing the character read by said second alternating
      current reading means;
PA1  a second register for storing the corresponding character read by said
      first direct current reading means;
PA1  first input means for receiving the next successive character read by said
      first direct current reading means;
PA1  second input means for receiving the next successive character read by said
      second alternating current reading means;
PA1  a first comparison circuit means for comparing the first character read by
      said first direct current reading means and the corresponding first
      character read by said second alternating current reading means;
PA1  a second comparison circuit means for comparing the next successive
      character read by said first direct current reading means and the
      corresponding next successive character read by said second alternating
      current reading means;
PA1  a decision logic circuit means responsive to said first register means,
      said second register means, said first input means, said second input
      means, said first comparison circuit means, and said second comparison
      circuit means for evaluating the relative validity of the character read
      by said first direct current reading means and the corresponding character
      read by said second alternating current reading means;
PA1  switch means responsive to said decision logic circuit means for selecting
      the output of said first register means or said second register means;
PA1  an output register means for receiving the output of said switch means; and
PA1  reject insertion means responsive to said decision logic circuit means for
      inserting a reject character into said switch means for transfer to said
      output register means when said decision logic circuit means determines
      that neither the character read by said first direct current reading means
      nor the corresponding character read by said second alternating current
      reading means is likely to be a valid character.
NUM  10.
PAR  10. The magnetic ink character reading system of claim 9 wherein said logic
      means further includes:
PA1  a first bistable means responsive to said decision logic circuit means for
      allowing said switch means to select only the output of said second
      register means whenever two successive characters read by said second
      alternating current reading means are reject characters;
PA1  a second bistable means responsive to said decision logic circuit means for
      allowing said switch means to select only the output of said first
      register means whenever (a) the first character read by said first direct
      current reading means is a reject character and the next successive
      carrier read by said first direct current reading means in different from
      the corresponding next successive character read by said second
      alternating current reading means, (b) whenever two successive characters
      read by said first direct current reading means are reject characters, (c)
      whenever the first character read by said first direct current reading
      means is different from the first character read by said second
      alternating current reading means and the next successive character read
      by said first direct current reading means is different from the
      corresponding next successive character read by said second alternating
      current reading means, or (d) the first character read by said second
      alternating current reading means is a reject character and the next
      successive character read by said first direct current reading means is
      different from the corresponding next successive character read by said
      second alternating current reading means; and
PA1  wherein said decision logic circuit means further includes means for
      enabling said switching means to select the output of said first register
      means whenever (a) the first character read by said first direct current
      reading means is the same as the corresponding first character read by
      said second alternating current reading means, (b) the first character
      read by said first direct current reading means was a reject character, or
      (c) said second bistable means has been activated and said first bistable
      means has not.
NUM  11.
PAR  11. The magnetic ink character reading system of claim 6 additionally
      including a time-out counter means for indicating to said logic means when
      said second alternating current reading means has read the last character.
NUM  12.
PAR  12. A magnetic ink character reading system comprising:
PA1  direct current reading means for reading characters printed in magnetic
      ink;
PA1  alternating current reading means for reading characters printed in
      magnetic ink;
PA1  character storage means for storing the characters read by said direct
      current reading means;
PA1  write control circuit means responsive to said direct current reading means
      for causing said character storage means to store the characters read by
      said direct current reading means;
PA1  a comparison logic circuit means responsive to said alternating current
      reading means for comparing a character read by said alternating current
      reading means and the corresponding character read by said direct current
      reading means;
PA1  a read control circuit means responsive to said alternating current reading
      means for providing to said comparison logic circuit means the
      corresponding character stored in said character storage means;
PA1  a comparison timing logic circuit means responsive to said alternating
      current reading means for timing the operation of said comparison logic
      circuit means;
PA1  counter means responsive to said alternating current read means for
      indicating to said comparison timing logic means when the last character
      has been read by said alternating current reading means; and
PA1  an output register means responsive to said comparison timing logic means,
      for receiving the output of said comparison logic circuit means.
NUM  13.
PAR  13. The magnetic ink character reading system of claim 12 wherein said
      comparison logic circuit means includes:
PA1  decision logic circuit means for determining the likelihood that said first
      character read by said direct current reading means is valid and for
      determining the likelihood that the corresponding first character read by
      said alternating current reading means is valid;
PA1  reject insertion means for inserting a reject character into said output
      register means whenever said decision logic means is unable to establish
      the validity of either said character read by said direct current reading
      means or said corresponding character read by said alternating current
      reading means;
PA1  an AC ONLY flip flop means responsive to an indication from said decision
      logic circuit means that the characters read by said alternating current
      reading means are more likely to be valid than the corresponding
      characters read by said direct current reading means for generating a
      first control signal for enabling said comparison logic means to accept
      only the characters read by said alternating current reading means for
      transmission to said output register means; and
PA1  a DC ONLY flip flop means responsive to an indication from said decision
      logic circuit means that the characters read by said DC reading means are
      more likely to be valid than the corresponding characters read by said
      alternating current reading means for generating a second control signal
      for enabling said comparison logic circuit means to accept only the
      characters read by said direct current reading means.
NUM  14.
PAR  14. A magnetic ink character reading system comprising:
PA1  first reading means for reading magnetic ink characters previously
      subjected to one form of a common magnetic field encoding, and for
      producing a waveform characteristic of each such character so read;
PA1  second reading means for subsequently reading the same magnetic ink
      characters as read by the first reading means but previously subjected to
      a different form of a common magnetic field encoding, and for producing a
      waveform characteristic of each such character so read;
PA1  means for converting the waveforms of each of the same characters read by
      said first and said second reading means into multi-bit binary
      representations thereof;
PA1  means for comparing the multi-bit binary representations produced by said
      first and said second reading means corresponding to the same characters;
      and
PA1  logic means responsive to said converting means and to said comparison
      means for accepting or rejecting the validity of the characters read by
      said first reading means and the characters read by said second reading
      means.
NUM  15.
PAR  15. The magnetic ink character reading system of claim 14 wherein there is
      also provided:
PA1  storage means for storing said multi-bit binary representations of magnetic
      ink characters;
PA1  control circuit means responsive to the reading of a character by said
      first reading means for storing the multi-bit binary representation
      thereof into said storage means; and
PA1  second control circuit means responsive to the reading of the same
      character by said second reading means for withdrawing the multi-bit
      binary representation thereof from said storage means and delivering the
      same to said comparing means.
NUM  16.
PAR  16. The magnetic ink character reading system of claim 15 wherein said
      logic means includes:
PA1  first logic circuit means responsive to said comparison means for selecting
      the character read by said first reading means when said comparison means
      indicates that it is likely that both said first and said second reading
      means have identified a valid character;
PA1  second logic circuit means for indicating the likelihood that neither said
      first reading means nor said second reading means have identified a valid
      character;
PA1  third logic circuit means for determining whether said first reading means
      is more likely to be identifying a valid character than said second
      reading means;
PA1  fourth logic circuit means for determining whether said second reading
      means is more likely to be identifying a valid character than said first
      reading means;
PA1  output means for outputting a selected character;
PA1  means responsive to said first logic circuit means for passing the
      characters read by said first reading means to said output means;
PA1  means responsive to said second logic circuit means for generating a reject
      character representation and for supplying said reject character
      representation to said output means;
PA1  means responsive to said third logic circuit means for insuring that only
      the characters read by said first reading means are supplied to said
      output means; and
PA1  means responsive to said fourth logic circuit means for insuring that only
      the characters read by said second reading means are supplied to said
      output means.
NUM  17.
PAR  17. A character reading system comprising:
PA1  first reading means for reading characters;
PA1  second reading means for reading characters, said second reading means
      being independent of and different in structure and operation from said
      first reading means;
PA1  storage means for storing the characters read by said first reading means,
      said storage means including a random access memory, a write control
      circuit means responsive to said first reading means for writing the
      characters read by said first reading means into said random access
      memory, and a read control circuit means responsive to said second reading
      means and to a comparison means for reading corresponding characters out
      of said random access memory;
PA1  comparison means for comparing characters read by said second reading means
      with the corresponding characters stored in said storage means; and
PA1  decision logic means responsive to said comparison means for selecting
      either one of the characters read by said first reading means or the
      corresponding character read by said second reading means as a valid
      character.
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ABST
PAL  A business transaction terminal for a credit authorization system or the
      like includes a microprocessor for receiving data from a magnetic card
      reader and a keyboard, automatically processing such data and transmitting
      it to a central data base for authorization of a proposed business
      transaction. The terminal receives back a response from the central data
      base which directs subsequent actions by the terminal user. Options are
      provided for receiving the response in a number of ways such as audible
      response, visual indicators and numeric displays. Options also permit the
      terminal to be operated in a hands free mode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to business transaction terminals and more
      particularly to a terminal for collecting data regarding credit sales and
      like transactions, transmitting such data to a central location for
      authorization of the proposed transaction and receiving a response from
      the central location.
PAC  2. Description of the Prior Art
PAR  The widespread distribution of credit cards requires some control over
      their use to prevent fraudulent uses such as the use of stolen and expired
      cards or the use for purchases above authorized credit limits. In the
      past, most controls over credit card use have been primarily manual checks
      such as paging through a listing of unauthorized cards or manually calling
      a central location to obtain credit authorization or verification. Such
      manual controls are very slow and result in excessive cost to the merchant
      and inconvenience to the customer.
PAR  Recently many credit authorization systems and associated terminals have
      proposed for automating the credit authorization procedure. Such systems
      in general comprise data collecting terminals at points of sale which
      communicate via telephone lines with a central data location or base. Data
      related to a proposed credit sale or other transaction is entered into the
      terminal and transmitted to the central location for processing. A reply
      such as credit approval is then sent from the central location back to the
      point of sale terminal for completion of the transaction. Many of the
      proposed terminals have various disadvantages such as requiring complex
      driving mechanisms for moving the credit card through a reader at a
      constant reading speed.
PAR  Accordingly, it is an object of this invention to provide an improved
      terminal for credit authorization and like systems.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing object and others are achieved in accordance with this
      invention by a terminal for credit authorization and similar systems which
      includes a rate adaptive nonsynchronous card reader for reading credit
      data such as an account number on a magnetic stripe of cards which are
      rapidly moved by hand through the reader. The terminal includes a keyboard
      through which data such as the amount of a proposed credit sale can be
      entered. Data from the card reader and keyboard are buffered or stored in
      a read/write memory in the terminal to be transmitted to a central data
      location for processing when communication is established therewith. Such
      communication is automatically established by appropriate dialing
      circuitry while data is simultaneously entered from the keyboard.
      Instructions for operating the terminal are stored in a read-only memory
      and are used to control instruction lights which direct the terminal user
      through the proper operating sequence. The terminal receives from the
      central location an audible response to indicate, for example, either
      approval or disapproval of the proposed transaction. Various options can
      be added to the terminal such as visual indicators and a numeric display
      for visually displaying the response from the central data location. A
      sounder used with appropriate control keys can also permit hands-free
      operation of the terminal.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The invention will be more fully comprehended from the following detailed
      description and accompanying drawing in which:
PAR  FIG. 1 is a perspective view of a business transaction terminal in
      accordance with this invention;
PAR  FIGS. 2A-2E comprise a schematic block diagram representation of the
      terminal of FIG. 1;
PAR  FIG. 3 is a detailed block diagram of the central processing unit shown in
      FIGS. 2A-2E;
PAR  FIG. 4 is a detailed block diagram of the read only memory shown in FIGS.
      2A-2E;
PAR  FIG. 5 is a detailed block diagram of the random access or read/write
      memory shown in FIGS. 2A-2E;
PAR  FIG. 6 is a detailed block diagram of the general purpose input-output unit
      shown in FIGS. 2A-2E;
PAR  FIG. 7 is a detailed schematic of the card reader shown in FIGS. 2A-2E; and
PAR  FIG. 8 is detailed schematic of a receiver for use in the terminal of the
      invention in conjunction with a numeric display.
DETD
PAC  GENERAL PHYSICAL DESCRIPTION
PAR  Referring now to FIG. 1 there is shown a business transaction terminal 101
      for use at a remote location such as a department store or other point of
      sale in a credit authorization system. Terminal 101 includes a housing 2
      having an inclined wedge shaped front section 4 which terminates in a
      substantially horizontal shelf or surface 6 at the rear. Mounted on
      inclined section 4 is a control panel 8 having thereon a data entry
      keyboard 10 comprising a plurality of pushbutton keys 12 and a plurality
      of indicators 14A-14D with accompanying printed instructions 16. Mounted
      in a cradle 20 with an appropriate switchhook 21 is a telephone 22
      advantageously comprising a dial-in-handset hand telephone set such as
      available as a component of the telephone identified by the trademark
      TRIMLINE. Such a phone can have either a rotary or multifrequency
      pushbutton dial 23 as appropriate to the particular customer's type of
      service.
PAR  Mounted on shelf 6 of housing 2 is a card reader 30. Reader 30 is designed
      to read or decode information such as account numbers encoded on credit
      cards. For example, in an illustrative embodiment, reader 30 will decode
      or read information encoded in the magnetic stripe on a credit card.
      Reader 30 comprises in general one or more sensors or magnetic reading
      heads which respond to the passage of a magnetic stripe and logic
      circuitry responsive to the sensors for generating a binary bit stream
      representing the encoded information in the magnetic stripe. Reader 30
      includes a slot 32 through which magnetic stripe cards to be read are
      rapidly moved by hand. Slot 32 includes a widened entrance portion 34 for
      guiding such cards into slot 32 into close proximity with the reading head
      or heads mounted therein. Reader 30 also includes storage slots 36 wherein
      magnetic stripe cards having merchang account numbers, telephone numbers,
      telephone numbers of central data locations and the like can be stored.
PAC  GENERAL DESCRIPTION OF OPERATIONS
PAR  The operation of terminal 101 in broad terms is as follows. A merchant may
      be a subscriber to various credit authorizations systems and would have a
      merchant card for each such system which would be stored in a slot 36.
      Such a merchant card would contain a telephone number for the central data
      base of the particular system, a merchant identification number, floor
      credit limits, and like information encoded in a magnetic stripe on the
      merchant card. The central data base of a particular system would of
      course contain up to date information on credit card holders of the system
      and means for handling inquiries for such information from merchants as is
      well known.
PAR  When a credit card holder presents his card containing his account number,
      etc., to a merchant for a credit purchase, the merchant lifts handset or
      phone 22 to obtain dial tone. When indicator 14A lights and dial tone is
      received, the merchant passes the appropriate merchant card through reader
      slot 32 with the magnetic stripe thereon properly oriented depending upon
      the particular design of reader 30. Indicator light 14B then instructs the
      merchant to pass the presented customer's card through reader slot 32 with
      the proper magnetic stripe orientation. A pause for a second dial tone
      before insertion of the customer card may be required in certain cases if
      a two-part telephone number is required for dialing the central data base
      as will be explained more fully subsequently. The customer's account
      number and like data can also be entered manually through keyboard 10.
      After entry of the customer data, the lighting of indicator 14C instructs
      the merchant to enter the amount of the proposed transaction, e.g., the
      value of the proposed credit sale, through keyboard 10. Terminal 101
      automatically dials the central data base and transmits thereto the data
      previously entered upon receipt of an appropriate signal from the data
      base indicating that it is in operation. If the data base is not
      operational, indicator 14D lights and instructs the merchant to follow
      special instructions such as manually consulting unauthorized card lists.
      A partially operational data base can use information contained on the
      merchant card, such as floor limit, to initiate alternative action, such
      as the intervention of an attendant of the data base via the hand phone
      22. If the central data base is operational, an answer concerning credit
      status of the customer is received over hand phone 22 and the merchant
      proceeds accordingly. As will be discussed more fully later, various
      options can be added to terminal 101 such as visual indicators responsive
      to the data base answers and a numeric display for displaying entered data
      or responses from the central data base.
PAC  DETAILED DESCRIPTION
PAR  Terminal 101 will now be described in detail with reference to the
      schematic block diagram of FIGS. 2A-2E and detailed diagrams in FIGS. 3 to
      8. Terminal 101 includes a microprocessor 50 comprising a central
      processing unit (CPU) 52, a read-only memory (ROM) 54, a random access or
      read-write memory (RAM) 56 and a general purpose input-output unit (I/O)
      58. Each of these elements 52, 54, 56 and 58 advantageously comprises a
      programmable metal oxide semiconductor large scale integrated (MOS/LSI)
      device. Such devices are commercially available. For example, devices
      commercially available from Rockwell Corporation as part numbers 10660,
      A5215, 10432 and 10696 can be used for elements 52, 54, 56 and 58,
      respectively, with the proper programming.
PAR  As shown in more detail in FIG. 3, central processing unit (CPU) 52
      includes a four-bit parallel adder 60 and an associated accumulator 62 for
      performing arithmetic and logic operations. A twelve-bit register 64
      creates and stores addresses for the read-write memory (RAM) 56 and three
      twelve-bit registers 66, 68 and 70 create and store addresses for the
      read-only memory (ROM) 54. Unit 52 includes three inputs DIA2-DIA4, which
      are part of input group A, from a multifrequency/dial pulse selector 72
      and associated clock 73 which selects whether initial addressing of the
      network by terminal 101 will be by multifrequency signaling or dial
      pulsing and the rate of such dial pulsing. CPU 52 also includes a
      switchhook signal DIA1 signifying when hand phone 22 is off hook. CPU 52
      receives four inputs DIB1-DIB4, identified as discrete input group B, from
      reader 30. Input DIB4 is a switch closure signal signifying the presence
      of a card being read in reader 30. Inputs DIB1 and DIB2, respectively, are
      data and data clock signals from reader 30 derived from the magnetic
      stripe of the card being read. Input D1B3 is a spare lead input from
      reader 30 which provides flexibility for use of a different reader.
PAR  CPU 52 is interconnected with memories 54 and 56 and input-output unit 58
      via an eight-bit instruction data bus containing leads I/D1-I/D8 which
      interface with appropriate multiplex receivers 74 and 76 and drivers 78 in
      CPU 52. CPU 52 is also interconnected with memories 54 and 56 by a
      twelve-bit parallel address bus containing leads A/B1 to A/B12 which are
      driven by multiplex drivers 80 in CPU 52. CPU 52 also includes a decoder
      82 for decoding instructions received over instruction-data bus leads
      I/D1-ID8. This decoder 82 provides commands to memory 56 and I/O unit 58
      over write-input/output connection WI/O.
PAR  Read only memory (ROM) 54 shown in detail in FIG. 4 comprises a 16, 384-bit
      memory 90 organized in a 2048 .times. 8-bit configuration. The ROM 54
      stores eight-bit microinstructions for control and sequencing of data
      within terminal 101. These instructions are stored by programming ROM 54
      with a mask customized for a particular terminal design. Thus the logical
      operation of the entire terminal 101 can be changed by using a different
      mask to program ROM 54. ROM 54 includes an address decoder 92 for decoding
      addresses from CPU 52 received on leads A/B1-A/B11 and appropriate drivers
      94 for driving the instruction signals placed on instruction-data bus
      leads I/D1-I/D8.
PAR  Random access or read-write memory (RAM) 56 is shown in detail in FIG. 5
      and comprises a 1024-bit random access memory 102 organized in a 256
      .times. 4-bit configuration. The RAM 56 also includes an address decoder
      104, a chip decoder 105, and an input/output interface 106 for decoding
      and interfacing address and instruction bits on address bus leads
      A/B1-A/B8 and instruction-data bus leads I/D1-I/D8, respectively. RAM 56
      is used for temporarily storing information used during the operation of
      terminal 101. For example, data from card reader 30 and keyboard 10 are
      stored or buffered in RAM 56 before being transmitted to the central data
      base.
PAR  General purpose input-output (I/O) 58, which is shown in detail in FIG. 6,
      extends the input-output capabilities of CPU 52 by providing 12 discrete
      inputs IN1-IN12 and 12 discrete outputs OUT1-OUT12 though receiver 110 and
      drivers 112, respectively. These inputs and outputs are connected with
      other portions of terminal 101 external to the microprocessor 50 as will
      become clearer subsequently. I/O 58 is commanded by an eight-bit
      instruction from ROM 54 on instruction-data bus leads I/D1-I/D8 and an
      enable signal from CPU 52 on bus or lead WI/O. Four bits of the eight-bit
      instruction are used for addressing I/O 58 and the remaining four bits
      define the operation to be performed. The eight-bit instruction is
      received by multiplexed receivers 114 and decoded by decoder 116. Data is
      transferred through I/O 58 from inputs IN1-IN8 to instruction data leads
      I/D1-I/D4 and from output OUT1-OUT12 to leads I/D5-I/D8, most significant
      to most significant and least significant to least significant bit.
PAR  The operation of microprocessor 50 is controlled and coordinated by a clock
      120 such as is known in the prior art. A commercially available device
      which can be used for clock 120 is available from Rockwell Corporation as
      part number 10706.
PAR  As indicated earlier inputs IN1-IN12 to I/O 58 come from other portions of
      terminal 101. One such other portion which provides eight inputs, IN1-IN4
      and IN5-IN8 comprising input groups A and B, respectively to I/O 58 is
      keyboard 10. As is readily apparent from FIG. 1, there are more than eight
      keys 12 in keyboard 10, i.e., 15 in the illustrative keyboard. Thus the
      keyboard signals must be multiplexed so that only eight discrete inputs to
      I/O 58 are required to accommodate signals from all keys on keyboard 10.
      This multiplexing is accomplished under the control of CPU 52 by supplying
      power to only one of two groups of keys 12 on the keyboard 10 at a given
      time. Outputs DOA2 from CPU 52 on lead 212 is fed to transistor array 130
      comprising drivers 131 and 132 which produce outputs on leads KY1 and KY2
      having opposite values, i.e., when lead KY1 is high or on, lead KY2 is low
      or off and vice versa. Leads KY1 and KY2 are interconnected with keys 12
      as shown in FIG. 2. For example, input IN1 to I/O unit 58 will be high if
      either lead KY1 is high and number "8" key is operated or if lead KY2 is
      high and number "0" key is operated. Thus the signals from operation of
      all keys 12 can be accommodated by eight inputs IN1-IN8 to I/O 58. The
      operation of a key 12 is encoded by microprocessor 50 as a four-bit binary
      word for storage or control.
PAR  Another input to I/O 58 is input IN12 from a tone detector 140. As
      indicated earlier, when terminal 101 initially contacts the central data
      base, a response is received back to indicate whether the central data
      base is operation or not prior to the transmission of any further data
      thereto. In the illustrative embodiment, a 2025-Hz answer tone of 1.5
      seconds or 3 seconds duration is sent from the data base to the terminal
      101 to indicate if the control data base is operational or not,
      respectively. This answer tone is coupled from the telephone line by
      transformer coupling 142 to an amplifier 144 and the amplified signal is
      then fed to detector 140. Detector 140 advantageously is a
      phase-locked-loop detector designed to effect locking on a tone in the
      vicinity of the answer tone frequency, e.g., 2025-Hz in the illustrative
      embodiment. The output of detector 140 upon locking on the answers tone is
      fed to I/O unit 58 as input IN12 where it is processed to determine the
      duration of the signal, i.e., whether 1.5 seconds or 3 seconds, to control
      further operation of terminal 101. Detector 140 can comprise a commercial
      device such as that available under part number NE567V from Signetics
      Corporation.
PAR  Inputs IN9-IN11 of I/O 58 determine the use of options available with
      terminal 101. This will be discussed in more detail subsequently.
PAR  Terminal 101 can use either multifrequency signaling or dial pulse
      signaling to dial all or any part of the telephone number of the central
      data base. However, multifrequency signaling is used for all data
      transmission between terminal 101 and the central data base.
PAR  When multifrequency signaling is being used, either for telephone number
      dialing or for data transmissions, the character to be transmitted is
      presented in dual 1/4 code, i.e., two out of eight code, at the group A
      and group B outputs, i.e., outputs OUT1-OUT4 and OUT5-OUT8, respectively,
      of I/O unit 58. This character then passes through resistor networks RN2
      and RN3, which change the voltage thereof to a level required at the input
      of analog switches 150. Switches 150 can comprise known field effect
      transistor switches. For example, devices available from RCA as part
      number CD-4066 can be utilized for switches 150.
PAR  Switches 150 select the proper inputs, i.e., the proper two voltage from
      the A and B outputs, for input to a multifrequency oscillator 152.
      Oscillator 152 can comprise a known multifrequency oscillator such as the
      hybrid integrated circuit oscillator used in the TOUCH-TONE telephone
      presently in use. Oscillator 152 generates the desired multifrequency
      tones or signaling on output 154 which is coupled to the transmission line
      through the previously mentioned coupler 142. The levels of the tones on
      output 154 are controlled by the selection of a particular resistor in
      resistor network 156.
PAR  During multifrequency signaling, and also during testing for the 2025-Hz
      answer tone from the central data base previously discussed, it is
      necessary to mute or isolate phone 22. This is accomplished by providing
      an output DOA3 from CPU 52 on lead 160 to operate mute relay 162. When
      relay 162 operates, contact 164 opens and inserts a resistor 166 in series
      with the phone 22 which effectively isolates the phone 22 from the
      remainder of terminal 101. The voltage level of the output from CPU 52 on
      lead 160 is converted to the proper level for operating relay 112 by an
      amplifier 168.
PAR  Dial pulse signaling for dialing part or all of the telephone number of the
      central data base previously mentioned is accomplished by activating dial
      pulse relay 170. An output DOA4 from CPU 52 on lead 172 is applied to dial
      pulse relay 170 through an inverter 174, NAND gate 176 and amplifier 178.
      A timing output from the multifrequency-dial pulse clock 73 is also
      connected via lead 180 to relay 170 through gate 176 and amplifier 178.
      The timing output from clock 73 and output from CPU 52 operate dial pulse
      relay 170 which opens and closes contact 182 in the transmission line the
      proper number of times to produce the desired number of dial pulses on the
      line.
PAR  The previously mentioned indicators 14A-14D on control panel 8 which
      sequence a user of terminal 101 through the correct operating procedure
      are light emitting diodes (LEDs) which are controlled by outputs
      OUT9-OUT12 from I/O 58. Three of these outputs OUT9-OUT11 carry a
      three-bit, binary-coded-decimal code which is fed to a one-out-of-ten
      decoder 190. Decoder 190 decodes these three inputs to select one of eight
      outputs, four of which comprise outputs to indicators 14A-14D and the
      others of which will be discussed subsequently with respect to available
      options. The fourth output OUT12 is fed to gate 192 where it is combined
      with the output from clock 73 on lead 180 and then fed to decoder 190 via
      gate 194 and lead 196. This input to decoder 190 is then used to blink or
      flash the indicators connected to the outputs of decoder 190 to indicate
      such things as an invalid card read which requires repeat of the indicated
      step in the terminal operating sequence. Decoder 190 includes drivers for
      driving the indicators connected to its outputs. The output current from
      decoder 190 can be limited by a resistor network RN4. Decoder 190 can
      comprise known apparatus such as a commercially commerically available
      from Fairchild as part number 9302.
PAR  As earlier indicated, terminal 101 is connected to telephone lines by a
      transformer coupling 142 comprising a transformer T1 and a capacitor 202
      which blocks direct current from the line to transformer T1 so that when
      phone 22 is off hook the line sees only one main station. When phone 22 is
      muted as earlier discussed, contact 165 is operated by relay 162 to bypass
      capacitor 202 so that terminal 101 still draws current equivalent to one
      main station. Resistor 204 in series with capacitor 202 suppresses
      transients generated by contacts 165.
PAR  The dc power for operating terminal 101 is derived from a standard 110-volt
      ac line through a well known power supply comprising rectifiers. For
      example, a step down transformer provides an ac voltage to diode bridge
      rectifiers which provide dc outputs. These outputs are then regulated by
      regulators such as those available from Fairchild as part number 7805UC
      and 78N12UC or Motorola as part numbers 7805PC and MC-7912PC to provide
      regulated +5 volt and -12 volt sources, respectively. These voltages can
      be filtered by capacitors before distribution.
PAR  As indicated earlier, card reader 30 decodes the information in the
      magnetic stripes on merchant and customer cards and provides such
      information to microprocessor 50. Advantageously, reader 30 reads or
      decodes the information in the magnetic stripe substantially independent
      of reading speed variations. Readers suitable for such application are
      known in the prior art. For example, U.S. Pat. No. 3,737,632 issued to R.
      O. Barnes on June 5, 1973 discloses a single head rate adaptive
      nonsynchronous demodulator or reader which might be used for reader 30.
      Copending applications Ser. Nos. 494,030 and 494,031 both filed Aug. 2,
      1974 by R. J. D'Orazio et al. and G. E. Moore, Jr., respectively, and both
      assigned to the assignee of this invention, disclose dual head code
      converters or readers which decode magnetic stripes independent of reading
      speed variations. Such dual head readers could also be used for reader 30.
PAR  A schematic block diagram of still another magnetic stripe card reader
      which can be used for reader 30 is shown in FIG. 7. Signals read from a
      magnetic stripe by a reader head 250 are fed to an operational amplifier
      252. Head 250 can comprise a commercially available device such as the
      credit card reading head available from Nortronics Co., Inc., as part
      number DQ11HO56R19. The amplified, filtered, integrated and limited output
      from amplifier 252 is applied to a second operational amplifier 254. The
      signal at the output 255 of amplifier 254 is a binary signal of two
      frequency coherent phase (bi-phase) encoding which combines serial data
      with clock information. If a transition occurs between clocks bits the
      data is a "one" end if no transition occurs the data is a "zero." Since
      the card is moved past head 250 by hand, its speed will vary and therefore
      bit length will vary along the signal stream at output 255. However the
      assumption that one bit edge transition will occur after three-fourths of
      the time required for the previous bit will allow for any reasonable
      variation in card speed while it is in reader 30. The signal at output 255
      of amplifier 254 is applied to the base of a transistor 256 having its
      collector connected to the base of a second transistor 258. The output
      from the collector of transistor 258 is used to trigger a one-shot
      multivibrator 260 which provides outputs to time ramp generator 264 and
      comparator 266 through switches 268 and 270. Generator 264 and comparator
      can comprise operational amplifiers. The three-fourths value of the ramp
      generated by generator 264 when a card enters reader 30 to trip a switch
      286 is stored by comparator 266 and compared with the subsequent ramp
      value to provide a data ready or data clock signal through switch 272 and
      transistor 274 at output 276 when the new ramp value exceeds the stored
      three-fourths value. This data ready or clock signal is transmitted to CPU
      52 as the previously mentioned input DIB2.
PAR  The output from the collector of transistor 258 is also used to trigger a
      flip-flop 280 which also has an input the output 276 of comparator 266.
      The result is that when there is a transition or bit center pulse,
      flip-flop 280 through transistor 282 provides a logical "one" signal for
      the last one-half of the bit at output 284 which is transmitted to CPU 252
      as the previously mentioned input DIB1.
PAR  When the previously mentioned switch 286 in reader 30 indicates the
      insertion of a card in reader 30, a signal on output 290 is generated by
      transistor 288 for transmission to CPU 52 as input DIB4. Switch 286 can
      comprise a commercially available switch such as that available from
      Cherry Electrical Products Corp. as part number E6197HD.
PAR  The foregoing describes a basic version of terminal 101 which will be
      satisfactory for many applications. However, as indicated, various options
      can be added to this basic terminal to provide a wider range of services.
      One such option is the provision of an auxiliary data entry keyboard or
      pad. Such a pad would be in parallel with the existing keyboard 10 and
      data would be entered in the same manner. Keyboard multiplexing and like
      features would be controlled in the same manner as previously discussed.
      Such an auxiliary keyboard might, for example, be desired where a customer
      is provided with a secret account or control number, which he memorizes,
      in addition to the normal credit card. The auxiliary data pad would permit
      such a customer to enter the secret number himself into terminal 101 at
      some location away from the observation of any other person such as a
      clerk or bank teller. The clerk or teller would enter the data from the
      card in the previously discussed manner.
PAR  Another option which can be provided with terminal 101 is a numeric display
      210 shown in FIG. 1 which can display data keyed into terminal 101 by a
      user and data such as an authorization code received back from the central
      data base. For example, display 210 can comprise an eight-digit seven
      segment display with an associated eight-bit serial-in parallel-out shift
      register in which the parallel outputs are connected to the seven segments
      of display 210 and the decimal point. Two outputs from CPU 52 can control
      such a numeric display. The data line signal NDD for the display shown in
      FIGS. 2A-2E is the same output DOA2 on lead 212 from CPU 52 that is used
      to provide the previously discussed keyboard multiplex controls on leads
      KY1 and KY2. The output DOA2 is converted to the proper level by a
      transistor driver and associated resistors in transistor array 130 to
      provide the proper signal NDD. The clock signal NDC for the numeric
      display is derived from an output DOA1 from CPU 52 on lead 214 which is
      converted to the proper levels by a transistor driver 135 and associated
      resistors in transistor array 130. Display 210 can display data such as
      the amount of proposed credit sale which is keyed into keyboard 10. With
      the addition of a data receiver, data transmitted from the central data
      base such as an authorization code can also be displayed. Option switch
      216 which provides an IN10 to I/O 5858 indicates whether or not a data
      receiver is in terminal 101 so that microprocessor can control the
      operation accordingly.
PAR  A receiver 300 suitable for the foregoing application is illustrated in
      FIG. 8. Receiver 300 includes analog circuitry for demodulating a
      low-speed frequency-shift-keying (FSK) signal into a rectangular digital
      waveform. The analog input from the central data base is taken from the
      input terminal of amplifier 144 to detector 140 shown in FIGS. 2A-2E and
      fed to operational amplifier 302 where it is amplified and filtered. The
      output of amplifier 302 is further fed to operational amplifier 304 where
      it is limited and fed to a bandpass filter 306. The output of filter 306
      is rectified and connected to a comparator 308, the squarewave baseband
      output 309 of which is fed to CPU 52 as an input on lead DIB3, the spare
      lead from card reader 30. Receiver 300 also includes a read-only memory
      310 similar to the read-only memory 54 in microprocessor 50. Memory 310 is
      connected in parallel with memory 54 and stores the instructions required
      by microprocessor 50 for decoding the FSK digital signal on output 309
      into characters. Memory 310 includes the instruction/data bus leads
      I/D1-I/D8 and the address leads A/B1-A/B12 discussed with respect to ROM
      54.
PAR  Terminal 101 also can be provided with a hands free mode of operation which
      permits use without moving phone 22. Control of a terminal 101 in the
      hands free mode is provided by ON key 222 and OFF key 224 which actuate a
      line switch relay 226 by a signal ESK from I/O 58 through decoder 190 and
      a signal on lead NDO from CPU 52 through transistor array 130. Relay 226
      operates contacts 228 in the telephone line for connecting and
      disconnecting terminal 101 to the line as an alternative to the switchhook
      contact 21. ON key 222 is multiplexed with the keys 12 of keyboard as
      previously discussed. OFF key 224 is connected in parallel with the
      switchhook to reset signal generator 230 which initializes microprocessor
      50 after the completion of each transaction with the central data base.
PAR  In the hands free mode, dialing of the central data station is accomplished
      on keyboard 10. Dialing from keyboard 10 is normally possible unless
      option switch 220 which provides an input IN11 to I/O 58 is set to prevent
      such dialing by lockout of keyboard 10. Option switch 220, as well as
      option switch 216 previously discussed and option switch 218, normally
      present a logic "one" voltage to their respective inputs IN11, IN10, and
      IN9 of I/O 58. These option switches can be changed to provide a logic
      "zero" voltage which correspondingly changes the operations of terminal
      101 with respect to the particular option. Thus for hands free operation,
      option switch 220 is set to permit dialing from keyboard 10. To permit
      dialing from keyboard 10 the local ac power must be available as
      previously discussed. Dialing from hand phone 22 could be accomplished
      without the ac power as hand phone 22 services as a telephone main station
      powered from the line.
PAR  In the hands free mode of operation, a sounder 234 is added to terminal 101
      to permit monitoring of the progress of calls to the central data base and
      to receive audible responses back from this base. Such a sounder 234 can
      be located for example, under hand phone 22 as illustrated in FIG. 1 or at
      any other desired location on housing 2. Such a sounder 234 can be driven
      by the output from oscillator 152 on lead 154 as indicated in FIGS. 2A-2E.
      Sounder 234 could also be controlled by line relay 226 so that it would
      only be operational in the hands free mode and would be muted via contacts
      235 at other times by the operation of relay 162 including the time during
      testing for the 2025-Hz answer tone. The lifting of hand phone 22
      resulting in the closing of switchhook contacts 21 would also disable
      sounder 234 to permit private communication with the central data base.
PAR  In the hands free mode the response from the central data base can be
      audible over sounder 234 as indicated above and can also be visual. As
      shown in FIG. 1, indicators 240 and 242 can provide a visual indication of
      data base response. For example, indicator 240 can comprise a green
      indicator which lights to signify credit approval. Indicator 242 can
      comprise an amber or yellow indicator which lights to signify credit
      disapproval or to inform the terminal attendant to take further steps such
      as lift phone 22 for further private instructions. Indicators 240 and 242
      can be activated by appropriate tones from the central office such as a
      2025 Hz tone of 1.5 seconds or 3 seconds duration, respectively. Such
      tones are not to be confused with the earlier discussed answer tones which
      are received upon initial contact with the central data base and which
      indicate whether or not the data base is in operation. The tone for
      operating indicators 240 and 242 occurs later in the operating sequence
      after the transmittal of all data from terminal 101 to the central data
      base. The tone for operating indicators 240 and 242 is also detected by
      detector 140 which provides an input IN12 to I/O unit 58. After
      appropriate processing, I/O unit 58 provides outputs OUT9-OUT11 to decoder
      190 which are decoded to provide an appropriate signal for operating an
      appropriate one of indicators 240 or 242 in a manner similar to that
      previously discussed with respect to indicators 14A-14D. Option switch 218
      must be set in the appropriate position as previously discussed to provide
      the visual response option through indicators 240 and 242.
PAC  SUMMARY OF OPERATION
PAR  To use terminal 101, hand phone 22 is lifted to obtain dial tone which is
      audible over the phone. In the hands free mode, the "on" button 222 is
      operated and dial tone is monitored over sounder 234. When instruction
      light 14A lights and dial tone is obtained, the user moves the merchant
      card through reader 30 to read in the telephone number of the central data
      base, the merchant account number and similar data. The inputs from the
      card reader 30 to microprocessor 50 include a card present signal, a data
      ready or data clock signal and the actual data. If the telephone number is
      a two-part number, as will be indicated in the coded card, i.e., includes
      an access code, the first part of the number is immediately dialed by
      appropriate outputs from microprocessor 50 to obtain the second dial tone
      required. Immediately after reception of the second dial tone, or
      immediately after completion of the reading of the merchant's card if a
      one-part telephone number is used, instruction light 14B directs the
      reading of the data on the customer card. After entry of the customer data
      the remainder of the two-part telephone number, or all of the single part
      number, is dialed by appropriate outputs from microprocessor 50. Telephone
      number dialing is accomplished by either dial pulsing or multifrequency
      signaling depending on the option selected by switch 72. Dial pulsing is
      accomplished by appropriate outputs from CPU 52 controlling dial pulse
      relay 170. Multifrequency signaling is accomplished by outputs from I/O
      Unit 58 controlling oscillator 152. The mode of dialing can be changed
      between the first and second parts of two-part numbers by proper coding of
      the merchant card. Both the merchant data, including the telephone number
      if the keyboard dialing option switch 220 so provides, and the customer
      data can be entered manually through keyboard 10. If the keyboard 10
      cannot accept the telephone number because of the position of switch 220,
      dialing can still be done manually through handphone 22 and all other data
      can be entered through the keyboard 10. When a telephone number is entered
      manually, it is dialed out digit by digit as entered with any necessary
      buffering provided by microprocessor 50.
PAR  After entry of the customer data, instruction light 14C lights directing
      the entry of transaction data such as the amount of the proposed credit
      sale through the keyboard 10. This entry of data is accomplished
      simultaneously with the dialing of the telephone number of the central
      data base. Data portions within a particular data field, such as customer
      data, are separated by depressing the field separator key "/". Data fields
      are changed by depressing the key END which then sequences the next
      instruction light if data are being entered manually. When the key END is
      depressed when light 14C is on, appropriate "end of text" characters are
      generated by microprocessor 50 for transmittal to the central data base.
PAR  If incorrect entry of data is detected by microprocessor 50, an output
      triggers decoder 190 to cause the appropriate instruction light to blink
      to direct reentry of the data by rereading the card or by manually
      rekeying in the data. Manually entered data can be erased by depressing
      the key ERASE. Terminal 101 receives a response in the form of a tone from
      the central data base that it is operational which is detected by detector
      140 and interrupted by microprocessor 50. Thereupon all data previously
      entered is transmitted to the data base and data entered subsequently is
      transmitted when the END key is depressed.
PAR  After all data is transmitted and processed by the central data base,
      terminal 101 receives a response indicating approval or disapproval of the
      proposed transaction. In the normal configuration, this response is
      received as an audible answer over hand phone 22. In the hands free mode,
      the response can also be an audible answer over sounder 234 and/or a
      visual indication through either indicator 240 or 242 responding to the
      appropriate tone as detected by detector 140 and interpreted by
      microprocessor 50 if the particular option is selected. The response, or
      part thereof such as an authorization code, can also be visually displayed
      on display 210 if this option is selected and an appropriate receiver has
      been provided.
PAR  If the central data base is not operational, a tone response is received by
      detector 140 and interpreted as such by microprocessor 50. In this case
      the data entered in terminal 101 is not transmitted to the central data
      base. Rather, microprocessor 50 triggers decoder 190 to activate light 14D
      which directs the user to follow special instructions. Terminal 101 can
      also be programmed in such a case to request an attendant. An attendant
      can also be requested at any time by operating the ATTN key.
PAR  After completion of a particular transaction, terminal 101 is disconnected
      from the central data base by replacement of hand phone 22 in its cradle
      or by the depression of the OFF key if terminal 101 is in a hands free
      mode.
PAR  The total amount of time required to complete a transaction with terminal
      101 in its automated mode is a matter of a few seconds. This represents a
      substantial improvement over existing credit verification systems which
      require a substantial amount of manual data entry.
PAR  While the invention has been described with reference to a specific
      embodiment, various modifications can be made to terminal 101 without
      departing from the spirit and scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Terminal apparatus for assembling data representing a proposed business
      transaction, for communicating said data to a remotely located central
      data base and for receiving responses from said central data base
      concerning said proposed transaction, comprising in combination:
PA1  a magnetic stripe card reader for reading said data related to said
      proposed transaction coded on magnetic stripes;
PA1  a keyboard for entering said data related to said transaction;
PA1  a microprocessor for receiving and processing said data from said card
      reader and said keyboard and for producing outputs controlling said
      terminal apparatus;
PA1  instruction lights operable in sequence for controlling the entry of said
      data into said terminal apparatus;
PA1  a decoder responsive to first ones of said outputs for sequencing said
      lights;
PA1  means responsive to second ones of said outputs for establishing a
      communications link with said central data base;
PA1  detector means for detecting a first one of said responses from said
      central data base and providing a signal to said microprocessor
      representative of said first one of said responses;
PA1  means responsive to third ones of said outputs subsequent to said detecting
      of said first one of said responses for applying said data to said
      communications link; and
PA1  means receiving a second one of said responses for indicating subsequent
      steps in said proposed transactions.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said means responsive to
      said second ones of said outputs comprises signaling means for addressing
      said central data base with either dial pulse signaling or multifrequency
      signaling.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 including contacts operable for
      generating dial pulses and a relay responsive to certain said second ones
      of said outputs for operating said contacts; and
PA1  a multifrequency oscillator responsive to other said second ones of said
      outputs for generating multifrequency signals, whereby said link can be
      established.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 wherein said first one of said
      responses comprises a tone; and
PA1  said detector means comprises a phase-locked-loop detector for detecting
      said tone.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 wherein said means responsive to
      third ones of said outputs comprises a multifrequency oscillator for
      applying said data to said link by multifrequency signaling.
NUM  6.
PAR  6. Apparatus in accordance with claim 1 wherein said second one of said
      responses comprises a voice response; and
PA1  said means for receiving said second one of said responses comprises a
      telephone.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 wherein said second one of said
      responses comprises a voice response; and
PA1  said means for receiving said second response comprises a sounder.
NUM  8.
PAR  8. Apparatus in accordance with claim 1 wherein said second one of said
      responses comprises a frequency-shift-keyed signal; and
PA1  said means for receiving said second response comprises;
PA1  a receiver for demodulating said signal into a rectangular digital
      waveform;
PA1  memory means for directing said microprocessor to decode said digital
      waveform into characters; and
PA1  display means for displaying said characters.
NUM  9.
PAR  9. Apparatus in accordance with claim 1 wherein said second response
      comprises a tone having a specified duration, and said microprocessor
      includes means for measuring said duration; and
PA1  said means for receiving said second response comprises a plurality of
      visual indicators responsive to said outputs from said microprocessor,
      respective ones of said indicators being activated by said second response
      depending upon said duration of said tone.
NUM  10.
PAR  10. Apparatus in accordance with claim 1 wherein said card reader comprises
      a rate adaptive reader for reading a binary signal of biphase-encoding
      having transitions and a nonuniform bit rate, said reader including;
PA1  switch means providing a first signal to said microprocessor indicating the
      presence of a magnetic stripe card in said reader;
PA1  first circuit means for extracting a clock signal from said biphase encoded
      binary signal and transmitting said clock signal to said microprocessor;
      and
PA1  second circuit means for extracting a data signal from said biphase encoded
      binary signal and transmitting said data signal to said microprocessor,
      whereby said reader can read said data on cards which are manually moved
      through said reader at a variable speed.
NUM  11.
PAR  11. Apparatus in accordance with claim 10 wherein said reader comprises:
PA1  a reading head for reading said magnetic stripe and generating said binary
      signal;
PA1  first and second operational amplifiers responsive to said head for
      amplifying said binary signal;
PA1  transistor means responsive to said operational amplifiers for producing a
      clock pulse for each said transition of said binary signal;
PA1  said first circuit means comprises a one-shot multivibrator responsive to
      said clock pulse to produce a timing signal, a ramp generator responsive
      to said timing signal for generating a ramp signal, a comparator
      responsive to said timing signal for storing a value equal to a fraction
      of a present ramp signal and comparing said value with a subsequent ramp
      signal, a switch and a first transistor responsive to said comparator for
      generating said clock signal; and
PA1  said second circuit means comprises a flip-flop and a second transistor
      responsive to said clock pulse and said comparator for generating said
      data signal.
NUM  12.
PAR  12. Apparatus in accordance with claim 1 wherein said keyboard comprises a
      first plurality of keys each of which is operable to produce a keyboard
      output;
PA1  a second plurality of input leads connecting said keys of said keyboard
      with said microprocessor, said second plurality being smaller than said
      first plurality; and
PA1  means for multiplexing said keyboard outputs from said keys so that said
      keyboard outputs can be transmitted to said microprocessor on said second
      plurality of leads.
NUM  13.
PAR  13. Apparatus in accordance with claim 12 wherein said multiplexing means
      comprises:
PA1  a first control lead interconnecting a first group of said keys;
PA1  a second control lead interconnecting the remainder of said keys; and
PA1  a transistor array responsive to certain said outputs from said
      microprocessor for supplying power to one and only one of said control
      leads at any specific time, whereby said outputs from said first plurality
      of keys can be multiplexed onto said second plurality of leads.
NUM  14.
PAR  14. Apparatus in accordance with claim 13 wherein said first plurality of
      keys comprises sixteen keys and said second plurality of leads comprises
      eight leads.
NUM  15.
PAR  15. Apparatus in accordance with claim 1 wherein said microprocessor
      includes:
PA1  a read-only memory for storing microinstructions for controlling the
      operation of said terminal apparatus;
PA1  a random access memory providing storage of said data;
PA1  a central processing unit receiving said data from said reader and
      providing said outputs for controlling a first part of said means for
      establishing a communication link;
PA1  a general purpose input-output unit receiving data from said keyboard and
      said signal from said detector means, said input-output unit providing
      said outputs for controlling a second part of said means for establishing
      a communication link and for controlling said decoder;
PA1  data-instruction leads interconnecting said central processing unit, said
      read-only memory, said random access memory and said input-output unit for
      transferring said data and said microinstructions therebetween; and
PA1  address leads interconnecting said central processing unit, said random
      access memory and said readonly memory for transferring addresses
      therebetween.
NUM  16.
PAR  16. Apparatus in accordance with claim 15 wherein said central processing
      unit comprises:
PA1  a microinstruction decoder for decoding said microinstructions;
PA1  an adder and an accumulator for performing logic operations;
PA1  a first register for creating and storing addresses for said random access
      memory;
PA1  second, third and fourth registers for creating and storing addresses for
      said read-only memory; and
PA1  multiplexed receivers and drivers for interfacing with said
      data-instruction leads and said address leads.
NUM  17.
PAR  17. Apparatus in accordance with claim 15 wherein said first part of said
      means for establishing a communications link comprises a dial pulse relay
      and contacts operable by said relay for generating dial pulses to
      establish said link, said central processing unit providing said outputs
      to operate said relay.
NUM  18.
PAR  18. Apparatus in accordance with claim 15 wherein said read-only memory
      comprises:
PA1  a memory means for storing eight-bit microinstructions;
PA1  an address decoder for decoding said addresses from said address leads; and
PA1  drivers for interfacing said data on said data-instruction leads.
NUM  19.
PAR  19. Apparatus in accordance with claim 15 wherein said random access memory
      comprises:
PA1  a memory means for storing four-bit words;
PA1  decoder means for decoding said addresses from said address leads; and
PA1  interface means for interfacing said data on said data-instruction leads.
NUM  20.
PAR  20. Apparatus in accordance with claim 15 wherein said general purpose
      input-output unit comprises:
PA1  receivers for interfacing said data from said keyboard and said data on
      said data-instruction leads;
PA1  drivers for applying said outputs to said second part of said means for
      establishing a communications link and said decoder; and
PA1  an instruction decoder for decoding instructions received on said
      data-instruction leads.
NUM  21.
PAR  21. Apparatus in accordance with claim 15 wherein said second part of said
      means for establishing said communications link comprises a multifrequency
      oscillator and said input-output unit provides said outputs for
      controlling said oscillator.
NUM  22.
PAR  22. Apparatus in accordance with claim 21 wherein said outputs for
      controlling said oscillator are encoded in a two-out-of-eight code, and
      said terminal apparatus further includes analog switch means for selecting
      respective said outputs for application to said multifrequency oscillator.
NUM  23.
PAR  23. Apparatus in accordance with claim 1 wherein said means receiving said
      second response comprises a telephone having a transmitter, receiver and
      dial, whereby said telephone can communicate with said central data base.
NUM  24.
PAR  24. Apparatus in accordance with claim 1 including a transformer coupling
      connecting said terminal apparatus to said communication link, said
      coupling comprising a transformer, capacitor means for blocking direct
      current from said link through said transformers, and contact means
      operable to bypass said capacitor means.
NUM  25.
PAR  25. Apparatus in accordance with claim 1 including means for isolating said
      means receiving said second response from said detector means while said
      first response is being detected by said detector means.
NUM  26.
PAR  26. Apparatus in accordance with claim 25 wherein said means for isolating
      comprises a muting relay responsive to a respective one of said outputs,
      and contacts operable by said muting relay for disconnecting said means
      receiving said second response from said detector means.
NUM  27.
PAR  27. Apparatus in accordance with claim 1 wherein said detector means
      detects a third one of said responses and provides a third signal
      representative of said third response to said microprocessor, said
      microprocessor being responsive to said third signal to prevent said data
      from being applied to said link.
NUM  28.
PAR  28. Apparatus in accordance with claim 1 including an auxiliary keyboard
      connected in parallel with said keyboard.
NUM  29.
PAR  29. Apparatus in accordance with claim 1 wherein said means for
      establishing said communications link comprises dial pulse signaling means
      and multifrequency signaling means, and said terminal apparatus further
      includes selector means for selecting said dial pulse signaling means or
      said multifrequency signaling means.
NUM  30.
PAR  30. Apparatus in accordance with claim 1 including clock means providing
      clock signals to said microprocessor for controlling said microprocessor.
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ABST
PAL  A customer code word issuing machine is provided wherein a customer
      manually inputs to the machine his secret password. The machine encodes
      the password and displays his corresponding issued code word. A
      verification machine is provided which includes a dial or keyboard for
      manually inputting the customer's password and the issued code word. The
      verification machine encodes the inputted password to derive an output for
      comparison with the manually inputted code word to derive an output
      indicative of the truth or falseness of the match of the code word with
      the respective password. The verification machine may be employed to open
      a lock, to allow use of a credit card for a telephone call, purchase of
      goods, etc.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 235,641, filed Mar. 17, 1972
      now abandoned.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, systems for identifying the bearer of an identification card
      have been provided wherein cryptographically encoded information on the
      card is compared to a randomly scrambled representation of a number
      privately known to the card bearer. Comparison is made by insertion of the
      identification card into a card reading means, and by manual insertion of
      the privately known number into a number receiving means such as a
      keyboard. The two numbers may be sent to a comparator on a digital basis.
      Should the comparison be exact the card holder will be positively
      identified. Such a system is disclosed and claimed in U.S. Pat. No.
      3,609,690 issued Sept. 28, 1971 and another similar system for dispensing
      money from a bank is disclosed and claimed in U.S. Pat. No. 3,588,499
      issued June 28, 1971.
PAR  The problem with these prior art personal verification systems is that they
      are relatively complex requiring a card reader to read a code number
      embossed or otherwise formed in a card. Card readers are relatively
      expensive devices. As a result, the prior systems have been too costly to
      implement, especially when a relatively large number of verifiers are
      required such as would be contemplated by widespread use of credit cards.
      That is, each merchant, filling station operator, or the like would be
      required to have a number of such units. Therefore, the cost of the prior
      art devices has heretofore been considered prohibitive.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The principal object of the present invention is the provision of an
      improved personal verification system.
PAR  In one feature of the present invention, a code word issue machine is
      provided which includes means for manually inputting a first word to an
      encoder means to produce a second word corresponding to an encoded version
      of the first word. A display means is responsive to the output of the
      encoder for displaying the second or code word, whereby the customer may
      issue to himself the code number corresponding to this privately known and
      self devised password, such password being easily remembered because it is
      of his own choosing.
PAR  In another feature of the present invention, an encoder is provided which
      includes a number of programmable stages for changing the code of the
      encoder, whereby a universal encoder design may be readily programmed to
      provide any one of a number of different codes by merely inserting an
      appropriate programming plug into the encoder which hard wires the
      universal encoding circuit in a certain manner to provide a certain code.
      A number of such programming plugs may be readily inserted for changing
      the code of the encoder.
PAR  In another feature of the present invention, a verification machine is
      provided which includes means for manually inputting first and second
      words, one of said words purporting to be an encoded version of the other.
      The verification machine includes an encoder which encodes the inputted
      password and compares it with the inputted code word to derive an output
      determinative of the truth of a match between the two compared words.
PAR  In another feature of the present invention, a verification machine
      includes a common manual inputting means, such as a keyboard or dial, for
      inputting the password and the purported code word with signal routing
      means for routing one of the inputted code words around an encoder which
      receives the password, whereby a time share of the common input terminal
      is obtained with an attendant reduction in size and cost of the
      verification machine.
PAR  In another feature of the present invention, a verification machine employs
      a telephone as a manual inputting terminal which is connected over a
      telephone link to an encoder and comparator portion of the verification
      machine at a remote location, whereby long distance verification is
      obtainable utilizing existing equipment.
PAR  In another feature of the present invention, a telephone credit card call
      is verified by having the subscriber input over the telephone to a central
      verifying machine his telephone number, password and code word. At the
      central verifier, the telephone number and password are encoded and the
      code word is compared with the encoded words to derive an output
      determinative of the truth or falsity of the match of the compared words.
      A truth output, in one embodiment, is employed for completing a circuit to
      enable the subscriber to dial his call.
PAR  In another feature of the present invention, the output of a verification
      machine of the present invention is employed for releasing a lock to
      permit access to a secure area or region upon proper verification of a
      manually inputted password and code word.
PAR  In another feature of the present invention, a recorder is provided in
      conjunction with a verifying machine of the present invention for
      recording the code word of a successful verification such that a log is
      obtained of those persons obtaining verification of a password and code
      word.
DRWD
PAR  Other features and advantages of the present invention will become apparent
      upon a perusal of the following specification taken in connection with the
      accompanying drawings wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of a code word issuing machine of the
      present invention,
PAR  FIG. 2 is a more detailed schematic block diagram of the issuing machine of
      FIG. 1,
PAR  FIG. 3 is a plan view of the housing of a code issuing machine of the
      present invention,
PAR  FIG. 4 is a logic flow chart for the code word issue machine of FIGS. 1-3,
PAR  FIGS. 5a and 5b are a simplified circuit diagram, partly in block diagram
      form, depicting the logic circuitry of the code word issue machine of
      FIGS. 1-4,
PAR  FIG. 6 is a schematic block diagram of a verification machine of the
      present invention,
PAR  FIG. 7 is a schematic block diagram of the verifying machine of FIG. 6 but
      shown in more detail,
PAR  FIG. 8 is a plant view of the housing of a verifying machine of FIGS. 6 and
      7.
PAR  FIG. 9 is a logic program flow diagram for the verifying machine of FIGS.
      6-8,
PAR  FIGS. 10a and 10b are a simplified logic circuit diagram, partly in block
      diagram form, for the verification machine of FIGS. 6-9,
PAR  FIG. 11 is a schematic diagram for the comparator circuit of FIG. 10,
PAR  FIG. 12 is a logic program flow chart for a telephone operated verification
      machine of FIGS. 6-11,
PAR  FIG. 13 is a schematic block diagram of a code word issue machine for
      issuing a code word for a telephone credit card user,
PAR  FIG. 14 is a logic program flow chart for verifying a telephone credit card
      call and employing a verification machine of FIGS. 6-11,
PAR  FIG. 15 is a logic program flow chart for caller verification at the
      central telephone office,
PAR  FIG. 16 is a schematic diagram, in block diagram form, of a lock
      incorporating the verification machine of the present invention,
PAR  FIG. 17 is a logic program flow chart for the lock of FIG. 16,
PAR  FIG. 18 is a logic program flow chart for a scheme for identification of
      property with a code word, and
PAR  FIG. 19 is a logic program flow chart for verifying ownership of property
      marked with an issued code number.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown, in schematic block diagram form,
      the code word issue machine 1 of the present invention to be employed in
      the personal verification system of the present invention. The code word
      issue machine 1 includes a manual input terminal 2, such as a keyboard,
      telephone dial or the like. The person, wishing to have issued to himself
      a code word in acccordance with his preconceived secret password, manually
      inputs the password on the keyboard 2. The password is fed to the input of
      an encoder 3 which encodes the password into an output coded word which is
      fed to a code word display 4. Thus, in its simplest terms, the code word
      issue machine 1 includes means for manually inputting a first word to
      produce a code word input corresponding to the inputted word.
PAR  As used herein, the terms "word" and "number" are interchangeable and the
      word or number may include all numerical characters, all alphabetic
      characters or a mixture of alphabetic and numeric characters. Also the
      term "encoder" may be interchanged with the term "decoder" since all that
      is required in the code word issue machine 1 is that there be a first word
      related to a second word or output word by means of a code. Either the
      first or second word may be employed as a secret password to be matched
      with the other word through the intermediary of a code.
PAR  Referring now to FIG. 2, there is shown in greater detail a functional
      block diagram of a preferred embodiment of a code word issue machine 1. In
      this embodiment, the manual input terminal 2 includes a 12 key
      alpha-numeric keyboard 2, such as a Chromeric's Model ER20070 keyboard.
      The keyboard 2 preferably has an alphanumeric format as shown in FIG. 3.
      By grouping two letters and one numeral on each of the first 10 keys, and
      by grouping three letters on each of the 11th and 12th keys, all of the
      letters of the alphabet and ten numerals may be accommodated on 12 keys.
PAR  The output of the alpha-numeric keyboard 2 is fed to a key-to-clock pulse
      translator 5 for generating a train of pulses. Each pulse train having a
      different predetermined number of pulses corresponding to a respective
      different one of each of the 12 keys of the keyboard. The output of the
      key-to-clock pulse translator 5 is fed to the input of a 24 bit feedback
      static shift register 6. The feedback shift register 6 is programmed by a
      plurality of exclusive OR gates 7 for generating a 24 bit output in
      response to each of the inputted characters. Each of the characters
      inputted to the feedback shift register 6 causes the state of the shift
      register 6 to be shifted by the predetermined number of positions
      according to the number of pulses inputted for the corresponding key.
PAR  After the word has been completely inputted to the shift register 6, the
      output state of the feedback shift register 6 is read-out to a
      multi-numeric digit 7-segment display via the intermediary of an
      octal-code programmer 8 and a 7-segment decoder 9. The decoder 9 decodes
      the octal-code to 7-segment code for display by the multi-numeric display
      4.
PAR  Referring now to FIG. 5a and b there is shown a simplified logic functional
      block diagram for the code issue machine 1. The individual keys 11 of the
      keyboard 2 are individually connectable to a grounded bus 12 by depressing
      or actuating the key. One output from each of the keys 11 is fed to the
      corresponding input of an NAND gate 13 for generating an output which
      triggers a one-shot 14 to produce a negative pulse on line 15. Each of the
      individual keys 11 is also connected to a corresponding input of a 12-bit
      latch 16, such 12-bit latch 16 being formed, for example, by three model
      9322 integrated circuits. Thus, whenever a key 11 is depressed, one of the
      lines connected with the key provides a 0 (low) signal to both the 12-bit
      latch 16 and the NAND gate 13.
PAR  The output of the NAND gate 13 fires the one-shot 14 to generate a negative
      going pulse to the parallel enable input 15 of a 12-bit UP binary counter
      17 to load the twelve bit latch contents into the 12-bit UP binary counter
      17. Initially, the 12-bit UP binary counter 17 is resting at an all 1
      state, i.e. the terminal count output is a "high" which when inverted
      through an inverter 18 provides a "low" to the count enable pulse input
      terminal of the 12-bit binary counter 17 to disable the binary counter 17.
      The binary counter 17 comprises, for example, three model 9316 integrated
      circuits.
PAR  As soon as a key 11 is depressed, a set of twelve bits is loaded from the
      latch 16 into the binary counter 17 and the terminal count on the binary
      counter 17 drops to a low which when inverted by inverter 18 produces a
      high count enable pulse causing the binary counter 17 to count from the
      loaded state up to an all 1 state which makes the terminal count high. The
      high is inverted by inverter 18 to a low which disables the binary counter
      17 to terminate the counting function. Thus, the output of the inverter 18
      is a high pulse of a duration corresponding to the time it takes the
      binary counter 17 to count clock pulses from the state loaded into the
      binary counter to a terminal all 1 state. Thus, the operating time of the
      counter 17 is a function of the bit state loaded into the binary counter
      17, which in turn depends upon which one of the individual key 11 was
      depressed.
PAR  The output of the inverter 18 is also fed to one input of a NAND gate 19 to
      which the output of the clock generator 21 is also connected. Thus, the
      NAND gate 19 serves to gate the clock pulses to the input of a 24-bit
      shift register 22. The number of clock pulses which are gated to the shift
      register 22 is dependent upon the duration of the count of the binary
      counter 17. The 24-bit shift register 22 may comprise, for example, six
      model 9300 integrated circuits.
PAR  Thus, the NAND gate 13, one-shot 14, latch 16, binary counter 17, clock
      generator 21, inverter 18 and gate 19 serves to form the key-to-clock
      pulse translator 5 as described above with regard to FIG. 2. The output of
      the key-to-clock pulse translator 5 is a train of pulses with the number
      of pulses in each train corresponding to the particular key actuated on
      the alpha-numeric keyboard 2.
PAR  A plurality of exclusive OR gates 23 are hard wired into the 24-bit shift
      register 22 in the conventional manner to provide a plurality of feedback
      paths to the input of the 24-bit feedback shift register 22 for
      pseudo-randomizing the states of the register 22. The 24-bit shift
      register 22 is initialized to an all 0 starting state by depressing an
      interrogate switch 25 (see FIG. 3) which grounds the input of a one-shot
      multi-vibrator 26, which in turn toggles a flip-flop 27. The Q output of
      flip-flop 27 is toggled from a low to a "high". The "high" fires a second
      one-shot multi-vibrator 28, the negative output pulse of which is fed to
      the MR terminal of the shift register 22 to reset the shift register 22 to
      an all 0 state.
PAR  The Q corresponding low output of the flip-flop 27 is connected via lead 31
      to the high side of a light emitting diode 32 for grounding the high side
      of the light emitting diode 32, thereby extinguishing the diode 32 which
      is a NOT READY indicator on the front panel of the issue machine 1 (see
      FIG. 3). Thus, when the NOT READY light is extinguished this gives a ready
      indication to the customer or operator to start entering his password on
      the keyboard 2.
PAR  As the individual keys 11 are depressed the corresponding numbers of pulses
      are generated and fed to the 24-bit shift register 22 for encoding. Thus,
      upon entering all the letters of the password the 24-bit shift register 22
      will be in a final state corresponding to the encoded version of the
      particular password that has been entered.
PAR  The output of the 24-bit shift register 22 is wired into the input of a
      24-bit input multiplexer 35 by means of a hard wire program that may be
      changed as desired, as more fully described below. In a typical example,
      the 24-bit input multiplexer 35 comprises three model 9312 integrated
      circuits. An output of the clock generator 21 is fed to one input a binary
      counter 36, such as a model 9356 I.C. for generating three binary outputs
      on terminals Q1, Q2 & Q3. The three outputs of the binary counter 36 are
      fed to the three control input terminals of the multiplexer 35. The three
      outputs of the binary counter 36 are also fed to the input of a one-of-10
      decoder 37, such as a 9301 integrated circuit. Eight of the outputs of the
      one-of-10 decoder 37 are fed to an eight character strobing driver 38
      which serves to drive the eight character numeric display 4.
PAR  The output of the 24-bit shift register 22 is grouped into eight octal
      number three bit groups wherein each octal number is derived from each
      three bit group output of the shift register 22. There are a minimum of
      6,072 combinations available. Each different combination can be
      implemented as one unique code. The three bit octal code group output of
      shift register 22 and multiplexer 35 is adapted to eliminate any ambiguity
      in a 7-segment numerical display 4. The digit octal code groups are
      multiplexed to a 7-segment decoder 39 from the output of the twenty four
      input multiplexer 35. The output of the 7-segment decoder 39 is fed to the
      input of a 7-segment driver 41 such as a 9307 integrated circuit. And the
      output of the 7-segment driver 41 is fed to the input of the eight
      character numeric display 4.
PAR  When the interrogate switch 25 was initially operated to extinguish the NOT
      READY light 32 and to reset the 24-bit shift register 22 to an all 0
      state, a high output from the flip-flop 27 was fed through an inverter 42
      to the RBO control terminal of the 7-segment decoder 39 to disable the
      decoder and to disable the eight character numeric display 4 during the
      time the operator is inputting the password into the 24-bit shift register
      22.
PAR  After the password has been inputted, the operator again actuates the
      interrogate switch 25 which energizes the one-shot 26 to change the state
      of the flip-flop to a low on terminal Q and a high on terminal Q. The high
      on terminal Q energizes the NOT READY light. The low on terminal Q is
      passed through the invertor 42 to the RBO input of the 7-segment decoder
      39 thereby enabling the decoder 39 to cause the output of the multiplexer
      35 to be strobed by the binary counter 35 into the eight character numeric
      display 4 for displaying the code word corresponding to the inputted
      password.
PAR  After the password has been issued or read from the display 4, the
      interrogate switch 25 is again actuated which causes the flip-flop 27 to
      shift to a high on terminal Q and a low on terminal Q, thereby turning out
      the NOT READY light 32 and resetting the shift register 22 to all 0's.
      Code issue machine 1 is then again in a condition to have a new password
      inputted to the keyboard 2.
PAR  There are a number of places in the encoder circuitry of FIG. 5 where
      insertion of a programming plug will serve to hard wire different elements
      together in a different pattern to result in changing the code of the
      encoder. More particularly, such a programming plug may be inserted
      between the 12-bit latch 16 and the 12-bit UP binary counter 17 to
      effectuate a change in the code of the encoder. A second place where a
      programming plug may be inserted for changing the code is in the hard wire
      program between the 24-bit shift register 22 and the 24-bit input
      multiplexer 35. The code may also be changed by a programming plug
      inserted between the 24-bit shift register 22 and the exclusive OR gates
      23 for changing the connections therebetween and the program of the
      feedback shift register 22. The program of the encoder may also be changed
      by a programming plug inserted between the multiplexer 35 and the
      7-segment decoder 39 or between the 7-segment decoder 39 and the 7-segment
      driver 41. Thus, it is seen that the code of the encoder of FIG. 5 may be
      changed by substitution of a different programming plug serving to change
      the hard wire connections at five different stages in the encoder. A logic
      flow chart for the code word issue machine of FIG. 5 is shown in FIG. 4.
PAR  Referring now to FIG. 6, there is shown a verification machine 45
      incorporating features of the present invention. The verification machine
      45 includes a manual input terminal 2 the output of which is fed to a
      signal routing control 46 for routing the manually inputted password to
      the encoder 3 to derive a corresponding code word. The actually encoded
      code word is fed to one input of a comparator 47 for comparison with the
      manually inputted code word routed by signal routing control 46 around the
      encoder 3 to the other input of the comparator 47.
PAR  In the comparator 47, the code word is compared with the encoded password
      to derive an output indicative of the truth or falsity of the match
      between the password and the purported code word. The truth output of
      comparator 47 is fed to a true or false indicator 48, thereby verifying or
      not verifying that the operator is in possession of a valid password and
      corresponding code word.
PAR  Referring now to FIG. 7, there is shown a block diagram similar to that of
      FIG. 6 but in slightly greater detail. Verifier machine 45 is similar in
      many respects to the code word issue machine 1 of FIG. 2. More
      particularly, the same identifying numbers have ben employed to identify
      the same elements in both machines. Thus, the output of the twelve
      position alpha-numeric keyboard 2 is fed to the signal routing control 46.
      When the password is being manually inputted the signal routing control 46
      feeds the password to the key-to-clock pulse translator 5 for generating a
      train of pulses. Each pulse train has a certain number of pulses
      corresponding to the particular key 11 actuated on the keyboard 2. The
      pulse trains are thence fed to the input of a feedback shift register 6
      programmed by exclusive OR gates 7, as previously described in the encoder
      of FIG. 2.
PAR  After the password has been inputted into the feedback shift register 6,
      the interrogate switch 25 is depressed to change the signal routing
      control 46 for routing the next code word into a buffer shift register 51.
      After the code word has been inputted into the buffer shift register 51,
      the interrogate switch 25 is again actuated to energize a parallel binary
      comparator 47 for comparing the state of the feedback shift register 6
      with the state of the buffer shift register 51. If the states in the
      registers 6 and 51 are identical, the output of the comparator 47 is a
      "true" match which actuates the "true" portion of the "true" or "false"
      indicator 48. However, if the output of the comparator 47 is a false match
      the false portion of the true or false indicator 48 is activated.
PAR  Referring now to FIG. 10, there is shown a simplified logic block diagram
      for the verifier machine 45 of the present invention. The verifier machine
      45 is similar in many respects to the code word issue machine 1, as
      previously describe with regard to FIG. 5. The same reference numerals
      have been employed for identifying similar portions of the two circuits.
      Thus, the verifier machine 45 includes the 12-position input keyboard 2
      and the key-to-clock pulse translator 5. The output of translator 5 is fed
      to the feedback shift register 6 which is programmed by a number of
      exclusive OR gates 7.
PAR  The verifier machine 45 includes three operating system states. A "customer
      entry" state, a "clerk entry" state, and a "go", "no-go" display state.
      The interrogator switch 25 is utilized to toggle the state of the verifier
      machine 45 from one state to the next by successively depressing the
      single interrogate switch 25.
PAR  A mode 3 counter 53 is connected to the output of the interrogator switch
      25 such that upon each depression or actuation of the interrogate switch
      25 the mode 3 counter 53 counts to the next higher state. In the first
      state, the output of the mode 3 counter 53 is fed to the input of a
      decoder 54 which decodes the binary input from the counter 53 to actuate
      the first output line of the decoder with a low for extinguishing the NOT
      READY light emititing diode indicator 32.
PAR  A 1 output from the first output line of the decoder 54 is also fed to a
      gate 55 in the key-to-clock pulse translator 5 for gating the output of
      the latches 16 into the 12-bit UP binary counter 17. Thus, in the first
      operating state (customer entry mode), actuation of the keys 11 causes the
      corresponding password to be entered into the feedback shift register 6,
      as previously described with regard to FIG. 5.
PAR  After the customer has entered his password, he depresses the interrogate
      switch 25 to cause the counter 53 to count to the next higher count and
      the decoder 54 to decode that count for actuation of the second output
      line to put the verifier in the second or clerk entry operating state.
      This state also produces a low on the first output line of the decoder 54
      which when inverted by inverter 50 excites the NOT READY indicator light
      32 and disables the translator gate 55 such that keying of the keyboard
      does not transfer information into the feedback shift register 6.
PAR  Each of the keys 11 of the keyboard 2 is also connected to a respective
      input of a 12 key position-to-octal converter 56 (see FIG. 10b), such as a
      model 9318 integrated circuit. The three outputs of the 12 key
      position-to-octal converter 56 are fed to the input of a
      parallel-to-serial converter 57, such as a model 9300 integrated circuit.
      The parallel-to-serial converter 57 is also connected to a 20-bit shift
      register 58, such as five additional model 9300 integrated circuits. Thus,
      the parallel-to-serial converter 57 and the 20-bit shift register 58, when
      connected in this manner, form a complete 24-bit shift register.
PAR  A shift clock control 59 has its output connected to a control input of the
      parallel-to-serial converter 57 and of the 20-bit shift register 58. In
      this manner each three bit word entered into the parallel-to-serial
      converter 57, upon actuation of the clock control, shifts the contents
      three bits to the right to receive the next three bit word.
PAR  The three bit shift control 59 employs one input from the second output
      line of the decoder 54 and a third input from the output of the one-shot
      multivibrator 14 in the key-to-clock pulse translator 5. Thus, upon
      actuation of a key 11, when the system operating state is in the clerk
      entry mode each depression of a key 11 causes the corresponding coded
      output from the octal converter 56 to be fed into the bottom of the 24-bit
      shift register formed by the connection of the parallel-to-serial
      converter 57 and the 20-bit shift register 58. Thus, each of the clerk
      keyed input characters is successively fed into the 24-bit shift register
      51.
PAR  After the clerk has entered the code word, the clerk depresses the
      interrogate switch 25 causing the module 3 counter 53 to shift to the next
      count which is decoded by decoder 54 for actuation of the third output
      line of the decoder 54 with a high such that the state on line 3 is
      changed from a low to a high.
PAR  The 24-bit encoded password state of the feedback shift register 22 is
      connected to one input of a 24-bit array of exclusive OR gates 61 within
      the parallel comparator 47. The array of 24 exclusive OR gates 61 is shown
      in FIG. 11. Also, respective outputs of the 24-bit buffer shift register
      51 are also fed to the other input of the 24-bit arrayed exclusive OR
      gates 61. The exclusive OR gates 61 are arranged so that the first bit
      from each of the 24-bit shift registers 22 and 41, respectively, are
      compared in the first exclusive OR gate and the second corresponding bits
      from each of the shift registers is compared in the second exclusive OR
      gate, and so forth. When the two inputs to each of the corresponding OR
      gates are the same, then the output for a "truth" match at output of the
      respective exclusive OR gates is a low. The output of each of the
      exclusive OR gates 61 is fed through a respective hex inverter 62 and
      thence to a common bus 63. If there is exact correspondence between every
      bit in the 24-bit shift register 22 and the 24-bit buffer shift register
      51, all of the outputs of the exclusive OR gates will be low to produce a
      high truth output on but 63 which is thence fed to a NAND gate 64 which
      produces a low output for actuation of the go light emitting diode 65,
      thereby energizing the true indicator light 65 on the face of the
      verification machine 45 of FIG. 8.
PAR  The low output of NAND gate 64 is also fed to a second NAND gate 66 for
      comparison with the low output on line three of the decoder 54 to produce
      a high output at gate 66 which causes a second light emitting diode 67,
      indicative of a false, to be extinguished. False indicator light 67 is
      also shown on the face of the verification machine 45 (see FIG. 8).
PAR  If the output of any one of the exclusive OR gates is high, this is
      inverted by the corresponding hex inverter 62 as a low for grounding the
      output bus 63 to produce a low thereon. A low on bus 63 is converted by
      the first NAND gate 64 to a high which causes the true light emitting
      diode 65 to be extinguished and the high output of NAND gate 64 is thence
      fed to the input of the second NAND gate 66 which when compared with the
      other low input from the third state of the decoder 54 produces a low for
      lighting the false light emitting diode 67.
PAR  After the true or false indication has been obtained, the operator
      depresses the interrogate switch 25 which shifts the module 3 counter 53
      by one step which is decoded by decoder 54 and changes the third output
      line to a low and the first output line to a 1 to extinguish the NOT READY
      light 32 and to actuate the one-shot multivibrator 28 which resets the
      password shift register 22 for all 0's. The verification machine is now
      back to the customer entry state. A program logic flow chart for the
      verification machine is shown in FIG. 9.
PAR  Referring now to FIG. 12 there is shown the program logic flow chart for a
      verification machine for verifying a person's identify over a telephone
      line. The system uses the verification machine 45 of FIG. 10a and b with
      slight modifications. The modifications include a telephone patch for
      patching the telephone to the verification machine 45 such that the dial
      or touch tone keyboard of the telephone may be employed as a substitute
      for the 12 position keyboard 2 in the verification machine 45. Also
      special tones, of a duration of 2 seconds or more are utilized to actuate
      the interrogate switch 25 of the verification machines to switch the
      operating state of the verification machine between the three operating
      states, namely, customer entry, clerk entry, and display states.
PAR  To start the verification phase, which normally could follow the order of
      merchandise, stock or the like, the person wishing to verify himself picks
      up the hand set from the telephone and dials in a number which will patch
      his telephone into the verification machine. The customer listens to the
      phone receiver and if the connection is made to the verification machine a
      high pitch tone is present for a few seconds and the verification machine
      45 is now linked by telephone lines to the customer.
PAR  The customer then depresses one of the keys on the keyboard of the
      telephone, such as the UVW, key for more than two seconds. This tone is
      picked up by a detector in the verification machine 45 and causes the
      verification machine to assume the first operating state, namely, the
      customer entry state. The customer then keys in his password. If the touch
      tone keyboard of the telephone does not utilize the same key format as
      that of the verification machine 45, an overlaying keyboard format may be
      supplied to the customer for this purpose.
PAR  After the customer has keyed in his password, he presses a second key for
      more than two seconds, for example, he depresses the XYZ key, thereby
      signaling the end of the password. When the telephone was patched into the
      verification machine the keyboard of the telephone was substituted for the
      keyboard of the verification machine by means of a simple switching
      network. Upon signaling the end of the password, the second tone actuates
      the modulus 3 counter 53 to switch the decoder 54 to the second operating
      system state, namely, the clerk entry state. The clerk then enters via his
      own keyboard on the verification machine 45 the customer's code number.
      Upon completion of the clerks entry of the customer's code number, the
      clerk presses the interrogate switch 25 to switch the verification machine
      into the third operating state, namely, the display state. The clerk then
      observes whether there was a true match between the customer's code number
      and the customer entered password. If he obtains a true match, the person
      has properly verified himself over the telephone and the clerk may honor
      his order. The clerk then depresses the interrogate switch and switches
      the verification machine 45 into the customer entry state.
PAR  Referring now to FIG. 13, there is shown a logic flow chart for an encoding
      scheme for issuing a telephone credit card number to a customer in
      response to the customer's desired password. More particularly, the
      customer combines his 7-digit telephone number with a desired password,
      such as "bluesky" to obtain the combined password. The password is then
      inputted into the code word issue machine 1 of FIG. 1 to issue the credit
      card code word, such as 7346. This code word is then printed on the
      telephone credit card. The telephone number of the customer may also be
      printed on the telephone credit card. However, the customer's password,
      such as "bluesky" is not printed on the card but retained in his memory.
PAR  Referring now to FIG. 14 there is shown the program logic flow chart for
      placing a credit card call. To place the call, the subscriber picks up the
      hand set and dials in a certain phone number to patch his telephone into a
      storage register in a telephone central office system as shown in FIG. 15.
      When he has patched into the registers of the central office, he obtains a
      high pitch tone and then he can start to enter his password, code word,
      and phone number. He first generates a beginning synchronizing character,
      such as by pressing the UVW key of a touch tone system for more than 2
      seconds. This is picked up in the central office and actuates a switching
      circuit in the central office to store the first password in a password
      register. The subscriber then dials in the password and it is entered in
      the password register. After dialing the last character of his password,
      he again actuates the ending synchronizing character which maybe the same
      UVW key for more than 2 seconds. This is picked up in the central office
      and switched into the telephone line at the central office the telephone
      number storage register. The subscriber then dials in his 7-digit user's
      telephone number. After entry of the telephone number, he again actuates
      an ending synchronizing character by pressing the UVW key for more than 2
      seconds. This is detected at the central office and switches the user's
      telephone into the code number register. The subscriber then dials in the
      code number.
PAR  After dialing in the code number, the subscriber presses the ending
      synchronizing character key such as the XYZ key for more than two seconds.
      This then activates the central office equipment to read out the password
      and 7-digit telephone number into the verification machine 45. After
      reading out the password and telephone number into the verification
      machine the equipment at the telephone central office reads out the code
      number by the signal routing control 46 into the comparator 47 for
      comparison with the output of the 24-bit shift register 22 to derive a
      true or false output. If a true output is obtained, the central office
      equipment issues a signal, such as a high pitch tone to authorize the
      call. It also connects the subscribers line to a communication system for
      proper operation and billing. If a false indication is obtained from the
      verification machine 45, the central office euqipment issues a no-go
      signal to the subscriber. Assuming that a true verification signal was
      obtained the switching equipment transfers the customer's 7-digit
      telephone number and code number from the corresponding register storage
      into the billing machine for proper billing of the customer.
PAR  Referring now to FIGS. 16 and 17, there is shown a lock and logic program
      flow chart therefor employing features of the present invention. More
      particularly, the verification machine 45 has its true output fed to the
      input of a driver 71 which drives a solenoid 72 of a lock mechanism. In
      operation, the person seeking entry to a locked region depresses one of
      the keys of the keyboard for more than three seconds or, in the case of
      the verification machine 45, depresses the interrogate switch 25. The
      operator then enters his password via the keyboard 2. He then depresses
      the interrogate switch 25 for switching to the second state and enters his
      code word. He then depresses the synchronizing key or interrogate switch
      25 to obtain a comparison between the encoded password and the code word,
      if there is a truth match then the output is fed to the driver 71 for
      releasing the solenoid of the lock.
PAR  In some cases, it may be desirable to maintain a log of persons unlocking
      the lock and including on the log the time of entry. Accordingly,
      referring now to FIG. 10, page 1, the verification machine 45 is modified
      to include a recorder. More particularly, a delay 73 is connected to the
      third output line of the decoder 54 for delaying the output signals
      derived on the third line and indicative of a shift to the third or
      display state. This delay may be on the order of a few seconds in order to
      allow time for the display to indicate a true or false match and, in the
      case of a lock, to allow the solenoid to operate and the operator to enter
      the locked region.
PAR  On termination of the delay period the output of the delay 73 is fed to one
      input of a gate 74 for gating at least 24 clock pulses derived from the
      clock generator 21 into the 24-bit shift register 22 for shifting the
      contents of the shift register in a serial manner out of the shift
      register 22 into a digital recorder and clock recorder 75. The time
      recording function of the recorder 75 may be obtained by a digital clock
      incorporated in the recorder thereon. The recording medium is advanced by
      a clock mechanism. The binary output of the 24-bit shift register 22 is
      serially recorded on the recording medium and can later be decoded and
      read out to obtain the code number for the person gaining entry as well as
      the time of entry.
PAR  Referring now to FIGS. 18 and 19 there is shown a scheme for verifying the
      ownership of property. Referring now to FIG. 18 a code number is issued to
      the property owner by having the owner go to the police station or by
      telephoning the police station and providing his password. The password is
      manually entered into a code word issue machine 1 and the code word is
      issued to the property owner. The property owner then marks his property
      with the code number.
PAR  Once the lost property has been located, ownership is verified through use
      of a verification machine 45 as shown in FIG. 19. More particularly, the
      owner of the property enters his password in the verification machine 45.
      The police enters the coding word appearing on the property. If there is a
      true match this verifies the ownership of the property, if ther is a false
      match there is an indication that this property does not belong to the
      purported owner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of operating a personal verification system including
      encoding means and code word input means coupled to the encoding means for
      verifying the authority of an individual to complete transactions on the
      basis of the combination of an individual code word which is peculiar to
      the individual, a secret code word which need only be known to the
      individual and a compiled code word which is derived from the other of the
      code words, the method comprising the steps, performed in selected
      sequence, of:
PA1  preparing a logical encoding status in accordance with a selected logical
      combination of both the individual code word and a secret code word
      received from the individual prior to verification of his authority to
      complete a transaction;
PA1  encoding the combination of both the individual code word and the secret
      code word received from the individual in accordance with said logical
      encoding status to produce a compiled code word therefrom;
PA1  preparing a record of said compiled code word for subsequent use in
      verifying the authority of the individual to complete a transaction;
PA1  applying to the code word input means of the system both an individual code
      word for identifying the individual attempting to complete a transaction
      and a secret code word from such individual;
PA1  preparing a logical encoding status in the encoding means of the system in
      accordance with said logical combination of both the individual code word
      and secret code word applied to the code word input means of the system;
PA1  encoding the combination of both the individual code word and the secret
      code word applied to the code word input means in accordance with said
      logical encoding status prepared in the encoding means of the system to
      produce a corresponding compiled code word therefrom;
PA1  comparing said corresponding compiled code word with the compiled code word
      from said record for the authorized individual having such individual code
      word; and
PA1  controlling completion of the transaction in response to the comparison of
      the compiled code word from said record with said corresponding compiled
      code word produced from the applied individual code word and secret code
      word received from the individual attempting to complete the transaction.
NUM  2.
PAR  2. The method according to claim 1 wherein in the steps of encoding, the
      individual's code word and secret code word are encoded without disclosure
      to other persons.
NUM  3.
PAR  3. The method according to claim 1 wherein said step of preparing the
      record includes supplying the compiled code word to the authorized
      individual; and including the step of:
PA1  applying such individual's compiled code word to the code word input means
      in the course of attempting to complete a transaction; and
PA1  said step of controlling completion of the transaction is performed in
      response to the comparison of the compiled code word introduced from the
      record of such individual with said corresponding compiled code word
      produced by the encoding means from the secret code word and individual
      code word received from the individual.
NUM  4.
PAR  4. The method according to claim 3 for consummating a credit transaction
      wherein:
PA1  said steps of preparing a logical encoding status includes in the same
      selected sequence:
PA1  introducing the individual's code word
PA1  introducing the individual's secret word; and including the step of:
PA1  applying the individual's compiled code word to the code word input means;
PA1  for performing in selected sequence said steps of:
PA1  producing said corresponding compiled code word in the encoder means for
      comparison with the compiled code word entered on behalf of the
      individual; and
PA1  controlling consummation of said credit transaction and debiting therefor
      the individual identified by said individual code word in response to said
      comparison.
NUM  5.
PAR  5. The method of verifying the authority of an individual to complete a
      credit transaction according to claim 4 using the digit-entry switching
      means of a telephone as the code word input means, wherein the steps of
      entering the individual's code word, the individual's secret code word and
      the compiled code word include manually manipulating the digit-entry
      switching means of a telephone in selected sequence; and
PA1  in the step of comparing, the corresponding compiled code word which is
      produced by the encoding means from the code word and the secret code word
      entered on behalf of the individual is checked for parity with the
      compiled code word entered on behalf of the individual as an indication of
      the authority of the individual to complete the attempted credit
      transaction.
NUM  6.
PAR  6. Apparatus for verifying the authority of an individual to complete a
      transaction on the basis of logical manipulation of an individual's
      identifying code word, his secret code word and an encoded word logically
      derived from at least one of such code words, the apparatus comprising:
PA1  encoding means providing a variable encoding operation which is a function
      of the logical combination of a pair of code words applied thereto for
      producing an encoded word therefrom in accordance with said encoding
      operation which is also determined by said pair of code words;
PA1  input means coupled to said encoding means for applying thereto an
      individual's identifying code word and the individual's secret code word
      as said pair of code words during the course of a transaction for
      providing said encoding operation therefrom in accordance with said
      logical combination of the applied individual's identifying code word and
      secret code word, said encoding means producing said encoded word in
      accordance with said encoding operation from the applied individual's
      identifying code word and secret code word;
PA1  means providing an encoded word prepared by encoding the combination of the
      authorized individual's identifying code word and secret code word in
      accordance with a variable encoding operation which is determined by said
      logical combination of the authorized individual's identifying code word
      and secret code word; and
PA1  means for comparing said encoded word prepared for the authorized
      individual with the encoded word produced during the course of a
      transaction to complete the transaction with respect to said individual's
      identifying code word in response to comparison of said encoded words.
NUM  7.
PAR  7. Apparatus as in claim 6 wherein said input means further includes means
      for applying said individual's identifying code word to said encoding
      means in the same selected sequence with respect to input of the
      individual's secret code word to produce said encoding operation and
      encoded word therefrom as the sequence by which the encoding operation and
      encoded word were prepared from the combination of the authorized
      individual's identifying code word and secret code word.
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PAL  Application Note -- Teledyne Corporation, "Locomotive Management Data
      Recording System," Feb. 1969.
PAL  "Train Handling Tape Recorder," Progressive Railroading, May-June, 1973.
LREP
FR2  Lidd; Francis J.
ABST
PAL  A tape recorder module vehicle operation data, on-board. The module is
      removed from the vehicle and data is played back at a ground station. A
      telecommunication link exists with a remote data processing system for
      processing the played back data.
PARN
PAR  The following is a divisional application of patent application 379,371
      filed July 16, 1973, now U.S. Pat. No. 3,864,731, for the same inventor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to data processing systems, and more
      particularly to a system for recording vehicle data on board and
      telecommunicating the recorded data from a ground station to a remote data
      processing station.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  Many vehicular data recording systems have evolved during the years, in
      particular those applied to railroad locomotives where the primary
      objective was to monitor a locomotive engineer's operations. The classic
      method used incorporated analog transducers which detected the occurrence
      of particular events, such as dynamic braking, speed conditions over a
      reference level, and other emergency conditions. Usually, the transducers
      were connected to AC amplifiers which then drove a multiple channel strip
      chart recorder. The classic system incorporated a great deal of expensive
      hardware that had to be constantly calibrated. In addition, the
      reliability of such units was relatively low. The greatest disadvantage
      was the long length of charts that had to be analyzed by trained persons.
      As will be appreciated, the process is extremely laborious and does not
      readily lend itself to automation.
PAR  A more recent recording system for locomotives is known in the trade as
      LODAR. This is an analog system for recording speed, distance and
      particular events. As in the case of the previously mentioned analog
      system, the LODAR system lacked reliability due to the relative complexity
      of the many components used in the system. However, the LODAR system made
      use of data processing. By this we mean that information was recorded by
      the system and then transmitted to a computer that digested and analyzed
      the data.
PAR  Unfortunately, the LODAR system depended upon a special data terminal for
      communicating the data to a computer. Accordingly there was a lack of
      compatability between the LODAR system and readers that were available at
      the railroads.
PAR  Other prior art systems include the concept of recording on board the
      locomotive and then using a mini-computer for editing data and analyzing
      data. Unfortunately, installation of these mini-computers on the
      locomotives is a costly proposition and is thus impractical.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention utilizes a digital system for recording speed,
      distance, and preselected events. The types of data recorded by the
      present invention is the same types of data that were previously recorded.
      The invention resides in the digital technique and related hardware that
      is employed to accomplish data recording. By using digital methods, the
      hardware of the invention is greatly simplified thus increasing the system
      reliability. In addition, the digital methods evidence the recording of
      data with great accuracy.
PAR  A further advantage of the present invention resides in the compression of
      data on a magnetic tape. More particularly, if the system fails to detect
      changes in locomotive speed, or other events, rather than wasting tape and
      registering non-occurence, a tape recorder in the system is not actuated
      so that a minimum of tape is used. This compresses or compacts data onto
      the magnetic tape, and as a result, when feed back occurs, there will be
      no "silent" intervals.
PAR  Although generally similar systems for recording data have been known, as
      exemplified by U.S. Pat. No. 3,158,426, the particular application of such
      systems to surface transportation vehicles is novel.
PAR  In marked contrast to the prior art, the present invention incorporates a
      tape recorder module with tape reels incorporated therein. After recording
      data, the module is plugged into a playback unit which transmits data from
      the recorded tape, through a telecommunications terminal, to a data
      processing center. In a preferred embodiment of the present invention, the
      terminal is not on the vehicle, such as a locomotive, but is rather at a
      ground dispatch station. Such stations are prevalent in our railroad
      system and usually incorporate a telecommunications terminal. Such
      terminals may be of the Teletypewriter type. By recording data on the
      tape, in accordance with a conventional code, the terminal may be employed
      to transmit the data to a data processing center which can analyze and
      format the data in report form that is easily understood by railroad
      personnel.
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PAR  The above-mentioned objects and advantages of the present invention will be
      more clearly understood when considered in conjunction with the
      accompanying drawings, in which:
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a system block diagram of the recording portion of the present
      invention.
PAR  FIG. 2 is a logic block diagram of the present invention which illustrates
      the circuitry employed to record speed, distance, and other preselected
      events.
PAR  FIG. 3 is a block diagram of circuits in the present invention that causes
      actuation of a tape recorder.
PAR  FIG. 4 is a schematic block diagram illustrating the playback mode of the
      recorded data. As will be noted, the data is transmitted to a computer for
      data editing and analysis.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENT INVENTION
PAR  Referring to the figures, and more particularly FIG. 1 thereof reference
      numeral 1 generally denotes a tape recorder module that includes a drive 2
      and recorder heads 3 for multiple channel recording. The module 1 is so
      constructed that the entire unit can be plugged into and out of the
      remainder of the system. An event sensor 4 detects the occurrence of
      certain conditions on a vehicle. For example, on a locomotive, if dynamic
      braking occurs, the sensor 4 will detect this condition and form a
      corresponding coded character stored in register 5. An axle pickup 6
      generates signals at the rate of 30,000 per mile. A distance counter 7
      accumulates the signals produced by the pickup 6 and transmits the
      distance data to the recorder heads 3. The data from pickup 6 is also
      transmitted to a speed measurement circuit 8. The recorder heads 3 are
      provided with inputs connected to the event sensor 4 and the output of the
      speed measurement means 8. If either an event occurs or the speed changes
      as the axle pickup generates sequential signals, or a maximum distance is
      reached, the gate 9 is enabled thus actuating the recorder drive 2.
      However, if neither an event occurs nor the speed changes, the drive will
      not be actuated and the tape shown at 7a will not be moved. As a result,
      tape is conserved during non-occurrences. This effects compression and
      minimizes the amount of tape that is used to record data from the system.
      Also, playback of the tape and subsequent data processing requires a
      minimum amount of time inasmuch as "silent" intervals are absent.
PAR  FIG. 2 illustrates in block diagram form the circuitry utilized to register
      the occurrence of speed, distance and particular events.
PAR  An axle pickup 10 is mounted to the wheel of the vehicle and generates a
      signal at the rate of 30,000 pulses for each mile of vehicle travel. This
      distance is exemplary only. The pickup may be of a conventional type such
      as manufactured by Electro-Products, Inc. This type of pickup is of the
      magnetic type that senses the rotation of gear teeth connected to the
      vehicle wheel. A second type of pickup is manufactured by Vapor
      Corporation and is known in the trade as the End of Axle Pickup. The
      signal from the pickup consists of a pulse generated 60 times for each
      revolution of the vehicle wheel. A pulse shaping circuit 12 conditions the
      signal from pickup 10. The output from the pulse shaper 12 is fed to a
      conventional binary counter 14 which is incorporated in a integrated
      circuit chip. As an example, Texas Instrument Unit 7493 may be employed.
      In an operating embodiment, the type of logic used throughout the system
      is T.sup.2 L logic such as exemplified by Texas Instrument series 7400
      circuits. The counter 14 will accumulate a particular count from the axle
      pickup 10 and pulse shaper 12, after the vehicle has traversed a distance
      of one-twentieth mile. In the preferred embodiment of the present
      invention, counter 14 is an 11 stage counter. The last two stages of the
      counter will contain binary ones when the counter has accumulated a count
      of 1536. An AND gate 15 has its two inputs connected to the 10th and 11th
      stages of counter 14. The gate is enabled when the count of 1536 occurs.
      The output 18 from the gate 15 is connected to a clock 16, the line 18
      carrying a start signal for the clock 16. A timing circuit generally
      indicated by reference numeral 17 includes a programmable unijunction
      oscillator 17a having its output connected to the counter 17b. When a
      start signal is present on line 18, the clock will produce a pulse after
      the counter 17b has been incremented to a preselected count.
PAR  By way of example, the axle pickup 10 generates 60 pulses per revolution of
      the vehicle wheel to which it is connected. The counter includes a count
      divider to divide the pulses at the input to the counter by a factor of 4.
      As a result, four revolutions of the vehicle wheel are required to obtain
      a count of 60. At 60 miles per hour, a locomotive wheel travels 88 feet
      per second. Typically, the locomotive wheel is 10 feet in circumference.
      This means that after four revolutions, the locomotive has travelled 40
      feet. The time required to traverse the forty feet distance is obtained by
      calculating 40/88 = 0.455 seconds (15/33 seconds).
PAR  This means that the clock 16 should generate a single pulse having a width
      equal to 0.455 seconds. This can be obtained by having the counter 17b
      accumulate a count of 15 from the unijunction oscillator 17a before the
      signal from clock 16 is generated. With the clock pulse being 0.455
      seconds, the count accumulated in the first nine stages of counter 14 will
      equal the speed of the locomotive at the time AND gate 15 is enabled,
      starting clock 16 and comparator 20.
PAR  A delay 19 is connected between line 18 and a reset terminal in the counter
      14. The purpose of the delay is to enable readout from the counter 14 to
      the comparator 20 and the shunt connected speed register 22.
PAR  After an enabling pulse is transmitted from clock 16 to the comparator 20,
      a comparison is made between present speed in counter 14 and the speed of
      the vehicle as it existed during a previous clock cycle. If the speeds are
      equal within 1 mile per hour, no output occurs. If there is a difference
      in speed by at least 1 mile, an output from the comparator becomes
      energized and latch type flip-flop 24 is set thereby creating a print
      function signal PF.sub.1 at 26. The occurrence of signal 26 will initiate
      the system tape recorder as will be explained hereinafter.
PAR  The output from clock 16 is fed along lead 30 to distance counter 28. The
      clock output is also connected to delay 32 which causes an update of the
      speed register 22. More particularly, the data stored in counter 14 will
      be shifted to speed register 22 once an enabling pulse is received from
      delay 32. This occurs immediately preceding reset of counter 14. The
      distance counter 28 has an output at 34 which counts the number of
      sequential increments of one-twentieth mile. When clock 16 generates a
      pulse, the distance counter 28 will parallel dump the count therein into
      register 36. The register 36 will include data corresponding to the
      distance travelled by the locomotive during the last one-twentieth of a
      mile. Upon the application of a shift signal to the register 36, as
      explained hereinafter, the register will readout the data contained
      therein on distance line 38 which is the distance the locomotive has
      travelled since the last speed change. The data for the speed measurement
      is available on lead 78 from the speed register 22.
PAR  Up to this point, the system has been explained in terms of measuring speed
      and distance. However, these parameters will not be recorded by the system
      unless the speed has changed during subsequent one-twentieth of a mile
      intervals, or if a particular event has occured.
PAR  Typical events for a locomotive that are recorded include the occurence of
      dynamic braking, the setting of the power control throttle, the switching
      of the direction lever between forward and reverse, or other emergency
      conditions. Typically, a sensor 40 is connected to a related section of
      the locomotive. For example, an appropriate sensor could be connected to
      the dynamic braking circuitry of the locomotive. When dynamic braking
      current exists, the sensor 40 is energized and causes the connected latch
      42 to generate an event signal on line 43. The event signal is loaded into
      a preselected stage of event register 44. Similarly, if a locomotive is
      switched to a reverse setting, a signal will be generated on line 46 and a
      respective stage of the event register 44 will be set. The input to the
      event register includes other leads shown by dotted lines to indicate the
      connection of other event sensors. The event register 44 has an output
      lead 76 which will serially readout the data contained in the register,
      stage by stage. Certain stages will contain a binary 1 indication if a
      respective event has occurred. Data in the register 44 is readout when a
      shift occurs on the indicated shift line. The generation of the shift
      signal on this line will be explained hereinafter.
PAR  Although the previous discussion mentions that the system will not record
      if there are no speed changes, or events do not occur, this is not
      precisely the case. Means are built into the system to cause recording of
      data in the event the vehicle has travelled 11/2 miles without any events
      occurring or speed changes occuring. A counter 50 has its input connected
      by lead line 48 to the output of the distance counter 28. When the
      distance counter 28 has counted 11/2 miles without events or speed changes
      occurring, it will set a latch flip-flop 52 that generates a print
      function signal PF.sub.2 at 53. As will be appreciated later, the
      occurrence of this signal will cause an automatic recording of data from
      the event register 44. However, if a vehicle is travelling a long distance
      without events occurring or speed changes occuring, rather than having a
      long length of tape to be analyzed, the data is compressed because
      recording has only occurred every one and a half miles. Accordingly, data
      compression has truly occurred.
PAR  Up to this point, the system has been discussed to explain the generation
      of event signals and speed-distance data. FIG. 3 illustrates that portion
      of the circuit which energizes the tape recorder of the system to record
      these events and measurements.
PAR  Referring to FIG. 3 an OR gate 56 is provided to detect the occurrence of
      either print function PF.sub.1 (54) corresponding to 26 in FIG. 2,
      PF.sub.2 (53), or the occurrence of an event such as 43. The output from
      gate 56 provides a first input to the AND gate 58, along with an input 60
      from the clock 16. Upon the simultaneous occurrence of an input to gate 56
      and a timing pulse along clock line 60, an output occurs at the gate 58 to
      set the latch 62. Once the latch 62 is set, the write clock 64 sends out
      regular pulses to the pulse shaping network 66 that provides sharply
      defined pulses to the tape drive 68. The tape drive 68 utilizes a stepping
      motor to increment the tape in a magnetic tape recorder module 69. The
      module may be unplugged from its connection with the remainder of the
      system for purposes to be described hereinafter.
PAR  The write clock 64 has its output serving a second function in addition to
      advancing the tape of the module 69. The second function is to provide a
      shift signal 72 to the speed register 22 (FIG. 2), the event register 44,
      and the distance register 36 (FIG. 2). When a shift signal is applied on
      line 72 to the registers 22, 36, and 44, the data contained in these
      respective registers are shifted out serially to respective inputs of
      multi-channel magnetic tape heads 80, which also form part of the magnetic
      tape recorder module 69. The heads 80 illustrate four inputs (38, 70, 76,
      78) for four channels of recording. However, as will be appreciated this
      is merely exemplary. In an operating version of the present invention, a
      greater number of channels could be used. The shift line 72 is connected
      in shunt with lead 70 to provide a synchronizing input to the magnetic
      tape heads 80. Thus, the tape will have data channels recorded thereon,
      along with a channel of synchronizing pulses that alternate in polarity to
      effect a sequential train of alternating binary ones and zeroes. The
      synchronizing track is important to synchronize the channels of data
      during playback, to be discussed hereinafter.
PAR  The mini-tape recorder module may be of the type commercially available
      from the Borg-Warner Corporation.
PAR  FIG. 4 illustrates the playback mode for the tape recorder contained within
      the module 69. It will be noted that the recorder module is initially
      installed in the system of the present invention, on board a vehicle. In
      one intended use of the invention, the tape recorder module is removed
      from this system when the vehicle comes to a rest stop. The module is then
      delivered to a ground dispatch station while a second tape recorder module
      is installed in the system for further data recording on board the
      vehicle. FIG. 4 illustrates the dispatch station as being generally
      indicated as STATION. At this station is a playback unit 82, that accepts
      the output signal from module 69, for playback. A plug in jack 86 is
      schematically illustrated to illustrate the plug-in connection between the
      module 69 and the playback unit 82. The playback unit 82 is then connected
      with a conventional telecommunications data terminal 84, such as
      Teletypewriter. The data terminal has an output 88 that is connected to
      telephone lines, in a well known manner. At the opposite end of the
      telephone lines is a receiver terminal that may use a conventional modem
      90 that has its output connected to a data processing system or computer
      92. The computer is programmed to accept the data fed thereto and by means
      of an edit routine, the data may be analyzed and prepared in report form.
      The data that is recorded on the tape and then played back, as shown in
      FIG. 4, may be encoded in accordance with the conventional ASCII code.
      This type of code transmission is conventional in telecommunications data
      terminals.
PAR  After the data has undergone data processing, a final printout report may
      be constructed that furnishes analysts with a data analysis that they are
      used to. As will be appreciated, by using the plug-in module, it is a
      simple matter for a vehicle operator to remove the module 69 with data
      contained on its tape. Thereafter, the data may be transmitted to the data
      processing system anywhere in the nation, as long as the ground station to
      which the module is delivered, has a compatible telecommunications data
      terminal 84. Inasmuch as a majority of telecommunications data terminals
      have standardized outputs, utilizing the ASCII code, this doesn't present
      a problem.
PAR  It should be understood that the invention is not limited to the exact
      details of construction shown and described herein for obvious
      modifications will occur to persons skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle data recorder-playback system comprising:
PA1  a portable tape recorder module for recording and playing back vehicle
      engineering operation data, the module including;
PA2  a. a self-contained magnetic tape,
PA2  b. magnetic tape head means contacting the tape for reading data in and out
      of the tape,
PA2  c. means for driving the tape across the head means,
PA1  a ground station including;
PA2  d. playing back means removably connected with the module for controlling
      data playback,
PA2  e. connector means located on the module and the playing back means for
      facilitating insertion and removal of the module from the playing back
      means, and
PA2  f. means connected to the output of the playing back means for
      communicating played back data to a remote data processing station.
NUM  2.
PAR  2. The subject matter set forth in claim 1 wherein the communicating means
      comprises a telecommunication data terminal connected to a first end of
      phone lines.
NUM  3.
PAR  3. The subject matter set forth in claim 2 together with a modem connected
      at a second end of the phone lines for reconstructing the played back
      data.
NUM  4.
PAR  4. The subject matter set forth in claim 3 together with a computer
      connected to the modem output for processing the reconstructed data.
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PAL  Solid state circuitry for a coin operated terminal adapted to be located
      remotely from a data base is described. The circuitry includes timing
      devices for limiting the duration during which the terminal can be used
      upon receipt of a coin and for returning a coin to the customer in the
      event no data is received from the data base.
PAL  The terminal is provided with a communications modem and interrogator for
      accessing the data base. During the interval in which communications is
      being initiated, the terminal keyboard is locked out of operation so that
      the customers cannot accidentally disrupt or scramble the interrogator
      signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to computer terminals and more particularly to the
      provision of a terminal having access to a remote data processor over
      communication lines which the general public may use by actuating with
      coins, checks or the like.
PAR  Although many systems have been devised for utilizing a central data
      processor with remotely located terminals connected through communication
      lines or the like, I am unaware of any prior terminal wherein members of
      the general public can obtain access to computerized information through
      the use of a coin or check controlled terminal. There are numerous types
      of information which could be stored in a computer and accessed to
      advantage by the general public. As examples, such information could
      include updated stock market prices, weather reports, costs and features
      of various goods and services, and sports information. Data bases are in
      existence, such as for stock market information, but prior to this
      invention the information was made available only to those who purchased
      or had leased terminals. U.S. Pat. Nos. 3,652,795, 3,656,148 and 3,716,835
      are exemplary of the more typical systems.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a terminal which a member of the general public can
      utilize for a limited period of time. The preferred form of the invention
      utilizes a conventional coin accepter. When a proper coin is inserted into
      the accepter, the terminal is energized to initiate communication with a
      remote or central computer or data processor. When a response is first
      received from the data processor, a timer is energized which maintains the
      terminal operative and on line with the processor. When the timer times
      out, communication with the data processor is discontinued. During the
      interval in which the terminal is on line with the processor, a customer
      may, using the terminal keyboard, request information from the processor
      and the processor responses are displayed in any suitable fashion.
      Preferably the display would be in the form of a cathode ray tube.
      However, other types of displays could be utilized. Because access to the
      processor may occasionally be unobtainable, such as would be the case if
      there is a failure in the communication lines or if the processor is down
      or otherwise unavailable, a timer located at the terminal is provided to
      energize a device which, in the case of a coin operated terminal, would
      return the coin to the customer. This timer is energized when the coin is
      first inserted in the coin accepter and remains energized until it either
      times out and thus causes the coin to be returned or until the coin is
      accepted. The coin is accepted in the event communication is established
      with the data processor. At the same time the coin return timer is
      disabled.
PAR  Further in accordance with this invention, the terminal preferably has a
      standard communication modem for encoding and decoding information
      transmitted between the terminal and the computer or data base. Codes are
      inserted into the terminal by a standard keyboard. When a terminal is
      first activated, an interrogator device is energized. As conventional, the
      interrogator device has a preset code transmitted to the remote computer.
      During the interval in which the terminal itself is generating a code, the
      keyboard in accordance with this invention is locked out of operation so
      that there will be no confusion in the code. As understood by those
      skilled in the art, the code generated by the terminal functions to signal
      the computer to start communicating and to identify the particular
      terminal which is being used.
PAR  The terminal control circuitry including the aforementioned timers may be
      used with terminals without coin accepters or the like. In general the
      timing circuitry can be incorporated in terminals which are to be used for
      a predetermined limited period of time following each activation thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the apparatus of this invention.
PAR  FIG. 2 is a portion of the circuitry illustrated in block form in FIG. 1
      and particularly the terminal controller circuitry which interconnects the
      coin accepter with the terminal communications and display circuits.
PAR  FIGS. 3 and 4 are sets of curves useful in understanding this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a block diagram of a complete terminal assembly
      generally designated 10 made in accordance with this invention. The
      terminal assembly 10 may include a housing (not shown) for a coin accepter
      generally designated 12, terminal controller circuitry generally
      designated 14, and terminal communications and display circuitry generally
      designated 16. The mechanical construction and physical appearance of the
      terminal 10 are unimportant to this invention. The terminal, for example,
      could have an appearance quite similar to the desk unit 20 shown in FIG. 1
      of above mentioned U.S. Pat. No. 3,656,148.
PAR  The coin acceptor 12 as diagrammed in FIG. 1 preferably includes a coin
      identifier 18 which senses the presence of a proper coin and which, if
      such coin is sensed, permits the coin to mechanically activate a switch
      20. The coin accepter 12 further includes a first solenoid 22 energized
      upon receipt of information by the terminal 10 described below, causing
      the coin to be deposited in a box (not shown). A second solenoid 24 is
      energized in the event the coin is to be returned as also will be
      described below. With reference to FIG. 2, the solenoids 22 and 24 may be
      mechanically connected to a plate or the like device 26 which, as those
      familiar with coin accepters will understand, is used to direct a coin to
      either a return chute (not shown) or to the coin deposit box.
PAR  Here it should be noted that the presently preferred embodiment of the
      invention contemplates the use of a conventional coin accepter 12.
      Obviously other coin or check controlled devices could be used. For
      example, a card identifier could be used in lieu of the coin accepter 12
      which would be actuated by insertion of a credit card or the like into a
      slot. In such case the switch 20 would be replaced by a suitable
      electronic switch energized upon receipt of verification of the credit
      card identity. Also in such case the solenoids 22 and 24 would be replaced
      by circuitry which would transmit data to a central location for
      accounting purposes. Since credit card systems of this type are known,
      none is described in detail herein.
PAR  The terminal communications and display circuitry 16 may be entirely
      conventional and thus are not described in detail herein. As illustrated
      in FIG. 1, the communications and display circuitry 16 may include an
      automatic telephone dialer 28, a communication modem 30, a keyboard 32, a
      data base interrogator 34, a transceiver 36, a display control 38 and a
      display 40. The automatic dialer 28 is utilized if needed to dial the
      remote telephone exchange at which the data processor or computer (not
      shown) is located. Of course, if the terminal 10 is hard wired to the
      remote unit, an auto dialer would not be needed.
PAR  Modem 30 is used to convert signals sent to the remote data processor to
      signals capable of transmission over telephone lines and is also used to
      convert incoming signals to signals usable in the terminal 10. The
      keyboard 32 includes touch keys or the like for encoding into the terminal
      10 the nature of the information requested. For example, if this invention
      were used in a stock market information retrieval system, the keyboard 32
      could be used to encode the identity of various stocks.
PAR  The data base interrogator 34 converts signals received from the keyboard
      32 to signals of a character recognized by the remote data processor.
      Interrogator 34 may also be used to produce coded signals which identify
      the particular terminal 10 that is being used. Signals generated or
      converted by interrogator 34 are transmitted to the data processor by the
      transceiver 36 which, as diagrammatically illustrated in FIG. 1, is
      connected to modem 30 so that the signals are compatible with telephone
      line transmission. Here it may be noted that the modem 30 may be
      completely standard or it could be specially designed depending upon the
      modem used at the data processor. Also it may be noted that the system
      with which the terminal 10 is usable need not be dependent upon telephone
      line transmission; other forms of communication could be used.
PAR  The display controller 38 is triggered into operation upon receipt of
      signals by the transceiver 36 from the remote data processor. Display
      controller 38 may include, for example, banks of shift registers (not
      shown) for controlling the display 40. The display 40 may take any
      convenient form such as an array of incandescent readout devices, a
      cathode ray tube, or a printer.
PAR  In accordance with this invention, the controller circuitry 14 provides
      timing functions especially designed to enable operation of the
      communication and display circuitry 16 under control of the coin accepter
      12. With reference to FIG. 1, the controller 14 includes circuits
      identified as a communications initiator circuit 42, a usage control
      circuit 44, an on-line timer 46, a coin accept relay driver 48 triggered
      by the timer 46, a coin return timer 50, a pulse generator 52 and a coin
      return relay driver 54.
PAR  The coin accept relay driver 48 and the coin return relay 54 are connected
      to the coin accept solenoid 22 and the coin return solenoid 24,
      respectively, these items being connected to a common 110 volt line. As
      will be described below, the coin accept relay driver 48 energizes the
      coin accept solenoid 22 when a signal is first received from the remote
      data processor. The coin return solenoid 24 is energized by its driver 54
      in the event no information is received from the data processor within a
      predetermined time interval. The coin accepter 12 is otherwise connected
      to the terminal controller 14 by line connection between the coin
      activated switch 20 in the accepter 12 and the communications initiator
      circuit 42 in the controller circuitry 14. All other elements of the
      controller circuitry 14 are interconnected and/or connected to the
      communications and display circuitry as will now be described in
      connection with both FIGS. 1 and 2.
PAR  As illustrated in FIG. 2, all of the DC components of terminal 10 may be
      energized from a common power supply 56. When a coin is first sensed by
      the switch 20, the switch 20 is closed to provide a path to ground. The
      switch 20 is only momentarily closed so that a momentary negative signal
      is created in the circuit line between the switch 20 and the initiator 42.
PAR  The initiator 42 includes a RS flip-flop generally designated 58 consisting
      of a first NAND gate 60 and a second NAND gate 62, each having an input
      terminal tied to the output terminal of the other. Switch 20 is directly
      connected to a second input terminal of the first NAND gate 60 and a third
      NAND gate 64, wired as an inverter, is connected to a second input
      terminal of the second gate 62. A NAND gate is a commercially available
      logic circuit element well known in the art which requires a high or logic
      1 signal on each of the input terminals to produce a low or logic 0 signal
      upon the output terminal thereof. Following conventional practice, the
      output of the flip-flop 58 appearing at the output of the first NAND gate
      60 is identified by the symbol "Q", and the output appearing at the second
      NAND gate 62 is identified by the symbol "Q". This circuitry 42 is
      referred to as a communications initiator because the output Q, upon
      receipt of the signal resulting from momentary closure of switch 20, goes
      from the low logic state to the high logic state and remains at the high
      logic state until communications are established with the remote data
      processor at which time it returns to the low logic state. Since the
      output Q is connected to the dialer 28 and the modem 30, both the dialer
      28 and the modem 30 are energized when the output Q of the flip-flop 58
      rises to the high logic state.
PAR  Although the output Q of flip-flop 58 is connected to the keyboard 32, it
      does not energize the keyboard 32 when it rises to the high logic state.
      Rather, the connection of the output of the first NAND gate 60 to the
      keyboard 32 is an inverse type of connection wherein the keyboard 32 is
      rendered inoperative while the output Q is at the high logic state. Such
      may be accomplished, for example, by triggering an NPN transistor (not
      shown) at the input to the keyboard 32 which would ground the base of
      another NPN transistor (not shown) connected in series between the
      keyboard and its power source, thereby making the keyboard inoperative. As
      will become apparent, the locking out of the keyboard is a temporary
      condition which is removed when communication is first established with
      the remote data processor. The locking out of the keyboard 32 is preferred
      during the period in which communication with the data processor is being
      initiated because operation of the keyboard during this interval may
      interfere with the establishment of communications.
PAR  The output Q of the second NAND gate 62 is connected to an input terminal
      of a fourth NAND gate 66 which is connected with a fifth NAND gate 68 to
      form a second RS flip-flop generally designated 70. The other input
      terminal of the fifth NAND gate 68 is connected to the output terminal of
      a sixth NAND gate 72. As described below, the sixth NAND gate 72 is
      controlled by the on-line timer 46 and the coin return timer 50.
PAR  Usage control 44 is so named because the output Q of the second flip-flop
      70 rises to its high logic state when switch 20 is first closed and
      remains in the high logic state until communication with the data
      processor is interrupted, as will be described below, or until the coin
      which closed switch 20 is returned as will also be described below.
      Flip-flop 70 output Q is connected to the keyboard 32, the data base
      interrogator 34, and the transceiver 36 to render all of these circuits
      energized or operative throughout the entire usage period. Although the
      keyboard 32 is energized, it is temporarily rendered inoperative as
      discussed above during the interval in which communication with the data
      processor is being initiated.
PAR  Closure of switch 20 also energizes the coin return timer 50 because, as
      illustrated, the output Q of the first flip-flop 58 is connected to the
      coin return timer 50. More particularly, as illustrated in FIG. 2, the
      output of the first NAND gate 60 appears at the input to a seventh NAND
      gate 74 wired as an inverter. NAND gate 74 is the input to a timing
      circuit including a timing capacitor 76 and a timing resistor 78. The
      capacitor 76 and the resistor 78 are connected in series with a PNP
      transistor 80 biased by resistors 82 and 84 to be conductive at all times.
      The PNP transistor 80 is used, as conventional, to cause the capacitor 76
      to charge at a nearly linear rate. Except when the input to the seventh
      NAND gate 74 is at a high logic state, the base of a control transistor
      (NPN) 86 is at a high potential. The control transistor 86 is thus
      conductive and provides a short path to ground around the timing capacitor
      76, preventing it from charging. When the output Q of the first flip-flop
      58 rises to its high logic state, the output of the inverter NAND gate 74
      is triggered to a low logic state whereupon the control transistor 86 is
      rendered non-conductive and the timing capacitor 76 begins to charge at a
      rate controlled by the timing resistor 78 and the PNP transistor 80.
PAR  The timing components 76, 78 and 80 are connected in series to the emitter
      of a unijunction transistor 88. If the timing capacitor 76 is permitted to
      charge to a potential sufficient to cause the unijunction transistor 88 to
      become conductive, the capacitor 76 will then discharge through the
      unijunction transistor 88. A positive signal is then generated which is
      directly coupled to the base of yet another NPN transistor 90, the
      collector of which is connected to the input of a monostable multivibrator
      92 that forms part of the pulse generator 52. As illustrated in FIG. 2,
      the monostable multivibrator 92 is circuit connected as a pulse generator
      and functions simply to convert the abrupt output signal of the
      unijunction transistor 88 to a usable width pulse. The monostable
      multivibrator 92 has two output terminals. The output terminal which goes
      to 0 or low logic state is connected to one of the input terminals of the
      sixth NAND gate 72. The output terminal which goes to the 1 or high logic
      state is connected to the input of the coin return relay driver 54.
PAR  With continued reference to FIG. 2, the return relay driver 54 includes a
      relay 94 having normally open contacts. Relay 94 is energized to cause its
      contacts to close when an NPN transistor 96 becomes conductive to provide
      a path to ground through the coil of relay 94. As apparent, the transistor
      96 becomes conductive when its base is placed at a high potential as a
      result of the aforedescribed operation of the monostable multivibrator 92.
      Closure of the contacts of relay 94 closes the circuit for the coin return
      solenoid 24, thereby causing the coin to be returned.
PAR  The values of the timing capacitor 76 and the timing resistor 78 are so
      selected that ample time will be provided for communication to be
      established between the terminal 10 and the remote data processor prior to
      energization of the coin return solenoid 24. In the event communication is
      established, a pulse or signal is promptly generated by the display
      controller 38 through the output thereof which is connected to the on-line
      timer 46. As conventional, the signal generated by the display controller
      38 may be triggered upon receipt of the first data by a shift register
      forming part of the display controller 38. With reference to the lower
      right hand portion of FIG. 2, this signal appears at the input terminal of
      an eighth NAND gate 98 wired as an inverter, the output terminal of which
      is connected to the input terminal of a second monostable multivibrator
      100 to which a timing capacitor 102 and a timing resistor 104 are
      connected. The signal received by the eighth NAND gate 98 from the display
      controller 38 is a positive going signal converted by the NAND gate 98 to
      a negative going signal. The monostable multivibrator 100 is selected to
      be of a type which is triggered by the positive going edge of a negative
      pulse. Therefore, as soon as the trailing edge of the signal is received
      from the output of the NAND gate 98, the low output terminal of the second
      monostable multivibrator 100 is triggered to its logic 0 or low state.
      This output terminal of the monostable multivibrator 100 is connected to
      an input terminal of the sixth NAND gate 72. The other output terminal of
      the monostable multivibrator 100 is connected to the coin accept relay
      driver 48. The latter output terminal is raised to its logic 1 or high
      state upon receipt of a pulse from the eighth NAND gate 98. Accordingly,
      the base of an NPN transistor 106 is raised to a positive potential
      rendering the transistor 106 conductive to provide a path to ground for
      the coil of a relay 108 having normally open contacts which are closed to
      energize the coin accept solenoid 22. As will be described below, the
      pulsing of the monostable multivibrator 100 forming part of the on-line
      timer 46 also causes the control transistor 86 to become conductive
      thereby resulting in discharge of the timing capacitor 76. The control
      transistor 86 remains conductive until the end of the operation of the
      terminal. Therefore, the coin return solenoid 24 will not be operated
      after communication has been established with the remote data processor
      and the coin accept solenoid 22 has been energized.
PAR  With continued reference to the on-line timer 46 depicted in FIG. 2, the
      timing capacitor 102 and the timing resistor 104 are connected to the
      monostable multivibrator 100 in a manner well known in the art to provide
      a predetermined time interval following receipt of the pulse from the
      display controller 38 during which its 0 output and its 1 output remain at
      the low and high logic states, respectively. After such predetermined time
      interval, the output terminals of the monostable multivibrator 100 reverse
      their logic states and again, as later described, the terminal 10 will be
      turned off.
PAR  Because the 1 output terminal of the monostable multivibrator 100 remains
      at its high logic state for an extended time interval, and because it
      would be undesirable to maintain conduction through the coil of the relay
      108 for that time interval, the signal appearing at the input of the
      accept relay driver 48 is differentiated by a capacitor 110 and resistors
      112 and 114 whereupon the coil of relay 108 is energized by only a
      momentary pulse.
PAR  With reference to FIGS. 1, 2 and 3, the normal operation of the terminal 10
      is as follows. When a proper coin is inserted in the coin accepter 12, a
      negative going pulse shown in curve 3A is generated by closure of switch
      20. Therefore, the input to the first NAND gate 60 from switch 20 goes to
      its 0 or low logic state. Inasmuch as the output of a NAND gate is
      invariably at 1 or its high state when either input is at the 0 or low
      state, the output Q of the NAND gate 60 is triggered to its high state
      upon closure of switch 20 as is illustrated in curve 3B.
PAR  At this time both input terminals of the second NAND gate 62 are at their
      high logic state and the output Q thereof is at 0 (curve 3C). One of the
      input terminals of the NAND gate 62 is at its high state because it is
      connected to the output terminal of the first NAND gate 60. The other
      input terminal to the second NAND gate 62 is at its high state because the
      0 output of both monostable multivibrators 92 and 100 are at their high
      states since neither monostable has received a signal. Accordingly, the
      output of the sixth NAND gate 72 is at 0 and this output is inverted by
      the third NAND gate 64. As already discussed, when the output Q of the
      first flip-flop 58 first rises to its high logic state, the dialer 28 and
      the modem 30 are energized to initiate communication with the remote data
      processor and the keyboard is temporarily locked out of operation.
PAR  When the output Q of the first flip-flop 58 drops to its low state, the
      output Q of the second flip-flop 70 is thereby driven to its high state
      (curve 3D) and the keyboard 32, the data interrogator 34 and the
      transceiver 36 are thereby energized.
PAR  Simultaneously with the aforedescribed triggering of the communications and
      display circuit components, the appearance of a positive going pulse from
      the output Q of the first flip-flop 58 at the input to the seventh NAND
      gate 74 in the coin return timer circuitry 50 initiates the timing
      operation described above which, if not interrupted by a shorting of the
      capacitor 76 by the transistor 86, will ultimately result in triggering of
      the unijunction transistor 88. However, in normal operation, as
      illustrated in curve 3F, communication is established with a remote data
      processor and the aforementioned positive going pulse is generated by the
      display controller 38, which is inverted by the eighth NAND gate 98 to a
      negative going pulse applied to the input of the monostable multivibrator
      100 in the on-line timer 46. The 0 output thereof is triggered to its low
      logic state by the trailing or positive going edge of the negative going
      pulse received from the output of the eighth NAND gate 98 as shown in
      curve 3G. This is accompanied as shown in curve 3H by a simultaneous rise
      in the output of the 1 terminal to its high logic state which, as already
      described above, causes energization of the coin accept solenoid 22 under
      control of the coin accept relay driver 48.
PAR  The dropping of the 0 terminal output of the on-line monostable
      multivibrator 100 causes the output of the sixth NAND gate 72 of the usage
      control circuitry 44 to go to its high logic state. This output is
      inverted by the third NAND gate 64 in the communication initiator network
      42 which, in accordance with NAND gate operation, results in the output Q
      of the first RS flip-flop 58 to rise to its high logic state. As soon as
      the output Q rises to its high logic state and the switch 20 remains open,
      these elements being the inputs to the first NAND gate 60, the output Q of
      the first RS flip-flop 58 drops to logic 0 as indicated in curve 3B. The
      effect of the dropping of the output Q of the first RS flip-flop 58 to
      logic 0 upon the communications and display circuitry 16 is to unlock the
      keyboard 32. The same event could discontinue operation of the dialer 28
      but dialers conventionally include circuitry for automatically
      discontinuing the dialer operation when communication is established. The
      operation of the modem 30 is unaffected because modems are designed to
      remain operable when communication is established.
PAR  The dropping of the output Q of the first flip-flop 58 to logic 0 also
      causes the interruption of the coin return timer 50. This is because the
      input to the seventh NAND gate 74 drops to a low logic state whereupon its
      output goes high. The control transistor 86 is thereby rendered conductive
      and the timing capacitor 76 discharges through the control transistor 86
      before becoming charged to a level at which operation of the unijunction
      88 would be triggered. Therefore, curve 3I illustrates the voltage on the
      capacitor 76 dropping abruptly to logic 0 when the 0 output terminal of
      the monostable multivibrator 100 drops to logic 0. For this reason, curve
      3J shows that the unijunction transistor 88 never varies from its logic 0
      state and curves 3K and 3L illustrate that the 0 output terminal of the
      coin return monostable multivibrator 92 remains at its high logic level
      whereas its 1 output terminal remains at its low level.
PAR  When communication is established, the user of the terminal may now encode
      information by use of the keyboard 32 and obtain information from the
      remote data processor during the predetermined time interval in which the
      0 output terminal of the on-line monostable multivibrator 100 remains at
      its low logic level. As noted above, this predetermined time interval is
      determined in part by the values of the timing capacitor 102 and the
      timing resistor 104. As soon as the on-line timer 46 has timed out, the 0
      output terminal of the monostable multivibrator 100 rises to its high
      logic state. Accordingly, the output of the sixth NAND gate 72 in the
      usage control circuitry 44 drops to logic 0. The output Q of the second
      flip-flop 70 rises to its high state and its output Q drops to 0.  The
      transceiver 36 is thereby de-energized, interrupting communication with
      the data processor. The keyboard 32 and the data base interrogator 34 are
      also de-energized. As conventional, modem 30 is self de-energized when
      communication is interrupted.
PAR  The curves of FIG. 4 illustrate the operation of the terminal 10 in the
      event of failure to establish communication with the remote data processor
      for an extended period of time. Such event may result, for example, from
      busy telephone circuits or the data processor is unable to accept any
      inquiry for any reason, a disruption of the communication lines, or
      malfunctioning of parts of the terminal communications and display
      circuitry 16. Curve 4A is identical to curve 3A and again represents the
      negative going pulse generated by closure of the switch 20 when a proper
      coin is inserted in the coin accepter 12. The initial portions of curves
      4B, C, D and E are identical to curves 3B, C, D and E because precisely
      the same events will occur at the flip-flops 58 and 70 when switch 20 is
      closed. Thereafter the curves differ because no signal is received by the
      on-line timer monostable multivibrator 100 from the display controller 38.
      Accordingly, curves 4F, 4G and 4H are straight lines.
PAR  Under the conditions illustrated in FIG. 4, the capacitor 76 as shown in
      curve 4I continues to charge until its charge is sufficient to trigger the
      operation of the unijunction transistor 88 as shown in curve 4J. (Those
      familiar with unijunction transistors will realize that the pulse width
      shown in curve 4J has been exaggerated for purposes of illustration.) As
      previously described, the pulse generated by the unijunction transistor
      88, which is inverted and amplified by the transistor 90, appears at the
      input of the pulse generator monostable multivibrator 92. Therefore, its 1
      output terminal rises to its high logic state and the coin return relay
      driver 54 is energized to cause the coin return solenoid 24 to operate
      whereupon the coin is returned to the customer.
PAR  The signal appearing at the input terminal of the pulse generator
      monostable multivibrator 92 also causes its 0 output terminal to drop to
      its low logic state. Accordingly, the output terminal of the sixth NAND
      gate 72 in the usage control circuit 44 rises to its high logic state with
      the result that the output Q of the second flip-flop 70 drops to its low
      logic state for the same reasons discussed above. The dialer 28, modem 30
      and transceiver 36 are thus turned off and further effort at communication
      with the data processor is discontinued.
PAR  As shown in the right side of FIG. 4, the condition of both outputs of the
      first flip-flop 58 is changed upon the leading edge of the pulse generated
      by the output terminal 0 of the pulse generator monostable multivibrator
      92. The same is true of the output Q of the second flip-flop 70. This
      result is obtained because the first flip-flop 58 is directly controlled
      by the output of the sixth NAND gate 72 in the usage control circuitry 44.
      For the same reason, the output Q of the fifth NAND gate 68 forming part
      of the second flip-flop 70 drops to 0 but, since this output is applied to
      the input of the fourth NAND gate 66, its output Q will momentarily remain
      at its high state until the trailing edge of the 0 terminal pulse of the
      monostable multivibrator 92 goes positive.
PAR  From the foregoing description it is seen that a terminal is provided
      suitable for coin operation using standard, inexpensive circuit components
      and a coin return is provided in the event of malfunction or the failure
      to function. Integrated circuit components are readily adapted to the
      circuitry described above. For example, dual monostable multivibrator
      devices are available so that one integrated circuit chip can be used to
      provide both of the elements 92 and 100. Part No. MC667 marketed by
      Motorola Semiconductor Products, Inc. of Phoenix, Ariz., is an example of
      such a chip. Motorola Part No. MC672 is a device consisting of four
      2-input NAND gates. Two such devices could be used to provide the eight
      NAND gates.
PAR  It is contemplated that the coin return timer would time out in a
      inquiries. of minutes, typically on the order of three minutes, so that
      customers would not be unduly delayed while awaiting the establishment of
      communications with a remote data processor. In some systems, such as hard
      wired systems, where establishment of communications with a data processor
      could be expected within a few seconds, the coin return timer would
      preferably be designed to time out within, say, a minute. The on-line
      timer 46 would permit communication between the terminal 10 and the remote
      data processor for so long as may be economically feasible considering the
      value of the coin or coins, or checks, used. Experience with one system
      indicates that terminal on-line time of 30 to 45 seconds is satisfactory
      for obtaining computer responses to three or four inquires.
PAR  Certain of the signals produced by the circuit component may readily be
      adapted to perform functions in addition to those described above. For
      example, the positive going signal generated at the output Q of the first
      flip-flop 58 could be used to energize other displays which could indicate
      mode of operation, notify the user that an effort is being made to reach
      the remote data processor, or the like. Any of the signals generated as a
      result of triggering by the signal received from the display controller 38
      shown in curve 3F could be used to cause the display 40 or some other
      display (not shown) to indicate that communication has been established.
PAR  Although the presently preferred embodiment of this invention has been
      described, it will be understood that within the purview of this invention
      various changes may be made within the scope of the appended claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A terminal adapted for communication with a remote data processor
      comprising
PA1  terminal communication means including a transceiver and a modem for
      communicating with the data processor,
PA1  display circuit means for displaying information received from the data
      processor,
PA1  switch means,
PA1  and controller circuit means,
PA1  said controller circuit means including communication initiator means
      responsive to said switch means energizing said terminal communication
      means and said display circuit means to initiate communication with said
      data processor,
PA1  first timer means energized upon actuation of said switch means and
      de-energized upon receipt of communications from the data processor for
      de-energizing said terminal communication and display circuit means in the
      event communication with said data processor is not initiated within a
      predetermined time interval,
PA1  on-line timer means energized upon receipt of communication from said data
      processor,
PA1  and means responsive to said on-line timer means when said timer means
      times out to discontinue communication with said data processor.
NUM  2.
PAR  2. The terminal of claim 1 wherein said switch means is coin or other check
      controlled.
NUM  3.
PAR  3. The terminal of claim 1 wherein said switch means is coin controlled and
      said controller circuit means further includes coin return driver means
      energized when said first timer means times out, and circuit means for
      de-energizing said first timer means upon receipt of communication from
      said data processor whereby said coin return driver means is not energized
      in the event communication with said data processor is established.
NUM  4.
PAR  4. The terminal of claim 1 further including a manually operable keyboard
      for encoding information for transmission to said data processor and
      electric circuit means connecting said on-line timer means to said
      keyboard for preventing operation of said keyboard except during the
      interval during which communications with said data processor is
      established.
NUM  5.
PAR  5. In a system for enabling members of the general public to receive
      information from a remote data processor, terminal means having
      communications means including a transceiver and a modem for communicating
      with the remote data processor, display means for displaying information
      received from the data processor, accepter means including switch means
      actuated upon detection of a coin or other check, circuit means energized
      by actuation of said switch means for initiating operation of said
      transceiver means and said modem, means for detecting receipt of
      information from the remote data processor and controlling the operation
      of said communications means to limit the information receivable by said
      terminal means upon each actuation of said switch means.
NUM  6.
PAR  6. The system of claim 5 wherein said means detecting receipt of
      information comprises timer means energized upon first receipt of
      communication from the data processor for discontinuing communication with
      the data processor following a predetermined time interval.
NUM  7.
PAR  7. The system of claim 5 wherein the terminal means further includes a
      manually operable keyboard for encoding information for transmission to
      the data processor, electric circuit means connecting said keyboard to
      said means for detecting receipt of information and preventing operation
      of said keyboard except during the intervals in which communications is
      established with the data processor.
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ABST
PAL  A single parallel bus interconnects the various portions of a central
      processing unit. Data transmission between the various portions of the
      processor is based on sequential use of the common bus, and is
      synchronized by control circuitry. Circuit means are included for
      providing access of the various portions of the processor to the bus, and
      includes means for generating data on the bus for transmission, and for
      detecting data transmitted by the bus. To minimize access time to the bus
      whenever data is to be transmitted, means are provided for precharging the
      bus to a reference potential and then selectively discharging the bus to
      correspond to the data to be transmitted. In a different aspect of the
      invention a common bus is used to transmit data between the processor and
      computing equipment separate from the processor. In this aspect of the
      invention, circuitry is provided for detecting current on the bus
      corresponding to data, and for amplifying this current to a suitable
      level, and then generating a voltage suitable for transmission by the bus.
PARN
PAR  This is a continuation of application Ser. No. 176,670, filed Aug. 31,
      1971.
BSUM
PAR  The present invention pertains to computing systems in general, and more
      particularly to bus circuits for interconnecting various elements of a
      computing system.
PAR  Numerous combinations of CPU's and external memory are available in
      industry, respectively offering a variety of advantages such as size,
      speed, cost, etc. Recently it has become particularly advantageous,
      especially from a cost viewpoint, to utilize a memory circuit that
      includes predominantly insulated-gate-field-effect-transistor devices. For
      most applications the memory must be compatible with
      transistor-transistor-logic (TTL) circuits. Problems typically associated
      with such a memory system relate to speed of operation, flexibility of
      use, and general size, it being desirable to reduce the area of
      semiconductor material required for the systems. From a fabrication and
      reliability viewpoint, it is desirable to minimize the number of external
      interconnections between various chips in the system.
PAR  A particular problem relating to computing systems involves external bus
      circuits and techniques to read data from these buses and write data on
      them. The problem is compounded by the fact it is desirable to have the
      flexibility of adding additional memory units to the bus without adding
      more interface circuitry.
PAR  Additionally, in a computing system where the central processor unit is
      formed on a single chip and a common bus is utilized to interconnect the
      functional elements of the CPU, such as a parallel arithmetic logic unit,
      internal memory, instruction register, etc, the time required to generate
      signals on the bus must be minimized to optimize speed of operation. For
      such a system it would be advantageous to precharge the bus and
      selectively discharge it (since using insulated-gate-field-effect
      transistors, a capacitive load can be discharged much faster than it can
      be charged).
PAR  Accordingly, an object of the invention is to provide a computing system
      having an improved bus system.
PAR  A further object of the invention is to provide a circuit for sensing the
      current in the external bus and generating the voltage clock signals for
      sourcing the bus.
PAR  In accordance with the invention a computing system includes a central
      processing unit interconnected by a common external bus with a plurality
      of memory units. Circuitry is connected to the external bus for detecting
      the current output thereof and for generating a voltage input for the bus.
      In the preferred embodiment, the central processor of the computing system
      is formed on a single chip. The processor includes a parallel arithmetic
      logic unit, a random access memory that defines the data registers of the
      CPU, an instruction register and control circuitry. The functional
      elements of the CPU are interconnected by a common parallel bus. Operation
      of the CPU is based on sequential use of the internal bus.
PAR  In one aspect of the invention a circuit is provided for precharging the
      internal bus and selectively discharging its responsive to control signals
      from the various functional elements of the CPU. The discharge circuitry
      in essence forms logic OR circuits, the number of which having access to
      the bus may be varied according to design considerations. Any number of
      these OR circuits may be used in accordance with the invention.
PAR  The CPU operates on a two-phase clock system. As is common, the twophases
      have a slight interval between them. The precharge circuit operates during
      phase one of the clock, simultaneously charging up the bus and setting up
      the logic for selective discharge. Control logic means are provided to
      block discharge of the bus for the duration of the first phase of the
      clock. As soon as phase one of the clock terminates and returns to its
      most positive level (for positive logic systems), the bus is selectively
      discharged prior to phase two depending upon the logic of the input
      signals. This precharge technique has the advantage of increased speed of
      operation since access to the bus is extremely fast.
PAR  In a different aspect of the invention a circuit is provided for detecting
      the current output of the external bus during one phase and for generating
      a voltage signal thereon during the subsequent phase. The circuit,
      includes means for gating current onto the bus from a selectable data
      source during one phase. This current is sensed by a differential
      amplifier which sets a latch at the end of the first phase corresponding
      to the logic level of the current sensed. A logic gate receives the latch
      output and gates it during phase two of a clock signal. This signal is
      applied to an emitter follower transistor which is coupled to the bus. The
      emitter resistor of the transistor generates a voltage on the bus. This
      voltage is clocked into a selectable data source during phase two.
DRWD
PAR  Other objects and advantages of the invention will be apparent upon reading
      the following detailed description of an illustrative embodiment of the
      invention in a computing system in conjunction with the drawings wherein:
PAR  FIG. 1 is a functional block diagram illustrating a single chip central
      processing unit interconnected with external memory systems.
PAR  FIG. 2 is a functional block diagram of a one chip CPU which may be used in
      accordance with the present invention.
PAR  FIG. 3a is a block diagram illustrating the internal bus interface of the
      CPU.
PAR  FIG. 3b is a logic diagram of the CPU illustrating internal bus
      interconnects to the various functional elements of the CPU.
PAR  FIG. 4a is a schematic of a dynamic random access memory cell that may be
      used in the present invention.
PAR  FIG. 4b is an integrated circuit layout of the dynamic random access memory
      cell of FIG. 4A.
PAR  FIG. 5 is a logic diagram of one bit of the arithmetic logic unit of the
      single chip central processing unit of the present invention.
PAR  FIG. 6 is an instruction map of the various classes of instructions
      executed by the CPU in accordance with the present invention.
PAR  FIG. 7 is a functional block diagram of the CPU sequence and control.
PAR  FIG. 8 is a logic diagram of a state timer circuit which may be used in the
      CPU sequence and control.
PAR  FIG. 9 is a logic circuit which may be used for the CPU input/output.
PAR  FIG. 10 is a logic diagram of the instruction register of the CPU of the
      present invention.
PAR  FIG. 11 illustrates the logic of the instruction decode portion of the CPU.
PAR  FIG. 12 is a logic diagram of the cycle timer shown in block form in FIG.
      7.
PAR  FIGS. 13a, 13b, and 13c contain a logic definition of the internal control
      of the CPU.
PAR  FIG. 14 illustrates the logic of the status decode of arithmetic operations
      of the ALU.
PAR  FIG. 15 is a logic diagram of the restart operation.
PAR  FIG. 16 is a functional block diagram of the arithmetic logic unit of the
      CPU.
PAR  FIG. 17 is a logic diagram of the arithmetic control section of the ALU.
PAR  FIG. 18 illustrates the logic of the temporary storage register, shift
      circuitry, and increment logic.
PAR  FIG. 19 is a logic diagram of the arithmetic unit.
PAR  FIG. 20 is a schematic of an 8-bit parity precharge circuit used in
      accordance with the present invention.
PAR  FIG. 21 illustrates the logic associated with the arithmetic flags of the
      ALU.
PAR  FIG. 22 is a logic diagram illustrating the arithmetic operation add.
PAR  FIG. 23 is a logic diagram illustrating the arithmetic logic for subtract.
PAR  FIG. 24 is a logic diagram illustrating the logic of exclusive OR.
PAR  FIGS. 25a, 25b and 25c are logic and schematic diagrams illustrating
      operation of the random access memory of one chip CPU.
PAR  FIG. 26 is a schematic diagram of a clocked inverter that may be used in
      the RAM logic circuit of FIG. 25.
PAR  FIG. 27 is a logic diagram illustrating operation of the stack pointer
      logic.
PAR  FIG. 28 illustrates the logic associated with the refresh counter of the
      random access memory of the one chip CPU.
PAR  FIG. 29 illustrates the logic of the flip-flop utilized in the logic of
      circuit 25.
PAR  FIG. 30 is a functional block diagram illustrating operation of the
      interface between the one chip CPU and the external memory of the present
      invention.
PAR  FIGS. 31a, 31b and 31c schematically and in logic format illustrate the
      interface elements shown in FIG. 30.
PAR  FIGS. 32a and 32b illustrate multiplexing of the external 8-bit parallel
      bus for 1K byte of external memory.
PAR  FIG. 32c illustrates the bus system conventionally required in nonmultiplex
      systems for 1K byte of memory.
PAR  FIG. 33 schematically and in block diagram form depicts the external memory
      bus.
PAR  FIG. 34 is a logic diagram of the external timing.
PAR  FIG. 35 is a logic diagram of the external timer.
PAR  FIG. 36 is a logic diagram of the external memory interface.
PAR  FIG. 37 is a functional block diagram of the external random access or
      serial memory and associated control elements.
PAR  FIG. 38 is a logic diagram of the external bus slave timer.
PAR  FIG. 39 is a logic diagram of the chip select sample and hold circuit.
PAR  FIG. 40 is a logic diagram of the external memory input/output circuit.
PAR  FIG. 41 is an illustration of the address register logic of the external
      random access memory.
PAR  FIG. 42 is a logic diagram of the refresh counter logic of the external
      random access memory.
PAR  FIGS. 43a and 43b logically illustrate the X and Y address decode logic of
      the external memory.
PAR  FIG. 44 illustrates typical clock waveforms that can be used in accordance
      with the present invention; and
PAR  FIG. 45 illustrates an embodiment of the invention that incorporates two
      single chip central processing units in combination with common external
      memory elements.
DETD
PAR  The present invention is directed to a central processing unit (CPU)
      integrated on a single chip in combination with external RAM and ROM
      memory units. The invention will be described hereinafter first as it
      functions as a system. The functional units of the CPU will then be
      described. This description will include definition of the instruction set
      that may be utilized in conjunction with the CPU. For purposes of
      explanation, the CPU is functionally described as comprising a sequence
      and control logic unit, an arithmetic logic unit, and a CPU random access
      memory. These functional elements are interconnected by an 8-bit parallel
      bus. The various logic circuits associated with the sequence and control
      logic, the arithmetic logic unit, and the internal RAM, will then be
      described in detail, along with illustrative examples of operations for
      specific examples. Finally, the interface logic for interconnecting the
      CPU with the external memory will be described.
PAC  SYSTEM DESCRIPTION
PAR  FIG. 1 illustrates in block diagram format a central processing unit 10, an
      external memory unit 12, and a read-only memory 14. These three units 10,
      12, and 14 are interconnected by a common 8-bit parallel bus 18. An
      input/output system interface is indicated generally by block 16. This
      interface system enables external inputs and outputs to and from the CPU
      and memory unit 12.
PAR  In accordance with the present invention, the CPU 10 is integrated on a
      single chip. This has the advantage in that it enables fast execution time
      and a minimum number of leads necessary for interconnect to other elements
      of a computing system. The external memory 12 may be either a random
      access memory or a serial memory. As will be explained hereinafter with
      reference to the detailed description of FIG. 37, the logic of the
      external memory is designed so that either random access memory or a shift
      register type memory may be utilized.
PAR  The read-only memory (ROM) 14 is used in the system to store fixed
      subroutines or control programs. The CPU 10, memory 12, and read-only
      memory 14 are interconnected with each other and with the input/output
      interface 16 by a common eight-bit parallel bus 18. On one phase of the
      clock, the CPU or memory will output data; on the other phase of the
      clock, the CPU and memory will accept an input.
PAC  CPU ORGANIZATION
PAR  FIG. 2 is a functional block diagram of the CPU organization. The CPU
      consists basically of three blocks, the control decode 20, the ALU 32, and
      the internal RAM 40. The control section 20 controls CPU operation and
      synchronization such that communications between various blocks of the CPU
      may occur over the common 8-bit bus 25. The control section 20 includes a
      control decoder 26. This block has as inputs an interrupt request (INT
      REQ) and a ready (READY) signal. Outputs of the control decoder 26 include
      a SYNCH, FETCH, CYCLE, interrupt acknowledge (INT ACK), and MEMORIZE
      signals. A master system timer 22, and a cycle timer 24 (which enables
      variable instruction lengths) are connected to the control decode block
      26. An instruction register 28 also inputs information into the control
      decoder 26. The control decoder has 18 outputs which control the internal
      RAM, the ALU, and the system interface and external memory units. An
      input/output block 30 forms a part of the control section 20 and is
      interconnected to the internal bus 25. The detailed logic circuits
      associated with the various blocks of the control section 20 will be
      described with reference to FIGS. 8 - 15 hereinafter.
PAR  Block 32 generally depicts the ALU section of the CPU. The arithmetic logic
      unit includes a temporary storage register 34 which contains the shift
      right and shift left circuits. Block 36 refers generally to an eight-bit
      arithmetic unit. This unit can execute eight different functions, add, add
      with carry, subtract, subtract with borrow, AND, Exclusive OR, and
      compare. A code P corresponds to each of these arithmetic operations. As
      will be explained hereinafter with reference to the instruction set of the
      CPU, buts 5, 4, 3 of the instruction register contain binary information
      corresponding to these arithmetic operations. By way of example, subtract
      with borrow has a code P equal to 3. This would be a binary code of 011.
PAR  Block 38 represents the four arithmetic flags which indicate the status of
      data of an arithmetic operation. As may be seen, the four flags are carry
      (C), zero (Z), sign (S), and parity (P). The condition code (cc)
      corresponding to each of these condition flags is shown as 0, 1, 2, and 3,
      respectively. As understood by those skilled in the art, two bits of
      binary data may be used to uniquely select one of the four flags. The
      condition flag codes, and also the arithmetic operation codes P are shown
      in Table V hereinafter.
PAR  The internal RAM of the CPU is shown generally at 40. This RAM contains 26
      eight-bit registers. Two of these registers are selected for program
      address. These two registers are indicated at 42 and 44, corresponding to
      the low order address bits (P.sub.L) and the high order address bits
      (P.sub.H) respectively. In combination, these two registers enable
      absolute 16-bit addressing of a location in memory. Using 16-bit memory
      addressing, it is possible to address up to 64K bytes of data in memory.
      The RAM also contains data registers A, B, C, D, E, H, L, and M'. Data
      register A is used as the accumulator. Registers, B, C, D, and E are
      general purpose registers, and registers H and L are combined and contain
      the location of memory address. Data register M' is used internally only.
      Fourteen of the data registers in the internal RAM define a seven-level
      last-in-first-out stack (STACK). This has the advantage in that it
      facilitates calling subroutines.
PAR  The detailed logic associated with the arithmetic unit 32 will be described
      in detail with reference to FIGS. 16 through 24. The detailed logic
      circuits associated with the internal RAM 40 will be explained with
      reference to FIGS. 25 through 29.
PAR  As will be explained hereinafter with respect to the instruction set of the
      CPU, one of the data registers, A, C, B, C, E, H, or L of the internal RAM
      40 may be selected by source or destination codes in the instruction.
      Three bits of data are required to select one of the registers as a source
      or destination register. For example, to select register D, a binary
      coding of 011 (3) would be required. As mentioned previously, the data
      register M' is used only for internal operation of the CPU. Thus, a coding
      of seven; that is binary 111, is used in the present invention to refer to
      external memory.
PAR  FIG. 3a is a block diagram showing the various interconnects to the
      internal bus 25 of the CPU. It may be seen that the instruction register
      28, the internal RAM 40, storage register 34 and the arithmetic unit 36
      all interconnect with the bus 25. Selection of the various registers of
      the internal RAM 40 is also illustrated at 41. The eight-bit registers of
      the internal RAM generally are of three types. There are general purpose
      data registers, A, B, C, D, E, H, L, and M', high order 8-bit address
      registers (P.sub.H) and low order 8-bit registers (P.sub.L). In other
      words, 16 of the 8-bit registers are used to define address storage
      registers. An eight-bit low order register combined with an 8-bit high
      order address register provide means in hardware for absolutely addressing
      a 16-bit memory address. Two of these 16 8-bit address registers are
      selected by an up-down counter to function as the program address
      register. These are illustrated at 41 as P.sub.H and P.sub.L. The other 14
      registers form a seven level last-in-first-out pushdown STACK. Whether one
      of the general purpose registers, a high order address register, or a low
      order address register is selected for access to the bus 25 depends on the
      binary coding of input signals U and V. Which level of the registers is
      selected depends upon the address register coding. By way of example, if
      the input signals U and V are both logic 1, and the address register
      coding is 010, general purpose register C will be selected. In another
      example, consider U to be a logical 1 and V to be a logical 1, and the
      address register to have a coding of 001. Such a situation would result in
      level six of the high order address bits being selected. Similarly, if the
      signal U is a logical 1 and V is a logical 1 and the address register
      coding is 011, the low order address register P.sub.L would be selected.
      For the situation where U and V are both logical 1's; that is, for the
      situation where none of the data address registers of the internal RAM are
      selected for operation, the one row of the dynamic random access memory
      cells are automatically refreshed. This will be described in more detail
      with reference to FIG. 25.
PAR  FIG. 3b illustrates the logic gates of the CPU bus interconnections
      illustrated in FIG. 3a. Block 46 refers generally to one of the eight
      internal precharged buses referenced generally by the numeral 25 in FIG.
      3a. The precharge enables a large capacitance to be driven in an extremely
      fast time. During phase 1 of the clock, the bus is precharged to a
      negative voltage level (assuming P channel type insulated gate field
      effect transistors) by transistor 53. During phase 2 of the clock, the bus
      46 will be conditionally discharged. Inputs to the bus are generated by
      control signals prefaced with an asterisk (*). An example of such a signal
      is the control signal *M which generates the bus from the input/output
      buffer 45 of the CPU. The reference symbol $ indicates signals which
      sample the bus and allow data to be sampled into the various sections of
      the CPU. By way of example, a bus signal is generated by the NOR gate 47.
      For purposes of explanation, positive logic will be used in the examples
      described hereinafter. Thus, when the signal *M is a logic 1, the input
      signal on the input/output 39 will be transferred to the gate 47 when
      phase 1 of the clock becomes a logic 0. During phase 2 of the clock, the
      signal will be gated onto the bus 46. If the signal $M becomes a logical
      1, the bus will be sampled and the output thereof transferred to the
      input/output 39.
PAR  Other sections which are connected to the bus include the instruction
      register shown generally at 28, which is operated by control signals *I
      and $1 The inputs *I.sub.3, 4, 5 enable bits 3, 4, and 5 of the
      instruction register (I) to be transferred to the bus when a restart
      instruction is executed. Operation of the instruction register will be
      described in detail hereinafter with reference to FIG. 10.
PAR  The instruction register is coupled to the control and timing section 20
      and generates the various control signals that control the RAM, the
      arithmetic unit and the bus * terms and $ terms. The control and timing
      block receives two input signals, interrupt request (INT REQ) and ready
      (READY). Five output signals include SYNCH, FETCH, CYCLE, interrupt
      acknowledge, (INT ACK), and MEMORIZE. Eighteen outputs are generated by
      the control and timing section 20. Seven of these outputs are RAM control
      signals, three are $; i.e., sample enable signals, and eight are * or
      generate enable signals. Logic operation of the control and timing section
      20 will be described hereinafter with reference to FIG. 7.
PAR  The bus is also coupled to a storage register (R), one bit of which is
      illustrated at 51. A temporary storage register goes directly on the bus
      and enables a right or left shift, or provides an input to the arithmetic
      unit 32. The logic performing a shift left and a shift right as
      illustrated generally by the blocks 57A and 57B respectively. The
      temporary storage register is described hereinafter with respect to FIG.
      18.
PAR  An arithmetic unit 32 receives an output both from the temporary storage
      register 51 and the bus 46. When a valid result from an arithmetic
      operation is contained in the arithmetic unit, the signal *F will be a
      logic 1. This signal will generate the bus from the arithmetic unit.
      Operation of the arithmetic unit logic will be described in detail
      hereinafter in the detailed description of FIGS. 19 and 21.
PAR  The internal random access memory of the CPU also samples the bus. On phase
      2 of the clock, the bus is sampled and depending on the status of two
      control signals, U and V, to the RAM, either register P.sub.L or P.sub.H
      (the low order program address bits or the high order program address bits
      respectively), the general purpose data registers, or refresh is selected.
      A typical RAM storage cell is illustrated at 48. When one of the data
      registers of the RAM is not being accessed, the RAM will automatically
      refresh through controls from the control section 20. The signal *RAM
      generates the bus from a RAM storage cell. The circuit cell and transistor
      logic of a typical RAM storage cell 48 will be described with reference to
      FIGS. 4a and 4b. Operation of the RAM will be described in detail
      hereinafter with respect to FIG. 25.
PAR  One bit of the arithmetic unit 32 is illustrated in FIG. 5. The arithmetic
      unit comprises inverters, shown generally at 59, NAND gates 60, NOR gates
      62, complex gates 61, exclusive OR gates 58, and MOS transfer gates 63,
      interconnected in such a manner that in response to selected control
      signals, eight separate arithmetic operations may be executed. Operation
      of the logic to effect arithmetic operations add, subtract, and exclusive
      OR is described hereinafter in the detailed description of FIGS. 22, 23,
      and 24, respectively.
PAR  FIG. 4a is a schematic drawing of an insulated gate field effect transistor
      random access memory cell 48 that may be used in accordance with the
      present invention. In operation, the WRITE line 15 is activated and IGFET
      device 17 becomes conductive resulting in the information present at the
      IN line 19 being transferred to capacitance 21. When the WRITE means
      becomes inactive, the information previously transferred to the
      capacitance 21 remains stored for a period of time depending only upon the
      capacitance-leakage resistance product of the storage node. This time
      constant will not be less than on the order of 1 millisecond for
      conventionally fabricated insulated gate field effect transistor devices
      under normally expected environmental conditions. The IGFET device 23 will
      be either conductive or non-conductive dependent on the state of the
      information stored. When the READ means 27 is activated the IGFET device
      29 becomes conductive and consequently the state of the information
      present at the capacitance 21 may be determined by measuring the presence
      or absence of the conduction path from output line 31 to V.sub.SS through
      devices 23 and 29.
PAR  Data input line 19 may be activated by a normal ratio type IGFET element or
      precharge/discharge type of device.
PAR  The data output line 31 may go to a current sensing device or become the
      driver path of an IGFET ratio device with a discharge path in a
      precharge/discharge/IGFET element.
PAR  FIG. 4b shows a plan view of an insulated gate field effect transistor
      layout for the schematic of FIG. 4a. The devices may be formed using
      conventional photolithigraphic masking and etching techniques typically
      used in fabrication of insulated gate field effect transistor circuits.
PAC  FUNCTIONAL ORGANIZATION OF THE CPU
PAR  The CPU can be divided generally into four sections: a data section, an
      address section, a control section, and an arithmetic logic unit. The
      control section is shown generally by the block 20 in FIG. 2, while the
      data and address sections are labelled 40. The data and address sections
      are defined by data registers which are included as a part of the internal
      RAM of the CPU. In addition, block 32, refers generally to the ALU section
      of the CPU.
PAR  As described previously, the internal RAM of the CPU contains 24 8-bit
      registers. Seven of these registers are data registers, including an
      accumulator labelled A and four general purpose registers, B, C, D, and E,
      and a memory register labelled H,L. The general purpose registers, B, C,
      D, and E can be used as index registers or secondary accumulators by
      programmer subroutine definition. All seven of these registers may be
      arithmetically combined with the accumulator, including the memory address
      register H,L. As will be explained in more detail hereinafter with respect
      to the CPU instruction set, the desired source and destination (S, D) is
      specified by 3 bits of the instruction to select one of the data registers
      A, B, C, D, H, or L or external memory. The binary codes for these various
      registers are shown in Table V.
PAR  The address section of the CPU is defined by 16 of the 8-bit data registers
      of the internal RAM. A pointer from an up-down counter selects two of
      these data registers to serve as a program address register or program
      counter P. The remaining fourteen registers define a seven level
      last-in-first-out program address stack (STACK). The purpose of the STACK
      is to provide means in hardware for accommodating absolute 16-bit
      addressing and subroutine address storage for 64K byte memory system.
PAR  In addition to the data and address registers, an instruction register (I)
      and a temporary storage register (R) are also accessible on the internal
      bus of the CPU. The control section of the CPU is based on sequential use
      of the parallel 8-bit bus between internal functional elements. To
      facilitate this control, there is a state counter 22 (FIG. 2) having four
      states, S1, S2, S3, and S4 and a cycle counter (C) labelled 24, having 1,
      2, 3 cycles. The CPU is characterized as having two control states, WAIT
      and STOP. WAIT is induced by the control input READY to the control
      decoder 26. STOP is induced by the command HALT in either program or
      interrupt mode. Both of these control states break the normal chain of S1,
      S2, S3, S4, S1 circulation. The instruction register, INTERRUPT and READY
      inputs, state counter, and cycle counter are combined in the programmable
      control decoder 26 to mechanize controls which operate the arithmetic unit
      32, the RAM 40, bus 25, and excite the state and cycle counters 22 and 24.
PAC  CPU INSTRUCTION SET
PAR  The CPU is designed to execute five separate classes of instructions
      namely, moves, arithmetic, jump, input/output and control. All
      instructions execute in 1, 2, or 3 machine cycles. Each machine cycle
      consists of one fetch and one execute. Each fetch and execute requires 5
      microseconds for execution. The instruction word format is shown in Table
      1. As may
TBL                TABLE 1                                                     
     ______________________________________                                    
     Instruction Class                                                         
                  I.sub.7 I.sub.6                                              
                            I.sub.5 I.sub.4 I.sub.3                            
                                       I.sub.2 I.sub.1 I.sub.0                 
     ______________________________________                                    
     Move         3           D          5                                     
                  0           D          6                                     
     Arithmetic   2           P          5                                     
                  0           P          4                                     
                  O           P          2                                     
     Jump         1           tcc        C10                                   
                  0           tcc        C11                                   
     Input/Output 1           X          xx1                                   
     Control      0           X          00x                                   
                  3           7          7                                     
     RST          0           a          101                                   
     ______________________________________                                    
      be seen, an instruction comprises 8 bits, I.sub.7 through I.sub.0. With
      reference to Table I, in the first example of a move instruction, bits
      I.sub.7 and I.sub.6 must both be 1's to form a binary 3. Bits I.sub.5,
      I.sub.4, and I.sub.3 include the binary code of D. This refers to the
      destination code of one of the seven data registers in the internal RAM
      40, that is, data registers A, B, C, D, E, H, L, or external memory. Table
      V gives the coding required for bits I.sub.5, I.sub.4, and I.sub.3 to
      specify one of these registers. For example, with reference to Table V,
      the code 001 specifies the B register. Bits I.sub.2, I.sub.1 and I.sub.0
      of the instruction specify the source code of the required register.
PAR  With respect to an arithmetic instruction, the P in the column for bits
      I.sub.5, I.sub.4, and I.sub.3 of the instruction refers to arithmetic
      operand codes. These three bits may be coded to select one of eight
      arithmetic operations that may be performed. These codings and the
      corresponding arithmetic operation are also shown in Table V. By way of
      example, a coding of 010 would refer to a subtract operation. An example
      of the logic associated with performing a subtract operation in response
      to such an instruction will be described hereinafter with reference to
      FIG. 23. An X in the column I.sub.5, I.sub.4, I.sub.3 refers to a "don't
      care" situation. These bits may be used by the programmer as desired.
PAR  FIG. 6 graphically illustrates an instruction map of the instruction set
      that may be utilized in accordance with the CPU of the present invention.
      With reference to FIG. 6, it may be seen that the instruction map includes
      four quadrants. These quadrants are respectively identified by the binary
      coding of instruction bits I.sub.6 and I.sub.7. For example, the upper
      righthand quadrant labelled move (3DS) corresponds to instruction bits
      I.sub.6 and I.sub.7, both being binary 1's; hence, the 3. Similarly, the
      upper lefthand quadrant of the map corresponds to a binary 2, which
      results from instruction bit I.sub.7 being a binary 1 and instruction bit
      I.sub.6 being a zero. It may be seen that each quadrant of the instruction
      map is 8 bits by 8 bits square. With respect to the move instructions in
      the upper righthand quadrant, the vertical registers 0 through 7 labelled
      I.sub.2, 1, 0, respectively correspond to source (S) registers, such as
      data registers A, B, C, D, E, H, L, or M' of the RAM of the CPU. The
      source destination S may take on any of the values 0 through 7. The
      horizontal axis of the quadrant is labelled I.sub.5,4,3 and may take on
      any of the values 0 through 7 as the destination (D) of a move
      instruction. Since the source and destination locations of a move
      instruction may respectively vary from 0 to 7, the entire upper righthand
      quadrant is required with a move class of instructions. Additionally, in
      the lower lefthand quadrant identified by I.sub.7 and I.sub.6, both being
      logic 0, there is a move instruction designated as 0D6. The D may take on
      any of the values 0 through  7 and thus requires one entire row in the
      lower lefthand quadrant. It is noted, however, that the source destination
      code is a binary 6. Thus, only one 8-bit unit is required for this
      instruction. This, coupled with the 8 8-bit inputs required for the class
      of move instructions in the upper right-hand quadrant of the instruction
      map, yield a result that the move class of instructions occupy 9/32nds of
      the instruction map, there being 32 8-bit blocks illustrated in the
      instruction map.
PAR  With respect to the jump class of instructions, the tcc in columns I.sub.5,
      I.sub.4 and I.sub.3 refers to a conditioned true jump. For example, if the
      code cc (which is one of the flags carry, zero, sign, or parity,
      associated with the ALU section of the CPU) is of a value equal to t, a
      jump will occur. The binary codes for the respective condition flag codes
      are also shown in Table V.
PAR  Again with reference to the move class of instruction, the moves are
      specified by a 3-bit source code S and a 3-bit destination code D; hence,
      it is possible to move from register to register, from memory to register,
      and from register to memory. Memory, of course, refers to the contents of
      the location specified by the memory address register H,L. In addition to
      the above operation, a separate instruction is provided for load immediate
      or load literal. This instruction codes and executes in two bytes. The
      first byte specifies only destination code; the second byte is the literal
      source data.
PAR  The arithmetic codes are similar to the move codes occuping 5/16 of the
      instruction map shown in FIG. 6, except that the three-bit destination
      field is instead a 3-bit op-code field P. The destination is implied to be
      the accumulator A. The source is specified in the same manner as above for
      the move instructions, including the register, memory and immediate
      formats. The eight operation codes are add (AD), add with carry (AC),
      subtract (SU), Subtract with borrow (SB), and (ND), or (OR), exclusive or
      (XR), and compare (CP). In all of the arithmetics, except compare, the
      accumulator is combined with the source and the result replaced in the
      accumulator.
PAR  In addition to the above arithmetics, shift right circular (SRC) and shift
      left circular (SLC) are provided in separate codes. The shift instructions
      operate on the accumulator and the carry flag and provide a mechanism for
      provisional branching of specific bits of the accumulator.
PAR  The arithmetic, logical, and shift instructions all implicitly update the
      four hardware flags associated with ALU. These flags are used by
      conditional jump instructions as the condition code. Compare updates the
      flags like subtract.
PAR  The jump instructions occupy 3/8ths of the instruction map in FIG. 6. One
      3-bit field is used to distinguish eight different types of jumps. Another
      2-bit field of the instruction is used to select a particular condition
      code from the four hardware flags. The jump can be conditional or
      unconditional. If conditional, it can be conditional true or conditional
      false. Finally, it can be a subroutine or not subroutine jump. For all of
      the above jumps, the address is taken as the literal 2 bits immediately
      following the jump instruction. If the jump is executed, these two bytes
      are inserted in the program counter and the program jumps to that
      location. If a subroutine jump is executed, the previous program counter
      is stored into the program address stack. In addition to the above jumps,
      a separate code is used to allow a return from subroutine jumps. The
      return can also be conditional or unconditional with the true or false
      condition. Of course, the return address is the last program counter
      address stored into the program address stack. Since the program address
      stack is seven levels deep, nested subroutine software becomes a
      convenient, efficient and effective alternative to indirect addressing.
PAR  Input/output instructions occupy 1/8th of the instruction map shown in FIG.
      6. The external instruction contains a 5 bit don't care which has no
      meaning to the internal operation of the CPU. It is for the programmer's
      utilization and the peripheral hardware designer's design of external op
      codes to be executed by the peripheral system. The external instruction
      does nothing more than put out the internal instruction and accumulator
      registers into external latches. This is used to create an efficient
      command and control system for the communication for peripherals to and
      from the CPU and peripherals to and from memory. The input instruction is
      the subset of the external instruction with only three "don't cares"
      remaining. In this case, the CPU loads the internal accumulator register
      with selected data. Hence, there is a direct hardware provision for input
      and output of eight bit characters under program control.
PAR  The control instructions occupy very little of the instruction map, but are
      very important in terms of the operator and programmer convenience they
      represent. The 3 important control instructions are HALT, RESTART and
      CONTINUE. Of these, only restart requires multiple codes. A 3-bit don't
      care in the restart op-code is loaded into the three highest order bits of
      the program address register. Hence, there are actually eight restarts to
      eight distinct locations at 8K byte increments around the 64K byte memory
      system. All of these control instructions are available to be used under
      normal program control. However, in practice, their use in interrupt mode
      is much more significant.
PAR  Insertion of an INTERRUPT instruction into the normal stream of program
      execution can be accomplished very simply. First, the INTERRUPT key (or
      more generally, INTERRUPT peripheral) must encode the desired instruction
      onto the 8-bit data selector. Secondly, it must raise the INTERRUPT line
      which is a direct input to the instruction control decoder. The decoder
      will then recognize the INTERRUPT at the completion of the current
      instruction execution.
PAR  Halt and continue do not disturb the operation of the executing program.
      Restart, however, is the direct abortion of the current program flow. It
      is not a subroutine call; hence, any desired protection of the current
      program with respect to desired recognition of INTERRUPTS must be handled
      by the INTERRUPT program at the location indicated by the restart command
      code. A simple restart program would store out the current contents of all
      the CPU registers and store the return address of a program which would
      recover them. Then, on completion of servicing the INTERRUPT, the
      INTERRUPT program would terminate and return to the normal program flow.
      Both hardware (fast) and software (slow) means of priority INTERRUPT
      recognition are feasible. The hardware scheme would use an external
      priority encoder to select the highest order INTERRUPT present. The
      software scheme would involve a software decision tree at the location of
      the restart command.
PAR  Table II includes a list of the CPU instructions of the present invention.
      Instructions include register to register load instructions, memory
      reference load instructions, load immediate instructions, arithmetic and
      logical register instructions, arithmetic and logical memory reference
      instructions, arithmetic and logical immediate instructions, shift
      instructions, jump instructions, subroutine instructions, return
      instructions, input/output instructions, restart instructions, and halt
      instructions.
PAR  Table III includes the CPU arithmetic/logical Mnemonics and condition
      flags.
PAR  Table IV includes instruction mnemonics and register mnemonics of the CPU.
PAR  Table V includes the instruction coding of the CPU.
PAR  The truth table of the instruction set is shown in Table VI. In the truth
      table, a horizontal row represents time and the input/output or internal
      nodes are printed in a column. Terms printed are listed at the start of
      the truth table. The instruction table illustrates the changes in the
      internal registers, one location of the program stack, and the
      arithmetic/logical flags for each type of instruction. The number of bytes
      or cycles per each instruction is shown by the number of lines printed for
      an instruction. A row is printed at the end of the cycle. The inputs,
      outputs or registers printed in the instruction truth table are listed
      below. Names listed from top to bottom are respectively the names from
      left to right in the tables. For the instruction set, there is listed the
      following:
PAR  Instruction Set
PAR  Ready
PAR  Interrupt
PAR  Execute
PAR  State 1
PAR  State 2
PAR  State 3
TBL                                    TABLE 11                                
     __________________________________________________________________________
     MACHINE INSTRUCTIONS                                                      
     __________________________________________________________________________
     Register to Register Load Instruction: (49 Instructions)                  
     Lr.sub.d r.sub.s                                                          
             (r.sub.d).rarw.(r.sub.s) Load register r.sub.d with the contents  
             of r.sub.s.                                                       
             The contents of r.sub.s remains unchanged.                        
     Memory Reference Load Instruction: (15 Instructions)                      
     Lr.sub.d M                                                                
             (r.sub.d).rarw.(m) Load register r.sub.d with the contents of     
             the                                                               
             memory location m addressed by registers H and L.                 
             The contents of m remains unchanged.                              
     LMr.sub.s                                                                 
             (m).rarw.(r.sub.s) Load the memory location m addressed by        
             registers H and L with the contents of register r.sub.s.          
             The contents of r.sub.s remains unchanged.                        
     LM,B1   (m).rarw.(B1) Load the memory location m addressed by             
             H and L with B1.                                                  
     Load Immediate Instruction: (7 Instructions)                              
     Lr.sub.d,B1                                                               
             (r.sub.d).rarw.(B1) Load B1 into the register r.sub.d.            
     Arithmetic and Logical Register Instruction: (56 Instructions)            
       r.sub.s                                                                 
             (A).rarw.(A)   (r.sub.s) Results of the arithmetic or logical     
             operation   between the A register and the r.sub.s  register      
             are stored in the A register. Status of the operation             
             is indicated by the condition flags.                              
     Arithmetic and Logical Memory Reference Instruction: (8 Instructions)     
       M     (A).rarw.(A)   (m) Results of the arithmetic or logical           
             operation   between the A register and the memory                 
             location m are stored in the A register. Status of the            
             operation is indicated by the condition flags.                    
     Arithmetic and Logical Immediate Instruction: (8 Instructions)            
       B1    (A).rarw.(A)   (B1) Results of the arithmetic or logical          
             operation   between the A register and B1 are stored              
             in the A register. Status of the operation is indicated           
             by the condition flags.                                           
     Shift Instruction: (2 Instructions)                                       
     SLC     (A.sub.m.sub.+1).rarw.(A.sub.m), (A.sub.0).rarw.(A.sub.7),        
             (C).rarw.(A.sub.7) Shift the contents                             
             of the A register left one bit, Shift A.sub.7 into A.sub.0 and    
             the                                                               
             carry flag. The other flags are not changed,                      
     SRC     (A.sub.m).rarw.(A.sub.m.sub.+1), (A.sub.7).rarw.(A.sub.0),        
             (C).rarw.(A.sub.O) Shift the contents                             
             of the A register right one bit. Shift A.sub.0 into A.sub.7 and   
             the carry flag. The other flags are not changed.                  
     Jump Instruction: (9 Instructions)                                        
     JMP,B1,B2                                                                 
             (P).rarw.(B2), (B1) Jump unconditionally to the instruction       
             located in memory location B2,B1.                                 
     JFc,B1,B2                                                                 
             (P).rarw.(B2), (B1) if cc=0; (P).rarw.(P)+3 if cc=1. If the       
             content of the condition flag is zero jump to memory              
             location addressed by B2,B1; otherwise, execute the               
             next instruction in sequence.                                     
     JTc,B1,B2                                                                 
             (P).rarw.(B2), (B1) if cc=1; (P).rarw.(P)+3 if cc=0. If the       
             content of the condition flag is one jump to memory               
             location addressed by B2,B1; otherwise, execute                   
             the next instruction in sequence.                                 
     Subroutine Instructions: (9 Instructions)                                 
     CAL,B1,B2                                                                 
             (Stack).rarw.(P)+3,(P).rarw.(B2),(B1) Transfer the next           
             sequential program address into the pushdown stack.               
             The new program address is the memory location                    
             addressed by B2,B1.                                               
     CFc,B1,B2                                                                 
             (Stack).rarw.(P)+3, (P).rarw.(B2),(B1) if cc=0; (P).rarw.(P)+3    
             if                                                                
             cc=1. Transfer the next sequential program address                
             into the pushdown stack and set the program address               
             to B2,B1 if the condition flag is zero. Otherwise,                
             execute the next instruction in sequence.                         
     CTc,B1,B2                                                                 
             (Stack).rarw.(P)+3, (P).rarw.(B2),(B1) if cc-1; (P).rarw.(P)+3    
             if                                                                
             cc=0. Transfer the next sequential program address                
             into the pushdown stack and set the program address               
             to B2,B1 if the condition flag is one. Otherwise,                 
             execute the next instruction in sequence.                         
     Return Instructions: (9 Instructions)                                     
     RET     (P).rarw.(Stack) Return to the instruction in the memory          
             location last transferred into the pushdown stack.                
     RFc     (P).rarw.(Stack) if cc=0; (P)=(P)+3 if cc=1. Return to the        
             instruction in the memory location last transferred               
             into the pushdown stack if the condition flag is zero.            
             Otherwise, execute the next instruction in sequence.              
     RTc     (P).rarw.(Stack) 9f cc=1; (P)+3 if cc=0. Return to the            
             instruction in the memory location last transferred               
             into the pushdown stack if the condition flag is one.             
             Otherwise, execute the next instruction in sequence.              
     Input/Output Instruction: (32 Instructions - 8 are Inputs)                
     EXT     (A').rarw.(A) The contents of the A register is available         
             to the A' register. The A' register will remain unchanged         
             until the next external instruction.                              
     INP     (A').rarw.(A); (A).rarw.(Date Inputs) The contents of the A       
             register is available to the A' register. The A'                  
             register will remain unchanged until the next external            
             instruction. The data input lines will be sampled                 
             during the data input time and stored in the A register.          
     Restart Instruction: (8 Instructions)                                     
     RST     (P.sub.15 P.sub.14 P.sub.13).rarw.(I.sub.5 I.sub.4 I.sub.3) The   
             contents of the instruction                                       
             register bits five, four, and three are shifted into the          
             upper program address bits.                                       
     Halt Instruction: (17 Instructions)                                       
     Halt    The activity of the processor is suspended. The                   
             contents of all registers and the memory is unchanged.            
     __________________________________________________________________________
TBL                                    TABLE III                               
     __________________________________________________________________________
     ARITHMETIC/LOGICAL MNEMONICS                                              
     __________________________________________________________________________
     AD*       Add the contents of * to the contents of the A register, and    
               store the result in the A register. See condition flags**       
     AC*       Add the contents of * and the contents of the carry flag to     
               the                                                             
               A register and store the result in the A register. See          
               condition                                                       
               flags.**                                                        
     SU*       Subtract the contents of * from the contents of the A           
               register,                                                       
               and store the result in the A register. See condition flags.**  
     SB*       Subtract the contents of * and the contents of the carry flag   
               from                                                            
               the contents of the A register, and store the result in the A   
               register. See condition flags.**                                
     ND*       Store the result of the logical "and" of the contents of * and  
               the contents of the A register in the A register. See           
               condition                                                       
               flags.**                                                        
     XR*       Store the result of the logical "exclusive or" of the contents  
               of * and the contents of the A register in the A register. See  
               condition flags.**                                              
     OR*       The result of the "inclusive or" of the contents of * and the   
               contents of the A register are stored in the A register. See    
               condition flags.**                                              
     CP*       The contents of * is subtracted from the contents of the A      
               register. The A register and * remains unchanged. See           
               condition flags.**                                              
     *         * can be a source register, a memory reference or byte one      
               of an arithmetic immediate instruction.                         
     **        The condition flags indicate status of an arithmetic or         
               logical                                                         
               operation.                                                      
     Condition Flags                                                           
     C         The C flag is the carry or borrow flag. It will be set if a     
               carry (AD,AC) or a borrow (SU,SS,CP) results from an            
               arithmetic operation. For the logical operations (ND,XR,        
               OR), the carry flag is reset. The carry flag also indicates     
               the state of the most significant bit in the A register after   
               a                                                               
               shift right instruction, and the least significant bit of the   
               A                                                               
               register after a shift left instruction.                        
     Z         The Z flag is set if the results of an arithmetic or logical    
               operation (AD,AC,SU,SS,ND,XR,OR,CP) is equal to zero.           
     S         The sign flag S reflects the state of bit seven of the A        
               register                                                        
               after an arithmetic or logical operation. (AD,AC,SU,SB,ND,      
               XR,OR,CP).                                                      
     P         The parity flag indicates the parity of the A register after    
               an                                                              
               arithmetic or logical instruction (AD,AC,SU,SB,ND,XR,OR,        
               CP). If the A register contains an odd number of one bits,      
               the parity flag is set.                                         
     __________________________________________________________________________
TBL                                    TABLE IV                                
     __________________________________________________________________________
     INSTRUCTION MNEMONICS                                                     
     Symbols                                                                   
     __________________________________________________________________________
     B1,B2 Byte one and byte two of data following instruction.                
     r.sub.s, r.sub.d                                                          
           One of the following source resistors r.sub.s or destination        
           registers r.sub.d :A,B,C,D,E,H,L.                                   
     m     Memory location indicated by the contents of registers H and L.     
           One of the following arithmetic or logical operations: AD,AC,       
           SU,SB,ND,XR,OR,CP.                                                  
     c or cc                                                                   
           One of the following condition flags: C,Z,S,P                       
     ( )   Contents of location or register.                                   
     A.sub.m                                                                   
           Bit m of the A register                                             
     P     Program address counter                                             
     Stack Pushdown stack-seven levels of stored program address.              
           REGISTER MNEMONICS                                                  
     A     For arithmetic or logical instructions, the A register is           
           used as an accumulator. Programmed data transfers into or out of    
           the computer are made through the A register.                       
     B,C,D,E                                                                   
           General purpose registers.                                          
     H,L   The H and L registers are used respectively as the most             
           significant and least significant bytes of memory address when      
           executing a memory reference instruction. When the H and L          
           registers are not used for memory reference, they may be            
           used as general purpose registers.                                  
     __________________________________________________________________________
TBL                TABLE V                                                     
     ______________________________________                                    
     INSTRUCTION CODING                                                        
     ______________________________________                                    
     Instruction                                                               
                Code                 Cycles                                    
     ______________________________________                                    
     Lr.sub.d r.sub.s                                                          
                11        d         s      1                                   
     Lr.sub.d M 11        d         111    2                                   
     LMr.sub.s  11        111       s      2                                   
     LM         00        111       110    3                                   
     Lr.sub.d   00        d         110    2                                   
       r.sub.s  10        p         s      1                                   
       M        10        p         111    2                                   
                00        p         100    2                                   
     JMP        01        XXX       100    3                                   
     JTc        01        1cc       000    3                                   
     JFc        01        Occ       000    3                                   
     CAL        01        XXX       110    3                                   
     CTc        01        1cc       010    3                                   
     CFc        01        Occ       010    3                                   
     RET        00        XXX       111    1                                   
     RTc        00        1cc       011    1                                   
     RFc        00        0cc       011    1                                   
     SLC        00        XX0       010    1                                   
     SRC        00        XX1       010    1                                   
     Symbol     Code                 Cycles                                    
     ______________________________________                                    
     EXT        01        XXX       XX1    2                                   
     INP        01        00X       XX1    2                                   
     RST        00        a         101    2                                   
     HALT       00        XXX       00X    1                                   
                11        111       111                                        
     Source and Destination Codes (s and d):                                   
              000     A Register                                               
              001     B Register                                               
              010     C Register                                               
              011     D Register                                               
              100     E Register                                               
              101     H Register                                               
              110     L Register                                               
              111     Memory Data                                              
      Operand Codes (p) (bits I.sub.5 I.sub.4 I.sub.3)                         
              000     AD      Add                                              
              001     AC      Add with carry                                   
              010     SU      Subtract                                         
              011     SB      Subtract with borrow                             
              100     ND      And                                              
              101     XR      Exclusive-or                                     
              110     OR      Inclusive-or                                     
              111     CP      Compare                                          
     Condition Flag Codes (cc):                                                
              00      Carry                                                    
              01      Zero                                                     
              10      Sign                                                     
              11      Parity                                                   
     Restart Code (a):                                                         
     The restart code selects the high order address bits.                     
     ______________________________________                                    
TBL                                    TABLE VI                                
     __________________________________________________________________________
     INSTRUCTION SET                                                           
     __________________________________________________________________________
     R       I E STA.                                                          
                    INPUT INST. A REG.                                         
                                      B REG.                                   
                                            C REG.                             
                                                  D REG.                       
                                                        E REG.                 
     D       N X                                                               
     Y       T                                                                 
                 1234                                                          
                    76543210                                                   
                          76543210                                             
                                76543210                                       
                                      76543210                                 
                                            76543210                           
                                                  76543210                     
                                                        76543210               
     __________________________________________________________________________
     0     0 0 0 0000                                                          
                    00000000                                                   
                          00000000                                             
                                00000000                                       
                                      00000000                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     1     1 1 0 1000                                                          
                    00000000                                                   
                          00000000                                             
                                00000000                                       
                                      00000000                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     2RST  1 0 0 1000                                                          
                    00011101                                                   
                          00011101                                             
                                00000000                                       
                                      00000000                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     3     1 0 0 1000                                                          
                    00001000                                                   
                          00011101                                             
                                00000000                                       
                                      00000000                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     4ADA  1 0 0 1000                                                          
                    10000000                                                   
                          10000000                                             
                                00000000                                       
                                      00000000                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     5LBM  1 0 0 1000                                                          
                    11001111                                                   
                          11001111                                             
                                00000000                                       
                                      00000000                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     6     1 0 0 1000                                                          
                    00100100                                                   
                          11001111                                             
                                00000000                                       
                                      00100100                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     7INP  1 0 0 1000                                                          
                    01000001                                                   
                          01000001                                             
                                00000000                                       
                                      00100100                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     8     1 0 0 1000                                                          
                    01010001                                                   
                          01000001                                             
                                01010001                                       
                                      00100100                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     9RFP  1 0 0 1000                                                          
                    00011011                                                   
                          00011011                                             
                                01010001                                       
                                      00100100                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     10SRC 1 0 0 1000                                                          
                    00001010                                                   
                          00001010                                             
                                10101000                                       
                                      00100100                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     11JMP 1 0 0 1000                                                          
                    01000100                                                   
                          01000100                                             
                                10101000                                       
                                      00100100                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     12    1 0 0 1000                                                          
                    11111000                                                   
                          01000100                                             
                                10101000                                       
                                      00100100                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     13    1 0 0 1000                                                          
                    01011110                                                   
                          01000100                                             
                                10101000                                       
                                      00100100                                 
                                            00000000                           
                                                  00000000                     
                                                        00000000               
     14LCA 1 0 0 1000                                                          
                    11010000                                                   
                          11010000                                             
                                10101000                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000000               
     15CALL                                                                    
           1 0 0 1000                                                          
                    01000110                                                   
                          01000110                                             
                                10101000                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000000               
     16    1 0 0 1000                                                          
                    11111111                                                   
                          01000110                                             
                                10101000                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000000               
     17    1 0 0 1000                                                          
                    00000111                                                   
                          01000110                                             
                                10101000                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000000               
     18LE  1 0 0 1000                                                          
                    00100110                                                   
                          00100110                                             
                                10101000                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000000               
     19    1 0 0 1000                                                          
                    00000111                                                   
                          00100110                                             
                                10101000                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     20ACE 1 0 0 1000                                                          
                    10001100                                                   
                          10001100                                             
                                10110000                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     21LLA 1 0 0 1000                                                          
                    11110000                                                   
                          11110000                                             
                                10110000                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     22SLC 1 0 0 1000                                                          
                    00000010                                                   
                          00000010                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     23LHA 1 0 0 1000                                                          
                    11101000                                                   
                          11101000                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     24LME 1 0 0 1000                                                          
                    11111100                                                   
                          11111100                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     25    1 0 0 1000                                                          
                    00000000                                                   
                          11111100                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     26LM  1 0 0 1000                                                          
                    00111110                                                   
                          00111110                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     27    1 0 0 1000                                                          
                    10110100                                                   
                          00111110                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     28    1 0 0 1000                                                          
                    01101100                                                   
                          00111110                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     29JTC 1 0 0 1000                                                          
                    01100000                                                   
                          01100000                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     30    1 0 0 1000                                                          
                    11111111                                                   
                          01100000                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     31    1 0 0 1000                                                          
                    11001111                                                   
                          01100000                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     __________________________________________________________________________
                                    H REG.                                     
                                          L REG.                               
                                                PROGRAM ADDRESS                
                                                          CZSP                 
                                                111111                         
                                    76543210                                   
                                          76543210                             
                                                5432109876543210               
     __________________________________________________________________________
                              0     00000000                                   
                                          00000000                             
                                                0000000000000000               
                                                          0000                 
                              1     00000000                                   
                                          00000000                             
                                                0000000011111111               
                                                          0101                 
                              2RST  00000000                                   
                                          00000000                             
                                                0000000011111111               
                                                          0101                 
                              3     00000000                                   
                                          00000000                             
                                                0110000000000000               
                                                          0101                 
                              4ADA  00000000                                   
                                          00000000                             
                                                0110000000000001               
                                                          0100                 
                              5LBM  00000000                                   
                                          00000000                             
                                                0110000000000010               
                                                          0100                 
                              6     00000000                                   
                                          00000000                             
                                                0110000000000010               
                                                          0100                 
                              7INP  00000000                                   
                                          00000000                             
                                                0110000000000011               
                                                          0100                 
                              8     00000000                                   
                                          00000000                             
                                                0110000000000011               
                                                          0100                 
                              9RFP  00000000                                   
                                          00000000                             
                                                0110000000000100               
                                                          0100                 
                              10SRC 00000000                                   
                                          00000000                             
                                                0110000000000100               
                                                          1100                 
                              11JMP 00000000                                   
                                          00000000                             
                                                0110000000000100               
                                                          1100                 
                              12    00000000                                   
                                          00000000                             
                                                0110000000000100               
                                                          1100                 
                              13    00000000                                   
                                          00000000                             
                                                0110000000000100               
                                                          1100                 
                              14LCA 00000000                                   
                                          00000000                             
                                                0110000000000100               
                                                          1100                 
                              15CALL                                           
                                    00000000                                   
                                          00000000                             
                                                0110000000000100               
                                                          1100                 
                              16    00000000                                   
                                          00000000                             
                                                0110000000000100               
                                                          1100                 
                              17    00000000                                   
                                          00000000                             
                                                0000011111111111               
                                                          1100                 
                              18LE  00000000                                   
                                          00000000                             
                                                0000100000000000               
                                                          1100                 
                              19    00000000                                   
                                          00000000                             
                                                0000100000000001               
                                                          1100                 
                              20ACE 00000000                                   
                                          00000000                             
                                                0000100000000010               
                                                          0011                 
                              21LLA 00000000                                   
                                          10110000                             
                                                0000100000000011               
                                                          0011                 
                              22SLC 00000000                                   
                                          10110000                             
                                                0000100000000100               
                                                          1011                 
                              23LHA 01100001                                   
                                          10110000                             
                                                0000100000000101               
                                                          1011                 
                              24LME 01100001                                   
                                          10110000                             
                                                0000100000000110               
                                                          1011                 
                              25    01100001                                   
                                          10110000                             
                                                0000100000000110               
                                                          1011                 
                              26LM  01100001                                   
                                          10110000                             
                                                0000100000000111               
                                                          1011                 
                              27    01100001                                   
                                          10110000                             
                                                0000100000001000               
                                                          1011                 
                              28    01100001                                   
                                          10110000                             
                                                0000100000001000               
                                                          1011                 
                              29JTC 01100001                                   
                                          10110000                             
                                                0000100000001001               
                                                          1011                 
                              30    01100001                                   
                                          10110000                             
                                                0000100000001010               
                                                          1011                 
                              31    01100001                                   
                                          10110000                             
                                                1100111111111111               
                                                          1011                 
     __________________________________________________________________________
           R I E STA.                                                          
                    INPUT INST. A REG.                                         
                                      B REG.                                   
                                            C REG.                             
                                                  D REG.                       
                                                        E REG.                 
     __________________________________________________________________________
     32JFP 1 0 0 1000                                                          
                    01011000                                                   
                          01011000                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     33    1 0 0 1000                                                          
                    00000000                                                   
                          01011000                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     34    1 0 0 1000                                                          
                    10001001                                                   
                          01011000                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     35CFZ 1 0 0 1000                                                          
                    01001010                                                   
                          01001010                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     36    1 0 0 1000                                                          
                    01010000                                                   
                          01001010                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     37    1 0 0 1000                                                          
                    11101101                                                   
                          01001010                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     38CTS 1 0 0 1000                                                          
                    01110010                                                   
                          01110010                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     39    1 0 0 1000                                                          
                    10101110                                                   
                          01110010                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     40    1 0 0 1000                                                          
                    00011110                                                   
                          01110010                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     41RET 1 0 0 1000                                                          
                    00000111                                                   
                          00000111                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     42EX  1 0 0 100                                                           
                    01111111                                                   
                          01111111                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     43TSTOP                                                                   
           1 0 0 1000                                                          
                    00000000                                                   
                          01111111                                             
                                01100001                                       
                                      00100100                                 
                                            10101000                           
                                                  000000000                    
                                                        00000111               
     44SUL 1 0 0 1000                                                          
                    10010110                                                   
                          10010110                                             
                                10110001                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     45SRC 1 0 0 1000                                                          
                    00011010                                                   
                          00011010                                             
                                11011000                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     46SBM 1 0 0 1000                                                          
                    10011111                                                   
                          10011111                                             
                                11011000                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     47    1 0 0 1000                                                          
                    00110000                                                   
                          10011111                                             
                                10100111                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     48RFC 1 0 0 1000                                                          
                    00000011                                                   
                          00000011                                             
                                10100111                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     49ND  1 0 0 1000                                                          
                    00100100                                                   
                          00100100                                             
                                10100111                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     50    1 0 0 1000                                                          
                    00101011                                                   
                          00100100                                             
                                00100011                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     51XRL 1 0 0 1000                                                          
                    10101110                                                   
                          10101110                                             
                                10010011                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     52ORE 1 0 0 1000                                                          
                    10110100                                                   
                          10110100                                             
                                10010111                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     53CPA 1 0 0 1000                                                          
                    10111000                                                   
                          10111000                                             
                                10010111                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     54RTC 1 0 0 1000                                                          
                    00100011                                                   
                          00100011                                             
                                10010111                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     55ADB 1 0 0 1000                                                          
                    10000001                                                   
                          10000001                                             
                                10111011                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     56ACB 1 0 0 1000                                                          
                    10001001                                                   
                          10001001                                             
                                11011111                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     57SUC 1 0 0 1000                                                          
                    10010010                                                   
                          10010010                                             
                                00110111                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     58SBB 1 0 0 1000                                                          
                    10011001                                                   
                          10011001                                             
                                00010011                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     59NDB 1 0 0 1000                                                          
                    10100001                                                   
                          10100001                                             
                                00000000                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     60XRB 1 0 0 1000                                                          
                    10101001                                                   
                          10101001                                             
                                00100100                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     61ORC 1 0 0 1000                                                          
                    10110010                                                   
                          10110010                                             
                                10101100                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     62CPC 1 0 0 1000                                                          
                    10111010                                                   
                          10111010                                             
                                10101100                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     63HALT                                                                    
           1 0 1 0000                                                          
                    11111111                                                   
                          11111111                                             
                                10101100                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     64    1 0 1 0000                                                          
                    00000000                                                   
                          11111111                                             
                                10101100                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     __________________________________________________________________________
                                    H REG.                                     
                                          L REG.                               
                                                PROGRAM ADDRESS                
                                                          CZSP                 
     __________________________________________________________________________
                              32JFP 01100001                                   
                                          10110000                             
                                                1101000000000000               
                                                          1011                 
                              33    01100001                                   
                                          10110000                             
                                                1101000000000001               
                                                          1011                 
                              34    01100001                                   
                                          10110000                             
                                                1101000000000010               
                                                          1011                 
                              35CFZ 01100001                                   
                                          10110000                             
                                                1101000000000011               
                                                          1011                 
                              36    01100001                                   
                                          10110000                             
                                                1101000000000100               
                                                          1011                 
                              37    01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          1011                 
                              38CTS 01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          1011                 
                              39    01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          1011                 
                              40    01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          1011                 
                              41RET 01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          1011                 
                              42EX  01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          1011                 
                              43TSTOP                                          
                                    01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          1011                 
                              44SUL 01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          1010                 
                              45SRC 01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          1010                 
                              46SBM 01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          1010                 
                              47    01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          0011                 
                              48RFC 01100001                                   
                                          10110000                             
                                                1101000000000101               
                                                          0011                 
                              49ND  01100001                                   
                                          10110000                             
                                                1101000000000110               
                                                          0011                 
                              50    01100001                                   
                                          10110000                             
                                                1101000000000111               
                                                          0001                 
                              51XRL 01100001                                   
                                          10110000                             
                                                1101000000001000               
                                                          0010                 
                              52ORE 01100001                                   
                                          10110000                             
                                                1101000000001001               
                                                          0011                 
                              53CPA 01100001                                   
                                          10110000                             
                                                1101000000001010               
                                                          0100                 
                              54RTC 01100001                                   
                                          10110000                             
                                                1101000000001011               
                                                          0100                 
                              55ADB 01100001                                   
                                          10110000                             
                                                1101000000001100               
                                                          0010                 
                              56ACB 01100001                                   
                                          10110000                             
                                                1101000000001101               
                                                          0011                 
                              57SUC 01100001                                   
                                          10110000                             
                                                1101000000001110               
                                                          0001                 
                              58SBB 01100001                                   
                                          10110000                             
                                                1101000000001111               
                                                          0001                 
                              59NDB 01100001                                   
                                          10110000                             
                                                1101000000010000               
                                                          0100                 
                              60XRB 01100001                                   
                                          10110000                             
                                                1101000000010001               
                                                          0000                 
                              61ORC 01100001                                   
                                          10110000                             
                                                1101000000010010               
                                                          0010                 
                              62CPC 01100001                                   
                                          10110000                             
                                                1101000000010011               
                                                          0001                 
                              63HALT                                           
                                    01100001                                   
                                          10110000                             
                                                1101000000010100               
                                                          0001                 
                              64    01100001                                   
                                          10110000                             
                                                1101000000010100               
                                                          0001                 
     __________________________________________________________________________
           R I E STA.                                                          
                    INPUT INST. A REG.                                         
                                      B REG.                                   
                                            C REG.                             
                                                  D REG.                       
                                                        E REG.                 
     __________________________________________________________________________
     65    1 0 1 0000                                                          
                    10100010                                                   
                          11111111                                             
                                10101100                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     66    1 0 1 0000                                                          
                    00001010                                                   
                          11111111                                             
                                10101100                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     67    1 0 1 0000                                                          
                    11100000                                                   
                          11111111                                             
                                10101100                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     68    1 0 1 0000                                                          
                    10101010                                                   
                          11111111                                             
                                10101100                                       
                                      00100100                                 
                                            10101000                           
                                                  00000000                     
                                                        00000111               
     __________________________________________________________________________
                                    H REG.                                     
                                          L REG.                               
                                                PROGRAM ADDRESS                
                                                          CZSP                 
     __________________________________________________________________________
                              65    01100001                                   
                                          10110000                             
                                                1101000000010100               
                                                          0001                 
                              66    01100001                                   
                                          10110000                             
                                                1101000000010100               
                                                          0001                 
                              67    01100001                                   
                                          10110000                             
                                                1101000000010100               
                                                          0001                 
                              68    01100001                                   
                                          10110000                             
                                                1101000000010100               
                                                          0001                 
     __________________________________________________________________________
PA1  State 4
PA1  Input
PA1  Instruction Register
PA1  A register
PA1  B register
PA1  C register
PA1  D register
PA1  E register
PA1  H register
PA1  L register
PA1  Program address
PA1  Carry
PA1  Zero
PA1  Sign
PA1  Parity
PAR  The instruction set truth table, Table VI, shows the operation of the
      groups or classes of instructions possible. For each horizontal line in
      the truth table, one cycle is printed. Time flows in a vertical column.
      Instructions are labelled in the lefthand columns. For purposes of
      illustration, the restart instruction will first be described. It is
      assumed that the CPU is in a HALT state. With reference to Table VI, at
      time 1, it may be seen that there is a transition of logic from 0 to 1 at
      the interrupt input and ready input. This transition interrupts the CPU
      HALT state. During the first cycle, the restart instruction will be
      fetched at the input. This is shown at the input bits 7 through 0. With
      reference to Table V, it will be noted that the binary code on inputs
      I.sub.7 through I.sub.0 corresponds to the code for restart operation. The
      instruction register also shows that the instruction is transferred from
      the input terminals to the register during the first cycle. During the
      second cycle, line 3 on the truth table, it may be seen that the three
      center bits of the instruction bits 5, 4, and 3, are transferred to the
      high order program address bits 15, 14, and 13 of the program address
      counter. During time 4 an ADA instruction is executed. The input shows the
      ADA instruction. With reference to Table V, it may be seen that the
      instruction 10000000 corresponds to the operand code AD; i.e., bits 5, 4,
      and 3 are respectively 000. With respect to Table I, it may be seen that
      the instruction class of arithmetic operations is characterized as 2PS.
      Bits 7 and 6 of the instruction are respectively 1 and 0 corresponding to
      the 2. The source destination (bits 2, 1, and 0) are 000 corresponding to
      Register A (reference Table V). The instruction is transferred to the
      instruction register. No other operation of the registers is shown except
      the program counter is incremented by 1. The purpose of this instruction
      is to update the carry, zero, sign and parity flags. This may be seen by
      the change in the parity flag logic level. The flags now reflect the
      status of the A register.
PAR  The next instruction is load to B register from memory. Bits 2, 1, and 0 of
      the instruction (the source of data) are respectively 1, 1, 1; i.e., 7
      which corresponds to memory. The instruction is present at the input
      during the first cycle time, number 5, during which it is transferred to
      the instruction register. The program counter is also incremented. During
      the second cycle time, time 6, the data that is to be transferred to the B
      register is present at the input. The instruction register does not change
      until the next instruction is received. In time period 6, it may be seen
      that the input is transferred to the B register.
PAR  The program address counter was not incremented because the instruction was
      a memory instruction which does not use the program address, but rather
      uses the H and L registers of the internal RAM for the location.
PAR  The fourth instruction executed in the program is an input instruction. The
      instruction is transferred to the instruction register during the first
      cycle time, frame number 7. The B register does not change. During the
      second cycle of the input, the data on the input terminal is transferred
      to the A register which is shown on time frame 8. It will be noted that
      the flags are not affected by the transfer of the input to the A register.
      The flags are updated only by an arithmetic or shift instruction. The
      fifth instruction return false parity shows that a return instruction
      occurs. The instruction is transferred by the instruction register. By
      looking at the program address register, one can see the location of the
      program counter. Because the program address counter is a fixed location
      in the RAM, the change in address location will not be shown. The address
      location will stay the same until a call instruction is executed. For
      example, during time frame 15. The instruction shift right circular at
      time frame 10 shows that the A register shifts right one bit and the carry
      flag is set from a bit A.sub.7 after the shift.
PAR  In a manner similar to that above described it is possible to trace through
      the instructions of the instruction set, and observe the changed binary
      data in the various registers of the CPU.
PAC  SEQUENCE CONTROL
PAR  FIG. 7 is a functional block diagram of the sequence and control logic of
      the CPU. Each block contains a reference to a figure wherein detailed
      logic circuits suitable for performing that function is described. The CPU
      logic names and function thereof are described in Table VII.
PAC  STATE TIMER FUNCTION
PAR  The state timer, the detailed logic of which is described with reference to
      FIG. 8 hereinafter, functions as the master timer for the CPU/external
      memory system. It controls all timing in the CPU, the interface timer and
      the slave timer on the external RAM. (Reference FIG. 35). There are four
      state outputs to the state timer, namely S1, S2, S3, and S4. The state
      timer generates an automatic index output P which updates the address
      register after an instruction execution. The state timer receives the
      inputs READY and interrupt request (INT REQ) which enable an interrupt
      instruction to be inserted. These signals are also used in accordance with
      the present invention to enable use of either a serial type external
      memory or a random access memory. This feature of the invention will be
      explained hereinafter with respect to the detailed description of FIG. 8.
PAR  As previously explained, a cycle includes both a fetch and execute, each of
      which is characterized as having four states, Si-S4. Each state has two
      phases, phase 1 and phase 2. During the fetch cycle time, an instruction
      is fetched from the external memory. A logic diagram of the input/output
      (I/O) circuit is illustrated generally in FIG. 9. During the execute time,
      an instruction is executed. The state timer also contains a programmable
      logic array (PLA) which enables different amounts of state time or
      subcycle time execute/fetch to be programmed by changing a gate mask only.
      A more versatile processor can be made by using this technique. A PLA is
      described in more detail in U.S. Pat. No. 3,541,543 entitled "Binary
      Decoder" issued to R. H. Crawford and assigned to the assignee of the
      present invention, and incorporated herein by reference.
PAC  I/O FUNCTION
PAR  The input/output section contains the interface to the common 8-bit
      external bus. During the fetch subcycle of an instruction cycle, the
      program address location, i.e., the location of the desired instruction in
      external memory is output through the CPU I/O interface. During state 1,
      the low address bits P.sub.L are output from the internal RAM and during
      state time S3 the high order address bits P.sub.H are output. This allows
      16 bits to be output through the common 8-bit bus, enabling use of a
      memory system of up to 64K words. During phase 2 of state 4 of the fetch
      subcycle, the external memory location addressed by the 16 bits (FIG. 1,
      block 12) will output the instruction.
PAC  INSTRUCTION REGISTER
PAR  During state 1 of execute, the instruction will be clocked into the CPU
      through the I/O. The instruction will be stored in the instruction
      register (FIG. 10). During the four states of execute, the instruction
      fetched will be executed. If the instruction requires more than one cycle,
      the address will be put out during the next fetch from either the program
      address counter or the internal RAM registers H, L. The data will be
      output from the RAM during the end of the fetch cycle for the second or
      third instruction cycle.
PAC  INSTRUCTION DECODE
PAR  An instruction stored in the instruction register is input into a
      programmable logic array which defines the instruction decode. The use of
      the PLA in the instruction decode allows the instructions decoded to be
      changed by reprogramming the gate mask.
PAC  CYCLE TIMER
PAR  The cycle timer receives inputs from the instruction decode and the state
      timer. The cycle counter determines if an instruction is one, two, or
      three cycles in length. Instruction cycles may be varied by the use of a
      PLA in the cycle timer circuitry.
PAC  INTERNAL CONTROL
PAR  The cycle timing information, instruction decode information, and state
      timing information are combined in an internal control block which
      includes a read-only memory (ROM), which generates all of the internal CPU
      timing. The outputs of this ROM go to either the bus, the internal RAM or
      the arithmetic unit. Outputs of the internal control labelled with an
      asterisk (*) generates a bus signal while control signals labelled with a
      $ enable the bus data to be sampled. Two other outputs of the internal
      control are *I.sub.3, 4, 5, and *RS. These two controls are used when a
      restart instruction is executed. During one clock, one state time, the
      signal *RS will discharge the bus, allowing all zeros to be put in the
      program stack. This may be seen with reference to FIG. 15 wherein the
      signal *RS produces a logic 0 at the output of NAND gate 71. This
      discharges to ground the internal bus lines 0 through 7. The signal
      *I.sub.3,4,5 transfers the instruction bits I.sub.3,4,5 to the upper order
      address locations P.sub.H, 5, 6, and 7 respectively. Operation of the
      restart instruction and transfer of bits 3, 4, and 5 to P.sub.H5, 6, and 7
      may be seen in the instruction truth table, Table VI, time frame 3. The
      signal $I is used to sample the instruction into the instruction register.
PAC  CONTROL TO RAM
PAR  Three of the outputs of the internal control A1, A2, A3 go to the internal
      RAM. These signals define the location as the A, B, C, D, E, H, L or M'
      registers. Two other controls to the RAM, U and V, select either the
      registers previously mentioned, the low order address registers P.sub.L,
      the high order address registers P.sub.H, (reference FIG. 2) or when none
      of the registers of the RAM are being addressed, the signals U, V enable
      RAM refresh circuitry. Another RAM control signal is *RAM. This signal
      generates the bus when a RAM output is desired. Two other controls which
      go to the RAM are PUSH and POP. These controls operate the pushdown stack
      in the RAM. The pushdown stack will be explained in further detail with
      reference to explanation of FIG. 25.
PAC  STATUS DECODE
PAR  The control signal CZSP and #W are controls that go to the arithmetic unit.
      The signal CZSP is the signal which samples or updates the carry, zero,
      sign and parity flags. The output of these flags is combined with the
      instruction bits I.sub.3,4,5 which are decoded with the arithmetic outputs
      to determine whether a conditional call, return, or jump is to be executed
      when these instructions are fetched.
PAC  RESTART
PAR  The restart circuitry enables a restart instruction to be executed. This
      circuitry is effective to discharge the bus and allow all zeros to be put
      into the program stack. Subsequently, instruction bits I.sub.3,4,5 are
      enabled for insertion into the three highest order bits of the register
      P.sub.H.
PAC  INPUT/OUTPUT CIRCUIT DESCRIPTION
PAR  The input/output logic circuitry for the CPU of the present invention is
      illustrated in FIG. 9. The internal eight-bit parallel bus of the CPU is
      shown at 81, having bus lines 7 through 0. CPU inputs and outputs occur
      over the lines A.sub.0 through A.sub.7. The logic interface between the
      internal bus 81 and the output lines comprises a series of NAND gates
      shown generally at 83, and NOR gates shown generally at 85. Insulated gate
      field effect transistor transfer gates 87 connect the output lines to
      corresponding logic gates which are connected to the internal bus 81.
      System ground is shown at 89. Operation of the input/output circuit is as
      follows. When the control signal $M is logic 1, the data on the internal
      bus 81 will be sampled. Consider, for example, that the data on the
      internal bus line 1 is a logic 1. When the control signal $M becomes a
      logic 1, both of the inputs to the NAND gate 83A are 1's, producing a
      logic 0 as the output. This logic zero output is effective to bias on the
      MOS transfer gate 87a, connecting the output line A.sub.1 to circuit
      ground. This transistor will output a current onto the external line
      A.sub.1 which will be sensed as indicative of a signal on the bus line 1.
      As a further example, consider that the internal bus line 2 has a signal
      that is a logic 0. For this situation, when the control signal $M becomes
      a logic 1, the inputs to the NAND gate 83b are 0 and 1, respectively. This
      produces an output signal which is a logic 1 and therefore the transfer
      gate 87b is not energized. Thus, no current flows through the output line
      A.sub.2 and a logic 0 for the data bus line 2 is indicated.
PAR  During the phase 1 time of a state immediately following sampling of the
      data on the internal bus 81, an input will be sampled from the same line
      such as A.sub.1 or A.sub.2 in the previous example. This will occur if the
      signal *M is a logic 1. For example, when *M becomes a logic 1 during the
      time that .phi.1 becomes a logic 0, *M logic 1 will be transferred to one
      of the inputs of the NAND gate 91. As soon as .phi.1 becomes a logic 1,
      the output of the NAND gate 91 becomes a logic 0. Referring, by way of
      example, to the NOR gate 85a, the logic 0 resulting at the output of the
      NAND gate 91 produces a logic 0 for one of the inputs of the NOR gate 85a.
      Depending upon the level of the input information sampled on the line
      A.sub.1, a logic 0 or a logic 1 will be transferred by the NOR gate 85a to
      the internal bus 1. For example, if A.sub.1 input data to be sampled as a
      logic 0, both of the inputs to the NOR gate 85a are logic 0's. This will
      produce a logic 1 output which will be sampled onto the bus line 1. For
      the situation, however, where the input A.sub.1 is a logic 1, then the NOR
      gate 85a will produce a logic 0 output. The NOR gates 85 transfer the
      input information onto the bus lines 81 which are precharged in order to
      enhance speed of operation.
PAC  INSTRUCTION REGISTER LOGIC DESCRIPTION
PAR  FIG. 10 illustrates the instruction register of the CPU. The instruction
      register is a sample and hold register and operates as follows. For
      clarity of explanation, only one bit, block 54, of the instruction of the
      8-bit instruction register will be described. When the control signal $I
      is a logic 0, the bus bit 7 will be sampled into the storage register. It
      is sampled through the complex gate which is an AND-OR invert gate. During
      phase 2 of the clock, this input will be transferred to the input on the
      inverter 63 between the phase 1 and phase 2 transfer gates. The output of
      inverter 63 will be sampled on phase 1. If the control signal $I is now a
      1, the bit will be sampled back through the complex gate through the other
      input of the AND-OR invert. This will allow the bit to be circulated until
      a new bit is sampled into the instruction register. More particularly,
      when the signal $I becomes a logic 0, one input of the AND gate 35 is a
      logic 1. Assume now, for purposes of illustration, that the data to be
      sampled on line 7 of the internal bus is a logic 1. Since both inputs to
      the AND gate 35 are 1's, the output of the AND gate 35 is also a logic 1.
      This ensures that the output of the NOR gate 39 is a logic 0, since it
      would have a logic 1 output only if both of its inputs were logic 0's. The
      logic 0 output of the NOR gate 39 is transferred by the phase 2 transfer
      gate to the input of the inverter 63. The logic 1 output of the inverter
      63 is transferred to the input of the inverter 65 by the phase 1 clock.
      This logic 1 signal is a feedback signal to the AND gate 37. If the sample
      signal $I now becomes a 1, both inputs to the AND gate 37 will be logic 1
      setting the latch, since the output of the AND gate 37 is a logic 1,
      ensuring that the output of the NOR gate 39 is a logic 0. This data will
      be circulated until the sample signal $I again becomes a logic 0.
      Similarly, it may be shown that a logic 0 on the data bus 7 will be
      sampled by the AND gate 35. With this situation, the output of the AND
      gate will be a logic 0. Since one of the inputs to the AND gate 37; i.e.,
      $I, is a logic 0, the output of AND gate 37 will also be a 0. This will
      ensure that the output of the NOR gate 39 is a logic 1. This signal will
      be transferred to the input of the inverter 63 by phase 2 of the clock. At
      phase 1, the transfer gate will transfer this inverted signal to the input
      of the inverter 65. Also, the signal will be fed back to one of the inputs
      of the AND gate 37. For the situation where the control signal $I has
      again become logic 1, a signal corresponding to the logic 0 level of the
      input bus line 7 will be circulated through the register until a
      subsequent sample signal indicating that new data is to be sampled. Since
      the internal bus line 81 contains inverted signals of the desired data
      information, the output from the instruction register, such as 54, will
      correspond to the true value of the input data.
PAC  INSTRUCTION DECODE DESCRIPTION
PAR  The instruction decode portion of the CPU is illustrated in FIG. 11. The
      instruction decode comprises two NAND matrixes 65 and 67. These matrixes
      are defined by a programmable logic array such as described in the
      aforementioned Crawford patent. Operation of the decode may better be
      understood by an illustrative example. Consider the instruction signal
      JMP. This signal is obtained when signals are present on the output lines
      from the instruction register I.sub.0, I.sub.6, and I.sub.7. The output of
      the various instructions such as JMP, HALT, and etc., are coded on the
      matrix 65. By way of example, the instruction HALT requires a combination
      of two terms in the matrix 65. These two terms are shown respectively at
      gates 73 and 75. The NAND matrixes 65 and 67 form an AND-OR matrix. It may
      be seen that since the instruction decode comprises programmable logic
      arrays, a great deal of flexibility is afforded the CPU of the present
      invention. By merely programming the gate mask for the programmable logic
      arrays, new functions, sequences of information, etc., may be
      accomplished.
PAC  CYCLE TIMER DESCRIPTION
PAR  A cycle timer that may be used with the CPU of the present invention is
      shown in FIG. 12. The timer comprises a NAND matrix 81, the inverting
      function of which is shown generally by the symbol at 69. The output of
      the NAND matrix is applied to one terminal of a phase 2 transfer gate
      shown generally at 83. On phase 2 of the clock, the outputs of a NAND
      matrix 81 are combined by NAND gates 85a through 85f to form cycle control
      signals C1, C2A, C2B, C2C, and C3 which are output on phase 1 of the clock
      by transfer gates 87. The cycle information is fed back on phase 1 of the
      clock onto the input matrix 81. The only time a change in the cycle
      information occurs is if the instruction decode described in FIG. 11 has a
      new output or if the state counter described in FIG. 8 has an output of S4
      EX.
PAR  An example is illustrated by cycle 1 (C1). If the signals EX and S4 are
      both logic 1, the NAND gate 89 will have a logic 0 output. This will be
      inverted by the inverter 91 to form a signal S4 EX that is a logic 1. If
      the control signal Z is also a logic 1, the cycle timer will produce a
      control signal C1. It may be seen that these two gates, that is, the gate
      formed by the control line Z and the gate formed by the control signal S4
      EX are all the gates in the programmable logic array 81 required to
      produce a logic 1 on one line of the matrix to the NAND gate 85a. This
      logic 1 is inverted by gate 69 producing a logic 0 input to NAND gate 85a,
      thereby assuring a logic 1 output of the NAND gate. The cycle C1 will
      circulate on itself as long as C1 remains a logic 1 and the signal S4 EX
      is a logic 1, i.e., when the signals S4 and EX are not logic 1's.
PAR  The next change in cycle timing will occur when the signal S4 EX becomes a
      1 and a new instruction from the instruction decode, shown generally in
      FIG. 11, becomes a 1. An example of the second cycle instruction would be
      cycle C2A. If cycle C1 is a 1 so that a 1 is present at the gate 93, the
      control signal Z is a logical 0, so that the NAND gate 85a does not
      produce a logic 1 output, and the signal S4 EX becomes a 1, cycle C2A will
      have an output of a logic 1 if the instruction line from the instruction
      decode decoding the control signal EXT + LrM = M + RST is a 1 (external or
      load memory to r or arithmetic memory or restart). Cycle C2A will continue
      to circulate until the next S4 EX logic 1 state since C2A is a 1 and the
      signal S4 EX is a logic 1, making one input to the NAND gate 85b a logic
      0, assuring a logic 1 output therefrom.
PAC  INTERNAL CONTROL DESCRIPTION
PAR  With reference to FIG. 13b, the internal control portion of the CPU, in
      accordance with the present invention, comprises one level of NAND logic
      shown generally at 95, clocked on phase 2 of the clock signal to discrete
      MOS NAND gates 97a through 97k. An example of operation of the internal
      control circuit for producing the output *RAM will be described. If the
      control signals S4 and execute (EX) are both logical 1's during phase 2 of
      the clock, they will be gated into NAND gate 97d to produce the *RAM
      control.
PAC  RESTART
PAR  A further example of generation of a control signal by the internal control
      may be seen (FIG. 13a) by reference to the programmable logic arry 99 and
      the control signal *RS. This is a signal that is required to generate a
      restart operation. For the situation where the instruction restart (RST)
      is a 1, the signal cycle C2A is a 1, EX is a 1, and state 3 (S3) is a 1,
      the output signal *RS will be true; i.e., a logic 1. This will be clocked
      from a NAND gate 101 into an inverter 103 on phase 2 of the clock,
      allowing a restart instruction to be executed. The control signal *RS is
      combined with phase 1 of the clock through a NAND gate 71 (Ref. FIG. 15).
      The output of this NAND gate, a logic 0, is connected to the gates of
      IGFETS 105, biasing these transistors into a conductive state. This
      discharges the internal bus lines 0-7 to ground, enabling all 0's to be
      inserted into the program address stack. The other control signal for
      restart instruction is the signal *I.sub.3,4,5. When this signal is a 1,
      bus bits 4, 3, 2, 1, and 0 will be dishcarged. Instruction bits 3, 4, and
      5 will be transferred to the bus bits 5, 6, and 7 respectively, for
      storage in the three highest order bits of the high order program address
      register, as was explained previously with reference to the description of
      the instruction set of the CPU.
PAC  STATUS DECODE CIRCUIT DESCRIPTION
PAR  The condition decode for the arithmetic flags of the ALU is shown in FIG.
      14. The condition decode comprises the NAND array 111 combined into a
      9-input NAND gate 113. By way of example, if instruction bits I.sub.3,
      I.sub.4, and I.sub.5 are logic 1's, the condition matrix 111 will decode
      the inverse of the carry flag. The condition output will be combined with
      a call instruction, jump instruction, or return instruction to determine
      if the instruction should be executed. If parity is true and a conditional
      call occurs, bits 3, 4, and 5 will be a 1 and the instruction will be
      executed.
PAC  STATE TIMER DESCRIPTION
PAR  The state timer of the CPU in the present invention is illustrated in FIG.
      8 and is used to control the master timing of the CPU. Control signals
      used by the CPU and their function are shown in Table VII. The state timer
      comprises a 4-bit shift register having outputs S1, S2, S3, and S4. The
      outputs of the shift register are combined with cycle information and
      status information from READY and INT (interrupt) to determine if execute
      or fetch is to be executed. These outputs are programmed into a programm
      able logic array 604 which enables changing the state operation. The
      interrupt circuit debalances an interrupt input and synchs it with the
      state cycle information to determine when an interrupt can be instituted.
      Another
TBL                                    TABLE VII                               
     __________________________________________________________________________
     LOGIC DEFINITIONS                                                         
     __________________________________________________________________________
     CPU Logic Names:                                                          
     Inputs:                                                                   
     Interrupt When the interrupt line is enabled (Logic "0" to                
               Logic "1" transistion, logic "1" for one state), an             
               interrupt is recognized at the end of the instruction           
               being executed. A one byte instruction can be inserted,         
               and the program counter will not advance. A halted              
               CPU can be restarted by an interrupt.                           
     Ready:    If ready is low (logic "0") during state 3 of the fetch         
               cycle, the processor will enter a wait state at the end         
               of state four. A one state delay will occur after ready         
               returns to a high level (logic "1").                            
     A.sub.7 -A.sub.0                                                          
               A.sub.7 through A.sub.0 are data or instruction inputs during   
               a                                                               
               low .phi.1 execute state when the CPU is not halted. True       
               data is input.                                                  
     Outputs:                                                                  
     Synch:    The processor will synch the memory and external                
               counter during each state one when the CPU is not in            
               a halt or wait state. A logic "0"  will be the synch            
               which occurs during the first state of each fetch or            
               execute.                                                        
     Fetch:    External timing is controlled by the fetch/execute of a         
               cycle. Fetch (four states) is a logic "1" during fetch          
               and a logic "0" during execute (four states). During            
               a wait state, fetch is a logic "1". Fetch will be a             
               logic "0" when the processor is halted.                         
     Cycle:    Cycle will be high during the first cycle of each               
               instruction. It will only be low during cycle two or            
               cycle three of an instruction. The transition will occur        
               during fetch state two.                                         
     Memorize  When dats is to be transferred to the external memory,          
               memorize will be a logic "1". The output will change            
               on fetch state two of the transfer cycle and remain             
               valid until one state after the end of execute.                 
     Interrupt Interrupt acknowledge (logic "1") will acknowledge that         
     Acknowledge:                                                              
               an interrupt request is being recognized. A logic "1"           
               will occur one state before synch of fetch and will             
               remain valid until the end of fetch. Interrupt acknow-          
               ledge occurs between four states and twenty-eight               
               states after an interrupt request.                              
     A.sub.7 -A.sub.0                                                          
               A.sub.7 through A.sub.0 will be outputs during low .phi..sub.2  
               fetch                                                           
               states one, two, three, and low .phi..sub.2 execute state one.  
               Low order address will occur on low .phi..sub.2 fetch state     
               one. Data will be output during low .phi..sub.2 fetch state     
               two and low .phi..sub.2 execute state one. High order address   
               will be output on low .phi..sub.2 fetch state three. The        
               output                                                          
               is inverted.                                                    
     __________________________________________________________________________
       input RDY allows the use of shift register or random access memories. If
      the signal RDY is a 1, an execute will occur immediately after a fetch. If
      RDY becomes a logical 0, the CPU will go into a "wait" state until the RDY
      becomes a 1 and execute will not occur until RDY becomes a 1. The state
      timer also contains the information that will output an interrupt
      acknowledge (INT ACK) to the interface logic. In accordance with one
      feature of the present invention it is possible to reprogram the
      programmable logic array 604 so that the wait state occurs at the end of
      execute, the end of fetch, or during the middle of these cycles.
PAR  In general, the state timer comprises an edge detector 600, a programmable
      logic array 604, a storage circuit 602 for storing an interrupt request
      until the interrupt request has been acknowledged, a storage register 606
      for storing an interrupt acknowledge for several states, and a series of
      shift register bits.
PAR  The edge detector 600 detects a 0 to 1 transition of the interrupt request
      signal. If this signal makes a 1 to 0 transition, no effect will occur in
      the circuit. This, of course, can be changed so that the inverse occurs by
      changing the "one-shot" detection circuit.
PAR  Synchronization at the interrupt request signal with CPU timing is as
      follows. When a logic 0 to 1 transition of interrupt control signal
      occurs, the NAND gate 601 will output a 1 state, phase 1 to phase 1 pulse
      to storage circuit 602. This is accomplished by the edge detector circuit.
      For example, if .phi.1 or if interrupt was previously at a 0 level, then
      the output of the inverter 608 will be a logical 1. This signal will
      become one input to the NAND gate 601 during phase 2 of the clock. The
      other input to the NAND gate 601 is a logic 0; i.e., the same as the input
      to the inverter 608. For this situation, the NAND gate output 610 will be
      a logic 1. When the interrupt request signal makes a transition to a
      logical 1 during phase 1,  the input to the NAND gate 601 will change and
      since a logic 1 was stored previously on the other input to the NAND gate
      601, the output 610 will become a zero pulse. This pulse will be
      transferred to the phase 1 transfer gate 611 to the NAND gate 612,
      producing an output therefrom that is a logic 1. During the phase 2 of the
      clock, the logic 0 stored on gate 608 will be transferred to the NAND gate
      601, returning the output to a logic 1.
PAR  During the zero pulse output from the NAND gate 601 in response to the 0 to
      1 transition of the interrupt signal, the logic output of NAND gate 612
      becomes a logic 1. This logic 1 will continue to circulate through the
      NAND gate 613 back through the NAND gate 612 during subsequent phase 1 and
      phase 2 of the clock until the input 614 to NAND gate 613 changes to a
      logic 0. The input 614 was previously at a logic 1 level.
PAR  Tracing through the circuit, it can be seen that prior to the signal 614
      becoming a logic 1, the output of the inverter 616 is a logic 1. This
      enables the gate 618 in the programmable logic array 604 to a logic 1.
      During the next time that Z (labelled node 620) becomes a logic 0, the
      output of the NAND gate 622 will change to a logic 1. This will enable the
      gate 624 in the PLA 604 to a logic 1. During the next time that the signal
      EX (execute) is true, gate 626 of the PLA will become a logic 1.
      Similarly, when the signal S4 becomes a logic 1, this will enable gate 628
      of the PLA. When the control signal HALT is a logic 0, the inverter 621
      will assure that the gate 619 becomes a logic 1. With this combination of
      signals, the interrupt will be acknowledged. An output is provided through
      two levels of NAND logic such that the output 632 is applied to the shift
      register which has the four states S1, S2, S3, and S4 as outputs. To
      synchronize the control when the interrupt is recognized, gates 634 and
      636 will become logic 1's. This will enable the NAND gate 638 to provide
      an output which will shift through a two bit delay to allow the RAM
      addressing to be set up properly. During the start of this two-bit delay,
      the flag, shown generally at block 606, will be set. The inverter 641 will
      invert the logic 1 output of the NAND gate 638 to a logic 0 which will
      form one input to the NAND gate 640. The output of the NAND gate 640 will
      then become a logic 1 which will be transferred to the NAND gate 643 by
      the phase 1 transfer gate. The NAND gate 640 will set the interrupt
      recognize latch so that the external control timing can accept interrupt
      data through the data terminal on the interface logic. During the next
      time of this two-bit delay, the interrupt recognize latch block 602 will
      be set to logic 1 because line 614 is transformed to a logic 0 by
      inverters 641, 645, and 647 operating on the output of the NAND gate 638.
      This enables the latch 602 to be reset. This circuitry, it may be seen,
      completely synchronizes the interrupt request and interrupt acknowledge
      and the state operation of the CPU.
PAR  Table VIII illustrates the control signal timing for the bus action of the
      control cycle. As an example, reference the instruction RST (restart). The
      first signal P.sub.L shown as being present during state 1 of FETCH is the
      control that ensures that the low order address bits are transferred from
      the RAM onto the internal bus for use in fetching the restart instruction.
      During the FETCH subcycle, state S1, phase 1, the control signal P.sub.L
      must be present. This signal is effective to discharge the bus on phase 2
      of the clock, the bus being precharged during the phase 1. Another control
      signal is the signal M'. During the execute subcycle, state 1, phase 1, M'
      must be present to ensure a transfer of the restart instruction from the
      external bus to the internal bus. When the signal is present on the
      internal bus, it is sampled in the instruction register by the control
      signal I. (Reference the description of FIG. 10). The signal I is
      generated on execute, state 1, phase 2.
PAC  ARITHMETIC LOGIC UNIT
PAR  This section will describe the operation and logic of the arithmetic logic
TBL                                    TABLE VIII                              
     __________________________________________________________________________
     SUBCYCLE  FETCH  EX         EX  EXECUTE EX               EX               
     State     S1  S2   S3  S4   WAIT                                          
                                     S1    S2     S3   S4     STOP             
              .phi.                                                            
     Inst  Cycle                                                               
               1 2 1 2  1 2 1 2  1 2 1  2  1   2  1  2 1   2  1 2              
     __________________________________________________________________________
     Lrr   C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.M                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)                          
                                                     R R   (d)                 
                                                           A                   
      r    C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)  F                       
                                                           (d)                 
                                                       SHR                     
     Shift C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)      A                   
                                                       SHL                     
     RET   C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)                          
     HALT  C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)                          
     RST   C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)                          
     RST   C2A L   F    H   F        M' R  345 P.sub.H                         
                                                  (s)  RS  P.sub.L             
     EXT   C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)                          
                                               A                               
     EXT   C2A A   F    H   F        M' R  R      (s)                          
                                               M                               
      M    C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)                          
                                               A                               
      M    C2A L   F    H   F        M' R  F      (s)                          
                                               (d)                             
     LrM   C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)                          
                                                     R R   M                   
     LrM   C2A L   F    H   F        M' R         (s)  R   (d)                 
     Lr(exp)                                                                   
           C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)                          
                                                     R R   (d)                 
     Lr(exp)                                                                   
           C2B P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' R         (s)  R   (d)                 
      (exp)                                                                    
           C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)                          
                                               A                               
      (exp)                                                                    
           C2B P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' R  F      (s)                          
                                               (d)                             
     LMr   C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  R  R R   (d)                 
     LMr   C2C L   R M' H   F        R  M'        (s)  R   (d)                 
     LM(exp)                                                                   
           C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)                          
                                                     R R   (d)                 
     LM(exp)                                                                   
           C2B P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' R         (s)  R   (d)                 
     LM(exp)                                                                   
           C2C L   R M' H   F        R  M'        (s)  R   (d)                 
     Jump  C1  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' I  A   R  (s)                          
     Jump  C2B P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' R  R   M  (s)                          
     Jump  C3  P.sub.L                                                         
                   F P.sub.L                                                   
                        P.sub.H                                                
                            F P.sub.H                                          
                                     M' R  R   P.sub.H                         
                                                  M  R R   P.sub.L             
     __________________________________________________________________________
      unit 32 (FIG. 2) on the CPU chip. A functional block diagram of the ALU is
      shown in FIG. 16. Each functional block is labelled with a figure number
      where the detailed circuit description for that function is described. The
      arithmetic unit contains a temporary storage register, a section for
      shifting the accumulator, and an increment section for the program address
      (FIG. 18), the arithmetic operand control (FIG. 17), the arithmetic unit
      (FIG. 19), and the arithmetic flags (FIG. 21), including the parity
      circuit (FIG. 20).
PAC  CONTROL SECTION
PAR  Operation of the arithmetic control section, FIG. 17, is as follows. By way
      of example, consider instruction bits I.sub.3, I.sub.4, and I.sub.5 to be
      true, i.e., logic 1. This coding corresponds to the instruction compare
      (reference Table V). A control signal #P which is generated by the state
      timer of the CPU (described in FIG. 8) to update the address register
      after an instruction is applied as one input to NAND gates 88, 98, and
      102. The other input to these NAND gates is respectively bits I.sub.3,
      I.sub.4, and I.sub.5 of the instruction register. When the control signal
      #P is a 1, the output of gate 88 will be a logic 0 because #P and I.sub.5
      are both 1's. The output of the inverter 90 will be a logic 1. The logic 0
      of NAND gate 88 ensures a logic 1 at the output of the NAND gate 94 since
      at least one of its inputs is a 0. The NAND gate 96 thus has one input
      that is a logic 1. The second input to NAND gate 96 is from the control
      #W. This control must be a 1 to assure that the bootstrapped load on the
      NAND gate 96 will continually refresh its capacitance. It is understood by
      those skilled in the MOS art that a bootstrapped load may be used to drive
      a large capacitance on the output of a device. The capacitance must be
      continually refreshed or the logic value will drift from its true value.
PAR  Because the output of gate 94 and #W are both logic 1's, the output of NAND
      gate 92 will determine the logic level output of gate 96 (for the present
      example). The NAND gate 92 receives inputs from both the inverter 104 and
      100 which, in turn, respectively receive inputs from NAND gates 102 and
      98. For the present example where instruction bits I.sub.3, I.sub.4, and
      I.sub.5 are logic 1's, the output of NAND gates 98 and 102 are 0's,
      producing an output from inverters 100 and 104 that are respectively logic
      1's. These logic 1 signals control the NAND gate 92, producing a logic 0
      output therefrom. Thus, the output of NAND gate 96 is controlled to be a
      logic 1 selecting the control signal "SU or SB or CP or W" to be a logic
      1, causing the compare instruction to be executed. Similar examples can be
      shown for the other seven arithmetic operations; i.e., by changing the
      logic of instruction bits I.sub.3, I.sub.4 and I.sub.5 the other
      arithmetic operations may be selected.
PAR  The arithmetic unit control and operation will continually do the
      instruction code present in the instruction register (bits 3, 4, and 5)
      although an arithmetic instruction may not be executed. The only time the
      results of the arithmetic operation will be sampled will be when a *F
      control signal from the control decode is present. This may be seen by
      reference to FIG. 22, which illustrates one bit of the arithmetic unit.
      Gate 86 is the control for generating the bus from the arithmetic unit. If
      the control signal *F is a logic 1, the bus will be generated during phase
      2 of the clock. During the logic 0 of phase 1, the transfer gate 106 will
      transfer the *F logic 1 command to the input of the NAND gate 86. Since
      phase 1 is a logic 0, the output of the gate 86 will remain at logic 1 as
      long as phase 1 remains logic 0. When phase 1 goes to logic 1, however,
      gate 86 is enabled such that a logic 0 is outputed. A logic 0 on the input
      of NOR gate 84 (which is part of the precharged bus) will transfer the
      output 108 (F.sub.n) of the arithmetic unit to the bus during phase 2;
      that is, when F.sub.n is logic 1, the signal F.sub.n is logic 0, producing
      a logic 0 at the input of NOR gate 84. Since both inputs to NOR gate 84
      are now 0's, a logic 1 output is produced on the bus.
PAR  Since the signal *F will be a logic 0 during the next phase 1, the gate 84
      will not be enabled until further *F signals occur. The times at which the
      signal *F occur are shown in Table VIII. It may be seen that the signal F
      occurs only during phase 1 of states 2 and 4, for both execute and fetch
      subcycles. As an example, consider subcycle fetch, state S4, phase 1. To
      simplify the control, the signal *F occurs for every instruction at this
      time. At some times, such as cycle C2A, the results of the arithmetic unit
      are not desired. This is indicated by a blank spot in the Table VIII
      during the phase 2 time of that state. The result of the arithmetic unit
      will not be stored in any register at that time.
PAC  TEMPORARY STORAGE REGISTER
PAR  The temporary storage register of the CPU is shown in FIG. 18. The logic of
      one bit of the storage register is illustrated; other bits of the
      temporary storage register are shown generally in block diagram form at
      114, 116, 118, 120, 122, 124, and 126. The internal bus is shown at 25 as
      having lines 0 through 7. Signals on these lines are inverted signals as
      indicated by the label BUS.
PAR  Operation of the storage register is as follows. If the control signal $R
      becomes a logic 1, the complex gate 110 which includes NAND gate 110a,
      110b, and NOR gate 110c will be enabled through the BUS input line 0. The
      output will be stored at the output node of the logic gate 110 until the
      following phase 1 clock signal. During phase 1, it will be transferred
      back through gate 110b on phase 2 if the control signal $R is now a logic
      0. That is, if the signal $R is a logic 0, both inputs to the NAND gate
      110b are logic 1's producing a logic 1 output therefrom. This logic 0 is
      inverted by gate 112 and recirculated. This transfer will continue until
      the control signal $R becomes a logic 1 again. The inverter 113 inverts
      the BUS signal on the internal bus 25 so that a true signal is applied to
      the logic gate 110.
PAR  The temporary storage register is also used for the shift right and shift
      left instructions, or for normal operation. This is controlled by the
      control signals *R, *RGT and *LFT. If a right shift is desired, the data
      on bus line 0 will be shifted to line 1. During phase 2 of the clock,
      after the signal *RGT becomes a logic 1, the shift will occur as follows.
      The bus line 0 is shifted to line 1 by shifting the logic value of the
      output of the inverter 112 onto the bus line 1 when control signal 130 is
      a logic 0. By way of example, if a true signal were present on bus line 0,
      this would be represented there as a logic 0 since the bus 25 is inverted.
      The logic 1 would be present at the output of inverter 112 representing
      the true data value. The NOR gate 134a thus has an input 130 of logic 0
      and an input from inverter 112 of logic 1, producing an output on inverted
      bus line 1 of logic 0, effecting the shift right.
PAR  Similarly, if the shift left were required, a logic 1 input *LFT would
      provide an output 132 that would be applied to one of the inputs to the
      NOR gate 134b. The other input to the NOR gate 134b would be the output of
      the inverter 112. The output of the NOR gate 134b is connected to bus line
      7. Thus, for a shift left, the signal on bus line 0 is shifted to bus line
      7.
PAR  If normal operation were desired, the input *R going to a logic 1 would
      produce an output 128 that would be applied to the NOR gate 134c. This
      would recirculate the data on the bus line 0 back to bus line 0.
PAR  Circuitry for incrementing the program address is also illustrated in FIG.
      18. The signal for accomplishing a program address increment is the
      control signal #P. As mentioned previously, this signal is generated by
      the state timer circuitry described with reference to FIG. 8. If the
      control signal #P is a logic 1, the output of NOR gate 136 will be a logic
      0. The output of NAND gates 138, 140, 142, 144, 146, 148, and 150 will be
      a logic 1 since the #P signal is inverted by the inverter 139. This will
      ensure that the complement of 1 is added through the arithmetic unit. This
      is done because the input to the arithmetic unit, gates 136 through 150,
      are inverted inputs. The incrementing occurs during the fetch subcycle,
      state 1, and the fetch subcycle, state 3. The incremented output occurs
      during state times S2 and S4 of the fetch subcycle.
PAC  ARITHMETIC UNIT
PAR  With reference to FIG. 19, there is illustrated one bit of the arithmetic
      unit in logic form generally at 67A. The other seven bits of the
      arithmetic unit are shown in block diagram form at 67B through 67I. The
      arithmetic unit comprises inverters shown generally at 59, complex gates
      61, NAND gates 60, NOR gates 62, ring dot gates 58 (which are the inverse
      of EXCLUSIVE ORs) and transfer gates 63. These logic gates are
      interconnected such that in response to a preselected code on instruction
      bits I.sub.5, I.sub.4, and I.sub.3, eight separate arithmetic operations
      may be effected. Operation of the logic in performing an add instruction
      is shown in FIG. 22. The logic associated with the subtract instruction
      and EXCLUSIVE OR instructions are shown respectively in FIGS. 23 and 24.
PAR  With reference now to FIG. 22, description of the logic of one bit of the
      arithmetic logic unit in performing an add instruction will be described.
      If an add instruction is desired, the control signal 152 will be a logic
      0. This signal is labelled Su + SB + CP + W. It will be recalled that this
      signal is generated by the arithmetic logic unit control circuit described
      previously with respect to FIG. 17. With reference to FIG. 17, it may be
      seen that if the instruction bits I.sub.5, I.sub.4, and I.sub.3 are
      respectively 000, the code corresponding to add (reference Table V) then
      the output of AND gate 96 will be a logic 0. Hence, the control signal 152
      is 0 when an add instruction is desired. Similarly, the inverse of the
      control signal 152 labelled 154 in FIG. 22, is a logic 1.
PAR  Signal 154 is applied to the OR gate 155a and the inverter 73a. The output
      of the inverter 73a is applied to one input of the OR gate 155b. The input
      signal X.sub.n which is outputed from the temporary storage register
      illustrated in FIG. 18, is applied directly to the other input of the OR
      gate 155b. The signal X.sub.n is inverted by inverter 73b to produce the
      true signal X.sub.n which is applied to the other input of the OR gate
      155a and also to an input of the ring dot gate 75. The logic 1 level of
      the control signal 154, i.e., SU + SB + CP + W enables operation of the
      arithmetic unit. The output of the NAND gate 74 will be bit X.sub.n. For
      example, consider a situation where the bit X.sub.n from the temporary
      storage register such as 114 in FIG. 18, is a logic 1. For this situation,
      when the control signal 154 goes to a logic 1, the inputs to the OR gate
      155b are logic 0 from the inversion 73a, and 0 from the signal X.sub.n.
      This produces an output of the OR gate 155b of a logic 0, which forms one
      input to NAND gate 74. Further, one input to the OR gate 155a is a logic 1
      corresponding to the control signal 154. The other input to the OR gate
      155a is a logic 1 corresponding to the true value of the bit X.sub.n. This
      produces an output of the OR gate 155a of a logic 1, which is also an
      input to the NAND gate 74. Thus NAND gate 74 has inputs of 0 and 1
      corresponding to an output of a logic 1 which, in turn, is the logic level
      assumed for the bit X.sub.n. In a similar manner, it may be shown that
      where the logic bit X.sub.n is a 0, a logic 0 will be produced at the
      output of NAND gate 74.
PAR  The inverse of the EXCLUSIVE OR of bit X.sub.n and Y.sub.n will be formed
      by the circle dot gate 75, one input of which is the signal X.sub.n taken
      from the output of the inverter 73b, and the true signal Y.sub.n. The
      output of the gate 75 is labelled X.sub.n .sym. Y.sub.n. This output is
      part of the sum and carry of the sum X.sub.n  and carry C.sub.n. The carry
      will first be traced. The output of gate 70 will be the NAND combination
      of X.sub.n and Y.sub.n. This output is shown as X.sub.n . Y.sub.n. If
      these bits X.sub.n and Y.sub.n are both logic 1, a carry must be
      generated. This is accomplished since logic 1 inputs to the NAND gate 70
      effecting a logic 0 output which is effective to operate the transfer gate
      158, generating a carry (C.sub.n) signal since clock phase 2 is normally a
      logic 1 level. If a carry is not generated, then a carry may be propagated
      by the inverse of the EXCLUSIVE OR of X.sub.n or Y.sub.n, shown at the
      output of gate 75. This occurs because the output X.sub.n .sym. Y.sub.n is
      transferred through gate 176 to logic gate 160. The carry will be
      propagated from node 82 through gate 160 to the next bit C.sub.n. The
      input to node 82 will be either C.sub.n.sub.-1 or a generate from the NAND
      term X.sub.n.sub.-1 and Y.sub.n.sub.-1.
PAR  The sum F.sub.n is expressed as F.sub.n = X.sub.n .sym. Y.sub.n +
      C.sub.n.sub.-1 ; C.sub.n = X.sub.n . Y.sub.n + C.sub.n.sub.-1 (X.sub.n
      .sym. Y.sub.n). The sum F.sub.n will be generated through the inverse
      EXCLUSIVE OR gate 78 and will be the EXCLUSIVE OR of the carry
      C.sub.n.sub.-1 and EXCLUSIVE OR of X.sub.n or Y.sub.n. The sum term at the
      output of gate 78 generates the bus if a *F occurs for that time frame at
      NAND gate 86.
PAR  FIG. 23 shows the operation of the ALU logic to effect subtraction. As may
      be seen from the sum term F.sub.n = X.sub.n .sym. Y.sub.n .sym.
      C.sub.n.sub.-1, the difference is the same for subtract as add. The only
      difference between operation of the two circuits is that the X.sub.n input
      to the carry equation is inverted. This may be seen at the output of the
      NAND gate 70, where the output is shown as Y.sub.n .sup.. X.sub.n.
      Otherwise, operation of the subtract logic is the same as for add as
      described with reference to FIG. 22.
PAR  With respect to FIG. 24, operation of an EXCLUSIVE OR instruction will be
      described. For this example, the sum F.sub.n is equal to X.sub.n .sym.
      Y.sub.n. For an EXCLUSIVE OR operation, the signal XR must be a logic 1.
      This signal will be generated when the instruction bits I.sub.3, I.sub.4,
      and I.sub.5 are respectively 101. (Reference Table V). With reference back
      to FIG. 17, it may be seen that such a coding for instruction register
      bits I.sub.3, I.sub.4, and I.sub.5 will produce a logic 1 at the output of
      the NAND gate 96a, producing an output signal XR that is a logic 1. The
      signal ND + XR is applied to the transfer gate 164. This signal will be a
      logic 0 when the signal "ND + XR + W" is a logic 1. The transfer gate 164
      will be activated by the signal 162 such that a logic 1 is transferred to
      the input of gate 168. The signal 166 is the inverse of EXCLUSIVE OR of
      the two terms X.sub.n and Y.sub.n. The inverse of this EXCLUSIVE OR will
      be combined with the logic 1 present at the input of gate 168. The output
      of gate 168 forms the EXCLUSIVE OR of the terms X.sub.n and Y.sub.n. This
      output will be gated onto the bus when the control signal *F is a logic 1
      at the NAND gate 86.
PAR  In a similar manner, the logic associated with the other arithmetic
      operations may be traced through the logic of the arithmetic unit.
PAC  PARITY CIRCUIT DESCRIPTION
PAR  A precharged parity circuit in accordance with the present invention
      includes the advantage of increased speed of operation. This circuit will
      be described with reference to FIG. 20. The parity circuit includes
      precharged insulated gate field effect transistors shown generally at 174,
      having gate inputs labelled phase 1. Inputs from the bus are labelled F
      and F. For the illustrative 8-bit parity circuit of FIG. 20, there are
      eight F signals, F.sub.0 through F.sub.7, and eight F signals, F.sub.0
      through F.sub.7. These inputs are selectively applied to gates of
      interconnected insulated gate field effect transistors to produce odd
      parity and even parity outputs.
PAR  Operation of the precharged parity circuit is as follows. During phase 1 of
      the clock, nodes shown generally at 170 are precharged to a reference
      voltage V.sub.DD. During the high part of the clock; that is, when
      transistors 174 are non-conductive, nodes 170 are conditionally discharged
      depending on the inputs F and F to the parity circuit. By way of example,
      node 170a would be discharged if F.sub.1 and F.sub.0 were both logic 0's,
      or if F.sub.1 and F.sub.0 were both logic 0's. With reference to node
      170b, the inverse occurs; i.e., node 170b discharges if inputs F.sub.1 and
      F.sub.0 are both logic 0's or if inputs F.sub.1 and F.sub.0 are both logic
      0's. Thus, the function of the inputs at 178 may be expressed as F.sub.0
      .sup.. F.sub.1, the function at 180 as F.sub.1 .sup.. F.sub.0 ; the
      function at 182 as F.sub.1 .sup.. F.sub.0 ; and the function at 184 as
      F.sub.1 .sup.. F.sub.0. The functions 178 and 180 are combined at node
      170a to result in the exclusive or function F.sub.0 .sym. F.sub.1.
      Similarly, the functions 182 and 184 are combined at node 170 b to yield
      F.sub.0 .sym. F.sub.1. In other words, the node 170a will be discharged
      only if signals F.sub.0 and F.sub.1 are opposite logic levels. If both
      inputs are logic 1's, or if both are logic 0's, the node will not
      discharge. Similarly, the inverse is true for node 170b; i.e., the node
      will not discharge for the situation where the signal F.sub.0 and F.sub.1
      are opposite. Parity is the exclusive or of all of the bits that parity is
      to be checked for. The circuit can be expanded for as many bits as
      desired. Parity is the EXCLUSIVE OR term. The inverse of EXCLUSIVE OR is
      called even parity.
PAC  ARITHMETIC FLAGS
PAR  The arithmetic unit flags carry (C), zero (Z), sign (S) and parity (P) will
      be described with reference to FIG. 21. The sign flag indicates the status
      of bit 7 of an arithmetic sum. If bit 7 is a logic 1, the sign flag will
      be true; if bit 7 is a 0, the sign flag will be false. Operation is as
      follows. Consider first the example where bit 7 is a logic 1. It will be
      noted that the bus shown generally at 25 is inverted. Thus, a logic 1 for
      bit 7 will be present on line 7 as a logic 0. This logic 0 is inverted by
      the inverter 700 to produce a true data bit signal. This logic 1 will be
      transferred on phase 2 of the clock by the transfer gate 701 to form one
      input of the AND gate 702. The other input of the AND gate 702 is formed
      by the control signal #CZSP. When this control signal goes to a logic 1,
      the output of AND gate 702 is a logic 1. This ensures that the output of
      the NOR gate 706 is a logic 0. On the subsequent phase 1 of the clock,
      this logic zero is inverted by the inverter 708 to form the true or logic
      1 output of the sign flag. This logic 1 is transferred back through the
      transfer gate 709 on phase 2 of the clock to form one input of the AND
      gate 704. If the control signal #CZSP goes to a logic 0, the other input
      to the AND gate 704 will be a logic 1. This will ensure that the logic 1
      level of the sign flag will recirculate until BUS 7 is again sampled.
      Similarly, if the data on bus bit 7 is a true logic 0, the inverted signal
      logic 1 will be present on the inverted bus. This logic 1 will be inverted
      by the inverter 700 to form a logic 0 as an output of the inverter 700.
      This logic 0 is transferred by the transfer gate 701 during phase 2 of the
      clock to one input of the AND gate 702. A 0 input to the AND gate ensures
      that the output of the AND gate 702 is also a 0. Similarly, when the
      control signal #CZSP goes to a logic 1, it is applied as one of the inputs
      of AND gate 704, ensuring a logic 0 output therefrom. Thus, both inputs to
      the NOR gate 706 are logic 0's, producing an output that is a logic 1.
      This logic 1 output is transferred during phase 1 by the transfer gate to
      the inverter 708 which produces a logic 0 output as the sign flag
      corresponding to the zero level of bit seven of the bus.
PAR  The zero flag indicates that all of the inputs of the arithmetic unit are
      logic 0's; that is, bits 0 through 7 are all logic 0's. For example, for
      the situation where all of the bits 0 through 7 are 0's, a logic 1 will be
      present on these lines since the bus 25 is inverted. This will enable the
      NAND gate 710 producing a logic 0 output therefrom. This logic 0 output is
      inverted by the inverter 712 to provide a logic 1 as an input to the AND
      gate 714. The other input to the AND gate 714 is also a logic 1 when the
      control signal #CZSP is true. Thus, the output at the AND gate 714 is a
      logic 1 ensuring that the output of the NOR gate 716 is a logic 0. During
      phase 1 of the clock, the logic 0 output of the NOR gate 716 is inverted
      by inverter 718 such that the Z flag is a logic 1. Similarly, it may be
      seen that if any of the bus bits 0 through 7 are logic 1's rather than
      0's, the output of the NAND gate 710 will be a logic 1, and the level of
      the Z flag will be 0.
PAR  The parity flag indicates that there is an odd number of 1 bits in the
      8-bit output of the arithmetic unit. The details of the parity circuit
      itself were described with reference to FIG. 20. The logic for producing
      the parity output (P) in response to the control signal #CZSP going to a
      logic 1 is similar to that described with reference to the sign and zero
      flags.
PAR  The flag carry is updated if a carry out of bit 7 of the arithmetic unit
      occurs. The carry flag will also be updated for a shift right or shift
      left instruction. The other flags are not affected. A shift left operation
      will indicate the least significant bit of the 8-bit output after the
      shift. A shift right will indicate the most significant bit of the 8-bit
      output. By way of example, the control signal #SLC is the inverse of the
      control signal *LFT which controls a shift left command. Operation of this
      signal was described with reference to FIG. 18. When the signal *LFT
      becomes a logic 1, this generates shift left command. Thus, the control
      signal SLC is a logic 0. This logic 0 is applied as an input to the NOR
      gate 722. As may be seen, the other input to the NOR gate 722 samples the
      least significant bit, bit 0, of the bus 25. If this bit is a logic 1, it
      will be represented on the bus bit 0 as a logic 0 since the bus is
      inverted. The logic 0 will enable the NOR gate 722 to provide a logic 1
      output. This will be sampled through the OR gate 724 providing a carry
      sign of logic 1. Similarly, it may be seen that the NOR gate 726 samples
      the most significant bit; i.e., bus bit 7 after a shift right instruction.
PAR  The carry flag is also set if a carry out of bit 7 in the arithmetic unit
      occurs. For this situation, a logic 1 is applied to the input of the
      inverter 728. This is clocked during phase 1 to an input of the NOR gate
      730 producing a logic 0 at this input. The output of NOR gate 730 will be
      a logic 1 if the other input to the gate is a logic 0. With reference back
      to FIG. 17, it may be seen that the other input to the NOR gate 730 will
      be a logic 0 for the situation where the instruction bits I.sub.3,
      I.sub.4, and I.sub.5 are respectively 110, 010, 100, or 111, the codes
      corresponding to the arithmetic operations OR, SU, ND, and CP. The logic 1
      output of NOR gate 730 is inverted at 732 to provide a logic 0 input to
      the NOR gate 734. The other input to the NOR gate 734 is an inverted
      control signal #CZSP. Thus, when this control signal goes to a logic 1,
      its inverse, logic 0, is applied to the NOR gate 734 producing a logic 1
      output therefrom. This logic 1 output is sampled through the OR gate 724
      to produce a logic 1 carry flag. This signal is connected to the control
      portion of the ALU illustrated in FIG. 17 to generate the signal C.sub.in.
      It may be seen that the value of C.sub.in will be a logic 0 when the carry
      flag is a logic 1 and instruction bit I.sub.3 is a 1 and the instruction
      bit I.sub.5 is a 0. The signal C.sub.in is applied as an input to the
      arithmetic unit described with reference to FIG. 19.
PAR  The status of the carry flag will be recirculated by NAND gate 735 for the
      following situation. Assume, for purposes of illustration, that the carry
      flag is a logic 1. The output of the NOR gate 735 will recirculate this
      logic 1 when both of its input are logic 0's. One of its inputs is an
      inverted output from OR gate 724. The output of the OR gate 724 is a logic
      1 for the situation where the carry flag is a logic 1 so its inverted
      level will be required logic 0. The other logic 0 input to the NOR gate
      735 is produced by the NAND gate 736. The output of the NAND gate 736 will
      be a logic 0 when all of its inputs are logic 1's. One of its inputs is
      the inverted control signal #CZSP. For the situation where this control
      signal is a logic 0; that is, when it is not desired to update the status
      of the flags, then its inverted signal, logic 1, will be one of the inputs
      to the NAND gate 736. The other two inputs to the NAND gate 736 are
      respectively #SLC and #SRC, the signals corresponding to shift left and
      shift right instructions. For the situation where no shifts are desired,
      these signals will have a logic level of 1 since they are the inverse of
      the control signal specifying the shift instructions. Thus, when it is not
      desired to update the status of the flags, and when no shift instructions
      are being executed, the NAND gate 736 will have an output of logic 0,
      allowing the status of the carry flag to be recirculated.
PAC  CPU RAM
PAR  The internal RAM of the CPU in accordance with the present invention is
      illustrated in FIG. 25. The RAM contains 192 bits of data storage
      organized into 24 8-bit registers. Eight of these registers are the low
      order address registers (P.sub.L); eight are the high order address
      registers (P.sub.H); and eight form general purpose memory registers,
      seven of which are generally available and one of which is used only
      internally. The sixteen registers used for program address, P.sub.L and
      P.sub.H, enable 16-bit addressing. Only one program address register is
      used at a time, the other seven are used for a pushdown stack subroutine
      call operation.
PAR  With reference now to FIG. 25, one section of the RAM is illustrated
      generally at 200 and illustrates one bit of each of the three types of
      registers, i.e., general purpose registers (A, B, C, D, E, H, L and M'),
      high order address registers P.sub.H and low order address registers
      P.sub.L. There are eight sections similar to block 200. Operation of the
      RAM is as follows. The RAM control signals U and V, shown generally at
      201, are coded to select either the low address registers P.sub.L, the
      high address registers P.sub.H, the general purpose registers, or a
      refresh counter. By way of example, if the control signals U and V are
      both logic 1's, during phase 1 of the clock the transfer gates shown at
      201 will provide logic 1 inputs to the NAND gate 224. The output of the
      NAND gate 224 is a logic 0. This signal is inverted at 226 to a logic 1
      level. The logic 1 is applied as an input to the inverting buffer shown
      generally at 230 and also to the inverter 228. A logic zero output of the
      inverter 228 is applied to the gate of the MOS devices shown at 216,
      enabling these devices for address line selection, as will be described
      hereinafter.
PAR  The logic 1 output of the inverter 226 is gated by phase 2 of the clock to
      the input of the inverter 230A. The output of this inverter is a logic 0.
      This logic 0 is gated during phase 1 of the clock to the input of inverter
      230B. Thus, it may be seen that two delays are imparted to the output of
      the inverter 226. The logic 0 input to the inverter 230B is applied to one
      input of the complex logic shown generally at 220, and in particular, to
      one input of the NOR gate 220A. The other input to the NOR gate 220A is
      the BUS line 221.
PAR  The logic 0 on line 234 (which is the input to the inverter 230B) will
      transfer the data on the bus line 221 onto the line labelled 236 which is
      the output of the OR gate 220B. This line 236 accesses one column of the
      internal storage cells of the RAM. Thus, when a logic 0 is present on the
      line 234, it is possible to write data into the general purpose registers
      selected by the control signals U and V, both being logic 1's. It is to be
      understood, of course, that other selections of U and V would have
      addressed the high order address registers (P.sub.H) or the low order
      address registers (P.sub.L).
PAR  It may be seen that the data present on the inverted bus 221 will be
      reproduced on the line 236. For example, consider that a true logic 1
      signal is present on the bus line 221. Since the bus is inverted, it will
      be present on the bus as a logic 0 level. This logic 0 level will combine
      with the logic 0 input from line 234 of the NOR gate 220a to produce a
      logic 1 of that NOR gate. This logic 1 output will be sampled by the OR
      gate 220b to produce a logic 1 output on line 236, which would enable
      storage of a logic 1.
PAR  For purposes of illustration, let us assume that it is desired to store
      information into the internal storage cell of the RAM shown generally at
      232 which is bit D.sub.i of the D register. The "i" in the present
      example, of course, may be any of the bits 0 through 7. In response to the
      logic 0 level of the line 234, the data on the bus 221 will be transferred
      to the line 236. This line will access all of the registers A, B, C, D, E,
      H, L, and M'. To select the block 232 for storage of data, the input lines
      A.sub.1, A.sub.2, and A.sub.3 must respectively be 1, 1, and 0. This code,
      for example, corresponds to the source and destination codes for selecting
      the D register as set forth in Table V; that is, for a destination of a D
      register, the instruction bits 2, 1, and 0 must respectively be 0, 1, and
      1. this coding is effective to select the D register as follows. The
      output of inverter 228 is a logic 0 which enables the transfer gates 216.
      The A.sub.1, A.sub.2, and A.sub.3 logic levels are thus respectively
      applied to the inverters 212a, 212b, and 212c, resulting in respective
      outputs of logic 0, logic 0, logic 1. The signals A.sub.1, A.sub.2 and
      A.sub.3, or the complement of these signals, are respectively applied as
      inputs to NAND gates shown generally at 215. It may be seen that for the
      situation where A.sub.1, A.sub.2, and A.sub.3 are respectively logic 1,
      logic 1, and logic 0, only the NAND gate 215a has inputs that are all
      logic 1's. The output of this NAND gate, logic 0, is inverted by inverter
      217 to a logic 1. This logic 1 is transferred on phase 1 of the clock to
      the input inverters 219, labelled .phi.1' and .phi.2' which are coupled to
      the storage cell 232. The output of the inverter .phi.1' is labelled 244
      and the output of the inverter .phi.2' is labelled 242. As will be
      explained hereinafter (FIG. 26), the inverters labelled .phi.1' and
      .phi.2' are clocked inverters which are used advantageously to address the
      memory cells.
PAR  During the time phase 2, the write line 242 of the memory cell will be
      enabled. The read line of the memory cell is shown at 244, while the
      output line is shown at 248. Detailed description of the operation of the
      dynamic random access memory cell 232 is explained in the description of
      FIGS. 4a and 4b. During phase 1 of the clock, if the signal 234 is low,
      indicating the selection of one of the registers, the register output will
      be selected through the complex gate 256 to node 252. At this point, if
      the generate signal *RAM becomes a logic 1, the NAND gate 254 will be
      activated and the output transferred to the BUS. During phase 2,
      information may be written into the storage cell, such as 232, from the
      bus bar via the line 236.
PAR  Consider, for example, that a 0 is stored in the memory cell 232 and that
      it is desired to read this data. Thus, the line 244 is biased to a logic 0
      during phase 1 and the logic 0 data stored in the cell is transferred to
      the output line 248. This logic 0 forms one input to the NOR gate 250a.
      The pther input to the NOR gate 250a is the line 234. This signal is also
      a logic 0. Thus, the output of NOR gate 250a is a logic 1. This logic 1 is
      transferred through the OR gate 250b and is transferred to one of the
      inputs of the NAND gate 254 during phase 1. This ensures that the output
      of the NAND gate 254 is a logic 0. This logic 0 is stored on the bus line
      221. Similarly, if a logic 1 were stored in the memory cell 232, the
      output of the NOR gate 250a would be a logic  0. Thus, the output of the
      OR gate 250b would also be a zero forming one input to the NAND gate 254.
      In response to the signal *RAM becoming a logic 1, the other input to the
      NAND gate 254 becomes a logic 0. This enables a logic 1 output to be
      distributed on the bus.
PAR  In a similar manner, the high order address registers P.sub.H and the low
      order address registers P.sub.L could be addressed by a control signal U V
      combination of UV and UV respectively.
PAR  Other operational portions of the RAM include a stack pointer, a refresh
      counter, and the a, locations P.sub.L or P.sub.H. The stack pointer will
      continually point to one location in the pushdown stack. This location
      will be the current program address. If the RAM input signals U and V are
      codes 01 or 10, this will produce an output from the NAND gate 255 of
      logic 1. This logic 1 is inverted by inverter 257 and enables the transfer
      gate shown generally 256. These transfer gates enable outputs from the
      stack pointer S1, S2, and S3. These outputs are respectively connected to
      inverters 2122, 212b, and 212c. Depending on the logic levels of S1, S2
      and S3, one of the levels, that is rows, in the RAM of the P.sub.H
      registers or P.sub.L registers will be selected. Whether it is the P.sub.H
      register or the P.sub.L register depends upon whether the coding of U and
      V was 10 or 01. If a call instruction or return instruction is executed,
      the stack pointer address will be changed by changing the count in the
      stack pointer.
PAR  The logic of the stack pointer is illustrated in FIG. 27. The stack pointer
      comprises an up-down counter and has two inputs, pop and push. For every
      pop signal, the counter will increase by one count. A push will decrease
      the count by one. This counter will store the new location of the program
      address until another return or call is executed. Calls will cause the
      counter to count one direction and returns will make the counter count in
      the other direction. From this, it may be seen that the stack pointer
      provides a convenient and advantages method for subroutine addressing.
PAR  Operation of the stack pointer may better be seen by reference to the truth
      table, Table IX. The inputs, outputs, or registers printed in the stack
      truth table are as follows, when names listed from top to bottom are
TBL                                    TABLE IX                                
     __________________________________________________________________________
     RI      INPUT INST. A REG.                                                
                               ADDRESS LEVEL 0                                 
                                         ADDRESS LEVEL 1                       
                                                   ADDRESS LEVEL 3             
     DN                                                                        
     YT                        111111    111111    111111                      
             76543210                                                          
                   76543210                                                    
                         76543210                                              
                               5432109876543210                                
                                         5432109876543210                      
                                                   5432109876543210            
     __________________________________________________________________________
     0    11 11111111                                                          
                   11111111                                                    
                         11111111                                              
                               1111111111111111                                
                                         1111111111111111                      
                                                   1111111111111111            
     1    11 00000000                                                          
                   00000000                                                    
                         00000000                                              
                               0000000000000000                                
                                         0000000000000000                      
                                                   0000000000000000            
     2 RST                                                                     
          11 00110101                                                          
                   00110101                                                    
                         00000000                                              
                               0000000000000000                                
                                         0000000000000000                      
                                                   0000000000000000            
     3    11 10000000                                                          
                   00110101                                                    
                         00000000                                              
                               1100000000000000                                
                                         0000000000000000                      
                                                   0000000000000000            
     4 ADA                                                                     
          11 10000000                                                          
                   10000000                                                    
                         00000000                                              
                               1100000000000001                                
                                         0000000000000000                      
                                                   0000000000000000            
     5 JTZ                                                                     
          11 01101000                                                          
                   01101000                                                    
                         00000000                                              
                               1100000000000010                                
                                         0000000000000000                      
                                                   0000000000000000            
     6    11 11111111                                                          
                   01101000                                                    
                         00000000                                              
                               110000000000000011                              
                                         0000000000000000                      
                                                   0000000000000000            
     7    11 10101000                                                          
                   01101000                                                    
                         00000000                                              
                               1010100011111111                                
                                         0000000000000000                      
                                                   0000000000000000            
     8 JTC                                                                     
          11 01100000                                                          
                   01100000                                                    
                         00000000                                              
                               1010100000000000                                
                                         0000000000000000                      
                                                   0000000000000000            
     9    11 11111111                                                          
                   01100000                                                    
                         00000000                                              
                               1010100000000001                                
                                         0000000000000000                      
                                                   0000000000000000            
     10   11 00001101                                                          
                   01100000                                                    
                         00000000                                              
                               1010100000000010                                
                                         0000000000000000                      
                                                   0000000000000000            
     11CTP                                                                     
          11 01111010                                                          
                   01111010                                                    
                         00000000                                              
                               1010100000000011                                
                                         0000000000000000                      
                                                   0000000000000000            
     12   11 00110010                                                          
                   01111010                                                    
                         00000000                                              
                               1010100000000100                                
                                         0000000000000000                      
                                                   0000000000000000            
     13   11 11101111                                                          
                   01111010                                                    
                         00000000                                              
                               1010100000000101                                
                                         0000000000000000                      
                                                   0000000000000000            
     14CAL                                                                     
          11 01101110                                                          
                   01101110                                                    
                         00000000                                              
                               1010100000000110                                
                                         0000000000000000                      
                                                   0000000000000000            
     15   11 01111110                                                          
                   01101110                                                    
                         00000000                                              
                               1010100000000111                                
                                         0000000000000000                      
                                                   0000000000000000            
     16   11 00001111                                                          
                   01101110                                                    
                         00000000                                              
                               1010100000001000                                
                                         0000111101111110                      
                                                   0000000000000000            
     17 JMP                                                                    
          11 01010100                                                          
                   01010100                                                    
                         00000000                                              
                               1010100000001000                                
                                         0000111101111111                      
                                                   0000000000000000            
     18   11 10100011                                                          
                   01010100                                                    
                         0000111110000000                                      
                               1010100000001000                                
                                         0000111110000000                      
                                                   0000000000000000            
     19   11 11000111                                                          
                   01010100                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100011                      
                                                   0000000000000000            
     20CFC                                                                     
          11 01000010                                                          
                   01000010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100100                      
                                                   0000000000000000            
     21   11 01010110                                                          
                   01000010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100101                      
                                                   0000000000000000            
     22   11 11111101                                                          
                   01000010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0000000000000000            
     23CTZ                                                                     
          11 01101010                                                          
                   01101010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0000000000000000            
     24   11 11010111                                                          
                   01101010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0000000000000000            
     25   11 00011111                                                          
                   01101010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111010111            
     26CFS                                                                     
          11 01010010                                                          
                   01010010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011000            
     27   11 11111111                                                          
                   01010010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011001            
     28   11 11111111                                                          
                   01010010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     29CFP                                                                     
          11 01011010                                                          
                   01011010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     30   11 11111100                                                          
                   01011010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     31   11 00101001                                                          
                   01011010                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     32INP                                                                     
          11 01001011                                                          
                   01001011                                                    
                         00000000                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     33   11 11010001                                                          
                   01001011                                                    
                         11000001                                              
                               1010100000001000                                
                                         11000011110100110                     
                                                   0001111111011010            
     34ADA                                                                     
          11 10000000                                                          
                   10000000                                                    
                         10100010                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     __________________________________________________________________________
                                     ADDRESS LEVEL 6                           
                                               ADDRESS LEVEL                   
                                                         CZSP                  
                                     111111    111111                          
                                     5432109876543210                          
                                               5432109876543210                
     __________________________________________________________________________
                                0    1111111111111111                          
                                               1111111111111111                
                                                         1111                  
                                1    0000000000000000                          
                                               0000000000000000                
                                                         1101                  
                                2 RST                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         1101                  
                                3    0000000000000000                          
                                               0000000000000000                
                                                         1101                  
                                4 ADA                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                5 JTZ                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                6    0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                7    0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                8 JTC                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                9    0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                10   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                11CTP                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                12   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                13   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                14CAL                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                15   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                16   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                17 JMP                                         
                                     0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                18   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                19   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                20CFC                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                21   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                22   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                23CTZ                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                24   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                25   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                26CFS                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                27   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                28   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                29CFP                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                30   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                31   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                32INP                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                33   0000000000000000                          
                                               0000000000000000                
                                                         0100                  
                                34ADA                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         1011                  
     __________________________________________________________________________
          RI INPUT INST  A REG.                                                
                               ADDRESS LEVEL 0                                 
                                         ADDRESS LEVEL 1                       
                                                   ADDRESS LEVEL               
     __________________________________________________________________________
                                                   3                           
     35CTC                                                                     
          11 01100010                                                          
                   01100010                                                    
                         10100010                                              
                               1010100000001000                                
                                         110001111010110                       
                                                   0001111111011010            
     36   11 00011010                                                          
                   01100010                                                    
                         10100010                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     37   11 10110110                                                          
                   01100010                                                    
                         10100010                                              
                               1010100000001000                                
                                         110001111010010                       
                                                   0001111111011010            
     38CFZ                                                                     
          11 01001010                                                          
                   01001010                                                    
                         10100010                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     39   11 00101010                                                          
                   01001010                                                    
                         10100010                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     40   11 11111110                                                          
                   01001010                                                    
                         10100010                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     41CTS                                                                     
          11 01110010                                                          
                   01110010                                                    
                         10100010                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     42   11 01011111                                                          
                   01110010                                                    
                         10100010                                              
                               1010100000001000                                
                                         1100011110100110                      
                                                   0001111111011010            
     43   11 11111100                                                          
                   01110010                                                    
                         10100010                                              
                               1111110001011111                                
                                         1100011110100110                      
                                                   0001111111011010            
     44CTP                                                                     
          11 01111010                                                          
                   01111010                                                    
                         10100010                                              
                               1111110001100000                                
                                         1100011110100110                      
                                                   0001111111011010            
     45   11 10110010                                                          
                   01111010                                                    
                         10100010                                              
                               1111110001100001                                
                                         1100011110100110                      
                                                   0001111111011010            
     46   11 11100110                                                          
                   011111010                                                   
                         10100010                                              
                               1111110001100010                                
                                         1110011010110010                      
                                                   0001111111011010            
     47CFP                                                                     
          11 01011010                                                          
                   01011010                                                    
                         10100010                                              
                               1111110001100010                                
                                         111011010110011                       
                                                   0001111111011010            
     48   11 01111101                                                          
                   01011010                                                    
                         10100010                                              
                               1111110001100010                                
                                         1110011010110100                      
                                                   0001111111011010            
     49   11 10111011                                                          
                   01011010                                                    
                         10100010                                              
                               1111110001100010                                
                                         1110011010110101                      
                                                   0001111111011010            
     50JFZ                                                                     
          11 01001000                                                          
                   01001000                                                    
                         10100010                                              
                               1111110001100010                                
                                         1110011010110110                      
                                                   0001111111011010            
     51   11 01111111                                                          
                   01001000                                                    
                         10100010                                              
                               1111110001100010                                
                                         1110011010110111                      
                                                   0001111111011010            
     52   11 10000000                                                          
                   01001000                                                    
                         10100010                                              
                               1111110001100010                                
                                         0000000001111111                      
                                                   0001111111011010            
     53RET                                                                     
          11 00101111                                                          
                   00101111                                                    
                         10100010                                              
                               1111110001100010                                
                                         0000000010000000                      
                                                   0001111111011010            
     54RTZ                                                                     
          11 001010011                                                         
                   00101011                                                    
                         10100010                                              
                               1111110001100011                                
                                         0000000010000000                      
                                                   0001111111011010            
     55RTC                                                                     
          11 00100011                                                          
                   00100011                                                    
                         10100010                                              
                               1111110001100100                                
                                         0000000010000000                      
                                                   0001111111011010            
     56RFP                                                                     
          11 00011011                                                          
                   00011011                                                    
                         10100010                                              
                               1111110001100100                                
                                         0000000010000000                      
                                                   0001111111011010            
     57RTS                                                                     
          11 00110011                                                          
                   00110011                                                    
                         10100010                                              
                               1111110001100100                                
                                         0000000010000000                      
                                                   0001111111011010            
     58HALT                                                                    
          11 00000000                                                          
                   00000000                                                    
                         10100010                                              
                               1111110001100100                                
                                         0000000010000000                      
                                                   0001111111011010            
     __________________________________________________________________________
                                     ADDRESS LEVEL 6                           
                                               ADDRESS LEVEL                   
                                                         CZSP                  
     __________________________________________________________________________
                                35CTC                                          
                                     0000000000000000                          
                                               0000000000000000                
                                                         1011                  
                                36   0000000000000000                          
                                               0000000000000000                
                                                         1011                  
                                37   1011011000011010                          
                                               0000000000000000                
                                                         1011                  
                                38CFZ                                          
                                     1011011000011011                          
                                               0000000000000000                
                                                         1011                  
                                39   1011011000011100                          
                                               0000000000000000                
                                                         1011                  
                                40   1011011000011101                          
                                               1111111000101010                
                                                         1011                  
                                41CTS                                          
                                     1011011000011101                          
                                               1111111000101011                
                                                         1011                  
                                42   1011011000011101                          
                                               1111111000101100                
                                                         1011                  
                                43   1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                44CTP                                          
                                     1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                45   1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                46   1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                47CFP                                          
                                     1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                48   1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                49   1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                50JFZ                                          
                                     1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                51   1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                52   1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                53RET                                          
                                     1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                54RTZ                                          
                                     1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                55RTC                                          
                                     1011011000011101                          
                                               1111111000101101                
                                                         1011                  
                                56 RFP                                         
                                     1011011000011101                          
                                               1111111000101110                
                                                         1011                  
                                57 RTS                                         
                                     1011011000011101                          
                                               1111111000101111                
                                                         1011                  
                                58HALT                                         
                                     1011011000011110                          
                                               1111111000101111                
                                                         1011                  
     __________________________________________________________________________
PAL  respectively the names from left to right on the table.
PA1  Ready
PA1  Interrupt
PA1  Input
PA1  Instruction Register
PA1  A register
PA1  Address level 0
PA1  Address level 1
PA1  Address level 3
PA1  Address level 6
PA1  Address level 7
PA1  Carry
PA1  Zero
PA1  Sign
PA1  Parity
PAR  With reference to Table IX, the first two instructions are RST and ADA.
      These instructions are operative to set the program address level to zero
      and set the carry flag to reflect status of the A register. The next
      instruction is a jump true zero (JTZ). The instruction is transferred
      during time 5 since the zero flag is true. During the next two times,
      first the low address bits will be input and then the high order address
      bits. These bits are shown in the program address level zero during time
      7. During time 8, a jump true carry (JTC) is executed. Because carry is in
      a false state, this instruction is not executed. The next instruction is a
      call true parity (CTP). This instruction will not be executed since parity
      is not true. The following instruction call is an unconditional call and
      will be executed. The program counter will continue to increment for the
      three cycles of the call. This is shown in address level zero. Because it
      is a call, the address level will be changed to address level 1 in the
      STACK. The inputs during times 15 and 16 are transferred to address level
      1 and are shown during time 16. During time 52, a jump false zero is
      instituted. The jump false zero charge can be seen in address level 1.
      During the next instruction time 53, an unconditional return is executed.
      It may be seen that the address level 1 is updated but that program
      address controls returned to stack level 0. This is shown by looking at
      the address counter during time 54. The address level 0 counter was
      updated and address level 1 remains the same. The next instruction is a
      return true zero. This instruction will not be executed because the zero
      flag is at a zero state and control will remain at level zero. Thd next
      instruction is a return false parity. This instruction returns control
      from address level zero to address level 7 as may be seen during time 57
      where in the address level 0 is not incremented but address level 7 is.
      Because the stack is an up-down counter, when address level 0 is reached,
      an additional return will transfer control back to level 7.
PAR  Again with reference to FIG. 25, the other combinations of U and V input
      signals is the situation where U and V are both logic 0's. For this
      situation, the NAND gate 227 is enabled providing a logic 1 input signal
      to the refresh counter and a logic 0 input to the gate of the transfer
      devices shown generally at 258. This signal enables the output to the
      refresh counter R1, R2 and R3 to be coupled respectively to the inverters
      212a, 212b, and 212c. This will enable one entire row of the RAM to be
      refreshed. The refresh counter will increment one every time U and V are
      both selected as logic 0's. The counter counts from 0 to 7. This allows
      the eight rows in the RAM to be refreshed after eight count pulses. The
      instruction control is designed so at least one refresh occurs during an
      instruction. If no instructions are being executed because of a "wait"
      state or a "halt" condition in the CPU, the refresh counter will
      continually refresh the dynamic random access memory, ensuring that all
      data will remain valid. Table VIII illustrates when the refresh of each
      instruction cycle occurs. Referring to Table VIII, it may be seen that
      during fetch subcycle times S1, S2, S3, and S4, the registers P.sub.L or
      P.sub.H are always being accessed. Thus, refresh cannot occur at this
      time. During state 1 of execute, however, it may be seen that the RAM is
      never accessed. This is the time that refresh occurs.
PAR  FIG. 26 illustrates a clocked inverter utilized in accordance with the
      random access memory of the present invention. The inverter is used for
      the read and write lines of the RAM storage cells. The clock signal itsefl
      is used as the low voltage. When the clock is low, the output will be
      valid and will reflect the inverse of the input signal. If the clock is
      high, that is, logic 1, the output will always remain a 1 and the memory
      cell will not be addressed. The clocked inverter of the present invention
      provides several advantages. Illustrative of the advantages are the fact
      that the precharge conditional discharge technique of the present
      invention does not load the clock with as much capacitance as conventional
      precharge techniques. Further, since the clock does not carry discharge
      current, the clock noise is reduced. This is an advantage over
      conventional techniques were circuits are very sensitive to clock noise.
PAR  With reference to FIG. 27, the detailed logic of the stack pointer is
      illustrated. As may be seen, there are three outputs labelled S1, S2, S3.
      These outputs come from blocks labelled T which represents a toggle
      flip-flop, the logic of which is illustrated in FIG. 29. Operation of such
      a flip-flop is understood by those skilled in the art and need not be
      explained in further detail herein. The toggle flip-flop is also used in
      the refresh counter illustrated in FIG. 28.
PAC  SYSTEM INPUT/OUTPUT INTERFACE
PAR  This section describes the input/output interface shown in block diagram
      form at 16 in FIG. 1. The functional block diagram showing the various
      elements in the system timing is illustrated in FIG. 30. FIG. 31 shows the
      logic elements of the functional blocks illustrated in FIG. 30. The system
      interface includes interconnection of the CPU and, by way of example,
      external random access memory units. This interconnect is by a parallel
      8-bit external bus. The interconnect of the CPU with 1k of memory of the
      external random access memory is illustrated in FIG. 32. As has been
      previously described, the external random access memory may be up to 64K
      bytes since 16 bits are used for addressing the memory. As understood by
      those skilled in the art, when an external memory of this size is used,
      the memory will be formed on a plurality of chips. A chip select signal
      from a memory interface circuit shown in FIG. 36 is supplied as an input
      to the external random access memory to select the required chips.
PAR  The CPU controls the system timing; thus, timing signal from the CPU are
      applied to an external timer which is illustrated in FIG. 35. The external
      timer has an output that is applied to external timing logic illustrated
      in FIG. 34. The external timing logic also receives an input from the CPU.
      The output of the external timing is connected to the interface control
      and timing block which synchronizes CPU/RAM/peripheral operation. External
      system inputs are applied to this block illustrated in FIG. 33, and system
      outputs are obtained therefrom. This circuitry supplies outputs to the
      external memory and to the memory interface.
PAR  An output truth table, Table XI, shows the five output states corresponding
      to changes in the READY or INTERRUPT input. Input lines A.sub.7 - A.sub.0
      are separated into input and output terminals for the truth table.
TBL                TABLE XI                                                    
     ______________________________________                                    
     OUTPUT                                                                    
     ______________________________________                                    
              INPUT    RI     OUTPUT     SECMI                                 
                       DN                YXYEN                                 
                       YT                N CMT                                 
                                         C L                                   
                                         H E S                                 
              76543210        76543210   TY                                    
     ______________________________________                                    
     0              00000000   00   00000000 00111                             
     1     RDY      00000000   10   00000000 00111                             
     2              00000000   10   11111111 11110                             
     3              00000000   10   00000000 01110                             
     4              00000000   10   00000000 01110                             
     5              00000000   10   00000000 01110                             
     6              00000000   10   00000000 01110                             
     7              00000000   10   00000000 01100                             
     8              00000000   10   00000000 01100                             
     9     INT      11111111   11   00000000 01100                             
     10             11111111   11   00000000 01100                             
     11             11111111   11   00000000 01100                             
     12             11111111   11   00000000 01101                             
     13             11111111   11   00000000 10101                             
     14             11111111   11   00000000 00101                             
     15             11111111   11   11111111 00101                             
     16             11111111   11   00000000 00101                             
     17             11111111   11   00000000 11100                             
     18             11111111   11   00000000 01100                             
     19             11111111   11   00000000 01100                             
     20             11111111   11   00000000 01100                             
     21             11111111   11   00000000 01100                             
     22             11111111   11   00000000 01100                             
     23             11111111   10   00000000 01100                             
     24             11111111   10   00000000 01100                             
     25    INT      11111111   11   00000000 01100                             
     26             11111111   10   00000000 01100                             
     27             11111111   10   00000000 01100                             
     28             11111111   10   00000000 01101                             
     29    INT      11111111   11   00000000 10101                             
     30             11111111   10   00000000 00101                             
     31             11111111   10   11111111 00101                             
     32             11111111   10   00000000 00101                             
     33             00111110   10   00000000 11100                             
     34             11111111   10   00000000 01100                             
     35             11111111   10   00000000 01100                             
     36             11111111   10   00000000 01100                             
     37             11111111   10   00000000 10100                             
     38             11111111   10   00000000 00000                             
     39             11111111   10   11111111 00000                             
     40             11111111   10   00000000 00000                             
     41             11111111   10   00000000 11000                             
     42             11111111   10   00000000 01000                             
     43             11111111   10   00000000 01000                             
     44             11111111   10   00000000 01000                             
     45             11111111   10   11111111 10000                             
     46             11111111   10   00000000 00010                             
     47             11111111   10   11111111 00010                             
     48             11111111   10   00000000 00010                             
     49             11111111   10   00000000 11010                             
     50             11111111   10   00000000 01010                             
     51    RDY      11111111   00   00000000 01010                             
     52             11111111   00   00000000 01010                             
     53             11111111   00   00000000 01010                             
     54             11111111   00   00000000 01101                             
     55             11111111   00   11111111 10101                             
     56             11111111   00   00000000 00101                             
     57             11111111   00   11111110 00101                             
     58             11111111   00   00000000 00101                             
     59             11111111   00   00000000 00101                             
     60             11111111   00   00000000 00101                             
     61    RDY      11111111   10   00000000 00101                             
     62             01000100   10   00000000 11100                             
     63             11111111   10   00000000 01100                             
     64             11111111   10   00000000 01100                             
     65    RDY      11111111   00   00000000 01100                             
     66    RDY      11111111   10   11111111 10100                             
     67             11111111   10   00000000 00000                             
     68             11111111   10   11111110 00000                             
     69             11111111   10   00000000 00000                             
     70             11111111   10   00000000 11000                             
     71    INT      11111111   11   00000000 01000                             
     72             11111111   10   00000000 01000                             
     73             11111111   10   00000000 01000                             
     74             11111111   10   11111110 10000                             
     75             11111111   10   00000000 00000                             
     76             11111111   10   11111110 00000                             
     77             11111111   10   00000000 00000                             
     78             00111111   10   00000000 11000                             
     79             00000000   10   00000000 01000                             
     80             00000000   10   00000000 01000                             
     81             00000000   10   00000000 01000                             
     82             00000000   10   00000000 01000                             
     83             00000000   10   00000000 01101                             
     84             00000000   10   00000000 10101                             
     85             00000000   10   00000000 00101                             
     86             00000000   10   11000000 00101                             
     87             00000000   10   00000000 00101                             
     88             11000000   10   00000000 11100                             
     89             11111111   10   00000000 01100                             
     90             11111111   10   00000000 01100                             
     91             11111111   10   00000000 01100                             
     92             11111111   10   00000000 10100                             
     93             11111111   10   00000000 00100                             
     94             11111111   10   11000000 00100                             
     95    RDY      11111111   00   00000000 00100                             
     96    RDY      11111111   10   00000000 00100                             
     97             00111101   10   00000000 00100                             
     98             00111101   10   00000000 11100                             
     99             00111101   10   00000000 01100                             
     100            00111101   10   00000000 01100                             
     101            00111101   10   00000000 01100                             
     102            00111101   10   11111111 10100                             
     103            00111101   10   00000000 00000                             
     104            00111101   10   11111111 00000                             
     105            00111101   10   00000000 00000                             
     106            00111101   10   00000000 11000                             
     107            0111101    10   00000000 01000                             
     108            00111101   10   00000000 01000                             
     109            00000000   10   00000000 01000                             
     110            00000000   10   11111111 10000                             
     111            00000000   10   00000000 00100                             
     112            00000000   10   00011111 00100                             
     113            00000000   10   00000000 00100                             
     114            00000000   10   00000000 11100                             
     115            00000000   10   00000000 01100                             
     116            00000000   10   00000000 01100                             
     117            00000000   10   00000000 01100                             
     118            00000000   10   00000000 01100                             
     119            00000000   10   00000000 01100                             
     120            00000000   10   00000000 01100                             
     ______________________________________                                    
PAR  With reference now to FIGS. 32a and 32b, interconnection of the CPU and 1k
      of memory of the random access memory is illustrated. As may be seen, only
      8 external bus wires are needed for this interconnection. The CPU
      input/output section was described previously with respect to FIG. 9. As
      described therein, the CPU input/output lines occur along lines A.sub.0
      through A.sub.7. These eight bus lines are interconnected with the various
      units of the external RAM. These various RAM memories are referenced
      generally by the numeral 301. Preferably, these memories are 1,024 .times.
      1 dynamic random access memories. Techniques for fabricating RAMs are well
      known to those skilled in the art and need not be explained in detail
      herein. Circuitry for interfacing the RAM, refreshing it, etc., are
      described hereinafter with respect to FIGS. 37-44.
PAR  As may be seen, a chip select signal is applied to each of the units 301 to
      enable selection of the proper unit. An advantage of the interconnect
      system illustrated in FIGS. 32a and 32b is the fact that multiplexing the
      address, input and output simplifies interconnection since only eight
      memory bus lines are all that are required. If multiplexing is not used,
      it is necessary to route 26 bus lines. This is illustrated in FIG. 32c,
      which is a conventional way of accessing external memory.
PAR  The memory chip select is illustrated in FIG. 36. By using four 16K -
      output decode packages, it is possible to select from 1K to 65K of memory
      chips. The chip select input on the RAM is clocked so that the chip select
      will be sampled at the appropriate time. At all other times, the chip
      select output will be invalid.
PAR  FIG. 34 illustrates the external timing for the input/output control. The
      timing is generated from the output of the CPU and from the output of an
      external state timer described in more detail in FIG. 35. These signals
      are combined to select either one of the external storage registers or
      data inputs to the system from an external periphery.
PAR  FIG. 35 is the logic of the external timer. This timer counts the four
      states of the CPU. To ensure that the external counter runs in synch with
      the CPU, an output of the CPU is a synch signal which resets the timer
      every state 1. The external counter also will synch the external memory to
      the same time frame as the CPU. This assures that the external memory will
      input and output on the correct state.
PAR  FIG. 33 shows the interface logic used with the current sense/voltage input
      of the CPU. The connection to the CPU is shown at node 300 (A.sub.1). For
      example, this connection may go to any of the A.sub.0 through A.sub.7
      input lines to the CPU. Eight of the circuits illustrated in FIG. 33 are
      required for an 8-bus system. Node 300 is connected to the A outputs on
      the external memory and the A outputs on the CPU. During a low phase 1,
      the data selector 302 is enabled. Either input DATA, DMAH, DMAL, or M' is
      selected. The input DATA is used to load information from peripherals to
      the CPU or RAM. If the processor is halted, information may be loaded
      directly into the memory. The data must be present during state 3, and the
      control signal "store" must be a logic 1. When the processor is operating
      the input DATA is selected during the instruction time execute state 1 of
      an interrupt acknowledge, or the data time execute, state 1 of an external
      instruction, or store =  "1", state 3.
PAR  The signal DMAL corresponds to eight low order address bits being selected
      for a direct memory access through the DMAL latch. The input is selected
      during execute state 2, or ready = "0", state 2, or store = "1", state 2.
PAR  The input DMAH corresponds to the eight high order bits for a direct memory
      access through the DMAH latch. Selection of the input is during execute,
      state 4, or ready = 0, state 4, or store = 1, state 4.
PAR  To load the memory when the CPU is halted, the input STORE is used. STORE
      must be a logic 1 from the start of state 2 to the end of the following
      state 1. The four state store will allow the location of memories
      addressed by DMAL and DMAH to memorize the byte present at the DATA input.
PAR  The output of the data selector 302 is amplified through the transistor
      304. This enables all of the A lines of the external RAMs to be driven.
      During the low phase 2 of the clock, the CPU or RAM will output a current.
      This current is sensed by the sense amplifier shown generally at block
      314. Such amplifiers are known to those skilled in the art and they need
      not be described in more detail herein. The low current is amplified to a
      TTL voltage level which is input to latches 306, 308, 310, and 312. These
      are latches which will contain valid information as to the input of the
      CPU. The M' register closes the current sense/voltage in loop of the CPU.
      The CDMA register is shown at 308. This register is a TTL latch for direct
      memory access and contains the byte of information located in the last
      byte of memory addressed by DMAL or DMAH. The register I' is shown at 310
      and contains the last instruction fetched from the memory. The register A'
      is shown at 312. For each external instruction, this A' register will be
      updated with the contents of the internal CPU A register.
PAR  An example of the current sensing will be described by using the timing
      charts in Table XII. This table shows the times at which outputs from the
      CPU or inputs to the CPU will occur. Outputs always occur on phase 2 of a
      state and inputs occur on phase 1. By way of example, reference the cycle
      2 of the EXT instruction. During a fetch subcycle, state S1', phase 2, the
      CPU will output the contents of the A register as a current. This current
      will be amplified by the sense amplifier, 314, FIG. 38, and will be an
      input to the latch 312, labelled CACC and also will be an input to M'. At
      the end of phase 2, when the data is valid on the sense amplifier 314, the
      signal CACC will clock in the results of the A register. This register
      will be updated for every external instruction.
PAR  An example of the closed loop current sense and TTL voltage in may be seen
      for the SHIFT instruction during S1' fetch. During phase 2, the CPU will
      output a current which corresponds to the contents of the P.sub.L
      register. This current will be an inversion of the true value. The loop
      will invert the output at point M'. During phase 1, the RAM will expect
      the contents of the address. During state 2, phase 1 time, E.sub.1 and
      E.sub.2 select the input C.sub.0 for the data selector 302. This, it may
      be seen, is the contents of the M' register or the location desired for
      low order address and memory. During the phase 1 clock time, the data
      selector 301 will output the contents of the M' register, and it will be
      amplified and applied to node 300. This will be the input to the RAM as
      shown in Table XII fetch S2', phase 1. During the time S4' of a recall
      cycle, the high order address bits are input to the RAM. During phase 2
      times, state S4' executes the data in the RAM address location P.sub.H
      P.sub.L is output on the current sense lines. During the following execute
      state, phase 1, the instruction "shift" will be input into the CPU. During
      the execute phase of the instruction cycle, the CPU will not request
      information from the RAM. For purposes of programming, it is possible to
      have direct memory access while the CPU executes the instruction. This is
      done by using the DMAH and DMAL inputs. For example, during a recall
      condition, DMAL will occur during execute state S2', phase 1. This will be
      input to the data selector 302 to the A.sub.1 line. The memory will accept
      this address. During the state time S4', the DMAH input to the data
      selector will be selected and the high order address will transfer to the
      memory. During the S4' execute phase 2 time, the RAM will output the
      location of the direct memory address location. The output B will be
      stored in the latch labelled DMA' (FIG. 33). The clock CDMA will clock in
      the output of the RAM. It will be stored there for use in the external
      system.
PAR  A truth table illustrating the logic status of the system signals Ready,
      Interrupt, Store, Execute, Synch, S1 = External State 1, S2 = External
TBL                                    TABLE XII                               
     __________________________________________________________________________
     TIMING                                                                    
     __________________________________________________________________________
               P.sub.1 or L or DMAL                                            
                          Low order address                                    
               P.sub.h or H or DMAH                                            
                          High order address                                   
               I          Instruction                                          
               A          A Register                                           
               (A)        Input to A register (Data Input)                     
               m          Output of memory location HL                         
               r.sub.s    Contents of source register                          
               B1 or B2   Byte one or Byte two of data                         
               D'         New data to the RAM location P.sub.h P.sub.1 or HL   
               D          Data from location P.sub.h P.sub.1 or HL or          
     __________________________________________________________________________
                          DMAHDMAL                                             
     Subcycle Fetch                 Execute                                    
     State    S1' S2' S3' S4'   Wait                                           
                                    S1' S2' S3' S4'   Stop                     
           .phi.                                                               
     Ready                                                                     
         Cond.                                                                 
              1 2 1 2 1 2 1   2 1 2 1 2 1 2 1 2 1   2 1 2                      
     __________________________________________________________________________
                                    Recall                                     
     "1" Mem-     P.sub.1                                                      
                      D'  P.sub.h                                              
                              D     "O" DMAL    DMAH                           
                                                    D                          
         orize                                                                 
     "1" Recall   P.sub.1 P.sub.h                                              
                              D     "1" DMAL    DMAH                           
                                                    D                          
     "0"          DMAL    DMAH      "1"                                        
     CPU Timing chart                                                          
     Subcycle  Fetch                   Execute                                 
               S1'  S2'   S3'   S4' Wait                                       
                                       S1'    S2' S3' S4' Stop                 
     Inst.                                                                     
             .phi.                                                             
     (1)  Cycle                                                                
               1 2  1  2  1 2   1 2 1 2                                        
                                       1  2   1 2 1 2 1 2 1 2                  
     __________________________________________________________________________
     Lr.sub.d r.sub.s                                                          
          1      P.sub.1    P.sub.h    I                                       
      r.sub.s                                                                  
          1      P.sub.1    P.sub.h    I                                       
     SHIFT                                                                     
          1      P.sub.1    P.sub.h    I                                       
     RET  1      P.sub.1    P.sub.h    I                                       
     HALT 1      P.sub.1    P.sub.h    I                                       
     RST  1      P.sub.1    P.sub.h    I                                       
     RST  2                                                                    
     EXT  1      P.sub.1    P.sub.h    I                                       
     EXT  2      A                     (A)                                     
      M   1      P.sub.1    P.sub.h    I                                       
      M   2      L          H          m                                       
     Lr.sub.d M                                                                
          1      P.sub.1    P.sub.h    I                                       
     Lr.sub.d M                                                                
          2      L          H          m                                       
     Lr.sub.d                                                                  
          1      P.sub.1    P.sub.h    I                                       
     Lr.sub.d                                                                  
          2      P.sub.1    P.sub.h    B1                                      
          1      P.sub.1    P.sub.h    I                                       
          2      P.sub.1    P.sub.h    B1                                      
     LMr.sub.s                                                                 
          1      P.sub.1    P.sub.h    I                                       
     LMR.sub.s                                                                 
          2      L     r.sub.s                                                 
                            H             r.sub.s                              
     LM   1      P.sub.1    P.sub.h    I                                       
     LM   2      P.sub.1    P.sub.h    B1                                      
     LM   3      L     B1   H             B1                                   
     CAL  1      P.sub.1    P.sub.h    I                                       
     JMP  2      P.sub.1    P.sub.h    B1                                      
     CAL                                                                       
     JMP  3      P.sub.1    P.sub.h    B2                                      
     CAL                                                                       
     __________________________________________________________________________
TBL                                    TABLE XIII                              
     __________________________________________________________________________
     SYSTEM                                                                    
     R      I S E S ST. DATA  DMAL  DMAH  INST. A'    DMA'                     
     D      N T X Y                                                            
     Y      T O   N                                                            
              R   C                                                            
              E   H SSSS                                                       
                    1234                                                       
                        76543210                                               
                              76543210                                         
                                    76543210                                   
                                          76543210                             
                                                76543210                       
                                                      76543210                 
     __________________________________________________________________________
     0    X X X X X XXXX                                                       
                        XXXXXXXX                                               
                              XXXXXXXX                                         
                                    XXXXXXXX                                   
                                          XXXXXXXX                             
                                                XXXXXXXX                       
                                                      XXXXXXXX                 
     1    0 0 0 0 0 1111                                                       
                        00000000                                               
                              00000000                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      11111111                 
     2    1 0 0 0 0 1111                                                       
                        00000000                                               
                              00000000                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     3 HALT                                                                    
          1 0 0 1 1 1000                                                       
                        00000000                                               
                              00000000                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     4    1 0 0 1 0 0100                                                       
                        00000000                                               
                              00000000                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     5    1 0 0 1 0 0010                                                       
                        00000000                                               
                              00000000                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     6    1 0 0 1 0 0001                                                       
                        00000000                                               
                              00000000                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
            LOAD THE PROGRAM                                                   
     7 LA 1 0 1 1 0 1000                                                       
                        00000110                                               
                              00000000                                         
                                    00000000                                   
                                          00000000                             
                                                 00000000                      
                                                      11111111                 
     8    1 0 1 1 0 0100                                                       
                        00000110                                               
                              00000000                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     9    1 0 1 1 0 0010                                                       
                        00000110                                               
                              00000000                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     10   1 0 1 1 0 0001                                                       
                        00000110                                               
                              00000000                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     11030                                                                     
          1 0 1 1 0 1000                                                       
                        00111000                                               
                              00000001                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     12   1 0 1 1 0 0100                                                       
                        00111000                                               
                              00000001                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     13   1 0 1 1 0 0010                                                       
                        00111000                                               
                              00000001                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     14   1 0 1 1 0 0001                                                       
                        00111000                                               
                              00000001                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     15 LB                                                                     
          1 0 1 1 0 1000                                                       
                        00001110                                               
                              00000010                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     16   1 0 1 1 0 0100                                                       
                        00001110                                               
                              00000010                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     17   1 0 1 1 0 0010                                                       
                        00001110                                               
                              00000010                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     18   1 0 1 1 0 0001                                                       
                        00001110                                               
                              00000010                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     19012                                                                     
          1 0 1 1 0 1000                                                       
                        00001010                                               
                              00000011                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     20   1 0 1 1 0 0100                                                       
                        00001010                                               
                              00000011                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     21   1 0 1 1 0 0010                                                       
                        00001010                                               
                              00000011                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     22   1 0 1 1 0 0001                                                       
                        00001010                                               
                              00000011                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     23ADB                                                                     
          1 0 1 1 0 1000                                                       
                        10000001                                               
                              00000100                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     24   1 0 1 1 0 0100                                                       
                        10000001                                               
                              00000100                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     25   1 0 1 1 0 0010                                                       
                        10000001                                               
                              00000100                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     26   1 0 1 1 0 0001                                                       
                        10000001                                               
                              00000100                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     27EXT                                                                     
          1 0 1 1 0 1000                                                       
                        01000001                                               
                              00000101                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     28   1 0 1 1 0 0100                                                       
                        01000001                                               
                              00000101                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     29   1 0 1 1 0 0010                                                       
                        01000001                                               
                              00000101                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     30   1 0 1 1 0 0001                                                       
                        01000001                                               
                              00000101                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     31HALT                                                                    
          1 0 1 1 0 1000                                                       
                        11111111                                               
                              00000111                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     32   1 0 1 1 0 0100                                                       
                        11111111                                               
                              00000111                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     33   1 0 1 1 0 0010                                                       
                        11111111                                               
                              00000111                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     34   1 0 1 1 0 0001                                                       
                        11111111                                               
                              00000111                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
            INTERRUPT                                                          
     35   1 1 1 1 0 1000                                                       
                        11111111                                               
                              00000111                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     36   1 0 0 1 0 0100                                                       
                        11111111                                               
                              00000111                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     37   1 0 0 1 0 0010                                                       
                        11111111                                               
                              00000111                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     38   1 0 0 1 0 0001                                                       
                        11111111                                               
                              00000111                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     39   1 0 0 0 1 1000                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     40   1 0 0 0 0 0100                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     41   1 0 0 0 0 0010                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          00000000                             
                                                00000000                       
                                                      11111111                 
     42   1 0 0 0 0 0001                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      11111111                 
     43 RST                                                                    
          1 0 0 1 1 1000                                                       
                        00000101                                               
                              00000000                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      11111111                 
     44   1 0 0 1 0 0100                                                       
                        00000101                                               
                              00000000                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      11111111                 
     45   1 0 0 1 0 0010                                                       
                        00000101                                               
                              00000000                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      11111111                 
     46   1 0 0 1 0 0001                                                       
                        00000101                                               
                              00000000                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00000110                 
     47   1 0 0 0 1 1000                                                       
                        00000101                                               
                              00000000                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00000110                 
     48   1 0 0 0 0 0100                                                       
                        00000101                                               
                              00000000                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00000110                 
     49   1 0 0 0 0 0010                                                       
                        00000101                                               
                              00000000                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00000110                 
     50   1 0 0 0 0 0001                                                       
                        00000101                                               
                              00000000                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00000110                 
     51   1 0 0 1 1 1000                                                       
                        00000101                                               
                              00000001                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00000110                 
     52   1 0 0 1 0 0100                                                       
                        00000101                                               
                              00000001                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00000110                 
     53   1 0 0 1 0 0010                                                       
                        00000101                                               
                              00000001                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00000110                 
     54   1 0 0 1 0 0001                                                       
                        00000101                                               
                              00000001                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00111000                 
     55   1 0 0 0 1 1000                                                       
                        00000101                                               
                              00000001                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00111000                 
     56   1 0 0 0 0 0100                                                       
                        00000101                                               
                              00000001                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00111000                 
     57   1 0 0 0 0 0010                                                       
                        00000101                                               
                              00000001                                         
                                    00000000                                   
                                          11111111                             
                                                00000000                       
                                                      00111000                 
     58 LA                                                                     
          1 0 0 0 0 0001                                                       
                        00000101                                               
                              00000001                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00111000                 
     59   1 0 0 1 1 1000                                                       
                        00000101                                               
                              00000010                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00111000                 
     60   1 0 0 1 0 0100                                                       
                        00000101                                               
                              00000010                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00111000                 
     61   1 0 0 1 0 0010                                                       
                        00000101                                               
                              00000010                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00111000                 
     62   1 0 0 1 0 0001                                                       
                        00000101                                               
                              00000010                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001110                 
     63   1 0 0 0 1 1000                                                       
                        00000101                                               
                              00000010                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001110                 
     64   1 0 0 0 0 0100                                                       
                        00000101                                               
                              00000010                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001110                 
     65   1 0 0 0 0 0010                                                       
                        00000101                                               
                              00000010                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001110                 
     66   1 0 0 0 0 0001                                                       
                        00000101                                               
                              00000010                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001110                 
     67   1 0 0 1 1 1000                                                       
                        00000101                                               
                              00000011                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001110                 
     68   1 0 0 1 0 0100                                                       
                        00000101                                               
                              00000011                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001110                 
     69   1 0 0 1 0 0010                                                       
                        00000101                                               
                              00000011                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001110                 
     70   1 0 0 1 0 0001                                                       
                        00000101                                               
                              00000011                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001010                 
     71   1 0 0 0 1 1000                                                       
                        00000101                                               
                              00000011                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001010                 
     72   1 0 0 0 0 0100                                                       
                        00000101                                               
                              00000011                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001010                 
     73   1 0 0 0 0 0010                                                       
                        00000101                                               
                              00000011                                         
                                    00000000                                   
                                          00000110                             
                                                00000000                       
                                                      00001010                 
     74 LB                                                                     
          1 0 0 0 0 0001                                                       
                        00000101                                               
                              00000011                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      00001010                 
     75   1 0 0 1 1 1000                                                       
                        00000101                                               
                              00000100                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      00001010                 
     76   1 0 0 1 0 0100                                                       
                        00000101                                               
                              00000100                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      00001010                 
     77   1 0 0 1 0 0010                                                       
                        00000101                                               
                              00000100                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      00001010                 
     78   1 0 0 1 0 0001                                                       
                        00000101                                               
                              00000100                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      10000001                 
     79   1 0 0 0 1 1000                                                       
                        00000101                                               
                              00000100                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      10000001                 
     80   1 0 0 0 0 0100                                                       
                        00000101                                               
                              00000100                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      10000001                 
     81   1 0 0 0 0 0010                                                       
                        00000101                                               
                              00000100                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      10000001                 
     82   1 0 0 0 0 0001                                                       
                        00000101                                               
                              00000100                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      10000001                 
     83   1 0 0 1 1 1000                                                       
                        00000101                                               
                              00000101                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      10000001                 
     84   1 0 0 1 0 0100                                                       
                        00000101                                               
                              00000101                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      10000001                 
     85   1 0 0 1 0 0010                                                       
                        00000101                                               
                              00000101                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      10000001                 
     86   1 0 0 1 0 0001                                                       
                        00000101                                               
                              00000101                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      01000001                 
     87   1 0 0 0 1 1000                                                       
                        00000101                                               
                              00000101                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      01000001                 
     88   1 0 0 0 0 0100                                                       
                        00000101                                               
                              00000101                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      01000001                 
     89   1 0 0 0 0 0010                                                       
                        00000101                                               
                              00000101                                         
                                    00000000                                   
                                          00001110                             
                                                00000000                       
                                                      01000001                 
     90 ADB                                                                    
          1 0 0 0 0 0001                                                       
                        00000101                                               
                              00000101                                         
                                    00000000                                   
                                          10000001                             
                                                00000000                       
                                                      01000001                 
     91   1 0 0 1 1 1000                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          10000001                             
                                                00000000                       
                                                      01000001                 
     92   1 0 0 1 0 0100                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          10000001                             
                                                00000000                       
                                                      01000001                 
     93   1 0 0 1 0 0010                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          10000001                             
                                                00000000                       
                                                      01000001                 
     94   1 0 0 1 0 0001                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          10000001                             
                                                00000000                       
                                                      11111111                 
     95   1 0 0 0 1 1000                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          10000001                             
                                                00000000                       
                                                      11111111                 
     96   1 0 0 0 0 0100                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          10000001                             
                                                00000000                       
                                                      11111111                 
     97   1 0 0 0 0 0010                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          10000001                             
                                                00000000                       
                                                      11111111                 
     98 EXT                                                                    
          1 0 0 0 0 0001                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                00000000                       
                                                      11111111                 
     99   1 0 0 1 1 1000                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                00000000                       
                                                      11111111                 
     100  1 0 0 1 0 0100                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                00000000                       
                                                      11111111                 
     101  1 0 0 1 0 0010                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                00000000                       
                                                      11111111                 
     102  1 0 0 1 0 0001                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                00000000                       
                                                      11111111                 
     103  1 0 0 0 1 1000                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                01000010                       
                                                      11111111                 
     104  1 0 0 0 0 0100                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                01000010                       
                                                      11111111                 
     105  1 0 0 0 0 0010                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                01000010                       
                                                      11111111                 
     106  1 0 0 0 0 0001                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                01000010                       
                                                      11111111                 
     107  1 0 0 1 1 1000                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                01000010                       
                                                      11111111                 
     108  1 0 0 1 0 0100                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                01000010                       
                                                      11111111                 
     109  1 0 0 1 0 0010                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                01000010                       
                                                      11111111                 
     110  1 0 0 1 0 0001                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                01000010                       
                                                      11111111                 
     111  1 0 0 0 1 1000                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                01000010                       
                                                      11111111                 
     112  1 0 0 0 0 0100                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                01000010                       
                                                      11111111                 
     113  1 0 0 0 0 0010                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          01000001                             
                                                01000010                       
                                                      11111111                 
     114 HALT                                                                  
          1 0 0 0 0 0001                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          11111111                             
                                                01000010                       
                                                      11111111                 
     115  1 0 0 1 1 1000                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          11111111                             
                                                01000010                       
                                                      11111111                 
     116  1 0 0 1 0 0100                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          11111111                             
                                                01000010                       
                                                      11111111                 
     117  1 0 0 1 0 0010                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          11111111                             
                                                01000010                       
                                                      11111111                 
     118  1 0 0 1 0 0001                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          11111111                             
                                                01000010                       
                                                      11111111                 
     119  1 0 0 1 0 1000                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          11111111                             
                                                01000010                       
                                                      11111111                 
     120  1 0 0 1 0 0100                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          11111111                             
                                                01000010                       
                                                      11111111                 
     121  1 0 0 1 0 0010                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          11111111                             
                                                01000010                       
                                                      11111111                 
     122  1 0 0 1 0 0001                                                       
                        00000101                                               
                              00000111                                         
                                    00000000                                   
                                          11111111                             
                                                01000010                       
                                                      11111111                 
     __________________________________________________________________________
       state 2, S3 = External State 3, S4 = External State 4, Data Input, DMAL,
      DMAH, Instruction Register I', A' Register and DMA' Register wherein a
      program to add two numbers is loaded into memory, is shown in Table XIII.
PAC  EXTERNAL MEMORY ENABLING LOGIC
PAR  A block diagram of the basic elements of the external memory is shown in
      FIG. 37. The external memory system in accordance with the present
      invention provides several advantages. The memory includes a slave timer
      (FIG. 38) which enables multiplexing of address/data/input/output
      information. The circuitry also includes a refresh counter for use in the
      external memory such that refresh will be done automatically. An
      additional advantage of the circuit is that as a part of the external
      memory, an address register latch (such as illustrated in FIG. 41) is
      included. This type of circuitry is conventionally provided external to
      the memory, thus requiring more interconnects, more space, and resulting
      in lower reliability. The output of the address register latch is applied
      to an address decode such as shown in FIGS. 43a and 43b. The decode
      receives an input from the external bus and also from a chip enable
      circuit shown in FIG. 39. Input/output logic described in FIG. 40 receives
      an input from the slave timer and also receives recall instructions. The
      external storage may be either random access or serial access memory and
      receives its inputs from the decode circuitry, the refresh counter (if a
      random access memory is utilized) and from the input/output logic.
PAR  With reference to FIG. 38, there is illustrated the slave timer of the
      external memory. The timer receives an input signal S1 which is a synch
      input ensuring that the slave timer operates in synchronism with the CPU
      master timer. The slave timer counts the four states of, by way of
      example, the random access memory. During state 1, the RAM will
      automatically refresh. The refresh circuitry will be described in more
      detail hereinafter with reference to FIG. 42. During state 2, the RAM will
      accept low order address bits. During state 3, it will accept data and
      during state 4, it will accept high order address and output the data
      location. When the synch signal S.sub.1 is a logic 0, nodes 412 and 414
      will be set at a logic 1. This is the first state time. The counter
      illustrated is a conventional Johnson counter and will count through the
      Johnson states. Such counters are well known to those skilled in the art
      and detailed operation need not be included herein.
PAR  FIG. 39 illustrates the chip select sample and hold circuitry utilized in
      accordance with the external memory of the present invention. This circuit
      is necessary since the chip select signals will continually change and it
      is necessary to clock in the correct chip signal at the appropriate time.
      During the counter time C.sub.0 C.sub.1, shown at node 416, the input chip
      select (CS) will be clocked if the signal at node 416 is a logic 0. A
      logic 0 at node 416 will provide a logic 1 at one input of the AND gate
      417. If the chip select signal CS is a logic 1, the output of the AND gate
      417 will also be a logic 1. This will ensure that the output of the NOR
      gate 419 is a logic 0. This logic 0 will be inverted by the inverter 421
      after phase 2 of the clock providing a logic 1 output signal CS'. If the
      signal C.sub.0 C.sub.1 now becomes a logic 1, AND gate 423 will
      recirculate the chip select signal CS' until a new sample signal is
      received; i.e., when the signal C.sub.0 C.sub.1 again becomes logic 0.
PAR  The input/output logic is illustrated in FIG. 40. One of the inputs to the
      input/output interface is the recall control signal R. If the recall
      signal R is a logic 0, and the chip select CS' (reference FIG. 39) is a
      logic 1, then the output of NAND gate 420 will be a logic 0. This will
      enable the AND gate 422. The output 406 of the shift register will be
      transferred to the data in line 424 of the external memory. If the signal
      CS' is a logic 0, then the output of the NAND gate 420 will be a logic 1.
      This will select output path 400 and the output will be transferred
      through the AND gate 425 and the NOR gate 427 back to the input line 424.
      If the control signal recall R is a logic 1 and the signal CS' is a logic
      1 and the signal C.sub.0 C.sub.1 is a logic 1, then the output of the NAND
      gate 403 will be a logic 0. This will form one input to the OR gate 431.
      The other input to the OR gate 431 is an inverted signal of the output
      line 400. For this situation, the signal on line 400 will be transferred
      to the input/output pin of the RAM. The input line 424 and the output line
      400 come from the data storage cell selected in the external memory.
PAR  From the above, it may be seen that data will be output if the signal
      C.sub.O C.sub.1 is a 1, R is a 1, And CS' is a 1. Data will be input when
      signal R is a 0, and the signal CS' equals a 1. Data will be circulated
      when R is a 1 or a 0 and CS' is a 0.
PAR  FIG. 41 shows the address latch used in conjunction with the external
      memory of the present invention. It is a sample and hold latch and
      operation of this latch is similar to the temporary storage register which
      was described in detail with reference to FIG. 18. The first address bits
      A.sub.XO through A.sub.X4 will be held in the sample and hold registers
      until the address bits change again. The data will be clocked in during
      the time C.sub.0 C.sub.1 = logic 1, and will be clocked through RAM pins
      A.sub.0 -A.sub.4. Bits A.sub.5, A.sub.6, and A.sub.7 will be clocked
      through a series of inverters 431 so that they are delayed and will be
      present as outputs at the same time as the outputs A.sub.X0, A.sub.X1,
      etc. The low order address bits A.sub.0 -A.sub.7 will be clocked in during
      state 2. During the state 4 time, the remaining two high order address
      bits necessary to address the 1024 .times. 1 bit external memory will be
      clocked through logic inputs A.sub.0 and A.sub.1. They will be transferred
      through a phase 1 delay to address lines A.sub.Y3 and A.sub.Y4. Thus, it
      may be seen that using only an 8-bit bus, the ten bits necessary to
      address the external memory are provided.
PAR  FIG. 43A shows the address multiplexer associated with the external memory.
      The address lines A.sub.X0 through A.sub.X4 will be decoded as soon as
      they are sampled in the sample and hold storage register. This enables a
      faster decoding for the first and second level Y decode illustrated in
      FIG. 43B. The first level Y decoder will decode bits A.sub.Y0 through
      A.sub.Y2 while the second level Y decoder will decode the bits A.sub.Y3
      and A.sub.Y4.
PAR  FIG. 42 shows the RAM refresh counter logic. The refresh counter is used to
      automatically refresh the 32 rows of memory present in the RAM. During
      every state 1, one row is refreshed. This has the advantage in that it is
      unnecessary to halt the CPU in order to refresh the dynamic external
      memory. During state 2, the memory will expect low order address bits.
      During state 3, data stored in the memory must be present. During state 4,
      the memory will expect high order address bits. The inputs will all be on
      phase 1. During state 2, the memory will output if the location requested
      at the chip select input at a low logic level. During state 1, the memory
      will neither accept inputs nor will it output data, as this is the refresh
      state. With reference to table X, the logic names assigned to the external
      memory and function of each is described.
PAR  FIG. 44 illustrates typical MOS clocks .phi..sub.1 and .phi..sub.2 and TTL
      clocks .phi..sub.1,  and .phi..sub.2.
PAR  The external read only memory illustrated in FIG. 1 by block diagram is
      preferably a 1024 .times. 8 memory. Conventional read only memories may be
      utilized. Such memories are well known in the art and need not be
      explained in greater detail herein. Typically, the ROM would contain fixed
      subroutine programs.
PAR  With reference to FIG. 45, a different embodiment of the present invention
      is described. In this embodiment, there is described a system which
      includes simultaneous operation of two CPU's such as described in
      accordance with the present invention commonly sharing the external memory
      and external memory interface circuitry in accordance with the present
      invention.
TBL                                    TABLE X                                 
     __________________________________________________________________________
     EXTERNAL RAM LOGIC NAMES                                                  
     Inputs:                                                                   
     __________________________________________________________________________
     A.sub.7 -A.sub.0                                                          
             A.sub.7 through A.sub.0 are the address input lines. Eight low    
             order address bits are clocked on low .phi.1 of state two.        
             Two high order address bits, A.sub.0, A.sub.1, are clocked on     
             low .phi.1 of state four. True data is input.                     
     I/O     Data is clocked on low .phi.1 of state three. The I/O             
             line is connected to the A line of the bit desired. True          
             data is input                                                     
     Chip Select                                                               
             During low .phi.1 of state four, Chip Select is clocked.          
             A low (logic "O") will select the 1k of memory desired.           
     Recall  Recall at a high (logic "1") will allow data to be re-            
             called from a memory location without the contents                
             being destroyed. Recall must be high during all states            
             but state one. If recall is low during state one, the             
             data clocked on the previous state three will be                  
             stored in the location specified by the previous state            
             two and state four.                                               
     Synch   The internal RAM state counter is synchronized by the             
             external state counter. A low signal during the                   
             external state one is input.                                      
     Output:                                                                   
     I/O     Dats is output on the I/O pin during low .phi.2 of state          
             four if the Chip Select is low during state four. The             
             date output is inverted.                                          
     __________________________________________________________________________
PAL  Since the processor only accesses the memory during a fetch subcycle and
      not during the execute subcycle, it is possible to have a second CPU
      access the same memory while one CPU is executing. Such a circuit
      arrangement is illustrated in FIG. 45. The common external memory is shown
      at block 500. This memory, as illustrated in FIG. 1, includes a ROM and a
      RAM or serial access memory. The two CPU's are illustrated at 502 and 504,
      respectively. Preferably, the CPU's are each formed on a single chip. EAch
      CPU has separate external timing and latching circuits 506 and 508. FIG.
      34 previously described, illustrates the external timing that may be used.
      The latches may be similar to those illustrated in FIG. 31. The two CPU's
      502 and 504 share the common external time 514. This timer, for example,
      may be the same as that described in FIG. 35. The timer must be in synch
      with both CPU's to ensure that the CPU's are operating out of phase. This
      is accomplished by using interrupt inputs. Whenever one CPU is
      interrupted, such as, for example, by interrupting CPU 504 with an
      interrupt B signal 530, the interrupt signal will transfer the READY input
      A to the CPU 502 to a low value. This will cause CPU 502 to go into a
      "wait" mode of operation when the CPU reaches the end of a fetch subcycle.
      The WAIT mode of operation of the CPU has been previously described
      herein. When the CPU 502 is in a wait mode, gate 522 will provide a signal
      to the latch 526 that a wait state has been reached. The latch 526 is
      reset by the gate 522. The CPU 504 will be interrupted by the interrupt
      request signal B. This will provide a signal to the interface circuitry
      512 (which is common to both of the CPU's 502 and 504) that an interrupt
      request is being acknowledged. When the CPU 504 recognizes interrupt, it
      will output an interrupt acknowledge signal. This output will be applied
      to gate 534 which will provide a signal to the latch 528 that the
      interrupt has been recognized and that CPU 502 may start operation again.
      When the signal is applied to the latch 528, the ready line on the CPU 502
      will be set to a logic 1 and during the proper time, the CPU will start
      its execution cycle. The advantage in using the dual CPU's is the fact
      that a programmer can break his program into two sections so that they
      would be executed quickly and at the end of each, when both CPU's finish
      executing their sections, the program may be merged into a common result.
      Other advantages include the fact that two programs can be executed
      simultaneously using a common memory which may contain common data
      sections. It is understood, of course, that the RAM sections must be
      programmed so that the CPU's do not destroy each other's information
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a calculating system which includes a central processor unit
      connected to a memory unit spaced from said processor, said memory unit
      being connected to said processor by a parallel bus system that
      sequentially transmits data between said processor unit and memory unit,
      circuit means for detecting an output current on said bus and for
      generating a voltage input signal for said bus, comprising:
PA1  a. first gating means connecting said memory unit with said bus for
      selectively generating a current on said bus corresponding to data which
      is to be transmitted from said memory unit to said processor;
PA1  b. a multi-phase clock system having first and second clock phases
      connected to said processor and memory unit for controlling transmittal of
      data therebetween;
PA1  c. means for sensing the current on said bus during said first clock phase;
PA1  d. a latch responsive to the output of said sensing means, said latch being
      enabled during said first phase and being set at the termination thereof
      to a selected state responsive to said output;
PA1  e. a logic gate for receiving the output of said latch, having a control
      terminal responsive to a second phase of said clock, said gate being
      operative to transfer said latch output during said second phase;
PA1  f. voltage generating means coupled to said gate and said bus for
      generating a voltage signal on said bus responsive to the output level of
      said logic gate; and
PA1  g. second gating means responsive to said second phase for transferring
      said voltage signal to said processor.
NUM  2.
PAR  2. Circuit means as set forth in claim 1 wherein said first and second
      gating means comprise insulated gate field-effect transistors respectively
      having gates for receiving said first and second clock signals.
NUM  3.
PAR  3. A circuit as set forth in claim 2 wherein said means for sensing the
      current on said bus comprises a differential amplifier.
NUM  4.
PAR  4. A circuit as set forth in claim 3 wherein said logic gate comprises a
      data selector having control terminals for receiving logic control signals
      and input terminals for receiving input data, high order address data, low
      order address data, and the output of said latch, said data selector
      operable to transfer one of said inputs to said voltage generating means
      responsive to said logic control signals during said second clock phase.
NUM  5.
PAR  5. A circuit as set forth in claim 4 wherein said voltage generating means
      comprises an emitter follower transistor, having a base electrode for
      receiving the output of said data selector, an emitter electrode coupled
      to a first bias source, the emitter also being coupled to said bus, and a
      collector electrode connected to a second bias source.
NUM  6.
PAR  6. In a computing system which includes a central processing unit in
      combination with a plurality of external memory units, wherein said
      processing unit includes, in spaced apart regions on a single chip, a
      parallel arithmetic logic unit in a first region, a random access memory
      unit in a second region, an instruction register in a third region, and a
      control circuitry in a fourth region, interconnected on said chip in a
      fifth region by a common parallel internal bus, logic circuitry for
      precharging said internal bus prior to entering data on said bus, and for
      selectively providing output signals corresponding to data stored on said
      bus, comprising in combination:
PA1  a. a first logic gate having an output terminal connected to said bus and
      first and second input terminals for receiving logic signals, the logic
      level of said output terminal selectively variable responsive to the logic
      level of signals at said input terminals;
PA1  b. first and second transfer gates connected to series coupling said bus to
      circuit ground, respectively having control electrodes, the juncture
      between said gates defining a node for receiving input data and for
      providing output data, said first transfer gate being connected to said
      first input terminal and said second transfer gate being connected to
      circuit ground, said first transfer gate having its control electrode
      connected to a first clock phase of a multi-phase clock system whereby
      responsive to said first clock phase, input data present at said node is
      transferred to said first terminal of said first logic gate;
PA1  c. a third transfer gate for coupling a first voltage source to said bus
      during said first phase of said clock system to charge said bus to a
      reference potential;
PA1  d. logic means coupled to said second input terminal of said first logic
      gate responsive to said first phase of said clock system and a first
      control signal for selectively discharging said bus system; and
PA1  e. a second logic gate having an output connected to said control electrode
      of said second transfer gate, having a first input connected to said bus
      and a second input disposed for receiving a second control signal
      responsive to which said second transfer gate is selectively shunted to
      ground, thereby providing an output signal at said node corresponding to
      data stored on said bus.
NUM  7.
PAR  7. Logic circuitry as set forth in claim 6 wherein said first and second
      transfer gates comprise series connected first and second
      insulated-gate-field-effect-transistors.
NUM  8.
PAR  8. Logic circuitry as set forth in claim 7 wherein said third transfer gate
      comprises a third insulated-gate-field-effect-transistor having its source
      and drain connected between said first voltage source and said bus, having
      its gate electrode connected to said first phase.
NUM  9.
PAR  9. Logic circuitry as set forth in claim 8 wherein said first transfer gate
      is further characterized by an insulated-gate-field-effect transistor
      having one electrode for receiving said input data, its other electrode
      connected to said first input terminal of said first logic gate, and
      having its gate electrode connected to said first phase of the clock,
      whereby during said first phase said input data is transferred to said
      first terminal of said first logic gate and stored there to control the
      logic level output of said first logic gate to correspond with the logic
      level of said input data.
NUM  10.
PAR  10. Logic circuitry as set forth in claim 9 wherein said logic means
      comprises a logic NAND gate having its output connected to said second
      input terminal of said first logic gate having one input connected to said
      first clock phase and having a second input coupled to one electrode of a
      fourth insulated-gate-field effect-transistor, the other electrode of
      which is disposed for receiving said first control signal and the gate of
      which is connected to said first phase, whereby during said first phase
      one input of said NAND gate is a logic zero, producing an output to said
      first logic gate that is a logic one, thereby controlling the output
      thereof to a logic zero, said fourth transistor transferring said first
      control signal to the other terminal of said NAND gate during said first
      phase, said control signal being stored there such that at the termination
      of said first phase the inputs of said NAND gate are logic ones, producing
      a logic zero output and enabling said first logic gate to selectively
      discharge said bus depending upon the logic level of the signal present at
      the other input terminal of said first logic gate.
NUM  11.
PAR  11. Logic circuitry as set forth in claim 10 wherein said first logic gate
      comprises a logic NOR gate.
NUM  12.
PAR  12. Logic circuitry as set forth in claim 11 wherein said second logic gate
      comprises a logic NAND gate.
NUM  13.
PAR  13. In a calculating system which includes, on a single chip, a central
      processing unit having an arithmetic logic unit, a random access memory
      unit, an instruction register, and control circuitry in spaced apart
      regions on said chip and interconnected by a common parallel bus system on
      said chip, means for precharging said bus system during a first phase of a
      multi-phase clock system and selectively discharging said bus system
      during an interval between said first phase and a subsequent second phase
      of said clock system responsive to enable signals generated by said
      control circuitry, comprising in combination:
PA1  a. first gating means for coupling a voltage source to said bus system
      during said first phase of said multi-phase clock system to charge said
      bus to a reference potential;
PA1  b. a first logic gate having an output terminal connected to said bus, and
      having first and second input terminals for receiving logic signals, the
      logic level of said output terminal selectively variable responsive to the
      logic level of signals present at said input terminals;
PA1  c. second gating means connected to said first input terminal of said first
      logic gate for applying an input signal thereto corresponding to the
      desired logic level of said bus; and
PA1  d. a second logic gate having an output connected to said second input
      terminal of said first logic gate, said second logic gate having a first
      input that is said first phase of said clock signal, and a second input
      that is a control signal for providing an enable signal to said first
      gating means for selectively discharging said bus.
NUM  14.
PAR  14. A bus system precharge means as set forth in claim 13 wherein said
      first gating means comprises a first
      insulated-gate-field-effect-transistor having its source and drain
      connected between said bus system and said voltage source, and having its
      gate electrode disposed for receiving said first phase clock.
NUM  15.
PAR  15. A bus system precharge means as set forth in claim 14 wherein said
      first logic gate comprises a logic NOR gate.
NUM  16.
PAR  16. A bus system precharge means as set forth in claim 15 wherein said
      second gating means comprises a second
      insulated-gate-field-effect-transistor, having one electrode connected to
      one input to said NOR gate, its other electrode disposed for receiving
      said input signal, and its gate electrode connected to said first phase
      clock.
NUM  17.
PAR  17. A bus system precharge means as set forth in claim 16 wherein said
      second logic gate comprises a logic NAND gate.
NUM  18.
PAR  18. A bus system precharge means as set forth in claim 17 including a third
      insulated-gate-field-effect-transistor having one electrode connected to
      one input of said NAND gate, a second electrode disposed for receiving
      said control signal, and its gate electrode connected to said first phase
      clock.
NUM  19.
PAR  19. In a data processing system wherein binary data is transmitted from a
      first data processing station to a second spaced data processing station
      over a common parallel bus system, responsive to first and second clock
      signals from a multiphase clock source, the combination comprising:
PA1  a. means connected to said first station for selectively generating
      currents on respective lines of said bus system responsive to said first
      clock signal, said currents corresponding to output data which is to be
      transmitted therefrom;
PA1  b. differential amplifier means coupled to said bus system for detecting
      said currents and providing output signals responsive thereto;
PA1  c. logic means responsive to said first clock signal for receiving said
      output signals and providing logic output signals corresponding thereto;
PA1  d. voltage generating means connected to said bus for generating voltages
      thereon; and
PA1  e. gating means connecting said voltage generating means and said logic
      means, said gating means having a control electrode for receiving said
      second clock signal whereby responsive thereto said logic output signals
      are connected to said voltage generating means enabling transmission of
      voltage signals corresponding to said output data to said second
      processing station.
NUM  20.
PAR  20. A data processing system as set forth in claim 19 wherein said voltage
      generating means comprises an emitter follower transistor, having its base
      connected to said logic means, its emitter connected to said bus, and its
      collector connected to a voltage source.
NUM  21.
PAR  21. A data processing system as set forth in claim 20 wherein said current
      generating means comprise:
PA1  a. a logic gate having a first input for receiving said output data, a
      second input for receiving a control signal, and an output terminal the
      logic level of which is selectively variable to either a first or second
      logic level responsive to the signals at said inputs; and
PA1  b. a transfer gate having a control electrode for varying the conduction
      state thereof, said control electrode connected to the output of said
      logic gate, said transfer gate electrically connected to said bus whereby
      responsive to said logic gate output being said first logic level, said
      transfer gate generates a current on said bus corresponding to a binary
      "1" and responsive to said logic gate output being said second logic
      level, said transfer gate is effective to inhibit current flow in said
      bus, lack of current corresponding to a binary zero.
NUM  22.
PAR  22. A data processing system as set forth in claim 21 wherein said logic
      gate comprises a logic NAND gate.
NUM  23.
PAR  23. A data processing system as set forth in claim 22 wherein said transfer
      gate comprises an insulated-gate-field-effect-transistor having its gate
      electrode connected to the output of said NAND gate, having one electrode
      connected to said bus and the other electrode connected to circuit ground.
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ABST
PAL  A high volume mailing installation is disclosed in which the output of a
      programmable high speed electronic digital computer provides destination
      and postage amount information, a high speed chain printer driven by the
      computer prints the destination information on address labels, and an
      authorized postage printing meter is mounted piggy-back fashion on the
      chain printer and responds to the same computer for automatic printing of
      authorized postage impressions of the calculated amount on the same
      mailing labels. The meter includes a fast, rugged solenoid-actuated
      segmented flat bed postage printer unit and fixed-program electronic
      digital postal accounting circuitry, with appropriate security features to
      prevent or detect postal fraud.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of the previously filed parent
      application Ser. No. 195,694 now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to postage metering, and particularly
      concerns secured electronic calculating and postage printing equipment for
      achieving postage metering security in a computer-controlled high volume
      mailing operation.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  It is conventional for high volume mailers to avail themselves of the high
      speeds offered by modern electronic digital computers and chain printers,
      in order to reduce costs and increase their output. A typical prior art
      installation includes a computer which receives information as to the
      weight and destination of a package, and is programmed to calculate the
      required postage. A high speed computer output printer is slaved to the
      computer to print out the destination information on an address label
      which is subsequently affixed to the package.
PAR  The computer also provides the calculated postage amount information to
      shipping department employees in some form which enables them to affix the
      proper amount of postage to the package. The most common way of
      accomplishing this is for the high speed printer to receive the postage
      amount information from the computer, and print it directly on the address
      label for the information of the employees who subsequently affix postage.
      This printing is not an actual government-authorized postage impression of
      the kind provided by a postage meter. The print impression made in a prior
      art installation as described above includes only the postage amount
      without any authorized postage validation symbols, and is provided for
      information only. Thereafter authorized postage of like amount must be
      affixed by an employee by affixing postage stamps or using a conventional
      manually controlled mechanical postage meter.
PAR  The intervention of a human being, 3,255,439 of a mechanical postage
      metering device, slows down a high volume mailing operation of the kind
      described. Therefore it is desirable to have the authorized postage
      impression printed automatically in response to the computer-generated
      postage calculation. It is not enough, however, simply to connect the data
      output lines of the computer. to the input of some insecurely housed
      apparatus capable of printing authorized postage impressions, as suggested
      by U.S. Pat. No. 3,225,439 of L. G. Simjian. In accordance with applicable
      postal security regulations, there must be some secure means of accounting
      which assures postal officials that all the postage used is paid for.
      Normally a descending register is filled with a pre-paid postage credit
      balance, the register is decremented by the amount of postage dispensed,
      and the postage dispenser is locked when the postage balance falls too
      low. Subsequently the register can be recharged under secured conditions.
      It is also possible to extend postage credit to the user, keeping track of
      a debit balance which increases by the amount of the postage used, and
      billing the user subsequently. Those skilled in the computer arts will
      readily appreciate that it is possible to program the computer itself to
      take care of either type of bookkeeping described above. Such a solution
      is unsatisfactory, however, because digital computers are so easily
      re-programmed that an unscrupulous individual could thereby accomplish
      postal fraud.
PAR  This invention contemplates, therefore, that the desired computer control
      of postage printing be achieved in conjunction with some form of secure,
      fixed-program postal accounting equipment. One approach which is within
      the contemplation of this invention is to use a mechanical postage meter
      which comprises a secure housing containing authorized postage printing
      means, a mechanical descending register for storing the postal credit
      balance, and mechanical guaranteeing for gauranteeing that all printed
      postage amounts are decremented from the register, all of which is
      conventional. The mechanical meter is modified in accordance with this
      invention, however, to provide it with an electrically actuated meter
      controller device connected to respond to electrical signals from the
      computer, and to translate those signals into a mechanical input for
      controlling all meter functions. (A system using a lever and clutch
      mechanism in an electrically actuated meter is shown in U.S. Pat. No.
      3,692,988).
PAR  The latter approach meets all security requirements, but is considered too
      slow to meet the speed requirements of some high volume mailing
      operations. When used in conjunction with an electronic digital computer
      and high speed printer, it may be necessary for the postage printer to
      produce approximately two or three postage impressions per second, and
      mechanical postage meters do not appear capable of withstanding such
      operating rates over a reasonable lifetime.
PAR  In order to achieve longer operating lifetimes and/or higher operating
      speeds, a preferred form of the invention employs fast-acting electrically
      driven printing means, electrical means for storing the postage balance,
      and electrical calculating means for changing the postage balance in
      accordance with the amount of postage printed. The postage printing means
      is enclosed within a secure housing, and the electronic control circuitry,
      or at least that portion of it which bears the responsibility for postal
      security, is enclosed within the same housing or alternatively is in a
      separate secure housing and connected to the postage printer by means of
      secure electrical cable and connector devices.
PAR  Equipment in accordance with this aspect of the invention can be used for
      printing various different kinds of numerical indicia under computer
      control. For example it is adapted for various non-postage applications
      having similar security problems, e.g. printing paychecks.
PAR  It is also within the contemplation of this invention to provide
      appropriate security means which make it practical to use a high speed
      printer directly for postage printing, after appropriate modifications
      such as replacing standard print characters by special authorized postage
      symbols.
PAR  That approach, however, has a number of disadvantages, one of which relates
      to the character size limitation of standard high speed printing
      equipment. It also involves undesirable interference with the electrical
      interface between the computer and the high speed printer, i.e. breaking
      into the electrical cable which connects the computer and the high speed
      printer in order to insert special circuitry for performing postal
      security functions.
PAR  Therefore a preferred form of this invention provides a separate auxiliary
      printing mechanism which is arranged in one of several ways to print
      authorized postage impressions upon the address labels that are fed
      through the high speed printer. The high speed printer and the postage
      printer are both controlled ultimately by the computer, but they have
      individual electrical connections thereto, and therefore, only the
      connection to the postage printer need be designed with postal security
      problems in mind.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a computer-responsive authorized postage
      printing system in accordance with one embodiment of this invention,
      wherein an otherwise conventional high speed computer output printer is
      modified to print an authorized postage symbol, and is connected to so
      under control of an electronic postage metering circuit connected between
      the computer and the printer.
PAR  FIG. 1A is an illustration of an authorized postage impression made by the
      apparatus of FIG. 1.
PAR  FIG. 2 is a block diagram of an alternative embodiment of a
      computer-responsive authorized postage printing system in accordance with
      this invention, in which a self-contained mechanical postage meter is
      arranged to print upon the same paper web as a computer-driven high speed
      printer, and an automatic meter controller accepts computer instructions
      in electrical form and translates them into a mechanical input to the
      postage meter.
PAR  FIG. 3 is a block diagram of another alternative embodiment of a
      computer-responsive authorized postage printing system in accordance with
      this invention, which uses a separate electrically actuated postage
      printer and electrical postal accounting equipment. Both the postage
      printer and at least that portion of the electronic circuitry which has
      responsibility for postal accounting are contained within a common secure
      housing.
PAR  FIG. 4 is a block diagram of still another alternative embodiment of a
      postage printing system in accordance with this invention, in which
      electronic metering circuitry and an electrically actuated authorized
      postage printer are enclosed in separate secured housings and connected by
      a secured cable and secured electrical connector means. The postage
      printer is mounted piggy-back fashion upon a high speed computer output
      printer.
PAR  FIG. 5 is a perspective view of an exemplary physical realization of a high
      speed printer and piggy-back postage printer mounted thereon, as
      illustrated in FIG. 4.
PAR  FIG. 6 is an enlarged perspective view of the piggy-back postage printer
      and the supporting structure for mounting it on the high speed printer.
PAR  FIG. 7 is another perspective view of the piggy-back postage printer.
PAR  FIG. 8 is a perspective view of the printing mechanism of the piggy-back
      postage printer.
PAR  FIG. 9 is a top plan view, with parts broken away and sectioned for clarity
      of illustration, of the piggy-back printer.
PAR  FIG. 10 is an elevation view of the ribbon advance mechanism of the
      piggy-back printer.
PAR  FIG. 11 is a front elevational view of the control panel of the electronic
      meter of FIGS. 3 of 4.
PAR  FIG. 12 is a simplified block diagram of the circuitry of the electronic
      meter.
PAR  FIGS. 13A through 13D comprise a more detailed block diagram of the same
      circuitry, when fitted together as shown in FIG. 13E.
PAR  FIGS. 14 through 34 depict a more detailed view of the circuitry of FIG.
      13, and associated timing and addressing diagrams for this circuitry.
PAR  FIG. 14 shows a diagram including a plot of the clock, gray code counter
      polling the polling signals with respect to time.
PAR  FIG. 15 depicts a diagram of the addressing signals plotted with respect to
      time.
PAR  FIG. 16 illustrates a table of address allocation and arithmetic unit
      functions.
PAR  FIG. 17 shows a circuit diagram for the gray code counter and the memory
      addressing counter.
PAR  FIG. 18 depicts a circuit diagram for the polling circuit, the last address
      decoder and the combination lock switch.
PAR  FIG. 19 illustrates a diagram of part of the control logic circuitry.
PAR  FIG. 20 shows a diagram of the memory circuit.
PAR  FIG. 21 depicts a diagram of the memory address decoder and memory input
      buffer circuitry.
PAR  FIG. 22 illustrates a diagram for the arithmetic unit circuitry and memory
      output buffer circuitry.
PAR  FIG. 23 shows a diagram for the insufficient postage decoder circuit, part
      of the interrupts and status indicator circuit and the arithmetic control
      circuit.
PAR  FIG. 24 depicts a diagram for postage buffer circuitry. FIG. 25 illustrates
      a diagram of the print buffer circuitry.
PAR  FIG. 26 shows a diagram for variable print module control circuitry and
      Binary Coded Decimal error detection circuitry.
PAR  FIG. 27 depicts a diagram of the print wheel logic circuitry.
PAR  FIG. 28 illustrates a diagram of the interfacing circuitry of the computer
      for this system.
PAR  FIG. 29 shows a diagram of the meter status circuitry.
PAR  FIG. 30 depicts a diagram for the memory power supply and voltage sensing
      circuits.
PAR  FIG. 31 illustrates a diagram of the control power supply and
      initialization circuitry.
PAR  FIG. 32 shows a diagram of the display switching control circuit.
PAR  FIG. 33 depicts a diagram of the display logic control circuitry; and
PAR  FIG. 34 illustrates a diagram of the direct memory read control logic
      circuitry.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 reference numeral 10 generally designates a high speed computer
      output printer, for example a chain printer such as the IBM Model 1403.
      The printer 10 is conventional in every respect, except that it is
      modified to include a type element for printing an authorized postage
      validation symbol. A web of mailing label paper 14 is pulled through the
      high speed printer during printing by means of the conventional paper
      tractor mechanism (not indicated), and the printer is capable of printing
      thereon both conventional alphanumeric symbols and the authorized postage
      symbol on command of a conventional programmable electronic digital
      computer 16.
PAR  In modifying the high speed printer 10 to include the authorized postage
      validation symbol, one of the less frequently used conventional symbol
      print elements may be easily removed from the printing chain and replaced
      by a validation symbol print element. As printed by the modified chain
      printer 10, an authorized postage impression would appear as illustrated
      in FIG. 1A. This postage impression includes a dollar postage amount 11
      and a pair of authorized postage symbols 12 before and after it. The
      postage amount 11 is printed by the conventional type elements used for
      general electronic data processing print-out purposes, and the validation
      symbols 12 are printed by the special substitute type element.
PAR  The computer 16 is programmed to receive destination and package weight
      information, and from that information to calculate the amount of postage
      11. Then the computer 16 transmits signals to the high speed printer 10
      which cause it to print the address (not shown) and the calculated amount
      of postage 11 on the paper web 14, using conventional alphanumeric type
      elements. In addition, the printer 10, upon receiving an appropriate
      signal from the computer 16, prints the postage symbols 12 adjacent the
      postage amount 11 to validate the latter as an authorized postage
      impression.
PAR  The paper web 14 is designed to be separated into individual mailing labels
      and then attached to individual packages for mailing purposes, as is
      presently conventional in high volume mailing operations.
PAR  The high speed printer 10 is enclosed within a secured housing 18, along
      with an electronic postage metering circuit 20 which stores postal
      accounting information, recognizes the amount of postage calculated by the
      computer, and makes sure that the postage balance is altered by the amount
      of postage 11 every time that a computer instruction is sent to printer 10
      for printing of the authorized postage validating symbol 12. The purpose
      of secured housing 18 is to make sure that no such command can reach the
      high speed printer 10 to cause it to print the authorized postage
      validating symbol 12 without an appropriate change in the postal
      accounting balance of circuit 20. To accomplish this, the secured housing
      18 prevents access to the metering circuit 20 and the high speed printer
      10.
PAR  The term "secured housing" as used herein means a housing which either
      cannot be opened by unauthorized persons or cannot be opened by such
      persons without detection, or without engaging in counterfeiting. An
      example of a secured housing which is preferred for use with the present
      invention is the type which is currently employed in conventional
      mechanical postage meters. Such a housing cannot be opened without cutting
      a security closure which is protected by a lead seal having an authorized
      government impression thereon. Therefore in order to have access to the
      postage balance register of such a postage meter, a postage thief would
      either have to counterfeit the seal or leave behind telltale alterations
      of the security closures.
PAR  The electronic meter 20 must be inserted into the electrical path between
      the computer 16 and high speed printer 10, because the computer must not
      be permitted to send any control signals to the high speed printer which
      are not monitored by the postage metering circuit 20. Otherwise, a
      dishonest computer programmer could easily redesign software so that
      computer 16 could access the authorized postage validating symbol 12 on
      the high speed printer 10 without causing the meter 20 to alter the
      postage balance by the proper amount. If every computer instruction
      reaching the high speed printer 10 passes through the meter 20, however,
      there will be an appropriate change in the postage balance for every
      postal amount printed.
PAR  The need for splicing the electronic meter 20 into the cable 28 leading to
      the high speed printer 10 is, however, a disadvantage of the embodiment of
      FIG. 1. Both the manufactures and renters of computer installations frown
      upon the splicing of foreign circuits into the data cables between
      computers and peripheral equipment. Such splicing might also avoid various
      performance guarantees, since the manufacturers do not wish to be
      responsible for malfunctions that could conceivably have been caused by
      the foreign circuits.
PAR  Another disadvantage of the approach illustrated in FIG. 1 is the fact that
      it causes difficulties for service personnel who maintain the printer 10
      and meter 20. When repairs are required which necessitate opening the
      secure housing 18, special arrangements must be made with the postal
      authorities. The housing 18 may be designed to permit loading of paper 14,
      however, and other normal operating procedures, without the need for
      opening the housing or special supervision by postal authorities. For
      example, the paper 14 may be fed in through an opening in the housing 18
      which is too small to permit tampering with the metering circuit 20 and
      electrical connection 22.
PAR  Another disadvantage of the FIG. 1 embodiment relates to the fact that
      conventional high speed printer design places an upper limit on the size
      of type elements which can be used therein. Consequently the special
      postage validating symbol 12 may be too small for maximum visibility to
      postal employees handling the mail.
PAR  An alternative embodiment of the invention which avoids these problems is
      seen in FIG. 2. There a computer 116 is connected by an uninterrupted
      cable 128 directly to a totally conventional, unmodified high speed
      printer 110. No foreign equipment is connected electrically to the
      printer, and there are no changes in its type elements. A conventional
      mechanical authorized postage metering and printing device 111 similar in
      internal design to mechanical postage meter devices that are in common use
      today, is installed near the high speed printer 110, and is arranged to
      print on the same continuous web of paper 114 as the high speed printer.
      The device 111 includes a mechanical postage printer 112 and mechanical
      postage registers 120 enclosed in a conventional secured housing 118.
PAR  The mechanical postage meter and printing device 111 may be located either
      upstream or downstream from the high speed printer 110, relative to the
      direction of paper motion. The placement of the mechanical postage meter
      111 in relation to the direction of paper motion determines whether the
      postage impression is printed before or after the address information
      printed by the high speed printer 110. In either case, the computer 116 is
      programmed to take account of the difference in location between the high
      speed printer and the postage printer, and actuates them in the
      appropriate time relationship, so that the matching address and postage
      amount are printed on the same mailing label, i.e. the same region of
      paper web 114. The meter and printer device 111 of this embodiment differs
      from conventional mechanical postage meters in that selecting the amount
      of postage and tripping the print mechanism is accomplished by a
      solenoid-actuated mechanism 130, instead of manually. (See U.S. Pat. No.
      2,692,988). The solenoid-actuated mechanism in turn is driven by
      electrical signals coming over leads 132 and 134 from the computer 116 and
      additional electronic hardware 136 which may be required to interface the
      computer with the postage meter actuating solenoids.
PAR  A disadvantage of the embodiment illustrated in FIG. 2 is that it is
      difficult to design a mechanical postage meter and printer device which
      can operate at speeds compatible with a high speed printer and electronic
      digital computer, unless the postage amount remains fixed between printing
      impressions. Two types of mechanical postage printers, both motor-driven,
      are commonly employed in this type of meter. One of these, the rotary
      type, cannot develop a great enough angular velocity without introducing
      dynamic problems; and the other type, the flat bed printer, has so much
      mass for the motor to accelerate all at once that is unsuitable for high
      speed operation. In addition, the rotating mechanical type of register
      mechanisms which are used for postage accounting in mechanical meters are
      not capable of high operating speeds. These factors slow down the print
      cycle of conventional postage meters to such an extent that insufficient
      time is left for changing the postage under wheels, if the mailing labels
      are to be printed at a rate compatible with electronic data processing
      equipment.
PAR  In order to achieve such compatibility, preferred embodiments of the
      invention, illustrated in FIGS. 3 and 4 respectively, are designed to
      employ low inertia segmented flat bed postage printing mechanism driven
      directly by solenoids for high speed electrical actuation, and electronic
      digital techniques for high speed postage accounting.
PAR  In the embodiment of FIG. 3 a solenoid-actuated authorized postage printer
      212 and an electronic postage metering circuit 220 are both contained
      within a secured housing 218. The electronic meter 220 operates in
      response to the postage calculations performed by a computer 216, as
      represented by the arrow 232, and, as indicated by the arrow 234, drives
      solenoids 238 which cause the mechanism 212 to print a postage impression.
      The solenoid-actuated printer 212 acts on the same paper web 214 as a
      computer-responsive high speed printer 210, which is directly responsive
      to the computer 216 as indicated by the arrow 228.
PAR  An advantage of the embodiment of FIG. 3 is that no secured electrical
      connectors or cables are required, since the security-sensitive electronic
      circuitry is enclosed within the same secured housing 218 as the postage
      printer 212. But a disadvantage of the embodiment of FIG. 3 is that
      putting the digital circuitry 220 within the same housing as the solenoids
      238 exposes the digital circuitry to electrical noise.
PAR  The approach illustrated in FIG. 4 avoids the electrical noise problem, and
      is most highly preferred. In this embodiment a solenoid-actuated postage
      printer 312 and its actuating solenoids 338 are enclosed in a first
      secured housing 318, while electronic metering circiutry 320 is enclosed
      in a separate secured housing 418 and connected to the solenoids 338 by a
      secured electrical cable 322 and secured connector 324. "Secured
      electrical connectors are cables" are defined as those which cannot be
      disconnected by unauthorized persons or cannot be disconnected by such
      persons without leaving traces or requiring counterfeiting. Connectors of
      this type are commercially available. See for example the XAC series of
      connectors made by Winchester Electronics of Oakville, Connecticut; these
      connectors have housings which are assembled by pairs of threaded
      fasteners having diametral holes. If a wire is passed through the
      diametral holes of both fasteners, and the ends of the wire are secured
      together by a lead seal having a government authorized impression, the
      threaded fasteners cannot be turned to disassemble the connector without
      violating the seal. Secured electrical cables are also commercially
      available; they are simply conventional conductor cables electrically
      shielded by a braided metal wire sheath, and the internal electrical
      conductors are connected to terminals inside the secured concector 324,
      which prevents anyone from disconnecting the cable 322 from the secured
      connector without dissassembling the secured connector. The other end of
      the cable 322 is similarly connected inside the secured housing 318.
PAR  The metering circuitry 320 is effectively isolated by the metal housings
      318 and 418 from electrical noise generated by the solenoids 338, yet a
      secured electrical relationship between the meter and the printer 312 is
      maintained. In this embodiment, a computer 316 provides calculated postage
      amount data to the electronic meter 320 as indicated by the arrow 332. The
      meter 320 has exclusive control over the print solenoids 338 by virtue of
      the second connection, and will not permit any amount of postage to be
      printed without simultaneously effecting a corresponding change in the
      electronically stored postage balance. Here again, the postage printer 312
      and a high speed printer 310 act upon the same web of paper 314 in a known
      time relationship. The high speed printer 310 responds to instructions
      from the computer 316, as indicated by arrow 328.
PAR  An advantageous feature shared by the embodiments of FIGS. 1, 3 and 4 is
      that through the use of electric digital techniques, useful feedback
      information is available from the postage printers 10, 212 and 312 to the
      electronic metering circuits 20, 220 and 320, and to the computers 16, 216
      and 316, as indicated by the output arrows 40, 42 and 240, 242 and 340,
      342 respectively. As a result, the computer can be advised of any error
      conditions existing in the postage printer before printing occurs. The
      computer then can take appropriate remedial steps as has been programmed.
      Such error conditions will be discussed more fully below, in connection
      with the specific electronic meter circuitry illustrated in FIGS. 12 and
      13.
PAR  Because the embodiment in FIG. 4 separates the printing components 312 and
      338 from the electronics 320, it facilitates mounting the printer 312 and
      actuating solenoids 338 in piggyback fashion atop the high speed printer
      310, as symbolized schematically in FIG. 4 by the placement of the housing
      318 directly over the printer 310. Such piggy-back placement of the
      postage printer as an auxiliary mechanism mounted on the high speed
      printer has the advantage of closer correlation of the two printing
      mechanism in time and in space. The closer correlation in time eases the
      problem of printing the address and postage impression at different times.
      Thus in the embodiment of FIG. 4 the printing stations are separated by a
      relatively small number of print lines. The correlation in space makes for
      a more compact and convenient installation, since a postage printer
      mounted directly on the high speed printer does not occupy any additional
      floor space, and does not introduce the problem of a vulnerable paper web
      passing across the intervening space between the two printing devices.
PAR  FIGS. 5 and 6 illustrate a high speed computer output printer 310 with the
      auxiliary postage printing mechanism 312 mounted in piggy-back fashion
      thereon. The computer output printer 310 may be any standard form of high
      speed printer of the kind which is normally driven by an electronic
      digital computer in conventional data processing installations. The
      particular high speed printer 310 illustrated in FIG. 5 is basically a
      standard IBM Model 1403 chain printer, which has been modified only to the
      extent necessary to mount the postage printer 312 thereon. The high speed
      printer 310 and the postage printer 312 receive their data inputs from the
      same digital computer (not shown), but they arrive over separate data
      input cables 328 and 322 respectively.
PAR  The chain printer 310 impresses printed data upon paper web 314 in response
      to computer-generated signals received over data cable 328. The paper is
      advanced through the printer line-by-line by means of conventional paper
      tractors (not shown) acting upon sprocket holes 426 along either edge of
      the paper web. For mailing label applications, the paper web 314 comprises
      a backing sheet 428 which has the sprocket holes 426 punched therein and
      is wide enough to engage the paper tractors on either side of the postage
      printer 312, plus a centrally located front strip 430 which is narrower
      and consists of a series of individual mailing labels 430.1, 430.2, etc.
PAR  Printing by the chain printer 310 takes place somewhat below the level of
      the postage printer 312, and after each segment of the mailing label strip
      430 is completed the paper web 314 is pulled upwardly by the tractors. At
      a somewhat higher location within the printing station of the high speed
      printer 310, the postage printer 312 makes its printing impression upon
      the same mailing label strip 430, in response to a computer-generated data
      input which arrives over the data cable 322 and advises the postage
      printer of the computer-calculated amounts of postage required for each
      package. Because of their different print locations along the path of the
      paper web 314, there is a time difference between the related printing
      operations of printers 310 and 312, of which the computer must be
      programmed to take account. After both printing mechanisms 310 and 312
      have finished printing their respective impressions thereon, the label
      strip 430 is separated from the backing sheet 428 and divided into
      individual mailing labels 430.1, 430.2, etc. which are then affixed to
      respective packages for mailing.
PAR  The convention frame structure of an IBM Model 1403 chain printer 310
      includes a pair of upper and lower frame members 422 and 423 respectively
      which extend horizontally across the printing station, and are used as the
      basic support for the piggy-back postage printer 312. A pair of side bars
      432 are each bolted at their upper ends to the upper frame member 422 and
      at their lower ends to the lower frame member 423 of the main printer 310.
      At their lower ends, these side brackets 432 are formed with rearwardly
      projecting bar-supporting lugs 434 which receive the opposite ends of a
      threaded bar 436, and forwardly projecting hinge lugs 438 which
      interengage with hinge lugs 440 formed on a pair of end brackets 422.
      Hinge pins 444 and 446 pass downwardly through vertical holes which are
      drilled through all the hinge lugs 438 and 440 to secure the end brackets
      422 to the side brackets 432 at either side of the printing station (see
      also FIGS. 7 and 9). The postage printer 312 is supported on a pair of
      slide rails 448 which extend horizontally between the two end brackets
      422, and permit the postage printer 312 to slide horizontally to a
      position of printing relationship with the label strip 430. Set screws 450
      hold the printer 312 in place after initial adjustment.
PAR  As seen in FIGS. 6 and 9, a special platen assembly 452 for cooperating
      with the postage printer 312 is located directly behind the paper web 314,
      and is supported, with provision for lateral position adjustment, by
      threaded engagement with the bar 436 and clamping engagement with the
      lower frame member 423. The threaded engagement with the bar 436 is
      accomplished by a pair of upwardly and rearwardly extending tapped lugs
      454. The clamping engagement with the lower frame member 423 is
      accomplished by front and rear plates 456 and 458 respectively which
      surround the lower frame member 423. Bolts 460 passing through the front
      plate 456 are threaded to the rear plate 458 to secure them in clamping
      relationship about the lower frame member 423. The actual platen surface
      is a hard rubber insert 462 which is received within an appropriate recess
      on the front surface of the front clamping plate 456.
PAR  An inked ribbon 464 passes entirely around the outside of the postage
      printer housing 318 and downwardly between the postage printer mechanism
      312 and the paper print-out sheet 314, in order to provide ink for postage
      impressions. As seen in FIGS. 6, 9 and 10, the ribbon 464 is advanced
      continuously by a roller 466 journaled between plates 468 and 469 and
      driven by a ribbon advance motor 470 secured to the plate 468. Both plates
      468 and 469 are mounted on the exterior of the housing 318. Idler rollers
      472 are rotatably mounted upon links 474 by a shaft 476, and the links in
      turn are pivotally mounted upon a shaft 478 journaled between the mounting
      plates 468 and 469. Torsion springs 480 are wrapped around shaft 478 and
      react against pins 481 and shaft 476 for biasing the idler rollers 472
      against the ink ribbon 464 to maintain driving engagement with the
      motor-driven roller 466.
PAR  With reference to FIGS. 7, 8 and 9, the postage printer 312 comprises a
      plurality of individual type segments 500 for printing the postage
      impression, including several which incorporate variable numerical
      information 501 to form the amount of postage. In the particular example
      illustrated, there are eight type segments 500, four of which (500.1
      through 500.4) are of the variable numerical kind, allowing for a maximum
      postage amount of $99.99. The remainder of the type segments (500.5
      through 500.8) are dedicated exclusively to non-variable information
      including an authorized government postage validation symbol 502 and an
      identification 506 of the city and country in which the mailer is located.
      The type segments 500 print through a window 508 formed on the undeside of
      the secure housing 318. The window 508 is just large enough to permit the
      type segments 500 to protrude therethrough for printing purposes, and does
      not admit the introduction of any tools which might be used to tamper with
      the mechanism inside the housing 318. The electrical signals for setting
      the variable numerical information on type segments 500.1 through 500.4,
      and for firing the print solenoids 338, arrive over the armored cable 322
      entering one side of the secured housing 318.
PAR  For a more complete understanding of the modifications necessary to mount
      the postage printer 312 upon a conventional high speed, computer-driven
      chain printer, see copending U.S. Pat. application Ser. No. 195,729,
      entitled "Computer-Responsive Supplemental Printer," filed the same day as
      this application by Lupkas, Freeman and Check, and assigned to the
      assignee of this application.
PAR  FIGS. 8 and 9 illustrate the type of solenoid-actuated segmented printing
      mechanism which is preferred for rapid, computer-controlled printing of
      postage impressions in accordance with this invention. The paper web 314
      comprising separable labels 314.1, 314,2 and the inked ribbon 464 are fed
      between the platen 462 and the printing segments 500. Each segment is
      first driven through a printing stroke by its respective solenoid 338, and
      subsequently is retracted by its respective return spring 522. For a more
      detailed description of the solenoidactuated printing mechanism, refer to
      the Lupkas, Freeman and Check application cited above.
PAR  This type of printing mechanism is much faster than those used in
      mechanical postage meters, and has a much longer life when operated at
      speeds which are compatible with a computerdriven chain printer. It is not
      as fast as the chain printer 310, but compatability in this application
      does not require equality of speeds. In printing address labels for high
      volume mailing, a typical application requires the chain printer 310 to
      print several lines of address information on each label. If the output of
      the chain printer in such an application is considered in labels (rather
      than lines) per second, since the postage printing mechanism 312 need only
      make one printing impression per label, it is compatible in terms of speed
      if it can run at about two or three postage impressions per second. In
      contrast to conventional motor-driven postage printers, the
      solenoid-driven mechanism 312 is capable of achieving such speeds even if
      the postage amount is changed for every print impression.
PAR  FIG. 8 illustrates the difference between the non-variable type segments
      500.5 through 500.8 and the variable segments 500.1 through 500.4.
      Non-variable type segments 500.5 - 500.8 are solid slugs which contain
      only the type faces 523 for the fixed information in the postage
      impression. The other printing segments 500.1 - 500.4 are formed with
      hollow interiors 524 which open through windows 525. Surrounding the
      windows 525 are type faces for a continuation of the fixed information,
      but in addition type wheels 526 protrude through the windows 525 for
      printing purposes. These wheels contain respective sets of numerical type
      faces and are rotatable to select the number printed. The wheels 526 are
      part of respective number selection modules 528 received within the hollow
      interiors 524 of slugs 500.1 - 500.8. These modules include solenoid means
      (not shown) for number wheel rotation and electrical leads 530 for the
      input of number selection commands and the output of signals for verifying
      the angular positions of the number wheels. The variable information
      modules 528 are of a type available commercially from the Practical
      Automation Company of Shelton, Connecticut.
PAR  The output leads 530 provide a data feedback circuit which can be used to
      send information back to the computer verifying that the number wheels 526
      have been rotated to the desired position, so that the computer can
      determine whether its postage selection instructions have been carried out
      before it prints the postage. This is one type of information which is
      carried back to the electronic metering circuitry 220 or 320 and to the
      computer 216 or 316 by the feedback lines 240, 242 or 340, 342 of FIGS. 3
      or 4.
PAR  FIG. 11 shows the control and display panel 598 of the electronic meter 220
      or 320. The meter includes a special type of self-scrambling combination
      lock switch which is used for recharging the postage credit balance under
      secure conditions. (See U.S. Pat. Nos. 3,664,231 and 3,034,329) The switch
      is manually operated by a knob 599 when the correct lock combination is
      entered on a keyboard 602. There is also an on-off switch 600, three
      indicator lights 604, 606 and 608 for power on, meter ready and
      insufficient postage respectively, a numerical display 610 which
      preferably has a ten digit capacity, and a set of display selector buttons
      612, 614 and 616 which determine respectively whether the numerical
      display 610 shall show the amount in the ascending postage register, the
      descending postage register or the number of mailings recorded by a piece
      counter. Two additional buttons 618 and 620 are intended respectively to
      light up all the display elements for test purposes, or to turn the
      display off entirely.
PAR  With reference to FIG. 12, in general terms the metering circuitry 220 or
      320 of FIGS. 3 or 4 comprises postage printing circuitry 700 for driving
      print solenoids 238 or 338, and for providing the computer 216 or 316 with
      feedback information as to the condition of the variable number wheels 526
      (FIG. 8). It also comprises accounting circuitry 702 which keeps track of
      the postal balance and alters that balance in response to the printing of
      postage. The electronic meter also comprises sequence control circuitry
      706 which provides a hard-wired (i.e. fixed) program for stepping the
      electronic postage meter through a required series of operations. The
      sequence control circuitry 706 and the postal accounting circuitry 702
      (non-volatile memory and arithmetric unit) both operate in response to
      timing circuitry 708 in order to achieve synchronous operation. Display
      circuitry 710 indicates the contents of the various postal accounting
      balances at a given time. A print confirmation circuit 711 advises the
      computer as to whether postage printing has been accomplished. All of the
      circuits in FIG. 8 are energized by power supply circuitry 712; and
      circuits 700, 702, 706 and 711 communicate with the computer through an
      appropriate interface 714.
PAR  As used hereinafter in this description, the following definitions shall
      apply:
PAR  Machine cycle -- eight gray code counter states or one address duration.
PAR  Meter cycle -- duration of generation of entire sequence of 32 addresses.
PAR  Mode -- any of three control states which generates a meter cycle. They are
      (1) ENTER POSTAGE, (2) ADD FUNDS and (3) CYCLE.
PAR  ENTER POSTAGE -- mode in which postage amount to be printed is added to the
      ascending register and subtracted from the descending register. The piece
      counter is incremented by one.
PAR  ADD FUNDS -- mode in which a fixed postage amount is added to the
      descending register - other registers remain unchanged.
PAR  CYCLE -- mode in which all registers remain unchanged -- this mode is used
      principally in accessing memory contents for readout. It is also entered
      through the initialization procedure.
PAR  Insufficient Postage -- an indicator which signals that the contents of the
      descending register are below the maximum amount the meter is capable of
      printing in one postage field.
PAR  Polling -- process by which priority of the control states (modes) is
      implemented. A sequential check of modes is made until one is selected.
PAR  In normal operation the following sequence takes place:
PAR  One meter cycle in CYCLE mode takes place due to initialization. At least
      one free machine cycle follows before the next mode may be initiated. The
      mode may be any one of the three unless inhibited due to postage depletion
      or similar condition. Every meter cycle has at least one free machine
      cycle following it to allow polling.
PAR  Use of this free machine cycle is also utilized in asynchronously reading
      meter memory contents, one 4 bit word at a time. The minimum access rate
      is one word per meter cycle although in practice register contents would
      be read out in sequence without intervening meter cycles.
PAR  To fetch master memory contents, the computer feeds into the meter the
      address of the word it wants to read and a read command. At the end of the
      then current meter cycle, the meter will read the memory location and put
      the contents in the interface. To read the complete register, the computer
      has to generate the address sequence of the register, reading the contents
      one BCD digit at a time.
PAR  As seen in greater detail in FIG. 13, the computer interface circuitry 714
      comprises conventional hardware 798 (16 bit output port with strobe) which
      is designed to translate the timing and/or data code format of the
      computer into any other timing and/or data code format that may be
      employed by the electronic postage meter 220 or 320 (i.e., match the
      transmission lines to and from the computer). It also includes a computer
      status register 800 which accepts commands and postage amount data from
      the computer for use by the meter, and a meter status register 802 which
      accepts status indications and stored data from the meter circuitry and
      generates interrupts for use by the computer. The printing circuitry 700
      includes the print solenoids 238 or 338 which drive the fixed and variable
      type segments 500.1-500.8; and solenoid 801 for operating a mechanism
      which locks the segments except during postage printing; switches 803
      which sense the condition of the locking mechanism and the print segments
      500.1 -500.8 to provide information needed by the print confirmation
      circuit 711; a circuit 805 which fires the solenoids 801 and 238 or 338 in
      a predetermined sequence; the variable number wheel modules 528, one for
      each variable digit of the postage amount, which rotate the number
      printing wheels 526 to select the postage digits in response to
      computer-generated electrical commands; and a buffer 804 which stores the
      calculated postage amount both for use by the variable modules 528 in
      setting the number wheels 526 and also for use by the postal accounting
      circuitry 702 in altering the postage balances.
PAR  The postal accounting circuitry 702 comprises a memory 806 which includes
      an ascending postage register 808, a descending postage register 810, and
      a piece counter 812 which keeps track of the number of postage impressions
      made. In a preferred embodiment of the invention, the memory 806 is of the
      complementary metal oxide semiconductor (C/MOS) integrated circuit type,
      and requires a back-up battery 813 to preserve storage during A.C. power
      failures. The current drain of such memories is extremely small and
      storage would remain intact even if a power failure lasted for very long
      intervals. Memory addressing is done by a decoder circuit 814 whenever
      information is loaded into or fetched from the ascending or descending
      registers or the piece counter section of the memory 806. An arithmetic
      unit 816 is used to perform postal accounting calculations, i.e.,
      substracting the amount of postage from the descending register 810 and
      adding it to the ascending register 808 when printing occurs, and adding
      postage to the descending register 810 when the meter is recharged. The
      arithmetic unit 816 includes buffers 818 into which the ascending and
      descending register contents (from memory 806) and the postage amount
      (from print buffer 804) are loaded prior to arithmetic operations.
PAR  There is also an insufficient postage decoder circuit 820 which tests the
      content of the descending register 810 and determines when the postal
      credit balance falls below a predetermined threshold. This could be done,
      for example, by comparing the proposed amount of postage in the print
      buffer 804 with the remaining postage balance in the descending register
      810. In a preferred embodiment of the invention, however, the circuit is
      simplified by using the same insufficient postage criterion that has long
      been employed in mechanical postage meters: i.e. whenever the descending
      postage credit balance equals or falls below the maximum amount of postage
      that the meter is capable of printing, in this instance $99.99, the
      balance is insufficient.
PAR  For recharging the meter, there is the combination lock switch 860 which is
      operated by the knob 599 and keyboard 602 seen in FIG. 11. When the meter
      user pays a required sum, postal authorities give out the combination of
      the lock, permitting the meter user to operate the switch 860 once, which
      recharges the descending postage register 810 by a fixed increment equal
      to the sum paid. Thereafter the lock automatically rescrambles the
      combination so that another payment must be made to obtain the next
      combination from the postal authorities.
PAR  The sequence control circuitry 706 includes a clock 822 which comprises a
      time base oscillator 824 (Digital Equipment Corp., Model No. 401)
      producing a pulse stream for driving a Gray code counter 826. The Gray
      code approach is employed to take advantage of its single bit transition
      characteristic, which provides a clean output for driving following
      circuitry. The output of the Gray counter 826 is used to drive a memory
      addressing counter 828, the count cycle of which is numerically equal to
      the total number of addresses in the memory 806. In a particular
      embodiment of the invention, for example, the capacity of the memory 806
      is 32 addresses, each of which stores a single binarycoded decimal digit.
      Sixteen of those addresses are required for the ascending register 808,
      eight for the descending register 810, and eight for the piece counter
      812. The memory addressing counter 828 steps through a sequence of all 32
      memory addresses when driven by the Gray code counter 826.
PAR  In order to make sure that each memory address count sequence of the
      circuit 828 is synchronized with the start of a Gray code count sequence
      of the circuit 826, an AND gate 830 ordinarily blocks the Gray count from
      reaching the memory addressing counter. However, when the Gray count
      reaches 0, a decoder circuit 832 sets a count starting flip-flop 834 which
      then enables the AND gate 830, permitting the Gray counter 826 to drive
      the memory addressing counter 828 via lead 831. At the end of a complete
      memory addressing sequence of circuit 828, the last memory address is
      decoded by a circuit 836 which then energizes a lead 837 to reset the
      count starting flip-flop 834.
PAR  The sequence control circuitry 706 also includes a polling circuit 838
      which is driven by the Gray code counter 826 and continually tests for
      three commands in the following priority sequence: (1) postage printing,
      (2) addition of funds to recharge the descending postage balance, and (3)
      display read-out. When one of these three operating modes is selected by
      the polling circuit 838, it sends the relevant mode command over a lead
      840 to control logic circuitry 842 which then carries out the indicated
      activities in a hard-wired program sequence. The sequence control
      circuitry 706 also includes an initialization circuit 844 which includes
      circuitry 846 and 848 wired for fixed-program start-up and shut-down
      routines respectively.
PAR  The display circuitry 710 includes the display selector panel switches
      612-620 of FIG. 11, by means of which the user can request ascending or
      descending register or piece-counter information to be fetched from the
      memory 806 and displayed on the read-out 610, and can also test or blank
      the read-out 610. The latter circuit includes a buffer 852 to hold the
      display data fetched from the memory 806, and a decoder 854 for
      translating the data into a form suitable for use by the read-out 610.
PAR  The power supply circuitry 712 includes main power supplies 856. These
      provide operating voltages required by all the circuits in FIG. 12; and
      are controlled by the on/off switch 600. There is also a voltage sensing
      circuit 858 which determines when there is a power failure or low voltage
      condition which might produce an error in the computations carried out by
      the arithmetic unit 816. When an out-of-tolerance voltage condition
      occurs, appropriate signals are sent to the initialization circuit 844 and
      meter status register 802.
PAR  Panel indicator light 604 responds to the main power supplies 856 by
      indicating whether power is on. Panel light 606 responds to the voltage
      sensor circuit 858 by indicating whether the meter is ready for operation.
      Finally, panel light 608 responds to decoder 820 by indicating that an
      insufficient postage condition has occurred.
PAR  The operation of the circuit of FIG. 13 will now be described. When the
      computer 216 or 316 calculates a postage amount to be printed on a mailing
      label, it transmits that information to the interface hardware 798. The
      interface hardware then translates the postage data into the data code
      format employed by the electronic postage meter circuit 220 or 320, and
      sends it to a data storage portion 862 of the computer status register
      800. From there the postage amount is transmitted to the postage buffer
      804 over a cable 864.
PAR  The computer also stores a postage setting request in a command section 866
      of the computer status register 800. That register in turn sends a printer
      signal to the control logic 842 over a lead 866. The control logic then
      issues an enter postage command over a lead 868 which causes the variable
      print modules 528 to be set to number positions representing the postage
      amount then contained in the print buffer 804. A data feedback line 870
      carries back a signal from the variable modules 528 to convey print module
      status information to an interrupt and status indications section 872 of
      the meter status register 802, so that the computer will know when the
      print wheels 526 are properly set. If they are not properly set, that fact
      is reported back to the computer by the meter status register 802 and
      interface hardware 798. As a result, the computer does not issue a print
      command until the problem is resolved. But if the computer receives an
      indication that the variable print modules 528 are set to the proper
      numerical values, then it issues a print command which is transmitted
      through the interface hardware 798 and the command section 807 of the
      computer status register 800, and then over lead 874 to the first priority
      section of the polling circuit 838.
PAR  The polling circuit enters the first priority printing mode, and sends a
      print mode command over the lead 840 to the control logic 842, which then
      issues print instructions over a lead 876. If a NAND gate 878 is not
      disabled, the print command passes through the gate and traverses leads
      879 and 881 to the solenoid sequencing circuit 805. The latter then fires
      the solenoid 801 to unlock the print segments 500, and also fires the
      print solenoids 238 or 338 in sequential relationship (for a disclosure of
      the sequencing circuit 805, refer to the Lupkas, et al application cited
      above). The signal on lead 879 is also conveyed over lead 880 to the
      arithmetic unit 816 and causes it to perform a subtraction operation
      deducting the amount of postage from the descending register balance.
PAR  In order to perform this operation, the arithmetic unit buffers 818 receive
      the postage amount information over a cable 882 from the print buffer, and
      they also receive the contents of the descending register 810 over a
      memory fetch cable 884. The necessary memory addressing operation to
      access the descending register is carried out by the memory address
      decoder 814 in response to address information received over a cable 886
      via a data gate 905 and counter 828. The control logic circuit enables the
      gate 905 and arithmetic unit 816 by means of leads 904 and 894,
      respectively.
PAR  The arithmetic unit 816 carries out its calculation and reloads the
      decremented postage balance back into the descending register section 810
      of the memory 806 over a cable 895. Once again, the memory address decoder
      814 performs the addressing function during loading, responding to the
      address information on the cable 886, while control signals arrive over
      leads 904 and 894 from control logic 842.
PAR  In similar fashion, the amount of postage is added to the ascending
      register 808. The piece counter 812 is incremented each time the "enter
      postage" mode is initiated.
PAR  Summarizing the printing operation, the computer command for setting the
      variable number wheels goes directly over lead 866 to the control logic
      842, so that the setting function is carried out off-line with respect to
      the polling circuit 838. Then there is a feedback output over lead 870 to
      the computer to verify correct number wheel setting. Subsequently a print
      command goes over lead 874 to the polling circuit 838. When there is no
      higher priority operating mode requested, the print mode is entered and
      the control logic 842 issues a command which simultaneously fires the
      print solenoids 238 or 338, initiates the postage subtraction operation of
      arithmetic unit 816, increments the piece counter 812 and adds the postage
      amount to the ascending register.
PAR  These operations cannot be carried out, however, unless the insufficient
      postage decoder 820 detects an adequate postage balance remaining in the
      descending register 810, and therefore enables the NAND gate 878. If the
      postal credit balance is insufficient, the output from the decoder 820
      inhibits the NAND gate 878. As a result, the print solenoids are not
      fired, the postage balance is not decremented, the ascending register is
      not incremented and the piece counter is not incremented. In addition, the
      decoder output goes over a lead 896 to turn on the insufficient postage
      panel indicator light, and goes over a lead 898 to convey an insufficient
      postage indication back to the interrupt and status indication section 872
      of the meter status register 802. The computer programmer can then use
      this indication to initiate any desired program routine.
PAR  In a preferred embodiment of the postage printer, the print segments
      500.1-500.8 are normally locked, for additional postage security, by the
      locking mechanism controlled by solenoid 801. The latter is unlocked only
      at the time that postage printing is initiated, and then locked again
      after printing. The switches 803 serve to sense the locked and unlocked
      condition of the lock mechanism, and also sense when print segments
      500.1-500.8 respectively advance to print impact position upon
      energization of the print solenoids 238 or 338. For a complete disclosure
      of the locking mechanism, the solenoid 801 and the switches 803, refer to
      the Lupkas, et al application cited hereinbefore.
PAR  When the print mechanism is unlocked by solenoid 801, switches 803 issue a
      signal on a lead 940 to set a lock mechanism flip-flop 942. The set output
      of that flip-flop then resets each one of a group of print segment
      flip-flops 944.1-944.8, associated with the print segments 500.1-500.8
      respectively. Then the print segment flip-flops 944 wait to detect the
      movement of the print segments 500 to their print impact positions. As
      each print segment 500 advances to print impact position, a respective
      lead 946.1-946.8 is energized by the associated print confirmation switch
      803 to set the associated print segment flipflop 944. All the set outputs
      of these flip-flops 944 lead to an eight-input NAND gate 948. The output
      of the NAND gate passes through a delay circuit 950 and is controlled by a
      coincidence gate 952. After printing the solenoid 801 is de-energized, and
      thus the loocking mechanism is relocked, causing one of the sensing
      switches 803 to issue another signal on a lead 952 which resets the
      flip-flop 942. The reset output of that flip-flop then enables coincidence
      gate 952.
PAR  Upon the enabling of gate 952, the print confirmation circuit 711 can
      determine whether all the print segments 500.1-500.2 were successfully
      driven to print impact position during the preceding print operation. If
      all the print segments 500 have been driven to print impact position, the
      print confirmation switches 803 will have set all the flip-flops 944, and
      there will be no output from the NAND gate 948. Accordingly there will be
      no output from the print confirmation circuit 711 on its print segment
      status output lead 954. On the other hand, if any one or more of the print
      segments 500 fail to advance to print impact position, the corresponding
      flip-flops 944 will not be set. Consequently there will be an output from
      the NAND gate 948. This output, delayed by circuit 950, will pass through
      coincidence gate 952 when the latter is enabled at the end of the print
      operation, resulting in an output on lead 954 by which the print
      confirmation circuit 711 advises the interrupt and status indication
      section 872 of the meter status register 802 that postage printing has not
      been successfully carried out as ordered by the computer. The computer can
      then carry out any appropriate alarm subroutine dictated by the
      programmer.
PAR  The next higher priority operating mode of the polling circuit 838 is the
      addition of funds to recharge the descending register 810 when an
      insufficient postage condition occurs. In order to avoid the need for
      carrying the postage printing mechanism and the accounting circuitry to a
      Post Office for recharging this invention contemplates the use of the
      selfscrambling combination lock switch 860. Such locks were previously
      developed for remote recharging of conventional postage meters. A
      mechanical combination lock of this type, which employs mutilated gears
      for scrambling, is disclosed in U.S. Pat. No. 3,034,329 of R. C. Pitney,
      and is suitable for use in the switch 860 of this circuit. As a preferable
      alternative, however, one might employ a keyboard-operated self-scrambling
      combination lock device as described in U.S. Pat. No. 3,664,231 issued May
      23, 1972 by Walter J. Hanson, and assigned to the same assignee as the
      present application. Briefly, the Hanson device matches a hole pattern
      punches in a movable tape with a keyboardentered combination. If the
      combination is correct, the lock is released once, permitting the switch
      860 to operate one time. Thereafter the tape is advanced to a new
      position, and consequently the switch cannot be operated without obtaining
      the next lock combination from postal officials.
PAR  The result of each lock opening operation is to close the combination
      switch 860, sending a signal over a lead 900 to the second priority
      section of the polling circuit 838. This causes an add funds mode signal
      to be transmitted to the control logic 842 over the lead 840. An add funds
      signal is then transmitted from the control logic 842 over a lead 902 to
      the arithmetic unit 816. The effect of that signal is to cause a
      predetermined increment of postage, equal in amount to the payment made to
      the postal authorities in order to obtain the lock combination, to be
      added to the descending register balance. The descending register portion
      810 of the memory 806 is accessed and then reloaded with the new postage
      balance by the memory address decoder 814 in response to an addressing
      control signal arriving over a lead 904 from the control logic 842. The
      addressing control signal enables gate 905 during the memory addressing
      count sequence of circuit 828.
PAR  The third priority operating mode of the polling circuit 838 is the reading
      out of information into the panel display 610. This operating mode is
      entered in response to one of the manually operated panel switches
      612-618, which determine whether the display is to show the contents of
      the ascending register, descending register or piece counter sections of
      the memory 806, or to light up a test display which energizes all read-out
      elements. Any of these switches generates a signal (represented by arrow
      619) which causes the polling circuit 838 to enter mode No. 1. The switch
      620 cancels the read-out operating mode entirely.
PAR  In response to a read-out mode signal on the lead 840 coming from the
      polling circuit 838, the control logic 842 sends a signal over address
      control lead 904 which enables gate 905 during the memory addressing count
      sequence. Memory contents are sequentially read out on cable 884. The
      signal on lead 906 from the control logic 842 strobes the selected
      information into the read-out 610.
PAR  The preferred form of display for this circuit is a lightemitting diode
      array with built-in integrated circuit decoding logic 854.
PAR  The computer can also access the memory contents at will, and fetch data
      therefrom to use for any purpose that the programmer desires. In order to
      accomplish this, the computer inserts the desired memory address into the
      data section 862, and also sends a memory reading instruction to command
      section 807 of the computer status register 800, which in turn sends a
      read memory signal over a lead 912 directly to the control logic 842,
      bypassing the polling circuit 838. The control logic 842 in turn sends a
      signal over the lead 892 to enable the data gate 888, admitting the
      computer-generated memory address arriving over cable 889 to the memory
      address decoder 814. This results in fetching the requested ascending
      register, descending register, or piece counter data from the memory 806
      over cable 884, and inserting it into a data portion 914 of the meter
      status register 802. Then a computer can obtain the desired information
      from the meter status register.
PAR  There is a possibility of arithmetic error if postage computations are
      performed when the logic voltage levels supplied by the main power supply
      circuits 856 are not within tolerance. In order to make sure that all
      arithmetic computations take place under proper voltage conditions, and
      thus avoid postal accounting errors, the start-up program section 746 of
      the initialization circuit 844 does not turn on until it gets a signal
      over a lead 915 from the voltage sensor circuit 858 indicating that all
      logic levels are within tolerance. The initialization circuit 844 produces
      a start signal on a lead 916 which turns on the memory address decoder 814
      and also makes sure that the gate controlling flip-flop 834 is initially
      reset.
PAR  In the event of a power failure, low voltage condition or shut-down of the
      meter, the voltage sensor 858 indicates a power-off situation to the
      shut-down program section 848 of the initialization circuit 844. At that
      time, the initialization circuit sends a stop signal on a lead 918 to a
      NAND gate 920. The NAND gate inhibits the stop signal if the polling
      circuit 838 signals over a lead 922 that an arithmetic calculation is
      currently in progress; i.e. the meter is in mode No. 1 or 2. Under those
      circumstances, calculation is allowed to proceed to completion. The power
      supplies 856 are designed with enough capacitance to allow operation at
      proper voltage levels for sufficient time to complete any arithmetic
      operation that may be in progress, even after total power failure. But
      after the present calculation is concluded, the polling circuit 838 and
      lead 922 cause NAND gate 920 to pass the stop signal out over line 921 in
      order to turn off the memory address decoder 814 and thereby preserve the
      memory contents unchanged for the duration of the power failure or other
      abnormal condition.
PAR  An additional lead 924 coming from the voltage sensor 858 lights up the
      meter-ready panel indicator light 606 when the logic voltages come up to
      required levels, and another lead 926 conveys the same meter-ready
      indication to the interrupt and status indication section 872 of the meter
      status register 802, thus advising the computer that the electronic
      postage meter is in condition for operation. When the voltage sensor
      circuit 858 senses a low voltage condition, the meter-ready-panel light
      606 goes out and the meter-ready status indication in register 802 turns
      off, advising both the human operator and the computer of the problem.
PAR  The operation of this postage system will be further described with
      reference to FIGS. 14 through 34. FIG. 14 shows the sequence of operation
      of the system including a plot of the clock 824, the gray code counter
      826, and the polling signals with respect to time. The clock 824 as used
      in this inventive system is a standard module (Model M401-0-1, Digital
      Equipment Corporation, Maynard, Mass.) set to operate at a 4 MHz rate as
      shown in FIG. 14a. The electrical logic elements illustrated in the
      drawings are 7400 series TTL (transistor-transistor logic) components,
      such as are available from Texas Instruments, Inc., unless otherwise
      indicated herein. The internal control of the metering system is governed
      by the clock frequency, which is divided into eight timing periods (FIG.
      14g) for each machine cycle, by the 3-bit binary Gray Code Counter 826 of
      FIG. 17. This free-running gray code counter 826 comprises 3 "J-K"
      flip-flops 1000, 1001 and 1002, respectively, providing outputs A', A';
      B', B'; and C', C' through buffers 1004, 1005; 1006, 1007; and 1008,, 1009
      respectively. The gray code counter outputs A', B', and C', respectively
      (FIG. 14d, 14e and 14f, respectively) are repetitive every eight periods
      so as to establish a machine cycle (FIG. 14g). The flip-flops 1000, 1001
      and 1002, change state one at a time. This has the advantage that the
      output is certain, and there is no timing (race condition) problem between
      the outputs. In other words, questionable outputs cannot occur because one
      output may be generated slightly out of phase with another output. These
      "clean pulses" are used for controlling the system, for gating purposes
      and polling.
PAR  The gray code counter is used to drive a memory addressing counter 828 as
      shown in FIG. 17. The memory addressing counter is a 5-bit synchronous
      counter comprising 5 "J-K" flip-flops 1010, 1011, 1012, 1013 and 1014
      wired as shown, and providing outputs A, A; B, B;, C, C;, D, D; and E, E;
      respectively, Outputs A, B, C, D, and E are plotted in FIG. 15 with
      respect to time. The outputs A, B, C, D, and E are used to form 32
      addresses as shown in FIG. 16. The synchronous counter counts in a
      straight binary sequence generating these addresses, but these addresses
      could also be supplied directly by the computer controlling the meter.
PAR  The memory addressing lines are enabled through period 2 through 7. The
      memory addressing counter changes between periods 8 through 1, so that the
      addressing lines are enabled only when no addressing changes are taking
      place. As indicated on FIG. 15, there must be at least one machine cycle
      before the address enable signal becomes high again. This allows a polling
      sequence to take place which then provides the highest priority mode
      awaiting service to be entered.
PAR  The meter cycle is generated by any of three controls (1) Enter postage,
      (2) Add funds, and (3) Cycle. These modes are sequentially checked by the
      polling circuitry 838 shown in FIG. 18. The polling circuit 838 is
      dependent upon the clock pulses for determining the polling sequence. The
      "enter postage" mode circuitry has the highest priority and is fed clock
      pulse 2 over line 1040; the "Enter funds" mode is fed pulse 4 over line
      1041; and the "cycle" mode has the lowest priority, because this mode is
      generally only for the purposes of readout (accessing the contents of the
      memory for display purposes). The cycle mode circuitry is fed clock pulse
      6 over line 1042. (See FIG. 14h).
PAR  The three flip-flops 1015, 1016 and 1017, respectively provide a signal to
      the control logic 842 over lines 1018, 1019 and 1020, respectively. These
      lines, for the sake of convenience, are represented by line 840 in FIG.
      13. Flip-flops 1015, 1016 and 1017 are mutually exclusive. When one of
      these flip-flops goes "high" it disables the other two flip-flops by
      feeding a complementary signal back through the AND-gates 1021, 1022 or
      1023 respectively, as the case may be. The AND-gates 1201, 1022 and 1023
      feed their respective flip-flops 1015, 1016 and 1017. These AND-gates
      receive the signal from NOR-gate 1025, which feeds line 1024. The NOR-gate
      1025 is tapped into lines 1018, 1019 and 1020, at points 1026, 1027 and
      1028, respective, as shown.
PAR  Flip-flops 1034, 1035, 1036, respectively, store externally added
      information, such as enter postage, operate display, enter funds, over
      lines 619, 874 and 900, respectively. This externally applied stored
      information influences the operation of flip-flops 1015, 1016 and 1017,
      respectively, and may be present while any of the flip-flops 1015, 1016 or
      1017 are inoperative or in a mode feeding capacity.
PAR  FIGS. 14b and 14c show the relationship of the address enable signal (FIG.
      14c) to that of the polling run signal FIG. 14b). When the polling run
      signal goes high, (shaded portion shown in FIG. 14b) the zero count
      decoder 832 (FIG. 17) causes the address enable signal to go high at end
      of period 8.
PAR  As can be seen from FIG. 14h, the three polling modes are activated during
      periods 2, 4 and 6 respectively. The cycle mode is entered through
      initialization (when the system is turned on), and upon activating display
      select switches.
PAR  FIG. 19 depicts control logic gates 1029, 1030, 1031, 1032, and 1033 of the
      control logic circuit 842 (FIG. 13). These gates generate an output at
      given periods, depending upon the states of the gray code flip-flops 1000,
      1001 and 1002, i.e., A' or A'; B' or B'; and C' or C' (see FIGS. 14d, 14e
      or 14f).
PAR  Logic gate 1029 generates output pulse 2; logic gate 1030 generates output
      pulse 4; logic gate 1031 generates output pulse 6; logic gate 1032
      generates output pulse 8; and logic gate 1033 generates output pulse 7.
      Output pulses for periods 1, 3 and 5 are not generated because they are
      not used.
PAR  The last address decoder circuit 836 is shown in FIG. 18. This circuit is
      fed from the memory addressing counter 828 (FIG. 17). When the last
      address pulse is received by this circuit, it clears flip-flop 1015 over
      line 1029. Flip-flops 1016 and 1017 are cleared over line 1030 from
      circuit 836, which feeds gate 1031. Gate 1031 clears flip-flop 1016 and
      1017 over lines 1032 and 1033, respectively.
PAR  The combination lock switch circuit 860 is shown in FIG. 18, and the add
      funds circuit over line 900. The combination lock switch circuit 860 is a
      well-known debounding circuit.
PAR  FIG. 20 depicts the memory circuit 806 of FIG. 13b. The memory consists of
      RCA's 16 bit COS/MOS memory chips arranged to provide 32 words 4 bits
      wide. The 32 memory locations are divided up into three registers:
      ascending register 808; descending register 810; and a piece counter 812.
      Each location (4 bit word) holds a binary coded decimal (see FIG. 16). The
      memory comprises two identical cards, each having 4 chips 1037, 1038, 1039
      and 1040, respectively. In selecting an address, 1 bit is accessed in each
      of the four chips 1037, 1038, 1039 and 1040. This allows you to store a 4
      bit binary coded decimal digit.
PAR  COS/MOS was chosen for its low quiescent power, which allows for battery
      operation over extended periods of time. This is important because
      continuous power is necessary to retain the memory contents.
PAR  Other features of this memory circuit include high noise immunity and
      simplified interfacing, as well as the aforementioned non-critical power
      requirements.
PAR  FIG. 16 shows that the first (0-15) 16 locations are assigned to the
      ascending register 808; the next (16-23) 8 locations are reserved for the
      descending register 810; and the last (24-31) 8 locations belong to the
      piece counter 812.
PAR  FIG. 21 illustrates the circuitry for the memory address decoder 814 and
      memory buffer circuitry for the memory 806. The AND-gates 888 and 905 in
      FIG. 21 are represented as a single AND-gate in FIG. 13b for schematic
      purposes. The lines 885 and 887, respectively feeding these AND-gates as
      shown in FIG. 13b, are shown in FIG. 21 as respectively linked to the
      multiple gates 888 and 905.
PAR  The outputs of the gating network 1041 containing AND-gates 888 and 905 are
      given as AA, AA; BB, BB; CC, CC; DD, DD; and EE, EE; as shown. These
      outputs are fed to network 1042. The outputs of network 1042 connect to
      the memory chips 1037, 1038, 1039 and 1040 shown in FIG. 20. The outputs
      of network 1042 (X.sub.1 ; X.sub.2 ; X.sub.3 ; X.sub.4 ; Y.sub.1 ; Y.sub.2
      ; Y.sub.3 ; and Y.sub.4) connect to the corresponding chip location.
PAR  The output gates 1043 and 1044 of network 1042, which provide outputs EE
      and EE, choose either the first deck of chips, or the second deck of chips
      in memory. In other words, these outputs correspond to the column bit "E"
      in FIG. 16.
PAR  Network 1045 refers to buffer circuitry which is associated with the memory
      806. The outputs of the memory as shown in FIG. 20 (M.sub.1 2.sup.0 ;
      M.sub.1 2.sup.1 ; M.sub.1 2.sup.2 ; and M.sub.1 2.sup.3) are fed to
      circuit 1045. The second deck of chips (not shown) in the memory provide
      outputs (M.sub.2 2.sup.0 ; M.sub.2 2.sup.1 ; M.sub.2 2.sup.2 ; and M.sub.2
      2.sup.3) which supply circuit 1045 as shown. The designations 2.sup.0 and
      2.sup.3 refer to the least and most significant bits, respectively. The
      outputs of network 1045 are supplied to the arithmetic unit 816.
PAR  FIG. 22 shows the circuitry for the arithmetic unit 816, the buffer
      circuitry 818 feeding back to the memory 806 from the arithmetic unit,
      part of the insufficient funds circuit 820, and the add postage lock-out
      circuit (status indicator circuit 872).
PAR  Circuit 816 of FIG. 22 is fed by the outputs of circuit 1045 of FIG. 21
      through lines 1046, 1047, 1048 and 1049, respectively. The memory outputs
      fed over these lines is added to the applied signals to enter additional
      postage, which is fed over lines 1051, 1052, 1053 and 1054, respectively,
      from the postage buffer circuit 804 (FIG. 24). The postage buffer and
      memory outputs are fed to the binary adder 1050, where corresponding
      inputs (A and B) are summed. The outputs of the adder 1050 are fed to a
      decoder 1055 which converts the binary sums from binary to BCD.
PAR  Flip-flop 1056 and 1057 receive clocking pulses CP6 and CP8, respectively
      to control the proper propogation of the carry bit.
PAR  Ouput buffer circuitry 818 comprises four flip-flop 1058, 1059, 1060 and
      1061 respectively, which receive the BCD output from the decoder 1055,
      store the data, and pass it on to memory 806 over lines 895 (see FIG.
      13b). Lines 895 are tapped into the insufficient funds circuit 820 over
      lines 1062. The "Descending Register Full" circuit of status circuitry 872
      is tapped into lines 895, and is fed via line 1063. The latter circuit
      receives a signal which locks out of the combination lock when the
      descending register is full. FIG. 23 illustrates the aforementioned
      insufficient postage decoder circuit 820 and the Descending Register Full
      circuit of circuitry 872.
PAR  FIG. 23 also shows the arithmetic control circuit 1066, which supplies to
      clear carry and preset carry signals to the arithmetic circuit 816. The
      clear carry signal is carried over line 1064, and the preset carry signal
      is carried over line 1065, to the carry control flip-flop 1057 (FIG. 22).
PAR  FIG. 24 depicts the postage buffer circuit 804. The outputs from the print
      buffers of FIG. 25 are stored in a plurality of latches of postage buffer
      circuit 804. There are four sets of four latches as shown by arrows 1067,
      1068, 1069 and 1070. Each set of four latches stores the postage amounts
      from $0.01 to $10.00 as shown. Each set of latches respectively feeds to a
      multiplexer (multiplexers 1071, 1072, 1073 and 1074, respectively). These
      multiplexers select one BCD digit at a time from its corresponding set of
      latches. These multiplexers feed to another row of multiplexers 1075,
      1076, 1077 and 1078, respectively. The function of multiplexers 1075,
      1076, 1077 and 1078 is to select the postage amount, the nine's complement
      of the postage amount, or zero. The nine's complement of the postage
      amount is used to effect the subtraction of the postage amount from the
      descending register during the enter postage mode through an addition
      process. The selection of the zero is, for example, to propagate carry
      through higher order decimal places, and to leave register contents
      unchanged during cycle (see FIG. 16). The outputs from the multiplexers
      1075, 1076, 1077 and 1078, are respectively fed to the arithmetic circuit
      816 over lines 1051, 1052, 1053 and 1054.
PAR  Multiplexers 1075, 1076, 1077 and 1078 are controlled by the inputs fed
      over lines 1079 and 1080 from the multiplexer control circuit 1081 of FIG.
      23. Multiplexers 1075, 1076, 1077 and 1078 select the proper postage
      amount, nine's complement thereof, or zero for each of the three registers
      (ascending, descending, and piece counter) during the enter postage, add
      funds, and cycle modes as shown in FIG. 16. Multiplexers 1071, 1072, 1073
      and 1074 are controlled by outputs A and B of the memory addressing
      counter 828 (FIG. 17) to select the $0.01, $0.10, $1.00 and $10.00 digits
      from the postage buffer circuit 804 at the same time the corresponding
      digits are being accessed from the ascending register 808 and descending
      register 810 (FIG. 13B). The inputs fed over lines 1082 and 1083 derived
      from the outputs of the first two flip-flops 1010 and 1011 of the
      synchronous 5-bit counter 828.
PAR  The multiplexers 1075, 1076, 1077 and 1078 are fed with added funds over
      lines 1084, 1085, 1086 and 1087. In this case, the digit 5 is transmitted
      over lines 1084, 1085, 1086 and 1087 and added to the descending register
      in the $100's position selected by the multiplexer control logic 1081 (see
      FIG. 23) to give an added fund increment of $500.
PAR  FIG. 25 shows the print buffer circuitry feeding the postage buffer circuit
      804. The print buffer circuit comprises four banks (only one shown here)
      of four D-type flip-flops 1088, 1089, 1090 and 1091, each. Each bank of
      four flip-flops 1088, 1089, 1090 and 1091 inputs one set of four latches
      in postage buffer circuit 804, over lines 1092, 1093, 1094, 1095 as shown.
      The signals fed over these lines are also fed to a comparator 1096 to
      check for BCD errors. The comparator is also fed from the 4-bit counter of
      FIG. 27 over lines 1097, 1098, 1099 and 1100. Flip-flops 1088, 1089, 1090
      and 1091 receive BCD digit data 862 from the computer; strobe pulses for
      entering the data into the print buffer are generated by gates 1125, 1126,
      1127 and 1128 and are outputted over lines 1101, 1102, 1103 and 1104 (FIG.
      27) to print buffer (consisting of 1088, 1089, 1090 and 1091) enabling
      lines 1105 (FIG. 25) to enter $0.10, $0.10, $1.00, $10.00 digits
      respectively. As shown in FIG. 28 the BCD data is on bits 12 through 15 of
      the digital word.
PAR  The outputs of each bank of flip-flops 1088, 1089, 1090 and 1091 are fed to
      a 4-to-10 line decoder 1106, whose outputs feed a series of electrical
      contacts corresponding to various positions on the variable number modules
      528 of FIG. 8. The decoder provides low signal on the contact
      corresponding to the position to be selected. These electrical contacts
      are sensed by a wiper arm on each module.
PAR  FIG. 26 illustrates circuits 1109 and 1110. Circuit 1110 is inputted on
      lines 1111, 1112, 1113 and 1114, which connect to each wiper arm
      (commutative brush) on the rotative elements of the variable number
      modules 528. When a high signal is sensed by a wiper arm, indicating a
      wrong wheel position, the signal is carried over the appropriate input
      line (1111, 1112, 1113 and 1114) to a respective gate 1115, thus enabling
      the gate and turning on a respective SCR 1116. Each respective SCR 1116 is
      connected to a driving coil of one of the variable number modules for
      rotating the number wheels to the proper position. When the appropriate
      position is reached, a low signal is detected by the wiper arm, which is
      subsequently fed back through one of the lines 1111, 1112, 1113 and 1114
      to disable the respective gate 115 and turn off the respective SCR 1116.
PAR  Circuit 1109 is fed from line 1166 of each comparator 1096 of FIG. 25,
      (only one of four circuits shown) over lines 1117, 1118, 1119 and 1120,
      respectively. The lines feed to a gate 1121, which checks for the Binary
      Coded Decimal and provides an output on line 1107. Line 1107 feeds to gate
      1122 in FIG. 27 as shown. Gate 1122 and J-K flip-flop 1123 are part of the
      interrupt and status indicator circuitry 872.
PAR  The gate 1124 of circuit 1110 is connected to each of lines 1111, 1112,
      1113 and 1114, and is used for checking whether the print wheels of the
      variable number modules are in the set position. The output of gate 1124
      is fed over line 1108 to gate 1125 of the interrupt and status circuitry
      872 as shown in FIG. 27. The outputs of flip-flops 1144 and 1123 form part
      of the feed back to the computer through the meter station register (FIG.
      29).
PAR  FIG. 27 depicts the print wheel logic circuitry. The print buffer to be
      loaded is selected by bits 10 and 11 of the digital output (FIG. 28). AND
      gate 1214 (FIG. 28) decode bits 10 and 11 as specifying $0.01, $0.10,
      $1.00, $10.00 digits and feeds the appropriate enabling signal to gates
      1125-1128 (FIG. 27). A sampling pulse to gates 1125-1128 generates a
      strobe signal on one of the otuputs 1101-1104 which goes to the
      appropriate print buffer enabling lines 1105 (FIG. 25) which causes data
      present on the digital output 862 (FIG. 28) to be entered into the print
      buffer (flip-flop 1088-1091 in FIG. 25).
PAR  The print wheel logic circuit has pulse generating means (arrow 1129) to
      generate a 60 H.sub.z square wave signal which operates a counter 1130 via
      an enabling gate 1131. The counter 1130 provides twelve pulses for
      operating the print wheels. The print wheels only require a maximum of 10
      pulses, so that there are several superfluous pulses. This over abundance
      of pulses is planned, so that all the wheels will be set with assurity. If
      a wheel does not obtain the proper position after the twelfth pulse this
      will be sensed and indicated on the display as an error condition as
      aforementioned.
PAR  The counter 1130 feeds the pulses through a decoding gate 1133 to flip-flop
      1134. Flip-flop 1134 passes an enabling signal to the gates 1115 of FIG.
      26 over line 1132 to turn on the SCRs.
PAR  The meter status register (FIG. 29) is the means by which the meter
      communicates with the computer controlling it. It performs three
      functions: (1) transfer of data (2) indication of status (3) indication of
      error conditions. Bits 12-15 (not shown in FIG. 29) are used to transfer
      data from meter memory to the computer. Status indicators include:
TBL  Print wheels not moving                                                   
                      (bit 0)   line 1143                                      
     Print head not moving                                                     
                      (bit 1)   line 1221                                      
     Print capacitor changed                                                   
                      (bit 8)   line 1220                                      
     No funds         (bit 9)   line 1217                                      
     Register reads complete                                                   
                      (bit 10)  line 1219                                      
     Meter ready      (bit 11)  line 1215                                      
PAR  "Print head not moving" and "print wheels set" set flip-flops 1140 and 1139
      respectively which generates interrupts through gate 1141. This relieves
      the computer of the necessity of waiting in a loop for the duration of the
      slow mechanical operations involved.
PAR  Normally in operating the meter, 4 BCD digits would be outputted to the
      print buffers, the meter printer would set to the number, the computer
      would check the meter to see that sufficient postage was available, then
      issue a print command. The computer would not issue another "set" or
      "print" command until after the meter has had time to complete the
      previous operation. The meter is logically locked out from attempting any
      operation not "well defined". Any such operation sets flip-flop 1135 which
      outputs a signal on line 1136 to bit 4 (line 1135) of the digital input
      which indicates a programming error. Examples of such errors are: issuing
      a print command (a) before the print wheels have finished setting (b)
      while the print head is moving (c) when there is a setting error (d) when
      BCD is not in the print buffers (e) when there is insufficient postage in
      the meter (f) when the printer power supply is not ready and (g) when the
      meter is not ready. Such an error also generates an interrupt which
      signals the computer to read the status register and go into a routine to
      handle this -- some error conditions could be handled by computer
      programming, others would require human intervention. Bit 5 is another
      error message -- non BCD characters in a print buffer. Bit 6 comes up if
      the print wheels should change position due to the impact of printing.
PAR  One-shot 1148 provides a clock signal to the polling circuit of FIG. 18.
      This 1 sec signal is carried by line 874 to flip-flop 1035 (FIG. 18) to
      initiate the enter postage mode.
PAR  One-shot 1150 provides a dummy signal of 50 ms duration to indicate the
      print head return. However, the print head can actually be monitored by
      means of a switch, thus eliminating the need for one shot 1150 if so
      desired.
PAR  FIG. 30 shows the circuitry for the memory power supply 856, and the
      voltage sensing circuit 858. The voltage sensing circuit 858 comprises two
      zener diodes 1151 and 1152, respectively. The zener diode 1151 is used to
      monitor the voltage level before the regulator to the logic circuitry, and
      the zener diode 1152 is used to monitor the voltage level before the
      regulator means 1161 to the memory. When the voltage level drops below a
      desired level in either lines 1153 or 1154, one of the transistors Q.sub.1
      or Q.sub.2, as the case may be, will turn off. When either Q.sub.1 or
      Q.sub.2 turns off, Q.sub.8 will be caused to become non-conducting, which
      in turn causes Q.sub.7 to turn off. This results in a low signal appearing
      on line 1155. This low signal is fed over line 1155 to the control power
      supply and initialization circuit 844 of FIG. 31. If there is no operation
      being performed in the meter, (for example, add funds) when this low
      signal is received, then a command to turn power off is given on line 1156
      (FIG. 31). This command is then conveyed over line 1156 to the power
      circuit of FIG. 30 where it turns on transistor Q.sub.4. When transistor
      Q.sub.4 becomes conducting, current is drawn in line 1157, thus turning
      off transistor Q.sub.3. This causes transistor Q.sub.9 to become
      non-conducting, if transistors Q.sub.1 and Q.sub.2 are also
      non-conducting. Transistors Q.sub.1 and Q.sub.2 are assumed to be turned
      off because they initiated the start of the power-off condition.
      Transistor Q.sub.9 will now influence transistor Q.sub.11 to turn off,
      thus depriving the memory of power.
PAR  On the other hand, if an operation is being performed in the meter when the
      low signal is received on line 1155, then gate 1158 (FIG. 31) will remain
      disenabled until the operation is completed. This will prevent the command
      to turn off power on line 1156 until the operation is completed.
PAR  Zener diode 1159 (FIG. 30) acts to regulate the voltage going to the
      memory. Above the 12 volt level, the zener diode 1159 conducts, clamping
      the output of transistor Q.sub.11 at about 12 volts.
PAR  Transistor Q.sub.10 and Q.sub.5 are used in a current limiting circuit to
      protect the memory power supply. If too much current is drawn in line
      1162, transistor Q.sub.10 becomes conducting which in turn causes
      transistor Q.sub.5 to turn on. Current is reduced in line 1163 which
      starts turning off transistor Q.sub.11 thus limiting the current in line
      1162 to a safe value.
PAR  Transistor Q.sub.6 is used to provide a "power-on" signal on line 1160
      which is fed to the control power supply and initialization circuit 844 of
      FIg. 31.
PAR  FIG. 31 illustrates the control power supply and initialization circuit 844
      as aforementioned. Elements 1164 and 1165 are "one-shots." The one-shot
      1164 supplies the "turn-power-off" command carried on line 1156 as
      previously discussed. The one-shot 1165 supplies the initialization signal
      used to preset logic elements on start-up including the flip-flop that
      initiates the cycle mode on start-up.
PAR  FIG. 32 depicts the circuitry for the display selector switches 612, 614,
      616, 618 and 620. Each switch circuit acts as a buffer register which
      stores the information. Each switch circuit comprises a single pole double
      throw switch 1167, a well known debouncing circuit 1168, and a "J-K"
      flip-flop 1169. Only one switch can be thrown at one time; the switches
      are mechanically exclusive.
PAR  Information is transferred to the flip-flops 1169 when the system is not
      operating in any of the three modes. The outputs from these circuits are,
      therefore, well defined (i.e. constant) during the cycle mode.
PAR  The gate 1171 generates a signal every time a switch is depressed. The
      signal is carried on line 619 to the Cycle mode circuit of FIG. 18.
PAR  A switch clock signal is introduced on line 1170 which synchronizes reading
      the manually operated switches into the J-K flip-flops with the clock
      controlled meter operation. The switch clock signal is generated by the
      switch clock circuit 1172 of FIG. 33. This signal will only be generated
      when there is no run signal, and the addressing counter is at zero.
PAR  The display used in this postage meter system is a standard Hewlett-Packard
      display, (No. 5082-7300) which has latches and decoder built-in.
PAR  The multiplexer circuitry 1173 of FIG. 33 gates data from the memory to the
      display, and also blanks and tests the display. The multiplexer elements
      1178, 1179, 1180 and 1181 receive memory data from the arithmetic unit
      output buffer 818 (FIG. 22) over lines 1174, 1175, 1176 and 1177
      respectively.
PAR  In the display mode the memory data is outputted to the display inputs over
      lines 1182-1185 one BCD digit at a time. Circuit 1186 of FIG. 33 generates
      clock signals to enter data into the appropriate display latch. The "0"
      output of 1186 clocks data into the least significant number display and
      "9"   output into the most significant number display.
PAR  Because the memory only stores numbers, there is need for a circuit to
      select the decimal point in the display. Circuit 1188 is such a circuit,
      and is shown in FIG. 33.
PAR  The panel indicator circuits 604, 606 and 608 (lamp drivers) are also
      illustrated in FIG. 33.
PAR  FIG. 34 shows the direct memory read control logic circuitry, which
      transfers address data to the memory control logic circuitry of FIG. 21.
PAR  Bits 7 through 11 on the digital output from the computer (see FIG. 28) is
      placed on lines 1189, 1190, 1191 1192 and 1193 of buffers 1194, 1195,
      1196, 1197 and 1198, respectively. When the "read memory" command is given
      on line 912, flip-flop 1199 is set, provided that the system is not in the
      middle of a mode. The buffers 1194, 1195, 1196, 1197 and 1198 transfer the
      address data on line 887 to gates 888 of circuit 1041 of FIG. 21.
PAR  On clock pulse 2, flip-flop 1200 provides a "direct" signal on line 892 of
      circuit 1041 which enables these gates, and the address data is
      transferred to the buffers 1201, 1202, 1203 and 1204 of circuit 1045 via
      the memory of FIG. 20. Clock pulse 2 also clears flip-flop 1199 via line
      1205 from flip-flop 1200.
PAR  On clock pulse 6, gate 1206 is enabled, and buffers 1201, 1202, 1203 and
      1204 transfer to latches 1207, 1208, 1209 and 1210 which feeds into
      interface circuit 914 (FIG. 28).
PAR  Flip-flop 1211 (FIG. 34) is set on clock pulse 6 indicating that "read" has
      been completed. Flip-flop 1211 is left "high" after the meter is read. An
      interrupt signal is also provided in circuit 872 as a result. This
      notifies the computer that the read operation has been carried out and the
      information requested is present on the digital input to the computer.
PAR  On clock pulse 8, flip-flop 1200 is cleared, resetting the circuitry for a
      new read operation.
PAR  It will now be appreciated that this invention provides a secure postage
      metering device which uses a computer-compatible piggy-back-mounted
      postage printer and electronic digital postal accounting techniques, and
      is therefore suitable for use in computer-controlled,
      high-speed-printer-implemented, high volume mailing operations.
PAR  Since the foregoing description and drawings are merely illustrative, the
      scope of protection of the invention has been more broadly stated in the
      following claims; and these should be liberally interpreted so as to
      obtain the benefit of all equivalents to which the invention is fairly
      entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the combination of a computer and metering means arranged to print a
      numerical amount, said metering means including means for receiving from
      said computer a signal designating said amount, printing means responsive
      to said signal receiving means, an addressable memory for storing a
      balance, an arithmetic unit responsive to said memory and said signal
      receiving means to alter said balance by said computer-designated amount
      each time said printing means is actuated, memory addressing means for
      fetching a present balance from a predetermined memory address and
      conveying it to said arithmetic unit for said balance altering operation
      and loading the new balance resulting from such operation back into said
      same memory address, said memory addressing means comprising:
PA1  a pulse stream source, a first counter responsive to said pulse stream, a
      gate responsive to said first counter, a second counter responsive to said
      gate, means for selecting a memory address in response to said second
      counter, means for detecting the beginning of a count sequence of said
      first counter, means for detecting the end of a count sequence of said
      second counter, and means responsive to both said count sequence detecting
      means for enabling said gate to start a memory addressing count sequence
      of said second counter at the beginning of said first count sequence, and
      for disabling said gate at the end of said memory addressing count
      sequence.
NUM  2.
PAR  2. An electronic postage meter comprising:
PA1  input means for inputting postage data into said postage meter;
PA1  a postage printing means operatively connected to said input means and
      responsive to said inputted postage data for printing postage to be
      issued; and
PA1  accounting means operatively connected to the postage printing means for
      monitoring the postage printing means so that an accounting is kept of the
      postage that is being issued by said printing means, said accounting means
      having a non-volatile memory for storing postal data, said non-volatile
      memory being resistive to attempts at erasing said postal data therefrom,
      so that said accounting means is protected from attempts to erase the
      accounting of printed postage.
NUM  3.
PAR  3. The electronic postage meter of claim 2, further comprising electrical
      disruption means operatively connected to the accounting means for sensing
      when the accounting means is subjected to changes in voltage effecting the
      accountability of said accounting means.
NUM  4.
PAR  4. The electronic postage meter of claim 2, futher comprising control means
      operatively connected between the postage printing means and the
      accounting means for controlling the operation of the accounting means and
      the printing means such that a printing of postage cannot be accomplished
      without being accounted for by said accounting means.
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ABST
PAL  Computer addressing hardware and a method of address development which
      utilizes the concept of a segment as the unit of addressability is
      disclosed.
PAL  The fundamental vehicle for addressing is the segment wherein an address
      space is defined for a process and is included as part of the controlled
      information of the logical processor (the collection of hardware resources
      and control information necessary for the execution of a process.) The
      address space defines a predetermined number of different segments in
      which instructions can access operands. Within a segment, access is by
      relative location to the beginning of the segment, and is computed during
      address development. Any attempt to access information beyond the upper
      bound of the segment is detected by hardware and an exception condition
      occurs. An instruction may access an operand either directly or indirectly
      via a data descriptor, wherein an address syllable in the instruction is
      used for reference, and specifies whether reference is direct or
      indirection is to be preferred. The address syllable specifies a base
      register which defines the segment to be referenced and an offset within
      the segment. The address syllable also contains a displacement from this
      defined base. Address development hardware obtains the absolute address of
      the beginning of the segment, adds to this; the offset defined in the base
      registers, the displacement defined by the instructions, and if required
      the contents of an index register. This summation produces the required
      absolute address.
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PAC  RELATED APPLICATIONS
PAR  The following applications are incorporated by reference to the instant
      application.
PAR  1. "Buffer Store" invented by J. L. Curley, T. J. Donahue, W. A. Martland
      and B. S. Franklin, filed on Oct. 5, 1972 having Ser. No. 295,301 and
      assigned to the same assignee named herein.
PAR  2. "Variable Masking for Segmented Memory" invented by Wallace A. Martland
      and John L. Curley, filed on Oct. 5, 1972 having Ser. No. 295,303 and
      assigned to the same assignee named herein.
PAR  3. "Override Hardware for Main Store Sequencer" invented by Thomas J.
      Donahue, filed on Oct. 5, 1972 having Ser. No. 295,418 and assigned to the
      same assignee named herein.
PAR  4. "Main Memory Sequencer" invented by T. J. Donahue, J. L. Curley, B. S.
      Franklin, W. A. Martland, and L. V. Cornaro, filed on Oct. 5, 1972 having
      Ser. No. 295,331 and assigned to the same assignee named herein.
PAR  5. "Main Memory Reconfiguration" invented by J. L. Curley, B. S. Franklin,
      W. A. Martland, T. J. Donahue, and L. V. Cornaro filed on Oct. 5, 1972
      having Ser. No. 295,417 and assigned to the same assignee named herein.
PAR  6. "Address Development Technique Utilizing Content Addressable Memory"
      invented by James L. Brown and Richard P. Wilder, Jr., filed on 8/24/72
      having Ser. No. 283,617 and, matured into U.S. Pat. No. 3,800,286 on
      3/26/74.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to data processing systems and more
      particularly to address development hardware and techniques.
PAR  2. Description of the Prior Art
PAR  In the early days of computers an intimate knowledge of the structure and
      operating characteristics of the computer were essential in order to
      utilize it effectively and solve problems. The primary application of
      computers then was mathematical computation, with minimal utilization by
      business and government. Programs were written in the language of the
      computer, for esoteric applications and were generally of interest to the
      person generating the program or his organization. Moreover the programmer
      was generally the only person who could anticipate how the computer would
      react when his program was in the machine; hence his presence at the
      computer console was required during running of his program in order to
      correct for unexpected occurrences. During those early days
      standardization and documentation of programs was practically
      non-existent.
PAR  As the capabilities of the computer became recognized and more particularly
      with improvements in computer speeds and input/output equipment, and with
      the advent of high level languages such as FORTRAN and COBOL which
      permitted the writing of programs symbolically the range of computer
      applications was extended. Standardized programs under control of an
      operating system (control program) took over functions previously reserved
      by necessity for the programmer, and the concept of a single program on
      which a single processor computed for long periods of time without access
      to the outside world gave way to batch processing. The batch operating
      system permitted the grouping of a number of jobs for the purpose of
      compiling or assembling the source decks into object decks (i.e.
      translating the user program from symbolic language to machine language),
      loading and executing the user's programs. Since second generation
      computers were much faster than their earlier counterparts, the amount of
      "set up" time required to prepare a computer program for execution in a
      computer was disproportionately large in comparison to the actual
      execution time of the program. The batch operating system helped solve
      this problem. Moreover the batch operating system introduced the concept
      of a supervisor state and user or problem state for computer operation.
PAR  With the reduction of computer set-up time to a negligible percentage of
      computer run-time for a given job, computers became more attractive for
      data processing uses other than pure mathematical calculation uses.
PAR  However, with the increased usage of computers by business and government
      organizations there came an increased demand for greater efficiency and
      operating systems that provided all the services and control to permit
      jobs to be scheduled and executed in a multiprogramming environment; the
      third generation computer rose to meet the challenge.
PAR  In simple batched systems the important resource of random access memory
      (generally core memory, but more recently MOS-metal oxide semiconductor
      memory) was allocated to a single program, and proved to be wasteful of
      core memory whenever the program did not need the entire memory. One of
      the first problems of a multiprogramming scheme was the efficient
      utilization of main memory particularly when several system functions
      invoked the same procedure. As a first step core memory was partitioned
      which permitted multiple programs to reside in separate areas of core
      memory at the same time. However, since programs are rarely of the same
      size, overlapping of areas with concomitant overlay of one program by
      another was always a threat. To alleviate this situation nonoverlapping
      areas of the address space were allocated to each program. This technique
      partially solved the above problem of overlap but introduced the problem
      of fragmentation of core memory i.e. "holes" or unused portions of core
      memory which were too small for any other allocation and hence wasted that
      portion of core. A solution to the problem of fragmentation of core memory
      was to provide a relocation register to translate contiguous addresses in
      name space into contiguous addresses into memory space. This resulted in
      giving the system freedom in the assignment of physical memory locations
      and permitted in relocation of name space so as to condense the unused
      portions of physical main memory into one continuous part of core. Still
      there remained much inefficiency in the use of main memory because this
      constant reallocation of main memory was wasteful, and created severe
      penalties in supervision overhead particularly where many concurrent
      programs were continually changing their demands on main memory. The next
      step in the evolution of efficient memory utilization was the introduction
      of the concept of paging. Paging is a method of memory allocation wherein
      the name-space of program is subdivided into equal portions or pages, and
      physical main memory is subdivided into equal portions or blocks and
      wherein the page size is equal to the block size although the total name
      space need not be equal to the physical main memory. A block index is
      utilized to associate any particular block with any particular page, hence
      it is not necessary to relocate or move a page with each program demand.
      One free block is as good as another in which to assign a page since
      continuity in a program is obtained via the block index, and the
      probability is high that a free block can be found for a new page in main
      memory. Some computer systems that utilize paging are the Atlas Computer
      of Manchester University, XDS940, and Honeywell Information Systems HIS
      645.
PAR  Although the paging technique solved the problem of allocating main memory
      space among several programs, it did not solve the problem of allocating
      addresses in name space among several programs nor the problem of
      protection of information in main memory. A. W. Holt first suggested the
      concept of segmentation (Program Organization and Record Keeping for
      Dynamic Storage Allocation, Information Processing 62, North-Holland
      Publishing Co., Amsterdam, 1962, p. 539.) and J. B. Dennis further
      developed the concept of segmentation in order to solve problems
      pertaining to the naming and referencing of information (Segmentation of
      the Design of Multiprogrammed Computer Systems, Journal of the Association
      for Computing Machinery, Vol. 12, No. 4, October 1965, pp. 589-602.) Early
      uses of the segmentation concept were in the Burroughs B5000 computer, and
      also in the Honeywell Information Systems HIS 645 utilizing the Multics
      operating system.
PAR  In the segmentation scheme a segment is defined as an ordered set of words
      which are referenced by a segment name that distinguishes the segment from
      all other segments, and by an integer address that is utilized to select a
      particular member from the ordered set of uses in the segment. The segment
      is the unit of user sharing, carries a symbolic name, has a set of
      associated access attributes which describes, among other things, the
      function in which each user is permitted to reference the contained
      procedures and/or data. The segment is permitted to grow and shrink and is
      directly addressable in programs. The segment is thought of as an
      extention of the notion of file found in traditional systems; however, the
      file is not directly addressable nor can files copied into core be
      directly shared by programs of other users.
PAR  The segmentation concept is a reasonable solution to the problem of naming,
      addressing, allocating and protecting information in main memory such
      that:
PAR  1. A computation should have the use of a name space sufficiently large
      that all information it references may be assigned unique names, and such
      that reallocation of information within its name space is never necessary.
PAR  2. Data objects of a computation should be expandable without requiring a
      reallocation of name space.
PAR  3. Information referenced in common by several computations should have the
      same name for all computations that reference it.
PAR  4. A protection mechanism should operate in name space to permit access to
      information by a computation only in an authorized manner. (Jack B.
      Dennis, Segmentation and the Design of Multiprogrammed Computer Systems,
      Journal of the Association of Computing Machinery, Vol. 12, No. 4, October
      1965, pp. 589-602.)
PAR  Whereas some computer systems referenced supra utilize some of the concepts
      of paging, blocking and segmentation to improve efficiency of memory
      utilization, the use of these techniques have not been fully exploited
      being implemented generally in systems software with some minimum of
      hardware. For example the HIS 645, utilizing some of the concepts of
      paging and segmentation, is an upgraded HIS 635 which was modified to
      include multiple memory modules, multiple input/output controllers,
      multiprocessors, and a series of special registers called attachment
      registers. Together with a virtual memory concept and the MULTICS software
      package the HIS 645 computer incorporates some of the concepts supra.
PAR  As the fourth generation computer system begins to take shape it will
      undoubtedly exhibit the best characteristics of the third generation
      computer system, such as paging and segmentation. What is needed, however,
      is an improved version of segmentation with improved segmented addressing
      techniques and segmented addressing hardware.
PAC  OBJECTS
PAR  It is an object, therefore, of the instant invention to provide improved
      segmented addressing hardware.
PAR  It is another object of the invention to provide an improved computer
      addressing method and hardware wherein the segment serves as the unit of
      addressability.
PAR  It is still a further object of the invention to provide computer
      addressing hardware wherein the levels of direct access is provided at the
      level of segments private to a process.
PAR  Another object of the invention is to provide computer addressing hardware
      wherein the level of direct access is provided at a level of the segments
      shared among processes of a process group.
PAR  Yet another object of the instant invention is to provide computer
      addressing hardware wherein the level of direct access is at the level of
      segments shared by all processes.
PAR  Yet still another object of the instant invention is to provide computer
      addressing hardware wherein sharing of processes is through indirect
      access.
PAR  Other objects of the invention will become apparent from the description of
      a preferred embodiment of the invention when read in conjunction with the
      drawings contained herewith.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects of the instant invention are achieved by providing
      addressing hardware and an address development method which operates on a
      number of address elements to compute an absolute address which is used to
      refer to a byte location in core.
PAR  A number of modes of address development are available, and hardware checks
      are carried out during address development to insure that the absolute
      address obtained is the one referenced.
PAR  The fundamental vehicle for addressing is the segment. An address space is
      defined for a process comprising the set of logical addresses that the
      hardware is permitted to transform into absolute addresses during the
      execution of the process (A logical address typically consists of a pair
      (s,d) where "s" is the segment number, and "d" the displacement.) The
      hardware is given tables, the segment tables, defining the address space
      of the process. A segment table (st) contains one entry, or segment
      descriptor, for each segment. Each segment descriptor contains all
      attributes of the segment, among which are the absolute core address of
      the segment and the length of the segment.
PAR  An instruction may access an operand either directly or indirectly via a
      data descriptor wherein an address syllable in the instruction is used for
      reference, and specifies whether reference is direct or indirect, and
      moreover specifies a base register which defines the segment to be
      referenced and also defines an offset within the segment. The address
      syllable further contains a displacement from the defined base.
PAR  Address development hardware obtains the absolute address of the beginning
      of the segment, adds to this, the offset defined in the above registers,
      the displacement defined by the instruction and, if required, the contents
      of an index register. This summation produces the required absolute
      address.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features which are characteristic of the invention are set forth
      with particularity in the appended claims. The invention itself, however,
      both as to organization and operation together with further objects and
      advantages thereof may best be understood by reference to the following
      description taken in conjunction with the drawings in which:
PAR  FIG. 1 is a schematic diagram of a number of segments in main memory.
PAR  FIGS. 2A-2M are schematic diagrams of various novel hardware structures
      utilized in the invention.
PAR  FIGS. 2A-2B are segment descriptors.
PAR  FIGS. 2C-2E are data descriptors while
PAR  FIG.2CDE is an extended data descriptor.
PAR  FIGS. 2F-2G are base registers.
PAR  FIGS. 2H-2I are address syllables.
PAR  FIGS. 2J-2K are effective address elements.
PAR  FIG. 2L is a typical address space word ASW.
PAR  FIG. 2M is a typical segment table word, STW.
PAR  FIG. 3 is a schematic diagram of segment descriptor sharing and usage by
      various processes.
PAR  FIG. 4 is a schematic diagram of the general segmented addressing hardware
      structures and general segmented addressing method flow.
PAR  FIG. 5 is a segmented addressing development flow chart for effective
      address development by direct and indirect address development.
PAR  FIG. 6 is a schematic diagram of hardware for direct segmented address
      development
PAR  FIG. 7 is a schematic diagram of hardware for indirect segmented address
      development with indirection to base (ITB).
PAR  FIG. 8 is a schematic diagram of hardware for indirect address development
      with indirect to segment (ITS).
PAR  FIG. 9 is a segmented address development flow chart for absolute address
      development.
PAR  FIG. 10 is a schematic diagram of hardware for absolute address
      development.
PAR  FIG. 11 is a schematic diagram of hardware for segmented addressing
      development utilizing a content addressable memory.
PAR  FIG. 12A is a schematic diagram of more sophisticated hardware for
      segmented addressing development.
PAR  FIGS. 12B-12E show the various states of the segmented addressing hardware
      during various cycles.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  General:
PAR  In earlier less sophisticated computer systems, programs were run one at a
      time, with each program having access to all memory resources. In most
      instances, the allocation of memory was very straightforward. However, in
      instances where the program exceeded the available memory, the programmer
      was required to partition his program and/or data and control the loading
      of such partitions.
PAR  In a multiprogramming environment, there are many programs in memory at any
      given time. Therefore, the problem of absolute memory allocation, as
      discussed previously, is enormous. To ease the problem, a system of
      dynamically allocating memory space is assumed by a combination of the
      operating system and the hardware. Because of the random size of program,
      this system allocates memory into variable size segments and has
      facilities to restructure the memory allocation within the course of a
      program run. Thus a program may have a number of memory segments allocated
      to it that are not in consecutive areas of memory (see FIG. 1.) Referring
      to FIG. 1 the random access memory 100 of a general purpose computer is
      shown with 5 different segments of 3 different programs A, B, and C stored
      therein. Segment 1 of program A is stored in a portion 101 of main memory
      100, a segment 3 of program B is stored in a portion 102 of main memory
      100, a segment 6 of program C is stored in a portion 103 of main memory, a
      segment 2 of program B is stored in a portion 104 of main memory, whereas
      a segment 2 of program A is stored in a portion 105 of main memory. Other
      portions to the extent of the total capacity of main memory may also be
      stored in various segments of different programs and/or data.
PAR  This procedure would normally present a problem, in that all memory
      addresses in a program would have to be modified whenever a program or
      program segment was reallocated. However, to alleviate this problem, the
      invention utilizes a technique wherein addresses contained in the user's
      program are logical rather than absolute main memory addresses. (See
      Glossary of Terms for definition). These logical addresses are then used
      to develop absolute main memory addresses. Using this technique, user
      programs may be written without regard to absolute main memory locations.
PAR  This memory allocation system permits each process (see Glossary of Terms
      for definition) to access its own or related memory segments via a system
      of segment descriptors. The format of a segment descriptor is as shown on
      FIGS. 2A and 2B. Referring to FIGS. 2A and 2B there is shown the format of
      a direct segment descriptor 200A and an indirect segment descriptor 200B.
      The direct segment descriptor describes and points to a segment whereas
      the indirect segment descriptor points to another segment descriptor.
      Referring to FIG. 2A a presence indicator P is shown at bit position 0.
      The presence indicator P is a one-bit P-field which when set to "1"
      indicates that a segment is defined in main storage for the segment number
      to which that descriptor corresponds. If the P-field is cleared to "0", no
      segment is defined and the reference to the segment descriptor causes a
      missing segment exception. The one-bit I-field at bit position one is an
      indirect bit I and indicates that the descriptor contains the absolute
      address of another segment descriptor, not the address of the base of a
      segment. The access field of the indirect descriptor I is utilized by
      access-protection tests (which is the subject of another invention) in
      place of the access field of the segment descriptor to which the indirect
      descriptor points. A "used-flag" U field in bit position 2 indicates
      whether or not the segment has been accessed. If the flag U is set to "0"
      the segment has not been accessed whereas if the flag U is set to "1" it
      indicates that the segment has been accessed. The "written-flag" W field
      at bit position 5 is used to indicate whether or not the segment has been
      written into. If written-flag W is set to "0" it indicates that the
      segment has not been written into, whereas if W is set to "1" it indicates
      that the segment has been written therein. These flags are updated by
      firmware at each segment access, including indirect addressing and
      procedure or semaphore gating (the subject of another invention.)
      Available bit A located in bit position 3 is a one-bit A-field which
      indicates whether or not the segment is available. If indicator A is set
      to "1" the segment to which the descriptor corresponds may be accessed
      (i.e. it is unlocked) whereas if indicator A is set to "0" the segment is
      locked, and a reference to the segment descriptor causes a locked segment
      exception. Gating indicator G-S is a two-bit G-S field which is checked
      when predetermined instructions are to be executed. For example, the Enter
      Procedure (ENT) instruction, (not shown) requires that the G-S field
      contains the code 1 0 whereas instructions on semaphores require the code
      0 1. Any code other than that required will cause an invalid segment
      descriptor exception. The MBZ field located at bit position 4 indicates
      when set to "0" that the segment addressed is no larger than a
      predetermined size, and an invalid segment descriptor exception results if
      MBZ is not set to "0". The segment base X24 in the direct segment
      descriptor is a 24-bit base field which indicates the absolute address of
      the base of a segment defined in the direct segment descriptor. The
      indirect segment descriptor shown on FIGS. 2B has a reduced number of
      indicator and a 28-bit descriptor location field which defines the
      absolute address of a direct descriptor. The P, I, MBZ, A indicators of
      indirect descriptor 200B on FIG. 2B perform the equivalent functions for
      the indirect descriptor that these indicators perform for the direct
      descriptor.
PAR  To provide maximum flexiblity, each process has the capability of accessing
      typically 2,048 memory segments, although the capability may be for any
      other number, greater or less. Normally, this would require up to 2,048
      segment descriptors per process. However, in a group of processes running
      together, there is normally a large number of segments being used by more
      than one process. Therefore, segment descriptors are grouped in segment
      tables depending on whether they can be accessed by one process, a group
      of processes (job) or any process in the system. (This grouping also is an
      aid in program protection.) Thus, a series of segment descriptor tables is
      formed for single program use, multiprogram use, or system-wide use.
      Utilizing this system, each segment has only one segment descriptor. Thus,
      the amount of memory space required for segment descriptors is decreased
      and the amount of updating during memory reallocation is decreased. FIG. 3
      illustrates this feature of the invention. Referring to FIG. 3 the segment
      descriptors are organized into 3 different segment descriptor tables 304,
      305, and 306. Segment descriptor table 304 is a table of common segment
      descriptors which is indicated by the fact that processes A, B, and C of
      blocks 301, 302, and 303, respectively may access table 304 as shown by
      arrows 307, 308, and 309. Moreover it will be seen that only processes B
      and C shown by blocks 302 and 303 respectively may access job segment
      descriptors 305, whereas only process C of block 303 may access process C
      segment descriptors 306.
PAR  Because of the great number of jobs that may be present in the system, and
      therefore the number of segment tables, each process must be able to
      determine which segment tables it is allowed to access. To provide this
      capability, each process has two segment table word arrays. The segment
      table word arrays contain the addresses of all segment tables the process
      may access. The segment tables contain the segment descriptors
      hereinbefore described. The segment table word arrays (STW) contain
      segment table words (STW's) the form of which is shown on FIG. 2M.
PAR  Referring to FIG. 2M the size field STSZ -bit position (0-7) defines the
      total number of segment descriptors in the segment table. The number may
      vary from 0 to 4 for the STW's in the array no. 0 pointed to by address
      space word ASW no. 0 (to be later described); and from 0 to 255 for the
      STW's in array no. 1 pointed to by the ASW no. 1. When STSZ is equal to
      "0" the segment table is empty. The segment table address field STA (bits
      8-31) define the absolute address of the segment table which is equal to :
EQU  16 X STA in bytes.
PAR  Segment table word arrays STWA are identified by the address space words
      ASW previously mentioned and having the f rmat shown on FIG. 2L. Referring
      to FIG. 2L the format of an ASW, it will be noted, is similar to the
      format of STW; however, the STWSZ field refers to the size of the array.
      The maximum value of STWSZ is 6 for ASW no. 0, and 8 for ASW no. 1. The
      STWA field (bits 8-31) addresses the absolute address of STWA of the array
      in units of 16 bytes.
PAR  Referring now to FIG. 4 some general segmented addressing structures are
      shown whereby a given process may access an authorized segment. A given
      process A, B, or C indicated by blocks 401, 402, or 403 respectively has
      associated with it two address space words ASWO and ASW1 represented by
      blocks 404 through 409. The address space words ASW are located in a
      process control block PCB that is created by a given process. (A process
      control block is associated with each process and contains pertinent
      information about its associated process, including the absolute starting
      address of tables defining the segment tables the process may access.)
      Each process requires two address space words ASW because two types of
      segments may be associated with each process--very large segments having a
      displacement range (2.sup.22 -1), and a large number of smaller segments
      having displacement from zero through (2.sup.16 -1). The address space
      words 404-409 provide the address of the segment table word arrays STWA's
      410 through 415. The segment table word arrays STWA's contain the STW
      descriptors previously described and provide the address of the segment
      tables that the associated process may access. The segment tables 416-425
      containing the segment descriptors previously described are utilized to
      define a particular segment 426-439 in main memory location.
PAR  Address Development
PAR  The development of the absolute main memory address consists of two phases:
      (1) the development of an effective address from an address syllable
      containing a logical address; (2) and the development of an absolute
      address from the effective. An SRA segment relative address address is
      developed from information contained in an address syllable and
      information contained in a base register wherein the SRA, consists of
      adding the offset in the base register to the displacement in the address
      syllable to obtain a segment relative address SRA. The effective address
      is obtained by adding the contents of an index register if any to the
      segment relative address SRA. In the second phase, the absolute address is
      developed by using the segment number SEG in the base register to access a
      segment descriptor and adding the base address in the segment descriptor
      to the segment effective address.
PAR  Effective Address Development
PAR  In effective address development a base register is utilized together with
      an address syllable. In the instant invention there are typically 8 base
      registers identified by numbers base register 0 through base register 7.
      (See block 1102 of FIG. 11) The format of the base register is shown on
      FIGS. 2F and 2G. Once again it will be obvious that 2 formats are needed
      for addressing two different types of segments. The format of the base
      registers shown on FIGS. 2F and 2G are similar with the exception that the
      different entities occupy different bit field locations. Referring now to
      FIGS. 2F and 2G there is shown the TAG which is a 2 bit field which
      corresponds to the TAG of a data descriptor shown on FIGS. 2C-2E. A 2 bit
      field RING contains the ring number associated with the segmented address
      and is utilized for protection purposes. (This concept is the subject of
      another invention assigned to the instant assignee.) The segment
      identification field SEG is comprised of the segment table number STN and
      segment table entry STE and is the field which identifies a segment
      described in a segment table. The OFFSET is a 16 bit or 22 bit field,
      depending on segment table number, which defines a positive integer and is
      used in the process of address development as a pointer within a segment.
PAR  The format of the address syllable is shown on FIGS. 2H and 2I. Referring
      to FIGS. 2H and 2I the indirection bit IND is utilized to specify the
      direct or indirect addressing mode. When the contents of the indirection
      bit IND is "0" the direct addressing mode is specified whereas if the
      content of the indirection bit IND is "1" the indirect addressing mode is
      specified. The BR field specifies which of the 8 base registers is to be
      referenced by the effective address development mechanism. The indexing
      bit IDX is utilized to specify whether or not an index register is to be
      utilized in address development and also the length of the displacement
      field D. If the contents of IDX is "0" it indicates that no index register
      is to be used and that the displacement D is 15 bits long. If the index
      bit IDX is equal to "1" it indicates that an index register specified by
      the field IXR is to be used and that the displacement field D is 12 bits
      long. Therefore, it is seen that the format of FIG. 2I is the indexing
      format of the address syllable. The IXR field exists only if IDX is equal
      to one and specifies the index register to be referenced by the effective
      address development. The displacement D specifies a positive integer to be
      used as a displacement. If IDX is equal to "0", the maximum value of D is
      (2.sup.15 -1); whereas if IDX is equal to "1" the maximum value of D is
      (2.sup.12 -1). It will be noted that the address syllable format begins
      with bit 12 and ends with bit 31. The reason for this is that the address
      syllable usually comprises a portion of an instruction and is incorporated
      into the instruction beginning at bit 12.
PAR  The development of an effective address from an address syllable may
      proceed in four different ways: (1) The effective address development may
      be direct; (2) the effective address development may be indirect; (3) the
      effective address development may be direct and indexed; and (4) the
      effective address development may be indirect and indexed. All four types
      of address syllables contain a base register field (BR); the base register
      field is used to access a base register, the contents of which may be in
      the two formats 200F and 200G of FIGS. 2F and 2G respectively. The
      contents of the base register are manipulated by user programs utilizing a
      Load Base Register Instruction (not shown).
PAR  The direct method of effective address development is shown on FIGS. 5 and
      FIG. 6. Referring to FIGS. 5 and FIG. 6, a direct address syllable 500 on
      FIG. 5, and 601 on FIG. 6 --indicated by having its indirection bit IND
      set to zero, its index bit IDX set to zero, and a long displacement field
      D, --points to a base register 602 which provides the segment number SEG
      of segment table 604 and an offset within that segment table. Segment
      table 604 contains segment descriptors one of which in this particular
      example provides a base address for the segment described. Address
      syllable 601 also provides a displacement D. By adding the displacement D
      of address syllable 601 to the offset of base register 602 a segment
      relative address SRA is obtained. The basic elements of the effective
      address comprise the base of the segment identified by segment number SEG
      and the segment relative address SRA, and an Index (if any) in index
      register 602. In another embodiment the index from Index register 602 is
      not part of the effective address but is applied to the absolute address
      608. (See dash dot arrow 621).
PAR  The format of the effective address is shown on FIGS. 2J and 2K. Note in
      this format an additional basic element the EAR (effective address ring
      number) is included. The EAR is protection information used in accessing
      storage and has a range of zero to three for operating within any of four
      privilege rings. (This concept as has been previously noted is the subject
      of another invention assigned to the instant assignee.) The bit field from
      bits zero to one has no significance in the effective address but
      corresponds to the TAG field of a data descriptor. The STN segment table
      number field defines any of fifteen segment tables associated with a given
      process. The segment table entry field STE defines a specific entry within
      a segment table which contains a segment descriptor and defines a specific
      segment. The segment relative address field SRA is a 16 or 22 bit positive
      integer specifying the number of bytes from the base of the segment to the
      first byte of the operand. For a large segment, (segment zero to six), SRA
      may range from 0 to (2.sup.22 -1). For small segments (segments eight to
      fifteen), SRA may range from 0 to (2.sup.16 -1). The effective address
      bit-offset (EBO) field exists only when the operand in storage is a bit
      string (not shown or described herein).
PAR  Address development hardware 607 (to be later described in greater detail)
      obtains the absolute address of the beginning of the segment indicated by
      the base address of segment descriptor 605 which in turn is referenced by
      the segment number SEG, and adds the base address to the segment relative
      address SRA to obtain an absolute address 608.
PAR  Referring to FIG. 5 reference numerals 500, 501, 502, 504, and 505 indicate
      effective address development using a direct syllable. Reference numerals
      500, 501, 502, 503, and 505 indicate the second method of effective
      address development utilizing a direct indexed address syllable. The
      development of an effective address from a direct indexed address syllable
      (i.e. the indirect bit IND of FIGS. 2H and 2I is "0", the index bit IDX is
      "1", and a short displacement field is present) proceeds identically to
      the development from a direct address syllable, with one exception: The
      segment relative address (SRA is developed by the addition of the
      displacement field of address syllable 601 of FIG. 6, the offset field in
      base register 602 and the contents of the index register 6 3 specified by
      the index register field IXR of the address syllable.
PAR  The indirect or indirect indexed effective address development accesses an
      operand by one or two levels of indirection i.e. after generating an
      absolute address from the first effective address a data descriptor is
      fetched from which another effective address is developed prior to the
      development of the final absolute address which is actually used to fetch
      an operand. There are two modes of indirect and indirect indexed address
      development: one is the indirection to base mode ITB wherein a data
      descriptor having the format 200C on FIG. 2C is fetched and the other
      indirection to segment ITS mode wherein a descriptor having the format
      200D on FIG. 2D is fetched.
PAR  Referring to FIGS. 2C through 2E there are shown two different types of
      data descriptors. FIG. 2C shows the indirection to base ITB data
      descriptors whereas FIGS. 2D and 2E show the indirection to segment ITS
      data descriptors. Another format FIG. 2CDE, is an extended data descriptor
      and may be appended to or concatenated with the other type data
      descriptors at bit position 3L. There are also two different formats for
      the ITS data descriptor one being the format of FIG. 2D which is utilized
      to reference segment table numbers identified as 0 through 6 in the
      machine generally reference large segments whereas the data descriptor of
      FIG. 2E is utilized to reference segment table numbers STN identified as 8
      through 15 in the machine which are utilized to reference smaller
      segments. A data descriptor may also reference operands rather than other
      data descriptors or segment descriptors.
PAR  The minimum size of a data descriptor is four bytes. The storage location
      of a data descriptor is specified by the address of the left most byte,
      which may be any byte address. The data descriptor defines addresses in
      storage either by an indirection to base (ITB) or by an indirection to
      segment (ITS). ITB is identifed when bits 4 through 7 of the above formats
      200-C through 200-E are equal to 0111. ITS is identified when bits 4
      through 7 of the data descriptor format are different from 0111. The ITS
      descriptor specifies a segment number (SEG) comprised of segment table
      number (STN) and segment table entry (STE) to be used in the development
      of an effective address. ITB descriptor is an equivalent address syllable
      that is developed into an effective address via a data base register.
PAR  Referring now to FIGS. 2C through 2E, the TAG identifies the type of
      descriptor. The contents of the TAG is interpreted as follows:
PA1  00 is the normal direct descriptor which points to data;
PA1  01 is the extended direct data descriptor wherein the descriptor points to
      date;
PA1  10 is the indirect descriptor wherein the descriptor points to another
      descriptor;
PA1  11 indicates a fault.
PAR  The DRN field indicates the ring number that may be accessed by that
      particular descriptor. (The concept of ring numbers is the subject of
      another invention and is described in another patent application assigned
      to the same assignee as the instant invention). STN indicates the segment
      table number referenced by that descriptor when bits 4 through 7 of its
      format contain any number other than 0111. STE the segment table entry
      typically ranges from 0 to 3 (i.e. references very large segments) for STN
      between 0 and 6 (format 200D) whereas STN between 8 through 15 range from
      0 to 254 (i.e. references smaller segments) (format 200E). The segment
      table number STN and the segment table entry STE define the segment number
      SEG. Hence it will be observed that data descriptor format 200D describe
      four segments identifying segment numbers SEG 0 to 4 in the machine
      whereas data descriptor having format 200E describe 256 segments
      identifying segment numbers SEG 0 to 255 in the machine a large number of
      much smaller segments. The displacement DISP indicates the byte addressed
      of a word of a segment specified by segment number SEG comprised of
      segment table number STN and segment table entry STE. As an example
      therefore and assuming a data descriptor format 200D or 200E, if STN
      contained the number 5 and STE contained the number 7 and DISP contained
      the number 4 it would indicate that the 4th byte of a word in the segment
      indicated by the 7th descriptor in segment table number STN 5 is to be
      accessed.
PAR  An ITB descriptor is an address syllable that is developed into an
      effective address via a data base register. An ITS descriptor is an
      effective address used to develop an absolute address. Upon developing an
      effective address, whether from an ITB or ITS descriptor, a check is made
      to insure a second level of indirection is not required. If a second level
      of indirection is not required, a check is made to determine if the index
      bit in the address syllable equals one. If the index bit equals one, the
      contents of the index register specified in the address syllable are added
      to the address. If a second level of indirection is required, it is
      performed identically to the first level. Thus, any number of levels of
      indirection are allowed up to 16 levels during segmented address
      development. Each effective address consists of a segment number, which
      directs the access to a specific segment of memory, and the displacement,
      which directs the access to a specific locations within the segment. The
      segment number is actually composed of two fields as noted supra--the
      segment table number STN and segment table entry STE. STN is used to
      develop the address of the segment table whereas STE is used to develop
      the address of a segment descriptor within the table. As described
      previously, the segment number is taken from the base register which is
      accessed by the address syllable. Therefore, the segment number is either
      6 or 12 bits, depending on the base register that was accessed and its
      format which may be either 200F or 200G. Also as previously discussed base
      register format 200G consists of a 6 bit segment number SEG which is
      comprised of a 4 bit segment table number STN field and a 2 bit segment
      table entry STE field. The 4-bit STN field of which the most significant
      bit equals zero, allows access to 7 segment tables 0-6 (STN equal to 7 is
      illegal). The 2-bit STE field allows 4 segment descriptors within each
      table or 4 entrys to that table. The size of the segments accessed through
      these tables may be up to 4 megabytes, since a 22-bit offset is provided.
      Using this format, a process may access 28 4-megabyte segments (7 segment
      tables, 4 segment descriptors per table). Base register format 200F
      provides a 12-bit segment number SEG comprised of a 4-bit segment table
      number STN field and an 8-bit segment table entry STE field. The 4-bit STN
      field of which the most significant bit equals one, provides access to 8
      segment tables. The 8-bit STE field allows 256 segment descriptors within
      each table. The size of the segments accessed through these tables may be
      64 kilobytes, since a 16-bit offset is provided. This format provides
      access to 2,048 64-kilobyte segments (8segment tables, 256 segment
      descriptors per table). It is understood that different number of tables
      or segments may be utilized with the invention.
PAR  The flow chart of FIG. 5 reference numerals 506 through 517 show the steps
      of segmented effective address development for the indirect and indirect
      index modes. FIGS. 6 and 7 show the hardware requirements for generating
      the effective and absolute segmented addresses of the indirect and
      indirect indexed modes. Referring now to FIGS. 5, 6, and 7 a segmented
      relative address SRA 606, 711 is developed similar to the direct mode of
      segmented addressing, and the effective segmented address is developed
      utilizing the segment relative address SRA 606, 711 and the segment table
      number and segment table entry of base registers 602, 701. (See formats
      200J and 200K discussed supra for formats of the effective address). An
      absolute address 608, 709 is developed by a method and absolute addressing
      hardware to be described later which is then utilized to develop the final
      effective address which will be utilized to develop the final absolute
      address which accesses the operand.
PAR  Referring more specifically to FIG. 7 and assuming the address syllables
      700 has a "1" in its indirection field IND which indicates indirect
      addressing mode. The base register field BR of address syllable 700 points
      to base register 701 which in turn provides a segment number SEG (i.e. STN
      and STE) which in turn provides a segment table entry of segment
      descriptors 703 which are included in the segment table 702. The indexing
      bit IDX of address syllable 700 in this particular example is set to "0"
      and specifies that no index register is to be utilized; if the indexing
      bit IDX were set to "1" it would specify an indirect indexed mode of
      addressing and index register 706 pointed to by dashed line 706A would be
      utilized in the final formation of the segment relative address SRA. The
      segment relative address SRA 707 is formed from the OFFSET of base
      register 701 which points to the first byte of a word within a segment
      whose base location is pointed to by the BASE FIELD of the segment
      descriptor pointed to by STN and STE and the DISPLACEMENT of address
      syllable 700 which points to the byte of a word. The segment relative
      address SRA together with SEG are elements of the effective segmented
      address in this example because no indexing was required. If indexing was
      required the effective address would include the Index. This effective
      segmented address is utilized by a method and hardware to be described
      infra, to form an absolute address 709 of a data descriptor. The base
      register BR field of data descriptor 710 would in this ecample have the
      code 0111 which indicates that data descriptor 710 has the indirection to
      base ITB format (see data descriptor format 200C-200E). The base register
      field BR of data descriptor 710 also points to the data base register 704.
      The OFFSET of data base register 704 and the DISPLACEMENT of data
      descriptor 710 and, when used, the INDEX of index register 706 form the
      segment relative address SRA 711. The segment relative address SRA 711
      together with SEG and an Index (if required) comprise a second segmented
      effective address which is utilized to form the absolute address 713 of an
      operand to be accessed in main memory.
PAR  Referring now to FIG. 5 reference numerals 506-509, 511, 5l5-517, and
      512-514 and also to FIG. 8 there is shown the method and hardware for
      indirect address development utilizing indirection to segment ITS mode.
      Note that the hardware and method are practically similar to the ITB mode
      with the exception that data descriptor 810 (710 on FIG. 7) does not point
      to a base register as does data descriptor 710 but rather directly to the
      segment via its segment number SEG. The format therefore of data
      descriptor 810 is different than data descriptor 710 in that it has the
      format 200D or 200E of FIGS. 2D or 2E respectively. In other respects it
      will be observed that the hardware and method are substantially similar.
PAC  Absolute Address Development
PAR  Having developed the elements of segmented effective address the absolute
      address of the operand or descriptor, as the case may be, can be
      developed. Referring to FIGS. 9 and 10 there is shown one embodiment of
      method and hardware for absolute address development. In this embodiment
      the process control block 1002 is referenced by J. P tables (see
      glossary). The high order bit of the segment table number STN of the
      effective address 1001 is used to access one of two address space words
      1003 or 1004. The address space word accessed contains the base address of
      a segment table word array 1005 the contents of the address space word are
      added to the low order 3 bits of the segment table number STN of effective
      address 1001 via adder 1011 to produce the address of a segment table word
      1006 within the segment table word array 1005. Each segment table word
      1006 contains the absolute starting address of a segment table 1007 which
      contains segment descriptor 1008. Therefore, reading the segment table
      word 1006 and adding the segment table entry STE of effective address 1001
      via adder 1012 produces the address of a particular segment descriptor
      1008 within the segment table 1007. As has been heretofore described
      segment descriptors contain information about an associated memory
      segment, including starting or base address of the segment and the length
      of the segment. Thus, by adding the segments absolute starting address
      (see format of segment descriptor described supra) and the displacement
      bits of the segmented relative address of effective address 1001, the
      desired main memory address 1010 is obtained. It should be noted from the
      above explanation that the effective main memory address can be referenced
      to the absolute main memory address only by accessing the segment tables.
      However, because of the number of memory accesses that must be made to
      obtain the base address of the memory segment contained in the segment
      descriptor, an associative memory in the central processing unit CPU shown
      in FIG. 11 typically stores the 8 most recently used segment descriptors
      along with their segment numbers. During absolute address development, the
      segment number in the effective address 1001 is compared to the segment
      number in the associative memory, and if a hit or equal comparison is
      found, the segment descriptor in the associa ive memory is used for the
      address formation. (This associative memory technique of address formation
      is the subject of an invention by James L. Brown and Richard P. Wilder,
      Jr., entitled "Address Development Technique Utilizing a Content
      Addressable Memory" and filed in the U.S. Patent Office 8/24/72 and having
      Ser. No. 283,617 and assigned to the same assignee as the instant
      invention.) If however an equal comparison is not found, the segment
      descriptor 1008 is fetched from memory in the normal manner and stored in
      the associative memory 1106, along with its segment number, for future
      reference. It will be noted that the segment descriptor in the preceeding
      explanation of absolute address development was assumed to be a direct
      segment descriptor; however, the descriptor may be an indirect descriptor
      which contains the absolute address of a second descriptor. The address of
      the second descriptor is utilized to fetch a second data descriptor, which
      contains the segment's absolute starting address.
PAR  Referring to FIG. 11 there is shown hardware for developing the effective
      and absolute address of a segment utilizing an associator or content
      addressable memory 1106. (Details of the associator are described in U.S.
      Pat. Office Application No. 283,617 filed on 8/24/72 by J. L. Brown and R.
      P. Wilder, Jr. now matured into U.S. Pat. No. 3,800,286 on Mar. 26, 1974,
      entitled "Address Development Technique Utilizing a Content Addressable
      Memory, now matured into U.S. Pat. No. 3,800,286.") Referring to FIG. 11
      base registers BR0-BR7 are addressed via the UWB Data Selector 1203 (FIG.
      12A) by the contents of UG and UH registers 1103 and 1104 respectively
      which contain base register addresses from an instruction,
      microinstruction or otherwise. Typical data selectors are nothing more
      than multiplexors and are commercially available from Texas Instruments
      Inc., of Dallas, Texas and may typically be of the SN54150 type data
      selector shown on pages 9-339 to 9-348 of the "The Integrated Circuits
      Catalog for Design Engineers" published by Texas Instruments Inc.) The
      segment number SEG of the base register address is placed in US register
      1105 through UBS Selector 1110 and the OFFSET of the base register address
      is placed into UN register 1107 through the UBS Selector 1110 which is a
      multiplexor well known in the art, where it may be transferred to UBD
      Adder 1108 (also well known in the computer art) and added to Displacement
      from Address Syllable. The sum of the displacement and offset are then
      stored into 2 work register UW 1101. UAS associator 1106 (see prior
      referenced application of J. L. Brown, et al, for detailed description) is
      interrogated to determine whether the address in US register 1105 is
      located in the associator and if it is a HIT results and the Segment Base
      address is read into UN register 1107 from the Associator UAS 1106. Then
      the UW register containing the offset and displacement is read into the
      UBD Adder 1108 and is added to the Segment Base Address stored in the UN
      register 1107. The sum of this addition is the Absolute Address of the
      Address Syllable and may be delivered to the UA register 1109 for
      addressing main memory. The Absolute Address may also be stored into 2
      work register (UW). If the information is not available in UAS associator
      1106 the SEG is used to fetch the segment descriptor from main memory. The
      segment descriptor may then be placed in the Associator 1106 with the Hit
      Bit set for future usage.
PAR  Referring to FIG. 12A, there is shown more detailed hardware of FIG. 11. A
      register file 1204 includes four work registers UW4-UW7 and eight base
      registers BR0-BR7 which are used in the address development process. Each
      register is 36-bits wide (32 data, 4 parity). The register file is
      implemented with discrete logic and is so structured that any one register
      can be written into or three registers can be read out at a given time.
      The first eight registers BR0-BR7 in the file are base registers and are
      programmer visible; the last four registers UW4-UW7 are work registers
      that are visible only to hardware (native mode only).
PAR  Data to be written into the register file is selected from among several
      possible sources by the data selector (UWB), 1203 which may be nothing
      more than a multiplexor, while the specific register to be written into is
      specified by the write control logic 1203A (FIG. 12B) which is a part of
      Data Selector 1203 and may typically be of the TI SN54150 type to which
      reference was made supra. Register file read-out is accomplished through
      the selectors, USB 1215 and UBS 1216 which typically may also be
      multiplexors well known in the art. The asynchronous logic of the base
      register selector 1208 selects one of the first eight (base) registers via
      selector UBS 1216 while the address register UK 1211 performs the same
      function for the last eight (4 base plus 4 work) registers via selector
      USB 1215.
PAR  An adder UBD 1219 is used to add the contents of selector USB 1215 and
      base/offset register UN 1221. Destination of adder output is determined by
      the type of operation being performed.
PAR  Once an absolute address is developed it is delivered to the main store
      interface unit MIU (not shown) via the UA register 1220.
PAR  The limit register UL 1227 contains an address which is the limit or upper
      boundary for the absolute address contained in the UA register 1220. These
      two addresses are compared in the limit checker ULC 1229 which generates a
      check indication if the content of UA is less than UL.
PAR  The address associator 1222 contains the segment numbers STN/STE of up to
      16 segment descriptors located in the associator buffer 1226. Each of the
      16 locations in the address associator 1222 is composed of 12 data bits
      plus 4 bits for control and checking purposes. During address development
      the number of the desired segment is loaded into the US register 1217. The
      content of the US register (i.e. latches 1217) is subjected to a
      simultaneous parallel comparison with the segment numbers in all 16
      address associator locations. This comparison takes less than one cycle
      (i.e., &lt;510nsec.).
PAR  When a true comparison (i.e., a Hit) occurs the bits of the address
      associator word are decoded by the hit decoder/encoder 1223 into a 4 bit
      code which in turn selects the word in the associator buffer that contains
      the segment descriptor. Since a given segment number should have only one
      occurrence in the address associator, a multiple hit condition produces a
      check condition via the hit decoder. In a no-hit situation the descriptor
      for the desired segment is fetched from main store (not shown) via the bus
      QA 1232 and written into the associator buffer via the UY register 1228.
PAR  The UY register 1228 is employed to write into and read from the associator
      buffer.
PAR  Since the associator buffer contains descriptors for the 16 most recently
      used segments, and since most programs use only a few segments, more than
      ninety percent of all addresses can be developed via this high speed unit.
PAR  The various cycles involved in the selected address development example are
      shown in FIGS. 12B-12E and described below:
PAC  Cycle 1 (Hardware States of FIG. 12B)
PAR  a. The Displacement field of the instruction is delivered to a work
      register 1204 via the data selector 1203 and under control of write
      control logic 1203A.
PAR  b. The base register address is transferred to base register selector UBR
      1209 which then selects the appropriate base register for read-out.
PAR  c. The base register offset field is transferred to the base/offset
      register. This will be used during cycle 2.
PAR  d. STN, STE (i.e. segment number SEG) is simultaneously delivered to US
      register 1217 (latch).
PAR  e. Simultaneous interrogation of all 16 address associator locations begins
      during read-in of US register 1217. At the end of Cycle 1:
PAR  1. The displacement field of the Instruction is in a work register.
PAR  2. Base register offset field is in base/offset register UN 1221.
PAR  3. Address associator is being interrogated.
PAC  Cycle 2 (Hardware States of FIG. 12C)
PAR  a. The work register containing the displacement is selected by UK register
      1211 and the displacement is transferred to the adder 1219 via USB
      selector 1215.
PAR  b. The offset is transferred from base/offset register UN 1221 to the adder
      1217 where it is added to the displacement.
PAR  c. The sum of offset plus displacement (i.e. SRA) is transferred from the
      adder to a work register via data selector 1203.
PAR  d. Interrogation of the address associator is completed. Since the desired
      segment descriptor was assumed present in the associator buffer 1226 its
      segment number is in the address associator 1222 and a "Hit" condition
      occurs.
PAR  e. The content of the address associator location (in which the Hit
      occurred) is delivered to the hit decoder 1223 which in turn selects the
      appropriate buffer location for read-out.
PAR  f. The segment descriptor base is transferred to base/offset register UN
      1221 the limit field is transferred to UL limit register 1227.
PAR  At the end of Cycle 2
PAR  1. SRA is located in a work register.
PAR  2. Segment descriptor base is located in base/offset register.
PAR  3. The limit (i.e., the address beyond which the absolute address cannot
      go) is located in the limit register.
PAC  Cycle 3 (Hardware States of FIG. 12D)
PAR  a. The work register containing SRA is selected by UK register 1211 and SRA
      is transferred to the adder 1219 via USB selector 1215.
PAR  b. The segment descriptor base is transferred from base/offset register UN
      1221 where it is added to SRA to produce the absolute address.
PAR  c. The absolute address is transferred to UA register 1220.
PAR  At the end of Cycle 3
PAR  1. The absolute address is located in UA register 1220.
PAR  2. The limit for the address is located in UL limit register 1227.
PAC  Cycle 4 (Hardware States of FIG. 12E)
PAR  a. Absolute address is sent to memory interface unit MIU (not shown) and to
      limit checker ULC 1229; MIU cycle begins.
PAR  b. Limit set in limit register 1227 is sent to UL limit checker 1129 where
      it is compared with the absolute address. If the address exceeds limit
      (i.e., contents UA UL) an upper limit check occurs and the MIU cycle
      started in Item a, above, is aborted. (The MIU cycle begins before the
      limit checking is finished in anticipation of a valid address. Since
      several cycles are required to access storage the operation can easily be
      aborted before data is disturbed abortion is accomplished by forming the
      MIU cycle into a read operation thereby preventing alternation of data in
      storage.)
PAR  Having shown and described four embodiments of the invention, those skilled
      in the art will realize that many variations and modifications can be made
      to produce the described invention and still be within the spirit and
      scope of the claimed invention.
TBL  __________________________________________________________________________
     GLOSSARY OF TERMS                                                         
     __________________________________________________________________________
     JOB                                                                       
     The job is the major unit of work for the batch                           
                user. It is the vehicle for describing, scheduling,            
                and accounting for work he wants done.                         
     JOB STEP                                                                  
     A smaller unit of batch work. It is generally                             
                one step in the execution of a job consisting of               
                processing that logically belongs together.                    
     TASK                                                                      
     The smallest unit of user-defined work. No                                
                user-visible concurrency of operation is permitted             
                within a task.                                                 
     PROGRAM                                                                   
     A set of algorithms written by a programmer to                            
                furnish the procedural information necessary to do             
                a job a part of a job.                                         
     PROCESS GROUP                                                             
     The system's internal representation of a specific                        
     PLEX       execution of a job.                                            
     PROCESS GROUP                                                             
     A related set of processes, usually those necessary                       
                for performance of a single job step.                          
     PROCESS                                                                   
     The controlled execution of instructions without                          
                concurrency. Its physical representation and                   
                control are determined by internal system design               
                or convention.                                                 
     PROCEDURE                                                                 
     A named software function or algorithm which is                           
                executable by a computational processor without                
                concurrency. Its physical representation (code                 
                plus associated information, invocation, and use               
                are determined by internal system or designed                  
                convention.                                                    
     LOGICAL                                                                   
     The collection of hardware resources and control                          
     PROCESS    information necessary for the execution of a process.          
     ADDRESS SPACE                                                             
     The set of logical addresses that the CPU is                              
     (SEGMENTATION)                                                            
                permitted to transform into absolute addresses                 
                during a particular process. Although a processor              
                has the technical ability of addressing every                  
                single cell of timing memory, it is desirable to               
                restrict access only to those cells that are used              
                during the process associated with the processor.              
     LOGICAL ADDRESS                                                           
     An element of the process address space such as                           
                for example segment number SEG and Displacement D.             
     BASIC ADDRESS                                                             
     A hardware procedure which operates on a number                           
     DEVELOPMENT                                                               
                of address elements to compute an absolute address             
                which is used to refer to a byte location in core.             
     PROCESS CONTROL                                                           
     A process control block PCB, is associated with                           
     BLOCK      each process and contains pertinent information                
                about its associated process, including the absolute           
                address of tables defining the segment tables the              
                process may access.                                            
     J.P. TABLES                                                               
     A collection of logical addresses for locating                            
                a process control block associated with a process.             
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for developing an absolute address for a selected operand
      within a selected one of a plurality of variable size segments within a
      memory space, said apparatus comprising:
PA1  a. first means for storing a plurality of first addresses for identifying
      and locating said variable size segments within said memory space;
PA1  b. second means for storing a plurality of second addresses for identifying
      said variable size segments and for providing an address of a first byte
      of said selected operand within said variable size segments;
PA1  c. third means, coupled to said second means, for selecting one of said
      second addresses;
PA1  d. fourth means, in said first means and coupled to said second and third
      means, for matching the variable segment of said selected one of said
      second addresses with one of the variable segments of said first
      addresses;
PA1  e. fifth means, coupled to said first, second and third means and
      responsive to said fourth means, for adding said selected one of said
      second addresses to one of said first addresses whose segment matches the
      segment of said selected one of said second addresses; and,
PA1  f. sixth means, coupled to said fifth means, for storing a third address of
      said selected operand said third address being the address of a selected
      byte in said operand relative to the first byte, and whereby said fifth
      means adds said third address to said first and second addresses to
      generate the absolute address of a byte within said selected operand.
NUM  2.
PAR  2. The apparatus as recited in claim 1 wherein said first means further
      stores absolute address limits associated with the segments of each of
      said first addresses said absolute address, limits indicating the address
      beyond which the absolute address of its associated segment cannot go.
NUM  3.
PAR  3. The apparatus as recited in claim 2 further including seventh means,
      coupled to said first and fifth means for comparing the absolute address
      of said selected operand to the absolute address limit of said selected
      one of a plurality of variable size segments in which said selected
      operand resides.
NUM  4.
PAR  4. The apparatus as recited in claim 3 including eighth means, coupled to
      said seventh means, for inhibiting the addressing of said selected operand
      when said absolute address of said selected operand is greater than said
      absolute address limit of said selected one of said plurality of variable
      size segments.
NUM  5.
PAR  5. An apparatus for developing an absolute address for a selected operand
      within a selected one of a plurality of variable size segments within the
      memory space, said apparatus comprising:
PA1  a. first means for storing a plurality of segment descriptors, one each of
      said segment descriptors associated with one each of preselected ones of
      said plurality of variable size segments, each of said segment descriptors
      containing a base address of its associated segment within said memory
      space and said first means further containing a maximum address limit
      field for defining a maximum address limit of a segment associated with a
      segment descriptor;
PA1  b. second means, coupled to said first means, for storing a plurality of
      segment numbers, one each of said segment numbers corresponding with one
      each of said preselected one of said segments having an associated segment
      descriptor stored in said first means;
PA1  c. third means for storing the segment number of said selected one of said
      plurality of variable size segments located in said memory space;
PA1  d. fourth means, in said second means and coupled to said third means, for
      matching said segment number in said third means with one of said
      plurality of segment numbers in said second means;
PA1  e. fifth means for storing an offset address of said selected operand
      within said selected segment in said memory address space said offset
      address being the location of a first byte of said operand within said
      selective segment;
PA1  f. sixth means, coupled to said first and fourth means, for storing the
      base address of a selected one of said preselected segments, said base
      address located in a descriptor stored in said first means, said
      descriptor's associated segment number having been matched with one of
      said segment numbers stored in said third means;
PA1  g. seventh means, coupled to said fifth and sixth means and responsive to
      said fourth means for adding said offset address in said fifth means with
      said base address in said sixth means, whereby the absolute address of
      said selected operand is generated; and,
PA1  h. limit means, coupled to said first and seventh means for determining
      that the resulting address from said seventh means is less than the
      maximum address limit in said first means.
NUM  6.
PAR  6. An apparatus as recited in claim 1 including eighth means, coupled to
      said seventh means, for storing a displacement address of said selected
      operand said displacement address being the address of a selected byte of
      said operand relative to the first byte of said operand, and whereby said
      seventh means adds said displacement address to said base and offset
      address to generate the absolute address of a byte within said operand.
NUM  7.
PAR  7. The apparatus as recited in claim 6 including ninth means, coupled to
      said first means, for storing the maximum address limit of said selected
      one of said plurality of variable size segments.
NUM  8.
PAR  8. The apparatus as recited in claim 7 including tenth means, coupled to
      said limit means, for inhibiting the addressing of said selected operand
      when said absolute address of said selected operand is greater than said
      maximum address of said selected one of a plurality of variable size
      segments.
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PAL  Random access storage facilities for the CPU of a computer are cascaded in
      that a facility of relatively fast access speed holds a subset of
      information held in a facility of lower speed. Memory read requests are
      applied sequentially to these storage facilities, beginning always with
      the one of highest access speed, while requests satisfied by a lower speed
      facilities lead to storage of that information in all facilities of higher
      access speed. Write requests are made only to one facilities of lower
      speed, with algorthmic updating of the facility of lowest speed while the
      ones of higher speed are updated only on subsequent read requests for the
      same location. The several facilities which can be updated make storage
      space available on the basis of usages. The specific example explaining
      the invention has a conventional random access memory, a CPU associated
      cache and an buffer interposed between cache and memory with speed access
      ratio of 9:3:1, and cache and buffer sizes respectively leading to less
      then 50% cache access misses and less than 10% buffer misses, the average
      access time is better than half the access time of the memory alone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in a digital, stored program
      computer and more particularly to improvements in the handling of traffic
      of information between a computer memory and its processing facility
      including the circuitry which performs arithmetic and logic operations on
      data.
PAR  The speed of a computer is primarily determined by access speed to
      information that is to be processed and by the speed with which processed
      information can be stored for safe keeping until needed either for further
      processing or for outputting. Since any storage facility must be capable
      of storing individual bits of information, e.g. binary bits, the fastest
      computer conceivable is obviously one whose memory is composed of storage
      elements to the bit level incorporating the highest available technology
      as to access speed. A single TTL flip flop has access times in the
      vicinity of 10 nanoseconds, emitter coupled flip flops require only about
      half that time. Of course, a random access memory constructed from such
      elements will have additional gating and decoding delays, minimized,
      however, by maximum speed electronics.
PAR  A computer having exclusively such elements as storage facility would not
      only be fast, but also frightfully expensive because the cost per bit is
      about hundred fold the per bit cost of a conventional core memory.
      Therefor, large random access memories as needed in computers cannot use
      normally storage facilities considerably more expensive than magnetic
      cores.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide for a new approach in
      the handling of data flow and requests for access to stored information as
      between a processing unit and the main random access memory, while the
      average access speed to information is improved considerably but at modest
      cost.
PAR  In accordance with the principles of the invention it is suggested to
      interpose a cascade of random accessible buffers between memory and CPU
      with the buffer closest to the CPU having highest access speed (perferably
      the highest access speed with available technology) and smallest size; a
      buffer closest to memory being larger and having correspondingly slower
      access speed (and being cheaper accordingly). Each buffer contains
      normally a subset of the information held in the next storage facility in
      the cascade as "seen" towards the memory. Each buffer is randomly
      accessible by memory addresses, and a read request is satisfied by that
      one of the buffers being, relatively speaking, closest to the CPU among
      those having the content of that particular location available. A read
      request that has been unsuccessfully made to a buffer close to the CPU and
      which leads to a buffer farther away, or even to the memory itself, will
      not only be satisfied from that source, but the buffer or buffers closer
      to the CPU receive a "copy".
PAR  Updating the content of the buffer located closest to the CPU is made on
      the basis of blocks, each block including a plurality of locations, one of
      which being the one accessed. Buffer space is made available for such
      storage on the basis of criteria relating to frequency and/or recency of
      use. Memory access request for purposes of storing are ignored by buffer
      or buffers close to the CPU and lead to storage in a buffer close to
      memory for subsequent transfer to memory on a low priority basis.
PAR  The invention is based on the discovery that, strictly on a statistical
      basis, not too often is a request for access to a memory location made
      just once. This has to do, for example, with the fact that many
      instructions are branch instructions and on the average 75% of all
      instructions executed in the course of the program are unsuccessful
      branches. As a consequence, a 1 kiloword buffer, for example, will satisfy
      seven out of eight access requests or, to say it differently, only one out
      of eight access requests will lead to a slower access speed facility so
      that the effective or average access speed is drastically increased.
PAR  The cascading of random accessible buffers of different sizes amounts to a
      cascading of technology from a practical point of view. Little is gained
      by making the technological steps too fine; that is to say a fast access
      buffer should in fact exhibit significantly faster access than the next
      buffer in the cascade. The access speeds of sequential buffers in the
      cascade should be further apart than by a factor of 2.
PAR  In view of the fact, that a CPU associated cache may be constructed to have
      a faster access speed than 100 nanoseconds, while core memories exhibit
      access speeds of about 3/4 to 1 microseconds, a cascade of two buffers is
      a practical approach, one being a CPU associated buffer or cache of
      fastest possible access, and one being constructed of elements having an
      access speed in between that latter speed and the access speed of a core
      memory. MOS buffers for example have an access speed of a few hundred
      nanoseconds.
PAR  By way of example, if the access speeds are stagggered at 1:3 ratios, even
      a small cache with a hit rate about 50% or better, and a buffer with a 90%
      hit rate reduces the average access time to less than one half the access
      time to the slowest memory facility in the cascade. The term "hit" rate
      denotes the percentage of successful access requests to the particular
      buffer.
PAR  Considering a two buffer cascade further, the CPU associated buffer or
      cache, should satisfy only read requests, while the memory associated
      buffer serves also for write requests arriving from the CPU and leading to
      memory locations regardless of whether or not they are already represented
      in that buffer. Read request will be honored by the buffer only to the
      extent they have not been successfully made to the cache, provided, of
      course, the particular location is represented in that buffer.
PAR  Communication between the CPU - cache - buffer subsystem on the one hand,
      and core memory on the other hand will be restricted to infrequent
      communications concerning those access request which could not be
      satisfied by the cache-buffer system as well as to storage in memory of
      information in the buffer which has been updated and there is danger that
      such information is going to be obliterated for reasons of a need for
      buffer storage space. From that point of view, access speed to memory
      becomes almost a second order parameter which means that a low cost core
      memory may well suffice. For example, when less than 5% of all access
      requests by the CPU will actually lead to memory, a low cost memory with
      access time of 1 microseconds or even longer will hardly deteriorate
      performance based primarily on buffer and cache access times.
PAR  As stated above, storage space in the buffer is made available on the basis
      of likelihood of further use. One can use here different criteria, but
      presently the best criteria are frequency and/or recency of use, on the
      basis of the assumption that, for example, information that was not used
      for a relatively long period of time may not be used further in the near
      future. Similar criteria can be used for making storage space available in
      the cache.
PAR  In an larger system multiple processors may be connected to the memory so
      that the buffer serves the different processors independently. Since
      either can update the memory and buffer content independently, steps must
      be taken to prevent using the content of a cache location the
      corresponding buffer location of which has been updated otherwise. A
      convenient way of handling this situation is to prevent too frequent usage
      of the same cache location or cache block and to force access to a buffer
      location from time to time. The same feature avoids also the following;
      frequent use of a cache location means that the same location in the
      buffer is not used. However, if a cache location is used only for a
      certain number of accesses, and thereafter the buffer location with the
      same content is accessed, the usage status of this particular buffer
      location is updated accordingly.
PAR  It is convenient to organize the memory, the buffer and the cache into
      blocks each having plural locations to the word level. The data transfer
      between cache, buffer and memory may then be carried out on a block basis.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a broad layout of the basic components of an example of the
      preferred embodiment of the invention, with a cache and a buffer
      interposed between memory and CPU of a digital computer;
PAR  FIG. 2 is a diagram relating buffer and cache sizes to total access times
      and individual speed ratios;
PAR  FIG. 3 is a block diagram of a cache location to the word level with
      additional components relevant to the location and pertaining in parts to
      the block of that location, in parts to the buffer as a whole; and
PAR  FIG. 4 is an analogous block diagram for a buffer location.
DETD
PAR  Proceeding now to the detailed description of the drawing, FIG. 1 is an
      overview of a system depicted in major building blocks. The computer
      system includes a central processing unit 10 or CPU, performing the basic
      arithmetic and logic operations pursuant to a store program. Data and
      instructions of the program which is being executed, are contained in a
      memory 11 of the random access variety, such as a core memory with an
      access time of about 3/4 of a microsecond.
PAR  It is assumed that the memory 11 is addressable to the word level with a
      particular number of bits per word being made available by the memory upon
      addressing a location, or such an addressed location is capable of
      receiving the bits of a word for storage. The memory may be constructed
      from several, parallelly operating and independently addressable banks,
      each bank holding different locations with the address continuum of the
      system. See for example U.S. Letters Patent No. 3,702,462 of common
      assignee.
PAR  The computer system may include additional memory facilities, such as RAD
      in a head per track configuration, and other disk files with movable are
      and/or magnetic tape units for bulk storage. These memory extensions are
      not shown here in detail except that in representation of these peripheral
      systems a processor 10a is shown servicing for example one or several
      units of peripheral equipment as an input/output processor and requiring
      occasionally demands for access to memory independently from the demands
      made by the CPU 10. A larger system of this nature is shown in said U.S.
      Pat. No. 3,702,462.
PAR  The basic computer operation involves (as always) the transfer of
      information between CPU and memory pursuant to the program being currently
      executed. Pursuant to that operation, the CPU generates memory access
      requests, usually to the word level at any instant, either for extracting
      information from that memory location (data or instruction) or for causing
      information to be stored in that location.
PAR  A novel subsystem is now interposed between CPU 10 and memory 11. The
      subsystem includes a relatively small storage facility called a cache 12,
      but permitting random access at a very high speed, such as significantly
      below 100 nanoseconds. The general idea to be realized here is to have the
      CPU associated with a small size buffer constructed as random access
      memory and using storage elements with the fastest access speed technology
      permits. Generally speaking, one could say that the speed of access to any
      of the locations of this cache buffer should be the same or about the same
      as the access speed to operating registers in the CPU.
PAR  Each memory request from the CPU is first made to the cache facility 12 via
      an address bus 13. If the particular memory location (definitely
      represented in memory 11) is also represented in cache 12, and if the
      request is a read request, the content of that location is extracted and
      fed to the CPU via data bus 14. If the CPU makes a memory request for
      purposes of transferring information presence of the particular location
      in cache 12 is ignored.
PAR  If the cache 12 does not contain representation of the particular memory
      address, or if the request was made for purposes of transfer of
      information from the CPU to memory, the cache 12 signals a "miss", and the
      address is placed on the address bus 13', that leads to memory 11. The
      memory may have, for example, a Port structure 15 permitting plural memory
      requests, made asynchronously by the CPU and other processing facilities
      (IOP's) such as 10a, to be handled more or less simultaneously on a
      priority basis as explained for example, in U.S. Letters Pat. Nos.
      3,702,462 or 3,603,935. Each memory bank has its own port and systems, and
      the various busses are daisy chained from port to port.
PAR  Usually, a memory request when being put through the port system leads
      directly to the particular memory location (in the appropriate bank);
      however, the buffer subsystem includes a buffer memory 16 being, for
      example, of the LSI variety with access time in the order of 200 or 300
      nanoseconds or there-abouts. If the core memory is distributed in several
      banks, each with its own port system, a separate buffer 16 may be
      associated with each bank. The reason for this is that the port system
      includes facilities identifying the subcontinumm of memory addresses
      specifically represented in the particular bank. The buffer or and in that
      bank may have duplicate information of those memory locations which are
      included in that bank. Presently, however, it is convenient to consider a
      single memory, a single buffer and a single port, because memory access as
      seen from the CPU does not take cogniscance of the bank structure.
PAR  A memory request passing through the ports 15 turns always first to the
      buffer memory 16 to determine whether the particular location is
      represented there. If that is the case, information is taken from the
      location, or is provided thereto as the case may be, and the memory 11 is
      again ignored at that point. It is specifically noted that the buffer 16
      will accept memory write-in requests, while cache 12 does not.
PAR  If buffer 16 does not contain the particular location either, then and only
      then is the memory accessed (buffer miss), but only in the case of a
      memory read-out operation. In the case of a store-in-memory operation when
      assumed to be the purpose of a memory request, the information as set by
      the CPU on data bus 19 is stored in buffer 16, regardless of whether or
      not the particular location is already represented in the buffer. If the
      location is not yet represented, one of the least used buffer locations is
      selected for storage.
PAR  Information which has been taken from the buffer 16 or from the memory 11,
      is provided to the CPU via data bus 14, and, parallelly thereto, the same
      information is written into a cache location made available for that
      purpose; if the information had to be taken from memory the same
      information is also written in an available buffer location. Thus, any
      memory read request that could not be honored by cache 12 or by buffer 16,
      leads to the direct providing of the information to the CPU from whatever
      source it can be taken, while additionally storage space is made available
      in cache 12 and buffer 16, or just in cache 12 as the case may be, to
      store the same information together with the specific memory address from
      which it was taken.
PAR  The last mentioned aspect requires more consideration and leads to
      considerations of updating buffer and cache. Each request for access to a
      memory location which arrives at buffer 16 but that leads to a miss is
      used as cause to eliminate e.g. a portion of the buffer on the basis of
      least recent usage. The block 17 in FIG. 3 denotes generally logic
      circuitry which keeps track of the use that is being made of the several
      locations in buffer 16. This includes determination of buffer locations
      which have been used less recently e.g. least recently as compared to
      other buffer locations. A use is to mean here an access request by the CPU
      to the particular location.
PAR  If there was a memory-read request that has lead to a buffer access miss,
      so that the information had to be taken from memory, that information is
      not only returned to the CPU, but also stored in a buffer location whose
      content has been used less recently than others. The buffer locations do
      not have fixed addresses, but access is provided on the basis of
      associative addresses; when a particular buffer location is being written
      into, the particular memory address code is likewise stored in association
      with the word that is being stored, so that subsequent access requests
      made to the memory system and concerning that particular location will
      lead to a buffer access hit, and the memory proper does not have to be
      accessed.
PAR  Analoguously, a word store request that does not find the particular memory
      location represented in buffer 16, will cause the word to be written into
      one of the least recently used locations, and the particular address code
      will be stored in the addressing register associated with the buffer
      location. Additionally, each buffer location, or group of locations, which
      has been written into is associated with an update flag to indicate that
      this location or group of locations is not available for elimination of
      its content until the updated information has been transferred into memory
      10. This transfer does not have to be made right after a buffer location
      has been updated, but only until the location becomes one of the least
      recently used ones. Since updating is a use, a rather large time span is
      actually available for transfer from buffer to memory.
PAR  The situation is similar to some extent with regard to the cache. If a
      memory location was not represented in the cache, but information had to
      be fetched from the buffer or from memory, that information word is not
      only returned to the CPU, but written into one of the least recently used
      locations of the cache, together and in association with the memory
      address code.
PAR  However, information to be stored in memory is never written into the cache
      at that point. In other words, the CPU does not write into the cache when
      executing a store instruction. This holds true even if the memory location
      in which the CPU wishes to store information is present in the cache, but
      such a store request forces a miss in the cache which in effect eradicates
      the content of that cache location.
PAR  It should be noted, that memory and buffer content are not only updated
      from the CPU, but also from peripheral equipment. Thus, processor 10a
      writes occasionally into the memory and buffer system. Therefor, it is
      desirable to limit usage of the cache and to go occasionally to the buffer
      if it has been updated in the meantime.
PAR  Logic 18 governs the cache as to which locations are available for
      write-in. Information is stored in cache 12 only after miss in a memory
      read attempt, when the information had to be taken from buffer 16 or from
      memory 11. Attempted write-in and/or least recent use are the criteria for
      the selection of a cache location as being available for write-in. The
      basic reason for not storing directly into the cache on CPU demand is to
      have the cache tuned by technology and not be algorithm. The cache 12
      should be designed on the basis of immediate availability of its
      information to the CPU with no intervention or time sharing with procedure
      or transfer of updated information to the buffer 16 and/or memory 11. The
      only time the cache can be occuped otherwise arises when information is
      transferred to the CPU from the buffer or memory; these instances can be
      set aside exclusively for cache write-in because the CPU does receive
      already desired information at that point.
PAR  Four additional broad aspects are to be discussed in general terms with
      reference to FIG. 1. One aspect has to do with the format of the
      information transferred into the buffer and in the cache; a second aspect
      refers to the determination of what is exactly meant by least recent
      usage; a third aspect relates to the transfer of updated information from
      buffer to memory; and the fourth aspect refers to considerations of access
      timing.
PAR  The principle of the invention makes use of the fact that a memory location
      once accessed is rather likely to be accessed again, and that the content
      of memory locations having closely related addresses e.g. the next
      following addresses will be used shortly. Therefore, the cache is divided
      into blocks of, say, four word locations per block. The buffer is likewise
      divided into blocks, not necessarily of the same size, but conveniently
      so. Whenever a transfer occurs into the cache or into the buffer, not
      merely one word is being transferred but the content of the block to which
      the location pertains is transferred in its entirety. If the blocks in
      cache and buffer are of the same size, the content of one block in the
      buffer is transferred to one block location in the cache, while the
      content of but one location is transferred also to the CPU. A memory
      request that is a hit in the cache will see only one word transferred to
      the CPU. In other words, block transfers are limited to transfers from
      buffer to cache, and from memory to buffer and cache. In the case of
      transfer of updated information from buffer to memory, one must transfer
      the entire block if the updated flag identifies the block only and not the
      individual location. The transfer of the content of but one location can
      be effected only if each buffer location has its own update flag.
PAR  One can see that the block transfer can be carried out on the basis of a
      prearranged order or preassigned memory division into blocks or, in the
      alternative, a block can be defined ad hoc to include the location
      demanded by the CPU plus the three next ones. The latter definition of a
      block, however, can be chose only for memory to buffer and/or cache
      transfers, but not for buffer-to-cache transfers because block boundaries
      as far as address numbers are concerned, are most likely discontinuities
      in the buffer.
PAR  As far as the CPU operation is concerned, it makes little difference
      whether or not the blocks are pre-defined in memory 11. However, as far as
      the hit rate in buffer and cache is concerned, one can probably expect
      misses to occur somewhat less frequent when blocks are defined by
      algorithm and on an ad hoc basis, rather than by hardware, particularly as
      far as the extraction of information from memory 11 is concerned. Take for
      example any instruction, it is more likely that the instruction in the
      next location will be used shortly thereafter rather than a preceding one
      if instructions are stored in sequential addresses. Generally, programs
      procede on the average in one direction, even though there are numerous
      loops which constitute a kind of back tracking. Nevertheless it is more
      likely that locations are used in consecutive order than in an inverted
      order.
PAR  On the other hand using blocks on a preassigned (hardware) basis permits
      some hardware simplification. For example, a block may be defined to
      include those memory locations having the same address bits in all but the
      two least significant bit positions. Accordingly one can define a block
      address which in this case retains its validity throughout. If that
      division into blocks is additionally taken into consideration upon
      programming, the relative hit rates can be considerably improved beyond
      mere statistical occurances based on random appearances or requests.
      Therefor, a block definition by memory (hardware) division rather than
      algorithm will not necessarily produce a larger hit rate if that hardware
      division of the memory into blocks is taken into consideration by the
      programmer.
PAR  In either case it can be seen that cache and buffer receive, as a block,
      whatever the memory furnishes as a block, and as far as the cache/buffer
      -- CPU communication is concerned, the algorithms related thereto remain
      the same whether or not one operates with block addresses. The block
      definition affects the transfer of information into cache and buffer only
      as to hardware i.e. whether or not a fixed format and block address can be
      defined for a block has only structural consequences.
PAR  It should be noted here that the term block has a double meaning. With
      regard to cache and buffer a block of locations is a definite, hardware
      reality, possibly identified by a block address which, however, is
      exchangeable because buffer and cache contain variable subsets of the
      information contained in memory. A block of information contains as many
      words as a (hardware) block has locations. An information block in one of
      the cache blocks is also contained in one of the buffer (storage) blocks
      as well as in memory, possibly even in a memory block if the location
      blocks are predefined already in memory by a block address.
PAR  In either case, information is always transferred between memory and buffer
      and cache in blocks of words, whereby location blocks receive and will
      contain subsequently complete information blocks as defined. It may be
      advisable to make the data path as wide as the blocks are in order to
      avoid consecutive transfers with compounded delays.
PAR  The second aspect to be considered refers to the determination of how space
      is made available in the cache and in the buffer for new information.
      Availability is defined on block basis in either case. The so-called usage
      logic circuits 17 and 18 for buffer and cache respectively perform the
      following functions:
PAR  Each location block in cache and each location block in memory is
      associated with a field of "recency of usage" bits, defining how long ago
      (in units of access requests made to the buffer or the cache) the
      respective information block therein has been used last. Whenever buffer
      space is needed for storing a new information block, the least recently
      used block (i.e. the one which was used for the last time longer ago than
      any other block) is deemed available. The same holds true for the cache
      and for block locations in the cache. These recency-of-usage bits as
      associated with each block can be deemed to establish an availability
      rank, whereby the block with the highest availability rank is the next one
      to be used for storage. Each block of the buffer has additionally a
      presence bit. That bit is reset when the block reaches highest rank,
      providing that the block does not contain information that was written in
      by the CPU but has not yet been transferred to memory.
PAR  A block in buffer 16 has additionally an update bit, indicating that the
      block has been written into pursuant to execution of a store instruction.
      That block is, therefor, not available, regardless of relative remoteness
      of usage, until the content of the block is written into the memory. The
      update bit is reset when such transfer has occurred, and that in turn
      permits the presence flag to be reset when the particular block obtains
      highest availability rank.
PAR  Another aspect to be considered, is the following. As stated, memory and
      buffer may be updated through operation of a peripheral equipment
      processor such as 10a. Thus, while the CPU operates repeatedly with a
      particular cache location, the corresponding buffer location has been
      updated in the meantime.
PAR  Obviously, the updating cannot occur in complete random relation to CPU
      usage of such information, but there must be a time relation and/or a
      programmed procedure signalling in advance such updating, or limiting ab
      initio information that may be updated in the course of the program
      independently from CPU operation. One way of handling the situation is the
      following: Each cache block can be accessed only for a specified number of
      times. Thereafter, a miss is forced and the CPU has to go to the buffer,
      while the content fetched from the buffer is written into the cache,
      likely into the same location thereon.
PAR  The cache blocks each are associated with a field of n presence bits which
      are all set to 1 when an information block has been stored in the
      respective storage block of cache 12. For each access made to that block
      the field of presence bits is decremented by "one", so that after 2.sup.n
      -1 accesses the field of presence bits consists of zeros only. This means
      that the next request concerning that particular block will automatically
      lead to a "miss" causing access to the same information in a location in
      the buffer. Please note, that information in the cache is represented
      usually additionally in the buffer (but not necessarily vice versa).
      Forcing now an access to the corresponding location in the buffer has the
      additional purpose of preventing that the particular block in the buffer
      from becoming endangered as a less and less recently used block. In other
      words the forced access to a buffer block reduces its availability ranking
      as it becomes a most recently used buffer block at that point.
PAR  As a consequence, there are two criteria for availability of block space in
      the cache; one is recency of usage, the other one is frequency of usage,
      whereby the latter takes priority over the former as far as availability
      is concerned. It should be mentioned here, that the making available of
      storage space in cache and buffer is not a matter of criticality as far as
      overall operation is concerned. In other words it is not mandatory to
      store such block always in buffer and/or cache. Placing an information
      block into cache and buffer when the CPU has made a read demand (or a
      write demand in the case of a buffer miss) merely reduces the possibility
      of subsequent cache and/or buffer misses, but does not "hang up" the
      machine if not carried out. Thus, space should be made available in buffer
      and cache by appropriate algorithm so that as few time spans as possible
      occur in which no space is available in buffer or cache. Making always a
      block available (and reducing these time spans to zero) is but one
      possibility. If it is permitted to have no storage space available e.g. in
      the cache the storage operation is simply not carried out and later
      demands by the CPU on the same block is not honored by the cache, only by
      the buffer. Hence, the cache miss rate will be somewhat higher and
      performance deteriorates somewhat; nevertheless there is no inherent need
      that storage space must always be available in cache or buffer.
PAR  The third aspect to be considered involves transfer of information from
      buffer to memory. Such a transfer can be made dependent upon the value of
      an update bit or bits (flag) in each block. When the update flag is set,
      the buffer may issue a memory request on its own and transfers the updated
      block to the appropriate memory locations. This does not have to follow
      immediately a store operation by the CPU that has lead to the buffer block
      updating. Rather, the transfer to memory can be made additionally
      dependent on recency of usage, when the block becomes vulnerable to being
      displaced.
PAR  It should be considered here that many memory store and update operations
      are repetitive without significance to a final result as far as outputting
      is concerned. Take for example a counting operation in a loop. The counter
      (software) is updated repeatedly pursuant to repeated execution of the
      loop. Such a counter does not really have to be transferred to core
      memory. Hence, if the transfer of the content of the block is in fact
      deferred until a block has not been used for a long time (presumably
      because the counting has been completed and the loop has been exited)
      numerous needless transfer steps to memory can be avoided.
PAR  It can readily be seen that the total access times to memory as far as CPU
      demands is concerned, is drastically reduces so that, in effect, periods
      of time exist in which no access demand is made to the memory or any
      particular bank. This in turn permits easy timing as to transfer of
      information from buffer to memory on a low priority basis.
PAR  The update flag rendering the block as a whole immune against being
      replaced by other information, may nevertheless be associated with but one
      or two. i.e. not necessarily all of the locations to the word level of
      that block, so that only the updated word of that block needs to be
      transferred to the memory and not the entire block. Such a restriction may
      reduce further the total demands made by the CPU-cache-buffer subsystem to
      the memory, in units of memory cycles.
PAR  The need for that restriction on demands depends on the total demand for
      memory access expected to be made by that subsystem and by the peripheral
      equipment. Upon considering the total demand for memory access made by the
      peripheral equipment, the permissible periods of time available for
      demands by CPU-cache-buffer subsystem may be sufficiently long to permit
      indeed the "waste" of transferring entire blocks of memory, with as many
      memory cycles as a block has words, even though not all word locations
      have been updated. On the other hand this permissible "waste" can possibly
      arise only if the memory requests by the CPU are mostly satisfied by cache
      and buffer on account of a sufficiently large size of either or both.
PAR  The transfer of complete blocks between memory and buffer will not incur
      additional delays or constitute wasted time if the data path for memory
      read-out as well as for the write-in in the memory is sufficiently wide to
      operate on a block basis, so that all words of a block are transferred in
      parallel. In that case, even a block transfer will involve only one memory
      cycle, and one needs only one update flag per block without designating
      the updated location further.
PAR  One can see, that a combination of features can be used here if in fact
      multiple memory cycles are tolerable for buffer-memory transfers. Buffer
      blocks may be larger e.g. twice as large as cache blocks, so that only one
      half or the other of a buffer block is involved for a full buffer-to-cache
      block transfer. On the other hand, information may be transferred between
      memory and buffer in cache block sizes, using as many memory cycles as a
      buffer block contains cache blocks. For reasons of look ahead, this may
      actually decrease the demands to be made on the memory and actually reduce
      buffer misses.
PAR  Generally speaking the subsystem CPU-cache-buffer makes demands on the
      memory only for storing updated information in memory or for extracting
      from memory information not represented in the buffer. The demand band
      width resulting therefrom will be considered in conjunction with an access
      time analysis considered next.
PAR  The fourth point to be considered relates to the question of access timing.
      In a conventional memory, the effective or average access time e.sub.1 is
      given by the access time (a) proper within the memory; to this is added
      the cable and port delay (d) as far as transmission of a memory access
      request from the CPU to the memory is concerned. This delay involves
      generally the transmission of the access request by the CPU to the memory
      via, usually, relatively long signal lines, plus the time it takes to
      decide which bank holds the desired location, plus the average waiting
      time at the memory port, bearing in mind that the CPU usually has lowest
      priority (at least some 1/0 equipment operating within fixed time frames
      cannot wait without loss of information). Hence e.sub.1 = a + d.
PAR  By way of example, a may be 650 nanoseconds, d may be 60 nanoseconds
      minimum, so that a + d is in excess of 700 nanoseconds, more often closer
      to 3/4 or 4/5 of a microsecond.
PAR  The average access time e.sub.4 to information generally, in the inventive
      system, is equal to the sum of the access time to the cache (c), the
      fraction of the buffer access time (b) based on cache misses under
      consideration of the transmission and port delay (d) and the fraction of
      the memory access (a) on the basis of buffer misses.
PAR  These two relative fractions are expressed in terms of miss rates, with m
      being the miss rate of a buffer access, i.e. the relative frequency of
      attempting to access a particular location in the buffer but failing.
      Analogously, there is a miss rate m' for cache access.
EQU  Thus, e.sub.4 = c + m' (b + d) + ma
PAR  The ratio e.sub.1 /e.sub.4 gives the improvement of the inventive system
      over the conventional system.
      ##EQU1##
PAR  One can, arbitrarily but rather reasonably postulate a ratio r = a/b = b/c,
      meaning that the access ratio of buffer to cache is the same as the ratio
      of memory to buffer. While exactitude in this equality is not essential,
      it expresses at least generally a technology ratio with the implication
      that the buffer access speed is somewhat in the middle of memory and cache
      access speeds on the basis of these ratios. Introducing this ratio r in
      the formula above yields:
      ##EQU2##
PAR  For economical reasons one wants to have as small a cache as possible and
      still obtain a significant improvement ratio e.sub.4 /e.sub.1 as to access
      speed. The same is true for the buffer, but clearly the cache should be
      smaller than the buffer for reasons of cost. Moreover, these formulas are
      true only, when the memory recovery time is smaller than 1/m (g + c +
      m'b), wherein g is the time it takes the CPU to generate a memory request
      and address. Clearly, a sufficiently larger buffer (m&gt;&gt;1) can meet this
      condition. From a practical point of view, the buffer should have at least
      1000 word capacity to reduce m to 0.1 or smaller.
PAR  The cache and buffer sizes, of course, relate directly to the hit-to-miss
      ratio in each instance. By way of example, a buffer or a cache having the
      size of 2K words will produce a miss rate of 0.05; for 1K word buffer or
      cache m,m' = 0.12; for a 256 word buffer or cache, m,m' = 0.3 and even a
      buffer or cache as small 64 words produces still only a 50% miss rate.
PAR  An analysis of these equations teaches that a slight increase in cache size
      can be off-set by a significant saving in buffer size for the same e.sub.1
      /e.sub.4 ratio, but only over a certain size range. Nevertheless, the
      actual choice of buffer and cache sizes will be influenced to a
      considerable extent by the cost per bit for each of these facilities.
PAR  By way of example, for a 2K word buffer (m = 0.05) and a 128 word cache (m'
      = 0.4), e.sub.1 /e.sub.4 is about 5.5 for r = 5 corresponding to a 1
      microsecond : 200 nanoseconds : 40 nanoseconds access speed ratio a:b:c.
      40 nanoseconds access speed for a cache may be a little optimistic, while
      1 microsecond for a core memory is rather slow. For a more conservative
      ratio of r = 3, the ratio e/.sub.1 /e.sub.4 is a little over 3 for the
      same valuves for m and m'. r =e.sub.1 /e.sub.4 3 will be true also if we
      use a buffer of half the size, and a cache of twice the size. If we
      increase the cache further, the performance (e.sub.1 /e.sub.4) will be
      better, but the cost will be rather high.
PAR  FIG. 2 shows a family of curves which illustrate these relations. These
      curves show that a drastic decrease in buffer size will be offset by a
      small and moderate increase in cache size for a range in which the buffer
      has at least twice the cache size. On the other hand a reduction of, say,
      128 word to 64 word in cache size requires a much larger buffer increase.
      Considering that presumably the per-bit cost is twice for the cache as
      compared with the buffer, the sizes should be shifted into a range where
      the same performance is obtained by changing buffer and cache sizes
      corresponding to the price ratio; the examples in the preceding paragraph
      demonstrate this preferred range.
PAR  Another aspect to be considered is the access time to core memore, a. This
      access time enters into the performance formula for e.sub.1 /e.sub.4 only
      through the attenuation factor m. As stated above, a buffer of about 2
      kilowords produces a miss rate m of just 5%, so that the average access
      time extension resulting from these infrequent accesses to a high speed
      core memory (650 nanoseconds) is only about 32.5 nanoseconds. Using a
      rather poor core memory of 1 microsecond access time results merely in a
      50 nanoseconds extension of the average access time to the core memory.
PAR  Conversely, if we assume a buffer of the same size but using rather a poor
      core memory, and if we increase the cache from 128 words to 256 words and
      use a buffer with an access time of 300 nanoseconds and assume a 60
      nanoseconds port delay, the component (m'.sup.. (b + d)) in the formula
      yields m'.sup.. 360 in either case but is reduced from 144 to 108
      nanoseconds for the assumed modification. Upon considering that memory
      size does not enter into the picture at all, an increase of the cache size
      by 128 words can be more than offset in cost saving by a much more
      economical core memory, but only upon interpositioning the buffer will
      performance not deteriorate. The cascading is, therefor, the critical
      aspect.
PAR  An interesting comparison can be made between the system as per the
      invention, and a (single) buffer (e.g. a cache) but with moderate access
      time (b) and being placed in direct vicinity of the CPU. One finds the
      same performance (identical overall-average access speed) for a 2 kiloword
      local buffer, as for a 128 word cache with a 1 kiloword memory buffer as
      per the inventive system. Since for a technology ratio of 3 the cost per
      bit ratio is about 2:1 as between cache and buffer, the buffer plus cache
      system is clearly the more economical solution or, for the same cost, one
      can increase the cache and/or the buffer and gain a correspondingly higher
      access speed.
PAR  It should be mentioned, that a memory buffer alone contributes materially
      to an improvement of access speed. The access speed can be termed e.sub.3
      and is given by the formula
EQU  e.sub.3 = b + d + ma.
PAL  With m being rather small, (e.g. m = 0.05 for a 2K word buffer), the
      component m is insignificant and the average access speed e.sub.3 in this
      case is almost as small as if the entire memory has the access speed of
      the buffer. For b = 300 nanoseconds, d = 60 nanoseconds, a = 1 microsecond
      and m = 0.05, ma is 50 nanoseconds so that e.sub.3 is a little over 400
      nanoseconds.
PAR  Another important aspect to be considered and resulting from the reduced
      frequency of memory access demands is this. The combined buffer-memory
      system yields a capacity of data flow of 1/(b + m (a + d) +g) words per
      second as seen by the CPU (without considering the cache) wherein g is the
      average time needed by the CPU to generate an address. Conversely, the CPU
      plus cache system will make demands on memory at a maximum demand rate of
      m'/c + m' (b + d) + ma + g. (please note that m' &lt; 1). One can see here,
      that the direct proportionality with m' shows a drastic decrease in
      demands made on the ports with increasing cache size, while a large buffer
      (low m) removes the memory access almost completely from influencing the
      demand band width. In view of the block transfer, not all data actually
      transferred out of the ports is useful. A conservative estimate is that at
      least half of the information transferred by block is useful in the sense
      that it contributes to cache access hits. The demand rate above should be
      increased by a factor between 2 and 3. Nevertheless the demand on the
      ports is drastically decreased by even a small cache.
PAR  After having described the overall system and its operation, I proceed to
      the description of some details FIG. 3 shows a portion of cache 12 and
      here particularly a storage location 12x for a single word. In essence
      such a location may be a high speed register 20 with access time well
      below 100 nanosecond. In association therewith is a second register 21
      containing the memory address bits to identify the content of register 20
      as the one held also in a particular memory location to permit associative
      addressing in the cache.
PAR  It shall be assumed, that a word address can be divided into a block
      address and into a two-bit within-block address, as each block has four
      locations to the word level. Hence, the in-block address of each cache
      location does not have to be and will not be changed and is, therefor,
      permanently contained in a hard wired section 22 of the address register.
      The block address portion is register 21 is exchangeable.
PAR  Reference numeral 13 refers generally to the address bus on which the CPU
      sends out address signals for memory requests, and a compare logic 24
      determines whether or not an address on bus 13 is the same as the one held
      in register 22. There is one such compare logic per cache location, each
      making in effect a logic decision "yes" or "no", respectively called here
      "hit" and "miss". A "hit" serves as gating signal for a set of data-out
      gates 25 coupling the register 20 to data bus 14, which leads into the CPU
      because it is the data path for information demanded by the CPU from
      memory.
PAR  The transfer from a cache location will take place only, if the memory
      request was actually generated by the CPU for purposes of a memory read
      operation which is signalled by the CPU via a control line 13-R,
      accompanying the access request. A gate 26 will block the transfer of data
      onto bus 14 if the request was not a read request, even if the location
      12x has the address of that request.
PAR  A cache location such as 20 is actually a replica of a memory location, and
      a read-from memory demand when made by the CPU is satisfied when a cache
      location is caused to apply its content to bus 14 in that manner. The
      output of gate 26, and of all other corresponding gates for the other
      blocks of the cache may be connected to a nor gate 32 leading to a
      hit/miss bus 33. Nor gate 32 is connected to all of the respective
      comparators and can receive a "hit" signal from any one of them. When none
      of the blocks registers a "hit", bus 33 receives no signal and a transfer
      circuit 34 is enabled for coupling the address bus 13 as leading from the
      CPU to cable drivers etc. in circuit 34 for transfer of the address via a
      (long) bus 13' to the memory ports, so that either the buffer or the
      memory proper will be accessed.
PAR  Additionally, a "hit" as determined by one of the cache comparators, e.g.
      comparators 24, causes a presence counter 30 associated with the block to
      which location 12x pertains to be decremented by "1". Also, a hit resets
      to zero the recency-of access counter 31 for the particular block. Counter
      30 contains the so-called presence field which is loaded by or set to a
      maximum number when the particular location 12x has received new
      information in a manner to be described more fully below. Counter 30 may
      have n stages (e.g. n=3), with all stages being set to "1" initially so
      that after 2.sup.n -1 hits, i.e. successful (read) accesses to location
      12x the presence of field counter 30 has reached zero (decimal).
PAR  Access to any of the cache locations is permitted only when the request is
      not made for purposes of a store or write-in operation. If the CPU has
      made a store demand, a corresponding signal is, of course, developed in
      the CPU for other purposes, and that signal is also applied to a line
      13-w, connecting to all recency-of-access counters and forcing the
      particular one to count state zero, which pertains to a location whose
      address comparator would have registered a hit. Presently then, a gate 28
      will reset the presence field counter 30 when comparator 24 registers a
      hit. This resetting, in effect, over rides the accompanying
      decrement-by-one operation of counter 30 as occurring for any hit.
      Resetting the presence of field in the case of a write request renders the
      content of this location in cache 12 obsolete and makes the location
      available for storage.
PAR  Additionally, bus 33 will not receive a "hit" signal on a memory write
      request regardless of whether or not a "hit" or a "miss" occurred in the
      cache because nor gate 32 has false inputs only in that case. If not "hit"
      signal is applied to the bus 33, transfer circuit 34 is enabled to
      transmit the address to the buffer and memory via bus 13'. Alternatively
      or additionally, the write request signal in line 13-W can be used to
      enable the transfer circuit 34 for the address.
PAR  In the case of a miss that was not forced but occurred because a read
      request made by the CPU did not find the respective memory location
      represented in the cache, the address is transferred additionally within
      the cache and held in a register 36. This register 36 is common to all
      cache blocks and pertains to the cache at large. The same is true, of
      course, for elements 33 and 34. In such a situation it is desirable to
      store the address until the content of such a (memory or buffer) location
      can be stored in an available location in the cache; that content will be
      supplied by buffer 16 or memory 11 to the CPU as demanded, and will arrive
      shortly, because the CPU when having made a memory read request but
      encountered a miss in cache 12 proceeded (indirectly) to seek that
      information from buffer 16 or memory 11 in that the cache (control 34)
      placed that address on bus 13'. The information furnished by buffer 16 or
      memory 11 on bus 11 describes the only circumstance under which
      information is written into the cache. Register 36 may store the block
      address portion only, because information is furnished to the cache on the
      basis of complete blocks only. Register 36 applies the address it holds to
      a bus 35 for gating into one of the block address registers, such as 21,
      as soon as such block of information is available on bus 14.
PAR  The data bus 14 from memory is preferably four words wide, always holding
      the content of all four locations pertaining to a block. However, the
      particular portion of bus 14 leading into the CPU may be or'ed from the
      four word wide bus into a one word wide path as the CPU demands usually
      only one word per request. The demand for a double word may involve two
      different blocks so that two sequential word transfers are the normal
      procedure.
PAR  Since the particular location 12x has only an exchangeable block address,
      its two bit within block address is fixed. Thus, only one particular
      portion of bus 14 leads to the particular data-in gates 27 for this
      particular cache location. These gates thus couple one set only of data
      bus lines 14 to the input side of register 20 corresponding to a
      particular in-block address. The particular set is one word wide and
      transfers always only the content of memory locations having one
      particular combination of the least significant bits of its addresses.
PAR  The particular gates 27 are opened only (1) for information supplied to bus
      14 by memory 11 or buffer 16 and (2) when the particular block 12x to
      which location register 20 pertains was found available for storage. The
      particular write-into-cache operation is under control of logic 18
      determining specifically the availability of blocks for storage.
PAR  A block is deemed unconditionally available for storage if its presence
      counter 30 has been reset to or has been counted down to zero. Whenever
      "zero" has been detected in counter 30 by an appropriate decoder 46, the
      block address for example, possibly also the content of the location
      register 20 may be erased. This is not essential, it may suffice to have
      decoder 46 prevent the response of comparator 24 for forcing a miss. The
      reason for the availability of a block whose presence field is zero can be
      two fold as explained thus far; either a write request was made by the CPU
      involving a location that is represented in the cache; or 2.sup.n -1 read
      accesses have been made to a location or locations in that block. However,
      these reasons are inter-related. In the case of a write request, the
      information in that block has now become definitely obsolete; if many
      access requests have been made the information may become "too old" and
      the corresponding locations in buffer and memory may have been updated
      e.g. from peripheral equipment; a zero presence field in 30 signifies
      either fact.
PAR  Obsolescence so defined renders the block available for storage; e.g. on a
      subsequent read request involving the same location, the cache miss logic
      forces the access request to be transmitted to the buffer because the
      cache presence field is zero, and the updated information when fetched
      from the buffer and upon passing on bus 14 is copied into this location
      (or any other available cache location). The presence field for the
      location receiving this updated information is then redefined by "ones".
PAR  In the case of 2.sup.n -1 read requests having been made to the same block
      in the cache, no such access was made to the corresponding block in the
      buffer. Hence, the recency of use status of that buffer block may have
      dropped. Thus, the ranking as to non-use of that location in buffer 16
      should be updated to indicate continued use of that information by the CPU
      which is the reason for simulating an absence or miss as far as the cache
      is concerned and compelling a use of the buffer block with the same
      content in the buffer.
PAR  If more than one block is available for storage in cache 12 because more
      than one block presence field (30) has been set to zero for one reason or
      another, one can make an arbitrary decision as to which one is used next.
      A hard wired priority ranking can be arbitrarily established leading from
      block to block, analogous to hard wired priority ranking of armed and
      enabled interrupt channels as disclosed in U.S. Letters Patent No.
      3,702,462. In the alternative, one can use that block whose recency-of-use
      counter 31 has the highest count.
PAR  As will be explained shortly and in detail, counter 31 counts access
      requests made by the CPU, not honored by the particular block, while a
      request directed to the block resets rank counter 31 to zero. Hence, a
      high count in counter 31 signifies long non-use of the particular block.
      This one could use the count state of the several rank counters 31 to
      resolve ambiguities in the case several presence counters 30 are in the
      zero state. On the other hand, when none of the presence counters 30 of
      the several blocks in cache 12 has been placed into the zero state, i.e.
      there was no write hit, forced miss nor were any of the blocks accessed
      2.sup.n -1 times since the previous cache write-in into a single available
      block, then the highest count state in the respective counter 31 becomes
      the sole criterium for availability, and such a high count state operates
      as the third possibility for forcing a zero state into the presence
      counter, so that always one block is available.
PAR  Each block has a recency-of-block response counter, or better, rank counter
      31 which tracks non-use of its respective block as follows: A block when
      successfully accessed (address comparison hit) opens up a set of gates 41
      so that the counter content can be applied to a bus 42. The bus connects
      to the input of a subtractive comparator 43, there being one per block,
      while the respective other digital input side of the comparator 43, is
      provided by the counter 31. Hence, the rank count of a block that
      registered a hit (regardless of whether it is a permitted read hit or a
      forbidden write hit as far as actual access is concerned) places its rank
      count onto an intra cache bus 42, and the subtractive comparators of all
      other blocks compare their respective rank counts with the one on bus 42.
PAR  Those blocks, having registered a "miss", and whose rank count state is
      below the rank count of the block whose address is the same as the one on
      bus 13 (hit), will produce a carry or negative sign bit (carry logic 48),
      and that bit is used to increment the respective counter such as 31 for
      increasing once more the non-use count thereof. The comparators of those
      blocks whose count state is above the count of the "hit" block will
      produce a positive difference, and their rank counters (corresponding to
      31) are not incremented, their rank of non-use does not have to be
      altered.
PAR  The rank counter such as 31 of the successfully addressed block is reset to
      zero by the unconditioned "hit" signal, thereby automatically producing
      the lowest rank of non-use for that block. However, that hit signal is
      slightly delayed until the comparison in the several units 43 and rank
      counting in these other blocks has been completed.
PAR  In the case of a complete miss, i.e. if the location identified by an
      access request of the CPU on bus 13 is not at all represented in the
      cache, no count number appears on bus 42 and the rank count is not
      disturbed anywhere. The same is not true in the case of a forced miss
      because of a write request which for purposes of rank counting was still
      treated as a hit.
PAR  In the case of 2.sup.n -1 uses a block, its ranking of non-use can be
      expected to be quite low. Nevertheless for purposes of counting access the
      last one of the still permitted accesses to that cache location should be
      treated also as a hit for purposes of non-use counting. It should be noted
      here that it is more or less arbitrary whether or not one still permits
      the access to the cache location to be made by the request which caused
      the presence of field counter 30 to be set to zero. This is immaterial for
      purposes of rank counting, because the particular cache location will
      become available for storage, and storing information into a cache
      location is also treated as a circumstance for setting the rank counter 31
      of that block to zero.
PAR  It can be seen that the highest rank count number obtainable is the number
      of blocks minus one. A block having that number is automatically deemed
      available as the next block into which information can be stored. A
      decoder 44 responds specifically to the highest count number in the
      respective counter, such as 31. The highest rank count in a counter 31 as
      detected in that manner is used to reset the presence field 30 of the
      particular block. This then is the third circumstance under which the
      presence field can be set to zero.
PAR  The zero state of the counter 30 is detected by the zero detection or
      decoding circuit 46 which applies a signal to a zero bus line 45. Each
      block has a gate 47 connected to line 45 to detect whether or not any zero
      detector in any block has detected a zero state of its respective presence
      of field counter 30. If that is the case, resetting of the particular
      presence of field counter 30 associated with the block having highest rank
      count state at that time is deferred. If no other presence of field
      counter is in the count zero state the particular block is made available
      for write-in in that its presence of field in counter 30 is reset to zero.
PAR  This then completes the description of the three circumstances under which
      a block is made available for storage, (1) an attempted write-in request,
      (2) 2.sup.n -1 uses of that block, and (3) longest non-use among all cache
      blocks. Moreover, case (1) and (2) placed the ranking count to zero,
      whereas situation (3), of course, arises on highest count. These
      circumstances taken together, and being monitored by counters 30 and 31,
      do not only provide for availability of cache spaces, but limit the time
      information is held available in the cache for the CPU without an
      inspection whether or not the corresponding locations in the buffer have
      been updated.
PAR  With the next read cycle that causes a miss in cache 12, but leaves an
      address stored in register 36 the information then applied by buffer 16 or
      memory 11 to bus 14 is gated into that block, whose zero detector 46 has
      detected zero of the presence of field in 30 for any of the reasons
      expounded above; data-in gates 27 are opened accordingly (plus the other
      gates as pertaining to the other three word locations of the block). In
      addition, the zero detector 46 for the presence of field counter 30 opens
      gates 37 to set the address held in register 36 into the particular
      address register 21 to permit subsequent associative addressing.
      Subsequently, the presence of field bits in counter 30 are all set to "1".
PAR  A store-in-cache operation is by necessity preceded by an unsuccessful read
      attempt resulting in a complete cache miss. This then left all rank
      counters unmodified. For purposes of rank counting, the storing is treated
      as an access. A "hit" is simulated by a store operation that places a new
      address into register 21 and a new word into four locations of which
      register 20 is one. When information arrives on bus 14 it is accompanied
      by a control signal, and that control signal together with the gating of
      the gates 27, 37 of the particular block could be used as a simulated hit
      to be applied to gates 41 and to the reset input of counter 31.
PAR  Such a simulated hit for example causes the highest rank number in the
      system to appear on bus 42 and all rank counters will be incremented if
      the availability of that block resulted from longest non-use. In the case
      of availability of a block for the other two reasons, its rank count may
      be low at that time, even zero, but the rank counting operation for all
      other counters proceeds also in regular fashion. It should be noted
      however, that it is not of immediate significance, whether or not any
      cache block that is merely being written into assumes the lowest rank as
      far as non-use is concerned, but it is reasonable to procede on that
      basis.
PAR  No block has ever the same rank, i.e. no block has ever the same number of
      non-uses, because only one block is accessed at a time, and in an
      initialization procedure an arbitrary ranking can be established by
      filling the counters such as 31 with ascending numbers from zero to the
      highest number in arbitrary selection (or on the basis of the existing
      hard wire priority for resolving ambiguties as to availability for plural
      blocks). This for example will be necessary when there is a program change
      and the cache will be flushed. Upon beginning with different ranks in the
      stated manner, two blocks can never have the same rank of non-use.
PAR  It should be mentioned that the rank-count method for making storage space
      available is most likely to be used primarily when the cache is rather
      small, has only a few blocks and the blocks are small in themselves. If
      the cache is large, it may well suffice to update the cache content only
      on the frequency of use limit (presence field), dispensing with rank
      counting. This may lead occasionally to a lack of available storage in the
      cache, if none of the blocks has been used to the particular limit. The
      likelihood of occurrance of such a no-vacancy situation in the cache will
      be reduced by increasing the block size. Saving the rank-count logic and
      dispensing with the determination of least recent usage may be a
      significant cost saving when a large cache is used, while the lack of
      available storage space (requiring a somewhat more frequent buffer access)
      may hardly deteriorate the performance as to average access time.
PAR  It has been shown, that the storage blocks in the cache are made available
      on the basis of an interplay between rank counting as to non-use and a
      maximum number of accesses to a block before replacing its content. In the
      essence, the presence of field (tallying the number of accesses made) was
      used as primary indicator, with forcing its content to zero when (1) no
      other block is available on the basis of the 2.sup.n -1 maximum of
      accesses and (2) there was an attempted write-in or its rank of non-use is
      the highest one among all the blocks. A somewhat different mode of
      interrelation can be used by causing each block which has tallyed maximum
      use on the basis of presence of field decreminating or which has an
      address corresponding to a memory write request, to assume highest rank as
      per its counter 31 while those rank counters with counts from the previous
      highest to the one which will now assume highest rank count are
      decremented by one. This way it will be always the counter with highest
      rank count which is available for the next store-in cache operation when
      information arrives on bus 14 as a result of a cache miss, forced or
      regular. Moreover, the blocks available for storage for various reasons
      will be stacked in their ranking in the upper range of rank counting and
      automatically made available for storage in that order which however is
      inverse as to the sequence of becoming available for storage.
PAR  The buffer logic is quite similar to the cache logic as far as the layout
      of each word location and the organization of the locations into blocks is
      concerned. Elements 20, 21, 22, 24, 25, 26, 27, 32, 33, 34, 35, 36, 37 in
      FIG. 3 therefor, correspond respectively to elements 50, 51, 52, 54 55,
      56, 57, 62, 63, 64, 65, 66, 67 of FIG. 4. Furthermore, elements 41 to 44
      and 48 correspond to elements 71 to 74 and 78 except that the latter group
      of components operates over a larger range of count numbers; the buffer
      has more blocks than the cache so that counting of non-use proceeds to a
      higher number in the buffer than in the cache. The following basic
      differences between buffer and cache are to be considered.
PAR  First of all, it should be mentioned that the address comparator 54 of the
      buffer connects to the continuation of the address bus 13', as it extends
      through and beyond the memory port, and with the added provision, that an
      address on bus 13' may also come from the processor 10a in FIG. 1. Whether
      or not processor 10a has also a cache is optional. The transfer drivers
      64, operating when a buffer miss occurs (logic 69), set the address into a
      bus 13'' which leads directly to the respective address registers in
      memory. For memory driver details please refer to U.S. Letters Patent No.
      3,707,705 as representative example. This miss control 62, 63 responds
      when none of the comparators of the buffer, such as 54, registered a hit.
PAR  A cache location was forbidden to be written into except on transfer of
      information from buffer or memory to the CPU. The situation is different
      for a buffer location. A store request into a memory location but already
      represented in the buffer is accompanied by opening the data-in gates 57
      of the particular buffer location on a memory write request and for buffer
      hit (gate 68). Additionally, however, a flag is set (flip flop 80) to
      indicate that this buffer location has been updated. This means that its
      content may be different now from the corresponding location in memory
      (and, possibly in cache 12). Hence, updating of that memory location is
      necessary before this particular buffer block becomes the least recently
      used block whose content is about to be replaced. The corresponding cache
      location, if any, has been eliminated already by the operation of the zero
      presence field as described.
PAR  The update flag 80 can, therefore, be treated in the memory circuit as an
      access request of low priority, bearing in mind that updating was a use of
      that block which placed it at the low end of the usage rank in the buffer.
      At least as many access requests as there are blocks in the buffer will go
      by before that block can possibly become the least recently used block. A
      2 KW buffer with 512 blocks will, therefor encounter at least as many
      access requests from the CPU to the buffer, under worst case conditions,
      but much more in total as many requests are satisfied by the cache. Hence,
      the buffer-to-memory transfer can be handled on the lowest priority basis
      for memory requests.
PAR  As was mentioned above, updating of a particular buffer location may occur
      repeatedly e.g. pursuant to a counting process within the executed
      program, which does not have to be made part of the memory content while
      still in progress. During that program loop the location will be used for
      each continuation within the loop which resets the rank count of the block
      to zero each time. Thus, the transfer of any information from buffer to
      memory could be delayed until the block has achieved a rather high rank of
      non-use which may occur after the program exited from that loop, so that a
      memory cycle for transfer of an updated buffer block content to the
      corresponding location in memory may be carried out only after, for
      example, the particular block has a relatively high rank such as next to
      highest rank, or has passed the half-way mark when the highest significant
      digit in the rank counter was set to "1" which is a simple indicator of
      rather long non-use.
PAR  In the alternative, one could bunch these memory requests by the buffer and
      to provide for buffer to memory transfers occasionally e.g. when a
      predetermined number of up-date flags in the buffer have been set. The
      operation can then be handled analoguously to an I/O transfer from a
      peripheral equipment data source to memory. This aspect is of some
      significance, because the buffer is not necessarily used just by the CPU
      in the indicated manner. Rather, a high priority I/O device such as a RAD
      may use the buffer also and on the same basis!
PAR  It can thus be seen, that various possibilities exist as to the timing of
      transfer of updated information from buffer to memory. A transfer logic 81
      may operate on one of these principles which in the simplest form treats
      the update flag as equivalent to a CPU access request (possibly delayed
      until a high rank count has been achieved etc.) and couples the content of
      the address register 51 via transfer gates 85 and circuit 64 to the
      address line 13'', while the data-out gates 55 couple the location
      register 50 to the memory write-in buffer register which is part of the
      conventional memory construction. The control 81 will also reset the
      update flag as an indication of and when transfer of the updated block to
      memory has infact been completed.
PAR  Unlike the organization of the cache, there is no multibit presence bit
      field associated with a buffer block. Hence, there is no limitation on the
      number of access to a buffer block. There is, however, a presence bit
      associated with each buffer block, held in flip flop 60, which is reset
      when the recency of use counter has reached the highest number as detected
      at 74. A zero presence bit indicates that the block is available for being
      up-dated from memory, particularly for receiving the content of a block to
      which access was demanded by the CPU but which lead to a miss in cache and
      buffer.
PAR  The resetting of the presence bit flag 60 on maximum rank counting is made
      dependent on a reset state of the update flag 80. The update flag is reset
      whenever the content of a updated buffer has been copied into the
      corresponding memory location. The presence flag is set whenever
      information is copied anew into the particular buffer location. Such data
      will appear on bus 82 within the memory-buffer configuration and is
      accompanied by a control signal 82a for setting the presence flag.
PAR  The address of the previous unsuccessful buffer read accessing request is
      held in store 66 and is gated into the register 51 of the available block
      together with the distribution of the four information words into the same
      block, including the one register 50 of location 16x.
PAR  The alternative situation for storing information in a buffer location
      arises when a write request has been made, but resulted in a complete
      buffer miss. In that case, the address is applied directly from bus 13' to
      bus 65 via transfer and driver circuit 64 and store 66, and the data word
      on bus 19 from the CPU is set into the available buffer location. This
      operation is not an update operation of a buffer block location, but
      transfers from the CPU into the buffer information for a memory location
      not yet represented in the buffer. After the buffer write-in into the
      available memory location, the update flag and the presence flags are both
      set, so that this information will be transferred to memory in time.
PAR  In addition, a memory or request issues by the buffer to call on the
      remaining words for that block via 13" just as if there was a buffer miss.
      The data-in gates of the block in buffer 16 just made available by the
      gating signal from presence flip flop 60 are held open, so that the
      information on bus 82 can be gated into the block except that the
      particular data-in gate that was coupled to bus 19 is kept closed in
      response to the in block-address that was transmitted via bus 13', so that
      the particular word then provided by the memory is ignored.
PAR  It can be seen, that the operation of completing the block content in the
      buffer and of writing the one word that was furnished by the CPU to the
      one buffer location into memory can be combined so that only one memory
      cycle is needed for this two way transfer of information.
PAR  For purposes of rank counting the total miss plus write request is treated
      as a hit, causing the highest rank count to be set into bus 72 for causing
      all other rank counters to increment their respective counts by "one",
      while the count of the specific block is reset (or recycled) to zero. The
      respective gating signal for gates 71 is provided by a coincidence gate 84
      responding to the resetting of the presence flag (80=1) as well as to the
      miss, taken from control 69 because of the total miss. Additionally, the
      same signal but slightly delayed is applied as reset signal for rank
      counter 61.
PAR  The invention is not limited to the embodiments described above but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a digital, stored program computer having a random accessible memory
      and a central processing facility with an information flow path to and
      from memory, from and to the processing facility including a path for
      memory addresses to the memory and paths for other information taken from
      and to be provided to memory locations, the improvement comprising:
PA1  a random accessible buffer having a plurality of storage blocks, each block
      having a plurality of storage locations, each block further having means
      for storing addresses for identifying the locations in the block, the
      buffer upon receiving addressing signals corresponding to an address
      identifying a location in the buffer by its addressing signals providing
      access to that location, the buffer having significantly less storage
      space than the memory but significantly faster access to each of its
      location than to any memory location;
PA1  means in the buffer determining a recency of usage ranking among the blocks
      of the buffer corresponding to the respective last access request made to
      each block, to obtain a criterium used for determining availability of
      storage space;
PA1  a random accessible cache having a plurality of blocks, each block having a
      plurality of storage locations, each block further having means for
      storing addresses for identifying the locations in the block each as a
      location corresponding to an address and location in the memory and in the
      buffer as stored therein, the cache upon receiving addressing signals
      corresponding to an address identifying a location in the cache by its
      addressing signals providing access to that location, the cache having
      significantly less storage space than the buffer but significantly faster
      access to each location than the buffer;
PA1  means for establishing representation of availability of storage space in
      the cache including establishing a limit on the number of accesses to a
      cache block of the plurality.
PA1  means connecting the cache to the processing facility for transmitting to
      the address storage means in the cache memory addresses for access
      requests to locations in the cache and for purposes of reading in each
      instance the content of a location whose stored address corresponds to
      such memory address, the cache having means for transferring the content
      of a successfully accessed cache location to the processing facility;
PA1  means for causing the memory address provided by the processing facility to
      be transferred to the buffer if a corresponding location was not found in
      the cache;
PA1  means connected to the buffer for receiving the said memory address as
      transferred by the last-mentioned means and for applying such address to
      the address storage means in the buffer, for transferring the content of
      the successfully accessed buffer location having said address to the
      processing facility; or for receiving from the processing facility
      information for storage in the successfully accessed buffer location as
      defined by the address;
PA1  means for causing the memory address provided by the processing facility to
      be transferred to the memory if a corresponding location is represented
      neither in the cache nor the buffer for accessing the location, so that
      the particular memory location having said latter address provides the
      corresponding information it contains to the processing facility;
PA1  means for providing information as provided by the buffer or by the memory
      to the cache to be stored in a location of the cache determined on the
      basis of the operation of the means for establishing and including storing
      the address of such memory location in the means for storing addresses in
      the cache in association with the latter cache location to render the
      location addressible by corresponding address signals when provided by the
      processing facility;
PA1  means for providing information as provided by the memory to the buffer to
      be stored in the buffer and in a location there as determined on the basis
      of the recency of usage ranking determining means; and
PA1  means for transferring the content of a buffer location which received
      information from the processing facility, to the memory independently from
      the time of receiving such information.
NUM  2.
PAR  2. In a computer as in claim 1, including means for storing a presence bit
      field in association with each cache block used to limit access to that
      block to a predetermined number before forcing access to the block in the
      buffer having the same address.
NUM  3.
PAR  3. In a computer as in claim 1, including means in the cache responsive to
      a store access request made to the cache and involving a location
      represented in the cache, for forcing a miss in said access and for
      resetting presence field bits in each cache block to a not-presence state
      thereby causing said access instead to the buffer, to obtain updating of
      the same location in the buffer.
NUM  4.
PAR  4. In a computer as in claim 1, wherein the means in the buffer determining
      recency of usage ranking includes counter means respectively associated
      with the blocks for counting use of each block so that the least recently
      used block is available for storage.
NUM  5.
PAR  5. In a computer as in claim 1, including means for causing information
      provided by the processing unit for purposes of storage in the memory to
      be stored at first in a location of the buffer made available by the
      recency of usage determining means if the respective location is not yet
      present in the buffer, the last means providing for subsequent transfer to
      the memory.
NUM  6.
PAR  6. In a computer as in claim 1 and including a second processing facility
      with need for access to said memory, further including a second cache with
      storage blocks and means for establishing availability of storage, the
      second processing facility and second cache connected for making access
      requests to said buffer and said memory when a location is not represented
      in the second cache.
NUM  7.
PAR  7. In a computer as in claim 1, wherein each of the two means providing
      information respectively transfers the content of a block for the
      respective receiving cache or buffer, which includes the respective
      location whose content is transferred on the basis of the respective
      access request by the processor.
NUM  8.
PAR  8. In a digital, stored program computer having a central processing unit
      for handling data and instructions, a memory system comprising:
PA1  a plurality of random access memories having different access speeds and
      capacities, a memory of the plurality of relatively high access speed
      having relatively low capacity, a memory of the plurality having
      relatively lower access speed having higher capacity accordingly;
PA1  means included in each and all memories and respectively capable of
      responding to the same address signal when a location so defined is
      represented in the respective memory, and providing access to such a
      location when the respective address signal is received;
PA1  means for controlling the loading of memories of the plurality so that each
      memory of the plurality having lower capacity than at least one other
      memory of the plurality contains a subset of the information of that other
      memory of the plurality having larger capacity;
PA1  means for controlling access to the cascaded memory system, by causing an
      address signal defining a location to be applied sequentially to the means
      responding to address signals in the several memories, beginning with the
      memory of fastest access speed and seeking access to the same information
      in a memory of the plurality of lower access speed if all memories of the
      plurality of higher access speed do not contain the information sought;
      and
PA1  means connecting all memories to the central processing unit whereby the
      information demanded by the processing unit may be provided directly to
      the unit from the particular memory of the plurality of highest access
      speed of those having the information available.
NUM  9.
PAR  9. In a computer as in claim 8, wherein information taken from a memory of
      the plurality is transferred also to all memories of respective higher
      access speed.
NUM  10.
PAR  10. In a computer as in claim 9, wherein specific criteria are established
      in each memory as to availability of storage space therein, the criteria
      including the relative use of the storage space during previous access
      requests by the central processing unit.
NUM  11.
PAR  11. In a computer as in claim 8, wherein the relative access speeds of the
      memories are apart by a multiple larger than 2.
NUM  12.
PAR  12. In a computer as in claim 8, wherein the transfer of information from a
      memory of the plurality of lower access speed to a memory of the plurality
      of higher access speed involves plural information words for any
      information demanded by the central processing unit.
NUM  13.
PAR  13. In a digital, stored program computer having a random accessible memory
      and a central processing facility with an information flow path to and
      from memory, from and to the processing facility including a path for
      memory addresses to the memory and paths for other information taken from
      and to be provided to memory locations, the improvement comprising:
PA1  a random accessible buffer having a plurality of blocks, each block having
      a plurality of multi-bit storage locations, each block further having
      means for storing addresses for identifying the locations in the block
      each as a location corresponding to an address and location in the memory,
      the buffer upon receiving addressing signals corresponding to an address
      identifying a location in the buffer by its addressing signals providing
      access to that location, the buffer having significantly less storage
      space than the memory but significantly faster access to each location
      than to any memory location;
PA1  a random accessible cache having a plurality of blocks, each block having a
      plurality of multi-bit storage locations, each block further having means
      for storing addresses for identifying the locations in the block each as a
      location, corresponding to an address and locations in the memory and in
      the buffer as stored therein, the cache upon receiving addressing signals
      corresponding to an address identifying a location in the cache by its
      addressing signals providing access to that location, the cache having
      significantly less storage space than the buffer but significantly faster
      access to each location than the buffer;
PA1  means connecting the cache to the processing facility for transmitting
      first to the cache memory addresses as access requests to locations in the
      cache, for reading in each instance the content of a location whose stored
      address corresponds to such cache memory address, the cache having means
      for transferring the content of a successfully accessed cache location to
      the processing facility;
PA1  means for causing the memory address provided by the processing facility to
      be transferred to the buffer if a corresponding location was not found in
      the cache;
PA1  means connected to the buffer for receiving the said memory address as
      transferred by the last-mentioned means and for transferring the content
      of a successfully accessed buffer location to the processing facility,
      said means also capable of receiving from the processing facility
      information for storage in a successfully accessed buffer location as
      defined by the address irrespective of whether or not that location is
      also represented in the cache;
PA1  means for causing the memory address provided by the processing facility to
      be transferred to the memory if a corresponding location is not
      represented in the cache and in the buffer, so that the particular memory
      location provides information to the processing facility;
PA1  means for selectively replacing the content and address information of
      locations in the cache and in the buffer with information taken from the
      memory; and
PA1  means for transferring the content of a buffer location which received
      information from the processing facility, to the memory subsequently to
      receiving such information.
NUM  14.
PAR  14. In a computer as in claim 13 including means defining a presence field
      for each cache block for determining presence of information in the block
      but being reset to signify absence of that information if the central
      processing facility requested access to a location in that block for
      storage or if a predetermined number of accesses have been made to that
      block.
NUM  15.
PAR  15. In a computer as in claim 13, wherein the means for replacing includes
      means in the cache and means in the buffer, respectively for storing
      information provided by the memory to the processing facility, into the
      cache and into the buffer, the means in the cache being operated to store
      information in the cache as provided by the buffer to the processing
      facility, the means in the cache and the means in the buffer each
      including means for respectively rendering locations available for such
      storing.
NUM  16.
PAR  16. In a computer as in claim 15, wherein the means for replacing includes
      further means to independently transfer additional information to the
      cache and to the buffer for respectively filling a block therein, such
      information being taken from the memory or from the buffer and from
      additional addressible locations therein.
NUM  17.
PAR  17. In a computer as in claim 13, including means for establishing criteria
      for availability of storage space in the buffer to permit storage of
      information taken from the memory in a buffer block.
NUM  18.
PAR  18. In a computer as in claim 17, wherein the means for establishing
      criteria of availability of buffer space includes counter means
      respectively associated with the blocks for counting use of the respective
      block, so that a least recently used block is available for storage.
NUM  19.
PAR  19. In a digital, stored program computer having a random access memory
      system and a central processing facility with an information flow path to
      and from the memory system, from and to the processing facility including
      a path for memory addresses to the memory system and paths for other
      information taken from and to be provided to locations in the memory
      systems, the computer having additional facilities for updating the
      information in the memory system independently from the central processing
      facility, the improvement comprising:
PA1  a random accessible cache having a plurality of blocks, each block having a
      plurality of multi-bit locations, each block further having means for
      storing addresses for identifying the locations in the block each as a
      location corresponding to an address and locations in the memory system,
      the cache upon receiving addressing signals corresponding to an address
      identifying a location in the cache by its addressing signals providing
      access to that location, the cache having significantly less storage space
      than the memory system but significantly faster access to each location
      than the memory system;
PA1  first means connecting the cache to the processing facility for
      transmitting to the adress storage means in the cache memory addresses as
      access requests to locations in the cache, for reading in each instance
      the content of a location whose stored address corresponds to such memory
      address, the cache having means for transferring the content of a
      successfully accessed cache location to the processing facility;
PA1  second means for causing the memory address provided by the processing
      facility to be transferred to the memory system if a corresponding
      location is not represented in the cache, for accessing the location so
      that the particular memory location having said latter address provides
      information it contains to the processing facility;
PA1  third means for replacing the content of locations in the cache with a
      subset of information taken only from the memory by operation of the
      second means;
PA1  fourth means connected to the memory for receiving a memory address and for
      receiving from the processing facility information for storage in a memory
      location as defined by the address, independently from whether or not that
      location is represented in the cache; and
PA1  means for limiting the number of accesses to a location in the cache and
      upon indication that the limit has been reached forcing access instead to
      the corresponding location in the memory system by operation of the first
      means.
NUM  20.
PAR  20. In a computer as in claim 19, the means for limiting including means
      defining a presence field for each cache block for signifying presence of
      information in the block but being reset to signify absence of that
      information if the central processing facility requested access to a
      location in that block for storage or if a predetermined limit of number
      of accesses have been made to that block.
NUM  21.
PAR  21. In a digital, stored program computer having a random access memory, a
      central processing facility and additional processing facilities each
      having information flow paths to and from memory, including a path for
      memory addresses to the memory and paths for other information taken from
      and to be provided to memory locations, further including a port system
      for controlling access to the memory, the processing facilities connected
      to the port system for seeking access to the memory independently from one
      another, the improvement comprising:
PA1  a random accessible buffer located between the memory and the port system
      and having a plurality of blocks, each block having a plurality of
      locations, each block further having means for storing addresses for
      identifying the locations in the block each as a location corresponding to
      an address and location in the memory, the buffer upon receiving
      addressing signals corresponding to an address identifying a location in
      the buffer by its addressing signals providing access to that location,
      the buffer having significantly less storage space than the memory but
      significantly faster access to each location than to any memory location;
PA1  first means for causing a memory address provided by either of the
      processing facilities to be transferred to the buffer through the port;
PA1  second means connected to the buffer for receiving the said memory address
      as transferred by the last-mentioned means and for transferring the
      content of a successfully accessed buffer location to the respective
      processing facility, or for receiving from the respective processing
      facility information for storage in a successfully accessed buffer
      location as defined by the address;
PA1  third means for causing the memory address provided by the processing
      facility for a demand of information from the location identified by that
      address to be transferred to the memory if a corresponding location is not
      represented in the buffer, so that the particular memory location provides
      information to the respective processing facility;
PA1  fourth means for updating the content of a group of locations in the buffer
      with information taken from the memory when provided by the buffer to the
      respective processing facility by the third means; and
PA1  means for transferring the content of a buffer location which received
      information from the processing facility, to the memory independently from
      the time of receiving such information.
NUM  22.
PAR  22. In a computer as in claim 21 and including between at least one of the
      facilities and the port system,
PA1  a random accessible cache having a plurality of blocks, each block having a
      plurality of multi-bit locations, each block further having means for
      storing addresses for identifying the locations in the block each as a
      location corresponding to an address and locations in the memory system,
      the cache upon receiving addressing signals corresponding to an address
      identifying a location in the cache by its addressing signals providing
      access to that location, the cache having significantly less storage space
      than the memory system but significantly faster access to each location
      than the memory system;
PA1  first means connecting the cache to the processing facility for
      transmitting to the address storage means in the cache memory addresses as
      access requests to locations in the cache for reading in each instance the
      content of a location whose stored address corresponds to such memory
      address, the cache having means for transferring the content of a
      successfully accessed cache location to the processing facility; and
PA1  second means for causing the memory address provided by the processing
      facility to be transferred to the port system if a corresponding location
      is not represented in the cache for accessing the location in the cache
      for accessing the location in the memory or in the buffer so that the
      particular memory location in the memory or in the buffer having the
      latter address provides information it contains to the processing
      facility, a memory address for accessing a location for purposes of
      storing information provided by the respective processor bypassing the
      cache without access attempt and being applied to the port system.
NUM  23.
PAR  23. In a computer as in claim 21, including means for establishing criteria
      for availability of storage space in the buffer to permit storage of
      information taken from the memory in a buffer block.
NUM  24.
PAR  24. In a computer as in claim 17, wherein the means for establishing
      criteria of availability of buffer space includes counter means
      respectively associated with the blocks for counting use of the respective
      block, so that a least recently used block is determined available for
      storage.
NUM  25.
PAR  25. In a digital, stored program computer having a random accessible memory
      and a central processing facility with an information flow path to and
      from memory, from and to the processing facility including a path for
      memory addresses to the memory and paths for other information taken from
      and to be provided to memory locations, the improvement comprising:
PA1  a random accessible buffer having a plurality of storage blocks, each block
      having a plurality of storage locations, each block further having means
      for storing addresses for identifying the locations in the block each as a
      location corresponding to an address and location in the memory, the
      buffer upon receiving addressing signals corresponding to an address
      identifying a location in the buffer by its addressing signals providing
      access to that location, the buffer having significantly less storage
      space than the memory but significantly faster access to each of its
      location than to any memory location;
PA1  a random accessible cache having a plurality of blocks, each block having a
      plurality of storage locations, each block further having means for
      storing addresses for identifying the locations in the block each as a
      location corresponding to an address and location in the memory and in the
      buffer as stored therein, the cache upon receiving addressing signals
      corresponding to an address identifying a location in the cache by its
      addressing signals providing access to that location, the cache having
      significantly less storage space than the buffer but significantly faster
      access to each location than the buffer;
PA1  means connecting the cache to the processing facility for transmitting to
      the address storage means in the cache memory addresses for access request
      to locations in the cache and for purposes of reading in each instance the
      content of a location whose stored address corresponds to such memory
      address, the cache having means for transferring the content of a
      successfully accessed cache location to the processing facility;
PA1  means for causing the memory address provided by the processing facility to
      be transferred to the buffer if a corresponding location was not found in
      the cache;
PA1  means connected to the buffer for receiving the said memory address as
      transferred by the last-mentioned means and for applying such address to
      the address storage means in the buffer, for transferring the content of a
      successfully accessed buffer location having said address to the
      processing facility; or for receiving from the processing facility
      information for storage in a successfully accessed buffer location as
      defined by the address if represented in the buffer, a buffer location
      being made available for storage of the received information including
      storage of the respectively associated address;
PA1  means for causing the memory address provided by the processing facility to
      be transferred to the memory if a corresponding location is represented
      neither in the cache nor the buffer for accessing the location, so that
      the particular memory location having said latter address provides
      information it contains to the processing facility;
PA1  first and second means for establishing representation of availability of
      storage space respectively in the cache and in the buffer on the basis of
      frequency of usage and access to locations therein;
PA1  means for providing information related to a location as provided by the
      buffer or by the memory together with information related to additional
      locations, to the cache to be stored in a block of locations of the cache
      determined on the basis of the operation of the first means for
      establishing, and including storing the address of such memory locations
      in the means for storing addresses in the cache in association with the
      latter cache locations to render each of the locations in that block
      addressible by corresponding address signals when provided by the
      processing facility; and
PA1  means for providing information of a location as provided by the memory to
      the buffer to be stored in the buffer together with additional information
      for a buffer block and in locations therein as determined on the basis of
      the operation of the second means for establishing for storing an
      addressible block in the buffer accordingly.
NUM  26.
PAR  26. In a digital, stored program computer having a random access memory, a
      central processing facility and additional processing facilities each
      having information flow paths to and from memory, from and to the
      processing facilities including a path for memory addresses to the memory
      and paths for other information taken from and to be provided to memory
      locations, further including a port system for controlling access to the
      memory, the processing facilities connected to the port system for seeking
      access to the memory independently from one another, the improvement
      comprising:
PA1  a random accessible buffer located between the memory and the port system
      and having a plurality of blocks, each block having a plurality of
      locations, each block further having means for storing addresses for
      identifying the locations in the block each as a location corresponding to
      an address and location in the memory, the buffer upon receiving
      addressing signals corresponding to an address identifying a location in
      the buffer by its addressing signals providing access to that location,
      the buffer having significantly less storage space than the memory but
      significantly faster access to each location than to any memory location;
PA1  first means for causing a memory address provided by either of the
      processing facilities to be transferred to the buffer through the port;
PA1  second means connected to the buffer for receiving the said memory address
      as transferred by the lastmentioned means and for transferring the content
      of a successfully accessed buffer location to the respective processing
      facility;
PA1  third means for receiving from the respective processing facility
      information for storage in an address independently of whether or not the
      location so identified is represented in the buffer;
PA1  fourth means for causing information as received by the third means to be
      stored in the buffer in the location identified by the address in the
      buffer or if not present, in a location elsewhere in the memory system
      subsequently identified by that address;
PA1  fifth means for causing the memory address provided by the processing
      facility for a demand of information from the location identified by that
      address to be transferred to the memory if a corresponding location is not
      represented in the buffer, so that the particular memory location provides
      information to the respective processing facility;
PA1  sixth means for replacing the content of locations in the buffer with a
      subset of information taken from the memory when provided to the
      respective processing facility by the third means; and
PA1  means for transferring the content of a buffer location which received
      information from the processing facility, to the memory subsequently to
      the time of receiving such information.
NUM  27.
PAR  27. In a computer as in claim 26, and including a random accessible cache
      having a plurality of individually addressible locations including address
      storage means for replacing the address for a location by another one, the
      cache disposed between one of the processing facilities and the port
      system and receiving memory access requests from that processing facility
      for reading the content of a memory location, prior to transfer of that
      request to the port system;
PA1  means for transferring an access request from the processing facility to
      the port system if the access in the cache was unsuccessfull;
PA1  means for storing together with the memory address information as received
      by operation of the second means or of the fifth means; and
PA1  means in the cache to render a location available for storage on the basis
      of frequency of usage of any location therein.
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ABST
PAL  A microprogrammable data processor comprising a generalized three-bus
      archictecture wherein the functional processing elements are connected
      between the busses by means of tri-state logic elements which allow the
      elements to selectively drive, receive from, or present a high impedance
      to the busses under control of a microprogram. The device includes an
      input-output system in which the input/output device may have access to
      all three busses, two for data and for address inputs and the third for
      receiving output data. The busses may be multifunction busses for carrying
      either data or address signals.
PAL  The device utilizes a single phase clock and performs operations in a
      highly parallel manner.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to microprocessors and particularly to input/output
      devices for providing data and/or address information to and receiving
      output information from a digital data processing device.
PAR  2. Description of the Prior Art
PAR  Input/Output devices generally communicate with processing units over an
      input/output bus over which is carried data and control signals for
      utilization and operation of the respective devices Ordinarily, data and
      control information is carried upon separate buses or connecting lines and
      such control and data signals are usually terminated in a fixed control
      element or data register within the central processor.
PAC  SUMMARY OF THE INVENTION
PAR  According to instant invention, an input/output device is connected to a
      central processor by means of three buses. One is primarily used to
      transmit input data to the processor, a second is primarily used to
      transmit an address of an addressable element within the central
      processor, and the third to receive output data from the central
      processor. The instant invention provides a structure which is extremely
      flexible in that the bus normally used for addressing an addressable
      element within the processor may also be used to carry data, and neither
      of the input buses is terminated at a specified location. For example,
      data can be applied over both of the input buses, be operated upon in an
      arithmetic and logic unit, and then outputted to the input/output device
      on the third bus. Alternatively, the first bus may carry an address of a
      memory or register element which is addressable, and the second bus may
      carry data to be placed in the addressable element. Further, the address
      bus may provide an address of an addressable element within the processor
      from which information may be extracted and placed on the output bus.
PAR  An object of the invention is to provide a processor in which memory
      operations are performed in a parallel mode.
PAR  A further object of the invention is to provide a processor in which Read
      Only Memory operations are performed in a parallel mode.
PAR  A still further object of the invention is to provide a processor with a
      single-phase fixed clock system.
PAR  A further object of the invention is to provide a processor with a double
      interrupt system for both multiplexed and high speed data transfer for
      real time operation.
PAR  A further object is to provide a microprocessor in which the control memory
      can branch from one program segment to another without losing a machine
      cycle time of the single phase clock.
PAR  Another object of the invention is to provide a processor capable of
      extended or relative addressing of control or main memory in a single
      machine cycle time.
PAR  A still further object of the invention is to provide a processor in which
      the clock is single phase and controllable by the user to allow connection
      of peripheral devices of varying speeds.
DRWD
PAR  These and other objects, features, and advantages of the invention will
      become more apparent when the following description is read in conjunction
      with the drawings, in which:
PAR  FIG. 1 is an overall block diagram of the processor of the instant
      invention.
PAR  FIG. 2 is a block diagram of the Micro Address Generator portion of the
      processor.
PAR  FIG. 3 is a block diagram of the Microinstruction Processing portion of the
      processor of the instant invention.
PAR  FIG. 4 is a block diagram of the Arithmetic and Logic Unit and General
      Register Portion of the processor.
PAR  FIG. 5 is a diagram showing the information flow of the processor from a
      general register through a function block and back to a general register.
PAR  FIG. 6 is a diagram of an alternate information flow path.
PAR  FIG. 7 is a diagram of a third information flow path wherein an IO register
      is a source and either an IO or general register is the destination.
PAR  FIG. 8 is a block diagram of the Interrupt flow of the processor.
PAR  FIG. 9 is a diagram showing the locations of the micro fields in a
      microinstruction used by the device of the instant invention.
PAR  FIG. 10 is a timing diagram showing the interrupt timing of the processor.
PAR  FIG. 11 is a table describing the functions of the ALU Select field of a
      microinstruction.
PAR  FIG. 12 is a table showing bit position assignments of the B Bus.
PAR  FIG. 13 is a table describing the Microprogramming of Bus sources.
PAR  FIG. 14 is a table showing Word/Byte operation of the device.
PAR  FIG. 15 is a table showing the relative addressing feature of the device as
      represented in a microinstruction.
PAR  FIG. 16 is a Timing diagram of the basic single phase clock and system
      clock.
PAR  FIG. 17 is a logic block diagram of the address decoding logic for the
      processor's IO and interrupt system.
PAR  FIG. 18 is a timing diagram of A Bus and B Bus timing.
PAR  FIG. 19 is a timing diagram of the C Bus timing.
PAR  FIG. 20 is a timing diagram of a typical multiplexed IO interrupt.
PAR  FIG. 21 is a block diagram of IO modules in a multiplexed IO interrupt
      priority string.
PAR  FIG. 22 is a logic block diagram of the IO interrupt request logic of the
      device of the invention.
PAR  FIG. 23 is a logic block diagram of the IO device address to A Bus logic.
PAR  FIG. 24 is a block diagram of an External Condition Logic Circuit.
PAR  FIG. 25 is a timing diagram of External Condition timing.
PAR  FIG. 26 is a block diagram of the Fast Interrupt Request and Response
      to/from the processor.
PAR  FIG. 27 is the Fast Interrupt timing diagram for a Single Data Transfer.
PAR  FIG. 28 is a Fast Interrupt timing diagram for a Multiple Data transfer.
PAR  FIG. 29 is a block diagram showing essential elements of DMA.
PAR  FIG. 30 is a block diagram of a Multidevice Mode arrangement of processors
      according to the invention.
PAR  FIG. 31 is a block diagram of Priority Control Logic of the device.
PAR  FIG. 32 is a block diagram of Request Control Logic.
PAR  FIG. 33 is a logic block diagram of the B Bus Control Logic.
PAR  FIG. 34 is a timing diagram of the Fast Interrupt Priority Control of the
      device.
PAR  FIG. 35 is a block diagram of the IO Bus of the processor according to the
      invention.
PAR  FIG. 36 is a block diagram showing the IO Enable Control logic.
PAR  FIG. 37 is a timing diagram of the IO Active signal.
PAR  FIG. 38 is a block diagram of the Multiplexer IO Interrupt.
PAR  FIG. 39 is a timing diagram of a Multiplexed IO Interrupt.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In a preferred embodiment, a microprogrammed data processor may consist of
      a device organized in a generalized three-bus structure where the
      functional processing units are interconnected between operative buses by
      means of tri-state logic.
PAR  Tri-state logic allows each unit to either drive, receive from, or present
      a high impedance to the buses under control of a microcontrol register.
PAR  FIG. 1 shows such an arrangement wherein the A bus, B bus and C bus are
      shown at 1, 2 and 3 respectively. Connecting the A bus 1 and the C bus 3
      are a set of input/output registers 4 which are additionally connected to
      an input/output bus 6 by means of a register bus selection multiplexer 8.
      A set of general registers 10 is connected by means of their input to the
      C bus and by means of their output to the A and B buses. As shown in FIG.
      1, the general registers may be 16 bits wide, with the most significant 8
      bit appearing on the left side of the diagram and the least significant 8
      bit appearing on the right side thereof. It is possible to utilize a block
      of 8 bit registers (using only the least significant 8 bits) by means of a
      two to one multiplexer 12 which would divide the C bus' 16 bits into two 8
      bit segments. Likewise, although the diagram indicates only the least
      significant 8 bit segment connected to the A bus and B bus, with the
      optional most significant 8 bit register block the resulting 16 bit words
      may be directly placed on the A bus or B bus. Also shown associated with
      the general register block is an adder 14 connected between the B bus and
      the two to one multiplexer 12. The adder 14 allows an arithmetic operation
      to be performed upon data as it is being passed through the general
      register block from, for example, the B bus to the A bus. A translator 15
      allows the storage of microinstruction sets corresponding to the
      macroinstruction instruction set of a computer to be emulated.
PAR  A main memory and scratch pad memory 16 and 18, respectively, are shown
      connected such as to receive data from the A bus and an address from the B
      bus. The memory output is directed to the C bus 3. The scratch pad memory
      18 may be used for intermediate storage beyond the limits of the 8 general
      registers or for other purposes to be described later. The main memory can
      be used to store data, results, microinstructions awaiting transfer to a
      variable control memory, or microinstructions if the device is being used
      in an emulation mode to emulate the macroinstruction set of another data
      processing machine.
PAR  The microcontrol elements of the device include the micro-address register
      20, the control memory 22 which may comprise a read-only memory and/or a
      random access memory, and the microcontrol register 24 which holds the
      current microinstruction while it is being executed. Also associated with
      the microcontrol elements are a series of multiplexers 26, 28, 30, 32, 34
      and 36. The multiplexers are used primarily for translating between
      various address/data information bit widths. A push stack 38 and a stack
      pointer counter 40 also associated with the microcontrol elements and
      their functions will be described later. Similarly, decoder 42 will be
      described in conjunction with the description of the microcontrol register
      contents.
PAR  An arithmetic and logic unit 44 with its associated input and output
      multiplexers 46 and 48, respectively, is capable of performing, in a
      preferred embodiment, 32 arithmetic or 16 logical operations, taking its
      two operands from the A bus and B bus and placing the results on the C
      bus.
PAR  In very general terms, the operation of the machine is such that a 32-bit
      microinstruction is divided into a number of fields which control all the
      operations of the machine. For example, the microinstruction determines
      the source of data for the A bus and B bus, whether it is to be an
      input/output interface or a general register. It determines the function
      to be performed in the arithmetic and logic unit on data from the A bus
      and B bus, and it further determines that data from the A bus is to be
      stored in scratch pad/main memory at an address contained on the B bus.
      Complete definition of the microinstructions fields will be provided later
      in this specification.
PAR  It is apparent, from a view of FIG. 1, that the microinstructions can
      direct the flow of data through a variety of paths. Incoming data from the
      input/output bus, for example, can be routed directly to scratch pads/main
      memory or can be first operated on in the arithmetic and logic unit 44.
      Results from the ALU 44 can be transmitted immediately by an input/output
      register 4 to the input/output bus 6 or can instead be held in a general
      register 10 pending further manipulation within the machine. Similarly,
      information from scratch pad/main memory (18, 16) can be routed to the
      input/output bus 6 or to a general register 10.
PAR  The general registers 10 may be used to buffer data between the C bus 3 and
      the A bus 1 or B bus 2 for further processing or storage within the
      machine. Similarly, the ALU 44 can be used as a path to move data
      unchanged from the A bus 1 or B bus 2 to the C bus 3.
PAR  Thus, multiple fields enable the microinstruction to control a number of
      operations and address civil locations simultaneously. A tightly packed
      microinstruction provides parallel processing and results in efficient
      machine utilization. It is apparent that, although not specifically shown
      in FIG. 1 for purposes of clarity of description, a plurality of control
      paths exist from the microcontrol register 24 to each of the devices which
      has access to one or more of the buses.
PAR  It may also be noted that the generalized three-bus architeture of the
      device makes it possible to add functions as the needs arise, such as, a
      high-speed multiply/divide, square root, trigmetric functions, and code
      conversions. The addition of a translator 15, together with an emulation
      microprogram in the control memory permits the device to emulate a
      computer instruction set.
PAC  System Organization
PAR  Three types of information are existant within the system. The basic
      element of information is a 16-bit word in which the bit positions are
      numbered from 0 through 15 as follows:
TBL  ______________________________________                                    
     Byte 0           Byte 1                                                   
     ______________________________________                                    
     0 1 2 3 .vertline.4 5 6 7                                                 
                      0 1 2 3 .vertline.4 5 6 7                                
     ______________________________________                                    
PAR  The binary information in the system is generally expressed in hexidecimal
      notation because four binary digits of information can be expressed by a
      single hexidecimal digit. Thus, a byte can be expressed with a string of
      two hexidecimal digits, a word with a string of four hexidecimal digits,
      and a double word with a string of eight hexidecimal digits. For purposes
      of this disclosure, a hexidecimal number is displayed as a string of
      hexidecimal digits surrounded by single quotation marks and preceeded by
      the letter X. For example, the binary number 01011010 is expressed in
      hexidecimal notation as X 5A. Hexidecimal numbers are generally used to
      denote addresses and data values. There are instances, however, in which
      decimals numbers are more meaningful or are customary. Also, for purposes
      of this disclosure, fixed-point data is expressed in two's complement
      notation consisting of a 15-bit integer and a sign bit in the 0 position.
      Logical operations assume that a logical data word format consisting of 16
      bits without sign, is used.
PAR  A second class of information within the system is the micro-address. The
      micro-address is 12 bits, capable of addressing up to 4,096 control memory
      locations. The micro-address register (MAR) 20, push stack 38, and related
      gating operations are on a 12-bit basis when a micro-address is routed
      over one of the three buses 1, 2, 3, it occupies the least significant 12
      positions of the 16 bit positions of each bus.
PAR  The third class of information in the system is the microinstruction, 32
      bits in length. The control memory 22 and the microcontrol register (MCR)
      24 both operate on a 32-bit basis. When a microinstruction is routed over
      one of the buses, it is handled into 16-bit sections. The flow of
      information within the device may be described in four categories called a
      micro-address, microinstructions, data, and interrupt.
PAR  The basic microinstruction format is a 32-bit format subdivided into 11
      micro-operational fields (micro OP fields) as shown below. This format
      will be extensively discussed in a later following section of this
      specification.
TBL  __________________________________________________________________________
     0                                                           31            
     __________________________________________________________________________
                A                                                              
     IO    RA   L    RB   A Bus B Bus C Bus/                                   
                                            Branch                             
                                                  Mult. Mult. Mult.            
     Mode  Select                                                              
                U    Select                                                    
                          Cont. Cont. Regist.                                  
                                            Cont. uOP   uOP   uOP              
                Mode                  Cont.       Fld. 1                       
                                                        Fld.                   
                                                              Fld.             
     __________________________________________________________________________
                                                              3                
PAL  The micro-address information flow is shown generally in FIG. 2. Various
      elemental blocks are numbered to coincide with the numbers originally
      given in FIG. 1. Note the addition, however, of a clock control device 50
      which is shown as driving the MAR 20. Although the clock control is shown
      for only the one element 20, the equivalent clock function is assumed to
      be applied in functional relation to all blocks in which the symbol .phi.
      appears.
PAR  The micro-addresses are normally held in the MAR 20. From here they are
      applied at .phi. at the 4:1 memory address multiplexer 28 to select the
      control memory location in which a microinstruction is stored. The
      micro-address in the MAR 20 can be changed in two ways:
PAR  1. Incremented to the next micro-address by the clock.
PAR  2. Jumped to another micro-address supplied from the C bus.
PAL  It should be noted that, for the purposes of the remainder of this
      specification, where a slant line with a number immediately thereunder is
      associated with a line on any of the figures, the number indicates the
      number of wires connecting the associated elements. For example, between
      the C bus and the micro-address register 20 a 12-wire cable is the
      connective element.
PAR  The micro-address applied to control memory 22 can be multiplexed from 3
      sources in addition to the micro-address register: A bus, B bus, and
      interrupt logic. The interrupt logic 52 generates micro-address
      corresponding to each interrupt.
PAR  When an immediate address is used and it is desired merely to increment the
      micro-address register 20, bits 20 through 31 from the microcontrol
      register 24 are used directly as the next micro-address. At the same time,
      this immediate address is routed via bus A through the arithmetic and
      logic unit (ALU) 44 with a one added thereto. The result is presented via
      the C bus to the input of the MAR 20. The next system clock will cause
      this value to be put into the MAR 20 allowing continuous simultaneous
      fetch/execute cycles through the system. Relative micro-addressing will be
      discussed in some detail later in this specification.
PAR  The current micro-address in the MAR 20 can be stored in the push-stack 38
      and replaced with a micro-address from the C bus 3. Also, the
      micro-address from the push stack 38 can be routed by the C bus 3 to the
      micro-address register 20. At the same time the micro-address is stored in
      the push stack, 6 status bits are entered into the push stack.
PAC  Instruction Flow
PAR  The microinstructions are stored in control memory. In the instant
      embodiment, two types of control memory are shown, a read only memory 22
      and a random access memory 23. It is also within the scope of the
      invention to provide additional types of control memory such as an
      electrically alterable memory. In addition, a separate memory may be
      provided to perform such functions as diagnostics and field varification.
PAR  Micro-instruction processing is diagrammed in FIG. 3. When addressed by a
      micro-address, a microinstruction is transferred from control memory 22 or
      23 via a 2 to 1 multiplexer 32 to the microcontrol register MCR 24. A
      microinstruction can also reach the MCR 24 from a maintenance control
      panel via the C bus 3 and its associated 2 to 1 multiplexer 30 in 2 16-bit
      increment.
PAR  In the case of the random access type control memory 23, a new
      microinstruction can be written into the location addressed by the
      micro-address. The new microinstruction is obtained in two 16-bit
      increments from the A bus 1 over the 16-bit line shown in FIG. 3. A
      microinstruction can be read out from any type of control memory via a two
      to one multiplexer 30 in two 16-bit increments to the C bus 3.
PAR  From the MCR 24, the microinstruction is decoded to provide control signals
      that direct the flow of data through the system as well be detailed later.
      The last 12 bits of the microinstruction, when used as an immediate
      micro-address are placed on the A bus 1 by means of the 12-bit line shown
      in FIG. 3. Similarly, the last 8 bits of the microinstruction, when used
      as an Emit field (to be discussed later) are placed on the B bus 2. The
      three bits defining the bit switch/position are decoded in decoder 42 and
      placed on the B bus.
PAR  With respect to timing, the first microinstruction is read from the control
      memory 22, 23. When this microinstruction is clocked into the MCR 24, the
      incrementor (ALU 44) is activated causing the MAR 24 to be incremented to
      MAR+1.
PAR  Since there are no phases in the clock of the device, this new address is
      immediately presented to the control memory 22 which reads the next
      microinstruction to the input of the MCR 24. The next clock will save the
      datum result input to the MCR 22 to the new microinstruction that was
      waiting and increment the MAR to MAR+1. This process continues until a
      micro-address other than a sequential sequence is needed.
PAC  Data Flow
PAR  Data flows through a number of paths and registers including the arithmetic
      and logic unit ALU 44, general registers 10, input/output modules of
      various kinds 4, scratch pad 18, main memory 16, and instruction
      translator 15 if such a device is used to provide emulation of computer
      macroinstructions.
PAC  Arithmetic and Logic Unit (ALU)
PAR  The ALU 44 accepts a byte or word from the A bus and B bus, performs
      arithmetic or logic operations on the two operands and outputs the results
      through a rotat/byte select logic 48 to the C bus 3 as shown in FIG. 4.
      Operand word or byte selection, operations selection, and output shift or
      byte select are all specified by control signals derived from the
      microinstruction to be described later.
PAR  The input byte select gate 46a, 46b applies both bytes, the left byte, or
      right byte, from the A bus to the A operand or from the B bus to the B
      operand.
PAR  The arithmetic or logic operations is specified by the mode signal M (shown
      above as the first of the 11 microoperational fields). One of 16
      arithmetical and logic operations is selected by the four select lines
      (shown as the second and fourth microoperational fields of the diagram).
      Carry in, Cn, adds "one" the results.
PAR  The ALU result can be shifted left or right one bit or transferred direct
      to the C bus. Also, the right byte of the results can be placed in the
      left byte of the C bus.
PAC  General Registers
PAR  The general registers 10 provide a source for the A bus 1 and B bus 2 and
      the destination for the C bus 3, as shown in FIG. 4. For example, the A
      and B operands for the ALU 44 can be taken from general registers 10 and
      the ALU results can be stored in a general register.
PAR  Additionally, one can be added to or subtracted from the value on the B bus
      and the result stored in one of the general registers. This function is
      performed by the add/subtract one function 14 connected from the B bus
      through the 2 to 1 multiplexer 12 through a one to eight demultiplexer and
      ultimately applied to the general register 10.
PAC  Status
PAR  Four of the six status bit to the ALU 44 are derived from arithmetic
      operations, as defined below.
PAR  Carry: In word operation, the carry-out from the most significant bit of
      the ALU (Bit 0) or, in byte operation, the carry-out from the most
      significant bit of the byte (bit 8).
PAR  Overflow: An arithmetic operation on A and B operands results in a number
      greater than the largest number that can be processed in the space
      specified (word or byte). For example, in addition, overflow occurs if the
      sum of two positive numbers is negative or the sum of two negative numbers
      is positive, using two's complement format. Similarly, in subtraction,
      overflow results if the subtraction of a negative number from a positive
      number gives a negative number or if the subtraction of a positive from a
      negative number gives a positive number. The overflow is indicated as a
      status bit in register 62.
PAR  C bus equals 0: All bits of the C bus are 0. This status bit is carried in
      register 60.
PAR  Sign: In word operation, the most significant bit of the word (bit 0) or,
      in byte operation, the most significant bit of the byte (bit 8). This
      status is carried in register 58.
PAR  Control Mode: A command decoded from the microinstructions sets and resets
      this bit. It is used for additional control of an optional function such
      as a macroinstruction translator. This register is not diagramed in FIG.
      4.
PAC  Input/Output
PAR  Input/output modules 4 may be of various types to handle various modules
      such as a teletype or paper tape. In general, the modules perform
      functions of the following types:
PAR  1. Accept incoming data and place it on the A bus.
PAR  2. Transfer outgoing data from the C bus to the output.
PAR  3. Accept multiplexed general interrupts and place their identification on
      the A bus.
PAR  The input/output will be extensively discussed in a latter portion of this
      specification.
PAC  Scratch Pads/Main Memory
PAR  Referring to FIG. 1, data is written from the A bus into the scratch pad
      18, main memory 16, at the location addressed by the B bus. Data is read
      to the C bus 3 from the scratch pad 18, main memory 16 location addressed
      by the B bus.
PAC  Translator
PAR  The translator 15 enables the device to emulate a computer instruction set.
      This provides the means for translating a macroinstruction, taken from the
      C bus into a micro-address .phi., placed on the A bus, that accessed the
      first of a series of microinstructions in control memory 22 to implement
      the macroinstruction. Moreover, in the case of a macroinstruction
      containing an argument field, such as the address field used in
      calculating direct or indirect memory locations, the translator transfers
      the argument field to the B bus.
PAC  Maintenance Control Panel
PAR  The maintenance control panel (not shown) provides controls and indicators
      that display the current status of the machine and make changes in that
      status. The controls permit 16 data bits to be placed on the C bus, in the
      microcontrol register, or (12 bits) in the micro-address register.
      Interrupt and status bits are displayed continuously. Register or bus
      contents can be displayed one at a time. The maintenance control panel
      will be further defined in detail in a later section.
PAC  Information Flow: Summary
PAR  Information flow is the path which data takes from a general register
      through some function lock back to a general register. A simplified view
      of this flow is shown in FIG. 5.
PAR  The first level of gating (multiplexers 56) selects which register is to be
      gated to the source buses A and B.
PAR  The second level of gating (byte select gates 46a, 46b,) selects which byte
      on the A and B buses is to be presented to the ALU 44 to have some
      function performed.
PAR  The third level of gating (shift/byte select 48) selects whether the output
      of the ALU 44 is to be logically shifted left or right one bit position
      and/or if the right byte should be moved to the left byte of the C bus
      (destination bus).
PAR  Adding to this information flow is an alternate path that data may take
      instead of through the ALU function logic. This alternate path is shown in
      FIG. 6.
PAR  In FIG. 6, the first level of gating (multiplexers 56) select which
      register is to be used as the data register (A and C buses) and which
      register is to be used as the memory address register (B bus).
PAR  The second level of gating and the third level of gating are both disabled
      (disconnected through the used of the tri-state logic previously
      discussed) so that the output of the main memory can be connected directly
      to the C bus (register destination bus).
PAR  The third information path allowed is shown in FIG. 7. The first level of
      gating for the A bus (multiplexers 56) select, instead of a general
      register 10 as its source, an IO register 4 to be gated onto the A bus.
      The first level of gating for the B bus is free to select a general
      register to be gated to the B bus.
PAR  The data flow can then be routed to the main memory 16 through the ALU 44
      back to either the IO register 4 or general register 10 or from the main
      memory 16 to the IO register 4. The third level of gating 48 is used only
      when the ALU function is active.
PAC  Interrupt Flow
PAR  Seven interrupt lines originate in various parts of the system, as shown in
      FIG. 8, all of which terminate at an interrupt register 70 when one or
      more of the interrupt flip-flops is set, the micro-address of the
      interrupt that has the highest priority is applied through the interrupt
      micro-address and coder 52 to the memory address multiplexer 28 which then
      addressed the control memory 22. The interrupts are diagramed in FIG. 8 in
      order of priority from X 4 to X A. Each microaddress points to a
      microinstruction specified by the system programmer initiating a procedure
      that responds to that interrupt.
PAR  The contents of the interrupt register may be displayed on a maintenance
      control panel 66.
PAR  The interrupts form the following functions:
PAR  Power Off: A logic signal from the power supply that indicates loss of
      input power which in a short period of time after input power has dropped.
      Power supply may be designed such that there is sufficient storage in the
      power supply such that the voltage does not go out of regulation until
      some period of time beyond that which the interrupt is activated.
PAR  Power On: A logic signal from the power supply that indicates the power is
      on.
PAR  Fast Interrupt One: A logic signal from the input/output interface 4
      directly to the interrupt register and used primarily for high-speed data
      transfers to/from user logic via the IO interface 4 from/to scratch
      pad/main memory 16, 18. The interrupt register returns a hardware response
      to the IO interface.
PAR  Fast Interrupt Two: The same as fast interrupt one, except of lower
      priority. One of the fast interrupts may be used to input data while the
      other is used to output data. The fast interrupts will be described in
      details in the later section:
PAR  Input/Output: A logic signal that indicates that a multiplexed input/output
      interrupt is pending on one or more of the input/output interfaces. In
      response to the signal, the system programmer requests the highest
      priority I/O module 4 with an interrupt pending to put its address on the
      A bus.
PAR  Error: A logic signal that indicates a parity error has occured in control
      memory, scratch pad or main memory.
PAR  Auto Load: A switch signal from the maintenance control panel used to
      indicate an automatic loading routine. This signal defects a trap to
      control memory location as a function of whether the system is on or off.
      This may also be used as a console interrupt.
PAC  MICROINSTRUCTION REPERTIORE
PAR  This section describes the actions that results from each microoperations
      code at each field of the microinstruction.
PAR  As earlier discussed, the microinstruction consists of 32 bits, divided
      into a number of single-purpose and multi-purpose shields. FIG. 9 shows
      the possible combinations of fields in a single 32 microinstruction. As
      can be seen from the figure, up to 11 fields may be defined in a single
      microinstruction. These fields are decoded the microinstruction decoder
      42, (FIG. 1) to provide control signals for all other elements of the
      system. The microprogram is stored in control memory 22. During the
      execution of a particular microinstruction, that microinstruction is held
      in the microcontrol register MCR 24.
PAR  The configuration shown in FIG. 9 may be sumarized in the following
      statements:
TBL  Bus,                                                                      
     A(0-15)           A Bus                                                   
     A(0-7)            Left Byte, A Bus                                        
     A(8-15)           Right Byte, A Bus                                       
     B(0-15)           B Bus                                                   
     B(0-7)            Left Byte, B Bus                                        
     B(8-15)           Right Byte, B Bus                                       
     C(0-15)           C Bus                                                   
     C(0-7)            Left Byte, C Bus                                        
     C(8-15)           Right Byte, C Bus                                       
     IO(0-15)          Input/Output Bus                                        
     IO(0-7)           Left Byte, IO Bus                                       
     IO(8-15)          Right Byte, IO Bus                                      
     Register,                                                                 
     IORn(0-15)        Input/Output Register 0 - 7                             
     GRn(0-15)         General Register 0 - 7                                  
     MAR(0-11)         Micro Address Register                                  
     MCR(0-31)         Micro Control Register                                  
     IR(0-6)           Interrupt Register                                      
     SR(0-6)           Status Register                                         
     PSn(0-17)         Push Stack 0 - 15                                       
     T(0-15)           Translator                                              
     Memory,                                                                   
     Control Memory, CM-RAM(MAM)                                               
                       = CM(0-1024, 0-31)                                      
     CM-ROM(MAM)       = CM(0-4096, 0-31)                                      
     CM-EARDM(MAM) = CM(0-4096, 0-31)                                          
     Field Verification, FV(MAM)                                               
                       = CM(x`FOO`-x`FFF`, 0-31)                               
     Scratch Pad, SP(B)                                                        
                       = SP(0-1024, 0-15)                                      
     Main Memory, MM(B)                                                        
                       = MM(0-65,536, 0-15)                                    
     Clock, Phi or .phi.                                                       
                        One-phase clock (one clock                             
                        dropped for main memory accesses)                      
     Other Terms:                                                              
     ALU               Arithmetic Logic Unit                                   
     ALU-A             A operand inputs to ALU                                 
     ALU-B             B operand inputs to ALU                                 
     ALUM              ALU Mode                                                
     ARG               Argument from Translator                                
     Cn                Carry-in to ALU                                         
     DA                Device Address                                          
     I                 Interrupt                                               
     IOI               Input/Output Interrupt                                  
     IOM               IO Mode                                                 
     MAM               Memory Address Multiplexer                              
     MCP               Maintenance Control Panel                               
     S                 Status bit                                              
     Vn                Vector n from Translator (a micro                       
                       address)                                                
PAC  SINGLE PURPOSE MICRO FIELDS
PAR  The specific function, taken alone, of each single-field micro opcode is
      defined. Unless otherwise stated, execution of each micro instruction
      occupies one clock period and each microinstruction updates the status
      register.
PAR  Input/Output Mode: Input/Output Mode (IOM) selects general registers 10 or
      input/output data 4.
PAR  RA Select: When IO Mode is false, RA Select is the address of a general
      register 10 which is to be the source of data for the A bus.
PAR  When IO Mode is true, RA Select and Device Select (bits 28-31 of the
      microinstruction) are the address of an input/output module 4 which is to
      be the source of data for the A bus. (Unless specifically inhibited, this
      field sources a general register or input/output module to the A bus). A
      bus control is needed to complete the selection process.
PAR  ALU Mode: ALU Mode causes the Arithmetic Logic Unit 44 to perform
      arithmetic functions when false and logic functions when true. This mode
      is discussed further in connection with ALU Select.
PAR  RB Select: RB Select is the address of a general register 4 which is to be
      the source of data for the B bus. In addition, when IOM is true and B bus
      control is 3, the RB Select field assigns a bit to one of the eight least
      significant positions on the B bus, as discussed further in the section
      entitled Bit Switch/Position. B bus control is necessary to complete the
      selection process.
PAR  A Bus Control: A Bus Control is concerned with the source of data placed on
      the A bus, the bytes applied to the A operand inputs of the ALU 44, and
      the bytes read from or written into main memory 16.
PAR  O Contents of general register 10 or input/output module 4 data specified
      by IO Mode, RA Select and Device Select are placed on A bus. Both bytes of
      A bus are applied to A operand of ALU 44. Both bytes of A bus may be read
      from or written into main memory 16.
PAR  If IOM = O then A(0-15).rarw.GRn(0-15) else A(0-15).rarw.IOn(0-15)
      ALU-A(0-15).rarw.A(0-15)
PAR  If Branch Control = x'2' then C(0-15).rarw.MM(0-15) (B)
PAR  If Branch Control = x'3' then MM(0-15) (B).rarw.A(0-15)
PAR  1. Contents of general register 10 or input/output module 4 data specified
      by IO Mode, RA Select and Device Address are placed on A bus. The left
      byte of A bus is applied to the A operand of ALU, right justified. The
      left byte of A bus may be read from or written into the left byte of main
      memory 16.
PAR  If IOM=O then A(0-15).rarw.GRN(0-15) else A(0-15).rarw.IOn(0-15)
      ALU-A(8-15).rarw.A(0-7); ALU-A(0-7).rarw.0
PAR  If Branch Control = x'2' then C(0-7).rarw.MM(0-7)(B) If Branch Control =
      x'3' then MM(0-7)(B).rarw.(0-7)
PAR  2. Contents of general register 10 or input/output module 4 data specified
      by IO Mode, RA Select, and Device/Select are placed on the A bus. The
      right byte of A bus is applied to the A operand of ALU, right justified.
      The right byte of A bus may be read from or written into the right byte of
      main memory 16.
PAR  If IOM = O then A(0-15).rarw.GRn(0-15) else A(0-15).rarw.IOn(0-15)
      ALU-A(8-15).rarw.A(8-15); ALU-A(0-7).rarw.0
PAR  If Branch Control = x'2' then C(8-15).rarw.MM(8-15)(B)
PAR  If Branch Control = x'3' then MM(8-15)(B).rarw.A(8-15)
PAR  3. Contents of Micro Address Register 20 are placed on the A bus, right
      justified. Both bytes of A bus are applied to the A operand of ALU 44.
      Transferring a register 10 to the A bus is inhibited.
PAR  A(4-15).rarw.MAR(0-11);
PAR  ALU--A(0-15).rarw.A(0-15)
PAR  A micro opcode in one of the C bus/register control micro opcodes is needed
      to complete A bus control. A bus control can be overridden by MCR 24
      Control:
PA1  = x'3', Read Vector 1 to A Bus from Translator 15, MCR Control
PA1  = x'5', Read Vector 2 to A Bus from Translator 15, MCR Control
PA1  = x'E', Read Interrupt Address to A bus, and C Bus/Register Control = x'B',
      Immediate Addressing Invoked to MAR.
PAR  B Bus Control: B bus control is concerned with the source of data placed on
      the B bus and the bytes applied to the B operand inputs of the ALU 44.
PAR  0 Contents of general register 10 specified by RB Select are placed on B
      bus; both bytes of B bus 90 to ALU 44.
PA1  B(0-15).rarw.grn(0-15)
PA1  Alu-b(0-15).rarw.b(0-15)
PAR  1. contents of general register 10 specified by RB Select are placed on the
      B bus; the left byte of B bus goes to ALU 44, right justified.
PA1  B(0-15).rarw.grn(0-15)
PA1  Alu-b(8-15).rarw.b(0-7)
PA1  alu-b(0-7).rarw.0
PAR  2. contents of general register 10 specified by RB Select are placed on the
      B bus; the right bytes of B bus go to ALU 44, right justified.
PA1  B(0-15).rarw.grn(0-15)
PA1  Alu-b(8-15).rarw.b(8-15)
PA1  alu-b(0-7).rarw.0
PAR  3. if IOM is false, the Emit Field is transferred to the B bus, right
      justified. If IOM is true, a one is transferred to the position in the
      right byte of the B bus defined by RB Select, as discussed further in the
      section entitled Bit Switch/Position. In either case, the right byte of B
      bus is applied to ALU 44, right justified.
PA1  If IOM = O then B(8-15).rarw.MCR (24-31) else B(8-15).rarw.1(RB Sel)
PA1  In either case: ALU-B(8-15).rarw.B(8-15) ALU-B(0-7).rarw.0
PAR  The B bus control can be overridden by MCR Control = x'7', Read Argument to
      B bus from Translator 15.
PAR  C Bus/Register Control: The C bus/register control field is concerned
      primarily with routing data from the C bus to the general register 10 or
      input/output modules 4. This field is concerned also with shifting left or
      right one position of the ALU 44 output to the C bus, with applying the
      value on the C bus to the micro-address register 20, with
      incrementiong/decrementing the value on the B bus and returning it to a
      general register 10, and with using the last twelve bits of the
      microinstruction as an immediate address.
PAR  In the case of transfers from the C bus to the general registers 10 or
      input/output modules 4 defined by IO mode, RA Select, and Device Select,
      the bytes transferred are controlled by A bus control. In the case of
      transfers from the C bus to general registers 10 selected by RB Select,
      the bytes transferred are controlled by B bus control.
PAR  Transfers from the general registers 10 or input/output modules 4 to the A
      bus are not affected by the C bus/register control = x'B' inhibits
      transfers to the A bus, since the A bus is being used by the immediate
      address. For other values of the C bus/register control field, transfers
      from the general registers or input/output modules to the A bus are always
      enabled.
PAR  Moreover, transfers from the general registers 10 to the B bus are not
      affected by the C bus/register control field. In other words, these
      transfers are always enabled, so far as this field is concerned.
PAR  C Bus/Register Control Function:
PAR  x'0' No strobe to any register. Data from the C bus is not transferred into
      a general register 10, input/output module 4 or any other register.
      However, transfers from a general register or an input/output module to
      the A bus and from a general register to the B bus can take place.
      (Transfers from a general register to the A bus can be inhibited by the C
      bus/register control field, but not enabled.)
PA1  C(0-15).rarw.alu(0-15)
PAR  x'1'C Bus to MAR. Transfers the least significant 12 bits on the C bus to
      the micro-address register 20 on the clock following the micro opcode. The
      status register is not updated, but its contents are maintained. Then the
      microinstruction corresponding to the micro-address transferred into the
      MAR 20 is transferred into the microcontrol register 24 on the second
      check following the micro opcode and is available for execution during the
      third clock period. Thus, execution of this micro opcode occupies two
      clock periods.
PA1  C(0-15).rarw.alu(0-15)
PA1  mar(0-11).rarw.c(4-15).phin
PA1  Mam(0-11).rarw.mar(0-11)
PA1  mcr(0-31).rarw.cm(0-31)(mamo-11).phin+1
PAR  Status Register: The foregoing micro opcode is the first one encountered in
      which the status register (part of the maintenance control panel 66) was
      not updated. As a general rule, the status register is updated by the
      clock concluding each microinstruction period. Under the circumstances
      enumerated below, however, the status register is not updated and the
      existing contents are maintained. In brief, it may be said that the
      contents of the status register are unchanged when branching or jumping to
      a new micro-address. In detail:
PAR  a. The C bus/register control field of the current microinstruction equals
      x'1' or x'9', involving C bus to MAR 20, or
PAR  b. The branch control field of the current microinstruction specified a
      Test/Branch micro opcode or Push, or
PAR  c. A fast interrupt micro instruction in control memory location x'006' or
      x'007' is being executed.
PAR  x'2' Use RA Select Device Select, IO Mode, and A bus control as a routing
      address. If A bus control = 1, the right byte of the ALU output is
      transferred to the left byte of the C bus; for other values of A bus
      control, both bytes of ALU output are transferred to the C bus. For A bus
      control = 0, both bytes of the C bus are transferred to a general register
      or input/output module selected by IO mode, RA Select, and Device/Select;
      for A bus control = 1, the left byte of the C bus is transferred to
      register 10; for A bus control = 2, the right byte of the C bus is
      transferred to register 10; for A bus control = 3, both bytes of the C bus
      to general register 10, and C(8-15).rarw.0
PAR  If A bus Con = 1 then C(0-7).rarw.ALU(8-15) else
PA1  C(0-15).rarw.alu(0-15)
PAR  a bus Control
PA1  0: If IOM = 0 then GRn(0-15).rarw.C(0-15) else
PA2  Ion(0-15).rarw.C(0-15)
PA1  1. if IOM = 0 then GRn(0-7).rarw.C(0-7) else
PA2  Ion(0-7).rarw.C(0-7)
PA1  2. if IOM = 0 then GRn(8-15).rarw.C(8-15) else
PA2  Ion(8-15).rarw.C(8-15)
PA1  3. grn(0-15).rarw.C(0-15)
PAR  x'3' Use RB Select and B bus control as a routing address. If B bus control
      = 1, the right byte of ALU 44 output is transferred to the left byte of
      the C bus; for other values of B bus control, both bytes of ALU output are
      transferred to general register 10 addressed by RB Select; for B bus
      control = 1, the left byte of C bus is transferred to a general register
      10; for B bus control = 2, the right byte of the C bus is transferred to a
      general register 10.
PAR  If B bus Con = 1 then
PA2  C(0-7).rarw.alu(8-15),
PA2  c(8-15).rarw.0 else
PA2  C(0-15).rarw.alu(0-15)
PAR  b bus Control:
PA1  0: GRn(0-15).rarw.C(0-15)
PA1  1: grn(0-7).rarw.C(0-7)
PA1  2: grn(8-15).rarw.C(8-15)
PA1  3: grn(0-15).rarw.C(0-15)
PAR  x'4' Shift ALU output (to C bus) one bit to the left, and use RA Select,
      Device Select, IO Mode, and A bus control as the routing address. If A bus
      control = 1, the right byte of ALU 114 output is shifted one bit to the
      left, the least significant bit is filed with zero, and is transferred to
      left byte of C bus. The left byte of C bus is transferred to the left byte
      of general register 10 or input/output module addressed 4 by IO Mode, RA
      Select, and Device Select. For other values of A bus control, both bytes
      of ALU output are shifted one bit to the left, the least significant bit
      is filed with zero, and both bytes are transferred to the C bus. For A bus
      control - 0, both bytes of C bus are transferred to a general register 10
      or input/output module 4. For A bus control = 3, both bytes of C bus are
      transferred to a general register.
PAR  If A Bus Con = 1 then
PA1  C(0-6).rarw.alu(9-15),
PA1  c7.rarw.0,
PA1  c(8-14).rarw.alu(9-15),
PA1  c15.rarw.0, else
PA1  C(0-14).rarw.alu(1-15),
PA1  c15.rarw.0
PAR  a bus Control:
PA1  0: If IOM = 0 then
PA2  Grn(0-14).rarw.C(0-14),
PA1  Grn15.rarw.C15(=0) else
PA2  Ion(0-14).rarw.C(0-14),
PA2  Ion15.rarw.C15(=0)
PA1  1: if IOM = 0 then
PA2  Grn(0-6).rarw.C(0-6),
PA1  Grn7.rarw.C7(=0) else
PA2  Ion(0-6).rarw.C(0-6),
PA2  Ion7.rarw.C7(=0)
PA2  2: if IOM = 0 then
PA2  Grn(8-14).rarw.C(8-14),
PA2  Grn15.rarw.C15(=0) else
PA2  Ion(8-14).rarw.C(8-14),
PA2  Ion15.rarw.C15(=0)
PA1  3: grn(0-15).rarw.C(0-15)
PAR  x'5' Shift ALU output (to C bus) one bit to the left, and use RB Select and
      B bus control as a routing address. If B bus control = 1, the right byte
      of ALU output is shifted one bit to the left, the least significant bit is
      filled with zero, and is transferred to the left byte of C bus; for other
      values of B bus control, both bytes of ALU output are shifted one bit to
      the left, the least significant bit is filed with zero, and both bytes are
      transferred to C bus. For B bus control = 0 or 3, both bytes of the C bus
      are transferred to the general register addressed by RB select; for B bus
      control = 1, the left byte of the C bus is transferred to a general
      register; for B bus control = 2, the right byte of the C bus is
      transferred to a general register.
PAR  If B bus Con = 1 then
PA1  C(0-6).rarw.alu(9-15),
PA1  c7.rarw.0
PA1  c(8-14).rarw.alu(9-15),
PA1  c15.rarw.0 else
PA1  C(0-14).rarw.alu(1-15),
PA1  c15.rarw.0
PAR  if B bus Con = 3 then
PA1  Grn(0-14).rarw.C(0-14),
PA1  Grn15.rarw.C15(=0)
PAR  If B bus Con = 1 then
PA1  Grn(0-6).rarw.C(0-6),
PA1  Grn7.rarw.C7(=0)
PAR  If B bus con = 2 then
PA1  Grn(8-14).rarw.C(8-14),
PA1  Grn15.rarw.C15(=0)
PAR  x'6' Shift ALU output (to C Bus) one bit to the right and use RA Select,
      Device Select, IO Mode, and A bus control as routing address. If A bus
      control = 0, both bytes of ALU output are shifted one bit to the right,
      the most significant bit is filed with zero, and both bytes are
      transferred to C bus; both bytes of the C bus are transferred to a general
      register or input/output module addressed by IO Mode, RA Select, and
      Device Select. If A bus Control = 1, the ALU output is shifted one bit to
      the right and the right byte of output is transferred to the left byte of
      the C bus; the left byte of the C bus is transferred into a register. In
      byte operation, since the inputs to the ALU A and B operands are limited
      to the right byte, output bit 7 will usually be zero, but may be one if
      the operation performed results in a carry. For A bus control = 2, the
      right byte of ALU output is shifted one bit to the right, the most
      significant bit is filed with zero, and transferred to the right byte of C
      bus; the right byte of C bus is transferred into register. In this case,
      the carry to bit 7, if any, from the ALU output are shifted one bit to the
      right, the most significant bit is filed with zero, and both bytes are
      transferred to the C bus, and both types of the C bus are transferred to a
      general register.
PAR  A Bus Control:
PA1  O: c(1-15).rarw.alu(0-14), co.rarw.0
PAR  if IOM = 0 then
PA2  Grn(0-15).rarw.C(0-15) else
PA1  Ion(0-15).rarw.C(0-15)
PAR  1: If B bus Control = 0 then
PA1  C(0-7).rarw.alu(7-14),
PA1  c(8-15).rarw.alu(7-14) else
PA1  C(0-7).rarw.alu(7-14),
PA1  c8.rarw.0,
PA1  c(9-15).rarw.alu(8-14)
PAR  if IOM = 0 then
PA1  Grn(0-7).rarw.C(0-7) else
PA1  Ion(0-7).rarw.C(0-7)
PAR  2: CO.rarw.0, C(1-7).rarw.ALU(0-6).rarw.C8.rarw.0, C(9-15).rarw.ALU(8-14)
PA1  If IOM = 0 then
PA2  Grn(0-15).rarw.C(8-15) else
PA2  Ion(8-15).rarw.C(8-15)
PAR  3: CO.rarw.0, C(1-15).rarw.ALU(0-14) GRn(0-15).rarw.C(0-15)
PAR  x'7' Shift ALU Output (to C bus) one bit to the right, and use RB Select
      and B bus control as a routing address.
PAR  If B bus control = 0, both bytes of the ALU output are styled one bit to
      the right, the most significant bit is filed with zero, and both bytes are
      transferred to the C bus; both bytes of C bus are transferred to the
      general register addressed by RB Select.
PAR  If B bus control = 1, the ALU output is shifted one bit to the right and
      the right byte of the output is transferred to the left byte of the C bus;
      the left byte of the C bus is transferred into the general register
      addressed by RB Select. In byte operation, since the inputs to the ALU A
      and B operands are limited to the right byte, output bit 7 will usually be
      zero, but may be one if the operation performed results in a carry.
PAR  If B bus Control = 2, the right byte of the ALU output is shifted one bit
      to the right, the most significant bit is filed with zero, and the right
      byte is transferred to the C bus; the right byte of the C bus is
      transferred into the general register addressed by RB Select.
PAR  If B Bus control = 3, each byte is shifted one bit to the right, the most
      significant bit of each byte is filed with zero, and both bytes are
      transferred to the C bus; both bytes from the C bus are transferred to the
      general register addressed by RB Select.
PAR  B Bus Control:
PAR  0: CO.rarw.0, C(1-15).rarw.ALU(0-14) GRn(0-15).rarw.C(0-15)
PAR  1: If A bus control = 0 or 3 then C(0-7).rarw.ALU(7-14) and
      C(8-15).rarw.ALU(7-14) else C(0-7).rarw.ALU(7-14) and C8.rarw.0 and
      C(9-15).rarw.ALU(8-14) GRn(0-7).rarw.C(0-7)
PAR  2: CO.rarw.0, C(1-7).rarw.ALU(0-6), C8.rarw.0, C(9-15).rarw.ALU(8-14)
      GRn(8-15).rarw.C(8-15)
PAR  3: CO.rarw.0, C(1-7).rarw.ALU(0-6), C8.rarw.0, C(9-15).rarw.ALU(8-14)
      GRn(0-15).rarw.C(0-15)
PAR  x'8' Increment B bus and place result in RB Selected register. This field
      adds one to the bit value on the B bus and places the result in the
      general register addressed by RB Select. Both bytes of the ALU output are
      transferred directly to the C bus.
PA1  Grn(0-15).rarw.B(0-15) plus 1
PA1  C(0-15).rarw.alu(0-15)
PAR  x'9' Increment B bus and place result in RB Selected general register. C
      bus to MAR. See x'1' and x'8' for detailed description. This micro opcode
      occupies two clock periods.
PAR  x'A' Increment B bus and place result in general register addressed by RB
      select. Use IO Mode, RA Select, Device Select, and A bus control as a
      routing address.
PA1  Grn(0-15).rarw.B(0-15) plus 1
PAL  (Remaining operations same as x'2')
PAR  x'B' Immediate Address. The source of the Immediate Address placed on the A
      bus can be one of four:
PAR  1. If IO Mode is false, the Immediate Address field of the
      microinstruction.
PAR  2. If IO Mode is true, the Device Address for the highest priority
      input/output device controller that has a multiplexed IO interrupt
      pending.
PAR  3. If IO Mode is false, Branch Control is x'1', and MCR Control is x'3',
      Vector 1 micro-address from the (optional) Translator.
PAR  4. If IO Mode is false, Branch Control is x'1', and MCR Control is x'5',
      Vector 2 micro-address from the (optional) Translator.
PAR  The remaining operations are common. The operations are described in detail
      below.
PAR  If IOM = 0, bits 20-31 of the microinstruction, called the immediate
      address, are transferred from the microcontrol register to the A bus.
PAR  If IOM = 1, the input/output module with a multiplexed IO interrupt pending
      that has the highest priority location places its Device Address
      (consisting of the RA Select and Device Select values) on the A bus, as
      follows:
TBL  0 1 2 3 4 5 6 7 89 10 11 12 13 14 15                                      
     ______________________________________                                    
                  1RA Sel  Device                                              
                           Select                                              
     ______________________________________                                    
PAR  The input/output module provides a signal forcing bit 8 to 1, in effect,
      adding 128 to the Device Address. At the same time, the contents of the
      ALU Select field, bits 20-23 of the microinstruction are appended to the
      above to generate a 12-bit micro-address as follows:
TBL  0 1 2 3 456789 10 11 12 13 14 15                                          
     ______________________________________                                    
     xxxxALU Sel1Device Address A Bus                                          
     ______________________________________                                    
PAR  If IOM = 0, Branch Control = x'1', and MCR = x'3' or x'5', the Translator
      places the Vector 1 or Vector 2 microaddresses on the A bus.
PAR  In each case, a 12-bit micro-address is now present on the A bus. This
      micro-address via the memory address multiplexer 28 addresses a location
      in control memory during the clock period of the micro opcode. At the same
      time, the 12 bits are applied to the A operand inputs of the ALU 44,
      incremented by one, transferred direct to the C bus, and applied to the
      micro-address register 20 at the clock following the micro opcode. Thus,
      the incremented micro-address serves as the control memory address during
      the following clock cycle.
PAR  In the execution of this micro opcode, although the ALU Select field
      constitutes part of the Immediate Address or expanded Device Address, the
      ALU 44 is forced to execute the function A plus 1 by the hardware.
PAR  The A bus sources are summarized as follows:
PAR  If IOM = 0 then
PA1  A(4-15).rarw.mcr(20-31) else
PA1  A(9-15).rarw.da
PA1  a8.rarw.1
PA1  a(4-7).rarw.mcr(20-23)
PAR  if IOM = 0, BRC = x'1', MCR = x'3' then
PA1  A(4-15).rarw.v1(0-11)
PAR  if IOM = 0, BRC = x'1', MCR = x'5' then
PA1  A(4-15).rarw.v2(0-11)
PAR  the remaining operations are common to all sources:
PA1  Mam(0-11).rarw.a(4-15)
PA1  alu(0-15).rarw.a(4-15) plus 1
PA1  C(0-15).rarw.alu(0-15)
PA1  mar(0-11).rarw.c(4-15).phin
PAR  Both the different and common operations are executed in one clock cycle.
      See also the section entitled Immediate Addressing.
PAR  x'C' Increment B bus and place result in general register addressed by the
      RB Select; shift ALU output (to C bus) one bit to the left; use RA Select,
      Device Select, IO Mode, and A bus control as the routing address.
PA1  Grn(0-15).rarw.B(0-15) plus 1
PAR  (Remaining operations same as x'4')
PAR  x'D' Not assigned.
PAR  x'E' Increment B bus and place result in general register addressed by RB
      Select; shift ALU output (to C bus) one bit to the right; use RA Select,
      Device Sheet, IO Mode, and A bus control as the routing address.
PA1  Grn(0-15).rarw.B(0-15) plus 1
PAR  (Remaining operations same as x'6')
PAR  x'F' Decrement B bus and place result in general register addressed by RB
      Select; use RA Select, Device Select, IO Mode, and A bus control as the
      routing address.
PA1  Grn(0-15).rarw.B(0-15) minus 1
PAR  (Remaining operations same as x'2')
PAR  Branch Control: The branch control field is concerned primarily with
      Test/Branch micro opcodes. In general, a Test/Branch micro opcode tests a
      condition, external or internal, and branches to an immediate address or a
      relative address as the next control memory location is found. Otherwise,
      the next micro-address in sequence is taken as the control memory
      location. Addressing and Branching will be later discussed.
PAR  In addition, the Branch Control field is concerned with arithmetic
      operations, reading or writing scratch pad/main memory, push stack
      operations, and status bits.
PAR  As discussed generally in a previous paragraph entitled Status Register,
      certain Branch Control micro opcodes cause the status bits to be loaded
      into the status register. In the case of other Branch Control micro
      opcodes, the current status bits are not loaded, but those in the status
      register are retained. The effect of each Branch Control micro opcode on
      the status register is included in the statements of function below.
PAR  Branch Control Function:
PAR  x'O' Normal Mode Carry False. In arithmetic Mode (ALU Mode = 0), the ALU
      performs the operations listed under Cn = 0, ALU Select. Status bits are
      loaded into the status register at the next clock, providing C
      bus/register control is not x'1' or x'9'.
PA1  C.rarw.alu
PA1  cn = 0
PA1  Sr.rarw.s.phin (PHI = Clock)
PAR  x'1' Normal Mode Carry True. In arithmetic mode (ALU Mode = 0), the ALU
      performs the operations listed under Cn = 1, ALU Select. Status bits are
      loaded into the status register at the next clock, providing C
      bus/register control is not x'1' or x'9'.
PA1  C.rarw.alu
PA1  cn = 1
PA1  Sr.rarw.s.phin
PA1  x'2' Read Scratch Pad or Main Memory. The contents of the SP/MM location
      addressed by B bus are read out to the C Bus. Status bits are loaded into
      the status register at the next clock, providing C bus/register control is
      not x'1' or x'9'. In the case of main memory the bytes read out are
      specified by A bus control.
PA1  C(0-15).rarw.sp(0-15)(b)
PA1  sr.rarw.s.phin
PA1  A bus Control
PA1  0: C(0-15).rarw.MM(0-15)(B)
PA1  1: c(0-7).rarw.mm(0-7)(b)
PA1  2: c(8-15).rarw.mm(8-15)(b)
PA1  3: c(0-15).rarw.mm(0-15)(b)
PAR  this micro opcode requires one clock period for scratch pad and a
      double-length clock period for main memory.
PAR  x'3' Write Scratch Pad or Main Memory. The bits on the A bus are written
      into the Scratch Pad/Main Memory location addressed by the B bus. Because
      the C bus is not used, the values of the status bits derived from the C
      bus (though loaded into the status register) are indeterminate. In the
      case of main memory the bytes written are specified by A bus control.
PA1  Sp(0-15)(b).rarw.a(0-15)
PA1  sr.rarw.s.phin
PAR  A Bus Control
PA1  0: MM(0-15)(B).rarw.A(0-15)
PA1  1: mm(0-7)(b).rarw.a(0-7)
PA1  2: mm(8-15)(b).rarw.a(8-15)
PA1  3: mm(0-15)(b).rarw.a(0-15)
PAR  this micro opcode requires one clock period for scratch pad and a
      double-length clock period for main memory.
PAR  x'4' Test/Branch on External Condition Set. Address external line (or
      lines) on IO module 4 defined by RA Select and Device Select.
PAR  If the test is successfel, the least significant 12 bits of the C bus are
      loaded into the MAR 20 on the clock following the micro opcode. The status
      register is not modified. The micro instruction corresponding to the micro
      address transferred into the MAR 20 is transferred into the microcontrol
      register 24 on the second clock following the micro opcode and is
      available for execution during the third clock period. Execution time is
      two clock cycles.
PAR  If the test is unsuccessful, the micro-address register 20 increments to
      the next micro-address in sequence at the first clock. Under this
      circumstance, execution time is one clock cycle.
PAR  If EXT = 1 then
PA1  Mar(0-11).rarw.c(4-15).phin
PA1  Mcr(0-31).rarw.0.phin
PA1  Mam(0-11).rarw.mar(0-11)
PA1  mcr(0-31).rarw.cm(0-31)(mamo-11).phin+1
PAL  else MAR plus 1 at PHIn
PAR  Because the Device Select field is employed in addressing the extermal
      lines (requiring that C bus/register control be other than x'B'), the
      immediate address field can not be used to supply the new address.
PAR  x'5' Test/Branch on External Condition Reset. Same as x'4' except that the
      test state is reversed.
PAR  x'6' Push. Stores 12-bit micro-address form micro address register 20 and
      six status bits from status register in 18-push stack 38. The contents of
      the C bus are transferred to the MAR.20 to serve as the next micro
      address. The status register is not modified. Other operations depend upon
      the C bus/register control field.
PAR  If C bus/register control is x'B', the immediate address obtained from the
      last 12 bits of the microcontrol register 24 or the device address
      supplied by an input/output module 4 requesting service provides the
      micro-address that addresses control memory 22. Thus, Push with Immediate
      Address occupies one clock period.
PAR  If C bus/register Control is not x'B', the microcontrol register 24 resets
      at the first clock, so that no operations are executed during the
      following clock period. The micro-address transferred into the MAR 20 from
      the C bus addresses the microinstruction transferred into the microcontrol
      register 24 on the second clock. This microinstruction is available for
      execution during the third clock period. Thus, Push without Immediate
      Address occupies two clock periods.
PA1  Ps(0-11).rarw.mar(0-11)
PA1  ps(12-17).rarw.sr(0-5)
PA1  sr unchanged
PAR  If CB/RC = 'B' then
PA1  A(4-15).rarw.mcr(20-31) + da
PA1  mam(0-11).rarw.a(4-15)
PA1  c(0-15).rarw.a(4-15) plus 1
PA1  Mar(0-11).rarw.c(4-15).phin
PAR  If CB/RC = x'B' then
PA1  Mar(0-11).rarw.c(4-15).phin
PA1  Mcr(0-31).rarw.o.phin
PA1  Mam(0-11).rarw.mar(0-11)
PA1  mcr(0-31).rarw.cm(0-31)(mamo-11).phin+1
PAR  Interrupts: The use of a Push function (and also a Pull function) in
      processing an interrupt is shown in FIG. 10. It is assumed that an
      Interrupt Request goes true during the clock cycle in which
      microinstruction x, for example, is being executed. The next clock sets
      the Interrupt flipflop, synchronizing the Interrupt Request. The Interrupt
      flipflop leads to a jump to a control memory location (in this example,
      x'008') in which the IO Interrupt microinstruction is stored. This
      microinstruction is assumed to contain Push and Immediate Address
      commands, the effect of which is to place micro-address R on the memory
      address multiplexer (shown at 1 on FIG. 10.)
PAR  On the next clock, micro-address R moves to the microcontrol register and
      is executed. At the same time, the IO Interrupts are disabled.
PAR  The interrupt routine, R, R+1, R+2, . . . R+n, R+n+1, is next executed. The
      R+n microinstruction contains an IO Control micro opcode commanding the IO
      module to drop the Interrupt Request (2). The R+n+1 microinstruction
      contains a Pull Command, discussed in the next paragraph (3). At this time
      the Enable IO Interrupt status bit from the push stack restores the
      original IO Interrupt Enable status.
PAR  x'7' Pull. The micro-address from the last-used push-stack location is
      transferred via the C bus to the microaddress register 20 on the first
      clock. The status bits from the last-used push-stack location are
      transferred into the status register at the same time. The
      microinstruction corresponding to the micro-address transferred into the
      MAR is transferred into the microcontrol register on the second clock and
      is available for execution during the third clock period. The
      micro-address register increments to the next micro-address in sequence on
      the second clock. This microopcode occupies two clock periods.
PA1  C(4-15).rarw.ps(0-11)
PA1  sr(0-5).rarw.ps(12-17).phin
PA1  Mar(0-11).rarw.c(4-15).phin
PA1  Mcr(0-31).rarw.o.phin
PA1  Mam(0-11).rarw.mar(0-11)
PA1  mcr(0-31).rarw.cm(0-31)(mamo-11).phin+1
PA1  Mar plus 1 at PHIn+1
PAR  x'8' Test/Branch Overflow = 1. Examines the state of the Overflow bit in
      the status register. If this test is successful, the value on the C bus is
      placed in the MAR 20 to serve as the micro-address. If unsuccessful, the
      MAR increments to the next micro-address in sequence. The value on the C
      bus depends upon the C bus/register control function.
PAR  C bus/register control is not x'B': If the test is successful, the least
      significant 12 bits of the C bus are loaded into the MAR20 on the clock
      following the microopcode. The status register is not modified. The
      microinstruction corresponding to the micro-address transferred into the
      MAR is transferred into the microcontrol register 24 on the second clock
      following the micro opcode and is available for execution during the third
      clock period. This procedure occupies two clock periods.
PAR  If the test is unsuccessful, the micro-address register 20 increments to
      the next micro-address in sequence at the first clock. Under these
      circumstances, the micro opcode occupies one clock period. If OV = 1 and
      CB/RC = x'B' then
PA1  Mar(0-11).rarw.c(4-15).phin
PA1  Mcr(0-31).rarw.0.phin
PA1  Mam(0-11).rarw.mar(0-11)
PA1  mcr(0-31).rarw.cm(0-31)(mamo-11), phin+1
PAL  else MAR plus 1 at PHIn
PAR  Test/Branch functions x'9' through x'F' follow the pattern set forth under
      x'8' above. Only the condition tested in different.
PAR  x'9' Test/Branch C bus =0. Examines the state of the C bus = 0 in the
      status register.
PAR  x'A' Test/Branch Carry = 1. Examines the state of the Carry bit in the
      status register.
PAR  x'B' Test/Branch CMSB = 1. Examines the state of the most significant bit
      on the C bus, which is the sign bit in arithmetic operations. If the sign
      bit is 1 (negative), the test is successful.
PAR  x'C' Test/Branch Overflow = 1. Same as x'8' except the test is reversed.
PAR  x'D' Test/Branch C bus = 0. Same as x'9' except the test is reversed.
PAR  x'E' Test/Branch Carry = 1. Same as x'A' except the test is reversed.
PAR  x'F' Test/Branch CMSB = 1. Same as x'B' except the test is reversed.
PAC  MULTIPLE PURPOSE FIELDS
PAR  Microinstruction bits 20 - 31 are divided into three 4-bit fields which are
      used for multiple purposes (see FIG. 9). The particular use of each field
      is determined by the micro opcodes assigned to IO Mode, B bus control, C
      bus/register control, and branch control. In brief, there are four
      distinctions:
PAR  a. IO Mode distinguishes between the use of the second multi-purpose field,
      bits 24-27, for input/output control or other purposes.
PAR  b. B bus control distinguishes between the use of the second and third
      multi-purpose fields, bits 24-31, for Emit Field or other purposes.
PAR  c. C bus/register control distinguishes between the use of all three
      fields, bits 20-31, for Immediate Address or other purposes.
PAR  d. Branch control field distinguishes the source of the Immediate Address.
PAR  The specific function, taken alone, of each micro opcode for each purpose
      of the multiple-purpose fields is defined below.
PAR  ALU Select: The ALU Select field is used to select the function the ALU is
      to perform, as shown in FIG. 11: In addition, bits 20-23 may be used for
      other functions, as defined in the following section entitled MCR Control.
PAR  The only difference between the two sets of arithmetic functions listed in
      FIG. 11 is that an incoming carry adds a one to the result. Thus, as an
      example, ALU Select = x'6' generates A minus B minus 1 (one's complement
      subtract) with carry-in false and A minus B (two's complement subtract)
      with carry-in true.
PAR  Arithmetic operations may produce changes in the status bits Carry, C bus =
      O, C bus MSB, and Overflow. The status register is updated at the next
      clock following each arithmetic operation (as well as at other times) to
      reflect these changes. The status bits are defined briefly in a previous
      section but Overflow is explained more fully below.
PAR  The Overflow status bit is set whenever the result of the arithmetic
      functions A plus B (ALU Mode = 0, ALU Select = x'9') and A minus B (ALU
      Mode = 0, ALU Select = 2'6') are too large to be contained in a 16-bit
      word (or 8-bit byte). Overflow can be set or reset unconditionally.
PAR  The following conditions are required to set Overflow, assuming A and B are
      two's complement numbers:
PA1  1. If A plus B and A positive, B Positive, and ALU 44 output negative or A
      negative, B negative, and ALU 44 output positive
PA1  2. If A minus B and A positive, B negative, and ALU 44 output negative or A
      negative, B positive, and ALU 44 output positive
PAR  The above algorithm is applied to the right byte of and A operand, B
      operand, and ALU output if A bus control and B bus control both specify a
      byte operation. Otherwise, the algorithm is applied to the entire 16-bit
      word. See also the section entitled Word/Byte Operation.
PAR  Overflow, once set, remains set until turned off by a microinstruction
      command (see MCR Control field).
PAR  MCR Control: If IO Mode = 0, B bus control is not 3 (Emit Field to B bus),
      and C bus/register control is not x'B' (Immediate Address), bits 24-27
      become the MCR Control field (see FIG. 9). This field is concerned with
      translator operation, enabling/disable and reading IO interrupts,
      write/read control memory, and enabling Other Functions.
PAC  MCR Function
PAR  x'0' No special function.
PAR  x'1' C bus to translator. A 16-bit macroinstruction on the C bus, normally
      obtained from scratch pad/main memory, is transferred into the translator
      15.
PA1  T.rarw.c
PAR  x'2' Reset MAR. Resets micro address register to micro-address 0. The
      microcontrol register 20 is reset to all zeros at PHI following this micro
      opcode, so that a NOP is executed during the following clock period.
      Inhibits incrementing of the micro-address register at this PHI, so that
      the micro-address register continues to hold the micro-address zero during
      the following clock period. The microinstruction corresponding to
      micro-address 0 reaches the microcontrol register 20 at the second PHI
      following the micro opcode and is available for execution during the third
      clock period. Execution of this micro opcode occupies two clock periods.
PA1  Mar(0-11).rarw.0
PA1  mar unchanged at PHIn
PA1  Mcr(0-31).rarw.0.phin
PA1  Mcr(0-31).rarw.cm(0-31(ma=0).phin+1
PAR  x'3' Read Vector 1 to A bus from translator (optional). Vector 1 (a 12-bit
      micro-address) is read to the A bus from translator 15.
PA1  A(4-15).rarw.v1(0-11)
PAR  in addition, if IOM = 0, C bus/register control = x'B', and Branch Control
      = x'1', the Immediate Address procedure becomes effective. The Vector 1
      micro-address, now on the A bus, via the memory address multiplexer 26
      addresses a location in control memory 22. At the same time, the 12 bits
      are applied to the A operand inputs of the ALU, incremented by one,
      transferred direct to the C bus, and applied to the micro-address register
      20 at the next clock. This combination of micro opcodes achieves one-clock
      cycle vector micro-addressing.
PAR  x'4' Enable IO Interrupts. Enables IO Interrupt register, permitting
      multiplexed input/output interrupt to be accepted and, consequently, acted
      upon. Following this micro opcode, the IO Interrupt register remains
      enabled until disabled by MCR = 6, or by the SCU hardware when an
      interrupt occurs, as discussed in a following section entitled System
      Input/Output. See also FIG. 10.
PA1  Ir.rarw.ioi
PAR  x'5' Read Vector 2 to A bus from translator. Vector 2 (a 12-bit
      micro-address) is read to the A bus from the translator 15. Refer to x'3'
      for a description of oneclock-cycle micro addressing.
PA1  A(4-15).rarw.v2(0-11)
PAR  x'6' Disable IO Interrupts. Disable the IO Interrupt register, inhibiting
      the acceptance of a multiplexed IO Interrupt and, consequently, preventing
      action on the interrupt. Following this micro opcode, the IO Interrupt
      register remains disabled until enabled by MCR = 4.
PA1  Ir.rarw.ioi
PAR  x'7' Read Argument to B bus from translator. The argement field of a
      macroinstruction, such as the address field used in calculating direct or
      indirect memory locations, is read to the B bus from the translator.
PA1  B(0-15).rarw.arg(0-15)
PA1  x'8' Read MCP Data Entry switches to C bus
PA1  C(0-15).rarw.mcp(0-15)
PA1  x'9' Not assigned.
PAR  x'A' Other Functions. Inhibits output of ALU to C bus which enables bits
      20-23 to be used to code Other Functions, as follows:
TBL  Bits 20 - 23                                                              
                  Other Functions                                              
     ______________________________________                                    
     x`8`       Reset Overflow Status Bit. OV = O                              
     x`9`       Set Overflow Status Bit. OV = 1                                
     x`A`       Reset Control Mode Status Bit. CON = 0                         
     x`B`       Set Control Mode Status Bit. CON = 1                           
     ______________________________________                                    
PAR  x'B' Not assigned
PAR  x'C' Write Microcontrol Memory 16 bits are transferred from A bus into the
      left half of the control memory 23 location addressed by bits 3-14 of the
      B bus when B15 is false, or into the right half when B15 is true as shown
      below. The microinstruction corresponding to the micro-address for the
      micro opcode period reaches the microcontrol register at the second clock
      following the micro opcode and is available for execution during the third
      clock period. Execution of this micro opcode occupies two clock periods.
PAR  If B15 = 0
PA1  then CM-RAM(0-15) (B03-B14).rarw.A(0-15)
PA1  else CM-RAM(16-31) (B03-B14).rarw.A(0-15)
PA1  Mcr(0-31).rarw.0.phin
PA1  Mcr(0-31).rarw.cm(0-31) (mamo-11) .phin+1
PA1  Mar plus 1 at PHIn+1
TBL  xxx         Address         4R                                            
     ______________________________________                                    
     0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15                                     
     ______________________________________                                    
PAR  x'D' Read Micro Control Memory. The left half of the microinstruction
      address by B03 - B14 of B bus is transferred from the control memory to
      the C bus when B15 is false, or the right half when B15 is true. This
      micro opcode occupies two clock periods.
PAR  If B15 = 0 then
PA1  C(0-15).rarw.cm(0-15) (b03-b14)
PA1  else C(0-15).rarw.CM(16-31) (B03-B14)
PA1  Mcr(0-31).rarw.0.phin
PA1  Mcr(0-31).rarw.cm(0-31) (mamo-11) .phin+1
PA1  Mar plus 1 at PHIn+1
PAR  x'E' Read IO Interrupts to A bus. The device address of the highest
      priority IO controller with a multiplexed IO interrupt pending is read to
      the A bus.
PA1  A.rarw.da
PAR  x'F' Not assigned.
PAR  IO Control: When IO Mode is true(see FIG. 9), bits 24-27 become the IO
      Control field. This field is used to operate IO Modules, as will be
      discussed in a later section.
PAR  Device Select: When the B bus control is not 3 and the C bus/register
      control is not x'B', bits 28-31 become the device select field. This
      field, in conjunction with RA Select, acts as a 7-bit IO device address.
PAR  Emit Field: When IO Mode is false, B bus control is 3, and C bus/register
      control is not x'B', the last eight bits of the microinstruction are
      transferred from the microcontrol register 24 to bits 8-15 of the B bus.
PA1  B(8-15).rarw.mcr(24-31)
PA1  b(0-7).rarw.o
PAR  immediate Address: When IO Mode is false and C bus/register control is
      x'B', the last twelve bits of the microinstruction, called the Immediate
      Address, serve as the microaddress for control memory, as described under
      C bus/register control = x'B'.
PAR  Bit Switch/Position: When IO Mode is true and B bus control is 3, the Bit
      Switch is considered to be on and RB Select becomes the Bit Position
      assignment field. This field assigns a one-state to any one of the bit
      positions 8 to 15 on the B bus, as listed in FIG. 12.
PAR  Bus Usage: Some combinations of fields attempt to place data on a bus from
      more than one source, but the A, B, or C buses can be used by the various
      fields of any one microinstruction for only one purpose. That is, only one
      source should be assigned to any bus. If more than one source is assigned,
      the processor hardware applies some arbitrary priorities. FIG. 13 lists
      all the standard sources and five optional sources from which data can be
      placed on the three buses. The five optional sources are the input/output
      device controller/modules, instruction translator, scratch pad, main
      memory and maintenance control panel. For each source the microprogramming
      prerequisites are tabulated. For some bus sources, the programming
      prerequisites prevent the simultaneous programming of other sources.
PAC  WORD/BYTE OPERATION
PAR  Byte or word operation is specified by means of micro opcodes in the A bus
      control and B bus control fields, as previously defined and summarized for
      current reference in FIG. 14.
PAR  There are two aspects of byte or word operation: first, the application of
      a byte or word from the A bus to the A operand of the ALU 44 and from the
      B bus to the B operand of the ALU 44; and second, the transfer of a byte
      or word from the C bus to a general register 10 or input/output bus or
      register 4. The second aspect is effective only for the C bus/register
      micro opcodes listed in FIG. 14, while the first aspect depends only on A
      bus or B bus control.
PAR  In arithmetic mode, the status bits Carry-out, C bus Most Significant Bit,
      and Overflow are modified to reflect byte or word operation.
PAR  Carry: The ALU generates Carry (Byte) from ALU08 and Carry (Word) from
      ALU00. Carry (byte) becomes Carry if both the A bus and the B bus are in
      byte mode, that is both buses are applying either the left byte or the
      right byte, both right justified, to the ALU operands, providing C
      bus/register control is not x'B', Immediate Addressing. Otherwise, Carry
      (Word) becomes Carry.
PAR  Specifically,
PA1  Carry = Carry(Byte)
PA2  (A Bus Control = 1 + 2)
PA2  (B Bus Control = 1 + 2)
PA1  (C Bus/Register Control = B) (Branch Control = 7)
PA1  + Carry(Word) (Branch Control = 7) +
PA2  (Push Stack) (Branch Control = 7)
PAR  CMSB: The C bus Most Significant Bit (sign bit) is derived from C08 if A
      bus control is 2 and C bus/register control specifies the use of RA
      Select, device select, IO Mode, and A bus control as routing address or if
      B bus control is 2 and the C bus/register control specifies the use of RB
      select and B bus control as routing address, as shown by the underlining
      in FIG. 14.
PAR  Specifically,
PAR  CMSB = C08(Branch Control = 7)
PA1  [(A Bus Control = 2) (C Bus/Register Control =2,4,6,A,C,E,F) + (B Bus
      Control = 2) (C Bus/Register Control =3,5,7)] + C00(Branch Control = 7). N
      [(a Bus Control = 2) (C Bus/Register
PAR  Control = 2,4,6,A,C,E,F) +
PA1  (b bus Control = 2)
PA1  (C Bus/Register)
PAR  Control = 3,5,7)] + (Push Stack) (Branch Control = 7)
PAR  Overflow: Overflow is generated on a byte basis when both the A operand and
      the B operand and of the ALU 44 are on a byte basis. On the contrary,
      Overflow is generated on a word basis if either the A operand or the B
      operand is on a word basis. Overflow is discussed further under ALU
      Select.
PAC  SET/RESET/TEST A BIT
PAR  The Bit Switch/ and the Position field can be used to set, reset, or test
      one bit of a data function. These purposes are accomplished by comparing
      the data on the A bus with a known bit on the B bus. These comparisons are
      performed by the ALU 44 in an appropriate select function. The known bit
      on the B bus is supplied by the bit position field. The procedure is as
      follows:
PAR  1. Insert data function on the A bus. Since the bit position field assigns
      bits only to positions B08 - B15, the portion of the A bus function that
      is to be compared must be routed to positions A08-A15 at the A operand of
      the ALU. This routing is accomplished by the use of A bus control, as
      shown in FIG. 14.
PAR  2. Insert desired bit-position mask on B bus, using the Bit Position Field.
PAR  3. With ALU Mode true (logic operation), use ALU Select:
PA1  To set a bit: ALU Select = x'E' (A + B)
PA1  For example:
PA2  A bus = 0100 0001
PA2  B bus = 0000 1000
PA2  C a + b = 0100 1001
PA1  to reset a bit:
PA2  Alu select = x'7' (A.NB)
PA2  A bus = 0100 1001
PA2  B bus = 0000 1000
PA2  C a.nb = 0100 0001
PA1  to test a bit:
PA2  Alu select = x'B' (A.B)
PA2  A bus = 0000 0001
PA2  B bus = 0000 1000
PA2  C a.b = 0000 0000
PAR  in this case, Test/Branch if C bus = 0 is used as the next
      microinstruction. Then, if C bus = 0, the bit on the A bus that is tested
      is 0. On the other hand, if C bus is not equal to 0, then the bit tested
      is 1.
PAC  ADDRESSING AND BRANCHING
PAR  There are three forms of addressing: sequential (increment micro-address
      register), immediate addressing, and relative addressing, and two types of
      branching: unconditional and conditional.
PAR  Sequential Addressing: The micro-address register 20 increments to the next
      micro-address, in the absence of the following:
PA1  a. C Bus/Register Control = x'1' or x'9' (C Bus Data to MAR) or x'B'
      (Immediate or Device Addressing), and
PA1  b. Branch Control = x'4' or x'5' or x'8' through x'F' (Test/Branch
      functions), or x'6' (Push), or x'7' (Pull), and
PA1  c. Certain function switches pushed on the maintenance control panel 66.
PAR  Immediate Addressing: If IOM = 0 and C bus/register control = x'B', the
      immediate address field from the last 12  bits of the microinstruction
      supplies the next micro-address. If IOM = 1 and C bus/register control =
      x'B', the Device Address plu 128 of the highest priority device controller
      with a multiplexed IO interrupt pending supplies the next microaddress. If
      IOM = , C Bus/register control = x'B', Branch Control = x'1', and MCR
      Control = x'3' or x'5', the Translator 15 places the Vector 1 or 2
      micro-address on the A bus.
PAR  Unconditional immediate addressing is implemented by the foregoing fields
      plus; in the case of immediate or device addressing, Branch Control =
      x'0', Normal Mode Carry False. Under these circumstances the actions
      listed in detail under C bus/register control = x'B' are carried out.
PAR  Conditional immediate or device addressing is implemented by C bus/register
      control = x'B' and Branch Control = x'8' through x'F', the status bit
      Test/Branch micro opcodes. If the result of the test specified by the
      Branch Control field is true, the immediate address or the device address
      are passed by the memory address multiplexer 26 to address a location in
      control memory 22 and, incremented by one, are entered, via the C bus,
      into the micro address register 20 to be available as the micro-address
      for the next clock period. If the test result is false, the memory address
      multiplexer passes a micro-address from the micro-address register during
      the current clock period and the micro-address register increments for the
      next clock period.
PAR  If IOM = 0 then
PA1  Mam(0-11).rarw.a(4-15)
PA1  c(0-15).rarw.a(4-15) plus 1
PA1  Mar(0-11).rarw.c(4-15) .phin else
PA1  Mam90-11).rarw.mar(0-11)
PA1  mar plus 1 at PHIn
PAR  Immediate or device address micro opcodes require one clock period.
PAR  Relative Addressing: Relative addressing performs an arithmetic operation
      on the current micro-address, tkaen from the micro-address register 20,
      and the value on the B bus. The value on the B bus can be supplied by the
      Emit Field of the microinstruction, by a general register 10, or any other
      B bus source.
PAR  Relative addressing may be unconditional or conditional.
PAR  Unconditional relative addressing may be implemented by use of the fields
      shown on the first line of FIG. 15 (assuming that the B bus value is being
      obtained from the Emit Field). A bus control = 3 puts the contents of the
      microaddress register 20 on the A bus. B bus control = 3 puts the Emit
      Field on the B bus. (The 8-bit Emit Field can have any value up to 255.)
      ALU Mode = 0 and ALU Select = x'9' or x'6' adds or subtracts the A bus and
      the B bus and puts the result on the C bus. C bus/register control = x'1'
      enters the result into the micro-address register 20 at the first clock.
      The microinstruction corresponding to the micro-address transferred into
      the MAR is transferred into the microcontrol register 24 on the second
      clock and is available for execution during the third clock period.
      Unconditional relative addressing requires two clock periods.
PA1  A(4-15).rarw.mar(0-11)
PA1  alu-a(4-15).rarw.a(4-15)
PA1  b(8-15).rarw.a(4-15)
PA1  alu-b(8-15).rarw.b(8-15)
PAR  if ALU Sel = x'9' then C(4-15).rarw.ALU-A(4-15) plus
PA2  Alu-b(8-15)
PAR  if ALU Sel =x'6' then
PA1  C(4-15).rarw.alu-a(4-15) minus
PA1  Alu-b(8-15)
PA1  mar(0-11).rarw.c(4-15) .phin
PA1  Mcr(0-31).rarw.0.phin
PA1  Mam(0-11).rarw.mar(0-11)
PA1  mcr(0-31).rarw.cm(0-31) (mamo-11) .phin+1
PAR  Conditional relative addressing may be implemented as shown on the second
      line of FIG. 15. Cn is forced to 0 by the hardware; consequently, only the
      Cn = 0 column of ALU Select is usable. If the test is successful, the
      operations are the same as for uncondictional relative addressing. If the
      test is unsuccessful, the micro-address register increments at the first
      clock. Thus, if the test is successful, conditional relative addressing
      occupies two clock periods; if unsuccessful, one clock period.
PAC  SAMPLE MICRO PROGRAM
PAR  The microprogram listed below assumes a three-part table in main memory,
      beginning at location (decimal) 1000. The first part of the table contains
      66 data values. The second part contains the lower limits and the third
      part, the upper limits. The purpose of the microprogram is to compare a
      data value with the lower and upper limits.
PAR  1. 1872 OAO3 Load GR1 with location of data
PAR  2. 18B2 OAE8 Complete loading GR1 with location of data
PAR  3. 1433 0942 Set limit for loop test
PAR  4. 2902 2FOO Data from table
PAR  5. 1032 0942 Set Pointer to lower limit table
PAR  6. 3902 2FOO Lower limit from table
PAR  7. 2300 1600 Is data greater than lower limit
PAR  8. OOOB FODO Yes
PAR  9. 1032 0942 Set pointer to upper limit table
PAR  10. 390A 2FOO Upper limit from table and increment pointer
PAR  11. 3200 1600 Is data less than upper limit?
PAR  12. OOOB FOD4 Yes
PAR  13. 1032 1684 Reset pointer to data table
PAR  14. 1400 1600 Is loop complete?
PAR  15. 000B BOCB Sample complete (Program would continue)
PAR  The effects of each field of the first microinstruction are detailed below.
TBL  ______________________________________                                    
     Field Value                                                               
                  Action                                                       
     ______________________________________                                    
     1          IOM = 0; RA Select -- GR1                                      
     8          ALUM = 1; BB Select -- GR0                                     
     7          A bus control = 1                                              
                A.rarw.GR1/ ALU-A(8-15).rarw.A(0-7)                            
                B bus control = 3                                              
                B(8-15).rarw.MCR(24-31)                                        
                ALU-B(8-15).rarw.B(8-15)                                       
     2          C bus/register control = 2                                     
                C(0-7).rarw.ALU(8-15), C(8-15).rarw.O                          
                GRl(0-7).rarw.C(0-7).PHIn                                      
     0          Branch Control = 0                                             
                C.rarw.ALU, cn = 0                                             
                SR.rarw.S.PHIn                                                 
     A          ALUSEL = x'A'                                                  
                C.rarw.B                                                       
     0          Emit                                                           
     3          Emit                                                           
     ______________________________________                                    
PAL  In summary, this microinstruction accomplishes the following:
PAR  a. Transfers 8-bit Emit Field to B bus (right justified). (The Emit Field
      to B bus micro opcode overrides the General Register to B bus micro
      opcode.)
PAR  b. Transfers contents of B bus through ALU to C bus (left justified).
PAR  c. Stores 8-bit C bus value (left justified) in left half of General
      Register 1.
PAR  The second microinstruction, 18B2 OAE8, is similar, except that it stores
      the contents of the Emit Field in the right half of General Register 1. At
      the completion of this microinstruction, there is stored in General
      Register 1 the hexadecimal number 03E8, equivalent to decimal 1000, the
      number specified to be the initial location of the table in main memory.
PAR  The third microinstruction, 1433 0942, transfers hex 03E8 to the A bus hex
      42 from the Emit Field to the B bus, adds them together in the ALU, and
      puts the result, hex 042A, in general register 4 via the C bus.
PAR  The fourth microinstruction, 2902 2F00, puts the contents of general
      register 1, hex 03E8, on the B bus and uses this number to address main
      memory. The contents of this memory location are placed on the C bus and
      transferred into general register 2. (When main memory is enabled, the
      output of the ALU to the C bus is inhibited.)
PAR  The fifth microinstruction, 1032 0942, transfers the 8-bit Emit Field, hex
      42, from the microcontrol register via the B bus to the B operand input of
      the ALU. It applies hex 03E8 from general 1 via the A bus to the A
      operand. The ALU adds these two numbers and outputs the sum hex, 042A, to
      the C bus. From the C bus this number is stored in general register 1.
PAR  The sixth microinstruction, 3902 2FOO, puts the contents of general
      register 1, hex 042A, on the B bus and uses this number to address main
      memory. This location contains the first lower limit. This lower limit is
      place on the C bus and transferred into general register 3.
PAR  The seventh microinstruction 2300 1600, puts the contents of general
      register 2 (the first data) on the A bus and the contents of general
      register 3 (the first lower limit) on the B bus. The ALU is set to
      subtract the lower limit from the data and place the result on the C bus.
      The C bus data is not strobed to any destination. On the same instruction
      the C bus most significant bit is stored in the status register.
PAR  The eighth microinstruction, OOOB FODO, examines the most significant bit
      of the C bus from the previous microinstruction, now stored in the status
      register. If the bit is 0 (positive), indicating that the first data value
      is greater than the lower limit, the next micro-address hex, ODO, is taken
      from the immediate address field of the microinstruction via the A bus and
      the memory address multiplexer. At the same time, the contents of the
      immediate address field are applied to the ALU, incremented by one, and
      transferred via the C bus to the micro-address register at the next clock.
      This incremented micro-address then serves as the control memory address
      during the next clock period. On the other hand, if the C bus Most
      Significant Bit is 1 (negative), the micro-address in the micro address
      register is incremented. This next microinstruction is the one that deals
      with a data value less than the lower limit. This micro opcode provides an
      example of conditional immediate addressing.
PAR  The remaining microinstructions of this microprogram perform similar
      functions.
PAC  SYSTEM INPUT/OUTPUT
PAR  In general, the input/output modules 4 in FIG. 1 engage the C bus 3
      directly and the A and B buses 1 and 2 through 8 to 1 multiplexers 8.
PAR  Under the direction of control signals derived from the control memory 22
      of the microcontrol register 24, an input/output module may
PAR  a. Transfer data, status, and interrupt information from an external
      interface 6 to the A bus;
PAR  b. Transfer data and control information from the C bus to the external
      interface 6;
PAR  c. Transfer data from the external interface 6 to the B bus to provide a
      direct memory address when using a fast interrupt capability;
PAR  d. Sense the state of one or more external conditions.
PAR  The input/output system permits users to connect input/output functions
      directly into the bus structure of the data processor. Each of a large
      number of IO module connector locations is wired identically, except for
      priority determination. Each location can be used for data transfers in
      either a multiplexed fashion or in a faster DirectTo-Memory fashion. In
      the Multiplexed arrangement, multiple IO devices share a common IO
      interrupt.
PAR  Data Paths: A typical IO interface (controller) module 4 interface to the A
      bus 1 in order to move data, status, and interrupt identification
      information to the processor. It interfaces to the C bus 3 in order to
      move data and control information from the processor and it interfaces to
      interrupt control logic in the processor. It additionally interfaces to
      the B bus 2 to provide a direct memory address when the interface
      (controller) uses the fast interrupt capability.
PAR  The basic processor is able to move data on the A, B, and C busses in
      either 16-bit words or 8-bit bytes. This capability allows interface to
      byte-oriented I/O devices. It also permits the 16-bit interfaces to be
      split between data and status information or data and control information.
PAR  Interrupts: Two types of IO interrupts are available in the processor:
      multiplexed and fast.
PAR  The multiplexed IO interrupt is available to every IO interface
      (controller) module and may be requested at any time by a module. In
      response to this interrupt, the processor accesses a fixed location in
      control memory which links it with an interrupt handler routine. The
      interrupt handler then requests the address of the highest priority device
      which has an interrupt pending. This address is gated to the A bus 1 by
      the highest priority device. The interrupt handler can then use the device
      address as an indirect address to the handler for the particular IO
      controller.
PAR  The fast interrupt accesses a fixed location in control memory 22 which
      contains a single instruction. This instruction typically moves data
      between the IO controller and bulk data storage memory 16, 18. The
      processor has two fast interrupts. One can be used, for instance, for
      moving data into the processor and the other, for moving data out.
PAR  Micro Instruction: The use of the microinstruction fields has been
      described in a previous section and in FIG. 9 but it is useful at this
      point to review the fields used to control input/output functions.
PAR  When IO Mode is 1, the RA Select and Device Select fields make up a 7-bit
      address field capable of selecting up to 128 IO device controllers. RA
      Select and Device Select also select one of 128 external condition signals
      to be tested when one of the Branch Control functions, Test/Branch on
      External Condition Set or Reset, is employed. This test is independent of
      IO Mode.
PAR  A Bus Control = 0+1+2 causes data from the IO device controller addressed
      by IO Mode, RA Select, and Device Select to be placed on the A bus (unless
      C bus/Register Control is x'B' or MCR Control is x'3' or x'5').
PAR  A Bus Control also provides byte-selection control for data written to an
      IO device controller from the C bus, provided that C bus/Register Control
      specified a function that includes the use of IO Mode, RA Select, and
      Device Select to define the destination, as discussed below.
TBL  ______________________________________                                    
     A Bus Control   Definition                                                
     ______________________________________                                    
     0             Full 16-bit word to destination                             
     1             To left byte of destination                                 
     2             To right byte of destination                                
     3             No transfer                                                 
     ______________________________________                                    
PAR  C bus/Rigerster control specifies the destination of data on the C bus, as
      well as control over data-byte routing between the ALU 44 and the C bus
      and right and left shifting of data transferred from the ALU 44 to the C
      bus. This paragraph is concerned only with destination specification. The
      table below defines the destination for each decoded value of the C
      bus/Register Control field:
TBL  C Bus/Register Control                                                    
                      Destination                                              
     ______________________________________                                    
     0,8              None                                                     
     1,9,B            MAR 20                                                   
     2,4,6,A,C,E,F    IQ Mode, RA Select, and                                  
                      Device Select define                                     
     3,5,7            RB Select defines                                        
     D                Not assigned                                             
     ______________________________________                                    
PAR  In addition, C bus/Register Control = x'B' has some other results
      significant to input/output operations. First, it overrides A bus Control.
      Second, if IO Mode = 0, the contents of the Immediate Address field are
      gated to the A bus. But, if IO Mode = 1, the Device Address (consisting of
      the RA Select and Device Select values) for the high priority input/output
      device controller having a multiplexed IO interrupt pending is placed on
      the right byte of the A bus, while the contents of the ALU Select field
      are placed in bits 4-7, yielding the following format:
TBL  0 1 2 3 4 56789 10 11 12 13 14 15                                         
     ______________________________________                                    
     xxxxALU Sel 1RA Sel   DS      A Bus                                       
     ______________________________________                                    
PAR  MCR Control = x'E' is significant to input/output operations. This micro
      command causes the highest priority device controller with a multiplexed
      IO interrupt pending to place its device address, as defined in the
      preceding paragraph, on the A bus.
PAR  When IO Mode is 1 and C bus/Register Control is not x'B', bits 24-27 become
      the Input/Outout Control field. This field is not defined by the
      processor. It may be used by each unique device controller as a device
      command field. It should be recognized by a particular device controller
      only when IO Mode is one and RA Select and Device Select contain the
      address of the controller. Thus, each device controller may interpret this
      field in any way the input/output module designer chooses.
PAR  Interface Signals and Requirements: The SCU operates synchronously on a
      single-phase clock with the exception of main memory 16, 18 accesses which
      require a double-length clock period. Thus, everything within the unit
      happens within one or two clock times, simplifying interface timing.
PAR  The following table contains the signal names and functions of the
      interface signals. A brief description of the function of each signal
      follows:
PAR  AOO - A15: A Bus. Used by IO interface modules to transfer data, status,
      and interrupt identification to the processor.
PAR  BOO - B15: B Bus. Used by IO interface modules which use the fast
      interrupts to provide a main memory address to the SCU.
PAR  COO - C15: C Bus. Used by the processor to transfer data and control
      information to IO interface modules. This bus is never driven by IO
      interface modules.
PAR  IOM: Input/Output Mode. Used by all IO modules in qualifying data, control,
      and status transfers to/from the processor. The exception to this rule is
      in the generation of the NEXT signal, used during Test/Branch on External
      Condition micro opcodes. NEXT will be described in a following section.
PAR  RSAO1-RSAO3: A Register Select; EMIT28 - EMIT31: Device Select. Used to
      address the input/output module to be activated by the processor. These
      seven signals are applied to each IO module location. Note that IOM must
      be used along with the Device Address compare to select an IO module.
PAR  BYTESEL-L, BYTESEL-R: Byte Select, Left or Right. Used to control the
      transfer of the left byte or the right byte from the C bus to the output
      buffer register on an IO module. When the microinstruction specifies word
      operation, both BYTESEL signals are true.
PAR  BCA08, BCA09: A Bus Control. May be used with Device Address decode to
      address a single byte of data.
PAR  EMIT24 - EMIT27: When IO Mode is 1 and C Bus/Register Control is not x'B',
      EMIT 24 - EMIT27 become the Input/Output Control field. These four signals
      are available to create special micro commands for the interface modules.
PAR  AXDASTROBE: Strobe for Device Address transfer to the A bus. Gates Device
      Address of the highest priority input/output interface having a
      multiplexed input/output interrupt pending to the A bus.
PAR  NAXIOCONT: A Bus Transfer from IO Control. When low, inhibits input/output
      module from inserting any data onto the A bus.
PAR  CLOCK: This signal runs continuously, as diagrammed in FIG. 16, with a
      period of 350 nanoseconds and a pulse width (low) between 50 and 80
      nanoseconds.
PAR  PHI: PHI is the system clock. All clocking within the processor is done on
      the rising edge of PHI. Timing characteristics are shown in FIG. 16. The
      period is 350 ns, except when a main memory access is in process when it
      is 700 ns.
PAR  NIMHERE: Must be driven low by each IO module when IO Mode = 1 and
      RSA01-RSA03 and EMIT28-31 contain the module's device address.
PAR  NFIRQ1, NFIRQ2: Fast Interrupt Request 1 and 2. Driven low to request that
      a fast interrupt be generated.
PAR  FI-1, FI-2: Fast Interrupt response. Generated by the processor in response
      to the corresponding Fast Interrupt Request. The highest priority device
      with a fast interrupt pending may use this signal to remove its request
      signal.
PAR  FI1PRIn, FI2PRIn, FI1PRIn+1, FI2PRIn+1: Fast Interrupt Priority strings.
      These functions will be later described.
PAR  NIOINT: Multiplexed general Input/Output Interrupt request line. Driven low
      to request an interrupt.
PAR  NINTLOCK: Interrupt Lock. Signal generated by the processor to freeze
      interrupt requests. No new requests can be initiated while NINTLOCK is
      low. It also allows the multiplexed IO interrupt priority string to settle
      before a device address is read to the A bus by the processor.
PAR  PRIn, PRIn+1: Multiplexer general 10 interrupt Priority string. PRIn is the
      Priority input line; PRIn+1 is the Priority output line.
PAR  NEXT: External condition common line. When IO module recognizes its device
      address on RSAO1 - RSAO3 and EMIT28-31, 28-31, regardless of the state of
      IOM, it should gate its external condition line or lines, if any, into
      NEXT.
PAR  NINHB: Inhibit B. INHB inhibits the general register selected by RB Select
      from being gated to the B bus.
TBL                                    INTERFACE SIGNALS                       
     __________________________________________________________________________
     SIGNAL  FUNCTION                                                          
     __________________________________________________________________________
     A00     A Bus Bit                                                         
                    00                                                         
     A01     A Bus Bit                                                         
                    01                                                         
     A02            02                                                         
     A03            03                                                         
     A04            04                                                         
     A05            05                                                         
     A06            06                                                         
     A07            07                                                         
     A08            08                                                         
     A09            09                                                         
     A10            10                                                         
     A11            11                                                         
     A12            12                                                         
     A13            13                                                         
     A14            14                                                         
     A15     A Bus Bit                                                         
                    15                                                         
     B00     B Bus Bit                                                         
                    00                                                         
     B01            01                                                         
     B02            02                                                         
     B03            03                                                         
     B04            04                                                         
     B05            05                                                         
     B06            06                                                         
     B07            07                                                         
     B08            08                                                         
     B09            09                                                         
     B10            10                                                         
     B11            11                                                         
     B12     B Bus Bit                                                         
                    12                                                         
     B13     B Bus Bit                                                         
                    13                                                         
     B14            14                                                         
     B15     B Bus Bit                                                         
                    15                                                         
     C00     C Bus Bit                                                         
                    00                                                         
     C01            01                                                         
     C02            02                                                         
     C03            03                                                         
     C04            04                                                         
     C05            05                                                         
     C06            06                                                         
     C07            07                                                         
     C08            08                                                         
     C09            09                                                         
     C10            10                                                         
     C11            11                                                         
     C12            12                                                         
     C13            13                                                         
     C14            14                                                         
     C15     C Bus Bit                                                         
                    15                                                         
     IOM     I/O Mode                                                          
     NRSA01  A Register Select Field Bit                                       
                           01,                                                 
                             inverted                                          
     NRSA02  "             02,                                                 
                             "                                                 
     NRSA03  "             03,                                                 
                             "                                                 
     NEMIT28 Device Select Field Bit                                           
                         28,                                                   
                           inverted                                            
     NEMIT29 "           29,                                                   
                           "                                                   
     NEMIT30 "           30,                                                   
                           "                                                   
     NEMIT31 "           31,                                                   
                           "                                                   
     EMIT24  I/O Control Field Set                                             
                         24                                                    
     EMIT25  "           25                                                    
     EMIT26  "           26                                                    
     EMIT27  "           27                                                    
     BYTESEL-R(A)                                                              
             Byte Select                                                       
                    (Right)                                                    
     BYTESEL-L(A)                                                              
             "      (Left)                                                     
     NINHB   B Bus Override Control Signal                                     
     BCA08   A Bus Control Field (MSB)                                         
     BCA09   A Bus Control Field (LSB)                                         
     NIOINT  Multiplexed I/O Interrupt Request                                 
     PRIn    Priority String Input (Multiplexed I/O Interrupt)                 
     PRIn+1  Priority String Output (Multiplexed I/O Interrupt)                
     NINTLOCK                                                                  
             Multiplexed I/O Interrupt Request Inhibit Signal                  
     NAXDASTROBE                                                               
             Device Address to A Bus Strobe Signal                             
     NFIRQ1  Fast Interrupt                                                    
                     No. 1                                                     
                         Request                                               
     NFIRQ2  "       No. 2                                                     
                         "                                                     
     FI-1    "       No. 1                                                     
                         Response                                              
     FI-2    "       No. 2                                                     
                         "                                                     
     NEXT    External Condition Line                                           
     NRESET  Power On and MCP Reset                                            
     PHI     System Clock                                                      
     CLOCK   Free Running 350ns Clock                                          
     RTCC    60HZ Clock                                                        
     ZP15 Volts                                                                
             +15 Volts                                                         
     ZN15 Volts                                                                
             -15 Volts                                                         
     FI1PRIn Fast Interrupt Priority Input                                     
     FI2PRIn "                                                                 
     FI1PRIn+1                                                                 
             Fast Interrupt Priority Output                                    
     FI2PRIn+1                                                                 
             "                                                                 
     __________________________________________________________________________
TBL  Bits 24-27                                                                
               MCR Control                                                     
             (IOM = 0; B Bus Control = 3;                                      
                              C Bus/Register                                   
                              Control = x'B')                                  
     ______________________________________                                    
     0         No special functions                                            
     1         C Bus to Translator                                             
     2         Reset MAR                                                       
     3         Read Vector 1 to A Bus from Translator                          
     4         Enable IO Interrupts                                            
     5         Read Vector 2 to A Bus from Translator                          
     6         Disable IO Interrupts                                           
     7         Read Argument to B Bus from Translator                          
     8         Read MCP Data Entry Switches to C Bus                           
     9         Not assigned                                                    
     A         Other functions                                                 
     B         Not assigned                                                    
     C         Write Micro Control Memory                                      
     D         Read Micro Control Memory                                       
     E         Read IO Interrupts to A Bus                                     
     F         Not assigned                                                    
     ______________________________________                                    
PAR  Addressing: Each IO module must respond to one or more device addresses.
      The device address is made up of the RA Select field (RSA01 - RSA03) and
      the Device Select field (EMIT28 - EMIT31), where RSA01 is the most
      significant bit and EMIT31 is the least significant. The particular
      address or addresses to which the module is to respond must be assignable
      at the time the module is installed by means of push-on jumpers, switches,
      or some other method which can be quickly accomplished. For consistency,
      it is desirable that all IO modules use the same method for address
      selection.
PAR  The logic for address decoding is diagrammed in FIG. 17. Where the gates
      marked S are Schottky gates
PAR  The signal IOMME (IOM Module Enable), generated as shown on FIG. 17, is
      used to enable the IO Module to respond to any command from the IO Control
      field, including the transfer of data to the A bus and the enabling of the
      C bus input buffers. ME (Module Enable) is used primarily to enable the
      external condition line or lines onto the NEXT line. NIMHERE is used to
      control the C bus buffer in an expanded IO arrangement.
PAR  A Bus Connect: The A bus provides the path users must take when inputting
      data to the processor. This path allows the user to enter data on one side
      of the Arithmetic Logic Unit 44, perform some function on that data, and
      strobe the result back to the user from the C Bus, all during one
      processor cycle time.
PAR  The logic for transferring input data to the A bus may be as follows:
PAR  Enable Data to A Bus - IOMME.INPUT.NAXIOCONT where IOMME = IO module
      selected by microinstruction, as diagrammed in FIG. 17.
PAR  INPUT = Configuration of the IO Control field, EMIT24 - 27 specifying
      either data or status information input to the processor.
PAR  B Bus Connect: The B Bus provides the path for users to take when supplying
      a direct memory address to the processor when using the fast interrupts,
      as explained in a following section. The logic and timing for connection
      to the B Bus are identical to those for connection to the A bus, except
      that the control equation is modified as follows:
PAR  Enable Data to B Bus = IOMME.DMAINPUT
PAL  where DMAINPUT = Assigned configuration of the IO Control field specifying
      direct memory access.
PAR  A Bus and B Bus timing is shown in FIG. 18.
PAR  C Bus Connect: The C Bus 3 is the path for transferring data and control
      information from the processor to an IO module. Data on the C bus is
      available for any IO module to acquire.
PAR  The logic for transferring output data from the C Bus is as follows:
PAR  Enable C Bus to IO Module - IOMME
PAL  where IOMME = IO module selected by microinstruction, as diagrammed in FIG.
      17.
PAR  C Bus timing is shown in FIG. 19.
PAC  IO INTERRUPT
PAR  The processor accommodates two types of interrupt systems: fast interrupts
      for high-speed data transfers in or out, and multiplexed input/output
      interrupts. The fast interrupt system returns a hardware response as soon
      as the interrupt has been accepted, while the IO interrupt system does not
      provide a hardware acknowledge signal. The IO interrupt system is
      discussed in this section and the fast interrupt system is a following
      section.
PAR  The processor accepts up to 128 inputs to the multiplexed input/output
      interrupt, corresponding to the 128 device addresses. This interrupt can
      be enabled or disabled by micro opcodes in the MCR Control field. Requests
      can be asynchronous with respect to the system clock as they do not
      interrupt the execution of a microinstruction during its clock period. An
      interrupt does take control at the end of the cycle, providing it is not
      disabled.
PAR  The request for an IO interrupt is transmitted to the processor by means of
      the signal NIOINT. Then the processor transfers the device address of the
      10 module with the highest priority which has an IO interrupt pending to
      the A bus and responds accordingly. IO interrupt operation is next
      described in detail.
PAR  Interrupt Operation: The processor provides a single input line, NIOINT,
      which can be pulled low by any IO module to signify that the module has an
      IO interrupt pending. FIG. 20 is a diagram of multiplexed interrupt
      timing. In the processor, NIOINT low sets an IO interrupt flip-flop on the
      next system clock. The flip-flop output is applied to the Interrupt
      Priority logic and then to logic that generates control memory address
      x'8'. As soon as this address becomes available, it is used to reset the
      flip-flop. Thus, the IO Interrupt flip-flop remains high until the IO
      interrupt is reached in priority order.
PAR  The next PHI after control memory address x'8' becomes available loads the
      microinstruction at this location into the microcontrol register 24 for
      execution. Thus, if no higher priority interrupt interferes, the
      microinstruction is loaded into the microcontrol register 24 by the second
      PHI after NIOINT goes low. This microinstruction should contain the Push
      micro opcode in the Branch Control field and the Immediate Address micro
      opcode in the C bus/Register Control field. The Immediate Address micro
      opcode, it will be recalled is interpreted by the processor in two ways,
      depending on whether IO Mode is true or false.
PAR  If IO Mode is true, the device address of the highest priority IO module
      with an interrupt request pending is gated to the A bus in the following
      format:
TBL  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15                                     
     ______________________________________                                    
     xxxxxxxx1        Device Address                                           
                                   A Bus                                       
     ______________________________________                                    
PAR  Bits 0-7 should not be driven by the IO module and bit 8 must be forced to
      1 by the IO module.
PAR  The processor then appends the contents of the ALU select field from the
      microinstruction to the above Device Address to generate an address as
      shown below:
TBL  0 1 2 3 4 56789 10 11 12 13 14 15                                         
     ______________________________________                                    
     xxxxALU Sel1Device Address A Bus                                          
PAR  This 12-bit address, now on the A bus, is used by the processor in the same
      way as an Immediate Address, which is gated from the microcontrol register
      24 to the A bus. In either case, the control memory 22 jumps to the 12-bit
      address. Therefore, the Push microinstruction branches to a table in
      control memory 22 between x'080' and x'OFF', assuming ALU Select = 0. The
      size of this table is dependent on the number of device addresses uded in
      the system.
PAR  The contents of this table are a series of unconditional branch
      instructions with Immediate Addresses which cause the processor to branch
      to the first microinstruction in the device handler interrupt routine.
      Thus, the total time from NIOINT going low, assuming no interference from
      a higher priority interrupt, to the start of execution of the first
      microinstruction of the interrupt handler is 1.05 microseconds minimum to
      1.40 micro seconds maximum. The processor execution time required is .70
      microseconds.
PAR  Alternatively, if IO Mode is false in the original Push microinstruction,
      the Immediate Address bits from the microinstruction are used as the
      branch destination. In this case the device address of the interrupting IO
      controller can be recovered later by executing a microinstruction with MCR
      = X'E'. This micro opcode causes the IO device controller to gate its
      device address to the A bus in the format shown above.
PAR  Interrupt Disable: The multiplexed IO interrupt is automatically disabled
      by the processor when any type of interrupt except the fast interrupts is
      requested. The disabled occurs at the time of execution of the
      microinstruction found in the interrupt location in control memory 22. If
      the microinstruction contains a Push micro opcode, the current status of
      the multiplexed IO enable flip-flop is stored in the push stack before the
      flip-flop is reset. At the end of the interrupt handler subroutine, a Pull
      micro opcode in the final microinstruction restores the enable flip-flop
      to its original status.
PAR  Also, once an interrupt is requested, the signal NINTLOCK goes low. This
      signal must be used on the IO module to prevent the initiation of an IO
      interrupt request until it goes true. An IO module that is already
      requesting an IO interrupt must continue its request. The purpose of
      NINTLOCK is to freeze the priority chain so that the IO device controller
      which had the highest priority at the time of interlock will still have
      the highest priority when the time comes to gate its device address to the
      A bus.
PAR  The IO device controller maintains its interrupt request until an IO
      command is received by the controller to remove the request. The IO
      command can be accomplished either by use of the IO Control field or by
      means of a command word via a C bus transfer.
PAR  IO Interrupt Logic: The logic functions necessary to implement IO interrupt
      are the priority chain, the interrupt request, and gating the device
      address to the A bus.
PAR  The priority chain or string consists of an input signal to each IO module,
      PRIn, and an output signal from each module, PRIn+1 as shown in FIG. 21.
      The equation is:
EQU  PRIn+1 = PRIn.NREQ where NREQ = no interrupt request pending
PAR  This equation must be implemented by each IO module that uses the
      multiplexed IO interrupt. FIG. 21 shows the artical logic for IO Modules
      in a multiplexed interrupt priority string.
PAR  The interrupt request, NIOINT, may be implemented as diagrammed in FIG. 22.
PAR  FIG. 21 additionally shows the relationship between two IO modules in an IO
      interrupt priority chain. The priority connections are prewired in such a
      way that the ranking of an IO module in the priority string is determined
      by the physical location into which it is plugged. The lowest ranking or
      highest priority devices are closest to the processor.
PAR  External Condition Test: The Branch Control field of the microinstruction
      contains two micro opcodes used to test an external condition present on
      an IO Module:
PAR  x'4' Test/Branch on External Condition Set
PAR  x'5' Test/Branch on External Condition Reset
PAR  Each IO module may provide one or more external status conditions to a
      common signal, NEXT, when RA Select and Device Select fields contain an IO
      address assigned to the module. Moreover, more than one external condition
      per 10 address may be selected and multiplexed to NEXT by use of
      additional signals such as the A bus Control field, BCA08 and BCA09. On
      the other hand, the external condition test capability can be ignored if
      not required in a particular application.
PAR  The operations in the processor resulting from these two Test/Branch micro
      opcodes have been previously set forth. However, briefly, if a test is
      successful, the least significant 12 bits of the C bus serve as the next
      microaddress in a procedure requiring two clock periods. If the test is
      unsuccessful, the microaddress increments in sequence, requiring one clock
      period. Moreover, because the Device Select field is employed in
      addressing the external conditions, the Immediate Address field can not be
      used to supply the new microaddress.
PAR  The logic for a single external condition interface is shown in FIG. 24. A
      timing diagram for external condition timing is set forth in FIG. 25. Both
      seem self explanatory.
PAR  Fast Interrupts: The processor is capable of accepting two Fast Interrupt
      Requests from every IO module location. The fast interrupts are used
      primarily for highspeed data transfers between IO devices and scratch
      pad/main memory 16, 18. The fact interrupts differ from the multiplexed IO
      interrupts in two respects. First they automatically return a response
      signal and, second, they cycle-steal a single cycle from processor
      operations.
PAR  During this cycle the processor executes a single microinstruction that
      typically transfers a word or byte from an IO bus to scratch pad/main
      memory 16, 18 and from scratch pad/main memory to an IO bus. The scratch
      pad/main memory 16, 18 address may come from a general register 10 (which
      is incremented by the same microinstruction) or from the IO module (device
      controller).
PAR  Cycle stealing refers to the insertion of an out-of-sequence
      microinstruction into the ordinary sequence of processor operations
      without affecting the status bits or the next microaddress. The state of
      the processor is not stored in the push stack and, thus, does not require
      removal from the push stack by a later microinstruction in order to resume
      the interrupted sequence. Rather, after the clock cycle in which the
      out-of-sequence microinstruction is executed, the SCU can resume operation
      directly on the next microinstruction. The effect is that the fast
      interrupt capability can be employed to achieve direct access to scratch
      pad/main memory 16, 18 or DMA.
PAR  Each fast interrupt is limited to stealing no more than one cycle out of
      every two. Thus, in making transfers to/from scratch pad with the clock
      period at 350 ns, each transfer takes 700 ns, equivalent to a maximum
      throughput rate of 1,428 mega words per second. Transfers to/from main
      memory 16 may occur every 1.05 to 1.4 microseconds, depending on whether
      the microinstruction executed between two interrupt microinstructions is a
      one- or two-cycle instruction, equivalent to a maximum throughput rate of
      714 kilo words per second. If both fast interrupts are running
      simultaneously at miximum throughput rate, any other processor
      microinstruction execution is locked out, that is, one hundred percent of
      the processor bandwidth is used by the fast interrupts.
PAR  There are two approaches to using the fast interrupt capability. The first
      requires less hardware, but limits the use of the fast interrupts to a
      single IO device. The second approach requires a little more hardware, but
      shares the fast interrupt capability among many IO devices.
PAR  Logic and Timing: Receipt of Fast Interrupt Request 1 or 2 from an IO
      module causes Fast Interrupt flip-flop 1 or 2 in the SCU interrupt logic
      to set on the next PHI and to return Fast Interrupt response 1 or 2 to the
      IO module. One possible logic arrangement is diagrammed in FIG. 26 and the
      timing, in FIG. 27.
PAR  The true output of the Fast Interrupt flip-flop is applied to Interrupt
      Priority logic in the processor and then to logic that generates control
      memory address x'6' for Fast Interrupt 1 or x'7' for Fast Interrupt 2. As
      soon as this address is available, signifying that the fast interrupt has
      been accepted by the SCU, it is used to reset the Fast Interrupt
      flip-flop.
PAR  FIG. 27 shows the fast interrupt interface timing for a single data
      transfer or for multiple transfers at relatively slow throughput rates.
      FIG. 28 shows timing at maximum throughput rates. Times shown on the
      figures are merely exemplary. At maximum throughput, the interrupt request
      generated by the IO module NFIRQn, may be held low for the entire duration
      of a block transfer. At the end of the transfer, NFIRQn must be raised
      within 180 ns, in this example, after the falling edge of the response
      pulse, FIn, for the last word to be transferred. Raising NFIRQn within
      this limit assures that an extra interrupt is not triggered.
PAR  Single High-Speed Device: In this approach both fast interrupts are
      connected in a single high-speed device controller (or IO module), one may
      be used for transfers-in and the other, for transfers-out. In addition, a
      multiplexer IO interrupt capability is often required to enable the IO
      module to initialize and terminate a series of transfers.
PAR  Before starting fast interrupt data transfers, it is necessary to have the
      address of the first scratch pad/main memory location to be used in a
      general register, where it is available to the B bus. The general register
      10 employed for this address is the one defined by the RB Select field of
      the microinstruction in Fast Interrupt location x'6' or x'7'. This general
      register, now serving the function of scratch pad/main memory address
      register, is incremented (decremented) by the Interrupt microinstruction
      on each transfer to supply the new scratch pad/main memory address.
PAR  Each time the user requests service, the IO module generates NFIRQn, the
      SCU returns an automatic response, and the microinstruction in location
      x'6' or x'7' is executed. This single microinstruction typically transfers
      data to/from the IO module into/out of the scratch pad/main memory
      location specified by the scratch pad/main memory address register and
      increments or decrements this register.
PAR  A series of Fast interrupt transfers is normally terminated by a
      multiplexed IO interrupt. As on example, before starting data transfers,
      the firmware may transmit a word count via the C bus to a word-count
      register on the IO module. When this count is reached, the IO module may
      initiate a multiplexed IO interrupt to terminate the transfer.
PAR  Multiple Devices: In this approach both fast interrupts are connected to
      two or more IO modules (device controllers), priority is determined by a
      priority chain between the IO modules, and a scratch pad/main memory
      address register, located on each IO module, supplies the memory location.
PAR  Direct Memory Access: Direct Memory Access refers to the ability to
      transfer data from an IO device 4 into main memory 16 or from main memory
      16 to an IO device 11 with a minimum of interference with the on-going
      processor operations. Using the fast-interrupt approach, one fast
      interrupt is treated as a scratch pad/main memory write request and the
      other as a memory read request. So far, this use of the fast interrupts is
      no different from the approach for a single high-speed device.
PAR  In the multiple-device approach, however, each IO device controller has a
      scratch pad/main memory address register and a method of getting the
      register contents on to the B bus when the interrupt microinstruction is
      executed. Moreover, all the device controllers are assigned a common IO
      address, called the DMA channel address. Priority among the device
      controllers on the DMA channel is resolved by a priority chain. However,
      each device controller also responds to a different and unique IO address
      for other purposes, such as initializing and terminating a transfer
      operation.
PAR  In operation, then, the microinstructions in the fast-interrupt control
      memory locations address the common DMA channel, but only the device
      controller with the highest priority assignment of those ready to transfer
      or receive data responds. The response consists of placing the current
      address from its scratch pad/main memory address register on the B bus
      and, in the case of transfers-in, placing input data on the A bus, or in
      the case of transfers-out, acquiring data from the C bus. During the same
      microinstruction period, the processor uses the memory address on the B
      bus 2 to write data from the A bus 1 into scratch pad/main memory 18, 16
      or to read data from scratch pad/main memory to the C bus 3. Thus, in DMA
      operation, a single microinstruction accomplishes a transfer-in or a
      transfer-out.
PAR  The IO device controller in the next highest priority position, if one is
      ready, can make a transfer in the second-next microinstruction period. In
      this way, a number of IO devices can interleave data transfers by means of
      the fast interrupt capability. Any number of IO devices can use this DMA
      interface, limited primarily by the necessity to keep the combined
      bandwidth of the devices within the DMA channel bandwidth: 1.428 mega
      words per second, scratch pad, or 714 kilo words per second, main memory,
      in this case.
PAR  The essential elements of an IO module for the DMA interface, diagrammed in
      FIG. 4-18, are a data buffer register 80, word count register 82, memory
      address register 84, and multiplexer 86 to A bus 1. The common DMA channel
      address is used for data-transfer purposes, denoted by (1) on the diagram.
      The second address, unique to each IO device controller, is used for
      passing control information to the device controller, such as device
      initialization, word count register setup, memory address register setup,
      and passing status information to the processor. These purposes are
      denoted by (2) on the diagram. In addition, the contents of the data
      buffer register and the word count register can be multiplexed to the A
      bus for test purposes.
PAR  FIG. 30 is a block diagram showing a series of IO devices and device
      controllers connected to the tri-bus structure of the processor. For this
      example, device address 0 has been arbitrarily assigned to the common DMA
      channel.
PAR  Programming DMA: The two fast interrupts are each dedicated to data
      transfer in one direction. The higher priority interrupt (control memory
      location x'6') is assigned to data input to scratch pad/main memory 18, 16
      and the lower priority interrupt (location x'7') is assigned to data
      output from scratch pad/main memory 18, 16.
PAR  Programming the DMA makes use of the following command assignments in the
      IO Control field.
TBL  __________________________________________________________________________
     IO Control           Function                                             
     24 25 26 27 Hex Code                                                      
     __________________________________________________________________________
     0  0  0  0  0     No action                                               
     0  0  0  1  1     Read input data from user to A bus;                     
                       transfer memory address to B bus                        
     0  0  1  0  2     Write output data from C bus to user;                   
                       transfer memory address to B bus.                       
     1  0  0  1  9     Read data buffer register to A bus.                     
     1  0  1  0  A     Write data from C bus to data buffer                    
                       register.                                               
     x  1  0  0  4 or C                                                        
                       Disable both fast interrupts.                           
     __________________________________________________________________________
PAL  These commands are described below.
PAR  IO Control = x'1', along with IOM = 1 and Branch Control = x'3', is decoded
      by all IO modules sharing the DMA channel. The IO module (with the highest
      priority having an interrupt pending) supplies both the data to be stored
      and the memory address where it is to be stored. The data is placed on the
      A bus and the memory address on the B bus. The microinstruction for this
      function is placed in control memory location x'6' and appears as follows:
PAR  Read data and memory address from user:
PAR  Location x'6': x'n000 301m'
PA1  Device Select portion of DMA address
PA1  Read data and memory address from IO module
PA1  Write scratch pad/main memory
PA1  Ra select portion of DMA address plus IOM = 1
PAR  IO Control = x'2', along with IOM = 1 and Branch Control - x'2', is decoded
      by all IO modules sharing the DMA channel. The IO module (with the highest
      priority) supplies the memory address of the scratch pad/main memory 18,
      16 location in which the data for the user is to be found. This memory
      address is placed on the B bus. Data from scratch pad/main memory is taken
      from the C bus by the IO module 4 for transfer to the IO device. The
      microinstruction for this function is placed in control memory location
      x'7'  and appears as follows:
PAR  Read scratch pad/main memory address, write data to user:
PAR  Location 2'7': x'n000 202m'
PA1  Device Select portion of DMA Address
PA1  Write output data to user, read memory address to B bus
PA1  Read scratch pad/main memory
PA1  Ra select portion of DMA address plus IOM = 1
PAR  IO Control = x'4' or x'C', along with IOM = 1, is decoded by all IO modules
      sharing the DMA channel. These codes disable the Fast Interrupt Request
      lines from the DMA channel to the processor and, consequently, disable the
      user's ability to write to or read from scratch pad/main memory. These
      codes would be used in an executive routine or priority driver or in a
      power shut down sequence. The fast interrupts on each IO module must be
      re-enabled separately, using the command/status device address.
PAR  IO Control = x'A', along with IOM = 1, is decoded by all IO modules sharing
      the DMA channel. This code takes data from the C bus and stores it in the
      data buffer register. A particular data buffer register is selected for
      test by disabling all IO modules on the DMA channel by means of IO Control
      - x'4' or x'C' and re-enabling one IO module by means of the
      command/status device address. This operation tests the functioning of the
      DMA channel, DMA address decoding, and the data buffer register on the
      selected IO module. This test is similar to writing data to an IO module.
      This code is handled as an in-line microinstruction, not one executed from
      the fast-interrupt control memory location and therefore is not dependent
      on whether an interrupt is pending.
PAR  IO Control = 2'9', along with IOM = 1, is decoded by all IO modules sharing
      the DMA channel. This code transfers data from the data buffer register to
      the A bus. It is then up to the rest of the microinstruction to determine
      what to do with the data on the A bus. This code is used in conjunction
      with x'A' to check the data buffer register and DMA address decoding.
PAR  Programming for the command/status interface (which is the one addressed by
      the second, unique address on each IO module of the DMA type) is not
      restricted with one exception. Provisions must be made in the command
      structure to enable each device controller individually to use the fast
      interrupts and to disable all device controllers together from using the
      fast interrupts.
PAR  Priority Chain: The priority chain, shown in FIG. 31, determines which
      device controller may respond to the DMA address. Each device controller
      must provide this logic for each fast interrupt used (some controllers may
      not require bidirectional data transfer). FIG. 32 shows a typical
      interrupt request flip-flop.
PAR  The equations for the priority chain are as follows:
PA1  FinPRIn+1 = FInPRIn.NPRICONT
PA1  Set PRICONT = FInPRIn.NFIn.SET.PHI
PA1  Reset PRICONT = FInPRIn.IOMME(DMA).READ.PHI + FIDISABLE
PA1  where SET = output of the interrupt request flip-flop if that flip-flop is
      not clocked by PHI, or the J input signal to the interrupt request
      flip-flop if the flip-flop is clocked by PHI.
PA1  FinPRIn+1 = the priority string output signal
PA1  FinPRIn = the priority string input signal
PA1  Iomme (dma) = the decoded DMA channel address anded with IOM
PA1  Read = read command, x'2', decoded from the IO Control field. Use Write
      command for Fast Interrupt 1 and Read command for Fast Interrupt 2.
PA1  Fidisable = fast Interrupt Disable flip-flop, set by IO Control = x'4' or
      x'C', Disable Fast Interrupts.
PAR  Memory Address to B bus: The B bus Control logic, as shown in FIG. 33,
      gates the output of the scratch pad/main memory 18, 16 address register to
      the B bus 2 when IO Control =  x'1' or '2'. The memory address is needed
      by the processor whenever a transfer-in or a transfer-out is made.
PAR  The equation for the memory address transfer term is as follows:
PA1  Bxma = fi1prin.IOMME(DMA).WRITE +
PA1  Fi2prin.IOMME(DMA).READ
PAR  NINHB inhibits the processor from placing other data on the B bus. FIG. 34
      is a timing diagram showing the various interface signals when two device
      controllers of the DMA type request interrupts simultaneously. The timing
      assumes the interrupt request (REQREAD) is implemented as diagrammed in
      FIG. 32.
PAR  Standard IO Control: Seven fields of the microinstruction participate in
      the control of functions on the SIOM. Six of these fields have been
      characterized, for input/output purposes, previous sections, and fully
      defined therein. The seventh field, IO Control, is defined below, as used
      on the SIOM.
PAR  When IO Mode is 1 and C bus/Register Control is not x'B', bits 24-27 become
      the Input/Output Control field.
TBL  ______________________________________                                    
     Bit   IO Control                                                          
     24  25    Function                                                        
     ______________________________________                                    
     0   0     Read the IO register addressed by the RA Select and             
               Device Select fields to the A bus.                              
     0   1     Read the IO register adressed by the RA Select and              
               Device Select fields to the A bus and write the data            
               from the C bus to the IO register addressed by the              
               RA Select and Device Select fields.                             
     1   0     Read the IO bus 16 addressed by the RA Select and               
               Device Select fields to the A bus.                              
     1   1     Read the IO bus 6 addressed by the RA Select and                
               Device Select fields to the A bus and write the                 
               data from the C bus to the IO register addressed by             
               the RA Select and Device Select fields.                         
     Bit   Special Control                                                     
     26  27    Function                                                        
     ______________________________________                                    
     0   0     No change.                                                      
     0   1     Disable output to the IO bus 6. (Inhibits output from           
               IO register byte addressed by RA Select, Device Select          
               and A bus Control fields to corresponding section of            
               IO bus. This output remains disabled until Enable IO            
               Bus occurs.)                                                    
     1   0     Enable output to IO bus 6. (permits content of IO               
               register byte addressed by RA Select, and Device                
               Select and A bus Control fields to be transferred to            
               corresponding section of IO bus. This output remains            
               enabled until Disable IO Bus occurs.)                           
     1   1     Not assigned.                                                   
PAR  IO Bus: The IO Bus 6 is a bidirectional bus, shown as a single line in FIG.
      35. Data to be output by the SCU to the bus 6 is transferred from the C
      bus to a buffer register 90, using either the "read register/write
      register" micro opcode or the "read bus/write register" micro opcode. If
      the corresponding IO byte is enabled for output, the data is gated to the
      IO bus 6. Data may be read to the A bus 1 from either the output register
      via line 92 or the IO bus via line 94, the latter allowing the SCU to
      perform turnaround testing of the module. The 2:1 multiplexer 96 selects
      the source for the A bus.
PAR  IO Bus Disable: Each byte of the two IO busses 6 (FIG. 1) can be
      individually enabled for data output to the bus under microprogram
      control, as diagrammed in FIG. 36. The byte to be enabled is addressed by
      RA Select, Device Select, and A bus Control. The Q output 98 of the Enable
      flip-flop 100 gates the output register to the IO bus. Also provided from
      an open collector driver is a bus direction control signal, NDISABLE.
PAR  When NDISABLE is false, output to the IO bus from the IO register of the
      selected byte is disabled and incoming data can be placed on this section
      of the IO bus. When NDISABLE is high, output of the selected byte of the
      IO bus is enabled and this section of the bus should not be used for
      input.
PAR  IO Active: Strobe pulses which are required for an IO interface are
      normally generated by the microprogram, using a pre-assigned IO bus bit as
      the strobe signal. This usage minimizes special hardware on the IO module,
      using microopcode instead.
PAR  There are, however, certain instances where this technique is either
      inconvenient or slow. For these cases, a single IO Active signal is
      provided on each IO module. This signal is keyed to one of the four IO
      bytes on the module (the least significant byte of the even-numbered
      register).
PAR  IO Active is generated unconditionally by two values of the IO Control
      field:
PA1  10 Read IO Bus to A bus
PA1  11 Read 10 Bus to A Bus and Write IO Register from C Bus
PA1  Io active can be generated conditionally by the following value of the IO
      Control field.
PA1  01 Read IO Register to A bus and Write IO Register from C bus. The
      condition is that the byte is enabled for output at the end of execution
      of the microinstruction, that is, either enabled by the current
      microinstruction or enabled by a preceding microinstruction and not
      disabled by the current one.
PAR  FIG. 37 shows the timing relationship between the instruction execution
      time, output data, and the IO Active strobe. The IO Active strobe occurs
      nominally 100 ns after the microinstruction execution clock time, thus
      allowing 60 ns from data stable to the leading edge of the strobe. The
      pulse is nominally 150 ns in width.
PAR  Multiplexed IO Interrupts: The processor has a single interrupt level
      associated with general input/output. This interrupt level is multiplexed
      among the IO locations and on the IO Modules is submultiplexed between two
      interrupt inputs, as diagrammed in FIG. 38.
PAR  Receipt of an active-low interrupt, NINT(E) or NINT(O), from the user sets
      the Request flip-flop 102 on the next system clock, providing the
      processor signal, NINTLOCK, is high. Request high permits three actions:
PAR  1. Causes NIOINT to be pulled active-low, if the particular 10 Module has
      priority (PRIn = 1), initiating the multiplexed IO interrupt routine in
      the processor.
PAR  2. Inhibits PRIn+1, the priority signal for the next IO module in the
      priority sequence.
PAR  3. Enables transfer of the IO Module device address to the A bus on receipt
      of AXDASTROBE from the processor.
PAR  When the interrupt service routine begins, the processor hardware
      automatically block disables the multiplexed IO interrupts in order to
      avoid interference from other IO interrupts. The IO interrupts are
      re-enabled following the service routine.
PAR  IO interrupt signals are generated on an inquiry/response basis, as shown
      in FIG. 39. That is, an interrupt signal should be driven active-low and
      remain in this state until the microprogram responds. This response may
      take the form of a pulse on a line of the IO bus 6 assigned for this
      purpose. The microprogram should not generate this response until it has
      determined which user device generated the interrupt.
PAR  External Condition Test: Each 10 Module accepts four external condition
      lines (not illustrated), load the lines' state into a parallel register at
      each system clock, and multiplexes the one selected by micro opcodes to a
      single line, NEXT. This active-low signal is applied to the processor as
      previously described.
PAR  The RA Select, Device Select, and A bus Control fields address the external
      condition lines as follows:
PAR  1. The most significant six bits of RA Select and Device Select address the
      IO Module that is to present its external status to the NEXT line.
PAR  2. The least significant bit of RA Select and Device Select address the
      even or odd pair of external condition lines on the selected IO Module.
PAR  3. A Bus Control selects the left or right external condition line of the
      even or odd pair, as follows:
PA1  00  Right
PA1  01  Left
PA1  10  Right
PA1  11  Right
PAL  Note that if A bus Control specifies Work A bus (00) or MAR to A Bus (11),
      the right sense line is selected.
PAR  From the foregoing, it should be apparent that a multiplicity of different
      input/output devices such as Teletype, Paper Tape Reader, Paper Tape
      Punch, Magnetic Tape, Disc, Printer or the like may be connected, within
      bandwidth limits, to the processor through the standard or special
      input/output modules. Specific details of particular device interfaces
      will not be described here as the techniques used in adapting same to the
      input/output modules are well within the capability of one skilled in the
      art of data processing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a microprocessor comprising: a control memory for storing control
      words at addressable locations, means for addressing said control memory,
      a first bus, a second bus and a third bus;
PA1  a. an input/output device external to said microprocessor and connected to
      said first, second and third buses, said input/output device having an
      address,
PA1  b. means for interrupting the means for addressing said control memory,
PA1  c. means responsive to said means for interrupting for modifying the
      address of said control memory to a desired address,
PA1  d. means associated with said input/output device for placing said address
      of said input/output device on said first bus,
PA1  e. means associated with said input/output device for placing input signals
      on said second bus,
PA1  f. means responsive to a control word at said desired address for utilizing
      said first bus input signals for identifying said input/output device, and
PA1  g. means for executing said control word at said desired address to operate
      upon said second bus input signals.
NUM  2.
PAR  2. A microprocessor as set forth in claim 1 further comprising an
      arithmetic unit connected between said first and second buses and said
      third bus, wherein said arithmetic unit performs an arithmetic operation
      on said data of said second bus and places the result thereof on said
      third bus.
NUM  3.
PAR  3. A microprocessor as set forth in claim 2 wherein said data is received
      from said third bus by said input/output device.
NUM  4.
PAR  4. A microprocessor as set forth in claim 1 further comprising a logic unit
      connected between said first and second buses and said third bus, wherein
      said logic unit performs a logical operation on said data of said second
      bus and places the result thereof on said third bus.
NUM  5.
PAR  5. A microprocessor as set forth in claim 2 wherein said data is received
      from said third bus by said input/output device.
NUM  6.
PAR  6. A microprocessor comprising: a control memory for storing control words
      at addressable locations, means for addressing said control memory, a
      clock for generating a clock signal, a first bus, and a second bus, an
      addressable element connected to said first and second buses;
PA1  a. an input device external to said microprocessor,
PA1  b. means in said input device for providing an interrupt signal to
      interrupt said means for addressing said control memory, to initiate
      operation of an input/output routine,
PA1  c. means in said microprocessor for producing a response to said interrupt
      signal,
PA1  d. means in said input device for, in response to said interrupt response,
      placing data on said first bus and for placing an address of said
      addressable element on said second bus, and
PA1  e. means responsive to said clock signal for storing said data in said
      addressable element.
NUM  7.
PAR  7. A microprocessor as set forth in claim 6 wherein said addressable
      element is a register block.
NUM  8.
PAR  8. A microprocessor as set forth in claim 6 wherein said addressable
      element is a random access memory.
NUM  9.
PAR  9. A microprocessor as set forth in claim 6 further comprising a third bus,
      means in said microprocessor for generating output signals on said third
      bus, an output device external to said microprocessor and connected
      thereto by said third bus and means within said output device for
      providing a destination for signals on said third bus.
NUM  10.
PAR  10. A microprocessor as set forth in claim 9 further comprising:
PA1  a. means responsive to a clock signal for placing an address of said
      addressable element on said second bus, and
PA1  b. further means responsive to said clock signal for placing the contents
      of said addressable element at said address on said third bus.
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ABST
PAL  A system for mechanically reproducing language characters in a cursive form
      in accordance with the natural style calligraphy of the language. Written
      letters are characterized by "links" with preceding and following
      characters, and mathematical rules describe the cursive script in terms of
      the form each letter takes dependent upon the preceding and following
      characters. The system includes input means for inserting characters, one
      at a time, and for providing coded representations of the characters. The
      coded representations are fed to decoder means which has as an output a
      selected combination of concatenation properties applicable to the
      character. Analyzer means analyzes variables dependent on the
      concatentation properties of a successive string of characters which
      comprise a character under consideration, a preceding character and a
      following character. The analyzer means then provides a further coded
      representation of a particular concatenation property applicable to the
      character under consideration when the character under consideration is
      preceded by the preceding character and followed by the following
      character. The coded representation and the further coded representation
      are combined in a combining means to provide a composite coded
      representation containing information relative to a character and to its
      applicable concatenation properties. Means are provided for converting the
      composite code to a code suitable for driving output means.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of United States application
      Ser. No. 303,277, filed Nov. 2, 1972, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and an apparatus for the printing of
      languages which use the Arabic-Farsi script.
PAR  2. Description of the Prior Art
PAR  In languages which use the Arabic-Farsi script, the alphabetic characters
      have a phonetic similarity with the English alphabet, but each character
      assumes different shapes depending on its location in a word and on the
      character or symbol that precedes and follows it.
PAR  The multiplicity of shapes helps in information compression, as characters
      need not be written in their complete and isolated form. This advantage in
      the handwritten form, however, has led to problems in printing and reading
      this family of languages.
PAR  The complexity of transfer from the handwritten word to print may be
      considered and solved at five levels of decreasing difficulty and cultural
      acceptance:
PAR  I. Handwritten reproduction, using the precision and elegance of
      calligraphy, with the diacritics to indicate phonetic emphasis clearly
      indicated. This method has been used historically for the printing of
      literature and holy scriptures.
PAR  II. A simplified version of calligraphy used for everyday writing. This
      script is usually written without diacritics and may be slightly different
      in appearance among Urdu, Farsi and Arabic.
PAR  III. A simplified subset of the script adapted for manual or electric
      typewriters. These, depending on their design, are likely to have four
      shapes and keys for each character, i.e. initial, final, medial and
      isolated; in some cases only two, initial (also used as medial) and final
      (also used as isolated). The user supplies the linking information,
      shifting the carriage on the typewriter keyboard in the middle of the word
      if necessary, depending on the position of the character in the word. The
      typing process, because of this added requirement to remember the context,
      is relatively slow.
PAR  IV. The next level of simplification is to have only one form per
      character. This printed form is quite different from the handwritten
      script. In communication systems that use Teletype or similar output
      devices, this involves minimum technical modification. By using a modified
      printing head, and reversing the direction of printing, an English
      Teletype can be used to print Arabic-like languages. Since the output has
      little resemblance to the written form, user acceptance would require a
      radical break with deepseated cultural tradition.
PAR  V. Yet another level of simplification is the replacement of the Arabic
      script characters by a phonetically equivalent English alphabet. The
      language is altered to be written in Roman form, and is phonetically and
      semantically the same as before. Visually it is radically different. This
      involves no technical modification to the printing device. It is apparent
      that at present functional efficiency in printing and aesthetic quality
      are at opposite ends of the scale. Furthermore, the choice of a particular
      method of printing is determined by such diverse factors as effect on
      employment, cultural tradition, requirement for high speed output, cost,
      appearance, equipment reliability and availability, and resistance to
      change.
PAR  At present the language is transcribed to the printed form either by hand
      (level I) or by mechanical means (level III), both of which are very slow
      methods compared to the printing speed of western languages.
PAR  For telecommunications, solutions at level IV using isolated characters
      have been implemented on telextype equipment on an experimental basis. As
      stated earlier this is an unsuitable solution, since the machine output
      has little resemblance to the written form.
PAR  It has been stated earlier that in the languages using Arabic-Farsi script
      the shape of a character is dependent upon its location and contextual
      position in a word. Consequently printing devices must have multiple keys
      and shapes for a single character of the alphabet. A user must, on the
      basis of his knowledge of the script, make the right choice of character
      shape. This makes the process of transcribing the language slow and
      tedious, while, at the same time, the devices used are themselves
      cumbersome and inefficient.
PAC  SUMMARY OF THE INVENTION
PAR  A feature of the present invention is to incorporate in a logic circuit the
      tradition and rules of writing and the related memory requirement of the
      user whereby to reproduce the natural style of a language using the
      Arabic-Farsi script.
PAR  According to a broad aspect, the present invention provides a system
      comprising means for reproducing characters of languages that use the
      Arabic-Farsi script at a speed commensurate with the English language
      while preserving the natural style calligraphy of said languages.
PAR  According to a further broad aspect, the present invention provides a
      method of reproducing languages using the Arabic-Faris script comprising
      reproducing characters of said languages at a speed comparable to the
      English language while preserving the natural calligraphic style of said
      language.
PAR  The present invention is an advance in the art and technique of printing
      the family of languages using the Arabic-Farsi script to a level
      comparable to the efficiency of printing the English language. Potential
      applications of the invention are for use with teletypes for business,
      hospitals, airlines, industry, and education. Also, the invention will
      provide for simplified typewriters, working at the same speed as those for
      the western alphabet. Further, the invention can be used for automatic and
      photocomposition in the printing industry, graphical display devices, and
      writing on illuminated bulbs used in cities for news and advertising. The
      latter is a very common method of communication in big cities in that part
      of the world using languages with Arabic-Farsi script.
PAR  The present invention also preserves the natural beauty of calligraphy e.g.
      Naskh and Riquaa scripts in the case of the Arabic language, without
      compromising it with technical limitations. The introduction of new
      technology which helps to preserve culture and tradition will evoke a very
      positive emotional response in the users, and with time new applications
      will develop in the countries where the languages using Arabic-Farsi
      script are spoken.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood by an examination of the following
      description together with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of a system for implementing the invention;
PAR  FIG. 2 shows the contents of the analyzer of FIG. 1 in greater detail; and
PAR  FIG. 3 shows the contents of the state register of FIG. 1 in greater detail
     .
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The word "Urdu" will be used in the following description to denote the
      family of languages using the script of the Arabic-Farsi languages. A new
      theory has been developed to form the basis of the hardware design of the
      present invention. This is a first step in building the logical system,
      which is a particular embodiment of the principles delineated below.
PAR  Let V.sub.E = [A, B, ..., Z] be the set of characters of the English
      alphabet and let V.sub.E ' be the set of characters of the Urdu alphabet
      whose elements have a phonetic similarity with the corresponding
      characters in English. However, Urdu, depending on country and usage, may
      have up to 35 characters. Let V.sub.O be the complete set of characters of
      the Urdu alphabet, then V.sub.O = V.sub.E ' U [additional characters of
      Urdu without correspondence in English].
PAR  Next, define V.sub.x to be the set of symbols that need not be analyzed in
      the formation of a word, since they are printed without modification. This
      set includes numerals, punctuation marks, and, most important, diacritics
      that are used in Urdu to denote phonetic information.
PAR  The total alphabet, V.sub.A, that needs to be considered is then:
EQU  V.sub.A = V.sub.O U V.sub.X
PAR  For the purpose of the analysis, the set V.sub.A is partitioned into four
      groups. This partitioning is based on the applicant's interpretation of
      the script. It may be modified depending upon the country, language and
      individual preferences of the user. The importance of this partitioning
      will be explained later.
PAR  Let the Urdu character corresponding to the English character C.sub.i be
      called .omega..sub.Ci, where C.sub.i .epsilon. V.sub.E. Next, define
      .omega..sub.ij as the Urdu character script shape of the type j
      corresponding to the English character C.sub.i for i = 1, ..., 26; j
      .epsilon. I.sub.i, where for each i, I.sub.i is the set of j.sub.s ' for
      which the script shape .omega..sub.ij exists. For the sake of simplicity
      one may write .omega..sub.sj to denote .omega..sub.ij for s = C.sub.i,
      e.g. .omega..sub.A5 = .omega..sub.1,5. The availability of shapes may be
      represented by the Boolean Matrix A.sub.i,j which signifies that for a
      given character C.sub.i, and for j = 0, 1, ..., 7 if for j = j', 0 &lt; j' &lt;,
      7, then if
TBL  A.sub.ij = 1            .omega..sub.i,j.sub.'  exists                     
     = 0                     .omega..sub.i,j.sub.'  does not exist.            
PAR  The availability matrix is implemented in a Read Only Memory, and plays an
      important role in the hardware design as will be described later with
      reference to a script processor design.
PAR  It should be noted that Urdu is written from right to left. Consider the
      concatenation properties of an Urdu character .omega..sub.i. Let A, B and
      C be three Boolean variables which describe the following concatenation
      properties.
PAR  i.
PA1  A = o symbol concatenates on both sides.
PA1  A = 1 symbol does not concatenate on at least one side. It is isolated or
      initial or terminal.
PAR  ii.
PA1  B = o links down to the left
PA1  B = 1 links up to the left
PAR  iii.
PA1  C = o links down from the right
PA2  1 links up from the right
PAR  The properties are summarized in Table I which follows. 8
TBL                Table 1                                                     
     ______________________________________                                    
     Link Table                                                                
     A B C Min-term Comment                                                    
     ______________________________________                                    
     0 0 0 P.sub.0  Links down L                                               
                    Links down R                                               
                    Concatenates in both directions.                           
     0 0 1 P.sub.1  Links down L                                               
                    Links up R                                                 
                    Concatenates in both directions.                           
     0 1 0 P.sub.2  Links up L                                                 
                    Links down R                                               
                    Concatenates in both direction.                            
     0 1 1 P.sub.3  Links up L                                                 
                    Links up R                                                 
                    Concatenates in both directions                            
     1 0 0 P.sub.4  Links down R                                               
                    Terminates on L.                                           
     1 0 1 P.sub.5  Links up R                                                 
                    Terminates on L.                                           
     1 1 0 P.sub.6  Links up or down at L.                                     
                    Initial. No links on R.                                    
     1 1 1 P.sub.7  Does not links on L or R                                   
                    Isolated symbol.                                           
     ______________________________________                                    
PAL  We assign to j in .omega..sub.ij the suffix of the corresponding Min-term
PAR  The English characters A, B, D, J, for example will have the following
      associated graphic shapes and names in the Urdu writing system.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Shapes of symbols A, B, D & J                                             
     Letter    P-term / .omega..sub.ij / graphic shape                         
     __________________________________________________________________________
     English                                                                   
          Urdu P.sub.0                                                         
                  P.sub.1                                                      
                       P.sub.2                                                 
                            P.sub.3                                            
                                 P.sub.4                                       
                                      P.sub.5                                  
                                           P.sub.6                             
                                                P.sub.7                        
     __________________________________________________________________________
     A    .omega..sub.A                                                        
               -- --   --        --   .omega..sub.A5                           
                                           .omega..sub.A6                      
                                                .omega..sub.A7                 
     B    .omega..sub.B                                                        
               -- .omega..sub.B1                                               
                       --   .omega..sub.B3                                     
                                 --   .omega..sub.B5                           
                                           .omega..sub.B6                      
                                                .omega..sub.B7                 
     D    .omega..sub.D                                                        
               -- --   --   --   --   .omega..sub.D5                           
                                           .omega..sub.D6                      
                                                .omega..sub.D7                 
     J    .omega..sub.J                                                        
               -- --   .omega..sub.J2                                          
                            --   .omega..sub.J4                                
                                      --   .omega..sub.J6                      
                                                .omega..sub.J7                 
     __________________________________________________________________________
PAR  The domains for graphic shapes .omega..sub.Ci in Urdu for the English
      character C.sub.i are:
PAR  .omega..sub.A = {.omega..sub.A5, .omega..sub.A6, .omega..sub.
PAR  .omega..sub.B = {.omega..sub.B1, .omega..sub.B3, .omega..sub.B5,
      .omega..sub.B6, .omega..sub.B7 }
PAR  .omega..sub.D = {.omega..sub.D5, .omega..sub.D6, .omega..sub.D7 }
PAR  .omega..sub.J = {.omega..sub.J2, .omega..sub.J4, .omega..sub.J6,
      .omega..sub.J7}
PAR  The first two rows of the availability matrix A.sub.ij would then be
             0 0 0 0 0 1 1 1                                                   
     A.sub.ij =                                                                
            .vertline.0 1 0 1 0 1 1 1 .vertline.                               
PAR  As mentioned earlier, the set of the total alphabet V.sub.A is partitioned
      into four groups such that the characters having the same architectural
      characteristics in their Urdu form and similar concatenation properties
      constitute the same class of the partition.
EQU  V.sub.A = {V.sub.S, V.sub.U, V.sub.D, V.sub.X }
PAR  For the purpose of illustration, let V.sub.E = {V.sub.S ', V.sub.U ',
      V.sub.D' } where V.sub.S ' V.sub.S, V.sub.U ' V.sub.U and V.sub.D '
      V.sub.D.
PAL  V.sub.s'
PAR  the characters in this partition V.sub.S '={.omega..sub.A, .omega..sub.R,
      .omega..sub.D, .omega..sub.O } have the property that they do not
      concatenate with the successor.
PAL  V.sub.d'
PAR  the right link (connecting with the precedecessor) of the characters points
      downwards. For example characters of the type .omega..sub.i0,
      .omega..sub.i2 and .omega..sub.i4 would be included in this partition.
PAL  V.sub.u'
PAR  the right link of the characters points upwards. Urdu graphics or the type
      .omega..sub.i1, .omega..sub.i3, and .omega..sub.i5 would be included in
      this partition.
PAL  V.sub.x
PAR  This partition which includes numerals etc... has been described earlier.
PAR  It is assumed that the four partitions do not contain any common elements.
PAR  In the current design
PAR  V.sub.S ' ={.omega..sub.A, .omega..sub.R, .omega..sub.D, .omega..sub.o }
PAR  V.sub.D ' ={.omega..sub.H, .omega..sub.J, .omega..sub.M }
PAR  V.sub.U ' ={V.sub.E ' - V.sub.U ' - V.sub.s '}
PAR  As stated earlier the choice of characters in a partition is based on the
      applicant's understanding of the script. It could vary depending on the
      language, the country and the user.
PAR  The following description relates to the details of a transformational
      grammar, which accepts characters in their input sequence and performs a
      forward scan for the analysis. For the sake of completeness some basic
      definitions are reviewed.
PAR  A grammar G = (V.sub.T, V.sub.N, P, .sigma.) is a 4-tuple that consists of
PAR   V.sub.T a terminal vocabulary
PAR   V.sub.N a non-terminal vocabulary
PAR   P a set of production rules
PAR   .sigma. a sentence symbol which is member of V.sub.N.
PAR  If each production is of the form
EQU  .phi. .xi. .psi. .fwdarw. .phi. .omega. .psi.
PAL  where .phi. and .psi. are in (V.sub.T U V.sub.N)* and .omega. is in
      (V.sub.T U V.sub.N) - {.epsilon.}, where {.epsilon.} is the empty word,
      then the grammer G is called context sensitive. It should be noted that
      .phi. and .psi. may be null, and .omega. may not be empty. Specifically
      V.sub.N = V.sub.A U .theta., and V.sub.T = {.omega..sub.ij .vertline. i
      .epsilon. {1...., 35}, a.sub.ij .noteq.0} U {.music-sharp.} U {V.sub.X }
      } is the set of terminal Urdu character graphics augments by the delimiter
      .music-sharp., and the set V.sub.x. It is recalled that the symbols in
      V.sub.x are printed without modification.
PAR  The grammar described below transforms words written in Urdu characters,
      i.e. strings over V.sub.O * , into words written in well-formed Urdu
      script graphics, i.e. strings over V.sub.T * . It is assumed that a
      sufficient number of production rules of the form .sigma..fwdarw..BECAUSE.
      .alpha. .music-sharp. exists, where .alpha. is a word writen with Urdu
      characters (.alpha. .epsilon. V.sub.o *). These rules generate the
      language, e.g. Arabic or Farsi, and are different for each language. They
      are of no concern to the theory of the invention. The rules which
      transform the word of a language to its written form are context
      sensitive, and are given below as:
TBL  R0:   This is a large set of production rules of the form                 
           .sigma..fwdarw.# S.sub.1, ... S.sub.n #, where S.sub.1, ...,        
           S.sub.n .epsilon. V.sub.0 and S.sub.1, ... S.sub.n                  
           is the pseudo-English representation of an Urdu word.               
     R1:   S.sub.i S.sub.j .fwdarw..omega..sub.i7 S.sub.j for S.sub.i, S.sub.j 
           .epsilon. V.sub.x U #                                               
     R2:   S.sub.i C.sub.j .fwdarw..omega..sub.i7 C.sub.j for S.sub.i          
           .epsilon. {V.sub.x U #} and C.sub.j .epsilon. V.sub.0               
     R3:   .omega..sub.kl C.sub.i C.sub.j .fwdarw..omega..sub.kl               
           .omega..sub.i7 C.sub.j for C.sub.i .epsilon. V.sub.S                
           and l .epsilon. {4, 5, 7}                                           
     R4:   .omega..sub.kl C.sub.i C.sub.j .fwdarw..omega..sub.kl               
           .omega..sub.i6 C.sub.j for C.sub.j .epsilon. V.sub.D U V.sub.U      
           UV.sub.s                                                            
           and l .epsilon. {4, 5, 7}                                           
TBL  R5:   .omega..sub.kl C.sub.i C.sub.j .fwdarw..omega..sub.kl               
           .omega..sub.i5 C.sub.j for C.sub.j .epsilon. V.sub.S                
           and l .epsilon. {0, 2, 6}                                           
     R6:   .omega..sub.kl C.sub.i C.sub.j .fwdarw..omega..sub.kl .omega..sub.i4
            C.sub.j for C.sub.j .epsilon. V.sub.S                              
           and l .epsilon. {1, 3, 6}                                           
     R7:   .omega..sub.kl C.sub.i C.sub.j .fwdarw..omega..sub.kl               
           .omega..sub.i3 C.sub.j for C.sub.j .epsilon. V.sub.U                
           and C.sub.i .epsilon. V.sub.U and l .epsilon. {2, 3, 6}             
     R8:   .omega..sub.kl C.sub.i C.sub.j .fwdarw..omega..sub.kl               
           .omega..sub.i2 C.sub.j for C.sub.j .epsilon. V.sub.U                
           C.sub.i .epsilon. V.sub.D and l .epsilon. {0, 1, 6}                 
     R9:   .omega..sub.kl C.sub.i C.sub.j .fwdarw..omega..sub.kl               
           .omega..sub.i0 C.sub.j for C.sub.j .epsilon. V.sub.D,               
           C.sub.i .epsilon. V.sub.D and l .epsilon. {0, 1, 6}                 
     R10:  .omega..sub.kl C.sub.i C.sub.j .fwdarw..omega..sub.kl               
           .omega..sub.i1 C.sub.j for C.sub.j .epsilon. V.sub.D,               
           C.sub.i  .epsilon. V.sub.U and l .epsilon. {2, 3, 6}                
     R11:  .omega..sub.kl C.sub.i #.fwdarw..omega..sub.kl .omega..sub.i4 # for 
           C.sub.i .epsilon. V.sub.D                                           
           and l .epsilon. {0, 1, 6}                                           
     R12:  .omega..sub.kl C.sub.i #.fwdarw..omega..sub.kl .omega..sub.i5 # for 
           C.sub.i .epsilon. V.sub.U U V.sub.S                                 
           and l .epsilon. {2, 3, 6}                                           
     R13:  .omega..sub.kl C.sub.i #.fwdarw..omega..sub.kl .omega..sub.i7 # for 
           l .epsilon. {4, 5, 7}                                               
PAR  These rules formally express the tradition of writing the Urdu language.
      This is a new idea, and forms an important and integral part of the
      hardware design of the present invention.
PAR  The theory and logical design of the machine which performs the syntactic
      transformation described previously are given below.
PAR  It is well known that a context sensitive language is accepted by a linear
      bounded automaton. However, in this case, while the grammar is context
      sensitive, the requirement is to find a transducer that would both accept
      and transform. It appeared reasonable to find a finite state deterministic
      automaton.
PAR  The production rules of the grammar of script generation may be re-stated
      as under:
PAR  The string (actually written from right to left in Urdu)
EQU  .omega..sub.kl C.sub.i C.sub.j
PAL  and its concatenation characteristics are expressed in terms of four new
      Boolean variables E.sub.d, E.sub.g, R.sub.i, and R.sub.j. They are
      described below:
PAL  E.sub.d
PAR  The character C.sub.k that had been previously transformed to
      .omega..sub.kl is replaced by E.sub.d, such that
TBL                0, if l .epsilon. {4, 5, 7}, and                            
            E.sub.d =                                                          
                   1 otherwise                                                 
PAL  E.sub.g
PAR  It describes the contatenation characteristics of the two characters
      C.sub.i (undergoing analysis) and C.sub.j (last input), as follows:
TBL             0 if C.sub.i .epsilon. V.sub.S U V.sub.x or C.sub.j .epsilon.  
                V.sub.x, and                                                   
     E.sub.g =                                                                 
                1 otherwise                                                    
PAL  R.sub.i and R.sub.j
PAR  These Boolean variables, R.sub.i and R.sub.j, describe the right link
      properties of the characters C.sub.i and C.sub.j respectively.
TBL                  0 right link down                                         
            R.sub.i, R.sub.j =                                                 
                     1 right link up                                           
PAR  Next, the new output Boolean variables S.sub.0, S.sub.1, S.sub.2 are
      defined, which help in code translation from the input variables E.sub.g,
      E.sub.d, R.sub.i and R.sub.j.
PAR  The following table may be easily constructed from the production rules
      described earlier.
TBL                Table 3.                                                    
     ______________________________________                                    
     Code translation Table                                                    
     R.sub.j                                                                   
          R.sub.i                                                              
                 E.sub.g                                                       
                        E.sub.d                                                
                             S.sub.0                                           
                                  S.sub.1                                      
                                       S.sub.2                                 
                                            Output Rule                        
     ______________________________________                                    
     --   --     0      0    1    1    1    7      3,13                        
     --   0      0      1    1    0    0    4      11                          
     --   1      0      1    1    0    1    5      12                          
     --   0      0      1    1    0    0    4      6                           
     --   1      0      1    1    0    1    5      5                           
     --   --     1      0    1    1    0    6      4                           
     0    0      1      1    0    0    0    0      9                           
     0    1      1      1    0    0    1    1      10                          
     1    0      1      1    0    1    0    2      8                           
     1    1      1      1    0    1    1    3      7                           
     ______________________________________                                    
PAR  By simplification the Boolean variables S.sub.0, S.sub.1, S.sub.2 may be
      obtained in terms of the variables E.sub.g, E.sub.d, R.sub.i, and R.sub.j
      as follows:
EQU  S.sub.0 = E.sub.g + E.sub.d                                (1)
EQU  S.sub.1 = E.sub.g .sup.. E.sub.d .sup.. R.sub.j + E.sub.d  (2)
PAL  and
EQU  S.sub.2 = E.sub.g .sup.. E.sub.d + E.sub.d .sup.. R.sub.i  (3)
PAR  The above represents a code translation scheme .tau.: {0,1}.sup.m
      {0,1}.sup.n, m.gtoreq.n
PAL  where m, n are the dimensions of the Boolean spaces (4 and 3 in this case)
      of the input and output respectively.
PAR  Thus, the variables S.sub.0, S.sub.1, S.sub.2 give the representation of
      the form of the Urdu graphic .omega..sub.im corresponding to the character
      C.sub.i in the string C.sub.k C.sub.i C.sub.j, in terms of the
      concatenation and linking properties of the characters in the string.
PAR  The operation will now be described. The analysis of the character string
      is performed in a uniform manner, no distinction being made between
      characters in different partitions of V.sub.A, i.e. V.sub.U, V.sub.D,
      V.sub.S and V.sub.X. The output follows the input with a one symbol delay.
      This mode of operation results in a simple design, by minimizing the
      problems of synchronization, timing and control. In a communication system
      where two Teletype like devices are linked to each other, the method
      proposed here eliminates the impression of erratic functioning on the
      user, who anticipates and receives a continuous message, not being aware
      of the delay. To the sender, inspite of the one symbol delay, this method
      with the feature of continuous output is equally attractive.
PAR  For the purpose of illustration let us recall the process of analysing the
      string .omega..sub.kl C.sub.i C.sub.j. It is noted that the previous
      symbol C.sub.k had been analysed as the Urdu graphic .omega..sub.kl,
      C.sub.i is the symbol under analysis, and C.sub.j is the last symbol
      received. The overall design of the script processor shown in the drawing
      will now be described with reference to the processing of the string
      .omega..sub.kl C.sub.i C.sub.j.
PAR  As mentioned earlier, the theory described forms the basis of the hardware
      design of the present invention. A preferred form of the hardware design
      is shown with regard to the drawings. Referring to FIG. 1 of the drawings,
      1 is a keyboard having alphanumeric characters on the keys. The keyboard
      provides, at its output, an eight bit code representative of the character
      of a key which is depressed. Such keyboards are well known in the art,
      and, as is well known, the eight bit binary code is a standardized code
      for use in such keyboards. The keyboard could comprise, for example, the
      keyboard of a KSR.33 Teletype system.
PAR  The output of the keyboard is fed, in parallel, to eight bit register 2.
      The eight bit register can comprise a series of eight flip-flops or any
      other similar means well known in the art. The output of the eight bit
      register 2 is fed, again in parallel form, to decoder 3. The decoder is of
      the well known type which receives a coded binary input and provides an
      output at only one of a plurality of outputs depending on the code at the
      input. A memory decoder, for example a Texas Instrument SN74154, which
      receives a 4 bit input and provides an output at any one of 16 outputs,
      can be used to fabricate the decoder 3. In one embodiment of the
      invention, 35 output lines are required. Thus, it would be necessary to
      use four SN74154's to make a decoder to be used in this embodiment. (It
      will, of course, be appreciated that such an arrangement will provide 256
      outputs. Only 35 are used).
PAR  The output of the decoder is fed to a Read Only Memory (ROM) 5. The ROM is
      a well known matrix and can consist of, for example, a plurality of diodes
      connected across the input and output as shown in the drawings. It is of
      course understood that only a small number of the total number of diodes
      are shown in the drawings. However, the ROM does not have to constitute
      this particular type of matrix and any other matrix which will serve the
      function can serve in its place. The input to the ROM consists of a
      plurality of leads corresponding in number at least to the plurality of
      leads at the ouput of the decoder. Each lead at the output of the decoder
      is connected to a separate lead at the input to the ROM. The output of the
      ROM is eight leads which provides an eight bit code in binary form. The
      ROM is the physical implementation of the availability matrix discussed
      above. As will be appreciated, the availability matrix will be different
      for different scripts or for different interpretations of the same script.
      However, in accordance with the inventive system, any one of these scripts
      or different interpretations of scripts can be implemented by the mere
      substitution of an ROM containing the appropriate availability matrix.
PAR  The output of the ROM is fed to availability register 6 which again
      comprises an eight bit register.
PAR  Status register 11, which will be more fully discussed below, receives
      inputs from both the availability register 6 and the decoder 3 as will be
      more fully discussed below. The status register, in turn, provides outputs
      to the analyzer module 7 which is described in more detail with regard to
      the description concerning FIG. 2 of the drawings.
PAR  The output of the eight bit register 2 is fed, in a parallel path, to eight
      bit register 8. Outputs from the register 8 and from the analyzer module 7
      are fed to an 11 bit register 10 which contains the 8 bit of a character
      from register 8, and a 3 bit code of a particular shape, i.e., one of the
      eight of Table 1, as received from the analyzer module 7. The 11 bit code
      is decoded by a decoder 13 to drive the printer 12. The decoder 13 can
      comprise a series of logic circuits, including AND gates, OR gates, shift
      registers etc., which will convert the 11 bit code to, for example, an
      eight bit code to drive the printer. The printer 12 is a standard printer
      which is driven by an eight bit binary signal and is well known in the art
      and could comprise for example, a printer of the Teletype system discussed
      above. Decoder 3 also provides an output to the input of control unit 9
      whose output is fed both to the eight bit register 8 and the analyzer
      module 7. As will be seen, the ouput of the control unit 9 is fed to the
      clock terminals comprising the units 7 and 8 to advance these units
      without an analysis by the analyzer module.
PAR  Synchronizer 4 provides a clock signal to the clocked units of the system
      in synchronism with the operation of the keyboard to thereby synchronize
      the entire system with the keyboard.
PAR  The function of the analyzer module is to implement the Boolean equations
      1, 2 and 3 disclosed above. Boolean equations are of course, most easily
      implemented with a series of logic elements. A form of the analyzer module
      is shown in FIG. 2 of the drawings. Referring to FIG. 2, output from the
      availability register 6 is fed to OR gate 21. The output of OR gate 21 is
      fed to flip-flop 23 and to AND gate 30.
PAR  Equation (1) is implemented by OR gate 25 which receives its input from the
      NOT terminals of state register 11. Equation (2) is implemented with the
      combination of AND gate 27 and OR gate 29. AND gate 27 is fed from the
      terminals of state register 11 as well as from the output of flip-flop 23.
      The input to OR gate 29 comprises the output of AND gate 27 as well as one
      of the NOT terminals from state register 11.
PAR  Equation (3) is implemented with the combination of AND gate 30, AND gate
      31 and OR gate 33. The inputs to these gates and their interconnection is
      easily seen in the drawings.
PAR  The operation of the entire logic circuitry comprising the analyzer module
      is self-evident and requires no further description here.
PAR  Details of the state register 11 are shown in FIG. 3. As can be seen from
      the description of the variable E.sub.g, the Boolean equation for
      determining E.sub.g and E.sub.g is as shown in FIG. 3. The state register
      consists of the OR gate 41 which receives input V.sub.xj V.sub.sj from the
      decoder 3 as described with relation to FIG. 1.
PAR  According to the terminology developed above, V.sub.x is a character in the
      partition including numerals etc. As can be seen in FIG. 1, when decoder 3
      decodes such a character, it provides an output on a selected one of its
      output leads.
PAR  As C.sub.j refers to the character following the character C.sub.i under
      consideration, V.sub.xj is the signal at the selected output of 3 when
      C.sub.j is in the partition V.sub.x.
PAR  C.sub.j becomes C.sub.i when a further character (following C.sub.j) is
      keyed in. At the onset, V.sub.xj + V.sub.sj is stored in flip-flop 43.
      When the further character is keyed in, 43 is clocked and its output is
      V.sub.xi + V.sub.si.
PAR  In a like manner V.sub.sj is a selected output on decoder 3 when the input
      is a character of the partition V.sub.s. The output of OR gate 41 is
      stored in flip-flop 43 to provide a time delay so that it is fed to the
      analzyer module when the next character is being considered. The V.sub.xj
      input is also fed, through inverter 42, to one terminal of AND gate 47.
      The other input to AND gate 47 is fed from the NOT terminal of flip-flop
      43.
PAR  The E.sub.d value is obtained from the combination of OR gate 49 and
      flip-flops 51 and 53. The OR gate is fed from the availability register 6,
      and flip-flops 51 and 53 merely provide the required time delay for
      anlysis.
PAR  In operation, the system operates as follows: When a key on the keyboard 1
      is depressed, the keyboard will provide an eight bit code word
      representative of that character. As will be appreciated, each of the
      characters will be represented by a different code word. The code word is
      stored in the register 2 until the next key is depressed.
PAR  When the next key is depressed, it will energize the synchronizer to clock
      the register 2 so that the code representative of the first character will
      be passed on to both the decoder 3 and the register 8. The character is
      then decoded in the decoder and the next step in the process will depend
      on which of the four partitions the character falls into.
PAR  Should the character in the decoder fall into the partition V.sub.s or
      V.sub.x, then the decoder 3 will provide an output to the control unit 9
      which will then clock the register 8 to move the eight bit word down to
      the register 10 and thence to decoder 13 where it will be decoded to an
      eight bit printing code for printing that character. At the same time, the
      control unit 9 will provide a signal to the analyzer module 7 so that the
      analyzer module will not perform an analysis.
PAR  When the character falls within the partitions V.sub.d or V.sub.u, then the
      decoder will provide an output on only one of its 35 output lines. As will
      be appreciated, each one of the output lines is associated with a
      different character. The signal on the decoder output line will be applied
      to its appropriate input of the ROM 5 and then passed to the 8 bit
      register 6 and, subsequently, to both the status register 11 and the
      analyzer module 7.
PAR  As will be appreciated, a character inserted via the keyboard 1 will not be
      printed on the printer until the next character has been inserted via the
      keyboard 1. After the next character has been inserted, the analyzer
      module will perform an analysis of the character under consideration, the
      character preceding the character under consideration, and the character
      following the character under consideration, to solve the equations (1),
      (2) and (3) to thereby provide values for S.sub.0, S.sub.1 and S.sub.2.
      These values are provided to the register 10 so that the register will
      receive an eleven bit word which fully describes both the appropriate
      shape of a character and its linking characteristics taking into
      consideration the preceding and succeeding characters.
PAR  The variables S.sub.0, S.sub.1 and S.sub.2 determine the concatenation
      properties of the character under consideration in accordance with Table
      1. Thus, if S.sub.0, S.sub.1, S.sub.2 is 011, then the concatenation
      properties of the character will be that it links up to the left as links
      up from the right as per P.sub.3 of the table.
PAR  For the purpose of testing the processor shown in the drawing, the Teletype
      output was modified to simulate Urdu writing with appropriate linkages. In
      this representation markers are printed around each character, i.e. before
      and after, to indicate its linkages if they exist. The method is shown
      below:
TBL           link up forward (right in English, left in Urdu).                
              link down forward (right in English, left in Urdu).              
              link up backward                                                 
              link down backward                                               
              initial                                                          
              Independent surrounded by blanks                                 
              Terminal down, up backward.                                      
PAR  As an example, let us consider the word JOAB, which means "answer" in the
      Farsi language, and is printed on line 2 of Table 4. The analysis follows
      as under.
TBL  ______________________________________                                    
                 Rule                                                          
             .sigma.          #JOAB#                                           
                 R O                                                           
     ______________________________________                                    
TBL                Rule                                                        
            #JO               .omega..sub.i7 JO                                
                   R 2                                                         
                   Rule                                                        
            .omega..sub.i7 JO #.omega..sub.J6 O                                
                   R 4                                                         
                   Rule                                                        
            .omega..sub.J6 OA .omega..sub.J6 .omega..sub.O5 A                  
                   R 5                                                         
                   Rule                                                        
            .omega..sub.O5 AB .omega..sub.O5 .omega..sub.A7 B                  
                   R 3                                                         
                   Rule                                                        
            .omega..sub.A7 B# .omega..sub.A7 .omega..sub.B7 #                  
                   R13                                                         
PA1  The string .music-sharp.w.sub.J6 w.sub.O5 w.sub.A7 w.sub.B7 .music-sharp.
      is printed on the Teletype as J O A B.
PAR  In addition to the above example, other words are printed by the processor
      in pseudo-Urdu showing their correct linkage and are shown in Table 4,
      which is the actual output produced by the system on a KSR.33 Teletype.
TBL                Table 4                                                     
     ______________________________________                                    
     PSUEDO-URDU OUTPUT PRODUCED BY THE PROCESSOR                              
     ______________________________________                                    
                 G!'O R A                                                      
                 J!'O A B                                                      
                 B!'O L                                                        
                 B!'R B!'G''E                                                  
                 A G!'A                                                        
                 J!'A N                                                        
                 A B!'A                                                        
                 G!'A N                                                        
                 B!'B''A                                                       
                 K!'O F!'B''A                                                  
                 K!'E''A R E                                                   
                 A M!'E                                                        
                 K!'E''A R                                                     
                 A D R                                                         
                 D A R                                                         
                 R D A                                                         
                 F!'D A                                                        
                 F!'A D                                                        
                 J!'O C                                                        
                 A M!'D B!'D                                                   
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for mechanically reproducing language characters in a cursive
      form in accordance with the natural style calligraphy of said language,
      wherein a plurality of j cancatenation properties is associated with said
      natural style calligraphy, a selected combination of said cancatenation
      properties being applicable to each character of said language characters,
      said selected combination comprising an integral number of said
      concatenation properties equal in number from j to O where j is an
      integer; said system comprising;
PA1  a. input means for inserting characters one at a time and for providing
      coded representations of characters which do concatenate and coded
      representations of characters which do not concatenate,
PA1  b. said input means providing coded representations associated with spaces
      between groups of characters,
PA1  c. decoder means for receiving said coded representations of said
      characters for providing output signals associated with said coded
      representation,
PA1  d. said decoder means providing a first group of output signals associated
      with said coded representation of characters which do not concatenate, and
      a second group of output signals associated with said coded representation
      of characters which do concatenate,
PA1  e. means responsive to said output signals from said decoder means for
      storing coded representations of a successive string of characters
      comprising a character under consideration, a preceding character and a
      following character,
PA1  f. means for analyzing said stored coded representations of said successive
      string of characters according to the concatenation properties of said
      character under consideration, said preceding character and said following
      character, said analyzer means providing further coded representations
      whereby said further coded representations are representative of the
      applicable concatenation property,
PA1  g. means for combining said coded representations from said input means
      with said further coded representations to provide a composite coded
      representation containing information corresponding to said character
      under consideration and its applicable concatenation property, and
PA1  h. output means for receiving said composite coded representations for
      reproducing said characters with the natural style calligraphy.
NUM  2.
PAR  2. A system as claimed in claim 1 wherein said concatenation properties are
      defined by three concatenation variables, one of said concatenation
      variables representative as to whether a character links or does not link,
      said other two concatenation variables each representative of the
      direction of a link and each corresponding to a respective side of said
      character.
NUM  3.
PAR  3. A system as claimed in claim 1 wherein said analyzer means comprises:
PA1  an availability matrix receiving said second group of signals from said
      decoder means for providing a third and fourth group of output signals,
PA1  a status register for receiving said fourth group of output signals from
      said availability matrix and said first group of signals from said decoder
      means, said status register providing a plurality of output signals, and
PA1  an analyzer module for receiving said third group of signals from said
      availability matrix and said plurality of output signals from said status
      register, said module providing said further coded representations to said
      combining means.
NUM  4.
PAR  4. A method for mechanically reproducing language characters in a cursive
      form in accordance with the natural style calligraphy of said language,
      wherein a plurality of j concatenation properties is associated with said
      natural style calligraphy, a selected combination of said concatenation
      properties being applicable to each character of said language characters,
      said selected combination comprising an integral number of said
      concatenation properties equal in number from j to O where j is an
      integer; said method comprising;
PA1  inserting characters one at a time on an input means to provide coded
      representations of characters which do concatenate and coded
      representations of characters which do not concatenate,
PA1  decoding the coded representations of a character by a decoder which
      provides outputs which correspond to characters which do concatenate and
      outputs which correspond to characters which do not concatenate,
PA1  storing a successive string of coded representations of characters
      corresponding to a character under consideration, a preceding character
      and a following character,
PA1  deriving a further coded representation depending upon the concatenation
      properties of said character under consideration, said preceding character
      and said following character,
PA1  combining said further coded representation with said coded representations
      from said input means to provide a composite coded representation
      corresponding to said character under consideration and its applicable
      concatenation property, and
PA1  utilizing said composite coded representation to reproduce said characters.
NUM  5.
PAR  5. A system as recited in claim 1 wherein said input means comprises a
      keyboard.
NUM  6.
PAR  6. A system as recited in claim 3 wherein said input means comprises a
      keyboard.
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ABST
PAL  Apparatus is provided for forming an absolute address for accessing the
      memory of a computer in which a plurality of associative registers each
      containing an associative word are arranged in sequential order, each
      associative word having an absolute page identifier and a virtual page
      identifier. Means is provided for comparing the virtual page identifier of
      the associative words with a virtual page identifier of a job program, and
      means is provided for sequentially shifting the associative words so that
      the associative word containing the virtual page identifier which
      corresponds to the virtual page identifier of the job program is placed in
      the highest ordered associative register.
BSUM
PAR  This invention relates to computer addressing techniques, and particularly
      to apparatus for addressing a computer memory.
PAR  Heretofore, "virtual addressing" has been accomplished through the use of
      computer software to access data and information from a central memory of
      a computer. The term virtual addressing is often used to denote a form of
      accessing a central memory wherein the absolute address of information or
      data to be accessed from the central memory is formed by combining at
      least two other addresses. For example, the absolute address could be
      formed through use of a program address combined with an address
      indicative of the region of the central memory from which desired
      information is to be retrieved.
PAR  One problem associated with prior addressing techniques accomplished
      through use of software resides in the fact that commonly used information
      and data, outside of the field length of a job program, must be retrieved
      by reconstructing the absolute address of the information each time the
      information is to be accessed.
PAR  The present invention is directed to apparatus for arranging at least
      partial absolute addresses in accordance with the degree of use of each
      such absolute address. Accordingly, it is an object of the present
      invention to provide addressing apparatus for a computer in which a
      plurality of at least partial absolute addresses are at least partially
      stored in a convenient location for ready access by a job program.
PAR  It is another object of the present invention to provide apparatus in which
      absolute addresses are accessed through use of a plurality of storage
      registers, with the contents of the storage registers being continuously
      updated to reference those addresses which are in the greatest use.
PAR  Another object of the present invention resides in the provision of
      addressing techniques wherein pages of data from memory may be accessed
      through the use of a page table, at least part of which is contained in
      predetermined associative registers and the remainder of which may be
      accessed through a space table.
PAR  Another object of the present invention resides in the provision of
      apparatus for addressing the central memory of the computer wherein
      addresses are sequentially examined through a sequence by which the most
      heavily used addresses are examined first and, upon exhausting a
      predetermined number of such addresses, additional addresses may be
      streamed for examination. If one of such additional addresses is an
      address to be utilized, that address is thereafter moved into a position
      of high priority.
PAR  In accordance with the present invention, a plurality of associative
      registers are sequentially arranged to contain associative words which,
      when accessed by a job program, are utilized to form an absolute address
      of data or information to be accessed from central memory. In the event
      that an address in one of the associative registers corresponds to an
      address of data sought by a job program, the absolute address of the data
      sought is formed and the data may be retrieved from memory. If, however,
      the associative registers do not contain the proper address, additional
      addresses are sequenced from memory through the associative registers
      until the appropriate address is located.
PAR  One feature of the present invention resides in the provision of apparatus
      for sequentially arranging the addresses in the associative registers so
      that the addresses in most prominent use are contained in higher ordered
      associative registers.
PAR  Another feature of the present invention resides in the provision of
      apparatus by which an associative word, when located in the associative
      registers or in memory is moved to a relatively high priority position in
      the associative registers.
PAR  Another feature of the present invention resides in the provision of
      apparatus for controlling the associative registers so that when a word,
      not previously contained in an associative register, is located, such word
      is thereafter retained in the associative register in a priority location
      for subsequent use, with lower priority words being shifted down one level
      of priority.
PAR  Yet another feature of the present invention resides in the provision of
      apparatus for manipulating associative words in the associative registers
      and the space table so that when a word is moved to a position of higher
      priority, the gap left at the absolute address of such moved word is filed
      by shifting other words.
PAR  As used herein, when referring to accessing "information" and/or "data"
      from memory with an address, the terms information and data should be
      construed in their broadest senses, and include subroutines and other
      classes of material stored in a computer memory. Thus, the terms should
      not be limited to material being handled by a computer, but should also
      include control material for affecting computer operation. Also as used
      herein, the term job program should be understood to include all
      instructions to the computer, including those retained in memory as well
      as those loaded through an input device to affectuate a specific job.
DRWD
PAR  The above and other features of the present invention will be more fully
      understood from the following detailed description and the accompanying
      drawings in which:
PAR  FIG. 1 is a block flow diagram useful in explaining the concept of virtual
      address as it applies to the present invention;
PAR  FIG. 2 is a diagram illustrating the format of associative words useful in
      connection with the present invention;
PAR  FIG. 3 is a flow diagram illustrating a manner of information of absolute
      addresses for memory access in accordance with the present invention;
PAR  FIGS. 4 and 5 are block circuit diagrams of apparatus in accordance with
      the presently preferred embodiment of the present invention;
PAR  FIG. 6 is a flow diagram illustrating the read and write function of the
      apparatus shown in FIGS. 4 and 5; and
PAR  FIG. 7 is a diagram illustrating certain word formats useful with the
      present invention.
DETD
PAR  Referring to the drawings, and particularly to FIG. 1, an absolute address
      for accessing memory is formed by an instruction from a job program. This
      address, which may be referred to as a virtual address includes a virtual
      page identifier and a word identifier. A page table containing a plurality
      of associative words is utilized to compare and search for the associative
      word associated with the particular virtual page identifier. When such
      associative word is located, an absolute page identifier is provided,
      which when combined with the word identifier from the virtual address,
      forms an absolute address for access to a particular location in memory.
      As will be more fully understood hereinafter, the page table is, at least
      in part, stored in a plurality of registers, such as sixteen associative
      registers, for ready access by the program. The remaining portion of the
      page table is stored in memory at a predetermined location hereafter
      called a space table, as will be more fully understood hereinafter.
      Preferably, at least one of the associative words near the end of the page
      table contains a use code indicative that it is the last associative word
      of the table. Hence, one of the associative words contains an "EOT" (end
      of table) code.
PAR  For purposes of explanation hereinafter, let it be assumed that the data
      within the memory of the computer is assembled in "pages" and that, for
      purposes of definition, the page size may follow either of two formats: a
      large page and a small page. Let it further be assumed that a large page
      contains 65,536 words, each containing 64 bits, whereas a small page
      contains 512 64-bit words. It will therefore be appreciated that for a one
      million word memory, the memory must contain either 16 large pages or
      nearly 2,000 small pages. It will further be appreciated that for such a
      one million word memory, 2,000 pages may be independently referenced by an
      11-bit absolute page identifier, whereas a 16 large page memory may be
      accessed by a 4-bit absolute page identifier. Further, it will be
      appreciated that to access an individual word of a large page containing
      over 65,000 words, a 16-bit word identifier is required, whereas to access
      an individual word of a small page containing 512 words, only a 9-bit word
      identifier is required.
PAR  With the foregoing in mind, reference may be had to FIG. 2 which
      illustrates the absolute word format for a large and a small page. With
      reference to the top portion of FIG. 2 which illustrates the small page
      associative word format, a 64-bit associative word is provided in which
      bits 0 through 3 are not used, bit number 4 is a flag, bits 5 through 15
      contain the absolute page identifier, bits 16 through 18 contain a use
      code, bits 19 through 30 contain a lock code, and bits 31 through 63
      contain a virtual page identifier. Likewise, as shown in the lower portion
      of FIG. 2, the associative word format for a large page comprises a 64-bit
      word whose bits 0 through 3 are not used, bit 4 is a flag code, bits 5
      through 8 contain an absolute page identifier, bits 9 through 15 are not
      used, bits 16 through 18 contain a use code, bits 19 through 30 contain a
      lock code, bits 31 through 56 contain a virtual page identifier, and bits
      57 through 63 are not used.
PAR  The derivation of the absolute address may be explained with reference to
      FIG. 3 wherein the associative word, containing an absolute page
      identifier, a use code, a lock code, and a virtual page identifier is
      provided by a page table, and a virtual address is likewise provided from
      the job program (See FIG. 1). The virtual page identifier of an
      associative word is compared to the identifier of a virtual address (e.g.
      from the job program), and if a match occurs, the absolute page identifier
      from the associative word is forwarded to the storage address register and
      a word identifier is transferred from the virtual address to the storage
      address register for access to memory. As shown in FIG. 3, in the case of
      a small page, the virtual page identifier contained in bits 31 through 63
      of the associative word is compared against an identifier contained in
      bits 16 through 48 of the virtual address, and if a coincidence occurs, an
      absolute page identifier at bits 5 through 15 of the associative word are
      transferred to bit positions 38 through 48 of the storage address
      register, while a word identifier contained in bits 49 through 54 of the
      virtual address is transferred to the storage address register and stored
      therein at bit positions 49 through 54. In the case of a large word, a
      virtual page identifier contained in bit positions 31 through 56 of the
      associative word is compared against an identifier in bit position 16
      through 41 of the virtual address, and upon a coincidence thereof, the
      absolute page identifier of the associative word contained in bits 5
      through 8 of the associative word is transferred to bit position 38
      through 41 of the storage address register and a word identifier contained
      in bit positions 42 through 54 of the virtual address is transferred to
      the storage address register to bit positions 42 through 54 thereof.
      Therefore, the storage address register will contain the absolute address
      of the data or information to be accessed from the central memory.
PAR  FIGS. 4 and 5 illustrate a block circuit diagram in accordance with the
      presently preferred embodiment of the present invention for accomplishing
      the addressing techniques in accordance with the present invention. As
      illustrated particularly in FIG. 4, data is read from read bus I via
      channel 10 by read circuits 11 and 12. Both read circuits provide outputs
      to a fan-in circuit 13 comprising address flag fan-in circuit 14, absolute
      page identifier fan-in circuit 15, usage code fan-in circuit 16, a lock
      code fan-in circuit 17, and a virtual page identifier fan-in circuit 18.
      Fan-in circuit 13, comprising the individual fan-in apparatus 14 through
      18, provides inputs to a first register 19 designated associative register
      AROO. This register includes a register address flag 19a, an absolute page
      identifier 19b, a usage code 19c, a lock code 19d, and a virtual page
      identifier 19e. Read data is also provided from read circuits 11 and 12 to
      associative register AR01 fan-in circuit 20. Additionally, associative
      register AR00 provides an output via channel 41a to fan-in circuit 20 and
      to fan-in circuit 21 which in turn is the fan-in circuit for associative
      register AR02. Associative register AR01 identified by reference numeral
      22 receives an input from fan-in 20 and provides an output to fan-in
      circuit 21 which in turn provides an output to register 23 which is
      associative register AR02. Associative register AR02 provides an output to
      register 24 and thereafter to registers 25, 26, 27, 28, 29, 30, 31 and 32,
      in sequence. As illustrated in the drawings, registers 23 through 32 are
      each associative registers and are wired in sequence so that the contents
      of the previous register are forwarded to a subsequent register.
      Therefore, registers 23 through 32 are subsequent associative registers
      designated as associative registers AR02, AR03, AR04, AR05, ARO6, ARO7,
      ARO8, AR09, AR10, and AR11. The eleventh associative register AR11,
      designated by reference numeral 32, provides an output to register AR12,
      designated by reference number 33, which in turn provides an output to
      register AR13, designated reference number 34. Associative register AR13
      provides an output to fan-in circuit 35, which in turn provides an output
      to associative register AR14, designated reference numeral 36. As shown in
      FIG. 4, the outputs from registers AR11, AR12, AR13 and AR14 are provided
      to a fan-in circuit 37 for input to register AR15 designated reference
      numeral 38. Likewise, fan-in circuit 35 receives inputs from both
      registers AR12 and AR13. Register AR15 provides an output via channel 39
      to each of the fan-in circuits of fan-in circuit 13 associated with
      associative register AR00. Additionally, associative registers AR14 and
      AR15 provide an output to write data bus I, designated by reference
      numeral 40. Each register AR00-AR15 is of similar construction to that
      shown in connection with register AR00. Fan-in circuits 20, 21, 35 and 37
      are similar to fan-in circuit 13, except that only fan-in circuit 13
      receives inputs from the controls in FIG. 5, and only fan-in circuits 13
      and 20 receive inputs from read bus I.
PAR  Address flag fan-in circuit 14 receives inputs as heretofore described,
      and, additionally, inputs from each of the register address flags of
      registers AR00 through AR15, the exact connection being shown for AR00
      whereas other connections being made through channel 41 from registers
      AR01 through AR15.
PAR  The loading of the associative word registers may now be explained.
PAR  Referring to FIG. 6, there is diagrammatically illustrated a representation
      of a portion of the central memory containing associative words. For
      purposes of explanation, let it be assumed that associative word 0 appears
      at absolute address 4000, that associative word 15 appears at absolute
      address 43CO, that associative word 16 appears at absolute address 4400,
      and that the last associative word contains an end of table (EOT) code.
      There may be any number of associative words in memory, but for purposes
      of explanation, the associative words 16 et seq., contained in memory,
      will be designated as the "space table". Associative words 0 through 15
      are to be read into associative registers AR00 through AR15, respectively.
      Further, and as will be more fully understood hereinafter, it is preferred
      to read the associative words in reverse order so that associative word 15
      appearing at absolute address 43CO is read first into register AR00, and
      will be shifted through the associative registers to finally appear in
      register AR15 at the same time that associative word 0 appearing at
      absolute address 4000 appears in associative AR00. The sequence for
      accomplishing the reading or loading of the associative word registers is
      as follows: at time T0, associative words 14 and 15 are read from read bus
      1 into registers AR00 and AR01 through the respective read circuits 11 and
      12 (FIG. 4). During the next cycle, T1, associative word 15 is transferred
      to associative register AR02. During time cycle T2, associative word 15 is
      transferred to associative register AR03, associative word 14 is
      transferred to associative register AR02, and associative words 12 and 13
      are read into associative registers AR00 and AR01, respectively. The
      process continues through time T11 when associative word 15 has moved to
      associative register AR12. During the next time cycle, T12, associative
      word 15 is transferred to both registers AR13 and AR15, during the next
      time cycle, T13, associative word 14 moves to register AR13, and during
      time cycle T14, associative word 14 moves to register AR14 thereby fully
      loading the associative registers AR00 through AR15. The following Table I
      denotes the loading of each associative register at each time T0 through
      T14.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     ASSOCIATIVE REGISTER LOADING                                              
     REG.                                                                      
         TIME                                                                  
     T0     T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14                     
     __________________________________________________________________________
     AR00                                                                      
         14 14 12 12 10 10 8  8  6  6  4   4   2   2   0                       
     AR01                                                                      
         15 15 13 13 11 11 9  9  7  7  5   5   3   3   1                       
     AR02   15 14 13 12 11 10 9  8  7  6   5   4   3   2                       
     AR03      15 14 13 12 11 10 9  8  7   6   5   4   3                       
     AR04         15 14 13 12 11 10 9  8   7   6   5   4                       
     AR05            15 14 13 12 11 10 9   8   7   6   5                       
     AR06               15 14 13 12 11 10  9   8   7   6                       
     AR07                  15 14 13 12 11  10  9   8   7                       
     AR08                     15 14 13 12  11  10  9   8                       
     AR09                        15 14 13  12  11  10  9                       
     AR10                           15 14  13  12  11  10                      
     AR11                              15  14  13  12  11                      
     AR12                                  15  14  13  12                      
     AR13                                      15  14  13                      
     AR14                                              14                      
     AR15                                      15  15  15                      
     __________________________________________________________________________
PAR  Similarly, data within associative registers AR00 through AR15 may be
      stored in central memory in reverse order through registers AR14 and AR15
      connected to write data buses 1. Thus, the contents of registers AR15 and
      AR14 are written into memory, in reverse order, commencing with absolute
      address 43CO (FIG. 6). Thus, at time T0, the contents of registers AR15
      and AR14 are forwarded to memory so that at time T2 the contents of
      register AR13 are forwarded to register AR15 and the contents of AR12 are
      forwarded to both registers AR13 and AR14. Also at time T2, the contents
      of register AR02-AR11 are shifted one position. At time T3 the register
      contents are again shifted. The process continues until the associative
      words in registers AR00 through AR15 are fully loaded into memory in
      reverse order thereby re-establishing the order previously existing in
      memory so that the associative word 0 appears at absolute address 4000 and
      associative word 15 appears at its absolute address 4300. Thus, Table II
      illustrates the timing aspects of writing the associative words from
      associative registers AR00 through AR15 to memory.
TBL                                    TABLE II                                
     __________________________________________________________________________
     ASSOCIATIVE REGISTER STORING                                              
     REG.                                                                      
         TIME                                                                  
     T0     T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14                     
     __________________________________________________________________________
     AR00                                                                      
         0  0  0                                                               
     AR01                                                                      
         1  1  1                                                               
     AR02                                                                      
         2  2  1  0                                                            
     AR03                                                                      
         3  3  2  1  0                                                         
     AR04                                                                      
         4  4  3  2  1  0                                                      
     AR05                                                                      
         5  5  4  3  2  1  0                                                   
     AR06                                                                      
         6  6  5  4  3  2  1  0                                                
     AR07                                                                      
         7  7  6  5  4  3  2  1  0                                             
     AR08                                                                      
         8  8  7  6  5  4  3  2  1  0                                          
     AR09                                                                      
         9  9  8  7  6  5  4  3  2  1  0                                       
     AR10                                                                      
         10 10 9  8  7  6  5  4  3  2  1   0                                   
     AR11                                                                      
         11 11 10 9  8  7  6  5  4  3  2   1   0                               
     AR12                                                                      
         12 12 11 10 9  8  7  6  5  4  3   2   1   0                           
     AR13                                                                      
         13 13 12 11 10 9  8  7  6  5  4   3   2   1   0                       
     AR14                                                                      
         14    12    10    8     6     4       2       0                       
     AR15                                                                      
         15    13    11    9     7     5       3       1                       
     __________________________________________________________________________
PAR  In FIG. 5, a write data bus 50 is applied to a write circuit 51 which in
      turn provides an input to key registers 52. Registers 52 contain a
      plurality of key codes designated 52a, 52b, 52c, and 52d. The output of
      register 52 is provided to an input of lock select 53 which in turn
      provides an output to lock fan-in circuit 17 of register AR00 in FIG. 4.
      Additionally, an output from register 52 is provided as an input to
      lock-key compare circuit 54, which receives a second input from lock
      circuit 19d in FIG. 4 of registers AR00-AR15. An output from register 52
      also provides an input to lock-out compare circuit 55. Compare circuit 54
      provides an input to key select fan-in circuit 56 which in turn provides
      an input to individual ones of key select circuits 57, 58, 59 and 60. The
      outputs of select circuits 57 through 60 are provided as inputs to lock
      select 53 and to key detect circuit 61. The output of key detect circuit
      61 is provided as an input to cause bit select circuit 62 which provides
      an output to the stream unit via channel 63. Compare circuit 54 further
      provides an output to match fan-in circuit 64 which in turn provides an
      input to match registers 65. Preferably, there are equal number of match
      registers as there are associative registers and, in the specific example
      given, there are sixteen match registers 65. Match registers 65 provide an
      output to match fan-out circuit 66 which in turn provides an output to
      match detect circuit 67 which provides an output to cause bit select 62.
      Select 62 provides data to the stream unit, or buffer, to advise the
      stream unit as to the cause of any access interrupts. The virtual page
      identifier code from circuit 19e of registers AR00-AR15 in FIG. 1 is
      provided as an input to virtual address compare 70 which receives a second
      input from virtual address fan-out circuit 71 which in turn receives an
      input from virtual address register 72. Virtual address register 72
      receives stream addresses from memory. Virtual address compare 70 provides
      an input to key select fan-in circuit 56 and to match fan-in circuits 64.
PAR  A function signal is inputted via channel 75 to function control fan-in
      circuit 76 which in turn provides sequential outputs to function request
      circuits 77 and 78, the output of function request 77 being connected to
      lock out compare circuit 55 and to function request circuit 78, and the
      output of function request circuit 78 being provided as an input to
      function fan-in circuit 76. Virtual address register 72 provides an output
      to auxilliary address register 80 which in turn provides outputs to
      storage address register 81, to AR00 virtual page fan-in circuit 18 in
      FIG. 4, and to virtual address register 72. Absolute address select
      circuit 85 receives an input from AR00-AR15 absolute page identifiers 19b
      in FIG. 4 and from match fan-out circuit 66. Absolute address select
      circuit 85 provides an output to AR00 absolute page identifier fan-in
      circuit 15 in FIG. 4, and to the storage address register 81. The output
      AR00-AR15 usage code 19c is applied to usage bit select circuit 86 which
      in turn provides an output to usage bit alter circuit 87 for input to AR00
      usage bit fan-in circuit 16 in FIG. 4. Also, use bit select circuit 86
      receives an input from match fan-out circuit 66. Storage address register
      81 provides an output via channel 88 to central memory.
PAR  Prior to a discussion of the operation as to the manner of searching the
      associative registers to establish an absolute address, it is believed
      that a description of the usage code of the associative word format is in
      order. Thus, and with reference to FIG. 2, there is shown a 3-bit usage
      code at bit positions 16 through 18 of the associative word format. It
      should be noted that the usage code appears in both the small and large
      page associative word format. The usage code is a 3-bit code and may be
      best be explained with reference to the following Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     USAGE CODE                                                                
     CODE    MEANING                                                           
     ______________________________________                                    
     000     End of Table; no more pages appearing                             
             in the table at subsequent absolute                               
             addresses.                                                        
     001     Null Code; does not identify a page stored                        
             in memory.                                                        
     010     Small (512-word) page that has not been                           
             referenced by CPU.                                                
     011     Large (65,536-word) page that has not been                        
             referenced by CPU.                                                
     100     Small page that has been referenced by                            
             CPU; the CPU has read a word from                                 
             the page.                                                         
     101     Large page that has been referenced by                            
             CPU; the CPU has read a word from                                 
             the page.                                                         
     110     Small page that has been altered by CPU;                          
             at least one bit in page has been                                 
             altered.                                                          
     111     Large page that has been altered by CPU;                          
             at least one bit in page has been                                 
             altered.                                                          
     ______________________________________                                    
PAR  Therefore, the usage code can indicate an end-of-page table, a null
      condition of the associative word, whether a page has or has not been
      referenced by the CPU or whether it has been altered by the CPU.
PAR  With reference particularly to FIGS. 1, 4 and 5, let it be assumed that the
      job program includes a request for information or data from the central
      memory, and that the associative word associated with the absolute address
      of such data or information is contained in one of the associative
      registers AR00 through AR15. The virtual address supplied by the program
      is forwarded to virtual address register 72 (FIG. 5) and thereafter
      forwarded to virtual address fan-out circuit 71 to virtual address compare
      circuit 70. The associative words associated with each of associative
      registers AR00 through AR15 are supplied as a second input to virtual
      address compare circuit 70. If a correspondence is established between the
      virtual page identifier of both the associative word and the virtual
      address, an input is made to match fan-in circuit 64 and thereafter to
      match registers 65. Match registers 65 contain information as to where the
      coincidence between the virtual address and the corresponding associative
      word occurred, namely which one of the associative word registers contain
      the proper word. An output via match fan-out circuit 66 to absolute
      address select circuits 85 provides selection of the associative word. The
      absolute page identifier from circuit 19b (FIG. 4) is supplied to absolute
      address select circuit 85 to select the absolute address which in turn is
      stored in storage address register 81. The word identifier of the virtual
      address is forwarded from register 72 to register 80 for input to register
      81 to complete the absolute address. The match register 65 also causes the
      selected associative word in one of registers AR00 through AR15 to be
      forwarded through circuits 85, 87, 53, and 80 and via channel 41 to fan-in
      circuit 13 for direct input to register AR00. All associative words
      previously preceding the selected word are shifted down one position in
      the associative word registers. Thus, when the appropriate associative
      word appears in register AR00, the virtual page identifier will appear in
      circuit 19e for input to virtual address compare 70 to indicate to the
      match registers that the sought for associative word is now in register
      AR00. The absolute address is thus formed in storage address register 81
      for access to memory via channel 88.
PAR  Heretofore, it has been assumed that the associative word associated with
      the absolute address for the data or information in central memory has
      been previously stored in one of the associative registers AR00 through
      AR15. In the following discussion it will be assumed that the desired
      associative word which will make a match with the virtual page identifier
      from the job program is not stored in one of the associative registers
      AR00 through AR15.
PAR  As heretofore explained, during a stream request for data from memory, the
      associative registers are compared for a match between the associative
      word and the virtual page identifier, and if such match appears, the word
      appearing in the selected associative register is read into register AR00
      and other words are shifted one position. The absolute address is
      forwarded to the storage address register 81 and thence to memory to
      retrieve the desired word.
PAR  Assuming that the associative word does not appear in the associative
      registers AR00 through AR15, the match registers are not set. The usage
      code is examined from circuit 19c to determine if an end-of-table use code
      appears in the associative registers. If so, an interrupt cycle is
      accessed to halt further streaming of information from central memory via
      apparatus (not shown). However, if the end-of-table code does not appear
      in the associative registers, the usage code is examined by usage bit
      select circuit 86 to determine if a "null" code appears in one of the
      associative registers. Although the null code usage has not been
      heretofore described, let it be assumed that for purposes of explanation a
      null code does not appear in any of the associative registers AR00 through
      AR15. If such is the case, associative word 15 contained in register AR15
      is shifted via channel 39 (FIG. 4) to associative register AR00 and the
      remaining associative words 0 through 14 are read back to memory via write
      bus 1 (channel 40) into positions 1 through 14 of the memory, commencing
      at absolute address 4000. The apparatus is now ready to commence a space
      table search.
PAR  In a space table search, data is read into registers AR00 and AR01
      commencing at absolute address 4400 (associative word 16) as the
      associative words 16 et seq are forwarded into the registers via read data
      bus 1, associative word 15 is sequenced downwardly through the associative
      registers. Comparison for the usage code and the virtual page identifier
      is accomplished in connection with registers AR00 and AR01. Thus, by
      emptying the contents of 15 of the 16 associative registers, the
      associative registers AR00 and AR01 are now free to operate on the compare
      networks to locate the proper associative word in the space table.
PAR  Let it be assumed for purposes of example that the 17th associative word
      contains the match for the virtual page identifier in the operation or job
      program. Initially, and as shown in Table IV, associative word 15 appears
      in register AR00. During the next cycle, TO, read bus 1 reads associative
      words 16 and 17 into registers AR01 and AR00 respectively, thereby
      shifting the position of associative word 15 to associative register AR02.
      The compare circuits (FIG. 5) indicates a match with associative word 17.
      Match flip-flops are set so that when associative word 17 reaches
      associative register AR13, it is held there for the remainder of the
      cycle. Thus, the system continues as heretofore described until, as
      indicated at time cycle T11, the associative words 15 through 23 appear in
      associative registers AR13 through AR05 in reversed order. During the next
      cycle, T12, word 15 is moved to associative register AR14 and word 16 is
      moved to associative word register AR15, so that associative words 15 and
      16 are read back into the space table commencing with absolute address
      4400 and associative word 15 will appear where former associative word 16
      had previously appeard. During the next cycle, T13, associative word 17 is
      moved to register AR13 so that during the following cycle, T14, the
      contents of associative word registers AR11 and AR12 are moved to
      associative word registers AR15 and AR14, respectively. Therefore, the
      associative words are read back into the space table commencing at an
      absolute address 4400 in sequential order commencing with associative word
      15 followed by 16, followed by 18, followed by 19 and so on, all the time
      holding associative word 17 in register AR13.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     RIPPLE SEARCH OF SPACE TABLE                                              
     REG.                                                                      
         TIME                                                                  
     I      T0 T1 T2 T3 ...                                                    
                           T10 T11 T12 T13 T14 T15 T16 T17 T18                 
     __________________________________________________________________________
     AR00                                                                      
         15 17 17 19 19                                                        
     AR01   16 16 18 18                                                        
     AR02   15 16 17 18                                                        
     AR03      15 16 17                                                        
     AR04         15 16    23                                                  
     AR05            15    22  23                                              
     AR06                  21  22  23                                          
     AR07                  20  21  22  23                                      
     AR08                  19  20  21  22  23                                  
     AR09                  18  19  20  21  22  23                              
     AR10                  17  18  19  20  21  22  23                          
     AR11                  16  17  18  19  20  21  22  23                      
     AR12                  15  16  17  18  19  20  21  22  23                  
     AR13                      15  16  17  17  17  17  17  17                  
     AR14                          15      18      20      22                  
     AR15                          16      19      21      23                  
     __________________________________________________________________________
PAR  Next, the contents of memory commencing with absolute address 4000 if
      re-read back into the associative registers in reverse consecutive order
      until associative word 14 appears in associative register AR12.
      Thereafter, the process continues by shifting associative word 17 from
      associative register AR13 to associative register AR15 so that the
      contents of the associative registers AR00 through AR15 contain
      associative words 0 through 14 and 17. Thereafter, associative word 17 is
      read from associative register AR15 through channel 39 to associative
      register AR00 shifting the other words down one register. Thus, and with
      reference to Table V, prior to the space table search, the associative
      words appeared in consecutive order, whereas after the search the
      associative words appeared in consecutive order except that associative
      word 17 now appears in register AR00.
TBL                TABLE V                                                     
     ______________________________________                                    
     SPACE TABLE SEARCH                                                        
               TABLE    BEFORE     AFTER                                       
               LOCATION SEARCH     SEARCH                                      
     ______________________________________                                    
                 AR00        0         17                                      
                 AR01        1          0                                      
                 AR02        2          1                                      
                 AR03        3          2                                      
                 AR04        4          3                                      
                 AR05        5          4                                      
                 AR06        6          5                                      
     ASSOCIATIVE AR07        7          6                                      
     REGISTER    AR08        8          7                                      
                 AR09        9          8                                      
                 AR10       10          9                                      
                 AR11       11         10                                      
                 AR12       12         11                                      
                 AR13       13         12                                      
                 AR14       14         13                                      
                 AR15       15         14                                      
                 4400       16         15                                      
                 4440       17         16                                      
                 4480       18         18                                      
                 44C0       19         19                                      
     SPACE       4500       20         20                                      
     TABLE       4540       21         21                                      
                 4580       22         22                                      
                 45C0       23         23                                      
                 4600       EOT        EOT                                     
     ______________________________________                                    
PAR  The timing associated with copying the associative words back from memory
      into the associative word registers AR00 through AR14 and of shifting
      associative word 17 to associative register AR00 is illustrated in Table
      VI.
TBL                                    TABLE VI                                
     __________________________________________________________________________
     RELOAD OF ASSOCIATIVE REGISTERS                                           
     AFTER SPACE TABLE SEARCH                                                  
     REG.                                                                      
         TIME                                                                  
     T0     T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T16                 
     __________________________________________________________________________
     AR00                                                                      
         13 13 11 11 9  9  7  7  5  5  3   3   1   1   0   17                  
     AR01                                                                      
         14 14 12 12 10 10 8  8  6  6  4   4   2   2   1   0                   
     AR02   14 13 12 11 10 9  8  7  6  5   4   3   2   2   1                   
     AR03      14 13 12 11 10 9  8  7  6   5   4   3   3   2                   
     AR04         14 13 12 11 10 9  8  7   6   5   4   4   3                   
     AR05            14 13 12 11 10 9  8   7   6   5   5   4                   
     AR06               14 13 12 11 10 9   8   7   6   6   5                   
     AR07                  14 13 12 11 10  9   8   7   7   6                   
     AR08                     14 13 12 11  10  9   8   8   7                   
     AR09                        14 13 12  11  10  9   9   8                   
     AR10                           14 13  12  11  10  10  9                   
     AR11                              14  13  12  11  11  10                  
     AR12                                  14  13  12  12  11                  
     AR13                                                                      
         17 17 17 17 17 17 17 17 17 17 17  17  14  13  13  12                  
     AR14                                      14  14  14  13                  
     AR15                                                                      
         17 17 17 17 17 17 17 17 17 17 17  17  17  17  17  14                  
     __________________________________________________________________________
PAR  It will be appreciated that if the space table contains more than 31
      associative words, and that if the sought-for associative word is word 32
      or following, the associative words are continuously streamed through
      register AR00 through AR15 until the correct associative word is found so
      that associative word 15 will finally appear in memory at address 4400.
      Thus, the sought-for associative word will end up in register AR00 and all
      other associative words previously ahead of the sought-for associative
      word will be shifted back one position.
PAR  As heretofore explained, the associative word may contain a usage code
      indicative that the associative word is a null word meaning in particular,
      that the associative word is not associated with any page in memory. When
      an associative word containing a null usage code is detected, and a space
      table search is commenced, instead of shifting associative word 15 to
      register AR00, the word containing the null code is read to register AR00.
      The associative words 16 et seq. are read into register AR00-AR15 and the
      word containing the null code is obliterated. As the sought-for word comes
      in, it is read to AR00 and a null usage code is inserted into its
      position. Therefore, all associative words originally appearing after the
      null code are shifted one position forward in the table and the null code
      is re-inserted into the position formerly occupied by the associative word
      matching the virtual page identifier. Thus, and with reference to Table
      VII, assume that the associative register AR10 contains an associative
      word containing a null code and that the virtual page identifier will
      match with the associative word 23 appearing in the space table at
      absolute address 45Co. A space table search is accomplished as heretofore
      described with the null usage code appearing in register AR10 being
      shifted to the position formerly occupied by associative word 23 at
      absolute address 45Co, and the associative word 23 being shifted to
      associative register AR00. Only one null is extracted for each space table
      search.
TBL                TABLE VII                                                   
     ______________________________________                                    
     SPACE TABLE SEARCH                                                        
     NULL IN ASSOCIATIVE REGISTER                                              
     TABLE        BEFORE        AFTER                                          
     LOCATION     SEARCH        SEARCH                                         
     ______________________________________                                    
     AR00          0            23                                             
     AR01          1             0                                             
     AR02          2             1                                             
     AR03          3             2                                             
     AR04          4             3                                             
     AR05          5             4                                             
     AR06          6             5                                             
     AR07          7             6                                             
     AR08          8             7                                             
     AR09          9             8                                             
     AR10         NULL           9                                             
     AR11         11            11                                             
     AR12         12            12                                             
     AR13         13            13                                             
     AR14         14            14                                             
     AR15         15            15                                             
     4400         16            16                                             
     4440         17            17                                             
     4480         18            18                                             
     44C0         NULL          NULL                                           
     4500         20            20                                             
     4540         21            21                                             
     4580         22            22                                             
     45C0         23            NULL                                           
     4600         EOT           EOT                                            
     ______________________________________                                    
PAR  Likewise, if the null occurs in the space table, and the match word follows
      the null, the null is shifted downwardly to occupy the position of the
      match word. Thus, and with reference to Table VIII, the null code is
      shifted from absolute address 4480 to absolute address 4540 while
      associative word 21 is moved from absolute address 4540 to associative
      register AR00.
TBL                TABLE VIII                                                  
     ______________________________________                                    
     SPACE TABLE SEARCH                                                        
     NULL IN SPACE TABLE                                                       
     TABLE        BEFORE        AFTER                                          
     LOCATION     SEARCH        SEARCH                                         
     ______________________________________                                    
     AR00          0            21                                             
     AR01          1             0                                             
     AR02          2             1                                             
     AR03          3             2                                             
     AR04          4             3                                             
     AR05          5             4                                             
     AR06          6             5                                             
     AR07          7             6                                             
     AR08          8             7                                             
     AR09          9             8                                             
     AR10         10             9                                             
     AR11         11            10                                             
     AR12         12            11                                             
     AR13         13            12                                             
     AR14         14            13                                             
     AR15         15            14                                             
     4400         16            15                                             
     4440         17            16                                             
     4480         NULL          17                                             
     44C0         19            19                                             
     4500         20            20                                             
     4540         21            NULL                                           
     4580         22            22                                             
     45C0         23            23                                             
     4600         EOT           EOT                                            
     ______________________________________                                    
PAR  To generate a null, and with reference to Table IX, assume that a table
      containing 23 associative words followed by an associative word containing
      an end-of-table usage code appears in the associative registers and in the
      space table. Assume further that a command is made to match with a word
      not appearing in the table. A space table search is accomplished as
      heretofore described with each associative word being shifted back one
      position. Thereafter, to fill the gap at the head of the table, an
      associative word is inserted containing a null code indicative that the
      associative word does not match with any page of the space table. The null
      code is generated by altering the usage code by circuit 87 in FIG. 5.
TBL                TABLE IX                                                    
     ______________________________________                                    
     NULL GENERATION                                                           
     TABLE        BEFORE        AFTER                                          
     LOCATION     SEARCH        SEARCH                                         
     ______________________________________                                    
     AR00          0            NULL                                           
     AR01          1             0                                             
     AR02          2             1                                             
     AR03          3             2                                             
     AR04          4             3                                             
     AR05          5             4                                             
     AR06          6             5                                             
     AR07          7             6                                             
     AR08          8             7                                             
     AR09          9             8                                             
     AR10         10             9                                             
     AR11         11            10                                             
     AR12         12            11                                             
     AR13         13            12                                             
     AR14         14            13                                             
     AR15         15            14                                             
     4400         16            15                                             
     4440         17            16                                             
     4480         18            17                                             
     44C0         19            18                                             
     4500         20            19                                             
     4540         21            20                                             
     4580         22            21                                             
     45CO         23            22                                             
     4600         EOT           23                                             
     4640                       EOT                                            
     ______________________________________                                    
PAR  With reference to FIGS. 2 and 3, it is shown that the associative word
      contains a "lock" code, which is a program protection code. The lock code
      is forwarded in FIG. 4 to lock circuits 19d and thence to compare circuits
      54 in FIG. 5. A "key" word is inserted via write bus 51 into register 52
      and contains four keys having a format as illustrated in FIG. 7. As shown
      in FIG. 7, and with reference to FIG. 5, four key codes are provided which
      are loaded from the instruction or IO portions of the computer into
      register 52. Each key code is preceded by an appropriate lock-out code
      containing three bits. When the lock code of an associative word
      corresponds to a key code, the absolute page identifier is permitted to
      perform the operations hereinbefore described. If no match occurs between
      the lock code and one of the four key codes, access to the page of memory
      is inhibited. The lock-out codes associated with each key locks out
      certain operations from occuring in connection with the absolute
      addressing. Thus, if the first bit of the lock-out code of a particular
      associated key is set, the CPU may be locked-out from write operations, if
      the second bit is set the CPU may be locked out from read operations, and
      if the third bit is set the CPU may be locked-out from instruction
      references. Using the lock-out and key codes, the absolute addresses may
      be manipulated for operation for specific functions while locking out
      other functions. Lock selection is forwarded back to the lock fan-in
      circuit 17 in FIG. 4 as illustrated in the drawings. Further, a comparison
      of the key and lock codes by compare circuits 54, will select a particular
      key function via circuits 5/ through 60 in FIG. 5 to operate the cause bit
      select circuit 62.
PAR  The present invention thus provides addressing apparatus to permit
      formulation of an absolute address for reference to the central memory of
      a computer. One feature of the invention resides in the fact that
      frequently used addresses are given priority in an associative register
      table, whereas less commonly used addresses are sequentially moved
      downward in the table in a ripple effect. In the event that a search is
      commenced in the table for an address not in an associative register, the
      lowest ordered address in the associative register is moved to the highest
      ordered position of the space table with the other words moved to memory.
      The matching word is detected as it streams through the registers and is
      placed in highest priority. The register contents are returned to memory
      and the prior contents are returned to the registers.
PAR  Further, through manipulation of the registers, gaps which might normally
      occur between the associative words stored in memory are closed
      automatically to avoid expending time in searching empty registers and
      memory locations.
PAR  This invention is not to be limited by the embodiment shown in the drawings
      and described in the description, which is given by way of example and not
      limitation, but only in accordance with the scope of the appended claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for forming an absolute address for accessing a memory of a
      computer comprising, in combination:
PA1  a plurality of ordered register means each being capable of storing a
      respective associative word, each associative word having a respective
      absolute page identifier and a respective virtual page identifier, said
      register means being arranged in sequential order;
PA1  read means for sequentially reading associative words from said memory into
      the highest ordered register means;
PA1  shift means for sequentially shifting associative words from a higher
      ordered register means to a lower ordered register means;
PA1  receiver means for receiving a virtual address from a job program, said
      virtual address having a virtual page identifier and a virtual word
      identifier;
PA1  compare means connected to said receiver means and at least one of said
      register means for comparing the virtual page identifier of said virtual
      address in said receiver means with the virtual page identifier in said
      one of said register means, said compare means providing a signal
      indicative of the correspondence or non-correspondence between the virtual
      page identifier of said virtual address and the virtual page identifier of
      the associative word in said any of said register means;
PA1  first control means, responsive to the signal indicative that said compare
      means senses a correspondence between the virtual page identifier of said
      virtual address and a virtual page identifier of an associative word,
PA2  for transferring the associative word containing the corresponding virtual
      page identifier from a lower ordered register means to the highest ordered
      register means, and
PA2  for operating said shift means to shift associative words, previously
      stored in register means having a higher order than the said lower ordered
      register means from which the transferred associative word was
      transferred, to the next lower ordered register means; and
PA1  storage address register means responsive to said compare means for storing
      the absolute page identifier of the associative word containing said
      corresponding virtual page identifier.
NUM  2.
PAR  2. Apparatus according to claim 1 further including means for storing the
      word identifier from said virtual address in said storage address register
      means.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said associative words each
      contain a use code, said first control means being responsive to a
      predetermined use code in an associative word stored in one of said
      register means for further operating said shift means to shift said
      associative word from said one register means to a lower ordered register
      means from where an associative word was transferred to the highest
      ordered register means.
NUM  4.
PAR  4. Apparatus according to claim 3 further including means for storing the
      word identifier from said virtual address in said storage address register
      means.
NUM  5.
PAR  5. Apparatus according to claim 1 further including
PA1  write means for writing associative words into said memory from said
      plurality of register means,
PA1  second control means, responsive to the signal indicative that said compare
      means senses a non-correspondence between the virtual page identifier of
      said virtual address and a virtual page identifier of an associative word
      in said register means,
PA2  for selectively operating said write means to sequentially write
      associative words to said memory from all of said register means except
      the lowest ordered register means, and
PA2  for operating said read means to sequentially read additional associative
      words from said memory into the highest ordered register means, and
PA2  for operating said shift means to shift said additional associative words
      to lower ordered register means,
PA1  said compare means comparing the virtual page identifier of said virtual
      address with the virtual page identifier in said one register means for
      providing a further signal indicative of the correspondence between the
      virtual page identifier of said virtual address and the virtual page
      identifier of the additional associative word in said any of said register
      means,
PA1  said second control means being responsive to said further signal
PA2  to operate said write means to write all associative words stored in said
      plurality of register means into said memory except that associative word
      containing virtual page identifier which corresponds to the virtual page
      identifier in said virtual address, and
PA2  to operate said read means to sequentially read back to said register means
      those associative words which were written into said memory under control
      of said second control means when said second control means responded to
      the first-named signal, and
PA2  to operate said shift means to shift the associative word containing the
      virtual page identifier which corresponds to the virtual page identifier
      in said virtual address to the highest ordered register means, whereby the
      associative word containing the virtual page identifier corresponding to
      the virtual page identifier of virtual address is thereupon stored in the
      highest ordered register means, the associative words previously stored in
      all except the lowest ordered register means are thereupon stored in
      sequence in the register means next following the highest ordered register
      means, and the associative word previously stored in the lowest ordered
      register means is thereupon stored in memory in a higher ordered position
      than said additional associative words written into said memory from said
      register means.
NUM  6.
PAR  6. Apparatus according to claim 5 futher including means for storing the
      word identifier from said virtual address in said storage address register
      means.
NUM  7.
PAR  7. Apparatus according to claim 5 wherein said associative words each
      contain a use code, said first control means being responsive to a
      predetermined use code in an associative word stored in one of said
      register means for further operating said shift means to shift said
      associative word from said one register means to a lower ordered register
      means from where an associative word was transferred to the highest
      ordered register means.
NUM  8.
PAR  8. Apparatus according to claim 7 further including means for storing the
      word identifier from said virtual address in said storage address register
      means.
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ABST
PAL  A computer system executes instructions for an I/O device not attached to
      the system. A quasi I/O attachment device is responsive to the commands
      for the unattached I/O device and generates an interrupt condition. The
      interrupt condition causes the command instructions for the unattached I/O
      device to be translated to command instructions for an I/O device
      connected to the computer system. The I/O device attached to the system
      performs the designated operation and generates associated I/O device
      status data. This associated I/O device status data is translated into I/O
      device status data for the unattached I/O device and thus permits a
      program for operating an unattached I/O device to operate instead an I/O
      device attached to the system which otherwise could not be operated by
      that program. A second embodiment performs the emulation of the unattached
      I/O device remotely of the central processing unit in the computer system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to computer systems and more particularly to
      computer systems having the facility to execute instructions for one type
      of I/O device and cause a different type of I/O device attached to the
      system to respond.
PAR  The invention finds particular utility for attaching higher performance or
      different I/O devices to a computer system and operating these devices
      with programming used for lower performance devices no longer attached to
      the system or I/O devices attached to the system but unavailable for
      operation because of being temporarily out of service.
PAR  Computer systems are originally designed to operate with a particular set
      of peripheral I/O devices. Then, when higher performance I/O devices come
      along they also can be attached to the system. However, in some instances,
      the characteristics of the higher performance I/O devices are such that
      the programming for them is different from that for the devices already
      attached to the system. New programs, of course, are written for the newly
      attached I/O devices but it would also be desirable to run the newly
      attached I/O devices in place of some of the originally attached I/O
      devices with the same programming used therefor. The present invention
      enables this to be done. It also enables a program to run an I/O device
      having a set of characteristics different from the I/O devices for which
      it was intended to run. For example, a higher performance disk drive
      attached to a computer may have a different instruction routine than a
      disk drive that has been previously attached to the system. The programs
      for running the disk drive no longer attached to the system are executed
      in the same manner as if the disk drive were still attached but effect
      through translation the operation of the higher performance attached disk
      drive. As another example, the present invention enables the operation of
      a disk drive; i.e., an I/O device of one class with a program for
      operating a printer; i.e., an I/O device of a different class. The printer
      can then be run at a later time after its service has been restored.
PAR  2. Description of the Prior Art
PAR  The broad concept of the present invention is to operate an I/O device
      having one personality under control of two different programs. One
      program is for operating an I/O device having a personality different from
      the personality of the attached I/O device. The other program is for
      operating an I/O device having the personality of the attached I/O device.
      The instructions generated by the program for the I/O device having a
      different personality are issued and executed as if such an I/O device
      were attached to the system. A quasi attachment responds to the executed
      instruction and signals the central processing unit as if an I/O device
      were attached to it. This causes the central processing unit to identify
      the type of instruction issued and translate the instruction to a form to
      operate the I/O device that is attached to the system. The device attached
      to the system performs the operation and returns status information to the
      central processing unit. The central processing unit must recognize that
      this status information must be converted to status information of the I/O
      device not attached to the system. After the status information is
      converted, the computer system continues operation in the normal manner.
PAR  In the past it has been the practice to have the I/O device attachment
      respond only to instructions generated by a program specifically for the
      attached I/O device. The I/O device would not respond to instructions
      generated by a program for operating an I/O device of a different
      personality. The cost of reprogramming or redesign of the I/O control
      units sometimes becomes prohibitive and thus full advantage cannot be
      taken of the higher performance I/O device. The present invention makes it
      possible to use the higher performance I/O device to the exclusion of the
      lower performance I/O device without incurring prohibitive costs.
PAC  SUMMARY OF THE INVENTION
PAR  The principal objects of the invention are to provide improved apparatus
      and method of operation for emulating an I/O device which:
PA1  a. is relatively inexpensive,
PA1  b. enables an I/O device to be operated by programs adapted to and not
      adapted to operate that I/O device, and
PA1  c. performs the emulation after the instruction for the I/O device to be
      emulated has been executed.
PAR  The objects are achieved in one embodiment by connecting a quasi I/O
      attachment to the computer system. The quasi attachment responds to the
      instruction as if there was an I/O device attached and generates an
      interrupt signal which is sent to the central processing unit. The central
      processing unit responds to the interrupt signal and causes a translation
      of the executed instruction to an appropriate command for the attached I/O
      device. The attached I/O device responds to the command and returns status
      data to the central processing unit. The central processing unit
      recognizes that the returned status data is for an I/O device not attached
      to the computer system and translates the status data to the appropriate
      form.
PAR  In another embodiment of the invention, the emulation of the unattached I/O
      device is performed remotely of the central processing unit.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram illustrating the invention incorporated
      in a computer system;
PAR  FIG. 2 is a schematic logic diagram of a quasi I/O attachment;
PAR  FIGS. 3a, 3b, 3c, 3d, 3e, 3f and 3g taken together constitute a flow
      diagram illustrating the steps in emulating the unattached I/O device;
PAR  FIG. 4 is a schematic block diagram illustrating another embodiment of the
      invention where the emulation of the unattached I/O device is performed
      remotely of the central processing unit;
PAR  FIG. 5 is a schematic block diagram illustrating the emulator of FIG. 4;
PAR  FIGS. 6a and 6b, with FIG. 6a disposed on top of FIG. 6b, taken together
      are a schematic logic diagram of the convert 5445 sense to 5444 sense
      logic in the emulator of FIG. 5;
PAR  FIGS. 7a and 7b, with FIG. 7a disposed to the left of FIG. 7b, taken
      together are a schematic logic diagram of the conversion of 5444 control
      field to 5445 control field format logic in the emulator of FIG. 5;
PAR  FIG. 8 is a schematic logic diagram of the store 5445 control field logic
      in the emulator of FIG. 5;
PAR  FIG. 9 is a block diagram illustrating the relationship between FIGS. 9a,
      9b and 9c;
PAR  FIGS. 9a, 9b and 9c taken together are a schematic logic diagram of the SIO
      operation sequence control logic in the emulator of FIG. 5;
PAR  FIGS. 10a and 10b, with FIG. 10a disposed to the left of FIG. 10b, taken
      together are a schematic logic diagram of the instruction identification
      logic in the emulator of FIG. 5;
PAR  FIG. 11 is a block diagram illustrating the relationship of FIGS. 11a, 11b
      and 11c.
PAR  FIGS. 11a, 11b and 11c taken together are a schematic logic diagram of the
      Data Bus In (DBI) control logic in the emulator of FIG. 5;
PAR  FIG. 12 is a schematic logic diagram of the address modify logic in the
      emulator of FIG. 5;
PAR  FIG. 13 is a schematic logic diagram of the tag line modify logic in the
      emulator of FIG. 5;
PAR  FIG. 14 is a schematic logic diagram of the LSR select logic in the
      emulator of FIG. 5;
PAR  FIG. 15 is a schematic diagram illustrating the transposition of the track
      arrangement on one disk of the I/O disk unit not attached to the system to
      the track arrangement on one cylinder of an I/O disk unit attached to the
      system;
PAR  FIG. 16 is a schematic diagram illustrating the arrangement of data for an
      I/O disk unit not attached to the system on an I/O disk unit of a
      different type which is attached to the system;
PAR  FIG. 17 is a table showing the location of data in a disk storage drive
      attached to the system where the data is intended to be stored in a disk
      storage drive not attached to the system; and,
PAR  FIG. 18 illustrates the arrangement of FIGS. 18a - 18h which taken together
      are a cycle steal timing diagram.
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PAC  DESCRIPTION
PAR  With reference to the drawings and particularly to FIG. 1, a computer
      system is shown which is of the type contained in IBM System/3 Model 10
      Components Reference Manual GA21-9103-4 and in the 5410 Processing Unit
      Diagrams SY31-0202-2 both copyrighted by IBM in 1969 and incorporated
      herein by reference. The computer system includes main storage 10 and
      central processing unit 20 which is connected to main storage 10 by bus
      15. A data bus out (DBO) 25 connects I/O device 40 to the central
      processing unit 20 via I/O attachment 30. Control signals are provided by
      central processing unit 20 via bus 45 to the I/O attachment 30 and control
      signals from I/O attachment 30 are sent back to the central processing
      unit 20 via bus 50. Data is sent from the I/O attachment 30 to the central
      processing unit 20 via data bus in (DBI) 55. Normally, additional I/O
      devices are included in the computer system but are not shown for sake of
      simplicity.
PAR  In this invention, I/O device 40 is operated under control of central
      processing unit 20 executing programs for an I/O device of a different
      personality and not attached to the computer system. The central
      processing unit 20 executes the instructions for the I/O device not
      attached to the system in a manner as if it were attached to the system.
      Quasi attachment 60 responds to the executed instruction by returning
      signals to the central processing unit on bus 50.
PAR  The quasi I/O attachment 60 is shown in detail in FIG. 2 as including OR
      circuit 61 for receiving LIO, SIO, TIO and SNS signals from CPU 20 via bus
      45. The LIO, SIO, TIO and SNS signals are generated when CPU 20 executes
      corresponding instructions. Execution of instructions takes place as
      described in the IBM System/3 Model 10 Components Reference Manual
      incorporated herein by reference. The output of OR circuit 61 is connected
      to an input of AND circuit 62 which also has inputs for receiving an IQ
      cycle signal, a clock 6 signal, the output of AND circuit 63 and the
      output of OR circuit 86. When the inputs to AND circuit 62 are satisfied,
      latch 70 is set. Latch 70 is used for several purposes including
      generating the DBI parity signal, the interupt request signal, the I/O
      condition A signal and the I/O condition B signal.
PAR  AND circuit 63 and inverter 64 function to decode the device address. A
      valid address for the quasi attachment 60 in this instance is the same
      address as used for the I/O device not attached to the system; i.e., in
      this instance, an IBM 5444 Disk Storage Drive. The device address for this
      I/O device is a hexidecimal A or B; i.e., 1010 or 1011. The last bit of
      the device address specifies drive one or drive two. Hexidecimal A
      specifies drive 1 and hexidecimal B specifies drive 2. Bits 0, 1 and 2 of
      the device address in the Q byte come from register 100 which was loaded
      from DBO 25. Bits 0 and 2 are applied to AND circuit 63 and bit 1 is
      applied to inverter 64.
PAR  Inverters 75, 76, 77; AND circuits 78, 79, 80, 81, 82, 83 and 84 and OR
      circuit 86 function to determine if the N bits of the Q byte are valid.
      The Q byte is loaded into register 100 via DBO 25 under control of AND
      circuit 92 which receives a sample DBO signal and a clock 5 signal. Bits
      5, 6 and 7 of register 100 are used together with inverters 75, 76 and 77
      for controlling AND circuits 78-84 inclusive which in turn provide inputs
      via OR circuit 86 for AND circuit 62. The IQ cycle signal and clock 6
      signal applied to AND circuit 62 come from the CPU 20 via buss 45.
PAR  Latch 70 which is set under control of AND circuit 62 is reset under
      control of OR circuit 68. OR circuit 68 is fed by OR circuit 65 and AND
      circuit 67. OR circuit 65 receives a check (CHK) Reset signal and a System
      (SYS) Reset signal. AND circuit 67 is conditioned by a clock 7 signal and
      receives the output of OR circuit 66 which in turns receives an IR cycle
      signal and an EB cycle signal.
PAR  The set output of latch 70 is used to set the DBI parity latch 96 via AND
      circuit 90. AND circuit 90 is conditioned by a SNS signal, a clock 1
      signal, and an output signal from OR circuit 69. OR circuit 69 receives an
      EB cycle signal and a 1st EB cycle signal. The DBI parity latch 96 is
      reset under control of OR circuit 93 which has inputs for receiving the
      output of OR circuit 65 and the output of AND circuit 91. AND circuit 91
      receives a sample DBO signal and a clock 3 signal.
PAR  The set output of latch 70 is also applied to trigger 97. When trigger 97
      is set, it develops an interrupt request (INT REQ) signal via AND circuit
      99 which is conditioned by the interrupt poll (INT POLL) signal coming
      from the CPU 20 via bus 45.
PAR  The I/O condition B signal when present indicates that the addressed I/O
      device is present or attached to the system. The I/O condition B signal
      exists when latch 98 is set. Latch 98 is set under control of AND circuit
      94 which receives the set output of latch 70 and an IQ cycle signal. Latch
      98 is reset under control of OR circuit 95 which receives a clock zero
      signal and a signal from the output of OR circuit 65.
PAR  The output of AND circuit 94 also provides an input to AND circuit 103 for
      developing the I/O condition A signal. The I/O condition A signal is only
      present with the I/O condition B signal. When both signals are present, it
      is indicative of a parity error condition. AND circuit 103 in addition to
      the input from AND circuit 94 has an input from exclusive OR circuit 102.
      Exclusive OR circuit 102 functions to compare the parity generated signal
      from parity generator 101 with the parity signal from register 100. Thus,
      exclusive OR circuit 102 will not have an output if there is correct
      parity but will provide a signal to AND circuit 103 if there is incorrect
      parity.
PAR  The output signals from latches 96 and 98 and AND circuits 99 and 103 are
      applied to the central processing unit 20 via bus 50. From the foregoing
      it is seen that quasi attachment 60 provides the proper response signals
      when LIO, SIO, TIO and SNS instructions have been executed for the IBM
      5444 disk storage drive.
PAR  The interrupt request signal from quasi attachment signal is handled by CPU
      20 in a manner shown in FIG. 3. At the start of the interrupt, the CPU 20
      interrupts execution of further instructions designated by the interrupted
      program's instruction address register and proceeds to execute
      instructions designated by the interrupting level's instruction address
      register. The interrupted program's instruction address register and
      address recall register remain intact. The interrupting program stores the
      index register, the program status register and the program level 1
      register as represented by block 110 of FIG. 3a. The main program IAR is
      decremented by 1 to point to the last byte of the field. This operation is
      represented by block 111. The last four bytes of the main program
      instruction stream are stored. This is represented by block 112.
PAR  A test is then made to determine if the instruction which had been executed
      is an SIO instruction. This test is represented by block 113 and if the
      instruction was a SIO instruction a test is made to determine if the I/O
      device 40; i.e., the IBM 5445 disk storage drive is busy. This test is
      represented by block 138. If the I/O device, i.e., the 5445 disk storage
      drive, is busy, the IAR is decremented by three because the SIO
      instruction has to be re-executed. This is represented by block 145. The
      action then following block 145 is common to several blocks and will be
      described later herein.
PAR  If the I/O device 40 is not busy, the sense status information for the
      unattached I/O device; i.e., the IBM 5444 disk storage drive is reset, as
      represented by block 139. Block 140 represents a test for determining if
      the SIO instruction had been a SIO recalibrate instruction. If the SIO
      instruction were a recalibrate instruction, the cylinder and head address
      for the unattached I/O device is set to zero as shown in block 141. Next,
      the translated cylinder is set to the beginning point for the attached I/O
      device 40, i.e., the 5445 as represented by block 142; i.e., cylinder 0 of
      the unattached I/O device will correspond to some cylinder X of the
      attached I/O device. This is followed by converting cylinder 0 for the
      unattached I/O device to cylinder X for the attached I/O device and
      storing this data in storage 10 as represented by block 143. This is
      followed by issuing a SIO instruction to the attached I/O device 40 to
      recalibrate as represented by block 144.
PAR  Had the SIO instruction not been a recalibrate instruction, a test would be
      made to determine if it were a seek instruction as represented by block
      146. If it were a SIO seek instruction, the new cylinder and head address
      for the unattached I/O device would be stored as represented by block 147.
      This new cylinder and head address would be translated to a new cylinder
      and head address for the attached I/O device 40. This is represented by
      block 148. The control field for the I/O device 40 would be set up as
      indicated in block 149. A test would then be made to determine if the seek
      instruction for the unattached I/O device were too large. This test is
      represented by block 150. If the seek instruction were too large, a seek
      incomplete bit would be set on in the sense status byte for the unattached
      I/O device as represented by block 151 and the operation would switch to
      block 126 for restoring the program status register and the index
      registers. This step is common to and also follows previously described
      blocks 144 and 145.
PAR  If the seek instruction were not too large, a test would be made to
      determine if the seek is beyond cylinder 0 as represented by block 152. If
      the seek were beyond cylinder 0, a seek incomplete bit would be set on in
      the sense status data for the unattached I/O device. If the seek
      instruction were not past cylinder 0, a LIO instruction for the attached
      I/O device 40 control field would be issued. This is represented by block
      153. A SIO instruction for a seek would then be issued to I/O device 40 as
      represented by block 154. The output of block 154 leads to previously
      described block 126.
PAR  If the test made by block 146 indicated that the instruction was not a SIO
      seek instruction, a test would then be made to determine if it were a SIO
      Read ID instruction. This test is represented by block 155. If the
      instruction were a SIO Read ID instruction, the present cylinder and head
      address for the unattached I/O device would be moved to the control field
      for that unattached I/O device. This is represented by block 156. A zero
      is then moved into the flag byte of the control field for the unattached
      I/O device as represented by block 157. The output of block 157 leads to
      previously described block 126.
PAR  If the instruction had not been a SIO read ID instruction, a test would
      then be made to determine if it were a SIO Write Data instruction. This
      test is represented by block 158. If it were a Write Data SIO instruction,
      the control field for the unattached I/O device; i.e., the IBM 5444 disk
      storage drive, is translated to the control field for the attached I/O
      device; i.e., the IBM 5445 disk storage drive. This translation operation
      is represented by block 159. A LIO command is then issued to the control
      register for the attached I/O device; i.e., the IBM 5445 as represented by
      block 160. This is followed by issuing a LIO command for the data field of
      the unattached I/O device to the data register for the attached I/O device
      as represented by block 161. Thereafter, a Write Data SIO instruction is
      issued to the attached I/O device as represented by block 162 and this is
      followed by setting the unattached I/O device sense bit busy on as
      represented by block 163. The output of block 163 leads to previously
      described block 126.
PAR  If the instruction had not been a Write Data SIO, a test would then be made
      to determine if it were a Read Data SIO instruction. This test is made by
      block 164. If the instruction were a Read Data SIO, the control field of
      the unattached I/O device would be translated to the control field for the
      attached I/O device as represented by block 165. Then as seen in block
      166, a LIO of the attached I/O device control field would be issued to the
      control register for the attached I/O device. This would be followed by
      issuing a LIO of the unattached I/O device data field to the attached I/O
      device data register as represented by block 167. The next step is to
      issue a Read Data SIO to the attached I/O device as shown in block 168.
      The busy sense bit for the unattached I/O device would then be set on as
      represented by block 163.
PAR  If the test for the Read Data SIO in block 164 were negative, a test would
      be made to determine if the instruction were a Scan Data instruction. This
      test is made by block 169. If the instruction were a Scan Data
      instruction, the unattached I/O device control field is translated to the
      control field of the attached I/O device. This is represented in block
      170. A LIO of the attached I/O device control field would be issued to the
      attached I/O device control register as shown in block 171. Thereafter a
      LIO of the unattached I/O device data field would be issued to the data
      register for the attached I/O device as seen in block 172. This would be
      followed by issuing a Scan Data SIO to the attached I/O device as shown in
      block 173. The busy sense bit for the unattached I/O device will then be
      set on as represented by block 163. If the instruction had not been a Scan
      Data instruction, the operation would step to the previously described
      block 126.
PAR  If the test represented by block 113 indicated that the instruction had not
      been a SIO instruction, a test would be made by block 114 to determine if
      it were a SNS instruction. If the instruction had been a SNS instruction,
      the sense data for the unattached I/O device, i.e., the 5444 which is the
      translated sense data of the 5445 would be stored in the sense address
      position in main storage 10. This is represented by block 128. A test is
      then performed to determine if sense byte 0 has been sensed. This test is
      represented by block 129. If sense byte 0 has been sensed, the sense bit
      no-op for the unattached device, i.e., the 5444 is set off. This is
      represented by block 130. The outputs of blocks 129 and 130 lead to
      previously described block 126.
PAR  If the instruction had not been a SNS instruction, a test would be made by
      block 115 to determine if it had been a LIO instruction. If the
      instruction had been a LIO instruction, the address of data to be placed
      in the data register would be fetched by block 118. A test would then be
      made to determine if the attached I/O device, i.e., the 5445 is busy. This
      test is represented by block 119. If the attached I/O device, i.e., the
      5445 is not busy, the busy sense bit for the unattached I/O device, i.e.,
      the 5444 is set off as represented by block 121. A test would then be made
      to determine if a LIO instruction should be issued to the control
      register. This test is represented by block 122. If a LIO instruction were
      to be issued to the control register, the LIO address would be stored in
      the control register for the attached I/O device, i.e., the 5445. This is
      represented by block 125. On the other hand, if the LIO instruction were
      not to be issued to the control register, a test would be made to
      determine if the LIO instruction were to be issued to the data register.
      This test is represented by block 123. If the LIO instruction were not to
      be issued to the data register, the operation would switch to the
      previously described block 126. However, if the LIO instruction were to be
      issued to the data register, the address for the LIO instruction would be
      stored in the data register for the attached I/O device, i.e., the 5445.
      This is represented by block 124. The operation would then switch to the
      previously described block 126.
PAR  If the attached I/O device, i.e., the 5445 were busy, then the address of
      the first byte of the LIO would be placed in the main IAR as represented
      by block 120 and the operation would switch to previously described block
      126.
PAR  If block 115 indicated that the instruction were not a LIO instruction, a
      test would be made by block 116 to determine if the instruction were a TIO
      instruction. If the instruction were not a TIO instruction, the file
      control unit (FCU) error status bit would be set on as represented by
      block 117 and the operation would switch to previously described block
      126. If the instruction were a TIO instruction, a test would be made to
      determine if the instruction were a TIO error instruction. This test is
      represented by block 131. If the instruction were a TIO error instruction,
      a test would then be made by block 132 to determine if the error bit in
      the unattached I/O device sense status byte is on. If the error bit in the
      unattached I/O devices sense status bit is not on, the operation switches
      to previously described block 126. If the error bit in the unattached I/O
      devices sense status byte is on, the main IAR is loaded with a TIO branch
      address as represented by block 133 and the operation switches to
      previously described block 126.
PAR  If the instruction were not a TIO error instruction, a test would be made
      to determine if it were a TIO for seek busy instruction. This test is
      represented by block 134. If the instruction were a TIO for seek busy
      instruction, a test would be made to determine if the busy bit of the
      sense byte for the unattached I/O device is on. This test is represented
      by block 135. If the busy bit were on, the main IAR is loaded with the TIO
      branch address as represented by previously described block 133 and the
      operation switches to previously described block 126. If the busy bit were
      not on, the operation switches directly to previously described block 126.
PAR  If the instruction had not been a TIO for seek busy instruction, a test
      would be made to determine if the instruction were a TIO for busy
      instruction. This test is represented by block 136. If the instruction
      were a TIO for busy instruction, a test would then be made to determine if
      the busy bit of the sense byte for the unattached I/O device is on. This
      test is represented by block 137. If the busy bit for the unattached I/O
      device were on, the main IAR would be loaded with a TIO branch address as
      represented by previously described block 133. On the other hand, if the
      busy bit in the sense byte for the unattached I/O device were not on, the
      operation would switch directly to the previously described block 126.
PAR  As previously mentioned, block 126 restores the program status register
      (PSR) and the index register. This is followed by a release of the
      interrupt level as represented by block 127 and the operation returns to
      the main program.
PAR  Another embodiment of the invention is shown in FIG. 4. In this embodiment,
      emulation of the unattached I/O device is performed remotely of the
      central processing unit 20. Further in this embodiment, all signals to and
      from attachment 30 pass through emulator 200. The emulator 200 functions
      to pass the attached I/O device instructions i.e., the instructions for
      the 5445 to I/O attachment 30 unchanged and to change instructions for the
      unattached I/O device, i.e., instructions for the 5444 to instructions for
      the attached I/O device, i.e., instructions for the 5445.
PAR  Emulator 200 is shown in block diagram form in FIG. 5. The CPU DBO has 25
      connects to blocks 201 and 340 of emulator 200. Block 201 contains the
      Instruction Identification circuitry. This circuitry is shown in detail in
      FIG. 10. The test I/O instruction (TIO) for the unattached I/O device,
      i.e., the 5444 is sent out on DBO 25 and detected by AND circuit 202, FIG.
      10a, of the Instruction Identification logic block 201. The output of AND
      circuit 202 is applied to OR circuit 341 and NOR circuit 342 of the
      Address Modify and Issue SIO's circuit 340, FIG. 12. AND circuit 202 has
      an output in response to DBO bits 0, 1 and 2 having bit conditions 1, 0, 1
      respectively. The CPU DBO 0 bit is passed by OR circuit 343 unchanged to
      form the attached I/O device, i.e., the 5445 DBO 0 bit. The 5445 DBO 1 bit
      becomes a 1 bit as OR circuit 341 passes the output from AND circuit 202.
      The output of NOR circuit 342 inhibits AND circuits 344, 346 and 348
      thereby providing 0 bit conditions for 5445 DBO 2, DBO 3 and DBO 4 bits
      respectively. The 5445 DBO bits 5, 6 and 7 are the same as the CPU DBO
      bits 5, 6 and 7 because CPU DBO bit 5 is passed by OR circuit 350, CPU DBO
      bit 6 is passed by AND circuit 351 and OR circuit 353 respectively, and
      CPU DBO bit 7 is passed by AND circuit 354 and OR circuit 355
      respectively. The 5445 DBO bit lines 0-7 inclusive form 5445 DBO bus 32.
PAR  Thus, it is seen that all TIO instructions for the unattached I/O device,
      i.e., the 5444 are passed to the I/O attachment for the attached I/O
      device, i.e., the 5445 via emulator 200. Emulator 200 detects the TIO
      instruction and changes the address from either hexidecimal A or
      hexidecimal B to hexidecimal C which is the device address for the
      attached I/O device.
PAR  A load I/O instruction (LIO) for the unattached I/O device is detected by
      AND circuit 203 of the instruction identification logic block 201, FIG.
      10a. The output of AND circuit 203 in a manner similar to the output of
      AND circuit 202 provides an input to OR circuit 341 and NOR circuit 342.
      This causes the address for the unattached I/O device, i.e., the 5444 to
      be changed to the address for the attached I/O device, i.e., the 5445 in
      the same manner as the TIO instruction caused such a change. Additionally,
      the output of AND circuit 203 is applied to AND circuit 204, FIG. 10a, for
      setting latch 206 which indicates that a Load I/O (LIO) instruction was
      issued to the unattached I/O device. Latch 206 is reset upon completion of
      the execution of the LIO instruction. This reset operation is accomplished
      via AND circuit 205.
PAR  During the execution of the LIO instruction for the unattached I/O device,
      the responses from I/O attachment 30 are modified to responses for the
      unattached I/O device, i.e., the 5444. This is accomplished by the LSR
      select logic block 325, FIGS. 5 and 14. The LSR select three line (LSR SEL
      3) from I/O attachment 30, i.e., the I/O attachment for the 5445 is
      applied to AND circuit 327 and OR circuit 330, FIG. 14. OR circuit 330
      provides an LSR select 3 To CPU (LSR SEL 3 to CPU) signal, however, AND
      circuit 327 provides an LSR select 4 To CPU (LSR SEL 4 To CPU) signal via
      OR circuit 331. AND circuit 327 requires a 5445 LSR SEL 6 signal from the
      I/O attachment 30 and an output from OR circuit 326. OR circuit 326
      receives the 5444 LIO OP signal from the set output of latch 206, FIG.
      10a. The LSR SEL 5 and SEL 6 lines from I/O attachment 30 are applied to
      AND circuit 329, FIG. 14, which has its output connected to OR circuit
      330. AND circuit 329 also receives an input from OR circuit 328. OR
      circuit 328 has one input connected to receive the 5444 LIO OP signal from
      latch 206. Thus, a LSR SEL 3 signal from I/O attachment 30 will cause a
      LSR SEL 3 signal to be issued to the CPU. Similarly, the combination of
      LSR SEL 5 and LSR SEL 6 signals from I/O attachment 30 cause a LSR SEL 3
      signal to the CPU. However, LSR SEL 3 and LSR SEL 6 signals from I/O
      attachment 30 cause a LSR SEL 4 signal to the CPU. It should be also noted
      that the output of latch 206 is applied to NOR circuit 334 and thus AND
      circuit 335 does not issue a LSR SEL 6 signal to the CPU.
PAR  One of the functions of a sense instruction is to sense the contents of the
      LSR just loaded by a LIO instruction. A sense instruction (SNS) for the
      unattached I/O device, i.e., the 5444 is identified by AND circuit 207,
      FIG. 10a. The output of AND circuit 207 is applied to OR circuit 341 and
      NOR circuit 342, FIG. 12, 342 and this causes the DBO bits for the 5445 to
      change in a manner similar to that for the LIO and TIO instruction.
      However, a NOT 5444 sense signal from the output of inverter 208, FIG.
      10a, is applied to AND circuits 351 and 354, FIG. 12, to force the 5445
      DBO 6 and 7 bits, i.e., the outputs of OR circuits 353 and 355 to a zero
      bit condition respectively.
PAR  The Q byte of the sense instruction (SNS) is sent over DBO 25 and decoded
      by logic block 209, FIG. 10a, which includes logic for decoding the bits
      within the Q byte and storing the decoded results in a register. The logic
      of block 209 is similar to that shown in the IBM System 3 5444 Disk
      Storage Drive Attachment Manual SY34-0021-1 copyrighted by International
      Business Machines Corporation, 1970, incorporated herein by reference.
      This manual contains the logic for developing the Status bytes 0-1 line,
      Status bytes 2-3 line, Status DFCR line, and Status DFDR line. The Disk
      Drive Address Bit line is developed by logic 209 so as to indicate which
      drive of the unattached I/O device, i.e., drive of the unattached I/O
      device, i.e., drive A or B is being sensed.
PAR  Decode block 210, FIG. 10a, receives bits from the Q byte over DBO 25 to
      determine if the sense instruction (SNS) is a valid one. Logic block 210
      is similar to the logic block in the IBM System 5444 Disk Storage Drive
      Attachment Manual referred to above for detecting a valid sense (SNS)
      instruction.
PAR  When sensing the status bytes, 0, 1, 2 and 3 of the attached I/O device,
      i.e., the 5445, it is necessary to convert their format into the format
      for the unattached I/O device, i.e., the 5444. However, in order to sense
      the converted status bytes at the proper time, it is necessary to force
      I/O attachment 30 to provide the status bytes for the attached I/O device
      early in time.
PAR  The status bytes 0 and 1 are loaded in registers 371 and 373 respectively,
      FIG. 6a, under control of AND circuits 370 and 372 respectively. Normally
      the status byte zero is sent to the CPU at CPU EB1 time and status byte 1
      is sent to the CPU at CPU EB not one (EB1)time. However, in this instance,
      the I/O attachment 30 for the 5445 is going to be asked to send the status
      bytes 0 and 1 early. The status byte 0 is sent early by the I/O attachment
      30 in response to a EB1 To 5445 signal passed by OR circuit 415 of the Tag
      Line Modify logic 410, FIG. 13. The EB1 To 5445 signal is initiated by the
      output of latch 366 of the Convert 5445 sense To 5444 Sense logic 360,
      FIG. 6a.
PAR  Latch 366 is set by AND circuit 364 which receives the CPU I-Q Cycle
      signal, the CPU Clock 7 signal and the set output of latch 363 which is
      set by a signal from AND circuit 361. AND ciircuit 361 provides an output
      signal in response to a Valid Sense N-Field signal from Decode logic 310,
      FIG. 10a, a 5444 SNS signal from AND circuit 207, a CPU I-Q Cycle signal
      from CPU 20, a CPU clock 5 signal from CPU 20 and a CPU sample DBO signal
      from CPU 20.
PAR  The I/O attachment 30 for the 5445 responds to the EB1 To 5445 signal by
      sending status byte 0 over bus 31 to register 371. Since latch 366 is set,
      AND circuit 370 loads the status byte 0 into register 371 at CPU clock 2
      time when CPU Sample DBO is present.
PAR  Status byte 1 is fetched from I/O attachment 30 during The CPU EB1 cycle.
      The CPU EB1 signal is applied to AND circuits 414 and 416, FIG. 13. AND
      circuit 414 is not conditioned at this time because it is inhibited by the
      signal from inverter 369, FIG. 6a, which inverts the output of latch 363.
      Latch 363 is still set because the CPU EB not one (CPU EB1) signal comes
      at the end of the sense operation, i.e., right after the EB1 signal.
      However, AND circuit 416 is conditioned by the 5444 Sense Op signal from
      latch 363. The output of AND circuit 416 is passed by OR circuit 418 as a
      EB Not 1 To 5445 signal. This signal is passed to I/O attachment 30 which
      responds by returning the status byte 1 over bus 31 to register 373, FIG.
      6a. The status byte 1 is set into register 373 via a signal from AND
      circuit 372 which receives the CPU EB1 signal, the CPU Clock 2 signal and
      the CPU Sample DBO signal. At CPU EB1 time, the status byte 0 in register
      371 is examined to form the status byte 0 for the unattached I/O device,
      i.e., the 5444. The bit outputs 6, 1, 2, 3, 4, 5 and 7 of register 371 are
      applied to AND circuits 377, 381, 382, 385, 388, 389 and 390 respectively,
      FIGS. 6a and 6b. These AND circuits are conditioned by the output of AND
      circuit 374, FIG. 6a, which passes a signal in response to receiving a
      5444 Sense Op signal from latch 363, a CPU EB1 Cycle signal from the CPU
      20 and a Status Bytes 0-1 signal from Sense Decode logic 209, FIG. 10a.
      The outputs from AND circuits 377, 381, 382, 385, 388, 389 and 392; which
      are all conditioned at this time by the output of AND circuit 374, are
      passed to 5444 Sense bus 399. The outputs of AND circuit 377, 382, 385 and
      389 are passed to bus 399 by OR circuits 380, 384, 387 and 391
      respectively. The outputs of AND circuits 381 and 388 are passed directly
      to the bus 399. The output of AND circuit of 392 is passed to bus 399 via
      OR circuit 395. However, it should be noted that AND circuit 392 receives
      it's bit input directly from the I/O attachment 30 bia bus 31.
PAR  The data on bus 399 is gated via AND circuit 426 and OR circuit 428, FIG.
      11b, to Data Bus In (DBI) 55. AND circuit 426 is representative of a
      plurality of AND circuits therebeing one AND circuit for each bit forming
      bus 399. These AND circuits, i.e., AND circuit 426 are gated by the set
      output of latch 398, FIG. 6a. Latch 398 is set when the conditions of AND
      circuit 397 are met.. AND circuit 397 receives the set output of latch
      363, a CPU Clock 1 signal and the output of OR circuit 396 which has
      inputs for receiving the CPU EB1 cycle signal and the CPU Not EB1 cycle
      signal. Latch 398 is reset by CPU clock 4 time and thus its output is up
      from CPU clock 1 time of either the CPU EB1 cycle or the CPU Not EB1 cycle
      until clock 4 time.
PAR  It should be also noted that when the attached I/O device, i.e., the 5445
      is operating under control of 5445 instructions, the data on bus 31 from
      I/O attachment 30 is gated to the DBI bus 55 via AND circuit 427, FIG.
      11b, which is representative of a plurality of AND circuits there being
      one AND circuit for each bit forming the bus 31. These AND circuits are
      conditioned by a Not 5444 Sense Op signal from inverter 369, FIG. 6a. In
      this instance, the clocking for putting the data on DBI bus 55 is done by
      the I/O attachment 30.
PAR  It is thus seen that when the I/O attachment 30 returns the status byte 0
      from the attached I/O device, i.e., the 5445 this status byte is then
      converted into a status byte 0 for the unattached I/O device, i.e., the
      5444. Namely, bit 0 of status byte 0 is not used to form the status byte 0
      for the 5444. Bits 1, 2, 3, 4 and 5 of status byte 0 for the 5445 becomes
      bits 1, 2, 3, 4 and 5 of status byte 0 for the 5444. Bit 6 of status byte
      0 for the 5445 becomes bit 0 of status byte 0 for the 5444. Bit 6 of the
      status byte 0 for the 5444 is always 0 because no logic is provided to
      change this bit condition. Bit 7 of the status byte 0 for the 5444 is
      formed from bit 0 of status byte 1 of the 5445.
PAR  Status byte 1 for the 5444 is generated under control of AND circuit 376,
      FIG. 6a, which has inputs similar to AND circuit 374 except it is being
      controlled by CPU EB Not 1 Cycle rather than CPU EB1 Cycle. CPU EB Not 1
      cycle follows immediately after CPU EB1 cycle. The output of AND circuit
      376 conditions AND circuits 379, 383, 386, 390 and 394. AND circuits 379,
      383, 386 and 390 receive bit 6 of status byte 1, bit 5 of status byte 1, a
      Seek 1 Busy signal from attachment 30 and bit 7 of status byte 0
      respectively. AND circuit 394 receives the output of exclusive OR circuit
      393 which has inputs for receiving the Disk Drive Address Bit signal from
      logic 209 of the Instruction Identification logic block 201, FIG. 10a and
      bit 7 of status byte 1. Thus, if bit 7 of status byte 1 and the Disk Drive
      Address Bit are both 1's or 0's, bit 7 of status byte 1 becomes a 0 for
      the 5444. By this logic arrangement, it is seen that bit 6 of status byte
      1 of the 5445 becomes bit 0 of status byte 1 for the 5444. Bits 1, 4 and 6
      of status byte 1 for the 5444 are always 0 because no logic is provided to
      change their bit condition. Bit 2 of status byte 1 of the 5444 is formed
      from bit 5 of status byte 1 for the 5445. Bit 3 of status byte 1 for the
      5444 is developed by the I/O attachment 30. Bit 5 of status byte 1 for the
      5444 is formed from bit 7 of status byte 0 of the 5445. Status byte 1 of
      the 5444 is put onto DBI bus 55 in the same manner as status byte 0 for
      the 5444 except in this instance, the CPU Not EB1 cycle signal is
      conditioning AND 397 via OR circuit 396.
PAR  Status byte 2 for the unattached I/O device, i.e., the 5444 is formed under
      control of AND circuit 375, FIG. 6a which has its output connected to AND
      circuit 378. AND circuit 378 receives bit 1 from I/O attachment 30, i.e.,
      the 5445 attachment. AND circuit 375 is gated by the CPU EB1 cycle and the
      Status Bytes 2-3 signal from Sense Decode logic 209. All other bits for
      status byte 2 of the 5444 are 0. This status byte 2 is gated onto DBI bus
      55 via AND circuits 426. Status byte 3 for the 5444 is gated onto DBI bus
      55 at CPU Not EB1 cycle time. The bits forming status byte 3 for the 5444
      are all 0's due to the absence of any logic for changing the bit
      conditions of the bit lines forming bus 399.
PAR  In this instance, the attached I/O device 40, i.e., the 5445 and the
      unattached device, i.e., the 5444 both are responsive to start I/O command
      (SIO) for initiating one of four operations, i.e., a seek operation, a
      read operation, a write operation or a scan operation. Emulator 200 groups
      the read, write and scan operations into a category designated data
      operations. AND circuits 215 and 216, FIG. 10b, together with latch 217
      determine if the SIO instruction is a seek instruction for the unattached
      I/O device, i.e., the 5444. AND circuit 215 receives the 5444 Q-R cycle
      signal, a Not DBO PC signal, a CPU I-R cycle signal, a Valid Seek signal,
      a CPU clock 6 signal and a Not 5445 seek busy signal. The output of AND
      circuit 215 sets latch 217 which then indicates that the operation is a
      5444 seek operation.
PAR  The Valid Seek signal is formed by AND circuit 218 which has inputs for
      receiving the Not Q bit 6 signal from inverter 220, FIG. 10a, and the Not
      Q bit 7 signal from inventer 221. The 5444 Q-R cycle signal is formed by
      AND circuits 222, 223 and latch 224, FIG. 10a. AND circuit 222 functions
      to decode the address, of the 5444 during the CPU I-Q cycle. Thus AND
      circuit 222 has inputs including a CPU I-Q cycle signal, a CPU Clock 6
      signal, a CPU DBO 0 bit signal, a CPU DBO Not 1 bit signal, a CPU DBO 2
      bit signal, a CPU DBO Not 5 bit signal and a CPU SIO signal. The output of
      AND circuit 222 sets latch 224. When latch 224 is set, it provides a 5444
      Q-R Cycle signal. Latch 224 is reset under control of AND circuit 223. AND
      circuit 223 has inputs for receiving a CPU I-R Cycle signal, a CPU Clock 8
      signal and a CPU Sample DBO signal.
PAR  The Not DBO PC (parity check) signal comes from inverter 225. This signal
      is present whenever parity check block 226 does not detect a parity error.
      The CPU I-R cycle signal and the CPU Clock 6 signal come from CPU 20 and
      the Not 5445 Seek Busy signal comes from I/O attachment 30.
PAR  During the time that the 5444 seek operation signal is being generated by
      setting 217, FIG. 10b, appropriate responses are being generated to the
      CPU via bus 50. The 5444 Seek Op signal is passed to bus 50 via OR circuit
      230. The Valid Seek signal from AND circuit 218 is applied to AND circuit
      231 which also receives a 5444 Seek Op signal from latch 217, a CPU Clock
      6 signal and a 5444 Q-R cycle signal from latch 224. The output of AND
      circuit 231 is passed to OR circuit 133 as a Reject SIO signal.
PAR  OR circuit 233 also receives an I/O Attention signal from latch 246. Latch
      246 is set under control of AND circuit 245 and reset by a Disk Drive
      Ready signal from I/O attachment 30, i.e., the 5445. It should be noted
      that the I/O attention signal from latch 246 is also passed to bus 50. OR
      circuit 233 also receives the output of AND circuit 232 which has inputs
      for receiving a Valid Data Op signal from inverter 219, a 5444 Data Op
      signal from latch 248, a 5444 Q-R cycle signal from latch 224 and a CPU
      clock 6 signal. The output of OR circuit 233 is used for generating
      Condition A and Condition B signals which are placed on bus 50.
PAR  The Condition B signal as previously described, indicates that there is no
      parity error. The Condition B signal is present when latch 241 is set.
      Latch 241 is set by the output of OR circuit 240 which has inputs from AND
      circuit 235 and 239. AND circuit 235 receives a DBO PC signal from parity
      check block 226, a CPU Clock 6 signal and the output of OR circuit 234.
      AND circuit 239 receives a Not Reject SIO signal from inverter 238, a CPU
      Clock 6 signal and the output of OR circuit 234. OR circuit 234 receives a
      Data Cycle signal from the SIO Sequence Control Logic block 505, FIG. 9,
      and a 5444 Q-R cycle signal from latch 224. The Condition B signal is
      present together with a Condition A signal to indicate a parity error
      condition and is present with the absence of a Condition A signal to
      indicate that there is an I/O device present which will execute the
      command. Latch 237 is set under control of OR circuit 236 to provide an
      I/O Condition A signal to bus 50. OR circuit 236 receives the Reject SIO
      signal from OR circuit 233 and the parity error signal from AND circuit
      235. Latches 237 and 241 are both reset by a CPU Clock 0 signal.
PAR  Thus the appropriate responses have been generated and sent back to the CPU
      via bus 50. The 5444 Seek Op signal from latch 217 is sent to the OR
      circuit 506 of the SIO Sequence Control Logic 505, FIG. 9c. The output of
      OR circuit 506 is applied to AND circuit 507 which has its output
      connected to set latch 508. The output of latch 508 is a Fetch 5444 Disk
      File Control Field (DFCF) signal which causes four cycles to be taken for
      fetching the four bytes forming the disk file control field. AND circuit
      506 which sets latch 508 also has inputs for receiving a CPU Clock 7
      signal, a CPU I-R Cycle signal and a 5444 Q-R Cycle signal.
PAR  OR circuit 506 also receives a 5444 Data Op signal. Latch 508 is reset with
      a 5444 DFCF Fetched signal. The set output of latch 508 is applied to AND
      circuit 509 which also receives a CPU Clock 7 signal and a CPU Sample DBO
      signal. The output of AND circuit 509 feeds OR circuit 510 which has its
      output connected to set latch 511. Latch 511 is used for generating a
      Cycle Request signal and this signal together with a CPU clock 6 signal
      generates a Cycle Steal Request Line 3 To CPU signal via AND circuit 512.
PAR  The Cycle Steal Request Line 3 To CPU signal is applied to the CPU via bus
      50. The CPU 20 responds with a CPU clock 8 signal, a CPU DBO bit 3 signal
      and CPU DBO parity bit signal which are detected by AND circuit 513
      indicating that the next cycle is an I/O cycle for the emulator 200.
PAR  The output of AND circuit 513 is a Select LSR signal which is applied to OR
      circuit 430 of the DBI control logic FIG. 11. The output of OR circuit
      430, FIG. 11c, conditions AND circuit 432, 433 and 435 and is also passed
      to bus 50 via OR circuit 330 of the LSR Select logic block 325, FIG. 14.
      In addition to sending back the emulator LSR Select 3 signal to the CPU,
      OR circuit 430 conditions AND circuit 432 to send an emulator LSR Select 4
      signal to the CPU via OR circuit 331 and bus 50 shown in FIG. 14.
PAR  AND circuit 432 receives the output of OR circuit 431 which at this time is
      receiving a Fetch 5444 DFCF signal from Latch 508, FIG. 9c. The CPU
      responds by placing a byte of data on data bus out DBO 25 which is loaded
      into DBO register 227, FIG. 10a, under control of AND curcuit 245 which at
      this time is receiving a sample C. S. signal from AND circuit 250. AND
      circuit 250 has inputs for receiving a CPU Clock 5 signal, a CPU Sample
      DBO signal and a Data Cycle signal from latch 514, FIG. 9c, which was set
      with the select LSR signal from AND circuit 513.
PAR  The byte of data in register 227, FIG. 10a, is transferred via emulator DBO
      bus 251 to AND circuit 262, FIG. 7b, of the Conversion of 5444 Control
      Field To 5445 Contnrol Field Format logic 260, FIG. 7. AND circuit 262 is
      representative of a plurality of AND circuits there being an AND circuit
      for each bit forming bus 251. AND circuitry 262 is conditioned by the
      output of OR circuit 261 which at this time is receiving a Fetch 5444 DFCF
      signal from latch 508, FIG. 9c.
PAR  The byte of data on bus 251 is passed by AND circuit 262 via OR circuit 263
      to the 8 bit by 5  byte 5444 DFCF LSR registers 265, FIG. 7a, via bus 264.
      When this first byte of data is stored in register 265, a hexidecimal 01
      will be sent to the CPU via DBI 55. The hexidecimal 01 is used to modify
      the storage address in the LSR selected by the emulator LSR select 3 and
      emulator LSR select 4 signals. The hexidecimal 01 signal was developed by
      AND circuit 441 and passed by OR circuit 443. AND circuit 441 receives a
      clock 4-5 signal from latch 480, FIG. 11c, a Not Issue Recalibrates signal
      from inverter 516, FIG. 9b, a Not Gate 5444 N byte signal from inverter
      319, FIG. 8, a Not Fetch 5444 Residuals signal from inverter 417, FIG. 9a,
      a Not Select N byte signal from address counter 266, FIF. 7a, and a Not
      Select H byte signal from address counter 266. The Gate 01 to DBI signal
      is passed to OR circuit 472 and from there to the emulator DBI bus 501 as
      emulator DBI bit 7. This bit is then passed to the CPU DBE 55 via OR
      circuit 428.
PAR  From the foregoing it is seen that a cycle steal request was made at CPU
      clock 6 time and the cycle steal was granted by the CPU at clock 8 time.
      At the time the cycle steal request was granted, the address in the LSR
      was used to fetch a byte of data from main storage. The fetched byte of
      data was then put on the CPU DBO 25 at clock 5 time. During the
      miscellaneous compute period of the cycle, i.e., clocks 0 and 1,
      hexidecimal 00 is put on the DBI bus 55 by default because no other data
      is on the bus at this time. The DBI parity bit is generated by the parity
      generator 466 and grated by the Data Cycle signal. The DBI parity bit is
      transferred to the CPU via the DBI bus 55. Then during clocks 2-3 data is
      put onto the DBI bus 55. In this instance, hexidecimal  goes onto bus 55
      by default. During clocks 4-5 the LSR selected at clock 4 time is updated
      with hexidecimal 01 which was passed to the CPU on DBI 55. The address in
      the LSR in some instances is also updated by subtracting a constant from
      the value therein and in that instance the Binary Subtract signal from
      latch 458 FIG. 11c, is present during clocks 4-5.
PAR  The byte of data placed on DBI 55 at clocks 2-3 is stored under control of
      the Store Data To CPU signal from latch 478, FIG. 11c, which is set via
      AND circuit 476 at CPU clock 3 time with the signal from latch 475 which
      had been set at CPU clock 2 time. During CPU clocks 6-7 hexidecimal 00 is
      placed on DBI 55. The latch 514 is reset at CPU clocks 8 time whereby the
      Data Cycle signal is no longer available. This completes the first I/O
      cycle for a seek operation. Three similar cycles are then taken.
PAR  The byte of data fetched during the next I/O cycle for the seek operation
      is loaded into the LSR's 265, FIG. 7a, at the position addressed by
      counter 266. The control signal for loading the byte into the LSR's 265 is
      passed by AND circuit 271 and OR circuit 273 at clock 6 time. The address
      counter 266 is then advanced at clock 7 time by a signal passed by AND
      circuit 267 and OR circuit 268.
PAR  The second byte of data is the cylinder byte and it is examined to
      determine if it is greater than decimal 224. The second byte of data is
      decoded by circuit 520, FIG. 9c, and the output of this decode circuit is
      applied to AND circuit 521. AND circuit 521 is gated by CPU clock 7 and
      Select C byte signals. The Select C byte signal comes from address counter
      266, FIG. 7a. The output of AND circuit 521, FIG. 9c, sets latch 522 and
      its output is applied to AND circuit 523. AND circuit 523 has inputs for
      receiving a bit 7 from bus 274, a Select S byte signal from counter 266
      and a CPU clock 7 signal. The output of AND circuit 523 sets latch 425.
      The output of latch 524 is a Recalibrate signal for a recalibrate
      operation. This signal is applied to AND circuit 526 which also receives a
      CPU clock 4 signal and a 5445 not busy signal. The output of AND circuit
      526 sets latch 527 and its output is a Pre Issue Recalibrate signal. The
      Pre Issue Recalibrate signal remains latched as the other two bytes are
      fetched.
PAR  To fetch the next byte, the address in the selected LSR is incremented by
      hexidecimal 01. The hexidecimal 01 is again generated under control of AND
      circuit 441 and OR circuit 443, FIG. 11a. The fetched byte of data is
      stored in the Address LSR 265 but is not used.
PAR  The last byte of data for this data cycle is then fetched. During this last
      or fourth fetch operation, the address in the selected LSR is decremented
      with a hexidecimal 03. The Gate hexidecimal 03 to DBI signal is passed by
      AND circuit 444 and OR circuit 446, FIG. 11a. AND circuit 444 receives the
      CPU clocks 4-5 signal from latch 480 which was set under control of AND
      circuit 479 and CPU clock 4 time, a select N byte signal from counter 266
      and a Fetch 5444 DFCF signal from latch 508. The hexidecimal 03 restores
      the address in the LSR back to its original value.
PAR  The decrementing of the address in the LSR takes place under control of a
      Binary Subtract to CPU signal from latch 458 which is set under control of
      AND circuit 457. AND circuit 457 receives a signal from OR circuit 456, a
      Data Cycle signal from latch 514 and a CPU clock 4 signal. OR circuit 456
      at this time is receiving a signal from AND circuit 450 which has inputs
      for receiving a Fetch 5444 DFCF signal from latch 508 and a select N byte
      signal from counter 266. The Fetch 5444 DFCF signal, the select N byte
      signal and Data Cycle signal cause latch 277 to be set at CPU clock 6 time
      via AND circuit 275. The output of latch 277 is a 5444 DFCF Fetch signal
      which is used for discontinuing the request of a cycle steal by resetting
      latch 508.
PAR  The latch 527 is set when the select N byte signal is available. The output
      of laltch 527 provides a signal for generating a Issue Recalibrate signal
      via AND circuit 528 which sets latch 529. AND circuit 528 receives the
      5445 Not Busy signal and is gated by CPU clock 4 time. If the 5445 is not
      busy, latches 527 and 529 will be set at the same time or otherwise latch
      527 is set and then latch 529 becomes set when the 5445 goes not busy.
PAR  During the recalibrate operation, two cycles are taken from the CPU whereby
      the CPU is prevented from issuing and I/O instructions. The emulator 200
      will instead issue the SIO instruction. The two cycles taken from the CPU
      are requested under control of AND circuit 530, FIG. 9c, which receives a
      Recalibrate signal from latch 524, an Issue Recalibrate signal from latch
      529 and a CPU clock 5 signal.
PAR  The signal from AND circuit 530 is passed by OR circuit 510 to set latch
      511 and a cycle steal request is generated at clock 6 time by AND circuit
      512 in the manner as previously described. The Issue Recalibrate signal
      from latch 529 sets latch 537 via OR circuit 536. The output of latch 537
      is a SIO instruction to the 5445 signal which is passed by bus 32 to the
      I/O attachment 30. Latch 537 remains set as long as latch 529 is set,
      i.e., it remains set for the entire time of the SIO operation for the
      5445.
PAR  The first cycle of operation for the 5445 is a I-Q cycle which is generated
      by AND circuit 542. AND circuit 542 has inputs from latch 540 and inverter
      541. Latch 540 is set under control of AND circuit 539. AND circuit 539
      receives the Issue Recalibrate signal via OR circuit 538 and also receives
      a CPU Clock 0 signal. Inverter 541 is connected to the set output of latch
      547 which is set under control of AND circuit 546. AND circuit 546 is
      connected to the output of latch 545 and also receives a CPU Clock 0
      signal. Latch 545 is set under control of AND circuit 543 which is
      connected to the set output of latch 540 and receives a CPU Clock 3
      signal.
PAR  During clocks 4-6 of the I-Q cycle, the Q byte is sent to the 5445 I/O
      attachment 30. The Q byte is formed from Q bits 3-7 of register 257 and
      bits 0 and 1 from AND circuits 554 and 555. Bit 2 of the byte is always 0
      by default. Bits 3 and 4 are also 0 by default. AND circuits 544 and 555
      are gated by a DBO Time signal from latch 553 which is set under control
      of AND circuit 551. AND circuit 551 receives a CPU clock 4 signal and a
      CPU Sample DBO signal. The AND circuits 554 and 555 as well as AND
      circuits 566, 557 and 560 receive the 5445 I-Q cycle signal from AND
      circuit 542. AND circuits 556, 557 and 560 receive Q bits 5, 6 and 7
      respectively. The outputs of AND circuits 557 and 560 are applied to OR
      circuits 559 and 562 respectively and the outputs of AND circuits 554,
      555, 556, OR circuit 559 and OR circuit 562 are applied to OR circuit 343,
      OR circuit 341, OR circuit 345, OR circuit 350, OR circuit 356 and OR
      circuit 355 respectively, FIG. 12. The outputs of these OR circuits are
      connected to bus 32.
PAR  The 5445 I-Q cycle is followed by a 5445 I-R cycle. This signal comes from
      AND circuit 548 when latches 540 and 547 are set. It will be recalled that
      latch 540 already had been set and latch 547 is set subsequent to the
      setting of latch 540 at CPU clock 0 time. The 5445 I-R cycle signal is
      applied to AND circuits 558 and 561 to pass bits 6 and 7 of the R-byte
      from register 258, FIG. 10a. The R-byte is passed to the I/O attachment 30
      via bus 32 in the same manner as the Q byte.
PAR  This completes the SIO cycle of operation. An End Of SIO signal is
      generated by AND circuit 550 at CPU clock 0 time. Latch 549 which feeds
      AND circuit 550 is set by AND circuit 544 which has inputs from the set
      output of latch 547 and from the CPU for receiving a Clock 5 signal. The
      End Of SIO signal is used for resetting latches 540 and 547. It should be
      noted that the End Of SIO signal occurs at CPU clock 0 time, however, at
      clock 8 time just preceeding clock 0 time, the 5445 I-R Cycle signal
      resets the 5444 Seek Op latch 217, FIG. 19b, via AND circuit 216. AND
      circuit 216 receives the 5445 I-R Cycle signal from AND circuit 548, the
      CPU Sample DBO signal from the CPU and the CPU Clock 8 signal. When latch
      217 is reset, the reset output thereof causes latches 522, 527 and 529,
      FIG. 9c, to be reset. Latch 524 was reset at CPU Clock 3 time during the
      5445 I-R Cycle. With latches 524 and 529 reset, the inputs to AND circuit
      530 are no longer satisfied and hence no additional cycle steals are
      requested. It should be noted that a normal 5444 seek operation, i.e., one
      not issued with a read or write or recalibrate has no effect so far as the
      5445 I/O attachment 30 is concerned.
PAR  The read, write and scan operations within emulator 200 are defined as data
      operations. Latch 248, FIG. 10b, is set during any of the read, write or
      scan operations. Latch 248 is set under control of AND circuit 247 which
      receives the 5444 Q-R Cycle signal, the Not DBO PC (parity check) signal,
      the CPU I-R Cycle signal, the CPU Clock 6 signal, the Not 5444 Busy signal
      and the Valid Data Op signal. The set output of latch 248 causes response
      signals to be generated in a manner similar to the Seek Op signal from
      latch 217 as previously described, i.e., AND circuit 232 causes the
      generation of the response signals.
PAR  Latch 256, FIG. 10, is set to indicate that the 5444, i.e., the unattached
      I/O device is busy. Latch 256 is set under control of AND circuit 255
      which is receiving the set output of latch 248, the Not Seek Busy signal
      from 5445 I/O attachment 30, the CPU Clock 2 signal and a signal from NOR
      circuit 254. NOR circuit 254 receives the CPU, TIO, SIO, LIO and SNS
      signals. The set output of latch 256 is used to generate four fetch cycles
      for fetching four bytes of data from the CPU and storing the fetched bytes
      of data in the LSR's 265 in the same manner as the previously described
      5444 seek op, i.e., the 5444 Data Op signal sets latch 508, FIG. 9c, via
      OR circuit 506 and AND circuit 507. Cycle steals are then requested under
      control of AND circuit 512 as previously described. However, the data
      operation is different from the seek operation in that when Latch 277 in
      FIG. 7a is set after the 5444 DFCF has been fetched, four cycles are
      generated by counter 279 because the Not 5444 Busy Reset signal is not
      present, whereas during the seek operation this signal had been present.
PAR  The 5444 control field is converted to the control field format for the
      5445. For this conversion, every four 5444 tracks are converted into one
      5445 cylinder. This is done by dividing the 5444 cylinder byte by four,
      i.e., by shifting the 5444 cylinder byte right two places. The quotient is
      used to form the 5444 cylinder and the remainder is used to form the head
      and sector bytes.
PAR  If the device address specified the 5444 drive A, then the quotient from
      the above division is in the range of 0-52 and is used directly as the
      5445 cylinder byte. If the device address specified drive B, then the
      above quotient is increased by 64 to be in the range of 64-116 as
      illustrated in FIG. 16. This modified quotient is used as the 5445
      cylinder byte.
PAR  The next step is to take the remainder resulting from the division of the
      5444 cylinder and formulate the 5445 sector number. This remainder is the
      number of tracks exceeding an even block of four 5444 cylinders and is
      converted to the number of sectors exceeding the even block of cylinders
      by multiplying by 24.
PAR  The next step is to add the number of sectors exceeding the even block of
      cylinders to the number of sectors specified by the 5444 sector byte. The
      format of the 5444 sector byte is: Bits 1-5 specify the sector and bit 0
      specifies the upper or lower surface of the disk. Therefore, the binary
      addition of bits 1-5 of the 5444 sector byte and the number of sectors
      calculated above is the desired result. This result is divided by 20 to
      yield the number of 5445 tracks beyond the even block of 5445 cylinders
      derived from the first step and the remainder is the converted sector byte
      for the 5445.
PAR  In summing the 5444 cylinder byte is divided by four and modified by the
      5444 device address to obtain the 5445 cylinder. Then the remainder is
      multiplied by 24 and added to the 5444 sector to get the number of sectors
      beyond the even block of 5445 cylinders. This latter number is divided by
      20 and the remainder is the 5445 sector byte. The quotient is used to
      formulate the 5445 head as follows:
PAR  As shown in FIG. 15, the 5445 disk pack is divided into 8 areas which
      represent the 8 different disk surfaces of the 5444. These 8 surfaces are:
PAR  1. 5444 disk drive A, top surface removable disk.
PAR  2. 5444 disk drive A, bottom surface removable disk.
PAR  3. 5444 disk drive A, top surface fixed disk.
PAR  4. 5444 disk drive A, bottom surface fixed disk.
PAR  5. 5444 disk drive B, top surface removable disk.
PAR  6. 5444 disk drive B, bottom surface removable disk.
PAR  7. 5444 disk drive B, top surface fixed disk.
PAR  8. 5444 disk drive B, bottom surface fixed disk. The head number is in one
      of the four areas on the 5445 disk pack, i.e., H0-H4; H5-H9; H10-H14; and
      H- H19 as illustrated in FIGS. 16 and 17. The M bit of the Q byte
      indicates whether the fixed (FD) or removable disk (RD) had been
      specified. The head number resulting from dividing the number of sectors
      by 20 is always less than or equal to 5 and indicates the head within one
      of the four areas of the 5445 disk pack. This number is increased by 0, 5,
      10 or 15 depending on the M bit and bit O of the sector byte. The flag and
      N-bytes are the same for both the 5445 and 5444.
PAR  The following is an example which illustrates the conversion algorithm. The
      following is a typical 5444 Q byte and DFCF to be converted to a 5445
      DDCF. Example:
TBL  DEVICE ADDRESS (Q byte)                                                   
                      = '10111XXX'                                             
     Flag             = '00000000'                                             
     Cylinder         = '00001111'                                             
                                  5444 Q byte                                  
     Sector           = '11011100'                                             
                                  and DFCF                                     
     N byte           = '00000001'                                             
     Step No. 1                                                                
              Divide cylinder by 4                                             
              Cylinder = '00001111'                                            
            Cylinder                                                           
                   = '00000011' + Remainder of 11                              
            4                                                                  
     Step 2   Calculate Cylinder                                               
              Resulting cylinder from step No. 1 = '00000011'                  
              Q-byte specifies drive B                                         
               00000011                                                        
              +01000000 Add + 64 for specified drive                           
               01000011 B 5445 cylinder                                        
     Step 3   Multiply remainder of step No. 1 by 24                           
              24 = 11000                                                       
              11000 .times. 11 = 1001000                                       
     Step 4   Decode sector byte and add to result                             
              of step No. 3                                                    
              Sector byte - '11011100'                                         
     Bit .PHI. = 1                                                             
              Decode of Sector = 10111                                         
            10010000                                                           
            + 10111                                                            
            1011111      Number of sectors exceeding                           
                         the even block of cylinders                           
                         of step No. 1.                                        
     Step No. 5                                                                
              Divide by 20                                                     
              20 = 10100                                                       
                  100                                                          
            10100.vertline.                                                    
                  1011111                                                      
                  10100                                                        
                  1111                                                         
     1011111                                                                   
              = 100 + Remainder                                                
     10100                                                                     
              of 01111 5445 sector = 01111                                     
     Step No. 6                                                                
              Calculate head                                                   
              Result head from step No. 5 = '100'                              
              Q-byte indicates fixed disk                                      
              Bit .PHI. of sector indicates bottom surface                     
PAR  The Q-byte and sector bit-.phi. indicate that the area of the 5445 disk
      pack being used is between heads 15-19. The head from Step No. 5 is the
      fifth head of the group (Step No. 5 gives either 0, 1, 2, 3, or 4,
      therefore in this example, the fifth head is indicated). The fifth head of
      the group is head 19. It should be noted:
TBL  5444 DFCF = FCSN where                                                    
                       F is flag byte                                          
                       C is cylinder byte                                      
                       S is sector byte                                        
                       N is N-byte                                             
     5445 DDCF - FCCHHRK.sub.L D.sub.L D.sub.L N                               
     where             F is flag byte                                          
                       C is cylinder high byte                                 
                       C is cylinder low byte                                  
                       H is head high byte                                     
                       H is head low byte                                      
                       R is record or sector byte                              
                       K.sub.L is key length                                   
                       D.sub.L is data length high byte                        
                       D.sub.L is data length low byte                         
                       N is N-byte                                             
PAR  At this point in the operation, five bytes of the 5445 DDCF have been
      formed. The remaining bytes of the 5445 are known constants.
PAR  The 5445 control field (DDCF) for the above example is:
TBL  F    =     `00000000`,     not changed from 5444                          
     C    =     `00000000`,     always zero                                    
     C    =     `01000011`,     from step No. 2                                
     H    =     `00000000`,     always zero                                    
     H    =     `00010011`,     step No. 6                                     
     R    =     `00001111`,     step No. 5                                     
     K.sub.L                                                                   
          =     `00000000`,     always zero                                    
     D.sub.L                                                                   
          =     `00000001`,     always one                                     
     D.sub.L                                                                   
          =     `00000000`,     always zero                                    
     N    =     `00000001`,     not changed from 5444                          
PAR  The emulator 200 performs the above conversion in the following manner.
      Four steps are used, each step having four clock times.
PAR  At clock .phi., the 5444 DFCF LSR's 265 are accessed to fetch the byte to
      be operated on.
PAR  At clock 3, the results of the shifting circuit 282 are stored in latches
      284, 286 and 288 when used.
PAR  At clock 5, the ROS's 295 and 297 are accessed.
PAR  At clock 6, the 5444 DFCF LSR's 265 are loaded.
PAR  At clock 7, the address counter 266 for the LSR's 265 is loaded to point to
      the next byte to be operated on. Also at clock 7, the bits 5-7 of the ROS
      295 are loaded into the partial head register 299 on cycle No. 2.
PAR  During step No. 1 (cycle No.1), the cylinder is fetched from LSR's 265 and
      divided by 4 by shifter 282 which does a shift right of two. The two carry
      out bits, Right carry one and Right carry two are stored as the cylinder
      remainders No. 1 and No. 2 in latches 286 and 288.
PAR  The cylinder data is passed by AND circuit 306 and OR circuit 263 and
      loaded back into the LSR's 265 at clock 6 under control of OR circuit 273.
PAR  During Step No. 2 (cycle No. 2), the sector byte is fetched from LSR's 265
      and bit .phi. is stripped off by shifter 282 which performs a left shift
      of one. The left carry bit is stored in the head modifier latch 288 under
      control of AND circuit 287.
PAR  The modified sector bits from shifter 282 and cylinder remainder bits from
      latches 284 and 286 are used at clock 5 of cycle No. 2 to address ROS 295.
      The output of ROS 295 is the 5445 sector and unmodified head bits .phi.-4
      are loaded back into LSR's 265 as the 5445 sector byte and the partial
      head bits 5-7 into register 299. ROS 295 effectively does steps 3, 4 and 5
      of the conversion algorithm.
PAR  During cycle No. 3, the cylinder in LSR's 265 is fetched and bit 5 is set
      on by AND circuit 281 if drive B of the 5444 is addressed, i.e., bit 3 of
      the Q-byte from register 257 is one. This operation increases the cylinder
      byte by 64 whenever drive B is addressed.
PAR  During cycle No. 4, the head byte is formed. The partial head bits from
      register 299, bit 4 of the Q byte and the head modifier bit stored in
      latch 288 are concatenated together to form an address to ROS 297.
PAR  The output of ROS 297, FIG. 7b, is stored as the head byte in the LSR's 265
      via AND circuit 308, OR circuit 263 and bus 264 at CPU Clock 6. Then at
      CPU Clock 8 time of this cycle latch 277 is reset via AND circuit 276 and
      the conversion, except for inserting the constants, is complete.
PAR  After the 5444 DFCF is converted to the 5445 DDCF format, the converted
      5445 DDCF is placed in storage 10 so that the 5445 attachment 30 can
      perform the data operation. The converted DDCF is placed in storage 10 at
      the same location in storage 10 that the normal 5445 DDCF is stored.
      Therefore, the normal 5445 DDCF must be fetched from storage 10 and stored
      in the emulator 200 whenever the attachment 30 is emulating 5444 commands.
      After the data operation for the unattached I/O device is completed, the
      residuals remaining in the 5445 DDCF must be fetched from storage 10 and
      then restored in the 5444 DFCF area of storage 10. Also, the normal 5445
      DDCF which was stored in the emulator 200 must be replaced in the 5445
      DDCF area of storage 10.
PAR  The DDCF for the 5445 is fetched from main storage 10 by setting latch 569,
      FIG. 9a, under control of AND circuit 567. AND circuit 567 receives a Not
      5445 Busy signal from the 5445 I/O attachment 30, a CPU Clock 4 signal and
      a signal from the output of latch 566. Latch 566 is set under control of
      AND circuit 565 which receives a CPU Clock 7 signal and the Cycle Number 4
      signal from counter 279, FIG. 7b. The output of latch 569 is applied to
      AND circuit 531 which is gated by CPU Clock 7 to cause a cycle steal
      request via OR circuit 510, latch 511 and AND circuit 512, FIG. 9c. Ten
      cycle steals will be taken to fetch the 5445 DDCF.
PAR  During the first cycle steal, the output of latch 569 conditions AND
      circuit 311, FIG. 8, and the output thereof is passed by OR circuit 314 to
      advance address counter 315 which addresses a group of LSR's 317 for
      storing ten bytes of the 5445 DDCF. Address counter 315 is initially reset
      to address the first LSR of the group of LSR's 317 and the data from main
      storage is transferred to the addressed LSR 317 via DBO register 227 and
      bus 251, FIG. 10a. The contents of address counter 315 are also decoded by
      circuit 318 to generate successive control signals where the first address
      generates Gate 5444 F-byte to DBI. The LSR in the CPU selected during this
      cycle steal operation is designated by the emulator LSR select bits in
      FIGS. 11c and 14. The Fetch 5445 DDCF signal from latch 569, FIG. 9a, is
      passed by OR circuit 434 and AND circuit 435, FIG. 11c, as emulator LSR
      select bit 6 which is passed by OR circuit 333, FIG. 14, and AND circuit
      335 to bus 50 which leads to the LSR selection logic in CPU 20. Emulator
      LSR select bit 3 is also used for this group of ten fields and it is
      passed by OR circuit 430, FIG. 11c to OR circuit 330, FIG. 14 and from
      there to bus 50. The operation for the first nine cycle steals is
      substantially the same and the lines from decode 318, except for Gate 5444
      N-byte and Counter Carry Out are not used during this group of cycle
      steals. During the tenth cycle steal, the gate 5444 N-byte control signal
      is active and is used to cause the address in the 5445 LSR to be
      decremented by nine to its starting address. The Gate 5445 N-byte signal
      is applied to AND circuits 447 and 453, FIGS. 11a and 11c. AND circuit 453
      sets latch 458 via OR circuit 456 and AND circuit 457. This raises the
      Binary Subtract line to the CPU. AND circuit 447, FIG. 11a, causes OR
      circuit 449 to have an output so as to gate a hexidecimal 09 to DBI 55 via
      the emulator bus 501 and OR circuit 428, FIG. 11b.
PAR  On the tenth advance of counter 315, FIG. 8, it returns to its starting
      address and decode 318 raises the Counter Carry Out line. This line is
      applied to AND circuit 570, FIG. 9a, to set latch 572 at CPU Clock 7 time.
      This same signal is also applied to AND circuit 568 to rest the Fetch 5445
      DDCF latch 569 at CPU clock 8 time.
PAR  With latch 572 set another group of ten cycle steals are taken to place the
      converted 5444 DFCF in main storage so as to enable the 5445 I/O
      attachment use these bytes to control the 5445 or the attached I/O device
      40. During this operation, the decode 318 of address counter 315 first
      provides a Gate 5444 F-byte signal to DBI. This signal from FIG. 8 is
      applied to bus 309 of FIG. 7a so as to set address counter 266 whereby the
      flag byte is fetched from LSR's 265 and transferred via bus 274 to AND
      circuits 483, 486, 489, 492, 495, 498, 467 and 470, FIGS. 11b and 11c.
      These bits are gated by the output of OR circuit 439 and passed via OR
      circuits 485, 488, 491, 494, 497, 500, 469 and 472 to emulator DBI 501,
      FIGS. 11b and 11c, and from there via OR circuit 428 to DBI 55. Data on
      DBI 55 is stored in main storage under control of latches 475 and 478,
      FIG. 11c. In this instance latch 475 is set by the signal from latch 572,
      FIG. 9a, which is passed by OR circuit 473 and AND circuit 474. Latch 478
      is set in the same manner as previously described.
PAR  During the next cycle steal, decode 318 provides a Gate First 00 signal.
      This signal is not used, however, a hexidecimal 00 is placed on DBI 55 by
      default. This first 00 corresponds to the first cylinder byte. Decode 318
      then provides a Gate 5444 C-Byte signal which is used to select the C-byte
      from LSR's 265 by setting address counter 266 to the appropriate address
      via OR circuit 301. The C-byte in LSR's 265 is placed on DBI 55 in a
      manner similar to the flag byte. Decode 318 then provides a Gate Second 00
      signal which is not used but a hexidecimal 00 is placed on DBI 55 by
      default as before. This byte of hexidecimal 00 is the first head byte. The
      decode 318 then provides a Gate 5444 H-byte signal which is applied to OR
      circuit 304 to set counter 266 for selecting the head byte from LSR's 265
      which is then placed on DBI 55 at the same manner as the flag byte.
PAR  Decode 318 then provides a Gate 5444 S-Byte signal which is applied to OR
      circuit 302 to set counter 266 to a value for selecting the S-byte from
      LSR's 265. The selected S-byte is placed on DBI 55 in the same manner as
      the flag byte. Additionally, the Gate 5444 S-Byte signal is applied to AND
      circuit 573 and at CPU Clock 4 time latch 574 is set because latch 572 is
      also set at this time. The set output of latch 574 is applied to OR
      circuit 538 for issuing a seek operation. The Issue Seek Operation signal
      from latch 574 is also applied to OR circuit 536 which sets latch 537 for
      sending a SIO instruction to the 5445 I/O attachment 30. A 5445 I-Q cycle
      and 5445 I-R cycle are generated in the same manner as described with
      respect to the Issue Recalibrate signal. However, in this instance, AND
      circuits 556, 557, 558, 560 and 561 are inhibited by the output of
      inverter 590. Hence, the 5445 DBO bits 5, 6 and 7 are 0.
PAR  Decode 318 then provides a Gate Third 00 signal. This signal is not used,
      however a hexidecimal `00` is placed on DBI 55 by default. The third
      hexidecimal `00` is the key length byte of the 5445 DDCF. Decode 318 then
      provides a gate hexidecimal `01` signal which is applied to AND circuit
      440. This is the first data length byte of the 5445 DDCF. AND circuit 340
      also receives the set output of latch 572 and the clock 2-3 signal from
      latch 460. The output of AND circuit 440 is passed by OR circuit 443 to OR
      circuit 472 so as to become emulator DBI bit 7. This bit forms part of the
      emulator DBI 501 and is passed to DBI 55. The rest of the bits forming the
      byte are 0 by default. The byte on DBI 55 is then stored in a manner as
      previously described.
PAR  The Gate Hexidecimal `01` signal also resets latch 574, FIG. 9a, and sets
      latch 576 via AND circuit 575. The setting of latch 576 causes latch 537,
      FIG. 9b, to be set whereby an SIO instruction is issued to the 5445 I/O
      attachment 30. The 5445 I-Q and I-R cycles are also generated in the same
      manner as for an Issue Recalibrate signal. Further with latch 574 reset,
      AND circuits 556, 557, 558, 560 and 561 are no longer inhibited and the
      SIO bits 5, 6 and 7 reflect the condition of bits 5, 6 and 7 of the Q and
      R-bytes stored in registers 257 and 258 respectively in FIG. 10a. The SIO
      bits are sent via bus 32 to the I/O attachment 30 in a manner as
      previously described.
PAR  Decode 318, FIG. 8, provides a Gate 4th 00 signal which is not used but a
      hexidecimal `00` is placed on DBI 55 by default and is stored as the
      second data length byte in main store. Decode 318 then provides a Gate
      5444 N-Byte signal which supplied by bus 309 to counter 266, FIG. 7a, for
      selecting the N-byte from LSR's 265. The selected N-byte is placed on DBI
      55. The N-byte is stored in main storage at an address taken from the
      selected LSR which had been incremented in the usual manner. However, the
      Gate 5444 N-Byte signal raises the Binary Subtract line by setting latch
      458, FIG. 11c, and develops at clocks 4-5 time the Gate Hexidecimal 09 To
      DBI signal via AND circuit 447, OR circuit 449 and OR circuit 497 whereby
      the contents of the selected LSR are decremented by hexidecimal 09 to the
      starting value.
PAR  Decode 318 then provides a Counter Carry Out signal as address counter 315
      is incremented to its starting address. This time the Counter Carry Out
      signal will set latch 478, FIG. 9a, at CPU clock 7 time under control of
      AND circuit 577 because latch 572 is still set. Latch 572 is then reset
      under control of AND circuit 571 at CPU clock 8 time. The set output of
      latch 578 indicates that a 5444 operation is in progress. The output of
      latch 578 sets latch 581 under control of AND circuit 579 which also
      receives a 5445 Not Busy signal from the I/O attachement 30 and a CPU
      clock 4 signal. The 5445 not busy signal is sent via I/O attachment 30
      when it has completed the data operation, i.e., a read, write or a scan.
PAR  During the foregoing data operation, the 5445 I/O attachment 30 has
      modified certain bytes of the 5445 DDCF and the modified bytes not reside
      in main storage 10. These modified bytes are called residuals and are the
      cylinder head, low sector and N-bytes of the 5445 DDCF. These residuals
      must be moved from the 5445 DDCF in storage to the 5444 DDCF area in
      storage.
PAR  The output of latch 581 is used for generating four cycle steals by
      conditioning AND circuit 533. These four cycle steals for selecting the
      four residual bytes are reguested and granted in the same manner as
      previously described. The byte selected out of main storage is set into
      the LSR's 265 under control of address counter 266 which is incremented
      under control of AND circuit 269. When address counter 266 is incremented
      after the fourth byte has been placed in LSR's 265, the Select H-Byte 1
      signal from decode 266, FIG. 7a, is active and it causes latch 584, FIG.
      9a, to be set at CPU Clock 7 time under control of AND circuit 582. It
      also causes latch 581 to be reset at CPU Clock 8 time under control of AND
      circuit 580. Four cycle steals are then taken to transfer the bytes in
      LSR's 265 into the 5444 DFCF area of main storage 10. A fifth cycle steal
      is then taken to update the address in the LSR for the 5444 DFDR. The
      cycle steals are initiated under control of latch 584 which provides a
      signal to AND circuit 534 which is passed by OR circuit 510 to set latch
      511.
PAR  During the first cycle steal, address counter 266, FIG. 7a, addresses the
      F-byte in LSR's 265 and it is placed on DBI 55 via bus 274. This byte of
      data is stored at a location in storage selected by the address in the
      LSR's selected by OR circuit 430 and AND circuit 432, FIG. 11c. OR circuit
      430 has an output because the Select LSR line is active. AND circuit 432
      has an output because latch 584, FIG. 9a, is providing a replace 5444
      residuals signal to OR circuit 431 and inverter 502, FIG. 11c, provides a
      signal at an up level at this time because the output of AND circuit 433
      is at a down level, even though latch 584 is providing a signal to AND
      circuit 433. This is because the Select H-Byte signal is not available at
      this time from counter 266.
PAR  The outputs of OR circuit 430 and AND circuit 432 provide LSR Select 3 and
      LSR Select 4 bits to bus 50 via OR circuits 330 and 331, FIG. 14. The
      other LSR select bits are 0 at this time. After the flag byte has been
      placed in main storage 10, counter 226 FIG. 7a, is incremented whereby the
      cylinder byte in LSR's 265 is selected. The address in the selected LSR is
      incremented by gating a hexidecimal 01 to DBI under control of AND circuit
      441 and OR circuit 443.
PAR  Thus, the cylinder byte is stored in main storage at the proper location.
      The sector byte is similarly stored after address counter 266 has been
      incremented and the sector byte has been placed on DBI 55. The N-byte is
      then transferred to main storage and the Select N-Byte signal from address
      counter 266 causes latch 458 to be set under control of AND circuit 452
      via OR circuit 456. Also, a hexidecimal 03 is gated to DBI under control
      of AND circuit 445. This restores the contents of the selected LSR to its
      original value.
PAR  During the fifth cycle steal, the Select H-Byte signal is available from
      address counter 266 and it is used to update the 5444 DFDR by conditioning
      AND circuit 442 and thereby gating a hexidecimal 01 to the DBI 55. This
      effectively adds 256 to the address in the selected LSR. The LSR selected
      at this time is the one selected by LSR select 3 and select 5 bits which
      are applied to bus 50. The LSR select 3 bit comes from OR circuit 330,
      FIG. 14, which receives a signal from OR circuit 430, FIG. 11c. The LSR
      select 5 bit comes from OR circuit 332 which receives a signal from AND
      circuit 443. AND circuit 443 is conditioned at this time by the signals
      from latch 584, FIG. 9a, and counter 266. Latch 587 is set at CPU Clock 7
      time under control of AND circuit 585 which received the Select H-Byte
      signal from counter 266, a signal from inverter 517, a CPU Sample DBO
      signal and a signal from latch 584. Latch 584 is then reset at CPU Clock 8
      time under control of AND circuit 583.
PAR  Latch 587 sets up the operation for restoring the 5445 disk drive control
      field DDCF. Ten cycle steals are needed to restore the bytes forming the
      5445 DDCF. The cycle steals are initiated under control of AND circuit 535
      which is conditioned by the Not Gate 5444 N-Byte signal from inverter 319,
      FIG. 8. The signal from AND circuit 535, FIG. 9c, is passed by OR circuit
      510 set latch 511 and a cycle steal request is initiated by AND circuit
      512 in the manner as previously described. In addition to initiating a
      cycle steal request, a signal from latch 587, FIG. 9a, conditions AND
      circuit 513, FIG. 8, whereby at CPU Clock 7 time and with Data Cycle
      present, a signal is passed for advancing counter 315. However counter 315
      addressed LSR's 317 for fetching the first byte to be transferred to main
      storage from LSR's 317. The first byte is placed on bus 320 and is
      available at AND circuits 484, 487, 490, 493, 496, 499, 468 and 471. These
      AND circuits are conditioned by the Restore 5445 DDCF signal from latch
      487, FIG. 9a. These AND circuits then pass the bit signals via OR circuits
      485, 488, 491, 484, 497, 500, 469 and 472 respectively, to emulator DBI
      bus 501, FIG. 11c. The bits then are transferred via OR circuit 428 to DBI
      bus 55. The bits forming this first byte which is now on DBI bus 55 are
      loaded into main storage under control of the signal from latch 587, FIG.
      9a, which is passed by OR circuit 473 and AND circuit 474 to set latch
      475, FIG. 11a. Latch 475 as previously described provides a signal for
      setting latch 478 to develop a signal for storing the data in main storage
      10. The data is stored at the address taken from the selected LSR in the
      CPU. The CPU LSR's are selected by emulator LSR select bits 3 and 6 from
      OR circuit 430 and AND circuit 435 respectively. These selection bits are
      placed onto bus 50 via OR circuit 330 and AND circuit 335, FIG. 14,
      respectively.
PAR  Successive bytes from LSR's 317, FIG. 8, are transferred as address counter
      315 is incremented under control of AND circuit 313. When the tenth byte
      is being transferred, it is necessary to restore the address in the
      selected CPU LSR to its original value. This is accomplished by setting
      latch 458, FIG. 11a, under control of AND circuit 455 via OR circuit 456
      and AND circuit 457. The output of latch 458 is the Binary Subtract signal
      which is transferred to the CPU. A hexidecimal 09 is gated to DBI 55 as
      decode 318 furnishes a Gate 5444 N-Bye signal to AND circuit 447 at clocks
      4-5 time. This signal is passed by OR circuit 499 and as previously
      described develops emulator bits 4 and 7 via OR circuits 497 and 492
      respectively. The emulator bits 4 and 7 are then transferred by emulator
      DBI 501 to DBI 55 via OR circuit 428. DBI 55 transfers the bits to the CPU
      which by means of its ALU combines them with the bits in the selected CPU
      LSR whereby the contents of this selected CPU LSR are modified and
      restored to the original value. Then at CPU Clock 8 time during this
      cycle, latch 587 is reset under control of AND circuit 586. AND circuit
      586 also passes a Reset Busy signal for resetting latches 248 and 256. No
      additional cycle steals were requested after the Gate 5444 N-byte signal
      was made available by decode 318, FIG. 8. Further latches 475 and 478 for
      controlling the transfer of data to main storage 10 are reset at the next
      CPU clock 0 time. This completes the data operation.
PAR  From the foregoing it is seen that the invention enables a computer system
      to execute instructions for one type of I/O device and cause a different
      type of I/O device to respond. In one instance, it is seen that the
      emulation of the I/O device not forming part of the computer system takes
      place within the central processing unit. In another instance, it is seen
      that the emulation takes place remote of the central processing unit. It
      seen that the invention enables an I/O device to be operated by programs
      intended to and not intended to operate that I/O device. Further, as
      distinguished from other types of emulators, it is seen that in this
      invention, the emulation takes place after an instruction has been
      executed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a computer system includingn a main storage, a central processing
      unit connected to said main storage, at least one I/O attachment device
      connected to said central processing unit, and an I/O device connected to
      said I/O attachment device, said main storage storing sequences of
      instructions for operating an I/O device other than said I/O device
      connected to said I/O attachment device, the improvement comprising
PA1  a quasi I/O attachment connected to said central processing unit and
      responsive to instructions for operating said other I/O device for
      generating a control signal, and
PA1  means within said central processing unit responsive to said control signal
      for issuing control signals to said I/O attachment device to control the
      operation of said I/O device connected thereto according to the
      instructions for operating said other I/O device.
NUM  2.
PAR  2. The computer system of claim 1 wherein said means within said central
      processing unit for issuing control signals to said I/O attachment device
      analyzes the instructions for operating said other I/O device and
      generates corresponding control signals to control said I/O device
      connected to said I/O attachment device.
NUM  3.
PAR  3. The computer system of claim 1 wherein said quasi attachment includes
      means for determining the validity of an instruction transferred from said
      central processing unit.
NUM  4.
PAR  4. The computer system of claim 1 wherein said quasi attachment includes
      means for indicating that said other I/O device when addressed by said
      central processing unit is present.
NUM  5.
PAR  5. The computer system of claim 1 wherein said quasi attachment includes
      means for generating a parity error condition.
NUM  6.
PAR  6. The computer system of claim 2 wherein said means within said central
      processing unit for issuing control signals to said I/O attachment device
      analyzes the instructions for operating said other I/O device to determine
      if an instruction is a start I/O instruction.
NUM  7.
PAR  7. The computer system of claim 6 further comprising means responsive to
      said means within said central processing unit determining that said
      instruction is a start I/O instruction to generate a signal to initiate a
      test to determine if said I/O device connected to said I/O attachment
      device is busy.
NUM  8.
PAR  8. In a computer system including a main storage, a central processing unit
      connected to said main storage, an I/O attachment device, and an I/O
      device connected to said I/O attachment device, said main storage storing
      instructions for operating an I/O device other than said I/O device, the
      improvement comprising
PA1  an emulator connected to said central processing unit and said I/O
      attachment device and responsive to signals from said central processing
      unit developed upon executing instructions fetched from said main storage
      for operating said other I/O device to generate corresponding signals for
      operating said I/O device connected to said I/O attachment device, and
PA1  means for applying said corresponding signals to said I/O attachment
      device.
NUM  9.
PAR  9. The computer system of claim 8 wherein said emulator includes
      instruction identification means for generating signals identifying the
      type of I/O instruction executed by said central processing unit.
NUM  10.
PAR  10. The computer system of claim 9 wherein said emulator further includes
      means responsive to signals from said instruction identification means for
      generating an operation in progress signal indicating that said other I/O
      device is operating whereby said I/O device connected to said I/O
      attachment device is prevented from being operated by instructions other
      than instructions for said other I/O device.
NUM  11.
PAR  11. The computer system of claim 10 wherein said emulator further includes
      means responsive to said operation in progress signal for enabling the
      generation of commands for operating said I/O device connected to said I/O
      attachment device.
NUM  12.
PAR  12. The computer system of claim 10 wherein said emulator further includes
      conversion enabling means responsive to said operation in progress signal
      for enabling conversion of status data of said I/O device connected to
      said I/O attachment device to status data of said other I/O device, and
PA1  means responsive to said conversion enabling means for converting status
      data of said I/O device connected to said I/O attachment device to status
      data of said other I/O device.
NUM  13.
PAR  13. The computer system of claim 12 further comprising
PA1  means for storing said converted status data of said other I/O device in
      said main storage.
NUM  14.
PAR  14. The computer system of claim 8 wherein status data of said I/O device
      connected to said I/O attachment device is preserved prior to said I/O
      device connected to said I/O attachment device responding to an
      instruction for operating said other I/O device and restoring said status
      data of said I/O device connected to said I/O attachment device after said
      I/O device connected to said I/O attachment device has responded to an
      instruction for operating said other I/O device.
NUM  15.
PAR  15. The computer system of claim 8 wherein instructions for operating said
      I/O device connected to said I/O attachment device are passed to said I/O
      attachment device without alteration.
NUM  16.
PAR  16. The computer system of claim 8 wherein said central processing unit
      completes the execution of an instruction fetched from main storage for
      operating said other I/O device prior to said emulator responding to said
      signals from said central processing unit.
NUM  17.
PAR  17. In a computer system including a main storage and a central processing
      unit connected to said main storage, the improvement comprising
PA1  a first I/O attachment means connected to said central processing unit and
      responsive to signals therefrom as said central processing unit executes
      I/O instructions for operating a first type of I/O device to generate
      signals for operating a second type of I/O device,
PA1  a second I/O attachment means connected to said first attachment means and
      responsive to signals for operating said second type of I/O device, and
PA1  a second type of I/O device connected to said second I/O attachment means
      whereby when said central processing unit executes an instruction for said
      first type of I/O device, said first I/O attachment means generates
      signals to operate said second type of I/O device and said generated
      signals for operating said second type of I/O device are passed by said
      first I/O attachment means to said second I/O attachment means to control
      the operation of said second type I/O device.
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ABST
PAL  A conventional word organized random access memory is modified for image
      processing operations so that the pq image points of any 1 .times. pq or p
      .times. q subarray of an rp .times. sq or smaller image array stored in
      the memory can be extracted or updated in a single memory cycle. The
      invention contemplates pq memory modules labeled from 0 to pq-1 for
      storing the image points, each module being able to store rs points in
      distinguishable cells, only one cell of which is randomly accessible in a
      single instant of time. The invention further contemplates accessing
      circuitry for causing each image point I(i,j) of an image array to be
      routed to or from a memory module M(i,j) according to the relation
      M(i,j)=(iq+j)//pq, where (iq+j)//pq is the remainder resulting from the
      integer division of (iq+j) by pq. The accessing circuitry additionally
      causes image point I(i,j) to be stored into or retrieved from a cell
      location A(i,j) of module M(i,j) according to the relation
      A(i,j)=(i/p)s+(j/q), where i/p and j/q represent integer quotients.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an access and apparatus for selectively
      extracting or updating subarrays of a larger array stored in a modified
      work organized random access memory system, and more particularly, relates
      to the modifications to a conventional work organized memory used for
      image processing.
PAR  As understood, a digital image is considered to be a two-dimensional array
      of image points, each of which comprises an integer or a set of integers.
      Image manipulation ideally subsumes the capability of storing an image
      array in a memory and operating upon selected clusters of points
      simultaneously, such as sequences of points in a single row of the array
      and points within a small rectangular area. This imposes the constraint
      that the memory must allow all points in any selected cluster to be
      accessed in one memory cycle. If any desired combination of points in the
      array could be accessed simultaneously from a bit addressable memory, then
      storage and retrieval of clusters of image points would pose no problem.
      However, because digital images form large arrays, only word organized
      memories are economically available. A conventional word organized memory
      includes a plurality of randomly accessible "words" of storage locations,
      each word of which can store a cluster of image points. However, it is
      necessary to modify the accessing mechanism of this conventional memory in
      order to permit access to clusters of image points when the points are not
      all in the same word of storage.
PAR  An image can be represented by a M .times. N array I(*,*) of image points,
      where each point I(i,j) for O.ltoreq.i&lt;M and O.ltoreq.j&lt;N is an integer or
      a set of integers which represents the color and intensity of a portion of
      the image. For simplicity, attention can be restricted to black/white
      images, for which I(i,j) is a single bit of information. Typically,
      I(i,j)=1 represents a black area of the image, and I(i,j)=0 represents a
      white area.
PAR  Images are most commonly generated by scanning pictorial data such as 8 1/2
      inch .times. 14 inch documents. Thereafter, they can be stored, viewed
      from a display, transmitted, or printed. Since most scanners and printers
      process an image from top to bottom and from left to right, images are
      normally transmitted in the standard "row major" sequence: I(0,0), I(0,1),
      . . . , I(0,N-1), I(1,0), . . . , I(M-1, N-1). Therefore, a memory system
      for image processing operations should at least permit simultaneous access
      to a number of adjacent image points on a single row of I(*,*). This would
      permit the image or a partial image to be transferred rapidly into and out
      of the memory system, with many image points in each row being transferred
      simultaneously.
PAR  It is also desireable to access rectangular blocks of points within the
      image to accomodate another class of image processing operations, such as
      block insertion, block extraction, and contour following. For example, it
      may be desirable to add alphanumeric characters to the image from a stored
      dictionary, which dictionary includes a predefined bit array for each
      character. Similarly, it may be desirable to delete or edit characters or
      other rectangular blocks from an image. Lastly, algorithms for locating
      the contours of objects in the image involve moving a cursor from one
      image point to another along a border or boundary of an object. The
      contour following algorithms require rapid access to an image point and a
      plurality of its near neighbors, which together constitute a block of
      image points.
PAR  Typically, a word organized random acess memory comprises a plurality of
      memory modules, each module being a storage device with a plurality of
      randomly accessible storage cells. Although each cell is able to store an
      image point which comprise a single bit of information, only one cell in a
      module can be accessed (read from or stored into) at a time. The accessing
      mechanism of a conventional word organized random acess memory provides a
      single cell address to all of its constituent memory modules, so that the
      ith cell in one module can be accessed only in conjunction with the ith
      cell of all other modules. (These cells together comprise the ith word of
      the memory). A conventional word organized random access memory thus
      provides access to a cluster of image points only if they are all stored
      in the same word of the memory. However, a suitable modification of the
      accessing mechanism for a word organized memory can permit acess to any
      desired cluster of image points, provided each module stores at most one
      point in the cluster.
PAR  As stated previously, a memory system is desired which permits access to
      horizontal sequences and rectangular blocks of image points. Therefore, it
      is necessary to determine a method for distributing image points among
      memory modules which places the elements of horizontal sequences in
      distinct memory modules and which also places the elements of rectangular
      blocks in distinct memory modules. Relatedly, it is necessary to devise
      addressing circuitry which permits simultaneous access to all elements of
      the horizontal sequences or rectangular blocks. Lastly, it is necessary to
      design circuitry which arranges the elements of the sequences or blocks
      accessed into a convenient order, such as row major order.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of this invention to modify a conventional word
      organized random access memory for image processing operations so that it
      is capable of storing an image or partial image therein, and so that it
      permits access to sequences of image points along any row of the image
      array and to the image points within any small rectangular area of this
      array. Restated, it is an object to modify a conventional word organized
      random access memory which stores an rp .times. sq or smaller image array
      such that any 1 .times. pq or p .times.  q subarray of the image can be
      accessed (read or written) in a single memory cycle, p, q, r, and s being
      design parameters.
PAR  The foregoing objects are believed satisfied by an apparatus for storing
      black/white images, which apparatus includes a novel accessing
      arrangement. The apparatus comprises memory means for storing the image
      points in the cells of pq different memory modules, each module being an
      entity capable of storing rs image points in distinguishable cells, only
      one cell of which is randomly accessible at a single instant of time. The
      apparatus further comprises means for extracting from the memory means
      either horizontal linear sequences of length pq or rectangular matrices of
      dimension p .times.  q, the starting point in the array for either
      sequence or matrix being arbitrary. Relatedly, the apparatus also
      comprises means for arranging the elements of the sequences or blocks
      accessed into row major order.
PAR  Restated, the disclosed apparatus includes pq memory modules labled 0, 1, .
      . . , pq-1, which modules can together store an rp .times. sq image array
      consisting of image points I(i,j), where i lies on the range O.ltoreq.i&lt;rp
      and j lies on the range 0.ltoreq.j&gt;sq. Secondly, the disclosed apparatus
      includes routing means which causes image point I(i,j ) to be routed to or
      from memory module M(i,j)=(iq+j)//pq, where (iq+j)//pq constitutes the
      remainder resulting from the integer division of the quantity (iq+j) by
      the quantity pq. Thirdly, the disclosed apparatus includes address
      calculation means which, in conjunction with the routing means, causes
      image point I(i,j) to be stored into or retrieved from location
      A(i,j)=(i/p)s+ (j/q) of memory module M(i,j), where (i/p) and (j/q)
      represent integer quotients. Lastly, the disclosed apparatus includes
      control means which achieves simultaneous storage or retrieval of the pq
      image points in any 1 .times. pq or p .times. q subarry of the image array
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the architecture of a word organized memory modified according
      to the invention.
PAR  FIGS. 2A and B illustrate the module assignment and the address assignment
      for the case that p=q=4, r=4, and s=8.
PAR  FIG. 3 shows the selective logical details of the address and control
      circuitry set forth in FIG. 1.
PAR  FIGS. 4-6 illustrate detailed logical designs of the global, row, and
      module logics of the counterpart functional elements seen in FIG. 3.
PAR  FIGS. 7-9 show detailed logic for the routing circuitry seen in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown the architecture for the modified
      word organized random access memory system. The apparatus includes pq
      memory modules 21, 23, and 25. Each module is able to store rs image
      points, which comprise rs bits of information. Address and control
      circuitry 7 permits these modules to store an rp .times.  sq (or smaller)
      image array I(*,*), and to access any 1 .times. pq or p .times. q array of
      I(*,*). A data register 39 is provided to hold any of these pq element
      subarrays prior to storage or following retrieval of the image information
      from the memory modules. Also included are permuters 47 and 49. Permuters
      generally are specialized circuits for rearranging data. In the context of
      this invention, the permuters 47 and 49, respectively, rotate subarrays to
      the right and to the left. Functionally, the permuters route elements of
      the subarrays to or from the appropriate memory modules for storage and
      retrieval. Control of the permuters is resident in the address and control
      circuitry 7 and connectable thereto over path 15.
PAR  When a particular subarray is to be stored in the memory system, the one
      bit t register is set to one of the values t=0 or t=1 in order to indicate
      whether the subarray shape is 1 .times. pq or p .times. q. The i and j
      registers 3 and 5 are set to indicate coordinates of the upper lefthand
      element I(i,j) of the subarray. The subarray itself is placed in data
      register 39 in row major order, such that I(i,j) is in the leftmost
      position of the register. Based upon the values of t, i and j, the control
      portion of address and control circuitry 7 provides a control signal on
      line 15 which causes permuter 47 to route each element of the subarray
      over counterpart paths 27, 31, and 35 to that module within which it is to
      be stored. The address portion of address and control circuitry 7
      calculates its location within that module the address information is
      supplied via lines 9, 11 and 13 to memory modules 21, 23 and 25. Finally,
      a write signal from an external read/write control source 17 causes the pq
      elements of the subarray to be stored simultaneously in the different
      memory modules.
PAR  When a particular subarray is to be retrieved from the memory system, the
      t, i, and j registers are set as described above so as to indicate the
      shape of the subarray and to identify its upper lefthand element. The
      address portion of the address and control circuitry 7 uses the values of
      t, i and j in order to calculate for each memory module the location of
      the unique element of the subarray which it contains. After the
      calculations are made, a read signal from 17 causes the pq elements of the
      subarray to be retrieved from the modules and routed by permuter 49 to
      data register 39 over paths 51, 53, and 55. The control portion of address
      and control circuitry 7 provides a control signal on line 15 which causes
      permuter 49 to arrange the elements of the subarray in row major order,
      such that I(i,j) is routed to the leftmost position of register 39.
PAR  Whenever a 1 .times. pq or p .times. q subarray of I(*,*) is retrieved from
      or stored into the memory system, the address portion of the address and
      control circuitry 7 must calculate, for 0.ltoreq.k&lt; pq, the location
      1(i,j,k,t) of the unique element e(i,j,k,t) of the subarray either
      contained by or to be placed in the kth memory module. The control
      circuitry portion of address and control circuitry 7 must, in combination
      with permuters 47 and 49, arrange for element e(i,j,k,t) to be routed to
      or from the appropriate position in register 39. Table 1 summarizes the
      address calculations and routing patterns required for access to a
      subarray whose upper left-hand element is image point I(i,j). The routing
      pattern specification indicates which of the pq positions d(0), d(1), . .
      . , d(pq-1) of data register 39 is to receive or supply element
      e(i,j,k,t).
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Subarray Shape                                                            
              t Address Calculation        Required Routing                    
     __________________________________________________________________________
     1 .times. pq                                                              
              0 M(i,j)=(iq+j)//pq;         e(i,j,k,t).fwdarw.d[g(i,j,k)].      
                g(i,j,k)=[k-M(i,j)]//pq;                                       
                l(i,j,k,t)=(i/p)s+[j+g(i,j,k)]/q.                              
     p .times. q                                                               
              1 M(i,j)=(iq+j)//pq;         e(i,j,k,t).fwdarw.d[g(i,j,k)].      
                g(i,j,k)=[k-M(i,j)]//pq;                                       
                l(i,j,k,t)=[(i+g(i,j,k)/q)/p]s+(j+g(i,j,k)//q)/q.              
     __________________________________________________________________________
PAR  Exemplary circuitry implementing the above address calculations and routing
      patterns is amply set forth in FIGS. 3-9, which are described below. Of
      course it should be understood that alternative circuitry, for example,
      circuitry based upon table lookup could be designed to perform the same
      functions.
PAR  The address calculations and routing patterns noted above are based upon a
      predetermined distribution of image points among the pq memory modules.
      Before describing the preferred embodiment, appreciation of the true
      nature and scope of the invention will be enhanced by first considering
      the justification for the chosen distribution strategy, and the manner in
      which the distribution leads to the address calculations and routing
      patterns summarized in Table 1.
PAC  DISTRIBUTION STRATEGY
PAR  As state previously, it is an object of the invention to construct a memory
      system capable of storing an rp .times. sq image array I(*,*) consisting
      of image points I(i,j), where i lies in the range 0.ltoreq.i&lt;rp and j lies
      in the range 0.ltoreq.j&lt;sq. Furthermore, the memory system is required to
      store the image in a manner permitting access to all 1 .times. pq and p
      .times. q subarrays of I(*,*).
PAR  If the memory system outlined in FIG. 1 is to store the image array I(*,*),
      then for each image point I(i,j) it is necessary to determine which of the
      pq memory modules 21, 23, or 25 should store I(i,j). It was observed that
      when memory modules were assigned the memory module numbers 0, 1 . . . ,
      pq-1 as indicated in FIG. 1, the distribution of image points among the
      memory modules could be described succintly by specifying an
      integer-valued module assignment function M(i,j) with the following
      characteristic:
PA1  for any integers i and j on the ranges 0.ltoreq.i&lt;rp and
PA1  0.ltoreq.j&lt;sq, the value of M(i,j) lies in the range 0.ltoreq.M(i,j)&lt;pq.
      Each image point I(i,j) is then stored in the M(i,j)th memory module.
PAR  If the memory system outlined in FIG. 1 is to store the image array I(*,*)
      in a manner permitting simultaneous access to the pq image points in any 1
      .times. pq subarray of I(*,*), then these images must be stored in
      different memory modules. This is because only one storage cell of each
      memory module is randomly accessible at a single instant of time.
      Similarly, if the memory system in FIG. 1 is to store the image array
      I(*,*) in a manner permitting simultaneous access to the pq image points
      in any p .times. q subarray of I(*,*), than these image points must be
      stored in different memory modules.
PAR  It was unexpectedly observed that if the module assignment function M(i,j)
      assumed the form M(i,j)=(iq+j)//pq, where (iq+j)//pq denotes the remainder
      resulting from the integer division of the quantity (iq+j) by the quantity
      pq, then the pq image points of every 1 .times. pq and p .times. q
      subarray would be stored in different memory modules. This would permit
      simultaneous accessing of the pq image points in the desired subarrays.
PAR  The module assignment function M(i,j)=(iq+j)//pq is illustrated in FIG. 2A
      for the case that p=q=r=4 and s=8. The hexidecimal number in the jth
      position of the ith row of the 16 .times. 32 array in FIG. 2A denotes the
      memory module M(i,j) for storing image point I(i,j). For example, the
      circled entry in the 5th position of the 6th row is D, which is the
      hexidecimal notation for 13. This indicates that the image point I(6,5) is
      stored in the 13th memory module. This may be calculated as M(i,j)=M(
     6,5)=(iq+j)//pq=(6.times.4+5)// 4.times.4=29//16=13.
PAR  It should be readily observed from FIG. 2A that the pq=16 image points in
      any 1 .times. pq = 1 .times. 16 subarray are stored in different memory
      modules. For example, the 16 element horizontal sequence indicated in FIG.
      2 shows that the image points I(6,13), I(6,14), . . . , I(6,28) are
      stored, respectively, in memory modules 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
      15, 0, 1, 2, 3, 4. Also, it will be observed from FIG. 2A that the pq=16
      image points in any p .times. q= 4.times. 4 subarray are stored in
      different memory modules. For example, the 4.times.4 block indicated in
      FIG. 2A identifies the memory module assignments for the image points in
      the 4.times.4 subarray whose upper lefthand element is the image point
      I(9,6).
PAR  The above module assignment function M(i,j) assigns rs image points to each
      of the pq memory modules without specifying the cell locations in which
      they are to be stored. It was unexpectedly observed that the image points
      could be conveniently stored in location A(i,j) of memory module M(i,j) if
      such a function varied according to the form A(i,j)=(i/p)s+(j/q), where
      i/p and j/p are integer quotients.
PAR  The address assignment function A(i,j) is illustrated in FIG. 2B for the
      case that p=q=r=4 and s=8. The decimal integer within each p .times. q =
      4.times.4 block indicates the address of the corresponding pq=16 image
      points. For example, the fifth position on the sixth row falls in the
      4.times.4 block labeled with decimal 9. This indicates that image point
      I(6,5) is stored in the 9th cell of memory module M(6,5). This may be
      calculated as A(i,j)=A(6,5)=(6/4(8+(5/4)=(1)8+(1)=9.
PAC  ADDRESS CALCULATION
PAR  When any of the 1 .times. pq or p .times. q subarrays is to be accessed
      (read or written), the address calculation portion of address and control
      circuitry 7 shown in FIG. 1 must calculate, for 0.ltoreq.k&lt;pq, the address
      of the unique image point in the subarray stored by the kth memory module.
PAR  Stated algebraically if the upper lefthand element of the desired 1.times.
      pq or p .times. q subarray is image point I(i,j), and if the Boolean
      variable t is set to one of the values t=0 or t=1 to indicate,
      respectively, whether a 1 .times. pq or a p .times. q subarray is to be
      accessed, then the address to be calculated for module k can be denoted
      1(i,j,k,t). The form of this address function was noted previously in
      Table 1, and it can be justified by the following argument.
PAR  Suppose that access to a 1 .times. pq subarray is desired, so that t=0. As
      discussed previously, the module assignment function M(i,j)=(iq+j)//pq
      guarantees that module k stores one of the desired image points I(i,j),
      I(i,j+1), . . . , I(i, j+pq-1). Equivalently, module k stores image point
      I(i,j+b) where b is an integer lying in the range 0.ltoreq.b&lt;pq. The
      distribution of image points among memory modules guarantees that image
      point I(i,j+b) is stored in location A(i,j+b)=(i/p)s+(j+b)/q of memory
      module M(i,j+b)=(iq+j+b)//pq. It follows, therefore, that k=M(i,j+b) and
      that 1(i,j,k,t)=A(i,j+b). The foregoing relations can be used to show that
      b=[M(i,j+b)-iq-j]//pq,= [k-iq-j]//pq. Hence, defining the function
      g(i,j,k)=(k-iq-j)//pq, we conclude that b=g(1,j,k), and that when t=0,
      1(i,j,k,t)= A(i,j+b)= (i/p)s+(j+b)/q=(i/p)s+[j+g(i,j,k)]/q.
PAR  Similarly, let it be supposed that access to a p .times. q subarray is
      desired. Thus, t-1. As a consequence of the module assignment function
      M(i,j), module k stores one of the desired image points I(i,j), I(i,j+1),
      . . . , I(i,j+q-1), I(i+1,j), . . . , I(i+p-1, j+q-1). Equivalently,
      module k stores image point I(i+a,j+b), where the integers a and b lie in
      the respective ranges 0.ltoreq.a&lt;p and 0.ltoreq.b&lt;q. However, the
      distribution of image points among memory modules guarantees that image
      point I(i+a,j+ b) is stored in location A(i+a,j+ b)=[(i+a)/p]s+(j+b)/q of
      memory module M(i+a,j+ b)=(iq+aq+j+b)//pq. Therefore, it follows that
      k=M(i+a,j+b) and that 1(i,j,k,t)= A(i+a,j+j+b). The foregoing relations
      can be used to show that aq+b=[M(i+a,j+b)-iq-j]//pq=(k-iq-j)//pq. Hence by
      defining the function g(i,j,k)=(k-iq-j)//pq, we conclude that a=g(i,j,k)/q
      and b=g(i,j,k)//q, and that when t=l, l(i,j,k,t)=
      A(i+a,j+b)=[(i+aj/p]s+(j+b)/q=[(i+g(i,j,k)/q)/p]s+(j+g(i,j,k)//q)/q.
PAC  ROUTING PATTERNS
PAR  As stated previously, whenever any 1 .times. pq or p .times. q subarray of
      the image array I(*,*) is stored into or retrieved from the memory shown
      in FIG. 1, each of the memory modules 21, 23, and 25 stores or retrieves a
      single element of the subarray. Relatedly, the elements of this subarray
      are routed by permuter 47 from data register 39 to the memory modules for
      store operations. Likewise, the subarray elements are routed by permuter
      49 from the memory modules to the data register for retrieval operations.
      The operation of permuters 47 and 49 are controlled by a signal on line 15
      provided by the control portion of the address and control circuitry 7.
PAR  Stated algebraically, it is apparent that if the upper lefthand element of
      the 1 .times. pq or p .times. q subarray to be accessed is the image point
      I(i,j), and if the Boolean variable t is set to one of the values t=0 or
      t=1 so as to indicate, respectively, whether a 1 .times. pq or p .times. q
      subarray is to be accessed, then the unique subarray element to be stored
      into or retrieved from module k can be denoted e(i,j,k,t), This element
      must be routed to or from one of the pq positions d(0), d(1), . . . ,
      d(pq-1) of the data register, as indicated previously in Table 1. The
      routing pattern specified in Table 1 can be justified by the following
      arguments.
PAR  Suppose that a 1 .times. pq subarray is to be accessed, so that t=0. Since
      the subarray is held in row major order in the data register, element
      I(i,j+b) of the subarray should be routed to or from position d(b) of the
      data register. As described in the last section, image point I(i,j+b) is
      stored in memory module k, where k and b are related according to the
      formula b=(k-iq-j)//pq=g(i,j,k). Therefore, the unique element of the 1
      .times. pq subarray to be retrieved from or stored into module k, namely
      I(i,j+b)=e(i,j,k,t), is routed to or from position d(b)=d(g(i,j,k)) of the
      data register.
PAR  Similarly, suppose that access to a p .times. q subarray is desired, so
      that t=1. Then since the subarray is held in row major order in the data
      register, element I(i+a,j+j+b) of the subarray array sould be routed to or
      from position d(aq+b) of the data register. As described in the last
      section, image point I(i+a,j+ b) is stored in memory module k, where k is
      related to a and b according to the formula aq+b=(k-iq-j)// pq=g(i,j,k).
      Therefore, the unique element of the p .times. q subarray to be retrieved
      from or stored into module k, namely, I(i+a,j+b)=e(i,j,k,t), is routed to
      or from position d(aq+b)= d(g(i,j,k)) of the data register.
PAC  STRUCTURAL DESIGN
PAR  Referring now to FIG. 3, there is provided an overview of the address and
      control circuitry 7 shown in FIG. 1. As indicated in FIG. 3, the pq memory
      modules 21, 23, and 25 are arranged into p rows of q modules each. The
      address and control circuitry comprises: a single global logic component
      51; p identical row logic components 53, 55, and 57, one for each row of
      memory modules; and pq identical module logic component 59, 61 and 63, one
      for each memory module.
PAR  The global logic component 51 operates in response to the subarray shape
      designation t and the subarray starting coordinates i and j for
      calculating the quantities M(i,j), R, and 1v(0), 1v(1), . . . , 1v(q-1).
      The quantity M(i,j) is used to control permuters 47 and 49 over path 15,
      as shown in FIG. 1. The quantity R consists of values used by row logic
      components 53, 55, and 57. The quantities 1v(0), 1v(1), . . . , 1v(q-1)
      are used by module logic components 59, 61 and 63.
PAR  Each of the row logic components 53, 55 and 57 operates in response to a
      fixed row designation number, and in response to the quantity R calculated
      by the global logic component 51, to calculate address information used
      for the calculation of cell addresses for memory modules in the associated
      row of modules. This address information is provided over lines 65, 67,
      and 69 to the module logic components connected to these memory modules.
PAR  Each of the module logic components 59, 61, and 63 operates in response to
      the address information calculated by one of the row logic components 53,
      55, and 57; and in response to one of the signals 1v(0), 1v(1), . . . ,
      1v(q-1) calculated by the module logic component 51, in order to formulate
      a cell address. In particular, the module logic component associated with
      the kth memory module calculates the cell address l(i, j, k, t). The cell
      addresses are supplied to the respective memory modules over lines 9, 11,
      and 13.
PAR  FIGS. 4-6 provide, respectively, detailed descriptions of: the global logic
      component 51; one of the row logic components 53, 55, and 57; and one of
      the module logic components 59, 61, and 63. The operation of each
      component is described both algebraically and with an exemplary circuit
      design. The algebraic descriptions summarize the inputs to, outputs from,
      and calculations performed by each of the components. These algebraic
      descriptions are appropriate for any combination of design parameters p,
      q, r, and s. The exemplary circuit designs are specific for the case that
      p=q=r=4 and s=8.
PAR  Referring now to FIG. 4, there is provided a detailed description of the
      global logic component 51. The inputs to this circuit are the subarray
      shape designation t and the subarray starting location coordinates i and
      j. The outputs from this circuit are the quantities M(i,j), R, and 1v(0),
      1v(1), . . . , 1v(q-1). As indicated, the output quantity R comprises a
      bundle of control signals consisting of values t, xo, io, yo, and zo. Each
      of these values is calculated by the global logic component according to
      the formulas provided in FIG. 4.
PAR  The first two values to be calculated by the global logic component are
      quantities xo=i/p and io=i//p. That is, xo and io are the quotient and the
      remainder that result from the integer division of i by p. Since the image
      coordinate i is a binary coded integer, and since p=4 for the exemplary
      circuit in FIG. 4, io is just the least significant two bits of i, and xo
      is the remaining bits of i.
PAR  The next two values to be calculated by the global logic component are the
      quantities yo=j/q and vo=j//q. Since the image coordinate j is a
      binary-coded integer, and since q=4 for the exemplary circuit in FIG. 4,
      vo and yo are, respectively, the least significant two bits of j and the
      remaining bits of j.
PAR  Another value to be calculated by the global logic component is the
      quantity uo=(io+ yo)//p. That is, uo is the remainder that results from
      the integer division by p of the sum of the two previously calculated
      quantities io and yo. For the exemplary circuitry in FIG. 4 the quantities
      io and y are supplied over lines 405 and 403 to adder 401, which
      calculates their sum. Since p=4 for the exemplary circuit, the desired
      quantity uo=(io+yo)//p is just the least significant two bits of the sum
      outputted from adder 401 on lines 407.
PAR  Another value to be calculated by the global logic component is the
      quantity M(i,j)=(iq+j)//pq. This quantity can be calculated from the two
      previously calculated quantities uo and vo according to the relation
      M(i,j)=uo.sup.. q+vo. Since vo and uo are binary numbers, since vo .sub.+-
      g, and since q=4 for the exemplary circuit in FIG. 4, the calculation
      M(i,j)=uo q+vo.can be achieved simply by concatenating (juxtapositioning)
      the values uo and vo, appearing respectively on lines 407 and 421.
PAR  Another value to be calculated by the global logic component is the
      quantity zo=t.uo+t(yo//p). That is, if the shape designation value t has
      the Boolean value t=0, then its logical complement t has the value t=1, so
      that zo assumes the value zo=uo. Conversely, if t has the Boolean value
      t=1, then t=0 and zo=yo//p. For the exemplary circuit in FIG. 4, yo//p
      comprises the least significant two bits of the previously calculated
      quantity yo. The quantity yo//p is supplied to over lines 417 to AND gates
      415. The quantity t comprises a second input to AND gates 415. Similarly,
      the quantity t calculated by INVERTER 411 is supplied to AND gates 409,
      along with the quantity uo calculated by adder 401 and appearing on line
      407. The outputs from AND gates 409 and 415 are in turn supplied to OR
      gates 419. The output from OR gates 419 constitutes the desired quantity
      zo.
PAR  The final values to be calculated by the global logic component are the
      quantities 1v(0), 1v(1), . . . , 1v(q-1). For integer values of k on the
      range 0.ltoreq.k&lt;q, 1v(k) is defined to have the value 1v(k)=1 if k &lt; vo
      and the value 1v(k)=0 if k.gtoreq.vo, where vo is the previously
      calculated quantity appearing on lines 421. Symbolically, this written
      1v(k)=LT(k,vo). The quantity 1v(0) is calculated by OR gate 423, and has
      the Boolean value 1v(0)=1 if either bit of vo is 1. Similarly, 1v(1)=1 if
      the most significant bit of vo is 1, and 1v(2)=1 if both bits of vo  are
      1, as determined by AND gate 425. Finally, 1v(3)=0, because the two-bit
      value vo  cannot be larger than 3.
PAR  Referring now to FIG. 5, there is provided a detailed description of one of
      the row logic components 53, 55, or 57 as shown in FIG. 3. More
      particularly, the row logic component associated with the uth row of
      memory modules is described, where u lies in the range 0.ltoreq.u&lt;p. The
      inputs to this row logic component are the row designation number u and
      the bundle of signals R. R comprises the values t, xo, yo, io, and zo
      provided by the global logic component 51. The outputs from the row logic
      component consist of the values t, xo, yu, lu, and eu calculated according
      to the formulas provided in FIG. 5. These values comprise address
      information used in the calculation of cell addresses for memory modules
      on the uth row of modules.
PAR  The first value to be calculated by the row logic component is the quantity
      z=(u-zo)//p. For the exemplary circuit in FIG. 5, INVERTER gates 501 and
      Adder 503 serve to subtract zo from u, according to the well-known
      relation u-zo=u+zo+1. Since p=4, the least significant two output bits
      from Adder 503 comprise the desired quantity z. INVERTER 505 and AND gates
      507 supply the quantity t.z to Adder 509, and hence Adder 509 and
      Half-adder 511 serve to calculate yu=yo+t.z.
PAR  Another value to be calculated by the row logic component is the quantity
      eul=EQ(z,O). That is, eul is a Boolean variable with the value eul=1 if
      z+0 and with the value eul=0 if z.noteq.0. In FIG. 5, OR gate 513 and
      INVERTER 515 determine whether z=0 and provide the signal eul=EQ(z,0) on
      line 517.
PAR  Additional values to be calculated by the row logic component are the
      Boolean variables lu=LT(z,io) and eu2=EQ  (z,io). That is, lu=1 if z &lt; io
      and eu2=1 if z=io. In FIG. 5, INVERTER gates 519 and Adder 521 serve to
      subtract io from z according to the relation z-io=z+io+1. INVERTER 523
      operates on the carry from Adder 521 to calculate lu=LT(z-io,o)=LT(z,io),
      while OR gate 525 and INVERTER 527 provide the signal
      eu2=EQ(z-io,o)=EQ(z,io) on line 529.
PAR  The final value calculated by the row logic component is the Boolean
      variable eu=t.eul+t.eul(lu+eu2). In FIG. 5, this variable is calculated by
      OR gates 531 and 541, INVERTER gates 533 and 537, and AND gates 535 and
      539.
PAR  Referring now to FIG. 6, there is shown a detailed description of one of
      the module logic components 59, 61, or 63 of FIG. 3. More particularly,
      the module logic component associated with the kth memory module is shown,
      where k lies on the range 0.ltoreq.k&lt;pq. The inputs to this circuit are
      the quantity lv(k//q) calculated by the global logic component 51, and the
      quantities t, xo, yu, lu, and eu calculated by the row logic component
      associated with the uth row of memory modules, where u=k/q. The single
      output from the module logic component is the cell address 1(i,j,k,t)
      calculated according to the formulas provided in FIG. 6. Note that the
      combinational logic interior to the kth memory module responsive to the
      cell address 1(i,j,k,t) may be fashioned according to any one of numerous
      methods, as for example, that shown in "Logical Design for Digital
      Computers" by Montgomery Phister, John Wiley and Sons, New York, 1958.
PAR  The first value to be calculated by the module logic component is the
      quantity x=xo+t(lv.lu+lv.eu). Here lv denotes the value lv(k//q) received
      from the global logic component 51. In FIG. 6, the desired Boolean value
      t(lv.lu+lv.eu ) is obtained by operation of INVERTER 601, AND gates 603,
      605, and 615, and OR gate 609. This Boolean value is then added to xo by
      Half-adder 619. This provides the value x on lines 625.
PAR  The next value to be determined by the module logic is the quantity
      y=yu+p.t.eu.lv+t.lv. From this formula it is clear that, since either t=0
      or t=0, y is achieved by adding either 0, 1, or p to yu, with the value
      added determined by the Boolean variables t, eu, and lv. In FIG. 6, the
      Boolean variable t.lv is calculated by AND gate 607 and is supplied over
      line 608 to Half-adder 621. The Boolean variable t.eu.lv is calculated by
      AND gates 605 and 613, operating in conjunction with INVERTER 611, and is
      then supplied over line 614 to OR gate 617. If t.lv=l, then necessarily
      t=1 and t=0, so that t.eu.lv=0. In this case Half-adders 621 and 623 add
      t.lv=1 to the quantity yu, with any carry generated by Half-adder 621
      being routed to Half-adder 623 via OR gate 617 and line 618.
      Alternatively, if t.eu.lv=1, then necessarily t=0 and t=1, so that t.lv=0.
      In this case the value t eu lv=1 is routed via OR gate 617 and line 618 to
      Half-adder 623, and thus is added to the most significant bit of yu. Since
      Half-adder 621 adds the value t.lv=0 to the least significant two bits of
      yu, the net result is that Half-adders 621 and 623 add p=4 to yu, as
      desired. In all cases, the desired quantity y=yu+p.t.eu.lv+t.lv is
      provided on lines 627.
PAR  The final value to be ascertained by the module logic associated with the
      kth memory module is the cell address l(i,j,k,t)=x.s+y. For the exemplary
      circuit in FIG. 6, s=8 and y &lt; 8, so that 1(i,j,k,t) can be achieved
      simply by juxtapositioning the values x and y appearing, respectively, on
      lines 625 and 627. The cell address 1(i,j,k,t) is supplied to memory
      module k over lines 629.
PAR  FIGS. 7-9 illustrate the routing circuitry 8 shown in FIG. 1. The primary
      functions of this circuitry are to route the image points of any 1 .times.
      pq or p .times. q array of points between memory modules 21, 23, and 25
      and the data register 39. Restated, the circuitry must respond to an
      appropriate control signal M(i,j) on line 15 by routing image points
      between memory modules and the appropriate positions of the data register.
      The routing circuity 8 comprises right rotate permuter 47 and left
      permuter 49. FIGS. 7-9 describe the operation of the routing circuitry
      both algebraically and with an exemplary circuit design. The algebraic
      descriptions are appropriate for any combination of design parameters p,
      q, r and s, although the exemplary circuit design is specific for the case
      that p=q=r=4 and s=8.
PAR  Referring now to FIG. 7, there is set forth a logic design of right rotate
      permuter 47. One input to this circuit is the quantity M(i,j) calculated
      by the global logic component 51, which is provided in lines 15. The
      remaining inputs are the pq image points held in data register 39, which
      are supplied on lines 41, 43, and 45. These image points are outputted to
      the respective memory modules on lines 27, 31, and 35, according to the
      following rule. The kth memory module receives the image point held in the
      g(i,j,k)th position of the data register, where the function g(i,j,k) is
      defined by the relation g(i,j,k)=[k-M(i,j)]//pq. This routing is achieved
      by rotating the contents of data register 39 by M(i,j) positions.
PAR  The circuit in FIG. 7 uses four simple permuters 701, 703, 705, and 707 to
      achieve the desired rotation. Each of these simple permuters responds to a
      single bit of the quantity M(i,j) by rotating its inputs by a
      predetermined amount if the bit of M(i,j) is a 1 and by not rotating its
      inputs if that bit of M(i,j) is a 0. For example, FIG. 8 depicts the
      simple permuter 701 that responds to the least significant bit of M(i,j)
      supplied thereto on line 709. If the bit on line 709 is a logical 0, then
      AND gates 805 are blocked and INVERTER 801 provides a logical 1 on line
      803 which enables AND gates 807. The inputs on lines 41, 43, and 45 are
      thus supplied without rotation to the outputs, via AND gates 807 and OR
      gates 809. Conversely, if the bit on line 709 is a logical 1, then this
      value enables AND gates 805 while INVERTER 801 provides a blocking signal
      on line 803 to AND gates 807. The inputs on lines 41, 43, and 45 are thus
      rotated to the right by one position and supplied to the outputs by AND
      gates 805 and OR gates 809.
PAR  Referring now to FIG. 9, there is shown an embodiment of the left rotate
      permuter 49. One input to this circuit is the quantity M(i,j) calculated
      by the global logic component 51, which is provided on lines 15. The
      remaining inputs are the pq image points being accessed from memory
      modules 21, 23, and 25, which are supplied on lines 29, 33, and 37. These
      image points are outputted to the data register 39 on lines 51, 53, and 55
      according to the following rule. The image point supplied by the kth
      memory module is routed to the g(i,j,k)th position of the data register,
      where the function g(i,j,k) is defined by the relation
      g(i,j,k)=[k-M(i,j)]//pq. This routing is achieved by rotating by M(i,j)
      positions the sequence of image points retrieved from the memory modules
      21, 23 and 25.
PAR  The exemplary circuit in FIG. 9 uses four simple permuter 901, 903, 905,
      and 907 to achieve the desired rotation. Each of these simple permuters
      responds to a single bit of the quantity M(i,j) by rotating its inputs by
      a predetermined amount if that bit of M(i,j) is a 1 or by not rotating its
      inputs if that bit of M(i,j) is a 0. These simple permuters are quite
      similar in design to the permuters 701, 703, 705, and 707 shown in FIGS. 7
      and 8.
PAR  In summary a memory access method and apparatus has been described which
      permits access to all 1 .times. pq and p .times. q subarrays within an
      image array of size rp .times. sq stored in a word organized random access
      memory if the data is distributed and accessed according to the
      predetermined relationships. The memory system implementing the
      distribution and functions requirres essentially only pq memory modules,
      two variable rotate permuters, and associated access circuitry in order to
      provide access to the subarrays. Also, the memory system can be extended
      by an n fold replication to handle grey scale or color images whose image
      points each require two or more bits of storage.
PAR  It is to be understood that the particular embodiment of the invention
      described above and shown in the drawings is merely illustrative and not
      restrictive on the broad invention, that various changes in design,
      structure and arrangement may be made without departure from the spirit of
      the broader aspects of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A word organized random access memory system modified for image
      processing operations so that the pq image points of any 1 .times. pq or p
      .times. q subarray of any rp .times. sq image array I(*,*), of points
      storable in the memory system can be retrieved from or written into the
      system in a single memory cycle, each image point I(i,j) assuming a
      Boolean value when i and j lie respectively in the ranges 0.ltoreq.i&lt;rp-1
      and 0.ltoreq.j&lt;sq-1, the system comprising:
PA1  memory means (21, 23, 25) for storing rpsq image points in the cells of pq
      different memory modules, each memory module being an entity capable of
      storing rs image points in distinguishable cells, only one cell of each
      module being accessible at any single instant of time; and
PA1  accessing means (7, 39, 47, 49, FIGS. 3-9) for causing each image point
      I(i,j) to be retrieved from or written into cell location A(i,j) of the
      M(i,j)th memory module, where the integer valued functions A(i,j) and
      M(i,j) are defined by the relations:
PA1  A(i,j)=(i/p)s+j/q, wherein i/p and j/q are integer quotients,
PA1  M(i,j)=(iq+j)//pq, wherein (iq+j)//pq is the remainder resulting from the
      integer division of iq+j by pq.
NUM  2.
PAR  2. A menory system according to claim 1, wherein the accessing means
      include:
PA1  a data register (39) having a capacity of at least pq image points;
PA1  routing circuitry (47, 49, FIGS. 7-9) and routing control circuitry (7, 15)
      for causing each image point I(i,j) to be routed between the data register
      and the M(i,j)th memory modules; and
PA1  address calculation circuitry (7, 9, 11, 13, FIGS. 3-6) coacting with the
      routing circuitry and the routing control circuitry for causing each image
      point I(i,j) to be retrieved from or written into cell location A(i,j) of
      the M(i,j)th module.
NUM  3.
PAR  3. A word organized random across memory system modified for image
      processing operations so that the pq image points of any 1 .times. pq or p
      .times. q subarray of any rp .times. sq image array of points storable in
      the memory can be retrieved from or written into the system in a single
      memory cycle; each image point I(i,j) assuming a Boolean value when i and
      j lie in the respective ranges 0.ltoreq.&lt;rp=1 and 0.ltoreq.j&lt;sq-1, the
      system comprising:
PA1  memory means (21, 23, 25) for storing rpsq image points in the cells of pq
      different memory modules, each memory module being an entity capable of
      storing rs image points in distinguishable cells, only one cell of each
      module being accessible at any single instant of time;
PA1  a register (39) for holding at least pq image points;
PA1  routing circuitry (15, 47, 49, FIGS. 7-9) for causing the appropriate
      subarray points to be routed between the kth memory module and the
      g(i,j,k)th register location, where k lies on the range 0.ltoreq.k&lt;pq and
      where the function g(i,j,k) is defined by the relation:
PA1  g(i,j,k)=(k-iq-j)//pq wherein (k-iq-j)//pq constitutes the non-negative
      remainder resulting from the integer division of (k-iq-j) by pq; and
PA1  addressing circuitry coacting with the routing circuitry and responsive to
      designation of subarray shape t and of the subarray starting point I(i,j)
      for determining the appropriate cell location 1(i,j,k,t) within the kth
      module according to the relation:
PA1  1(i,j,k,t)=t[(i/p)s+(j+g(i,j,k))/q]+t[](i,j,k)/q)/p]s+(j+g(i,j,k)//q)//q)/q
     ], where the operators "/" and "//" designate resectively, an integer
      quotient and an integer remainder.
NUM  4.
PAR  4. A system according to claim 3, wherein the routing circuitry includes:
PA1  a first permuter (47, FIG. 7) interposed between the register and the
      memory modules for rotating the pq subarray image points extracted from
      the register to the right by the number of positions equal to the
      magnitude of M(i,j)=(iq+j)//pq; and
PA1  a second permuter (49, FIG. 9) interposed between the memory modules and
      the data register for rotating the sequence of subarray image points
      extracted from the memory modules to the left by the number of positions
      equal to the magnitude of M(i,j).
NUM  5.
PAR  5. A word-organizer random access memory system modified for image
      processing operations so that pq image points of any 1 .times. pq or p
      .times. q subarray of any rp .times. sq image array of points storage in
      the memory can be retrieved from or written into the system in a single
      memory cycle; each image point I(i,j) assuming a Boolean value when i and
      j lie in the respective ranges 0.ltoreq.i&lt;rp - 1 and 0.ltoreq.j&lt;sq - 1,
      the system comprising:
PA1  memory means (21, 23, 25) for storing rpsq image points in the cells of pq
      different memory modules, each module being an entity capable of storing
      rs image points in distinguishable cells, only one cell of each module
      being accesible at any single instant of time;
PA1  routing circuitry (15, 47, 49, FIGS. 9-7) for causing each image point
      I(i,j), the memory module being designated by the relation
      M(i,j)=(iq+j)//pq, where (iq+j)//pq is the remainder resulting from the
      enteger division of (iq+j).times. pq; and
PA1  addressing circuitry (7, FIGS. 3-6) coacting with the routing circuitry for
      causing each image point I(i,j) to be retrieved from or written into a
      corresponding cell location A(i,j) of module M(i,j) according to the
      relation A(i,j)=(i/t)s+j/q, where i/p and j/p represent integer quotients.
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ABST
PAL  An inherently micro programmable high level language processor and a micro
      programming language which permits the micro programmer to program in
      terms of constructs related to the process of interpretation is disclosed.
      Such constructs include, but are not limited to, character extraction and
      stack manipulation. A method of interpretation which embodies the methods
      of sequential extraction and linear decoding at the micro programming
      level is also presented.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the operation of digital computers, and more
      particularly to apparatus and methods comprising a general purpose
      computer designed to support the process of interpreting arbitrary machine
      languages.
PAR  2. Description of the Prior Art
PAR  A data processing system usually includes a processor unit which executes
      instructions that are stored in a memory. These instructions are
      transferred to the processor unit sequentially under the control of a
      program counter. The processor must interpret each instruction that is
      passed to it, and direct the machine through a series of operations which
      correspond to executing the instruction.
PAR  According to the prior art, the interpretation of machine language programs
      is typically performed by a micro programmed processor. The concept of
      micro programming for performing interpretation is well known to those
      skilled in the digital processing field. However, for the sake of clarity
      and comparison, a basic explanation of micro programming will first be
      presented.
PAR  In the early 1950's M. V. Wilkes (See "The Best Way To Design An Automatic
      Calculating Machine," Manchester University Inaugural Conference, July,
      1951, pp. 16-18) proposed a computer which would have a variable
      instruction set. Normally a fixed set of instructions is available to the
      programmer, each instruction being made up of a succession of processing
      steps. The implementation of these steps constitutes the design of most of
      the machines. What Wilkes proposed was to replace rigid hardwired
      processing steps with a flexible means by which a programmer could
      assemble so-called "micro operations" into any instruction. A micro
      operation is a low level instruction which when executed results in a
      processing step. Micro operations may be utilized to alter a machines
      instruction repertoire from day to day as its applications vary. This was
      the origin of the idea of micro programming.
PAR  Micro programming provides a powerful means of controlling the hardware
      resources of a machine during each machine cycle. In particular, micro
      programs allow close control of hardware (register) level data
      manipulation. However, micro programmed computers are typically not
      suitable for general purpose interpretation, i.e., interpretation of
      arbitrary machine languages. This is because micro operations are defined
      in terms of hardware structure and have heretofore been devoid of language
      structure constructs. Actually, the primary function of micro processors,
      interpretation of machine language instructions, is being done indirectly,
      that is to say with more attention being paid to hardware resources than
      the above mentioned language structure constructs (e.g. grammer). How this
      indirect processing affects interpretation may be better appreciated by an
      understanding of the programming languages sought to be interpreted.
PAR  As is well known by those skilled in the art, several levels of program
      languages exist. In general programming languagess may be put into one of
      three classes: high level language programs (HLLP), assembly level
      language programs (ALLP), and machine level language programs (MLLP).
      Interpretation by a micro processor typically takes place at the MLLP
      level since, as is well known in the art, a MLLP is hardware oriented, not
      programming oriented, and requires only a single level of translation
      (interpretation) prior to execution. This is to say that a MLLP is a
      "first order" language.
PAR  ALLP's are in some sense "second order" languages in that first a
      translation process, termed "assembling" the language, is usually
      performed in order to go from an ALLP to a MLLP prior to interpretation
      (execution). This translation prior to interpretation is occasioned by the
      fact that ALLP's are designed to be more programmer oriented than MLLP's,
      i.e., the language is a step closer to the normal language used by a
      programmer in his environment, for example, the English language, and a
      step further from a normal language used by the machine in its
      environment, namely a binary code.
PAR  Still further up the hierarchy of languages are HLLP's which are in some
      sense third order languages in that a translation process, typically more
      complex than the assembly process referred to above and commonly referred
      to as the process of compiling, must be performed to linearize the HLLP,
      that is to translate it into a MLLP. HLLP's are typically the most
      programmer oriented and the least hardware oriented type of programming
      language.
PAR  Since HLLP's are obviously most suited to programmer (human) versus machine
      needs, high level language programming is becoming an increasingly popular
      vehicle for programming in general. In addition it should be noted that
      memory requirements for storing a representation of a HLLP is generally as
      little as one tenth the memory for storing the same program in MLLP form.
PAR  As a result of the indirect process of interpretation, referred to above,
      which pervades the prior art, it is very difficult, if not impossible in
      some cases, to realize an economically feasible and inherently
      programmable micro processor for interpreting programs which are not as
      "linear" as a MLLP. This is because no interpretation oriented language
      exists to allow the micro programmer to program in terms of constructs
      related to the process of interpretation. Instead, the micro programmer
      must program in terms of the hardware oriented micro steps referred to
      hereinbefore. Many hardware oriented micro steps, arranged in physically
      and conceptually complex sequences, would be required to directly
      interpret even the simplest interpretable HLLP. It should be noted that an
      interpretable HLLP is defined to be the equivalent HLLP with symbolic
      names replaced by direct access information (direct addresses). The
      physical process of replacing symbolic names with direct access
      information constitutes no part of the instant invention and is believed
      to be obvious to those skilled in the art. Hereinafter any reference made
      to interpreting a high level language program refers to the interpretation
      of an interpretable high level language program. It should be further
      noted that an interpretable HLLP is stored as a string of 1's and 0's
      prior to interpretation. The string to be processed is hereinafter
      referred to as an interpretable language string (ILS).
PAR  Clearly, it would be desirable to be able to interpret HLLP's in a direct
      and inherently micro programmable manner as opposed to the indirect manner
      discussed hereinbefore. Even more desirable would be a general purpose
      machine organized for interpretation, that is a machine capable of
      interpreting arbitrary machine languages, (defined to include
      interpretable HLLP's as well as MLLP's) in a direct and inherently micro
      programmable manner.
PAR  Thus, it is an object of this invention to set out a general purpose
      computer organization suitable for supporting the process of
      interpretation in an optimal manner.
PAR  It is a further object of this invention to establish the essential set of
      elementary operations (i.e., the instruction set for the aforementioned
      general purpose computer organization) which is capable of supporting the
      process of interpretation in general and which allows for easily
      programmed high level language processors.
PAR  It is still a further object of this invention to provide methods of
      interpreting and executing arbitrary machine languages in an optimal
      manner.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises an inherently micro programmable general purpose
      high level language processor. The processor design is a function of the
      hardware requirements necessary to give effect to (execute) a set of
      instructions hereinafter referred to as elementary operations. The set of
      elementary operations comprises an interpretation oriented language which
      permits the micro programmer to program in terms of constructs related to
      the process of interpretation. It is important to note that, according to
      the invention, hardware comprising the high level language processor is
      built to support interpretation. In the prior art, the instructions
      available to perform interpretation (micro instructions) were dependent on
      hardware design. Thus the relationship between elementary operations and
      the high level language processor hardware is a significant departure from
      the relationship between micro operations and micro programmed hardware of
      the prior art in that, according to the invention, no indirect
      interpretation in terms of hardware imposed requirements needs to be
      performed by the micro programmer.
PAR  It is important to note that the high level language processor which is the
      subject of this invention allows for direct processing of the
      interpretable version of a high level language, referred to hereinbefore
      as an interpretable language string (ILS). Contemporary machine languages
      are examples of ILS's. Without limiting the invention and for the purposes
      of illustration only, contemporary machine languages are utilized herein
      as the vehicle for explaining interpretation performed according to the
      invention. Hence, references hereinafter to operation codes and parameters
      of an ILS refer to operation codes and parameters as they are
      traditionally thought of in the context of contemporary machine languages.
PAR  According to the invention, interpretation of these ILS's is performed by
      sequentially extracting operation codes and parameters from the string
      before the processing of the extracted items is performed. This method of
      sequential extraction as applied to an ILS will be hereinafter referred to
      as machine level sequential extraction (MLSE). MLSE implemented on the
      microprogramming level, just one of the facets of the instant invention,
      is conducive to the processing of ILS's. This is because MLSE provides
      efficient means of extracting program characters of arbitrary bit lengths,
      allows instructions to be placed in memory as a string irrespective of
      memory word boundaries, and provides a very efficient means for processing
      information stored in a compact fashion.
PAR  The processing of a machine level instruction begins with the extraction of
      the machine level operation code. The operation code is then isolated.
      Next, a sequence of Elementary Operations corresponding to the machine
      level operation code is invoked by a method such as associative or linear
      decoding applied on the microprogramming level. Each sequence of
      Elementary Operations which is invoked directs the machine through the
      steps required to physically execute the decoded instruction. This
      includes extraction, isolation and processing of parameters, if any,
      associated with the machine level operation code. Upon completion of
      executing a set of elementary operations associated with a given machine
      level operation code, MLSE would be again performed on the ILS string in
      order to decode the next machine level operation code. It should be noted
      that the sequences of elementary operations corresponding to a given
      operation code may be thought of as subroutines of a primary level routine
      wherein the primary level routine performs the method of MLSE on the OP
      codes and the linear decoding. These subroutines may be nested to any
      desired level in order to direct the machine through the required
      operation. Furthermore, while within an elementary language subroutine,
      the method of MLSE and decoding may be further invoked on program
      characters which when decoded will invoke still other elementary operation
      subroutines which are by nature either lower in level in the hierarchy of
      subroutines or are recursive in nature. In this manner elementary language
      programs may be organized into a structure corresponding to the
      grammatical structure of any high level language, thereby providing means
      to efficiently process interpretable language strings. A detailed
      explanation of the methods of MLSE and decoding on the microprogramming
      level, will be presented hereinafter in the detailed description.
PAR  In addition to MLSE, the method of elementary level sequential extraction
      (ELSE) is performed on elementary operations stored sequentially in
      memory. These stored elementary operations constitute the interpretation
      programs (referred to hereinbefore as subroutines). The method of ELSE is
      similar to MLSE, however, elementary operations are the instructions to be
      extracted, decoded, and executed by the hardware.
PAR  Thus, the hardware to support the methods of MLSE, ELSE, together with the
      rest of the hardware to support the other elementary operations, (other
      since extraction itself is an elementary operation), comprise the
      apparatus of this invention.
PAR  The end result is an inherently microprogrammable high level language
      processor with the elementary operations serving as the interpretation
      oriented tools for the microprogrammer.
PAR  It should be noted that it is the method of ELSE which permits (1)
      arbitrary format of elementary operations, (2) extendability of elementary
      operations, (3) independence of memory word boundaries on the
      microprogramming level and (4) independence of micro memory cycle and main
      memory cycle.
PAR  An example of a direct advantage of the invention would be its use in the
      telephone field. Currently telephony applications require significant
      amounts of core memory to store programs which are used to control a
      telephone office. Core storage requirements could possibly be reduced by
      as much as an order of magnitude if programming for control could be
      performed on a high level language basis and stored in ILS fashion. The
      ILS representation of a HLLP could be easily processed by the new HLL
      processor under the microprogrammers control since the microprogrammer
      would now have available the tools with which to interpret HLLPs in an
      appropriate manner, namely by constructing elementary operation
      interpretation programs from the elementary operation set.
PAR  In summary, the combination of a HLL processor designed to support a set of
      elementary operations which provide for inherent microprogrammability of
      the processor, and the methods of MLSE, ELSE, and decoding of the program
      characters, applied on a microprogramming level to perform direct
      interpretation of an ILS, is the nub of the invention.
PAR  The key feature of the invention is the inherent microprogrammability of
      the high level language processor, i.e., the ease with which it may be
      programmed.
PAR  A further feature of the invention is a set of elementary operations which
      are versatile enough to be used efficiently in interpreting HLLP's in
      general. The general purpose nature of the high level language processor
      makes it desirable since a variety of high level languages may be employed
      at the option of the user to solve a given problem without fearing
      interpretation difficulties. This is because the elementary operations
      taught herein are capable of processing any ILS in a universally optimal
      manner.
PAR  A still further feature of the invention is a high level language processor
      structure capable of supporting the process of interpretation in general.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the present invention will be more readily
      apparent from the following detailed description taken in conjunction with
      the accompanying drawing.
PAR  FIG. 1 displays a high level language processor built in accordance with
      the present invention;
PAR  FIG. 2 displays the machine level sequential extraction hardware portion of
      FIG. 1 in greater detail;
PAR  FIG. 3 displays the conceptual mechanics of sequential extraction;
PAR  FIG. 4 displays the elementary sequential extraction hardware of FIG. 1 in
      greater detail; and
PAR  FIG. 5 displays the stacks and stack associated hardware of FIG. 1 in
      greater detail.
DETD
PAC  DETAILED DESCRIPTION
PAR  What follows is a description of a high level language processor designed
      to support the process of interpretation.
PAR  To begin with, the operation of the processor may be visualized on two
      levels. First, the execution (interpretation) of interpretable language
      strings, and second the execution of micro routines comprised of the
      elementary operations referred to hereinbefore and to be described in
      detail below. These micro routines (actually elementary language
      interpretation programs) are directly executed by the processor.
PAR  FIG. 1 displays a high level language processor built in accordance with
      the principles of the present invention. In particular a machine
      organization is displayed which is capable of supporting the two levels of
      operation referred to above.
PAR  For the sake of illustration the following assumptions will be made. First,
      the memory 101 of the machine 1 depicted in FIG. 1 is assumed to be
      comprised of a set of 16 bit words. Secondly, without limiting the choice
      of format, it is assumed that each of the elementary operations to be
      described herein may be initiated by a 4 bit elementary operation code.
      Thus, according to the illustrative embodiment to be set out herein, 16
      elementary operations may be supported without resorting to the extended
      operation code feature referred to hereinbefore and to be described in
      detail below.
PAR  Examining FIG. 1 in greater detail, one will observe that the high level
      language processor is comprised of the following elements. The first
      element is memory subsystem 100. Memory subsystem 100, shown enclosed in a
      dashed line rectangle, is actually not a physical part of the high level
      language processor itself (although part of it may be a physical part of
      the high level language processor in an alternate embodiment) but must be
      frequently accessed by the processor. Memory 100 further comprises a
      memory access register MAR, 102, memory data register, MDR, 103, and the
      memory itself, memory 101. As indicated above, memory 101 comprises 16
      bits per word. Memory subsystem 100 is shown interconnected with bus 120,
      which is the main (but slow) access route to the other functional blocks
      of the processor depicted in FIG. 1. Link 122 is the means by which the
      addressing signals on bus 120, which correspond to addresses to be
      accessed in 101, may be input to MAR 102. These signals would first be
      input into MAR 102 and at the appropriate cycle time (read or write cycle)
      signals will be transferred either from or to the address specified to and
      from MDR 103. Information from memory 101 is output via link 125 to MDR
      103. Access to bus 120 may be had from MDR 103 via link 127. Link 129
      serves as an interface between bus 120 and MDR 103 so that data may be
      transferred from bus 120 to MDR 103 to be stored during the upcoming write
      cycle. Link 126 is shown as interconnecting MDR 103 and memory 101.
PAR  The second major element depicted in FIG. 1 is elementary operation
      hardware 105 which supports the first level of operation referred to
      above, namely the execution (interpretation) of ILS's. Unit 105 also
      comprises the logic and hardware to support the overall set of defined
      elementary operations. In particular, FIG. 1 depicts elementary operation
      hardware 105 as being further comprised of stacks and stack associated
      hardware (unit 111); machine level sequential extraction hardware (unit
      106), which directly allows the machine to operate on the first level
      referred to hereinbefore; and hardware for elementary operations other
      than extraction (unit 107), which comprises the logic for performing all
      of the elementary operations other than extraction. Each operation,
      including extraction, will be explained in detail below. Unit 107 further
      comprises an arithmetic unit for performing basic arithmetic operations,
      such as addition and subtraction, as may be required to execute a given
      elementary operation. The function of the arithmetic unit in the context
      of unit 107 will be apparent when the detailed explanation of each
      elementary operation is set out.
PAR  Also depicted in FIG. 1 is elementary level sequential extraction hardware
      (unit 108) which supports the second level of operation referred to above.
PAR  Other units displayed in FIG. 1 include decoder 109 which, according to the
      preferred embodiment of the invention, is a 1 of 16 decoder. Decoder 109
      identifies the elementary operation to be performed and initiates the
      logic in unit 105 corresponding to the decoded elementary OP code. Also
      shown in FIG. 1 are timing and control unit 110 and auxiliary registers
      104. Unit 110 performs the general function of system synchronization and
      is the mechanism by which, for example, gates are energized so that data
      may be transferred from one register to another. Inputs from unit 110 to
      blocks 106 and 108 are shown directly via links 136 and 139 since the
      timing and control inputs are explicitly utilized by these blocks on a
      register level to perform the overall function of blocks 106 and 108. It
      should be obvious that although all of the links from timing and control
      110 to the other functional blocks (like memory) are not shown explicitly,
      timing and control 110 in effect interfaces with every unit in the system
      to maintain overall system synchronization and gate level control.
PAR  The remaining discussion of FIG. 1 indicates the purpose of the various
      links not previously discussed. Links 123 and 128, interconnected between
      memory subsystem 100 and unit 108, provide fast access routes for signals
      from and to unit 108. Unit 108 may of course access memory subsystem 100
      via bus 120; however, due to the frequent accesses and quick response
      demanded by unit 108, the fast access routes are desirable in the
      preferred embodiment. The link between unit 108 and bus 120 is shown in
      FIG. 1 as link 130. Unit 108 is also shown connected to decoder 109 and
      unit 106. Decoder 109 is accessed via link 175 while unit 106 may be
      accessed via link 134.
PAR  Also shown input to unit 108 in FIG. 1, in dashed line form, is link 166.
      Link 166 results from the juncture of dashed line links 165 and 138. The
      dashed line links indicate an interface on the logic level of at least one
      of the interconnected units. Since the logic level description of the
      processor in its totality would be quite cumbersome, a register level
      description was chosen for illustrative purposes herein. However, in cases
      where it is essential to show the connection with one block on a register
      level, originating or terminating at the logic level in another block, the
      dashed link links are utilized. In particular, with respect to links 138,
      165, and 166, the execution of a given elementary operation on the logic
      level in units 106 and 107 causes a number to be inserted into a counter
      located within unit 108 (unit 108 to be described in detail hereinafter).
      Such number corresponds to the predefined number of parameters typically
      associated with the given elementary operation. The dashed link links
      indicate that as part of the logic for execution of a particular
      elementary operation, the number of parameters to be processed is gated to
      the aforementioned counter within unit 108. Thus, the dashed lines
      indicate an interface between the logic level implementation of blocks 106
      and 107 and the register level implementation of unit 108.
PAR  Similarly, dashed lines links 135 and 137, shown emanating from decoder 109
      and going to units 106 and 107, indicate a register level/logic level
      interface. Logic within units 106 and 107, corresponding to the particular
      elementary operation that was decoded by decoder 109, has to be initiated
      following identification of the operation to be performed. Dashed line
      links 135 and 137 indicate the appropriate logic to execute a decoded
      operation invoked following the decoding process. It should be noted that
      although logic for implementing each elementary operation is not
      explicitly depicted herein, a detailed description of each elementary
      operation is presented. The choice of the logic to implement a described
      elementary operation is optional and those skilled in the art may
      implement a given elementary operation in what is believed to be an
      obvious manner once the description of each operation is set forth.
PAR  Finally, units 106, 107, and 111 of unit 105 are shown interconnected to
      bus 120 via links 131, 133, and 132 respectively. A direct link from
      auxiliary registers 104 to bus 120 is shown in FIG. 1 as link 121.
PAR  The combination of the above functional blocks in the structure depicted in
      FIG. 1 and as described above constitutes a general high level language
      processor capable of supporting the process of interpretation. A detailed
      description of the function and structure of the main blocks depicted in
      FIG. 1 follows.
PAR  The machine level sequential extraction hardware depicted in FIG. 1 as unit
      106, within unit 105, presents a convenient place to begin the rigorous
      detailed description of the invention since, it is within unit 106 that
      hardware exists to support the first level of operation (machine level
      sequential extraction) referred to above.
PAR  FIG. 2 shows the details of machine level sequential extraction hardware
      106. Consistent with FIG. 1, link 133 is shown as the communication link
      between unit 106 and bus 120 and link 136 is shown as the communication
      link between timing and control unit 110 and unit 106. In particular, FIG.
      2 shows unit 106 as being comprised of program character counter (PCC)
      203, shift registers 201 and 202, and local counter (LC) 204. PCC 203 is
      depicted as being comprised of register 265 interconnected via link 281
      with test for zero logic 291. Register 265 is an up counter and is
      depicted in two portions; a word portion, PC.sub.W, and bit portion,
      PC.sub.B, respectively. The word portion of register 265 must be capable
      of pointing to any word in memory 101. Thus, in a machine with, for
      example, 4096 memory words, the PC.sub.W portion of register 265 would be
      12 bits long. The PC.sub.B portion of register 265 must be capable of
      pointing to any bit in the machine word pointed to by the PC.sub.W portion
      of register 265. Thus, the PC.sub.B portion of register 265 would be 4
      bits long, according to the illustrative example being set out herein,
      since the machine words of memory 101 are assumed to be 16 bits in length.
PAR  Still referring to FIG. 2, LC 204 is depicted as being comprised of
      register 266, interconnected via link 282 with test for zero logic 292.
      Register 266 is an x bit down counter where 2.sup.x is the maximum number
      of bits that may be extracted via a single extraction operation. According
      to the preferred embodiment of the invention x is upperbounded to the
      extent that 2.sup.x bits does not exceed the bit length of the memory
      word.
PAR  Shift registers 201 and 202 must each be capable of holding one memory
      words worth of data. Thus, according to the preferred embodiment of the
      invention, registers 201 and 202 are each 16 bits long.
PAR  The following discussion of FIG. 2 indicates the purpose of the various
      links not previously discussed in detail. Register 265 is shown
      interconnected with bus 120 via bus interface link 133 and via links 225
      and 230. The bit portion of register 265, PC.sub.B, is shown
      interconnected to test for zero logic 291 via link 281. Whenever the bits
      comprising PC.sub.B are all zero, test for zero logic 291 causes a signal
      to be output on link 235 which will then find its way to timing and
      control unit 110, for reasons to be described hereinafter, via links 245
      and 136. Link 245 is the main communication link between timing and
      control 110 and the individual units displayed within unit 106. In
      particular, links 236, 238, 239 and 241 are utilized to convey signals
      from timing and control unit 110 to units 203, 201, 202, and 204
      respectively. Link 245 carries information from units 203 and 204 towards
      unit 110 via links 235 and 240 respectively. Signals from bus 120, finding
      their way to link 225 via link 133, may be input to any of units 203, 202,
      or 204 via links 230, 231 and 232 respectively. Information going toward
      bus 130 from units 203 and 201 may be output via links 230 and 273
      respectively. FIG. 2 also displays link 134 as inputting data from unit
      108 to register 266 within local counter 204. The nature and function of
      this input will be explained hereinafter in the section on elementary
      language sequential extraction.
PAR  The remaining links in FIG. 2 which have not been described above are links
      282, 293, 295 and 251. Link 282 interconnects counter 266 with test for
      zero logic 292 within LC 204. Whenever the x bits of counter 266 are all
      zero, test for zero logic 292 is to send a signal toward unit 110
      indicating the zero condition in the counter. The reason for this
      signalling will be made clear in the detailed description of LC 204 to be
      presented hereinafter. Link 293 is used to interconnect shift register 202
      and shift register 201. Left shifts only are performed from shift register
      202 into shift register 201 via link 293. Link 295 is shown in dashed form
      pointing into the portion of memory 101 containing the machine language
      program being interpreted. The dashed line indicates that the contents of
      counter 265 point to the word and bit within memory 101 where sequential
      extraction of the machine language program is to commence. Link 251 allows
      x bit counter 266 in LC 204 to be set to the value of the PC.sub.B portion
      of register 265 upon signal from unit 110. The purpose is for
      initialization, the details of which are presented later herein. FIG. 2
      also depicts logic circuits 214 which are connected over paths 135 to the
      output of decoder 109 and over paths 165, 166 to a counter in unit 108 for
      the purpose of providing a binary number corresponding to the length of
      the parameter associated with the extraction instruction being decoded.
PAR  Prior to the detailed discussion of how the apparatus in FIG. 2 is utilized
      to perform machine level sequential extraction, an overview of machine
      level sequential extraction on a conceptual level will be presented.
PAR  Execution of programs may be assumed to be a sequential processing of
      so-called characters constituting that program. One of the most essential
      processes related to interpretation is the machine level sequential
      extraction as described immediately below. Machine level sequential
      extraction is a method of separating an n bit string, constituting the
      program character to be processed next, from an interpretable language
      string. As indicated above, sequential extraction must also be performed
      on elementary language programs as well as machine language programs.
      Sequential extraction on the elementary language program level will be
      discussed in detail herein and constitutes the second level of processor
      operation referred to hereinbefore. The discussion of elementary language
      sequential extraction is deferred until after the discussion of the first
      level of processor operation; namely, machine language sequential
      extraction.
PAR  One can visualize a machine language program as a string of instructions.
      In turn, each instruction is made up of an operation code followed by 0,
      1, or more parameters. Such a string was defined hereinbefore as an
      interpretable language string (ILS). The function of the machine is to
      execute the instructions in left to right sequence (except in the cases
      where an instruction is a branch). As indicated above, the program is
      assumed to reside in memory 101 and be pointed to by the contents of
      register 265. Before an instruction can be executed, the instruction, or
      its parts, has to be removed from memory and be made ready for processing.
      Since, in the prior art, the format of instructions was typically closely
      related to memory word boundaries, retrieval of an instruction from memory
      was virtually equivalent to reading a memory word. In the more general
      case presented here, the instructions, as well as the individual program
      characters, are independent of memory word boundaries.
PAR  According to the invention, the processing of an instruction involves the
      separating of the OP code from the ILS and decoding of the OP code. The
      definition of the instruction is implicit in its OP code. Only after the
      OP code is decoded does it become known what parameters follow the OP code
      in the ILS. The parameters, in the general case, have to be separated from
      the string individually and also be made ready for processing. This
      process of separation of a program character from the ILS and making it
      ready for processing constitutes what is defined herein as the method of
      extraction. Note that extraction has to be applied to all program
      characters constituting a program. Furthermore, the extraction has to be
      performed in the left to right sequence. This is why the desired
      extraction is referred to herein as "sequential" extraction.
PAR  The sequential extraction mechanism applied on the machine language level
      assumes that the program character to be extracted is, as indicated above,
      pointed to by register 265. The method of extraction itself, on a
      conceptual level, involves the following steps: (1), removing an n bit
      character from the interpretable language string; (2), right justifying
      the character so removed in a register; and (3), updating the value of
      register 265 so that it points to the next character in the interpretable
      language string.
PAR  Line A of FIG. 3 depicts a computer program, represented as a string of
      characters, located in memory 101. Note that at no point is it assumed
      that the program characters are situated in any fixed location with
      respect to memory word boundaries. Indeed, in a general case, a single
      program character can be located in the field adjacent to a word boundary,
      fully within a word or across a word boundary. Specifically, line A in
      FIG. 3 shows PCC 203 pointing to a program character in an unspecified
      location of memory 101, said character being labeled as program character
      303. The PC.sub.W portion of register 265 within PCC 203 (see FIG. 2)
      would point to the word containing the character to be extracted while the
      PC.sub.B portion of register 265 would point to the very first bit to be
      extracted. Line B of FIG. 3 shows one of the physical results desired upon
      execution of the method of sequential extraction, namely that the data to
      be extracted from the ILS string is located right justified in some
      register. Finally, line C of FIG. 3 shows that PCC 203 is modified after
      extraction of character 303 to point to the program character following
      character 303 in the ILS.
PAR  It should be noted that the extracted program character, right justified in
      a register (or alternatively a memory location), may be utilized,
      according to the preferred embodiment of the invention, as an index into
      an address table to locate the address of the set of elementary operations
      in memory 101 which must be executed in order to execute the desired
      machine language instruction. This method of indexing is referred to
      herein as linear decoding. How the elementary language instructions are
      extracted from memory, decoded and executed, starts with the elementary
      language sequential extraction process to be described hereinafter.
PAR  Having completed the conceptual description of machine level sequential
      extraction, a detailed example of a hardware implementation of machine
      level sequential extraction with reference to FIG. 2 is presented. The
      example presented allows the characters to entirely transcend memory word
      boundaries.
PAR  To begin with, it is assumed that extraction of an n bit program character
      is invoked by execution of one of the following operations, said
      operations constituting a part of the elementary operation set to be fully
      described herein. The operations are: ET n (extract n bits) and ETI
      (extract implicit). The operation ET n assumes that the operand n (number
      of bits to be extracted) is embedded in the instruction itself. The
      operation ETI assumes that the value n is stored in a known register, (for
      example one of auxiliary registers 104), or in a known memory location
      (for example on top of a stack) implicitly referenced by operation ETI.
PAR  The detailed implementation of the preferred embodiment of the sequential
      extraction mechanism on the machine level is as follows.
PAR  For the sake of illustration suppose that an ET n operation is to be
      executed. After extraction and decoding of this elementary operation by
      units 108 and 109, (units 108 and 109 to be described in detail
      hereinafter) the value n would be placed in counter 266 via link 134. It
      should be noted at this point that if an ETI instruction were to be
      executed the only difference would be the source of the value to be placed
      in counter 266. With ET n, as indicated above, the value n is embedded in
      the instruction itself and hence comes from unit 108 via link 134. In the
      case of ETI it is assumed that the value in question resides in a separate
      location in either a register or memory. Thus, to commence execution of
      ETI, the value must be moved from memory 101 into counter 266 via bus 120,
      links 133 and 232. After counter 266 is loaded, the execution of both ETI
      and ET n is identical and completely supported by the hardware depicted in
      FIG. 2.
PAR  Referring again to FIG. 2, although the field to be extracted can begin
      anywhere in memory 101, it is assumed, for the sake of illustration only,
      that the field to be extracted is left justified in the memory word being
      pointed to by PCC 203. This memory word must first be read out of memory
      101. This is accomplished by placing the address of the word to be fetched
      (recall the address is in PCC 203, register 265) into MAR 102. This is
      accomplished via links 230, 225, 133, bus 120 and link 122. During the
      next read cycle, the 16 bit word at the address pointed to by register 265
      is transferred from memory 101 to shift register 202 via link 125, MDR
      103, link 127, bus 120, link 133, link 225 and finally link 231. Next,
      register 201 is cleared and n bits (if an n bit character is to be
      extracted) are left shifted from register 202 into register 201 via link
      293.
PAR  With each bit shifted from register 202 to register 201, counter 266 in LC
      204 is decremented by 1. This way, counter 266 controls the operation of
      machine level sequential extraction by allowing the bits to be shifted
      from register 202 to 201 until the value of the counter is zero. Shifting
      ceases when test for zero logic 292 signals control 110 via links 240, 245
      and 146 that the counter has run down.
PAR  As indicated hereinbefore PCC 203 is organized to interconnect register 265
      and test for zero logic 291. Register 265 is an up counter. As explained
      above register 265 is assumed to contain the address of the field to be
      extracted. With each bit shifted from register 202 to register 201, the
      bit portion of register 265 is incremented by 1. Since the word and bit
      portions of register 265 are adjacent, the work portion of register 265 is
      automatically incremented by 1 whenever the bit portion of register 265
      passes through all zeros. In the case that the bit portion of register 265
      contains all zeros a work word has been crossed thereby necessitating the
      incrementation of the word portion of register 265 and the bringing of a
      new memory word into register 202 is commenced by control unit 110.
PAR  Continuing with the example of extraction of a field that was assumed to be
      left justified in the memory word, note that the bit portion of register
      265 prior to the extraction is equal to zero since the field to be
      extracted is left justified in the memory word. With each shift of data
      from register 202 to 201, counter 265 counts up, so that after moving n
      bits to register 201, register 265 contains the address of the first bit
      of the field that follows the field that has just been shifted out of
      register 202. Note that shifting from register 202 to register 201
      separates the desired n bit character. The character is now just justified
      in register 201 and it can immediately be used in further processing as a
      binary number (for example, an index as indicated above). For example, the
      index may be output via lines 273, 225, 133, bus 120 and link 121, to
      auxiliary register 104. The above method of separation and making the
      character ready for further processing constitutes the operation of
      extraction of program characters on the machine level.
PAR  After the character has been used (for instance transferred to another
      register where it may be used as an index) shift register 201 is then
      cleared and the next character sequentially in the ILS can be directly
      extracted through shifting. It should be noted that at this point there is
      no necessity for reading in a word from memory since a whole memory word
      was read into register 202 with a commencement of the extraction process
      and extraction may continue without a further reading into register 202
      until all the bits of the PC.sub.B portion of PCC 203 are zero and a new
      word is required as explained above.
PAR  The following illustration will indicate how machine sequential extraction
      is performed when the character to be extracted is not just left justified
      and, when in fact the character to be extracted transcends a memory word
      boundary. Suppose that a memory word, x, contains characters A, B, and
      part of character C. C is assumed to "spill over"  the right hand portion
      of the machine word into the next machine word. Suppose further that x is
      loaded into register 202. An initial left shift of n bits is sufficient to
      isolate the originally left justified character, A, in the manner
      described above. Without accessing memory again and upon clearing register
      201 a left shift of the number of bits comprising character B may be
      performed to isolate character B in register 201. The extraction of
      character B would be initiated by loading counter 266 with the number of
      bits corresponding to character B and proceeding as in the above
      description of the extraction of the left justified character (note B is
      the left justified character in register 202 after character A is shifted
      out). Finally, when desiring to shift character C into register 201,
      noting that character C transcends a word boundary, the following would
      take place. The extraction through shifting begins as for field B; however
      at some point register 202 will become depleted. This situation can be
      detected by testing the PC.sub.B portion of register 265. At the time
      register 202 becomes depleted, register 265, as indicated above, makes a
      transition from pointing to the last bit of word x (PC.sub.B all 1's) to
      the first bit of a new word (PC.sub.B all 0's) and PC.sub.W incremented by
      1). As stated before, such a situation is detected by a test for zero
      logic 291 which will send a signal to timing and control unit 110
      indicating that the cycle controlled by counter 204 is to be suspended and
      a new word is to be read out of memory 101. A new word is then transferred
      to register 202, the address of this new word being now located in
      register 265 in the PC.sub.W portion. After the new word has been placed
      in register 202, the count of counter 204 resumes and the operation of
      sequential extraction continues.
PAR  Suppose that machine level sequential extraction was to commence with
      character B located, according to the example above, n bits into word x.
      Processing of a string beginning with character B could be performed in
      precisely the same manner as the strong beginning with a character left
      justified in register 202 prior to the commencement of the extraction
      process. The process of making the first character of an interpretable
      language string which is embedded in a machine word appear left justified
      in register 202 just prior to commencement of the extraction process is
      referred to hereinafter as initialization. The initialization process is
      as follows.
PAR  Note the PC.sub.W portion of register 265, for the example being recited
      herein, would contain the address x, and PC.sub.B  portion of register 265
      would contain the value n, i.e., the number of bits into word x at which
      extraction is to commence when B is the first character of the
      interpretable language string. The initialization procedure begins by
      loading work x into register 202. The PC.sub.B portion of register 265 is
      then loaded into register 266 of LC 204, via link 251. The counter causes
      (in conjunction with timing and control unit 110) a left shift of n bits
      to take place from register 202 into 201. The result is character B left
      adjusted in register 202, ready for extraction in the manner described
      above. This initialization process may be utilized whenever the first
      character to be extracted is not left justified in the machine word as was
      initially assumed above.
PAR  What has been presented above is an example of an implementation of machine
      level sequential extraction. Other implementations may for instance
      include a register for buffering register 202 so that there is no need to
      wait for a word to be fetched from memory when register 202 is depleted.
      This anticipation is possible because of the sequentiality of operations.
      Further, there are solutions simulating the behavior of shift registers
      with combinatorial logic. According to such solutions shifting may be
      eliminated entirely. Other implementations of hardware to perform a
      machine level sequential extraction may be readily devised by those of
      ordinary skill in the art without departing from the scope and the spirit
      of the invention.
PAR  Turning attention to the second level of processor operation, namely
      elementary language sequential extraction, reference is to be made to FIG.
      4. FIG. 4 depicts the details of unit 108 of FIG. 1 and is the apparatus
      for supporting the method of elementary language sequential extraction,
      said method and apparatus to be described in detail below.
PAR  It may be seen from FIG. 4 that the apparatus for supporting elementary
      language sequential extraction comprises elementary program counter (ELPC)
      430, two elementary shift registers (elementary shift register 1, ES1,
      shown as unit 407, and elementary shift register 2, ES2, shown in unit
      408), a local elementary counter 495, and temporary parameter register
      (TPR) 480.
PAR  It should be noted that, consistent with FIG. 1, link 130 is shown as the
      communications link between bus 120 and unit 108; link 128 is shown as the
      fast access route between unit 108 and MDR 103; link 123 is shown as the
      fast access route between unit 108 and MAR 102; link 139 is the
      communications link between unit 108 and timing and control unit 110; link
      134 is the communications link between unit 108 and LC 204 of unit 106;
      link 175 interconnects unit 108 with decoder 109 and finally, link 166
      connects logic from units 106 and 107 with unit 108 (all of these links to
      and from unit 108 with other units of the high level language processor
      are described earlier with reference to FIG. 1).
PAR  ELPC 430 is depicted as being comprised of register 465 interconnected via
      link 481 with test for zero logic 441. Register 465 is an up counter and
      is depicted in two portions: a word portion, ELPC.sub.W and a bit portion,
      ELPC.sub.B, respectively. If an elementary language program is allowed to
      be located any place in memory 101, the word portion of register 465 must
      be capable of pointing to any word in said memory. Thus, retaining the
      example of a machine with 4096 memory words, the ELPC.sub.W portion of
      register example, would be 12 bits long. The ELPC.sub.B portion of
      register 465 must be capable of pointing to the elementary operation
      program character to be extracted from the memory word pointed to by the
      ELPC.sub.W portion of register 465. For the sake of illustration it is
      assumed that all elementary program characters are multiples of 4 bits in
      length; thus, the ELPC.sub.B portion of register 465 must be 2 bits long.
      The invention is clearly not limited to a 4 bit elementary operation code
      and, for example  5 bits may be used to accommodate more than 16
      operations or, alternatively, the extended OP code feature could be
      utilized to implement more than 16 operations with only 4 bits in a manner
      to be described later.
PAR  Referring again to FIG. 4, LEC 495 is depicted as being comprised of
      register 481, interconnected via link 426 with test for zero logic 442.
      Register 481 is a down counter and must be capable of holding a value
      corresponding to the maximum number of shifts that may be performed on 4
      bit groups of data between ES1 407 and ES2 408. Shift registers 407 and
      408 must each be capable of holding one memory words worth of data, i.e.,
      4, 4 bit elementary characters. Thus, according to the preferred
      embodiment of the invention, registers 407 and 408 are each 16 bits long.
      Finally, temporary parameter register 480 must be capable of maintaining,
      right justified, any 4 bit parameter associated with an elementary
      operation.
PAR  The following discussion of FIG. 4 indicates the purpose of the various
      links not previously discussed in detail. Register 465 is shown
      interconnected with links 123, 128, and 130 via links 401, a combination
      of links 402 and 404, and link 403 respectively. Link 128 is shown
      interconnected with unit 407 via links 402 and 405. Link 128 is also shown
      connected to unit 408 via links 402 and 406. Inputs from timing and
      control unit 110 via link 139 may be input to register 465 via link 400,
      ELCT 481 via link 451, and into unit 408 via links 400 and 424.
      Information flowing to timing and control from ELPC 430 is communicated
      via links 482 and 139. Information flowing from LEC 495 to timing and
      control unit 110 is communicated via links 427 and 139. Links 420, 421,
      422, and 423 are shown as paths from units 407 and 408 to TPR 480 over
      which a parameter of up to 16 bits in length may be moved from the right
      most 12 bits of unit 407 and the left most 4 bits of unit 408. As
      indicated above, an extracted parameter (if any) is to be right justified
      in TPR 480 for use in accordance with the description of elementary
      language execution to be set out hereinafter. Link 425 is shown as
      interconnecting unit 408 and 407 and is the path over which left shifting
      between the two registers occurs (if from register 408 into register 407).
      Link 475 is shown as a means for connecting TPR 480 with bus 120 via link
      130. Finally dashed link 413 indicated that register 465 points at a word
      in memory 101 and a field within said word, said field corresponding to
      the elementary language program character to be extracted, decoded, and
      executed.
PAR  What follows is a detailed description of the method of elementary language
      sequential extraction itself as supported by the apparatus of FIG. 4.
      Recall that it was assumed for the illustrative example that elementary
      operations have 4 bit OP codes. Assume further that the length of all
      information (parameter) fields is a multiple of 4 bits. The most general
      alternative of 1 bit resolution has not been chosen in the example because
      of its lower overall efficiency. However, the method described below can
      be applied to the 1 bit resolution case without any changes in concept.
PAR  Assume still further that a string of elementary operations resides in
      memory 101 in much the same manner that an interpretable language string
      resided in memory 101 when machine level sequential extraction was being
      discussed. At some point during the execution of the current operation the
      logic for the OP code causes ELPC 430 to point to the next operation. This
      is equivalent to placing the new operand left justified in ES1 407 and to
      placing the OP code for the new operation in EOC 409. Finally, the last
      step of the currently executing operation is to pass control to the
      decoding mechanism unit 109 of FIG. 1. The decoding mechanism accesses the
      new OP code from EOC 409, via link 175, and passes control to the hardware
      related to the new operation code. The exception to the described
      procedure constitutes the branch operations. In the case of branch
      operations the contents of ELPC 430 is replaced by an entirely new value,
      usually being transferred from some register of the machine, resulting in
      the ELPC pointing to an operation not in sequence. The last step of branch
      operation is also to pass control to the decode mechanism.
PAR  An example of extracting and decoding an elementary operation will serve to
      illustrate how the apparatus of FIG. 4 works. A presentation of the method
      of initializing the elementary language sequential extraction process will
      be presented shortly. One should not that according to the preferred
      embodiment of the invention the actual value (address) in ELPC 430 is one
      word beyond the OP code being examined (in EOC 409) at a given point in
      time. This is because of the initialization of register ES1 407 and ES2
      408, to be described below, which requires that two words be transferred
      from memory prior to the commencement of the extraction process. However,
      in order to avoid confusion, further reference to the contents of ELPC 430
      will be as if the address in ELPC 430 points at the OP code currently
      being processed, i.e., ELPC 430 is assumed to contain the address
      corresponding to the OP code in EOC 409. However at this point it assumed
      that the contents of ELPC 430 points to the program character which is now
      held in the left most 4 bits of ES1 407. The OP code, after
      initialization, is to be left justified in the left most 4 bits of
      register 407. EOC 409 is the name given to the left most 4 bit group of
      ES1 407. The parameters, if any, of an operation are located to the right
      of the OP code, each parameter being a multiple of 4 bits. Upon completion
      of execution of this (or any) operation, the following operation should be
      moved into such position in ES1 407 so that the new OP code will be held
      in EOC 409. This can be done in the following way. The operation currently
      executing knows its own length. To move the following operation into its
      place, the current operation places the number equivalent to its length or
      i.e., equal to the number of 4 bit groups comprising its length, into the
      ELCT 481 register. Thereafter, the shifting mechanism will be triggered
      since the value in ELCT 481 is non-zero.
PAR  A number of shifts is performed and this number is equal to the number
      stored initially in the ELCT 481. Each time a left shift of ES1 407 and
      ES2 408 is performed, ELCT 481 is decremented by 1. The shifting is
      completed when the value in ELCT 481 reaches 0. This condition is detected
      by test for zero logic 442 which signals timing and control unit 110 via
      links 427 and 139 that shifting is to cease. The result of the shifting is
      that a new elementary OP code appears in the left most section 409 of
      register ES1 407 and by doing so it makes it ready for processing. It is
      to be noted that each time the data is shifted left through ES2 408 and
      ES1 407, the counter ELCT 481 is decremented by 1, as mentioned above,
      while the counter ELPC 430 (actually register 465) is incremented by 1.
PAR  The sequence of shifting is interrupted whenever the register ES2 408
      becomes depleted of program data. This condition is detected by testing
      the ELPC.sub.B portion of register 465 for zero. A new data word is then
      brought from memory, the address of the data word being obtained from
      ELPC.sub.W portion of register 265. After the word has been placed into
      register 408, counting is resumed until such time as the value in ELCT 481
      becomes zero.
PAR  It should be noted the shifting operation is self-contained and makes the
      processing on the micro level independent of the position of the program
      characters with respect to memory word boundaries.
PAR  Above it was mentioned that shift registers ES1 407 and ES2 408 have to be
      initialized. Initialization means that if the elementary language program
      is to start to execute at some field of a word other than the left most 4
      bit field, the registers ES1 407 and ES2 408 must be preloaded with the
      data from the memory in such a way that the program string starting the
      field to be processed is left justified in ES1 407 and is continuous
      through ES1 407 and ES2 408 in the way described in the explanation of
      initialization which follows.
PAR  Recall from the discussion of FIG. 2 that the result of machine level
      sequential extraction was an index (being number) right justified in a
      register (e.g., register 201). Recall further that line decoding utilizing
      said index may be performed to provide the address of the set of
      elementary operations (on elementary language program) in memory 101,
      corresponding to a decoded machine level OP code.
PAR  It is assumed that the address at which the elementary language program is
      to begin to execute has been loaded into ELPC 430 (actually register 465).
      This may be done in any one of a number of ways including via bus 120
      after the linear decoding process is performed. The initialization process
      begins with register ES1 407 being loaded with the memory word whose
      address is in the word portion, ELPC.sub.W, of register 465. After ES1 407
      is loaded as above, the ELPC.sub.W portion of register 465 is incremented
      by 1. Next, register ES2 408 is loaded with the memory word pointed to by
      the incremented address in ELPC.sub.W portion of register 465. The address
      in register 465 may, in general, point to the middle of a memory word.
      This condition is indicated by the fact that the contents of the bit
      portion of register 465, ELPC.sub.B, is transferred to counter ELCT 481.
      The non-zero value in ELCT 481 causes the data in ES1 407 and ES2 408 to
      be left shifted by a number of 4 bit groups equivalent to the value in
      ELCT 481. As indicated above left shifting may be controlled via ELCT 481.
      At the end of the shifting, the contents of ELPC.sub.W is the address of
      the next data word to be fetched from memory while the data in the
      register ES1 407 and ES2 408 is initialized in such a way that the program
      data that starts at the field to be processed is left justified in
      register ES1 407. Now execution may begin.
PAR  Just prior to execution of an elementary operation, its operation code is,
      as indicated above, in the left most portion of ES1 407 designated
      hereinbefore as EOC 409, while the parameters of the operation, if any,
      follow the OP code. The OP code has been placed in the left most position
      of ES1 407 during the initialization or by the action of the elementary
      operation prior to the operation of the current one. At the completion of
      its execution, the previous operation has triggered the decoding mechanism
      which acts on the data in EOC 409 (this as we mentioned above constitutes
      the OP code of the elementary operation to be decoded and executed).
      According to the example being set out herein, i.e., 4 bit OP codes, the
      OP code is decoded into one of 16 combinations. (A possible implementation
      of decoding requires sixteen 4-input-gates each wired for one of the OP
      codes). As shown in FIG. 4 link 475 connects the EOC 409 portion of
      register ES1 407 with decoder 109.
PAR  Referring back to FIG. 1 it may be seen that decoder 109 sends a signal to
      initiate a logic chain in one of units 106 or 107, said logic being
      designed to support the execution of the decoded operation. The execution
      of each elementary operation corresponds to executing the specially
      designed logic path. As indicated above, parameters for a particular
      elementary operation which reside in ES1 407 and ES2 408 may be called
      upon for processing and/or moved to TPR 480 via links 420 through 423 in
      such a manner as to have the desired parameter right justified in TPR 480
      for processing. As an example, suppose that the operation ET n, described
      above, is to be executed. The operation code ET would be located in the
      EOC 409 portion of register ES1 407. The parameter n would be located in
      the 4 bits immediately to the right of the EOC 409 portion of register
      407. It should be noted that parameters in general, and parameter n in
      particular, may occupy more than 4 bits. However, for the sake of
      illustration, parameter n is upperbounded by the value 16, the maximum bit
      length of a machine word. Upon decoding of the EOC 409 portion of register
      407 by decoder 109, it would be determined that the left most 4 bits in
      register ES1 407 correspond to the ET operation and, referring to FIG. 1,
      decoder 109 would signal machine level sequential extraction hardware 106,
      via link 135, that the apparatus in FIG. 2 is to be activated. Note that
      the parameter n would go to TPR 480 via link 420 and would be right
      justified in TPR 480. It is from TPR 480 that the count (n) would be
      supplied to LC 204 in FIG. 2 via link 134. Thus, the apparatus of FIG. 4
      may support the extraction and decoding of elementary operations.
PAR  Before going into a detailed description of each elementary operation in a
      set of elementary operations which are believed to be sufficient for
      supporting the process of interpretation, a description of the stacks and
      associated stack hardware, unit 111 of FIG. 1, will be presented.
PAR  The architecture of the high level language processor can be based on any
      number of known principles. For example, it can be a general purpose
      register machine. A preferred organization is based on the concept of
      having an execution stack. Nearly all of the operations to be described
      use the stack. The stack is a storage device for holding a set of data
      items. These items are stacked one on top of the other. An item can be
      removed from the top of the stack. A new item can be added to the top of
      the stack by being placed on the top of items already in the stack. In the
      present organization of the machine, the stack is implemented in memory
      101.
PAR  FIG. 5 shows the details of the stacks and stack associated hardware
      depicted in FIG. 1 as unit 111. Consistent with FIG. 1, link 131 is shown
      as the communications link between unit 111 and bus 120. Link 501 of unit
      111 carries information to and from bus 120 to and from each of units 510
      (via link 503) and 512 (via link 505). Unit 510 is designated in FIG. 5 as
      TWP which stands for Top Work Pointer register. The TWP register points to
      the top of the stack in memory 101. RASC 512 is the return address stack
      pointer and points to a second stack in memory 101 set up to maintain
      return addresses for subroutine nesting exclusively.
PAR  The address of the data item currently on the top of the stack is held in
      TWP 510. This register is organized as an up/down counter. By sending a
      control signal, TWP 510 may be incremented or decremented by one unit.
      When an item is placed in the stack, TWP 510 is incremented by one, and
      the incremented value in TWP 510 is used as the memory address, that is,
      the address at which the new item is to be placed. On the other hand, when
      an item is to be removed from the stack, the value in TWP 510 is used as
      an address, and after its use the TWP 510 is decremented by one. RASC 512
      operates in an identical manner to TWP 510. The only function of registers
      510 and 512 is to "push" items onto and "pop" items off of the portions of
      memory 101 reserved for use as the execution and return address stack.
PAR  The following is a table of elementary operations which comprise the
      instructions for the high level language processor set out herein. This
      set of instructions is believed sufficient to support the process of
      interpretation.
TBL  __________________________________________________________________________
                          NO. OF EXPLICIT                                      
                                    NO. OF IMPLICIT                            
     OPERATION NAME OP CODE                                                    
                          PARAMETERS                                           
                                    PARAMETERS                                 
     __________________________________________________________________________
     Extract n bits ET    1         0                                          
     Extract Implicit                                                          
                    ETI   0         1                                          
     Insert         INS   0         2                                          
     Branch, Machine Language                                                  
                    BML   0         1                                          
     Level                                                                     
     Store Program Address                                                     
                    SPA   0         1                                          
     Deposit Number DN    1         0                                          
     Access and Replace                                                        
                    AR    0         1                                          
     Store          SR    0         2                                          
     Branch         BR    0         1                                          
     Store the Elementary                                                      
                    SEPC  0         1                                          
     Program Counter                                                           
     Branch to Subroutine                                                      
                    BS    0         1                                          
     Return from Subroutine                                                    
                    RS    0         1                                          
     Load Stack     LS    0         1                                          
     Store Stack    SS    0         2                                          
     Copy Top Word Pointer                                                     
                    CT    0         1                                          
     Move from Top of the Stack                                                
                    MT    0         1                                          
     Copy           CY    0         1                                          
     Add            ADD   0         2                                          
     Subtract       SU    0         2                                          
     Test           TT    0         2                                          
     Function       FN    0         n                                          
     Escape         ESC   0         1                                          
     __________________________________________________________________________
PAR  The elementary operation set listed above will be described in detail
      below; however, it should be understood that this is only one set of
      elementary operations which may be devised and used in combination with
      the machine architecture presented herein for supporting the process of
      interpretation. A description of each of the elementary operations listed
      above follows immediately below. Logic corresponding to each described
      operation may readily be assembled by one of ordinary skill in the art to
      support each operation. This logic resides in unit 107 in FIG. 1 except
      for logic corresponding to ET and ETI which are, as explained
      hereinbefore, supported by unit 106 of FIG. 1 (shown in detail on a
      register level in FIG. 2).
PAC  The Operation "Extract n bits" (`ETn`)
PAR  The operation `ET` has been already described in detail with reference to
      FIG. 2, unit 106.
PAC  The Operation Extract Implicit (ETI)
PAR  ETI is executed in the same manner as ET except the number of bits to be
      extracted, as explained hereinbefore, is assumed to be located on top of
      the execution stack or in one of the auxiliary registers.
PAC  The Operation Insert (INS)
PAR  The two implicit parameters of INS are assumed to be on the top of the
      execution stack. The first parameter is a number of bits, n, corresponding
      to the length of a data item to be inserted into the program string. The
      second parameter is the data to be inserted into the program string. The
      parameters are removed from the execution stack, and the n bit data item
      is inserted into the program string, starting at the bit pointed to by PCC
      203. PCC 203 is then incremented by n bits.
PAC  The Operation Branch Machine Language Level (BML)
PAR  BML has one implicit parameter which is located as the top word of the
      execution stack. This parameter is assumed to be the branch address. This
      word is removed from the execution stack and placed in PCC 203.
      Initialization of registers SHR1 201, SHR2 202 follows.
PAC  The Operation Store Program Address (SPA)
PAR  The copy of the contents of PCC 203 is placed on the top of the execution
      stack.
PAC  The Operation Deposit Number (ND n)
PAR  The value n, the explicit parameter of the operation, follows the OP-code
      of the elementary operation. This parameter is placed on the top of the
      execution stack.
PAC  The Operation Access and Replace (AR)
PAR  The operation AR assumes that the top of the execution stack is an address
      (an implicit parameter). This item is removed from the execution stack,
      and used to address the memory. A word is read out of the memory address
      pointed to and is placed on the top of the execution stack.
PAC  The Operation Store (SR)
PAR  The operation SR has two implicit parameters which are the two top words of
      the execution stack. These words are occupied by the memory address where
      the information item is to be stored and by the item itself. Both items
      are removed from the execution stack, and the data item is stored in
      memory 101.
PAC  The Operation Branch (BR)
PAR  The top item in the stack (an implicit parameter) is assumed to be the
      branch address. This item is removed from the stack and placed in ELPC 430
      (register 465). Initialization of ES1 407 and ES2 408 follows.
PAC  The Operation Store the Elementary Program Counter (SEPC)
PAR  A copy of the contents of ELPC 430 (register 465) is placed on the top of
      the execution stack.
PAC  The Operation Branch to a Subroutine (BS)
PAR  The operation assumes that the branch address (an implicit parameter) is on
      the top of the execution stack. In the first step the contents of ELPC 430
      (register 465) is saved. It is placed on the top of the Return Address
      Stack. Next the branch address is removed from the top of the execution
      stack and placed in ELPC 430 (register 465). Initialization of the
      registers ES1 407 and ES2 408 follows.
PAC  The Operation Return from Subroutine (RS)
PAR  The operation removes an item (a return address) from the Return Address
      Stack and places the item in register 465 of ELPC 430. Initialization of
      registers ES1 407 and ES2 408 follows. The return address is considered to
      be an implicit parameter.
PAC  The Operation Load Stack (LS)
PAR  The operation load stack assumes that the top of the execution stack
      contains a number, k. This number (an implicit parameter) is removed from
      the stack. Next, the top of the execution stack is loaded with the
      contents of the execution stack location which is k items distant from the
      bottom of the stack.
PAC  The Operation Store Stack (SS)
PAR  The operation SS assumes the two top items of the execution stack (2
      implicit parameters) are the number k (see the description of the
      operation Load Stack), and a data item. The operation removes these two
      items from the execution stack, and stores the data item in the location k
      items distant from the bottom of the execution stack.
PAC  The Operation Copy Top Word Pointer (CT)
PAR  The operation CT places a copy of the contents (an implicit parameter) of
      TWP 480 onto the top of the execution stack.
PAC  The Operation Move Top of the Stack (MT)
PAR  The operation MT removes the top item from the execution stack (an implicit
      parameter) and places it in TWP 480. This way the pointer to the top of
      the execution stack can be moved to point to an arbitrary location.
PAC  The Operation Copy (CY)
PAR  The operation CY makes a copy of the top item in the execution stack (an
      implicit parameter), and places it on top of the execution stack. As a
      result two identical items reside in the top two locations of the
      execution stack.
PAC  The Operation Add (ADD)
PAR  The operation Add (AD) removes two items (2 implicit paramters) from the
      top of the execution stack. The two items are added and the result is
      placed on top of the execution stack. This operation involves the use of
      an arithmetic unit which, as indicated hereinbefore, is an inherent part
      of unit 107.
PAC  The Operation Subtract (SU)
PAR  The operation SU removes two items (2 implicit parameters) from the top of
      the execution stack. The item that has resided on the top is subtracted
      from the other item and the result is placed on top of the execution
      stack. This operation involves the use of the arithmetic unit in unit 107
      referred to above.
PAC  The Operation Test (TT)
PAR  The operation TT assumes that the two top items on the execution stack (2
      implicit parameters) are the coded test condition, and the value to be
      tested. The two items are removed from the execution stack and the test is
      performed according to the condition encoded. The Boolean value (0, or 1)
      which will signify whether the test has failed or succeeded, is placed on
      the top of the execution stack.
PAC  The Operation Function (FN)
PAR  The operation FN applies to two or more items on the top of the execution
      stack (n implicit parameters). The top item is a coded function, while one
      or more following items are the operands. The operation removes the
      function code, and subsequently the operands. The encoded function is
      performed, and its result (one or more items of information) are placed
      back on the execution stack. This operation involves the use of a function
      unit commonly found in present computers and located within unit 107
      herein. The function unit itself is not an inherent part of the invention.
PAC  The Operation Escape (ESC)
PAR  The operation ESC is used to extend the number of available primary
      operations beyond the 2.sup.k, where k is the number of bits allowed for
      an OP-code character (k=4 bits in the illustrative example presented
      hereinbefore). When the OP-code ESC is decoded, it signifies that the next
      program character (4 bits according to the illustrative example set out
      herein) is to be interpreted as a secondary operation code (an implicit
      parameter). The decoded secondary OP-code results in one of a plurality
      (16 for the 4 bit case) of hardware, microprogrammed, or elementary
      language execution sequences in the same manner that a decoded primary
      OP-code results in such as sequence. Three notes are in order with respect
      to ESC. First, the number of primary OP-codes serving the function of
      escape codes does not have to be limited to one. Second, the number of the
      decode levels need not have to be limited to two. Third, the decodable
      characters (the OP-code) within a single operation of the elementary
      language can be interspaced by parameters. ESC provides what has been
      referred to hereinbefore as an extended OP-code feature.
PAR  In conclusion, what has been presented above has been the detailed
      description of both apparatus and methods for supporting the process of
      interpretation and which taken together constitute an inherently
      microprogrammable high level language processor.
PAR  It should be noted that in addition to the elementary operations set out
      above constituting the set of instructions for the high level language
      processor, one may devise other instructions to suit the particular needs
      of the microprogrammer even after a machine design has been cast to
      support only a fixed number of elementary operations. In particular, the
      ESC operation described above permits this flexibility.
PAR  It should be further noted that in the description of the preferred
      embodiment references were made to instructions of an interpretable
      language string said instruction comprising program characters, said
      characters further comprising OP-codes and instructions The sequence of
      execution may be envisioned as a main elementary language program
      extracting and decoding an OP-code, and locating one of a plurality of
      elementary language routines represented by this OP-code. The elementary
      language routine performs its function which may include extraction of
      parameters associated with the OP-code, if any, and processing of these
      parameters. Upon completion of its task the routine returns to be main
      elementary language program which extracts, decodes the next OP-code and
      decodes the corresponding elementary language routine.
PAR  This method of the processing already constitutes a substantial departure
      from the prior art in that the instructions can be designed freely, to
      suit any processing task, with disregard to the memory word boundaries,
      and number and the length of parameters. Further, the processor described
      herein is inherently suitable to process said strings, since it contains
      the sequential extraction mechanisms in particular, and a set of
      elementary operations related to interpretation in general. The elementary
      operations have been contrasted hereinbefore with micro-instructions which
      are related to hardware level manipulations of data.
PAR  The above method of processing is further enhanced by noticing (1) that the
      OP-code need not be the only character that is decoded and (2) by
      permitting the parameters extracted and processed by the OP-code related
      elementary language programs to be decodable and in turn to lead to lower
      level elementary language programs. These program characters that are
      decodable, including the top level OP-codes, shall all be referred to
      hereinafter as machine level operation codes. It should be noted that just
      as a top level OP-code may define parameters of an instruction, a machine
      level operation code embedded in such an instruction, may define its own
      parameters. In turn, these parameters can be decodable characters. Thus,
      the invention permits complex embedding of interpretable language
      constructs, which on the level of the interpreting elementary language
      routines is reflected by these routines being organized into a data
      structure. This structure can be a complete or partial map of the
      structure of grammar of High Level Languages (HLL's) permitting the
      inherently microprogrammable HLL processor to execute interpretable
      language strings corresponding to arbitrary HLL's.
PAR  Finally, it should be noted that the invention described herein has been
      illustrated with reference to a particular embodiment. It is to be
      understood that many details used to facilitate the description of such a
      particular embodiment are chosen for convenience only and without
      limitations on the scope of the invention. Many other embodiments may be
      devised by those skilled in the art without departing from the scope and
      spirit of the invention. For example, as indicated above, a processor with
      5 bits per elementary operation, could be designed. Furthermore, an
      associative memory scheme for the decoding of OP-codes may be used in
      preference to the linear decoding (indexing) scheme presented herein.
      Accordingly, the invention is intended to be limited only by the scope and
      spirit of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inherently microprogrammable high level language processor which
      includes an electrical interconnection with a storage device for executing
      an interpretable language string stored in said storage device, wherein
      said string includes machine level operation codes, and for executing one
      of a plurality of elementary language programs stored in said storage
      device, each program being represented by a machine level operation code,
      comprising:
PA1  a. first extration means for extracting a machine level operation code via
      said electrical interconnection from said interpretable language string
      stored in said storage device for use in locating the one of the
      elementary language programs stored in said storage device which is
      represented by the extracted code;
PA1  b. second extraction means for extracting an elementary language operation
      code via said electrical interconnection from said one elementary language
      program stored in said storage device;
PA1  c. decoding means for decoding the extracted elementary language operation
      code; and
PA1  d. logic means connected to said decoding means for executing the
      elementary operation which is represented by the elementary language
      operation code.
NUM  2.
PAR  2. A processor as set forth in claim 1 in which certain of said operation
      codes have parameters associated therewith, and in which said first
      extraction means is operable to extract said parameters.
NUM  3.
PAR  3. Apparatus as set forth in claim 1 wherein said first extraction means
      further comprises:
PA1  a. first register means for providing a word address and a bit address
      within said word which indicates the machine level operation code in said
      interpretable language string to be extracted;
PA1  b. second register means for receiving via said electrical interconnection
      with said storage device the stored word uniquely identified by said word
      address; and
PA1  c. means for outputting the machine level operation code from the word in
      said second register means.
NUM  4.
PAR  4. Apparatus as set forth in claim 1 wherein said first extraction means
      further comprises:
PA1  a. first register means for providing a word address and a bit address
      within said word which indicates the machine level operation code in said
      interpretable language string to be extracted;
PA1  b. second register means for receiving via said electrical interconnection
      with said storage device the stored word uniquely identified by said word
      address;
PA1  c. third register means connected to said second register means for
      receiving bits of the stored word from said second register means;
PA1  d. first control means for controlling shifting of bits from said second
      register to said third register means;
NUM  5.
PAR  5. A processor as set forth in claim 4 wherein said first register means
      further comprises:
PA1  a. an n + p bit register in which a first set of n bits store the address
      of any one of said stored words, and a second set of p bits which store
      the address of any bit within said stored word; and
PA1  b. test for zero logic connected to said p bits for signalling a
      requirements for transfer of a new word from storage into said second
      register means, said new word corresponding to the new word address
      represented by said one set of bits of said n + p bit register which is
      generated whenever said set of p bits pass through all zeros.
NUM  6.
PAR  6. A processor as set forth in claim 4 wherein said first control means
      further comprises:
PA1  a. an x register in which 2.sup.x is a maximum number of bits which may be
      shifted during any one sequential extraction; and
PA1  b. test for zero logic connected to said x bit register providing a signal
      to terminate shifting responsive to all x bits being zero.
NUM  7.
PAR  7. A processor as set forth in claim 1 wherein said first extraction means
      further comprises:
PA1  a. a program character counter for providing a word address, and a bit
      address within said word which indicate the character in said
      interpretable language string to be extracted, and for further providing
      an indication of when a word needs to be transferred out of storage;
PA1  b. a first shift register, corresponding in length to the length of a word
      in storage, for receiving a word transferred from said storage device via
      said electrical interconnection, said transferred word being uniquely
      identified by the word address portion of said program character counter;
PA1  c. a second shift register corresponding in length to the length of a word
      in storage connected to said first shift register, for receiving from said
      first shift register bits that are left shifted;
PA1  d. bit counter means for controlling left shifting of bits from said first
      register to said second register;
PA1  e. control means for incrementing said bit address in said program
      character counter by one unit with each left shift and for decrementing
      said bit counter means by one unit for each left shift; and
PA1  f. means for retrieving from said second shift register the right adjusted
      program character extracted.
NUM  8.
PAR  8. A processor as set forth in claim 1 in which certain of said elementary
      language codes have parameters associated therewith, and wherein said
      second means for extracting further comprises:
PA1  a. first register means for providing a word address which indicates an
      elementary language operation code to be extracted from said elementary
      language program;
PA1  b. second register means for receiving via said electrical interconnection
      with said storage device at least one stored word uniquely identified by
      said word address;
PA1  c. control means for outputting said elementary language operation code
      from said second register means and further register means for storing the
      parameters associated with said elementary language operation code as
      output from said second register means.
NUM  9.
PAR  9. A process as set forth in claim 1 in which certain of said elementary
      language codes have parameters associated therewith and wherein said
      second means further comprises:
PA1  a. first register means for providing a word address, and a bit group
      address within said word which indicates an elementary language operation
      code to be extracted from said elementary language program;
PA1  b. second register means for receiving via said electrical interconnection
      with said storage device a first stored word uniquely identified by said
      word address;
PA1  c. third register means for receiving a second and further stored words,
      including means connected to said second register means for transferring
      bits of the words stored therein to said second register means;
PA1  d. first control means for controlling said shifting of groups of bits from
      said third register means to said second register means;
PA1  e. second control means for incrementing said bit group address in said
      first register means by one unit with each of said shifts;
PA1  f. means for outputting the elementary language operation code from said
      third register means; and
PA1  g. means for outputting parameters from at least said second and third
      register means.
NUM  10.
PAR  10. In a processor as set forth in claim 9 wherein said first register
      means further comprises:
PA1  a. an m + q bit register in which a first set of m bits store the address
      of any one of said stored words, and a second set of q bits which store
      the address of any bit group within said stored word; and
PA1  b. test for zero logic connected to said q bits for signalling a
      requirement for transfer of a new word from storage into said second
      register means, said new word corresponding to the new word address
      represented by said one set of bits of said m + q bit register which is
      generated whenever said set of q bits pass through all zeros.
NUM  11.
PAR  11. A processor as set forth in claim 9 wherein said first control means
      further comprises:
PA1  a. a y bit register in which 2.sup.y is the maximum number of groups which
      may be shifted during any one sequential extraction operation; and
PA1  b. test for zero logic connected to said y bit register for providing a
      signal to terminate shifting responsive to all x bits being zero.
NUM  12.
PAR  12. A processor as set forth in claim 11 which includes an input circuit
      for said y bit register, and first signal means for providing a first
      signal set to said input circuit from said logic means associated with
      elementary operations other than extraction, and second signal means for
      extracting from said interpretable language string.
NUM  13.
PAR  13. A processor as set forth in claim 1 wherein said second means for
      extracting further comprises:
PA1  a. an elementary level program counter for providing a word address, and a
      bit group address within said word of the character in said string
      corresponding to said elementary language program to be extracted and for
      further providing an indication of when a word needs to be transferred out
      of said storage device;
PA1  b. a first shift register corresponding in length to the length of a word
      in storage, for receiving a word transferred from said storage device,
      said transferred word being uniquely identified by the word address
      portion provided by said elementary level program counter;
PA1  c. a second shift register corresponding in length to the length of a word
      in storage device, connected to said first shift register, for receiving
      from said first shift register groups of bits that are left shifted;
PA1  d. counter means for controlling left shifting of groups of bits from said
      first register to said second register;
PA1  e. control means for incrementing said bit group address in said elementary
      level program counter by one unit with each group of bits left shifted and
      for decrementing said counter means by one unit for each group of bits
      left shifted.
PA1  f. means for outputting from said second shifted; register to said means
      for decoding the left adjusted elementary language operation code;
PA1  g. means for sequentially extracting and right adjusting parameters
      associated with an elementary language operation code, said parameters
      being extracted from said first and second shift register.
NUM  14.
PAR  14. A method for executing an interpretable language string and for
      executing one of a plurality of stored elementary language programs which
      is represented by a machine level code contained in said interpretable
      language string, comprising the steps of:
PA1  a. extracting a machine level operation code from said stored interpretable
      language string;
PA1  b. locating the stored elementary language program which is represented by
      the extracted code;
PA1  c. extracting an elementary language operation code from said elementary
      language program as located;
PA1  d. decoding the extracted elementary language operation code; and
PA1  e. executing the elementary operation which is represented by the
      elementary language operation code.
NUM  15.
PAR  15. A method in accordance with claim 14 wherein said step of locating the
      stored elementary language program which is represented by the extracted
      code further comprises the steps of:
PA1  a. storing an address table with the characteristic that each entry in said
      table constitutes the starting address for an elementary language program;
PA1  b. indexing said table with said extracted code to be able to retrieve the
      starting address of the represented elementary language program;
PA1  c. retrieving said starting address; and
PA1  d. outputting said address for use in extracting the elementary language
      codes of said elementary language program as located.
NUM  16.
PAR  16. A method for executing an interpretable language string and for
      executing one of a plurality of stored elementary language programs which
      is represented by a machine level code contained in said interpretable
      language string, comprising the steps of:
PA1  a. storing a word address and a bit address within said word in a first
      register which indicates the machine level operation code to be extracted
      from the interpretable language string;
PA1  b. storing the word which is identified by the word address in a second
      register;
PA1  c. extracting the machine level operation code from the stored word;
PA1  d. locating the stored elementary language program which is represented by
      the extracted machine level operation code;
PA1  e. extracting an elementary language operation code from said elementary
      language program as located;
PA1  f. decoding the extracted elementary language operation code; and
PA1  g. executing the elementary operation which is represented by the
      elementary language operation code.
NUM  17.
PAR  17. A method for executing an interpretable language string and for
      executing one of a plurality of stored elementary language programs which
      is represented by a machine level code contained in said interpretable
      language string, comprising the steps of:
PA1  a. storing in a first register a word address and a bit address within said
      word which represents the machine level operation code to be extracted
      from said interpretable language string;
PA1  b. storing the word thus identified in a second register;
PA1  c. shifting bits of the stored word from said second register to a third
      register and simultaneously incrementing said bit address in said first
      register;
PA1  d. outputting the machine level operation code from said third register
      when a predetermined shift of said bits has occurred;
PA1  e. locating the stored elementary language program which is represented by
      the extracted machine level code;
PA1  f. extracting an elementary language operation code from said elementary
      language program as located;
PA1  g. decoding the extracted elementary language operation code; and
PA1  h. executing the elementary operation which is represented by the
      elementary language operation code.
NUM  18.
PAR  18. A method as set forth in claim 17 in which the shift of a predetermined
      number of bits to output the machine level operation code includes the
      additional steps of storing a number which represents the number of bits
      in the word which is in said second register, and decrementing said number
      toward zero with each shift of bits to the third register, and providing a
      signal to initiate outputting of the bits in the third register when the
      number in the second register decreases to zero.
NUM  19.
PAR  19. A method as set forth in claim 17 which includes the step of updating
      said stored word address in said first register whenever all of the bits
      in the second register are shifted to said third register, and
      transferring the new word represented by the updated address to said
      second register.
NUM  20.
PAR  20. A method for executing an elementary language program comprising the
      steps of:
PA1  a. storing in a first register a word address and a bit group address
      within said word which identifies the elementary level operation code to
      be extracted from said program;
PA1  b. storing a first and second word in a second and third register
      respectively which words are uniquely identified by said word address;
PA1  c. shifting bit groups of the stored words in said second and third
      registers and simultaneously incrementing said bit group address in said
      first register;
PA1  d. outputting the elementary level operation code from the third register
      when a predetermmned shift of said bit groups has occurred;
PA1  e. decoding the extracted elementary language operation code; and
PA1  executing the elementary operation which is represented by the elementary
      language operation code.
NUM  21.
PAR  21. A method for executing an elementary language program as set forth in
      claim 20 in which certain of said elementary operations have parameters
      associated therewith comprising the further steps of:
PA1  a. extracting said parameters from said second and third shift registers;
      and
PA1  storing said extracted parameters in a temporary register for further
      processing upon execution of the elementary operation.
NUM  22.
PAR  22. A method for executing an interpretable language string and for
      executing one of a plurality of stored elementary programs which is
      represented by a machine level code contained in said interpretable
      language string, comprising the steps of:
PA1  a. storing said interpretable language strings in a memory;
PA1  b. addressing said interpretable language strings with a program character
      counter in such a way as to maintain in said counter the word address in
      said memory and the bit address within said word for the first bit of the
      program character sought to be extracted;
PA1  c. transferring the word addressed by said counter into a first shift
      register;
PA1  d. loading a bit counter with the bit address of the field to be extracted
      for the word transferred to said first shift register;
PA1  e. shifting left the bits of said transferred word from said first shift
      register into a second shift register by a number of bits corresponding to
      the value of the bit address loaded into said bit counter;
PA1  f. decrementing said bit counter with each left shift;
PA1  g. updating the word and bit address in said program character counter with
      each left shift by incrementing said bit address by one unit which in turn
      will cause the word address to be incremented by one unit whenever the bit
      address is indicative of a word boundary being transcended;
PA1  h. terminating shifting when the value within said bit counter reaches zero
      thereby leaving the character to be extracted left justified in said first
      shift register;
PA1  i. clearing said second shift register;
PA1  j. loading said bit counter with the number of bits to be extracted;
PA1  k. shifting left the bits in said first shift register while decrementing
      said bit counter by one unit for each left shift thereby separating the
      field to be extracted from said interpretable language string;
PAR  1.  continuing said left shift operation until the count in said bit
      counter reaches zero indicating that the field to be extracted is
      separated and in said second shift register;
PA1  m. interrupting said left shifting whenever said first shift register
      becomes depleted as indicated by the bit trace in said program character
      counter passing through zero, to transfer the new word addressed by said
      program character counter to said first shift register;
PA1  n. restoring the left shifting procedure interrupted until said bit counter
      reaches zero;
PA1  o. transferring the separated right justified character from said second
      shift register to an auxiliary register for further processing;
PA1  p. storing an address table with the characteristic that each entry in said
      table constitutes the starting address for elementary language program;
PA1  q. indexing said table with the contents of said auxiliary register to be
      able to retrieve the starting address of the represented elementary
      language program;
PA1  r. retrieving said starting address; and
PA1  s. outputting said address for use in extracting the elementary language
      codes of said elementary language program as located;
PA1  t. storing in an elementary language character counter a word address and a
      bit group address within said word which identifies the elementary level
      operation code to be extracted from said program;
PA1  u. storing a first and second word in a third and fourth shift registers
      respectively, which words are identified by said word address;
PA1  v. shifting bit groups of the stored words in said third and fourth
      registers and simultaneously incrementing said bit group address in said
      elementary counter;
PA1  w. outputting the elementary level operation code from the fourth register
      when a predetermined shift of said bit groups has occured;
PA1  x. decoding the extracted elementary language operation code; and
PA1  y. executing the elementary operation which is represented by the
      elementary language operation code.
NUM  23.
PAR  23. An inherently microprogrammable high level language processor which
      includes an electrical interconnection with a storage device for executing
      an interpretable language string stored in said storage device wherein
      said string includes machine level operation codes, for executing one of a
      plurality of elementary language programs stored in said storage device,
      each program being represented by a machine level operation code, and each
      program having elementary language codes certain of which having
      parameters associated therewith, said processor comprising:
PA1  a. first extraction means for extracting a machine level operation code via
      said electrical interconnection from said interpretable language string
      stored in said storage device for use in locating the one of the
      elementary language programs stored in said storage device which is
      represented by the extracted code, said first extraction means including a
      register;
PA1  b. second extraction means for extracting an elementary language operation
      code via said electrical interconnection from said one elementary language
      program stored in said storage device including means for extracting
      parameters associated with the extracted one of the elementary language
      operation codes; and
PA1  c. means connecting the parameters associated with the extracted one of
      said codes to said register in said first means for controlling a further
      machine level sequential extraction.
NUM  24.
PAR  24. An inherently microprogrammable high level language processor which
      includes an electrical interconnection with a storage device for executing
      interpretable language string stored in said storage device wherein said
      string includes machine level operation codes, and for executing one of a
      plurality of elementary language programs stored in said storage device,
      each program being represented by a machine level operation code
      comprising:
PA1  a. first extraction means for extracting a machine level operation code via
      said electrical interconnection from said interpretable language string
      stored in said storage device for use in locating the one of the
      elementary language programs stored in said storage device which is
      represented by the extracted code; and
PA1  b. second extraction means for extracting an elementary language operation
      code via said electrical interconnection from said one elementary language
      program stored in said storage device for use in the execution of the
      elementary operation which is represented by the elementary language
      operation code.
NUM  25.
PAR  25. A processor as set forth in claim 1 in which said first extraction
      means is operable to extract any character from said interpretable
      language string.
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ABST
PAL  A programmable logic controller includes a read/write memory for storing
      multi bit instructions which direct computations in the controller in
      response to a programming keyboard module connected to the controller for
      encoding instructions to be stored in controller memory. Keyboard commands
      transfer instructions from the module to said memory in an ordered array.
      Instructions are read from memory serially, cyclically and non
      destructively for operation of the controller. A keyboard insert command
      inserts a new instruction at a designated address in memory and
      sequentially shifts each serially accessed instruction in memory stored at
      an address beyond the designated address to a memory address once removed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hardware implemented system for inserting new
      instructions into a programmed set of instructions in memory in a
      functional sequencer. In a more specific aspect, the invention is related
      to a programmable logic controller having a keyboard module connected
      thereto in which there is provided a shift register for storage of new
      instructions and a counter in which the memory location at which the new
      instruction is to be placed is loaded and is counted down to zero
      beginning at the start of a memory cycle at which time the instruction in
      memory at the desired location is shifted into the shift register
      concomitantly with the shifting of the instruction from the shift register
      to memory followed by circulation through the shift register of all
      subsequent instructions stored in memory.
PAR  The present invention relates generally to devices known as programmable
      logic controllers. Controllers have heretofore been provided to control
      machines, processes, solenoids, motors, etc. Such controllers in general
      have a large number of output storage devices associated therewith, which
      devices are employed to connect power sources to machine elements or
      disconnect the same at times predicated upon conditions in the system and
      the relation of such conditions to a programmed set of instructions stored
      in a memory in the controller. Multiple relay installations have
      heretofore been employed to provide condition dependent control of
      machines or devices powered from alternating current sources. The
      installations have been made by guidance provided through electrical
      circuit diagrams in the form of ladder networks. Several attempts to solve
      problems encountered in simplifying installation procedures and operations
      are found in "Control Engineering", September 1972, page 45 et seq.
PAR  In the use of systems under direction of programmable logic controllers, it
      frequently becomes necessary to make physical changes in the system,
      adding more operative elements which must be controlled by the controller.
      In such controllers, or other functional computers, programmed sets of
      instructions ar stored within memory in response to which computations or
      sequences in the controller are directed. At times it, therefore, becomes
      necessary that the instruction set must be modified by adding an
      instruction somewhere in the programmed set.
PAR  In the computer art generally, the insertion of instructions in a
      programmed set has heretofore been carried out with software. The present
      invention provides a hardware insert function which allows more direct
      modification of the instruction set than with a separate software routine
      and in a manner uniquely and readily carried out without familiarity with
      conventional programming techniques.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a programming
      keyboard module connected to the controller for encoding instructions to
      be stored in a read/write memory in the controller. The keyboard module
      includes a shift register and a counter. A new instruction is manually
      loaded into the shift register. A memory location where it is to be placed
      is loaded into the counter. At the start of the memory cycle, the counter
      begins to count down. When the count reaches zero, the instruction that
      was already in memory at the designated location serially is shifted into
      one end of the shift register. At the same time, the new instruction is
      serially shifted out of the other end of the shift register into the
      designated memory location. Essentially the new and old instruction
      exchange places. The next instruction from memory then passes serially
      through the shift register while the word in shift register is shifted
      into the next memory location. The process is continued until all the
      instructions following the added instruction have been repositioned to the
      next memory location.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will best be understood by reference to
      the following detailed description of an illustrative embodiment taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 illustrates a programmable timer installation;
PAR  FIGS. 1A and 1B illustrate the keyboard switching matrix of FIG. 1;
PAR  FIG. 2 illustrates a typical ladder network representing the system of FIG.
      1;
PAR  FIGS. 3 and 4 illustrate the main section of the sequencer;
PAR  FIG. 5 illustrates the memory sections of the sequencer;
PAR  FIG. 6 illustrates certain of the control elements of the system of FIGS
      3-5;
PAR  FIGS. 7-10 illustrate details of a programming unit employed herein;
PAR  FIGS. 11A-11E are timing diagrams;
PAR  FIG. 12 illustrates the relationships between FIGS. 3 and 4, between FIGS.
      7-10, 11A-11C, and between FIGS. 13 and 14; and
PAR  FIGS. 13 and 14 illustrate the I/O units employed herein.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is directed specifically to a hardware implementation
      conveniently to modify an instruction set stored in memory in a sequencer.
      In a more specific aspect, it involves cooperation between the sequencer
      unit and the keyboard programming unit pursuant to which instructions
      stored in the sequencer memory may be serially read from memory through
      the programming unit and back to memory at addresses which are displaced
      by one address location from the address from which a given instruction
      was read.
PAC  FIG. 1
PAR  FIG. 1 illustrates a programmable logic controller 10 connected by way of a
      plug 398 and a multiconductor cable 399 to an I/O base unit 400 and thence
      by cable 399a to an I/O base unit 401 with a cable 399b extending in the
      direction of arrow 402 to additional I/O units that may be located at any
      desired points. The programmable controller 10 is a hard wired
      self-contained process sequencer and controller which is programmed from a
      plug-in input unit 600. Unit 600 is connected by way of cable 600a through
      a plug 600b to unit 10.
PAR  The I/O base 400 has a plurality of I/O connectors such as connector 409 to
      accommodate different circuit elements. I/O base 401 also has a plurality
      of I/O connectors such as connectors 411 and 414. The connectors are used,
      for example, in the control of an X/Y table 404. A motor 405 drives table
      404 along one axis. A motor 406 drives table 404 along another axis. A
      limit switch 407 is positioned to be actuated when physically engaged by
      table 404. Motor 406 is connected by conductors 408 to output connector
      409 and the I/O base 400. Switch 407 is connected by conductors 410 to
      input connector 411 on T/O base 401. A push-button switch 412 is connected
      by conductors 413 to input connector 414 on base 401.
PAR  Programmable controller 10 is used, for example, to energize motor 406 only
      when both switches 407 and 412 are closed. Such action would be in
      response to control states stored in a memory in unit 10. The memory in
      unit 10 may be loaded with the desired control states by way of the input
      unit 600.
PAR  I/O base 400 in this example provides eight input connectors 400a and eight
      output connectors 400b. Similarly, I/O base 401 provides eight input
      connectors 401a and eight output connectors 401b.
PAC  FIG. 2
PAR  The system operates in response to instruction voltage states loaded in the
      language of ladder networks normally employed in the wiring of power
      control systems. For example, FIG. 2 illustrates a typical ladder network
      wherein limit switch 407 and push-button switch 412 are connected in
      series with motor 406 between power conductors 415 and 416 which are
      included in power cable 397 leading to base 400, FIG. 1. In a similar
      manner, motor 405 is connected in series with like control elements
      between lines 415 and 416. A third circuit connected across lines 415 and
      416 may comprise three switches in parallel leading to a timer 417 and a
      control relay 418 where the timer is operative when any one of the
      switches connected thereto is closed.
PAR  In the embodiment of the invention which is described herein, 256 output
      elements like element 409, and 256 input elements like elements 411 and
      414, may be accommodated. The system illustrated in FIG. 1 provides for
      storing instructions for implementing many paths in a ladder diagram. The
      embodiment is exapandable to accommodate many more elements included in a
      system represented by a ladder diagram. This is accomplished by using in a
      unique manner a nonaddressed push down storage stack for temporary storage
      of intermediate results of programmed manipulations which will operate
      equally well with Boolean equations which may be broken into subgroups and
      each subgroup separately stored in a push down stack and thereafter
      combined to produce final results of the Boolean relationship. While only
      simple ladder elements are illustrated in FIG. 2, the system illustrated
      in FIG. 1 is versatile in that an almost unlimited number of rungs may be
      accommodated in the ladder network with unlimited number of elements in a
      given rung or line.
PAR  The construction employed for controller 10, the I/O bases 400 and 401 and
      the control module 600 will now be described. It will be understood that
      the unit 600 is to be employed only to program a controller. In operation,
      the plug 600b would be inserted only while the desired ladder network is
      being entered into controller 10. Thereafter, plug 600b would be removed
      and unit 600 would be available for use for programming additional
      controllers located elsewhere.
PAC  PROGRAMMABLE CONTROLLER 10 - FIGS. 3-6
PAR  Programmable controller 10 illustrated in FIGS. 3-6 has the following
      distinct functional sections.
PAC  Counter -- Data Register -- FIGS. 3 and 4
PAR  Units 12--15 serve as serial I/O counters when operating in a serial I/O
      mode and as memory instruction registers when operating in a run mode.
      They operate in conjunction with an image register 20 as will hereinafter
      be explained.
PAC  Bit and Instruction Counter -- FIGS. 3 and 4
PAR  Units 36-38 are interconnected to form a bit and instruction counter for
      synchronizing and controlling the sequencing operations in the unit.
PAC  Scan Cycle Counter -- FIG. 3
PAR  A counter 35 serves to count scan cycles that have been completed in order
      to assist timing operations as may be required when timing units such as
      unit 417, FIG. 2, are to be employed.
PAC  Processor -- FIG. 3
PAR  Units 61, 62 and 63 serve as primary processor elements. Element 61 is a
      main decoder and processor ROM. Unit 62 is a timer-counter processor ROM.
      Unit 63 is a timer-counter state storage unit.
PAC  Sync Latch -- FIG. 3
PAR  Through a sync latch 11, a start pulse is transmitted to initiate each
      cycle of the controller. Controller 10 works normally in conjunction with
      devices powered from 110 volt lines 415, 416, FIG. 2. Controller 10
      operates through a complete cycle within the time limits of each half
      cycle of the power voltage. An input sync pulse applied to terminal 11e of
      sync latch 11 is caused to occur at the peak of each half wave of the
      power voltage.
PAR  Upon generation of each sync pulse, signals indicating the states of all of
      the control elements in the ladder network, such as switches 407, 412,
      etc., FIG. 2, are read into the controller and stored in the image
      register 20 by way of a data input AND gate 17. After reading data in,
      newly generated control states are fed out of controller 10 by way of
      cable 399, one circuit of which leads from data out NAND gate 18.
      Thereafter, all instructions in memory 25-28 or 30-33, FIG. 5, are
      reviewed and new output data is created. The cycle is thus completed and
      the controller waits for the next peak in the power voltage to initiate
      another controller cycle.
PAR  Output data from gate 18 is stored in shift register memories in units 400,
      401, etc., FIG. 2. Such memories, in the form of dual output registers,
      store output data which establishes control conditions for a given time
      interval as will be explained in connection with FIGS. 13 and 14. During
      such interval, new output data is stored in the other part of the dual
      output register.
PAR  Control is shifted from data in one half of the output register to data in
      the other half of the output register upon each zero crossing of the power
      voltage waveform.
PAC  Push Down Stack - FIG. 3
PAR  Unit 80 is a one bit word width push-down stack. Results of logical
      calculations made by other parts of the controller are stored in this
      push-down stack. The results may be retrieved at will in the opposite
      order to which they were stored. The length of the push-down stack 80 in a
      practical sense may be unlimited, with adequate units connected in tandem
      to accommodate any reasonable number of results to be stored. The
      intermediate results in the sequencing operations can be retrieved from
      the push-down stack 80 for combination with other sequencing calculation
      results.
PAC  Memory Section - FIG. 5
PAR  The memory section includes a random access memory (RAM) comprising four
      RAM units 25-28 and a programmable read only memory (PROM) comprising PROM
      units 30-33. Each of the RAMs 25-28 has a storage capacity of 1,024 bits
      with ten input control lines so that one bit may be read out at a time.
      The PROMs 30-33 have eight input control lines for outputting four bits in
      parallel at any time. RAMs 25-28 thus provide for the storage of 256
      sixteen bit instructions. The instructions may be stored in RAMs 25-28 by
      use of unit 600 when NAND gate 24 is enabled. The line 23 is the memory
      data input line and must be enabled for flow of data to RAMs 25-28.
      Alternatively, 256 instructions may be stored in PROM units 30-33.
PAR  It will be noted that in FIG. 5 both the RAM units 25-28 and the PROM units
      30-33 are shown in place. The RAM 25 and PROM 30 are actually connected
      for parallel operation and thus occupy the same position in the system.
      One or the other but not both would be used. The same is true of RAM 26
      and PROM 31, of RAM 27 and PROM 32, and of RAM 28 and PROM 33. Thus, while
      redundancy is actually shown in FIG. 5, only four memory units will be
      employed in the embodiment here described with any desired combination of
      RAMs and PROMs.
PAR  The instructions storedin RAMs 25-28 may be altered by use of unit 600 in
      the ordinary course of operation to insert new instructions or change an
      existing instruction. In contrast, PROMs 30-33 are fixed and cannot be
      altered through use of unit 600. In the case of both RAMs 25-28 and PROMs
      30-33, instructions are read out in the form of 16 one-bit control states
      and are read out serially by way of a gate 34.
PAR  Before describing the system in any further detail, a gross description of
      the desired operation will be briefly presented.
PAR  The system is sequenced through three modes, (a) wait, (b) serial I/O and
      (c) run.
PAR  The wait mode: The system is quiescent awaiting the next occurrence of a
      peak in the a.c. 60 cycle power voltage. When a peak occurs, a sync pulse
      if generated which initiates operation, each cycle being completed prior
      to the occurrence of the next peak.
PAR  The serial I/O mode: This mode is initiated by the appearance of the sync
      pulse. Three separate stages are involved in the serial I/O mode. During
      the first stage, the state of all of the input units (407, 412) on units
      400, 401, FIG. 1, are read in and stored in image register 20. In the
      particular embodiment here described, image register 20 has 1,024 bits of
      storage. The input section of the image register 20 is limited to 256
      bits. Therefore, as many as 256 input units can be accommodated and the
      states thereof read into image register 20.
PAR  During the second stage, a serial out operation takes place wherein the 512
      bits centrally stored in image register 20 are read out serially. The 512
      central locations are used to store flags used internally in the system
      and made available to any external device that may require use of such
      flags. No specific use is described herein but storage of such flags is
      part of operation and read out thereof is part of the second stage
      function. They are included in the serial I/O mode as an intermediate
      series of steps.
PAR  During the third stage, the last 256 bits in the image register 20 are read
      out and transmitted over cable 399, FIG. 1, for storage in units 400, 401,
      etc.
PAR  The information stored in the last 256 bits of register 20 is information
      produced during the previous cycle of operation and more particularly
      during the run mode of the previous cycle.
PAR  The run mode: In the run mode, instructions stored in memories 25-28 and/or
      30-33 are executed by the system on the input data stored in the first 256
      bits of the image register 20.
PAR  At this point it will be helpful to understand that in each of the units
      400, 401, etc. there is included a parallel input serial output shift
      register having one bit for each input connector (411) associated with a
      given base, such as base 401. There is also included a serial input
      parallel output shift register, each having one bit for each output
      connector (409) associated with a given base, such as base 400. The shift
      registers in bases 400, 401, etc. are interconnected in tandem so that
      during the serial-in portion of the serial I/O mode, the states of all of
      the input units (407, 412) are read in serially through cable 399 into the
      image register 20. Thus, the bits stored in the first 256 locations in
      image register 20 represent the states of control elements such as
      switches 407 and 412, FIG. 2, at the instant that the serial I/O portion
      of the scan cycle takes place. At the end of the serial I/O mode, the
      states to which the output units, such as motors 405 and 406, are to
      assume are read out into the serial-in, parallel-out registers and there
      stored for application through control means to be applied to the output
      units.
PAR  With the foregoing understanding, details of the construction of the system
      shown in FIGS. 3-6 will now be described, following which the operation
      will be set out.
PAC  Controller -- FIGS. 3 and 4
PAR  A NAND gate 11a in latch 11 is connected by way of line 81 to the clear
      input terminals of each of the units 13-15 and to the input of an RUN
      flip-flop 21. A pulse on line 81 is a cycle enable pulse initiating
      operation of the system at each peak of the power voltage.
PAR  The Q output of flip-flop 21 is connected by way of line 82 to the load
      input terminal of each of the units 12-15 and to the control terminal of
      AND gate 17. The Q output of unit 21 is connected by way of line 83 to the
      control terminal of an AND gate 17a. Gates 17 and 17a are connected to the
      inputs of a NOR gate 17b which leads by way of inverter 17c and AND gate
      17d to the data input terminal of the image register 20. The data output
      terminal of register 20 is connected by way of line 84 to a data input
      terminal A of the main decoder and processor ROM 61 with the output on
      line 85 leading back through the data input terminal of AND gate 17a as
      well as to the D input terminal of a D flip-flop 86 which will be referred
      to herein as the active indicator or AI. The Q output terminal of AI
      flip-flop 86 is connected by line 87 to the data input terminal of
      push-down stack 80 as well as to the input terminal B or ROM 61.
PAR  Returning now to the RUN flip-flop 21, the Q output terminal is connected
      by way of line 83 to an enable input terminal and to a clear input
      terminal of each of counters 36, 37 and 38. The carry output terminal of
      counter 36 is connected by way of AND gate 88 to a second enable terminal
      of counter 37 whose carry output is connected by line 89 to a second
      enable terminal of counter 38. The carry ouput line of counter 39 is
      connected by way of line 52 to a second enable terminal of counter 36 and
      to a NAND gate 90. The carry output terminal of counter 36 is connected by
      way of an exclusive OR gate 91 to a second input of NAND gate 90.
      Exclusive OR gate 91 has a control line 92 leading from a flip-flop 93,
      FIG. 6, over which there is supplied a control voltage which is a time
      gate of length during which a word may be written into any one of the four
      RAMs 25-28. NAND gate 90 has a third input line 94 to which there is
      supplied a control voltage from a flip-flop 95, FIG. 6, to provide a
      SERIAL IN gate pulse. NAND gate 90 is connected to the load terminal of
      counter 39. The clear terminal of counter 39 and of flip-flop 21 are
      supplied from a NAND gate 21a.
PAR  The output lines K2, KQD, K3-K14 are lines which are included in a cable 40
      leading to the sites of RAMs 25-28 and PROMs 30-33. Output line K14 from
      counter 38 is connected by way of inverter 96 to the clock input terminal
      of counter 35. The output of inverter 96 is connected by way of inverter
      97 and by parallel conductor 98 to the two inputs to NAND gate 11d. The
      output of NAND gate 11d is a SCAN COMPLETE signal applied to NAND gate 11b
      to reset the latch 11 in ccondition for receipt of the next sync pulse
      applied to the input terminal 11e.
PAR  An oscillator 50 is connected by way of line 51 to the clock input terminal
      of counter 39. Oscillator 50 operates at approximately 8 mHz. It is shown
      in more detail in FIG. 6.
PAR  The output lines from the counter-register units 12-15 are identified as
      lines BO-B15, there being sixteen output bits. Lines BO-B7 are connected
      by way of exclusive OR gates 100-107, respectively, to the AO-A7 inputs of
      image register 20. The second inputs of exclusive OR gates 100-107 are
      connected to line 108 which, when high, inverts the adresses to register
      20. The clock input terminals of each of the units 12-15 is supplied from
      a NAND gate 109.
PAR  States on lines B8-B11 from register 13 are employed as control-timing
      functions as will be described in connection with FIG. 11A.
PAR  Lines B12-B15 are connected to four input terminals E-H, respectively, of
      ROM 61 to apply the desired OP codes to processor 61. ROM 61 has two
      terminals XX which are enable terminals. The upper terminal X is connected
      to the output of a NAND gate 120 whose output is also connected to an
      enable terminal S/L (shift/load) of four bit counter 63 and, by line 121
      to an inverter 122 which leads by way of a NAND gate 123 to the clock
      input terminal of push down stack 80. The second enable terminal X of ROM
      61 is supplied from the bit 0 line 124.
PAR  Data input terminal A or ROM 61 is connected by way of line 84 to the
      output of the image register 20. Input line D is supplied by way of the
      carry (CRY) line 125 leading from counter 35. B input terminal is
      connected by way of line 87 leading from the Q terminal of the active
      indicator flip-flop 86. The C input terminal is connected by way of line
      127 from the output terminal of push down stack 80.
PAR  Processor ROM 61 has four output terminals Y1-Y4: (i) Terminal Y1 is
      connected by way of line 85 to the D input terminal of the active
      indicator 86 and to AND gate 17a; (ii) Terminal Y2 is connected by way of
      line 128 to one input of each of NAND gates 123 and 129. The output of
      NAND gate 129 is connected by line 130 to the clock input terminal of
      active indicator 86. NAND gates 123 and 129 are each supplied by the
      output of a NAND gate 131 whose inputs are supplied by way of a write
      pulse line 132 and bit 0 line 124; (iii) Terminal Y3 is connected to
      AIQ(MCR or JUMP) line 133; and (iv) Terminal Y4 is connected by way of
      increment line 134 to the input pin 6 of the four bit counter 63.
PAR  ROM 62 has four output terminals Y1-Y4: (i) Terminal Y1 is connected to
      line 85 and thus parallels the Y1 output terminal of ROM 61; (ii) Terminal
      Y2 of ROM 62 is connected by way of line 135 to the data input terminal of
      register 12; (iii) Terminal Y3 of ROM 62 appears on memory write data line
      23; and (iv) Terminal Y4 of ROM 62 is connected to the D input terminal of
      a flip-flop 137 which serves as a carry flip-flop for processor 62.
PAR  The Q output terminal of flip-flop 137 is connected to the D input terminal
      of ROM 62. The A input terminal of ROM 62 is supplied by a line 138. The B
      input terminal of ROM 62 is supplied by the B0 output of register 15 as
      above described. The C input terminal of ROM 62 is supplied by WAF line
      139. The input terminals H, G and E of ROM 62 are connected from the A, B
      and C output terminals, respectively, of counter 63. The F input terminal
      of ROM 62 is supplied by the EF line 140 which results from NANDing
      counter outputs K4, K5 and K6 in NAND gate 136. The D output terminal of
      counter 63 appears on a D output line 141 which leads FIG. 5. The enable
      terminal P of counter 63 is supplied by way of a NAND gate 142, one
      terminal of which is supplied by way of ROM line 143. The other input to
      NAND gate 142 is supplied by external load line 144. The external load
      line 144 is also connected to the enable terminal CE of image register 20.
PAR  It will be noted that the gates clock line 110 is connected to the clock
      input terminals of each of the registers 12-15, to the clock input
      terminal of the carry register 137, and to the clock input terminals of
      counters 36-38.
PAR  A write pulse line 132 is connected to one of the three inputs of NAND
      gates 109 for controlling application of clock pulses to line 110.
PAR  Data read from memories 25-28 and/or 30-33 appear on memory read data line
      146 which is connected to AND gate 147. The output of AND gate 147 is
      connected by way of NOR gate 148 and line 149 to the input of an AND gate
      150. The second input of AND gate 150 is supplied from a NAND gate 151,
      one input of which is supplied from the B output terminal of counter 63.
      The other input of NAND gate 151 is supplied from the A output terminal of
      counter 63 by way of an inverter 152. The output of AND gate 150 is
      applied to NOR gate 153 whose output is connected by way of inverter 154
      to the line 138 which leads to the A input terminal of ROM 62.
PAR  The output of NAND gate 151 is also connected by way of inverter 155 to one
      input of an AND 156. The second input of AND gate 156 is derived from the
      output line 127 leading from the push down stack 80. The output of AND
      gate 156 is then connected to the second input of NOR gate 153.
PAR  A bit zero delay line 157 is connected to terminal 2 of counter 63.
PAR  A battery low line 158 is connected to one input of NAND gate 18 which is
      in the flow path of data out of the image register 20. The third input to
      NAND gate 18 is supplied by way of the start up line 159.
PAR  Lines A8 and A9 are connected to inputs 9 and 10 of image register 20. An
      image register gated write pulse (IRGWP) line 160 is connected to the R/W
      input terminal of image register 20.
PAR  Serial data output line 165 extends by way of an inverter 166 from NAND
      gate 18.
PAR  Counter output lines K3-K14 lead to FIG. 5. Register output lines B0-B11
      lead to FIG. 6 along with lines K2 and KQD. Lines K0 and K1 are not used.
PAR  A NAND gate 166 supplies an I/O clock signal on line 167. The inputs to
      NAND gate 166 comprise a Q output of flip-flop 21 and the gated clock
      signal on line 110 leading from NAND gate 109.
PAR  The Q output of flip-flop 21 is connected by way of inverter 168 to the run
      line 169 which leads to the program panel 600.
PAR  The output of NAND gate 11b is connected by way of inverter 170 to the
      cycle enable line 171.
PAR  It was previously noted that external load line 144 was connected to AND
      gate 147. Line 144 is also connected by way of inverter 172 to one input
      of an AND gate 173. The output of AND gate 173 is connected to NOR gate
      148. The second input of AND gate 173 is supplied by the program panel
      data input line 174.
PAC  FIG. 5
PAR  FIG. 5 illustrates the main memory of the system. It includes the
      previously identified RAMs 25-28 and PROMs 30-33. Again it will be noted
      that in this embodiment four memory units are employed. The four may
      comprise any combination of units 25 and 30, units 26 and 31, units 27 and
      32, and units 28 and 33. One set of four would consist of units 25-28. A
      different set would consist of units 25-27 and unit 33. Another would
      comprise units 25, 26, 32 and 33, etc.
PAR  Counter output lines K4-K14 are connected to address input terminals of the
      memory units 25-28 and 30-33. Lines K3-K12 are connected to the A0-A9
      inputs of units 25-28. Lines K5-K12 are connected to the A0-A7 address
      inputs of units 30-33. Lines K13 and K14 are connected to the A and B
      inputs of a data selector 175. Selector 175 has output select lines
      180-183 which enable PROMs 30-33, respectively. Data selector 177 has
      output enable lines 185-188 which enables units 25-28, respectively. Units
      175 and 177 form a single unit known as a demultiplexer. A muliplexer unit
      190 has inputs A and B connected to lines K3 and K4, respectively. Each of
      units 30-33 has four output lines Y1-Y4. Output lines Y1-Y4 are connected
      parallel to a four output line bus 191 leading to inputs IC0-IC3 of
      multiplexer 190. A single output line 192 then leads to a flip-flop 193,
      the clock input terminal of which is supplied by line K2. The output line
      194 from flip-flop 193 is connected to output gate 34 whose output leads
      to the memory read data line 146 and by way of inverter 196 to the memory
      read data line 197. Data on line 146 is employed by sequencer 10. Data on
      line 197 is employed by program panel 600.
PAR  The data output line 198 leading from the data output terminals of all of
      the memory units 25-28 is connected to the second input of NAND gate 34.
PAC  FIG. 6
PAR  FIG. 6 illustrates logic elements employed to produce control states and
      timing states for operation of sequencer 10 as thus far described.
PAR  A master control relay and jump unit 210 includes two four bit counters 211
      and 212. Lines B0-B3 from register 15, FIG. 4, are connected to counter
      211. Lines B4-B7 are connected as inputs to counter 212.
PAR  Counters 211 and 212 are up/down counters. The output of counter 211 is
      connected to the down input terminal of counter 212. The output of counter
      212 is connected to the clear input terminal of a flip-flop 213 and to the
      preset input terminal of a flip-flop 214. The Q output terminal of
      flip-flop 213 is connected to the clock input terminal of flip-flop 214
      and to one input of a NAND gate 215 as well as to the load terminals of
      counters 211 and 212. The Q output terminal of flip-flop 213 is connected
      to one input of a NAND gate 216, the output of which is connected to the D
      input terminal of flip-flop 213. The Q output terminal of flip-flop 213 is
      also the counting output line 217. The line B14 is connected to the D
      input terminal of flip-flop 214. The cycle enable line 171 is connected to
      the clear terminals of counters 211 and 212. The sequencer output line 128
      leading from the Y2 terminal of ROM 61 is connected to one input of NAND
      gate 215 and to one input of a NAND gate 218. The second input of NAND
      gate 218 is supplied from the Q output terminal of a flip-flop 95. The Q
      output terminal of flip-flop 95 supplies the signal on serial in line 94.
      The clear input terminal of flip-flop 95 is supplied by the END CYCLE
      signal on line 163 which is the output of NAND gate 21a, FIG. 3.
PAR  MCR + JUMP unit 210 serves to provide an output signal at the Q terminal of
      flip-flop 213 which controls whether or not the system is operating in a
      jump mode or a master control relay (MCR) mode. Flip-flop 213 indicates
      MCR or JMP mode whereas flip-flop 214 indicates JUMP only. If the Q
      terminal of flip-flop 214 is low, then the system is operating in a jump
      mode.
PAR  The Q output of flip-flop 214 is connected to one input of a NAND gate 220,
      the output of which appears on line 160. The clock input terminal of
      flip-flop 95 is supplied to the B8 line. The MCR + JUMP unit 210 thus is
      comprised of counters 211, 212, flip-flops 213, 214, flip-flop 95, and
      gate 220 as major components to generate the signals on lines 160 and 217.
PAR  Input line B8 is connected by way of an inverter 221 to one input of a NAND
      gate 222. The output of NAND gate 222 is connected to one input of NAND
      gate 223 which supplies the second input to exclusive OR gate 203. The
      second input to both of NAND gates 222 and 223 as well as exclusive OR
      gate 202 is supplied by way of the B11 line. The third input terminal to
      NAND gate 222 is supplied by way of the B10 line. The second input to the
      exclusive OR gate 203 is supplied by the B9 line.
PAR  A run line 82 is connected to one input of the NAND gate 200. The output of
      NAND gate 200 is connected by way of inverter 201 to the INVERT-ON-ONE
      line 108. The second input of NAND gate 200 is supplied by way of the B8
      line which is connected through an exclusive OR gate 202 to NAND gate 200.
      The output of the exclusive OR gate 202 appears on the A8 line. The A9
      line signal is produced at the output of an exclusive OR gate 203 which is
      also connected as the third input to NAND gate 200.
PAR  The circuit leading to WAF line 130 includes an AND/OR invert gate 224, an
      inverter 225, flip-flop 226 and inverter 227. This circuit serves the
      purpose of multiplexing the AIQ signal on line 87 and the signal on the
      B15 line. The B15 line is connected to the D input of flip-flop 226. The
      bit 0 pulse line 126 is connected to the clock terminal of flip-flop 226.
      The D line leading from counter 63 is connected to the input of inverter
      227 and thence to preset terminal of flip-flop 226. The Q output terminal
      of flip-flop 226 is connected to one AND gate of unit 224. The B output
      terminal from counter 63 is connected to inverter 225 whose output is
      connected to the second AND gate of unit 224 and to the second terminal of
      the first AND gate of unit 224. The AIQ line 87 is connected to the second
      AND gate of unit 224.
PAR  A write pulse on line 145 is produced by use of flip-flop 230 which has the
      KQD line from counter 39 connected to the D input terminal and the K2 line
      from counter 39 connected to the clock terminal. The Q output terminal of
      flip-flop 230 is connected to the write pulse line 145.
PAR  The Q output terminal of flip-flop 230 is connected to a third input of
      NAND gate 220 and to one input of a NAND gate 231. The output of NAND gate
      231 is the CPU3 line 232 which is employed in unit 600, FIG. 1. Line 233
      leading from the carry output of counter 36 is connected to the D input
      terminal of a flip-flop 237. The clock input terminal of flip-flop 237 is
      supplied by the gated clock output line 110. The Q output of flip-flop 237
      is connected to the second input terminal of NAND gate 231. The third
      input terminal of gate 231 is supplied by the KQD output of gate 39 by way
      of inverter 238.
PAR  The outputs A and B from unit 63, together with the external load line 144,
      are employed to generate a RITED signal on line 239 and a ROM LOAD signal
      on line 143. Lines A and B are connected by way of an exclusive OR gate
      240 and an inverter 241 to line 143. The output of inverter 241 is also
      connected to one input terminal of a NAND gate 242, the second input of
      which is the external load line 144. The output of NAND gate 242 is
      connected to one input of the NAND gate 243, the output of which is the
      RITED line 239.
PAR  The output of NAND gate 243 is connected by way of line 239a to the D input
      terminal of flip-flop 93. The clock input terminal of flip-flop 93 is
      supplied from the Q output terminal of flip-flop 237. The Q output of
      flip-flop 93 is the RITEFF line 92 which is connected to the second input
      of NAND gate 243. The Q output terminal of flip-flop 93 is the complement
      of the signal on line 92a.
PAR  The Q output of flip-flop 237 also appears as the BIT 0 output line 124.
      The BIT 0 signal on line 124 is provided as a BIT 0 DELAY signal on line
      157 by use of a flip-flop 244. The D input terminal of flip-flop 244 is
      connected to the Q output terminal of flip-flop 237. The clock input
      terminal of flip-flop 244 is supplied by the K2 line leading from counter
      39. The Q output terminal of flip-flop 244 is then connected to the output
      line 157 and by way of line 157a to the clock input terminal of flip-flop
      213.
PAR  Provision is made in this system for anticipated failure of the power
      supplying the system and the operative elements controlled by unit 10. The
      point of concern has to do with the battery 250 which supplies power to
      the RAM memory power circuit represented by block 251. The RAM memory
      circuits are those illustrated as units 25-28 of FIG. 5. In the circuit
      illustrated in FIG. 6, battery 250 is charged from a power supply deriving
      its energy from an a.c. power line. Charging current obtained, supplied at
      terminal 252 passes by way of a transistor 253 to the battery 250. The
      circuit operates such that if the alternating current power fails and the
      voltage of battery 250 is below a preset level, then gate 18 of FIG. 4 is
      inhibited from reading out any of the data to the units 400, 401, etc. and
      all of the output elements in units 400 and 401 would be forced to a safe
      condition pending reestablishment of the alternating current power.
PAR  The voltage of battery 250 is compared in an amplifier 254 against the
      reference voltage on line 255. When the power fails, the voltage on line
      255 goes to zero. If the voltage across battery 250 is not above a preset
      level represented by the voltage on line 255, then the output on line 255a
      goes high which turns on a light emitting diode 256 to signal low battery
      voltage. Line 255 is connected to one input of a NAND gate 257 which with
      gate 258 forms a latch. The output line 259 from latch 257, 258 is
      connected by way of gate 260 which leads to batt low line 158.
PAR  A power on clear circuit 261 includes a Schmitt trigger NAND gate 262 which
      is connected by way of inverter 263 to a second input of NAND gate 258.
      The input to the Schmitt trigger 262 is supplied from the terminal 264. A
      capacitor 265 charges up slowly when the power having failed comes back
      on. The charging current flows through a resistor 266. The power on clear
      circuit 261 forces the output terminal of gate 258 high which turns the
      transistor 253 off and thus prevents battery 250 from being charged
      momentarily or at least long enough that the comparison can be made to
      determine whether or not battery 250 is dead. If the battery is dead, the
      system will not be permitted to be in operation automatically and
      unattended following restoration of the power to the system.
PAR  A start up switch 270 is adapted to connect the input of an inverter 271 to
      ground or the input of an inverter 272 to ground depending upon its
      position. When the input to inverter 271 is grounded, the START UP line
      159 is also grounded. This prevents data from passing through gate 18.
      When switch 270 is in the other position, grounding the input to inverter
      272, line 159 is high which serves to enable gate 18.
PAR  An output line 273 is provided for transmitting a gated clock signal PPGC
      to unit 600, FIG. 1. Clock signal PPGC is provided at the output of a NAND
      gate 274 having one input connected to the Q terminal of flip-flop 93, a
      second terminal connected to the gated clock line 110 which passes through
      an inverter 275. The third input to gate 274 is the RUN line 82.
PAR  In this embodiment, processor 61 has been described as a read only memory
      (ROM). The particular unit employed was of the type H PROM 1-1024-5B
      hereinafter more fully identified in Table VII. ROM 61 was programmed in
      accordance with the following table.
TBL                TABLE I                                                     
     ______________________________________                                    
     PROM 61                                                                   
     Hex      Outputs     Hex         Outputs                                  
     Add.     Y.sub.4                                                          
                    Y.sub.3                                                    
                          Y.sub.2                                              
                              Y.sub.1                                          
                                  Add.      Y.sub.4                            
                                                Y.sub.3                        
                                                    Y.sub.2                    
                                                        Y.sub.1                
     ______________________________________                                    
      0       1     0     1   0   30        1   1   0   0                      
      1       1     0     1   0   31        1   1   0   0                      
      2       1     1     1   1   32        1   1   0   1                      
      3       1     1     1   1   33        1   1   0   1                      
      4       1     0     1   0   34        1   1   0   0                      
      5       1     0     1   0   35        1   1   0   0                      
      6       1     1     1   1   36        1   1   0   1                      
      7 NOP   1     1     1   1   37 OUT    1   1   0   1                      
      8 JMP   1     0     1   0   38        1   1   0   0                      
      9       1     0     1   0   39        1   1   0   0                      
      A       1     1     1   1   3A        1   1   0   1                      
      B       1     1     1   1   3B        1   1   0   1                      
      C       1     0     1   0   3C        1   1   0   0                      
       D      1     0     1   0   3D        1   1   0   0                      
      E       1     1     1   1   3E        1   1   0   1                      
      F       1     1     1   1   3F        1   1   0   1                      
     10       1     1     1   0   40        1   0   1   0                      
     11       1     1     1   1   41        1   0   1   0                      
     12       1     1     1   0   42        1   1   1   1                      
     13       1     1     1   1   43        1   1   1   1                      
     14       1     1     1   0   44        1   0   1   0                      
     15       1     1     1   1   45        1   0   1   0                      
     16       1     1     1   0   46 INV    1   1   1   1                      
     17 LOAD  1     1     1   1   47 &      1   1   1   1                      
     18 (ST)  1     1     1   0   48 MCR    1   0   1   0                      
     19       1     1     1   1   49        1   0   1   0                      
     1A       1     1     1   0   4A        1   1   1   1                      
     1B       1     1     1   1   4B        1   1   1   1                      
     1C       1     1     1   0                                                
     4C       1     0     1   0                                                
     1D       1     1     1   1   4D        1   0   1   0                      
     1E       1     1     1   0   4E        1   1   1   1                      
     1F       1     1     1   1   4F        1   1   1   1                      
     20       1     1     1   0   50        1   1   1   1                      
     21       1     1     1   0   51        1   1   1   0                      
     22       1     1     1   1   52        1   1   1   1                      
     23       1     1     1   1   53        1   1   1   0                      
     24       1     1     1   0   54        1   1   1   1                      
     25       1     1     1   0   55        1   1   1   0                      
     26       0     1     1   1   56        1   1   1   1                      
     27       0     1     1   1   57        1   1   1   0                      
     28 CTR   1     1     1   0   58 LOAD   1   1   1   1                      
     29       1     1     1   0   59 (ST)   1   1   1   0                      
     2A       1     1     1   1   5A        1   1   1   1                      
     2B       1     1     1   1   5B        1   1   1   0                      
     2C       1     1     1   0   5C        1   1   1   1                      
     2D       1     1     1   0   5D        1   1   1   0                      
     2E       0     1     1   1   5E        1   1   1   1                      
     2F       0     1     1   1   5F        1   1   1   0                      
     60       1     1     1   0   90        1   1   1   0                      
     61       1     1     1   0   91        1   1   1   0                      
     62       1     1     1   1   92        1   1   1   0                      
     63       1     1     1   1   93        1   1   1   0                      
     64       1     1     1   0   94        1   1   1   0                      
     65       1     1     1   0   95        1   1   1   0                      
     66       1     1     1   1   96        1   1   1   1                      
     67       1     1     1   1   97        1   1   1   1                      
     68 TMR   1     1     1   0   98 AT     1   1   1   0                      
     69       1     1     1   1   99        1   1   1   0                      
     6A       1     1     1   1   9A        1   1   1   0                      
     6B       1     1     1   1   9B        1   1   1   0                      
     6C       1     1     1   0   9C        1   1   1   0                      
     6D       1     1     1   0   9D        1   1   1   0                      
     6E       0     1     1   1   9E        1   1   1   1                      
     6F       0     1     1   1   9F        1   1   1   1                      
     70       1     1     0   1   A0        1   1   1   0                      
     71       1     1     0   1   A1        1   1   1   1                      
     72       1     1     0   0   A2        1   1   1   1                      
     73       1     1     0   0   A3        1   1   1   1                      
     74       1     1     0   1   A4        1   1   1   0                      
     75       1     1     0   1   A5        1   1   1   1                      
     76       1     1     0   0   A6        1   1   1   1                      
     77       1     1     0   0   A7        1   1   1   1                      
     78 OUTC  1     1     0   1   A8 OB     1   1   1   0                      
     79       1     1     0   1   A9        1   1   1   1                      
     7A       1     1     0   0   AA        1   1   1   1                      
     7B       1     1     0   0   AB        1   1   1   1                      
     7C       1     1     0   1   AC        1   1   1   0                      
     7D       1     1     0   1   AD        1   1   1   1                      
     7E       1     1     0   0   AE        1   1   1   1                      
     7F       1     1     0   0   AF        1   1   1   1                      
     80       1     1     1   0   B0        1   1   1   0                      
     81       1     1     1   0   B1        1   1   1   0                      
     82       1     1     1   0   B2        1   1   1   1                      
     83       1     1     1   1   B3        1   1   1   1                      
     84       1     1     1   0   B4        1   1   1   1                      
     85       1     1     1   0   B5        1   1   1   1                      
     86       1     1     1   0   B6        1   1   1   1                      
     87       1     1     1   1   B7 OT     1   1   1   1                      
     88 AB    1     1     1   0   B8        1   1   1   0                      
     89       1     1     1   0   B9        1   1   1   0                      
     8A       1     1     1   0   BA        1   1   1   1                      
     8B       1     1     1   1   BB        1   1   1   1                      
     8C       1     1     1   0   BC        1   1   1   1                      
     8D       1     1     1   0   BD        1   1   1   1                      
     8E       1     1     1   0   BE        1   1   1   1                      
     8F       1     1     1   1   BF        1   1   1   1                      
     C0       1     1     1   0   E0        1   1   1   1                      
     C1       1     1     1   0   E1        1   1   1   0                      
     C2       1     1     1   1   E2        1   1   1   1                      
     C3       1     1     1   0   E3        1   1   1   1                      
     C4       1     1     1   0   E4        1   1   1   1                      
     C5       1     1     1   0   E5        1   1   1   0                      
     C6       1     1     1   1   E6        1   1   1   1                      
     C7       1     1     1   0   E7        1   1   1   1                      
     C8 ABC   1     1     1   0   E8 OBC    1   1   1   1                      
     C9       1     1     1   0   E9        1   1   1   0                      
     CA       1     1     1   1   EA        1   1   1   1                      
     CB       1     1     1   0   EB        1   1   1   1                      
     CC       1     1     1   0   EC        1   1   1   1                      
     CD       1     1     1   0   ED        1   1   1   0                      
     CE       1     1     1   1   EE        1   1   1   1                      
     CF       1     1     1   0   EF        1   1   1   1                      
     D0       1     1     1   0   F0        1   1   1   1                      
     D1       1     1     1   0   F1        1   1   1   1                      
     D2       1     1     1   1   F2        1   1   1   1                      
     D3       1     1     1   1   F3        1   1   1   1                      
     D4       1     1     1   0   F4        1   1   1   0                      
     D5       1     1     1   0   F5        1   1   1   0                      
     D6       1     1     1   0   F6        1   1   1   1                      
     D7       1     1     1   0   F7        1   1   1   1                      
     D8 ATC   1     1     1   0   F8 OTC    1   1   1   1                      
     D9       1     1     1   0   F9        1   1   1   1                      
     DA       1     1     1   1   FA        1   1   1   1                      
     DB       1     1     1   1   FB        1   1   1   1                      
     DC       1     1     1   0   FC        1   1   1   0                      
     DD       1     1     1   0   FD        1   1   1   0                      
     DE       1     1     1   0   FE        1   1   1   1                      
     DF       1     1     1   0   FF        1   1   1   1                      
     ______________________________________                                    
PAR  Time control 62 also ia a ROM. It was of the type H PROM 1-1024-5B
      hereinafter more fully identified in Table VII. ROM 62 was programmed in
      accordance with Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     PROM 62                                                                   
     Hex   Outputs         Hex     Outputs                                     
     Add.  Y.sub.4                                                             
                  Y.sub.3                                                      
                         Y.sub.2                                               
                              Y.sub.1                                          
                                   Add.  Y.sub.4                               
                                              Y.sub.3                          
                                                   Y.sub.2                     
                                                        Y.sub.1                
     ______________________________________                                    
      0    1      0      0    0    20    1    0    0    0                      
      1    1      0      1    0    21    1    0    1    0                      
      2    1      1      0    0    22    1    1    0    0                      
      3    1      1      1    0    23    1    1    1    0                      
      4    1      0      0    1    24    1    0    0    1                      
      5    1      0      1    1    25    1    0    1    1                      
      6    1      1      0    1    26    1    1    0    1                      
      7    1      1      1    1    27    1    1    1    1                      
      8    1      0      0    0    28    1    0    0    0                      
      9    1      0      1    0    29    1    0    1    0                      
      A    1      1      0    0    2A    1    1    0    0                      
      B    1      1      1    0    2B    1    1    1    0                      
      C    1      0      0    1    2C    1    0    0    1                      
      D    1      0      1    1    2D    1    0    1    1                      
      E    1      1      0    1    2E    1    1    0    1                      
      F    1      1      1    1    2F    1    1    1    1                      
     10    1      0      0    0    30    1    0    0    0                      
     11    1      0      1    0    31    1    0    1    0                      
     12    1      1      0    0    32    1    1    0    0                      
     13    1      1      1    0    33    1    1    1    0                      
     14    1      0      0    1    34    1    0    0    1                      
     15    1      0      1    1    35    1    0    1    1                      
     16    1      1      0    1    36    1    1    0    1                      
     17    1      1      1    1    37    1    1    1    1                      
     18    1      0      0    0    38    1    0    0    0                      
     19    1      0      1    0    39    1    0    1    0                      
     1A    1      1      0    0    3A    1    1    0    0                      
     1B    1      1      1    0    3B    1    1    1    0                      
     1C    1      0      0    1    3C    1    0    0    1                      
     1D    1      0      1    1    3D    1    0    1    1                      
     1E    1      1      0    1    3E    1    1    0    1                      
     1F    1      1      1    1    3F    1    1    1    1                      
     State 0                                                                   
     40    0      0       0   0    60    0    0    0    0                      
     41    0      0      0    0    61    0    0    0    0                      
     42    0      1      0    0    62    0    1    0    0                      
     43    0      1      0    0    63    0    1    0    0                      
     44    0      0      0    1    64    0    0    0    1                      
     45    0      0      1    1    65    1    0    1    1                      
     46    0      1      0    1    66    0    1    0    1                      
     47    0      1      1    1    67    0    1    1    1                      
     48    1      0      0    0    68    0    0    0    0                      
     49    1      0      0    0    69    0    0    0    0                      
     4A    1      1      0    0    6A    0    1    0    0                      
     4B    1      1      0    0    6B    0    1    0    0                      
     4C    1      0      0    1    6C    1    0    0    1                      
     4D    1      0      1    1    6D    1    0    1    1                      
     4E    1      1      0    1    6E    0    1    0    1                      
     4F    1      1      1    1    6F    1    1    1    1                      
     50    0      0      0    0    70    0    0    0    0                      
     51    0      0      0    0    71    0    0    0    0                      
     52    0      1      1    0    72    0    1    1    0                      
     53    0      1      1    0    73    0    1    1    0                      
     54    0      0      0    1    74    0    0    0    1                      
     55    0      0      1    1    75    0    0    1    1                      
     56    0      1      0    1    76    0    1    0    1                      
     57    0      1      1    1    77    0    1    1    1                      
     58    1      0      0    0    78    0    0    0    0                      
     59    1      0      0    0    79    0    0    0    0                      
     5A    1      1      1    0    7A    0    1    1    0                      
     5B    1      1      1    0    7B    0    1    1    0                      
     5C    1      0      0    1    7C    1    0    0    1                      
     5D    1      0      1    1    7D    0    0    1    1                      
     5E    1      1      0    1    7E    1    1    0    1                      
     5F    1      1      1    1    7F    0    1    1    1                      
     STATE 1                                                                   
     80    1      0      1    0    A0    1    0    1    0                      
     81    1      1      1    0    A1    1    0    1    0                      
     82    1      0      1    0    A2    1    1    1    0                      
     83    1      1      1    0    A3    1    1    1    0                      
     84    1      0      1    0    A4    1    1    1    0                      
     85    1      1      1    0    A5    1    1    1    0                      
     86    1      0      1    0    A6    0    0    1    0                      
     87    1      1      1    0    A7    0    0    1    0                      
     88    1      0      1    1    A8    1    0    1    1                      
     89    1      1      1    1    A9    1    0    1    1                      
     8A    1      0      1    1    AA    1    1    1    1                      
     8B    1      1      1    1    AB    1    1    1    1                      
     8C    1      0      1    1    AC    1    0    1    1                      
     8D    1      1      1    1    AD    1    0    1    1                      
     8E    1      0      1    1    AE    1    1    1    1                      
     8F    1      1      1    1    AF    1    1    1    1                      
     90    1      0      1    0    B0    1    0    1    0                      
     91    1      0      1    0    B1    1    0    1    0                      
     92    1      0      1    0    B2    1    1    1    0                      
     93    1      0      1    0    B3    1    1    1    0                      
     94    1      0      1    0    B4    0    1    1    0                      
     95    1      0      1    0    B5    0    1    1    0                      
     96    1      0      1    0    B6    1    0    1    0                      
     97    1      0      1    0    B7    1    0    1    0                      
     98    1      0      1    1    B8    1    0    1    1                      
     99    1      0      1    1    B9    1    0    1    1                      
     9A    1      0      1    1    BA    1    1    1    1                      
     9B    1      0      1    1    BB    1    1    1    1                      
     9C    1      0      1    1    BC    1    0    1    1                      
     9D    1      0      1    1    BD    1    0    1    1                      
     9E    1      0      1    1    BE    1    1    1    1                      
     9F    1      0      1    1    BF    1    1    1    1                      
     STATE 2                                                                   
     C0    1      0      0    1    E0    1    0    0    1                      
     C1    1      0      1    1    E1    1    0    1    1                      
     C2    1      1      0    1    E2    1    1    0    1                      
     C3    1      1      1    1    E3    1    1    1    1                      
     C4    1      0      0    1    E4    1    0    0    1                      
     C5    1      0      1    1    E5    1    0    1    1                      
     C6    1      1      0    1    E6    1    1    0    1                      
     C7    1      1      1    1    E7    1    1    1    1                      
     C8    1      0      0    1    E8    1    0    0    1                      
     C9    1      0      1    1    E9    1    0    1    1                      
     CA    1      1      0    1    EA    1    1    0    1                      
     CB    1      1      1    1    EB    1    1    1    1                      
     CC    1      0      0    1    EC    1    0    0    1                      
     CD    1      0      1    1    ED    1    0    1    1                      
     CE    1      1      0    1    EE    1    1    0    1                      
     CF    1      1      1    1    EF    1    1    1    1                      
     D0    1      0      0    1    F0    1    0    0    1                      
     D1    1      0      1    1    F1    1    0    1    1                      
     D2    1      1      0    1    F2    1    1    0    1                      
     D3    1      1      1    1    F3    1    1    1    1                      
     D4    1      0      0    1    F4    1    0    0    1                      
     D5    1      0      1    1    F5    1    0    1    1                      
     D6    1      1      0    1    F6    1    1    0    1                      
     D7    1      1      1    1    F7    1    1    1    1                      
     D8    1      0      0    1    F8    1    0    0    1                      
     D9    1      0      1    1    F9    1    0    1    1                      
     DA    1      1      0    1    FA    1    1    0    1                      
     DB    1      1      1    1    FB    1    1    1    1                      
     DC    1      0      0    1    FC    1    0    0    1                      
     DD    1      0      1    1    FD    1    0    1    1                      
     DE    1      1      0    1    FE    1    1    0    1                      
     DF    1      1      1    1    FF    1    1    1    1                      
     STATE 3                                                                   
     ______________________________________                                    
PAR  In the foregoing description FIGS. 3-6 relate to the contents of the
      controller 10, FIG. 1. Controller 10 may be made to respond to input
      devices, such as switches 407 and 412, FIG. 1, to control output devices,
      such as motors 405 and 406. The unique requirements that are to be
      satisfied through the use of controller 10 are specified by conventional
      means such as the ladder diagram of FIG. 2. Suitable preset states are
      entered into memory in controller 10 from the unit 600 when connected as
      illustrated in FIG. 1.
PAC  PROGRAMMER -- FIGS. 1, 1A, 1B 7-10
PAR  Unit 600 FIG. 1 is a small portable keyboard input unit. Four sets of keys
      are included. The first set, 600c, is an 11 key set having the numerals
      0-9 and a CLR (clear) button. The second set, 600d, is a four key set
      identified as INS (insert), WRT (write), INC (increment), and READ.
PAR  The third set, 600e, is a four key set, three of which are used, namely
      IN-X, OUT-Y and CR (control relay).
PAR  The fourth set, 600f, is an eight key set including ST (start of store
      term), CTR (counter), TMR (timer), MCR (master control relay), OUT
      (output), INV (invert or not), OR, and AND.
PAR  Associated with the keyboard is an array 600g of neon seven segment
      numerical displays, such as conventionally provided in hand calculators.
PAR  Light emitting diodes 600h are provided with one such indicator for each of
      the keys in the set 600f. Light emitting diodes 600j are provided, one for
      each of the keys X, Y, and CR and one for the none key location AI.
PAR  Programmer 600, as shown in FIG. 1, serves to provide for operation in any
      selected one of five different modes. A mode is selected by depressing any
      one of the four buttons in set 600d or the clear (CLR) button of set 600c.
      Depression of the clear button in set 600c serves to clear registers and
      storage units hereinafter identified preparatory to performing any one of
      the functions in set 600d.
PAR  In the read mode, any instruction in the memory of FIG. 5 may be read. This
      may be done by first entering through the keyboard 600c the address in
      memory of the instruction which is to be read, i.e., from 0 through 255.
      Depression of the read key thereafter causes the instruction to appear in
      the display 600g and further causes the appropriate LED elements in sets
      600h and 600j to be illuminated.
PAR  In the increment mode, any address that has been entered into the unit 600
      by way of its keyboard and has not been cleared will be incremented by a
      factor of one upon depression of the INC button and clears the left
      portion of the display and the OP code command. For example, if the button
      CLR in set 600c is depressed, followed by depressing the INC button of set
      600d, the address then effective in the machine will be address No. 1, but
      if the address presented by display 600g is 250, it will be incremented to
      251.
PAR  Memory addresses effective at a given time are displayed on the right hand
      four digits of display 600g.
PAR  In the write mode, any new instruction desired can be written into memory.
      If an instruction previously was placed in memory at the desired location,
      the write mode causes the new instruction to be written over the previous
      instruction.
PAR  In the insert function, a new instruction can be inserted at any point in
      memory with every subsequent instruction stored in memory being shifted
      one memory location higher upon depression of the INS button. For example,
      in terms of the ladder diagram of FIG. 2, if the ladder rung including
      motor 405 occupied memory locations 100, 101 and 102 and it is desired to
      insert into memory beginning at location 100 the rung including motor 406,
      then the following operations would be carried out, using programmer 600.
PA1  Step 1: depress clear button.
PA1  Step 2: enter the address, i.e., depress buttons 100.
PA1  Step 3: depress ST (start-store) and X (in) buttons.
PA1  Step 4: since switch 407 occupies the I/O address No. 9, depress numeral 9
      of set 600c.
PA1  Step 5: depress INS button (insert) of set 600d.
PAR  This establishes in memory location 100 the switch 407.
PA1  Step 6: depress button INC.
PA1  Step 7: depress button AND of set 600f.
PA1  Step 8: depress key X of set 600e.
PA1  Step 9: since switch 412 occupies I/O address 16, depress keys 1 and 6 of
      set 600c.
PA1  Step 10: depress key INS of set 600d.
PAR  This completes insertion of element 412 into memory location 101 together
      with its relation to switch 407.
PA1  Step 11: depress button INC of set 600d.
PA1  Step 12: depress button OUT of set 600f.
PA1  Step 13: depress button Y of set 600e.
PA1  Step 14: since motor 406 occupies I/O address 8, depress numeral 8 of set
      600c.
PA1  Step 15: depress button INS of set 600d.
PAR  This completes entry of the motor 406 into memory location 102 together
      with its relation to switches 407 and 412.
PAR  The elements of the second rung previously occupied memory addresses 100,
      101 and 102. Entry of switch 407 into memory shifts all elements in memory
      up one memory address. The same is true upon insertion of the switch 412
      and upon insertion of the motor 406. Thus, the elements of the rung
      involving motor 405 occupy new memory locations 103, 104 and 105. The push
      buttons illustrated in FIG. 1 actuate switches connected in the circuit
      arrangement illustrated in FIGS. 1A and 1B. In FIG. 1A, eight lines,
      M0-M7, lead to the keyboard. Four lines KBD2, KBD3, KBD6 and KBD7 lead
      from the keyboard. The push button switches are connected in the resulting
      matrix to provide coded outputs on the four lines leading from the
      keyboard. All of the switches in set 600c (except switch CLR), set 600e
      and set 600f are involved in the x-y matrix of FIG. 1A as indicated by the
      legends therein. Depression of the zero switch on keyboard 600c, FIG. 1,
      established continuity between line M0 and line KBD2 of FIG. 1A. It will
      be noted that the switches MCR and INV provide the same function, i.e.,
      the closure of each causes continuity to be established between input line
      M4 and output line KBD7.
PAR  In FIG. 7, unit 600 has lines M0-M7 which lead to the keyboard in the
      manner illustrated in FIG. 1A. The lines KBD2 and KBD3, FIG. 6, and linens
      KBD6 and KBD7, FIG. 9, lead from the keyboard.
PAR  The circuit of FIGS. 7-10 includes two primary data loops responsive to
      commands entered by way of the keyboard. The two data loops will first be
      generally described before discussing further the utilization of the
      keyboard arrangement of FIGS. 1, 1A and 1B.
PAR  The first data loop leads from the sequencer 10, FIGS. 3 and 4, through a
      Schmitt trigger 601, FIG. 9, and includes shift registers 602-606, FIGS. 9
      and 10. Operating with the shift registers 604-606 are binary up/down
      counters 607-609, respectively.
PAR  The output of the first data loop passes by way of inverter 610 to line 174
      which leads back to sequencer 10. Any signals or data type information
      that is to be transmitted from unit 600 to sequencer 10 must pass through
      the shaft registers 604-606 and thence to line 174.
PAR  The second loop is a binary coded decimal (BCD) loop. It is a numeric data
      loop accommodating 32 bits. A first 16 bits are stored in shift registers
      612 and 613, FIG. 7. The second 16 bits are stored in shift registers
      614-617, FIG. 10. The loop through which the data flows includes the input
      line 618 connected to the A and B (NAND) input terminals of shift register
      612. The data bits are clocked sequentially through register 612-617 and
      thence by way of the output line 619, NAND gate 620 and NAND gate 621 back
      to line 618.
PAR  Numeric data entered from the keyboard in unit 600 is placed into the loop
      612-621 by way of a shift register 622. Four lines 623 lead to shift
      register 622. The states on line 623 are controlled by counters 624 and
      625 as driven by a low speed clock (LSC) oscillator 626. Clock 626 is free
      running relative to clock 50 of sequencer 10. A second oscillator is
      provided along with oscillator 626. The second is a high speed clock (HSC)
      oscillator 626a. They operate at frequencies of about 180 kilohertz and
      1.8 megahertz, respectively.
PAR  Oscillator (LSC) output line 627 leads to the clock input terminal of
      counter 624. The QD output terminal of counter 624 is connected by way of
      line 628 to the clock input terminal of counter 625. Counters 624 and 625
      operate in conjunction with decoders 630 and 631 such that the outputs of
      decoders 630 scan the switches in the keyboard. Output states on lines 633
      leading from decoder 631 strobe display 600g and strobe the outputs of the
      keyboard, i.e., output lines W2, W3, W6 and W7. Lines labeled M0-M7 of
      FIG. 1A correspond with lines 632 of FIG. 7.
PAR  Line KBD2 from the keyboard leads to a NOR gate 634, the second input of
      which is the line W2 from the set 633. Similarly, keyboard line KBD3 leads
      to a NOR gate 635, the second input of which is line W3. Line KBD6 leads
      to a NOR gate 636, the second input of which is line W6. The line KBD7
      leads to NOR gate 637, the second input of which is line W7. Gates 634 and
      635 supply the inputs to a NOR gate 638. Gates 636 and 637 supply the
      inputs to a NOR gate 639. The output of gate 638 is connected through a
      single pulse circuit 640 to produce on output line 641 a digit clock pulse
      which is applied to the clock input terminal of register 622 to load into
      register 622 the code on lines 623 representing the numeric key on the
      keyboard that had been depressed. Pulses from clock oscillator 626 as
      provided by counter 624 through decoder 630 provide a keyboard strobing
      sequence. Line MO goes low initially, followed by lines M1 . . . M7
      following which the line MO goes low again and the cycle is repeated.
      Gating into register 622 of the code on lines 623 is controlled by
      depressing a key on the keyboard. The particular code on lines 623 is the
      one that happens to be present at the instant of time that a particular
      pulse occurs in response to pressing a given key. The keyboard operation
      thus far described is essentially the same as in calculators manufactured
      and sold by Texas Instruments Incorporated of Dallas, Texas and identified
      as TI2500 Pocket Calculator.
PAR  Thus, actuation of any of keys 0-9 in set 600c will cause to be loaded into
      register 622 a binary code representative of the selected numeral 0-9.
PAR  The selected numeral in register 622 may then be inserted into the BCD loop
      and ultimately transferred into registers 604-606. The data placed in
      registers 604-606, except in a few cases which will hereinafter be
      discussed, is the I/O address of a given connector element located along
      cable 399. It will be recalled that there are, in the embodiment
      described, 256 input addresses and 256 output addresses along cable 399.
      In unit 400 the first eight units 400a are input units, the second eight
      units 400b are output units. As above described, the I/O address
      designates the location of such a connector unit as is employed to connect
      to motor 406, to switch 407, to switch 412, etc.
PAR  The programming unit 600 also serves to encode selected OP codes which are
      entered by actuating switches in the set 600f. Unit 600 also permits
      identifying desired I/O address modifiers by actuating one of the keys in
      set 600e.
PAR  The circuit operates to store the OP codes in register 602 and to store the
      I/O address modifiers in register 603. The circuitry associated with
      registers 602 and 603 permits manual insertion of a desired OP code or
      multiple OP codes and removal of one or all of the OP codes that have been
      inserted in order to give an operator flexibility in entering a given set
      of data representing a ladder network or modifying a set of data that has
      previously been loaded in the system. More particularly, actuation of a
      key to energize either lines KBD6 or KBD7 will cause data on lines 650 to
      be decoded for loading into registers 602 and 603. The logic circuits
      within the dotted outline 651 serve to decode data from lines 650 into
      binary form for storage in registers 602 and 603. The code stored in such
      registers is representative of the OP codes designated in FIGS. 1, 1A and
      1B and associated with lines KBD6 and KBD7.
PAR  The states appearing at the outputs of the gates in unit 651 are set out in
      Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Key     651b    651c    651d  651e  651f  651g                            
     ______________________________________                                    
     X       0       0       0     0     0     1                               
     Y       0       0       0     0     1     0                               
     CR      0       0       0     0     1     1                               
     AND     1       0       0     0     0     0                               
     OR      1       0       1     0     0     0                               
     ST      0       0       0     1     0     0                               
     CTR     0       0       1     0     0     0                               
     OUT     0       0       1     1     0     0                               
     MCR     0       1       0     0     0     0                               
     INV     0       1       0     0     0     0                               
     TMR     0       1       1     0     0     0                               
     ______________________________________                                    
PAR  Output states of Table III are generated as follows. Line W7 from set 633
      is connected to one input of NAND gate 651a and to one terminal of AND
      gate 651b. The line W6 from set 633 is connected to one input of AND gate
      651c and to one input of AND gate 651e. The three least significant bit
      lines of line 623 are then connected to the circuit 651. More
      particularly, the QA output of counter 625 is connected through an
      inverter 651h to the second input of NAND gate 651a and to the second
      input of AND gate 651c. The QD output of counter 624 is connected to the
      second input of AND gate 651d and to one input of AND gate 651f. The
      output of NAND gate 651a is connected to a second input of AND gate 651d
      and by way of inverter 651j to inputs to each of AND gates 651f and 651g.
PAR  The QC output of counter 624 is connected to the second input of AND gate
      651e and to the second input of AND gate 651g.
PAR  The outputs of AND gates 651b-651g are connected to one input of exclusive
      OR gates 651m-651s, respectively. The QA-QD outputs of shift register 602
      supply the second inputs of exclusive OR gates 651m-651q, respectively.
      The QA and QB outputs of shift register 603 supply the second inputs of
      exclusive OR gates 651r and 651s, respectively.
PAR  The data stored in shift register 602 is the OP code. There are sixteen OP
      codes employed in the present example. Such OP codes are set out in Table
      IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                     OUTPUT                                                    
     OP CODE     651m      651n      651p    651q                              
     ______________________________________                                    
     JUMP        0         0         0       0                                 
     ST (LOAD)   0         0         0       1                                 
     CTR         0         0         1       0                                 
     OUT         0         0         1       1                                 
     MCR/INVERT  0         1         0       0                                 
     ST INVERT (LOAD)                                                          
                 0         1         0       1                                 
     TMR         0         1         1       0                                 
     OUT INVERT  0         1         1       1                                 
     AND         1         0         0       0                                 
     AND ST      1         0         0       1                                 
     OR          1         0         1       0                                 
     OR ST       1         0         1       1                                 
     AND INVERT  1         1         0       0                                 
     AND ST INVERT                                                             
                 1         1         0       1                                 
     OR INVERT   1         1         1       0                                 
     OR ST INVERT                                                              
                 1         1         1       1                                 
     ______________________________________                                    
PAR  The data stored in shift register 603 is the I/O address modifier. There
      are three modifiers employed herein, as set out in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
     Key            651r         651s                                          
     X              0            1                                             
     Y              1            0                                             
     CR             1            1                                             
     ______________________________________                                    
PAR  All of the Op codes set out in Table IV are selectable by actuation of keys
      in set 600f, FIG. 1. Some of the OP codes, it will be noted, involve
      entries made by depressing two of the keys in set 600f and some by
      depressing three of the keys.
PAR  From an inspection of the circuit involving the exclusive OR gates
      651m-651q, it will be seen that any OP code which appears at the output of
      unit 651 will be entered into register 602 if register 602 is clear.
      However, if the same OP code button is depressed a second time, then the
      feedback by way of channel 602a will cause the OP codes previously entered
      into register 602 to be erased. The circuit thus provides for a selected
      bit-by-bit entry into register 602 and bit-by-bit erasure thereof without
      otherwise modifying the operation of the programming unit 600 in any way.
      For example, referring to FIG. 1, assume an operator attempted to insert
      switch 412 and erroneously depressed the OR button in step 7 of the
      sequence above described in the previously given example rather than the
      AND button. If the operator then recognized the error and desired to
      correct the same, the correction could merely be made by depressing the OR
      button again followed by depression of the AND button. The sequence of
      operations would change the code in register 602 from 1010 to 1000. Thus
      the selective insertion and removal of a single bit to change the code.
      Use of the exclusive OR gates 651m-651q provides this unique sequence of
      operation, i.e., alternately entering and erasing a given code from
      register 602 upon repeated insertions of the same input command.
PAR  The same is true of the three lines leading to gates 651f and 651g of unit
      651. They operate through exclusive OR gates 651r and 651s to control the
      LED displays 600j. At the same time, lines 603a are fed back to exclusive
      OR gates 651r and 651s for the selected control of the data in register
      603.
PAR  The outputs of the shift register 602, in addition to being connected back
      to the exclusive OR gates 651m-651q, are also employed for controlling a
      light emitting diode display 600h. From the circuit shown, it will be seen
      that when a given button in the set 600f is depressed, the corresponding
      light emitting diode in display 600h will be illuminated. The diodess in
      set 600h, FIG. 9, bear the same legends as do the associated keys in the
      set 600f, FIG. 1. In a similar manner, the light emitting diodes labeled
      X, Y and CR of display 600j, shown in FIG. 10, are controlled by the QA
      and QB outputs of shift register 603.
PAR  The logic circuit 652 operates the same as the circuit 640 for controlled
      loading of registers 602 and 603.
PAR  It will be noted that a DIGIT CLOCK line is one of the outputs from circuit
      640. This signals the fact that a digit code has been stored in register
      622 and is to be inserted into the data loop that is being clocked through
      registers 612-617. This action is initiated by application of the DIGIT
      CLOCK signal to the load terminal of a state counter 653 and, through AND
      gate 654, to the clock input terminal of counter 653. Counter 653 is
      prewired so that it is forced to the count of five. The output lines QA-QD
      of counter 653 are connected to terminals A, B, C and STRB of a data
      selector unit 655 and to input lines of a decoder 656. Since the output
      from counter 653 is preset to five, the data selector 655 selects the
      signal on line 657 leading from a NOR gate 658 by way of an inverter 659.
PAR  A 32 bit word circulates in the second loop including shift registers
      612-617. It continuously is shifted by SCAN clock pulses. Scan clock
      pulses are applied to the clock inputs of shift registers 612 and 613, and
      by way of NOR gate 660 to the clock input terminals of shift registers
      614-617.
PAR  When a four bit word is stored in shift register 622, the object is to
      insert that word into the appropriate location in the 32 bit word already
      circulating in shift registers 612-617. The operation of the bit counter
      653 and the data selector 655 in connection with decoder 656 causes a
      delay until the appropriate time for insertion arrives. This is caused by
      a delay interval during state 5 of data selector 655. Upon the occurrence
      of state 6 of data selector 656, the NAND gate 661 is enabled so that the
      output line QD from register 622, leading to NAND gate 662, will cause the
      word stored in register 622 to be inserted into the input of storage
      register 612. Data on line 619 then passes through register 622 trailing
      the word inserted into the loop from register 622. Thus, register 622 is
      included within the second data loop for 16 bits. During the state 6 from
      decoder 656, a NOR gate 663 is enabled. This causes signal MOW4 to be
      present. This generates through NOR gate 664 a load state on line 665
      which leads to the load input terminals of binary coded decimal up/down
      counters 666-669. Counters 666-669 are connected to the shift registers
      617-614, respectively. Line 665 also extends to the CLEAR terminals of
      binary counters 607-609 by way of inverter 655a.
PAR  Thus, the 16 bit data word is loaded in shift registers 666-669 and is to
      be converted to a binary counterpart which will be generated in counters
      609-607. On state 7 of decoder 656 a high speed clock HSC applied by NAND
      gate 670 in conjunction with state 7 from decoder 656 enables AND gate 671
      which is operated in an OR function so that HSC pulses then appear on
      clock line 672. Line 672 is then connected to the down input terminal of
      counter 666 and to the up input terminal of counter 609. Counters 666-669
      then counter down to zero. During the same interval, counters 609-607
      count up. At the instant that the counter 669 reaches zero count, a borrow
      signal appears on line 673 and is applied to NOR gate 674 which
      effectively is ANDed with state 7, thereby to apply by way of line 675 a
      load pulse to each of the load terminals of registers 604-606. At the
      instant of the borrow pulse, the contents of counters 607-609 are
      immediately captured in storage registers 604-606 and are thus available
      for reading out over line 611 to the sequencer.
PAR  In operation, the sequencer shown in FIGS. 3-6 once set in operation will
      repeat the wait-serial I/O-run modes following each peak in the a.c.
      power.
PAR  When programmer 600 is connected to the system and is to be used, the
      operation of the sequencer normally will continue uninterrupted. However,
      when the programmer of FIGS. 7-10 is placed in the read mode, the memory
      address specified by the operator is placed in counters 666-669. The
      counters then count down to zero. Upon reaching zero, the channels from
      NAND gate 601 and specifically, the enable terminals on registers 602,
      603, 604, 605 and 606 are energized so that the words stored in memory at
      the location at the address initially specified in counters 666-669 will
      be brought out and stored in shift registers 602-606. Immediately, the LED
      displays 600h and 600j will be energized to display the contents of
      registers 602 and 603. The contents of registers 604-606 comprise the I/O
      address stored in the main memory location specified by the user. The I/O
      address thus contained in registers 604-606 is then loaded into counters
      607-609. Counters 607-609 then count down to zero as counters 666-669
      count up. When counters 607-609 reach zero, counters 666-669 stop
      counting. The output of the counters is then applied to the shift
      registers 614-617. The outputs thereof are then displayed. More
      particularly, the I/O address comprises  16 bits of the 32 bits
      circulating in the BCD loop. Each set of four of the 16 bits is latched by
      latch 690 whose output is applied to a decoder 691. The decoder 691 then
      is connected selectively to energize the segment drivers. One such
      segement driver is represented by the circuit 692. The 16 bits are thus
      employed to light up the left hand four digits on display 600g. The right
      hand four digits are decoded to display on the right hand four digits the
      memory address.
PAR  In the insert mode, an operator enters the desired data as above indicated.
      The OP code is stored in register 602. The modifier data is stored in
      shift register 603. The I/O address is entered into the BCD loop. The data
      is then transferred to the shift registers 604-606. In the run mode when
      the selected address is reached, the data from memory begins to flow to
      register 602 as data from register 606 begins to flow to memory. The data
      in memory is then passed as a serial stream through registers 602-606
      until all the memory addresses have been read and rewritten in memory
      displaced by one memory address.
PAR  Entry of the numeric data, the entry of the Op codes and the entry of the
      I/O address modifiers has been described. Now to be described are the
      operations involving the entry of the five programmer mode commands,
      CLEAR, READ, WRITE, INSERT AND INCREMENT. The CLEAR push button of FIG. 1,
      when depressed, connects the CLEAR PB line of FIG. 9 to ground. This line
      is connected to an AND gate 900, the output of which is CLEAR signal. The
      output is also connected to an AND gate 901 and to the CLEAR terminals of
      registers 612 and 613. The output of gate 901 is connected to the CLEAR
      terminals of registers 602-606 and to the CLEAR terminals of registers
      614-617.
PAR  When the READ button is depressed, line 902 is connected to ground. Line
      902 leads to a NAND gate 903, the output of which is connected to a
      multivibrator 904 which is employed to prevent multiple entries of a
      single intended entry. More particularly, depression of a push button may
      close its switch several times. The circuit involving flip-flop 904 is a
      debouncing circuit having the output as a NOR gate 905. A line 906 serves
      to delay the signal thereby causing it to pass through gate 905 not before
      the multivibrator 904 has completed its cycle. The output of gate 905 is
      then supplied to one input of a NAND gate 907, the output of which is
      connected to the input terminal 0 of multiplexer 655. Second input of gate
      907 is supplied by AND gate 908 which has as its inputs the M1W0 line from
      FIG. 7 and the OEN signal.
PAR  The INSERT push button and the WRITE push button also are connected to gate
      903 and thus lead by way of gate 907 to the input 0 of multiplexer 655.
      The WRITE push button in addition to being connected to gate 903 is
      connected to a gate 909 and to the CLEAR Input terminal of a D-type
      flip-flop 910 by way of line 911. The WRITE push button is connected to
      gate 903 and to gate 909.
PAR  Three lines, RUN, PPGC and CPU3, are connected to the programming panel 600
      from the sequencer of FIGS. 3-6. The RUN line is connected by way of
      inverter 913 to the clock input terminal of the D flip-flop 910 and to a
      gate 914. The Q output of flip-flop 910 is connected by way of inverter
      915 to the clock input terminal of a B flip-flop 916. The output of gate
      909 is connected to a CLEAR terminal of flip-flop 916 and to one input of
      a NAND gate 917. The output of NAND gate 917 is connected to an external
      load line 918 that leads to the sequencer. It is also connected through
      NAND gates 919 and 920.
PAR  The PPGC line from sequencer 10 is connected by way of inverter 921 to one
      input of gate 920.
PAR  The CPU3 line, as previously described, is connected by way of line 232
      through input 3 of multiplexer 655. It is also connected to NAND gate 922
      and NOR gate 923. The Q output of the flip-flop 916 is connected as a
      second input to NAND gate 917. The Q output of the flip-flop 910 is
      connected as the third input to NAND gate 917.
PAR  The output of NAND gate 917 is a key signal in communication between the
      sequencer 10 and the programmer 600. More particularly, the state on line
      918 controls whether or not the sequencer 10 will receive data from the
      programmer 600 which may appear on line 174. In the READ mode, line 918
      stays high at all times.
PAR  In the WRITE mode, the state on line 918 is low only for that interval of
      time during which a single word of 16 bits is read from registers 602-606
      over line 174 to sequencer 10.
PAR  In the INSERT mode, line 918 is high until counters 666-669 reach a count
      following a START signal corresponding to the address in memory at which
      it is desired to insert a new instruction. At that instant, the line 918
      goes low and the data from registers 602-607 flows over line 174 to
      sequencer 10 until the end of the cycle is reached, i.e., until all of the
      remaining of the instructions from memory have been read through registers
      602-606 and back into memory.
PAR  When the WRITE button is depressed, the CLEAR line to the flip-flop 910 is
      low and the CLEAR line to flip-flop 916 is high. Each time that the
      sequencer begins the RUN mode, the clock terminal of flip-flop 910 is
      actuated so that the Q output is clocked to the same as the D input, or is
      made to go low. Thus, when the WRITE button is depressed, the output of
      flip-flop 910 remains low until the 2Y3 output of the multiplexer 656 goes
      low. This resets the flip-flop 910, that is, it causes the Q output to go
      high. When the preset pulse is removed, the Q output again goes low. At
      this instant, the flip-flop 916 is clocked through inverter 915 so that
      the Q output is in a zero state. The output of gate 917 will go low only
      if all of the inputs are high. Thus, on the WRITE mode, the output of gate
      917 is low only during the interval of time that the preset input to the
      flip-flop 910, i.e., the 2Y3 output of the multiplexers 656, is low.
PAR  The circuit involving flip-flops 910 and 916, NAND gate 909 and the
      demultiplexer 656 operates in the INSERT mode to keep line 918 low for the
      interval following which the output of 2Y3 of the demultiplexer 656 goes
      low and until the end of the RUN cycle. The line 918 is connected through
      a NOR gate 930 and a NOR gate 931 to the CLEAR terminal of counter 653.
      The second input of gate 930 is the 2Y3 output of multiplexer 656. The
      second input of NOR gate 931 is supplied by a NAND gate 932. One input of
      gate 932 is the 1Y3 output of demultiplexer 656. The other input is the
      1YO output of demultiplexer 656. The circuit involving NAND gate 931 will
      reset counter 653 at the end of the 2Y3 state when in the INSERT mode and
      at the end of the 1Y0 state when in The READ or WRITE mode. It will reset
      counter 653 in response to the 1Y3 state at the end of the numeric entry
      mode.
PAR  When the INC button is depressed, the input to a Schmitt trigger 940 is
      connected to ground. This initiates the operation of incrementing any
      address that is then circulating in the BCD loop 612-617. The output of
      Schmitt trigger 940 is connected to a NAND gate 941 and to a second NAND
      gate 942 as well as to the CLEAR terminals of D flip-flops 943 and 944.
      The output of gate 941 is connected to the clock input terminal of
      flip-flop 943. The Q output of flip-flop 943 is connected by way of gate
      945 to the clock input terminal of flip-flop 944. The output of gate 941
      is connected by way of inverter 946 and NAND gate 947 to the input of an
      AND gate 948. The Q output of flip-flop 943 is connected to one input of
      OR gate 949 and to a second input of NAND gate 947. The Q output of gate
      944 is connected to the second input of NOR gate 949. The Q output is
      connected to the second input of NAND gate 942. The output of NOR gate 949
      is connected to one input of a NOR gate 940, the second input of which is
      supplied by way of NAND gate 951 which is driven from the 2Yo output of
      multiplexer 656 by way of inverter 952. The second input to gates 945 and
      951 is the timing signal MOWO output line from FIG. 7.
PAR  In operation it will be remembered that a given address is circulating in
      the BCD loop 612-617. When it is desired to increment that address by a
      factor of one, then the INC button is depressed. This removes the CLEAR
      signal from flip-flops 943 and 944. Through gate 942 the OEN (zero enable)
      signal is disabled and thus is no longer effective on gate 908. Gate 941
      also is enabled. Gate 941 is supplied by way of gate 955 which is supplied
      by the state 2Y0 multiplexer 656 and, by way of inverter 956 with the MOW4
      state from FIG. 7.
PAR  If the operation involving multiplexer 655, counter 653 and the multiplexer
      656 is in the Zero state and MOW4 state is created, then the output of
      gate 941 goes low and then high in response to and conforming with MZOW4.
      This clocks the flip-flop 943 causing the Q output to go high and the Q to
      go low. This enables gate 945 and disables gate 947. The output of gate
      945 then clocks flip-flop 944 when the state MOWO from FIG. 7 is
      generated. On the first pulse out from gate 941, an output of gate 947 is
      pulsed low and is applied by way of AND gate 948 to the up count terminal
      of the counter 666 to increment at that instant the address that was then
      stored in the registers 666-669. At the same time, the signal is applied
      by way of AND gate 901 to clear the registers 614-617.
PAR  Before the INC button was depressed, the output of gate 942 was enabled so
      that through 908 the counter system could proceed through its cycle. Then
      the INC button is depressed, the output of gate 942 is disabled so that
      the counter system cannot proceed until after the increment operation has
      been completed. When the MOWO signal is applied to the flip-flop 944, the
      output of gate 942 is again enabled so that the counter 653 can then
      proceed with its operation.
PAC  TIMING -- FIGS. 11A-C
PAR  In FIG. 11A, certain timing functions employed in the system above
      described are illustrated. The functions illustrated in FIG. 11A will be
      given the same numeric labels as appear in FIGS. 2-6.
PAR  It will be remembered that sequencer 10 as above described operates through
      three modes, (a) wait, (b) serial I/O and (c) run. In FIG. 11A, waveform
      800 illustrates the sync pulse supplied to line 11e, FIG. 3. The sync
      pulse waveform 800 is characterized by a step 800a at the peak of the a.c.
      voltage cycle.
PAR  Coincident with step 800a is the initiation of the serial I/O mode of
      sequencer 10. The cycle enable waveform 801 is generated at the output of
      NAND gate 11a and appears on line 81, FIG. 3.
PAR  Waveform K2 is one of the outputs of counter 39 and is a pulse train of one
      megacycle pulse rate. Oscillator 50, FIG. 4, in the embodiment here
      described had a frequency of 8 megacycles. The output KO of counter 39 had
      the frequency of 4 megacycles. The output K1 had the frequency of 2
      megacycles while the output KO and K1 labeled on the drawings are not used
      in the operation of the system but are merely employed in counter 39.
      Thus, the waveform 802 is the one megacycle main control pulse K2.
PAR  Waveform 803 is the KQD signal appearing at the last output of counter 39.
      It runs at one-half the frequency of K2 or one-half megacycle pulse rate
      during the serial I/O mode of the sequencer. Thereafter it pulses one
      pulse every 16 of the K2 pulses having output pulses 803a, 803b, etc.
      Thus, the waveform 803 has a half megacycle rate during the I/O mode, a
      half megacycle rate divided by sixteen during the first part of the run
      mode and then reverts to the half megacycle pulse rate during the
      write-to-main-memory portion of the run mode.
PAR  In FIG. 11A, the serial I/O state begins when the waveform 801 goes high.
      The serial I/O state ends at the end of interval 804.
PAR  The run mode starts at the end of interval 804 and extends to the end of
      interval 805.
PAR  Waveform 806 is the image register write pulse that is applied to the R/W
      terminal of image register 20, FIG. 4.
PAR  Waveform 807 is the gate output signal appearing at the output NAND gate
      109, FIG. 4. Thus, the data registers 13-15 count continuously during the
      I/O mode. During the time that waveform 806 is effective, the states of
      256 input units on cable 399 are read into the image register 20 in the
      order 0, 1, 2 . . . 254, 255. At the end of the serial input portion of
      the I/O mode, 512 flag states are read out of image register 20. They are
      read out at the higher clock rate of the K2 waveform 802. They are read
      out in the order 0, 1, 2, . . . 510, 511.
PAR  Thereafter, the state on line 108, FIG. 3, reverses so that the order in
      which the output data stored in image register 20 is read out will be
      reversed. Thus, during the last portion of the serial I/O cycle, the
      states to be imposed upon the 256 output units on cable 399 are read out
      in reverse order. That is, the state of the most remote output unit on
      cable 399 is read out first. They are read out at the high clock rate K2
      of waveform 802 and in the order 255, 254 . . . 1, 0.
PAR  At this point, the end of the I/O state is reached and the system then
      operates in the run mode. The first portion of the run mode, namely the
      interval 810, is employed for the reading instructions from memory into
      data registers 12-15 at the main clock rate K2 of waveform 802. At the
      same time, a corresponding train PPGC at the K2 rate, represented by
      waveform 811, is generated and is the program panel gated clock pulse
      train. Thus, the program panel of FIG. 1 is the only element of the system
      that employs waveform 811.
PAR  During the interval 810, a memory word comprising 16 digits is read from
      the main memory into the data register.
PAR  During the interval 812, the instruction is executed by the sequencer 10.
      The waveform 813 is the AIQ (MCR + JMP) which appears at terminal Y3 of
      processor 61.
PAR  The waveform 814 is the signal OUT + OUT C which appears at the Y2 terminal
      of processor 61. In the interval 815, a second word is read out of memory
      and during the interval 816 the second word is executed. Thus, words 0 and
      1 from memory are read and executed. Normally the sequencer would proceed
      to read and execute all instructions in memory.
PAR  In the example given in FIG. 11, a break in the memory sequence is shown.
      More particularly, after the execution of word 2, a step waveform 820 is
      generated which causes the data registers 12-15 to be loaded from the
      external memory, i.e., from memory in the programming unit 600. Waveform
      820 appears on line 144 of FIG. 3. When present, the next word read into
      the data registers 12-15 is derived from the programming panel and is read
      in during the interval 821. At the end of the interval 821, the RITE FF
      waveform 822 is driven low. This terminates or inhibits the PPGC waveform
      811 from being effective on the programming terminal 600 and causes the
      sequencer then to write the contents of the data registers 12-15 into
      memory at the word 3 location in memory, i.e., at the same location that
      was read out of memory during the interval 821. Thus, the memory write
      interval 823 is employed for each purpose. At the end of the interval 823,
      the waveform 822 then goes high, initiating flow of the PPGC pulses,
      waveform 811, to the programming panel 600 and continuing by reading word
      4 from memory as in interval 824.
PAR  The foregoing operations then continue until the last of the instruction
      words in memory have been read and executed as desired has been
      accomplished. At this point in time, the scan complete signal, waveform
      825, is generated. This signal appears at the output of the NAND gate 11,
      FIG. 3. The scan complete waveform 825 causes the cycle enable waveform
      801 to go low and beginning at the end of interval 805, sequencer 10 waits
      for the next peak of the power voltage to repeat the same cycle again. The
      end cycle waveform 826 brings operations to a halt. In this state
      sequencer 10 remains until the next peak occurs.
PAR  It will be noted that the scan complete waveform 825 is applied to the
      clear input terminal of flip-flop 93 and the end cycle waveform 826 is
      applied to the preset terminal flip-flop 93 to produce waveform 822a, a
      negative going pulse. Pulse 822a assures that the last of the words from
      memory will be read and completely executed before the run mode interval
      805 terminates. In each of intervals 821, 823 and 824, instruction words
      are read to or from memory, i.e., at the beginning of each such interval a
      set 830 of control pulses are generated. They comprise:
PAR  a KQD negative going pulse one microsecond long which, when it returns
      true, marks the beginning of a memory cycle as in interval 821;
PAR  a gated ck pulse, i.e., a positive pedestal of one and one-half
      microseconds in length extending one microsecond longer than the KQD
      pulse;
PAR  an AID pulse, either AID = 1 or AID = 0. The active indicator is flip-flop
      86, FIG. 3. The AID signal is the signal applied to the D input of
      flip-flop 86.
PAR  If the Q output of the active indicator 86 is to be true as a result of the
      preceding memory cycle, then the signal applied to the D input terminal
      will have the form AID = 1 which is a negative going pulse which becomes
      true one-half microsecond before the end of KQD. If the Q output of active
      indicator 86 is to be false, then the signal applied to the D input of
      flip-flop 86 will have the form AIQ = 0, a pulse two microseconds long,
      going true one-half microsecond after dotted line 831. Dotted line 831
      coincides in time with the trailing edge of a negative pulse AICK and PDS
      CK, i.e., the clock pulses applied to flip-flop 86 and the clock pulses
      applied to push down stack shift register 80.
PAR  The active indicator 86 shifts state on dotted line 831. Active indicator
      86 holds results of execution of instruction and serves as a one bit wide
      accumulator. All store terms load new data into the active indicator. The
      push down stack shifts data down on two OP codes, shifts up on four OP
      codes and does nothing on ten OP codes.
PAR  More particularly, the push down stack has the responses indicated in Table
      VI to the sixteen OP codes involved.
TBL                TABLE VI                                                    
     ______________________________________                                    
     OP CODE               PUSH DOWN                                           
                           STACK                                               
     ______________________________________                                    
     ST (STORE TERM) (LOAD)                                                    
                           Shift down  0001                                    
     ST-INV (STORE TERM, INVERT) (LOAD)                                        
                           Shift down  0101                                    
     AND-ST (AND STORE TERM)                                                   
                           Shift up    1001                                    
     AND-INV-ST (AND, INVERT, STORE TERM)                                      
                           Shift up    1101                                    
     OR-ST (OR, STORE TERM)                                                    
                           Shift up    1011                                    
     OR-INV ST (OR, INVERT, STORE TERM)                                        
                           Shift up    1111                                    
     AND (AND)             No shift    1000                                    
     ANDC (AND COMPLEMENT) No shift    1100                                    
     OR (OR)               No shift    1010                                    
     ORC (OR COMPLEMENT)   No shift    1110                                    
     OUT (OUTPUT)          No shift    0011                                    
     OUTC (OUTPUT COMPLEMENT)                                                  
                           No shift    0111                                    
     MCR (MASTER CONTROL RELAY) or INVERT                                      
                           No shift    0100                                    
     JMP (JUMP) or NO OP   No shift    0000                                    
     TMR (TIMER)           No shift    0110                                    
     CTR (COUNTER)         No shift    0010                                    
     ______________________________________                                    
PAR  Table VI includes the OP codes as they appear on lines B15-B12 leading from
      register 12, FIG. 3. More particularly, for the OP code, ST lines B15-B12
      apply the four bit word 0001 to processor 61.
PAC  TIMING -- FIG. 11D
PAR  Referring to FIG. 11D, waveforms 800, 841 and 842 have been shown. The
      cycle enable waveform is the waveform appearing on line 81 at the output
      of NAND gate 11a. The peak of each a.c. half cycle occurs at the point
      800a on waveform 800.
PAR  The K14 output of counter 38 involves a positive going pulse which occurs
      once for each half cycle of the a.c. power voltage. The K14 signal
      represented by waveform 841 is applied by way of inverter 96 to the clock
      input terminal of the timer counter 35. The timer enable signal
      illustrated by waveform 842 thus is caused to have an output pulse for
      every twelve pulses in the waveform 841. This means that the pulses on the
      timer enable waveform 842 occur at one-tenth second intervals. The output
      of the timer counter 35 is the CRY output. It is applied by way of liine
      125 to the D input terminal of processor 61 and is employed for timing
      operation in utilization of the sequencer 10. Such a timer is indicated by
      the unit 417 of FIG. 1. The timing instructions are loaded in main memory
      and may thus be read from memory to become effective in controlling the
      operation of the sequencer. The control for such timing operations is
      involved in the programming set out in Tables I and II for processors 61
      and 63, respectively.
PAC  TIMING -- FIG. 11E
PAR  FIG. 11E illustrates the relationship between (1) the KQD waveform 803, (2)
      the AIQ (MCR+JMP), waveform 813 which appears at the output of processor
      61, (3) the counting output of the flip-flop 213, FIG. 6, as represented
      by waveform 843, and (4) the OUT+OUTC 814.
PAR  The KQD waveform 803 represents negative going pulses of one microsecond
      duration occurring every seventeen microseconds. The flip-flops 211, 212,
      213 and 214 respond to the signals B0-B7 and to the AIQ (MCR+JMP) to
      produce the counting output waveform 843. Three OUT+OUTC pulses are
      generated within the positive pedestal of the counting output waveform
      843. Waveform 843 might extend for 256 OUT+OUTC pulses. The length of the
      counting waveform 843 depends upon the values of the inputs B0-B7, FIG. 6,
      at the instant that the AIQ(MCR+JMP) pulse occurs.
PAC  I/O UNITS -- FIGS. 13 and 14
PAR  In FIG. 1 the controller 10 is shown connected by way of cable 399 to I/O
      units mounted on bases 400 and 401. Output unit 409 is shown mounted on
      base 400. Input unit 411 is shown mounted on base 401. The bases 400 and
      401 are interconnected by way of a cable 399a. Base 401 is connected by
      way of cable 399b to additional bases so that, as above described, a total
      of 256 output units such as unit 409 may be employed along with a total of
      256 inputs units such as input unit 411.
PAR  FIGS. 13 and 14 illustrate the manner in which power conveyed to the bases
      400 and 401 as by way of power cables 397 and 398 is utilized. In the case
      of motor 406, the output unit 409 is utilized to control the application
      of power from cable 397 through lines 408 to motor 406. The interface to
      accomplish this is illustrated in FIGS. 13 and 14.
PAR  Cable 397 has one conductor which is connected to one terminal of a triac
      701. The other terminal of triac 701 is connected by way of line 408a to
      one terminal of motor 406. The other terminal of motor 406 is connected by
      way of common line 408b  to the second conductor in cable 397. The circuit
      responsive to controller 10 operates to turn on triac 701 upon a given
      output state from the controller 10.
PAR  Control for the triac 701 includes an output logic line 702 which leads by
      way of a light emitting diode 703 in line 704 to a positive voltage
      source. When the state on line 702 is false, triac 701 is turned on. This
      is done by sensing light from diode 703 in a photosensor SCR 705. SCR 705
      is connected to an RC filter circuit 706. It is also connected by way of a
      full wave rectifying diode bridge 707 to the triac 701. More particularly,
      the line 708 is connected to the gate of triac 701 and, through capacitor
      709, to line 408a. The upper terminal of bridge 707 is connected by way of
      line 710 to the juncture between filter capacitor 711 and filter resistor
      712. The upper terminal of resistor 712 is connected to the upper
      elecctrode of triac 701 and by way of line 713 to the power cable 397. The
      transient clipper unit 714 is connected in parallel to the filters 711 and
      712.
PAR  In FIG. 14 the single output circuit is shown as utilized to drive or
      otherwise control motor 406. Identical circuits will then be provided for
      controlling the application of a.c. power to the additional seven output
      channels 720. Since the control circuits are identical to that described
      for channel 702, they will not be further described.
PAR  Referring again to FIG. 1, the switch 407 is opened or closed by the
      position of the XY table 404. The switch 407 leads by way of cable 410 to
      the input unit 411 on base 401. The state of the switch 407 is employed to
      utilize power from cable 398 in the base 401 to signal by way of cable
      399a the switch state. FIG. 14 illustrates the input circuits in one base.
      In this circuit, the power source is connected to the system by way of
      cable 398. The switch 407 is connected by way of line 410a to one of the
      power conductors in cable 398. The other terminal of switch 407 is
      connected by way of line 410b through a voltage divider comprising
      resistors 730 and 731 back to the other terminal of the line 398. A
      capacitor 732 is connected in parallel to resistor 731 to provide a filter
      network.
PAR  Resistors 730 and 731 drop the voltage as it is applied to full wave
      rectifying diode bridge 733 to about 12 volts. The bridge is connected by
      way of line 734 to a trigger unit 735 and thence by way of resistor 736 to
      a light emitting diode 737. The second terminal of diode 737 is connected
      by way of line 738 back to the other terminal of the bridge 733. Light
      emitting diode 737 is on when switch 407 is closed. When diode 737 is
      turned on, light therefrom is sensed by a phototransistor 739. Transistor
      739 when conducting causes the state on output line 740 to be false. The
      other line 741 from transistor 739 is connected to ground. Thus, the
      circuit described in FIG. 14 serves to control the state on line 740 as to
      be low when switch 407 is closed.
PAR  Seven additional input lines 750 are provided in the circuit of FIG. 14
      with control circuits identical to those described to control the state of
      output line 740.
PAR  It will be now seen that the base 400 serves as a mounting for the output
      unit 409. The base 401 serves as a mounting for the input unit 411.
PAR  In the circuit illustrated in FIGS. 13 and 14, an arrangement is provided
      wherein the logic in a single base is available for accommodating both
      output units such as output unit 409 and input units such as input unit
      411 on the same base. In the system of FIG. 13, multiterminal plug 399c
      connects cable 399 into the base 400. Plug 399d serves to terminate the
      cable 399a in base 400. A similar plug 399e is connected into base 401 and
      plug 399f connects cable 399d to base 401.
PAR  In FIG. 13, line 702 and its companion lines 721 are connected to the eight
      inputs of two four-bit parallel-in/parallel-out shift registers 760 and
      761. Registers 760 and 761 are connected by way of lines 762 to the
      outputs of an eight bit serial-in parallel-out shift register 763. The
      output data line from controller 10 connected through plug 399c to the
      line 764 by way of an inverter 765 to the data input terminals of register
      763. The Qh output line 766 is then connected by way of inverter 767 to
      the output data line leading to plug 399d. Thus, a train of output data
      issues from the controller 10 during each half cycle of the power voltage.
      It enters the unit 400 and passes through shift register 763 under control
      of a train of clock pulses, one new bit entering for each clock pulse. The
      I/O clock states on line 768 are applied by way of an inverter gate 769 to
      the clock input terminal of shift register 763. The I/O clock line 768 is
      also connected to an I/O clock terminal in plug 399d. Thus, it will be
      recalled that when the controller 10 reads data out onto the cable 399,
      256 bits are read out during each half cycle of the power voltage. The
      first bit read out will be stored in a register such as register 763 in
      the last of a series of base units located on down the cable from section
      399d. The last of the 256 output bits will be stored in the first bit
      location in register 763.
PAR  With the I/O clock signal inhibited, the output data is then latched into
      registers such as register 763. During the zero crossing of the a.c.
      voltage in controller 10, a state is applied by way of the I/O latch line
      770 through inverter 771 and line 772 to the clock terminals of the shift
      registers 760 and 761. This shifts the data in register 763 into the shift
      registers 760 and 761, thus controlling the output states on lines 702 and
      721 thereby either energizing or deenergizing, as the case may be, the
      lines 408a and the lines 720.
PAR  Input logic line 740 and its companion lines 750 are connected into an
      eight bit parallel-in, serial-out shift register 775. The I/O latch state
      on line 770 changes from the input mode to the output mode following each
      train of input data to controller 10. By way of inverter 780, the states
      of the voltages on line 740 and lines 750 are caused serially to be read
      onto the line 776 and thence through inverter 777 to the input data
      terminal on plug 399c.
PAR  It will be noted that the input data terminal of plug 399d is connected by
      way of inverter 778 and line 779 to the serial input terminal of register
      775. By this means, when the system is in the input mode, all of the
      states on lines 740 and 750 plus the states on an additional 248 similar
      lines in companion bases, all capable of being handled by the system, are
      then funneled by way of line 779 through shift register 775.
PAR  The cable leading to plug 399c has an input data line, an I/O latch line,
      an I/O clock line, an output data line, a +7.5 volt line, an LED power
      line, a set of logic ground lines and a thermal fault line.
PAR  In the embodiment above described, various integrated components were
      employed in the manner indicated. Logic units are indicated by
      conventional symbols. Other elements employed are identified as set out in
      Tables VII-IX.
TBL                TABLE VII                                                   
     ______________________________________                                    
     Unit                                                                      
     ______________________________________                                    
     R/W memories 20, 25, 26                                                   
                     1024 bit R/W memory manufactured                          
     27 and 28       and sold by M.I.L. of Canada,                             
                     Ottawa, Canada, Catalog No. 2102                          
     Counters 12-15, 35-39                                                     
                     Counter manufactured and sold by                          
     and 63          Texas Instruments Incorporated,                           
                     Dallas, Texas, Catalog No.                                
                     SN 74163-N                                                
     ROMs 30-33, 61 and 62                                                     
                     Processor PROM manufactured and                           
                     sold by Harris Semiconductor,                             
                     Inc., Melbourne, Florida and                              
                     identified by Cat. No. H. PROM                            
                     1-1024-5B                                                 
     Shift register 80                                                         
                     Manufactured and sold by Texas                            
                     Instruments Incorporated and                              
                     identified as SN 74194 N                                  
     Flip-flops 21, 86, 193                                                    
                     Manufactured and sold by Texas                            
     213, 214        Instruments Incorporated and                              
                     identified by SN 7474 N                                   
     Counters 93, 95, 211,                                                     
                     Manufactured and sold by Texas                            
     212, 226, 230 and 237                                                     
                     Instruments Incorporated and                              
                     identified by SN 74193 N                                  
     Demultiplexers 175, 177                                                   
                     Dual two-four line demultiplex-                           
                     er, manufactured                                          
                     and sold by Texas                                         
                     Instruments Incorporated and                              
                     identified by SN 74155 N                                  
     Multiplexer 190 One half of a dual four-one                               
                     line multiplexer manufactured                             
                     and sold by Texas Instruments                             
                     Incorporated and identified by                            
                     SN 74153 N                                                
     ______________________________________                                    
TBL                TABLE VIII                                                  
     ______________________________________                                    
     Unit                                                                      
     ______________________________________                                    
     Decoders 630, 631 and                                                     
                    Three-eight line decoder, manu-                            
     656            factured and sold by Texas                                 
                    Instruments Incorporated, Dallas,                          
                    Texas and identified by Sn 74155N                          
     Shift registers 612                                                       
                    Eight bit shift register, manu-                            
     and 613        factured and sold by Texas                                 
                    Instruments Incorporated and                               
                    identified by SN 74164N                                    
     Counters 624, 625                                                         
                    Counter manufactured and sold by                           
                    Texas Instruments Incorporated                             
                    and identified by SN 74177N                                
     Shift registers 602-                                                      
                    Shift register manufactured and                            
     616, 614-617 and 622                                                      
                    sold by Texas Instruments                                  
                    Incorporated and identified by                             
                    SN 74195N                                                  
     Up/down counters 607-                                                     
                    Binary up/down counters manu-                              
     609            factured and sold by Texas                                 
                    Instruments Incorporated and                               
                    identified by SN 74193N                                    
     Up/down counters 666-                                                     
                    Decode up/down counters manu-                              
     668            factured and sold by Texas                                 
                    Instruments Incorporated and                               
                    identified by SN 74192N                                    
     Latch 690      Four bit latch manufactured and                            
                    sold by Texas Instruments Incor-                           
                    porated and identified by SN 7475N                         
     Decoder 691    BCD to seven segment decoder manu-                         
                    factured and sold by Texas                                 
                    Instruments Incorporated and                               
                    identified by SN 7448N                                     
     Counter 653    Binary four bit counter manu-                              
                    factured and sold by Texas                                 
                    Instruments Incorporated and                               
                    identified by SN 74163N                                    
     Counter 655    Eight to one line demultiplexer                            
                    manufactured and sold by Texas                             
                    Instruments Incorporated and                               
                    identified by SN 74151N                                    
     ______________________________________                                    
TBL                TABLE IX                                                    
     ______________________________________                                    
     Unit                                                                      
     ______________________________________                                    
     Shift register 775                                                        
                     Eight bit parallel-in, serial-                            
                     out shift register manufactured                           
                     and sold by Texas Instruments                             
                     Incorporated and identified by                            
                     SN 74165N                                                 
     Shift register 763                                                        
                     Eight bit serial-in, parallel-                            
                     out shift register manufactured                           
                     and sold and Texas Instruments                            
                     Incorporated and identified by                            
                     SN 74164N                                                 
     Shift registers 760, 761                                                  
                     Four bit parallel-in, parallel-                           
                     out shift register (latch) manu-                          
                     factured and sold by Texas                                
                     Instruments Incorporated and                              
                     identified by SN 74195N                                   
     Couplers 737-739                                                          
                     Optical coupler manufactured and                          
                     sold by Texas Instruments Incor-                          
                     porated and identified by TIL111                          
     SCR 703-705     Opto-SCR units manufactured and                           
                     sold by Monsanto Semiconductor,                           
                     Inc., Cupertino, California and                           
                     identified by No. MCS 240                                 
     ______________________________________                                    
PAR  The programmable logic controller with flag storage described herein is
      described and claimed in copending application, Ser. No. 431,589, filed
      Jan. 7, 1974 by Bobby George Burkett and Raymond Wilson Henry.
PAR  Program logic control with push down stack described herein is described
      and claimed in copending application, Ser. No. 431,538, filed Jan. 7, 1974
      by Bobby George Burkett and Raymond Wilson Henry.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a programmable logic controller, the combination comprising:
PA1  a. a read/write memory for storing multibit instructions which direct
      computations in said controller;
PA1  b. a programming keyboard module connected to said controller for encoding
      instructions to be stored in said memory;
PA1  c. means operable cyclically to read said instructions from said memory for
      operation of said controller;
PA1  d. a temporary storage means;
PA1  e. program counter means for generating memory addresses;
PA1  f. first logic means responsive to a first keyboard command for
      transferring instructions from said keyboard module via said temporary
      storage means to said memory; and g. second logic means responsive to a
      second keyboard command for inserting a new instruction at a location in
      said memory having a designated address and sequentially shifting each
      instruction in said memory stored at a location having an address beyond
      said designated address to a memory location having an address once
      removed, said second logic means including:
PA2  i. means for transferring said new instruction to said temporary storage
      means;
PA2  ii. means for setting said program counter means to said designated
      address;
PA2  iii. means for transferring the instruction in said temporary storage means
      to said memory at the address according to said program counter means and
      concomitantly transferring the instruction at said address to said
      temporary storage means; and
PA2  iv. means for controlling said program counter means to sequentially access
      each address beyond said designated address.
NUM  2.
PAR  2. The combination according to claim 1 wherein said temporary storage
      means is a serial-in serial-out shift register in said keyboard module and
      wherein said second logic means includes means for transferring one bit at
      a time of the instruction in said shift register to the addressed location
      of said memory according to said program counter means and concomitantly
      transferring one bit at a time of the instruction at said addressed
      location to said shift register.
NUM  3.
PAR  3. The combination according to claim 1 including:
PA1  a. a memory address counter in said keyboard module;
PA1  b. means in said second logic means for presetting said memory address
      counter to a count corresponding to said designated address according to
      said second keyboard command;
PA1  c. means for synchronously decrementing said memory address counter to zero
      and incrementing said program counter means; and
PA1  d. means operable upon zero count of said memory address counter to
      initiate the transfer of said new instruction from said temporary storage
      means to said memory at the address according to said program counter
      means.
NUM  4.
PAR  4. In a programmable controller for controlling the on/off states of m
      output devices in response to computed states generated by execution of a
      stored program on n binary parameters, wherein the value of each of said
      parameters corresponds to the on/off state of a respective input device,
      and wherein said controller is responsive to an alternating current power
      signal, the combination which comprises:
PA1  a. a register means having at least m + n binary storage locations;
PA1  b. control means responsive to a predetermined point in each cycle of said
      alternating current power signal for selectively generating an initiate
      input/output control signal and an initiate execution control signal;
PA1  c. first means responsive to said initiate input/output control signal for
      serially storing the n binary parameters corresponding respectfully to the
      on/off states of said n input devices into said register means and for
      serially reading previously computed on/off states for said m output
      devices out of said register means for transmission to said output
      devices; and
PA1  d. second means responsive to said initiate execution control signal for
      causing executing of said stored program with the values of said n binary
      parameters corresponding to the on/off states of the n input devices
      stored in said register means to thereby compute next states for said m
      output devices and for storing such next states in said register means.
NUM  5.
PAR  5. The combination according to claim 4 wherein:
PA1  a. said control means includes:
PA2  i. a bistable device responsive to a condition at said predetermined point
      for changing from a first state to a second state thereby generating said
      initiate input/output control signal,
PA2  ii. an address counter coupled to said register means for addressing the
      storage locations of said register means, and
PA2  iii. means coupled to -aid address counter and responsive to said initiate
      input/output control signal for incrementing said counter; and wherein
PA1  b. said first means includes:
PA2  i. an input transfer gate coupled to said register means for serially
      transferring the on/off states of said n input devices into said register
      means in response to a first enable signal,
PA2  ii. an output transfer gate coupled to said register means for serially
      transferring the previously computed on/off states for said m output
      devices out of said register means to said output devices in response to a
      second enable signal, and
PA2  iii. enable means coupled to said address counter and to said input and
      output transfer gates, said enable means being responsive to the count of
      said address counter for selectively generating said first or second
      enable signal.
NUM  6.
PAR  6. The combination as set forth in claim 4 wherein:
PA1  a. the controller includes a processor coupled to said register means for
      executing the stored program on the n binary parameters stored in said
      register means to compute the on/off states for said m output devices; and
      wherein
PA1  b. said control means includes:
PA2  i. an address counter,
PA2  ii. means coupling the address counter to said register means for
      addressing the storage locations of said register means, and
PA2  iii. means responsive to said initiate input/output control signal for
      incrementing said counter to store said n binary parameters and responsive
      to said initiate execution control signal to activate said exclusive OR
      gates to decrement the address counter to said register for reading the n
      binary parameters out of said register to said processor.
NUM  7.
PAR  7. The combination according to claim 4 including:
PA1  a. sampling means for sampling the on/off states of said n input devices
      and generating said n binary parameters corresponding respectfully to the
      on/off states of said n input devices; and
PA1  b. parallel in-serial out shift register means coupling said sampling means
      to said register means for serially transferring said n binary parameters
      to said register means.
NUM  8.
PAR  8. The combination according to claim 4 including serial in-parallel out
      shift register means coupling said register means to said output devices
      whereby the previously computed on/off states for said m output devices
      which are serially transmitted to said output devices are received by said
      output devices in parallel.
NUM  9.
PAR  9. In a sequencer system having a read/write memory for storage of a set of
      instructions to be read and executed serially during a memory cycle, the
      combination which comprises:
PA1  a. a first shift register;
PA1  b. means for transferring instructions from said read/write memory to said
      first shift register and for shifting said instructions bit-wise through
      said first shift register for execution thereof under control of a system
      clock;
PA1  c. a second shift register for temporary storage of a new instruction to be
      inserted into said set;
PA1  d. a counter means;
PA1  e. means for entering into said counter means an address of a location of
      said read/write memory which said new instruction is to occupy;
PA1  f. means operable at a predetermined relation to the beginning of a memory
      cycle for commencing incrementing of said counter means;
PA1  g. means coupled to said counter and responsive to the contents thereof for
      directing the contents of said second shift register to said first shift
      register when said counter means reaches a count corresponding to the
      address of the location of said read/write memory which said new
      instruction is to occupy; and
PA1  h. means for writing into said read/write memory said new instruction and
      each instruction thereafter passing through said first shift register.
NUM  10.
PAR  10. In a programmable logic controller having a read/write memory and means
      operable serially and cyclically for reading instructions from said memory
      for operation of said controller, the combination which comprises:
PA1  a. a programming keyboard for encoding instructions, said keyboard
      including:
PA2  i. a numeric set of switches for entering numeric data,
PA2  ii. an OP code set of switches to enter OP codes, and
PA2  iii. a set of command switches for entering commands; and
PA1  b. logic means responsive to commands from said keyboard to transfer
      instructions from said keyboard to said memory as a serial-bit stream,
      said logic means including:
PA2  i. a first data loop including a gated channel leading from said memory and
      a first string of shift registers,
PA2  ii. a second data loop including a second string of shift registers,
PA2  iii. means coupling said numeric set of switches in said keyboard to said
      second data loop,
PA2  iv. means coupling said OP code set of switches in said keyboard to a first
      port of said first string of shift registers,
PA2  v. means for counting the instructions read from memory in each cycle of
      said controller,
PA2  vi. means responsive to a command by said keyboard for shifting numeric
      contents of said second loop to a second port of said first string of
      shift registers and simultaneously to gate said channel to direct contents
      of said first string of shift registers to said memory at a preselected
      memory location, and
PA2  vii. means responsive to a keyboard insert command to insert a new
      instruction at a designated address in said memory and sequentially to
      shift each serially accessed instruction in said memory stored at an
      address beyond said designated address to a memory address once removed.
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PAL  A coding method and apparatus that supports bidirectional scanning is
      disclosed for sequences of fields of variable length and/or type.
      Symmetric difference separators of the two immediately adjacent data field
      types are generated by exclusive-OR addition and utilized as punctuation
      marks to support bidirectional scanning. Parity checking techniques and
      hardware are utilized to resolve boundary alignment problems when a
      separator is in error. An extension of the concept of the invention to
      hierarchical parenthesized structures permit skipping over subtrees
      without scanning their contents.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention relates generally to encoded data structure techniques and
      computer hardware, and more particularly to a coding method and computer
      hardware that supports bidirectional scanning of fields, which is
      economical in space, time and money.
PAR  2. Description of the Prior Art
PAR  In serial storage of data in a computer system a basic problem is that of
      identifying the type and/or length of unpredictable sequences of
      character-string data or fields. A fundamental requirement in connection
      with this problem is that the data sequence must be scannable in either
      direction.
PAR  There are two generally known prior art methods of encoding such sequences.
      One way is to reserve one or more "field separator" characters, which are
      not legal characters. (See E. H. Beitz, The Interpretation of Structured
      Stored Data Using Delimiters, Proc. 1970 ACM SIGFIDET Workshop on Data
      Description & Access, November, 1970, pp. 188-200). A cyclic FIFO buffer
      is utilized, in which a single pointer defines the current data entry
      point. Field names and/or lengths are stored adjacent to their value
      strings. FIG. 1 depicts such a prior art scheme wherein the field names
      and/or lengths A.sub.1, B.sub.1, C.sub.1 and D.sub.1 are stored adjacent
      to their respective value strings, Value (A).sub.1, (B).sub.1, (C).sub.1
      and (D).sub.1. The letters L(A).sub.1, L(B).sub.1, L(C).sub.1 etc., refers
      to the lengths of the value fields respectively. To scan the buffer from
      left to right, the next field's starting address is computed by adding the
      preceding field's length and starting address. Unfortunately, however,
      with this technique right-to-left scan is not possible, because the value
      field is encountered first, and its name cannot be located without knowing
      its length, and vice versa.
PAR  Another prior art approach shown on FIG. 2 avoids this last restriction and
      permits random access to fields by segregating field names A.sub.2,
      B.sub.2, C.sub.2 and D.sub.2 from their value text Value(A).sub.2,
      Value(B).sub.2, Value(C).sub.2 etc. The field names are assumed to be
      fixed length and are kept in a separate ordered list, which can be indexed
      or scanned from either end. Before writing a tape block, the sequence of
      field names is appended to the value string sequence. FIG. 2 shows this
      solution, with field names A.sub.2, B.sub.2, C.sub.2 and D.sub.2 stored in
      reverse order from their value text Value (A).sub.2, (B).sub.2, (C).sub.2
      etc., starting at the end of the data block. Names and values are
      accumulated simultaneously and both share a common pool of unused
      byte-cells in the middle of of the data block. However, this technique has
      the disadvantage of complicating physical concatenation of data and/or
      logical chaining.
PAR  One unique solution to the problem not believed to be in the prior art and
      still able to overcome one-directional scanning limitations is shown in
      FIG. 3A, wherein field names A.sub.3, B.sub.3, C.sub.3, D.sub.3 are
      embedded before and after each corresponding value string Value (A).sub.3,
      (B).sub.3, (C).sub.3, (D).sub.3 respectively. An obvious disadvantage with
      this technique, however, is that it doubles the space required to store
      the field names. What is needed is a technique which while overcoming
      one-directional scanning limitations, is at the same time economical in
      its use of space as well as of time and money.
PAC  OBJECTS OF THE INVENTION
PAR  A primary object of the invention therefore is to provide improved coding
      apparatus and a method for bidirectional scanning of sequence of fields of
      various length and/or type.
PAR  Another object of the invention is to provide a method and apparatus for
      generating symmetric difference separators of any two immediately adjacent
      data fields to support bidirectional scanning.
PAR  Still another object of the invention is to provide parity checking
      techniques and hardware to resolve boundary alignment problems when a
      symmetric difference separator is in error.
PAR  These and other objects of the invention will become apparent from the
      description of a preferred embodiment of the invention when read in
      conjunction with the drawings contained herewith.
PAC  SUMMARY OF THE INVENTION
PAR  Bidirectional scanning for sequences of fields of variable length and/or
      type is supported by a symmetric difference (or Boolean difference).DELTA.
      AB which is the carry-free exclusive OR (bit-wise modulo-two) sum of the
      binary codes representing the type or length for any two adjacent fields A
      and B (i.e. .DELTA.AB = A .sym. B. The symmetric difference of any two
      adjacent fields is generated by computer hardware, and is used as a
      punctuation mark or separator between said adjacent fields. Once symmetric
      differences have been generated for sequences of adjacent fields as shown
      in FIG. 3B scanning of these sequences of fields may proceed in either
      direction right or left.
PAR  For example, assume that a left to right scan of FIG. 3B has just begun.
      Given the identity of the first field (A).sub.1 it is desired to identify
      the (unknown) second field as type B. The field length of Value (A) field
      is obtained from a table of field lengths or directly from separator A.
      The .DELTA.AB field is then located and the difference .DELTA. AB is
      exclusive-OR added to the known field name A to give B. Similarly,
      .DELTA.BC is located relative to .DELTA.AB via the length of field Value
      (B) which has previously calculated as B, and exclusive-OR added to obtain
      C (i.e. C = B .sym. .DELTA.BC). Since B = C .sym. .DELTA.BC, and A= B
      .sym. .DELTA.AB, etc., this procedure works equally well when beginning at
      the right side and scanning left, when the identity of the right-most
      field is extracted upon block entry from the right-most separator appended
      to this field.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features which are characteristic of the invention are set forth
      with particularity in the appended claims. The invention itself, however,
      both as to organization and operation together with further objects and
      advantages thereof may best be understood by reference to the following
      description taken in conjunction with the drawings in which:
PAR  FIGS. 1 and 2 are prior art solutions to the problem;
PAR  FIG. 3A is another solution to the problem not found in the prior art, but
      helpful in explaining the invention;
PAR  FIG. 3B is one embodiment of the sequentially encoded data structure of the
      invention that supports bidirectional scanning;
PAR  FIG. 4 is a prior art tree data structure utilized in the invention;
PAR  FIG. 5 is another embodiment of sequentially encoded data structures of the
      invention utilizing the tree data structure of FIG. 4;
PAR  FIGS. 6A and 6B are logic block diagrams of the invention showing forward
      and backward scans respectively;
PAR  FIG. 7 is a logic block diagram of the invention for tree-type hierarchical
      data structures.
DETD
PAC  GENERAL DISCUSSION
PAR  1. Representation of Variable Data Field Sequences
PAR  Sequential data entry and recording on serial media, such as tape
      cassettes, is conveniently accomplished by using a double-ended FIFO
      buffer or "deque" with top and bottom end markers, keyboard input (load)
      and tape output (write) pointers (D. R. Knuth: The Art of Computer
      Programming Vol. I Fundamental Algorithms, Addison-Wesley, Reading, Mass.
      1968). Logically, the buffer is cyclic, with no attention paid to the
      physical top and bottom end addresses. Logically, these ends are joined
      together by computing addresses modulo the buffer size; that is, when
      "one" is added to the bottom end address, the result is the top or start
      address. In the most general case, tape block reading or writing (physical
      I/O) from one sector of the buffer can go on concurrently with data field
      insertion or extraction from another buffer sector (logical I/O).
PAR  The problem considered in this disclosure is that of storing a sequence of
      data fields of varying type. Two application requirements occur together,
      wherein the FIFO buffer organization described above runs into difficulty:
PA1  1. Optional or Varying Occurrences: Some field types may have optional or
      varying numbers of occurrences as attributes; in either case, the next
      field type is sometimes unpredictable, so that field type identifiers
      (names) must be recorded along with the data.
PA1  2. Bidirectional Scanning: When backward as well as forward scanning of the
      data file is required, field by field, the quene becomes double-ended on
      the tape or physical I/O side.
PAR  Requirement (1) is motivated by a desire for flexible source data formating
      or seven free-form (self-describing) data entry. Requirement (2) is
      implied by functions such as editing or on-line correction which make use
      of a "backspace one field" operator or function key, or a bidirectional
      scrolling facility using a CRT display.
PAR  Recommended Solution -- One way to overcome the one-directional scanning
      limitation of the format in FIG. 1 is to embed a field name before and
      after its value string (see FIG. 3A and background discussion). However,
      this doubles the space needed to store field names. The recommended
      approach is a simple extension of this format which avoids duplicate
      storage of field names. (See FIG. 3B).
PAR  FIG. 3A shows each field value with a name (one-byte symbol A, B, etc.,) at
      both ends. In FIG. 3B except for the initial and final field name, the two
      symbols separating each pair of field values have been combined into one
      symbol, the "symmetric difference" between the two field names it
      replaces. The initial and final field names may be regarded as symmetric
      differences that result from combining with the "all zeros" name.
PAR  The symmetric difference (or Boolean difference) AB is defined as the
      carry-free exclusive-OR (bit-wise-modulo-two) sum of the binary codes for
      A and B: AB = A + B. When A and B are k-bit symbols, the signed algebraic
      difference AB = (B-A) or the ring sum A+B (mod 2.sup.k) would work equally
      well, but the symmetric difference is simpler and faster on machines with
      an exclusive-OR instruction. The other two operations must be replaced by
      subtraction when the direction or scan is reversed, but the exclusive-OR
      operation is independent of the direction of scan.
PAR  There are two alternate interpretations for the codes A and B on which the
      symmetric difference is based. In FIG. 3B, an indirect or
      variable-field-type interpretation, A and B are the actual values of field
      type codes, and the A and B value field lengths are assumed stored in a
      separate table indexed by the field type code. In the second or alternate
      interpretation, A and B are the actual value field lengths. The second or
      alternate interpretation in which the type codes are identified directly
      with field length, will be discussed later.
PAR  For example, suppose we have just begun a left to right scan in FIG. 3B.
      Given the identity of the first field (A) we wish to identify the
      (unknown) second field as type B. We add the difference .DELTA.AB to the
      first field name A, after locating .DELTA.AB by looking up field A's
      length in a table. We locate .DELTA.BC relative to .DELTA.AB via the
      length of B, and then compute C = B .sym. .DELTA.BC to identify the third
      field. Since B = CC .sym. .DELTA.BC and A = B .sym. .DELTA.AB, etc., this
      procedure works equally well when beginning at the right side and scanning
      left, if the identity of the right-most field is known upon block entry.
PAR  2. Other Applications
PAR  The above solution assumed a relatively small number (at most 255) field
      types, each of known constant length, repeated often enough to justify a
      stored table of field lengths. Other applications will now be considered.
PAR  Text Editing -- For interactive text editing, a bidirectional scan has
      obvious advantages. A minor change to the semantics of the scanning
      algorithm permits its application to a contiguous sequence of words or
      other "atomic" elements of text.
PAR  One important consideration is that now the fields are not merely
      repetitious instances of a few (.ltoreq. 255) fixed-length field types. In
      fact, all of the fields might just as well be considered as members of a
      single, variable-length field class. Now we have at least 255 field
      identifiers to use for other purposes (zero is reversed for the null field
      identifier). Therefore define all words of length k,
      1.ltoreq.k.ltoreq.255, as members of the k-th field class, and assign the
      binary value of k as identifier for this class. (The reserved null field
      type is consistent with this convention). Symmetric difference separators
      are now computed as before, with one additional advantage: the table which
      formerly defined field length (when indexed by field type) now becomes the
      identity map and is no longer needed.
PAR  Introducing symmetric difference codes as field separators need not involve
      any explansion of text volume. For example, suppose an "atomic" element of
      text is defined to be any contiguous string of non-space characters
      between two space characters. Without loss of generality, every pair of
      contiguous space characters may be regarded as bracketing a null or zero
      length atomic element. Then, every sequence of space characters may be
      replaced by an equal-length sequence of field separators, coded as
      symmetric differences.
PAR  For example, let the values of two fields A and B be "the" and "word",
      respectively. Adopt the convention that an underlined digit represents the
      8-bit binary code for itself; e.g., 7 denotes the bitstring "00000111".
      Then the type codes for fields A and B are identified with their lengths
      and become 3 and 4 respectively. The symmetric difference .DELTA.AB = 3
      .sym. 4 = 7. The text strings below are mapped into
      symmetric-difference-coded equivalents without changing their lengths in
      bytes ("#" represents one space):
PA1  a. "the#word " "the7word"
PA1  b. "the##word" "the34word"
PA1  c. "the##. . . ##word" "the30 . . . 04word"
PAL  In (a),.DELTA.AB replaces one space characters: in (b), .DELTA.A0 .DELTA.0B
      replaces two spaces; in (c), .DELTA.A0 .DELTA.00 . . . .DELTA.00 .DELTA.0B
      replaces a corresponding number of spaces.
PAR  One disadvantage of this length-preserving text-encoding method is that it
      does not separate punctuation marks from alphanumeric strings within
      atomic elements of text. However, a punctuation symbol which is
      immediately preceded and/or followed by an alphanumeric string may be
      encoded as a separate one-byte field by artificially inserting a separator
      before and/or after the punctuation symbol. This expands the text by one
      or two extra bytes per punctuation symbol. Upon decoding, these separators
      are replaced by null fields rather than space characters. (Later with
      respect to tree structures the convention will be adopted that a null
      field exists between any two adjacent separators).
PAR  Dictionary Look-Up -- All of the above text editing considerations apply
      equally well to dictionary (e.g., symbol table) look-up. To expedite
      searches, a very long string of lexicographically ordered words is
      partitioned into blocks, for which an index table is also prepared. Index
      table entries point to block end points which contain field lengths,
      rather than symmetric differences, as in FIG. 3B. This permits
      bidirectional scanning from multiple entry points.
PAR  Variable-Length Fields with a Fixed Sequence of Types -- Both applicaations
      above may be regarded as the special case (n=1) of a data stream with
      multiple field types in which the type sequence is predictable but field
      lengths are variable and must be encoded into symmetric differences. For
      example, cardformatted data with exactly one instance of each field type
      could use symmetric difference coding to suppress leading zero and/or
      trailing blanks.
PAR  Fields of Unpredictable Type and Length -- When neither field type nor
      length can be inferred from the other then symmetric difference coding of
      both length and type is possible. In general, this will involve more than
      8 bits per separator; for example, a two-byte separator may be utilized.
PAR  3. Error Protection
PAR  All encoding methods which build up a field address by incremental addition
      of preceding field lengths are vulnerable to the error extension problem,
      or multiple errors caused by a single erroneous field length indication.
      In general, this will force all succeeding field boundaries out of
      alignment and manual interpretation may be necessary to recover their
      data. Accordingly, a single-error-detection method using a one-way scan is
      utilized whereas for correction a two-way scan is utilized.
PAR  Error extension can be avoided completely by recording a separate table of
      relative addresses or offsets to individual fields, as in FIG. 2, but with
      other disadvantages discussed earlier. Another way is to take advantage of
      the unique parity checking feature of symmetric difference coding. This
      provides error detection and correction advantages equivalent to the use
      of two redundant pointer chains as shown below.
PAR  Padding -- One requirement for effective error control is the ability to
      partition a sequence of variable-length fields into blocks of fixed
      length. In general, field boundaries will not coincide with block
      boundaries. To avoid splitting a field into two parts (which introduces a
      new coding problem) and to permit resynchronization of the field address
      pointer at inter-block boundaries, a block is padded preferably by some
      method which does not complicate the logic of the scanning algorithm.
PAR  Padding is accomplished by reversing a particular 8-bit symbol (or 8-tuple)
      to indicate a "null" field type, defined as one whose value string has
      zero length. To be consistent with those applications which replace a
      field's type code by its value string length in bytes, the zero 8-tuple is
      reserved as a null field type code.
PAR  Null field values take up no space, but their separators do. The scanning
      algorithm still works, and a small amount of logic to recognize and skip
      over null field separators will make them transparent to the scan
      algorithm.
PAR  Two non-null fields (say, field types A and B) with value strings denoted
      V.sub.A, V.sub.B and separator denoted .DELTA.AB appear as follows in FIG.
      3B:
EQU  V.sub.A .DELTA.AB V.sub.B
PAR  To insert a null field (type 0) between A and B, we merely replace
      .DELTA.AB by the two separators .DELTA.A0, .DELTA.0B; (this inserts one
      extra byte into the field stream). Two null fields between A and B appear
      as V.sub.A .DELTA.A0 .DELTA.00 .DELTA.0B V.sub.B. (Each underlined triple
      represents a one-byte field separator). Each additional null field
      introduces another .DELTA.00 separator, whose value is 0 .sym. 0 = 0.
PAR  Self-identification -- In order to begin a field scan at either block
      boundary it is necessary to know the identity of the first field to be
      scanned. For this purpose it is sufficient to adopt the convention that at
      least one null field will always be inserted at every block boundary.
PAR  Suppose a block boundary occurs between fields A and B of the preceding
      example. Within the field stream V.sub.A .DELTA.AB V.sub.B, the separator
      .DELTA.AB must be assigned either to the block containing V.sub.A or to
      the one containing V.sub.B. Neither choice is satisfactory. For example,
      if .DELTA.AB is stored with V.sub.B, then a backward scan into the block
      containing V.sub.A requires prior reference to succeeding blocks before
      field type A (and its length) can be identified.
PAR  This problem disappears if two null field separators straddle the block
      boundary. For example, with a boundary between .DELTA.A0 and .DELTA.0B in
      the field sequence V.sub.A .DELTA.A0 .DELTA.0B V.sub.B, the scanning
      algorithm will encounter a separator (.DELTA.A0 or .DELTA.0B) no matter
      which direction is begins to scan. Because zero represents the null field
      type, .DELTA.A0 = A.sym.0 = A .DELTA.0B = B.sym.0 = B. In other words,
      null fields have the nice property that adjacent separators directly
      identify the adjacent field type. In other words, the two fields at the
      edges of any block are self-identifying, if blocks are padded to avoid
      splitting fields and at least one null field is inserted at block
      boundaries.
PAR  Resynchronization -- Null field insertion at block boundaries makes each
      block independent of adjacent blocks, as far as the field scan process is
      concerned. However, a correct field scan from one end of a block to the
      other still requires all intervening field separators to have correct
      values. What if an error occurs?
PAR  Consider first the error detection problem. If null fields are "inserted"
      at both block boundaries, a correct sequence of field separators will
      automatically have a zero-valued longitudinal partity check sum. For
      example, suppose a block contains four fields; A, B, B, C; the sequence of
      field separators and interspersed value strings will be
EQU  .DELTA.0A V.sub.A .DELTA.AB V.sub.B .DELTA.BB V.sub.B .DELTA.BC V.sub.C
      .DELTA.C0 By definition, .DELTA.0A = A, .DELTA.AB = A.sym.B, etc., the
      parity check sum of these five separators is
EQU  .DELTA.0A .sym. .DELTA.AB .sym. .DELTA.BB .sym. .DELTA.BC .sym. .DELTA.C0 =
EQU  A .sym. (A .sym. B) .sym. (B .sym. B) .sym. (B .sym. C) .sym. C =
EQU  (A .sym. A) .sym. (B .sym. B) .sym. (B .sym. B) .sym. (C .sym. C) =  0
PAL  by the associative property of exclusive-OR addition. That is, field type
      or length codes appear in pairs, causing pairwise cancellation in the
      overall checksum. In conclusion, this zero checksum property permits rapid
      detection of separator errors. It also discriminates between separator and
      value string errors if an overall error detection coding scheme is also
      used. Often, block lengths can be restricted to make the probability of
      more than one separator error per block negligible.
PAR  Assuming a single separator is in error, how can its location be
      established without ambiguity? A nonzero check sum over the correct
      location of an erroneous field separator sequence would yield the error
      pattern but not its location. However, this actual checksum is not
      computable because the computed sequence of separator addresses may
      diverge from the correct locations beyond the point of error. The solution
      is to begin checking from the opposite end as well.
PAR  It is easily verified that whenever the two sequences of separator
      addresses (starting from opposite ends of the block) have only one address
      in common, then their point of contact is the erroneous separator
      location. In this case, the correct separator value is the symmetric
      difference of the field type codes computed by the two scans just prior to
      their point of contact, since this gives an overall check sum of zero.
PAR  Furthermore, if the two address sequences have multiple contact points,
      then each contact point must be considered as a possible error location.
      This provides double error detection, although not all double byte errors
      are necessarily detected in this way. For example, if field type A and B
      have the same length, a double separator byte error pattern that
      interchanges .DELTA.AB with .DELTA.AA = .DELTA.BB = 0 would recognize the
      field sequence V.sub.A .DELTA.AB V.sub.B .DELTA.BB V.sub.B as V.sub.A
      .DELTA.AA V.sub.A .DELTA.AB V.sub.B.
PAR  Such double errors are not detectable by the symmetric difference coding
      (note that they do not imply loss of correct pointer alignment).
PAR  4. Representation of Tree-Structured Data
PAR  The symmetric difference approach will now be extended to irredundant
      packed sequential representation of hierarchial or tree-like data
      structures. This permits bidirectional scanning at any level of the tree,
      without the necessity of scanning intervening data.
PAR  As an example, consider the tree structure of FIG. 4 in which A, B, etc.,
      represent field types whose values V.sub.A, V.sub.B, etc., are to be
      stored sequentially in the order (ABCDEFG). Nonterminal nodes R (for root)
      and T.sub.k may have data fields (leaves of the tree) or other nodes
      (subtrees) attached to them. Branches leading to each subtree are
      surrounded by matched pair of parenthesis. The corresponding parenthesized
      linear representation of the tree may be reconstructed from FIG. 4 by
      reading off all branch and leaf labels while traversing the tree
      counter-clockwise: A (B(CD)) (E(FG)). (For definitions and discussion of
      Tree Structures see pps. 305-379 of Vol. 1, of The Art of Computer
      Programming by Donald E. Knuth, published by Addison-Wesley Publishing
      Company).
PAR  The value string corresponding to this representation is V.sub.A (V.sub.B
      (V.sub.C V.sub.D)) (V.sub.E (V.sub.F V.sub.G)). This string is unambiguous
      as long as "("and")" are reserved characters that do not appear in V.sub.A
      through V.sub.G or if V.sub.A through V.sub.G are of known, fixed or
      computable lengths. To avoid reserving the parenthesis characters, suppose
      they are considered as one-byte values of a special "punctuation" field
      type, p. In our example, V.sub.p is either ")" or "(" and must be embedded
      within field separators just like any other field. Applying symmetric
      difference coding to this field sequence gives this result, requiring two
      bytes per parenthesis character;
EQU  .DELTA.0A V.sub.A .DELTA.Ap V.sub.p .DELTA.pB V.sub.B .DELTA.Bp V.sub.p
      .DELTA.pC V.sub.C .DELTA.CD V.sub.D .DELTA.Dp V.sub.p
EQU  .DELTA.pp V.sub.p .DELTA.pp V.sub.p .DELTA.pE V.sub.E .DELTA.Ep V.sub.p
      .DELTA.pF V.sub.F .DELTA.FG V.sub.G .DELTA.Gp V.sub.p
EQU  .DELTA.pp V.sub.J .DELTA.pp
PAR  The two distinct meta-bracket values "(" and ")" may be replaced by two
      distinct reserved field types, in which case their values may be null. For
      example, using .dwnarw. and .uparw. to denote type codes for meta-brackets
      of type "(" and ")" respectively, and .DELTA.AB to represent the symmetric
      difference of type codes A and B, the tree of FIG. 4 is representable as
EQU  .DELTA.0A V.sub.A .DELTA.A.dwnarw. .DELTA..dwnarw.B V.sub.B .DELTA.BC
      V.sub.C .DELTA.CD V.sub.D .DELTA.D.uparw. .DELTA..uparw..uparw.
      .DELTA..uparw..dwnarw. .DELTA..dwnarw.E
EQU  V.sub.E .DELTA.E.dwnarw. .DELTA..dwnarw.F V.sub.F .DELTA.FG V.sub.G
      .DELTA.G.uparw. .DELTA..uparw..uparw. .DELTA..uparw.0
PAR  This structure is efficient in storage because only one additional byte is
      needed for each embedded open or close parenthesis symbol. However, every
      field must still be scanned to traverse the tree, and this is not
      efficient for many applications. For example, suppose A represents an "if"
      condition, B(CD) represents a "then " clause and E(FG) an "else" clause of
      a parsed source language statement to be interpreted. After run-time
      evaluation of condition A the interpreter would like to scan B(CD) but
      skip E(FG), or skip B(CD) and then scan E(FG).
PAR  What is missing from the preceding tree representations?All of them are
      inefficient in the sense that a scan in either direction must still
      traverse every node and every leaf of the tree to get from the one end to
      the other.
PAR  If the tree has many nested levels, and if we are only interested in
      selecting one higher-level node, then much time will be wasted in such a
      scan. What is needed is a "subtree separator" which conveys information
      about the lengths of the complete substructures attached to its adjacent
      nodes. The rest of this section describes a tree structure representation
      which does permit skipping over subtrees, by reserving a single field type
      called an "internode separator" and using symmetric difference techniques
      to encode its contents.
PAR  Extension for Rapid Scanning -- The preceding encoded representation of a
      tree structure is not efficient when a known path through the tree must be
      located. For example, on FIG. 4, suppose field F is known in advance to be
      attached to the first leaf of the second branch of the third branch
      attached to the root node. The extension proposed below will permit the
      scanner to skip the first two branches attached to the root node, then
      descend one level (to node T.sub.2 on FIG. 4) and skip field E, arriving
      at field F in three jumps rather than the five jumps required to scan over
      A, B, C, D and E.
PAR  A new reserved field type code (denoted p) called an internode separator
      field, is needed. Its non-null value depends only on the lengths of the
      subtrees which it borders or separates, and is used to jump over a subtree
      in either direction. Symmetric difference coding is used on internode
      separator field values, to minimize storage requirements. Fields of type p
      are embedded in the field stream just like data and null field types.
      While a field-sequential scan merely recognizes and skips over internode
      separators (as with padding fields), a tree scanning algorithm must
      contain logic to recognize them and use them appropriately.
PAR  A typical length of two bytes is assumed for internode separators although
      other lengths may be utilized; this limits the maximum subtree length to
      65K bytes; (if this is inadequate, a 24 bit value could be used). A stack
      is used with this method of scanning to save place markers (address
      pointers or offsets) for the beginning and end of the subtree being
      scanned (or one end and its length). The stack also permits a direct
      return from within any subtree to its root or parent node without going
      through other branches of this subtree.
PAR  It is simple to construct the proposed encoded form of a tree by a
      sequential scan of its parenthesized field structure. Each closing
      parenthesis, and each opening parenthesis that does not have a closing
      parenthesis as its immediate predecessor, is replaced by an internode
      separator field with a 2-byte value. A pair of parentheses of the form
      ")(" is combined into one internode separator field.
PAR  Within each internode separator field corresponding to a single open or
      close parenthesis will be placed the distance (in bytes) to the opposite
      matching parentheses. (This is analogous to the self-identifying field
      separators at block boundaries in section 3). Within the internode
      separator corresponding to a pair of "Close, open" or "), (" parentheses
      is placed the symmetric difference of the distances to their matching
      parentheses. (This construction is consistent with the previous encoding
      of field-lengths into field separators).
PAR  Each pair of matching parentheses plus all of its enclosed fields and
      nested parenthetical pairs correponds to one subtree and the branch
      connecting it to its parent node. For example, the tree of FIG. 4 contains
      7 leaves and 4 subtrees. Its root node is labeled R and the root nodes of
      its subtrees are labeled T.sub.1, T.sub.2, T.sub.3 and T.sub.4.
PAR  The encoded representation of a subtree will be called a compound element,
      and represents a new byte-string-valued data type. That is, a compound
      element is any sequence of fields including internode separator fields, in
      which the latter obey certain constraints on their pairwise occurrences
      and contain appropriate length-defining values.
PAR  Compound elements may be nested. Note that the internode separators
      corresponding to open and close type parentheses are only distinguishable
      by tracking their positions relative to parent nodes; a separator position
      and value determines the location of its matching separator; the
      intervening internode separators specify inner structure at lower levels
      of the tree.
PAR  In FIG. 4, four compound elements are identified by parentheses around the
      branches leading to the root nodes of their corresponding subtrees. Only
      one pair of subtrees (T.sub.1 and T.sub.2) are adjacent to each other at
      the same tree level. The other two subtrees (T.sub.3 and T.sub.4) are
      isolated by fields or higher level brackets. Let V.sub.A denote a value
      string for a field of type A. Let L.sub.j denote the valve of a p-type
      field (instead of V.sub.p). Define L.sub.j = length in bytes of (the
      encoded representation of) subtree T.sub.j in FIG. 4, and define L.sub.ij
      = L.sub.i .sym.L.sub.j, the symmetric difference of L.sub.i and L.sub.j.
      Then the tree structure of FIG. 4 requires the following sequence of field
      types to be encoded:
EQU  ApBpCDppEpFGpp Substituting V.sub.A for A etc., and L.sub.j or L.sub.ij for
      p we obtain the field value sequence
EQU  V.sub.A L.sub.1 V.sub.B L.sub.3 V.sub.C V.sub.D L.sub. 3 L.sub.12 V.sub.E
      L.sub.4 V.sub.F V.sub.G L.sub.4 L.sub.2
PAR  Appropriate field separators are inserted to punctuate this sequence of
      field values. Let .DELTA.AB represent the singlebyte field separator
      between two value strings of fields of type A and B. Using this notation,
      the fully encoded linear representation for the tree of FIG. 4 is shown in
      FIG. 5.
PAR  FIG. 5 also illustrates the rules for computing compound element lengths.
      For each field which is a direct descendent of the compound element whose
      length is being computed, add the field's value string length plus one
      (separator) byte. For each nested compound element which is a direct
      descendent add its length plus three bytes (for a p-type field and its
      separator). Finally, add three bytes for the p-type field prefix to the
      compound element itself. This is illustrated on FIG. 5 for the subtree
      T.sub.2 = (E(FG)); the lengths of V.sub.E, V.sub.F and V.sub.G are denoted
      by x, y and z respectively.
PAR  To illustrate the scanning process, the example of FIGS. 4 and 5 will be
      used. Suppose we wish to access the field F which is known a priori to be
      on the first branch of subtree T.sub.4. T.sub.4 is on the second branch of
      subtree T.sub.2, which is on the third branch at the top level of the
      tree.
PAR  The search for field F proceeds, for example, from the left edge of the
      encoded representation (FIG. 5) and follows the dotted lines:
PA1  1. Read .DELTA.0A, lookup the length of V.sub.A and skip to .DELTA.Ap.
PA1  2. Read .DELTA.Ap, advance and read L.sub.1, and skip to .DELTA.pp which is
      followed directly by L.sub.12.
PA1  3. read L.sub.12, compute L.sub.2 = L.sub.1 .sym.L.sub.12, then stack the
      addresses of both L.sub.12 and L.sub.2. This will allow us to return from
      subtree T.sub.4 to either the left or the right edge of the subtree
      T.sub.2.
PA1  4. advance to .DELTA.pE, lookup the length of V.sub.E, and skip to
      .DELTA.Ep. Advance and read L.sub.4 and stack its address and the address
      of L.sub.4 (at the right edge of subtree T.sub.4) which is Address
      (L.sub.4) .sym. Value (L.sub.4).
PA1  5. advance to .DELTA.pF, which identifies F as the next field. This
      technique skips over three subtrees and descends two levels down into the
      tree structure. By unstacking the return address a return can be made
      immediately up any branch to the next higher level of the tree. The
      stacked address of the current subtree's left or right boundary is used to
      resume the scan in the forward or reverse direction, as desired. Internode
      separators within a subtree are located interior to these boundaries.
PAR  During the course of the scan, ambiguities may arise. The internode
      separator content does not specify whether it is an end of the current
      subtree, or an internode separator within it. This ambiguity is resolved
      by comparing the separator location to the end of the current subtree,
      which is one of the two subtree boundary locations on the top of the
      stack. Another way to resolve this ambiguity is to assign three distinct
      type codes p.sub.1, p.sub.2 and p.sub.3 (first, last and intermediate)
      internode separator field types, corresponding to parenthesis symbols "(",
      ")", and ")(" respectively.
PAC  PREFERRED EMBODIMENTS
PAR  A First Preferred Embodiment
PAR  Referring to FIG. 6A and FiG. 6B, there is shown one embodiment of the
      invention in terms of hardware logic and registers for scanning an encoded
      string of text in the forward and backward directions. FIG. 6A shows the
      operation of the hardware when scanning in the forward direction during
      one cycle of operation of the hardware wherein one step of left-to-right
      scan from one piece of text to another piece of text of the encoded input
      string is accomplished. FIG. 6B shows the same string of text being
      scanned in the backward direction. It will be noted that the same numbers
      are used for the same elements of invention; however, it will be noted
      that the paths of the data are numbered differently. Also it should be
      noted that the paths of data are numbered consecutively in each diagram as
      they occur and will be more fully explained below. Referring first to FIG.
      6A, there is shown a portion of an encoded string of text which contains
      two pieces of text called text C and text D denoted by numerals 2 and 4,
      respectively. Preceding text C is a symmetric difference separator
      .DELTA.BC,1; between text C and text D is another symmetric difference
      separator .DELTA.CD,3. The portion of a string of text 1, 2, 3 and 4 may
      be contained on a magnetic tape or other sequentially addressable storage
      media. It is of course understood that many encoded string of text reside
      in the storage medium selected. In this particular case, the logically
      defined string of text is in the virtual memory address space of a
      computer memory. The contents of location register 8 represents an offset
      or a number of characters between some reference mark on the storage
      medium and a particular separator such as .DELTA.BC,1 or .DELTA.CD,3. In a
      left to right scan when the location register 8 is updated so as to
      indicate a new location; for example, the relative offset address from
      such reference mark of separator .DELTA.CD,3, is defined by adding to the
      length of text C,2 the relative offset address of separator .DELTA.BC,1.
      Thus, the relative offset address of separator .DELTA.CD,3 is defined on
      the storage medium relative to the reference mark previously selected.
      Generally, the reference mark selected is the beginning of the logically
      defined string of text in the virtual memory address-space of the computer
      memory. It can be seen that the exact same procedure may be utilized on a
      magnetic tape or other sequential storage medium.
PAR  Referring again to FIG. 6A, the hardware itself is comprised of three
      registers -- a location register 8, a length register 9 and a symmetric
      difference register 5. In addition, binary adder 7 is provided to perform
      an ordinary binary addition or a binary subtraction. An exclusive-OR adder
      or complementor 6 is provided to perform carry-free exclusive-OR addition.
      (It will be noted that exclusive-OR addition is equivalent to
      complementing the output of a register such as length register 9 at those
      bit positions where exclusive-OR addition of a logical 1 is indicated by
      the second input. The contents of location register 8 and length register
      9 together comprise a field descriptor word 10. The first portion of this
      word is the location of the beginning of a particular field of text being
      scanned which is contained in location register 8. The second part of the
      field descriptor word is the length of said particular piece of text being
      scanned which is contained in the length register 9. In FIG. 6A, an
      assumption has been made that preceding steps of a left-to-right or
      right-to-left scan have initialized location register 8 and length
      register 9 to contain the description of text C. In the next step of a
      typical scan of the invention, it is desired to scan the contents of the
      location register 8 and length register 9 and also the symmetric
      difference register 5 and perform the necessary operations in order to
      update location register 8 so that it contains the address of the new
      location .DELTA.CD,3 and also to update length register 9 so it contains
      the length of the next string of text D,4. Before updating, it has been
      shown that location register 8 contains the location of symmetric
      difference separator .DELTA.BC,1 (illustrated by a dashed arrow 11), and
      length register 9 contains the length of text C,2. Accordingly, in
      updating the registers, the contents of location register 8 are first
      transferred along path 12 to binary adder 7; at the same time, the
      contents of length register 9 are transferred along paths 13 and 13A to
      binary adder 7 and added to the contents of location register 8. When the
      binary addition is complete, the result of the addition is transferred
      along path 14 back to location register 8. The location register 8 now
      contains the location of symmetric difference separator .DELTA.CD,3
      preceding text D, as shown by dashed arrow 15. Simultaneously with the
      transfer of the contents of length register 9 into the binary adder 7, its
      contents are also transferred via the transfer path 13 and 13B into the
      exclusive-OR complementor 6. The symmetric difference separator
      .DELTA.CD,3 as located by the updated contents of location register 8
      (shown by dashed arrow 15) are loaded via path 16 into symmetric
      difference register 5 which are then loaded via path 17 into exclusive-OR
      complementor 6, where exclusive-OR addition (modulo 2 addition) is
      performed and the result of the exclusive-OR addition is transferred via
      path 18 back to length register 9. At this point in time, one cycle of the
      forward scan has been completed and location register 8 contains the
      location of symmetric difference separator .DELTA.CD,3; length register 9
      contains the length of text D,4 of the encoded string; and the symmetric
      difference register 5 contains the encoded symmetric difference
      .DELTA.CD,3.
PAR  Refering now to FIG. 6B, one complete cycle of a backward scan will be
      described. At the beginning of the cycle of backward scan, it will be
      assumed that location register 8 contains the location (address or offset)
      of symmetric difference separator .DELTA.CD,3 which separates text C from
      text D of an encoded string. Length register 9 contains the length of text
      D,4; whereas, symmetric difference register 5 contains the encoded
      symmetric difference separator .DELTA.CD,3. In scanning backwards, (i.e.
      right-to-left) it is desired to find the location of .DELTA.BC,1. In
      general, this will be done by generating the length of text C,2, from the
      symmetric difference separator .DELTA.CD,3, and the length of text D,4, in
      exclusive-OR complementor 6 and then subtracting the length of text C,2,
      in binary adder 7, from the address in location register 8 of symmetric
      difference separator .DELTA.CD,3. Accordingly, therefore, the symmetric
      difference separator .DELTA.CD,3 is first loaded via path 12A into
      symmetric difference register 5 and then transferred via path 13C to
      exclusive-OR compelementor 6. The contents of length register 9 are then
      transferred via path 14A into exclusive-OR complementor 6 where carry-free
      exclusive-OR addition is performed and the results transferred back to
      length register 9 via path 15B; moreover, the results are also transferred
      via path 15A to binary adder 7. (Note in backward scan binary adder
      actually performs binary subtraction). Simultaneously the contents of
      location register 8 are also transferred to binary adder 7 where in this
      case binary subraction is performed to give the location (address or
      offset) of symmetric difference separator .DELTA.BC,1, and this result is
      transferred via path 17A back into location register 8. Finally, symmetric
      difference separator .DELTA.BC,1, is transferred over path 19A into
      symmetric difference register 5. The final result at this point in time of
      this cycle of backward scan is as follows: location register 8 now
      contains the address of symmetric difference separator .DELTA.BC,1 pointed
      to by dashed arrow 18A; length register 9 contains the length of text C,2;
      and symmetric difference register 5 contains the contents of symmetric
      difference separator .DELTA.BC,3. Since the backward scan cycle is the
      exact inverse of the forward scan cycle, any number of iterations of
      forward scan or backward scan can take place in any order at any time, and
      accordingly, complete freedom for bidirectional scanning is provided by
      the hardware mechanism just described.
PAR  The hardware shown on FIG. 6A and 6B was utilized to show how forward and
      backward scanning is accomplished when one field at a time is addressed by
      the computer. However, it is also possible to accumulate a table of field
      descriptor words in a computer memory which will then represent the
      location and length of each encoded piece of text exactly in an array
      which can be indexed in a way known for digital computers. In order to
      provide information and load such a table of field descriptors utilizing
      the hardward of FIGS. 6A and 6B, a field descriptor word 10 is generated.
      This field descriptor word is comprised of the contents of location
      register 8 and length register 9 which are supplied along paths 19 and 20,
      respectively. Utilizing, therefore, a computer having a memory which is
      provided with an index register (well known in the art) which counts the
      number of field such as A, B, C, D, and for each such field loads a field
      descriptor word into a corresponding element of a table in the memory,
      then the result of scanning in the forward direction from the beginning of
      a text string to the end is to have accumulated a table of field
      descriptor words which then identify the exact location and length of each
      text string.
PAR  A Second Embodiment of the Invention
PAR  An extension of the hardward shown in FIGS. 6A and 6B supports a method of
      symmetric difference coding at multiple levels for hierarchical or tree
      structured data (this method of representation of tree structured data was
      discussed in Section 4 of the description of the invention in regard to
      FIGS. 4 and 5). FIG. 7 shows the additional hardward required to
      accumulate and store a sequence of descriptors for encoded strings of text
      at successively higher levels. In order to preserve clarity in describing
      the invention the various paths and the exclusive-OR  complementor and
      symmetric difference register (shown on FIGS. 6A and 6B) are not shown.
      However, it is understood that the topmost register in FIG. 7, (A-1 and
      A-2) contains the field descriptor word, 10 of FIG. 6A. The hardware for
      each additional level of data is shown in FIG. 7 as a set of registers. In
      actual hardware these registers would together comprise a last-in,
      first-out, or LIFO stack mechanism, which means that additional registers
      may be added only at the top of FIG. 7 or the topmost register on FIG. 7
      may be taken away (in an actual embodiment, an index register would keep
      track of the current topmost register on FIG. 7; registers above this one
      actually exist in the memory of a computer but are simply ignored). Thus,
      the structure and data paths of FIGS. 6A and 6B are operative and
      applicable to the topmost register of FIG. 7 which corresponds to a single
      node or subtree of the encoded data structure of FIGS. 4, 5 and 7.
PAR  In FIGS. 6A and 6B the encoded string of text was regarded as a single
      sequence of individual text pieces separated by symmetric difference
      separators all of which occurred at the same level; therefore, the only
      identification possible for a single piece of text is its location with
      respect to the beginning of the text string and its length. With respect
      to FIG. 7 larger or smaller pieces of text may be described at different
      levels of grossness or detail. The encoded string of text on FIG. 7 is
      more complex. A sequence of fields, A, B, etc., (1C thorugh 1H) has been
      collected together into a group called G(K). This group is enclosed within
      two separators .DELTA.G(K), 1C and .DELTA.G(K + 1), 1 J. Each field A, B,
      etc., within the group is separated by a symmetric difference separator
      such as .DELTA.AB,1F,.DELTA.BC,1H etc. Before the first field within this
      particular group, field A,1G, is a separator .DELTA.0A,1D, which contains
      the length of field A, 1G(including one separator). (Note that there may
      be many fields within a group and also many groups within a record; each
      field is separated from another field by a symmetric difference separator
      and each group is separated from another group by a symmetric difference
      separator etc.).
PAR  This collection of field and groups is subdivided at another higher level
      called a record, and each record is enclosed within two symmetric
      difference separators .DELTA.R(N), 1A, and .DELTA.R(N + 1), 1K. The next
      higher level of data is the file which also has symmetric difference
      separators (not shown) between files. Note that dash line 30 delineates
      one field between separators, dash line 31 delineates one group, and dash
      line 32 delineates one record.
PAR  Given that the particular heirarchical structure contains 4 levels, the
      additional hardware structure over the embodiment of FIGS. 6A and 6B, is a
      file location register D-1 and a file length register D-2; a record
      location register C-1, and a record length register C-2; a group location
      register B-1, and a group length register B-2; a field location register
      A-1, and a field length register A-2. In general the number of these
      registers is variable and they are stored in computer memory. In FIG. 7 a
      binary adder D-3, C-3, B-3 and A-3 respectively are shown provided to add
      the contents of the location and the length register in order to obtain
      the length of the opposite end of the data group being scanned. However,
      one binary adder can be utilized for all these registers because only the
      topmost register of the stack actually participates in the scanning
      operations of FIGS. 6A and 6B. The only difference when group, record, or
      file descriptions instead of field descriptions are located in the topmost
      stack registers is that internode separators must be extracted from fields
      (see FIG. 5) instead of from field separators. Similarly, an exclusive-OR
      circuit may be provided for each level of data or one exclusive OR circuit
      with appropriate gating may be provided for just the topmost level of data
      being scanned. (The techniques of LIFO stack maintenance, sequencing and
      gating data are well-known in the computer art and need not be further
      discussed in this disclosure). NOte that dashed line 30 delineates one
      field between separators, dash line 31 delineates one group, and dash line
      32 delineates one record.
PAR  Referring again to FIG. 7 the location and length of the file are stored in
      the file location register D-1, and the file length register D-2
      respectively. The file location register D-1 contains the relative offset
      location of the beginning of the complete file or tree structure
      organization of data. This is indicated by dashed arrow 5A pointing to the
      beginning of the file which is not shown on FIG. 7. By adding the file
      length register D-2 contents to the contents of file location register D-1
      in binary adder D-3 the end point of final position of the complete file
      is located as indicated by dashed arrow 5B. This end point may also mark
      the beginning of the next sequential file for determining its length. The
      file is envisioned not as a sequence of fields of small size but as a
      sequence of record each of which may be subdivided into groups which are
      then further subdivided into fields. Assuming, therefore, it is desired by
      the user, programmer, operating system etc. to find field B within group K
      of record N on the data structure represented in FIG. 7. In order to find
      record N, the beginning of the file as indicated by file location register
      D-1 is obtained, with registers D-1, D-2 at the topmost stack location.
      This beginning therefore forms the reference point with respect to the
      location of records contained in this file. Accordingly, a second register
      C-1, C-2 is pushed onto the stack and initialized to the first record
      separators .DELTA.R(1), location and the record length .DELTA.R(1)
      respectively. By a slight adaptation of the techniques described with
      respect to FIG. 6A, left-to-right scan is made of all symmetric difference
      separators for the records. This record scan is repeated N times (skipping
      over group and field symmetric difference separators) until the location
      of the required record R(N), 1A, is obtained. When the required record is
      reached record location register C-1 contains the address or offset of
      record N from the beginning of the file, and record length register C-2
      contains the length of record number N. Having thus located record number
      N a search is begun within record N for a group number K. In order to do
      this while still retaining the capability of returning to the location of
      record N and from there jumping or scanning to other prior (N-1, N-2,
      etc.) or successor records (N + 1, N + 2, etc.), a new group descriptor
      word is constructed in group location register B-1 and group length
      location register B-2, on top of the stack. Initially when entering the
      subordinate level of data organization within record N, the group
      descriptor word in registers B-1 and B-2 will contain the location and
      length of the first group within record number N. The location of the
      first group (actually of its left-hand separator .DELTA.G(1)) is shown as
      component 1B in FIG. 7. The forward scan of the group then continues for K
      cycles until the desired group number K within record number N is reached.
      At this point in time, the group location register B-1 contains the
      location of group separator .DELTA.G(K), 1C. This is indicated by dashed
      arrow 3-A on FIG. 7. At the same time group length register B-2 contains
      the length of group K which is indicated by dashed line 31. The
      significance of dashed line 31 is that, starting at the left end of group
      K, group number (K + 1) may be located by adding the group relative offset
      contained in group location register B-1 to the group length contents of
      group length register B-2, in binary adder B-3. However, in this
      particular example it has been assumed that it is desired to enter group K
      and scan through the fields to locate a particular field B,1G. In order to
      do this another field descriptor word is provided by adding field
      registers A-1 and A-2 containing the location and length of the first
      field of group K, to the stack of descriptor registers. Once again by
      successively applying a number of forward scan cycles at the field level
      the field location and length registers A-1 and A-2 are updated until they
      point to the symmetric difference field separator .DELTA.AB,1F, which is
      the address of field B,1G, that was desired by the user. At this point in
      time, therefore, field location register A-1 contains the address or
      offset from a reference point at which is contained field separator
      .DELTA.AB,1E while field length register A-2 contains the length of field
      B,1G. In order to reverse this process, it is only necessary to pop, or
      remove from the stack, the contents of field registers A-1 and A-2 and
      ignore them in order to return to the group level of the tree structure at
      which point group levels may be scanned forwards or backwards. On the
      other hand, once having reached field B, it may be desired to continue
      scanning at the field level; then the field location and length registers
      A-1 and A-2 would not be cleared. Similarly, any level may be entered in
      the backward scan. Hence, it has been shown how a user, whether it be a
      programmer or the operating system, can access successive components at
      any level of the data structure without scanning each and every lower
      level structure. In the simplest case the user (e.g. operating system)
      knows precisely which numbered record within the file is to be accessed
      and furthermore it knows precisely which group within the record is to be
      extracted and which particular field within the group is to be extracted.
PAR  An alternate criteriator utilizing this hardware to locate and detect
      particular portions of a tree structured data organization requires
      additional known hardware such as comparators or an associative memory. In
      this alternate method a particular record or a particular group is to be
      selected on the basis of the content of a particular field or fields
      within the record or group. Scanning based on inspecting the contents of
      the specified field proceeds as before using the field descriptor register
      pair D-1, D-2, to locate the field against which a particular value is
      matched, wherein scanning may then descend to a next lower level and the
      process may be repeated. For example, a search over a set of records to
      locate a record with a particular field value proceeds by extracting the
      contents of a specified field of each record, and comparing said content
      to a desired key value if the values match the desired field within the
      record, the desired record has been located. Similarly, it can be seen
      that if a scan is successful in locating a given record, a search may then
      be initiated within the given record until a match is obtained to a
      designated group key field value, wherein another scan may be initiated
      then at the field level until a match is made at the field level with a
      predesignated field value.
PAR  It will be apparent from the foregoing disclosure of the invention that
      numerous modifications, changes and equivalents will now occur to those
      skilled in the art, all of which fall within the true scope contemplated
      by the invention.
PAC  GLOSSARY
PAR  (From Fundamental Algorithms - Vol. 1 - The Art of Computer Programming,
      Donald E. Knuth, Addison-Wesley Publishing Company).
TBL  __________________________________________________________________________
     Atomic element --                                                         
                      An element from a universe of                            
                      objects that might be desired.                           
     Tree           --                                                         
                      A finite set T of one or more                            
                      nodes such that: (a) there is                            
                      one specially designated node                            
                      called the root of the tree (T);                         
                      and, (b) the remaining nodes                             
                      (excluding the root) are                                 
     Subtrees         partitioned into m.gtoreq.O disjoint                     
                      sets T.sub.1...., T.sub.m, and each of                   
                      these sets in turn is a tree.                            
                      The trees T.sub.1.... T.sub.m are called                 
                      the subtrees on the root.                                
     Root           --                                                         
                      A specially designated node of                           
                      a tree.                                                  
     Node           --                                                         
                      One or more consecutive words of                         
                      a computer memory, divided into                          
                      named parts called fields.                               
                      (Synonyms for nodes are records,                         
                      entities, beads).                                        
     Degree of Node --                                                         
                      The number of subtrees of a node.                        
     Terminal Node or Leaf                                                     
                    --                                                         
                      A node of degree zero.                                   
     Branch Node    --                                                         
                      A non-terminal node.                                     
     Level of a Node                                                           
                    --                                                         
                      The level of a node with respect                         
                      to T wherein the root has level                          
                      1, and other nodes have a level                          
                      that is one higher than they have                        
                      with respect to the subtree of                           
                      the root T.sub.j, which contains them.                   
     Forest         --                                                         
                      A set of zero or more disjoint                           
                      trees. Also, the nodes of a tree                         
                      excluding the root.                                      
     Linear List    --                                                         
                      A set of m.gtoreq.O nodes whose structural               
                      properties involve only the one                          
                      dimensional relative position of                         
                      nodes.                                                   
     Stack          --                                                         
                      A linear list for which all                              
                      insertions and deletions are made                        
                      at one end of the list.                                  
     Queue          --                                                         
                      A linear list for which all                              
                      insertions are made at one end                           
                      of the list; all deletions (and                          
                      usually all accesses) are made at                        
                      the other.                                               
     Dequeue (double-ended queue)                                              
                    --                                                         
                      A linear list for which all                              
                      insertions and deletions are                             
                      made at the ends of the list                             
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bidirectional scanning apparatus for determining, in a forward or
      reverse direction, the address of a next sequential field desired in a
      sequence of fields of variable length, said fields in said sequence being
      separated from each other by symmetric difference separators, each
      symmetric difference separator comprised of the carry-free exclusive-OR
      addition of the values of the lengths of its adjacent fields on either
      side of said symmetric difference separator, said bidirectional scanning
      apparatus comprising:
PA1  a. first means, responsive to one of said sequential difference separators
      currently being scanned and to a length or type code for one adjacent
      field of said one of said sequential difference separators, for generating
      the length or type code of the other adjacent field;
PA1  b. second means, coupled to said first means, for storing the location of
      the field currently being scanned; and,
PA1  c. third means, coupled to said first and second means, for algebraically
      adding the length of either adjacent field to the location of the
      separator preceding the left edge of the field currently being scanned,
      whereby the address of the next sequential field separator desired is
      generated.
NUM  2.
PAR  2. The bidirectional scanning apparatus as recited in claim 1 wherein said
      first means is comprised of a carry-free exclusive-OR adder.
NUM  3.
PAR  3. The bidirectional scanning apparatus as recited in claim 1 wherein said
      first means is comprised of an adder for performing signed algebraic
      addition.
NUM  4.
PAR  4. The bidirectional scanning apparatus as recited in claim 1 wherein said
      first means is a modulo 2.sup.k adder for modulo 2.sup.k adding the k-bit
      field separator currently being scanned to the length of an adjacent field
      of said difference separator currently being scanned.
NUM  5.
PAR  5. The bidirectional scanning apparatus as recited in claim 1 wherein said
      third means is a binary adder.
NUM  6.
PAR  6. The bidirectional scanning apparatus as recited in claim 2 wherein said
      third means is a binary adder.
NUM  7.
PAR  7. The bidirectional scanning apparatus as recited in claim 3 wherein said
      third means is a binary adder.
NUM  8.
PAR  8. The bidirectional scanning apparatus as recited in claim 4 wherein said
      third means is a binary adder.
NUM  9.
PAR  9. A bidirectional scanning apparatus for determining, in a forward or
      reverse direction, the address of a next sequential field desired in a
      sequence of fields of variable length, said fields in said sequence being
      separated from each other by symmetric difference separators, each
      symmetric difference separator comprised of the carry-free exclusive-OR
      sum of the lengths of its adjacent fields on either side of said symmetric
      difference separator, said bidirectional scanning apparatus comprising:
PA1  a. first means, responsive to one of the symmetric difference separators
      currently being scanned and to an adjacent field of said one of said
      symmetric difference separators, for exclusive-OR adding, carry-free, said
      one of said symmetric difference separators to said adjacent field of said
      one of said symmetric difference separators;
PA1  b. second means, coupled to said first means, for storing the address of
      the field currently being scanned; and,
PA1  c. third means, coupled to said first and second means, for binarily adding
      or subtracting the length of the other adjacent field to the address of
      the field currently being scanned,
PA1  whereby the address of the next sequential field desired is generated.
NUM  10.
PAR  10. The bidirectional scanning apparatus as recited in claim 9 including
      fourth means, coupled to said first means for storing the results of said
      exclusive-OR addition.
NUM  11.
PAR  11. The bidirectional scanning apparatus as recited in claim 10 including
      fifth means, coupled to said third means, for storing the results of said
      binary addition.
NUM  12.
PAR  12. The bidirectional scanning apparatus as recited in claim 11, including
      sixth means coupled to said first means, for storing said symmetric
      difference separator currently being scanned.
NUM  13.
PAR  13. The bidirectional scanning apparatus as recited in claim 12, including
      seventh means, coupled to said fourth and fifth means for generating an
      array of field descriptor words for accumulation as a table of field
      descriptor words in a computer storage device.
NUM  14.
PAR  14. A bidirectional scanning apparatus for scanning in a forward or reverse
      direction sequential tree structured data (i.e. hierarchical data)
      subdivided into file, record, group and field data structures, said file
      data structures being stored in sequence and separated from each other by
      file symmetric difference separators associated with respective ones of
      said adjacent file data structures, said record data structures being in
      sequence within said file data structures and separated from each other by
      record symmetric difference separators associated with respective ones of
      said adjacent record data structures, said group data structures being in
      sequence within said record data structures and separated from each other
      by group symmetric difference separators associated with respective ones
      of said adjacent group data structures, and said field data structures
      being in sequence within said group data structures and separated from
      each other by field symmetric difference separators associated with
      respective ones of said adjacent field data structures, each symmetric
      difference separator comprised of the carry-free exclusive-OR addition of
      the lengths of its associated adjacent data structures, said bidirectional
      scanning apparatus for further determining the address of a next
      sequential data structure desired at any level, said bidirectional
      scanning apparatus comprising:
PA1  a. first means, responsive to a first of said sequential difference
      separators currently being scanned and to the length of a first adjacent
      data structure associated with said first of said symmetric difference
      separators, for carry-free exclusive-OR addition of said first of said
      symmetric difference separators to said length of said first adjacent data
      structure;
PA1  b. second means, coupled to said first means, for storing the address of
      said first symmetric difference separator associated with said first data
      structure;
PA1  c. third means, coupled to said first means, for storing the signed length
      of a second data structure generated by said first means, and associated
      with said first symmetric difference separator; and,
PA1  d. fourth means, coupled to said second and third means, for binarily
      adding the signed length of said second data structure to said address of
      said first symmetric difference separator,
PA1  whereby the address of the next sequential data structure desired is
      generated.
NUM  15.
PAR  15. The bidirectional scanning apparatus as recited in claim 14 wherein
      said second means further includes fifth means for storing the address of
      a first file data structure currently being scanned, and said third means
      further includes sixth means for storing the length of said file data
      structure.
NUM  16.
PAR  16. The bidirectional scanning apparatus as recited in claim 15 wherein
      said second means further includes seventh means for storing the address
      of first record data structure within said file structure, and said third
      means further includes eighth means for storing the length of said first
      record data structure.
NUM  17.
PAR  17. The bidirectional scanning apparatus as recited in claim 16 wherein
      said second means further includes ninth means for storing the address of
      a first group data structure within said record structure, and said third
      means further includes tenth means for storing the length of said first
      group data structure.
NUM  18.
PAR  18. The bidirectional scanning apparatus as recited in claim 17 wherein
      said second means further includes eleventh means for storing the address
      of a first field data structure within said first group data structure,
      and said third means further includes twelfth means for storing the length
      of said first field data structure.
NUM  19.
PAR  19. The bidirectional scanning apparatus as recited in claim 18 wherein the
      number of levels of grouping within group is not restricted, said tree
      structured data having any number of levels.
NUM  20.
PAR  20. The bidirectional scanning apparatus as recited in claim 19 including
      zero length field type data structure between two adjacent separators
      (e.g., .DELTA.A0, .DELTA.0B), for permitting padding of field sequences to
      fixed size block boundaries.
NUM  21.
PAR  21. The bidirectional scanning apparatus as recited in claim 20 including a
      null border field structure adjacent to the first field so that the
      leftmost field separator may be the symmetric difference of the leftmost
      field length and the zero valued nullfield length whereby the leftmost
      field length is self-identifying.
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PAL  A data system for gathering and processing data from a production line
      includes a central processing unit connected to a plurality of addressable
      data terminals respectively disposed at the work stations of the
      production line, each terminal having stored therein coded signature data
      indicating the identification of the work station and the operator. Each
      work unit being processed on the production line has associated therewith
      a punched data card containing coded signature data identifying the work
      unit for insertion in a card reader in the data terminal at each work
      station to enable a data transmitter therein. When the data terminal is
      addressed by the control processing unit, the transmitter is actuated for
      transmitting the work unit, work station and operator signature data to
      the central processing unit for use through appropriate data retrieval
      means. Means are provided for indicating improper card insertion in the
      card reader, improper interval in addressing a data terminal, and
      abnormality in the production process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a data gathering and processing system
      and, more particularly to a system for acquiring data with respect to a
      production line operation on a real time basis.
PAR  Prior data acquisition and processing systems have required the reduction
      of production data to some form of intermediate documentation for input
      into a computer for processing of the data, thereby entailing considerable
      delay and preventing efficient use of the computer. Systems which have
      attempted direct input of production data to the computer from the factory
      floor by production personnel have required the operator to perform a
      number of functions to introduce the production data to the system,
      thereby leading to numerous errors in data input unless the operators were
      given special training, often with the expenditure of considerable time
      and money.
PAR  In an article entitled "INSTANTANEOUS REPORTING FOR SEWING PRODUCTION? IS
      IT NEARING REALITY?", appearing in the Apparel Research Journal, December,
      1973, page 104, a proposed system of information covering is discussed
      wherein an operator would pass a light pencil over color bar coding
      patterns to provide the data input. This system would require considerable
      care by the operator and would be highly subject to error in the data
      input. Furthermore, there is provision in the system automatic polling of
      the individual work stations by a central data processor.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a system for gathering and processing production
      data on a real time basis without the necessity of documentation of the
      data for input into a central processing unit and with operator functions
      reduced to a minimum.
PAR  It is a general object of the present invention to provide a system for
      gathering and processing data from a production line, characterized by
      direct input of data to the system from the production line by an
      operator, through a single simple manual operation for each work unit.
PAR  In particular, it is an object of the present invention to provide a data
      gathering system wherein production personnel simply insert a data card
      into a data terminal at their work station for each work unit on which
      they work.
PAR  An important object of this invention is to provide an addressable data
      terminal adapted for communication with a central processing unit and
      being associated with one of a series of work stations of a production
      line along which travel work units each having a signature data medium
      associated therewith for travel therewith, the data terminal comprising
      data input means for acquiring the signature data of each work unit from
      its data medium when the work unit is at the associated work station,
      transmitting means coupled to the data input means for transmitting the
      work unit signature data to the associated central processing unit, and
      address data receiving means coupled to the data transmitting means for
      enabling same in response to receipt from the associated central
      processing unit of an address data signal corresponding to the data
      terminal.
PAR  In connection with the foregoing object, still another object of this
      invention is to provide an addressable data terminal of the type set
      forth, which further includes data register means containing constant
      signature data for the associated work station, the transmitting means
      being coupled to said data register for transmitting the work station
      signature data to the associated central processing unit.
PAR  In connection with the foregoing objects, still another object of this
      invention is to provide a system for gathering and processing data from a
      production line of the character described, the system comprising data
      media respectively associated with the work units for travel therewith and
      containing signature data therefor, a plurality of addressable data
      terminals of the type set forth, a central processing unit including means
      for sequentially addressing the data terminals on a common communication
      channel sequentially to actuate the transmitting means thereof for
      transmitting signature data to the central processing unit, and means for
      retrieving data from the central processing unit for analysis of the
      production process.
PAR  Further features of the invention pertain to the particular arrangement of
      the parts of the system whereby the above-outlined and additional
      operating features thereof are attained.
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof, will best be
      understood by reference to the following specification taken in connection
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation of the data gathering system of the
      present invention, illustrating various formats into which the gathered
      data might be processed;
PAR  FIG. 2 is a front perspective view of a data terminal constructed in
      accordance with and embodying the features of the present invention,
      illustrating the manner of data card insertion;
PAR  FIG. 3 is a diagrammatic representation of the control circuitry of the
      data terminal of FIG. 2;
PAR  FIG. 4 is a diagrammatic representation of a typical data character for
      addressing the data terminal of the present invention; and
PAR  FIG. 5 is a diagrammatic view similar to FIG. 4, illustrating a typical
      data character for transmitting production data to the central processing
      unit from the data terminals of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in particular to FIG. 1 of the drawings, there is illustrated
      a data gathering and processing system, generally designated by the
      numeral 10, including a central processing unit 11 which may be a
      computer. Connected to the central processing unit 11 by a common
      communication channel in the form of a wire line conductor 16 are a
      plurality of data terminals, each designated by the numeral 20, each
      terminal 20 being connected to the common line 16 by lines 17. Preferably,
      the system also includes one or more input/output devices 15 for
      retrieving data from the central processing unit 11 in any of a number of
      output data formats, diagrammatically represented in FIG. 1 and generally
      designated by the numeral 18, depending upon the programming of the
      central processing unit 11.
PAR  The system 10 is designed to operate on a polled, multi-drop basis wherein
      the communication line 16 is a direct current transmission line, the
      central processing unit 11 including means for polling the terminals 20 by
      means of address signals corresponding to each of the terminals 20. While
      the system 10 is designed primarily for gathering of data from the
      terminals 20, it will be understood that each of the terminals 20 could
      also be provided with an input/output device for obtaining data from the
      central processing unit 11 upon request, the transmission lines 19 being
      illustrated in FIG. 1 to indicate this function.
PAR  The system 10 preferably operates in the fourwire half-duplex discipline,
      but it may also operate on the two-wire half-duplex discipline.
PAR  While it will be understood that the system 10 could be used in general for
      gathering and processing data from any of a plurality of data input
      points, for purposes of illustration the system 10 will be described as
      used for gathering data from the work stations of an apparel manufacturing
      production process. In such a production process the individual work units
      comprise bundles of fabric parts, each of which bundles is operated on at
      each of a series of work stations to produce a finished garment. A number
      of different production lines may be utilized for respectively producing
      different types of garments. In such a system, one of the data terminals
      20 is located at each work station of the production line for use by the
      operator working at that station.
PAR  Referring now to FIG. 2 of the drawings, each of the data terminals 20 is
      housed in a generally boxlike cabinet 21 preferably formed of steel and
      having a front wall 22 on which is mounted a plurality of thumb wheel
      switches, generally designated by the numeral 25, for registering data in
      the data terminal 20. For illustrative purposes, ten of the thumb wheel
      switches 25 are shown in FIG. 2, each switch being rotatable among ten
      positions corresponding respectively to digits 0 to 9. Each switch
      position produces a binary coded representation of the corresponding
      digit.
PAR  In the preferred embodiment only eight of the thumb wheel switches are
      used, a group 25 of five of the switches being utilized to register a
      five-digit operation code number which constitutes a signature or
      identification for the particular work station and the operation performed
      at that station. A group 24 of three other thumb wheel switches are used
      to register a three-digit operator clock number which constitutes a
      signature or identification for the operator working at the particular
      work station.
PAR  The work station signature number will normally remain constant, but the
      operator signature number may change relatively frequently, since if the
      factory runs multiple shifts a different operator will be working at the
      work station for each shift, and the regular operator may be replaced in
      the event of illness, vacation or the like. Accordingly, the thumb wheel
      switches 25 are readily accessible so that the signature numbers
      registered therein may be changed if necessary. Preferably, these
      signature numbers set in the thumb wheel switches 25 would be changed only
      by supervisory personnel, and a key lock 26 may be provided for locking
      the thumb wheel 25 in position to prevent accidental or unauthorized
      alteration of the code numbers set therein.
PAR  Each work unit or bundle (not shown) has associated therewith a bundle
      ticket, disclosed in the preferred embodiment of the invention as being a
      punched data card 30 (see FIG. 2) bearing a coded signature signal for
      identifying that particular bundle. The data card 30 is attached to or
      otherwise placed with the work bundle so that it travels with the bundle
      from station to station along the production line. While a punched data
      card has been illustrated in FIG. 2 as being the preferred embodiment of
      the bundle ticket, it will be understood that any other suitable data
      medium could be used, such as a punched paper tape, a magnetically coded
      card or tape or the like. The data card 30 has a leading edge 29 with one
      corner thereof cut off as at 31. The data card 30 is adapted to be
      inserted through a card insert opening 28 in the front wall 22 of the data
      terminal 20 for insertion into a standard optical card reader 35 (see FIG.
      3) in the data terminal 20.
PAR  Referring now to FIG. 3 of the drawings, the circuitry of the data terminal
      20 is diagrammatically illustrated. Each of the thumb wheel switches 25
      produces a binary coded output signal, and the data punched in the data
      card 30 is also a binary coded representation of a multi-digit decimal
      number, whereby the card reader 35 also produces a binary coded output.
      The thumb wheel switches 25 are coupled to a decoder driver 32 while the
      card reader 35 is coupled to a decoder driver 33, the decoder drivers 32
      and 33 each being coupled to a digit counter 34. The thumb wheel switches
      25 and card reader 35 are also coupled to a transmit holding register 36,
      which is in turn coupled to the digit counter 34 and to a transmit
      register 37. The transmit register 37 is coupled to a parallel-to-serial
      converter 38 which is in turn coupled to a start bit generator 36 and a
      stop bit generator 41, the parallel-to-serial converter 38 also being
      connected to a DC line drive transmitter 40 which is coupled to the
      conductors 46 and 47 of the corresponding drop line 17 from the common
      communication line 16. Also provided in the data terminal 20 is a card
      edge detector 42 and a card corner detector 43 which are each connected to
      a lamp indicator 44 on the front panel 22 of the data terminal 20 and to
      the transmit holding register 36.
PAR  Also connected to the drop line 17 is a DC line receiver 50 which is in
      turn coupled to a start bit detector 51 and to a serial-to-parallel
      receiver register 55. The start bit detector 51 is coupled to control
      logic 52 which is also coupled to a stop bit detector 53 which is in turn
      coupled to the serial-to-parallel receiver register 55. The serial to
      parallel receiver register 55 is also coupled to a parity compare unit 56,
      a receiver holding register 57 and an output transfer unit 58, the latter
      also being coupled to the receiver holding register 57. Also coupled to
      the receiver holding register 57 is a terminal address decoder 60, which
      is in turn coupled to the "set" input of a transmit-receive flip-flop
      logic unit 61, the "reset" terminal of which is coupled to the digit
      counter 34 and the output terminal of which is coupled through a two
      character delay 62 to the transmit holding register 36. A clock oscillator
      45 supplies timing signals to both the parallel-to-serial converter 38 and
      the serial-to-parallel receiver register 55. One of the bit outputs from
      the receiver holding register 57 is coupled to an operator alert indicator
      63 which includes an indicator lamp mounted on the front of wall or panel
      22 of the data terminal 20. The output of the terminal address decoder 60
      is also coupled to an address interval indicator 64, which includes an
      indicator lamp also located on the front panel of the data terminal 20.
PAR  Referring to FIG. 4 of the drawings, the terminal 20 is polled by means of
      a single character address signal diagrammatically designated by the
      numeral 70. Preferably the address character comprises a nine bits, six of
      which comprise the address field 75, whereby 26 addresses are available on
      any given line or communication channel of the system. One of the bits is
      always "one", one bit is an attribute bit for controlling the operator
      alert indicator 63, and one bit is a parity bit for checking the parity in
      the parity comparison unit 56.
PAR  The data transmission from the data terminal 20 to the central processing
      unit 11 in response to the receipt of the address signal for that
      particular data terminal comprises a 16 character message, each character
      comprising nine bits and being diagrammatically designated by the numeral
      80 in FIG. 5. Four bits of the character 80 comprise the data field 85,
      one bit is always "zero", one bit is a card attribute bit for indicating
      whether or not the data card 30 is properly inserted into the card reader,
      as will be described more fully below, and one bit is a parity bit. The
      other two bits of the character 80 are not used.
PAR  It will be understood that this arrangement will allow up to 64 terminals
      to be addressed on one line, the direct current driver/receivers being
      able to support this number of terminals on the same line and still
      maintain the satisfactory signal-to-noise ratio. Practical data rates for
      the line driver/receivers used in this configuration are limited to about
      2400 baud. Each communication line 16 may be up to 1500 feet long with
      each terminal drop line 17 preferably not to exceed 15 feet in length.
      Additional lines 16 may be utilized as needed to accommodate data
      terminals in excess of 64.
PAR  The operation of the data gathering and processing system 10 will now be
      described in detail. When a bundle or work unit arrives at a given work
      station on the production line, the operator, before beginning his work
      operation, inserts the signature data card 30 into the card reader 35 in
      his data terminal 20. When properly inserted the leading edge 29 in corner
      31 of the data card 30 will respectively actuate the card edge detector 42
      and the card corner detector 43 for preventing an output signal therefrom,
      thereby enabling the transmit holding register 36. If the data card 30 is
      not properly inserted in the card reader 35, either the card edge detector
      42 or the card corner detector 43 will produce an output signal which will
      light the indicator lamp 44 and insert a card attribute bit in the
      transmit holding register 36. After correct insertion of the data card 30
      the operator proceeds to perform his work operation, at the conclusion of
      which he removes the data card 30 from the card reader 35 and transmits it
      along with the bundle to the next work station.
PAR  The central processing unit 11 will continually poll all of the data
      terminals 20 on the communication line 16, each data terminal 20 being
      addressed at intervals of no more than a few seconds. Each address
      character is received in the DC line receiver 50 and is transmitted to the
      serial-to-parallel receiver register 55 which produces a parallel by
      character output to the receiver holding register 57 and in turn to the
      terminal address decoder 60, where the address code is compared with a
      preset address assigned to that particular data terminal. If the terminal
      address decoder 60 identifies the address signal as being the one for that
      particular data terminal, it produces an output to the transmit-receive
      flip-flop logic 61, which in turn actuates the transmit holding register
      36 after a two character delay.
PAR  The start bit detector 51, the stop bit detector 53 and the control logic
      52 serve to detect any framing error in the address characters received
      from the central processing unit 11. The parity bit of the nine bit
      character output from the serial to parallel receiver register 55 produces
      an output signal to the parity compare unit 56 for detecting parity error
      in the address signal. The address character is transmitted from the
      receiver holding register 57 to the terminal address decoder 60 under the
      control of the output transfer unit 58 which is in turn controlled by a
      "data ready" signal from serial-to-parallel receiver register 55.
PAR  The attribute bit of the address character from the receiver holding
      register 57 controls the operator alert indicator 63. Normally, the
      indicator lamp 63 is green, indicating that there is power to the system,
      but if the attribute bit is true, it sets an operator alert toggle which
      causes the power indicator lamp 63 to change color from green to red. If
      the attribute bit is not true, the toggle will be reset and the lamp will
      be its normal green. The operator alert indicating lamp 63 might be turned
      to red for any number of reasons, for example, due to the performing of
      the same operation on the same bundle twice. Generally the indicating lamp
      63 indicates an error either by the operator or by the system.
PAR  As indicated above, the central processing unit 11 normally addresses each
      data terminal 20 periodically. Each time the terminal 20 is addressed with
      its specific address the address interval indicator 64 is extinguished and
      an internal timer is reset. If the timer "times out"  (for example after
      ten seconds) prior to another address for that terminal being received,
      the indicator lamp 64 will light. Thus, it is apparent that in normal
      operation the lamp 63 will be green and the other lamps will be
      extinguished. If any of the indicator lamps 44, 63 or 64 is red, it
      indicates an abnormality and requires some action on the part of the
      employee. If the card insert indicator 44 is on, the data card 30 need
      only be properly reinserted. If any of the other indicators is red, the
      supervisor must be notified. Preferably the indicators 44, 63 and 64 are
      light-emitting diodes, but it will be understood that any suitable type of
      lamp or other indicating device could also be used.
PAR  When the address signal for the terminal 20 is received and identified, and
      the transmit holding register 36 is actuated as described above, the
      contents of the register 36 is transmitted in a parallel by character mode
      to the transmit register 37 and thence to the parallel-to-serial converter
      38. When the data enters the transmit register 37 it produces an output
      signal which actuates the digit counter 34, which in turn actuates the
      decoder drivers 32 and 33 for scanning the thumb wheel switches 25 and the
      card reader 35. During this scanning operation, the 16 digits comprising
      the work station signature code, the operator signature code and the work
      bundle signature code are sequentially read out in binary coded form to
      the transmit holding register 36, where the card attribute bit is added to
      the character. Each time a character enters the transmit register 37 the
      digit counter 34 is indexed to read out the next digit from the thumb
      wheel switches 25 and card reader 35 until the entire 16 character message
      is completed, at which time the transmit sequence is terminated by an
      output signal from the digit counter 34 to the transmit holding register
      36. A start bit and a stop bit are inserted into each data character in
      the parallel to serial converter 38 by generator units 39 and 41, the
      characters being transmitted in a serial by bit form by the DC line
      transmitter 40.
PAR  The data output from the data terminal 20 is stored in a master data memory
      in the central processing unit 11 for retrieval by appropriate data
      retrieval means. It is a significant aspect of the present invention that
      by this simple and virtually fool-proof data gathering technique, whereby
      each individual operator need only insert a data card into a data reader
      for each work operation he performs, all the production data analyses
      indicated in the format blocks generally designated by the numeral 18 in
      FIG. 1 may be obtained. Thus, the system can provide complete data for
      production analysis and forecasting, cost analyses, inventory control,
      payroll and other personnel functions, supervision and engineering.
PAR  A built-in feature of the device is that it automatically provides an
      indication of the amount of time spent on each production operation since
      the system can record the time at which a data card is inserted in the
      terminal card reader and the time at which it is removed. Thus, the system
      provides an indication of the time spent on each operation and the time
      interval between operations at each terminal. The simplicity of the data
      input to the data terminals affords a real time production device
      distinctly oriented and adjusted to employee performance capabilities.
      This permits unique compatibility with each employee instead of an
      abstract numerical relationship, enabling analyses of "lost time",
      automatic payroll functions, and an analysis of employee performance.
      Thus, the computer may actually recommend overtime and layoffs, addition
      of skills and schedule enhancement, designate which employee or
      combination of employees should be assigned to specific tasks, set up
      practical standard values for peace work and/or incentive programs, set
      compensation rates and the like. Similarly, the system provides accurate
      data on a real time basis for production control and planning, and for
      determining the real time true cost of a product or operation.
PAR  All of this data availability on a real time basis is made possible by the
      unique data terminal 20 of the present invention, which provides a
      production input device requiring only a single, very simple control
      insert, namely the punched data card. Basically, all data entries are
      reduced to a single variable, the thumb wheel register data being
      basically constant for each individual terminal 20. Furthermore, it can be
      appreciated that the possibility for error in data entry is minimized with
      the present invention, since the data insert operation is virtually
      fool-proof. All the operator needs to do is insert the data card into the
      card reader. If the card has not been inserted properly, the system will
      so indicate and the operator simply reinserts it. There is no necessity
      for the operator to operate any switches, there are no keys, letters or
      numbers for the operator to read or punch. If the indicator lights
      indicate that there is a malfunction or an abnormality in the system, the
      operator calls the supervisor to correct the situation.
PAR  It will be understood that the central processing unit 11 may be programmed
      with any of several different report generating capabilities. For example,
      the system could be programmed to generate a given report or data analysis
      on demand or inquiry. In this regard, it is possible, as was indicated
      above, to have each data terminal 20 provided with an input/output device
      so that each operator could obtain information from the central processing
      unit on demand. Alternatively, the system could be programmed to provide a
      predetermined data analysis or report output automatically at a
      predetermined time or on the occurrence of a predetermined event.
PAR  From the foregoing, it can be seen that there has been provided a unique
      data gathering and processing system which has a novel data terminal, the
      system permitting the elimination of timekeepers, payroll clerks and the
      like and affording a real time analysis of a production operation.
PAR  There has also been provided a real time data gathering system which
      affords simple and virtually fool-proof data input by the production line
      operator through the simple insertion of a punched data card into a card
      reader.
PAR  There has also been provided a unique data terminal for use in such a data
      gathering system, the data terminal providing constant data registers for
      identifying the work station and the operator and other constant data
      pertaining to the particular work operation, and a single variable data
      input corresponding to each workpiece or work unit operated on at the work
      station.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of the present invention, it will be understood that
      various modifications may be made therein, and it is intended to cover in
      the appended claims all such modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for gathering and processing data from a production line along
      which work units sequentially undergo a plurality of different operations
      respectively performed at a plurality of work stations, said system
      comprising data media respectively associated with the work units for
      travel therewith and containing signature data therefor; a plurality of
      addressable data terminals equal in number to and respectively disposed at
      the work stations and being coupled to a common communication channel;
      each of said data terminals including data input means for acquiring the
      signature data of each work unit from its data medium when the work unit
      is at the associated work station, transmitting means coupled to said data
      input means for transmitting the work unit signature data on the
      communication channel, and address data receiving means coupled to said
      data transmitting means for actuating same in response to receipt on the
      communication channel of an address data signal corresponding to that data
      terminal; a central processing unit including means for sequentially
      addressing said data terminals on the common communication channel
      sequentially to actuate said transmitting means thereof for transmitting
      signature data to the central processing unit; and means for retrieving
      data from said central processing unit for analysis of the production
      process.
NUM  2.
PAR  2. The system set forth in claim 1, wherein the common communication
      channel between said central processing unit and each of said data
      terminals is a wire line connection.
NUM  3.
PAR  3. The system set forth in claim 1, wherein said data medium for each work
      unit comprises a punched data card, said data input means comprising an
      optical card reader.
NUM  4.
PAR  4. The system set forth in claim 1, wherein said data medium for each work
      unit comprises a punched data card, said data input means comprising an
      optical card reader, and further including sensing means for indicating
      whether said data card is properly aligned with said card reader during a
      card reading operation.
NUM  5.
PAR  5. A system for gathering and processing data from a production line along
      which work units sequentially undergo a plurality of different operations
      respectively perform at a plurality of work stations, said system
      comprising data media respectively associated with the work units for
      travel therewith and containing signature data therefor; a plurality of
      addressable data terminals equal in number to and respectively disposed at
      the work stations and being coupled to a common communication channel;
      each of said data terminals including data input means for acquiring the
      signature data of each work unit from its data medium when the work unit
      is at the associated work station, data register means containing constant
      signature data for the associated work station, transmitting means coupled
      to said data register means and to said data input means for transmitting
      the work station signature data and the work unit signature data on the
      communication channel, and address data receiving means coupled to said
      data transmitting means for actuating same in response to receipt on the
      communication channel of an address data signal corresponding to that data
      terminal; a central processing unit including means for sequentially
      addressing said data terminals on the common communication channel
      sequentially to actuate said transmitting means thereof for transmitting
      signature data to the central processing unit; and means for retrieving
      data from said central processing unit for analysis of the production
      process.
NUM  6.
PAR  6. The system set forth in claim 5, wherein said data register comprises a
      set of manually operable selector switches for respectively dialing the
      digits of a multi-digit code number corresponding to said data terminal.
NUM  7.
PAR  7. The system set forth in claim 5, wherein said data register comprises a
      set of manually operable selector switches for respectively dialing the
      digits of a multi-digit code number corresponding to said data terminal,
      and further including a key switch for locking said selector switches
      against movement.
NUM  8.
PAR  8. The system set forth in claim 5, wherein said data medium for each work
      unit comprises a punched data card, said data input means comprising an
      optical card reader.
NUM  9.
PAR  9. The system set forth in claim 5, wherein said transmitting means
      includes timing means for providing an indication when the interval
      between receptions by said data terminal of its address data signal
      exceeds a predetermined interval.
NUM  10.
PAR  10. An addressable data terminal adapted for communication with a central
      processing unit and being associated with one of a series of work stations
      of a production line along which travel work units each having a signature
      data medium associated therewith for travel therewith, said data terminal
      comprising data input means for adquiring the signature data of each work
      unit from its data medium when the work unit is at the associated work
      station, transmitting means coupled to said data input means for
      transmitting the work unit signature data to the associated central
      processing unit, and address data receiving means coupled to said data
      transmitting means for actuating same in response to receipt from the
      associated central processing unit of an address data signal corresponding
      to said data terminal.
NUM  11.
PAR  11. The data terminal set forth in claim 10, wherein the data medium
      associated with each work unit is a punched data card, said data input
      means comprising an optical card reader.
NUM  12.
PAR  12. The data terminal set forth in claim 10, wherein the data medium
      associated with each work unit is a punched data card, said data input
      means comprising an optical card reader, and further including sensing
      means for indicating whether said data card is properly aligned with said
      card reader during a card reading operation.
NUM  13.
PAR  13. An addressable data terminal adapted for communication with a central
      processing unit and being associated with one of a series of work stations
      of a production line along which travel work units each having a signature
      data medium associated therewith for travel therewith, said data terminal
      comprising data input means for acquiring the signature data of each work
      unit from its data medium when the work unit is at the associated work
      station, data register means containing constant signature data for the
      associated work station, transmitting means coupled to said data register
      means and to said data input means for transmitting the work station
      signature data and the work unit signature data to the associated central
      processing unit, and address data receiving means coupled to said data
      transmitting means for actuating same in response to receipt from the
      associated central processing unit of an address data signal corresponding
      to said data terminal.
NUM  14.
PAR  14. The data terminal set forth in claim 13, wherein said data register
      comprises a set of manually operable selector switches for respectively
      dialing the digits of a multi-digit code number corresponding to said data
      terminal.
NUM  15.
PAR  15. The data terminal set forth in claim 13, and further including means
      for providing an indication when the interval between receptions by said
      data terminal of its address data signal exceeds a predetermined interval.
NUM  16.
PAR  16. The data terminal set forth in claim 13, wherein said address data
      receiving means includes means for detecting an error in the data address
      signal received from the associated central processing unit.
NUM  17.
PAR  17. An addressable data terminal adapted for communication with a central
      processing unit and being associated with one of a series of work stations
      of a production line along which travel work units each having a signature
      data medium associated therewith for travel therewith, said data terminal
      comprising data input means for acquiring the signature data of each work
      unit from its data medium when the work unit is at the associated work
      station, data register means containing constant signature data for the
      associated work stations, a data transmitter coupled to said data register
      means and to said data input means for transmitting the signature data to
      the associated central processing unit, scanning means coupled to said
      data register means and to said data input means and to said data
      transmitter sequentially to pass the work station signature data and the
      work unit signature data to said data transmitter one character at a time,
      an address data receiver for receiving encoded address data from the
      associated central processing unit, address data decoding means coupled to
      said address data receiver and to said data transmitter for decoding and
      identifying address data received from the associated central processing
      unit, said address data decoding means being responsive to receipt of an
      address data signal corresponding to said data terminal for actuating said
      data transmitter.
NUM  18.
PAR  18. The data terminal set forth in claim 17, wherein said data transmitter
      means includes means for converting the signature data from parallel form
      to serial form, said address data receiver including means for converting
      said address data signal from serial form to parallel form.
NUM  19.
PAR  19. The data terminal set forth in claim 17, and further including means
      responsive to said address data decoding means for delaying the actuation
      of said data transmitter for two data characters after receipt of the
      address data signal corresponding to said data terminal.
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ABST
PAL  An improved write circuit for a gas panel produces a sequence of
      alternating polarity write pulses that are superimposed on a sequence of
      half cycle pulses of the sustain waveform. Thus the accumulation of
      charges on the walls of a light-emmitting cell that is required for a
      write operation is produced by a sequence of write pulses, and each write
      pulse is lower in amplitude than is required for a single write pulse. The
      write pulses are progressively shifted ahead in phase to further improve
      the operation.
BSUM
PAC  RELATED APPLICATIONS
PAR  Some of the components that will be represented by functional boxes in this
      specification are described in detail in application Ser. No. 372,384 of
      T. N. Criscimagna and A. O. Piston filed June 21, 1973.
PAC  INTRODUCTION
PAR  Although gas panels are well known, it will be helpfhl to review the
      features and terminology that particularly apply to this invention. In a
      gas panel, light is emitted from cells that are formed at the cross-over
      points of two sets of conductors that are mounted on two glass plates
      positioned in two closely parallel planes so that one set of conductors
      extends horizontally and the other set extends vertically to form a grid.
      The conductors are insulated, and when an ionizing voltage is applied
      between the horizontal conductor and vertical conductor of a cell, the
      cell ionizes and emits light only briefly as the free charges formed by
      the ionization migrate to the insulating walls of the cell where the
      voltage that these charges produce opposes the applied voltage and thereby
      extinguishes the ionization. An operation to initially establish the
      charges on the cell wall is called a "write" operation. Once a cell has
      been written, a continuous sequence of light flashes can be produced by an
      alternating polarity voltage that is called a "sustain" voltage. The
      amplitude of the sustain waveform can be made less than the amplitude
      required to write a previously unwritten cell because the wall charges
      that remain from a preceding write or sustain operation produce a voltage
      that adds to the voltage of the sustain waveform to produce an ionizing
      voltage level at a previously written cell. A previously unwritten (or
      "erased") cell is not ionized by the sustain waveform. In a gas panel of
      this type, the sustain waveform is applied across all the horizontal
      conductors and all of the vertical conductors so that the gas panel
      maintains a previously written pattern of light emitting cells. The
      circuits that produce the sustain voltage are called "sustain circuits".
PAR  Some ions occur in a cell even in the absence of a voltage on the cell
      conductors. When a voltage is applied to the cell, the level of ionization
      increases and some wall charges begin to accumulate. At a particular
      voltage, ions are created faster than they are lost by recombination and
      avalanche ionization occurs and appreciable wall charge accumulates. Thus
      a sustain voltage can not have sufficient amplitude to produce this
      avalanche ionization in a previously unwritten cell. A write operation, by
      definition, produces sufficient wall charge that the voltage of the wall
      charge in combination with the voltage of the next sustain pulse produces
      a sustain operation.
PAR  For a conventional write operation, a suitable voltage pulse is
      superimposed on the sustain voltage waveform of the same polarity so that
      the combination of the write pulse and the sustain pulse produces
      ionization. In order to write an individual cell independently, each of
      the horizontal and vertical conductors has an individual selection
      circuit. Thus, applying a sustain waveform across all of the horizontal
      and vertical conductors but applying a write pulse across only one
      horizontal conductor and one vertical conductor will produce a write
      operation in only the one cell at the intersection of the selected
      horizontal and vertical conductors. An erase operation can be thought of
      as a write operation that proceeds only far enough to allow the previously
      charged cell walls to discharge; it is closely similar to the write
      operation except for timing and amplitude, and the circuits that produce
      both the write or erase pulses are called "write-erase circuits".
PAR  Although the sustain voltage that appears across the horizontal and
      vertical conductors alternates in polarity, in the gas panel of the cited
      application, the voltages that are applied to the horizontal and vertical
      conductors are not made alternately positive and negative with respect to
      ground; instead they are connected alternately between ground level and a
      level of positive (arbitrarily) voltage. Thus, considering the vertical
      conductors as the reference, a positive sustain voltage on the horizontal
      conductors and ground level on the vertical conductors produces a positive
      sustain pulse. Conversely, a positive vertical sustain voltage and a
      ground level horizontal voltage produces a negative sustain pulse which
      reverses the polarity of the conductors of each cell of the preceding
      example and reverses the cell wall charge of any cell that has been
      previously written. This arrangement simplifies the sustain and selection
      circuits.
PAR  Conventional write-erase circuits may produce a positive write pulse on the
      selected horizontal conductor and a similar pulse of lesser amplitude on
      each unselected vertical conductor. The positive pulses on the vertical
      conductors selectively inhibit the write operation that would otherwise
      take place at each cell along the selected horizontal line. Equivalently,
      the write-erase circuits may apply a positive pulse of half amplitude to
      the selected horizontal conductor and a negative pulse of half amplitude
      to the selected vertical conductor so that the full write voltage appears
      only at a selected cell. (The unselected horizontal and vertical
      conductors receive the complementary values.)
PAR  The selection circuit usually comprises a transistor switch for each
      horizontal conductor and each vertical conductor. The horizontal and
      vertical selection circuits connect the associated conductors to receive
      the horizontal or vertical sustain waveform and to receive a selected one
      of the two voltage levels of a write or erase pulse. The selection
      circuits are commonly addressed in a sequence that produces a scanning
      operation through the array of light-emitting cells.
PAC  SUMMARY OF THE INVENTION
PAR  A write voltage is a high amplitude pulse that requires particular voltage
      capabilities in the transistors of the selection circuits. An object of
      this invention is to provide a new circuit that produces a write operation
      with a lower amplitude voltage pulse and with correspondingly reduced
      voltage requirements for the selection transistors.
PAR  According to this invention, a write operation is produced by a sequence of
      several low amplitude write pulses. These write pulses occur on successive
      half cycles of the sustain waveform and they have the same polarity as the
      sustain waveform. The pulses are made high enough in amplitude that
      ionization occurs and cell wall charge is accumulated. On successive half
      cycles of the combined sustain and write pulse, additional charge
      accumulates and over a small number of half cycles the charge level
      increases to the value required for the sustain operation. However, the
      amplitude of these pulses is made significantly lower than the amplitude
      of a conventional singly occurring write pulse. For the positive write
      pulses, the circuit of this invention operates somewhat similarly to the
      conventional gas panels that were described in the preceding section. For
      the negative write operation, means is provided for complementing the
      selection signals to the horizontal and the vertical selection circuits.
      For example, a selected horizontal conductor receives a positive write
      pulse during positive write (as is conventional) and a negative write
      pulse during negative write. Conversely, a selected vertical conductor
      receives a negative write pulse during positive write (as is conventional)
      and receives a positive write pulse during negative write.
PAR  As a further feature of this invention, the write pulses are progressively
      varied in phase. At the beginning of the write operation, the pulses are
      located toward the trailing edge of the sustain pulse. As the write
      operation progresses and the charge level on the cell wall increases, the
      write pulses are shifted ahead to occur earlier in the sustain half cycle.
      This location of the write pulse is advantageous because the timing of the
      ionization shifts in this way in the first few cycles of the conventional
      write operation that is described in the preceding section.
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PAC  THE DRAWING
PAR  FIG. 1 is a schematic diagram of the display face of a gas panel and the
      selection and waveform generating circuits of this invention.
PAR  FIG. 2 shows a sequence of waveforms that illustrate the operation of the
      gas panel of FIG. 1.
PAR  FIG. 3 is a schematic diagram of a timing circuit for the gas panel of FIG.
      1.
PAR  FIG. 4 shows two waveforms of a second method of operating the gas panel of
      FIG. 1.
DETD
PAC  THE GAS PANEL OF THE DRAWING
PAC  Introduction - Conventional Features
PAR  FIG. 1 shows the face 10 of a gas panel with representative horizontal
      conductors Hl - Hn and representative vertical conductors Vl - Vn. Light
      emitting cells are formed at the crossover points of these conductors. The
      gas panel also has pilot lights Pl - P4 that are energized by a voltage PH
      on a conductor 11 and a voltage PV on a conductor 12 to give the cells a
      suitable level of initial ionization. Each horizontal conductor is
      connected to a line driver 21 - 24. Each line driver is connected to a
      horizontal selection circuit 25 to receive selection signals on lines 26 -
      29. Each line driver is also connected to a sustain driver 30 to receive a
      voltage SH+ on a line 31 and a voltage SH on a line 32.
PAR  Sustain driver 30 receives on a line 33 the timing signal SH Drive that is
      shown in line D of FIG. 2. The sustain driver produces both the sustain
      waveform and the write and erase pulses on its output lines 31 and 32. As
      can be seen by comparing lines, D, E, and F in FIG. 2, the outputs SH and
      SH+ each have a component that is opposite in phase to signal SH Drive on
      line 33 but is otherwise identical to the signal SH Drive, and these
      outputs have components associated with the write (and erase) operations
      that are equal in amplitude and opposite in phase. A line driver 21 - 24
      may comprise a transistor switch that turns on and off in response to the
      signal from horizontal selection circuit 25 to connect a transistor switch
      that turns on and off in response to the signal from horizontal selection
      circuit 25 to connect a selected horizontal conductor to receive the
      voltage SH+ and to connect a non-selected horizontal conductor to receive
      the voltage SH. The horizontal selection circuit 25 comprises an
      oscillator, a counter, and a decoder that cooperate in a conventional
      operation to produce a selection signal on one of the lines 26 - 29 and a
      non-selection signal on the other of these lines in a sequence that
      produces a scan. (More complex scanning operations can be produced by
      these basic components.) A circuit of this general type is shown in FIG.
      3.
PAR  The corresponding vertical selection and waveform generating components can
      be readily understood from the preceding description of the horizontal
      components. Each vertical conductor Vl - Vn is connected to an associated
      line driver 51 - 54 which is connected to a vertical selection circuit 55
      to receive selection signals on lines 56 - 59. A vertical sustain driver
      60 produces the vertical components of the sustain waveform and the write
      and erase pulses. The output SV of sustain driver 60 is connected to the
      line drivers by means of a line 61 and the signal SV- is connected to the
      line drivers by means of a line 62. Sustain driver 60 receives a timing
      signal SV Drive that is shown in Line I of FIG. 2.
PAR  An erase and write control circuit 70 controls sustain drivers 30 and 60
      according to input signals 81 - 86. Timing signal A Drive on line 81
      establishes the rise of the write or erase pulse and timing signal B Drive
      on line 82 establishes the fall of the write or erase pulse, as lines B
      and C in FIG. 2 show. The signals Write Amplitude on line 83 establishes
      the amplitude of the write pulse and the signal Write Switch on line 84
      enables this operation. The signal Erase Amplitude on line 85 and the
      signal Erase Switch on line 86 similarly control the erase operation.
      Control circuit 70 is identical to the control circuit of Criscimagna and
      Piston except that the write amplitude is given a lower value for the
      write operation that will be described later. (The write pulse amplitude
      is established by the value of resistor 124 in FIG. 2A of Criscimagna and
      Piston.)
PAR  The components that have been described so far are conventional and are
      described in detail in the cited application of Criscimagna and Piston.
      This particular circuit illustrates a variety of well known circuits that
      can be readily modified to operate according to the improved write
      waveform of this invention.
PAC  The Circuit of this Invention - Primary Ignition
PAR  Lines N, P, and Q in FIG. 2 show the write waveform of this invention. As
      is conventional, the sustain component has an amplitude that is designated
      "sustain" in FIG. 2 and is the value for which each previously written
      cell will sustain. (The actual value is made slightly higher to avoid
      operating at a marginal condition.) According to this invention, the write
      pulse is given an amplitude that is designated "primary ignition". The
      primary ignition level is less than the level of a conventional write
      operation, but it is sufficient in combination with a subsequent booster
      ignition pulse to produce a write operation. (A "write operation" ionizes
      a cell to the level required for subsequent sustain operations.) The
      amplitude of the booster ignition pulse may be the same as the amplitude
      of the primary ignition pulse.
PAR  Suppose that a write operation is to take place in the upper right most
      cell of the gas panel of FIG. 1. The horizontal selection circuit controls
      line driver 21 to connect its output to receive voltage SH+ from line 31
      and controls the other line drivers to connect their output to receive
      voltage SH from line 32. Thus the waveform SH+ of FIG. 2 line F appears as
      the waveform on the selected horizontal conductor (FIG. 2 line G) and as a
      component of the waveform of the selected cell (line N) and of the
      remaining half selected cells of conductor Hl (line P). Similarly the
      waveform SH of line F appears on the non-selected conductors (line H in
      FIG. 2) and as a component of the waveform of cells that are half-selected
      or non-selected (lines P and Q). The similar operation of the vertical
      circuit can be understood from FIG. 2, lines J through Q.
PAR  At the selected cell, the waveforms of line G and line L combine to produce
      the positive sustain pulse and positive primary ignition pulse shown in
      line N. Other cells of horizontal line Hl receive the waveforms of lines G
      and M and other cells of vertical line VN receive the waveforms of lines H
      and L; these components have opposing write pulses that cancel and produce
      only the sustain component across the half selected cells (line P in FIG.
      2). The unselected cells receive the waveforms of lines H and M in which
      the negative write pulses subtract from the sustain pulse, as line Q in
      FIG. 2 shows. The timing for the sustain and write pulses is selected to
      assure that the waveform of line Q is suitable for a sustain operation.
      (Since the write pulse has a reduced amplitude in the circuit of this
      invention, the positive sustain pulse of line Q is less affected by the
      write pulses than in a corresponding conventional circuit.) The circuits
      and operation that have been described so far in connection with the
      positive sustain pulse and the primary ignition pulse are conventional
      except that the write amplitude signal on line 83 in FIG. 1 is set to
      establish a lower amplitude than is conventional for a write pulse.
PAC  The Circuit of This Invention - Booster Ignition
PAR  As line N of FIG. 2 shows, the circuit of this invention produces a
      negative booster ignition pulse on the next sustain pulse. For this
      operation, the circuit of FIG. 1 includes means for generating the timing
      signal Complement Selection which is shown in line A of FIG. 2 and
      includes means for complementing the selection signals on lines 26 - 29
      and 51 - 54 in response to this signal. As line A of FIG. 2 shows, the
      signal Complement Selection has a zero logic level during the positive
      sustain pulses when the selection lines are to receive their conventional
      or true values and it has a one logic level during the negative sustain
      pulses when the selection lines are to have complement values. The
      complementing operation is logically an Exclusive OR operation. A
      representative Exclusive OR circuit 90 is connected to to receive the
      signal Complement Selection and to receive the signal 26' that is
      conventionally formed in the selection circuit. As the dashed line for the
      complement selection signal indicates, each line driver has an individual
      Exclusive OR circuit that receives the signal Complement Selection at one
      of its inputs. Thus, when the signal Complement Selection has a zero logic
      level value the selection line 26 has a logical value of the signal on the
      line 26', and when the signal Complement Selection has a one logic level
      value, the signal on line 26 is a complement of the signal on line 26'.
PAR  The operation of the negative write pulse can be understood from waveforms
      of FIG. 2. Line N shows the booster ignition negative write pulse
      superimposed on the negative sustain pulse. By the operation of inverting
      the signals from the selection circuits, line driver 21 connects its
      output Hl to receive voltage SH. Notice that waveform SH (FIG. 2 line E)
      has negative write pulses for both the positive and negative sustain
      operation but that the selected horizontal conductor (line G) receives the
      positive write pulse of FIG. 2 line F for a positive write and the
      negative pulse of line E for a negative write. Similarly, selected
      vertical line VN receives the positive write pulse of FIG. 2 line K, as
      shown in line L. Thus, the negative write pulse is formed by circuits and
      conventional line drivers that otherwise produce only a positive write
      pulse.
PAR  In the half selected cells of conductor Hl, the negative write pulse of
      line G opposes the negative write pulse of line M, and in the half
      selected cells of conductor VN the positive write pulse of line H opposes
      the positive write pulse of line L, as line P of FIG. 2 shows. In the
      non-selected cells, the negative write pulses of lines G and L combine and
      form a positive pulse that subtracts from the negative sustain pulse. The
      resulting negative sustain pulse has the amplitude of a conventional
      sustain pulse but, depending on the timing of the write booster ignition
      pulse, the sustain waveform has either a single narrowed pulse of the
      general waveform of the positive sustain pulse in line Q or, as the
      drawing shows, the negative sustain waveform has a first and a second
      narrow sustain pulse; this waveform nevertheless provides a satisfactory
      sustain operation.
PAR  At the end of the primary ignition pulse, the selected cell has a charge
      accumulation that is insufficient for ionization in response to a negative
      sustain pulse but is sufficient to produce the ionization of a normal
      write operation in response to the combination of the negative sustain
      pulse and the negative booster ignition pulse. The booster ignition pulse
      preferably has the amplitude of the primary ignition pulse, but it may be
      advanced in phase, as line P of FIG. 2 shows.
PAR  The selected phase of the booster ignition pulse of FIG. 2 line N can be
      understood from the operation of conventional write and sustain pulses. A
      conventional write pulse may not produce the value of wall charges that is
      produced by a sustain operation, but it produces enough wall charge that
      the next sustain operation will take place. Typically the wall charge
      builds up to a steady state value during the first few half cycles after a
      write operation. In such an operation, the avalanche ionization takes
      place at a successively earlier point in the sustain cycle as the wall
      charge increases until in the steady state operation the ionization takes
      place on the rise of the sustain pulse (there are some fixed time delays
      associated with the ionization process). Thus the phase of the negative
      write pulse in line N of FIG. 2 represent an optimum timing point when the
      cell has increased its level of ionization in response to the preceding
      portion of the sustain waveform and the previously accumulated wall
      charge.
PAC  The Gas Panel and Operation of FIGS. 3 and 4
PAR  As will be explained next the gas panel may have a primary ignition pulse
      of further reduced amplitude followed by several booster ignition pulses.
      FIG. 3 shows a positive sustain pulse and a coincident primary positive
      write pulse followed by negative and positive booster ignition write
      pulses that are superimposed on sustain pulses of the same polarity. The
      sequence continues for several half cycles with the positive and negative
      write pulses advanced in phase on successive half cycles until the write
      pulse occurs at the leading edge of the sustain pulse. This operation
      produces the wall charge accumulation of a conventional write operation
      and thereafter the sustain pulse continues without the write pulse until
      the next write or erase operation. Line B in FIG. 3 shows the current that
      is applied to the horizontal and vertical conductors of the selected cell.
      (The waveform is essentially a conventional capacitive charging current
      waveform.) A write pulse has sufficient amplitude to produce at least some
      additional wall charge for the next sustain and write pulses. As the
      current waveform of line B of FIG. 3 shows, the charge builds up on
      successive half cycles until it reaches the value of a conventional
      sustain operation.
PAR  The circuits for timing the phase of the write pulse are easily provided by
      modifying the conventional timing circuit of a gas panel. FIG. 4 shows
      circuits of this general type. An oscillator 91 provides timing pulses
      that are a convenient multiple of the frequency of the sustain waveform. A
      counter 92 responds to these pulses to produce outputs that identify
      subintervals in the sustain half cycle in binary form and a decoder 93 is
      connected to the output of the decoder to produce a one logic level signal
      on an individual output line for each timing interval. The illustrated
      counter has five outputs that produce the binary counting sequence 0
      through decimal 31, and 32 outputs designated 0 through 31 that
      successively carry a one logic level signal identifying the corresponding
      timing subinterval of a half cycle of the sustain waveform. An additional
      output from the next higher order position of counter 92 provides timing
      for a full cycle and a latch 99 is connected to produce the timing signal
      Complement Selection of FIGS. 1 and 2.
PAR  FIG. 4 also shows an analogous half cycle counter 94 that receives a signal
      from decoder 93 that identifies a reference point in the sustain half
      cycle. The half cycle counter is turned on in response to the signal Write
      on line 95 which identifies that the next few half cycles will be used for
      the write operation. A decoder 96 responds to the output of the half cycle
      counter to produce outputs identifying the first and subsequent half
      cycles in a write operation. Representative logic components 97 are shown
      in the drawing for producing a write timing pulse on a line 98 at two
      different points on successive half cycles. This logic is extended for
      subsequent half cycles for the operation of FIG. 3.
PAR  From the preceding description and from the extensive prior development of
      a variety of gas panel designs to which this invention readily applies,
      those skilled in the art will recognize appropriate modifications to these
      specific gas panels within the scope of the claims.
CLMS
STM  The claims are:
NUM  1.
PAR  1. In a gas panel of the type having light emitting cells formed at
      crossover points of horizontal and vertical conductors and means for
      producing an alternating polarity sustain waveform across the conductors
      for each cell, the improvement comprising,
PA1  means for producing opposite polarity write pulses of an amplitude and
      width to establish a value of wall charge accumulation that is less than
      the value required for a write operation, and
PA1  means for applying said write pulses to the horizontal and vertical
      conductors of a selected cell in the polarity of the sustain waveform for
      a plurality of sequential sustain half cycles to produce a write
      operation.
NUM  2.
PAR  2. The gas panel of claim 1 including selection circuit means producing
      binary selection signals identifying selected and unselected horizontal
      and vertical conductors and wherein said means for applying said write
      pulses to said cells includes,
PA1  means responsive to said selection signals for applying a write pulse of
      the sustain polarity to the selected horizontal and vertical conductors
      and write pulses of the opposite polarity to the non-selected conductors,
      and
PA1  means for complementing said selection signals during sustain half cycles
      of one polarity for a write operation.
NUM  3.
PAR  3. The gas panel of claim 2 including means for advancing the phase of the
      write pulses on successive half cycles of a write operation.
NUM  4.
PAR  4. The gas panel of claim 3 including means for advancing the phase of the
      write pulses from approximately the trailing edges of a half cycle of the
      sustain waveform to about the leading edge of a half cycle of the sustain
      waveform.
NUM  5.
PAR  5. The gas panel of claim 4 including means to provide said write pulses
      over six or fewer half cycles of the sustain waveform write pulse
      amplitude is a minimum value for said write operation.
NUM  6.
PAR  6. The gas panel of claim 4 including means to provide said write pulses on
      two consecutive half cylces.
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ABST
PAL  A TTL compatible erasable programmable read-only memory (PROM) which uses a
      single n-channel device having a floating gate for each memory cell. The
      entire memory including the periphery circuits, are disposed on a silicon
      substrate. Only a single externally generated high voltage input or "pin"
      is required for programming.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the field of erasable programmable read-only
      memories.
PAR  2. Prior Art
PAR  Programmable read-only memories including memories which are erasable both
      electrically and through the use of electromagnetic radiation are known in
      the prior art. One such memory is shown in U.S. Letters Pat. No.
      3,744,036. A memory such as shown in this patent is commercially
      available. This memory uses p-channel floating gate devices as memory
      elements which are programmed through avalanche injection, and thus
      voltages in the order of magnitude of 30 - 40 volts are required for
      programming.
PAR  U.S. Letters Pat. No. 3,728,695 discloses other circuits for erasable
      PROM's.
PAC  SUMMARY OF THE INVENTION
PAR  A read-only memory is disclosed which is deployed on a doped silicon
      substrate. The substrate includes a first region which is more highly
      doped than the remainder of the substrate. A plurality of memory cells are
      disposed in the first region. Each of the memory cells includes a floating
      gate for storing charge. A plurality of buffers are disposed on the
      substrate, spaced apart from said first region, and are used for
      communicating signals to the memory cells. Each of the buffers include
      field-effect transistors having channels with a first level of dopant and
      at least one field-effect transistor having a channel with a second level
      of dopant, where the second level of dopant is higher than the first
      level. The buffers act as level shifters to permit signals to be readily
      transmitted to the memory cells and assure TTL compatibility.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the presently preferred embodiment of the
      invented memory.
PAR  FIG. 2 is a circuit diagram illustrating the level shifting circuit
      utilized in the invention.
PAR  FIG. 3 is a circuit diagram illustrating the push-pull address output
      buffers utilized in the memory.
PAR  FIG. 4 is a partial circuit diagram illustrating the decoding programming
      circuit.
PAR  FIG. 5 is a partial section of the memory array used to illustrate a single
      cell in the array.
PAR  FIG. 6 is a circuit diagram of the differential sensing amplifier and
      output level shifter used in the memory.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The memory system of the present invention is an erasable programmable
      read-only memory suitable for storing binary information. While the
      capacity of the memory (and other details which are disclosed) are not
      critical for the present invention, the presently preferred embodiment
      includes an array having 8,192 memory cells, each cell being adaptable for
      storing a single bit in the form of an electrical charge stored on a
      floating gate. The memory is nonvolatile in that the charge will remain
      stored without refreshing for many years, although it may be erased thus
      allowing programming. In the presently preferred embodiment the entire
      memory including the peripheral circuits and the array of memory cells are
      disposed on a single p-type conductivity silicon substrate. Access times
      for the presently disclosed memory are considerably better than the prior
      art erasable programmable read-only memories and in the order of magnitude
      of approximately 200- 300 nanoseconds.
PAR  The memory cells of the memory each include a single element device, unlike
      prior art erasable PROM's where a gating device is used in conjunction
      with a floating gate device. The single element device allows the array to
      be fabricated more densely, and hence at a lower cost. While other memory
      cells may be utilized, the presently preferred memory cell is discussed in
      copending application Ser. No. 537,265, filed Dec. 30, 1974, assigned to
      the assignee of the present application.
PAR  Referring first to FIG. 5, a single memory cell is shown connected to an
      X-line 76 and a Y-line 75. It will be appreciated that the memory cell
      array 25 shown in FIG. 1 comprises a plurality of X-lines, a plurality of
      Y-lines and a plurality of cells such as the cell illustrated in FIG. 5.
      The memory cell of FIG. 5 is an n-channel device which includes a drain
      terminal 80 (coupled to the Y-line 75) and a source region 81 (coupled to
      the memory ground 18). The memory cell includes a floating gate 79
      disposed between the substrate 81a and a control gate 78. The control gate
      is connected to the X-line 76.
PAR  The substrate upon which the memory is fabricated includes regions which
      are more heavily doped with a p-type dopant than are other regions of the
      surface of the substrate as described in the above-referenced co-pending
      application. In the presently preferred embodiment the area of the
      substrate which forms the host material for the memory cell array 25 of
      FIG. 1 is ion implanted with p-type dopant so that the concentration level
      of the dopant is higher than the substrate. Thus, all the memory cells,
      such as the one illustrated in FIG. 5, are completely fabricated in this
      more heavily doped region. In the periphery circuitry, as will be
      discussed, certain of the field-effect transistors have their channels ion
      implanted so that the channels are more heavily doped with p-type dopant.
      The channels of these field-effect transistors are identified in the
      drawings by the lined regions 15. The more heavily doped region which
      forms the host material for the cells and the ion implanted channels of
      those field-effect transistors which have more heavily doped channels are
      fabricated simultaneously. The memory substrate includes channel stops
      which are fabricated utilizing known technology in order to separate the
      more heavily doped host region for the cells from the remainder of the
      memory. The above-described memory and its method of fabrication are
      described in more detail in the above-referenced co-pending application.
PAR  The memory cell utilized in the presently preferred embodiment is
      programmable with lower voltages than those required by prior art
      avalanche injection devices. The memory cell of FIG. 5 may be programmed
      with the application of a voltage of approximately 25 volts to the control
      gate 78 and approximately 20 volts to the drain terminal 80. With these
      conditions are met electrons are transferred onto the floating gate 79 and
      remain on the floating gate until it is erased. The memory cell will have
      a threshold of approximately 4 volts (control gate 78 to source) when the
      floating gate 79 is uncharged as compared with a threshold of
      approximately 12 volts when the floating gate 79 is charged. The above
      voltages are given by way of example and are generally applicable to the
      n-channel cell used in the presently preferred embodiment. It will be
      appreciated that if a p-channel device is utilized different polarities
      and voltages may be utilized.
PAR  It is desirable in the operation of many MOS circuits to utilize substrate
      biasing. This biasing in addition to other advantages, provides threshold
      levels compatible with external circuitry, particularly with TTL
      circuitry. However, the presently preferred memory cells, if biased, would
      require higher voltages to operate effectively because of the "body
      effect" associated with the more heaVily doped region upon which the cells
      are fabricated. This more heavily doped region is desirable though since
      it permits the programming of the memory cells with voltages which are
      substantially less than those associated with prior art avalanche
      injection devices.
PAR  There are other characteristics of the presently preferred memory cell
      which require consideration in the design of a memory utilizing such
      devices. The floating gate of the memory cell tends to charge slowly under
      certain conditions, hence, these conditions must be avoided. One of these
      conditions occurs during reading when the sourcedrain voltage exceeds
      approximately 3 volts. Another of these conditions occurs during
      programming when either the control gate voltage is high, or the drain
      voltage is high. For this latter condition, slow programming will occur
      unless the gate to source voltage is approximately equal to or less than
      one volt.
PAR  To overcome some of the limitations of constraints dictated by the memory
      cell, the presently disclosed memory system utilizes two separate grounds.
      Referring to FIG. 1, two separate ground are illustrated, one of these
      grounds shall be referred to as the common or external ground 16 and the
      other the substrate or memory ground 18. The common or external ground 16
      may be common with external grounds, such as the grounds associated with
      the power supplies used to operate the memory, and common with the
      circuits which interface with the memory. The substrate or memory ground
      18 is held at a potential of approximately -5 volts when compared to the
      common ground. The substrate and source regions for the memory cells, such
      as the memory cell illustrated in FIG. 5, are coupled to the memory ground
      18, thus the memory cells have no substrate biasing, however the
      field-effect transistors of the peripheral circuit are biased.
PAR  Referring to FIG. 1 and the general block diagram of the memory, the
      address inputs to the memory are shown as line 10. In the presently
      preferred embodiment line 10 comprises a plurality of leads for receiving
      the bits of an address. Another input to the memory is the high voltage
      (20 - 25 volts) programming signal which is applied to line 27. In the
      presently preferred embodiment only a single high voltage signal is
      required for a duration of approximately 100 milliseconds to program an
      addressed cell. This signal is synchronized with the address signals
      applied to line 10 and with the data-in signal applied to line 36 for
      programming. Other inputs to the memory not illustrated in FIG. 1, but
      which are referred to in the other figures, are the power supply voltages.
      The output from the memory is shown as line 34 and the information
      appearing on this line as is the case with read-only memories, is
      representative of the program stored in the memory.
PAR  The address received on line 10 are applied to the address input buffer 12.
      This buffer which is referenced to the external or common ground 16 may be
      fabricated utilizing known circuits including those providing TTL
      compatibility. The data-in buffers 30 which receive data on line 36 may be
      similar in construction to buffer 12 and hence may be any one of numerous
      prior art buffers. Buffer 30 is also reference to the external or common
      ground 16, thus the buffer 30 may readily interface with external
      circuitry. It will be appreciated that as is the case with other memories,
      a plurality of address buffers 12 and for that matter, a plurality of
      address level shifters 14, push-pull address output buffers 20 and address
      decoders 22 are utilized, the number being determined by the number of
      bits in the address which are to be decoded.
PAR  The address level shifter 14 is utilized to shift the reference level of
      the address from the common ground 16 to the memory ground 18. The data-in
      level shifter 31 serves the same function as the address level shifter 14
      and shifts the level of the incoming data from the common ground 16 to the
      memory ground 18. A level shifter for performing this function shall be
      discussed in detail in conjunction with FIG. 2.
PAR  The output of the address level shifter 14 is communicated to a push-pull
      address output buffer 20. The output of the buffer 20 is utilized to drive
      the address decoder 22. The function of the push-pull address output
      buffer will be discussed in detail in conjunction with FIG. 3.
PAR  The address decoder 22 serves to decode the address; the general design of
      decoder 22 is similar to decoders used in prior art memory circuits. The
      decoder of the presently preferred embodiment utilizes a plurality of
      parallel and series field-effect transistors for decoding an address. The
      output from decoder 22, X-line 23 and Y-line 24, are one of the plurality
      of X-lines and Y-lines defining the array 25 along the memory cells.
PAR  The differential sense amplifier 26 is used for reading data from the array
      25 by sensing potentials on the column lines from the array. One such
      amplifier is connected to each column of the array. The amplifier 26
      utilized in the presently preferred embodiment will be discussed in detail
      in conjunction with FIG. 6. The output from the differential sense
      amplifier 26 is coupled by line 29 to a data-out level shifter 32. The
      level shifter 32 converts the level of the output data from the memory
      ground 18 to the common ground 16. The level shifter 32 in the presently
      preferred embodiment is an integral part of the differential sense
      amplifier 26 and thus will be discussed in conjunction with FIG. 6.
PAR  The programming circuit 29 operates in conjunction with the address
      decoders to route the high voltage programming signal (line 27) to a
      selected cell. The programming circuit shall be discussed in conjunction
      with the address decoders which are partially shown in FIG. 4.
PAR  Referring to FIG. 2, the level shifter includes an input line 46 which may
      be the output from the address input buffer 12 of FIG. 1 or the output
      from the data-in buffer 30 of FIG. 1. The output from the level shifter of
      FIG. 2 is line 47. This output line is coupled to the push-pull address
      output buffer 20, or to the memory cell array 25 where the shifter is
      utilized for shifter 31 of FIG. 1. The level shifter includes a bootstrap
      circuit which comprises transistors 38, 39, 40 and capacitor 41. These
      transistors and the other transistors of the memory are n-channel
      enhancement mode, field-effect transistors employing polycrystalline
      silicon gates in the presently preferred embodiment. The drains of
      transistors 38, 39 and 40 along with the gates of transistors 38 and 40,
      are coupled to a source of positive potential, V.sub.2 (line 13) which in
      the presently preferred embodiment is approximately 12 volts. The source
      of transistor 40 is coupled to the gate of transistor 39. One terminal of
      capacitor 41 is coupled to the gate of transistor 39, the other terminal
      of capacitor 41 and the sources of transistors 38 and 39 are connected to
      a common node which includes the gate of transistor 44 and the drain of
      transistor 43. The source of transistor 43 is coupled to the common ground
      16. The gate of transistor 43 along with the gate of transistor 45 are
      coupled to the input line, line 46. The source of transistor 45 is coupled
      to the memory ground 18; the drain of transistor 45 is coupled to the
      source of transistor 44, this node being common with line 47. The drain of
      transistor 44 is coupled to a source of positive potential V.sub.1, (line
      11) which in the presently preferred embodiment is approximately 5 volts.
PAR  The channel of transistor 45 includes a more highly doped region 15. Since
      the channel of transistor 45 is more heavily doped its threshold is
      shifted and it requires a greater gate-to-source voltage for conduction.
      This transistor even though its source is referenced to ground 18 only
      slightly conducts when its gate is at the potential of ground 16.
PAR  First examining the case when a positive signal is applied to line 46,
      transistor 45 will conduct heavily, and hence the source of the output
      transistor 44 and the voltage on line 4 will be at approximately memory
      ground 18. Since transistor 43 is conducting, the gate of transistors 44
      is at approximately common ground. For these conditions transistor 44 will
      conduct, although not heavily.
PAR  On the other hand, when line 46 is at the common ground 16 potential the
      gate of transistor 39 is bootstrapped so as to cause transistor 44 to
      readily conduct while at the same time transistor 45 is only slightly
      conducting. Under these conditions the voltage on line 47 is pulled
      towards voltage V.sub.1. The potential on line 47, by way of example,
      vaires from approximately +3 volts to -4 volts when compared to the common
      ground, or when compared to the memory ground from approximately 1 volt to
      approximately 8 volts.
PAR  As previously mentioned, the output of the address level shifter is
      utilized as an input to the push-pull address output buffer. The output
      from this buffer is used to drive the decoding circuitry. In FIG. 3 the
      input to the push-pull address output buffer is shown as line 48 and the
      output as lined 57 and 67. The buffer receives power from line 13, and is
      grounded to the memory ground 18. The input line 48 is coupled to the gate
      of transistor 53; the drain of transistor 53 is coupled to line 13 through
      a bootstrap circuit 50 and also to the gates of transistors 54, 55 and 60.
      The sources of transistors 53, 54, 55 and 56 are coupled to the memory
      ground 18. The drain of transistor 54 is coupled to the gate of the output
      transistor 59, to the gate of transistor 56 and to a bootstrap circuit 51.
      The bootstrap circuits 50 and 51 may be ordinary bootstrap circuits known
      in the art; bootstrap circuit 50 is used to boost the gate potential of
      transistors 54, 55 and 60 while bootstrap circuit 51 is used to boost the
      gate potential on transistors 56 and 59. Transistors 53, 54, 55 and 56
      have their channels ion implanted as indicated by regions 15. Note that if
      these devices were not ion implanted their thresholds would be
      approximately 0.25 volts with reference to the memory substrate, and
      transistor 53 would continuously conduct since the signal appearing on
      line 48 would not be sufficiently low to prevent conduction.
PAR  In the circuit of FIG. 3 when a high level signal appears on line 48, it
      causes transistor 53 to conduct heavily, thereby bringing the drain
      voltage of transistor 53 to approximately the potential of ground 18. This
      potential at the drain of tansistor 53, since it is coupled to the gates
      of transistors 54 and 55, causes transistors 54 and 55 to cease
      conducting. When transistor 54 ceases to conduct bootstrap circuit 51
      raises the potential on the gate of transistor 59 in excess of the voltage
      V.sub.2, thereby driving line 57 to V.sub.2. This bootstrap potential also
      causes transistor 56 to heavily conduct, thus line 67 is clamped to ground
      18. When the signal applied to line 48 is in its low state transistor 53
      ceases to conduct heavily. When this occurs bootstrap circuit 50 raises
      the potential on the gates of transistors 54, 55 and 60 to a potential in
      excess of V.sub.2. This raises the potential on line 67 to V.sub.2 and
      clamps line 57 to ground 18.
PAR  Referring to FIG. 4 a partial drawing of a decoder and portions of the
      programming circuitry are illustrated. The decoder utilized in the
      presently preferred embodiment includes series transistors which receive
      one output from the push-pull address buffers (FIG. 3) on address and
      parallel transistors which receive the other push-pull output (the
      complement). In FIG. 4 one series of decoding transistor 64 and two
      parallel decoding transistors 65 and 66 are illustrated. Broken line 70
      are used to indicate that other series and parallel transistors are part
      of the decoder. It will be appreciated that each output of each push-pull
      buffer is coupled to a series or parallel decoding transistor of either a
      row or column decoder in order that an address may be decoded. For
      purposes of discussion it will be assumed that one output from the buffer
      shown in FIG. 3, line 57, is coupled to the gate of series decoding
      transistor 64 through transistor 63, and the other buffer output line 67
      is coupled to the gate of parallel decoding transistors through transistor
      74.
PAR  The decoding circuitry is utilized for selecting cells in the array both
      for programming and for reading. Thus, the decoder must be able to
      transmit the higher voltage associated with programming. Moreover, the
      output from the decoder (line 72) for an unselected line in the array must
      be close to potential 18. As previously discussed, a cell not selected for
      programming, will slowly program unless its gate to source potential is
      approximately 1 volt or less. Those output lines from the decoder which
      form the X-lines of the array are held at the potential as will be seen.
      Also, to allow unambiguous Y-selection those decoder output lines which
      form the Y-lines of the array during reading are held at the potential of
      ground 18 (for unselected Y-lines). This prevents the source-to-drain
      potential of unselected cells disposed along a selected X-line from
      rising.
PAR  In FIG. 4 the gates of transistors 63 and 74 are coupled to V.sub.2, liine
      13. The series transistors in the decoder are coupled to one terminal of
      transistors 61 and 62. The other terminal and gate of transistor 61 is
      coupled to the source of the programming signal, line 27. The other
      terminal of transistor 62 is coupled to line 11 (V.sub.1) while the gate
      of transistor 62 is coupled to line 68, a read-write signal. This signal
      is high or positive when information is read from the memory and low when
      the memory is being programmed.
PAR  When stored data is being read from the memory (assuming the decoder of
      FIG. 4 has been activated by an address) the voltage V.sub.1, which is
      coupled to the drain of transistor 62, will be coupled to the output line
      72. This occurs since the series decoding transistors are conducting and
      the parallel decoding transistors are not conducting. On the other hand,
      if all the series decoding transistors do not conduct, and hence one or
      more of the parallel decoding transistors conduct, line 72 is clamped to
      ground 18.
PAR  During the programming cycle (assuming a selected decoder) the high voltage
      appearing on line 27 will be transmitted from that line onto the decoder
      output line 72. Bootstrap circuits (not illustrated) are coupled to each
      of the gates of the series decoding transistors (by line 87 for transistor
      64) such that the gates of these transistors during programming are raised
      in potential in order that the programming signal on line 27 will pass
      through these series transistors. This bootstrapping circuit only raises
      the potential on the gates for the selected decoders, hence the
      bootstrapping circuit is address controlled.
PAR  Line 89, which is coupled to the gate of the parallel decoding transistor
      7, is coupled to a bootstrapping circuit as was the case with line 87.
      While the gate of the parallel transistors does not require bootstrapping
      these gates are common with the gates of series decoding transistors (in
      other decoders) which do require the bootstrapped potential. Transistor 74
      serves the same function as transistor 63 and prevents the high potential
      on line 89 from reaching the push-pull buffer. Transistor 63 acts as a
      transmission gate and prevents the high potential on line 87 during
      programming from flowing back into the push-pull buffer. Note that without
      transistors 63 and 74 the higher programming voltage would break down the
      more heavily doped transistors 55 and 56 of the push-pull buffer.
PAR  The data-in signal (line 36 of FIG. 1) is utilized to gate the programming
      signal (line 27) into the Y-lines of the array through ordinary circuitry
      not shown. By way of example, if a binary 1 exists on line 36 during
      programming the high voltage programming signal on line 27 (FIG. 4) is
      coupled to the drain of the selected cell. During reading a potential is
      placed on the selected X-line and a potential of approximately -2 volts
      (relative to the common ground) is placed on the selected Y-line. If the
      floating gate is not charged current will flow from the Y-line to the
      memory ground thereby causing a drop in potential on the selected Y-line.
      If, on the other hand, the floating gate has been charged, the Y-line will
      not discharge or its rate of discharge will be very slow.
PAR  A differential sensing amplifier (FIG. 6) for sensing the state of the
      memory cells is coupled to each of the Y-lines in the array. This
      amplifier also shifts the level of data as shown by level shifter 32 of
      FIG. 1. In FIG. 6 a Y-line or column of the array is illustrated as line
      82. One end of the line is coupled to the potential V.sub.3 (-2 volts)
      during reading through resistors 90 and 91. The differential amplifier
      includes two branches coupled between the potential V.sub.1 (line 11) and
      a common node 84. The first branch includes series transistors 92 and 93,
      and the other includes series transistors 94 and 95. The common node 84 is
      coupled through transistor 98 to the common ground 16. Transistors 92 and
      94 which are loads for the branches of the amplifier have their gates
      coupled to line 11. The output from the amplifier, lines 106 and 107, in
      the presently preferred embodiment are coupled to a second stage, this
      second stage may be an ordinary differential amplifying stage coupled to
      the common ground 16. The output from this second stage may be buffered
      before being coupled to line 34 (FIG. 1).
PAR  One branch of the differential amplifier is coupled to the column line in
      the array through the gate of transistor 93, while the other branch is
      coupled to the gate of transistor 95 to a circuit which includes a dummy
      cell. The gate of transistor 95 is coupled to the potential V.sub.3
      through transistor 96 and to the drain of transistor 97. Transistors 90,
      91, 96 and 97 have their gates coupled to V.sub.1. The source of
      transistor 97 is coupled to the dummy cell. The dummy cell 110 is a memory
      cell such as the one illustrated in FIG. 5 used for providing a reference
      level for the differential amplifier. Dummy cell 110 is fabricated with
      the memory cells of the array in the more highly doped region of the
      substrate. The floating gate of the dummy cell is not charged, hence the
      dummy cell 110 conducts more readily than if the gate were charged.
PAR  Transistors 90 and 91 act as a load on the column line; of the Y-line is
      coupled to a conducting (selected) memory cell the gate of transistor 93
      is pulled towards ground. Transistors 96 and 97 likewise act as loads, but
      since the dummy cell 110 is always unprogrammed the gate of transistor 95
      remains at a predetermined potential. The amplifier operates on the
      differences between the gate voltage of transistor 93 and the gate voltage
      of transistor 95. Thus, if line 82 is coupled to an unprogrammed memory
      cell, the gate of transistor 93 will drip below the gate potential of
      transistor 95 causing transistor 93 to conduct less than transistor 95.
      For the case where line 82 is coupled to a programmed cell, the opposite
      would occur, that is, the potential on the gate of transistor 93 would
      rise compared to the potential on the gate of transistor 95. The
      differences in potential on lines 106 and 107 are amplified by the second
      stage (not shown) and the resultant signal may be read from the memory.
      Transistor 98 is gated to save power when the amplifier is not in use.
PAR  In order to assure that the dummy cell provides a reliable reference
      signal, this cell is disposed in the more heavily doped region of the
      substrate which includes the memory cells, and moreover, the dimensions of
      this device are the same as those of a memory cell. The dummy cell is also
      aligned with the memory cells in the array such that its floating gate and
      control gate are aligned with like layers of the memory cells.
PAR  Thus, a memory system has been disclosed in which the memory array includes
      a plurality of memory cells each consisting of a single element or device
      having a floating gate. The cells are fabricated on the same substrate
      with the periphery circuit, the cells being fabricated in a more heavily
      doped region than the remainder of the circuitry. The disclosed
      programmable read-only memory may be erased, in the presently preferred
      embodiment, by subjecting it to ultraviolet radiation. This removes charge
      from the floating gate, thus allowing reprogramming. Since the memory
      cells each only contain a single device, the array may be considerably
      denser than prior art arrays.
CLMS
STM  We claim:
NUM  1.
PAR  1. A read-only memory deployed on a doped silicon substrate comprising:
PA1  a first region on said substrate having a higher dopant level than said
      substrate;
PA1  a plurality of memory cells disposed in said first region, each of said
      cells including a floating gate for storing charge;
PA1  a plurality of buffers disposed on said substrate, spaced apart from said
      first region, for communicating signals to said memory cells, each of said
      buffers including a plurality of field-effect transistors having channels
      with a first level of dopant and at least one field-effect transistor
      having a channel with a second level of dopant wherein said saecond level
      of dopant is higher than said first level of dopant;
PA1  whereby said buffers act as level shifters to permit signals to be readily
      transmitted to said memory cells.
NUM  2.
PAR  2. The memory defined by claim 1 wherein said first level of dopant is
      equal to the level of dopant of said doped silicon substrate.
NUM  3.
PAR  3. The memory defined by claim 1 wherein in each of said buffers one of
      said transistors with said first level of dopant is connected on series
      with said transistor of said second level of dopant, and wherein the gate
      of said transistor with said second level of dopant received a buffered
      input signal referenced to external ground.
NUM  4.
PAR  4. The memory defined in claim 3 wherein said one of said transistors with
      said first level of dopant has its gate coupled to a bootstrap circuit.
NUM  5.
PAR  5. The memory defined in claim 1 wherein said buffers receive signals
      representative of an address, and wherein the output of each of said
      buffers is coupled to an address buffer comprising a plurality of
      transistors having channel with said first level of dopant and a plurality
      of transistors having channel with said second level of dopant.
NUM  6.
PAR  6. The memory defined by claim 5 wherein the output from each of said
      address buffers comprises an output signal and its complement.
NUM  7.
PAR  7. The memory defined in claim 6 including a plurality of decoders for
      deccoding an address, said decoders being coupled to said address buffers.
NUM  8.
PAR  8. The memory defined in claim 7 including a terminal for receiving a
      programming signal for charging said floating gates of said memory cells.
NUM  9.
PAR  9. The memory defined in claim 8 wherein said terminal is coupled to said
      cells through said decoders.
NUM  10.
PAR  10. The memory defined in claim 9 wherein each of said decoders include a
      plurality of decoding transistors in series, said decoding transistors
      including gates coupled to receive said outputs of said address buffers.
NUM  11.
PAR  11. The memory defined in claim 10 including bootstrapping means for
      bootstrapping said gates of said decoding transistors so that said
      decoding transistors will pass said programming signal.
NUM  12.
PAR  12. The memory defined in claim 7 wherein said decoders are couples to said
      address buffers through a transfer gate such that a high voltage applied
      to said buffers is not transmitted to said address buffers.
NUM  13.
PAR  13. The memory defined in claim 1 wherein the level of dopant of said first
      region is equal to said second level of dopant.
NUM  14.
PAR  14. In a semiconductor memory disposed on a single silicon substrate and
      which includes a plurality of storage memory cells each of which has a
      floating gate for storing charge, a sense amplifier coupled to said cells
      comprising:
PA1  a first branch which includes a first load means and a first transistor,
      said first transistor being coupled to said storage memory cells;
PA1  a second branch coupled in parallel with said first branch, said second
      branch including a second load means and a second transistor;
PA1  a memory cell for establishing a reference potential, said memory cell
      including a floating gate, said memory cell being coupled to said second
      transistor;
PA1  whereby the reference potential provided by said memory cell establishes a
      level for said sense amplifier.
NUM  15.
PAR  15. The amplifier defined by claim 14 wherein each of said storage memory
      cells and said memory cell for establishing a reference potential have the
      same dimensions.
NUM  16.
PAR  16. The amplifier defined by claim 15 wherein said first and second load
      means each comprise load transistors.
NUM  17.
PAR  17. The amplifier defined by claim 16 wherein said load transistor, said
      first and second transistors, said storage memory cells and said memory
      cell for establishing a reference potential all comprise n-channel
      devices.
NUM  18.
PAR  18. A memory circuit having a plurality of floating gate MOS memory cells
      fabricated on a single silicon substrate comprising:
PA1  means for establishing a predetermined substrate voltage, said substrate
      voltage being coupled to each of said cells;
PA1  means for establishing an external reference voltage difference from said
      substrate voltage;
PA1  a a first buffer circuit including a first FET having a channel having a
      first predetermined dopant level, said first FET being biased with respect
      to said external reference voltage;
PA1  a level shifter having its input coupled to said first buffer circuit, said
      level shifter including a second FET having a channel having a second
      predetermined dopant level higher than said first predetermined dopant
      level, and a third FET, series-coupled to said second FET, having a
      channel having said first predetermined dopant level, said level shifter
      providing its output from said third FET;
PA1  a second buffer circuit coupled to the output of said level shifter,
      including a fourth FET having a channel having said first predetermined
      dopant level series-coupled to a fifth FET having a channel having said
      second predetermined dopant level, said second buffer circuit providing
      its output from said fifth FET said fifth FET being biased with respect to
      said substrate voltage.
NUM  19.
PAR  19. The memory circuit of claim 18 further defined by the addition of a
      decoder circuit including a sixth FET having a channel having said first
      predetermined dopant level, the input of said decoder circuit being
      coupled to the output of said second buffer circuit and the output of said
      decoder circuit being coupled to each of said memory cells; and
PA1  mean for coupling a programming signal to said decoder circuit through said
      sixth FET, said programming signal having a voltage level having an
      absolute value greater than either said substrate voltage or said external
      reference voltage.
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ABST
PAL  A metal-oxide-silicon (MOS), random-access memory (RAM) which is
      emitter-coupled logic (ECL) compatible and which does not require any high
      level clock inputs. The memory utilizes pseudo-static cells which are
      refreshed with an asynchronous charge-pump signal generated on the memory
      chip. Buffers utilize the ECL reference signal to assure ECL
      compatibility. The memory employs dynamic decoding in two separate levels
      of decoding.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the field of ECL compatible MOS memories.
PAR  2. Prior Art
PAR  Since the early 1960's emitter-coupled logic (ECL) has become an accepted
      logic form particularly associated with high speed circuit operation. In
      the early 1970's with the introduction of ECL-10,000 circuitry, some of
      the earlier problems associated with ECL, such as high cost and design
      difficulties, generally have been overcome.
PAR  While in recent years MOS circuits, such as memories, have been fabricated
      which are TTL compatible, only minor inroads have been made in achieving
      an MOS memory which is ECL compatible. Among the problems associated with
      the fabrication and design of such a memory is the fact that the ECL
      signals are at best only a few tenths of a volt higher than the ECL
      reference signal. These small voltage swings are not compatible with the
      higher level signals associated with either n-channel or p-channel MOS
      circuitry.
PAR  The presently disclosed random-access memory (RAM) provides ECL
      compatibility, and unlike other memories does not require any high level
      clock input signals. Moreover, the memory appears to be static to the user
      since refreshing is accomplished with an asynchronous charge-pump signal
      generated on the memory chip.
PAC  SUMMARY OF THE INVENTION
PAR  A metal-oxide-silicon, random-access memory which is compatible with
      emitter-coupled logic and which is deployed on a single substrate is
      disclosed. A plurality of memory cells for storing information are coupled
      to a plurality of sensing means for sensing the stored information. A
      plurality of timing signal generators for generating timing signals are
      coupled to the memory cells and to the sensing means. A plurality of the
      input buffers for receiving input signals to the memory are utilized; each
      of the buffers has at least two input terminals, one for receiving a
      reference signal and the other for receiving an input signal. Each of
      these buffers includes circuit means for adjusting the sensitivity of the
      buffer to the input signal as a function of the magnitude of the reference
      signal. This circuit may be used with external emitter-coupled logic
      circuitry because the small differential signals can thus readily be
      detected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial block diagram illustrating the general layout of the
      memory and the two levels of decoding utilized in the memory.
PAR  FIG. 2 is a circuit diagram of the chip enable clock buffer utilized in the
      memory.
PAR  FIG. 3 is a circuit diagram illustrating an address buffer utilized in the
      memory.
PAR  FIG. 4 is a circuit diagram illustrating a column amplifier, a decoder and
      the sense amplifier utilized in the memory.
PAR  FIG. 5 is a circuit diagram of the charge-pump generator utilized for
      refreshing the memory cells in the memory.
PAR  FIG. 6 is a graph illustrating the output waveform of the charge-pump
      generator of FIG. 5.
PAR  FIG. 7 is a graph illustrating various clock signals which are generated
      within the memory and utilized by the memory. FIG. 7 also illustrates the
      input chip enable signal applied to the memory.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A random-access memory (RAM) fabricated utilizing metal-oxide-silicon (MOS)
      technology which is emitter-coupled logic (ECL) compatible is described.
      As will be appreciated, many of the specific details disclosed herein such
      as the number of bits, particular fabrication techniques and many other
      details are presented to give a better understanding of the presently
      preferred embodiment of the invention not to limit the scope of the
      invented memory.
PAR  In the presently preferred embodiment the ECL compatible memory is disposed
      on a single silicon substrate or chip of approximately 204 .times. 237
      mils. The memory stores 4,096 bits in an array having 64 pairs of column
      lines (bit lines) and 64 row lines. The transistors used in the memory all
      comprise n-channel, enhancement mode, field-effect transistors employing
      polycrystalline silicon gates. In the presently preferred embodiment
      access times of less than 80 nanoseconds have been obtained. Typical
      operation power is approximately 500 milliwatts and standby power
      consumption is approximately 300 milliwatts.
PAR  All the inputs to the memory such as the address inputs, data input and
      chip enable signal (CE), are ECL signals. The memory does not require any
      high level (V.sub.DD) inputs. The power inputs to the memory are V.sub.DD
      (15 volts), V.sub.SS (0 volts) and V.sub.BB (-5.2 volts). This latter
      potential which is used both for substrate biasing, and in some of the
      circuitry of the memory, is the ECL power supply voltage. In the presently
      preferred embodiment the memory is compatible with ECL III and ECL-10,000
      logic forms. The output of the memory which includes data and data, is
      compatible with ECL circuitry.
PAR  Referring first to FIG. 1, information of data is stored in binary form
      within a plurality of cells such as cells 46 and 47. Each cell includes a
      four-transistor dynamic crosscoupled circuit. The data is stored in the
      form of a charge on parasitic capacitance primarily defined by the gate of
      one of the transistors. Information is read into the cell, and out of the
      cell, on a pair of column lines such as column lines 10 and 11 coupled to
      cell 46, and lines 12 and 13 coupled to cell 47. The cell is in the form
      of a bistable circuit and one of the pair of column lines coupled to the
      cell senses data while the other senses data. The cells in the presently
      preferred embodiment are refreshed through charge pumping. This type of
      refreshing is often referred to as "transparent" refreshing since the
      cells appear to be static from the user's standpoint.
PAR  Typically in the prior art refreshing through charge pumping has required
      the use of a signal which drops below the substrate potential. For this
      reason the charge pumping signal is not generated on the substrate or chip
      which includes the memory, and hence must be externally generated and
      applied to the memory. The charge pumping techniques used in the presently
      preferred embodiment are described in copending application Ser. No.
      473,668, filed May 28, 1974, entitled "Charge Pump Device for Integrated
      Circuit." (This copending application is assigned to the assignee of the
      present application.) In the presently preferred embodiment the charge
      pump generator which is shown in detail in FIG. 5, is disposed on the same
      substrate with the remainder of the memory and is a free running
      oscillator, that is, it is asynchronous with the remainder of the memory.
      The details of this charge pump generator and its waveform which is shown
      in FIG. 6, will be discussed, subsequently, in conjunction with these
      figures.
PAR  Referring again to FIG. 1, the memory includes a plurality of parallel
      pairs of column lines such as lines 10 and 11 and lines 12 and 13.
      Transverse to these column lines are a plurality of row lines such as row
      line 49. In the presently preferred embodiment the pairs of column lines
      are evenly divided into two spaced apart groups with decoding circuitry
      and the sense amplifier 22 being disposed generally between these two
      groups of spaced apart lines. In FIG. 1 only one pair of lines 10 and 11
      are shown disposed to the left of the decoder clock generators or first
      level row decoders 26, 27, 28, 29 and 30 and sense amplifier 22, and only
      a single pair of column lines 12 and 13 are shown generally disposed to
      the right of the same row decoders and the sense amplifier. Each cell is
      connected to a pair of column lines and to a single row line, for example,
      cell 46 is coupled to column lines 10 and 11 and to row line 49 while cell
      47 is coupled to column lines 12 and 13 and to row line 49. The connection
      between each of the cells and the charge pump generator is not shown in
      order not to overcomplicate the drawing.
PAR  Other portions of the memory not shown in FIG. 1 but which are coupled to
      the circuit illustrated in FIG. 1 include the address buffers which are
      coupled to the decoders shown in FIG. 1, the various timing generators
      which generate the waveforms shown in FIG. 7, the charge pump generator
      previously mentioned, and various buffers such as the chip enable buffer.
      The address buffers and chip enable buffer will subsequently be discussed
      in detail. The various timing signals shown in FIG. 7 may be generated
      utilizing known circuitry. These signals are generated within the memory
      (on the chip) from the CEO and CEO signal. The generation of these latter
      signals will be discussed in conjunction with FIG. 2.
PAR  The specific circuitry and logic associated with the write function and the
      read-modified-write functions are not shown, known circuitry along with
      buffers disclosed in this application may be utilized for these functions.
      In the presently preferred embodiment in order to provide a
      read-modified-write function the write buffer is not externally clocked. A
      differential data input with respect to the ECL reference signal is used
      to fire a Schmitt trigger to generate the write enable clock.
PAR  Again referring to FIG. 1, each pair of column lines terminates at one end
      in a column amplifier, for example lines 10 and 11 terminate in column
      amplifier 15 and lines 12 and 13 terminate in column amplifier 16. The
      other cells disposed along each of these pair of column lines would
      likewise be coupled to column amplifiers 15 and 16. The other ends of each
      pair of column lines terminate in a circuit utilized for precharging or
      pulling-up column lines and for equalizing the potential between the
      column lines. One such circuit is shown coupled to lines 10 and 11 and
      includes transistors 51 and 52 coupled between lines 10 and 11 and V and
      equalizing transistor 53 coupled between lines 10 and 11. The gates of
      transistors 51, 52 and 53 are all coupled to the source of the CE' signal.
      As is known in the art, for dynamic cells, such as cell 46, the column
      lines or bit lines are charged prior to the time that information is read
      from the cell. This charging is accomplished by transistors 51 and 52 from
      the V potential during "dead time", this time generally being the time
      when the chip enable (CE) signal is in its low state indicating that the
      memory or chip is not selected. Specifically, the column lines 10 and 11
      and the other column lines in the array are charged during the period of
      time that the CE' signal is positive. Note that the CE' signal is not
      shown in FIG. 7 but that this signal, in the presently preferred
      embodiment, is generated from the CEO signal and CE.sub.2 signal, and that
      the signal generally follows the CE signal, but is delayed from that
      signal.
PAR  A single pair of bidirectional data bus lines 19 and 20 are coupled to all
      the column amplifiers in the array. These lines are generally bisected by
      the sense amplifier 22 as shown in FIG. 1. Lines 19a and 20a extend to the
      left of the sense amplifier and are coupled to the column amplifiers in
      the left portion of the array such as amplifier 15, while lines 19b and
      20b are coupled to those column amplifiers which are in the right portion
      of the array such as column amplifier 16. These bidirectional data bus
      lines are used both for sensing information in the array and for writing
      information into the array. A bus pull-up circuit such as bus pull-up
      circuit 55, is coupled to these lines and is used for precharging these
      lines during the period of time that CE is positive.
PAR  A pair of AND gates 42 and 43 are coupled to lines 20a and 19a, via lines
      58 and 59, respectively, for the purpose of writing information into the
      array. An identical pair of gates are coupled to lines 19b and 20b
      although not shown in FIG. 1. These gates receive the data input signal
      and its converse, data. As is apparent upon receipt by gate 43 of the
      appropriate write signal, data and data signals are applied to the
      bidirectional data bus lines 19a and 20a and the selected cell is
      programmed through a column amplifier.
PAR  Referring to FIG. 1, the first level decoders used in the memory are
      illustrated along with three second level decoders 30, 33 and 34. Four
      first level row decoders 26, 27, 28 and 29 are each used for selecting a
      group of row lines. Similarly, as will be explained, the first level
      column decoders 31, 32, 35 and 36 are each used for selecting a group of
      columns.
PAR  The memory receives a 12 bit address, six bits of which are used for
      selecting a row, and the remaining six bits for selecting a column. The
      row address is designated X.sub.o through X.sub.5 while the column address
      is designated X.sub.0 through X.sub.5. Each bit of the address is applied
      to an address buffer such as the one shown in FIG. 3, the output of the
      buffers which includes the address and its complement, are then applied to
      the various decoders in the array as indicated in FIG. 1. The first level
      decoder and second level decoders associated with a selected cell would
      receive all zeroes. Note that the first level and second level decoders
      are NOR gates.
PAR  Referring first to the first level row decoders, NOR gate decoder 26
      receives the X.sub.4 and X.sub.5 signal, NOR gate decoder 27 receives the
      X.sub.4 signal and X.sub.5 signal, NOR gate decoder 28 receives the
      X.sub.4 and X.sub.5 signals and NOR gate decoder 29 receives the X.sub.4
      and X.sub.5 signals. The output of these gates, respectively, is the
      D.sub.X0 signal, D.sub.X1 signal, D.sub.X2 signal and D.sub.X3 signal. It
      is apparent that a signal will appear at the output of one and only one of
      the decoders 26, 27, 28 and 29 for each address applied to the memory. In
      the presently preferred embodiment the first level decoders operate as
      clock generators for clocking the second level decoders.
PAR  The output of gate 26 is coupled to a plurality of second level decoders
      such as NOR gate decoder 30. In the presently preferred embodiment decoder
      26 is coupled to 16 second level row decoders, such as decoder 30, and in
      a similar manner, decoders 27, 28 and 29 are each used to activate 16
      second level row decoders. Thus for each address received by the memory,
      16 second level row decoders will be activated by one of the signals
      D.sub.X0, D.sub.X1, D.sub.X2 or D.sub.X3.
PAR  The second level row decoder, NOR gate decoder 30 receives the inputs
      X.sub.0, X.sub.1, X.sub.2 and X.sub.3 and also the input D.sub.X0. The
      output of this NOR gate is used to activate a single row line in the
      array, line 49. The remaining second level row decoders coupled to decoder
      26 each receive a different combination of the address signals X.sub.0,
      X.sub.1, X.sub.2 and X.sub.3 and their complements. Similarly, each of the
      other first level decoders are each coupled to decoders which receive the
      X.sub.0, X.sub.1, X.sub.2 and X.sub.3 signals and their complements. It
      should be noted that one advantage to using both first level and second
      level decoders as shown in FIG. 1 is that the decoders are simplified, and
      only 16 of 64 X and Y decoders may be selected at any one time thus
      minimizing power dissipation.
PAR  The column selection is performed in a similar fashion to the row selection
      and each of the first level column decoders, NOR gate decoders 31, 32, 35
      and 36 each receive a different combination of the address signals Y.sub.4
      and Y.sub.5 and their complements. The output from each of these NOR gates
      is applied to a different group of second level column decoders each group
      comprising 16 decoders. For example, the output of NOR gate decoder 31,
      D.sub.YO is applied to the second level decoder 33. The output from this
      NOR gate, line 61, is used to activate the column amplifier 15. The input
      to decoder 33 comprises the address signals Y.sub.0 through Y.sub.3. A
      detail circuit diagram of NOR gate decoder 33 is shown in FIG. 4.
PAR  As was the case for the row decoders, each group of second level column
      decoders coupled to a first level column decoder receives a different
      combination of the address signals Y.sub.0 through Y.sub.3 and their
      complements. By way of example, the output from decoder 35, D.sub.Y2 is
      coupled to second level decoder 34. The output from decoder 35 is coupled
      to a total of 16 second level column decoders and each one of these
      decoders receives a different combination of the signals Y through Y and
      their complements.
PAR  In the presently preferred embodiment the output from decoders 31 and 32,
      the D.sub.Y0 and D.sub.Y1 signals, respectively, are used to activate
      second level decoders coupled to column amplifiers which are disposed on
      the left side of the array. The outputs from the decoders 35 and 36, the
      D.sub.Y2 and D.sub.Y3 respectively, are used to activate second level
      decoders which are coupled to column amplifiers disposed on the right side
      of the array. As will be seen, the output from decoders 31, 32, 35 and 36
      is used by other circuitry shown in FIG. 4. This other circuitry couples
      either lines 19a and 20a or lines 19b and 20b to sense amplifier 22.
PAR  As is apparent for each address received by the memory, one, and only one,
      first level row decoder will activate a group of second level row
      decoders; and one, and only one, first level column decoder will activate
      a group of second level column decoders. Also, for each address received,
      one second level row and column decoder in each of the four groups will
      receive its correct address. However, only one second level row decoder
      and column decoder in the array will be activated for any address.
PAR  It will be apparent, by way of example, that two first level row decoders
      could have been used, each for selecting one of two groups of 32 second
      level row decoders in the 64 .times. 64 memory described. Other
      combinations of first level and second level decoders for both rows and
      columns may be utilized.
PAR  Referring to FIG. 2, the chip enable clock buffer receives external inputs
      identified as CE pad 63 and CE pad 64. The output of the buffer is CEO,
      node 73 and CEO, node 74. The input waveform applied to pad 63 is shown in
      FIG. 7 along with the two output waveforms CEO and CEO. Unlike the
      remainder of the buffers used in the memory, both the chip enable and its
      complement are utilized to generate the output from the chip enable clock
      buffer. As will be seen, the remainder of the buffers in the memory
      utilize an input signal and the ECL reference voltage and not an input
      signal and its complement. In the case of the chip enable clock buffer,
      both the chip enable and its complement are utilized in order to maximize
      the differential input and to obtain rapid rise times (and decay times) at
      the output signals of this buffer. It should be noted that the outputs
      from this buffer as previously mentioned are utilized to generate the
      other clocking signals utilized in the memory including those shown in
      FIG. 7.
PAR  Referring to FIG. 2, the chip enable clock buffer is a high gain latched
      differential amplifier coupled between the sources of potential V.sub.DD
      and V.sub.BB, this latter potential being the same as the ECL power supply
      potential. The amplifier utilizes a DC stabilizing loop which includes
      amplifier 68 for maintaining stability. A pair of load transistors 78 and
      79 are coupled to a power control means 66. The power control means 66
      regulates the potential on the gates of transistors 78 and 79 to
      compensate for fluctuations in V.sub.DD and chip-to-chip variations in
      threshold. The power control means 66 is controlled by the output of the
      differential amplifier 68 and is coupled to that amplifier by line 69.
PAR  The source of transistor 78 is coupled to the gate of transistor 93 and the
      drain of feedback transistor 85. This common junction, node 73, is also
      coupled to the drain of transistor 89 and the gates of transistors 86 and
      88. Likewise, the source of transistor 79 is coupled to the drain of
      transistor 86 at node 74. Node 74 is also common with the gate of
      transistor 94, the gates of transistors 85 and 89 and the drain of
      transistor 88. Both transistors 88 and 89 have their source terminal
      coupled to a low pass filter 71. These transistors, as will be seen, act
      as an OR gate in providing a signal to the low pass filter 71. Transistor
      93 is coupled from node 76 through resistor 80 to ground potential
      (V.sub.SS) and provides a current path from ground to node 76. In a
      similar manner transistor 94 is coupled from node 77 through resistor 81
      to ground potential, and likewise, provides a path from ground potential
      to node 77.
PAR  The input sensing transistor 82 senses the input chip enable signal on its
      gate and is coupled between nodes 76 and 75. The input sensing transistor
      83 has its gate coupled to the complement of the chip enbable signal and
      is coupled between node 77 and 75. Transistor 91 which acts as a current
      source is coupled between node 75 and V.sub.BB.
PAR  The differential amplifier 68 which may be constructed from known
      circuitry, senses two inputs and provides a differential output at its
      output terminal and on line 69. The output from ampliofier 68 is coupled
      to the power control means 66 through a low pass filter 70. The output on
      line 69 controls the potential on the gate of transistor 91, and hence the
      current flow from node 75 to the potential V.sub.BB. One input to the
      differential amplifier 68 is the output of the low pass filter 71, the
      other input to amplifier 68, line 96, is a potential representative of a
      threshold of a field-effect transistor disposed on the substrate with the
      remainder of the memory. This potential is generated by the series
      combination of transistors 97 and 98 which are coupled between V.sub.DD
      and ground. The gate of transistor 97 is coupled to V.sub.DD potential,
      while the gate of transistor 98 is coupled to line 96.
PAR  The power control means 66, the low pas filters 70 and 71 and the
      differential amplifier 68 may be fabricated utilizing known circuitry.
PAR  In examining the operation of the chip enable clock buffer, assume first
      that the chip enable signal is in its low state, that is, the chip is not
      selected. During this period of time the potential applied to the gate of
      transistor 83 is greater than the potential applied to the gate of
      transistor 82, and more current flows through the path comprising
      transistors 79, 86 and 83 than through the path comprising transistor 78,
      85 and 82. During this period (dead time) the drain of transistor 82, node
      76, is held at a potential of approximately -0.3 volts. This occurs
      because the gate of transistor 93 is above ground potential and the drain
      of transistor 93 is at ground. Thus, a current path exists through
      transistors 93, 82 and 91 to V.sub.BB. The gate of transistor 85, node 74,
      is held at a potential of approximately +0.6 volts, this node being common
      with the drain of transistor 86. This balance is maintained through the
      differential amplifier 68 since its output is a function of the threshold
      voltage of transistor 98 and the potential sensed at the sources of
      transistors 88 and 89. This output (line 69) controls the current through
      transistor 91, and hence the potential on node 74 and also controls the
      loads 78 and 79. The differential amplifier 68 compensates for variations
      in threshold potential and variations in power supply potentials. The low
      pass filters 70 and 71 filter out the switching transients and other high
      frequency signals to assure smooth outputs from the buffer.
PAR  When the chip enable signal applied to the gate of transistor 82 becomes
      positive, and the signal applied to the gate of transistor 83 becomes more
      negative, current through transistor 82 increases as current through
      transistor 83 decreases. This change in current changes the balance
      between the two current paths coupled between V.sub.DD and node 75 and
      particularly causes node 76 to become more negative and nodes 74 and 77 to
      become more positive. Because of the feedback from node 74 to transistor
      85, and the feedback from node 73 to transistor 86, the output at these
      nodes switches and latches as shown by the waveforms for the CEO and CEO
      signals in FIG. 7. After this transition node 77 as was the case with node
      76 prior to the transition is maintained at a potential of approximately
      -0.3 volts by the current path through transistor 94, thus "setting up"
      transistor 83 to sense the transition of the externally applied CE signal
      from its low state to its high state while transistor 82 senses the
      transistor of the externally applied CE signal from its high state to its
      low state. By carefully maintaining the potential on nodes 76 and 77,
      transistors 82 and 83 are set particularly to sense the transition from a
      low state to a high state; as mentioned, this transition of the input ECL
      signal only varies a few tenths of a volt.
PAR  Referring to FIG. 3, the address the buffer shown therein receives two
      external signals one identified as X.sub.1 ; pad 111 and V.sub.ref, pad
      112. The output from the buffer includes the X.sub.1 signal shown at the
      source of the output transistor 115 and the X.sub.1 signal shown at the
      source of the output transistor 116. The buffer of FIG. 3 is a dynamic
      circuit which utilizes the CE signal, the CE.sub.1 signal and the CE.sub.2
      signal, these signals being shown in FIG. 7. Note that the CE signal shown
      in FIG. 3 is not the same signal as the externally applied chip enable
      signal, but rather is a high level signal generated on the chip from the
      CEO and CEO signal. In the drawings and specification in order to
      differentiate between the input signals appplied from external sources to
      the memory and those generated within the memory the word "pad" has been
      added to those signals applied to the memory or chip from external
      sources.
PAR  The buffer of FIG. 3 includes a buffer latch circuit shown generally within
      the dotted line 111, and a pair of output buffers, one for providing the
      X.sub.1 signal and the other for providing the X.sub.1 signal. A
      controlled bias potential V.sub.BC is applied to the gate of transistor
      142 as will be discussed. This potential is generated by transistors 136
      through 139 and transistors 141 and 143. In the presently preferred
      embodiment an address buffer such as shown in FIG. 3 is utilized for the
      address signals X.sub.0 through X.sub.3 and Y.sub.0 through Y.sub.3. For
      those address signals which are applied to the first level of decoders,
      that is X.sub.4, X.sub.5, Y.sub.4 and Y.sub.5, a buffer latch, such as
      buffer latch 111, is utilized without the output buffers. The reason for
      this is that in the present design the X.sub.4, X.sub.5, Y.sub.4 and
      Y.sub.5 signals are applied to transistors (in the decoders) which are
      coupled to a precharged node, and to permit precharging of these nodes,
      output buffer signals are required which either remain in their low states
      or become positive.
PAR  Referring first to the latch buffer 113 portion of the address buffer of
      FIG. 3, it comprises a generally bistable circuit having two parallel
      branches disposed between V.sub.DD and node 146. The sensing transistor
      108 is disposed in one of these branches, its gate being coupled to the
      X.sub.1 pad 111. In the other branch the sensing transistor 109 has its
      gate coupled to the V.sub.ref pad 112. The common source node 146 is
      coupled to the V.sub.BB potential through transistor 142. Feedback between
      the branches of the latch is provided from node 148 to transistor 124, and
      from node 147 to transistor 125. One branch includes transistor 100, which
      has its drain coupled to V.sub.DD and its source coupled to node 106 and
      one terminal of capacitor 103. In the other branch in a similar manner
      transistor 101 is coupled between V.sub.DD and node 107, node 107 being
      common with one terminal of capacitor 104. Capacitor 103 has its other
      terminal, node 147, coupled to the source of transistor 133 and to the
      drain of transistor 124. In a similar manner, the other terminal of
      capacitor 104 is coupled to node 148 and to the source of transistor 134.
      Both transistors 133 anad 134 have their drains coupled to the source of
      the CE.sub.1 signal. Both transistors 124 and 125 have their sources
      coupled to ground. A feedback path exists between the gate of transistor
      124 and node 148, and between the gate of transistor 125 and node 147.
PAR  Node 106 is coupled to the gate of transistor 133 and is coupled to the
      sensing transistor 108 through transistor 123. In a similar manner node
      107 is coupled to the gate of transistor 134 and through transistor 126 is
      coupled to the sensing transistor 109. The load transistor 130 has its
      source terminal coupled to the drain terminal of transistor 108, and
      similarly, transistor 131 of the other branch of the latch circuit has its
      source terminal coupled to the drain terminal of transistor 109. It should
      be noted that transistors 130 and 131 have their drains coupled to ground
      potential, but through the sensing transistors and transistor 142 are
      coupled to a negative potential, V.sub.BB.
PAR  The gate of transistor 142 is coupled between the common junction of the
      series combination of transistors 141 and 143. The source of transistor
      143 is coupled to the V.sub.BB potential through resistor 144 while the
      gate and drain of transistor 141 are coupled to V.sub.DD. Transistors 136,
      137, 138 and 139 have their source and drain terminals coupled in series
      between ground and the V.sub.BB potential. The gate of transistor 136 is
      coupled to ground potential as is the gate of transistor 139. The gate of
      transistor 137 is coupled to the common junction formed between
      transistors 136 and 137; the gate of transistor 138 is coupled to the
      common junction between transistors 137 and 138 and to the gate of
      transistor 140.
PAR  Each of the outer buffers of the address buffer includes a bootstrap
      circuit and an output stage. The X.sub.1 output of the buffer of FIG. 3
      includes a bootstrap circuit comprising transistors 150 and 122 coupled in
      series between V.sub.DD and ground. The common junction between these two
      transistors is coupled to the source of the CE.sub.2 potential through
      capacitor 118. The gate of transistor 150 is coupled to the source of the
      CE potential and the gate of transistor 122 is common with the gate of
      transistors 121, 123, 124 and with node 148. The output transistor 115 is
      coupled in series with transistor 121, this series combination being
      coupled between the V.sub.DD potential and ground. The gate of transistor
      115 is coupled to the common node between transistors 150 and 122.
PAR  In a similar fashion transistors 151 and 127 are coupled in series between
      V.sub.DD and ground, these transistors provide a bootstrap potential along
      with capacitor 119 to the gate of the output transistor 116. The output
      transistor is in series with transistor 128 between V.sub.DD and ground.
      The X.sub.1 output signal is taken from the common junction formed between
      these transistors.
PAR  The buffer of FIG. 3, in addition to being utilized as an address buffer in
      the presently preferred embodiment is also utilized as a data-in buffer
      and may be utilized for receiving other signals communicated to a memory
      where ECL compatibility is required.
PAR  The operation of the buffer of FIG. 3 will first be examined during the
      period of time that the chip is not enabled. During this dead time the CE
      signal is positive, thus transistors 100 and 101 will conduct, thereby
      charging nodes 106 and 107 to V.sub.DD less a threshold. Additionally,
      transistors 150 and 151 are also conducting, thereby charging the
      bootstrap capacitor 118 and 119, respectively, and the outputs X.sub.1 and
      X.sub.1 to V.sub.DD less two thresholds. Since the CE.sub.1 signal is at
      ground potential during this period of time, nodes 147 and 148 are of
      substantially at ground potential and thus transistors 121, 122, 123, 124,
      125, 126, 127 and 128 are not conducting.
PAR  When the CE.sub.1 signal becomes positive both transistors 133 and 134 will
      begin to conduct, note that their gates are coupled to the previously
      charged nodes 106 and 107, respectively. When this occurs both nodes 147
      and 148 will rise in potential. This in turn will cause transistors 123
      and 126 to begin to conduct since the drains of these transistors are
      coupled to the precharged nodes 106 and 107 and furthermore, since their
      gates are coupled to nodes 148 and 147, respectively. Assume first that
      the potential applied to the X.sub.1 pad 111 is greater than the V.sub.ref
      pad potential indicating that the X.sub.1 address signal is a binary one.
      (In the presently preferred embodiment the address is assumed valid when
      the chip enable signal becomes positive.) This will cause transistor 108
      to conduct more heavily than transistor 109. The conduction of transistor
      108 will bring the source of transistor 123 lower, particularly because of
      the conduction path from ground through transistor 130, transistor 108 and
      transistor 142 which terminates in the V.sub.BB potential. The greater
      conduction of transistor 123, in turn causes node 106 to discharge more
      quickly than node 107. As node 106 discharges transistor 133 ceases to
      conduct, while node 147 drops to ground potential because node 148 is
      increasing in potential thereby causing transistor 124 to conduct. The
      capacitors 103 and 104 aid in quickening this transition and provide
      bootstrapping. As the latch circuit is set node 147 drops to ground
      potential, node 147 drops to ground potential, and node 148 approaches the
      V.sub.DD potential since transistor 134 is conducting.
PAR  The positive potential on node 148 causes transistors 121 and 122 to
      conduct. The conduction of transistor 122 prevents the gate of the output
      transistor 115 from becoming positive, hence preventing transistor 115
      from conducting, while the positive potential on the gate of transistor
      121 discharges the X.sub.1 output line to ground. On the other side of the
      address buffer, since node 147 is at ground potential, transistors 127 and
      128 do not conduct. When the CE.sub.2 signal becomes positive (note from
      FIG. 7 that this signal becomes positive after the CE.sub.1 signal becomes
      positive) the gate of the output transistor 116 is bootstrapped through
      capacitor 119 causing transistor 116 to heavily conduct. Since transistor
      128 is not conducting, the X.sub.1 line is coupled to the V.sub.DD
      potential.
PAR  In a similar manner, if the signal applied to the X.sub.1 pad 111 had been
      lower in potential than the V.sub.ref pad signal, then transistor 115
      would conduct thereby producing the appropriate output signals from the
      address buffer.
PAR  The V.sub.BC signal is generated to compensate for process and power supply
      variations and accomplishes this compensation by controlling the current
      through transistor 142. This compensation prevents premature conduction of
      transistors 123 and 126. The V.sub.BC level is controlled primarily
      relative to the V.sub.BB potential so as to maintain a substantially
      constant current drive in transistors 142 and the equivalent transistor in
      the other buffers. Node 140 of the V.sub.BC generator is fixed at a
      potential of approximately two thresholds negative relative to V.sub.SS.
      These thresholds are specifically transistors 136 and 137. By way of
      example, if the V.sub.BB potential becomes more positive, since this
      potential is coupled to the source of transistor 142 both the gate to
      source and drain to source potentials of transistor 142 are reduced.
      However, the same reduction in gate to source potential of transistor 143
      causes thee V.sub.BC potential to increase. Because of the gain factor
      resulting from transistors 141 and 143 the increase of the V.sub.BC
      potential compensates for the reduction in V.sub.BB potential. Similarly,
      if V.sub.BB becomes more negative, the V.sub.BC potential is reduced
      sufficiently to compensate for the increased current in transistor 142.
PAR  Referring to FIG. 4, a portion of the memory illustrated in FIG. 3 is shown
      in greater detail. The column amplifier 15 of FIG. 1 is illustrated in
      more detail along with the pair of the column lines 10 and 11 which
      terminate in the column amplifier 15. The column amplifier 15 of FIG. 1 is
      again illustrated coupled through line 61 to the second level decoder 33
      in FIG. 4. The bidirectional data bus lines 19a and 20a are also
      illustrated in FIG. 4 coupled to sense amplifier 22. The lines 58 and 59
      used for writing information into the cells disposed on the left side of
      the array are again illustrated in FIG. 4. The data output lines 23 and 24
      of FIG. 1 are illustrated in FIG. 4 coupled to transistors 205 and 206,
      respectively. A logic newtwork comprising transistors 169, 170, 171 and
      172 is illustrated in FIG. 4. This network and corresponding network
      disposed on lines 19b and 20b (FIG. 1) are used to gate information into a
      sense amplifier from either the right side of the array or the left side
      of the array.
PAR  Referring to FIG. 4, the column amplifier 15 includes transistors 154 and
      155 which are coupled in series between line 20a and the drain of
      transistor 158, and transistors 156 and 157 which are coupled in series
      between line 19a and the drain of transistor 158. These two series paths
      form a generally bistable cicuit due to the positive feedback from the
      common junction between transistors 156 and 157 to the gate of transistor
      155, and the positive feedback from the common junction between
      transistors 154 and 155 to the gate of transistor 157. The sources of
      transistors 155 and 157 are coupled to ground through transistor 158. The
      gates of transistors 154, 156 and 158 are coupled to line 61 and are
      activated by the decoder circuit.
PAR  As previously indicated, both the bidirectional data bus lines 19a and 20a
      are charged along with the column lines, such as column lines 10 and 11.
      When a cell has been selected and is coupled to the column lines, the
      binary data stored in the cell will determine whether transistor 155
      conducts more heavily than transistor 157 or whether transistor 157
      conducts more heavily than transistor 155. This of course assumes that the
      decoder shown in FIG. 4 has been selected, that is, a positive signal
      exists on line 61. Depending upon the state of the cell, either line 19a
      or 20a is discharged while the other line remains positively charged.
PAR  The decoder 33 of FIG. 4 includes decoding transistors 210, 211, 212, 213
      coupled between line 61 and ground. These transistors are coupled to the
      source of the Y.sub.0, Y.sub.1, Y.sub.2 and Y.sub.3 signals, respectively.
      (Equivalent transistors in the other decoders will be coupled to Y.sub.0,
      Y.sub.1, Y.sub.2 and Y.sub.3 and appropriate combinations.) The decoding
      transistor 214 is coupled to an output of a first level decoder (decoder
      31 of FIG. 1) and receives the D.sub.Y0 signal. This transistor is coupled
      between ground and both the gate of transistor 223 and the source of
      transistor 224. Transistors 221 and 216 are coupled in series between
      V.sub.DD and line 61, their common junction, node 228, is coupled to the
      gate of transistor 217. Transistors 220 and 217 are coupled in series
      between V.sub.DD and line 61; their common junction, node 229, is coupled
      to the gate of transistor 216. Nodes 228 and 229 are interconnected
      through capacitor 225. The gate of transistor 221 is coupled to the source
      of the CE signal, and the gate of transistor 220 is common with the gate
      of transistor 214 and receives the D.sub.Y0 signal. (In the second level
      X-decoders the transistor 218 is not used.)
PAR  NOde 229 is clamped to ground through transistor 218, during the period of
      time that the CE signal is positive. The gate of transistor 224 is also
      coupled to the source of the CE signal. This pullup transistor is utilized
      to precharge the gate of transistor 223. During the period of time that CE
      is positive capacitor 225 is charged since transistor 221 is conducting,
      and since node 229 is clamped to ground through transistors 218 and 223.
PAR  Assume that the decoder has been selected, when this occurs the signals
      Y.sub.0 through Y.sub.3 approach ground potential while the signal
      D.sub.Y0 becomes positive. As the potential on node 229 begins to rise,
      since transistor 220 is conducting, node 228 is bootstrapped through
      capacitor 225. The boot-strapping of node 228 causes transistor 217 to
      conduct heavily. The potential on line 61 (this being the source of
      transistor 217) follows closely behind node 229. Since node 229 closely
      follows line 61 the gate to source potential of transistor 216 is
      maintained at less than a threshold. Thus, transistor 216 remains off.
      Note that the signal applied to transistor 214 discharges the gate of
      transistor 223 allowing node 229 to rise to potential. For successful
      operation of the decoder, it is important to maintain the drain to source
      potential across transistor 217 at less than a threshold, otherwise the
      detection will not be successful. It is necessary to minimize the
      resistance between line 61 and the source of transistor 216 in laying out
      the decoder since such resistance may introduce a delay causing transistor
      216 to conduct. This in turn would prevent the bootstrapping of transistor
      217 and result in the failure of the circuit.
PAR  If the decoder has not been selected, one or more of transistors 210, 211,
      212 or 213 will conduct (assume that D.sub.YO iis positive). In this case
      transistor 216 will conduct as the potential on node 229 rises since the
      source of transistor 216 is clamped to ground potential. This in turn
      causes the discharge of capacitor 225 and prevents transistor 217 from
      conducting. If on the other hand, the D.sub.YO signal remains in its low
      state, also indicating that the decoder is not selected, the gate of
      transistor 223 which was previously charged remains charged since
      transistor 224 does not conduct. This clamps node 229 to ground along with
      the line 61 since the gate of transistor 217 remains coupled to the
      positively charged node 228.
PAR  The sense amplifier 22 of FIG. 1 is shown in detail in FIG. 4 as a single
      latch stage differential amplifier. The amplifier utilizes in addition to
      timing signals already discussed, a CES signal and a CES signal. Both of
      these timing signals are generated from the CE.sub.1 signal and CE.sub.2
      signal, and are timing signals generally delayed from these latter two
      signals. Both the lower levels of the CES and CES signals drop below
      ground potential; the generator utilized to generate these signals is
      coupled between V.sub.DD and V.sub.BB. As will be seen, this lower level
      signal is required in the sense amplifier because of the level shifting
      performed by the amplifier, this level shifting is necessary to assure ECL
      compatibility at the output of the amplifier.
PAR  The sense amplifier 22 is coupled to lines 19a and 20a through capacitors
      160 and 161, respectively. Transistors 163 and 165 are coupled between one
      terminal 160 and 161, respectively and ground. Transistor 164 is coupled
      between the terminals of capacitors 160 and 161. Transistors 163, 164 and
      165 have their gates coupled to the source of the CES potential. These
      transistors are utilized to assure that the input lines to the amplifier
      are equalized, and at ground potential before a signal is sensed.
PAR  Transfer transistors 166 and 167 are coupled into each of the input lines
      of the sense amplifier and are utilized to permit the transfer of a signal
      into the sense amplifier from the left side of the array. The gates of
      these transistors are coupled to line 173. Line 173 is coupled to V.sub.DD
      through the parallel combination of transistors 169 and 171, and to one
      terminal of resistor 192 through the parallel combination of transistors
      170 and 172. The other terminal of resistor 192 is coupled to the V.sub.BB
      potential. Transistor 169 and 171 have their gates coupled to the sources
      of the D.sub.Y0 signal and the D.sub.Y1 signal, respectively. It is
      apparent that when either the D.sub.Y0 signal or the D.sub.Y1 signal are
      positive, transistors 166 and 167 will permit the sensing of a signal from
      lines 19a and 20a. Transistors 170 and 172 are coupled to the D.sub.Y2
      signal and D.sub.Y3 signal, respectively. If either of these latter
      signals are positive, the gates of transistors 166 and 167 will be clamped
      to ground, and hence, the sense amplifier will be decoupled from lines 19a
      and 20a. It is apparent that transistors 169 170, 171 and 172 permit the
      sensing of information on lines 19a and 20a only when cell on the left
      side of the array has been selected. A similar logic circuit is utilized
      in conjunction with lines 19b and 20b to allow the sensing of information
      when a cell on the right side of the array has been selected. These logic
      circuits along with the transfer transistors are utilized to minimize the
      effects of the capacitance associated with the bidirectional data bus
      lines disposed on the unselected side of the array.
PAR  The sense amplifier includes a pair of input transistors 185 and 186 which
      are coupled in series to a pair of load transistors 178 and 179,
      respectively. The common node between transistor 185 and 178, node 188, is
      coupled to an output buffer, specifically the gate of transistor 205.
      Similarly, the common node 189 between transistors 186 and 179 is coupled
      to transistor 206. Both the drain terminals and the gate terminals of
      transistors 178 and 179 are coupled to a clocked feedback stabilized power
      supply 194. Supply 194 assures through a feedback loop (not shown) that a
      constant potential will be applied to transistors 178 and 179. This supply
      compensates for threshold and power supply variations. Known circuits may
      be utilized for supply 194.
PAR  The source terminals of both the transistors 185 and 186 are coupled
      through resistor 191, transistor 195, and resistor 192 to the V.sub.BB
      potential. The gate of transistor 185, node 175, is coupled to node 189
      through transistor 182. The gate of transistor 186, node 176, is similarly
      coupled to node 188 through transistor 181. The gates of both transistors
      181 and 182 are coupled to the source of the CES potential. The gate of
      transistor 185 is also coupled to node 188 through an equalizing
      transistor 183, and similarly the gate of transistor 186 is coupled to
      node 189 through equalizing transistor 184. The gates of transistors 183
      and 184 are coupled to the source of the CES signal as is the gate of
      equalizing transistor 187. Equalizing transistor 187 is coupled between
      input nodes 175 and 176.
PAR  The data output buffer includes transistors 205 and 206 having their
      sources coupled to a common node. This node is coupled to V.sub.BB through
      transistor 202 and resistor 201 when CE is positive, and to ground
      (V.sub.SS) through transistor 203 when CE is positive. The resistors
      coupled to lines 23 and 24 shown within dotted line 200 are external load
      resistors which may be coupled to a common bus as shown.
PAR  Prior to the time that the sense amplifier receives an input signal,
      assuming that the CES signal is positive, the bias level on transistors
      185 and 186 is established by transistors 183 and 184, respectively, and
      the potential between nodes 175 and 176 is equalized by transistor 187.
      Assume that a signal is to be sensed on lines 19a and 20a and hence that
      transistors 166 and 167 are conducting, and further that the output of a
      column amplifier causes node 175 to rise in potential when compared to
      node 176. When the CES signal returns to its low state and the CES signal
      becomes positive, since node 175 is more positive than node 176,
      transistor 185 will conduct more heavily than transistor 186. This will
      cause node 188 to drop in potential more quickly than node 189. Since
      transistor 181 is conducting this greater, drop in potential on node 188
      will inhibit the conduction of transistor 186. As the potential on node
      189 rises it causes transistor 185 to conduct more heavily. Thus,
      transistors 181 and 182 cause the sense amplifier to latch once a signal
      has been detected. The differential in potential between nodes 188 and 189
      causes transistor 206 to conduct more heavily than transistor 205 and
      allows the sensing of data at lines 23 and 24. It is apparent that if node
      176 had initially become more positive than node 175 the amplifier would
      have been latched in its other state.
PAR  The charge pump generator shown in FIG. 5 produces an output signal C.sub.p
      on node 233, this output signal being shown in FIG. 6. The periodic
      waveform of the C.sub.p signal includes a first period of time T.sub.1 in
      which the C.sub.p signal rises to its maximum level, a second period of
      time identified as T.sub.3 in which the waveform rapidly decays to the
      V.sub.BB potential and a third period of time identified as T.sub.2 in
      which the output signal remains close to V.sub.BB potential. The charge
      pump generator is a free running oscillator which operates asynchronously.
PAR  The output signal on node 233 is coupled to V.sub.DD potential through a
      resistor 236 and an output transistor 235 and a bootstrap circuit. This
      bootstrap circuit includes transistor 234 which is coupled between the
      gate of transistor 235 and Schmitt trigger means 247 and a capacitor
      coupled between node 233 and the gate of transistor 235. Node 233 is
      coupled to the V.sub.BB potential through transistor 253. This node is
      also coupled to node 250 through resistor 239. Node 250, which is common
      with the gate of transistor 242 is also coupled to ground through
      capacitor 240. Transistors 242, 243 and 252 are coupled in series between
      V.sub.DD and the V.sub.BB potential. The gate of transistor 243 is coupled
      to the common junction between transistors 242 and 243 while the common
      junction between transitors 243 and 252 is coupled to the input of a
      Schmitt trigger means 247 through a transistor 246. The input to the
      Schmitt trigger means 247 is coupled to the V.sub.DD potential through
      capacitor 244. The outputs of the Schmitt trigger means 247 are coupled to
      a bistable circuit, latch 257. The latch status line 254 is coupled to the
      gates of transistors 252 and 253. The Schmitt trigger means 247 and latch
      257 may be fabricated from known designs. The channels of transistors 252
      and 253 are ion implanted to shift the thresholds of these transistors in
      order that the latch status signals on lines 254 and 255 are able to cut
      off these transistors.
PAR  Assume for the sake of explanation that the output of the charge pump
      generator, node 233, is at its lowest potential, and also at the beginning
      of the period designated as T.sub.1 in FIG. 6. At this point in time the
      bootstrap circuit 234 bootstraps the gate of transistor 236 and the
      potential on node 233 begins to rise. The rate of this rise in potential
      is function of a plurality of RC time constants which are generally
      identified in FIG. 5 with the arrows T.sub.1. Specifically, current flows
      through transistor 235, resistor 236, transistor 239 and charges capacitor
      240. As capacitor 240 charges, transistor 242 begins to conduct and this
      in turn causes transistor 243 to conduct. The potential at the input to
      the Schmitt trigger means 247 begins to rise as capacitor 244 is
      discharged through transistor 246. Note that prior to the T.sub.1 period
      indicated in FIG. 6, transistor 252 was conducting hence capacitor 244 was
      charged, and at the beginning of the T.sub.1 period transistor 252 and
      transistor 253 are not conducting.
PAR  When the potential at the input to the trigger reaches a predetermined
      level, the trigger circuit is activated thereby changing the status of the
      latch 257. When this occurs transistors 252 and 253 begin to conduct. Node
      233 is discharged through the path indicated as T.sub.3 in FIG. 5. This
      path includes the parasitic capacitance associated with the charge pumps
      on the cells in the array identified as cell capacitance 259. Through this
      path the potential charge pump waveform illustrated in FIG. 6 drops to
      V.sub.BB.
PAR  Through the path identified as T.sub.2 the input node to the Schmitt
      trigger means 247 is discharged through transistor 246 and transistor 252.
      When the potential on the input node to the Schmitt trigger means 247
      sufficiently decreases, the trigger means becomes reset thereby changing
      the status of the latch 257. This causes transistors 252 and 253 to cease
      conducting and the cycle begins again.
PAR  In one embodiment the frequency for the charge pump signal is between
      approximately 100 and 300 Khz, with the signal varying between V.sub.DD
      less approximately 1.5 volts and V.sub.BB plus a small offset. The decay
      time associated with T.sub.3 is approximately 200 nanoseconds. In the
      presently preferred embodiment the output of the Schmitt trigger means 247
      coupled to the drain of transistor 234 becomes more negative in potential
      than ground (when in its low state). This assures that transistor 235 does
      not conduct when node 233 is pulled down to V.sub.BB through transistor
      253. In this embodiment the output of the charge pump drops to V.sub.BB.
PAR  Thus, a random access memory has been disclosed which is ECL compatible.
      The memory may be utilized in a similar manner to other random access
      memories and information is written into and read from the memory
      utilizing known timing techniques. The memory may be fabricated on a
      single substrate using known MOS technology.
CLMS
STM  We claim:
NUM  1.
PAR  1. A metal-oxide-silicon, random-access memory which is compatible with
      emitter-coupled logic and which is deployed on a single substrate
      comprising:
PA1  a plurality of memory cells for storing information;
PA1  a plurality of sensing means for sensing information in said memory cells,
      coupled to said memory cells;
PA1  a plurality of timing signal generators for generating timing signals
      coupled to said memory cells and to said sensing means;
PA1  a plurality of input buffers for receiving input signals to said memory,
      each of said buffers having at least two input terminals, one of said
      input terminals for receiving a reference signal and the other of said
      terminals for receiving an input signal, each of said buffers including
      circuit means for adjusting the sensitivity of said buffer to said input
      signal as a function of the magnitude of said reference signal;
PA1  whereby said memory will be compatible with external logic circuitry.
NUM  2.
PAR  2. The memory defined in claim 1 wherein said input buffers include means
      for receiving both address signals and signals representative of data to
      be stored in the memory.
NUM  3.
PAR  3. The memory defined in claim 1 wherein each of said input buffers
      includes a circuit having a first branch, a second branch and positive
      feedback means for feeding a signal in said first branch into said second
      branch and from said second branch into said first branch.
NUM  4.
PAR  4. The memory defined in claim 3 wherein a first field-effect transistor is
      disposed in said first branch and wherein the gate of said first
      transistor is coupled to one of said input terminals for receiving said
      reference signal and wherein a second field-effect transistor is disposed
      in said second branch and the gate of said second transistor is coupled to
      said other input terminal for receiving said input signal.
NUM  5.
PAR  5. A metal-oxide-silicon, random-access memory which is compatible with
      emitter-coupled logic and which is deployed on a single substrate
      comprising:
PA1  a plurality of memory cells for receiving signals;
PA1  a plurality of amplifiers for sensing information in said memory, coupled
      to said memory cells;
PA1  a first timing generator for receiving an input timing signal and its
      complement and for generating a first timing signal, said first generator
      comprising a latched differential amplifier which includes a DC
      stabilizing loop for controlling DC levels within said amplifier;
PA1  a plurality of memory clock generators for generating a plurality of clock
      signals, said generators being coupled to said first timing generator; and
PA1  a plurality of input buffers for receiving input signals to said memory
      coupled to said cells;
PA1  whereby said memory generates a first high level clocking signal based on
      said input timing signal and said high level clocking signal is utilized
      by the memory to generate other clocking signals for the memory.
NUM  6.
PAR  6. The memory defined in claim 5 wherein said DC stabilizing loop includes
      a second differential amplifier, one input to said second differential
      amplifier being said first timing signal being a signal representative of
      the threshold of at least one transistor disposed within said memory.
NUM  7.
PAR  7. The memory defined in claim 6 wherein said latched differential
      amplifier includes a first leg and a second leg coupled to a current
      source.
NUM  8.
PAR  8. The memory defined in claim 7 wherein the current in said current source
      is controlled by the output of said second differential amplifier.
NUM  9.
PAR  9. The memory defined in claim 8 wherein said first leg and second leg of
      said latched differential amplifier each includes a load transistor and
      wherein the current in said load transistor is regulated by the output of
      said second differential amplifier.
NUM  10.
PAR  10. A random-access memory deployed on a single silicon substrate
      comprising:
PA1  a plurality of parallel row lines;
PA1  a plurality of first parallel column lines transverse to said row lines;
PA1  a plurality of second parallel column lines, spaced apart from said first
      column lines, said second column lines being parallel to said first column
      lines and transverse to said row lines;
PA1  a first plurality of memory cells for storing information, each of said row
      lines being coupled to at least one of said first plurality of memory
      cells, said first plurality of memory cells being coupled to said first
      column lines;
PA1  a second plurality of memory cells for storing information, said second
      plurality of memory cells being spaced apart from said first plurality of
      memory cells, each of said row lines being coupled to at least one of said
      second plurality of memory cells, said second plurality of memory cells
      being coupled to said second column lines;
PA1  a plurality of column amplifiers, one of said amplifiers being coupled to
      one of said column lines such that each of said first and second column
      lines are coupled to one of said amplifiers;
PA1  a bidirectional input-output line coupled to each of said column
      amplifiers;
PA1  a sense amplifier coupled to said bidirectional data line for sensing
      information stored in said cells; and
PA1  at least one data input line coupled to said bidirectional data bus line
      for writing information into said cells;
PA1  whereby a single bidirectional data bus line is utilized to write
      information into the cells and to read information from said cells.
NUM  11.
PAR  11. The memory defined in claim 10 wherein a plurality of decoders are
      disposed between said first plurality and second plurality of memory
      cells.
NUM  12.
PAR  12. The memory defined in claim 10 wherein each of said first and second
      column lines includes a pair of lines and wherein each pair of lines
      terminates in a single one of said plurality of column amplifiers.
NUM  13.
PAR  13. The memory defined in claim 12 including means for selectively charging
      said column lines and said bidirectional data bus line.
NUM  14.
PAR  14. A decoding system for a memory for decoding an address, which address
      includes a first part and a second part, said memory including at least a
      first group of memory cells and a second group of memory cells comprising:
PA1  at least two second level decoding means for decoding said second part of
      said address, one of said second level decoding means being coupled to
      said first group of memory cells, the other of said second level decoding
      means being coupled to said second group of memory cells; and
PA1  a first level decoding means for decoding said first part of said address
      and for selecting one of said first group or second group of memory cells,
      coupled to said second level decoding circuits;
PA1  whereby said first level decoding means selects one of said first or second
      groups of memory cells and said second level decoding circuits selects a
      memory cell within the selected group.
NUM  15.
PAR  15. The decoding system defined by claim 14 wherein said first level and
      second level decoding means are utilized for selecting both row lines and
      column lines in a randomaccess memory.
NUM  16.
PAR  16. The memory defined in claim 15 wherein each of said first level and
      second level decoding means each comprise a gate and wherein the output of
      said first level decoding means are utilized to activate said second level
      decoding means.
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ABST
PAL  A method of controlling magnetic strip domains is disclosed wherein a
      magnetic material having at least one ion-implanted region is placed under
      a bias magnetic condition which permits magnetic strip domains to exist in
      said magnetic material and subjected to one or more control magnetic
      fields to thereby generate and/or control magnetic strip domains.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of controlling magnetic strip
      domains and, in particular to a method of generating, shifting, expanding,
      stretching, annihilating and detecting magnetic strip domains.
PAR  It is well known that, in ortho-ferrites or garnets, a portion in which the
      magnetizing direction is reversed locally can be produced and this portion
      is referred to as a magnetic domain. In particular, such a domain having a
      circular shape is referred to as a magnetic bubble domain and can be
      utilized as a high-density memory.
PAR  Although in addition to circular shaped magnetic bubble domains there have
      been known elongated magnetic domains referred to as "magnetic strip
      domains," there existed almost no means for applying such magnetic strip
      domains to a practical purpose. The sole application of such magnetic
      strip domains has been in the method of detecting magnetic bubble domain
      where the magnetic bubble domain to be detected is stretched into a
      magnetic strip domain in order to obtain a larger output.
PAR  One method of enlarging or stretching a bubble domain which has been
      considered as effective has been to provide Permalloy on the surface of
      the magnetic material in the shape of crossed I's (I) or in the shape of
      chevrons having increasingly larger numbers of chevron bars and to thereby
      progressively stretch or expand the bubble domain to a more easily
      detectable size. In this case, however, the surface of the magnetic
      material is made irregular by the presence of the Permalloy thereon.
      Further, in this case, the Permalloy overlay makes it difficult to provide
      on the surface conductive leads which may be necessary to shift and/or
      detect the magnetic bubble domain, because the Permalloy is conductive.
PAR  So far as the inventors know, there has been no method of maintaining a
      magnetic strip domain having a specific shape at a specific position in a
      magnetic material or controlling the magnetic strip domain in the magnetic
      material.
PAR  A primary object of the present invention is to provide a method of
      generating a magnetic strip domain at a specific position in a magnetic
      material and of shifting or rearranging arbitrarily.
PAR  Another object of the present invention is to provide a method of
      stretching or expanding a magnetic bubble domain to easily generate a
      magnetic strip domain or annihilating the magnetic strip domain.
PAR  A further object of the present invention is to provide a method of easily
      detecting not only the existence or absence of a magnetic strip domain but
      also the size and intensity thereof as well as the position, shape etc.
      thereof.
PAC  SUMMARY OF THE INVENTION
PAR  In order to achieve the above objects of the present invention, there is
      provided in the surface of a magnetic material such as ortho-ferrite or
      garnet a portion into which ions have been injected or implanted locally.
      When a magnetic field is not applied to the magnetic material, the
      magnetic pattern within the area along the boundary between the
      ion-implanted region and the unimplanted region is composed of magnetic
      strip domains in parallel to the boundary and that outside of the region
      is a maze pattern. When a rotating in-plane magnetic field is applied to
      the surface of the magnetic material, a convolute magnetic domain pattern
      is formed inside and outside of the boundary and, when a bias magnetic
      field is applied normal to the surface thereof, the magnetic strip domain
      is shifted along the boundary. When an alternating magnetic field is
      employed as the rotating in-plane magnetic field, the phenomenon of
      repeated production and extinction of magnetic strip domains can be
      observed. The present invention utilizes the phenomena mentioned above to
      control magnetic strip domains.
PAR  Other objects and characteristics of this invention will be explained in
      detail hereunder by referring to the accompanying drawing.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is an explanatory illustration to show the fundamental principle of
      the present invention,
PAR  FIG. 2 shows an example of the magnetic strip domain pattern in a magnetic
      material,
PAR  FIG. 3 is an explanatory view showing a magnetic strip domain of maze
      pattern in a magnetic material having an ion-implanted region,
PAR  FIG. 4, including 4A and 4B, is an explanatory view showing a variety of
      magnetic strip domain patterns resulting from the application of a
      magnetic field to the magnetic material of FIG. 3,
PAR  FIG. 5 is a schematic view showing examples of magnetic domain patterns
      produced by the method of the present invention,
PAR  FIG. 6(A) and FIG. 6(B) illustrate a method for annihilating the magnetic
      strip domain,
PAR  FIG. 7 illustrates another method for annihilating the magnetic strip
      domain,
PAR  FIGS. 8(A) to 8(D) illustrate a method for producing a magnetic strip
      domains by using a magnetic bubble,
PAR  FIGS. 9 and 10 show embodiments of the present invention each of which uses
      a T-shaped bar of Permalloy as a driving circuit for the magnetic bubble
      domain,
PAR  FIG. 11 shows another embodiment in which a magnetic bubble domain is
      driven by a corrugated conductive wire,
PAR  FIG. 12 is an explanatory view showing the principle used in controlling
      the magnetic strip domain,
PAR  FIG. 13 is a explanatory view illustrating the movement of a bubble as it
      is stretched around the ion-implanted region by a rotating magnetic field,
PAR  FIG. 14 is a diagram showing the experimentally determined relationship
      between stretching length and bias magnetic field,
PAR  FIG. 15 is a diagram showing the relationship between the bias field in
      which a bubble is stretched 570.mu.m and the frequency of the rotating
      in-plane field,
PAR  FIG. 16, including 16A and 16B, shows the principle of magnetic strip
      domain detection according to the present invention,
PAR  FIG. 17(A) shows one embodiment for detecting the magnetic strip domain by
      using a Hall element,
PAR  FIG. 17(B) is a diagram showing a pulse generated by the embodiment of FIG.
      17(A),
PAR  FIGS. 18 and 19 show examples of magnetic strip domain arrangement in a
      Hall element,
PAR  FIGS. 20(A) and 20(B) shows other Hall elements each having three
      terminals,
PAR  FIG. 21 shows a specific arrangement of magnetic strip domains in a Hall
      element,
PAR  FIG. 22 shows an example of a device constructed in accordance with the
      present invention,
PAR  FIG. 23 shows another example of a device constructed in accordance with
      the present invention,
PAR  FIG. 24 shows an example of the shape of the ion-implanted region,
PAR  FIG. 25 shows another device constructed in accordance with the present
      invention,
PAR  FIG. 26 shows a further example of a device constructed in accordance with
      the present invention,
PAR  FIG. 27 is an modification of the device in FIG. 26,
PAR  FIGS. 28(A) and 28(B) are equivalent circuits of the devices in FIGS. 22
      and 26 respectively, and
PAR  FIG. 29 is a further example of a device constructed in accordance with the
      present invention.
DETD
PAC  DETAILED EXPLANATION OF THE INVENTION
PAR  Returning to FIG. 1, an ion-implanted region 2 is formed locally in a
      portion of a surface of a magnetic material 1 such as ortho-ferrite or
      garnet. The ion implantation can be carried out using protons or such ions
      as helium, lithium, argon, neon and xenon. Since the magnetic properties
      of the portion are changed by implanting ions thereto, the magnetic
      conditions which affect magnetic domains are changed. This is clear from a
      comparison of FIG. 2 and FIG. 3. FIG. 2 shows the magnetic domain patterns
      in a magnetic material having no ion-implanted region as observed with a
      polarizing microscope. FIG. 3 shows the magnetic patterns in a magnetic
      material having an ion-implanted region. As can be seen, the magnetic
      domain pattern which appears in the uniform magnetic material without an
      ion-implanted region (FIG. 2) is a maze pattern of random arrangement
      whereas the magnetic domain pattern which appears in a magnetic material
      having an ion-implanted region (FIG. 3) is not totally random.
PAR  That is, in FIG. 3, where an ion-implanted region 2 is formed in a magnetic
      material 1, a pattern is seen within a certain region along the boundary 4
      between the ion-implanted region 2 and the unimplanted region where strip
      domains 3 in the vicinity of the boundary 4 lie in parallel to the
      boundary while those of the remainder of the magnetic material ramain in a
      maze pattern. FIG. 3 shows such a pattern in a magnetic material,
      Gd.sub.0.5 Y.sub.2.5 GaFe.sub.4 O.sub.12, partially implanted with 200 keV
      helium ions at a dosage of 10.sup.16 /cm.sup..sup.-2.
PAR  When a rotating in-plane magnetic field B is applied to the magnetic
      material, the maze pattern is aligned gradually along the boundary between
      the ion-implanted region 2 and the unimplanted region, resulting in a
      convolute magnetic strip domain pattern extending along the inside and
      outside of the boundary as shown in FIGS. 4(A) and 4(B).
PAR  FIG. 4(A) shows a typical domain pattern in the same magnetic material as
      described with respect to FIG. 3 at no bias magnetic field, and after 4
      cycles of an in-plane rotating magnetic field of about 15 oe.
PAR  FIG. 4(B) shows a typical domain pattern, after 10 cycles of the in-plane
      rotating field, which gives complete convolute magnetic strip domain
      patterns both in and out of the ion-implanted region 2.
PAR  The direction of this convolution can arbitrarily be selected by selecting
      the direction of rotation of the in-plane magnetic field applied thereto.
      The direction of convolution within the ion-implanted region is opposite
      to that outside of the region and this pattern remains even after the
      applied in-plane magnetic field is removed. Accordingly, it is possible to
      store information in the magnetic material in the form of patterns having
      certain shapes and orientations. That is, it is possible to control the
      orientation of the strip domain 3 along the boundary 4 between the
      ion-implanted region 2 and unimplanted region. When a bias magnetic field
      B.sub.o is applied normally to the surface of the magnetic material 1, the
      magnetic strip domain 3 is reduced and located along the boundary as shown
      in FIG. 5. This strip domain can be made to exist either on the
      ion-implanted region 2 of the boundary 4 as shown by 3 in FIG. 5 or on the
      other side of the boundary as shown by 3' in FIG. 5. The region where the
      magnetic strip domain exists can be chosen arbitrarily by selecting the
      kind of ions, the strength of the bias magnetic field, the strength of the
      rotating magnetic field and the rotating speed thereof etc. Thus, the
      generation of at least one magnetic strip domain is possible along the
      boundary.
PAR  When a uniform bias magnetic field is applied normally to the surface of
      the magnetic material and further an in-plane magnetic field parallel with
      the surface of the magnetic material is applied to the magnetic material,
      a magnetic strip domain is also generated at the boundary 4 between the
      ion-implanted region 2 and the unimplanted region. Such magnetic strip
      domain can also be generated by applying an in-plane magnetic field to the
      magnetic material together with a bias magnetic field and by decreasing
      the bias magnetic field. If an alternating magnetic field is used as the
      in-plane magnetic field, it is possible to generate magnetic strip domain
      3 or 3' similar to that shown in FIG. 5 and the unimplanted region at a
      specific portion of the boundary between the ion-implanted region or to
      annihilate such domain. For example, in the case of FIG. 5, when an
      alternating in-plane magnetic field is applied to the magnetic material,
      the generation and annihilation of magnetic strip domains will occur on
      both sides of the boundary 4. Accordingly, when an in-plane magnetic field
      is applied in a specific direction, a magnetic strip domain 3 or 3' can be
      generated at a specific position of the boundary between the ion-implanted
      region and the unimplanted region. Further when a static in-plane magnetic
      field is applied to the magnetic material together with a rotating
      in-plane magnetic field, it is possible to move the magnetic strip domain
      back and forth along the boundary of the ion-implanted region.
PAR  Further, as shown in FIG. 6, such magnetic strip domain 3 can be
      annihilated by providing a region 2 in which ions are implanted heavily up
      to a certain depth in the magnetic material 1, collapsing the magnetic
      properties of the region 2 and then shifting a magnetic strip domain 3 to
      the region 2 by a suitable means. Since the size of the magnetic domain is
      substantially of the same thickness as the magnetic material, with an
      arrangement having an ion-implanted region the depth of which varies
      gradually from position to position, the size of the magnetic strip
      domains decreases gradually as it moves in the direction shown by the
      arrow in FIG. 7 and the magnetic domain collapses at the portion of the
      region 2 having a sufficient depth.
PAR  Since the magnetic properties of the ion-implanted region are different
      from those of the unimplanted region, magnetic domains existing in the two
      regions when they are under application of a bias magnetic field B.sub.o
      normal to the surface of the magnetic material are different from each
      other. That is, for example, it is possible to generate magnetic strip
      domains in the unimplanted region while there is no such domain in the
      implanted region 2. Further, under such condition, when the bias magnetic
      field is inversed, the condition of the magnetic strip domains is
      maintained and when the inversed bias magnetic field strength is
      increased, magnetic strip domains are abruptly generated in the
      ion-implanted region 2. This phenomenon permits the magnetic material to
      be used as a kind of switch or a memory because of its threshold property.
      If when an alternating magnetic field is used as the bias magnetic field,
      the generation and annihilation of the magnetic strip domains within the
      ion-implanted region 2 are delayed and so this phenomenon permits the
      magnetic material to be used as a delay device.
PAR  For a sample material made by locally implanting proton or helium ions at a
      dosage of about 10.sup.16 cm.sup.-.sup.2 in garnets Gd.sub.0.5 Y.sub.2.5
      GaFe.sub.4 C.sub.12 and EnEr.sub.2 Ga.sub.0.7 Fe.sub.4.3 O.sub.12, it was
      found that it is possible to control the magnetic strip domains in all the
      manners mentioned above.
PAR  FIGS. 8(A) to 8(D) illustrate a method for generating a magnetic strip
      domain from a magnetic bubble domain. The magnetic strip domain previously
      existing in the magnetic material 1 was annihilated in the manner
      previously described. Firstly, a magnetic bubble domain 5a or 5b was
      generated outside of the ion-implanted region 2 by applying a bias
      magnetic field normal to the surface of the magnetic material 1. The
      magnetic bubble domain was moved to the ion-implanted region by means of a
      known driving circuit (not shown) and when it approached the region 2 it
      expanded along the boundary 4 of the region resulting in a magnetic strip
      domain 5. That is, where the width of the ion-implanted region 2 is
      substantially larger than the diameter of the magnetic bubble domain 5a or
      5b as shown in FIG. 8(A), the magnetic bubble domain is expanded along one
      of the boundary edges of the region, while, where the width of the region
      is substantially the same as the diameter of the bubble domain as shown in
      FIG. 8(B), the magnetic bubble domain is expanded substantially fully in
      the region.
PAR  Further, by selecting the kind of ions, the dosage thereof and the bias
      magnetic field, it is possible to cause the magnetic bubble domain 5a or
      5b so as to occupy fully an ion-implanted region 2 having a width much
      larger than the diameter of the magnetic bubble domain as shown in FIG.
      8(C).
PAR  For example, where helium ions are implanted, it is possible to obtain a
      magnetic strip domain 5 having width larger than the diameter of the
      magnetic bubble domain 5a or 5b. Further, it is also possible to expand
      the magnetic bubble domain 5a or 5b along a portion or all of the
      peripheral edge of the ion-implanted region to form a magnetic strip
      domain 5 surrounding the region as shown in FIg. 8(D).
PAR  FIGS. 9 and 10 show embodiments each using a T-shape bar 6 of Permalloy as
      a driving circuit for the magnetic bubble domain 5a. The magnetic bubble
      domain 5a is driven rightwardly by the magnetization of the T-shape bar 6
      upon the application of a rotating in-plane magnetic field, and stretched
      when it approaches the ion-implanted region 2. FIG. 9 shows a case where
      the magnetic bubble domain 5a is stretched in a direction normal to the
      moving direction thereof and FIG. 10 shows another case where the bubble
      domain 5a is stretched in the moving direction thereof whereby transfer of
      information is made very much faster than in a conventional case. FIG. 11
      shows an embodiment in which the magnetic bubble domain 5a is driven by a
      corrugated conductive wire 7. In this embodiment, the ion-implanted region
      2 is provided normal to the path 8 of the magnetic bubble domain 5a and,
      when the magnetic bubble domain approaches the region 2, it is stretched
      as shown in FIg. 12. The path 8 may be formed by reducing the thickness of
      the magnetic material by sputter etching or ion-implantation.
PAR  As an example, a magnetic material of epitaxial garnet was ion-implanted
      with protons at a dosage of 18.sup.16 cm.sup.-.sup.2 under an acceleration
      voltage of 200KV. In this example, a magnetic bubble domain having
      diameter of about 10.mu.m was immediately stretched into a magnetic strip
      domain having a length of 200.mu.m. In another example, where helium ions
      are implanted at a dosage of 10.sup.16 cm.sup.-.sup.2 under an
      acceleration voltage of 240KV, the magnetic bubble domain was stretched
      into a magnetic strip domain having a length of 200.mu.m and a width of
      30.mu.m as shown in FIG. 8(C). Further, by regulating the direction of the
      bias magnetic field and the intensity thereof, a magnetic strip domain 5
      surrounding the ion-implanted region 2 was formed by stretching the
      magnetic bubble domain 5a as shown in FIG. 8(D).
PAR  FIG. 13 shows such an example, in which the bias magnetic field was set at
      13.5 oe. In this condition, if a certain rotating in-plane magnetic field
      is applied, the bubble moves around the implanted region, and a stretching
      of the bubble takes place along the straight line edge of that implanted
      region. In a higher rotating field magnetic bubbles can stretch longer,
      but in a higher bias field stretching becomes less noticeable.
      Experimentally determined relationships between the stretching length and
      the bias magnetic field are shown in FIG. 14.
PAR  A typical example of the dependence of the upper limit of the bias magnetic
      field on frequency in a case of stretching bubbles a specified length
      (570.mu.m in the present case) is shown in FIG. 15.
PAR  When a detector is provided on the magnetic strip domain thus obtained by
      stretching and expanding the magnetic bubble domain, it is possible to
      derive a considerable output from the detector. As a result of the
      ion-implantation in accordance with the present invention, the magnetic
      bubble domain can be instantly shifted by a long distance due to the
      stretching thereof. Actual stretching velocities of 10m/sec or more were
      observed. Thus the shifting velocity in accordance with this invention is
      at least 100 times that obtainable by the conventional method in which the
      magnetic bubble domain is shifted bit by bit by a rotating magnetic field.
PAR  The stretching of a magnetic strip domain can be controlled by applying a
      local magnetic field near the path of stretching of the magnetic strip
      domain. FIG. 12 shows the principle. When a local magnetic field which
      repulses the magnetic strip domain is applied by bringing a magnetic
      bubble domain 5a near the path 18 of stretching (FIG. 12(A)) or by passing
      a current of a certain direction through a wire provided near the
      stretching path, the stretching of the magnetic strip domain 5 in
      inhibited. On the contrary, if the boundary 4 between the ion-implanted
      region and theh unimplanted region has a local variation 18' in the
      magnetic property or shape, or is provided locally with another magnetic
      material 19, the stretching of the magnetic strip domain is disturbed.
      Such a local variation in magnetic property can be made by selectively
      changing the ion species, energy or dose. However, if a local magnetic
      field is applied to promote the stretching of the magnetic strip domain at
      such a position. The disturbance is removed and the magnetic strip domain
      can stretch to the full extent. FIG. 12(C) shows an example, in which the
      direction of the current is reversed to promote the stretching of the
      magnetic strip domain.
PAR  A detection method of a magnetic strip domain in a magnetic material will
      now be described.
PAR  FIG. 16 shows the principle of the detection method according to the
      present invention. A rectangular semiconductor plate 9 has current
      electrodes 10 and 11 and Hall output electrodes 12 and forms a Hall
      element. Let us assume that the sensitivity of the Hall element is K. When
      a current I is introduced to the Hall element as shown in FIG. 16, and the
      Hall element is subjected to no magnetic strip domain but to a uniform
      bias magnetic field B.sub.d, then, a Hall voltage V.sub.o given by V.sub.o
      = K.B.sub.d.I is produced. However, when a magnetic strip domain 5 which
      produces a magnetic field B.sub.o is located across the Hall output
      electrodes 12 and 13 as shown in FIG. 16(A), a Hall voltage V.sub.d
      expressed as V.sub.d = K.B.sub.o.I and having the opposite polarity is
      produced across the Hall output electrodes 12 and 13, because the
      direction of the magnetic field B.sub.o in the strip domain area is
      opposite to that of the bias magnetic field B.sub.d. Therefore an output
      voltage V.sub.out for the magnetic strip domain 5 is the difference
      between the Hall voltages V.sub.o and V.sub.d and is given by
EQU  V.sub.out = V.sub.o - V.sub.d = K(B.sub.d -B.sub.o)I = K(B.sub.d
      +.vertline.B.sub.o .vertline.)I                           (1)
PAL  The voltage V.sub.out becomes in fact very high because the directions of
      the magnetic fields B.sub.d and B.sub.o are opposite. In practice, the
      output voltage V.sub.out becomes slightly lower than the theoretical value
      expressed by the equation (1), because of the geometrical effect.
PAR  When the strip domain 5 is located on the Hall element across the current
      electrodes 10 and 11 thereof as shown in FIG. 16(B) the Hall voltage
      V.sub.d across the Hall electrodes 12 and 13 is given by
      ##EQU1##
      where w is the width of the Hall element and d is the width of the strip
      domain, while when there is no magnetic strip domain on the Hall element,
      the Hall output voltage V.sub.o is
EQU  V.sub.o = K.B.sub.d.I                                      (3)
PAR  Therefore, the output voltage of the element due to the presence of the
      magnetic strip domain 5 is the difference between the equations (2) and
      (3) and is represented as follows:
      ##EQU2##
PAR  Since, in the above case, the Hall element is a semiconductor, non-magnetic
      material, its presence does not affect the behavior of the magnetic bubble
      domain and/or magnetic strip domain. Further, since a Hall element
      produces an output only by the magnetic field component normal to the
      surface of the Hall element, no noise is produced in the present invention
      by the rotation in-plane magnetic field for driving these domains.
PAR  A typical way of applying the above mentioned stretched magnetic strip
      domain is to locate a stretched domain on the center of a Hall element in
      line with the current direction. Experiments were performed with an InSb
      Hall element for a stretched domain in a garnet film at a bias magnetic
      field of 10 oe and at a rotating in plane field of 15 oe at 1.2 kHz. The
      arrangement is shown in FIG. 17(A). Dynamic detection of a stretched
      domain at the straight line edge of a helium ion implanted Ne region gave
      a 0.5 mV output voltage at 10 mA with an excellent S/N ratio better than
      30dB as shown in FIG. 17(B). This output voltage is about 5 times as much
      as the output obtained with a magnetic bubble domain in the same material
      under the same magnetic bias.
PAR  As will be clear from the above mentioned principles and example of the
      present invention, the detection method of the magnetic strip domain
      according to the present invention has advantages in that not only the
      presence or absence of a magnetic strip domain but also the strength, the
      size, the number the arrangement and the shape thereof can be detected by
      the value of the Hall voltage.
PAR  Although, in the above description, a typical orientation of the magnetic
      strip domains relative to the Hall element was described, other
      arrangements can be employed within the scope of the present invention
      provided that the magnetic strip domain locally affects the Hall element.
PAR  For example, the same effect as obtained by the previous arrangement can be
      obtained in a case where the magnetic strip domain 5 is located diagonally
      across the Hall element as shown in FIG. 18. Further, it is possible to
      arrange the magnetic strip domain so that it does not traverse the entire
      Hall element but affects only a portion thereof as shown in FIG. 19.
PAR  While, in the above examples, the Hall element has four terminals, it is
      possible to employ a three terminal Hall element as shown in FIG. 20(A)
      and 20(B) just in the same way as described above. The shape of Hall
      element does not necessarily have to be rectangular, and other shapes
      including a cross shape may also be used.
PAR  Further, when an edge of the magnetic strip domain 5 is located to just
      cover both the Hall output electrodes 12 and 13 as shown in FIG. 21, the
      Hall voltage V.sub.d becomes zero and, by using this phenomenon, the
      presence of the magnetic strip domain can also be detected.
PAR  When no external bias magnetic field is applied to the Hall element, two
      oppositely magnetized strip domains of equal area and strength are
      generated in the magnetic material. The present method is also applicable
      to this case. Further, when a plurality of Hall output electrode pairs
      each having the electrodes such as 12 and 13 are provided on the Hall
      element, the position of the magnetic strip domain therein is detectable
      without shifting the Hall element and, in addition to this, the intensity,
      the size and the arrangement of the magnetic strip domains are also
      detectable.
PAR  Logic devices utilizing the above mentioned method of control and detection
      of magnetic strip domains and capable of rapidly and efficiently
      processing information will be described hereinafter.
PAR  FIG. 22 shows an example of a device which comprises a magnetic material 1,
      an ion implanted region thereon which is used as a magnetic strip domain
      generating and stretching region 14, a magnetic strip domain generating
      means 15 provided at one end or adjacent to one end of the magnetic strip
      domain generating and stretching region 14, a magnetic strip domain
      generating and stretching region 14, a magnetic strip domain control means
      16 provided near the path of the region 14 and a magnetic strip domain
      detecting means 17 provided at the other end of the region 14. The strip
      domain generating means 15 is of the type described previously. The
      magnetic strip domain 5 produced by the means 15 upon the application an
      input (x=1) thereto will grow along the region 14. However, by applying
      another input (y=1) to the control means 16, the growth of the magnetic
      strip domain is prevented from growing any further.
PAR  When no input is applied to the control means 16, the magnetic domain 5
      will ultimately reach the position of the detecting means 17 and provide
      an output (Z=1).
PAR  In this example, the output Z constitutes the result of a logic operation
      of two inputs x and y. That is Z=x.sup.. .about.y, where .about.y
      represents a negation of y. Therefore, this device can operate as an
      INHIBITER logic operation.
PAR  FIG. 23 shows another example in which a magnetic strip domain generating
      region 14 is provided locally on a magnetic material 1 by ion
      implantation. As a magnetic strip domain generating means 15 there is
      provided a conductive wire so that when a current I is passed,
      therethrough, a magnetic strip domain is generated.
PAR  In the embodiment shown in FIG. 23, the magnetic strip domain generating
      means comprises a conductive wire in which a current I.sub.1 flows, and
      the magnetic strip domain control means 16 also comprises a conductive
      wire through which a current I.sub.2 is supplied. The magnetic domain
      detecting means 17 is constituted with a semiconductor Hall element and
      the output of the means corresponds to the output voltage V.sub.out of the
      Hall element when a current I.sub.3 is supplied therethrough. When a
      signal current I.sub.1 is supplied to the device, a magnetic bubble domain
      5' is shifted to the magnetic strip domain generating region where is
      grows into a magnetic strip domain. The growth of the magnetic strip
      domain is either inhibited by the magnetic field caused by the current
      I.sub.2 or, if current I.sub.2 is not present, the magnetic strip domain
      reaches the position of the detecting means at which it is detected as an
      output voltage V.sub.out of the Hall element having the current I.sub.3.
      If the current I.sub.2 representing y has not been supplied before the
      current I.sub.1 representing x is supplied to generate the magnetic strip
      domain, the output Z=V.sub.out is produced, while if the current I.sub.2
      has been supplied, Z will be zero. This provides a logic operation of
      Z=x.sup.. .about.y.
PAR  The shape of the magnetic strip domain generating region 14 is not always
      linear and any shape including a shape such as shown in FIG. 24 may be
      employed.
PAR  FIG. 25 shows an embodiment which is provided with a plurality of magnetic
      strip domain control means 16.sub.1, 16.sub.2, . . . 16.sub.n. In this
      embodiment the output Z is zero if any of the inputs Y.sub.1, Y.sub.2, . .
      . Y.sub.n of the respective control means has an input signal. That is,
      this arrangement provides a logic operation Z=.sup..
      .about.y.sub.1.sup...about. y.sub.2.sup...about. y.sub.3 . . .
      .sup...about. y.sub.n.
PAR  As the magnetic strip domain control means there be used either a means
      having the ability to inhibit the growth of the magnetic strip domain or
      one having the ability to promote the growth thereof.
PAR  In the embodiment shown in FIG. 26, the width of the magnetic strip domain
      generating and stretching region 14 is slightly reduced at an intermediate
      portion thereof in order to create a suppressing portion 14' for
      suppressing the growth of the magnetic strip domain 5 generated at the
      magnetic strip domain generating means 15, so that the magnetic strip
      domain cannot reach the position of the magnetic domain detecting means
      17. However, by providing in the vicinity of the suppressing portion 14' a
      magnetic strip domain control means 16 which acts to promote the growth of
      the strip domain and by applying a signal to the means 16, a further
      stretching of the magnetic strip domain 5 can be achieved. As the means 16
      for promoting the growth of the magnetic strip domain, a mechanism of
      substantially the same construction as that shown in FIG. 23 may be
      employed.
PAR  In this case, the direction of the current supplied to the conductive wire
      should be opposite to that in the case of FIG. 23 which is intended to
      inhibit the growth.
PAR  On the other hand, it is possible to construct the control means 16 with
      suitable patterns of another magnetic material such as Permalloy. In this
      case, the magnetization of the other magnetic material, when used to
      promote the growth of the strip domain, should be opposite to that when
      used to inhibit the growth. As shown in FIG. 26, when the control means is
      used to promote the growth, the output Z of the magnetic domain detecting
      means 17 shows Z=x.sup.. y and this provides an AND logic operation. This
      principle is also applicable to the case where there are a plurality of
      control means, resulting in the operation of Z=x.sup.. y.sub.1.sup..
      y.sub.2 . . . .sup.. y.sub.n.
PAR  In the respective embodiments of the present invention which have been
      described, a modification can be made as shown in FIG. 27.
PAR  In the modification, one end portion of the magnetic strip domain
      stretching region 14 is deformed as shown to provide a circular domain
      converging region 14" and the detecting means 17 is disposed thereon. The
      magnetic strip domain 5 generated by the generating means 15 and allowed
      to reach the converging region 14" by the control means 16 becomes a large
      sized magnetic bubble domain 5'. By employing such arrangement, it is
      possible to make the detecting output larger and/or to erase the magnetic
      bubble domain 5' after the logic operation by means of, for example,
      shifting the magnetic bubble domain outward in the conventional manner.
PAR  As will be clear from the forgoing, the effect of the present principle
      corresponds to the known relay. That is, the embodiment shown in FIG. 22
      wherein the control means 16 acts to inhibit the growth of the magnetic
      strip domain corresponds to a relay having a break contact such as shown
      in FIG. 28(A) and the embodiment shown in FIG. 26 wherein the control
      means 16 acts to promote the growth corresponds to a relay having a make
      contact such as shown in FIG. 28(B).
PAR  Therefore, the logic devices of the present invention can be used in almost
      all conventional devices and/or circuits constituted with relays.
PAR  For example, the magnetic strip domain generating region 14 may be
      constituted as a tree having a trunk and branches extending from the trunk
      as shown in FIG. 29. In this case, magnetic strip domain generating means
      15 is provided at the end of the trunk of the tree, magnetic strip domain
      detecting means 17.sub.0, 17.sub.1, 17.sub.2 and 17.sub.3 are provided at
      the end of the branches and the magnetic strip domain control means 16,
      16', 16.sub.0, 16.sub.2 and 16.sub.3 are disposed at positions adjacent to
      the respective branching portions. Considering a construction in which the
      control means act to inhibit the growth of the magnetic strip domain if
      signals x, .about.x, y and .about.y are applied beforehand to selected
      control means as shown and a magnetic strip domain 5 is then generated at
      the end of the trunk by the generating means 15, the strip domain will be
      stretched along the particular one branch selected by pre-setting the
      control means, and an output will be derived from the associated detecting
      means 17. The device of this example thus acts as a decoder.
PAR  On the other hand where a plurality of magnetic strip domain generating
      means 15 are disposed at the respective ends of the branches and a
      detecting means 17 is disposed at the end of the trunk, the arrangement
      can be used as a selective detection device which can provide an output
      from the single detecting means by selecting the inputs, i.e., the
      generating means supplying a signal. In any of the aforementioned devices,
      a combination of the control means having the growth inhibiting property
      and the control means having the growth promoting property can be used. In
      this case these devices can be operated with only x and y signal inputs.
PAR  As will be clear from the forgoing, the magnetic domain detecting means 17
      can detect either the magnetic strip domain 5 or the magnetic bubble
      domain 5' such as shown in FIG. 27.
PAR  As described in detail previously, the present invention provides a method
      by which the generation of a magnetic strip domains in a magnetic
      material, the extinction thereof, the transfer thereof and the control of
      the arrangement and stretching thereof, are achieved individually or in
      combination. The method comprises the application of an in-plane magnetic
      field and/or magnetic field normal to a surface of magnetic material which
      has an ion-implanted region. The important effects of the present method
      in comparison with the conventional method utilizing the Permalloy pattern
      are that the manufacture of the devices which embody the present method
      and which have conductive patterns and/or detectors thereon is easy
      because the surface of the magnetic material can be made flat and
      insulative, that the performance thereof is improved and that the
      reliability thereof is also improved. Further, according to the present
      method, the magnetic domains can be controlled as two dimensional patterns
      because domain patterns of any type including bubble and strip patterns as
      well as convolute patterns can be formed by the present method. Therefore,
      the present method is applicable to information processing devices such as
      analog pattern memories and analog operation devices etc.
PAR  In addition, according to the present invention, not only is it possible to
      detect the presence of magnetic strip domains very efficiently by a Hall
      element but is is also possible to detect the intensities, the number, the
      arrangements and the configulations of the magnetic strip domains. By
      combining such domain stretching phenomenon with a Hall element according
      to the present invention, it is possible to obtain a large output.
      Information processing by logic operations can also be performed by
      controlling the generation and the stretching of the magnetic strip domain
      by signals. Further, the devices constructed in accordance with the
      present invention can be used just in the same way as conventional relays
      and the present invention has wide application in information processing.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of controlling magnetic strip domains comprising: putting
      magnetic material provided with at least one ion-implanted region under a
      bias magnetic condition which permits the existence of at least one
      magnetic strip domain in said magnetic material, and applying at least one
      control magnetic field to said magnetic material, whereby said magnetic
      strip domain is generated or controlled.
NUM  2.
PAR  2. The method according to claim 1, wherein said control magnetic field is
      an in-plane magnetic field, whereby at least one magnetic strip domain is
      generated in said magnetic material.
NUM  3.
PAR  3. The method according to claim 1, wherein said control magnetic field is
      an in-plane magnetic field, whereby at least one magnetic strip domain is
      annihilated in said magnetic material.
NUM  4.
PAR  4. The method according to claim 1, wherein said control magnetic field is
      an in-plane magnetic field, whereby said at least one magnetic strip
      domain is generated from at least one magnetic bubble domain.
NUM  5.
PAR  5. The method according to claim 1, wherein said control magnetic field is
      an in-plane magnetic field, whereby at least one magnetic bubble domain is
      generated from said at least one magnetic strip domain.
NUM  6.
PAR  6. The method according to claim 1, wherein said control magnetic field is
      applied normal to the surface of said magnetic material and at a strength
      sufficient to annihilate said magnetic strip domain in the area surrounded
      by the boundary between said ion-implanted region and unimplanted region,
      whereby said magnetic strip domain in said area is annihilated and remains
      annihilated even after application of said control magnetic field is
      discontinued.
NUM  7.
PAR  7. The method according to claim 6, wherein said control magnetic field is
      further applied normal to the surface of said magnetic material in the
      direction opposite that used for annihilating said magnetic strip domain,
      whereby said magnetic strip domain is regnerated and remains in existence
      even after application of said control magnetic field in the opposite
      direction is discontinued.
NUM  8.
PAR  8. The method according to claim 1, wherein said control magnetic field is
      an in-plane magnetic field, whereby at least one magnetic strip domain is
      moved in said magnetic material.
NUM  9.
PAR  9. The method according to claim 8, wherein said in-plane magnetic field is
      an alternating in-plane magnetic field, whereby at least one magnetic
      strip domain is moved back and forth along the boundary between said
      ion-implanted region and uniplanted region in said magnetic material.
NUM  10.
PAR  10. The method according to claim 8, wherein said in-plane magnetic field
      is a rotating in-plane magnetic field, whereby said at least one magnetic
      strip domain is moved along the boundary between said ion-implanted region
      and unimplanted region in said magnetic material.
NUM  11.
PAR  11. The method according to claim 10, wherein the rotation of said in-plane
      magnetic field is stopped, whereby said at least one magnetic strip domain
      is rearranged to have a pattern in alignment with said boundary between
      said ion-implanted region and unimplanted region in said magnetic
      material.
NUM  12.
PAR  12. The method according to claim 1, wherein said at least one magnetic
      strip domain is stretched along the boundary between said ion-implanted
      region and unimplanted region by said control magnetic field.
NUM  13.
PAR  13. The method according to claim 12, wherein at least one local magnetic
      field is applied near the path of stretching of said magnetic strip
      domain, whereby the stretching of said magnetic strip domain is
      controlled.
NUM  14.
PAR  14. The method according to claim 13, wherein said at least one local
      magnetic field is generated by a magnetic bubble domain.
NUM  15.
PAR  15. The method according to claim 13, wherein said at least one local
      magnetic field is generated by passing a current through a conductor.
NUM  16.
PAR  16. The method according to claim 13, wherein said magnetic material is
      further provided with an inhibiting means to inhibit the stretching of
      said magnetic strip domain.
NUM  17.
PAR  17. The method according to claim 16, wherein said inhibiting means is
      another magnetic material.
NUM  18.
PAR  18. The method according to claim 13, wherein said magnetic material is
      further provided with an inhibiting region to inhibit the stretching of
      said magnetic strip domain.
NUM  19.
PAR  19. The method according to claim 18, wherein said inhibiting region is
      made by a local variation in magnetic property of the boundary between
      said ion-implanted region and unimplanted region in said magnetic
      material.
NUM  20.
PAR  20. The method according to claim 18, wherein said inhibiting region is
      made by a local variation in shape of the boundary between said
      ion-implanted region and unimplanted region in said magnetic material.
NUM  21.
PAR  21. The method according to claim 13, wherein said magnetic material is
      further provided with a promoting means to promote the stretching of said
      magnetic strip domain.
NUM  22.
PAR  22. The method according to claim 21, wherein said promoting means is
      another magnetic material.
NUM  23.
PAR  23. The method according to claim 13, wherein said magnetic material is
      further provided with a promoting region to promote the stretching of said
      magnetic strip domain.
NUM  24.
PAR  24. The method according to claim 23, wherein said promoting region is made
      by a local variation in magnetic property of the boundary between said
      ion-implanted region and unimplanted region in said magnetic material.
NUM  25.
PAR  25. The method according to claim 23, wherein said promoting region is made
      by a local variation in shape of the boundary between said ion-implanted
      region and unimplanted region in said magnetic material.
NUM  26.
PAR  26. The method according to claim 1 including in addition, detecting said
      magnetic strip domain in said magnetic material.
NUM  27.
PAR  27. The method according to claim 26, wherein said magnetic strip domain in
      said magnetic material is detected by a Hall element a part of which is
      subjected to magnetic field from said magnetic strip domain.
NUM  28.
PAR  28. The method according to claim 27, wherein the current flow of said Hall
      element is in parallel with said magnetic strip domain.
NUM  29.
PAR  29. The method according to claim 27, wherein the current flow of said Hall
      element is at an angle with said magnetic strip domain.
NUM  30.
PAR  30. The method according to claim 27, wherein the current flow of said Hall
      element is normal to said magnetic strip domain.
NUM  31.
PAR  31. The method according to claim 27, wherein said Hall element has four
      electrodes.
NUM  32.
PAR  32. The method according to claim 27, wherein said Hall element has three
      electrodes.
NUM  33.
PAR  33. A logic device comprising: a magnetic material provided with at least
      one magnetic strip domain stretching region made by local
      ion-implantation, at least one means for generating at least one magnetic
      strip domain, at least one means for controlling the stretching of said at
      least one magnetic strip domain, and at least one detecting means for
      detecting said at least one controlled magnetic domain.
NUM  34.
PAR  34. The logic device according to claim 33, wherein said generating means
      is a magnetic domain.
NUM  35.
PAR  35. The logic device according to claim 33, wherein said generating means
      is a conductor.
NUM  36.
PAR  36. The logic device according to claim 33, wherein said generating means
      is an in-plane magnetic field.
NUM  37.
PAR  37. The logic device according to claim 33, wherein said control means is a
      magnetic domain.
NUM  38.
PAR  38. The logic device according to claim 33, wherein said control means is a
      conductor.
NUM  39.
PAR  39. The logic device according to claim 33, wherein said detecting means is
      a Hall element.
NUM  40.
PAR  40. The logic device according to claim 33, wherein said magnetic strip
      domain stretching region has a local variation in magnetic property.
NUM  41.
PAR  41. The logic device according to claim 33, wherein said magnetic strip
      domain stretching region has a local variation in shape.
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PAL  Magnetic device comprising at least one thin layer of a magnetisable
      material which has a preferred direction of magnetisation substantially at
      right angles to the surface of the layer. Magnetic domains are produced by
      a magnetic field which is situated substantially in the plane of the layer
      and does not change direction and enables similar domains to be produced.
      The domains are there after maintained by a field normal to the layer. A
      domain guide structure may also be provided on the layer to move the
      domains.
BSUM
PAR  The invention relates to a magnetic device comprising at least one thin
      layer of a magnetisable material having a preferred direction of
      magnetisation which is substantially at right angles to the surface of the
      layer, and further comprising means for producing, maintaining and
      possibly annihilating magnetic domains in this layer.
PAR  The rare-earth and yttrium orthoferrites and some ferrites having garnet
      structure are examples of materials suitable for this purpose. The
      materials have a preferred direction of magnetisation owing to their
      uniaxial anisotropy. This uniaxial anisotropy may be characterized by what
      is generally referred to as a uniaxial anisotropy field. As a means of
      maintaining and possibly annihilating the magnetic domains in platelets of
      the said materials an external magnetic field H.sub.o is used the
      direction of which concides at least substantially with the said preferred
      direction of magnetisation of the platelet. The magnetic domains may, for
      example, be circular-cylindrical and can only exist in a stable form in
      the case of magnetic fields H.sub.o the strength of which lies between
      given limits. These limiting values of the field depend inter alia upon
      the thickness of the platelet in which the domains occur and upon its
      chemical composition. The domains may alternatively be annular or
      strip-shaped.
PAR  The transition from the direction of magnetisation within a domain to the
      opposite direction outside the domain is formed by a wall. Now a wall may
      have different kinds and as a result the domains may have different
      properties. For example, the limits of the magnetic field H.sub.o within
      which the domains exist in a stable form are different. Furthermore the
      differences show themselves especially during movement of the domains. A
      description of the various types of walls is given in "The Bell System
      Technical Journal," volume 51, No. 6 (July-Aug. 1972), pages 1,427-1,431.
      In a given case the entire wall is a so-called Bloch wall. In another case
      the wall comprises a large number of Blochwall segments and also a large
      number of Neel-wall segments. In the first case the domain is called a
      normal domain and in the second case it is called a hard domain; domains
      having a wall between these two extremes are called intermediate domains.
PAR  Because domains having walls of different kinds behave differently during
      movement of the domains, a magnetic device which includes domains having
      walls of different kinds provides great difficulty in operation. The known
      means for producing magnetic domains in a thin layer of a magnetisable
      material are incapable of producing domains having walls of a given kind
      only. A paper in The Bell System Technical Journal, Volume 51, No. 6
      (July-Aug. 1972), pages 1,440-1,444 describes the provision of a second
      magnetic layer as a means to suppress hard domains. Such a construction
      renders manufacture of the magnetic device complicated.
PAR  According to the present invention means are provided by which domains are
      produced which behave as normal domains in practice. This is shown by the
      fact that they are stable for values of the field H.sub.o between the
      limits which apply to a normal domain. They contain at most two Bloch-wall
      segments.
PAR  According to the invention, the means for producing the domains consist of
      means for producing and modifying a magnetic field which is situated
      substantially in the plane of the layer and does not change direction. If
      a magnetic field exceeding the uniaxial anisotropy field of the material
      is applied in the plane of the layer, the layer is homogeneously
      magnetised. In this case magnetisation lies substantially in the plane of
      the layer. If now the value of the magnetic field in the plane of the
      layer is reduced to zero, magnetic domains are produced. These domains are
      stable for values of the field H.sub.o between the limits which apply to a
      normal domain, so that they behave as normal domains in practice. Each of
      these domains may be used to produce a large number of further domains
      which will all behave as normal domains.
PAR  The value of the magnetic field in the plane of the layer required to
      produce domains depends upon the value of the uniaxial anisotropy field;
      it is about equal to this field. To permit the use of simply obtainable
      magnetic fields the value of the uniaxial anisotropy field H.sub.k of the
      magnetisable material preferably is less than 1,000 oersted.
PAR  In particular a domain guide structure is provided on the layer. Thus part
      of the domains are produced on the domain guide structure so that they can
      simply be moved.
DRWD
PAR  An emobdiment of the invention will now be described, by way of example,
      with reference to the accompanying diagrammatic drawing the single FIGURE
      of which shows a magnetic device having a given domain guide structure.
DETD
PAR  Referring now to the FIGURE, part of a platelet 1 of a magnetisable
      material carries a T-bar structure 2 of permalloy having poles 3, 4, 5 and
      6. A field H.sub.o normal to the platelet 1 is applied to maintain the
      domains to be produced. To produce the domains a magnetic field H is
      applied in the direction indicated by the arrow at the bottom of the
      FIGURE, so that the platelet is homogeneously magnetised in this
      direction. The value of this magnetic field then is reduced to zero. As a
      result many magnetic domains are produced in the platelet. In the area
      where the domain guide structure is provided a magnetic domain is produced
      at each pole 3 or at each pole 5, depending upon the direction of the
      field H.sub.o. The said domains are maintained by the field H.sub.o. It
      has been found that all these domains are stable at values of the magnetic
      field H.sub.o between the same limits, which prove to be the limits which
      hold for a normal domain. By means of a magnetic field which rotates in
      the plane of the platelet 1 the domains are movable according to the
      structure 2 along the poles 4, 5, 6, 3, 4, 5, . . . . Thus the domains
      produced in the device can be moved to a magnetic device in which they are
      utilised. In a given case the platelet consists of Y.sub.2.6 Gd.sub.0.3
      Pb.sub.0.1 Fe.sub.3.8 Ga.sub.1.2 O.sub.12 and is 6 .mu.m thick. It has a
      uniaxial anisotropy field of 915 oersted and its saturation magnetisation
      is 24 gauss. The field H.sub.o is 212 oersted and the field H is 915
      oersted. In another case the platelet is made of Y.sub.2.68 Gd.sub.0.32
      Fe.sub.4.08 Ga.sub.0.92 O.sub.12 and is 8 .mu.m thick. It has a uniaxial
      anisotropy field of 183 oersted and its saturation magnetisation is 22.2
      gauss. The field H.sub.o is 200 oersted and the field H is 180 oersted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic device comprising at least one thin layer of a magnetizable
      material having a preferred direction of magnetization with a uniaxial
      anisotropy field H.sub.K substantially at right angles to the surface of
      the layer, means to produce a magnetic field having a strength exceeding
      the uniaxial anisotropy field in the plane of the layer which does not
      change direction whereby the layer is homogeneously magnetized, and means
      to reduce the magnetic field in the plane of the layer to zero whereby
      magnetic domains are produced in the layer.
NUM  2.
PAR  2. Magnetic device as claimed in claim 1, wherein the value of the uniaxial
      anisotropy field H.sub.k of the magnetisable material is less than 1,000
      oersted.
NUM  3.
PAR  3. Magnetic device as claimed in claim 1 wherein a domain guide structure
      is provided on the layer.
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PAL  A rotation indication system having an improved sensing device for
      determining the velocity of a rotating body is disclosed. The improved
      sensing device is tubular in configuration and includes a source of
      magnetic flux and two pole pieces that define a split magnetic field. The
      sensing device is mounted in close proximity to a rotor which is connected
      to the rotating body. The rotor has apertures which interrupt the split
      magnetic field producing an output signal with a frequency proportional to
      the velocity of the rotating body. The sensing device is oriented relative
      to the rotor apertures so that each pole piece is alternatively in
      register with an aperture to produce the desired output signal. Since the
      sensing device is tubular in shape, it can be rotated about its axis to
      obtain the desired orientation with the rotor apertures, thus permitting
      the use of the sensing device with a wide range of rotor diameters having
      various aperture spacings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a sensing device which, in conjunction
      with a rotor that is connected to a rotating body, is used to determine
      the velocity of the body, and more particularly to a sensing device that
      can be used with rotors of different sizes or configurations.
PAR  2. Description of the Prior Art
PAR  Numerous sensing devices have been developed for determining the angular
      velocity of a rotating body. Most of these devices employ an electromagnet
      which produces a magnetic field. This field is interrupted by teeth,
      apertures, or ripples on a rotor which is synchronized with and/or
      connected to the rotating body. Such interruptions produce a magnetic flux
      change which is used to induce an output signal with a frequency
      proportional to the angular velocity of the rotating body. Since these
      devices are dependent solely on flux change for generation of an output
      signal, it is imperative that the flux change resulting from the rotation
      of the rotor be significantly larger than any flux change resulting from
      axial movement of the rotor relative to the sensing device. In essence, a
      high signal-to-noise ratio is required to obtain an accurate indication of
      the angular velocity of the rotating body.
PAR  A typical application requiring such a high signal-to-noise ratio is an
      anti-skid system for automotive and truck vehicles. In such systems, the
      sensing device generates a signal with a frequency that is proportional to
      the angular velocity of the vehicle wheel. This signal is then utilized in
      an electrical control circuit which, through mechanical means, regulates
      the application of the vehicle brakes. In this type of system, it is
      imperative that the signal generated by the sensing device be an accurate
      representation of the wheel velocity so that a skid condition can be
      detected and immediately corrected. Such accuracy is dependent upon a high
      signal-to-noise ratio.
PAR  Obtaining a high signal-to-noise ratio has been a particularly troublesome
      problem with these sensing devices, especially in an anti-skid system
      environment. Some axial movement of the rotor relative to the sensing
      device is always present due to inherent dimensional variations between
      the wheel, axle, rotor and sensing device and vibratory movement of these
      components. Various approaches have been used to overcome or minimize this
      problem, such as by using components manufactured to close tolerance or by
      employing elaborate sensor mounting techniques. These approaches are very
      costly and have not been satisfactory.
PAR  Another problem with these sensing devices is that, in general, they can
      only be used with one configuration of rotor tooth or aperture spacing.
      Since the pole pieces in the sensing devices are spaced relative to each
      other so as not to be in register simultaneously with the rotor teeth or
      apertures, the spacing between pole pieces is directly related to rotor
      tooth or aperture spacing. Thus, if a different rotor diameter is used
      which has a different tooth or aperture spacing, another sensing device,
      with the proper pole spacing, must be installed. Because of this, a
      multiplicity of sensing devices with different pole piece spacings is
      required to cover a range of rotor diameters. Such a family of sensing
      devices is costly to tool for production and results in a higher unit
      manufacturing cost than if one sensing device could be used for a
      plurality of rotor tooth or aperture spacings.
PAR  Because of the aforementioned problems, it has become desirable to find a
      sensing device that can be used with a variety of rotor tooth or aperture
      spacings and provides a high signal-to-noise ratio.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a solution to the abovedescribed problem of
      low signal-to-noise ratio and the lack of adaptability of the sensing
      device to various rotor tooth or aperture spacings by using a tubular
      housing for the sensing device. The use of such a housing permits both
      axial and angular adjustment of the sensing device relative to the rotor
      to obtain proper orientation of the sensing device so that the pole pieces
      are not simultaneously in register with the rotor teeth or apertures. In
      essence, angular movement of the tubular sensing device changes the
      effective distance between pole pieces so that it may coincide with the
      rotor tooth or aperture spacing, thus permitting the use of the sensing
      device with a plurality of rotor tooth or aperture spacings.
PAR  In one embodiment, the rotor has equally spaced apertures, in the form of
      holes, on two diameters. The apertures on one diameter are staggered with
      respect to those on the other diameter, however, the distances between an
      aperture on one diameter and an adjacent aperture on the second diameter
      are equal. In another embodiment of the invention, the rotor apertures are
      elongated slots centered on one diameter, each slot being centrally
      located on an axis which intersects the center of the rotor. Both
      embodiments permit the proper orientation of the sensing device relative
      to the rotor so that the pole pieces are not in simultaneous register with
      the apertures which, in turn, cause interruptions in the magnetic field
      resulting in a flux change as the rotor rotates. This flux change creates
      an induced voltage, with a frequency proportional to the angular velocity
      of the rotor, in coils which encircle the pole pieces. The coils are
      connected so that induced voltages resulting from flux change caused by
      rotor rotation are additive, while induced voltages due to axial movement
      of the rotor relative to the sensing devices are subtractive. Because of
      the coil interconnections, the resulting output signal has a higher
      signal-to-noise ratio than usually obtainable, and has a frequency
      proportional to the angular velocity of the rotor and the rotating body
      attached thereto.
PAR  Thus, the present invention permits the use of a sensing device with
      different rotor diameters having a variety of rotor tooth or aperture
      spacings, and also provides a high signal-to-noise ratio insuring that the
      output signal is representative of the angular velocity of the rotating
      body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view through a wheelaxle assembly and
      illustrates the assembled relationship in which the sensing device may be
      mounted.
PAR  FIG. 2 is a sectional view taken along section-indicating lines 2--2 of
      FIG. 1 and shows the means used to mount the tubular sensing device.
PAR  FIG. 3 is a front view of the radial spring used to mount the tubular
      sensing device.
PAR  FIG. 4 is a side view of the radial spring shown in FIG. 3.
PAR  FIG. 5 is a sectional view taken along section-indicating lines 5--5 of
      FIG. 3 showing the projections on the outer periphery of the radial
      spring.
PAR  FIG. 6 is a sectional view taken along section-indicating lines 6--6 of
      FIG. 1 and shows the configuration of one embodiment of the rotor having
      apertures on two diameters.
PAR  FIG. 7 is a sectional view similar to FIG. 6 and shows the configuration of
      another embodiment of the rotor having elongated slots on one diameter.
PAR  FIG. 8 is a schematic sectional view through the magnet subassembly
      illustrating the placement of the pole pieces relative to the magnetic
      flux source, and showing the corresponding directed flux paths and
      connection of the coil windings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and more particularly to FIG. 1, the sensing
      device is illustrated in a typical anti-skid system environment wherein
      the device is mounted adjacent the wheel-axle assembly. Even though this
      device is shown in such an environment, it should be understood that the
      principles of the invention may be used in any environment in which a
      sensing device is employed for determining the velocity of a rotating
      body.
PAR  The wheel-axle assembly is comprised of a non-rotatable axle 10 on which a
      wheel 12 is rotationably supported by conventional radial thrust bearings
      14. A conventional brake mechanism, not shown, may be mounted on a brake
      mounting flange 16 which is typically welded to the axle 10. The brake
      mechanism should be adaptable to cooperate with wheel 12 to brake the
      wheel as desired.
PAR  Cooperating with the wheel-axle assembly is the sensor assembly which is
      indicated generally by the numeral 20. The sensor assembly is comprised of
      a rotor 22 which is mounted on the wheel 12 and a sensing device 24 which
      is secured in a manner hereinafter described to brake mounting flange 16.
      It is apparent that as wheel 12 rotates, rotor 22 rotates relative to the
      sensing device 24 and the axle 10 producing a flux change which creates an
      induced voltage in sensing device 24.
PAR  Referring now to FIGS. 1 and 2, the sensing device 24 comprises a tubular
      shell 26 which acts as a housing for the magnet subassembly 28 which will
      be described in detail later. The tubular shell 26 has a surface of
      reduced diameter, indicated generally by numeral 30, located approximately
      midway between its ends, and a keyway 32 which intersects the outer
      periphery of tubular shell 26 and is parallel to the axis of tubular shell
      26. Keyway 32 is of the proper dimensions to receive and firmly secure a
      key 34 therein. A radial spring 36 is received on the tubular shell 26 and
      is positioned so as to be in contact with the reduced diameter surface 30.
      As shown in FIGS. 2 and 3, radial spring 36 is circular in cross section.
      A notch 38 is provided on the periphery of radial spring 36 to allow
      clearance for key 34 when the radial spring has been positioned on the
      reduced diameter surface 30. Radial spring 36 has a plurality of
      projections 40 on the periphery thereof. As shown in FIGS. 2, 3, 4 and 5,
      these projections 40 are substantially semi-circular in cross section and
      extend over a substantial portion of the length of radial spring 36 but
      terminate before reaching the ends of radial spring 36.
PAR  Referring again to FIGS. 1 and 2, the sensing device 24 is oriented so as
      to be received in an aperture 42 in the brake mounting flange 16. Aperture
      42 is essentially circular in configuration and has a keyway 44 of the
      proper dimensions to receive and secure key 34. The sensing device 24 is
      inserted into aperture 42 until projections 40 located on the periphery of
      radial spring 36 firmly engage aperture 42 over the entire length of the
      radial spring. The use of the radial spring 36 permits axial movement of
      the sensing device 24 relative to axle 10, whereas angular movement of
      sensing device 24 is prevented by the engagement of key 34 in keyways 32
      and 44.
PAR  To establish the proper air gap between the sensing device 24 and the rotor
      22, a pair of gauge members 46 is provided. Each gauge member, which may
      be molded plastic, is positioned so as to be in contact with rotor 22 and
      the magnet sub-assembly 28. Since the only purpose of the gauge members 46
      is to establish the proper air gap, the configuration of the gauge members
      may vary without affecting the operation of this invention.
PAR  Referring now to FIG. 8, the magnet subassembly 28 includes a source of
      magnetic flux 48, such as a permanent magnet. Pole pieces 50 and 52,
      constructed of ferromagnetic material and circular in cross section, are
      located on either side of magnetic flux source 48 and extend toward rotor
      22. The pole pieces 50 and 52 have electrical windings 54 and 56
      respectively which are connected so that induced voltages which are
      180.degree. out of phase are additive and induced voltages which are in
      phase are subtractive. The induced voltages result in an output signal
      e.sub.o taken across output terminals T.sub.1 and T.sub.2. The source of
      magnetic flux 48, pole pieces 50 and 52, and windings 54, 56 are
      encapsulated with a suitable nonconductive potting material 58 to form an
      insulated housing.
PAR  As was previously mentioned, in the preferred embodiment the sensor
      assembly 20 provides an output signal with a frequency proportional to the
      angular velocity of the rotor 22, and thus the angular velocity of the
      wheel 12 to which the rotor is attached. This is accomplished by having a
      rotor 22 with a configuration which will interrupt the flux path of the
      magnetic flux source 48. In one embodiment of this invention, as shown in
      FIG. 6, the rotor 22 has a plurality of equally spaced apertures 60,
      typically in the form of circular holes, on two diameters. The apertures
      60 are so oriented that those apertures on one diameter are staggered with
      respect to those on the other diameter, but the distances between
      apertures on one diameter and adjacent apertures on the second diameter
      are equal to each other. Sensing device 24 is oriented with respect to
      rotor 22 so that when either pole piece 50 or 52 is in register with an
      aperture 60 on rotor 22, the other pole piece is in register with the
      ferromagnetic surface of the rotor. This orientation is accomplished by
      the proper location of keyway 44 in brake mounting flange 16 so that when
      sensing device 24 is inserted into aperture 42 and key 34 is received in
      keyway 44, pole piece 50 is aligned with one aperture diameter while pole
      piece 52 is aligned with the second aperture diameter. Due to the
      staggering of the apertures on one diameter relative to those on the
      second diameter, and the equidistant spacing between adjacent apertures on
      the two diameters, this orientation results in the pole pieces being
      alternatively in register with the apertures which, in turn, results in a
      flux change that is 180.degree. out of phase at pole pieces 50 and 52,
      when the rotor apertures 60 pass through the magnetic field created by the
      magnetic flux source 48. Such a flux change is this basis for the
      operation of the sensor assembly 20, as will be described later.
PAR  An inherent advantage of the sensor assembly 20 utilizing a rotor
      embodiment such as that shown in FIG. 6 is that it can be employed with a
      variety of rotor tooth or aperture spacings. In this embodiment of the
      invention, the rotor diameter does not affect operation of the sensor
      assembly 20. Proper operation of the sensor assembly 20 is dependent
      solely upon the correct orientation of the sensing device 24 with respect
      to rotor 22, and such orientation is determined by the location of keyway
      44 in brake mounting flange 16. Thus, as long as pole pieces 50 and 52 can
      be properly aligned with the rotor apertures, the sensing device 24 can be
      used with a range of rotor diameters having various tooth or aperture
      spacings.
PAR  Operationally, as wheel 12 rotates, rotor 22, which is attached thereto,
      rotates relative to axle 10. As rotor 22 rotates, apertures 60 move
      tangentially past sensing device 24. As was previously explained, the
      location of apertures 60 on rotor 22 and the orientation of the sensing
      device 24 with respect to rotor 22, results in either pole piece 50 or
      pole piece 52 being in register with an aperture 60 while the other pole
      piece is in register with the ferromagnetic surface of the rotor. If pole
      piece 50 is in register with aperture 60 while pole piece 52 is in
      register with the surface of the rotor, there will be an increase in flux
      in pole piece 52 and a decrease in flux in pole piece 50. Since these flux
      changes and the resulting induced voltages are 180.degree. out of phase
      and since the windings 54 and 56 are connected so that induced voltages
      180.degree. out of phase are additive, an output signal e.sub.o of
      magnitude equal to the sum of the induced voltages occurs across terminals
      T.sub.1 and T.sub.2. The frequency of output signal e.sub.o is
      proportional to the angular velocity of rotor 22.
PAR  Axial movement of the sensing device 24, due to road vibrations and/or
      component dimensional variations, also results in the production of
      induced voltages since such movement results in a change in the air gap
      between the sensing device 24 and the rotor 22. However, such a change in
      the air gap affects both of the magnetic circuits in the same manner. For
      example, if the air gap is decreased, an increase of flux of approximately
      the same magnitude occurs in both pole piece 50 and pole piece 52. Since
      these flux changes and the resulting induced voltages are in phase and
      since the winding 54 and 56 are connected so that induced voltage that are
      in phase are subtractive, the magnitude of the resulting output signal
      across terminals T.sub.1 and T.sub.2 due to this axial movement is
      negligible when compared to the magnitude of the output signal resulting
      from rotor rotation. This results in a high signal-to-noise ratio which is
      very desirable since such a signal will have a minimum of distortion and
      will give an accurate indication of the angular velocity of the wheel.
PAR  Another embodiment of this invention is shown in FIG. 7. This embodiment
      utilizes a rotor which also has apertures 62, however, the apertures 62
      are centered on one diameter rather than two diameters. In addition, the
      apertures 62 are in the form of elongated slots, each slot being on an
      axis which intersects the center of rotor, however, such slot orientation
      with respect to the rotor center is not required.
PAR  This embodiment of the invention operates in a manner identical to that
      previously described for the first embodiment and therefore will not be
      discussed in detail. Proper operation depends upon the correct orientation
      of the sensing device 24 so that one pole piece is aligned with an
      aperture 62 while the other pole piece is aligned with the ferromagnetic
      rotor surface. Proper alignment is insured by the proper location of
      keyway 44 in brake mounting flange 16 so that only one pole piece is in
      register with an aperture 62 at any instant of time. Because of this
      orientation of the sensing device 24, the flux changes and resulting
      induced voltages in the pole pieces are 180.degree. out of phase. Due to
      the interconnection of windings encircling these pole pieces, these
      induced voltages are additive to produce an output signal e.sub.o with a
      frequency proportional to the angular velocity of the wheel. The advantage
      of using a rotor with apertures 62 in the form of elongated slots rather
      than circular holes is that a slightly greater flux change occurs which,
      in turn, results in an output signal of greater magnitude yielding a
      higher signal-to-noise ratio. Such an output signal will give a more
      accurate indication of the angular velocity of the wheel.
PAR  As with the first embodiment, the diameter of the rotor has no effect on
      the operation of the sensor assembly 20. As long as aperture spacing is
      such that the center-to-center distance between piece poles is greater
      than one-half of the aperture spacing, the sensor assembly 20 will operate
      properly. Thus, the sensing device 24 can be utilized with a wide range of
      rotor diameters employing various aperture spacings.
PAR  Variations of the present invention will be apparent to those having
      ordinary skill in the art and the invention is limited only by the spirit
      and scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotation indication system for generating signals in response to the
      rotation of a body, said indication system comprising:
PA1  a rotor affixed to and rotatable with said body, said rotor having at least
      one array of apertures on the outer periphery thereof;
PA1  sensing means mounted proximate to said rotor and cooperating with said
      rotor to establish an air gap, said sensing means being retained in a
      tubular housing permitting proper orientation of said sensing means for
      use with various sizes of said rotor or various spacings of said apertures
      in said rotor;
PA1  means for mounting said sensing means, said mounting means permitting said
      tubular housing and said sensing means retained thereby to move axially
      relative to said rotor while preventing angular movement of said tubular
      housing, said tubular housing being parallel to the axis of said body and
      spaced a predetermined distance from said axis;
PA1  gauging means adjacent said sensing means, said gauging means projecting
      from said sensing means and being in contact with said rotor for limiting
      axial movement of said sensing means;
PA1  said sensing means comprising a source of magnetic flux, means for
      producing a split magnetic flux path, and coil means, said split magnetic
      flux path being interrupted by said apertures when said rotor is rotated
      producing a flux change, said flux change inducing an output signal in
      said coil means, said coil means being minimally responsive to any flux
      change caused by relative axial movement between said sensing means and
      said rotor.
NUM  2.
PAR  2. The rotation indication system as defined in claim 1, wherein said rotor
      is an annular ferromagnetic member having a first array of equally spaced
      apertures on a first diameter and a second array of equally spaced
      apertures on a second diameter, said first and second arrays being so
      oriented relative to each other such that the distances between apertures
      in said first array and adjacent apertures in said second array are equal.
NUM  3.
PAR  3. The rotation indication system as defined in claim 1, wherein said rotor
      is an annular ferromagnetic member having an array of equally spaced
      elongated slots therein, said slots having parallel sides and having one
      end thereof adjacent the outer periphery of said rotor.
NUM  4.
PAR  4. The rotation indication system as defined in claim 1, wherein said means
      for mounting said sensing means comprises:
PA1  a key received in a first keyway formed in the outer periphery of said
      tubular housing for said sensing means, said key being positioned in said
      first keyway so as to be parallel with the axis of said tubular housing,
      said key also being engageable with a second keyway provided in a member
      which supports said sensing means, placement of said second keyway being
      predetermined to insure the proper orientation of said sensing means
      relative to said rotor; and
PA1  a radial spring positioned on the outer surface of said tubular housing so
      that the inner surface of said radial spring is in contact with said outer
      surface of said tubular housing, said radial spring being substantially
      circular in cross section and having projections on the outer periphery
      thereof, said projections being engageable with an aperture in said member
      which supports said sensing means, said aperture in said supporting member
      being in communication with said second keyway.
NUM  5.
PAR  5. The rotation indication system as defined in claim 1, wherein said means
      for producing a split magnetic flux path includes first and second pole
      pieces which produce a first and a second magnetic circuit, said first and
      said second pole pieces being positioned relative to said source of
      magnetic flux so as to be parallel to and equidistant from said source,
      and said coil means includes a first winding wound about a portion of said
      first pole piece and a second winding wound about a portion of said second
      pole piece, said first and second windings being interconnected such that
      induced voltages of opposite polarity across said windings are additive
      whereas induced voltages of the same polarity across said windings are
      subtractive.
NUM  6.
PAR  6. The split magnetic flux path producing means as defined in claim 5,
      wherein said first and second pole pieces are oriented relative to said
      rotor such that said first and second pole pieces are alternatively in
      register with said apertures in said rotor, said orientation preventing
      simultaneous registration of said pole pieces with said apertures in said
      rotor, said orientation resulting in the production of induced voltages of
      opposite polarity in said windings, said induced voltages being additive
      to produce an output signal.
NUM  7.
PAR  7. The split magnetic flux path producing means as defined in claim 5,
      wherein said first and second pole pieces are contructed of ferromagnetic
      materials and serve as portions of said split magnetic flux path for said
      source of magnetic flux.
NUM  8.
PAR  8. The split magnetic flux path producing means as defined in claim 5,
      wherein said source of magnetic flux is a permanent magnet.
NUM  9.
PAR  9. The split magnetic flux path producing means as defined in claim 5,
      wherein said first and second pole pieces are substantially circular in
      cross section to assist in tightly winding said windings thereabout.
NUM  10.
PAR  10. A signal generator providing a signal representative of the angular
      velocity of a rotating body, said signal generator comprising a rotor
      connected to and rotatable with said body, said rotor being of
      ferromagnetic material and having at least one array of apertures on the
      outer periphery thereof, sensing means mounted proximate to said rotor
      establishing an air gap therebetween, said sensing means including a
      magnetic flux source, means for producing a split magnetic flux path, and
      coil means, said split magnetic flux path producing means including first
      and second pole pieces positioned relative to said magnetic flux source so
      as to be parallel to and equidistant from said magnetic flux source, said
      sensing means being retained by retaining means in a tubular housing
      permitting axial and angular movement of said tubular housing and said
      sensing means retained thereby when proper orientation of said sensing
      means is being established for different rotor sizes and/or aperture
      spacings, said tubular housing being parallel to the axis of said body and
      spaced a predetermined distance from said axis, said proper orientation of
      said sensing means occurring when said first and said second pole pieces
      are alternatively in register with said apertures in said rotor resulting
      in the interruption of said split magnetic flux path by said apertures
      when said rotor is rotated causing a flux change, said proper orientation
      of said sensing means being retained by means for mounting said sensing
      means permitting axial movement of said tubular housing and said sensing
      means retained thereby while preventing angular movement of said tubular
      housing after said proper orientation of said sensing means is
      established, said axial movement being limited by gauging means adjacent
      said rotor, said coil means being responsive to said flux change to
      produce an output signal, said coil means being minimally responsive to
      any flux change resulting from relative axial movement between said
      sensing means and said rotor.
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ABST
PAL  Circuits and structures are arranged to serve as encoders, emitters, or
      switches by capacitive coupling.
BSUM
PAC  CROSS-REFERENCE
PAR  The following case is hereby incorporated by reference:
PAR  U.S. Pat. application Ser. No. 313,886, having J. W. Woods, et al as
      inventors, filed Dec. 11, 1972, and entitled "Ink Jet Printing Apparatus
      with Overrun of Printhead to Insure Better Visibility and Counter Control
      of Printing Locations."
PAC  BACKGROUND OF INVENTION, FIELD AND PRIOR ART
PAR  Typical of encoders in this area are those described in the following
      publications:
PAR  "Dual Plane Capacitive Coupling Encoder", authored by R. J. Flaherty, M. L.
      Sendelweck, and J. W. Woods, IBM Technical Disclosure Bulletin, Vol. 15,
      No. 4, Sept. 1972.
PAR  "Electrodynamic Velocity and Position Sensor and Emitter Wheel", authored
      by H. E. Naylor, III, and R. A. Williams, IBM Technical Disclosure
      Bulletin, Vol 16, No. 10, March 1974.
PAC  SUMMARY
PAR  The encoders according to the present invention make use of differential
      capacitive coupling. The structures comprise a transmitter and a receiver,
      each of which consists of conducting surfaces. The output of the circuits
      is the result of a difference between selected capacitive couplings from
      selected ones of the surfaces.
PAR  Possible applications for the differential capacitive position encoder
      include the following:
PA1  1. Linear position sensing of carrier position for printers.
PA1  2. Shaft position encoder, such as emitter wheel.
PA1  3. Capacitive switches for keyboard transmit block on all machines with
      keyboard transmit block.
PA1  4. Limit switch application, e.g., left margin sensor for printer.
PA1  5. Non-contacting static switches, e.g., pitch switch for printer.
PAR  One practical advantage in using a capacitive sensor for the above
      applications is that implementation is simplified. This is in contrast
      with the fabrication problems presently associated with optical or
      magnetic position sensing techniques and structures.
PAC  OBJECTS
PAR  The primary object of the present invention is to provide improved encoder,
      sensor, emitter, and switching capabilities based on capacitive coupling.
PAR  The foregoing and other objects, features, and advantages of the invention
      will be apparent from the following more particular description of various
      embodiments of the invention as illustrated in the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 illustrates an ink jet printer system in which a capacitive encoder
      of the present invention may be incorporated.
PAR  FIG. 2 is a basic illustration of a capacitive position encoder in
      accordance with the present invention.
PAR  FIG. 3 illustrates various output signals from the encoder of FIG. 2.
PAR  FIGS. 4 and 5 illustrate variations from the basic encoder of FIG. 2. FIGS.
      6a, 6b, and 7 illustrative design considerations.
DETD
PAC  DETAILED DESCRIPTION
PAR  System Description
PAR  FIG. 1 illustrates an ink jet printing system incorporating a typewriter 1
      with an associated magnetic card recording/reproducing unit 2. Card unit 2
      is shown for convenience only and other kinds of storage units,
      recording/reproducing units, and the like, may be used. Typewriter 1 has
      the usual keyboard 32 which may be of the electrical type referred to in
      the Woods, et al case. Printer 1 incorporates an ink jet head assembly 4
      mounted on a carrier 5 arranged for travelling movement from left to right
      (and conversely) adjacent a document 7 to be printed. Assembly 4 has an
      ink drop nozzle and an associated encoder 8 which may take one of the
      forms shown in greater detail in FIGS. 2-7. Printer 1 may be provided with
      various control buttons 10, 11, 12 and 13 for automatic, line, word, and
      character printing, respectively. Other keybuttons 15-18 concern mode
      selection, that is, record, playback, adjust, and skip, respectively.
PAR  Reference is made to various "Selectric" typewriter manuals referred to in
      the Woods, et al case for description of other keyboard facilities and
      other features of the printer. The magnetic card unit 2 has a load slot 25
      and a track indicator 26. Also provided on unit 2 is a card eject button
      27, a track stepdown button 28 and a track stepup button 29 for relocating
      the scanning transducer with respect to the various tracks on the card.
PAR  Printer 1 incorporates a left margin reed switch 30, a drop carrier return
      reed switch 31 and a right margin reed switch 32.
PAR  Encoder, Switch Description
PAR  Conventional capacitive position encoders operate by sensing the magnitude
      of the capacitance Ct between conducting surfaces as a function of the
      relative position of the surfaces. A typical implementation measures the
      amplitude of an alternating signal coupled through the capacitance Ct and
      gives a digital output based on whether the amplitude is greater than or
      less than a fixed reference. Encoders of this type suffer from the
      following drawbacks:
PAR  1. Factors other than position which affect capacitance (e.g., humidity)
      may produce errors.
PAR  2. Drift of the reference level may produce errors.
PAR  3. Resolution is limited by capacitive fringing effects.
PAR  4. The capacitive coupling may be influenced by movement in directions
      other than the direction desired.
PAR  5. Changes in the amplitude of the drive signal may produce position error.
PAR  A capacitive position encoder is described herein which minimizes the above
      drawbacks by employing differential capacitive coupling. FIG. 2
      illustrates the basic principle. The encoder 8 comprises a "transmitter"
      42 and a "receiver" 41. The "transmitter" consists of two conducting
      surfaces A and B with B grounded and A driven by an alternating signal
      from source 44. Receiver 41 consists of two conducting surfaces C and D
      which drive the two inputs of a difference amplifier 45. The output of
      difference amplifier 45 is determined by the difference between the
      capacitive coupling from A to C and the capacitive coupling from A to D.
      The grounded surface B reduces fringing of the electric field, thus
      improving the resolution of the encoder.
PAR  The "position numbers" 1-5 at the top left of FIG. 2 indicate several
      receiver 41 positions by showing the location of the "receiver" left edge
      for each position. For example, the receiver is shown in position 1, the
      leftmost of the numbered positions.
PAR  FIG. 3 shows the output of the difference amplifier for each of the
      numbered positions (FIG. 1) of the receiver 41. When receiver 41 is to the
      right of position 3, the output is in phase with the drive signal. When it
      is to the left, the output is 180.degree. out of phase with the drive
      signal. Thus, the position information is encoded as the phase of the
      output signal. This scheme has the following advantages:
PAR  1. If the conductor pattern is symmetrical, the location of the null point
      along the X-axis is independent of the amplitude of the drive signal, the
      separation distance d between transmitter and receiver, humidity, etc.
PAR  2. The null may be made very "sharp" by increasing the gain of the
      difference amplifier 45. Thus the achievable position resolution is
      limited mainly by the signal-to-noise ratio of amplifier 45.
PAR  3. The common mode rejection of difference amplifier 45 makes the encoder
      relatively insensitive to ambient electrical noise.
PAR  4. Coherent phase detection can be used, which further improves the noise
      immunity of the encoder.
PAR  FIGS. 4 and 5 show two variations on the basic principle. Whereas the
      system in FIG. 2 employs single-ended drive and differential sensing, the
      arrangement in FIG. 4 employs differential drive and single-ended sensing
      and includes generators 44a and 44b and amplifier 45a. This approach has
      less noise immunity than the first, but it might entail cheaper circuitry.
      The arrangement in FIG. 5 employs both differential drive and differential
      sensing, and includes generators 44c and 44d and amplifier 45b.
PAR  A practical design for a differential capacitive position transducer
      preferably consists of a number of conductors in an array, in order to
      achieve larger coupling capacitances. FIGS. 6a and 6b, and 7 show one
      easily fabricated design. Both "transmitter" and "receiver" consist of
      conductor patterns etched on printed circuit boards comprising copper
      patterns 50-53, on substrates 54 and 55, respectively. Note that each
      pattern 50-51 and 52-53 is completely symmetrical. The particular layout
      shown is designed for linear position encoding, but the approach is easily
      adaptable to angular position encoding. The following practical
      considerations deserve mention:
PAR  1. The dimension W' of the receiver grating is intentionally made smaller
      than the dimension W of the transmitter grating so that the transducer is
      insensitive to undesired movement in the Z direction.
PAR  2. The ratio W'/P (W'=width of grating, P=period of grating) of the
      receiver grating should be made as small as practicable in order to
      minimize sensitivity to angular misalignment of the longitudinal axis of
      the receiver relative to the transmitter.
PAR  3. The ratio L'/P (L'=length of grating) should be made as large as
      practicable in order to minimize the sensitivity of the encoder to
      non-uniform separation between transmitter and receiver.
PAR  4. If wear is not a serious problem, the receiver could be lightly spring
      loaded against the transmitter for maximum coupling. A thin insulating
      coating (e.g., teflon) could be used to prevent direct contact.
PAR  FIG. 7 illustrates the relative placement of the receiver 41 and
      transmitter 42 shown in FIGS. 6a and 6b, respectively. Direction of
      movement is indicated by arrow 56, relative distance between receiver 41
      and transmitter 42 by d. Transmitter 42 has the copper pattern top side up
      while receiver 41 has its copper pattern facing downwardly.
PAR  While the invention has been particularly shown and described with
      reference to several embodiments, it will be understood by those skilled
      in the art that various changes in form and detail may be made without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A capacitive transducer, comprising:
PA1  a transmitter portion having a planar surface and incorporating a plurality
      of parallel conductive surfaces thereon arranged as a transmitter grating
      having length L and width W;
PA1  a receiver portion having a planar surface and incorporating a plurality of
      parallel conductive surfaces of period P thereon arranged as a receiver
      grating having length L' comparable to length of said transmitter grating
      and width W' that is substantially less than width W of said transmitter
      grating;
PA1  means mounting said transmitter and receiver portions for relative movement
      with said transmitter and receiver gratings a distance Y apart and in
      face-to-face complementary relationship in order to establish capacitive
      coupling between the respective conductive surfaces in said gratings, the
      relationship of said width dimensions W and W' of said gratings insuring
      that said transducer is insensitive to undesired movement of said
      transmitter and receiver portions in a transverse Z direction, the ratio
      W'/P being relatively small in order to minimize angular misalignment of
      the longitudinal axis of said receiver portion relative to said
      transmitter portion, and the ratio L'/P being relatively large in order to
      minimize the sensitivity of said transducer to non-uniform separation
      between said transmitter and receiver portions;
PA1  moving means operable to relatively move said transmitter and receiver
      portions and their associated gratings with respect to one another;
PA1  at least one alternating signal generator coupled to alternate conductive
      surfaces of said transmitter grating;
PA1  an amplifier circuit having input and output connections and means
      interconnecting selected conducting surfaces of said receiver grating to
      the input connections of said amplifier circuit, said amplifier circuit
      thereby providing output signals indicative of both extent and direction
      of movement of said transmitter and receiver portions during relative
      movement.
NUM  2.
PAR  2. A capacitive transducer as defined in claim 1, wherein the conductive
      surfaces in said transmitter grating are arranged in two groups A and B of
      alternate conductive surfaces and wherein the conductive surfaces in said
      receiver grating are arranged in two groups C and D of alternate
      conductive surfaces, and further comprising:
PA1  signal generating means interconnected with group A of the conductive
      surfaces in said transmitter grating;
PA1  means grounding group B of the conductive surfaces in said transmitter
      grating;
PA1  a difference amplifier having two inputs;
PA1  means relatively interconnecting each of the individual C and D groups of
      conducting surfaces in said receiver grating to one of said inputs of said
      difference amplifier; said amplifier thereby providing output signals
      representative of the differences in capacitive coupling between group A
      and group C and the capacitive coupling between group A and group D, said
      signals being indicative of the extent and direction of movement of said
      transmitter and receiver portions during relative movement.
NUM  3.
PAR  3. A capacitive transducer as defined in claim 1, wherein the conductive
      surfaces in said transmitter grating are arranged in two groups A and B of
      alternate conductive surfaces and wherein the conductive surfaces in said
      receiver grating are arranged in two groups C and D of alternate
      conductive surfaces, and further comprising:
PA1  first signal generating means interconnected with group A of the conductive
      surfaces in said transmitter grating;
PA1  second signal generating means interconnected with group B of the
      conductive surfaces in said transmitter grating;
PA1  an amplifier having input and output connections;
PA1  means interconnecting group C of the conducting surfaces in said receiver
      grating to the input of said amplifier; and
PA1  means interconnecting group D of the conducting surfaces in said receiver
      grating to ground, said amplifier thereby providing output signals
      representative of the capacitive coupling between the conductive surfaces
      of said transmitter and receiver gratings, said signals being indicative
      of the extent and direction of movement of said transmitter and receiver
      portions during relative movement.
NUM  4.
PAR  4. A capacitive transducer as defined in claim 1, wherein the conductive
      surfaces in said transmitter grating are arranged in two groups A and B of
      alternate conductive surfaces and wherein the conductive surfaces in said
      receiver grating are arranged in two groups C and D of alternate
      conductive surfaces, and further comprising:
PA1  first signal generating means interconnected with group A of the conductive
      surfaces in said transmitter grating;
PA1  second signal generating means interconnected with group B of the
      conductive surfaces in said transmitter grating;
PA1  a difference amplifier having a pair of input connections and an output
      connection;
PA1  means respectively interconnecting each of the individual C and D groups of
      conducting surfaces in said receiver grating to one of said inputs of said
      difference amplifier, said amplifier thereby providing output signals
      representative of the differences in capacitive coupling between the
      conductive surfaces of said transmitter and receiver gratings, said
      signals being indicative of the extent and direction of movement of said
      trnsmitter and receiver portions during relative movement.
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PAL  The passage-way between a freon cylinder and a freon-powered horn is
      plugged by a eutectic metal plug. When sufficient heat loosens the plug,
      the horn is activated. A switch in the passageway senses the back pressure
      from the freon gas flow and activates a remote electrical indicator which
      can be used to determine which of a plurality of horns has been activated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many home and commercial fire alarm systems employ a design which is
      dependent upon remote sensors. Since the most practical method of
      transmitting information over any distance is through electrical means,
      most alarms of this type rely on batteries, house power, or a combination
      of the two. Most electronic sensing systems utilize a low voltage sensing
      circuit to provide information to a central control center. In very large
      installations, such as office buildings, motels, hospitals, and industrial
      complexes, an additional independent power source must be utilized if an
      alarm is to be sounded in the immediate vicinity of the triggered sensor.
      Consequently, the advantage of having a central control center is offset
      by the added expense of installing independently powered alarm systems to
      provide local as well as general alarms. Unfortunately, remote sensor
      electronic alarms are prone to a number of disabling problems. Battery
      powered units must be checked frequently and provide maximum security only
      immediately after recharge or replacement. Systems operating on house
      power are sensitive to power interruptions and units which incorporate
      both means are costly and seldom work interchangeably on the different
      power modes.
PAR  The other common type of alarm relies upon remote independent self-powered
      units which are usually triggered in the presence of excessive heat.
      Although these units may be powered by house power or battery, since there
      is no need to transmit information over great distances, physical means
      may be employed. One such method employs a freon containing cylinder
      connected to a freon horn through a heat sensing trigger. This type of
      system is fully described in U.S. Pat. No. 3,667,419. The best of these
      units may last up to 30 years without recharging. They have the advantage
      of complete independence from house power interruption and battery
      deterioration. Once they are triggered they provide a piercing local alarm
      which may continue until the area is evacuated.
PAR  Remote independently powered alarms are presently limited to applications
      where it is necessary to provide no more than a local alarm. In a large
      installation, such as a hotel, it is difficult for the proprietors to hear
      and establish the exact location of a triggered alarm. Furthermore,
      independently powered alarms are usually unable to perform tasks such as
      sounding a general alarm, or directly notifying the police and fire
      departments. As a result, these alarms have been restricted to
      installations where a piercing local alarm provides adequate protection.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a means of alarm protection which is neither
      dependent upon the vicissitudes of outside power nor restricted by the
      limitations of an independent power source system. This invention, which
      represents an improvement for use with the independently-powered alarm
      system patented by the applicant in U.S. Pat. No. 3,667,419, provides a
      freon powered alarm which has been modified to trigger remote sensing
      circuitry through the operation of freon discharge back pressure upon a
      pressue sensitive switch. Pre-existing freon units may be quickly
      converted to the system of the invention and existing installations may
      quickly be modified without causing any substantial interruption in local
      protection. The invention provides for a number of independently powered
      units which need no maintenance for an extended period of time, and a
      central indicator such as an alarm which will detect and locate excessive
      heat at any one of the units, while providing fail-safe operation in the
      event of black-out or control center malfunction.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the side view of the independent freon charged unit
      incorporating the invention.
PAR  FIG. 2 shows an enlarged cross section of the discharge mechanism of the
      unit shown in FIG. 1.
PAR  FIG. 3 shows a schematic circuit diagram for a circuit between a
      diagrammatically depicted remote unit and control center.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Although specific forms of the invention have been selected for
      illustration in the drawings, and the following description is drawn in
      specific terms for the purpose of describing these forms of the invention,
      this description is not intended to limit the scope of the invention which
      is defined in the appended claims.
PAR  FIG. 1 shows the completed remote unit consisting of the freon filled
      pressure cylinder designated generally 1, the gas powered alarm horn
      designated generally 2, and the means for triggering the alarm system.
      More specifically, FIG. 1 shows the heat sensing trigger designated
      generally 16 consisting of a sandwich of layers held together by screws 7.
      This heat sensing trigger is activated by contact of heated convection
      currents on the metal heat collector 3. An exterior side view is shown of
      the means for sensing the gas discharge by the remote sensing circuit
      comprising a pressure sensitive switch 4, leads to connect the switch to
      the sensing circuitry 5, and a threaded chamber 6 for the conversion of
      the discharge pressure to back pressure of sufficient magnitude to operate
      the switch 4, which in turn triggers the sensing circuit.
PAR  FIG.2 is a detailed cross section of the heat sensing trigger designated
      generally 16 and pressure conversion means. The heat sensing trigger
      comprises a first threaded adaptor 9, heat collecting washer 10, activator
      11, eutectic metal plug 11a, heat collector 3, spacer 13a, screen 12, a
      second threaded adaptor 13, and screws 7 which compressively engage all of
      the heat sensing trigger elements described above. The liquid freon
      containing cylinder designated generally 1 is shown connected to the heat
      sensing trigger by a threaded connection with first adaptor 9. First
      adaptor 9 contains a substantially cylindrical opening which is aligned
      with a larger substantially cylindrical recess in heat collecting washer
      10. The activator designated generally 11 comprises a cup-shaped housing
      11b filled with a eutectic metal plug 11a and a base 11c having a small
      aperture therein which functions to permit the gas pressure to reject the
      plug from the cup when heat collector 3 has warmed the activator to a
      predetermined temperature at which the bond between the eutectic metal and
      the activator disc cup walls weaken. In the preferred embodiment, the
      aperture in activator base 11c has a diameter of 0.035 inches and a bore
      length y of 0.020 inches. The fluid frictional resistance of this aperture
      is critical as it determines the force which is applied to the plug as
      well as the rate of gas flow from the cylinder to the pressure conversion
      means. Upon heat activation, the eutectic metal plug is blown from the cup
      against screen 12 which is located over a constriction in the
      substantially cylindrical passage extending through second adaptor 13.
      Screen 12 is positioned to prevent plug 11a from impeding gas flow through
      adaptor 13.
PAR  The pressure conversion means utilizes the freon gas flow resulting from
      activation of the heat sensing trigger. The pressure conversion means acts
      to create a back pressure which is sufficient to activate pressure
      sensitive switch 4 while simultaneously facilitating the passage of freon
      gas in sufficient quantity to sound air horn 2. In the preferred
      embodiment, the pressure conversion means comprises a chamber designated
      generally 6 which is threaded to attach to second adaptor 13. A recess
      within chamber 6 connects the substantially cylindrical opening in second
      adaptor 13 with air horn 2. This recess has a constricted portion at the
      end nearest the air horn so that a back pressure caused by the flow of
      freon gas will exert itself upon the interior surfaces of chamber 6. This
      constricted portion of the recess should exert a slightly greater fluid
      frictional resistance than that of the aperture described above. In the
      preferred embodiment, the constricted portion of the recess is a
      substantially cylindrical opening having a diameter of 0.031 inches and
      having a bore length x of .375 inches. This opening is selected to
      facilitate sufficient gas flow to activate horn 2, while providing a
      reasonably constant and prolonged pressure upon the walls of the chamber
      during gas discharge. One reasonably skilled in the art may vary the bore
      length and cross sectional area of this constricted portion to compensate
      for the frictional characteristics encountered in the passage of the freon
      gas from the cylinder 1 to the air horn 2. In one embodiment, the cross
      sectional area of the constricted portion might even be larger than that
      of the aperture in the activator base 11c as long as the disparity in
      frictional resistances was maintained by a disparity in bore lengths x and
       y. At least one of the surfaces of the unconstricted portion of the
      recess in chamber 6 is modified to sense the gas pressure exerted thereon.
      In the preferred embodiment, the modification of this surface is
      accomplished by inserting a pressure sensitive switch 4 into a threaded
      opening which is part of the unconstricted portion of the recess defined
      in chamber 6. In order to facilitate rapid build-up and detection of an
      increase in gas pressure within chamber 6, it is important to limit the
      total volume of the recess within chamber 6 so that the pressure sensitive
      switch 4 will be activated almost immediately upon activation of the heat
      sensing trigger 16.
PAR  FIG. 3 shows a representative alarm circuit incorporating pressure
      sensitive switch 4 and its connection to pressure chamber 6. Although FIG.
      3 employs a sensing circuit in which the normal position of the switch is
      closed, a "single-pole double-throw" switch may be provided so that, with
      a slight circuit modification, a normally open sensing switch may also be
      employed. In the preferred embodiment, switch 4 is wired in a closed loop
      circuit where power source 14 energizes relay 17 to hold switch 18 in the
      open position. During gas release, an increase in pressure on the inner
      surfaces of chamber 6 forces open the switch 4, breaking the circuit and
      allowing switch 18 to close, thus activating an alarm or other signal
      device in the central indicator 19.
PAR  Use of normally closed switches and a single power source for many remote
      units provides a fail-safe feature for checking the operation of that
      power supply. Since each of the remote sensing devices are physically
      activated, it is virtually impossible for all of the sensing circuits to
      be activated simultaneously. Should all the indicators for the remote
      sensors energize simultaneously, it may safely be assumed that there has
      been a failure in power supply 14. This indicator, which is triggered by
      the closing of switch 18, may activate dialing equipment, connect to
      computerized sensing equipment, sound a simple alarm or generally act in
      any manner known to the art. In the preferred embodiment, the indicator
      pinpoints the location of the triggered device thereby allowing rapid
      deployment of fire-fighting apparatus.
PAR  It will be understood that various changes in the details, materials and
      arrangement of parts which have been herein described and illustrated in
      order to explain the nature of this invention may be made by those skilled
      in the art within the principle and scope of the invention as expressed in
      the following claims.
PAR  It will further be understood that the "Abstract of the Disclosure" set
      forth above is intended to provide a nonlegal technical statement of the
      contents of the disclosure in compliance with the Rules of Practice of the
      United States Patent Office, and is not intended to limit the scope of the
      invention described and claimed herein.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a temperature detection and alarm sounding apparatus for physically
      sounding an alarm at a predetermined alarm temperature comprising:
PA1  a. a cylinder containing freon under pressure;
PA1  b. a horn, activated by freon under pressure; and
PA1  c. a temperature sensitive passage means, isolating said horn from said
      cylinder when the ambient temperature is below said alarm temperature, and
      providing a connecting passage between said horn and said cylinder when
      the ambient temperature attains said alarm temperature,
PAL  the improvement wherein said passage means further comprises a pressure
      conversion means for increasing gas pressure within said passage means,
      and a pressure sensing means for detecting an increase in the gas pressure
      within said passage means, and wherein said pressure conversion means
      comprises a part of said connecting passage adjacent to said horn, said
      part comprising at least two portions, a first constricted portion located
      at the end of the part immediately adjacent to said horn, and a second
      unconstricted portion contiguously located to said first constricted
      portion, and wherein said pressure sensing means comprises at least one
      pressure sensitive interior surface of said second unconstricted portion,
      and wherein said pressure sensing means further comprises a pressure
      sensitive switch, and wherein said pressure sensing means further
      comprises an alarm circuit connected to the switch having means for
      activating remote indicating devices in response to the activation of said
      switch.
NUM  2.
PAR  2. The invention of claim 1, wherein the first constricted portion of said
      pressure conversion means exerts a fluid frictional resistance which is
      slightly greater than the fluid frictional resistance exerted by the
      section of the connecting passage which does not include said pressure
      conversion means.
NUM  3.
PAR  3. The invention of claim 2, wherein the constricted portion of said
      pressure conversion means is substantially cylindrical having a diameter
      of 0.031 inches and having a bore length of 0.375 inches, and wherein the
      smallest cross sectional area of the connecting passage section which does
      not include the pressure conversion means comprises a substantially
      cylindrical opening which is 0.035 inches in diameter and 0.020 inches in
      bore length.
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PAL  A combination smoke and heat detector alarm including a self contained
      stored energy source in the form of a cylinder of compressed gas. A
      T-fitting connects to the cylinder and feeds separate conduit systems
      leading to individual sounding devices. A fusible element is interposed in
      one of the conduit systems to automatically permit transfer of the
      compressed gas to a first sounding device upon the presence of elevated
      temperatures. A solenoid operated switch is interposed in the other
      conduit system to normally prevent the flow of gas. The solenoid is
      responsive to a smoke detector and is wired to open the solenoid valve
      upon sensing the presence of a predetermined concentration of smoke.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the field of alarm devices and
      more particularly, is directed to a combination smoke and heat detector
      alarm system which is equally responsive to either the presence of heat or
      to the presence of smoke.
PAR  The general premise of the need for protecting occupants of buildings from
      the danger of fire has long been a building design concept and many types
      of electrically operated and mechanically operated fire alarm systems have
      been developed by prior workers in the field. The prior art types of fire
      alarm systems have varied greatly in reliability, complexity, scope, cost
      and in the basic protection features afforded by each particular type of
      design. Additionally, distinctions have traditionally been made between
      alarm systems suitable for commercial and industrial establishments, and
      in alarm systems particularly designed for residential use.
PAR  Alarm systems such as manual fire alarms, automatic fire alarms, central
      station connected systems, local supervisory alarm systems, coded and
      non-coded alarm systems, sprinkler alarm systems and others have been
      developed for particular applications in specified occupancies. It will be
      appreciated that the initial cost both in basic equipment price and in the
      cost of installation varies widely between the different systems
      available. The safety and reliability features offered by the various
      systems also are widely divergent. Accordingly, the selection and design
      of an alarm system when planning a new building or when installing an
      alarm system in an existing building forms an important design decision
      dependent upon such factors as the type of occupancy, the type of building
      construction, the number of persons to be protected, the equipment cost
      factor, etc.
PAR  More recently, tests have been conducted and investigations have been made
      of actual fires wherein it has been determined that in many instances, the
      buildings subject to fire become untenable from smoke long before they are
      untenable due to the elevated temperatures of a fire. Because of this
      added awareness, much thought has been given recently to personnel
      protection in buildings. In accordance with these recent studies, safety
      from smoke considerations now form an important building design parameter.
      Numerous smoke detection devices have been developed to a degree wherein
      they are quite reliable and are now in general use. The prior art smoke
      detection systems have, until now, been employed usually to trigger alarm
      systems in commercial and apartment buildings upon presence of smoke to
      thereby warn the building occupants. Because of the added awareness of the
      dangers inherent in residential fires, many self contained, single
      station, relatively inexpensive units have been specifically design for
      residential use in an attempt to reduce the number of fatalities resulting
      from residential fires. Such units have traditionally incorporated a
      sounding device in the form of a bell or horn and a detecting device which
      was either responsive to the presence of smoke or to the presence of heat.
PAR  There are many reported instances wherein a relatively smoky fire did not
      generate sufficient heat to actuate a heat-actuated alarm until it was too
      late to warn the building occupants of the presence of deadly smoke. Other
      instances have been documented wherein the heat of a fire builds up so
      quickly as to render a building untenable from heat before sufficient
      quantities of smoke are generated to activate a usual smoke detection
      device. Existing smoke detector systems have sometimes failed to properly
      function when the electrical power required for operation was interrupted
      by action of the fire itself. Other smoke detector systems have proved
      deficient to a degree in that the associated alarm device of existing
      single station units cannot develop sound levels above 93 DBa.
      Accordingly, a single station unit which incorporates a sounding device
      capable of emitting alarm signals of greater intensity and which can be
      actuated both by a heat actuated device and by a smoke actuated device
      would be most desirable. Heretofore, no such combination unit has been
      made available for public use.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to the field of alarm systems, and more
      particularly, is directed to a self-contained alarm system that is equally
      responsive to the presence of smoke and to the presence of heat.
PAR  The alarm device of the present invention includes a self contained energy
      source which may be in the form of a conventional compressed gas bottle
      containing an easily compressed gas in liquid form such as "Freon" gas. A
      fitting connects to the gas cylinder outlet and feeds two separate gas
      conduit systems, each system of which leads to a separate sounding device,
      such as gas operated horn of the type capable of producing an alarm signal
      of 115DBa.
PAR  Interposed in one of the gas conduit systems is a fusible element which may
      be in the form of a eutectic alloy which is designed to melt at a
      predetermined temperature for example, 136.degree. or 174.degree.,
      depending upon the predetermined conditions of use. Interposed in the
      second gas conduit system is a conventional solenoid operated valve which
      is normally closed but which may be moved to its open position upon
      triggering of a self contained smoke detection device. The smoke detection
      device may be of any well known, approved type such as a photo electric
      cell smoke detector or an ionization products of combustion smoke
      detector. Thus, the combination smoke and heat detector of the present
      invention is completely self contained and is equally responsive both to
      the presence of a predetermined elevated temperature and to the presence
      of a sufficient concentration of smoke.
PAR  It is therefore an object of the present invention to provide an improved
      combination smoke and heat detector alarm of the type set forth.
PAR  It is another object of the present invention to provide a novel
      combination smoke and heat detector alarm which includes in combination a
      self contained source of energy and two sounding devices, one sounding
      device being responsive to the presence of heat and the second sounding
      device being responsive to the presence of smoke.
PAR  It is another object of the present invention to provide a novel
      combination smoke and heat detector alarm that is completely self
      contained and through a single gas cylinder functions a first horn upon
      presence of elevated temperatures and a second horn upon presence of a
      predetermined concentration of smoke.
PAR  It is another object of the invention to provide a novel combination smoke
      and heat detector alarm system which incorporates an independent,
      mechanically operated heat detector and an independent, electrically
      operated smoke detector wherein the heat detector is not effected by
      possible electrical failure of the smoke detector.
PAR  It is another object of the present invention to provide a novel
      combination smoke and heat detector alarm system which is capable of
      generating an alarm signal in the smoke detector portion of greater
      intensity than heretofore possible.
PAR  It is another object of the present invention to provide a novel
      combination smoke and heat detector alarm that is simple in design,
      inexpensive in manufacture and trouble free when in use.
PAR  Other objects and a fuller understanding of the invention will be had by
      referring to the following description and claims of a preferred
      embodiment thereof, taken in conjunction with the accompanying drawings,
      wherein like reference characters refer to similar parts throughout the
      several views and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a rear perspective view of the invention with the rear cover
      removed and partially broken away to expose details of interior
      construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Although specific terms are used in the following description for the sake
      of clarity, these terms are intended to refer only to the particular
      structure of my invention selected for illustration in the drawings, and
      are not intended to define or limit the scope of the invention.
PAR  Referring now to the drawing, I show in FIG. 1 a combination smoke and heat
      detector alarm system 10 of the self-contained type wherein the component
      parts are mounted within an enclosing cabinet 12. The cabinet 12 is
      preferably fabricated of expanded metal or other material providing a high
      percentage of open area to thereby permit the ambient air to readily pass
      therethrough. Thus, the products of combustion (if present) can readily
      reach the smoke detector installed within the cabinet 12. Similarly,
      elevated temperatures caused by a fire can directly impinge upon a heat
      responsive element 28 contained within the cabinet 12.
PAR  The source of energy which preferably is in the form of a compressed gas
      cylinder 14 stores a quantity of liquified compressed gas (not shown)
      which preferably is liquified "Freon." The gas cylinder 14 is provided
      with a threaded outlet 16 which is utilized both for cylinder filling
      purposes prior to installation and to permit the exit of gas therefrom
      upon the detection of smoke or heat in the manner hereinafter more fully
      set forth. A threaded fitting 18 of generally T-shaped configuration is
      threadedly engaged in the outlet 16 and has interior channels 19
      communicating with the interior of the gas cylinder 14 to permit gas flow
      either through the top opening 20 or through the side opening 22 upon
      actuation of a detecting device.
PAR  A first gas conduit system 24 leads from the top opening 20 of the threaded
      fitting 18 and connects at its other end to a first horn 26 or other
      suitable sounding device. A fusible element 28 which may be in the form of
      a eutectic alloy designed to melt at a predetermined temperature, for
      example 136.degree.F. or 174.degree.F., is interposed in the first conduit
      system 24 in conventional manner to detect the presence of heat in the
      vicinity of the combination alarm system 10. Thus, upon detecting the
      presence of temperature sufficiently elevated to activate the device, the
      fusible element 28 will melt to thereby open the first gas conduit system
      24 to permit the flow of gas from within the cylinder 14 through the
      threaded fitting 18, through the first gas conduit system 24 and into the
      diaphragm horn 26 for alarm sounding purposes.
PAR  A second gas conduit system 30 connects to the side opening 22 of the
      fitting 18 and leads through the solenoid operated valve 32 to a second
      gas operated horn 34. The solenoid operated valve 32 is movable from a
      closed position wherein no gas can flow from the cylinder 14 through the
      second gas conduit system 30 to an open position wherein gas freely flows
      from the compressed gas cylinder 14 through the solenoid operated valve 32
      to the second diaphragm horn 34 for alarm sounding purposes. The solenoid
      may be any suitable gas type solenoid valve such as the valve manufactured
      by Skinner Precision Industries, Inc., New Britain, Connecticut rated for
      110 volt, 6 watt service.
PAR  A smoke detector 36 of approved design such as a photoelectric smoke
      detector or an ionization products of combustion detector is mounted
      within the cabinet 12 and has its sampling air inlets 38, 40 conveniently
      positioned to continuously sample the ambient air. Electrical energy to
      power the smoke detector may be supplied through a conventional electrical
      cord 39 which can be connected to a usual source (not shown) of 110v.
      electrical current in well known manner. The smoke detector 36 should be
      of suitable type to close a relay or comparable device (not shown) to
      energize an electrical circuit 42 for solenoid valve 32 operation purposes
      as hereinafter more fully set forth. One detector that has been found
      suitable for this purpose is Model A1-711 as manufactured by Algenik
      Industries, Inc., Fort Lauderdale, Florida as listed and approved by
      Underwriters' Laboratories, Inc. This particular smoke detector 36 also
      includes a separate heat detector 44 and alarm sounding device 46 but
      these latter two features do not form a part of the present invention. See
      U.S. Pat. No. 3,383,670, for further details of this detector.
PAR  Upon detection of a predetermined density or concentration of smoke in the
      ambient atmosphere in accordance with recognized standards, such as the
      standards prepared by Underwriters' Laboratories, Inc. and the American
      Society for Testing and Materials, the smoke detector 36 will function to
      trigger a device such as a relay, semi conductor switch or similar device
      (not shown) which acts to energize the electrical circuit 42. The circuit
      42 functions the solenoid operated valve 32 to thereby open the second gas
      conduit system 30 to expose the second horn 34 to the gaseous contents
      retained under pressure within the compressed gas cylinder 14. The passage
      of the gas (not shown) from the cylinder 14 through the second horn 34
      activates the horn to thereby render the second horn directly responsive
      to the presence of smoke as detected by the smoke detector 36. Thus, it is
      seen that the first horn 26 is responsive to the presence of heat as
      controlled by the fusible element 38 and the second horn 34 is directly
      responsive to the presence of a concentration of smoke as controlled by
      the solenoid operated valve 32 upon function of the smoke detector 36.
PAR  It will be appreciated that the fitting 18 simultaneously pressurizes the
      first gas conduit system 24 and the second gas conduit system 30 by
      exposing both gas conduit systems to the gaseous contents of the
      compressed gas cylinder 14. In this manner, either the system 24 or the
      system 30 can be activated upon sensing respectively the presence of a
      sufficient concentration of smoke or of a predetermined elevated
      temperature. Should a fire develop and generate sufficient quantities of
      smoke and sufficient elevated temperatures to activate both the smoke
      detector 36 and the fusible element 28, then both horns 26, 34 will be
      simultaneously activated to thereby generate an alarm sound of much
      greater intensity than that possible from only a single sounding device.
      Thus, as a fire develops intensity, the single unit 10 is designed to
      greatly increase the alarm intensity capabilities.
PAR  For example, by employing the applicable Underwriters' Laboratories, Inc.
      test procedures, a single horn 26 was activated and a generated sound in
      the range of 115 DBa was noted. Then the second horn 34 was simultaneously
      activated and readings in the range of 118-120 DBa resulted. As set forth
      in a publication entitled "Household Fire Warning Equipment Spot Type
      Detectors," published by Fire Equipment Manufacturers Association (FEMA),
      May, 1974, Page 12, each increase of one decibel is equal to an effective
      increase in intensity of sound of 26 percent.
PAR  Although I have described the present invention with reference to the
      particular embodiments herein set forth, it is understood that the present
      disclosure has been made only by way of example and that numerous changes
      in the details of construction may be resorted to without departing from
      the spirit and scope of the invention. Thus, the scope of the invention
      should not be limited by the foregoing specification, but rather only by
      the scope of the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a combination smoke and heat detector alarm, the combination of
PA1  A. a self contained source of energy,
PA2  1. said source including an energy outlet,
PA2  2. said source being compressed gas;
PA1  B. a first conduit system communicating with the outlet,
PAR  1. said first conduit system including a first sounding device, said first
      sounding device being a gas operated horn,
PA2  2. said first conduit system including first valve means to regulate the
      flow of energy from the source to the first sounding device,
PA2  3. said first valve means being movable by non-electrical energy from a
      closed condition to an open condition upon sensing a predetermined high
      temperature in the vicinity of the alarm; and
PA1  C. a second conduit system communicating with the said outlet,
PA2  1. said second conduit system including a second sounding device, said
      second sounding device being a gas operated horn,
PA2  2. said second conduit system including second valve means to regulate the
      flow of energy from the source to the second sounding device,
PAR  3. said second valve means being movable by electrical energy from a closed
      position to an open position upon sensing a predetermined quantity of
      smoke in the vicinity of the alarm.
NUM  2.
PAR  2. The alarm of claim 1 wherein there is no direct connection between the
      first sounding device and the second sounding device.
NUM  3.
PAR  3. The alarm of claim 1 wherein the first valve means comprise a fusible
      element, said fusible element melting upon the presence of elevated
      temperatures to move the first valve means from the said closed condition
      to the open condition.
NUM  4.
PAR  4. The alarm of claim 3 wherein the first valve means positions entirely
      within the first conduit system.
NUM  5.
PAR  5. The alarm of claim 1 wherein the second valve means include an
      electrically powered smoke detector.
NUM  6.
PAR  6. The alarm of claim 5 wherein the second valve means include a solenoid
      operated valve, said valve being normally closed to prevent the flow of
      compressed gas through the second conduit system, said valve being opened
      by the smoke detector upon detection of the predetermined concentration of
      smoke, said valve being positioned within the second conduit system.
NUM  7.
PAR  7. The alarm of claim 6 and a fitting attached to the outlet, said fitting
      having a single inlet connection to receive compressed gas from the
      outlet, said fitting having a first connection to the first conduit system
      and a second connection to the second conduit system, the said first
      connection, second connection and the inlet connection being interiorly
      interconnected to simultaneously pressurize both the first and second
      conduit systems.
NUM  8.
PAR  8. The alarm of claim 7 wherein the first and second conduit systems
      include means to simultaneously conduct energy to the first and second
      sounding devices whereby the horns can be operated simultaneously.
NUM  9.
PAR  9. The alarm of claim 8 wherein the means to conduct energy to the first
      and second sounding devices include means to function the first and second
      valve means simultaneously.
NUM  10.
PAR  10. The alarm of claim 8 wherein the means to conduct energy to the first
      and second sounding device include means to function the first and second
      valve means individually.
NUM  11.
PAR  11. The alarm of claim 1 wherein one horn generates a sound of intensity in
      the range of 115 DBa and wherein the alarm includes means to increase the
      intensity of the sound by a range of approximately 78 percent to 130
      percent.
NUM  12.
PAR  12. The alarm of claim 13 wherein wherein the means to increase include
      means to function the first and second sounding devices simultaneously.
PATN
WKU  039381161
SRC  5
APN  4964004
APT  1
ART  234
APD  19740812
TTL  Leak detection device
ISD  19760210
NCL  1
ECL  1
EXA  Myer; Daniel
EXP  Caldwell; John W.
NDR  2
NFG  4
INVT
NAM  Schneider; Helmut L.
CTY  Toronto
CNT  CA
ASSG
NAM  The Molson Companies Limited
CTY  Rexdale
CNT  CA
COD  03
PRIR
CNT  CA
APD  19740422
APN  197942
CLAS
OCL  340242
XCL  198 40
XCL  340259
EDF  2
ICL  G08B 2100
FSC  340
FSS  242;259;235
FSC  198
FSS  40
FSC   73
FSS  40
FSC  307
FSS  118
UREF
PNO  2680834
ISD  19540600
NAM  Burns et al.
XCL  340235
UREF
PNO  3141129
ISD  19640700
NAM  Dietert
XCL  340235
FREF
PNO  232,331
ISD  19610200
CNT  AU
OCL  340235
LREP
FR2  Casella; Anthony J.
ABST
PAL  The invention relates to a leak detection device comprising a pair of metal
      probes which are positioned on a conveyor to detect leakage from broken
      bottles within a cardboard carton or carrier and which probes are
      connected to a suitable alarm system and/or the conveyor controls.
BSUM
PAR  This invention relates to a leak detection device which is particularly
      suitable for use in brewing and other beverage industries.
PAR  As is well known, bottled beverages are quite often sold in cardboard
      cartons or cardboard "pop" carriers. The cardboard is either corrugated
      cardboard or what is known in the trade as hard or chip-board. When filled
      bottles are placed in the cartons or carriers, it sometimes happens that
      one bottle is fractured thus permitting its liquid contents to escape on
      to the inner surface of the bottom flaps of the carton or carrier. This
      escaping liquid, quite obviously, will soak into the said flaps so that,
      at the end of the filling line, when the cartons or carriers are lifted,
      the bottom will collapse and the remaining filled bottles drop to the
      floor with disasterous results.
PAR  It is an object of the invention, therefore, to provide a simple and
      inexpensive leak detection device for incorporation with a bottled
      beverage carton or carrier filling line.
DRWD
PAR  The invention is illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a perspective plan view of the leak detection sensor plate;
PAR  FIG. 2 is a side elevation of FIG. 1;
PAR  FIG. 3 is a diagrammatic side view of the sensor plate shown incorporated
      in a carton filling line; and
PAR  FIG. 4 is a block diagram.
DETD
PAR  Referring to the drawings, and in particular to FIG. 1, the leak detection
      device is of simple construction but is nonetheless efficient in its
      operation; basically, it includes a sensor plate 1 which is mounted so as
      to be part of the normal carton conveying line indicated generally at 2 in
      FIG. 3.
PAR  The plate 1 includes a pair of parallel, but spaced, copper bars 3 which
      are secured to the upper surface of said plate by means of recessed screws
      4 which bars 3 extend normal to the path of travel, indicated by arrow A,
      of the cartons along the conveying line.
PAR  The screws 4 extend through the plate 1 and project from its undersurface
      and are each connected to a sensing conductor 5 by means of a nut 6.
PAR  Accordingly, filled cartons C (see FIG. 3) pass along the path of travel A
      in normal fashion and over the leak detection device located in said path
      of travel. However, if breakage has occurred within a carton and the
      bottom has become saturated owing to seepage, the passage of such a carton
      over the plate 1 will cause the pair of bars or electrodes 3 to sense the
      moisture and to relay a signal to an amplifier and sensitivity control
      (see FIG. 4) and from thence to a selector and relay panel. The latter
      will then activate a visual and/or audio indicator or alarm and shut down
      the palletizing machine and line until the damaged carton or case has been
      removed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination
PA1  A. a conveyor for conveying containers formed of absorbent material and
      containing frangible bottles filled with liquid;
PA1  B. a sensor plate, having an upper surface, forming part of the conveyor
      and arranged in the path of travel of said containers;
PA1  C. a pair of parallel, spaced, copper, sensing bars detachably secured to
      said upper surface, projecting therefrom and extending normal to said path
      of travel for sensing the moisture content of the bottom of each said
      container;
PA1  d. at least one sensing conductor connected to each said bar;
PA1  e. an amplifier and sensitivity control electrically connected to said
      sensor plate and to
PA1  f. a selector and relay panel which, in turn, is electrically connected to
PA1  g. an alarm and to said conveyor to activate the former and deactivate the
      latter when said bars detect any moisture emanating from containers
      passing over said bars.
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ABST
PAL  A critical liquid-level warning circuit for association with a liquid-level
      indicating circuit, the indicating circuit including a sensing device that
      provides a voltage which varies between upper and lower voltage limits as
      a function of the level of a liquid. The warning circuit is particularly
      suitable for use in indicating a low fuel level in the fuel tank of a
      vehicle and, in the preferred embodiment, includes a first operational
      amplifier responsive to the sensing device voltage and a second
      operational amplifier that controls the actuation of a warning device. A
      delay circuit is interposed between the first and second operational
      amplifiers. The output of the first operational amplifier changes from one
      condition to another condition upon occurrence of a critical liquid level.
      The delay circuit provides a voltage which varies in magnitude as a
      function of time elapsed subsequent to the change in condition of the
      output of the first operational amplifier. This variable voltage controls
      the second operational amplifier. Preferably, the second operational
      amplifier circuit includes means for delaying the de-actuation of the
      warning device, thereby, to prevent intermittent warning device operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a critical liquidlevel warning circuit
      particularly suitable for use in a motor vehicle to indicate a low or
      critical level in its fuel tank. More particularly, the invention relates
      to a warning circuit for association with a liquid-level indicating
      circuit for a motor vehicle. The indicating circuit provides a voltage
      signal which varies between upper and lower voltage limits as a function
      of the liquid level sensed by a sensing device.
PAR  Related prior art includes the following U.S. Pat. Nos: 3,668,630;
      3,681,753; 3,739,337; 3,740,740; 3,644,885; 3,641,544; and 3,623,043. The
      first four of these patents are believed to be the most pertinent.
PAR  It is an object of the invention to provide a critical liquid-level warning
      circuit suitable for use in a motor vehicle to provide its operator with a
      visual or other warning indication when the quantity of fuel remaining in
      the vehicle fuel tank is at a low or critical level, for example,
      one-eighth of full tank capacity. In the preferred form of the invention,
      as hereinafter described, the critical liquid-level warning circuit is
      capable of being packaged on the rear portion of a conventional fuel
      indicating gauge. This permits associative calibration of both the
      indicating gauge and the critical liquid-level indicating circuit. Also,
      the warning circuit of the invention is capable of providing a time delay
      of 20 or more seconds between the occurrence of a critical liquid-level
      and the provision of the warning signal to the vehicle operator. This time
      delay is desirable to prevent the occurrence of false low-fuel warnings
      that might otherwise occur when the vehicle is accelerating, going uphill
      or downhill, cornering, or undergoing operation that causes the fuel to
      slosh about or otherwise vary in level in a transient manner. The circuit
      of the invention also is capable of providing a time delay with respect to
      de-actuation of the warning device once it has been actuated.
PAR  The critical liquid-level warning circuit of the invention is capable of
      operating over an extended ambient temperature range and is provided with
      protection against vehicle electrical transient conditions. An important
      feature of the invention is that the critical liquid-level warning circuit
      may be calibrated during its manufacture without it being necessary to
      await the elapse of the time delay provided in the warning circuit.
      Furthermore, the warning circuit is of a design that permits integrated
      circuit construction, a feature highly desirable in a circuit to be
      produced in large volume. Also, the circuit of the invention is compatible
      with both magnetic gauge fuel indicating systems and thermal milliammeter
      gauge systems.
PAR  The invention may be better understood by reference to the detailed
      description which follows and to the drawing, which is a schematic
      electrical diagram of a liquid-level indicating circuit and of a critical
      liquid-level warning circuit particularly suitable for use as a vehicle
      low-fuel warning circuit.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference now to the drawing, there is shown a circuit generally
      designated by the numeral 10 which includes a critical liquid-level
      warning circuit. The circuit 10 also includes a gauge indicating circuit
      that provides a voltage signal which varies between upper and lower
      voltage limits as a function of a liquid level sensed by a sensing device.
      In the preferred form of the invention depicted by the circuit 10, the
      liquid level sensed is the level of fuel in the tank of a motor vehicle
      and the critical liquid-level warning is provided to indicate a low fuel
      level. In the drawing, the various component values and component types
      are given for the purpose of example and not limitation.
PAR  The circuit 10 includes a DC source of electrical energy, which may be a
      conventional vehicle twelve-volt storage battery 12, having its negative
      terminal lead 14 connected to ground at 16. The positive terminal lead 18
      from the DC source is connected through a conventional vehicle ignition
      switch 20 to one terminal of a resistor 22. A positive voltage supply lead
      26 is connected to the other terminal of the resistor 22. The cathode of a
      zener diode 24 is connected to this supply lead 26 and its anode is
      connected to ground. The zener diode 24 provides transient protection for
      the circuit 10. The resistor 22 limits the current.
PAR  A voltage divider is formed from the series connection, between the voltage
      supply leads 26 and 16, of a resistor 28, a potentiometer 30 and a
      resistor 32. The arm 34 of the potentiometer 30 is connected through an
      input resistor 36 to the negative input of an operational amplifier 38
      used as a comparator. The voltage on the potentiometer arm 34 provides a
      reference potential that establishes the liquid level at which the
      critical liquid-level warning circuit provides the vehicle operator with a
      low fuel warning signal.
PAR  A current limiting resistor 40 has its upper terminal connected to the
      junction formed between the ignition switch 20 and the resistor 22 and has
      its lower terminal connected through a radio frequency choke 42 to a
      thermal voltage regulator 44. The voltage regulator 44 has a fixed contact
      46 and a movable contact 48 on a movable arm 50. A coil of resistance wire
      52 is wound about the movable arm 50 and is connected by a lead 54 to the
      ground lead 16. With the ignition switch 20 closed and the contacts 46 and
      48 closed, current flows through the resistor 40, the choke 42, the
      contacts 46 and 48, the resistance wire 52 and the lead 54. This causes
      the resistance wire 52 to dissipate heat which is transferred to the
      movable arm 50. The movable arm 50 is made from a bimetallic material and,
      as a result, the heat causes the movable arm 50 to deform opening the
      contacts 46 and 48. This interrupts the current flow through the
      resistance wire 52, the bimetallic arm 50 cools, and the contacts 46 and
      48 again close. The repeated opening and closing of the contacts 46 and 48
      produces a voltage on a lead 56 connected to the movable arm 50 that has a
      rectangular pulse waveform and that has a duty cycle that depends upon the
      magnitude of the voltage produced by the DC source 12. Higher voltages
      from the DC source reduce the duty cycle because the resistance wire 52
      dissipates energy at a greater rate. Lower supply line voltages increase
      the duty cycle of the rectangular voltage waveform on the lead 56. Also,
      it should be noted that higher supply line voltages tend to increase the
      voltage on the potentiometer arm 34 and lower supply line voltages tend to
      decrease its voltage.
PAR  Lead 56 from the voltage regulator is connected to a terminal 60 of a fuel
      gauge 58. The fuel gauge 58 may be a thermo-milliammeter gauge, a magnetic
      gauge or the like. Its terminal 62 is connected through the resistance of
      a rheostat 64 to the ground lead 16. The rheostat 64 has a movable arm 66
      that is connected by a lead 68 to the grounded lead 54. The arm 66 of the
      potentiometer is connected to a float mechanism 70 located in the fuel
      tank 72 of a motor vehicle. When the fuel tank 72 is full, the arm 66 is
      at an upper position, as viewed in the drawing, so that the resistance
      between the fuel gauge terminal 62 and the ground lead 16 is at a minimum
      resulting from the fact that the arm 66 and the lead 68 short circuit or
      shunt the lower resistance portion of the rheostat 64. When the fuel tank
      reaches an empty position, the arm 66 is at a lower position and a maximum
      resistance is interposed between the gauge terminal 62 and the arm 66.
      Therefore, when the fuel tank is full, the maximum current flows through
      the gauge 58 and, when it is empty, the minimum current flows through this
      gauge. The voltage at the terminal 62 of the gauge is at its lowest level
      with respect to ground potential when the fuel tank is full and is at its
      highest level when the fuel tank is empty. Thus, the gauge and its
      associated circuitry provide a voltage signal at the terminal 62 that
      varies between lower and upper limits as a function of the fuel level
      sensed by the rheostat 64 and its associated float mechanism 70. At some
      predetermined point, corresponding to perhaps one-eighth of a full tank
      fuel level, it is desirable to provide the vehicle operator with an
      indication of this condition.
PAR  Terminal 62 of the gauge 68 is connected through an input resistor 76 to
      the positive input of the amplifier 38. When the voltage on the terminal
      62 is lower than the voltage on the potentiometer arm 34, the output of
      the amplifier 38 is a minimum or low level voltage signal substantially
      equal to ground potential. However, when the voltage on the terminal 62
      exceeds, by about 20 to 30 millivolts, the critical voltage level
      established by the setting of the potentiometer arm 34, then the positive
      input to the amplifier 38 is more positive than its negative input and the
      output of the amplifier 38 reaches its high saturated voltage level.
      However, the voltage on the output lead 76 of the amplifier 38 is a
      rectangular voltage waveform, as indicated at 78, when the critical level
      is exceeded because the voltage regulator 44 provides a rectangular
      voltage signal on the terminal 62 connected to the amplifier positive
      input.
PAR  It is contemplated that the potentiometer arm 34 would be set or calibrated
      during manufacture of the circuit 10. Preferably, the gauge 58 and the
      other components of the circuit 10 are assembled as a unit during the
      manufacturing process so that the critical liquid-level warning circuit
      may be calibrated at the same time that the gauge 58 is calibrated. In
      this connection, it should be noted that the signal on the output lead 76
      occurs immediately after the voltage on the terminal 62 exceeds the
      critical predetermined low-fuel level established by the position of the
      potentiometer arm 34. Thus, during manufacturing calibration, the arm 66
      of the rheostat 64 may be moved to a position corresponding to that at
      which it is desired to provide a low-fuel warning indication, and the
      potentiometer arm 34 may be adjusted until the rectangular waveform signal
      78 appears on the output 76 of the amplifier 38. Immediate detection of
      this signal may be sensed at the calibration terminal 80 connected to the
      output 76.
PAR  The amplifier output lead 76 is connected to the anode of a blocking diode
      82. The cathode of the diode 82 is connected through a resistor 84 to the
      ground lead 16 and is connected through a resistor 86 and a resistor 88 to
      the base of a transistor 92. The transistor 92 is connected as an emitter
      follower; it has its emitter connected through a current limiting resistor
      94 to the ground lead 16 and has its collector connected by a lead 96 to
      the voltage supply lead 26. A capacitor 90, preferably a low leakage
      tantalum capacitor, has one of its terminals connected to the junction
      formed between the resistors 86 and 88 and has its other terminal
      connected to the ground lead 16.
PAR  The function of the circuitry described in the preceding paragraph is to
      provide a time delay between the occurrence of the rectangular waveform 78
      at the output 76 of the amplifier 38 and the occurrence of the low fuel
      warning provided the vehicle operator. Preferably, this time delay is
      between 20 and 30 seconds and is necessary to prevent false low-fuel
      warnings which might otherwise occur during vehicle acceleration and
      deceleration, travel over bumpy roads or the like, and during cornering or
      uphill or downhill manuevers. These vehicle operating conditions cause
      transient changes in the level of the fuel sensed by the float mechanism
      70. The time delay prevents such transient fuel level conditions from
      producing a low-fuel warning signal.
PAR  In the operation of the time delay circuitry, the appearance of the
      rectangular waveform 78 on the amplifier output lead 76 causes the
      capacitor 90 to be charged in a pulsating manner through the current path
      including the blocking diode 82 and the resistor 86. When the pulsating
      output waveform 78 is at its low voltage level, the blocking diode 82 is
      reverse-biased and therefore prevents discharge of the capacitor 90
      through the amplifier 38 circuitry. However, the capacitor 90 can
      discharge to some extend through the current path including the resistor
      86 and the high resistance 84. Thus, subsequent to the occurrence of the
      low fuel condition signified by the appearance of the rectangular waveform
      78 at the output 76 of the amplifier 38, the capacitor 90 gradually
      charges and has an increasing voltage level at its upper terminal. This
      voltage is applied through the resistor 88 to the base of the transistor
      92 to cause its emitter to attain a voltage level equal to the voltage on
      the upper terminal of the capacitor 90 less the small voltage drop across
      the resistor 88 and the base-emitter junction of the transistor 92. The
      voltage on the emitter of the transistor 92 is applied through an input
      resistor 98 to the positive input of an operational amplifier 100. The
      output lead 102 of the operational amplifier 100, is connected through a
      feedback resistor 104 to its positive input. The negative input 106 to the
      amplifier 100 is connected to the junction formed between resistors 108
      and 110. Resistors 108 and 110 are connected in series between the
      positive voltage supply lead 26 and the ground supply lead 16. Thus, these
      resistors form a voltage divider and a reference voltage proportional to
      the voltage across the supply leads 26 and 16 is applied to the negative
      input lead 106 of the amplifier 100. When the voltage on the emitter of
      the transistor 92 is sufficiently high such that the voltage at the
      positive input to the amplifier 100 exceeds, by about 20 to 30 millivolts,
      the voltage on the negative input lead 106, then the voltage on the output
      lead 102 of the amplifier 100 increases to its maximum positive level with
      respect to ground potential. This voltage is fed back through the feedback
      resistor 104 to the positive input to the amplifier 100, thereby, to
      provide hysteresis in the amplifier 100 circuitry and to reduce its
      response time. The hysteresis effect produced by the feedback resistor 104
      requires that the emitter of the transistor 92 achieve a substantially
      lower voltage level, in order to change the amplifier 100 output from a
      high voltage level to a low voltage level, than is required initially to
      change the amplifier 100 output from a low voltage level to a high voltage
      level.
PAR  The output lead 102 from the amplifier 100 is connected to the anode of a
      light emitting diode 112, which is a Fairchild Semiconductor Corporation
      type FL-250. The cathode of the light emitting diode 112 is connected
      through a current limiting resistor 114 to the ground lead 16. When the
      voltage on the output lead 102 of the amplifier 100 is at its high voltage
      level, the light emitting diode is conductive and emits light which, due
      to the location of the light emitting diode 112 in the vehicle instrument
      panel or other suitable location, provides the vehicle operator with a
      warning of a low fuel condition. Of course, a warning device other than a
      light emitting diode may be utilized; for example, the diode 112 and the
      resistor 114 may be replaced by a relay coil having contacts positioned to
      control a warning device such as an incandescent bulb or buzzer.
PAR  The operational amplifiers 38 and 100 as shown in the drawing bear type
      numbers indicating that each is one half of a very inexpensive operational
      amplifier integrated circuit manufactured by Texas Instruments, Inc. These
      inexpensive operational amplifiers have low input impedences and,
      therefore, the emitter follower transistor 92 is provided to provide a
      high impedence buffer between the capacitor 90 of the time delay circuit
      and the input to the amplifier 100. The emitter follower 92 also provides
      the low signal source impedence desirable for the input to the amplifier
      100.
PAR  The resistors 90 and 104 as shown have resistance values designed to
      provide a time delay, subsequent to the occurrence of a voltage on the
      gauge terminal 62 below the critical level established by the
      potentiometer arm 34, for de-energization of the warning device 112. This
      time delay for de-energization of the warning device is comparable to the
      time delay required to energize it subsequent to the occurrence on the
      gauge terminal 62 of a voltage above the predetermined critical level
      established by the setting of the potentiometer arm 34. In other words,
      symmetrical time delays for actuation and de-actuation of the warning
      device 112 may be provided.
CLMS
STM  Based upon the foregoing description of the invention, what is claimed is:
NUM  1.
PAR  1. A critical liquid-level warning circuit for association with a
      liquid-level indicating circuit, said indicating circuit including a
      sensing device which provides a voltage that varies between lower and
      upper voltage limits as a function of a liquid level sensed by said
      sensing device, said critical liquid-level warning circuit comprising:
PA1  first circuit means, supplied with said sensing device voltage, for
      generating an electrical signal having one of two conditions depending
      upon whether said sensing device voltage is below or above a predetermined
      critical level;
PA1  an electrically actuable warning device;
PA1  second circuit means for controlling the actuation of said warning device,
      said second circuit means having an output coupled to said warning device
      and having an input responsive to a predetermined voltage level to cause
      said output to actuate said warning device; and
PA1  a delay circuit, coupled to the output of said first circuit means and to
      the input of said second circuit means, said delay circuit producing a
      voltage signal which varies in magnitude as a function of time elapsed
      subsequent to the change of said electrical signal generated by said first
      circuit means from one of said two conditions to the other of said two
      conditions, said second circuit means actuating said warning device when
      said variable voltage signal reaches a predetermined level.
NUM  2.
PAR  2. A critical liquid-level warning circuit as recited in claim 1 wherein
      said second circuit means further includes circuit means for delaying the
      de-actuation of said warning device.
NUM  3.
PAR  3. A critical liquid-level warning circuit as recited in claim 2, wherein
      said delay circuit includes a transistor connected as an emitter follower,
      said delay circuit being coupled to said second circuit means through said
      transistor.
NUM  4.
PAR  4. A critical liquid-level warning circuit as recited in claim 1, wherein
      said delay circuit includes a capacitor and a resistor, said capacitor
      being charged through said resistor when said electrical signal generated
      by said first circuit means changes from said one of said two conditions
      to said other of said two conditions.
NUM  5.
PAR  5. A critical liquid-level warning circuit as recited in claim 3, wherein
      said delay circuit includes a transistor connected as an emitter follower,
      said delay circuit being coupled to said second circuit means through said
      transistor.
NUM  6.
PAR  6. A critical liquid-level warning circuit as recited in claim 1, wherein
      said delay circuit includes a transistor connected as an emitter follower,
      said delay circuit being coupled to said second circuit means through said
      transistor.
NUM  7.
PAR  7. A critical liquid-level warning circuit as recited in claim 1, wherein
      said second circuit means includes means for delaying the de-actuation of
      said warning device subsequent to a change of said electrical signal
      generated by said first circuit means from said other of said two
      conditions to said one of said two conditions.
NUM  8.
PAR  8. A critical liquid-level warning circuit for association with a
      liquid-level indicating circuit, said indicating circuit including a
      sensing device which provides a voltage that varies between lower and
      upper voltage limits as a function of a liquid level sensed by said
      sensing device, said critical liquid-level warning circuit comprising:
PA1  first circuit means for generating a first reference voltage signal;
PA1  an amplifier having a first input coupled to said first circuit means to
      couple said first reference voltage signal to said first input of said
      first amplifier, said amplifier having a second input adapted to be
      supplied with said sensing device voltage, said first amplifier having an
      output voltage which changes from a first condition to a second condition
      when the polarity of said sensing device voltage, with respect to said
      first reference voltage signal, changes;
PA1  a time delay circuit including a resistor and a capacitor, said capacitor
      being charged through said resistor when the output of said first
      amplifier changes from said first condition to said second condition;
PA1  means for generating a second reference voltage signal;
PA1  a second amplifier having a first input to be supplied with said second
      reference voltage signal and having a second input coupled to said time
      delay circuit, said second amplifier having an output which changes from a
      first condition to a second condition when the voltage across said
      capacitor in said time delay circuit reaches a predetermined level; and
PA1  a warning device, said warning device being actuated when said second
      amplifier output changes from its first condition to its second condition.
NUM  9.
PAR  9. A critical liquid-level warning circuit as recited in claim 8, wherein
      said time delay circuit further includes a transistor connected as an
      emitter follower, the emitter of said transistor being coupled to said
      second input of said second amplifier and the base of said transistor
      being coupled to said capacitor.
NUM  10.
PAR  10. A critical liquid-level warning circuit as recited in claim 9, which
      further includes a feedback resistor coupled between said output of said
      second amplifier and said second input of said second amplifier.
NUM  11.
PAR  11. A critical liquid-level warning circuit as recited in claim 10, wherein
      said first circuit means for generating said first reference signal
      comprises a voltage divider, wherein said second circuit means for
      generating said second reference voltage signal comprises a voltage
      divider and wherein said liquid-level indicating circuit includes a
      voltage regulator that causes said sensing device voltage to pulsate, said
      first amplifier when in its second condition having an output voltage
      signal which pulsates in a manner corresponding to the pulsations of said
      voltage regulator.
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PAL  An intrusion alarm system for use with a plurality of protected zones and
      providing an output indication of a particular zone or zones in which
      intrusion has occurred. A lesser number of signal processors are employed
      than the number of zones being protected. Signals received from each
      protected zone are selectively combined to provide different summed
      signals which are applied to respective processors that are shared by the
      zones and the output signals of which are processed by logic circuitry to
      provide an output indication of the presence of an intruder and an
      indication of the zone in which intrusion has occurred.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to intrusion alarm systems and more particularly to
      systems for detection of intruders in one or more multiple zones and for
      providing an indication of the zones in which intrusion occurs.
PAC  BACKGROUND OF THE INVENTION
PAR  Systems are known for detection of intrusion within a protected zone. Many
      such systems employ Doppler techniques in which a signal is propagated
      within a zone under surveillance, and signals returned from the zone and
      from objects therein processed to determine intruder presence by a Doppler
      signal detectable as an indication of intruder presence. A major
      requirement of all practical intrusion alarm systems is the reliable
      discrimination between an actual intruder and noise or other spurious
      conditions which could give rise to a false alarm indication of intrusion.
      Sophisticated electronic signal processing circuits have been developed
      for providing such discrimination, and such processors are a relatively
      expensive portion of an overall system. For many installations, multiple
      zones are under surveillance and a common signal processor is employed to
      receive signals from each of the zones. However, this type of system will
      provide an alarm when any zone is intruded, but the alarm will not be
      indicative of the particular zone in which intrusion has occurred. In
      order to provide identification of the particular zone being intruded,
      systems of conventional construction employ individual signal processors
      for each zone, which can materially add to the cost and complexity of an
      installed system.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a multiple zone intrusion alarm system
      is provided in which a lesser number of signal processors is employed than
      the number of zones being protected. Signals received from each protected
      zone are selectively combined to provide different summed signals which
      are applied to respective processors operative to discriminate between an
      actual intruder and spurious signal conditions such as noise and to
      provide an output signal indicative of intruder presence. The output
      signals of the signal processors are further processed by logic circuitry
      to derive output signal indications corresponding to respective zones, and
      which are operative to energize output indicators denoting an alarm
      condition in the respective zones. The signal processors are a relatively
      expensive portion of an overall alarm system, and by virtue of the
      invention a greater number of zones is protectable by a relatively lesser
      number of signal processors to achieve an economical system. The invention
      is also useful in denoting a particular one of a number of zones in which
      a false alarm has occurred to identify the zone requiring corrective
      action.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram representation of an embodiment of the invention;
PAR  FIG. 2 is a block diagram representation of an alternative embodiment of
      the invention; and
PAR  FIG. 3 is a table useful in illustrating operation of the embodiment of
      FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1 of the drawing, there is shown a system for the
      surveillance of a plurality of zones being protected and for an indication
      of the particular zone or zones in which intrusion occurs. A plurality of
      transceivers 50, 52 and 54 is provided, each being disposed in a
      respective zone under surveillance and each typically including a
      transmitting transducer for propagating ultrasonic, electromagnetic or
      other suitable energy into the zone, a receiving transducer for receiving
      energy returned from the zone and from objects therein, and a preamplifier
      for amplifying the signals provided by the receiving transducer in
      response to returned energy. The receiver signals in the presence of an
      intruder moving within a surveillance zone contain Doppler information
      representative of intruder presence and these signals are conveyed
      typically via interconnecting wiring to processing circuitry usually
      located remote from the transceivers and operative to discriminate actual
      intruders from noise or other spurious signal conditions and to provide an
      output indication of intruder presence. A three zone system is
      illustrated, but it will be appreciated that the invention is equally
      applicable to any number of zones.
PAR  In the embodiment of FIG. 1, N signal processors are employed for 2.sup.N -
      1 zones; thus a lesser number of processors is employed than the number of
      protected zones. For example, two processors can serve three zones, four
      processors can serve fifteen zones, etc. The signal processors provide
      discrimination between an actual intruder and noise or spurious signal
      conditions that could otherwise cause a false alarm indication. A signal
      processor of preferred implementation is shown in U.S. Pat. No. 3,665,443
      assigned to the assignee of this invention. Referring to FIG. 1, the
      receiver output of transceiver 50 is coupled to one input of a summing
      circuit 56, while the receiver output of transceiver 54 is coupled to one
      input of a summing circuit 58. The receiver output of transceiver 52 is
      coupled to the second input of circuits 56 and 58, the output of which is
      coupled to respective signal processors 60 and 62. The output of
      processors 60 and 62 are coupled to respective multivibrators 64 and 66,
      the outputs of which are coupled to respective inputs of a binary decoder
      68. The outputs of decoder 68 are coupled to a gate 70, the outputs of
      which are applied to zone indicators 72-76 which respectively denote the
      particular zone in which intrusion occurs. The outputs of multivibrators
      64 and 66 are also applied to an OR gate 78, the output of which provides
      an output indication of an alarm condition in one of the zones but without
      indication of which particular zone. The output of OR gate 78 is also
      coupled via a delay circuit 80 to gate 70 as an enable signal therefor.
PAR  The signal processors 60 and 62 provide output signals in accordance with
      the particular input signals received from transceivers 50, 52 and 54. The
      multivibrators 64 and 66 provide short-term storage of the signals applied
      thereto by the corresponding processors such that signals are applied in a
      substantially simultaneous manner to decoder 68 and to OR gate 78 for
      subsequent processing. The decoder 68 provides output signals in
      accordance with the logical combination of input signals applied thereto.
      With the signals applied to decoder 68 from processors 60 and 62 labelled
      A and B respectively, the logical designation of the output signals from
      decoder 68 are as illustrated in FIG. 1. An output signal on the uppermost
      line of decoder 68 is provided in response to a signal from transceiver
      50, while an output signal on the lowermost output line of decoder 68 is
      provided in response to a signal from transceiver 54. Signals from
      transceiver 52 cause provision of an output signal at the middle decoder
      output line. Simultaneous receipt of returned signals from more than one
      zone can give rise to an incorrect zone indication. However, in practice
      simultaneous receipt of returned signals indicating simultaneous intrusion
      in a plurality of zones is quite unlikely to occur.
PAR  The output signals from decoder 68 are coupled by means of gate 70, enabled
      by the signal from multivibrator 80, to respective zone indicators 72-76.
      Actuation of a particular zone indicator thus denotes the particular zone
      in which intrusion is detected. If desired, an output alarm indication can
      also be provided by the output signal from OR gate 78, with the specific
      zone information provided by indicators 72-76.
PAR  An alternative embodiment of the invention is shown in FIG. 2 for providing
      coverage of N.sup.2 zones with N signal processors. Transceivers 90 and 96
      are coupled to respective summing circuits 98 and 100, while transceivers
      92 and 94 are coupled to a double pole, double throw switching circuit
      102, the outputs of which are coupled to respective summing circuits 98
      and 100. The summing circuits 98 and 100 are coupled to respective
      processors 104 and 106, the outputs of which are coupled to an OR gate 108
      and to one input of respective AND gates 110 and 112. The AND gates are
      coupled to respective flip-flops 114 and 116 which, in turn, are coupled
      to AND gates 118 and 120, and AND gates 122 and 124, respectively.
      Processor 104 is coupled to gates 120 and 122, while processor 106 is
      coupled to gates 118 and 124.
PAR  The outputs of the AND gates 118-124 are applied to respective zone
      indicators 126, 128, 130 and 132, and are also applied to an OR gate 134,
      the output of which provides a system alarm indication. The output of OR
      gate 108 is applied as a reset signal to processors 104 and 106, and is
      also applied to a multivibrator 134, the output of which is applied to
      switch 102 and differentiator 136. The differentiator output is applied to
      a pulse amplifier 138, the output signal of which provides a reset signal
      to flip-flops 114 and 116. The output from monostable multivibrator 134 is
      also applied via an inverter circuit 140 to AND gates 110 and 112.
PAR  The embodiment of FIG. 2 is operative in a sequential manner to derive an
      output indication of the particular zone in which intrusion has occurred.
      Initially, the receivers of transceivers 90 and 92 are coupled to
      processor 104 while the receivers of transceivers 94 and 96 are coupled to
      processor 106. Processor 104 provides an output signal in response to
      intruder detection by transceiver 90 or 92, while processor 106 provides
      an output signal upon intrusion detection by transceivers 94 or 96. The
      output signals from processors 104 and 106 are conveyed by means of
      respective AND gates 110 and 112 to respective flip-flops 114 and 116. The
      AND gates 110 and 112 are enabled except for the duration of the gating
      signal from multivibrator 134. Thus, the output signal from processors 104
      or 106 sets the respective flip-flops 114 and 116 to provide a stored
      indication of which processor has detected an intrusion condition. After
      flip-flops 114 or 116 are set, the corresponding processors 104 and 106
      are reset by a signal provided by OR gate 108. This reset signal also
      energizes multivibrator 134 which generates a gating signal operative to
      energize switch 102 and also operative to disable AND gates 110 and 112 by
      way of the signal from inverter 140.
PAR  Activation of switch 102 effectively reverses the outputs of transceivers
      92 and 94 such that processor 104 receives signals from transceivers 90
      and 94, while processor 106 receives signals from transceivers 92 and 96.
      With the intruder still present in a particular zone, processors 104 and
      106 will provide output signals in accordance with the particular zone in
      which intrusion is now detected. As shown in the table of FIG. 3, the
      particular zone in which intrusion has occurred is identified by
      correlation of the output signals from processors 104 and 106 during both
      stages of the detection sequence. In the table, processors 104 and 106 are
      identified by the letters A and B, respectively. If processor A provides
      an output signal during both the first and second alarm detections,
      intrusion has occurred in zone 1 associated with transceiver 90. If
      processor A provides an output signal during the first alarm detection and
      processor B provides an output signal during the second alarm detection,
      then zone 2 associated with transceiver 92 has been intruded. Zone 4
      associated with transceiver 96 is intruded if processor B provides an
      output signal during both detection stages. If processor B provides
      intruder detection during the first detection stage while processor A
      provides an output signal during the second detection stage, then zone 3
      associated with transceiver 94 has been intruded.
PAR  The decoding of the processor output signals is provided by AND gates
      118-124. The flip-flops 114 and 116, which have been set by a
      corresponding processor output signal, enable respective ones of the AND
      gates 118-124. The processor output signals provided during the second
      detection stage are applied to the AND gates illustrated. The gates
      118-124 receiving both a signal from flip-flop 114 or 116 and a signal
      from processor 104 or 106 provide an output signal representative of the
      particular zone in which intrusion has occurred and which signal actuates
      a corresponding zone alarm indicator 126-132. At the end of the gating
      signal from multivibrator 134, which determines the time during which the
      second detection stage occurs, a differentiator 136 is triggered which
      provides, by means of posistive pulse amplifier 138, a reset pulse for
      resetting flip-flops 114 and 116 to place the circuit in condition for a
      subsequent detection cycle. Thus, the embodiment of FIG. 2 is operative in
      a sequential manner to provide a first intruder indication in response to
      a first set of input signals applied to processors 104 and 106, and a
      second intruder indication in response to a second set of input signal
      conditions. An alarm condition as detected during the first portion of the
      sequential detection sequence is stored by flip-flops 114 and 116, and the
      alarm indication as detected by the second portion of the sequential
      detection sequence is provided as a signal to the decoding gates 118-124
      which are selectively enabled by the signal from flip-flops 114 and 116 to
      provide a decoded output signal representative of the intruded zone.
PAR  It will be appreciated that the invention is useful with a variety of
      intrusion alarm systems which can be of the Doppler or other type as well
      as being active or passive. The invention can also be variously
      inplemented to suit specific system requirements, and it is not intended
      therefore to limit the invention by what has been particularly shown and
      described except as indicated in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiple zone intrusion alarm system comprising:
PA1  a plurality of transmitting and receiving means each disposed in a
      respective zone under protection and each including means for propagating
      a signal in said zone and means for receiving signals returned from said
      zone and from objects therein;
PA1  means for selectively combining said returned signals to provide a
      plurality of differently combined signal versions thereof, said signal
      versions being less in number than the number of zones being protected;
PA1  a plurality of signal processors of a lesser number than the number of
      zones under protection and each operative to discriminate between an
      actual intruder and spurious signal conditions, each signal processor
      receiving a respective one of said signal versions and providing an output
      signal in response thereto; and
PA1  decoder means operative in response to said output signals from said signal
      processors to provide a plurality of signals each corresponding to a
      respective protected zone and each representative of intruder presence in
      said zone.
NUM  2.
PAR  2. A multiple zone intrusion alarm system according to claim 1 wherein said
      selectively combining means includes:
PA1  switching means coupled to selected ones of said receiving means and
      operative in one state to convey said returned signals from said selected
      ones of said receiving means to first respective ones of said signal
      processors and operative in a second state to convey said returned signals
      to different respective ones of said signal processors.
NUM  3.
PAR  3. A multiple zone intrusion alarm system according to claim 2 wherein said
      decoder means includes:
PA1  means operative during the first state of said switching means for storing
      a representation of the identity of the signal processor providing an
      output signal representing intruder presence;
PA1  gating means operative during the second state of said switching means for
      providing in response to a signal processor output signal and a signal
      from said storage means an output signal indication of the zone in which
      intrusion is detected.
NUM  4.
PAR  4. A multiple zone intrusion alarm system according to claim 3 wherein said
      gating means includes:
PA1  a plurality of AND gates, respective first pairs thereof receiving a signal
      from respesctive ones of said storage means and respective second pairs
      thereof receiving a signal from a respective one of said signal
      processors, and each providing said output signal indication.
NUM  5.
PAR  5. A multiple zone intrusion alarm system according to claim 1 wherein said
      decoder means includes:
PA1  a binary decoder operative in response to said output signals from said
      signal processors to provide a plurality of signals representing different
      combinations of said returned signals;
PA1  gating means operative in response to said different combinations to
      provide said signals representative of intruder presence in particular
      zones.
NUM  6.
PAR  6. For use in an intrusion alarm system having in each of a plurality of
      protected zones means for receiving signals from said zone and from
      objects therein, said signals containing information representative of
      intruder presence in said zone, circuitry for providing an output
      indication of a zone in which intrusion occurs, said circuitry comprising:
PA1  means for selectively combining said returned signals to provide a
      plurality of differently combined signal versions thereof, said signal
      versions being less in number than the number of said protected zones;
PA1  a plurality of signal processors equal in number to the number of said
      signal versions and each operative to discriminate between an actual
      intruder and spurious signal conditions, each signal processor receiving a
      respective one of said signal versions and providing an output signal in
      response thereto; and
PA1  decoder means operative in response to said output signals from said signal
      processors to provide a plurality of signals each corresponding to a
      respective one of said protected zones and each representative of intruder
      presence in said zone.
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ABST
PAL  A sensing lever, preferably a double-arm lever, is journalled over a
      fulcrum; one arm is engaged by the thread to be supervised, and further
      connected to operate an electrical switch; the other arm is subject to
      electromagnetic force derived from an interrupted, pulsed electromagnet.
      Pulsed operation of the electromagnet can be obtained by a signal derived
      from the switch of the lever itself, or from an extraneous source; upon
      attraction by the magnet, the contacts are opened; during a pulse gap, the
      thread tension depresses the lever, thus closing the contacts; the lever
      will, therefore, continuously vibrate and presence of an a-c signal across
      the switches will be indicative of: (a) presence of thread; (b) thread
      tension below a predetermined limit (excessive tension would overcome the
      pulsed reset force of the electromagnet); and (c) proper operation
      (jamming of the lever would likewise result in a d-c output from the
      switch).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an electro-mechanical thread or yarn
      supervisory apparatus to check for the presence or absence of thread being
      supplied to a textile machine, for example to a spooling machine or the
      like, and having a mechanical element which is in physical contact with
      the thread to be supervised.
PAR  Thread supervisory apparatus are used in many branches of textile
      manufacture. Such apparatus check for the presence of a thread and provide
      a signal if the thread should fail to be detected, so that the production
      machine to which the supervisory apparatus is coupled may be stopped. Such
      apparatus is also at times referred to as a "stop motion" device. Three
      main groups or categories of thread supervisory apparatus are in common
      use: mechanical apparatus, electro-mechanical apparatus, and purely
      electrical apparatus.
PAR  The mechanical thread supervisory apparatus use a lever system in which the
      thread or yarn directly controls machine function. Such a system requires
      precise bearing of the mass to be moved. The mass to be moved, itself, is
      comparatively great, which results in apparatus which is generally slow
      and unreliable.
PAR  Electro-mechanical thread supervisory apparatus also usually use a lever
      system which can be constructed to be much lighter, however, than the
      lever system of purely mechanical apparatus. The lever system only
      operates an electrical contact. A magnet which forms part of the machine
      is energized, directly or by means of a relay, the magnet then operating a
      magnetic clutch, an electric brake, or the like to effect stop motion of
      the machine.
PAR  Purely electrical and electronic stop motion devices do not require movable
      parts. The thread is sensed without contact therewith, either
      photoelectrically or capacitatively. So-called operating thread sensors
      are effective only when the thread is in motion. Small variations in
      uniformity of the spun thread are used to obtain the signal, so that,
      during running of the thread, an aperiodic alternating signal is obtained.
      Such signals are usually not available when the thread is a
      monofilamentary synthetic thread made with high precision, since such
      threads are highly uniform. The utility of electronic thread sensors is
      thus limited and, additionally, such sensors are considerably more
      expensive than other types.
PAR  Mechanical thread sensors have a wide field of utility when many runs of
      threads are to be supervised, for example in machinery which uses 1,000 to
      2,000 threads, for example warp threads of looms.
PAR  Mechanical thread supervisory apparatus operate by having a thread engage a
      rotatably journalled sensing lever by being looped thereabout over a
      certain looping angle, pressing the lever in a predetermined position. If
      the thread breaks, a weight or a spring, providing a reset force, becomes
      effective, returning the sensing lever into a rest position, thus
      triggering a control signal for the machine. To change the position of the
      sensing lever into the supervisory position, it is therefore necessary to
      overcome not only a certain distance, but also a certain reset force. The
      force with which the thread presses on the lever must be at least slightly
      above this reset force. This force must be applied by the lever
      corresponding to a sine function of the looping angle, and must be
      available by virtue of thread tension in the machine; the maximum force is
      determined by the maximum permissible thread tension in the running
      direction of the thread.
PAR  Mechanical or electro-mechanical supervisory apparatus in current use
      require an application pressure on the sensing lever of at least 2 grams.
      If the reset force is substantially decreased, then small extraneous
      influences or operating parameters, such as dirt, friction or the like may
      interfere with proper operation. The reset force, and thus the stop motion
      action of the sensor also become slow, which is not acceptable in high
      thread supply speeds.
PAR  Thin synthetic threads, typically monofilamentary threads, are currently
      used in textile machinery with thread tension of only 2 to 3 grams. A
      thread sensor having only 2 grams pressure would then require the thread
      to be carried thereabout with a looping angle of 90.degree.. This is
      frequently impossible from a machinery design point of view and,
      additionally, may lead to damage of the thread, due to roughing or
      stretching of the thread. Acceptable looping angles are between 10.degree.
      to 15.degree.. As a result, however, only one fifth of the thread tension
      is available on the average to operate the thread supervisory sensor. A
      thread sensor for thin synthetic threads should, therefore, operate with
      an application pressure of less than 0.5 gram while still operating
      reliably and quickly.
PAR  All mechanical thread sensors have an additional disadvantage and that is
      the lack of self-supervision. The thread sensor may fail to stop the
      machine if the sensing lever is impeded in its freedom of movement, for
      example by dirt, bending, fluff, slubs, remnants of thread, or the like.
      Frequently this condition is not discovered until hours later, and then
      only by chance; in the meanwhile, imperfect textile material has been
      produced, so that high losses in supplies, materials and production may
      result. The thread sensor should, therefore, operate in such a manner that
      is continuously supplies an output signal, even when the thread is proper,
      and also when its sensing element is impeded in free movement, thus
      stopping the machine, so that defective thread supervisory apparatus can
      be replaced in time.
PAR  All presently available thread sensors only respond when the thread is
      entirely missing, or when the thread tension is below the reset force. If,
      however, the thread should not feel properly, for example due to a
      defective thread brake, poor spooling, formation of slubs, kinks, or the
      like, then the thread tension will rise substantially beyond its proper
      value. This condition is also a substantial defect, which should be
      signalled, since it may lead to stretching of the thread and hence poor
      quality of the resulting product. It is thus important in many
      applications that the thread sensor respond not only when the thread
      tension disappears, for example due to breakage, but also when a tolerated
      design upper limit of the thread tension is exceeded.
PAR  It is an object of the present invention to provide an electro-mechanical
      thread sensor which has sufficient reset force in spite of extremely light
      thread application pressure, which is self-supervisory and which responds
      not only when there is a breakage in thread, but also when the thread
      tension becomes excessive.
PAC  SUMMARY OF THE INVENTION
PAL  Subject matter of the present invention:
PAR  Briefly, a sensing lever or sensing arm has the thread looped thereabout
      through a limited looping angle. The arm is responsive to a magnetic field
      providing the reset force. Electromagnetic means, providing the field, act
      on the arm in a direction counter to the pressure exerted on the arm by
      the thread. The electromagnetic means are pulse-energized to cause the arm
      to vibrate. The arm is further connected to switch means, the operation of
      which is controlled by deflection of the arm during pressure of the thread
      on the arm and effective to generate an electrical pulse signal. An
      electrical detection circuit is connected to the switch means responsive
      to generate electrical pulses as controlled by the switch means, the
      electrical pulses being representative of vibration of the arm. Upon
      failure of the pulses, that is, upon failure of vibration due to the
      interplay of pulsed reset magnetic forces and the thread tension forces,
      an alarm signal can then be generated stopping the machine.
PAR  In accordance with a feature of the invention, the lever is a double-armed
      lever journalled to rock about a fixed axis; one arm forms the armature of
      an electromagnetic arrangement to generate the vibrating or oscillating
      movement of the arm, in pulses, and counter the pressure force of the
      thread when being attracted by the electromagnet; the other arm forms a
      switching element which provides the electrical pulses in dependence on
      vibration, or oscillation of the arm, the pulses being connected to an
      electronic circuit to generate the alarm signal upon failure of vibration
      or oscillation of the arm.
PAR  This arrangement permits construction of a thread supervisory apparatus
      having very low application pressure, for example in the order of tenths
      of a gram, since the application pressure need overcome only very small
      forces, for example, bearing friction on the sensing lever or arm. The
      electromagnetic arrangement can be suitably designed to provide a reset
      force of suitable strength which can be readily controlled, so that the
      reset force can be matched to different thread conditions and various
      thread tension ranges. Since the reset of the sensing arm is intermittent,
      and since the alarm signal is generated upon failure of vibration of the
      sensing lever, the thread sensing arrangement is self-supervising, since
      vibration is interrupted not only if the thread should break, or if the
      thread should have excessive tension, thus preventing vibration, but also
      if there is any interference with free movement of the sensing arm or
      lever.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a highly schematic side view of the thread supervisory apparatus;
PAR  FIG. 2 is a schematic circuit diagram of the supervisory apparatus of FIG.
      1; and
PAR  FIG. 3 is a schematic circuit diagram of another embodiment of a circuit
      arrangement for the apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The electro-mechanical thread supervisory apparatus of FIG. 1 is
      illustrated in schematic, simplified form, in which elements not necessary
      for a complete understanding of the invention have been omitted. This
      arrangement is complete in itself, and operative. It is so arranged that,
      absent any forces acting on the double-arm lever 4, lever 4 is in balance
      about its rocking axis, or shaft 5. The bearing for shaft 5 should,
      therefore, be carefully constructed, for example in form of an edge
      bearing similar to a lever scale.
PAR  The double-arm lever 4 is made of iron, and its stub shaft 5 is journalled
      in a bearing which, in turn, is attached to a metal fork 6 secured to the
      frame of the machine and electrically grounded. An electromagnet is
      located opposite one end of arm 4; the electromagnet has a coil 1, a core
      2, and a yoke 3. The other end of the lever 4 has an electrical contact 7
      secured thereto, located opposite a fixed contact 8. The upper side of the
      contact end of lever 4 has a thread guide 9 secured thereto, which is in
      contact with thread 10. Thread guide 9, preferably, is a ceramic element
      over which the thread 10 can run, with a small looping angle, in the order
      of from 10.degree. to 15.degree., for example.
PAR  Basic operation: Due to application pressure of the thread 10, lever 4 is
      pressed downwardly, thus closing contacts 7 and 8. A circuit (which will
      be explained in connection with FIGS. 2 and 3) between fork 6 and shaft 5
      and hence arm 4 will then be closed. The magnet coil 1 is connected to a
      source of electrical power through this circuit and, upon being energized,
      will exert a relatively high reset force on the lever 4. This will
      immediately open contacts 7 and 8, thus interrupting current through coil
      1, and releasing the reset force. This again permits closing of the
      contacts 7 and 8 by the tension of thread 10 looped over the guide 9 to
      its limited extent, thus re-closing contacts 7 and 8, and the cycle will
      repeat.
PAR  Upon sensing of thread 10, with proper tension and in proper position,
      lever arm 4 thus constantly rocks slightly about its shaft 5. An amplifier
      is included in the circuit, and to disconnect the low voltages necessary,
      only a very small air gap between contacts 7 and 8 is necessary. Movement
      of the lever 4 may be very small, for example may have a value of at the
      most 0.01 mm, corresponding to a hardly noticeable vibration. The
      frequency of vibration is essentially determined by the mass of the lever
      4 and in practical embodiments is in the range of between 100 to 200 Hz.
      In a practical example, the distance between shaft 5 and contact 7 on the
      lever 4 was:
PA1  20 mm; the overall length of the lever 4 was:
PA1  50 mm.
PAR  If the application pressure on lever 4 at the contact end 9 disappears, for
      example due to breakage of the thread, then the contacts 7 and 8 will
      remain open upon the last reset pulse; vibration ceases. Conversely, if
      the thread tension should become excessive, and greater than the magnetic
      reset force, contacts 7 and 8 can not open anymore, and likewise vibration
      ceases. Should lever 4 become jammed and not capable of free movement
      anymore, contacts 7 and 8 will either not close, or will remain constantly
      closed. Under all the above conditions, vibration of arm 4 is impeded.
      Thus, upon termination of interrupted current flowing through contacts 7,
      8, stop motion of the machine is triggered. The reset force through coil 1
      depends only on the current through the coil; by use of a variable voltage
      source, therefore, the turn-off point for excess thread tension can be
      freely selected. If the looping angle of the thread 10 over the guide 9 is
      constant, a volt meter connected across coil 1 and connected to a variable
      power supply can have a scale indicating directly various thread tension
      values; such a voltage may, of course, simultaneously control a plurality
      of similar thread supervisory apparatus. The thread supervisory apparatus
      is self-supervisory since failure of the arm 4 to vibrate, for example due
      to extraneous influences, will also lead to stopping of the machine.
PAR  Magnet coil 1 requires supply of some power; the current through contacts
      7, 8 should be very small and, therefore, in a preferred form, very low
      current only is switched by contacts 7 and 8, to which an amplifier is
      connected. Contacts 7 and 8 may switch only a few micro amperes and,
      therefore, even substantial changes in switching resistance will not
      interfere with operation of the device.
PAR  A particularly simple circuit to control the apparatus of FIG. 1, and to
      provide an alarm signal, is illustrated in FIG. 2: Contact 8 is connected
      through a base resistor 12 to the base of a transistor 11 operating as an
      amplifier. Transistor 11 switches the magnet coil 1, schematically
      indicated in FIG. 2. A resistor 13 is connected in parallel to the
      transistor 11, so that even if contacts 7 and 8 are open, a small current
      will flow from source 23 through coil 1, to provide a small magnetic reset
      force and thus a predetermined positive zero position of the arm 4, even
      upon presence of machine vibration.
PAR  A self-induced voltage is generated when current is disconnected from a
      coil. This voltage has reverse polarity, and is applied by diode 14 to a
      capacitor 15 to there serve as a control voltage for the base of a
      transistor 16. Upon continuous vibration of arm 4, and hence continuous
      interruption and re-connection of current through coil 1, a control
      voltage will be continuously applied to transistor 16 over capacitor 15
      which will remain in conductive state. Resistor 17 then will have a
      negative voltage appear thereat, supplied by a further source 24, so that
      no current can be applied over diode 18 to the base of a transistor 21,
      and across resistor 20. If, due to some defect, vibration of arm 4 should
      cease, no change in voltage will occur across capacitor 15, so that the
      capacitor can discharge over the base of the transistor 16, until
      transistor 16 reaches blocking state. The positive voltage of source 24
      will then appear at resistor 17, which is conducted over diode 18 to the
      resistor 20, causing transistor 21 to become conductive and energize a
      relay coil 22 which is connected to a switch to stop the machine to be
      supervised.
PAR  If the machine has only a single stop-motion circuit, but a plurality of
      thread supervisory apparatus are used, only a single relay 22 and
      transistor 21 are needed; all the outputs provided by the diodes 18 from
      the various thread sensors can be connected to a common bus 19, any one of
      the thread sensor circuits controlling transistor 21 and hence stop motion
      of relay 22.
PAR  The sensing lever or arm 4 requires only a very small path to open contacts
      7 and 8. Thus, interruption is rapid, about 2-3 milliseconds. The
      stop-motion time is essentially determined by the value of the capacitor
      15, the size of which can be so dimensioned that stop-motion times of 20
      to 30 milliseconds are obtained.
PAR  The system of FIG. 2 operates with two voltage sources: source 24 having a
      fixed voltage, for example 12 V, and controlling relay 22 as well as
      supplying transistor 16; and a variable voltage source 23, which may vary
      between 2.5 to 25 V, depending on the maximum reset force desired to
      supervise for excessive thread tension. If adjustable supervision of
      thread tension is not necessary, then voltage source 23 may also have a
      fixed value which, however, should then be so selected that the resulting
      current through coil 1 will result in a magnetic force which will exceed
      the highest expected thread tension.
PAR  Switch contacts 7, 8 have been illustrated as mechanical contacts; they
      may, of course, also be photoelectric contacts, magnetic proximity
      contacts, or the like, or capacitative couplers.
PAR  The circuit of FIG. 2 provides for pulsed connection of the reset magnet by
      inherent control of the magnetic system over contacts 7 and 8, so that the
      vibrating frequency of the lever 4 is determined by the size and inertia
      of the entire vibrating system. FIG. 3 illustrates a different embodiment,
      in which contacts 7 and 8 do not control interruption to coil 1, but only
      provide the necessary alarm signal for supervision of the thread tension.
      Coil 1 is fixedly connected to a pulse generator 48, generating a series
      of pulses (schematically indicated by the wave form within block 48) so
      that, depending on the distance between pulses, or on pulse spacing,
      electromagnetic reset forces will become effective on the arm 4. The bias
      current applied through resistor 13' and constantly effective on coil 1 is
      again very small, so that the arm 4 can be brought in the closing
      condition of contacts 7 and 8, even with small application pressure due to
      the thread 10. At the next pulse delivered from generator 48, the coil 1
      is energized through the pulse source 48, thus providing a strong reset
      pulse, opening contacts 7, 8. The opening path, and time, are determined
      by the pulse duration and pulse spacing. A source 23' is connected in
      parallel to the series circuit of coil 1 and resistor 13'.
PAR  The basic principle again is the same; under action of thread tension,
      contacts 7 and 8 are first closed with small force and then are again
      re-opened with a strong reset force; the frequency selected may, for
      example, be power frequency such as 50 Hz, 60 Hz, or a low multiple
      thereof.
PAR  Contacts 7 and 8 are connected in series with a resistor 12', connected to
      the base of transistor 11', and control conduction of the transistor 11'
      in accordance with pulse frequency; resistor 36 will, then, have a square
      wave alternating voltage appear thereat, forming the signal if the thread
      properly passes over the thread sensor. Presence of this alternating
      voltage across resistor 36 may be utilized for further control or
      indication. This voltage is coupled by capacitor 37 to diodes 38, 39 where
      it is rectified, so that capacitor 30 can be charged negatively. Negative
      charge on capacitor 30 will balance a positive voltage provided by the
      voltage divider formed of resistors 31, 32, thus blocking diode 18', and
      causing continued blocking of transistor 21', and hence leaving relay 22'
      de-energized. Upon interruption of vibration, for example due to breakage
      of thread, excessive tension, or blockage of movement of the arm 4,
      alternating voltage across resistor 36 ceases, thus permitting discharge
      of capacitor 30 and application of a positive voltage over diode 18' to
      the base of transistor 21', which, in turn, actuates relay 22'. The
      embodiment of FIG. 3 has some advantages over that of FIG. 2: The
      switching power required to be switched over contacts 7 and 8 is decreased
      and thus higher switching resistances can be tolerated, further
      substantially increasing the life of the contacts. The pulse voltage
      applied to the coil 1 can be substantially increased and is no longer
      limited by output available from transistors, the operating voltage of
      which under reasonable economic conditions usually does not exceed 30 V.
      The frequency of the a-c output signal becomes independent of the mass of
      the lever 4.
PAR  Various different kinds of electronic circuits can be constructed; it is
      important, only, that the forces required to close contacts 7 and 8, under
      command of movement of the lever 4, be very small and derived from the
      thread tension, whereas the reset forces applied electromagnetically are
      much greater, and substantially greater than the force applied by the
      thread, the reset forces being in pulses or periodically occurring form.
      This ensures rapid and reliable disconnection. The sensor is
      self-supervisory since the operation of the sensor is continuously checked
      due to the continuous cyclical operation of the arm when the sensor is
      operating properly; defects occurring at the sensing lever, or at the
      contacts, or anywhere in the system are thus signalled even if the thread
      is in order.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept.
PAR  (1) It is not necessary that the lever be a double-arm lever supported and
      journalled as in FIG. 1; the arm 4 may be retained at an end, and the
      position of the magnetic system changed relative to the journal point, as
      well as the contacts 7, 8. (2) The lever need not be journalled in a
      rocking-type bearing but arm 4 may be constructed as a reed spring which
      can freely vibrate, being clamped at one end, or being clamped at a node
      point. By suitable selection of the material and length of such a spring,
      spurious vibration introduced, for example, by machine vibration can be
      eliminated.
PAR  (3) To indicate which one of the thread supervisory apparatus is not
      vibrating, an output signal can be coupled from the left side of diode 18,
      or 18', respectively, and conducted to an indicator (such as a luminescent
      diode) through an inverting amplifier-transistor to light upon failure of
      voltage blocking the voltage derived from source 24 (FIG. 2) or voltage
      divider 31, 32 (FIG. 3), respectively.
CLMS
STM  I claim:
NUM  1.
PAR  1. Electro-mechanical thread supervisory apparatus having a deflectable
      mechanical arm (4) in contact with the thread (9) being supervised and
      deflected by pressure by the thread on the arm, comprising
PA1  electromagnetic means (1, 2, 3) acting on the arm in a direction counter
      the direction of pressure force exerted on the arm (4) by the thread (9),
      said arm being magnetically responsive to said electromagnetic means, said
      electromagnetic means being pulse-energized to cause the arm to vibrate;
PA1  arm movement sensing means (7, 8) connected to a source of electrical power
      (23, 23') and controlled by deflection of the arm due to pressure of the
      thread on the arm and generating pulses upon vibration of the arm (4);
PA1  and electrical detection means (15, 16, 17, 18; 37, 38, 39, 18') connected
      to and responsive to the generated electrical pulses and providing an
      alarm signal upon failure to sense vibration of the arm and thus generate
      pulses indicative of: (a) absence of thread; or (b) excessive thread
      tension; or (c) jamming of movement of the arm.
NUM  2.
PAR  2. Apparatus according to claim 1, comprising a support (6) having a
      bearing and wherein the arm (4) is a lever journalled (5) in the bearing
      for rocking movement with respect to the support.
NUM  3.
PAR  3. Apparatus according to claim 1, comprising a support (6) having a
      bearing therein and wherein the arm comprises a two-arm lever pivotally
      journalled (5) in the bearing at a location intermediate its length, the
      thread engaging one arm of the two-arm lever and the electromagnetic means
      acting on the other arm of the two arm lever.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the arm movement sensing means
      comprises a switch contact (7) carried by said arm and a fixed contact (8)
      engageable by the switch contact (7) and a support (6) is provided holding
      said arm, said support forming one terminal connection for said arm
      movement sensing means.
NUM  5.
PAR  5. Apparatus according to claim 3, wherein the arm movement sensing means
      comprises a switch contact (7) secured to said one arm (4), said one arm
      being electrically connected through said bearing to said support (6), and
      a fixed contact (8) engageable by the switch contact (7).
NUM  6.
PAR  6. Apparatus according to claim 1, wherein the arm movement sensing means
      (7, 8) are connected in circuit with the electromagnetic means, the
      generated electric pulses, upon vibration of said arm (4),
      pulse-energizing the electromagnetic means (1-3).
NUM  7.
PAR  7. Apparatus according to claim 1, further comprising a pulse source (48)
      connected to the electromagnetic means (1-3).
NUM  8.
PAR  8. Apparatus according to claim 1, further comprising electrical bias
      current means (13, 13') connected to the electromagnetic means (1-3) and
      providing continuous electrical bias power thereto to provide a positive
      reset force to the arm (4) and prevent spurious vibration of the arm upon
      absence of or breakage of thread.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein the electrical detection means
      comprises a sensing circuit (14, 15, 16; 37, 38, 39) responsive to
      alternating current only and switched by said arm movement sensing means
      (7, 8);
PA1  a "normally ON" alarm circuit (20, 21, 22; 21', 22') and a blocking
      connection (18, 18') disabling said "normally ON" alarm circuit when the
      sensing circuit senses presence of an a-c signal provided by vibration of
      the arm.
NUM  10.
PAR  10. Method to supervise supply of a filament at a predetermined tension at
      a supervisory location by a supervisory apparatus, and additionally
      supervise operation of said apparatus, said method comprising: generating
      a thread presence force of a first magnitude, by engaging the thread;
PA1  generating a counteracting electromagnetic force, in recurring pulses,
      which is larger than said thread presence force;
PA1  balancing said forces against each other and generating a resulting output
      signal, said output signal being interrupted when the thread presence
      force counteracts the pulsed electromagnetically generated force during
      pulse gaps, but becoming a constant signal upon the absence of said thread
      presence force during said pulse gaps;
PA1  and testing if the sensed signal is an interrupted signal or a constant
      signal, and providing an alarm output if the signal is not an interrupted
      signal.
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ABST
PAL  A talking door sentinel has a housing which is secured to the edge of a
      door by means of a bracket. The movement of the door away from the door
      frame upon its being opened, moves a trigger which actuates a
      battery-operated voice box inside the housing. The voice box then plays
      one of a number of pre-recorded messages. When the door is subsequently
      closed, the approaching door frame resets the trigger so that the sentinel
      will emit another message when the door is next opened.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a sentinel which can be attached to a door,
      drawer, chest cover or the like which signals when the door or other
      closure is being opened. It relates more particularly to a sentinel of
      this type, which signals by emitting one of a plurality of pre-recorded
      audible messages or tunes.
PAR  There are numerous existing types of equipment which signal the opening or
      closing of a door. These range from bells suspended from the door by a
      spring which jingle when the door is moved to sophisticated electronic
      alarm systems triggered by switches responsive to door movement. Most of
      those devices are intended for use in stores, plants and the like to
      announce the arrival of a visitor, customer, or intruder.
PAR  Generally, however, they are not particularly suitable for use in the home.
      Some are too large and unsightly, others are much too expensive. None of
      them are designed, for example, to apprise a mother when a sleeping child
      has awakened and is leaving its room, or to signal when a child has gained
      access to a drawer, cabinet or other container which he is not supposed to
      open. Moreover, none of them have any particular merchandising appeal to
      the average person.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention aims to provide a sentinel for mounting on a door,
      drawer or the like which signals when the door or other closure is being
      opened.
PAR  Another object of the invention is to provide a device of this type which
      is quite simple and inexpensive to make.
PAR  Yet another object of the invention is to provide a signalling device which
      should have excellent merchandising appeal.
PAR  Another object of the invention is to provide a sentinel which is easily
      installed by the average person.
PAR  A further object is to provide a unit of the type which can be installed on
      doors or closures of different sizes.
PAR  Still another object is to provide a signalling device of this type which
      should particularly appeal to children as a novelty item.
PAR  Other objects will in part be obvious and will in part appear hereinafter.
PAR  The invention accordingly comprises the features of construction,
      combination of elements and arrangement of parts which will be exemplified
      in the construction hereinafter set forth, and the scope of the invention
      will be indicated in the claims.
PAR  Generally, the sentinel comprises a housing which is attached to the edge
      of a door, drawer or the like by means of a bracket. The bracket, which is
      generally L-shaped, projects from the end of the housing and its short leg
      engages over the edge of the door. The short leg of the bracket and
      housing are biased toward one another with the edge of the door between
      them so that the signalling device is effectively clamped to the edge of
      the door.
PAR  The housing contains a conventional battery-operated voice box of the type
      used in talking dolls and toys. Basically, it is a miniature record player
      with a tone-arm carrying a needle which is acoustically coupled to a
      diaphragm. When a button, mounted in the wall of the voice box is
      depressed, a turntable carrying a miniature phonograph record rotates
      under the tone arm with the needle following the recording groove so that
      a brief audible message or song is emitted from the voice box. When the
      tone arm reaches the end of the record, the turntable is stopped
      automatically and the tone arm is reset to its start position in
      preparation for the next actuation of the voice box.
PAR  In the present device, the button which actuates the voice box, is
      depressed by a special trigger assembly which responds to the opening of
      the door to which the voice box is attached. The trigger assembly is
      mounted on the outside of the voice box housing. It comprises an elongated
      plunger which is slidably mounted on the outside of the voice box directly
      in line with its actuating button. The plunger slides in a direction
      perpendicular to the plane of the door to which the sentinel is attached.
PAR  The plunger can slide between an extended position in which one of its ends
      is positioned adjacent the far side of the door to which the device is
      attached and its other end is situated on one side of the actuating button
      of the voice box, to a retracted position in which said one end lies
      adjacent the near side of the door and its said other end is situated on
      the opposite side of the actuating button. Said other end of the plunger
      is fitted with a pivotally mounted pawl which is arranged to depress the
      actuating button of the voice box only when the plunger is moved to its
      extended position.
PAR  The plunger is biased toward its extended position so that it tends to
      remain there as long as the door to which the sentinel is attached is
      open. However, when the door is closed, the end of the plunger adjacent
      the door engages the door frame and continued closing of the door moves
      the plunger to its retracted position thereby resetting the trigger
      assembly. As long as the door remains closed, the plunger will not
      activate the voice box. However, as soon as the door is opened away from
      its frame, the plunger moves toward its extended position whereupon the
      pawl engages and depresses the actuating button of the voice box causing
      that unit to emit a pre-recorded message or tune.
PAR  Thus, each time the door is opened after being closed, the trigger assembly
      causes the voice box to go through one playing cycle, thereby apprising
      the parent that the door to which the device has been attached has been
      opened. Also, at the time the door is closed, the trigger assembly is
      reset so that it can initiate another voice box cycle when the door is
      next opened.
PAR  The present signalling device is relatively easy and inexpensive to make
      and it is easily mounted on the door, drawer or cover edge by the average
      homeowner, without any special tools or equipment. Moreover, its
      clamp-type securement to the door allows the device to be installed on
      doors of many different sizes without marking the woodwork and to be moved
      from one door to another easily at the whim of the user.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For fuller understanding of the nature and objects of the invention
      reference should be had to the following detailed description taken in
      connection with the accompanying drawing, in which:
PAR  FIG. 1 is a fragmentary perspective view showing a sentinel made in
      accordance with this invention mounted on a standard door;
PAR  FIG. 2 is a perspective view on a much larger scale with parts broken away
      showing the sentinel in greater detail;
PAR  FIGS. 3 and 4 are views in a side elevation with parts broken away showing
      the operation of the trigger assembly of the FIG. 2 device in greater
      detail.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the sentinel indicated generally at 10 is installed on
      the upper edge 12a of a standard door 12. Door 12 is mounted in the usual
      frame 14 by way of hinges 16. Each time the door 12 is opened, the
      signalling device emits a pre-recorded message or tune which signals the
      fact that the door has been opened. The sentinel 10 can be mounted at
      almost any location around the edge of the door, other than on the hinged
      side thereof.
PAR  Turning now to FIG. 2, the sentinel 10 has a housing shown generally at 22
      consisting of a flat, generally rectangular base section 22a and a
      shell-like cover section 22b. This section is open at its bottom and
      right-hand end as seen in FIG. 2.
PAR  Longitudinal channels 24 (only one of which is shown) extend along the
      bottom side edges of cover section 22b. The base section 22a is slid into
      these channels 24 through the open right hand ends thereof after which the
      housing is completely closed, except for its right-hand end.
PAR  A conventional voice box shown generally at 26 is contained in housing 22
      with its usual flat base plate 27 secured to housing base section 22a.
      Voice box 26 can be the standard type of inexpensive battery-operated unit
      commonly found in many toys. Suffice it to say that when the voice box
      actuating button 28 is depressed, the voice box cycles through one
      playback operation so that a pre-recorded message or tune is audibly
      transmitted through the apertures 26a in the top wall 26b of the voice
      box. Most desirably, the voice box and record therein are of the type
      disclosed in U.S. Pat. No. 3,798,833 capable of playing in a random
      fashion different messages or tunes upon successive actuations of the
      voice box.
PAR  A generally L-shaped metal bracket 32 is secured to the top wall 26b of the
      voice box adjacent the end of cover section 22b by means of one or more
      screws 34. The long leg 32a of bracket 32 projects a considerable distance
      beyond the end of base plate 27 and its short leg 32b extends down
      parallel to the right-hand edges 22c (FIGS. 1 and 2) of the housing cover
      section 22b.
PAR  As best seen in FIGS. 3 and 4, in use, the sentinel 10 is mounted on door
      12 so that bracket 32 overlies the edge 12a of the door, with its short
      leg 32b lying flush against the far side of the door and with the cover
      section edges 22c engaging the near face of the door. A stretched heavy
      rubber band 36 extends around the voice box 26 and also around a raised
      ear 38 formed in the closed left-hand wall 22d of the housing cover
      section. Thus, the voice box 26 (along with bracket 32) are biased toward
      the housing end wall 22d. This causes housing base section 22a to slide
      leftward as far as possible in its channels, thereby clamping the door
      edge 12a between bracket leg 32b and cover section edges 22c (and the edge
      of base section 22a). One or more openings 42 (FIG. 2) are provided in
      bracket leg 32b for accommodating tacks to semi-permanently anchor the
      bracket to the door, should that be deemed desirable. With this
      arrangement, then, the unit can be installed on doors of different
      thicknesses, with the rubber band 36 stretching as necessary to
      accommodate the spacing between the edges 22c and bracket leg 32b.
PAR  Referring now to FIGS. 2 to 4, a trigger assembly shown generally at 44 is
      mounted on the top wall 26b of the voice box in line with its actuating
      button 28. The trigger assembly 44 operates to depress the button 28
      whenever door 12 is opened so that a pre-recorded message is transmitted
      through the apertures 26a in the voice box and through overlying apertures
      46 (FIG. 2) in the top wall of housing section 22b.
PAR  The trigger assembly 44 includes a channel 52 secured to the top face 26b
      of the voice box. The channel extends from a point adjacent actuating
      button 28 almost to the right hand end of the voice box 26. As best seen
      in FIG. 2, it is oriented perpendicular to the plane of bracket leg 32b.
      An elongated plunger 54 is slidably mounted in channel 52. The plunger is
      movable between an extended position, shown in FIG. 2 which places its
      left-hand end 54a to the right of button 28 just inside channel 52 and its
      right-hand end 54b near the bracket leg 32b and a retracted position shown
      in FIG. 3 in which its left-hand end 54a is displaced further to the left
      of leg 32b. The plunger is biased to its extended position by means of a
      heavy rubber band 56 stretched between a raised pedestal 54c at the
      left-hand end of the plunger and a raised ear 52a formed in the top
      right-hand end of channel 52. The movement of the plunger 54 to the right
      is limited by the engagement of the pedestal 54c with a raised abutment
      52b formed at the left-hand end of channel 52. The bottom portion of the
      plunger 54 is narrowed, leaving only a rib 62 to minimize the sliding
      friction between the plunger and the portion of box top wall 26b under the
      channel. Also, a long slot 64 is formed in the top of plunger 54 to
      accommodate the underside of ear 52a as the plunger slides between its two
      positions.
PAR  As best seen in FIGS. 3 and 4, a pawl 66 is pivotally mounted at the
      left-hand plunger end 54a.
PAR  The pawl 66 is generally rectangular, although its lower edge 66a is
      beveled so that it ramps downwards from right to left as viewed in these
      FIGS. The pawl is situated in a vertical slot 67 extending through plunger
      54. It is held there by a pin 68 extending through the pawl and secured in
      plunger 54 at the opposite sides of the slot 67. It tends to hang down
      vertically as shown in the solid lines in FIG. 3. The pawl is free to cock
      counterclockwise to a limited extent. However, as shown in FIG. 3, it is
      prevented from swinging clockwise from its vertical position by engagement
      of the pawl with the underside of abutment 54c. Accordingly, as shown in
      FIG. 4, as plunger 54 moves toward its extended position, the pawl is
      drawn opposite button 28 so that its beveled surface 66a wedges down
      against the rounded top of the button, thereby depressing the button and
      actuating the voice box 26. On the other hand, when the plunger 54 is
      moved to the left from its FIG. 2 position to its retracted position of
      FIG. 3, the pawl 66 can swing up out of the way of button 28 as indicated
      in dotted lines in that figure and than drop down into the space between
      the button and boss 26d on the top of voice box 26 as shown in solid
      lines.
PAR  Assume now that the sentinel has just been installed on door 12. When the
      door is first closed, the plunger 54 engages the door frame 14 and is
      moved to its retracted position shown in FIG. 3. If the door is now
      opened, the plunger is urged toward its extended position by rubber band
      56. The pawl 66 swings clockwise slightly and wedges down on button 28
      (FIG. 4), on the way by the button, thereby actuating the voice box, which
      thereupon goes through a playback cycle. The trigger assembly will not be
      reset until the door is again closed so that the door frame 14 moves the
      plunger 54 to its retracted position. In that event, the pawl 66 will ride
      up and over button 28 as in FIG. 3, and occupy its original position
      adjacent to boss 26d.
PAR  As seen from the foregoing, the subject sentinel is very easy and
      inexpensive to make, since most of its components are molded of an
      inexpensive plastic such as styrene. The unit is easily attached to the
      door without any special tools or equipment. Furthermore, it accommodates
      itself to doors of different thicknesses since the cover section 26b is
      slidable relative to section 26a and the bracket 32. Accordingly, plunger
      54 is always properly positioned relative to the door edge so that when
      the door is closed, the plunger is moved by frame 14 enough to cause pawl
      66 to depress button 28.
PAR  The present signaling device has considerable novelty appeal, particularly
      if it has the multi-track random play capability described in the
      aforesaid patent. The messages emitted by the voice box are designed for
      particular situations of use. If one is most interested in knowing when a
      child leaves a room, the recorded message might be one directing the child
      to stay in the room and close the door. On the other hand, if the
      signaling device is intended primarily for use by a child, i.e. on his
      bedroom door, the recorded messages can be funny statements or songs that
      would particularly appeal to children.
PAR  It should also be understood that while we have described the sentinel as
      being activated when a door is opened, it can also be designed to signal
      when a door is closed. This simply involves shortening the channel 52
      somewhat and relocating the pawl 66 on the plunger 54 and turning it
      around so that it wedges down the button 28 when the plunger is moved to
      its retracted position. Also, the subject device can be installed on other
      closure members, such as drawers, cabinets, boxes, etc. to signal the
      opening or closing of those containers. This simply involves the proper
      shaping and dimensioning of the bracket 32. For example, in the case of a
      drawer, the short leg 32b of the bracket would be stepped so that it could
      fit between the drawer and the drawer frame.
PAR  It will thus be seen from the foregoing that the objects set forth above,
      among those made apparent from the preceding description, are efficiently
      attained and, since certain changes may be made in the above construction
      without departing from the scope of the invention, it is intended that all
      matter contained in the above description or shown in the accompanying
      drawing be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein described
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A sentinel for signalling the opening and closing of a closure member
      relative to a frame therefor comprising:
PA1  A. a housing;
PA1  B. a battery operated voice box in the housing of the type having an
      exposed button which causes the box to cycle through one playback
      operation when the button is depressed momentarily and to cycle
      repetitively as long as the button is depressed;
PA1  C. means for mounting the housing near an edge of the member;
PA1  D. a trigger mounted adjacent the voice box button, said trigger
PAR  1. being movable between the first and second positions;
PA2  2. having one portion which engages the frame when the member is closed so
      as to move the trigger to its first position; and
PA2  3. having another portion which engages and momentarily depresses the voice
      box button when the trigger is moved to one of its two positions so that
      the box cycles through only one playback operation and emits an audible
      message at the vicinity of the closure member;
PA1  E. means for resetting the trigger when the member is moved to its other
      position so that the box will cycle through another playback operation
      when the member is moved again to its said one position.
NUM  2.
PAR  2. The door sentinel defined in claim 1 further including means for biasing
      said trigger to its second position.
NUM  3.
PAR  3. The door sentinel defined in claim 1 wherein said mounting means
      comprise:
PA1  A. a bracket mounted on the voice box and projecting from the housing for
      engaging over an edge of said member; and
PA1  B. means for drawing the bracket and housing toward one another so that the
      member edge is clamped between them.
NUM  4.
PAR  4. A sentinel for signalling the opening or closing of a closure member in
      a frame therefore comprising
PA1  A. a battery-operated voice box, having an exposed actuating button;
PA1  B. means for securing the voice box to the edge of the closure member;
PA1  C. a trigger assembly mounted on the voice box, said trigger assembly
      including
PA2  1. an elongated plunger slidably mounted on the voice box in line with the
      actuating button and arranged to slide along an imaginary line extending
      between the button and the closure member, said plunger being movable
      between an extended position wherein its one end overlies the actuating
      button and its other end overlies the closure member to a second position
      wherein both ends of the plunger are shifted relative to the actuating
      button and the edge of the closure member;
PA2  2. means for biasing the plunger to its extended position; and
PA2  3. means at the one end of the plunger for engaging and actuating the
      button when the plunger is moved to one of its two positions by the
      relative movement between the plunger and the edge.
NUM  5.
PAR  5. A sentinel as defined in claim 4 wherein the engaging means comprise a
      pawl on the plunger.
NUM  6.
PAR  6. A sentinel as defined in claim 5 wherein the pawl has a bevelled edge
      facing the actuating button and also includes a pivotal connection between
      the pawl and the plunger so that the pawl can swing about its pivot to a
      limited extent when the plunger is moved to its retracted position.
NUM  7.
PAR  7. The sentinel defined in claim 4 and further including:
PA1  A. a cover overlying the trigger assembly and voice box, said cover being
      slidably connected to the voice box so that it can move in a direction
      parallel to the longitudinal axis of the plunger, and means defining an
      opening in the side wall of the cover adjacent to the bracket, said
      bracket projecting through the opening; and
PA1  C. means for retracting the bracket into the opening so that when the
      bracket is engaged over the edge of the closure member, that member is
      clamped between the bracket and the cover.
PATN
WKU  039381218
SRC  5
APN  4953223
APT  1
ART  234
APD  19740807
TTL  Electrical wiring and alarm system
ISD  19760210
NCL  11
ECL  1
EXP  Swann, III; Glen R.
NDR  1
NFG  2
INVT
NAM  Jamison; Fred W.
STR  215 E. Palm Ave., Apt 411
CTY  Tampa
STA  FL
ZIP  33602
CLAS
OCL  340274R
XCL  340224
EDF  2
ICL  G08B 1308
FSC  340
FSS  274;416;224
FSC  307
FSS  116;112;12
UREF
PNO  2484092
ISD  19491000
NAM  Hopgood
OCL  307112
UREF
PNO  3011163
ISD  19611100
NAM  Britt
OCL  340274
UREF
PNO  3470554
ISD  19690900
NAM  Corbell
OCL  340274
UREF
PNO  3514557
ISD  19700500
NAM  Jette, Jr.
OCL  307112
UREF
PNO  3540043
ISD  19701100
NAM  Crosthwait
OCL  340224
UREF
PNO  3543268
ISD  19701100
NAM  Jamison
OCL  340416
LREP
FRM  Oltman and Flynn
ABST
PAL  A three-wire electrical wiring and alarm system has a remotely located
      alarm device that is turned on whenever an alarm switch is actuated. The
      alarm device may be wired into the system or it may be operated by a radio
      signal broadcast from the premises to be protected. In either case an
      unauthorized intruder is not made aware that the alarm has been signalled.
      The system has a manual alarm switch and a plurality of intrusion alarm
      switches, each operated automatically when a corresponding window or door
      is opened. Manually operated selector switches are provided for
      disconnecting the alarm switches from power sockets in the wiring system
      and for selectively enabling the window and door switches. A timer keeps
      the alarm device on for a predetermined time period following the
      operation of an alarm switch.
BSUM
PAC  CROSS-REFERENCE TO RELATED DISCLOSURE DOCUMENT
PAR  The present application is directed to modifications of the invention
      disclosed in my Disclosure Document No. 013135, filed in the U.S. Patent
      Office.
PAC  BACKGROUND OF THE INVENTION
PAR  In my U.S. Pat. Nos. 3,466,454 and 3,543,268, I have disclosed and claimed
      an electrical wiring arrangement, including a special socket, which is
      designed to integrate an intrusion alarm system with the wiring system for
      the lighting and various electrically operated appliances in a residence.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to modifications or improvements in the
      integrated wiring and alarm system of said patents which provide a silent
      alarm so that the intruder is not alerted to the fact that his presence
      has been detected, as would be the case if an audible alarm device were
      located at the protected premises.
PAR  A principal object of this invention is to provide a novel and improved
      integrated wiring and alarm system, particularly for a residence, which
      has a switching arrangement for turning on a remotely located alarm
      device.
PAR  Another object of this invention is to provide such a system in which the
      remotely located alarm device is wired into the integrated wiring and
      alarm system.
PAR  Another object of this invention is to provide a system as first described
      in which the remotely located alarm device is operated by a radio signal
      broadcast from the premises to be protected.
PAR  Another object of this invention is to provide a three wire integrated
      wiring and alarm system having a novel selector switch arrangement for
      disconnecting the alarm switch arrangement from power sockets in the
      system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further objects and advantages of this invention will be apparent from the
      following detailed description of two presently-preferred embodiments,
      which are illustrated schematically in the accompanying drawing in which:
PAR  FIG. 1 is a schematic electrical circuit diagram of a first embodiment of
      the present wiring and alarm system;
PAR  FIG. 2 is a similar view of a second embodiment of the present system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1.
PAR  Referring first to FIG. 1, the system has one or more receptacles 10, such
      as wall sockets, which preferably are constructed as disclosed in my
      previously-mentioned U.S. Pat. No. 3,466,454. Each receptacle has a common
      terminal 11 and first and second supply terminals 12 and 13, which are
      arranged such that an electrical plug (not shown) can be plugged into the
      first supply terminal 12 and the common terminal 11, and at the same time
      a second electrical plug can be plugged into the second supply terminal 13
      and the common terminal 11. The three terminals 11, 12 and 13 are
      electrically insulated from each other.
PAR  A first line conductor 14 is connected to the first supply terminals 12 of
      the sockets 10. A second line conductor 15 is connected to the common
      terminals 11 of these sockets. These line conductors 14 and 15 are
      connected across a suitable 115 volt A.C. power supply 16. With this
      arrangement, whenever an electrical appliance is plugged into the
      terminals 12, 11 of any one of the wall sockets 10, that appliance is
      connected across the power supply 16.
PAR  A third-line conductor 17 is connected to the second supply terminals 13 of
      the sockets. A normally-open, manually operated switch 18 is connected
      between the first and third line conductors 14 and 17 at the left end of
      line conductor 17 in FIG. 1. When this switch is closed, the third line
      conductor 17 and the second line conductor 15 are connected across the
      power supply 16 at the same time that the first line conductor 14 and the
      second line conductor 15 are connected across this power supply.
      Consequently, if an electrical appliance, such as a lamp, is plugged into
      the terminals 13 and 11 of any one of the wall sockets, that appliance
      will be energized whenever the switch 18 is closed.
PAR  Switch 18 is a wall switch located near an entry to a room or near an entry
      to the residence having this wiring system.
PAR  To the right of the last receptacle 10 in FIG. 1, a selector switch 19 is
      connected between the third line conductor 17 and a juncture 22.
PAR  A manual alarm switch 20 bridges the first and third line conductors 14 and
      17. Preferably, the alarm switch 20 is under the homeowner's pillow so as
      to be immediately accessible to him after he has gone to bed.
PAR  An audible alarm device 21, such as a bell or siren, is connected between
      the second line conductor 15 and the juncture 22. This alarm device, while
      it is wired into the power supply and alarm system at the premises to be
      protected, is physically located outside these premises, such as in a
      neighbor's apartment or house, so that it cannot be heard in the protected
      premises.
PAR  A plurality of automatic intrusion alarm switches 23 are connected in
      parallel with each other between the first line conductor 14 and one side
      of a selector switch 24, whose opposite side is connected to the
      aforementioned juncture 22. Preferably, an intrusion alarm switch 23 is
      located at each window, door or other possible entry point into the
      residence which has a closure that an intruder might be able to open. Each
      such alarm switch is constructed and arranged to close automatically in
      response to the opening of the building closure, such as a window or door,
      where it is located. It may be a mechanically operated switch, a mercury
      switch, a magnetic switch, or any other type of switch that will detect
      the opening of the window, door or other building closure with which it is
      associated.
PAR  In this circuit, the two individual selector switches 19 and 24 are each
      part of a selector switch means for controlling the connections of the
      intrusion alarm switches 23 in the system. The automatic intrusion alarm
      switches 23 together constitute an alarm switch means in the system.
PAR  When selector switch 19 is open, it disconnects the manual alarm switch 20
      from the audible alarm device 21.
PAR  When either selector switch 19 or 24 is open, as shown, it disconnects the
      automatic intrusion alarm switches 23 from the second supply terminals 13
      in the receptacles 10. Consequently, the closing of any of these alarm
      switches will not turn on the lamps which are plugged into these terminals
      13.
PAR  When selector switch 24 is open, it disconnects the automatic intrusion
      alarm switches 23 from the remotely located audible alarm device 21.
PAR  Whenever the alarm device 21 is turned on, it is kept on for a
      predetermined time interval by a timer 25, as disclosed in my previous
      U.S. Pat. No. 3,543,268. This timer has an electric motor 26 driving a
      rotary cam 27 for operating the contacts of a normally-open switch 28. One
      side of the motor winding is connected to the juncture 22 between selector
      switches 19 and 24. The opposite side of the motor winding is connected to
      the second line conductor 15. Switch 28 is connected between the first
      line conductor 14 and the juncture 22.
PAR  OPERATION - FIG. 1
PAR  In the operation of this system, when the alarm signalling circuitry is to
      be used, the selector switch 19 is opened, so that the closing of any
      automatic intrustion alarm switch 23 will not turn on the lights that are
      plugged into the second supply terminals 13. Selector switch 24 is closed,
      so that the remote alarm signalling device 21 can be turned on by closing
      of any automatic intrusion alarm switch 23.
PAR  If a lawful occupant of the protected premises hears an unauthorized
      intruder enter, he can close the manual switch 20 to turn on the lights
      plugged into the socket terminals 13 for the purpose of frightening away
      the intruder. The closing of manual alarm switch 20 does not turn on the
      remote alarm device 21 and it does not turn on the timer 25. The closing
      of any of the automatic intrusion alarm switches 23 (with selector switch
      24 closed) completes the energization circuit across the first and second
      line conductors 14 and 15 for the remotely located audible alarm device
      21. The momentary closing of any switch 23 also completes an energization
      circuit for the winding of the timer motor 26 across line conductors 14
      and 15. The now-energized motor 26 turns its cam 27, which now closes
      switch 28 to maintain the motor winding energized independent of the
      switches 23 for as long as cam 27 continues to hold switch 28 closed.
PAR  Alternatively, during the day, selector switch 19 is open, selector switch
      24 is closed, switch 18 controls lights plugged into sockets 13 with
      switches 23 controlling alarm 21, timer 25, and motor 26. At night,
      selector switch 19 and switch 24 are both closed. When switch 20 or
      switches 23 are closed, they will activate alarm 21, timer 25, motor 26
      and all lights plugged into sockets 13.
PAR  FIG. 2
PAR  FIG. 2 illustrates a second embodiment of this system which differs from
      the embodiment of FIG. 1 in that it has radio transmitter at the protected
      premises which is turned on by a battery-operated relay forming part of
      the alarm switch means in the system. Corresponding elements of the FIG. 2
      circuit have the same reference numerals, plus 100, as those in FIG. 1,
      and the detailed description of these circuit elements and their operation
      will not be repeated.
PAR  Each of the automatic intrusion alarm switches 123 in FIG. 2 is connected
      in series with the coil K of a relay across a 12 volt battery B through a
      manual selector switch 124. The relay has a normally-open first set of
      contacts k-1 connected between the first line conductor 114 and the
      juncture 122 at the opposite side of selector switch 119 from the second
      supply terminals 113 of the receptacles 110.
PAR  A radio transmitter 50 at the protected premises is connected across a
      battery 51 through a normally-open second set of relay contacts k-2. These
      contacts close and the transmitter 50 is turned on in response to the
      energization of the relay coil K.
PAR  A radio receiver 52 tuned to the transmitter 50 is located at a suitable
      place away from where the intruder might hear an audible alarm device,
      such as a siren or bell. For example, the receiver 52 may be located in a
      neighbor's house or in a central alarm monitoring station serving several
      different residences or at a police station. Upon receiving the radio
      alarm signal, the receiver 52 turns on an audible or visual alarm
      signalling device or other alarm condition indicator 53 to warn that an
      unauthorized intrusion has occurred at the premises where the radio
      transmitter 50 is located. This indicator 53 is provided with a timer 54
      which keeps it on for a predetermined time interval after its initial
      turn-on by the receiver 52. This timer may be essentially similar to the
      timer 125 and it need not be described in detail.
PAR  In this system the alarm switch means includes the manual alarm switch 120,
      the automatic intrusion alarm switches 123, and the relay contacts k-1 and
      k-2. The selector switch means in the system consists of the individual
      manually-operated selector switches 119 and 124.
PAR  OPERATION - FIG. 2
PAR  In the operation of this system, whenever the alarm system is to be
      activated, the selector switch 119 is opened, so that the lights plugged
      into the second terminals 113 of the receptacles 110 will not come on when
      an automatic intrusion alarm switch 123 is closed.
PAR  Whenever the manual alarm switch 120 is closed, these lights will come on
      but the remotely-located wired-in alarm device 121 will not be turned on,
      nor will the timer 125.
PAR  The automatic intrusion alarm switches 123 are activated by closing the
      selector switch 124. Now if any one of these switches 123 is closed the
      relay coil K will be energized and its contacts k-1 and k-2 will close.
PAR  The closing of the k-1 contacts turns on the timer 125, and the closing of
      the switch 128 in the timer turns on the wired-in, remotely-located alarm
      device 121 and keeps it on for the time interval that cam 127 holds switch
      128 closed.
PAR  The closing of the k-2 contacts turns on the radio transmitter 50, which
      broadcasts a signal to the remotely-located receiver 52, and the latter
      turns on the audible or visual alarm condition indicator 53. This
      indicator is kept energized by its timer 54 for a predetermined time
      interval.
PAR  If desired, in either the system of FIG. 1 or the system of FIG. 2, a heat
      switch (not shown) may be connected across lines 14 and 17 (FIG. 1) or 114
      and 117 (FIG. 2) to operate an automatic telephone dialer for calling the
      fire department whenever the temperature rises to a point indicating that
      a fire is taking place in the protected premises.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electrical wiring and alarm system at a premises to be protected,
      said system having:
PA1  one or more receptacles, each having a common terminal and first and second
      supply terminals insulated from each other and from said common terminal
      and arranged so that one plug can be plugged into said first and common
      terminals and another plug can be concurrently plugged into said second
      and common terminals;
PA1  a first line conductor connected to said first supply terminals and
      connected to one side of a current supply;
PA1  a second line conductor connected to said common supply terminals and
      connected to the other side of said current supply;
PA1  a third line conductor connected to said second supply terminals;
PA1  and a wall switch connected between said first and third line conductors
      and operable when closed to connect said third line conductor to said one
      side of the current supply for turning on lights which are plugged into
      said second and common terminals of said one or more receptacles;
PAL  the improvement which comprises;
PA1  alarm switch means and first selector switch means connected by circuit
      means in series with each other between said first line conductor and said
      second supply terminals of the receptacles, whereby the opening of said
      first selector switch means disconnects said alarm switch means from said
      second supply terminals, said circuit means having a junction between said
      alarm switch means and said first selector switch means;
PA1  alarm signalling means operatively connected to said junction to be
      activated in response to the closing of said alarm switch means;
PA1  and second selector switch means connected in said circuit means for
      controlling the connection of said alarm switch means to said alarm
      signalling means.
NUM  2.
PAR  2. A system according to claim 1, wherein said alarm switch means comprises
      one or more intrusion alarm switches, each arranged to be closed by the
      opening of a corresponding door or window leading into the premises to be
      protected.
NUM  3.
PAR  3. A system according to claim 2, and further comprising a
      manually-operated switch in the premises to be protected bridging said
      first and third line conductors for turning on the lights plugged into
      said second and common terminals of said one or more receptacles.
NUM  4.
PAR  4. A system according to claim 1, wherein said alarm switch means comprises
      a set of relay contacts operated by a relay coil and one or more intrusion
      alarm switches controlling the energization of said relay coil and
      arranged to be closed by the opening of a door or window leading to the
      premises to be protected.
NUM  5.
PAR  5. A system according to claim 4, wherein said second selector switch means
      comprises a manual selector switch connected between said relay coil and
      said one or more intrusion alarm switches for selectively disabling the
      latter from controlling the energization of said relay coil.
NUM  6.
PAR  6. A system according to claim 1, wherein said alarm signalling means
      comprises an audible signalling device located outside the premises to be
      protected and connected in series with said alarm switch means between
      said first and second line conductors.
NUM  7.
PAR  7. A system according to claim 6, and further comprising a
      manually-operated switch in the premises to be protected for turning on
      the lights plugged into said second and common terminals of said one or
      more receptacles.
NUM  8.
PAR  8. A system according to claim 6, wherein said alarm switch means comprises
      one or more intrusion alarm switches each arranged to be closed by the
      opening of a respective door or window leading into the premises to be
      protected.
NUM  9.
PAR  9. A system according to claim 1, wherein said system further includes:
PA1  a radio transmitter located at the premises to be protected and connected
      to be turned on by the closing of said alarm switch means;
PA1  a radio receiver located away from the premises to be protected for
      receiving the alarm signal broadcast by said transmitter;
PA1  and an alarm condition indicator operated by said receiver.
NUM  10.
PAR  10. A system according to claim 9, and further comprising:
PA1  a relay having normally-open contacts connected to said transmitter;
PA1  a battery for energizing said relay to close said contacts for turning on
      said transmitter;
PA1  and means connecting said alarm switch means between said battery and said
      relay.
NUM  11.
PAR  11. A system according to claim 10, wherein said alarm switch means
      comprises a plurality of intrusion alarm switches connected in parallel
      and each arranged to be closed by the opening of a corresponding door or
      window leading into the protected premises.
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PAL  Disclosed is a guidance device for the alignment of two separate objects at
      least one of which is movable with respect to the other such as, towing
      and towed vehicles, boats with a dock or trucks with loading docks. The
      device includes a flexible line connectible between desired points on the
      objects, such as the trailer hitch and the drawbar of the trailer, and
      means mounted on one of the objects for drawing in the line as the first
      object moves toward the second. A sensing means detects changes in the
      alignment of the two objects and an indicating means signals the changes
      to the operator whereby alignment may be determined and maintained.
      Additional indicating means may be provided to enable the operator to
      check the operability of various electrical components on board the
      vehicles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a guidance device which can be utilized in the
      alignment of two objects such as vehicles. More specifically, this
      invention relates to a device for aiding an individual operator in backing
      a towing vehicle into perfect alignment with a trailer for subsequent
      connection of the trailer to the vehicle. Additionally, the device may be
      provided with means to enable the operator to check various electrical
      systems of the towing vehicle and trailer such as lights and electrically
      operated brakes.
PAR  Generally, the problems accompanying the connection of a trailer to a
      vehicle arise when the weight of the trailer is such that the tongue of
      the trailer cannot be moved without great difficulty. This situation
      requires that the vehicle be backed into perfect alignment with the tongue
      of the trailer in order to make the connection by lowering the tongue of
      the trailer onto the ball of the vehicle hitch. Inasmuch as the driver of
      the vehicle cannot see the hitching device on the vehicle, it is very
      difficult, if not impossible, to back the vehicle into proper alignment to
      make the necessary connection.
PAR  This has resulted in the coordinating of the efforts of two persons to
      connect the vehicle to the trailer. One person backs the vehicle and the
      other person positions himself so that he can visually guide the vehicle
      operator into the proper alignment for connecting the trailer to the
      vehicle.
PAR  Many times, however, it is inconvenient to find the second person to
      perform the visual guiding and even then the driver and the guider may
      have considerable difficulty in coordinating their efforts and signals so
      as to effect proper alignment of the vehicle and the trailer. The second
      person is usually necessary also to indicate the operability of various
      electrical systems which are activated by the driver.
PAR  To overcome the difficulties of alignment, devices have long been sought
      which would enable the driver to make the connection without the
      assistance of another person. One of the first methods of accomplishing
      this was to mount a swivel wheel on the tongue of the trailer so that the
      vehicle may be backed to within some small distance of the trailer by
      approximating the position of the tongue relative to the ball of the
      hitch. Thereafter, the trailer tongue was moved over the ball for
      connection. This method was only effective so long as the tongue wheel
      rested upon a hard, smooth surface and the tongue weight was not too
      great. Unfortunately, the trailer tongue usually does not rest upon such a
      surface and therefore it is very difficult accurately to move the trailer
      tongue into place over the hitch ball.
PAR  Another prior art device utilizes a mirror or combination of flat and
      convex mirrors positioned above the tongue at a sufficient height to allow
      the driver visually to guide the vehicle into alignment with the tongue.
      When using two mirrors, the flat mirror is angled to provide visual
      contact at close range while the convex mirror is used to provide long
      range visual contact. This type of device has the disadvantage of often
      confusing the driver regarding the direction he must turn the steering
      wheel because of the reversed image in the mirror, thereby requiring
      considerable practice and skill to use the device effectively. Also, the
      image in the convex mirror is inherently small and distorted, further
      complicating its use. And, in darkness, it becomes difficult if not
      impossible to use such an arrangement.
PAR  Another device known in the prior art utilizes indicator sticks to
      translate the relative positions of the hitch ball and the tongue to the
      line of sight of the driver. A stick is attached to the tongue and plumbed
      so that the end of the stick is directly over the coupling assembly of the
      tongue. Another stick is attached to the vehicle and plumbed so its end is
      directly over the hitch ball. Thereafter, the vehicle may be backed into
      alignment by sighting the relation of the ends of the two sticks until
      they just meet. This device like the mirrors has the drawbacks of
      confusing the driver and being very difficult to use in darkness.
PAR  A device which has very limited usefulness employs steel plates mounted at
      45.degree. angles from the hitch ball, similar to the fifth wheel of a
      tractor, to guide the tongue into position over the ball. This device
      contemplates that the driver is capable of directing the ball to within a
      few inches either way of the tongue and that the tongue will give enough
      to affect alignment for subsequent connection of the trailer to the
      vehicle. This device has the obvious disadvantages of being of no use
      until the vehicle and the trailer are within relatively close relation to
      one another.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a device for
      enabling the operator of a vehicle to back the vehicle into perfect
      alignment with a trailer tongue for connection therewith without the
      assistance of a second person.
PAR  It is a further object of the present invention to provide a device which
      can be used as readily in total darkness as in daylight.
PAR  It is another object of the present invention to provide a device which can
      be easily and quickly adapted for operation with any vehicle and trailer
      combination or any two objects which must be aligned, at least one of
      which is movable with respect to the other.
PAR  It is a still further object of the present invention to provide a device
      which is portable as to be capable of easy and quick set up for operation.
PAR  It is another object of the present invention to provide a device which can
      be employed to guide rearwardly a vehicle and trailer into a desired
      location such as a campsite.
PAR  It is yet another object of the present invention to provide a device which
      can be employed by the individual operator of a vehicle to ascertain the
      operability of various electrical systems of the vehicle and the trailer.
PAR  These and other objects of the present invention together with the
      advantages thereof over existing and prior art forms, which will become
      apparent from the description to follow, are accomplished by the
      improvements hereinafter described and claimed.
PAR  In general, a device employing the concepts of the present invention for
      the alignment of two separate objects at least one of which is movable
      with respect to the other includes a flexible line connectible between
      desired points on the objects, and means mounted on the first object for
      drawing in the line as the first object moves toward the second. A sensing
      means is provided for detecting changes in the alignment of the desired
      points, resulting from movement of the first object, and an indicating
      means is provided for signalling such changes to the operator whereby
      alignment may be determined and maintained during movement of said first
      object toward said second object.
PAR  The device is particularly useful between a towing vehicle and a towed
      vehicle such as house trailer. When adapted for such vehicles, the device
      may further include means for indicating the operability of electrical
      systems on board one or both of the vehicles. Such means provides the
      operator the additional advantage of being able to check the operability
      of clearance lamps, brake lights, turn signals, auxiliary systems such as
      electrically activated brakes and the like, by himself either during
      movement of the vehicles or whenever they are at rest.
PAR  Preferred embodiments of the subject guidance device are shown and
      described by way of example in the accompanying drawings and description
      without attempting to show all of the various forms and modifications in
      which the present invention might be embodied; the invention being
      measured by the appended claims and not by the details of the
      specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a portion of the device mounted over the
      hitch ball of a towing vehicle, depicted in phantom, and including the
      flexible line connected to the tongue of a towed vehicle, means for
      drawing in the line and the sensing means;
PAR  FIG. 2 is an enlarged perspective view of the device depicted in FIG. 1, a
      portion of which has been partially broken away;
PAR  FIG. 3 is a perspective view of the remaining portion of the device
      depicting the indicator means for signalling changes in alignment between
      two objects or vehicles;
PAR  FIG. 4 is a top plan view, partially in section, of an alternate embodiment
      of a portion of the device including the flexible line, means for drawing
      in the line and the sensing means.
PAR  FIG. 5 is an enlarged plan view, taken substantially along line 5--5 of
      FIG. 4 and depicting the structure of the sensing means; and,
PAR  FIG. 6 is a perspective view of an alternate embodiment of the indicator
      means for signalling changes in alignment and further depicting means for
      signalling the operability of electrical systems on board the towing and
      towed vehicles.
DETD
     DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The device, indicated generally by the numeral 10, is depicted in FIG. 1
      for use with a towing vehicle, such as a car 11, having a tow bar and
      hitch ball, 12 and 13, respectively, and a towed vehicle such as a house
      trailer, camper, boat, commercial trailer or the like, having a draw bar
      14. Alternatively, the device could be utilized with a boat and a slip at
      a dock or with a truck at a loading dock. The device 10 includes a
      flexible line 15, connectible between the two vehicles, means mounted on
      one of the vehicles, such as the motor 16, to draw in the line 15 as the
      car 11 moves toward the draw bar 14, sensing means for detecting changes
      in the alignment of the two vehicles, indicated generally by the numeral
      18, and indicating means for signalling such changes to the driver of the
      car 11, hereinafter referred to as the indicator panel 19.
PAR  Referring specifically to FIGS. 1 and 2, it is seen that the device 10 may
      be mounted on the bumper 20 of the vehicle 11 directly over the hitch ball
      13. To facilitate such mounting, a vertical bracket 21 having a
      horizontally extending leg 22 at its upper end is connected to a
      horizontal bracket 23 having a bumper engaging lip 24 at one end. In order
      to accommodate various bumpers, the bracket 23 has a longitudinally
      extending slot 25 therein and is adjustably fastened to the bracket 21 via
      nut and bolt combination 26 and 28. An extension spring 29 is connected to
      the lower end of the bracket 21 and is provided with a bumper engaging
      clip 30.
PAR  The motor 16 which draws in the flexible line 15 may be conveniently
      affixed to the bracket 21 by a plate 31 mounted thereon, or in any other
      suitable manner. The motor 16 is preferably electric, operating on 12
      volts D.C. or less, or, it may be a mechanical spring wound device. A
      small pulley 32 is mounted on the output shaft 33 of the motor 16 to wind
      in the flexible line 15 as it is drawn. As will be more fully understood
      hereinbelow, the motor 16 need not develop any appreciable torque which
      will permit it to be readily stalled without damage to itself or any of
      the other components of the device 10.
PAR  The sensing means 18 for detecting changes in the alignment of the two
      vehicles consists of two L-shaped strips of conductive metal 34 and 35
      mounted at the bottom portion of a box or frame 36, or other suitable
      enclosure, carried by the bracket 21. A shaft 38 is mounted within the box
      36 and is provided with a pulley 39. As is seen in FIG. 2, the flexible
      line 15 extends downwardly from the pulley 32, through an aperture 40 in
      the box 36, and is guided around the pulley 39 and between the metal
      strips 34 and 35, the space therebetween being somewhat wider than the
      diameter of the line 15. The box 36 may also be provided with a receptacle
      41 for detachably supplying current to the motor 16 and sensing means 18.
PAR  The flexible line 15 is preferably a conductive material and it has been
      found that a braided steel cable having a length of 20 to 30 feet is quite
      suitable. As already indicated, one end of the line 15 is affixed to the
      pulley 32. The opposite end of the line may carry a spring clip 42 or a
      loop 43 for temporary contact with the drawbar 14 of a trailer.
PAR  The indicator panel 19 consists of a box having signal means such as a
      buzzer, light-emitting diodes or light bulbs, e.g., a bulb 44 on the left
      side, a bulb 45 on the right side and a bulb 46 in the center of the
      device. The bulbs 44 and 45 may be red and the bulb 46 green. In addition,
      the words TURN LEFT, STOP and TURN RIGHT may be provided to aid the
      driver. Current is fed into the panel 19 via wire 48, which is
      conveniently provided with a plug (not shown) to engage the socket of a
      cigar lighter, and through the remainder of the device 10, via cord 49
      having a plug 50 to engage the receptacle 41. A separate switch 51 may
      also be employed to activate the device 10 as desired.
PAR  The device 10 is wired so that the motor 16 and bulb 46 are activated when
      current is flowing through the switch 51, the motor 16 being grounded
      through the bracket 21 so that the flexible cable 15 is also grounded. The
      bulb 44 is wired in series with the metal strip 34 of the sensing means
      and carries a positive charge. Similarly, the bulb 45 is wired in series
      with the metal strip 35 of the sensing means and also carries a positive
      charge.
PAR  To use the device 10, the bracket 21 is positioned on the bumper 20 so that
      the metal strips 34 and 35 are in direct alignment with the hitch ball 13.
      Alternatively, the bracket 21 could be modified so as to engage the
      tailgate of a station wagon or for permanent mountng inside the trunk of
      the vehicle 11, or it could even be magnetic. The vehicle 11 should then
      be positioned to at least within 20 or 30 feet from the trailer. The
      flexible line 15 is then pulled away from the device 10 and is affixed to
      the drawbar 14 in such a manner that the line 15 is aligned with the
      socket thereof. Next, the indicator panel 19 is placed upon the dashboard
      or the floor of the vehicle 11 in full view of the driver, the wire 48 is
      plugged into the lighter socket, the plug 50 is connected to the
      receptacle 41 and the switch 51 is moved to the ON position.
PAR  At this point at least the green bulb 46 should be illuminated and the
      motor 16 should be running to draw in any slack in the line 15 so as to
      maintain it taut between the two vehicles. As the driver commences
      rearward movement of the vehicle 11, the motor 16 will continue to draw in
      the slack; however, if the vehicle 11 is misaligned with the trailer,
      e.g., too far to the right, the line 15 will contact the metal strip 34,
      closing the circuit to the bulb 44 thereby indicating to the driver that
      the vehicle 11 should be turned to the left until the bulb 44 goes out.
      Similarly, movement too far to the left will illuminate bulb 45 indicating
      that corrective steering should be made to the right. True, aligned
      rearward movement of the vehicle 11 will be indicated when neither bulb 44
      nor 45 is on, inasmuch as the pulley 39 guides the line 15 exactly between
      the metal strips 34 and 35.
PAR  When the vehicle 11 is within several inches from the drawbar 14, a stop
      52, carried by the line 15 and made from a conductible material, contacts
      both strips 34 and 35 simultaneously, causing illumination of both bulbs
      44 and 45, thereby indicating to the driver that he is in position and
      should stop. The stop 52 may be adjustably positioned on the line 15 so as
      to vary the final distance between the vehicle 11 and the trailer.
PAR  As mentioned hereinabove, the motor 16 need not be very powerful, and in
      fact, the current may even be reduced with a resistor to insure that the
      motor can stall in the event the switch 51 is left on when the vehicle 11
      is not moving or is moving slower than the line 15 is being drawn. It is
      intended that the motor 16 would stall before the line 15 was pulled loose
      from the drawbar 14 or damage was done to any other components of the
      device 10, or to either vehicle. Of course, a clutch mechanism (not shown)
      could also be employed if desired, but with an attendant increase in the
      cost of the overall device 10. It is to be understood that a spring wound
      motor or equivalent device could be substituted in lieu of the electric
      motor 16 so long as the line 15 remains grounded to complete the circuit
      with the metal strips 34 and 35.
PAR  It should furthermore be understood that the device 10 could be employed to
      guide the vehicle 11 with attached trailer into a parking space such as a
      campsite, by mounting the bracket 21 on the rear of the trailer and
      extending the line 15 to a nearby fixed object in axial alignment with the
      trailer. In such an instance the indicator panel 19 could be inverted so
      that the bulbs 44 and 45 would again indicate the correct direction of
      steering as may be necessary. If desired, the indicator panel could also
      be positioned behind the driver so that he could observe it as well as the
      direction in which he is moving, simultaneously.
PAR  Referring now to FIGS. 4 and 5, an alternative embodiment of the device,
      indicated generally by the numeral 60, shall be described. The operation
      of the device 60 has been somewhat modified from the device 10 so as to
      indicate to the driver, in varying degrees, the amount of steering
      correction required in addition to the direction. The device 60 employs a
      motor 61, a variable sensing means, indicated generally by the numeral 62,
      a flexible line 63 and an indicator panel, such as panel 19, but having
      two additional bulbs 64 and 65.
PAR  The motor 61 is affixed to a bracket 66 with bolts 68 and 69 and it may be
      suitably adapted for mounting to the vehicle. An angle plate 70 may be
      employed to strengthen the bracket 66. The motor 61 has a drive shaft 71
      upon which the flexible line 63 may be attached, or a pulley (not shown)
      may be mounted thereon. Also carried by the bracket 66, adjacent the end
      of shaft 71, is a frame 72 having an upper and lower surface, 73 and 74,
      respectively, for mounting the sensing means 62 in operative position and
      to carry a receptacle (not shown) for readily connecting wires from the
      indicator panel 19.
PAR  The sensing means 62 includes a movable switching element 76 having an oval
      slot 78 located in approximately the first third of its length, and two
      perpendicularly extending gates 79 and 80 located along the remainder of
      its length. The forward edge 81 of the switching element 76 terminates in
      a point 82 for contact with any one of five arcuately oriented contact
      points 83-87 which are mounted in the upper surface 73 of the frame 72.
      Passing through the slot 78, in switching element 76, and the frame 72, is
      a rivet 88 or other suitable fastening device which mounts the element 76
      on the frame 72 for pivotal and reciprocal movement thereon. A small
      compression spring 89 is held between the rivet 88 and a short tang 90,
      extending from one of the gates 79. A small washer 91, may be employed as
      a spacer between the element 76 and frame 72.
PAR  The switching element 76 is preferably constructed of a conductive metal,
      in order to complete a circuit through any of the contact points 83-87,
      while the frame 72 is constructed of a plastic or other suitable
      non-conductive material. Alternatively, the element 76 could be formed
      from a plastic material the forward edge 81 of which would carry a
      metallic insert for contact with the points 83-87.
PAR  When the element 76 is metallic, current may be readily passed therethrough
      by connecting one side of a battery power source to the rivet 88 via wire
      92. Each of the contact points 83-87 would then be connected to the other
      side of the battery via wires 93-97 which are connected in series with the
      bulbs on the indicator panel, e.g., point 83 to bulb 64 via wire 93; point
      84 to bulb 44 via wire 94; point 85 to bulb 46 via wire 95; point 86 to
      bulb 45 via wire 96; and point 87 to bulb 65 via wire 97.
PAR  The flexible line 63 may be any material, preferably one which is fairly
      strong, lightweight and of a small diameter such as a nylon monofilament.
      The line 63 is passed through apertures 98 and 99, in gates 80 and 79,
      respectively, and is connected directly to the motor output shaft 71 or a
      suitable pulley (not shown). An adjustable stop 100 is carried by the line
      63 serving a function similar to the stop 52 on line 15.
PAR  In operation, the device 60 is mounted on the vehicle and connected to the
      trailer or other object in a manner similar to that described in
      conjunction with the device 10. When the switch 51 is activated, the motor
      61 operates to draw the slack from the line 63 and at least one of the
      bulbs 44-46, 64 or 65, will be illuminated inasmuch as the point 82 of the
      switching element 76 will touch one of the contact points 83-87. As the
      vehicle moves rearwardly, in correct alignment with the trailer, the line
      63, passing through apertures 98 and 99, will orient the switching element
      76 so that the point 82 is touching the contact point 85, illuminating the
      bulb 46. In the event the vehicle moves into misalignment with the
      trailer, e.g., to the left, the line 63 will contact the gates 79 and 80
      causing the switching element 76 to pivot about the rivet 88 whereby the
      point 82 will touch either contact point 86 or 87 and, in turn, illuminate
      the respective bulb 45 or 65 indicating to the driver that he has moved
      incorrectly to the left a slight or a large amount. In either event, a
      proportionate amount of steering to the left will straighten the switching
      element point 82 into contact with the point 85 or the points 84 or 83, if
      oversteering is applied.
PAR  When the vehicle is within the desired distance from the trailer, the motor
      61 will have drawn the line 63 in enough so that the stop 100 is urged
      against the gate 80. At this time the entire switching element 76 will be
      urged forward and the leading edge 81 thereof will contact all points
      83-87, simultaneously illuminating all bulbs 44-46, 64 and 65, and
      indicating to the driver that he should stop.
PAR  With reference now to FIG. 6, a further embodiment of indicator panel,
      indicated by the numeral 110, will now be described. The panel 110, is
      provided with means for signalling to the driver the operability of
      various electrical systems on board his vehicle and the trailer. The panel
      110 may be temporarily or permanently mounted on or in the dashboard of
      the vehicle and includes a gauge such as an ammeter 111 calibrated from 0
      to at least 20 amps, an ON-OFf switch 112 and accompanying lamp 113 and a
      plurality of double poledouble throw switches 114-119, preferably spring
      loaded switches which return to the OFF position at rest. Additionally,
      lamps 120 and 121 may be provided to indicate alignment of the vehicle
      with the trailer as described hereinabove.
PAR  Indicia blocks 122 and 123 may be provided on the panel 110 suitably
      subdivided into desired circuits for the vehicle and the trailer such as,
      left turn signal 124, clearance lights 125, brake control 126, D.C.
      auxiliary 127 and 128, and right turn signal 129. The description of the
      wiring of the panel 110 can be readily understood with respect to the left
      turn signals of the car and trailer. The ammeter 111 is connected in
      parallel to the circuit of the left turn signal lamps of the car and in
      series with one side of the switch 114 and in parallel to the circuit of
      the left turn signal lamps of the trailer and in series with the other
      side of the switch 114.
PAR  The amount of current flowing through the left turn signal system of the
      car may be observed, for the first time, directly from the ammeter 111 or,
      it may be obtained from a specification manual. Assuming the proper amount
      or standard is 4 amps, the numeral 4 would be placed in a square 130
      directly below the subdivision 124 for left turn signals. In like manner,
      the correct amperage for the car and trailer left turn signal circuitry,
      or for the trailer alone if so desired, e.g., 8, will be placed in a
      square 131. The numerals may be printed on metal or plastic squares having
      a pressure sensitive adhesive on the rear side or, they may be indicated
      in the blocks 122 and 123 in any other suitable manner.
PAR  When the panel 110 is completely connected and all standard amperages
      recorded, the driver may readily check the operability of the various
      electrical components merely by pushing the corresponding switch and
      comparing the instantaneous ammeter reading with the standard, printed
      reading appearing on the panel 110, a higher reading, for instance, would
      indicate a decrease in resistance and hence, a burned out bulb. It is to
      be understood that the selection of six switches 114-119, as well as the
      corresponding number of particular electrical systems 124-129 named herein
      and the suggested ammeter readinigs are merely set forth for the purpose
      of illustration and therefore, one skilled in the art may be expected to
      select various other components for checking, without departing from the
      scope of the invention.
PAR  Thus, it should be evident that the devices disclosed herein carry out the
      objects of the invention set forth above. As apparent to those skilled in
      the art, modifications can be readily facilitated by combinations of the
      various components described herein, such as the sensing means 18 and 62
      or the indicator panels 19 and 110, or by mounting the device 10 or 60 on
      various objects in whatever manner may be most expeditious, without
      departing from the spirit of the invention herein disclosed and described,
      the scope of the invention being limited solely by the scope of the
      attached claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A guidance device activated by a power source to aid an operator in the
      alignment of a first and a second object at least one of which is movable
      with respect to the other comprising:
PA1  a flexible line connectible between desired points on said first and second
      objects;
PA1  means mounted on said first object for drawing in said line as said first
      object moves toward said second object;
PA1  sensing means for detecting changes in the alignment of said desired
      points; and,
PA1  indicating means for signalling said changes to the operator whereby
      alignment may be determined and maintained during movement of said first
      object toward said second object wherein said sensing means includes:
PA1  a frame;
PA1  a switching element in electrical contact with one pole of the power
      source;
PA1  means for pivotally mounting said element on said frame; and,
PA1  at least three contact points carried by said frame and in electrical
      contact with the other pole of said power source; and, wherein said
      switching element includes;
PA1  an elongated slot through which a rivet passes to guide reciprocable
      movement of said element on said frame;
PA1  at least one gate extending outwardly from said element and having an
      aperture therein for the passage of said flexible line freely
      therethrough; and,
PA1  a forward edge communicable with all of said contact points and terminating
      in a point communicable with any one of said contact points.
NUM  2.
PAR  2. A guidance device, as set forth in claim 1, wherein said means for
      drawing in said line is an electric motor.
NUM  3.
PAR  3. A guidance device, as set forth in claim 1, wherein said sensing means
      further comprises:
PA1  biasing means interposed between said gate and said means for pivotally
      mounting said element urging said forward edge away from said contact
      points.
NUM  4.
PAR  4. A guidance device, as set forth in claim 1, further including:
PA1  a stop element movable along said flexible line the size of said stop
      element being greater than said aperture in said gate.
NUM  5.
PAR  5. A guidance device, as set forth in claim 1, wherein said device is
      operated by a power supply and said indicating means comprises:
PA1  a panel having at least two signal means in electrical contact with said
      sensing means and one pole of said power source.
NUM  6.
PAR  6. A guidance device, as set forth in claim 1, wherein said indicating
      means comprises:
PA1  a panel having at least three signal means in electrical contact with said
      contact points.
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ABST
PAL  Alert apparatus worn by a driver includes a motion responsive switch
      including a pendant wiper associated with a plurality of closely spaced
      contacts surrounded by an auxiliary contact. A plurality of resistors of
      different values are respectively coupled to different ones of the
      contacts for randomly placing different ones of the resistors in a circuit
      for charging a selected capacitor coupled to the wiper. An amplifier and
      switching circuit energizes an alarm when the capacitor is charged to a
      predetermined level and the auxiliary contact is coupled to the capacitor
      to enable its discharge as the wiper is accellerated against the auxiliary
      contact in response to deliberate shaking movement by the operator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the safety devices for motor vehicles and
      particularly to safety devices adapted to keep alert drivers experiencing
      incipient sleep or sleepiness. The prior art includes a number of
      apparatus which require a driver to maintain a force on a spring such as
      that shown in Galli, U.S. Pat. No. 2,126,878 issued Aug. 16, 1938. Setser,
      U.S. Pat. No. 3,594,772 discloses a condensor and relay time constant
      circuit which is discharged at a predetermined rate as the mode of
      steering the vehicle is changed. The apparatus heretofore known has not
      been widely accepted in part because of its relative complexity and
      because of its expense as well as the difficulty of installing it on a
      motor vehicle once it has left the factory.
PAR  Accordingly, it is a primary object of the invention to provide apparatus
      which is simple and inexpensive to manufacture and which may be readily
      used by motor vehicle operators without the necessity of major connections
      to the motor vehicle.
PAR  Still another object of the invention is to provide apparatus which may be
      installed merely by connecting to the cigarette lighter of the vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that this and other objects of the invention may be
      satisfied by apparatus for keeping alert a motor vehicle operator who is
      drowsy which includes an audible alarm, a mechanical vibration stimulus,
      and a motion switch which is responsive to deliberate movements of the
      vehicle operator. The switch includes a plurality of contacts which are
      selectively connected to a pendant or hammer. Means are provided also for
      initiating and terminating the audible and vibratory alarm signals in
      response to the motion switch. The means includes a first capacitor.
PAR  Normally a plurality of resistors will be provided which are connected to
      contacts of the motion switch and have different resistance values. The
      different resistance values cause charging of the first capacitor at
      varying rates. In some forms of the invention is plurality of capacitors
      of different values may be provided and one of these capacitors may be
      selectively connected in place of the first capacitor. The circuit
      includes a field effect transistor and also a second transistor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood by reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a schematic view of one form of the apparatus in accordance with
      the invention;
PAR  FIG. 2 is a plan view of the motion switch which is a portion of the
      apparatus shown in FIG. 1;
PAR  FIG. 3 is a sectional view taken through the line 3--3 of FIG. 2;
PAR  FIG. 4 is a plan view similar to that of FIG. 2;
PAR  FIG. 5 is a sectional view taken through the line 5--5 of FIG. 4;
PAR  FIG. 6 is partially broken away side elevational view of the apparatus
      which is shown schematically in FIG. 1; and
PAR  FIG. 7 is a front elevational view corresponding to a side elevational view
      of FIG. 6.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 there is shown a wire 10 which is connected at one
      end to a buzzer 12 and at the other end to an emitter 14 of a transistor
      16. The collector 18 of the transistor 16 is connected by means of a line
      20 to the plus side of battery 22 by means of a fuse 24 and a cigarette
      lighter plug 26.
PAR  A wire 28 is connected to the other terminal of the buzzer 12 and by means
      of the cigarette plug 26 to the negative side of the battery 22. In most
      domestic cars the negative side of the battery will be at the same
      potential as the frame of the vehicle. The base 30 of transistor 16 is
      coupled by means fo a resistor 32 to the line 28. Also coupled to the base
      30 is the source 36 of a field effect transistor 38. The gate 40 of the
      field effect transistor 38 is coupled by a switch 42 to one of the
      capacitors C1, C2 and C3 which are in turn coupled on one side to the line
      28. Resistor R7 connects the drain 72 of field effect transistor 38 to
      line 20. As also will be seen in FIG. 1 the gate 40 of the field effect
      transistor 38 is also coupled to a resistor R6 which is connected on one
      end to the line 20. Also connected to the gate 40 is switch 44 which is
      also referred to herein as a motion switch. The motion switch selectively
      connects one of the resistors R1, R2, R3, R4, or R5 to the gate 40 of
      field effect transistor 38. Each of the resistors 1 through R5 is coupled
      to the line 20. An additional line 46 is provided extending to an
      additional contact on the switch 44 and also to the line 28.
PAR  Referring now particularly to FIGS. 2 through 5 there is shown the motion
      switch 44 in greater detail. More particularly a hammer or contact 48 is
      carried by a conductor 50. A case 52 which is of metallic construction is
      suspended by a wire 54 as is best shown in FIGS. 6 and 7 as part of an
      assembly 56 which is normally carried by a loop 58 about the neck of the
      vehicle operator. Responsive to the movements of the vehicle operator the
      pendant 48 will move because of the effect of gravity and inertia. The
      motion switch includes discrete contacts 61 through 66. More specifically
      it will be seen that the contact 66 is the inside surface of the case 52
      and it will be understood that this contact is the ground connection which
      is common to line 28. Ordinarily the case 52 will be suspended like a
      pendulum by the wire 54 from the buzzer 12 within the housing 56. A cable
      70 extends from the housing 56 for connection to the cigarette lighter
      connection 26 to the battery 22. A switch 42 is provided for varying the
      sensitivity of the apparatus as well as turning it on and off.
PAR  In operation the pendant 48 may initially come to rest against the contact
      61 of the motion switch 44. With the connector 26 providing power from the
      battery 22 depending upon the position of the switch 42 one of the
      capacitors C1, C2, C3 will be charged and the potential at the gate 40 of
      the field effect transistor 38 will rise. The voltage at the source 36
      will also rise with the rising potential at the gate 40. In a similar
      manner the potential at the base 30 of the transistor 16 will also rise at
      a rate determined by the resistance value of R1. It will also be apparent
      to those skilled in the art that the capacitance of each of the capacitors
      C1, C2 or C3 which is connected by means of a switch 42 to the gate 40 of
      the field effect transistor 38 will also effect the rate of rise of the
      potential at the base 30 of the transistor 16. Increases in the potential
      at the base 30 of the transistor 16 will result in corresponding increases
      in collector current until sufficient current is passed to operate the
      buzzer 12. The buzzer operates with increasing strength as the collector
      current increases. Although not essential to the invention the
      incorporation of the field effect transistor 38 is particularly desirable
      to avoid having the base circuit of the transistor 16 load down the
      capacitors of the timing circuit.
PAR  It will be understood that the switch 42 which is provided to vary the
      sensitivity of the apparatus will connect various sizes of capacitors
      identified by designations C1, C2 and C3 between the gate 40 of the field
      effect transistor 38 and the negative side of the battery 22 through line
      28. More particularly the time delays (in seconds) inherent in charging
      capacitor C1, C2 and C3 selectively are in one form of the invention:
TBL  SWITCH 44 SWITCH 42    SWITCH 42   SWITCH 42                              
               Position 81  Position 82 Position 83                            
     ______________________________________                                    
     Position 61                                                               
                5           10          20                                     
     Position 62                                                               
               10           20          40                                     
     Position 63                                                               
               15           30          60                                     
     Position 64                                                               
               20           40          80                                     
     Position 65                                                               
               25           50          100                                    
     ______________________________________                                    
PAR  It will be understood that the position 66 of the switch 44 results in a
      short circuit to ground of capacitor C1, C2 and C3 operatively connected
      thereto which will immediately ground any potential across the members of
      the particular capacitor. It will be further understood by those skilled
      in the art the pendant 48 will not contact any of the contacts 61 through
      68 over an angular portion of the case 52 which is covered by an
      insulation 84.
PAR  When the driver shakes his torso or head the pendant 48 will momentarily
      strike contact 66 then come to rest normally in a random manner on another
      of the depressions or contacts 61 through 65. The alarm signals will than
      gradually build up in intensity to a maximum value, unless the driver
      shakes his torso or head again, which removes the alarm signals and starts
      a new build-up. The periodic shaking of the torso or head, which the
      driver is required to execute in order to avoid receiving alarm signals,
      helps to keep him alert, along with the audible and vibratory stimuli
      themselves. The time constants indicated above in the table will be
      determined by the product of the resistance and the capitance which are
      operatively connected by means of switches 44 and 42. The agitation of the
      torso or head of the operator of the vehicle will cause the movement of
      pendant 48 and ordinarily will cause it to move to a different contact
      position 61 through 66 and initiate the charging or discharge in
      accordance with the operation before described. The variations and
      charging times for various positions of the switch 44 have been
      intentionally chosen to be of varying lengths of time to avoid the
      anticipation by the driver of when a shake is required and therefore the
      apparatus demands that a higher degree of alertness to avoid hearing and
      feeling unpleasant sounds and vibrations induced by the buzzer 12.
      Normally the driver will connect the apparatus when he feels drowsy or for
      other long periods of driving as dictated by his driving patterns and
      tendency to fall asleep which in turn is dependent upon his physical
      condition at the particular time involved.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. An alarm system for keeping alert a motor vehicle operator which
      comprises: an alarm, a motion switch responsive to movements of the
      vehicle operator, and which switch includes a plurality of contacts
      disposed for random contact with a pendant, and means for periodically
      initiating and terminating operation of said alarm responsive to the
      position of said motion switch, said means for initiating and terminating
      including a first capacitor which is charged by an electric current passed
      through said pendent, a plurality of resistors of different value which
      are respectively connected to said plurality of contacts of said motion
      switch, said different resistance values causing charging of said first
      capacitor at varying rates.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for initiating and
      terminating further comprises an additional contact on said motion switch
      associated with said pendant, said additional contact being positioned
      relative to said pendant to be contacted by said pendant in response to
      deliberate movement of the operator, said additional contact and said
      pendant being coupled to said capacitor for discharging said capacitor in
      response to said pendent contacting said additional contact.
NUM  3.
PAR  3. The apparatus as described in claim 2 further including a plurality of
      capacitors of different values and means for selectively connecting one of
      said capacitors in place of said first capacitor.
NUM  4.
PAR  4. The apparatus as described in claim 3 wherein said means for
      periodically initiating and terminating said alarm includes a field effect
      transistor amplifier means fed by said selectively connecting means for
      amplifying the voltage across said selected capacitor.
NUM  5.
PAR  5. The apparatus as described in claim 4 wherein said means for
      periodically initiating and terminating said alarm further comprises a
      transistor connected by its emitter and collector terminals in series with
      said alarm and having its base terminal coupled to said amplifier means
      for control of said transistor.
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ABST
PAL  An alarm sensor device of two major portions. The first portion is a
      securely enclosed chamber containing one or more connector elements and
      the second portion is a specific length of cable having conductor paths
      for energy transmission and having at least one connector device attached
      to at least one free end of the cable with the connector being compatible
      with the connector element installed within the enclosed chamber. Separate
      and additional means for interconnection of the conductors within the
      chamber to conductors of energy originating from alarm system equipment at
      a remote location is also provided. The specific length of cable securely
      emanates from and thereafter terminates by connector means within the
      enclosed chamber thereby forming a closed loop of fixed and unalterable
      circumference thereby providing a loop to protectively encircle an object.
      Any attempt to enlarge the fixed circumference of the closed loop of cable
      for the purpose of removing it from the object will cause an alteration of
      the pattern of energy flowing within the cables thereby causing a remote
      detection of attempted theft and allowing the activation of an alarm
      signal warning system.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 159,697,
      filed July 6, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is often desirable to provide an anti-theft alarm system for preventing
      unauthorized removal of an otherwise movable object from a specific
      physical location.
PAR  There are many varieties of burglar alarms, theft alarms, and protective
      alarm systems which serve to protect objects of private property by
      physically connecting to the object which requires protection, a sensor
      device which is in turn connected to a remote detecting apparatus by means
      of energy transmission. The general system methods rely on the remote
      detection of an interruption or alteration of an otherwise constant
      pattern of energy flow which may be electrical, light, magnetic, thermal
      or fluidic energy.
PAR  In general, when a physical connection is employed between an energy alarm
      system and an object requiring protection, it is usually required that the
      objects have natural apertures, openings or holes, or that the objects be
      modified by introducing into them either apertures, appendanges or
      mechanisms allowing for suitable mechanical interconnection with the alarm
      system. This presents a problem when dealing with many types of objects
      such as objects of art and tools which are physically shaped so as to
      provide no natural means of allowing suitable mechanical attachment to an
      alarm system. Frequently, the physical modification of these types are
      objectionable, and often impractical or destructive to the purpose of the
      object.
PAR  A number of systems are presently in use which utilize alarm cables to
      protect objects against theft. Certain designs of cable attachment devices
      utilize adjustable mechanical loops to terminate conductive cables. With
      this type of structure, the device is useful only on objects having
      apertures within their structures through which some portion of the cable
      may be passed. The devices which employ mechanical loop connection of the
      energy conductor cables share the common defect of failing to provide a
      means of limiting the circumference of the loop portion to a fixed size,
      and of failing to provide a means of detecting the unauthorized
      enlargement of the protective cable loop. This type of device is totally
      useless in protection of objects without apertures due to the fact that a
      thief can simply enlarge the mechanical loop attachment mechanism and
      remove the cable from the object it protects without detection.
PAR  It is readily apparent from the above discussion that it would be extremely
      advantageous to provide a structure which alleviates the above discussed
      deficiencies of available structures.
PAC  SUMMARY OF THE INVENTION
PAR  With the above background in mind, it is among the primary objectives of
      the present invention to provide a structure for attaching the energy
      transmitting conductors of a remote alarm system to irregularly shaped
      objects which have no natural apertures in order to provide anti-theft
      protection. Furthermore, the device permits attachment of an alarm system
      to an object which requires protection in a manner which requires no
      alteration or modification to the structure of the object itself.
      Additionally, the present device is of low cost in construction and easy
      to install so as to provide an economical product. Finally it should be
      kept in mind that the present structure provides improved resistance to
      tampering by a thief when the device is utilized in a location exposed to
      such tampering.
PAR  In summary, the alarm system sensing device presented herein is adapted for
      use with alarm systems which monitor energy forms transmitted from remote
      locations. The device includes a housing having an enclosed and secured
      chamber therein and portions of the device are located within and without
      the housing. A cable containing one or more energy paths within and which
      physically originates within and ultimately terminates within the chamber
      is provided. At least one connector component device is attached to at
      least one end of the cable to permit the cable to be connected to and
      disconnected from mating connector components within the chamber. Surfaces
      are within the chamber and on the cable allowing the cable to couple
      physically therein so as to form an uninterrupted mechanical path of fixed
      and invariable length which may be attached to an object by encircling it.
      Means are provided for allowing energy to flow through the energy
      transmission paths within the cable during times when both ends of the
      cable are properly connected within the chamber thereby forming an
      uninterrupted mechanical path. Means are present for interrupting or
      altering the pattern of the flow of energy through the energy transmission
      paths within the cable during times when it is desirable to interrupt the
      uninterrupted mechanical path. Finally, means are present for
      accomplishing association of the device with remotely located alarm
      detection instruments so as to assure that alteration of energy flow
      patterns within the device will be instantaneously detected remotely.
PAR  With the above objects, among others, in mind reference is had to the
      attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the device of the invention as it is used
      relative to a complete alarm system;
PAR  FIG. 2 is a fragmentary sectional view thereof taken along the plane of
      line 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view of an alternate form of the device showing an
      additional connector component;
PAR  FIG. 4 is a perspective view of a further alternative form of the device
      showing additional numbers of connector components;
PAR  FIG. 5 is a sectional view of an alternative form of the device;
PAR  FIG. 6 is a sectional view of a further alternative form of the device;
PAR  FIG. 7 is a sectional view of still a further alternative form of the
      device;
PAR  FIG. 8 is a perspective view of the device in engagement with an object
      being protected;
PAR  FIG. 9 is a perspective view of the device in engagement with a different
      type of object being protected; and
PAR  FIG. 10 is a perspective view of another alternative form of the device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1 and 2 alarm sensor device 20 is shown in interconnection with
      alarm system equipment 10 in a remote location therefrom. The remainder of
      the alarm system separate from sensor device 20 is of a typical,
      conventional, well-known design. Device 20 includes rectangularly shaped
      housing 21 which has a hollow interior so as to form chamber 22. The
      internal chamber is completely enclosed by housing 21 with the exception
      of spaced openings 23, 24 and 25 through which extend the various
      connectors and cables utilized in the system. While in the depicted form,
      housing 21 is shown in a rectangular configuration, it can be readily
      visualized how the housing can be altered in exterior configuration as
      long as it serves to form a protective closure for inner chamber 22.
PAR  An energy transmission path cable 26 is connected at one end to alarm
      instrument package 10 and at the other end through opening 23 to the
      interior of housing 21. Alarm instrument package 10 is a system device
      which provides a source of energy that is regulated precisely and
      transmitted to external energy paths in a constant pattern. Equipment
      within instrument package 10 monitors and measures the energy it transmits
      to external system components and has the capability of initiating an
      alarm warning signal upon the occurrence of any unusual alteration of the
      energy flow pattern.
PAR  As shown in FIG. 3, if desired, an appropriate connector 27 can be provided
      on cable 26 to facilitate removable interconnection with alarm instrument
      package 10. Cable 26 contains two conduits 28 and 29 with one conduit
      being for energy flow into device 20 and the other conduit for return
      energy flow to the remainder of the alarm system. Cable 26 extends through
      opening 23 and is mounted therein by engagement between flanged locking
      collar 31 and the inner adjacent surface of housing 21. Conduits 28 and 29
      divide as they extend through chamber 22 with cable 28 extending through
      opening 24. A flanged collar 32 is mounted in opening 24 so that conduit
      28 passes therethrough. Conduit 28 continues a predetermined distance
      beyond housing 21 and terminates in a connector element 33. Cable 29
      extends within chamber 22 until it is mounted in connector receiver
      portion 34. Connector receiver portion 34 is mounted to the inner surface
      of housing 21 in alignment with opening 25. In this manner portion 34
      forms a receptacle for connector 33 extending from the free end of conduit
      28. Consequently, when the portion of conduit 28 outside of housing 21 is
      passed around an object to be protected and connector 33 is extended
      through opening 25 into mating engagement with receiving connector element
      34 a continuous energy path is provided through conduit 28, connector 33
      and conduit 29. Any alteration of the energy flow through the loop formed
      in this manner by interfering with the interconnection therebetween causes
      the alarm system to be activated. The exposed portion of conduit 28 is of
      a nonextendable material so that the loop formed thereby is of a constant
      size.
PAR  FIG. 4 shows a further embodiment in the form of device 20a wherein
      additional optional connector components are employed. Device 20a relates
      closely to device 20 and similar components are identically numbered with
      the addition of the subscript a applied thereto. Due to the addition of
      connector component 35 which inserts into and mates with an appropriate
      receiving connector component recessed into chamber 22 through opening 24,
      both ends of the exposed portion of conduit 28a  forming the attachment
      loop become capable of removable interconnection. Also included in device
      20a is an additional connector component 36 associated with the main alarm
      system transmission cable 26a. An appropriate mating receiving connector
      component is included within housing 21 in alignment with opening 23 so as
      to receive component 36 for interconnection of cable 26a to housing 21a.
      The type of connector arrangement employed for receiving connector 36 is
      similar to connector 34 in the previously discussed embodiment. Similarly,
      connector portions 35 and 36 are similar to connector 33 discussed in
      respect to the previous embodiment.
PAR  A further embodiment of the device is depicted in FIG. 5 and is identified
      as sensing device 20b. Like components have similar reference numerals as
      in respect to the previously discussed embodiment with the addition of the
      subscript b. Device 20b provides a capability of utilizing the present
      system in association with alarm systems supplying energy in the form of
      fluidic or gaseous pressure. Energy in the form of pressure is transmitted
      from a remote alarm instrument through cable 26b and more specifically
      through a conduit 28b. Conduit 28b runs through cable 26b and enters
      housing 21b through the flanged journal cylinder 30b mounted in opening
      23b. The conduit continues as portion 37 to emerge at opening 24b as an
      internal component of cable 38. Thereafter, it reenters chamber 22b by
      means of connector component 39 on the opposite end of cable 38. Connector
      component 39 passes through opening 25b and interconnects with recessed
      receptacle connector component 40 mounted on the inner surface of housing
      21 in alignment with opening 25b. A continuance of the same conduit which
      was extended from cable 26b is shown in phantom as portion 41 within
      reception component part 40. The conduit terminating in portion 41 is
      sealed against pressure loss by means of receiving component part 40. In
      this manner, a constant pressure is maintained within the overall system.
      A loss of pressure within the overall system such as would occur upon the
      disconnection of connector component 39, or a severance of either exposed
      cable 38 or 26b would initiate a signal of alarm warning.
PAR  FIG. 6 illustrates a further embodiment identified as device 20c. Energy
      transmitted from a remote alarm system instrument flows both to and from
      device 20c by means of using two paths of energy flow. In this embodiment,
      energy flows from the alarm system equipment through conduit 42 in cable
      43 into housing 21c through opening 44 and continues internally of housing
      21c through opening 45 to form part of an external cable component 46
      forming the loop for attachment to an object. Cable 46 including conduit
      42 terminates in a connector component 47 which extends through opening 48
      in housing 21 into a receiving component 49. Receiving component 49 is in
      alignment with opening 48 so as to facilitate interconnection with
      connector 47. Conduit 42 in this manner is interconnected with conduit 50
      extending internally of housing 21c from receiving connector component 49
      through opening 44 and interiorly of cable 43 to return to the alarm
      system equipment. Disconnection of connector component 47 or a severance
      of either cable 43 or 46 would initiate a signal of alarm warning.
PAR  A further embodiment is depicted in FIG. 7 as device 20d. In that
      structure, cable 51 encloses two separate energy transmission paths. Path
      52 transmits energy to the device 20d and path 53 provides the means to
      return the energy to its remote source. Energy flows from conduit or path
      52 within cable 51 through opening 54 in housing 55 and extends internally
      of housing 55 and out through opening 56 to form an internal component of
      cable 57 which forms the loop for attachment to an object to be protected.
      Conduit 52 then extends through connector 58 which is passed through
      opening 59 in the housing for interconnection with a receiving connector
      component 60 to complete the loop. Conduit 52 is thus interconnected with
      an internal component 61 which passes back into receiving connector 60 to
      become continuous with return energy path 53. The return energy path then
      extends back through cable 57 through opening 56 and thereafter through
      the interior of housing 55 to exit through opening 54 and into cable 51
      for return to the energy source. Again, as previously discussed in regard
      to other embodiments, disconnection of connector component 58 or a
      severance of any part of exposed cables 51 or 57 would initiate a signal
      of alarm warning.
PAR  Operation of the various embodiments is quite similar and for purposes of
      illustration, description of the operating steps of use of the devices can
      be related in respect to the embodiments of FIGS. 1-3. A condition of
      normal energy flow within the overall system is established by the act of
      inserting the connector component 33 into the mating receiving connector
      component 34 located within chamber 22. Having once established a
      condition of normal energy flow within the overall system, an alarm signal
      will be initiated by any future interruption or alteration of the pattern
      of energy flow such as would occur upon subsequent separation of connector
      component 33 from the internal connector component 34 which are
      interconnected through opening 25 in housing 21, or as a result of the
      severance of any portion of cable 28 or 30.
PAR  An uninterrupted mechanical path is created which is equal in length to the
      combined total of the physical measurements of the distance along housing
      21 between openings 25 and 24, the physical length of the cable loop 28
      located externally of housing 21, and the physical length of the exposed
      portion of the connector component 33. By utilizing the uninterrupted,
      closed mechanical loop thus formed, the device provides the capability of
      attachment to the structure of an object which requires protection.
      Attachment of device 20 to an object is accomplished by encircling a
      portion of the object's structure within the previously described closed
      mechanical cable loop.
PAR  FIG. 8 depicts an object 62 which has a structural shape commonly called an
      hourglass figure. It can be seen that object 62 has end portions 63 and 64
      which are larger than the centrally located midsection 65 of the object.
      Device 20 is directly attached to object 62 for protective purposes.
      Device 20 is designed for use with object 62 so that the absolute
      measurement of the circumference of the closed mechanical path as formed
      by cable 28, connector component 33 and a portion of housing 21 is of
      smaller size than the extremities of object 62. In this manner, device 20
      can not be slipped off of object 62 which it serves to protect. Attachment
      of device 20 is achieved in the manner described above whereby exposed
      cable portion 28 is looped around midportion 65 of object 62 and connector
      33 is interconnected with the receiving component within housing 21.
      Energy then flows through this system so that interruption or alteration
      of the energy path causes a resultant alarm signal.
PAR  Another type of object to which device 20 can be applied is depicted in
      FIG. 9. Device 20 is shown securely attached to a parking meter object 66.
      The effect of a secure attachment of device 20 to object 66 is possible
      due to the fact that the meter base 67 is generally firmly embedded in
      concrete 68. The upper portion 69 of the meter structure is larger in size
      than the circumference of the closed mechanical loop mechanism of device
      20, thereby preventing device 20 from being slipped off meter 66.
      Normally, device 20 encircles and secures the specific object which it
      serves to protect. However, if the remote alarm system instrument which is
      attached to cable 26 can itself be securely enclosed and securely attached
      to, or housed within an object which requires protection, then protection
      against unauthorized movement of the object can be achieved by utilizing
      device 20 to accomplish secure attachment to a nearby immovable object,
      for example meter 66.
PAR  Several other modifications bear consideration. For example, in the
      embodiment of FIG. 7, internal component 61 is depicted as a conductor
      path which functions as a continuation of other energy paths described. It
      is possible to substitute in place of conduit 61, an energy field
      reflector component which would indirectly provide the required feed-back
      of energy to the system transmission paths.
PAR  Secondly, all of the described embodiments show the requirements of using
      an energy transmission path in the form of a cable which interconnects the
      sensing device with a remote alarm instrument by direct physical methods.
      The use of radio transmission techniques are well known and understood in
      the field of alarm system security apparatus. Therefore, it can be readily
      envisioned, as depicted in FIG. 10, how a miniature radio transmission
      device 70 would be installed within housing 71 as alternative embodiment
      20e. In this manner, the need for direct system interconnection is
      eliminated, thus eliminating the cable attachment between the device and
      the remainder of the alarm system.
PAR  Thus the several aforenoted objects and advantages are most effectively
      attained. Although several somewhat preferred embodiments have been
      disclosed and described in detail herein, it should be understood that
      this invention is in no sense limited thereby and its scope is to be
      determined by that of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An alarm system sensing device attachment for use with alarm systems
      instruments and detector systems which monitor the stability of energy
      forms transmitted between remote locations comprising:
PA1  a housing having within a secure enclosed chamber, said chamber containing
      a number of connecting devices protectively recessed within and extending
      to and through the outer surface of the housing;
PA1  a flexible cable component containing within one or more conductive energy
      paths, said cable originating from within the interior of the protective
      housing and thereafter passing to a physical location outside of said
      housing, thereafter extending without interruption for a certain distance
      outside of the housing and ultimately terminating within said same
      housing, the final termination being accomplished by means of suitable
      recessed connector component devices;
PA1  the internal conductive energy transmission paths being completely
      concealed and protectively enclosed by the housing and the body of the
      connecting device components to provide the physical condition of
      self-protection and freedom from tampering and so as to establish a
      condition whereby the partial physical separation of the joined connector
      device components causes an interruption of the energy paths within prior
      to the time when a further physical connector component separation
      actually exposes to view those elements which comprise portions of said
      energy paths;
PA1  the connection devices being capable of simultaneously providing both the
      junction of energy transmission paths, and mechanical interconnections of
      adequate strength to resist accidental separation of the associated mating
      connector components;
PA1  said housing, said connecting devices, and said external cable component,
      providing a physical design wherein the housing itself and the external
      cable join together through the connecting devices so as to form in
      concernt a closed loop of invariable length of circumference thereby
      allowing the loop so established to encircle and thereby become securely
      attached to the narrow portion of an irregularly shaped object without the
      necessity of having any portion of the attachment device pass through
      openings or other apertures in the object itself;
PA1  means on the housing for communication with alarm system detection
      instruments located remotely;
PA1  the connector components, conduits, cables, and conductive paths being
      interconnected with the housing so that energy supplied to the device will
      establish pathways within the external cable portion and through portions
      of the interior area of the housing;
PA1  means permitting the device to be made compatible with detection
      instruments of desired form of transmitted energy; and
PA1  the several mechanical and energy conductive components of the device being
      interrelated so as to assure that the attempted enlargement of the
      established fixed circumference of the closed attachment loop will result
      in the interruption of alteration of the normal pattern of energy
      preestablished within said loop components thereby providing a means
      whereby the physical act of said loop enlargement may be remotely detected
      by instruments.
NUM  2.
PAR  2. The invention in accordance with claim 1, wherein the means on the
      housing for communication with an alarm system detection instrument
      located remotely includes a separate suitable recessed connector device at
      a point on the surface of the housing separate from the described points
      of connection of the external cable component for the purpose of providing
      a secure method of allowing interconnection between the device and alarm
      system detection equipment requiring the use of physical interconnection
      of energy paths in the form of conductive transmission lines, the
      conductors, conduits, connectors and transmission lines permitting the
      device to be made compatible with detection instruments of desired form of
      transmitted energy.
NUM  3.
PAR  3. The invention in accordance with claim 1, wherein the means on the
      housing for communication with an alarm system detection instrument
      located remotely includes a miniature energy radiating apparatus and a
      source of stored energy internally installed and interconnected within the
      housing to permit the use of the device with detection instruments which
      utilize energy transmission in the form of radiated energy.
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ABST
PAL  An antipilferage system utilizing markers comprising a sheet having both
      ferromagnetic and electrically conductive characteristics, which markers
      are detected upon passage through an interrogation zone within which are
      sequentially generated magnetic fields orthogonally disposed with respect
      to each other. The marker sheet is preferably a laminate of a
      ferromagnetic layer and a conductive metal layer, each of which layers
      exhibits a maximum sensitivity to fields perpendicular to each other.
      Interrogation of the markers by fields in three dimensions ensures the
      production of signal components associated with both characteristics of
      the marker regardless of the orientation of the marker upon passage
      through the zone. Accordingly, a highly reliable and false alarm free
      system is provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to antipilferage systems and markers for use
      therein. In particular, it relates to such markers as produce a response
      to an alternating magnetic field.
PAR  2. Description of the Prior Art
PAR  Antipilferage systems relying on magnetic principles have long been known.
      Such systems are generally of two types, those such as are disclosed in
      U.S. Pat. Nos. 3,534,358 (Stern) and 3,559,201 (Hillard) which utilizes a
      marker comprising a nonmagnetic metallic foil such as aluminum, and those
      such as are disclosed in U.S. Pat. Nos. 3,292,080 (Trikilis) and 3,665,449
      (Elder & Wright), which utilize a marker comprising a ferromagnetic
      material. In all such systems, the marker is essentially insensitive in at
      least one direction. A variety of schemes have been proposed to overcome
      this limitation: some provide a multidimensional shaped marker such as an
      L shape, while others provide multidirectional interrogating fields and
      sensors sensitive to fields along more than one axis. Systems using
      nonmagetic metal foils are still prone to false alarms resulting from the
      presence of other metallic objects such as briefcases, keys, etc. being
      carried through the interrogation zone. Systems based on magnetic markers
      have the disadvantage of being subject to false alarms due to the presence
      of extraneous magnetic materials.
PAC  SUMMARY OF THE INVENTION
PAR  Improved reliability over that of the aforementioned prior art systems is
      provided by a marker comprising a sheet including a laminate of a
      ferromagnetic layer and an electrically conductive layer wherein the
      ferromagnetic layer is characterized by an initial relative permeability
      in excess of 20,000, a maximum relative permeability in excess of 100,000
      and a coercivity less than 0.3 .sigma.e, and wherein the electrically
      conductive layer is characterized by a resistivity of not greater than
      about 3.0 microhm-cm. The sheet responds to interrogating magnetic fields
      sequentially applied along three axes, preferably orthogonally to each
      other, within an interrogation zone, thereby ensuring reliable detection
      of the marker regardless of the orientation of the marker within the zone.
      The magnetic and conductive characteristics of the sheet are such that a
      sequence of signals are cooperatively produced in response to the
      sequentially applied fields, at least one signal being attributable to the
      magnetic characteristic and one signal being attributable to the
      conductive characteristic. A requirement that at least both signals be
      present thus prevents false alarms produced by signals resulting from only
      the presence within the zone of a sheet or an equivalent material
      possessing only one of the characteristics.
PAR  The marker responds to a uniaxial interrogating magnetic field in two ways:
      Firstly, eddy currents are induced in the sheet due to its conductive
      characteristics when the sheet is oriented to intercept the lines of flux
      associated with the field. The eddy currents set up a second magnetic
      field which opposes the interrogating field producing the eddy currents.
      The resultant perturbation of the magnetic field within the interrogation
      zone is sensed by magnetic field sensors adjacent the interrogation zone.
      A maximum response resulting from the eddy currents occurs when the plane
      of the sheet is normal to the direction of the field. Secondly, the
      ferromagnetic characteristics of the sheet result in a strong magnetic
      field being produced in the sheet in response to the interrogating
      magnetic field. Thus, when the plane of the sheet (i.e. the dimension with
      the minimum demagnetizing factor) is oriented parallel to the axis of the
      field, a condition of maximum field intensity exists within the sheet,
      resulting in a condition of maximum external dipole moment. If the sheet
      is centered within the field, the effect of such a dipole moment may be
      undistinguishable. However, when the sheet is positioned even slightly off
      of the center of the field, the dipole moment associated with the sheet
      unbalances the field, thereby resulting in a response in the field sensors
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a three dimensional view of a marker of the present invention;
PAR  FIG. 2 is a three dimensional view of a desensitizable marker of the
      present invention;
PAR  FIG. 3 is a block diagram of a preferred embodiment of a system for
      detecting the marker shown in FIGS. 1 and 2; and
PAR  FIG. 4 is a block diagram of a device for desensitizing and sensitizing the
      marker shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a three dimensional view of a marker according to a preferred
      embodiment of the present invention. The marker 10 comprises a laminate of
      a layer such as a sheet 12 of a ferromagnetic material (e.g., permalloy)
      and a layer such as a sheet 14 of a conductive material (e.g., aluminum
      foil). The marker may have additional outer layers to provide printable
      and/or protective surfaces, and may further be adapted for securing the
      markers to objects. Such securing means may comprise layers of
      pressure-sensitive adhesives, mechanical fasteners and the like.
PAR  While the size of the marker 10 is not overly critical, the larger the
      size, the larger the corresponding signal produced upon interrogation will
      be. Similarly, a larger signal is produced for a square than for a strip
      shaped marker since eddy currents in a conductive strip are substantially
      reduced. Accordingly, a marker on the order of 1 inch square is preferred
      for use with an interrogating field varying at a frequency of
      approximately 10 KHz. It is further preferred that the sheets 12 and 14 be
      continuous. The signal produced from cut or multiple sheets is less than
      that from a single sheet even though the total surface area of the
      conductive sheet is the same. Such cuts represent high impedances that
      restrict the flow of eddy currents and thereby lessen that signal
      component associated with such eddy currents.
PAR  The induced eddy currents in the conductive sheet 14 correspond to the flow
      of induced electrical charges which are produced as a result of the
      interaction of the conductive sheet with the interrogating magnetic field.
      The magnitude of the induced charges is related to the intensity of the
      applied field and to the dimensions and conductivity of the sheet in a
      manner well known to those skilled in the art, and assumes a polarity
      minimizing the total magnetic flux, i.e., the field produced by the eddy
      currents "bucks" that of the interrogating field. Accordingly, a maximum
      intensity signal is produced upon interrogation of the conductive
      component of the marker by fields applied perpendicular to the plane of
      the conductive sheet. The signal corresponds to a diminishment of the
      applied fields, which diminishment is substantially in phase with the
      applied fields. Although aluminum foil sheets are preferred for use as the
      conductive layer in the markers of the present invention due to their low
      cost, availability and high conductivity, other conductive metals such as
      Cu, Ag and Au, i.e., having a resistivity of not greater than about 3.0
      micro ohm-cm may also be used. A single sheet having the requisite
      ferromagnetic and high electrical conductance characteristics is similarly
      suitable.
PAR  The ferromagnetic sheet 12 is preferably selected to have a relatively high
      permeability when in a demagnetized condition and to have a very low
      permeability when in a magnetized state. For a permalloy type material,
      the initial relative permeability is desirably in excess of 20,000, the
      maximum relative permeability, in excess of 100,000, and the coercivity
      very low (i.e., less than 0.3 Oe.). The saturation magnetization of such
      sheets should be sufficiently high to prevent saturation by the
      interrogating fields normally used to monitor the presence of a marker in
      the interrogation zone. Materials such as Permendur (50--50 iron and
      cobalt) have such a high saturation magnetization (24,500), but are not as
      desirable due to their low permeability. A particularly preferred
      ferromagnetic material is Supermalloy, an alloy of 5 wt.% Mo, 79 wt.% Ni,
      and 16 wt.% Fe, having an initial relative permeability of approximately
      100,000, a maximum relative permeability of approximately 1,000,000, an
      extremely low coercive force (i.e., H.sub.c .apprxeq.0.002 Oe.), and a
      saturation magnetization of approximately 7,900 gauss.
PAR  The magnetization of the ferromagnetic sheet produces an enhancement of the
      interrogating fields, which enhancement is maximized along the plane of
      the sheet. Due to hysteresis effects in the ferromagnetic sheet, this
      enhancement is approximately 90.degree. out-of-phase with the applied
      field, the extent of phase shift being dictated by the intensity of the
      applied field and the magnetic parameters of the ferromagnetic sheet.
      Accordingly, signals as are produced in magnetic sensors positioned
      proximate an interrogation zone due to the ferromagnetic component of a
      marker in the zone may be distinguished from those due to the conductive
      component by comparing the instantaneous phase of the signal with that of
      the applied field.
PAR  The shape of the ferromagnetic sheet 12 is subject to fewer constraints
      than that of the conductive sheet 14. It has been found that even a
      relatively small square of permalloy will develop a satisfactory signal
      irrespective of the orientation of the sheet with respect to a uniaxial
      interrogating field. However, a maximum signal has been found to result
      when the plane of the sheet is oriented along the axis of the
      interrogating field, since in that orientation a maximum magnetic flux
      density is induced. Since such maximum signals are developed in spite of
      the large demagnetizing factor normal to the plane of the square sheets,
      the signal is not believed dependent upon the saturation or "switching" of
      the ferromagnetic material, but rather upon the change in the total dipole
      moment induced in the sheet by the interrogating field.
PAR  When a ferromagnetic, (e.g., permalloy) sheet is oriented perpendicular to
      a uniaxial interrogating field, the signal from the ferromagnetic sheet
      has been found to be less than that produced from a similarly oriented
      conductive, (e.g., aluminum) sheet of the same size and shape, since in
      that orientation the demagnetizing effects are maximized and since the
      signal component produced as a result of eddy current contributions in the
      less conductive ferromagnetic sheet are substantially less than that
      produced by the highly conductive, (e.g., aluminum) sheet.
PAR  As an alternative to the directly laminated layers in the form of the
      sheets 12 and 14 shown in the preferred embodiment of FIG. 1, an
      insulating layer may be placed between the sheets 12 and 14.
      Alternatively, surfaces of one or both of the sheets may become oxidized
      and thereby provide an insulated layer. The presence of such insulating
      layers has been found to make little or no difference in the signal
      output.
PAR  A preferred embodiment of the marker of the present invention is in the
      form of a flat laminate such as depicted in FIG. 1. However, if the object
      to be detected inherently possesses magnetic or conductive properties,
      such properties may be utilized in lieu of providing the marker with a
      sheet having corresponding properties. In such an event, the marker
      affixed to that object would need only have a single layer providing that
      response which is lacking in the object itself. Thus, for example, it has
      been found that a magnetic object such as one made out of soft iron or
      steel causes an appreciable signal. However, the amplitude of the signal
      is still dependent upon the orientation of the magnetic object in the
      interrogating magnetic field. Accordingly, steel tools, guns and like
      magnetic objects may be satisfactorily detected by affixing a marker
      comprising only a sheet of aluminum foil to such objects.
PAR  For certain applications, it is desirable to have the marker permanently
      attached to the object to be protected and to have the capability of
      rendering the marker inoperative during the time that a legitimate
      borrower or buyer is in possession of the article. Such an arrangement is
      advantageous in the case of a library, warehouse, store, etc., where
      objects are protected by markers permanently secured thereto, and where
      the marker is not easily removed or rendered inoperative except by means
      of a checkout device controlled by the librarian, owner, or custodian
      after the prospective buyer or borrower has made satisfactory
      arrangements. Accordingly, another embodiment of the present invention
      shown in FIG. 2 provides a marker 16 having a ferromagnetic sheet 18, such
      as permalloy, a conductive sheet 20, such as aluminum, and small
      magnetizable elements 22. Such elements 22 are preferably made of a
      ferromagnetic material having a higher coercivity than that possessed by
      the ferromagnetic sheet 18. The characteristics of such elements are
      further set forth in U.S. Pat. No. 3,665,449, which patent is assigned to
      the assignee of the present invention and which disclosure is fully
      incorporated by reference herein.
PAR  When the elements 22 are permanently magnetized, thereby greatly decreasing
      their permeability, the magnetic fields associated with such magnetization
      will "bias" the ferromagnetic sheet 18 and thereby alter its response to
      an interrogating field. Normally, the ferromagnetic sheet 18 is unbiased,
      i.e., in its high permeability state, and thereby has a pronounced effect
      upon the applied interrogating fields. When it is desired to render the
      marker inoperative so that the protected objects may pass through the
      interrogation zone without triggering an alarm, the ferromagnetic sheet 18
      is magnetically biased or desensitized by magnetizing the elements 22 to
      greatly reduce the effective permeability of the ferromagnetic sheet 18.
      Such a reduction in permeability drastically decreases the effect of the
      composite marker on the interrogating field. The biasing makes the
      ferromagnetic sheet 18 look like a smaller part of a magnetic circuit and
      therefore less able to distort or reshape the interrogating field. The
      induced eddy current fields associated with the conductive sheet 20 are
      not affected by such magnetic biasing.
PAR  In order to reliably discern a marker regardless of its orientation in an
      interrogation zone and in order to reliably discriminate between such
      markers and other metallic or magnetic articles, the markers of the
      present invention are required to produce signals resulting from both the
      magnetic and conductive metal sheets. The relative freedom from flase
      alarms thus achieved is a most important attribute of the present
      invention. Because of the large mass or large associated fields of some
      magnetic objects, more energy absorption or distortion of the
      interrogating magnetic fields may result from the presence of such objects
      than is produced by the markers of the present invention. Nonetheless,
      false alarms are prevented since the great majority of such objects do not
      contain both magnetic and highly conductive components in parallel sheet
      form. Furthermore, since such objects will generally distort the field in
      a different manner than that of the ferromagnetic sheets of the present
      invention, signal processing techniques based on the frequency
      characteristics of the signal may be used to enable the production of an
      alarm signal only when two parallel sheet components of the marker are
      present.
PAR  An important attribute of the markers of the present invention such as
      those shown in FIGS. 1 and 2 and is that the maximum response produced
      from the ferromagnetic component results when the plane of the
      ferromagnetic sheet lies parallel to a uniaxial interrogating field,
      whereas the maximum response associated with the conductive metal sheet
      occurs when the plane of the conductive sheet is perpendicular to such an
      interrogating field. The orientation of the marker will normally not
      change while the marker is passing through an interrogation zone, thus in
      order to reliably produce signals associated with both the magnetic and
      conductive metal components of the marker, uniaxial magnetic interrogating
      fields from at least three directions must be produced in the
      interrogation zone. Accordingly, in FIG. 3 there is shown a system having
      an interrogation zone 24 such as a corridor or passageway along which
      objects 26 within which a marker 28 is concealed would be carried. The
      interrogation zone 24 has impressed thereon in a sequential manner three
      interrogating fields together constituting a sequence frame, each field
      being substantially unidirectional, having its axis orthogonally disposed
      with respect to the other two fields. Such fields may be generated by
      orthogonal x, y and z transmitting antennas 34, 36, and 38 respectively
      when suitably energized by signal generating apparatus 30 in a manner well
      known to those skilled in the art. Field generating circuits and apparatus
      such as are disclosed in U.S. Pat. Nos. 3,665,449 and 3,697,996, which
      disclosures are incorporated herein by reference, are especially preferred
      for use in the present invention. In a preferred embodiment, the signal
      generating apparatus 30, when energized, provides a sinusoidal signal
      varying at a frequency of approximately 10 KHz. This signal is coupled to
      a field sequence control network 31 and to the interrogating field gate
      enable circuits 32. The field sequence control network 31 sequentially
      couples the signal from the signal generator 30 through the gate enable
      circuits 32 to the orthogonal x, y and z transmitting antennas 34, 36 and
      38 respectively.
PAR  Corresponding to the x, y and z transmitting antennas 34, 36 and 38
      respectively, the system further includes in the vicinity of the
      interrogation zone 24 x, y and z axis receiver antennas 40, 42 and 44
      respectively. Each receiver antenna is positioned with respect to a
      corresponding transmitting antenna such that it is in electrical balance
      with the magnetic field produced by the corresponding transmitting
      antenna. For example, the x transmitting antenna 34 and the x receiving
      antenna 40 are disposed to provide minimum magnetic coupling under
      balanced conditions, i.e., when no marker is present in the zone, and are
      physically arranged to best utilize the space available within the
      interrogation zone 24. The y transmitting antenna 36 and y receiving
      antenna 42 as well as the z transmitting antenna 38 and z receiving
      antenna 44 are similarly disposed. In a preferred embodiment, the receiver
      antennas are simple sensor coils, each having a single axis of maximum
      sensitivity, and are placed adjacent the midpoint of the interrogation
      zone with each axis of maximum sensitivity oriented perpendicular to the
      corresponding applied field to provide the minimum magnetic coupling. The
      presence of a marker in the zone is then sensed by the unbalance created
      by either the eddy current or magnetization effects. In a similar manner,
      pairs of series-opposition connected coils, Hall-sensors and other
      magnetic sensors may be placed in electrical balance and utilized in lieu
      of simple sensor coils. In the single sensor coil embodiment, an x axis
      transmitting antenna is associated with a corresponding x axis receiving
      antenna having a maximum sensitivity in the y or z direction. Similarly,
      the y transmitting antenna is associated with the y axis receiving
      antenna, etc. For simplicity, a preferred embodiment provides as the x
      axis receiver antenna a coil having a maximum sensitivity along the y
      axis, the y axis receiver antenna having a maximum sensitivity along the z
      axis and the z axis receiver antenna having a maximum sensitivity along
      the x axis.
PAR  Signals from the respective receiver antennas are coupled through the
      receiver antenna gate enable circuits 46 which are synchronized by the
      field sequence control network 31 to pass signals from each receiver
      antenna only while its associated transmitting antenna is energized.
      Signals passing through the gate enable circuits 46 are coupled to the
      pulse decoding network 48, which compares the timing of the respective
      signals with the phase of the signals produced by the signal generator 30
      to provide "in-phase" and "out-of-phase" signals on leads 50 and 51. These
      signals are coupled to the alarm logic network 52, which network is
      synchronized by a signal derived from the field sequence control network
      31 through the F/3 circuit 53 to indicate the duration of a sequence
      frame. Upon detection of a requisite number and sequence of in-phase and
      out-of-phase signals, the alarm logic network 52 produces an alarm signal
      which is coupled to the output alarm network 54.
PAR  These circuits and networks are of conventional design and need no further
      description. Such circuits need only be able to discriminate the signals
      produced by the presence of the markers in the interrogation zone from
      signals resulting from changes in the quiescent magnetic field intensities
      of the interrogating fields, changes in the environmental magnetic fields,
      and the usual electromagnetic noises. If desired, such capabilities may be
      optimized by providing regulating feedback circuits to compensate for
      changes in quiescent conditions.
PAR  Operationally, when a marker is brought into the zone such that the plane
      of the marker is perpendicular to one axis, e.g., the x axis, and an
      interrogating field is applied along the x axis, i.e. by energization of
      the x axis antenna 34, conditions favoring the propagation of eddy
      currents prevail. Accordingly, the field in the zone is diminished by the
      "bucking" field associated with such currents, with the diminishment being
      substantially in phase with the applied field. Such effects on the applied
      field may be detected by a receiving antenna oriented to sense deviations
      from the normal intensity of the applied field. However, it is preferred
      to sense the effects as an "in-phase" unbalanced condition in an antenna
      orthogonally disposed with respect to the applied field, such as the x
      axis receiver antenna 40, with the x axis receiver antenna 40 being
      switched on when the x axis transmitting antenna 34 is energized.
PAR  During the time the marker is in the zone, the remaining y and z axis
      fields are successively produced by sequentially energizing the y and z
      axis transmitting antennas 36 and 38 respectively. Thus, when the y axis
      field is energized, a maximum flux will be produced in the ferromagnetic
      sheet since the plane of the marker lies in the y axis. The resulting
      dipole moment produces an enhancement of the y axis applied field, with
      the enhancement being approximately 90 degrees out-of-phase with the
      applied field due to hysteresis effects in the ferromagnetic sheet. The
      out-of-phase enhancement is then detected as an out-of-balance condition
      in the corresponding y axis receiver antenna 42. Such detection has been
      found to be possible under all conditions except when the marker is
      precisely centered in the zone, thereby maintaining the electrical
      balance. Similarly, when the z axis field is energized, a maximum flux
      will again be produced in the ferromagnetic sheet since the plane of the
      marker also lies in the z axis, thus also producing an approximately
      90.degree. out-of-phase enhancement of the applied field which is detected
      in the corresponding z axis receiver antenna 44.
PAR  Thus, during a succession of three sequential fields (i.e., one sequence
      frame) applied along the three axes and the associated sequential
      switching of the signals from each associated receiving antenna, a
      sequence of three signal components will be produced at the output of the
      receiver antenna gate enable circuits 46, one component being associated
      with an in-phase eddy current related diminishment of the field produced
      by the conductive sheet, a second component being associated with an
      out-of-phase field enhancement along one axis produced by the
      ferromagnetic sheet, and a third component being associated with a similar
      out-of-phase field enhancement along another axis.
PAR  In order to ensure reliable detection of the marker 28 in the zone 24, the
      pulse decoding network 48 is provided with additional signal processing
      circuits 56, 58, 60 and 62 respectively. The processed signals are then
      coupled to the alarm logic network 52, which produces an alarm signal only
      when the sequence of the in-phase and out-of-phase signal components is
      that produced by a three dimensional interrogation of the double sheet
      marker. Such interrogation must produce some sequence of one in-phase
      unbalance signal and two out-of-phase unbalance signals during each
      sequence frame, thus ensuring reliable detection of a marker in the
      interrogation zone.
PAR  In a further embodiment also shown in FIG. 3, the sequentially applied
      fields are provided in the form of pulse bursts, the field along each axis
      being periodically varied during an interval typically extending 25-125
      cycles (preferably 64) before oscillations from the signal generator 30
      are switched by the field gate enable network 32 to another of the
      transmitting antennas. A sequence of three such bursts, each applied to a
      different antenna, constitutes a sequence frame. In such an embodiment,
      the presence of a marker in the zone causes a succession of in-phase and
      out-of-phase signals which are detected by the receiver antennas 40, 42
      and 44 respectively. Accordingly, the pulse decoding network 48 is
      provided with a signal processing circuit 62 to recognize such successive
      in-phase and out-of-phase signals and to generate a single in-phase or
      out-of-phase signal in response to each succession of in-phase and
      out-of-phase signals.
PAR  The output signals are coupled to the alarm logic network 52 in the manner
      set forth hereinabove, whereupon the timing of the output signals
      occurring within one sequence frame is compared with the phase of the
      interrogating fields to produce an alarm indicating signal which may be
      used to activate the output alarm 64 in a conventional manner.
PAR  While the required sequence of one in-phase and two out-of-phase signals is
      most clearly produced when a marker is passed through the interrogation
      zone while oriented along one of the preferred directions, it has been
      found that any orientation will produce the required enhancement and
      diminishment in the manner set forth hereinabove. If a marker is oriented
      in the zone such that a plane of the marker intercepts the three fields
      causing a component of each field to be normal to the plane of the marker,
      interrogation by any one of the orthogonally disposed fields will produce
      the in-phase field diminishment signal components as well as the
      out-of-phase field enhancement signal components. In such an event, the
      resultant signal sequence is a simple alternation of in-phase and
      out-of-phase signal components, both of which are produced during each
      field alternation. Even allowing for the production of redundant signals
      to ensure reliability, reliable detection of the composite marker may
      still be accomplished with only one directional interrogating field so
      long as the field with respect to the plane of the marker has a component
      which exists in all three orthogonal directions. In such an embodiment,
      the respective receiver antennas sense both signal components during each
      field sequence. The logic network is then designed to detect the
      occurrence of both signal components during each field alternation. Should
      the marker be oriented so that the vector is parallel to the instantaneous
      interrogating field direction, of course, no eddy current related signal
      component would be produced and reliable detection would not result.
      Accordingly, it is preferred to interrogate the marker along at least
      three directions and to require the production of at least an in-phase or
      an out-of-phase signal component upon interrogation in each direction.
PAR  In another embodiment, the orientation of the marker as it is passed
      through an interrogation zone may be determined. Since the eddy current
      related in-phase signal component is produced when the plane of the marker
      is perpendicular to the applied field, the orientation of the marker may
      be determined by noting the direction of the applied field when such
      signal components are produced. Furthermore, since the amplitude of the
      sensed signal components depends upon the extent of alignment of the
      marker with a given directional field, additional logic circuits may be
      provided to sense both the presence and relative amplitudes of the
      in-phase and out-of-phase components, and to associate each component with
      the directional field resulting in the production of that component in
      order to more precisely determine the orientation.
PAR  FIG. 4 shows another embodiment of the system of the present invention
      suitable for use with the marker shown in FIG. 2. Desensitization of such
      a marker requires that the elements 22 of the marker 16 be magnetized.
      Accordingly, another transmitting antenna 66 is provided which would
      typically be located in a book or object check-out unit adjacent a
      controlled passageway. The transmitting antenna is energized by a
      unidirectional pulse generator 68 or by a damped AC pulse generator 70,
      depending upon the position of switch 72. When a unidirectional pulse is
      applied from the pulse generator 68 to the transmitting antenna 66 and a
      marker 16 is proximate that antenna, the single polarity magnetic field
      thus produced substantially magnetically saturates the elements 22 of the
      marker 16. This leaves the elements 22 in a state of remanent
      magnetization, thereby biasing the ferromagnetic sheet 18, rendering the
      marker desensitized. To resensitize the marker 16, switch 72 is positioned
      to connect the damped AC pulse generator 70 to the transmitting antenna
      66, thereby impressing on a marker 16 proximate that antenna a damped
      magnetic field which cycles the elements 22 through a series of minor
      hysteresis loops, leaving the elements in a demagnetized state.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for detecting the presence of an object within an interrogation
      zone comprising:
PA1  a. a marker carried by said object, which marker comprises a sheet
      including a laminate of a ferromagnetic layer and an electrically
      conductive layer wherein said ferromagnetic layer is characterized by an
      initial relative permeability in excess of 20,000, a maximum relative
      permeability in excess of 100,000 and a coercivity less than 0.3 .sigma.e
      such that said sheet is capable of responding to a magnetic field having a
      major field component in one direction in an interrogation zone, which
      field varies at a predetermined rate of not less than 1 KHz, to cyclically
      enhance said field in the zone and wherein said electrically conductive
      layer is characterized by a resistivity of not greater than about 3.0
      microhm-cm such that said sheet is capable of responding to another
      cyclical magnetic field having a major field component in a direction
      substantially normal to said one direction to diminish said another field
      in the zone;
PA1  b. means defining an interrogation zone;
PA1  c. means for sequentially producing in said zone at least three magnetic
      fields, the intensity of each field periodically varying at a
      predetermined rate of not less than 1 KHz, a major field component of each
      field within said zone being orthogonally disposed with respect to a major
      field component of the other two fields; and
PA1  d. means for detecting in the vicinity of the interrogation zone a change
      in the magnetic field condition due to the presence of a marker in the
      zone resulting in a signal corresponding to said enhancement and
      diminishment occurring during at least two of said three produced
      sequential fields irrespective of the orientation of said marker within
      said zone.
NUM  2.
PAR  2. A system according to claim 1, wherein said sheet comprises a
      ferromagnetic layer having at least two stable magnetic states, which
      layer is capable of being magnetically switched to any of said states to
      enhance said field to one degree in one stable state and to enhance said
      field to another degree when in another of said states, with the
      difference in the degree of enhancement of said field for said states
      being sufficient to be detected by said magnetic field sensing means.
NUM  3.
PAR  3. A system according to claim 2, wherein one of said states corresponds to
      a desensitized state, said system further including means for
      desensitizing said marker to cause a said marker when placed within said
      zone to differently enhance said field.
NUM  4.
PAR  4. A system according to claim 1, wherein said sequential field producing
      means sequentially produces three substantially uniaxial mutually
      orthogonal fields in the zone and wherein
PA1  said detecting means comprises at least three magnetic field sensing means
      each of which is electrically balanced with respect to a corresponding
      sequentially produced field such that when no marker is present in the
      zone, the field from a given field producing means is nulled out,
      resulting in virtually no signal being produced in the cprresponding field
      sensing means.
NUM  5.
PAR  5. A system according to claim 4, wherein said detecting means comprises
      means synchronized to the sequential field producing means for gating the
      field sensing means to enable the production of a signal from a given
      field sensing means only during a period when electrical energy is applied
      to a said corresponding field producing means.
NUM  6.
PAR  6. A system according to claim 5, wherein the means for sequentially
      producing at least three magnetic fields comprises a periodically varying
      signal generator and means coupled thereto for sequentially switching the
      output of the generator to the field producing means, and wherein
PA1  the field detecting means comprises a pulse-decoding means coupled to
      receive signals passed through said gating means and synchronized to the
      signal generator for sensing and distinguishing between such signals as
      are passed through the gating means, the peak intensity of which signals
      occur substantially in phase with the peak intensity of the corresponding
      periodic field variations, and between those signals such as are passed
      through the gating means, the peak intensity of which signals are
      substantially shifted in phase from the peak intensity of the
      corresponding periodic field variations, and
PA1  an alarm logic means coupled to the pulse decoding means for producing an
      alarm signal in response to the occurrence of at least one repetitive
      signal sequence characterized by one signal component produced in response
      to one of said sequentially applied fields wherein the one component is
      substantially in phase with the phase of the applied field followed by two
      successive signal components produced in response to the other two
      sequentially applied fields wherein the two successive components are
      substantially shifted in phase with respect to the phase of the applied
      fields.
NUM  7.
PAR  7. A method for detecting the presence of an object within an interrogation
      zone comprising:
PA1  a. providing a marker adapted to be carried by a said object, said marker
      comprising a sheet including a laminate of a ferromagnetic layer and an
      electrically conductive layer wherein said ferromagnetic layer is
      characterized by an initial relative permeability in excess of 20,000, a
      maximum relative permeability in excess of 100,000 and a coercivity less
      than 0.3 .sigma.e such that said sheet is capable of responding to a
      magnetic field having a major field component in one direction in an
      interrogation zone, which field varies at a predetermined rate of not less
      than 1 KHz, to cyclically enhance said field in the zone and wherein said
      electrically conductive layer is characterized by a resistivity of not
      greater than about 3.0 microhm-cm such that said sheet is capable of
      responding to another cyclical magnetic field having a major field
      component in a direction substantially normal to said one direction to
      diminish said another field in the zone;
PA1  b. sequentially producing in an interrogation zone at least three magnetic
      fields, the intensity of each field periodically varying at a
      predetermined rate of not less than 1 KHz, a major field component of each
      field within said zone being orthogonally disposed with respect to a major
      field component of the other two fields; and
PA1  c. detecting in the vicinity of the interrogation zone a change in the
      magnetic field condition due to the presence of a marker in the zone
      resulting in a signal corresponding to said enhancement and diminishment
      occuring during at least two of said three produced sequential fields
      irrespective of the orientation of said marker within said zone.
NUM  8.
PAR  8. In a system for detecting the presence of an object within an
      interrogation zone comprising:
PA1  a. a marker carried by said object, which marker is responsive to a
      cyclical uniaxial magnetic field in an interrogation zone varying at a
      predetermined rate of not less than 1 KHz applied to cyclically change the
      field in the zone;
PA1  b. means defining an interrogation zone;
PA1  c. means for sequentially producing in said zone at least three magnetic
      fields, the intensity of each field periodically varying at a
      predetermined rate of not less than 1 KHz, a major field component of each
      field within said zone being orthogonally disposed with respect to a major
      field component of the other two fields; and
PA1  d. means for detecting in the vicinity of the interrogation zone the
      presence of cyclical changes in the field due to said marker,
PA1  the improvement wherein the marker comprises a sheet having a laminate of a
      ferromagnetic layer and an electrically conductive layer wherein said
      ferromagnetic layer is characterized by an initial relative permeability
      in excess of 20,000, a maximum relative permeability in excess of 100,000
      and a coercivity less than 0.3 .sigma.e such that said sheet is capable of
      responding to a magnetic field having a major field component in one
      direction in an interrogation zone, which field varies at a predetermined
      rate of not less than 1 KHz, to cyclically enhance said field in the zone
      and wherein said electrically conductive layer is characterized by a
      resistivity of not greater than about 3.0 microhm-cm such that said sheet
      is capable of responding to another cyclical magnetic field having a major
      field component in a direction substantially normal to said one direction
      to diminish said another field in the zone.
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ABST
PAL  A battery in a handbag is electrically connected to an audible alarm in the
      handbag for energizing the alarm to produce an audible signal. A
      short-circuiting electrical conductor is electrically connected in shunt
      across the battery and extends through the handle and closing device of
      the handbag. The short-circuiting conductor short-circuits the battery and
      prevents energizing of the alarm. When the short-circuiting conductor is
      opened anywhere along its length it fails to short-circuit the alarm and
      the alarm is energized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a handbag alarm system.
PAR  Objects of the invention are to provide a handbag alarm device of simple
      structure, which is inexpensive in manufacture, installable with facility
      and convenience in new and existing handbags, and functions efficiently,
      effectively and reliably to produce an audible alarm when the handbag is
      opened, the handle thereof is cut or a change purse therein is severed
      therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a schematic diagram of a handbag of the type utilizing the
      handbag alarm system of the invention;
PAR  FIG. 2 is a schematic diagram of another handbag utilizing the handbag
      alarm system of the invention; and
PAR  FIG. 3 is a circuit diagram of the handbag alarm system of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The handbag alarm system of the invention is for a handbag 1 (FIG. 1) or 2
      (FIG. 2) having a handle 3 (FIG. 1) or 4 (FIG. 2), an opening 5 (FIG. 2),
      a closing device 6 (FIG. 1) or 7 (FIG. 2) for selectively closing the
      opening, and a change purse 8 (FIGS. 2 and 3) stored in the handbag.
PAR  The handbag alarm system of the invention comprises an audible alarm 9
      (FIG. 3) in the handbag. A battery 10 (FIG. 3) in the handbag is
      electrically connected to the alarm 9 for energizing the alarm to produce
      an audible signal. Each of the alarm 9 and the battery 10 comprises any
      suitable known audible alarm and battery or batteries, respectively.
PAR  In accordance with the invention, a short-circuiting electrical conductor
      11 (FIG. 3) is electrically connected in shunt across the battery 10 and
      extends through the handle 3 or 4 and the closing device 6 or 7 of the
      handbag. The closing device 6 or 7 functions as an electrical switch,
      since electrical current passes therethrough when it is closed and does
      not pass therethrough when it is open. The short-circuiting conductor 11
      short-circuits the battery 10 and prevents energizing of the alarm 9, as
      shown in FIG. 3. This is due to the fact the current produced by the
      battery 10 seeks the line of least resistance and thus flows through the
      short-circuiting conductor 11 rather than the alarm 9, which has a higher
      electrical resistance.
PAR  When the short-circuiting conductor 11 is opened anywhere along its length,
      it fails to short-circuit the alarm 9 and the alarm is energized. Thus, if
      anyone cuts the handle 3 or 4 or opens the closing device 6 or 7, the
      alarm is energized.
PAR  The short-circuiting conductor 11 also passes through the change purse 8,
      as shown in FIG. 3, so that if the change purse is severed from the
      handbag, the short-circuiting conductor is opened and the alarm 9 is
      energized.
PAR  A normally closed switch 12 (FIGS. 2 and 3) is provided in the handbag and
      is electrically connected in the short-circuiting conductor 11. Thus, when
      the switch 12 is operated, it opens the short-circuiting conductor 11 and
      energizes the alarm 9. This provides the owner of the handbag with a means
      for selective energization of the alarm.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A handbag alarm system for a handbag having a handle, an opening,
      closing means for selectively closing the opening, and a change purse
      stored in the handbag, said alarm system comprising
PA1  an audible alarm in the handbag;
PA1  battery means in the handbag electrically connected to the alarm for
      energizing the alarm to produce an audible signal; and
PA1  a short-circuiting electrical conductor electrically connected in shunt
      across the battery means and extending through the handle and closing
      means of the handbag whereby the short-circuiting short-circuits the
      battery means and prevents energizing of the alarm and when the
      short-circuiting conductor is opened anywhere along its length it fails to
      short-circuit the alarm and the alarm is energized.
NUM  2.
PAR  2. A handbag alarm device as claimed in claim 1, wherein the
      short-circuiting conductor passes through the change purse so that if the
      change purse is severed therefrom the short-circuiting conductor is opened
      and the alarm in energized.
NUM  3.
PAR  3. A handbag alarm device as claimed in claim 1, further comprising a
      normally closed switch in the handbag electrically connected in the
      short-circuiting conductor whereby when the switch is operated it opens
      the short-circuiting conductor and energizes the alarm.
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PAL  A device adapted to be associated with a fire alarm box or the like to
      assist in the identification of a person who actuates the mechanism of an
      alarm box has an evacuated container disposed to entrap air from around
      the person when the vacuum is broken and a means responsive to the
      actuation of the mechanism for opening the container to the atmosphere.
BSUM
PAR  This invention relates generally to alarm systems and more particularly to
      a device adapted to assist in the identification of one who initiates the
      mechanism of a fire alarm box.
PAR  Many municipalities have a fire alarm system which includes fire alarm
      boxes located at various sites about the municipality and connected to a
      control center such as a fire station. These alarm boxes are provided with
      a lever which actuates a mechanism enclosed in the box adapted to transmit
      a coded electrical signal which identifies the location of the box.
PAR  Unfortunately, the fire alarm box is accessible to the prankster and
      persons who enjoy watching the fire fighters in action whether there is a
      fire or not. Such persons sometimes turn in a false alarm for the pleasure
      of observing the commotion resulting therefrom.
PAR  Various types of devices have been proposed for use with fire alarm boxes
      to discourage one from initiating a false alarm or to assist in
      apprehending one who does. For example, a device adapted to enclose the
      person who signals an alarm with a screen is disclosed in U.S. Pat. No..
      320,068, while a device adapted to hold by the wrist anyone who signals an
      alarm is disclosed in U.S. Pat. No. 640,872. Such devices are impractical,
      however, because they capture the person who is acting in good faith as
      well as one who purposely signals a flase alarm. A device which emits an
      audible alarm to alert those within the vicinity of a fire alarm box that
      an alarm is being turned in is disclosed in U.S. Pat. No. 3,116,479. This
      device is suppose to discourage false alarms but it has the disadvantage
      of discouraging the timid from turning in an alarm as well. Moreover, it
      alerts the person who is acting in bad faith to leave the vicinity of the
      fire alarm box to avoid identification by those who saw him near the box
      when the alarm sounded.
PAR  It is therefore an object of this invention to provide an improved means
      for assisting in the identification and capture of one who falsely
      initiates an alarm. Another object of the invention is to provide a fire
      alarm box with an apparatus which will assist in apprehending anyone who
      falsely signals an alarm from the alarm box but does not inconvenience one
      who is acting in good faith.
DRWD
PAR  Other objects will become apparent from the following description with
      reference to the accompanying drawing wherein:
PAR  FIG. 1 is a front elevation of one embodiment of the invention combined
      with a conventional fire alarm box;
PAR  FIG. 2 is a side elevation, partially broken away, of the embodiment of
      FIG. 1;
PAR  FIG. 3 is a fragmentary longitudinal section taken along the line 3--3 of
      FIG. 4 of a second embodiment of the invention; and
PAR  FIG. 4 is a fragmentary longitudinal section taken along the line 4--4 of
      FIG. 3.
DETD
PAR  The foregoing objects and others are accomplished in accordance with this
      invention, generally speaking, by providing for a fire alarm box having a
      conventional actuating mechanism for signaling an alarm to a control point
      of an alarm system, an evacuated container disposed near the box and means
      for opening the evacuated container when the mechanism is actuated to
      transmit an alarm signal. Any suitable alarm actuating mechanism such as,
      for example the one described and illustrated in U.S. Pat. No. 1,479,608
      granted Jan. 1, 1924 may be combined with the novel apparatus provided by
      the invention. The evacuated container may be conveniently a glass bottle,
      tube or jar disposed with respect to the signal transmitting apparatus in
      the box where it will be broken or punctured when the lever is pulled. The
      container is arranged with respect to the mechanism's actuating lever so
      that air around the front of the alarm box will be drawn into the
      container when the vacuum is broken to equalize the pressure therein with
      the surrounding atmospheric pressure. This air will include the odor of
      the person's body who actuated the lever. This air will remain in the
      bottle until it is desired to withdraw it and can be used by a canine
      corps of a police department to track down the person who turned in the
      alarm. Experience has indicated that false alarms are usually initiated by
      someone residing in the vicinity of the box and that those who are prone
      to initiate false alarms wait to witness the results of their misconduct.
      Hence, such a person can be expected to remain in the vicinity of the box
      where he can be easily located with a trained dog.
PAR  Referring now to the drawing, one embodiment of the invention is
      illustrated in FIGS. 1 and 2. A fire alarm box has a conventional housing
      10 with a hinged front door 11, sidewalls 12 and 13 and a backwall 14. A
      small door 15 pivotally mounted at the bottom on a pin 16 is provided on
      the front of the door 11 over an opening through door 11 which permits
      access to a lever 17. A spring (not shown) coiled about pin 16 biases the
      door 15 into its closed position. The handle on door 15 is pulled
      downwardly to overcome the biasing force of the spring and to expose the
      lever arm 17 when an alarm is to be initiated. Lever 17 actuates a
      conventional clock-like mechanism of the type disclosed in U.S. Pat. No.
      1,479,608 enclosed within a box 18 which sends a coded electrical signal
      to a fire station or the like. The apparatus so far described with
      reference to FIGS. 1 and 2 is all conventional. In accordance with this
      invention, however, a second box 50 is provided immediately below the
      conventional fire alarm box. It may be supported on the post or wall which
      supports the alarm box. A door 19 which forms the front wall of the
      housing of box 50 is provided with a grid or screen 20 which permits air
      to flow into the box 50.
PAR  A rod 21 is welded or otherwise secured at one end to lever 17 so that it
      depends therefrom. A coil spring (not shown) on the back of door 11 biases
      lever 17 to the top surface of a slot 22 in a pocket 23 in door 11.
PAR  A switch 24 connected to insulated wires 25 and 26 is disposed below the
      free end of rod 21 where it will be struck by the rod 21 and closed when
      lever 17 is pulled down to actuate the alarm mechanism. Switch 24 is
      electrically connected to a solenoid 25 supported on a bracket 26 in box
      50. An evacuated glass bottle 27 is supported by members 36, 37 and 38 in
      box 50 with its fragile neck 28 positioned below plunger 30 of solenoid
      25. A flap valve 29 may be disposed in neck 28 to permit flow of air into
      glass bottle 27 but prevent escape of air from the bottle 27.
PAR  When lever 17 is moved downwardly in slot 22 to actuate the alarm signaling
      mechanism, rod 21 closes switch 24 and solenoid 25 is actuated to cause
      plunger 30 to strike fragile neck 28 and break it. Air is drawn through
      the openings in grid 20 into bottle 27 until the pressure inside the
      bottle equals atmospheric pressure. If the alarm was falsely initiated,
      the contents of bottle 27 can be exposed to the nose of a trained dog for
      use in tracking down the person in front of the grid when the bottle was
      opened.
PAR  A valve 29 is illustrated in the drawing but it is not an essential part of
      the device. Since the pressure in bottle 27 will become equal to that
      around the bottle when neck 28 is fractured, the air sucked into the
      bottle will remain therein for an appreciable period of time without a
      valve in neck 28. A valve is preferred, however, to insure against
      dilution of the air in bottle 27.
PAR  In the embodiment illustrated in FIGS. 3 and 4, a rod 31 is secured at one
      end of lever 17. A spring 32 biases lever 17 into the position in slot 22
      illustrated in FIG. 4. A cylindrical member 33 is secured to the lower end
      of rod 31 and extends into box 50 through openings in the bottom wall 34
      of the alarm box and the top 35 of box 50. The unsecured end of member 33
      has a sloping surface 34. A bottle 27 is supported in box 50 by members
      36, 37 and 38. A cylindrical housing 39 forms a cylinder in which a piston
      40 is slidably disposed. A trigger 41 is pivotally mounted on housing 39.
      One end 42 of trigger 41 is bent at a right angle and has a sloping end
      surface slidably disposed against surface 34 of member 33. The opposite
      end 43 of trigger 41 is bent at a right angle and extends through a slot
      44 in housing 39 when the trigger 41 is in its set position illustrated in
      FIGS. 3 and 4. End member 43 of trigger 41 supports piston 40 with a
      spring 45 compressed between piston 40 and the top of housing 39. The
      plunger 46 of piston 40 is poised above neck 28 when the apparatus is in
      its illustrated ready position.
PAR  When lever 17 is pulled down to initiate the alarm mechanism, rod 31 and
      member 33 move downwardly to pivot trigger 41 to a position where end
      member 43 is withdrawn from below piston 40. Plunger 46 is driven by
      spring 45 against fragile neck 28 with sufficient force to fracture it.
      Air carrying the odor of the person's body who pulled lever 17 is sucked
      through the openings in grid 20 into bottle 27. Valve 29 seals neck 28
      against loss of air from bottle 27.
PAR  It will be apparent from the foregoing description that the device provided
      by the invention accomplishes the objectives. The contents of the bottle
      may be used to trace the person who actuated the alarm mechanism only if
      the alarm were false. Hence, innocent persons who act in good faith are
      not inconvenienced by embarassment or incarceration.
PAR  Although the invention has been described in detail for the purpose of
      illustration, it is to be understood that such detail is solely for that
      purpose and that variations can be made therein by those skilled in the
      art without departing from the spirit and scope of the invention except as
      it may be limited by the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for initiating an alarm and assisting in the identification
      of the person initiating the alarm comprising an alarm signalling means,
      movable means for initiating the signalling means, an evacuated container
      adapted to be opened to the atmosphere, and means responsive to movement
      of the movable means for opening the container, said container being
      disposed where air about the said movable means is drawn into the
      container when the container is opened, said air carrying the
      characteristic scent of the person initiating the alarm.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said movable means a lever to be moved
      to initiate an alarm, an electrical switch, means connected to said lever
      for closing the electrical switch when the lever is moved to initiate an
      alarm, a solenoid electrically connected to the switch having a plunger
      which is moved outwardly when the solenoid is electrically energized, and
      an evacuated container disposed with a wall adapted to be broken by the
      plunger where it will be struck by the plunger when the solenoid is
      energized, said container being located with respect to the lever whereby
      air about the body of anyone actuating the lever will be sucked into the
      container when the vacuum is broken.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said apparatus has a lever to be moved
      to actuate the alarm signalling means, a rod secured to the lever to be
      moved therewith, and a piston having a plunger adapted to strike the
      container when the piston is actuated, and means responsive to movement of
      the lever to actuate the piston.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said apparatus has a lever to be moved
      to actuate the alarm signalling means and means associated with the lever
      for opening the container comprising a housing enclosing a cylinder, a
      piston having a plunger slidably disposed in the cylinder, said cylinder
      being associated with the container whereby the plunger will open the
      container when the piston is actuated, resilient means for actuating the
      piston, and trigger means for releasing the piston in response to
      actuation of the lever.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the container has a valve which permits
      flow of fluid into the container when it is open but prevents flow of
      fluid from the container. and air
NUM  6.
PAR  6. The apparatus of claim 1 comprising a fire alarm box and an electrical
      circuit connected to a signalling means at a fire station, a lever movable
      from points where the circuit is broken and where is is electrically
      connected to the signalling means, said lever being disposed where it can
      be actuated by a person, and an evacuated container adapted to be opened
      by movement of the lever and associated with the said box where it is
      opened upon movement of the lever andair about a person actuating the
      lever is drawn into the container.
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PAL  A warning circuit particularly suited for indicating that an intermittently
      operated device has been operated for a predetermined cumulative length of
      time. The circuit utilizes a coulometer as a current integrator that
      accumulates the intermittent periods of time during which the device
      operates. At the end of the predetermined cumulative length of time, the
      impedance of the coulometer changes from a low level to a relative higher
      level. This change in impedance renders a first transistor conductive and
      results in a warning indication. A second transistor is latched into a
      state of conductivity that causes a feedback current to flow through the
      coulometer to maintain it in its high impedance condition. The warning
      indication is controlled by an amplifier circuit which, in turn, is
      controlled by the second transistor. Once the high impedance of the
      coulometer is achieved, the second transistor at all times retains its
      state of conductivity indicative of this condition, but the amplifier
      circuit is operative only when the intermittently operated device is in
      operation.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a warning circuit for indicating that an
      intermittently operated device has been operated for a predetermined
      cumulative length of time. More particularly, the invention relates to a
      circuit which employs a coulometer to integrate a current that flows
      whenever a device is being operated and which undergoes a change in its
      impedance after that current has flowed for a predetermined cumulative
      length of time. The warning circuit of the invention is particularly
      suitable for use in providing a warning after the engine of a motor
      vehicle has been operated for a predetermined cumulative length of time.
PAR  A coulometer is an electrochemical storage cell that has a pair of spaced
      electrodes in an electrolyte material. At least one of the coulometer
      electrodes has an active material, usually a metal, which is transferred
      from that electrode to the other electrode when current flows through the
      coulometer in an appropriate direction. The impedance between the
      coulometer electrodes is at a low level when the active material is on
      both electrodes and is substantially higher after all of the active
      material has been transferred from the one electrode to the other. Of
      course, the rate at which the active material is transferred from the one
      electrode to the other is directly proportional to the magnitude of the
      current between the electrodes.
PAR  The coulometer may be made to carry a current whenever an intermittently
      operated device is in operation. If this is the case and if the amount of
      active material capable of being transferred from one electrode to the
      other and the magnitude of the current flow are known, then the change in
      impedance of the coulometer occurs after the intermittently operated
      device has been operated for a predetermined cumulative length of time.
      The change in coulometer impedance may be used to provide a warning
      indication, for example, than an intermittently operated device such as a
      motor vehicle requires maintenance.
PAR  Coulometer circuits used in vehicle service computers are described in U.S.
      Pat. Nos. 3,546,693 to Bissett, et al and 3,603,880 to Brecker, Jr., et
      al. U.S. Pat. No. 3,755,728 to Herzig et al discloses a coulometer circuit
      that measures time by the passage of a known constant current through a
      coulometer cell.
PAC  SUMMARY OF THE INVENTION
PAR  The coulometer warning circuit of the invention utilizes the change in
      impedance of a coulometer cell, which change occurs after all of its
      active material has been transferred from one of its electrodes to its
      other electrode, to effect a change in conductivity of a first transistor.
      The change in conductivity of the first transistor causes a second
      transistor, connected in a unique feedback latching circuit, to change its
      state of conductivity, thereby, to cause an amplifier circuit to energize
      a warning indicator. The change in the state of conductivity of the second
      transistor occurs after an intermittently operated device has been
      operated for a predetermined cumulative length of time, and this second
      transistor is maintained in this state of conductivity even when the
      intermittently operated device is not in operation.
PAR  A characteristic of a coulometer is that after it has reached its high
      impedance condition and current flow through it is discontinued, it
      reverts to a low impedance condition and thereafter requires several
      minutes of current flow through it to restore it to its high impedance
      condition. An important feature of the coulometer warning circuit of the
      invention is that once the high impedance coulometer condition has
      occurred and the second transistor mentioned above has changed its state
      of conductivity, the second transistor thereafter provides a feedback
      current to the coulometer which maintains it in its high impedance
      condition even though the intermittently operated device may not be in
      operation.
PAR  The second transistor also is used to control an amplifier circuit which,
      in turn, controls a warning device. However, the amplifier circuit is
      arranged such that a warning indication is not given unless the second
      transistor is in a particular state of conductivity and the intermittently
      operated device is in operation.
PAR  A potential major source of timeout error in a coulometer circuit is the
      leakage current of the transistor which is directly controlled by the
      coulometer. An important feature of the present invention is the use of a
      third transistor positioned in the collector circuit of the first
      transistor controlled by the coulometer. The presence of the third
      transistor reduces the leakage current of the first transistor to a
      negligible amount.
PAR  The invention may be better understood by reference to the detailed
      description which follows and to the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic electrical diagram of a circuit for indicating
      that the engine of a motor vehicle, intermittently operated, has been
      operated for a predetermined cumulative length of time.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to the drawing, wherein component values and type numbers
      are given by way of example and not limitation, the warning circuit shown
      therein is generally designated by the numeral 10. The circuit 10 provides
      a warning indication, by actuation of a warning lamp 12, when the
      intermittently operated engine of a motor vehicle has been operated for a
      predetermined cumulative length of time. The circuit includes a coulometer
      14 having a first or working electrode 16, a second reservoir electrode
      18, and an active material 20 on the first electrode which, for example,
      may be of a quantity sufficient to provide 1,000 microampere hours of
      coulometer operation before the coulometer changes from its low impedance
      condition to its high impedance condition. If the current flow through the
      coulometer is constant at 2.31 microamperes, the coulometer will reach its
      high impedance condition between its electrodes 16 and 18 after 433 hours
      of operation. If this current flows whenever the vehicle's engine is in
      operation, then the high impedance condition is reached after 433 hours of
      engine operation. If the average speed of the motor vehicle during this
      time interval is 31.75 miles per hour, then this time is equivalent to
      13,750 miles of vehicle travel.
PAR  The circuit 10 includes a DC source of electrical energy 22 which,
      preferably, is a conventional 12-volt vehicle storage battery. The
      negative terminal of the DC source 22 is connected to a ground or common
      lead 24 and its positive terminal is connected by a lead 26 to one pole of
      a vehicle ignition switch 28 that is closed whenever the vehicle's engine
      is in operation. The opposite pole of the ignition switch 28 is connected
      by a lead 30 to a voltage regulating circuit including a resistor R1
      connected in series with a zener diode D1. The anode of the zener diode D1
      is connected to ground and the junction formed between its cathode and the
      resistor R1 is connected to a lead 32 on which a regulated voltage appears
      whenever the ignition switch 28 is closed.
PAR  A voltage divider is formed by a resistor R2, a variable calibration
      resistor R3 and a resistor R4 connected in series with one another between
      the regulated voltage supply lead 32 and ground lead 24. A lead 34 of a
      resistor R5 is connected to the junction formed between the resistors R3
      and R4. The opposite lead 36 of the resistor R5 is connected by a lead 38
      to the electrode 16 of the coulometer 14. The coulometer electrode 18 is
      connected by a lead 40 to the ground lead 24. A capacitor C2 is connected
      in parallel with the coulometer 14, and the electrode 16 of the coulometer
      is connected by leads 38 and 42 to the base of an NPN transistor Q1. The
      emitter of the transistor Q1 is connected to ground. A resistor R14 is
      connected between the collector of the transistor Q1 and the ground lead
      24. Also, the collector of the transistor Q1 is connected by a lead 44 to
      the emitter of an NPN transistor Q3. A blocking diode D2 has its anode
      connected to the regulated voltage supply lead 32 and has its cathode
      connected to one terminal of a current limiting resistor R12. The opposite
      terminal of the resistor R12 is connected by a lead 46 to the base of the
      transistor Q3. A resistor R13 is connected between the lead 46 and ground.
PAR  The collector of the transistor Q3 is connected through a current limiting
      resistor R15 and by a lead 48 to the base of a PNP transistor Q2. The
      emitter of the transistor Q2 is connected by leads 50 and 52 to the lead
      26 connected to the positive terminal of the DC source 22. A biasing
      resistor R7 is connected between the emitter of the transistor Q2 and its
      base. A capacitor C1 is connected in parallel with the resistor R7.
PAR  The collector lead 53 of the transistor Q2 is connected through current
      limiting and biasing resistors R8 and R9 to the ground lead 24. The
      collector of the transistor Q2 also is connected by a lead 54 to the
      respective anodes of blocking diodes D3 and D4. The cathode of the diode
      D3 is connected through a current limiting resistor R6 and by the lead 38
      to the electrode 16 of the coulometer 14. The cathode of the blocking
      diode D4 is connected by a lead 56 to the junction formed between the
      diode D2 and the resistor R12.
PAR  NPN transistors Q4 and Q5 form an amplifier circuit for the warning lamp
      12. The base of the transistor Q4 is connected by a lead 58 to the
      junction formed between the resistors R8 and R9. A lead 60 connects the
      collector of the transistor Q4, through a current limiting resistor R10
      and with a lead 62, to the regulated voltage supply lead 32. The emitter
      of the transistor Q4 is connected to the base of the transistor Q5, and
      the emitter of the transistor Q5 is connected through a current limiting
      resistor R16 to the ground lead 24. The collector of the transistor Q5 is
      connected by a lead 64 to one terminal of the warning lamp 12 and the
      opposite terminal of the warning lamp is connected by leads 66 and 52 to
      the positive terminal of the DC source 22.
PAR  In the operation of the circuit 10, let it first be assumed that a preset
      amount of the active material 20 in the coulometer 14 is on its working
      electrode 16. In such case, the coulometer 14 has a low impedance
      condition existing between its electrodes and none of the transistors in
      the circuit 10 are conductive in their collector-emitter output circuits.
PAR  Resistors R2, R3, R4 and R5 together form a network that provides a
      constant current, which may be adjusted as desired by variation of the
      resistance R3. Preferably, variable resistance R3 is a wire-wound rheostat
      and resistors R2, R4 and R5 are of the metal-film type to minimize the
      resistance changes caused by environmental conditions and the passage of
      time. The constant current is supplied to the coulometer and flows through
      lead 38, between the coulometer electrodes 16 and 18 and through the lead
      40 to the ground lead 24. This current flows through the coulometer
      whenever the vehicle's engine is running, as is determined by the closing
      of the switch 28 which produces the regulated supply voltage on the lead
      32 and causes the current to flow through the resistor network. As the
      current flows through the coulometer, the active material 20 on the
      working electrode 16 is transferred gradually to the reservoir electrode
      18. Although the vehicle's engine is operated intermittently, after a
      predetermined cumulative length of time all of the active material 20 is
      transferred from the working electrode 16 to the reservoir electrode 18.
      When this occurs, there is a change in the impedance of the coulometer
      between its electrodes, that is, its impedance becomes substantially
      higher than is its impedance when the active material is on both of its
      electrodes.
PAR  With the ignition switch 28 closed and a high impedance between the
      electrodes 16 and 18 of the coulometer, a bias voltage is established on
      the lead 42 to the base of the transistor Q1 sufficient to render the
      transistor Q1 fully conductive in its collector-emitter output circuit.
      Also, a voltage is supplied from the regulated voltage supply lead 32,
      through the blocking diode D2 and the resistor R12, to the base lead 46 of
      the transistor Q3 to render it fully conductive in its collector-emitter
      output circuit. As a result, current flows from the lead 52, through the
      resistors R7 and R15 and the output circuits of the transistors Q3 and Q1
      to the ground lead 24. The voltage drop across the resistor R7 is
      sufficient to bias the transistor Q2 into a conductive state in its
      emitter-collector circuit.
PAR  The transistor Q2 is a latching transistor. Once it is rendered conductive,
      current flows from its emitter-collector circuit through lead 53 and
      resistors R8 and R9 to the ground lead 24. The transistor Q2 is maintained
      in this conductive state as long as the DC source 22 remains connected to
      the lead 52, a condition which is normal in absence of removal of the DC
      source 22 from the vehicle or the like.
PAR  The lead 54 connected to the collector of the latching transistor Q2
      provides a current feedback path for the coulometer 14. Thus, current
      flows through the lead 54, through the blocking diode D3 and the resistor
      R6, and through the coulometer 14 to the ground lead 24. This biasing
      current resulting from the feedback path from the latching transistor Q2
      flows even though the ignition switch 28 may be opened. This maintains the
      coulometer 14 in its high impedance condition. In the absence of this
      feedback current from the latching transistor, the coulometer 14 would
      revert to a low impedance condition and would require several minutes of
      current flow through it after closure of the ignition switch 28 in order
      to actuate the warning device 12. Also, it should be noted that the
      conduction of the transistor Q2 causes a voltage near that of the positive
      terminal of the DC source 22 to be applied via the lead 54 and the
      blocking diode D4 to the lead 56. This voltage is applied through resistor
      R12 to the base of the transistor Q3 to maintain it in a conductive state
      as long as the transistor Q2 remains latched in its conductive condition.
PAR  The amplifier circuit comprising transistors Q4 and Q5 is controlled by the
      latching transistor Q2 but also is controlled by the ignition switch 28.
      When the transistor Q2 is rendered conductive in its emitter-collector
      output circuit as a result of the coulometer 14 achieving its high
      impedance condition, a bias voltage of a positive level sufficient to
      render the transistor Q4 conductive appears on the transistor Q4 base lead
      58 connected to the junction between the resistors R8 and R9. However, the
      transistor Q4 cannot conduct unless the ignition switch 28 is closed
      because the supply voltage for the collector of the transistor Q4 is
      obtained via the circuit path including ignition switch 28, lead 30,
      resistor R1, regulated voltage supply lead 32, lead 62 and resistor R10.
      Thus with the transistor Q2 conductive and the ignition switch 28 closed
      the transistor Q4 is conductive in its collector-emitter output circuit
      and supplies the base drive for the transistor Q5, which then is rendered
      conductive in its collector-emitter output circuit. The conductive state
      of the transistor Q5 energizes the warning lamp 12 to provide the vehicle
      operator, whenever the ignition switch 28 is closed, with an indication
      that a predetermined cumulative time interval of engine operation has
      elapsed and that vehicle maintainence is required. When the vehicle
      maintainence is obtained, the coulometer 14 may be replaced or, if the
      coulometer design permits, reversed in its position in the circuit 10 to
      start another predetermined cumulative time interval.
PAR  An important feature of the invention is the presence of the transistor Q3
      is the circuit 10. A potential major source of coulometer timeout error is
      in the collector-to-base leakage current of the transistor Q1 when this
      transistor is nonconductive. This leakage current must flow through the
      coulometer 14, and it should be minimized. This leakage current of the
      transistor Q1 is proportional to its collector voltage. Prior to
      coulometer timeout and with the ignition switch 28 open, the transistor Q3
      is nonconductive and all potential is removed from the collector of the
      transistor Q1. When the ignition switch 28 is closed prior to timeout of
      the coulometer 14, there is a low bias voltage level on the lead 46
      connected to the base of the transistor Q3 and, as a result, the potential
      on the lead 44 connected to the collector of the transistor Q1 is
      maintained at a very low level. Moreover, the only source of
      collector-base leakage current of the transistor Q1 is that derived from
      the leakage current of the transistor Q3, and this current is shunted by
      the resistor R14 connected between the collector of the transistor Q1 and
      the ground lead 24. Experimental results have shown that the
      collector-base leakage current of the transistor Q1 is in the picoampere
      range.
PAR  The function of the capacitors C1 and C2 is to maintain the transistor Q2,
      once latched in a conductive state, in such state during the presence of
      negative transients on the DC source lead 26 or electromagnetic
      interference.
CLMS
STM  Based upon the foregoing description of the invention  what is claimed is:
NUM  1.
PAR  1. A warning circuit for indicating that an intermittently operated device
      has been operated for a predetermined cumulative length of time, said
      warning circuit comprising:
PA1  a coulometer having first and second electrodes and an active material
      capable of being transferred from said first electrode to said second
      electrode, said coulometer having an impedance after all of said active
      material is transferred to said second electrode that is substantially
      higher than its impedance when said active material is on both of said
      electrodes;
PA1  means for causing the transfer of said active material from said first
      electrode to said second electrode of said coulometer when said
      intermittently operated device is in operation;
PA1  means for providing a warning;
PA1  a first transistor coupled to said coulometer, said first transistor
      changing in its state of conductivity when said higher-impedance condition
      of said coulometer occurs;
PA1  a second transistor coupled to said first transistor, said second
      transistor being placed in and maintained in a state of conductivity as a
      result of the initial occurrence of said change in state of conductivity
      of said first transistor, said second transistor when in said maintained
      state of conductivity supplying current to said coulometer to maintain it
      in its higher impedance condition;
PA1  circuit means for controlling said warning means, said circuit means
      permitting said warning means to provide a warning indication only when
      said device is in operation and said second transistor is in said
      maintained state of conductivity, whereby, said warning indication may be
      used to indicate the elapse of said predetermined cumulative length of
      time.
NUM  2.
PAR  2. A warning circuit according to claim 1 which further includes a third
      transistor, said third transistor being coupled to the collector of said
      first transistor, said third transistor limiting the collector-base
      leakage current of said first transistor when said first transistor is
      nonconductive.
NUM  3.
PAR  3. A warning circuit according to claim 1 which further includes means for
      determining when said intermittently operated device is in operation and
      wherein said circuit means for controlling said warning means comprises a
      transistor amplifier circuit, said transistor amplifier circuit being
      controlled by said second transistor and by said means for determining
      when said intermittently operated device is in operation.
NUM  4.
PAR  4. A warning circuit according to claim 3 which further comprises a third
      transistor coupled to the collector of said first transistor, said third
      transistor limiting the collector-base leakage current of said first
      transistor when said first transistor is nonconductive.
NUM  5.
PAR  5. A warning circuit for indicating that an intermittently operated device
      has been operated for a predetermined cumulative length of time, said
      warning circuit comprising:
PA1  a DC source of electrical energy;
PA1  a coulometer having first and second electrodes and an active material
      capable of being transferred from said first electrode to said second
      electrode, said coulometer having an impedance after all of said active
      material is transferred to said second electrode that is substantially
      higher than its impedance when said active material is on both of said
      electrodes;
PA1  means for coupling said DC source to said coulometer when said
      intermittently operated device is in operation, said coulometer when
      coupled to said DC source through said coupling means having a current
      flowing through it which tends to transfer said active material from said
      first electrode to said second electrode;
PA1  latching circuit means, actuated when said coulometer reaches its higher
      impedance condition, for causing when actuated a current to flow through
      said coulometer that tends to maintain said coulometer in said higher
      impedance condition when said coulometer is not coupled to said DC source
      by said coupling means; and
PA1  warning means for indicating the elapse of said predetermined cumulative
      length of time as signified by the occurrence of said higher impedance
      condition of said coulometer, said warning means being controlled by said
      latching circuit means and by said coupling means.
NUM  6.
PAR  6. A warning circuit according to claim 5 which further comprises a first
      transistor, coupled to said coulometer said first transistor being
      rendered conductive when said coulometer attains its higher impedance
      condition, and means for limiting the collector-base leakage current of
      said first transistor when said first transistor is nonconductive.
NUM  7.
PAR  7. A warning circuit according to claim 6 wherein said means for limiting
      the collector-base leakage current of said first transistor comprises a
      second transistor having an output circuit coupled to the collector of
      said first transistor.
NUM  8.
PAR  8. A warning circuit according to claim 7, said latching circuit comprising
      a third transistor, the output circuit of said third transistor
      being-coupled to the control electrode of said second transistor, said
      second transistor being maintained conductive in its output circuit when
      said latching circuit is actuated.
NUM  9.
PAR  9. A warning circuit according to claim 8, said warning circuit further
      comprising a fourth transistor having a control electrode coupled to said
      latching circuit and having an output circuit coupled to said DC source
      only when said intermittently operated device is in operation, and a fifth
      transistor having a control electrode coupled to the output circuit of
      said fourth transistor, said fifth transistor having an output circuit
      coupled to said warning means, said warning means providing a warning
      indication when said latching circuit is actuated and said intermittently
      operated device is in operation.
NUM  10.
PAR  10. A warning circuit for indicating that an intermittently operated device
      has been operated for a predetermined cumulative length of time, said
      warning circuit comprising:
PA1  a DC source of electrical energy;
PA1  a coulometer having first and second electrodes and an active material
      capable of being transferred from said first electrode to said second
      electrode, said coulometer having an impedance after all of said active
      material is transferred to said second electrode that is substantially
      higher than its impedance when said active material is on both of said
      electrodes;
PA1  a switch, said switch being connected at one of its poles to said DC source
      and said switch being closed when said intermittently operated device is
      in operation;
PA1  a resistance network coupled to said switch and to said coulometer, when
      said switch is closed said resistance network supplying a current to said
      coulometer, said current tending to transfer said active material from
      said first electrode to said second electrode;
PA1  a first transistor having a control electrode coupled to said first
      electrode of said coulometer and having an output circuit;
PA1  a second transistor having a control electrode and an output circuit, said
      second transistor being rendered conductive when said first transistor is
      rendered conductive and said second transistor when conductive supplying a
      current to said coulometer;
PA1  a third transistor having a control electrode and an output circuit, the
      output circuit of said third transistor being coupled to the output
      circuit of said first transistor and to the control electrode of said
      second transistor, the control electrode of said third transistor being
      coupled to the output circuit of said second transistor, said first
      transistor output circuit being conductive when said coulometer is in its
      higher impedance condition and said output circuits of said second and
      third transistors being conductive when the output circuit of said first
      transistor is conductive;
PA1  a warning device; and
PA1  an amplifier circuit, said amplifier circuit being coupled to said warning
      device and to said output circuit of said second transistor, said warning
      device being actuated when said second transistor output circuit is
      conductive and said switch is closed, the actuation of said warning device
      being indicative of the elapse of said predetermined cumulative length of
      time.
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ABST
PAL  A power line data transmission system is disclosed in which data is
      transmitted over a line carrying alternating current power by varying or
      modulating the power factor of the line or the phase angle of the power on
      the line in accordance with a signal to be transmitted. A series connected
      reactance and switch are connected across the line. The switch is turned
      on and off in response to the data signal to be transmitted over the line.
      The phase angle of the voltage and current on the line is detected at the
      receiving location. The phase relation between the voltage and the current
      is detected or compared to produce a binary digital signal corresponding
      to the data sent over the line. The detection of the voltage and current
      being out of phase by a predetermined amount may be used to generate a
      signal indicating a digital one. The detection of the voltage and current
      being in phase may be used to generate a signal corresponding to a digital
      zero.
BSUM
PAC  RELATED APPLICATION
PAR  This invention relates to a power line data transmission system which may
      be used in transmission of data from within bore holes and is disclosed in
      co-pending application Ser. No. 499,361, entitled Data Transmission System
      which is assigned to the assignee of the present invention.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a power line data transmission system.
      More particularly, the present invention relates to a data transmission
      system in which data may be transmitted over a line by modulating the
      power factor of the line, or in other words modulating or varying the
      phase angle between the voltage and the current on the line.
PAR  It has been known to transmit data over a power line by use of frequency
      displacement techniques. That is, it has been known to transmit data over
      a power line by modulating the power on a power cable with a high
      frequency carrier waveform containing the data.
PAR  The present invention may be used to transmit data between any two
      locations which are connected by a power line or cable. The present
      invention has found a significant use in transmitting data from the depths
      of oil well bore holes and other bore holes used in oil well exploration.
      However, the present invention may also be used in other applications to
      transmit data from one location to another.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method and apparatus of transmitting
      digital data over a conductor which is simultaneously providing
      alternating current power to a load. The method and apparatus of the
      present invention is carried out by modulating the power factor of the
      line system; i.e., modulating or varying the phase angle between the
      current and voltage on the line.
PAR  An advantage of the present invention is that additional lines are not
      required for data transmission where a power line is already in existence.
      This advantage results in reduced costs for additional lines. Furthermore,
      the power line is usually of heavier construction than a communications
      data line and therefore is less subject to breakage in industrial
      applications. This results in increased reliability of the system.
PAR  Another advantage of the present invention is that data may be transmitted
      over the power line without altering the voltage waveform at the load.
PAR  Another advantage of the present invention is that the transmitter does not
      dissipate any real power.
PAR  Briefly, in accordance with the present invention, a method and apparatus
      is provided for transmitting data over a line carrying alternating current
      power by varying the phase angle between the voltage and the current of
      the line. The phase angle between the voltage and the current of the line
      is varied between a first and a second predetermined phase angle value in
      response to a data signal to be transmitted. The first phase angle value
      represents a first signal condition transmitted over the line. The second
      phase angle value represents a second signal condition transmitted over
      the line. Means for detecting the phase angle of the voltage and the
      current on the line at a receiving location is provided. The detected
      phase angle of the voltage and the current is fed to means for providing a
      first signal in response to detecting a first predetermined value of phase
      angle between the voltage and the current and a second signal in response
      to detecting a second predetermined value of phase angle between the
      voltage and the current.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For the purpose of illustrating the invention, there are shown in the
      drawings forms which are presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
PAR  FIG. 1 is a schematic diagram, in block diagram form for an apparatus in
      accordance with the present invention.
PAR  FIG. 2 is a schematic diagram of the phase detectors and a data receiver in
      accordance with the present invention.
PAR  FIG. 3 is a block diagram of an alternate embodiment of the phase detectors
      and data receiver of the present invention.
PAR  FIG. 4 is a schematic diagram of one embodiment of a data transmitter in
      accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  Referring now to the drawings in detail wherein like numerals indicate like
      elements, there is shown in FIG. 1 a line 10 which may be an alternating
      current power line or cable. A load impedance 12 is connected across the
      line. The line 10 may of course consist of a pair of conductors with load
      impedance 12 connected across the two conductors or it may use the
      conventional representation of a ground return with the low side of the
      line connected to ground. The load impedance 12 may preferably be a load
      having a power factor substantially equal to one; i.e., the load 12 may
      preferably be comprised of a pure resistance. However, it is not necessary
      that the load impedance 12 be a pure resistance. The load impedance 12 may
      have any predetermined power factor. In such a case, the data transmitted
      by the power factor modulation of the present invention would be varying
      the power factor about the power factor of the load impedance. Thus, if
      load impedance 12 had a power factor of 0.5, the transmission of a digital
      zero could correspond to the line having a power factor of 0.5 and the
      transmission of a digital one could correspond to the line having a power
      factor of 0.7.
PAR  Alternating current power is applied to line 10 by alternating current
      power source 14.
PAR  The transmitter of the power line data transmission system of the present
      invention is comprised of reactance 16 and switch 18. Reactance 18 may be
      comprised of a capacitor, an inductor or any other type of component or
      device which produces a net reactive effect across its terminals. For
      example, although not preferred in the present embodiment of the
      invention, an electrical motor having inductive characteristics across its
      terminals may be used as the reactance in a particular application.
PAR  Switch 18 is connected in series with reactance 16 and the series
      combination of reactance 16 and switch 18 are connected across the line 10
      and in parallel with load impedance 12. Switch 18 may be any suitable type
      of switch or switching circuit. For example, but not by way of limitation,
      switch 18 may be an electronic switching circuit, a magnetic reed switch,
      an electromagnetic relay or even a mechanically operated microswitch.
PAR  The closing of switch 18 electrically places reactance 16 across line 10
      and in parallel with load impedance 12. This causes a predetermined change
      in the power factor of line 10 or in other words a predetermined change in
      the phase angle between the voltage and the current of line 10. The
      opening of switch 18 returns the power factor of the line 10 to its
      initial condition and also restores the phase angle relationship between
      the voltage and current of line 10 to its original condition. If reactance
      16 is a pure reactance, no real power is dissipated by the transmitter. If
      the power factor of load impedance 12 is approximately one, that is the
      current and voltage through load impedance 12 being in phase, the closing
      of switch 18 placing reactance 16 across the line creates a component of
      the current wave form which is orthogonal to the load current wave form.
      This orthogonal component carries the information over line 10.
PAR  Referring briefly to FIG. 4, there is shown a preferred embodiment of the
      reactance of the transmitter. In FIG. 4, capacitor 20 is connected in
      series with switch 22 across line 10; i.e., between line 10 and a ground
      return path. As described in the co-pending application of M. A. Smither
      and L. A. Trowbridge, referred to above, the present invention may be used
      in an application of transmitting data from within an oil well bore hole
      on a 20,000 foot power cable supplying sixty Hertz power to an instrument
      package located in the bore hole. A specific example by way of
      illustration, but not by way of limitation, is the use of a two microfarad
      capacitor as capacitor 20 where the load impedance across the line
      consumes 20 watts of power when operated at 117 volts R.M.S. at 60 Hertz.
      In this example, a phase angle change or modulation between the voltage
      and the current of 27 electrical degrees was achieved upon the closing of
      the switch. In such an application, by convention, a change of 27
      electrical degrees may be used to indicate the transmission of a digital
      data one. Assuming a load impedance having a power factor of approximately
      one, the current and voltage being in phase or in other words having a
      phase angle value of zero degrees may be used to indicate the transmission
      of a digital data zero. However, it is apparent that the opposite
      convention may be used. It is also apparent that if the load impedance
      does have a power factor of some value other than one, the modulation
      caused by reactance 20 on line 10 may be used to vary the power factor
      about the power factor provided by the load in response to the digital
      data signal to be transmitted.
PAR  Referring now to FIG. 1, the digital data signal is applied to terminal 24
      of switch 18. Switch 18 operates in response to the data on terminal 24.
      For example, switch 24 may be connected so that it will close the circuit
      between reactance 16 and ground in response to the application of a
      digital one to terminal 24. Likewise, the application of a digital zero to
      terminal 24 will open the circuit between reactance 16 and ground.
PAR  The data transmitted over line 10 may be received at a receiving location
      at any point along the line 10. Phase detectors 26 and data receiver 28
      are provided at the receiving location. Phase detectors 26 are used to
      detect the phase of the current and voltage on line 10. Any suitable type
      of phase detectors may be used. A signal representing the phase of the
      voltage may be applied to data receiver 28 via line 30. A signal
      representing the phase of the current may be applied to data receiver 28
      via line or lines 32. The output of data receiver 28 may be a digital one
      or zero appearing on output terminal 36. Equivalent input and output lines
      of various embodiments of the data receiver are similarly labeled in FIGS.
      2 and 3.
PAR  It is to be understood that the receiving location and the transmitting
      location as indicated in FIG. 1 could be reversed. The transmitter could
      be located on line 10 near the alternating current power source 14 and the
      receiver could be located near the load impedance 12. It is also
      understood that the receiver and transmitter may be located at any point
      along the line 10. Furthermore, it is apparent and understood that the
      power line data transmission system of the present invention may be used
      for a two way communication system on a power line by the addition of a
      second transmitter and a second receiver. However, for the purpose of
      clarity, only a single transmitter and receiver are shown.
PAR  Referring now to FIG. 2, there is shown one embodiment of phase detectors
      26 and data receiver 28. However, it is understood that various other
      embodiments may be used. For example, various circuits and instruments are
      commercially available for detecting or measuring the phase angle between
      voltage and current on a power line and also for measuring the power
      factor. A power factor meter is commercially available which is a combined
      ammeter, volt meter and watt meter which indicates the value of the power
      factor.
PAR  Referring back to FIG. 2, there is shown a resistor 38 connected in series
      with line 10. The resistor 38 may be a small value resistance. The signal
      developed across resistor 38 is applied via inputs 40 and 42 to amplifier
      44. The output of amplifier 44 is applied to input 46 of difference
      amplifier 48. The second input 50 of difference amplifier 48 is supplied
      from a voltage divider network 52 connected across line 10 comprised of
      resistors 54 and 56. Resistor 54 may be large in comparison to resistor
      56. For a case where the voltage and current on line 10 are in phase, the
      signals on inputs 46 and 50 of differential amplifier 48 would be of equal
      amplitude and in phase. Therefore, the output of difference amplifier 48
      on output terminal 36 would be zero. If the voltage and current on line 10
      are out of phase, a voltage output will be produced on output terminal 36
      of difference amplifier 48.
PAR  If load impedance 12 has a significant reactive component, in other words,
      the power factor of the load impedance is other than one, a first
      predetermined output level on output terminal 36 of difference amplifier
      48 may correspond to a digital zero and a second predetermined signal
      output level on output terminal 36 of difference amplifier 48 may
      correspond to a digital data one. This may be accomplished by conventional
      circuits such as threshold detector circuits or direct current offset
      compensating means. It will be apparent to those skilled in the art that
      various other forms of suitable circuitry may be used.
PAR  Referring now to FIG. 3 there is shown another embodiment of a data
      receiver 28. There is shown in FIG. 3, zero crossing detectors 60 and 62.
      The lines providing inputs to zero crossing detectors 60 and 62 are
      labeled in accordance with FIG. 1. Zero crossing detector 60 detects the
      time of the zero crossings of the current on line 10 and supplies an input
      to coincidence detector 64 via line 65. Zero crossing detector 62 detects
      the time of the zero crossings of the voltage on line 10 and supplies an
      input to coindidence detector 64 via line 67. If the voltage and current
      are in phase, coincidence detector produces an output signal indicating
      the transmission of a digital data zero, as described above. If the
      current and voltage are out of phase, coincidence detector 64 produces an
      output signal indicating the transmission of a digital data one.
PAR  In view of the above, various changes and modifications may be made to the
      structure disclosed herein within the spirit of the teachings of the
      present invention. It will be apparent to those skilled in the art that
      various other circuits may be used to modulate the power factor or phase
      angle between the voltage and current on a line carrying power.
      Furthermore, it will be apparent to those skilled in the art that various
      changes may be made in the circuitry for recovering the power factor or
      phase angle modulation from the line.
PAR  In view of the above, the present invention may be embodied in other
      specific forms without departing from the spirit or essential attributes
      thereof and, accordingly, reference should be made to the appended claims,
      rather than to the foregoing specification as indicating the scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of transmitting data over a line carrying alternating current
      power, comprising the steps of:
PA1  varying the phase angle between the voltage and the current of the line
      between a first and a second predetermined value in response to a data
      signal to be transmitted, said first phase angle value representing a
      first signal condition, said second phase angle value representing a
      second signal condition;
PA1  detecting the phase angle between the voltage and the current on said line;
      and
PA1  providing a first signal in response to detecting said first predetermined
      value of phase angle and a second signal in response to detecting said
      second predetermined value of phase angle.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said step of varying the
      phase angle comprises the steps of applying a first predetermined value of
      reactance across the line to transmit a first signal and applying a second
      predetermined value of reactance across the line to transmit a second
      signal.
NUM  3.
PAR  3. A method in accordance with claim 2 wherein said steps of applying
      predetermined values of reactance across the line include the steps of
      connecting a series connected reactance and switch across the line and
      operating said switch connected in series with said reactance in
      accordance with a data signal to be transmitted.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein said detecting step
      comprises the steps of monitoring the phase of the voltage and the phase
      of the current of the line and comparing said phases of said voltage and
      current to produce an output signal indicative of the transmitted data.
NUM  5.
PAR  5. Apparatus for transmitting data over a line carrying alternating current
      power, comprising:
PA1  means for varying the phase angle between the voltage and current of the
      line between a first and a second predetermined value in response to a
      data signal to be transmitted, said first phase angle value representing a
      first signal condition, said second phase angle value representing a
      second signal condition;
PA1  means for detecting the phase angle of the voltage and the current on said
      line; and
PA1  means for providing a first signal in response to detecting a first
      predetermined value of phase angle between the voltage and current of the
      line and a second signal in response to detecting a second predetermined
      value of phase angle between the voltage and current of the line.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 wherein said means for varying the
      phase angle comprises means for applying a first predetermined value of
      reactance across said line to transmit a first signal and a second
      predetermined value of reactance across said line to transmit a second
      signal.
NUM  7.
PAR  7. Apparatus in accordance with claim 6 wherein said means for applying
      said reactance across said line comprises a series connected reactance and
      switch connected across the line, said switch being operable in response
      to a signal to be transmitted.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 wherein said reactance comprises a
      capacitor.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 wherein said series connected
      reactance and switch are connected across the line, and across a load, at
      the load end of the line.
NUM  10.
PAR  10. Apparatus in accordance with claim 5 wherein said phase angle detecting
      means includes a resistance connected in series with the line, the voltage
      signal developed across said resistance being indicative of the phase of
      the current of the line.
NUM  11.
PAR  11. Apparatus in accordance with claim 10 wherein said phase angle
      detecting means further includes a voltage divider resistance network
      connected across said line, the voltage signal developed across a portion
      of said voltage divider network being indicative of the phase of the
      voltage of the line.
NUM  12.
PAR  12. Apparatus in accordance with claim 5 wherein said means for providing
      said first and second signals comprises first zero crossing detector means
      for detecting the zero crossing of a signal representing the phase of the
      current of the line and providing an output indicative thereof, and second
      zero crossing detector means for detecting the zero crossing of a signal
      representing the phase of the voltage on the line and providing an output
      indicative thereof, and coincidence detector circuit means receiving said
      outputs of said first and second zero crossing circuit detector means,
      said coincidence detector providing a first output signal in response to
      said zero crossings being coincident and a second output signal when said
      zero crossings are out of phase.
NUM  13.
PAR  13. Apparatus in accordance with claim 5 wherein said means for providing
      said first and second signals comprises difference amplifier means, said
      difference amplifier means receiving the signals representing the phase of
      the current and voltage, said difference amplifier means providing a first
      signal when the voltage and current of the line are in phase and a second
      signal when the voltage and current of the line are out of phase.
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PAL  A direction coded digital stroke generator that allows arbitrary symbols to
      be defined in real time and in which these symbols consist of
      substantially an unlimited number of discrete segments. When interfaced
      with a memory source such as a digital computer the stroke generator
      provides highly flexible symbol generation capability at a relatively low
      cost in terms of memory requirements and with a relatively high writing
      speed. Each line segment is defined by four binary bits with three bits
      defining direction and one bit determining blanking. The three direction
      bits are decoded to control X and Y up/down counters orienting the segment
      in one of eight directions. A selectable segment length feature is
      provided allowing development of segments of selected lengths so that the
      symbols have a selected size and degree of detail.
PARN
PAR  This is a continuation, of application Ser. No. 229,231, filed Feb. 23,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to display systems using symbol generators and
      particularly to a display system having a direction coded incremental
      digital stroke generator.
PAR  2. Description of the Prior Art
PAR  Conventional digital stroke generators for providing symbols such as upon
      the face of a cathode ray tube, utilize a fixed set of hard wired symbol
      controls that are generated within a limited set of rigid formats and from
      which individual symbols are selectable. These generators having hard
      wired symbol controls may be operated with a substantially small memory
      when generating simple characters such as letters of the alphabet.
      However, when generating complicated symbols or pictures such as
      geographic maps showing coastlines, lakes and mountains, the amount of
      memory required using the hard wired symbol technique is so excessive as
      to be impractical. Another problem with a stroke generator using fixed
      wiring for generating symbols is that it lacks flexibility since only
      characters that have a limited number of variations may be formed. Other
      problems of digital stroke generators using hard wired symbol techniques
      is that the hardward is substantially complex, and the symbol length is
      fixed for each symbol, and the memory must be static so that new display
      characters and features cannot be generated in real time.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the direction coded digital stroke generator in accordance with
      the invention defines symbols by sequence of short-line segments
      concatenated or linked together in a series to form the complete symbol.
      Each line segment is defined by four binary bits with three bits being
      utilized to define direction and one bit being utilized to determine
      segment blanking. The three direction bits are decoded to control X and Y
      up/down counters orienting the segment from its existing position in one
      of eight directions. Once an initial point is established for drawing a
      symbol, the segments of the symbol which are of a fixed length only vary
      in direction and it is not required to specify the initial starting point
      of each segment or to specify its magnitude. Another feature of the stroke
      generator in accordance with the invention is that desired segment lengths
      may be selected for writing symbols of different sizes and of different
      levels of detail.
PAR  It is therefore an object of this invention to provide an improved stroke
      generator operating with a minimum of hardware and having a substantial
      flexibility of symbol generation capability.
PAR  It is another object of this invention to provide a digital stroke
      generator that utilizes segments so as to be independent of fixed symbol
      formats.
PAR  It is another object of this invention to provide an improved digital
      stroke generator that operates to develop complex display patterns and
      symbols while only requiring a minimum of memory capacity.
PAR  It is a further object of this invention to provide an improved digital
      display system that is capable of varying the display and the symbols in
      real time by changing the memory contents.
PAR  It is a still further object of this invention to provide a highly flexible
      symbol generator system in which symbol size may be selected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, features and advantages of the invention itself
      will become apparent to those skilled in the art in the light of the
      following detailed description taken in consideration with the
      accompanying drawings wherein like reference numerals indicate like or
      corresponding parts throughout the several parts:
PAR  FIG. 1 is a schematic diagram showing the segment directions that are coded
      in the digital stroke generator in accordance with the invention;
PAR  FIG. 2 is an illustrative example of a symbol to be drawn for explaining
      the operation of the system of the invention;
PAR  FIG. 3 is a schematic diagram of symbol words and of an XY word for
      explaining the operation of the system of the invention;
PAR  FIGS. 4a, 4b and 4c are schematic block and circuit diagrams of the digital
      display system in accordance with the invention;
PAR  FIG. 5 is a schematic diagram of a typical stage of the up/down counters
      that may be utilized in the system of FIGS. 4a, 4b and 4c;
PAR  FIG. 6 is a schematic circuit diagram of the increment direction decoder of
      FIGS. 4a, 4b and 4c;
PAR  FIG. 7 is a schematic block and circuit diagram of the symbol size control
      circuit of FIGS. 4a, 4b and 4c;
PAR  FIGS. 8A and 8B are schematic diagrams of waveforms of voltage as a
      function of time for explaining the operation of the system of FIGS. 4a,
      4b and 4c;
PAR  FIG. 9 is a schematic diagram of waveforms of voltage as a function of time
      for explaining the operation of the symbol size control circuit and the
      development of the segment pulses of FIGS. 4a, 4b and 4c; and
PAR  FIG. 10 is a schematic diagram of waveforms of voltage as a function of
      time for further explaining the operation of the up and down counters in
      the system of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, symbols in the system of the invention are
      defined by a sequence of short line segments with three bits from a memory
      source being utilized to define the direction of each segment. The
      decoding scheme of these three direction bits B.sub.0, B.sub.1 and B.sub.2
      is as follows for controlling X and Y up/down counters (respectively
      controlling X and Y deflection on a display surface) which provide the
      orientation of the segments in one of eight directions.
TBL  Direction      Counter      Counter                                       
     B.sub.0                                                                   
            B.sub.1                                                            
                  B.sub.2     X          Y                                     
     ______________________________________                                    
     0      0     0         Up         Stop                                    
     0      0     1         Up         Up                                      
     0      1     0         Stop       Up                                      
     0      1     1         Down       Up                                      
     1      0     0         Down       Stop                                    
     1      0     1         Down       Down                                    
     1      1     0         Stop       Down                                    
     1      1     1         Up         Down                                    
     ______________________________________                                    
PAL  Each of the codes B.sub.0, B.sub.1, B.sub.2 define a direction as indicated
      in FIG. 1 with adjacent directions being at an angle of 45.degree. from
      each other. The direction is always defined from a point 10 which may be a
      substantial distance or count from an origin or zero position 12. For
      example, if the count is 500 at the point 10 in both the X and the Y
      counters, a count up of both the X counter and the Y counter of one
      increment establishes the direction along the 001 segment. Lines 13 and 14
      comprise X and Y components respectively of the 001 deflection signal. A
      count down on the X counter and a count up in the Y counter establishes
      the 011 direction and an X stop and a count down in the Y counter
      establishes the direction 110, for example. The system utilizes eight
      directions to each of eight adjacent grid points, thus allowing symbols to
      be generated within an X and Y coordinate system. Thus, the diagonal
      segments 001, 111, 101 and 011 are longer than the other four segments so
      that the end of the segments in the figure of FIG. 1 form a square, but
      this type of grid segments has been found to form highly satisfactory
      symbols and pictures.
PAR  Referring now to FIGS. 2 and 3, an illustrative symbol 16 is shown drawn on
      the display surface and representing for example, an aircraft or a target
      in flight. For drawing the symbol 16, the segment definition sequence of
      32-bit symbol words 20 and 22 is utilized. It is to be noted that in the
      illustrated system 32-bit words are used and for certain symbols,
      additional words or portions of words may be required. Each word such as
      20 or 22 defines in a sequential or chain fashion, eight segments
      indicated as starting points S.sub.0 to S.sub.7 with the symbol 16
      requiring three additional sequential segments S.sub.0, S.sub.1, S.sub.2
      following the first word 20, with the segments S.sub.0 and S.sub.1 being
      blanked by the B.sub.3 bits being zeros. Thus the segments are formed in a
      sequential or chain fashion in response to the time sequence of words
      utilized or received from the stored symbol words such as 20 and 22. For
      the symbol 16, the segments are drawn in a time sequence to provide a
      chain of segments by sequentially using the commands 0011, 0001, 0001,
      0111, 1001, 1001, 0111, 1100, 1100 and 0001 of the symbol words 20 and 22.
      For defining an initial position of a symbol such as 16 at the point 26,
      an XY word 28 may be utilized to deflect or position the beam of a cathode
      ray tube from a zero or origin point 32. In the illustrated system the XY
      starting positions of a symbol are each defined by a command of 10 bits
      X.sub.0 to X.sub.9 and Y.sub.0 to Y.sub.9. Also provided in the XY word 28
      are bits C.sub.1 and C.sub.2 which provide selection of segment lengths in
      the symbols generated by the system of the invention. It is to be noted
      that the word length and word storage format may be selected so that
      substantially all bit positions of the words may be utilized in a system.
PAR  Referring now to the circuit and block diagram of FIGS. 4a, 4b and 4c, the
      digital stroke generator and display system in accordance with the
      invention is operable from any suitable data source such as a memory 38
      which may be included in a computer 40 and which may have a control source
      42 and a read register 44, as is well known in the art. A suitable
      input-output interface unit or mechanization (not shown) may be included
      as is required. It is to be understood that the principles of the
      invention are not to be limited to any particular type of data source but
      that any suitable storage or data generating unit either analog or digital
      may be utilized within the scope of the invention. The contents of the
      read register which may be either symbol words or XY words are applied
      through a composite lead 50 to a symbol word register 52 or to an XY word
      register 54, each of which in the illustrated system may include 32 binary
      storage elements or flip flops. The register 52 provides symbol word bits
      M.sub.0 to M.sub.31 and the register 54 provides X-Y word bits X.sub.0 to
      X.sub.9, Y.sub.0 to Y.sub.9 and C.sub.1 and C.sub.2. The memory 38 may
      operate in response to a master clock 51 with the core memory, for
      example, utilizing a conventional 4-clock read-write cycle. Thus in
      response to a work request pulse the memory cycle may be initiated to read
      the contents of the next word of an addressed sequence. The fourth clock
      may be utilized to develop a data available pulse and a data strobe pulse.
      In response to the word request pulse the computer may respond with a
      request received pulse as is well known in the art. A computer last word
      pulse may be developed from a decremented count in an input-output section
      of the computer, for example, or may be stored as a bit in the last word
      in some arrangements in accordance with the invention.
PAR  A symbol generator clock 60 in response to a symbol start signal provides
      clock pulses to a symbol size control circuit 62 responding to the segment
      size terms C.sub.1 and C.sub.2 to apply pulses having widths of a selected
      number of clock pulses or counts of either 2, 4, 8 or 16 through a lead 76
      to a 3-bit up counter 80. The clock 60 also applies symbol clock pulses to
      an up/down X counter 68 and to an up/down Y counter 70. The terms C.sub.1,
      C.sub.2 having values 00, 01, 11 and 10 respectively represent pulses
      developed in the circuit 62 and symbol segments having count lengths 16,
      8, 4 and 2. The 3-bit up counter 80 may respond to the falling edges of
      the pulses, to apply binary count signals through three leads 84 to a
      3-bit decoder 86 which responds to the sequential count to develop segment
      timing pulses S.sub.0 through S.sub.7. Each of the eight sequential
      segment commands as defined by a symbol word, is applied to a
      corresponding one of eight decoding circuits 90 to 97, with each receiving
      a respective segment pulse S.sub.0 to S.sub.7 along with the four bits of
      the segment command such as M.sub.0 to M.sub.3 and M.sub.4 to M.sub.7. The
      decoding circuit 90 is shown in detail including NAND gates 98 to 101 each
      receiving the segment term S.sub.0 and respective symbol bit terms M.sub.0
      to M.sub.3, to respectively generate the terms S.sub.0 M.sub.0, S.sub.0
      M.sub.1, S.sub.0 M.sub.2 and S.sub.0 M.sub.3. Thus each logic circuit 90
      through 97 is activated in response to a respective segment timing pulse
      S.sub.0 to S.sub.7.
PAR  The terms B.sub.0, B.sub.1, B.sub.2 and the blanking term B.sub.3 are
      developed by respective NAND gates 108 to 111 operating as OR gates to
      each received term combined with the segments selection term S.sub.0 to
      S.sub.7. The three terms B.sub.0, B.sub.1, B.sub.2 which define the
      direction of a segment are applied to an increment direction decode
      circuit 118 which combines the terms to develop the terms X stop, X down,
      X up which are applied to the up/down X counter 68 and the terms Y stop, Y
      down, Y up, which are applied to the Y counter 70. The contents of the X
      counter 68 and the Y counter 70, each of which may include 10 stages, for
      example, are then applied to respective D/A (digital to analog) converters
      122 and 124 and through leads 128 and 130 to respective summing amplifiers
      140 and 142. Digital to analog converters 150 and 152 are also provided to
      respectively respond to the terms X.sub.0 to X.sub.9 and Y.sub.0 to
      Y.sub.9 to develop symbol position signals X.sub.pos and Y.sub.pos which
      are applied to respective summing amplifiers 140 and 142. The signals
      X.sub.pos and Y.sub.pos developed by respective D/A converters 150 and 152
      provide an initial deflection bias to each symbol or initial start point
      to each individual symbol as it is generated. For providing the display, a
      tube such as a cathode ray tube 160 has a suitable deflection arrangement
      162 which may be deflection plates or a magnetic deflection yoke, for
      example, responsive in the X and Y dimensions to the respective amplifiers
      140 and 142 through leads 170 and 172. Suitable biasing is provided for
      the various grids of the tube 160 as is well known in the art. The NAND
      gate 111 applies the blanking signal through a lead 180 and through a
      control circuit 182 to an intensity grid 184 of the tube 160. The tube 160
      has a suitable screen 188 on which the display is produced with the symbol
      16 being shown for illustrative purposes.
PAR  The various control and timing signals for the display system of the
      invention are generated in response to the computer last word signal, the
      request received signal, the data available signal and the data strobe
      signal provided by the computer 40. The computer memory control receives
      the word request signal to start the generation of a symbol. A suitable
      source such as indicated by push button source 190 applies a signal
      through an OR gate 191 to a start circuit 192 which is a monostable
      multivibrator for generating a word request pulse which is applied to the
      computer 40. The OR gate 191 also receives a signal Data Strobe.D.sub.xy
      after a delay in a monostable multibrator 193 and a word complete pulse to
      respectively generate the first and subsequent word request pulses. For
      generating the terms D.sub.xy and D.sub.xy to control the strobe operation
      a computer last word signal and a word complete signal are applied to an
      assynchronous flip flop 196 which generates a symbol last word term for
      setting an assynchronous set flip flop 202. The flip flop 196 is reset by
      a word complete pulse and the flip flop 202 is reset by a data strobe
      pulse. Also, the flip flop 202 is assynchronously set by a pulse from the
      push button 190 to provide an initial D.sub.xy term. As is well known in
      the art, assynchronous type flip flops may have a set or a reset
      assynchronous input that overrides the set and reset inputs. The
      assynchronous input may be a separate gate coupled to the set or reset
      terminal and not requiring a clock term. The data strobe signal is applied
      to the clock and the reset input for resetting the JK flip flop 202 which
      generates the two terms D.sub.xy and D.sub.xy. An AND gate 210 responds to
      data strobe signal D.sub.xy to provide a Data Strobe.D.sub.xy term which
      is applied to the XY register 54 as a strobe pulse and an AND gate 212
      receives the data strobe signal and the D.sub.xy signal to apply a Data
      Strobe.D.sub.xy term to the symbol word register 52 as a strobe pulse. A
      flip flop 214 which may be an assynchronous reset flip flop, is set by the
      signal Data Strobe.D.sub.xy while receiving a data strobe signal as a
      clock signal to generate a symbol start signal which is applied to the
      symbol generator clock 60. The flip flop 214 is reset by word complete
      signal which in turn is generated by the term S.sub.7 applied to a
      monostable multivibrator 220.
PAR  Referring now to FIG. 5, each of the counters 68 and 70 of FIGS. 4a, 4b and
      4c may include ten stages or any desired number as required for the
      dynamic range of the system. A typical stage as shown in FIG. 5 is the nth
      term of the up/down counter where n is the most significant end of the
      counter. The illustrated system utilizes JK flip flops which, as are well
      known in the art, change states when both inputs are one, is set to a one
      state when the set input is true and is set to zero when the R input is
      true. The n.sup.th term of the up/down counter includes a JK flip flop 220
      having its clock input coupled by the lead 66 to the clock 60 and its S
      and R inputs controlled by a NAND gate 224 which develops to term
      CC.sub.n. NAND gates 226 and 228 are respectively responsive to UP,
      Q.sub.n-1 and C.sub.n-1 and to UP (or Down), Q.sub.n-1 and C.sub.n-1. The
      CC.sub.n term developed by the gate 224 is applied on a lead 230 as the
      input to the following stage at a lead indicated as 234. The CC.sub.n term
      equals UP.Q.sub.n-1 . C.sub.n-1 + Down . Q.sub.n-1 . CC.sub.n-1. On the
      first stage of the counters 68 and 70, CChd 1 equals B.sub.1 . B.sub.2 for
      the X counter and CC.sub.1 equals B.sub.1 B.sub.2 for the Y counter. The
      clock off or stop term for the X and Y counters is respectively B.sub.1
      B.sub.2 and B.sub.1 B.sub.2. This type of up and down counter is well
      known in the art and will not be explained in further detail.
PAR  Referring now to FIG. 6 which shows the increment direction decode circuit
      118, the development of the terms utilized in the counters 68 and 70 will
      be further explained. For generation of the term X.sub.up which is equal
      to B.sub.0 B.sub.1 + Bhd 1B.sub.2 B.sub.3, a NAND gate 240 responds to the
      terms developed by a NAND gate 242 in response to B.sub.0, B.sub.1 and
      B.sub.2 and to a term B.sub.0 + B.sub.1 developed by a NAND gate 244. NAND
      gates 246 and 248 are respectively responsive to terms B.sub.0 and B.sub.1
      to provide the inputs to the NAND gate 244. The term X.sub.down is
      developed by a NAND gate 250 which provides an inverted form of the term
      X.sub.up. The term Y.sub.up is developed by a NAND gate 254 responsive to
      B.sub.0  which latter term is also the term Y.sub.down. The term B.sub.1
      B.sub.2 which is X.sub.stop is developed by a NAND gate 260 operating as
      an inverter and responsive to a NAND gate 262 receiving the terms B.sub.1
      and B.sub.2, the latter being provided by a NAND gate 266 operating as an
      inverter. The term B.sub.1 B.sub.2 which is Y.sub.stop is provided by a
      NAND gate 266 operating as an inverter in response to the signal provided
      by a NAND gate 268. The terms B.sub.2 and B.sub.1 are applied to the NAND
      gate 268 which operates as an AND gate.
PAR  Referring now to FIG. 7, the symbol size control circuit 62 includes a four
      stage counter or divider having JK type flip flops 260 to 263 each having
      a symbol generator clock input from the clock 60. The output of the flip
      flop 260 having its input terminals held at a high or true value is
      applied to an inverting gate 270 and in turn to a NAND gate 272. The
      output of the flip flop 261 is applied to an inverting NAND gate 276 and
      in turn to the input of a NAND gate 278 which is coupled to both input
      terminals of a flip flop 262. A true output of the flip flop 262 is
      applied to a NAND gate 280 operating as an inverter and in turn to a NAND
      gate 282 which has its output coupled to both of the input terminals of
      flip flop 263. The output of the flip flop 263 is applied through a NAND
      gate 286 operating as an inverter to supply pulses of a selected width to
      the lead 76. Each of the flip flops 260 to 263 operates as a toggle in
      response to true pulses being applied to their normally false inputs.
      Thus, the width of a pulse developed by the flip flop 263 is determined by
      the number of pulses required to change the state of the preceding flip
      flop 262. NAND gates 290, 291 and 292 are respectively coupled as inputs
      to NAND gates 272, 278 and 282 to provide the pulse width generation
      control. The NAND gate 290 receives the term C1 C2 to develop the term C1
      + C2 which is true for a generation of pulses of eight clock pulses
      widths. The NAND gate 291 receives the term C1 and C2 to generate the term
      C1 + C2 which is true to provide four clock pulse width pulses for segment
      control. The NAND gate 282 receives the terms C1 C2 to provide the term
      C.sub.1 + C.sub.2 which is true to provide a two clock pulse width
      operation. When the input terms to each gate 290, 291 or 292 are true, a
      one is applied to the subsequent gate, allowing the counter to ripple or
      to pass pulses from the previous stage and when the output term of the
      gates 290, 291 or 292 is false the signals from the previous stage are
      inhibited from passing therethrough. The following table shows the states
      for the selectable number of pulses for the NANd gates 290, 291 and 292
      which gates when generating false terms, disconnect the input portion of
      the divider, thus allowing only the flip flops to the right to determine
      the number of clock pulses defining the segment output pulses. For
      generation of segment pulses having a width of sixteen clock pulses, each
      of the gates 290, 291 and 292 has a normal one or true output so that the
      entire divider arrangement of four flip flops is operative.
TBL                TABLE II                                                    
     ______________________________________                                    
     Number of Clocks                                                          
                 C.sub.1                                                       
                       C.sub.2                                                 
                             C.sub.1 +C.sub.2                                  
                                      C.sub.1 +C.sub.2                         
                                             C.sub.1 +C.sub.2                  
     Per Pulse                                                                 
     ______________________________________                                    
     16          0     0     1        1      1                                 
     8           0     1     0        1      1                                 
     4           1     0     1        0      1                                 
     2           1     1     1        1      0                                 
     ______________________________________                                    
PAL  The circuit of FIG. 7 operates to generate pulses either 2, 4, 8 or 16
      clock periods in width respectively representing increasing larger segment
      and symbol sizes.
PAR  Referring now to FIGS. 8A and 8B as well as to FIGS. 4a, 4b and 4c, the
      operation of the symbol generataor will be explained in further detail. A
      symbol generator word request signal of a waveform 350 is generated by the
      monostable multivibrator in response to the push button signal of a
      waveform 351 and transferred to the computer which responds with a request
      received signal of a waveform 352. Also the data available pulse from a
      waveform 356 is provided by the computer. A data strobe into XY register
      pulse of a waveform 358 which is the term Data Strobe.D.sub.xy generated
      by the gate 210, is applied to XY word register 54 to gate the XY word
      therein from the read register 44 or from a suitable input-output unit. A
      data strobe in the symbol register pulse of a waveform 360 is generated by
      the gate 212 as the term Data Strobe.D.sub.xy and a symbol start pulse of
      a waveform 362 is provided by the flip flop 214. The symbol start pulse of
      the waveform 362 is applied to the symbol generator clock 60 for
      initiating the symbol generator clock pulses of a waveform 368 which are
      shown for a short segment or size 3 condition when C.sub.1 C.sub.2 = 11.
      The 3-bit decoder 86 then generates segment pulses S.sub.0 to S.sub.7 of
      the respective waveforms 373 to 377 until a word complete pulse of the
      waveform 380 is generated by the monostable multivibrator 220. The terms
      D.sub.xy and D.sub.xy as generated by the flip flop 202 are shown by
      respective waveforms 386 and 388.
PAR  The Data Strobe.D.sub.xy delay pulse as provided by the circuit 193 is
      shown by a waveform 387 and the word request strobe pulse at the output of
      the OR gate 191 is shown by a waveform 389. This operation occurs during
      each symbol word until the last word occurs, at which time the computer
      provides a computer last word pulse of a waveform 390 which in turn
      generates the symbol last word pulse of a waveform 392. The symbol
      generator last word term causes the term D.sub.xy of the waveform 386 to
      be true so that the Data Strobe.D.sub.xy pulse generates a word request
      and strobes a new X-Y word into the register 54 at the end of the last
      symbol word operation. This operation continues in a similar manner for
      each sequential symbol that is to be displayed.
PAR  Referring now to FIG. 9 as well as to FIGS. 4a, 4b, 4c and 7, the clock
      pulses from the symbol generator 60 are shown by a waveform 389. The
      timing pulses developed by the symbol size control circuit 62 in response
      to the clock 60 are shown by waveforms 393 to 396 for respective symbol
      sizes 3, 2, 1 and 0 having widths of 2, 4, 8 and 16 clock pulses. During
      each pulse interval a line segment is drawn of the corresponding length.
      Waveforms 397 to 400 show the segment pulses that are developed by the
      3-bit decoder 86 in response to the pulses of respective waveforms 393 to
      396. It is to be noted that the clock of the waveform 389 is terminated at
      the fall of the pulse S.sub.7 after 8 pulses are developed for each
      selected size and is only started when another symbol code is received and
      stored in the register 52.
PAR  Referring now to the waveforms of FIG. 10, the operation of the up/down
      counters of FIGS. 4a, 4b and 4c will be further explained. The first eight
      segments for drawing the illustrated symbol of FIG. 2 are shown at the top
      of the figure defining the line segments represented by segment pulses
      S.sub.0 to S.sub.7 respectively of waveforms 401 to 408. The direction
      determination of the counters 68 and 70 are determined by X.sub.up,
      Y.sub.up, X.sub.stop and Y.sub.stop of respective waveforms 409, 410, 411
      and 412. In response to segment command code 0011 X.sub.up and Y.sub.up
      are true and X.sub.stop and Y.sub.stop are false. In response to the 0001
      code during the s.sub.1 segment pulse and during the S.sub.2 segment pulse
      X.sub.up, Y.sub.up and Y.sub.stop are all true, the stop terms overriding
      the up terms or the down terms, the latter of which are the complement of
      the up terms. During segment pulse S.sub.4 the signal from the waveform
      409 provides an X.sub.up or X.sub.down term (X direction is to the left in
      FIG. 1) and the signals from the waveforms 410 and 412 provide a Y.sub.up
      term and a low Y.sub.stop term. During the segment S.sub.6 the Y.sub.stop
      pulse of the waveform 412 is true and the X.sub.up signal of waveform 409
      is false so the X counter counts down. During the segment period S.sub.7,
      the Y.sub.up term of waveform 410 is true, the Y.sub.stop term of the
      waveform 412 is false and the Y.sub.stop term of the waveform 412 is false
      and the Y counter counts up. At the same time, the X.sub.up term is false
      so that the X counter counts down to determine the direction of that
      increment. A control grid pulse of a waveform 416 remains high during the
      segment periods S.sub.0 to S.sub.7 indicating that blanking in response to
      the bit B.sub.3 is not required during the first portion of the symbol,
      and this pulse may either remain true except when blanked or may be, for
      example, controlled by segment S.sub.0 pulse of waveform 401 and a
      termination of the S.sub.7 pulse of the waveform 408 or by other suitable
      control arrangements as are well known in the art.
PAR  Thus there has been described direction coded digital stroke generator that
      requires a minimum of logic because its direction is defined by 3 bits and
      its utilizes the initial position derived from drawing a previous line
      segment. The direction coded digital stroke generator combines the
      flexibility of dot symbol generators with the speed and efficiency of
      prior stroke generators. In operation each line segment is defined by four
      bits with three to define direction and one to determine blanking. The
      three direction bits are decoded to control X and Y up/down counters
      orienting the segments in one of eight directions. The symbol generator in
      accordance with the invention is particularly suited for relatively
      complex and variable symbology that is required such as, for example,
      pictures or maps of terrain or other areas. The system may utilize a
      dynamic memory which may obtain commands in real time directly from a
      computer or other suitable source. By utilizing short segments any type
      curve may be drawn with a high degree of accuracy. In order to provide
      flexibility of symbol size and detail, the generator of the invention
      includes a symbol size control arrangement that allows selection of line
      segment lengths.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A symbol generating system comprising:
PA1  display means including X and Y deflecting means;
PA1  X and Y up and down counters coupled to said X and Y deflecting means to
      develop a plurality of line segments;
PA1  a source of direction commands for each segment for selectively controlling
      each of said X and Y counters to count up, count down or to stop;
PA1  decoding means coupled to said X and Y counters and responsive to said
      source of direction commands to develop X and Y count up, count down and
      stop signals to control said respective X and Y counters so that said
      plurality of line segments after a first segment each start at the
      termination of the previous segment;
PA1  a source of clock signals for providing clock signals of a fixed frequency
      coupled to said X and Y up and down counters;
PA1  a source of segment length commands; and segment length control means
      responsive to said source of segment length commands including frequency
      divider means coupled between said source of clock signals and said
      decoding means to control the time of passing of the direction commands
      for each segment by said decoding means to said X and Y up and down
      counters to determine the length of said line segments.
NUM  2.
PAR  2. The combination of claim 1 in which the segment length control means
      includes counting means to provide segment pulses to said decoding means
      having selected durations.
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ABST
PAL  An energizing circuit for a redox display device in which a criterion for
      terminating the registering or erasing action is provided for the
      energizing electrodes.
BSUM
PAR  The invention relates to an energizing circuit for a visual display element
      comprising a liquid present between inert energizing electrodes with a
      redox pair with one of its components being insoluble, a supply source
      which is coupled to the energizing electrodes of the display element in
      such a manner that it can be switched off, and a measuring circuit by
      means of which the energisation of the display element by the supply
      source can be dosaged.
PAR  Such an energizing circuit is known in the art in which the potential of
      the liquid relative to one of the energizing electrodes is measured on a
      reference electrode and serves as a measure of terminating the
      energisation.
PAR  This circuit has the drawback that no criterion can be found for
      terminating a registering action with the aid of a reference electrode.
PAR  It is an object of the invention to provide a circuit obviating this
      drawback.
PAR  To this end an energizing circuit of the kind described in the preamble
      according to the invention is characterized in that the sizes of the
      contact surfaces of the energizing electrodes with the liquid are
      substantially equal, while a polarity change-over switch is connected
      between the supply source and the display element for changing over
      between a registering and an erasing state, while the measuring circuit is
      a threshold circuit coupled to the change-over switch on the side of the
      supply source, an output of said threshold circuit being coupled to a
      switching signal input of a switch so that the supply source can be
      switched off with the aid of the threshold circuit both in the registering
      and the erasing state after reaching the same threshold value of the
      voltage between the energizing electrodes of the display element.
PAR  The invention is based on the recognition of the fact that both for
      registering and for erasing it is not necessary to use separate reference
      electrodes for measuring the condition of one of the energizing electrodes
      when the surfaces of the electrodes are chosen to be substantially equal.
PAR  In case of not too large current intensities supplied by the supply source
      it is possible to simultaneously energize and measure while in case of
      large current intensities preferably alternately a current is passed
      through the display element and the voltage across the display element is
      measured by the threshold circuit.
DRWD
PAR  The invention will now be described with reference to the drawing.
PAR  The drawing which comprises a sole FIGURE illustrates by way of a
      block-schematic diagram an energizing circuit according to the invention.
DETD
PAR  In the drawing a visual display element 1 has two energizing electrodes 3,
      5 which are inert and are in contact over at least part of their surface
      with a liquid comprising a redox pair with one of its components being
      insoluble. The contact surfaces between the energizing electrodes and the
      liquid are substantially equal. One of the energizing electrodes can be
      seen through a transparent part of the wall of the display element 1. The
      electrodes 3 and 5 are connected to outputs 7 and 9 of a change-over
      switch 11 an input 13 of which is connected to an output 15 of a switch 17
      which has an input 19 connected to the positive terminal of a supply
      source 21. A further input 23 of the change-over switch 11 is connected to
      the negative terminal of the supply source 21.
PAR  A threshold circuit 25 is connected between the inputs 13 and 23 of the
      change-over switch 11. This threshold circuit has an output 27 at which a
      signal is produced when the voltage between the inputs 13 and 23 exceeds a
      threshold value. The output 27 is connected to an input 29 of a logical
      circuit 31 an output 33 of which is connected to an operating signal input
      35 of the switch 17. The operating signal input 35 of the switch 17 is
      connected through a resistor 37 to the base of a transistor 39 which
      provides for switching on and off a circuit of supply source 21 and
      display element 1 and limits the current in this circuit as a result of
      the resistor 37.
PAR  Furthermore the logical circuit 31 has an input to which an output 43 of a
      pulse generator 45 is connected and an input 47 which is connected to an
      output 49 of an operating device 51, which operating device 51 has an
      output 53 connected to an input 55 of the change-over switch 11 to set
      this change-over switch in the position of registering or erasing. The
      positions of registering and erasing of the change-over switch 11
      determine the direction in which the current is passed through the display
      element 1 in case of a possible energisation, while the period of time of
      the passage of current through the display element 1 is determined by the
      logical circuit 31 in co-operation with the operating device 51 and the
      threshold circuit 25.
PAR  When a push-button 57 of the operating device 51 is depressed, a set signal
      going from positive to zero is applied to a set-reset flipflop 59 of the
      logical circuit so that this flipflop assumes its set state. The flipflop
      59 maintains the set state as a result of a feedback through a NAND-gate
      61 as long as the threshold circuit 25 does not block the gate 61. The
      out-put of the flipflop 59 is also connected to an input of a JK flipflop
      63 which ensures that as long as the gate 61 is not blocked every other
      pulse of the signal applied to a further input of the JK flipflop 63 and
      originating from the output 43 of the pulse generator 45 is alternately
      applied through two NAND-gates 65, 67 to the operating signal input 35 of
      the switch 17 and to a reset input of the flipflop 59.
PAR  The transistor 39 of the switch 17 thus conveys pulsewise a current to the
      display element 1 while in the intervals between the current pulses the
      threshold circuit 25 applies a signal to its output 27 which after
      exceeding the threshold voltage between the energizing electrodes 3, 5 of
      the display element 1 blocks the gate 61 so that the flipflop 59 is reset
      in case of a subsequent pulse provided by the gate 67 and thereby stops
      the JK flipflop 63 so that no current can be applied any longer to the
      display element 1.
PAR  The time between the successive pulses of the pulse generator 45 is
      utilized by the circuit to obtain an interval every time after an
      energizing period so that a measuring period does not immediately follow a
      preceding energizing period. This has been found to be desirable because
      only some time after an energizing period the voltage to be measured
      assumes a value which is characteristic of the state of the energizing
      electrodes. It will be evident that an interval is not necessary between a
      measuring period and a subsequent energizing period.
PAR  As a result of the above-described composition the display element 1 is
      found to have substantially the same electrical properties both in the
      registering and the erasing state on the understanding that the polarity
      of the voltage between the electrodes 3 and 5 is opposite in both cases.
      The threshold circuit 25 may thus detect the registered as well as the
      erased state.
PAR  When the supply source 21 supplies a low current through the switch 17, the
      current need not be interrupted, if desired, to check the voltage across
      the display element 1 with the threshold circuit 25.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An energizing circuit for a visual display element having energizing
      electrodes, comprising a liquid situated between said energizing
      electrodes, said liquid comprising a redox pair with one component being
      insoluble, a power supply source coupled to said energizing electrodes
      capable of being disconnected; a threshold circuit having an output for
      controlling the power supplied to the display element by said supply
      source; and a first polarity change-over switch coupled between said
      supply source and the display element for changing over between a
      registering state and an erasing state.
NUM  2.
PAR  2. A circuit as defined in claim 1, wherein said threshold circuit is
      coupled between the inputs of said polarity change-over switch and
      responsive to a voltage between said inputs exceeding a predetermined
      threshold value.
NUM  3.
PAR  3. A circuit as defined in claim 1, wherein said output of said threshold
      circuit is operative for disconnecting said supply source.
NUM  4.
PAR  4. A circuit as defined in claim 1, further comprising a second switch
      coupled to said output of said threshold circuit for disconnecting said
      supply source.
NUM  5.
PAR  5. An energizing circuit as claimed in claim 1, further comprising a
      logical circuit, wherein said output of said threshold circuit is coupled
      to the switch-off signal input of said second switch through said logical
      circuit; and further comprising a pulse generator coupled to said logical
      circuit for alternately conveying and measuring a voltage across the
      display element during a predetermined energizing period.
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PAL  An illuminated fishing tackle box which includes an opened topped base
      portion of generally right parallelepiped configuration, a lid hingedly
      connected to one side of the base portion and forming a closure for the
      open top of the base portion, and a light swivelly mounted on one end of
      the base portion on the outside thereof for selectively directing a light
      beam in a direction extending toward the bottom side of, or alternately,
      directly out from, the base portion. A second light of different color
      from the first-mentioned light is mounted on the opposite end of the base
      portion from the first-mentioned light, electrical circuitry interconnects
      the two lights and includes means for causing the second mentioned light
      to undergo an intermittent on-off status so as to present a flashing
      light. The fishing tackle box of the invention further includes a third
      light mounted in the lid of the box on the side thereof which faces the
      interior of the base structure, and which is oriented to direct light
      downwardly into the open interior of the base structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to containers for fishing tackle, and more
      particularly, to illuminated fishing tackle boxes which have various types
      of lights or illuminable elements secured thereto for utilization during
      night fishing.
PAR  2. Brief Description of the Prior Art
PAR  It has been heretofore proposed to provide illumination in association with
      fishing tackle boxes and containers so that the fishing lures and other
      paraphernalia contained in the tackle box can be seen at night as the
      fisherman rigs out his line or changes his lure. Additionally, some prior
      proposals have contemplated the inclusion of external lights on the
      fishing box for the purpose of providing light in the boat, or adjacent
      the fisherman to illuminate the ground around the fisherman when bank
      fishing. Patents directed to structures of the type described include
      Zucker U.S. Pat. No. 3,404,267, Woolworth U.S. Pat. No. 3,346,733 and
      Nowaczek U.S. Pat. No. 2,517,914.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention provides a versatile and useful fishing tackle box or
      container which has a large open topped base portion or structure having a
      lid hinged to the upper side thereof for closing the open upper side of
      the base portion. The fishing tackle box further includes a first light
      for illuminating the interior of the box, and a pair of additional lights
      on the outside of opposite ends of the fishing tackle box. One of these
      lights is a swivelly or movably mounted light which can be oriented to
      direct the light beam therefrom in a direction extending normal to the end
      face of the box, or can be moved to a position where it directs a beam of
      light downwardly to illuminate the ground as the fisherman carries the
      box, or as it is resting upon or near the ground. The light at the
      opposite end of the box is a red light which can be constantly and
      continuously illuminated, or alternately, can be made to flash on and off
      intermittently to provide an emergency signal. With the provision of the
      white light at one end of the box and the red light at the other, the box
      may be used in emergency situations to provide a running light or lights
      for the box to provide the conventional and standard red light to port and
      a white light showing forward or aft of the boat as may be required.
PAR  An important object of the invention is to provide a fishing tackle box
      which includes a light positioned in the lid of the box to illuminate the
      interior of the box in the course of night fishing.
PAR  Another object of the invention is to provide a fishing tackle box which
      includes a red light at one end thereof and a white light at the other end
      thereof so that the box can be employed to direct an appropriately colored
      signal from a boat in the manner of a navigational running light.
PAR  A further object of the invention is to provide an illuminated fishing
      tackle box which includes a white light at one end thereof which can be
      directed straight out from the box in a direction horizontal to the
      ground, or can be directed downwardly to illuminate the ground as the box
      is carried by the fisherman.
PAR  Additional objects and advantages of the invention will become apparent as
      the following detailed description of a preferred embodiment of the
      invention is read in conjunction with the accompanying drawing which
      illustrates such preferred embodiment.
DRWD
PAC  GENERAL DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating a fishing tackle box constructed
      in accordance with the invention.
PAR  FIG. 2 is a plan view of the fishing tackle box shown in FIG. 1.
PAR  FIG. 3 is an electrical wiring diagram depicting the circuitry employed in
      the tackle box of the invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring initially to FIG. 1 of the drawings, shown therein is an
      illuminated fishing tackle box constructed in accordance with the present
      invention. The box includes a base portion designated generally by
      reference numeral 10, such base portion being of generally right
      parallelepiped configuration and including a back wall 12, a front wall
      14, end walls 16 and 18 and a bottom wall 20. The base portion 10 is, of
      course, of open topped configuration. As is conventional construction in
      fishing tackle boxes, a plurality of tiered, hingedly connected trays will
      be positioned in the base portion 10 for holding sinkers, line, lures and
      other paraphernalia used by the fisherman, but such trays are not
      illustrated in the accompanying drawings in order to permit the more
      important aspects of the invention to be more clearly seen.
PAR  Hingedly connected to the base portion 10 by pivotal securement to the
      upper edge of the back wall 12 is a lid or cover designated generally by
      reference numeral 22. In the embodiment of the invention shown, the lid
      includes a top panel 24 extending between a pair of end panels 26 and 28.
      A handle 29 is secured to the outer side of top panel 24. The lid also
      includes a forward side 30 and a rear side 32.
PAR  Positioned in the lower part of the base portion 10 is a battery case
      designated generally by reference numeral 33. Although the battery case is
      shown as supported within the base portion 10 and projecting above the
      bottom wall 14, batteries used in the electrical circuitry hereinafter
      described may actually be disposed in the bottom wall where this wall has
      sufficient thickness, and manufacturing costs admit of such enclosure.
      Positioned within the battery case 33 are a plurality of batteries
      illustrated in dashed lines in FIG. 2 of the drawing and indicated
      generally by reference numerals 34a and 34b.
PAR  Secured to the outer side of the end wall 18 is a swivelly or movably
      supported light 36. The light 36 is preferably a white light, and is
      mounted in a ball joint type casing 38 movably supported within a housing
      40 which is mounted in the end wall 18. This type of light 36 is
      commercially available, and its construction is such that the light may be
      swiveled in the housing 40 so that the beam projecting therefrom can be
      extended downwardly toward the ground, or caused to project in a direction
      substantially normal to the plane of the end wall 18.
PAR  At the opposite end of the fishing tackle box, and mounted in the center of
      the end wall 16 is a second light 44. The light 44 is preferably a red
      light and is stationarily fixed in the end wall 16, as contrasted with the
      movable mounting of the light 36 in the end wall 18.
PAR  Secured at a central location in the lid 22 of the fishing tackle box is a
      third light 46 which is constructed and positioned to illuminate the
      interior of the base portion 10 when the lid 22 is opened to the position
      shown. To facilitate the illumination of the base portion 10, a reflector
      plate 48 is preferably provided at a location over the light 46 when the
      lid 22 is open, and this plate functions to reflect and direct the light
      downwardly into the open base portion 10.
PAR  The circuitry which is utilized in conjunction with the lights 36, 44 and
      46 of the illuminated fishing tackle box of the invention is shown in FIG.
      3 of the drawings. A first circuit includes batteries 34a connected to the
      light 44 through a double throw switch 50. Parallel circuitry used in
      conjunction with the switch 50 permits a flasher device 52 of conventional
      and well-known construction to be connected in series with the light 44,
      or, alternatively, the light 44 can be connected directly to the batteries
      34a without the flasher device 52 in the circuity. The light 44 may thus,
      by selective positioning of the switch 50, be caused to be continuously
      illuminated or the light may be caused to intermittently flash as a result
      of the opening and closing of the circuit by the flasher device 52.
PAR  A second circuit which is provided includes the batteries 34b which are
      connected through parallel circuitry to the lights 36 and 46. The lights
      36 and 46 can be selectively illuminated by closure of switches 54 and 56,
      respectively. As portrayed in FIGS. 1 and 2, the switches 50, 54 and 56
      are disposed on the outer side of the end wall 18, and are thus accessible
      to the fisherman. Another switch 58 is positioned between the lower edge
      of the back plate 32 of the lid 22 and the back wall 12 of the base
      portion 10 so that, when the lid 22 is closed, the circuit to the light 46
      is automatically opened.
PAC  OPERATION
PAR  The illuminated fishing tackle box of the invention can be usefully
      employed in a number of ways. Initially, as the fisherman proceeds to the
      place where the fishing will be undertaken, the tackle box can be used as
      flashlight or search light by adjusting the position of the swivelly
      mounted light 36 so that its beam projects downwardly upon the ground to
      light the fisherman's passage to the boat dock, or to the place on the
      bank where he will fish. In other instances, it may be very useful to
      orient the light 36 so that its beam projects directly outwardly or normal
      to the plane of the end wall 18 so that the light is used as a spotlight,
      or for the purpose of illuminating distant objects. This may be
      particularly advantageous in instances where a boat is approaching a dock
      or pier for a landing, or is moving in close to the bank on a dark night
      when submerged trees or other obstructions to maneuvering and navigations
      may be difficult to discern.
PAR  Immediately prior to commencing fishing, the tackle box will usually be
      opened to rig out the lines to be used in fishing. In this instance, the
      fisherman will need illumination of the interior of the base portion 10 in
      order to be able to see and select the lures, weights, line or other
      tackle which is needed. When the lid 22 is opened, the switch 58 will be
      closed, and then the fisherman can provide illumination to the interior of
      the box by manual closing of the switch 56 located on the end wall 18.
      After the line has been rigged out and fishing has started, the fisherman
      will often desire to open the switch 56 so as to darken the light 46 and
      save drain on the batteries 34b, as well as to prevent glare in the eyes
      of the fisherman preventing close scrutiny of the area into which he
      wishes to cast, or if float fishing, observation of the bobber or cork.
      The fisherman may, alternatively, simply wish to close the lid 22 which
      will automatically open the switch 58 and thereby turn off the light 46.
PAR  Occasions are known to all avid fisherman when it is desirable to have
      certain emergeny or navigational signals available on the boat in use. For
      example, in returning to a landing or pier where there is heavy traffic at
      night, it is imperative that boats carry certain running or navigational
      lights so that their movements and direction of travel can be known to
      other boats approaching the landing and collisions can be avoided. The
      navigational lights which are normally provided on such craft sometimes
      malfunction, thus either not providing the necessary warning and apprisal
      to other boats of the movements of the craft having the malfunctioning
      lights, or actually being deceptive by reason of some of the lights
      functioning and others failing to function. By the established rules of
      navigation on inland waters, a steadily burning red light is
      conventionally carried on the port side of the craft or vessel to apprise
      other craft of the fact that they are viewing that particular side of the
      light-carrying craft as it moves through the water. Should this particular
      light malfunction, the illuminated fishing tackle box of the present
      invention can be used to supply a substitute light. This is accomplished
      by closing the switch 50 to the position such that the light 44 is
      steadily and continuously illuminated to provide a red light of the type
      needed to identify the port side of the vessel or craft. A generally
      similar usage can be made of the white light 36 provided on the end wall
      18 where one of the white navigational lights has malfunctioned.
PAR  In another situation of usage of the present invention, an emergency
      situation can arise aboard of the boat or craft in use by the fisherman
      where assistance is direly needed. Such an occasion can exist where high
      winds have developed on large inland lakes, and the craft is in danger of
      swamping, or has perhaps developed engine trouble and has insufficient
      power to return to the shore. In such instances, the red light 44 carried
      on the end wall 16 can be made to intermittently flash by moving the
      two-way switch 50 to a position such that the flasher device 52 is placed
      in the circuit with this light. In this status, the light 44 will continue
      to flash on and off, apprising observers from the shore, or on other
      craft, that the boat providing such signal is imperiled. It is, of course,
      also possible to use either the red light 44 or the white light 36 in an
      on-off fashion by manual manipulation of the switch 50 or the switch 54,
      respectively, to provide a Morse code signal should the fisherman be
      familiar with the code.
PAR  From the foregoing description of the invention, it will be perceived that
      the illuminated fishing tackle box of the invention is a highly versatile
      structure which can be utilized in a number of ways to aid the fisherman,
      and to provide additional safety devices on relatively small boats often
      used in fishing. Although one form of the invention has been herein shown
      and described, it will be perceived that various changes and innovations
      in the structure illustrated and described by way of example can be made
      without departing from the basic principles of the invention. Changes and
      innovations of this type are deemed to be circumscribed by the spirit and
      scope of the invention except as the same may be necessarily limited by
      the appended claims or reasonable equivalents thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An illuminated fishing box comprising:
PA1  a hollow base portion having a pair of opposed end walls;
PA1  a lid hingedly connected to one side of the base portion; and
PA1  a light movably mounted in one of said end walls for manual movement to
      varying positions in said one end wall to direct light downwardly or
      outwardly from the fishing box.
NUM  2.
PAR  2. An illuminated fishing box as defined in claim 1 and further
      characterized in including:
PA1  a second light mounted in the other of said end walls on the outside of
      said base portion; and
PA1  electrical circuitry including a flasher device connected to said second
      light for causing said second light to flash on and off intermittently.
NUM  3.
PAR  3. An illuminated fishing box as defined in claim 1 and further
      characterized as including:
PA1  an inside light carried on said lid;
PA1  means on said lid for directing illumination from said inside light
      downwardly into said base portion; and
PA1  electrical circuitry connected to said inside light and including:
PA2  a first switch mounted on the outside of said base portion;
PA2  a second switch mounted in one of said base portion and lid and operable
      upon closure of said lid to open the electrical circuit to said inside
      light; and
PA2  a source of electrical power.
NUM  4.
PAR  4. An illuminated fishing box as defined in claim 2 wherein said first
      mentioned light is a white light and said second light is a red light.
NUM  5.
PAR  5. An illuminated fishing box as defined in claim 4 wherein said electrical
      circuitry connected to said second light is further characterized as
      including means for selectively continuously illuminating said second
      light, or alternatively, flashing said second light on and off
      intermittently.
NUM  6.
PAR  6. An illuminated fishing box as defined in claim 2 and further
      characterized as including:
PA1  an inside light carried on said lid;
PA1  means on said lid for directing illumination from said inside light
      downwardly into said base portion; and
PA1  electrical circuitry connected to said inside light and including:
PA2  a first switch mounted on the outside of said base portion;
PA2  a second switch mounted in one of said base portion and lid and operable
      upon closure of said lid to open the electrical circuit to said inside
      light; and
PA2  a source of electrical power.
NUM  7.
PAR  7. An illuminated fishing box as defined in claim 6 wherein said first
      mentioned light is a white light and said second light is a red light.
NUM  8.
PAR  8. An illuminated fishing box as defined in claim 7 wherein said electrical
      circuitry connected to said second light is further characterized as
      including means for selectively continuously illuminating said second
      light, or alternatively, flashing said second light on and off
      intermittently.
NUM  9.
PAR  9. An illuminated fishing tackle box as defined in claim 8 wherein said
      means for selectively continuously illuminating said second light
      comprises:
PA1  a source of electrical power;
PA1  a parallel circuit connected to said second light and extending in
      electrical parallel to said electrical circuitry including said flasher
      device; and
PA1  a double throw switch connected in said parallel circuits and selectively
      switchable to connect a selected one of said parallel circuits in said
      source of electrical power.
NUM  10.
PAR  10. An illuminated fishing tackle box as defined in claim 1 and further
      characterized as including:
PA1  a ball joint type casing retaining said first mentioned light; and
PA1  a housing mounted in said one end wall and swivelly retaining said casing.
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ABST
PAL  There is disclosed the conditioning of a gas discharge display/memory panel
      by applying a high voltage one cycle pulse to the non-utilized discharge
      cells of the panel. There is particularly disclosed a conditioning process
      for a multiple gas discharge display/memory panel having a plurality of
      discharge cells formed by a series of transversely positioned electrodes,
      the discharge cells being addressable in a series of matrices, each
      addressable matrix having a relative size of C by R discharge cells with a
      spacing between adjacent matrices of at least one column or one row of
      not-to-be addressed cells, and at least one high voltage cycle pulse being
      supplied to the not-to-be addressed cells of a matrix so as to condition
      the to-be addressed cells within the matrix.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gas discharge devices, especially multiple gas
      discharge display/memory panels or units which have an electrical memory
      and which are capable of producing a visual display or representation of
      data such as numerals, letters, radar displays, aircraft displays, binary
      words, educational displays, etc.
PAR  Multiple gas discharge display and/or memory panels of one particular type
      with which the present invention is concerned are characterized by an
      ionizable gaseous medium, usually a mixture of at least two gases at an
      appropriate gas pressure, in a thin gas chamber or space between a pair of
      opposed dielectric charge storage members which are backed by conductor
      (electrode) members, the conductor members backing each dielectric member
      typically being appropriately oriented so as to define a plurality of
      discrete gas discharge units or cells.
PAR  In some prior art panels the discharge units are additionally defined by
      surrounding or confining physical structure such as by cells or apertures
      in perforated glass plates and the like so as to be physically isolated
      relative to other units. In either case, with or without the confining
      physical structure, charges (electrons, ions) produced upon ionization of
      the elemental gas volume of a selected discharge unit, when proper
      alternating operating potentials are applied to selected conductors
      thereof, are collected upon the surfaces of the dielectric at specifically
      defined locations and constitute an electrical field opposing the
      electrical field which created them so as to terminate the discharge for
      the remainder of the half cycle and aid in the initiation of a discharge
      on a succeeding opposite half cycle of applied voltage, such charges as
      are stored constituting an electrical memory.
PAR  Thus, the dielectric layers prevent the passage of substantial conductive
      current from the conductor members to the gaseous medium and also serve as
      collecting surfaces for ionized gaseous medium charges (electrons, ions)
      during the alternate half cycles of the A.C. operating potentials, such
      charges collecting first on one elemental or discrete dielectric surface
      area and then on an opposing elemental or discrete dielectric surface area
      on alternate half cycles to constitute an electrical memory.
PAR  An example of a panel structure containing non-physically isolated or open
      discharge units is disclosed in U.S. Letters Pat. No. 3,499,167 issued to
      Theodore C. Baker, et al.
PAR  An example of a panel containing physically isolated units is disclosed in
      the article by D. L. Bitzer and H. G. Slottow entitled "The Plasma Display
      Panel -- A Digitally Addressable Display With Inherent Memory", Proceeding
      of the Fall Joint Computer Conference, IEEE, San Francisco, California,
      Nov. 1966, pp. 541-547. Also reference is made to U.S. Letters Pat. No.
      3,559,190.
PAR  In the construction of the panel, a continuous volume of ionizable gas is
      confined between a pair of dielectric surfaces backed by conductor arrays
      typically forming matrix elements. The cross conductor arrays may be
      orthogonally related (but any other configuration of conductor arrays may
      be used) to define a plurality of opposed pairs of charge storage areas on
      the surfaces of the dielectric bounding or confining the gas. Thus, for a
      conductor matrix having H rows and C columns the number of elemental
      discharge units will be the product H .times. C and the number of
      elemental or discrete areas will be twice the number of such elemental
      discharge units.
PAR  In addition, the panel may comprise a so-called monolithic structure in
      which the conductor arrays are created on a single substrate and wherein
      two or more arrays are separated from each other and from the gaseous
      medium by at least one insulating member. In such a device the gas
      discharge takes place not between two opposing electrodes, but between two
      contiguous or adjacent electrodes on the same substrate; the gas being
      confined between the substrate and an outer retaining wall.
PAR  It is also feasible to have a gas discharge device wherein some of the
      conductive or electrode members are in direct contact with the gaseous
      medium and the remaining electrode members are appropriately insulated
      from such gas, i.e., at least one insulated electrode.
PAR  In addition to the matrix configuration, the conductor arrays may be shaped
      otherwise. Accordingly, while the preferred conductor arrangement is of
      the crossed grid type as discussed herein, it is likewise apparent that
      where a maximal variety of two dimensional display patterns is not
      necessary, as where specific standardized visual shapes (e.g., numerals,
      letters, words, etc.) are to be formed and image resolution is not
      critical, the conductors may be shaped accordingly, i.e., a segmented
      display.
PAR  The gas is one which produces visible light or invisible radiation which
      stimulates a phosphor (if visual display is an objective) and a copious
      supply of charges (ions and electrons) during discharge.
PAR  In prior art, a wide variety of gases and gas mixtures have been utilized
      as the gaseous medium in a gas discharge device. Typical of such gases
      include CO; CO.sub.2 ; halogens; nitrogen; NH.sub.3 ; oxygen; water vapor;
      hydrogen; hydrocarbons; P.sub.2 O.sub.5 ; boron fluoride, acid fumes;
      TiCl.sub.4 ; Group VIII gases; air; H.sub.2 O.sub.2 ; vapors of sodium,
      mercury, thallium cadmium, rubidium, and cesium; carbon disulfide,
      laughing gas; H.sub.2 S; deoxygenated air; phosphorus vapors; C.sub.2
      H.sub.2 ; CH.sub.4 ; naphthalene vapor; enthracene; freon; ethyl alcohol;
      methylene bromide; heavy hydrogen; electron attaching gases; sulfur
      hexafluoride, tritium; radioactive gases; and the rare or inert gases.
PAR  In one preferred embodiment thereof the medium comprises at least one rare
      gas, more preferabbly at least two, selected from neon, argon, krypton,
      xenon, or radon. Likewise, beneficial amounts of helium or mercury may be
      present.
PAR  In an open cell Baker, et al. type panel, the gas pressure and the electric
      field are sufficient to laterally confine charges generated on discharge
      within elemental or discrete dielectric areas within the perimeter of such
      areas, especially in a panel containing non-isolated units. As described
      in the Baker, et al. patent, the space between the dielectric surfaces
      occupied by the gas is such as to permit photons generated on discharge in
      a selected discrete or elemental volume of gas to pass freely through the
      gas space and strike surface areas of dielectric remote from the selected
      discrete volumes, such remote, photon struck dielectric surface areas
      thereby emitting electrons so as to condition at least one elemental
      volume other than the elemental volume in which the photons originated.
PAR  With respect to the memory function of a given discharge panel, the
      allowable distance or spacing between the dielectric surfaces depends,
      inter alia, on the frequency of the alternating current supply, the
      distance typically being greater for lower frequencies.
PAR  While the prior art does disclose gaseous discharge devices having
      externally positioned electrodes for initiating a gaseous discharge,
      sometimes called "electrodeless discharge", such prior art devices
      utilized frequencies and spacings or discharge volumes and operating
      pressures such that although discharges are initiated in the gaseous
      medium, such discharges are ineffective or not utilized for charge
      generation and storage at higher frequencies; although charge storage may
      be realized at lower frequencies, such charge storage has not been
      utilized in a display/memory device in the manner of the Bitzer-Slottow or
      Baker, et al. invention.
PAR  The term "memory margin" is defined herein as
      ##EQU1##
      where V.sub.f is the half amplitude of the smallest sustaining voltage
      signal which results in a discharge every half cycle, but at which the
      cell is not bi-stable and V.sub.E is the half amplitude of the minimum
      applied voltage sufficient to sustain discharges once initiated.
PAR  It will be understood that the basic electrical phenomenon utilized in this
      invention is the generation of charges (ions and electrons) alternately
      storable at pairs of opposed or facing discrete points or areas on a pair
      of dielectric surfaces backed by conductors connected to a source of
      operating potential. Such stored charges result in an electrical field
      opposing the field produced by the applied potential that created them and
      hence operate to terminate ionization in the elemental gas volume between
      opposed or facing discrete points or areas of dielectric surface. The term
      "sustain a discharge" means producing a sequence of momentary discharges,
      at least one discharge for each half cycle of applied alternating
      sustaining voltage, once the elemental gas volume has been fired, to
      maintain alternate storing of charges at pairs of opposed discrete areas
      on the dielectric surfaces.
PAR  In the operation of a multiple gaseous discharge device, of the type
      described hereinbefore, it is necessary to condition the discrete
      elemental gas volume of each discharge unit by supplying at least one free
      electron thereto such that a gaseous discharge can be initiated when the
      unit is addressed with an operating voltage signal.
PAR  The prior art has disclosed and practiced various means for conditioning
      gaseous discharge units.
PAR  One such method comprises the use of external radiation, such as flooding
      part or all of the gaseous medium of the panel with ultraviolet radiation.
      This external condition method has the obvious disadvantage that it is not
      always convenient or possible to provide external radiation to a panel,
      especially if the panel is in a remote position. Likewise, an external UV
      source requires auxiliary equipment. Accordingly, the use of internal
      conditioning is generally preferred.
PAR  One internal conditioning means comprises using internal radiation, such as
      by the inclusion of a radioactive material and/or by the use of one or
      more so-called pilot discharge unit for the generation of photons.
PAR  As described in the Baker, et al. patent, the space between the dielectric
      surfaces occupied by the gas is such as to permit photons generated on
      discharge in a selected discrete or elemental volume of gas (discharge
      unit) to pass freely through the panel gas space so as to condition other
      and more remote elemental volumes of other discharge units.
PAR  However, such internal photon generation and electron conditioning of the
      panel gaseous medium becomes unreliable when a given discharge unit to be
      addressed is remote in distance (an inch or more) relative to the
      conditioning source, e.g., the pilot unit. Thus, a multiplicity of pilot
      units or cells may be required for the conditioning of a panel having a
      large geometric area.
PAR  Another means of panel conditioning comprises a so-called electronic
      process whereby an electronic conditioning signal or pulse is periodically
      applied to all of the panel discharge units, as disclosed for example in
      British Patent specification No. 1,161,832, page 8, lines 56 to 76.
      However, electronic conditioning is self-conditioning and is only
      effective after a discharge unit has been previously conditioned; that is,
      electronic conditioning involves periodically discharging a unit and is
      therefore a way of maintaining the presence of free electrons.
      Accordingly, one cannot wait too long between the periodically applied
      conditioning pulses since there must be at least one free electron present
      in order to discharge and condition a unit.
PAR  In accordance with the practice of this invention, there is provided an
      improved process of conditioning gaseous discharge panels, especially
      panels having a large geometric area.
PAR  More particularly, there is provided a conditioning process for a multiple
      gas discharge display/memory panel having a plurality of discharge cells
      formed by a series of transversely positioned electrodes, said discharge
      cells being geometrically arranged in rows and columns and the panel being
      electrically addressable in a plurality of matrices formed by rows and
      columns of discharge cells, each addressable matrix having a relative size
      of C by R discharge cells with a spacing between adjacent matrices of at
      least one column or one row of not-to-be addressed discharge cells, which
      conditioning process comprises supplying at least one high voltage cycle
      pulse to the not-to-be addressed cells so as to condition the to-be
      addressed cells within the matrix.
PAR  The high voltage cycle pulse must be sufficient to discharge each cell in
      the conditioning row or column of the not-to-be addressed cells so as to
      provide free electrons for the to-be addressed cells.
PAR  The discharge of the conditioning cells is further effected by having one
      or more pilot cells in the "on" state at or near the vicinity of at least
      one of the conditioning rows. Thus, at least the end cells of the
      conditioning row are well-conditioned, and when they are discharged or
      fired by the conditioning pulse, they will condition their neighbors, so
      that before the end of the conditioning pulse, every cell of the
      conditioning row has been well enough conditioned to fire.
DRWD
PAR  The above, as well as other objects, features and advantages of the
      invention will become apparent and better understood by reference to the
      following detailed description when considered in connection with the
      accompanying drawings wherein;
PAR  FIG. 1 is a partially cut-away plan view of a gaseous discharge
      display/memory panel as connected to a diagrammatically illustrated source
      of operating potentials,
PAR  FIG. 2 is a cross-sectional view (enlarged, but not to proportional scale
      since the thickness of the gas volume, dielectric members and conductor
      arrays have been enlarged for purposes of illustration) taken on lines 2
      -- 2 of FIG. 1,
PAR  FIG. 3 is an explanatory partial cross-sectional view similar to FIG. 2
      (enlarged, but not to proportional scale),
PAR  FIG. 4 is an isometric view of a gaseous discharge display/memory panel,
PAR  FIG. 5 is a view of a portion of the viewing surface of a row-column panel.
DETD
PAR  The invention utilizes a pair of dielectric films or coatings 10 and 11
      separated by a thin layer or volume of a gaseous discharge medium 12, said
      medium 12 producing a copious supply of charges (ions and electrons) which
      are alternately collectable on the surfaces of the dielectric members at
      opposed or facing elemental or discrete areas X and Y defined by the
      conductor matrix on nongas-contacting sides of the dielectric members,
      each dielectric member presenting large open surface areas and a plurality
      of pairs of elemental X and Y areas. While the electrically operative
      structural members such as the dielectric members 10 and 11 and conductor
      matrixes 13 and 14 are all relatively thin (being exaggerated in thickness
      in the drawings) they are formed on and supported by a rigid nonconductive
      support members 16 and 17 respectively.
PAR  Preferably, one or both of nonconductive support members 16 and 17 pass
      light produced by discharge in the elemental gas volumes. Preferably, they
      are transparent glass members and these members essentially define the
      overall thickness and strength of the panel. For example, the thickness of
      gas layer 12 as determined by spacer 15 is under 10 mils and preferably
      about 5 to 6 mils, dielectric layers 10 and 11 (over the conductors at the
      elemental or discrete X and Y areas) is between 1 and 2 mils thick, and
      conductors 13 and 14 about 8,000 angstroms thick (tin oxide). However,
      support members 16 nd 17 are much thicker (particularly larger panels) so
      as to provide as much ruggedness as may be desired to compensate for
      stresses in the panel. Support members 16 and 17 also serve as heat sinks
      for heat generated by discharges and thus minimize the effect of
      temperature on operation of the device. If it is desired that only the
      memory function be utilized, then none of the members need be transparent
      to light although for purposes described later herein it is preferred that
      one of the support members and members formed thereon be transparent to or
      pass ultraviolet radiation.
PAR  Except for being nonconductive or good insulators the electrical properties
      of support members 16 and 17 are not critical. The main function of
      support members 16 and 17 is to provide mechanical support and strength
      for the entire panel, particularly with respect to pressure differential
      acting on the panel and thermal shock. As noted earlier, they should have
      thermal expansion characteristics substantially matching the thernal
      expansion characteristics of dielectric layers 10 and 11. Ordinary 1/4
      inch commercial grade soda lime plate glasses have been used for this
      purpose. Other glasses such as low expansion glasses or transparent
      devitrified glasses can be used provided they can withstand processing and
      have expansion characteristics substantially matching expansion
      characteristics of the dielectric coatings 10 and 11. For given pressure
      differentials and thickness of plates, the stress and deflection of plates
      may be determined by following standard stress and strain formulas (see R.
      J. Roark, Formulas for Stress and Strain, McGraw-Hill, 1954).
PAR  Spacer 15 may be made of the same glass material as dielectric films 10 and
      11 and may be an integral rib formed on one of the dielectric members and
      fused to the other members to form a bakeable hermetic seal enclosing and
      confining the ionizable gas volume 12. However, a separate final hermetic
      seal may be effected by a high strength devitrified glass sealant 15S.
      Tubulation 18 is provided for exhausting the space between dielectric
      members 10 and 11 and filling that space with the volume of ionizable gas.
      For large panels small bean like solder glass spacers such as shown as 15B
      may be located between conductors intersections and fused to dielectric
      members 10 and 11 to aid in withstanding stress on the panel and maintain
      uniformity of thickness of gas volume 12.
PAR  Conductor arrays 13 and 14 may be formed on support members 16 and 17 by a
      number of well known processes, such as photoetching, vacuum deposition,
      stencil screening, etc. In the panel shown in FIG. 4, the center-to-center
      spacing of conductors in the respective arrays is about 30 mils.
      Transparent or semi-transparent conductive material such as tin oxide,
      gold or aluminum can be used to form the conductor arrays and should have
      a resistance less than 3000 ohms per line. It is important to select a
      conductor material that is not attacked during processing by the
PAR  It will be appreciated that conductor arrays 13 and 14 may be wires or
      filaments of copper, gold, silver or aluminum or any other conductive
      metal or material. For example 1 mil wire filaments are commercially
      available and may be used in the invention. However, formed in situ
      conductor arrays are preferred since they may be more easily and uniformly
      placed on and adhered to the support plates 16 and 17.
PAR  Dielectric layer members 10 and 11 are formed of an inorganic material and
      are preferably formed in situ as an adherent film or coating which is not
      chemically or physically effected during bake-out of the panel. One such
      material is a solder glass such as Kimble SG-68 manufactured by and
      commercially available from the assignee of the present invention.
PAR  This gas has thermal expansion characteristics substantially matching the
      thermal expansion characteristics of certain soda-lime glasses, and can be
      used as the dielectric layer when the support members 16 and 17 are
      soda-lime glass plates. Dielectric layers 10 and 11 must be smooth and
      have a dielectric strength of about 1000 v. and be electrically
      homogeneous on a microscopic scale (e.g., no cracks, bubbles, crystals,
      dirt, surface film, etc.). In addition, the surfaces of dielectric layers
      10 and 11 should be good photoemitters of electrons in a baked out
      condition. However, a supply of free electrons for conditioning gas 12 for
      the ionization process may be provided by inclusion of a radioactive
      material within the glass or gas space. A preferred range of thickness of
      dielectric layers 10 and 11 overlying the conductor arrays 13 and 14 is
      between 1 and 2 mils. Of course, for an optical display at least one of
      dielectric layers 10 and 11 should pass light generated on discharge and
      be transparent or translucent and, preferably, both layers are optically
      transparent.
PAR  The preferred spacing between surfaces of the dielectric films is about 5
      to 6 mils with conductor arrays 13 and 14 having center-to-center spacing
      of about 30 mils.
PAR  The end of conductors 14-1 . . . 14-4 and support member 17 extend beyond
      the enclosed gas volume 12 and are exposed for the purpose of making
      electrical connection to interface and addressing circuitry 19. Likewise,
      the ends of conductors 13-1 . . . 13-4 on support member 16 extend beyond
      the enclosed gas volume 12 and are exposed for the purpose of making
      electrical connection to interface and addressing circuitry 19.
PAR  As is known display systems, the interface and addressing circuitry or
      system 19 may be relatively inexpensive line scan systems or the somewhat
      more expensive high speed random access systems. However, it is to be
      noted that a lower amplitude of operating potentials helps to reduce
      problems associated with the interface circuitry between the addressing
      system and the display/memory panel, per se. thus, by providing a panel
      having greater uniformity in the discharge characteristics throughout the
      panel, tolerances and operating characteristics of the panel with which
      the interfacing circuitry cooperate, are made less rigid.
PAR  In FIG. 5 there is shown three row-column matrices of a gaseous discharge
      display/memory panel, each matrix comprising eight rows (R.sub.1 through
      R.sub.8) and six columns (C.sub.1 through C.sub.6 ; C.sub.1 ' through
      C.sub.6 '; and C.sub.1 " through C.sub.6 "). However, the addressable
      portion of each matrix is only seven rows by five columns -- with one end
      row (R.sub.1 or R.sub.8) being used for matrix border spacing and one
      column located in between each matrix (C.sub.6, C.sub.6 ', and C.sub.6 ")
      being used for matrix border spacing.
PAR  In the practice of this invention, a selected portion of the not-to-be
      addressed cells of row R.sub.1 or R.sub.8 are discharged by the
      application of an appropriate potential so as to provide conditioning
      electrons at the to-be addressed cells of each matrix.
PAR  Although not illustrated in the drawing, a pilot cell should be located in
      the general vicinity of the matrix border conditioning row and/or column
      in order to facilitate conditioning of the cells therein. Such pilot is
      continuously in the "on" state and is photonically connected to one or
      more of the cells to be discharged in the border row or column. Thus, as
      shown in the diagramtic illustration of FIG. 3, a pilot cell or site, such
      as defined by column conductors 13-1 and row conductor 14-1, may be
      located in the vicinity of the matrix border.
PAR  The practice of this invention enables one to economically condition a gas
      discharge display/memory panel by tying non-utilized border columns and/or
      rows to a special high voltage pulse generator, the pulse being of any
      suitable frequency and waveform (square, sine, etc.).
PAR  This invention is particularly useful in an alpha-numeric display. In
      alpha-numeric displays, there are border lines (rows or columns) between
      characters which are not used. Tying these lines to a specially gated
      sustaining generator which turns all cells along the lines on which a
      write pulse is requested, conditions all character blocks in the entire
      panel. One pilot cell is typically left on at all times to condition the
      grid lines, but no other conditioning sources are required for complete
      random access in any alpha-numeric block.
CLMS
STM  I claim;
NUM  1.
PAR  1. In a process for conditioning multiple gas discharge display/memory
      panel, having a relatively large geometrical area, and containing an
      ionizable gaseous medium and having a plurality of discharge cells formed
      by a pair of transversely related electrodes, said discharge cells being
      geometrically arranged in rows and columns and the panel being
      electrically addressable in a plurality of matrices for displaying
      alphanumeric characters formed by selected rows and columns of addressable
      discharge cells, each addressable matrix within said panel having a
      relative size of C by R discharge cells with a spacing between adjacent
      addressable matrices of at least one column or one row of not-to-be
      addressed discharge cells and a series of panel border discharge cells
      being maintained in the one state to constitute pilot cells, the
      improvement which comprises conditioning a selected portion of the panel
      by supplying at least one high voltage cycle pulse to the not-to-be
      addressed cells between addressable matrices so as to photonically
      condition the to-beaddressed cells within the adjoining matrices.
NUM  2.
PAR  2. The invention of claim 1 wherein there are no physical barriers between
      adjacent discharge cells and the gaseous medium comprises at least one
      rare gas at a pressure sufficient to laterally confine charges generated
      on discharge within the area of the perimeter of the cell.
NUM  3.
PAR  3. The invention of claim 2 wherein the gas medium comprises at least two
      rare gases selected from none, argon, krypton, xenon, and radon.
NUM  4.
PAR  4. The invention of claim 3 wherein the gas medium contains beneficial
      amounts of at least one member selected from helium and mercury.
NUM  5.
PAR  5. In a multiple gas discharge display/memory panel having a large
      geometrical area and containing an ionizable gaseous medium a plurality of
      discharge cells openly photonically connected formed by a series of
      transversely related electrodes, said discharge cells being geometrically
      arranged in rows and columns, and the panel being electrically addressable
      in a plurality of individual sub-matrices formed by rows and columns of
      discharge cells, each addressable sub-matrix having a relative size of C
      by R discharge cells with a spacing between adjacent sub-matrices of at
      least one column or one row of not-to-be addressed discharge cells, the
      improvement wherein the not-to-be addressed cells are in open photonic
      communication with said addressable submatrices and are connected to a
      high voltage cycle pulse source so as to discharge at least a portion of
      the not-to-be addressed cells and condition the to-be addressed cells
      within each said sub-matrix.
NUM  6.
PAR  6. The invention of claim 5 wherein the gaseous medium comprises at least
      one rare gas.
NUM  7.
PAR  7. The invention of claim 6 wherein the gaseous medium comprises at least
      two rare gases from neon, argon, krypton, xenon, and radon.
NUM  8.
PAR  8. The invention of claim 7 wherein the gas medium contains beneficial
      amounts of at least one member selected from helium and mercury.
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ABST
PAL  The present display device combines a liquid crystal display panel with a
      transparent dial for example having a polar coordinate system on which the
      information shown by the panel may be displayed with regard to its value
      and location or angular position. This type of display is especially
      suitable for displaying unbalance informations of a body to be balanced.
      In the present process an unbalance representing signals are separated
      into horizontal and vertical components, which are then supplied
      respectively to the row and column electrodes of said liquid crystal
      display device. The dial itself may also be constituted as a liquid
      crystal display panel. The row and column electrodes may be provided in
      several sets for simultaneously displaying several unbalance informations,
      for example, relating to different planes in a body to be balanced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an unbalance vector display device and
      process, especially suitable for use in connection with balancing
      machines. More specifically, the present display device uses liquid
      crystal panel means for the display and recording of unbalance
      information, especially vector information in a system for the balancing
      of rotatable work-pieces.
PAR  Liquid crystal display arrangements are known and have been used in data
      processing systems for the displaying of information. The liquid crystals
      are located between suitable plates provided with electrodes arranged in
      rows and columns. These electrodes have terminals to which the voltages
      are applied, which are necessary for making the information visible. U.S.
      Pat. No. 3,499,112 discloses, for example, such a display device, please
      see also Funkschau 1972, Volume 1, pages 17 to 19.
PAR  Heretofore the vectorial information representing an unbalance has been
      displayed, for example, by means of mechanical-optical devices or by
      employing cathode ray tubes. Such systems require a substantial
      electromechanical and electronic control system or equipment and hence
      substantial costs are involved. U.S. Pat. No. 3,554,061 discloses an
      apparatus and method for the indication of unbalance representing values
      with the aid of a cathode ray tube.
PAC  OBJECTS OF THE INVENTION
PAR  It is the aim of the invention to achieve the following objects singly or
      in combination:
PAR  TO SIMPLIFY THE DISPLAY OF AN UNBALANCE INFORMATION IN SUCH A MANNER THAT
      THE USE OF MECHANICAL-OPTICAL DISPLAY DEVICES OR CATHODE RAY TUBES MAY BE
      OBVIATED;
PAR  TO COMBINE A LIQUID CRYSTAL DISPLAY DEVICE WITH A DIAL IN SUCH A MANNER
      THAT A VALUE, FOR EXAMPLE, AN UNBALANCE REPRESENTING VALUE MAY BE
      DISPLAYED WITH REGARD TO ITS QUANTITY AND ALSO WITH REGARD TO ITS ANGULAR
      POSITION, FOR EXAMPLE, ON A BODY TO BE BALANCED;
PAR  TO COMBINE IN ONE DISPLAY PANEL SEVERAL SETS OF ROW ELECTRODES AND SEVERAL
      SETS OF COLUMN ELECTRODES SO THAT DIFFERENT INFORMATIONS MAY BE DISPLAYED
      SIMULTANEOUSLY;
PAR  TO DISTINGUISH IN ONE AND THE SAME DISPLAY PANEL DIFFERENT SETS OF ROW
      ELECTRODES FROM EACH OTHER AND ALSO TO DISTINGUISH DIFFERENT SETS OF
      COLUMN ELECTRODES FROM EACH OTHER AND TO ARRANGE THESE DIFFERENT SETS IN
      SUCH A MANNER THAT THE ROW AND COLUMN ELECTRODES OF A SYSTEM MAY COOPERATE
      WITH EACH OTHER;
PAR  TO COMBINE A DIAL WHICH ITSELF COMPRISES A LIQUID CRYSTAL DISPLAY DEVICE
      WITH A FURTHER LIQUID CRYSTAL DISPLAY DEVICE WHICH IS ENERGIZED BY THE
      INFORMATION REPRESENTING SIGNALS;
PAR  TO SIGNIFY A PARTICULAR TYPE OF INFORMATION BY AN AUXILIARY INFORMATION
      DISPLAY ADJACENT TO THE PARTICULAR INFORMATION, FOR EXAMPLE, A LIGHT DOT
      REPRESENTING THE PARTICULAR INFORMATION MAY BE FURTHER CHARACTERIZED BY
      POSITIONING A LIGHTED SEMI-CIRCLE IN A SPECIFIC POSITION RELATIVE TO THE
      LIGHT DOT;
PAR  TO CONTROL THE DISPLAY OF A DIAL IN THE FORM OF A LIQUID CRYSTAL DEVICE IN
      SUCH A MANNER THAT THE DIAL MAY BE VARIED, FOR EXAMPLE, BY CHANGING ITS
      DISPLAY RANGE OR EVEN THE TYPE OF DIAL; AND
PAR  TO COMBINE THE CONTROL MEANS FOR THE LIQUID CRYSTAL DISPLAY PANEL AND IF
      DESIRED ALSO FOR THE LIQUID CRYSTAL DIAL AS AN INTEGRAL PART OF THE
      DISPLAY UNIT.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided an information display device
      comprising one or more liquid crystal display panels and a transparent
      dial means superimposed upon said liquid crystal display panel or panels.
      The dial and the panels are held together by appropriate means, for
      example, a frame structure or by gluing.
PAR  According to the invention there is further provided a process for
      displaying an unbalance information for a body to be balanced in one or
      more planes, by employing a liquid crystal display device having row and
      column electrodes with respective input terminals. A dial is superimposed
      on the liquid crystal display device. The unbalance information is
      separated in two signal components, preferably horizontal and vertical
      signal components, which are stored in respective separate signal
      channels. The separately stored signal components are supplied to
      respective input terminals of the row and column electrodes to
      simultaneously display with the aid of the superimposed dial the size and
      angular position of the unbalance information relative to a body to be
      balanced.
PAR  Where the balancing or rather the unbalance information is derived from
      several planes in the body to be balanced, a liquid crystal display panel
      is employed which includes several sets of row electrodes and several sets
      of column electrodes. The row electrodes may be distinguished from each
      other by employing in adjacent rows electrode symbols having different
      configurations. Similarly, differently shaped electrode elements may be
      employed in forming the column electrodes so as to distinguish the column
      electrodes of one display system from the column electrodes of the other
      display system. Thus, differently shaped electrode elements are employed
      to alternate with each other in the display panel, whereby electrode
      elements of the same configuration are arranged opposite each other so as
      to form a pair for the liquid crystal display.
DRWD
PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood, it will now be
      described, by way of example, with reference to the accompanying drawings,
      wherein:
PAR  FIG. 1 is a sectional view through a display panel according to the
      invention on an enlarged scale and showing only a portion thereof;
PAR  FIG. 2 is a plan view in the plane designated by the line AA in FIG. 1;
PAR  FIG. 3 is a view similar to that of FIG. 1 but illustrating another
      embodiment of the present display device;
PAR  FIG. 4 is again a view similar to that of FIGS. 1 and 3, but illustrating
      yet another embodiment of the invention combining two liquid crystal
      display devices, one of which may form a dial;
PAR  FIGS. 5, 6, 7, 8, and 9 illustrate differently shaped electrode element
      configurations which are used to form two or more distinct display systems
      in a single liquid crystal display panel;
PAR  FIGS. 10, 11, 12, and 13 illustrate the display of an unbalance information
      and separate characterizations of such information on a display device
      according to the invention;
PAR  FIG. 14 illustrates a block circuit diagram of the electronic circuit means
      for controlling the display of an information on a liquid crystal display
      device according to the invention;
PAR  FIG. 15 illustrates a modified block circuit diagram for controlling the
      display of a light dot and a characterizing light circle surrounding the
      light dot;
PAR  FIG. 16 illustrates a further modified electronic circuit arrangement for
      controlling the display of two light dots with respectively characterizing
      lighted semi-circles; and
PAR  FIG. 17 shows schematically two sets of differently shaped electrode
      elements arranged to form two sets of electrode rows or two sets of
      electrode columns depending on the orientation of the plate to which these
      electrode elements are secured.
DETD
PAC  DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
PAR  FIG. 1 illustrates a sectional view of a portion of one embodiment of an
      unbalance information display panel according to the invention. The panel
      may be held together by frame means which as such are conventional or by
      gluing which is also conventional. The panel comprises a base plate 1
      which is preferably made of transparent material, such a glass or acrylic
      glass. A raster 2 of parallel electrodes is secured to one face of the
      base plate 1. The manufacturing of such electrode rasters is conventional
      and could, for instance, be accomplished by printed circuit techniques. A
      cover plate 3 also carrying a raster 4 of electrodes is juxtaposed
      relative to the base plate so that the electrodes face each other and are
      arranged to cross each other preferably at right angles. The base plate 1
      and the cover plate 3 are spaced from each other by conventional spacer
      means not shown for simplicity's sake. The space between the base plate 1
      and the cover plate 3 is filled by liquid crystal material 6.
PAR  As mentioned, in the simplest embodiment the electrodes 2 and 4 are
      disposed to form an orthogonal grid as shown in FIG. 2. The cover plate 3
      is also made of transparent material such as glass or the like. According
      to the invention a dial 5 is secured to the outside of the cover plate 3.
      The dial 5 may, for example, be etched or printed on the surface of the
      cover plate 3. Where a polar coordinate display is desired the dial
      comprises a plurality of concentric circles, whereby the spacings between
      adjacent circles may be calibrated for directly indicating the quantity of
      a displayed information relative to a coordinate origin. The dial 5 may
      also be provided in the form of a rectangular coordinate system, or even
      in the form of an oblique angle coordinate system. If desired, the dial 5
      may also be provided merely as a portion or portions of a complete
      coordinate system, whereby for instance the origin of the coordinate
      system may be suppressed.
PAR  Since the liquid crystal material 6 is located in the space between the
      electrodes 2 and 4 a suitable voltage corresponding to the unbalance
      information to be displayed is selectively applied to the respective row
      and column electrodes 2 and 4 for the display of such information by
      activating the corresponding liquid crystal cell located at the crossing
      of two electrodes selectively energized. In combination with the dial 5 it
      is possible to display the size as well as the angular position of the
      unbalance information. The voltage applied to any one electrode may be
      smaller than the voltage required to orient the liquid crystals at the
      particular crossover. However, it must be assured that the sum of the
      voltages applied to the selected crossing is sufficient to effect the
      orientation of the liquid crystals at that crossing for the display of a
      respective light dot. Thus, only the liquid crystals at the selected
      crossing will be oriented whereas the remainder of the panel will not be
      sufficiently energized for a display. Referring in this connection to FIG.
      10, a light dot 16 will be produced by applying a voltage signal to the
      vertical electrode 2' and to the horizontal electrode 4'. The resulting
      light dot 16 may, for instance, be located adjacent the circle 5' of the
      dial 5 at an angle A, whereby the size and location of the unbalance is
      displayed.
PAR  FIG. 3 illustrates a further embodiment similar to that of FIG. 1 except
      that a transparent protective cover 7 is provided for the dial 5. Again
      the base plate 1 and the cover plate 3 are provided with respective
      electrode rasters 2 and 4, which are spaced from each other to receive
      therebetween a liquid crystal material 6. The protective cover 7 may have
      the outlines of the dial 5 secured thereto or the dial 5 may be secured to
      the outer surface of the cover plate 3. In any event, the protective cover
      7 may be removably secured to the liquid crystal display panel by
      conventional clamps or the like not shown. In the embodiment where the
      dial 5 is secured to the cover 7, it may be possible to replace one type
      of dial by another by simply loosening the clamps removing one cover 7
      with its dial 5 and inserting another cover 7 with another dial 5. A
      further advantage of the embodiment of FIG. 3 is seen in that the dial
      outline is protected against scratching, soiling, and the like. Where it
      is desired to display unbalance informations derived for example, from two
      different planes in a body to be balanced, the display panels of FIGS. 2
      and 3 may advantageously be arranged next to each other, so that the
      unbalance information from one plane may be displayed on one panel while
      the unbalance information from another plane may be simultaneously
      displayed on the next adjacent display panel.
PAR  However, according to the invention, it is also possible to display
      unbalance informations derived from different planes in a body to be
      balanced on an integrated display panel. Such a panel combines at least
      two liquid crystal display panels in one unit as shown in FIG. 4.
PAR  Referring to FIG. 4, there is again shown a partial sectional view through
      a further embodiment of a liquid crystal display unit comprising two
      panels D1 and D2. The electrode raster 2 is secured on an intermediate
      plate 8 and the electrode raster 4 is secured to the cover plate 3. A
      liquid crystal material 9 is located between the two electrode rasters 2
      and 4. Further electrode means 11, for example, also in the form of a
      raster are secured to the opposite side of the intermediate plate 8 which
      is transparent. Further electrode means also preferably in the form of a
      raster 12 are secured to the base plate 1 and liquid crystal material 10
      is located between the electrode means 11 and 12. Preferably a contrast
      enhancing member 13 provides a desirable background for the electrode
      means 11 of the panel D2. A dial 5 may be secured to the front face of the
      cover place 3 as described above also in the embodiment of FIG. 4. The
      contrast enhancing member 13 may, for example, be a transparent layer of
      paint or a colored transparent foil or the like so that the display of the
      panel D2 will be constrasted against the display of the panel D1.
PAR  The embodiment of FIG. 4 may be advantageously modified by giving the
      electrodes 11 and 12 the configuration of a dial, whereby the unbalance
      information may be displayed by the liquid crystal display panel D1
      against the background of the dial displayed by the liquid crystal display
      panel D2. To this end a control voltage corresponding to a dial
      information is applied between the electrodes 11 and 12 so that the liquid
      crystals between these electrodes are oriented to display a dial, for
      example, in a polar coordinate, a rectangular or in an oblique coordinate
      system.
PAR  The display of a light dot 16 has been described above especially with
      reference to FIG. 10. FIGS. 11, 12, and 13 illustrate how the display of a
      light dot may be enhanced or underlined. Thus, in FIG. 11, a light cross
      made up of an illuminated vertical bar 20 and an illuminated horizontal
      bar 21 enhances the display of the light dot 16 appearing at the crossing
      point of the two bars 20 and 21. This enhancement may be accomplished by a
      respective control of the supply voltages. In other words, the respective
      electrodes or rather pairs of electrodes forming the bar 20 and the bar 21
      are energized with voltages, the sum of which is sufficient to cause the
      desired orientation of the liquid crystal material between the energized
      electrodes. FIG. 12 illustrates the enhancement of the light dot 16 by
      means of a surrounding somewhat circular configuration 15 of light dots,
      the light intensity of which is preferably somewhat lower than that of the
      light dot 16. The energization and control of the display shown in FIG. 12
      will be described in more detail below with reference to FIG. 15. FIG. 13
      illustrates the display of two light dots 16 and 17, which are enhanced by
      somewhat semicircular configurations 18 and 19 surrounding the
      corresponding light dot in a predetermined manner. Here again the light
      intensity of the light dots in the configurations 18 and 19 should
      preferably be somewhat lower than that of the light dots 16 and 17. The
      control of the display illustrated in FIG. 13 will be described in more
      detail below with reference to FIG. 16. In any event, the control of the
      display of enhancing symbols such as shown for example, in FIG. 12 in the
      form of a somewhat circular configuration and as shown in FIG. 13 in
      somewhat semicircular configurations may be accomplished by a time
      multiplexing control of the respective electrode of the display panel.
      Referring especially to FIGS. 12 and 13 the display enhancing symbols may
      also be employed for displaying on the same panel balancing informations
      derived from, for example, two different planes of a body to be balanced.
      Thus, it would, for example, be possible to display a light dot alone for
      the unbalancing information of one plane and to distinguish another light
      dot from the first mentioned light dot by surrounding it with a somewhat
      circular configuration. Similarly, two light dots 16 and 17 as shown in
      FIG. 13 could be characterized as representing information from two
      different planes through a body to be balanced, by the semi-circles 18 and
      19 of which the semi-circle 18 opens to the right, whereas the semi-circle
      19 opens to the left. This type of signifying symbol, for example in the
      form of a semi-circle may also be used to indicate whether the body to be
      balanced is arranged in a vertical or in a horizontal position. Assuming
      that the illustration of FIG. 13 shows a vertically arranged body to be
      balanced, rotating the symbols 18 and 19 by 90.degree. could signify that
      the body to be balanced is arranged in a horizontal position. The
      understanding could also be just the opposite, if desired.
PAR  According to the invention it is also possible to use alphanumeric symbols
      and/or other characterisitc electrode designs to visually separate data
      shown simultaneously on the display panel. Thus, an `a` or a 1 could be
      displayed to signify the information derived from plane 1 and a `b` or a 2
      could be used to signify the information derived from plane 2 of a body to
      be balanced. Thus, the present invention is especially adaptable for the
      display of informations derived from several balancing planes. Further,
      where a liquid crystal arrangement is employed as a dial as has been
      described above with reference to FIG. 4, a complete dial may be displayed
      instead of a display with additional signifying symbols. In any event, the
      electrodes themselves may be formed from electrode elements having
      specific configurations, for example, to distinguish one set of row
      electrodes from another set of row electrodes, and also to distinguish one
      set of column electrodes from another set of column electrodes.
PAR  FIGS. 5 to 9 illustrate such electrode elements having different
      distinguishing configurations. These configurations are conductively
      interconnected to form respective row and column electrodes, which
      function in the same manner as the linear or straight row and column
      electrodes symbolically shown in the embodiments of FIGS. 1 to 4. Thus,
      FIG. 5 shows cross shaped electrode elements 50 and 51. The electrode
      elements 50 are conductively interconnected to form row electrodes. The
      cross electrodes 51 are conductively interconnected to form column
      electrodes. FIG. 6 illustrates X-shaped electrode elements 60 and 61. The
      electrode elements 60 are interconnected to form row electrodes 62. The
      electrode elements 61 are interconnected to form column electrodes 63.
PAR  Diamond shaped electrode elements 70 and 71 are shown in FIG. 7. Square
      shaped electrode elements 80 and 81 are shown in FIG. 8. Ring shaped
      electrode elements 90 and 91 are shown in FIG. 9. The electrode elements
      70, 80 and 90 are interconnected conductively to form row electrodes. The
      electrode elements 71, 81 and 91 are conductively interconnected to form
      column electrodes. A feature common to the illustrations of FIGS. 7, 8 and
      9 is a tongue 72, 82, and 92, which reaches inwardly from each electrode
      element in such a manner that the inward ends of the tongues forming a
      pair are in register with each other, whereby either a diamond, a square,
      or a round dot may be displayed surrounded by a diamond, square, or a ring
      frame. Depending on the shape of the free end of the tongue, the dot may
      be diamond shaped, square or round. Thus, the dot in a display panel
      employing the element configurations of FIGS. 7 and 8 would have a
      diamond, or a square shape whereas the dot displayed by means of the
      configuration shown in FIG. 9 would be round.
PAR  Referring to FIG. 17 the several electrode element configurations may be
      combined on a single panel, such as a transparent glass panel not shown
      for simplicity's sake. Twelve row electrodes 100 to 111 are shown
      schematically in FIG. 17, whereby ring shaped and cross shaped electrode
      elements alternate with each other in each row so as to form two row
      electrodes. The same configuration would be provided on the opposite panel
      except rotated by 90.degree. so as to form the column electrodes in the
      same manner as the row electrodes shown in FIG. 17. Thus, electrode
      elements of the same configuration would be arranged in register with each
      other to form a liquid crystal display panel according to the invention
      suitable for simultaneously displaying, for example, the unbalance
      informations derived from two different planes extending through a body to
      be balanced. Thus, the circular electrode elements could be used to
      display the information derived from one plane and the cross shaped
      elements could be used to display the unbalance information derived from
      another plane. Any of the illustrated electrode element configurations
      could be combined with any other configuration in the alternating fashion
      illustrated in FIG. 17.
PAR  FIGS. 14, 15 and 16 illustrate circuit block diagrams of electronic
      components forming signal channels for controlling the display of
      unbalance informations. FIGS. 15 and 16 illustrate in addition the display
      of signifying or characterizing symbols for enhancing or underlining the
      information display light dot. The input signal components U.sub.y and
      U.sub.x are analog signals representing, for example, respectively a
      horizontal and vertical unbalance component. Similarly, the signals
      U.sub.y1 and U.sub.y2 may represent the horizontal unbalance components of
      two separate unbalance informations. This applies also to the signals
      U.sub.x1 and U.sub.x2. These input signals may be derived in the same
      manner as, for instance, disclosed in U.S. Pat. No. 3,554,061 issued on
      Jan. 12, 1971.
PAR  In the circuit arrangement of FIG. 15, the analog voltages U.sub.y and
      U.sub.x representing respective unbalance signal components are applied to
      corresponding analog to digital converters 23 and 24. The analog to
      digital converter 23 has `n` individual outputs which provide a binary
      signal of `n` bits. Similarly, the analog to digital converter 24 has `m`
      outputs providing a binary signal of `m` bits. The `n` outputs of the A/D
      converter 23 are connected to a respective number of inputs of a storage
      or memory 25. Similarly, the `m` outputs of the A/D converter 24 are
      connected to a respective number of `m` inputs of a further storage or
      memory 26. The memories 25 and 26 have control inputs connected to a
      common storing instruction input terminal 27. In its simplest embodiment
      the storing instruction terminal 27 may be represented by a hand operated
      switch. It may also be a sensing means which provides the storing
      instruction signal to the memories 25 and 26 in response to the fact that
      the body to be balanced has reached the measuring r.p.m.
PAR  The outputs of the memories 25 and 26 are connected to respective control
      logic circuit means and code converters 28 and 29. The outputs of the
      control logic 28 are connected to the horizontal row electrodes of the
      liquid crystal display device constructed according to the invention. The
      control logic circuit means 28 convert the binary signal comprising `n`
      bits and appearing at its input terminals into a signal represented by a 1
      out of 2.sup.n code. Accordingly, the control logic 28 has 2.sup.n input
      conductors connected to the respective number `z` of cross electrodes (z =
      2.sup.n). The same function is performed by the control logic 29 for
      converting the `m` bit binary signal appearing at the input of the control
      logic 29 into a signal represented by the one out of 2.sup.m code, whereby
      2.sup.m output conductors connect the control logic 29 to the respective
      number `s` of column electrodes of the liquid crystal display (s =
      2.sup.m). In this manner the cross and column electrodes which, for
      example, cross each other at the light dot 16 are energized and the light
      dot 16 is accordingly displayed and its position provides an analog
      indication of the quantity or size of the unbalance. The analog to digital
      converters 23 and 24, the memory or storage circuits 25 and 26, and the
      control logic circuit blocks 28 and 29 all comprise conventional logic
      circuit means.
PAR  FIG. 15 illustrates a circuit block diagram similar to that of FIG. 14.
      However, additional circuit means are employed in FIG. 15 for displaying
      around the light dot 16 a somewhat circular symbol 15, the light intensity
      of which may be lower than that of the light dot 16. The elements which
      are employed in FIG. 14 and in FIG. 15 are provided with the same
      reference numerals in both figures. However, a modulating circuit 30 is
      arranged between the output of the memory 25 and the input of the control
      logic circuit 28. Similarly, a modulating circuit 31 is arranged between
      the output of the memory 26 and the input of the control logic circuit 29.
      The two modulating circuits are connected with control inputs to a program
      instruction circuit which may, for instance be a read only memory 32. The
      read only memory 32 has a program clock signal input 33. Thus, the program
      instruction or read only memory 32 adds an additional voltage to the
      binary signals in the modulator 30 or 31 respectively, whereby the
      unbalance information displaying dot 16 is surrounded by an additional
      signifying symbol, as explained in more detail with reference to FIGS. 11,
      12 and 13. The modulator circuits 30 and 31 may comprise conventional
      digital adder circuits.
PAR  The circuit arrangement according to FIG. 16 is constructed and arranged
      for displaying two separate unbalance informations simultaneously. To this
      end each signal channel is provided with a signal pairing circuit 35 or 36
      respectively. These signal pairing circuits may be conventional selector
      switches which are repeatedly switched back and forth between the two
      measuring points supplying the respective input voltage U.sub.y1, U.sub.y2
      and U.sub.x1, U.sub.x2. To this end the program instruction generator 32'
      which otherwise functions in the same manner as the read only memory 32 of
      FIG. 15, supplies a control signal to the inputs of the signal pairing
      circuits 35 and 36 through a conductor 37 to provide for a time multiplex
      type of operation. To this end the program instruction generator 32' may
      comprise a conventional signal frequency divider which divides the clock
      signal into 16 step units, whereby, for example during steps 1 to 8
      U.sub.x1 is converted into a binary signal, whereas during steps 9 to 16
      U.sub.x2 is so converted. Similar remarks apply to U.sub.y1 and U.sub.y2.
      Otherwise, the program instruction generator 32' controls the two
      modulators 30 and 31 similar to the control provided in FIG. 15 except
      that in FIG. 16, the semi-circles 18 and 19 are displayed as signifying or
      characterizing symbols, whereas in FIG. 15 a somewhat circular symbol is
      displayed.
PAR  An advantage of the invention is seen in that the combination of a liquid
      crystal display panel with a scale results in a rather flat display device
      which requires but a minimum of space and which may be constructed as a
      free standing instrument taking up much less space than, for example, a
      cathode ray tube display device. The free standing arrangement of the
      present flat display device increases the visibility and in addition
      substantially reduces parallax errors. Moreover, several display devices
      may be superimposed upon each other as, for example, described above with
      reference to FIG. 4. Thus, one display device, for example, D1 may be
      employed for the display of the unbalance information, whereas the other
      display device D2 may be constructed to form the dial itself. Moreover,
      several display systems may be coordinated between a single base plate and
      a single cover plate by employing different electrode element symbols as
      described above with reference to FIGS. 5 to 9 and 17. Where both display
      devices D1 and D2 as shown in FIG. 4 are employed for displaying two
      separate unbalance information signals a dial may be secured to the front
      face of the cover plate 3, for example, by gluing or the like. The dial
      may be produced by printing or even by printed circuit techniques.
PAR  In the embodiment where a liquid crystal display device is used to form the
      dial, one electrode is formed as a continuous transparent layer whereas
      the other electrode system comprises a plurality of individually
      controllable electrodes arranged as a coordinate system.
PAR  According to the invention, especially with reference to FIG. 4, one of the
      plates may be thicker than the other, whereby the thinner plate would
      preferably carry the dial.
PAR  A further cover plate may be provided which is transparent and which
      protects the dial. Instead of arranging the dial on one of the plates, a
      separate dial, for example, in the form of a separate liquid crystal
      display device may be superimposed upon the unbalance information liquid
      crystal display device, whereby the dial by suitable control means may be
      displayed only for the duration of the reading. This embodiment has the
      further advantage that the dial may be varied by remote control, for
      example, by displaying differently spaced concentric rings of a polar
      coordinate system.
PAR  Further, in connection with the embodiment of FIG. 4, the contrast
      enhancing member 13 may be a colored glass plate or a colored transparent
      foil or the like.
PAR  In any event, it is advantageous that the control means and the display
      device together with the dial may be constructed as an integral unit
      constituting an integrated circuit block requiring but a limited number of
      control input terminals and which is substantially free of trouble and
      hence requires hardly any maintenance.
PAR  According to the process of the invention, the electrodes of the base plate
      and the electrodes of the cover plate of a liquid crystal display device
      provided with a dial as taught herein are separately supplied with the
      unbalance component signals representing the unbalance information. Where
      the unbalance information is derived from but one plane, it is
      advantageous to enhance the display by a further marking by means of time
      multiplexing as has been described above.
PAR  Where several planes through a body to be balanced are employed for
      deriving the respective separate unbalance information, the corresponding
      display light dots may be distinguished from each other by a time
      multiplex control of additional crossing points adjacent to the fully
      energized crossing point displaying the light dot corresponding to the
      unbalance information.
PAR  Due to the fact that the present display is completely flat, it is
      relatively easy to store the respective information by optical means, for
      instance, on a film. To this end a camera is schematically shown in FIG.
      3. The present arrangement has the advantage that the camera may be
      arranged on the backside of the display device, thus avoiding any
      interference with the reading of the front side so that reading and
      photographic storing of the information may take place simultaneously
      without interfering with each other.
PAR  As a further embodiment according to the invention the dial may be, for
      example, provided with a tolerance or tolerance range indicating device.
      Thus, mass produced articles such as the rotors of fractional horse power
      motors may be tested with regard to their unbalance, whereby all test
      pieces falling outside the permissible tolerance or tolerance range would
      be automatically indicated.
PAR  Although the invention has been described with reference to specific
      example embodiments, it is to be understood, that it is intended to cover
      all modifications and equivalents within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A display device for displaying an unbalance information for a body to
      be balanced in at least one plane, comprising a liquid crystal display
      panel, transparent dial means superimposed upon said liquid crystal
      display panel, means holding said liquid crystal display panel and said
      transparent dial means in an operational relationship to each other, said
      liquid crystal display panel comprising row electrodes and column
      electrodes each including respective row electrode elements and column
      electrode elements, said electrode elements having different
      configurations, said row electrodes further comprising first means for
      conductively interconnecting elements of the same configuration to form a
      plurality of rows, said column electrodes further comprising second means
      for conductively interconnecting elements of the same configuration to
      form a plurality of columns, said rows and columns being arranged so that
      elements of the same configuration are in register with each other and so
      that an element of one configuration alternates with an element of another
      configuration in the physical distribution of said electrode elements in
      said liquid crystal display panel.
NUM  2.
PAR  2. The unbalance information display device according to claim 1, wherein
      said liquid crystal display panel comprises a first plate, said row
      electrodes forming an electrode raster on said first plate, a second
      plate, said column electrodes forming a further electrode raster on said
      second plate, said electrode rasters facing each other, liquid crystal
      means located intermediate said electrode rasters, at least one of said
      plates being transparent, and wherein said transparent dial means are
      secured to said transparent plate opposite its respective electrode
      raster.
NUM  3.
PAR  3. The unbalance information display device according to claim 1, further
      comprising a transparent protective cover on top of said dial means.
NUM  4.
PAR  4. The unbalance information display device according to claim 1, wherein
      said dial means has a given configuration, said dial means comprising a
      first set of dial electrodes resembling said dial configuration and
      secured to said liquid crystal panel, a dial base plate, a second set of
      dial electrodes secured to said dial base plate, and further liquid
      crystal means between said first and second sets of dial electrodes,
      whereby the dial means form a second liquid crystal display panel which is
      superimposed upon said first mentioned liquid crystal display panel.
NUM  5.
PAR  5. The unbalance information display device according to claim 4, further
      comprising contrast enhancing means interposed between said first and
      second liquid crystal display panels.
NUM  6.
PAR  6. The unbalance information display device according to claim 1,
      comprising a first plate and a second plate, a first set of electrodes
      secured to one of said plates, a second set of electrodes secured to the
      other of said plates, said first and second set of electrodes facing each
      other, and liquid crystal means interposed between said electrodes, said
      first and second set of electrodes comprising a plurality of electrode
      elements, at least one of said plates being transparent, and wherein the
      electrodes secured to the transparent plate are also transparent, said
      dial means being secured to said transparent plate.
NUM  7.
PAR  7. The unbalance information display device according to claim 6, wherein
      said dial means are secured to one surface of said transparent plate while
      the respective set of transparent electrodes is secured to the opposite
      surface of said transparent plate.
NUM  8.
PAR  8. The unbalance information display device according to claim 1, further
      comprising control means for said liquid crystal display device, said
      control means being arranged at the liquid crystal display device or as
      part thereof.
NUM  9.
PAR  9. A process for displaying an unbalance information for a body to be
      balanced in at least one plate comprising, employing a liquid crystal
      display device having row electrodes and column electrodes with respective
      input terminals, providing said row electrodes and said column electrodes
      with electrode elements having alternately different configurations,
      registering row electrodes with column electrodes so that electrodes with
      the same configuration register with each other to form a pair,
      superimposing a dial on said liquid crystal display device, separating
      said unbalance information into two signal components, storing said signal
      components in separate signal channels and supplying said separate signal
      components to said row and column input terminals to simultaneously
      display with the aid of said superimposed dial the size and angular
      position of said unbalance information relative to said body to be
      balanced.
NUM  10.
PAR  10. The process according to claim 9, wherein said unbalance information is
      separated in horizontal and vertical signal components, and supplying the
      horizontal signal components to said row electrodes, and said vertical
      signal components to said column electrodes.
NUM  11.
PAR  11. The process according to claim 9, for displaying unbalance informations
      relating to a plurality of planes in a body to be balanced comprising
      employing a liquid crystal display device having a set of column
      electrodes and a set of row electrodes for each plane of said body to be
      balanced, separating and storing the unbalance information signals for
      each plane separately, supplying the respective separate signal components
      to the corresponding row and column electrodes, and displaying with the
      aid of said dial an unbalance information separately for each plane of
      said body to be balanced.
NUM  12.
PAR  12. The process according to claim 9, further comprising employing a
      transparent liquid crystal display device and dial, reading the displayed
      information on the front side of said dial and photographically storing
      the displayed information from the rear side of the transparent liquid
      crystal display device.
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ABST
PAL  A gas discharge display panel and an improved cell therefor. Each cell
      includes a cathode at one end and a video anode at its other end with a
      main discharge path between the video anode and the cathode. A priming
      anode extends along a substantial part of the main discharge path for
      establishing a priming discharge in the cell which is progressively
      propagated by the priming anode along the main discharge path toward the
      video anode. By priming substantially the entire distance between the
      cathode and the video anode, a low level video signal on the video anode
      may be used to sustain and control the primed discharge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is related to visual display devices. It is particularly
      directed toward an improved gas discharge display for use in flat panel
      television, alpha-numeric displays and the like.
PAR  Gas discharge displays generally include a matrix of rows and columns of
      individual gas discharge cells. Typically, there are corresponding
      matrices and rows of columns of wire conductors which intersect at the
      individual cell locations. Each cell has at least an anode conductor and a
      cathode conductor between which a low pressure atmosphere of a gas, such
      as a rare gas or a rare gas and mercury vapor, is maintained. When a
      sufficient potential is applied between an anode conductor and a cathode
      conductor, a gas discharge is developed at the cell which is located at
      their intersection. A visible "cathode glow" is then established near the
      cathode and, in some applications, it is that glow which is used as the
      visible light output of the cell.
PAR  Between the anode conductor and the cathode glow a plasma or "positive
      column" may exist which includes energetic electrons, metastables and
      ions. These particles are continuously recombining, regenerating and
      colliding. The collision of an energetic electron with a gas atom produces
      a high energy state in the atom's electron shell which decays to a lower
      energy state, thereby causing an emission of radiation from the atom and
      from the positive column. The gas constituents and the operating
      parameters of a cell may be chosen such that the radiation emanating from
      a positive column is in the UV (ultraviolet) spectrum. The UV radiation
      may then be converted into visible light of a predetermined color by
      directing the UV radiation onto a UV-excitable phosphor coated on one or
      more of the cells walls.
PAR  When excited by the UV radiation, the phosphor coating emits visible light
      of the predetermined color. It is with this mode of generating visible
      light from a gas discharge cell that this invention is primarily
      concerned, although certain aspects of it are also applicable to
      applications utilizing only the cathode glow as the source of light
      output, as well as to applications where light is produced by direct
      electron excitation of a phosphor.
PAR  In the past, gas discharge displays have suffered from a number of
      problems, one which has been the high voltage required to drive the anode
      conductors in order to establish a discharge in selected cells. In typical
      commercial applications, anode conductors are driven with a potential of
      several hundred volts, generally in the form of a time-varying signal
      which corresponds to video information. In a television application, a
      typical gas discharge panel will have several hundred anode conductors,
      one for each column of the panel, and each driven by a video driver. To
      implement the circuitry required for such a system would be prohibitively
      expensive unless the circuitry could be realized in integrated circuit
      (IC) form. Since present IC technology is, for the most part, limited to
      the production of circuitry capable of handling less than 150 volts, the
      video drivers can probably not be profitably integrated at this time.
      Instead, a discrete high voltage video driver is probably required for
      each anode conductor. A display incorporating discrete video drivers for
      each anode conductor would obviously be too expensive for consumer
      applications.
PAR  Another problem which has been associated with many flat panel displays is
      the complexity of the display. Some displays are constructed of many
      layers which must be accurately aligned with one another. This type of
      construction is undesirable from a production standpoint, particularly
      where the final product is intended for the mass consumer market.
PAR  A flat panel display which is intended to be a consumer product should,
      therefore, incorporate a solution to the problem of needing hundreds of
      discrete video drivers, without increasing, and hopefully decreasing, the
      customary complexity of prior art displays.
PAC  OBJECTS OF THE INVENTION
PAR  It is a general object of this invention to provide an improved gas
      discharge display panel.
PAR  It is a more specific object of this invention to provide a gas discharge
      display which functions with lower voltage video signals so that the video
      drivers therefore may be fabricated in integrated circuit form, and to
      provide this improvement in a gas discharge panel having a relatively
      simple structure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention which are believed to be novel are set forth
      with particularity in the appended claims. The invention, together with
      further objects and advantages thereof, may best be understood by
      reference to the following description taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 depicts, in schematic and simplified form, a prior art matrix of two
      gas discharge cells for use in a gas discharge display panel;
PAR  FIG. 2 schematically depicts a matrix of two gas discharge cells which
      illustrate one aspect of this invention;
PAR  FIG. 3 depicts, in schematic form, a matrix of two gas discharge cells
      which illustrate another aspect of this invention;
PAR  FIG. 4 is an exploded view of a gas discharge panel constructed in
      accordance with this invention;
PAR  FIG. 5 depicts a series of waveforms which illustrate typical control
      signals used to drive the FIG. 4 panel; and
PAR  FIG. 6 is a schematic block diagram illustrating a gas discharge display
      panel of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before beginning the explanation of this invention, a brief examination of
      a typical prior art gas discharge cells will be undertaken. A simplified
      schematic view of a pair of such cells is shown in FIG. 1.
PAR  Cells A and B are two cells in a row of cells which extends horizontally in
      FIG. 1. Cell A includes a portion of a column-wise extending scan anode
      10A, a portion of a row-wise extending cathode conductor 12 and a portion
      of column-wise extending video anode 14A. Cell B has a similar set of
      electrodes. The location of each cell is defined by the intersection of a
      scan anode and cathode conductor 12. For simplicity and ease of
      explanation, no cell enclosure has been shown. However, each cell is
      assumed to be confined to the areas bounded by dashed lines 16 and to be
      filled with an appropriate gas at a pressure conductive to the generation
      of a gas discharge therein.
PAR  In operation, cathode conductor 12 is grounded through switch 15. With scan
      anodes 10A and 10B connected through current limiting resistors 19 to a
      source 17 of DC voltage, +250 volts for example, a scan or auxiliary
      discharge is established between cathode conductor 12 and the scan anode
      of each cell in the row of cells served by cathode conductor 12. Due to
      the scan discharge existing in each such row of cells, electrodes, ions
      and metastables are generated in the area between scan anodes 10A, 10B and
      cathode conductor 12. Some of these excited particles diffuse through
      apertures 18 in cathode conductor 12 and up into the main or display
      discharge chambers bounded by dashed lines 16 between cathode conductor 12
      and video anodes 14A and 14B. This diffusion of excited particles into the
      display discharge chambers "primes" each display discharge chamber so that
      a discharge is more easily established between cathode conductor 12 and
      video anodes 14A and 14B. Without such priming, a much larger voltage on
      the video anodes would be required to establish the discharges in the
      display discharge chambers.
PAR  When it is desired to establish a discharge in the display discharge
      chamber of cell A, a video signal is applied to video anode 14A from a
      video signal source 18A through switch 20A. If the video signal is in
      order of +250 volts, a discharge is established in cell A. Likewise, if
      switch 20B is actuated, video signal source 18B creates a discharge in the
      display discharge chamber of cell B. Usually, switches 20A and 20B are
      actuated simultaneously since it is desirable to generate video controlled
      discharges simultaneously in each cell of a row.
PAR  When the FIG. 1 cells are used in a display which is scanned row-by-row, it
      is desirable to transfer the scan discharge of the last ON row to the next
      adjacent row so that the next adjacent row can be primed before it
      receives its video signals. This row-by-row transfer of the scan discharge
      can be effected, for example, by removing the ground connection to the
      cathode conductor of the ON row and grounding the cathode conductor of the
      adjacent row to which the discharge is to be transferred.
PAR  A typical application for the type of cells shown in FIG. 1 is where, when
      a discharge is created in a cell, a cathode "glow" is established around
      the cathode of the ON cell. It is this glow which is then used as the
      visible light output of the cell.
PAR  When a gas discharge panel which is constructed generally as shown in FIG.
      1 is used to display a television image, it will need approximately 500
      columns of cells and a corresponding number of video anodes, one for each
      column. For each video anode, a video driver is required to supply it with
      a video signal having an amplitude in the order of 250 volts. As pointed
      out above, it is presently impractical to fabricate video drivers capable
      of handling 250 volts in integrated circuit form. Therefore, a separate
      discrete video driver is required for each of the 500 video anodes. It is,
      therefore, highly desirable to reduce the required level of video driver
      to 100 volts or less so that the video drivers may be fabricated in
      integrated circuit form. This would make such gas discharge displays much
      more practical and economical, particularly for consumer use.
PAR  The gas discharge cells shown in FIG. 1 are, in accordance with one aspect
      of this invention, improved as shown in FIG. 2 to reduce the required
      level of video driver for the video anodes.
PAR  As shown in FIG. 2, the improved construction still utilizes a set of
      column-wise extending priming anodes 10A and 10B and a row-wise extending
      cathode conductor 12. The scan discharges are established in the same
      manner as described above for FIG. 1. In the improved cells of FIG. 2,
      however, there are included priming anodes 24A and 24B which are coupled
      to a source 26 of priming pulses. The illustrated version of each priming
      anode 24A and 24B has a number of electrodes 22 which protrude into the
      main discharge chambers of the cells and a like number of current limiting
      resistors 26.
PAR  With a row of scan discharges established between scan anodes 10A, 10B and
      cathode conductor 12, a priming pulse is applied to priming anodes 24
      prior to the application of video signals to video anodes 14A and 14B. If
      the priming pulse has an amplitude of approximately 250 volts, a discharge
      will be established between the electrode 22 nearest cathode 12. Although
      a priming pulse of this amplitude is insufficient to initiate a discharge
      between the electrode 22 farthest from cathode 12, a discharge will
      nevertheless propagate upwardly from one electrode 22 to another until a
      discharge exists between cathode conductor 12 and each electrode 22 of
      priming anodes 24. This propagation of the discharge upwardly through the
      display discharge chambers is caused by the priming of adjacent areas of
      the chambers by the discharge which is first established between the
      electrode 22 which is closest to cathode conductor 12. For example, when a
      discharge is established between the electrode 22 closest to cathode 12,
      electrons, ions and metastables diffuse upwardly toward the next closest
      electrode, thus priming that area and enabling a discharge to be
      established at that next adjacent electrode without the need for a higher
      level priming pulse at that electrode. This propagation of the discharge
      continues until a discharge is established along the length of the display
      discharge chamber adjacent each electrode 22.
PAR  With a substantial length of the FIG. 2 cell primed, the discharge
      initiated by priming anode 24 is easily sustained by a relatively low
      level video signal applied to video anode 14. The video signal must begin
      during the presence of a priming pulse in order to sustain the discharge.
      Once the video signal controls the discharge, it can modulate it in
      accordance with the information content of the video signal.
PAR  Because of the discharge created in the display discharge chambers by
      priming anodes 24A and 24B, these chambers may be longer than their
      counterparts of FIG. 1 while still not requiring a high level video signal
      on video anode 14A and 14B. The increase in distance now possible between
      cathode conductor 12 and video anodes 14A and 14B allows a longer and more
      efficient positive column to be established in each cell. Therefore, the
      cells constructed according to FIG. 2 will generally be used to create a
      light output by exciting a phosphor target (not shown) with the positive
      column rather than relying on the light from the cathode glow.
PAR  FIG. 3 shows another pair of gas discharge cells which illustrate another
      aspect of this invention. In the description of the FIG. 3 cell
      structures, reference will be made only to the elements of cell A to
      simplify the discussion. Elements of cell B operate in the same manner as
      their cell A counterparts.
PAR  As shown in FIG. 3, cathode conductor 30 is grounded through switch 31. It
      is the bottom-most element of these cells and contains no apertures as the
      cathode conductors of FIGS. 1 and 2 do. Situated above cathode conductor
      30 are scan anodes 32A and 32B, corresponding to columns A and B,
      respectively. Each scan anode is connected to a suitable DC voltage source
      through current limiting resistors 35A and 35B. In this embodiment, a scan
      discharge chamber exists above cathode conductor 30, between it and scan
      anode 32A. This scan discharge chamber is now adjacent to the display
      discharge chamber existing between scan anode 32A and video anode 34A.
PAR  Cell A of FIG. 3 includes video anode 34A, video signal source 36A, and
      switch 38A for applying a video signal to video anode 34A. Along the
      display discharge chamber of cell A is situated a priming anode 40A for
      priming the cell. One difference between priming anode 40A of FIG. 3 and
      priming anode 24A of FIG. 2 is that priming anode 40A does not protrude
      into the main discharge chamber of cell A. A sheet of insulation (not
      shown) is positioned between priming anode 40A and the cell. If priming
      anode 40A is made of a conductive material, the insulator between it and
      its adjacent cell will act as a dielectric so that an effective capacitor
      is formed between priming anode 40A and cathode conductor 30.
PAR  In operation, a row of scan discharges is first generated between cathode
      conductor 30 and each scan anode with which it communicates. Next, a
      priming pulse from source 42 is applied to priming anodes 40A and 40B (and
      every other priming anode of that row). Because of the capacitive coupling
      between priming anode 40A and cathode conductor 30, an electric field is
      established in the display discharge chamber of cell A. Because of this
      electric field and the fact that the scan discharge of cell A is adjacent
      to its display discharge chamber, the discharge is drawn up into each cell
      and toward priming anode 40A. Because of the proximity of that portion of
      priming anode 40A which is nearest to cathode conductor 30, the discharge
      is first drawn or extended to that lower portion thereof. This extended
      discharge tends to prime adjacent areas of the display discharge chamber
      adjacent to priming anode 40A and permits the discharge to be drawn
      upwardly until it extends to that portion of priming anode 40A which is
      farthest from cathode conductor 30.
PAR  The electrons which are thus drawn toward priming anode 40A tend to
      discharge the capacitor formed between priming anode 40A and cathode
      conductor 30 so that the extended discharge in the display discharge
      chamber tends to automatically decay as the capacitor is discharged.
      However, before the discharge in cell A terminates, a video signal is
      applied to video anode 34A through switches 38A for sustaining and
      modulating the capacitively induced discharge in accordance with the
      information content of the video signal.
PAR  As with the FIG. 2 embodiment, the video signal applied to video anode 34A
      of the FIG. 3 embodiment need not be large since the cell has already been
      primed by the capacitively induced discharge in its display discharge
      chamber.
PAR  In addition to the efficient priming made possible by priming anode 40A in
      FIG. 3, the ordering of electrodes 34A, 32A and 30 within cell A also
      helps promote very efficient priming. Because of the fact that with the
      FIG. 3 structure the scan discharge area (between scan anode 32A and
      cathode conductor 30) is adjacent to the display discharge area (between
      video anode 34A and scan anode 32A) the electron cloud which exists in the
      scan discharge area is easily drawn into the display discharge area to
      supply it with a rich source of electrons. This "electron injection" of
      the electron cloud into the display discharge area will prime the display
      discharge area so that a discharge can be established therein much more
      easily than in many prior art priming methods. For example, in FIG. 1 the
      display discharge area of cell A is between video anode 14A and cathode
      conductor 12. The display discharge area of this prior art structure is
      primed by the diffusion of gas metastables through aperture 18 in cathode
      element 12 and up into the display discharge area. A disadvantage of the
      diffusion priming of the display discharge area by gas metastables is that
      the voltages which must be applied to create a fast discharge in the
      display discharge area will be larger than those required for a structure
      in which the main discharge area is primed by electron injection. Another
      disadvantage of such priming is that the gas metastables have a relatively
      long lifetime in comparison to that of the electrons used in electron
      injection priming. As a result, the scanning rate of such a prior art gas
      discharge cell is reduced by at least an order of magnitude over the
      scanning rate possible with electron injection priming.
PAR  In order to take full advantage of this invention, it is desirable that a
      gas discharge cell use electron injection priming and a priming anode
      adjacent to the display discharge area as shown schematically in FIG. 3.
      In addition, the cell should be so constructed that a minimum number of
      priming anodes are required in order to minimize the number of high
      voltage drivers required to provide the high voltage priming pulses.
      However, the capacitive priming electrodes of FIG. 3, 40A and 40B, may
      also be used with the type of cells shown in FIG. 2 to establish
      discharges in the display discharge chambers, which discharges may then be
      sustained and controlled by a relatively low level video signal on video
      anode conductors 14A and 14B.
PAR  An embodiment of this invention which includes the above-described
      efficient priming with a minimum number of discrete high voltage drivers
      is shown in FIG. 4 in which certain dimensions have been exaggerated for
      clarity. The dimensions and materials of the FIG. 4 structure will be
      specified in the discussion below.
PAR  As shown, the gas discharge panel incorporating the above-described aspects
      of this invention includes a center sheet 44 which has an array of rows
      and columns of bore-like cavities 46. Each cavity 46 is for enclosing a
      gas discharge and extends through sheet 44 from front to back.
PAR  Sheet 48 has a like array of rows and columns of apertures 50. When sheet
      48 is mated with center sheet 44, each aperture 50 is aligned with a
      particular cavity 46 as indicated by dashed lines 52. When so mated,
      apertures 50 and cavities 46 communicate as shown and form an array of
      cells terminating in tub-like recesses. The bottom area of each tub is
      phosphor-coated so as to emit light when excited by a gas discharge.
PAR  The cells of the FIG. 4 gas discharge panel have a novel cathode structure,
      claimed in co-pending application Ser. Nol 527,569, filed Nov. 29, 1974,
      which operates as a hollow cathode for generating efficient high current
      gas discharges. In addition, a portion of the FIG. 4 cathode structure is
      adapted to generate an auxiliary or scan discharge in each ON row of
      cells, which discharge can be transferred to the next adjacent row by the
      row-by-row energization of successive cathodes in a manner to be
      described.
PAR  For each row of cells, there is a row-wise extending pair of cathode
      scanning wires. Wires 52A communicate with row A, wires 52B with row B,
      etc.
PAR  Situated within slots 58 in center sheet 44 is a set of column-wise
      extending scan anodes 56, one for each column of the array. In operation,
      scan anodes 56 receive a DC voltage to establish scan discharges between
      themselves and the pair of cathode scanning wires 52 which correspond to
      the row of cells then being scanned. This scan discharge which exists in
      the scan discharge area between scan anodes 56 and cathode scanning wires
      52 has a relatively low current.
PAR  However, since cathode scan wires 52A, 52B, etc. each have a relatively
      small surface area, they are easily covered with a catode glow at low
      currents. Having the scan wires completely covered by the glow is
      desirable because it keeps them "clean" and prevents mis-scanning between
      "dirty" wires. Being able to have ones scan electrodes completely covered
      with the glow at low scan currents is an advantage over some prior art
      scan electrodes which have a ribbon-like geometry and a much larger
      surface area. In such cases, a much larger scan current must be
      established to completely cover the scan electrode.
PAR  Before applying a video signal to the cells of row A to modulate the scan
      discharge, the intensity of the scan discharge will be greatly increased
      to provide a much greater source of electrons for the display discharge.
      This increase in the current density of the scan discharge is accomplished
      by causing a hollow cathode to exist between cathode scan wires 52A and
      cathode sheet 54. The hollow cathode effect is created by placing cathode
      sheet 54 and cathode scan wires 52A at or near the same potential, -100
      volts DC for example, thereby causing cathode sheet 54 to participate,
      along with cathode scan wires 52A, in the generation of electrons for the
      gas discharges occurring in row A. With cathode scan wires 52A positioned
      adjacent and essentially parallel to cathode sheet 54, the adjacent
      surfaces of each cathode element "see" each other and, as a result,
      operate together as a row of hollow cathodes for generating a row of high
      current gas discharges.
PAR  When the high current gas discharges are no longer required for row A,
      cathode sheet 54 is de-energized, thus returning row A to a low current
      gas discharge condition. This low current scan discharge may be scaned
      from row-to-row by the application of scanning signals to cathode scanning
      wires 52. The way in which the scanning is accomplished and the way in
      which cathode sheet 54 is energized to establish the hollow cathodes will
      be discussed below.
PAR  Continuing with a description of the other elements of the FIG. 4 panel, a
      set of column-wise extending video anodes 60 are situated within slots 62
      in center sheet 44. Anodes 66 are adapted to receive an
      information-bearing video signal for generating a gas discharge and a
      visible light output in a manner to be described hereinafter. Note that
      video anodes 60 are in communication with apertures 50 through grooves 64.
PAR  Front sheet 66 is a transparent insulator which covers the entire top of
      the panel. It has a transparent conductive film 68 on the side opposite
      apertures 50 which acts as one plate of a capacitive priming electrode in
      a manner to be described.
PAR  The operation of the FIG. 4 gas discharge panel is as follows. With each
      scan anode 56 returned to a source of DC voltage of +250 volts, for
      example, and with a scanning pulse of -100 volts applied to scanning wire
      pair 52A, a row of scan discharges will be generated between each scan
      anode 56 and cathode wire pair 52A. Thus, one entire row of cells will
      contain a low current discharge extending between elements 56 and 52A.
PAR  The waveforms shown in FIG. 5 are illustrative of the signals applied to
      the various electrodes of the FIG. 4 panel. A typical television signal is
      also shown to illustrate the time correspondence between it and the other
      waveforms.
PAR  Waveform A is applied to cathode scanning wire pair 52A to generate a
      series of discharges along row A. At this point, cathode sheet 54 is
      non-emitting and contributes nothing to the discharges existing in row A.
      At time t.sub.1 waveform D drives cathode sheet 54 negative 100 volts,
      thereby permitting cathode sheet 54 to participate in the generation of
      electrons for row A. When this occurs, scanning wire pair 52A and the
      portion of cathode sheet 54 adjacent thereto together form a hollow
      cathode which generates a high current gas discharge in each cell of row
      A.
PAR  At time t.sub.2, as indicated by waveform E, a priming pulse of +350 volts
      is applied to conductive film 68 on front sheet 66. Since conductive film
      68 is insulated from other elements of the panel by insulating sheet 66,
      an effective capacitor is formed between conductive film 68 and cathode
      sheet 54. When the priming pulse is applied to conductive film 68, a brief
      electric field is established throughout each cell of the array. In the
      case of the row A cells where a high current density gas discharge is
      taking place between cathode sheet 54 and scan anodes 56, the discharge is
      drawn toward film 68 through cavities 46, into the tubs formed by
      apertures 50. Since conductive film 68 completely covers each tub, the gas
      discharges in row A will spread uniformly throughout each tub in row A.
      The rush of electrons toward conductive film 66 tends to discharge the
      capacitor formed between conductive film 66 and cathode sheet 54 so that,
      left alone, the electric field and the gas discharges within apertures 50
      of row A would automatically decay. However, prior to the decay of the
      discharges in apertures 50 of row A, a video signal, such as waveform F in
      FIG. 5, is applied to each video anode 60. The positive potential thus
      applied to video anodes 60 causes the gas discharges then present in
      apertures 50 of row A to be pulled into grooves 64 of row A and sustains
      the capacitively induced discharges in accordance with the information
      content of the video signal.
PAR  Once the video signal begins to control the main gas discharge, the priming
      pulse may be terminated. The width of the priming pulse is not critical
      since, as long as it is wide enough to insure that the video signal always
      begins during the presence of the priming pulse, the main gas discharge
      will be under the control of the video signal and the priming pulse can be
      terminated thereafter. However, the pulse should terminated before priming
      disappears in the display discharge chamber so that there will be
      particles available for the capacitor to discharge when the applied
      voltage drops to zero. Typically, the priming pulse has a duration of from
      5 to 10 microseconds.
PAR  The action of the capacitive priming electrode (conductive film 68) is
      similar to the action of priming anode 40 of FIG. 3. In both cases, the
      priming electrode has one portion which is closer to the cathode than a
      more distant portion, thereby enabling it to draw the discharge into the
      display discharge chamber by a relatively low priming voltage. The
      discharge is then propagated along the length of the priming electrode and
      primes a substantial portion of the display discharge path.
PAR  In FIG. 4, the display discharge path extends from a scan anode 56, through
      groove 46, across a tub formed by aperture 50 and downwardly through
      groove 64 to video anode 60. Since the priming electrode consisting of
      conductive coating 68 entirely covers each tub, the priming will be drawn
      up into and throughout each tub in the ON row, thereby priming
      substantially the entire distance between cathode plate 54 and video anode
      60.
PAR  Note that the amplitude of the video signal required to continue or sustain
      the display discharge through the cavities is only approximately 250
      volts, which is less than that required to initiate a discharge. The 250
      volts which sustains the display discharge is in part a DC voltage and in
      part an AC signal voltage. If the video anodes are DC biased at a voltage
      less than the sustain voltage, say 150V, then it is only necessary that
      the AC signal voltage supplied by the video drivers have an amplitude of
      100 volts. Video drivers capable of supplying a 100 volt AC signal voltage
      are capable of being fabricated in integrated circuit form. Therefore, a
      gas discharge panel constructed according to FIG. 4 avoids the expense
      associated with prior art panels requiring a discrete high voltage video
      driver for each video anode.
PAR  Although the priming pulse required to draw the discharge upward into the
      tubs is 350 volts, a higher voltage than integrated circuit drivers can
      normally handle, only one driver capable of handling such a large pulse is
      required for this panel since front sheet 66 and conductive film 68 cover
      and prime each cavity of the panel simultaneously. The ability to prime
      each cell of the panel with a single high voltage driver, combined with
      the efficient priming of the main discharge area by electron injection
      makes such gas discharge panels commercially feasible by permitting the
      use of relatively inexpensive integrated circuit video drivers.
PAR  Referring to FIG. 5, video signal F which is applied to a video anode may
      modulate the gas discharge in a cell and the resultant light output
      thereof by having a variable amplitude or by having a variable pulse width
      with a constant amplitude. In either case, the video signal terminates at
      a time t.sub.4 which occurs while the forward and rear cathode elements,
      52 and 54 respectively of the FIG. 4 panel, are still in the hollow
      cathode mode.
PAR  At the termination of the video signal, the discharge present between video
      anodes 60 and cathode sheet 54 collapses, reverting to a scanning
      discharge in the scan discharge chambers of the ON row.
PAR  At t.sub.5, the cathode control pulse (waveform D of FIG. 4) goes positive
      and effectively removes cathode sheet 54 from participation in the
      generation of the discharge. With the cathode control pulse having a
      shorter duration than the scanning pulse (waveform B) and time positioned
      such that it is applied to cathode sheet 54 subsequent to the application
      of the scanning pulse to a pair of cathode scanning wires and extinguished
      prior to the removal of the scanning pulse from the scanning wires, no
      cell will have a high current gas discharge when the rows are being
      scanned. Instead, only a low current scan discharge will exist at that
      time to provide a condition for the cells in which the gas discharge is
      more easily transferred to an adjacent row.
PAR  Referring to FIG. 5 again, at t.sub.6 the scanning pulse for row B of the
      panel goes negative 100 volts and transfers the scan discharge from row A
      to row B. Concurrently, the scanning pulse applied to row A goes positive.
PAR  At t.sub.7, cathode sheet 54 is pulsed negative again as indicated in
      waveform D. This establishes a row of hollow cathodes in row B and
      generates a high current scan discharge between the hollow cathode of row
      B and each scan anode 56. Shortly thereafter, a priming pulse (waveform E)
      is applied to conductive film 68 to draw the scan discharge up into the
      display discharge area and thus to prime each cavity and tub in row B. A
      video signal is then applied to each video anode 60 to sustain the display
      discharge and control it in accordance with the information content of the
      video signal.
PAR  At t.sub.8, when row B is to be extinguished, the scanning pulse applied to
      scanning wire pair 52B of row B goes positive while the scanning pulse of
      the next adjacent row concurrently goes negative to transfer the discharge
      from row B to row C.
PAR  This method of scanning rows of a gas discharge panel by the transfer of
      the discharge to the next adjacent row can be applied to a panel having
      any number of rows. For example, in a panel having rows r.sub.l -r.sub.n
      and a corresponding number of pairs of scanning wires w.sub.l -w.sub.n, a
      repetitive set of negative going scanning pulses p.sub.l -p.sub.n
      successively time space from one another as shown in FIG. 4 will cause the
      discharge to move from row r.sub.l to row r.sub.n in synchronism with
      scanning pulses p.sub.l -p.sub.n.
PAR  In the case of a panel having n rows, one need not have n distinct scanning
      pulses. If the rows are broken down into groups of perhaps seven rows per
      group, the same pulse applied to row 1 of group 1 may be applied to row 1
      of group 2, row 1 or group 3, etc. In that way, corresponding rows of the
      different groups of rows will receive the same scanning pulse. These rows
      will not all have a gas discharge concurrently established within them
      since the discharge only travels to adjacent rows.
PAR  Referring again to the structure illustrated at FIG. 4, it is apparent that
      the panel shown therein is of greater simplicity than many prior art
      panels. For example, unitary center sheet 44 contains each recess and slot
      and thus does away with the need for matching up separate sheets or layers
      which must be in accurate registration with one another. Since center
      sheet 28 consists of nothing but holes, slots and grooves, no elaborate
      machining is required to reproduce it.
PAR  An additional advantage of the FIG. 4 structure is that it can be tiled;
      that is, one large panel can be made up of many discrete small center
      sheet portions which fit together in a pattern or mosaic to form one
      larger panel. Then, to insert the various wire electrodes such as scan
      anodes 56, video anodes 60, or cathode wires 52, each set of wires can be
      assembled on a harp-like jig with the wires spaced apart and held tautly
      in place. With the various small tiles assembled, the harp can be placed
      over the panel and the wires guided into place into their respective
      grooves. Fitting the wires into their proper grooves has the effect of
      aligning the tiles to their proper positions. Then, by fritting the harp
      into place with a glass frit, one may have what amounts to a reinforced,
      very sturdy and self-supporting structure. The fact that the assembled
      structure is self-supporting is an important advantage over many prior art
      panels which require additional layers merely for imparting rigidity to
      the completed structure. The panel can then be flipped over on its other
      side and the remaining wires can be laid in their appropriate grooves and
      fritted into place.
PAR  Since cathode sheet 54 is one large, unitary element there is no problem of
      registering it with the bottom side of the panel. Likewise, sheet 48 may
      be one large piece which need only be laid over center sheet 44 and
      brought into proper registration. Finally, front sheet 66 is laid over the
      entire front of the panel and joined thereto, thus completing the assembly
      of the panel, with the exception of top and bottom glass covering plates
      which may sandwich the completed structure. When it is desirable to make
      use of the filing concept, it is preferred that the tiles which constitute
      the perimeter of the panel not have cells along their outer edges. This
      will avoid the problem of sealant contaminating cells which are near the
      edges of the panel. The perimeter tiles should, however, include the slots
      and grooves for the various sets of wire conductors.
PAR  The FIG. 4 structure is shown as having grooves 46 which run from the front
      of center sheet 44 through to the back of it. With this structure a viewer
      may possibly be able to see part of the cathode glow which exists at the
      bottom of each cavity. Although the amount of light which escapes through
      to the front of the panel is small, it could reduce the overall contrast
      ratio. Therefore, grooves 46 may be slanted so that a viewer looking at
      the panel from the front would be unable to see any part of cathode glow.
PAR  Grooves 46, shown as being generally circular in FIG. 4, may also be
      rectangular. In that case, the rectangular "grooves" will have a
      lengthwise dimension extending from the front to the back of center sheet
      44 and a lateral dimension which is preferably equal to the width of
      apertures 50. The "height" of such rectangular grooves should be the
      smallest groove dimension, thereby giving the groove a "squashed"
      appearance. The theory behind the squashed groove is explained in detail
      in copending application Ser. No. 436,294, assigned to the assignee of
      this invention.
PAR  Additional advantage of the FIG. 4 structure is that the video voltages
      which are applied to the video anodes are relatively low, lower than the
      breakdown voltage of the gas itself. Since there is no video voltage
      present between adjacent video anodes that is higher than the sustaining
      voltage of the gas, the problem of cross-firing, leakages and back-fires
      that may occur in gas plasma tubes disappears.
PAR  As pointed out above, the scannable hollow cathode structure of FIG. 4
      permits the generation of efficient high current density gas discharges at
      low gas pressures. Such reduced gas pressures permit higher electron
      temperatures to exist, thereby making the whole panel even more efficient
      and enabling the panel to run at a lower power consumption.
PAR  Specifically, the pressures and gases found suitable for the FIG. 4
      structure are helium at a pressure of 100 torr and mercury at a pressure
      of 0.08 torr. At these pressures, highly efficient gas discharges are
      generated, as explained in detail in said copending application Ser. No.
      436,294.
PAR  The preferred dimensions and materials for constructing the embodiment of
      this invention shown in FIG. 4 will now be given. Referring to FIG. 4,
      front sheet 66 is a piece of glass having a thickness on the order of 4-6
      mils with a transparent conductive film 68 of tin oxide disposed thereon.
PAR  The next layer in the FIG. 4 structure is tub-forming sheet 48 which is
      preferably made of mica with a thickness of approximately 4 mils. The
      major axis (length) of each aperture 50 in sheet 48 is 38 mils while the
      minor axis (width) is 10 mils. The center to center spacing of apertures
      50 in the row-wise direction is 20 mils and the center to center spacing
      in the column-wise direction is 43 mils. Mica is preferred for this sheet
      since it is easy to punch-form apertures 50 therein so as to produce
      nicely formed holes. Another alternative for sheet 48 is that it be thin
      glass with an array of apertures that are etched in a manner well known in
      the art.
PAR  Center sheet 44 is preferably made of a machinable glass ceramic or soda
      lime glass. However, whatever is used for center sheet 44 must have a
      co-efficient of expansion which is compatible with the other elements of
      the structure so that when the various layers are sealed together in a
      package the integrity of the seal will not be impaired.
PAR  The front-to-back length of center sheet 44 is preferably about 75 mils.
      Grooves 46 have a diameter of from 10-15 mils.
PAR  Wires 60 which constitute the video anode conductors and wires 52 which
      constitute the cathode scanning wires and wires 56 which constitute the
      scan anode conductors are all 5 mils in diameter.
PAR  Column-wise extending slots 62 are 6 mils wide and from 6 to mils deep.
      Grooves 64 which communicate with slots 62 are typically about 10 mils
      deep, just deep enough to place video anodes 60 somewhat beneath the tubs.
PAR  Slots 58 near the rear of center sheet 44 are in the order of 15 mils wide
      and 40 mils deep. Scan anodes 56 are inserted all the way into slots 58 as
      shown in FIG. 4.
PAR  The row-wise extending slots which hold cathode scanning wires 52 are
      approximately 6 mils wide and about 15 mils deep. Cathode scanning wires
      52 are inserted all the way into their respective slots so that there is a
      gap between them and cathode plate 54. The center to center spacing
      between the wires of any pair of wires in a row is approximately 25 mils.
      The center to center spacing between adjacent pairs of wires is 43 mils.
      The 43 mil spacing between one row and another is appropriate for a 35
      inch diagonal flat panel television display.
PAR  The final layer of the FIG. 4 structure is cathode sheet 54 which is
      preferably about 3 mils thick and made of a metal commonly known as Alloy
      Number 4, available from Sylvania Electric Products, Inc., Warren, Pa.
PAR  When the FIG. 4 structure is fully assembled, it may include a top glass
      covering plate and a bottom glass plate between which the layers shown in
      FIG. 4 are sandwiched. The entire structure may then be sealed together
      with a suitable sealant such as pyroceram or any other suitable sealant.
      Transparent conductive film 68 may be deposited on the underside of the
      front glass covering plate rather than on top of sheet 66. In either case,
      transparent conductive film 68 will be sandwiched between sheet 66 and the
      top glass covering plate.
PAR  A system for displaying television images on the type of panel shown in
      FIG. 4 is illustrated in block diagram form in FIG. 6. The individual
      elements which drive the gas discharge panel are generally well known in
      the art.
PAR  Television receiver 70 provides the system with a source of a video signal,
      a horizontal sync signal and a vertical sync signal. The video signal is
      applied to sample and hold network 72 which samples the video signal once
      each horizontal line time in synchronization with the horizontal sync
      signal.
PAR  Linear gates 74 receive the horizontal sync signal from television receiver
      70 and, when triggered by the horizontal sync signal, apply the sampled
      video signal stored in network 72 to individual hold circuits 76, one for
      each column of cells. Each hold circuit is coupled to a corresponding
      video anode driver 78 for driving video anodes 60 of the FIG. 4 panel.
PAR  Panel 80 is constructed according to FIG. 4 and consists, for example, of a
      490 by 1400 array of cells.
PAR  Cathode scanning wires 81 are driven by seven phase cathode driver 82.
      Driver .phi..sub.1 drives cathode scanning wires 1, 8, 15, etc., while
      cathode driver .phi..sub.2 drives cathode scanning wires 2, 9, 16, etc.
PAR  Shift register 84 receives and resets on a vertical sync signal from
      television receiver 70 and drives seven phase cathode driver 82 to cause
      successive rows of panels 80 to be scanned in synchronism with the
      vertical and horizontal sync signal.
PAR  Priming pulser 86 receives the horizontal sync signal for developing a
      priming pulse (waveform E of FIG. 5) which is applied to conductive film
      68 on front sheet 66 (FIG. 4).
PAR  Cathode sheet pulser 88 also receives the horizontal sync signal for
      generating a cathode control pulse (waveform D of FIG. 5) which is applied
      to cathode sheet 54 (FIG. 4).
PAR  Panel 80 operates in the same manner as described above for the FIG. 4
      panel. The other blocks of the FIG. 6 system may be of conventional design
      and operate in a manner well known in the art.
PAR  While this invention has been described with specific embodiments thereof,
      it is evident that many alterations, modifications, and variations will be
      apparent to those skilled in the art in light of the above disclosure.
      This is particularly true of the way in which the priming electrode has
      been constructed and positioned. Such an electrode may be constructed in
      various ways, a preferred one of which has been specifically described
      with reference to FIG. 4. However, the broader concepts disclosed herein
      relative to the priming of the main discharge chambers are intended to
      embrace the different embodiments, alterations, and variations which fall
      within the scope of this invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in a display device having a matrix of rows and columns of light
      emitting gas discharge cells, an improved gas discharge cell comprising:
PA1  enclosure means defining a gas-filled cell cavity;
PA1  cathode means disposed near the rear of the cavity and adapted to receive
      an electrical voltage;
PA1  a video anode situated in the front end of the cavity, the space in the
      cavity between the video anode and the cathode constituting a main
      discharge path; and
PA1  a priming anode adapted to receive a priming voltage which is positive with
      respect to the cathode voltage, said priming anode extending along a
      substantial part of the main discharge path between the video anode and
      the cathode so that, when the priming voltage is applied to the priming
      anode, a part of the priming anode nearest the cathode establishes a
      priming discharge in the cavity between the cathode and the priming anode,
      which discharge is progressively propagated by the priming anode along the
      main discharge path toward the video anode so that a substantial portion
      of the distance between the cathode and the video anode is primed, thereby
      permitting the use of a low level video signal on the video anode to
      sustain and control the primed discharge.
NUM  2.
PAR  2. A gas discharge cell as set forth in claim 1 which further includes scan
      anode means situated in the cavity forward of said cathode means, the
      space between said cathode means and said scan anode means constituting a
      scan discharge chamber, and wherein said priming anode is situated between
      scan anode means and said video anode, the space between said video anode
      and said scan anode means constituting a main discharge chamber which is
      primed by the diffusion of electrons from the scan discharge chamber and
      by the action of said priming anode.
NUM  3.
PAR  3. A gas discharge cell as set forth in claim 1 wherein said priming anode
      is capacitively coupled to the cavity so as to establish a brief high
      energy electric field in the cavity upon application of a priming pulse
      thereto and an automatically decaying discharge therein and wherein said
      video anode receives an information containing electrical signal for
      sustaining the capacitively induced discharge in accordance with the
      information content of the electrical signal.
NUM  4.
PAR  4. A gas discharge cell as set forth in claim 3 wherein said priming anode
      comprises a transparent insulator disposed near the front of the device
      and covering at least a part of the cavity, said insulator having a
      transparent conductive film on a side thereof opposite the cell cavity.
NUM  5.
PAR  5. In combination with a gas discharge cell as set forth in claim 3, means
      for applying to said priming anode a periodic priming pulse of
      predetermined duration for establishing a periodic discharge in the cell,
      and means for applying to said video anode a video signal which begins
      during the presence of a priming pulse and which modulates the discharge
      in accordance with the information contained therein.
NUM  6.
PAR  6. A gas discharge display device having a matrix of rows and columns of
      light emitting gas discharge cells comprising:
PA1  enclosure means defining a plurality of gas-filled cell cavities;
PA1  cathode means and anode means disposed across said cavities and near
      opposite ends thereof for sustaining a gas discharge therebetween; and
PA1  a flat, transparent glass plate comprising a part of said enclosure means
      through which the cells are viewed and having a transparent conductive
      film and a side of the plate opposite the cavities, said film comprising
      one plate of a capacitor for receiving a periodic priming pulse for
      establishing an automatically decaying electric field between said plate
      and the cathode means so as to induce a gas discharge therebetween and to
      permit the continuation of the discharge by a voltage applied to the anode
      means that is less than required to initiate a discharge.
NUM  7.
PAR  7. A gas discharge display device as set forth in claim 6 including means
      for supplying to said anode means an information-bearing anode pulse which
      begins during the presence of a priming pulse and which modulates the
      discharge in accordance with the information contained therein.
NUM  8.
PAR  8. A gas discharge device comprising:
PA1  a matrix of rows and columns of gas-filled discharge cells;
PA1  an array of electrodes in the device arranged in the following order from
      the back to the front of the device:
PA2  cathode means;
PA2  scan anode means for establishing a scanning discharge between itself and
      the cathode means;
PA2  video anode means for receiving an information-bearing signal; and
PA2  a flat transparent glass plate covering each cell cavity and having a
      transparent conductive film thereon, said film acting as one plate of a
      capacitor and being adapted to receive a periodic priming pulse for
      establishing an electric field between itself and the cathode means so as
      to induce a brief gas discharge therebetween and permit the video anode
      means to sustain the discharge with a relatively low voltage signal.
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PAL  A method and device for driving a matrix type liquid crystal display
      element, wherein an alternating voltage .-+.1/6V.sub. O of one-sixth times
      as great as a selected voltage V.sub.O is applied to a non-selected X
      line, an alternating voltage .+-.1/6V.sub. O opposite in phase to the
      alternating voltage applied to the non-selected X line is applied to a
      non-selected Y line, an alternating voltage .+-.1/2V.sub.O opposite in
      phase to the alternating voltage applied to the non-selected X line is
      applied to a selected X line, and an alternating voltage .-+.1/2V.sub.O
      opposite in phase to the alternating voltage applied to the selected X
      line is applied to a selected Y line, whereby an alternating voltage of
      .+-. V.sub.O is applied to a selected dot at an intersection of the
      selected X and Y lines.
BSUM
PAR  The present invention relates to a method and device for driving a matrix
      type liquid crystal display element.
PAR  For a method for scanning the matrix type liquid crystal display element,
      there have been known a one point-at-a time method in which each
      intersection of columns and rows of the matrix is scanned in succession
      and a one line-at-a time method in which all intersections on either one
      line of the columns and rows in the matrix are simultaneously driven while
      each line is scanned in succession.
PAR  In a display system of the liquid crystal element, there are know
      transmissive type and reflective type systems. In the transmissive type
      system, the liquid crystal exhibits light transmissive nature upon the
      non-application of a certain voltage thereto but exhibits light scattering
      nature to become turbid upon the application of the certain voltage
      V.sub.0 (hereinafter defined as a selected voltage) thereto. In this
      specification, the row and column of the matrix are defined as X and Y
      lines respectively, dots at the intersections of the selected X and Y
      lines are defined as selected dots, dots other than the selected dots on
      the selected X and Y lines are defined as half-selected dots, and dots on
      non-selected X and Y lines are defined as non-selected dots.
PAR  In the one line-at-a time method, the driving of the selected-dots to be
      turbid causes all the half-selected dots on the selected X line to be
      turned turbid and hence it is often impossible to selectively render only
      the predetermined dots turbid. The reason is that a cross talk voltage is
      applied to dots other than the selected dots because the liquid crystal
      display element has a bi-directional nature.
PAR  In order to remove the problem of the cross talk, an average cross talk
      voltage method is known which averages the cross talk voltage applied to
      the dots other than the selected dots.
PAR  One of the conventional methods is shown in TABLE 1 in which the voltage of
      .+-. V.sub.0 at the time of selection and the voltage of .+-.1/3V.sub.0 at
      the time of non-selection are applied to the X lines while the voltage of
      0(V) at the time of selection and the voltage of .+-.1/3V.sub.0 at the
      time of non-selection are applied to the Y lines in order to apply the
      voltage of .+-. V.sub.0 to the selected dots, the voltage of
      .+-.1/3V.sub.0 to the half-selected dots and the voltage of .-+.1/3V.sub.0
      to the non-selected dots, respectively.
TBL                TABLE 1                                                     
     ______________________________________                                    
            Y         Selected line Non-selected line                          
     X                0(V)          .+-.2/3V.sub.0                             
     ______________________________________                                    
     Selected                                                                  
                  .+-.  V.sub.0 .+-.1/3V.sub.0                                 
     line .+-.  V.sub.0                                                        
     Non-                                                                      
     selected                                                                  
                  .+-.1/3V.sub.0                                               
                                .-+.1/3V.sub.0                                 
     line .+-.1/3V.sub.0                                                       
     ______________________________________                                    
PAR  It is to be noted that signs .+-., .-+. preceding the voltage indicate a
      phase relation and the sign .+-. is opposite in phase to the sign .-+..
PAR  In this system, however, the application of the voltage of .+-. V.sub.0 to
      the X line at the time of selection causes the amplitude of the voltage to
      be 2V.sub.0 at the output stage of a driving circuit and generally imposes
      the requirement of a withstand voltage above 2V.sub.0 on a switching
      element.
PAR  In general, the voltage V.sub.0 is of the order of 20 volts, and this fact
      leads to a great obstruction when the driving circuit is to be realized in
      the form of integrated circuits (IC) or large scale integrated circuits
      (LSI).
PAR  Accordingly, a primary object of the present invention is to provide a
      novel method for driving a matrix type liquid crystal display element
      which permits a withstand voltage to be reduced in a driving circuit and
      to provide a novel device employing such a method.
PAR  According to one aspect of the present invention, there is provided a
      method for driving a matrix type liquid crystal display element driven by
      the predetermined number of X lines and the predetermined number of Y
      lines, comprising the step of applying to a non-selected X line an
      alternating voltage .-+.1/6V.sub.0 of one-sixth times as great as a
      voltage V.sub.0 required for rendering the liquid crystal opaque, the step
      of applying to a non-selected Y line an alternating voltage .+-.1/6V.sub.0
      opposite in phase to the alternating voltage applied to the non-selected X
      line, the step of applying to a selected X line an alternating voltage
      .+-.1/2V.sub.0 opposite in phase to the alternating voltage applied to the
      non-selected X line, and the step of applying to a selected Y line an
      alternating voltage .+-.1/2V.sub.0 opposite in phase to the alternating
      voltage applied to the selected X line, whereby an alternating voltage of
      .+-. V.sub.0 is applied to a selected dot at an intersection of the
      selected X and Y lines to render the selected dot opaque.
PAR  According to another aspect of the present invention, there is provided a
      device for driving a matrix type liquid crystal display element driven by
      the predetermined number of X lines and the predetermined number of Y
      lines, comprising means for applying to a non-selected X line an
      alternating voltage .-+.1/6V.sub.0 of one-sixth times as great as a
      voltage V.sub.0 required for rendering the liquid crystal opaque, means
      for applying to a non-selected Y line an alternating voltage
      .+-.1/6V.sub.0 opposite in phase to the alternating voltage applied to the
      non-selected X line, means for applying to a selected X line an
      alternating voltage .+-.1/2V.sub.0 opposite in phase to the alternating
      voltage applied to the non-selected X line, and means for applying to a
      selected Y line an alternating voltage .-+.1/2V.sub.0 opposite in phase to
      the alternating voltage applied to the selected X line, whereby an
      alternating voltage of .+-. V.sub.0 is applied to a selected dot at an
      intersection of the selected X and Y lines to render the selected dot
      opaque.
PAR  The present invention is characterized in that the alternating voltages of
      .+-.V.sub.0 /2, .+-.V.sub.0 /6 which are opposite in phase to each other
      are applied to the selected and non-selected lines and the voltage applied
      to the X lines is made opposite in phase to the voltage applied to the Y
      lines to render the selected dots opaque.
PAR  The voltages at the times of selection and non-selection of the X and Y
      lines in the present invention are shown in TABLE 2.
TBL                TABLE 2                                                     
     ______________________________________                                    
            Y         Selected line non-selected line                          
     X                .-+.1/2V.sub.O                                           
                                    .+-.1/6V.sub.O                             
     ______________________________________                                    
     Selected                                                                  
                  .+-.  V.sub.O .+-.1/3V.sub.O                                 
     line .+-.1/2V.sub.O                                                       
     Non-selected                                                              
                  .+-.1/3V.sub.O                                               
                                .-+.1/3V.sub.O                                 
     line .+-.1/6V.sub.O                                                       
     ______________________________________                                    
DRWD
PAR  The above and other objects and features of the present invention will be
      understood when reading the following detailed description in conjunction
      of the accompanying drawings, in which:
PAR  FIG. 1 is a circuit diagram showing one embodiment of the present
      invention;
PAR  FIG. 2 is a particular circuit diagram showing one portion of FIG. 1;
PAR  FIG. 3 is a circuit diagram showing one embodiment in which the circuit of
      FIG. 2 is realized in the form of integrated circuits; and
PAR  FIGS. 4 and 5 are waveforms for illustrating operations of the circuit in
      FIG. 1.
DETD
PAR  FIG. 1 shows one embodiment of a circuit arrangement according to the
      present invention. In the figure, an 8 .times. 8 matrix liquid crystal
      element 1 comprises two glass plates on one of which transparent
      conductive films 2 such as Nesa (a trade name) are latterally arranged and
      on the other of which they are longitudinally arranged. The two glass
      plates are superimposed on each other with an insulating spacer disposed
      therebetween which is made, for example, of melted glass several microns
      to several tens microns thick. A usual nematic liquid crystal material is
      filled in a gap between the two glass plates.
PAR  In such an arrangement, matrix electrodes are formed on the upper and lower
      glass plates of the Nesa films 2, the intersections of which operate as
      image dots. These dots exhibit a transmissive nature upon the application
      of a low voltage thereto and become opaque upon the application of a
      voltage exceeding a certain level, that is, a threshold voltage. The
      voltage which renders the dot opaque is of the order of as much as 20
      volts but depending upon the liquid crystal material. Such a liquid
      crystal display element serves as a character displaying device in
      copperation with a character generating circuit 14 as shown in FIG. 1.
PAR  An X line driving switch unit 3 selects outputs A and B from voltage
      generating circuits 7 and 8 in response to outputs 40 from an x line
      selecting circuit 4 and generates outputs on X lines 30. A Y line driving
      switch unit 5 selects outputs A and B generated through inverters 9 and 10
      in response to outputs 60 from a Y line selecting circuit 6, and generates
      outputs on Y lines 50. The Y line selecting circuit 6, on the other hand,
      selects signals appearing on the Y lines due to selection in response to a
      character signal from a character generating circuit 14 in the case where
      the liquid crystal display element is constructed as a character
      displaying device.
PAR  The output A from the voltage generating circuit 7 appears with a waveform
      as shown by V.sub.X in FIG. 4 which is an alternating voltage of
      .+-.1/2V.sub.0. The output B from the voltage generating circuit 8 appears
      with a waveform as shown by V.sub.x in FIG. 4 which is an alternating
      voltage of .+-.1/6V.sub.0. The outputs A and B from the inverters 9 and 10
      which are applied to the y line driving switch unit 5 are opposite in
      phase to the outputs A and B and are the alternating voltages as shown by
      V.sub.Y and V.sub.y in FIG. 4.
PAR  FIG. 2 shows one embodiment of a switch portion S (hatched portion is FIG.
      1) corresponding to one line of the X line driving switch unit 3.
PAR  In FIG. 2, reference numeral 11 is an inverter, and numerals 12 and 13
      semiconductor switches. The semiconductor switch 13 is rendered conductive
      when an output C from the X line selecting circuit 4 is a logic "1" while
      the semiconductor switch 12 is rendered conductive through the inverter 11
      when the output C is a logic "0". Accordingly, the switch portion
      generates an output D corresponding to the output A (the output from the
      voltage generating circuit 7) through the semiconductor switch 13 when the
      output C from the X line selecting circuit 4 is "1", and generates an
      output corresponding to the output B (the output from the voltage
      generating circuit 8) through the semiconductor switch 12 when the output
      therefrom is "0". If the output C of "1" is applied correspondingly to the
      selected X line and the output of "0" to the non-selected X line, then the
      output 30 from the X line driving switch unit 3 causes the alternating
      voltage .+-.V.sub.0 /2 as shown by V.sub.X in FIG. 4 to be applied to the
      selected X line and the alternating voltage .+-.V.sub.0 /6 such as V.sub.x
      opposite in phase to .+-.V.sub.0 /2 to be applied to the non-selected X
      line. The Y line driving switch unit 5 includes similar elements and
      receives the voltages opposite in phase to the outputs A and B, so that
      the output 50 from the Y line driving switch unit 5 causes the alternating
      voltage of .-+.1/2V.sub.0 as shown by V.sub.Y in FIG. 3 to be applied to
      the selected Y line and the alternating voltage of .+-.1/6V.sub.0 such as
      V.sub.y opposite in phase to .-+.1/2V.sub.0 to be applied to the
      non-selected Y line.
PAR  As a result, the voltage applied to the selected dots disposed at the
      intersections of the selected X and Y lines is
EQU  .+-.1/2V.sub.0 - (.-+.1/2V.sub.0) = .+-.V.sub.0,
PAL  the voltage applied to the half-selected dots on the selected X line is
EQU  .+-.1/2V.sub.0 - (.+-.1/6V.sub.0) = .+-.1/3V.sub.0,
PAL  the voltage applied to the half-selected dots on the selected Y line is
EQU  .-+.1/6V.sub.0 - (.-+.1/2V.sub.0) = .+-.1/3V.sub.0,
PAL  and the voltage applied to the non-selected dots is
EQU  .-+.1/6V.sub.0 - (.+-.1/6V.sub.0) = .-+.1/3V.sub.0.
PAR  In other words, the application of the driving voltages having the waveform
      as shown in FIG. 4 causes the voltage .+-. V.sub.0 to be applied to the
      selected dots, the voltage .+-.1/3V.sub.0 to be applied to the
      half-selected dots and the voltage .+-.1/3V.sub.0 to be applied to the
      non-selected dots, respectively.
PAR  In FIG. 3 there is shown one form of the circuit arrangement of FIG. 2
      which is realized in the form of integrated circuits, the corresponding
      portions thereof being marked with the same references.
PAR  FIG. 4 shows the waveforms for driving the selected X and Y lines as fixed.
      The X lines, however, often undergo scanning of time division fashion (or
      multiplexing) as shown in the character displaying device of FIG. 1. For
      example, a line X.sub.1 is selected for a period of T.sub.1, a line
      X.sub.2 for a period of T.sub.2, . . . , and a line X.sub.8 for a period
      of T.sub.8 with the other lines non-selected for the other periods. The
      waveforms of FIG. 4 are applied to the X lines according to the above
      mentioned rules.
PAR  The thus applied waveform is shown in FIG. 5. In the figure, V.sub.x2
      indicates a waveform for driving the line X.sub.2, which is non-selected
      for the period of T.sub.1, selected for the period of T.sub.2, and then
      non-selected for the periods of T.sub.3 to T.sub.8. Since the 8 .times. 8
      matrix is exemplified in the embodiment, the periods T.sub.1 to T.sub.8
      define one frame (or one field), and the line X.sub.2 is selected only
      once a frame and again selected for a period of T.sub.10 in the next
      frame. A waveform V.sub.y2 shows the waveform for driving the Y line, and
      the line Y.sub.2 is shown as being selected when the line X.sub.2 is
      selected.
PAR  In some cases the line Y.sub.2 is selected not only when the line X.sub.2
      is selected but when the other X lines are selected, but in FIG. 5 the
      line Y.sub.2 is selected at least when the line X.sub.2 is selected, and
      takes the driving waveform obtained for the periods of T.sub.2 and
      T.sub.10 as shown in hatched portions.
PAR  It will be apparent from FIG. 5 that both the lines X.sub.2 and Y.sub.2
      receive the alternating voltage of .+-.1/6V.sub.0 opposite in phase to
      each other for the periods of time (the periods except for T.sub.2 and
      T.sub.10) during which they are non-selected, while receiving the
      alternating voltage of .+-.1/2V.sub.0 opposite in phase to each other for
      the periods of time (T.sub.2 and T.sub.10) during which they are selected.
      Both the X and Y lines, when selected at the time of the hatched portions,
      becomes opposite in phase to the non-selected X and Y lines. The reason is
      to make the selected lines opposite in phase to the non-selected lines.
PAR  As mentioned above, in the present invention the non-selected X line
      receives the alternating voltage of .-+.V.sub.0 /6, the non-selected Y
      line the alternating voltage of .+-.V.sub.0 /6 opposite in phase to the
      alternating voltage applied to the non-selected X line, the selected X
      line the alternating voltage .+-.1/2V.sub.0 opposite in phase to that
      applied to the non-selected X line, and the selected Y line the
      alternating voltage of .-+.1/2V.sub.0 opposite in phase to that applied to
      the selected X line. Thus the alternating voltages of .+-.V.sub.0 /2,
      .+-.1/3V.sub.0 and .-+.1/3V.sub.0 are, respectively, applied to the
      selected dot, half-selected dot and non-selected dot with the result of
      the averaged cross talk voltage leading to the prevention of the cross
      talk.
PAR  In the switching circuit including the driving switch units 3 and 5, the
      withstand voltage imposed on the switching element used therein is
      principally sufficient to be above V.sub.0 because of the voltage
      amplitude V.sub.0 at the output of the driving circuit with the result of
      easy realization of the large scale integrated circuits together with the
      other circuits. It is to be noted that the conventional withstand voltage
      was more than 2V.sub.0.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for driving a matrix type liquid crystal display element driven
      by the predetermined number of X lines and the predetermined number of Y
      lines, comprising the step of applying to a non-selected X line an
      alternating voltage .-+.1/6V.sub.0 of one-sixth times as great as a
      voltage V.sub.0 required for rendering the liquid crystal opaque, the step
      of applying to a non-selected Y line an alternating voltage .+-.1/6V.sub.0
      opposite in phase to the alternating voltage applied to the non-selected X
      line, the step of applying to a selected X line an alternating voltage
      .+-.1/2V.sub.0 opposite in phase to the alternating voltage applied to the
      non-selected X line, and the step of applying to a selected Y line an
      alternating voltage .-+.1/2V.sub.0 opposite in phase to the alternating
      voltage applied to the selected X line, whereby an alternating voltage of
      .+-.V.sub.0 is applied to a selected dot at an intersection of the
      selected X and Y lines to render the selected dot opaque, and an
      alternating voltage having an absolute amplitude value of 1/3 V.sub.0 is
      applied to the dots other than said selected dot to prevent cross talk
      between the X and Y lines.
NUM  2.
PAR  2. A method according to claim 1, wherein the X lines are scanned in a time
      division fashion by periodically scanning each one of the X lines as the
      selected X line while scanning the other X lines as the non-selected X
      line.
NUM  3.
PAR  3. A device for driving a matrix type liquid crystal display element driven
      by the predetermined number of X lines and the predetermined number of Y
      lines, comprising means for applying to a non-selected X line an
      alternating voltage .-+.1/6V.sub.0 of one-sixth times as great as a
      voltage V.sub.0 required for rendering the liquid crystal opaque, means
      for applying to a non-selected Y line an alternating voltage
      .+-.1/6V.sub.0 opposite in phase to the alternating voltage applied to the
      non-selected X line, means for applying to a selected X line an
      alternating voltage .+-.1/2V.sub.0 opposite in phase to the alternating
      voltage applied to the non-selected X line, and means for applying to a
      selected Y line an alternating voltage .-+.1/2V.sub.0 opposite in phase to
      the alternating voltage applied to the selected X line, whereby an
      alternating voltage of .+-.V.sub.0 is applied to a selected dot at an
      intersection of the selected X and Y lines to render the selected dot
      opaque, and an alternating voltage having an absolute amplitude value of
      1/3V.sub.0 is applied to the dots other than said selected dot to prevent
      cross talk between the X and Y lines.
NUM  4.
PAR  4. A device according to claim 3, further comprising a first voltage
      generating circuit for generating an alternating voltage of
      .+-.1/2V.sub.0, a second voltage generating circuit for generating an
      alternating voltage of .-+.1/6V.sub.0 opposite in phase to the alternating
      voltage of .+-.1/2V.sub.0, an X line selecting circuit for selecting the X
      lines, an X line driving switch unit for selecting outputs from said first
      and second voltage generating circuits in response to an output from said
      X line selecting circuit to apply the selected output to a corresponding X
      line, a Y line selecting circuit for selecting the Y lines, and a Y line
      driving switch unit for selecting phase-inverted voltages of outputs from
      said first and second voltage generating circuits in response to an output
      from said Y line selecting circuit to apply the selected output to a
      corresponding Y line.
NUM  5.
PAR  5. A device according to claim 3, further comprising means for scanning the
      X lines in a time division fashion so as to periodically scan each one of
      the X lines as the selected X line while scanning the other X lines as the
      non-selected X line.
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ABST
PAL  A light pen tracking system and method particularly adapted for use with a
      plasma panel in which a first plurality of display sites on a display
      device are sequentially excited in such manner as to generate a signal
      which may be detected by a light pen. Upon detection of a first light
      signal, a second set of display sites centered at a location identified by
      the first signal and having smaller area than the first scanned area is
      then scanned. Because a relatively small area is scanned in the second
      scanning mode, and because the center of this smaller area has been
      localized by the previous signal detection, it is possible to more closely
      track rapid movements of a light pen on a display surface.
BSUM
PAC  RELATED APPLICATION
PAR  Subject matter related to that presented herein is disclosed in U.S. Pat.
      application Ser. No. 472,058 by O. J. Benjamin, filed of even date
      herewith and having the same title as the present application.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to methods and apparatus for detecting the
      motion of a light-sensitive device over a display surface. In its more
      particular aspects, the present invention relates to dynamic light pen
      tracking method and apparatus for detecting the motion of a light pen over
      a display surface.
PAC  BACKGROUND AND PRIOR ART
PAR  Display devices are now used in a variety of applications, both with a
      computer or other external control system or on a stand-alone basis. Many
      prior art display systems require the use of a separate source of memory
      for storing and applying refresh signals to a cathode ray tube (CRT) or a
      similar display device. See, for example, U.S. Pat. No. 3,653,001 issued
      Mar. 28, 1972 to W. H. Ninke and U.S. Pat. No. 3,389,404 issued June 18,
      1968 to R. A. Koster.
PAR  More recent developments in the display field have included the so-called
      plasma panel described, for example, in U.S. Pat. No. 3,559,190 issued
      Jan. 26, 1971 to Bitzer et al. Plasma panels have an advantage over CRT
      display systems in that the former include a so-called self-memory
      facility, which eliminates the need for constant information-bearing
      refresh signals. Rather, individual cells in any array are typically
      written or turned on by the application of coincident current signals
      exceeding a first threshold, while others remain in an off condition. Once
      established in the on condition, cells may be caused to remain on, i.e.,
      they are sustained, by the application of signals exceeding a second
      (lower) threshold. These latter signals are non-information bearing
      sustain signals which are applied to all cells but are effective only with
      respect to previously on cells. These latter cells, having an inherent
      memory capability, provide signals which add to the sustain signals to
      again exceed the first threshold.
PAR  One aspect of CRT display systems of the type described generally above
      which has found great favor with users is a so-called light pen
      capability. By means of this feature a user can point a light-sensitive
      pen at a particular display item, e.g., a point, character, etc., while
      such display item is being formed by the electron beam of the CRT, thereby
      identifying to a control system the particular display item or a datum
      relating thereto. Such light pen techniques are described, for example, in
      U.S. Pat. No. 3,337,860 issued Aug. 27, 1967 to A. C. O'Hara, Jr. The
      system described in the O'Hara patent relies on the detection of a light
      pulse during each refresh period of a CRT. Thus while the refresh
      requirement in CRT-based systems is disadvantageous from a memory point of
      view, nevertheless it greatly simplifies the implementation of a light pen
      capability.
PAR  Plasma panels, on the other hand, have, until recently, had severe
      limitations regarding the use therewith of a light pen pointing device.
      For example, R. L. Johnson, in his Ph.D. thesis submitted to the
      University of Illinois and issued in University of Illinois Coordinated
      Science Laboratory Report R-461 entitled "The Application of the Plasma
      Display Technique to Computer Memory Systems," Apr. 1970, describes
      efforts in this field. In U.S. Pat. application, Ser. No. 345,893 filed
      Mar. 29, 1973 by P. D. Ngo, now U.S. Pat. No. 3,851,327 issued Nov. 26,
      1974, there are disclosed important additional techniques for the
      identification of the position of a light pen adjacent a plasma panel.
PAR  While the detection of a single point or display entity on a display device
      is of considerable consequence, nevertheless many appliactions, e.g., the
      writing of handwritten curves and characters, require not only detection
      of a single point, but also the sequential detection of a number of
      individual points. Such techniques for detecting a sequence of points
      using a light pen (light pen strikes) are known as light pen tracking
      techniques. In a CRT context, such light pen tracking techniques are
      described, for example, in U.S. Pat. No. 3,551,896 and 3,576,574 issued
      Dec. 29, 1970 and Apr. 27, 1971, respectively, to H. B. Baskin et al. The
      techniques described in the CRT-based systems of Baskin et al involve the
      continual up-dating of the position of a special character, commonly
      referred to as a cursor, as a result of successive detections of this
      character. The need for this special cursor character arises, of course,
      to permit its separate identification from the regularly displayed
      information. It should be clear, however, that the generation of a cursor
      (or tracking cross, as it is sometimes known) necessarily involves
      additional complexity and attendant expense.
PAR  Another system for evaluating light pen strikes in a CRT-based display
      system is described in U.S. Pat. No. 3,651,508 issued Mar. 21, 1972 to P.
      E. Scarborough, Jr. et al. The scarborough, Jr. et al. system involves the
      identification of a point on a CRT by generating and detecting the
      presence of a sequence of decreasing images such as vectors.
PAR  In the above-cited patent application, Ser. No. 354,893 by P. D. Ngo, there
      is disclosed a system for generating a scanning pulse suitable for
      detection by a light pen, which pulse occurs at each "on" display site in
      a plasma display panel. Further, the light pulse generated by the scanning
      pulse in the Ngo application is uniquely identifiable by virtue of its
      special timing in the sustain cycle of the plasma panel.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, in typical embodiment, provides a light pen tracking
      facility based on the light pen identification techniques described in the
      last-mentioned Ngo patent application, Ser. No. 354,893. In this typical
      embodiment, the entire area (or some portion less than the entire) of a
      display surface is initially scanned and a light pen strike is identified
      by a light pen held adjacent the plasma panel. Based on the location of
      this light pen strike, a subsequent scanning is accomplished over a
      smaller area of the display surface, which smaller area is centered at the
      location of the previous light pen strike. For example, in an 80.times.
      256 rectangular display panel, an initial scan of all X-Y locations is
      initially accomplished. Then, based on the results of a light pen strike,
      a second scanning is accomplished over a smaller (typically
      16.times.20-location) area centered at the location of the previous light
      pen strike.
PAR  Based on normal writing techniques by a plasma panel user it is found that
      in most cases a subsequent light pen strike will occur within the smaller
      scanned area. Because it takes a considerably shorter time to effect the
      scan over the 16.times.20 location area than for the entire panel, it is
      possible to follow quite rapid motion of a light pen over the plasma panel
      surface.
PAR  Other alternative constructions for organizing the initial and subsequent
      scans are described in the sequel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1A shows scanning in a first mode over an entire plasma panel until a
      light pen strike occurs.
PAR  FIG. 1B shows scanning in a second mode over an area smaller than the
      entire plasma panel based on a previous light pen strike.
PAR  FIG. 2 shows an apparatus arrangement which is useful in accomplishing
      light pen tracking in accordance with one embodiment of the present
      invention.
PAR  FIG. 3 is a flow chart illustrating a typical operating sequence for light
      pen tracking using the system of FIG. 2.
PAR  FIG. 4 illustrates a control circuit useful in connection with the circuit
      of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  To simplify the present disclosure it proves convenient to make extensive
      reference to the earlier-filed patent application by P. D. Ngo, Ser. No.
      345,893 filed Mar. 29, 1973, hereinafter the Ngo application, which
      application is hereby incorporated by reference and should be considered
      as if set forth in its entirety herein. The Ngo application describes a
      system for generating a uniquely identifiable light pulse at any location
      in an otherwise standard plasma panel. By providing means to sequentially
      increment the coordinate position specifying a plasma cell chosen to emit
      such a unique light pulse, it is possible to uniquely identify any single
      location in the plasma panel array of cells. When the viewing aperture of
      the light pen includes several cells, close approximation to a center of
      aperture location is achieved. Thus by scanning over the entire panel
      starting from a convenient reference point, say the upper lefthand corner
      of a rectangular panel, and proceeding line by line to the lower righthand
      corner of the panel, it is possible to identify a small area on the panel.
      A light pen of standard design may advantageously be used with the system
      described in the above-cited Ngo application.
PAR  FIG. 1A shows the scanning regime associated with a first mode of operation
      in accordance with the present invention. This mode corresponds to that
      described in the incorporated Ngo application. When a light pen strike
      occurs the scanning conveniently terminates and the control system is
      signalled. For convenience in describing the present invention, this mode
      of operation, scanning line by line starting at the upper lefthand corner
      (or other reference point) of a panel, shall be referred to as the finder
      mode. Other starting points might prove convenient in particular cases,
      but in all cases scanning continues over the entire panel until a light
      pen strike occurs. The finder mode terminates upon the occurrence of a
      light pen strike.
PAR  A second mode of operation associated with the present invention is shown
      in FIG. 1B. This mode, conveniently referred to as the tracker mode,
      involves scanning line by line over a subset of the locations of the
      entire panel. Since FIG. 1A shows a light pen positioned over a roughly
      central position on the plasma panel, a light pen strike detected in the
      finder mode causes the subsequent tracker mode shown in FIG. 1B to involve
      scanning over an area centered on the position of the previous light pen
      strike, i.e., roughly centered on the entire panel surface.
PAR  The present invention will be described in further detail in connection
      with FIGS. 2 and 3, which illustrate a block diagram of a typical system
      in accordance with one aspect of the present invention, and a sequence
      chart for the operation of such a system, respectively.
PAR  FIG. 2 shows a plasma panel system 100 including a plasma panel 101 and
      associated X and Y selection matrices, 102 and 103, respectively. A
      typical plasma panel system which is useful in connection with the present
      invention is a DIGIVUE Model 80-33 plasma panel manufactured by
      Owens-Illinois, Inc. DIGIVUE is a registered trademark of Owens-Illinois,
      Inc.
PAR  A Model 80-33 plasma panel system includes 256 columns, each identified by
      a separate X coordinate, and 80 horizontal rows, each identified by a
      separate Y coordinate. It proves convenient to address each X-line
      (column) by an 8-bit binary address and each Y-line (row) by a 7-bit
      binary-coded-decimal (BCD) address. The 80 Y lines are conveniently
      subdivided into 8 10-line sectors. A particular Y line (row) is therefore
      addressable by 3 sector bits and 10 line-designating bits. Thus, while the
      X selection matrix 102 shown in FIG. 2 is seen to be responsive to signals
      from X register 105 which includes a total of 8 bits, Y selection matrix
      103 is responsive, ultimately, to the 7-bit Y register 106. The output of
      the Y register is, however, conveniently divided into a 4-bit byte and a
      3-bit byte. The 3-bit byte is used to directly select one out of the eight
      Y sectors. The 4-bit byte from register 106 passes by way of a 1-out-of-10
      decoder 107 to generate an output signal on 1 out of the 10 lines, 108,
      which lines are then used to select the row within a sector designated by
      the 3-bit line 109 applied to Y selection matrix 103.
PAR  That portion of the system shown in FIG. 2 which includes the plasma panel
      system 100, X and Y selection registers 105 and 106 and 1 out of 10
      decoder 107 embodies only standard prior art techniques and construction.
      The X and Y registers 105 and 106 are advantageously arranged to be
      standard counter circuits capable of registering a count of 2.sup.8 =256
      and 2.sup.3 .times. 10 = 80, respectively. Register 105 is a standard
      binary counter while 106 registers BCD counts. These latter registers are,
      in accordance with standard prior art techniques, arranged to be subject
      to incrementing on respective incrementing leads 110 and 111. Likewise,
      the X and Y registers are subject to clearing by signals on respective
      clear leads 112 and 113. The X and y registers 105 and 106 are also, in
      accordance with standard techniques, arranged to be subject to presetting
      to a predetermined count by way of set leads 114 and 115 which effect a
      transfer of bits by way of signal paths 116 and 117.
PAR  Inputs bits available on paths 116 and 117, in turn, are supplied by the
      X.sub.i and Y.sub.i registers 120 and 121, respectively. The contents of
      register 120 are derived in part by the low order 3 bits applied to the X
      selection matrix 102 on leads 130. The remainder of the contents of the
      X.sub.i register are derived by adding in X adder 122 the number
      representing the 5 high order bits applied to X selection matrix on leads
      131 to a number representing a desired X offset. This latter number is
      represented by signals applied on leads 132. The bit pattern representing
      the sum is applied to the X.sub.i register on leads 137.
PAR  Similarly, the contents of register 121 are derived in part by adding in Y
      adder 123 the 3 high order Y address bits appearing on leads 109 to a Y
      offset value represented by signals applied on leads 133. The output of Y
      adder 123 on leads 136 is used to determine the 3 high order bits of the
      Y.sub.i register 121.
PAR  Scan timing and control circuit 140, in combination with X.sub.i and
      Y.sub.i registers 120 and 121, and with X and Y adders 122 and 123,
      provides the necessary signals to sequence and control the operation of
      the system of FIG. 2. Details of operation of timing and control circuit
      140 will be deferred until the overall operation of the system of FIG. 2
      is described.
PAR  FIG. 2 also shows a light pen 141 which is of standard design.
      Advantageously, light pen 141 is of the type which is activated upon
      pressure of its light-sensing tip against the face of the display surface,
      e.g., against the glass covering of the DIGIVUE plasma panel. Such
      preferred light pens are described, for example, in U.S. Pat. No.
      3,569,617 issued Mar. 9, 1971 to M. W. Allen et al; and U.S. Pat. No.
      3,749,932 issued July 31, 1973 to N. F. Jones. Other examples of light
      pens useful in connection with the circuit of FIG. 2 include those
      manufactured by Information Control Corporation, El Segundo, California
      and identified as models LP-301 and LP-302. The operation of the light pen
      141 in FIG. 2 and its interaction with control circuitry is essentially
      that described in the last two cited patents, the incorporated Ngo
      application, and U.S. Pat. No. 3,576,574 issued Apr. 27, 1971 to H. B.
      Baskin et al.; the U.S. Pat. Nos. 3,569,617; 3,576,574; and 3,749,932 are
      hereby incorporated by reference and should be considered as if set forth
      in their entirety herein.
PAR  The details of the circuitry for applying the write and erase signals to
      the plasma panel system 100 have not been shown in the interest of
      simplicity and because they form no novel part of the present invention.
      It is assumed, however, that some information is displayed on panel 101,
      i.e., some cells are in the on condition. Likewise the special circuitry
      for providing the scanning erase pulse featured in the Ngo application has
      been included only to the extent necessary to illustrate the present
      invention. Thus it is assumed that whenever a scan enable signal is
      provided, as hereinafter described, there will be applied to the cell
      identified by the X and Y registers the special erase pulse described in
      the Ngo application. If the cell so identified is in the on condition, it
      will generate a light pulse suitable for detection by the light pen 141.
      The occurrence of the light pulse at the special time in the sustain cycle
      permits it to be distinguished from the normal light pulse generated by
      the application of sustain signals to an on cell.
PAR  Turning now to FIG. 3, it is seen that, after starting at step 301, an
      initialization is accomplished at step 302. It is assumed that processing
      starts in the finder mode. Thus step 302 requires that a starting position
      for scanning over the entire panel (until a light pen strike occurs) be
      established. Ordinarily, scanning in the finder mode will be begun at a
      standard reference point, e.g., the upper lefthand corner, at (X, Y)
      coordinate (O, O). In terms of the circuitry of FIG. 2, the initialization
      indicated by step 302 in FIG. 3 requires the clearing of both the X and Y
      registers, 105 and 106, respectively, to the all-zero state. This all-zero
      state is readily accomplished by clear signals from control circuit 140 on
      leads 112 and 113.
PAR  The test indicated in step 303 in FIG. 3 is one for determining whether the
      light pen is in contact with the display surface thereby enabling the
      light pen. In other cases, the test at 303 may be with respect to whether
      a light pen activation switch other than a contact switch is operated. If
      the light pen is enabled, the cell located at the (0, 0) location on the
      display panel is caused to emit (as indicated by step 304) the unique
      light pulse described in the Ngo application. The test at step 305 is one
      for determining whether the light pen is positioned over the current
      scanned cell. Thus if, upon initialization, a pulse is detected by the
      light pen, then the test at step 305 will yield a position result only if
      the light pen is positioned adjacent an on cell at the display site at
      coordinate position (0, 0). If no light pulse is detected at step 305 and
      light pen activation is determined to be still present (as tested for at
      step 306), then a determination is made as to whether the finder scan has
      proceeded over all display sites, i.e., whether the present scanned
      position is that corresponding to the lower righthand corner display site.
      The latter test is accomplished at step 307. If it is determined that the
      finder scan is not yet complete, then the present position is incremented
      at step 308 and the scanning pulse applied at the display site indicated
      by the up-dated coordinate position. The incrementing signals are supplied
      by control circuit 140 on one or both of leads 110 and 111.
PAR  Ultimately, the light pen will detect a light pulse resulting from the
      applied scanning pulse; the test at step 305 will be answered in the
      affirmative. It is at this point that the finder mode is terminated and
      the tracker mode begun. Concurrently, the then-present contents of the X
      and Y registers 105 and 106 are made available on the sets of output leads
      150 and 151 to an appropriate utilization device, e.g., a computer.
PAR  The first step in the tracker mode is, of course, to enter the coordinates
      of the light pen strike determined by the finder mode. This is
      accomplished at step 309 in FIG. 3. At step 310 in FIG. 3 the beginning
      point for scanning in the tracker mode is set. In the notation of FIG. 2,
      this requires that the X and Y offset inputs 132 and 133 have applied to
      them appropriate offset bit patterns.
PAR  The typical 80 .times.  256 cell panel used by way of illustration in FIG.
      2 advantageously uses a tracking mode scanning window of size 16 .times.
      20 cells, i.e., having 16 possible X coordinates and 20 possible Y
      coordinates. Thus given the location (X,Y) of a light pen strike in the
      finder mode, and specifying that a tracking mode scanning window shall be
      centered at (X,Y), implies a tracker mode scan beginning at (X - 8, Y -
      10). It has been assumed that the X coordinate increases to the right and
      the Y coordinate increases from top to bottom in FIG. 2.
PAR  The required X offset is then equal to -8. When this value is appplied to
      the adder 122 in FIG. 2 along with the last X coordinate of a light pen
      strike, the result is, of course, the X coordinate of the beginning point
      of the following tracker mode scan. Since adding -8.sub.10 = -1000.sub.2
      does not involve the lowest order three binary digits of the X coordinate
      of the location of the previous light pen strike, only the highest order 5
      bits of the contents of X register 105 are applied to X adder 132. The
      actual X offset bit pattern is then -00001. The 3 lowest order bits of X
      register 105 along with the sum from adder 122 are set into X.sub.i
      register 120 by X.sub.i SET lead 118. The composite 8-bit word in X.sub.i
      register 120 is then transferred to X register 105 via leads 116 and
      X.sub.SET lead 114.
PAR  The required Y offset is similarly achieved by adding -1 to the bit pattern
      representing the 3 highest order bits of Y register. Since these 3 bits
      define the 10-line sector where the light pen strike occurred, and since
      the tracker mode scan centered on the previous light pen strike location
      is to be 2 sectors high, an upward displacement of exactly one sector is
      required. Again the low order bits, 4 in number for the 1-out-of-10
      selection within a sector, remain identical to those for the previous
      light pen strike. The actual Y offset bit pattern is then -001.
PAR  If, for example, the light pen strike occurring during the finder mode
      yields a coordinate position (X,Y) = (113, 37).sub.10 = (01110001.sub.2,
      0110111.sub.BCD), then the inputs to the X adder 122 will be 01110 and
      -00001, the output of adder on leads 137 will be
      ##EQU1##
      and the 8-bit result entered into X.sub.i register 120 and X register 105
      will be 01101001.sub.2 = 105.sub.10. Similarly, the inputs to the Y adder
      will be 011 and -001, the result or leads 136 will be 010 and the 7-bit
      result entered in the Y.sub.i register 121 and Y register 106 will be
      0100111.sub.BCD = 27.sub.10.
PAR  At step 311 in FIG. 3 scanning is commenced at the initial point of the
      tracker scan. If the light pen has not been moved since the initial light
      pen strike in the finder mode, there will, of course, be no light pen
      pulse when the tracker mode beings. This is the case because the tracker
      mode "window" is centered about the previous light pen strike location.
      Thus, without a movement of the light pen the tests at steps 312, 313 and
      314 in FIG. 3 will be answered in the negative. Accordingly, incrementing
      of the tracker scan position at step 315 will be effected. Again assuming
      that the light pen has not moved since the light pen strike in the finder
      mode, steps 312, 313 and 314 will be determined in the negative;
      incrementing at step 315 will continue until the center of the newly
      defined "window" is reached.
PAR  At this time a light pen pulse will be detected at step 312. The light pen
      coordinates, the contents of X and Y registers 105 and 106, are then
      delivered to a utilization device on X.sub.out leads 150 and Y.sub.out
      leads 151 in FIG. 2. The contents of X and Y registers 105 and 106 will
      also be used to calculate the beginning point for the next tracker mode
      scan. With no motion of the light pen assumed, the beginning point for the
      next tracker mode scan will be the same as for the first one.
PAR  If the light pen had been moved during the interval between the light pen
      strike in the finder mode and the next light pen strike in the tracker
      mode, the coordinates stored in X and Y registers 105 and 106 will, of
      course, be different at the times of the two strikes. The beginning point
      for the next tracker mode scan will therfore be different.
PAR  Although decision step 313 provides for return to the finder mode whenever
      no pen contact is detected, it is clear that other mode switching criteria
      may be used. For example, if upon initialization of the tracker mode at
      step 310 a timing device is also reset, and if no light pen pulse were
      detected at step 312 for a predetermined period measured from this
      initialization, then return may be had to the finder mode upon such a
      "time-out" criteria. Thus, for example, if 4 complete tracker scans are
      accomplished (test 314 answered in the affirmative 4 consecutive times)
      without a light pen pulse being detected at test 312, then a return to
      step 302 is effected.
PAR  It is profitable to consider the potential for light pen tracking using,
      first, only the finder mode, i.e., using repetitive full display surface
      sans until a light pen strike occurs and, second, the dual mode operation
      described above. The single (finder) mode tracking times will be discussed
      first.
PAR  Most present plasma displays have a sustain cycle of approximately 20
      .mu.sec. Thus if one cell is addressed per sustain cycle, and an 80
      .times. 256 panel is assumed, a total time of 0.41 seconds is required to
      address all cells. If it is further assumed that the individual cells are
      spaced apart by 30 mils, then it is clear that a maximum tracking speed of
      approximately 0.07 inches/second is possible in the worst case using the
      finder mode only. If scanning in the finder mode is terminated upon each
      occurrence of a light pen strike, then, on the average a rate of
      approximately twice the worst case rate is possible. It should be noted,
      of course, that average possible tracking rate may not be of importance;
      an important light pen strike could be missed and the overall function
      rendered meaningless if the average allowed rate were exceeded.
PAR  It is also worth considering the use of multiple cell firings during each
      sustain cycle while using only the finder mode. Thus, in the case of the
      80-row DIGIVUE panel mentioned above, one might consider firing an entire
      row or sector at one time, with each row or sector fired in sequence until
      a light pen strike is detected. While this will unquestionably speed up
      the appearance of a light pen strike, it also necessarily increases the
      ambiquity of the coordinate position as compared to a cell-by-cell scan.
      Thus, unless some further, finer scale scanning follows the row, sector
      (or any other larger area) scanning, the location information derived will
      be of limited value in many cases.
PAR  Other schemes based on alternate (odd or even) row or column firing may
      also be used to speed up the occurrence of a light pen strike in the
      finder mode. The factor of 2 or 4 achieved by such means is, however,
      still insufficient to permit tracking of normal hand motion over a display
      panel. If a further decimation of fired cells is used, e.g., every eighth
      cell, there is an increased danger that the light pen field of view will
      not include any fired cells. Thus the decimation techniques taken alone
      have limited value in increasing tracking speed.
PAR  With typical dual-mode tracking, much faster light pen speeds can be
      tracked in a plasma display system. Thus again assuming the 80 .times. 256
      panel, and a tracking mode "window" or "patch" having 8 .times. 8 cells on
      a 60 cell/inch panel, a worst case tracking speed of approximately 30
      inches/second is typical. If smaller patches are used, even higher
      tracking speeds are possible. Larger patches reduce the speed somewhat,
      but for the relatively large 16 .times. 20 patch of the type described
      above, a tracking speed of approximately 5 inches/second is achieved on a
      60 cell/inch panel.
PAR  The timing and control circuit 140 in FIG. 2 may be realized in a number of
      ways. For example, the operations and signal generation required may be
      performed by a programmed digital computer which may also be composing the
      information to be displayed on the panel 101. Alternatively, fixed
      read-only memory may be used to supply the required control signals based
      on clock signals and external inputs, e.g., from light pen 141. Thus
      circuit 140 may be a microprogrammed special purpose processor. FIG. 4
      shows still another alternative embodiment for the timing and control
      circuit 140.
PAR  The inputs at the left of FIG. 4 include signals on lead 401 indicating
      that the light pen 141 is enabled, e.g., held with its light-sensing tip
      against the plasma panel 101. The input lead 402 is useful for signalling
      that a light pen strike has occurred, i.e., a light pulse has been
      detected by light pen 141. To distinguish the light pulses occurring at
      the special time described in the Ngo application, a light pen gating
      clock derived from the sustain clock signal source 403 conveniently
      supplies a signal on lead 404 which gates (in AND gate 417) the light pen
      inputs on lead 402. Thus only those special light pulses corresponding to
      the scanning pulse are passed to OR gate 457. The start lead 405 is
      supplied with a signal by the system user when light pen strike detection
      and/or tracking are to be accomplished.
PAR  Flip-flop 406 is designated the mode flip-flop and is in the set condition
      when the system is in the finder mode and is in the reset condition when
      the system is in the tracker mode. Because system operation advantageously
      starts in the finder mode, the start signal on lead 405 is arranged to set
      flip-flop 406 by way of OR gate 407. When it is desired that switching
      from the tracker mode to the finder mode be accomplished whenever the
      light pen 141 is removed from the plasma panel 101, another input to OR
      gate 407 has applied to it an inverted version of the light pen enable
      signal. The inversion is conveniently performed in inverter 408.
PAR  The "establish finder mode" signal on lead 405 is also advantageously
      applied on lead 112 to clear the X register 105 and, by way of OR gate
      409, to lead 113 to clear the Y register 106. When the light pen enable
      signal on lead 401 is in the 1 state, this indicates that the special
      scanning erase pulse may be enabled. It proves convenient to use this
      signal on lead 401 in AND gate 410 to provide enable pulses on lead 411.
      This latter lead is then used by the circuitry of the Ngo application to
      generate the specially timed erase pulse.
PAR  While flip-flop 406 is in the 1 state (corresponding to the finder mode),
      clock signals from sustain clock 403 are applied by way of AND gate 412
      and OR gate 413 to X increment lead 110. This causes the scan pulse to be
      applied to successive cells along a given row of the plasma panel 101. The
      signals on the output of gate 412 are also applied to counter 414, which
      generates an output pulse when a scan has been completed along a given
      scan line, i.e., after 256 pulses from sustain clock 403. This output
      pulse from counter 414 is then applied to Y increment lead 111 by way of
      OR gate 415. In this manner the special erase pulse is scanned
      cell-by-cell, line-by-line over the face of the plasma panel. If no light
      pen strike is detected after all 80 rows have been scanned, counter 416,
      which counts Y increment signals, provides a Y clear signal by way of OR
      gate 409 to lead 113. The scanning of the erase pulse thus repeats until a
      light pen strike occurs or until the light pen is disabled.
PAR  When a valid light pen strike, i.e., one associated with the scanning
      pulse, occurs, it passes by way of AND gate 417 and OR gate 457 to set the
      LP flip-flop 418. The setting of flip-flop 418 causes clock signals from
      sustain clock 403 to be inhibited at AND gate 412 rather than pass to the
      X and Y increment leads 110 and 111. Thus the contents of X and Y
      registers 105 and 106 are temporarily frozen to the values corresponding
      to the location of the light pen strike. The valid light pen strike signal
      also causes the contents of the X and Y registers to be delivered to the
      utilization device by gating the X.sub.out and Y.sub.out sets of leads 150
      and 151. This latter gating signal is conveniently delivered on lead 419.
PAR  The valid light pen strike signal also causes the mode flip-flop to be
      reset, thus indicating the entering of the tracker mode. Concurrently, the
      RESET 1 signal is generated in OR gate 461 and used to reset counters 414,
      416, as well as additional counters 420 and 421 which have maximum counts
      of 16 and 20 respectively.
PAR  LP flip-flop 418 also enables, by way of AND gate 423, the application of
      offset signals from X offset circuit 424 to the input 132 to adder 122.
      Similarly, by way of AND gate 425, offset signals from Y offset circuit
      427 are applied to leads 133, one input to Y adder 123. The X and Y offset
      circuits typically assume the form of fixed voltages, e.g., permanently on
      (or off) transistors or the like.
PAR  The LP flip-flop also provides a signal, after a delay introduced by delay
      unit 428, to control lead 429 which enables the loading of the X and Y
      offset signals and partial X and Y register words thereby to enable adders
      122 and 123. The delay provided by delay unit 428 is indicated to be
      .DELTA..sub.2, which is less than the delay, .DELTA..sub.1, provided by
      delay unit 430. This delay unit 430, also responsive to the setting of
      flip-flop 418, applies an enable signal on lead 431 thence to X SET and Y
      SET leads 114 and 115, which permits the transfer of the contents of
      X.sub.i and Y.sub.i registers 120 and 121 to X and Y registers 105 and
      106, respectively. The X.sub.i and Y.sub.i registers will by this time
      have stored in them the required starting point coordinates for the
      tracker mode scan. It will be recognized that the "enable adders" signal
      on lead 429 may be used instead to merely gate the output of adders 122
      and 123 and the low order bits from registers 105 and 106. That is, lead
      429 may supply the X.sub.i SET and Y.sub.i SET functions.
PAR  Upon transfer of these coordinates to registers 105 and 106 in response to
      the signal on lead 431, tracker mode scanning may begin. Thus LP flip-flop
      418 is reset in response to the load signal on lead 462. This permits
      clock signals from sustain clock 403 to again be applied to enable scan
      lead 411 and, in addition, to X increment lead 110 by way of AND gate 470
      and OR gate 413. Clock signals are inhibited at AND gate 412 from passing
      to counters 414 and 416 while the system is in the tracking mode.
PAR  The clock pulses supplied to lead 110 are counted by counter 420; when a
      count of 16 is reached, counter 420 is recycled and an output is generated
      on Y increment lead 111 by way of OR gate 415. This causes the tracking
      mode scan to proceed from cell to cell along a second row after completing
      the scan along the preceding row.
PAR  This process of line-by-line scanning continues until a light pen strike is
      again detected or until the scanning of the tracking mode window or patch
      is complete. When a valid light pen strike occurs, the sequence of
      operations resulting in a transfer from the finder mode to the tracker
      mode is repeated; again the updated position of the light pen is
      transferred to the utilization device.
PAR  The movement of a light pen within the tracking mode scanning window, but
      to a location which does not include any cells in the "on" state within
      the field of view of the pen, is likewise easily treated. It will be
      appreciated that the lack of at least one on cell within the field of view
      of the light pen will cause the tracking mode scan to be completed without
      a light pen strike being detected. Subsequent motion of the light pen to a
      position including one or more on cells within the field of view of the
      light pen is, of course, a distinct possibility. Thus the preferred means
      of detection is to cause a rescan of the previous patch to occur. For this
      purpose, X rescan register 450 and Y rescan register 451 advantageously
      store the coordinates identified upon the previous light pen strike, i.e.,
      concurrently with the delivery of these coordinates to the utilization
      device on sets of leads 150 and 151. Then, when counter 421 recycles from
      its maximum count to its all-zero count, i.e., when an end-of-patch output
      appears on lead 452, the contents of registers 450 and 451 are transferred
      by way of AND gates 472 and 473 to X.sub.i and Y.sub.i register 120 and
      121, respectively. After a short delay .DELTA..sub.3, provided by delay
      unit 455, the end-of-patch signal passes by way of OR gate 456 to lead
      431, thereby to enable the contents of the X.sub.i and Y.sub.i registers
      to transfer to the associated X, Y registers. Simultaneously, the output
      of delay unit 455 also passes by way of OR gate 457 to set the LP
      flip-flop 418.
PAR  Thus the end-of-patch pulse acts like a light pen input pulse to cause the
      contents of the X and Y registers 105 and 106 to act as the reference data
      for establishing the scan beginning point. Because of the prior transfer
      to the X and Y register of the coordinates representing the previous light
      pen strike, the scan window is identical to the previous one. This rescan
      process is repeated for as long as no light pen strike occurs and as long
      as the light pen is enabled. It is sometimes preferred that a time-out
      feature cause a return to the finder mode. Thus a counter is arranged to
      count the end-of-patch signals appearing on lead 452; when a predetermined
      count is reached, a return to the finder mode causes flip-flop 406 to be
      set. e.g., by an additional input on OR gates 407 and 461.
PAR  In the rare event that the light pen has been moved from within the window
      or patch of the tracking mode scan, so that no light pen strike is
      detected during a complete tracking mode scan, one of several options may
      be pursued. For example, the tracking mode scan may be repeated one or
      more times, as in the case of the off-cell position of the light pen, in
      the hope that the light pen will return to the area of the scanned patch.
      Alternatively, a return to the finder mode may be accomplished and the
      above-described control sequence repeated. This return may be accomplished
      simply by removing the light pen from the face of the plasma panel.
PAR  While the rescan-upon-no-light-pulse sequence described above is effective
      for most purposes, it is sometimes desirable to simplify this operation
      and the associated apparatus. Thus rather than employ separate light-pen
      strike location registers 450 and 451 and their associated gating
      circuitry to form starting point coordinates, it is sometimes preferable
      to merely store the calculated starting point coordinates in X.sub.i and
      Y.sub.i registers 120 and 121. That is, the beginning point formed in
      registers X.sub.i and Y.sub.i upon a light pen strike may be stored there
      until a new starting point is needed. If a light pen strike dictates new
      coordinates, the adders are called on as usual.
PAR  Upon receiving an affirmative answer to the test at step 314 in FIG. 3
      (i.e., when an end-of-scan output is generated on lead 452 in FIG. 4
      before a light pen strike occurs), all that is required is to provide a
      transfer of the contents of X.sub.i and Y.sub.i registers to the
      respective X and Y registers. This is readily accomplished by the signals
      on lead 431 in FIG. 4 (i.e., the X SET and Y SET signals on leads 114 and
      115 in FIG. 2).
PAR  While typical panel and tracker mode scan patch sizes have been presented
      above, no such limitations are inherent in the present invention.
      Similarly, while plasma panel display devices were emphasized, any
      addressable, plural-display-site device may incorporate the present
      invention, provided only that each of the sites, or some collection of
      them, may be caused to emit an output signal at a unique time in its cycle
      which is different than that for normal display output. Further, while
      only on cells have been specifically mentioned as indicating light pen
      strikes, the general scanning techniques are applicable to other systems
      in which both on and off cells (cells of any particular brightness) may be
      detected. Thus, for example, the scanning and light pen detection
      techniques described in U.S. Pat. No. 3,651,509 issued Mar. 21, 1972 to
      Ngo may be used in place of the above-identified Ngo application. U.S.
      Pat. No. 3,651,509 is hereby incorporated by reference in the present
      disclosure.
PAR  Still further, while visible light output has been assumed in connection
      with the light pen detection, other particular output signals and
      detectors may prove useful in particular cases.
PAR  In addition, though two-dimensional scanning has been described above, the
      techniques are equally applicable to one- or three-dimensional display
      spaces. Thus a moving scanning wondow based on a previously sensed
      location may be generated in accordance with the above-described
      techniques for motion along a line or in a volume.
PAR  Further, while the reference area for a particular tracking mode scan has
      been advantageously chosen to be a scan patch centered at the location of
      a previous light pen strike, other particular relationships to a preceding
      light pen strike location may prove useful. Thus, when a light pen strike
      occurs near the edge of a display surface, it may prove useful to have the
      succeeding scan patch off-center with respect to the light pen strike
      location. This is particularly advantageous when part of the succeeding
      scan would otherwise tend to "wrap-around," thereby appearing at the
      extreme opposite side of the display surface. All that is required to
      effect this off-center patch positioning is a circuit responsive to the
      absolute coordinates of a light pen strike and a selectable plurality of
      offset circuits like circuits 424 and 427, each for generating an
      appropriate offset to keep the tracking window from "wrapping around."
PAR  Still further, while a fixed window or patch size has been illustrated in
      the above detailed description, it may be desirable to vary the size of
      such a patch based on the success in tracking at another size. As was
      noted above, extremely fast light pen motion can be tracked with very
      small patch sizes. The speed of particular circuitry, such as the adders
      122 and 123, and the sustain cycle period will determine an optimum
      tracking mode scan patch size when extremely high speed tracking is
      required.
PAR  While two-mode tracking has been described above, the same principles are
      applicable to a higher number of modes, e.g., three modes. Also, the bulk
      scanning, i.e., by segments or one of the various decimation schemes, may
      be used to advantage in the finder or tracker modes. For such decimation
      purposes, the X increment and Y increment signals may be applied to other
      than the lowest order stage of the X and Y counter-registers 105 and 106.
      Appropriate sector addressing techniques are described, for example, in
      U.S. Pat. No. 3,798,632 issued Mar. 19, 1974 to D. E. Liddle, which patent
      is hereby incorporated by reference.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for detecting a moving light sensor over a plasma panel
      display surface having a plurality of plasma cells located at respective
      display sites, selected ones of said plurality of cells being periodically
      activated, thereby to emit light pulses at periodic intervals and at a
      fixed time in each such interval, comprising
PA1  first means for sequentially activating at least selected ones of said
      plurality of plasma cells at times different from said fixed times,
PA1  second means for sequentially activating at least selected ones of a subset
      of said plurality of plasma cells at times other than said fixed times,
      the position of said subset having a predetermined relationship to the
      position of said light sensor at the time said sensor last detected a
      light pulse at one of said plurality of plasma cells at other than said
      fixed time, and
PA1  output means responsive to said light sensor for generating signals
      indicating the positions at which said sensor detects light pulses at
      other than said fixed times.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said plasma panel comprises a
      rectangular area with plasma discharge cells disposed substantially
      uniformly in a rectangular array having M rows and N columns, and wherein
      said first means comprises means for sequentially activating beginning at
      a reference point located at a corner of said rectangular array.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said first means comprises means
      for activating every jth cell along each row, beginning at said reference
      point, the ith of said rows being selected after selection along the
      (i-1)th row has been completed, and means for terminating said selecting
      upon detection of a light pulse at other than said fixed time.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein j = 1.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein j is an integral power of 2.
NUM  6.
PAR  6. Apparatus according to claim 3 wherein said first means comprises means
      for simultaneously activating sets of K selected plasma cells, K being an
      integer greater than 1, third means for sequentially selecting ordered
      sets of K plasma cells, the first of said sets of K plasma cells including
      a cell located at said reference point, and means for terminating said
      selection of said sets of K cells when a light pulse is detected which was
      generated by said first means.
NUM  7.
PAR  7. Apparatus according to claim 3 further comprising means for causing said
      first means to successively repeat its sequential activation of said
      plasma cells in said array when not terminated by said means for
      terminating during said sequential activation of said array.
NUM  8.
PAR  8. Apparatus according to claim 7 further comprising means for reenabling
      said first means whenever said second means fails to generate a light
      pulse which is detected by said sensor within a predetermined time
      interval.
NUM  9.
PAR  9. Apparatus according to claim 8 further comprising means to identify the
      exceeding of said time interval by counting the number of times said
      subset is sequentially activated by said second means without generating a
      light pulse detected by said sensor, and generating an output signal
      whenever a predetermined count is reached.
NUM  10.
PAR  10. The machine method of tracking a light sensor moving over a plasma
      panel display surface having a plurality of plasma cells comprising the
      steps of
PA1  A. generating a visible image on said display surface, with individual
      cells activated by said generating emitting light signals at fixed period
      times,
PA1  B. generating a finder mode scanning light pulse beginning at a reference
      point on said display surface and continuing over said display surface
      until detected by said light sensor located at an arbitrary first position
      on said display surface, said finder mode scanning light pulse being
      generated by sequentially activating at least some of said cells on said
      panel at other than said fixed times,
PA1  C. generating a tracker mode scanning light pulse over an area comprising a
      subset of said display surface and having a known position relative to
      said first position, said tracker mode scanning light pulse continuing
      until detected by said light sensor at a second position, said tracker
      mode scanning light pulse being generated by sequentially activating at
      least some of said cells in said subset at other than said fixed times,
      and
PA1  D. repeating step C with said second position replacing said first
      position.
NUM  11.
PAR  11. The method of claim 10 further comprising the steps of (1) terminating
      said scanning over said subset after a predetermined number of complete
      scans of said subset are effected without detection by said light sensor,
      and (2) returning to step B.
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ABST
PAL  A time switching power saving system for electronic indicators which
      comprises an indicator operated by a battery and a time switching
      indication control circuit for controlling the operation of the indicator
      in such a manner that the indicator makes a continuous indication for a
      predetermined time period from the start of indication and then makes an
      intermittent indication after the predetermined time period has passed, so
      that the power consumption of the circuit is decreased without stopping
      the operation of the indicator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an indicator power saving system and
      more particularly to such a system suitable for being used in a
      battery-operated desk-top electronic calculator.
PAR  2. Description of the Prior Art
PAR  Recently, desk-top electronic calculators have become popular and different
      kinds or models of such calculators have been designed and sold in the
      market.
PAR  Among such electronic calculators, small-sized units are especially popular
      and many efforts have been made to form a smaller electronic calculator.
PAR  A small-sized desk-top electronic calculator is usually designed to be
      operated not only by an AC line but also by a battery, and when such a
      small-sized and battery-operated desk-top electronic calculator is
      designed, one of the most important factors is how to decrease the power
      consumption of the calculator.
PAR  Considering the power consumption of a calculator, most power is consumed
      by an indicator driving circuit including an indicator.
PAR  Therefore, when a small-sized calculator is designed, it becomes one of the
      most important factors how to decrease the power consumption of the
      indicator driving circuit.
PAR  Based upon the above fact, different methods have been devised in the prior
      art to decrease the power consumption of the indicator and driving
      circuit, and one of the most popular methods known in the prior art is to
      provide an indication control circuit which turns off or stops the
      indicator driving circuit automatically after a predetermined time period,
      for example, after 30 seconds from the start of the indication.
PAR  However, such a method has inherent disadvantages as follows:
PAR  1. When the indicator driving circuit is turned off or stopped, it is
      difficult for an operator of the calculator to distinguish whether or not
      the calculator is in an operational condition, so that the operator is apt
      to misoperate the calculator.
PAR  2. The operator of the calculator is apt to forget to turn off the power
      switch of the calculator when he finishes calculations, because the
      indicator is designed to be extinguished automatically after the
      predetermined time period from the start of the indication even though
      circuits other than the indicator driving circuit are still in an
      operational condition and supplied with power from the battery.
PAR  In addition to the above, the prior art methods pay no attention to on the
      voltage across the battery. In other words, the indication control circuit
      provided therein is operated in the same way even when the voltage across
      the battery goes down, though it is desirable for such a calculator that
      the power consumption is decreased when the voltage across the battery
      goes down.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved and
      specific indicator driving system operated by a battery in which the power
      consumption of the system is small.
PAR  It is another object of this invention to provide an improved and specific
      indicator driving system operated by a battery which is free from the
      inherent disadvantages of the prior art.
PAR  It is a further object of this invention to provide a specific indicator
      driving system operated by a battery in which the power consumption of the
      indication control circuit is more decreased when the voltage across the
      battery becomes lower than a predetermined value.
PAR  The indicator driving system according to the present invention includes an
      indicator operated by a battery and an indication control circuit for
      controlling the operation of the indicator.
PAR  The indication control circuit controls the operation of the indicator in
      such a manner that the indicator makes a continuous indication for a
      predetermined time period from the start of an indication and the
      indicator makes an intermittent indication after the predetermined time
      period, has passed, so that the power consumption of the indicator driving
      circuit is decreased without stopping the operation of the indicator.
PAR  The indicator driving system according to the present invention further
      comprises means for decreasing the predetermined time period when the
      voltage across the battery goes down below a predetermined value, so that
      the power consumption of the circuit is more decreased when the voltage
      across the battery goes down below the predetermined value.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram of a desk-top electronic calculator to
      which an indicator driving system according to the present invention may
      be applied;
PAR  FIG. 2 is a schematic diagram of an indicator driving system according to
      the present invention which includes an indicator driving circuit in
      combination with a power supply circuit of FIG. 1, and
PAR  FIGS. 3A to 3D are waveform diagrams to be used for explaining the
      operation of the circuit shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  First of all, an electronic calculator to which a time switching indicator
      driving system according to this invention may be applied will be
      generally described with reference to FIG. 1. As shown, such electronic
      calculator includes a key input section 1 from which signals are emitted
      in response to the selective actuation of a numeral key and an
      operation-key. An arithmetic operation section 2 is supplied with the
      numeral key signal from the key input section 1 and performs an arithmetic
      operation. A memory section 3 comprises a shift register and a memory
      register for the arithmetic operation and indication. A control section 4
      is supplied with the signal emitted from key input section 1 in response
      to operation of an operation-key and includes a state control circuit. A
      cathode driving circuit 5 is connected to the cathodes of an indicator 8.
      The indicator 8 may include, for each place or numerical order to be
      depicted, for example, for the tens, hundreds, thousands etc., seven
      cathodes arranged in a figure 8 adjacent to an anode which may be common
      to the seven cathodes (not shown). The cathodes are selectively activated
      so that an electrical discharge is produced between the anode and the
      selected cathodes for indicating a predetermined numeral or digit.
PAR  Referring again to FIG. 1, it will be seen that the illustrated electronic
      calculator further includes the usual timing pulse signal generator 6
      which generates clock pulses and includes an anode timing counter for
      successively driving the anode of indicator 8, such as a bit timing
      counter, a digit timing counter and the like. An anode driving circuit 7
      for the indicator 8 is supplied with the pulse signals from the anode
      timing counter of the timing pulse generator 6 and successively drives the
      anodes of the indicator 8 for a predetermined time period based upon the
      signals from the generator 6. A power supply circuit 9 including a battery
      10 is provided for supplying operational voltage to each of the above
      sections and circuits 1 to 7.
PAR  A circuit encircled by dotted lines designates as a whole an indicator
      driving circuit or section 11.
PAR  The present invention is directed to provide an indicator driving system
      including the indicator driving circuit 11 in combination with the power
      supply circuit 9. Accordingly, a detailed explanation will be hereinafter
      given with reference to FIGS. 2 and 3 centering around the indicator
      driving circuit 11 in combination with the power supply circuit 9. A
      detailed explanation for the other sections or circuits 1 to 4 and 6 of
      FIG. 1 will be omitted for the sake of brevity.
PAR  Referring to FIG. 2, there is shown a schematic diagram of the indicator
      driving circuit 11 in combination with the power supply circuit 9 of FIG.
      1, wherein like reference characters or numerals are used to designate
      like elements used in FIG. 1.
PAR  In FIG. 2, the indicator 8 is constructed in a form of flat tube including
      therein groups of cathodes, each group being formed in an 8-shape for each
      figure, and anodes, each corresponding to each group of cathodes for each
      figure, so as to display a plurality of figures, where cathodes K and
      anodes A are shown in a simplified manner.
PAR  The indicator anode drive circuit 7 is arranged to deliver an anode voltage
      in sequence to the anode A for each figure circularly or in a time-sharing
      manner. The indicator cathode drive circuit 5 is directed to feed a
      cathode voltage to desired indicating members of the cathodes K disposed
      in an 8-shape timing to the anode A.
PAR  The construction of the power supply circuit 9 will hereinbelow be
      summarized. In this example, the battery 10 is shown as, for example, an
      electrically chargeable nickel-cadmium battery the positive and negative
      electrodes of which are respectively connected to external power input
      terminals 12a and 12b for the supply of a charging voltage to the battery
      10. Reference numeral 13 indicates a voltage detector circuit for
      detecting a voltage of the battery 10 and 14 a DC-DC converter connected
      to the battery 10, for producing DC voltages of desired values. In this
      example, the DC-DC converter 14 is provided with four voltage supply
      terminals 14a, 14b, 14c and 14d respectively having voltages V.sub.0,
      V.sub.1, V.sub.2 and V.sub.3 of 0, -9, -17 and -210 volts, by way of
      example. These voltages are supplied to each of the sections or circuits 1
      to 7 of the electronic calculator shown in FIG. 1 as their operational
      voltages. For the sake of brevity, however, connections from the voltage
      supply terminals 14a to 14d to each of the sections or circuits 1 to 7 are
      omitted in the figure.
PAR  Reference numeral 17 represents a time switching circuit the switching
      period of which is variable controlled by an output voltage of the voltage
      detector circuit 13. That is, in the case when the voltage of the battery
      10 is, for example, 6 volts at a normal time, the switching period is
      controlled to 30 seconds but when the voltage of the battery 10 is lowered
      to, for example, about 4.3 to 4.7 volts, the switching period is
      controlled to, for example, 5 seconds.
PAR  Reference numeral 18 denotes an indication control circuit which is
      controlled by an output of the time switching circuit 17 and adapted to
      control the indicator 8 cyclically and intermittently. Further, reference
      numeral 16 indicates a control circuit to control these time switching
      circuit 17 and indication control circuit 18. Reference numeral 15 denotes
      an input terminal which is led from the above described control circuit 16
      and applied with an indication instruction signal for starting the
      indication at a time when the pressing of a key or an arithmetic operation
      has been finished. By the application of this indication instruction
      signal, the time switching circuit 17 starts its time counting and also
      the indicator 8 starts its indication.
PAR  A description will next be given in detail on the construction of each
      circuit mentioned above.
PAR  At first, the voltage detector circuit 13 will be described. The circuit 13
      is composed of a PNP-type transistor Q.sub.1, a Zener diode D.sub.1, and
      resistors R.sub.1, R.sub.2 and R.sub.3. The positive electrode of the
      battery 10 is connected to the cathode of the Zener diode D.sub.1 and the
      anode of the Zener diode D.sub.1 is connected to the emitter electrode of
      the transistor Q.sub.1 while the anode of the Zener dioed D.sub.1 is also
      connected through a resistor R.sub.2 and further through a resistor
      R.sub.1 to the base electrode of the transistor Q.sub.1. The connection
      mid-point between the resistors R.sub.1 and R.sub.2 is connected through a
      resistor R.sub.3 to the negative electrode of the battery 10. The negative
      electrode of the battery 10 is also connected to the voltage supply
      terminal 14b of the DC-DC converter 14. The collector electrode of the
      transistor Q.sub.1 is connected to the base electrode of a transistor
      Q.sub.5, which will be described later, of the time switching circuit 17.
      The transistor Q.sub.1 is adapted to be conductive when the voltage of the
      battery 10 is normal in value and nonconductive when the voltage is
      lowered below a predetermined voltage, for example, a voltage below about
      4.3 to 4.7 volts as described above. The Zener diode D.sub.1 is served to
      provide a reference voltage for the above purpose. The positive and
      negative electrodes of the battery 10 are respectively connected to the
      input side of the DC-DC converter 14.
PAR  Next, the control circuit 16 will be described. This control circuit 16 is
      composed of transistors Q.sub.2, Q.sub.3, Q.sub.4, diodes D.sub.2,
      D.sub.3, D.sub.4 and resistors R.sub.4, R.sub.5, R.sub.6, R.sub.7,
      R.sub.8, R.sub.9. In this circuit, the transistor Q.sub.2 is of a PNP-type
      and the transistors Q.sub.3 and Q.sub.4 are of an NPN-type. The emitter
      electrode of the transistor Q.sub.2 is connected to the cathode of the
      diode D.sub.2 while the anode of the diode D.sub.2 is connected to the
      voltage supply terminal 14a, and the collector electrode of the transistor
      Q.sub.2 is connected through a series circuit of the diode D.sub.3 and the
      resistor R.sub.5 to the voltage supply terminal 14b. The anode of the
      diode D.sub.3 is located at the collector side of the transistor Q.sub.2.
      Further, the base electrode of the transistor Q.sub.2 is connected through
      the resistor R.sub.4 to the indication instruction signal input terminal
      15. The collector electrode of the transistor Q.sub.2 is also connected
      through a series circuit of the resistors R.sub.6 and R.sub.7 to the
      voltage supply terminal 14c. The collector electrode of the transistor
      Q.sub.3 is connected through the resistor R.sub.8 to the voltage supply
      terminal 14b and at the same time the base electrode thereof is connected
      to the connection mid-point of the resistors R.sub.6 and R.sub.7 while the
      emitter electrode thereof is connected to the voltage supply terminal 14c.
      The collector electrode of the transistor Q.sub.4 is connected through a
      series circuit of the resistor R.sub.9 and the diode D.sub.4 to the
      collector electrode of the transistor Q.sub.2. In this case, the anode of
      the diode D.sub.4 is located at the side of the transistor Q.sub.2. The
      base electrode of the transistor Q.sub.4 is connected to the collector
      electrode of the transistor Q.sub.3 and the emitter electrode of the
      transistor Q.sub.4 is connected to the voltage supply terminal 14c. The
      transistors Q.sub.3 and Q.sub.4 are rendered to be reciprocally ON and OFF
      in response to ON and OFF of the transistor Q.sub.2 which are caused by
      signals applied to its base electrode.
PAR  In the above circuit 16, the diode D.sub.2 is used to prevent the
      transistor Q.sub.2 from being destroyed by a large backward voltage
      impressed between the base-emitter electrodes thereof at its nonconductive
      state. The diode D.sub.3 serves to prevent the transistor Q.sub.3 from
      being accidentally turned ON by its base current applied through the
      resistors R.sub.5 and R.sub.6 when the transistor Q.sub.2 is
      non-conductive. Further, the diode D.sub.4 is inserted so that the
      switching characteristic of the transistor Q.sub.3 is not deteriorated due
      to the current flowing from a point P.sub.1, through the resistors R.sub.9
      and R.sub.6 to its base electrode when the transistor Q.sub.2 is turned
      OFF.
PAR  The time switching circuit 17 will next be discussed. The time switching
      circuit 17 is composed of the transistor Q.sub.5, resistors R.sub.10,
      R.sub.11, R.sub.12 and a capacitor C.sub.1. The collector electrode of the
      transistor Q.sub.4 of the control circuit 16 is connected through the
      capacitor C.sub.1 for charging and discharging and further through the
      resistor R.sub.10, which is connected in series to the former, to the
      voltage supply terminal 14a. The connection point between the collector
      electrode of the transistor Q.sub.4 and the capacitor C.sub.1 is referred
      to as P.sub.1 while the connection point between the capacitor C.sub.1 and
      the resistor R.sub.10 is referred to as P.sub.2. The indicator control
      circuit 18 will now be discussed. The point P.sub.2 connects with the
      anode of diode D.sub.5. The cathode joins with the base of transistor
      Q.sub.7, the emitter of which connects with V.sub.2. The collector
      electrode of the transistor Q.sub.7 is connected through the capacitor
      C.sub.2 and further through the resistor R.sub.14 to the voltage supply
      terminal 14.sub.b. The connection point of the capacitor C.sub.2 and the
      resistor R.sub.14 is connected to the anode of the diode D.sub.6, and the
      cathode of the diode D.sub.6 is connected to the base electrode of the
      transistor Q.sub.8. The emitter of the transistor Q.sub.8 is connected to
      the collector electrode of the transistor Q.sub.4 of the aforementioned
      control circuit 16. The collector electrode of the transistor Q.sub.8 is
      connected through the resistor R.sub.18 to the voltage supply terminal 14a
      and also to the cathode of the diode D.sub.7 while the anode of the diode
      D.sub.7 is connected through the capacitor C.sub.3 to the base electrode
      of the transistor Q.sub.7. The anode of the diode D.sub.7 is further
      connected through the resistor R.sub.17 to the voltage supply terminal
      14b. The base electrode of the transistor Q.sub.7 is then connected
      through the resistor R.sub.15 to one end of a switch 19, and the other end
      of the switch 19 is connected to the negative electrode of the battery 10,
      that is, to the voltage supply terminal 14b in this case. The switch 19 is
      opened when an input DC voltage (charging voltage) is supplied to the
      external power input terminals 12a and 12b but closed otherwise, which
      will be described later. The collector electrode of the transistor Q.sub.8
      is connected to a control signal output terminal 20. The output signal
      from the terminal 20 is applied to the indicator cathode drive circuit 5.
      Meanwhile, a diode D.sub.5 is connected to prevent the transistor Q.sub.6
      from being broken down by a reverse biasing voltage applied between the
      base-emitter electrodes. The diode D.sub.7 is provided so as to sharpen
      the waveform of the output at the control signal output terminal 20 by
      charging the capacitor C.sub.3 through the resistor R.sub.17 and
      discharging the same through the diode D.sub.7 and the collector-emitter
      electrodes of the transistor Q.sub.8.
PAR  A description will hereinbelow be given on the operation of the indicator
      driving system shown in FIG. 2 with reference to the wave-forms of FIG. 3.
PAR  At first, assuming that the voltage of the battery 10 is normal, the
      transistor Q.sub.1 of the voltage detector circuit 13 is in a conductive
      state, so that the transistor Q.sub.5 of the time switching circuit 17 is
      turned OFF and the resistor R.sub.11 is disconnected from the circuit 17.
      The waveform of the indication instruction signal applied to the
      indication instruction signal input terminal 15 is shown in FIG. 3A as
      S.sub.1. In this case, the voltage V.sub.1 of the indication instruction
      signal S.sub.1 indicates the absence of an instruction, whereas the
      voltage V.sub.0 corresponds with the completion of the key pressing or
      arithmetic operation. Initially, when the voltage of the signal S.sub.1 is
      V.sub.1, the transistor Q.sub.2 is in a conductive state. Therefore, the
      transistor Q.sub.3 is in a conductive state while the transistor Q.sub.4
      is in a non-conductive state. Accordingly, the potential at the point
      P.sub.1 (S.sub.2 of FIG. 3B) is substantially V.sub.0 and the potential at
      the point P.sub.2 (S.sub.3 of FIG. 3C) is substantially V.sub.2. That is,
      in this case, the capacitor C.sub.1 is being charged through the following
      path: voltage supply terminal 14a -- diode D.sub.2 -- emitter-collector of
      transistor Q.sub.2 -- diode D.sub.4 -- resistor R.sub.9 -- capacitor
      C.sub.1 -- diode D.sub.5 -- base/emitter of transistor Q.sub.6 -- voltage
      supply terminal 14c. As mentioned above, in this case the transistor
      Q.sub.6 of the indication control circuit 18 is in a conductive state.
      Further, the potential of the emitter electrode of the transistor Q.sub.8
      is V.sub.0 similarly as that of the point P.sub.1. For this reason, the
      output voltage of the control signal output terminal 20 of the indication
      control circuit 18 (S.sub.4 of FIG. 3D) becomes V.sub.0 and maintained
      constant. In this case, the indicator cathode drive circuit 5 is arranged
      to feed no cathode voltage to any cathode thereof and hence no indication
      is permitted in the indicator 8.
PAR  Next, when the indication instruction signal of V.sub.1 is applied to the
      terminal 15 at a time t.sub.1 as shown in FIG. 3A, the transistor Q.sub.2
      is turned OFF with the result that the transistor Q.sub.3 is also turned
      OFF while the transistor Q.sub.4 is turned ON. For this reason, the
      potential S.sub.2 at the point P.sub.1 is immediately lowered from V.sub.0
      to V.sub.2 as shown in FIG. 3B. Further, the switching signal S.sub.3 at
      the point P.sub.2 is lowered from V.sub.2 to 2V.sub.2 as shown in F FIG.
      3C. Accordingly, the transistor Q.sub.6 of the indication control circuit
      18 is turned OFF and the emitter potential of the transistor Q.sub.8 which
      is equal to that of the point P.sub.1 becomes V.sub.2. Consequently the
      astable multi-vibrator of the indication control circuit 18 does not
      operate as an oscillator yet. However, since the emitter potential of the
      transistor Q.sub.8 becomes V.sub.2, this transistor Q.sub.8 is turned ON
      and the voltage S.sub.4 at the control signal output terminal 20 becomes
      V.sub.2 as shown in FIG. 3D. For this reason, the indicator cathode drive
      circuit 5 is controlled to cause the indicator 8 to start an indication in
      accordance with signals supplied from the arithmetic operation section 2
      of FIG. 1.
PAR  The capacitor C.sub.1 of the time switching circuit 17 is then charged
      through a path of voltage supply terminal 14a -- resistor R.sub.10 --
      capacitor C.sub.1 -- collector.emitter of transistor Q.sub.4 -- voltage
      supply terminal 14c with a time constant decided by the values of these
      capacitor C.sub.1 and the resistor R.sub.10. When the switching signal
      S.sub.3 of this point P.sub.2 is increased to a potential to turn on the
      transistor Q.sub.6, that is, V.sub.2 + V.sub.2 such as shown in FIG. 3C,
      the transistor Q.sub.6 is turned ON with the result that the astable
      multivibrator of this indication control circuit 18 starts its oscillation
      and an oscillting output is produced at the control signal output terminal
      20 from a time t.sub.2 as shown in FIG. 3D. In this case, a time period
      between t.sub.1 and t.sub.2 is, for example, 30 seconds and afterwards the
      indicator 8 is continuously and intermittently controlled such that
      lighting for substantially 0.5 seconds and non-lighting for substantially
      1 seconds, both being alternately repeated. Accordingly, for about 30
      seconds after the completion of arithmetic operation or key pressing, the
      indicator 8 is continuously lit and after 30 seconds has passed, the
      indicator 8 repeats the intermittent indication as described above.
PAR  Next, when the voltage of the battery 10 is lowered below a predetermined
      voltage, the transistor Q.sub.1 is turned OFF, so that the transistor
      Q.sub.5 of the time switching circuit 17 is turned ON and the resistor
      R.sub.11 is connected to the circuit 17. In this case, since the value of
      the resistor R.sub.11 is selected to be quite small as compared with that
      of the resistor R.sub.10, the time constant for charging the capacitor
      C.sub.1 is determined mainly by the resistor R.sub.11 and the capacitor
      C.sub.1. In this case, when the indication instruction signal of V.sub.1
      is applied to the terminal 15 at the time t.sub.1, the indicator 8 begins
      to make a continuous indication in the same manner as described above.
      However, as shown in FIG. 3C', the potential S'.sub.3 at the point P.sub.2
      increases enough to turn the transistor Q.sub.6 ON at a time t'.sub.2
      which is earlier than the aforementioned time t.sub.2, and when the
      transistor Q.sub.6  is turned ON, the astable multivibrator of the
      indication control circuit 18 starts its oscillation. As a result, the
      indicator 8 is lighted continuously, for example, for 5 seconds and
      afterwards the indicator 8 is repeatedly controlled in the same manner as
      described above. FIG. 3D' shows a waveform of a voltage S'.sub.4 at the
      output terminal 20 in that case.
PAR  With the above descrived system, the external power input terminals 12a and
      12b are provided to charge the battery 10 and also to drive the whole
      system by the external power input. In this case, however, a DC voltage
      produced by rectifying a commercial AC power is normally used as the
      external power input, so that it is not particularly required to economize
      power, that is, the indicator 8 is not required to make the intermittent
      indication. In this case, the aforementioned switch 19 is opened
      automatically such that the switch 19 is interlocked with the engagement
      of, for example, a plug or a jack which is used for the connection of the
      external power to the input terminals 1a and 1b, and the base electrode of
      the transistor Q.sub.7 of the indicator control circuit 18 is reverse
      biased to make the astable multivibrator nonoperating. In other words, the
      output voltage S.sub.4 of the control signal output terminal 20 is always
      kept to be the value of V.sub.2 after the voltage S.sub.1 of the
      indication instruction signal has become V.sub.0 and the indicator 8 is
      always controlled to make a continuous indication.
PAR  According to the present invention as described above, the system is
      composed of the indicator, the battery for supplying a power to this
      indicator, the voltage detector circuit for detecting the voltage of this
      battery, an instruction input and control circuit for driving the time
      switching circuit, the time switching circuit in which a switching period
      is variably controlled by the detected output of this voltage detector
      circuit so that the switching period becomes shorter when the voltage of
      the battery becomes lower than a predetermined value, and the indication
      control circuit which is controlled by the output signal of this time
      switching circuit to control the indicator cyclically and intermittently.
      With the above construction, the indicator makes a continuous indication
      for a switching period of the time switching circuit which is operated by
      an instruction signal for an indication operation and the indicator makes
      an intermittent indication after the switching period has passed. As a
      result, the system has the following advantages:
PAR  1. Wasteful consumption of a battery according to the indicator can be
      remarkably reduced without spoiling the function of the indicator.
PAR  2. When the voltage of the battery is lowered, the power consumption of the
      system is more economized and further the system itself can indicate that
      the voltage of the battery has decreased by shortening the switching
      period of the switching circuit.
PAR  3. Negligence in turning-off a power switch can be indicated by the
      intermittent indication of the indicator.
PAR  4. It is not necessary to provide a battery indicator lamp which indicates
      the decrease in the voltage value of a battery.
PAR  Although an illustrative embodiment of the invention has been described
      with reference to the accompanying drawings, it is to be understood that
      the invention is not limited to that precise embodiment, and that various
      changes and modifications may be effected without departing from the scope
      or spirit of the invention. Further, it will be noticed that a so-called
      Nixie tube, a liquid crystal indicator device, a luminescent diode or the
      like can be used as the indicator.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A time switching power saver circuit for a battery powered electronic
      indicator comprising:
PA1  A. an indicator for displaying figures connected to be supplied with a DC
      power supply voltage by a battery;
PA1  B. control means having an indicator instruction signal input, said means
      effective to control a time switching means in accordance with the state
      of an induced instruction time signal;
PA1  C. switching means connectedd to said control means, said time switching
      means generating in response to said instruction signal a switching
      signal; and
PA1  D. indication control means connected between said time switching means and
      said indicator for receiving said switching signal to control the
      indication of the latter, said indication control means being responsive
      to said switching signal for controlling the indicator to first make a
      continuous indication for a predetermined time period in response to the
      indication signal and to later automatically make an intermittent
      indication also in response to said switching signal.
NUM  2.
PAR  2. A time switching circuit according to claim 1 further comprises:
PA1  A. voltage detecting means for detecting the voltage across said battery;
      and
PA1  B. means connected between said voltage detecting means and said time
      switching means for shortening said continuous indication predetermined
      time period when the detected voltage becomes lower than a predetermined
      value.
NUM  3.
PAR  3. A time switching circuit according to claim 2 wherein said time
      switching means includes:
PA1  A. a first time constant circuit, the time constant of which corresponds to
      said predetermined time period; and
PA1  B. a second time constant circuit, the time constant of which is shorter
      than that of said first time constant circuit;
PAL  whereby said means connected between said voltage detecting means and said
      time switching means switches said first time constant circuit to said
      second time constant circuit when said detected voltage becomes lower than
      said predetermined value.
NUM  4.
PAR  4. A time switching circuit according to claim 1 wherein said indication
      control means includes an astable multivibrator controlled by the
      switching signal from said time switching means.
NUM  5.
PAR  5. A time switching circuit according to claim 1 in which said indication
      control means connects with an interlock switch actuated by plugging an
      alternating current power source, said switch effective to cause
      continuous indication by said indicator in response to the instruction
      signal.
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ABST
PAL  A miniature, hand-held device for displaying text information in a moving
      format in a word sequential manner. Text material is inputted by means of
      magnetic tape and displayed at an operator selectable rate. A "super
      speed" format is adapted to display words in a parallel by
      character-sequential by word fashion. All of the characters of a word are
      simultaneously displayed only after the displayed word has its first
      letter aligned with a fixed index mark of the display which tends to
      eliminate the need for eye movement (saccades). A word time expansion
      control is selectable to increase the viewing time for each word in
      proportion to word length. An automatic brightness control is provided for
      increasing display brightness for words whose display time interval is
      less than a predetermined time period.
PAL  In an alternative embodiment, means are provided for increasing the
      blanking time after words longer than a predetermined number of characters
      as a function of the total number of characters in a long word before
      displaying the next word of the text material.
BSUM
PAR  The present invention relates to display devices and more particularly to
      portable hand-held devices for displaying text material in a single line
      fashion at operator selectable display rates wherein the time interval of
      display of a word or the time interval of blank periods between succeeding
      words are automatically controlled as a function of word length.
PAC  BACKGROUND OF THE INVENTION
PAR  A most economical approach for displaying text information is the printed
      page such as, for example, books, magazines, newspapers and the like. The
      drawbacks of the printed page format resides in the fact that lines of
      text appearing both above and below the line being read serves as a
      distraction to the reader. In addition thereto, the printed text plays a
      passive role in the sense that reading speed is controlled exclusively by
      the reader and the text exerts no influence whatsoever upon the reading
      rate. Tracking of content depends upon the reader's mood and eye agility.
      Retention, the bane of speed reading, depends on interest levels and
      degree of intelligence of the reader.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is characterized by providing a display and display
      format adapted to exert an active influence upon the reader by providing
      operator selectable display rates enabling the operator to choose a
      comfortable reading speed, if desired or alternatively to enable the
      operator to select more challenging display rates to thereby foster
      significant improvement in reading skills.
PAR  The present invention, in one preferred embodiment, comprises means for
      receiving a portable data storage assembly such as, for example, a
      magnetic tape cassette having stored therein, preferably in binary form,
      the textual information to be displayed.
PAR  Data is transferred into a tape buffer memory, one block at a time. The
      loading of a block of data initiates its transfer from the process memory,
      at a significantly higher rate thereby releasing the tape buffer memory
      for receipt of the next block of textual information. Subsequent data
      transfer continues in this manner.
PAR  The block of data transferred to the process memory is advanced one
      character at a time to a dot matrix pattern generator which converts the
      binary coded word into a 10 row by 7 column dot matrix pattern wherein
      each 10 dot column is shifted into a 10 row by 1750 column matrix of light
      emitting diodes (LEDS). As each 10 dot column is loaded into the left-hand
      end of the display, the previous column loaded therein is shifted one
      column position to the left.
PAR  None of the columns comprising a character are illuminated until an entire
      word is shifted into the display, at which time all of the dot columns
      representing the characters of that word are simultaneously illuminated.
PAR  When operating in the word time expansion control mode, it is possible to
      expand the display time of any word whose word length is greater than four
      characters with the display expansion time being a function of the number
      of characters in excess of four. Thus, each word being displayed has its
      first or left-hand-most character aligned with the index mark with the
      remaining characters positioned to the right thereof. The word is
      displayed in this position for a time period which is a function of word
      length thereby enabling longer words to be observed for correspondingly
      longer periods of time which serves to enhance both reading speed and
      comprehension.
PAR  In an alternative embodiment, whereas display time remains constant
      regardless of word length, blanking time after long words is made
      correspondingly longer with the length of blanking time being a function
      of the length of the previously displayed "long" word.
PAR  Automatic brightness control is provided to increase the brightness of the
      display where short words, i.e. words whose display time is less than a
      predetermined threshhold, to provide compensation for words of short time
      display intervals by increasing the brightness of the display so as to
      maintain a substantially constant "apparent" brightness for all words
      displayed regardless of their display time.
PAC  BRIEF DESCRIPTION OF THE FIGURES AND OBJECTS OF THE INVENTION
PAR  It is therefore one object of the present invention to provide a novel
      hand-held device for the display of textual information and which serves
      as an active influence upon both reading speed and reading comprehension.
PAR  Still another object of the present invention is to provide a device of the
      type described in which the display rate is operator selectable.
PAR  Still another object of the present invention is to provide a novel
      hand-held device of the type described in which the display time of a word
      is a function of word length.
PAR  Still another object of the present invention is to provide a device of the
      type described in which the blanking time between adjacent displayed words
      is a function of the length of the first such word displayed.
PAR  Still another object of the present invention is to provide a device of the
      type described in which the brightness of words whose display time
      intervals are brief is increased in magnitude as an inverse function of
      display time to maintain a substantially constant apparent display
      brightness for all words.
DRWD
PAR  The above as well as other objects of the present invention will become
      apparent when reading the accompanying description and drawings in which:
PAR  FIG. 1 shows a simplified block diagram of a display communicator embodying
      the principles of the present invention.
PAR  FIG. 2 shows a graphic illustration of progression during word sequential
      mode of the communicator of FIG. 1.
PAR  FIG. 3 is a block diagram showing progressions of the display communicator
      of FIG. 1 in greater detail.
PAR  FIG. 4 is a block diagram showing the pattern generator and display panel
      of the communicator of FIGS. 1 and 3 in greater detail.
PAR  FIG. 5 is a block diagram showing the logical circuitry for controlling
      word expansion control time.
PAR  FIGS. 6 and 7 are block diagrams showing gating circuitry for controlling
      the display and word expansion circuitry of FIGS. 4 and 5.
PAR  FIG. 8 is a block diagram showing a brightness control circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The electronic communications device 10 shown in FIG. 1 provides a new and
      improved technique for displaying text information which serves as an
      alternative (and superior) means for displaying such information normally
      displayed in a printed page format (e.g. books, newspapers, magazines
      etc.) wherein the device of the present invention serves in an active
      manner to increase both reading speed and comprehension and to decrease
      eye fatigue. The communicator device is a portable, compact, hand-held,
      solid state unit which, due to its significantly reduced weight and size
      can be held and manipulated in much the same manner as present day
      hand-held electronic solid state calculators.
PAR  One major aspect of the invention resides in the electronic visual display
      panel 16 which is capable of displaying, in one preferred embodiment, up
      to 25 alphanumeric characters in a single line format. A magnetic tape
      drive system 11a (not shown for purposes of simplicity) together with
      buffer memory registers and control logic provides the information storage
      source as well as the needs for transferring alphanumeric text information
      to visual display panel 16 for viewing by the operator.
PAR  Text information is displayed in a word sequential manner, shown best by
      the illustration of FIG. 2. Text information is displayed on the single
      line display by entering characters at the right-hand end of the viewing
      screen 16a in a dot column by dot column fashion. Each character is
      entered in the right-hand-most display position and is then shifted to the
      left as new characters are entered. The characters are formed by a dot
      matrix comprised of 10 dot rows and 7 dot columns, up to a maximum of 70
      dot positions which are selectively energized to create either alphabetic
      or numeric characters, punctuation marks and the like. The dot patterns
      are shifted right to left in dot column increments. The shifting of the
      dot columns into the display does not effect the viewer's ability to read
      the word as it progresses across the display screen. The rate of
      progression is operator selectable by means of manipulation of the speed
      control knob 18a.
PAR  The communicator, in the first mode of operation, moves the words across
      the display, at an operator selected speed which may be one that provides
      a reasonably relaxed reading rate, or alternatively, may be one that
      challenges the reader to develop a faster reading rate.
PAR  In word sequential mode, the communicator transfers dot patterns to the
      display in a non-illuminated fashion so that the entire word being
      inputted is not illuminated until all characters of the word have been
      transferred to the display and the first (i.e. left-hand-most) character
      thereof has been advanced to the index mark 16b. The words remains
      illuminated in this stationary position for a time interval which is a
      function of word length. Succeeding words of the text are inputted in a
      similar fashion. In a modification of this embodiment, words may be
      displayed at a constant display interval upon reaching the index mark and
      the blank time between the word presently at the index mark and the next
      word to be inputted into the display is controlled so as to be a function
      of the word length for the word presently at the index mark. The fixed
      starting location of the key word in each image frame tends to eliminate
      the need for eye movement (saccades) so as to reduce eye fatigue while
      providing a display of sufficient length from its simultaneous viewing of
      the preceeding and following words thereby increasing comprehension speed
      by providing recognition clues for the key word. The single display has
      the further added advantage of eliminating any distraction caused by
      printed text which would otherwise be presented both above and below the
      line being read. All of these advantages tend to increase the viewer's
      reading speed in terms of comprehension and retention when compared to
      page format reading.
PAR  Operation of the display communicator is initiated by loading a prerecorded
      tape cassette 11 (FIG. 1) containing text information and key words, into
      the tape drive receptacle 11a. The display is activated by moving the
      speed control knob 18a to a setting representing a text display rate
      compatible with the reading rate of the operator. The unit may also be
      halted whenever desired to permit fixed viewing by manipulation of the
      speed control knob to the STOP position.
PAR  Transfer of text information from the magnetic tape cassette 11 to display
      16 is controlled by the control logic unit 17 and the operator control
      panel 18. Assuming that a tape cassette has been loaded into the tape
      drive receptacle 11a which, although not shown for purposes of simplicity,
      is understood to have means for appropriately rotating tape spools 11b and
      11c to cause the magnetic tape 11d to move, for example, in a first
      direction as shown by arrow A, enabling pickup of the magnetic patterns
      representative of binary information and synchronized pulses by means of
      pickup head 12a. The signals are amplified by the tape playback amplifier
      12b to transfer the first information block (preferably comprised of 576
      characters) into tape memory 13. Logic control unit 17 senses the transfer
      of a block of information by sensing the presence of an EOB (end-of-block)
      code to halt the tape movement until the next information block is
      required. The information block in tape memory is then transferred to the
      process memory 14 at a higher transfer rate than that between the magnetic
      tape input 11 d and tape memory 13. Upon completion of transfer of this
      block of information into process memory 14, the tape drive is reinitiated
      to transfer the next information block into tape memory 13. This pattern
      is repeated for succeeding information blocks.
PAR  The information block moved from tape memory 13 to process memory 14 is
      processed by the dot pattern generator circuit 15 to convert the binary
      coded representation of each character into a dot matrix pattern. Each
      binary word applied to the dot pattern generator 15 causes each dot column
      of the pattern to be transferred into the display in a dot column by dot
      column fashion until the entire dot pattern for the character has been
      transferred into the display at which time the binary word for the next
      character to be displayed is applied to the dot pattern generator 15.
PAR  Display unit 16 remains blank during the time when characters are being
      shifted into the display. When the word has been loaded in to the display
      and the first character of the first word has been shifted into the index
      position of the display, the word process action terminates and the
      display unit is illuminated to display the first word for a specified
      display time, which time is controlled by the operator's speed control.
PAR  At the end of the display time, the next word is processed through the dot
      pattern generator in the same manner as that described hereinabove. Thus,
      all of the words in the information block contained in the process memory
      are processed and displayed after which time the control unit causes the
      information block now in tape memory to be transferred to process membory
      at which time the next information block is moved from magnetic tape 11d
      to tape memory 13. This action continues until the end of the tape is
      sensed or until the operator sets the speed control to STOP or OFF. The
      speed at which characters are transferred from process memory 14 to dot
      pattern generator 15 and displayed is determined by the speed control
      setting of control knob 18a.
PAC  WORD TIME EXPANSION CONTROL
PAR  A salient feature of the word sequential mode permits the operator, through
      the use of the word time expansion control, to increase viewing cycle time
      for each word in proportion to word length.
PAR  It is a well established fact that additional time is required to read and
      comprehend words as word length increases. The word time expansion control
      allows an operator to activate circuitry which automatically increases the
      time period of the viewing cycle of each word transferred to the display
      in proportion to word length. Longer words have a longer view cycle time
      period. The word time expansion control, shown at 18b in FIG. 1, can, in
      one preferred embodiment, be set to 0, 6% or 12% increase in viewing time
      per number of letters in a word over a base number of four letters. Words
      having up to four letters are not increased in viewing cycle time at all
      and their viewing cycle time is dependent entirely upon the speed control
      setting.
PAR  If the word time expansion control is set to the 6% increase position, the
      fixed view time is increased by 6% for each letter over four in the word.
      For example, a 6% increase for a six letter word would have a total view
      time of 112% relative to the veiw time of a four letter word. An 11 letter
      word would have a view time of 142% relative to the base time (i.e. to the
      1-4 letter word view time). If the word time control is increased to a 12%
      setting, six and 11 letter words would increase to 124% and 184% of the
      base time,, respectively.
PAR  The base time is always determined by the speed control. Thus, the operator
      can adjust the view time for the shorter words with the speed control and
      further adjust the desired increase in viewing cycle time for longer words
      with the word time control.
PAC  DISPLAY PANEL
PAR  The visual display device 16 (note also FIG. 4) is capable of displaying up
      to 25 alphanumeric characters in the single line format. The display
      device comprises LED's arranged in a 10 .times. 175 matrix with individual
      characters being formed by 10 .times. 7 elements per group.
PAR  Each of the 1750 LED's can be activated independently of one another. The
      selection and activation of LED display elements is accomplished by thin
      film circuitry which is preferably monolithically fabricated on the same
      substrate which is utilized for the display matrix and in a configuration
      which is coplanar with the display elements. Thus, the visual display and
      its associated selection and drive activation circuits may be
      monolithically fabricated upon a single chip. The preferred dimensions of
      the display device for use in the miniature display communicator of the
      present invention are such that the individual elements are preferably
      0.20 inches arranged on 0.030 inch centers. Thus, the overall dimensions
      of the matrix display face are 0.330 .times. 5.2530 inches.
PAC  LOGIC OPERATION
PAR  FIG. 3 shows the overall information flow and control logic for the
      miniature display communicator 10. Flip-flop 21 controls the tape to tape
      memory transfer while fip-flop 21A controls the regeneration of the data
      stored in the tape memory. Both the tape memory and process memory employ
      solid state dynamic shift registers. Flip-flops 22 and 22A control the
      transfer of information blocks from tape memory to process memory.
PAR  Alphanumeric text information is stored in magnetic tape cassettes. The
      alphanumeric characters are stored in blocks of 576 characters or bytes
      (bytes consist of seven information bits plus a low order parity/control
      bit, making a total of eight bits per character or byte). The last
      character in each information block is a special character designated EOB
      which signals the end of block.
PAR  When the last information character has been processed in the process
      memory, an EOB character will be sensed in the C-register 27 which causes
      a high signal to be generated by gate 28 which detects the presence of the
      byte representing the end of block condition. The output of gate 28 at
      PC/8 time, enables gate 29 to set flip-flop 22A causing its Q and Q
      outputs to go high and low, respectively. The Q output, in turn, enables
      gate 31 during PC/8 time, when the communicator is not in the STOP mode
      (see inverter 61 in FIG. 5); and when the next EOB/A gate signal goes high
      thus setting the Q and Q outputs of flip-flop 22 at high and low,
      respectively. The EOB/A signal developed by gate 40 allows the information
      block being regenerated in tape memory 13 to be correctly positioned
      timewise for transfer to the process memory. The output of gate 40 goes
      high when the first character of the tape memory information is ready for
      transfer. Flip-flop 22 is thus set by gate 40 causing flip-flop 22A to be
      reset. Gate 40 also resets flip-flop 21A which stops the regeneration of
      tape memory 13 which, as was described hereinabove, is a solid state
      dynamic shift register having 4600 stages with each stage capable of
      storing one binary bit. With flip-flop 22 set and flip-flop 22A reset, the
      gate 44 is enabled to allow the contents of gate memory 13 to be passed
      through gate 42 during a PC/8 time. The signal PC/8 undergoes a logical
      AND operation by gate 42 with the Q and Q outputs of flip-flop 22 and
      flip-flop 22A, respectively, to force all of the parity control bits
      residing in tape memory 13 as they are applied to gate 42 to the zero
      condition. The PC/8 signal is a clock pulse derived from the Divide By 8
      pulse circuit which is driven by the PC clock pulse from the Process Clock
      Pulse Generator (2.5 megahertz). See FIG. 3. The PC/8 bit occurs in
      coincidence with the appearance of each parity control bit at the output
      of tape memory 13. The purpose for forcing all parity control bits to the
      binary zero state during transfer from tape memory 13 to process memory 14
      will be explained in more detail hereinbelow.
PAR  Upon completion of transfer of data from tape memory 13 to process memory
      14 the end of block character EOB will reside in A register 39 to enable
      gate 40. This output condition is applied to gate 32 to reset flip-flop 22
      during PC/8 time, thus completing the transfer step.
PAR  With regard to transfer from tape drive 11a to tape memory 13, flip-flop 21
      will be set when flip-flop 22A is reset at the beginning of the transfer
      operation from tape memory to process memory. This occurs when the Q
      output of flip-flop 22A goes high, which condition is applied to one input
      of gate 35, the other inputs receiving the Q-output of flip-flop 21 and
      the clock pulse at PC/8 time. The tape drive is activated by having
      flip-flop 21 in the set condition (Q) and flip-flop 22 in the reset
      condition (Q) thus, the tape drive will start when flip-flop 22 is reset
      at the end of the transfer of data from tape memory 13 to process memory
      14. A completion of the transfer of an information block from magnetic
      tape to tape memory will be indicated when the end of block signal appears
      in register 39 causing gate 40 to be enabled and thereby resetting
      flip-flop 21. Flip-flop 21 is reset to cause flip-flop 21A to be set which
      starts the regeneration of tape memory. The resetting of flip-flop 21
      causes a high level at the Q output enabling gate 33 to set flip-flop 21A.
PAR  The operation transferring characters from process memory 14 to display 16
      is controlled by flip-flops 23 and 24, shown in FIG. 6, and flip-flops 25,
      26 and 26A, shown in FIG. 7, which should further be considered in
      conjunction with FIGS. 3 and 4.
PAR  Flip-flop 23 provides a 1-byte time gate for the transfer to the B-register
      48 (see both FIGS. 3 and 4) of the next character to be processed.
      Flip-flop 24 defines the actual period during which a character is
      converted into its corresponding dot matrix pattern and its subsequent
      transfer to the display unit. Flip-flop 26 defines the fixed time display
      period and flip-flop 26A controls the added display time for the words
      which are subject to word time expansion.
PAR  Flip-flop 23 provides a 1-byte time gate for transferring the next
      character to be processed from the process memory 13 to the B-register 48.
      Flip-flop 23 is set either by the enablement of gate 40 (indicating an end
      of block word in register 39) and the setting of flip-flop 22 at the end
      of transfer from tape memory to process memory causing gate 91 to be
      enabled, which state is passed by OR gate 93 to set flip-flop 23.
      Alternatively, flip-flop 23 may be set by the setting of flip-flop 25 and
      the presence of the parity control bit in C-register 27 causing gate 92 to
      be enabled and resulting in a coupling of this state through OR gate 93 to
      the set input of flip-flop 23. The parity control bit of the next
      character is forced to a one-bit at the end of the current flip-flop 23
      time period. This is caused by gate 119 forcing the output of the process
      memory to a 1 bit through OR gate 120 at PC/8 bit time during the one byte
      flip-flop 23 time period. Thus the parity control bit is forced high as it
      is transferred from the process memory to the C register. In this manner,
      the next character to be processed is indicated by a high parity control
      bit. Gate 92 causes flip-flop 23 to be set when the next high parity
      control bit is sensed at the output of the process memory at PC/8 time
      during the flip-flop 25 set condition (Q). For this reason, all parity
      control bits are force low (binary zero) at the time of transfer from tape
      memory 13 to process memory 14. Flip-flop 25, when high, defines the
      period during which characters are processed from the process memory to
      the dot pattern generator. Flip-flop 25 is set high (Q) by gate 96 at the
      next PC/8 clock pulse which occurs after flip-flop 26 is reset (Q) at the
      end of the display period. Flip-flop 25 is reset low by gate 97 (FIG. 7)
      when the Index Mark signal goes high indicating that the first character
      of the next word has been shifted to the Index Mark (see FIG. 2).
PAR  FIG. 4 shows the process logic for converting each byte into the
      corresponding dot patterns for display. Process memory 14 is comprised of
      a multistage solid state dynamic shift register equal in number to the
      number of stages of tape memory 13 and requires the data to be fed back to
      the input of process memory 14 to register 27 in gate 45 in a closed loop
      fashion in the same manner as is provided for tape memory 13 (through
      either gate 40 or 40a). The process of converting each character to its
      corresponding dot matrix pattern is timed to coincide with one complete
      data circulation in the process memory loop (i.e. 576 byte times).
      Flip-flop 24 is set by gate 94 upon the occurrence of the flip-flop 23
      byte time period and is reset by count 63 of the divide by 64 counter 49
      (see FIGS. 3 and 4) and count 9 of the display column counter which is a
      divide by 9 counter 50. Thus, during PC/8 time flip-flop 24 is reset, the
      combination of the count of 63 and the count of 9 defining the end of the
      dot pattern conversion process for one block of information.
PAR  The dot pattern generators consist primarily of 10 read only memory units
      (ROM's) 82 a-82j. Each of the ROM's is associated with one shift register
      row 86-1 through 86-10 of the display 16. The appropriate digital
      information representative of the dot matrix pattern is stored permanently
      in each ROM such that each individual byte transferred to register 48
      serves to address a specific set of memory cells. The character code is
      thus utilized as part of the ROM address and is applied to the address
      decoding circuit 81 which activates the appropriate ROM 82a - 82j. The
      display column counter 50 serves as the remainder of the ROM address in
      order to generate each specific dot column pattern in a dot column by dot
      column sequential manner for each specific character. The byte in register
      48 is retained in this register for the entire process time of the
      character represented by that byte as controlled by flip-flop 24. The
      display column counter generates nine successive column codes for each
      character and its output is applied through address decoder 83 to the
      appropriate ROM 82a-82j. It should be noted that each two adjacent
      alphanumeric characters are comprised of seven dot columns and an
      additional two blank columns which are automatically generated to separate
      each character from the next. It can be seen that the divide by 64 counter
      49 and the display column counter (divide by 9 counter) 50 will count 576
      PC/8 pulses which corresponds to the 576 bytes circulating in the process
      memory and thus causing the processing of each character to correspond
      with one process memory loop time, it being understood that an information
      block consists of 576 bytes or characters. The process of generating
      characters continues until an index mark gate 78 (see FIG. 5), to be more
      fully described, goes high to indicate that the next word has been shifted
      to the word index mark 16B (see FIG. 2). This signal is applied to gate 98
      of FIG. 7 to set flip-flop 26 when flip-flop 25 has been set and when the
      display column counter 50 develops a count of 9 condition. The high
      condition at the Q output of flip-flop 26 is applied to gate 97 to reset
      flip-flop 25 and to thereby reset the current word processing cycle.
      Flip-flop 26 remains set for a time period defined by the variable
      frequency oscillator 52 (note, for example, FIG. 3) which is controlled by
      the operator's speed control knob 18b, shown in FIGS. 1 and 5 and by the
      word time counter 54. The base word (containing 1-4 characters) time is
      provided by allowing the word time counter 54 to count 16 output pulses
      applied thereto by the variable frequency clock 52. If the word time
      expansion control is moved to either the 6% or 12% setting, the word time
      counter will start a second count of 16 with each count being compared
      with its corresponding stage of the word index shift register 73, shown in
      FIG. 5. The second count will be terminated when the output of the
      expansion reset gate 56 (see FIG. 3) goes high. In the first case,
      flip-flop 26 will be reset at count 15 of the word time counter (for a 0%
      word time expansion) and in the second case, flip-flop 26 will be reset by
      the expansion reset gate signal. Thus, when in the 0% expansion setting,
      gate 99 of FIG. 7 is enabled when word time counter 54 reaches a count of
      15. This count is decoded by gate 69o of FIG. 5 and is applied to one
      input of gate 99 to effect reset of flip-flop 26. The manner of reset of
      flip-flop 26 by the expansion reset signal will be set forth in detail
      hereinbelow.
PAR  The 12% expansion setting causes the gating of the variable frequency
      oscillator 52 through divide by 2 counter 53 to be inputted to gate 67
      shown in FIG. 5 so as to obtain a second count sequence of the word time
      count, thus doubling the time period of each count. Flip-flop 26A defines
      the word time expansion.
PAR  The word index shift register 73, shown in FIG. 5, is comprised of 19
      stages and performs two functions which have already been referred to in
      the description of the word process cycle period (for setting flip-flop
      25) and the word time expansion operation. The first of these functions is
      to determine when the current word being processed has been shifted to the
      index mark in the display unit. This is accomplished by entering a binary
      "1" bit for each space code detected in a block of information and by
      entering a binary "0" bit for all character bytes transferred to the word
      index shift register each time a space code is entered into the B register
      48 (during flip-flop 23 time). In this manner, the index mark reset gate
      79 samples the 18th and 19th stages of the word index register and when
      these stages respectively contain a binary 0 and binary 1 condition
      (indicating that the first character of the current word has been shifted
      to the display panel index mark) the output of gate 79 goes high to
      develop the index mark reset signal which is simultaneously applied to
      associated inputs of gates 97 and 98 shown in FIG. 7.
PAR  The second function performed by the word index shift register 73 is that
      of controlling the amount of word time expansion by comparison of
      successively lower word index shift register stages until one bit is
      sensed, thus indicating the end of the word. Thus, when a space code is
      shifted to the right-hand-most stage (stage 73s) of register 73 for words
      of less than 18 character length, another binary 1 condition
      representative of the next space code will have been shifted into one of
      the stages 73a - 73n (for words of greater than five character length)
      causing one of the gates 74a - 74n to be enabled, which condition is
      passed by OR gate 77 and AND gate 78 (during flip-flop 26A time) to
      develop the expansion reset signal. In this manner, the number of
      characters in the current word minus the first four characters (note that
      stages 73o - 73r are all gated together with count zero developed by gate
      69 of the word time counter) are counted out providing for the time
      expansion count.
PAR  Automatic brightness control comprises a further improvement in the
      operation of the display communicator and is manifested in the automatic
      brightness control circuit of FIG. 8 which is adapted to increase the
      brightness of the display when the display time period is less than 0.10
      seconds. It is well known that the fovea of the eye has the property of
      integrating light received within a time interval of 0.10 seconds (by the
      Bunsen-Roscoe Law). When light patterns of constant brightness are viewed
      for periods of 0.10 seconds or less, the apparent brightness is made to
      vary as a function of the viewing time. Since the retina of the eye tends
      to reach a saturation level in approximately 0.10 seconds, light patterns
      which are viewed for periods greater than 0.10 seconds do not appear to
      vary in brightness as a function of time. Thus, whenever the display time
      interval is less than 0.10 seconds, the display brightness may be
      automatically increased in a linear fashion and inversely proportional to
      the time interval whenever less than 0.10 seconds in order to enable the
      eye to observe the same apparent brightness.
PAR  FIG. 8 shows the display brightness circuits wherein the basic display
      brightness level is determined by the operator brightness control switch
      18c, which control knob may for convenience form part of the operator
      control panel and thereby be positioned in close proximity to the speed
      control and word time expansion control knobs 18a and 18b, respectively.
      The automatic brightness circuit functions only when the operator speed
      control is adjusted to a repetition rate which results in display times of
      0.10 seconds or less. The automatic brightness control also compensates
      for display time variations resulting from use of word time expansion.
PAR  The brightness control knob 18c is mechanically interlocked, as represented
      by dotted line 106, with the adjustable arm 107a of potentiometer 107. The
      output or voltage level of potentiometer 107 is applied to one input of
      summing amplifier 109 by means of operational amplifier 108.
PAR  The automatic brightness circuits are comprised of a pulse width comparator
      111 which compares the square wave time period generated by the operator's
      speed control with a fixed time period generated by one-shot multivibrator
      112. When the square wave time period results in a display time of less
      than 0.10 seconds, pulse width comparator 111 generates a voltage which is
      inversely proportional to the display time. The output of the pulse width
      comparator 111 is fed to a multiplier-digital to analog converter (MDAC)
      which modifies the pulse width comparator signal if the word time
      expansion circuit is activated. If the word time expansion is not
      activated, the pulse width comparator signal is fed unmodified to the
      summing amplifier 109 which combines the operator brightness control
      signal and the pulse width comparator signal to produce the correct
      brightness level for viewing (i.e. the apparent constant brightness
      level).
PAR  If the word time expansion circuit is activated, the digital word formed by
      the signals appearing at the Q outputs of the stages 73a-73r of word index
      shift register 73 appear as the inputs to selected ones of the gates
      114a-114o, which correspondingly act through the inverters 115 and the NOR
      gates 116 to control the MDAC 117 to reduce the brightness level in
      proportion to increased display time for words of more than four
      characters in length, and conversely increase brightness as word length
      reduces. For example, considering a word of two character length, gate
      114o will give a high output for a word of only two character length. This
      state will be inverted at 115 and applied to one input of gate 114n which
      will develop a high output regardless of the condition appearing at input
      line Q.sub.73n which will be the case for all inputs Q.sub.73n through
      Q.sub.73a due to the presence of each of the inverters 115. Since the
      gates 116 are high only when all of their inputs are binary 0, the MDAC's
      will develop current signals which are passed through the weighted
      resistors 118 which can be seen to have increasingly greater resistance
      values for greater word length words. In the example given, for a word of
      only two character length, all of the MDAC's 117 will pass currents
      through their associated resistors 118 to apply an automatic brightness
      control signal to summing amplifier 109 through operational amplifier 120.
      Summing amplifier 109 develops a brightness level by summing the operator
      brightness control setting with the output of operational amplifier 120 to
      control the signal applied to the LED drive circuitry 110.
PAR  Thus, the logic gates used to connect the Q signals with the MDAC allow the
      MDAC to see only the highest Q signal which has a high output (binary 1
      level). As a further example, if the key word in the word index shift
      register is a seven character word, input line Q.sub.73k will be binary 1
      indicating a blank character or space code following the key word. If the
      word following the key word is two characters in length, Q.sub.73h will
      also be high. Since input line Q.sub.73k is the only signal which should
      be considered, the inverter circuits 115 serve to block the high condition
      at Q.sub.73h from reaching the MDAC.
PAR  The flip-flop circuits 25 and 26 provide a time sample gate to time the
      transfer of the Q signals to the MDAC.
PAR  The 12% expansion signal is also fed to the pulse width comparator to cause
      the output of the pulse width comparator 111 to be compensated due to the
      doubling of the word time expansion when a 12% expansion setting is used
      in place of the 6% expansion setting.
PAR  In order to provide still another alternative method for increasing
      comprehension time for words longer than four characters, the blank time
      following a longer word may be increased while the display time remains
      constant. This is accomplished by using the word time expansion logic of
      FIG. 5 while blanking the display unit during the time expansion period
      when flip-flop 26A is set.
PAR  It is known that the retina of the eye retains light pattern image for a
      period of the order of 0.20 to 0.25 seconds after a display is turned off
      provided that the display is not reilluminated with new information.
      Presentation of new information destroys the retained image. Thus, it can
      be seen that word comprehension may be considered to be a function of time
      and once the eye has received the image it is not necessary to continue to
      display the image.
PAR  The alternative method of increasing comprehension time provides a finite
      saving and logic circuits since the automatic brightness circuit may be
      greatly simplified by omitting the MDAC and its associated Q signal logic
      gates due to the fact that display time is no longer varied as a function
      of word time expansion. Thus, when using increased blanking time as an
      alternative to increased display time for long words the blanking signal
      flip-flop 25 would be replaced by an OR gate combining both flip-flop 25
      and flip-flop 26. This will cause the display to be blank during both the
      set condition (Q) of flip-flop 25 (time when characters are being shifted
      into the display) and the set condition (Q) for flip-flop 26 (the variable
      blanking period immediately following the display period). In this manner
      flip-flop 26 will provide the increased blanking time in the same way that
      it provided the increased display time for long words (see FIG. 4 for the
      Blanking Signal input to the display LED's).
PAR  It can be seen from the foregoing description that the present invention
      provides a novel, portable and in fact, hand-held display communicator
      providing a means of presenting text information in single line fashion at
      an operator selectable rate to provide apparatus for actively encouraging
      and influencing improvements in reading time and comprehension. The
      presentation of text information in a single line format removes
      unnecessary distractions from the observer to further enhance reading rate
      and reading comprehension.
PAR  Illumination of displayed words upon arrival at the index mark serves to
      reduce eye fatigue and the techniques for varying the word display time,
      brightness control and/or blanking time as a function of word length
      provide additional and significant features which all contribute to both
      reading rate and reading comprehension.
PAR  Although there has been described a preferred embodiment of this novel
      invention, many variations and modifications will now be apparent to those
      skilled in the art. Therefore, this invention is to be limited, not by the
      specific disclosure herein, but only by the appending claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable hand-held device for displaying textual material in a single
      line position comprising:
PA1  removable first storage means for storing binary coded data representative
      of textual information;
PA1  said device having means for receiving said first storage means;
PA1  a first memory adapted to store a predetermined block of textual
      information in binary form;
PA1  reader means being selectively actuated for transferring a block of data
      from said first storage means to said first memory;
PA1  logic means responsive to the presence of each end of block code
      interspersed in said first storage means to deactivate said reader means;
PA1  second memory means for storing a block of textual information in binary
      form;
PA1  transfer means for transferring the contents of said first memory to said
      second memory responsive to the sensing of an end of block code by said
      logic means;
PA1  second means responsive to the transfer of an end of block code into said
      second memory means for deactivating said transfer means;
PA1  a multi-bit register means;
PA1  means responsive to completion of the transfer of data into said second
      memory means for transferring binary coded words into said register means
      in sequential fashion;
PA1  character generator means for converting the binary coded word in said
      register means into an M .times. N dot matrix pattern comprised of M dot
      columns of N dots per column, wherein each pattern forms a character
      associated with a predetermined binary code;
PA1  display means comprising a dot matrix of a P .times. N dot matrix of light
      emitting devices comprised of P columns of N dots per column, where P =
      K(M+2) and K is a real integer greater than 1;
PA1  N shift register means each associated with a row of said P .times. N
      matrix of light emitting devices;
PA1  means for transferring each dot column pattern generated by said character
      generator means into the input stages of said N shift registers in a
      sequential dot column by dot column fashion;
PA1  means responsive to the word length of at least one of the words loaded
      into said N shift registers for controlling the interval of time during
      which the said last word is illuminated.
NUM  2.
PAR  2. A portable hand-held device for displaying textual material in a single
      line position comprising:
PA1  removable first storage means for storing binary coded data representative
      of textual information;
PA1  said device having means for receiving said first storage means;
PA1  a first memory adapted to store a predetermined block of textual
      information in binary form;
PA1  reader means being selectively actuated for transferring a block of data
      from said first storage means to said first memory;
PA1  logic means responsive to the presence of each end of block code
      interspersed in said first storage means to deactivate said reader means;
PA1  second memory means for storing a block of textual information in binary
      form;
PA1  transfer means for transferring the contents of said first memory to said
      second memory responsive to the sensing of an end of block code by said
      logic means;
PA1  second means responsive to the transfer of an end of block code into said
      second memory means for deactivating said transfer means;
PA1  a multi-bit register means;
PA1  means responsive to completion of the transfer of data into said second
      memory means for transferring binary coded words into said register means
      in sequential fashion;
PA1  character generator means for converting the binary coded word in said
      register means into an M .times. N dot matrix pattern comprised of M dot
      columns of N dots per column, wherein each pattern forms a character
      associated with a predetermined binary code;
PA1  display means comprising a dot matrix of a P .times. N dot matrix of light
      emitting devices comprised of P columns of N dot per column, where P =
      K(M+2) and K is a real integer greater than 1;
PA1  N shift register means each associated with a row of said P .times. N
      matrix of light emitting devices;
PA1  means for transferring each dot column pattern generated by said character
      generator means into the input stages of said N shift registers in a
      sequential dot column by dot column fashion;
PA1  means responsive to the word length of at least one of the words
      transferred into said display means for blanking the display for a time
      interval which varies directly with the word length of said word.
NUM  3.
PAR  3. A portable hand-held device for displaying textual material in a single
      line position comprising:
PA1  removable first storage means for storing binary coded data representative
      of textual information;
PA1  said device having means for receiving said first storage means;
PA1  a first memory adapted to store a predetermined block of textual
      information in binary form;
PA1  reader means being selectively actuated for transferring a block of data
      from said first storage means to said first memory;
PA1  logic means responsive to the presence of each end of block code
      interspersed in said first storage means to deactivate said reader means;
PA1  second memory means for storing a block of textual information in binary
      form;
PA1  transfer means for transferring the contents of said first memory to said
      second memory responsive to the sensing of an end of block code by said
      logic means;
PA1  second means responsive to the transfer of an end of block code into said
      second memory means for deactivating said transfer means;
PA1  a multi-bit register means;
PA1  means responsive to completion of the transfer of data into said second
      memory means for transferring binary coded words into said register means
      in sequential fashion;
PA1  character generator means for converting the binary coded word in said
      register means into an M .times. N dot matrix pattern comprised of M dot
      columns of N dots per column, wherein each pattern forms a character
      associated with a predetermined binary code;
PA1  display means comprising a dot matrix of a P .times. N matrix of light
      emitting devices comprised of P columns of N dots per column, where P =
      K(M+2) and K is a real integer greater than 1;
PA1  N shift register means each associated with a row of said P .times. N
      matrix light emitting devices;
PA1  means for transferring each dot column pattern generated by said character
      generator means into the input stages of said N shift registers in a
      sequential dot column by dot column fashion;
PA1  means responsive to the word length of at least one of the words loaded
      into said display means for increasing the brightness level of the display
      light emitting devices inversely proportional to the length of the word.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said display means is provided with an
      index mark at a point intermediate the left and right-hand ends of the
      display light emitting devices;
PA1  means responsive to shifting of the first character of a word into the
      positions of the N-registers associated with said index mark for
      activating said display means.
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ABST
PAL  The invention relates to data display devices having a segmented structure.
      It provides a display device whose adjacent coplanar segments are divided
      up into complementary areas respectively connected to excitation units
      controlled simultaneously in such manner as to produce, in the absence of
      break down, a homogeneous display of the segments. The invention applies
      to display by elementary sources of light or by liquid crystals and other
      materials having electro-optical properties.
BSUM
PAR  The invention relates to devices for displaying data in the form of
      characters which can be split up into segments. The display of a character
      consists in rendering visible under the action of a group of electric
      signals a configuration of segments which evokes, without ambiguity, the
      shape of the character.
PAR  With a small number of coplanar segments arranged in a display window, it
      is possible to achieve multiple combinations of segments which are
      inscribed in said window and do not overlap. Such an arrangement
      facilitates the reading of the characters but has the drawback that the
      differenciation of two characters may depend on only a single segment
      which is absent from one of the configurations and appears in the other.
PAR  If the electric circuits exciting a display element break down, the
      character displayed may not correspond to the group of electric signals
      employed for defining it. An erroneous visual interpretation of these
      signals results.
PAR  This drawback inherent in the principle of the segmented display, concerns
      all known display techniques. It may concern display elements constituted
      by sources of light or display elements based on the optical modulation of
      a radiation supplied by a source outside the element. The display elements
      employing liquid crystals are of the latter type and are not devoid of the
      aforementioned drawback since they are generally constituted by a layer of
      liquid crystal whose faces are provided with segmented transparent
      electrodes.
PAR  The display of a character or graphical sign is achieved by applying to the
      electrode a combination of exciting voltages which renders more or less
      birefractive or diffusing certain areas of the layer of liquid crystal. It
      will be understood that a defect in the connection and/or an abnormal
      operation of the excitation circuit for the electrodes may completely
      modify the descriptive value of a displayed character.
PAR  In order to overcome this drawback, the invention proposes to divide each
      one of the segments constituting a display device into complementary areas
      and to control these areas separately by means of excitation circuits and
      redundant electric connections. When the excitation voltages applied to
      the areas of the same segment are concordant in their effects, a
      homogeneous display of the segment is achieved which thus validates it. On
      the other hand, as soon as the excitation voltages cease to be concordant
      for some reason, the display of the segment has an abnormal appearance
      which thus serves to invalidate the reading of the display device.
PAR  According to the present invention, there is provided a data display device
      comprising at least one segment whose form has a descriptive value, said
      form being rendered visible under the action of a control signal applied
      to means for exciting said segment, wherein said segment is formed by a
      plurality of complementary areas; said excitation means being divided into
      as many excitation units as there are areas in said segment; said
      excitation units being electrically connected to said areas through
      separate connections and being controlled simultaneously by said control
      signal.
DRWD
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of the preferred embodiments of the invention taken in
      conjunction with the accompanying drawings thereof, wherein:
PAR  FIG. 1 represents a segmented display device according to the invention;
PAR  FIGS. 2a, 2b, 2c are explanatory Figures illustrating the operation of the
      device shown in FIG. 1, and
PAR  FIG. 3 represents a modification of the device shown in FIG. 1.
DETD
PAR  The character display devices to which the present invention applies may be
      constituted in the known manner by one or more adjacent compartments which
      have a diffusing glass backing and are equipped internally with
      incandescent lights. By the selective lighting up of these lights, it is
      possible to make appear on the surface of the diffusing glass luminous
      segments which have the shape of the compartments.
PAR  According to a less cumbersome technique, there may be substituted for
      these sorts of light boxes electroluminescent diodes whose emitting
      surfaces also have the shape of coplanar segments.
PAR  According to a different technique illustrated in FIG. 1, a display device
      may be constructed which has no light sources. This device is constituted
      by a liquid crystal layer trapped between two transparent strips 8. At
      least one of these strips 8 carries a set of coplanar transparent
      electrodes which have the shape of adjacent segments.
PAR  In FIG. 1, these segments are 7 in number and are divided into two
      complementary areas. The areas 11-17 of the 7 segments are respectively
      complementary to areas 21-27 and all of the segments having two areas form
      in the plane of the figure a configuration which evokes the FIG. 8 when it
      is considered in its entirety.
PAR  The other strip 8, hidden by the first strip, carries a single counter
      electrode or a set of counter electrodes similar to the electrodes which
      face them.
PAR  When a voltage is applied between an electrode and a counterelectrode, the
      liquid crystal portion defined by the electrode and counter-electrode has
      its optical properties modified. This modification for example consists in
      the passage of the liquid crystal from the transparent state to the
      diffusing state or in a change in its birefractory properties or rotatory
      power.
PAR  In the presence of an appropriate illumination, it can be arranged that, by
      transparency or reflection, said segment of the display device changes in
      appearance when an electric excitation voltage is applied thereto. This
      change in appearance may consist in a change of colour or luminescence,
      which is achieved under the action of a d-c or a-c voltage furnished by
      excitation units 18 and 28. These units are composed of elementary cells
      1-7 and 31-37. The excitation elements on cells 1-7 have their outputs
      respectively connected to the areas 11-17 of the segments; their inputs
      respectively receive a group 9 of seven binary control signals which
      determines those of the segments which must be rendered visible. The
      excitation elements or cells 31-37, which are homologous to the cells 1-7,
      receive the same group 9 of binary control signals; these cells 31-37
      deliver excitation voltages which are applied, through a second set of
      separate connections, to the cross-hatched areas 21-27 of the segments of
      the display device.
PAR  In order to render the drawing more clear, there has been omitted an opaque
      frame provided with a window which limits the display area to a
      parallelogram; only the configuration of the transparent segments evoking
      the figure eight may be seen, the peripheral connections being hidden or
      opaque.
PAR  If the group 9 of control signals is solely constituted by Is, the
      excitation units 18 and 28 deliver at all their outputs excitation
      voltages which render completely visible all the segments of the display
      device. There is then seen the luminous figure eight as shown at (a) in
      FIG. 2. If the group 9 of control signals comprises Is except at the
      fourth place from left, it is the figure zero which is displayed since the
      horizontal median segment has become completely invisible. In the same
      way, by cancelling out certain other excitation voltages in the two units
      18 and 28 simultaneously, it is possible to make appear any other figure
      between 0 and 9.
PAR  This operation is the same as if the segments had been constructed in one
      piece and supplied by a single excitation unit. However, owing to the
      doubling of the excitation unit, the electric connections and the
      segments, it is possible to detect any abnormal operation of the display
      device unless it simultaneously affected two homologous excitation paths.
      The probability of such a breakdown is exceedingly slight and may be
      reduced still more if necessary by splitting up the device still more.
PAR  If the group 9 of control signs corresponds to the display of the figure
      eight, there is normally observed the configuration shown at (a) in FIG.
      2. Assuming that a simple breakdown affects the cell 5 of the unit 18
      and/or the connection connecting said cell to the electrode 15, the
      configuration shown at (c) in FIG. 2 is obtained. The notch seen on the
      right in the upper loop of the eight signals a danger of confusion.
      Indeed, if the segment concerned is complete a true eight is seen and if
      it is completely absent present a six is seen. Owing to this ambiguity,
      any anomaly affecting the inscription of a displayed figure is a cause for
      rejection. As it concerns a display device whose segments are not divided
      into fractions, there is nothing to ascertain the existence of a
      breakdown. Under these conditions, the breakdown may change a six into a
      eight or vice-versa without warning of a display error.
PAR  There has been shown at (b) in FIG. 2 the configuration relating to a more
      serious breakdown of the device shown in FIG. 1. It is equivalent to the
      non operation of the whole of the unit 28 and/or of its electric
      connections. This configuration no longer evokes any figure at all and it
      is impossible to read anything therefrom.
PAR  Thus it can be seen that in accordance with the invention the dividing up
      of the segments of a display device into fractions furnishes an indication
      of breakdown so long as it does not concerns all the excitation elements
      pertaining to the same segment.
PAR  In the case of liquid crystal elements or cells, the gain as concerns the
      reliability of the display distinctly prevails over the increased cost of
      manufacture, since the excitation circuits 18 and 28 are cheap components
      owing to their mass-production. The construction of the electrodes by the
      photoengraving method involves only a slight complication as concerns the
      design of the masks.
PAR  Without departing from the scope of the invention, the perception of a
      fault in the display may be improved by adopting a cutting out or
      arrangement of the segments as suggested by the design shown in FIG. 3.
PAR  It has been seen from FIG. 1 that the dividing line between the segments
      may be in accordance with a curved line, broken line or polygonal line and
      that, in the case of breakdown, there results a thin irregular display of
      the segments. The interpretation of an irregular line by an observer used
      to reading slightly mutilated indications is liable to result in an
      assimilation of this line to a normal line and thus validating an unsound
      display. On the other hand, a more suspicious observer would have a
      tendency to invalidate a valid display on the grounds that the lines do
      not appear to be homogeneous in their outline.
PAR  In order to avoid this type of uncertainty, the invention also teaches the
      cutting out of the segments in such manner that at least one of the
      complementary areas which constitutes it has a regular shape which
      directly evokes the ambiguity of the display.
PAR  In FIG. 3, there is shown a display device whose segments are similar to
      those shown in FIG. 1 and cut out in such manner as to contain a
      non-cross-hatched area in the form of a question mark.
PAR  When the excitation of the two parts of a segment is concordant, the
      segment is completely visible or invisible and it is impossible to notice
      the question mark that it contains.
PAR  On the other hand, as soon as the excitation of the two parts of a segment
      is discordant owing to a simple breakdown, the question mark is seen very
      distinctly since its stands out from a dark or luminous background,
      depending on whether it is illuminated or extinguished. It is sufficient
      that a single question mark appear for the entire display to be
      invalidated and this corresponds to the effect produced on any untrained
      observer.
PAR  FIG. 3 shows only a single reject-indicating sign in each segment, but it
      may also be repeated or a word ordering the rejet may even be provided.
PAR  The invention is in no way limited to the numerical or alpha-numerical
      display and is also applicable to the extreme case of a single segment
      having an overall descriptive value and at least one subdivision of this
      segment having another descriptive value capable of confirming or
      invalidating the first.
PAR  As has been seen, the invention is moreover not limited to a single type of
      display device. It concerns devices having incorporated light sources and
      those which are based on the use of liquid crystals or ferro-electrical
      materials; it applies to display based on the contrast of light
      intensities but also on the contrast of colours.
PAR  Of course, the invention is not limited to the embodiment described and
      shown which was given solely by way of example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A data display device comprising at least one segment whose shape has a
      descriptive value, said shape undergoing a perceptible change in
      appearance under the action of a control signal applied to means for
      exciting said segment, wherein each said segment comprises a same number
      of complementary areas; said excitation means being divided up into as
      many excitation units as there are areas in each said segment; said units
      being electrically connected to said areas by separate connections and
      being controlled simultaneously by said control signal.
NUM  2.
PAR  2. A display device as claimed in claim 1, comprising an assembly of
      coplaner adjacent segments which afford, by combination, separate
      configurations appearing in succession under the control of groups of
      control signals applied simultaneously to said excitation units.
NUM  3.
PAR  3. A display device as claimed in claim 1, wherein each segment is embodied
      by a plurality of elementary sources of light which are respectively
      assigned to each one of said complementary areas.
NUM  4.
PAR  4. A display device as claimed in claim 1, wherein each segment is
      constituted by a stack of a group of transparent elementary electrodes, a
      layer of material whose optical properties are modified under the action
      of an electrical field and at least one counter-electrode facing said
      group of electrodes; said elementary electrodes respectively defining said
      complementary areas.
NUM  5.
PAR  5. A display device as claimed in claim 4, wherein said material is a
      liquid crystal.
NUM  6.
PAR  6. A display device as claimed in claim 1, wherein the separations between
      said complementary areas have the shape of continuous lines intersecting
      the perimeter of said segment.
NUM  7.
PAR  7. A display device as claimed in claim 1, wherein at least one of the
      areas of said segment has the form of an ambiguity-indicating graphical
      sign resulting from the incomplete excitation of said segment.
NUM  8.
PAR  8. A display device as claimed in claim 1, wherein said segment comprises
      two complementary areas.
NUM  9.
PAR  9. A display device as claimed in claim 7, wherein the form of said segment
      has a descriptive value peculiar to said segment and distinct from that of
      said graphical sign.
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ABST
PAL  A housing for a horn or like electro-acoustic element is provided,
      including a cover which will snap on the horn or the like by the
      application of slight pressure; however, removal of such cover from the
      horn requires significantly greater effort. Accordingly, a firm and
      long-lasting panel mounting is enabled.
BSUM
PAC  BACKGROUND, OBJECTS AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a technique and to apparatus for
      encapsulating or housing an electrical component or assembly, and more
      particularly, to such a technique adapted to encapsulate a horn or like
      electro-acoustic device.
PAR  The present invention especially pertains to the cover member of such a
      housing, such cover member having the facility for snapping on the horn
      with the use of only slight pressure, thus being amenable for firm panel
      mounting of such horn or other electrical component.
PAR  In order to provide an appropriate background to the subject matter of the
      present invention, reference may be made to U.S. Pat. No. 3,569,963 in
      which a complete alarm system is described and in which an alarm unit is
      shown as being encapsulated for mounting thereof. Particular reference may
      be made to FIG. 5 of the aforesaid patent in which there is shown an
      arrangement involving potting of a printed circuit board within a plastic
      housing and including a mounting ring at the front end of the housing for
      mounting the housing to a panel or the like.
PAR  It is a foundamental object of the present invention to improve upon the
      mounting and housing techniques and apparatus heretofore known for use in
      connection with electrical components.
PAR  Another object is to avoid the necessity for the use of screws or bolts or
      other complicated means for insuring the firm retention of electrical
      components, thereby to simplify to an extreme point the entire
      manufacturing operation.
PAR  A further object is to simplify the manufacturing operation by affording a
      press fit for the housing of electrical components which is superior to
      those known previously.
PAR  A further object is to provide extreme versatility in manufacturing such
      that a unit destined for panel mounting can be produced and this same unit
      can be adapted as a finished article for other uses and not necessarily
      only for mounting to a panel or the like.
PAR  The above and other objects are fulfilled and implemented by a major
      feature of the present invention which provides a cover or front end
      bracket as part of a housing adapted to house or encapsulate an electrical
      component; and further provides a back-end bracket or housing which, in
      similar fashion, snaps onto the horn or other electrical component. The
      cover and the back-end housing are complementarily formed in that they are
      provided with interdigitating or interfitting projections at their
      respective rims so that a complete encapsulation of the horn assembly can
      be effectuated when desired.
PAR  It is a more specific feature of the present invention that each of the
      fingers or projections which are spaced around the rim or periphery of
      each of the cover and back-end bracket is provided with a groove or
      channel for receiving and firmly gripping a flange-like portion at the
      periphery of the horn assembly. Moreover, each of the grooves, on both the
      cover and back-end housing, is preceded by a pear-shaped projection
      extending inwardly and serving to limit relative movement between the horn
      assembly and the two parts of the housing. However, with exertion of a
      reasonable amount of pressure the horn assembly will be received into the
      spaced grooves and will be retained therein.
PAR  A further feature of the invention resides in the provision of an integral
      ring formed at the inner periphery of the cover such that, when the horn
      assembly is moved into the spaced grooves, the front-plate or cover plate
      of such horn unit will abut said ring.
PAR  Another feature of the present invention resides in the provision of a
      unique combination of an audible and visible signal in an alarm unit, the
      housing for which has been already described. In accordance with such
      feature, an appropriate tone or audio signal of the order of 2500 Hz is
      supplied to the horn or transducer element of the alarm unit and this tone
      is interrupted at a predetermined rate by a regulated interrupter or
      pulsing circuit. It is specifically provided that the interrupted tone is
      supplied coincidently to both the horn and a suitable visual indicator,
      such as a light-emitting diode. However, it could be so arranged that the
      horn and the light-emitting diode would receive alternate half-cycles of
      the power supply. The light-emitting diode is arranged to project
      outwardly from the front of the unit at the center of a perforated plate
      or grill formed as part of the cover so as to permit emission of the tone
      signal.
PAR  The above described feature enables the alerting of supervisory personnel
      by visual means as well as by the tone means. The reason this is important
      is that in many installations a variety of conflicting tones and alarms
      are being emitted into a given ambient and it is extremely useful to be
      able to pinpoint the particular tone source; that is, to have a means
      further identifying which audible alarm is being given at a particular
      time.
PAR  Further and other objects, advantages and features of the invention will be
      apparent from the following description of a preferred form of the
      invention as seen in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a completely housed electro-acoustic unit
      of the present invention;
PAR  FIG. 2 is a sectional view, taken on the line 2--2 of FIG. 1, illustrating
      the various components, particularly the visual indicator and the horn or
      electro-acoustic transducer;
PAR  FIG. 3 is a fragmentary view taken on the line 3--3 of FIG. 1 through the
      fingers or tabs on the cover and back-end housing member;
PAR  FIG. 4 is an exploded perspective view of the transducer housing,
      particularly illustrating the interdigitating or interfitting tabs on each
      of the cover and back-end housing, and further illustrating the abutting
      ring within the cover; and
PAR  FIG. 5 is a wiring diagram illustrating the interconnection of the circuit
      components, especially the visual indicator and for the electro-acoustic
      transducer.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawings, and in particular for the moment to FIGS. 1
      and 2, there is shown in complete alarm unit embodying the features or
      aspects of the present invention in a preferred form. There will be seen a
      complete alarm unit 10, comprising a cover 12, preferably made of styrene,
      which in this embodiment is annular in form and is provided at its inner
      periphery with an upstanding or axially extending ring 14. Also extending
      axially in the same direction as ring 14 but at the outer periphery of the
      cover is a series of spaced fingers or tabs 16. These fingers 16 are
      adapted to secure and to hold an electro-acoustic transducer or horn
      assembly 18.
PAR  Extending from the front side of the cover is a threaded boss or neck
      portion 20 which is adapted to be utilized in the event that the
      transducer housing is to be mounted on a panel or the like. Thus, the
      threaded neck portion would be extended through a suitable opening in such
      panel. A threaded mounting ring 22 is provided for the purpose of securing
      the housing to such panel. It will be further noted that a series of
      perforations 21 are provided at the end of the neck portion 20 so that
      sound to be emitted by the horn assembly 18 will be permitted to pass
      through. The interior cavity 23 defined by the neck portion 20, being
      located at the front of horn assembly 18, acts to increase the sound level
      output to the ambient.
PAR  The detailed construction at the inner surface of each of the fingers 16 on
      cover 12 may be appreciated by reference to FIGS. 2, 3 and 4, such
      construction permitting the bringing together of the horn assembly 18 and
      the cover 12; that is to say, the cover 12 may be snapped onto the horn
      assembly 18 by application of slight pressure. Thus, such pressure applied
      to the pear-shaped leading section 24 of each of the fingers 16 will,
      because of the resilient nature of such fingers, cause them to spring
      outwardly until the pressure applied is sufficiently great that the horn
      assembly 18 is forced into the groove-like portions 25.
PAR  The radii of curvature for the initial convex portions 26 vary along the
      interior surface of the tabs or fingers such that only slight pressure is
      required to snap the cover 12 onto the horn assembly; however, a great
      deal of pressure is required to release the horn assembly. This is for the
      reason that the radius of curvature at the leading part or convex portion
      26 is, for example, one-thirtieth of an inch whereas, at the reverse curve
      part, i.e., at the curves defining the grooves 25, it is one-sixteenth of
      an inch. Accordingly, the horn assembly 18 will be very firmly secured and
      retained in the grooves 25 of the fingers 16.
PAR  It will be appreciated that the construction thus far described in
      accordance with the present invention enables ready panel mounting of an
      electrical component such as the electro-acoustic unit 18 heretofore
      noted. Thus, utilizing solely the cover 12 and its associated mounting
      ring 22, the electro-acoustic unit 18 can be securely mounted to a panel
      or the like. However, if it is desired to completely enclose or
      encapsulate the electro-acoustic unit 18, the back-end bracket or housing
      30, which is also preferably made of styrene, can be interfitted with the
      annular cover 12. It will be seen that, particularly in FIG. 3, this
      back-end bracket 30 has a corresponding or mating series of fingers or
      tabs 32. The detailed construction of such fingers 32 is identical to the
      fingers or tabs 16 for the cover 12; that is to say, pear-shaped leading
      sections 34 are provided at the underside or interior surface of the free
      ends of the fingers 32, these including grooves 36 whereby the back-end
      bracket 30 will snap onto the electro-acoustic unit 18 in identical
      fashion as was the case for the cover.
PAR  The feature of the invention which provides for a combination of audible
      and visible signals in an alarm unit can be especially appreciated by
      referring to FIGS. 2 and 5. In the latter figure, a wiring diagram is
      illustrated showing the interconnection of the components of the alarm
      unit for the combination purposes.
PAR  It will be seen in FIG. 2 that a light source 40, preferably a
      light-emitting diode, projects through a suitable aperture in the cover
      12. The light source 40 is connected to the output side of a printed
      circuit board 48, as seen in FIG. 5. The horn assembly 18 is also
      connected to the same output side of printed circuit board 48. A suitable
      source of power, shown as a battery 42, is selectively connected,
      responsive to an alarm condition, to the input side of board 48. A circuit
      for producing an oscillatory output current is formed on board 48. Such a
      circuit can be, for example, identical to that disclosed in copending
      application (Docket ED-166), the subject matter of which is incorporated
      by reference herein.
PAR  The oscillatory output current or tone, which is supplied to both the light
      source 40 and horn assembly 18, is interrupted at a predetermined rate by
      a well-regulated pulsing circuit, also formed on printed circuit board 48.
      Such a pulsing circuit, per se, is well known in the art and its operation
      will be understood by those skilled in the art. Preferably, the
      interruption rate is ninety pulses per minute. The interrupted tone
      produced is especially advantageous in surroundings in which a continuous
      tone would be masked by a high ambient noise level. As indicated
      previously, the combination of an audible and a visual signal operating
      coincidentally is extremely useful in these same surroundings inasmuch as
      it enables pin-pointing the particular source or nature of an emergency or
      alarm condition.
PAR  While there has been shown and described what is considered at present to
      be the preferred embodiment of the present invention, it will be
      appreciated by those skilled in the art that modifications of such
      embodiment may be made. It is therefore desired that the invention not be
      limited to this embodiment, and it is intended to cover in the appended
      claims all such modifications as fall within the true spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A housing for an electrical component, said component having a
      flange-like portion at its periphery, comprising:
PA1  a cover having a series of resilient axially extending, spaced fingers or
      tabs at the periphery thereof;
PA1  each of said fingers having a convex leading portion and an abutting groove
      at its inner surface, the grooves together receiving the flange-like
      portion at the periphery of the electrical component;
PA1  a back-end bracket having a like series of resilient axially extending,
      spaced fingers, as defined above, which likewise receive the flange-like
      portion at the periphery of said component and which fit between the
      fingers on said cover such that a complete housing is provided and said
      component is firmly retained inside said housing.
NUM  2.
PAR  2. A housing as defined in claim 1, in which the radius of curvature at the
      convex leading portion has a predetermined value, whereas the radius of
      curvature at the groove portion has a much lesser value whereby the
      periphery of the electrical component can with slight pressure be pushed
      against the resilient fingers but the component will be firmly retained in
      the aforesaid grooves.
NUM  3.
PAR  3. A housing as defined in claim 1, in which said cover and said back-end
      bracket are composed of styrene and both are round in shape.
NUM  4.
PAR  4. An alarm unit including a housing as defined in claim 3 and further
      including an oscillator for generating an alarm tone, and an
      electro-acoustic transducer, said transducer being contained in an
      assembly which is round in shape and is adapted to be held within the
      grooves in said housing.
NUM  5.
PAR  5. An alarm unit as defined in claim 4, in which the cover of the housing
      includes a threaded boss extending axially forwardly of said cover, the
      end of said boss being perforated to permit the emission of sound from
      said electro-acoustic device.
NUM  6.
PAR  6. An electrical component housing adapted to be mounted on a panel or the
      like, said component having a flange-like portion at its periphery,
      comprising:
PA1  a cover having a series of resilient, axially extending, spaced fingers or
      tabs at the rim thereof;
PA1  said fingers having arcuate sections located at the free ends of said
      fingers, said sections including respective convex leading portions and
      grooves on their inner surfaces for receiving said flange-like portion at
      the periphery of said component, thereby firmly retaining the electrical
      component;
PA1  a threaded boss extending axially at the front of said cover.
NUM  7.
PAR  7. A housing as defined in claim 6, further comprising an electro-acoustic
      transducer, and in which housing perforations are provided at the end of
      said boss to permit the emission of sound from said electro-acoustic
      transducer.
NUM  8.
PAR  8. A housing as defined in claim 6, including a cavity or chamber at the
      interior of said boss for increasing the sound output from said
      electro-acoustic transducer.
NUM  9.
PAR  9. A housing as defined in claim 6, including a narrow flange or ring
      abutting said component at the front thereof when said component is
      received into said grooves.
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ABST
PAL  A polarizing D.C. voltage is generated at the capacitance of the ultrasonic
      transducer and then short-circuited by a parallel-arranged electronic
      switch controlled by the command signal frequency to be radiated. A direct
      current stored in an inductance during this short-circuit phase is
      supplied via a decoupling diode to the electrodes of the ultrasonic
      transducer upon opening of the switch, and after having been transformed
      into a voltage. The polarizing D.C. voltage is thus re-generated
      periodically.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an ultrasonic transmitter employing an
      electrostatic ultrasonic transducer for remotely controlling radio and
      television receivers.
PAR  2. Description of the Prior Art
PAR  Ultrasonic remote-control systems for radio and television receivers are
      often operated by a number of different command or control signal
      frequencies, such as eight, which are distributed over the available
      frequency range of the ultrasonic transmission path. At the transmitting
      end there is used a simple as possible battery-operated and, therefore,
      current-saving oscillator which is switched on either by mechanical
      contacts or electronic sensor circuits as described in U.S. Pat. No.
      3,869,671 issued Mar. 4, 1975, and tuned to the selected command or
      control signal frequency. For this relatively low power type of ultrasonic
      radiation, besides the piezo-electric arrangements, there are chiefly used
      electrostatic transducers offering the following possibilities:
PA1  1. The a.c. voltage is applied directly to the electrodes of the
      transducer, while double the frequency of the a.c. voltage is transmitted
      as sound.
PA1  2. The a.c. voltage is superimposed upon a d.c. voltage, for polarizing the
      electric field between the electrodes of the transducer. The radiated
      sound frequency is in agreement with the a.c. voltage frequency. This mode
      of operation has a higher efficiency. In more simple types of well-known
      electrostatic sound transducers, the dielectric between the electrodes
      consists of a plastics foil. Operation is done with effective a.c.
      voltages of about 100 V, and with an additional polarization voltage of at
      least the peak value of this a.c., in cases where the transducer is
      operated according to (2) above. For this purpose the supplying a.c.
      voltage is rectified.
PAR  The oscillator, too, is often a simple transistorized oscillator stage of
      the known type whose radio-frequency coil is provided with a corresponding
      transformer winding for generating the relatively high a.c. voltage. This
      arrangement, however, has the disadvantage that in the case of a direct
      coupling of the electrostatic transducer, the self-capacitance thereof
      which is often very instable, having an influence upon the frequency
      stability of the oscillator. Increasing the basic capacitance with a view
      to reducing this influence, in turn, has the disadvantage of a higher
      battery current consumption. A decoupling output stage used behind the
      oscillator and comprising a correspondingly wide-banded output transformer
      for the working frequency range would have the same disadvantage.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the invention to avoid these disadvantages and to
      provide a non-reactive wide-band supply system for an electrostatic
      ultrasonic transducer used for remote-control purposes.
PAR  This problem is solved by the invention as set forth in claim 1. Further
      embodiments of the invention may be taken from the subclaims.
PAR  Accordingly, the solution is based on the idea of generating a polarizing
      d.c. voltage at the capacitance of the ultrasonic transducer and to effect
      a periodic short-circuiting of the d.c. voltage with the aid of a
      controlled electronic switch arranged in parallel therewith, with the
      switch being controlled by the command or control signal frequency to be
      radiated. Simultaneously, during the short-circuit phase, the current is
      stored e.g. in an inductance, and is applied, upon opening the switch, as
      a voltage transformed via the decoupling diode, to the electrodes of the
      ultrasonic transducer, thus newly producing the polarizing d.c. voltage
      periodically.
PAR  The invention, in particular, offers the advantages that the ultrasonic
      transducers can be supplied in a non-reactive manner, and that an optimum
      a.c. voltage and polarization voltage is achievable from any arbitrary
      battery voltage with a high efficiency. Moreover, the circuit is very
      simple.
DRWD
PAR  Examples of embodiment of the invention are shown in the drawings and will
      now be described in greater detail hereinafter.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a simple type of circuit relating to an ultrasonic transmitter
      according to the invention employing a controlled electronic switch
      arranged in parallel therewith,
PAR  FIG. 2 shows the circuit according to FIG. 1 modified in such a way that a
      coil of certain dimensions as well as a diode have been added,
PAR  FIG. 3 shows an example of embodiment using a transistor or thyristor as
      electronic switch, as well as a divider circuit, and
PAR  FIG. 4 shows an example of embodiment in which the ultrasonic transmitter
      is capable of being switched with the aid of sensor (finger-touch)
      electrodes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the example of embodiment according to FIG. 1 the polarization voltage
      U1 at the transducer E is periodically short-circuited in the rhythm of
      the sound frequency to be radiated, by a parallel-arranged controlled
      electronic switch S1. The transmission frequency range of the
      electrostatic transducers used for remote-control purposes is always
      smaller than one octave, so that no harmonics are transmitted. Apart from
      this, there is simultaneously effected a polarization with the d.c.
      voltage U1, so that there is only reproduced the basic frequency as fed
      in.
PAR  In the course of this it is necessary, under certain circumstances, to take
      into consideration time constants which are due to physical conditions,
      and which are formed e.g. by internal resistances and transducer
      capacitances, indicated by the reference numerals R1 and R2 in FIG. 1. R1
      and R2, however, may also be inserted directly as protective resistors for
      avoiding overloads or noise radiations (e.g. electrically radiated
      harmonics).
PAR  The d.c. voltage U1 can be generated in various of the well-known ways, so
      that a detailed description thereof may be omitted herein. D.c. voltage
      transducers which may also operate piezoelectrically, serve to increase
      the battery voltage to the required value.
PAR  The switch S1 may be a vacuum tube, a gas-filled tube, a transistor,
      thyristor, or any other controlled electric switch.
PAR  FIG. 2 shows a very advantageous type of circuit arrangement for the
      ultrasonic transmitter according to the invention. Upon closing the switch
      S1 there will flow from the battery U2, via the coil L1 and the diode D1,
      a time-linear current I rising in accordance with the law
      ##EQU1##
      wherein t indicates the period of current flow while the switch S1 is
      closed. Upon opening the switch, the voltage at the transducer capacitance
      C.sub.W increases to the value
      ##EQU2##
      and drops off to zero upon closing of the switch. When equal periods of
      time are provided for both the closing and the opening, and when the
      actuating frequency is f = 1/2 t, the following will apply:
      ##EQU3##
      At the transducer there will appear a square wave voltage lying between
      zero and U.sub.max, thus simultaneously containing the polarization
      voltage of the highest efficiency. During the locking phase, the diode D1
      serves as the decoupling element.
PAR  The thus produced frequency response of the output available at the
      transducer may be used for compensating the frequency response of the
      transducer, with the radiated power thereof increasing as the frequency
      increases.
PAR  It should still be mentioned, that the d.c. voltage transducer may also be
      a piezoelectric arrangement.
PAR  FIG. 3 shows an example in which, as already mentioned hereinbefore, the
      electronic switch may be a transistor or a thyristor. According to FIG. 3
      this transistor T1 or thyristor may be controlled with the aid of an a.c.
      voltage generator OSZ, whose frequency is capable of being influenced
      either capacitively, inductively, resistively, or by way of voltage
      variations either continuously or in steps. It may also be a
      crystal-controlled oscillator whose type of construction is known per se
      and, therefore, does not need to be shown or explained herein. It may also
      supply a subsequently arranged divider circuit T1 1, T1 2, . . . T1 n, at
      the outputs of which the differently divided frequencies may be switched
      optionally via the electronic or mechanical switch arrangement S2, to the
      control input of either the transistor T1 or thyristor.
PAR  FIG. 4 shows an example of an embodiment in which the ultrasonic
      transmitter is capable of being switched with the aid of sensor
      (finger-touch) electrodes. In this case the transistor or thyristor T1 as
      arranged in parallel with the sound transducer W, is supplied by a
      symmetrical bistable multivibrator. No sooner than after one of the sensor
      electrodes SE 1 to SE 4 is bridged by the main conductance of a finger, a
      base current will flow from the plus pole of the battery U3 via the
      respective sensor electrode and one of the associated decoupling resistors
      R16 to R19, as well as via one of the associated transistors T4 to T7,
      thus causing the respective transistor to be rendered conductive with
      respect to one of the decoupling diode pairs D2/D3, D4/D5 or D6/D7. The
      associated pair of diodes permits base current to flow across the base
      resistance chains R6 to R14 and R7 to R15 in accordance with the
      respective branching, while the bistable multivibrator with its two
      PNP-type transistors T2 and T3 is caused to vibrate via the coupling
      capacitors C1 and C2. Of the two load resistors R4 and R5 only the latter
      is connected to the control electrode of T1. As soon as a periodic,
      positively directed voltage occurs across R5, T1 is also switched on
      periodically thus causing the ultrasonic transmitter to operate. All of
      the stages are rendered currentless as soon as the finger is removed. R6
      and R7 serve to effect the initial frequency tuning of the multivibrator.
      Of course, the circuit may also be realized with the aid of complementary
      transistors.
PAR  It is still to be noted that all of the aforementioned examples of
      embodiment are particularly suitable for forming parts of monolithic
      integrated circuits. For effecting the switching on, the switching over
      and/or the switching off of the ultrasonic transmitter or its command or
      control signal frequencies respectively, it is particularly suitable, in
      accordance with the further pursuance of the invention, to employ
      arrangements according to U.S. Pat. No. 3,867,671 issued Mar. 4, 1975.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ultrasonic frequency transmitter for remote control devices,
      comprising:
PA1  an electrostatic transducer;
PA1  a source of d.c. voltage connected in parallel with the electrostatic
      transducer;
PA1  a controllable electronic switch connected across said electrostatic
      transducer for periodically shorting said transducer; and
PA1  an a.c. voltage generator connected to said electronic switch for
      controlling said switch so that said transducer transmits a desired
      ultrasonic frequency.
NUM  2.
PAR  2. An ultrasonic transmitter as described in claim 1, wherein the frequency
      of the a.c. voltage generator may be varied.
NUM  3.
PAR  3. An ultrasonic transmitter as described in claim 1, wherein the a.c.
      voltage generator comprises an oscillator and at least one frequency
      divider for providing a plurality of a.c. frequencies for controlling the
      electronic switch.
NUM  4.
PAR  4. An ultrasonic transmitter as described in claim 3, additionally
      comprising switch means for selectively connecting the a.c. frequencies
      from the oscillator and frequency divider to the electronic switch.
NUM  5.
PAR  5. An ultrasonic transmitter as described in claim 4, wherein the switch
      means is an electronic switch.
NUM  6.
PAR  6. An ultrasonic transmitter as described in claim 1, wherein the a.c.
      voltage generator comprises a bistable multivibrator having an output for
      controlling the controllable electronic switch.
NUM  7.
PAR  7. An ultrasonic transmitter as described in claim 6, wherein the frequency
      of the multivibrator is variable.
NUM  8.
PAR  8. An ultrasonic transmitter as described in claim 6, additionally
      comprising a plurality of frequency controlling elements and switch means
      for connecting selected ones of said frequency controlling elements to
      said multivibrator for controlling the frequency thereof.
NUM  9.
PAR  9. An ultrasonic transmitter as described in claim 8, wherein the switch
      means comprises finger touch electrodes.
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PAL  A warning buzzer having an armature arranged to strike the wall of the
      cavity formed by the buzzer housing to increase the sound emitted thereby.
      The buzzer includes terminals molded in a base with one terminal having a
      coil core and magnetic return leg formed thereon with the coil bobbin
      received on the core having a pair of lugs on which the coil terminals are
      wrapped and dip soldered. The dip soldered lugs are then staked in the
      terminal and in a contact member for both supporting the coil and
      extending electrical connections thereto.
PARN
PAR  This application is a division of U.S. patent application Ser. No. 191,861,
      filed Oct. 22, 1971 now U.S. Pat. No. 3,768,158 and relates in general to
      buzzers and more particularly to an improved and more economical buzzer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Buzzers are frequently used in vehicles to either warn the occupant that he
      has failed to fasten his seat belt, or that he has left the key in the
      ignition switch when leaving the vehicle. The buzzer is a relatively small
      and inexpensive device that includes a plastic housing which receives a
      base carrying a pair of terminals, a coil connected at one end to one of
      the terminals, an armature connected to the other terminal and biased into
      engagement with a contact member connected to the other end of the coil to
      energize the coil. The coil in turn attracts the armature which either
      strikes a stop or a loud speaker to create an audible warning or noise
      while deenergizing the coil to enable the warning to be repeated. Striking
      the stop does not provide sufficient noise because of the smallness of the
      parts, while the use of a separate loudspeaker is expensive. A related
      problem is the completion of an electrical circuit to the coil and support
      therefor, since the coil leads are usually soldered to respective
      terminals and the coil bobbin separately staked to a support, thus
      requiring independent operations.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an integrally formed wall structure on the
      housing for engagement by the armature in response to the energization of
      the coil to cause the emission of a loud noise that serves as a warning.
PAR  The coil leads are wrapped around respective lugs on the coil bobbin and
      then dip soldered. The soldered leads and lugs are staked to metal
      supports on one of the terminals and the contact member so that both
      electrical connections and support for the coil are provided in a single
      structure.
PAR  In manufacturing the buzzer, a single stamping is formed having the metal
      structure or configuration for four buzzers including the terminals, the
      coil core, a magnetic circuit return leg and the contact member
      interconnected by web portions so that the stamping may be inserted as a
      unit into respective mold cavities for simultaneously molding a plastic
      base thereto for each of the four buzzers. Thereafter, the interconnecting
      web portions are sheared to separate the respective buzzers, and the metal
      interconnections of each buzzer to enable the respective electrical
      functions.
PAR  It is therefore an object of the present invention to provide improved and
      more economical buzzers.
PAR  It is another object of the present invention to provide an improved and
      more economical buzzer manufacturing process.
PAR  Other objects and features of the present invention will become apparent on
      examination of the following specification and claims together with the
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial sectional view of a buzzer incorporating the principles
      of the present invention;
PAR  FIG. 2 is a sectional view taken along the line 2--2 in FIG. 1 looking in
      the direction of the arrows;
PAR  FIG. 3 is a sectional view taken along the line 3--3 in FIG. 2 looking in
      the direction of the arrows;
PAR  FIG. 4 is a top elevational view of the stamping utilized in fabricating
      the buzzer;
PAR  FIG. 5 is a sectional view taken along the line 5--5 in FIG. 4 and looking
      in the direction of the arrows;
PAR  FIG. 6 is a sectional view taken along the line 6--6 in FIG. 5 and looking
      in the direction of the arrows;
PAR  FIG. 7 is a top elevational view of the stamping shown in FIG. 4 with a
      plurality of bases molded thereto;
PAR  FIG. 8 is an enlarged fragmentary view of a portion of the stamping shown
      in FIG. 7 together with one base; and
PAR  FIG. 9 is a side elevational view of the fragment shown in FIG. 8 after
      shearing.
DETD
PAC  DESCRIPTION OF THE BUZZER AND METHOD OF FABRICATION
PAR  Referring now to FIG. 1, a buzzer incorporating the principles of the
      present invention is indicated by the reference character 10. The buzzer
      10 includes a generally planar rectangular base 12 of molded plastic and a
      cup-shaped housing 14 of generally rectangular cross section with the
      housing open end secured to the base 12.
PAR  The base 12 has rectangular shaped integral lug 16 projecting outwardly of
      the base along one elongate side of the base, as seen in FIG. 3, with the
      lug 16 having an opening therein to provide engagement with an appropriate
      support and connector structure. A second lug 18 formed along one of the
      short sides of base 12 projects into the housing 14 and partially
      encapsulates an elongate terminal 20, which projects through base 12 for
      extending an electrical connection to one terminal 22 of a coil 24. The
      lug 18, therefore, serves to rigidify and support the terminal 20.
PAR  The coil 24 is wound on a bobbin 26 having a pair of upwardly and
      downwardly extending lugs 28 and 30, respectively. The lugs 30 are slotted
      to receive a horizontal or right angle magnetic circuit return leg 32,
      integrally formed adjacent the upper end of terminal 20. The bobbin 26 is
      received on a second horizontal or right angle leg 34 integrally formed on
      terminal 20 a short distance below leg 32 with leg 34 serving as the coil
      core.
PAR  The coil lead or terminal 22 is wound on one bobbin lug 30 and the other
      coil lead or terminal 36 is wound on the other bobbin lug 30. Both
      terminals 22 and 36 are dip soldered to hold the coil wire in position on
      the bobbin lugs 30. The lugs 30 with the dip soldered terminals 22 and 36
      thereon are then inserted in respective slots formed in respective right
      angle metal fingers 38 and 40. The finger 38 is formed on terminal 20
      above and generally parallel to the base 12 and the finger 40 is formed in
      a similar position relative the base on a leg 42 of a U-shaped contact
      member 44. The slots in fingers 38 and 40 are then staked closed to both
      support the bobbin 26 and coil 24 and insure good electrical contact to
      the coil 24 from the fingers 38 and 40.
PAR  The U-shaped contact member 44 has a back leg embedded in base 12 and a
      contact leg or blade 46 projecting upwardly from the base 12 parallel to
      terminal 20, but offset from the elongate central axis of base 12. A
      contact is carried by the leg 46 adjacent its upper end for engagement
      with a contact carried intermediate the ends of a cantilever supported
      armature 48. The armature 48 comprises a reed or spring 49 fixed at one
      end to an elongate terminal 50 which extends through a rigidifying boss 51
      on base 12 and through the base for extending an electrical connection
      through the spring 48 to the spring contact. A magnetically susceptible
      strap 52 is fixed to the other or free end of spring 49 spaced adjacent
      the end of leg 34 for attracting the armature toward the leg 34 and to
      provide weight at the reed or spring end.
PAR  As previously stated, the housing 14 is of a rectangular cup-shape having a
      peripheral wall defined by elongate side walls 54 and 55 and short end
      walls 56, and the back is defined by a top wall 58. Side wall 54 is
      provided with an inwardly spaced wall 60 intermediate the ends of wall 54
      and integrally joined to wall 54 by end or side walls 62 and 64. Walls 60,
      62 and 64 extend from the back wall 56 of the housing to a position
      somewhat above the fingers 38 and 40 to form a cavity 66 with the wall 60
      being located at an angle of substantially 11.degree. to the elongate
      central axis of the base 12 and parallel to the position of the spring
      when it swings past the central axis on energization of coil 24 to engage
      wall 60. An indented wall portion 60 is provided in wall 55 opposite wall
      60 for engagement by a slight projection 69 on strap 52 to cause the
      emission of a loud noise.
PAR  In operation, the coil 24 is energized from one battery terminal concented
      through terminal 20, terminals 22 and 36 at opposite coil ends, U-shaped
      member 44, leg 46, the spring 49 and terminal 50 connected to the opposite
      battery terminal on operation of an appropriate switch. The energized coil
      24 attracts armature 48 which swings towards the core leg 34 and separates
      the spring contact from the contact on leg 46.
PAR  As the contacts separate, the coil 24 is deenergized; however, the reed or
      spring 49 together with the weight or strap 52 are carried by their
      momentum towards wall 60. The spring 49 then swings back under its spring
      tension to reengage the spring contact with the contact on blade 46 to
      reenergize the coil 24 and repeat the process. When the spring and blade
      contacts reengage, the spring 42 flexes about the contact on blade 46 due
      to the momentum of the strap 52 for striking the indentation or wall 68 to
      create a loud noise. The walls 60 and 68 also limit the armature travel to
      prevent overstressing of the armature in the event the buzzer is dropped.
PAR  To fabricate the buzzer 10, a generally rectangular stamping 100 is formed
      as shown in FIG. 4. The stamping 100 is pierced to fashion the metal
      portions 102, 104, 106 and 108 for four buzzers, each at a respective
      corner of the stamping 100 with parts corresponding to those indicated in
      FIGS. 1-3 marked with corresponding reference characters. It will be noted
      that the configuration of portions 102 and 108 corresponds to that of
      portions 104 and 106, respectively, rotated through an angle of
      180.degree. about a vertical axis, while the configuration of portions 106
      and 108 corresponds to that of portions 104 and 102 rotated through
      180.degree. about a horizontal axis.
PAR  Blade 46, together with fingers 38 and 40, are formed in the stamping 100
      in their final offset position from the plane of the terminals 20 and 50
      and the four buzzer portions 102, 104, 106 and 108 are joined to each
      other by a central web portion 110 interconnecting the adjacent ends of
      respective terminals 50. The web portion 110 in turn has a respective
      second web portion 112 extending between the portions 102 and 108 and
      between portions 104 and 106 to the adjacent ends of terminals 20. A web
      portion 114 joins the leg 42 of the U-shaped contact member 44 to web 112
      and a web portion 116 connects leg 42 to terminal 20. Thus, both the
      individual metal parts and the metal of four buzzers may be handled as a
      unit for insertion into appropriate mold cavities for forming respective
      bases 12, since all parts have a metal portion interconnecting the parts.
      If desired, additional stampings such as 100 may be inserted in stacked
      arrays in appropriate mold cavities for simultaneous molding of additional
      bases 12.
PAR  A base 12 for each of the buzzers is molded in a respective position on
      portions 102, 104, 106 and 108 of the stamping 100 to provide the
      arrangement 120 seen in FIG. 7. As can be seen from FIGS. 7 and 8, the
      molded base 12 in each corner of the stamping 100 includes the leg 18 to
      rigidify terminal 20 and boss 51, which extends to blade 46 to support the
      blade and terminal 50. Molding bases 12 on portions 102, 104, 106 and 108
      enables the respective web portions 110, 112, 114 and 116 to be sheared,
      as shown by broken lines marked 118 in FIG. 8, without deforming the metal
      or plastic portions, and leaves the contact member 44 of each buzzer
      separated from terminals 50 and 20 to enable the electrical circuit
      functions to be completed. Weights or straps 52 are stamped from the
      relatively large web portion 110 and fixed to spring 49, which in turn is
      fixed to terminal 50. The four buzzers are individually completed by
      assembly thereto to respective coils and housings.
PAR  The foregoing description of an improved buzzer and method of fabrication
      includes inventive concepts believed set forth in the accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A buzzer comprising a molded insulated base carrying a pair of
      electrical terminals spaced longitudinally relative said base and
      extending through the base, a coil having ends, a bobbin carrying said
      coil and having a pair of spaced lugs with a coil end wrapped around each
      lug, a contact member spaced intermediate said terminals carrying a
      contact at one end with the other end of said member fixed in said base,
      an armature fixed to one terminal and biased in one direction into
      engagement with said contact, a cup-shaped housing having an open end
      receiving said base and defined by a peripheral wall and a back wall with
      said terminals, contact member and bobbin encircled by said peripheral
      wall, a first integral wall spaced inwardly of said peripheral wall for
      engagement by said armature in a direction for engaging said contact and
      extending from said back wall to a position spaced from said base, another
      integral wall spaced inwardly of said peripheral wall and extending from
      said back wall to a position spaced from said base, a pair of walls
      integrally formed between said other inwardly spaced wall and peripheral
      wall and of substantially the same length as said inwardly spaced wall to
      form a cavity, a core integrally formed on the other of said electrical
      terminals and carrying said bobbin, a solder coating on each end of said
      coil to secure the respective coil end to a respective lug, a finger
      integrally formed with said contact member and having a slot for receiving
      one lug, and a finger integrally formed on said other terminal and having
      a slot for receiving said other lug to support said coil in response to
      the deformation of said fingers against a respective lug and establish an
      electrical connection from said other terminal through said coil and
      contact member to said armature and one terminal for energizing said coil
      to move said armature from said contact to deenergize said coil,
      whereafter said biased armature reengages said contact and said first
      wall.
NUM  2.
PAR  2. A buzzer comprising a molded base carrying a pair of electrical
      terminals extending through the base, a coil having ends, a bobbin
      carrying said coil and having a pair of spaced lugs each connected to a
      respective coil end, a contact member having one end fixed in said base
      and having a contact at the contact member other end, an armature, means
      for cantilever supporting said armature on one of said terminals and
      biasing said armature into engagement with said contact for movement
      through an elongate axis of said armature in response to energization of
      said coil to a position offset from said axis, a cup-shaped housing having
      an open end engaged with said base and defined by a peripheral wall, and a
      wall integrally formed on said housing spaced inwardly of said peripheral
      wall for engagement by said armature in response to energization of said
      coil for creating an audible sound, said inwardly spaced wall extending
      from the back wall of said housing to a position spaced adjacent said
      base, each coil end connected to a respective lug to hold each coil end on
      a respective lug, and a respective finger on the other terminal and on
      said contact member with each finger having a slot for receiving a
      respective lug and deformed about a respective lug to both support said
      coil and electrically connect each finger to said coil for enabling
      energization of said coil through said one terminal, armature, contact and
      other terminal for moving said armature through said axis for deenergizing
      said coil, whereafter said armature reengages said contact to reenergize
      said coil, a coil core integrally formed on said other terminal for
      receiving said bobbin, and a magnetic return leg integrally formed on said
      other terminal parallel to said core.
NUM  3.
PAR  3. In the buzzer claimed in claim 2, a pair of spaced slotted lugs on said
      bobbin for receiving said return leg.
NUM  4.
PAR  4. A buzzer comprising a molded base of electrically insulating material, a
      pair of electrical terminals spaced longitudinally relative said base and
      extending through said base and molded in said base for securing said
      terminals to said base, a coil having ends, a bobbin of electrically
      insulating material carrying said coil and having a pair of spaced lugs
      with each lug having a coil end secured thereto, a contact member carrying
      a contact at one end and spaced longitudinally intermediate said
      terminals, the other end of said contact member molded in said base to
      secure said contact member in said base, an armature fixed to one terminal
      and biased in one direction into engagement with said contact, a
      cup-shaped housing having an open end receiving said base and defined by a
      peripheral wall and a back wall with said terminals, contact member and
      bobbin encircled by said peripheral wall, a finger integrally formed with
      said contact member and secured to one of said bobbin lugs with said
      finger electrically connected to one of the coil ends, another finger
      integrally formed on said other terminal and secured to the other bobbin
      lug with said other finger electrically connected to the other coil end to
      thereby support said coil and extablish an electrical connection from said
      other terminal through said coil and contact member to said armature and
      one terminal for energizing said coil to move said armature from said
      contact to deenergize said coil, whereafter said biased armature reengages
      said contact, and means on said armature for engaging a sounding means in
      response to each energization of said coil for creating an intermittent
      sound.
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PAL  A digital start-stop multiplexing system including a sender which
      sequentially scans a plurality of monitoring points and generates a train
      of digital pulses coded to represent information provided at the
      monitoring points for transmission over a transmission line to a receiver
      which is responsive to the digital pulses to automatically synchronize
      itself with the sender, store the data pulses and provide indications of
      conditions indicated at the monitoring points. The receiver also monitors
      the transmission line and detects and displays open or short circuit
      conditions of the transmission line. Coded pulses may also be transmitted
      from the receiver location to the remote sender over the same transmission
      line during stop portions of the primary signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to data transmission systems, and more particularly
      to a digital multiplexing system including a sender for transmitting data
      pulses to a receiver over a transmission line wherein the data pulses
      effect synchronization of the receiver with the sender.
PAR  2. Description of the Prior Art
PAR  Various types of multiplexed data transmission systems have been disclosed
      in the prior art for transmitting data via a sender from a plurality of
      locations to a remotely located receiver. In certain systems, special
      transmission lines are required to permit data transmission between the
      locations of the sender and the receiver, thus adding to the cost of the
      system.
PAR  In addition, to permit accurate recovery of the data transmitted from the
      sending location to the receiving location, it is necessary that the
      receiver be synchronized with the sender. Generally, the sender and
      receiver each include precision clock circuits, including crystal
      oscillators, for example. However, the frequency output of the receiver
      must be set to correspond with that of the sender to permit the receiver
      to operate in synchronism with the sender. The initial adjustment of the
      receiver clock during installation may require the use of various
      measuring instruments which may be undesirable particularly when the
      receivers are installed at remote locations. In addition, since the sender
      and receiver clocks operate independently of one another, some provision
      must be made to compensate for drift of receiver oscillator as may occur
      due to ambient temperature change or component ageing.
PAR  It would be desirable therefore to have an inexpensive multiplexed data
      transmission system which is capable of monitoring a plurality of points
      over an extremely long distance over existing communication lines, such as
      telephone grade lines, for example. It would also be desirable to have a
      multiplexed data transmission system in which the receiver automatically
      synchronizes itself with the sender, thereby requiring no special internal
      clock and eliminating the need for instrumentation to synchronize receiver
      and sender operations.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of the invention to provide an inexpensive
      multiplexed data transmission system including a sender for monitoring a
      plurality of monitoring points and for transmitting data representing the
      conditions of the monitoring points to a receiver over regular grade
      telephone lines which require no special balancing or correction.
PAR  It is another object of the invention to provide a data transmission system
      wherein conditions indicated at a plurality of monitoring points are
      transmitted to a receiver which accepts and displays the information
      representing the conditions of the monitoring points being monitored.
PAR  It is a further object of the invention to provide a multiplexed data
      transmission system wherein receiver operation is automatically
      synchronized with the sender.
PAR  Another object of the invention is to provide a receiver for use in such
      system which can be tuned without instrumentation to be operable in
      synchronization with a corresponding sender.
PAR  It is yet another object of the invention to provide a start-stop
      multiplexed data transmission system wherein information provided at a
      plurality of monitoring points may be transmitted over a communication
      line from a sending location to a receiving location remote from the
      sending location during a first group of timing intervals and wherein
      information may be transmitted over the communication line from the
      receiving location to the sending location during a second group of timing
      intervals.
PAR  Another object of the invention is to provide a digital multiplexing system
      for transmission over voice grade telephone lines which provides inherent
      security of the line and which indicates open or short circuit conditions
      of the line.
PAR  These and other objects of the invention are achieved by the present
      invention which provides a multiplexed data transmission system including
      sender means having monitoring point sensing means operable to provide
      outputs indicative of normal or off-normal conditions of a plurality of
      monitoring points, sequencing means controlled by clock pulse generating
      means for sequentially scanning the outputs provided by the point sensing
      means to produce a serial data pulse train including a start pulse and
      pulses representing the information provided at the monitoring points, and
      switching means responsive to the data pulse train to effect transmission
      of the data to a receiver means over a transmission line.
PAR  The receiver means comprises a clock pulse generating means, including a
      synchronized or force-fired clock which is responsive to the start pulse
      of the data pulse train to effect the generation of receiver clock pulses
      for gating the serial data pulses into a serial-to-parallel converter
      means. The clock pulse generating means is also operable to count the data
      pulses and provide a transfer pulse for effecting parallel transfer of the
      data pulses shifted into the serial-to-parallel converter means into data
      storage means when all of the data pulses have been received.
PAR  The data storage means may include temporary storage means responsive to
      the storage of the data pulses to provide an indication that one or more
      of the monitoring points has returned to a normal condition. The data
      storage means may also include permanent storage means responsive to the
      storage of the data pulses to provide an alarm indication whenever one or
      more of the monitoring points is off-normal and to permit indentification
      of each monitoring point providing an off-normal indication.
PAR  The receiver means further includes means for monitoring the condition of
      the transmission line, and providing a first indication as the result of
      an open-circuit condition for the line, and a second indication in the
      case of a short-circuit condition for the line.
PAR  In addition, in accordance with the feature of the invention the receiver
      means includes visual indicating means for indicating that the clock pulse
      generating means of the receiver means is not in synchronism with the
      sender clock pulse generating means and means for adjusting the rate of
      the receiver clock pulse generating means to achieve synchronism with the
      sender clock pulse generating means. Moreover, such adjustment of the rate
      receiver clock pulse generating means to the speed of the sender clock
      pulse generating means can be made without the use of test instruments.
PAR  The multiplexed data transmission system of the present invention may
      provide bidirectional transmission of information over a common
      transmission line. The sender means includes an inhibit means operable to
      inhibit transmission of information from the sender to the receiver means
      during alternate frames, normally preventing data transmission during
      alternate scan frames to provide time for enabling the receiver means to
      synchronize itself with the sender means.
PAR  In accordance with the invention, a further or secondary sender means may
      be employed at the location of the receiver means and enabled to transmit
      information from the location of the receiver means to the location of the
      other, or primary, sender means during a portion of the time frames for
      which the primary sender is inhibited. Secondary receiver means at the
      location of the primary sender means is enabled to receiver the
      information provided by the secondary sender. The secondary send/receive
      apparatus operates in a manner similar to the primary send/receive
      apparatus with synchronization of the secondary receiver with the
      secondary sender being affected through the use of a synchronized or
      force-fired clock in the secondary receiver which is responsive to a start
      pulse provided by the secondary sender. The secondary receiver means is
      enabled to receive information only when the secondary sender means is
      transmitting. During the time the primary sender means is transmitting,
      the secondary receiver means is inhibited by the inhibit means of the
      primary sender means. In addition, whenever the secondary sender means is
      transmitting, the primary receiver means is inhibited.
PAR  Thus, in the multiplexed data transmission system of the present invention
      wherein the primary send-receiver apparatus is operable as a start-stop
      data transmission system for sending information over a transmission line
      from a first location to a second location, the provision of a secondary
      sender means and a secondary receiver means enables information to be
      transmitted over the same transmission line from the second location to
      the first location during a portion of the time slot which defines the
      stop pulse for the primary send-receive system.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an embodiment for a sender for use in the
      multiplexed data transmission system provided by the present invention;
PAR  FIG. 2 is a block diagram of an embodiment for a receiver for use in the
      multiplexed data transmission system provided by the present invention;
PAR  FIG. 3 is a schematic and partial block diagram of the sender shown in
      block form in FIG. 1;
PAR  FIGS. 4A-4E illustrate waveforms of signals for circuits of the sender
      shown in FIG. 3;
PAR  FIGS. 5-7, when arranged as shown in FIG. 12, provide a schematic circuit
      and partial block diagram of the receiver shown in block form in FIG. 2;
PAR  FIGS. 8A-8F illustrate waveforms of signals for use in the generation of
      shift pulses for the receiver shown in FIGS. 5-7;
PAR  FIG. 9 is a schematic circuit and partial block diagram of a secondary
      sender for the multiplexed data transmission system of the present
      invention for use in conjunction with the receiver shown in FIGS. 5-7;
PAR  FIG. 10 is a schematic circuit and partial block diagram of a secondary
      receiver for the multiplexed data transmission system of the present
      invention for use in conjunction with the sender shown in FIG. 3;
PAR  FIG. 11 illustrates waveforms of signals for the secondary receiver shown
      in FIG. 10,
PAR  FIG. 12 shows how FIGS. 5-7 and 9 are to be arranged; and,
PAR  FIG. 13 shows how FIGS. 3 and 10 are to be arranged.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAC  General Description
PAR  The present invention provides a digital multiplexing system for
      transmitting information from a plurality of test points to a receiver at
      a location remote from the location of the test points. The monitoring or
      test points may, for example, be connected to apparatus associated with a
      plurality of roof top air conditioning units to permit the registration of
      fault indications at a location remote from the location of the air
      conditioning units.
PAR  The multiplexing system of the present invention includes a sender 20,
      shown in block diagram form in FIG. 1, and a receiver 40, shown in block
      diagram form in FIG. 2.
PAR  With reference to FIG. 1, the conditions at a plurality of test points,
      indicated generally at 21, are monitored by a point sensing circuit 22
      which provides a plurality of output signals at points 22a, 22b, 22c, 22d,
      for example, each of which is indicative of the condition of a different
      one of the test points 21. The point sensing circuit 22 also serves as an
      interface circuit to provide isolation between the test points 21 and the
      electronic circuits of the sender 20.
PAR  The outputs of the point sensing circuit 22, such as outputs 23a-23d shown
      in FIG. 1, are sequentially scanned by the sequencing circuit 24 under the
      control of a clock 27, to permit the signals to extend to inputs of an
      output gate circuit 23 and thence to a key switch circuit 25 in serial
      fashion. The key switch circuit 25 responsively effects the generation of
      output pulses over a data line 26 which is connected to the receiver 40
      (FIG. 2).
PAR  The sequencing circuit 24 counts out a block of clock pulses defining a
      frame to provide a plurality of time slots for each scanning cycle,
      including a separate time slot for each of the test points and an
      additional time slot to permit the transmission of a start pulse used to
      enable synchronization of the receiver 40 with the sender 20.
PAR  An inhibit circuit 28 driven by the sequencing circuit 24, inhibits the
      gate circuit 23 during alternate frames preventing data transmission for
      alternate scanning cycles to provide time for enabling the receiver 40 to
      synchronize itself with the sender and latch onto the proper signal.
PAR  The serial data provided at the output of the gate circuit 23 includes a
      start pulse followed by a plurality of sequential data bits which
      correspond in number to the number of test points 21. Each data bit
      represents the condition of a different one of the test points 21 and by
      way of example, a logic 0 level bit may be used to indicate a normal
      condition and a logic 1 level bit may be used to indicate an off-normal or
      alarm condition. The sequence of logic level bits, including the start
      pulse and the logic 1 of logic 0 data bits which represent the conditions
      of the test points 21, are transmitted to the receiver over the data line
      26.
PAR  Referring to FIG. 2, there is shown a block diagram of the receiver 40. The
      receiver 40 is connected to the transmission line 26 to receive the serial
      data transmitted by the sender 20 and to convert the serial data to
      parallel form to permit the display of information represented by the
      coded data bits in appropriate display circuits.
PAR  The receiver 40 includes an interface circuit 41 which may, for example, be
      a photocoupler circuit, which provides DC isolation between the
      transmission line 26 and logic circuits of the receiver 40.
PAR  The serial data transmitted over transmission line 26 is received by the
      photocoupler circuit 41 and passed to a serial-to-parallel converter 43.
      The serial data is clocked into the serial-to-parallel converter 43 by
      shift pulses provided by a primary counter circuit 44. The primary counter
      circuit 44 is in turn driven by a synchronized or force-fired clock 45.
PAR  The synchronized clock 45 is operable when enabled to effect the generation
      of clock pulses, which are extended over gate 47 to the receiver circuits
      including the primary counter 44, to synchronize the operation of the
      receiver circuits. The clock 45 is synchronized and the gate 47 is enabled
      by a start pulse sensor circuit 46 which is connected to the output of the
      photocoupler circuit 41 and is responsive to each start pulse, which
      appears as the first pulse on each data pulse train transmitted by the
      sender 20, to provide outputs for snychronizing the clock 45 and enabling
      the gate 47. The provision of a start pulse generated by the sender 20
      synchronizes the clock 45 with the sender circuit 20.
PAR  The primary counter 44 also counts the received data pulses and provides a
      data transfer pulse at the end of each frame to effect the transfer of the
      information shifted into the serial-to-parallel converter 43 into a
      plurality of temporary storage circuits 48. The temporary storage circuits
      48 may comprise a plurality of latch circuits including a separate latch
      circuit for each data bit being transmitted.
PAR  The function of the temporary storage circuits 48 is to effect the
      provision of return-to-normal indications for one or more of the test
      points 21. The temporary storage circuits 48 control a back-to-normal
      indicator 53 over an associated driver circuit 54 to provide an indication
      that one or more of the test points 21 which was previously indicating an
      off-normal condition has returned to a normal condition as indicated by a
      change in the corresponding bit of the data pulse train from a logic 1
      level to a logic 0 level.
PAR  The temporary storage circuits 48 further control an audible alarm device
      51 which is energized over an associated driver circuit 52 by the
      temporary storage circuits 48 to provide an audible alarm to indicate a
      return-to-normal condition for one of the test points 21.
PAR  The receiver 40 may also include a permanent storage circuit 58 including a
      plurality of latch circuits corresponding in number to the number of data
      bits being transmitted by the sender 20. The data bits are gated into the
      latch circuits of the permanent storage circuits 58 at the end of each
      frame under the control of the primary counter 44.
PAR  The function of the permanent latch circuits 58 is to provide outputs
      indicating off-normal or alarm conditions for one or more of the test
      points as represented by the data bits gated into the permanent storage
      circuits 58, and to indentify the source of each off-normal condition. The
      permanent storage circuits 58 control the audible alarm device 51 to
      provide an audible alarm whenever one of the test points 21 goes
      off-normal. The permanent storage circuits 58 also control individual
      alarm indicators 59, over associated driver circuits 60 to indicate which
      of the test points 21 is at an off-normal condition. The individual alarm
      indicators 59 include a separate indicating device for each of the test
      points 21.
PAR  When all of the test points 21 are indicating a normal condition, the data
      bits transferred to the temporary and permanent storage circuits 48 and
      58, respectively, will be ineffective to cause an alarm indication.
PAR  On the other hand, if one or more of the test points 21 is indicating an
      off-normal or alarm condition, the permanent storage circuits 58 will
      effect enabling of the audible alarm device 51 as well as an alarm
      indicating device of the alarm indicators 59 to indicate the source of
      such off-normal condition.
PAR  The receiver 40 includes a reset circuit 62 which is manually operable to
      provide reset of the permanent storage circuits 58 to deactivate the
      audible alarm device 51 and the individual alarm indicators 59.
PAR  In addition to the capability of providing indications of the conditions
      for a plurality of test points 21 the receiver 40 also monitors the
      condition of the transmission line 26 and detects and displays alarms
      indicative of open or short circuit conditions for the line 26 as may
      occur as the result of tampering or malfunction in the transmission line
      26. The receiver 40 also recognizes restoration of a broken or shorted
      transmission line and provides an indication of a return-to-normal
      condition for the transmission line 26.
PAR  To this end, the receiver 40 includes a secondary or slave counter 63 and
      an associated guard circuit 64. The secondary counter 63 is driven by the
      force-fired clock 45 in parallel with the primary counter 44. The
      secondary counter 63 follows the start pulse and makes sure that the start
      pulse is always present and that such pulse appears at the proper time
      slot.
PAR  The guard circuit 64 is enabled if the start pulse does not appear within
      the preselected time, as for example as the result of an open circuit
      condition for the line, the guard circuit 64 sets a master alarm flip flop
      65 which in turn enables a master alarm indicator 66 to provide a visual
      alarm. The master alarm flip flop 65 also energizes the audible device
      driver 51 over the associated driver circuit 52 to provide an audible
      alarm.
PAR  In the case of a short circuit condition for the transmission line 26, the
      start pulse will not be received, and accordingly the secondary counter 63
      will enable the guard circuit 64 to set the master alarm flip flop 65
      thereby energizing the master alarm indicator 66 and the audible device
      driver 52.
PAR  The master alarm indicator 66 provides a first indication in the event of
      an open circuit condition for the transmission line and a second
      indication whenever the transmission line is shorted.
PAC  Detailed Description
PAR  Referring to FIG. 3, there is shown a schematic and partial block diagram
      of the sender 20. The remote test or monitoring points 21 are connectable
      to the sender 20 over a terminal strip 81 which provides a pair of
      terminals, such as terminals 1 and 1c for each test point being monitored.
      In an exemplary illustration wherein seven remote test points are to be
      monitored, seven pairs of terminals 1, 1c; 2, 2c; etc, are provided.
PAR  A first terminal of each pair, such as the terminals 1-7 are individually
      connected to a supply voltage +V1, which may be 15VDC, over coils of a
      plurality of relays K1-K7, which comprise the point sensing circuit 22. A
      second terminal of each pair, including terminals 1c-7c, are connected to
      ground.
PAR  Relays K1-K7, which are normally deenergized, have normally open contacts
      K1a-K7a, respectively. In the event of an alarm condition at one or more
      of the test points, the corresponding interface relay K1-K7 is energized
      to close the associated contacts K1a-K7a.
PAR  The contacts Kla-K7a of the interface relays K1-K7 are serially connected
      between outputs of a decoder circuit 82 and a summing gate 23. Decoder
      circuit 82 together with a counter 83 comprise the sequencing circuit 24.
      The decoder circuit 82 may, for example, be the type 9301, commercially
      available from Fairchild Semiconductor and the counter 83 may be the type
      N8281 4-bit counter which is commercially available from National
      Semiconductor. The summing gate 23 may be a multiple input OR gate having
      inverting inputs, such as the type 1802, commercially available from
      Motorola.
PAR  The four-bit counter 83 is driven by clock 27 which provides a time base
      for both the sender 20 and the receiver 40 of the multiplexing system as
      will be shown in more detail hereinafter. The clock circuit 27 is
      comprised of a pair of switching transistors Q1 and Q2 and associated bias
      elements including resistors R1-R4 capacitor C1 and diode D1. Power is
      supplied to the clock circuit 27 from voltage source +V1 over a voltage
      regulator circuit 84 which includes a transistor Q3, a resistor R5 and a
      Zener diode Z1.
PAR  The clock circuit 27 is operable as a free running oscillator providing
      output pulses at a 15Hz rate as transistors Q1 and Q2 are alternately
      rendered conductive and non-conductive. The frequency of oscillation of
      the clock 27 is determined by the values of capacitor C1 and resistors R1
      and R2.
PAR  The output of the clock 27 is counted by the counter 83 which supplies
      binary coded decimal inputs to the decoder circuit 82. For each group of
      ten pulses counted by the counter 83 and supplied to the decoder 82 in BCD
      code, the decoder 82 responsively provided logic 0 level signals at
      outputs 91 -99 in succession.
PAR  A first output 91 of the decoder 82 is extended directly to a first
      inverting input of the multiple input OR gate 23. Outputs 92-98 of the
      decoder 82 are extended over normally open contacts K1a-K7a of relays
      K1-K7, respectively, to further inverting inputs of the gate 23.
PAR  Output 99 of the decoder circuit 82 is extended to a clock input of a JK
      flip flop 86, which comprises the inhibit circuit 28, and also to a reset
      input of the counter 83. The flip flop 86 may, for example, be of the DTL
      family such as the type 9093commercially available from ITT. The output Q
      of the JK flip flop 86 is extended to the output of the multiple input
      gate 23 at point 101 and effectively inhibits gate 23 whenever the flip
      flop 86 is set by maintaining point 101 at ground potential.
PAR  The output of the summing gate 23 is connected to an input of the key
      switch device 25, which may, for example, be a solid state relay such as
      the type MD100-1A commercially available from Multiplex Communications.
PAR  The solid state relay 25 has a negative input 102 connected to point 101 at
      the output of summing gate 23 and a positive input 103 connected to a
      source of regulated DC voltage +V2, which may be 5VDC. The solid state
      relay 25 has outputs 106 and 105 connected to terminals T and R,
      respectively of the terminal strip 81 and normally provides an open
      circuit across terminals R and T when the relay is unenergized.
PAR  Terminals T and R are connectable to the transmission line 26 which may,
      for example, comprise a standard two wire telephone line. It is pointed
      out that a regular grade telephone line may be employed to permit
      transmission of the data between the locations of the sender 20 and the
      receiver 40 and the telephone line need not be balanced or corrected.
PAR  The solid state relay 25 is controlled by the voltage level at point 101
      and thus is influenced by the state of the flip flop 86. Whenever the flip
      flop 86 is set, the solid state relay follows the output of the summing
      gate 23 and is energized to short circuit the transmission line 26
      providing a mark pulse whenever a logic 0 level output is provided and
      deenergized to provide a space pulse on the line 26 whenever a logic 1
      level output is provided at point 101. The solid state relay 25 can key a
      20 or 60 milliamp, 300V loop which is isolated DC-wise from the logic
      circuits of the sender 20.
PAC  Sender Operation
PAR  Assuming that all of the test points 21 are indicating a normal condition,
      then all of the relays K1-K7 are deenergized, and the corresponding
      contacts K1a-K7a are open. The clock 27 is free running providing the
      clock pulses shown in FIG. 4A. In the exemplary embodiment wherein seven
      test points 21 are being monitored, each scanning cycle is defined by nine
      clock pulses providing nine time slots. The clock pulses are extended to
      the four bit counter 83 which counts the clock pulses and provides outputs
      to the decoder 82 in a BCD code.
PAR  The first clock pulse of each frame resets the counter 83 to a count of
      zero such that output 91 of the decoder 82 is at a logic 0 level and the
      remaining outputs 92-99 of the decoder 82 are at a logic 1 level. Under
      this condition, the output of summing gate 23 is at a logic 1 level as
      shown for the first frame in FIG. 4B.
PAR  Assuming the inhibit flip flop 86 is set, then during the first time slot,
      the sender 20 provides a start pulse in response to the first output of
      summing gate 23 shown in FIG. 4B. The pulse output of gate 23 controls the
      solid state relay device 25 to provide a space pulse (current to no
      current condition) on the transmission line 26.
PAR  The next clock pulse advances the counter 83 to the 1000 state such that
      the second output 92 of the decoder 82 changes from a logic 1 to a logic 0
      level and output 91 returns to a logic 1 level. Since contact Kla is open,
      the output of the summing gate 23 goes to logic 0 as shown in FIG. 4B.
      Accordingly, the solid state relay device 25 is energized providing a mark
      pulse (no current to current condition) on the transmission line 26.
PAR  As the counter 83 continues to sequence through time slots 3-8, contacts
      K2a-K7a, which represent the conditions of the test points connected to
      terminals 2, 2a through 7, 7a, are scanned. As the counter 83 sequences
      through counts 3-8, under the control of the clock 27, the voltage levels
      at each of the outputs 93-98 of the decoder 82 change from a logic 1 to a
      logic 0 level and back to a logic 1 level in sequence. However, since
      contacts K2a-K7a are open, the output of the summing gate 23 remains at a
      logic 0 level as shown in FIG. 4B, and the solid state relay 25 remains
      energized.
PAR  When the tenth clock pulse (or first clock pulse of the second frame) is
      produced, (FIG. 4A) output 99 of the decoder 82 goes from a logic 1 level
      to a logic 0 level, resetting the counter 83 to its 0000 state and setting
      the flip flop 86 such that a logic 0 level signal is provided at the
      output Q of the flip flop 86 as shown in FIG. 4C.
PAR  Since the output Q of the flip flop 86 is connected to the output of
      summing gate 23 at point 101, the voltage waveform at point 101 is
      influenced by the state of flip flop 86. More specifically, whenever flip
      flop 86 is reset, the output Q of the flip flop is at a logic 0 level and
      point 101 is held at near ground potential.
PAR  Accordingly, as the counter 83 sequences under the second frame of clock
      pulses, the output of summing gate 23 is maintained at ground potential
      and the transmission of data is inhibited during the second frame of clock
      pulses.  It is easily seen that the start pulse shown in phantom in FIG.
      4B would have been provided in the second frame except for the inhibiting
      function provided by flip flop 86.
PAR  The above sequence of events continues, providing a start pulse during the
      odd numbered frames three, five, etc., and no pulses during the even
      numbered frames four, etc., as indicated in FIG. 4B.
PAR  Digressing, an indicating device 85, embodied as a light emitting diode, is
      connected over a resistor R6 to the output Q of the flip flop 86 and to a
      voltage source +V2. The light emitting diode 85 is energized whenever the
      flip flop 86 is reset and is deenergized whenever the flip flop is set.
      Thus, under normal conditions as the flip flop 86 is set and reset during
      alternate frames, the light emitting diode 85 flashes on and off
      indicating the flip flop 86 is functioning properly.
PAC  Alarm Transmission
PAR  Assuming, for example, that one of the test points 21, such as the test
      point connected to the terminals 2 and 2c, of terminal strip 81 is
      indicating an off-normal or alarm condition, relay K2 is energized causing
      associated contacts K2a to close such that a path is completed between
      output 93 of the decoder 82 and the corresponding input of the summing
      gate 23.
PAR  The outputs of the decoder 82 are sequentially shifted from logic 1 to
      logic 0 levels under the control of the clock 27 and counter 83 in the
      manner described above.
PAR  Accordingly, at the start of the first frame as output 91 of the decoder 82
      changes from a logic 1 to a logic 0 level, the output of summing gate 23
      assumes a logic 1 level to generate a start pulse as shown in FIG. 40 for
      deenergizing the keying relay 25.
PAR  The next clock pulse causes output 91 of the decoder 82 to go from logic 0
      to logic 1 and output 92 to go from logic 1 to logic 0 level. However,
      since contact Kla is open, the output of summing gate 23 goes to a logic 0
      level and the relay 25 is energized.
PAR  With the third clock pulse output 92 of the decoder circuit returns to a
      logic 1 level and output 93 of decoder 82 goes from a logic 1 to a logic 0
      level and since contact K2a is closed, the output of summing gate 23 goes
      to logic 1 level providing a second pulse shown in FIG. 4D. Such pulse
      represents the alarm condition for test point 2 and deenergizes relay 25
      to provide a space pulse.
PAR  Thereafter, as the decoder 82 continues to cycle under the control of the
      clock 27 and the counter 83, the summing gate 23 is disabled providing a
      logic 0 level output at point 101 as shown in FIG. 4D, energizing the
      relay 25.
PAR  When the tenth clock pulse is provided at the start of the second frame,
      the decoder 82 provides a logic 0 level at output 99 thereof for resetting
      the counter 83 and for resetting the JK flip flop 86. Accordingly, point
      101 is maintained at a logic 0 level for the second frame of clock pulses.
      Thus, during the second frame of clock pulses, point 101 remains at ground
      level and the pulses which would normally be provided, as indicated by the
      two dotted pulses in FIG. 4D, are not produced and the keying relay 25
      remains energized during this frame.
PAC  Receiver Circuit
PAR  Referring to FIGS. 5-7, arranged as shown in FIG. 8, the serial pulse train
      transmitted by the sender 20 over the transmission line 26 is received by
      the photocoupler 41 shown in FIG. 5, and passed to the serial-to-parallel
      converter 43 of the receiver 40.
PAR  The photocoupler 41 includes a photodiode D2 and a photosensitive
      transistor Q4. Photodiode D2 is connected between the two conductors R and
      T which comprise the transmission line 26. The phototransistor Q4 has a
      collector connected over a resistor R8 to a voltage source +V2 and an
      emitter connected to ground. The base of transistor Q4 is floating.
PAR  The serial-to-parallel converter 43 comprises a multistage shift register
      120 which in the exemplary embodiment comprises seven JK flip flops
      120a-120g, providing seven stages to permit storage of the seven bits
      representing the conditions of seven test points 21 being monitored by the
      system. The flip flops 120a-120g may, for example, be the Type SN7473
      commercially available from Texas Instruments.
PAR  The output of the photocoupler 41 at the collector of transistor Q4 is
      extended directly to an input K of flip flop 120a, which serves as the
      input stage of the shift register 120, and over an inverter 122 to an
      input J of flip flop 120a. The bits of the serial pulse train, including
      the start pulse and the seven data bits which represent conditions of the
      seven test points 21 are serially clocked through the shift register 120
      as they are received over the photo coupler 41. The clock pulses which
      effect the shift function are produced by a primary counter 44 which in
      turn is driven by the forced fired clock 45.
PAR  The clock 45, shown in FIG. 6, includes an oscillator stage 125 including
      transistors Q5 and Q6 and an output driver stage including a transistor
      Q7. The clock 45 is synchronized by the start pulse sensor 46 comprised of
      flip flop 127 and transistor Q8 to provide pulses over a NAND gate 128 to
      the primary counter 44.
PAR  The collector of transistor Q5 of the oscillator stage of the clock 45
      receives bias from another source +V3, which may be 12 VDC, over a voltage
      divider circuit including resistor R9, diode D4 and resistor R10. The
      emitter of transistor Q5 is connected to ground and the base of transistor
      Q5 is connected to the collector of transistor Q6.
PAR  The collector of transistor Q5 is connected to the base of transistor Q6.
      The emitter of transistor Q6 receives bias from voltage source +V3, over a
      voltage divider circuit including a variable resistor R11, a capacitor C2
      and a resistor R12.
PAR  The output of the oscillator stage 125 at the junction of resistor R12 and
      capacitor C2 is coupled over capacitor C3 to the base of transistor Q7
      which comprises the output stage of the clock circuit 45. The base of
      transistor Q7 is connected over resistor R13 to +V2 source. The collector
      of transistor Q7 is connected over a resistor R14 to +V2 and to an input
      of NAND gate 128.
PAR  The forced fired oscillator clock 45 is controlled by the start pulse
      sensing JK flip flop 127 and transistor Q8. Flip flop 127, which is
      normally reset, has a pulse input J connected to ground and a clock input
      connected to the output of inverter 122 at the output of the photo-coupler
      circuit 41. An output Q of the flip flop 127 is connected over an inverter
      136 to the base of transistor Q8 which has its emitter connected to
      ground. The collector of transistor Q8 is connected over a resistor R16 to
      a source +V3. The collector of transistor Q8 is also coupled over
      capacitor C4 to the junction of the collector of transistor Q5 at the base
      of transistor Q6 of the oscillator stage 125 of the clock circuit 45. The
      output Q of the flip flop 127 is extended over inverter 137 and capacitor
      C5 to the base of transistor Q7. The output Q of the flip flop 127 is also
      connected over conductor 129 to a second input of NAND gate 128.
PAR  Variable resistor R11 permits adjustment of the time base for the receiver
      clock 45. The rate of the receiving clock 45 is set at approximately 30Hz,
      which is twice the speed of the sending clock 27 (FIG. 3).
PAR  The force fired clock 45 is synchronized with each start pulse to time the
      generation of clock pulses in synchronization with the operation of the
      receiver circuits 40 with the sender 20. This synchronization of the force
      fired clock 45 is effected by the start pulse sensor flip flop 127 over
      transistor Q8.
PAR  With the receipt of a start pulse, flip flop 127 is set as soon as the
      mark-to-space transition of the start pulse occurs, causing transistor Q8
      to conduct, thereby grounding the base of transistor Q6 of the oscillator
      circuit 125 forcing transistor Q6 to conduct.
PAR  When transistor Q6 turns on, capacitor C2 discharges over transistors Q6
      and Q5 to ground. When capacitor C2 is discharged, transistor Q7 is
      momentarily turned off over inverter 137, which is connected between the
      output Q of flip flop 127 and coupled to the base of transistor Q7 through
      capacitor C5, thereby enabling gate 128. Accordingly, the first force
      fired clock pulse is provided at the collector of transistor Q7 and
      extended over gate 128 to the primary counter 44. Since the clock pulse is
      approximately 8 microseconds long and the switching time of flip flop 127
      is on the order of 25 nanoseconds, gate 128 is enabled and the first clock
      pulse is always extended to the primary counter 44 and the secondary
      counter 63.
PAR  The primary counter 44 is comprised of five JK flip flops 130a-130e, such
      as the Type SN7473, commercially available from Texas Instruments. The
      primary counter is operable to count successive clock pulses extended to
      the clock input C of the first state flip flop 130a over gate 128.
PAR  The output Q of flip flop 130a is connected to the clock input C of the
      shift register 120 over an inverter 131, a differentiating circuit 132,
      including capacitor C6 and resistors R17-R18, and a gate 133.
PAR  Briefly, the operation of the primary counter 44, differentiating circuit
      132, and gate 133 to produce shift pulses for shift register 120 can be
      understood with reference to FIG. 6 of the drawings and the waveforms
      shown in FIGS. 8A-8F.
PAR  The waveform for clock pulses provided by the sender clock 27 is shown in
      FIG. 8A. A portion of the information pulse train, including a start pulse
      and data pulses, transmitted by the sender 20 is shown in FIG. 8B and
      corresponds to the pulse train shown in FIG. 4E. The clock pulses provided
      by the receiver clock 125 are shown in FIG. 8C.
PAR  As can be seen by comparing the waveforms shown in FIGS. 8A through 8C, the
      receiver clock 125 operates at twice the rate of the sender clock 25, and
      receiver clock pulses are provided at the start and midpoint of each data
      pulse.
PAR  The waveform for the output Q of flip flop 130a is shown in FIG. 8D. The Q
      output of flip flop 130 a is extended over inverter 131, providing the
      waveform shown in FIG. 8E. Differentiating circuit 133 is responsive to
      the positive-to-negative transition of each pulse provided by inverter 131
      to provide a shift pulse, as shown in FIG. 8F. It is apparent from FIGS.
      8B and 8F that the shift pulses are provided at the midpoint of the start
      and data pulses. Accordingly, when the second receiver clock pulse is
      counted by the primary counter 44, a shift pulse (FIG. 8F) will be
      provided over inverter 131, differentiating circuit 132 and gate 133 to
      the shift register 120 to shift the start pulse into the shift register
      120 at the mid-point of the start pulse.
PAR  Thereafter, further shift pulses will be provided to the shift register 120
      for each additional two clock pulses provided by the clock 45, to shift
      the data pulses representing the conditions of the test points 21 into the
      shift register 120.
PAR  As has been pointed out, the rate of the receiver clock 45 is 30 Hz, or
      twice the rate of the sender clock 27. In addition, the duration of the
      start pulse as well as the data pulses as approximately 33.3 milliseconds.
      Thus, the information including start pulse and data pulses, received over
      the transmission line 26 is shifted into the shift register 120 at the
      midpoint of the start and data pulses.
PAR  When the first clock pulse is provided, gate 128 is enabled since, a second
      input connected to the output Q of flip flop 127, is at a logic 1 level.
PAR  Accordingly, the first clock pulse is extended over gate 128 to the clock
      input of the first stage 130a of the primary counter 44, setting the first
      stage flip flop 130a of the counter 44. When the second clock pulse
      provided by clock 45 is extended to the counter 44, the first stage flip
      flop 130a resets, and the negative going signal at the output Q of flip
      flop 130a provides a shift pulse over inverter 131, capacitor C6 and gate
      132 to the clock input of the shift register 120, gating the first pulse
      of the serial data pulse train which is the start pulse, into a first
      stage of the shift register 120 of the parallel-to-serial converter 43.
PAR  The next clock pulse provided by the clock 45 and extended to the primary
      counter 44 over gate 128 sets flip flops 130a and 130b indicating a count
      of three.
PAR  The JK flip flop 130a is reset in response to the fourth clock pulse
      provided by clock 45 over gate 128 providing a second shift pulse over
      inverter 131 and gate 133 to the shift register 120 causing the start
      pulse to be shifted to the second stage of the shift register 120 and the
      first data bit representing the condition of the first test point to be
      shifted into the first stage of the shift register 120.
PAR  Thereafter, as the clock 45 continues to provide clock pulses, the primary
      counter 44 counts the clock pulses to provide shift pulses for the shift
      register 120 to shift the received data pulses from stage-to-stage of the
      shift register 120.
PAR  When the sixteenth clock pulse is extended to the primary counter 44, the
      eighth shift pulse is provided and the seventh and last data bit is
      shifted into the shift register 120. At such time the start pulse has been
      shifted out of the shift register 120. Thus, the seven stages of the shift
      register 120 contain the seven data bits representing the conditions of
      the seven test points 21.
PAR  At the 17th clock pulse provided by clock 45, gate 140 is enabled by
      outputs of the primary counter 44 and an output of the clock 45 to provide
      a data shift pulse over gate 141 to the temporary storage circuits 48 to
      permit the information stored in the shift register 120 to be shifted into
      the temporary and permanent storage circuits 48 and 58.
PAR  The temporary storage circuits 48 shown in FIG. 5 include a plurality of JK
      flip flops 151-157, such as the Texas Instrument Type SN7473, including an
      individual JK flip flop corresponding to each stage of the shift register
      120 and thus to each data bit. Each of the JK flip flops 151-157 have
      inputs J connected to an output Q of corresponding stages 120a-120g,
      respectively of the shift register 120, and inputs K connected to outputs
      Q of a corresponding stage 120a-120g of the shift register 120. A clock
      input to the JK flip flops 151-157 is supplied by the primary counter 44
      over gate 140 and at the time the seventeenth clock pulse has been counted
      by the primary counter 44 permits the data bits stored in stages 120a-120g
      of the parallel-to-serial converter to be shifted into stages 151-157 of
      the temporary latch circuits 48.
PAR  The outputs Q of the JK flip flops 151-157 are connected to inputs of
      associated differentiating circuits 158, each including a pair of
      resistors R19, R20 and a capacitor C7. The outputs of the differentiating
      circuits 158 are connected over isolation diodes D5 to the clock input of
      a flip flop 160 which controls the audible alarm device 51 over gates 161
      and 162 and the return to normal indicator 54, embodied as a lamp L1.
PAR  The flip flop 160 has an output Q connected to an inverting input of an OR
      gate 161. The output of OR gate 161 is connected to an input of NAND gate
      162. A second input of NAND gate 162 is connected to the output of a
      frequency divider circuit 165 which is driven by the receiver clock 45
      over lead 166. The output of the frequency divider circuit 165 enables
      gate 162 to effect intermittant energization of the audible alarm device
      151 at a rate determined by the setting of the frequency divider circuit
      165. Gates 161 and 162 comprise the audible device driver 52. NAND gate
      162 has an output connected to an energizing input 163 of the audible
      alarm device 51.
PAR  The flip flop 160 also has an output Q connected over resistor R21 to the
      base of a transistor Q11, which comprises the back-to-normal alarm
      indicator driver 54, for effecting energization of the indicating lamp L1
      which is connected to the collector circuit of transistor Q11 and a
      voltage source +V4, which may be 24 VDC. Transistor Q11 has an emitter
      connected to ground. Flip flop 160 has an input J connected to ground such
      that the flip flop 160 is set responsive to a pulse extended to the clock
      input thereof whenever an output is provided by one or more of the flip
      flops 151-157.
PAR  If at the time the shift pulse is extended to the temporary latch circuits
      48, one or more of the stages 120a-120g of the multistage shift register
      120 such as stage 120f, stores a logic 0 level bit indicating an alarm or
      off-normal condition for the corresponding test point 21, such as test
      point 2, the corresponding temporary latch flip flop 156 is set when the
      shift pulse is provided by the primary counter 44.
PAR  Thereafter, when test point 2 returns to normal, stage 120f of the shift
      register 120 stores a logic 1 level bit. Accordingly, flip flop 156 is
      reset when the next shift pulse is provided by the primary counter 44.
PAR  The output provided by flip flop 156 when it is reset is extended over the
      corresponding differentiating circuit 158 producing a pulse which causes
      flip flop 160 to be set. When flip flop 160 becomes set, gates 161 and 162
      are enabled to effect energization of the audible device 51 and transistor
      Q11 conducts turning on the back-to-normal indicator lamp L1 thereby
      indicating that a test point, test point 2 in the present example, has
      returned to normal.
PAR  A reset circuit 62, shown in FIG. 7, including switching transistors Q12
      and Q13, resistors R22-R26, diode D7 and capacitor C8 is manually
      energizable over a pushbutton 164 to provide an output pulse over an
      inverter 166 to effect reset of flip flop 160 to thereby silence the
      audible alarm device 51 and deenergize the return-to-normal lamp L1.
PAR  The permanent storage circuits 58, shown in FIG. 5, include seven JK flip
      flops 171-177, such as the Texas Instruments Type SN7473, including a
      separate flip flop corresponding to the stages 120a-120g, respectively of
      the multistage register 120. The flip flops 171-177 each have inputs J
      commonly connected to ground. The flip flops 171-177 receive clock inputs
      over associated input gates 181-187 from the outputs Q of flip flops
      151-157 and the output of the primary counter 44 provided over gates 141'
      and 215. For example, gate 181 which extends clock pulses to latch circuit
      171, has a first input connected to an output Q of flip flop 151 and a
      second input connected to the output of gate 141' to receive the shift
      pulse provided during each valid data transmission cycle by gate 215.
      Similarly, gates 182-187, which supply clock pulses to latch circuits
      172-177, respectively, each have first inputs connected to the outputs Q
      of corresponding flip flops 152-157 and second inputs connected to the
      output of gate 215 over gate 141'.
PAR  One or more of the flip flops 171-177 is set at the time a clock pulse is
      provided by associated gates 181-187 if the corresponding shift register
      stage 120a-120g is storing a logic 0 bit, indicating an off-normal
      condition for the corresponding test point.
PAR  Each of the flip flops 171-177, such as flip flop 177, has an output Q
      connected over a differentiating circuit 178 to the clock input of a flip
      flop 170 which drives the audible alarm driver gates 161 and 162 in a
      manner similar to flip flop 160 which is associated with the temporary
      latch circuits 48. Flip flop 170 is normally reset and is set whenever one
      or more of the flip flops 171-177 is set to provide an audible alarm
      indicating an off-normal condition for one or more of the test points 21.
PAR  In addition, individual alarm indicating lamps 59a-59g, one corresponding
      to each of the test points 21, are individually energizable over
      associated individual alarm indicator drive circuits 60a-60g, respectively
      by flip flops 171-177 to identify the test point which is providing an
      off-normal indication. Each drive circuit, such as drive circuit 60f shown
      in FIG. 5, includes a normally non-conducting NPN switching transistor Q14
      having a base connected over a resistor R26 to the output Q of the flip
      flop 176. Transistor Q14 has an emitter connected to ground. The alarm
      indicating lamp 59f is connected in the collector circuit of transistor
      Q14.
PAR  The other flip flops 171-175 and 177 also have individual alarm indicator
      drivers 60a-60e and 60g, respectively, which are identical with alarm
      indicator driver 60f and are operable to energize alarm indicating lamps
      59a-59e and 59g, respectively, whenever the associated flip flops 171-175
      and 177 are set.
PAR  Individual alarm indicator lamps 59a-59g may be supplemented by alarm
      relays, such as alarm relay K13 for alarm indicator lamp 59f. Relay K13 is
      energized by a further normally non-conducting NPN switching transistor
      Q15 of the driver circuit 60F. Transistor Q15 is controlled by transistor
      Q14 to energize relay K13 whenever the corresponding flip flop 176 becomes
      set.
PAR  The reset circuit 62 further includes a normally non-conducting switching
      transistor Q16 for permitting manual reset of the flip flops 171-177 of
      the permanent latch circuits 58. When the pushbutton 164 is depressed,
      voltage +V2 is extended over a resistor R23 and a diode D9 to the base of
      transistor Q16 rendering transistor Q16 conductive, thereby providing a
      ground at the collector of transistor Q16. The collector of transistor Q16
      is extended over a lead 194 to the reset inputs of the flip flops 171-177.
      Thus, whenever pushbutton 164 is depressed, the flip flops 171-177 of the
      permanent latch circuits 58 are reset such that the corresponding
      individual alarm indicator drive circuits 60a-60g will be deenergized and
      indicator lamps 59a-59g are extinguished. In addition, when the push
      button 164 is depressed, the voltage +V2 extended over resistor R22 and
      diode D7 enables transistor Q12 disabling transistor Q13 providing a pulse
      over inverter 166 to the reset input of flip flop 170, resetting flip flop
      170. Accordingly, gates 161 and 162 are disabled and the audible alarm
      device 51 is deenergized.
PAC  Operation of Receiver Circuit
PAR  For purposes of illustrating the operation of the receiver, it is assumed
      that test point 2 is providing an off-normal indication and that the
      remaining test points 1, and 3-7 are indicating normal conditions. In such
      case, the data pulse train transmitted from the sender 20 is as shown in
      FIG. 4D.
PAR  As a result of the current-to-no-current transition at the beginning of the
      start pulse, the potential at the collector of transistor Q4 of the photo
      coupler 41 changes from ground to +V2 volts. This change is sensed by the
      flip flop 127 which becomes set turning on transistor Q8 over inverter
      136. When transistor Q8 turns on, the base of transistor Q6 is grounded
      momentarily permitting the capacitor C2 of the oscillator circuit 125 to
      discharge over the transistors Q6 and Q5 to the ground. At the same time,
      transistor Q7 is momentarily cut off by the transition pulse provided at
      the negative output of flip flop 127 over inverter 137 and capacitor C5 to
      the base of transistor Q7.
PAR  As transistor Q7 is turned off, the first force-fired clock pulse will be
      generated which enables gate 128 permitting the clock pulse to be gated
      over the first stage 130a of the primary counter setting flip flop 130a.
      Thereafter, the clock oscillator 125 is free-running providing clock
      pulses at a 30HZ rate.
PAR  When the next clock pulse is provided and extended over gate 128 to the
      input stage flip flop 130a of the primary counter, flip flop 130a resets,
      providing a pulse over inverter 131, capacitor C6 and gate 133 to the
      clock inputs of the multi-stage register 120. Accordingly, the start pulse
      is gated into the first stage 120a of the register 120.
PAR  When the second pulse of the pulse train, representing the condition for
      test point 1 is received, the no-current to current transition causes the
      potential at the collector of transistor Q4 of the photo coupler 41 to
      change from +V2 volts to ground. Accordingly, a logic 1 level signal is
      provided over inverter 122 at the J input of stage 120a of the shift
      register 120 and a logic 0 level signal is extended to the K input of
      stage 120a. The first data pulse is gated to the second stage 120b of the
      register 120 when the primary counter 44 reaches a count of four and
      provides a second shift pulse to the register 120.
PAR  When the primary counter 44 reaches the count of six, the next data pulse
      representing the condition for test point 2, which is indicating an
      off-normal condition is gated into the register 120 causing the first
      stage 120a to store a logic 1 level while the logic 1 level pulse
      representing the start pulse is shifted to the third stage 120c, and the
      logic 0 data pulse representing a normal condition of test point 1 is
      shifted to the second stage 120b of the register 120.
PAR  As the receiver clock 45 continues to cycle, successive clock pulses are
      counted by the primary counter 44 providing shift pulses to the multistage
      register 120 to gate the remaining data bits received over the photo
      coupler 41 into the shift register 120.
PAR  At the sixteenth clock pulse, the seven stages 120a-120g of the shift
      register 120 store the seven data bits representing the conditions of the
      test point 21. Stages 120a-120e and 120g store logic 1  level bits
      representing normal conditions and stage 120f stores a logic 0 level bit.
PAR  When the seventeenth clock pulse is provided, gates 140 and 141 are enabled
      by the primary counter 44 to provide a shift pulse for transferring the
      data stored in the multistage register 120 into the temporary latch
      circuits 48. Accordingly, latch circuit 156 is set since the corresponding
      stage 120f is storing a logic 0 level bit, and latch circuits 151-155 and
      157 remain reset. In addition, latch circuit 176 of the permanent storage
      circuits 58 is set if the start pulse of the next cycle appears on time as
      indicated by the enabling of gate 215, and latch circuits 171-175 and 177
      remain reset.
PAR  When latch circuit 176 is set, an output provided at the output Q of the
      flip flop 176 is extended over differentiating circuit 178 setting flip
      flop 170. Accordingly, gates 151 and 162 are enabled energizing the
      audible alarm device 51 which is driven by the frequency divider circuit
      165 to provide an intermittent audible alarm indicating that one of the
      test points 21 is providing an alarm.
PAR  At the same time, individual alarm indicator driver 60f is enabled by the
      output Q of flip flop 176 to effect illumination of indicator lamp 59f
      which indicates an off-normal condition for test point 2.
PAR  As the clock 45 continues to run, and the primary counter 44 reaches a
      count of 19, gate 139 is enabled effecting reset of the start pulse
      sensing flip flop 127 over gates 143 and 144 and reset the primary counter
      44.
PAR  When the alarm condition for test point 2 is noted by an operator, the
      audible alarm 51 can be silenced by depressing push button 164 of the
      reset circuit 62 which causes flip flop 170 to be reset thereby disabling
      gates 161 and 162. In addition, flip flop 176 is also reset and the
      individual indicator lamp 59b is extinguished. The alarm indication will
      not be reinitiated during the next scan because a time delay circuit
      comprised of transistors Q12, Q13, resistor R24 and capacitor C8 will hold
      flip flop 170 clamped for the subsequent cycle. If during the subsequent
      cycle another test point goes bad, the audible alarm will remain silent
      but the corresponding individual indicator lamp will go on, and stay on
      until reset.
PAR  When the trouble condition at test point 2 has been corrected and the
      status of test point 2 returns to normal, the data pulse train transmitted
      from the sender 20 is as shown in FIG. 4B.
PAR  Accordingly, during the first data transmission cycle after the test points
      21 are each indicating a normal condition, the multistage register 120
      stores logic 1 level bits in the seven stages 120a-120g when the seven
      data pulses have been shifted into the register 120. When the transfer
      pulse is provided by the primary counter 44 as the counter 44 reaches a
      count of 17, temporary latch circuit 156, which was previously set in
      response to the receipt of an off-normal indication for test point 2 is
      reset, providing an output over associated differentiating circuit 158 to
      set flip flop 160. When flip flop 160 is set, gates 161 and 162 are
      enabled energizing the audible alarm device 51 which is driven
      intermittently by frequency divider circuit 165 to provide an indication
      of a return-to-normal condition for test point 2. In addition, the
      back-to-normal indicator lamp L1 is lit when transistor Q11 of the
      back-to-normal indicator driver circuit 52 is energized by flip flop 160.
PAC  Supervisory Functions
PAR  The receiver 40 also includes a supervisory circuit which supervises the
      condition of the communication line 26 and provides indications of open or
      short circuit conditions for the loop 26. The supervisory circuit includes
      a secondary counter 63 and guard circuit 64, shown in FIG. 6, and a master
      alarm flip flop 65 and a master alarm indicator 66, shown in FIG. 7.
PAR  The secondary counter 63 comprises a six-stage counter 200 which is driven
      by clock pulses provided by the receiver clock 45 extended to the counter
      200 over a NAND gate 202. NAND gate 202 is enabled to pass clock pulses
      provided by the clock 45 to the secondary counter 63 by a control flip
      flop 201, shown in FIG. 7, whenever the control flip flop 201 is reset.
      The control flip flop 201 is reset by the start pulse sensing flip flop
      127 which provides a pulse over an inverter 205 and a capacitor C10 to the
      clock input of the flip flop 201 whenever the flip flop 127 is set.
PAR  The secondary counter 63 operates in parallel with the primary counter 44
      to provide output signals for enabling gates 211-213 of the guard circuit
      64.
PAR  Gate 211 is enabled during counts 35 and 36. Gate 212 is enabled during
      counts 36 through 38. Gate 213 is enabled during counts 38 through 40.
      Since the outputs of gates 211 and 212 are commonly connected over
      inverter 214 to gate 215, gate 215 is enabled during counts 35 through 38.
      This is the guard for start pulse appearance period. If during this period
      the start pulse appears, then it is said that the cycle, as far as the
      start pulse is concerned, was normal and gate 215 will fire to maintain
      flip flop 65 in the reset state and also reset the counter 200 through
      gates 227 and 228. Under the above conditions, gate 213 does not fire.
PAR  If the start pulse does not appear within the guard period, then gate 213
      is allowed to fire and set flip flops 201 and 65. This, of course, can
      happen under any of the following three conditions: (a) shorted
      transmission line, (b) open transmission line, or (c) receive clock out of
      adjustment.
PAR  Gates 211 or 212, as enabled, provide an output pulse which is extended
      over inverter 214 to enable a NAND gate 215 to control the state of the
      master alarm flip flop 65. When the master alarm flip flop 65 is set, an
      enabling input is extended to a gate 216 which has a first input connected
      to the output Q of the master alarm flip flop 65 and a second input
      connected to the output of the frequency divider circuit 165. The master
      alarm flip flop 65 is normally reset, and the beginning of the start pulse
      assures that the flip flop 65 is reset at the start of each frame of
      pulses.
PAR  The output of gate 216 is connected over an inverter 220 and a resistor R31
      to the base of a transistor Q18 of the master alarm indicator circuit 66.
      Transistor Q18 has an emitter connected over a resistor R32 to ground. The
      collector of transistor Q18 is connected over a resistor R33 and a master
      alarm indicator lamp L2 to voltage source +V4.
PAR  The master alarm indicator circuit 66 may also include a further switching
      transistor Q19 for driving an alarm relay K15. Transistor Q19 has a base
      connected to the emitter of transistor Q18 and an emitter connected to
      ground. The collector of transistor Q19 is connected over a resistor R34
      and relay K15 to a voltage source +V4. Indicator lamp L2 and relay K15,
      which are driven by transistors Q18 and Q19, respectively, provide
      indications of open or short circuit conditions for the transmission line
      26.
PAR  The receiver is able to distinguish between a shorted line and the
      condition where all test points are off-normal.
PAR  Regardless of what the data may be, the start pulse should occur every
      eighteen time slots, which means that the transmission line 26 would carry
      current at all times except when the start pulse is transmitted. The
      receiver 40 is looking at the line 26 and it senses the condition of
      current or no current in the line. The line 26 may experience the current
      to no current continued condition if it gets open due to an open wire, bad
      power supply (line supply) or sender stuck in the spacing condition. By
      the same reasoning the line 26 may experience the no current to current
      continuous condition if the line is shorted at the sender end, or if the
      sender is stuck in the marking condition.
PAR  A second NAND gate 217 has a first input connected to the negative output Q
      of the master alarm flip flop 65 and a second input connected to the
      output of inverter 122 (FIG. 5). The output of gate 217 is connected to
      the input of inverter 220 (FIG. 7).
PAR  The positive output of the master alarm flip flop 65 is connected over a
      differentiating circuit 221 and a conductor 222 to the clock input of flip
      flop 170, which is associated with the permanent latch circuits 58, to
      control the energization of the audible alarm device 51. Accordingly,
      whenever the master alarm flop flop 65 becomes set, an output pulse
      provided at the positive output Q of the master alarm flip flop 65 is
      extended over differentiating circuit 221 and conductor 222 to set flip
      flop 170 thereby enabling gates 161, 162 to energize the audible alarm
      device 51. When flip flop 170 is set, the audible alarm device 51 is
      driven intermittently over gate 162 by the output of the frequency divider
      circuit 165.
PAR  A further gate 213 of the guard circuit 64, enabled by outputs of the
      secondary counter 63 if the start pulse does not appear in the proper time
      slot, effects reset of the secondary counter 63 over gates 225-228. In
      addition, the output of gate 213 is extended over gates 225 and 226 and
      conductor 229 to set the control flip flop 201 and flip flop 65.
PAR  The receiver supervisory circuit also includes a NAND gate 229 which may be
      enabled by outputs of the primary counter 44 (FIG. 6) during the start
      pulse period to prevent the receiver 40 from responding to breaks in the
      transmission line 26 that are less than 50% of one timing pulse in
      duration or approximately 16.6 milliseconds. Gate 229, when enabled,
      provides an output over gate 143 and inverter 144 to reset the start pulse
      sensing circuit flop flop 127 and the primary counter 44. In addition,
      badly distorted line conditions are sensed through gate 229 which is
      operable when enabled to extend an output over gates 225 and 226 to set
      the master alarm flip flop 65 to energize the master alarm indicator
      circuit 66 over gate 216 and the audible device 51 over flop flop 170.
PAR  If the start pulse is less than 50% of a normal pulse it is considered to
      be a momentary break in the line (a hit). The system ignores such pulse
      and starts with a fresh frame or cycle. The master alarm cancels out by
      itself.
PAR  If the data are distorted more than 50%, the start pulse is also distorted
      by the same amount, and through gate 229, a master alarm indication occurs
      and continues as long as the data are distorted more than 50%.
PAR  Whenever the transmission line is restored back to normal, the first start
      pulse will reset flip flop 201, and counter 63 is allowed to start
      operating normally again. The next start pulse, if it appears in its
      proper time slot, resets flip flop 65 through gate 215 as was described
      previously, and the open line alarm indication will be cancelled
      automatically.
PAC  Open Loop Condition
PAR  Under normal conditions, when the next start pulse is received over the
      photo coupler circuit 41, the start pulse sensing circuit 127 is enabled
      thereby enabling the receiver clock 45 to generate clock pulses at the 30
      HZ rate. The flip flop 127 also effects resetting of the control flip flop
      201 over inverter 205 and differentiating circuit 206. When the control
      flip flop 201 is reset, gate 202 is enabled to follow clock pulses
      provided by the clock receiver clock 45. The secondary counter 63 counts
      the clock pulses in synchronism with the primary counter 44. If the start
      pulse occurs in the proper time slot, gates 211 and 212 are enabled and
      the secondary counter 63 is reset through gates 214, 215, 227, and 228.
PAR  On the other hand, if the start pulse is not provided due to an open loop
      condition, gate 213 is allowed to fire and through gates 225 and 226, sets
      flip flops 201 and 65. Counter 63 resets through gates 227 and 228 and
      remains reset due to the gate 202 which now is being inhibited by flip
      flop 201.
PAR  In the case of an open line condition, gate 217 is inhibited by the logic 0
      level output of the inverter 122, (FIG. 5) and accordingly the master
      alarm indicator circuit 66 is driven by the frequency divider circuit 165
      over gate 216 and inverter 220 to provide an intermittent indication
      representing an open circuit condition for the loop 26.
PAC  Short Circuit Condition
PAR  A similar series of events occurs in the case where the transmission line
      26 is short circuited. The secondary counter 63 counts clock pulses
      provided by the receiver clock 45. However, since the start pulse does not
      appear in its proper or designated time slot, gate 213 is allowed to fire
      and set the master alarm flip flop 65, and flip flop 201. Gate 202 is
      again inhibited and counter 63 resets as described previously.
PAR  However, for a short-circuit condition, a logic 1 level output provided at
      the output of inverter 122 permits gate 217 to be enabled by the master
      alarm flip flop such that the output of gate 217 is maintained at a ground
      level. Accordingly, the ground level at the output of gate 217 extended
      over inverter 220 and resistor R31 maintains transistor Q18 and transistor
      Q19 in a "steady on" condition such that the master alarm indicator lamp
      L2 and relay K15 is continuously energized to indicate a short-circuit
      condition for the line 26. Again when line is restored to normal the alarm
      disappears automatically as was for an open line.
PAC  Distorted Line Condition
PAR  In the event that an open circuit condition less than 16.6 milliseconds in
      duration occurs in the loop 26 or if the data pulses transmitted over the
      line are badly distorted by more than 50%, gate 229, (FIG. 6) is enabled
      by outputs of the primary counter 44 to provide a reset signal over gates
      143 and 144 to the start pulse sensing flip flop 127 and to provide an
      alarm signal over gates 225 and 226 to reset the control flip flop 201 and
      to set the master alarm flip flop 65. When the master alarm flip flop 65
      is set, flip flop 170 is set enabling gates 161 and 162 and gate 162
      follows the output of the frequency divider circuit 165 to intermittently
      energize the audible alarm device 51. In addition, gate 216 also follows
      the output of the frequency divider circuit 165 to intermittently energize
      the master alarm indicator circuit 66.
PAC  Receiver Clock Adjust
PAR  The master alarm indicator circuit 66 also includes an indicating device
      L3, embodied as a light emitting diode, which indicates when the receiver
      clock frequency deviates from the desired rate of twice the sender clock
      frequency. The light emitting diode L3 has a first terminal connected over
      a resistor R35 to the outputs of gates 215 and 216 and a second terminal
      connected to the voltage source +V2.
PAR  The light emitting diode L3 is normally driven intermittently by outputs of
      gates 217 and 216 in synchronism and in phase opposition with the master
      alarm indicator L2. Gate 217 is driven by the data pulses provided at the
      output of the photo coupler circuit 41 and gate 216 is driven by the
      output of the frequency divider circuit 165.
PAR  Whenever the receiver clock deviates from the desired rate, the flashing
      rate of the light emitting diode L3 and the master alarm indicator L2 is
      determined by the combination of the data bits and the output of the
      frequency divider circuit 165 which control gates 217 and 216,
      respectively. In such case, the flashing rate is asymmetrical as opposed
      to the open line condition, for example, where the flashing rate is
      determined only by the frequency divider circuit 165, and is thus
      symmetrical for the light emitting diode L3 and the master alarm indicator
      L2.
PAR  To adjust the frequency of the receiver clock 45 to a desired value,
      potentiometer R11, (FIG. 6) which is connected in the collector of
      transistor Q6 is adjusted, varying the frequency rate of the oscillator
      circuit 125 of the receiver clock 45 to a first setting until the light
      emitting diode L3 is extinguished. At such time, the potentiometer R11 is
      furthr adjusted to a second setting until the light emitting diode is
      again relit. Then the value of resistor R11 is adjusted to a point
      intermediate the first and second settings. At such value, the clock rate
      of the receiver clock 45 is approximately double the speed of the sender
      clock 27.
PAC  Secondary Send-Receive Apparatus
PAR  Since the primary send/receive system is a start-stop system, it is
      possible to use the time slot of the stop pulse to send information from
      the location of the primary receiver 40 to the location of the primary
      sender 20 over the communication line 26. In the illustrative embodiment
      of the primary sender-receiver system described in the foregoing, wherein
      the duration of the stop pulse of a given frame corresponds to at least
      ten data pulses, the time slot for the long stop pulse can be used to send
      back at least three data pulses, for example, which may be commands of
      some kind, in addition to a start pulse and a stop pulse, with total
      assurance even if the primary receiver clock 45 drifts to its maximum or
      minimum limit.
PAR  To enable the transmission of information from the location of the primary
      receiver to the location of the primary sender, a secondary sender circuit
      320 shown in FIG. 9, is employed. A secondary receiver 340, shown in FIG.
      10, is provided to receive the information transmitted by the secondary
      sender 320.
PAR  Referring to FIG. 9, the secondary sender 320 is generally similar to the
      primary sender 20 shown in FIG. 3. The secondary sender 320 includes a
      timing circuit 321, a sequencing circuit 327, a summing gate 336 and a
      solid state keying relay 337. The programming of the three data pulses is
      provided through a plurality of contacts 341-343 which control the
      condition of the summing gate 336 over gates 344-346, respectively.
      Contacts 341-343 are normally open contacts which may be associated with
      individual condition responsive devices or manually operated switches.
PAR  The sequencing circuit 327 under the control of the timing circuit 321
      enables the state of each of the contacts 341-343 to be extended to the
      relay 337 over the summing gate 336. The relay 337 has normally open
      contacts 338 which are connected in series with the line 26 and the
      contacts of the keying relay 25 of primary sender 20. Whenever the output
      of the summing gate 336 is high, the relay 337 is released and there is no
      current flow in the line 26. When the output of a summing gate 336 is low,
      the relay 337 is energized and there is current flow in the line 26
      provided that the relay 25 of the primary sender 20 is also energized. The
      relay 337 is operable to transmit a frame of five pulses, including a
      start pulse, three data pulses and a stop pulse to the location of the
      primary sender 20, under the control of the sequencing circuit 327 and the
      timing circuit 321.
PAR  The timing circuit 321 includes a pair of flip flops 322, 323 and gates
      324, 325. Flip flop 322 is operable as a frequency divider which receives
      clock pulses at a 30Hz rate over conductor 301 from the force-fired clock
      45 of the primary receiver 40 and divides the clock rate by two to provide
      clock pulses for the sequencing circuit 327 over gate 325 whenever gate
      325 is enabled. The state of gate 325 is controlled by control flip flop
      323. Flip flop 323 is normally reset and is set by inputs supplied to the
      flip flop 323 over gate 324 from the secondary counter 63. As will be
      shown in more detail hereinafter, flip flop 323 is set when the secondary
      counter 65 reaches a count of 20 thereby enabling gate 325 to follow the
      output of the frequency dividing flip flip 322 to supply clock pulses to
      the sequencing circuit 327.
PAR  Sequencing circuit 327 is comprised of a three bit counter 328 and
      associated decoding gates 331-335. The BCD information contained within
      the three-bit counter 328 is converted into a one-out-of-eight code by the
      decoding gates 331-335. In the present example, only five of the eight
      possible outputs are employed. As clock pulses provided by the frequency
      dividing flip flop 322 are extended to the counter 328 over gate 325,
      gates 331-335 are sequentially enabled. The output of gate 331 is
      connected directly to an inverting input of the summing gate 336 and
      serves to disable gate 336 causing the output of gate 336 to go high to
      permit keying relay 337 to provide a space pulse for transmission to the
      location of the primary sender 20.
PAR  Gates 332-334 have outputs connected over inverters 347-349, respectively
      to inputs of gates 344-346 which are associated with contacts 341-343,
      respectively. The gates 344-346 each have outputs individually connected
      to different inverting inputs of the summing gate 336. As each of the
      gates 332-334 are enabled, in sequence, by outputs of the counter 328, the
      condition of contacts 341-343 is extended over the summing gate 336 to the
      key switch 337 to enable the transmission of mark or space pulses to the
      location of the primary sender 20 in accordance with the state of the
      contacts 341-343.
PAR  Decoding gate 335 when enabled effects reset of flip flops 322 and 323 and
      the counter 328 after each data transmission cycle is completed. Resetting
      of control flip flop 323 prevents further transmission of data by the
      secondary sender 320 until the control flip flop 323 is again set in
      response to outputs of the secondary counter 63 of the primary sender 20,
      effectively providing a stop pulse since data transmission is inhibited
      for a time prior to the next start pulse provided by the primary sender
      20.
PAC  Operation of the Secondary Sender
PAR  The operation of the secondary sender 320 is best understood by referring
      to the schematic circuit diagram of the secondary sender 320 shown in FIG.
      9 in conjunction with the schematic circuit diagram for the primary
      receiver shown in FIGS. 5-7. Assuming initially that all of the circuits
      of the primary receiver 40 and the secondary sender 320 are in their reset
      state, then at some time T0, the start pulse of a frame of pulses sent by
      the primary sender 20 (FIG. 3) is received by the primary receiver. The
      frame of pulses may also include pulses representing normal or off-normal
      conditions for the test points 21. However, the condition of the test
      points 21 is not relevant to the operation of the secondary sender 320.
PAR  Referring to FIG. 11, which is a timing chart showing the relationship of
      signals for circuits of the primary receiver 40 and the secondary sender
      320, as soon as the current-to-no-current transition of the start pulse
      occurs as shown in FIG. 11 at line B, flip flop 127 (FIG. 6) is set and
      the first force-fired clock pulse of the primary receiver 40 appears at
      the collector of transistor Q7. The receiver clock pulses are shown in
      FIG. 11 at line A. This first clock pulse, and subseuquent clock pulses,
      are extended over gates 128 and 202 to the primary and secondary counters
      which count the clock pulses in the manner described above. The outputs
      for stages 200a-200f of the secondary counter 63 are shown in FIG. 11 at
      lines C-H, respectively, as the secondary counter 63 counts the clock
      pulses provided by the clock 45 of the receiver 40. The clock pulses
      extended to the secondary counter 63 over gate 202 are also extended over
      conductor 301 to the frequency dividing flip flop 322 of the secondary
      sender shown in FIG. 9, causing flip flop 322 to be alternately set and
      reset with each pair of successive clock pulses.
PAR  When the secondary counter 63 reaches a count of twenty, gate 324 (FIG. 9)
      is enabled by outputs provided over conductors 302 and 303 setting the
      control flip flop 323 as shown in FIG. 11 at line I, providing an enabling
      input for gate 325 which permits the pulse train provided by flip flop 322
      to be inverted and extended over gate 325 to the three-bit counter 328 of
      the sequencing circuit 327. The counter 328 counts the pulses provided by
      the frequency dividing flip flop 322 providing binary coded outputs as
      shown in FIG. 11 at lines J-L. The BCD information contained within the
      three-bit counter 328 is converted into a one-out-of-eight code through
      decoding gates 331-335.
PAR  As shown in FIG. 11 at line M, when the first clock pulse is counted by the
      counter 328, the output of gate 331 goes low providing a start S pulse,
      enabling the output of the summing gate 336 to go high. The output pulse
      provided by gate 336 causes the relay 337 to be deenergized thereby
      blocking current flow in the line 26. The start pulse is always a space
      because the output of gate 331 is directly connected to an input of
      summing gate 336.
PAR  When the second clock pulse provided by frequency divider flip flop 322 is
      counted by the counter 328, the output of gate 332 goes low as shown in
      FIG. 11 at line N. The output of gate 332 is extended over inverter 347 to
      an input of gate 334 which has a second input connected to contact 321. If
      contact 321 is open, gate 344 is enabled causing the output of summing
      gate 336 (pulse P1 shown in FIG. 11 at line S) to go high such that relay
      337 is released and there is no current in the line. On the other hand, if
      contact 341 is closed, gate 344 remains disabled causing the output of
      gate 336 to be low such that relay 337 is energized and a mark pulse
      (current in line condition) is transmitted.
PAR  Similarly, as third and fourth clock pulses are counted by counter 328,
      gates 333 and 334 are enabled, as shown in FIG. 11 at lines P and Q to
      enable the condition of contacts 342 and 343 as represented by pulses P1
      and P3 in FIG. 11 at line T, to be extended to the relay 337 over the
      summing gate 336.
PAR  After the start pulse and the three data pulses P1-P3 representing the
      conditions of contacts 341-343 have been transmitted over the transmission
      line 326 to the location of the primary sender 20, the next clock pulse
      causes gate 335 to be enabled providing a reset pulse shown in FIG. 11 at
      line Q for resetting the counter 328 and flip flops 322 and 323.
PAR  Thus, it is apparent that the transmission of data by the secondary sender
      320 is completely controlled timewise by the primary sender which effects
      the generation of clock pulses by the force-fired clock 45 of the primary
      receiver 40. While the secondary sender 320 is keying the line 26, the
      primary receiver 40 is blinded by grounding the output of the
      signal-detecting photocoupler circuit 41 over conductor 304 via transistor
      Q30 (FIG. 9) which is enabled by control flip flop 323. THus, the primary
      receiver 40 is prevented from responding to the information transmitted by
      the secondary sender 320.
PAR  When the control flip flop 323 is reset when data transmission has been
      completed, transistor Q30 is disabled, removing the ground from the output
      of the photocoupler circuit 41 such that the primary receiver 40 is
      conditioned to receive data transmitted by the primary sender 20.
PAC  Secondary Receiver
PAR  The information transmitted by the secondary sender 320, including the
      start pulse and three data pulses P1-P3, is transmitted over the line 26
      to the location of the primary sender 20 and is received by the secondary
      receiver 340 shown in FIG. 10. The secondary receiver 340 is generally
      similar to the primary receiver 40 and includes an input circuit comprised
      of a photocoupler circuit 351 and a Schmitt trigger circuit 354 which
      detects the pulses transmitted by the secondary sender 320.
PAR  The secondary receiver 340 further includes a start pulse sensing flip flop
      360, a force-fired clock 363 and a counter 364 and associated decoding
      gates 365 which provide synchronization for the secondary receiver 340.
      The secondary receiver 340 also includes a serial-to-parallel converter
      366 which receives the serial data
PAR  pulses transmitted by the secondary sender and temporary latch circuits 370
      which are operable in the manner of the temporary latch circuits 48 of the
      primary receiver 40.
PAR  The secondary receiver 340 may be connected in the communication loop 26 by
      removing the link 355 and connecting input conductors 352 and 353 of the
      photocoupler circuit 351 to terminals 356' and 357.
PAR  The secondary receiver 340 is allowed to receive information only when the
      secondary sender 320 is transmitting. During the rest of the time, the
      secondary receiver 340 is blinded by the Q output of the JK flip flop 86
      (FIG. 3) of the primary sender, which inhibits the Schmitt trigger circuit
      354. When the Q output of the inhibit flip flop 86 of the primary sender
      20 is high, the Schmitt trigger circuit 354 is enabled and information
      coming from the secondary sender 320 is coupled through the photocoupling
      circuit 351 and the Schmitt trigger 354 to the shift register 366 and the
      flip flop 360.
PAR  The clock 363 of the secondary receiver 340 is exactly the same clock used
      in the primary receiver 40. Thus, when the secondary sender 320 is
      transmitting, the start pulse which indicates the start of a frame of
      pulses, when received over the photocoupler circuit 351 and the Schmitt
      trigger circuit 354, effects setting of flip flop 360 which operates in a
      manner similar to start pulse sensing flip flop 127 of the primary
      receiver 40 to enable the force-fire clock 363. The clock 363 when enabled
      provides clock pulses over gate 369 to the binary counter 364 which counts
      the clock pulses and provides shift pulses over inverter 368 to the
      serial-to-parallel shift register 366 to enable the start pulse, and
      thereafter the data pulses P1-P3, to be shifted into the shift register
      366 at the mid-point of the pulses.
PAR  When all of the data pulses P1-P3 have been received and shifted into the
      shift register 366, a strobe pulse provided by the decoding circuit 365 in
      response to outputs of the counter 364 enables the data signals to be
      strobed into the temporary latch circuits 370. The latch circuits 370 are
      operable in a manner similar to latch circuits 48 of the primary receiver
      40 and may be supplemented by suitable indicating circuits to permit the
      display of the conditions of switches 341-343, as represented by the data
      pulses P1-P3, respectively. The temporary latches 370 can also be
      substituted with permanent latches depending on the particular application
      and customer need. Moreover, although in the illustrative embodiment no
      supervisory or alarm circuit is disclosed for use in conjunction with the
      secondary receiver because the secondary receiver location is remote, a
      master alarm indication circuit may be provided at the location of the
      primary sender and the secondary receiver if desired.
PAC  Operation of the Secondary Receiver
PAR  As noted above, the secondary receiver 340 is allowed to receive
      information only when the secondary sender 320 is transmitting. Thus,
      while the long stop pulse is being provided by the primary sender 20
      through inhibit circuit 86 which grounds the output of the summing gate
      23, the inhibit circuit 86 also removes the inhibit input from the Schmitt
      trigger circuit 354. At such time, information from the primary sender 20
      is prevented from entering the line 26 because the solid state relay 25 is
      picked up and its contacts are closed.
PAR  In the case where the secondary sender 320 is transmitting and the
      secondary receiver 340 is enabled, the primary sender 20 and the primary
      receiver 40 are inhibited. When the current-to-no-current transition of
      the start pulse occurs, the output of the photocoupler circuit 351 goes
      high, causing the output of the Schmitt trigger circuit 354 to switch from
      a logic 1 level to a logic 0 level. The trigger lead of the start pulse
      sensing flip flop 360 senses this change and becomes set. When flip flop
      360 is set, gate 362 is enabled, and the clock 363 is force-fired over
      inverters 371 and 372 causing the BCD counter 364 to step to a count of
      one.
PAR  When the second clock pulse is provided, the counter 364 steps to a count
      of two and a shift transition occurs at this time. The shift pulse,
      extended over inverter 368 to the shift register 366, enables the start
      pulse to be gated into the first cell of the shift register 366. It is
      pointed out that the shift transition occurs at the mid-point of the start
      pulse (and of the data pulses) in the manner shown above with reference to
      the primary receiver.
PAR  The data pulses are received in a similar manner and shifted into the shift
      register 366 and the start pulse is shifted out of the shift register 366.
      At such time, the shift register 366 contains the three data pulses P1-P3.
      When the ninth clock pulse is provided by the BCD counter, gate 373 is
      enabled providing a strobe pulse to the temporary latch circuits 370
      enabling the contents of the shift register 366 to be gated into
      corresponding stages of the temporary latch circuit.
PAR  When the eleventh clock pulse is counted by the BCD counter 364, gate 374
      is enabled providing a reset signal which is extended over inverter 375 to
      reset the counter 364 and to reset flip flop 360 to enable the secondary
      receiver 340 to respond to the next frame of data pulses.
PAR  As the counter 83 of the primary sender 20 continues to cycle, and prepares
      to transmit a further frame of data pulses, the inhibit flip flop 86 will
      be set inhibiting the Schmitt trigger circuit 354 of the secondary
      receiver to blind the secondary receiver and to remove the inhibit from
      the output of the summing gate 23 of the primary sender 20 to enable the
      transmission of a further frame of data pulses to the primary receiver 40
      in the manner described above.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a multiplexed data transmission system for transmitting data over a
      transmission line from a first location to a second location, sender means
      at said first location including first means for generating a serial pulse
      train including a start pulse followed by a plurality of data pulses
      during each of a plurality of time frames, second means for transmitting
      pulse trains provided by said first means to said second location over
      said transmission line, and inhibit means for inhibiting the transmission
      of pulse trains during alternate time frames, and receiver means at said
      second location including means for receiving said pulse train, data
      storage means, and sequencing means including clock pulse generating means
      responsive to the start pulse to provide a plurality of clock pulses
      having a predetermined relation to said start pulse for enabling said data
      pulses to be gated into said data storage means.
NUM  2.
PAR  2. A data transmission system as set forth in claim 1 including means for
      monitoring the condition of said transmission line and for providing a
      first indication in the event of an open-circuit condition for said
      transmission line and a second indication in the event of a short-circuit
      condition for said transmission line.
NUM  3.
PAR  3. A data transmission system as set forth in claim 2 wherein said receiver
      means includes transmission line monitoring means having counter means for
      counting the clock pulses provided by said clock pulse generating means
      and alarm indicating means controlled by said counter means to provide an
      alarm indication whenever said start pulse fails to be received by said
      receiver means during a time frame in which said sender means is
      transmitting.
NUM  4.
PAR  4. A data transmission system as set forth in claim 3 wherein said
      transmission line monitoring means includes first gating means enabled by
      outputs of said counter means whenever a start pulse appears within a
      preselected time of each time frame that said sender means is transmitting
      to effect reset of said secondary counter means.
NUM  5.
PAR  5. A data transmission system as set forth in claim 3 wherein said
      transmission line monitoring means includes second gating means enabled by
      outputs of said counter means to provide an output whenever said start
      pulse fails to appear within a predetermined time of each time frame for
      which said sender means is transmitting, and wherein said alarm indicating
      means includes third gating means and enabling means, said third gating
      means having a first input connected to receive said clock pulses a second
      input connected to the output of said enabling means and an output
      connected to said alarm indicating means, said enabling means being
      responsive to the output provided by said second gating means to enable
      said third gating means to follow said clock pulses to thereby energize
      said alarm indicating means.
NUM  6.
PAR  6. A data transmission system as set forth in claim 3 including fourth
      gating means having a first input connected to receive the serial pulse
      train transmitted over said transmission line and a second input connected
      to the output of said enabling means, said third gating means being
      enabled by said enabling means to drive said alarm indicating means at a
      first rate in the event of an open circuit condition for said transmission
      line, and said fourth gating means being enabled to maintain said alarm
      indicating means continuously energized in the event of a short circuit
      condition for said transmission line.
NUM  7.
PAR  7. A data transmission system as set forth in claim 3 wherein said alarm
      indicating means includes first and second indicator means, said first and
      second indicator means being normally driven synchronously whenever said
      clock pulse generating means is providing clock pulses at a rate
      substantially the same as the rate of data transmission by said sender,
      said first and second indicator means being driven asynchronously whenever
      the clock pulse generating rate deviates from said pulse transmission
      rate.
NUM  8.
PAR  8. A data transmission system as set forth in claim 7 wherein said clock
      pulse generating means includes means for adjusting the rate of generation
      of clock pulses to enable synchronization of said receiver means with said
      sender means.
NUM  9.
PAR  9. In a multiplexed data transmission system for transmitting data over a
      transmission line from a first location to a second location, sender means
      at said first location including means for generating a serial pulse train
      including a start pulse followed by a plurality of data pulses during each
      of a plurality of time frames, and means for transmitting the pulse trains
      provided during at least certain ones of said time frames to said second
      location over said transmission line, and receiver means at said second
      location including means for receiving said pulse train, data storage
      means including serial-to-parallel converter means and pulse storage means
      providing a separate storage location for each of the data pulses of a
      given frame, and sequencing means including clock pulse generating means
      responsive to the leading edge of the start pulse to provide a plurality
      of clock pulses having a predetermined relation to said start pulse, and
      means responsive to said clock pulses to provide shift pulses for enabling
      said data pulses to be shifted into said converter means, and means
      enabled after all of the data pulses of a given frame have been shifted
      into said converter means to provide a transfer pulse for enabling said
      data pulses to be transferred to said pulse storage means.
NUM  10.
PAR  10. A data transmission system as set forth in claim 5 wherein said sender
      means is operated to transmit data pulses at a predetermined rate and
      wherein said clock pulse generating means is operable to provide clock
      pulses at a rate that is approximately twice said predetermined rate,
      whereby a first clock pulse is provided at the leading edge of each data
      pulse, and a second clock pulse is provided at the midpoint of each data
      pulse said data pulses being gated into said converter means by said
      second clock pulse.
NUM  11.
PAR  11. A data transmission system as set forth in claim 7 wherein said
      receiver means includes means driven by said clock pulses and said data
      pulses for providing an indication whenever the clock pulse rate deviates
      from a desired rate.
NUM  12.
PAR  12. A data transmission system as set forth in claim 11 wherein said clock
      pulse generating means includes means for adjusting the clock pulse
      generation rate to enable synchronization of the clock pulses with the
      data pulses.
NUM  13.
PAR  13. In a multiplexed data transmission system for permitting the
      transmission of data over a transmission line from a monitoring location
      to a location remote from the monitoring location, sender means at said
      monitoring location including means for generating a serial pulse train
      including a start pulse and a plurality of data pulses each of which
      represents a normal or off-normal condition for a different one of a
      plurality of monitoring points, and means for transmitting said pulse
      train to said monitoring location over said transmission line, receiver
      means at said monitoring location including input means for receiving said
      serial pulse train, serial-to-parallel converter means, clock pulse
      generating means responsive to said start pulse for generating a plurality
      of clock pulses having a predetermined relation to said start pulse for
      synchronizing the operation of said receiver means, sequencing means
      responsive to said clock pulses to provide shift pulses for gating said
      data pulses into said converter means, and data storage means, said
      sequencing means including means responsive to a predetermined number of
      said clock pulses indicating that all of the data pulses of a given pulse
      train have been gated into the converter means to effect the transfer of
      said data pulses from said converter means to said data storage means.
NUM  14.
PAR  14. A data transmission system as set forth in claim 11 wherein said data
      storage means comprises a plurality of temporary data storage circuits
      including a separate data storage circuit corresponding to each monitoring
      point to receive the data pulse representing the condition for such
      monitoring point, each data storage circuit storing a first data bit to
      indicate a normal condition for the monitoring point and a second data bit
      to indicate an off-normal condition for the monitoring point, each of said
      data storage circuits being operable to provide an output whenever the
      data bit stored therein changes from said second bit to said first bit,
      and alarm means operable in response to an output provided by one of said
      data storage circuits to provide an alarm indicating a return to a normal
      condition for the corresponding monitoring point.
NUM  15.
PAR  15. A data transmission system as set forth in claim 14 wherein said data
      storage means further includes a plurality of permanent data storage
      circuits having a further data storage circuit corresponding to each
      monitoring point, each of said further data storage circuits being
      controlled by an associated data storage circuit of said temporary data
      storage circuits to store a data bit representing an off-normal condition
      for a corresponding monitoring point, each of said further data storage
      means having an associated alarm indicator means operable to provide an
      indication whenever a corresponding monitoring point is in an off-normal
      condition.
NUM  16.
PAR  16. A data transmission system as set forth in claim 15 which includes
      means for enabling said alarm means whenever a data bit representing an
      off-normal condition for a monitoring point is stored in a data storage
      circuit of one or more of said permanent data storage circuits.
NUM  17.
PAR  17. In a multiplexed data transmission system for transmitting data
      representing the conditions of a plurality of monitoring points over a
      transmission line from a monitoring location to a location remote from the
      monitoring location, sender means at said monitoring location including
      point sensing means for providing a plurality of outputs each representing
      a noraml or off-normal condition for a different one of the monitoring
      points, sequencing means for effecting sequential readout of the outputs
      of the point sensing means to provide a serial pulse train including a
      start pulse followed by a plurality of data pulses each of which is coded
      to represent the condition of a different one of said monitoring points,
      and switching means controlled by said pulse train to enable the
      transmission of said start pulse and said data pulses over said
      transmission line to said remote location, and receiver means at said
      remote location including pulse detecting means for receiving said serial
      pulse train, data storage means, and clock pulse generating means
      responsive to said start pulse for generating a plurality of clock pulses
      having a predetermined relation to said start pulse for effecting the
      gating of said data pulses into said storage means.
NUM  18.
PAR  18. A data transmission system as set forth in claim 17 wherein said point
      sensing means includes a plurality of condition indicating means each
      individually associated with a different one of said monitoring points and
      operable to provide a first output whenever the associated monitoring
      point is indicating a normal condition and a second output whenever the
      associated monitoring point is indicating an off-normal condition, said
      sequencing means including enabling means and gating means for enabling
      the outputs provided by said condition indicating means to be scanned in
      sequence, said gating means having a plurality of inputs each connected to
      an output of a different one of said condition indicating means whereby,
      as the outputs of said condition indicating means are sequentially
      scanned, said gating means is enabled to provide a control output for each
      condition indicating means providing said second output, said switching
      means including keyed relay means connected to the output of said gating
      means, said relay means having normally open contacts connected in series
      with said transmission line for normally providing a space pulse for
      transmission to said receiver means, said relay means being energized
      responsive to each control signal provided by said gating means to operate
      said contacts thereby providing a mark pulse for transmission to said
      receiver means.
NUM  19.
PAR  19. A data transmission system as set forth in claim 18 wherein each said
      condition indicating means comprises a relay having a contact individually
      connected between different output of said decoder means and an input of
      said gating means, said contact being normally open to prevent an enabling
      signal provided by said decoder means from being extended to said gating
      means whenever the associated monitoring point is indicating a normal
      condition and said contact being closed to permit said enabling signal to
      be extended to said gating means whenever the associated monitoring point
      is indicating an off-normal condition.
NUM  20.
PAR  20. A data transmission system as set forth in claim 18 wherein said gating
      means has a further input connected to an output of said enabling means to
      permit said gating means to provide said control signal prior to the
      scanning of said outputs of said condition indicating means whereby said
      relay means is energized to provide a mark pulse for representing said
      start pulse.
NUM  21.
PAR  21. A data transmission system as set forth in claim 18 wherein said
      enabling means includes clock pulse generating means, counter means
      responsive to successive clock pulses provided by said clock pulse
      generating means to provide a plurality of sets of binary coded signals at
      outputs thereof during each of a plurality of successive time frames, and
      decoder means for decoding each set of binary coded signals provided by
      said counter means to thereby provide a sequence of enabling signals at
      outputs thereof to permit the generation of said start pulse and the
      sequential scanning of said outputs of said condition indicating means.
NUM  22.
PAR  22. A data transmission system as set forth in claim 18 including inhibit
      means having an enabling input connected to an output of said decoder
      means and a control output connected to an output of said gating means,
      said inhibit means being enabled by an output of said decoder means after
      the outputs of all of said condition indicating means have been scanned to
      enable said inhibit means to inhibit said gating means to prevent data
      transmission during alternate time frames.
NUM  23.
PAR  23. A data transmission system as set forth in claim 22 wherein said
      inhibit means includes a flip flop and indicating means controlled by an
      output of said flip flop to be energized whenever the flip flop is set and
      deenergized whenever the flip flop is reset.
NUM  24.
PAR  24. In a multiplexed data transmission system for transmitting data over a
      transmission line between first and second locations interconnected by
      said transmission line, sender means at said first location for generating
      a serial pulse train including a start pulse followed by a plurality of
      data pulses coded to represent the data to be transmitted, for
      transmission to said second location over said transmission line, receiver
      means at said second location including clock pulse generating means, and
      start pulse sensing means responsive to the start pulse of said pulse
      train to enable said clock pulse generating means to provide a plurality
      of clock pulses at a rate approximately twice the rate of said data pulses
      whereby a first clock pulse is provided at the leading edge of each data
      pulse and a second clock pulse is provided at the midpoint of each data
      pulse, shift register means and counter means for counting said clock
      pulses and for providing shift pulses to said shift register means for
      enabling each of the data pulses to be gated into said shift register
      means at the mid point of the data pulse, and a plurality of data storage
      means having a separate data storage location for each data pulse of said
      pulse train, said counter means being operable to provide a transfer pulse
      after all of said data pulses have been gated into said shift register
      means to effect the transfer of said data pulses from said shift register
      means to said data storage means.
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ABST
PAL  Reflectivity estimates from clouds and other clutter targets normally
       reqe an averaging of a large number of independent radar pulse samples.
      If the radar generates noise pulses of a predetermined bandwidth and pulse
      length, a large number of returns can be derived and, when averaged over
      the full length of the pulse, the returns provide the desired reflectivity
      estimate. Considering a noise source whose spectrum in the frequency
      domain can be represented by a rectangular function of width .beta.
      (bandwidth), the properties of this function are such that the time
      (.tau.) at which it first becomes zero is related to .beta. by
      .tau.=1/.beta.. Time .tau. is the correlation time. If the pulse length T
      is made relatively long compared to the correlation time, it becomes
      possible to average or integrate within the pulse length T since the
      number of uncorrelated noise configurations is T/.tau.=.beta.T. For a
      noise pulse of one microsecond long (T) and a bandwidth (.beta.) of 100
      MHz, the number of independent noise configurations within the pulse is
      100 .times. 10.sup.6 .times. 10.sup..sup.-6  = 100. Averaging the 100
      samples of one pulse provides a reliable reflectivity estimate or mean
      intensity value for the clutter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to radar systems and, in particular, to
      systems adapted for `clutter-type` targets such as clouds.
PAR  A striking feature of the radar return from clouds and other "clutter" type
      targets is the large pulse-to-pulse fluctuation in the received power. One
      obvious reason for the large fluctuations is that the returns are derived
      from cloud particles which are randomly-arranged and constantly changing.
      The same is true for other clutter type targets such as the detection of
      an aircraft hidden in chaff or small targets obscured by clutter echoes
      from the sea. The present radar system contemplates all such targets but,
      since it is primarily concerned with clouds or related meteorological
      applications, the following description is directed toward these
      particular applications.
PAR  A clearer understanding of the present problem can be obtained by
      considering a conventional meteorological radar which projects a pulse of
      a particular, selected frequency leaving the transmitter at time (T) and
      being backscattered by the ith cloud particle at range (R.sub.1). The
      scattering amplitude at the receiver can be written:
EQU  a.sub.i = a.sub.oi sin[ (.omega.o + .omega.i) t+ .phi..sub.oi ],
PAL  Where a.sub.oi is the square root of the particle scattering cross-section,
      and .omega.o is the angular frequency of the transmitter of wavelength
      .lambda.. The term .omega..sub.i = 4.pi.v.sub.i /.lambda. is the Doppler
      angular frequency associated with the ith particle whose component of
      velocity along the radar beam is v.sub.i. The phase angle .phi..sub.oi
      referred to the transmitter is 4.pi.r.sub.oi /.lambda..
PAR  For an extended target such as a cloud, the signal reaching the receiver at
      a particular instant is the sum of the backscattered signals from all the
      particles contained in a volume whose length is one-half the pulse length
      and of cross-section equal to the area illuminated by the beam.
PAR  With a receiver using conventional square law envelope detection, the
      instantaneous power is proportional to the square of the amplitude, and is
      given by:
      ##EQU1##
      where A is the sum of the individual scattering amplitudes.
PAR  The first sum over all the scattering cross-sections is proportional to the
      average received power, or the mean intensity, and is designated by
      A.sup.2. It is this quantity which is desired as a measure of cloud
      reflectivity or rain intensity.
PAR  The second term containing the cosine represents the fluctuations or
      deviations from the mean, and is due to the relative velocities of the
      scatterers. This "phase noise" term can be interpreted as the spectrum of
      Doppler beat frequencies resulting from the finite width of the particle
      velocity spectrum. Note that if .omega..sub.i =.omega..sub.j, i.e., if the
      particle velocity components v.sub.i and v.sub.j along the beam are equal,
      the fluctuation rate goes to zero. Thus, the broader the size
      distribution, the greater will be the fluctuation rate.
PAR  Since a single radar pulse samples only one particular random arrangement
      of cloud particles at any given instant, the expectation value for the
      cosine term is not zero. A second pulse at a later time will sample
      another of an infinite number of possible particle arrangements, thus
      providing a second value for the total backscattered power. It is thus not
      possible to specify the backscattered intensity precisely. The probability
      distribution of the intensity A.sup.2 for a single measurement is given by
EQU  P(A.sup.2)dA.sup.2 = (1/ A.sup.2)e.sup.-.sup.A.spsp.2/A.spsp.2 dA.sup.2
PAL  where A.sup.2 is the mean or true value of intensity. The important
      consideration to be derived from this relationship is that the root mean
      square (RMS) error in the estimate of the intensity from a single pulse is
      equal to the mean, A.sup.2. In other words, the RMS error is so large that
      the estimate of A.sup.2 from a single pulse can be either double the mean
      or zero since, as noted, the error is equal to the mean, A.sup.2.
PAR  The above discussion shows that a single measurement is essentially useless
      as an estimate of cloud reflectivity or rain intensity. In meteorological
      radars it is therefore customary to average the returns from a large
      number of independent samples. It is precisely at this point that
      conventional weather radars, which transmit a single frequency pulse,
      suffer a constraint which severely limits their scanning speed.
PAR  Generally, the number of independent samples which are averaged to improve
      the estimate of mean reflected power is chosen as a compromise between the
      need for following rapidly changing phenomena, such as vigorous
      thunderstorms, and the desired accuracy of the reflectivity estimate. The
      standard deviation (rms error) for an average of k independent samples of
      intensity is: A.sup.2 /.sqroot.k. To obtain an intensity estimate with a
      standard deviation of 10 percent, it is necessary to average 100
      independent samples. Averaging 15 independent samples gives a standard
      deviation of 25 percent.
PAR  The rate at which independent samples may be obtained from clouds is not
      simply a function of the pulse repetition frequency. If it were,
      increasing the PRF of the radar consistent with the desired unambiguous
      range would in some cases remove the scanning speed limitation.
      Unfortunately, the limitation is imposed primarily by the distribution in
      fall velocity of the scatterers which determines the rate of
      rearrangement, and hence, the time interval necessary before a new pulse
      will provide an independent sample. This can be seen by again examining
      the cosine term in equation (1); the fluctuation rate is determined by the
      distribution of particle velocities, or the width of the Doppler spectrum.
      As an example, for snow, whose Doppler spectrum exhibits a width of about
      0.3 M/sec, an independent sample is possible every 15 msec with a 3 cm
      radar. For a 10 cm radar, the time to independence is approximately 50
      msec. On the other hand, in a vigorous thunderstorm, the width of the
      Doppler spectrum may be as high as 8 or 10 M/sec, so that a 3  cm radar
      will obtain an independent sample every millisecond.
PAR  The nature of the problem also becomes very clear when calculations of the
      required scanning rate of such single frequency radars is considered.
      Thus, calculations can be made of the maximum scanning rate for a single
      frequency radar of 3 cm wavelength (9000 MHz) and an antenna bandwidth of
      1.5.degree.. Choosing the most favorable case of one millisecond for the
      time to independence (PRF = 1 KHz), and asking that the reflectivity
      estimate lie within .+-. 20 percent of the true mean (.+-. 1db), it can be
      calculated that averaging 25 samples per beamwidth will be necessary. It
      will take 360 sec, or 6 minutes, to scan a hemisphere of sky. In view of
      the average thunderstorm cell life of about 25 minutes, four samples per
      storm is hardly adequate to study the dynamics of growth. Even one sample
      of sky which takes 6 minutes to obtain can hardly be called a "snapshot".
      The situation is obviously much worse for snow. For a 10 cm radar of the
      same beamwidth, it will take about 20 minutes to scan a hemisphere.
PAC  SUMMARY OF THE INVENTION
PAR  A principle object of the invention is to provide a radar system capable of
      averaging a large number of independent clutter return samples within a
      single pulse of about one microsecond.
PAR  Another related object is to provide a fast-scanning meteorological radar
      having a suitable narrow scanning beam and being capable of scanning one
      hemisphere of sky within about 20 seconds.
PAR  A further object is to provide a clutter type radar capable of providing
      the mean reflected power information with sufficient accuracy to permit a
      reflected power estimate with an uncertainty considerably less than 0.6
      db.
PAR  Other important objects and their attendant advantages will become more
      apparent in the ensuing description.
PAR  The objects of the invention are achieved principally by the use of
      transmitted noise pulses of a predetermined bandwidth and of a
      predetermined length. As will be described, the nature of broadband noise
      is such that the correlation time of the noise is short compared with the
      transmitted pulse length. The relative shortness permits an averaging of a
      significant number of independent samples within the single transmitted
      pulse period. Since the pulse lengths may be in the order of one
      microsecond, rapid scanning techniques are permitted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated in the accompanying drawings of which the
      single FIGURE is a block diagram of the transmitting and receiving
      components of the present system.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The problems inherent in the conventional single frequency transmitters are
      resolved by primarily substituting a broadband noise source for the single
      frequency. In the manner to be described, the necessary averaging is
      accomplished within a single R. F. noise pulse. The noise source of the
      pulse can be conventional as is the noise produced by the source. In other
      words, the invention contemplates the use of a noise pulse formed of
      totally random frequency components having no particular coherency.
PAR  Before considering the specific hardware used in implementing the present
      radar, it would seem helpful to consider the underlying principles upon
      which the system is predicated.
PAR  Consider a noise source whose spectrum in the frequency domain can be
      represented by a rectangular function of width .beta.. The Fourier
      transform of this function is a (sinx)/x function in the time domain. The
      properties of this function are well-known, and the time .tau. for which
      it first becomes zero is related to the bandwidth .beta. by .tau. =
      1/.beta.. .tau. is called the correlation time, and for present purposes,
      may be interpreted for the noise source in the same way as the time to
      independence previously discussed for clouds. .tau. is the time duration
      during which the noise source may be considered as consisting of a
      particular and stationary set of random amplitudes and phases. After the
      time .tau., the noise consists of a new set. Thus, a noise source of
      bandwidth .beta. provides an independent electric field configuration
      every .tau. interval in time. The broader the bandwidth, the shorter the
      correlation time .tau.. If the radar sends out a noise pulse of duration T
      long compared to .tau., the number of uncorrelated noise configurations
      will be T/.tau. = .beta.T. For a noise pulse one microsecond long and
      bandwidth 100 MHz, the number of independent noise configurations within
      the pulse will be 100 .times. 10.sup.6 .times.  10.sup..sup.-6 =  100. As
      the pulse moves through a cloud, each volume of cloud c.tau. long, where c
      is the velocity of light, will be illuminated by an independent part of
      the pulse. At the receiver, if the returns are integrated for a time T
      equal to the pulse duration, the integrating function effectively produces
      an average over the returned power from one hundred independent samples.
      The expected RMS deviation from the true mean power is then given by
      A.sup.2 /.sqroot..beta.T = A.sup.2 /10. As already pointed out A.sup.2 is
      the mean reflected power which is the desired measure of cloud
      reflectivity or rain intensity. The estimate of the mean reflected power
      is now A.sup.2 (1 .+-. 0.1) or within 10 percent. Thus, the radar
      accomplishes the averaging of 100 independent samples within a single 1
      microsecond pulse.
PAR  Our actual estimate of the mean reflectivity is degraded because the noise
      power, by its intrinsic nature, also fluctuates, so that the estimate of
      the transmitted power also is subject to uncertainty. The RMS fluctuations
      of the noise also involve the same factor, 1/.sqroot..beta.T, so that a
      practical estimate of the mean reflected power is given by A.sup.2 + 0.2
      A.sup.2, or an expected RMS deviation of 0.79 db. This is equivalent to
      averaging 25 independent pulses with a single frequency radar.
PAR  A further improvement in the performance of the noise radar may be obtained
      by averaging successive received pulses in order to improve the estimate
      of the transmitted noise power. Since successive noise pulses are
      independent, the PRF can be increased by averaging k successive pulses.
      This averaging improves the noise power estimate by the factor
      1/.sqroot.k. The estimate of the mean reflectivity can now be given by:
EQU  A.sup.2 (1/.sqroot.k.beta.T + 1/.sqroot..beta.T)= A.sup.2 [(1 +
      .sqroot.k)/.sqroot.k.beta.T].                             (Eq. 2)
PAL  Using the previous values for .beta. and T, and averaging 8 successive
      pulses gives an estimate with standard deviation of 0.135 A.sup.2 or
      within 0.5 db. This value is equivalent to averaging 70 independent pulses
      with a single frequency radar.
PAR  As noted, the foregoing example used an average over eight pulses to
      correspond to the conditions under which the present radar operates. With
      a PRF of 4 KHz (20 mile unambiguous range) the reflectivity estimate of
      .+-. 0.5 db is accomplished in 2 msec. A single frequency radar would take
      70 msec to provide the same estimate of mean power.
PAR  The time to independence of 1 msec used in the foregoing example is
      undoubtedly optimistic. A more realistic value for a 3 cm radar is 3 msec
      in moderate thunderstorm conditions. The single frequency radar would then
      take 0.21 seconds to average 70 independent pulses. A factor of 100
      increase in scanning speed has therefore been accomplished without
      sacrificing the accuracy of the reflectivity estimate.
PAR  There is, of course, a penalty which must be paid for the fast scanning
      rate. A broadband receiver matching the bandwidth of the noise source
      introduces additional noise so that the minimum detectable signal, MDS, is
      now increased. But for meteorological targets, the problem of an increased
      MDS is of little importance. Since the cross-section for Rayleigh
      scattering from water drops is proportional to the sixth power of the
      radius, a droplet of 100 micron diameter, if barely detectable with a
      single frequency radar, will have to grow only to 133 microns before its
      cross-section increases by a factor of 10. At normal growth rates in
      cumulus clouds, the time involved should amount to no more than 30
      seconds. Such a delay in detecting the initial echo is of little
      consequence.
PAR  One implementation of the principles of the invention is shown in the
      drawing. As will become apparent, this implementation utilizes
      conventional, commercially-obtainable components. Further, except for the
      present use of a noise source, such as source 1, and the use of certain
      averaging or integrating techniques which will be described, the
      technology used in combining the components is conventional radar
      technology. Noise source 1, however, is conventional to the extent that it
      can be provided in any known manner and, of course, the term noise is
      intended to mean the generation of a signal having randomly-varying
      amplitudes and phases. So-called `white` noise or Gaussian noisE can be
      used if desired.
PAR  For better understanding, the illustrated implementation can be considered
      as applicable to the design of a particular short-range, fast-scanning
      radar having a 3 cm (9000 MHz) wavelength. Such a radar is intended for
      use up to about 20 miles and it is especially useful in research where the
      clouds of interest are primarily overhead or within 15 miles. In this
      short-range application, it is necessary to scan the entire hemisphere
      although, since the clouds are close, a small diameter antenna, such as
      antenna 2, can be used to provide good spacial resolution.
PAR  By way of illustration, such a short-range, fast-scanning radar requires
      that it be capable of scanning one hemisphere of sky in 20 seconds with a
      resolution of 1500 feet which is the diameter of the maximum area
      illuminated at 10 miles. This resolution requires an antenna having a
      2.degree. beamwidth and, for this purpose, antenna 2 can be a parabolic
      dish having a 48 inch diameter. Preferably, both sides of the dish are
      covered with a thin hemispherical radome to form a sphere and cut down on
      wind friction. Although the scanning movement or action is somewhat
      optional, it is preferred to utilize a type of scan in which there is a
      continuous movement of the dish antenna in the vertical plane to yield a
      Range-Height presentation coupled with an azimuth rotation of one beam
      width for every 360.degree. rotation in elevation. Such a condition
      requires the ability to scan 90 .times. 180 beamwidths in 20 seconds for
      complete hemispheric coverage. This scan in turn, yields an antenna dwell
      time of 1.23 microseconds per beamwidth. The rate of rotation then becomes
      180 beamwidths .times. 1.23 microseconds = 0.22 seconds/revolution or 4.5
      revolutions/second. For an unambiguous range of 20 miles, a pulse
      repetition frequency (PRF) of 4 KHz can be used.
PAR  As noted, the rotational speed of the antenna in elevation is 4.5
      revolutions/second. The azimuthal speed then is one-ninetieth of the speed
      in elevation. In practice, the two drive systems for the elevational and
      azimuthal movements can be coupled through a fixed gear drive having a
      90:1 gear ratio.
PAR  Other designs, of course, would be used for other purposes such as for
      long-range fast-scanning radars. To provide the long-range capacity, the
      radar obviously requires a larger antenna. In fact, since the size of the
      dish needed for such work is so large that rapid rotation is not feasible,
      another solution such as the use of a stationary Luneberg lens is needed.
      As known, these lenses use a light-weight feedhorn. For example, a 15
      meter diameter lens can be used and a feedhorn rotated around the lens
      about a vertical axis so as to present a Plan-Position display. At long
      ranges this type of display is preferable since the elevation angles
      seldom exceed 15.degree.. To cover a total of 360.degree. in azimuth and
      15.degree. in elevation and permit this coverage to be achieved in about 1
      minute, it can be calculated that the scan rate must be 1 beamwidth every
      5 milliseconds or a feedhorn rotation rate of one-half revolutions/second.
      Such a scanning rate is easily realizable. All other components of the
      long-range radar, except for the R. F. frequency and the PRF are similar
      to the short-range radar. Again, however, the present reference to these
      two particular radars, i.e., the short-range and the long-range, is
      intended to be illustrative only and, clearly other radar designs not
      necessarily limited to meteorological applications, would involve
      modifications to suit the particular circumstances.
PAR  Referring specifically to the drawing which, as stated, is designed for
      short-range cloud research, the noise signal produced by noise source 1 is
      applied to a low-power, travelling wave tube amplifier 3 (TWTA) which,
      preferably, has a noise figure of 30-35 db and a gain of about 65 db. The
      output of TWTA 3, which is at about 0.5 watt, is processed through a
      bandwidth filter 4 to produce a noise signal having the
      previously-mentioned bandwidth .beta. of a predetermined and fixed value.
      For example, an operative short-range radar uses a bandwidth of 100 MHz
      centered about a predetermined frequency best suited for the particular
      application of the radar or, in the present instance, best suited for the
      present short-range cloud research which may be in the neighborhood of
      9000 MHz. There are, of course, a number of commercially-available filters
      suitable for the present purposes. The output of the filter is applied
      through a gating switch 6 which functions in a manner to be described and
      then to TWTA 7 which is adapted to bring the drive power up to about 5
      watt. The final transmitter tube 8 also can be a travelling wave tube
      amplifier of a Klystron amplifier which has the desired bandwidth of 100
      MHz and a peak power output of 50-100 KW. If a Klystron is used, it must
      be adjusted for bandwidth .beta.. The output of transmitter tube 8 is
      applied in a conventional manner through a duplexer 9 to
      previously-described antenna 2. Back-scatter returns from the transmission
      also are received by antenna 2 and applied by duplexer 9 to the receiving
      section of the radar.
PAR  A further feature of the present invention is the fact that its pulsed
      output of the .beta.-width noise pulse must have a predetermined and known
      duration time T or, in other words, a known pulse length. In the present
      implementation, the pulse length is determined by employing a modulator 11
      which may be fed by a pulse generator to generate a high voltage trigger
      pulse that is applied to transmitter tube 8. As shown, the high voltage
      trigger pulse is applied to the tube through line 12 and its function is
      to turn-on the tube so that its input is amplified and applied to the
      antenna. For efficiency in operation, the arrangement also contemplates
      applying a low trigger pulse from modulator 11 to gating switch 6, this
      pulse being applied through line 13 and being used to activate switch 6 in
      such a manner that the noise signal derived from filter 4 is applied to
      both TWTA 7 and 8 synchronously with the activation of TWTA 8 by the high
      voltage trigger pulse. Such a synchronous arrangement results in increased
      efficiency in the power requirements of the system. The important
      consideration is that the pulse length, T, is fixed by the high voltage
      trigger pulse. As stated, the present short-range, fast-scanning radar,
      may use a pulse length of 1 microsecond for the bandwidth .beta. of 100
      MHz. Timing circuits provided by an illustrated standard clock system 15
      control the trigger pulse lengths as well as other sequences as needed.
PAR  The return signals from antenna 2 are applied to the receiver section
      through a conventional transmit-receive (TR) switch 14 which, in the
      present implementation, is used primarily to protect the receiver from the
      high power. In practice, a reference signal also can be applied to
      transmit-receive switch to provide the reference needed to time the return
      trip of the output pulses so as to yield range data. As will be
      appreciated, the obtaining of such range data, as well as elevation and
      other data is contemplated although it is not a part of the present
      invention. Preferably, the input from TR switch 14 is applied to a low
      noise TWTA 16 used to limit the incoming noise figure to about 5-6 db. The
      amplified returns from TWTA 16 then are applied to a mixer-I.F.
      preamplifier 17 followed by an I.F. amplifier 18 and a broadband detector
      19. These components must be capable of handling the necessary I.F.
      bandwidth of 100 MHz. In other words, both amplifiers 17 and 18, as well
      as detector 19 should be of a broadband width to match .beta. of bandwidth
      filter 4. Broadband detector 19, for example, may utilize a Tunnel diode
      or other broadband devices to rectify the signal in known manners. A local
      oscillator 21 is used for mixer-I.F. section 17 and such an oscillator
      also is a standard component.
PAR  A significant feature of the invention is the use of a running averager or
      integrator 22 to receive and integrate the output of detector 19. As has
      been pointed out, the primary purposes of the present invention are
      achieved by integrating all of the returns over a time T that is equal to
      the pulse duration or, in the present example, equal to a pulse time of 1
      microsecond over the return signal. Thus, running integrator 22 provides
      continuous integration of 1 microsecond over the return signal. As has
      been pointed out previously, the significance in the use of integrator or
      averager 22 is predicated upon the fact that a noise source of a
      particular bandwidth .beta. (100 MHz) provides an independent electrical
      field configuration every .tau. interval of time. .tau. is the time
      duration in which the noise source may be considered as consisting of a
      particular and stationary set of random amplitudes and phases. Thus, after
      the time .tau., the noise consists of a new set. Consequently, for a noise
      pulse of duration T (1 microsecond), there will be a number of
      uncorrelated noise configurations which, mathematically considered are
      T/.tau. = .beta.T. In the example under consideration, a noise pulse of 1
      microsecond long and a bandwidth 100 MHz involves a number of independent
      noise configurations within the pulse amounting to 100 .times. 10.sup.6
      .times. 10.sup..sup.-6 = 100. Consequently, integration by integrator 22
      for a time T equal to the pulse duration amounts to averaging the return
      power from 100 independent signals. The ability to average this number of
      independent signals permits an estimate of mean reflected power A.sup.2
      which is A.sup.2 (1 .+-. 0.1) or within 10 percent. The real advantage of
      the present invention thus becomes apparent in that it accomplishes the
      averaging of 100 independent samples within a single 1 microsecond pulse.
      This advantage is to be contrasted with the length of time required for
      the conventional single frequency radars to obtain an averaging of 100
      independent samples.
PAR  The output of running averager 22 then is amplified in a suitable amplifier
      23 and displayed or recorded in an appropriate read-out device 24.
      Digitizing, of course, can be employed as desired.
PAR  Another significant aspect of the present system is the use of a pulse
      averager 26 to gate particular ranges for a plurality of successive noise
      pulses and to average the values of these gated ranges. As has been
      previously explained, any actual estimate of the mean cloud reflectivity
      is automatically degraded because the noise power, by its intrinsic
      nature, fluctuates so that the estimate of the transmitted power also is
      subject to uncertainty. Range-gated pulse averager 26 improves the
      performance of the noise radar by improving the estimate of the
      transmitted noise power. For example, the manner in which the noise power
      estimate can be improved by averaging K successive pulses has been
      mathematically provided by equation 2. As also pointed out, if the values
      of the bandwidth, .beta., and the pulse length, T (100 MHz and 1
      microsecond, respectively) are used, an averaging of 8 successive pulses
      by range-gate averager 26 yields an estimate with a standard deviation of
      0.135 A.sup.2 or a value within 0.5 db. This value is equivalent to
      averaging 70 independent pulses with the conventional single frequency
      radar. The integration or averaging achieved by averager 26 can involve
      standard integration techniques. As stated, the objective is to gate
      particular ranges into the averager and to average the values of each
      range gate over a plurality of successive pulses. This technique, as
      stated, improves the estimate of the transmitted noise power so as to
      permit an improvement in the estimate of the cloud reflectivity value
      A.sup.2 which is the output of the present radar system. The use of
      averager 26 is manifestly advantageous but, as will be appreciated, it is
      not essential to the basic concept of obtaining the cloud reflectivity
      value within the time frame of a single pulse such as the 1 microsecond
      pulse. If averager 26 is used to integrate over, for example, a 10 mile
      range, it would involve a large number of gates and its implementation
      best would be accomplished digitally.
PAR  It is believed that the operation and implementation of the present radar
      is fully explained in the foregoing description. Fundamentally, its
      principle advantage lies in its ability to obtain reliable reflectivity
      data within an extremely short period of time represented by a single
      outgoing noise pulse. The radar which has been described is one that is
      particularly useful in cloud research or in other meteorological
      applications. However, there are a variety of targets in which the same
      phenomenon of widely-varying, back-scattered fluctuations present the same
      problems. For example, the phenomenon of glint or scintillation in the
      radar return from aircraft targets is a fluctuation produced by the change
      in phase relationship between the returns of separate parts of the same
      target. Consequently, this type of target involves "phase noise" which can
      be reduced through the use of the present broadband noise pulse. Another
      area in which the present radar advantageously can be used is that
      involving the clutter echo from the sea. Here again, the wave motions
      produce a phase noise which cause radar echoes from the ocean to fluctuate
      in amplitude. Since the sea is indeed an extended source, small targets on
      the surface must always show up within an area of clutter. Manifestly, the
      small targets more easily can be distinguished if the clutter fluctuations
      can be reduced. This reduction is possible through the use of the
      broadband noise pulses which have an appropriate center frequency. The
      improvement lies in stabilizing the background in which the target is
      embedded rather than the complete elimination of the clutter.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A radar system for providing the mean reflected power of return signals
      derived from randomly-arranged constantly-changing clutter type targets,
      comprising:
PA1  a noise source,
PA1  means coupled to said noise source for producing a series of noise signal
      output pulses each having a predetermined bandwidth centered on a
      predetermined frequency and each having a predetermined pulse length,
PA1  transmitting means coupled to said series output for driveably transmitting
      each of said output pulses in a single undivided form into said clutter
      type targets, said bandwidth and pulse length being predetermined to
      assure the inclusion of a plural number of individual uncorrelated
      electrical field noise configurations in each of said single transmitted
      pulses,
PA1  receiver means matched to said bandwidth for receiving said return signals,
      and
PA1  return signal processing means including:
PA2  means for integrating the reflected power of each of said return signals
      over the full pulse length period of each of said single transmitted
      pulses whereby the reflected power of each return signal is averaged for
      all of said individual configurations to produce a mean intensity value
      for said reflected power, and
PA2  indicator means for providing said mean intensity value.
NUM  2.
PAR  2. The system of claim 1 wherein the power of said transmitter means used
      for repetitively driving said pulses is subject to noise-related power
      fluctuations whereby the true mean intensity value of said returns
      includes an estimate of said fluctuations,
PA1  said system further including means for averaging the returns of a selected
      number of said repetitive pulses for improving said estimate.
NUM  3.
PAR  3. The system of claim 1 wherein said predetermined bandwidth is within a
      range of about 1 - 10 percent of said center frequency and said center
      frequency lie in the range of about 2500-10,000 MHz.
NUM  4.
PAR  4. The system of claim 3 wherein said bandwidth is about 100 MHz centered
      on a frequency of about 9000 MHz and said noise pulse period is 1
      microsecond.
NUM  5.
PAR  5. The system of claim 4 wherein said transmitting means includes a
      mechanically-rotated fast-scanning antenna having about a 2.degree.
      beamwidth,
PA1  said system being adapted for cloud target returns and said antenna being
      rotated at a speed capable of scanning one hemisphere of sky within about
      15 seconds.
NUM  6.
PAR  6. The system of claim 1 wherein said transmitting means includes a two
      stage amplifier and means for generating the driving power for said driven
      pulses,
PA1  said system further including:
PA2  a gating switch, and
PA2  a modulator means adapted to produce both low and high voltage trigger
      pulses,
PA1  said gating switch being responsively coupled to said low voltage pulse for
      operatively applying said noise signal to the first stage of said
      amplifier means, and
PA1  said second stage of the amplifier means being responsively coupled to said
      high voltage pulse for rendering said second stage operative when said
      first stage is receiving said signal, said high voltage trigger pulse
      determining said pulse length period.
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ABST
PAL  A system for radar station identification depends primarily upon the
      encoding growing out of a pulse repetition rate of interrogation pulses.
      To secure the encoding, one or more pulses arm the system and succeeding
      pulses must be detected during an extremely narrow time of acceptance.
      Hence, the pulses are logically interpreted in order to reject randomly
      occurring stray signals.
BSUM
PAR  This invention relates to radar systems utilizing encoding techniques to
      distinguish between various ones of many transponders or other radar
      stations, and more particularly to securely encoded systems which reject
      stray signals.
PAR  Reference is made to a copending patent application entitled "RADAR
      TRILATERALIZATION POSITION LOCATORS," Ser. No. 195,687, filed Nov. 4,
      1971, James W. Merrick, inventor, now U.S. Pat. No. 3,810,179, issued May
      7, 1974. The subject invention provides a similar system having a greater
      reliability, with less susceptibility to interference from stray signals.
PAR  The Merrick patent application shows a method of transmitting encoded
      microwave pulses to any one of many transponder stations. Each transponder
      station identifies signals directed to it by timing the interval between
      successive interrogation pulses. If the timed interval agrees with
      recognition circuits built into the transponder, it responds.
PAR  However, if there are stray signals in the area, one signal could occur at
      the end of the prescribed interval and appear to be a valid signal. The
      transponder detecting such an apparently valid signal could then lock onto
      it, and the system would fail. Hence there is room for improvement by
      providing a system which is more trouble free and less likely to lock onto
      stray signals.
PAR  In greater detail, Merrick discloses a method of encoding pulse-operated,
      distance-measuring radar signals. The distance between stations is
      measured by the timing the interval required for an interrogation signal
      to travel to a remote station and then return to the interrogating
      station.
PAR  Each of several fixed-site remote responder units is made responsive to
      pulses received from a master interrogator station during a unique pulse
      repitition interval which identifies the responder station. Likewise,
      other stations in the system are responsive only to their own unique
      repetition interval. Thus, the master unit can interrogate and measure the
      elapsed time -- which equals distance -- to each of several remote units.
PAR  Merrick's decoder is activated upon receipt of an interrogation pulse
      picked up by a radio frequency receiver. Then, the decoder generates a
      timed gate signal which appears during the next timed interval, that
      identifies the station generating the gate signal. This gate signal time
      is repeated periodically, but only at the time during which the station
      code expects an interrogation pulse. The electronic circuit interprets the
      succeeding pulses received during these repeated gate signal time
      intervals as a command to respond to the received interrogation pulse.
      Merrick has a similar decoder at the master station or interrogator end of
      the R-F link. This master decoder also recognizes correctly timed reply
      pulses and undertakes the required sequence responsive thereto.
PAR  Each gate time signal, developed by the Merrick system may be adjusted by
      one microsecond increments (the frequency of the driving oscillator).
      Whenever a reset pulse coincides with one of the oscillator pulses, there
      is a jump (in the next time interval) of 1 microsecond. Thus, it is
      possible that an interfering signal from another station or system can
      intervene in the system timing and cause an improper time jump, which
      might capture one of the detectors at either end of the link, and cause
      erroneous readings to be recorded.
PAR  Accordingly, an object of the invention is to provide new and improved
      valid signal detector means. Here an object is to provide signal detectors
      which are more securely immune to influence responsive to randomly
      occurring stray signals. In particular, an object is to provide a system
      which logically translates incoming signals, detects valid signals and
      rejects false signals.
PAR  In the above identified Merrick application, a crystal controlled
      oscillator generates a continuous stream of pulses. A logic circuit counts
      the pulses in the stream and enables an acceptance gate at the end of the
      count. For example, nine hundred and ninety nine pulses may be counted and
      the acceptance gate is thereafter enabled during only the one-thousandth
      pulse. Then, the cycle repeats. Thus, any stray signal randomly appearing
      during the one-thousandth pulse might appear to be a valid interrogation
      signal.
PAR  With the large count capacity provided by Merrick, it is unlikely that such
      a spurious signal would be accepted. However, the system is much more
      valuable if even this small possibility is greatly reduced.
PAR  In keeping with an aspect of the invention, these and other objects are
      accomplished by providing a system for logically interpreting the signals
      received in the Merrick type system. In greater detail, after the system
      has counted down, it causes a very short measured time of acceptance which
      enables response to an interrogation signal. If there is such a signal,
      the system is armed by it. If another interrogation signal is received
      during the next window after the system is armed, it is accepted as a
      valid signal. Hence, the invention requires an initial count down to arm
      itself, a narrow acceptance time, and repeated pulsing during the
      successive acceptance windows after arming. This means that many variables
      must be satisfied simultaneously in order to simulate a valid
      interrogation signal.
PAR  Joint probabilities multiply. Thus, if there is, say, 1 in 10,000 chances
      that any one of the three variables will fail, there is 1 in
      1,000,000,000,000 chances that all three variables will fail
      simultaneously. This makes the system much more secure.
DRWD
PAR  The nature of a preferred embodiment of the invention will be understood
      best from a study of the attached drawings, wherein:
PAR  FIG. 1 is a block diagram showing a simplified encoder; and
PAR  FIG. 2 is a block diagram showing a decoder.
DETD
PAR  A basic block diagram of a circuit for providing an encoder (generator) is
      shown in FIG. 1. This circuit may be substituted directly for the circuits
      shown in FIG. 5 of the Merrick patent application. The encoder of the
      present invention is more secure than the Merrick encoder in that it
      depends upon the use of a more stable encoder and decoder. To make
      operation more apparent, the generator (FIG. 1) is detailed and then the
      detector (FIG. 2) is added, showing how the detector reverts to the
      generator type operation once the logic circuit indicates that it is
      receiving a proper sequence of signals. The major subdivisions of the
      present circuit are a crystal controlled oscillator 10, a dividing circuit
      11 for reducing the pulse repetition rate of the oscillator 10, a main
      counter 12 for counting the divided pulses to produce any selected one of
      many time intervals, a gating selection circuit 13 for selecting the
      encoded time interval and giving an output pulse at the end thereof, a run
      latch 14 enabled by the gate signal, a sequence counter 15 for programming
      the circuit, and an end of code circuit for resetting the run latch at the
      end of a selected sequence count. Preferably, oscillator 10 operates at 4
      MHz and divider 11 reduces the frequency to 1 MHz, although other
      frequencies may also be used.
PAR  In greater detail, a dual counter timing scheme is used under the control
      of the sequence counter 15 and the main counter 12 which alternate in
      their operation, under the control of the run latch 14. If the run latch
      is switched on, its output terminal Q is at low potential, thereby
      enabling the sequence counter 15 to count. On each positive going edge of
      the one megahertz signal from divider circuit 11, the sequence counter 15
      takes one step if its enable terminal E is held at low potential by the
      run latch.
PAR  If the sequence counter 15 is not at its count 7, the 7 output terminal is
      at low potential as shown at A-1 on the curves associated with FIG. 1.
      This low potential is applied via an inverter 17 to the reset terminal of
      the main counter 12, which is thereby held at reset. When the 7 count is
      reached, terminal 7 goes high to high potential, as shown at A-2. When the
      sequence counter terminal 7 goes high, the output of inverter 17 goes low,
      thereby removing the reset or hold condition from the main counter 12.
      Also, the run latch circuit 14 is reset to an off condition responsive to
      a signal from circuit 16.
PAR  The run latch terminal Q goes to high potential, thereby removing the
      sequence counter enable at terminal E. When the run latch 14 switches off,
      its output terminal Q goes to low potential, thus enabling the main
      counter 12 which had been previously held in the reset state by the
      sequence counter 7 terminal high potential condition. The main counter 12
      now counts until a selected one of its output terminals 18 reaches a high
      potential condition. For example, one code selection might occur when a
      selected one of the lines 18 is at high potential after 1214 microseconds.
PAR  If the selection gating circuit 13 is set to recognize this particular high
      potential condition at the output terminals 18, the run latch 14 is turned
      on responsive to the high potential applied from the main counter 12
      through gating circuits 13, to terminal S. When the run latch 14 is thus
      turned on via the selected output at 18, the main counter 12 is stopped
      and the sequence counter 15 is started as at A-3 on the associated curve.
PAR  The sequence counter 15 begins counting up from 7 where it stopped. At time
      9, the output 20 of the circuit is present for one microsecond. The
      interrogation pulse must be received during this time interval, which
      constitutes an acceptance window.
PAR  Thus, it is seen that the sequence counter 15 independently provides an
      output which is of any suitable duration such as one microsecond.
PAR  A more encompassing circuit (FIG. 2) includes a detection or decoder
      circuit. The objective of this circuit is to detect and align the receiver
      with the properly encoded interrogation signal frequency, check that such
      frequency persists over a period of time, and then lock the circuit into a
      generator operation.
PAR  The upper portion of the FIG. 2 circuit (i.e., the part above the dashed
      line) is the same as the previously described circuit of FIG. 1. The
      detector or decoder additions to the basic circuit of FIG. 1 are shown
      below the dashed line. These additional circuits provide a reset control
      over the divide by 4-counter 11, a reset of the sequence counter 15, and
      an increased use of the sequence counter 15 outputs.
PAR  In order to fully understand the detector operation, it should be thought
      of as having the four separate states of operation known as arm, test,
      lock, and re-arm. Briefly, these four states may be described in the
      following manner.
PAR  Arm (Lock Counter = 0)
PAR  In the armed state, the decoder or detector is in a ready status. This
      status can be initiated or held by the reset control line 24. Once an
      information pulse is received, counting commences.
PAR  Test (Lock Counter = 1 to 5)
PAR  In the testing sequence, the times interval of six successive information
      pulses are checked. Actually, however, any number of successive pulses can
      be checked. Note that no output gate 37 pulses are available during a
      search or test sequence. Typically, a testing of this interrogation
      interval is carried out within 1 microsecond.
PAR  Lock
PAR  Once the lock counter reaches a count of 6, or optionally a higher number,
      the locked phase is reached. Upon lock-up, the decoder reverts to the
      generator operation only (simple counting with the sequence counter, main
      counter, and the run latch). The interrogation pulses no longer have a
      bearing upon the operation in the locked phase. The locked phase allows
      AND gate 37 to produce output signals which are three microseconds wide
      (or whatever value is desired) at intervals controlled by code control 23.
      Note that if control circuit 41 is connected to the AND gate 37 it may be
      operated to pass the signal when the locked status is achieved responsive
      to the 6 output from counter 26.
PAR  Return to Search
PAR  The detector can be returned to pre-start (arm) status by pulsing the reset
      line 24. This can be accomplished either by external equipment or simply
      under control of a single shot multivibrator (not shown) which is tripped
      by the lock counter. When the single shot multivibrator times out, it
      pulses the reset line 24. Alternatively, if during the initial test phase,
      no interrogation pulse is available, an automatic reset occurs.
PAR  The remaining parts of the circuits in FIG. 2 are represented by well known
      logic symbols and will become obvious from the following description of
      their operations.
PAR  Before the start of operations, a reset signal is applied to an external
      reset control terminal 24 (lower right-hand corner of FIG. 2) in order to
      reset circuits 14, 26 and set circuit 25.
PAR  Consider the unit as being in the armed (or search) state (i.e., it is
      prepared to accept an interrogation signal). The resync latch circuit 25
      is set, and the lock counter 26 is reset to 0. When the resync latch 25 is
      thus set via inverter 27, its Q output terminal is at a high potential to
      enable AND gate 30 and hold the sequence counter 15 in its reset
      condition. The divide by 4-counter 11 is also reset.
PAR  When an interrogation signal is received at input terminal 28 (center of
      left-hand edge of FIG. 2), there is a coincidence with the high potential
      at output terminal Q of the resync latch circuit 25. Hence, the AND gate
      30 conducts to set the information latch circuit 32 via its terminal S and
      to reset the resync latch circuit 25 via an edge pulse circuit (E/P) 31
      and the terminal R. The resync latch terminal Q goes to low potential,
      removes a reset signal and allows the divide by 4-counter 11 and the
      sequence counter 15 to begin counting signals which now appear at its CLK
      input terminal.
PAR  When the sequence counter 15 reaches a count of 6, the lock counter 26 is
      stepped via its clock input CLK, since the lock counter enable input
      terminal is now marked by the high potential at terminal Q on the
      information latch circuit 32. The lock counter 26 now contains a count of
      1. (At any count other than 0, the resync latch circuit 25 is held reset
      by the output of an inverter 27.)
PAR  At time 7 in the output of the sequence counter 15, the run latch 14 is set
      via an E/P circuit 16, thus enabling the main counter 12 to begin to count
      the output signals from the divide by 4-counter 11. The main counter
      counts down until its reaches a count selected by the decoder 13 as
      controlled from the CODE control input terminal. After decoding the output
      of the main counter 12, according to a desired gating signal fed into the
      decode circuit 13, the run latch 14 is reset at terminal R' and the
      sequence counter 15 continues to operate responsive to clock pulses at its
      terminal CLK.
PAR  At time 0 in the output of the sequence counter 15, the AND circuit 33 is
      enabled and awaiting receipt of the next interrogation signal at input
      terminal 28. NOte that inverter 38 energizes the lower input of AND gate
      33 at all times except time 6 in the output of the lock counter.
PAR  The incoming interrogation signal must arrive with a one microsecond period
      defined by the sequence counter 0 output, in order to set the information
      latch circuit 32. More particularly, if the information latch circuit 32
      is set at time 0 in the sequence counter 15, the lock counter 26 is
      enabled from information terminal Q and stepped by pulses at its input
      terminal CLK to store a count of 2. Responsive to each incoming
      interrogation pulse at 28, the sequence described in this paragraph is
      repeated until either the incoming interrogation signal does not aligh in
      the one microsecond acceptance window (0 output from circuit 15) or the
      lock counter 26 reaches a count of 6.
PAR  If the interrogation signal does not appear in the acceptance window, the
      information latch circuit 32 fails to be set instead of stepping the lock
      counter 26. When lock counter 26 is not set there is an output from
      circuit 32 terminal Q. Inverter 38 is on all of the time except on lock
      counter 26 output 6. Therefore, at the sequence counter time 6, the lock
      counter 26 is reset via AND circuit 34 and OR circuit 35. The complete
      unit now reverts to the armed state as described above.
PAR  If the lock counter 26 reaches the lock state (at its count of 6), inverter
      38 turns off, and the AND circuit 34 is gated off to stop all detection.
      Once this locked condition occurs, the AND circuit 37 is enabled at its
      upper input. Each time the sequence counter 15 thereafter reaches a 9
      count, the gate latch 40 is set and its output terminal Q has an enabling
      potential for the AND gate 37. Reset of the gate latch 40 occurs at the
      leading edge of a pulse at time 2 in the output of the sequence counter
      15, resulting in a 3-microsecond gate.
PAR  A reset signal at input terminal 24 returns the circuit to the original or
      starting condition.
PAR  The principle of the invention should now be clear. In the system of the
      above-identified Merrick patent application Ser. No. 195,687, a series of
      information pulses are sent out from a master station to a plurality of
      remote stations. According to the invention, each remote station operates
      to establish a very narrow acceptance window during which a valid
      interrogation signal must be received. Hence, spurious signals received at
      any time other than during the window will be rejected.
PAR  Those who are skilled in the art will readily perceive how modifications
      may be made without departing from the scope and spirit of the invention.
      Therefore, the appended claims are to be construed to cover all equivalent
      circuits.
CLMS
STM  I claim:
NUM  1.
PAR  1. A radar station identification system wherein said system comprises a
      plurality of local radar stations, each of said local stations comprising
      means for receiving from another of said stations a train containing an
      indefinite number of successively occurring interrogation pulses which
      might have any one of many different pulse repetition rates, a local
      source of cyclically recurring pulses within each station, means at each
      local station for repeatedly counting a predetermined number of said
      recurring pulses from said local source, means at each of said local
      stations for successively defining a series of repetitive narrow time of
      acceptance periods which individually identifies that local station
      according to the repetition rate, said periods being defined responsive to
      each completion of said count of said predetermined number of pulses,
      means at each local station responsive to each train of interrogation
      pulses for responding to any one pulse in the indefinite number of pulses
      and thereafter detecting as they are received a plurality of each
      cyclically recurring interrogation signals appearing within said times of
      acceptance that identifies the local station, means at each local station
      for rejecting as they are received interrogation signals appearing outside
      of said times of acceptance which individually identifies that particular
      local station, and decoder means for identifying the interrogation signals
      addressed to said local radar stations responsive to the repetition rate
      of a succession of said cyclically accepted interrogation signals, whereby
      each of said plurality of local radar stations responds individually to
      only those of the received interrogation signals having the repetition
      rate which is addressed to the responding station.
NUM  2.
PAR  2. The identification system of claim 1 and means responsive to any
      interrogation pulse for operating said decoder means through a cycle of
      operation involving the successive operational states of arm, test, lock,
      and re-arm.
NUM  3.
PAR  3. The system of claim 2 wherein said armed state comprises means for
      switching said detector means to a ready status, and means jointly
      responsive to said ready status and received interrogation signals for
      counting time intervals to establish a repetition rate for any series of
      pulses occurring at any time within the indefinite number of interrogation
      pulses.
NUM  4.
PAR  4. The system of claim 3 wherein said test state comprises means for
      testing each individual interrogation signal as it is received during said
      times of acceptance while the series of pulses occur.
NUM  5.
PAR  5. The system of claim 4 and means responsive to the testing of a
      predetermined number of said interrogation signals for locking said
      system, and means responsive to said locked system condition for rejecting
      succeeding interrogation signals.
NUM  6.
PAR  6. The radar system of claim 1 and means responsive to any interrogation
      signal for operating said system to a ready status, and means jointly
      responsive to said ready status and to each interrogation signal received
      during said time of acceptance for testing every interrogation signal to
      determine the validity and repetition rate thereof.
NUM  7.
PAR  7. The radar system of claim 1 and means for testing a predetermined number
      of said interrogation signals beginning with any arbitrary interrogation
      pulse, means responsive to the testing of said predetermined number of
      said signals for locking said system, and means responsive to the locking
      of said system for barring access to other of said interrogation systems.
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ABST
PAL  4. A single antenna missile fuzing system adapted to function at a
       predetined distance from a target, said system comprising in combination:
      a microwave oscillator, a frequency modulator for modulating said
      oscillator at a frequency which is considerably lower than the doppler
      frequency occurring when the missile is falling at terminal velocity, a
      magic tee having first and second side arms, an H-arm and an E-arm, the
      output of said microwave oscillator being fed to said H-arm, an antenna
      connected to said first side arm and adapted to radiate energy towards a
      target and receive energy reflected therefrom, a load connected to said
      second side arm, a crystal detector disposed in said E-arm, said load
      being chosen so that only a relatively small portion of the energy from
      said microwave oscillator passes to said crystal detector to mix with the
      received energy passing to said detector from said first side arm, the
      output of said detector comprising a frequency modulated wave having a
      carrier frequency equal to the doppler frequency and sidebands equal,
      respectively, to the sum and differences of said carrier frequency and
      said modulation frequency and its harmonics, said frequency modulated wave
      having a frequency deviation which is dependent upon target distance, an
      amplifier to which said detected signal is fed, said amplifier being tuned
      to the doppler frequency and having a bandwidth which is equal to at least
      twice said modulation frequency, a limiter to which the output of said
      amplifier is fed for producing an essentially constant amplitude signal, a
      frequency discriminator to which the output of said limiter is fed, said
      discriminator producing an output voltage which is substantially
      proportional to target distance, and means connected to the output of said
      discriminator for functioning said fuze when the output of said
      discriminator is a predetermined value corresponding to said predetermined
      distance.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment to me of any
      royalty thereon.
BSUM
PAR  This invention relates generally to distance measuring systems and more
      particularly to a frequency modulated doppler distance measuring system
      for use in an ordnance missile fuzing system.
PAR  Frequency modulated distance measuring systems presently known to the art
      obtain distance information by mixing the transmitted and received signals
      and observing the characteristics of the fundamental and/or harmonics of
      the modulating frequency components of the detected signal produced at the
      mixer output. The devices described in applicant's co-pending
      applications, Ser. No. 460,789 filed Oct. 6, 1954, now U.S. Pat. No.
      3,829,859, and Ser. No. 489,005 filed Feb. 17, 1955, now U.S. Pat. No.
      3,821,737, are examples of systems of this type. Because such systems are
      designed to be responsive to the modulating frequency or harmonics
      thereof, they are particularly sensitive to unwanted reflections occurring
      therein, and also to signals reflected from targets whose distance should
      not be measured. In addition, amplitude modulation at the modulating
      frequency, which is inherently produced by frequency modulation of the
      transmitting oscillator, is passed on to the conventional form of receiver
      used in such systems so as to be indistinguishable from the desired
      information, thereby requiring that means be provided to render it
      harmless.
PAR  In these prior art frequency modulated systems, therefore, it is necessary
      that two separate antennas or a critically balanced magic tee arrangement
      be used which provide high decoupling between the transmitting and
      receiving systems. Also necessary is a servo-loop to keep amplitude
      modulation introduced into the receiver as small as possible, and a
      balanced detector is further necessary to eliminate from the detector
      output the small amount of amplitude modulation which could not be
      prevented from being passed on to the receiver.
PAR  Where distance measuring systems of the above-described type are to be used
      for missile fuzing, the problems of unwanted reflections and amplitude
      modulation effects are especially severe because of the restrictive
      missile environment which prevents attaining a high degree of decoupling
      between transmitting and receiving systems, and where additional required
      compensatory circuitry is undesirable, if not prohibitive.
PAR  Accordingly, it is an object of this invention to provide a frequency
      modulated distance measuring system which is insensitive to internal
      reflections and amplitude modulation effects.
PAR  Another object is to incorporate the system of the abovementioned object in
      a missile fuzing system.
PAR  A further object is to provide a frequency modulated distance measuring
      system having only a single antenna without the need for a critically
      balanced magic tee arrangement.
PAR  In a typical embodiment of the invention, the above objects are achieved by
      a missile fuzing system in which a modulation frequency is utilized which
      is considerably lower than the doppler frequency from the relative
      velocity between the missile and the target. In prior art systems, just
      the opposite condition is chosen with the modulation frequency
      considerably higher than the doppler frequency. The output obtained after
      the transmitted and received waves are mixed in a system where the
      modulation frequency is considerably lower than the doppler frequency has
      been found to have the form of a conventional frequency modulated wave
      whose carrier frequency is equal to the doppler frequency and whose
      frequency deviation F' is proportional to distance. It should be noted,
      that this frequency deviation F' represents the frequency deviation of
      that signal resulting from the mixing of the transmitted and received
      waves, and is different from the frequency deviation F of the transmitted
      wave. It is important to bear in mind that these two frequency deviations,
      F and F', represent the frequency deviation parameter of two completely
      different waves. The frequency deviation F of the transmitted wave is an
      arbitrary quantity which is completely determined by the design and
      adjustment of the transmitter. The frequency deviation F' of the mixed
      wave is dependent on the characteristics of the transmitted wave, the
      velocity of the system with respect to the target, and the distance D
      between target and ground, as will be explained in greater detail, infra.
      The distance intelligence is then extracted by passing the mixer output
      through conventional F-M circuitry comprising: an amplifier tuned to the
      doppler frequency with a bandwidth determined by the frequency deviation
      F' and the distance at which fuze functioning is desired, a limiter to
      obtain an essentially constant amplitude signal, a frequency discriminator
      to transform the distance information from its frequency form into
      amplitude form, and a firing circuit adapted to produce a firing signal
      when the output of the frequency discriminator reaches a desired amplitude
      corresponding to a predetermined distance.
PAR  The only undesirable feature of the above-described typical embodiment is
      that because it requires an amplifier tuned to the doppler frequency, this
      simple embodiment is applicable only to missiles which experience a
      substantially constant known velocity during the measuring time. This
      requirement offers no problem in the case of a falling missile which is
      known to reach a constant velocity (called terminal velocity) at a high
      enough altitude so as to make the assumption of constant velocity valid;
      and this constant velocity can be predicted or experimentally determined
      with considerable accuracy for any given type of missile.
PAR  Where the velocity is not constant or known, the system may be made
      operable over a wide range of velocities by incorporating means responsive
      to the doppler frequency which will effectively vary the center frequency
      of the receiver in accordance with the doppler frequency.
DRWD
PAR  The specific nature of the invention, as well as other objects, uses, and
      advantages thereof, will clearly appear from the following description and
      from the accompanying drawing, in which:
PAR  FIG. 1 is a vector diagram and graph illustrating the vector relationship
      and the mixer signal obtained in prior art systems where the modulation
      frequency f.sub.m is considerably higher than the doppler frequency
      f.sub.d.
PAR  FIG. 2 is a graph showing the fundamental frequency spectrum for prior art
      systems of the above-discussed type.
PAR  FIG. 3 is a vector diagram and graph illustrating the vector relationship
      and the mixer signal obtained in a system in accordance with the invention
      where the doppler frequency f.sub.d is considerably higher than the
      modulation frequency f.sub.m.
PAR  FIG. 4 is a graph showing the fundamental frequency spectrum for the system
      in accordance with this invention.
PAR  FIG. 5 is a block diagram of a doppler frequency modulated distance
      measuring system incorporated in a missile fuzing system in accordance
      with the invention.
PAR  FIG. 6 is a block diagram of a modification which may be incorporated in
      the embodiment of FIG. 5 to eliminate the requirement of a constant
      missile velocity.
DETD
PAR  FIGS. 1-4 show the essential difference between the frequency modulated
      distance measuring system of this invention and that of the prior art,
      FIGS. 1 and 2 referring to the mixer output signal of the latter and FIGS.
      3 and 4 to the mixer output signal of the former.
PAR  In FIGS. 1 and 3 the vector e.sub.t represents the transmitted signal which
      rotates at an angular velocity .omega..sub.c frequency modulated by the
      modulation signal f.sub.m. The observer is assumed to be located on a
      vector which moves synchronously with e.sub.t so that it seems to be at
      rest. The vector e.sub.r represents the received signal and rotates at an
      angular velocity .omega..sub.d = 2.pi.f.sub.d where f.sub.d is the doppler
      frequency. Also, the received signal vector e.sub.r swings back and forth
      by an angle .+-. .theta. at the modulating frequency f.sub.m. If the
      frequency deviation of the transmitter frequency is F and if D is the
      distance between the instrument and target, the angle .theta. may be
      represented in terms of F, D, the modulating frequency f.sub.m, and the
      velocity of light c as follows:
      ##EQU1##
      which for small angles becomes:
      ##EQU2##
      In FIGS. 1 and 3, the parameters are chosen so that .theta. = 0.5 radians.
PAR  The graphs of FIGS. 1 and 3 are formed by the projection of the received
      signal vector e.sub.r on an axis parallel to the transmitted signal vector
      e.sub.t, and will be representative of the signal obtained after mixing.
      The mixer output signal e.sub.x of both FIGS. 1 and 3 may be expressed by
      the conventional form of equation for a frequency modulated wave as
      follows:
EQU  e.sub.x = K cos [s - .omega..sub.d t + .theta. cos (.omega..sub.m t-p)](3)
PAL  where .omega..sub.d = 2.pi.f.sub.d , .omega..sub.m = 2.pi.f.sub.m , K is an
      attenuation constant, and s and p are constant phase angles.
PAR  Although both mixer output signals are given by the same equation (3),
      their graphical forms, shown in FIGS. 1 and 3, and their respective
      frequency spectrums, appearing in FIGS. 2 and 4 together with the
      modulation signal f.sub.m are quite different because of the fact that
      while in FIG. 1 the modulation frequency f.sub.m is considerably higher
      than the doppler frequency f.sub.d as in prior art systems, in FIG. 3 just
      the opposite condition is chosen with the doppler frequency f.sub.d being
      considerably higher than the modulation frequency f.sub.m.
PAR  It is to be understood, in connection with FIGS. 2 and 4, that only the
      fundamental components f.sub.d and f.sub.d .+-. f.sub.m of the spectra of
      the mixer output signals are shown, the higher order harmonic components,
      such as f.sub.d .+-. 2f.sub.m, f.sub.d .+-. 3f.sub.m, etc., being omitted.
      In prior art distance measuring systems, where f.sub.m &gt; f.sub.d, only the
      sidebands f.sub.m .+-. f.sub.d and/or harmonics thereof are utilized, and
      these components are spread over a wide frequency band as shown in FIG. 2.
      To obtain distance information from such a spectrum, either counters or
      wideband discriminators have to be used.
PAR  In the present invention, however, where f.sub.d &gt;f.sub.m, the frequency
      spectrum of the signal appearing at the output of the mixer is of the same
      form as a conventional frequency modulated wave with a carrier frequency
      f.sub.d, and from equation (3), a frequency deviation F' expressible as:
EQU  F' = f.sub.m .theta.                                       (4)
PAL  Such a conventional form of frequency modulated wave can be treated like
      any standard F-M signal in the broadcast field so that it may be received
      and detected by a conventional F-M receiving and detecting system. The
      amplifier in such a system is tuned to the doppler frequency f.sub.d and
      is designed to have a bandwidth chosen in accordance with the range of
      distances being measured. It will be understood that because the voltage
      output of the frequency discriminator of an F-M system is proportional to
      the frequency deviation F', which is equal to f.sub.m .theta. in the
      present case, the discriminator voltage output is also proportional to
      distance D in view of equation (2). The distance D can thus be directly
      determined by the deflection of a meter connected to the discriminator
      output.
PAR  In a system in accordance with the present invention as just described,
      amplitude modulation of the receiver or spurious reflections, whether
      internal or external, produce signals at the frequency f.sub.m or
      harmonics thereof, and therefore cannot pass the amplifier which is tuned
      to the doppler frequency f.sub.d. The amount of such spurious modulation
      frequency energy which is within the bandwidth of the amplifier is so
      small as to be entirely negligible. Therefore, a single antenna can be
      employed provided that overloading of the detector by the transmitter
      signal is prevented. Any standard means for attenuating the portion of the
      transmitter signal fed directly to the mixer will prevent overloading,
      such as a magic tee arranged in the manner explained in detail below in
      conjunction with FIG. 5. Also, no servo-loop is required because of the
      insensitivity of the system to signals at the modulation frequency f.sub.m
      and, because of the use of limiters and frequency discriminators, the
      distance measurement may be made independent of variations in the target
      reflection coefficient.
PAR  The only undesirable feature of the above-described system is its
      dependence upon the existence of a fairly constant doppler frequency. The
      doppler frequency is well known to be proportional to the relative
      velocity. As explained previously, the requirement of a constant doppler
      frequency is not objectionable when the system is used with missiles,
      because missiles ordinarily reach a predictable terminal velocity as they
      approach the earth. Where operation over a wide range of doppler
      frequencies is desired, however, mixer means responsive to the doppler
      frequency may be incorporated to effectively vary the center frequency of
      the receiver as will hereinafter be described.
PAR  FIG. 5 is a block diagram of a missile fuzing system in which the doppler
      frequency modulated distance measuring system of the invention is
      incorporated. In FIG. 5, a conventional type of antenna 40 is adapted to
      radiate energy toward a target 50 and receive energy reflected therefrom.
      A klystron microwave oscillator 18, which is modulated by a frequency
      modulator 12, feeds its output signal to an H-arm 20a of a magic tee 20
      having one side arm 20b connected to a matching load 16, its other side
      arm 20c connected to the antenna 40, and its E-arm 20d having a crystal
      detector 30 disposed therein, in accordance with well known practice. The
      frequency modulator 12 is adapted to modulate the microwave oscillator 18
      at a modulation frequency f.sub.m which is considerably lower than the
      doppler frequency f.sub.d which the missile is expected to experience. For
      example, if the doppler frequency f.sub.d is 20,000 cycles, the modulation
      frequency f.sub.m could be 5,000 cycles with a deviation F of about .+-.1
      megacycle. Ratios of doppler frequency f.sub.d to modulation frequency
      f.sub.m of at least two to one have been found satisfactory.
PAR  The output from the crystal detector 30 is fed to an amplifier 35 tuned to
      the doppler frequency f.sub.d occurring when the missile falls at terminal
      velocity. If .theta..sub.o and F.sub.o ' are the values of .theta. and F'
      at the distance fuze functioning is desired (see equations (2) and (4),
      the bandwidth of the amplifier 35 is preferably chosen to be sufficient to
      amplify f.sub.d .+-. F.sub.o ' for .theta..sub.o &gt;1 and f.sub.d .+-.
      f.sub.m for .theta..sub.o &lt;1, where F.sub.o ' = f.sub.m .theta..sub.o. The
      amplified output of the amplifier 35 is fed to a limiter 45 to obtain an
      essentially constant amplitude signal, and then to a frequency
      discriminator 55 to transform the distance information from its frequency
      form into amplitude form. The frequency discriminator 55 is designed to
      respond to substantially f.sub.d .+-. F.sub.o ' for .theta..sub.o &gt;1 and
      f.sub.d .+-. f.sub.m for .theta..sub.o &lt;1, the output voltage of the
      discriminator being proportional to distance D.
PAR  A firing circuit 65 having its input connected to the output of the
      discriminator 55 is adapted to produce a firing signal when the output of
      the discriminator 55 reaches a predetermined amplitude corresponding to a
      desired functioning distance. This firng signal may be fed to a detonator
      75 to initiate missile detonation.
PAR  It is to be understood that the above described components, shown in block
      form in FIG. 5, are well known in the art and can readily be provided.
PAR  The operation of the embodiment of FIG. 5 may be explained as follows. The
      transmitted signale.sub.t which is frequency modulated at f.sub.m is fed
      from the oscillator 18 into the side arm 20a of the magic tee 20,
      whereupon it passes to the other side arm 20c to be fed to the antenna 40
      and radiated to the target 50. The load 16 is chosen so that only a very
      small portion of the energy of the transmitted signal e.sub.t passes to
      the crystal detector 30 in the E-arm 20d. The received signal e.sub.r from
      the target 50 is picked up by the antenna 40, fed to the arm 20c, and
      passes to the crystal detector 30 to be mixed with this small portion of
      the transmitted signal e.sub.t. The effect of the magic tee, therefore, is
      merely to permit the received signal e.sub.r to be mixed with a small
      enough transmitted signal e.sub.t so as not to overload the crystal mixer
      30. It will thus be understood that critical adjustment of the magic tee
      20 is not necessary.
PAR  The output of the crystal mixer 30 will be a conventional form of F-M wave
      having the shape shown in FIG. 3 and the fundamental frequency spectrum
      shown in FIG. 4; that is, it will consist of the carrier frequency
      f.sub.d, and sidebands f.sub.d .+-. f.sub.m, f.sub.d .+-. 2f.sub.m,
      f.sub.d .+-. 3f.sub.m, etc. The detector output signal is amplified by the
      amplifier 35, limited by the limiter 45, and then fed to a frequency
      discriminator 55, the output voltage of which will have a predetermined
      value dependent upon target distance. The output voltage from the
      discriminator 55 is fed to the firing circuit 65 which produces a firing
      signal which activates the detonator 75 when the discriminator output
      voltage reaches a predetermined value corresponding to a predetermined
      distance at which detonation is desired. From equation (2) it can be seen
      that for a given bandwidth of the amplifier 35, variation of the frequency
      deviation F of the transmitter frequency varies the distance at which the
      discriminator output voltage reaches a predetermined value. Where
      operation over a wide range of missile velocities is necessary or desired,
      the modification shown in FIG. 6 may be incorporated in the embodiment of
      FIG. 5 to permit the system to be used under such circumstances.
PAR  In FIG. 6 the signal from the crystal detector 30 is first fed to a mixer
      21 (instead of directly to the amplifier 35, as in FIG. 5) where it is
      mixed with a signal of frequency f.sub.o from a local oscillator 28 to
      produce a mixer output signal having a carrier frequency (f.sub.o +
      f.sub.d). The frequency f.sub.o of the local oscillator 28 is caused to
      vary in response to changes in the doppler frequency f.sub.d so that the
      sum (f.sub.o + f.sub.d) remains substantially constant. Then, substituting
      the amplifier 37 tuned to (f.sub.o + f.sub.d) in place of the amplifier 35
      of FIG. 5, and substituting the frequency discriminator 57 adapted to
      operate with a carrier frequency (f.sub.o + f.sub.d) for the discriminator
      55 of FIG. 5, the system will be operable over a wide range of doppler
      frequencies corresponding to a wide range of missile velocities.
PAR  Variation of the local oscillator frequency f.sub.o in response to doppler
      frequency variations is accomplished by also feeding the signal from the
      crystal detector 30 to a wideband amplifier 29 capable of amplifying the
      range of doppler frequencies over which operation is desired. The output
      of the amplifier 29 is fed to a limiter 27 and then to frequency
      discriminator 31 which produces an output voltage having an amplitude
      proportional to the doppler frequency f.sub.d. The voltage output of the
      discriminator 31 feeds a reactance tube circuit 23 which controls the
      frequency f.sub.o of the local oscillator 28. The reactance tube circuit
      23 is adapted to cooperate with the frequency discriminator 31 and the
      local oscillator 28 so that changes in the voltage output of the
      discriminator 31 in response to changes in the doppler frequency f.sub.d
      cause the reactance tube circuit 23 to change the frequency f.sub.o of the
      local oscillator 28 in a direction and by an amount which maintains the
      sum (f.sub.o + f.sub.d) substantially constant.
PAR  In regard to the above described embodiments, it is to be understood that
      this invention can be applied to a wide variety of systems where distance
      measuring is involved and is not limited to the missile fuzing embodiment
      shown in the darwing. It will be apparent, therefore, that the
      illustrative embodiments described are only exemplary and that various
      modifications can be made in construction and arrangement within the scope
      of the invention as defined in the appended claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A frequency modulated doppler distance measuring system comprising in
      combination: means for transmitting frequency modulated radiofrequency
      energy towards a target, said radiofrequency energy being frequency
      modulated at a modulation frequency which is considerably lower than the
      doppler frequency, means for receiving energy reflected from the target,
      means for mixing a portion of said transmitted energy with said received
      energy to produce a detected signal comprising a frequency modulated wave
      having a carrier frequency equal to the doppler frequency and sidebands
      equal, respectively, to the sums and differences of said carrier frequency
      and said modulation frequency and its harmonics, said frequency modulated
      wave having a frequency deviation which is dependent upon target distance,
      and frequency modulation receiver means to which said detected signal is
      fed for producing an indication which is a function of said frequency
      deviation, said last-mentioned means including an amplifier tuned to said
      doppler frequency.
NUM  2.
PAR  2. A frequency modulated doppler distance measuring system comprising in
      combination: means for transmitting frequency modulated radiofrequency
      energy towards a target, said radiofrequency energy being frequency
      modulated at a modulation frequency which is considerably lower than the
      doppler frequency, means for receiving energy reflected from the target,
      means for mixing a portion of said transmitted energy with said received
      energy to produce a detected signal comprising a frequency modulated wave
      having a carrier frequency equal to the doppler frequency and sidebands
      equal, respectively, to the sums and differences of said carrier frequency
      and said modulation frequency and its harmonics, said frequency modulated
      wave having a frequency deviation which is dependent upon target distance,
      an amplifier to which said detected signal is fed, said amplifier being
      tuned to the doppler frequency and having a bandwidth which includes a
      significant portion of the frequency spectrum of said frequency modulated
      wave over the range of distances being measured, a limiter to which the
      output of said amplifier is fed for producing an essentially constant
      amplitude signal, a frequency discriminator to which the output of said
      limiter is fed, said discriminator producing an output voltage which is
      substantially proportional to target distance, and indication means to
      which the output of said discriminator is fed for providing an indication
      of target distance.
NUM  3.
PAR  3. A frequency modulated doppler distance measuring system comprising in
      combination: means for transmitting frequency modulated radiofrequency
      energy towards a target, said radiofrequency energy being frequency
      modulated at a modulation frequency which is considerably lower than the
      doppler frequency, means for receiving energy reflected from the target,
      means for mixing a portion of said transmitted energy with said received
      energy to produce a detected signal comprising a frequency modulated wave
      having a carrier frequency equal to the doppler frequency and sidebands
      equal, respectively, to the sums and differences of said carrier frequency
      and said modulation frequency and its harmonics, said frequency modulated
      wave having a frequency deviation which is dependent upon target distance,
      a mixer having first and second inputs, said detected signal being fed to
      the first input of said mixer, a local oscillator having its output fed to
      the second input of said mixer, means to which said detected signal is
      also fed for changing the oscillation frequency of said local oscillator
      in response to changes in the doppler frequency so that the sum of the
      doppler frequency and said oscillation frequency remains substantially
      constant, an amplifier to which said detected signal is fed, said
      amplifier being tuned to a frequency equal to the sum of the doppler
      frequency and said oscillation frequency and having a bandwidth which
      includes a significant portion of the frequency spectrum of said frequency
      modulated wave over the range of distances being measured, a limiter to
      which the output of said amplifier is fed for producing an essentially
      constant amplitude signal, a frequency discriminator to which the output
      of said limiter is fed, said discriminator producing an output voltage
      which is substantially proportional to target distance, and indication
      means to which the output of said discriminator is fed for providing an
      indication of target distance.
NUM  4.
PAR  4. A single antenna missile fuzing system adapted to function at a
      predetermined distance from a target, said system comprising in
      combination: a microwave oscillator, a frequency modulator for modulating
      said oscillator at a frequency which is considerably lower than the
      doppler frequency occurring when the missile is falling at terminal
      velocity, a magic tee having first and second side arms, an H-arm and an
      E-arm, the output of said microwave oscillator being fed to said H-arm, an
      antenna connected to said first side arm and adapted to radiate energy
      towards a target and receive energy reflected therefrom, a load connected
      to said second side arm, a crystal detector disposed in said E-arm, said
      load being chosen so that only a relatively small portion of the energy
      from said microwave oscillator passes to said crystal detector to mix with
      the received energy passing to said detector from said first side arm, the
      output of said detector comprising a frequency modulated wave having a
      carrier frequency equal to the doppler frequency and sidebands equal,
      respectively, to the sums and differences of said carrier frequency and
      said modulation frequency and its harmonics, said frequency modulated wave
      having a frequency deviation which is dependent upon target distance, an
      amplifier to which said detected signal is fed, said amplifier being tuned
      to the doppler frequency and having a bandwidth which is equal to at least
      twice said modulation frequency, a limiter to which the output of said
      amplifier is fed for producing an essentially constant amplitude signal, a
      frequency discriminator to which the output of said limiter is fed, said
      discriminator producing an output voltage which is substantially
      proportional to target distance, and means connected to the output of said
      discriminator for functioning said fuze when the output of said
      discriminator is a predetermined value corresponding to said predetermined
      distance.
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ABST
PAL  An automatic frequency control system that is particularly suited for use
      th an aircraft launched radar controlled guided missile. The missile
      automatic frequency control system is made entirely of solid state devices
      including a voltage tuned solid state oscillator. The system employs a
      search mode of operation and two lock modes of operation. The search mode
      of operation occurs prior to missile launch when the aircraft radar and
      the missile control system are both scanning for a target and the
      reflected signal from the target has not been received by the missile
      control system. The two lock modes of operation are false lock and real
      lock. False lock occurs when the missile receives a false signal from the
      doppler radar of a nearby aircraft, for example. Real lock occurs during
      missile free flight when the missile receives a reflected radar signal
      from the target.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an automatic frequency control system and
      more particularly to a solid state automatic frequency control system that
      is particularly suited for use with an aircraft launched radar controlled
      guided missile.
PAR  2. Description of the Prior Art
PAR  Prior missile automatic frequency control systems have included klystron
      tubes and compatible automatic frequency control systems. In these prior
      klystron type systems it was necessary to tune the system by electrical
      and mechanical techniques that included the use of limit switches, relays
      and klystron tuning motors. Several disadvantages were encountered by the
      use of these klystron operational techniques. These included excessive
      missile search time, narrow band klystron electronic tuning during flight,
      unreliable image locking and unreliable mechanical systems on the missile
      and on the aircraft. These disadvantages have been overcome by the solid
      state frequency control systems of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention is an automatic frequency control system
      that is particularly suited for use with an aircraft launched radar
      controlled guided missile. The missile automatic frequency control system
      is made entirely of solid state devices including a voltage tuned solid
      state oscillator. The system employs a search mode of operation and two
      lock modes of operation. The search mode of operation occurs prior to
      missile launch when the aircraft radar and the missile control system are
      both scanning for a target and the reflected signal from the target has
      not been received by the missile control system. The two lock modes of
      operation are false lock and real lock. False lock occurs when the missile
      receives a false signal from the doppler radar of a nearby aircraft, for
      example. Real lock occurs during missile free flight when the missile
      receives a reflected radar signal from the target.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide an effective and reliable
      automatic frequency control system;
PAR  Another object of the present invention is to provide a solid state
      automatic frequency control system;
PAR  Still another object of the present invention is to provide a solid state
      automatic frequency control system that is particularly suited for use on
      a radar controlled guided missile;
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the automatic frequency control system of the
      present invention;
PAR  FIG. 2 is a schematic diagram of the coherency check device used in the
      automatic frequency control system of FIG. 1; and
PAR  FIG. 3 is a curve illustrating the output of the discriminator used in the
      automatic frequency control system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 is a schematic diagram of the automatic frequency control system
      11 of the present invention. This system has been found to be particularly
      useful in aircraft launched missile systems. The missile portion of the
      system is illustrated in FIG. 1 above the broken lines, indicating the
      umbilical connection 13, and the aircraft portion is illustrated below the
      broken lines.
PAR  The aircraft portion of the system includes aircraft doppler radar 15, one
      output of which is connected to both aircraft transmit antenna 17 and
      attenuator 19. The output of attenuator 19 is applied to a small aircraft
      transmit antenna 21. An aircraft receive antenna 23 is connected to the
      input of aircraft doppler radar 15. Receive antenna 23 receives a signal
      when the signal transmitted from antenna 17 is reflected from a target,
      not shown, onto the receiving element thereof. Antenna 21 functions to
      transmit the radar doppler signal to rear missile antenna 24. The other
      output of doppler radar 15 is applied through the umbilical connection 13
      to one of the three inputs of speed gate doppler receiver 27. The
      transmitted signal (X) from the aircraft doppler radar 15 has an X band
      carrier, and frequency modulated on this carrier is an information signal
      M which is AM modulated by a subcarrier signal B (not shown). The
      processing of these signals by the missile control system will be
      hereinafter explained in detail.
PAR  The missile portion of the automatic frequency control system 11 includes
      rear missile antenna 24 the output of which is connected to one of the
      inputs of rear mixer 29. The output of mixer 29 is connected to the input
      of rear IF amplifier 31, the output of which is connected to the input of
      discriminator 33. The output of discriminator 33 is connected to the
      inputs of amplifier 35 and low pass filter 39. The output of low pass
      filter 39 is connected to the input of bootstrap amplifier 53 the output
      of which is connected to voltage tuned solid state oscillator 55. The
      output of amplifier 35 is connected to the input of band pass filter 37,
      the output of which is connected to amplitude detector 41. The output of
      amplifier detector 41 is connected to the inputs of DC amplifier 45 and
      low pass filter 43. The output of low pass filter 43 is connected to one
      of the three inputs of speed gate doppler receiver 27, the outputs of
      which are connected to the inputs of recycle device 65 and launch relay
      67. The outputs of recycle device 65 and launch relay 67 are connected to
      the inputs of coherency check device 69, the output of which is connected
      to the input of voltage tuned solid state oscillator 55. The output of
      oscillator 55 is connected to the inputs of rear mixer 29 and front mixer
      61. The outputs of DC amplifier 45 are connected to the inputs of sweep
      generator 49 and high pass filter 47. The output of high pass filter 47 is
      connected to the input of pulse generator 51, the output of which is
      connected to the input of oscillator 55. The output of sweep generator 49
      is connected to the input of bootstrap amplifier 53. The outputs of front
      IF amplifier 63 and rear IF amplifier 31 are connected to the inputs of
      comparator 25 the output of which is connected to the third input of speed
      gate doppler receiver 27. The output of front antenna 57 is connected to
      the input of front mixer 61, the output of which is connected to the input
      of front IF amplifier 63.
PAR  The operation of the automatic frequency control system 11 will now be
      described in relation to FIG. 1 and the various signals associated
      therewith. Assume an aircraft is flying and its search radar, not shown,
      sees a target that is beyond the range of the missile. At this stage the
      missile control system and the aircraft control system are both inactive.
      Upon receiving this target information the pilot flies toward the target
      to get within missile range. When he is within missile range he turns on
      power, not shown, to all elements of the missile control system, including
      automatic frequency control system 11, and to all elements of the aircraft
      missile control system. At this time the pilot also sets into operation
      the aircraft doppler radar 15. The aircraft doppler radar 15 transmits X
      band signals, hereinafter referred to as the X signal, from the transmit
      antenna 17 and receives reflected signals from the target on antenna 23.
      When doppler radar 15 transmits signals from transmit antenna 17 and
      receives no reflected signals from the target on antenna 23, this will be
      referred to as the search mode of missile operation. When the transmitted
      signal from antenna 17 is reflected from the target and is received from
      the target and is received by antenna 23, this will be referred to as the
      lock modes of missile operation. There are two lock modes of operation (1)
      false lock and (2) real lock. False lock occurs when rear antenna 24 of
      the missile receives a false X signal from the aircraft doppler radar of a
      nearby aircraft, for example. Real lock occurs during missile free flight,
      after the missile is launched from the aircraft, and the missile front
      antenna 57 is receiving reflected signals from the target.
PAR  Prior to missile launch and during both search and lock modes of operation
      the output of aircraft doppler radar 15, X signal, is applied to transmit
      antenna 17 and through attenuator 19 to small transmit antenna 21.
      Aircraft mounted small transmit antenna 21 is directed toward missile rear
      antenna 24. The transmitted X signal from aircraft antenna 21 is received
      by rear missile antenna 24, during both the search and lock modes of
      operation, and is applied to rear mixer 29 where the signal is mixed with
      the output signal of voltage tuned solid state oscillator 55. The output
      signal of oscillator 55 will be hereinafter referred to as the Y signal.
      The output of rear mixer 29 will be a combination of signals consisting of
      the X signal from rear antenna 24 and the Y signal from oscillator 55.
      This output will be the sum of the X and Y signals, and the difference
      signal between the X and Y signals. Also X' signals, that may be present
      from nearby aircraft and other unwanted sources, appearing on the missile
      rear antenna 24 will be present at the output of rear mixer 29, mixing
      with the X and Y signals described above.
PAR  Since the X and Y signals are typically in the X band (10.sup.10 Hz) only
      the difference signals, X-Y absolute, will be considered since they are
      selected to be within the operating range of the rear IF amplifier 31 and
      the front IF amplifier 63. The difference signal, hereinafter referred to
      as the A signal and appearing at the output of rear mixer 29, will contain
      all the modulation information that is transmitted on the X signal from
      the aircraft antenna 21. When the A signal output from rear mixer 29 is
      approximately equal to the tuned frequency of the rear IF amplifier 31, an
      amplifier A signal will appear at the inputs of discriminator 33 and
      comparator 25. During the search mode only, noise and momentary bursts of
      A signals will appear at the output of rear IF amplifier 31 and during
      lock mode constant A signals will appear at the output of rear IF
      amplifier 31.
PAR  During search mode of operation, when noise only appears at the output of
      rear mixer 29, the outputs of rear IF amplifier 31, comparator 25,
      discriminator 33, amplifier 35, and bandpass filter 37 will also be noise.
      The output of amplitude detector 41 will be very small DC voltage that is
      not of sufficient magnitude to affect DC amplifier 45. With no output from
      DC amplifier 45 the sweep generator 49 will be permitted to generate a
      periodic sawtooth voltage ST during the search mode of operation. The
      sawtooth voltage, ST, at the output of sweep generator 49 will be
      amplified by bootstrap amplifier 53. The sawtooth voltage output of the
      bootstrap amplifier 53 is then applied to the input of the voltage tuned
      solid state oscillator 55 and causes the oscillator output, Y signal, to
      correspondingly sweep periodically a prescribed range of frequencies in
      the X band. When both an X signal from the aircraft doppler radar 15 and
      the sweeping Y signal from the voltage tuned solid state oscillator 55
      appear at the inputs of rear mixer 29, a corresponding sweeping A signal
      will appear at the mixer output and the rear IF amplifier 31 input. As the
      A signal frequency sweeps periodically through the tuned frequency of rear
      IF amplifier 31, periodic bursts of A frequency will appear at the output
      of rear IF amplifier 31 and the input of discriminator 33. Discriminator
      33 will demodulate the M signal, amplitude modulated by the B signal, from
      the A signal which originally modulated the X signal from the aircraft
      doppler radar 15. In addition to carrier signal M with the AM signal B,
      there will be a DC voltage appearing at the output of discriminator 33.
      This DC component at the discriminator output will have a polarity and
      amplitude which will be a function of how close the A signal is to the
      tuned frequency of the discriminator 33. Low pass filter 39 will pass the
      DC component of the discriminator 33 output to the input of bootstrap
      amplifier 53, and will reject carrier M with its AM component, signal B.
      Amplifier 35 and band pass filter 37 will amplify and pass carrier signal
      M with its signal B AM component and reject DC and all other frequencies
      appearing at the output of discriminator 33. Amplitude detector 41
      demodulates signal B from carrier M and develops a negative DC voltage
      approximately proportional to the level of carrier M. The B signal
      component passes through low pass filter 43 to the speed gate doppler
      receiver 27 input. The negative DC component of the amplitude detector 41
      output is fed to the DC amplifier 45 input where it is inverted and
      amplified and applied to the input of sweep generator 49.
PAR  In summary, during the search mode when X signals appear on rear antenna 24
      and bursts of A signals appear at the input of discriminator 33, as Y
      signals from voltage tuned solid state oscillator 55 sweep periodically in
      frequency, bursts of carrier M, with its signal B AM and DC components,
      appear at the output of discriminator 33. Corresponding bursts of B
      signals and negative DC voltages will appear at the output of amplitude
      detector 41. The negative DC bursts, or pulses, will be amplified and
      inverted by DC amplifier 45 and applied to sweep generator 49. The
      positive output of DC amplifier 45 will disable sweep generator 49 thereby
      discontinuing the Y frequency sweep of the voltage tuned solid state
      oscillator 55 stopping it at a Y frequency where the absolute value of
      Y-X=A at the tuned frequency of rear IF amplifier 31. This will be
      referred to as the X signal capture process. When the X signal is captured
      the output of discriminator 33 will be a continuous carrier M with B
      signal and a DC voltage. The output of amplitude detector 41 will be a
      continuous negative DC with a B signal, and sweep generator 49 will remain
      disabled. When this signal capture occurs, the missile automatic frequency
      control system will be in the lock mode of operation.
PAR  When the missile lock mode of operation occurs, the DC component output of
      discriminator 33 will pass through low pass filter 39, be amplified by
      bootstrap amplifier 53, and be applied to the input of voltage tuned solid
      state oscillator 55. If for any reason the X and/or Y signals drift in
      frequency, the A signal at the input to discriminator 33 will experience a
      corresponding drift causing the DC output of the discriminator to change.
      This DC change will cause the Y frequency output of the voltage tuned
      solid state oscillator 55 to change in the direction such that the A
      frequency will be maintained at the tuned frequency of discriminator 33,
      thus achieving frequency tracking.
PAR  During the false lock mode of operation when missile automatic frequency
      control system 11 is tracking an X' signal from a nearby aircraft, signal
      B appearing at the output of low pass filter 43 will be compared against
      the B signal from aircraft doppler radar 15 for coherency in speed gate
      doppler receiver 27. Without coherency during false lock mode of operation
      there will be no output from speed gate doppler receiver 27 and thus no
      input to recycle device 65. With no input to recycle device 65, there will
      be no input to coherency check device 69. Coherency check device 69 will
      then generate positive pulses at its output which will be applied to the
      input to voltage tuned solid state oscillator 55 causing a sudden change
      in the Y signal frequency output. The corresponding sudden change in Y
      frequency will cause the A signal at the input of discriminator 33 to
      disappear. All outputs of discriminator 33 will then disappear and sweep
      generator 49 will be activated causing the missile automatic frequency
      control system 11 to return to the previously described search mode of
      operation. When the missile again locks on an X signal, this time the X
      signal being from aircraft doppler radar 15, coherency of B signal inputs
      from low pass filter 43 and aircraft doppler radar 15 will be experienced
      in speed gate doppler receiver 27 causing a DC to be developed at its
      output which is applied to the input of recycle device 65. The output of
      recycle device 65 will be a DC voltage which will deactivate the pulse
      generator, shown in FIG. 3, in coherency device 69 thus allowing the lock
      mode of operation to remain.
PAR  In FIG. 3 is shown coherency check device 69. The pulse generator section
      of coherency check device 69 consists of transistor 71, resistors 73, 75,
      77 and capacitor 79. Transistor 71 is a unijunction transistor which
      generates positive pulses w, the rate of which is determined by values of
      resistor 73 and capacitor 79. The values are selected so that positive
      pulses occur at two second intervals. The output U from recycle device 65
      is applied through diode 81 to the base of transistor 83 and the output V
      from launch relay 67 is applied through diode 85 to the base of transistor
      83. When the U or V, or both U and V inputs are positive, then transistor
      83 saturates and effectively grounds the junction between resistor 73 and
      capacitor 79. When this occurs, transistor 71 will be disabled as a pulse
      generator. Diodes 81 and 85 function to isolate the U and V input signals.
      There are three conditions which are as follows:
PA1  1. Prelaunch and coherent lock.
PA2  A. no input to U from launch relay 67.
PA2  B. positive input to V from recycle device 65.
PA2  C. transistor 83 saturates and disables transistor 71.
PA1  2. Prelaunch and false (no coherent) lock.
PA2  A. no input to U from launch relay 67.
PA2  B. no input to V from recycle device 65.
PA2  C. transistor 83 turns off and enables transistor 71.
PA2  D. transistor 71 generates positive pulses at two second intervals.
PA1  3. Post launch.
PA2  A. positive input of U from launch relay 67.
PA2  B. transistor 83 saturates and disables transistor 71.
PAR  Referring to FIGS. 1 and 3, during the lock mode of operation on the X
      signal from aircraft doppler radar 15, either real lock or image lock
      conditions may occur. During image lock, a signal approximately equal to
      the tuned frequency of rear IF amplifier 31, will occur when the Y signal
      frequency is below the X signal frequency. During real lock the Y signal
      frequency is above the X signal frequency. During image lock the A signal
      frequency will be located on an outer slope of the discriminator 33 and
      the discriminator will be sensitive to the A signal amplitude variations
      and the normal noise of IF amplifier 31 and rear mixer 29. During real
      lock the A signal frequency will be located between discriminator peaks
      and the discriminator 33 will not be sensitive to the A signal and other
      noise amplitude variations. From FIG. 2 it can be seen that for both image
      and real lock the DC outputs of discriminator 33 are equal and negative,
      and that the slopes on the discriminator curves, delta EO/f are equal and
      negative allowing for a stable automatic frequency control lock mode of
      operation.
PAR  Even though a stable lock mode of operation is experienced during image
      lock, image lock is undesirable because the A signal frequency will not be
      centered in the tuned frequency of rear IF amplifier 31 and discriminator
      33. In affect, the receiving system will be slightly detuned. Also, during
      image lock, amplitude limiting in rear IF amplifier 31 cannot occur and it
      will therefore be operating at maximum gain and cause noise components to
      appear at the output of discriminator 33 and cause the voltage tuned solid
      state oscillator 55 to be frequency modulated by this noise.
PAR  During image lock, noise appearing at the output of discriminator 33 will
      be amplified along with carrier M in amplifier 35, pass through bandpass
      filter 37, be detected by amplitude detector 41, and be amplified by DC
      amplifier 45. The noise output of DC amplifier 45 will pass through high
      pass filter 47 and be applied to pulse generator 51 input. Noise input to
      pulse generator 51 will cause the pulse generator to generate positive
      pulses. These positive pulses will be applied to the input of voltage
      tuned solid state oscillator 55 and cause the Y signal frequency to shift
      suddenly. This sudden shift in Y frequency causes a sudden shift in the A
      signal frequency and its subsequent disappearance from the input of
      discriminator 33. As a consequence, sweep generator 49 will generate a
      sawtooth signal ST causing the Y signal frequency output of voltage tuned
      solid state oscillator 55 to sweep periodically placing the missile
      automatic frequency control system 11 in the search mode of operation.
      During real lock mode of operation there will be no noise out of
      discriminator 33 and thus pulse generator 51 will be disabled.
PAR  Prior to missile launch, launch relay 67 will have no affect on coherency
      check device 69. After launch, launch relay 67 will disable coherency
      check device 69. AFter launch, the output of aircraft doppler radar 15 to
      the input of speed gate doppler receiver 27 is disconnected. Missile front
      antenna 57 will receive reflected X signals from the target. These
      reflected X signals will mix with Y signals in front mixer 61 generating A
      signals which are subsequently amplified by front IF amplifier 63 and
      compared with A signals from rear IF amplifier 31 in comparator 25. The
      output of comparator 25 is doppler signals D with the B signal
      superimposed on them. This B signal going to speed gate doppler receiver
      27 will be compared for coherency with the B signal coming from low pass
      filter 43 in speed gate doppler receiver 27 during flight. If coherency
      exists then the missile will track and close in on the target, by the
      missile guidance and control system, not shown.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic frequency control system comprising:
PA1  a. first means for receiving reflected radar signals from a target;
PA1  b. second means for receiving radar signals directly from a radar
      transmitter means;
PA1  c. a voltage tuned solid state oscillator the output of which is connected
      to said first and second means;
PA1  d. third means responsive to the output of said second means for applying a
      first control voltage to said solid state oscillator;
PA1  e. fourth means responsive to the output of said first means for applying a
      second control voltage to said solid state oscillator;
PA1  f. fifth means responsive to the output of said second means; and
PA1  g. sixth means responsive to the output of said fifth means for modifying
      the output of said third means.
NUM  2.
PAR  2. The automatic frequency control system of claim 1 including:
PA1  a. seventh means responsive to said sixth means for applying a third
      control voltage to said solid state oscillator.
NUM  3.
PAR  3. The automatic frequency control system of claim 2 including:
PA1  a. a low pass filter connected to the output of said fifth means and to the
      input of said fourth means.
NUM  4.
PAR  4. The automatic frequency control system of claim 3 wherein:
PA1  a. said first means includes a front antenna, a front mixer, a front IF
      amplifier and a comparator connected in series.
NUM  5.
PAR  5. The automatic frequency control system of claim 4 wherein:
PA1  a. said second means includes a rear antenna, a rear mixer, a rear IF
      amplifier and a discriminator connected in series.
NUM  6.
PAR  6. The automatic frequency control systems of claim 5 wherein:
PA1  a. the output of said rear IF amplifier is connected to an input of said
      comparator.
NUM  7.
PAR  7. The automatic frequency control device of claim 6 wherein:
PA1  a. said third means includes a low pass filter and a bootstrap amplifier
      connected in series.
NUM  8.
PAR  8. The automatic frequency control system of claim 7 wherein:
PA1  a. said fourth means includes a speed gate doppler receiver the outputs of
      which are respectively connected to the inputs of a recycle device and a
      launch relay the outputs of which are connected to the inputs of a
      coherency check device.
NUM  9.
PAR  9. The automatic frequency control system of claim 8 wherein:
PA1  a. said fifth means includes an amplifier, a band pass filter and an
      amplitude detector connected in series.
NUM  10.
PAR  10. The automatic frequency control system of claim 9 wherein:
PA1  a. said sixth means includes a DC amplifier and a sweep generator connected
      in series.
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PAL  A frequency scan radar system is provided which scans in groups of nine
      contemporaneous beams which partially overlap in angular coverage in the
      plane of scan, such that any given target is illuminated by at least two
      of the beams. Receiving means separates echoes according to frequency
      (which relates to angle) in nine corresponding channels. Logic circuitry
      is employed to determine presence of signal in one or more channels. Bona
      fide echo signals occur in not less than two adjacent channels, whereas
      limited spectrum interference or jamming signals occur in only one
      channel. Video blanking means are controlled to blank out video
      corresponding to such single beam reception.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to radar systems and more particularly, to the
      elimination or reduction of the effect of jamming in a frequency scan
      radar system.
PAR  2. Description of the Prior Art
PAR  In the prior art, various systems have been proposed whereby the inherent
      frequency sensitivity of certain antenna configurations is employed in
      conjunction with variable frequency transmitter to effect inertialess
      scanning. The variable frequency transmitting and receiving characteristic
      of such systems makes them inherently less susceptible to jamming of the
      classic type. This is true, not only because of the variable frequency
      feature, but also because such systems frequently employ pencil-beams
      which "see" a jammer source much less frequently in their scanning
      schedule than is the case for fan beam systems such as the prior art
      conventional Plan Position Indicator radar which radiates a beam wide in
      the elevation plane to provide unrestricted elevation coverage and narrow
      in the azimuth plane to provide resolution of targets for the PPI
      presentation.
PAR  Nevertheless, more sophisticated jamming techniques can be employed which
      tend to limit the usefulness of even the pencil-beam frequency scan radar
      system in a hostile environment.
PAR  A prior art system in respect to the present invention is described in
      co-pending United States application Ser. No. 599,348 filed Dec. 2, 1966,
      and assigned to the same assignee as the present invention. In that
      reference, a system is described which provides a PPI presentation and
      also a range-height presentation by scanning a pencil-beam in the vertical
      plane (for example, from the horizon to plus 45.degree.) at a rapid rate
      while the entire antenna system is being rotated in the azimuth plane
      throughout an angle such as 360.degree.. The present invention is a system
      improvement, particularly adaptable to the aforementioned frequency-scan
      system.
PAR  Another prior art frequency scan radar system to which the present
      invention is generally applicable is described in U.S. Pat. No. 3,039,097.
PAC  SUMMARY
PAR  The present invention provides a method and instrumentation particularly
      adapted to the type of pulsed frequency scan radar system described in
      detail in U.S. patent application Ser. No. 599,348 filed Dec. 2, 1966, for
      rejecting extraneous received pulses, including pulses of jamming energy.
      The system employs multibeam scanning within the duration of each
      transmitted pulse, normally through a vertical angle. A frequency
      sensitive antenna (i.e., one which radiates in a direction which is a
      function of frequency of excitation) is fed by pulses of electromagnetic
      energy varying in N discrete steps throughout each of said pulses (where N
      is 9, for example). These discrete frequency steps are such that N
      partially overlapping beams are transmitted during each of the said
      pulses.
PAR  The next group of N overlapping beams and the following groups are also
      each generated by N discrete steps within the corresponding transmitted
      pulse, the entire group of frequencies corresponding to each succeeding
      group of beams being shifted so that each succeeding group of overlapping
      beams is displaced in the vertical plane. A sufficient number of such beam
      groups are successively generated to cover the vertical scan sector of
      interest.
PAR  The frequency scanning in the vertical plane goes on while the azimuth scan
      proceeds by (for example) mechanical rotation of the array. The rate is
      such that, during each vertical (frequency) scan cycle, the rotational
      movement of the array in azimuth is negligibly small.
PAR  Received echoes are separated on a frequency basis, since each individual
      beam corresponds to its own discrete frequency, and this fundamental
      property makes it possible to identify interfering or jamming signals
      having comparatively limited spectral width.
PAR  Beam shapes and frequency spacing being such that there is appreciable
      overlap, normal target responses are received on two or three adjacent
      beams as a result of illumination by as many adjacent beams.
PAR  To implement the identification of interfering or jamming pulses, use is
      made of the fact that such pulses, unlike received echoes, are received on
      one beam (i.e., one frequency channel).
PAR  Since the received energy is separated by beam within each group in a
      corresponding number of receiver channels, logic circuits are applicable
      to the separated video to differentiate between legitimate echo signals
      and interfering signals.
PAR  Video from the N receiver channels is applied to N threshold detectors
      which provide N outputs each of standard amplitude and each responsive to
      a predetermined minimum signal amplitude. A logical comparison is made
      between adjacent threshold detector outputs and the outputs of that
      comparison are present when and only when two adjacent channels have
      signal. An additional comparison is also made between the results of the
      previous comparison and the sum of the individual channel standardized
      signals. The results of these two comparisons then provides the basis for
      a third comparison whereby a blanking gate is generated when an
      interfering signal appears in one channel only and not in an adjacent
      channel.
PAR  Accordingly, it is the general object of the present invention to provide a
      system for use with an overlapping beam frequency scan radar to allow
      automatic recognition and elimination of interfering pulses of arbitrary
      duration but limited spectral width from the normal echo video, without
      deterioration of the signal and noise characteristic of legitimate echo
      video signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A drawing is provided for assistance in the understanding of the present
      invention. The essential elements of the invention are set forth in block
      and logical symbol form in a manner readily understandable to those
      skilled in the art.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, it may be said at the outset that many of the
      blocks relating to the basic radar systems such as the antenna 1, the
      transmitter 6, the receiver-mixer 7, the frequency synthesizer 9, the
      programmer 10, the PPI indicator 11, the RHI indicator 12 and the video
      processor 39, operate in substantially the manner described in the
      aforementioned co-pending U.S. application Ser. No. 599,348 filed Dec. 2,
      1966, entitled THREE DIMENSIONAL RADAR SYSTEM WITH INTEGRATED PPI
      PRESENTATION.
PAR  Although the present invention is not limited to particular methods of
      instrumentation of the basic radar system, the following description as
      related to the drawing may be regarded as describing a typical embodiment.
PAR  An antenna array 1 includes a linear disposition of radiating elements
      stacked vertically and fed by a suitable transmission line such as
      described in co-pending U.S. patent application Ser. No. 570,991 filed
      Aug. 8, 1966,  entitled PENCIL BEAM FREQUENCY/PHASE SCANNING SYSTEM. Such
      an array is frequency sensitive and affords inertialess scanning of the
      beam in the vertical plane as a function of a transmitter frequency. By
      reciprocity, the reception of received energy is limited to discrete
      angles in the vertical plane, each angle corresponding to that frequency
      which is transmitted at the same angle in the transmitting mode. In
      accordance with well-known design criteria, the radiating element spacing
      and the total number of elements stacked in such an array, determine the
      frequency sensitivity, (that is d.theta./df) and the width of the beam in
      the elevation plane. A reflector of generally cylindrical paraboloid shape
      serves to shape the beam in the azimuth plane so that the result is a
      relatively sharp pencil-beam in space.
PAR  Although other methods of azimuth scan are available to the designer and
      although the Plan Position Indicator type of operation is not
      fundamentally necessary for the employment of the present invention, this
      description will proceed in accordance with the illustration which
      contemplates 360.degree. continuous rotation of the antenna assembly 1 by
      an azimuth drive 2. An azimuth angle transducer 4, mechanically coupled to
      this rotating motion via shaft 3, provides the correlated azimuth scan for
      the PPI indicator 11 in the azimuth plane. Well known servo follow-up
      techniques are applicable to this part of the structure.
PAR  Frequency synthesizer 9 provides the necessary discrete frequency steps
      which are suitably multiplied and power amplified in the transmitter 6 and
      fed to the antenna assembly 1 through the duplexer 5. The frequency steps
      from the frequency synthesizer 9 are such that each discrete successive
      transmitted beam overlaps the adjacent preceding and succeeding beams,
      typically by one-half beamwidth. In a typical practical system in
      accordance with the present invention these overlapping beams are
      transmitted in groups of nine during each pulse repetition interval of the
      system. The pulse time of 27 microseconds for each such pulse repetition
      interval includes these nine overlapping beams, and nine discrete
      corresponding frequencies are transmitted for substantially one-ninth of
      the 27 microsecond pulse ontime for each period. The frequency synthesizer
      9 also provides a contemporaneous local oscillator signal to the receiver
      mixer 7 which is capable of receiving for the full non-redundant ranging
      period between successive transmitted pulses. Duplexer 5 provides the
      normal transmit-receive switching which is well known in the radar art.
PAR  The programmer 10 functions as the system synchronizer or "clock" and in
      addition to programming the frequency synthesizer 9 also synchronizes the
      PPI indicator 11 and the RHI (Range-height Indicator) 12.
PAR  The transmitter 6 includes active microwave components such as traveling
      wave tubes and/or amplitrons and their associated hardware, typically and
      more fully described in the previously referenced co-pending U.S. patent
      applications.
PAR  Echo signals received by the antenna 1 between the said transmitted pulses
      pass through the receiver-mixer 7 and a broadband IF amplifier 8, which is
      capable of accepting the full range of frequencies corresponding to the
      said 9 transmitted beams within each transmitter pulse.
PAR  Receiver IF amplifiers and envelope detectors 13 through 21 function as
      narrow band IF amplifiers, capable of singling out the 9 discrete
      frequencies aforementioned. Since the programmer 10 is capable of
      instructing the RHI 12 in respect to the expected vertical angle position
      of each echo the nine output signals of these receiver IF amplifiers and
      envelope detectors constitute the range height information video which is
      provided directly to the RHI.
PAR  It will be noted that video processor 39 also receives the 9 outputs of the
      said receiver IF amplifiers and envelope detectors. The function of the
      said video processor 39 is the addition of all the range height video
      within each cycle of vertical (frequency) scan.
PAR  Since the vertical plane frequency scanning is rapid compared to the
      mechanical rotation and corresponding azimuth scan, the rotational
      movement of said antenna 1 in azimuth is negligibly small during any one
      elevation scan cycle. Accordingly, the video processor 39, by adding the
      said range height video signals, performs the function of "collapsing" the
      range height video in order to afford a PPI presentation which takes full
      advantage of the echo signals available at all elevations for inclusion in
      the PPI presentation.
PAR  The operation of the video processor 39 is also described in detail in the
      aforementioned co-pending U.S. patent application Ser. No. 599,348 filed
      Dec. 2, 1966. Thus it will be understood that the output of the video
      processor 39 to the video blanking circuit 44 constitutes the PPI video.
PAR  Referring again to the outputs of the receiver IF amplifiers and envelope
      detectors 13 through 21 inclusive, it will be noted that these outputs are
      individually fed to corresponding threshold detectors 22 through 30. It is
      the function of these threshold detectors to respond to each video signal
      of an amplitude exceeding an arbitrarily selected amplitude threshold.
      Each signal exceeding the said threshold is passed by the said threshold
      detectors in a standard amplitude form. The amplitude standardization is
      desirable for proper operation of the remaining circuitry which is
      essentially digital logic instrumentation.
PAR  Returning now to the receiver IF amplifiers and envelope detectors 13
      through 21, it should be noted that although the 9 discrete frequencies,
      corresponding to the 9 transmitted beams during each transmitter pulse,
      occur in rapid succession they are not simultaneous and, accordingly, the
      blocks 13 through 21 must include delay means in order to effect time
      alignment of their outputs. These delay means may be either in the video
      domain after envelope detection, or may be in the IF domain prior to
      envelope detection. Whatever video echo signals are present in the outputs
      from 13 through 21, there may also be present in any one of these outputs
      the video signals corresponding to received jamming or interference pulses
      of the type aforementioned.
PAR  The raw video with interference or jamming pulses present also passes
      through the threshold detectors 22 through 30. Eight of the AND gates 31
      through 38 are disposed to examine the video between successive threshold
      detectors. That is, AND gate 31 compares the outputs of threshold
      detectors 21 and 23, AND gate 32 compares video between threshold
      detectors 23 and 24 etc. For convenience, we shall henceforth refer to the
      output of the standardized amplitude from blocks 22 through 30 as logic 1
      when signals are present in their outputs. Whenever the amplitude of the
      video into the threshold detectors is below the arbitrary threshold level
      the output of the threshold detector concerned is then logic 0. The output
      of any AND gate 31 through 38 will be logic 1, when, and only when, the
      two inputs to a particular AND gate are both at the logic 1 state. A logic
      1 signal from any of the AND gates 31 through 38 will then pass through
      the OR gate 40 to the inverter 42. Logic 1 output from one or more of the
      envelope detectors in blocks 13 through 21 by separate connection to the
      nine input OR gate 41 will also produce a logic 1 output from the said 41.
      It will be noted that the inputs to AND gate 43 must both be logic 1 to
      obtain a logic 1 output from 43. (Because of the presence of inverter 42
      this corresponds to a logic 0 from 40.) A logic 1 output from 43 therefore
      exists if, and only if, a signal above threshold exists in one or more
      channels, but does not exist in any two adjacent channels.
PAR  It should be noted that although the signals from blocks 22 through 30 are
      all of the same standard amplitude, they may vary considerably in duration
      depending upon the duration of the video echo signals and the jamming or
      interfering pulses present. Accordingly, the logic outputs of the AND and
      OR circuits on through to 43 are of variable duration. It will also be
      noted that when the aforementioned conditions are fulfilled for a logic 1
      output from 43 the duration of the signal there corresponds to the
      duration of the jamming or interfering pulse, which would be expected to
      be at least as long as a legitimate target echo signal. By supplying the
      output of the AND gate 43 to a video blanking circuit 44, which is a
      controllable video switch of suitable bandwidth, the said output 43 is
      used as a switch control signal which switches off or blanks video from
      video processor 39 on its way to the PPI indicator 11.
PAR  The detailed circuitry necessary to accomplish the individual block and
      logical functions described and illustrated is known to those skilled in
      the art.
PAR  The threshold detectors 22 through 30 may conveniently be "Schmitt trigger
      circuits" which are readily adaptable to control of the threshold level at
      which they will respond. Adjustment of this threshold level low with
      respect to RMS noise level will produce a high rate of false blanking
      actuated by noise while providing a high degree of blanking sensitivity to
      undesired "single beam" signals. A higher threshold level will provide
      less responsive blanking of the undesired signal but will reduce the false
      blanking rate. Conventional statistical methods may be employed to compute
      blanking sensitivity and false alarm rates.
PAR  Since the PPI video is a composite of all elevation angles, the loss of
      data resulting from blanking of a portion of composite signal is minimal.
PAR  The instrumentation of the present invention, particularly in the logic
      circuitry is readily adapted to the use of solid state components and
      techniques.
PAR  Modifications and alterations falling within the spirit and scope of the
      present invention will suggest themselves to those skilled in the art.
      Accordingly, it is not intended that the present invention be limited by
      the illustration or description thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pulsed radar system having an antenna for radiating, during each
      transmitted pulse, N beams of electromagnetic energy each narrow in at
      least a first plane, said antenna radiating said beams each at an angle in
      said first plane, which angle is a function of the instantaneous frequency
      of excitation of said antenna, having transmitting means for providing
      variable frequency excitation to said antenna in N discrete frequency
      steps within each of said transmitted pulses, the frequency spacing of
      said frequency steps being such that adjacent ones of said beams partially
      overlap in space, receiving means operative in the time between said
      transmitted pulses, said receiving means having N separate receiver
      channels corresponding to said N transmitted frequencies, and comprising
      the combination of: first means for time aligning and adding the outputs
      to produce a composite signal of at least part of the outputs of said N
      receiver channels; second means responsive to the outputs of said receiver
      channels for generating an output whenever at least one of the said
      outputs of said receiving channels contains a signal; third means for
      comparing the outputs of said N receiver channels for providing an output
      signal when signal is present contemporaneously in any two of said
      receiver channels which correspond to adjacent frequencies; fourth means
      responsive to the outputs of said second and third means for producing a
      control signal when a signal is present at the output of said second means
      but not at the output of said third means; and video switching means
      responsive to said control signal and connected in series with the output
      of said first means whereby said composite signal may be interrupted when
      and so long as said control signal is present in a predetermined
      condition.
NUM  2.
PAR  2. The invention set forth in claim 1 further defined in that additional
      means are included between said N receiver channel outputs and said third
      means, said additional means comprising N circuits operative to pass only
      signals having amplitudes in excess of a predetermined level.
NUM  3.
PAR  3. The invention set forth in claim 1 further defined in that said second
      means comprises a logical OR circuit and said output from said second
      means is logic 1 corresponding to the presence of at least one input and
      logic 0 corresponding to absence of input.
NUM  4.
PAR  4. The invention set forth in claim 3 further defined in that said third
      means comprises N-1 two input logical AND gates each producing a logic 1
      output corresponding to signal on both of said two inputs and a logic 0
      output otherwise, and also comprising, an N-1 input logical OR circuit
      responsive to said outputs of said aforementioned two input logical AND
      gates for producing a logic 1 output corresponding to a logic 1 at any of
      said N-1 inputs and a logic 0 output in the absence of at least one logic
      1 input.
NUM  5.
PAR  5. The invention set forth in claim 4 further defined in that said fourth
      means comprises an inverter responsive to the output of said third means,
      said inverter being operative to convert a logic 1 input to a logic 0
      output and a logic 0 input to a logic 1 output, and also comprising a two
      input logical AND gate responsive to the output of said inverter and said
      second means whereby the output from said aforementioned two input logical
      AND gate is logic 1 corresponding to a logic 0 input to said inverter and
      a logic 1 input from said second means and a logic 1 input from said
      second means and a logic 0 output from said fourth means corresponding to
      any other condition.
NUM  6.
PAR  6. The invention set forth in claim 5 further defined in that said video
      switching means responds to said logic 1 output from said AND gate within
      said fourth means thereby to provide said control signal.
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ABST
PAL  A test set for an amplifier or other electronic device in which a waveform
     enerator furnishes a modulated RF signal to the item under test. Sensors
      extract samples of the RF signal at the item's input and output. A
      detector-mixer network compares and processes the input and output sample
      signals and produces signals at its output which are indicative of the
      phase distortion and amplitude distortion introduced by the item. The
      phase and amplitude distortion signals are sampled and held for each
      modulating signal pulse and are then processed to compile statistical data
      regarding the item's performance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  New high power pulsed transmitters are an essential feature of most new
      search radar and track radar designs. Because these transmitters usually
      incorporate the most recent advances in component technology and because
      these components are generally subject to great operating stresses,
      transmitter development frequently presents one of the most troublesome
      areas in overall radar design. Such parameters as gain, bandwidth, output
      power and broadband noise are generally emphasized as measures of
      transmitter performance. Equally important narrowband parameters such as
      intrapulse noise and pulse-to-pulse coherence are relegated to a lower
      level. These latter two performance indicators, however, become
      increasingly important transmitter figures of merit as the radar system
      design becomes more critical.
PAR  The trend in radar design is toward coherent systems with complex
      modulations using such techniques as pulse compression, pulse doppler, and
      moving target indicator (MTI). These techniques require transmitter
      characterization in terms of its contribution to the system error budget
      when tested with the system waveform.
PAR  Two basic approaches have been used in the past to determine the
      contribution of the transmitter to the system signal processing error
      budget. The first of these requires the measurement of transmitter
      intrapulse noise by spectral analysis and the estimation of error budget
      contribution from these data. The second approach requires the complete
      radar system and the knowledge of the error budget contributions of the
      remainder of this system.
PAR  There are two basic approaches that have been used for performing a
      spectral analysis of the transmitter output. The most straightforward
      approach is analysis at the carrier frequency using an RF spectrum
      analyzer. The performance limitation of the test equipment is the greatest
      problem with this approach. Due to the low frequency resolution of RF
      spectrum analyzers, this RF approach has no value for intrapulse noise
      measurements, although it has been used to examine wideband transmitter
      noise effects.
PAR  The second spectral analysis approach both improves the resolution and
      provides isolation of the item under test from input signal instabilities.
      This procedure requires that the item, either a signal amplifier or a
      sequence of series gain stages, be inserted into a phase bridge as
      described in the article "The Measurement of Near-Carrier Noise in
      Microwave Amplifiers," by Klous H. Sann (IEEE Transactions on Microwave
      Theory and Techniques, Volume MTT-16, Sept. 9, 1968). The phase bridge
      approach reasonably satisfied dynamic range and resolution requirements
      but does not give an adequate system-oriented characterization of
      transmitter capability due to the difficulties encountered in translating
      the AM and PM noise spectra into system performance figures of merit such
      as MTI cancellation and due to the type of averaging required by the
      spectrum analysis. The long-term averaging requirement of the phase bridge
      approach obscures the pulse-to-pulse stability characteristics which are
      of prime importance, for example, to the MTI system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides results in a form that can be directly
      related to system performance and overcomes other problems associated with
      the past techniques which merely inferred performance dependent on
      transmitter pulse-to-pulse characteristics. The technique of the present
      invention permits direct measurement of transmitter intrapulse noise and
      pulse-to-pulse coherence. By applicants' novel invention, signal amplitude
      and phase distortion are preserved by a homodyne detection process that
      resolves the signal into in-phase (I) and quadrature-phase (Q) components
      relative to a reference which is a sample of the input to the item under
      test. Although this RF processing is like the prior art basic phase bridge
      approach, it has the very important distinctions that in-phase and
      quadrature-phase components are recorded simultaneously and that data are
      collected on a pulse-by-pulse basis. Since power amplifier characteristics
      are highly sensitive to DC supply variations, provision is also made to
      sample and store supply voltage simultaneously with the detected RF
      signal.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  Accordingly, it is the primary object of this invention to provide a novel
      coherency testing device.
PAR  It is another object of the invention to provide a testing device which is
      capable of providing information regarding the test item's performance on
      a pulse-to-pulse basis.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a network diagram of a test item and signal sampling network.
PAR  FIG. 2 is a network diagram of the reference signal generator, the timing
      and processing circuitry of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIG. 1, the test device of the present invention provides
      a technique for measuring the coherency and stability of a test item 10
      under simulated operating conditions. Item 10 may comprise, for example, a
      cross field amplifier (CFA), a series of gain stages, or any other
      transmitter or transmitter component for which the amplitude and phase
      stability characteristics are of interest. Applicants' invention is also
      adaptable for testing of waveguides. Test item 10 receives operating power
      from high voltage power supply 18 for energization of a suitable load 15.
PAR  Item 10 receives the selected test signal comprising a modulated RF signal
      from the output of modulator 28 illustrated in FIG. 2. Samples of the
      input signal to item 10 are extracted by directional coupler 12 and
      samples of the output of the test item are extracted by directional
      coupler 14. The signals provided by sensors 12 and 14 are furnished to
      first and second inputs of I-Q phase detector 16 which resolves the
      fluctuations in the output signal of test item 10 with respect to the
      input signal and isolates the amplitude and phase distortion introduced by
      the test item from the energizing carrier frequency by reducing the
      signals supplied by sensors 12 and 14 into in-phase and quadrature-phase
      vector components at its two outputs. Sample and hold networks 48 and 50
      (FIG. 2) receive the signals from the I and Q ports of the phase detector
      16 and, as directed by the sample command signal from timing unit 32 (FIG.
      2), are gated on at the appropriate time to store the response of the test
      item 10 to each test pulse. The vector components stored in networks 48
      and 50 and the signal stored in sample and hold network 52 are then
      sequentially converted to digital data by A/D converter 54 and
      sequentially recorded on magnetic tape unit 58 for off-line computer
      processing. A limited amount of on-line processing is also provided to
      permit instant evaluation of the level of test item performance during
      data collection by data processor and display unit 56. Computer 60
      processes the data which is then recorded on plotter 62 for visual
      display. Since power amplifier characteristics are highly sensitive to
      supply variations, the sample and hold network 52 is also provided for
      storing reduced signal level samples of the supply voltage simultaneously
      with the detected RF pulse as monitored and supplied by voltage divider
      20. Computer 60 (FIG. 2) may be programmed to provide information such as
      power supply average and rms percent variation, clutter attenuation and
      rms variation, clutter attenuation hystograms, and clutter attenuation and
      rms variation modified by phase pushing factor and power supply data.
      Obviously, however, the computer program will depend upon the particular
      item under test and the particular stability information desired.
PAR  Referring to FIG. 2, oscillator 22, which may, for example, comprise a
      temperature controlled or temperature compensated oscillator, provides a
      highly time stable reference signal to frequency multiplier 24. The
      frequency multiplier 24 shifts the oscillator output frequency up to the
      required logic clock signal frequency and may comprise a diode bridge
      multiplier, class C transistor type multiplier or any other suitable
      frequency multiplier.
PAR  The logic clock signal frequency provided by multiplier 24 is split between
      an input to coherent signal synthesizer 26 and clock limiter 63 which
      converts the zero mean value sine wave to levels appropriate for the
      logic. In response to a frequency command signal on line 27 supplied by
      frequency command signal generator 29 which may comprise coded toggle
      switches and/or a number entry keyboard, coherent signal synthesizer 26
      generates on command one of n carrier frequency signals with fractional
      frequency stability comparable to the oscillator 22. Modulator 28 inserts
      the amplitude and/or phase modulation on to the selected carrier frequency
      signal supplied by coherent signal synthesizer 26. Modulator 28 may
      provide simple pulse modulation for amplitude; or for phase, no phase
      modulation, binary modulation and linear phase modulation or any
      combination thereof.
PAR  Timing unit 32, illustrated in FIG. 2 by dotted lines utilizes the clock
      signal to provide the appropriate timing signals to the code generator 30,
      sample and hold networks 48, 50 and 52 and, if necessary, a pretrigger to
      test item 10. To commence operation, the operator enters through waveform
      parameters generator 34 a waveform code indicating pulse width and
      interpulse period and through modulation parameters generator 31 a
      modulation parameters code; 34 and 31 may, for example, comprise well
      known coded toggle switches and/or a number entry keyboard. A read-only
      memory unit 326 such as model HPROM 0512 manufactured by Harris
      Semiconductor receives the coded information from 31 and 34 and translates
      this waveform code into a control data input for code generator 30 which
      may comprise a shift register sequence generator, thus enabling 30 to
      select the desired modulation code for modulator 28, and into timing data
      which is furnished to arithmetic unit 323 which is capable of binary
      addition and subtraction and is of well known design, e.g. Texas
      Instruments model SN 74181. Thumbwheel switches 324 provide vernier
      control on waveform timing as stored in memory 326 via arithmetic
      operations unit 323. Time offset values entered by switches 324, for
      example, may be added to or subtracted from the values stored in memory
      326 element 325 is a binary synchronous counter of conventional design.
      Counter 325 functions to determine the beginning point in the time
      interval for the sampling for each sample. Associative memory 322 stores
      the final results of the arithmetic operations performed by unit 323.
      Timing unit 32 counts the clock signal provided by frequency multiplier 24
      and limiter 63 in the up-counter 321. On coincidence between the number
      contained in the up-counter 321 and the data stored in associative memory
      322, sample commands for the sample and hold networks 48, 50 and 52 are
      generated by associative memory unit 322, i.e. at a time corresponding to
      the leading edge, trailing edge or an intermediate point on the modulation
      pulse as determined by the operator through a data entry at item 31. The
      operator identifies the desired sample point from a pre-established
      relationship between the time position on the test pulse and one of
      plurality of sample position number switches on unit 31. For example, a
      first sample position number switch may correspond to the pulse leading
      edge. Other sample position number switches will correspond to
      intermediate points on the test pulse and to the test pulse trailing edge
      depending on the length of the RF waveform selected. The initiation signal
      for the code generator 30 and any timing required by the item 10 under
      test are also generated by unit 322. When code generator 30 receives the
      activation signal from associative memory 322, it generates the amplitude
      and/or phase modulation code signal to modulator 28. Code generator 30 is
      operated from the same clock as the timing circuitry thereby insuring that
      the modulation is synchronized properly with the sample timing.
      Associative memory 322 stores the time at which a sample command signal is
      to appear as dictated to it by the signal output from 323 so that when the
      up-counter 321 clock time reaches the sample command time an association
      is formed in unit 322 and a sample command is generated. Likewise, memory
      322 generates signals at the appropriate time for the code generator 30
      and the item 10 under test. Associative memories of this type are
      commercially available such as model FJB93402 manufactured by Fairchild
      Semiconductor.
PAR  I-Q phase detector 16 illustrated in FIG. 1 includes two power dividers, 36
      and 38. In-phase power divider 36 recieves the sample signal from sensor
      14 and provides two equal amplitude signals with 0.degree. phase
      difference at outputs 37 and 39. Power divider 38 receives the sample
      signal from sensor 12 and provides two equal amplitude signals with
      90.degree. phase difference, the signal at output 43 being phase shifted
      90.degree. from the signal at output 41. Multiplier 40 receives two input
      signals, one from in-phase power divider 36 and one from the hybrid power
      divider 38. Similarly, multiplier 42 receives two input signals, one from
      the in-phase power divider 36 and the other from the 90.degree. hybrid
      power divider 38. Filters 44 and 46 are matched to the modulation
      bandwidth and are designed to eliminate the carrier frequency and all
      higher frequency signal components at the outputs of the multipliers 40
      and 42. The outputs of the matched filters 44 and 46 are subsequently
      furnished to sample and hold networks 50 and 48 respectively.
PAR  For illustrative purposes, the operation of the I-Q phase detector is
      described as follows. The signal input to the test item 10 may be
      represented as K.sub.1 cos(.omega.t+.phi.). The sample taken by the input
      directional coupler is then
EQU  K(t)cos(.omega.t),                                         (1)
PAL  assuming for simplicity that .phi.=0. The sample taken by the output
      directional coupler 14 may then, be represented by
EQU  [K.sub.2 (t) + .beta. (t)] cos [.omega.t +.alpha.(t)]      (2)
PAL  where .beta. (t) = the amplitude distortion introduced by the item under
      test and .alpha.(t) = the phase distortion introduced by the item under
      test. The output on line 43 of power divider 38 is thus
EQU  1/2K(t)sin(.omega.t)                                       (3)
PAL  and the output on line 41 of power divider 38 is
EQU  1/2K(t)cos(.omega.t).                                      (4)
PAL  The output on each of lines 37 and 39 of power divider 36 is
EQU  1/2[K.sub.2 (t)+.beta.(t)] cos [.omega.t+ .alpha.(t)].     (5)
PAL  Consequently, the output of multiplier 42 which is the product of the
      signals on lines 39 and 41 is
EQU  1/2K(t)cos(.omega.t)1/2[K.sub.2 (t)+.beta.(t)] cos [.omega.(t)+ .alpha.(t)]
      (6)
EQU  1/8 [K(t){K.sub.2 (t)+.beta.(t)}{ cos [2.omega.t+ .alpha.(t)] + cos -
      .alpha.(t)]}].                                            (7)
PAL  Since filter 46 attenuates the carrier frequency and all higher frequency
      terms the output of filter 46 is
EQU  1/8K(t)[K.sub.2 (t)+.beta.(t)] cos.beta.(t).               (8)
PAL  Similarly, the input to multiplier 40 on line 43 is
EQU  1/2K(t)sin(.omega.t)                                       (9)
PAL  and the input to multiplier 40 from power divider 36 output line 37 is the
      same as that in equation (2) above. The output of multiplier 40 is,
      therefore,
EQU  1/2K(t)sin(.omega.t)1/2[K.sub.2 (t)+.beta.(t)] cos [.omega.(t)+.alpha.(t)]
      (10)
PAL  or
EQU  1/8[K(t){K.sub.2 (t)+.beta.(t)}{ sin [2.omega.t+ .alpha.(t)] + sin -
      .alpha.(t)]}] .                                           (11)
PAL  Again since filter 44 attenuates the carrier frequency and all higher
      frequencies the output of filter 44 is
EQU  -1/8K(t)[K.sub.2 (t)+.beta.(t)] sin .alpha.(t ).           (12)
PAL  It can readily be seen now that .beta.(t) and .alpha.(t) are calculable by
      suitable computer programming. For instance, a mere division of equation
      (12) by equation (8) yields - tan.alpha.(t), the negative inverse function
      of which is .alpha.(t). Similarly, .beta.(t) is readily calculable.
PAR  Thus, for each modulating pulse to the test item 10 a signal is stored in
      sample and hold circuits 48 and 50 which signals are representative of the
      amplitude and phase distortion introduced by the test item 10. By
      selecting appropriate waveform parameters for waveform parameter generator
      34 and appropriate modulation parameters for modulation parameters
      generator 31 and by proper timing, statistical data regarding the
      coherency of test item 10 during turn-on, steady-state, and turn-off
      conditions may be obtained and compiled. Since in radar systems, matching
      of transmitter output pulses is critical, the present invention provides a
      novel technique for predicting the target detection performance of a
      particular system. It should be understood, moreover, that although the
      instant invention has been described in terms of pulse-to-pulse analysis,
      the invention obviously could be used for CW analysis.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for testing the coherency of an electronic device including
      an input and an output comprising:
PA1  pulse means connected to the input of said electronic device for energizing
      said electronic device with an input series of pulses;
PA1  first means coupled between said pulse means and said electronic device
      input for providing a first signal indicative of the input to said
      electronic device;
PA1  second means coupled to the output of said electronic device for providing
      a second signal indicative of the output of said electronic device;
PA1  detector means having first and second detector inputs and first and second
      detector outputs;
PA1  said first detector input being coupled to said first means such that said
      detector means receives said first signal and said second detector input
      being coupled to said second means such that said detector means receives
      said second signal;
PA1  whereby in response to said input series of pulses, a first series of
      signals are present at said first detector output and a second series of
      signals are present at said second detector output;
PA1  means for storing each of said first series of signals and each of said
      second series of signals;
PA1  a first power divider connected to said first means for providing a first
      power divider signal and a second divider signal which is 90.degree. phase
      shifted from said first power divider signal; and
PA1  a second power divider connected to said second means for providing third
      and fourth power divider signals.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said detector means further includes:
PA1  a first mixer for receiving said first and third power divider signals; and
PA1  a second mixer for receiving said second and fourth power divider signals.
NUM  3.
PAR  3. The apparatus of claim 2 wherein:
PA1  said input series of pulses comprises a modulated carrier frequency signal;
      and
PA1  said detector means further includes first and second filters connected to
      said first and second mixers respectively for attenuating all signal
      frequencies above the carrier frequency of said modulated carrier
      frequency signal, the outputs of said first and second filters comprising
      said first and second detector outputs;
PA1  whereby each of said first and second series of signals are indicative of
      the amplitude and phase distortion introduced by said electronic device
      for each corresponding pulse of said series of pulses.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said means for storing comprises first
      sample and hold means for receiving and storing the series of signals from
      said first detector output, second sample and hold means for receiving and
      storing the series of signals from said second detector output;
PA1  said apparatus further including timing means for activating said first and
      second sample and hold means and said pulse means.
NUM  5.
PAR  5. The apparatus of claim 1 further including:
PA1  a power supply connected to said electronic device;
PA1  said means for storing comprising first sample and hold means for receiving
      the series of signals from said first detector output, second sample and
      hold means for receiving the series of signals from said second detector
      output, third sample and hold means connected to said power supply for
      receiving signals indicative of the power supply coherency during each of
      said input series of pulses, and timing means for activating said first,
      second and third sample and hold means.
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ABST
PAL  A passive EW radar decoy capable of simulating relatively large targets
       s as naval ships. The decoy comprises a cylindrical, dimensionally stable
      plastic balloon having uniformly distributed on the surface thereof a Van
      Atta array of printed circuit radiators. The radiators in the array are
      disposed in a selectively predetermined geometric configuration such that
      incident energy from a remote source is reradiated by the array in the
      direction of the remote source. The decoy comprises a low-cost,
      light-weight, relatively simple structure that can be easily stored and
      rapidly deployed and released.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Existing radar decoys capable of providing relatively large echoing areas
      to thereby simultate large targets such as ships generally comprise corner
      reflector structures or chaff techniques. Both of these decoys are
      characterized by certain disadvantages which limit their usefulness. For
      example, to provide an echoing area in the order of 10.sup.4 square meters
      at X-band, a corner reflector structure must have edges approximately 1.5
      meters long, angular tolerances of approximately .+-. 1/2.degree., and
      surface flatness tolerances of approximately .+-. 1/2 centimeters.
      Obviously such a decoy that simulates a large ship, such as a destroyer,
      cannot be easily manufactured in a low-cost manner to provide a
      lightweight structure that can be easily stored, transported, and rapidly
      deployed. A large target can be simulated by means of a chaff cloud of
      suitable dimensions that is deployed from chaff rockets, shells, or
      helicopters. A chaff cloud deployed in such a manner however requires an
      appreciable time to bloom or to spread to a useful size that provides the
      desired echo. The weight of chaff rockets and shells is appreciable, and
      furthermore helicopter deployment of chaff is time consuming because the
      helicopter must be allowed time to reach a suitable position for chaff
      release. An ideal large echo-area decoy should be capable of being very
      rapidly deployed because of the speed with which attacks often develop and
      should be a low-cost and lightweight structure so that a ship can carry
      many decoys and thus release a decoy whenever there is a suspicion of an
      impending attack.
PAC  SUMMARY OF THE INVENTION
PAR  A passive radar decoy having a high cross-section and comprising a Van Atta
      array of printed circuit radiators uniformly distributed on the surface of
      a cylindrical plastic balloon is disclosed. Pairs of radiators in the
      array are coupled by means of equal-length transmission lines. The array
      of coupled radiators is arranged in a selectively predetermined
      geometrical configuration such that incident radiation upon the array from
      a remote source is reradiated in the direction of the source. The
      radiators can comprise printed circuit dipoles printed on a cylindrical
      surface of plastic film having plastic and surfaces to thereby provide a
      completely enclosed volume that can be filled with gas to provide large
      echoing areas similar to large ships.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  It is the primary object of the present invention to provide a passive,
      low-cost radar decoy that can produce target echoing areas similar to
      those of large naval ships.
PAR  It is another object of the present invention to provide a large echoing
      area radar decoy that can be easily stored and transported and rapidly
      deployed.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified schematic diagram of a linear dipole array
      configuration that reradiates incident radiation in the direction of the
      radiation source,
PAR  FIG. 2 is a simplified schematic diagram of a cylindrical dipole array
      configuration that reradiates incident energy in the direction of the
      radiation source.
PAR  FIG. 3 is an isometric view of a high cross-section radar decoy balloon
      embodying the present inventive concept, and
PAR  FIG. 4 is a simplified illustration of an incident signal being absorbed
      and reradiated by a dipole pair.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention disclosed herein comprises a passive radar decoy that can
      provide an echoing area similar to that of large targets such as naval
      ships. Such a large area decoy can be utilized effectively to confuse or
      distract enemy attackers and to defend naval ships or other targets
      against radar directed missile attacks.
PAR  The novel radar decoy disclosed herein comprises a Van Atta array of
      printed circuit dipole antennas uniformly distributed on the surface of a
      cylindrical, plastic balloon. Each dipole in the array is coupled by a
      transmission line to a second dipole. All the transmission lines are of
      equal length. The array of coupled dipoles is formed into a selectively
      predetermined geometrical configuration such that when radiation is
      incident upon the array from a remote source the array absorbs the
      incident energy and reradiates it in the direction of the source.
PAR  FIG. 1 illustrates a flat plane 10 having four quadrants, I, II, III, and
      IV, being illuminated by a plane wave of incident RF radiation. The plane
      is shown having disposed and printed on the surface thereof an array of
      printed circuit dipoles that are connected in pairs by transmission lines
      of equal length (not shown). Two dipoles of each pair are placed with
      mirror symmetry about the center of the flat plane; for example, the
      dipole A.sub.1 is connected to the dipole A.sub.2, and the dipole B.sub.1
      is connected to the dipole B.sub.2.
PAR  In FIG. 1 the incident radiation first reaches the dipole H.sub.1 which
      absorbs a portion of the radiation. The absorbed energy is radiated from
      dipole H.sub.2 in the third quadrant. Thus it can be seen that as the
      plane wave advances it reaches in sequence the geometrically disposed
      dipoles E.sub.1, F.sub.1, G.sub.1, C.sub.2, B.sub.2, D.sub.2, etc., and
      that the corresponding dipoles begin to radiate the absorbed energy in the
      same sequence. Furthermore, due to the symmetrical disposition of the
      dipole pairs, the reradiation from the dipole pairs combines to form a
      plane wave front travelling in the direction of the radiation source that
      produced the incident radiation.
PAR  If the dipole pairs are disposed in a Van Atta array about the
      circumference of a circular surface, the required symmetry would be for
      each connected pair of dipoles to be at opposite ends of a diameter of the
      circular area.
PAR  If the dipoles are disposed on a cylindrical surface the required symmetry
      would be for each pair of dipoles to be on opposite ends of the diameter
      of a circular cross section of the cylinder and also to have mirror
      symmetry with respect to each other about the equatorial plane of the
      cylinder. This symmetry is illustrated in FIG. 2 wherein a cylinder 12
      (having an equatorial plane 14) is shown as a flat surface. The flat
      surface can be formed into a cylinder by joining corner I to corner II and
      by joining corner III to corner IV to thus provide a cylindrical dipole
      array that can function to reradiate incident energy in the direction of
      the source. The geometrical configuration described can produce a
      reflection performance that will be equally effective over 360.degree.
      azimuth if the axis of the cylindrical surface is maintained substantially
      vertical.
PAR  Obviously incident radiation must pass through the walls of the cylinder as
      it is coupled from one dipole to the corresponding dipole in the array.
      This passage of the radiation through the cylinder walls can be achieved
      with minimal losses or reflection by aligning the dipoles at 45.degree.
      with respect to the vertical axis 16 of the cylinder.
PAR  If the flat surface of FIG. 2 is joined as previously described to form a
      cylinder as shown in FIG. 3, it can be seen that the dipoles on one side
      of the equatorial plane 14 of the cylinder are oriented at right angles to
      the dipoles on the opposite side of the equatorial plane of the cylinder.
      For example, dipole C.sub.1 is at right angles to dipole E.sub.2 of FIG.
      3. The dipoles A.sub.1 and C.sub.1, however, appear parallel to the
      dipoles A.sub.2 and C.sub.2 as these two dipoles are viewed from the back
      surface of the cylinder of FIG. 3. Thus the dipoles on one side of the
      cylindrical surface do not interfere with the radiation from the rear
      dipoles because the dipoles in each pair have orthogonal polarizations
      with respect to each other.
PAR  The orthogonal polarization of the dipole pairs in the array also functions
      to produce a reradiated signal having the same polarization as the
      incident signals received by the dipole A.sub.1 are coupled to the dipole
      A.sub.2 which reradiates the signals with substantially the same direction
      of polarization as the incident radiation signals.
PAR  If an incident radiation signal is linearly polarized substantially
      parallel to the dipole pair A.sub.1 and A.sub.2, the signal will be
      absorbed on the lower half of the front surface of the cylinder but will
      not interact with the upper half of the front surface of the cylinder. As
      the signal progresses through the cylinder it will be absorbed by the
      upper half of the rear surface of the cylinder.
PAR  Thus the signal will interact over the entire physical cross-section of the
      cylinder despite the fact that fifty-percent of the dipoles are
      cross-polarized and do not interact with the signal at all. Similar
      considerations can be applied to show that the cylinder will absorb energy
      over its whole physical cross-section for an incident signal having any
      direction of polarization.
PAR  In the preceeding discussion an incident signal has been absorbed and
      reradiated in two portions. However, if all the transmission lines are the
      same length, it can readily be shown that the two reradiated signal
      portions combine coherently as if the reflection occurred at one surface.
      FIG. 4 illustrates this concept.
PAR  In FIG. 4, a first dipole D.sub.1 is shown connected to a second dipole
      D.sub.2 by a transmission line 18. If zero time is defined as the time at
      which the incident signal reaches the front dipole D.sub.1, then power
      absorbed by the dipole D.sub.1 is reradiated from the back dipole D.sub.2
      at a time t = t.sub.1.
PAR  The reradiated power reaches the wavefront position at the dipole D.sub.1
      at a time t = t.sub.1 + t.sub.2 where t.sub.2 is the time required for the
      incident signal to reach the dipole D.sub.2. The power absorbed by dipole
      D.sub.2 is reradiated from dipole D.sub.1 at a time t = t.sub.1 + t.sub.2.
      Hence both reradiated signals require a time t = t.sub.1 + t.sub.2 to
      progress from the wave front position at dipole D.sub.1 to the same
      position on their return path. Since the two signals were initially
      coherent, they will be coherently reradiated.
PAR  The radar decoy described herein as the preferred embodiment can comprise a
      plurality of printed circuit dipoles uniformly distributed on a thin flat
      sheet of a dimensionally stable plastic material, such as Mylar, having a
      relatively uniform thickness. The sheet can be folded and joined to form a
      cylindrical surface. The ends can likewise be enclosed with plastic to
      produce a completely enclosed volume that can be inflated with a suitable
      gas as a balloon to maintain the cylindrical surface true to its nominal
      form.
PAR  The device can be tethered to provide a self-supporting target at some
      specified height and location or it can be allowed to drift freely in the
      atmosphere. The balloon can also be weighted so that it drifts with the
      axis of the cylinder vertical to thereby provide large echo areas for
      360.degree. in azimuth and for about .+-. 15.degree. from zero elevation
      angle.
PAR  In order to construct such a balloon, a number of flat sheets of plastic
      film are required, each having printed thereon conducting lines to form
      dipoles and transmission lines; each sheet can be twisted to
      simultaneously wind the transmission lines together into a cable and
      maintain the sheets covered and the dipoles flat. A number of such flat
      sheets can be joined to form a dipole covered plastic cylinder balloon
      having the interconnecting cables inside the balloon.
PAR  In operation, decoy balloons can be maintained in an inflated manner in a
      deck house on a ship. If a radar guided missile attack is detected the
      deck house can be opened to permit the decoy balloon to float away from
      the ship. At the same time the ship can begin to turn so as to both move
      away from the deployed decoy balloon and to present an end-on-view
      (minimum radar echoing area) to the attacker.
PAR  In a successful operation, the attacking radar will at first view the ship
      and the decoy as one single echo; however, as the two move apart the radar
      will see two echoes separating out from the initial single echo. The radar
      will follow the largest of these two echoes which can be the echo from the
      decoy. By the time the missile reaches the position of the decoy the ship
      should ideally be far enough away to avoid being damaged by the missile.
PAR  If so desired, the decoy can be given a preset life. For example, the
      balloon could be connected to an inflated tube on the skin and as it is
      released the connection becomes a preset leak of the gas in the balloon.
      After a selectively predetermined time the balloon will cease to present a
      large echo and will fall into the sea. The decoy thus ceases to be a
      target which might confuse friendly radars. Such a balloon can also form a
      useful radar target for training purposes or for the radar marking of such
      objects as buoys.
PAR  Although the inventive concept has been described with respect to dipoles
      as radiating elements it should be clearly understood and appreciated that
      other suitable radiators such as loops or spirals could be used. A
      cylindrical shape for the balloon is convenient for both manufacturing and
      inflation purposes but other shapes, such as spheres or cone sections,
      could of course, be used.
PAR  Likewise, although the preferred embodiment has been described with
      reference to a dipole array that is designed to return energy in the
      direction of the source, it should be clearly understood that other forms
      of radiation behavior might be desirable and could be achieved within the
      present inventive concept. For example, a cylinder could be utilized to
      return energy at the correct azimuth but at an elevation angle as far
      below the horizontal as the direction of the source is above the
      horizontal (mirror reflection in elevation). Such a decoy would return
      energy to the source via a reflection at the surface of the sea and could
      be designed to cause attacking missiles to dive into the sea.
PAR  Thus it can be seen that a new and novel passive radar decoy having a
      substantially large echo area similar to large targets has been disclosed.
      The novel decoy comprises a low-cost, light-weight device that can be
      easily stored and transported and that can be rapidly deployed.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A passive, high-cross section radar decoy comprising:
PA1  a plastic balloon having a selectively predetermined volume,
PA1  said balloon having uniformly distributed on the surface thereof a
      plurality of printed circuit radiators,
PA1  said radiators being disposed and arranged in a Van Atta array
      configuration whereby radiant energy from a distant source received by
      said radiators is reradiated in the direction of the source.
NUM  2.
PAR  2. The radar decoy of claim 1 wherein said plastic balloon comprises a
      cylindrical balloon made from a dimensionally stable plastic material.
NUM  3.
PAR  3. The radar decoy of claim 2 wherein said printed circuit radiators
      comprise printed circuit dipoles.
NUM  4.
PAR  4. A passive, low-cost, light-weight radar decoy comprising:
PA1  a cylindrical, dimensionally stable, plastic balloon,
PA1  said balloon having a selectively predetermined volume whereby the echoing
      area of said decoy substantially simulates a given radar target,
PA1  a plurality of printed circuit dipoles,
PA1  said dipoles being uniformly distributed on the surface of said cylindrical
      balloon,
PA1  said dispoles being disposed and arranged in a Van Atta array configuration
      whereby incident radiation from a distant source is reradiated in the
      direction of the source.
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ABST
PAL   1. In an absorber for minimizing reflections of electromagnetic radiation
      of preselected radar wave lengths in the approximate corresponding
      preselected frequency range of 10 megacycles to 15,000 megacycles wherein
      a layer of absorber material has a highly conductive planar backing with
      the absorber material and the backing arranged and disposed so as to
      establish a standing wave with a maximum magnetic field positioned within
      said layer in response to radiation incident upon said layer, that
      improvement wherein said absorber is free of static, externally-applied
      magnetic fields, said absorber material comprises a ferrimagnetic metallic
      oxide having a complex permeability the imaginary part of which is
      substantially greater than the real part of said permeability at
      frequencies within said preselected range, said material has a complex
      permittivity, a complex permeability and a layer thickness .tau. such that
      the product of B.tau. is substantially less than unity where B is the wave
      number of radiation within said range measured inside the absorber
      material and said thickness of said layer is substantially less than one
      quarter of a wave length measured inside said material at preselected
      frequencies within said range so that absorption is substantially
      independent of said permittivity of said material at said preselected
      frequencies within said range.
BSUM
PAR  This invention relates to electromagnetic radiation absorbers and in
      particular to a magnetic absorber for minimizing reflections over a
      frequency band within the range of approximately 10 megacycles to 15,000
      megacycles.
PAR  Numerous applications require eliminating electromagnetic radiation
      reflections, as for example, eliminating antenna ghosts caused by the
      antenna ground plane, or other obstructions such as masts on ships,
      eliminating reflections in "dead" chambers which are used for testing, and
      eliminating radar reflections for preventing or minimizing detection.
PAR  Prior art attempts to eliminate reflections include the Salisbury screen
      method, the resonant method and the nonresonant method. In the Salisbury
      screen method, a screen having carefully selected resistance
      characteristics is positioned at the location of maximum electric field
      which occurs at a quarter wave length from the surface to be protected.
      The Salisbury screen method has little practical usefulness because the
      absorber is quite thick and it is effective for only narrow frequency
      ranges and incident angle variations. In the prior art nonresonant methods
      the incoming radiation penetrates a dielectric layer and is reflected by a
      conducting surface. The layers are made quite thick so that in the course
      of being reflected the wave is substantially attenuated before it
      re-emerges from the layer. Because the layer must be made of a material
      having small high frequency losses and small reflection properties to
      assure penetration and reflection, the layer must also be very thick to
      effectively attenuate the wave. In prior art resonant methods high loss
      dielectric materials are positioned directly adjacent the conducting
      surface which is to be protected. The dielectric material has an effective
      thickness measured inside the material nearly equal to odd multiples of
      one quarter of the wave length of the incident radiation. This method has
      limited usefulness since the resonant thickness is large and bandwidth is
      very narrow at lower frequencies. Prior art attempts to overcome these
      deficiencies include dispersing electrically conducting ferromagnetic
      particles in the dielectric. However, when metallic particles are
      dispersed in the dielectric, high initial permeabilities, for example in
      the range of 10 to 100, cannot be achieved together with a low
      conductivity, as for example within the range of about 10.sup.-.sup.2 to
      10.sup.-.sup.8 mhos per meter.
PAR  The objects of this invention are to provide absorber materials that can be
      used effectively in thin layers to overcome the disadvantages incurred
      with thick layers required by prior art absorber techniques; that are
      effective absorbers within frequency bands lying in the frequency range of
      approximately 10 megacycles to 15,000 megacycles; that for the low
      frequencies have high initial permeability and low conductivity as
      compared to prior art absorber materials; that are effective absorbers for
      wide ranges of incident angles; that function substantially independent of
      the permittivity of the absorber material at low frequencies; that are
      mechanically strong; that can be used in high temperature environments;
      and that dissipate more energy than prior art absorber materials.
PAR  This invention contemplates eliminating reflections by positioning a layer
      of insulating or semiconducting ferrite, and in particular a ferrimagnetic
      metallic oxide, directly adjacent a conducting surface so that radiation
      reflected from the conductor varies the boundary conditions at the front
      face of the ferrite in such a way that substantially all the incident
      energy penetrates the ferrite and is dissipated therein. The term ferrite
      as used in this application refers to the ferrimagnetic metallic oxides
      including but not limited to spinel, garnet, magnetoplumbite, and
      perovskite type compounds. According to this invention, at low
      frequencies, frequencies generally within the UHF to L band range, energy
      is extracted predominantly from the magnetic field of the incident
      radiation while at high frequencies, frequencies generally in the L band
      and higher, energy is extracted more equally from the magnetic and
      electric fields.
PAR  In general the absorber of this invention eliminates reflections because
      the incident radiation establishes a maximum magnetic field just at the
      surface of the conductor. It is therefore necessary that the incident
      radiation penetrate the ferrite so that the conductor will be effective to
      establish boundary conditions that position the maximum magnetic field
      within the ferrite. It has been found that the complex permeability of
      certain ferrimagnetic metallic oxides varies with frequency in such a way
      as to provide low reflection over wide frequency ranges without using
      large thicknesses of absorber material required by prior art techniques.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary sectional view of an absorber comprising a thin
      ferrite layer secured directly to a metal backing.
PAR  FIG. 2 illustrates variations in the per cent reflection for various layer
      thicknesses of one of the mixed-crystal cubic ferrites of Example I.
PAR  FIG. 3 is a semi-logarithmic graph illustrating measured variations of per
      cent reflection over one frequency range for one of the mixed-crystal
      cubic ferrites of Example I.
DETD
PAR  FIG. 1 shows an absorber 10 comprising a layer 12 composed of a sintered
      ferrimagnetic metallic oxide which is attached directly to a highly
      reflective metal backing 14. Absorber 10 is adapted to eliminate
      reflection of electromagnetic energy generally indicated at 16. If
      reflections are to be eliminated from a highly conductive metal object,
      the object may form backing 14.
PAR  Considering a plane conducting surface covered by a layer composed of a
      ferrimagnetic metallic oxide, for normal incidence the fraction of the
      power reflection, R, is defined by the relationship:
EQU  R = .rho. .rho.*
PAL  where
PAR  .rho. = the reflection coefficient
      ##EQU1##
PAR  .eta. = the characteristic wave impedance = .sqroot..mu./.epsilon.
PAR  B = the wave number measured in the ferrite = B.sub.o .sqroot..mu..epsilon.
PAR  B.sub.o = the wave number in free space
PAR  .tau. = the thickness of the ferrite layer
PAR  .epsilon. = the relative permittivity of the ferrite
PAR  .mu. = the relative permeability of the ferrite
PAR  .rho.*= the complex conjugate of .rho.
PAR  At most frequencies the permeability and permittivity, .mu. and .epsilon.,
      of ferrimagnetic metallic oxides must be treated as complex so that .mu. =
      .mu.' - j .mu."  and .epsilon.= .epsilon.' - j .epsilon." , where
      .epsilon.'and .mu.' are real and .epsilon." and .mu." are imaginary. From
      the above relationships it can be shown that when the layer is thin in the
      sense that .eta.tan B.tau. =.mu..tau.B.sub.o, i.e., B.tau. is much less
      than unity, the power reflection coefficient R is:
      ##EQU2##
      The above relationship shows that for the thin layer situation the
      reflected wave can be made small independently of the permittivity of the
      magnetic material. Low minimum reflection will occur at a given frequency
      if .mu." is substantially greater than .mu.' for the situation where
      B.tau. is much less than unity.
PAR  It can also be shown that where the electric field component is normal to
      the conductor, as the wave moves along in the magnetic material, it will
      be attenuated at a rate substantially independent of the permittivity of
      the magnetic material so long as (1) the magnitude of the complex
      permittivity .epsilon. is substantially greater than the imaginary part
      .epsilon." of the complex permittivity or in the case of most
      ferrimagnetic metallic oxides where the complex permittivity .epsilon. is
      at least 5 and (2) the imaginary part .mu." of the complex permeability is
      greater than zero. With high frequencies, above the L band, the
      permittivity .epsilon. of ferrimagnetic metallic oxides is real and
      essentially constant. It can also be shown that in thin layers the power
      reflection coefficient R is nearly independent of variations in
      permittivity for incident angles between the normal and parallel electric
      field situations and for polarizations where the electric field is either
      in the plane of incidence or perpendicular to the plane of incidence.
PAR  If the permeability .mu. and in particular the imaginary part .mu." of the
      complex permeability vary as a function of 1/f, the reflection coefficient
      .rho. is independent of frequency. In the UHF frequency range the
      permeability of certain ferrimagnetic metallic oxides approaches the 1/f
      variation. In the L band and higher frequencies the imaginary part .mu."
      of the complex permeability is substantially greater than the real part
      .mu.'; the variation in .mu." is substantially proportional to 1/f.sup.2 ;
      and as previously noted the permittivity .epsilon. is real and constant.
      By using a ferrimagnetic metallic oxide having a permeability which varies
      substantially as a function of f.sup.-.sup.n, where n is within the range
      of from 1 to 2 for a 13 db absorber (R = 0.05) bandwidths of 170 per cent
      can be obtained easily with thicknesses of 3 to 5 millimeters over
      frequency ranges below the S band. The per cent bandwidth, %BW, is defined
      by the relationship:
      ##EQU3##
PAR  Although ferrimagnetic metallic oxides have been disclosed as particularly
      useful in a low frequency absorber, they are also useful as resonant
      absorbers. At any frequency the reflection is theoretically zero when the
      factor  j.sqroot..mu. /.epsilon. tan B.sub.0 .tau..sqroot..mu. .epsilon.
      is equal to unity (1) so that the general equation for the voltage
      reflection coefficient .rho. is equal to zero.
PAR  According to this invention it has been found that ferrimagnetic metallic
      oxides which are especially suited for use as magnetic absorbers include
      cubic spinels, some hexagonal magnetoplumbite structured materials, and
      intermediate compositions including the ferroxplanas. This invention also
      contemplates the potential usefulness of garnet structure compounds and
      the perovskites. The general chemical formula of the cubic spinel type
      ferrite is:
EQU  MeFe.sub.2 O.sub.4
PAL  where Me is one of the divalent ions of the elements Mn, Co, Ni, Cu, Zn,
      Mg, and Cd. Mixed crystals of two or more of the divalent ions as well as
      combinations of other ions having an average valence of two such as 1/2
      (Li + Fe) are also useful as magnetic absorbers. These materials are
      ceramics which have low electrical conductivity in the range of from
      10.sup.-.sup.4 to 10.sup.-.sup.12 mhos per meter in most cases accompanied
      by initial permeabilities in the range of from 10 to 500. Ceramics are not
      subject to weathering damage and can withstand elevated temperatures. In
      general, the absorber material is prepared by grinding the base materials
      into a powder, mixing and compacting the powder and then sintering the
      compact to provide a porous slab that is chemically homogeneous.
PAR  The slabs may be secured to the conductor by any suitable adhesive, such as
      a silicone adhesive that will not materially affect the magnetic
      properties of the absorber. Alternatively, a powdered ferrimagnetic
      metallic oxide may be mixed with a suitable binder and sprayed directly on
      the conducting surface. Although spraying is useful in applying absorber
      material to a curved surface, this method requires a small particle size
      which generally requires a sprayed layer that is thicker than where the
      porous slabs are secured directly to the conductor.
PAC  EXAMPLE I
PAR  A mixture consisting of nickel oxide (NiO), zinc oxide (ZnO), ferric oxide,
      (Fe.sub.2 O.sub.3) and tetrachloronaphthalene binder, 5 per cent by weight
      of the ferric oxide, was mixed in a muller for 1 hour. Trichloroethylene,
      3 per cent by weight of ferric oxide, was added and the mixture was mulled
      for another hour. The resulting powder was then screened through a 20 mesh
      screen and compacted under 10,000 psi pressure into tablets 25 by 25 by
      6.00 millimeters, each tablet weighing 11.79 grams. A small quantity of
      compacting lubricant was added prior to the compacting operation. The
      tetrachloronaphthalene binder was removed by preheating the tablets in an
      oven at 350.degree.C. for 48 hours. The tablets were then sintered at
      1260.degree. C. in contact with air for 24 hours and then cooled to room
      temperature over a period of 24 hours. The tablets were then lapped to a
      thickness of 5.00 millimeters.
PAR  Absorbers of different compositions were manufactured by varying the ratio
      of nickel oxide and zinc oxide in accordance with the relationship
      Ni.sub.(x) Zn.sub.(1.sub.-x) Fe.sub.2 O.sub.4 where x is varied between
      0.3 and 1.0. The composition, the frequency range over which the per cent
      power reflected R was less than or equal to 5 per cent, and the bandwidth
      corresponding to that frequency range are specified for some of the
      compositions in the following table.
TBL                TABLE 1                                                     
     ______________________________________                                    
                 Frequency range                                               
     Composition (X)                                                           
                 at R .ltoreq. 0.05 (Mc)                                       
                                   Bandwidth(%)                                
     ______________________________________                                    
     Ni.sub..35 Zn.sub..65 Fe.sub.2 O.sub.4                                    
                  55 - 1005        179                                         
     Ni.sub..45 Zn.sub..55 Fe.sub.2 O.sub.4                                    
                 145 - 1040        151                                         
     Ni.sub..65 Zn.sub..35 Fe.sub.2 O.sub.4                                    
                 530 - 2750        135                                         
     ______________________________________                                    
PAR  By way of further example, the general utility of a Ni.sub.(x)
      Zn.sub.(1.sub.-x) Fe.sub.2 O.sub.4 composition is illustrated by the
      results set forth in the following tables for the composition Ni.sub.0.45
      Zn.sub.0.55 Fe.sub. 2 O.sub.4 produced by a process substantially similar
      to the process previously set forth.
PAR  The per cent reflection is measured for several thicknesses in the
      frequency range under consideration to ascertain an optimum thickness.
      Table 2 shows typical variations of per cent reflection for various
      thicknesses at a frequency of 700 megacycles. These variations are
      illustrated in FIG. 2.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Reflection (%) Thickness (mm)                                             
     ______________________________________                                    
     16.0           3.0                                                        
     7.5            4.0                                                        
     3.0            5.0                                                        
     0.4            6.0                                                        
     ______________________________________                                    
PAL  Per cent reflection is then measured over the frequency range under
      consideration for samples having a thickness in the range corresponding to
      low per cent reflection, for example R equal to or less than 0.05. Table 3
      shows the variations in per cent reflection for a sample 6 millimeters
      thick over a frequency range of 0.3 kilomegacycles to 6.0 kilomegacyles.
      These variations are illustrated in FIG. 3, frequency being plotted on a
      logarithmic scale.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Reflection (%)                                                            
                   Frequency (Kmc)                                             
     ______________________________________                                    
     10.0          0.2                                                         
     5.0           0.3                                                         
     2.2           0.4                                                         
     0.4           0.7                                                         
     1.4           1.3                                                         
     11.0          2.5                                                         
     24.0          4.0                                                         
     34.0          6.0                                                         
     ______________________________________                                    
PAR  Table 4 shows variations in permeability .mu. and permittivity .epsilon.
      with frequency above the resonant frequency for .mu.. In the frequency
      range under consideration the imaginary permeability .mu." is
      substantially greater than the real permeability .mu.' and the
      permittivity .epsilon. is substantially constant.
TBL                TABLE 4                                                     
     ______________________________________                                    
     Frequency (Kmc)                                                           
                 Permeability      Permittivity                                
     ______________________________________                                    
     0.2         13.0 - j 22.0     16.5                                        
     0.4          6.0 - j 14.7     11.0                                        
     0.7         2.2 - j 9.5       7.5                                         
     1.3         1.0 - j 5.7       8.0                                         
     2.5         0.5 - j 3.1       9.0                                         
     4.0         0.5 - j 1.8       9.0                                         
     6.0         0.6 - j 1.0       8.9                                         
     ______________________________________                                    
PAR  In general a decrease in the thickness of the layer is accompanied by an
      increased bandwidth, a higher minimum reflection, and a higher
      mid-frequency. In the composition of this example the nickel ion can be
      replaced by divalent ions of manganese, magnesium, copper or cobalt and
      zinc can be replaced by cadmium.
PAC  EXAMPLE II
PAR  Mixed-crystal ferrites having the general composition CdFe.sub.2 O.sub.4 +
      Li.sub.0.5 Fe.sub.2.5 O.sub.4 + Fe.sub.3 O.sub.4 also provide useful
      absorbers. Extra iron is treated as Fe.sub.3 O.sub.4 for clarity although
      in fact it is probably in the .gamma. Fe.sub.2 O.sub.3 structure.
      Reflections less than or equal to five per cent may be achieved with
      composition ranges of: CdFe.sub.2 O.sub.4, 0 to 50 mol per cent; Li.sub..5
      Fe.sub.2.5 O.sub.4, 40to 100 mol per cent; and Fe.sub.3 O.sub.4, 0 to 20
      mol per cent. Generally, the lithium ferrite and magnetite are
      interchangeable while the larger the cadmium ferrite content, the lower
      the frequency range.
PAR  Ferrites of this type may be prepared by pre-firing a mixture of CdO and
      Fe.sub.2 O.sub.3 at 900.degree. C. for one-half hour, pre-firing a mixture
      of Li.sub.2 CO.sub.3 and Fe.sub.2 O.sub.3 at 750.degree. C. for one-half
      hour, and pre-firing the balance of Fe.sub.2 O.sub.3 alone at 800.degree.
      C. for one-half hour. Each ferrite is ground separately to pass a 20 mesh
      screen. The ferrites are then mixed without grinding and pressed with or
      without a binder into pellets which are then sintered at a temperature of
      1150.degree. to 1250.degree. C. for at least two hours.
PAR  One particular mixed ferrite having the composition 0.45 Li.sub.0.5
      Fe.sub.2.5 O.sub.4 + 0.30 CdFe.sub.2 O.sub.4 + 0.25 Fe.sub.3 O.sub.4
      yielded the following results.
PAR  Table 5 shows variations in the per cent reflection calculated from the
      relationship R = .rho..rho.* using measured values of .mu. and .epsilon.,
      and also shows the measured per cent reflection, both of which were
      ascertained over the frequency range under consideration for a layer of
      the ferrite 0.45 Li.sub..5 Fe.sub.2.5 O.sub.4 +0.30 CdFe.sub.2 O.sub.4 +
      0.25 Fe.sub.3 O.sub.4 5 millimeters thick.
TBL                TABLE 5                                                     
     ______________________________________                                    
                 Calculated       Measured                                     
     Frequency (Kmc.)                                                          
                 Reflection (%)   Reflection (%)                               
     ______________________________________                                    
     0.5         6.4              6.0                                          
     0.7         1.2              1.0                                          
     1.0         2.1              0.2                                          
     1.4         0.7              0.3                                          
     2.0         12.6             7.3                                          
     3.0         11.3             17                                           
     4.0         37.2             23                                           
     ______________________________________                                    
PAR  Table 6 shows variations in the per cent reflection for various layer
      thicknesses of the composition 0.45 Li.sub..5 Fe.sub.2.5 O.sub.4 +0.30
      CdFe.sub.2 O.sub.4 + 0.25 Fe.sub.3 O.sub.4 at a frequency of 1420
      megacycles.
TBL                TABLE 6                                                     
     ______________________________________                                    
     Thickness (mm.)                                                           
                    Reflection (%)                                             
     ______________________________________                                    
     1              45.3                                                       
     2              18.4                                                       
     3              5.5                                                        
     4              0.7                                                        
     5              0.7                                                        
     6              3.1                                                        
     7              6.4                                                        
     8              9.3                                                        
     9              11.2                                                       
     10             12.2                                                       
     12             12.0                                                       
     14             10.9                                                       
     20             9.7                                                        
     ______________________________________                                    
PAR  With the ferrite giving the results shown in tables 5 and 6, the real part
      .mu.' of the permeability drops off from 10 to about -0.07 over the
      frequency range of interest; the imaginary part .mu." of the permeability
      drops from 16 to about 0.3. The real permittivity .epsilon.' remains
      essentially constant at 10 while the imaginary permittivity .epsilon."
      drops slowly from 2 to about 0.3. Generally, in the mixed ferrite of this
      example, cadmium may be replaced by zinc.
PAC  EXAMPLE III
PAR  Hexagonal structured ferrites are also useful absorbers. In general, the
      appropriate oxides or carbonates are mixed in an attritor in ethanol,
      dried, and then pressed into pellets. The ferrite is then pre-fired at
      about 1100.degree. C. on platinum in an air atmosphere, crushed to pass
      through a 100 mesh screen, pressed at about 4000 psi and then sintered in
      air at a temperature of about 1250.degree. C.
PAR  One particular hexagonal ferrite having the composition Zn.sub.2 Ba.sub.2
      Fe.sub.12 O.sub.22 yielded the following results.
PAR  Table 7 shows variations in the per cent reflection, calculated from
      measured values of .mu. and .epsilon., and also measured over the
      frequency range under consideration for a layer of the composition
      Zn.sub.2 Ba.sub.2 Fe.sub.12 O.sub.22 5 millimeters thick.
TBL                TABLE 7                                                     
     ______________________________________                                    
                Calculated        Measured                                     
     Frequency (Kmc.)                                                          
                Reflection (%)    Reflection (%)                               
     ______________________________________                                    
     1.0        21.4              5.0                                          
     1.4        2.1               2.0                                          
     2.0        5.2               4.5                                          
     4.0        14.9              19.0                                         
     ______________________________________                                    
PAR  Table 8 shows variations in the per cent reflection for various layer
      thicknesses of the composition Zn.sub.2 Ba.sub.2 Fe.sub.12 O.sub.22 at a
      frequency of 1420 megacycles.
TBL                TABLE 8                                                     
     ______________________________________                                    
     Thickness (mm.)                                                           
                    Reflection (%)                                             
     ______________________________________                                    
     1              53.7                                                       
     2              26.7                                                       
     3              11.2                                                       
     4              3.7                                                        
     5              2.1                                                        
     6              4.6                                                        
     7              8.5                                                        
     8              11.9                                                       
     9              13.4                                                       
     10             13.1                                                       
     12             9.4                                                        
     14             5.8                                                        
     20             5.4                                                        
     ______________________________________                                    
PAR  With the ferrite giving the results shown in tables 7 and 8, the real part
      .mu.' of the permeability drops off from 9 to 1 over the frequency range
      of interest; and the imaginary part .mu."of the permeability drops from 6
      to 3. The real permittivity .epsilon.' drops from 46 to 20 while the
      imaginary permittivity .epsilon." drops slowly from 9 to 7. In the above
      composition zinc can be completely or partially replaced by cobalt,
      magnesium, or nickel to produce a Y-structured cobalt, magnesium, or
      nickel compound.
PAR  Another hexagonal ferrite, a Z-structured ferroxplana having the
      composition Co.sub.2 Ba.sub.3 Fe.sub.24 O.sub.41 yielded the following
      results.
PAR  Table 9 shows variations in the per cent reflection versus frequency for a
      layer of the composition Co.sub.2 Ba.sub.3 Fe.sub.24 O.sub.41 3.25 mm.
      thick.
TBL                TABLE 9                                                     
     ______________________________________                                    
     Reflection (%)                                                            
                   Frequency (Kmc)                                             
     ______________________________________                                    
     40            1.6                                                         
     14            1.5                                                         
     7.0           2.0                                                         
     7.0           3.0                                                         
     9.5           4.0                                                         
     12.5          5.0                                                         
     12.0          6.0                                                         
     9.0           7.0                                                         
     7.0           8.0                                                         
     4.0           9.0                                                         
     1.0           10.0                                                        
     ______________________________________                                    
PAR  Table 10 shows variations in the per cent reflection for various layer
      thicknesses of the composition Co.sub.2 Ba.sub.3 Fe.sub.24 O.sub.41 at a
      frequency of 2 Kmc.
TBL                TABLE 10                                                    
     ______________________________________                                    
     Reflection (%) Thickness (mm)                                             
     ______________________________________                                    
     12.5           2.75                                                       
     9.0            3.00                                                       
     7.0            3.25                                                       
     4.0            3.52                                                       
     2.0            3.75                                                       
     2.0            4.00                                                       
     0.5            4.50                                                       
     ______________________________________                                    
PAL  Over the frequency range of 2.0 to 9.0 Kmc, the real permeability .mu.'
      drops to a minimum of 0.2 at 4.0 Kmc and levels off at about 0.5, the
      imaginary permeability .mu." drops from 5 to 0.5, and the complex
      permittivity remains substantially constant. In the above composition
      cobalt can be partially replaced with zinc, copper, nickel, or magnesium.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an absorber for minimizing reflections of electromagnetic radiation
      of preselected radar wave lengths in the approximate corresponding
      preselected frequency range of 10 megacycles to 15,000 megacycles wherein
      a layer of absorber material has a highly conductive planar backing with
      the absorber material and the backing arranged and disposed so as to
      establish a standing wave with a maximum magnetic field positioned within
      said layer in response to radiation incident upon said layer, that
      improvement wherein said absorber is free of static, externally-applied
      magnetic fields, said absorber material comprises a ferrimagnetic metallic
      oxide having a complex permeability the imaginary part of which is
      substantially greater than the real part of said permeability at
      frequencies within said preselected range, said material has a complex
      permittivity, a complex permeability and a layer thickness .tau. such that
      the product of B .tau. is substantially less than unity where B is the
      wave number of radiation within said range measured inside the absorber
      material and said thickness of said layer is substantially less than one
      quarter of a wave length measured inside said material at preselected
      frequencies within said range so that absorption is substantially
      independent of said permittivity of said material at said preselected
      frequencies within said range.
NUM  2.
PAR  2. The absorber set forth in claim 1 sherein B .tau. is substantially equal
      to or less than 0.1 radians so that tan B .tau. is approximately equal to
      B .tau. at said preselected frequencies.
NUM  3.
PAR  3. The absorber set forth in claim 1 wherein said ferrimagnetic metallic
      oxide has an imaginary part of said permeability which varies
      substantially as a function of f.sup.-.sup.n where f is a frequency
      variation within said preselected frequency range and n is in the range of
      from 1 to 2.
NUM  4.
PAR  4. The combination set forth in claim 1 wherein said layer is secured
      directly to said backing.
NUM  5.
PAR  5. The combination set forth in claim 1 wherein said metallic oxide
      comprises a cubic ferrite having a formula
EQU  MeFe.sub.2 O.sub.4
PAL  where Me is one or more divalent ions selected from the group consisting
      nickel, manganese, magnesium, 1/2 (lithium + iron), copper, cobalt,
      cadmium and zinc.
NUM  6.
PAR  6. The combination set forth in claim 1 wherein said metallic oxide
      comprises a mixed cubic ferrite having the formula
EQU  Ni.sub.(x) Zn.sub.(1.sub.-x) Fe.sub.2 O.sub.4
PAL  where x is between 0.3 and 1.0.
NUM  7.
PAR  7. The combination set forth in claim 1 wherein said metallic oxide
      comprises a hexagonal ferrite.
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PAL  An improved side-lobe canceller system for reducing interference introduced
     nto a signal receiving system from multiple interference sources. A first
      canceller loop associated with an auxiliary channel operates independently
      to decorrelate its auxiliary signal and the output sample of a main
      channel signal from its own subtractor. Each of a remaining plurality of
      canceller loops, also associated with an auxiliary channel and operating
      independently, are serially connected to successively operate on the
      output of a previous canceller loop. When all auxiliary canceller loops
      have operated, a second series of the same canceller loops arranged to
      follow the first series, provides an additional iteration to the canceller
      system. By utilizing a plurality of serially arranged iterations to
      operate on the signals received by the plurality of auxiliary channels,
      the interference in the main channel may be significantly reduced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in signal processing systems
      and more particularly to improved techniques for eliminating interference
      introduced into the side-lobes of an antenna from multiple interference
      sources.
PAR  Signal processing equipment in general is designed with a goal of receiving
      only particular information for evaluation. However, as is often the case,
      desired information is not isolated by itself but may be found in the
      presence of unwanted signals. Antenna systems in particular have
      characteristics that include a main lobe for receiving desired information
      and a plurality of side-lobes at various angles relative to the main lobe.
      Due to the nature of an antenna, information received in a side-lobe is
      indistinguishable from information received in the main lobe and thus
      renders the antenna highly susceptible to interference from unwanted
      signals or information. This problem is particularly acute in radar
      systems where the presence of side-lobes makes it possible for a single
      noise jammer to be effective against a radar from any angle of azimuth.
      The problem becomes even more acute when multiple interference or jamming
      sources are used against a radar and directed from a variety of directions
      simultaneously.
PAR  Side-lobe cancellation is a fundamental approach to eliminating
      interference in received signals and has been used relatively successfully
      to eliminate the interference introduced from a single jamming source.
      Generally, to provide successful cancellation, the side-lobe canceller
      uses a signal received by an auxiliary omnidirectional antenna to cancel
      the interference signal received in the side-lobe of the primary antenna.
      Such a system is taught by U.S. Pat. No. 3,202,990 to Paul W. Howells.
PAR  In the case of a plurality of interference or jamming sources, conventional
      side-lobe canceller systems have not been quite as successful in
      eliminating interference. As also shown by the patent to Howells, multiple
      auxiliary antennas distributed in space sample the electromagnetic
      interference in which the radar is attempting to operate and are combined
      with the interference in the main radar antenna in a manner designed to
      subtract the interfering signals. The system according to Howells,
      however, uses a parallel connection of canceller loops attempting to
      minimize the correlation between its auxiliary signal and the output of
      the main channel subtractor. Each canceller, however, can develop only one
      correlator output that must attenuate and phase shift all components of
      the auxiliary signal by the same amount. Due to the parallel connection,
      this can give rise to one canceller introducing signals that must be taken
      out by another when two or more uncorrelated interference signals are
      simultaneously received from different directions. This necessity for the
      cancellers to work against each other requires the canceller loops to have
      large dynamic ranges that introduce instabilities into the system and
      limit canceller effectiveness. In practice the instability has been
      reduced by limiting the gain in each loop, but the total effect is then to
      limit the amount of cancellation which in turn degrades the overall system
      performance.
PAR  Accordingly, the present invention has been developed to overcome the
      specific shortcomings of the above known and similar techniques and to
      provide a device for increasing the cancellation and stability of
      interference suppression systems.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an
      interference suppression system that has all the advantages of similarly
      employed techniques and none of the disadvantages.
PAR  Another object of the invention is to provide cancellation of interfering
      signals from multiple jamming sources that eliminates canceller loop
      opposition.
PAR  A further object of this invention is to provide a side-lobe canceller
      system which eliminates feedback between cancellers, requires less dynamic
      range, and yet provides improved cancellation.
PAR  Still another object of the invention is to provide an interference
      suppression system formed from a series of independently operating
      canceller loops forming a plurality of iterations.
PAR  A still further object of the invention is to provide a side-lobe canceller
      that can use high loop gains and still maintain stable operation for
      effective cancellation.
PAR  In order to accomplish the above and other objects, the invention provides
      for a side-lobe canceller system having a main directional radar antenna
      input and a plurality of auxiliary omnidirectional antenna inputs for
      receiving interference from a plurality of noise or jamming sources. Each
      of the auxiliary antenna inputs is connected to supply a signal to a
      canceller loop including its own subtractor, and each of the loops is
      serially arranged to operate on the output of the previous subtractor. The
      output from the main antenna is fed to the first subtractor and is
      continually reduced by the operation of each subsequent canceller loop.
      After all canceller loops have operated on the main antenna sample, a
      second series of canceller loops, receiving signals from each of the
      auxiliary antennas, is arranged in the same order as the first series to
      provide a second iteration for cancelling interference in the main
      antenna. By providing a series of iterations having independently
      operating canceller loops, the dynamic range of each canceller loop can be
      reduced allowing loop gain to be increased and providing improved
      cancellation, while at the same time preventing loop opposition and
      instability.
PAR  Other objects, advantages, and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered with the accompanying drawings:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a prior art parallel canceller system showing
      the functional relationship between the different elements.
PAR  FIG. 2 is a schematic diagram of the electrical elements forming the
      cancellers in FIG. 1 and FIG. 3.
PAR  FIG. 3 is a block diagram of the canceller system according to the present
      invention showing the particular connections necessary for multiple serial
      iterations.
DETD
PAC  DETAILED DESCRIPITON OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a conventional multiloop interference suppression
      system is shown as a side-lobe canceller arrangement in a radar system.
      The theory behind the operation of this prior art system is generally
      taught by the patent to Howells U.S. Pat. No. 3,202,990, reference to
      which is hereby made, and will not be discussed in great detail.
      Generally, however, the system is comprised of a main receiving channel in
      the form of a directional radar antenna 11 and a plurality of auxiliary
      receiving channels designated by omnidirectional antennas 12-14. While
      only three auxiliary channels are shown, it is usual practice to employ as
      many auxiliary antennas as there are interference (jamming) sources. The
      output from the radar antenna 11 is mixed with the output from local
      oscillator 19 in a conventional mixer or multiplier circuit 15, down to an
      intermediate frequency (IF). In the same manner, the outputs from
      auxiliary antennas 12-14 are mixed with the outputs of their respective
      local oscillators 20-22 in conventional mixing circuits 16-18
      respectively, down to an intermediate frequency offset from the frequency
      of the main channel by an amount at least equal to the main channel signal
      bandwidth. While the use of separate local oscillators has been described,
      it is obvious that other techniques of obtaining the desired IF frequency
      may be employed such as using a single local oscillator for all channels
      and then offsetting the frequency of the auxiliary channels. The output
      from mixer 15 in the main channel is then connected through a subtractor
      circuit 23 and a bandpass filter 27 to an input a of cancellers C.sub.1
      -C.sub.3. Likewise, the outputs from mixers 16-18 in the auxiliary
      channels, are connected one to each canceller at the inputs b of
      cancellers C.sub.1 -C.sub.3 respectively. The output c from each canceller
      is then fed back to the subtractor circuit 23 in the main transmission
      channel.
PAR  FIG. 2 shows the general construction of the canceller circuits C.sub.1
      -C.sub.3. Each canceller is identical and is formed from a conventional
      mixer or multiplier circuit 30 receiving the output from bandpass filter
      27 through input a. Input b is divided into two parts with one part passed
      through bandpass filter 34, having the same time delay as filter 27, and
      then to a second input to mixer 30. The second part of the auxiliary
      signal is fed to the input of multiplier or mixer 33. The output of mixer
      30 is passed through a narrow band filter 31 and an amplifier 32 to a
      second input in the mixer 33. The outputs c are then fed in parallel to
      the input to subtractor 23. While the narrow band filter 31 and amplifier
      32 have been shown as separate elments the same could just as well be
      replaced by a narrow band amplifier for equivalent operation. The
      operation of the prior art system of FIG. 1. can now be described as
      follows:
PAR  When a plurality of jammers are present, the signal received at the main
      radar antenna includes a radar signal carrier modulated by the radar
      signal and having a specified amplitude and phase, and a plurality of
      jammer carriers having the same frequency but different amplitudes and
      phases, modulated by the jammer waveforms. The expressions of the jamming
      signals received in each of the auxiliary antennas is the same as the
      expressions for the jamming signals in the radar antenna except for a gain
      difference and a phase shift introduced by the difference in path length
      from each jammer to each omnidirectional antenna and from each jammer to
      the radar antenna. The magnitude of the phase shift depends on the
      position of each jammer and the distance between each auxiliary antenna
      and the radar antenna.
PAR  In order to cancel jamming, the waveform in the auxiliary channels must be
      properly corrected in phase and amplitude and then combined with the main
      channel waveform in a manner such that jamming signals cancel and the
      radar signal does not. To do this, the omnidirectional antenna jamming
      signals are mixed down to an intermediate frequency in mixers 16-18
      respectively and offset in frequency from the intermedeiate frequency of
      the radar jamming signal present at the output of mixer 15 as was
      previously described. Bandpass filters 27 and 34 pass a carrier signal
      centered at the intermediate frequencies and modulated by the jammer
      waveforms. Each of the auxiliary signals are then mixed in a mixer 30, of
      each of the cancellers C.sub.1 -C.sub.3, with the radar antenna output
      from bandpass filter 27. Mixer 30 and narrow band filter 31 generally form
      a correlator which produces a signal at a frequency difference equal to
      the difference between the two intermediate frequency inputs to each mixer
      30. The amplitude of the signal is proportional to average jammer power in
      the main channel while the phase is equal to the phase of the jamming
      signal received at the respective auxiliary antennas with respect to its
      phase in the radar antennas. The output signal from the amplifiers 32 is a
      weighting signal that is then used to cancel the phase difference between
      the main and auxiliary jamming signal in mixer 33. The resultant output is
      a signal at the radar intermediate frequency that is controlled in
      amplitude and phase in such manner as to reduce the jamming signal in the
      main IF channel. Each canceller in the above case attempts to minimize the
      correlation between the auxiliary signal and the output of the subtractor.
      However, in doing so, each canceller can only develop one correlator
      output weight and must attenuate and phase shift all components of its
      signal by the same amount. Since the cancellers are added in parallel in
      subtractor circiut 23, there exists the condition of one canceller
      introducing signals that another canceller must take out when two or more
      uncorrelated jamming signals are received from different directions
      simultaneously. That this occurs can be shown by a vector analysis of the
      interaction between each of the loops for a given set of jammer
      configurations. For purposes of this invention, it is sufficient to note
      that such loop opposition requires large dynamic range for cancellation
      where high loop gain causes instabilities in the system resulting in
      ineffective cancellation and limited system performance. As a solution to
      the problem of instability, the gain of each canceller loop can be
      limited, but the same results in a limitation on the total cancellation
      able to be obtained.
PAR  Turning now to FIG. 3, a system according to the present invention is shown
      which substantially eliminates the feedback between cancellers which
      causes instability and requires large dynamic ranges in cancellers. Like
      numerals have been used to designate like elements throughout. The system
      is generally composed of radar antenna 11 forming the main channel for
      receiving the desired signal as well as interference signals, and
      auxiliary antennas 12-14 forming the auxiliary channels for receiving
      primarily interference signals. As is known in the art, the main radar
      antenna will recieve desired radar returns for indentifying a target as
      well as interference signals, while each of the auxiliary antennas will
      receive interference signals for developing a cancelling signal in the
      canceller loop. While some scattered radar returns may be received by the
      auxiliary antennas, the primary purpose of the auxiliary antennas is to
      provide samples of the interference environment to the canceller loops as
      has been previously described. Each channel output is fed to its
      respective mixers 15-18 where it is combined with outputs from local
      oscillators 19-22 respectively as has been previously described with
      reference to FIG. 1. In the present invention, contrary to the prior art
      technique, the cancellers are arranged in series such that each one
      operates independently of the other. As shown in the drawing, the output
      from mixer 15 is coupled to a subtractor 40. The output from 40 is then
      coupled to input a of canceller C.sub.1 through a bandpass filter 46 along
      with the output from mixer 16 at b. The canceller output c from C.sub.1 is
      then coupled back to subtractor 40 to complete the first canceller loop
      which operates as has been described with reference to FIG. 1. The output
      from subtractor 40 is then coupled to subtractor 41, whose output is
      coupled to input a of canceller C.sub.2 through filter 47 along with the
      output from mixer 17 and then back to subtractor 41 to close the loop. The
      effect of canceller loop C.sub.2 is to reduce the interference in the
      residue from canceller loop C.sub.1. In a like manner, the output from
      subtractor 41 is coupled to subtractor 42, through filter 48 and canceller
      C.sub.3, and back to the same subtractor 42.
PAR  As can be seen from the above description, each of the auxiliary signals is
      fed to its own independent closed canceller loop arranged to serially
      follow the previous loop, until all the auxiliary antenna signals have
      been utilized. At this point, the output from the first auxiliary channel
      mixer 16 is fed to a second canceller loop C.sub.4 whose output feeds
      through subtractor 43 receiving the residue input from subtractor 42. As
      in the previous cases, this subtractor output is fed back to its own
      canceller, in this case C.sub.4 and also to the next subtractor in a
      serial arrangement. The outputs from each of the other auxiliary antennas
      are again used to feed cancellers C.sub.5 and C.sub.6 connected in the
      same serial manner as all previous canceller loops until all auxiliary
      channels have been used.
PAR  In the operation of the circuit of FIG. 3, each canceller obtains its
      sample of the radar jamming signal from its own subtractor and operates on
      the signal with the auxiliary channel signal. For example, C.sub.1
      operates on the main channel signal using signals from auxiliary antenna
      12 by attempting to decorrelate the auxiliary signal from 12 and the
      output from subtractor 40. C.sub.2 then operates on the residue of
      C.sub.1, out of subtractor 40, using the signals from auxiliary antenna
      13. This process is continued until all auxiliary antennas have been used
      once. The entire process is then repeated using all the same auxiliary
      signals in the same order through cancellers C.sub.4 -C.sub.6 as
      illustrated, with the final output taken through bandpass filter 51. Each
      process repetition or group of cancellers is designated an iteration as
      generally shown in FIG. 3, and the obtainable cancellation ratio, which is
      defined as the ratio of the input to output jammer power in the main
      channel, is proportional to the number of iterations employed. While only
      two iterations are shown in the drawings, it is contemplated that as many
      could be serially connected as required for a particular application.
PAR  The operation of the system described in FIG. 3 is similar to the
      recirculation of the data using conventional parallel loops. However, the
      system according to the present invention produces a process that is
      inherently more stable, less lossy in recirculation, and has a settling
      time as short or shorter than conventional canceller systems. The
      increased stability is derived from the formation of independent canceller
      loops so that each canceller operates independently of all others
      requiring no feedback between cancellers. Less lossy recirculation is
      obtained since successive loops operate directly on the residue of
      previous loops rather than through successive recirculations through
      narrow band finite gain correlator loops as in conventional systems. The
      fast system response is provided since all iteration are substantially
      simultaneous, i.e. the effect of the first iteration is felt immediately
      by the last rather than being delayed by successive recirculations through
      the narrow band correlator loops.
PAR  As can be seen from the above description, the present invention provides a
      simple and effective technique for providing improved cancellation in a
      signal receiving system exposed to multiple interference sources. Using a
      main channel signal and a plurality of auxiliary channel signals to sample
      the jamming environment, a series of independent canceller loops, arranged
      to form a series of canceller groups or iterations, operates to reduce the
      interference in the receiving system. The inherent stability of this
      iterative system, contrary to prior techniques, allows a reduction in the
      dynamic range of each canceller loop resulting in less complex
      implementation. In addition, the serial configuration effectively cascades
      loop gains and eliminates feedback between cancellers causing system
      instability, which in turn allows high loop gain to be used without
      introducing the danger of oscillation. While the multiloop process
      described above does increase the probability of loop failure because of
      the increase in the number of loops, the same increase in number reduces
      the criticality of failure of any of the loops. Also since the canceller
      loops are constructed from relatively simple elements, the structure of
      the present system lends itself well to construction using integrated
      circuit techniques that substantially reduce the cost for a greater number
      of loops. Additionally, since the amount of cancellation depends on the
      number of iterations employed, an effective trade-off between cancellation
      and cost can be made by simply controlling the number of canceller groups
      in any particular application.
PAR  While the invention has been described with reference to a particular
      receiving system, in this case a radar system, it is noted that the same
      techniques are applicable to a variety of other signal processing systems
      such as sonar, etc. In addition, the use of only three auxiliary channels
      was only for purposes of a simplified description, it being obvious from
      the inventive teachings that more could be utilized depending on the
      number of jammers. Further, although the invention has been described with
      particular reference to an IF receiving system and specific canceller
      construction, the inventive teachings are equally applicable to any signal
      cancelling system using adaptive canceller loops of any appropriate
      construction.
PAR  Obviously many other modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be precticed otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. An interference cancellation system comprising:
PA1  a main channel means for receiving desired signals and interference signals
      and forming a main channel signal;
PA1  a plurality of auxiliary channel means for receiving primarily interference
      signals and forming auxiliary channel signals.
PA1  first means coupled to said main channel means and said auxiliary channel
      means for comparing interference signals in the main channel means and
      each of the auxiliary channel means and providing cancelling signals which
      reduce interference in the main channel signal; and
PA1  at least one iterative means coupled to said first means and said auxiliary
      channel means for comparing the main channel signal from said first means
      with each of the signals of the auxiliary channel means and providing
      cancelling signals which further reduce interference in the main channel
      signal.
NUM  2.
PAR  2. The system claim 1 wherein said first means comprises a plurality of
      canceller loops, with one loop coupled to each auxiliary channel means in
      such manner that each loop has an input from the main channel signal and
      its respective auxiliary channel signal and a reduced interference main
      signal output and wherein said at least one iterative means comprises a
      plurality of canceller loops, with one loop coupled to each auxiliary
      channel means in such manner that each loop has an input from the main
      channel signal and its respective auxiliary channel signal and a reduced
      interference main signal output.
NUM  3.
PAR  3. The system of claim 2 wherein each of said canceller loop comprise;
      canceller means for comparing the main channel interference signal and its
      respective auxiliary channel signal and providing a cancelling signal
      therefrom and a subtractor connected to subtract said cancelling signal
      from said main channel signal to form said reduced interference main
      signal output.
NUM  4.
PAR  4. The system of claim 3 wherein each canceller means of each canceller
      loop is connected to receive the output from its own subtractor as the
      main channel interference signal to thereby form a plurality of
      independent canceller loops.
NUM  5.
PAR  5. The system of claim 4 wherein a subtractor of one of the canceller loops
      of said first means is connected to receive the main channel signal from
      said main channel means and each of the remaining subtractors are serially
      connected such that the output from a previous subtractor forms the main
      signal input to the next succeeding subtractor until all subtractors of
      said first means have been used, and wherein a subtractor of one of the
      canceller loops of said at least one interative means is connected to
      receive the main channel signal from the last subtractor output of the
      first means and each of the remaining subtractors are serially connected
      such that the output from a previous subtractor forms the main signal
      input to the next succeeding subtractor until all subtractors of said at
      least one iterative means have been used.
NUM  6.
PAR  6. The system of claim 5 wherein the canceller loops of said at least one
      iterative means are arranged to utilize the auxiliary channel signals in
      the same serial order as the canceller loops of said first means.
NUM  7.
PAR  7. The system of claim 6 wherein said at least one iterative means
      comprises a plurality of iterative means serially connected such that the
      main signal output of the previous iterative means is connected as input
      to the next succeeding iterative means to successively reduce interference
      in the main signal output.
NUM  8.
PAR  8. The system of claim 7 wherein said main channel means comprises a
      directional antenna for providing the main channel signal and wherein each
      of said auxiliary channel means comprises an auxiliary antenna for
      providing the auxiliary channel signals.
NUM  9.
PAR  9. The system of claim 8 wherein each of said auxiliary antennas is an
      omnidirectional antenna.
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PAL  An improved technique for eliminating interference in a signal processing
      stem exposed to multiple interference sources. A main receiving channel
      output and a plurality of auxiliary channel outputs are connected to form
      a canceller system where outputs from the canceller of each auxiliary
      channel are connected in parallel and subtracted from the main channel
      signal. The output residue from the subtractor is then combined in a
      second subtractor with the input from a second group of parallel connected
      cancellers using the same auxiliary channels. Each group of parallel
      connected cancellers and subtractor forms an iteration which reduces the
      residue of interference in the main channel. By providing a series of
      iterations, the cancellation obtainable can be improved along with an
      increase in system stability.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present invention is related to copending U.S. Application Ser. No.
      499,260 entitled "Improved Sidelobe Canceller System" by Bernard L. Lewis
      and Irwin B. Olin, filed in the United States on an even date herewith and
      assigned to the same assignee of the present invention.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in signal processing systems
      and more particularly to improved techniques for eliminating interference
      introduced into the side-lobes of an antenna from multiple interference
      sources.
PAR  Signal processing equipment in general is designed with a goal of receiving
      only particular information for evaluation. However, as is often the case,
      desired information is not isolated by itself but may be found in the
      presence of unwanted signals. Antenna systems in particular have
      characteristics that include a main lobe for receiving desired information
      and a plurality of side-lobes at various angles relative to the main lobe.
      Due to the nature of an antenna, information received in a side-lobe is
      indistinguishable from information received in the main lobe and thus
      renders the antenna highly susceptible to interference from unwanted
      signals or information. This problem is particularly acute in radar
      systems where the presence of side-lobes makes it possible for a single
      noise jammer to be effective against a radar from any angle of azimuth.
      The problem becomes even more acute when multiple interference or jamming
      sources are used against a radar and directed from a variety of directions
      simultaneously.
PAR  Side-lobe cancellation is a fundamental approach to eliminating
      interference in received signals and has been used relatively successfully
      to eliminate the interference introduced from a single jamming source.
      Generally, to provide successful cancellation, the side-lobe canceller
      uses a signal received by an auxiliary omnidirectional antenna to cancel
      the interference signal received in the side-lobe of the primary antenna.
      Such a system is taught by U.S. Pat. No. 3,202,990 to Paul W. Howells.
PAR  In the case of a plurality of interference or jamming sources, conventional
      side-lobe canceller systems have not been quite as successful in
      eliminating interference. As also shown by the patent to Howells, multiple
      auxiliary antennas distributed in space sample the electromagnetic
      interference in which the radar is attempting to operate and are combined
      with the interference in the main radar antenna in a manner designed to
      subtract the interfering signals. The system according to Howells,
      however, uses a parallel connection of canceller loops attempting to
      minimize the correlation between its auxiliary signal and the output of
      the main channel subtractor. Each canceller, however, can develope only
      one correlator output that must attenuate and phase shift all components
      of the auxiliary signal by the same amount. Due to the parallel
      connection, this can give rise to one canceller introducing signals that
      must be taken out by another when two or more uncorrelated interference
      signals are simultaneously received from different directions. This
      necessity for the cancellers to work against each other requires the
      canceller loops to have large dynamic ranges that introduce instabilities
      into the system and limit canceller effectiveness. In practice the
      instability has been reduced by limiting the gain in each loop, but the
      total effect is then to limit the amount of cancellation which in turn
      degrades the overall system performance.
PAR  In the copending application to Bernard L. Lewis and Irwin D. Olin
      previously referred to, it was found that the above noted problem could be
      reduced by providing independent canceller loops for each auxiliary signal
      serially arranged to provide a plurality of iterations. However, such a
      system, in some instances, requires many loops to provide the improved
      cancellation.
PAR  Accordingly, the present invention has been developed to overcome the
      specific shortcomings of the above known and similar techniques and to
      provide a device for increasing the cancellation and stability of
      interference suppression systems.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an
      interference suppression system that has all the advantages of similarly
      employed techniques and none of the disadvantages.
PAR  Another object of the invention is to provide a canceller system which
      requires less dynamic range and lower weighting functions, yet provides
      improved cancellation.
PAR  A further object of the invention is to provide a side-lobe canceller that
      cascades a plurality of parallel canceller loops to form a series of
      iterations.
PAR  Still another object of the invention is to provide a multiloop canceller
      system which requires fewer iterations and therefore fewer elements, yet
      increases the cancellation obtained.
PAR  A still further object of the invention is to provide a multiloop side-lobe
      canceller system which increases the stability of the cancellation system
      while allowing higher loop gains.
PAR  In order to accomplish the above and other objects, the invention provides
      for a side-lobe cancellation system having a main channel input and a
      plurality of auxiliary channel inputs for receiving interference from a
      plurality of noise or jamming sources. Each of the auxiliary channel
      inputs is connected to supply a signal to a canceller loop in a first
      group of cancellers the outputs of which are fed in parallel to a
      subtractor. At the same time, the outputs from the same auxiliary channels
      are fed to a second group of cancellers in the same manner as the first
      and forms a second iteration. The input to the subtractor of the second
      group is the output from the subtractor of the first group. By providing a
      series of iterations by cascading a plurality of parallel loops, the
      cancellation of the system can be greatly improved. Since the output from
      the first group is reduced from the original input signal of the main
      channel, the loop gains can be made higher without encountering dynamic
      range limitations. This allows all groups to be constructed to have
      dynamic ranges allowing stable operation of the first loop while providing
      increased cancellation in subsequent loops without the danger of
      oscillation.
PAR  Other objects, advantages, and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered with the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a prior art parallel canceller system showing
      the functional relationship between the different elements.
PAR  FIG. 2 is a schematic diagram of the electrical circuits forming the
      cancellers in the diagram of the FIG. 1 and FIG. 3.
PAR  FIG. 3 is a block diagram of the canceller system according to the present
      invention showing the particular connections necessary for multiple
      iterations.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a conventional multiloop interference suppression
      system is shown as a side-lobe canceller arrangement in a radar system.
      The theory behind the operation of this prior art system is generally
      taught by the patent to Howells U.S. Pat. No. 3,202,990, reference to
      which is hereby made, and will not be discussed in great detail.
      Generally, however, the system is comprised of a main receiving channel to
      the form of a directional radar antenna 11 and a plurality of auxiliary
      receiving channels designated by omnidirectional antennas 12-14. While
      only three auxiliary channels are shown, it is usual practice to employ as
      many auxiliary antennas as there are interference (jamming) sources. The
      output from the radar antenna 11 is mixed with the output from local
      oscillator 19 in a conventional mixer or multiplier circuit 15, down to an
      intermediate frequency (IF). In the same manner, the outputs from auxiliay
      antennas 12-14 are mixed with the outputs of their respective local
      oscillators 20-22 in conventional mixing circuits 16-18 respectively, down
      to an intermediate frequency offset from the frequency of the main channel
      by an amount at least equal to the main channel signal bandwidth. While
      the use of separate local oscillators has been described, it is obvious
      that other techniques of obtaining the desired IF frequency may be
      employed such as using a single local oscillator for all channels and then
      offsetting the frequency of the auxiliary channels. The output from mixer
      15 in the main channel is then connected through a subtractor circuit 23
      and a bandpass filter 27 to an input a of cancellers C.sub.1 -C.sub.3.
      Likewise, the output from mixers 16-18 in the auxiliary channels, are
      connected one to each canceller at the inputs b of cancellers C.sub.1
      -C.sub.3 respectively. The output c from each canceller is then fed back
      to the subtractor circuit 23 in the main transmission channel.
PAR  FIG. 2 shows the general construction of the canceller circuits C.sub.1
      -C.sub.3. Each canceller is identical and is formed from a conventional
      mixer or multiplier circuit 30 receiving the output from bandpass filter
      27 through input a. Input b is divided into two parts with one part passed
      through bandpass filter 34, having the same time delay as filter 27, and
      then to a second input to mixer 30. The second part of the auxiliary
      signal is fed to the input of multiplier or mixer 33. The output of mixer
      30 is passed through a narrow band filter 31 and an amplifier 32 to a
      second input in the mixer 33. The outputs c are then fed in parallel to
      the input to subtractor 23. While the narrow band filter 31 and amplifier
      32 have been shown as separate elements the same could just as well be
      replaced by a narrow band amplifier for equivalent operation. The
      operation of the prior art system of FIG. 1 can now be described as
      follows:
PAR  When a plurality of jammers are present, the signal received at the main
      radar antenna includes a radar signal carrier modulated by the radar
      signal and having a specified amplitude and phase, and a plurality of
      jammer carriers having the same frequency but different amplitudes and
      phases, modulated by the jammer waveforms. The expressions of the jamming
      signals received in each of the auxiliary antennas is the same as the
      expressions for the jamming signals in the radar antenna except for a gain
      difference and a phase shift introduced by the difference in path length
      from each jammer to each omnidirectional antenna and from each jammer to
      the radar antenna. The magnitude of the phase shift depends on the
      position of each jammer and the distance between each auxiliary antenna
      and the radar antenna.
PAR  In order to cancal jamming, the waveform in the auxiliary channels must be
      properly corrected in phase and amplitude and then combined with the main
      channel waveform in a manner such that jamming signals cancel and the
      radar signal does not. To do this, the omnidirectional antenna jamming
      signals are mixed down to an intermediate frequency in mixers 16-18
      respectively and offset in frequency from the intermediate frequency of
      the radar jamming signal present at the output of mixer 15 as was
      previously described. Band pass filters 27 and 34 pass carrier signals
      centered at the intermediate frequencies and modulated by the jammer
      waveforms. Each of the auxiliary signals are then mixed in a mixer 30, of
      each of the cancellers C.sub.1 -C.sub.3, with the radar antenna output
      from band pass filter 27. Mixer 30 and narrow band width 31 generally form
      a correlator which produces a signal at a frequency difference equal to
      the difference between the two intermediate frequency imputs to each mixer
      30. The amplitude of the signal is proportional to average jammer power in
      the main channel while the phase is equal to the phase of the jamming
      signal received at the respective auxiliary antennas with respect to its
      phase in the radar antenna. The output signal from the amplifiers 32 is a
      weighting signal that is then used to cancel the phase difference between
      the main and auxiliary jamming signal in mixer 33. The resultant output is
      a signal at the radar intermediate frequency that is controlled in
      amplitude and phase in such manner as to reduce the jamming signal in the
      main IF channel. Each canceller in the above case attempts to minimize the
      correlation between the auxiliary signal and the output of the subtractor.
      However, in doing so, each canceller can only develope one correlator
      output weight and must attenuate and phase shift all components of its
      signal by the same amount. Since the cancellers are added in parallel in
      subtractor circuit 23, there exists the condition of one canceller
      introducing signals that another canceller must take out when two or more
      uncorrelated jamming signals are received from different directions
      simultaneously. That this occurs can be shown by a vector analysis of the
      interaction between each of the loops for a given set of jammer
      configuration. For purposes of this invention, it is sufficient to note
      that such loop opposition requires large dynamic range for calcellation
      where high loop gain causes instabilities in the system, resulting in
      ineffective cancellation and limited system performance. As a solution to
      the problem of instability, the gain of each canceller loop can be
      limited, but the same results in a limitation on the total cancellation
      able to be obtained.
PAR  Turning now to FIG. 3 a system according to the present invention is shown
      which substantially reduces the problems of instability caused by the
      requirement for large dynamic ranges and allows the use of high loop gains
      for increased cancellation. Like numerals have been used to designate like
      elements throughout. The system is generally composed of radar antenna 11
      forming the main channel for receiving the desired signal as well as
      interference signals and auxiliary antennas 12-14 forming the auxiliary
      channels for receiving primarily interference signals. Each antenna output
      is connected to its respective mixer 15-18 where it is combined with the
      outputs from local oscillators 19-22 respectively as previously described
      with reference to FIG. 1. Each of the outputs from auxiliary channel
      mixers 16-18 are then coupled to a canceller C.sub.1 -C.sub.3 respectively
      through inputs b also as previously described. Likewise, the outputs c
      from each of the cancellers are connected in parallel to the input of a
      subtractor circuit where the output of the main radar channel is combined
      with the outputs from each of the cancellers. The output from 40 is then
      connected to each of the cancellers at inputs a through a band pass filter
      42 to complete the parallel canceller loops. The band pass filter 42 is
      equivalent in function to the band pass filter 27 of FIG. 1.
PAR  In the present invention, contrary to prior art techniques, the output from
      subtractor 40 is connected to the input of a second subtractor 41. At the
      same time the outputs from mixers 16-18 are also connected to the inputs b
      of a second group of cancellers C.sub.4 -C.sub.6 respectively. Like the
      first group of cancellers, the outputs c from C.sub.4 -C.sub.6 are
      connected in parallel and connected as input to subtractor 41 where they
      are combined with the signal output from the first group of canceller
      loops from subtractor 40. The output of subtractor 41 is then fed back to
      each of the cancellers C.sub.4 -C.sub.6 respectively through a band pass
      filter 43 centered at the main channel IF frequency to complete the
      canceller loops of the second group. Each group of cancellers connected in
      parallel is called an iteration, and although only two iterations are
      shown in the drawing, it is contemplated that as many could be serially
      connected as required for the particular application. Each group utilizes
      the output of the previous subtractor and connects the outputs of all
      cancellers in parallel until all auxiliary channel cancellers have been
      utilized at which time a successive group of cancellers using the same
      auxiliary signals are connected in parallel in the same manner as the
      previous group until all auxiliary signals have been used. The final
      output is then taken through a band pass filter 43.
PAR  In the operation of the circuit according to the present invention, each
      canceller obtains a sample of the radar jamming environment from its own
      auxiliary antenna and attempts to minimize the correlation between its
      auxiliary signal and the subtractor output as has been previously
      described. Normally, as was noted, this can cause the cancellers to oppose
      one another and force the loops to operate with large weighting functions
      which can lead to instability and increases in the required dynamic range
      in each loop. This condition requires that the loop gain be decreased to
      maintain stability and results in a corresponding decrease in the
      cancellation ratio, defined as the ratio of input to output jamming power
      in the main channel.
PAR  In the present invention, however, a second group of canceller loops
      designated as an iteration, is serially connected to operate on the
      residue of the first group of cancellers. The second group of cancellers
      operates in the same manner as the first except that the input signal from
      the main channel is the residue output from the first iterative group.
      Since this output is the result of the operation by the first iteration,
      it will be of a reduced value. In the same way, any subsequent output of
      any iteration will be less than its input value. Since the added groups
      will have a smaller input, and thus smaller input into the canceller
      loops, the loop gains can be made higher without encountering dynamic
      range limitation. This means that the initial loops of the first iteration
      can be reduced in gain to operate at a stable dynamic range and allow
      successive iterations to provide the necessary cancellation for the
      residue output of the first iteration. The effect is to get equal or
      better cancellation than could be obtained even if the necessary dynamic
      range and gains of a conventional single iteration parallel loop canceller
      could practically be realized.
PAR  As can be seen from the above description, the present invention provides
      an improved technique for increasing the ability of a side-lobe canceller
      system to eliminate interference in the main signal channel. Using a
      plurality of serially connected canceller groups forming a plurality of
      iterations, the output interference signal is continually reduced with
      stable loop operation. Contrary to prior art techniques, where
      cancellation was limited by dynamic range considerations, cancellation
      according to the present invention is only limited by the number of
      iterations employed. Since the canceller loops are constructed from
      relatively simple circuit elements, the structure lends itself well to
      construction using integrated circuit techniques that substantially reduce
      the cost for a greater number of iterations. In comparison to the system
      of the previously mentioned application of Bernard L. Lewis and Irwin D.
      Olin, the present invention provides increased cancellation with a smaller
      number of iterations.
PAR  While the invention has been described with particular reference to a radar
      system, the teachings are equally applicable to many other signal
      processing systems such as sonar, etc... In addition, while the
      description referred to only three auxiliary channels it is obvious that
      the same principles can be applied for any number of auxiliary channels.
      Further, although the invention has been described with particular
      reference to an IF receiving system and specific canceller construction,
      the inventive teachings are equally applicable to any signal cancelling
      system using adaptive canceller loops of any appropriate construction.
PAR  Obviously many other modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters patent of the United
      States is:
NUM  1.
PAR  1. An interference cancellation system comprising:
PA1  a main channel means for receiving desired signals and interference signals
      and forming a main channel signal;
PA1  a plurality of auxiliary channel means for receiving primarily interference
      signals and forming auxiliary channel signals;
PA1  first means for reducing interference in the main channel signal
      comprising, a plurality of canceller means with each one coupled to
      receive said main channel signal and a different auxiliary channel signal
      for comparing the main channel interference signal and its respective
      auxiliary channel signal and providing a first cancelling signal therefrom
      and a first subtractor means coupled to said canceller means and said main
      channel means for combining the first cancelling signal from all of said
      canceller means in parallel and subtracting said first cancelling signals
      from the main channel signal to form a reduced interference main signal
      output, each of said canceller means being connected to receive the output
      of the first subtractor means as the main channel interference signal; and
PA1  at least one iterative means for reducing interference in the main signal
      output from said first means comprising, a plurality of second canceller
      means with each one coupled to receive said main channel signal and a
      different auxiliary channel signal for comparing the main channel
      interference signal and its respective auxiliary signal and providing a
      second cancelling signal therefrom and a second subtractor means coupled
      to said second canceller means and said first subtractor means for
      combining the second cancelling signal from all of said canceller means in
      parallel and subtracting said second cancelling signals from the main
      signal output to form a main signal output of further reduced
      interference, each of said second canceller means being connected to
      receive the output of said second subtractor means as the main channel
      interference signal.
NUM  2.
PAR  2. The system of claim 1 wherein said at least one iterative means
      comprises a plurality of iterative means serially connected such that the
      main signal output of the previous iterative means is connected as input
      to the next succeeding iterative means to successively reduce interference
      in the main signal output.
NUM  3.
PAR  3. The system of claim 2 wherein said main channel means comprises a
      directional antenna for providing the main channel signal and wherein each
      of said auxiliary channel means comprises an auxiliary antenna for
      providing the auxiliary channel signals.
NUM  4.
PAR  4. The system of claim 3 wherein each of said auxiliary antennas is an
      omnidirectional antenna.
NUM  5.
PAR  5. The system of claim 1 wherein the plurality of canceller means of said
      iterative means are coupled to receive the same auxiliary channel signals
      as those received by the plurality of canceller means of said first means.
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PAL  In an instrument landing system for aircraft, the transmitter is required
      to produce an amplitude modulated signal comprising a carrier wave having
      sidebands containing the sum of a 90 Hz and a 150 Hz signal as modulation,
      and to also produce a double sideband, suppressed carrier signal in which
      the modulation is the difference between the 90 Hz and 150 Hz signals. In
      the present invention, the 90 Hz and 150 Hz signals are summed to provide
      a composite modulating signal that is employed to directly modulate the
      radio frequency carrier. To provide the double sideband signal the carrier
      is fed to a 180.degree. phase shift network, and the carrier and the
      network output are alternately delivered to a modulated amplifier stage by
      an RF switch which is operated with each change in the sign of a
      difference signal derived from the 90 Hz and 150 Hz signals. Accordingly,
      the output from the RF switch is a phasechanging carrier that undergoes a
      phase reversal with each change in the polarity of the difference signal.
      This phase-changing carrier is modulated with a modulating signal that is
      the absolute value of the difference signal, and the resultant is the
      desired double sideband, suppressed carrier output. A high gain
      operational amplifier in conjunction with an envelope detector in a
      negative feedback loop is employed with both the AM and the DSB modulators
      to insure high stability.
BSUM
PAR  This invention relates to improvements in modulators for instrument landing
      systems and, in particular, to an improved method and apparatus for
      providing the required amplitude modulated and double sideband signals in
      transmitting equipment used in such systems.
PAR  An instrument landing system (ILS) for aircraft provides guidance both in
      the azimuth plane for alignment with the runway and along the glide path
      of the approaching aircraft. Guidance in the azimuth plane is accomplished
      by the localizer portion of the system which defines a line of approach
      corresponding to the center line of the runway. Space modulated radio
      navigation signals are received and demodulated by the airborne receiver
      and, if the aircraft is on the line of approach, the difference in the
      depth of modulation (ddm) of detected 90 Hz and 150 Hz signals is zero.
      Likewise, in the glide slope portion of the system, the ddm is also zero
      if the aircraft is in the defined glide path.
PAR  Special modulators are employed in the transmitters of an instrument
      landing system in order to produce the required radio frequency signals
      which are fed to the antenna arrays of the localizer and glide slope
      equipment. When radiated, the signals combine in space to provide the 90
      Hz and 150 Hz space modulated navigation signals whose difference in depth
      of modulation provides guidance to a landing aircraft. Two RF output
      signals are required from the localizer and glide slope transmitters, a
      carrier wave having sidebands containing the sum of a 90 Hz and a 150 Hz
      signal as modulation, and a double sideband, suppressed carrier signal in
      which the modulation is the difference between the 90 Hz and 150 Hz
      signals. Since the quality of the guidance information radiated into space
      is directly related to the quality of such information produced by the
      transmitting equipment, the modulators are one of the most critical
      components of the instrument landing system.
PAR  A prior modulation approach employed to form these required signals
      involves separately modulating two isolated sources of the same carrier
      with the 90 Hz and 150 Hz signals to create two signals that are then
      added and subtracted by means of hybrid combiners to produce the carrier
      plus sidebands and the sidebands only output signals. Developing the RF
      modulated wave form with precision is difficult and the addition and
      subtraction process leads to instabilities and drift problems.
      Furthermore, it has also been a prior practice to employ motor driven,
      mechanical sideband generators for producing the 90 Hz and 150 Hz
      modulation information, thereby adding the inherent problems associated
      with mechanical equipment including inherent bulk, wear and maintenance
      considerations.
PAR  It is, therefore, an important object of the present invention to provide a
      modulating method and modulator apparatus for overcoming the problems
      discussed above, in order to improve the quality of the guidance
      information radiated by an instrument landing system.
PAR  As a corollary to the foregoing object, it is an important aim of this
      invention to effect the necessary signal combining in the modulator
      apparatus at low audio frequencies (90 and 150 Hz) to thereby eliminate
      the need for hybrid combining networks or other circuitry to handle radio
      frequency energy.
PAR  Another important object of this invention is to provide a modulating
      method and apparatus as aforesaid wherein sum and difference signals are
      derived at the low audio frequencies and the carrier is directly modulated
      to provide the required carrier plus sidebands output signal, and the
      carrier is also directly modulated after special handling of the carrier
      and its modulating signal to provide the required double sideband,
      suppressed carrier output.
PAR  Still another important object of this invention is to provide a modulator
      as aforesaid wherein the double sideband, suppressed carrier output is
      obtained without employing mechanical sideband generators or combining
      networks at radio frequencies.
PAR  Furthermore, it is an important object of the present invention to provide
      a modulator arrangement as aforesaid wherein the modulation levels of both
      output signals are precisely controlled and high stability is insured.
PAR  Briefly, in the present invention the low frequency signals (90 and 150 Hz)
      constituting the guidance information are generated and then combined to
      provide sum and difference signals. Both the localizer and the glide slope
      system require that the carrier wave have sidebands containing the sum of
      the 90 Hz and 150 Hz signals as modulation, and require that the double
      sideband, suppressed carrier signal from the transmitter contain
      modulation which is the difference between the 90 Hz and 150 Hz signals.
      As will be discussed in detail hereinafter, the summation signal in the
      invention provides a composite modulating signal that is employed to
      directly modulate the radio frequency carrier. The carrier is also fed to
      a 180.degree. phase shift network, and the carrier and the network output
      are alternately delivered to a modulated amplifier stage by an RF switch
      which is operated with each change in the sign of the difference signal.
      This phase-changing carrier (reversing in phase with each change in the
      polarity of the difference signal) is modulated with a modulating signal
      that is the absolute value of the difference signal, the resultant being
      the desired double sideband, suppressed carrier output. RF envelope
      detectors in negative feedback loops are employed with the modulated
      amplifier stages of both outputs, each in conjunction with a high gain
      operational amplifier that drives the modulating amplifier and receives
      the modulating signal and the detected envelope at its input.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic and block diagram of a localizer transmitter
      incorporating the improvements of thepresent invention;
PAR  FIG. 2 illustrates wave forms at various points in the transmitter of FIG.
      1; and
PAR  FIG. 3 is a diagrammatic illustration of a runway and a localizer antenna
      array.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, a carrier wave is generated by an oscillator 10 which
      would, in localizer applications, have a frequency in the range of from
      108 to 112 MHz. The radio frequency carrier may be represented by the
      expression -sin .omega..sub.c t as indicated by the legend, and is fed to
      an amplifier 12 whose output is connected to a 90.degree. phase shift
      network 14 and a 180.degree. phase shift network 15. The output of the
      90.degree. phase shift network 14 is cos .omega..sub.c t and is fed a
      modulated amplifier stage 16. .omega..sub.c is the angular velocity of the
      carrier in radians per second, and t is time in seconds.
PAR  A 450 Hz square wave generator 18 delivers its output to a digital
      divide-by-5 network 20 and a digital divide-by-3 network 22. A 90 Hz
      square wave signal is, therefore, provided at the output of the
      divide-by-5 network 20, whereas a 150 Hz square wave signal is delivered
      at the output of the divide-by-3 network 22. These square waves are formed
      into sinusoidal signals by low pass filters 24 and 26 which suppress the
      harmonics and 90the output signals 0.2 cos .omega..sub.90 t and 0.2 cos
      .omega..sub.150 t respectively, where .omega..sub.90 is the angular
      velocity of the 90 Hz signal and .omega..sub.150 is the angular velocity
      of the 150 Hz signal. These signals appear as voltage drops across
      resistors 28 and 30 respectively, which are precision resistors of equal
      ohmic value. A potentiometer 32 is connected between a positive direct
      current supply (indicated by the + terminal) and circuit ground
      represented by the ground symbol, and provides a direct voltage across a
      resistor 34 connected to its variable tap. The three resistors 28, 30 and
      34 have a common connection at a junction point 36 to which the positive
      input (+) of an operational amplifier 38 is connected. The negative input
      (-) of amplifier 38 is connected to circuit ground. The operational
      amplifier 38 is operated as a high gain amplifier and drives a modulating
      amplifier 40 which is coupled with the modulated amplifier stage 16 in any
      conventional manner.
PAR  A feedback loop 42 is connected from the output of amplifier stage 16 to
      the junction point 36, and has an RF envelope detector therein represented
      by the diode 44 poled with its anode connected by a variable resistor 46
      to the junction 36. An RF bypass capacitor 48 is connected from the anode
      of diode 44 to circuit ground. The common junction point 36 is a summing
      node as will be discussed more fully hereinafter.
PAR  The 90 Hz sinusoidal output from filter 24 is fed by a lead 50 to a
      resistor 52 which is in series with a second resistor 54. A lead 56
      connects the output of the 150 Hz filter 26 to an inverter 58 whose output
      is connected to the lower end of resistor 54. Accordingly, the two
      sinusoidal 90 Hz and 150 Hz signals appear across resistors 52 and 54
      respectively, such resistors being precision resistors of equal ohmic
      value. However, the 150 Hz signal being reversed in phase by the inverter
      58, a difference signal is obtained at the common junction point 60 of
      resistors 52 and 54 and is fed to an absolute value circuit 62. The
      difference signal is also fed to one of the inputs (+) of a comparator 64,
      the other input (-) thereof being connected to circuit ground. The output
      of the comparator operates an RF switch 66 having switching inputs 68 and
      70 receiving the phase-shifted carrier sin .omega..sub.c t from phase
      shift network 15 and the original carrier -sin .omega..sub.c t from the
      amplifier 12, respectively. The RF switch 66 may be any type of polarity
      responsive electronic switch and could, for example, employ two PIN diodes
      responsive to inputs 68 and 70 respectively and alternately rendered
      conductive by the changing sign of the output (sgn M) from comparator 64.
PAR  The absolute value circuit 62 may be any conventional circuit of this type
      which, in effect, delivers at its output a full wave rectified version of
      the applied input signal. For example, a pair of cascaded operational
      amplifiers may be employed where the first amplifier (receiving the input
      signal) operates as a follower and the second amplifier (delivering the
      circuit output) operates alternately as an inverter and a follower
      depending upon the polarity of the applied input signal. The output from
      the circuit 62 is represented by .vertline.M.vertline. and is fed to a
      resistor 72 which is in series with a second resistor 74. The junction
      point 76 of the two resistors 72 and 74 is connected to the positive (+)
      input of a high gain operational amplifier 78, and is a summing node. The
      negative (-) input of the operational amplifier is grounded, and the
      output thereof drives a modulating amplifier 80 which is coupled in a
      conventional manner with a modulated amplifier stage 82 that receives the
      phase-changing carrier from the RF switch 66. For proper phasing with the
      "carrier plus sidebands" output from amplifier stage 16, a 90.degree.
      phase shift network 84 is inserted in the output of amplifier stage 82. A
      negative feedback loop 86 extends from the "sidebands only" output to the
      summing node 76, and includes an RF envelope detector represented by the
      diode 88, an RF bypass capacitor 90, the resistor 74, and a variable
      resistor 92 connected in series between the resistor 74 and the anode of
      the diode 88.
PAC  OPERATION
PAR  The carrier plus sidebands output signal may be represented by the general
      expression
EQU  cos .omega..sub.c t [1 + A cos .omega..sub.1 t + B cos .omega..sub.2 t]
      where .omega..sub.c is the angular velocity of the carrier as discussed
      above, .omega..sub.1 and .omega..sub.2 are the angular velocities of the
      two low frequency signals constituting the modulation information, and A
      and B are coefficients whose value depends on the desired modulation
      percentage. Similarly, the sidebands only output signal may be represented
      by the general expression
EQU  cos .omega..sub.c t [A cos .omega..sub.1 t - B cos .omega..sub.2 t].
PAL  For the transmitter of a runway localizer, the coefficients A and B are
      each equal to 0.2 (20% modulation), and the standard modulation
      frequencies are 90 and 150 Hz for both localizer and glide slope
      transmitters. In glide slope equipment, the carrier is, of course, at a
      different radio frequency and a different modulation percentage is
      utilized, but the basic modulation principles are the same. Therefore, a
      glide slope transmitter made in accordance with the present invention
      would employ the same system components as illustrated in FIG. 1 for the
      localizer.
PAR  Referring to FIG. 2, a 90 Hz wave form is illustrated at 94 and appears in
      FIG. 1 at the output of filter 24 and across the resistor 28. A 150 Hz
      wave form is illustrated at 96 and appears at the output of filter 26 and
      across the resistor 30. All of the wave forms of FIG. 2 are vertically
      aligned in time. The 90 Hz signal also appears across the resistor 52, and
      the 150 Hz signal, after inversion, appears across resistor 54.
PAR  Referring first to the generation of the carrier plus sidebands output, the
      90 and 150 Hz signals are summed to provide a composite modulating signal
      at the summing node 36. This summation signal is represented by the wave
      form 98 in FIG. 2, and appears at the summing node 36 along with a DC
      level set by the potentiometer 32. This is the carrier level and accounts
      for the unity term in the expression 0.2 cos .omega..sub.90 t + 0.2 cos
      .omega..sub.150 t + 1. Accordingly, variation of the carrier level will
      vary the modulation percentage assuming that the amplitudes of the 90 Hz
      and 150 Hz signals remain constant.
PAR  Since the envelope detector 44 in the negative feedback loop 42 detects the
      modulation actually appearing in the sidebands of the output signal from
      amplifier stage 16, the sum of the currents at the node 36 is
      theoretically zero when the current flowing into the node 36 via resistor
      28, 30 and 34 and the current flowing from the node 36 through the diode
      44 is equal to 0.2 cos .omega..sub.90 t + 0.2 cos .omega..sub.150 t + 1.
      The negative input of the amplifier 38 being grounded, the output from
      amplifier 38 tends to equalize its two differential inputs (+ and -) by
      driving the modulator 40 accordingly. Therefore, low distortion in the
      carrier plus sidebands output signal is insured, and the relative carrier
      and modulation levels are maintained constant. The output level of
      amplifier stage 16 is controlled with the variable resistor 46.
PAR  Now regarding the generation of the sidebands only output, the difference
      signal appearing at junction point 60 is represented by the wave form 100
      in FIG. 2 and by the expression 0.2 cos .omega..sub.90  t - 0.2 cos
      .omega..sub.150 t. For convenience, this expression representing the
      difference signal will be defined as M. The comparator 64 senses whether
      wave form 100 is positive or negative and delivers an output equal to sgn
      M. The sgn M signal is illustrated in FIG. 2 by wave form 104 and is
      employed as a gate to operate the RF switch 66 to effectively reverse the
      phase of the carrier at the switch output with each change in the sign of
      the difference signal M.
PAR  The output from the absolute value circuit 62 is .vertline.M.vertline. and
      is represented by the wave form 102 in FIG. 2. This signal is applied to
      the resistor 72 and the detected envelope is applied to the resistor 74 in
      a manner analogous to the arrangement discussed above with respect to the
      generation of the carrier plus sidebands output. The absolute value signal
      .vertline.M.vertline. is employed as the modulating signal, and the high
      gain amplifier 78 responds to the current summation at node 76 to drive
      the modulator 80. Since the phase of the carrier reverses with each change
      in the sign of the difference signal M, the carrier is effectively
      suppressed and does not appear in the output M cos .omega..sub.c t. The
      variable resistor 92 serves as a level control for the sidebands.
PAR  More particularly, the phase-changing carrier from the output of the RF
      switch 66 is -sgn M sin .omega..sub.c t assuming that when sgn M is at the
      high level (see wave form 104) the condition of RF switch 66 is such that
      -sin .omega..sub.c t is delivered at its output. Therefore, the modulated
      RF signal from amplifier stage 82 may be written -.vertline.M.vertline.
      sgn M sin .omega..sub.c t. Since .vertline.M.vertline. sgn M = M, the
      expression may be rewritten as -M sin .omega..sub.c t. After the
      90.degree. phase shift effected by network 84, the sidebands only output M
      cos .omega..sub.c t is produced. Accordingly, when the difference signal M
      goes negative, the sign of M may be reversed (as accomplished by the
      absolute value circuit 62) and the phase of the RF carrier may be shifted
      180.degree. without changing the result of the modulation process.
PAR  Utilization of the two output signals produced by the transmitting
      apparatus of FIG. 1 is illustrated in FIG. 3. The carrier plus sidebands
      signal is applied to a center antenna 106 aligned with the runway center
      line 108. Through a feeder network (not illustrated), the sidebands only
      signal is applied to an antenna 110 on the right side of the runway center
      line 108 (as viewed by a pilot flying the guidance path). The sidebands
      only signal, after being shifted 180.degree. in phase, is also applied to
      an antenna 112 on the left side of the runway center line. When the pilot
      is flying the guidance path, the difference in the depth of modulation
      (ddm) will be zero since the double sideband, suppressed carrier signals
      cancel one another and the modulation depths of the 90 and 150 Hz signals
      of the carrier modulation are equal. As is conventional, the 90 and 150 Hz
      components are separately detected in the airbone receiver.
PAR  However, if the pilot is to the right of the guidance path (a vertical
      plane through the runway center line 108), the feeder network for the
      localizer antenna array is arranged so that more 150 Hz modulation is
      detected than 90 Hz, resulting in a value of ddm indicating that the pilot
      is to the right of the guidance path. On the left side, the 90 Hz
      modulation is predominant and the ddm is likewise indicative of the
      position of the aircraft. It should be understood, however, that the three
      antennas 106, 110 and 112 are entirely diagrammatic in nature and are
      presented only for the purpose of illustrating the basic functioning of
      the localizer. In practice, a more complex array is commonly utilized in
      conjunction with a feeder network that receives the two outputs from the
      transmitter and distributes these outputs to the array in the proper phase
      relationship.
PAR  The same principles as discussed above also apply to ILS glide slope
      guidance. The modulated carrier wave is radiated from an antenna aligned
      with the glide path, and the double sideband signals cancel in space along
      the glide path to provide a ddm of zero. If the pilot is above the glide
      path, then the 90 Hz modulation predominates and, likewise, the 150 Hz
      modulation predominates if the aircraft is too low.
PAR  From the foregoing, it may be appreciated that the present invention
      provides the outpupt signal requirements for the instrument landing
      systems through completely electronic means without the use of motor
      driven sideband generators or other mechanical components. Furthermore,
      all combining of frequencies, including the deriving of summation and
      difference signals, is accomplished at audio frequencies to eliminate the
      possible instabilities inherent when signals are combined at radio
      frequencies.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. Transmitting apparatus for a radio navigation system which requires a
      first RF signal comprising a high frequency carrier amplitude modulated by
      the sum of a pair of signals of different, relatively low frequency, and a
      second RF signal comprising sidebands of said carrier derived from the
      difference between said pair of low frequency signals, said apparatus
      comprising:
PA1  means for generating said pair of low frequency signals;
PA1  means responsive to said pair of low frequency signals for summing the
      latter to provide a composite modulating signal;
PA1  first output means responsive to said carrier and said composite modulating
      signal for amplitude modulating the carrier therewith to provide a carrier
      plus sidebands output signal presenting said first RF signal;
PA1  means responsive to said pair of low frequency signals for subtracting one
      from the other to provide a difference signal;
PA1  means responsive to said carrier and said difference signal for reversing
      the phase of the carrier with each change in the sign of said difference
      signal;
PA1  means for deriving a modulating signal which is the absolute value of said
      difference signal; and
PA1  second output means coupled with said phase reversal means and said
      deriving means for amplitude modulating the phase-changing carrier with
      said absolute value modulating signal to provide a double sideband,
      suppressed carrier output signal presenting said second RF signal,
PA1  said phase reversal means including means for changing the phase of said
      carrier, 180.degree., switching means for delivering either said carrier
      or the 180.degree. phase-changed carrier, and comparator means coupled
      with said switching means and responsive to polarity changes in said
      difference signal for operating said switching means to cause said carrier
      and said 180.degree. phase-changed carrier to be alternately delivered to
      said second output means.
NUM  2.
PAR  2. The apparatus as claimed in claim 1, wherein said first output means
      includes a modulated amplifier stage for delivering said carrier plus
      sidebands output signal, amplitude modulating means operably coupled with
      said stage and including a high gain amplifier having an input which
      presents a summing node and which receives said composite modulating
      signal from said summing means, and a negative feedback loop having an RF
      envelope detector therein, said loop extending from the output of said
      stage to said input of the high gain amplifier, whereby to stabilize the
      modulation level in said stage.
NUM  3.
PAR  3. The apparatus as claimed in claim 1, wherein said means for changing the
      phase of said carrier comprises a phase shift network responsive to said
      carrier for shifting its phase 180.degree., said switching means having a
      pair of switching inputs receiving said carrier and the phase-shifted
      carrier from said network respectively.
NUM  4.
PAR  4. The apparatus as claimed in claim 1, wherein said second output means
      includes a modulated amplifier stage for delivering said double sideband,
      suppressed carrier output signal, amplitude modulating means operably
      coupled with said stage and including a high gain amplifier having an
      input which presents a summing node and which receives said absolute value
      modulating signal, and a negative feedback loop having an RF envelope
      detector therein, said loop extending from the output of said stage to
      said input of the high gain amplifier, whereby to stabilize the modulation
      level in said stage.
NUM  5.
PAR  5. The apparatus as claimed in claim 1, wherein each of said first and said
      second output means includes a modulated amplifier stage for delivering
      the respective output signal, amplitude modulating means operably coupled
      with said stage and including a high gain amplifier having an input which
      presents a summing node and which receives the respective modulating
      signal, and a negative feedback loop having an RF envelope detector
      therein, said loop extending from the output of said stage to said input
      of the high gain amplifier, whereby to stabilize the modulation level in
      the modulated amplifier stage of each of said first and said second output
      means.
NUM  6.
PAR  6. The apparatus as claimed in claim 1, wherein said pair of low frequency
      signals are represented by the expressions A cos .omega..sub.1 t and B cos
      .omega..sub.2 t respectively, where t is time and .omega..sub.1 and
      .omega..sub.2 are the angular velocities of the two signals, said
      composite modulating signal provided by said summing means being
      represented by the expression A cos .omega..sub.1 t + B cos .omega..sub.2
      t, said first output means being operable to provide said carrier plus
      sidebands output signal represented by the expression
EQU  cos .omega..sub.c t [1 + A cos .omega..sub.1 t + B cos .omega..sub.2 t]
PAL   where .omega..sub.c is the angular velocity of the carrier, and wherein
      said difference signal is represented by the expression A cos
      .omega..sub.1 t - B cos .omega..sub.2 t, said second output means being
      operable to provide said double sideband, suppressed carrier output signal
      represented by the expression
EQU  cos .omega..sub.c t [A cos .omega..sub.1 t - B cos .omega..sub.2 t].
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ABST
PAL  A multi-channel radio communication system comprising a number of stations
      for the transmission of speech between the stations, each station
      transmitting not only the speech signal but also a special so-called busy
      signal located in a frequency band beyond the speech frequency band, which
      busy signal informs the remaining stations in the group of which are not
      occupied by a call to another station that the actual carrier frequency or
      channel is occupied and cannot be selected for a new connection. According
      to the invention the busy signal is automatically controlled in amplitude
      as a function of the instantaneous value of the speech signal and this in
      such a manner that the envelope of the combination of the speech signal
      and the busy signal is maintained substantially constant so that as a
      result of the normal interruptions in a conversation the busy signal will
      be automatically and repeatedly adjusted to full amplitude.
BSUM
PAR  The invention relates to a radio communication system comprising a number
      of stations each consisting of a transmitter section for the transmission
      of a carrier signal modulated with speech information and a receiver
      section for the reception and demodulation of a carrier signal originating
      from another station, each station transmitting in addition to the
      information signal a special busy signal located in a frequency band
      beyond the information signal band.
PAR  The busy signal which may be a special code signal, for example one or two
      tone frequencies of five located in a frequency band above the speech
      frequency band informs the remaining stations in the system that a signal
      on a given carrier frequency or so-called channel conveying the special
      busy signal originates from a station within the system and that the
      relevant channel is occupied, while the reception of a channel frequency
      without a busy signal indicates that the relevant channel may be free.
      This information can then be utilised for automatically selecting a
      channel under given operating conditions while at the same time the risk
      of breaking into an occupied channel will be minimum.
PAR  An object of the invention is to increase the reception of the busy signal
      at a given mutually equal channel spacing.
PAR  According to the invention, in a system of the kind described in the
      preamble the transmitter section comprises a combination device for
      continuously adding the busy signal to the speech information signal
      before modulation on the carrier, and an amplitude control device varies
      the amplitude of the busy signal prior to its combination with the speech
      information signal, in such a manner that the envelope of the combined
      signal has a substantially constant amplitude.
PAR  When using the measures according to the invention the busy signal fills up
      the instantaneous amplitude variations of the speech information signal.
      Accordingly during the interruptions in the speech signal the busy signal
      will automatically be increased in amplitude so that the entire amplitude
      range available for the speech signal will be occupied by the busy signal,
      i.e. at FM modulation the entire frequency range available for the speech
      signal.
PAR  In those cases where a special signal, for example, a switching signal is
      transmitted together with the busy signal and the speech signal on the
      common carrier, the frequency band available for the speech signal is
      generally much larger than the frequency band available for such a
      switching signal. The requirement that the busy signal must have a larger
      reception range than the said switching signal will be automatically
      satisfied so that the risk of the channel selector selecting a channel
      which is already occupied is much smaller.
DRWD
PAR  The invention will be described in greater detail with reference to the
      drawing in which
PAR  FIG. 1 shows a block diagram of the transmitter section in a a radio
      communication system according to the invention and in which not only the
      speech information signal but also a special busy signal is transmitted on
      the common carrier and
PAR  FIG. 2 shows a time diagram illustrating the operation of the system
      according to FIG. 1.
DETD
PAR  In FIG. 1 the speech signal is applied from a microphone 10 through an
      amplitude limiter 11 and a bandpass filter 12 to a combination device 13.
      The speech signal is combined in this combination device 13 with a busy
      signal generated by a signal generator 14, which will be described
      hereinafter. The sum signal of the device 13 is subsequently applied to a
      further combination device 15 in which this signal is combined with a
      switching signal generated by a signal generator 16. This switching signal
      may have, for example, a frequency which is located in a frequency band
      below the speech frequency band, for example, 150 Hz. The sum signal of
      the device 15 which is composed of the three sub-signals is finally
      applied to an FM transmitter 17 in which it is modulated on a carrier and
      transmitted.
PAR  In the embodiment shown the busy signal generated by the generator consists
      of a coded signal comprising two tones out of five, which selected tones
      are generated by two tone generators 18 and 19. The tone frequencies in
      the busy signal are located in a frequency band above the speech frequency
      band, for example, in the band of from 3,4 to 6 kHz. The two tone
      frequencies are combined in a combination device 20 and subsequently
      applied through an amplitude control device 21 to the combination device
      13 so as to be combined with the speech signal. In the embodiment shown
      the amplitude control device consists of a controllable amplifier. The
      control signal for this amplifier is derived from an amplitude detector 22
      connected to the output of the combination device 13. This detector has a
      long time constant, preferably a longer time constant than the duration of
      one period of the lowest frequency in the speech signal, i.e.
      approximately 3 ms. The detector is formed in such a manner that it
      supplies an output signal which is a measure of the deviation from the
      value of the instantaneous amplitude envelope of the combined signal
      relative to a fixed reference value. The gain of the amplifier 21 is
      controlled by the detector output signal in such a manner that the
      deviation from the said amplitude envelope relative to the said reference
      value is reduced to zero so that the amplitude envelope of the combined
      signal is maintained constant. The constant amplitude value at which the
      combined signal is adjusted is preferably chosen to be equal to the limit
      value of the limiter 11 which limits the amplitude of the speech signal.
      This means that at the instants when the speech signal has its maximum
      amplitude the busy signal will decrease to zero, whereas the amplitude
      difference between the instantaneous amplitude of the speech signal and
      the said maximum value will be filled up by the busy signal when the
      speech signal has a lower value.
PAR  The function is illustrated by the time diagram in FIG. 2 in which (a)
      shows a speech signal and (b) represents the busy signal which in this
      embodiment is shown as a single frequency for the sake of simplicity,
      while A is the reference value at which the control circuit adjusts the
      amplitude of the combined signal. It is evident from FIG. 2 that in case
      of an interruption in the speech signal (the instant t.sub.o) the busy
      signal automatically has the same amplitude level as the maximum speech
      signal amplitude.
PAR  As described, the said switching signal which has a frequency below the
      speech frequency band is furthermore added to the combination signal
      constituted by the speech signal and the busy signal. The combination of
      all three sub-signals then serves for frequency modualtion of the carrier
      in the FM transmitter 17. The frequency band which is available for each
      carrier channel in the transmitter 17 is limited to a given bandwidth and
      may be, for example, 10 kHz. The amplitude ratios between the switching
      signal and the combination signal constituted by the speech signal and the
      busy signal, which according to the foregoing has a constant amplitude, is
      then such that said combination signal occupies the larger part of the
      available frequency band. In the given embodiment the amplitude of the
      switching signal may correspond to, for example, a frequency sweep of 3kHz
      while the speech signal and the busy signal with a maximum amplitude
      correspond to a frequency sweep of 7 kHz.
PAR  Consequently the busy signal will have a larger reception range than the
      switching signal because the busy signal has its maximum amplitude value
      every time during an interruption in the speech signal.
PAR  Instead of controlling the gain or attenuation factor for the busy signal
      as a function of a signal representing the amplitude of the combination
      signal constituted by the information signal and the busy signal it is
      alternatively possible to control the said factor in a different manner,
      for example, as a function of a signal derived from a detector connected
      to the output of the microphone and being responsive to the amplitude of
      the speech signal, while the amplitude of the busy signal decreases as the
      amplitude of the speech signal increases, and conversely.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A radio transmitter comprising:
PA1  means for providing a speech signal in a selected band,
PA1  means for generating a busy signal outside of said selected band,
PA1  means for adding said speech and busy signals to provide a sum signal,
PA1  envelope signal producing means responsive to at least said speech signal
      to provide an envelope signal which varies with the instantaneous speech
      amplitude,
PA1  means for varying the amplitude of said busy signal in accordance with said
      envelope signal to provide said sum signal at constant amplitude,
PA1  means for transmitting said constant amplitude sum signal in a single
      selected channel.
NUM  2.
PAR  2. A transmitter as claimed in claim 1, wherein said envelope producing
      means is coupled to an output of said adding means and to said varying
      means.
NUM  3.
PAR  3. A transmitter as claimed in claim 1 further comprising means for
      generating a switching signal located in another frequency band other than
      the frequency band available for the speech information signal and the
      busy signal, and a second means for adding said switching signal to the
      sum signal.
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ABST
PAL  A rotatable radar antenna feed and receiver horn having two summing ports
      d a difference port with a rotatable section having a plurality of
      susceptor pins to rotate the polarization of the transmitted and received
      electromagnetic energy to reduce or minimize clutter and to enhance a
      target.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalities thereon or therefor.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  Patent application of Begeman et al. entitled "Switchable Linear-Circular
      Polarized Monopulse Radar Feed Producing Two Axis (Three-Dimensional
      Tracking) Information Utilizing A Two-Lobe Monopulse Design", Ser. No.
      384,029, filed July 14, 1964, now U.S. Pat. No. 3,453,617.
PAR  Patent application of Orville G. Brickey entitled "3-Channel Selectable
      Polarization, Target Discrimination Antenna," Ser. No. 515,740, filed Dec.
      22, 1965.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an antenna feed device which provides
      two-axis tracking by use of first and second sum waveguide channels and
      one difference channel. A polarizing section is rotatably mounted to
      rotate the polarization of a wave by a factor of two, that is, the
      polarization of a wave will be rotated 90.degree. when the polarizing
      section is rotated 45.degree. and, likewise, the polarization of a wave
      will be rotated 180.degree. when the polarizing section is rotated
      90.degree..
PAR  The resolution of early tracking radars was improved by raising the
      transmitter frequencies, but along with this improvement came the
      disadvantage of receiving precipitation clutter. Circularly polarized
      electromagnetic energy appears to be the most promising technique to
      reject clutter caused by raindrops. Radars are now in use which are
      capable of producing, selectively, either linear or circular polarization
      of electromagnetic energy. Circular polarization technique is based on the
      assumption that raindrops are symmetrical and objects of desired detection
      are asymmetrical. In these systems, circularly polarized energy of one
      direction of rotation is transmitted and the energy reflected by
      symmetrical raindrops will reverse the direction of rotation and these
      returns will be rejected by the circularly polarized antenna.
PAR  In the invention filed in the United States Patent Office by Begeman et al.
      on July 14, 1964, Ser. No. 384,029, now Pat. No. 2,453,617, entitled,
      "Switchable Linear-Circular Polarized Monopulse Radar Feed Producing Two
      Axis (Three-Dimensional Tracking) Information Utilizing A Two-Lobe
      Monopulse Design," a two-lobe monopulse antenna feed is used to obtain
      two-axis elevation and aximuth range tracking information, the same as
      obtained from a four-lobe antenna feed. The antenna feed consists of a
      folded-tee or comparator and a circularly polarizing component which may
      be used to switch from linear polarization to right or left circular
      polarization, as desired. The circularly polarized waves are produced for
      transmission by conducting linearly polarized energy of the rectangular
      waveguide TE.sub.10 mode from a sum channel of the transmitter through a
      folded-tee or microwave comparator section to a circular waveguide to
      convert the energy to the circular waveguide TE.sub.11 mode. The circular
      waveguide is rotatable on the folded-tee and has two rods placed
      diametrically across the guide in the same plane and spaced 3/8 wavelength
      apart to produce a 90.degree. differential phase shift when the electric
      fields are parallel to the rods.
PAR  The invention field in the United States Patent Office by applicant on Dec.
      22, 1965, Ser. No. 515,740, entitled, "3-Channel Selectable Polarization,
      Target Discrimination Antenna," improved on the previous referenced
      application of Begeman et al by adding a coupling pin or probe, between
      the comparator ports and the polarizer, for the purpose of receiving that
      energy which is cross-polarized with respect to the polarization of the
      transmitting sum arm. This constituted a great stride in radar art by
      enhancing the ability to identify different types of targets and to detect
      hidden targets in rough terrain, forests, underbrush and rough seas. The
      invention may also be used in a passive system as a radar detector wherein
      the polarization of received energy may be linear, elliptical, or either
      rotation of circular.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a rotatable antenna feed and receiver horn
      similar to applicant's co-pending application referenced above, with an
      improvement being provided in the rotatable section in order to further
      reduce or minimize clutter and to enhance a target.
PAR  Although the rotatable section is similar to the rotatable section of
      applicant's above-referenced co-pending application, the rotation of the
      rotatable section of the present invention does not provide circular
      polarization as would normally be expected, but rather the polarization
      remains linear but can be rotated to any desired position. The rotatable
      section is provided with an enlarged diameter susceptor pin having a
      susceptance of -4 and two additional smaller susceptor pins each having a
      susceptance of -2 are placed in-line with the enlarged pin with one
      smaller pin being positioned 3/8 wavelength in front of the enlarged
      susceptor pin and the other smaller pin being positioned 3/8 wavelength
      behind the enlarged susceptor pin. After energy enters into the polarizing
      section, it is rotated by a factor of two, that is, the polarization will
      be rotated 180.degree. when the rotatable section is turned 90.degree. .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan view of a preferred embodiment of the present
      invention, and
PAR  FIG. 2 is a side view, partially broken away, of the embodiment of FIG. 1.
DETD
PAR  Referring now to the drawing, there is shown a polarizer 4 which has an
      annular gear 5 which is rotatable as described in applicant's co-pending
      application, which is referenced above. The polarizer is pressed over a
      bearing 8 which permits the polarizer to rotate when driven by a gear
      train. The bearing is pressed on a piece of circular waveguide, designated
      as the circular extension 9, which is welded to the output walls of a
      folded-tee comparator 10 in alignment with its output port. The folded-tee
      comparator 10 has a first sum port 11, a difference port 12, and an output
      port. A second sum output waveguide 13 is welded to the folded-tee 10 and
      to its circular extension 9. Welded to the second sum waveguide 13 is a
      transition piece 14 through which a pin or probe 15 passes to the outer
      surface of the folded-tee 10. A first sum waveguide 17, second sum
      waveguide 13, and difference waveguide 19 are supported at the reflector
      focal point, as shown and more fully described in applicant's
      above-referenced co-pending application.
PAR  An enlarged susceptor pin 21, having a susceptance of -4, is positioned
      through a diameter of polarizer 4. Two additional susceptor pins 23 and 24
      are attached to polarizer 4 and are positioned parallel, and in line, with
      susceptor pin 21. Pins 23 and 24 each have a susceptance of -2 and are
      spaced 3/8 wavelengths from susceptor pin 21, with pin 23 being positioned
      forward of pin 21 and pin 24 being positioned to the rear of pin 21.
PAC  OPERATION
PAR  In operation, the sum and difference ports, and coupling pin 15, function
      as described in applicant's above-referenced co-pending application.
      polarizer 4, however, may be operated in one of two modes. In one mode,
      which might have an advantage in searching for targets, polarizer 4 might
      be rotated at a given speed such, for example, as 240 r.p.m. In this mode,
      linear polarization is provided, but the polarization is continually being
      rotated to search for man-made targets which are normally more susceptible
      to a particular angle of polarization than are natural items, such as
      foliage, or the like. As the polarization is rotated, the resulting radar
      presentation is continually being changed between an optimum and a minimum
      condition.
PAR  In a second mode of operation, polarizer 4 might be slowly rotated until an
      optimum radar presentation is presented, and then the rotation of the
      polarization is stopped and remains at a fixed position. It should be
      noted, however, that as polarizer 4 is rotated, circular polarization,
      such as is produced by the device of applicant's above-referenced
      co-pending application, is not produced, but rather linear polarization is
      maintained, but the polarization can be rotated to any desired position of
      360.degree. in order to enhance target presentation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A monopulse radar antenna feed comprising:
PA1  a radio frequency energy comparator having a first sum port, a difference
      port, and a second sum output means including a coupling probe, said
      comparator being supported on the radar antenna by a first sum waveguide
      and a difference waveguide coupled in alignment with said first sum port
      and said difference port, respectively;
PA1  a cylindrical housing rotatably mounted to said comparator, and
PA1  an enlarged susceptor pin and first and second smaller susceptor pins
      passing through diameters of said cylindrical housing, said susceptor pins
      being parallel with one another whereby linearly polarized energy radiated
      from said feed is rotated as said cylindrical housing is rotated.
NUM  2.
PAR  2. A monopulse radar antenna feed as set forth in claim 1 wherein said
      enlarged susceptor pin has a susceptance of -4 and said first and second
      smaller susceptor pins each have a susceptance of -2.
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PAL  An antenna element for use in a phased array antenna is disclosed. Such
      antenna element is a reciprocal device adapted selectively to radiate
      radio frequency energy of either circular or linear polarization. Such
      antenna element includes waveguide means for passing radio frequency
      energy and for radiating such energy; and means adapted to transform the
      polarization of the radio frequency energy as such passes through the
      waveguide means to radiate such radio frequency energy selectively with
      either linear or circular polarization. In a preferred embodiment the
      just-mentioned means includes a first and a second nonreciprocal
      quarter-wave plate having field orientations effectively 45.degree. with
      respect to each other. Such nonreciprocal quarter-wave plates flank a
      third nonreciprocal quarter-wave plate switchable so that its field
      orientation is either aligned with the field orientation of the first
      nonreciprocal quarter-wave plate or, while still aligned as before, turned
      180.degree.. Further, the third quarter-wave plate may be switched into a
      nonenergized state. A reciprocal quarter-wave plate is disposed between
      the radiating end of the waveguide means and the second nonreciprocal
      quarter-wave plate. A phase shifter section is disposed between the third
      nonreciprocal quarter-wave plate and the first nonreciprocal quarter-wave
      plate. When the field orientations of the first and the third quarter-wave
      plate are aligned, vertically polarized radio frequency energy introduced
      into the waveguide means is changed to radiate as horizontally polarized
      radio frequency energy. When the field orientation of the third
      quarter-wave plate is reversed by 180.degree., vertically polarized radio
      frequency energy introduced into the waveguide means is radiated as
      vertically polarized radio frequency energy. When the third quarter-wave
      plate is unenergized, vertically polarized radio frequency energy
      introduced into the waveguide means is changed to radiate as circularly
      polarized radio frequency energy. The phase shifter section, whatever the
      polarization of the radio frequency energy passing through, is operative
      to change, in accordance with a beam steering control signal, the phase of
      such energy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to antenna elements and more particularly
      to phased array antenna elements of such type which are adapted
      selectively to radiate radio frequency energy of either circular or linear
      polarization.
PAR  As is known in the art, a collimated beam of radio frequency energy may be
      formed and steered by controlling the phase of the energy radiated from
      each one of a plurality of antenna elements in an array thereof. It is
      also known that in some applications, as where the effect of rain echos is
      to be reduced, it is desirable that the polarization of such radiated
      energy be circular. One such antenna element adapted for such application
      is described in U.S. Pat. No. 3,736,535 issued May 29, 1973, inventors
      Mohr et al, and assigned to the same assignee as the present invention. In
      other applications it is desirable that the polarization of the radiated
      energy be horizontal (as for terrain avoidance or terrain mapping
      applications) and, in still other applications, that polarization of such
      energy be vertical (as for acquisition, search or collision avoidance
      applications).
PAR  In view of the foregoing it is highly desirable that an antenna array be
      adapted selectively to radiate either circularly polarized radiation or
      linearly polarized radiation. Further, in order to simplify the beam
      steering electronics, it is further desirable that each antenna element in
      an array be a reciprocal device. With antenna elements of such nature, the
      same beam steering control signals may be applied during any reception
      period as were applied during a corresponding transmission period to
      direct transmitted energy in any desired direction.
PAC  SUMMARY OF THE INVENTION
PAR  With this background of the invention in mind it is therefore an object of
      this invention to provide improved antenna elements for a phased array
      antenna, each one of such elements being adapted selectively to radiate
      radio frequency energy having either circular or linear polarization.
PAR  It is a further object of this invention to provide improved antenna
      elements of such type as mentioned above, such elements being reciprocal
      devices, so that beam steering control signals applied during any transmit
      interval remain unchanged during a following receive interval.
PAR  These and other objects of the invention are attained generally by
      providing antenna elements, each including waveguide means for passing
      radio frequency energy and for radiating such energy; and means adapted to
      transform the polarization of the radio frequency energy as such passes
      through the waveguide means to radiate such radio frequency energy
      selectively with either linear or circular polarization. In a preferred
      embodiment the just-mentioned means includes a first and a second
      nonreciprocal quarter-wave plate having field orientations effectively
      45.degree. with respect to each other. Such nonreciprocal quarter-wave
      plates flank a third nonreciprocal quarter-wave plate switchable so that
      its field orientation is either aligned with the field orientation of the
      first nonreciprocal quarter-wave plate or, while still aligned as before,
      turned 180.degree.. Further, the third quarter-wave plate may be switched
      into a nonenergized state. A reciprocal quarter-wave plate is disposed
      between the radiating end of the waveguide means and the second
      nonreciprocal quarter-wave plate. A phase shifter section is disposed
      between the third nonreciprocal quarter-wave plate and the first
      nonreciprocal quarter-wave plate. When the field orientations of the first
      and the third quarter-wave plate are aligned, vertically polarized radio
      frequency energy introduced into the waveguide means is changed to radiate
      as horizontally polarized radio frequency energy. When the field
      orientation of the third quarter-wave plate is reversed by 180.degree.,
      vertically polarized radio frequency energy introduced into the waveguide
      means is radiated as vertically polarized radio frequency energy. When the
      third quarter-wave plate is unenergized, vertically polarized radio
      frequency energy introduced into the waveguide means is changed to radiate
      as circularly polarized radio frequency energy. The phase shifter section,
      whatever the polarization of the radio frequency energy passing through,
      is operative to change, in accordance with a beam steering control signal,
      the phase of such energy.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and many of the attendant advantages of the invention will be
      readily appreciated as the same becomes better understood by reference to
      the following description of the accompanying drawings wherein:
PAR  FIG. 1 is a sketch, somewhat simplified and partially cross-sectional about
      an axis of symmetry, of an antenna element according to the invention;
PAR  FIG. 2 is a complete cross-sectional view of one of the nonreciprocal
      quarter-wave plates shown in FIG. 1 taken along plane 2--2;
PAR  FIG. 3 is a cross-sectional view of another one of the nonreciprocal
      quarter-wave plates shown in FIG. 1 taken along plane 3--3;
PAR  FIG. 4 is an isometric view of a reciprocal quarter-wave plate shown in
      FIG. 1;
PAR  FIG. 5 is an isometric view of a switchable nonreciprocal quarter-wave
      plate of FIG. 1, such switchable nonreciprocal quarter-wave plate being
      shown coupled to current driver circuitry; and
PAR  FIG. 6 is a schematic diagram for the current driver circuitry shown in
      FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, an antenna element 10 according to our concepts is
      shown to include: A pair of nonreciprocal quarter-wave plates 11, 13; a
      switchable nonreciprocal quarter-wave plate 15; a phase shifter section
      17; an elongated ferrite rod 12, square in cross section and having a
      substantially rectangular magnetic hysteresis loop characteristic; a
      reciprocal quarter-wave plate 14, here a sandwich structure comprised of a
      pair of ceramic materials 16, 18; a feed transition section 20; and a
      radiator 22, all arranged as shown and operative in a manner to be
      described. Ferrite rod 12 is affixed to reciprocal quarter-wave plate 14
      and feed transition section 20 by a suitable epoxy, not shown, to form a
      unitary structure. The unitary structure is machined to a desired
      dimension and then is overlaid with a thin metallic skin 23, (gold having
      been used in the preferred embodiment) to form a waveguide structure
      between the reciprocal quarter-wave plate 14 and the feed transition
      section 20. The radiator 22 is affixed to one end of the waveguide
      structure in any convenient manner, as by a suitable epoxy not here shown.
      The feed transition section 20 is used to introduce ratio frequency energy
      having a vertical polarization (i.e. an electric field oriented as
      indicated by the arrow 24, parallel to the Y axis) into the illustrated
      waveguide structure during a transmission. Such radio frequency energy
      passes through the waveguide structure and is radiated into free space by
      means of radiator 22, such radio frequency energy having selectively
      either horizontal, vertical or circular polarization in a manner to be
      described hereinafter.
PAR  Referring now to each one the constituent parts of the antenna element 10,
      the feed transition section 20 is here excited by means of a stripline
      feed network 26. A probe 28 passes through a hole formed in one of the
      stripline ground planes to the stripline center conductor. The probe 28 is
      rigidly attached to the stripline center conductor by solder. The probe 28
      is encapsulated by a sleeve (not shown) here of Teflon. Such sleeve here
      serves to provide impedance matching between the probe 28 and the
      impedance of the waveguide structure. Absorbing vanes 32, 34 are comprised
      of two small rods, each of a dielectric material, (here ceramic, having a
      dielectric constant of sixteen). Each one of the rods is comprised of two
      sections, semicircular in cross-section. One section has a resistive
      material 30, here tantalum, deposited on its flat surface and the other
      section has deposited thereon a suitable epoxy (not shown) to enable
      bonding of the two sections. The two absorbing vanes 32, 34 are located
      centrally with respect to the walls of the feed transition section 20,
      approximately one-quarter wavelength apart from each other and
      approximately one-half to three-quarters of a wavelength from the rear
      section 36 of the feed transition section 20. Feed transition section 20
      is filled with a suitable ceramic material 38. The absorbing vanes 32, 34
      are provided to absorb radio frequency energy having a horizontal
      polarization (i.e. an electric field parallel to the X axis) within the
      feed transition section 20. The absorbing vanes 32, 34 are inserted into
      the ceramic material 38 by first boring a pair of holes into the ceramic
      material 38 along the X axis, then inserting a small amount of epoxy, next
      inserting the absorbing vanes 32, 34 into such holes and finally affixing
      the vanes 32, 34 within the ceramic material by inserting a suitable epoxy
      into the portion of the holes which remains after insertion of the vanes
      32, 34. The outer surfaces of the epoxy are covered by a conductive epoxy
      (not shown) to insure ground plane continuity for the outer wall of the
      feed transition section 20. The stripline feed 26 is bonded to the outer
      wall of the feed transition section 20. The stripline feed 26 is bonded to
      the outer wall of the feed transition section 20 by means of a suitable
      epoxy, not shown.
PAR  Each one of the pair of nonreciprocal quarter-wave plates 11, 13 is
      comprised of a set of four permanent magnets affixed around the waveguide
      section. The quarter-wave plates 11, 13 are adapted to transform the
      polarization of radio frequency energy passing therethrough as described
      in detail in U.S. Pat. No. 3,736,535 mentioned above. In particular, also
      referring to FIGS. 2 and 3, the north (N) and south (S) poles of each one
      of the four magnets in each one of the nonreciprocal quarter-wave plates
      11, 13 are oriented as shown. The magnetic fields established within each
      nonreciprocal quarter-wave plate 11, 13 may then be represented by the
      arrows (not numbered) shown in FIGS. 2 and 3 respectively. That is, the
      pair of quarter-wave plates 11 and 13 are oriented with respect to each
      other such that their magnetic fields are oriented 45.degree. with respect
      to each other as shown in FIGS. 2 and 3. If, then, the electric field of
      the radio frequency energy entering either one of such nonreciprocal
      quarter-wave plates is oriented 45.degree. with respect to the magnetic
      flux established within such plate, such electric field may be considered
      to have orthogonal components, each such component being perpendicular to
      an orthogonal component of such flux. However, the direction of
      interaction between the applied magnetic field and the magnetic field
      associated with the radio frequency energy passing through the waveguide
      are such that each orthogonal electric field component will be opposite to
      the other. The result, then, is that the propagation constant of each
      orthogonal electric field component differs. Therefore, by choosing a
      proper magnetic filed strength and a proper length for each nonreciprocal
      quarter-wave plate, a 90.degree. phase difference may be produced between
      two orthogonal electric field components, thereby producing the effect
      necessary for a "linear to circular" polarization transformation of radio
      frequency energy. If the electric field of such radio frequency energy is
      parallel with either one of the orthogonal magnetic fluxs produced within
      either quarter-wave plate 11, 13 the polarization of such radio frequency
      energy is unaffected by the magnetic flux produced within either such
      quarter-wave plate. Conversely, circularly polarized radio frequency
      energy introduced into either one of such nonreciprocal quarter-wave
      plates 11, 13 is converted into linearly polarized radio frequency energy,
      the electric field of such converted energy being oriented in accordance
      with the sense of circular polarization of the introduced radio frequency
      energy and the orientation of the magnetic flux associated with either
      such quarter-wave plate.
PAR  Further, in either nonreciprocal quarter-wave plate 11, 13 linearly
      polarized radio frequency energy introduced into one end of such plate is
      transformed to circularly polarized energy of a particular sense and
      circularly polarized radio frequency energy of the same sense introduced
      into the other end of either such nonreciprocal quarter-wave plate is
      transformed into linearly polarized radio frequency energy having an
      orientation orthogonal to the aforementioned linearly polarized radio
      frequency energy. On the other hand, circularly polarized radio frequency
      energy of the opposite sense introduced into such other end of such plate
      is transformed into linearly polarized radio frequency energy having the
      same orientation as the first mentioned linearly polarized radio frequency
      energy.
PAR  Reciprocal quarter-wave plate 14 here is constructed with a ceramic
      material 16 having a dielectric constant 13 and a ceramic material 18
      having a dielectric constant of 38. Such materials are fastened to each
      other by means of a suitable epoxy (not shown), preferably one having a
      dielectric constant of 13. The reciprocal quarter-wave plate 14 is
      designed so that vertically or horizontally polarized radio frequency
      energy passes therethrough without any alteration in polarization. Such
      reciprocal quarter-wave plate 14 is, however, adapted to convert radio
      frequency energy having a linear polarization oriented 45.degree. with
      respect to the X and Y axes into radio frequency energy having circular
      polarization. Referring also to FIG. 4, the length l of the reciprocal
      quarter-wave plate 14 and the dimensions a, b  and d are chosen with
      regard to two constraints: (1), the differential phase shift along the X
      and Y axis must be 90.degree.; and (2), the phase shift along the X axis
      must be a multiple of 180.degree.. With such configuration vertically or
      horizontally polarized radio frequency energy, although each has a
      different propagation constant, passes through without any alteration in
      polarization. However, radio frequency energy having a pair of orthogonal
      components parallel to both the X and Y axis, respectively, (that is, an
      electric field oriented 45.degree. with respect to the X and Y axis) has
      each one of such components propagate through the reciprocal quarter-wave
      plate with different propagation constants to effectuate a
      linear-to-circular polarization transformation. Conversely, circularly
      polarized radio frequency energy introduced into such reciprocal
      quarter-wave plate is converted into radio frequency energy having a
      linear polarization with an electric field oriented in accordance with the
      sense of the circular polarization of the introduced radio frequency
      energy. In particular, in reciprocal quarter-wave plate 14, linearly
      polarized radio frequency energy introduced into one end of such plate is
      transformed to circularly polarized radio frequency energy of a particular
      sense and circularly polarized radio frequency energy of the same sense
      introduced into the other end of such plate is transformed into linearly
      polarized radio frequency energy having the same orientation as the
      aforementioned linearly polarized radio frequency energy. Likewise,
      circularly polarized radio frequency energy of the opposite sense
      introduced into the other end of such plate is transformed into linearly
      polarized radio frequency energy having an orientation orthogonal to the
      first mentioned linearly polarized radio frequency energy.
PAR  The switchable quarter-wave plate 15 comprises a set of four ferrite pole
      pieces (not numbered) with substantially square hysteresis loops. Such
      pole pieces are positioned around the waveguide structure as shown in FIG.
      5. A current carrying cable 40 is passed through each one of the ferrite
      pole pieces as shown to act as a conventional inductive load. Such cable
      is connected to current driver circuitry 41, the details of which are
      shown in FIG. 6 and now to be described. Switchable quarter-wave plate 15
      is adapted to operate in one of three possible manners. To select
      operation in the first manner a trigger signal from any convenient source
      (not shown) is supplied to line 42. Such trigger signal is supplied to one
      shot multivibrator 43, here bing designed to supply a 100.mu. sec pulse of
      positive polarity to operational amplifier 44 through resistor 45.
      Operational amplifier 44 produces, in response to the positive polarity
      pulse, a negative polarity pulse to line 46 whose amplitude is, inter
      alia, determined by resistor 45. The pulse on line 46 turns transistors
      47, 48 on and the amplitude of such pulse controls the current flow
      through such transistors, thereby causing capacitor 49 to discharge
      through cable 40 (in the direction indicated by arrow 50). The discharge
      current in the cable 40 is sufficient to drive each one of the ferrite
      pole pieces to saturation in a given direction. When the current stops
      flowing, the ferrite pole pieces are latched. The magnetic field of each
      ferrite pole piece, when latched, is represented here by arrows 51 in FIG.
      5. It is noted that such arrows 51 are here aligned with the arrows (not
      numbered) representative of the magnetic field associated with
      nonreciprocal quarter-wave plate 13 (FIG. 3).
PAR  To operate in the second manner, a trigger signal is supplied to line 52.
      Such trigger signal passes through NOR gate 53 and inverter 54 to one shot
      multivibrator 55. One shot multivibrator 55, in response to such trigger
      signal, produces a 100 .mu.sec. positive polarity pulse. Such pulse turns
      transistors 56, 58 on and the amplitude of such pulse controls the current
      through such transistors, thereby causing capacitor 59 to discharge
      through cable 40 in the direction indicated by arrow 60. The amount of
      such current is sufficient to drive and latch the ferrite pole pieces in a
      magnetic state opposite to that aforementioned. The magnetic field
      associated with such state is changed 180.degree. with respect to the
      arrows 51. (FIG. 5).
PAR  To operate in the third manner, a trigger signal is applied to line 62.
      Such trigger signal passes through NOR gate 53 to latch the ferrite pole
      pieces as just described, regardless of the magnetic state of such pole
      pieces just prior to the application of the trigger pulse. However, the
      trigger signal on line 62 is also applied to one shot multivibrator 63
      which provides a delay, here 120 .mu.sec., before a one shot multivibrator
      64 provides a positive polarity pulse of 100 .mu.sec. duration to a
      resistor 65. Such delayed pulse then causes a current flow through cable
      40 in the direction indicated by arrow 50. The value of resistor 65 is
      such that the current through the cable 40 will cause the ferrite pole
      pieces ultimately to be essentially demagnetized.
PAR  As will become apparent hereinafter during either the transmission or
      reception, the radio frequency energy passing through the portion of the
      waveguide structure between the nonreciprocal quarter-wave plate 13 and
      the switchable quarter-wave plate 15 will be circularly polarized. The
      phase of such circularly polarized energy is controlled by a phase shifter
      section 17, here a Faraday rotator, the details of which are described in
      U.S. Pat. No. 3,736,535 mentioned above and also in copending patent
      application Ser. No. 186,128 filed Oct. 4, 1971, entitled "Phased Array
      System" bt V. L. Heeren, J. Howell and C. D. Reis, assigned to the same
      assignee as the present invention, now U.S. Pat. No. 3,775,769 issued Nov.
      27, 1973.
PAR  Radiator 22 provides impedance matching to free space over a relatively
      wide range of scan angles. A radiator which may be used as radiator 22 is
      described in detail in patent application Ser. No. 369,028 filed June 11,
      1973, entitled "Waveguide Device" by Jerome D. Hanfling and assigned to
      the same assignee as the present invention now U.S. Pat. No. 3,851,281
      issued Nov. 26, 1974 entitled "Impedance Matched Waveguide Device.". Here
      such radiator 22 includes a pair of dielectric circular discs (not
      numbered) here of cordierite and a square waveguide section here having
      Alumina as a dielectric disposed within such square waveguide section.
PAR  In operation, referring to FIG. 1, when switchable quarter-wave plate 15 is
      operating in its first manner, vertically polarized radio frequency
      energy, as indicated by arrow 24, introduced into the feed transition
      section 20 is converted to circularly polarized radio frequency energy (of
      a particular sense) by nonreciprocal quarter-wave plate 13. Such
      circularly polarized radio frequency energy passes through the ferrite
      phase shifter section 17. The circularly polarized radio frequency energy
      is then converted to linearly polarized radio frequency energy by
      switchable quarter-wave plate 15. Because of the here assumed orientation
      of the magnetic field associated with the switchable quarter-wave plate
      15, the direction of polarization will then be horizontal. Because of the
      orientation of the magnetic flux in the nonreciprocal quarter-wave plate
      11, the horizontally polarized radio frequency energy passes through such
      quarter-wave plate with unchanged polarization. The horizontally polarized
      radio frequency energy then passes through reciprocal quarter-wave plate
      14 and is also unchanged in polarization for the reasons mentioned above
      Therefore, horizontally polarized radio frequency energy is transmitted by
      antenna element 10. During reception a portion of the horizontally
      polarized radio frequency energy reflected by an object enters radiator
      22. Such reflected radio frequency energy remains horizontally polarized
      as it passes through reciprocal quarter-wave plate 14 and nonreciprocal
      quarter-wave plate 11. However, switchable quarter-wave plate 15 converts
      the horizontally polarized radio frequency energy to circularly polarized
      radio frequency energy. The sense of such circularly polarized radio
      frequency energy will be of a reversed sense. Such circularly polarized
      radio frequency energy passes through the ferrite phase shifter section
      17. However, because the sense of the circularly polarized radio frequency
      energy is now reversed during reception from the sense of such circular
      polarization during transmission, the phase shift control signal supplied
      to the ferrite phase shifter section 17 from a beam steering computer (not
      shown) need not be changed between transmission and reception. The phase
      shifted circularly polarized radio frequency energy therefore passes
      through nonreciprocal quarter-wave plate 13 where it is again converted to
      vertically polarized radio frequency energy. Such vertically polarized
      radio frequency energy is then coupled to stripline 26.
PAR  When the direction of magnetization of the ferrite pole pieces in the
      switchable quarter-wave plate 15 is reversed, (that is, such switchable
      quarter-wave plate is operating in the second manner) vertically polarized
      radio frequency energy introduced through feed transition section 20 is
      again converted into circularly polarized radio frequency energy by
      nonreciprocal quarter-wave plate 13. However, because the direction of the
      magnetic flux in the switchable quarter-wave plate 15 has changed
      180.degree., circularly polarized radio frequency energy passing through
      the phase shifter section 17 is now converted to vertically polarized
      radio frequency energy by the switchable quarter-wave plate 15. Such
      vertically polarized radio frequency energy is still unaltered in
      polarization by nonreciprocal quarter-wave plate 11 and nonreciprocal
      quarter-wave plate 14 for reasons mentioned above. During reception a
      portion of the vertically polarized radio frequency energy reflected by an
      object is received by the radiator 22. Such received radio frequency
      energy passes unaltered in polarization through quarter-wave plates 14 and
      11 and is converted into circularly polarized energy by means of
      switchable quarter-wave plate 15. In this case, however, the sense of the
      circular polarization of the radio frequency energy passing through the
      phase shifter section 17 is reversed from the sense of the circularly
      polarized radio frequency energy in that section during transmission. The
      phase shifted circularly polarized radio frequency energy is transformed
      to vertically polarized energy by nonreciprocal quarter-wave plate 11.
PAR  When the ferrite pole pieces in the switchable quarter-wave plate are
      demagnetized, (that is when such quarter-wave plate is operating in the
      third manner) vertically polarized radio frequency energy introduced
      through the feed transition section 20 into the waveguide structure is
      again converted to circularly polarized radio frequency energy by
      nonreciprocal quarter-wave plate 13. Because of the condition of the
      switchable quarter-wave plate, such circularly polarized radio frequency
      energy remains circularly polarized. The polarization of the radio
      frequency energy entering the nonreciprocal quarter-wave plate 11 is again
      converted into linearly polarized radio frequency energy by such
      nonreciprocal quarter-wave plate. It is noted, however, that the
      orientation of the electric field of such linearly polarized radio
      frequency energy is 45.degree. with respect to both the X and Y axes.
      Therefore, as described above, reciprocal quarter-wave plate 14 transforms
      the polarization of the radio frequency energy from linear polarization to
      circular polarization. During reception, if a portion of the circularly
      polarized transmitted radio frequency energy has been reflected from a
      "single bounce" reflecting surface, such as a raindrop, such radio
      frequency energy is circularly polarized and remains circularly polarized
      without change in sense. The portion of such radio frequency energy
      received by radiator 22 passes through reciprocal quarter-wave plate 14
      and is transformed into linearly polarized radio frequency energy, such
      energy having an electric field oriented 45.degree. with respect to the X
      and Y axes. Such linearly polarized radio frequency energy is converted to
      circularly polarized radio frequency energy of the same sense by
      nonreciprocal quarter-wave plate 11. The circularly polarized radio
      frequency energy is converted into horizontally polarized radio frequency
      energy by nonreciprocal quarter-wave plate 13 Such horizontally polarized
      radio frequency energy is then almost completely absorbed by absorbing
      vanes 32, 34. On the other hand, the portion of the transmitted circularly
      polarized radio frequency energy reflected by a "double bounce" object,
      such as an aircraft, and received by radiator 22, is also circularly
      polarized; however, the polarization of such radio frequency energy has a
      sense reversed from the sense of polarization associated with the radio
      frequency energy reflected from a single bounce object. Therefore, upon
      passing through the described waveguide structure, such radio frequency
      energy is vertically polarized and, accordingly, is not absorbed by the
      absorbing vanes 32, 34 but rather is passed to the stripline feed 26.
PAR  Having described a preferred embodiment of the invention, numerous
      variations may now become apparent to those skilled in the art. For
      example, the current driver circuit described herein may be replaced with
      driver circuitry similar to that used with analog phase shifters as
      described in Radar Handbook by M. I. Skolnik, McGraw-Hill Book Company,
      1970, pgs. 12-43 to 12-45. Further, the position of the reciprocal
      quarter-wave plate 14 and the nonreciprocal quarter-wire plate 11 may be
      interchanged with appropriate changes to the waveguide structure. It is
      felt therefore that the invention is not limited in scope to the
      particular embodiments herein shown, but only by the spirit and scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antenna element comprising:
PA1  a. a waveguide means for passing radio frequency energy introduced thereto
      and for radiating such radio frequency energy;
PA1  b. means for transforming the polarization of the radio frequency energy as
      such energy passes through the waveguide means for radiating such radio
      frequency energy selectively with either linear or circular polarization,
      such transforming means including
PA2  i. a first and a second nonreciprocal quarter-wave plate having field
      orientations within the waveguide means effectively 45.degree. with
      respect to each other;
PA1  ii. a third nonreciprocal quarter-wave plate disposed between the first and
      the second nonreciprocal quarter-wave plate;
PA2  iii. a reciprocal quarter-wave plate disposed between thee radiating end of
      the waveguide means and the third nonreciprocal quarter-wave plate; and
PA2  iv. means for operating the third nonreciprocal quarter-wave plate in a
      selected one of a plurality of manners, such means including means for
      switching to align the field orientation of the third nonreciprocal
      quarter-wave plate with the field orientation of the first quarter-wave
      plate when a first one of the plurality of manners is selected, for
      switching to reverse the field orientation of the third nonreciprocal
      quarter-wave plate when a second one of the plurality of manners is
      selected, and for switching to eliminate the field of the third
      nonreciprocal quarter-wave plate when a third one of the plurality of
      manners is selected; and,
PA1  c. feed means connected to the waveguide means for introducing linearly
      polarized radio frequency energy within the waveguide means, such feed
      means including means for absorbing linearly polarized radio frequency
      energy having a polarization orthogonal to the polarization of the
      introduced radio frequency energy.
NUM  2.
PAR  2. The antenna recited in claim 1 including additionally a phase shifter
      section disposed between the third nonreciprocal quarter-wave plate and
      the first nonreciprocal quarter-wave plate.
NUM  3.
PAR  3. The antenna element recited in claim 2 wherein the feed means is
      disposed adjacent to the first nonreciprocal quarter-wave plate.
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ABST
PAL  A dual frequency band horn-type antenna feed is described which has primary
      application to optimally illuminate a parabolic cylindrical reflector
      operating simultaneously at high power in both of the two bands. The
      principle of the invention is applicable to any two frequency bands
      regardless of their frequency separation including coincidence as a
      limiting case. The basic requirement of such a feed is that it must be as
      directive as possible within constraint of the feed aperture size in the
      plane of the cylinder axis because the cylindrical reflector does not
      collimate the beam in this plane and it must be relatively nondirective in
      the plane of the parabola for efficient illumination of the reflector.
      This requirement requires the phase front in the directive plane to be
      controlled within a small fraction of a wavelength at both frequencies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One method recently employed to provide antennas for two frequency bands
      was to mount the two antennas back-to-back. This arrangement has the
      disadvantage of increasing the weight of the combination antenna thus
      requiring a heavier pedestal with its associated more powerful drive
      system. Also additional weight is sometimes very objectionable if, for
      example, the back-to-back antennas were to be placed aboard ship. Lastly,
      back-to-back antennas must necessarily be used in a rotating mode since
      the individual antennas cannot cover the same area simultaneously. A dual
      frequency band horn-type feed uses a common cylindrical paraboloid
      reflector thus minimizing the weight increase and covering the same area.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a single feed horn is excited
      with two orthogonally polarized signals from a higher and a lower
      frequency band by means of a transducer from coaxial line or waveguide. A
      series of conductive notched fin pairs are placed within the feed horn in
      the parabolic plane of the reflector. The depth and spacing of the notches
      control the phase velocity of the wave in the region between the notched
      fin pairs. If the notches are less than a quarter wavelength, they act as
      a series inductance to slow the wave down. That is, the degree by which
      the wave is slowed down increases with effective notch depth within the
      range of notch depth of zero to .lambda./4. The notch spacing is such that
      there are several per free space wavelength. Generally, the larger the
      number of notches per wavelength, the slower the phase velocity. These
      parameters (slot depth and spacing) are used to control the phase velocity
      of the wave and also to effect a good impedance match at the input of the
      finned region and at the output to free space. The phase front at the
      aperture can be controlled by the phase velocity and/or the length of the
      notched region thus allowing great versatility in design. The effective
      aperture for the low frequency signal is the entire horn and is polarized
      normal to the fins and parallel to the cylinder axis of the reflector. The
      effective aperture for the high frequency signal is the space between the
      fin pairs and is polarized in the plane of the fins and orthogonal to the
      polarity of the low frequency signal. The effective apertures for both the
      high and the low frequencies in the plane of the fins must be the same in
      terms of wavelength for optimum illumination of the reflector for both
      frequencies. Also, the phase centers must be coincident and coincide with
      the focal point of the cylindrical parabolic reflector.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a front view of the feed horn of the present invention
      in perspective;
PAR  FIG. 2 shows a cross-sectional view of the feed horn of FIG. 1 in the plane
      of the parabolic reflector, not shown;
PAR  FIGS. 3a, 3 b and 3 c show a feed horn in accordance with the present
      invention incorporating non-parallel notched fins;
PAR  FIG. 4 illustrates a cross-sectional view of an input to a notched fin
      horn;
PAR  FIGS. 5 a and 5 b illustrate an alternative input to a notched fin horn;
PAR  FIGS. 6 a, 6 b and 6 c illustrate apparatus for feeding a notched fin horn;
PAR  FIGS. 7 a and 7 b illustrate a biconical antenna using notched fins for
      phase and amplitude control at periphery;
PAR  FIG. 8 illustrates the use of additional notched fins for phase control
      disposed in the plane of the fin; and
PAR  FIG. 9 illustrates notches in fins that are folded or slanted for
      compactness.
DETD
PAC  DESCRIPTION
PAR  Referring now to FIG. 1 of the drawings, there is shown a front perspective
      view of the dual frequency band feed horn of the present invention. In
      particular, the feed horn comprises a conductive rectangular horn 10
      having a rectangular aperture of width a and height b with flanges 11, 12
      extending outwards from the longest sides and an input flange 13 extending
      outwards from smaller extremity. In accordance with the invention, a
      plurality of pairs of notched fins 14, 16 are disposed along the b
      dimension of the horn 10 extending from the input to the aperture thereof
      and wrapping around flanges 11, 12 with a substantially uniform gap c
      therebetween. Fins 14, 16 are notched along internal edges for phase
      control purposes and across the aperture for shaping the beam. Notched
      fins 18, 20 extend completely across the a dimension of the aperture
      inside the horn 10 at opposite sides of the fins 14, 16 and wrap around
      the flanges 11, 12 in the same manner as the fins 14, 16. Fins 18, 20 are
      only notched across the aperture with beam shaping notchings. In
      operation, the E-Field of the high frequency band is excited through the
      flange 13 of horn 10 across the gap a between fins 14, 16 as indicated by
      arrow 21 and the E-Field of the low frequency band is excited along the
      entire b dimension of the aperture as indicated by arrow 22.
PAR  Referring to FIG. 2 of the drawings, there is shown a cross-sectional view
      of the horn 10 in the plane of the parabolic reflector, not shown. The
      high frequency E-Field may be excited in horn 10 by means of a coaxial
      input having a center conductor 25 which extends into the horn 10 in back
      of the notched fins 14, 16 and is oriented to excite the E-Field across
      the gap c therebetween. The low frequency E-Field, on the other hand, may
      be introduced into the horn 10 by means of a rectangular waveguide 26
      connecting the flange 13 of horn 10 with a broad side thereof in a plan
      view, as shown in the drawing. Thus, a signal in a TE.sub.1,0 mode
      propagating through waveguide 26 will excite a low frequency E-Field of a
      vector 22 across the aperture of horn 10. Along the opposite edges of the
      fins 14, 16 there is disposed a series of periodically spaced notches 28,
      30, respectively, for controlling the phase of the high frequency E-Field
      at the aperture of the horn 10. In addition, the front edges of the fins
      14, 16 include periodically spaced notches 32, 34, respectively, for
      shaping the high frequency beam. In general, the notches 28, 30, 32, 34
      are made a nominal one-quarter wavelength deep with deviations therefrom
      to either add inductance or capacitance as required by the circumstances
      i.e. to speed up or slow down the wave bounded by the fins.
PAR  The dual frequency band feed of FIGS. 1 and 2 has primary application to
      optimally illuminate a parabolic cylindrical reflector, not shown,
      operating simultaneously in two frequency bands, both at high radio
      frequency power. Although the device of the present invention is
      applicable to any two frequency bands regardless of their frequency
      separation including coincidence as a limiting case, the embodiment of
      FIGS. 1 and 2 was designed to operate in the 1 GH.sub.z and 6 GH.sub.z
      frequency bands. The basic requirement of such a feed is that it must be
      as directive as possible within constraint of the feed aperture size in
      the plane of the parabolic cylinder axis because the cylindrical reflector
      does not collimate the beam in this plane and it must be relatively
      nondirective in the plane of the parabola for efficient illumination of
      the reflector. This requires that the phase front in the directive plane,
      i.e. the plane of the cylindrical axis, to be controlled within a small
      fraction of a wavelength at both frequencies.
PAR  Referring to FIG. 1 wherein an aperture view of the feed is shown, the
      effective aperture for the lower frequency is the entire horn and is
      polarized as shown by the field intensity vector 22. The effective
      aperture for the higher frequencies is the space c between the fin pairs
      14, 16 and is polarized as shown by the field intensity vector 21 which is
      orthogonal to the field intensity vector 22. The high and low frequency
      signals are launched in the feed by the coaxial probe 25, and by a
      TE.sub.1,0 input through rectangular waveguide 26, respectively. For
      optimum illumination of the reflector for both the high and low
      frequencies, the effective apertures for both frequencies in the parabolic
      plane of the reflector is made the same in terms of wavelengths at the
      respective frequencies. Also, the phase centers are both made to coincide
      with the focal point of the parabolic reflector.
PAR  In the plane orthogonal to the fins 14, 16 the two frequencies share the
      entire aperture. It is in this plane that the phase and amplitude
      distributions must be accurately controlled to shape the radiation pattern
      in this plane. Since this is not the parabolic plane of the reflector, the
      reflector plays no role in beam collimation. For the operation at the
      lower frequency in the configuration of FIG. 1, the notched fins 14, 16
      have no function and are "invisible" to the low frequency because they are
      normal to the electric (E) field vector 22 of the low frequency energy.
      Hence, the radiation pattern from the horn at the low frequency is
      essentially the same as an identical horn with no fins.
PAR  For the higher frequency, however, the fins 14, 16 play a vital role. The
      spacing between the fins 14 and between the fins 16 is made sufficiently
      close, i.e. very much less than one half wavelength at the higher
      frequency, so that the high frequency field essentially does not penetrate
      into the space between adjacent fins 14 or 16; thus the effective aperture
      for the high frequency energy is reduced to the space c shown in FIG. 1.
      This reduction in effective aperture makes the aperture in the parabolic
      plane equal, in terms of wavelengths, to that of the low frequency, as
      desired.
PAR  The interior notches 28, 30 of the fins 14, 16, respectively, control the
      phase velocity of that portion of the power traveling between fin-pairs.
      The total phase from the throat of the horn to the horn aperture of the
      power between fin-pairs is determined by the depth, width, spacing and
      length of the notched region along the fins 14, 16 interior to the horn.
      By varying these parameters from fin-pairs to fin pair, i.e. notch, depth,
      width, spacing, length of notched region of fin 14 or 16, spacing between
      fin-pairs, precise phase control can be achieved over the large dimension
      of the horn aperture. By non-uniform spacing of the fins 14, 16 at the
      throat of the horn as compared to the spacing at the horn aperture, some
      degree of amplitude control is achieved at the horn aperture. Thus, both
      aperture amplitude and phase control is achieved at the horn aperture for
      the high frequency energy whereby the radiation beam shape in the plane of
      the cylindrical axis is achieved.
PAR  Referring to FIG. 3 there is shown the application of notched fins in
      finned parallel plate microwave devices such as a parallel plate horn 40.
      Parallel plate horn 40 incorporates notched fins 41, 42 which are normal
      to the parallel sides of horn 40 and can be straight or curved as shown.
      As before, the high frequency field is excited by means of a probe 43 of a
      coaxial input 44 placed near the throat through one of the parallel sides
      and the low frequency field is launched by means of a TE.sub.01 wave
      propagated through a rectangular waveguide input 45 placed at the throat
      of the horn 40 and oriented in a manner to launch the electric field
      normal to the notched fins 41, 42. The operation of the device is similar
      to that described in connection with FIGS. 1 and 2.
PAR  Referring to FIGS. 4, 5 and 6 there is shown several types of inputs to
      notched-fin horns of the type described in connection with FIGS. 1-3. In
      particular, FIG. 4 shows a low frequency waveguide 70 which feeds a mitred
      H-plane bend 72 into the throat 73 of horn 10 or 40, for example, so as to
      launche an electric field normal to notched fins 74, 75. A high frequency
      waveguide 76 is inserted through the mitre of the mitred H-plane bend 72
      and is terminated at the commencement of the notched fins 74, 75 and is
      oriented so as to launch an electric field between the notched fins 74,
      75.
PAR  FIG. 5 a and b on the other hand, illustrate side and end cross-sections of
      a combination coax-waveguide input for a notched-fin horn of the type
      described in connection with FIGS. 1 and 2. In this case notched-fins 80,
      81 extend to the end of a throat portion 82 with corner segments 83, 84
      cut out so as to accommodate a low frequency coaxial input 86. An
      additional coaxial input (not shown) may be employed in the remaining
      corner if low frequency dual feeding is desired. A center conductor 87 of
      coaxial input 86 extends from the top of the bottom of throat portion 82.
      Lastly, a high frequency waveguide 88 is passed through the rear portion
      of the throat 82 between the notched-fins 80, 81 and is oriented so as to
      launch the high frequency electric field between the notched-fins 80 and
      81 thereby to provide a high frequency input.
PAR  Referring to FIG. 6 a, b and c there is shown end, top and side
      cross-sectional views, respectively, of an alternative embodiment of the
      notched-fin horn described in connection with FIGS. 1 and 2. In
      particular, notched-fins 90, 91 are disposed in pairs in throat portion 92
      and are terminated short of the end thereof. A high frequency waveguide 94
      is inserted through the end of throat portion 92 and extends inwards to
      the commencement of the notched-fins 90, 91. Waveguide 94 is oriented so
      as to launch the electric field of a high frequency electromagnetic wave
      between the notched-fins 90, 91. A coaxial input 95 is disposed on the top
      of the throat portion 92 opposite the void left by the termination of the
      notched-fins 90, 91 with a center conductor 96 extending into the throat
      portion 92 to the narrow wall of waveguide 94. A similar coaxial input 97
      (shown in dashed lines) may be installed through the opposite wall of
      throat portion 92 directly opposite coaxial input 95 if dual feeding for
      low frequencies is desired. The coaxial input energizes an electric field
      that is normal to the notched-fins 90, 91.
PAR  Referring to FIG. 7 there is shown a cross-sectional and plan view of a
      biconical antenna 50 adapted to use notched fins for phase and amplitude
      control at the periphery thereof. The notched fin biconical antenna 50
      includes upper and lower conical sections 51, 52, respectively, having the
      same axis of rotation and having flat annular coextensive center portions
      to form a throat. Notched fins 53, 54 are disposed normal to the conical
      sections 51, 52 and are arranged to run radially outwards in pairs from a
      circular boundary disposed about the axis of rotation of the conical
      sections 51, 52. The antenna 50 is fed by means of a probe 55 penetrating
      through the center portion of conical section 52 from a coaxial input 56.
      A waveguide might also be used to feed the antenna 50 in lieu of the
      coaxial input 56. The notched fins 53, 54 function to control the phase
      and amplitude at the periphery of the antenna 50. In the event a
      circularly polarized wave is launched from the center portion of antenna
      50, it will not be affected by the notched fins 53, 54.
PAR  Referring to FIG. 8, there is illustrated the use of notched fins 58 in the
      plane of the respective pairs of fins 53, 54 for additional phase control
      in the apparatus of FIG. 7. It should be noted that the notches in any of
      the fins may be folded or slanted for compactness. Referring to FIG. 9
      there is illustrated notches 60, 62 in fins 64, 66, respectively which are
      folded at right angles near the center portions thereof. Inasmuch as the
      notch can be straight, it is evident that the "fold" need not be at right
      angles but can be anywhere between a straight notch and a notch folded to
      an acute angle. Alternatively, curved or slanted notches may be employed
      as may best suit the space available. The phase velocity between the
      notched fins 64, 66 is determined by the notch parameters such as the
      peripheral distance irrespective of whether the notches are folded or
      straight.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antenna element comprising a horn-type radiating element, means for
      exciting said horn-type radiating element with two orthogonally polarized
      signals from a higher and a lower frequency band, and means for providing
      a plurality of conductive fin pairs on opposing inner surfaces of said
      horn-type radiating element in a plane parallel to that of the
      polarization of said signal from the higher frequency band, said
      conductive fin pairs having a plurality of notches disposed along the
      adjacent edges thereof having a nominal depth of one-quarter wavelength at
      the frequency of said polarized signal from said higher frequency band.
NUM  2.
PAR  2. A dual-frequency feed horn comprising a rectangular horn having a throat
      extremity and an aperture, means for exciting said throat extremity of
      said rectangular horn with two orthogonally polarized signals from a
      higher and a lower frequency band, and means for providing a plurality of
      conductive fin pairs along opposing inner surfaces of said rectangular
      horn between the throat and aperture thereof, in planes parallel to that
      of the polarization of said signal from the higher frequency band, said
      conductive fin pairs each having a plurality of notches disposed along the
      adjacent edges thereof having a nominal depth of one-quarter wavelength at
      the frequency of said polarized signal from said higher frequency band.
NUM  3.
PAR  3. An antenna element comprising a horn-type radiating element, means for
      exciting said horn-type radiating element with two orthogonally polarized
      signals from a higher and a lower frequency band, and means for providing
      a plurality of conductive fin pairs on opposing inner surfaces of said
      horn-type radiating element in a plane parallel to that of the
      polarization of said signal from the higher frequency band, said
      conductive fin pairs having a plurality of folded notches disposed along
      the adjacent edges thereof.
NUM  4.
PAR  4. A dual-frequency feed horn comprising a rectangular horn having a throat
      extremity and an aperture, means for exciting said throat extremity of
      said rectangular horn with two orthogonally polarized signals from a
      higher and a lower frequency band, and means for providing a plurality of
      conductive fin pairs along opposing inner surfaces of said rectangular
      horn between the throat and aperture thereof, in planes parallel to that
      of the polarization of said signal from the higher frequency band, said
      conductive fin pairs each having a plurality of notches disposed along the
      adjacent edges thereof and additionally including notches along the edges
      thereof in the plane of said aperture for shaping the beam radiated from
      said horn.
NUM  5.
PAR  5. The dual-frequency feed horn as defined in claim 4 wherein said means
      for exciting said throat extremity thereof with two orthogonally polarized
      signals from a higher and a lower frequency band includes a waveguide
      tapered into the throat of said horn for exciting said throat extremity
      with said one of said two orthogonally polarized signals from said lower
      frequency band polarized normal to said conductive fin pairs, and a
      coaxial input having a center probe parallel to the plane of said
      conductive fin pairs thereby to excite the remaining one of said two
      orthogonally polarized signals in said throat extremity of said feed horn.
NUM  6.
PAR  6. The dual-frequency feed horn as defined in claim 4 wherein said means
      for exciting said throat extremity thereof with two orthogonally polarized
      signals from a higher and a lower frequency band includes a lower
      frequency waveguide connected through a mitred H-plane bend into said
      throat extremity of said horn for exciting said throat extremity with said
      one of said two orthogonally polarized signals from said lower frequency
      bend polarized normal to said conductive fin pairs and a higher frequency
      waveguide inserted through the mitre of said H-plane bend to the
      commencement of said conductive fin pairs with the broad sides thereof
      contacting opposite edges of said conductive fins thereby to excite the
      remaining one of said two orthogonally polarized signals in said throat
      extremity of said feed horn.
NUM  7.
PAR  7. The dual-frequency feed horn as defined in claim 4 wherein said means
      for exciting said throat extremity thereof with two orthogonally polarized
      signals from a higher and a lower frequency band includes a waveguide for
      propagating signals from said higher frequency band inserted into said
      throat extremity to the commencement of said conductive fin pairs, the
      broad sides of said waveguide contacting opposite edges thereof, and means
      including a probe connected to the center conductor of a coaxial line for
      exciting a signal from said lower frequency band within said throat
      extremity of a polarity normal to said conductive fin pairs.
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ABST
PAL  High gain limited scan operation of phased array antennas is accomplished
      with microwave circuitry by appropriately coupling the array elements into
      sub-arrays and establishing a 90.degree. out of phase relationship between
      even and odd mode power at the aperture of each array element. Even and
      odd mode power from the feed circuit of each element is coupled to the
      feed circuit of each nearest adjacent element to form three element
      overlap subarrays in each plane of scan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to phased array antennas, and in particular to means
      for implementing limited scan operation of that type of antenna with
      microwave circuitry.
PAR  Conventional phased arrays are seldom proposed as antennas for high-gain,
      limited-scan applications because their required element spacings are
      small, and the resulting number of elements and phase shifters is
      excessively large. It has long been recognized, however, that if
      flat-topped radiation patterns could be synthesized to suppress the
      grating lobes, arrays of relatively few but larger sub-arrays or elements
      could be used for these applications. Although several element design
      approaches have met with reasonable success, allowing spacings up to
      0.9.lambda., much larger spacings would be achievable if overlapped
      sub-array distribution could be produced.
PAR  This approach has in the past been neglected because of the lack of
      microwave circuits that are capable of effectively achieving the required
      overlapped sub-array distribution. THe present invention is directed
      toward providing microwave circuitry and element coupling arrangements
      that will permit the use of such an approach.
PAC  SUMMARY OF THE INVENTION
PAR  The invention consists of means for exciting phased array elements to
      produce relatively narrow and square element radiation patterns. Square
      element or sub-array patterns can be produced using a special sin.mu./.mu.
      type aperture distribution. In order to make these element patterns narrow
      enough for use in a multiple beam or limited scan array, it is required
      that the aperture distribution corresponding to each set of terminals
      extend beyond the aperture devoted to a single element or unit cell. This,
      in the present invention, is accomplished by intercoupling the elements
      and thus overlapping the effective sub-arrays. The overlapping is done
      using multi-mode waveguide circuitry which is compact and appropriate to
      the current state of the art. Each element is coupled by directional
      couplers to its nearest neighbor elements to form a three element
      sub-array in each direction of scan.
PAR  It is a principal object of the invention to provide a new and improved
      limited scan phased array antenna.
PAR  It is another object of the invention to adapt a phased array antenna to
      high gain limited scan operation without utilizing an excessively large
      number of elements and phase shifters.
PAR  It is another object of the invention to provide microwave circuitry
      capable of implementing high gain limited scan operation of phased array
      antennas.
DRWD
PAR  These, together with other objects, advantages and features of the
      invention will become more readily apparent from the following detailed
      description when taken in conjunction with the illustrative embodiment in
      the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph showing curves of ideal and approximate flat-topped
      element patterns;
PAR  FIG. 2 is a schematic diagram of an overlapped array circuit;
PAR  FIG. 3 is a microwave circuit for an overlapped array of horn antennas; and
PAR  FIG. 4 is a microwave circuit for scanning in two planes.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention provides a practical, passive means of tailoring the pattern
      of a sub-array to achieve limited sector scan with a minimum number of
      array elements. This is accomplished by synthesizing a square element
      pattern for array grating lobe suppression.
PAR  The desired effect is illustrated in FIG. 1 which shows a flat-topped
      sub-array pattern in one dimension. Curve 15 represents an ideal field
      strength pattern and curve 16 represents a pattern for truncated aperture
      distribution. An array of such sub-arrays can be scanned to the angle
      .theta..sub.m such that D sin .theta..sub.m = 0.5, where D is the
      inter-sub-array spacing normalized to wavelength. In this case, a large
      array with main beam at sin .theta. = 0.5/D - .sigma. will have its
      nearest grating lobe at sin .theta. = -0.5/D - .sigma., and all grating
      lobes will be completely suppressed. The aperture field corresponding to
      this far field distribution is of the form
      ##EQU1##
      where x is the distance in wavelengths measured from the center of the
      sub-array. If the maximum ideal spacing D = 0.5/sin .theta..sub.m is used,
      then this aperture distribution has zeros at x = .+-. nD, excluding n = 0,
      and one must include a number of elements in order to reproduce the f(x)
      distribution faithfully. Thus, each phase shifter must feed a multiplicity
      of sub-arrays and the sub-arrays can be said to be overlapped. Obviously,
      the ideal aperture field can be approximate only; it must be truncated and
      then approximated by realizable distributions at each element. The dashed
      curve 16 shown in FIG. 1 shows the flat-topped subarray pattern achievable
      if the f(x) is truncated at x = .+-. 3D. In this case, 20-dB grating lobe
      suppression can be obtained for scan out to the angle
EQU  D sin .theta..sub.m = 0.43.
PAR  The present invention discloses a technique that allows f(x)to be
      approximated by higher order even and odd mode distributions in horn
      apertures so that the element spacings can be made equal to the distance D
      between sub-arrays.
PAR  The motivation for choosing to introduce odd modes into the apertures in
      this case is that, for maximum spacing, the aperture illumination of the
      f(x) pattern is predominantly odd at the two elements on either side of
      center. The technique consists therefore in interconnecting all elements
      in overlapped sub-arrays of three elements each (nearest neighbor coupling
      only), so as to produce and control a higher order mode distribution at
      each element.
PAR  The technique allows an element size times scan angle product in the
      E-plane of approximately
EQU  D sin .theta..sub.m - 33,
PAL  using only one-third as many phase shifters for .+-. 7.degree. scan and
      one-fourth as many for .+-. scan as a conventional array with 0.95
      .lambda. element spacing.
PAR  FIG. 2 shows a schematic of the transmission line circuit for overlapping
      three elements 20 in an array for E-plane scan. Viewed as an overlapped
      sub-array with only the central element excited, each coupler 17 with
      coupling coefficient C and transmission coefficient T is excited by
      in-phase signals with normalized amplitude 1/.sqroot.2. The signals
      coupled into the circuits at left and right are C/.sqroot.2. For
      symmetric, lossless directional couplers, T can be taken as real, C as
      imaginary and /t/.sup.2 + /C/.sup.2 = 1. At the sum-hybrid port 18, the
      signals at both the left and right of the central antenna are 1/2 C, and
      the signal at the difference port is + 1/2 C for the antenna at left and
      -1/2 C for that at right. Since C is imaginary, the sum port signals at
      the left and right antennas are 90.degree. out of phase with that of the
      central antenna, and these constitute an error in the approximate f(x)
      distribution for the sub-array. Fortunately, this error is of little
      consequence, with the advantage of providing full aperture efficiency at
      broadside to outweigh its disadvantage.
PAR  In practice, the sum and difference hybrid shown in FIG. 2 need only be a
      junction into a dual mode waveguide, as indicated by the dual mode
      waveguide junction in FIG. 3. Since the modes propagate with different
      velocities in the horn 20 and dual mode section, its length is chosen to
      provide an extra 90.degree. delay in the odd-mode path as required for the
      proper aperture field.
PAR  An alternative perspective is obtained by assuming that all of the other
      array input signals are present. In this case, the central feed point is
      still excited by the unity signal and the left and right feed points are
      excited by signals e.sup.j.sup..eta.  and e .sup..sup.-j.sup..eta.,
      respectively, to form a beam at .theta. = sin.sup. .sup.-1 .eta./2.pi.D .
      The sum signal at the central element is T + C cos n and the difference
      signal is .+-. jC sin .eta., which is real. The extra .lambda./4 delay
      makes the difference signal imaginary, as required. A similar combination
      of signals is present at every antenna and the net result is that only the
      even mode contributions are present near broadside. Since the two even
      contributions are 90.degree. out of phase, their power adds to the total
      input power at broadside. As the array is scanned the odd-mode term with
      its sin .theta. variation grows.
PAR  In order for the odd- and even-mode radiations to cancel one another at any
      point in space, the odd and even modes must be 90.degree. apart in phase,
      and with the proper amplitudes. In this case, the odd mode is pure
      imaginary for the array case, and the even mode has a large real component
      and a smaller imaginary one, so that complete cancellation cannot take
      place except at D sin .theta. = 0.25, when the cos n component is zero. At
      other scan points, partial cancellation takes place and the even and odd
      modes reinforce one another to form a flat-topped active element pattern.
PAR  The circuit of FIG. 4 provides the proper overlap for two planes of scan.
      In this arrangement four directional couplers labeled A, B, C, D are
      provided to couple electromagnetic wave power between adjacent dual mode
      horns 21.
PAR  The following analysis demonstrates that the circuit of FIG. 4 provides a
      separable aperture distribution in each horn so that the skew plane
      scanning conditions can be predicted from the principal plane design
      results. FIG. 4 shows a central portion of the control circuitry 25
      illuminating a small section of the horn array. Each phased signal (for
      example, the array center element signal with e.sup.jo incident) is
      divided into four signals with amplitude one-half of the incident signal.
      These signals are coupled to all other nearest neighbor phased signals by
      means of directional couplers labeled, A, B, C, and D. Each directional
      coupler circuit performs, for example, E-plane and H-plane coupling
      sequentially, so that if the input ports are numbered 1 through 4 as on
      the drawing, and the output ports are numbered 5 through 8, then the
      output signals b.sub.n are given in terms of the input signals a.sub.n by
      the equations:
EQU  b.sub.5 = T.sub.H (T.sub.E a.sub.1 30  C.sub.e a.sub.3) + C.sub.H (T.sub.E
      a.sub.2 + C.sub.E a.sub.4),
EQU  b.sub.6 = C.sub.H (T.sub.E a.sub.1 + C.sub.E a.sub.3) + T.sub.H (T.sub.E
      a.sub.2 + C.sub.E a.sub.4),
EQU  b.sub.7 = T.sub.H (C.sub.E a.sub.1 + T.sub.E a.sub.3) + C.sub.H (T.sub.E
      a.sub.2 + C.sub.E a.sub.4),
EQU  b.sub.8 = C.sub.H (C.sub.E a.sub.1 + T.sub.E a.sub.3) + T.sub.H (T.sub.E
      a.sub.2 + C.sub.E a.sub.4),
PAL  where T.sub.E and T.sub.H are the coupler transmission coefficients for E
      and H-planes, and C.sub.E and C.sub.H are the coupling coefficients. For
      lossless couplers
EQU  .vertline.C.sub.E .vertline..sup.2 + .vertline.T.sub.E .vertline..sup.2 =
      1,
PAL  and
EQU  .vertline.C.sub.H .vertline..sup.2 + .vertline.T.sub.H .vertline..sup.2 =
      1.
PAR  The central horn sees only the contribution from terminal 8 of this circuit
      from the coupler labeled A, but receives inputs from the other couplers,
      B, C, and D as well. After application of the proper phase progression for
      the array, these contributions appear in the form below.
EQU  A : 1/2(C.sub.H e.sup. .sup.-j.sup..eta..sbsp.h +  T.sub.H)(C.sub.E e.sup.
      .sup.-j.sup..eta..sbsp.e + T.sub.E), B : 1/2(C.sub.H e.sup.
      .sup.+j.sup..eta..sbsp.h + T.sub.H)(C.sub.E e.sup.
      .sup.-j.sup..eta..sbsp.e + T.sub.E), C : 1/2(C.sub.H e.sup.
      .sup.-j.sup..eta..sbsp.h + T.sub.H)(C.sub.E e.sup.
      .sup.+j.sup..eta..sbsp.e + T.sub.E), D : 1/2(C.sub.H e.sup.
      .sup.+j.sup..eta..sbsp.h + T.sub.H)(C.sub.E e.sup.
      .sup.+j.sup..eta..sbsp.e + T.sub.E),
PAL  where .eta..sub.E = 2.pi.v = 2.pi. (sin .theta. sin .phi.) and .eta..sub.H
      = 2.pi.u = 2.pi. sin .theta. cos .phi., for a a main beam at the angle
      .theta., .phi. as defined in conventional polar coordinates, with .phi.
      measured from the x-axis in the plane z = 0, and with the E-plane lying
      along the y-axis.
PAR  Each horn is excited by four waveguide inputs which may include provision
      for proper impedance matching, and which must include means for adjusting
      the relative higher order mode phase lengths to obtain the correct phase
      ratios at the horn aperture. On the assumption that the impedances can be
      matched properly, the four input terminals excite modes in the horn that
      are basically LSE.sub.10, LSE.sub.11, LSE.sub.20 and LSE.sub.21, and the
      power in each of these modes is proportional to the square of the
      magnitude of the following expressions:
EQU  LSE.sub. 10 .fwdarw. (T.sub.E +C.sub. cos .eta..sub.E) T.sub.H + C.sub.H
      cos .eta..sub.H),
EQU  LSE.sub.11 .fwdarw. -j C.sub.E sin .eta..sub.E (C.sub.H cos .eta..sub.H +
      T.sub.H),
EQU  LSE.sub.20 .fwdarw. -j C.sub.H sin .eta..sub.H (C.sub.E cos .eta..sub.E +
      T.sub.E),
EQU  LSE.sub.21 .fwdarw.  -C.sub.E C.sub.H sin .eta..sub.E sin .eta..sub.H .
PAR  Modifications to the horn aperture designed to make the H-plane pattern
      similar to the E-plane pattern do not alter the E-plane distribution
      itself, and so the resulting E-plane (v) and H-plane (u) patterns of the
      modified horn aperture as excited by the four LSE type modes assume the
      symmetrical forms below:
EQU  f.sub.10 (u, v) = g.sub.e (u)f.sub.e (v),
EQU  f.sub.11 (u,v) = g.sub.e (u)f.sub.o (v),
EQU  f.sub.20 (u,v) = g.sub.o (u)f.sub.e (v),
EQU  f.sub.21 (u,v) = g.sub.o (u)f.sub.o (v),
PAL  where g.sub.e and g.sub.o are the even and odd H-plane (u) far field
      patterns, and f.sub.e and f.sub.o are the even and odd E-plane (v) far
      field patterns. The relative field strengths for the various modes of
      radiation are obtained by multiplying the expressions by the square root
      of the impedance for each mode, so that LSE.sub.11 mode excites the
      F.sub.11 coefficient with amplitude K.sub.E, relative to the F.sub.10
      (u,v) term. Similarly, LSE.sub.20 mode with unity amplitude excites the
      F.sub.21 coefficient with amplitude K.sub.E K.sub.H if the waveguide or
      horn is large enough so that all velocities of propagation are essentially
      the speed of light. In oversize rectangular waveguides, these constants
      are: K.sub.E = K.sub.H = .sqroot.2.
PAR  The complete far field expression therefore is:
      ##EQU2##
PAR  This expression, with its separable distribution in direction cosine (u,v)
      space, indicates that the effective element pattern of the array/network
      combination is the product of its E-plane element pattern V(v) times its
      H-plane element pattern U(u). The E-plane excitation is the same as that
      derived for the E-plane circuit of FIG. 2. Thus, with the H-plane signal
      distribution, the circuit of FIG. 4 provides the proper element pattern
      for scanning to all skew angles in the scan sector.
PAR  While the invention has been described in one presently preferred
      embodiment, it is understood that the words which have been used are words
      of description rather than words of limitation and that changes within the
      purview of the appended claims may be made without departing from the
      scope and spirit of the invention in its broader aspects.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A phased array antenna comprising
PA1  an array of radiating elements,
PA1  a sum and difference hybrid connected to the input of each radiating
      element,
PA1  a microwave transmission line feed circuit connected to deliver
      electromagnetic wave power to each sum and difference hybrid,
PA1  a coupling means associated with each radiating element for coupling
      discrete amounts of the even and odd mode electromagnetic wave power
      propagating through the feed circuit of its associated radiating element
      with the electromagnetic wave power propagating through the feed circuits
      of each of the nearest adjacent radiating elements, and
PA1  means for establishing a given phase relationship between even and odd mode
      power at the aperture of each radiating element.
NUM  2.
PAR  2. A phased array antenna as defined in claim 1 wherein each radiating
      element comprises a dual mode antenna horn.
NUM  3.
PAR  3. A phased array antenna as defined in claim 2 wherein each said sum and
      difference hybrid comprises a dual mode waveguide junction.
NUM  4.
PAR  4. A phased array antenna as defined in claim 3 wherein the phase
      relationship between even and odd mode power at each dual mode antenna
      horn aperture is established by antenna horn and dual mode waveguide
      junction length dimensions that effect a 90.degree.phase delay of the odd
      mode power propagating therethrough.
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ABST
PAL  A microstrip antenna structure is provided wherein a plurality of
      relatively narrow elements, resonant in their longer dimensions, are
      organized into two staggered or offset sets of interleaved elements with
      each set being fed from opposite sides of the structure through a
      corporate microstrip feed line from a common feed point. The aligned
      radiating ends of the two offset sets of elements simulate four line
      sources of radiation. The preferred embodiment produces an efficient
      end-fire radiation pattern from this relatively compact structure which
      may, in turn, constitute an individual end-fire radiator in a larger array
      structure.
BSUM
PAR  This invention generally relates to antenna structures for transmitting
      and/or receiving radio frequency electromagnetic signals. More
      particularly, this invention concerns a special form of microstrip antenna
      formed from stock material similar in structure to the conventional
      printed circuit boards (i.e. a conductor sheet laminated to a dielectric
      substrate) and formed using, for example, photoresist etch-out processes
      similar to the conventional printed circuit board processes.
PAR  In general, microstrip antennas approach the ideal in conformal,
      lightweight, mechanically rugged, easily reproduced antenna structures.
      Background for understanding the basic microstrip antenna radiator
      structure and operation may be found, for example, in commonly assigned
      U.S. Pat. Nos. 3,710,338; 3,713,166 and 3,713,162 and patent application
      Ser. Nos. 99,481 filed Dec. 18, 1970, now U.S. Pat. Nos. 3,810,183;
      352,034 filed Apr. 17, 1973, now U.S. Pat. No. 3,811,128 and 352,005 filed
      Apr. 17, 1973. Microstrip radiating elements have been used to solve many
      antenna problems. However, their usefulness in, for example, end-fire
      arrays has been limited because: (1) If quarter wavelength resonant
      microstrip elements are used, it is necessary to short one edge of the
      element to ground. This is expensive, less reliable, less repeatable, and
      at frequencies above 5 GHz very difficult. (2) If half wavelength resonant
      microstrip elements are used, there is often not enough room to provide
      the correct element spacing, and there is less energy at low angles for
      directing into an end-fire beam. (3) If full wavelength or larger
      microstrip elements are used, there is also often not enough room to
      provide the correct element spacing.
PAR  Microstrip arrays have been designed and fabricated using primarily
      elements resonant at one-half wavelength in the substrate dielectric.
      These arrays have been designed with element phases adjusted to steer the
      beam off boresight. However, when the beam is steered far off boresight,
      unwanted grating lobes become a problem unless the elements are moved
      closer together. As the end-fire condition is approached, the elements
      should be about a quarter wavelength apart. The half wavelength resonant
      microstrip element on a typical substrate is too large for quarter
      wavelength spacing, and in any case the half wavelength element tends to
      radiate less energy at low angles. This is due to the relative phases of
      the energy radiated from the two edges of the half wavelength microstrip
      element.
PAR  As a result of these considerations, quarter wavelength resonant elements
      are usually used in microstrip end-fire arrays. This element has only one
      radiating edge and has the opposite edge shorted to ground. The short is
      fabricated typically by drilling holes in the substrate material and
      "plating through" to connect the upper and lower copper laminates. This
      process is expensive, relatively unreliable, less repeatable, and at
      frequencies above 5 GHz does not produce a good short.
PAR  This invention provides a new microstrip antenna structure which may be
      used, for example, to provide a compact efficient end-fire microstrip
      radiator without encountering the difficulties or disadvantages mentioned
      above with prior attempts to achieve end-fire radiation patterns using
      microstrip radiator elements. Other uses may also result from my novel
      antenna structure. However, at present, my preferred and exemplary
      embodiment of the invention comprises a microstrip end-fire antenna
      subarray.
PAR  This exemplary embodiment is a novel microstrip radiating structure in
      which a microstrip element resonant at one wavelength is divided into
      narrow widths in the non-resonant dimension and staggered to produce, in
      effect, four line sources with the correct spacing and phasing for
      end-fire radiation.
PAR  Among other advantages, this invention eliminates the need to short
      microstrip elements to ground in an end-fire array. A complete end-fire
      array can be fabricated in the same way other microstrip arrays are
      fabricated.
DRWD
PAR  These and other objects and advantages of this invention will be more fully
      understood by reading the following detailed description in conjunction
      with the accompanying drawing in which:
PAR  The drawing is a diagrammatic perspective view of an exemplary embodiment
      of this invention. (Additional subarray elements shown in phantom lines
      are not located to scale with respect to the solid line subarray in the
      drawing.)
DETD
PAR  Referring to the drawing, the antenna structure shown in solid lines might
      itself be called an array, but in most applications it will be combined
      with similar units (shown by phantom lines in the drawing) to produce a
      larger array. Therefore, the unit shown is, for convenience, herein called
      a subarray or more generally, an antenna structure. The subarray is
      generally typical of all microstrip antennas in that it consists of a
      conductive foil ground plane A, a dielectric substrate B, and conductors
      composing the antenna circuit elements D, E and F.
PAR  Elements F comprise a first set of elements having first and second
      radiating ends substantially aligned along first and second lines L and J
      respectively. Elements E comprise a second set of elements having third
      and fourth radiating ends substantially aligned along third and fourth
      lines K and I respectively. These two sets of elements E and F are
      interleaved so as to sequence the lines in the respective order of L, K, J
      and I as shown.
PAR  Elements D comprise a corporate structured microstrip feed line extending
      from a common feed point C to the radiating ends of elements F disposed at
      line L and to the radiating ends of elements E disposed at line I. The
      distance from the common feed point to the elements F differs from the
      distance to the elements E so as to introduce a predetermined relative
      electrical phase relationship therebetween at the nominal operating
      frequency.
PAR  A radio frequency signal is introduced at point C through a coaxial
      connector mounted on the back of the board. The power is divided equally
      at this point by the use of properly matched microstrip transmission lines
      D. (No attempt has been made to show conventional transmission line
      matching in the drawing.) The power is further subdivided so that all the
      elements E and F receive equal power.
PAR  Since the relative phases of radiated signal along the individual lines I,
      J, K and L are substantially equal therealong (although different as
      between the various lines) and since the radiating ends included along
      these lines are relatively closely spaced compared to the nominal
      operating frequency wavelength, the net effect of this arrangement is to
      simulate line sources of coherent radiation along lines I, J, K and L
      respectively. The lengths of the primary feed-lines are adjusted so that
      (G- H) = .+-. (1/4 wavelength in the dielectric) depending on which
      end-fire beam is desired. Thus for the specific exemplary case of (G- H) =
      - (1/4 wavelength in the dielectric) the phase at line L lags the phase at
      line I by 90.degree.. However, the radiated phases from these two lines
      differ by 180.degree. because of their opposed physical configuration so
      that the radiated phase from line L actually leads by 90.degree..
PAR  The radiating elements are one wavelength long in the dielectric which
      causes the phase at line K to be the same as the phase at line I. Here
      again, though, the opposed physical configuration causes the radiated
      phases to differ by 180.degree.. A similar argument holds for the
      relationship between lines L and J. The resulting relative radiated phases
      from the four lines produce end-fire radiation as shown at 10 in the
      drawing and in particular, these relative phases are:
TBL  I                   0.degree.                                             
     J                   90.degree. + 180.degree.                              
     K                   0.degree. + 180.degree.                               
     L                   90.degree.                                            
PAR  In the exemplary antenna structure, these radiated phases will produce such
      end-fire radiation under the following conditions:
PAR  1. The separations between simulated line sources I, J, K and L must be a
      quarter wavelength in air. This means that line J must be centered between
      lines I and K and that line K is centered between lines J and L. Since the
      length of the resonant axis or longitudinal dimension of elements E and F
      are determined by the wavelength in the dielectric and since, for this
      exemplary embodiment, the half length of elements E and F is preferably a
      quarter wavelength in air (i.e. the space above the radiators) it follows
      that the relative dielectric constant of the substrate should preferably
      be 4.0. Other dielectric constants such as between 2.0 and 6.0 could also
      be used to approximate the optimum end-fire performance obtainable in the
      preferred embodiment.
PAR  2. The center-to-center spacing between the elements E and between the
      elements F must be small enough so that radiation from lines I, J, K and L
      appears as radiation from line sources. The separation should preferably
      be less than a half wavelength in air. On the other hand, it is understood
      that the separation cannot be so small that the elements become
      inefficient as radiators. The minimum separation is probably approximately
      0.2 wavelengths in air. These preferred separations would thus correspond
      to a radiator width of approximately 0.1 wavelength to approximately 0.25
      wavelength, ignoring for the moment spacing between adjacently positioned
      elements E and F.
PAR  3. The gap between adjacent elements E and F must be wide enough to
      effectively limit the coupling between the elements. The thickness of the
      usual dielectric substrate for microstrip antennas is normally a
      sufficient width for this gap.
PAR  Although only one specific presently preferred exemplary embodiment has
      been described in detail above, those in the art will appreciate that
      various modifications and variations are possible in this exemplary
      embodiment without materially departing from this novel antenna structure
      and the advantages accruing therefrom. Accordingly, all such modifications
      and variations are intended to be included within the scope of this
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antenna structure, said structure comprising:
PA1  an electrically conductive ground plane surface,
PA1  a layer of electrically conductive radiator elements having respectively
      corresponding feed line elements connected thereto,
PA1  a dielectric substrate having a predetermined thickness disposed between
      said ground plane surface and said layer,
PA1  said radiator elements comprising a first set of spaced apart radiators
      having respectively associated resonant axes directed in a first direction
      away from the connection of said feed line elements respectively
      associated therewith and a second set of spaced apart radiators having
      respectively associated resonant axes directed in a second direction
      opposite to said first direction away from the connection of said feed
      line elements respectively associated therewith,
PA1  the indvidual radiators of said first and said second sets of spaced apart
      radiators being interleaved, and
PA1  said feed line elements being connected between a common feed point and the
      individual ones of said radiator elements to provide electrical signals
      thereto in a transmit mode and to receive electrical signals therefrom in
      a receive mode said electrical signals having predetermined relative phase
      relationships for producing a correspondingly predetermined antenna
      response pattern.
NUM  2.
PAR  2. An antenna structure as in claim 1 wherein said layer comprises a
      unitary and integral electrically conductive layer shaped to define said
      radiator elements and said feed line elements.
NUM  3.
PAR  3. An antenna structure as in claim 1 wherein:
PA1  said first and second sets of spaced apart radiators comprise individual
      radiators having a first dimension along their respective resonant axes
      and a second dimension substantially perpendicular thereto,
PA1  said first dimension being substantially equal to a first predetermined
      distance in terms of wavelength of the electrical signals in the
      dielectric substrate at a predetermined operating frequency and also
      substantially equal to a second predetermined distance in terms of
      wavelength of the electrical signals in the area overlying said radiators
      at said predetermined operating frequency,
PA1  said first and second sets of spaced apart radiators being interleaved to a
      depth substantially equal to a third predetermined distance in terms of
      wavelength of the electrical signals in the area overlying said radiators
      at said predetermined operating frequency,
PA1  said first, second and third predetermined distances in terms of wavelength
      having a predetermined relative relationship.
NUM  4.
PAR  4. An antenna structure as in claim 1 wherein:
PA1  the distances from said common feed point along said feed line elements to
      each of the individual radiators in the first set of spaced apart
      radiators are equal to a first dimension,
PA1  the distance from said common feed point along said feed line elements to
      each of the individual radiators in the second set of spaced apart
      radiators are equal to a second dimension, and
PA1  said first and second dimensions differ by a predetermined number of
      quarter wavelengths of the electrical signals in the dielectric substrate
      at a predetermined operating frequency.
NUM  5.
PAR  5. An antenna structure comprising a plurality of individual structures as
      in claim 1 disposed in an array of such individual structures.
NUM  6.
PAR  6. An antenna structure as in claim 1 wherein said feed line element
      connections to said radiator elements comprise an electrical connection at
      the outer perimeter of each of said radiator elements along a side
      intersected by its respectively associated resonant axis.
NUM  7.
PAR  7. An antenna structure as in claim 6 wherein said feed line elements
      comprise a corporate structured microstrip feed line.
NUM  8.
PAR  8. An antenna structure, said structure comprising:
PA1  an electrically conductive ground plane surface,
PA1  a layer of electrically conductive radiator elements having respectively
      corresponding feed line elements connected thereto,
PA1  a dielectric substrate having a predetermined thickness disposed between
      said ground plane surface and said layer,
PA1  said radiator elements comprising a first set of spaced apart radiators
      having respectively associated resonant axes directed in a first direction
      and a second set of spaced apart radiators having respectively associated
      resonant axes directed in a second direction opposite to said first
      direction,
PA1  the individual radiators of said first and said second sets of spaced apart
      radiators being interleaved,
PA1  said feed line elements being connected between a common feed point and the
      individual ones of said radiator elements to provide electrical signals
      thereto in a transmit mode and to receive electrical signals therefrom in
      a receive mode said electrical signals having predetermined relative phase
      relationships for producing a correspondingly predetermined antenna
      response pattern,
PA1  said first and second sets of spaced apart radiators comprising individual
      radiators having a first dimension along their respective resonant axes
      and a second dimension substantially perpendicular thereto,
PA1  said first dimension being substantially equal to a first predetermined
      distance in terms of wavelength of the electrical signals in the
      dielectric substrate at a predetermined operating frequency and also
      substantially equal to a second predetermined distance in terms of
      wavelength of the electrical signals in the area overlying said radiators
      at said predetermined operating frequency,
PA1  said first and second sets of spaced apart radiators being interleaved to a
      depth substantially equal to a third predetermined distance in terms of
      wavelength of the electrical signals in the area overlying said radiators
      at said predetermined operating frequency,
PA1  said first, second and third predetermined distances in terms of wavelength
      having a predetermined relative relationship, and
PA1  said first predetermined distance being one wavelength and said second
      predetermined distance being one-half wavelength and said third
      predetermined distance being one-fourth wavelength.
NUM  9.
PAR  9. An antenna structure as in claim 8 wherein said dielectric substrate has
      a relative dielectric constant of substantially 4.
NUM  10.
PAR  10. An antenna structure as in claim 8 wherein said dielectric substrate
      has a relative dielectric constant between 2 and 6.
NUM  11.
PAR  11. An antenna structure as in claim 8 wherein said second dimension of
      said radiators is greater than approximately one-tenth wavelength of the
      electrical signals in the area overlying said radiators at said
      predetermined operating frequency.
NUM  12.
PAR  12. An antenna structure as in claim 11 wherein the interleaved individual
      radiators are spaced one from another by a distance which is at least
      approximately said predetermined thickness dimension of said dielectric
      substrate.
NUM  13.
PAR  13. A microstrip antenna structure for transmitting or receiving
      electromagnetic radio frequency signals at at least one predetermined
      operating frequency, said antenna structure comprises:
PA1  an electrically conductive ground plane surface;
PA1  a dielectric substrate overlying said ground plane, said dielectric
      substrate having a predetermined thickness and a predetermined relative
      dielectric constant;
PA1  a plurality of substantially rectangularly shaped electrically conductive
      radiator elements overlying said dielectric substrate;
PA1  said rectangular radiator elements having substantially parallel
      longitudinal axes along respective length dimensions which are resonant at
      said operating frequency in said dielectric substrate;
PA1  said plurality of rectangular radiator elements comprising a first set of
      elements having first and second radiating ends substantially aligned
      respectively along first and second lines in the transverse or width
      dimensions thereof and a second set of elements having third and fourth
      radiating ends substantially aligned respectively along third and fourth
      lines in the transverse or width dimensions thereof;
PA1  the individual elements of said first and second sets being interleaved and
      offset with respect to each other so as to sequence said lines in the
      respective order of first, third, second and fourth,
PA1  a common feed point, and
PA1  a corporate structured microstrip electrically conductive feed line
      extending from the common feed point to the radiating ends of said first
      set disposed along said first line and also extending from the common feed
      point to the radiating ends of said second set disposed along said fourth
      line, the distances along the feed line from said common feed point to the
      individual elements of the first set differing from the distances along
      the feed line from said common feed point to the individual elements of
      the second set by a predetermined amount.
NUM  14.
PAR  14. An antenna structure as in claim 13 wherein said plurality of radiator
      elements and said feed line comprise a unitary and integral electrically
      conductive layer shaped to define said radiator elements and said feed
      line.
NUM  15.
PAR  15. An antenna structure as in claim 13 wherein said predetermined amount
      of difference in the feed line lengths is substantially equal to a
      predetermined number of quarter wavelengths at said operating frequency in
      said dielectric substrate.
NUM  16.
PAR  16. An antenna structure comprising a plurality of individual structures as
      in claim 13 disposed in an array of such individual structures.
NUM  17.
PAR  17. An antenna structure as in claim 13 wherein said length and width
      dimensions, said offsetting said feed line distances and said
      predetermined relative dielectric constant are adapted to cooperate in
      effectively simulating the overall effect of four line radiation sources
      corresponding to said first, third, second and fourth lines with the
      correct line source spacing and relative phasing to produce an end-fire
      radiation pattern for said antenna structure.
NUM  18.
PAR  18. An antenna structure as in claim 13 wherein said length dimensions are
      substantially equal to one wavelength at said operating frequency in said
      dielectric substrate.
NUM  19.
PAR  19. An antenna structure as in claim 18 wherein said predetermined relative
      dielectric constant is between 2 and 6.
NUM  20.
PAR  20. An antenna structure as in claim 18 wherein said first, second, third
      and fourth lines are spaced from one another at intervals substantially
      equal to one-fourth wavelength at said operating frequency in the space
      above said radiator elements.
NUM  21.
PAR  21. An antenna structure as in claim 20 wherein said predetermined relative
      dielectric constant is substantially 4.
NUM  22.
PAR  22. An antenna structure as in claim 13 wherein the center-to-center
      spacing between radiator elements of said sets is greater than
      approximately two-tenths wavelength at said operating frequency in the
      space above said radiator elements and less than approximately one-half
      wavelength.
NUM  23.
PAR  23. An antenna structure as in claim 22 wherein adjacently located radiator
      elements are spaced apart by a distance which is at least approximately
      said predetermined thickness dimension of said dielectric substrate.
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ABST
PAL  An antenna system for single or plural beams providing continuously
      variable beamwidth selectively in one or both of two orthogonal senses,
      i.e., azimuth and elevation, for either communications or angle-tracking.
      The system includes two parabolic cylindrical reflectors, which are
      respectively a main reflector and a sub-reflector; the reflectors are
      positioned with the focal axes thereof orthogonally. A point or multibeam
      (e.g., monopulse) feed is mounted adjacent the main reflector on the focal
      axis of the sub-reflector in the Airy disc of the system. Beamwidth is
      controlled using telescoping sections on the main and sub-reflectors to
      control the size of the surface areas thereof. Simultaneous operation of
      the telescoping sections of the reflector and sub-reflector provides
      bidirectional zooming of the beam without distortion while individual
      operation of the sections of the reflectors permits unidirectional
      zooming. Bidirectional zooming of beams from the multibeam feed requires
      rotating the position of the multibeam feed as the Airy disc changes
      during adjustment of the telescoping sections.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by employees of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to antenna systems for controlling
      the beamwidth of a pencil beam or a multibeam such as a monopulse beam
      and, more particularly, to antenna systems including a pair of parabolic,
      cylindrical reflectors having mutually orthogonal axes.
PAC  BACKGROUND OF THE INVENTION
PAR  In both cooperative and non-cooperative angle-tracking, a beam derived from
      an antenna scans a search area in order to determine the path of a target
      and to predict its future position. If the antenna has a narrow pencil
      beam pattern and if the search is large, a relatively long scanning time
      is required to locate a target in the search area. On the other hand, if
      the antenna pattern is a wide pencil beam scanning time is relatively
      short but the tracking accuracy is reduced. In some applications, the
      tracking characteristics of both wide and narrow beams are required in the
      same system. Consequently, a versatile radar antenna should have the
      capability of selectively providing wide and narrow pencil beam radiation
      pattern depending on the particular target area and required resolution.
PAR  One radiation pattern commonly employed with tracking radar is a
      symmetrical pencil beam in which the elevation and azimuth beamwidths are
      essentially equal. In order to vary beamwith of a pencil beam radiation
      pattern, prior art systems include means for moving the system with
      respect to the reflector of the antenna to defocus the beam, or means for
      slightly warping the reflector to change the focal length thereof.
      Although defocusing can provide continuous bidirectional beamwidth
      control, surface warping is extremely cumbersome and inaccurate. Other
      prior art systems use "venetian blind" portions or fired diode arrays on
      the surface of a reflector to control beamwidth but are effective only
      with respect to either vertically or horizontally polarized waves and
      cannot be incorporated into a system using, for example, circularly
      polarized waves. To my knowledge, there is no antenna system capable of
      selectively providing accurate continuous beamwidth adjustment in one of
      or both elevation and azimuth while allowing free choice of polarization.
PAR  One disadvantage of a pencil beam scanning radar system is that the
      measurement of a target position in azimuth and elevation requires a
      plurality of pulses to be processed. For example, in practice, at least
      four pulses are required in sequential lobing and generally more than four
      are required in conical scan systems. During the measurements period in
      these systems, various noise components contribute to the degradation of
      the system, e.g., the modulation components caused by a fluctuating target
      cross-section tend to obscure error signals indicative of target position.
      This degradation is avoided in monopulse, or simultaneous lobing, which
      uses one pulse rather than plural pulses to track a target.
PAR  In monopulse systems, r.f. signals received from four offset antenna beams,
      derived from a plurality of feeds, e.g., four, offset a small distance
      from each other at the focal region of the antenna, are combined and
      processed so that both sum and difference signals are then multiplied in a
      phasesensitive detector to obtain both the magnitude and direction of the
      error signal. The antenna can include a single reflector, such as a
      parabolic dish, or multiple reflectors, as typified by Cassegrain or
      Gregorian antennas. However, systems including multiple reflectors
      generally require a sub-reflector to be positioned directly in the
      aperture. The sub-reflector disadvantageously blocks the radiation and
      reduces the efficiency of the system.
PAR  In order to minimize the main reflector obscurations, it has been proposed
      in U.S. Pat. No. 2,825,063 to Spencer to provide a pair of confocal
      parabolic cylinders positioned with their focal axes orthogonally to
      function as a main reflector and a sub-reflector. A point source radiant
      energy feed placed on the sub-reflector focal axis adjacent the main
      reflector transduces a spherical wave that is converted into a virtual
      cylindrical wave sector at the sub-reflector and emanates as a plane wave
      from the main reflector. While the Spencer antenna performs generally
      satisfactorily as a pencil beam antenna, I know of no practical means for
      controlling the beamwidth in azimuth and elevation in antennae of the type
      disclosed by Spencer. Prior attempts to incorporate a multibeam feed in
      place of the point source in the Spencer system have produced badly
      distorted radiation patterns. For example, the multibeam feed was first
      positioned parallel to the aperture plane of the subreflector and then
      generally in the focal region of the antenna. The radiated pattern in both
      cases was found to be severely distorted rendering the double parabolic
      cylinder antenna unusable as a multibeam antenna.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with one aspect of the present invention, an antenna system
      capable of effecting a continuously variable beamwidth control of a pencil
      beam selectively in azimuth and elevation is provided in a double
      parabolic cylinder antenna by incorporating telescoping sections on the
      main reflector and sub-reflector to control the size of the surface area
      of each reflector, thereby controlling the aperture size of the antenna.
      In accordance with another aspect, a multibeam feed, e.g., a monopulse
      feed is positioned in the Airy disc. The multibeam feed is rotated to
      remain within the Airy disc during zooming, thereby providing a highly
      efficient multibeam system having continuously variable bidirectional
      zooming of the squinted beams.
PAR  In the present invention, in order to control the elevation and azimuth
      beamwidths in the double parabolic cylinder antenna, the sub-reflector and
      main reflector areas are respectively varied, thereby changing the
      aperture size in elevation and azimuth. To these ends, a telescoping
      section is provided on the sub-reflector to slide parallel to the
      sub-reflector focal axis to control the axial length of the sub-reflector
      and similar telescoping sections are provided at each end of the main
      reflector. By selectively adjusting the telescoping sections, continuous
      bidirectional zooming is provided.
PAR  In multibeam operation, as the telescoping section of the sub-reflector
      area is changed, the position of the Airy disc rotates due to
      non-symmetrical changes in geometry of the antenna. To avoid severe
      distortion of the multibeam pattern, the multibeam feed is rotated so it
      is maintained within the Airy disc.
PAR  In one modification, the sub-reflector and feed are rotated about the focal
      axis of the main reflector to the extent that the feed be positioned
      behind the main reflector to view the sub-reflector through an opening in
      the main reflector. Although main aperture obscuration is decreased,
      bidirectional zooming is provided with telescoping sections on both the
      main reflector and sub-reflector.
PAR  Although the main reflector and sub-reflector intersect at a parametric
      curve, in practice, the main reflector is truncated at a plane tangent to
      the sub-reflector and parallel to the focal axis of the main reflector to
      provide a rectilinear boundary.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide a new and
      improved antenna.
PAR  Another object of the present invention is to provide a new and improved
      antenna using a point source.
PAR  Still another object of the present invention is to provide a new and
      improved antenna whose zooming function is independent of frequency and
      beam polarization.
PAR  Yet another object of the present invention is to provide a new and
      improved multibeam antenna wherein blockage of the aperture by the feed
      and sub-reflector is eliminated.
PAR  One other object of the present invention is to provide a new and improved
      antenna capable of bidirectional beam zooming.
PAR  Still another object of the present invention is to provide a new and
      improved directional antenna capable of both bidirectional and symmetrical
      beam zooming.
PAR  Another object of the present invention is to provide a new and improved
      antenna wherein beam characteristics are preserved during zooming.
PAR  Yet another object of the present invention is to provide a new and
      improved multibeam antenna having bidirectional beam zooming capability.
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of one specific embodiment thereof, especially when
      taken in conjunction with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1A and 1B are respectively side and front views of the antenna
      according to the present invention with the telescoping sections opened;
PAR  FIGS. 2A and 2B are respectively side and front views of the antenna of
      FIG. 1 with the telescoping sections closed;
PAR  FIGS. 3A and 3B are respectively side and front views of the antenna
      showing the effect on the aperture of shifting the telescoping sections;
PAR  FIG. 4 is a side view of the antenna showing the position of the Airy disc;
PAR  FIG. 5 is a perspective view of the antenna having a monopulse source with
      a system for controlling the telescoping sections and rotating the
      position of the feed, the telescoping secton of the main reflector closed
      and the telescoping section of the sub-reflector opened; and
PAR  FIG. 6 is a side view of another embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Reference is now made to FIGS. 1A and 1B wherein there are illustrated side
      and front views of antenna 10 according to the present invention. Antenna
      10 includes a main reflector 12, a parabolic cylinder having a focal axis
      14, and a sub-reflector 16 having a focal axis 18. Reflector 12 and
      sub-reflector 16 are positioned so that focal axes 14 and 18 thereof are
      mutually orthogonal and a point source on focal axis 18 is an image of a
      line source on focal axis 14; that is, the sub-reflector 16 is positioned
      between the focal axes 14 and 18 so that the image of point F on axis 18
      lies along the axis 14. Accordingly, the system is confocal and operates
      substantially independently of the frequency of a feed for the antenna
      system. One interesting property of the antenna 10 is that when a point
      source feed 28 is placed at the point F and directed to irradiate the
      surface of the sub-reflector 16, an observer at infinity in the positive z
      coordinate axis cannot determine whether the source lies along the axis 18
      or the axis 14. Thus the axis 14 is said to contain a virtual source at
      the point F' corresponding, in the y coordinate axis, to the point F.
PAR  The reflector 12 and sub-reflector 16 intersect each other along a
      parabolic section formed by curve 20 defined parametrically by:
      ##EQU1##
      where:
PAR  F.sub.C.sbsb.1 and F.sub.C.sbsb.2 are respectively the focal lengths of the
      sub-reflector 16 and the main reflector 12.
PAR  Reflector 12 is actually a truncated cylindrical parabola so that the
      portion thereof, shown by dotted line 13, below sub-reflector 16 and which
      cannot be illuminated by feed 28 does not actually exist. In practice, the
      main reflector is truncated with a plane 25 parallel to axis 14 and
      tangent to the sub-reflector as shown in FIG. 1B. The rectilinear
      truncated configuration of the main reflector 12 is more easily
      manufactured than the actual curve of intersection 20 and permits
      telescoping of the sections 24 and 26 of the main reflector without
      creating gaps at the curve of the intersection.
PAR  A section 22 of the sub-reflector 16 is a telescoping sleeve which can be
      closed to reduce the length of the sub-reflector in the Z-direction and
      similarly, the main reflector 12 contains telescoping sections or sleeves
      24 and 26 which can be closed to reduce the length of the main reflector.
      In FIGS. 1A and 1B, telescoping portions 22, 24 and 26 are illustrated as
      closed (extended) to provide maximum surface areas for the reflector 12
      and the sub-reflector 16; in FIGS. 2A and 2B, the telescoping portions are
      opened (withdrawn) to provide minimum surface areas.
PAR  The construction of the basic double parabolic cylinder antenna is
      described in U.S. Pat. No. 2,825,063 to Spencer, incorporated herein by
      reference. When the point source feed 28 is placed at the tip of main
      reflector 12 on axis 18 above the apex of sub-reflector 16 at point F in
      FIG. 1 and directed to irradiate the surface of the subreflector 16,
      spherical waves from the source 28 impinge on the surface of the
      sub-reflector 16 and reflect therefrom to irradiate the surface of the
      main reflector 12 as a virtual cylindrical wave. Although the reflecting
      surfaces are cylindrical in Spencer, a point source feed has been found to
      be satisfactory because a virtual cylindrical wave sector reflected from
      the sub-reflector 16 illuminates the main reflector 12. The position of
      the feed along the axis 18, the diameter and the focal lengths of the
      reflectors 12 and 16 can be varied somewhat without degrading the
      performance of the antenna so long as the main reflector is illuminated by
      the cylindrical wave reflected from the sub-reflector 16. For example,
      with the focal lengths being equal and the aperture size formed to six
      feet by four feet by choosing the diameters of the cylinders, the antenna
      operates satisfactorily at a frequency of 12.0 GHz. The cylindrical wave
      impinges on the surface of the main reflector 12, and because the axes 14
      and 18 are orthogonal the wave emanates to the aperture plane as a plane
      wave. For example, in FIG. 1A, the ray F-P.sub.1 -P.sub.2 -P.sub.3
      emanates from the main reflector 12 parallel to the ray F-P.sub.4 -P.sub.5
      -P.sub.6 after two successive reflections.
PAR  The beamwidth BW is defined as:
EQU  BW = K.lambda./D                                           (4)
PAL  where:
PA1  D = diameter of aperture,
PA1  .lambda. = wavelength of radiation,
PA1  Bw = beamwidth of radiation at the -3 db points, and
PA1  K = geometry dependent constant factor.
PAR  From equation (4), it is apparent that the beamwidth of any antenna varies
      inversely with the aperture size. Since aperture size of the antenna
      corresponds to the area of the main reflector irradiated by the
      sub-reflector in the double parabolic cylinder antenna, it is apparent
      that the size of the aperture of the antenna is dependent upon the areas
      of both the reflector 12 and the sub-reflector 16. According to the
      present invention, the telescoping sections 24 and 26 of the main
      reflector 12 and the telescoping section 22 of the reflector 16 are made
      to slide behind and contiguous to the main and subreflectors for the
      purpose of controlling the surface areas thereof for beamwidth control.
PAR  In FIG. 2A, the effect of closing the telescoping section 22 of the
      sub-reflector 16 is shown. A ray F-P.sub.7 misses the retracted section 22
      and "spills over" to be wasted by the antenna. In FIG. 2B, the telescoping
      sections 24 and 26 of the main reflector 12 are closed and a ray F-P.sub.8
      -P.sub.9 reflected from the sub-reflector 16 does not impinge the main
      reflector and "spills over" past the surface of the main reflector.
PAR  In FIGS. 3A and 3B, the way in which the telescoping sections 22, 24 and 26
      control the size of the aperture is illustrated. Neglecting the area of
      the main reflector 12 beneath the sub-reflector 16 for simplicity, the
      lengths of the aperture in elevation and azimuth are D.sub.1 and D.sub.2,
      respectively.
PAR  In FIG. 3B, .DELTA..sub.1, is the amount by which the length of the
      aperture in elevation can be reduced with telescoping section 22, and
      similarly, .DELTA..sub.2 /2 is the amount by which the lenth of the
      aperture in azimuth can be reduced with each of telescoping sections 24
      and 26. It is clear that the length D.sub.2 and thereby the azimuth
      dimension of the aperture is controlled directly by the telescoping
      sections 24 and 26 of the main reflector 12 and when the sections 24 and
      26 are closed, the length D.sub.2 of the aperture of the antenna azimuth
      is minimum. Referring to FIG. 3A, the telescoping section 22 is closed so
      that the ray F-P.sub.10 spills over and is wasted while the ray F-P.sub.11
      -P.sub.12 reflects from the reflectors 12 and 16 to emanate from the
      antenna. The area 27 of the main reflector 12 cannot be irradiated when
      the section 22 is fully closed and therefore the length of the elevation
      aperture D.sub.1 is reduced by the amount .DELTA..sub.1 in FIG. 3B. When
      the sections 24 and 26 are fully closed, the azimuth dimension is directly
      reduced by the amount .DELTA..sub.2. Since the elevation beamwidth is
      inversely proportional to the length D.sub.1 and the azimuth beamwidth is
      inversely proportional to the length D.sub.2, it is clear that by
      individually adjusting the telescoping sections of the main and
      sub-reflectors, beamwidth can be bidirectionally controlled.
PAR  Any suitable means for sliding the telescoping sections 22, 24 and 26
      contiguous with the reflector and subreflector can be used. One practical
      means is to provide a rack and pinion mechanism controlled by a servo and
      secured between the telescoping section and a fixed portion of the
      reflector. Such a mechanism is shown in conjunction with the antenna 10 in
      FIG. 5.
PAR  Although a discontinuity in depth of the reflector and sub-reflector equal
      to the thickness of the material forming the antenna exists at the
      interface between the fixed and telescoping portions, the depth of the
      discontinuity is negligibly small compared to the wavelength of the
      radiation and can therefore be ignored.
PAR  The antenna system 10 in FIGS. 1-3 radiates a pencil beam with a point
      source feed of electromagnetic energy. According to the invention, the
      antenna functions as a multibeam, e.g., monopulse, antenna by positioning
      a multibeam feed at the point F to irradiate the sub-reflector 16, as
      illustrated in FIGS. 4 and 5. Although many types of multibeam feeds can
      be used, one preferred type comprises a monopulse feed having two pairs of
      feeds, each feed being slightly displaced from the point F in a diamond
      configuration to lie on a common wavefront of the fields in the focal
      region containing the point F and conventionally driven to produce a
      pattern of four squinted beams. One important consideration in the
      monopulse antenna of the invention is that the feeds at all times be
      positioned to lie on a common wavefront of the focal region fields of the
      system. In an ideal parabolic dish antenna, the focal region is generally
      illustrated as being a point. However, in a practical antenna system using
      finite wavelengths, the reflected waves converge as a bright disc and ring
      structure rather than as a point. This region is known as the Airy disc
      and in conventional antenna systems, such as a single parabolic reflector,
      the Airy disc lies parallel to the plane of the aperture. However, in the
      antenna 10, I have found that the Airy disc lies in a plane oblique to the
      plane of the aperture.
PAR  In FIG. 4, an Airy disc 30 shown in side view at the focal region F of the
      antenna 10 lies in a plane perpendicualr to central ray 31 of a conical
      volume 32 of the electromagnetic field existing between the surface of the
      subreflector 16 andd the focal area F of the antenna 10. Thus, contrary to
      what might be expected, I have found that the Airy disc lies parallel to
      neither the aperture of the main reflector 12 nor that of the
      sub-reflector 16 but rather is oblique to each. When the telescoping
      section 22 is closed, the righthand boundary of the conical volume 32
      moves to the left following the section 22, the apex thereof fixed at F,
      and the central ray 31 rotates clockwise about the focal area F with the
      Airy disc 30 rotating correspondingly. In addition, the size of the Airy
      disc in the X-Y plane increases to render the disc oblong.
PAR  I have also found that when multiple feeds are positioned within the Airy
      disc 30 to irradiate the subreflector l6, the antenna 10 performs
      extremely well as a multibeam antenna and particularly as a monopulse
      antenna, creating no noticeable degradation of the squinted pattern as
      occurred in the prior art. It is important that the feeds remain within
      the Airy disc at all times, in view of the oblique orientation of the disc
      with respect to the aperture of the antenna and it is the position of the
      multibeam feed within the Airy disc 30 of the system which forms one
      important aspect of the invention.
PAR  I have discovered that beam zooming is provided in the multibeam antenna of
      the invention but it is necessary to compensate the rotational position of
      the feed with telescoping of the portion 22 to maintain the plane of the
      feed within the plane of the Airy disc. However, compensation is not
      necessary when telescoping the sections 24 and 26 of the main reflector 12
      because the two sections provide a symmetrical change of geometry in the
      reflector and the position of the Airy disc is not changed thereby. Of
      course, the size of the Airy disc in the y-coordinate is affected but this
      is not important since, in practice, the feed is smaller than the minimum
      diameter of the Airy disc.
PAR  In FIG. 5, the antenna is shown in perspective. The telescoping section 22
      is closed and the sections 24 and 26 are open. An elevation beamwidth
      control signal from source 34 is amplified by an amplifier 36 and applied
      to a servo 38. The servo 38 controls the rotation of a pinion 40 mounted
      to a fixed portion of the sub-reflector 16. The pinion 40 operates a rack
      43, one end of which is secured to the telescoping section 22. In response
      to the signal from source 34, the telescoping section 22 is caused to
      slide contiguously to the fixed surface of the sub-reflector 16. In
      addition, the monopulse feed 29 is rotated by a servo 42 through a
      suitable attenuator 44 to compensate the feed for movement of the Airy
      disc caused by the telescoping section 22 as described in FIG. 4. The
      taper of attenuator 44, i.e., resistance vs. shaft angle, can be
      determined experimentally by measuring the rotational position of the Airy
      disc 30 both when the telescoping section 22 is opened and when it is
      closed. The difference in positions of the Airy disc determines the amount
      by which the monopulse feed 29 must be rotated during zooming and the
      attenuation factor of the attenuator 44 can easily be determined thereby.
      In practice, I have found that the Airy disc rotates approximately eight
      degrees with a full range of zooming of the telescoping section 22. The
      rotation of the Airy disc is not related linearly to the movement of the
      telescoping section 22 but can easily be determined either experimentally
      or by using conventional ray optics in FIG. 4 to sketch the position of
      the disc 30 as a function of the position of section 22.
PAR  An azimuth beamwidth signal from source 46 is amplified by an amplifier 48
      and is applied equally to servos 50 and 52 which drive rack and pinion
      mechanism 54 and 56 to symmetrically control the position of the
      telescoping sections 24 and 26 of the main reflector 12. Alternatively, a
      single servo can drive both sectons with a rack and pinion mechanism and
      suitable gearing.
PAR  At the expense of main aperture obscuration, the described antenna system
      can be modified by rotating the source 28 and sub-reflector 16 by ninety
      degrees about the focal axis of the main reflector 12, as shown in the
      embodiment of FIG. 6. The antenna is again confocal, the point F lying on
      the focal axis 16 and the point F' lying on the focal axis 14.
      Bidirectional zooming is provided with telescoping sections 24 and 26 on
      main reflector 12 and telescoping sections 22 and 22' on sub-reflector 16.
      Sections 24 and 26 are not visible in the side view of FIG. 6 but are
      identical to sections 24 and 26 in FIG. 1B. The feed 28 is preferably
      positioned to the rear of the main reflector 12 to view the sub-reflector
      16 through an opening 60 in the main reflector. Because there is no
      intersection of surfaces, the lower portion of the main reflector 12 is
      restored and the sections 22 and 22' are adjusted symmetrically.
PAR  Because neither the horn feed nor the sub-reflector blocks radiation in the
      aperture of the embodiment of FIGS. 1-5, a highly efficient directional
      monopulse or other multibeam antenna is provided. In addition, because
      both embodiments of the system are confocal and use no polarization
      sensitive components, a free choice of frequency and polarization of the
      source is provided.
PAR  While there have been described and illustrated several specific
      embodiments of the invention, it will be clear that variations in the
      details of the embodiments specifically illustrated and described may be
      made without departing from the true spirt and scope of the invention as
      defined in the appended claims. For example, while the sub-reflector has
      been illustrated as being a parabolic cylinder, it is clear that other
      sub-reflector geometries could be used so long as the sub-reflector 16 is
      positioned to completely illuminate the main reflector 12 of the antenna
      with a cylindrical wave sector.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antenna comprising:
PA1  a parabolic cylindrical main reflector having a first focal axis;
PA1  a cylindrical sub-reflector having a second focal axis;
PA1  said main reflector and sub-reflector being positioned with said first and
      second axes orthogonally and a point source on said second axis being an
      image of a line source on said first axis; and
PA1  a multibeam feed for transducing electromagnetic waves, said feed being
      positioned in a plane of an Airy disc of the antenna, said waves being
      reflected between said subreflector and said main reflector, said Airy
      disc lying on said second focal axis and said plane being oblique to said
      axes.
NUM  2.
PAR  2. The antenna of claim 1 wherein said cylindrical sub-reflector is
      parabolic.
NUM  3.
PAR  3. The antenna of claim 1 wherein said multibeam feed is a monopulse feed.
NUM  4.
PAR  4. The antenna of claim 1 wherein said main reflector includes a surface
      having a first surface area, said sub-reflector includes a surface having
      a second surface area, and means for controlling the size of the surface
      area of one of the reflectors to vary the aperture size of the antenna in
      a coordinate direction of the antenna.
NUM  5.
PAR  5. The antenna of claim 4 further including means for rotating the position
      of said multibeam feed for changes in position of said Airy disc as a
      result of changes of the surface areas of the reflectors.
NUM  6.
PAR  6. The antenna of claim 5 wherein said means for controlling controls the
      sub-reflector, and said means for rotating includes means for controlling
      the rotational position of said feed about a line parallel to said first
      axis as a function of the size of said sub-reflector.
NUM  7.
PAR  7. The antenna of claim 4 wherein said means for controlling includes means
      for adjusting the axial lengths of said main reflector and said
      sub-reflector.
NUM  8.
PAR  8. The antenna of claim 4 wherein said means for controlling includes means
      for adjusting the axial length of said sub-reflector.
NUM  9.
PAR  9. The antenna of claim 4 wherein said means for controlling includes means
      for adjusting the axial length of said main reflector.
NUM  10.
PAR  10. The antenna of claim 9 wherein said controlling means includes for
      adjusting a pair of telescoping sections on said main reflector
      symmetrically relative to the intersection of said axes.
NUM  11.
PAR  11. The antenna of claim 9 wherein said adjusting means includes a
      telescoping section contiguous to said main reflector and slidable to
      adjust the axial length thereof.
NUM  12.
PAR  12. An antenna comprising:
PA1  a parabolic cylindrical main reflector having a first focal axis;
PA1  a cylindrical sub-reflecor having a second focal axis;
PA1  said main reflector and sub-reflector being positioned with said first and
      second axes orthogonally and a point source of said second axis being an
      image of a line source on said first axis;
PA1  a feed for transducing waves of electromagnetic energy positioned on said
      second axis to form a pattern that irradiates said sub-reflector and is
      reflected between said sub-reflector and main reflector to illuminate said
      main reflector; and
PA1  means for controlling the size of the surface area of at least one of said
      reflectors, wherein at least one of said main reflector and said
      sub-reflector includes a telescoping section and a fixed section, said
      telescoping secton adapted to slide contiguously to said fixed portion
      whereby bidirectional zooming of a beam is provided.
NUM  13.
PAR  13. The antenna of claim 12 wherein said cylindrical sub-reflector is
      parabolic.
NUM  14.
PAR  14. The antenna of claim 12 wherein said telescoping section is driven by a
      rack and pinion mechanism, a pinion being secured to said fixed section
      and rotated to drive a rack fixed to said telescoping section.
NUM  15.
PAR  15. A double parabolic cylinder antenna of the type having a parabolic
      cylindrical main reflector and a parabolic cylindrical sub-reflector, said
      reflectors positioned with their focal axes orthogonally and a point
      source on said subreflector focal axis being an image of a line source on
      said main reflector focal axis, and a feed for transducing electromagnetic
      waves positioned on said sub-reflector focal axis to form a pattern that
      irradiates said sub-reflector, said pattern being reflected between said
      main reflector and sub-reflector to illuminate said main reflector, the
      improvement comprising:
PA1  means for selectively controlling the size of the surface areas of said
      sub-reflector and main reflector to provide continuous bidirectional
      zooming of the pattern, wherein the feed comprises a multibeam feed
      positioned entirely within an Airy disc of said antenna; and means for
      rotating the position of said feed so that it remains within said Airy
      disc during zooming.
NUM  16.
PAR  16. An antenna comprising:
PA1  a parabolic cylinder main reflector having a first focal axis;
PA1  a parabolic cylinder sub-reflector having a second focal axis, said
      reflector and sub-reflector positioned with their axes orthogonally, said
      sub-reflector intersecting said first axis and said main reflector
      intersecting said second axis;
PA1  a feed for transducing electromagnectic waves positioned tangentially to
      said main reflector along said second axis and irradiating said
      sub-reflector; and
PA1  means for adjusting the size of the surface area of at least one of said
      reflector and said sub-reflector.
NUM  17.
PAR  17. The antenna of claim 16 wherein said means includes means for adjusting
      the axial length of said main reflector.
NUM  18.
PAR  18. The antenna of claim 16 wherein said means includes means for adjusting
      the axial length of said sub-reflector.
NUM  19.
PAR  19. The antenna of claim 16 wherein said means includes means for adjusting
      the axial lengths of both said main reflector and said sub-reflector.
NUM  20.
PAR  20. A reflector for an antenna system, said reflector comprising:
PA1  a first parabolic cylinder having a first focal axis;
PA1  a second parabolic cylinder having a second focal axis; said first and
      second parabolic cylinders positioned with said first and second axes
      orthogonally;
PA1  said first parabolic cylinder being truncated by a plane tangent to said
      second parabolic cylinder and parallel to said first focal axis; and
PA1  means for adjusting the size of the suurface area of at least one of said
      first and second parabolic cylinders.
NUM  21.
PAR  21. The reflector of claim 20 including a feed for transducing
      electromagnetic waves, said feed positioned along said second axis
      adjacent said first reflector.
NUM  22.
PAR  22. The reflector of claim 20 wherein said means for controlling includes
      means for adjusting the axial length of said first cylinder.
NUM  23.
PAR  23. The reflector of claim 22 wherein said means for controlling includes
      means for adjusting the axial length of said second cylinder.
NUM  24.
PAR  24. The reflector of claim 20 wherein said first and second cylinders are
      further positioned so that a point source on said second axis forms an
      image of a line source on said first axis.
NUM  25.
PAR  25. The reflector of claim 20, wherein said means includes means for
      adjusting the axial length of at least one of said cylinders parallel to
      the focal axis thereof.
NUM  26.
PAR  26. An antenna comprising:
PA1  a parabolic cylinder main reflector having a first focal axis;
PA1  a parabolic cylinder sub-reflector having a second focal axis, said
      reflector and sub-reflector positioned with their axes orthogonally, said
      sub-reflector intersecting said first axis and said main reflector
      intersecting said second axis;
PA1  a feed for transducing electromagnetic waves positioned tangentially to
      said main reflector along said second axis and irradiating said
      sub-reflector; and
PA1  means for adjusting the axial length of at least one of said cylinders
      parallel to the focal axis thereof.
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ABST
PAL  In an ink jet printer of charge amplitude controlling type wherein a
      carriage travelling in a horizontal direction and carrying a nozzle for
      issuing ink drops and a charge electrode for charging the ink drops by
      voltage corresponding information sought to be recorded is provided
      together with a pair of high voltage deflection plates, a pair of
      compensation electrodes are provided on the carriege to establish an
      electric field being at right angles to the direction of the electric
      field formed by the deflection plates and voltage to the compensation
      electrodes is adjustable thereby to control inclination of a printed
      pattern.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recording desired symbols in dot pattern with the use of a single-nozzle
      ink jet printer of the charge amplitude controlling type, deflection in
      the column direction of the dot pattern is accomplished by controlling the
      charge amplitude on individual ink drops in a manner to produce
      differences in the amount of deflection between the ink drops as they pass
      between a pair of high voltage deflection plates, while deflection in the
      row direction, however, is not practised by any charge amplitude means.
      For this reason the carriage carrying a nozzle and a charge electrode
      thereon is constructed and arranged to travel in the row direction for
      substitution therefor. The carriege, therefore, travels necessarily in the
      row direction even during the period of time where printing is made for a
      column of the dot pattern, with the results that inclination of the
      printed pattern occurs inavoidably at a fixed angle with respect to the
      column or vertical direction. Such inclination, in general, is not
      preferrable. It is desired from a consideration of fine printing and a
      variety of symbol recording that an inclination angle is adjustable at the
      operator's option.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an ink jet
      printer of the charge amplitude controlling type wherein the inclination
      of the printed pattern is adjustable at the operator's option.
PAR  To achieve this, there is provided on a carriege carrying a nozzle and a
      charge electrode a compensation electrode to provide an electric field for
      deflecting ink drops having individual charges thereon in a row direction
      and hence, in the direction of motion of the carriage. The inclination
      angle of the printed pattern is adjustable by controlling the voltage
      applied to the compensation electrode.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view schematically showing the construction of a
      conventional ink jet printer.
PAR  FIG. 2 is a chart showing an example of a printed pattern obtained from the
      conventional printer of FIG. 1.
PAR  FIG. 3 is a perspective view showing a preferred embodiment of this
      invention.
PAR  FIG. 4 is a sectional view through a pair of deflection plates for purpose
      of explaining normal deflection amounts in the embodiment of FIG. 3.
PAR  FIG. 5 is a chart for purpose of explaining compensation deflection amounts
      in the embodiment of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  To facilitate understanding of this invention, before discussing
      embodiments of this invention in greater detail, it may be of advantage to
      explain the principal concept of conventional ink jet printers of the
      charge amplitude controlling type and reasons for inclination of printed
      patterns generated by them.
PAR  Referring to FIGS. 1 and 2 illustrating a conventional ink jet printer of
      the charge amplitude controlling type, a carriage 3 carrying a nozzle 1, a
      charge electrode 2, etc., travels in a horizontal direction as indicated
      by the arrow A for recording symbols such as characters in dot matrix.
      Ultra-sonic vibration is imparted to an ink stream issuing under pressure
      from the nozzle 1 to form ink drops 4 in synchronization with the
      ultrasonic vibration cycle. Then, the ink drops 4 are charged in
      accordance with recording signals 5 with the use of the nozzle 1 and
      charging electrode 2 and the wake of the ink drops 4 is electrostatically
      deflected in accordance with the amplitude of the charges on the drops as
      they pass through the electric field established by the high voltage
      deflection plate pair 6 so that desired symbols such as characters are
      recorded on a record receiving member 7 such as paper in a dot matrix.
      Deflection by the high voltage deflection plates 6 is accomplished only in
      the column direction of the pattern as indicated by the arrow B while
      horizontal movements as indicated by the arrow A are substituted for
      deflection in the row direction of the dot matrix. That is, the recorded
      symbols are shifted by degrees in the carriage travelling direction.
PAR  FIG. 2 shows the sequence of scanning or deflection in writing a capital
      letter H. Each number suffixed to the individual ink drops corresponds to
      the order of occurrence of that dot in the writing. In general, in the
      above described type of ink jet system printer, charge amounts and hence,
      the deflection amounts for the ink drops deposited on the upper points in
      the drawing are large than that on the lower points. The reason for
      employing downward scanning is that the ink drops with the large
      deflection amounts are allowed to precede others to reduce a degree of
      recording distortions.
PAR  When scanning of the individual columns of the dot matrix is performed
      beginning at the uppermost points and ending at the lowest points as the
      carriage 3 travels in the horizontal direction as indicated by the arrow
      A, the recorded symbols incline necessarily in a direction opposed to the
      carriage travelling direction A. Conversely, in the case where scanning is
      performed upward, the recorded symbols incline in the same direction as
      the carriage is travelling. It is desired that the inclination angle of
      the printed pattern be "zero".
PAR  This invention is to provide an ink jet system printer wherein the
      inclination angle .theta. of the printed patterns is controllable.
PAR  FIGS. 3 through 5 show a preferred embodiment of this invention. The
      reference numerals used to designate selected components of the FIG. 1 ink
      jet printer will be used, wherever practical, to designate those same
      components in the system of FIG. 3.
PAR  On the carriege 3 carrying the nozzle 1 and the charging electrode 2 there
      is provided a pair of compensation electrodes 8 in such a manner that a
      compensating electric field formed by them develops in the same direction
      as the carriage travelling direction A. The ink drops 4 having individual
      charges thereon corresponding to the recording signals 5 pass through the
      pair of compensation electrodes 8.
PAR  Referring now to FIG. 4, the deflection amounts .alpha. on the record
      receiving member can be expressed as the following formula wherein V/d,
      L.sub.1, L.sub.2, m, Q, v signify the intensity of the electric field, the
      length of the deflection electrodes, the distance between the terminating
      ends of the deflection electrodes and writing surface, the mass of the
      charged drops, the charge amplitude, and the velocity, respectively, if
      there is no air resistance:-
      ##EQU1##
PAR  In other words, the deflection amount .alpha. is in proportion to the
      deflection voltage V and the charge amplitude Q. As well known in the
      design of the charge amplitude controlling type of ink jet system printer,
      the deflection voltage V is constant and thus the deflection amount
      .alpha. is controlled by the charge amplitude Q.
PAR  Now, considering the first column of the dot pattern for purpose of writing
      the capital letter H, the individual writing ink drops D.sub.7, D.sub.6,
      D.sub.5, D.sub.4, D.sub.3, D.sub.2, D.sub.1 have the different charge
      amplitudes q, 2q, 3q, 4q, 5q, 6q, 7q, respectively. The dots D.sub. 1
      -D.sub.7 of FIG. 5 correspond to the equivalencies of FIG. 2. The
      inclination angle .theta. is a limited value.
PAR  It is needed to adjust the positions of the dots D.sub.1 -D.sub.7 as
      indicated by the dots D.sub. 1 '-D.sub.7 ' for purpose of making the
      inclination angle .theta. zero. In the case where the required
      compensation displacement from the dot D.sub.7 to the dot D.sub.7 ' is
      designated as .beta., the individual displacements from the remaining dots
      D.sub.6, D.sub.5, D.sub.4, D.sub.3, D.sub.2, D.sub.1 to the
      position-compensated dots D.sub.6 ', D.sub.5 ', D.sub.4 ', D.sub.3 ',
      D.sub.2 ', D.sub.1 ' are 2.beta., 3.beta., 4.beta., 5.beta., 6.beta.,
      7.beta. respectively.
PAR  The above described compensation can be realized by the compensation
      electrodes 8. Application of fixed D.C. voltage Vo to the compensation
      electrodes 8 results in the individual ink drops 4 being electrostatically
      deflected in the carriage travelling direction A due to compensation field
      thus formed between the compensation electrodes. Since the individual ink
      drops D.sub.1 -D.sub.7 carry the different charge amplitudes 7q, 6q- - - ,
      q and the compensation electric field formed by the electrodes pair 8 is
      constant, analysis of the foregoing formula shows that the deflection
      amounts afforded in the row direction (that is, the carriage travelling
      direction A) to the ink drops D.sub.1 -D.sub.7 are 7.alpha., 6.alpha., - -
      - , .alpha.. By adjusting the D.C. voltage Vo to fulfill the requirements
      .alpha.=.beta. , the positions of the ink drops D.sub.1 -D.sub.7 can be
      moved to the desired positions D.sub.1 '-D.sub.7 ' thereby effecting the
      inclination angle .theta. (=) zero.
PAR  Although the inclination angle .theta. is reduced to zero in the
      illustrated embodiment, it may be reduced to a voltage value by properly
      adjusting the D.C. voltage Vo applied to the compensation electrodes 8. It
      should be understood from a consideration of the foregoing disclosure that
      the inclination angle .theta. of the printed pattern inherent to the
      charge amplitude controlling type of ink jet system printer can be
      selectively varied by varying the D.C. voltage Vo to the compensation
      electrodes 8 in writing operations. It is therefore possible to combine
      Gothic type characters with italic type characters.
PAR  Although the D.C. voltage V.sub.1 to the deflection plates 6 should be of a
      sufficiently high level such as several thousand volts, the voltage Vo to
      the compensation electrodes 8 may be of a considerably low level such as
      several 10 volts in normally-sized systems, since the deflection amount
      .alpha. is a function of the distance L.sub.2 between the terminating ends
      of the deflection electrodes and the writing surface as evidenced by the
      above formula.
PAC  WORKING EXAMPLE
PAR  Now assume that the ink droplet D.sub.1, which carries the maximum charge
      amplitude thereon among the seven droplets, has the charge amplitude of 3
      .times. 10 .sup.-.sup.12 coulomb.
PAR  As an example, numeral values corresponding to an actually operating system
      are put into the equation previously defined herein. Following values are
      represented in MKS system of units.
TBL  ______________________________________                                    
     m = 1.27 .times. 10.sup..sup.-9                                           
                   kg       :     the drop mass                                
     q = 3.0 .times. 10.sup..sup.-12                                           
                   coulomb  :     the charge amplitude                         
     v = 18        m/sec    :     the drop velocity                            
     ______________________________________                                    
PAL  1. High voltage deflection plates 6, V.sub.1
TBL  d =        7 .times. 10.sup..sup.-3                                       
                                 m                                             
     V.sub.1 =  7 .times. 10.sup.3                                             
                                 volts                                         
     L.sub.1 =  15 .times. 10.sup..sup.-3                                      
                                 m                                             
     L.sub.2 =  20 .times. 10.sup..sup.-3                                      
                                 m                                             
PAR  From the equation the deflection amounts .alpha. on the record receiving
      member caused by the high voltage deflection plates 6 can be calculated as
      follows:
PA1  .alpha. = 3.12 .times. 10.sup.-.sup.3 (m)
PAR  The deflection amounts approximate 3mm.
PAL  2. Compensation electrodes 8, Vo
TBL  d =        3 .times. 10.sup..sup.-3                                       
                                 m                                             
     Vo =       5 .times. 10.sup.2                                             
                                 volts                                         
     L.sub.1 =  5 .times. 10.sup..sup.-3                                       
                                 m                                             
     L.sub.2 =  60 .times. 10.sup..sup.-3                                      
                                 m                                             
PAR  From the equation the deflection amounts .alpha. on the record receiving
      member caused by the compensation electrodes 8 can be calculated as
      follows:
PA1  .alpha. = 3.80 .times. 10.sup.-.sup.4 (m)
PAR  The deflection amounts afforded in the row direction, or 7 .alpha. o for
      the ink drop D, approximate 0.3 mm.
CLMS
STM  We claim:
NUM  1.
PAR  1. An ink jet system printer comprising
PA1  a nozzle for issuing a stream of ink drops at a fixed velocity,
PA1  a charging electrode for charging the ink drops in accordance with signals
      to be recorded,
PA1  a pair of high voltage deflection plates having a constant high voltage
      electric field therebetween and thus deflecting the ink drops passing
      between said plates in a first coordinate direction in accordance with the
      amplitudes of the individual charges on the ink drops,
PA1  a record receiving member for forming images indicative of the signals by
      means of the deflected ink drops,
PA1  carriage means mounting said nozzle and said charging electrode for
      relatively moving the nozzle, said charging electrode and said ink drops
      with reference to the record receiving member in a second coordinate
      direction resulting in an inclination of said images, and
PA1  a pair of compensation electrodes mounted on said carriage means deposited
      between the charge electrode and the high voltage deflection plates having
      a compensation electric field of predetermined constant value in a
      different direction from the electric field formed by the high voltage
      deflection plates deflecting ink drops passing between said plates to
      modify said resulting inclination of said images in accordance with said
      value of said compensation field.
NUM  2.
PAR  2. An ink jet system printer as defined in claim 1 wherein the nozzle
      travelling direction coincides with the direction of the electric field
      formed by the compensation electrodes.
NUM  3.
PAR  3. An ink jet system printer as defined in claim 6 wherein intensity of the
      electric field between said compensation electrodes is adjustable to
      thereby correspondingly adjust inclination of said images.
NUM  4.
PAR  4. An ink jet system printer comprising:
PA1  means for generating character signals;
PA1  a recording medium;
PA1  transitory means, including nozzle and charging electrode means responsive
      to said character signals for generating a stream of ink drops selectively
      charged in accordance with said character signals towards said recording
      medium, for substantially uniformly translating said ink drops in a first
      coordinate direction with respect to to said recording medium, thereby
      tending to impart an inclination to characters printed on said recording
      medium in accordance with said charging signals;
PA1  deflection means intermediate said charging electrode means and said
      recording medium electrostatically deflecting said ink drops in a second
      coordinate direction in an amount proportional to the charges thereon;
PA1  and electrostatic compensation means on said transitory means providing an
      electric field of constant value deflecting said charged ink drops in said
      first coordinate direction to modify the inclination of characters on said
      recording medium imparted thereto by the substantially uniform translation
      of said ink drops effected by said transitory means to thereby determine
      the ultimate inclination of characters printed on said recording medium.
NUM  5.
PAR  5. The invention defined in claim 4 wherein said first and second
      coordinate directions are orthogonally disposed.
NUM  6.
PAR  6. The invention defined in claim 4 wherein:
PA1  said transitory means effects substantially uniform horizontal translation
      of said ink drops with respect to said recording medium; and
PA1  said deflection means effects vertical deflection of said ink drops with
      respect to said recording medium;
PA1  thereby providing a row and column matrix scanning pattern for each
      character printed on said recording medium, with each said character
      tending to be inclined from the vertical direction by said horizontal
      translation.
NUM  7.
PAR  7. The invention defined in claim 4 wherein:
PA1  said first coordinate direction is horizontal with respect to said
      recording means;
PA1  said second coordinate direction is vertical with respect to said recording
      means;
PA1  thereby effecting a row and column matrix scanning pattern for each
      character to be printed, with each character tending to be inclined with
      respect to the vertical direction by said uniform translation; and
PA1  said electric field of constant value of said compensation means is of a
      predetermined constant value precluding said inclination of said printed
      characters.
NUM  8.
PAR  8. The invention defined in claim 7 wherein said electric field of said
      compensation means is selectively adjustable to predetermined constant
      values respectively determinitive of predetermined inclinations of said
      printed characters.
NUM  9.
PAR  9. In an ink jet printer system for printing characters on a recording
      medium in a row and column dot matrix for each character by means of a
      horizontally transitory writing head generating a stream of charged ink
      drops charged in accordance with character signals for scanning the rows
      and electrostatic vertical deflection means acting on said ink drops
      between said writing head and said recording medium for scanning the
      columns of said matrix, the horizontal translation of said writing head
      imparting a predetermined inclination to the printed characters:
PA1  means selectively varying the amount of said inclination comprising
      horizontal deflection means mounted on said writing head in the path of
      said charged ink drops having an electric field of a selectively
      predetermined constant value acting horizontally on said ink drops, said
      constant value of of said electric field corresponding to a given
      inclination.
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ABST
PAL  A device for recording a cathode-ray tube image comprising means for
      detecting temperatures of a thermal developing device and means for
      controlling either brightness of the cathode-ray tube or light emission
      time or a combination thereof. The change in developing temperature may be
      corrected by electrical means. The device provides prints of uniform
      density.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a device for recording an image appearing on a
      cathode-ray tube on a sheet of a thermally developable photosensitive
      element always in a preferable density.
PAR  2. Description of the Prior Art
PAR  A thermally developable photosensitive element is a photosensitive element
      which is developed by heating at a temperature, for example, in excess of
      100.degree.C after the image exposure has been effected by light. One such
      element is produced by Minnesota Mining and Mfg. Co., U.S.A. and is
      commercially available under the trade mark "DRY SILVER."
PAR  The density of the image on the thermally developable photosensitive
      element after development changes with the change in developing
      temperature to such an extent that even with a minor change in temperature
      of only about 1.degree.C the final print density is greatly affected. In
      an effort to obtain prints having a proper density, it is extremely
      difficult to design a thermal development station so that the developing
      device can always be maintained at a constant temperature. Generally, a
      thermostat is utilized to turn on or off the heater current, or the a.c.
      current for the heater is controlled by means of thyristors, etc.,
      depending on the temperature so as to maintain the developing temperature
      constant. However, this tends to be affected by fluctuations in the
      voltage of the power supply or by ambient air conditions, and in addition,
      the developing temperature will change when a great number of prints are
      attempted to be obtained continuously. Furthermore, the thermal control
      response is late. If the thermal development is carried out by such a
      device as described, the print density varies, and thus prints of good
      quality are not obtained.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the disadvantages noted above and provides
      a device for recording an image appearing on a cathode-ray tube which
      provides prints whose density is always constant and whose quality is
      good.
PAR  This invention provides a device for recording a cathode-ray tube image on
      a thermally developable recording medium comprising:
PA1  Means for generating a cathode-ray tube image;
PA1  Means for supplying a thermally developable recording medium so as to
      expose the thermally developable recording medium to the image of the
      cathode-ray tube; and
PA1  Means for thermally developing the exposed thermally developable recording
      medium; and including
PA1  Means for detecting the temperature of the thermal developing means to
      convert the detected temperature into an electrical signal; and
PA1  Means responsive to the electrical signal the degree of exposure of the
      thermally developable recording medium to the image of the cathode-ray
      tube.
DRWD
PAR  The advantages of the device of the present invention will become apparent
      from the following description of the preferred embodiments taken in
      conjunction with the following drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a device for recording an image appearing on a
      cathode-ray tube according to the invention.
PAR  FIG. 2 is a circuit diagram showing one example wherein the brightness of
      the fluorescent screen of the cathode-ray tube can be varied.
PAR  FIG. 3 is a graphic representation illustrating the relationship between
      the developing temperature, the amount of exposure and the print density.
PAR  FIG. 4, consisting of 4a and 4b, is a graphic representation illustrating
      the change in temperature of the thermal developing device.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Turning now to FIG. 1, a video signal from a video signal generator 20 from
      a television camera, etc., enters a video signal processing circuit 22 in
      a cathode-ray tube printer, which signal is separated into a synchronous
      signal and a video signal. The synchronous signal passes through a
      deflection amplifier 25 into a deflection yoke 26 to sweep electron beams.
      The video signal is amplified by means of a video amplifier 27 and then
      applied to a cathode 50 of a cathode-ray tube 1. A fluorescent image on
      the cathode-ray tube 1 is formed on the surface of a back plate 3 by means
      of a lens 2.
PAR  A sheet of thermally developable photosensitive element 4 (for example, as
      disclosed in U.S. Pat. Nos. 3,152,904 and 3,457,075) long in size is
      introduced onto the back plate 3, the photosensitive element being exposed
      by a predetermined amount of exposure by means of an exposure controlling
      device 29 in the cathode-ray tube. The thermally developable
      photosensitive element 4 thus exposed is cut by a cutter 5 into a suitable
      length and introduced into a thermal developing device 6 by means of guide
      rollers 9. Rotation of a drum 7 within the thermal developing device 6
      feeds a sheet of the thermally developable photosensitive element, which
      is brought in contact with a heating station 8 surrounding the drum 7 to
      heat the thermally developable photosensitive element to a predetermined
      temperature. The surface of drum 7 is made of a material with a high
      coefficient of friction, and the surface of heating station 8 is finished
      to have a smooth surface with a small coefficient of friction. A final
      print 10 is delivered from the heating station 8. The temperature of the
      heating station 8 of the thermal developing device is controlled by a
      thermostat 11. In the construction as described above, fast and fine
      temperature control may not be accomplished by the thermostat 11, thus
      prints of high quality are not obtained.
PAR  The improvement of the device according to the present invention is as
      follows.
PAR  In the device according to the invention, the amount of exposure can be
      controlled by controlling the brightness of the cathode-ray tube or the
      exposure time, or by a combination thereof. The amount of exposure can be
      controlled by means of an exposure controlling device 29, which is
      illustrated in detail in FIG. 2.
PAR  In this exposure controlling device, when the thermally developable
      photosensitive element 4 is not being exposed, a voltage applied to a grid
      51 is held at a level less than an erasing voltage of the brightness point
      so as to avoid glow of the fluorescent surface of the cathode-ray tube 1.
      For this purpose, a contact strip 40 is placed in contact with a contact
      41 in FIG. 2. At the moment when a copy button 43 is depressed, a relay 34
      activates to transfer the position of the contact strip 40 to contact of a
      contact 42, and the voltage of the grid 51 increases to a level higher
      than the brightness point erasing voltage and the fluorescent surface of
      the cathode-ray tube begins to glow. Thereafter, after the lapse of a set
      time of a timer 44, which comprises a relay 34, a resistor 35 and a
      capacitor 36, the relay 34 operates to return the contact strip 40 to the
      contact 41 thus avoiding again a glow of the fluorescent surface. The
      contact 37 is held by the relay 34.
PAR  The heating station 8 is intimately provided with a temperature detector 30
      such as a thermistor, as illustrated in FIG. 1. In the grid circuit shown
      in FIG. 2, the temperature detector 30 is connected in series to a
      resistor 45, and the contact 42 is connected between the temperature
      detector 30 and the resistor. Since the thermistor increases in resistance
      as the detection temperature decreases, the grid voltage increases to
      thereby increase the brightness of the fluorescent surface of the
      cathode-ray tube and to increase the amount of exposure onto the thermally
      developable photosensitive element. Conversely, when the temperature
      detected by the thermistor increases, that is, when the heating
      temperature of the thermally developable photosensitive element in the
      heating station 8 of the thermal developing device increases, the amount
      of exposure onto the thermally developable photosensitive element
      decreases.
PAR  FIG. 3 gives the relationship between the change in developing temperature,
      in case of a predetermined amount of exposure (log E = 3.0), and the
      density of the print, and the relationship between the density of the
      print on the thermally developable photosensitive element (specifically in
      this case for 3 M Ltd. DRY SILVER TYPE "777") at respective temperatures
      with the developing temperature varied and the amount of exposure. From
      the graph in FIG. 3, it will be apparent that when the developing
      temperature decreases, the density of the print decreases considerably,
      but that this decrease can be compensated for by increasing the amount of
      exposure to thus maintain always a proper print density. Since the
      relationship between the change in developing temperature and the density
      of the print can be considered to approach a simple quadratic function,
      compensation therefor is easy.
PAR  The change in the developing temperature in the thermal developing device
      cannot be avoided in terms of a temperature controlling mechanism, and
      even if the range of change thereof is reduced, the change in temperature
      produced by introduction of the thermally developable photosensitive
      element into the heating station maintained at a constant temperature
      cannot be eliminated. As previously described, the density of the print of
      the thermally developable photosensitive element is affected by such a
      small change in temperature.
PAR  FIG. 4 (a), for example, gives a curve of the temperature characteristics
      with respect to the time obtained when temperature control is effected
      using a thermostat. In this curve, cycling is produced in a range of from
      4.degree. to 5.degree.C above and below a set temperature of 125.degree.C.
      The period thereof greatly differs depending upon the thermal capacity of
      the thermal developing device, but is in the range of from 10 seconds to
      one minute. On the other hand, FIG. 4 (b) gives the relationship obtained
      when the heater current in the heating station is controlled by use of a
      thyristor. Here, the heating temperature does not significantly change,
      but a temperature decrease of approximately 5.degree.C is produced every
      time the thermally developable photosensitive element is introduced into
      the thermal developing device, requiring from 10 to 30 seconds until the
      temperature returns to the set temperature (130.degree.C).
PAR  As described above, the change in the developing temperature cannot be
      avoided in the thermal developing device. According to the present
      invention, the fluctuation of the print density produced by the change in
      developing temperature is corrected by varying the amount of exposure by
      the cathode-ray tube.
PAR  While examples, in which correction is made by varying the brightness of
      the fluorescent surface of the cathode-ray tube, have been described in
      preferred embodiments as explained with reference to FIGS. 1 and 2, the
      amount of exposure can also be changed by varying the exposure time
      instead of controlling the brightness. For example, in FIG. 2, the
      temperature detector 30 can be connected in series to the resistor 35,
      which constitutes the timer 44, instead of connecting the temperature
      detector to the grid circuit, so as to complete a time constant circuit
      with the capacitor 36. With this construction, the exposure time can be
      decreased when the developing temperature increases, while the exposure
      time can be increased when the developing temperature decreases. In
      addition, alternative heating devices can be employed. For example, a
      transparent drum 1 as shown in FIG. 2 containing therein infrared heating
      elements can be employed or alternatively a transparent drum containing
      infrared heating elements as described can be employed with a reflecting
      plate to heat the thermally developable recording medium as disclosed in
      Japanese Patent Publications Nos. 9375/1974 and 8340/1974.
PAR  Further, the change in print density due to the change in temperature of
      the heating device can be corrected by not only merely controlling the
      exposure time but also by varying the width of the raster of the
      cathode-ray tube with the aid of the detection temperature to change the
      apparent density. In this case, an arrangement should be made so that the
      brightness is not affected by the width of the raster.
PAR  From the above, the device of the present invention provides quick
      responsive electrical means to correct for changes in developing
      temperature, whereby prints of uniform density can be obtained in a
      thermal developing recorder for use with a cathode-ray tube.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for recording a cathode-ray tube image on a thermally
      developable recording medium comprising:
PA1  means for generating a cathode-ray tube image;
PA1  means for supplying a thermally developable recording medium so as to
      expose said thermally developable recording medium to the image of said
      cathode-ray tube; and
PA1  means for thermally developing said exposed thermally developable recording
      medium; and including
PA1  means for detecting the temperature of the thermal developing means to
      convert the detected temperature into an electrical signal; and
PA1  means responsive to said electrical signal for controlling the degree of
      exposure of said thermally developable recording medium to the image of
      said cathode-ray tube.
NUM  2.
PAR  2. The device for recording a cathode-ray tube image of claim 1, wherein
      said means for controlling the degree of exposure comprises means for
      controlling the brightness of the cathode-ray tube image.
NUM  3.
PAR  3. The device for recording a cathode-ray tube image of claim 1, wherein
      said means for controlling the degree of exposure comprises means for
      controlling the light emission time of said cathode-ray tube image.
NUM  4.
PAR  4. The device for recording a cathode-ray tube image of claim 1, wherein
      said means for controlling the degree of exposure comprises means for
      controlling both the brightness of the cathode-ray tube image and the
      light emission time of said cathode-ray tube image.
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PAL  A photographic camera having an automatic exposure control means and a
      self-timer and provided with a shutter release locking means which is
      operated to lock the shutter release mechanism when the scene brightness
      is lower than a predetermined level is provided with a shutter locking
      means nullifying lever which nullifies the effect of the shutter release
      locking means when desired. Particularly, the nullifying lever is
      associated with the self-timer so that the self-timer is made operable
      only when the nullifying lever is in the nullifying position so that the
      shutter locking means may be nullified every time the self-timer is used.
      In one preferred embodiment, the nullifying lever is used as a self-timer
      start lever. In another embodiment, the nullifying lever is used to cover
      a self-timer start button when the lever is in the position to allow the
      shutter locking means to operate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a photographic camera provided with an automatic
      exposure control means, and more particularly to a photographic camera
      provided with an automatic exposure control means in which the shutter is
      locked automatically when the scene brightness is too low to obtain a
      picture of normal exposure with a normal shutter speed.
PAR  It has been known in the art to provide a shutter locking means which
      automatically locks the shutter mechanism so that the shutter will not be
      released when the controlled shutter speed is too slow because of too low
      scene brightness. Cameras of this kind are called fool-proof cameras and
      are very advantageous when used by unskilled persons.
PAR  The above described cameras provided with the shutter locking means,
      however, are disadvantageous in that the shutter cannot be released even
      when the camera is stably supported by a tripod to take a picture with a
      long exposure time or when it is the photographer's intention to take an
      under-exposed picture.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the above described defects inherent in conventional cameras, it
      is the primary object of the present invention to provide a photographic
      camera provided with a shutter locking means in which the effect of the
      shutter locking means is nullified when required.
PAR  Another object of the present invention is to provide a photographic camera
      provided with a self-timer in addition to a shutter locking means
      automatically operated when the scene brightness is too low in which the
      effect of the shutter locking means is nullified when the self-timer is
      operated.
PAR  Still another object of the present invention is to provide a photographic
      camera provided with a self-timer in addition to a shutter locking means
      automatically operated when the scene brightness is too low in which the
      self-timer is made operable only when the effect of the shutter locking
      means is nullified.
PAR  A further object of the present invention is to provide a photographic
      camera provided with a self-timer which is normally charged in which a
      self-timer starting button is made accessible only when a lever to nullify
      the effect of a shutter locking means which is operated to lock the
      shutter when the scene brightness is too low is rotated.
PAR  The above objects are accomplished by providing in the camera a shutter
      locking means nullifying lever which is manually operable when desired.
      The shutter locking nullifying lever is associated with a self-timer
      mechanism so that the self-timer is made operable only when the nullifying
      lever is in the position to nullify the effect of the shutter locking
      means. More preferably, the nullifying lever is made to swing between a
      first position to prevent operation of the self-timer and a second
      position to allow the operation thereof, and the effect of the shutter
      locking means is nullified when the nullifying lever is in said second
      position.
PAR  In accordance with the present invention as summarized above, the effect of
      the shutter locking means which is automatically operated to lock the
      shutter when the scene brightness is under a predetermined level is
      nullified by a nullifying lever which is operated when a self-timer is
      used. In accordance with a preferred embodiment of the present invention
      in which a camera provided with a self-timer which is always charged is
      provided with a shutter locking means, a lever for nullifying the effect
      of the shutter locking means which is normally in a first position to
      prevent the access to the self-timer operating means is moved to a second
      position to make the self-timer operable only when the nullifying lever
      nullifies the effect of the shutter locking means, so that the self-timer
      cannot be accidentally operated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of an embodiment of a camera in accordance
      with the present invention in which the shutter locking nullifying lever
      is in the normal position to make the shutter locking means operable,
PAR  FIG. 2 is a perspective view of the camera as shown in FIG. 1 wherein the
      shutter nullifying lever is in the position to nullify the effect of the
      shutter locking means,
PAR  FIG. 3 is a perspective view of the camera as shown in FIG. 1 wherein the
      shutter nullifying lever is in the position to start a self-timer,
PAR  FIG. 4 is a perspective view showing the internal mechanism of the exposure
      control means connected with a shutter locking means and a shutter locking
      means nullifying lever in accordance with an embodiment of the invention,
PAR  FIG. 5 is a circuit view showing the electric circuit employed in the
      embodiment of the present invention,
PAR  FIGS. 6A to 6D are fragmentary front views showing the operation of a
      shutter locking means nullifying lever employed in the present invention,
      and
PAR  FIG. 7 is a perspective view of another embodiment of a camera in
      accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 to 3 show an embodiment of a camera in accordance with the present
      invention in which the camera body 1 of a camera is provided on the front
      face thereof with a taking lens 2 and a view finder window 3 and on the
      upper face thereof with a shutter release button 4 and a self-timer charge
      button 5. The camera body 1 is further provided on the side face thereof
      with a shutter locking means nullifying lever 6 pivotally mounted to a
      pivot 6a. In this embodiment, the nullifying lever 6 is made swingable
      between three positions. In the first position thereof as shown in FIG. 1,
      the lever 6 allows a shutter locking means to operate. In the second
      position thereof as shown in FIG. 2, the lever 6 nullifies the effect of
      the shutter locking means. In the third position thereof as shown in FIG.
      3, the lever 6 both starts a self-timer in the camera and nullifies the
      effect of the shutter locking means. The nullifying lever 6 should
      preferably be click-stopped at the three positions to ensure the three
      kinds of operation thereof. The self-timer charge lever 5 is in the
      charged position in FIGS. 1 and 2 and is in the released position in FIG.
      3 as well known in the art. A self-timer (not shown) provided in the
      camera body 1 is charged by depressing the self-timer charge button 5. As
      the self-timer is released, the button 5 is projected upward on the upper
      face of the camera body 1 as shown in FIG. 3.
PAR  Referring to FIG. 4 showing the internal mechanism of the camera in
      accordance with the present invention, a film 31 is located at a position
      to receive light through the taking lens 2 (not shown in FIG. 4) and a
      diaphragm (not shown) by way of the shutter mechanism 32 comprising a
      first shutter blade 33 and a second shutter blade 34. The optical axis of
      the light coming through the shutter mechanism is indicated by a chain
      line A-B. The pair of shutter blades 33 and 34 are provided with openings
      33a and 34a, respectively, and movable in the direction perpendicular to
      the optical axis A-B to close and open the optical path of the light
      coming from the taking lens 2. The shutter mechanism 32 in FIG. 4 is shown
      in the charged state where the shutter charge is completed and the both
      shutter blades 33 and 34 are in the initial positions. In this state of
      the shutter mechanism 32, the opening 33a of the first shutter blade 33 is
      out of alignment with the optical axis A-B and the opening 34a of the
      second shutter blade 34 is in alignment with the optical axis A-B. The
      first shutter blade 33 is provided with a bent portion 35 extending at a
      right angle from the leading end thereof as shown in FIG. 4, which portion
      35 is engaged with the leading end of the second shutter blade 34 to
      prevent the movement thereof.
PAR  The first shutter blade 33 is provided with an engaging pin 37, which is
      engaged with a shutter blade holding lever 36. The shutter blade holding
      lever 36 is pivotally mounted to a pivot 36a. One hand 36b of the holding
      lever 36 has at the top end thereof an engaging portion to fall into
      engagement with said engaging pin 37 and the other hand 36c thereof
      extends over a pair of switches comprising a second switch S2 and a third
      switch S3 of an electric circuit employed in connection with the shutter
      mechanism 32 as shown in FIG. 5, so that the holding lever 36 may close
      the switches S2 and S3 when the holding lever 36 swings counterclockwise
      (in FIG. 4) to release the engaging pin 37.
PAR  The shutter blades 33 and 34 are spring-urged in the same direction by
      means of tension springs 43 and 44, respectively. When the first shutter
      blade 33 is moved by the spring 43, the opening 33a thereof is brought
      into alignment with the optical axis A-B. When the second shutter blade 34
      is moved by the spring 44, the opening 34a thereof is brought out of
      alignment with the optical axis A-B.
PAR  A vertically movable shutter release member 4 is provided in the camera
      body. The shutter release member 4 comprises a button portion 4a to be
      depressed when the shutter is to be released, an engaging portion 4b to be
      engaged with a shutter release locking lever 38 which will hereinafter be
      described in detail, and a releasing portion 4c to fall in abutment with
      said hand 36c of the shutter blade holding lever 36. By the downward
      movement of the shutter release member 4, the left hand 36c of the shutter
      blade holding lever 36 is pushed down and the engaging portion at the top
      end of the right hand 36b of the lever 36 is disengaged from the pin 37 to
      release the first shutter blade 33. The lever 36 is spring urged clockwise
      by means of a tension spring 36d.
PAR  Said shutter release locking lever 38 is pivotally mounted to a pivot 38a
      and movable between an engaging position in which the top end 38b thereof
      is in engagement with said engaging portion 4b of the shutter release
      member 4 and a releasing position in which the top end 38b thereof is out
      of engagement with said engaging portion 4b. The shutter release locking
      lever 38 is L-shaped and the lower arm 38c thereof is engaged with an
      interlocking lever 39. The locking lever 38 is spring urged in the
      clockwise direction by a spring 38d and the clockwise movement thereof is
      blocked by the right arm 39b of said interlocking lever 39. The
      interlocking lever 39 is pivotally mounted to a pivot 39a and spring urged
      in the counterclockwise direction by a spring 39c. The left arm 39d of the
      interlocking lever 39 is engaged with a magnetically operable L-shaped
      lever 40 so that the counterclockwise movement of the L-shaped lever 40
      causes the interlocking lever 39 to rotate clockwise and to make the
      L-shaped shutter release locking lever 38 disengaged from the engaging
      portion 4b of the shutter release member 4.
PAR  The magnetically operable L-shaped lever 40 is further engaged with a
      second shutter blade holding lever 41 which is pivotally mounted to a
      pivot 41a. The second shutter blade holding lever 41 has an engaging
      portion 41b at an end thereof engaged with a pin 42 fixed to the second
      shutter blade 34. The lever 41 is spring urged counterclockwise by means
      of a tension spring 41c so that the lever 41 may be disengaged from the
      pin 42 to let the second shutter blade 34 start when the magnetically
      operable L-shaped lever 40 is rotated clockwise upon deenergization of a
      magnet M. The magnetically operable lever 40 is rotatably mounted to a
      pivot 40a and rotated counterclockwise upon energization of the magnet M
      and rotated clockwise upon deenergization of the magnet M.
PAR  A first switch S1 is provided under the shutter release member 4 so that
      the switch S1 may be closed upon depression of the shutter release member
      4. The second switch S2 and the third switch S3 are located under said
      left hand 36c of the first shutter blade holding lever 36 as mentioned
      hereinbefore. A fifth switch S5 is located in contact with the trailing
      end of the first shutter blade 33 so that the switch S5 may be opened upon
      start of the first shutter blade 33. The second and third switches S2 and
      S3 are changeover switches having three contacts O, N and W, respectively
      as shown in FIGS. 4 and 5 and are connected with a fourth switch S4.
PAR  The fourth switch S4 comprises a fixed contact 53 and a movable contact 54.
      The fixed contact 53 is connected with the contact W of the third switch
      S3 and the movable contact 54 is connected with the contact W of the
      second switch S2. The movable contact 54 is engaged with a cam 51 fixed to
      a shaft 50 of the shutter locking means nullifying lever 6. The shaft 50
      of the nullifying lever 6 is provided with another cam 52 which is engaged
      with a self-timer start lever 56 pivotally mounted to a pivot 56a. The
      self-timer start lever 56 is engaged with a self-timer start pin 55 and is
      spring urged by a tension spring 56b in the direction to follow the cam 52
      and move apart from the start pin 55 as shown in FIG. 4.
PAR  Referring to FIGS. 6A to 6D, the movable contact 54 of the fourth switch S4
      is in contact with the fixed contact 53 when the shutter locking means
      nullifying lever 6 is in the normal position as shown in FIG. 6A. As the
      lever 6 is rotated counterclockwise to the nullifying position as shown in
      FIG. 6B, the movable contact 54 is separated from the fixed contact 53 to
      open the fourth switch S4. The cam 52 which is in engagement with the
      self-timer start lever 56 is in the non-operating position when the
      nullifying lever 6 is in the normal position as shown in FIG. 6C. When the
      lever 6 is rotated to said third position as shown in FIGS. 3 and 6D, the
      cam 52 moves the self-timer start lever 56 to operate the self-timer start
      pin 55 thereby.
PAR  The operation of the shutter mechanism 32 as described hereinabove will
      hereinbelow be described in detail in connection with a control circuit as
      shown in FIG. 5. The structure of the shutter control circuit will be
      described together with the description of operation thereof referring to
      FIG. 5.
PAR  When the shutter release member 4 is depressed, the first switch S1 is
      closed upon the first stage of depression thereof and the control circuit
      is supplied with electric current from a power source E. At this stage,
      the second and third switches S2 and S3 are on the W-side and the fourth
      and fifth switches S4 and S5 are closed as indicated with solid lines in
      FIG. 5. Under the condition as described above, the resistance of a
      photodetector Rx changes in accordance with the scene brightness sensed
      thereby and the potential at the point P1 between the photodetector Rx and
      a fixed resistor R4 changes therewith. By selecting the resistance of the
      fixed resistor R4 so that the operating point of a switching transistor
      Tr1 corresponds to the critical potential at the point P1 for the lower
      limit of scene brightness, the potential at the point P1 becomes higher
      than the operating point of the switching transistor Tr1 when the scene
      brightness is lower than the lower limit of the range wherein the picture
      of normal exposure can be obtained with a normal shutter speed and
      accordingly the transistor Tr1 is turned ON and another transistor Tr1
      connected therewith is turned OFF. Therefore, the magnet M connected with
      the second transistor Tr2 is not energized.
PAR  When the magnet M is not energized, the shutter mechanism 32 operates as
      follows. The magnetically operable L-shaped lever 40 is not attracted by
      the magnet M, and accordingly, the second shutter blade holding lever 41
      is in the position to release the pin 42 of the shutter blade 34 and the
      shutter blade 34 is in the state where it can be pulled to the right by
      the tension spring 44. The interlocking lever 39 is rotated
      counterclockwise by the spring 39c and allows the clockwise rotation of
      the L-shaped shutter release locking lever 38 caused by the spring 38d.
      Thus, the shutter release locking lever 38 is moved to a position where
      the engaging top end 38b thereof is brought into engagement with the
      engaging portion 4b of the shutter release member 4. Consequently, the
      shutter release member 4 is prevented from moving down to release shutter
      upon closure of the first switch S1 immediately after it is depressed.
PAR  When the scene brightness becomes high and the potential at the point P1
      falls below the operating point of the switching transistor Tr1, which
      means that the scene brightness is sufficiently high to obtain a picture
      of normal exposure with a normal shutter speed, the transistor Tr1 is
      turned OFF and the other transistor Tr2 is turned ON, and accordingly, the
      magnet M is energized.
PAR  When the magnet M is in the energized condition, the shutter mechanism 32
      operates as follows. The magnetically operable L-shaped lever 40 is
      attracted by the magnet M and rotated counterclockwise about the pivot 40a
      to swing the second shutter blade holding lever 41 and the interlocking
      lever 39 clockwise about the pivots 41a and 39a. By the clockwise swing of
      the holding lever 41, the pin 42 of the second shutter blade 34 is engaged
      with and held by the engaging portion 41b of the holding lever 41. The
      shutter release locking lever 38 is rotated counterclockwise by the
      clockwise swing of the interlocking lever 39 to release the shutter
      release member 4. Thus, the shutter release member 4 is made further
      depressible. When the shutter release member 4 is depressed deeply, the
      releasing portion 4c of the shutter release member 4 pushes the left hand
      36c of the first shutter blade holding lever 36 downward at the final
      stage of depression thereof. By the depression of the shutter release
      member 4, therefore, the first shutter blade holding lever 36 is rotated
      counterclockwise to release the first shutter blade 33. Immediately before
      the shutter blade 33 starts, the second and third switches S2 and S3 are
      switched to the O-side to form a time constant circuit comprising a
      capacitor C and the photodetector Rx to control the shutter speed
      automatically in accordance with the scene brightness. Then, the first
      shutter blade 33 starts and moves to the right by the tension of the
      tension spring 43 and the opening 33a thereof falls in alignment with the
      optical axis A-B. Since the second shutter blade 34 is held in the start
      position by the holding lever 41, the opening 33a of the first shutter
      blade 33 is brought into alignment with the opening 34a of the second
      shutter blade 34 to expose the film 31 to the light from the taking lens
      2. Simultaneously with the start of the first shutter blade 33, the fifth
      switch S5 is opened. When a time determined by the combination of the
      resistance of the photodetector Rx and the capacitor C has lapsed, which
      time corresponds to the exposure time, the transistor Tr1 is turned ON and
      the transistor Tr2 is turned OFF yo deenergize the magnet M. By the
      deenergization of the magnet M, the magnetically operable L-shaped lever
      40 is released from the magnet M and rotated clockwise to make the holding
      lever 41 swing counterclockwise and release the second shutter blade 34.
      Thus, the second shutter blade 34 is moved to the right by the tension of
      the spring 44 and the opening 34a of the second shutter blade 34 is moved
      out of alignment with the opening 33a of the first shutter blade 33 to
      complete the exposure.
PAR  Even when the scene brightness is lower than said lower limit and the
      shutter release member 4 is prevented from being depressed to release the
      shutter, the shutter mechanism 32 is made operable to release shutter by
      rotating the shutter locking nullifying lever 6 in the counterclockwise
      direction as shown in FIGS. 3 and 6B. The shutter mechanism 32 operates as
      follows under this condition. Upon the counterclockwise rotation of the
      nullifying lever 6, the movable contact 54 of the fourth switch S4 is
      separated from the fixed contact 53 to open the switch S4. Consequently,
      the transistor Tr1 connected with the fourth switch S4 is turned OFF and
      the transistor Tr2 is turned ON to energize the magnet M. Upon
      energization of the magnet M, the shutter release locking lever 38 is
      rotated counterclockwise to allow the downward movement of the shutter
      release member 4. Therefore, it becomes possible to take a picture even if
      the scene brightness is lower than said limit.
PAR  In the above described first embodiment of the present invention, the
      shutter locking nullifying lever 6 is associated with a self-timer start
      lever 56 which is engaged with a self-timer start pin 55 so that the
      self-timer may be operated by rotating the lever 6 up to a position as
      shown in FIGS. 3 and 6D. Since the shutter mechanism 32 is put in the
      state wherein the shutter is releasable by the rotation of the nullifying
      lever 6, the self-timer is operated to release the shutter in the normal
      way.
PAR  In the second embodiment, as shown in FIG. 7, a self-timer start button 77
      is provided on the side face of a camera body 71. The camera body 71 is
      provided on the front face thereof with a taking lens 72 and a view finder
      window 73 and on the upper face thereof with a shutter release button 74
      and a self-timer charge button 75. The side face of the camera body 71 is
      further provided with a shutter locking means nullifying lever 76
      pivotally mounted to a pivot 76a. The nullifying lever 76 is swingable
      between two positions in one of which the lever 76 covers the self-timer
      start button 77 and in the other of which the lever 76 allows access to
      the start button 77. The position wherein the lever 76 covers the button
      77 corresponds to the normal position of said lever 6 in the first
      embodiment wherein the shutter release locking means is in operation and
      the position wherein the lever 76 allows access to the button 77
      corresponds to the nullifying position of said lever 6 in which the
      shutter release locking means is nullified. The nullifying lever 76 should
      preferably be click-stopped at the two positions. The nullifying position
      of the lever 76 should best be easily recognizable so that the
      photographer will be prevented from accidentally pushing the self-timer
      start button 77, since the self-timer is usually charged in this camera
      and must be prevented from being accidentally depressed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A photographic camera comprising,
PA1  a camera body containing a shutter mechanism therein and having a shutter
      release button thereon to be depressed for operating said shutter
      mechanism,
PA1  an automatic exposure control means provided in the camera body for
      controlling said shutter mechanism in accordance with the scene brightness
      measured thereby to obtain a photograph of normal exposure,
PA1  a shutter release locking means provided in the camera body for locking
      said shutter mechanism to prevent the same from operating when the scene
      brightness is below a predetermined level,
PA1  a self-timer provided in the camera body,
PA1  a self-timer starting member provided in the camera body and operatively
      connected to said self-timer for starting the operation of the self-timer,
      and
PA1  a shutter locking nullifying lever pivotally mounted on the camera body
      movable between a first position where the shutter release mechanism is
      capable of being locked by said shutter release locking means and a second
      position where the effect of the shutter release locking means is
      nullified,
PA1  said self-timer starting member being capable of being operated when said
      shutter locking nullifying lever is in said second position.
NUM  2.
PAR  2. A photographic camera as claimed in claim 1 wherein said self-timer is
      normally charged, and said self-timer starting member is prevented from
      being operated when said shutter locking nullifying lever is in said first
      position.
NUM  3.
PAR  3. A photographic camera as claimed in claim 2 wherein said self-timer
      starting member is a depressible button and said shutter locking
      nullifying lever is swingable between said first and second positions and
      covers said depressible button for starting the self-timer to prevent the
      access thereto when said lever is in the first position.
NUM  4.
PAR  4. A photographic camera as claimed in claim 1 wherein said self-timer
      starting member is located within the camera body and said shutter locking
      nullifying lever is operatively connected with the self-timer starting
      member, said self-timer starting member being capable of being operated by
      said shutter locking nullifying lever only when said lever is in said
      second position.
NUM  5.
PAR  5. A photographic camera as claimed in claim 4 wherein said shutter locking
      nullifying lever is further swingable beyond said second position and said
      self-timer starting member is operated upon the further swing of said
      lever beyond said second position.
NUM  6.
PAR  6. A photographic camera as claimed in claim 1 wherein said shutter release
      locking means comprises a locking lever movable between a first position
      wherein the locking lever is engaged with the shutter mechanism to lock
      and prevent the operation of the shutter mechanism and a second position
      wherein the locking lever is separated from the shutter mechanism, an
      electromagnet connected with said automatic exposure control means to be
      energized when the shutter release operation is initiated, interlocking
      means connected between said locking lever and said electromagnet for
      moving said locking lever from said first position to said second position
      thereof upon energization of said electromagnet, and a control circuit
      means comprising a light measuring circuit and an electromagnet energizing
      circuit connected with said electromagnet, said control circuit means
      deenergizing said electromagnet when the output of said light measuring
      circuit indicates that the scene brightness measured thereby is below a
      predetermined level.
NUM  7.
PAR  7. A photographic camera as claimed in claim 6 wherein said control circuit
      means is provided with a switch operatively connected with said shutter
      locking nullifying lever, said switch nullifying the function of said
      control circuit means to deenergize said electromagnet when said switch is
      opened, said switch being opened by the movement of said shutter locking
      nullifying lever from said first position to said second position thereof.
NUM  8.
PAR  8. A photographic camera as claimed in claim 7 wherein said switch
      comprises a fixed contact and a movable contact, and said shutter locking
      nullifying lever is provided with a cam engaged with said movable contact
      so that the movable contact may be separated from the fixed contact upon
      swing of the lever from said first position to said second position.
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ABST
PAL  A strap assembly for attachment to a typical 35mm camera, including a yoke
      with a middle portion lying against the right side of the camera and a
      pair of straps extending over the front or rear and then over the bottom
      of the camera and held by a knob threaded into the tripod socket of the
      camera. A finger strap mounted on the middle yoke portion is designed to
      firmly receive the middle, ring, and little fingers of the hand so that
      the camera cannot fall and yet these fingers can securely grasp the camera
      to hold it upright. The strap forms a loop whose axis is angled upwardly
      from the horizontal and inwardly towards the optical axis, so that a good
      grip can be obtained while the index finger of the hand is free to reach
      over the top of the camera to depress the shutter release button and the
      thumb is free to move the film advance lever.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for mounting on a camera.
PAR  In the course of taking pictures, the photographer often must hold the
      camera with one hand while he uses the other hand to make adjustments to
      the camera or changes lenses or other accessories. The grip of one hand is
      often insufficient to hold the camera, especially in the case of heavier
      cameras and lenses which have become more popular for serious
      photographers. A neck strap can provide security against dropping the
      camera, but it tends to restrict use of the camera, and even with a neck
      strap the photographer must grip the camera very tightly while
      manipulating it with one hand. A compact carrying device which enabled a
      photographper to securely grasp and manipulate a camera with one hand
      while providing security against dropping the camera, would facilitate the
      use of cameras.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the present invention, a simple and
      compact device is provided which enables a camera to be held in one hand
      in a manner that permits firm control of camera position and security
      against dropping the camera. The device includes a finger strap designed
      to firmly circle the middle, ring, and little fingers of the hand while
      leaving the index finger and thumb free, and a yoke which can be readily
      attached to a camera and which holds the strap at one side thereof. The
      finger strap forms a loop which is positioned so that the axis of the loop
      is inclined upwardly, as seen in a side elevation view, and is angled
      toward the optical axis of the camera, as seen in a plan view. This loop
      orientation enables the hand to grip the camera in a natural manner, while
      leaving the index finger free to reach over the top of the camera to
      operate the shutter release button and also leaving the thumb free to
      operate the film advance lever.
PAR  The yoke which supports the strap, is formed of a single piece of leather
      or other flexible material which is originally in a sheet form. The yoke
      has a middle portion lying around one side of the camera and attached to
      the finger strap, and has a pair of yoke straps with one extending over
      the front and bottom of the camera and the other extending over the rear
      and bottom of the camera to the tripod socket location. The ends of the
      yoke straps are held by a knob extending through slots at the end of the
      straps and into the threaded tripod socket typically formed at the bottom
      of 35mm cameras. The middle of the yoke is held to the camera by a hole in
      the yoke which receives a neck-strap lug.
DRWD
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will be best understood from the following
      description when read in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view of the camera side strap of the present
      invention, shown monted on a camera;
PAR  FIG. 2 is a right side elevation view of the arrangement of FIG. 1;
PAR  FIG. 3 is a plan view of the arrangement of FIG. 1;
PAR  FIG. 4 is a front, top, and a side perspective view showing the yoke of the
      side strap of FIG. 1 in the configuration which it assumes when mounted on
      a camera;
PAR  FIG. 5 is a front view of the yoke of FIG. 2 showing its configuration when
      it is laid flat;
PAR  FIG. 6 is a front view of the strap of the arrangement of FIG. 1, showing
      its configuration when laid flat;
PAR  FIG. 7 is a side elevation view, particularly in section, of the knob of
      the arrangement of FIG. 1;
PAR  FIG. 8 is a plan view of the knob of FIG. 7; and
PAR  FIG. 9 is a perspective exploded view of a camera side device constructed
      in accordance with another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1-3 illustrate the camera holding apparatus 10 which is mounted on a
      camera 12 of the typical overall shape of those using 35mm film. The
      camera has a threaded hole or socket 14 in the middle of its bottom wall
      16, for mounting on a tripod, and has a lens 18 through which light passes
      along an optical axis 20 extending normal to the front wall 22 of the
      camera body. A shutter release button 24 is typically located at the top
      or top wall 26 of the camera at the right side of the camera body,
      although some cameras utilize a shutter release at the right side of the
      front wall 22 instead of on top. A film advance lever 27 extends
      rearwardly at the top of the camera. Two neck-strap lugs 28, 30 are
      located on the right and left side walls 32, 34 of the camera, and are
      typically used for receiving the ends of a neck strap. The camera also
      includes a rear wall 36 containing a pivotally mounted cover through which
      film is received and removed.
PAR  The camera holding apparatus 10 includes a yoke 40 with a middle portion 42
      which lies at the right side of the camera and a pair of yoke straps 44,
      46 which extend from the middle portion to the tripod socket location 16t
      at the middle of the camera bottom wall. A knob 48 which screws into the
      threaded tripod socket 14 holds the outer ends of the straps to the
      camera. The middle portion 42 of the yoke has three holes 50, 51, 52, one
      of which fits around the neck strap lug 28 of the camera. A split type key
      ring 54 which attaches to the neck strap lug 28 and which if of much
      larger diameter than the hole 50, assures that the yoke will not slip
      completely away from the lug 28. A finger strap 56 which closely receives
      some of the fingers of the hand, is mounted on the middle portion 42 of
      the yoke. The yoke has a pair of slots 58, 60 and the finger strap 56
      passes through these slots to mount the finger strap on the yoke.
PAR  The finger strap 56, which includes a strip 62 of flexible material such as
      leather and a buckle 64, forms a loop 66 designed to closely receive the
      lower three fingers of the hand, these being the middle, ring and little
      fingers. The lower three fingers which are received through the loop, can
      firmly grasp the front of the camera while the heel portion of the hand
      lying below the thumb presses against the back of the camera, so that the
      camera can be held securely. This grasping configurations leaves the index
      finger and thumb free to perform other chores. The index finger is free to
      reach over the top 26 of the camera to depress the shutter release button
      24 (or to reach over the front wall of the top thereof for those cameras
      having a shutter release thereat), while the thumb is free to operate the
      film advance lever 27.
PAR  The orientation of the strap 56 and of the loop 66 formed thereby, is
      carefully chosen so that when the lower three fingers are fully inserted
      through the loop with the lowermost or base joints of the fingers
      enveloped by the strap, the index finger is free to reach over the top of
      the camera to depress the shutter release button. To accomplish this, the
      axis 68 of the loop is angled away from an orientation parallel to the
      optical axis 20. The loop axis 68 is an imaginary line passing through the
      center of the loop and perpendicular to the plane of the loop. In
      particular, the loop axis 68 is upwardly and forwardly inclined, as seen
      in a side elevation view as in FIG. 2 where the loop axis 68 is seen to
      extend at an angle A from an imaginary horizontal line 70'. By an
      upward-forward incline, it is meant that the loop axis 68 extends upwardly
      at locations progressively more forward, so that the top 66t of the loop
      (or of the finger strap 56) lies rearward of the bottom 66bas seen in the
      side elevation view. In addition, the loop axis 68 as seen in the plan
      view of FIG. 3, is angled "inwardly" toward the optical axis 20 at an
      angle B.
PAR  If the side strap were oriented so that the loop axis 68 were parallel to
      the optical axis 20, then the camera still could be grasped by the fingers
      extending through the loop. However, the index finger initially would be
      pointing straight ahead, and it would be difficult for the photographer to
      move his index finger over the top of the camera to the shutter release
      button without withdrawing his lower fingers partially from the finger
      strap loop. By tilting the strap by the angle A as seen in FIG. 2, the
      index finger also points at an upward incline and can more easily reach
      over the top of the camera. By also angling the loop axis by the angle B
      as seen in FIG. 3, the index finger initially points inwardly and can even
      more easily reach the shutter-release button. By utilizing this angling B,
      and by locating the strap 56 near the front of the camera instead of at
      the middle of the camera side wall, the lower three fingers of the hand
      can more securely and comfortably grasp the front of the camera. Thus, the
      positioning of the loop on the axis 68 allows the lower fingers to fit the
      loop naturally as if they were grasping the camera alone without a loop.
      This provides a comfortable and unstrained grip for those fingers and a
      workable position for thumb and index.
PAR  The angling of the loop axis at an upward incline, and also inwardly or
      towards the optical axis as seen in a plan view, allows the lower three
      fingers to project fully through the loop while the hand extends in a
      natural manner to hold the camera up to the eye and point it forwardly.
      The photographer can operate the shutter release button and film advance
      lever and then lower the camera to make adjustments or change lenses, all
      without changing the position of the fingers which extend through the
      finger strap, and all the time securely holding the camera with his lower
      three fingers and knowing that even if his fingers slip the camera cannot
      fall out of his hand.
PAR  The yoke 40 is designed so that it can be constructed of a tough flexible
      material such as leather, which is a material having a feel and appearance
      that are readily acceptable in camera accessories. In order to permit low
      cost manufacture of the yoke from sheets of leather, the yoke is designed
      so that it can lie flat and so that a one-piece yoke can be installed on a
      camera by the simple bending of any portion thereof. The yoke is
      originally formed in the configuration shown in FIG. 5, with the middle
      yoke portion 42 having a height slightly less than that of a camera side
      wall. The front and rear yoke straps 44 and 46, both extend at downward
      inclines so that the angle C between imaginary strap axes or center lines
      70, 72 is less that 180.degree.. The particular yoke shown in FIG. 5 is
      designed with the forward strap axis 70 extending at a downward angle D of
      20.degree. and the rearward strap axis 72 extending at a downward angle E
      of 30.degree., so that the angle C is 130.degree.. These downward inclines
      are taken with respect to an imaginary vertical line 74 which normally
      extends vertically when the yoke is mounted on a camera. The
      strap-receiving slots 58, 60 which receive the finger strap, are oriented
      with their center line 76 at an angle F of 25.degree.from the vertical
      line 74. The yoke periphery is formed with generally continuous
      curvatures, with the front edge 78 being concave to prevent interference
      with various controls often present on the front face of the camera, and
      with the rear edge 80 being convex and straight so that the rear strap 48
      can extend at a greater downward incline to more readily bend around the
      rear-bottom edge of the camera. The three lug-receiving holes 50-52 are
      positioned to enable the yoke to mount on a large number of different
      camera models which have neck-strap lugs at slightly different positions.
      One of the holes 50 is sufficient for a large majority of the cameras,
      while the other two holes can accomodate most of the other cameras.
PAR  The free ends 44e, 46e of the yoke straps are provided with elongated slots
      82, 84 so that the straps can be attached to cameras of a range of sizes.
      When the yoke is positioned on a camera with the straps lying on one
      another, the knob 48 is screwed into the threaded tripod socket 14 in the
      camera and tightened against the straps. In order to allow a photographer
      to confidently hold the camera by the finger strap, it is necessary that
      the yoke be tightly attached to the camera. This means that the yoke
      straps 44, 46 should not be able to slide along the camera bottom wall so
      as to loosen the yoke. The knob 48, which is shown in detail in FIGS. 7
      and 8, is designed to prevent slippage of the yoke straps. The knob 48
      includes a head 90 with a knurled periphery to prevent finger slippage
      during tightening and loosening, and with a threaded shank 92 which is
      designed to thread into the camera tripod socket. The upper face 94 of the
      knob head is formed with several circular ridges 96 that extend concentric
      with the axis of the knob and completely around the knob axis. An upper
      knob face which is merely rough can be utilized, but circular ridges
      provide better holding with less wear of the leather strap. When the knob
      is inserted through the slots in the yoke straps and into the camera and
      then tightened, the ridges 96 tend to indent the lowermost strap end such
      as 46e to form a high friction engagement that resists sliding of the
      strap end on the knob. The pressure of the two strap ends 44e, 46e against
      one another can prevent relative slippage where the yoke is made of a
      material having a high coefficient of friction on itself such as leather.
      The bottom of the camera is often constructed of smooth metal which may
      not provide a high coefficient of friction with leather or other material
      of the yoke. However, so long as the upper yoke strap 44 cannot slip on
      the lower strap 46 and the lower strap 46 cannot slip on the knob 48, the
      yoke will not slip along the camera and the yoke will remain tightly
      mounted on the camera.
PAR  In normal use, the yoke is allowed to remain indefinitely or even
      permanently on the camera. However, the rear strap 46 must be released to
      allow the rear cover to be opened and closed each time film in the camera
      must be replaced. This can be accomplished by merely unscrewing the know
      48 so that the free ends 44e, 46e of the yoke strap are loose. When the
      knob 48 is completely unscrewed from the camera, it would be possible for
      the knob to fall to the ground and become lost, unless special provisions
      are made to prevent this. In order to prevent loss of the knob, the slots
      82, 84 of the yoke straps have a width W which is less than the outer
      diameter D of the threaded shank 92 of the knob. As a result, there is an
      interference fit between the knob shank and the walls of the yoke straps,
      so that when the knob is unscrewed and the straps can fall away from the
      camera, the knob tends to remain on the straps. In fact, the knob tends to
      hold the straps together so that remounting of the straps and knob can be
      made with little effort. The repeated turning of the threaded knob shank
      92 in the slots can tend to enlarge them so that after a long period of
      use the knob might fall away from the straps whenever the knob was
      loosened. To minimize such wearing away of the straps, the knob 48 is
      provided with a reduced diameter base portion 98 whose length is about the
      same as the thickness of the two strap ends one laid on one another.
PAR  The yoke 40 can be utilized in a variety of configurations and for a
      variety of purposes. Although the yoke is especially useful for mounting
      on the right side of the camera where the shutter release button is
      normally located, it is possible to construct the yoke for mounting on the
      left side of the camera, as for enabling the camera to be easily held by a
      left handed person. The same yoke design as shown in FIG. 5 may be
      utilized, except that the sheet of leather from which the sheet is cut
      would be turned over so that the smooth side faces into the paper instead
      of out of it as seen in FIG. 5. The simple yoke also can be adapted for
      holding devices other than a finger strap. For example, a belt clip can be
      mounted to the yoke to enable the camera to be carried at the waist of a
      photographer. It also should be noted that the finger strap may be
      attached by yokes of a variety of designs to a camera to form a
      finger-receiving loop that is angled upwardly and inwardly from an
      imaginary line parallel to the optical axis, to enable comfortable and
      secure holding of a camera while also allowing the index finger and thumb
      to be free for other operations. FIG. 9 illustrates a camera 100 with a
      lug 102 located below and forward of the neck strap lug 28, for receiving
      a finger strap 104 with split rings at its ends, the strap forming a loop
      in which the camera body forms one side of the loop.
PAR  Thus, the invention provides a finger strap held at a side of a camera, at
      an orientation which enables secure camera holding during active use of
      the camera in picture taking, and also provides a yoke of simple and
      economical design for mounting on a camera. The finger strap is designed
      to receive a plurality of lower fingers of the hand, preferably the
      middle, ring and little fingers although only two of the lower fingers is
      sufficient to hold up a camera. The loop formed by the finger strap is
      angled upwardly and forwardly as seen in a side elevation view and is
      angled inwardly, or towards the optical axis as seen in a plan view. The
      yoke is formed of flexible material with a middle portion lying at one
      side of the camera and with yoke straps extending over the front of rear
      and over the bottom of the camera and with the free ends of the straps
      held to the bottom of the camera by a knob threaded into the tripod socket
      at the bottom of the camera.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently, it is intended
      that the claims be interpreted to cover such modifications and equivalents
     .
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A camera assembly comprising:
PA1  a camera having a body with front, rear, side, top, and bottom walls and
      having means defining an optical axis portion which extends in a direction
      substantially normal to the plane of said front wall through the center
      portion thereof,
PA1  hand strap means forming a loop for closely receiving a plurality of
      fingers; and
PA1  means coupled to said camera body for holding said hand strap means to said
      camera body near one side of said camera, said holding means holding said
      hand strap means with one side of said loop next to said camera body to
      allow fingers extending through the loop to grasp the camera body, and
      with the axis of the loop extending at a forward-upward incline as seen in
      a side elevation view, and with the forwardly-extending portion of the
      axis of the loop angled inwardly toward the optical axis as seen in a plan
      view.
NUM  2.
PAR  2. The camera assembly described in claim 1 wherein:
PA1  said camera includes walls defining a threaded tripod-mount hole in its
      bottom and a pair of neck-strap lugs on either side; and
PA1  said means for holding said hand strap means includes a yoke of flexible
      material with a middle portion lying over a side of the camera and coupled
      to said hand strap means and a pair of yoke straps extending respectively
      over the front and rear walls of the camera body and with outer ends lying
      over the bottom wall, means engaged with said tripod mount hole for
      holding said outer strap ends to the camera body, and means engaged with
      one of said neck-strap lugs for securing said yoke middle portion to the
      camera body.
NUM  3.
PAR  3. Apparatus for holding to a camera that has front, rear, side, bottom and
      top walls, and which has a threaded hole in the middle portion of the
      bottom wall, comprising:
PA1  a yoke having a middle yoke portion for lying against a side wall of the
      camera body and a pair of straps extending in substantially opposite
      directions from said middle yoke portion to extend to the threaded hole in
      the camera bottom wall with one strap extending over the front and bottom
      walls and the other strap extending over the rear and bottom walls and
      with the outer ends of said straps lying over one another at the threaded
      hole, each of said straps having a hole in its outer end; and
PA1  a knob having a head for lying under the outer strap ends and a threaded
      shank for extending upwardly from said head to project through said holes
      in said straps and threadably engage said threaded hole in said camera
      bottom wall.
NUM  4.
PAR  4. The apparatus described in claim 3 wherein:
PA1  at least one of said holes in said straps has a width less than the outer
      diameter of said threaded shank of said knob to form an interference fit
      therebetween, whereby when the knob is unscrewed to allow the back of the
      camera to be opened for film replacement the knob is held to the straps
      instead of dropping out to the ground.
NUM  5.
PAR  5. The apparatus described in claim 3 in which the camera has neck strap
      lugs near the upper ends of its side walls and wherein:
PA1  said middle yoke portion has a hole near its upper end for passing one of
      said neck strap lugs, and including
PA1  a retainer for fastening to one of said lugs and having a larger width than
      said hole in said middle yoke portion, to hold the upper portion of the
      yoke securely to the camera.
NUM  6.
PAR  6. The apparatus described in claim 3 including:
PA1  a finger strap mounted on said middle portion of said yoke for receiving at
      least the middle and ring fingers of the hand while leaving the index
      finger and thumb free, said finger strap being angled at least a few
      degrees from an imaginary vertical line, so that the top of the strap lies
      rearwardly of the bottom when the yoke is mounted on a camera.
NUM  7.
PAR  7. The apparatus described in claim 3 wherein:
PA1  said holes in said outer ends of said straps are elongated slots and said
      straps have a high coefficient of friction on one another; and
PA1  the head of said knob has an upper face with at least one rib extending in
      substantially a circle around said shank, for depressing into one of said
      straps to resist slippage of the straps when the knob is tightened.
NUM  8.
PAR  8. Apparatus for attachment to a camera comprising:
PA1  a yoke formed of a plate of flexible material which can be laid flat, said
      yoke having a middle portion with upper and lower ends and forward and
      rearward portions, a forward strap extending from said forward portion,
      and a rearward strap extending from said rearward portion;
PA1  each of said straps being elongated and extending sidewardly with a
      downward incline of at least a few degrees so that the angle between said
      straps is less than 180.degree., and the outer end portion of each of said
      straps having a knob-receiving hole therein;
PA1  the middle portion of said yoke having at least one lug-receiving hole in
      the upper portion thereof, whereby the yoke can be formed from a sheet of
      leather or the like and wrapped around a camera with the straps wrapped
      respectively over the front and rear and onto the bottom and held thereon
      by a knob passing through the strap holes into the tripod mount hole of
      the camera, and with the middle yoke portion lying on a camera side with
      the lug-receiving hole receiving a neck strap lug of the camera and
      secured by a retainer attached to the lug and lying over the yoke.
NUM  9.
PAR  9. The apparatus described in claim 8 wherein:
PA1  said middle yoke portion has a pair of slots for receiving a finger strap,
      said slots being vertically spaced and with the upper slot lying
      rearwardly of the lower slot; and
PA1  a finger strap projectable through said slots to form a loop.
NUM  10.
PAR  10. Apparatus for holding a camera having side, front, rear, top and bottom
      walls, and a tripod socket at the middle portion of the bottom wall
      comprising:
PA1  finger strap means for forming a loop that receives at least some of the
      fingers; and
PA1  means for attaching said finger strap means to a camera, including a yoke
      with a middle portion lying against a side of the camera and coupled to
      said finger strap means, and with a pair of yoke straps extending
      respectively from the forward and rearward parts of the middle yoke
      portion, one of said yoke straps extending over the front and bottom
      camera walls to the tripod mount and the other yoke strap extending over
      the rear and bottom camera walls to the tripod mount, and said means for
      attaching also includes fastener means mountable on said tripod mount for
      holding said straps.
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PAL  Photographic apparatus for use with film units of the self-developing type.
      The apparatus includes a coil of opaque sheet material mounted adjacent an
      exit slot of the apparatus in position to be engaged by a leading edge of
      an exposed film unit as it is being advanced to the exterior of the
      apparatus by a pair of pressure-applying members. The sheet material is
      uncoiled by the advancing film unit so as to progressively cover, in
      lighttight relation, portions of the film unit which have been treated
      with a processing composition so as to prevent further exposure of
      untreated portions of the film unit by ambient light being transmitted
      lengthwise along the film unit. After the sheet material has been
      completely uncoiled, it is adapted to return towards its coiled
      configuration where it cooperates with other structure for releasably
      retaining the film unit in engagement with the apparatus after the latter
      has moved out of engagement with the pressure-applying members.
BSUM
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is related to copending application Ser. No. 466,371 filed
      on even date herewith by Andrew S. Ivester and entitled Opaque Shade.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to photographic apparatus of the self-developing
      type.
PAR  2. Description of the Prior Art
PAR  Photographic apparatus of the self-developing type are well known and
      generally comprise, e.g., a camera having a pair of pressure-applying
      members through which an exposed film unit is advanced while a processing
      composition is spread across a photosensitive layer of the film unit to
      initiate formation of a visible image in the film unit. The treated film
      unit is then advanced to a lighttight chamber wherein it remains for a
      period of time sufficient for a visible image to be substantially formed
      therein. Examples of cameras of the foregoing type may be found in U.S.
      Pat. Nos. 2,873,658; 3,396,647; and 3,537,370. Each of these patents shows
      a camera having a chamber for receiving at least a portion of a film unit
      as it is advanced from between a pair of rollers. The chambers in the
      first two mentioned patents function to prevent further exposure of a
      treated film unit to the ambient light while the chamber in U.S. Pat. No.
      3,537,370 cooperates with a curtain in the form of a coil of opaque sheet
      material to prevent further exposure of an untreated film unit. In the
      latter patent, the leading edge of a film unit is adapted to engage a
      member on an end of the sheet and uncoil the curtain as they move together
      passed a viewfinder, thereby preventing further exposure of the film unit
      to light passing through the viewfinder. However, while the foregoing
      arrangements performed their function well, the chambers added to the
      overall dimensions of the cameras thereby placing them at an economic
      disadvantage relative to similar cameras of a more compact design.
PAR  Lately, there has been disclosed a family of film units of the
      self-developing type which can be advanced into the ambient light
      substantially immediately after the processing composition has been spread
      across at least a predetermined length of the film unit. One example of
      this type of film unit is described in U.S. Pat. No. 3,415,644 granted to
      Edwin H. Land on Dec. 10, 1968. Film units of this type enhance the
      compactness of cameras with which they are adapted to be used in that the
      cameras may be designed to advance a section of the film unit which has
      been treated with a processing composition from the camera while a section
      of that film unit yet untreated with the processing composition still
      remains within the camera.
PAR  In order for such an arrangement to be possible, the aforementioned film
      unit includes a relatively thin, substantially light transparent layer or
      element, which may comprise a polyester, such as a polymeric film derived
      from ethylene glycol terephthalic acid, or a cellulose derivative such as
      cellulose triacetate, defining an outside face or surface of the film
      unit, and a rupturable pod of processing composition that includes an
      opacifying constituent. During exposure operations image-carrying light
      rays from the camera's lens pass through the transparent surface layer
      before impinging upon a photosensitive layer of the film unit. As the film
      unit is subsequently advanced between a pair of spread rollers and towards
      the film exit means of the camera, the spread rollers progressively
      distribute a mass of the processing composition intermediate predetermined
      layers of the film unit. Thus, those portions of the film unit
      progressively exposed to ambient light have been treated by the processing
      composition with its opacifying constituent which precludes ambient light
      subsequently incident upon the transparent layer and which is actinic to
      the photosensitive layer from reaching adjacent or underlying sections of
      the photosensitive layer. Once the diffusion transfer process has been
      completed, the developed image is viewable through the aforementioned
      transparent element.
PAR  One of the considerations in camera systems of the aforementioned type is a
      phenomenon generally referred to as "light-piping." More specifically,
      light-piping comprises ambient light, which is actinic to the
      photosensitive layer, incident upon any portion of the transparent
      material exteriorly of the camera during film processing operations being
      conducted thereby to portions thereof adjacent yet untreated sections of
      the exposed photosensitive layer of the film unit. Such light rays can
      cause undesirable "fogging" of those yet untreated sections of the film
      unit's photosensitive layer.
PAR  To understand this phenomenon more clearly, it should be recognized that
      the aforementioned film unit comprises an opaque dimensionally stable
      layer or support element positioned on the side of its photosensitive
      layer opposed from its light transparent layer. Thus, once the processing
      composition including its opacifying constituent has been spread across
      the photosensitive layer, that photosensitive layer is protected from
      ambient light incident upon the film unit which is actinic to the
      photosensitive layer, and its development process may therefore be
      completed when the film unit itself is exposed to ambient light. However,
      in the aforementioned camera arrangement, a treated section of each such
      film unit is exposed to ambient light while a section thereof remains on
      the opposite side of the spread rollers within a light protected chamber
      of the camera and is yet untreated with the processing composition. While
      at such times ambient light incident upon the transparent layer of the
      treated section of the film unit cannot pass through the layer of
      processing composition to adjacent portions of the exposed photosensitive
      layer, a portion of these light rays may be reflected internally of the
      light transparent layer and scatter or diffuse lengthwise therealong into
      the light protected camera chamber until it reaches a point within the
      light transparent layer in advance of the composition being spread
      intermediate the film unit's transparent and photosensitive layers. Since
      there is no opacifying agent intermediate the light transparent layer and
      the adjacent portion of the exposed photosensitive layer at this point,
      these light rays, if actinic to the photosensitive layer, will have the
      effect of further exposing, or fogging, the yet untreated section of the
      photosensitive layer.
PAR  One solution to this light-piping problem as disclosed in copending U.S.
      Patent application Ser. No. 419,808 by Edwin H. Land entitled NOVEL
      PRODUCTS AND PROCESSES filed on Nov. 28, 1973 is to include an opacifying
      pigment in the light transparent or conducting layer itself. Such an
      opacifying pigment may comprise carbon black particles in such amounts as
      to offer little resistance to light rays passing therethough in its
      relatively thin (thickness) dimension, i.e., so as to not materially
      impair the ability to expose the photosensitive layer therethrough nor the
      ability to subsequently view therethrough the final image produced in the
      image-receiving layer or element. However, at the same time the amount of
      such pigment is sufficient to substantially preclude ambient light which
      is actinic to the photosensitive layer from being piped lengthwise through
      the light transparent layer to sections thereof in advance of the
      processing composition. In other words, when the camera lens is operative
      to expose the photosensitive layer, the image-carrying light rays pass
      through a very thin section of the light transparent element of the film
      unit and hence the opacifying pigment therein offers little resistance to
      such light rays. Similarly, the opacifying pigment does not materially
      affect the ability to view the final image through the transparent layer
      in which it is retained. However, ambient light rays attempting to pass
      through the same light transparent layer of the film unit must be
      light-piped through a much larger distance thereof, i.e., in its
      lengthwise direction, before reaching untreated portions of the
      photosensitive layer and hence the opacifying pigment is highly effective
      in precluding the passage of those light rays which are actinic to the
      photosensitive layer therethrough.
PAR  Aforementioned copending application Ser. No. 419,808 discloses densities
      of opacifying pigments employed in light transparent layers of particular
      film units which have proven suitable for resolving the light-piping
      problem without materially diminishing the quality of the finished
      photographic print. However, it will be recognized that it is highly
      desirable to minimize the light resistant characteristic of the film
      unit's light transparent layer during normal film exposure operations and
      therefore desirable to minimize the density of the opacifying pigment in
      the light transparent layer whenever this can readily be accomplished
      while still precluding the light-piping phenomenon and without
      compromising the size of the camera structure. It is to this end that one
      aspect of the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention relates to photographic apparatus and, more
      particularly, to a camera of the self-developing type especially designed
      for use with film units which are adapted to be advanced to the exterior
      of the camera substantially immediately after being treated with a
      processing composition. The camera includes a chamber for locating and
      supporting a film unit in position for exposure and film-advancing means,
      forming a part of the film unit or the apparatus, which is adapted to
      advance an exposed film unit between a pair of driven rollers. The rollers
      are adapted to spread a processing composition between photosensitive and
      transparent layers of the film unit while simultaneously advancing treated
      portions of the film unit into the ambient light via an exit opening in
      the camera. In order to protect the as yet untreated portion of the
      photosensitive layer of the film unit from being fogged by light being
      piped or transmitted along the length of the transparent layer, a curtain
      formed from a resilient opaque material, e.g., Mylar, is mounted adjacent
      to and preferably in lighttight relation with the exit opening and in the
      path of travel of the advancing film unit. The curtain is formed such that
      it has a coiled or rolled configuration when in a non-stressed condition.
      Means are provided for attaching one end of the coil of opaque material to
      the camera at a position adjacent the exit opening such that as the
      leading edge of the exposed film unit passes beyond the bite of the
      rollers, it engages the curtain and uncoils it as treated portions of the
      film unit exit into the ambient light. As the curtain uncoils, it
      progressively covers those portions of the transparent layer emerging from
      the exit opening thereby preventing any of the ambient light which is
      actinic to the photosensitive layer from striking the transparent layer
      and being piped along its length to a position behind the rollers where it
      would fog the yet untreated portions of the photosensitive layer. At this
      point, it should be noted that the opacifying pigment in the transparent
      layer need not be of a density that would preclude all transmission of
      light along the length of the transparent layer. Its density may only need
      to be sufficient to stop the light which is actinic to the photosensitive
      layer after it has travelled along the length of the transparent layer a
      predetermined distance, e.g., 2 inches. Accordingly, it can be seen that
      the transparent layer must be protected from the light as it passes from
      the exit opening until said predetermined distance has been exceeded.
      Stated another way, a two inch length of the transparent layer, as
      measured in the direction of the movement of the film unit from the line
      between treated and untreated portions of the photosensitive layer, must
      always be protected from the ambient light until the photosensitive layer
      has been completely covered by the processing composition. If the
      transparent layer does not contain any opacifying pigment, the transparent
      layer must be protected from actinic light until the entire photosensitive
      layer has been treated, in which case the aforementioned predetermined
      distance would be substantially equal to the length of the photosensitive
      layer. After the photosensitive layer has been completely treated with the
      processing composition, the curtain may be released from engagement with
      the film unit and returned to substantially its original position in or
      adjacent to the exit opening. The length that the curtain can be unrolled
      through is at least equal to the aforementioned predetermined distance and
      in the preferred embodiment is such that when the curtain has been fully
      uncoiled, the leading edge of the film unit moves out of engagement with
      the free end of the curtain. Once the leading edge of the film unit moves
      out of engagement with the free end of the curtain, it, the curtain,
      automatically returns toward its coiled configuration wherein it
      cooperates with a pair of resilient tabs to releasably retain the film
      unit in engagement with the camera after the film unit has moved out of
      engagement with the rollers. This return is accomplished in the preferred
      embodiment of the invention by the resiliency of the material while in an
      alternative embodiment a spring is provided.
PAR  An object of the invention is to provide photographic apparatus of the
      self-developing type with an extendible opaque light barrier which, in a
      first position, prevents further exposure of an exposed film unit as it is
      being advanced to a position outside of the apparatus and which functions
      in a second position to releasably retain the exposed film unit in
      engagement with the apparatus.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the apparatus possessing the
      construction, combination of elements and arrangement of parts which are
      exemplified in the following detailed disclosure, and the scope of the
      application of which will be indicated in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is an elevational view, partly in section, of photographic apparatus
      embodying the instant invention;
PAR  FIGS. 2-5 are sectional views, partly in section, of the apparatus of FIG.
      1 diagrammatically illustrating the relationship between an exposed film
      unit and the apparatus of the invention as the film unit is advanced to a
      position outside of the apparatus;
PAR  FIG. 6 is a front elevational view of a portion of the apparatus taken
      generally along the line 6--6 of FIG. 4;
PAR  FIG. 7 is a sectional view, partly in section, of an alternative embodiment
      of the invention;
PAR  FIG. 8 is a view similar to FIG. 7 showing the film unit of FIG. 7 as it is
      about to be moved out of engagement with a pair of rollers; and
PAR  FIGS. 9 and 10 are side elevational views showing the instant invention in
      use with a film assemblage wherein the film units are manually moved into
      the bite of a pair of rollers.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Reference is now made to FIG. 1 of the drawings wherein is shown
      photographic apparatus in the form of a self-developing type camera 10.
      Camera 10 includes a plurality of housing sections 12, 14 and 16 which
      cooperate with a pair of side walls 18 and 20 to define an exposure
      chamber 22. Extending forwardly of and pivotally coupled to housing
      section 16 is a housing 24. Extending upwardly from housing sections 12
      and 14 is a conventional viewfinder 26 through which the scene to be
      photographed may be viewed and/or focused.
PAR  Housing section 16 includes an open end chamber 28 defined in part by a
      bottom wall 30, a platelike member 32 having an exposure aperture 34
      therein, side walls 36 and 38 and an end wall 40. Extending across the
      open end 42 of chamber 38 is a pair of pressure-applying members in the
      form of rollers 44 and 46. The rollers 44 and 46 are mounted within
      housing section 24 for movement therewith between the position shown in
      FIG. 1 and a film loading position wherein housing section 24 has been
      pivoted clockwise through an angle of approximately ninety degrees to
      allow a film cassette 48 to be inserted into chamber 28 via opening 42.
PAR  The film cassette 48 comprises a container 50 having an exposure opening 52
      in a forward wall 54, an elongated opening 56 in leading end wall 58, and
      a slot 60 in the left-hand portion of forward wall 54 which also extends
      part way down a trailing end wall 62. Mounted within container 50 are a
      plurality of film units 64, a platen 66 for resiliently urging the
      forwardmost film unit into engagement with forward wall 54, preferably a
      battery (not shown) for providing the energy to operate various components
      of the camera as is well known in the art, and a conventional dark slide
      (not shown). A spring 68 mounted on wall 30 of chamber 28 cooperates with
      forward wall 32 to located the forwardmost film unit 74 in position for
      exposure.
PAR  The film units 64 are preferably of the type described in the
      aforementioned U.S. Pat. No. 3,415,644 and are diagrammatically
      illustrated as including superposed image-receiving and photosensitive
      systems 70 and 72 between which a processing composition 74, located
      within a pod 76 attached to leading edges of the image-receiving and
      photosensitive systems 70 and 72, is adapted to be spread to initiate
      formation of a visible image in the film unit. Image-receiving system 70
      includes a transparent, light transmitting layer 78, preferably formed
      from Mylar, through which the photosensitive system is exposed, and the
      rearwardly facing surface of the latter system is provided with an opaque
      layer 80.
PAR  Housing section 24 includes an exit opening 82 defined by spaced members 84
      and 86 through which an exposed film unit is adapted to be advanced by
      rollers 44 and 46. Mounted adjacent exit opening 82 and in lighttight
      relation therewith is a curtain 88 formed from a generally rectangular
      sheet of opaque, resilient material e.g., Mylar, having a thickness of
      approximately 0.0015 inch and a width substantially equal to that of the
      film unit. The curtain 88 is preferably formed by wrapping the material
      around a mandrel and heat treating it such that its normal unstressed
      configuration will be that of a coil. Alternatively, the material may be
      coiled, inserted into a metal tube and then heat treated. One end 90 of
      curtain 88 is suitably secured between members 86 and 92 so as to locate
      the remainder of the curtain in position to be uncoiled by the leading
      edge of the film unit as it is being advanced to the exterior of the
      camera. Also mounted on housing section 24 and extending into engagement
      with member 86 are a pair of resilient tabs 94 and 96, the function of
      which will be described hereinafter.
PAR  The operator of the camera initiates an exposure cycle by actuation of a
      start button or switch (not shown). Actuation of the button results in the
      forwardmost film unit 64 being exposed via light passing through a lens
      and shutter assembly 98 and being reflected by a mirror 100 onto the
      photosensitive layer of the film unit. After the exposure, power is
      transmitted from the camera's motor to a gear 102 attached at one end to
      roller 44 to rotate the rollers 44 and 46, and to a film advancing
      apparatus comprising a film engaging member 104 to actuate the latter in a
      reciprocating manner so as to engage the trailing edge of the exposed film
      unit and advance it into engagement with the rotating rollers. The rollers
      continue to advance the exposed film toward the exterior of the camera via
      exit opening 82 while simultaneously spreading the processing composition
      74 across the photosensitive system 72 of the exposed film unit, as shown
      in FIG. 2. As the leading edge of the exposed film unit leaves the bite of
      rollers 44 and 46 it first deflects tabs 94 and 96 and then engages
      curtain 88 and progressively uncoils it, as shown in FIGS. 2 and 3, so as
      to prevent ambient light from striking those portions of the light
      transmitting layer 78 overlying the treated portions of the photosensitive
      system 72 and being piped lengthwise along this layer to portions of the
      layer overlying untreated portions of the photosensitive system 72 where
      it may fog the photosensitive system. As shown in FIG. 4, the rollers 44
      and 46 continue to advance the exposed film unit until the curtain 88 has
      been fully uncoiled. At this time the rollers 44 and 46 have substantially
      completed spreading the processing composition and the trailing edge of
      the film unit is entering the bite of the rollers. Further advancement of
      this exposed film unit results in its leading edge moving out of
      engagement with the free end of the curtain 88 thereby allowing the latter
      to recoil itself as it moves back toward the exit opening 82. At
      substantially this time the trailing edge of the film unit moves out of
      engagement with the rollers 44 and 46 and the film unit is releasably
      retained by the resilient action of tabs 94 and 96 and the coiled curtain
      88, as shown in FIG. 5.
PAR  Reference is now made to FIGS. 7 and 8 of the drawings wherein is shown
      another embodiment of the instant invention. In this embodiment, the
      roller housing section 24 includes a chamber 110 having an opening 112
      therein. Mounted within chamber 110 is a curtain 114 formed from a
      generally rectangular sheet of opaque material. One end of the curtain 114
      is suitably attached to a roller 116 having suitable spring means 118
      mounted thereon, much like the conventional window shade. The other end of
      the curtain 114 is provided with a down-turned lip 120 which is located
      exteriorly of chamber 118 in position to be engaged by the leading edge of
      an exposed film unit as it exits from the bite of rollers 44 and 46. As in
      the previously described preferred embodiment, rollers 44 and 46 advance
      the exposed film unit toward and through exit opening 82 while
      simultaneously spreading the processing composition 74 across the
      photosensitive system 72 of the film unit. As the exposed film unit exits
      from the bite of the rollers, its leading edge deflects tabs 94 and 96 and
      then engages lip 120 and gradually uncoils the curtain 114 so as to
      progressively cover all portions of the light transmitting layer 78 as the
      film unit leaves the camera thereby preventing any light, which is actinic
      to the photosensitive system 72, from being piped or transmitted by
      portions of layer 78 which are to the right of rollers 44 and 46 to
      portions of layer 78 which are to the left of the rollers. As the curtain
      114 is uncoiled, relative rotational motion between roller 116 and spring
      means 118 results in the latter being progressively tensioned. The
      advancing film unit continues to uncoil the curtain 114 until
      substantially its entire length has been run out. At this point, the
      trailing end of the film unit is about to leave the bite of rollers 44 and
      46 and further advancement of the film unit results in the leading edge of
      the film unit moving out of engagement with lip 120, as shown in FIG. 8.
      Spring means 118 now recoils the curtain 114 back towards its original
      position where it cooperates with tabs 94 and 96 to releasably retain the
      trailing end of the film unit in much the same manner as shown in FIG. 5.
PAR  Reference is now made to FIGS. 9 and 10 of the drawings wherein is shown a
      camera 10' which is substantially identical to the camera 10 described in
      FIGS. 1-6 except for the absence of any film engaging member 104 and for a
      modified housing section 16'. Housing section 16' includes a rear wall 30'
      suitably hinged at 17 for counterclockwise rotation to a film cassette
      loading position. A pair of biasing springs 130 (only one of which is
      shown) are mounted at opposite lateral sides of wall 30.degree. for urging
      a film cassette 50 against member 32. One end 19 of wall 30.degree.
      cooperates with a trailing end wall 40' to provide an aperture 21 through
      which a leader attached to a film unit may be withdrawn. Each of the film
      units 64' is substantially identical to the film units 64 previously
      described except for the addition of a leader 23. Each leader 23 is
      detachably secured, e.g., by an adhesive, at one end 25 to the opaque
      layer 80 near the trailing end (to the left as viewed in FIGS. 9 and 10)
      of the film unit. The opposite end 27 of each leader extends around a
      guide member 29, between biasing springs 130 and through aperture 21 to
      the exterior of the camera. After the forwardmost film unit 64' has been
      exposed, the photographer grasps the end 27 of the lowermost leader 23 and
      pulls it to the left thereby resulting in the exposed film unit being
      manually advanced into engagement with the rotating rollers 44 and 46.
      Rollers 44 and 46 continue to advance the exposed film unit to the
      exterior of the camera as described hereinbefore with reference to the
      embodiment described in FIGS. 1-6. Leader 23 eventually is detached from
      the film unit either by being stripped away from the film unit by the
      opposing forces of the rollers and the photographer or, as is well known
      in the art, is detached from the film unit when the force being directed
      along the leader is substantially perpendicular to its point of attachment
      to the film unit. Although the leader 23 has been described as being
      releasably secured near the trailing end of the film unit, it should be
      understood that its point of attachment may be at any point thereon so
      long as it advances the leading end of the film unit into the bite of the
      rollers.
PAR  Since certain changes may be made in the above apparatus without departing
      from the scope of the invention herein involved, it is intended that all
      matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
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STM  What is claimed is:
NUM  1.
PAR  1. Photographic apparatus for processing and releasably retaining an
      exposed film unit of the type including a plurality of superposed layers
      including photosensitive and transparent layers, and a processing
      composition including an opacifying agent which is adapted to be spread
      across the photosensitive layer comprising:
PA1  means for supporting the film unit in position for exposure of the
      photosensitive layer;
PA1  pressure-applying means including a pair of juxtaposed members between
      which the exposed film unit is adapted to be advanced leading edge first
      during spreading of the processing composition;
PA1  means defining an exit opening located forwardly of said pressure-applying
      means through which the film unit is adapted to be advanced to the
      exterior of said photographic apparatus;
PA1  resilient means mounted on the same side of said pressure-applying means as
      said exit opening for frictionally engaging one side of the film unit as
      it passes through said pressure-applying means; and
PA1  opaque means mounted adjacent said exit opening for movement in a first
      direction wherein it progressively covers at least a predetermined area of
      the transparent layer of the film unit as it passes through said exit
      opening for preventing ambient actinic light from being transmitted by
      portions of the transparent layer forward of said pressure-applying
      members to portions of the transparent layer rearwardly of said
      pressure-applying means, and in a second direction, generally opposite
      said first direction wherein it cooperates with said resilient means for
      releasably retaining an end portion of the film unit after the film unit
      has moved out of engagement with said pressure-applying means.
NUM  2.
PAR  2. Photographic apparatus as defined in claim 1 further including means for
      mounting said opaque means in the path of travel of the film unit as the
      film unit moves from between the pressure-applying means such that the
      leading edge of the film unit engages said opaque means and progressively
      extends said opaque means in said first direction in lightlight relation
      with at least said predetermined area of the transparent layer as the
      latter passes through said exit opening.
NUM  3.
PAR  3. Photographic apparatus as defined in claim 2 wherein said opaque means
      comprises a coil of resilient material one end of which is secured
      adjacent said exit opening by said mounting means and which is adapted to
      be at least partially uncoiled by the advancing film unit.
NUM  4.
PAR  4. Photographic apparatus as defined in claim 1 wherein said opaque means
      comprises a coil of material and said photographic apparatus further
      includes means for mounting said coil in position to be at least partially
      uncoiled by the leading edge of the film unit through a predetermined
      distance.
NUM  5.
PAR  5. Photographic apparatus as defined in claim 4 further including means for
      moving said opaque means in said second direction after said
      pressure-applying members have advanced the leading edge of the film unit
      a distance greater than said predetermined distance.
NUM  6.
PAR  6. Photographic apparatus as defined in claim 5 wherein said moving means
      includes a spring.
NUM  7.
PAR  7. Photographic apparatus as defined in claim 1 wherein said opaque means
      comprises a sheet of resilient material formed to assume a coiled
      configuration when in a nonextended position and adapted to be uncoiled
      through a distance less than that which the leading edge of the film unit
      moves past said exit opening whereby said opaque means moves out of
      engagement with the leading edge of the film unit and automatically
      returns toward said coiled configuration in said nonextended position when
      the leading edge of the film unit has been advanced past said exit opening
      a distance greater than the distance said opaque means has been coiled.
NUM  8.
PAR  8. Photographic apparatus for processing and releasably retaining an
      exposed film unit of the type including a plurality of superposed layers
      including photosensitive and transparent layers, and a processing
      composition including an opacifying agent which is adapted to be spread
      across the photosensitive layer comprising:
PA1  means for supporting the film unit in position for exposure of the
      photosensitive layer;
PA1  pressure-applying means including a pair of juxtaposed members between
      which the exposed film unit is adapted to be advanced leading edge first
      during spreading of the processing composition;
PA1  means defining an exit opening located forwardly of said pressure-applying
      means through which the film unit is adapted to be advanced to the
      exterior of said photographic apparatus; and
PA1  means for releasably engaging opposite surfaces of a trailing end of the
      exposed film unit after it has moved out of engagement with said
      pressure-applying means, said engaging means including a coil of opaque
      sheet material having a portion mounted adjacent said exit opening in
      position to be engaged by the leading edge of the exposed film unit as it
      moves out of engagement with said pressure-applying means for movement
      toward a first position wherein said sheet material is at least partially
      uncoiled and is located in lighttight relation with a predetermined area
      of the transparent layer and a second position wherein said sheet material
      is substantially in its coiled configuration and frictionally engages the
      transparent layer near the trailing end of the exposed film unit.
NUM  9.
PAR  9. Photographic apparatus as defined in claim 8 wherein said engaging means
      further includes means for moving said sheet material from said first
      position to said second position.
NUM  10.
PAR  10. Photographic apparatus as defined in claim 9 wherein said sheet
      material is formed at least in part from a resilient material which
      comprises said moving means.
NUM  11.
PAR  11. Photographic apparatus as defined in claim 9 wherein said moving means
      comprises a spring.
NUM  12.
PAR  12. Photographic apparatus for processing an exposed film unit including a
      pod of processing fluid located adjacent a leading edge thereof and
      arranged to release the processing fluid retained therein responsive to a
      compressive force being exerted thereagainst, the film unit further
      including a photosensitive layer, said apparatus comprising:
PA1  a housing formed of opaque material, said housing being configured to
      retain at least one of the exposed film units at a given position and to
      define an opening through which the film unit may be advanced from said
      housing;
PA1  a pair of elongated juxtaposed members located intermediate said given
      position within said housing and said opening and arranged to first exert
      a compressive force on the pod to release the processing fluid retained
      therein and then to subsequently direct the released processing fluid
      progressively over the photosensitive layer responsive to the exposed film
      unit being advanced from its given position within said housing through
      said opening; and
PA1  means for retaining the film unit in a substantially fixed position after
      its photosensitive layer has been treated with the processing fluid and a
      major portion thereof has been advanced through said opening and for
      automatically temporarily substantially protecting at least one side of
      the film unit which is located exteriorly of said housing from ambient
      light rays as it emerges from said housing through said opening, said
      means including an opaque member initially mounted within said housing and
      arranged to automatically temporarily extend exteriorly of said housing as
      the unit is advanced through said opening.
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PAL  A camera is provided with a camera shutter including two substantially
      planar plates longitudinally arranged and set in tandem. The plates are
      provided with exposure clearances and are longitudinally movable into
      successive overlying positions for aligning the exposure clearances
      thereof. Means are provided whereby the plates are longitudinally
      displaced by a rocker lever, the plates being respectively pivotally
      connected to opposed arms of the rocker lever for displacement,
      respectively, thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a camera shutter, and more particularly to a
      novel camera shutter for a unitary lens casing.
PAR  Prior devices of the general construction of the invention operate
      satisfactorily when cooperatively connected to a diaphragm adjusting
      means, but none have heretofore been satisfactorily employed in unitary
      lens casing type cameras. When these prior devices have been employed
      without diaphragm adjusting means, excessive friction has been promoted
      during shuttering with a concomitant reduction of shuttering speed. The
      excessive frictional force promoted by these prior devices, it has been
      found, develops over a relatively small surface area thereby causing
      abrasion. To minimize abrasion it has been necessary to fabricate the
      parts from a hard metal thereby limiting the choice of materials for
      constructing the device. These prior devices are moreover bulky and
      unsuitable for miniaturization.
PAR  Accordingly, the instant invention overcomes the disadvantages of these
      prior constructions. The instant shutter is, moreover, compact and may be
      fabricated of lightweight materials, such as suitable plastics.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a camera shutter is
      provided comprising two substantially planar plates longitudinally
      arranged, and set in tandem. The plates are provided with exposure
      clearances and are longitudinally movable into successive overlying
      positions for aligning the exposure clearances thereof. A mean is provided
      whereby the plates are longitudinally displaced by a rocker lever, the
      plates being respectively pivotally connected to opposed arms of the
      rocker lever for displacement, respectively, thereof. A guide means is
      provided in the lens casing, the shutter plates being respectively
      longitudinally displaceable along the guide means. Each shutter plate is
      slidably mounted in a respective guide of the guide for relative
      longitudinal displacement therein.
PAR  In a preferred shutter embodiment, each plate thereof is longitudinally
      slidable in a respective guide therefor at two discrete contact portions
      thereof having minimum surface area.
PAR  In another preferred embodiment, the rocker lever is arranged so as to be
      pivotable for the full extension of the objective casing. In yet another
      preferred embodiment of the invention, the rocker lever is arranged so
      that the rocking angle thereof is variably adjustable. In still another
      preferred embodiment the rocker lever is provided with arms of different
      relative lengths for orienting the shutter plates substantially
      equidistant from the optical axis of the objective at different degrees of
      tilting for the rocker lever.
PAR  Accordingly, it is an object of the invention to provide a novel shutter
      for a camera.
PAR  Another object of the invention is to provide an improved camera shutter
      particularly adapted to unitary lens casing type cameras.
PAR  A further object of the invention is to provide a novel diaphragm shutter
      for a unitary lens casing type camera by providing a rocker lever with a
      variably adjustable rocking angle.
PAR  Yet another object of the invention is to provide a camera shutter which is
      operable without substantial abrasion to the parts thereof and is suited
      for miniaturization.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangements of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a vertical sectional view through a lens casing provided with a
      shutter constructed in accordance with the present invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of the embodiment shown in
      FIG. 1;
PAR  FIG. 3 is a sectional view of the embodiment shown in FIG. 1 showing the
      shutter thereof in an open position;
PAR  FIG. 4 is a detail view of a shutter plate constructed according to the
      invention;
PAR  FIG. 5 is a detail view of another shutter plate constructed according to
      the invention;
PAR  FIG. 6 is an exploded side elevational view of a means for actuating the
      rocker lever for longitudinally displacing a pair of slidably mounted
      shutter plates constructed in accordance with the invent; and
PAR  FIG. 7 is a partially schematic view of a means for actuating the rocker
      lever for thereby reorienting the shutter plates.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the FIGS. slidably mounted in a lens casing 27 having
      optically aligned lenses 26 mounted therein are a pair of shutter plates 1
      and 2. As best seen in FIGS. 4 and 5, each shutter plate is asymmetric.
      Shutter plate 1 includes an upturned nose portion having an aperture 13
      therein, the nose portion descending into a body portion which temrinates
      in a pair of substantially stunted legs 7' and 8'. Defined between the
      body portion of shutter plate 1 and the ledgs 7' and 8' thereof is a
      substantially semicircular recess which provides an exposure clearance
      area, as hereinafter discussed in detail. Legs 7' and 8' of shutter plate
      1 extend laterally somewhat beyond the body portion thereof and the
      arcuate exterior perimeter of each leg provides a slidable contact which
      is respectively slidably mounted in a groove 7 and 8 formed in lens casing
      27 for longitudinal sliding movement of shutter plate 1 in a manner
      hereinafter described.
PAR  Shutter plate 2 includes a down-turned nose portion having an aperture 14
      therein which ascends into an expanded body portion terminating in a
      rounded trunk portion. Within the expanded body portion is a circular
      aperture which provides an exposure clearance. Opposed points 9' and 10'
      on the perimeter of the expanded body portion of shutter plate 2 provide
      slidable contacts which are respectively slidably connected in respective
      grooves 9 and 10 provided in casing 27 for longitudinal sliding movement
      of shutter plate 2 in casing 27 in the manner hereinafter described.
PAR  Respective sets of grooves 7, 8 and 9, 10 provided in casing 27 are
      substantially parallel and in spaced relationship, from the other. As best
      seen in FIGS. 1 - 3, shutter plates 1 and 2 respectively overlie one
      another in their slidable mountings in casing 27. Respective apertured
      nose portions of shutter plates 1 and 2 are pivotally connected to opposed
      arms of a rocker lever 3 by a respective pair of pins 5 and 6 connected to
      rocker lever 3 and extending laterally therefrom into apertures 13 and 14,
      respectively provided in shutter plates 1 and 2. Rocker lever 3 is
      pivotally connected to member 27a of casing 27 by a trunnion 4 which is
      fixedly connected to casing member 27a and rocker lever 3 journals
      thereon.
PAR  Preferably, the arms of rocker lever 3 are of unequal length, the arm
      thereof pivotally connected to shutter plate 2 being longer than the arm
      pivotally connected to shutter plate 1. The purpose therefor is to
      compensate for the fact that the exposure clearance area defined in the
      respective plates is not always aligned, one with the other, as the
      shutter plates are sliding in their respective grooves. It is found that
      by lengthening the rocker lever arm pivotally connected to shutter plate
      2, the maximum non-alignment of respective exposure clearance areas occurs
      during the final stage as the shutter is opened. Concomitantly, maximum
      alignment occurs during the initial phase and overlap only starts to occur
      after the exposure clearance area is optimal and the relative overlap is
      therefore slight. Shutter plate 2, of course, reaches its fully opened
      position slightly in front of shutter plate 1 and moves off center as
      shutter plate 1 is centered and therefore the aperture provided in shutter
      plate 2 is preferably elongated.
PAR  Referring particularly to FIGS. 6 and 7, a means for actuating the shutter
      is depicted therein. As shown in FIG. 7, the rocker lever and shutter
      plates are mounted on the blind side of a bearing plate 15 which provides
      a mounting base for the shutter actuating means, and the operative
      connection between the shutter actuating means and rocker lever 3 for
      sliding the shutter plates into and out of optical alignment with lenses
      26 is best seen in FIG. 6. "Optical alignment" is defined as the position
      of the shutter plates when the respective exposure clearance areas thereof
      are substantially coaxial with lenses 26 which are fixedly mounted in
      casing 27.
PAR  As seen in FIG. 6, the view of the shutter and actuating means therefor are
      shown in exploded view. As operatively connected, rocker lever 3 is
      provided with a pair of substantially parallel bosses 16 and 17 on opposed
      ends thereof which removably connect into a respective corresponding pair
      of blind bores 19 and 18 provided in opposed ends of a driving lever 20.
      Driving lever 20 is pivotally mounted on bearing plate 15 by a stud 22
      fixedly connected thereto. The pivotal axis of rocker lever 3 as defined
      by its journal on trunnion 4 is substantially aligned with the pivotal
      axis of driving lever 20 as defined by stud 22. Opposed ends of driving
      lever 20 are oscillatable through a respective pair of slots 24 and 25
      provided in bearing plate 15. In practice, bearing plate 15 on which the
      actuating means is operatively mounted is substantially parallel to lens
      casing member 27a  of casing 27 which carries the shutter members.
PAR  A release knob 28 is slidably mounted on bearing plate 15 and is
      operatively connectable to an oscillatable release lever 29 which is
      pivotally connected to bearing plate 15 by a stud 30. A centrifugal lever
      33 is pivotally connected to the free end of release lever 29 by a stud
      34. The lever arm of centrifugal lever 33 is biased against a latch member
      32 of a tension wheel 38 which is rotatably connected to bearing plate 15.
      The bias is provided by a tension spring 35 which is connected at one end
      to the trunk of centrifugal lever 33 and at the other end thereof to a nub
      extension 39 provided on release lever 29. A return spring 31 connected at
      one end to release lever 29 and at the other end to casing 27 normally
      biases release lever 29 counterclockwise, as shown in FIG. 7, into its
      uppermost position. As release knob 28 slides downwardly for pivoting
      release lever 29 against the bias of spring 31, a lateral nub extension 36
      provided on centrifugal lever 33 operatively engages an ejector member 23
      provided on driving lever 20 for pivoting driving lever 20
      counterclockwise through respective bowed slots 24 and 25 provided in
      bearing plate 15. A spring 21 connected at one end to the lower arm of
      driving lever 20 and at the other end to bearing plate 15 normally biases
      driving lever 20 clockwise in respective slots 24 and 25. As lateral nub
      extension 36 of centrifugal lever 33 pivots driving lever 20
      counterclockwise against the bias of spring 21, rocker lever 3 which is
      releasably connected to driving lever 20 is simultaneously rotated for
      sliding shutter plates 1 and 2 and thereby releasing the shutter.
PAR  In the at rest position, a lateral pin extension provided on the free end
      of centrifugal lever 33 abuts the substantially rectilinear edge of latch
      32 provided on tension wheel 38 and is biased thereagainst by spring 35.
      As release knob 28 is depressed downwardly against release lever 29 with
      sufficient force to overcome the bias of spring 31, release lever 29
      rotates clockwise. Simultaneously therewith, centrifugal lever 33 is drawn
      downwardly along the rectilinear edge of latch member 32 until is reaches
      the latch vertex and once passed the latch vertex, it abuts the oblique
      edge of latch member 32 and is rotated clockwise by the bias of spring 35.
      As centrifugal lever 33 rotates clockwise, lateral nub extension 36
      thereof operatively engages ejector member 23 of driving lever 20 with
      sufficient force to override the bias of spring 21 and rotate driving
      lever 20 counterclockwise through bowed slots 24 and 25. The
      counterclockwise rotation of driving lever 20 is transmitted to rocker
      lever 3 in the manner hereinbefore described in detail.
PAR  When rocker lever 3 is rotated by driving lever 20 it is driven from an
      initial position as shown in FIG. 1 to a final position as shown in FIG.
      3. After the final position is reached, extension 36 passes beyond the arc
      of member 23 and the lever 20 returns immediately to start position. Lever
      33 is re-cocked after knob 28 is released and tension wheel 38 is rotated
      to its initial position.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high speed camera shutter comprising first and second asymmetric
      substantially planar shutter plates arranged in tandem, a first and second
      groove means corresonding respectively to said first and second shutter
      plates, each of said first and second shutter plates being longitudinally
      slidable between first and second positions in said respective first and
      second groove means along respective pairs of substantially opposed points
      of each of said first and second shutter plates, said first shutter plate
      having a substantially circular aperture therein for defining an exposure
      clearance area, said second shutter plate having a substantially
      semicircular recess in the perimeter thereof for concomitantly defining an
      exposure clearance area therein, said exposure clearance areas of said
      first and second shutter plates being substantially alignable for defining
      a shutter opening when said first and second shutter plates are
      respectively in their second positions, a pivotally mounted rocker lever
      oscillatable on its pivotal axis including first and second lever arms,
      said first lever arm thereof having a longer length relative to the
      pivotal axis of said rocker lever than said second lever arm so as to
      optimize said shutter opening when said first and second shutter plates
      are respectively in their second positions, said first shutter plate being
      pivotally connected to a remote end of said first rocker lever arm, said
      second shutter plate being pivotally connected to a corresponding remote
      end of said second rocker lever arm, said first and second shutter plates
      being longitudinally slidable in response to a pivoting movement of said
      rocker lever in said respective first and second groove means, and
      mechanical means for osciallating said rocker lever for thereby sliding
      said first and second shutter plates in their respective first and second
      groove means between their respective first and second positions thereof.
NUM  2.
PAR  2. The high speed camera shutter as claimed in claim 1 including a lens
      casing for housing said high speed shutter, said first and second groove
      means for said respective first and second shutter plates being interiorly
      arranged within said casing in spaced relationship relative to each other.
NUM  3.
PAR  3. The high speed shutter as claimed in claim 1 wherein said means for
      osciallating said rocker lever comprises a pivotally mounted driving lever
      connected to respective remote ends of said rocker lever, said driving
      lever having a specifically defined period of osciallation, said driving
      lever being oscillatable between first and second positions corresponding
      to said first and second positions of said shutter plates, means for
      normally biasing said driving lever to its first stationary position, and
      cooperative means for overcoming the normal bias on said driving lever for
      reciprocably pivoting said driving lever to its second position.
NUM  4.
PAR  4. The high speed shutter as claimed in claim 3 wherein a boss is mounted
      on each remote end of said rocker lever, each boss extending oppositely
      relative to the position of said first and second shutter plates, said
      driving lever including respective first and second blind bores in remote
      ends thereof corresponding to said bosses provided on said rocker lever,
      each blind bore being arranged to receive a boss of said rocker lever, a
      base plate arranged between said rocker lever and said driving lever, said
      base plate having a pair of sector slots therein through which said
      respective corresponding bosses of said rocker lever may be mated in said
      blind bores provided in said driving lever, a journal for pivotaly
      mounting said driving lever on said base plate, said sector slots in said
      base plate determining the period of oscillation of said driving lever and
      said rocker lever for thereby determining the extent of longitudinal
      sliding movement of said shutter plates.
NUM  5.
PAR  5. The high speed shutter as claimed in claim 4, including a driven lever
      having one end pivotably mounted to said base plate and a second free end,
      a centrifugal lever having one end pivotably connected to said free end of
      said driven lever and having a second free end, means normally biasing
      said centrifugal lever into engagement with said driving lever for thereby
      pivoting said driving lever to its second position, a clutch means
      engaging said free end of said centrifugal lever for overcoming the normal
      bias on said centrifugal lever, and a release member for releasing the
      clutch action on said centrifugal lever so as to permit the bias on said
      centrifugal lever to bias said centrifugal lever into cooperative
      engagement with said driving lever for thereby pivoting said driving lever
      to its second position.
NUM  6.
PAR  6. The high speed camera shutter as claimed in claim 6, wherein said first
      shutter plate comprises a down-turned 1, portion having an aperture
      therein, said nose portion ascending into an expanded body portion and
      said body portion terminating in a rounded trunk portion, said expanded
      body portion having said substantially circular aperture therein providing
      said exposure clearance.
NUM  7.
PAR  7. The high speed camera shutter as claimed in claim 6 wherein said first
      shutter plate includes a pair of opposed parametrically arranged nubs on
      said expanded body portion thereof, each respective nub having a rounded
      peak, said first shutter plate being longitudinally slidable in said first
      groove means along a point of each peak of said respective nubs.
NUM  8.
PAR  8. The high speed camera shutter as claimed in claim 1, wherein said second
      shutter plate comprises an upturned nose portion having an aperture
      therein, said nose portion descending into a body portion, said body
      portion terminating in a pair of substantially stunted legs, said legs and
      said body portion thereof defining said substantially semicircular recess
      therebetween for said exposure clearance.
NUM  9.
PAR  9. The high speed camera shutter as claimed in claim 8, said stunted legs
      of said second shutter plate extending laterally beyond said body portion
      thereof, each leg including an arcuate exterior perimeter and each
      respective arcuate perimeter thereof including a perimeter point along
      which said second shutter plate is longitudinally slidable.
NUM  10.
PAR  10. The high speed camera shutter as claimed in claim 2 including at least
      one lens mounted in said casing and said shutter opening being alignable
      therewith on an optical axis thereof.
NUM  11.
PAR  11. The high speed camera shutter as claimed in claim 10, said first and
      second shutter plates being arranged in substantially parallel planes and
      including a pair of adjacent lenses said first and second shutter plates
      being located between said pair of adjacent lenses.
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ABST
PAL  An electric shutter having a shutter release stop device that detects the
      absence of cocking of the shutter and that an electromagnet in the
      exposure control circuit of the shutter is not properly energized either
      because the battery is ineffective because it is expended or improperly
      connected in the circuit or not in the circuit. Detecting means initiates
      the action of a lock lever or bar that engages the camera shutter release
      lever and locks it so that it cannot be completely depressed for taking of
      an exposure. The taking of a photographic exposure is accordingly
      precluded and the waste of power and film is avoided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to camera electric shutters and more
      particularly to an electric shutter with a release stop device.
PAR  Various constructions of release stop devices in camera shutters are known.
      These are generally quite complex. Furthermore, complex mechanisms are
      required for detecting or sensing the operative conditions in which the
      release stop device is to be rendered effective or enabled to preclude the
      taking of an exposure.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the invention to provide an electric shutter
      embodying a new, improved simple, positive and inexpensive camera release
      stop device.
PAR  Another object is to provide a shutter stop release device that detects
      when an electromagnet in the exposure control circuit of the shutter is
      not energized or inadequately energized due to the inadequacy of the power
      supply, or the fact that the power supply is not in circuit or improperly
      connected to the circuit. Detection of the lack of cocking of the shutter
      is provided and the shutter stop release device accordingly rendered
      effective.
PAR  The shutter according to the invention has one or several shutter blades
      for opening and closing an exposure aperture for taking of photographic
      exposures. Shutter-operating mechanism actuates the shutter blades. A
      release member initiates taking of exposures when manually depressed. An
      electromagnet is provided as part of an exposure control circuit and the
      deenergizing of which controls the exposure time and closing of the
      shutter. A shutter release stop device is provided for selectively
      releasably locking the release member to preclude the opening of the
      shutter when the shutter is not cocked and when the electromagnet is not
      adequately energized. Inadequacy of energizing of the electromagnet can
      arise when the battery or power source of the electric shutter is almost
      expended or is not connected or is improperly connected in the control
      circuit.
PAR  The release stop device has a stop bar or lever that is rendered effective
      or enabled to engage the shutter release element and releasably lock it so
      that it cannot be completely depressed when the conditions mentioned above
      are detected. The release stop device detects these conditions
      mechanically through a lock lever that coacts with the electromagnet. This
      lock lever is an attractable lever that can be attracted by the
      electromagent only if the electromagnet is adequately energized. The lock
      lever is held by a press lever which itself is releasably locked by a lock
      lever when the shutter is cocked. Once the electromagnet is energized upon
      opening of the shutter the press lever releases the attractable lever and
      it is releasably held only if the shutter is cocked or if the
      electromagnet is adequately energized.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the shutter and shutter release stop device
      according to the invention will appear from the following description of
      an example of the invention, and the novel features will be particularly
      pointed out in the appended claims and drawing.
PAR  FIG. 1 is a plan view of a shutter embodying a shutter release stop device
      according to the invention and illustrates the shutter in a cocked
      condition.
PAR  FIG. 2 is a fragmentary plan view of the shutter in FIG. 1 illustrated in
      an opened condition.
PAR  FIG. 3 is a fragmentary plan view of the shutter in FIG. 2 illustrated
      after closing of the shutter.
PAR  FIG. 4 is a plan view of a second embodiment of a shutter and shutter
      release stop device according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As illustrated in the drawing, a camera body 1 is provided with a shutter
      according to the invention. The shutter comprises a baseboard 2 on which
      is reciprocably mounted a camera release bar or element 3 which is
      provided with axially spaced elongaged slots 4 within which are slidably
      received guide-and-stop pins 5 fixed to the baseboard 2. The camera
      release bar 3 is actuatable axially by depressing it downwardly in the
      direction of the arrow shown for taking photographic exposures and is
      constantly biased to an upward position, illustrated in the drawing, by a
      spring 6. The upper end of the release bar 3 extends or projects outside
      of the camera body 1 as illustrated.
PAR  The shutter comprises a shutter front blade 7 having an opening 8 for
      registry with a camera exposure aperture and a shutter rear blade 9 with
      an aperture 10. The shutter blades are provided with elongated slots 11
      within which guide pins 12 are disposed and these are fixed on the
      baseboard 2. The shutter blades are urged towards the left by respective
      biasing springs 13, 14. Both the shutter front and rear blades are
      provided with hooks or projections 15, 16 respectively formed at the right
      hand ends of the front and rear blades 7, 9. A fixed stop 17 on the
      baseboard controls the extent of travel of the rear blade 9 to the left
      and a pin or stop 18 on the front blades controls the travel of the rear
      blade. The rear blade stop 18 is mounted on the left front end of the
      front blade. The camera is provided with a lens aperture or an exposure
      aperture 19 which the shutter blade apertures are placed in registry for
      effecting an exposure.
PAR  An operating pin 20 projects from a side of the upper part of the camera
      release bar 3. The pin engages a movable contact of a power switch 21 of
      an exposure control circuit, opening the switch when the release bar is
      biased to its upward position as illustrated in FIG. 1. A first lock lever
      22 is pivotally mounted on a pivot 23 and is biased in a counterclockwise
      direction by a spring 25 so that an arm 22a engages a stop pin 26 which
      controls the counterclockwise extent of movement of the lock lever 22. The
      arm 22a extends into the part of travel of the operating pin 20 on the
      release bar 3 as illustrated and is engaged thereby when the camera
      release bar 3 is depressed as later described. A second arm of the lock
      lever has a hook 22b which engages a projection or hook 15 of the front
      blade 7 holding it releasably locked against the force of its biasing
      spring 13.
PAR  Another operating pin 27 projects from a lower part of the camera release
      bar 3. A three-arm press lever 28 is pivotally mounted on a pivot 29 and
      is biased in a counterclockwise direction by a biasing spring 30. The
      press lever has a first arm 28a extending into the path of travel of the
      lower operating pin 27. The press lever has a second arm 28b and a third
      arm 28c which presses against a second lock lever 31 pivotally mounted on
      a pivot 33 so that the second lock lever presses against an electromagnet
      32 which is electrically connected to the exposure control circuit, not
      shown.
PAR  The second lock lever 31 has an arm 31a which is attractable by the
      electromagnet 32 and is likewise a three-arm lever having an arm 31b
      provided with a hook 31d that engages the hook or projection 16 of the
      rear blade 9 and releasably locks or holds the rear blade. The other lever
      arm 31c is intermediate the other two arms as illustrated. The second lock
      lever is biased in a counterclockwise direction by a biasing spring 34 and
      is, therefore, biased in a direction to unfasten the hook thereon from the
      hook on the rear blade 9 for releasing the rear blade.
PAR  A third lock lever 35 is pivotally mounted on a pivot 36 and is biased in a
      clockwise direction by biasing spring 37 that biases locking arm 35a in a
      direction for lying in the path of the lever arm 28b of the press lever. A
      second arm 35b of this third lock lever is engaged with a projection 15a
      of the front blade 7 when the shutter is in a cocked condition as
      illustrated in FIG. 1 so that the biasing force of the biasing spring 37
      is counteracted. A stop pin 38 stops the rotation of the third lock lever.
PAR  A stop bar 39 which can preclude the depressing of the camera release bar 3
      is slidably supported for movement in the horizontal direction and is
      provided with elongated slots 40 within which pins 41 fixed on the
      baseboard are received for guiding the axial movement thereof. The stop
      bar has on the left end thereof an arm 39a which is releasably engaged by
      the intermediate arm 31c of the press lever 31 and has on its right end a
      lock claw 39b that cooperates with a saw-tooth claw 42 on the camera
      release element or bar 3 to render inoperative the release bar 3 when the
      electromagnet 31a is not properly energized. A second saw-tooth claw 43 is
      provided on the camera release bar 3 which makes impossible taking an
      exposure when the shutter is not charged.
PAR  The vertical distance between the stop bar claw 39b and the upper claw 42
      on the camera release bar 3 is somewhat less than the vertical distance
      between the upper operating pin 20 of the release bar and the arm 22a of
      the lock lever 22. On the other hand, this vertical distance between this
      stop bar claw 39b and the lower claw on the release bar is greater than
      the vertical distance between the lower operating pin 27 and the press
      lever arm 28a. The vertical distance between the stop bar claw 39b and the
      lower claw 43 on the release element or bar is somewhat smaller than the
      travel distance required for the operating pin 20 to open and close the
      power switch 21. The stop bar 39 is constantly or continuously urged to
      the right by a biasing spring 44.
PAR  When the electromagnet 32 is excited or energized or the second lock lever
      31 is pressed by the press lever into contact with the electromagnet the
      stop lever 31 has its arm 31c in position blocking the movement of the
      stop bar 39 toward the right so that it cannot interengage its claw with
      the saw-tooth claws of the release bar 3. However, when the electromagnet
      is deenergized, the biasing spring 44 will bias the stop bar toward the
      right so it is in the path of the claws of the release bar and the latter
      cannot be depressed.
PAC  OPERATION
PAR  After an exposure has taken place in a normal condition the stop bar 39, as
      shown in FIG. 3, is moved toward the right by the biasing spring 44 and
      places its claw 39b in the position where its claw is engageable with the
      lower claw 43 of the release bar 3. When the release bar 3 is depressed in
      this condition, the claws engage before the power switch 21 is closed and
      the release bar 3 is prevented from being pushed down completely.
      Therefore, the operation of the shutter becomes impossible and this warns
      the user that the shutter has not been charged or cocked after an
      exposure. This prevents the waste of film and the consumption of power.
PAR  In the condition illustrated in FIG. 1, the shutter is charged or cocked.
      When the release bar 3 is depressed, the power switch 21 is closed to
      start operation of the exposure time control circuit, not shown, and the
      attractable arm 31a of the lock lever 31 is attracted by the exciting of
      the electromagnet 32. The lower operating pin 27 on the release bar pushes
      the arm 28a of the press lever to actuate the press lever in a clockwise
      direction and thereby release the arm 31a from being pressed by the press
      arm 28c. The upper operating pin 20 on the release bar 3 engages an arm
      22a of the first lock lever 22 and biases it in a direction to cause its
      hook 22b to release the hook 15 on the front shutter blade. The front
      blade 7 moves toward the left bringing its exposure aperture 8 in registry
      with the exposure aperture 19 to open the shutter as shown in FIG. 2. The
      electromagnet 32 is deenergized when the exposure is to be terminated
      under control of the exposure control circuit. When the electromagnet is
      deenergized, the exposure time lock lever rotates in a counterclockwise
      direction under control of its biasing spring 34 so that it unhooks its
      hook 31b from its hook 16 on the back blade so that the rear blade 9 moves
      to the left under the control of its biasing spring 14. Thus, the
      condition, illustrated in FIG. 3, is established and the shutter is
      closed. The counterclockwise movement of the third lock lever 31 releases
      the stop lever or bar 39 so that it moves towards the right under control
      of its spring 44 but since the upper claw 42 has already passed clear of
      the claw 39b of the stop bar, the release bar 3 is not stopped.
PAR  In the event that the power source of the exposure control circuit is
      forgotten to be put in or the battery has been consumed or is placed with
      its polarity improperly disposed the electromagnet 32 is not excited or
      energized even if the power switch is closed in FIG. 1 when the shutter is
      operated. In this condition the shutter is charged and the lower operating
      pin 27 actuates the press lever 28 in a clockwise direction to release the
      third lock lever arm 31a from being pressed by its press arm 28c. The
      third lock lever 31 is free to rotate in a counterclockwise direction to
      allow the stop lever 39 to move toward the right and place its stop claw
      in the path of the upper saw-tooth claw of the camera release bar 3 to
      preclude any further downward movement thereof to preclude effecting an
      exposure. The hook 31d of the third lock lever releases the rear blade but
      it is prevented from moving toward the left by the stop pin 18 on the
      front blade.
PAC  SECOND EMBODIMENT
PAR  A second embodiment of a shutter embodying the invention is illustrated in
      FIG. 4. In this embodiment the elements corresponding to those of the
      first embodiment have reference numerals increased by an addition of
      fifty. Thus a camera release bar 53 is actuatable axially and is provided
      with elongated slots 54 within which fixed guide-and-stop pins 55 are
      disposed. The release bar is biased upwardly by a spring 56.
PAR  A single shutter blade 57 is provided and has two elongated slots 61 in
      which are received fixed guide pins 62. The shutter blade has no aperture
      therein and is biased to the right by a biasing spring 63. An operating
      pin 70 is disposed on the upper part of the release bar 53 for opening and
      closing a power switch 71 of an exposure control circuit as before
      described.
PAR  A first lock lever 72 is pivotally mounted on a pivot 73 and has an arm 72a
      in the path of the operating pin 70. The lock lever has a hook 72b. A
      lower operating pin 77 is provided on the camera release lever for
      actuating a press lever 78 having a first arm 78a in the path of the
      operating pin, an intermediate arm 78b and a third or press arm 78c
      pressing a stop lever 81 having an attractable arm 81a, which has an
      attractable element thereon, as in the first embodiment, pressed against
      an electromagnet 82.
PAR  A second stop lever 85 is pivotally mounted on a pivot 86 and has an arm
      85a in the path of the intermediate arm 78b of the press lever. The second
      arm is biased by a spring 87 and functions as a stop as later described. A
      third stop lever 89 corresponds to the stop bar 39 of the first
      embodiment. It is pivotally mounted on a pivot of a baseboard, not shown
      and has an arm 89a cooperating with the lock or stop lever 81 which hold
      it against clockwise rotation by a biasing spring 94. A second arm on the
      third lock lever has a tab or projection 89b normal to the plane of the
      drawing for engaging either of two saw-tooth claws 92, 93 on the camera
      release bar in the event the shutter is not cocked, the electromagnet is
      not energized or the battery is not in circuit or improperly connected.
      Engagement of the stop release tab 89b with the camera release bar stop
      claws 92, 93 will preclude complete depression thereof as in the first
      embodiment.
PAR  A shutter blade driving rotary element 95 is biased in a counterclockwise
      direction by a spring 96 and has a projecting sector 65 hooked by the hook
      72b of the first lock lever releasably holding it until the camera release
      lever 53 is depressed. An edge 65a of the sector is engaged by an arm 85b
      of the lock lever 85 which is thereby held against its biasing spring 87
      which biases it clockwise. The rotary shutter blade operating member 95
      has a projection 97 that engages a pivotally mounted intermediate
      interlocking lever 98 that engages a pin 99 on the shutter blade 57.
PAR  When the shutter release lever 53 is depressed for taking a photographic
      exposure the power switch 71 is closed by the operating pin 70 and the
      lock lever 72 is actuated to release the rotary driving member 95 which
      rotates counterclockwise and its projection 97 engages the intermediate
      lever 98 and rotates it clockwise so that the shutter blade is actuated to
      the left for effecting an exposure. The cam edge 66 on the driving element
      locks the lock lever 81 since the lower operating pin on the camera
      release lever 53 actuates the press lever 78 to make it possible for the
      lever 81 to be released when the electromagnet releases it to terminate
      the exposure. As before described the lock lever 89 functions to preclude
      the taking of an exposure in the manner of the stop bar 39.
PAR  Those skilled in the art will understand that when the brightness of a
      field to be photographed is too high or too low circuitry may be provided
      for warning the user of the camera. In this case the camera release stop
      device can be constructed to make release impossible by connecting the
      warning circuit with the electromagnet 32 or 82 by interlocking it with
      the camera release lever 3, 53 and by deenergizing the electromagnet when
      the brightness conditions are outside of the range of the camera shutter.
PAR  Furthermore, those skilled in the art will understand that cocking
      mechanism, not shown, is provided for establishing the condition shown in
      FIG. 1 after closing of the shutter in the condition shown in FIG. 3.
CLMS
STM  I claim and desire to secure by Letters Patent:
NUM  1.
PAR  1. In a shutter for a camera; a shutter blade means movable from a cocked
      position to an uncocked position for opening and closing an exposure
      aperture; operating mechanism for operating the shutter blade means
      comprising a release member operable for initiating taking of an exposure,
      an electromagnet for controlling the exposure time, a locking member for
      for selectively locking said release member to preclude initiating taking
      of an exposure; detecting means detecting a first condition when said
      shutter blade means is in said uncocked position and for detecting a secod
      condition when said electromagnet is not energized sufficiently to control
      exposure time; means controlled by said detecting means for rendering said
      locking means effective when at least one of the first and second
      conditions is present.
NUM  2.
PAR  2. In a shutter for a camera according to claim 1, in which said release
      member comprises stop means interengageable with said locking member for
      precluding movement of said release member in a direction effective to
      complete taking of an exposure, and said locking member comprising stop
      means for engaging said stop means of said release member.
NUM  3.
PAR  3. In a shutter for a camera according to claim 2, in which said release
      member comprises an axially movable release lever, means mounting the
      release member for selecting actuation manually in an axial direction, and
      said stop means on said release member comprising a plurality of saw-tooth
      claws thereon for engagement by said locking member individually in
      dependence upon which of said conditions is present.
NUM  4.
PAR  4. In a shutter for a camera according to claim 1, in which said detecting
      means comprises an attractable lever pivotally mounted and attractable by
      said electromagnet controlling the locking member, and a press lever for
      pressing the attractable lever into engagement with said electromagnet
      when said blade means is in its cocked position.
NUM  5.
PAR  5. In a shutter for a camera according to claim 4, in which said release
      lever comrpises means for actuating said press lever to a position for
      releasing said attractable lever when said release lever is actuated for
      taking an exposure, and means biasing said attractable lever away from
      said electromagnet, whereby said attractable lever detects both said
      conditions.
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ABST
PAL  A flat still camera wherein a hollow section of the housing is reciprocable
      relative to the main section to thereby actuate the shutter and/or the
      film transporting mechanism. When the hollow section is moved to an
      extended position in which it exposes the lens and the view finder, the
      two sections define a slot into which a careless user is likely to
      introduce a finger, an eyelash or an eyelid while holding the camera in
      front of his eye and while moving the two sections with respect to each
      other. The rear end of the slot is closed by a portion of a door which is
      pivotably mounted on the main section and can be opened to afford access
      to the film chamber. Alternatively, the slot can be overlapped by a panel
      which is rigid with the main section or with the hollow section of the
      housing.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The photographic apparatus of the present invention constitutes an
      improvement over and a further development of photographic apparatus which
      are disclosed in the commonly owned copending application Ser. No. 344,366
      filed Mar. 23, 1973 now U.S. Pat. No. 3,864,705 by Alfred Winkler for
      "Photographic apparatus with expansible housing", now U.S. Pat. No.
      3,864,705 granted Feb. 4, 1975.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to photographic apparatus in general,
      especially to still cameras, and more particularly to improvements in
      photographic apparatus of the type wherein the housing or body consists of
      two sections which are reciprocable with respect to each other to thereby
      increase or reduce the dimensions of the housing.
PAR  The copending application Ser. No. 344,366 of Winkler now U.S. Pat. No.
      3,864,705 discloses a still camera wherein a main section of the housing
      supports a hollow second section which is reciprocable with respect to the
      main section to thereby cock the shutter and/or to actuate the film
      transporting mechanism. In a first end position, the second section
      overlaps and conceals the view finder, the picture taking lens and (if
      desired) one or more additional camera components. In a second end
      position, the second section exposes the lens and the view finder so that
      the camera is ready for the making of an exposure. When the second section
      assumes its second end position, one of its walls defines with a wall of
      the first section a slot or gap whose width decreases during movement of
      the second section to its first position. A clumsy or careless user is
      likely to insert into the slot a finger, an eyelid or one or more
      eyelashes while holding the camera in front of his eye and while moving
      the second section relative to the first section or vice versa.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a photographic apparatus with an
      expansible and contractible housing wherein the sections of the housing
      are constructed and assembled in such a way that the user is less likely
      or unable to introduce a finger, an eyelash or an eyelid into the slot
      which develops when the two sections are moved to positions in which the
      length of the housing is increased.
PAR  Another object of the invention is to provide the camera with a novel and
      improved door which can be moved to and from an open position in which it
      affords access to film in the camera body and which door also serves to
      reduce the likelihood of injury to a clumsy or careless user due to
      formation of the aforementioned slot between the camera body sections.
PAR  A further object of the invention is to provide a still camera whose
      housing is expansible and contractible for the purpose of transporting the
      film, actuating the shutter and/or indexing a multiple flash lamp holder,
      and wherein the rear part of the housing is constructed and configurated
      in such a way that the sections of the housing can be safely moved
      relative to each other while the camera is held in front of the eye.
PAR  The invention is embodied in a photographic apparatus, particularly in a
      still camera, which comprises a housing or body including a first section
      and a second section. The second section is supported by and is movable
      (preferably reciprocable) relative to the first section between first and
      second positions in which one of the sections respectively conceals and
      exposes a portion of the other section (e.g., the second section can
      conceal the picture taking lens and the view finder in the first position
      of the second section). The first and second sections respectively have
      first and second walls which are spaced apart in at least one position of
      the second section (normally in the second position of the second section)
      so that the walls define at least one slot. The camera further comprises a
      barrier or gate which is supported by at least one of the sections and
      overlies at least a portion of the slot in the one position of the second
      section. Such barrier may constitute a portion of a door which is provided
      at the rear side of the first section and is pivotable or otherwise
      movable between open and closed positions to respectively afford and
      prevent access to film in a chamber of the main section. The length of the
      door, as considered in the direction of movement of the second section,
      may equal the combined length of the two sections in the first position of
      the second section, and the door preferably overlaps the entire rear side
      of the first section and the entire rear side of the second section in the
      first position of the second section.
PAR  The two walls which flank the slot preferably constitute a composite top or
      bottom wall of the housing and the slot or slots are located nearer to the
      one end than to the other end of the housing, as considered in the
      direction of reciprocatory movement of the second section with respect to
      the first section.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved
      photographic apparatus itself, however, both as to its construction and
      its mode of operation, together with additional features and advantages
      thereof, will be best understood upon perusal of the following detailed
      description of certain specific embodiments with reference to the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a still camera which embodies the
      invention, the second section being held in its first position in which
      the lens and the view finder in the first section of the housing are fully
      concealed;
PAR  FIG. 2 shows a portion of the structure of FIG. 1 but with the door on the
      main section in an open position; and
PAR  FIG. 3 is a smaller-scale perspective view of the camera with the second
      section of the housing shown in a second end position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The still camera which is shown in FIGS. 1 to 3 comprises a housing or body
      including a substantially prismatic or brick-shaped first or main section
      1 and a hollow second section 2. The first section 1 contains or carries
      all essential components of the camera, including an objective lens 11
      which is mounted in a front wall 1f of the section 1, a view finder 7, a
      release including a deformable membrane 1a, and an indexible socket 1b for
      multiple flash lamp holders of the type known as Flashcubes or Magicubes
      (both trademarks). The socket 1b can be used in addition to or as a
      substitute for an accessory shoe (not shown) for the foot of an electronic
      flash unit. The section 1 defines a chamber 1c for a cassette containing a
      supply of roll film and backing paper. Still further, the section contains
      a shutter (not shown) and a film transporting mechanism which advances the
      film by the length of a frame whenever the second section is moved
      relative to the first section 1, either from the position shown in FIG. 1
      to the position shown in FIG. 3 or vice versa. Such movement of the
      section 2 relative to the section 1 (or vice versa) preferably also
      results in actuation (e.g., cocking) of the shutter. The manner in which
      the movements of section 2 in or counter to the direction indicated by an
      arrow 4 can result in actuation of the film transporting mechanism and/or
      in actuation of the shutter is disclosed in the copending application Ser.
      No. 344,366 of Winkler now U.S. Pat. No. 3,864,705. When the section 2 is
      moved to the (first) end position shown in FIG. 1, it overlies and
      conceals certain components in the section 1, preferably the lens 11 and
      the view finder 7. The lens 11 and the view finder 7 are exposed when the
      section 2 is moved to the second end position shown in FIG. 3.
PAR  That portion of the second section 2 which conceals the view finder in the
      end position of FIG. 1 is shown at 2' and that portion of the section 2
      which can conceal the lens 11 is shown at 2". The external surfaces of the
      major portion of the section 2 are preferably flush with the adjacent
      external surfaces of the section 1 when the section 2 assumes the position
      of FIG. 1, i.e., the section 2 complements the section 1 so that the two
      sections form a relatively flat brick-shaped housing or body which can be
      stored in a small carrying case or inserted into a pocket.
PAR  The rear end face 1d of the section 1 has a recess 1e which normally
      receives a complementary projection or rib 3e provided on a door or cover
      3 which is connected to the section 1 by two hinges 3a. The projection 3e
      then forms with the section 1 a labyrinth seal which prevents penetration
      of light into the chamber 1c. A locking device 3b on the door 3 can be
      actuated by the user to allow for pivoting of the door 3 from the closed
      position of FIG. 1 or 3 to the open position of FIG. 2 whereby the chamber
      1c is accessible for insertion or removal of a cassette. The inner side of
      the cover 3 carries a pressure plate 3f which urges the cassette into the
      chamber 1a. The pressure plate 3f has a window 3m which allows for
      observation of numerals on backing paper for the film in a cassette; such
      numerals indicate the number of exposed or unexposed film frames and can
      be observed from without when the door 3 is held in the closed position of
      FIG. 1 or 3. The length of the door 3, as considered in the direction of
      reciprocatory movement of the section 2 relative to the section 1 or vice
      versa, equals the length of the housing in the first end position of the
      section 2, i.e., when the section assumes the position shown in FIG. 1 or
      2.
PAR  The rear end face 1d of the section 1 is preferably flush with the outer
      side of a plate-like wall 2b which forms part of the section 2 and is
      movable in front of the left-hand portion of the door 3, as viewed in FIG.
      1 or 2. When the section 2 assumes the position of FIG. 1 or 2, the wall
      2b is located in front of an opening 3d in the door 3; this opening
      enables the user to look through the view finder 7 when the section 2
      assumes the position shown in FIG. 3. A further opening (not shown) is
      provided in the portion 2" of the section 2 to register with the opening
      3d and view finder 7 when the section 2 is held in the position shown in
      FIG. 3. Since the section 2 then also exposes the lens 11, the camera is
      ready to make an exposure.
PAR  The inner side of the left-hand portion 3A of the door 3 may be provided
      with a shallow recess 3c which communicates with the opening 3d and can
      receive the wall 2b when the section 2 is held in the position of FIG. 1
      if the rear side of the wall 2b extends rearwardly beyond the rear end
      face 1d of the main section 1. The recess 3c enables the section 2 to move
      between the positions of FIGS. 1 and 3 while the device 3b holds the door
      3 in closed position. The device 3b can be actuated to permit a pivotal
      movement of the door 3 to the open position of FIG. 2 while the section 2
      dwells in the position of FIG. 1 or FIG. 3. When a fresh cassette is
      inserted into the chamber 1c and the cover 3 is pivoted back to the closed
      position of FIG. 1, the user of the camera moves the section 2 in and
      counter to the direction indicated by arrow 4 to thereby advance the film
      by the length of a frame. Such operation is repeated until the numeral "1"
      on the backing paper appears in front of the window 3m; this indicates
      that the foremost unexposed film frame is located behind the lens 11. When
      an exposure has been completed, the user moves the section 2 counter and
      thereupon in the direction of arrow 4 to cock the shutter and to move the
      next film frame into register with the lens 11. The exposures are made in
      response to minute deformation of the membrane 1a. As disclosed in the
      copending application Ser. No. 344,366 of Winkler now U.S. Pat. No.
      3,864,705, the camera may include suitable biasing means which urges the
      section 2 to the position of FIG. 3 and with suitable retaining or
      arresting means which can releasably hold the section 2 in the position of
      FIG. 1 whereby the biasing means is stressed and automatically returns the
      section 2 to the position of FIG. 3 as soon as the arresting means is
      actuated to allow for such movement of the section 2. Thus, in order to
      make a series of exposures, the user merely pushes the section 2 to the
      position of FIG. 1 against the opposition of the biasing means and
      thereupon relaxes the pressure upon the section 2 so that the biasing
      means can dissipate energy and extends the housing to thereby enable the
      user to look through the view finder 7 and observe the subject or scene to
      be photographed. The rear optical element of the view finder 7 is mounted
      in a wall 1g of the section 1 (see FIG. 3). The wall 1g has an opening in
      register with the opening 3d in the door 3 and with the view finder 7 in
      the section 1. The projection 3e on the door 3 has a portion which
      partially surrounds the opening 3d and engages the wall 2b to prevent
      entry of light into the chamber 1c in each position of the section 2. The
      edge portion 2c of the wall 2b engages the leftmost portion of the rib 3e
      as viewed in FIG. 2, when the section 2 assumes the position shown in FIG.
      3. This insures that no light can penetrate into the recess 3c and thence
      into the chamber 1c.
PAR  The wall 2b exhibits the important advantage that it prevents penetration
      of foreign matter into the view finder 7 when the section 2 is held in the
      position of FIG. 1 or 2. The portion 3A of the door 3 constitutes a
      barrier which protects a user from injury by extending in front of a slot
      6 (FIG. 3), which is defined by the walls 1A, 2a of the sections 1 and 2
      when the section 2 has been moved in the direction indicated by the arrow
      4. The width of this slot is reduced to zero when the section 2 is
      thereupon moved to the position shown in FIGS. 1 or 2. The barrier 3A of
      the door 3 can prevent the eyelid or the eyelashes of a user from entering
      the slot 6 from behind if the user looks through the opening 3d while the
      section 2 is being moved relative to the section 1 or vice versa. An
      advantage of the barrier 3A is that it overlies the rear end of the slot 6
      whenever the slot develops as a result of movement of the section 2
      relative to the section 1 or vice versa and that this barrier constitutes
      a portion of a component (door 3) which is needed in the camera
      irrespective of the fact that the sections 1, 2 form a slot.
PAR  A second slot similar to the slot 6 is formed at the underside of the
      camera when the section 2 is moved to the position shown in FIG. 3. This
      second slot is flanked by two walls (not specifically shown but
      corresponding to the walls 1A and 2a ) which together constitute a
      composite bottom wall of the housing. The lower edge portion of the
      barrier 3A overlies (i.e., is located in front of) the second slot.
PAR  It is clear that the length of the door 3, as considered in the direction
      indicated by the arrow 4, can be reduced, as long as the barrier is
      located behind the major part of or behind the entire slot 6 in extended
      position of the housing 1, 2. Moreover, the door 3 can be removably
      mounted on the section 1, i.e., the hinges 3a can be omitted and the door
      can be completely separated from the section 1 when the user wishes to
      remove a cassette from the chamber 1c or to insert a fresh cassette. Still
      further, the door 3 can be designed in such a way that it also overlies a
      portion of the upper side and/or the underside of the section 1 and/or
      section 2. If the door overlies portions of the upper sides of the
      sections 1, 2, it further reduces the likelihood of injury due to the
      presence of the slot 6. It is also contemplated to provide in the section
      1 a second chamber for one or more batteries which supply current to an
      electrical exposure control and to provide a gate which normally closes
      the rear end of the second chamber whereby such gate performs the function
      of the portion 3A of the door 3 by preventing an eyelash or eyelid from
      entering the slot 6. The gate may be mounted for reciprocatory movement
      between a first position in which it exposes the second chamber and a
      second position in which the open rear end of the second chamber is
      overlapped. It is further possible to provide on the section 1 or 2 a
      rigid panel or the like which performs the function of a barrier and
      prevents the penetration of an eyelash or eyelid into the slot 6 from
      above.
PAR  It is also within the scope of the invention to use several barriers which
      reduce the likelihood of injury to the user due to the formation of slot 6
      while the section 2 moves in the direction indicated by the arrow 4. Thus,
      the leftmost portion 3A of the door 3 may constitute a barrier at the rear
      end of the slot 6 and a further barrier (e.g., a panel or mask on the
      section 1 or 2) may overlie the slot 6 from above. Such construction
      further reduces the likelihood of injury to the operator of the camera.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of our contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In a photographic apparatus, particularly in a still camera, a
      combination comprising a housing having a rear side and including a first
      section and a second section which is supported by and is reciprocable
      relative to said first section between first and second positions in which
      one of said sections respectively conceals and exposes a portion of the
      other of said sections, said first and second sections respectively having
      first and second walls which are spaced apart in at least one of said
      positions of said second section whereby said walls define at least one
      slot; and a barrier located at the rear side of said housing, supported by
      one of said sections and overlying at least a portion of said slot in said
      one position of said second section.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein one of said sections has a
      door which is located at said rear side of said housing and said door
      includes a portion which constitutes said barrier.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said walls of said sections
      together form a composite top wall of said housing and the width of said
      slot is greatest in said second position of said second section.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said housing is elongated
      and said slot is nearer to the one than to the other end of said elongated
      housing.
NUM  5.
PAR  5. In a photographic apparatus, particularly in a still camera, a
      combination comprising a housing including a first section and a second
      section which is supported by and is reciprocable relative to said first
      section between first and second positions in which one of said sections
      respectively conceals and exposes a portion of the other of said sections,
      said first and second sections respectively having first and second walls
      which are spaced apart in at least one of said positions of said second
      section whereby said walls define at least one slot and said first section
      further having a front wall and a rear end face facing away from said
      front wall; a picture taking lens mounted in said front wall; and a
      barrier supported by one of said sections and overlying at least a portion
      of said slot in said one position of said second section, said barrier
      having a surface which is parallel to or flush with said rear end face of
      said first section.
NUM  6.
PAR  6. In a photographic apparatus, particularly in a still camera, a
      combination comprising a housing including a first section and a second
      section which is supported by and is reciprocable relative to said first
      section between first and second positions in which one of said sections
      respectively conceals and exposes a portion of the other of said sections,
      said first and second sections respectively having first and second walls
      which are spaced apart in at least one of said positions of said second
      section whereby said walls define at least one slot, one of said sections
      having a door having a length which equals the combined length of said
      sections, as considered in the direction of reciprocatory movement of said
      second section, when said second section assumes said first position; and
      a barrier forming part of said door, supported by one of said sections and
      overlying at least a portion of said slot in said one position of said
      second section.
NUM  7.
PAR  7. A combination as defined in claim 6, wherein each of said sections has a
      rear side and said door completely overlies said rear sides in said first
      position of said second section.
NUM  8.
PAR  8. In a photographic apparatus, particularly in a still camera, a
      combination comprising a housing including a first section and a second
      section which is supported by and is reciprocable relative to said first
      section between first and second positions in which said second section
      respectively conceals and exposes a portion of said first section, said
      first and second sections respectively having first and second walls which
      are spaced apart in at least one of said positions of said second section
      whereby said walls define at least one slot, a view finder provided in
      said first section, said first section further having a third wall
      provided with an opening which registers with said view finder and is
      exposed in said second position of said second section; and a barrier
      supported by one of said sections and overlying at least a portion of said
      slot in said one position of said second section.
NUM  9.
PAR  9. A combination as defined in claim 8, wherein said first section
      comprises a cover a portion of which constitutes said barrier and has a
      second opening in register with said opening of said third wall, said
      second section having a fourth wall which extends between said openings in
      said first position of said second section.
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ABST
PAL  A method and apparatus for processing photographic sheet material, in which
      the edge of the sheet is attached to a rod having an aerofoil
      cross-section. Upon passing the rod through processing liquid the liquid
      flows over the leading edge of the rod and produces turbulence on the face
      of the sheet which is lying in the plane of the aerofoil. In a reel
      comprising spaced rods the sheets may overlap and the turbulence will keep
      them separated. Sheet film may be attached at opposed edges to such rods
      placed back-to-back. Inner and outer concentric reels may be used, and
      such reels may carry roll film. A trough for use with developer reels has
      a longitudinal slot for rapid drainage. In another embodiment a closed
      tank having an air inlet and a longitudinal air outlet slot controls
      ambient conditions. In a further embodiment a pair of slotted end discs
      carry photographic sheet material without supporting rods.
PARN
PAR  This application is a division of application Ser. No. 80,836, filed Oct.
      15, 1970 in the name of Raymond Joseph Masygan, assignor to Alex Clark
      Limited, now abandoned.
BSUM
PAR  The present invention relates to the processing of photographic sheet
      material and roll film.
PAR  A current method of processing photographic sheet material on an emulsion
      carrier is to fasten one or more individual sheets to a horizontally
      disposed drum and rotate the drum to pass the sheets sequentially through
      a pool of chemical solution located below the reel axis. For improved
      operation and increased carrying capacity, the drum may have curved blades
      supporting attached sheets, for instance as shown in U.S. Pat. No.
      3,359,880 issued Dec. 26, 1967 to H. Huss. However, such reels are
      relatively complicated in structure and are expensive to fabricate if
      breakage is to be prevented.
PAR  The present invention overcomes this disadvantage by providing a rod of
      aerofoil cross-section which carries only one edge of a sheet of
      photographic material, and a reel comprising a cylindrical arrangement of
      such rods.
PAR  For the processing of sheet film, which is less flexible than paper, the
      invention provides a reel having, formed integrally, such rods placed
      back-to-back.
PAR  In developing roll film a reel of the squirrel-cage type is usually used,
      having a row of parallel bars or rods equally spaced about the
      circumference of the reel to form the cylindrical periphery. Such reels
      are inadequate because they accommodate only a short length of roll film
      for development in one step.
PAR  The present invention overcomes this disadvantage by providing a reel
      having concentric rows of rods to accomodate nearly twice the length of
      roll film for development in a single operation.
PAR  When processing photographic sheet material or film it is also desirable to
      remove the liquid processing chemical as quickly and uniformly as possible
      and in another aspect the invention provides a trough adapted to
      accommodate a horizontally disposed reel and having a longitudinal slot in
      its lowermost portion with a releasable seal.
PAR  For certain purposes the use of open troughs in the processing of
      photographic sheet material or film is not adequate to give a product of
      sufficiently high standard and the present invention further provides a
      closed tank of improved construction for controlling ambient conditions
      about a reel.
PAR  Finally, the invention provides a further simplified reel in which sheet
      retaining rods are eliminated and slotted end discs alone retain the
      photographic sheet material or film on the reel.
DRWD
PAR  Example embodiments of the invention are shown in the accompanying
      drawings, in which:
PAR  FIG. 1 is a fragmentary, exploded perspective view of a retaining rod and a
      reel according to the invention;
PAR  FIG. 2 is a perspective view of a retaining clip used in the rod of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the rod of FIG. 1 showing an alternate
      form of retaining device;
PAR  FIG. 4 is a side view of the reel of FIG. 1, mounted in a developing tank
      shown in cross-section;
PAR  FIG. 5 is a cross-section taken along the line 5--5 of FIG. 3;
PAR  FIG. 6 is a view, similar to FIG. 4, showing an alternate construction of
      the reel of FIG. 3 for use with film;
PAR  FIG. 7 is a fragmentary view in perspective showing the joining of a pair
      of reels of FIG. 6;
PAR  FIG. 8 is a cross-sectional view, similar to FIG. 4, of a further alternate
      embodiment of the reel of FIG. 1;
PAR  FIG. 9 is a fragmentary exploded perspective view of the reel of FIG. 8;
PAR  FIG. 10 is a perspective view, partly broken away, of a further reel of the
      invention;
PAR  FIG. 11 is a perspective view of a rod used in the embodiment of FIG. 10;
PAR  FIG. 12 is a perspective view, partly broken away, showing an alternate
      embodiment of a trough of the invention;
PAR  FIG. 13 is a view in cross-section of the trough taken along the line
      13--13 of FIG. 9;
PAR  FIG. 14 is a side view, partly broken away, showing an alternate embodiment
      of a developing tank;
PAR  FIG. 15 is an end view of the tank taken along the line 15--15 of FIG. 14;
PAR  FIG. 16 is a perspective view of another reel of the invention;
PAR  FIG. 17 is a cross-sectional view taken along the line 17--17 of FIG. 16;
PAR  FIG. 18 is a cross-sectional view taken along the line 18--18 of FIG. 17;
      and
PAR  FIG. 19 is a side view showing an alternate construction of the end caps of
      the reel of FIG. 16.
DETD
PAR  The embodiment of the invention shown in FIGS. 1 to 4 of the drawings
      consists of a reel 10 constructed of a plurality of bars or rods 11
      interconnecting a pair of circular discs or end caps 12. Rods 11 are
      located in parallel, evenly spaced relationship one from another to
      provide, with end caps 12, a reel of cylindrical squirrel-cage
      construction. A central hollow shaft 13 extends through end caps 12 along
      the longitudinal axis of reel 10.
PAR  Each rod 11 is formed to have an arcuate leading edge 15 with its lower end
      merging into a trailing lip or flange 16 and its upper end curving back
      downwardly to meet the trailing flange, forming a shoulder 15a. A slot 17,
      located in the plane of rod 11 between shoulder 15a and flange 16, extends
      the length of the rod and is wide enough to loosely receive a sheet of
      photographic material. At least one wing-shaped retaining clip 18 is
      located intermediate the ends of rod 11 in a recess 19 of shoulder 15a of
      the rod and is urged by the spring action of its wings against flange 16
      within slot 17, with two domes 20 protruding from the clip and actually
      bearing against the flange. Rods 11 are fastened at each end to caps 12 by
      screws 21 engaging holes 22 one in each end of each rod.
PAR  An alternate retaining device on rod 11 is shown in FIG. 3 and consists of
      at least one thumb screw 23 having a threaded shaft 24 engaged in a
      transverse bore 25 in rod 11 opening into slot 17. The free end of shaft
      24 screw 23 caries a notch 26 making the screw shaft hemispherical in
      cross-section.
PAR  As shown in FIG. 4 of the drawings, reel 10 is mounted for use in a tank 30
      having a drive shaft 31 journalled within it and suitably driven, for
      instance by an electric motor 32 mounted on the tank. Reel 10 is mounted
      within tank 30 on drive shaft 31 (which passes through hollow shaft 13)
      and is keyed to rotate with the drive shaft. An arcuate trough 33 is
      mounted in tank 30 and positioned below reel 10 in a manner to locate the
      lower portion of the mounted reel within the trough. Suitable liquid input
      and drainage means (generally indicated by numeral 34) are provided for
      trough 33.
PAR  The components of reel 10 may be formed of any suitable, noncorrosive
      material. Rods 11 and end caps 12 are preferably formed of nylon by
      extrusion, while shaft 13, clip 18 and screws 21 are preferably made of
      stainless steel.
PAR  In the operation of the device, one edge of a sheet 40a of photographic
      material is inserted into slot 17 of roll 11a beneath grips 20 of clip 18
      or thumb screw 23, face upward, and overlies the next succeeding rod 11b,
      as shown in FIG. 5, the sheet being held in the slot by the action of the
      clip against flange 16 or by turning the thumb screw. The next sheet 40b
      of photographic material is then inserted into slot 17 of the next
      succeeding rod 11b in the same manner, sheet 40b underlying sheet 40a and
      overlying the next rod 11c. In this manner the whole of reel 10 may be
      loaded. The loaded reel is mounted on shaft 31 in tank 30 as seen in FIG.
      4, bowl 33 is filled with chemical processing liquid 41 at least to a
      depth to cover the lowermost of rods 11, and the reel is rotated in a
      direction whereby leading edge 15 of each rod moves forwardly through the
      liquid. This sets up a turbulence in the liquid flowing over the leading
      edge of the rod, in the manner of air flowing over an aircraft wing, as
      shown generally by arrows 42, which increases the efficiency of the
      chemical action on the photographic material. Also, the liquid accelerates
      as it passes over the leading edge 15 of rod 11, again as in an aerofoil
      and as shown generally by arrows 43, and this accelerating liquid impinges
      on the back of the overlying sheet which acts to separate the two sheets
      and allows full access of liquid across the underlying sheet for proper
      processing.
PAR  It will be seen that by the present invention an increased number of sheets
      of photographic material may be accommodated on a reel by overlapping them
      to a great extent, without the need for structural means to keep the
      sheets separated.
PAR  In the alternate embodiment shown in FIGS. 6 and 7 of the drawings a rod 44
      replaces each rod 11 of the previous embodiment and is fixed to a spoke 45
      radiating from end cap 12a of a reel 10a. Rod 44 is the equivalent of two
      of rods 11 of the previous embodiment, placed back to back, and comprises
      a laterally concave dome 46 running the length of the rod and overlying a
      pair of opposed slots 47 also running the length of the rod above a
      trailing lip or flange 48. As seen in FIG. 7, rods 44 are fixed against
      the outer end of spokes 45 to form a flat face and spokes 45 carry
      apertures 49 allowing pairs of reels 10a to be bolted together.
PAR  In a further alternate embodiment of the invention shown in FIGS. 8 and 9
      of the drawings a reel of the type shown in FIGS. 1 to 5 is employed but
      with a double row of rods 11 forming concentric inner and outer cylinders
      50 and 51 respectively. Inner cylinder 50 has a pair of end caps 52 each
      with a circumferential groove 53 while outer cylinder 51 has a pair of end
      rings 54 each with an inwardly projecting circumferential tongue 55
      adapted to be engaged in groove 53. End rings 54 are each split in two
      halves and the halves are connected with a hinge 55 and a releasable
      fastener 56.
PAR  In the operation of the reel shown in FIGS. 8 and 9, outer cylinder 51 is
      separated from inner cylinder 50 by unlocking fastener 56 and separating
      the two halves of the cylinder. Rods 11 of inner cylinder 50 are then
      loaded with photographic sheet material 40 as described in the previous
      embodiment. Outer cylinder 51 is replaced and fastened onto loaded inner
      cylinder 50 and rods 11 of the outer cylinder are loaded with sheets 40 in
      the same manner. The reel is then mounted in tank 30 and chemical
      processing liquid is poured into trough 33 to form a pool 41 having a
      level covering the lowermost of rods 11 in both cylinders 50 and 51.
      Processing then proceeds as before.
PAR  It will be appreciated that the reel of FIGS. 8 and 9 allows more sheets of
      photographic material to be processed in a single operation without a
      proportional increase in the amount of liquid chemical used.
PAR  The further embodiment of the invention shown in FIGS. 10 and 11 of the
      drawings consists of a reel 60 having a plurality of rods 61a fixed in
      parallel, spaced relationship by screws 62 to a pair of end hubs 63 to
      form an inner cylinder 64 of squirrel-cage configuration, and a further
      plurality of rods 61b fixed in parallel, spaced relationship by screws 62
      to a pair of end rings 65 to form an outer cylinder 66 also of
      squirrel-cage configuration and concentric with inner cylinder 64. As in
      the embodiment of FIGS. 8 and 9, each end ring 65 is divided along its
      diameter with a hinge 67 joining one end of the two halves and a
      releasable latch (not shown) joining the other end whereby the ring is
      held on hub 63 by means of a tongue-and-groove arrangement as before. A
      hollow axial shaft 68 joins hubs 63.
PAR  Each rod 61 is scalloped as shown in FIG. 11 to form a series of shallow
      depressions 69 along the rod. Depressions 69 are of a length to
      accommodate a width of roll film and are offset in adjacent rods to
      provide a spiral path proceeding in one direction along inner cylinder 64
      and in the opposite direction along outer cylinder 66.
PAR  To load reel 60, outer cylinder 66 is removed (as described in FIG. 8), the
      end of a length of roll film 70 is suitably attached (preferably by a
      releasable clip) to a rod 61a at one end of the rod, and film 70 is then
      wound spirally around inner cylinder 64, as indicated by numeral 70a,
      until the opposite end of the cylinder is reached. Outer cylinder 66 is
      then reattached to cylinder 64 (as described before) and film 70 is
      extended from rods 61a to rods 61b and continues to be wound spirally on
      outer cylinder 66, but in a direction opposite to the winding on inner
      cylinder 64, as indicated by numeral 70b, until the end of the film is
      reached whereupon it is clipped to one of rods 61b in known manner. It
      will be seen that by this construction a roll film of increased length may
      be accommodated on a reel and processed in a single operation.
PAR  The embodiment shown in FIGS. 12 and 13 of the drawings consists of a fixed
      trough 80 having an arcuate longitudinal wall 81 terminating in a pair of
      spaced end walls 82. Located longitudinally within wall 81 in its
      lowermost portion is an aperture or slot 83 which extends the length of
      trough 80 between end walls 82. A stopper rod 84 is adapted to fit freely
      into slot 83 against a pair of wedge gasket strips 85 fixed one on either
      side of the slot and coextensive with its length. Rod 84 may be chamfered
      along its upwardly facing portion to provide a smooth inner surface of
      wall 81 where the rod seals slot 83.
PAR  Rod 84 extends beyond each end wall 82 of trough 80 and is fixed at each
      end transversely to one end of a bar 86 which is pivoted intermediate its
      ends about a fulcrum pin 87 mounted on end wall 82. The end of bar 86
      remote from rod 84 carries a second fixed rod 88 to form a rigid pivotable
      frame 89 carrying stopper rod 84. The edge of slot 83 closer to fulcrum
      pin 87 may have a chamfered lower portion 90 to provide clearance for
      stopper rod 84.
PAR  In the operation of this embodiment suitable means are provided (for
      example a foot pedal linked with frame 89) for pivoting frame 89 about
      pins 87 to move stopper rod 84 into slot 83 and against gaskets 85 to seal
      the slot and hold liquid processing chemical within trough 80, and to move
      the stopper rod out of the slot to open the slot and drain away the liquid
      chemical quickly by downward flow.
PAR  Wall 81 of trough 80 may be constructed of an inner shell 91 and an outer
      shell 92, with edge seals 93, to provide a pair of intermediate chambers
      94. Pairs of conduits 95 leading into chambers 94 allow suitable liquid to
      be circulated within the chambers for temperature control of the liquid
      processing chemical forming a pool within trough 80.
PAR  FIGS. 14 and 15 of the drawings show a developing tank 100 which is
      cylindrical and rests, with its axis horizontal, on a pair of feet 101.
      Tank 100 is divided horizontally into a lower section 102 and an upper
      section 103 attached longitudinally by a hinge 104 to the lower section. A
      recess runs the length of upper section 103 at its junction with lower
      section 102 to form a slot 105 which is covered by a flap 106 freely
      hinged to the upper section. The interior of tank 100 is divided into two
      compartments 107 by a disc divider 108 having a circumferential gasket 109
      which provides a seal between the two compartments 107 when tank 100 is
      closed. Compartments 107 are fed separately through end walls 110 of tank
      100, each by a flexible air hose 111 opening into wall 110 in its upper
      portion, a water spray nozzle 112 also projecting through the upper
      portion of wall 110, and a chemical inlet conduit 113 projecting into the
      lower portion of the tank through the end wall. A tilt holding bracket 114
      is fixed to the outside of the upper portion of each end wall 110. Within
      each compartment 107 of tank 100 a reel 115, such as the reel shown in
      FIGS. 1 to 5, is loosely keyed on a coaxial drive shaft 116 which is
      journally mounted in, and axially removable from, disc 108 and end walls
      110, and is driven by suitable means (not shown).
PAR  In the operation of the device of FIG. 14 and 15, reels 115 are loaded with
      photographic paper to be processed and are mounted within tank 100 on
      shaft 116. Tank 100 is then closed and a predetermined quantity of
      chemical processing liquid is introduced into each compartment 107 through
      inlet conduit 113 to lie in a pool 117 in the lower portion of the
      compartment. Reels 115 are then rotated by shaft 116 while air at a
      controlled temperature is introduced into compartments 107 through hoses
      111 and escapes from tank 100 through slot 105. When the photographic
      paper has been processed, upper section 103 of tank 100 is opened about
      hinge 104 in the direction of arrow 118 and reels 115 are removed by
      withdrawing shaft 116 out of the tank to disengage the reels, after which
      upper section 103 is re-closed. Tank 100 is then tilted by brackets 114 to
      drain pool 117 through slot 105, after which water is introduced into the
      tank through spray nozzles 112 to wash away any residual liquid chemical
      and is similarly removed from the tank. Of course the device of FIGS. 12
      and 13 could be adapted for use with tank 100 to provide a drain for the
      removal of liquid chemical and water instead of tilting the tank.
PAR  With reels 115 rotating in an open tank, the air would tend to cool the
      photographic paper being processed. Closed tank 100 enables the processing
      temperature to be controlled and improves the quality of the product.
      Also, photographic film sheets can be mounted on reels 115 since their
      free ends bear against the cylindrical wall of tank 100 which prevents
      flapping of the sheets against pool 117 and consequent streaking.
PAR  The embodiment shown in FIGS. 16 to 19 of the drawings consists of a reel
      120 having a pair of retainer discs 121 slidably mounted on an axial shaft
      122. Each disc 121 has a boss 123 carrying a threaded thumb screw 124
      which engages any one of a series of circumferential notches 125 spaced
      along shaft 122 to key the disc to the shaft. A plurality of channels or
      slots 126 are located on the inner face 127 of each disc 121, i.e. on
      opposed faces. Slots 126 are spaced around the peripheral portion of each
      disc 121 and curve inwardly from rim 128 of the disc in a truncated
      convolute path of predetermined length, as seen in FIG. 16. A pair of
      thumb screws 129, having threaded shafts 130 notched to provide
      hemispherical free ends 131 are mounted on discs 121 to project into each
      slot 126.
PAR  In the operation of reel 120 of FIGS. 16 to 19, thumb screws 129 are turned
      to clear notched ends 131 from slots 126 as indicated by screw 129a in
      FIG. 18, and discs 121 are turned on shaft 122 until slots 126 on the
      discs are in direct opposition one to another. Also, discs 121 are
      adjusted along shaft 122 to accommodate a given sheet width of
      photographic material and notches 125 are graduated for this purpose.
      Sheets 132 of photographic material to be processed are then mounted on
      reel 120 by slipping the lateral edges of each sheet along a pair of
      opposed slots 126. By turning screws 129 move notched ends 131 into slots
      126 as indicated by screw 129b in FIG. 18, the edge of sheet 132 is wedged
      between the screw end and the wall of the slot. When sheets 132 are
      secured in this manner they form vanes and by rotating reel 120 in the
      direction of arrow 133 liquid chemical will pass over the sheets acting as
      scoops. For processing longer sheets of photographic material with reel
      120, a plurality of bars 134 may be inserted between holes 135 in opposing
      discs 120 to reinforce the back of the sheets and prevent sagging.
PAR  For glass photographic plates the modification shown in FIG. 19 may be used
      on reel 120. In this embodiment straight slots 140 are located in discs
      121 and a single thumb screw 141 is used to block the exit of a plate 142
      located in the slot.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tank, for processing sheets of photographic material or film mounted
      circumferentially on a reel rotatably mountable in the tank, comprising:
PA1  a horizontally oriented closed tubular cylinder having a cylindrical wall
      defining a chamber, the cylinder being divided into an upper section and a
      lower section, the upper section being hinged to the lower section and
      openable for access to the chamber;
PA1  means to feed air into the upper portion of the chamber;
PA1  means to feed liquid into the lower portion of the chamber;
PA1  the wall of the cylinder being interrupted in the area of the junction
      between the upper and lower sections thereof to define a longitudinal
      slot, a flap being freely hinged on the wall and covering the slot,
      whereby air in the chamber may pass out therefrom through the slot and
      liquid in the lower portion of the chamber may, on rotating the cylinder
      on the longitudinal axis thereof, pass out from the chamber through the
      slot.
NUM  2.
PAR  2. A tank as claimed in claim 1 in which a recess is located in the upper
      section of the cylinder at its junction with the lower section to form
      said slot, the flap being freely hinged on the upper section.
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ABST
PAL  A body of single crystalline semiconductor material having spaced opposed
      end surfaces which form a Fabry-Perot cavity. The body includes four
      contiguous regions of alternating conductivity type forming three PN
      junctions which extend between the end surfaces of the body. Along one of
      the PN junctions at least a portion of at least one of the regions is a
      recombination zone where light is generated upon the recombination of
      oppositely charged carriers when the PN junctions are forwardly biased to
      inject one type of charged carriers into the recombination zone. Along at
      least one side of the recombination zone is a zone having an index of
      refraction lower than the index of refraction of the recombination zone to
      confine light in the recombination zone. Also, along one side of the
      recombination zone is a zone which confines the injected charged carriers
      in the recombination zone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a semiconductor injection laser, and,
      particularly to a high efficiency, self-pulsing semiconductor injection
      laser which can be simply pulsed with very short width pulses.
PAR  Semiconductor injection lasers, in general are bodies of a single
      crystalline semiconductor material which, when biased, emit light, either
      visible or infrared, through the recombination of pairs of oppositely
      charged carriers. Such devices generally include regions of opposite
      conductivity type forming a PN junction therebetween. When the junction is
      properly biased, charge carriers of one type are injected from one of the
      regions into the other where the predominant charge carriers are of the
      opposite type so as to achieve the light generating recombination.
PAR  To provide a semiconductor injection laser which is capable of efficient
      emission of stimulated radiation at room temperature, various structures
      have been devised which include an optically confining cavity between
      regions of opposite conductivity type in which the generation of radiation
      by the recombination of the charge carriers occurs. The cavity is
      generally a narrow region extending across the semiconductor body between
      the ends and side edges of the body. Optical confinement is usually
      achieved by making the regions of the body on each side of the cavity of a
      material having an index of refraction lower than that of the material of
      the cavity. At least one end edge of the body is made partially
      transmitting so as to form a Fabry-Perot cavity. Thus, the radiation
      generated in the optically confining cavity is emitted from the partially
      transmitting end edge of the body as a beam of coherent radiation. Some
      structures of semiconductor injection lasers having optically confining
      cavities are described in the articles "Close-Confinement Gallium Arsenide
      PN Junction Lasers with Reduced Optical Loss at Room Temperature," by H.
      Kressel et al, RCA REVIEW, Volume 30, No. 1, pages 106-113, March, 1969,
      "High-Order Transverse Cavity Modes in Heterojunction Diode Lasers" by J.
      Butler et al., APPLIED PHYSICS LETTERS, Volume 17, No. 9, Nov. 1, 1970,
      pages 403-406, and "An Efficient Large Optical Cavity Injection Laser" by
      H. F. Lockwood et al., APPLIED PHYSICS LETTERS, Volume 17, No. 12, Dec. 1,
      1970, pages 499-502.
PAR  For certain types of uses, such as laser communications, it is desirable to
      operate the semiconductor injection laser with very short width pulses,
      e.g., pulse widths of 4 nanoseconds or less. However, to so operate
      previously known types of the semiconductor injection lasers requires
      expensive and complicated current drivers.
PAR  There has been developed a semiconductor light emitting diode which
      includes internal means for switching the diode off and on with the
      application of a small voltage. This type of diode is of a PNPN structure
      and is described in the article entitled, "Electroluminescent Shockley
      Diodes in GaAs and GaAs.sub.1.sub.-x P.sub.x "  by C. J. Nuese et al.,
      Journal of Electronic Materials, Vol. 2, pages 571-599, November, 1973,
      and U.S. Pat. No. 3,757,174 issued Sept. 4, 1973 to J. Shigemasu et al.,
      entitled "Light Emitting-Four Layer Semiconductor Device." However, I have
      found that merely to provide such a PNPN light emitting diode with a laser
      cavity or to apply the concept of the PNPN light emitting diode to a
      semiconductor injection laser of the types described in the above cited
      articles does not necessarily result in an operative semiconductor
      injection laser.
PAC  SUMMARY OF THE INVENTION
PAR  A semiconductor laser including a body of semiconductor material having a
      pair of spaced opposed end surfaces forming a Fabry-Perot cavity. The body
      includes four contiguous regions extending between the end surfaces with
      each region being of a conductivity type opposite to that of the adjacent
      regions so as to provide three spaced PN junctions-extending between the
      end surfaces of the body. At least a portion of at least one of the
      regions is a recombination zone where light is generated upon the
      recombination of oppositely charged carriers when the PN junctions arre
      forwardly biased to inject one type of charge carriers into the
      recombination zone. The body includes means extending along at least one
      side of the recombination zone for confining a portion of the generated
      light in the recombination zone and means extending along one side of the
      recombination zone for containing the injected charge carriers in the
      recombination zone.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one form of the semiconductor injection
      laser of the present invention.
PAR  FIGS. 2 through 7 are each a sectional view of a different modification of
      the semiconductor injection laser of the present invention.
PAR  FIG. 8 is a circuit diagram of an operating circuit for the semiconductor
      injection laser of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring initially to FIG. 1, one form of the semiconductor injection
      laser of the present invention is generally designated as 10. The
      semiconductor injection laser 10 is a body 12 of single crystalline
      semiconductor material in the form of a rectangular parallelepiped. The
      body 12 is formed into a Fabry-Perot cavity by making a pair of opposite
      side edge surfaces 14 and 16 and one end surface 18 reflective and the
      other end surface 20 partially transparent. Also, the opposed end surfaces
      18 and 20 are preferably flat and parallel.
PAR  The body 12 is formed of five contiguous, superimposed layers 22, 24, 26,
      28 and 30 extending between the end surfaces 18 and 20. The first and
      second layers 22 and 24 are of P type conductivity, the third layer 26 of
      N type conductivity, the fourth layer 28 of P type conductivity and the
      fifth layer 30 of N type conductivity. Thus, the body 12 includes four
      contiguous regions of alternating opposite conductivity type with one of
      the regions including the first and second layers 22 and 24 and each of
      the other regions including only a single layer. The four regions of
      alternating conductivity type provide the body 12 with a first PN junction
      32 between the second and third layers 24 and 26, a second PN junction 34
      between the third and fourth layers 26 and 28 and a third PN junction 36
      between the fourth and fifth layers 28 and 30. The three PN junctions 32,
      34 and 36 are parallel and extend between the end surfaces 18 and 20 of
      the body 12.
PAR  The first layer 22 and the fourth layer 28 are of a semiconductor material
      having a band gap energy higher than the band gap energy of the
      semiconductor material of the second layer 24 and third layer 26. The
      second and third layers 24 and 26 are of the same semiconductor material.
      For example, if the second and third layers 24 and 26 are of gallium
      arsenide, the first layer 22 may be of aluminum gallium arsenide (Al.sub.x
      Ga.sub.1.sub.-x As where x is greater than 0 but less than 1), and the
      fourth layer 28 may be of aluminum gallium arsenide (Al.sub.y
      Ga.sub.1.sub.-y As where y is greater than 0 but less than 1). It is well
      known that aluminum gallium arsenide has a band gap energy greater than
      that of gallium arsenide. The band gap energy of aluminum gallium arsenide
      can be varied by varying the amount of aluminum in the compound. The first
      layer 24 and the fourth layer 28 may contain the same amount of aluminum
      so as to have the same band gap energy or may contain different amounts of
      aluminum so as to have different band gap energies. The composition of the
      semiconductor material of the fifth layer 30 is not critical, but is
      preferably of one of the materials used for the other layers. Thus, if the
      second and third layers 24 and 26 are of gallium arsenide and the first
      and fourth layers 22 and 28 are of aluminum gallium arsenide, the fifth
      layer 30 may be of either gallium arsenide or aluminum gallium arsenide
      (Al.sub.z Ga.sub.1.sub.-z As where z is greater than 0 but less than 1).
PAR  The semiconductor injection laser 10 may be made by epitaxially depositing
      five layers of the proper conductivity type and composition in succession
      on a substrate. The layers may be deposited either starting with the first
      layer 22 of P type aluminum gallium arsenide or with the fifth layer 30 of
      N type gallium arsenide or aluminum gallium arsenide. The epitaxial layers
      can be deposited by liquid phase epitaxy such as described in U.S. Pat.
      No. 3,741,825 to H. F. Lockwood et al., issued June 26, 1973, and
      entitled, "Method of Depositing an Epitaxial Semiconductor Layer from the
      Liquid Phase." After the five layers are deposited, the substrate may be
      removed, or, if the substrate is of a high conductivity material, it can
      be retained as a contact for the adjacent layer of the semiconductor
      injection laser 10.
PAR  In the use of the semiconductor injection laser 10, a DC voltage is applied
      across the laser such that the first layer 22 is positive with respect to
      the fifth layer 30. If the voltage applied is low, the first and third PN
      junctions 32 and 36 are forward biased while the second PN junction 34 is
      reverse biased. With the second PN junction 34 reverse biased, no current
      flows across the semiconductor injection laser 10 and it is in its "off"
      state. However, when the voltage is increased so as to exceed a breakover
      voltage, there is sufficient gain in the semiconductor injection laser 10
      to cause the normally reverse biased second PN junction 34 to become
      forward biased. When all three of the PN junctions 32, 34, and 36 become
      forward biased, the total impedance in the semiconductor injection laser
      10 turns from high to low to allow a flow of current through the
      semiconductor injection laser 10.
PAR  The flow of current through the semiconductor injection laser 10 causes a
      flow of minority carriers across the first PN junction 32 from one of the
      second or third layers to the other. These minority charge carriers
      recombine with the charge carriers of the opposite type in either the
      second or third layer to generate light. Thus, the second layer 24 and/or
      the third layer 26 form a recombination zone where light is generated by
      the recombination of oppositely charged carriers.
PAR  Since the first layer 22 and the fourth layer 28 have a band gap energy
      higher than that of the second and third layers 24 and 26, they have an
      index of refraction lower than that of the second and third layers 24 and
      26. This difference in index of refraction confines in the recombination
      zone most of the light generated therein and provides an optical waveguide
      for the generated light. Since the optical waveguide is within a
      Fabry-Perot cavity, the light generated in the recombination zone is
      emitted from the partially transparent end surface 20 of the semiconductor
      injection laser 10 as a substantially coherent beam of light. The first
      layer 22 being of a higher band gap energy than that of the second layer
      24 but of the same conductivity type as the second layer 24, serves to
      confine the flow of free carriers in the second layer 24, which is a part
      of the recombination zone. This confinement of the free carriers to the
      recombination zone causes a higher efficiency of the generation of light
      in the recombination zone which is essential to achieve lasing.
PAR  The semiconductor injection laser 10 is capable of being operated in a very
      simple circuit with very short width pulses. In FIG. 8, there is shown an
      example of one such circuit. In this circuit, the semiconductor injection
      laser 10 is connected across a DC voltage source in series with a resistor
      38. A capacitor 40 is in parallel with the semiconductor injection laser
      10 and in series with the resistor 38. When the voltage across the
      semiconductor injection laser 10 is below the breakover voltage, the
      semiconductor injection laser 10 is in its "off" condition and very little
      current flows thereacross. Under this condition, a charge is built up
      across the capacitor 40. When the voltage across the semiconductor
      injection laser 10 increases to the breakdown voltage, the semiconductor
      injection laser 10 switches to its "on" condition under which condition
      the total impedance in the semiconductor injection laser 10 turns from
      high to low. This allows the capacitor 40 to discharge across the
      semiconductor injection laser 10 providing a high current flow through the
      semiconductor injection laser 10. This flow of current generates light in
      the semiconductor injection laser 10 which is emitted as a substantially
      coherent beam of light in the manner previously described. As the
      capacitor 40 discharges, the current flow across the semiconductor
      injection laser 10 decreases until the semiconductor injection laser 10
      switches back to its "off" condition. The voltage then again begins to
      build up to repeat the process of switching the semiconductor injection
      laser between its "off" and "on" condition to provide pulses of light from
      the semiconductor injection laser. Thus, the circuit provides relaxation
      oscillations having a frequency which is determined by the time to charge
      and discharge the capacitor 40. This circuit has been found to provide
      pulse widths of as low as 2 nanoseconds.
PAR  Referring to FIG. 2, a modification of the semiconductor injection laser of
      the present invention is generally designated as 50. The semiconductor
      injection laser 50, like the semiconductor injection laser 10 shown in
      FIG. 1, is a body 52 of single crystalline semiconductor material in the
      form of a rectangular parallelepiped which is formed into a Fabry-Perot
      cavity. The body 52 is formed of five contiguous, superimposed layers 54,
      56, 58, 60 and 62 extending between the end surfaces of the body. The
      first and third layers 54 and 58 are of P type conductivity, the second
      and fifth layers 56 and 62 are of N type conductivity and the fourth layer
      60 may be of either N or P type conductivity. Thus, the body 52 includes
      four contiguous regions of alternating opposite conductivity type with the
      first layer 54, the second layer 56, the third layer 58 and the fifth
      layer 62 each being in a separate one of the regions. The fourth layer 60
      is in the same region as either the third layer 58 or the fifth layer 62
      depending on whether the fourth layer 60 is of P or N type conductivity.
      The four regions of alternating conductivity type provide the body 52 with
      a first PN junction 64 between the first and second layers 54 and 56 and a
      second PN junction 66 between the second and third layers 56 and 58. There
      is also a third PN junction which is either between the third and fourth
      layers 58 and 60 or between the fourth and fifth layers 60 and 62
      depending on the particular conductivity type of the fourth layer 60.
PAR  The third layer 58 and fifth layer 62 are of a semiconductor material
      having a band gap energy higher than the band gap energy of the
      semiconductor material of the fourth layer 60. For example, if the fourth
      layer 60 is of gallium arsenide, the third layer 58 and fifth layer 62 may
      be each of aluminum gallium arsenide. The first and second layers 54 and
      56 are preferably of one of the materials used for the other layers, e.g.,
      gallium arsenide or aluminum gallium arsenide. The semiconductor injection
      laser 50 may be made in the same manner as previously described with
      regard to the semiconductor injection laser 10 shown in FIG. 1.
PAR  The semiconductor injection laser 50 is operated in the same manner as
      previously described with regard to the semiconductor injection laser 10
      shown in FIG. 1. When the voltage across the semiconductor injection laser
      50 is high enough to switch the semiconductor injection laser 50 to its
      "on" state, the current through the semiconductor injection laser 50 will
      cause the flow of minority carriers across the third PN junction, i.e.,
      the junction between either the third layer 58 and fourth layer 60 or the
      junction between the fourth layer 60 and the fifth layer 62 depending on
      the conductivity type of the fourth layer, into the fourth layer 60. These
      minority charge carriers recombine with the charge carriers of the
      opposite type in the fourth layer 60 to generate light. Thus, the fourth
      layer 60 forms a recombination zone where light is generated by the
      recombination of oppositely charged carriers.
PAR  Since the third layer 58 and fifth layer 62 have a band gap energy higher
      than that of the fourth layer 60, they have an index of refraction lower
      than that of the fourth layer 60. This confines in the recombination zone
      most of the light generated therein and provides an optical waveguide for
      the generated light. Since the optical waveguide is within a Fabry-Perot
      cavity, the light generated in the recombination zone is emitted from the
      end surface of the semiconductor injection laser 50 which is partially
      transparent.
PAR  If the fourth layer 60 is of P type conductivity, the minority carriers
      which are injected into the fourth layer 60 will be electrons. Since the
      third layer 58 is of P type conductivity and of a material having a band
      gap energy higher than the material of the fourth layer 60, the third
      layer 58 will confine these minority carriers in the fourth layer 60. If
      the fourth layer 60 is of N type conductivity, the minority carriers
      injected into the fourth layer 60 will be holes. Since the fifth layer 62
      is of N type conductivity and of a material having a band gap energy
      higher than that of the material of the fourth layer 60, the fifth layer
      62 will confine the flow of these minority carriers to the fourth layer
      60. Thus, either the third layer 58 or the fifth layer 62, depending on
      the conductivity type of the fourth layer 60, will also serve to confine
      the flow of free carriers to the recombination zone to achieve a higher
      efficiency of the generation of light in the recombination zone.
PAR  Referring to FIG. 3, a second modification of the semiconductor injection
      laser of the present invention is generally designated as 70. The
      semiconductor injection laser 70 also is a body 72 of single crystalline
      semiconductor material in the form of a rectangular parallelepiped which
      is formed into a Fabry-Perot cavity. The body 72 is formed of five
      contiguous, superimposed layers 74, 76, 78, 80 and 82 extending between
      the end surfaces of the body 72. The first layer 74 and the fourth layer
      80 are of P type conductivity, the third layer 78 and fifth layer 82 are
      of N type conductivity and the second layer 76 is of either N or P type
      conductivity. Thus, the body 72 includes four contiguous regions of
      alternating opposite conductivity type with the first layer 74, third
      layer 78, fourth layer 80 and fifth layer 82 each forming a separate one
      of the regions. The second layer 76 is in the same region as either the
      first layer 74 or third layer 78 depending on the conductivity type of the
      second layer 76. The four regions of alternating conductivity type provide
      the body 72 with three PN junctions extending between the end surfaces of
      the body. The first PN junction is either between the first layer 74 and
      the second layer 76 or between the second layer 76 and the third layer 78,
      depending on the conductivity type of the second layer 76. The second PN
      junction 84 is between the third layer 78 and the fourth layer 80 and the
      third PN junction 86 is between the fourth layer 80 and the fifth layer
      82.
PAR  The first layer 74 and the third layer 78 are each of a semiconductor
      material having a band gap energy higher than the material of the second
      layer 76. For example, if the second layer 76 is of gallium arsenide, the
      first layer 74 and the third layer 78 each may be of aluminum gallium
      arsenide. The fourth layer 80 and fifth layer 82 are preferably of one of
      the materials used for the other layers, e.g., gallium arsenide or
      aluminum gallium arsenide.
PAR  The semiconductor injection laser 70 may be made in the same manner as
      previously described with regard to the semiconductor injection laser 10
      shown in FIG. 1. The semiconductor injection laser 70 operates in the same
      manner as previously described with regard to the semiconductor injection
      laser 50 shown in FIG. 2. However, in the semiconductor injection laser
      70, the second layer 76 is the recombination zone into which the minority
      charge carriers are injected from either the first layer 74 or the third
      layer 78 to cause the generation of light in the second layer 76. The
      first layer 74 and third layer 78 serve to confine the light generated in
      the second layer 76 because of the difference of the indices of refraction
      of the materials of the first and third layers 74 and 78 and the material
      of the second layer 76. The first layer 74 or the third layer 78,
      depending on the conductivity type of the second layer 76, also serves to
      confine the flow of free carriers to the recombination zone formed by the
      second layer 76.
PAR  Referring to FIG. 4, a third modification of the semiconductor injection
      laser of the present invention is generally designated as 90. The
      semiconductor injection laser 90 is a body 92 of single crystalline
      semiconductor material in the form of a rectangular parallelepiped which
      is formed into a Fabry-Perot cavity. The body 92 is formed of six
      contiguous, superimposed layers 94, 96, 98, 100, 102, and 104 extending
      between the end surfaces of the body. The first, third and fourth layers
      94, 98 and 100 are of P type conductivity, and the second, fifth and sixth
      layers 96, 102 and 104 are of N type conductivity. Thus, the body 92
      includes four contiguous regions of alternating opposite conductivity type
      with the first layer 94 being one region, the second layer 96 being the
      second region, the third and fourth layers 98 and 100 being the third
      region and the fifth and sixth layers 102 and 104 being the fourth region.
      The four regions of alternating conductivity type provide the body 92 with
      a first PN junction 106 between the first layer 94 and the second layer
      96, a second PN junction 108 between the second layer 96 and the third
      layer 98 and a third PN junction 110 between the fourth layer 100 and the
      fifth layer 102.
PAR  The third layer 98 and the sixth layer 104 are of a material having a band
      gap energy higher than the band gap energy of the material of the fourth
      and fifth layers 100 and 102 which are of the same material. For example,
      if the fourth and fifth layers 100 and 102 are of gallium arsenide, the
      third and sixth layers 98 and 104 can be of aluminum gallium arsenide. The
      first and second layers 94 and 96 are preferably of one of the materials
      used for the other layers, e.g., gallium arsenide or aluminum gallium
      arsenide. The semiconductor injection laser 90 may be made in the same
      manner as previously described with regard to the semiconductor injection
      laser 10 shown in FIG. 1.
PAR  The semiconductor injection laser 90 is operated in the same manner as
      previously described with regard to the semiconductor injection laser 10
      shown in FIG. 1. However, when the semiconductor injection laser 90 is in
      its "on" state, the fourth and fifth layers 100 and 102 form the
      recombination zone where light is generated by the recombination of
      oppositely charged carriers. The third and sixth layers 98 and 104, which
      are of a material having a band gap energy higher than the material of the
      fourth and fifth layers 100 and 102, serve to confine the generated light
      to the recombination zone. The third layer 98 or the sixth layer 104 also
      serves to confine the free carriers which are injected into the
      recombination zone, depending on the type of free carriers which are so
      injected.
PAR  Referring to FIG. 5, a fourth modification of the semiconductor injection
      laser of the present invention is generally designated as 120. The
      semiconductor injection laser 120 is a body 122 of single crystalline
      semiconductor material in the form of a rectangular parallelepiped which
      is formed into a Fabry-Perot cavity. The body 122 is formed of six
      contiguous, superimposed layers 124, 126, 128, 130, 132 nd 134 extending
      between the end surfaces of the body. The first, second and fifth layers
      124, 126 and 132 are of P type conductivity and the third, fourth and
      sixth layers 128, 130 and 134 are of N type conductivity. Thus, the body
      122 includes four contiguous regions of alternating opposite conductivity
      type with the first and second layers 124 and 126 being one region, the
      third and fourth layers 128 and 130 being a second region, the fifth layer
      132 being the third region and the sixth layer 134 being the fourth
      region. The four regions of alternating conductivity type provide the body
      122 with a first PN junction 136 between the second layer 126 and the
      third layer 128, a second PN junction 138 between the fourth layer 130 and
      the fifth layer 132, and a third PN junction 140 between the fifth layer
      132 and the sixth layer 134.
PAR  The first and fourth layers 124 and 130 are of a semiconductor material
      having a band gap energy higher than the band gap energy of the
      semiconductive material of the second and third layers 128 and 130, which
      are of the same semiconductor material. For example, if the second and
      third layers 126 and 128 are of gallium arsenide, the first and fourth
      layers 124 and 130 may be of aluminum gallium arsenide. The fifth and
      sixth layers 132 and 134 are preferably of one of the materials used for
      the other layers, e.g., gallium arsenide or aluminum gallium arsenide.
PAR  The semiconductor injection laser 120 may be made in the same manner as
      previously described with regard to the semiconductor injection laser 10
      shown in FIG. 1. The semiconductor injection laser 120 operates in the
      same manner as previously described with regard to the semiconductor
      injection laser 90 shown in FIG. 4. However, in the semiconductor
      injection laser 120, the second and third layers 126 and 128 form the
      recombination zone into which the minority charge carriers are injected to
      cause the generation of light. The first layer 124 and the fourth layer
      130 serve to combine the light generated in the recombination zone because
      of the difference in the indices of refraction of the materials. The first
      layer 124 or the fourth layer 130 also serves to confine the flow of free
      carriers to the recombination zone depending on which type of free
      carriers are being injected into the recombination zone.
PAR  Referring to FIG. 6, a fifth modification of the semiconductor injection
      laser of the present invention is generally designated as 150. The
      semiconductor injection laser 150 also is a body 152 of single crystalline
      semiconductor material in the form of a rectangular parallelepiped which
      is formed into a Fabry-Perot cavity. The body 152 is formed of four
      contiguous, superimposed layers 154, 156, 158 and 160. The first and third
      layers 154 and 158 are of P type conductivity and the second layer 156 is
      of N type conductivity. The fourth layer 160 has a thin portion 160a of P
      type conductivity which extends along the junction with the third layer
      158. The remaining portion 160b of the fourth layer 160 is of N type
      conductivity. Thus, the body 152 includes four contiguous regions of
      alternating opposite conductivity type with the first layer 154 being one
      region, the second layer 156 being the second region, the third layer 158
      and the P type portion 160a of the fourth layer 160 being the third
      region, and the N type portion 160b of the fourth layer 160 being the
      fourth region. The four regions of alternating conductivity type provide
      the body 152 with a first PN junction 162 between the first and second
      layers 154 and 156, a second PN junction 164 between the second and third
      layers 156 and 158 and a third PN junction 166 between the two portions
      160a  and 160b of the fourth layer 160.
PAR  The third layer 150a is of a semiconductor material having a band gap
      energy higher than the material of the fourth layer 160. For example, if
      the fourth layer 160 is of gallium arsenide, the third layer 158 may be of
      aluminum gallium arsenide. The first and second layers 154 and 156 are
      preferably of one of the materials used for the other layers, e.g.,
      gallium arsenide or aluminum gallium arsenide.
PAR  The semiconductor injection laser 150 may be made in the same manner as
      previously described with regard to the semiconductor injection laser
      shown in FIG. 1 by epitaxially depositing the various layers in succession
      on a substrate. However, the thin P type portion 160a of the fourth layer
      160 is formed by diffusing some of the P type conductivity modifier from
      the third layer 158 into a completely N type fourth layer. This may be
      accomplished by depositing the third layer 158 on a completely N type
      fourth layer at a temperature at which the diffusion will take place or by
      heating the unit after the P type third layer 158 is deposited on the
      completely N type fourth layer.
PAR  The semiconductor injection laser 150 operates in a manner similar to that
      described with regard to semiconductor injection laser 10 in FIG. 1.
      However, the semiconductor injection laser 150, the P type portion 160a of
      the fourth layer 160 is the recombination zone into which the minority
      charge carriers are injected from the N type portion 160b of the fourth
      layer to cause the generation of light. The third layer 158 serves to
      confine the light generated in the P type portion 160a of the fourth layer
      160 because of the difference of the indices of refraction. The third
      layer 158 also serves to confine the flow of free carriers to the
      recombination zone formed by the P type portion 160a of the fourth layer
      160.
PAR  Referring to FIG. 7, a sixth modification of the semiconductor injection
      laser of the present invention is generally designated as 170. The
      semiconductor injection laser 170 is a body 172 of single crystalline
      semiconductor material in the form of a rectangular parallelepiped which
      is formed into a Fabry-Perot cavity. The body 172 is formed of four
      contiguous, superimposed layers 174, 176, 178 and 180 extending between
      the end surfaces of the body 172. The first and third layers 174 and 178
      are of P type conductivity and the fourth layer 180 is of N type
      conductivity. The second layer 176 has a thin portion 176a of P type
      conductivity extending along the junction with the first layer 174. The
      remaining portion 176b of the second layer 176 is of N type conductivity.
      Thus, the body 172 includes four contiguous regions of alternating
      opposite conductivity type with the first layer 174 and the P type portion
      176a of the second layer 176 being one region, the remaining N type
      portion 176b of the second layer being the second region, the third layer
      178 being the third region, and the fourth layer 180 being the fourth
      region. The four regions of alternating conductivity type provide the body
      172 with a first PN junction 182 between the two portions 176a and 176b of
      the second layer, a second PN junction 184 between the N type portion 176b
      of the second layer 176 and the third layer 178, and a third PN junction
      186 between the third and fourth layers 178 and 180.
PAR  The first layer 174 is of a semiconductor material having a band gap energy
      higher than the material of the second layer 176. For example, if the
      second layer 176 is of gallium arsenide, the first layer 174 may be of
      aluminum gallium arsenide. The third and fourth layers 178 and 180 are
      preferably of one of the materials used for the other layers, e.g.,
      gallium arsenide or aluminum gallium arsenide.
PAR  The semiconductor injection laser 170 may be made in the same manner as
      previously described with regard to the semiconductor injection laser 150
      shown in FIG. 6. In making the semiconductor injection laser 170, the thin
      P type portion 176a of the second layer 176 is formed by diffusiong a P
      type conductivity modifier from the first layer 174.
PAR  The semiconductor injection laser 170 operates in the same manner as
      previously described with regard to the semiconductor injection laser 150
      shown in FIG. 6. However, in the semiconductor injection laser 170, the
      thin P type portion 176a of the second layer 176 is the recombination zone
      into which the minority charge carriers are injected from the N type
      portion 176b of the second layer 176 to cause the generation of light. The
      first layer 174 serves to confine the light generated in the recombination
      zone because of the difference of the indices of refraction of the
      materials. The first layer 174 also serves to confine the flow of free
      carriers to the recombination zone.
PAR  Thus, the semiconductor injection laser of the present invention can be of
      many different structures. However, all of the various modifications of
      the semiconductor injection laser of the present invention have the
      following common features:
PAR  1. A body of single crystalline semiconductor material in the form of a
      Fabry-Perot cavity.
PAR  2. The body includes four contiguous regions of alternating opposite
      conductivity type forming three spaced PN junctions.
PAR  3. A recombination zone formed by at least a portion of one of the regions
      wherein light is generated by the recombination of oppositely charged
      carriers when one of the charged carriers is injected into the
      recombination zone.
PAR  4. A zone along at least one side of the recombination zone for confining
      at least some of the generated light into the recombination zone and
      forming an optical waveguide for the generated light. The light confining
      zone is usually formed of a semiconductor material having a band gap
      energy higher than that of the material of the recombination zone so as to
      have an index of refraction lower than that of the material of the
      recombination zone.
PAR  5. A zone along one side of the recombination zone for confining the
      injected carriers in the recombination zone so as to achieve a higher
      efficiency of generated light. The injected carrier confining zone is of a
      material having a band gap energy higher than that of the material of the
      recombination zone and is of the same conductivity type as that of the
      adjacent portion of the recombination zone.
PAR  Although the various modifications of the semiconductor injection laser of
      the present invention have been described as being made of gallium
      arsenide and aluminum gallium arsenide, the semiconductor injection laser
      may be made of any single crystal semiconductor material which is capable
      of generating light by the recombination of oppositely charged carriers.
      However, the preferred materials are the group III-V semiconductor
      compounds, such as the arsenides, phosphides and antimonides of gallium,
      aluminum, indium or alloys thereof. Also, the zones having different band
      gap energies may be formed of any of these materials which are compatible
      and which have different band gap energies.
CLMS
STM  I claim:
NUM  1.
PAR  1. A semiconductor injection laser comprising
PA1  a body of semiconductor material having a pair of spaced opposed end
      surfaces forming a Fabry-Perot cavity, said body having four contiguous
      regions extending between said end surfaces with each region being of a
      conductivity type opposite to that of the adjacent region so as to provide
      three spaced PN junctions extending between said end surfaces,
PA1  at least a portion of at least one of the regions along one of the outer PN
      junctions being a recombination zone where light is generated upon the
      recombination of oppositely charged carriers when the PN junctions are
      forwardly biased to inject one type of charged carriers into said
      recombination zone,
PA1  means along at least one side of the recombination zone for confining a
      portion of the generated light in said recombination zone, and
PA1  means along at least one side of the recombination zone for confining the
      injected charged carriers in said recombination zone.
NUM  2.
PAR  2. A semiconductor injection laser in accordance with claim 1 in which the
      means for confining the light to the recombination zone comprises a zone
      of a material having an index of refraction lower than the index of
      refraction of the material of the recombination zone.
NUM  3.
PAR  3. A semiconductor injection laser in accordance with claim 2 in which the
      means for confining the light extends along both sides of the
      recombination zone.
NUM  4.
PAR  4. A semiconductor injection laser in accordance with claim 2 in which the
      means for confining the injected charge carriers to the recombination zone
      comprises a zone of a material having a band gap energy higher than the
      band gap energy of the material of the recombination zone and of a
      conductivity type the same as that of the adjacent portion of the
      recombination zone.
NUM  5.
PAR  5. A semiconductor injection laser in accordance with claim 4 in which said
      body includes a plurality of contiguous, superimposed layers of
      semiconductor material which extend between said end surfaces of the body
      and each of said regions and zones being formed at least a portion of one
      or more of said layers.
NUM  6.
PAR  6. A semiconductor injection laser in accordance with claim 5 in which said
      body includes five layers with two adjacent layers forming one of said
      regions and each of the other layers each forming a separate one of the
      other regions.
NUM  7.
PAR  7. A semiconductor injection laser in accordance with claim 6 in which at
      least one of said layers forms the recombination zone, the two layers
      along each side of the recombination zone form the light confining zones,
      and one of the layers forming the light confining zone also forms the zone
      for confining the injected charge carriers.
NUM  8.
PAR  8. A semiconductor injection laser in accordance with claim 5 in which said
      body includes six layers with one pair of contiguous layers forming one of
      said regions, a second pair of contiguous layers adjacent said one pair
      forming a second region and each of the other two layers forming a
      separate one of the other regions.
NUM  9.
PAR  9. A semiconductor injection laser in accordance with claim 8 in which the
      two layers of the two pairs which are adjacent each other form the
      recombination zone, the other two layers of the two pairs form the light
      confining zones and one of the other two layers of the two pairs forms the
      zone for confining the injected charge carriers.
NUM  10.
PAR  10. A semiconductor injection laser in accordance with claim 5 in which
      said body includes four layers with one of said layers and a thin portion
      of an adjacent layer forming one of said regions, the remaining portion of
      said adjacent layer forming a second region and each of the other layers
      forming a separate one of the other regions.
NUM  11.
PAR  11. A semiconductor injection laser in accordance with claim 10 in which
      the thin portion of the adjacent layer forms the recombination zone and
      the one layer forms the light confining zone and the injected charge
      carrier confining zone.
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ABST
PAL  This relates to an optically isolated switching device made by coupling the
      output of a light emitting diode into a thyristor. Sensitivity is
      determined by optical flux density rather than total flux. Improved
      sensitivity is obtained with a mesa construction of a diode mounted on and
      bonded to a thyristor at a window in its cathode via a glass preform
      having a high refractive index.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to optically coupled semiconductive switching
      devices. The mounting of the light emissive diode on the semiconductive
      pnpn structure enables a good optical coupling efficiency which is further
      enhanced by the use of a high refractive index material to bond the
      components together so as to reduce reflection losses at the
      semiconductor/glass interfaces. A mesa construction of light emissive
      diode is used as it is found that the switching threshold of the pnpn
      triggerable structure appears to be more heavily dependent upon light flux
      density than upon total flux.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a semiconductive device
      including a mesa construction light emissive diode mounted on an optically
      triggerable pnpn semiconductive switching structure with an intervening
      piece of light transmissive dielectric material providing electrical
      insulation and optical coupling between the diode and the pnpn structure.
PAR  According to a broad aspect of the invention, there is provided "CLAIM 1".
PAR  The above and other objects of the present invention will be more clearly
      understood from the following detailed description taken in conjunction
      with the accompanying drawings in which;
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a switching device;
PAR  FIGS. 2a, 2b and 2c show successive stages in the manufacture of a light
      emissive diode which forms a portion of the device; and
PAR  FIG. 3 shows an alternative form of light emissive diode.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 a GaAs light emissive diode is shown mounted on a silicon pnpn
      switching structure chip 11 which is identical with a conventional
      thyristor with the exception that the portion shown in broken lines
      including a conventional gate electrode 12 may be omitted.
PAR  The amphoteric doping properties of Si in GaAs are used to make the
      rectifying junction 20 of the diode 10. Accordingly the diode is made by
      liquid epitaxy in a process in which the temperature of the melt is caused
      to fall through the range 910.degree.C to 880.degree.C. The first part of
      the resulting epitaxial growth grows in n-type form, and the last part in
      p-type form, with a continuous graduation between them through a
      compensated region. The p-type side is covered with a gold/zinc
      metallization layer 21 (FIG. 2a). Then, using standard photolithographic
      etching techniques all but the central region of the metallization layer
      21 is removed together with the underlying p-type material to leave a
      small mesa 22 containing the rectifying junction 20. The whole surface is
      then covered with a gold/tin metallization layer 23 for making contact
      with the n-type material (FIG. 2b). Part of this layer 23 is then etched
      away to leave a ring contact 24 (FIG. 2c) surrounding a central contact
      25.
PAR  The silicon chip 11 (FIG. 1) has substantially the same structure as a
      conventional thyristor comprising a p.sup.+-type layer 13, a p-type layer
      14, an n-type layer 15, a further p-type layer 16 and an n.sup.+-type
      layer 17. The major difference is that the portion of a thyristor
      associated with the provision of a gate may be dispensed with unless a
      conventional thyristor switching facility is required in addition to the
      optical switching. The other difference is that the cathode connection is
      made via a metallization layer 18 provided with a window 19. Within this
      window some of the underlying n.sup.+-type layer 17 is also etched away so
      that in this region the layer 17 is particularly thin so as to minimize
      optical absorption losses. The metallization layer 18 is deposited by
      electroless plating with nickel and then gold.
PAR  A thin alumina substrate 30 electrically insulates the silicon chip 11 from
      an underlying heat sink 31. The entire bottom face of the alumina
      substrate is metallized 34 for bonding to the heat sink, while the upper
      surface is provided with four discrete areas of metallization. The silicon
      chip 11 is bonded to one of these areas of metallization 33 to which anode
      external lead connection (not shown) is made. The other three areas of
      metallization (not shown) are used as terminal pads providing electrical
      connection between main external leads (not shown) and wire leads (not
      shown) bonded to the metallization layers of the light emissive diode 10
      and of the cathode of the silicon chip 11. (A fifth area of metallization,
      for the gate electrode, will be required if a conventional thyristor
      switching facility is to be provided.) The thermal impedance between the
      chip 11 and the heat sink 31 may be further reduced by interposing a
      molybdenum strip of larger area than the chip between the chip and the
      alumina substrate. Typically this molybdenum strip has twice the area of
      the chip.
PAR  The next stage of manufacture is concerned with the mounting of the diode
      10 over the window 19 with a suitable intervening optical coupling. One
      form that this coupling can take is a heat fusible glass or plastics
      preform 32 in which case the diode is placed in position on the preform,
      and the preform in position on the window 18, and then the assembly is
      heated to fuse the preform which upon cooling effects the necessary bond.
      The preform should have a high refractive index in order to minimize
      reflection losses, should have a high resistivity to provide good
      electrical  isolation, and thirdly should have a thermal expansion
      coefficient suitably matched with those of the two semiconductive devices
      to which it is to be bonded.
PAR  An example of a glass from which to make the preform is an arsenic-sulphide
      sulphur glass having a melting point in the region of 300.degree.C. This
      has a relatively high refractive index and a satisfactory resistivity, but
      its expansion coefficient is not a good match. However, the mismatch is
      not fatal because the glass is still relatively soft at room temperature.
PAR  Examples of plastics materials from which to make the preform include
      polyimide, polyethylene, polyester and epoxy resin. A preferred material
      is polyimide sheeting having a heat fusible coating of
      polytetrafluoroethylene on both its major surfaces. The advantage of such
      a material is that when it is heated to effect the bond the polyimide is
      not fused and hence it is much easier to control the final thickness of
      insulation separating the light emissive and photoresponsive device than
      is the case when the whole of the preform is rendered fluid. The same
      advantage can be obtained with a glass preform by using a similar type of
      3-layer sandwich construction comprising a central layer flanked by two
      layers 32a of lower melting point. Yet another way of obtaining this
      advantage is to bond the preform to the two devices with a curable
      adhesive such as an epoxy resin.
PAR  After protecting the exposed junctions of the silicon chip with a silicone
      resin, wire leads (not shown) are bonded between the metallization regions
      18, 23, and 24, and the remaining three areas of metallization on the
      alumina substrate 30. Next the alumina substrate 30 is soldered to the
      heat sink 31, and at the same time external main leads (not shown) are
      soldered to all four areas of metallization on the top surface of the
      alumina substrate, then the assembly is encapsulated in a silica loaded
      epoxy resin.
PAR  An alternative construction of amphoteric silicon doped gallium arsenide
      mesa diode is depicted in FIG. 3. The construction of this diode is
      basically similar to that of the diode described previously, but differs
      in the provision of a passivation layer 30 on the sides of and in the
      allowing of the metallization layer of the central contact 25a to extend
      down the sides of the mesa. This layer reflects some of the light that
      otherwise would have leaked away from the sides of the mesa, and hence a
      greater proportion of the radiated light is radiated into the underlying
      photoresponsive device.
PAR  The initial stages of manufacture of the diode are the same as for the
      other construction of diode, but after the etch to form the mesa, and the
      stripping of the photoresist, the diode is given a further light etch to
      remove any gold overhanging the side edges of the mesa, and then device is
      passivated by the pyrolytic or glow discharge deposition of the layer 30
      of silica or silicon nitride. Initially the layer 30 covers the whole
      surface, but windows are etched in it before deposition of a gold tin
      metallization layer 23a. Then parts of layer 23a are etched away to leave
      a ring contact 24a surrounding the central contact 25a which, being larger
      than the mesa, extends down its sides.
PAR  For full wave switching two silicon chips and their associated light
      emissive diodes may be mounted on a common heat sink, and encapsulated
      together to form a single device. In such a device the silicon chips are
      connected in inverse parallel while the light emissive diodes are series
      connected.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optically coupled semiconductor switching device comprising:
PA1  a light-emitting diode having a mesa construction;
PA1  a triggerable pnpn semiconductor switching structure; and a preformed
      intervening light transmitting dielectric material coupled between said
      switching structure and said light-emitting diode for providing electrical
      insulation and optical coupling between said diode and said structure,
      said preformed intervening light transmitting dielectric material
      comprising a first mass of dielectric material coated on opposite sides
      with a layer of a second dielectric material, said second material having
      a lower melting point than said first mass and providing a bond between
      said first mass and said diode and between said first mass and said pnpn
      structure.
NUM  2.
PAR  2. An optically coupled semiconductor switching device according to claim 1
      wherein said intervening material is glass.
NUM  3.
PAR  3. An optically coupled semiconductor switching device according to claim 1
      wherein said intervening material is a plastic.
NUM  4.
PAR  4. An optically coupled semiconductor switching device according to claim 1
      wherein the sides of the mesa of said light-emitting diode are coated with
      an electrically insulating protective coating.
NUM  5.
PAR  5. An optically coupled semiconductor switching device according to claim 4
      wherein said electrically insulating coating is coated with a
      metallization layer.
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ABST
PAL  An integrated circuit has semiconductor devices on a substrate. The devices
      each have gates of polycrystalline silicon and the devices are insulated
      from each other by a stopper diffused into the substrate between said
      devices at least in the regions adjacent said gates. Reliability of the
      integrated circuit is improved by having each polycrystalline silicon gate
      formed with a region adjacent said stopper diffused with impurity of the
      same polarity as the impurity diffused in said stopper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The gate threshold voltage V.sub.th of an insulated gate semiconductor
      device is given by
      ##EQU1##
PAR  In this equation .phi..sub.MS is the difference in work functions between
      the gate electrode and the substrate, .phi..sub.F is the difference in
      Fermi potentials of the two materials, Q.sub.B is a quantity determined by
      the impurity concentration in the substrate, Q.sub.SS is the electric
      charge in the gate insulating film and C.sub.O is the electrostatic
      capacitance between the substrate and the gate electrode.
PAR  In this formula, .phi..sub.MS, .phi..sub.F and Q.sub.B /C.sub.O can be
      controlled comparatively readily by proper design and production
      technique. However Q.sub.SS /C.sub.O is not only difficult to control but
      is subject to change subsequent to production, as the result of which
      integrated circuits of the type described have not been as reliable as
      would be desired.
PAR  The field insulating film which overlies the gate and the substrate is
      formed by chemical vapor deposition as the result of which it is difficult
      to decrease Q.sub.SS. Further, where the registry of the gate and the
      demarcation between the conductive portion of the substrate and the
      stopper is not perfect, the threshold voltage of the portion facing the
      field insulating film can become extremely small or even negative.
      Consequently, unintended current can flow between the source and drain of
      a device.
PAC  SUMMARY OF THE INVENTION
PAR  To prevent the aforenoted unintended flow between source and drain in a
      device as the result of poor registry between the end of a polycrystalline
      silicon gate and the edge of the device in the width direction, a heavily
      doped diffused layer, termed a stopper, is formed in the substrate between
      devices. By this means Q.sub.B /C.sub.O is made substantially larger than
      Q.sub.SS /C.sub.O. Further, the length of the gate in the width direction
      of the channel between the source and the drain of the device is such that
      it extends beyond the width of the channel on at least one side thereof.
      When the device is masked for diffusion of a stopper into the substrate,
      at least the side of the polycrystalline silicon gate adjacent the stopper
      region receives the same impurity as is diffused into the substrate. This
      side of the gate consequently becomes an insulator and prevents
      unintentional flow of current between the source and drain of a device
      thereby substantially reducing the possibility that the threshold voltage
      near the edge of the channel will become low or negative.
PAR  The width of the region of the gate having impurity diffused therein of the
      same polarity as said stopper, which region preferably corresponds to the
      region of the gate which extends beyond the width of the channel, should
      be at least equal to the maximum error anticipated in positioning a mask
      for diffusion of the stopper impurity into the substrate.
PAR  Accordingly, an object of the present invention is an improved integrated
      circuit of higher reliability than previously available.
PAR  Another object of the present invention is an improved integrated circuit
      having transistor devices on a semiconductive substrate where unintended
      current flow between source and drain in a given transistor device is
      avoided.
PAR  A further object of the present invention is an improved integrated circuit
      in which the gate of a transistor device extends beyond the width of the
      channel, the region of the gate extending beyond the width of the channel
      being converted into an insulator as a means of preventing a low or
      negative threshold voltage which could cause unintended current flow
      between source and drain of a transistor device.
PAR  An important object of the present invention is an improved method of
      manufacturing an improved integrated circuit in which unintended current
      flow between a source and drain in a transistor device in said circuit is
      avoided.
PAR  A significant object of the present invention is an improved method for
      manufacturing integrated circuits of high reliability wherein at least the
      side of the gate on a device adajcent the stopper region in the substrate
      is diffused with impurity simultaneously with diffusion of the stopper
      region between adjacent transistor devices.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others, and the
      article possessing the features, properties, and the relation of elements,
      which are exemplified in the following detailed disclosure, and the scope
      of the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIGS. 1a and 1b are plan and cross sectional views respectively of a
      transistor device in an integrated circuit in accordance with the prior
      art;
PAR  FIGS. 2a and 2b are plan and cross sectional views respectively of a
      transistor device in accordance with the prior art where registry between
      a gate and a stopper portion of the substrate is defective; and
PAR  FIGS. 3a and 3b are plan and cross sectional views respectively of a
      transistor device in accordance with the present invention wherein
      registry between a gate and a stopper portion in a substrate is
      non-critical.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A transistor device which is part of an integrated circuit is shown in
      FIGS. 1a and 1b. Substrate 1 has thereon an insulating film 2 over which
      is a gate 3. Gate 3 is of polycrystalline silicon. Over gate 3 and
      portions of the substrate is a field insulating film 5 formed by means of
      chemical vapor deposition. Source 8 and drain 7 are formed in spaced
      relation in substrate 1 to define a channel therebetween. Between adjacent
      transistor devices are stopper regions 6 formed thereinto. Connections
      between devices are made by evaporating aluminum connectors 4 in an
      appropriate pattern, the connectors extending through apertures in the
      field insulating film 5.
PAR  In the manufacture of integrated circuits including a plurality of
      semi-conductor devices, said devices may be formed by diffusing impurities
      into sets of source and drain areas in a silicon chip, each set comprising
      a source area and a drain area separated by a channel. Using conventional
      techniques an insulating film is formed over the channel region of each
      device and a polycrystalline silicon gate is formed on that insulating
      film.
PAR  In FIGS. 1a and 1b the side edges of gate 3 are in registry with the side
      edges of the channel between the source and drain are in registry with the
      boundary between the channel and the stopper sections. Diffusion of the
      stopper impurity into the substrate takes place prior to formation of
      insulating film 5 and deposition of the aluminum connectors 4 but after
      the formation of polycrystalline silicon gate 3. Consequently, if the
      masking for the photo-etching process in which the area of the stopper 6
      sections is determined is not perfect, then the edge of gate electrode 3
      and the boundary of stopper section 6 may not be in registry, generating a
      gap as shown in FIG. 2a. This failure in registry can be due to expansion,
      contraction and warping of the wafer or chip on which the circuit is
      formed.
PAR  Where the registry is poor as shown in FIG. 2a, and if the threshold
      voltage is negative as influenced by Q.sub.SS which may be due to
      unintended and undesired impurity in the field insulating film, and
      inversion layer may be generated as shown as 10 in FIG. 2b. As a result,
      unintended and undesired current may flow between the source and drain as
      shown by arrow 9 of FIG. 2a.
PAR  This phenomenon may occur at the time the circuit is produced or may
      develop after the item has been placed in use. Consequently, the stability
      of the circuit is poor and reliability both on a short term and on a long
      term basis is unsatisfactory.
PAR  In accordance with the present invention, the problem is eliminated by
      preventing the formation of an unintentional and undesired inversion layer
      and simultaneously stabilizing the characteristic of the system. This is
      effected by varying not only Q.sub.B but also .phi..sub.MS.
PAR  FIGS. 3a and 3b show how this objective is carried out. Polycrystalline
      silicon gate 3 extends beyond the sides of the transistor channel in the
      direction of its width by an amount which is at least as great as the
      maximum anticipated error in locating the etching mask. In diffusing the
      impurity into the substrate to render same into a stopper, the same
      impurity is diffused into at least one side portion 11 of gate 3 adjacent
      stopper region 6. This diffusion is preferably carried out simultaneously
      with diffusion of the stopper into the substrate so that the process of
      forming the stopper in the substrate need not be changed.
PAR  If the width of the diffused portion in the end or ends 11 of
      polycrystalline silicon gate 3 is at least equal to the maximum error
      which may occur in the process of positioning the mask, then the formation
      of an inversion layer is prevented and thereby, short circuiting of the
      source and drain under the influence of the field insulating film as shown
      by the arrow 9 of FIG. 2 is likewise prevented.
PAR  Controlled diffusion results in a polycrystalline silicon gate electrode
      which has a portion 3 containing impurity such that the conductivity of
      said portion 3 is of the same type as that of the source and drain, and a
      second portion 11 which contains an impurity which makes the conductivity
      of portion 11 different from that of the remainder of the gate layer. As a
      result, dependent on the nature and quantity of impurity diffused into the
      gate layer, a P-N junction may be generated between gate portion 3 and
      diffused portion 11.
PAR  Furthermore since the external potential is applied only to portion 3 of
      the gate electrode, diffused portion 11 will differ in potential from that
      of portion 3. As a result, it is possible that an inversion layer may be
      generated in the substrate thereunder, but such an inversion layer is not
      generated when a low voltage such as 1.5V is applied to the gate, because
      the value of .phi..sub.MS + 2.phi..sub.F is large due to the
      polycrystalline silicon in portion 11 which contains the impurity whose
      conductivity is the same as that of the substrate, and the threshold
      voltage of the diffused portion 11 is about 1 volt higher than that of
      portion 3, since portion 3 contains the impurity which renders its
      conductivity similar to that of source 8 and drain 7.
PAR  Using the method of the present invention, the error in matching of the
      mask in the photo-etching process to the substrate becomes less critical
      so that it is unnecessary to lower Q.sub.SS in the field insulating film
      to so small a value as is necessary in conventional constructions. As a
      result, the ease of manufacture, the cost of manufacture and the product
      yield as well as the ultimate reliability are greatly improved. This takes
      into account the fact that variation of Q.sub.SS according to transfer of
      electric charge in the field insulating film was one of the causes of
      inferior reliability in conventional constructions so that integrated
      circuits manufactured by the present method and in accordance with the
      present construction are essentially independent of the change or value of
      Q.sub.SS.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method and in
      the article set forth without departing from the spirit and scope of the
      invention, it is intended that all matter contained in the above
      description and shown in the accompanying drawings shall be interpreted as
      illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention, which as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an insulated gate semiconductor structure, a substrate bearing at
      least two semiconductor devices, each device including a source and a
      drain defining a channel therebetween, a gate insulating film overlying
      said channel, a polycrystalline silicon gate overlying said gate
      insulating film, a gate electrode connected to said gate, and stopper
      regions defined by impurity diffused into said substrate around each
      device and between said respective devices for inhibiting the formation of
      inversion layers in said substrate between the source and drain of each
      device between respective devices, the improvement comprising a
      stopper-diffused portion in said gate at at least one side of said gate in
      the channel-width direction adjacent a stopper region, said gate electrode
      being connected only to said stopper-free remainder of said gate, said
      stopper-diffused portion having impurity diffused therein of a
      conductivity-type corresponding to the conductivity-type of the impurity
      defining said stopper region and opposite in conductivity-type to at least
      the central region of said gate in the channel-width direction, said gate
      electrode being connected only to said region of said gate free of said
      stopper impurity, whereby a P-N junction is formed at at least said one
      side of said gate, and the threshold voltage necessary for producing an
      inversion layer under said one side of said gate is substantially greater
      than under the remainder of said gate.
NUM  2.
PAR  2. The semiconductor integrated circuit as defined in claim 1 wherein each
      of said polycrystalline silicon gates extends beyond at least one side of
      the channel in the channel-width direction, said stopper-diffused portion
      of each said gate being at least defined by said extended portion.
NUM  3.
PAR  3. The semiconductor integrated circuit as defined in claim 2 wherein said
      stopper-diffused portion of said gate is at least as great in width as the
      maximum anticipated error in positioning a mask for controlling the
      regions into which a stopper-impurity is to be diffused into said
      substrate adjacent the channel of each device to define a stopper region.
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ABST
PAL  A semiconductor pressure transducer having a polycrystalline silicon
      diaphragm providing an extremely pressure sensitive and temperature stable
      device, and a method of making the same. The polycrystalline silicon can
      easily be vapor deposited on an etch resistant layer covering a surface of
      a wafer or base, preferably monocrystalline silicon. Such vapor deposition
      of the polycrystalline silicon more accurately and consistently defines
      the thickness of the diaphragm than can be obtained by grinding or
      etching. A pressure responsive resistor formed in the diaphragm is
      automatically electrically isolated by the comparatively high resistivity
      of the polycrystalline silicon. Accordingly, PN junction isolation and
      passivating oxides on the diaphragm are not required thereby resulting in
      increased temperature stability.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of copending U.S. application Ser. No.
      463,515, entitled "Polycrystalline Silicon Pressure Transducer", filed
      Apr. 24, 1974, and now abandoned and having the same inventors and
      assigned to the assignee of the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to semiconductor pressure responsive devices. More
      particularly, it relates to a semiconductor pressure transducer having an
      extremely thin vapor deposited polycrystalline silicon diaphragm, and to a
      method of making it.
PAR  Semiconductor pressure transducers are currently gaining wide acceptance in
      a variety of commercial pressure sensing applications. Semiconductor
      pressure transducers apply the principle that the electrical resistance of
      resistor in a thin semiconductor diaphragm changes as the function of
      diaphragm stress due to pressure differentials on either side of the
      diaphragm. The sensitivity of the devices depend generally on such factors
      as the thickness of the diaphragm and the piezoresistive gauge factor of
      the material used for the diaphragm. Commercially available prior art
      semiconductor pressure transducers have used single crystal or
      monocrystalline silicon for the diaphragm. That is, the diaphragm consists
      of a single, unitary crystal having no grain or crystal boundaries
      throughout the body. Until now, it was generally accepted that
      monocrystalline silicon was the most practical diaphragm material which
      could be used in order to achieve the sensitivity required for most
      applications.
PAR  It has been recognized that for optimum linear response of the pressure
      transducer, the pressure responsive resistor should be electrically
      insulated or isolated from the diaphragm and supporting structure.
      However, the highest commercially available resistivity for
      monocrystalline silicon is of the order of about 10.sup.2 ohm-centimeter.
      Therefore, such monocrystalline silicon cannot be readily used for
      electrical isolation of the pressure responsive resistor. Such isolation
      has been generally provided by diffusing the monocrystalline silicon with
      impurities of one conductivity type and by forming the pressure responsive
      resistor by diffusing impurities of an opposite conductivity type into the
      diaphragm to provide a PN junction therebetween.
PAR  However, certain inherent problems exist with such PN junction isolation.
      For example, if the PN junction is exposed to ambient conditions, the
      junction can become contaminated. To alleviate this condition a
      passivating oxide coating is ordinarily applied over the exposed PN
      junction. However, this introduces an additional difficulty because the
      passivating oxide has a different coefficient of thermal expansion than
      the monocrystalline silicon diaphragm, which imparts undesirable
      temperature dependence on the responses of the device. That is, the output
      of the device may vary with a change in temperature although there is no
      change in the pressure being sensed.
PAR  In making these monocrystalline silicon diaphragms, one would remove
      selected portions of a monocrystalline silicon wafer by etching, grinding,
      lapping or polishing to define the desired thickness for the various
      diaphragms to be produced from the wafer. However, using these processes
      one could not readily form diaphragms having a uniform thickness of less
      than 10 microns. Therefore, the sensitivity of these monocrystalline
      silicon diaphragms is limited by this parameter. Furthermore, the
      thickness of the diaphragm is not accurately controllable by these
      manufacturing techniques. Therefore, consistent reproducibility of
      extremely thin diaphragms in high volume production is not obtainable
      using these prior art methods.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a semiconductor
      pressure transducer having a polycrystalline silicon diaphragm which
      provides extreme sensitivity and temperature stability for the transducer,
      and a method of making the same.
PAR  It is a further object of this invention to provide a polycrystalline
      silicon diaphragm for a semiconductor pressure transducer and a method of
      making the same, wherein a pressure responsive resistor formed in the
      polycrystalline silicon diaphragm is automatically electrically isolated
      by the high resistivity polycrystalline silicon.
PAR  It is a further object of this invention to provide a semiconductor
      pressure transducer and a method for making the same, wherein an extremely
      thin diaphragm thickness is accurately and consistently controllable by
      vapor deposition of a polycrystalline silicon film which serves as the
      diaphragm.
PAR  This invention further resides in features of combination and construction,
      both as to the structure of the transducer and as to its method of
      manufacture, that permit the effective and comparatively low cost
      manufacture of the device through use of well known semiconductor
      manufacture techniques while providing a device that is small, sensitive
      and suitable for use in a wide variety of commercial applications.
PAR  In brief, the transducer of the present invention has an extremely thin
      film of intrinsic polycrystalline silicon that bridges an aperture in a
      supporting semiconductor base member thereby providing a sensitive
      polycrystalline silicon diaphragm for the transducer. An elongated doped
      region formed in the polycrystalline silicon diaphragm provides a pressure
      responsive resistor which is automatically electrically isolated by the
      high resistivity polycrystalline silicon. Therefore, neither PN junction
      isolation nor a passivating oxide layer is required, thereby increasing
      the temperature stability of the device. In its process aspects, the
      present invention advantageously uses a layer of etch resistant material
      formed on the base member for the dual purpose of controlling the etching
      by which the aperture is formed for the reverse side of the base member,
      and to provide the situs for vapor depositing a polycrystalline (as
      distinguished from monocrystalline) film bridging the aperture. The vapor
      deposition of the polycrystalline silicon film accurately and consistently
      controls the desired diaphragm thickness. Hence, many pressure transducers
      can be reproducibly manufactured having a uniform, but extremely small
      diaphragm thickness within close tolerances during high volume production.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a top plan view with parts broken away of an illustrative
      embodiment of the pressure transducer device of this invention;
PAR  FIG. 2 shows a sectional view of the device of FIG. 1 at an intermediate
      stage of making the device;
PAR  FIG. 3 shows a sectional view of the pressure transducer device during a
      succeeding step of the method of making it; and
PAR  FIG. 4 shows a sectional view along the line 4--4 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For ease of description, the method of this invention will be described in
      connection with preparing but one semiconductor pressure transducer.
      However, it should be realized that in production many pressure
      transducers can be produced simultaneously as part of a wafer as is well
      known in semiconductor technology. Base member 10 represents a portion of
      such a wafer. Base member 10 serves as a support for the diaphragm to be
      formed for the pressure transducer. Preferably, base member 10 is
      monocrystalline silicon having a thickness of about 4-6 mils. If desired,
      other materials, such as sapphire, having a coefficient of thermal
      expansion similar to polycrystalline silicon may be used.
PAR  Referring now especially to FIG. 2, an etch resistant layer 12 is formed on
      the top surface of base member 10. Preferably, etch resistant layer 12 is
      silicon dioxide which is grown by thermal oxidation to a thickness of
      about 4000 A. As etch resistant layer 12 and the remaining portions of the
      pressure transducer are extremely small, they will be shown with
      exaggerated thickness for purposes of illustration. Etch resistant layer
      12 serves as an automatic stop when the base member 10 is etched from its
      back side to form an aperture therein. The etch resistant layer 12 also
      promotes vapor deposition of polycrystalline silicon thereon. Other
      etch-resistant materials having the ability to form a polycrystalline
      silicon film, such as a 400 A. thick silicon nitride layer, can be used as
      a substitute for silicon dioxide.
PAR  An extremely thin polycrystalline silicon film 14 is vapor deposited on
      etch resistant layer 12. Preferably, polycrystalline silicon film 14 is
      deposited or grown by thermal decomposition of silane in an inert gas
      atmosphere at about 600.degree. - 900.degree. C. For example, base member
      10 with etch resistant layer 12 thereon may be placed in a closed
      container, heated to approximately 650.degree. C., and a mixture of silane
      (SiH.sub.4) and argon (Ar) introduced into the container. After this
      gaseous mixture flows over the etch resistant layer 12 for about 50
      minutes, a polycrystalline silicon film 14 of about 3 microns thick is
      deposited. The thickness of polycrystalline silicon film 14 is the same as
      the diaphragm to be produced for the pressure transducer. Smaller or
      larger diaphragm thicknesses can be vapor deposited if desired, for
      example, by increasing the temperature or time. In fact, diaphragm
      thicknesses less than 1 micron can be produced using the method of our
      invention. Regardless, for a given set of parameters one will always
      produce the same polycrystalline silicon film thickness, within .+-. 5%
      tolerance. The film 14 is polycrystalline as distinguished from
      monocrystalline, because the silicon dioxide serving as etch resistant
      layer 12 has an amorphous crystallographic structure which forms a
      plurality of randomly oriented sites for crystal formation that are not
      uniformly oriented so as to grow a single crystal. In contrast, a silicon
      film formed directly over the monocrystalline silicon base member 10 tends
      to grow in single crystal or monocrystalline form.
PAR  A maskant layer 16, such as silicon dioxide, is formed on the top side of
      the polycrystalline silicon film 14. Preferably, maskant layer 16 has a
      thickness of about 8000 A. depending on the maskant material used and the
      method of introducing pressure responsive resistors or other electronic
      devices into polycrystalline silicon film 14. Using standard
      photolithographic techniques, maskant layer 16 is selectively etched down
      to polycrystalline silicon film 14 to define a window 16a, preferably in
      the form of an elongated rectangle which spans the centrally located
      portion of polycrystalline silicon film 14. For example, a KMER mask (not
      shown) can be formed on maskant layer 16 to define a window selectively
      exposing maskant layer 16 in the desired shape. Then the exposed portions
      of the maskant layer 16 are etched through the window down to
      polycrystalline silicon film 14. This forms window 16a in maskant layer 16
      which exposes a centrally located elongated strip in polycrystalline
      silicon film 14 in the desired shape of a pressure responsive resistor to
      be subsequently formed therein.
PAR  Pressure responsive resistor 18 is formed by diffusion or ion implantation
      into the top surface of polycrystalline silicon film 14 through window
      16a. For example, boron impurities are introduced into polycrystalline
      silicon film 14 by known diffusion techniques. Thus, pressure responsive
      resistor 18 is an elongated doped region in the intrinsic polycrystalline
      silicon film 14. It is a feature of our invention that pressure responsive
      resistor 18 is automatically electrically isolated by the high resistivity
      polycrystalline silicon. As an illustrative example, the resistivity of
      pressure responsive resistor 18 can be of the order of 0.1 ohm-centimeter,
      whereas the resistivity of the surrounding polycrystalline silicon is of
      the order of 10.sup.6 ohm-centimeter.
PAR  Turning now to FIG. 3, after pressure responsive resistor 18 has been
      formed in polycrystalline silicon film 14 and the KMER maskant removed,
      another maskant layer 20, for example silicon dioxide, is formed on the
      top of polycrystalline silicon film 14 to completely cover it. The back
      side of base member 10 is then masked using a suitable maskant 22, such as
      silicon dioxide, while leaving exposed a window or opening 22a as seen in
      FIG. 3. Opening 22a is preferably circular and underlies pressure
      responsive resistor 18 so that the latter forms a diameter thereof. Base
      member 10 is then etched from its back side until the etchant reaches the
      etch resistant material 12. A preferred etchant is potassium hydroxide
      which readily etches the monocrystalline silicon base member 10, but does
      not readily attack the silicon dioxide which serves as etch resistant
      layer 12. As can be seen, a frusto-conical aperture 24 concentric with
      opening 22a is thus formed in base member 10. The remaining portions of
      base member 10 provide an annular support for the periphery of
      polycrystalline film 14. That portion of the polycrystalline film 14 which
      spans aperture 24 provides a diaphragm 26 for the transducer.
PAR  Turning now especially to FIG. 4, two holes 28 and 30 are etched into
      maskant layers 16 and 20 to expose the opposite ends of pressure
      responsive resistor 18 in diaphragm 26. Metallic contacts 12 and 34 are
      then formed thereon to make the electrical connection to pressure
      responsive resistor 18. This can be accomplished by standard evaporation
      techniques. Metallic contacts 32 and 34 can be bi-layered (not shown)
      having a first layer of chromium and a superimposed layer of gold thereon.
      It should be noted that other metals can be used that will adhere to the
      silicon dioxide and the pressure responsive resistor 18.
PAR  The silicon dioxide used for maskant layers 16, 20 and etch resistant layer
      12 is then removed from both sides of polycrystalline silicon diaphragm
      26, for example, by immersing the device into hydrofluoric acid. As can be
      seen in FIGS. 1 and 4, there is no silicon dioxide on the polycrystalline
      silicon diphragm 26. Hence, polycrystalline silicon diaphragm 26 is
      noncontiguous in any material having a dissimilar coefficient of thermal
      expansion. Consequently, the temperature stability of the transducer is
      considerably improved. Wire connections 36 and 38 can be attached to metal
      contacts 32 and 34, respectively, as by thermal compression bonding. Wires
      36 and 38 provide electrical interconnection or access between external
      circuitry and the pressure transducer.
PAR  As just described in the method of our invention, polycrystalline silicon
      diaphragm 26 can be made extremely thin. Accordingly, the thin diaphragm
      is easily fixed in response to applied pressure differentials. Such
      flexure will produce strain in pressure responsive resistor 18, which in
      turn changes its resistance as a linear function of the pressure being
      sensed. Hence, the change in resistance of pressure responsive resistor 18
      will be extremely sensitive to applied pressure differentials.
      Consequently, for a given pressure differential to be sensed, the pressure
      transducer can be of small size as compared to prior art pressure
      transducers. For example, polycrystalline silicon diaphragm 26 as shown in
      FIGS. 3 - 4 can be made less than 0.02 inch in diameter.
PAR  It is also a feature of this invention that the thickness of diaphragm 26
      is accurately and consistently contollable. Vapor deposition of the
      polycrystalline silicon film 14 provides an extremely accurate and
      reproducibly controllable method of producing diaphragms of a desired
      thickness. Hence, high volume production of extremely thin diaphragms
      within close tolerances is now obtainable using the method of our
      invention.
PAR  Moreover, the pressure transducer of the present invention requires no PN
      junction to isolate pressure responsive resistor 18 from diaphragm 26, as
      is necessary in monocrystalline devices. This is because the intrinsic
      polycrystalline silicon provides extremely high resistivity surrounding
      isolation for the doped pressure responsive resistor 18 of comparatively
      low resistance. Accordingly, passivating oxide layers on the diaphragm 26
      are also not required. Therefore, the transducer of this invention is more
      temperature independent or stable than devices having PN junction
      isolation necessitating passivating oxides. In contrast, our invention
      provides a transducer in which no materials having a different coefficient
      of thermal expansion are contiguous to the diaphragm.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A semiconductor pressure transducer having a thin vapor deposited
      polycrystalline silicon diaphragm providing an extremely sensitive and
      temperature stable device, said pressure transducer comprising:
PA1  a base member having a similar coefficient of thermal expansion to that of
      silicon, said base member having two major end surfaces and an aperture
      extending therebetween;
PA1  a layer of etch-resistant material on one of said base member end surfaces,
      said etch-resistant material having a crystallographic structure so as to
      promote vapor deposition of polycrystalline silicon thereon;
PA1  a thin, vapor deposited intrinsic polycrystalline silicon film on said
      etch-resistant material and covering said aperture in said base member
      thereby providing an extremely sensitive pressure responsive diaphragm
      bridging said aperture, said polycrystalline silicon diaphragm being less
      than about 10 microns thick and having a resistivity of at least 10.sup.6
      ohm-centimeters, said diaphragm being free of any material having a
      dissimilar coefficient of thermal expansion thereby providing improved
      temperature stability for said pressure transducer;
PA1  a pressure responsive electronic device formed in centrally located
      portions of said polycrystalline silicon diaphragm wherein said device is
      automatically electrically isolated by the surrounding high resistivity
      polycrystalline silicon; and
PA1  means for making electrical connection to said pressure responsive
      electronic device thereby providing electrical access to said pressure
      transducer.
NUM  2.
PAR  2. A semiconductor pressure transducer having a thin vapor deposited
      polycrystalline silicon diaphragm providing an extremely sensitive and
      temperature stable device, said pressure transducer comprising:
PA1  a monocrystalline silicon wafer serving as a supporting base member for
      said pressure transducer, said base member having two major end surfaces
      and an aperture extending therebetween;
PA1  an etch-resistant layer of silicon dioxide on one of said base member end
      surfaces, said etch-resistant layer having a crystallographic structure so
      as to promote vapor deposition of polycrystalline silicon thereon;
PA1  a thin, vapor deposited intrinsic polycrystalline silicon film on said
      etch-resistant layer and covering said aperture in said base member
      thereby providing an extremely sensitive pressure responsive diaphragm
      bridging said aperture, said polycrystalline silicon diaphragm being less
      than about 10 microns thick and having a resistivity of at least 10.sup.6
      ohm-centimeters, said diaphragms being free of any material having a
      dissimilar coefficient of thermal expansion thereby providing improved
      temperature stability for said pressure transducer;
PA1  an elongated doped region formed in said polycrystalline silicon diaphragm
      as a diameter thereof providing a pressure responsive resistor for said
      pressure transducer, said resistor being electrically isolated by the
      surrounding high resistivity polycrystalline silicon; and
PA1  means for making electrical connection to said resistor thereby providing
      electrical access to said pressure transducer.
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ABST
PAL  Disclosed is a method of fabricating dielectrically isolated semiconductor
      components of an integrated circuit, and the semiconductor component
      formed by this method, each component having a plurality of high
      conductivity regions extending from the interior of said component to the
      surface thereof to provide high conductivity paths to selected
      semiconductor regions of the component.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to semiconductor components in general and
      specifically to semiconductor components of an integrated circuit that are
      dielectrically isolated from each other.
PAR  2. Description of the Prior Art
PAR  In the conventional method of fabricating power transistors, silicon
      controlled rectifiers, and other high power components of an integrated
      circuit, a plurality of semiconductor regions are ohmically connected in
      parallel with metal interconnections such that common semiconductor
      regions are interdigitatedly connected or are connected alternately in
      some geometrical fashion in order to handle the high power requirement of
      such components. These interdigitated regions, making up a semiconductor
      device or semiconductor component in dielectrically isolated material, are
      normally isolated from other semiconductor components in the same
      substrate by a layer of dielectric insulation that surrounds each
      component in the substrate and intersects a surface of the substrate.
PAR  In one method of reducing the collector resistance of a power transistor,
      for example, a highly doped, high-conductivity collector contact region of
      the same conductivity type as the collector is normally formed inside of
      the surrounding insulating layer and adjacent thereto. The highly doped
      collector contact region also intersects the same surface of the substrate
      where ohmic contact can be made directly to the high conductivity region
      or into another highly doped, high-conductivity region of the same
      conductivity type which has been diffused into the surface of the
      substrate at the intersection of collector contact region and surface.
      Since the collector contact region only surfaces at the periphery of the
      component, due to its inherent structure, there is a limit as to the
      degree of reduction of collector resistance.
PAR  Accordingly, an object of this invention is to provide a method of
      fabricating dielectrically isolated semiconductor components of an
      integrated circuit having high conductivity paths to selected
      semiconductor regions.
PAR  Another object of this invention is to provide a method of fabricating
      dielectrically isolated transistor components of an integrated circuit,
      each transistor having a plurality of ohmic contacts to collector contact
      regions at selected locations.
PAR  A further object of this invention is to provide a dielectrically isolated
      semiconductor component of an integrated circuit having high conductivity
      paths to selected semiconductor regions.
PAR  Yet another object of this invention is to provide a dielectrically
      isolated transistor component of an integrated circuit having a plurality
      of ohmic contacts to the collector contact region at selected locations.
PAC  SUMMARY OF THE INVENTION
PAR  In applicants' invention, a semiconductor component of an integrated
      circuit is fabricated by first forming a plurality of contact grooves of
      substantially the same depth in a monocrystalline semiconductor body of
      one conductivity type from one surface thereby, which are completely
      surrounded by an isolation groove of greater depth. A highly doped, high
      conductivity region of the same conductivity type as the body is formed
      adjacent the surfaces of the contact grooves, the isolation groove and the
      remaining portion of the one surface of the body.
PAR  A layer of dielectric insulation is formed on the surface of the high
      conductivity region, followed by the formation of a relatively thick layer
      of polycrystalline silicon or other material on the layer of insulation to
      serve as a "handle" for subsequent process steps.
PAR  Semiconductor material from the opposite surface of the semiconductor body
      is removed to a level such that the insulating layer covering the
      isolation groove, which is now filled with material, is exposed but such a
      level does not expose any of the insulating layer covering the contact
      grooves, which are also now filled, but rather either exposes the high
      conductivity region over the contact grooves or closely approaches the
      high conductivity region, thereby producing a substrate having a
      dielectrically isolated monocrystalline semiconductor pocket with a
      plurality of high conductivity regions close to the surface which in turn
      furnish high conductivity electrical paths to a plurality of desired
      semiconductor regions.
PAR  A plurality of other semiconductor regions are then formed in desired
      locations to finish forming the semiconductor components. Of course, many
      components are fabricated in the substrate at the same time and they
      subsequently interconnect to form an integrated circuit. Ohmic contacts to
      electrically connect similar regions of each component and to electrically
      connect desired components are formed by patterned metal contacts and
      insulating layers on the new exposed surface of the substrate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The novel features believed characteristic of this invention are set forth
      in the appended claims. The invention, itself, however, as well as other
      objects and advantages thereof, may best be understood by reference to the
      following detailed description of one illustrative embodiment, when read
      in conjunction with the accompanying drawing, wherein:
PAR  FIGS. 1-4 are cross-sectional views of a portion of an integrated circuit
      illustrating various stages during the fabrication of a dielectrially
      isolated semiconductor component.
PAR  FIG. 5 is a perspective view of a portion of an integrated circuit
      illustrating a dielectrically isolated semiconductor component after the
      formation of semiconductor regions, but prior to the application of metal
      contacts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, it should be noted that different structural
      elements shown in the different figures are not drawn to scale for
      illustrative purposes. Also, for simplicity's sake, only the fabrication
      stages of one component of an integrated circuit are shown in the drawing,
      although other semiconductor components of similar or dissimilar types
      (not shown) are fabricated during the same process stages.
PAR  A semiconductor body 1 of monocrystalline semiconductor material of one
      conductivity type, such as N type silicon, for example, is shown in FIG.
      1, after the formation of an etch mask 2 on the surface 3 of the body 1.
      The silicon body 1 has a crystal orientation of (100), i.e., the major
      surfaces of the body are substantially coplanar with the (100)
      crystallographic plane. Body 1 is typically a slice or wafer of silicon
      about two and one-half inches in diameter and about 20 mils in thickness,
      for example, with a highly polished surface 3. The body 1 is shown being
      of N type conductivity, having been doped with a Group III element, such
      as arsenic, to a relatively high resistivity of 20 ohm-cm., for example.
      Although N type silicon is described for illustrative purposes only as the
      body 1, different conductivity types and different semiconductor materials
      can be used within the purview of the invention.
PAR  The etch mask 2, of conventional etch resistant material, such as silicon
      oxide or silicon nitride, for examples, is formed by conventional
      deposition techniques or the silicon oxide can be thermally grown, while
      the apertures 4 and 4' are formed in the etch mask 2 by conventional
      photolithographic and etch techniques. The width of the aperture 4 is
      wider than the width of the apertures 4', which difference in width will
      affect the difference in depth of the isolation groove 5 and the contact
      grooves 5', as will subsequently be discussed. The aperture 4, although
      appearing in FIG. 1 to be separate and distinct apertures, in reality, is
      a single substantially circular aperture (see FIG. 5), while apertures 4'
      are individual and separate apertures. Although only two apertures 4' are
      shown for simplicity's sake, the number of such apertures 4' is not
      limited by the invention. The relative widths of the apertures 4 and 4'
      are very important because the depths of the grooves 5 and 5' to be formed
      by etching the body 1 through the apertures 4 and 4' are controlled by the
      width of the apertures 4 and 4'. The body 1, with its etch mask 2, is
      subjected to an orientation dependent etch for a sufficient length of time
      to form the isolation groove 5 and the contact grooves 5'.
PAR  It is well known in the semiconductor art that an etch solution comprising
      potassium hydroxide, propynol and water removes silicon at a well
      controlled rate in the range of from 0.5 to 1.5 microns per minute,
      depending on the temperature and rate of agitation in the direction normal
      to the (100) plane. This solution does not appreciably attack the silicon
      in a direction normal to the (111) plane. The resulting etched area has
      flat, well defined, sloping sides forming an angle of approximately
      54.7.degree. with the (111) plane. The etched groove will bottom-out into
      a "V" shape at which time the etch rate drops to essentially 0. The depth
      of the groove depends on the width of the aperture provided in the etch
      mask 2 on the surface 3, and only slightly upon the etch time, if
      bottoming is allowed to completion. Therefore, by controlling the relative
      widths of the apertures 4 and 4', then the relative depths of the grooves
      5 and 5' can also be completely controlled. Because the width of apertures
      4 is wider than the width of apertures 4', isolation groove 5 is deeper
      than the contact grooves 5'. Gallium Arsenide (Ga As) also can be
      orientation dependently etched from the (100) surface to form similar
      grooves as was described in relationship to silicon.
PAR  After the grooves 5 and 5' have been etched to the desired depths, the etch
      mask 2 is removed by conventional methods and the high conductivity (low
      resistivity) collector contact region 6 of the same conductivity type as
      body 1, N+, is formed either by conventional diffusion or ion implantation
      methods of introducing doping impurities into the body 1 by the surfaces 7
      and 7' of the grooves 5 and 5', respectively, and the remaining surface 3,
      as illustrated in FIGS. 2 and 3. Another but less desirable method of
      forming the collector contact region is to epitaxially deposit a layer of
      monocrystalline N+ type silicon on the surfaces 7 and 7' of the grooves
      and surface 3 by conventional epitaxial methods.
PAR  Following the formation of the collector contact region 6, an insulating
      layer 8 is formed on the surfaces 7, 7' and 3, of the collector contact
      region 6. Such an insulating layer 8 can be formed by depositing a
      dielectrically insulating material, such as silicon oxide or silicon
      nitride, on the collector contact region by conventional deposition
      methods.
PAR  In order to facilitate the handling of the substrate, comprising different
      materials, generally indicated by the numeral 10, a layer or "handle" 9 of
      material, such as polycrystalline silicon, for example, which by nature,
      has a high resistivity, is formed on the surface 11 of the insulating
      layer 8 by conventional deposition methods. Although, for illustrative
      purposes, layer 9 is described as being formed of polycrystalline silicon,
      since such a material is relatively easy to deposit, many materials can be
      used.
PAR  The substrate 10 is shown inverted in FIG. 4, with a portion of the
      semiconductor body 1 removed down to the now exposed surface 12, to the
      level shown by the dotted lines marked "A" in FIG. 3. The surface 12 of
      body 1 is exposed by uniformly removing the body 1 by etching for example,
      from the opposite surface 13 to the desired level or surface 12.
      Mechanical polishing can also be used followed by a chemical polish to
      remove a portion of the body 1, if so desired, to expose the new surface
      12.
PAR  The amount of body 1 that is removed is determined by the desired level or
      surface 12 which exposes the portion of the insulating layer 8 covering
      the material-filled isolation groove 5, which material-filled isolation
      groove 5 will subsequently be called isolation peak 5. The isolation peak
      5 intersects the surface 12 in a completed circle, although the shape of
      the intersection of the insulating layer 8 at the surface 12 is not
      pertinent to the invention, just as long as the insulation layer 8
      completely surrounds the body 1. However, the removal of a portion of the
      body 1 is halted before exposing the insulating layer 8 covering the
      material-filled contact grooves 5', which material-filled contact grooves
      5' will subsequently be called, contact mesas 5'.
PAR  Although as shown in FIGS. 4 and 5, the surface 12 does not expose the
      collector contact region 6 over the contact mesas 5', the collector
      contact region 6 covering the contact mesas 5' could be exposed without
      damaging the subsequently formed component. Due to the variants of
      manufacturing, in reality, some mesas 5' would probably be exposed while
      others would not but would be in close proximity to the surface 12 in
      order to bring the collector contact region 6 as close to the surface 12
      as possible at selected locations.
PAR  The insulating layer 8 completely surrounds the body 1 which now is in
      essence a pocket of monocrystalline silicon dielectrically isolated from
      other pockets (not shown) in the substrate 10.
PAR  After the surface 12 has been attained, a plurality of base regions 14 are
      formed in the body 1 of a conductivity type opposite from the conductivity
      type of the body 1, which forms the collector of the semiconductor
      component generally indicated by the numeral 20 in FIG. 5. Since in the
      example given, the body 1 is of N type silicon, then the base regions 14
      will be P type. The base regions 14 are formed by conventional methods,
      such as diffusion or ion implantation, coupled with the use of
      conventional masking techniques for masking the surface 12 and exposing
      the surface 12 to the doping impurities only where such base regions 14
      are desired to be formed.
PAR  As shown in FIG. 5, the emitter regions 15 and the surface collector
      contact regions 16 are formed by the same methods which were used to form
      base regions 14. Impurities of the same conductivity type as the collector
      or body 1 are introduced into the base regions to form high conductivity
      N+ type emitter regions 15 and are introduced into the body 1 over the
      collector contact mesas 5' to form the high conductivity N+ surface
      contact regions 16. The surface contact regions 16 are formed deep enough
      to connect the N+ collector regions over the contact mesas 5' with the
      surface where ohmic contact can be made thereby. The collector contact
      mesas 5' at desired locations furnish high conductivity paths to the
      collector region, thereby minimizing collector contact resistance.
PAR  The final step is to form patterned metal contacts (not shown) on the
      substrate 10 by conventional metal/insulation methods which contacts make
      ohmic contact to the desired regions of the semiconductor component 20,
      thereby ohmically connecting the various regions. For example, the emitter
      regions 15, the base regions 14 and the surface collector contact regions
      16 are each connected in parallel and then the semiconductor component 20
      is interconnected with other semiconductor components (not shown) in the
      substrate 10 to form an integrated circuit.
PAR  Observing FIG. 5, it should be obvious that the insulating layer 8
      completely surrounds the semiconductor component 20 and dielectrically
      isolates it from the rest of the substrate 10 and that the surface
      collector contact regions 15 can be located almost where desired and not
      at just the periphery of the body 1 enclosed by the insulating layer 8 as
      in the previously used techniques, thereby decreasing the collector
      contact resistance as compared to the periphery contacts only.
PAR  Although for illustrative purposes only, the semiconductor component 20 was
      described as a transistor, the invention is not limited to the fabrication
      of transistors in an integrated circuit but can be used for any
      semiconductor component that requires that ohmic contact be made by high
      conductivity paths to large volume semiconductor regions, such as the
      collector region just described.
PAR  Although the preferred embodiment of the invention has been described in
      rather specific detail, it is to be understood that various changes,
      substitutions, and alterations can be made therein without departing from
      the spirit and the scope of the invention as defined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dielectrically isolated semiconductor component of an integrated
      circuit in a substrate, comprising:
PA1  a. a dielectrically isolated pocket of monocrystalline semiconductor
      material of one conductivity type in said substrate, said isolation being
      furnished by a layer of insulating material between said pocket and the
      remainder of said substrate, said insulating layer having selected spaced
      ridges in close proximity to one surface of said pocket;
PA1  b. a region of said one conductivity type but of greater conductivity in
      said pocket and adjacent said insulating layer;
PA1  c. a plurality of rows of semiconductor regions of the opposite
      conductivity type in said pocket; and, d. a plurality of rows of high
      conductivity regions of said one conductivity type in said pocket,
      alternating with said rows of semiconductor regions, said high
      conductivity regions extending from the surface of said pocket in contact
      with said region of high conductivity, along said ridges.
NUM  2.
PAR  2. A semiconductor component as described in claim 1, wherein said pocket
      is silicon.
NUM  3.
PAR  3. The semiconductor component as described in claim 1, wherein said
      insulating layer is silicon oxide.
NUM  4.
PAR  4. The semiconductor component as described in claim 1, wherein said
      insulating layer is silicon nitride.
NUM  5.
PAR  5. The semiconductor component as described in claim 1, wherein said
      material is polycrystalline silicon.
NUM  6.
PAR  6. An integrated circuit of dielectrically isolated semiconductor
      components in a substrate, comprising:
PA1  a. dielectrically isolated pockets of monocrystalline semiconductor
      material of one conductivity type in said substrate, said isolation being
      furnished by a layer of insulating material between said pockets and the
      remainder of said substrate, said insulating layer having selected spaced
      ridges in close proximity to one surface of each of said pockets;
PA1  b. a region of said one conductivity type but of higher conductivity in
      each of said pockets and adjacent said insulating layer;
PA1  c. a plurality of rows of semiconductor regions of the opposite
      conductivity type in each of said pockets; and,
PA1  d. a plurality of rows of high conductivity regions of said one
      conductivity type in each of said pockets, alternating with said rows of
      semiconductor regions, said high conductivity regions extending from the
      surface of said pockets in contact with said region of high conductivity
      in each of said pockets, along said ridges.
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PAL  A narrow lead contact is disclosed for face down bonding of electronic
      chips, such as light emitting diodes. The narrow lead and the circuitry
      associated with the chip or diode is formed on a thin film of transparent
      insulating material in a conventional manner. The chip is placed face down
      on the lead on the film and bonded thereto. The bonding can be
      accomplished by known methods including solder reflow or conductive
      epoxys. A second lead, which may include a reflector in the case of a
      light emitting diode, is attached to another point on the chip. When the
      chip is a light emitting diode, the chip assembly can be encapsulated in a
      lens system which is attached to both sides of the film. Most of the light
      emitted from the back and sides of the diode is thus passed out through
      the film and lens system since the thin lead will preferably obscure less
      than 35% of the face of the diode. The circuitry formed on the thin film
      may contain an adjustable resistance to compensate for variations in light
      intensity. A base circuit, on either rigid or flexible support material,
      may include whatever circuitry is necessary to enable any specific chip in
      response to any desired criteria.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part of our application Ser.
      No. 373,227 filed June 25, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. The Field Of The Invention
PAR  The present invention concerns an improved narrow lead contact for
      electronic chips, such as light emitting diodes and, in particular, a
      method for fabricating such a narrow lead and incorporating it into
      associated electronic devices.
PAR  2. The Prior Art
PAR  The conventional methods of fabricating electronic devices incorporating
      electronic chips, such as diodes, have required the use of a thin gold
      wire which is ultra-sonically bonded to the chip. This is generally a
      tedious two step manual operation with the wire first attached to the
      circuit and then to the chip. Because of this requirement, it has not been
      possible to fully automate the production of such devices or to fully
      utilize continuous flat etched and/or plated circuitry.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns an improved method of fabricating circuits
      incorporating electronic chips. At least one narrow lead for the chip is
      formed on a thin flexible, transparent insulating substrate by
      conventional etching or plating methods. The chip is positioned on the
      substrate in a face down position and bonded thereto by known means
      including solder reflow or conductive epoxy. A second lead is bonded to
      another contact point on the chip by similar means. The assembly can be
      encapsulated by means, such as a reflector and lens system, attached to
      opposite sides of the substrate. The subject narrow leads are preferably
      formed in strips and the associated circuitry can be formed on the same
      strip or on a secondary strip which is bonded to the lead strip.
PAR  It is an object of the present invention to teach an improved narrow lead
      formed on a transparent, flexible substrate of insulating material which
      lead is bonded to an electronic chip.
PAR  It is another object of the present invention to teach a method of face
      down bonding of electronic chips on narrow leads formed on a flat flexible
      film of transparent insulating material.
PAR  It is yet another object of the present invention to teach a method of
      bonding electronic chips to preformed narrow leads on continuous flat
      etched and/or plated circuitry, which method is suitable for fully
      automated production.
PAR  It is a further object of the present invention to produce a new and
      improved thin film circuitry having narrow leads adapted to receive
      electronic chips without obscuring the chip faces.
PAR  It is still a further object of the present invention to construct a new
      and improved light emitting diode assembly on thin film circuitry in which
      the light emitted from the back and sides of the diode is reflected
      through the film and passed out through a lens system with less than 35%
      of the emitting face of the diode being obscured by connecting leads.
PAR  It is another object of the present invention to construct new and improved
      electronic chip circuitry which may be readily and economically produced.
PAR  The foregoing and other objects and advantages will become apparent from
      the following specification and detailed description taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of a first embodiment of the subject
      invention together with a light emitting diode;
PAR  FIG. 2 is a vertical sectional view through the light emitting diode
      assembly of FIG. 1;
PAR  FIG. 3 is an exploded perspective view of a second embodiment of the
      subject invention and a light emitting diode;
PAR  FIG. 4 is a vertical sectional view through the light emitting diode
      assembly of FIG. 3;
PAR  FIG. 5 is an exploded perspective view of a third embodiment of the subject
      invention and a light emitting diode;
PAR  FIG. 6 is a vertical sectional view through the light emitting diode
      assembly of FIG. 5;
PAR  FIG. 7 is an exploded perspective view showing a light emitting diode
      assembly formed in accordance with the present invention together with a
      strip of a thin film circuit, a base circuit, and mounting panel;
PAR  FIG. 8 is a detailed plan view of a thin film circuit which may be utilized
      to control the conductivity of an associated electronic chip;
PAR  FIG. 9 is a perspective view of an alternate embodiment for bonding a back
      lead to a row of chips bonded to a row of narrow leads formed in
      accordance with the present invention; and
PAR  FIG. 10 is a perspective view showing the attachment of another type of
      electronic chip to a plurality of closely spaced, parallel leads formed
      according to the subject invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The subject invention will be discussed primarily in conjunction with light
      emitting diodes. For this reason the insulating substrate is transparent
      and the encapsulating members are lenses and reflectors. However, it is to
      be understood that other types of electronic chips, including other types
      of diodes, may be bonded to the subject narrow lead, as will be explained
      with reference to FIG. 10.
PAR  The first embodiment of the subject invention, see FIGS. 1 and 2, includes
      an insulating substrate 10, formed by a continuous flat flexible
      transparent film such as Mylar or Kapton, with circuitry 12, 14 etched or
      plated on one side of the substrate by any of the well known techniques.
      An electronic chip, such as light emitting diode 16, is placed with its
      face (the p-side or light emitting side) toward the substrate against a
      narrow lead 18 such that the emitted light will be directed out through
      the substrate. The narrow lead 18 preferably has such a width that it
      obscures no more than 35% of the face of the chip 16. A base lead 20 is
      placed between the back or n-side of the diode and the second lead 14 on
      the substrate. The leads are bonded to the diode by known means, such as
      conductive epoxy or solder reflow. The base lead 20, in this embodiment,
      has the form of a flat disc 22 with a diameter in the range of 5 to 10
      times the diode dimensions and functions as a flat reflector. The
      assembled diode is encapsulated within backing member 24 and lens system
      26 which are attached to opposite sides of the thin film in a conventional
      manner. The backing member 24 includes a cavity 28 to receive the diode
      assembly. The backing member and lens system may be selected from a wide
      range of plastics and glass materials.
PAR  The second embodiment, FIGS. 3 and 4, differs from the first embodiment in
      that the base lead 20 includes a narrow lead element 30, without the disc
      shaped reflector, and the backing member 32 is a pre-molded semispherical
      reflector consisting of a short cylinder 34, made of epoxy resin loaded
      with MgO powder, with an axial semispherical depression 36 in one end of
      the cylinder. This backing member 32 is cemented over the diode assembly
      in conjunction with a pre-molded lens system 26 which is mounted on the
      side of the film opposite the diode. The MgO powder in the backing member
      pellet will function as a reflector for the back and side emitted light,
      directing it out through the flexible film 10 and the lens system 26.
PAR  The third embodiment, FIGS. 5 and 6, includes a semispherical mirror 38
      formed around the diode assembly. A circular ring 40 is plated or etched
      onto the thin film 10 along with leads 12, 14 and 18. The ring 40
      surrounds the narrow lead 18 which lies along the diameter of the ring. A
      small drop of resin 42 is deposited over the diode assembly and its
      semispherical shape is maintained by the circular ring 40. After the drop
      of resin has been cured, the outer surface of the resin is formed into a
      reflecting surface by molding a cylindrical pellet 44 of MgO loaded resin
      over the semispherical surface. The entire assembly is then fully
      encapsulated in backing member 46 and lensing system 26.
PAR  The subject light emitting diode assemblies are preferably made in
      continuous strips according to any one of the above three embodiments. The
      strip can be cut by conventional means (not shown) in order to mount the
      diode assembly in an associated circuit.
PAR  FIG. 7 shows an exploded perspective view of a display device, such as an
      automotive diagnostic panel, incorporating light emitting diode assemblies
      formed in accordance with the subject invention. The panel 48 has a
      plurality of apertures 50 formed therein. A first level or base circuit 52
      is constructed, for example, from copper laminated stock which is coated
      with photo resist, imaged, developed, etched and plated with solder, by
      conventional means, to form circuitry 54. The base circuit is positioned
      adjacent the rear of the display panel 48 with the circuit contacts
      exposed and with apertures 56 aligned with apertures 50.
PAR  A second level circuitry strip 58 is formed much in the same manner as the
      base level circuit. The second level circuitry may be primarily a
      resistance circuit which is adjustable, to some extent, simply by punching
      holes in the circuit, thereby controlling the intensity of the light
      emitted from the diode. Holes 60 are punched through the second level
      circuitry strip 58 so that when the diode assembly 62 is mounted thereon,
      either the lens or backing element can project therethrough. The terminals
      of the diode assembly 62 and the termination leads of the second level
      circuit 58 are solder plated in much the same way as the base circuit 54.
      The diode assembly 62, second level circuit 58 and base circuit 54 are
      placed together, with the soldered surfaces in register, and heat is
      applied to bond the assembly by solder reflow between the levels. Similar
      bonding can be accomplished through the use of conductive epoxy.
PAR  FIG. 8 shows a detail plan view of associated circuitry for use in
      connection with the subject invention. In this embodiment a fragment of a
      thin film insulator substrate 64, such as Mylar, is shown with a circuit
      formed thereon by printing or etching in a conventional manner. The
      circuit includes leads 66, 68, common bus 70, resistances 72, 74, 76, and
      shunts 78, 80. Two spaced arcuate apertures 82, 84 are punched in the film
      to separate resistance 72 from bus 70 and lead 66 from lead 68. The above
      discussed light emitting diode assembly is formed, according to this
      embodiment, by placing a diode 86 on the narrow lead extension 88 of lead
      68 (with the emitting or p-side towards the film). A base lead 90 is
      placed on the back of the diode and the end 92 of the resistance 72. The
      diode assembly is then bonded together by known means, such as with
      conductive epoxy or solder reflow. The diode assembly is next encapsulated
      between a backing or reflector element and a lens system (neither of which
      is shown) in the same manner as the earlier described embodiments.
PAR  Registration holes 94 are formed in the thin film 64 at regular spaced
      intervals. These holes are preferably punched in the film prior to
      printing the circuitry thereon and are utilized during the entire process
      of forming and incorporating the subject invention into an assembly. The
      registration holes are first used during printing of the circuitry, then
      for punching the holes 82, 84, mounting diode 86, placing back lead 90,
      bonding and encapsulating the assembly.
PAR  The completed diode assembly can be adjusted for illumination intensity by
      energizing the diode and punching out shunts 78 and/or 80 as needed.
PAR  FIG. 9 shows a perspective view of an insulator substrate 96 having a
      plurality of closely spaced conductors 98 printed thereon by conventional
      means. Each conductor 98 terminates in a narrow lead 100 in accordance
      with the present invention. An electronic chip 102, such as a light
      emitting diode, is mounted face down on the free end of each respective
      narrow lead. A single wire 104, such as a gold wire, is placed in common
      across the backs of all of the diodes 102 and the assembly is bonded
      together as previously discussed.
PAR  FIG. 10 relates to utilization of the subject narrow leads on a flexible
      substrate to other types of electronic chips. In this case a plurality of
      closely spaced, parallel, conductors 106 are printed on a thin film
      substrate with narrow leads 108 extending from the ends of the conductors.
      The electronic chip 110 is face down bonded to the leads by means such as
      with conductive epoxys or reflow solder. Each lead is positioned to engage
      a contact point on the chip.
PAR  The present invention has been described with reference to several specific
      embodiments. However, the present invention may be subject to many
      modifications and changes without departing from the spirit or essential
      characteristics of the invention. The embodiments set forth in the
      accompanying drawings and description should therefor be considered as
      being illustrative only.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with an electronic chip having at least one metallic
      bonding pad thereon and associated circuitry for the chip, an improved
      lead frame assembly comprising:
PA1  a thin flexible substrate of insulating material, and
PA1  at least one narrow lead printed on said substrate in alignment with a
      respective pad of said chip, each said lead having a width in the range of
      23% to 35% of the width of said chip.
NUM  2.
PAR  2. The lead according to claim 1 wherein said substrate is a polyimide.
NUM  3.
PAR  3. The lead according to claim 1 wherein said lead is photoimaged on said
      substrate.
NUM  4.
PAR  4. The lead according to claim 1 wherein said lead is etched on said
      substrate.
NUM  5.
PAR  5. The lead according to claim 1 wherein said lead is an integral extension
      of a much wider portion of said associated circuitry printed on said
      substrate.
NUM  6.
PAR  6. The lead according to claim 1 further comprising a plurality of said
      narrow leads in closely spaced parallel array on said substrate.
NUM  7.
PAR  7. The combination according to claim 1 wherein said chip is a light
      emitting diode and said substrate is transparent to the radiation of said
      diode.
NUM  8.
PAR  8. The combination according to claim 1 wherein said chip is an integrated
      circuit having a plurality of metallic bonding pads thereon.
NUM  9.
PAR  9. An improved electronic chip assembly comprising:
PA1  a flexible thin film insulating substrate having formed thereon an
      electrical circuit including at least one narrow lead,
PA1  an electronic chip having at least two metallic bonding pads, said chip
      mounted on said substrate with one of said pads in contact with said lead,
PA1  a backing lead contacting both another pad of said chip and said circuit,
PA1  means bonding said narrow lead and said backing lead to said chip, and
PA1  means encapsulating said assembly.
NUM  10.
PAR  10. The electronic chip assembly according to claim 9 wherein said
      electrical circuit includes at least two resistances and a shunt path
      bridging each said resistance, whereby the conductivity of said chip can
      be adjusted by selectively punching out said shunt paths.
NUM  11.
PAR  11. The electronic chip assembly according to claim 9 wherein said chip is
      a light emitting diode mounted face down with its light emitting side
      against said substrate and said substrate is transparent.
NUM  12.
PAR  12. The electronic chip assembly according to claim 11 wherein said backing
      lead includes an integral flat disc reflector having a diameter in the
      range of 5 to 10 times the chip dimensions, said reflector being
      positioned adjacent said diode.
NUM  13.
PAR  13. The electronic chip assembly according to claim 9 wherein said chip is
      a light emitting diode mounted face down with its light emitting side
      against said substrate, said substrate is transparent and the base lead is
      a narrow element,
PA1  said encapsulating means comprising a backing member formed of a short
      cylinder of epoxy resin loaded with MgO powder with a semispherical axial
      depression formed in one end of said backing member, said backing member
      being bonded to said substrate with said depression forming a reflector
      for said diode, and
PA1  a lens system bonded to the other side of said substrate opposite said
      diode.
NUM  14.
PAR  14. The electronic chip assembly according to claim 9 wherein said chip is
      a light emitting diode mounted face down with its light emitting side
      against said substrate and said substrate is transparent,
PA1  said one lead comprising a circular ring with a narrow lead extending
      diametrically thereacross,
PA1  said encapsulating means including reflector means comprising a
      semispherical, a drop of resin deposited said ring, and
PA1  a pellet of MgO loaded resin molded over said semispherical surface whereby
      a reflecting surface is formed therebetween.
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ABST
PAL  In the embodiment is specifically described a method for irradiating a
      transistor device with radiant rays. The top surface of the semiconductor
      crystal contained in the transistor device is exposed to the radiant rays
      so that the radiated energy impinging upon a preselected part of the base
      region, underneath the emitter electrode, is less than that impinging upon
      the other parts of the base region. Masking and radiant ray absorptive
      material are used to facilitate the process. Thereafter, the device and/or
      crystal is subjected to heat treatment to selectively improve such
      characteristics of the transistor as amplifying and switching
      characteristics to produce transistors suitable to a necessity of
      different applications.
BSUM
PAR  The present invention relates to a process for treatment of a transistor
      and, more particularly, it is directed to a process for irradiating a
      transistor with electron rays to reduce its switching time. It has been
      publicly known that when a semiconductor crystal is irradiated with high
      energy radiant rays such as electron ray, lattice defects are produced in
      the crystal. Such lattice defects act as recombination centers of minority
      carriers, so that the lifetime of the minority carriers is considerably
      reduced. Accordingly, if the transistor is irradiated with the electron
      rays, the lifetime of the base region is considerably reduced, the
      switching time may be reduced, the current amplifying factor is greatly
      decreased, and the collector-emitter saturation voltage is greatly
      increased, so that the transistor becomes unuseable.
PAR  By carrying out a number of experiments, we have found that it is possible
      to reduce the switching time while maintaining the current amplifying
      factor and the collector-emitter saturation voltage at practicable values.
      That is accomplished by irradiating a transistor including its emitter
      electrode made of lead or other radiant ray-absorptive material with
      electron ray from the side of said transistor on which said emitter
      electrode is formed, and then applying heat treatment thereto.
PAR  We consider that such an effect can be obtained for the reasons which will
      now be discussed. As described above, the lifetime of the base region of a
      transistor has close relationships with switching time, the current
      amplifying factor, and the collector-emitter saturation voltage of the
      transistor. More particularly, the lifetime of the part of the base region
      sandwiched between the emitter region and the collector region
      (hereinafter referred to as "localized base region") has an especially
      close relationshop to the current amplifying factor and the
      collector-emitter saturation voltage. Accordingly, when a transistor
      including its emitter electrode made of lead or other radiant ray
      absorptive material is irradiated with electron rays from the side of said
      transistor on which said emitter electrode is positioned, the crystal
      atoms in said localized base region receive only displacing energy of
      subcritical value owing to said region being masked by the emitter
      electrode.
PAR  On the contrary, the other part of the base region, that is, the part which
      is not masked by the emitter electrode (hereinafter referred to as "major
      base region") is subjected to direct irradiation of the electron ray, so
      that the crystal atoms receive displacing energy of supercritical value
      and consequently complete lattice defects are produced. By applying heat
      treatment to the transistor thus irradiated with the electron ray, the
      crystal atoms in the localized base region which has received only
      displacing energy of subcritical value will restore their original proper
      arrangement while the lattice defects in the major base region will not be
      recovered.
PAR  As the result, the lifetime of the localized base region is only slightly
      reduced, while the lifetime of the major base region is sufficiently
      reduced so that it is possible to reduce the switching time, while
      maintaining the current amplifying factor and the collector-emitter
      saturation voltage at their practicable values.
PAR  Accordingly, it is an object of the present invention to reduce the
      switching time of a transistor, while maintaining its current amplifying
      factor and collector-emitter saturation voltage at their practicable
      values.
DRWD
PAR  Still further object of the present invention will be made clear from the
      embodiment which is described hereunder, in which:
PAR  FIG. 1 is a longitudinal cross sectional view of a diffusion type silicon
      transistor illustrating how radiant rays is irradiated;
PAR  FIG. 2 is a diagram showing the relation of recovery ratio of life time of
      minority carriers and temperature of heat treatment in silicon crystal
      which is irradiated with electron rays; and
PAR  FIG. 3 is a diagram showing the various properties resulting from the heat
      treatment of transistor which is irradiated with electron rays.
DETD
PAR  In FIG. 1, transistor device 1 includes n-p-n type silicon crystal 2 which
      is composed of n conductivity type collector region 3, p conductivity type
      base region 4 and n conductivity type emitter region 5. The base region 4
      comprises a localized base region 4a which is sandwiched between the
      emitter region 5 and the collector region 3, and a major base region 4b
      which is situated around said localized base region.
PAR  Collector region 3 is ohmic-contacted with collector electrode 6 of, e.g.,
      molybdenum, base region 4 with base electrode 7 of, e.g., lead-tin alloy,
      emitter region 5 with emitter electrode 8 of about 1 mm thick lead,
      respectively via a nickel plated layer (not illustrated).
PAR  Collector electrode 6 is attached to header 9, base electrode 7 is led out
      of device 1 extending through header 9 by silver wire 10 and base lead 11,
      and emitter electrode 8 is likewise led out by silver wire 12 and emitter
      lead 13.
PAR  Base lead 11 and emitter lead 13 are, respectively, electrically insulated
      from header 9 by resin 15 in the apertures 14. Metal cap 16 hermetically
      seals said silicon crystal 2 together with header 9, and protects said
      silicon crystal 2 from atmospheric moisture, dust and detrimental gases
      and, in the embodiments, an iron cap of 0.3 mm thickness is used.
PAR  An irradiation energy of more than a critical energy Ed determined by the
      atoms composing said crystal lattice is required to displace the crystal
      lattices by irradiation of electron rays to produce lattice defects.
PAR  For example, the minimum irradiation energy Et which is required for
      producing lattice defects by irradiating an electron ray upon silicon
      crystal lattice (critical energy Ed = 13 eV) is derived from the following
      equation:
      ##EQU1##
      wherein: M.sub.1 : rest mass of electron
PA1  M.sub.2 : atomic mass of silicon
PA1  C : light velocity
PAR  From the equation above, it will be seen that, when silicon crystal is
      used, irradiation energy of electron rays of at least about 0.5 MeV is
      required. In view of the above consideration, the transistor 1 is
      irradiated with the electron rays of 1 MeV in the direction of the arrows
      17, that is, from the side of said transistor on which the emitter
      electrode is formed. By the irradiation, the major base region 4b which is
      not masked by the emitter electrode is irradiated with the electron rays
      of about 0.6 MeV under the electron ray absorbing effect due to the iron
      cap 16 only, so that many lattice defects are produced therein.
PAR  On the contrary, almost all of the electron rays directing to the localized
      base region 4a is absorbed by the iron cap 16 and the emitter electrode 8
      consisting of lead, and consequently less lattice defects are produced in
      the localized base region 4a than that prodcued in the major base region
      4b.
PAR  For example, as the materials for the emitter electrode, other than lead
      which was mentioned in said embodiment, copper, iron, gold, platinum or
      tungsten which have relatively large atomic number will be suitable.
PAR  The current amplifying factor of the transistor on which an electron ray
      has been irradiated greatly decreases, and the saturation voltage across
      the collector and emitter thereof becomes too high, thus making the
      transistor non-usable.
PAR  But, in accordance with the present invention, by successive heat treatment
      of said transistor, the current amplifying factor and its saturation
      voltage caused to return to be practicable values.
PAR  In the heat treatment of the present invention, the temperature is
      especially critical.
PAR  The life time of the carriers, which is substantially in inverse proportion
      to the number of lattice defects, recovers as the temperature of treatment
      rises, as shown in FIG. 2. As is clear from said FIG. 2, it recovers
      rapidly at around 220.degree.C, contrary to the features of the present
      invention.
PAR  FIG. 2 shows the recovery ratio of life time of carriers where, after
      irradiating the electron rays upon silicon crystal of resistivity of
      2.OMEGA.-cm diffused with phosphor, said crystal is heated at each
      temperature for 30 minutes. In said FIG. 2, .tau..sub.0 is the life time
      immediately after irradiation, .tau. is the life time at each heat
      treatment temperature, and .tau..sub.0 /.tau. expresses the recovery
      ratio.
PAR  Silicon transistors are is operated around 150.degree.C at the maximum, and
      germanium transistor is operated around 120.degree.C at the maximum.
      Hence, it is desirable that heat treatment is achieved at least at the
      maximum temperatures of operation stated above, and it is most convenient
      to heat treatment of the transistor around that temperature. It is
      practicable to accomplish the heat treatment by means of a heating furnace
      or passing current through the collector-emitter.
PAR  FIG. 3 shows various properties of tested transistors before and after
      irradiation of electron rays and, further, the changes of various
      properties with respect to the treatment period after heat treatment at
      150.degree.C after irradiation. V.sub.CBO means collector-base breakdown
      voltage, hfe means current amplifying factor, VcE (sat) means
      collector-emitter saturation voltage, .tau..sub.C.sub.-B means life time
      of carriers at collector-base junction, .tau..sub.E.sub.-B means life time
      of carriers at emitter-base junction.
PAR  As is clear from the changes shown in FIG. 2, immediately after irradiation
      of electron rays, .tau..sub.C.sub.-B and .tau..sub.E.sub.-B are remarkably
      reduced and hfe is reduced, and VcE (sat) increases so high as 1.0 V, to
      reach an impractical high value. But, by heat treatment after irradiation,
      the various properties are stabilized first rapidly and later gradually.
PAR  After heat treatment for about 70 hrs., hfe is reduced and stabilized at
      37, and VcE at 0.38 V which are practicable values, and .tau..sub.C.sub.-B
      is greatly reduced to 19 .mu.s from 28 .mu.s at the time of
      non-irradiation, and .tau..sub.E.sub.-B to 4 .mu.s from 28 .mu.s at the
      time of non-irradiation, and turn-off time and turn-on time decrease,
      namely, the switching characteristics can be improved also. V.sub.CBO
      remains at about 1000 V showing no change before and after irradiation.
PAR  The present process can, naturally, be applied to crystal itself before
      sealing with resin and/or metal cap.
PAR  As described in reference to the embodiment, it is most practical to apply
      this process to the transistor device after fabrication.
PAR  In the conventional method where a life time killer, such as gold or
      copper, is diffused, there was the disadvantage that the products lacked
      uniformity in switching characteristics and collector-emitter saturation
      voltage.
PAR  However, in accordance with the present invention, a variety of products
      suitable to different applications can be produced from identically
      processed transistor devices and/or crystals thereof regardless of whether
      a life time killer is diffused in the production process. In other words,
      the present invention has advantages in that the products can be
      selectively produced from conventional transistor devices and/or the
      crystal thereof to the suitable amplification use or for switching use by
      adjusting the irradiation according to the inherent characteristics
      thereof.
PAR  The present invention can be applied not only to the diffusion type
      transistor as it has been described above but also to the alloy type
      transistors not described in the embodiment.
PAR  While the invention has been described in terms of a specific embodiment,
      such showing and description is meant to be illustrative only and not
      restrictive, since obviously many changes, modifications and even
      outwardly quite different embodiments of the invention can be made without
      departing from the spirit and scope of the invention as is set forth in
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for imparting desirable characteristics to transistor devices
      of the type having a base region exposed at one surface of said transistor
      and an emitter region positioned at one side of said base region between
      an emitter electrode and a non-exposed, masked portion of said base
      region, said exposed base region being unmasked, and said emitter
      electrode being of electron ray absorptive material, said process
      comprising the steps of, irradiating the transistor device with electron
      rays directed towards said one side of said base region and into said
      exposed portion of said base region but with said emitter electrode
      masking said masked portion of said base region, said electron rays being
      of sufficient energy to produce recombination centers in the unmasked base
      portion while leaving the masked base portion substantially free of
      lattice defects, and thereafter heat treating said transistor device.
NUM  2.
PAR  2. The process described in claim 1 wherein said heat treating is carried
      on within the range between 220.degree. C and the maximum operating
      temperature of the transistor device.
NUM  3.
PAR  3. In a process for treating transistor devices of the type having a base
      region exposed at one surface of said transistor and an emitter region
      positioned at one side of said base region between an emitter electrode
      and a masked portion of said base region, said exposed base region
      non-exposed being unmasked, and said emitter electrode being of electron
      ray absorptive material, the steps of, irradiating the transistor device
      with electron rays directed towards said one side of said base region to
      produce lattice effects selectively in said exposed portion of said base
      region and with said emitter electrode preventing the irradiating of said
      masked portion of said base region, said electron rays being of sufficient
      energy to produce recombination centers in the unmasked base portion while
      leaving the masked base portion substantially free of lattice defects, and
      thereafter heat treating said transistor device at a temperature within
      the range between the maximum operating temperature of the transistor
      device and 220.degree. C.
NUM  4.
PAR  4. A process for imparting desirable characteristics to transistor crystals
      of the type having a base region exposed at one surface of said transistor
      and an emitter region positioned at one side of said base region between
      an emitter electrode and a non-exposed, masked portion of said base
      region, said exposed base region being unmasked, and said emitter
      electrode being of electron ray absorptive material, said process
      comprising the steps of, irradiating a transistor crystal with electron
      rays directed towards said one side of said base region and into said
      exposed portion of said base region but with said emitter electrode
      masking said masked portion of said base region, said electron rays being
      of sufficient energy to produce recombination centers in the unmasked base
      portion while leaving the masked base portion substantially free of
      lattice defects, and heat treating said transistor crystal.
NUM  5.
PAR  5. The process as described in claim 4 which includes the step of placing
      an enclosure around the transistor.
NUM  6.
PAR  6. The process as described in claim 5 in which said heat treating is
      carried on after the transistor has been placed in the enclosure.
NUM  7.
PAR  7. An article of manufacture made by the process of claim 1.
NUM  8.
PAR  8. An article of manufacture made by the process of claim 3.
NUM  9.
PAR  9. An article of manufacture made by the process of claim 4.
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ABST
PAL  A composite video signal recorded in a non-standard encoding format is
      rearranged in a format which can be decoded by standard television
      circuitry. Simplified circuitry utilizing a relatively inexpensive, narrow
      band delay line is provided for separating the luminance and chrominance
      signal components from the non-standard signal. Additional circuitry
      recombines the separated signal components into a desired composite signal
      format. Filters are incorporated for providing attenuation to particular
      frequency regions of the luminance and chrominance signals for effecting a
      relatively uniform frequency response in the resultant composite signal.
BSUM
PAR  This invention relates to video signal processing and more particularly to
      apparatus for transcoding the luminance and chrominance signal components
      of a composite video signal from one format to another.
PAR  In a copending U.S. Application entitled, "COLOR INFORMATION TRANSLATING
      SYSTEMS," in the name of Dalton H. Pritchard, Ser. No. 350,777, now U.S.
      Pat. No. 3,872,498 a color signal encoding format is disclosed wherein a
      chrominance signal component in the form of a modulated subcarrier is
      interlaced in the midband of a wider band luminance signal. An encoded
      video signal of this type, referred to as a buried subcarrier signal, may
      be formed by first comb filtering the luminance signal component at least
      in the area where chrominance signal components are to be inserted. By
      comb filtering this region of the luminance signal, troughs in the signal
      region at frequencies corresponding to odd multiples of one-half the
      horizontal line frequency may be prepared for insertion of an associated
      chrominance signal. Similarly, the chrominance signal components may be
      comb filtered in a manner to form troughs in this signal at frequencies
      that correspond to even multiples of one-half the horizontal line
      frequency. The combed chrominance and luminance signals may then be
      combined to form a composite signal having a chrominance signal component
      interleaved within the passband of the luminance signal component.
PAR  The above-described coded signal format is particularly useful for
      information storage in video disc for reasons delineated in the
      aforementioned Pritchard application. One type of video disc reproducing
      system that employs the buried subcarrier format utilizes apparatus that
      senses the capacitance between a stylus playback device and a disc record
      to reconstruct the video information embossed within the spiral groove on
      the record. In such systems, the video information is recorded in the form
      of geometric variations in the spiral groove on the surface of the record.
      The disc surface may include a conductive material covered with a thin
      coating of dielectric material. A metal electrode associated with the
      stylus playback device cooperates with the conductive material and
      dielectric coating to form a capacitor. Capacitance variations due to the
      signal representative geometrical variations in the spiral groove are
      sensed and decoded to provide a video representative output signal. A
      detailed description of a capacitive video disc system is described in a
      copending U.S. Patent Application, Ser. No. 126,772, now U.S. Pat. No.
      5,842,194 in the name of Jon K. Clemens and entitled, "INFORMATION RECORDS
      AND RECORDING/PLAYBACK SYSTEMS THEREFOR."
PAR  In one arrangement, it may be desirable to interface a video disc player
      with a standard television receiver or a television monitor which utilizes
      standard television circuitry. In either arrangement, it is desirable to
      provide video signal information in a form that may easily be decoded by
      the standard television circuitry. To provide such signals, the buried
      subcarrier signal information that is provided by the video disc player
      may be rearranged into a signal format such as that prescribed by the
      National Television Standards Committee (NTSC). By rearranging the video
      signal into a standard format, signal decoding may be achieved by standard
      television circuitry. Illustratively, an NTSC type of signal may be formed
      from a buried subcarrier signal by removing the chrominance information
      from within the luminance signal passband and translating it in the form
      of sidebands of a relatively low frequency subcarrier to sidebands of a
      subcarrier at a frequency such as 3.58 MHz where it may then be reinserted
      with the luminance signal component. Although the resulting signal does
      not conform precisely to the standards provided by the National Television
      Standards Committee (NTSC), it has sufficiently close characteristics to
      the NTSC type of signal that it may be easily decoded by a standard
      television receiver. A system which provides transcoding of buried
      subcarrier signals into NTSC type of signals is described in a copending
      application in the name of John G. Amery et al. entitled, "SIGNAL
      TRANSLATING APPARATUS", Ser. No. 351,036 now U.S. Pat. No. 3,872,497.
PAR  Signal transcoding systems such as the one described in the
      above-referenced patent application, transcode buried subcarrier type
      signals into NTSC type signals by first forming a comb filtered
      chrominance signal component from the composite buried subcarrier signal.
      The combed chrominance signal component is then subtracted from the
      composite buried subcarrier signal to provide a combed luminance signal
      component substantially free of chrominance signal information. Luminance
      and chrominance signal components are then recombined such that the
      chrominance signal component is about a new subcarrier frequency of, for
      example, 3.58 MHz, and the luminance component about a baseband frequency.
PAR  One problem that arises in systems in which a combed luminance component is
      formed by subtracting a combed chrominance signal component from the
      composite buried subcarrier signal is that undesired phase shifts or
      delays in the associated circuitry through which the combed chrominance
      signals pass, may result in an imprecise phase relation between the
      luminance portion of the composite video signal and the chrominance
      signals. If the phase relation between these two signals is not precise,
      inadequate removal of the chrominance signal from the composite signal
      occurs undesirably leaving a luminance signal component having chrominance
      information therein. Phase shifts and minor delays in the circuitry
      associated with the combed chrominance signal component may be caused by
      component drift. Such component drift may be due to component aging or
      temperature effects. If the components in the path of the combed
      chrominance signal drift sufficiently to effect as much as a 23 nanosecond
      delay, a phase error in the order of 30.degree. may be created. Any phase
      error between the combed chrominance signal and the composite buried
      subcarrier signal may greatly reduce the subtractive attenuation of the
      chrominance signal component from the composite signal. Failure to
      substantially attenuate the chrominance component in the luminance signal
      results in a formation of dots in the displayed image causing a degraded
      picture. In order to eliminate this problem of component drift, it is
      desirable to provide apparatus which derives combed luminance and
      chrominance components without having to subtract one of these components
      from a composite signal to form the other.
PAR  It is further desirable to provide a combed luminance signal component
      which has a relatively flat frequency response over its entire bandwidth.
      In some of the prior art systems, a luminance signal component having a
      relatively flat frequency response was difficult to obtain because of the
      manner in which signals were added and subtracted to form this component.
      Luminance signal components having a nonuniform frequency response over
      their bandwidth may provide an undesirable video response on the
      television monitor. This undesirable response may appear in the resultant
      television image in the form of bright white regions following transitions
      from black towards white. It is therefore desirable to provide a combed
      luminance signal component having a relatively flat frequency response
      over the bandwidth of the luminance signal. It will be appreciated that
      these and other desirable features must be accomplished in a simple and
      economic manner suitable for mass manufacture.
PAR  Thus, in accordance with the present invention, there is provided
      simplified apparatus receptive to a first video signal having a
      chrominance signal component of a particular bandwidth in the form of a
      modulated subcarrier of a first frequency interleaved within a portion of
      the passband of an associated luminance signal component, the apparatus
      being suitable for transcoding the first video signal to a second video
      signal having a luminance signal component and a chrominance signal
      component in the form of a modulated subcarrier at a second frequency. The
      apparatus includes means for receiving a first video signal. Means are
      provided for frequency translating the constituent frequency portions of
      the first video signal to frequencies equal to the sum and difference of
      these constituent frequency portions and a third frequency such that a
      portion of the translated signal has a chrominance subcarrier at a
      frequency corresponding to the above-mentioned second frequency. Filter
      means are coupled to the translating means for providing attenuation to
      the frequency translated signals about a frequency corresponding to the
      sum of the above-mentioned first and third frequencies. Delay means are
      further coupled to the translating means for providing a predetermined
      delay to signals passing therethrough. A luminance signal component that
      is substantially free of chrominance signals is formed from the first
      video signal by means tthat are responsive to signals provided by the
      filter means and the delay means. A chrominance signal component that is
      substantially free of luminance signals is formed from the first video
      signal by a second means that is responsive to signals provided by the
      frequency translating means and the delay means. Detecting means are
      coupled to the output of the first means for demodulating signals provided
      thereto. Signals provided by the detecting means and the second means are
      combined by means for forming a video output signal. The video output
      signal is a composite video signal having a luminance component and
      chrominance modulated subcarrier at the above-mentioned second frequency.
DRWD
PAR  A complete understanding of the invention can be obtained from the
      following description when taken in conjunction with the accompanying
      drawings of which:
PAR  FIG. 1 is a partial block and schematic drawing of a video disc player and
      transcoding circuitry embodying the invention; and
PAR  FIGS. 2a - 2e illustrate passband characteristics of the apparatus in FIG.
      1. A cross-hatched region accompanying each of the above passband figures
      represents the area in which luminance and chrominance signal components
      overlap.
DETD
PAR  In the apparatus illustrated in FIG. 1, a video disc player 10 having a
      signal pickup arm 12 is arranged for sensing signal information on an
      associated video disc 14. Signal processing circuitry 16 receives signals
      from player 10 and provides a composite video signal to modulator 18. The
      composite video signal provided by processing circuitry 16 has a baseband
      luminance component and an interleaved chrominance component in the form
      of sidebands of a modulated subcarrier at a frequency of about 1.53 MHz. A
      voltage controlled oscillator (VCO) 20 having a nominal frequency of 5.11
      MHz is further coupled to modulator 18 and provides a signal with which
      the composite video is mixed. Modulator 18 may be of a singly balanced
      type for which the video input portion is balanced. By utilizing a
      balanced type of modulator, the baseband video modulating component is
      substantially eliminated from the modulator output signal. VCO 20 is
      further arranged to drive modulator 18 in a chopping mode. A chopping mode
      modulator is desirable for reducing intermodulation products between the
      chrominance carrier and the VCO signal to an acceptable level. Signals
      provided by modulator 18 are coupled through low-pass filter 22. Filter 22
      is arranged to pass the first modulation product signal provided by
      modulator 18 and attenuate all other signals of greater frequency. An
      amplifier 24 receives signals from low-pass filter 22 and provides a gain
      to these signals. Signals provided by amplifier 24 are coupled to bandpass
      filter 26. Filter 26 has a passband centered about 3.58 MHz which
      coincides with the location of the chrominance subcarrier of the applied
      signal. Burst gate 28, in response to horizontal synchronization signals
      provided by video processing circuit 16, gates the burst reference signal
      component provided by signals passing through bandpass filter 26. Signals
      provided by gate 28 are coupled to phase detector 30 where they are
      compared in phase to signals provided by a 3.58 MHz crystal oscillator 32.
      The phase detected error signal provided at the output of phase detector
      30 is coupled to a low-pass filter 34 in order to pass only the difference
      signal between that provided by burst gate 28 and oscillator 32. Signals
      provided by filter 34 are coupled to VCO 20 and operate to control the
      output frequency of this voltage controlled oscillator.
PAR  Signals provided by amplifier 24 are further coupled to a band reject
      (notch) filter 36. Filter 36 provides attenuation to those signals
      centered about a frequency of 6.64 MHz and is comprised of the parallel
      combination of inductor 38 and capacitor 40. A delay network comprised of
      the combination of inductor 42, capacitor 44 and resistor 45 is coupled to
      the output of filter 36. Signals provided by filter 36 that have been
      delayed by the latter delay network are coupled through a summing resistor
      46 to an input of summation amplifier 48.
PAR  A delay line 58 receives signals from amplifier 24 through a resistor 50
      and provides a delay to these signals of about 63.5 microseconds. An
      inductor 60 is coupled across the input terminals of delay line 58 for
      providing proper input impedance matching. Similarly, the parallel
      combination of inductor 62 and resistor 63 is coupled across the output
      terminals of delay line 58 for matching the output impedance of this line.
      A buffer amplifier 65 receives signals provided by delay line 58 through a
      resistor 67. Signals provided by amplifier 65 are coupled through a
      resistor 69 to an input terminal of a difference amplifier 70. A second
      input terminal of difference amplifier 70 receives signals provided by
      amplifier 24 through a resistor 72. Signals provided by buffer amplifier
      65 are further coupled to a summation amplifier 48 through a second band
      reject filter 74 comprised of the parallel combination of capacitor 78 and
      inductor 76 in shunt with the resistance provided by resistor 68. Filter
      74 provides attenuation of signals about a frequency of 5.11 MHz and forms
      a desired frequency response characteristic to the delayed signals
      provided to summation amplifier 48.
PAR  An envelope detector 89 is coupled to an output terminal of amplifier 48
      through a capacitor 88. Detector 89 is comprised of a transformer 90
      arranged in a full wave detector configuration with a pair of commonly
      connected diodes 92 and 94 coupled between the output terminals of
      transformer 90. Detected signals provided at the common connection of
      diodes 92 and 94 are coupled to a low-pass filter comprised of a series
      inductor 98 in .pi. configuration with capacitors 100 and 102. The output
      of detector 89 is coupled to a delay line 104. A resistor 108 is coupled
      across the output terminals of delay line 104 to provide impedance
      matching for this line. Signals provided at the output of delay line 104
      are coupled through a capacitor 106 to a de-emphasis circuit 110.
      De-emphasis circuit 110 is comprised of a series resistor 112 coupled in
      shunt with a capacitor 116. An adding resistor 118 couples signals from
      de-emphasis circuit 110 to an input terminal on an output amplifier 82.
      Amplifier 82 further receives signals provided by difference amplifier 70
      and combines these signals with those provided through resistor 118.
PAR  A bandpass filter 80 is interposed between difference amplifier 70 and
      output amplifier 82. Filter 80 is comprised of a transformer 86 having a
      tunable primary winding in resonance with a shunt capacitor 87 and a
      tunable secondary winding in resonance with a capacitor 50 and a resistor
      52. A series RC coupling network comprised of resistor 84 and capacitor 54
      is coupled between filter 80 and amplifier 82.
PAR  Output signals from amplifier 82 are coupled to a modulator 120 wherein an
      RF carrier corresponding to at least one television channel frequency is
      modulated. The modulated RF signal from modulator 120 is thereafter
      coupled to a television receiver 122 for reproduction of the information
      derived from player 10.
PAR  In the operation of the above-described circuitry, signals embossed on
      video disc 14 are decoded with the aid of pickup arm 12 and video
      processing circuit 16. Signals provided by processing circuit 16 are in a
      buried subcarrier. format. The buried subcarrier format includes a
      wide-band luminance component having a bandwidth of about 3 MHz and a
      narrow-band chrominance component of about .4 MHz in the form of sidebands
      of a modulated suppressed subcarrier at 1.53 MHz. FIG. 2a illustrates the
      passband characteristic at the output terminal of circuit 16 and indicates
      by a cross-hatch area of the region occupied by both luminance and
      chrominance components. The chrominance signal component is similar to its
      NTSC counterpart in that it is comprised of the sum of respective
      quadrature related subcarrier phases respectively amplitude modulated with
      red and blue color difference signals (R-Y, B-Y). The buried subcarrier
      signal is further comprised of reference burst oscillations during the
      horizontal blanking interval at the buried subcarrier frequency (1.53
      MHz). The reference burst corresponds to a standard NTSC color
      synchronizing component in all but frequency and number of cycles.
PAR  In the aforesaid Pritchard application, it is noted that in video disc
      playback operations one may encounter for a variety of reasons undesired
      variations of the speed of relative motion between the pickup stylus and
      the record groove that may result in spurious variations of the recovered
      signal frequencies. Thus, the recovered buried subcarrier signal may be
      subject to jitter about their otherwise expected locations in the
      frequency spectrum.
PAR  Jitter of the video signal provided by processing circuit 16 is desirably
      stabilized in order to accurately separate the interleaved luminance and
      chrominance signal components. To reduce the amount of signal jitter, a
      mechanical arm stretcher may be employed. One type of mechanical arm
      stretcher physically repositions the stylus of the signal pickup arm along
      the information groove of the record in synchronism with the jitter in the
      recovered signal. An arm stretcher is described in U.S. Pat. No.
      3,711,641, entitled "VELOCITY ADJUSTING SYSTEM", by R. C. Palmer assigned
      to RCA Corporation. Though effective in reducing signal jitter, an arm
      stretcher may not provide sufficient signal stability for accurately
      separating the interleaved luminance and chrominance signal components of
      the video signal. To ameliorate the problem of signal stability, the video
      signal provided by circuit 16 is heterodyned in modulator 18 by the 5.11
      MHz VCO which is caused to jitter in consonance with the jitter of a
      particular component in the video signal. The particular signal component
      to which the entire video signal is stabilized is the color reference
      burst signal. Hence, at least the resultant translated chrominance signal
      component (about a jittering 5.11 MHz carrier) becomes substantially
      jitter free. Signals provided by modulator 18 are passed through a
      low-pass filter 22 and an amplifier 24. Filter 22 has a passband of about
      8 MHz which allows passage of the frequency translated video signal. A
      representation of the frequency response characteristics at the output
      terminal of filter 22 is illustrated in FIG. 2b.
PAR  The translated video signal has upper and lower sideband components, each
      of which contains luminance signal components with associated interleaved
      chrominance signal components. In the lower sideband portion of the
      translated video signal, the chrominance subcarrier burst signal which
      appeared in the baseband signal at 1.53 MHz is translated in frequency by
      the 5.11 MHz carrier signal to 3.58 MHz (see cross-hatched region of FIG.
      2b). By phase detecting this translated subcarrier signal and comparing it
      to a signal provided by a reference oscillator, an error signal
      representing signal jitter may be generated to control the 5.11 MHz VCO.
      To form an appropriate error signal, a bandpass filter 26 having a center
      frequency of 3.58 MHz is employed to pass the translated subcarrier burst
      signal to a burst gate 28. Burst gate 28 gates the translated subcarrier
      signals in response to horizontal sync signals provided by processing
      circuit 16, and passes these gated signals to a phase detector 30. Phase
      detector 30 compares the reference burst signal to a 3.58 MHz crystal
      oscillator 32 and produces signals corresponding to the sum and difference
      of the two compared signals. A low-pass filter 34 passes only the
      difference signals (error signals) provided by detector 30 to VCO 20 which
      correspondingly shifts in output frequency to delete these error signals.
      The jittered 5.11 MHz output signal of VCO 20 mixes with composite video
      signals in modulator 18 to form a translated video signal about a
      nominally 5.11 MHz carrier.
PAR  Frequency translated signals provided at the output of amplifier 24 are
      coupled through one path containing band reject filter 36 and another path
      containing a delay line 58. Signals passing through filter 36 are
      attenuated about a frequency of 6.64 MHz. The 6.64 MHz frequency
      corresponds to the location of the chrominance subcarrier component
      associated with the upper sideband of the frequency translated video
      signal. The necessity of attenuating the chrominance signal component on
      the upper sideband will become clear later on in this specification with
      reference to forming a luminance signal component.
PAR  Signals provided to delay line 58 are delayed by about 63.5 microseconds
      (the time for one horizontal scan line -- 1H) and band limited by this
      delay line to a 3db bandwidth of about 2.8 MHz to 5.5 MHz. The frequency
      response characteristic at the output terminal of delay line 58 is
      illustrated in FIG. 2d. It will be appreciated that a delay line having a
      relatively narrow passband, such as delay line 58, may be considerably
      more economical to purchase then the broad bandwidth counterpart used in
      other transcoding systems.
PAR  Signals provided at the output of delay line 58 have chrominance components
      that are substantially 180.degree. out-of-phase with the chrominance
      components of the nondelayed signals provided by amplifier 24 and
      luminance components that are substantially in-phase with the nondelayed
      signals. These delayed video signals, having associated phase shifted
      chrominance components, may be utilized to extract the luminance and
      chrominance signal components from the nondelayed composite video signal.
PAR  In the formation of a luminance signal component, the delayed signals
      provided at the output of delay line 58 are passed through a band reject
      filter 74. Band reject filter 74 is a notch filter centered at a frequency
      of about 5.11 MHz. Filter 74 effectively attenuates frequencies in the
      area of 5.11 MHz so that signals provided thereby correspond to
      substantially only the lower sideband of the frequency translated
      composite video signal, i.e., 2.8 MHz to 5.11 MHz. FIG. 2e illustrates the
      passband response at the output terminal of filter 74. Delayed signals
      provided at the output of filter 74 add at the summing junction of
      resistors 46 and 68 with the nondelayed signals that have passed through
      filter 36. When the delayed and nondelayed signals are added, the in-phase
      components (luminance components) add and the out-of-phase components
      (chrominance components) cancel. Since the chrominance portion of the
      delayed signal (signals occupied by the cross-hatched region of FIG. 2e)
      is mainly available in the lower sideband of this signal, cancellation of
      the chrominance component in the nondelayed signal occurs mainly in the
      corresponding lower sideband region. The chrominance component in the
      upper sideband region of the nondelayed signal is attenuated by notch
      filter 36 which has a center frequency at 6.64 MHz. FIG. 2c illustrates
      the passband characteristics present at the output terminal of filter 36.
      Hence, the resultant signals provided at the output of amplifier 48 are
      substantially free of chrominance signal components.
PAR  Vertical detail in the recorded image is produced by signals occupying
      about the first 400 KHz of the baseband video signal. These vertical
      detail signals have similar phase characteristics to the chrominance
      components and therefore reverse in phase when passed through the 1H delay
      line 58. To avoid cancellation of the vertical detail signals at the
      summing junction of resistors 46 and 68, filter 74 is employed. Filter 74
      has a center frequency at 5.11 MHz and a 3db point corresponding to a
      desired vertical detail bandwidth, i.e., 400 KHz from center frequency.
      The vertical detail bandwidth is illustrated in FIG. 2e by the letter f.
      By filtering the delayed signal about the region of desired vertical
      detail, cancellation of the vertical detail in the nondelayed signal (at
      the summing junction of resistors 46 and 68) is avoided. The 3db point of
      filter 36 is adjusted in a corresponding manner to that of filter 74 for
      providing a desired passband of vertical detail signals on each side of
      the 5.11 MHz carrier (see bandwidth f in FIG. 2c).
PAR  Amplifier 48 amplifies the signals summed at its input terminal and couples
      these signals to a detector 86. Detector 86 is arranged in a full wave
      configuration for sampling both positive and negative peaks of the applied
      signal. This method of detection allows sampling of the video information
      at substantially twice the carrier frequency, i.e., 10.22 MHz. A low-pass
      filter comprised of capacitors 100, 102 and inductor 98 has a roll-off
      frequency of about 4 MHz and operates to attenuate the 10.22 MHz sampling
      frequency after signal detection. The resultant signal produced at the
      output of detector 86 is a baseband luminance signal component
      substantially free of chrominance signal components.
PAR  A chrominance signal component substantially free of luminance signal
      components is formed in a similar manner to the formation of the luminance
      signal component. Signals provided by delay line 58 are subtracted from
      the nondelayed video signals provided to the input of amplifier 70. By
      subtracting the delayed signal provided by delay line 58 from the
      nondelayed composite signal provided by amplifier 24, luminance signal
      components in the lower sideband portion of the nondelayed signal cancel
      while the chrominance signal components in the lower sideband add. In
      order to provide an output signal that is substantially only chrominance
      signal components, it is desirable to attenuate the luminance components
      in the resultant signal that were not cancelled in the subtraction
      process. To provide attenuation to the noncancelled luminance components,
      a bandpass filter 80 having a passband of 3 to 4 MHz is utilized. Signals
      provided at the output of bandpass filter 80 are substantially only
      chrominance signal components having a desired subcarrier frequency of
      3.58 MHz. An NTSC type of video signal may now be formed by combining the
      detected luminance signal component (output signal of detector 89) with
      the chrominance signal component derived from filter 80. In order to
      combine the luminance and chrominance components in proper phase
      relationship, a delay line 104 is incorporated. Delay line 104 is coupled
      to the output of detector 89 and operates to provide a desired delay to
      the luminance signal component. A de-emphasis circuit 110 is further
      arranged in the path of the luminance signal component to compensate for
      the pre-emphasis placed on this signal during the recording process.
      Signals provided at the output of de-emphasis circuit 110 are added to the
      chrominance signal components by a summation amplifier 82. Luminance and
      chrominance signal components combined in amplifier 82 form a composite
      video signal having a relatively uniform frequency response. The
      relatively uniform frequency response of the composite signal is due to
      the characteristics of the delayed and nondelayed signals.
PAR  Illustratively, the baseband luminance signal component is formed by the
      addition of the delayed and nondelayed signals that have passed
      respectively through filters 74 and 36 and thereafter, in combination,
      have passed through detector 86. The passband characteristic that the
      delayed and nondelayed signals have been subjected to is illustrated
      respectively in FIGS. 2e and 2c. For purposes of the following example, it
      will be assumed that the translated video signal provided by amplifier 24
      has a uniform signal energy over the frequency range of 2 to 8 MHz. Thus,
      signals provided at the output of filter 36 have a frequency spectrum that
      is substantially as shown in FIG. 2c. If this signal alone is passed
      through detector 86, the resultant detected signal will be uniform except
      for a 6db depression in the region about 1.53 MHz. This depression is
      caused by the absence of signal energy in the corresponding upper sideband
      region about 6.64 MHz. By adding the signal provided by filter 74, which
      corresponds in shape to that shown in FIG. 2e, to the signal provided by
      filter 36, the above-noted 6db depression is effectively removed. The
      resultant luminance signal component is thereby formed with a relatively
      uniform frequency response.
PAR  The composite video signals produced at the output of amplifier 82 are
      coupled to a modulator 120 which is arranged to provide an output signal
      corresponding in frequency to at least one standard television channel.
      Hence, signals provided by a video disc and in the form of a buried
      subcarrier format may be transcoded to a format similar to NTSC type of
      video signals and provided at an RF carrier frequency to a standard
      television receiver.
CLMS
STM  What is claimed is:  pg,20
NUM  1.
PAR  1. In a system receptive to a first composite video signal having a nominal
      line frequency and including a luminance signal component occupying a
      given band of frequencies and a chrominance signal component interleaved
      therewith within only a portion of said given band, said chrominance
      component being in the form of sidebands of a subcarrier at a first
      frequency; apparatus for transcoding said first composite video signal to
      a second composite video signal having a chrominance signal component in
      the form of sidebands of a subcarrier at a second frequency comprising:
PA1  means for receiving said first composite video signal;
PA1  means for frequency translating the constituent frequency portions of said
      first composite video signal such that a portion of said translated signal
      has a chrominance subcarrier at a frequency corresponding to said second
      frequency, said frequency translating means comprising means for amplitude
      modulating oscillations of a third frequency in accordance with the output
      of said receiving means;
PA1  band rejection filter means coupled to said translating means for providing
      attenuation to said frequency translated signal about a frequency
      corresponding to the sum of said first and third frequencies;
PA1  delay means coupled to said translating means for providing a predetermined
      delay, substantially corresponding to a period at said nominal line
      frequency, to signals passing therethrough, said delay means having a
      passband of lesser bandwidth than said luminance signal component but of
      greater bandwidth than said chrominance signal component and encompassing
      said second frequency;
PA1  first comb filter means responsive to signals provided by said band
      rejection filter means and said delay means for forming a luminance signal
      component that is substantially free of chrominance signals;
PA1  second comb filter means responsive to signals provided by said frequency
      translating means and said delay means for forming a frequency translated
      chrominance signal component that is substantially free of luminance
      signals; and
PA1  means for combining signals formed by the respective first and second comb
      filter means for providing said second composite video signal.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said band rejection filter means
      is a notch filter providing maximum attenuation at said frequency
      corresponding to the sum of said first and third frequencies.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said first comb filter means
      includes a summing amplifier arranged for combining signals provided by
      said band rejection filter means and said delay means.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said second comb filter means
      includes means for placing said delayed signal in inverted relationship
      with said translated signal; and
PA1  a summing amplifier arranged for receiving said translated signal and said
      inverted signal.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said first comb filter means also
      includes a detecting means responsive to the output of said first-named
      summing amplifier for translating signals provided by said first-named
      summing amplifier to a baseband.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein further band rejection filter
      means are interposed between said delay means and said first comb filter
      means for providing attenuation to signals about said third frequency.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said first-named band rejection
      filter means is a notch filter having a band reject characteristic with a
      particular amount of attenuation at a frequency spaced above said third
      frequency by a predetermined amount of frequency separation; and
PA1  said further band rejection filter means is a notch filter having a band
      reject characteristic with said particular amount of attenuation at a
      frequency spaced below said third frequency by substantially said
      predetermined amount of frequency separation.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said predetermined amount of
      frequency separation is substantially 400 kilohertz and said particular
      amount of attenuation is 3 decibels.
NUM  9.
PAR  9. Color television signal processing apparatus comprising:
PA1  means for receiving composite video signals having a luminance signal of
      relatively broad bandwidth and a chrominance signal of relatively narrow
      bandwidth having components interleaved with components of said luminance
      signal in a given frequency band;
PA1  means for heterodyning said received composite video signals with
      oscillations of a first frequency to form a second signal comprising a
      carrier component at said first frequency and video modulated upper and
      lower sidebands thereof;
PA1  a delay means coupled to said heterodyning means for providing a
      predetermined delay to said second signal, said predetermined delay
      substantially corresponding to a period at the line frequency of said
      composite video signals;
PA1  means for forming a chrominance signal occupying a frequency band shifted
      from said given frequency band and substantially free of luminance signal
      components; said forming means comprising a first comb filter including
      means for combining the outputs of said heterodyning means and said delay
      means;
PA1  a first filter means coupled to said heterodyning means for attenuating
      components of said second signal having frequencies falling within the
      boundaries of the region in said upper sideband occupied by interleaved
      chrominance signal components relative to components of said second signal
      having frequencies falling in said lower sideband, at said first
      frequency, and in other regions of said upper sideband;
PA1  a second filter means coupled to said delay means for providing attenuation
      to signal components of frequencies falling in a relatively narrow region
      of said sidebands centered about said first frequency;
PA1  means for providing a luminance signal substantially free of chrominance
      signal components; said providing means comprising a second comb filter
      including means for combining the outputs of said first and second filter
      means, and a detector responsive to the output of said second comb filter;
PA1  means for combining the outputs of said first comb filter and said detector
      to form output composite video signals having luminance and chrominance
      signal components in a frequency spaced relationship substantially without
      frequency overlap.
NUM  10.
PAR  10. Apparatus in accordance with claim 9 wherein said delay means passes
      the carrier component of said second signal, and at least a major portion
      of said lower sideband contiguous with said first frequency, to the
      relative exclusion of said upper sideband.
NUM  11.
PAR  11. In a video disc player including pickup apparatus for recovering
      composite video signals from a rotating video disc record, said composite
      video signals comprising a wideband luminance signal occupying a given
      band of frequencies, and a chrominance signal having components
      interleaved with components of said luminance signal within only an
      intermediate portion of said given band, said chrominance signal
      comprising sidebands of a color subcarrier having a first frequency value
      when a desired speed of relative motion is established between said pickup
      apparatus and said record; transcoding apparatus comprising, in
      combination:
PA1  a source of oscillations having a second frequency value when said desired
      speed of relative motion is established;
PA1  modulating means responsive to oscillations from said source and to
      composite video signal recovered by said pickup apparatus for developing
      amplitude modulated carrier waves comprising a carrier wave component at
      the frequency of the oscillations from said source, an upper sideband
      including a frequency translated chrominance signal occupying an
      intermediate portion thereof, and a lower sideband including a frequency
      translated chrominance signal occupying an intermediate portion thereof;
PA1  a 1H delay line having a passband encompassing substantially only the
      frequencies of said carrier wave component, said intermediate portion of
      said lower sideband, and the intervening portion of said lower sideband;
      said delay line having an input coupled to receive modulated carrier waves
      developed by said modulating means, and an output at which delayed signals
      are provided,
PA1  first comb filter means, including (a) means for combining modulated
      carrier waves developed by said modulating means with delayed signals
      provided at the output of said 1H delay line, and (b) a band pass filter
      responsive to the output of said combining means, and having a passband
      substantially confined to said intermediate portion of said lower
      sideband, for developing a frequency translated chrominance signal output
      substantially free of luminance signal components, and comprising
      sidebands of a color subcarrier falling at a third frequency corresponding
      to the difference in frequency between said first and second frequency
      values;
PA1  a first band rejection filter responsive to the modulated carrier wave
      signals developed by said modulating means and having a rejection band
      encompassing the frequencies of said intermediate portion of said upper
      sideband;
PA1  a second band rejection filter responsive to the delayed signals provided
      at the output of said delay line and having a rejection band encompassing
      the frequencies of said carrier wave component and a contiguous segment of
      said intervening portion of said lower sideband;
PA1  second comb filter means, including (1) means for combining signals passed
      by said first and second band rejection filters, (2) amplitude modulation
      detecting means responsive to the output of said last-named signal
      combining means, and (3) low pass filter means responsive to the output of
      said detecting means and having a passband encompassing said given band of
      frequencies, for developing a luminance signal output substantially free
      of chrominance signal components; and
PA1  adding means responsive to the outputs of said first and second comb filter
      means for forming a transcoded composite video signal output.
NUM  12.
PAR  12. Apparatus in accordance with claim 11 also including means, responsive
      to departures from said first frequency value of the color subcarrier
      frequency of the composite video signals recovered by said pickup
      apparatus, for causing consonant departures from said second frequency
      value of the frequency of the oscillations from said source in such a
      sense as to maintain the color subcarrier frequency of said transcoded
      composite video signal output substantially constant at said third
      frequency value.
NUM  13.
PAR  13. Apparatus in accordance with claim 12 wherein said rejection band of
      said first band rejection filter extends below said intermediate portion
      of said upper sideband, and wherein the characteristics of said first and
      second band rejection filters are so related that a lower sideband
      frequency at which said second band rejection filter provides signal
      attenuation of three decibels magnitude is spaced from said second
      frequency value by the same frequency difference as an upper sideband
      frequency at which said first band rejection filter provides signal
      attenuation of three decibels magnitude.
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ABST
PAL  A signal processing system for obtaining a continuous signal, phase locked
      to a signal subjected to timing variations. The continuous signal phase
      locked to a signal subjected to timing variations is obtained from a
      variable oscillator, whose oscillation is controlled according to an error
      signal produced from a phase comparator in accordance with the phase
      difference between the signal subjected to timing variations and a
      higher-frequency signal produced from the output of said variable
      oscillator in the presence of a fixed oscillator.
PARN
PAR  This is a continuation of application Ser. No. 163,272, filed July 16,
      1971, now abandoned.
BSUM
PAR  This invention relates to signal processing systems.
PAR  It is well known in the art that, to demodulate a signal including as
      frequency components a luminance signal and a quadrature modulated color
      signal, such as the NTSC and PAL composite color television signals into
      the original color signals, as is usually employed in color television
      receivers, a continuous signal locked in frequency and phase to the color
      burst intermittently transmitted as the color reference signal for
      successive horizontal scan periods, is produced. Well known circuits for
      obtaining a continuous signal from the color burst include APC and ringing
      oscillator circuits. In color television receivers, these circuits use
      crystal oscillators. Thus, their temperature stability is superior.
      However, their pull-in range is extremely narrow, of the order of about
      .+-. 0.02 percent at the most.
PAR  When the composite color television signal as noted above is recorded and
      reproduced by a recording and reproducing system such as a simple video
      tape recorder, the reproduced signal is usually subjected to timing
      variations of the order of about 1 percent pp. If such reproduced signal
      is coupled to the APC circuit (or ringing oscillator circuit) in color
      television receivers, and a phase locked continuous signal cannot be
      obtained since the timing variation far exceeds the pull-in range.
      Therefore, correct color signals cannot be recovered by demodulation.
PAR  Accordingly, in the recording and reproduction of the composite color
      television signal with a simple video tape recorder, it is usual to remove
      the timing variation or jitter component introduced into the reproduced
      modulated color signal. In a well-known method of removing the jitter
      component in the modulated color signal, a continuous signal different in
      frequency but having the same amount of timing variation as in the
      reproduced modulated color signal is produced and which is heterodyned
      with the modulated color signal to thereby obtain the jitter-free
      modulated color signal. In one well-known method of obtaining a continuous
      signal having the same amount of timing variation as in the reproduced
      modulated color signal, the color burst extracted from the reproduced
      modulated color signal is used to produce a continuous signal phase locked
      to the extracted color burst in an APC circuit. Unlike the APC circuit in
      color television receivers, the APC circuit in simple video tape recorders
      usually employs a Hartley or Colpitts type LC oscillator. In this case, an
      APC pull-in range of up to 15 KHz (horizontal sync frequency), which is
      nearly the theoretical maximum range, may be achieved.
PAR  However, in APC circuits using LC oscillators, unlike those using crystal
      oscillators, the drift of the center frequency of the variable oscillator
      due to ambient temperature variations is very great, so that the APC
      pull-in range is practically reduced. Thus, the operation of these APC
      circuits is very unstable.
PAR  The primary object of the invention is to overcome the above drawbacks by
      the provision of an improved APC circuit, which has a broad pull-in range
      and whose temperature stability is excellent.
PAR  Another object of the invention is to provide a system for stably and
      precisely removing the timing variation component introduced into the
      modulated color signal in composite color television signals recorded and
      reproduced with simple video tape recorders.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following description in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram showing a typical prior-art APC circuit;
PAR  FIGS. 2, 3 and 4 are block diagrams showing prior-art examples of the
      circuit for removing the jitter component introduced into the modulated
      color signal;
PAR  FIG. 5 is a block diagram showing the fundamental circuit construction
      according to the invention;
PAR  FIGS. 6 and 7 are block diagrams showing examples of the application of the
      circuit of FIG. 5 to the circuit for removing the jitter component
      introduced into the modulated color signal recorded and reproduced with a
      color video tape recorder;
PAR  FIG. 8 is a block diagram showing the circuit according to the invention
      applied to a modulated color signal lower-frequency conversion system,
      which is one of the color television signal recording and reproducing
      systems; and
PAR  FIG. 9 is a circuit diagram, partly in block form, showing a detailed
      circuit construction of the part within the dashed loop in FIG. 8.
DETD
PAR  FIG. 1 shows the usual APC circuit. The burst signal is coupled to a
      terminal 1. A phase comparator 2 compares the phase of the burst signal
      and the phase of the output of a variable oscillator 3, and provides a
      phase error signal, which is fed to a hold circuit 4 to control the phase
      of oscillation of the variable oscillator 3 so that the oscillator 3
      produces a continuous signal locked in phase to the burst signal. The
      continuous signal appears at an output terminal 5.
PAR  The variable oscillator 3 is usually a crystal oscillator in a color
      television receiver. In color video tape recorders, it is constructed by
      combining an LC oscillator and a variable capacitor.
PAR  FIGS. 2 and 3 show prior-art examples of the application of the above APC
      circuit to color video tape recorders. In these examples, a reproduced
      modulated color signal at frequency f.sub.1 + .DELTA.f (.DELTA.f being
      jitter or timing variation) is converted into a 3.58-MHz modulated color
      signal free from jitter component.
PAR  In FIG. 2, reference numeral 6 designates a terminal to which the
      reproduced modulated color signal at frequency f.sub.1 + .DELTA.f is
      coupled, numeral 7 a burst gate, numeral 8 a 3.58-MHz crystal oscillator,
      numeral 9 a frequency converter to convert the burst frequency into a
      frequency 3.58 MHz + f.sub.1 + .DELTA.F. Numeral 12 designates a variable
      oscillator of center frequency 3.58 MHz + f.sub.1. Numeral 10 designates a
      phase comparator comparing the phase of the oscillation of the variable
      oscillator 12 and the phase of the output of the frequency converter 9 and
      providing a phase error signal, which is fed to a hold circuit 11 to
      control the variable oscillator 12 so as to obtain a continuous signal
      synchronized to the input burst phase. The continuous signal thus obtained
      is coupled to a frequency converter 13, which also receives the reproduced
      modulated color signal input and produces the 3.58-MHz modulation color
      signal free from jitter component appearing at an output terminal 14.
PAR  In FIG. 3, reference numeral 15 designates a terminal to which a modulated
      color signal at a center frequency of f.sub.1 and including jitter or
      timing variation .DELTA.f is fed. The modulated color signal input is
      coupled to a frequency converter 16, which also receives a cntinuous
      output of frequency of 3.58 MHz + f.sub.1 + .DELTA.f produced from a
      variable oscillator 17 and produces a 3.58-MHz difference frequency
      output. Numeral 18 designates a burst gate, numeral 19 a phase comparator
      comparing the phase of the oscillation of a 3.58-MHz crystal oscillator
      with that of the extracted burst signal to produce an error signal, which
      is fed to a hold circuit 21 to control the oscillating frequency and phase
      of the variable oscillator 17. The frequency-converted modulated color
      signal free from jitter component is taken out from an output terminal 22.
PAR  In the above examples of FIGS. 2 and 3, the variable oscillator is usually
      constructed by using an LC oscillator and a variable capacitor as the
      variable reactance element. Considering the fluctuations introduced in the
      manufacture of such variable oscillators, the temperature stability
      obtainable is no better than about 3 .times. 10.sup.-.sup.3 times the
      center frequency over an ambient temperature range between 0.degree.C and
      60.degree.C. Therefore, if f.sub.1 .apprxeq. 700 kHz, the drift of the
      center frequency, 3.58 MHz + f.sub.1, due to ambient temperature variation
      is about
EQU  4.3 MHz .times. 3 .times. 10.sup.-.sup.3 .apprxeq. 13 kHz.
PAL  This order of the center frequency drift is extremely large compared to the
      theoretical synchronizing pull-in range of the usual APC circuit, which is
      about .+-. 7.5 kHz (15 kHz). The drift of the center frequency of the
      variable oscillator has the same undesirable effects as the variation of
      the burst frequency has. Thus, the temperature stability of the
      conventional circuits as shown in FIGS. 2 and 3 is very inferior.
PAR  To improve the temperature stability of the circuit dealing with the color
      signal, it has been proposed to reduce the center frequency of the
      variable oscillator to be equal to f.sub.1.
PAR  FIG. 4 shows a further prior-art APC circuit, which has variable oscillator
      26 of a reduced center frequency. In the Figure, reference numeral 23
      designates a terminal to which a modulated color signal at frequency
      f.sub.1 + .DELTA.f (.DELTA.f being jitter or timing variation) is
      impressed, numeral 24 a burst gate, and numeral 25 a phase comparator to
      compare the phase of the oscillation of the variable oscillator 26 with
      that of the extracted burst signal and produce an error signal, which is
      fed through a hold circuit 27 to control the variable oscillator 26. The
      output of the variable oscillator 26 is coupled to a frequency converter
      29, which also receives the output of a 3.58-MHz crystal oscillator 28 and
      produces an output at the sum frequency 3.58 MHz + f.sub.1 + .DELTA.f. The
      output of the frequency converter 29 is coupled to a further frequency
      converter 30, which also receives the modulated color signal input of the
      center frequency of f.sub.1 and produces the 3.58-MHz modulation color
      signal free from jitter component appearing at an output terminal 31.
PAR  If f.sub.1 is equal to 700 kHz, for instance, the color burst, which
      usually contains about 10 cycles at 3.58 MHz, is reduced to about 2
      cycles, that is, the number of color burst cycles is reduced to 1/5. When
      this occurs, the phase comparison in the phase comparator takes place an
      insufficient number of times, so that it is impossible to have enough loop
      gain. Also, it is likely to suffer from the influence of the transient
      noise of the burst gate pulse. From the above it can be seen that the
      synchronizing pull-in frequency range of the APC circuit is less than 2 to
      3 kHz and such an APC circuit cannot be put to practical use. For the APC
      circuit of this construction to be fully effective, the frequency f.sub.1
      should be more than the order of 3 MHz. This, however, gives rise to
      problems in the temperature stability as in the examples of FIGS. 2 and 3.
PAR  In accordance with the invention, the above drawbacks inherent in the
      conventional APC circuit are overcome.
PAR  FIG. 5 shows the fundamental circuit according to the invention. FIGS. 6
      and 7 show examples of the application of the circuit of FIG. 5 to the
      circuit for removing the jitter component introduced into the modulated
      color signal. FIG. 8 shows the circuit of the invention applied to a
      modulation color signal low frequency conversion system, which is an
      excellent system for recording and reproducing the NTSC composite color
      television signal with a simple video tape recorder. FIG. 9 shows the
      detailed construction of the part within the dashed loop in FIG. 8.
PAR  Referring to FIG. 5, reference numeral 32 designates a terminal to which a
      signal of center frequency f.sub.1 is coupled, numeral 33 a burst gate,
      and numeral 34 a phase comparator. The phase comparator 34 provides error
      signals fed through a hold circuit 35 to control the phase of the
      oscillation of a variable oscillator 36 of center frequency f.sub.2. The
      output of the variable oscillator 36 is coupled to a frequency converter
      37, which also receives an output at frequency f.sub.1 - f.sub.2 from a
      crystal oscillator 38 and produces an output of the sum frequency f.sub.1,
      which is in turn fed back to the phase comparator 34 for phase comparison
      with the extracted burst signal from the burst gate 33.
PAR  With this construction, the center frequency of the variable oscillator 36
      may be desirably preset by appropriately presetting the frequency of the
      crystal oscillator 38 even if the burst frequency f.sub.1 is above 3 MHz.
      If f.sub.1 .apprxeq. 4.3 MHz and f.sub.1 - f.sub.2 = 3.58 MHz (frequency
      of the crystal oscillator), the center frequency f.sub.2 of the variable
      oscillator 36 is
EQU  f.sub.2 .apprxeq. 4.3 MHz - 3.58 MHz = 720 kHz.
PAL  Thus, assuming the temperature stability factor (for a temperature range
      between 0.degree.C and 60.degree.C) to be 3 .times. 10.sup.-.sup.3, the
      drift of the center frequency of the variable oscillator is about 2 kHz,
      and more than 10 cycles of the burst signal (4.3 MHz) are available in the
      phase comparator, so that the phase comparator can be operated reliably.
      Also, an APC pull-in range of about 15 kHz, which is near the theoretical
      maximum range, may be readily achieved.
PAR  In the above case, the APC circuit can be fully effective and reliable
      operation may be ensured for the drift of the center frequency of the
      variable oscillator due to temperature variation gives rise to no
      problems.
PAR  Referring now to FIG. 6, which shows the color signal jitter removal
      circuit based on the preceding circuit construction, reference numeral 40
      designates a terminal to which the modulated color signal at center
      frequency f.sub.1 (about 700 kHz) is coupled; numeral 41 a burst gate, and
      numeral 42 a frequency converter, which receives the extracted burst
      signal of frequency f.sub.1 and the output of a 3.58-MHz crystal
      oscillator 46 and produces an output at the sum frequency f.sub.1 + 3.58
      MHz. The output of the frequency converter 42 is fed to a phase comparator
      43 providing an error signal fed through a hold circuit 44 to control the
      oscillation phase of a variable oscillator 45 of center frequency f.sub.1.
      The output of the variable oscillator 45 is coupled to another frequency
      converter 47, to which is also coupled the output of the 3.58 MHz crystal
      oscillator 46, and which produces an output at the sum frequency f.sub.1 +
      3.58 MHz fed back to the phase comparator 43 for phase comparison with the
      output of the frequency converter 42. The continuous sum frequency output
      of the frequency converter 47 is also coupled to a further frequency
      converter 48, which also receives the modulation color signal input of the
      center frequency of f.sub.1 and produces a 3.58-MHz modulated color signal
      free from jitter component appearing at an output terminal 49.
PAR  In this circuit, the 3.58-MHz crystal oscillator is used for two purposes,
      which is an advantage in reducing manufacturing costs.
PAR  In the circuit of FIG. 7, which is similar to the preceding circuit of FIG.
      6, the modulated color signal at center frequency f.sub.1 (about 700 kHz)
      impressed on an input terminal 50 is coupled to a frequency converter 51,
      which cancels jitter included in the input, and whose output is fed to a
      burst gate 57 to extract the burst signal fed to a phase comparator 56 for
      phase comparison with the output of a 3.58-MHz crystal oscillator 53 so as
      to produce an error signal fed through a hold circuit 55 to control the
      oscillating phase of a variable oscillator 54. The output of the frequency
      f.sub.1 from the variable oscillator 54 is coupled to a frequency
      converter, where it is frequency converted in the presence of the 3.58-MHZ
      crystal oscillator 53 into the sum frequency signal at 3.58 MHz + f.sub.1
      coupled to the frequency converter 51.
PAR  Referring now to FIG. 8, which shows an example of the system for recording
      and reproducing the NTSC composite color television signal with a simple
      video tape recorder and using the circuit according to the invention to
      obtain a steady reproduced NTSC signal, reference numeral 59 designates an
      NTSC video signal input terminal, numeral 60 a low-pass filter to separate
      the luminance signal, numeral 61 a frequency modulator to frequency
      modulate the separated luminance signal, numeral 62 a high-pass filter to
      block part of the lower sideband of the FM signal, numeral 63 a bandpass
      filter to separate the modulation color signal at 3.58 MHz, numeral 64 a
      balanced modulator to convert the 3.58-MHz modulation color signal in the
      presence of a 4.34-MHz crystal oscillator 65 into a difference frequency
      signal at about 767 kHz, numeral 66 a low-pass filter, numeral 67 a mixer
      to combine the FM signal and the difference frequency signal, numeral 68 a
      recording amplifier, numeral 69 a recording-playback changeover switch,
      numeral 70 a video head assembly, numeral 71 a head amplifier, numeral 72
      a high-pass filter to separate the FM signal, numeral 73 a frequency
      demodulator, numeral 74 a low-pass filter to separate the frequency
      converted modulated color signal, numeral 75 a balanced modulator to
      modulate the output of the low-pass filter 74 in the presence of a
      3.58-MHz crystal oscillator 76, numeral 77 a bandpass filter to separate
      the modulation color signal at the sum frequency of 4.34 MHz, numeral 78 a
      burst gate to extract the 4.34-MHz burst signal, numeral 79 a phase
      comparator providing an error signal fed through a hold circuit 80 to
      control the oscillating phase of a 767-KHz variable oscillator 81, numeral
      82 a balanced modulator to modulate the output of the variable oscillator
      81 in the presence of the 3.58-MHz crystal oscillator 76, numeral 83 a
      bandpass filter to separate the sum frequency signal at 4.34 MHz fed back
      to the phase comparator 79, numeral 84 a balanced modulator to modulate
      the frequency converted modulated color signal from the low-pass filter 74
      in the presence of the continuous 4.34-MHz signal synchronized to the
      burst phase separated through the bandpass filter 83 to produce the
      modulation color signal of the difference frequency of 3.58 MHz free from
      jitter component, numeral 85 a bandpass filter, and numeral 86 a mixer
      combining the jitter-free 3.58-MHz modulated color signal from the
      bandpass filter 85 and the demodulated luminance signal from the frequency
      demodulator 73 to obtain the NTSC video signal reproduction free from
      jitter component in the modulation color signal, which is taken out from
      an output terminal 87.
PAR  According to this system, the modulated color signal is not frequency
      modulated but is converted into a lower-frequency signal. This permits
      recording at longer wavelengths, and the FM carrier provides an a-c bias
      effect, so that distortion in the reproduced signal may be reduced and an
      excellent signal-to-noise ratio in the reproduced signal may be obtained.
PAR  If the jitter component introduced by the recording and reproducing system
      is 1 percent pp, the frequency variation in the reproduced modulation
      color signal is about 8 kHz. With this order of the timing variation, an
      APC pull-in range of about 15 kHz is sufficient enough to reliably and
      precisely remove the jitter component.
PAR  FIG. 9 shows an example of the detailed circuit construction of the part
      within the dashed loop in FIG. 8. In the Figure, reference numeral 88
      designates an input terminal at which the 767-kHz modulated color signal
      appears, numeral 89 a balanced modulator corresponding to the balanced
      modulator 75 in FIG. 8, numeral 90 a 3.58-MHz crystal oscillator, numeral
      91 a balanced modulator, and numeral 92 an output terminal at which the
      continuous signal phase locked to the 4.34-MHz burst signal appears. The
      circuit consisting of transistors Tr.sub.1 and Tr.sub.2 and diodes D.sub.1
      and D.sub.2 constitute the 4.3-MHz bandpass filter and a burst level
      limiter. A transistor Tr.sub.3 constitutes the burst gate, and burst gate
      pulses produced from the horizontal sync signal are impressed on a
      terminal 93. The circuit of diodes D.sub.3 and D.sub.4 constitute the
      phase comparator, D.sub.5 is a variable capacitor, a transistor TR.sub. 4
      constitutes the 767-kHz variable oscillator, a transistor Tr.sub.5
      constitutes an EF, and the circuit of transistors Tr.sub.6, Tr.sub.7 and
      Tr.sub.8 constitute the 4.34-MHz bandpass filter and amplifier.
PAR  The foregoing description is concerned with producing a continuous signal
      synchronized to an intermittent burst signal subjected to timing
      variations. It is to be understood that the present invention is similarly
      effective for producing a continuous signal phase locked to a continuous
      signal subjected to timing variations in lieu of a burst signal.
PAR  As has been described in the foregoing, according to the invention it is
      possible to have an APC circuit whose temperature stability is excellent
      and which can be fully effective. The circuit according to the invention
      provides a great benefits when applied to a circuit for removing the
      jitter component introduced into the modulated color signal in the NTSC or
      PAL color television signal recorded and reproduced with a video tape
      recorder.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A signal processing system for removing a jitter component in a
      modulated color signal, which is previously converted into a low band
      signal, of a composite color television signal comprising a variable
      oscillator, the oscillation frequency and phase of said variable
      oscillator being controlled by an applied control signal, a stable and
      fixed oscillator providing an output of higher frequency than the
      oscillation frequency of said variable oscillator, first frequency
      converter means connected to said variable oscillator and fixed oscillator
      for converting the output of said variable oscillator into a higher
      frequency signal by means of said higher frequency of said fixed
      oscillator, phase comparator means receiving the output of said first
      frequency converter means and a reference signal for producing an error
      signal according to the phase difference between the output of said first
      frequency converter means and the reference signal, means for applying
      said error signal to said variable oscillator as said control signal to
      control the oscillation frequency and phase of said variable oscillator,
      said oscillation frequency being lower than that of said reference signal,
      second frequency converter means connected to said first frequency
      converter means and receiving the modulated color signal for producing a
      difference signal of the output of said first frequency converter means
      and the modulated color signal, means for separating a burst signal from
      the modulated color signal, third frequency converter means connected to
      said burst signal separating means and fixed oscillator for converting
      said separated burst signal into a higher frequency signal by means of
      said higher frequency of said fixed oscillator, and means for connecting
      said converted burst signal to said phase comparator as said reference
      signal.
NUM  2.
PAR  2. A signal processing system for a composite color television signal
      comprising: means for separating a luminance signal from a color signal
      including a color burst signal in the standard color television signal,
      means for frequency modulating the separated luminance signal, first
      frequency converter means for frequency converting the separated color
      signal into a first signal of a frequency belonging to a low band of a
      frequency band of the modulated luminance signal, first mixer means for
      mixing said modulated luminance signal and said first signal, means for
      recording and reproducing a mixed output signal of said mixer means in and
      from a recording medium, means for separating said modulated luminance
      signal from said first signal in the reproduced mixed signal which has a
      jitter component, demodulator means for demodulating said reproduced and
      separated modulated luminance signal, a signal source for generating a
      second signal of a frequency equal to that of the color subcarrier of the
      standard color television signal, second frequency converter means
      receiving said reproduced and separated first signal and said second
      signal for frequency converting said reproduced and separated first signal
      into a third signal of a higher frequency, means for separating the color
      burst signal from said third signal, variable oscillator means having a
      center frequency substantially equal to that of said first signal, the
      oscillation frequency and phase of said variable oscillator means being
      controlled by an applied control signal, third frequency converter means
      receiving the output of said variable oscillator means and said second
      signal for frequency converting said second signal into a fourth signal of
      a higher fequency, phase comparator means for comparing the phase of said
      color burst signal with that of said fourth signal and producing an output
      according to the phase difference therebetween, means for applying said
      output of said phase comparator means to said variable oscillator means as
      said control signal, fourth frequency converter means receiving said
      fourth signal and said reproduced and separated first signal for frequency
      converting said reproduced and separated first signal into a fifth signal
      of a frequency equal to that of the color subcarrier of the standard color
      television signal, and second mixer means for mixing said fifth signal and
      the demodulated luminance signal derived from said demodulator means to
      obtain the standard color television signal.
NUM  3.
PAR  3. A signal processing system for a composite color television signal
      comprising: means for separating a luminance signal from a color signal
      including a color burst signal in the standard color television signal;
      means for frequency modulating the separated luminance signal; first
      frequency converter means for frequency converting the separated color
      signal into a first signal of a frequency belonging to a low band of a
      frequency band of the modulated luminance signal; first mixer means for
      mixing said modulated luminance signal and said first signal; means for
      recording and reproducing a mixed output signal of said mixer means in and
      from a recording medium; means for separating said modulated luminance
      signal from said first signal in the reproduced mixed signal which has a
      jitter component; demodulator means for demodulating said reproduced and
      separated modulated luminance signal; a signal source for generating a
      second signal; variable oscillator means having a center frequency
      substantially lower than that of said second signal, the oscillation
      frequency and phase of said variable oscillator means being controlled by
      an applied control signal; second frequency converter means receiving an
      output of said variable oscillator means and said second signal for
      frequency converting said output of said variable oscillator means into a
      third signal, the frequency of which is higher than that of said first
      signal by the frequency of the color subcarrier of the standard color
      television signal; third frequency converter means receiving said third
      signal and said reproduced and separated first signal for frequency
      converting said reproduced and separated first signal into a fourth signal
      of a frequency equal to that of the color subcarrier of the standard color
      television signal; means for separating a color burst signal from said
      fourth signal; phase comparator means for comparing the phase of said
      second signal with that of said color burst signal and producing an output
      according to the phase difference therebetween; means for applying said
      output of said phase comparator means to said variable oscillator means as
      said control signal, a single closed loop for controlling the oscillation
      frequency and phase of said variable oscillator consisting of said second
      frequency converter means, third frequency converter means, color burst
      signal separating means, phase comparator means and applying means; and
      second mixer means for mixing said fourth signal and the demodulated
      luminance signal derived from said demodulator means to obtain the
      standard color television signal, whereby the oscillation frequency of
      said variable oscillator is sufficiently low for locking said closed loop
      despite center frequency drift caused by changes in ambient temperature.
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ABST
PAL  A delay line suitable for television video signals is included in the
      luminance channel of a television video signal processing apparatus. A
      plurality of taps are coupled to the delay line for developing a plurality
      of delayed video signals. At least a first and a second of the delayed
      video signals are combined in first combining means to produce a first
      combined signal which determines the peaking characteristics of the
      luminance channel. A bandwidth determining signal is derived from at least
      a third one of the delayed video signals located in time between the first
      and the second delayed video signal. A second bandwidth determining signal
      is derived from at least a fourth and a fifth of the delayed video signals
      located in time between the first and the second delayed video signals.
      One of the bandwidth determining signals and the first combined signal are
      combined in a second combining means to produce a second combined signal.
      The first and second bandwidth determining signals are combined to produce
      a third bandwidth determining signal which includes controllable amplitude
      portions of the first and second bandwidth determining signals. The third
      bandwidth determining signal controls the overall bandwidth
      characteristics of the luminance channel. The third bandwidth determining
      signal and the second combined signal are combined to produce an output
      signal. In one embodiment, the formation of the third bandwidth
      determining signal is dynamically controlled in response to a signal
      representing the amount of color information contained in the video
      signals so as to increase the bandwidth of the luminance channel when the
      amount of color information is relatively low to thereby improve the fine
      detail resolution and transient response of the receiver.
BSUM
PAR  This invention relates to apparatus for improving the transient response
      and fine detail resolution of television video signal processing systems,
      and particularly relates to apparatus for automatically controlling the
      frequency response of television video signal processing systems.
PAR  The advent of larger kinescopes for television receivers has given
      increased importance to the problem of improving the transient response of
      television video signal processing systems. In terms of picture quality,
      this improvement corresponds to improving transitions between tones as
      well as the reproduction of fine detail.
PAR  Color television composite signals contain luminance, chrominance,
      synchronizing and sound signal components. The luminance signals have a
      relatively wide bandwidth (e.g., approximately 4 MHz) with a lower
      frequency range extending down to direct current (zero frequency). The
      higher frequency range of the composite signals (e.g., 2-5 MHz) also
      includes chrominance and sound signals. The chrominance signals have the
      form of a modulated color subcarrier signal and are arranged in frequency
      in relation to the frequency (e.g., 3.58 MHz) of the color subcarrier
      signal. The sound signals have the form of a modulated sound intercarrier
      signal and are arranged in frequency in relation to the frequency (e.g.,
      4.5 MHz) of the sound intercarrier signal. The sharp transition and fine
      detail information of the image is contained in the relatively high
      frequency signal components of the luminance signals. To process these
      signals, color television receivers include a chrominance channel for
      processing the chrominance signals, a luminance channel for processing the
      luminance signals and a sound channel for processing the sound signals.
PAR  In order to improve the sharpness and fine detail resolution of the image,
      it is desirable to improve the high frequency response of the luminance
      channel by providing the luminance channel with a relatively wide
      bandwidth or by relatively accentuating the amplitudes of the high
      frequency components of the luminance signals or both. Accentuating the
      amplitudes of relatively high frequency components of the luminance
      signals is often called peaking. Widening the bandwidth of the luminance
      channel tends to result in the reproduction of sharper amplitude
      transitions. Peaking the luminance signals tends to result in the
      generation of a "preshoot" just before a transition and an "overshoot"
      just after the transition, so that, for example, a transition from white
      to black will be accentuated because the portion of the reproduced image
      just before the transition is whiter than it is in the original scene and
      just after the transition is blacker than it is in the original scene.
PAR  However, the high frequency response of the luminance channel is usually
      purposely limited, by means of band elimination filters or the like, to
      remove those frequency components corresponding to chrominance and sound
      signals from the luminance channel because the presence of chrominance and
      sound signals in the luminance channel tends to produce visible patterns
      in the image which may be annoying to the viewer. Thus, in present day
      color television receivers, a compromise is generally made between a
      luminance channel having a maximized high frequency response for fine
      detail resolution and sharp tonal transitions, and a luminance channel
      having a limited high frequency response to inhibit the generation of
      undesirable visible patterns in the image.
PAR  Since undesirable visible patterns will not be readily generated when the
      luminance channel is relatively free of signals such as chrominance
      signals and sound signals, apparatus have been proposed for automatically
      controlling the bandwidth of the luminance channel in accordance with the
      amount of undesirable signals present in the luminance channel. Such
      apparatus are described in U.S. Pat. Nos.: 2,895,004, entitled, "Color
      Television," issued to G. L. Fredendall on July 14, 1959, and assigned to
      the same assignee as the present invention; 2,905,751, entitled,
      "Monochrome Channel Bandwidth Modifying Apparatus for Color Television,"
      issued to G. Ralston on Sept. 22, 1959; 2,910,528, entitled, "Burst
      Control of Color Television Receiver Bandwidth," issued to O. E. Peterson
      on Oct. 27, 1959; 3,139,484, entitled, "Compatible Color Television
      Apparatus," issued to D. Richman on June 30, 1964; 3,167,611, entitled,
      "Color Television Apparatus for Improving Resolution During Monochrome
      Reception," issued to K. M. St. John on Jan. 26, 1965; and 3,749,824,
      entitled, "Suppression Filter for Carrier-Chrominance Signals Utilizing a
      Tapped Delay Line," issued to T. Sagashima et al., on July 31, 1973.
PAR  Care must be taken in choosing the apparatus to improve the high frequency
      response of the video processing system. This is so whether such high
      frequency response is fixed or is automatically adjusted in response to a
      control signal. For example, video processing systems having a relatively
      wide bandwidth may produce a less sharp image than narrower bandwidth
      systems because the wide bandwidth systems may exhibit phase non-linearity
      or distortion as a function of frequency. That is, because wide bandwidth
      systems generally have a steeper high frequency roll-off characteristic
      (increasing signal attenuation with increasing frequency) than narrower
      bandwidth systems, high frequency video signal components may be delayed
      more than lower frequency video signal components. Phase distortion or
      non-linearity is primarily manifested by the presence of undesirable
      unsymmetrical preshoots and overshoots and ringing in the processed video
      signals. Unsymmetrical preshoots and overshoots and ringing are
      particularly undesirable since they are generally not readily controllable
      and produce visible effects which are not pleasing to the viewer.
      Similarly, care must be taken to avoid uncontrolled phase distortion in
      peaking apparatus for accentuating the amplitudes of high frequency
      components of the luminance signals. In that case, too, the images
      generated in accordance with the processed video signals may not be
      pleasing to the viewer because of ringing and uncontrolled preshoots and
      overshoots. As a result of such phase distortion, the transient response
      and fine detail resolution of video processing systems having provisions
      for improving the high frequency response of the system may be poorer than
      would be expected.
PAR  It is known that a desired amplitude or phase characteristic (or both) as a
      function of frequency may be formed in an apparatus wherein delayed
      signals generated at signal coupling points (usually referred to as taps)
      along a delay line or like device are combined in a predetermined manner
      to obtain the desired characteristic. Such apparatus are generally
      described in U.S. Pat. No. 2,263,376, entitled, "Electric Wave Filter, or
      the Like," issued to A. D. Blumlein et al., on Nov. 18, 1941; an article
      entitled, "Transversal Filters," by H. E. Kallman, appearing in the
      Proceedings of the I.R.E., Volume 28, Number 7, pages 302-310, July 1940;
      an article entitled, "Selectivity and Transient Response Synthesis," by R.
      W. Sonnenfeldt, appearing in I.R.E. Transactions on Broadcast and
      Television Receivers, Volume BTR-1, Number 3, pages 1-8, July 1955; and an
      article entitled, "A Transversal Equalizer for Television Circuits," by R.
      V. Sperry and D. Surenian, appearing in Bell System Technical Journal,
      Volume 39, Number 2, pages 405-422, March 1960.
PAR  Such apparatus, sometimes called a transversal equalizer or filter, is
      generally useful for a variety of applications in the signal processing
      field. For instance, such apparatus may be found useful in horizontal and
      vertical aperture beam correction, as is described in U.S. Pat. No.
      2,759,044, entitled, "Beam Aperture Correction in Horizontal and Vertical
      Direction," issued to B. M. Oliver on August 14, 1956.
PAR  Furthermore, U.S. Pat. No. 3,749,824, noted above, describes an apparatus
      wherein a reflective termination is selectively coupled to one end of a
      luminance channel delay line in response to a control signal representing
      the amount of color information in the video signals in a manner to
      suppress chrominance signal portions. The delay line is also described as
      serving to compensate for the time delay differential of signals processed
      in the luminance and chrominance channels.
PAR  In a co-pending and related patent application Ser. No. 486,241, entitled,
      "Television Signal Processing Apparatus, " of Joseph Peter Bingham, filed
      July 5, 1974, and assigned to the same assignee as the present invention,
      apparatus is described for relatively increasing the amplitudes of high
      frequency components of the luminance signal portions while relatively
      attenuating the amplitudes of chrominance or sound signal signal portions
      or both. The apparatus includes a delay line responsive to television
      video signals which is provided with a plurality of taps to generate a
      plurality of delayed video signals. The delayed video signals are combined
      to generate a particular desired response characteristic for the luminance
      channel.
PAR  The apparatus provides for an improved transient response consistent with
      the attenuation of undesirable signals which would, without their
      attenuation, normally produce undesirable visible patterns. The apparatus
      also provides for readily controllable preshoots and overshoots. The
      apparatus further provides for an adjustment for controlling the amplitude
      of the peak of the amplitude versus frequency characteristic of the output
      signal which does not substantially affect the amplitudes of the DC
      components of the amplitudes of frequency components around a frequency f
      such as the chrominance or sound subcarrier frequency. Further, the
      apparatus is arranged so that a portion of the delay line can be utilized
      for equalizing the time delay differentials of the signals processed in
      the chrominance and luminance channels.
PAR  The present invention is useful in an apparatus for automatically
      controlling the frequency location of predetermined amplitude points of
      the amplitude versus frequency transfer characteristic of a television
      video signal processing system.
PAR  In accordance with the present invention, a plurality of signal coupling
      means are coupled to a signal delaying means which is responsive to video
      signals. A plurality of delayed video signals are developed at the signal
      coupling means. A first combined signal is produced by combining at least
      a first and a second of the delayed video signals being spaced apart in
      time by a time interval substantially equal to NT/2, where T is the period
      of a predetermined signal component of the video signals and N is an
      integer greater than one. A first bandwidth determining signal is derived
      from at least a third of the delayed video signals. A second bandwidth
      determining signal is derived from at least a fourth and a fifth of the
      delayed video signals being located in time between the first and second
      delayed video signals. A second combined signal is produced by combining
      one of the bandwidth determining signals with the first combined signal. A
      third bandwidth determining signal is derived by selectively combining
      controllable amplitude portions of the first and second bandwidth
      determining signals. The second combined signal is combined with the third
      bandwidth determining signal to produce an output signal. The bandwidth of
      the output signal is determined by the third bandwidth determining signal,
      while the peaking characteristic of the output signal is determined by the
      first combined signal.
PAR  In accordance with another aspect of the present invention, the
      controllable amplitude portions of the first and second bandwidth
      determining signals are controlled in inverse relationship to one another
      in response to a control signal.
PAR  In accordance with still another aspect of the present invention, the
      control signal is representative of the amount of color information
      present in the video signals. With respect to this aspect, the
      controllable amplitude portion of the first bandwidth determining signal
      is controlled in inverse relationship to the amplitude of the color
      information, and the controllable amplitude portion of the second
      bandwidth determining signal is controlled in direct relationship to the
      amplitude of the color information.
PAR  In accordance with still another aspect of the present invention, the first
      combined signal is produced by combining a controllable amplitude portion
      of the sum of the first and second delayed video signals and a
      controllable amplitude portion of the sum of a sixth and a seventh delayed
      video signals being located in time between the first and second delayed
      video signals. With respect to this aspect, the controllable amplitude
      portions of the respective sum signals may be automatically controlled in
      accordance with a control signal.
DRWD
PAR  These and other aspects of the present invention will be best understood by
      the following detailed description in conjunction with the accompanying
      drawing, in which:
PAR  FIG. 1 of the drawing shows, partially in block diagram form and partially
      in schematic diagram form, the general arrangement of a color television
      receiver employing the embodiment of the present invention;
PAR  FIG. 2 shows a schematic diagram of an implementation of a portion of the
      embodiment of the present invention shown in FIG. 1;
PAR  FIGS. 3 and 4 show graphical representations of various amplitude versus
      frequency transfer characteristics associated with the embodiment of the
      present invention shown in FIG. 1;
PAR  FIG. 5 shows a schematic diagram of another embodiment of the present
      invention useful in the general arrangement of a color television receiver
      shown in FIG. 1; and
PAR  FIG. 6 shows a graphical represenation of various amplitude versus
      frequency characteristics associated with the embodiment of the present
      invention shown in FIG. 5.
DETD
PAR  Referring now to FIG. 1, the general arrangement of a color television
      receiver employing the present invention includes a signal processing unit
      12 responsive to radio frequency (RF) television signals received by an
      antenna, for generating, by means of suitable intermediate frequency
      circuits (not shown) and detection circuits (not shown), a composite video
      signal comprising chrominance, luminance, sound and synchronizing signals.
      The output of signal processing unit 12 is coupled to a chrominance
      channel 14 and a luminance channel 16.
PAR  Chrominance channel 14 includes a bandpass filter 18 which serves to
      extract signals in the frequency range (e.g., approximately 2.1 MHz to 4.2
      MHz) of the chrominance signals from the composite video signal. The
      output signal of bandpass filter 18 is amplified by an amplifier 20 and
      then is coupled to a synchronous detector 22. The output signal of
      amplifier 20 is also coupled to a burst detector 24 together with a burst
      gate signal generated by deflection circuits 50. The burst gate signal
      comprises pulses synchronized in relation to the synchronization pulses
      produced by a sync separator 48 and represents the time location of color
      burst signals included in the composite video signal. Burst detector 24
      serves to extract the color burst signals from the output signal of
      amplifier 20. The color burst signals represent color phase reference
      information required to demodulate the chrominance signals. The color
      burst signals are coupled to a locked oscillator 26 which serves to
      generate a signal having the same frequency (e.g., 3.58 MHz) as the color
      subcarrier signal and being phase locked to the phase of the burst
      signals. Various known schemes for locking oscillator 26 may be employed.
      The output signal of the locked oscillator 26 is coupled to synchronous
      detector 22 where it is used to provide color phase reference signals, for
      instance, I (in phase) and Q (quadrature) signals. Synchronous detector 22
      serves to demodulate the chrominance signals and ultimately to derive
      colorsignals representing, for example, R-Y, B-Y and G-Y information.
PAR  A color killer circuit 28 is coupled to the output of burst detector 24 and
      serves to generate a signal to inhibit the operation of synchronous
      detector 22 (or other portions of the chrominance channel 14) when the
      amplitude of the burst signal is below a predetermined threshold level.
PAR  An amplitude detector 30 is coupled to the output of amplifier 20 and
      serves to generate a chrominance passband amplitude signal representing
      the amplitude of the signals in the chrominance frequency range. The
      chrominance passband amplitude signal is indicative of the amount of color
      information in the video signal and is coupled through a conductor 32 to a
      signal processing unit 36 to control its operation. Similarly, the output
      of color killer circuit 28 may also be coupled to signal processing unit
      36, as is indicated by a dotted line 34.
PAR  Signal processing unit 36 is included in luminance channel 16 and serves to
      attenuate undesirable signals present in luminance channel 16 such as
      chrominance or sound signals or both, while relatively accentuating or
      peaking the amplitudes of high frequency components of the luminance
      signals to improve the transient response and fine detail resolution of
      the television receiver. Signal processing unit 36 includes provisions for
      automatically controlling the bandwidth of luminance channel 16 in
      response to control signals generated in chrominance channel 14. Signal
      processing unit 36 may also have provisions for controlling the amplitude
      of a peaked portion of the luminance channel frequency response in
      response to manual control signals or control signals generated in
      chrominance channel 14. Furthermore, signal processing unit 36 may also
      serve to equalize the time delays of the signals processed in chrominance
      channel 14 and luminance channel 16.
PAR  The output signals of signal processing unit 36 are coupled to a luminance
      processing unit 38 which serves to amplify and otherwise process the
      luminance signals to produce the output signal, Y, of luminance channel
      16.
PAR  The Y output signal of luminance channel 16 and the R-Y, G-Y and B-Y color
      difference output signals of chrominance channel 14 are coupled to a
      kinescope driver 40, where they are matrixed to form R, G and B color
      signals. The R, G and B color signals drive a kinescope 42.
PAR  A contrast control unit 44 is coupled to luminance processing unit 38 to
      control the amplitude of the luminance signals and thereby control the
      contrast of the images produced by kinescope 42. A brightness control unit
      46 also is coupled to luminance processing unit 38. Suitable contrast and
      brightness control arrangements are described in U.S. Pat. No. 3,804,981,
      entitled, "Brightness Control," by Jack Avins, issued Apr. 16, 1974, and
      assigned to the same assignee as the present invention.
PAR  Another portion of the output signal of video processing unit 12 is coupled
      to sync separator 48 which separates horizontal and vertical
      synchronization pulses from the video signal. The synchronization pulses
      are coupled from sync separator 48 to deflection circuits 50. Deflection
      circuits 50 are coupled to kinescope 42 and to a high voltage unit 52 to
      control the deflection or sweep of an electron beam in kinescope 42 in a
      conventional manner. Deflection circuits 50 also generate blanking signals
      which are coupled to luminance processing unit 38 to inhibit the output of
      luminance processing unit 38 during the horizontal and vertical retrace
      periods to insure cutoff of kinescope 42 during these respective periods.
      Horizontal deflection circuits 50 also generates the burst gate signal
      which is coupled to burst detector 24.
PAR  A channel (not shown) is also provided for processing sound signals.
PAR  The general circuit arrangement shown in FIG. 1 is suitable for use in a
      color television receiver of the type shown, for example, in RCA Color
      Television Service Data 1970 No. T19 (a CTC-49 type receiver), published
      by RCA Corporation, Indianapolis, Ind.
PAR  Signal processing unit 36 includes signal delaying means 110, shown as a
      delay line, and a plurality of signal coupling means or taps 112a, 112b,
      112m, 112c and 112d coupled to delay means 110 at successive points. The
      combination of signal delaying means 110 and taps 112a, 112b, 112m, 112c
      and 112d, is sometimes referred to as a tapped delay line. Although delay
      means 110 is shown as an inductive or coil type of delay line, it may be
      any other suitable device for delaying a video signal such as an array of
      charge coupled devices (CCD's) or charge transfer devices. Although taps
      112a, 112b, 112m, 112c and 112d are shown as being directly connected to
      delay line 110, they may be coupled to the delay line in any other
      suitable manner providing for signal coupling such as capacitive coupling
      or the like.
PAR  Taps 112a, 112b, 112m, 112c and 112d are coupled to delay line 110 at
      spaced intervals to develop respective delayed video signals a, b, m, c
      and d delayed in time in relation to the input video signal, v.sub.i, by
      respective time intervals T.sub.D, T.sub.D +T.sub.1, T.sub.D +T.sub.1
      +T.sub.2, T.sub.D +T.sub.1 +T.sub.2 +T.sub.3, and T.sub.D +T.sub.1
      +T.sub.2 +T.sub.3 +T.sub.4. Delay line 110 includes a portion 116 having a
      time delay interval T.sub.D, prior to tap 112a, selected with respect to
      other portions of delay line 110 for equalizing the time delays of the
      signals processed in the luminance channel 16 and the chrominance channel
      14. For the purpose of equalizing the time delays of the signals processed
      in the chrominance and the luminance channels, it is desirable that the
      sum of T.sub.D, T.sub.1 and T.sub.2 equal the difference between the time
      delays of the signals processed in the chrominance channel 14 and the
      luminance channel 16. In addition, it should be noted that a signal
      resulting from the combination of signals developed at taps symmetrically
      disposed around a given point of a delay line may be considered to have a
      time delay equal to the average of the time delays of the combined
      signals. Therefore, if taps 112a, 112b, 112c and 112d are symmetrically
      disposed around tap 112m, the output signal derived by combining signals
      developed at taps 112a, 112b, 112m, 112c and 112d also will have a time
      delay which is equal to the time delay required to equalize the time
      delays of the signals processed in the chrominance and luminance channels.
PAR  Taps 112a, 112b, 112m, 112c, and 112d are respectively coupled to amplitude
      controlling or signal weighting means 114a, 114b, 114m, 114c and 114d.
      Amplitude controlling means 114 serve to modify the amplitudes of delayed
      video signals a, b, m, c, and d by respective predetermined gain or weight
      values to generate a plurality of respective amplitude controlled or
      weighted signals. Amplitude controlling means 114a, 114b, 114m, 114c and
      114d may be formed by any suitable gain control circuit, including, for
      example, an amplifier or an attenuator, wherein the gain may be set to
      predetermined values above and below unity.
PAR  The amplitude controlled signals produced by amplitude controlling means
      114b and 114c are coupled to a summing circuit 118 where they are
      algebraically added to produce an output signal v.sub.bw2. As will be
      seen, the signal v.sub.bw2 is useful to determine the bandwidth of the
      output signal, v.sub.o, of signal processing unit 36. Thus, the subscript
      "bw" is used to denote "bandwidth." Summing circuit 118 may be formed by
      any suitable circuit for algebraically summing signals such as an
      operational amplifier, a restive matrix or the like. The amplitude
      controlled signals produced by the amplitude controlling means 114a and
      114d are coupled to a summing circuit 120 together with v.sub.bw2. Summing
      circuit 120 is similar to summing circuit 118 and serves to algebraically
      subtract the amplitude controlled signals produced by amplitude
      controlling means 114a and 114d from v.sub.bw2 to produce signal v.sub.p.
      As will be seen, the signal v.sub.p is useful to determine the "peaking"
      characteristics of the output signal of signal processing unit 36. Thus,
      the subscript "p" denotes "peaking."
PAR  It should be noted that although amplitude controlling means 114a, 114b,
      114m, 114c and 114d are shown coupled to each tap 112a, 112b, 112m, 112c
      and 112d to show the general functional arrangement of signal processing
      unit 36, they may not be specifically provided in all cases. Thus, for
      example, if a predetermined gain value equal to 1 is desired, the
      particular amplitude controlling means may be only a direct connection
      between the respective tap and summing circuit. Furthermore, amplitude
      controlling means 114a, 114b, 114m, 114c and 114d may be included in
      summing circuits 118 and 120.
PAR  The amplitude controlled signal produced by amplitude controlling means
      114m and the output signal of summing circuit 118 are coupled to a mixer
      unit 122. As will be seen, the amplitude controlled signal produced by
      amplitude controlling means 114m also is useful to determine the bandwidth
      of the output signal of signal processing unit 36 and is therefore
      indicated as v.sub.bw1. A control signal from channel 14 is also coupled
      to mixer unit 122 through conductor 32 or 34. Mixer unit 122 produces an
      output signal v.sub.bw3 comprising the combination of a controlled
      amplitude portion of v.sub.bw1 and v.sub.bw2. The controlled amplitude
      portions of v.sub.bw1 and v.sub.bw2 are controlled in accordance with the
      control signals from chrominance channel 14. Specifically, v.sub.bw3 is
      equal to the sum of a controlled amplitude portion of v.sub.bw1 and a
      controlled amplitude portion of v.sub.bw2, the controlled amplitude
      portions of v.sub.bw1 and v.sub.bw2 being controlled in an inverse
      relationship to one another. As will be seen, it is desirable that the
      controlled amplitude portion of v.sub.bw1 be controlled in inverse
      relationship to the amount of color information and that the controlled
      amplitude portion of v.sub.bw2 be controlled in direct relationship to the
      amount of color information to effect automatic bandwidth control of
      luminance channel 16 in accordance with the amount of color information
      present in the composite video signal.
PAR  FIG. 2 is a schematic diagram of a circuit implementation of mixer unit 122
      wherein three transistor differential amplifier stages 212, 214, and 216
      are arranged in a multiplier or "tree" configuration to produce an output
      signal of the form Av.sub.1 +(1-A)v.sub.2, where v.sub.1 and v.sub.2 are
      two input signals and A is the overall gain of the circuit. A relatively
      constant current I is generated by a constant current source 218 including
      transistor 220. Various known temperature compensated and supply voltage
      compensated current sources may be used. The current I divides between the
      two branches of differential stage 212 to form currents A'I and (1-A')I,
      where A' is the single ended gain of differential stage 212. The single
      ended gain A' of differential stage 212 is controlled in accordance with
      the amplitude of the control signal applied to differential stage 212. The
      currents A'I and (1-A')I are respectively coupled to differential stages
      214 and 216 and determine their respective gains. The non-inverting or
      positive single ended output signal of differential stage 214 is added to
      the inverting or negative single ended output signal of differential stage
      216 to form the output signal.
PAR  It will be appreciated that v.sub.bw1, v.sub.bw2 and the chrominance
      passband amplitude signal from chrominance channel 14 of FIG. 1 may be
      connected to the appropriate terminals of the circuit of FIG. 2 so that a
      signal of the form Av.sub.bwl +(1-a)v.sub.bw2 is produced where the
      controlled amplitude portions of v.sub.bw1 and v.sub.bw2 are controlled in
      inverse relationship to one another in response to the chrominance
      passband amplitude signal.
PAR  It should be noted that the circuit of FIG. 2 may also be arranged to
      selectively switch its output signal between v.sub.bw1 and v.sub.bw2 under
      the influence of a signal such as the color killer signal or the like as
      indicated by dotted line 34 in FIG. 1.
PAR  Returning now to FIG. 1, the output signal, v.sub.p, of summing circuit 120
      is coupled to peaking control circuit 124 which serves to modify the
      amplitude of v.sub.p to produce a signal Pv.sub.p, where P is the gain (or
      attenuation factor) of peaking control circuit 124. Peaking control
      circuit 124 may be formed by any suitable adjustable gain device such as a
      variable gain amplifier and may be arranged to produce a range of gains
      extending from values less than unity to values greater than unity. The
      gain, P, of peaking control circuit 124 may be manually adjusted or
      controlled in response to a control signal such as the chrominance
      passband amplitude signal as is indicated by dotted conductor lead 126.
      Preferably, signal processing unit 36 is arranged so that its amplitude
      versus frequency transfer characteristic has a peak at a relatively high
      frequency near the frequency range of the chrominance signals. It is
      desirable to control the amplitude of the peak of the amplitude versus
      frequency response characteristic in reverse relationship to the amount of
      color information in the video signal.
PAR  The output signal, Pv.sub.p, of peaking control circuit 124 and the signal
      v.sub.bw3 are coupled to a summing circuit 128. Summing circuit 128 is
      similar to summing circuits 118 and 120 and serves to algebraically add
      Pv.sub.p and v.sub.bw3 to produce the output signal, v.sub.o, of signal
      processing unit 36.
PAR  It should be noted that peaking control circuit 124 may not be required in
      applications where is is not desired to adjust the amplitude of the peak
      of the amplitude versus frequency response characteristic of signal
      processing unit 36 and for these applications v.sub.p may be directly
      coupled to summing circuit 128.
PAR  The operation of signal processing unit 36 of FIG. 1 may be best understood
      with reference to FIGS. 3 and 4, which are graphical representations of
      amplitude versus frequency transfer characteristics associated with signal
      processing unit 36.
PAR  Before describing FIGS. 3 and 4, the amplitude versus frequency transfer
      characteristics of a tapped delay line or similar device will be briefly
      discussed. The amplitude versus frequency transfer characteristic of a
      portion of a delay line which contributes a time delay T to applied
      signals may be expressed as a coefficient which varies exponentially as a
      function of frequency, i.e., e.sup..sup.-j.sup..omega.t, e being the
      natural logarithm base. It should therefore be appreciated that the
      amplitude versus frequency transfer characteristic associated with a
      signal produced by algebraically adding two signals generated at
      respective taps symmetrically located about a reference point varies as a
      cosine function.
PAR  The operation of signal processing unit 36 of FIG. 1 will be explained by
      way of example wherein the pairs of taps 112a, 112d and 112b, 112c are
      located symmetrically around tap 112m and the time intervals T.sub.1,
      T.sub.2 +T.sub.3 and T.sub.4 are all equal to 1/(2f), where f is the
      frequency of a signal component of the composite video signal, v.sub.i,
      which may undesirably be present in luminance channel 16 of FIG. 1. For
      instance, f may be the frequency of a signal in the range of frequencies
      of the chrominance or sound subcarriers or both. More specifically, f may
      be the color subcarrier frequency (e.g., 3.58 MHz) or the sound
      intercarrier frequency (e.g., 4.5 MHz). Further, by way of example, the
      predetermined gain values of amplitude controlling means 114a, 114b, 114m,
      114c and 114d typically have respective values of 1/2, 1/2, 1, 1/2 and
      1/2.
PAR  In FIG. 3 there are shown graphical representations of amplitude versus
      frequency transfer characteristics associated with signals v.sub.bw1,
      v.sub.bw2, v.sub.p and Pv.sub.p generated within signal processing unit 36
      and from which output signal v.sub.o is produced. These amplitude versus
      frequency transfer characteristics are labeled v.sub.bw1, v.sub.bw2,
      v.sub.p, and Pv.sub.p for convenience. With the example values given
      above, the signals v.sub.bw1, v.sub.bw2, v.sub.p and Pv.sub.p are derived
      from delayed video signals a, b, m, c and d by signal processing unit 36
      according to the following expressions:
EQU  v.sub.bw1 = m                                              (1)
EQU  v.sub.bw2 = 1/2(b+c)                                       (2)
EQU  v.sub.p = 1/2(b+c)-1/2(a+d)                                (3)
EQU  Pv.sub.p = P[1/2(b+c)-1/2(a+d)]                            (4)
PAL  In FIG. 3 there is also shown a graphical representation of the amplitude
      versus frequency characteristic labeled [1/2(a+d)] associated with the
      summation of the amplitude controlled signals produced by amplitude
      controlling means 114a and 114d of FIG. 1.
PAR  In FIG. 3 is is seen that the amplitude versus frequency characteristic
      associated with v.sub.bw1 is flat. It is also seen that the amplitude
      versus frequency transfer characteristic associated with v.sub.bw2 is a
      cosine function having a recurrence rate of 4f and that the amplitude
      versus frequency transfer characteristic associated with 1/2(a+d) is a
      cosine function having a recurrence rate of 4f/3.
PAR  It is seen by examining FIG. 3 that the amplitude versus frequency transfer
      characteristic associated with v.sub.bw1 (derived from delayed video
      signal m) has a relatively larger bandwidth than the amplitude versus
      frequency transfer characteristic associated with v.sub.bw2 (derived from
      the summation of delayed video signals b and c). As will be seen, the
      amplitude versus frequency transfer characteristic associated with
      v.sub.bw3 (shown in FIG. 4) has a bandwidth which varies between the
      bandwidths of the amplitude versus frequency transfer characteristics
      associated with v.sub.bw1 and v.sub.bw2 in response to the control signal
      generated in chrominance channel 14. The amplitude versus frequency
      transfer characteristic associated with v.sub.bw3, when combined with the
      amplitude versus frequency transfer characteristic associated versus
      frequency transfer characteristic associated with Pv.sub.p, determines the
      bandwidth of luminance channel 16.
PAR  It can be seen by examining FIG. 3 that the amplitude versus frequency
      transfer characteristic associated with 1/2(a+d) has a negative maximum
      amplitude point at 2f/3. By examining expressions (2) and (3), it can be
      seen that v.sub.p is formed by subtracting 1/2(a+d) from v.sub.bw2. From
      FIG. 3, it can be seen that the amplitude versus frequency transfer
      characteristic associated with v.sub.p has a peak amplitude at
      approximately 2f/3. Thus, the amplitude versus frequency transfer
      characteristic associated with the summation of delayed signals a and d is
      useful for determining the peaking characteristic of luminance channel 16.
PAR  It should be noted that it is desirable to space delayed video signals a
      and d apart in time by a time interval equal to NT/2, where N is an
      integer and T is the reciprocal of the frequency f. Although the preferred
      range of N includes integers between 2 and 5, other values of N may be
      useful in particular applications.
PAR  It should be noted that although v.sub.p is derived in signal processing
      unit 36 of FIG. 1 by algebraically subtracting the amplitude controlled
      signals produced by amplitude controlling means 114a and 114d from
      v.sub.bw2, v.sub.p may be derived by algebraically subtracting the
      amplitude controlled signals produced by amplitude controlling means 114a
      and 114d from v.sub.bw1 with similar results.
PAR  From an examination of FIG. 3 it can be seen that adjustment of P, i.e.,
      the gain of peaking control circuit 124 of FIG. 1, does not affect the
      amplitude of the amplitude versus frequency transfer characteristic
      associated with Pv.sub.p at DC (i.e., zero frequency) or at the frequency
      f.
PAR  Signal processing unit 36 of FIG. 1 will further be explained by way of
      example wherein mixer 122 is of the type shown in FIG. 2 producing an
      output signal of the form:
EQU  v.sub.bw3 = Av.sub.bw1 + (1-A)v.sub.bw2                    (5)
PAL  where A is the controllable gain of the mixer of FIG. 2 and the amplitude
      versus frequency transfer characteristics v.sub.bw1 and v.sub.bw2 are as
      shown in FIG. 3. For this embodiment, the general expression for v.sub.o
      is:
EQU  v.sub.o = Av.sub.bw1 + (1-A)v.sub.bw2 + Pv.sub.p           (6)
PAR  Referring now to FIG. 4, there are shown graphical representations of
      amplitude versus frequency transfer characteristics associated with
      v.sub.bw3, Av.sub.bw1, (1-A)v.sub.bw2, v.sub.o in the general case and
      v.sub.o when A=0. In FIG. 4, the amplitude versus frequency transfer
      characteristic associated with Pv.sub.p is repeated from FIG. 3 for the
      purpose of relating the amplitude versus frequency transfer
      characteristics of FIGS. 3 and 4.
PAR  As the gain A is varied between 1 and 0, the amplitude versus frequency
      transfer characteristic associated with v.sub.bw3 will correspondingly
      vary between the amplitude versus frequency transfer characteristics of
      v.sub.bw1 and v.sub.bw2 . As may be seen from expressions (5) and (6),
      v.sub.o is the sum of v.sub.bw3 and Pv.sub.p. Therefore, the bandwidth of
      the amplitude versus frequency transfer characteristic associated with
      v.sub.o is controlled in accordance with the value of gain A. The
      amplitude versus frequency transfer characteristic corresponding to a
      minimum bandwidth of luminance channel 16 is exhibited when the value of A
      is equal to 0 (shown in FIG. 4). The amplitude versus frequency transfer
      characteristic of v.sub.o corresponding to a maximum bandwidth of
      luminance channel 16 is exhibited when the value of A is equal to 1 and
      v.sub.o is then equal to Pv.sub.p added to the flat transfer
      characteristic of v.sub.bw1 having an amplitude of 1 (not shown in FIG.
      4).
PAR  It is also seen from FIG. 4 that the value of the peak amplitude of the
      amplitude versus frequency transfer characteristic associated with v.sub.o
      varies in a direct relationship with the value of A. It is noted with
      respect to this aspect that although the peak amplitude of the amplitude
      versus frequency transfer characteristic associated with v.sub.o varies
      with A, the amplitude at DC does not. This is so because the amplitude of
      the sum of (1-A) v.sub.bw2 and Av.sub.bw1 at DC is always 1. Furthermore,
      it is noted that although the peak amplitude of the transfer
      characteristic associated with v.sub.o varies with P, the amplitude at DC
      does not. This is so because the amplitude contribution of the amplitude
      versus frequency transfer characteristic associated with Pv.sub.p to the
      amplitude versus frequency transfer characteristic associated with v.sub.o
      is always 0 at DC. It is desirable not to affect the amplitude of the
      amplitude versus frequency transfer characteristic since picture
      brightness is determined by the DC component of the luminance signals.
PAR  Thus, by controlling the formation of v.sub.bw3 the bandwidth of signal
      processing unit 36 may be controlled. Specifically, when a control signal
      representing the amount of color information present in the video signal
      indicates a relatively large amount of color information v.sub.bw3
      primarily comprises the combination of two delayed signals (b and c)
      having an amplitude versus frequency transfer characteristic with a
      relatively large bandwidth. When the signal representing the amount of
      color information present in the video signal indicates a relatively small
      amount of color information, v.sub.bw3 primarily comprises a delayed video
      signal (m) having an amplitude versus frequency transfer characteristic
      with a relatively large bandwidth.
PAR  With reference to FIGS. 3 and 4, it should be noted that the selection of
      time intervals T.sub.1, T.sub.2 +T.sub.3 and T.sub.4  as 140 nanoseconds
      (i.e., one-half the reciprocal of the color subcarrier frequency, 3.58
      MHz) may be advantageous since the amplitude versus frequency transfer
      characteristic associated with v.sub.o when luminance channel 16 is in a
      minimum bandwidth condition (i.e., with A=1) will have a peak amplitude at
      a relatively high frequency near 3.58 MHz, approximately 2/3 .times. 3.58
      MHz (i.e., 2.4 MHz), while providing effective 3.58 MHz trapping. It
      should also be noted that while the time intervals T.sub.1, T.sub.2
      +T.sub.3 and T.sub.4 were selected to be equal for purposes of example, it
      may be desirable to select these time intervals to be unequal. For
      example, it may be desirable to select T.sub.2 +T.sub.3 to equal 110
      nanoseconds and select T.sub.1 and T.sub.4 equal to 140 nanoseconds. In
      this case, the amplitude versus frequency characteristic associated with
      v.sub.o will have a value substantially 0 at approximately 4.1 MHz, while
      having peak amplitude at approximately 2/3  .times. 3.58 MHz (i.e., 2.4
      MHz). Thus, the signal processing apparatus of FIG. 1 may be modified so
      that frequency components in the range of the chrominance and sound
      signals of the video signal are relatively attenuated while relatively
      high frequency components of the luminance signals may be relatively
      increased in amplitude.
PAR  The amplitude transitions of the output signal v.sub.o of signal processing
      unit 36 of FIG. 1 contain both a preshoot and an overshoot. These
      preshoots and overshoots serve to accentuate the amplitude transitions of
      v.sub.o. Furthermore, the phase versus frequency transfer characteristics
      are related to the preshoots and overshoots. For example, a linear phase
      versus frequency transfer characteristic corresponds to the formation of
      equal preshoots and overshoots. The preshoots and overshoots are
      controlled by the signal formed by the summation of amplitude controlled
      signals associated with taps 112a and 112d. Therefore, although the
      predetermined gain values of amplitude controlling means 114a and 114d
      were chosen to be equal and time intervals T.sub.1 +T.sub.2 and T.sub.3
      +T.sub.4 were chosen to be equal, resulting in a linear phase versus
      frequency transfer characteristic as manifested by equal preshoots and
      overshoots, the amplitude controlled signals associated with taps 114a and
      114d may be controlled to produce unequal preshoots and overshoots to
      compensate for phase versus frequency non-linearities in other portions of
      the video signal processing system.
PAR  It may be desirable to change the location in frequency of the peak
      amplitude of amplitude versus frequency transfer characteristics of the
      luminance channel of a television signal processing apparatus. FIG. 5 is
      the schematic of a signal processing unit useful in luminance channel 16
      of FIG. 1 for controlling the bandwidth and peaking characteristics of
      luminance channel 16 which is similar to signal processing unit 36 of FIG.
      1 and which, in addition, includes provisions for controlling the location
      in frequency of the peak amplitude of its amplitude versus frequency
      transfer characteristic. The primed reference numbers and letters of FIG.
      5 identify similar components and signals of signal processing unit 36 of
      FIG. 1. The modifications of signal processing unit 36 of FIG. 1 to form
      the signal processing unit of FIG. 5 are identified by reference numbers
      in the 500 series in FIG. 5. Because of the similarities between the
      signal processing unit of FIG. 5 and signal processing unit 36 of FIG. 1,
      only the differences between the two apparatus will be described in
      detail. The similar portions of the two apparatus are formed and operate
      in the same manner.
PAR  Two additional taps, 512x and 512y, are coupled to delay line 110' to form
      delayed video signals x and y for determining the location of the peak
      amplitude of the amplitude versus frequency transfer characteristic of the
      signal processing unit of FIG. 5. Delayed video signal x is delayed by a
      time interval T.sub.D '+T.sub.5 in relation to input video signal v.sub.i
      ', i.e., a delay of T.sub.5 greater than the delay of delayed video signal
      a'. Delayed video signal y is delayed by a time interval T.sub.D '+T.sub.1
      '+T.sub.2 '+T.sub.3 '+T.sub.4 '-T.sub.6 in relation to v.sub.i ', i.e., a
      delay of T.sub.6 less than the delay of delayed video signal d'. The time
      interval T.sub.5 is less than the time interval T.sub.1 '. The time
      interval T.sub.6 is less than the time interval T.sub.4 '.
PAR  Delayed video signals x and y are respectively coupled to amplitude
      controlling means 514x and 514y. Amplitude controlling means 514x and 514y
      may be formed in a similar manner to amplitude controlling means 114a',
      114b', 114m', 114c' and 114d'. The amplitude controlled output signals of
      amplitude controlling means 514x and 514y are coupled to summing circuit
      516, where they are algebraically added to form v.sub.p1. Similarly, the
      amplitude controlled output signals of amplitude controlling means 114a'
      and 114d' are coupled to summing circuit 518 where they are algebraically
      added to form v.sub.p2. Both summing circuits 516 and 518 may be formed in
      a similar manner to summing circuit 118'. As will be seen with reference
      to FIG. 6, the amplitude versus frequency transfer characteristic
      associated with v.sub.p1 has a peak amplitude at a frequency higher than
      the frequency location of the peak amplitude of the amplitude versus
      frequency transfer characteristic associated with v.sub.p2.
PAR  Signals v.sub.p1 and v.sub.p2 are coupled to mixer unit 520 together with a
      control signal such as the chrominance bandpass signal or color killer
      signal. Mixer unit 520 serves to combine controllable amplitude portions
      of v.sub.p1 and v.sub.p2 to form v.sub.p3 in response to the control
      signal. Mixer unit 520 may be formed in a similar manner to mixer unit
      112'. Mixer unit 520 may be arranged to switch v.sub.p3 between v.sub.p1
      and v.sub.p2 in response to the control signal representing the amplitude
      of undesirable signals present in the luminance channel. Thus, for
      example, when the control signal represents a relatively large amount of
      color information, v.sub.p3 will equal v.sub.p2, so that the signals
      processed by the signal processing unit of FIG. 5 will be peaked at a
      relatively low frequency to avoid the generation of undesirable patterns
      due to the accentuation of undesirable signals present in the luminance
      channel. Conversely, when the control signal represents a relatively small
      amount of color information, v.sub.p3 will equal v.sub.p1, so that the
      signals processed by the signal processing unit of FIG. 5 will be peaked
      at a relatively high frequency.
PAR  Signals v.sub.p3 and v.sub.bw2 ' are coupled to summing circuit 522, where
      v.sub.p3 is algebraically subtracted from v.sub.bw2 ' to form v.sub.p '.
      Summing circuit 522 may be formed in a manner similar to summing circuits
      516 and 518.
PAR  The operation of the signal processing apparatus of FIG. 5 will be
      described by way of example wherein taps 112a', 512x, 112b', 112c', 512y
      and 112d' are symmetrically located around 112m' and time intervals
      T.sub.1 ', T.sub.2 '+T.sub.3 ' and T.sub.4 ' are all equal to 1/2f.sub.2),
      where f.sub.2 is the frequency of a signal component of the composite
      video signal, v.sub.i ', which may undesirably be present in the luminance
      channel. Further, by way of example, the predetermined gain values of
      amplitude controlling means 114a', 514x, 114b', 114m', 114c', 514y and
      114d' have respective relative values of 1/2, 1/2, 1/2, 1, 1/2, 1/2 and
      1/2.
PAR  In FIG. 6, there are shown graphical represenations of amplitude versus
      frequency transfer characteristics associated with v.sub.p3, v.sub.bw2 '
      and v.sub.p '. The amplitude versus frequency transfer characteristic
      associated with v.sub.bw2 ' is a cosine function having a recurrence rate
      of 4f.sub.2. The amplitude versus frequency transfer characteristic
      associated with v.sub.p3 is shown for the conditions when v.sub.p3 is
      equal to v.sub.p1 and when v.sub.p3 is equal to v.sub.p2. When v.sub.p3 is
      equal to v.sub.p2, the amplitude versus frequency transfer characteristic
      associated with v.sub.p3 is a cosine function having a recurrence rate of
      4f.sub.2 /3 and a minimum amplitude at 2f.sub.2 13. When v.sub.p3 is equal
      to v.sub.p1, the amplitude versus frequency transfer characteristic
      associated with v.sub.p3 is a cosine function having a recurrence rate of
      4f.sub.1 /3 and a minimum amplitude of 2 f.sub.1 /3. The frequency f.sub.1
      is determined by the spacing in time between the delayed video signals x
      and y. Specifically, the time delay between delayed video signals x and y
      is equal of 3f.sub.1 /2.
PAR  The amplitude versus frequency transfer characteristic associated with
      v.sub.p ' is formed by subtracting the amplitude versus frequency transfer
      characteristic associated with v.sub.p3 from the amplitude versus
      frequency transfer characteristic associated with v.sub.bw2 '. The
      amplitude versus frequency transfer characteristic associated with v.sub.p
      ' is shown when v.sub.p3 is equal to v.sub.p1 and when v.sub.p3 is equal
      to v.sub.p2. The peak amplitude of the amplitude versus frequency transfer
      characteristic associated with v.sub.p ' when v.sub.p3 is equal to
      v.sub.p2 is located approximately at 2f.sub.2 /3. The peak amplitude of
      the amplitude versus frequency transfer characteristic associated with
      v.sub.p ' when v.sub.p3 is equal to v.sub.p1 is located at 2f.sub.1 /3, a
      frequency higher than 2f.sub.2 /3.
PAR  Thus, since v.sub.p ' determines peaking characteristics of the signal
      processing unit of FIG. 5, the location of the peak amplitude of the
      amplitude versus frequency transfer characteristics of the signal
      processing unit of FIG. 5 may be controlled by controlling the formation
      of v.sub.p3. Specifically, when a control signal representing the amount
      of color information present in the video signal indicates a relatively
      large amount of color information, v.sub.p3 primarily comprises the
      combination of two delayed video signals (x and y) having an amplitude
      versus frequency transfer characteristic with a relatively low frequency
      peak amplitude. When the signal representing the amount of color
      information present in the video signal indicates a relatively small
      amount of color information, v.sub.p3 primarily comprises the combination
      of two delayed video signals (a' and d') having an amplitude versus
      frequency transfer characteristic with a relatively high frequency peak
      amplitude.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for processing television video signals, comprising:
PA1  a source of video signals;
PA1  signal delaying means coupled to said source of video signals;
PA1  a plurality of signal coupling means coupled to said signal delaying means
      for developing a plurality of delayed video signals;
PA1  first means for combining at least a first and a second of said delayed
      video signals being spaced apart in time by a time interval substantially
      equal to NT/2, where T is the period of a predetermined signal component
      supplied by said source and N is an integer greater than one, to produce a
      first combined signal;
PA1  means for deriving a first bandwidth determining signal from at least a
      third of said delayed video signals being located in time between said
      first and second delayed video signals;
PA1  means for deriving a second bandwidth determining signal from at least a
      fourth and a fifth of said delayed video signals each being located in
      time between said first and second delayed video signals;
PA1  second means for combining one of said bandwidth determining signals with
      said first combined signal to produce a second combined signal;
PA1  means for selectively combining said first and second bandwidth determining
      signals to produce a third bandwidth determining signal including
      controlled amplitude portions of said first and second bandwidth
      determining signals; and
PA1  third means for combining said third bandwidth determining signal and said
      second combined signal to produce an output signal.
NUM  2.
PAR  2. The apparatus recited in claim 1 wherein said means for selectively
      combining said first and second bandwidth determining signals is
      responsive to a first control signal for controlling the amplitudes of
      said first and second bandwidth determining signals.
NUM  3.
PAR  3. The apparatus recited in claim 2 wherein the controlled amplitude
      portions of said first and second bandwidth determining signals are
      controlled in inverse relationship to one another in accordance with said
      first control signal.
NUM  4.
PAR  4. The apparatus recited in claim 3 wherein said first means provides the
      sum of said first and second delayed video signals.
NUM  5.
PAR  5. The apparatus recited in claim 4 wherein said means for deriving a
      second bandwidth determining signal provides the sum of said fourth and
      fifth delayed video signals.
NUM  6.
PAR  6. The apparatus recited in claim 5 wherein said second means provides the
      difference between said second bandwidth determining signal and said first
      combined signal.
NUM  7.
PAR  7. The apparatus recited in claim 6 wherein said third means provides the
      sum of said third bandwidth determining signal and said second combined
      signal.
NUM  8.
PAR  8. The apparatus recited in claim 7 wherein said first control signal is
      representative of the amplitude of color information in said video signal
      and said controlled amplitude portion of said first bandwidth determining
      signal is controlled in inverse relationship to the amplitude of color
      information and said controlled amplitude portion of said second bandwidth
      determining signal is controlled in direct relationship to the amplitude
      of color information.
NUM  9.
PAR  9. The apparatus recited in claim 8 wherein said means for providing said
      third bandwidth determining signal selectively provides one of said first
      and second bandwidth determining signals.
NUM  10.
PAR  10. The apparatus recited in claim 8 wherein said second means includes
      means for controlling the amplitude of said second combined signal.
NUM  11.
PAR  11. The apparatus recited in claim 10 wherein said means for controlling
      the amplitude of said second combined signal is responsive to a second
      control signal representative of the amplitude of color information
      present in said video signal, the amplitude of said second combined signal
      being controlled in inverse relationship to the amplitude of color
      information in said video signal.
NUM  12.
PAR  12. The apparatus recited in claim 7 wherein said first means includes:
PA1  fourth means for adding said first and second delayed video signals to
      produce a third combined signal;
PA1  fifth means for adding a sixth and a seventh delayed video signal being
      spaced apart by a time interval less than NT/2 to produce a fourth
      combined signal; and
PA1  means for selectively combining said third and fourth combined signals to
      produce said first combined signal including controlled amplitude portions
      of said third and fourth combined signals.
NUM  13.
PAR  13. The apparatus recited in claim 12 wherein said means for selectively
      combining said third and fourth combined signals is responsive to a third
      control signal for controlling the amplitudes of said third and fourth
      combined signals.
NUM  14.
PAR  14. The apparatus recited in claim 13 wherein the controlled amplitude
      portions of said third and fourth combined signals are controlled in
      inverse relationship to one another in accordance with said third control
      signal.
NUM  15.
PAR  15. The apparatus recited in claim 14 wherein said first control signal
      represents the amplitude of color information in said video signal and
      said controlled amplitude portion of said first bandwidth determining
      signal is controlled in inverse relationship to the amplitude of color
      information and said controlled amplitude portion of said second bandwidth
      determining signal is controlled in direct relationship to the amplitude
      of color information, and wherein said third control signal represents the
      amplitude of color information in said video signal and said controlled
      amplitude portion of said third combined signal is controlled in direct
      relationship to the amplitude of color information and controlled
      amplitude portion of said fourth combined signal in inverse relationship
      to the amplitude of color information.
NUM  16.
PAR  16. The apparatus recited in claim 15 wherein said means for selectively
      combining said third and fourth combined signals selectively provides one
      of said third and fourth combined signals.
NUM  17.
PAR  17. The apparatus recited in claim 16 wherein said means for providing said
      third bandwidth determining signal selectively provides one of said first
      and second bandwidth determining signals.
NUM  18.
PAR  18. The apparatus recited in claim 1 wherein said video signals include at
      least chrominance and luminance signals and said signal delaying means
      include a portion for equalizing the time delays of said chrominance and
      luminance signals.
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ABST
PAL  A network is disclosed for automatically checking the skew and character
      spacing of digital tape drive systems to indicate out-of-tolerance
      conditions of those parameters. The network enables a tape drive to check
      its own recording accuracy as well as that of tapes recorded on other
      drives. In operation, the first detected pulse of each character triggers
      a monostable multi-vibrator which locks out further data pulses and
      initiates a window pulse equal in length to the maximum permissible skew.
      At the end of the window pulse data pulses may again be received. If a
      pulse is received after termination of the window pulse, the skew is
      determined to exceed specifications and a skew error indication is given
      by the illumination of a display light, for example. A similar circuit
      arrangement is provided for detecting character spacing which is less than
      the minimum required for unambiguous data reproduction.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the United States
      Government and may be manufactured and used by or for the Government for
      Governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR   1. Field of the Invention:
PAR  This invention relates generally to magnetic tape monitoring apparatuses,
      and more particularly to an automatic character skew and spacing checking
      network for use with computer digitial magnetic tapes.
PAR   2. Description of the Prior Art:
PAR  In the recent past Government and Industry have been using computers with
      digital tape drives that permit high density recording, up to 800
      characters per inch for example, recorded in the non-return to zero (NRZI)
      mode. As more equipment of this type is used, a substantial increase in
      the number of character reading failures has occurred. It has been found
      that the largest number of reading failures occurs when tapes are read by
      equipment different from that on which they were recorded, giving rise to
      serious compatibility problems. Reading failures have occurred in spite of
      the fact that equipment was maintained to the manufacturers
      specifications, and in spite of the fact that the most rigorous servicing
      standards were observed in adjusting and maintaining reading and recording
      equipment.
PAR  Extensive tests directed to resolving these problems have shown that the
      most common cause of reading failures when attempting to interchange
      information via digital tape recorded in the non-return to zero mode is a
      condition called skew. Skew is a product of two factors which result when
      the characters are not recorded perpendicular to the edge of the recording
      tape. The first of these factors is static skew, determined by the
      physical alignment of the recording head and tape guides and also by the
      alignment of the individual track recording gaps within the head assembly
      (i.e. gap scatter). The other factor is dynamic skew, a result of the
      wandering and squirming of the tape as it passes across the recording
      head. Other factors such as the asymmetry and pattern sensitivity of the
      recording head also contribute to the overall skew condition. All of these
      factors are generally lumped together and referred to as "skew" because in
      practice they are inseparable from a measurement point of view. It has
      been reliably determined that tape skew accounts for 95% of reading errors
      due to equipment incompatibility.
PAR  FIG. 1 illustrates characters recorded on magnetic rape, showing the
      effects of skew conditions. In particular, two characters 12 and 14 of
      recorded data bits 16 are shown at the left of FIG. 1, representing ideal
      recording conditions with no skew and with a fixed gap 18 between all bits
      in each of the characters. Two skewed characters 20 and 22 are illustrated
      at the right side of FIG. 1, showing the effects of gap scatter and the
      other static and dynamic skewing phenomena mentioned above.
PAR  Concerning the need for a sufficient gap between characters, it is
      emphasized that the reading problems discussed here relate to non-return
      to zero recording, rather than to phase encoded recording wherein the gap
      between characters is not critical since the recorded information is
      self-clocking. In non-return to zero recording, particularly with a
      packing density of 800 characters per inch, character spacing becomes
      critical as a character must be written every 1250 microinches with an
      accuracy of 3%. Since an adequate spacing must exist between characters to
      prevent ambiguous readouts, character skew must be less than half of the
      character spacing minus an additional tolerance to provide for read head
      skew which can never be entirely eliminated.
PAR  FIGS. 2A and 2B are diagrams showing gap relationships and illustrating how
      character reading errors can occur due to insufficient gapping as a result
      of skew. FIG. 2A illustrates a 9-track tape showing track 1 at the top and
      track 9 at the bottom of the tape. A first character of 9 skewed bits is
      illustrated at 24 and a second similarly skewed character is illustrated
      at 26, both characters separated by a minimum distance of 825 microinches.
      Both characters 24 and 26 are illustrated as skewed 425 microinches, the
      maximum writing skew permitted under the American National Standard for
      recording magnetic tape for information interchange (800 cpi, NRZI). In
      FIG. 2A the first bit occurs on track 9 on the tape. This bit will trigger
      a window pulse in the reading apparatus which must be open for at least
      425 microinches in order to read a tape written at the maximum skew
      tolerance mentioned above. The second skewed character 26 is similar to
      the first in that the first bit also occurs in track 9, so that the
      recording system leaves a very adequate spacing of 825 microinches between
      the closest bits of the two skewed characters. Accordingly no reading
      ambiguity occurs in this situation.
PAR  FIG. 2B illustrates the critical worst-case problem where reading ambiguity
      may occur. A character with only 1 bit in track 1 is illustrated at 28 and
      a second character with only 1 bit in track 9 is illustrated at 30. Thus,
      the reading window is opened only as the bit 28 is detected, so that this
      track 1 bit falls at the beginning of the reading window rather than at
      the end of it, in contrast to the situation shown in FIG. 2A. The next
      recorded character 30 has at least one bit in track 9 which, in the
      illustrated example, is skewed most forward. Thus this bit triggers a
      second reading window which begins only 400 microinches after the end of
      the first reading window. Within this 400 microinch gap, a 6% character
      tolerance must also be provided, equivalent to subtracting 75 microinches
      from the actual gap. Thus the spacing between the characters is
      effectively only 325 microinches. Therefore, to maintain reliable
      operation in the illustrated example, read head static and dynamic skew
      must be less than 300 microinches, significantly less than the 425
      microinch tolerance conventionally permitted.
PAR  The 6% tolerance mentioned in the previous paragraph is included since a
      maximum of .+-. 3% in character spacing tolerance is permitted by
      recording specifications and a .+-. 3% speed tolerance is the usual
      specified by the tape drive manufacturers.
PAR  Speed variations that reduce the character spacing may also impair the tape
      drive's ability to distinguish between characters. For example, with a
      recording density of 800 cpi, a character is written every 11.8
      microseconds. If the tape is moving slower than the normal speed of 112.5
      inches per second, the characters will be spaced closer together with the
      result that the characters may be spaced too closely to be read by other
      tape drives, or even by the writing tape drive when it is not stopped
      between records.
PAR  In view of the problems described above, it is apparent that magnetic tape
      recording equipment must be carefully monitored to minimize the skew in
      recording and reading heads if recorded tapes are to be compatable with
      different types and models of equipment. No satisfactory equipment has
      been available in the past for providing such monitoring in a truly
      convenient and reliable manner.
PAR  A need therefore exists for an apparatus to automatically check character
      skew and spacing to ensure that recorded tapes will be compatible with
      different types of reading equipment.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of this invention is to provide a novel network for
      automatically checking character skew and spacing.
PAR  Another object of this invention is to provide a novel system for detecting
      skew and spacing errors in tape recording and reproducing equipment.
PAR  Yet another object of this invention is the provision of a logic network
      for identifying which track or tracks of a multiple track tape transport
      are out of alignment.
PAR  A still further object of this invention is the provision of a highly
      reliable and conveniently usable logic network for checking character skew
      and spacing in magnetic tape recording and reproducing apparatuses.
PAR  Briefly, these and other objects of the invention are achieved by providing
      a network for detecting the first bit of a recorded character, and for
      establishing a time interval equal to the maximum permissible skew
      beginning on detection of this first recorded bit. A late pulse detector
      is provided for monitoring bits received after the time interval has
      elapsed indicating the presence of a larger degree of skew than is
      permissible. A similar network is provided for monitoring character
      spacing. Suitable display indicators are coupled to both networks to
      convey output information.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily obtained as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accomapnying drawings, wherein:
PAR  FIG. 1 is a schematic illustration of a recorded tape illustrating ideal
      and skewed recording;
PAR  FIG. 2A is a schematic illustration of a recorded tape showing skewed
      recordings which can be read without ambiguity;
PAR  FIG. 2B is an illustration of a recorded tape showing skewed recordings
      which cannot be read without ambiguity;
PAR  FIG. 3 is a functional block diagram of the apparatus of the present
      invention; and,
PAR  FIG. 4 is a logic block and schematic diagram of the circuitry of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein like reference numerals designate
      identical or corresponding parts throughout the several views, and more
      particularly to FIG. 3 thereof, the present invention is illustrated in
      the form of a functional block diagram. In particular, a series of pulse
      shapers 32 is illustrated as receiving input information from all 9 tracks
      of a 9-track recording and reproducing system. The 9 recording track
      inputs are in the form of digital data derived from conventional peak
      detectors (not shown) associated with the tape recording and reproducing
      system. The outputs of all 9 pulse shapers in the block 32 are fed
      serially over a line 34 to a first pulse detector 36, the purpose of which
      is to detect the first pulse generated by the signals received on the 9
      recording tracks. The output of the first pulse detector 36 is fed through
      an align-readback switch 38 to either a 1.5 microsecond delay 40 or a 4.0
      microsecond delay 42, depending upon the position selected for the switch
      38. The outputs of the two delays are coupled in parallel to a late pulse
      detector 44, the output of which is coupled to a skew error indicator 46
      and a track error indicator 48 which includes a separate indicator for
      each of the 9 input tracks. The inputs from each of the 9 traks are also
      fed in parallel over a line 50 for providing individual track error
      indications.
PAR  The operation of the descirbed network is as follows. Assuming it is
      desired to align the reading heads of a tape system, the switch 38 is set
      to the align position, whereby the delay 40 is switched into the circuit.
      This delay is set for 1.5 microseconds corresponding to the standard read
      head skew permissible in 800 cpi NRZI recordings. Clearly, this delay can
      be set to other values corresponding to other recording densities and tape
      speeds. A skew alignment tape is then processed by the attached tape drive
      (not shown) and the detected signals arrive on the 9 track to be shaped by
      pulse shapers 32. The resulting shaped pulses are fed over line 34 to
      first pulse detector 36 which identifies the first pulse to arrive and
      triggers the delay 40, applying a signal to the late pulse detector 44.
      Any pulses arriving after the 1.5 microsecond delay interval has elapsed
      are applied to the late pulse detector 44 for activating the skew error
      indicator 46, indicating that the read head is out of alignment. The
      particular track or tracks on which the late pulses arrive are also
      identified by the track error indicators 48 so that the misaligned tracks
      can be easily identified and aligned.
PAR  Essentially the same operation is followed for aligning the recording
      heads, except in this case the switch 38 is adjusted to the readback
      position so that a 4.0 microsecond delay (or another suitable delay for
      different recording speeds and densities) is set into the circuit. A
      series of ones is then recorded on the tape by the recording head to be
      checked and this series of ones is played back into the monitoring circuit
      illustrated in FIG. 3. Again, the circuit identifies whether a skew error
      exists and also identifies the offending track.
PAR  A character spacing error indicating circuit is also included in the device
      illustrated in FIG. 3. This circuit, illustrated at the lower portion of
      FIG. 3, is coupled to one track such as track 5, the output of which is
      fed over a line 52 to an early pulse detector 54. The output of the same
      track is fed over a line 56 through the switch 38 (only when the switch is
      in the readback position) to an 8.25 microsecond delay 58. Again, it will
      be clear to those skilled in the art that the delay may be adjusted
      depending upon the speed and density parameters of the tape and recording
      system to be checked. The output of the delay 58 is fed through a line 60
      to the early pulse detector, the output of which drives a character
      spacing error indicator 62. In operation, the signal received on the
      selected track (e.g. track 5) triggers the delay 58 which prevents
      actuation of the early pulse detector 54 until the delay is timed out, in
      this case until at least 8.25 microseconds has elapsed. Any pulse
      occurring on line 52 after the delay is timed out triggers the early pulse
      detector 54 which in turn activates the character spacing error indicator
      62 whereby the system indicates that the characters in the recorded
      information are too closely spaced to be accurately read back.
PAR  A more detailed explanation of the structure and mode of operation of the
      present invention will now be set forth, particularly with reference to
      the detailed schematic diagram of the invention as set forth in FIG. 4.
      The 9 recording track outputs are shown at the lefthand side of FIG. 4,
      and as in FIG. 3, these outputs receive signals from peak detectors
      coupled to magnetic reading or recording heads. Each of the 9 track
      outputs is fed through one of inverters 64-80 to a corresponding
      monostable multi-vibrator or "one-shot" 82-98. The monostable
      multi-vibrators convert the relatively long peak detection signals from
      the tape head into 0.1 microsecond pulses which lend themselves to good
      scope triggering and visual positioning. The positive outputs of the
      monostable multi-vibrators 82-98 are each respectively coupled to one
      input of a group of two-input NAND gates 110-116. The negative outputs of
      monostable multi-vibrators 82 and 84 are coupled to the two inputs of a
      NOR gate 118. The negative outputs of monostable multi-vibrators 86, 88
      and 90 are similarly coupled to the three inputs of a NOR gate 120, and
      the negative outputs of the four remaining monostable multi-vibrators 92,
      94, 96 and 98 are coupled to the four inputs of a third NOR gate 122. The
      outputs of NOR gates 120 and 122 are coupled through a line 124 to a node
      input of NOR gate 118, whereby the outputs of the three NOR gates 118, 120
      and 122 are combined so that a signal originating in any of the 9 tracks
      will cause a 0.1 microsecond pulse produced by the appropriate monostable
      multi-vibrator to appear on line 126 at the output of NOR gate 118. This
      pulse is fed over line 128 through a group of inverters 130, which
      together with a capacitor 131 function as a delay, to a monostable
      multi-vibrator 132 having a 6.5 microsecond period. The output of
      monostable multi-vibrator 132 is applied over a line 134 to one input of a
      NAND gate 136, the other input of which receives the output of NOR gate
      118 via line 126.
PAR  The output of NAND gate 136 is applied over a line 138 to a monostable
      multi-vibrator 140, shown as having a 1.5 microsecond period,
      corresponding to delay 40 illustrated in FIG. 3. The output of NAND gate
      136 is similarly coupled through an inverter 142 to one input of a NAND
      gate 144, the other input of which is coupled to align-readback switch 38.
      It is noted that the readback contact of the switch 38 is coupled to a
      power line 146 preferably carrying 6 volts DC, while the align contact of
      the switch is coupled to a power line 48, preferably coupled to a
      reference potential such as ground.
PAR  The output of NAND gate 144 is coupled to a monostable multi-vibrator 150
      illustrated as having a period of 4.0 microseconds. The outputs of both
      monostable multi-vibrators 140 and 150 are coupled to the two inputs of a
      NOR gate 152, the output of which is coupled to a single inverter 154, and
      through a line 156 to an additional pair of inverters 158 and 160 which
      are connected to inputs of NAND gates 100-116 for applying control signals
      thereto. The output of inverter 154 is coupled to one input of a late
      character NAND gate 162, the other input of which is coupled to the output
      of NOR gate 118 through delay inverters 130, inverter 164 and line 166.
      The output of the late character NAND gate 162 is coupled to a late
      character monostable multi-vibrator 168, illustrated as having a 46
      millisecond period, coupled at its output to a light emitting diode 170
      for providing a skew error indication, as illustrated at 46 in FIG. 3.
PAR  NAND gates 100-106, coupled to the outputs of monostable multi-vibrators
      82-88, respectively, and to the output of inverter 158, have their outputs
      connected to the inputs of a storage register 172. The outputs of the
      storage register are coupled to four light emitting diodes 174 for
      providing a track error indicator as illustrated at 48 in FIG. 3. A reset
      line 176 is coupled between the output of inverter 154 and a reset input
      of the storage register 172 for resetting the storage register at
      appropriate intervals. NAND gates 108-114 similarly receiving inputs from
      monostable multi-vibrators 92-96 and from inverters 158 or 160 are coupled
      to four inputs of a second storage register 178, the four outputs of which
      are coupled to four light emitting diodes 180 comprising a portion of the
      track error indicator. NAND gate 116, receiving inputs from monostable
      multi-vibrator 98 and inverter 160, is coupled at its output to a pair of
      NOR gates 182 and 184 connected in a flip-flop configuration for providing
      an extra storage register stage. The output of these two interconnected
      flip-flops is coupled to another light emitting diode 186, completing the
      track error indicator illustrated at 48 in FIG. 3. A line 188 couples the
      output of inverter 160 to the reset input of second storage register 178
      and also to one input of NOR gate 182 for resetting the storage register
      and the extra flip-flop stage formed of NOR gates 182 and 184.
PAR  Attention is now directed to the character spacing error indicating network
      also shown in FIG. 4. More particularly, a line 190 couples the positive
      output of monostable multi-vibrator 90, corresponding to the track 5 input
      from the tape head, to one input of a NAND gate 192. Another line 194
      couples the remaining input of NAND gate 192 to the align-readback switch
      38 for controlling the operation of the character spacing error indicator.
PAR  The output of NAND gate 192 is coupled through an inverter 196 to a
      monostable multi-vibrator 198 having a period of 8.15 microseconds. The
      output of monostable multi-vibrator 198 is coupled to one input of an
      early pulse detector NAND gate 200, the other input of which is coupled to
      the output of monostable multi-vibrator 90 through lines 190 and 202. The
      output of early pulse detector NAND gate 200 is applied to the input of a
      character spacing error monostable multi-vibrator 204 having a period of
      46 milliseconds, and coupled at its output to a light emitting diode 206
      acting as a character spacing error indicator, as illustrated at 62 in
      FIG. 3.
PAR  Having described the manner in which the components of the novel circuit
      are interconnected, the operation of the illustrated embodiment of the
      invention will now be described in more detail. Initially, pulses arriving
      at any of the 9 track inputs from the peak detection circuitry trigger one
      or more of the monostable multi-vibrators 82-98, resulting in the
      generation of narrow (0.1 microsecond) pulses. Since the outputs of all of
      these monostable multi-vibrators are coupled together through NOR gates
      118, 120 and 122, any pulse generated by one of the monostable
      multi-vibrators will appear on line 126 where it is applied to NAND gate
      136 and simultaneously to the delay inverters 130. After the brief delay
      interval imposed by these delay circuits (30 to 50 nanoseconds for
      example) the pulse is applied to monostable multi-vibrator 132, triggering
      it, whereby a 6.5 microsecond negative output is applied to NAND gate 136,
      inhibiting the gate until the period of the monostable multi-vibrator 132
      is timed out so that no further pulses will pass the NAND gate 136.
PAR  The output of NAND gate 136 is the first pulse generated by the monostable
      multi-vibrators 82-98. This output triggers either of monostable
      multi-vibrators 140 or 150, depending upon the setting of align-readback
      switch 38. The output of the selected one of these two multi-vibrators is
      applied to NOR gate 152 for applying an inhibiting signal to inverters 158
      and 160. This inhibiting signal is applied to all of the NAND gates
      100-116 in the track error indicating network, so that no signal can pass
      the track error NAND gates until the selected monostable multi-vibrator
      has timed out. Similarly, the output of the selected monostable
      multi-vibrator inhibits NAND gate 162 so that the skew error indicator
      monostable multi-vibrator 168 cannot be triggered.
PAR  After the selected monostable multi-vibrator 140 or 150 has timed out, the
      NAND gates 100-116 are enabled, as is the NAND gate 162 due to termination
      of the inhibiting signals applied to these gates. Thus any pulses
      generated by the monostable multi-vibrators 82-98 after the selected
      monostable multi-vibrator 140 or 150 has timed out will be passed through
      NOR gate 118 along line 128, through inverter 164 and line 166 to enabled
      NAND gate 162, whereby monostable multi-vibrator 168 is triggered, turning
      on light emitting diode 170 for providing a skew error indication. The
      monostable multi-vibrator 168 holds the light emitting diode 170 on for an
      extended interval, 46 milliseconds for example, for ease of observation.
      Simultaneously, any late pulse is fed from the monostable multi-vibrators
      82-98 over the appropriate line to one of the enabled NAND gates 100-116.
      The outputs of these individual NAND gates are applied to the holding
      registers 172 and 178 or to the additional flip-flop stage comprised of
      NOR gates 182 and 184. Pulses transmitted by any of the NAND gates 100-116
      are stored in the flip-flops comprising the holding register (and of
      course the auxiliary flip-flop stage) causing an appropriate one of the
      nine LEDs 174, 180 and 186 to be lighted indicating the track on which the
      skewing error has occurred. Thus, as the circuit operates, one or more of
      the indicator LEDs will continue to flash on indicating which track or
      tracks are out of alignment and producing skewing errors, and the LED 170
      will remain lighted as long as skewing errors are detected.
PAR  When the align-readback switch 38 in the align position, the character
      spacing error indicating circuitry is disabled. However, when the switch
      38 is in the readback position, NAND gate 192 is enabled for receiving a
      signal from monostable multi-vibrator 90 coupled to track 5 of the tape
      system. The output of NAND gate 192 is passed through inverter 196 to
      trigger monostable multi-vibrator 198 which provides an output pulse of
      8.15 microsecond duration to inhibit NAND gate 200 for this interval.
      After the monostable multi-vibrator 198 is timed out, NAND gate 200 is
      enabled and any subsequent pulse arriving on track 5 will result in the
      generation of a pulse which will pass through NAND gate 200 to trigger
      monostable multi-vibrator 204 causing LED 206 to light, indicating the
      occurrence of a character spacing error.
PAR  It is again noted that the periods of the illustrated monostable
      multi-vibrators 140, 150 and 198 respectively were selected to correspond
      to the standard tolerances alotted to tape reading heads, tape writing
      heads and character spacing, respectively, for 800 cpi NRZI recorded tapes
      travelling at 112.5 inches per second. It will be obvious to those skilled
      in the art that all of these timing intervals, as well as the other timing
      intervals specifically mentioned can be easily adjusted to conform to
      other tape speeds and tape character densities. Thus the illustrated
      circuit can be easily modified for monitoring virtually any type of data
      tape handling system.
PAR  The circuit illustrated in FIG. 4 can be constructed on a single circuit
      card that may be pluged into a spare card slot of a tape drive to be
      monitored. The circuit may then be left in the tape drive to provide
      continuous monitoring, or can be used as a test instrument for temporarily
      monitoring individual tape drives to determine if they are properly
      aligned. The schematic logic block diagram of FIG. 4 is intended to show
      the diode transistor logic (DTL) family of integrated circuits. The
      circuit can, of course, easily be constructed of other families of
      circuits, such as TTL circuits, as will be apparent to those skilled in
      the art.
PAR  In using the apparatus of the present invention for monitoring read head
      alignment, the align-readback switch is first set to the align position. A
      good skew alignment tape, of the type produced by IBM Corporation, for
      example, is mounted on the tape transport to provide the necessary signal
      information. The tape is then read while the skew error indicator and
      track error indicators of the circuit of the present invention are
      observed. When skew errors are indicated the late or skewed tracks are
      also identified by the individual track error LEDs and can be adjusted
      until the skew error LED 170 is extinguished. At this time all tracks are
      reading within the 1.5 microsecond skew calibration in accordance with
      U.S. standards. If the tape drive cannot hold or be adjusted within this
      tolerance, it will very likely be unable to give reliable 800 cpi
      interchange performance, and thus will probably not be suitable for
      reliable high speed operation at maximum character densities.
PAR  To align the write head, it is necessary to first complete alignment of the
      read head as described above. The align-readback switch is then set to the
      readback position, and characters comprised entirely of ones are
      continuously recorded on a length of tape while the LED indicators of the
      tape drive monitoring circuit of the present invention are observed.
      Again, skew error indications or track error indications will determine
      which, if any, tracks require adjustment. The tracks can then be
      individually adjusted until no error indications occur.
PAR  After both read and write heads have been aligned, the tape is rewound and
      removed. An output tape is then mounted and records of all ones characters
      are recorded down the length of tape, stopping between each record. The
      tape is rewound and the monitor of the invention is switched to the
      "align" position. The tape is then read back. The monitor is now testing
      to see if the "static" skew is within the 1.5 microsecond specification.
      When satisfactory results are obtained in this mode then a random data
      pattern is recorded in similar fashion. The monitor is then set to the
      "read back" position. The tape is then read back without stopping. Dynamic
      skew problems will then be indicated by the skew indicator. Such problems
      must be corrected by adjustments to the tape transport mechanism itself.
      Tape speed problems will also be indicated by the character spacing
      indicator. Speed problems may be analyzed by using an osciloscope to
      determine where the character spacing errors occur in a particular record.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by letters patent of the
      United States is:
NUM  1.
PAR  1. A network for monitoring character skew and spacing in a tape recording
      and reproducing system comprising:
PA1  a plurality of pulse shaping means adapted to be coupled to a like
      plurality of track outputs from said tape recording and reproducing
      system,
PA1  first pulse detector means for detecting the first pulse generated by said
      pulse shaping means,
PA1  late pulse detecting means coupled to said pulse shaping means for
      receiving pulses therefrom,
PA1  first timing means coupled to said first pulse detector means and to said
      late pulse detecting means for inhibiting said late pulse detecting for a
      first predetermined interval following detection of said first pulse; and,
PA1  skew error indicating means coupled to said late pulse detecting means for
      indicating the existance of late pulses representing an unacceptable skew
      condition.
NUM  2.
PAR  2. A network as in claim 1, further comprising:
PA1  early pulse detecting means coupled to one of said pulse shaping means for
      sensing the output of a pulse therefrom,
PA1  second timing means coupled to said one pulse shaping means and to said
      early pulse detecting means for inhibiting said early pulse detecting
      means for a second predetermined interval upon receiving a first pulse
      from said one pulse shaping means; and,
PA1  character spacing error indicating means coupled to said early pulse
      detecting means for indicating the existance of early pulses, representing
      an unacceptable character spacing condition.
NUM  3.
PAR  3. A network as in claim 2, further comprising:
PA1  third timing means coupled to said late pulse detecting means for
      inhibiting said late pulse detecting means for a third predetermined
      interval; and,
PA1  selector switch means coupled between said first pulse detector means and
      said first and third timing means for permitting said late pulse detecting
      means to be selectively inhibited for either said first or said third
      predetermined interval.
NUM  4.
PAR  4. A network as in claim 3, wherein:
PA1  said selector switch means is also coupled to said second timing means for
      selective disablement thereof.
NUM  5.
PAR  5. A network as in claim 1, wherein:
PA1  said pulse shaping means comprise monostable multi-vibrators.
NUM  6.
PAR  6. A network as in claim 5, wherein said first pulse detector means
      comprises:
PA1  a plurality of NOR gate means coupled to said monostable multi-vibrators
      for combining the outputs thereof,
PA1  a first NAND gate coupled to said NOR gates for receiving said combined
      outputs of said monostable multi-vibrators; and,
PA1  fourth timing means coupled to said first NAND gate to inhibit said first
      NAND gate after said first pulse has been received thereby.
NUM  7.
PAR  7. A network as in claim 6, wherein said late pulse detecting means
      comprises:
PA1  a second NAND gate coupled to said first timing means, whereby said second
      NAND gate is inhibited, and to said NOR gate means for receiving pulses
      from said plurality of monostable multi-vibartors.
NUM  8.
PAR  8. A network as in claim 1, wherein said skew error indicating means
      comprises:
PA1  first logic gate means coupled to said plurality of pulse shaping means and
      to said first timing means for passing pulses from said pulse shaping
      means after said first predetermined interval has elapsed,
PA1  a first electroluminescent means coupled to and controlled by said first
      logic gate means for indicating an unacceptable skew condition,
PA1  a plurality of logic gate means, each coupled to one of said pulse shaping
      means and to said first timing means whereby said logic gate means are
      inhibited during said first predetermined interval,
PA1  storage means coupled to said plurality of logic gate means for temporaily
      storing the outputs thereof; and,
PA1  a plurality of electroluminescent means coupled to said storage means for
      identifying tracks of said tape recording and reproducing apparatus which
      are out of alignment.
NUM  9.
PAR  9. A network as in claim 2, wherein said early pulse detecting means
      comprises:
PA1  logic gate means coupled to a selected one of said pulse shapers for
      receiving pulses therefrom; and,
PA1  fifth timing means coupled to said logic gate means for inhibiting said
      logic gate means for a fifth predetermined interval, whereby said logic
      gate means is prevented from activating said character spacing error
      indicating means until said fifth predetermined interval has elapsed.
NUM  10.
PAR  10. A network as in claim 9, wherein said character spacing error
      indicating means comprises:
PA1  sixth timing means coupled to said logic gate means for actuation thereby;
      and,
PA1  electroluminescent means coupled to said sixth timing means for
      energization thereby.
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PAL  An apparatus for injecting a signature signal on a magnetic tape comprising
      signature signal generator connected to a switching system. The switching
      system connects the signature signal to the recorder inputs while
      disconnecting the normal recorder inputs. A timer is located in the
      switching system to permit the injection of the signature signal for a
      specific time period.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to signature signals for injection
      onto magnetic tape and more particularly to an apparatus for injecting a
      signature signal onto a magentic tape.
PAR  2. Description of the Prior Art.
PAR  Missile test ranges and other facilities involved in magnetic tape
      recording, reproducing, or dubbing have experienced difficulty in
      maintaining uniform levels of data quality.
PAR  A magnetic tape recorder signature device provides a means of improving the
      quality of data recovered from magnetic tape recordings. Crossplay,
      defined as recording on one machine and reproducing on another, has been
      identified as a major contributor to data degradation. Although less
      prevalent, data can be degraded when both recording and reproduction is
      accomplished on the same machine. The principal reasons for this reduction
      of data quality are: (1) differences in the alignment of record heads and
      reproduce heads, (2) improper adjustment of the reproduce electronics, and
      (3) improper adjustment of the record electronics. A magnetic tape
      recorder signature device provides a swept-frequency signal which may be
      recorded on any convenient segment of the tape. Upon playback of the tape,
      this swept-frequency signal or signature signal may be utilized in
      adjusting the magnetic tape reproducer for optimum performance. The nature
      of the reproduced signature may also provide information about improper
      adjustment or malfunction of the record electronics of the machine on
      which the original recording was made.
PAR  The present invention serves as a standard method of assessing the
      performance of magnetic tape machines and reducing the occasional
      catastrophic loss of data caused by crossplay problems. At a minimum, tape
      signatures on prime data recordings would alert station personnel to the
      need for repair, adjustment, or maintenance during all phases of tape use
      including original recording, playback and dubbing operations.
PAR  The present method of optimizing reproduced data, if it is done at all,
      consists of one or two different techniques. It is worth noting that
      neither of these or any other standard method is used to any extent at
      this time. The two methods or techniques which may be used are referred to
      as Lissajous-Pattern and White-Noise methods.
PAR  The lissajous pattern method requires the use of a sine wave generator and
      an oscilloscope to accomplish a single objective which is referred to as
      reproduce head azimuth alignment. The limitations and disadvantages of
      this method are that external equipment and special setup is required, the
      frequency to be recorded must be carefully selected and recorded on two
      different tracks having definite dimensional spacing, and the indicated
      result reflecting reproduce head azimuth alignment can be deceiving and
      ambiguous because the same lissajous pattern can result from either the
      correct or an incorrect azimuth alignment. In addition, this method is
      time consuming, unreliable, confusing and provides information relative to
      reproduce head azimuth alignment only. The method is seldom used because
      of its complexity.
PAR  The white noise method requires the use of a noise generator, band limiting
      filters, and a spectrum analyzer to achieve its goal relative to signature
      recording. The limitations and disadvantages of this method are that
      external equipment and setups are required, and a spectrum analyzer is
      needed which requires more time and effort to operate than a simple
      oscilloscope display. The method is seldom used because of its complexity.
PAR  The potential user of tape signatures may be unnecessarily discouraged by
      difficult and time-consuming signature recording procedures such as those
      discussed above. The difficulty of assembling test equipment, changing
      patch connections, measuring frequencies, and voltages should be
      eliminated from the procedure. The types of standardized signatures should
      be limited to one to simplify and minimize the equipment and training
      requirements.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, a magnetic tape, signature-signal, injection device,
      provides a signature signal generator connected to a switching system that
      connects the signature signal to the recorder inputs while disconnecting
      the normal recorder inputs. A timer is located in the switching system to
      permit the injection of the signature signal on the magnetic tape for a
      specific time period.
PAR  Accordingly, one object of the present invention is to provide a device for
      injecting a signature signal onto a magnetic tape.
PAR  Another object of the present invention is reduce degradation of data.
PAR  Another object of the present invention is to maintain uniform levels of
      data quality.
PAR  Another object of the present invention is to reduce crossplay problems.
PAR  Another object of the present invention is to provide an automatic
      injection device.
PAR  One other object of the present invention is to reduce complexity and
      errors in operation.
PAR  Other objects and a more complete appreciation of the present invention and
      its many attendant advantages will develop as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings in which like
      reference numerals designate like parts throughout the figures thereof and
      wherein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic of one embodiment of the present invention.
PAR  FIGS. 2A and 2B illustrate the reproduction of a recorder sweep signature
      signal for a 60 inch per second tape speed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning to FIG. 1 an apparatus 10 for injecting a signature signal onto a
      magnetic tape is illustrated. Signature signal generator 12 outputs a
      sweep signal on line 14 and a synchronization signal on line 16. The sweep
      signal maintains a constant amplitude over a frequency range of 400 Hertz
      through 2.0 megahertz. In addition, the sweep signal contains frequency
      markers at 62.5, 125, 250, 500, 1000 and 2000 kilohertz. The sweep rate is
      approximately 25 Hertz. These frequency markers are illustrated in FIG. 2.
      The synchronization signal in a pulse outputed each time generator 12
      outputs a new sweep signal, i.e., every time generator 12's output goes
      from 2.0 megahertz to 400 Hertz. Generator 12 is a commerically obtainable
      device common in the art.
PAR  Generator 12 is connected to solenoid switch 18 which when closed, i.e.,
      energized, connects line 14 to line 20 and line 16 to line 22. A load
      resistor 24 is connected between line 20 and ground. Line 20 inputs
      drivers 26, 28, 30, 32, 34 and 36. Drivers 26, 28, 30, 32, 34 and 36
      output the signal on line 20 to terminals 38, 40, 42, 44, 46 and 48 of
      switch 50, respectively, via lines 52, 54, 56, 58, 60 and 62,
      respectively. When open solenoid switch 18 is connected to ground via line
      64.
PAR  Line 22 is connected to manual switch 66 at terminal 68. When switched to
      terminal 68, switch 66 connects line 22 to driver 70 which is connected to
      terminal 72 of solenoid switch 50. When switched to terminal 74 switch 66
      connects line 20 to driver 70. Thus, manual switch 66 determines whether
      the synchronization signal on line 22 or the sweep signal on line 14 is
      transmitted to terminal 72.
PAR  Recorder channel lines 74, 76, 78, 80, 82, 84 and 86 are connected between
      input terminal pairs 88 and 90, 92 and 94, 96 and 98, 100 and 102, 104 and
      106, 108 and 110, and 112 and 114 respectively. Input terminals 88, 92,
      96, 100, 104, 108, and 112 are normal recorder inputs designated channels
      1-7 in FIG. 1.
PAR  Switch 50 either connects the sweep and synchronization signals on lines 20
      and 22 to tape recorder/reproducer 114 or the normal recorder inputs on
      lines 88, 92, 100, 104, 108 and 112 to tape recorder/reproducer 114 via
      lines 116, 118, 120, 122, 124, 126, and 128.
PAR  Pushbuttons 130 and 132 when depressed ground timer 134 via line 135
      thereby triggering timer 134 to energize solenoid switch 136 via line 138
      for a time period of thirty seconds. Of course, time periods of different
      duration may be utilized as long as the time period is sufficiently long
      to allow the recordation of at least one sweep of the signature signal on
      the magnetic tape. Again timer 134 is a commercially available unit common
      to those of average skill in the art. When energized solenoid switch 136
      closes thereby energizing or closing solenoid switches 50 and 18 via lines
      140 and 142, respectively.
PAR  Also, connected to timer 134 via lines 144 and 146 is pushbutton 148. When
      pushbutton 148 is depressed the thirty second time period of timer 134's
      duration is cut short thereby instantly opening solenoid switches 18, 50
      and 136 the instant pushbutton 148 is depressed.
PAR  A pair of light indicators 150 and 152 are connected to terminal 154 of
      switch 50 as is an aural indicator 156 via line 158. When solenoid switch
      50 is energized, i.e. closed, light indicators 150 and 152 and aural
      indicator 156 are actuated and remain actuated until solenoid switch 50 is
      opened.
PAR  Tape recorder/reproducer 114 outputs its seven channels on lines 158, 160,
      162, 164, 166, 168 and 170. Manual signature selector switch 172 is
      connected to lines 158-170 via lines 174, 176, 178, 180, 182, 184 and 186
      as is manual synchronization selector switch 188. Switch 188 inputs
      oscilloscope 190 via line 192 while switch 172 inputs oscilloscope 190 via
      line 194. The scope trigger sweep is actuated by the signal on line 192
      while the signal on line 194 is displayed on the oscilloscope face.
PAR  In summary, the operation of the specific embodiment of FIG. 1 is as
      follows. When pushbuttons 130 and 132 are depressed, timer 134 is
      triggered thereby closing solenoid switch 136 for a time period of thirty
      seconds. Solenoid switch 136 in turn instantly closes solenoid switches 50
      and 18 thereby connecting the sweep signature signal and the
      synchronization signal to inputs 116-128 of tape recorder/reproducer 114.
      The normal recorder inputs at terminals 88-112 are disconnected from
      inputs 116-128. At the termination of the thirty second time period or the
      depression of pushbutton 148, whichever is first in time, solenoid switch
      136 opens thereby opening solenoid switches 18 and 50. Thus the normal
      recorder inputs at terminals 88-112 are connected to inputs 116-128 and
      the sweep signature signal and the synchronization signal are disconnected
      from inputs 116-128.
PAR  During the time solenoid switch 136 is closed, switch 50 actuates light
      indicators 150 and 152 as well as aural indicator 156.
PAR  Oscilloscope 190 is utilized to observe the reproduced signal.
PAR  FIG. 2 illustrates the appearance of sweep signal signatures on
      oscilloscope 190 which have been reproduced both with correct azimuth
      alignment of the reproduce heads and incorrect azimuth alignment of the
      reproduce heads. Assuming that the specification for the tape machine
      requires frequency response up to 1 MHz, it is evident that misalignment
      of head azimuth could have catastrophic effects on data quality because of
      inadequate frequency response.
PAR  When the magnetic tape is reproduced, the display of the signature signal
      serves as a convenient and unambiguous indicator which may be used during
      azimuth of the reproduce heads. Such azimuth alignment is often required
      to properly position the reproduce heads over the recorded tracks on the
      tape. If it is required, the signature signal may also be utilized during
      adjustment of the reproduce electronics for best frequency response. In
      addition, observation of the signature signal may provide information
      regarding the condition of the record electronics in the original
      recording machine.
PAR  It will be appreciated by those of ordinary skill in the art that the
      complete circuit diagram of FIG. 1 includes such suitable and necessary
      biasing voltage sources as are usually provided in such circuits. Such
      biasing is not shown in FIG. 1.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for injecting a signature signal onto a magnetic tape
      comprising:
PA1  a. means for generating a signature signal having an output upon which said
      signature signal appears;
PA1  b. a plurality of magnetic tape recorder channel input lines one each
      connected between one pair each of a plurality of first and second
      recorder inputs;
PA1  c. switching means for connecting said signature signal generating means
      output to one one of said plurality of second recorder inputs and
      disconnecting said plurality of channel input lines from said plurality of
      second recorder inputs; and
PA1  d. timing means communicating with said switching means for allowing said
      switching means to inject said signature signal and disconnect said
      channel inputs for a specific time period.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the duration of said specific time
      period is thirty seconds.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said switching means further comprises:
PA1  a. a first solenoid switch being connected to said timing means, said first
      solenoid switch being closed during said specific time period of said
      timing means;
PA1  b. a second solenoid switch being connected to said first solenoid switch
      for connecting said signature signal generating means output to each one
      of said plurality of second recorder inputs when closed, said second
      solenoid switch being closed when said first solenoid switch is closed;
PA1  c. a third solenoid switch being connected to said first solenoid switch
      for disconnecting said plurality of channel input lines from said
      plurality of second recorder inputs when closed, said third solenoid
      switch being closed.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said switching means further includes a
      visual and an aural indicator communicating with said timing means, said
      indicators being actuated during the entire duration of said specific time
      period.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said switching means further includes
      interrupt means connected to said timing means for terminating said
      specific time period prior to its normal duration.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the duration of said specific time
      period is thirty seconds.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said signature signal includes a sweep
      signal maintaining a constant amplitude over a swept frequency range of
      from four-hundred Hertz through two megaHertz, said signature signal
      containing frequency markers at 621/2 kiloHertz, 125 kiloHertz, 250
      kiloHertz, 500 kiloHertz, 1000 kiloHertz, and 2000 kiloHertz.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said switching means further includes a
      visual and an aural indicator communicating with said timing means, said
      indicator being actuated during the entire duration of said specific time
      period.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said switching means further includes
      interrupt means connected to said timing means for terminating said
      specific time period prior to its normal duration.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said signature signal includes a sweep
      signal maintaining at a constant amplitude over a swept frequency range of
      from four-hundred Hertz through two megaHertz, said signature signal
      containing frequency markers at 621/2 kiloHertz, 125 kiloHertz, 250
      kiloHertz, 500 kiloHertz, 1,000 kiloHertz, and 2,000 kiloHertz.
NUM  11.
PAR  11. An apparatus for injecting a signature signal onto a magnetic tape
      comprising:
PA1  a. means for generating a signature signal and a synchronization signal
      having a first output upon which said signature signal appears and a
      second output upon which said synchronization signal appears;
PA1  b. a plurality of magnetic tape recorder channel lines one each connected
      between one pair each of a plurality of first and second recorder inputs;
PA1  c. switching means for connecting said first output of said signature and
      synchronization signal generating means to all but one of said plurality
      of second recorder inputs, connecting said second output of said signature
      and snychronization signal generating means to said remaining second
      recorder input and disconnecting said plurality of recorder channel lines
      from said plurality of second recorder inputs.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said switching means further includes
      timing means for permiting said switching means to connect said signature
      and synchronization signal generating means outputs and disconnect said
      channel input lines for a specific time period.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said switching means further
      comprises:
PA1  a. a first solenoid switch being connected to said timing means, said first
      solenoid switch being closed during said specific time period of said
      timing means;
PA1  b. a second solenoid switch being connected to said first solenoid switch
      for connecting said signature and synchronization signal generating means
      output to said plurality of second recorder inputs when closed, said
      second solenoid switch being closed when said first solenoid switch is
      closed;
PA1  c. a third solenoid switch being connected to said first solenoid switch
      for disconnecting said plurality of channel input lines from said
      plurality of second recorder inputs when closed, said third solenoid
      switch being closed when said first solenoid switch is closed.
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ABST
PAL  A digital flutter reduction system which corrects for a varying time base
      ror in FM recordings on magnetic tape. Pulse transitions from the outputs
      of a reference oscillator and a reference tone on a first tape track are
      compared by a flip-flop whose output is a pulse having a width
      corresponding to the time base error. The output pulse enables a first
      counter to provide a digital output which is loaded into a second counter.
      Pulse transitions from a second tape track containing recorded data
      advance the second counter over a number of counts indicative of a
      correction factor. The pulse transitions of the recorded data are delayed
      in accordance with the correction factor thereby reducing the time base
      error.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a means for reducing flutter in tape
      recording systems and particularly to an all digital device for reducing
      the time base error in magnetic tape recorders having data recorded by FM
      techniques.
PAR  The flutter that results from tape speed variations and the
      record/reproduce process in magnetic tape recording has historically been
      a problem. In using tape recorders for the storage and playback of pulse
      type data, variations in the recorder and playback speed result in
      spurious signals commonly known as flutter. The speed variations may be
      caused by tape slippage, mechanical vibrations, imperfect mechanical
      motion, changes in the dimension of the recording medium or variations in
      the speed of the recorder drive systems. Flutter is a relatively slow
      variation in the speed of the tape past the recording or the playback
      head. Because speed is one of the factors that determine the timing of the
      data signal to be reproduced, any variation in this speed will produce a
      variation in the reproduced signal.
PAR  In a typical FM tape recording system using a reference tone track for
      speed control, a highly stable tone is recorded on one track at the same
      time the data signal is recorded on a second track. The highly stable tone
      is provided by a reference oscillator. The reference tone is commonly used
      as a control signal in an electromechanical servo system to maintain a
      rotating type drive capstan at a constant speed during the recording
      process. Typically, a tachometer coupled to the recorder capstan provides
      the necessary feedback signal during recording. During the reproduction
      process a reference tone, which has the same characteristics as that used
      in recording, together with the output of the reference track is applied
      to a phase lock servo loop which attempts to control the tape speed so
      that the tone obtained from the reference track is a time replica of the
      original tone applied to the reference track during recording.
      Accordingly, if the servo technique were errorless the playback data
      signal would also be a time replica of the original signal. The
      instantaneous time base error (TBE) can readily be observed by taking a
      measurement during playback of the time difference between the zero
      crossings of the signal from the reference oscillator or tone generator
      and the signal obtained from the reference track. It has been observed in
      some reproducers running at a tape speed of 7.5 inches per second that
      time base errors of up to 2.5 microseconds (.mu.sec.) and greater remain
      after correction by the electromechanical servo, depending upon the
      particular tape recorder being utilized.
PAR  Prior efforts to minimize such errors have included methods for keeping
      speed variations to a minimum by sophisticated electromechanical servo
      techniques with well designed and accurately machined tape transport
      mechanisms. A device for flutter reduction which utilizes hybrid circuitry
      composed of both analog and digital electronic circuits is disclosed in
      patent application Ser. NO. 512,835 by DeFrancesco et al. In analog
      circuits that are used for time base correction, the zero crossings of the
      data signal are advanced or delayed by having a voltage proportional to
      the TBE control the pulse width of a one-shot multivibrator or the "on
      time" of a triggered linear sweep circuit. In particular, the error
      correction portion of the hybrid device is entirely analog and which,
      accordingly, operates on varying quantities of ever changing voltages and
      currents. Such analog circuits lack stability due to the inherent drift of
      components and operating parameters.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an all
      digital deflutter device which is extremely stable in operation. Another
      object is to significantly reduce tape recorder time base error. One other
      object is to provide a device which will substantially reduce the amount
      of recoverable flutter in FM magnetic tape reproducing systems.
PAR  Briefly, these and other object are accomplished by a digital deflutter
      device for FM magnetic tape recorders which corrects for a varying time
      base error. Pulse transitions from the outputs of a reference oscillator
      and a reference tone on a first tape track are compared by a flip-flop
      whose output is a pulse having a width corresponding to the time base
      error. The output pulse enables a first counter to provide a digital
      output which is temporarily stored in a memory latch and subsequently
      loaded from the latch into a second counter. Pulse transitions from a
      second tape track containing recorded data are detected and advance a
      second counter over a number of counts indicative of a correction factor.
      The pulse transitions of the recorded data are delayed in accordance with
      the correction factor thereby reducing the time base error.
PAR  For a better understanding of these and other aspects of the invention,
      reference may be made to the following detailed description taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the present invention;
PAR  FIG. 2 is a diagram of signal wave forms generated by the invention shown
      in FIG. 1;
PAR  FIG. 3 is a block diagram of a clocked transition detector utilized in the
      invention of FIG. 1;
PAR  FIG. 4 is a logic diagram of an edge detector utilized in the transition
      detector shown in FIG. 3; and
PAR  FIG. 5 is a diagram of signal waveforms generated by the edge detector
      shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a block diagram of a digital time
      base error correcting device according to the present invention. A
      reference oscillator 10 is connected to provide an output to the input of
      a first pulse converter 12. The output of the converter 12 is connected to
      the data input of a first clocked transition detector 14 whose output is
      connected to the set input of a first flip-flop 16. A first input terminal
      18 is adapted to receive a reference tone from a first tape track which is
      provided to the input of a second pulse converter 20 whose output is
      connected to the data input of a second clocked transition detector 22.
      The output of detector 22 is connected to the data input of a 100 bit
      delay 24 whose output is commonly connected to the clear input of
      flip-flop 16 and the input of an N interval counter 26. The output of
      counter 26 is commonly connected to one input of an AND gate 28 and a one
      bit delay 30 whose output is connected to the clear input of an error
      counter 32. The "one" output of flip-flop 16 is connected to one input of
      an AND gate 34 whose output is connected too the input of a N divider 36.
      Divider 36 provides an output to the clock input of counter 32 which
      provides eight parallel outputs to corresponding inputs of a latch 38
      which further provides eight parallel outputs to corresponding inputs of a
      correction counter 40.
PAR  A second input terminal 42 is adapted to receive a data signal from a
      second tape track which is provided to the input of aa third pulse
      inverter 44 whose output is provided to the input of a third clocked
      transition detector 46. A second flip-flop 48 has its set input connected
      to receive the output from detector 46 and its one output connected to one
      input of an AND gate 50. The output of gate 50 is connected to the clock
      input of counter 40. Counter 40 provides a single output which when
      activated is indicative of a maximum predetermined count having occurred
      and which output is commonly connected to the toggle input of a third
      flip-flop 52, the input of a one bit delay 54, and the clear input to
      flip-flop 48. Delay 54 provides an output which is commonly connected to
      the clear input of counter 40 and the input of another one bit delay 56.
      Delay 56 provides an output to the input of an inverter 58 whose output is
      connected to the other input of gate 28 which provides an output connected
      to the load input of the latch 38. A master oscillator or clock 60
      generates an output which is commonly connected to each of the transition
      detectors 14, 22, 46, the other inputs of gates 34, 50 and the clock
      inputs to delays 24, 30, 54, 56. The one output of the flip-flop 52 is
      connected to an output terminal 62.
PAR  Referring now to FIG. 2, in conjunction with FIG. 1, there are shown
      various examples of signal waveforms that are generated at different
      points within the invention. In order to better explain the present
      invention and give a specific example of its operation, particular
      structural elements of the invention shown in FIG. 1 will be assigned
      specific operating parameters. For example, the reference oscillator 10 is
      assumed to be operating at a frequency of 12.5 KHz. Similarly, the input
      terminal 18 is adapted to receive a prerecorded reference tone of an
      average frequency of 12.5 Khz. The reference tone, which is produced by a
      reference oscillator such as oscillator 10, is recorded upon one track of
      magnetic tape during the recording process. The input terminal 42 is
      adapted to receive an FM data signal having a carrier frequency, for
      example, of 50 Khz. The FM data signal is recorded on a second track of
      the same tape which is used to record the reference tone. Both of the
      signals on input terminals 18 and 42 are assumed to be of a sinusoidal or
      AC varying type waveform with the positive and negative excursions of the
      waveforms always crossing a threshold or zero level amplitude. The data
      being recorded may be representative, for example, of acoustic signals
      gathered by hydrophones that are sensing the signatures of submarines. The
      clock 60 is assumed to be operating at a frequency, for example, of 40
      Mhz.
PAR  The reference oscillator 10 provides a 12.5 Khz output signal as shown in
      waveform A, FIG. 2, Waveform A is sinusoidal having a period of 80
      .mu.sec. and which crosses a zero or threshold level at t.sub.o, t.sub.3,
      and t.sub.7. The first pulse converter 12 which may be, for example, a
      Schmitt trigger receives the output signal from oscillator 10 and produces
      a signal as shown in waveform B in FIG. 2. Waveform B illustrates a
      squared off pulse having a period of 80 .mu.sec. with pulse transitions
      coincident with the zero crossings of the oscillator output shown in
      waveform A. The signal shown in waveform B is clamped to a positive
      polarity by the converter 12. The first clocked transition detector 14
      which will be described with further detail hereinafter receives the
      converter 12 output shown in waveform B and produces an output signal as
      shown in waveform C. The purpose of the transition detector 14 is to
      receive an asyncronous signal such as formed at the output of the
      converter 12 and to provide a series of output pulses as shown in waveform
      C which coincide as near in time occurrence as possible with the zero
      crossings or pulse transitions of the asyncronous signal. Since the
      detector 14 is a clocked device the output pulse as shown in waveform C is
      one clock pulse wide and will coincide in time with the occurrence of an
      input clock pulse provided by the clock 60 and which, within the
      resolution of the clocking frequency, will occur as close in time as
      possible to the occurrence of the asyncronous signal zero crossings.
PAR  Input terminal 18 is adapted to receive the 12.5 Khz reference tone from
      the output of the first track of the magnetic tape and connects the
      reference tone to the input of the second pulse converter 20. Pulse
      converter 20 converts the bipolar zero crossings of the incoming
      sinusoidal reference tone into a unipolar output signal similar to that
      shown in waveform B and which signal is processed through the second
      transition detector 22 to produce an output signal such as shown in
      waveform D wherein the pulse durations are 25 nanoseconds wide. Waveform D
      illustrates a series of 2 pulses which coincide with the zero crossings of
      the tone on the reference track. Accordingly, it will be seen that the
      first pulse at t.sub.1 in waveform D lags the first pulse at t.sub.o in
      waveform C by approximately 1.5 .mu.sec. Similarly, the second pulse in
      waveform D lags the second pulse at t.sub.3 in waveform C by approximately
      1.4 .mu.sec. Only the lagging TBE case is illustrated in this example
      since the leading TBE case is similarly processed. The 100 bit delay 24
      receives the output signal from the detector 22 and produces an output
      signal as shown in waveform E which is a replica of the input signal but
      delayed in time a fixed period of 100 clock pulses or 2.5 .mu.sec. In the
      present example, it is assumed that the maximum leading or lagging TBE is
      2.5 .mu.sec. Obviously, the amount of error will vary with the recording
      system being utilized and the period of delay 24 is utilized to eliminate
      the necessity of processing both leading and a lagging TBE. That is, if
      the delay 24 period is set to 2.5 .mu.sec. as in the present example, any
      tone zero crossings that produce a leading time base error will be delayed
      so as to remove the time lead entirely and provide either an in-phase or a
      lagging time reference to the zero crossings of the reference oscillator
      10. Similarly, any reference tones that produce time lag zero crossings
      with reference to the zero crossings of oscillator 10 will only be further
      delayed 2.5 .mu.sec. with a resultant maximum delay of 5.0 .mu.sec.
PAR  The first flip-flop 16 has its set input connected to receive the output
      from transition detector 14 and its reset or clear input connected to
      receive the output from delay 24. Accordingly, the one output from the
      flip-flop 16 provides an output pulse as shown in waveform F whose
      positive going edge is set by the first pulse at t.sub.o in waveform C and
      its negative going edge is set by the first pulse at t.sub.2 shown in
      waveform E. Thus the width of the pulse t.sub.o -t.sub.2 is 4.0 .mu.sec.
      as shown in waveform E and is indicative of the time base error between
      the zero crossings of the reference oscillator and the zero crossings of
      the reference tone on the tape track. In the case of the second pulse
      shown in waveform C at t.sub.3, the corresponding pulse beginning at
      t.sub.3 in waveform F is 3.9 .mu.sec. wide.
PAR  The AND gate 34 has its first input connected to receive the output of the
      flip-flop 16 shown in waveform F and a second input connected to receive
      the output from the clock 60. The output from the AND gate 34 is connected
      to the input of the divider 36 which, in conjunction with the counter 26,
      forms an averaging network that smooths out the error indication in the
      error counter 32. That is, counter 32 is designed to provide a digital
      count indicative of the time base error of the incoming signal taken over
      a series of N reference oscillator pulses or intervals to thus provide a
      better estimate of the slowly varying time base error. In the present
      example, the number of oscillator pulse intervals N is selected to be ten
      although larger or smaller values may obviously be utilized. Accordingly,
      the divider 36 provides a divide by ten function which produces an output
      such as shown in waveform G having a series of clock pulses within the
      corresponding pulse width duration shown in waveform F and which clock
      pulses are one tenth the normal number that would be present during the
      respective pulse durations shown in waveform F. The output of the divider
      36 is connected to the clock input of the counter 32 and passes clock
      signals produced by the oscillator 10 to the counter according to the
      duration of the flip-flop output pulse shown in waveform F. Accordingly,
      the counter 32 is permitted to count to an integer which proportional to
      the duration of the pulse widths shown in waveform F. In this particular
      example, the maximum width of the pulse produced by the output of
      flip-flop 16 is 5.0 .mu.sec. Accordingly, the count for the counter 32
      which is clocked at a 40 Mhz rate and representative of a 5.0 .mu.sec.
      pulse is 200. Therefore, the number of stages required by the counter 32
      programmed in, for example, a binary format is eight. In order to insure
      that the counter 32 always starts from a zero count and that the counter
      only increments over a series of N=10 reference oscillator pulse
      intervals, the N interval counter 26 is connected to receive the output
      pulses from the delay 24 and, after counting 10 such pulses, provides an
      output signal to the input of the one bit delay 30 which provides an
      output pulse to the clear input of the counter 32. The delay 30 is
      interposed between the N interval counter 26 and the error counter 32 in
      order to insure that the counter 32 has received all pertinent clock
      pulses before it is cleared. Accordingly, since the pulse width t.sub.o
      -t.sub.2 in waveform F is 4.0 .mu.sec., the gate 34 passes a series of 160
      clock pulses to the input of the divider 36 which causes the error counter
      32 to increment by 16 counts. It should be noted that the counting
      capacity of counter 32 maybe increased or decreased to represent various
      degrees of time base error and, as in the present case with a possible
      maximum lagging time base error of 2.5 .mu.sec., the corresponding error
      count is 200. Correspondingly, with a zero time base error, the error
      count would be 100 and with a possible maximum leading time base error of
      2.5 .mu.sec. the error count would be zero. The second pulse beginning at
      t.sub.3 in waveform F is 3.9 .mu.sec. wide and permits the gate 34 to pass
      156 pulses from the clock 60. Accordingly, after passing through the
      divider 36 which preferably rounds off the number of output pulses the
      error counter 32 is incremented from the previous count by 15. Assuming
      that the termination of the second pulse in waveform F signals the end of
      N=10 intervals and that the average of the time base error over those 10
      intervals if 1.4 .mu.sec., the error counter 32 provides at its outputs a
      digital count of 156. AND gate 28 is connected at one input to receive the
      pulse output from the interval counter 26 and provides a corresponding
      output pulse to the load input of the latch 38 due to the normally high
      active state of the gate 28 second input. Accordingly, the latch 38
      receives the error count from the count 32 immediately at the end of N
      intervals and stores the digital count therein.
PAR  The input terminal 42 is adapted to receive the data signal which is
      recorded on the second track of the same tape on which the reference tone
      is recorded. Accordingly, a converted pulse date signal is shown in
      waveform H of FIG. 2 and, in this example, is representative of an
      unmodulated FM carrier of 50 Khz, having a corresponding period of 20
      .mu.sec. Assuming a minimal amount of mechanical eccentricity during the
      recording process, it is presumed that the FM data signal will have either
      a time lead or time lag corresponding to the lead or lag indicated by the
      reference tone on the first tape track. Waveform H illustrates a series of
      pulses having transitions at substantially equal periods of 10 .mu.sec.
      for all positive and negative going pulses except the negative going pulse
      t.sub.5 -t.sub.6 which has a period of 9.9 .mu.sec. This exemplary time
      difference in the period of the pulse transitions is indicative of the
      flutter phenomenon and which will continually vary along the recording
      tape. The third clocked transition detector 46 receives the inverted data
      signal from the counter 44 as shown in waveform H and produces an output
      signal as shown in waveform J wherein the pulse transitions which are
      indicative of the zero crossings of the input data signal at the terminal
      42 are noted by the production of a series of pulses each being one clock
      pulse wide. The second flip-flop 48 has a set input which receives the
      output from the detector 46 and which provides at its one output a signal
      as shown in waveform K. AND gate 50 receives the output signal from
      flip-flop 48 and permits clock pulses from the clock 60 to pass through
      the gate 50 for the duration of each of the pulses shown in waveform K.
      The clock pulses which pass through the AND gate 50 cause the correction
      counter 40 to increment upwards from the count which is loaded into the
      counter 40 from the latch 48. Assuming that the processing of the prior
      N=10 intervals by the error counter 32 produced an output count of 160,
      the latch 38 had parallely loaded the number 160 into the correction
      counter upon the prior application of a load pulse to the counter 40.
      Coincident with the activation of the foregoing load pulse, inverter 58
      provides a low output signal to the second input of the AND gate 28 to
      prevent the occurrence of loading a new number into the latch 38 while the
      counter 40 is receiving the error count from the latch 38. The correction
      counter 40 is designed to provide a maximum count of 200 and, at achieving
      this count, a pulse output is produced as shown in waveform L. The maximum
      count of the counter 40 is determined from the frequency of the clock 60
      and the maximum period over which time base error is to be processed. In
      the present example, it takes 200 counts at a clocking frequency of 40
      Mhz. to cover a maximum counting time of 5.0 .mu.sec. Therefore, with the
      prior loading of the number 160 into the counter 40, there will be a
      further count of 40 clock pulses until the maximum count of 200 is
      achieved. With each occurrence of the maximum count, a respective one in
      the series of pulses as shown in waveform L is provided at the output of
      the counter 40 to the clear input of the second flip-flop 48 so as to
      return the formerly high output of the flip-flop as shown in waveform K to
      the zero level and thereby inhibit further action by the gate 50. The
      counter 40 is cleared one clock pulse period after the occurrence of the
      maximum count by a pulse produced at the output of the delay 54 and, after
      one further clock period, the load pulse is produced at the output of the
      delay 56. The positive pulses shown in waveform K are sequentially
      produced by the occurrence of a pulse shown in waveform J and continue for
      a pulse duration equal to the time period necessary for the correction
      counter 40 to increment to the maximum count at which time there is a
      termination effected by the production of the output pulses shown in
      waveform L. In the first six positive going pulses shown in waveform J,
      the pulse durations are each one .mu.sec wide and are representative of
      the correction counter having counted 40 clock pulses. As noted earlier,
      the end of the second pulse in waveform F signals the termination of
      processing for the previous N=10 intervals. For the present N=10 intervals
      ending with the tenth interval at t.sub.4, the error counter 32 increments
      to a count of 156 indicative of an average lagging time base error of 1.4
      .mu.sec. The latch 38 loads the number 156 into the correction counter 40
      two clock periods after the occurrence of the pulse shown in waveform L
      during t.sub.5 -t.sub.6. Accordingly, instead of requiring 40 additional
      pulses to achieve the maximum count of 200 as was required by the previous
      N intervals, the counter 40 will now be required to count a total of 44
      clock pulses to achieve the same maximum count. A new time of 1.1 .mu.sec.
      is now required for the counter 40 to count to its maximum value. Waveform
      K illustrates the wider pulse width of 1.1 .mu.sec. beginning at t.sub.6
      with the seventh positive pulse in the waveform series. Flip-flop 52 has
      its toggle input connected to receive the output signal from the
      correction counter 40 and produces a series of regularly spaced pulses at
      the output terminal 62 each having a width of 10 .mu.sec. as shown in
      waveform M. The output signal shown in waveform M is generated at the
      output terminal 62 and represents a replica of the data signal which has
      been modified by the time base error correction as taught by the present
      invention. The flutter irregularity shown in waveform H as a shortened
      pulse width of 9.9 .mu.sec. is now removed due to the increased pulse
      delay in waveform K beginning at t.sub.6. The delay of the output signal
      shown in waveform M as referenced to the input signal shown in waveform H
      is of no serious consequence because the tape recording system is
      essentially a storage device and not intended for real time use. Moreover,
      the sense of the output data at terminal 62 is of no serious consequence
      inasmuch as it is the zero crossings of the data signal that gives
      significance to the recorded data.
PAR  In the foregoing example, the irregularity in the input data shown in
      waveform H has been illustrated as being sequentially followed by a
      modified pulse at t.sub.6 in waveform K. This sequence is more nearly
      indicative of the operation of the present invention without having
      averaged the correction factor. That is, the correction of a TBE will
      immediately follow the presence of an irregular data pulse. With the
      averaging feature utilized, however, the data irregularity and the
      correction factor will most likely not be in sequence inasmuch as the
      correction factor is used to modify all of the N intervals and one or more
      data irregularities may occur anywhere within the N intervals.
PAR  Referring now to FIGS. 3 and 4 in conjunction with FIG. 5 the operation of
      the clocked transition detector 14 will now be explained. The operation of
      detectors 22 and 46 is identical to that of detector 14. As earlier
      mentioned, the purpose of the clocked transition detector is to detect the
      pulse transitions of an asynchronous source and to provide a synchronous
      output signal as close in time as possible to the occurrence of the
      asynchronous pulse transition. In the present invention the asynchronous
      signal sources are represented by the outputs from the pulse converters
      12, 20, 44. FIG. 3 illustrates a block diagram of the detector 14 wherein
      a first edge detector 64 has a first input connected to receive the output
      from the converter 12 and a second input connected to the output of the
      clock 60. A second edge detector 66 has a first input operatively
      connected to receive the output from converter 12 through an inverter 68
      and has a second input connected to receive the signal from the clock 60.
      The respective outputs of the detectors 64, 66 are connected to the inputs
      of an OR gate 70 whose output is provided to the set input of the
      flip-flop 16. Each of the clocked edge detectors 64, 66 is designed to
      detect the negative going edge of the incoming signal and to provide an
      output signal that is one clock period wide upon the occurrence of the
      incoming negative going edge.
PAR  After conversion by the pulse converters 12, 20, 44, the incoming pulse
      signals such as shown in waveform B are converted to a series of positive
      polarity pulses. Since each of the edge detectors 64, 66 operates only on
      the negative going edge of the input signal such as shown in waveform B,
      the inverter 68 is placed between the input to the first edge detector 64
      and provides a phase reversed output such as shown in waveform T to the
      input of the second edge detector 66. Waveform Q shows the signal output
      from the first edge detector as a one clock period wide pulse generated
      shortly after the time occurrence of the negative going edge in waveform
      B. Waveform U illustrates the output signal from the second edge detector
      66 having a one clock period wide pulse generated shortly after the
      positive going edge of the signal shown in waveform B. OR gate 70 combines
      both of the incoming waveforms Q and U into a single output signal shown
      in waveform V having a series of pulses each one clock period wide and
      indicative of the positive and negative pulse transitions shown in
      waveform B.
PAR  Referring now to FIG. 4, there is shown a logic diagram of the first edge
      detector shown as 64 in FIG. 3. The second edge detector 66 shown in FIG.
      3 is identical in operation of that of the first detector. A first
      flip-flop 72 such as, for example, a JK Master/Slave device is connected
      to receive an input signal on its toggle input. The set input of the
      flip-flop 72 is connected to receive a positive bias voltage having a
      level equivalent to the active high state of the logic being utilized and
      the clear input of the flip-flop 72 is connected to ground thereby
      providing, respectively, a one input to the set side of the flip-flop and
      a zero input to the clear side. The one output of the flip-flop 72 is
      connected to the set input of a second flip-flop 74 which may also be, for
      example, a JK Master/Slave device. The zero output of flip-flop 72 is also
      connected to the clear input of flip-flop 74. The one input from flip-flop
      72 is shown in waveform N and generates a pulse beginning substantially at
      the time of the negative going edge of the input signal shown in waveform
      B and continues for a time period that is approximately 0.5 to 1.5 clock
      periods wide depending upon the detector operating parameters. The toggle
      input of the flip-flop 74 is connected to receive clock pulses from the
      clock 60 as shown in waveform P wherein each clock period is 25
      nanoseconds. The clock pulses are also connected to the input of the
      inverter 78 which provides an inverted output to one input of an AND gate
      76. Upon receipt of the input signal shown in waveform N on the set input
      to flip-flop 74, an output pulse is produced as shown in waveform Q having
      a duration of one clock period and which begins with the negative going
      edge of the clock pulse that occurs one clock period after the beginning
      of the pulse shown in waveform N. The output signal of flip-flop 74 shown
      in waveform Q forms the output from the clocked edge detector 64 and which
      is connected to one input of OR gate 70 shown in FIG. 3. The inverter 78
      inverts the incoming clock pulse shown in waveform P to produce a series
      of output clock pulses as shown in waveform R. Upon the simultaneous
      occurrence of a high signal input from waveform Q and a high clock pulse
      shown in waveform R, the gate 76 produces an output pulse shown in
      waveform S which is one half a clock period wide and which is connected to
      the external clear input on flip-flop 72. The negative going edge of the
      signal shown in waveform S forces flip-flop 72 to provide a zero level at
      the one output as shown by the negative going edge of the pulse shown in
      waveform N. Thus, the clocked edge detector 64 operates to provide an
      output pulse signal one clock period wide which is generated at a time
      beginning with the negative pulse transition shown in waveform B.
PAR  Thus it may be seen that there has been provided a novel device for
      reducing flutter in FM magnetic tape recording systems by appropriately
      varying the zero crossings of data signal and playback according to the
      amount of time base error within the recording system.
PAR  Obviously, many modifications and variations of the invention are possible
      in light of the above teachings. It is therefore to be understood that
      within the scope of the appended claims the invention may be practiced
      otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital time base error correcting system for FM tape recorders having
      a reference tone on a first tape track and data signals on a second tape
      track comprising, in combination:
PA1  timing means for generating a series of clock pulses;
PA1  first pulse generating means connected to receive said clock pulses for
      producing a series of periodic output pulses having a frequency equal to
      the average frequency value of said reference tone;
PA1  second pulse generating means adapted to receive said reference tone and
      connected to receive said clock pulses for producing a series of output
      pulses indicative of the zero crossings of said tone;
PA1  delay means connected to receive said clock pulses and said second
      generating means output pulses for producing a time delayed replica output
      thereof;
PA1  pulse width encoding means connected to receive said first pulse generating
      means output signals and said delay means output for producing an output
      pulse having a variable width depending upon the time separation between
      corresponding ones of said first pulse generating means output signals and
      the delay means output pulses;
PA1  first counting means connected to receive said pulse width encoding means
      output pulse and said clock pulses for producing a digital count
      indicative of the width of said pulse width encoding means output pulse;
PA1  third pulse generating means adapted to receive said data signals and
      connected to receive said clock pulses for producing a series of output
      pulses indicative of the zero crossings of said data signals;
PA1  second counting means connected to receive said first counting means
      digital count and said clock pulses for counting from said digital count
      to a predetermined count upon the receipt of individual ones of said third
      pulse generating means output pulses and for producing an output pulse
      indicative of the occurrence of said predetermined count; and
PA1  fourth pulse generating means connected to receive said second counting
      means output pulse for producing a series of output pulses having
      respective widths corresponding to the sequential time occurrence of said
      second counting means output pulse;
PA1  whereby said fourth pulse generating means output pulses are indicative of
      the data signals corrected for time base error.
NUM  2.
PAR  2. A time base error correcting system as set forth in claim 1 wherein said
      first counting means further comprises:
PA1  first gating means connected to receive said clock pulses and said pulse
      width encoding means output pulse for passing said clock pulses during the
      receipt of said pulse width encoding means output pulse and providing an
      output thereof;
PA1  a first counter operatively connected to receive said gating means output
      for counting the number of pulses therein and for producing an output
      indicative thereof; and
PA1  storage means operatively connected to receive said second counting means
      output pulse and connected to receive said first counter output for
      storing said counter output upon the receipt of said second counting means
      output pulse and for producing said digital count.
NUM  3.
PAR  3. A time base error correcting system as set forth in claim 2 wherein said
      second counting means further comprises:
PA1  switching means connected to receive said third pulse generating means
      output pulses and said second counting means output pulse for producing an
      output pulse which begins with the receipt of an individual one of said
      third pulse generating means output pulses and terminates with the receipt
      of said second counting means output pulse;
PA1  second gating means connected to receive said switching means output pulse
      and said clock pulses for passing said clock pulses during the receipt of
      said switching means output pulse and providing an output thereof; and
PA1  a second counter connected to receive said second gating means output and
      said digital count for counting from said digital count to said
      predetermined count and for providing the second counting means output
      pulse.
NUM  4.
PAR  4. A time base error correcting system as set forth in claim 3 wherein said
      pulse width encoding means is a flip-flop having a set input connected to
      receive said first pulse generating means output pulses, a clear input
      connected to receive said delay means output, and an output for producing
      the output pulse.
NUM  5.
PAR  5. A time base error correcting system as set forth in claim 4 wherein said
      switching means is a flip-flop having a set input connected to receive
      said third pulse generating means output pulses, a clear input connected
      to receive said second counting means output pulse, and an output for
      producing the output pulse.
NUM  6.
PAR  6. A digital time base error correcting system for FM tape recorders having
      a reference tone on a first tape track and data signals on a second tape
      track comprising, in combination:
PA1  timing means for generating a series of clock pulse;
PA1  first pulse generating means connected to receive said clock pulses for
      producing a series of periodic output pulses having a frequency equal to
      the average frequency value of said reference tone;
PA1  second pulse generating means adapted to receive said reference tone and
      connected to receive said clock pulses for producing a series of output
      pulses indicative of the zero crossings of said tone;
PA1  delay means connected to receive said clock pulses and said second
      generating means output pulses for producing a time delayed replica output
      thereof;
PA1  pulse width encoding means connected to receive said first pulse generating
      means output signals and said delay means output for producing an output
      pulse having a variable width depending upon the time separation between
      corresponding ones of said first pulse generating means output signals and
      the delay means output pulses;
PA1  first gating means connected to receive said clock pulses and said pulse
      width encoding means output pulse for passing said clock pulses during the
      receipt of said pulse width encoding means output pulse and providing an
      output thereof;
PA1  averaging means connected to receive said delay means output and said first
      gating means output for producing a first output indicative of the
      occurrence of a first predetermined number of said delay means outputs and
      a second output indicative of said first gating means output pulses
      divided by said first predetermined number;
PA1  first counting means operatively connected to receive said averaging means
      first output and connected to receive said averaging means second output
      for incrementally summing the number of pulses at said averaging means
      second output upon the receipt of said averaging means first output and
      for producing a digital count indicative of the sum of said averaging
      means second output pulses;
PA1  third pulse generating means adapted to receive said data signals and
      connected to receive said clock pulses for producing a series of output
      pulses indicative of the zero crossings of said data signals;
PA1  second counting means connected to receive said first counting means
      digital count and said clock pulses for counting from said digital count
      to a second predetermined count upon the receipt of individual ones of
      said third pulse generating means output pulses and for producing an
      output pulse indicative of the occurrence of said second predetermined
      count; and
PA1  fourth pulse generating means connected to receive and second counting
      means output pulse for producing a series of output pulses having
      respective widths corresponding to the sequential time occurrence of said
      second counting means output pulse;
PA1  whereby said fourth pulse generating means output pulses are indicative of
      the data signals corrected for time base error.
NUM  7.
PAR  7. A time base error correcting system as set forth in claim 6 wherein said
      first counting means further comprises:
PA1  a first counter having a clear input operatively connected to receive said
      averaging means first output and a clock input connected to receive said
      averaging means second output for summing the number of pulses in said
      averaging means output upon the receipt of said averaging means first
      output and for producing an output sum; and
PA1  storage means operatively connected to receive said second counting means
      output pulse and connected to receive said first counter output sum for
      storing said sum upon the receipt of said second counting means output
      pulse and for producing said digital count.
NUM  8.
PAR  8. A time base error correcting system as set forth in claim 7 wherein said
      second counting means further comprises:
PA1  switching means connected to receive said third pulse generating means
      output pulses and said second counting means output pulse for producing an
      output pulse which begins with the receipt of an individual one of said
      third pulse generating means output pulses and terminates with the receipt
      of said second counting means output pulse;
PA1  second gating means connected to receive said switching means output pulse
      and said clock pulses for passing said clock pulses during the receipt of
      said switching means output pulse and providing an output thereof; and
PA1  a second counter connected to receive said second gating means output and
      said digital count for counting from said digital count to said second
      predetermined count and for providing the second counting means output
      pulse.
NUM  9.
PAR  9. A time base error correcting system as set forth in claim 8 wherein said
      pulse width encoding means is a flip-flop having a set input connected to
      receive said first pulse generating means output pulses, a clear input
      connected to receive said delay means output, and an output for producing
      the output pulse.
NUM  10.
PAR  10. A time base error correcting system as set forth in claim 9 wherein
      said switching means is a flip-flop having a set input connected to
      receive said third pulse generating means output pulses, a clear input
      connected to receive said second counting means output pulse, and an
      output for producing the output pulse.
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ABST
PAL  The data processing terminal unit in the form of a point of sale
      transaction device disclosed herein contains a cassette tape deck which
      includes a cassette type magnetic tape for data manipulation and a
      cassette tape loading member for allowing the entry and withdrawal of the
      cassette tape in addition to a cassette tape recording scheme. There is
      provided a deck state sensing arrangement which detects open and closed
      states of the tape loading member, a tape loading state, the positions of
      various records included in the cassette tape and so forth. The tape
      loading member is opened to allow the withdrawal of the cassette tape
      loaded within the tape recording scheme only after writing end markings
      into the cassette tape.
BSUM
PAR  This invention relates to an improvement on a data processing terminal unit
      containing a cassette type magnetic tape therein.
PAR  In the past, there have been developed data transaction or manipulation
      systems of the type wherein data entries occurring at a point of sale
      terminal such as utilized in a retail sales store are recorded on a
      cassette type magnetic tape which, in turn, is coupled with a central data
      processing computer system through a medium converter such as a tape to
      tape converter. When it is desired to record data entries on the cassette
      tape, predetermined markings such as tape marks and end marks should be
      written at the beginning points and ending points of individual record
      fields of the cassette tape. In the event that the operator fails to enter
      such markings into the cassette tape, this will result in trouble in
      handing data received from the date processing terminal unit.
PAR  The object of the invention is to provide an improvement on a data
      processing terminal unit which can overcome the shortcomings of the prior
      art system discussed above.
DRWD
PAR  The above and further objects, features and advantages of the invention
      will become more apparent in the following detailed description of the
      invention with reference to accompanying drawings, in which:
PAR  FIG. 1 is a schematic block diagram of a data processing system employing a
      cassette tape;
PAR  FIG. 2 is a format diagram of data and control markings recorded on the
      cassette tape;
PAR  FIG. 3 is a perspective view of a data processing terminal unit wherein the
      present invention may be embodied.
PAR  FIGS. 4 and 5 are partially-enlarged sectional views of a tape loading
      mechanism employed in the data processing terminal unit of FIG. 3 in
      accordance with the present invention;
PAR  FIG. 6 is a schematic block diagram of circuit components of the data
      processing terminal unit; and
PAR  FIG. 7 is a schematic circuit diagram of a tape loading control circuit in
      the preferred form of the present invention.
DETD
PAR  Referring now to FIG. 1 there 1, illustrated a data processing system
      utilizing a cassette type magnetic tape which is useful for handing a
      large number of slip data contained in, for example, deliver slips and
      transfer slips. That is, data included on a slip 2 are introduced by means
      of a keyboard 3 and so on into a data processing terminal unit 1 located
      at a data source A such as a retail sales store or a branch office, and
      then are printed on a journal 4 and recorded on a cassette type magnetic
      tape 5 in the form of digital signals.
PAR  Thereafter, the cassette tape 5 carrying the transaction data thereon is
      sent to a central computer system center B positioned at a central office.
      The transaction data is rewritten through a converter 6 into an
      appropriate record medium accessible to computers, for example, a 1/2 inch
      magnetic tape 7 which is coupled with a computer 8 for handling data and
      performing arithmetic and statistic operations to provide various
      resulting data 9.
PAR  In such a system, after the cassette tape 5 is loaded into the tape
      converter 6 which in turn is coupled with the computer 8, the cassette
      tape 5 is returned to the data source A in order to accept new data
      through the data processing terminal unit 1. As illustrated in FIG. 2, the
      cassette tape 5 is composed of a magnetic section 10 and a transparent
      section 50 and, within the magnetic section 10, a control block known as
      tape markings (TM signal) 11 which consists of a preamble, two bytes of
      eight ZERO bits each and a postamble, should be written just after a
      beginning-of-tape (BOT) hole or slot. Thus, the data may be recorded on a
      data field following the beginning-of-tape hole. Furthermore, it is
      necessary that end markings (EM signal) 12 be written upon completion of
      data entry. This is because the conventional tape converter 6 is adapted
      to read out only the data interposed between the TM signal 11 and the EM
      signal 12.
PAR  However, in the event that the operator fails to introduce the marking
      signals set forth above into the cassette tape 5 and the cassette tape 5
      containing no marking signals is sent to the computer center, the tape
      converter 6 will misread the previous data because of the absence of the
      marking signals and more specifically EM signals.
PAR  In view of the foregoing shortcomings, the data processing terminal unit in
      accordance with the present invention is designed to prevent the operator
      from failing to write the marking signals into the cassette tape 5.
PAR  FIG. 3 illustrates a preferred form of the data processing terminal unit
      used with the invention, wherein the reference number 14 represents a card
      inlet which is utilized when slip data are inputted through a card, while
      the reference number 15 represents a card outlet. A keyboard 16 includes a
      set of mannually operable digit keys and a set of function keys such as
      register, verify, correct, cancel and clear keys. The terminal unit 1 is
      further provided with a visual display panel 17, a printing unit 18, a
      cassette tape recording deck 19, a select switch 20 and a power switch 21.
      It is of importance for the invention that the cassette deck 19 within the
      data processing terminal unit includes a control mechanism for a cassette
      holder 22 and a variety of detectors for the purpose of preventing
      operator's failure to accurately operate and handle the cassette tape 5
      prior to the loading of the cassette tape 5 to the computer system, as
      illustrated in FIG. 4 showing a closed state of the cassette tape holder
      22 and FIG. 5 showing an open state of the same.
PAR  Referring in detail to FIGS. 4 and 5, the spring tension of a spring 23
      acts on the cassette tape holder or cover 22 in a direction tending to
      open the holder 22. A pair of plungers 24, 25 is provided one 24 of which
      will pull its lever into a solenoid and permit the cassette tape holder 22
      to assume an open state in response to solenoid current caused by the
      writing of the above described EM signals 12 into the cassette tape upon
      completion of data registration, and the other 25 of which will pull its
      lever into a solenoid and permit the cassette tape holder 22 to assume
      closed state in response to solenoid current caused by turning on the
      power switch 21. With such an arrangement, unless the writing of the EM
      signals is executed on the cassette tape 5 by an EM key included within
      the keyboard 16, the operator cannot take the cassette tape from the
      cassette recording station since a locking up projection 26 is arrested by
      the lever of the first plunger mechanism 24.
PAR  A first detector switch 28 is provided for determining whether the cassette
      tape holder 22 is in the open and closed states and a second detector
      switch 29 determines whether the cassette tape 5 is loaded on the cassette
      recording station. Furthermore, a tape position detector (not illustrated)
      is positioned adjacent to a magnetic head for optically detecting either
      the magnetic section (record field) or the transparent section (leader
      portion).
PAR  The mode of operation of the data processing terminal unit in response to
      signals from the various detectors will be described below.
PAR  First of all, when the cassette tape 5 is loaded and the power switch 21 is
      on, the second plunger means 24 is energized to enable the opening of the
      cassette tape holder or cover 22. At this time, the leader portion of the
      cassette tape 5 does not reach the position of the magnetic head. However,
      when the same reaches the magnetic head, the first plunger means 24 is
      also energized in response to outputs of the tape position detector such
      that the cassette tape holder 22 carrying the cassette tape 5 is opened
      thereby to inhibit registration or recording of key signals from the
      keyboard 16 on the cassette tape 5. Therefore, this avoids the possibility
      that new data are misswritten within the data field containing the
      previous data.
PAR  If the cassette tape 5 is loaded on the precise position and the holder 22
      is in the closed state, the inhibition of key entry will be released or
      canceled to enable only registration of the TM signals and head data such
      as date, etc. Under the circumstances, the tape starts to travel upon
      mannual depression of the TM key in the keyboard 16 and determinations for
      both the magnetic section 10 and the BOT hole are carried out. The TM
      signals 11 are written with the preceding initial gap and then the head
      data are written on the cassette tape 5 with an interblock gap
      therebetween. Thereafter, the slip data are entered on the cassette tape 5
      via the card, the keyboard, etc. to perform data entry registration.
PAR  Even when power supply is interrupted in these conditions, no current flows
      through the first plunger means 24 such that its lever is in the protruded
      state due to spring bias and the cassette tape holder remains in the
      closed state, thereby inhibiting the withdrawal of the cassette tape 5.
      When the power switch 21 is again thrown, if the magnetic section of the
      cassette tape is at the position of the magnetic head, only the
      registering or recording of the key inputs concorned with data is allowed
      by virtue of the outputs from the detector switch 29 and the tape position
      detector.
PAR  Afterward, upon completion of the data registration or detection of an
      end-of-tape (EOT) hole or slot, only mannual depression of the EM key and
      hence the writing of the EM signals can energize the first plunger 24.
      Therefore, the cassette tape holder 22 will remain in the closed state
      unless the EM key is mannually operated. When the EM signals or end
      marking signals are registered on the cassette tape 5, the cassette tape
      holder 22 is opened or ejected to enable the removal of the cassette tape
      therefrom. Since the keys are operatively locked upon the ejection of the
      cassette tape holder 22 although not shown, new data entries will not
      follow.
PAR  The control functions discussed above are all accomplished by a control
      program included in a read-only memory (ROM) 30 and control signals
      derived from a central processing unit (CPU) 31 as illustrated in FIG. 6.
PAR  As an alternative, these control functions may be realized by logical
      gating circuits as illustrated in FIG. 7, wherein the first signal A is
      the holder closed signal derived when the holder 22 is in the closed state
      and the switch 28 is also closed, the second signal B is the magnetic
      section detection signal derived when the magnetic section is sensed, and
      the third signal C is the cassette tape loaded signal derived when the
      cassette tape 5 is loaded and the switch 29 is closed. The set output Q of
      a flip-flop 41 indicates that the holder 22 is opened and the power switch
      21 is on.
PAR  Briefly speaking, when the cassette tape 5 is not loaded under the holder
      closed state, outputs from an AND gate 42 activate the first plunger means
      24 via an OR gate 46 thereby allowing the cassette tape holder 22 to be
      open. Also, when the magnetic section of the cassette tape 5 is sensed
      under the holder closed state, outputs from an AND gate 43 develops and
      manual depression of the EM key creates outputs of an OR gate 44. An AND
      gate 45, therefore, provides enable signals for the first plunger means 24
      thereby opening the cassette tape holder 22 and ejecting the cassette tape
      5 therefrom. The second plunger 25 is operative when a direct voltage is
      supplied through the power switch 21.
PAR  It is to be understood that the above-described embodiments are simply
      illustrative of the principles of the invention and that many embodiments
      may be devised without departing from the scope and spirit of the
      invention. The data processing system as illustrated in FIGS. 1 through 3
      is disclosed and claimed in a copending application in the names of
      Hiroshi Inoue and Masanao Matsushima, entitled "Data Terminal Unit", Ser.
      No. 437,724 filed Jan. 30, 1974 and assigned to the present assignee.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A data processing terminal unit comprising:
PA1  a cassette tape including a data field;
PA1  recording means associated with said cassette tape for recording data
      thereon;
PA1  data input means connected with said recording means for transmitting data
      therethrough to said cassette tape;
PA1  said cassette tape including at least one data field;
PA1  entry means in said data input means providing start and end marking
      signals to said recording means to effect start and end markings on said
      tape defining the beginning and end, respectively, of said data field; and
PA1  housing means for releasably receiving said cassette tape, comprising:
PA1  closure means for closing and opening said housing to contain or release
      said cassette tape therefrom,
PA1  sensing means in said housing means detecting the presence and absence of a
      said cassette tape in said housing and the closed and open states of said
      closure means and providing state signals representative thereof,
PA1  circuit means responsive to said state signals and said start and end
      marking signals to provide closure control signals in response to
      predetermined combinations of said state and marking signals, and
PA1  latch means responsive to said closure control signals to selectively
      preclude opening and closing of said closure means.
NUM  2.
PAR  2. A data processing terminal unit as set forth in claim 1, wherein, when
      said cassette tape is present in said housing and said closure means is in
      a closed state, said circuit means constrains said latch means to preclude
      opening of said closure means until said entry means provides said end
      marking signal.
NUM  3.
PAR  3. A data processing terminal, unit as set forth in claim 1, wherein said
      sensing means comprises:
PA1  first switch means for engaging said cassette means to indicate the
      presence or absence of said cassette means in said housing; and
PA1  second switch means for engaging said cover means to indicate the closed or
      open state of said cover means.
NUM  4.
PAR  4. A data processing terminal unit as set forth in claim 1, wherein said
      circuit means further includes;
PA1  a power input switch for controlling the application of electric power to
      said circuit means and control means providing a latch control signal in
      response to closure of said power input switch; and
PA1  wherein said latch means comprise first and second electrically operated
      latch bolts normally biased into proximity with said closure means to
      preclude, respectively, the opening and closing thereof;
PA1  said second latch bolt being withdrawn from proximity with said closure
      means in response to said latch control signal to permit said closure
      means to assume a closed state.
NUM  5.
PAR  5. A data processing terminal unit as set forth in claim 4, wherein said
      circuit means further includes second control means responsive to the
      concurrent presence of said cassette tape in said housing, said closed
      state of said housing and the existence of said end marking signal from
      said entry means to provide a second latch control signal;
PA1  said first latch bolt being withdrawn from proximity with said closure
      means in response to said second latch control signal to permit said
      closure means to assume an open state.
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ABST
PAL  Apparatus for converting visually legible digits or groups of digits into a
      binary code. For each digit four recognition areas together with the shape
      of the digit supply directly, without the use of a decoder, the
      information which represents the binary value of each digit. The apparatus
      may be used in electronic data processing.
PARN
PAR  This is a continuation of application Ser. No. 388,254, filed Aug. 14,
      1973, now abandoned.
BSUM
PAR  The invention relates to an apparatus for converting a visually legible
      numerical character present within a character format area on a support
      into a binary code, which apparatus contains a plurality of sensing
      elements each capable of deriving from a predetermined area of the
      character format area a binary information element, from which binary
      information elements the value of the numerical character can be
      determined. The sensing elements may sense optical, magnetic or other
      signals from predetermined areas.
PAR  Such an apparatus is described in French Pat. No. 1,335,739. The system
      described uses six areas three of which lie outside the character format
      area. The shape of a character and the situations of the three areas
      within the character format area are such that each character is
      identified as a three-out-of-six code.
PAR  Such a system has disadvantages. Firstly the areas outside the character
      format area occupy additional space. Secondly the characters must include
      printed elements (black marks) according to their identity, and this
      reduces legibility. Finally the three-out-of-six code must be converted
      into a binary code by a complicated decoder.
PAR  It is an object of the present invention to provide a simple reading
      apparatus for small-size characters. For this purpose the invention is
      characterized in that per numerical character the sensing elements derive
      a binary information element from each of four areas so arranged in a
      predetermined sequence in the format area of the numerical character of
      such shape that the output signals from the sensing elements according to
      the said sequence provide a binary-value code of the numerical character.
      The term "binary code" is used herein to mean the conventional binary code
      and codes derived therefrom, such as the excess-three code and the like;
      such codes are suitable for use in arithmetic operations in a calculating
      unit. In addition, the number of sensing elements is a minimum and no
      decoder is required.
PAR  It is an advantageous aspect of the invention that per numerical character
      a fifth sensing element can derive a fifth binary information element from
      a fifth area within the character format, the location of the fifth area
      and the shape of the numerical character together providing a
      parity-determining binary information signal. Thus a parity check may
      simply be made.
DRWD
PAR  An embodiment of an apparatus according to the invention will now be
      described by way of example with reference to the accompanying
      diagrammatic drawings, in which:
PAR  FIG. 1 shows the shape of the type characters to be used according to the
      invention,
PAR  FIG. 2 is a sectional view of a sensing head comprising four channels and
      the various weights assigned thereto,
PAR  FIG. 3 shows with respect to the characters of FIG. 1 the disposition of
      the recognition areas with the associated values, the parity area and two
      centering areas,
PAR  FIG. 4 is a block schematic diagram of the recognition section of an
      apparatus according to the invention.
DETD
PAR  In FIG. 1 the ten decimal digits are shaped so that the human eye can
      readily identify them and that four aligned sensing elements when aimed at
      a vertical section directly furnish the binary value of each digit.
PAR  In FIG. 2 a reading head 1 comprising a plate 2 which is to be applied to
      the character to be read and in which four reading channels 3, 4, 5 and 6
      are formed which may be provided with photoelectric cells (not shown).
      Relative to each channel the assigned binary weight is indicated.
PAR  FIG. 3 shows for each of the ten decimal characters of FIG. 1 the
      disposition of each of the value recognition areas 3, 4, 5 and 6 which
      correspond to the reading channels of FIG. 2; an imparity recognition area
      7 is disposed to the right of the recognition area 6.
PAR  Two alignment areas 8a and 8b are located outside the characters to ensure
      correct register of the reading head with the recognition areas of each
      character.
PAR  If, for example, the digits are printed in black on a white background and
      the reading cells deliver a high voltage level when they face a black
      area, the following Table is obtained.
TBL  ______________________________________                                    
     Areas   4     5       6     3     7     Imparity                          
     ______________________________________                                    
     Digits 1                                                                  
             0     0       0     1     0     1                                 
     2       0     0       1     0     0     1                                 
     3       0     0       1     1     1     3                                 
     4       0     1       0     0     0     1                                 
     5       0     1       0     1     1     3                                 
     6       0     1       1     0     1     3                                 
     7       0     1       1     1     O     3                                 
     8       1     0       0     0     0     1                                 
     9       1     0       0     1     1     3                                 
     0       0     0       0     0     1     1                                 
     ______________________________________                                    
PAR  As will be seen, the channels 3, 4, 5 and 6 of the reading head 1 directly
      supply the binary value of each digit.
PAR  For the zero none of the said four channels supplies any information; in
      order to avoid the possibility of an error due to this fact, for example,
      in the case of a faulty cell, a fifth area 7, an imparity area, is
      associated with each character and provides a single information about the
      zero and a second information about the digits 3, 5, 6 and 9. This second
      information enables the operation of the cells to be checked in known
      manner, because the sum total of the bits of information supplied for each
      digit must always be odd (1 or 3).
PAR  Reading a number is effected in this particular embodiment by means of a
      reading head which comprises as many groups of five cells each as there
      are digits to be read, permitting all the digits of the number to be read
      simultaneously.
PAR  The registration of the reading head with the number to be read must be
      highly accurate and therefore two cells (not shown) are located at the
      left-hand and the right-hand ends respectively of the head, no reading
      being possible unless these two cells are in accurate register with the
      two alignment areas 8a and 8b situated to the left and to the right
      respectively of the number to be read.
PAR  In the embodiment described the areas 3, 4, 5 and 6 are vertically aligned;
      obviously, another disposition may be used in combination with a different
      shape of the characters, provided that the conditions of visual legibility
      and direct binary evaluation are fulfilled.
PAR  The system according to the invention may also be used when the characters
      are printed on a support in magnetic ink; in this case the reading head
      comprises magnetic sensing elements instead of photocells.
PAR  FIG. 4 is a block schematic diagram of the recognition section of an
      apparatus according to the invention which comprises six detectors D1 . .
      . D6, a clock CL, an amplifier AMP, four logic exclusive -- OR gates EX1 .
      . . EX4, a flipflop FF, a logic AND gate AND and an output register REG.
      The detectors D2 . . . D6 are located so as to be capable of
      simultaneously detecting the information from the five areas shown in FIG.
      3. The detector D1 can detect the information from a centering area, for
      example the area shown in FIG. 3 at the extreme left-hand end. In this
      embodiment, it is now assumed that the detector assembly (FIG. 2) moves
      along the row of characters from left to right. When the detector D1
      detects a centering area, it delivers a signal to the clock which starts
      delivering clock pulses at a frequency which corresponds to the spacing
      between the character format areas of FIGS. 1 and 3 and to the travelling
      speed of the detector assembly. Each clock pulse comprises two signal
      pulses which appear with a very short interval at the outputs 1 and 2
      respectively of the clock CL. The pulse at the output terminal 1 of the
      clock causes the amplifier AMP to become operative so that the signals
      from the five detectors D2 . . . D6 are transmitted in amplified form. The
      information from the detectors D3, D4, D5 and D2 is transferred in this
      sequence to the output register REG and stored in the form of binary
      information elements. The information from the detectors D2 and D3 is
      supplied to the logic exclusive-OR gate EX1. Such gates are known and
      deliver a logic "1" if one but not more than one of the input signals is a
      logic "1". This also applies to the gates EX2 and EX3, so that the logic
      gate EX3 delivers a "1" only if one or three of the detectors D2 . . . D5
      delivers or deliver a logic "1". The logic exclusive-OR gate EX4 delivers
      a logic "1" if one (digits 0, 1, 2, 4, 8) or three (digits 3, 5, 6, 7, 9)
      of the detectors D2 . . . D5 delivers or deliver a logic "1". When all
      five detectors deliver a logic "1" the exclusive-OR gate EX4 also delivers
      a logic "1". If required, the latter case may be separately detected to
      provide an error signal. The logic "1" from the gate EX4 is applied to the
      flipflop FF, setting it to the "1" condition, so that the "1" output
      becomes logic "1". If then the clock CL delivers the signal pulse at its
      "2" output, the logic AND gate AND receives two "1" signals and delivers a
      logic "1" to the output register REG, causing the information stored in it
      to appear at the outputs designated 1, 2, 4 and 8. In addition, the
      flipflop FF is reset to the "0" condition. The shape of the characters and
      the disposition of the detectors (shown schematically by their locations
      in FIG. 4) are such that the information at the outputs of the output
      register corresponds to the binary code of the digits.
PAR  The device shown in FIG. 4 is given as an example only; alternatively a set
      of five detectors may be provided for each character of, for example, a
      cash register slip in a shop; in this case also the advantages of the
      invention are obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for converting into a binary code a visually legible numerical
      character selected from a closed group of numerical characters, said
      numerical character being present within a character format area on a
      support, said apparatus comprising:
PA1  a set of exactly four character-identifying sensing elements, each for
      deriving from a predetermined portion of the character format area, a
      binary information element;
PA1  means for juxtaposing said set of sensing elements in proper alignment with
      said character format area, said sensing elements sensing and directly
      converting a machine printable numerical character into a corresponding
      unique four-bit digital number; and
PA1  means for converting the group of unique digital numbers corresponding to
      said closed group of numerical characters into binary digital form;
PA1  wherein said character format area includes alignment areas and said
      apparatus includes an additional sensing element for deriving alignment
      information;
PA1  wherein a fifth sensing element is provided for deriving a fifth binary
      information element from a fifth predetermined portion within the
      character format area, said sensing element for supplying a parity
      determining information signal derived from the said fifth predetermined
      portion and the shape of the numerical character;
PA1  wherein said closed group of numerical characters are the numerals 1, 2, 3,
      4, 5, 6, 7, 8, 9, and 0, said four sensing elements being substantially
      colinear and being consecutively designated 3, 4, 5, and 6, said elements
      sensing and converting said numerals into four-bit digital numbers in
      accordance with the following table:
TBL             Elements                                                       
     Numerals           4     5     6   3                                      
     ______________________________________                                    
     1                  0     0     0   1                                      
     2                  0     0     1   0                                      
     3                  0     0     1   1                                      
     4                  0     1     0   0                                      
     5                  0     1     0   1                                      
     6                  0     1     1   0                                      
     7                  0     1     1   1                                      
     8                  1     0     0   0                                      
     9                  1     0     0   1                                      
     0                  0     0     0   0.                                     
     ______________________________________                                    
NUM  2.
PAR  2. The apparatus of claim 1 wherein the location of said fifth element with
      respect to the shape of the numerals supplies a parity-determining signal
      in accordance with the following relationship:
TBL                   5th Binary                                               
     Numerals         Information (Parity)                                     
     ______________________________________                                    
            1            0                                                     
            2            0                                                     
            3            1                                                     
            4            0                                                     
            5            1                                                     
            6            1                                                     
            7            0                                                     
            8            0                                                     
            9            1                                                     
            0            1.                                                    
     ______________________________________                                    
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ABST
PAL  An information recording system comprises a peripheral control unit for
      recording bits of a character one at a time coincident with the middle of
      a record time interval. The peripheral control unit is responsive to a
      central unit which cyclically transmits microinstructions to the
      peripheral control unit coincidentally with transfer of bits to said
      record device from a register storing the bits of a character to be
      recorded.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention refers to a system for recording an information
      character record onto a magnetic substrate comprising a first memory for
      storing a microprogram adapted to control the record operation, a second
      memory for storing said characters, a central unit being responsive to
      this microprogram for reading the characters in said second memory and a
      record device for recording said characters onto said magnetic substrate.
PAR  Previously known devices for recording items of information onto magnetic
      substrates e.g., magnetic cards or magnetic tapes, may use the so-called
      "Frequency Duplication" record system.
PAR  This system consists in recording a timing signal at equal intervals, and
      the information signal after a time period which is approximately half of
      said interval. More particularly, if the bit to be recorded has a bit
      which has the value "1" then an information signal is present; conversely,
      the absence of this information signal denotes that the character has a
      bit which has a value "0". Systems of such type generally comprise: a
      shift register for storing an 8-bit character and adapted to allow the
      reading of one bit at a time to be recorded; a clock for generating
      signals marking the timing intervals; and, a frequency duplicator adapted
      to generate a frequency which is twice the clock frequency so as to allow
      the record of the information bits in the middle of the timing interval.
PAR  Such a system has the disadvantage of requiring specialized wiring for the
      record operation. Another disadvantage consists in the fact that the
      system timing must be exactly synchronized with the overall timing of the
      machine in order to avoid recording errors.
PAR  Furthermore, such systems are not economically justifiable in a machine of
      the microprogrammed central unit type, where, as recited below, the
      circuit functions may be executed by the central unit.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention describes means whereby all recording operations are
      handled directly by the central unit.
PAR  The technical problem presented is overcome by a system according to the
      invention which is characterized by a peripheral control unit adapted to
      decode predetermined microinstructions to control a record device, and a
      central unit comprising means for cyclically transmitting said
      predetermined microinstructions to said peripheral control unit at fixed
      time intervals, a register for storing the bits of each character to be
      recorded in corresponding cells, means for sequentially sensing said cells
      substantially in the middle of said timing interval, and means controlled
      by said sensing means for selectively sending said predetermined
      microinstructions to said peripheral control unit in coicidence with said
      bits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A description of a preferred embodiment is now made with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram of a preferred embodiment of the invention;
PAR  FIG. 2 is a detailed block diagram of a portion of a preferred embodiment
      of the invention;
PAR  FIG. 3 is a detailed block diagram of the peripheral control unit portion
      utilized in the record operation;
PAR  FIG. 4 is a flow chart of the operation sequence carried out by the
      inventive system;
PAR  FIG. 5 shows a diagram of the magnetization current.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the system according to the invention is applied on a
      machine comprising a data processing central unit 5, hereinafter defined
      by the symbol CPU, which is connected to a read-only memory 7 (ROM) by a
      channel 6, and to a read and write memory 9 (RAM) by a channel 8. The CPU
      is furthermore connected to a peripheral control unit 11 by which a
      channel 10, which is in turn connected to a magnetic substrate read and
      write device 13.
PAR  It should be noted that a plurality of peripheral control units and a
      plurality of peripheral units are always connected to the CPU 5 depending
      upon the type of application. If, for instance, the CPU 5 is used by an
      accounting machine, a keyboard, a printer and an automatic front feed
      facility provided with all related control means, are required in addition
      to what is disclosed in FIG. 1. All this is not depicted in FIG. 1 as it
      has no necessary relationship to the present invention.
PAR  The peripheral control unit 11 portion relates to the record operation will
      be more fully described below. The ROM 7 is adapted to store operational
      microprograms used by the CPU 5 for carrying out the operations required
      by the object program. The ROM 7 is of any known type, having the
      characteristic that its contents can be in no way modified by the
      operator, and may be implemented by means of known MOS technology.
PAR  The RAM 9 is also of known type and is adapted to store variable data; it
      comprises operational registers used for data processing and is
      implemented by known technology as, for instance, by MOS technology.
PAR  The CPU 5 comprises a portion adapted to read the microinstructions in the
      ROM 7 and in the RAM 9 and to write data into the RAM 9; a portion adapted
      to carry out arithmetic and logic operations; and a portion adapted to
      handle the data flow to/from the peripheral units.
PAR  In the description hereinbelow, the CPU 5 will not be described fully in
      detail; but there will be described in detail only the circuits and
      registers related to the invention.
PAR  The circuits related to the selection of the magnetic card peripheral
      control unit 11 also will not be described, it being assumed that the unit
      is already connected to the CPU 5 by any known means; a detailed
      description is provided only of the connection portion referring to the
      record operation related to the present invention.
PAR  With reference to FIG. 2, a more detailed description is now provided of
      the portion of CPU 5 and of the RAM 9 used in this preferred embodiment of
      the invention.
PAR  In particular, the CPU 5 comprises: a clock 15 adapted to generate impulses
      at constant time intervals defining the machine cycles; and a control unit
      16, hereinafter denoted as CLU, which is conditioned by a register 17 to
      sequentially and selectively generate the commands K1, K2 . . . K16.
PAR  The CLU 16 is implemented by known design techniques; it need only be said
      in particular that it is a logic network having eight input points, and 16
      output points corresponding to the commands K1 . . . K16; the CLU 16
      generates, in response to the combination of bits being applied to the
      input, the commands associated with such bit combinations. The command
      sequence is carried out at points of time established by timing impulses.
PAR  The instruction register 17 is connected to the ROM 7 and is provided to
      staticize the eight bits of the microinstruction read from the cell of the
      ROM 7 identified by the program counter register 18.
PAR  As just recited, the register 18 stores the address of the memory ROM 7
      cell related to the microinstruction subsequent to the one now in
      progress; in fact said register is increased by the CLU 16 by one or two
      units, according to whether the instruction in process is made up of one
      or two bytes (or 8-bit characters).
PAR  Increasing of the register or program counter 18 is executed by commands
      generated by the CLU 16 in accordance with the input microinstruction.
PAR  A channel 20 links the CLU 16 to an accumulator register 21 (identified by
      ACC in FIG. 4) having an 8-bit capacity; the register 21 is connected to a
      cell 24 for storing the less significant bit of the accumulator during the
      execution of a microinstruction causing a one-bit shift of the accumulator
      21 contents.
PAR  An arithmetic logic unit 22 hereinafter identified by ALU 22 is linked to
      accumulator 21 and executes all logic and arithmetic operations on the
      data stored in the accumulator 21 and that stored in special registers of
      the RAM 9, and is adapted to generate indicative signals concerning the
      results of special logic operations. In carrying out the comparison and
      conditioned jump microinstructions, for instance, the ALU 22 generates a
      signal over the wire 23 which provides the CLU 16 with the comparison
      result.
PAR  It is to be noted that the signal over the wire 23 is controlling the
      operation of the CLU 16 only in the event the read instruction requires
      that a condition must exist; otherwise its presence does not affect the
      CLU 16. For instance, this may be carried out by considering the signal
      over the wire 23 as applied to a column of the matrix included in the CLU
      16, the other columns thereof being represented by the instruction bits.
PAR  As already said, the commands K1 . . . K16 generated by the CLU 16 handle
      the execution of the instructions by carrying out data transfers,
      decrementing and incrementing of registers, etc. For instance, consider a
      microinstruction requiring that the register 30 of the RAM 9 is to be
      decreased by one. The elemental steps controlled by the CLU 16 are:
      reading of the ROM 7 cell being addressed by the counter 18, transfer of
      the read contents into the instruction register 17, instruction
      recognition by the CLU 16, generation by the CLU 16 of the commands
      related to the operations required by the instructions. In particular, the
      CLU 16 increases the counter 18 by one, reads the second instruction byte,
      transfers the contents of the RAM 9 cell being addressed by the second
      byte into a register of the ALU 22, causes the ALU 22 to increase the
      contents of such register and newly transfers the so increased register
      contents into the same RAM 9 cell.
PAR  These operations are represented by the generation of a command K1 through
      the CLU 16 for increasing the counter 18 and of a command K12 for
      decreasing the register 30 by one. The other instructions are similarly
      utilized.
PAR  In FIG. 2 are shown the RAM 9 zones and registers used by the systems of
      this invention; additionally there is shown therein the connections of the
      zones to accumulator register 21 and ALU 22; in effect, all such
      connections are made up of a RAM 9 input/output buffer not depicted in the
      figure.
PAR  The instruction register 17 is furthermore connected to a decoder 41
      through a channel 40 (FIG. 3), the decoder being adapted to generate an
      output signal MK01 N when the connection instruction is present in the
      register 17, this instruction being generated by the CPU 5 when connection
      to the peripheral control unit is required.
PAR  As the connection procedure between the peripheral control unit 11 and the
      CPU 5 is no part of the present invention, its description is omitted; for
      the sake of this example, it is assumed that the signal MK01 N is already
      at level one.
PAR  The signal MK01 energizes the SET input of the flip-flop 42 which provides
      the signal ABIRO on its output 43.
PAR  The decoder 41 is furthermore adapted to generate the signal MC01 N at its
      output 45 when a special microinstruction called 10X is present in the
      register 17. The output 45 is linked to a flip-flop 47 which changes over
      the outputs 48 and 49 at every impulse MK01 N present at its input when
      the signal ABIRO is at level one.
PAR  The outputs 48 and 49 are connected to two AND circuits 50 and 51
      respectively, which are likewise conditioned by the signal ABIRO. The
      outputs 52 and 53 of the AND circuits 50 and 51 are connected to the
      record coils 55 and 56, respectively, of the magnetic record device 13. In
      particular, if the output 52 is energized, the magnetization will have a
      certain polarity, while if the output 53 is energized the output 53 the
      magnetization will have the opposite polarity. The operation of the system
      according to the invention is now described with reference to the FIGS. 2,
      3, 4 and 5. TABLE A, below, lists all pertinent microinstructions that are
      stored in the ROM 7. Listed in the first column is the symbolic
      denomination of some addresses; in the second column are the numbers
      corresponding to the microinstruction addresses specified on a hexadecimal
      basis; in the third column are the operative codes of the
      microinstructions; in the fourth column are the microinstruction operands,
      in the fifth column are the commands generated by the CLU 16 according to
      the microinstruction operation operands and in the sixth column is a brief
      comment related to the functions executed by the microinstructions.
TBL  CARD ROUTINE RECORD                                                       
     __________________________________________________________________________
     (TAB A)                                                                   
                          Com-                                                 
     Symbolic  Operation  mands                                                
     Name Address                                                              
               Codes Operands                                                  
                          of CLU 16                                            
                                 Comment                                       
     __________________________________________________________________________
     SURECA                                                                    
          6ADA LACIM X"07"                                                     
                          K2     ACC "07"                                      
          6ADC DAC   CONT K3     CONT ACC                                      
          6ADE LAC I AP2  K4     ACC (AP2)                                     
          6AEO DAC   AP3  K5     AP3 ACC                                       
     RECLOK                                                                    
          6AE2 10X   B"00"                                                     
                          K6     10X REGIS.CLOCK                               
          6AE3 LACIM X"F8"                                                     
                          K2     ACC "F8"                                      
          6AE5 IAC        K9     ACC ACC+1                                     
          6AE6 SZA        K7(K8) IF ACC="00", Jump                             
          6AE7 JMPIM *-2         Jump A 6AE5                                   
          6AE9 LAC   AP3  K10    ACC AP3                                       
          6AEB LRR        K11    STEP ACC                                      
          6AEC DAC   AP3  K5     AP3 ACC                                       
          6AEE LACIM X"00"                                                     
                          K2     ACC "00"                                      
          6AFO SNL               IF (24)="1",Jump                              
          6AF1 JMPIM TEMPO1      CALL TEMPO1                                   
          6AF3 10X   B"00"                                                     
                          K6     10X REGIS.BIT                                 
          6AF4 JMPIM TEMPO2      CALL TEMPO2                                   
     TEMP02                                                                    
          6AF6 DEM   CONT K12,K13,                                             
                                 CONT CONT-1                                   
                          (K8)                                                 
                                 IF CONT=FF,Jump                               
          6AF8 JMPIM TEMPO3      CALL TEMPO3                                   
          6AFA DEM   BYTE2                                                     
                          K14,K15,                                             
                                 BYTE2 BYTE2-1                                 
                          (K8)                                                 
                                 IF BYTE2=FF,                                  
                                 Jump                                          
          6AFC JMPIM *+3         JUMP A 6AFF                                   
          6AFE RET               END REGISTRAZ.                                
          6AFF INC   AP2  K16    AP2 AP2+1                                     
          6BO1 JMPIM TEMPO4      CALL TEMPO4                                   
     TEMPO6                                                                    
          6B03 LACIM X"FD"       35 MICROSEC.                                  
          6B05 IAC                                                             
          6B06 SZA                                                             
          6B07 JMPIM *-2                                                       
          6B09 SWOP                                                            
          6B0B SWOP                                                            
          6B0C JMPIM SURECA                                                    
     TEMPO3                                                                    
          6B0E LACIM X"F8"       95 MICROSEC.                                  
          6B11 IAC                                                             
          6B12 SZA                                                             
          6B13 JMPIM *-2                                                       
          6B14 NOP                                                             
          6B15 JMPIM *+2                                                       
          6B17 JMPIM *+2                                                       
          6B19 JMPIM RECLOK                                                    
     TEMPO4                                                                    
          6B1B NOP                                                             
          6B1D JMPIM TEMPO6                                                    
     TEMPO1                                                                    
          6B1F NOP                                                             
          6B1E JMPIM TEMPO2                                                    
     __________________________________________________________________________
PAR  In explaining the operations, it is assumed that the equipment is executing
      a program including an instruction which requires the data stored in a
      prefixed field of the RAM 9 is to be recorded on the magnetic card.
PAR  The same instruction calling for recording the data record, also recalls a
      microinstruction IOX which is sent to the decoder 41 of the peripheral
      control unit 11, which thus generates the signal MK01 N; the flipflop 42
      is energized and provides the signal ABIRO over the wire 43.
PAR  The microinstruction IOX interconnects the CPU 5 with the peripheral
      control unit 11.
PAR  The field to be stored is specified in a known manner by the abovementioned
      instruction which stores the address of the RAM 9 cell containing the
      first (8-bit) character to be recorded into two byte areas of a register
      60 of the RAM 9 (identified by AP 2 in the Table A), and the number of the
      characters corresponding to the length of the field to be stored into a
      register 62 identified in the Table A by BYTRE2.
PAR  The maximum length of the memory field to be stored depends upon the number
      of bits stored in the register 62 which is, in the present example, equal
      to eight bits, thus allowing the handling of a maximum of 256 characters;
      it is apparent that if the register 62 were able to store two bytes, the
      maximum field length would be equal to 256 .times. 256 bytes.
PAR  At this point in time the program counter 18 stores the address of the
      first microinstruction related to the record operation microprogram. This
      status is displayed in FIG. 4 by the block 100. QWhen the CLU 16
      recognizes this microinstruction, it generates the command K1 that
      increases the counter 18 by one; this command is generated each time a
      microinstruction is recognized.
PAR  As a result the subsequent microinstruction LACIM is read and transferred
      to the register 17, causing the CLU 16 to generate the command K2 which
      loads the datum "07" into the accumulator 21 as defined by ACC in the
      Table A. The subsequent microinstruction DAC calls for the command K3
      which transfers the contents of the accumulator 21 to the register 30:
      this operation is shown in FIG. 4 by the block 101.
PAR  The subsequent microinstruction, namely LAC I, gives rise to the command K4
      which transfers the contents of the memory cell addressed by the register
      60 of the accumulator 21. Thereafter follows the microinstruction DAC
      which transfers the contents of the accumulator 21 to the register 70 of
      the RAM 9 (AP 3 in the Table A), denoted by the operand of the same
      microinstruction. This operation is displayed in FIG. 4 by the block 102
      and is originated by the command K5 (FIG. 2).
PAR  At this point in time the register 70 stores the first character of the
      memory zone to be recorded, and the register 30 stores the binary
      information 00000111.
PAR  The subsequent microinstruction IOX causes the CLU 16 to generate the
      command K6 which transfers the contents of the register 17 to the decoder
      41. The latter generates the signal MC01 N over the wire 45 thus changing
      over the flip-flop 47 which was already enabled by the signal MK01 N. In
      this way the direction of the magnetization current in the magnetization
      device 13 is reversed in coincidence with the IOX command (FIG. 5); this
      current reversal represents the timing signal relative to the first
      information bit to be recorded. This operation is shown in FIG. 4 by the
      block 103.
PAR  Subsequently four microinstructions LACIM, IAC, SZA, JMPIM are executed,
      the object whereof is to allow a 90 microsecond time interval to elapse
      starting from the timing signal.
PAR  In particular, this idle time is obtained by loading the binary number
      11111000 (LACIM) into the accumulator 21, by increasing such number (IAC)
      by one through the signal K9 and by comparing each time whether such
      contents are 00000000 (SZA).
PAR  The cycle IAC, SZA is repeated eight times incidental to the
      microinstruction JMPIM, namely as many times as necessary to obtain the
      00000000 accumulator condition. This condition is checked by the ALU 22 in
      coincidence with the command K7 generated by the CLU 16 owing to the
      microinstruction SZA.
PAR  When this condition occurs a signal is applied to the wire 23 which, being
      combined with the eight bits related to the microinstruction SZA, causes
      the CLU 16 to generate the command K8 which increases the program counter
      18 by two units; the microinstruction JMPIM is thus skipped, avoiding the
      idle time displayed in FIG. 4 by the block 104.
PAR  At this point there is executed the microinstruction LAC which, by the
      medium of the command K10, transfers the contents of the register 70 to
      the accumulator 21.
PAR  Subsequently the microinstruction LRR is decoded causing the CLU 16 to
      generate the command K 11 which shifts the contents of the accumulator 21.
      This transfers the first bit to be recorded to the cell 24, and the
      contents of the latter are transferred to the place of the most
      significant bit of the accumulator 21.
PAR  After this, the previously modified contents of the accumulator is
      transferred to the register 70 by the microinstruction DAC. These
      operations are displayed in FIG. 4 by the block 105.
PAR  It is to be noted that the second bit to be recorded is now stored in the
      less significant position of the register 70.
PAR  The subsequent microinstruction LACIM loads the bit configuration 00000000
      into the accumulator 21; the only purpose of this is to perform an
      established number of idle machine cycles so as to reach the bit record
      microinstruction (subsequent IOX) adter exactly 119 microseconds starting
      from the timing microinstruction previously provided.
PAR  The subsequent microinstruction SNL coinciding with the level 1 signal
      existing on the wire 75 corresponding to the first bit to be recorded,
      causes the CLU 16 to generate the command K8, which, as seen above,
      increases the program counter 18 by two units. In this way the CLU 16
      executes a microinstruction IOX which, as seen above, changes the current
      over in the record device 13 (block 107). If the information bit had a
      level 0 (logic branch 106), no signal was existing on the wire 75
      wherefore the command K8 was not generated and therefore the program
      counter 18 was increased by one unit only. Consequently the CLU 16 would
      have executed a jump instruction JMPIM to the address TEMPO1 identified by
      the operand. Stored at this address is a microinstruction NOP which causes
      3 idle microseconds to elapse, and, consequently, the execution of a jump
      instruction JMPIM to the address TEMPO2 would be, as displayed in Table A,
      successive to the address of the microinstruction IOX.
PAR  The addition of the times required for executing the two microinstructions
      JMPIM and the microinstruction NOP (Block 108) is naturally equal to the
      time required for executing the microinstruction IOX; thus the address
      TEMPO 2 is reached 124 microseconds after the generation of the
      microinstruction IOX related to the first timing signal. The
      microinstruction stored at the address TEMPO 2, namely DEM, causes the CLU
      16 to generate the command K 12 which decreases the contents of the
      register 30 by one unit (said register was previously loaded with the
      binary number 00000111).
PAR  This operation is shown by the block 109 of FIG. 4 Subsequently, the same
      microinstruction DEM generates the command K 13 which transfers the
      contents of the register 30 to the ALU 22 which compares the received
      binary number with the number 11111111 (identified on the logic branch 110
      of the FIG. 4 by the hexadecimal notation FF).
PAR  As the contents of the register 30 are now 00000110, the ALU 22 does not
      generate a signal on the wire 23; thus the CLU 16 does not generate the
      command K 8; consequently the routine TEMPO 3 is recalled (block 111 in
      FIG. 4) which executes a certain number of idle cycles lasting a total of
      95 microseconds as displayed in the Table A, and having as the last
      instruction a jump (JMPIM) toi the address RECLOK corresponding to the
      generation of a new timing signal.
PAR  It is to be noted that the time elapsed between the sending of the
      information bit and the sending of the second timing signal equals 119
      microseconds. In fact starting from the bit record microinstruction IOC
      there are executed:
     - JMPIM to TEMPO 2                                                        
                       5 microseconds                                          
     DEM               14 microseconds                                         
     JMPIM to TEMPO 3  5 microseconds                                          
     TEMPO 3           microseconds                                            
     Total             119 microseconds                                        
PAR  At this point of time a new IOX is sent, resulting in a return to the block
      103 of the FIG. 4 which, as said above, causes the current to change over
      in the record device 13 (FIG. 3). The cycle (FIG. 4) starting from the
      block 103 and going through the blocks 110 and 111, is repeated eight
      times, nemely as many as the register 30 requires for storing 11111111.
PAR  It should be noted that this cycle provides the automatic shifting
      operation of the bits referring to the character stored in the register 70
      of the RAM 9, thus allowing the elimination of a suitable shift register
      in the peripheral control unit 11 for sending an information bit sequence
      to the recorrd device 13.
PAR  When the register 30 stores 11111111, the microinstruction DEM causes the
      ALU 22 to generate a signal on the wire 23, which causes the CLU 16 to
      produce the command K 8. As seen above, the latter increases the program
      counter 18 by two units, whereby the jump to the routine TEMPO 3 is not
      carried out. The microinstruction DEM is read instead causing the CLU 16
      to generate the command K 14 to decrease the register 62 by one unit; as
      already said, the register 62 stores the number of characters to be
      recorded.
PAR  Subsequently the microinstruction DEM causes the CLU 16 to generate the
      command K 15 which causes the ALU 22 to apply a signal over the wire 23 in
      the event the contents of the register 62, and is 11111111, or to fail to
      apply it in the event the contents is other than 11111111 whereby the
      program counter 18 is increased by one unit and there is executed the
      microinstruction JMPIM which produces the jump to the microinstruction
      INC.
PAR  The latter generates the command K16 by the medium of the CLU 16, which
      increases the register 60 by one. In this way there is addressed the
      second chaacter of the RAM 9 zone to be recorded (block 114 in the FIG.
      4).
PAR  As disclosed above, the contents of the register 60 are used by the
      microinstructions defined by the block 102 for reading the second
      character to be recorded.
PAR  The subsequent microinstruction JMPIM executes a jump to the address
      TEMPO4, which recalls the routine TEMPO6 (block 115). The order function
      of TEMPO6 is to let the 35 microseconds elapse idly which are required for
      returning to the initial program instruction (LACIM), so as to reach the
      block 103 (sending of the timing IOX) exactly 238 microseconds starting
      from the timing instruction IOX that was previously provided.
PAR  The cycle of the FIG. 4 that comprises the blocks from 101 to 113, 114 and
      115, is repeated as many times as there are characters of the RAM 9 to be
      recorded, which are identified by the register 62.
PAR  In fact, if the microinstruction DEM (logic branch 113 in FIG. 4)
      recognizes, by means of the ALU 22, that the contents of the register 62
      are equal to 11111111, a signal is generated on the wire 23 which causes
      the CLU 16 to generate the command K8 which increases the program counter
      108 by two units.
PAR  In this way the microinstruction RET is executed that denotes the end of
      the record operation (block 116). An example of the recording of the bits
      and the magnetic tape is shown in FIG. 5 in which it is noted that the
      variations of the magnetization of the tape occurs in correspondence of
      each microinstruction IOX.
PAR  At this point of time the interrupted processing of the object program
      instruction that required the record operation is resumed in the known
      manner; namely the subsequent program instruction is read.
PAR  It is intended that changes or additions of parts may be made to the system
      according to the invention without departing from the scope of the
      invention. For instance, it is possible to modify the time interval
      between two consecutive timing signals by modifying the duration of the
      idle time routines such as TEMPO 3, TEMPO 4, TEMPO 6. Furthermore, there
      may be changed the bits building up each character, by modifying the datum
      being stored in the register 30.
PAR  Other changes may ocur to one skilled in the art without departing from the
      spirit of the invention described herein whose scope is only to be defined
      by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. System for recording an information character onto a magnetic substrate
      comprising a first memory for storing a microprogram adapted to control
      said record operation, a second memory for storing said character, a
      central unit conditioned by said microprogram for reading said character
      out of said second memory, and a record device for recording said
      character onto said magnetic substrate, wherein a peripheral control unit
      responsive to predetermined decoded microinstructions provided by said
      central unit for providing corresponding record signals to said record
      device, said central unit comprising means for cyclically transmitting
      said predetermined microinstructions to said peripheral control unit at
      fixed time intervals, a register for storing in corresponding cells the
      bits of the character to be recorded, means for sequentially sensing each
      of said cells substantially in the middle of said fixed time intervals and
      means controlled by said sensing means for selectively sending said
      predetermined microinstructions to said peripheral control unit in
      coincidence with sending said bits to said record device.
NUM  2.
PAR  2. System as in 1 wherin said central unit comprises a second register for
      storing one at the time the microinstructions of said microprogram read
      from said first memory, a transmission channel connecting said second
      register to said peripheral control unit, a decoder unit means for
      decoding said microinstructions and for generating commands associated
      with said microinstructions and execution means controlled by said
      commands for executing the processing operations associated with said
      microinstructions, each microinstruction being executed in a predetermined
      time interval, said first memory storing a microinstruction set between
      said predetermined microinstructions, said execution means executing the
      microinstructions of said set in a time interval equal to said foced time
      interval, and said decode unit enabling said channel in coincidence with
      said predetermined microinstructions.
NUM  3.
PAR  3. System as in claim 2, wherein said sensing means of said control unit
      comprise a further cell connected to said first register, said decode unit
      being conditioned by a further microinstruction of said microinstruction
      set for generating a command adapted to transfer the less significant bit
      of said first register into said further cell, said execution means
      executing the microinstructions comprised between one of said
      predetermined microinstructions and said further microinstruction in a
      time interval substantially equal to the time between the start and the
      middle of said time interval.
NUM  4.
PAR  4. System according to claim 3, wherein said further cell conditions said
      control unit to enable said transmission channel in coincidence with
      transmission of one of the two possible binary values of said less
      significant bit.
NUM  5.
PAR  5. System according to claim 1, wherein said peripheral control unit
      comprises a decoder adapted to decode said predetermined microinstructions
      generating a signal corresponding thereto, output lines connected to said
      record device, and a bi-stable element adapted to control the output line
      to carry an indication of said corresponding signal record device.
NUM  6.
PAR  6. System according to claim 5, wherein said second memory comprises a
      third register for storing a number representing the number of bits of
      each of said characters to be recorded, said decode unit of said
      peripheral control unit decreasing said third register by one unit after
      the activation of said sensing means.
NUM  7.
PAR  7. System according to claim 6, wherein said second memory comprises a
      fourth register for storing the address of the first character to be
      recorded, and a fifth register for storing the number of characters to be
      recorded, and said peripheral control unit including control means for
      generating a command signal for increasing said fourth register by one
      unit and for contemporaneously decreasing the contents of said fifth
      register by one unit, in response to a change in the contents of said
      third register to a predetermined value.
NUM  8.
PAR  8. System according to claim 7, wherein said control means are energized by
      said peripheral control unit decode unit in coincidence with a
      microinstruction for comparing the contents of said third register with
      said first predetermined value, said decode unit causing said control
      means to generate said command signal.
NUM  9.
PAR  9. System according to claim 8, wherein said control means are adapted to
      compare the contents of said fifth register with a second predetermined
      value for generating an end-of-record signal.
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ABST
PAL  An analog-to-digital converter, finding particular application in a
      multichannel pulse height analyzer, includes means for digitizing the
      analog input in two conversion steps. To digitize the input to 13 bits, a
      7-bit digital to analog converter (DAC) with a 7-bit up-down counter is
      used. During the first conversion step which is a coarse conversion, the
      input, V.sub.I, is compared with the DAC output, V.sub.L and the 7-bits of
      the counter are set by successive approximation. Thereafter, after
      settling, the DAC output is driven twice toward V.sub.I. The output of an
      amplifier of a gain 2.sup.7 is stored after each change of the DAC in one
      of two storage and hold circuits, depending on the polarity of the
      amplifier output. Then, the content of the 7-bit counter is transferred to
      the 7 higher order bits of a 14-bit buffer counter. Then, the fine
      conversion step is performed by successive approximation. In it the
      voltage in one of the storage and hold circuits is applied as the input
      and the difference of the voltages in the two storage and hold circuits is
      applied to a resistor ladder of the DAC. Then, the 7 bits of the counter
      are transferred to the 7 lower bits of the buffer counter. Thereafter, it
      is incremented by one and truncated by one, so that only its 13 higher
      order bits are read out, as the 13 bit output.
PARN
PAC  ORIGIN OF INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 USC 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present application relates to analog to digital conversion and more
      particularly, to an analog to digital converter, which though not limited
      to, finds particular application in a pulse height analyzer.
PAR  2. Description of the Prior Art:
PAR  In the field of spectroscopy as well as in other scientific studies
      produced pulses which represent various phenomena such as energy levels
      are analyzed to learn about the phenomena represented by the pulses. For
      example, a high spectral resolution spectrometer produces many pulses of
      different heights. These are typically analyzed in a multichannel pulse
      height analyzer, wherein the pulses are digitized as a function of their
      detected peaks. Each channel is associated with a different digital
      output. It effectively stores a count or number, indicating the number of
      pulses which were digitized during the period and produced the particular
      digital output associated with the channel. In such an application, it is
      of prime importance to include an analog to digital converter (ADC), whose
      digital outputs when counted in the different channels results in equal
      width channels. Variations in channel widths with respect to the average
      width is generally referred to as differential linearity. Differential
      linearity is very important since differences in channel widths can cause
      the appearance of false peaks and mislocation of true peaks in mislocated
      channels.
PAR  Differential linearity is related to the desired digital resolution. In a
      successive approximation type ADC in which an N bit resistive ladder is
      included to digitize the pulses into N-bit numbers, the % differential
      linearity is equal to the % resistor matching tolerance in the ladder
      times 2.sup.N. For 13-bit resolution, i.e., N=13. Even with a resistance
      matching tolerance of 0.005%, the % differential linearity is about 41%.
      Such high differential linearity is too high for many accurate studies.
PAR  Another important property of an ADC in a pulse height analyzer is
      stability due to the relatively long period during which data, i.e.,
      pulses are received. Also good integral linearity is important, in order
      to be able to relate the phenomena, e.g., energy represented by the
      digitized peaks to the energy represented by calibrated peaks.
PAR  Some pulse height analyzers with ADC's of up to 13 bits, are at present,
      available commercially. They are represented as having very good
      differential linearity. However, their stability is not sufficiently high
      for certain applications. Also, they do not seem to be easily modifiable
      to provide resolution beyond 13 bits. Thus, a need exists for a new ADC
      which exhibits the above described properties, including good differential
      linearity.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a new analog to
      digital converter.
PAR  A further object of the present invention is to provide an analog to
      digital converter exhibiting good differential linearity over a wide range
      of channels.
PAR  These and other objects of the invention are achieved by providing an N-bit
      ADC in which both interpolation between coarse conversion levels,
      incrementation and final truncation of the output takes place. The
      invention will be described for explanatory purposes only in connection
      with a 13-bit ADC. The converter includes a 7-resistor ladder network and
      a 14-bit register. In the ADC a full conversion is performed in two
      conversion steps, with the same ladder being used in each step, which is
      of the successive approximation type. In the first step a coarse
      conversion is performed and the 7 higher order bits of the register are
      set to their appropriate states. In the first step, a reference voltage is
      applied to the ladder network whose output is compared with the analog
      input. In the second step signals derived in the first conversion step are
      used to determine the states for the 7 least significant bits of the
      register. After the second step, the register is incremented by 1 and only
      its 13 highest order bits are read out as the ADC's 13-bit output.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of one embodiment of the invention;
PAR  FIG. 2 is a detailed diagram of the control unit ladder network shown in
      FIG. 1;
PAR  FIG. 3 is a table useful in explaining the operation of the embodiment of
      FIG. 1;
PAR  FIG. 4 is a logic diagram of control logic, shown in FIG. 2; and
PAR  FIGS. 5 and 6 are block diagrams of different embodiments of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is first directed to FIG. 1 wherein one embodiment of the novel
      ADC is designated generally by numeral 10. Its input terminal 11 is shown
      connected to an analog input unit 12 which provides the analog input,
      e.g., an input voltage to be digitized. The ADC 10 includes a control unit
      15 which in essence controls the ADC's operations. At the start of each
      conversion of the input voltage to a digital number unit 15 activates unit
      12 which includes a storage and hold circuit to hold the input voltage,
      hereinafter designated as V.sub.I, substantially constant at terminal 11
      while the conversion operation takes place. As will be pointed out
      hereinafter, the full conversion is performed in two steps. The input
      voltage at terminal 11 need be stable only during the first step in which
      a coarse conversion is performed.
PAR  During the first step a first switch, designated S1 and represented as a
      mechanical switch for explanatory purposes only, is controlled by control
      unit 15 to be in the position as shown. Thus, the input voltage at
      terminal 11 is applied through switch S1 to one input of a differential
      amplifier A1. The other input to amplifier A1 is from a ladder network 17,
      to which a reference voltage from a source 18 is applied during the first
      step through a switch S2, which is under the control of control unit 15.
      The ladder network voltage is designated V.sub.L and is applied to A1 via
      line 19.
PAR  As shown in FIG. 1, the ADC 10 includes a storage and hold unit 21,
      hereinafter also referred to SH1, another storage and hold unit 22,
      hereinafter also referred to as SH2, and a sign detector 24. The latter
      detects the polarity of the output of A1, designated V.sub.A1, and applies
      a control signal to control unit 15 via line 25. For explanatory purposes,
      it is assumed that when V.sub.I &gt; V.sub.L the output of A1, i.e.,
      V.sub.A1, is positive and the output of detector 24 is high and when
      V.sub.I &gt; V.sub.L, V.sub.A1 is negative and the detector 24 output is low.
      Amplifier A1 amplifies the difference between V.sub.I and V.sub.L by a
      factor which depends on the number of bits which are to be resolved in the
      conversion step.
PAR  The ADC also includes a differential amplifier A2 which provides an output
      V.sub.A2, which is the difference of the voltages in SH1 and SH2. The gain
      of A2 is assumed to be 1. In step 2, control unit 15 controls S1 and S2 to
      respectively supply the voltage in SH1 designated V.sub.SH1 to A1 and
      V.sub.A2 to network 17.
PAR  The novelty of the ADC and its manner of operation may best be described
      with a specific example in which it is assumed that V.sub.I is to be
      digitized into a 13-bit number, (N=13). In the present invention, the
      control unit 15 and the network 17 during the first step resolve V.sub.I
      to a resolution of 7 bits which effectively represent the 7 higher order
      bits of the desired 13-bit number. These 7 bits are transferred to the 7
      higher order bits of a 14-bit buffer up counter. The difference between
      V.sub.I and V.sub.L represented by these seven higher bits amplified by A1
      by a factor of 2.sup.7 is stored in SH1. During the second step it is
      resolved into 7 bits which are transferred to the 7 lower order bits of
      the 14 bit buffer counter. Then the latter is incremented by one and its
      13 higher order bits represent the desired output number.
PAR  Attention is now directed to FIG. 2 wherein the control unit 15 and the
      ladder network 17 are shown in greater detail for the exemplified
      embodiment. The ladder network 17 is shown consisting of seven resistors
      R11-R17 and seven switches S11-S17. The control unit 15 is shown including
      a clock 31 which clocks control logic 32 which in turn controls the states
      of the bits B1-B7 of a 7-bit up-down working counter 34. Switch drivers 36
      are also included. They control switches S11-S17 as a function of the
      states of B1-B7, respectively. For explanatory purposes, it is assumed
      that when a counter bit is in a binary 1 state, the switch which it
      controls is closed, thereby increasing the ladder output voltage V.sub.L
      in line 19.
PAR  The determination of the state of each bit is performed during a different
      clock or bit period (BP) from clock 31. Also shown are control gates 38a
      which control the transfer of the states of B1-B7 to stages or bits C1-C7
      of a 14-bit up counter, hereinafter referred to as buffer counter 40.
      Similarly, gates 38b control the transfer of B1-B7 to stages C8-C14 of
      buffer counter 40. The latter is also connected to control logic 32 which
      at an appropriate time increments buffer counter 40 by one. Logic 32
      further activates an output unit 42 to recieve C1-C13 as the 13-bit output
      number.
PAR  In the example, it is assumed that V.sub.I is to be resolved into a 13-bit
      number (N=13) where each bit or count represents less than 1 mv and that
      V.sub.I maximum is not more than 10v less about 78 mv, for reasons to be
      explained hereinafter.
PAR  In accordance with the present invention, V.sub.I is first resolved to a
      resolution of 7 bits, and thereafter the difference between V.sub.I and a
      voltage corresponding to 7 higher order bits is again resolved to 7 bits
      for a total resolution of 14 bits. These are then incremented by one and
      truncated by one for a final 13-bit resolution. With a reference voltage
      V.sub.R of 10v the embodiment is capable of digitizing V.sub.I up to a
      maximum amplitude of (10 - 10/2.sup.7) volts. The resistors R11-R17 are
      chosen so that V.sub.L is 5 volts, i.e., 1/2V.sub.R when only S11 is
      closed, 2.5v (1/4V.sub.R) when only S12 is closed, etc. Thus, V.sub.L
      depends on which of switches S11-S17 are closed, which is in turn
      controlled by the states of B1-B7. The states of B1-B7 are controlled
      during each conversion step by successive approximation.
PAR  During the first step the states of B1-B7 are successively determined by
      successive approximation. After this approximation the count (represented
      by the combined states of B1-B7) in counter 34 is stepped twice, each time
      by one, so that V.sub.L changes toward V.sub.I. After the stepping
      operation, if V.sub.I &gt; V.sub.L, V.sub.A1 is loaded in SH2. Then after the
      second stepping operation V.sub.A1 is loaded in SH1 and B1-B7 are
      transferred to C1-C7. Then during the next step V.sub.A2 is supplied via
      switch S2 to network 17 and V.sub.SH1 is compared with V.sub.L and counter
      34 is again set by successive approximation. At the end of the second
      successive approximation, B1-B7 are transferred to C8-C14. Then, buffer
      counter is incremented by one, and its bits C1-C13 are transferred to unit
      42 as the 13-bit output number.
PAR  Attention is now directed to FIG. 3 which is useful in further explaining
      the present invention. The conversion operation begins with the first bit
      period, designated BP1 in which the state of B1 is determined. As in all
      successive approximation, it is set to a 1. If V.sub.L exceeds V.sub.I it
      is returned to a 0. If, however, V.sub.L &lt; V.sub.I, it remains a 1 and
      switch S11 remains closed. Then the operation is repeated for each of the
      other bits (B2-B7). Let it be assumed that V.sub.I is such that after BP7
      bits, B1, B3, B5 and B6 are 1's and B2, B4 and B7 are 0's. The next two
      bit periods BP8 and BP9 are used to permit the circuitry to settle down.
      At the end of BP9, the counter 34 is stepped toward V.sub.I. Assuming that
      at the end of BP9, V.sub.I &gt; V.sub.L, counter 34 is incremented by 1.
      Thus, in the particular example, at the end of BP9, B1-B7 are at states
      1010111. The next 20 bit periods BP10-BP28 are used to enable the
      circuitry to settle down. At BP 28, V.sub.A1 is loaded in one of the
      storage and hold units. Assuming that at BP28, V.sub.I &lt; V.sub.L, V.sub.A1
      is negative and the detector 24 output is low, V.sub.A1 is loaded in SH2.
      Then during BP29 the register 24 is again stepped in the direction of
      V.sub.I. Since V.sub.L &gt; V.sub.I, the register 34 is decremented by one to
      1010110. BP30-BP38, i.e., the next 9 bit periods are used to enable the
      circuitry to settle down. At BP39, V.sub.A1 is loaded in the other SH
      unit. Since previously SH2 was loaded, at BP39, SH1 is loaded with
      V.sub.A1. When SH1 is loaded, the content of register 34, i.e., B1-B7 is
      transferred in parallel to the seven most significant bits C1-C7 of a
      buffer counter 40.
PAR  At this point in the operation the first coarse conversion step is
      completed. Three bit periods BP40-BP42 are used to switch switches S1 and
      S2 to the second step position and B1-B7 may be reset to all zero. Then,
      in the following seven bit periods, BP43-BP49, part of the second
      conversion step is performed. In it, bits B1-B7 are again driven to their
      appropriate states, based on successive approximation, as previously
      described. It should be stressed however, that in this step A1 compares
      V.sub.L not with V.sub.I but rather with the voltage in SH1, designated
      V.sub.SH1. Also, the reference voltage to the ladder is the output of A2,
      designated V.sub.A2, where V.sub.A2 = V.sub.SH1 - V.sub.SH2.
PAR  During BP50 and BP51 the circuitry is permitted to settle down. Thereafter,
      during BP52, if V.sub.L &gt; V.sub.SH1 the counter 34 is decremented.
      However, if V.sub.SH1 &gt; V.sub.L counter 34 is not altered. Then, during
      BP53 bits B1-B7 are transferred in parallel to C8-C14, respectively.
PAR  For all practical purposes, the conversion operation is complete. In
      accordance with the present invention instead of reading out the 14 bits
      of counter 40, the counter 40 is first incremented by one during BP54 and
      thereafter it is truncated so that only the 13 most significant bits of it
      are read out as the ADC's digital output. In the foregoing example,
      assuming that C1-C14 after B1-B7 are transferred to C8-C14 at BP53,
      counter 40 is 10101101100110, when incremented by one, the number in it is
      10101101110111. However, after truncation, it is 1010110111011. If,
      however, the number at the end of BP53 is 1010110111011, after
      incrementing, it becomes 10101101111000. Therefore, after truncating the
      least significant bit (LSB), the 13-bit number in counter 40 is
      1010110111100.
PAR  If desired instead of using an up-counter, such as counter 40, it can be
      implemented as a 14-bit shift register. After BP53, that is, after all its
      14 bits are set, it can be clocked out, LSB first, through an adder to add
      a count of one, and read out all the bits serially except the LSB. In such
      an embodiment the read out is serially rather than in parallel.
PAR  From the foregoing, it is thus seen that in this embodiment of the ADC 10
      of the present invention conversion is performed in 2 steps. To convert
      the analog input into 13 (N=13) bits the ladder network of N+1/2 = 13+1/2
      = 7 resistors are employed twice. During the first step V.sub.I is used
      and is compared with the ladder output V.sub.L, to which a reference
      voltage from source 18 is applied. Successive approximation techniques are
      used to set the seven stages of the working counter 34. After all the
      seven stages are set the counter is stepped by one to change the ladder
      output, V.sub.L toward the input voltage V.sub.I.
PAR  If after the successive approximation, V.sub.I &gt; V.sub.L, the working
      counter is incremented by one to increase V.sub.L. On the other hand, if
      V.sub.I &lt; V.sub.L, the working counter is decremented by one to decrease
      V.sub.L. After the first stepping of the working counter, if V.sub.I &gt;
      V.sub.L, V.sub.A1 is loaded in SH1 and the contents of the seven stages of
      the working counter, i.e., B1-B7, are loaded into the seven higher order
      stages (C1-C7) of a buffer counter. On the other hand, if after the first
      stepping of the working counter V.sub.I &lt; V.sub.L, V.sub.A1 is loaded in
      SH2.
PAR  Then, the working counter is stepped again toward V.sub.I. It is
      incremented by 1 to increase V.sub.L if V.sub.I &gt; V.sub.L or is
      decremented by one if V.sub.I &lt; V.sub.L. After the second stepping
      V.sub.A1 is loaded into the other SH which was not loaded after the first
      stepping operation. When SH1 is loaded, B1-B7 are transferred to C1-C7.
PAR  Then, the second conversion step is performed. In it, instead of the
      reference voltage from source 18, the amplified difference between the
      voltages is SH1 and SH2, i.e., V.sub.A2 is applied to the ladder network
      and the voltage in SH1, rather than V.sub.I, is compared with the ladder
      output V.sub.L in setting, by successive approximation, the seven bits
      B1-B7 of the working counter. After setting these bits and if V.sub.L &gt;
      V.sub.SH1, the seven bits are decremented by one and then they are
      transferred to the seven lower order bits of the buffer counter. Then the
      latter is incremented by one and thereafter truncated, by reading out all
      the bits therefrom except the LSB.
PAR  It should be pointed out that V.sub.A2, i.e., the difference between
      V.sub.SH1 and V.sub.SH2 is nominally one count of the working counter
      which with a reference voltage of 10v is equal to 10/2.sup.7 = 78 mv times
      the gain of 2.sup.7 of A1 or 10v. V.sub.SH1 actually represents the
      difference between V.sub.I and the voltage already represented in the
      seven higher order bits C1-C7 of counter 40 times 2.sup.7. It has been
      discovered that such analog to digital conversion exhibits excellent
      differential, as well as, integral linearity and stability even for higher
      order bit resolution, such as 13 bits. These properties are particularly
      important in pulse height analyzers such as those used in spectrographic
      analysis.
PAR  By using the difference between the voltages in SH1 and SH2, i.e.,
      V.sub.SH1 and V.sub.SH2 as represented by the output of A2, i.e., V.sub.A2
      as the reference voltage for the second conversion step the effect of the
      ladder offsets are greatly reduced. Also, the fact that the digitization
      is actually performed for a resolution greater than the desired final
      resolution and by truncating the last bit, the converter's performance is
      greatly improved.
PAR  Although the invention has been described in connection with a 13-bit ADC
      it is clear that it can be practiced to produce ADC's with other bit
      resolutions. For example, for a 15-bit ADC an eight-resistor ladder
      network may be used. Counter 34 would be 8 bits long, and counter 40 would
      be 16 bits long, which after incrementation by one, would be truncated by
      one to produce a 15-bit output. In each step an 8-bit resolution will be
      performed. Thus, the gain of A1 should be 2.sup.8.
PAR  From the foregoing, it should be apparent that the input voltage V.sub.I is
      only applied during the first or coarse conversion step. To expedite the
      rate of the ADC's operation, i.e., increase the number of inputs
      digitizable per second, the control logic 32, after the first step, e.g.,
      at BP40 may reset the analog input unit 12 to load and hold another input
      voltage which will be used during the first step of the next conversion.
PAR  Before proceeding to describe other embodiments of the present invention,
      reference is made to FIG. 4 which is a logic diagram of one possible
      implementation of the control logic 32. It should however by appreciated
      that the control logic 32 may be implemented differently, then as shown,
      in order to perform the operations, hereinbefore described. Briefly, the
      control logic 32 includes a bit period (BP) counter 51 which is clocked by
      the clock 31. The outputs of counter 51 designated as .phi.1-.phi.56
      define the various bit periods of corresponding numbers. Output .phi.1 is
      high during bit period 1, .phi.2 is high during bit period 2, etc. Logic
      32 further includes six And gates 52 through 57, seven Or gates 61-67, two
      flip flops FF1 and FF2 and an inverter 68.
PAR  As connected, during BP9, .phi.9 is high. Therefore, if the output of the
      sign detector 24 on line 25 is high, thereby indicating that V.sub.I is
      greater than V.sub.L, And gate 52 is enabled and through Or gate 61
      produces an up pulse to the working counter 34 which increments it by 1.
      On the other hand, if during BP9, the output of sign detector 24 on line
      25 is low, thereby indicating V.sub.L is greater than V.sub.I, the output
      of inverter 68 is high. Therefore, And gate 53 is enabled, in turn
      enabling Or gate 62 to decrement (DOWN) the working counter by 1.
PAR  During BP28 one of the storage and hold units is to be loaded. If at that
      time line 25 is high, thereby indicating that V.sub.I &gt; V.sub.L, And gate
      56 is enabled which in turn enables gate 63, thereby setting flip flop
      FF1. When the latter is set its Q output is high thereby enabling SH1 to
      be loaded with V.sub.A1. At the same time, gates 38a are enabled to cause
      the states of bits B1-B7 to be loaded in bits C1-C7 of the buffer counter
      40.
PAR  On the other hand, if during BP28 line 25 is low, thereby indicating that
      V.sub.L &gt; V.sub.I, And gate 57 is enabled, thereby enabling Or gate 64 to
      set flip flop FF2. When the latter is set, its Q output goes high and SH2
      is loaded with the output of A1. During bit period 29 a second stepping of
      the working counter takes place. If, previously, FF1 was set, And gate 54
      is enabled to thereby increment the working counter through Or gate 61.
      However, if during bit period 28 FF2 was set, then during bit period 29
      And gate 55 is enabled which in turn enables Or gate 62 to decrement the
      working counter 34 by 1. During bit period 39, the other storage and hold
      unit which was not previously loaded is being loaded. This is achieved by
      enabling both gates 63 and 64 to set their associated flip flops. Thus,
      the previously unset or reset flip flop is set during bit period 39
      thereby controlling the loading of the storage and hold unit with which it
      is associated.
PAR  During bit period 53, B1-B7 of the working counter 34 have to be
      transferred to bits C8-C14 of the buffer counter 40. This is achieved by
      enabling gate 65 to enable gates 38b to facilitate the bit state transfer.
      During bit period 54 Or gate 66 is enabled to increment the count of the
      buffer counter 40 by 1, and during bit period 56 an enabling signal is
      supplied via gate 67 to the output unit 42 to receive the states of bits
      C1-C13 of the buffer counter.
PAR  The control logic 32 also includes successive approximation logic 50 of the
      type which receives .phi.1-.phi.7 and line 25 to successively set B1-B7
      during the first conversion step. It may also receive .phi.43-.phi.49 to
      successively set B1-B7 during the second conversion step. On the other
      hand, separate successive approximation logic may be used for the second
      step. It should be pointed out that after the first successive
      approximation if V.sub.L &gt; V.sub.I, such as at BP9, the counter 34 has to
      be incremented by 1. If, however, it is already at a full count, i.e.,
      B1-B7 are all 1's the logic 32 sends a signal to the output unit that the
      conversion cannot be performed. This may be indicated by setting all the
      13 bits of the output unit 42 to all 1's.
PAR  In the foregoing described embodiment, the same ladder network 17 is used
      during each of the conversion steps. If desired, a separate 7-resistor
      (for 13-bit output) may be used so that the first step of one conversion
      may take place while the second conversion step is taking place for the
      preceding conversion. Such an embodiment is shown in FIG. 5. In this
      embodiment, the switches S1 and S2 are eliminated. Network 17 is directly
      connected to source 18 and an amplifier A1a, which performs the functions
      of A1 for the first conversion step, is connected directly to input unit
      12. This embodiment includes an additional amplifier A1b which compares
      the output of SH1 with the output of a second ladder network 17a. The
      reference voltage to the latter is the output of A2. The output of A1b is
      supplied to a second sign detector 24a, whose output is fed to the control
      unit 15. The latter includes the arrangement as shown in FIG. 2. However,
      in addition it includes a separate 7-bit register which is used to control
      the switches in network 17a, as a function of the output of detector 24a.
      Thus, in such an embodiment working counter 34 is used to control network
      17 and load C1-C7 of counter 40, while the seven bits of the separate
      register are used to control network 17a and are later used to load C8-C14
      of the buffer counter. Thus, in this embodiment after the completion of
      the first step of a conversion the second step can be performed with
      network 17a, while the first step of the next conversion is performable by
      network 17 and the related circuitry.
PAR  The networks 17 and 17a are not limited to 7-resistors each. For example to
      convert the input voltage to 16-bit resolution the input voltage may be
      resolved in the first step to 9 bits, and in the second step 8 bits for a
      total of 9+8=17 bits, which after incrementation and truncation of the
      buffer counter 40 results in a 16-bit output. In such a case, A1a provides
      an amplification of 2.sup.9 since in the first step the resolution is to 9
      bits. In general, to provide N-bit resolution, the first step can be used
      to resolve the first B bits, the next step to resolve the lower C bits
      where B+C=N+D. D represents the number of bits to be truncated. In the
      foregoing examples D=1. However, it need not be limited thereto and may be
      more than 1. In such a general embodiment the nominal gain of A1a should
      be 2.sup.B.
PAR  It should also be pointed out that the teaching of the invention can be
      adapted to produce the desired conversion is more than 2 steps to provide
      higher bit resolution, or more efficient use of parts. For example, 3
      steps may be employed with the arrangement shown in FIG. 6 to provide a
      20-bit resolution. Ladder network 17 is assumed to be of 7 bits as shown
      in FIG. 2. In this embodiment switch S1 is a 3-position switch, two more
      storage and hold units SH3 and SH4 are added and two 2-position switches
      S3 and S4. The buffer counter 40 is 21 bits long.
PAR  The conversion operation is as follows:
PAR  1. The first step is as hereinbefore described. Thus, at the end of the
      first step C1-C8 of the buffer counter 40 are loaded.
PAR  2. At the end of the second step SH3 and SH4 are loaded in a manner similar
      to that performed for SH1 and SH2 at the end of the first step. During
      step 2, all switches are in position 2, and the step similar to that
      before described for step 2 is performed. At the end of step 2, C9-C14 are
      loaded with B1-B7.
PAR  3. To perform step 3, all switches are switched to position 3 and step 3 is
      performed as step 2 previously described. At the end of step 3, C15-C21
      are loaded with B1-B7.
PAR  4. Buffer counter 40 is incremented by 1 and truncated to read out only
      C1-C20, i.e., only 20 bits.
PAR  It should be pointed out that in this arrangement during step 3, V.sub.SH3
      is supplied to A1 via S1 and V.sub.SH3 and V.sub.SH4 are supplied to A2 to
      produce the reference voltage. Since in each step each bit represents
      2.sup.7 bits of the next step the gain of A1 is 2.sup.7. It should be
      apparent that instead of performing the 3 steps in sequence the steps may
      be performed in parallel by employing a 3-stage embodiment similar to the
      2-stage arrangement shown in FIG. 5. It should be apparent that in any of
      the embodiments the gain of A1 (or A1a, A1b) is one which depends on the
      number of bits represented by one bit of the preceding conversion step.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently, it is intended
      that the claims be interpreted to cover such modifications and equivalents
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An analog to digital converter for digitizing an analog input voltage to
      an N-bit digital number where N is an integer, comprising:
PA1  input means for receiving the input voltage to be digitized;
PA1  an amplifier for providing an output voltage which is a function of the
      difference between first and second voltages applied thereto, amplified by
      a factor 2.sup.B where B is an integer greater than one;
PA1  a sign detector connected to said amplifier for providing first and second
      signals when the amplifier output voltage is of first and second
      polarities, respectively, said amplifier output being of said first
      polarity when said first voltage is not less than said second voltage and
      of said second polarity when said first voltage is less than said second
      voltage;
PA1  control means for defining first and second conversion steps;
PA1  first and second voltage storage means coupled to said amplifier and
      selectively actuatable to store the output voltage thereof;
PA1  a source of reference potential;
PA1  digital-to-analog converter means including a B-bit up-down counter coupled
      to said control means and to said sign detector, for applying said second
      voltage to said amplifier as a function of the states of said B bits of
      said counter;
PA1  means for applying said reference potential to said digital-to-analog means
      during said first step;
PA1  means for applying said input voltage to said amplifier as said first
      voltage during said first step;
PA1  first successive approximation means coupled to said sign detector, said
      control means and said up-down counter for successively approximating the
      states of said B bits during a first portion of said first step as a
      function of the signals from said sign detector;
PA1  means for stepping the count in said counter by one during each of second
      and third portions of said first step following said first portion so as
      to decrease the difference between said first and second voltages, and for
      storing the amplifier output after said second portion in either said
      first storage means or said second storage means when said amplifier
      output voltage is either of said first polarity or said second polarity,
      respectively, and for storing the amplifier output voltage in the other
      storage means after the third portion of said first step; and
PA1  buffer means of at least B+C bits, for receiving in the first higher order
      B bits thereof the states of the B bits of said working counter, B+C being
      not less than N.
NUM  2.
PAR  2. The converter as described in claim 1 wherein B=C and B+C = B+B = N+D,
      said converter further including means for applying the voltage in said
      first storage means to said amplifier as said first voltage during said
      second step and for applying to said digital to analog converter means a
      reference potential during said second step which is a function of the
      difference between the voltages in said first and second storage means,
      and second means for successively approximating the states of the B bits
      of said counter during a first portion of said second step as a function
      of the signals of said sign decoder, and means for transferring the states
      of said B bits of said counter to bits B+1 through B+B of said buffer
      means, D being an integer, not less than 1.
NUM  3.
PAR  3. The converter as described in claim 2 further including means for
      incrementing the binary count in said buffer by one following said second
      step, and means for receiving the states of the B+B-D higher order bits of
      said buffer means.
NUM  4.
PAR  4. The converter as described in claim 3 wherein B = N+D/2.
NUM  5.
PAR  5. The converter as described in claim 4 wherein D=1 and N is odd.
NUM  6.
PAR  6. The converter as described in claim 1 further including a second digital
      to analog converter means including a C-bit register for generating a
      voltage as a function of said C bits of said register, means for applying
      the difference between the voltage in said first and second storage means
      to said second digital to analog conversion means during said second step,
      means for successively approximating the states of said C bits during a
      first portion of said second step, and means for transferring the states
      of said C bits to bits B+1 to B+C of said buffer means during a second
      portion of said second step.
NUM  7.
PAR  7. The converter as described in claim 6 wherein B+C = N+D, and further
      including means for incrementing the count in said buffer means by one
      after said second portion of said second step, and means for reading out
      the N higher order bits of said buffer means.
NUM  8.
PAR  8. The converter as described in claim 7 wherein the difference between B
      and C is not greater than one.
NUM  9.
PAR  9. The converter as described in claim 7 wherein D=1.
NUM  10.
PAR  10. The converter as described in claim 7 wherein B=C.
NUM  11.
PAR  11. The converter as described in claim 1 wherein said means for stepping
      include means for respectively incrementing or decrementing the count in
      said counter by one during said second portion of said first step when the
      amplifier output voltage is of said first polarity or said second
      polarity, respectively, means for storing the amplifier output voltage in
      said first storage means or said second storage means after said second
      portion and before said third portion when the amplifier output voltage is
      of said first polarity or said second polarity, respectively, means for
      respectively incrementing or decrementing the count in said counter by one
      during said third portion if said amplifer output voltage was previously
      stored in said first or said second storage means, respectively, and means
      for storing the amplifier output voltage following said third portion in
      the storage means in which said amplifier output voltage was not stored as
      yet.
NUM  12.
PAR  12. The converter as described in claim 11 wherein B=C and B+C = B+B = N+D,
      said converter further including means for applying the voltage in said
      first storage means to said amplifier as said first voltage during said
      second step and for applying to said digital to analog converter means a
      reference potential during said second step which is a function of the
      difference between the voltages in said first and second storage means,
      and second means for successively approximating the states of the B bits
      of said counter during a first portion of said second step as a function
      of the signals of said sign decoder, and means for transferring the states
      of said B bits of said counter to bits B+1 through B+B of said buffer
      means, D being an integer, not less than 1.
NUM  13.
PAR  13. The converter as described in claim 12 further including means for
      incrementing the binary count in said buffer by one, following said second
      step and means for receiving the states of the B+B-D higher order bits of
      said buffer means.
NUM  14.
PAR  14. The converter as described in claim 13 wherein B = N+D/2.
NUM  15.
PAR  15. The converter as described in claim 14 wherein D=1 and N is odd.
NUM  16.
PAR  16. The converter as described in claim 15 further including a second
      digital to analog converter means including a C-bit register for
      generating a voltage as a function of said C bits of said register, means
      for applying the difference between the voltage in said first and second
      storage means to said second digital to analog conversion means during
      said second step, means for successively approximating the states of said
      C bits during a first portion of said second step, and means for
      transferring the states of said C bits to bits B+1 to B+C of said buffer
      means during a second portion of said second step.
NUM  17.
PAR  17. The converter as described in claim 16 wherein B+C = N+D, and further
      including means for incrementing the count in said buffer means by one
      after said second portion of said second step, and means for reading out
      the N higher order bits of said buffer means.
NUM  18.
PAR  18. The converter as described in claim 17 wherein the difference between B
      and C is not greater than one.
NUM  19.
PAR  19. The converter as described in claim 17 wherein D=1.
NUM  20.
PAR  20. The converter as described in claim 17 wherein B=C.
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PAL  An apparatus is described for recording and playing back video frames with
      associated audio signals for use with a conventional television display. A
      magnetic loop is employed to store video frames for display with
      associated audio information being placed on a separate frame on another
      magnetic medium. A full program of video and audio frames may be received
      and selected from a remote transmitter and appropriately located on a
      magnetic medium for sequential display on the television display. A first
      embodiment uses a cassette tape with a video loop for storage and playback
      of a program. A second embodiment uses a pair of multiple track belts for
      program storage and playback. Pilot signals are employed to precisely
      store the video frames on the video loop and to automatically sequence the
      display and sound projection of the multiple video and associated audio
      frames.
BSUM
PAR  This invention relates to an apparatus for recording and playing back
      pictures in the form of video frames with related audio signals for use
      with a television display. More specifically, this invention relates to an
      apparatus for playing back video and audio frames recorded on magnetic
      medium such as cassette tapes or belts of tape and the like on a
      conventional home television receiver.
PAC  SUMMARY OF THE INVENTION
PAR  In the first embodiment for a video frame and audio narration recording and
      playback apparatus in accordance with the invention, a program formed of a
      number of video frames, each of which is followed by an audio narration,
      is first recorded on a main magnetic tape. During playback, each video
      frame is first transferred to a magnetic loop. After transfer, the audio
      narration signals are applied to the audio section of a home TV set and
      the loop is operated to provide video signals for TV display during the
      audio narration.
PAR  In another embodiment for a video frame and audio narration recording and
      playback apparatus in accordance with the invention, frames of high
      carrier frequency video and audio information are directly placed on
      separate continuous loops of magnetic tape. Each loop is formed of a broad
      belt for accommodating a large number of tracks with each track on a belt
      designated to carry a full frame of either video or audio information.
      During recording of a program, the video and audio signals may be
      alternately recorded and the recording heads correspondingly automatically
      sequenced to adjacent tracks to record each frame on a different track.
      When the information is to be played back, the audio belt is reduced in
      speed to provide audio narration over an extended time while the video
      belt operates at a high speed to provide video signals for display on a
      conventional receiver.
PAR  An advantage of the apparatus resides in its ability to select from a
      variety of programs presented by a conventional TV during low-use periods.
      The program selection is advantageously automatically executed by
      utilizing decoding networks which identify the programs transmitted from
      the TV station. Another advantage resides in the recordation of programs
      at sufficiently high speeds to enable the TV station to transmit a large
      number of programs in a relatively short time period. A wide variety of
      programs can thus be selected. A further advantage resides in a convenient
      apparatus for storing both audio and video frames on magnetic media such
      as magnetic belts.
PAR  A particularly advantageous feature resides in the transmission of video
      and audio frames on high frequency modulated carriers. The video and audio
      frames may be directly recorded on rapidly moving magnetic media such as a
      tape, belt or disc and, in the case of the audio playback, is played back
      at a reduced speed. In this manner a half hour program of say 100 frames
      can be transmitted in a matter of about ten seconds from a central source.
      Many subscribers can be accommodated with a program of their choice with
      little waiting time.
PAR  It is, therefore, an object of the invention to provide a convenient
      apparatus for the recording and playback of programs in conjunction with
      conventional home television receivers. It is a further object of the
      invention to provide a playback apparatus of programs formed of a
      plurality of video frames and related audio for use with home television
      receivers.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  These and other advantages and objects will be understood from the
      following detailed description of a video recording and playback apparatus
      described in conjunction with the drawings wherein:
PAR  FIG. 1 is a block diagram of a first embodiment for a video recording and
      playback apparatus in accordance with the invention;
PAR  FIG. 2 is a schematic of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a waveform diagram of several signals developed in the apparatus
      shown in FIG. 2 and a schematic representation of the organization of
      audio and video signals during transmission;
PAR  FIG. 4 is a block diagram of a second embodiment for a video recording and
      playback apparatus in accordance with the invention;
PAR  FIG. 5 is a more detailed schematic diagram of the system of FIG. 4; and
PAR  FIG. 6 is a waveform diagram of several signals developed in the apparatus
      of FIG. 4 and a schematic representation of the organization of audio and
      video signals during transmission of a program.
DETD
PAC  DETAILED DESCRIPTION OF EMBODIMENT OF FIGS. 1, 2 AND 3
PAR  With reference to FIG. 1, a video recording and playback apparatus 20 in
      accordance with the invention is shown, including a receiver 22 wherein
      composite program signals from a remote TV transmitter (not shown) are
      detected to produce video and audio signals at a suitable carrier
      frequency and with the proper modulation for recording on a main storage
      tape 24. In addition, receiver 22 produces a decoded signal output line 26
      indicative of the receipt of a program which had been previously selected
      by applying input signals on a program select line 28. When a program is
      recognized and line 26 has been energized, a speed drive mechanism 30 is
      actuated to commence recording of video and audio signals on main storage
      tape 24. At the end of the selected program another signal is decoded to
      terminate the recording mode.
PAR  The composition of the signal from the TV transmitter is selected
      compatible with the desired medium used to transmit the information. This
      medium may be, for example, a coaxial cable system of very wide bandwidth.
      The organization of the video and audio signals and their transmission are
      illustrated on program line 32 in FIG. 3.
PAR  Program line 32 is a timing diagram for the composite transmitted program
      signal from a remote transmitter. Program signal 32 is identified by start
      code segment 36 formed of a pulsecode modulated carrier. The start code 36
      is followed by video and audio information signals 38. An end code 40
      follows signals 38 to signify the end of the transmission of the program.
PAR  Two carrier frequencies are used to carry alternate video and audio signals
      V and A. The modulation of each carrier is approximately 200 kHz for an
      approximate total frequency channel bandwidth of 1/2 MHz. One carrier
      frequency carries alternate video and audio signals V.sub.f and A.sub.f,
      designated for the first two tracks of the main storage tape and the other
      carrier frequency carries alternate video and audio signals V.sub.r and
      A.sub.r for storage on the other remaining two tracks of the main tape.
      Since both carriers occur and are recorded simultaneously, the reverse
      signals V.sub.r and A.sub.r are transmitted in reverse order to
      accommodate the playback mode.
PAR  Both the audio and video signals may be recorded on a single track so that
      but two tracks are needed for recording. Reverse recording for one of the
      tracks will still be needed.
PAR  Upon completion of the recording of a desired program, apparatus 20 is
      automatically taken out of its recording mode. At this time the main
      storage tape 24 carries video and audio signals in a spatial alternate
      relationship as illustrated with segments 42 and 42' of the main storage
      tape. The tape's tracks 1 and 2 carry respectively, forward video and
      audio signals V.sub.f and A.sub.f. The video signals include start and
      finish pilot signals V.sub.T1 and V.sub.T2 which define the length of the
      video frame signal recorded on main tape 24. Each audio signal is followed
      by a code signal A.sub.pc, which signifies completion of the audio
      playback mode. The video and audio frames are further separated from each
      other with pauses 44, 46 to accommodate speed changes in apparatus 20 as
      will be further explained. In a typical example, the video frames each
      occupy about 36 inches of tape length and the audio frames about 48 inches
      each.
PAR  Playback of the video and audio frames from main storage tape 24 is
      obtained at any desired time under the control of a decode and control
      network as shown in FIG. 1. Network 44 decodes the several timing signals
      V.sub.T, A.sub.pc from input lines 46 and 47 and controls the transfer of
      video frame signals from main storage tape 24 to a video loop 48. Loop 48
      may be in the form of a tape belt or a disc. Network 44 further controls
      the speed changes needed during the playback mode of apparatus 20. Audio
      and video frame signals for use with a conventional TV home receiver are
      generated on lines 50, 52 respectively after being converted in
      demodulators 53, 55 to the proper frequencies.
PAR  The playback operation of appartaus 20 may be explained with reference to
      the timing diagrams 54 and 56 in FIG. 3. Diagram 54 displays the main
      storage tape speed as a function time and diagram 56 shows the loop speed
      as a function of time. The playback mode commences with a transfer mode
      during which the main tape speed is increased to about 36 inches per
      second and the loop speed is reduced to about 13 inches per second. At
      this latter speed, one revolution of the loop 48 is provided with video
      signals which constitute one full video frame.
PAR  The actual transfer from tape 24 to loop 48 is delayed for the time
      duration 44 to allow the proper tape and loop speeds to be established.
      Transfer is then executed between the time period defined by the V.sub.T1
      and V.sub.T2 pulses located at respectively the beginning and end of each
      video frame.
PAR  After a video frame has been transferred to loop 48, the main tape speed is
      reduced to the normal audio playback speed of 1.75  inches per second
      while the loop speed is increased to about 504 inches per second. After
      these tape speeds have been attained, after pulse 46, the audio narration
      with video frame display commences until the audio play has been completed
      as evidenced with the audio end code pulse A.sub.pc. At that time a new
      frame is transferred and the operation as just described is automatically
      repeated.
PAR  The time period needed to perform the video frame transfer is quite short,
      being measured in several seconds including pauses 44, 46. This time is a
      function of the length of tape occupied by a video frame. This length, in
      turn, is a function of the recording speed and transmission frequencies
      employed during the record mode. When the transmission frequencies of the
      video frame signals occupy 200 kHz and a recording speed of 36 inches per
      second is employed, about 36 inches of main tape length is needed for each
      video frame. These parameters may be varied to accommodate transmission
      and equipment variations.
PAR  FIG. 2 illustrates a more detailed embodiment for recording audio and video
      frames in the manner as previously described with reference to FIG. 1. A
      tape cassette 70 is provided to serve as the main storage tape 24 on which
      demodulated audio and video frame signals A.sub.f, V.sub.f, A.sub.r,
      V.sub.r are recorded on four different tracks. Receiver 22 includes
      appropriate r-f circuitry with which the frame signals are separated and
      presented on four different output lines 72, 74, 76 and 78. The frame
      signals are coupled through a mode control switch 80 and an analog logic
      gate network 81 to respectively different recording and playback heads 82,
      84, 86 and 88.
PAR  Receiver 22 further includes circuitry to separate the start and end codes
      36, 40 (See FIG. 3), which are then applied to a decode network 90.
      Network 90 has an input 28 for program selection by which the desired
      program may be extracted from the signals generated by a remote television
      transmitter (not shown). Decode network produces a program start signal on
      output line 94 which effects an opening or enabling of gate 81 and a
      program end signal on output line 96 to effect a closing of gate 81.
PAR  Gate 81 includes four analog-logic AND gates through which the demodulated
      audio and video signals are passed before reaching heads 82, 84, 86 and
      88. A flip-flop 100 which is set by a program start signal on line 94 and
      reset by end signal on line 96 provides the enabling pulse for gate 81.
      Hence, gate control 81 operates to pass only a particular program to
      cassette 70 which may thus be automatically loaded at any convenient time.
PAR  The enabling signal from flip-flop 100 is further applied to a motor drive
      circuit 102 through an OR gate 114 to energize a motor 104. Motor 104, in
      turn, is coupled to a cassette speed changer mechanism 106 which drives
      cassette 70 in a forward direction as indicated by arrow 110.
PAR  In the record mode, apparatus 20 is left in an enabled position to await
      the recognition and arrival of the selected program code. When the program
      has been recognized, the motor drive 102 is energized and motor 104 is
      actuated. Cassette 70 attains the required recording speed of 36 inches
      per second very quickly and before the arrival of the first video transfer
      pulse V.sub.T1 and thereafter the remainder of the program is recorded.
      When the program end code is detected, flip-flop 100 is reset, thus
      preventing any further signals being recorded and removing the enabling
      signal to motor 104 for an automatic shut-down. In this manner, the user
      of apparatus 20 may record video programs automatically and during late
      night hours when program transmission time is available.
PAR  During playback and after rewind (control and apparatus for rewind has been
      deleted for clarity) switch 80 is moved to actuate terminal 83 and frame
      signal outputs from receiver 20 are disconnected from heads 82, 84, 86 and
      88. Terminal 83 provides a playback signal P which is applied through OR
      gate 114 to actuate motor drive 102 to start motor 104 and drive cassette
      70 in a forward direction. Motor 104 is connected to loop 48 through a
      loop speed changer 20 and a belt drive 122.
PAR  Playback signal P is further used to initiate a reset of logic circuit in
      the decode and control network 44 and implement a change in the speeds of
      cassette 70 and loop 48. The speed change is needed for the transfer of
      the first video frame from cassette 70 to loop 48. This speed change is
      obtained by applying the P signal to a pulse generator 124. The output
      pulse from pulse generator 124 is applied through an OR gate 126 to a
      flip-flop 128 whose set output line 130, in turn, actuates through OR gate
      132 solenoids (not shown) in speed changers 106 and 120.
PAR  Speed changers 106, 120 are each provided with a solenoid for changing the
      speeds of cassette 70 and loop 48 respectively. In the case of the
      cassette speed changer 106, its solenoid normally is in a position to
      provide a cassette speed at the audio playback speed of 1.75 inches per
      second. When a signal from OR gate 132 is applied to input line 134, the
      cassette speed is changed to the video transfer speed of 36 inches per
      second (see also waveform 54 in FIG. 3).
PAR  The loop speed changer solenoid normally is in a position to provide an
      output video display speed of 504 inches per second. When a signal from OR
      gate 132 is applied to input line 136, the loop speed is decreased to the
      transfer speed of 13 inches per second (see also waveform 56 in FIG. 3).
      Note that the record mode switch signal R is also applied to OR gate 132
      since the transfer and record speeds of cassette 70 are the same.
PAR  While cassette 70 and loop 48 attain their transfer speeds, the audio
      signals A.sub.f from head 82 and video signal V.sub.f from head 84 are
      applied through track selection switch 140, 142 to respectively an audio
      decode network 144 and video decode network 146. The video decode network
      146 detects and produces the video transfer pulses V.sub.T1 and V.sub.T2
      on line 148 (see waveform 148 in FIG. 3) and the audio decode network 144
      detects and produces the audio play complete pulse A.sub.pc on output line
      150 (see waveform 150 in FIG. 3).
PAR  A network 152 is further employed to produce a video transfer time pulse
      V.sub.T ' which spans and determines the transfer time of video signals
      from cassette 70 to loop 48. This V.sub.T ' signal is generated by
      applying the video transfer pulses to both a flip-flop 154 and a divide by
      two network 156. The second video transfer pulse V.sub.T2 resets divider
      156 and also flip-flop 154. The audio complete pulse A.sub.pc and playback
      mode signal P are also applied to reset divider 156 and through OR gate
      158 the flip-flop 154. The V.sub.T ' signal, shown as waveform 160 in FIG.
      3, is used to enable an analog logic amplifier 162.
PAR  Analog logic amplifier 126 has its analog input 164 coupled to the video
      track switch 142 and drives the loop head 166. Hence, as soon as the first
      video transfer pulse V.sub.T1 has been detected, the pulse V.sub.T '
      enables logic amplifier 162 until the second video transfer pulse V.sub.T2
      has been detected. In this manner, the transfer of video frames from
      cassette 70 to loop 48 is accurately timed and exactly one single frame
      recorded on loop 48.
PAR  When the second transfer pulse V.sub.T2 has been detected, a pulse V.sub.TC
      on line 168 from a pulse generator 170 is used to signify completion of
      the transfer. The V.sub.TC pulse is applied to reset flip-flop 128 and
      permit cassette 70 and loop 48 to attain their normal playback speeds as
      shown in waveforms 54 and 56 of FIG. 3.
PAR  During the transfer mode, it is important that no audio or video signals
      reach the home television set. For this reason a blanking pulse V.sub.b is
      produced on output line 172 of pulse generator 174. The blanking pulse is
      applied to inhibit gates of analog logic gates 176 and 178 to respectively
      disable the audio narration and video display during the entire transfer
      period. Note that the blanking pulse is initiated by the A.sub.pc pulse at
      the time that the audio playback has been completed and persists shown
      with waveform 172 in FIG. 3 through the video transfer mode until the
      cassette 70 and loop 48 have again attained their playback speeds.
PAR  The playback operation of apparatus 20 is thus entirely controlled by
      codings in the video frame signals V.sub.T1 and V.sub.T2 and the audio
      narration signal A.sub.pc. The loop length is selected to accommodate
      signals for a single standard TV frame and thus provides a continuous
      display through audio narration.
PAR  The loading of a 45 minute cassette is completed in approximately 2 minutes
      for all four tracks. Assuming that six programs can be transmitted on a 6
      MHz channel, then 180 different programs can be transmitted in one hour.
      When a separate channel is made available for such program transmission,
      as can easily be accommodated in a cable TV system, an enormous number of
      programs can be disseminated. Apparatus 20 is conveniently employed with a
      main storage tape of the conventional audio tape.
PAC  DETAILED DESCRIPTION OF EMBODIMENT OF FIGS. 4, 5 AND 6
PAR  With reference to FIG. 4, a block diagram is shown for an alternate
      embodiment of a program recorder and playback system 200. Apparatus 200
      includes an audio storage section 202 and a video storage section 204 to
      respectively retain audio and video program signals detected by receiver
      22. Each storage section includes a continuous tape loop of substantial
      belt width to accommodate a plurality of tracks.
PAR  The system 200 utilizes a receiver 22 such as described with reference to
      the embodiment in FIG. 2. Receiver 22 detects incoming program signals and
      a mode and decode control network 206 processes the signals for control of
      the recording and playback modes. A track control 208 is provided to
      sequence the audio and video heads. An audio speed control 210 provides
      the input drive for the audio storage belt during playback. A video speed
      control 212 provides the input drive for the video storage belt during
      playback and for both audio and video belts during recording. A clutch
      control 214 interconnects the audio storage section 202 and the video
      speed control 212 during the recording mode. Hence, with the clutch
      control 214 both belts are operated at the same speeds and in
      synchronization with each other during the recording mode.
PAR  FIG. 5 illustrates system 200 in greater detail with several waveforms
      generated in the system being shown in FIG. 6. The program line 216 shown
      in FIG. 6 illustrates a program signal 218 formed of a start code 36
      followed by a delay pulse 200. Thereafter, video signals 222 and audio
      signals 224 appear in alternate sequence. Each video signal 222 is formed
      of conventional fm modulated video frame information which is flanked on
      both sides by pilot signals labeled V.sub.1 and V.sub.2 to respectively
      indicate the start and end of the video frame. A short pause 226 follows
      each video signal 222 to separate it from the audio signal 224. The audio
      signals are each flanked on both sides by pilot signals labeled A.sub.1
      and A.sub.2 to respectively denote the limits of the audio signals 224.
PAR  Both video and audio signals 222 and 224 are transmitted at high carrier
      frequencies to fit within the conventional video frequency bands. The
      video signals are of 1/30 of a second duration as for a conventional frame
      and the audio signals also last for 1/30 of a second. The pauses 226 also
      last for 1/30 of a second. Hence, the transmission time alloted for each
      video frame and its associated audio narration is 1/10 of a second. An
      alternate composition of the transmitted video and audio frames would
      entail a sequential transmission of first of all of the video frames
      followed by all of the audio frames. Such alternate composition is more
      particularly described hereafter.
PAR  The pilot signals V.sub.1, V.sub.2, A.sub.1 and A.sub.2, are detected with
      a decode network 228 which supplies the decoded outputs to a separator
      circuit 230. The decode network 228 is connected to both the outputs from
      gates 81 and the outputs of heads 232, 234 to provide frame start and end
      pulses which correspond to V.sub.1, V.sub.2, A.sub.1 and A.sub.2. Decode
      network 228 further detects the frame start and end pulses A.sub.1 and
      A.sub.2 picked up by head 232 during the slower playback speed of the
      audio belt 236. Heads 232 and 234 operate respectively with audio tape
      belt 236 and a video tape belt 238. During the record mode, the higher
      frequency audio frame pulses are applied to separator circuit 230 through
      an AND gate 240. During playback, the lower frequency audio frame pulses
      are applied to separator circuit 230 through AND gate 252. Although audio
      head 232 is shown as a single head, it actually represents a high carrier
      frequency recording head for high belt speed audio frame recording and a
      low frequency playback head for low speed audio frame playback. The use of
      a pair of heads enables the recording of audio frames a belt speeds of 500
      inches per second with playback belt speeds of 1.8 inches per second.
PAR  The frame pulses V.sub.1, V.sub.2, A.sub.1 and A.sub.2 are applied to
      flip-flop 244 and 246 to generate frame signals V.sub.r and A.sub.r used
      to enable heads 234 and 232 respectively during the recording mode. This
      enabling function is obtained with logic operational amplifiers 248 and
      250 connected between heads 232, 234 and gates 81.
PAR  During the recording mode, the video and audio signals V and A are
      connected to heads 232 and 234 to place each audio and video frame on a
      separate belt track. Each belt 236, 238 has sufficient width to
      accommodate a large number of parallel tracks of the order of 100. Hence,
      after each frame has been recorded, heads 232, 234 are sequenced to the
      next adjacent track by track control 208.
PAR  The track control network 208 includes an audio track drive 260 with a lead
      shaft 262 to support and advance audio head 232. Track drive 260 may
      include a geneva mechanism to rotate lead 262 in discrete segments
      corresponding to the distance between adjacent audio tracks 264. Similar
      track drive 260' is employed to sequence video head 234 to video tracks
      264'. Each track drive 260, 260' produces a track position signal TP to
      indicate the actual position of heads 232, 234 relative to respective
      tracks 264, 264'.
PAR  The audio and video track drives 260-260' operate in forward and reverse
      directions in correspondence with pulses applied to their inputs from OR
      gates 266, 268, 270 and 272. The latter gates combine signals from several
      networks such as a track selection circuit 274, a playback track advance
      circuit 276 and a record track advance circuit 278.
PAR  Track selection network 274 enables an operator to position the audio and
      video heads 232 and 234 over any desired track 264--264'. One of the track
      positions signals TP.sub.a, from the audio track drive 260, is applied to
      a comparator 280 together with a track selection signal TS. This latter
      signal may be produced from a variable reference voltage source 281
      representative of the desired track. The output of comparator 280 is
      applied to AND gate 282 directly and to AND gate 284 through an inverter
      286. Hence, depending upon whether the output of comparator 280 is
      positive or negative, either one of AND gates 282 and 284 is enabled.
      Since the latter gates are respectively coupled to the forward OR gates
      266, 270 and reverse OR gates 268, 272, the heads are driven to the
      desired or selected track represented by signal TS.
PAR  The pulse signals for moving heads 232, 234 from track selection network
      274 initiate with a pulse generator 288 coupled to AND gates 282, 284. A
      flip-flop 290 is employed to actuate track selection circuit 274 by
      providing an additional enabling input to AND gates 282, 284. A normally
      open push button switch 292 produces a start signal which sets flip-flop
      290 and thus enables AND gates 282, 284.
PAR  When the desired tracks 264--264' have been reached, the output line 294 of
      comparator 280 goes to a minimum value, which is detected by a threshold
      network 296, whose output is applied through an OR gate 298 to the reset
      input of flip-flop 290. The latter's reset terminates the control of track
      selection network 274.
PAR  With the aid of track selection network 274, the operation of the playback
      mode may be conveniently commenced at any track. If, for example, a
      lecture on a particular track was not fully understood, a repeat playback
      may be quickly implemented.
PAR  Once heads 232, 234 have been located over the desired tracks, further
      playback of successive tracks is under the control of circuit 276. This
      includes an AND gate 300 having its output coupled to forward OR gate 266
      and 270 to advance heads 232, 234 to the next track. AND gate 300 is
      enabled by the play-back mode signal P and produces an output signal
      whenever the end of an audio narration occurs as evidenced by pulse
      A.sub.2. The A.sub.2 signal is applied to input 302 of AND gate 300
      through a switch 304. When switch 304 is placed in its other position than
      as shown, it couples a signal produced by a normally open push-button
      switch 306 to input 302 for a manual track advance of heads 232, 234.
PAR  During the recording mode, track advance signals are generated by circuit
      278. Both the A.sub.2 and V.sub.2 pilot signals, detected during the
      recording mode, are respectively applied through AND gates 308, 310 to
      forward OR gates 266 and 270. In this manner, the audio head 232 and video
      head 234 are alternately advanced to a successive track.
PAR  The movement of belts 236, 238 is obtained with audio motor 312, video
      motor 314 and a clutch 316 which is actuated to enable both belts 236, 238
      to be driven by a single motor 314 during the recording mode.
PAR  Audio motor 312 is controlled with a motor drive 318 which in turn is
      operated by a low speed control 320 and a high search speed control 322.
      The low speed control 320 produces a normal playback signal to operate
      audio belt 236 at the normal playback speed of about 1.8  inches per
      second. The low speed signal is generated by the output 323 of an AND gate
      324 whose inputs are the playback mode signal P and the audio enable
      signal A.sub.r from flip-flop 244. Output 323 of AND gate 324 is applied
      to an operational amplifier 326 coupled to the audio motor drive 318.
PAR  The high speed control 322 for audio belt 236 enables one to quickly
      advance to the start of a frame. A flip-flop 328 provides an input signal
      to operational amplifier 326 causing a high drive speed of belt 236 upon
      being set for a signal from either a pushbutton switch 330 or an AND gate
      333. When a belt position signal is generated from AND gate 332, flip-flop
      328 is reset and the high speed drive of audio belt 236 is terminated.
      Note that during operation of high speed drive circuit 322, the output
      signal A.sub.s, from flip-flop 328, inhibits any track advance pulses from
      AND gate 300 in playback track advance circuit 276.
PAR  During the recording mode, both the video belt 238 and audio belt 236 are
      driven by a common motor 314 under control by a video motor drive 334. The
      recording speed of motor 314 is carefully controlled as to speed and phase
      to place the splice of the belt at the beginning of a video frame. For
      this purpose a splice and video belt speed detector 335, such as an
      electrooptical sensor operator with properly spaced holes 337 in belt 238.
      The output signal from detector 335 is applied to the motor drive 334 for
      speed and phase control. The latter drive is energized by either the
      decoded program control signal D from network 90 or the playback mode
      signal P, both of which signals are applied to video motor drive 334
      through an OR circuit 336. Clutch 316 is energized by the output of an AND
      gate 338 whose inputs are the record mode signal R and the decoded program
      control signal D. The clutch energization interconnects the audio belt 236
      and video belt 238 which thus rotate at the same speed. Audio motor 312 is
      of the type that permits output shaft rotation by video motor 314 when
      clutch 316 interconnects belts 236 and 238.
PAR  In the operation of the recording and playback system of FIGS. 4 and 5,
      assume that a program of the type shown on line 216 in FIG. 6 is
      transmitted and received by receiver 22. The recording heads 232, 234 are
      initially located over starting tracks 264--264' and mode switch 80 is
      placed in the recording mode.
PAR  The program start code 36 is detected and signal D produced to enable gate
      81, energize clutch 316 through AND gate 338 and commence the drive of
      video motor 314. Since the frequency of the signals into receiver 22 are
      very high, both belts arre driven at a high recording speed to enable the
      recording of video signals at their normal frequency encountered in
      conventional television transmission.
PAR  Pause 220 as shown on line 216 in FIG. 3 is of sufficient duration to
      enable the belts 236, 238 to achieve their recording speed. When the first
      video pilot signal V.sub.1 is detected, a flip-flop 246 iis set and its
      output signal V.sub.r permits the input video signal V from gates 81 to
      pass logic amplifier 250 for recording on video belt 238.
PAR  Video belt 238 has such length that at its driven recording speed, all the
      video signals for one frame are recorded on one full track 264'. When the
      second video pilot signal V.sub.2 has been detected, flip-flop 246 is
      reset and a pulse is applied to AND gate 310 to advance video head 234 to
      the next track 264'. This advance requires a certain amount of time as
      indicated by curve 340 on line 342 in FIG. 6. The track transfer, however,
      is completed before the next video pilot signal V.sub.1 of the second
      arrives.
PAR  The detection of the first high frequency pilot signal A.sub.1 sets
      flip-flop 244 whose output signal A.sub.r enables logic amplifier 248 for
      a recordation of the audio frame. The audio information is recorded with a
      much greater signal frequency and belt speed than what is needed during
      playback. Since playback of the audio narration will be of the order of 18
      seconds, the increased recording speed provides a more efficient time
      utilization of the transmission channel.
PAR  At the end of the audio transmission, the detected high frequency audio
      pilot signal A.sub.2 resets flip-flop 244 and provides a track advance
      pulse to AND gate 308 to move audio head 232 to the next track on audio
      belt 236. By the time the next audio frame arrives, the audio head 232 has
      completed its movement to the next track 264 as shown by curve 344 on line
      346 of FIG. 6.
PAR  The above process of alternately recording of audio and video frames on
      individual tracks is continued automatically until the entire program has
      been recorded. The end of the program is identified by an end code which,
      upon detection by network 90, terminates the enabling signal D.
PAR  Note that the operation of the track advance of heads 232, 234 provides
      synchronous movement with the heads being held in fixed relationship with
      each other relative to belts 236 and 238. In this manner, the retrieval of
      a frame for playback maintains each video frame associated with its audio
      narration.
PAR  For playback mode, switch 80 is placed in the playback position and the
      heads 232, 234 positioned over the desired tracks. This involves actuation
      of pushbutton switch 292 after the desired frame is selected by setting
      the reference voltage from source 281. When the desired frame is being
      displayed, the beginning of the audio frame narration is quickly detected
      by actuation of the high speed control pushbutton 330 in network 322.
PAR  Display of video frame signals is obtained by passing the output signals
      from video head 234 through an analog logic amplifier 176' enabled by mode
      signal P. The video signals from amplifier 176' are demodulated and then
      applied to a conventional television receiver. The audio frame or
      narration signals from audio head 232 are applied through amplifier 176
      and after demodulation to the audio section of the conventional television
      receiver.
PAR  At the end of an audio narration, the low frequency audio pilot signal
      A.sub.2 is detected and produces a track transfer pulse from AND gate 300.
      This automatically advances both heads to the next track and places the
      audio head at the start of the next audio narration by enabling the high
      speed control circuit 322 with AND gate 333. When the start of the next
      audio frame is recognized, the low frequency audio pilot signal A.sub.1
      will cause an automatic termination of the high speed travel of audio belt
      236. Note that this enables the recording of information without
      controlling where the start of the audio frame began or ended on a track.
PAR  The recording of audio and video information has been explained with
      reference to FIGS. 4 - 6 on the basis of alternate audio and video frames.
      An alternate composition of the transmitted signal would include the
      transmission of all video frames at 2/30 of a second intervals until, say
      a hundred frames, or even a single or a few, have been recorded. Each
      frame would still require 1/3 of a second to record with the remaining
      time period employed to advance video record head 234 to the next track.
PAR  At the end of the recording of all video frames the audio frames are
      recorded. A properly coded separation signal on the transmitted signal
      would signify the completion of the video frame transmission and this
      coded signal would be recognized to effect an automatic return of the
      audio and video heads to their starting positions. Upon return of the
      heads, the audio information frames would be recorded in the same manner
      as the video frames at 2/30 of a second intervals.
PAR  This method of recording would permit and maintain a more convenient
      synchronized relationship betweeen the audio and video heads 232, 234
      which would remain in fixed relationship with each other for a less
      mechanically complex head track control design.
PAR  Alternatively, the audio frames may be recorded by and while cycling both
      heads back, one track at a time, towards the starting track position.
      Since this approach requires a reverse drive capability, it may be less
      desirable even though elimination of the pause to allow heads 232, 234 to
      return to their starting positions would conserve transmission time.
PAR  In the event audio of extended time duration is to be transmitted, for
      example a concerto, the stepping action of the audio head may be replaced
      with a continuous conventional recording. The high carrier frequency of
      the audio signal or short recording time would enable a single transmitter
      to service a large number of requests.
PAR  The recording of the video frames on loops such as belts 238 in FIG. 5 is
      obtained with a precise control of belt speed. The belt motion is tightly
      locked in with the signal rate of the received video signals. Another
      method for obtaining tight speed control utilizes an optically detectable
      signal or magnetic signal of known frequency, e.g. 60 cycles located on
      the belt. This signal would be read out by an additional magnetic head if
      a magnetic signal or with a small light source and photo diode if the
      signal is optical in character. It is to be understood that erasure of
      recorded programs may be obtained with conventional well-known techniques.
      Furthermore, belts 236, 238 may be removably mounted to provide quick
      reinsertion of fresh belts. In this manner a library of books, courses and
      the like may be acquired and preserved.
PAR  Having thus described several embodiments for recording and playing back
      video frame signals with audio narration in accordance with the invention,
      its advantages may be understood. The double storage loops employed lend
      themselves conveniently to home reception of educational programs. For
      example, an art course may be transmitted wherein the video frames are
      pictures of art which are explained and discussed by the accompanying
      audio narration. The transmission of video information in real time
      provides efficient utilization of the transmission channel. The use of
      frame defining signals conveniently facillitates the recording and
      playback of video and audio signals. The video frame defining signals may
      be derived from the vertical synchronization pulses normally present in
      conventional composite frames displayed in home television receivers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for recording and playing back video and associated audio
      signals for display and sound projection on a television display
      comprising
PA1  means including a magnetic storage medium for recording and playback audio
      signals;
PA1  means for moving the magnetic storage medium at a first high operating
      speed to record audio signals and at a second low operating speed for
      playback of the audio signal;
PA1  a magnetic video frame storage loop having a length selected to produce
      video frame signals for frame display on a conventional television
      receiver upon continuous rotation of the loop;
PA1  means for sensing signals which identify a video frame and producing video
      start and video end signals respectively indicative of the beginning and
      end of a video frame;
PA1  means actuated by the video start and end signals to store a video frame on
      said loop;
PA1  means for sensing audio pilot signals recorded on the magnetic medium along
      with the audio signals to identify an audio frame and producing an audio
      end signal indicative of the end of the audio frame;
PA1  means responsive to the audio end signal for initiating the playback of
      another viewo frame and the playback of audio signals associated with said
      other video frame.
NUM  2.
PAR  2. The apparatus for recording and playing back video and associated audio
      signals as claimed in claim 1 and further including
PA1  means for receiving an input signal carrying a program formed of a
      plurality of video frames and associated audio frames and a program
      identifying code;
PA1  means responsive to the input signal for identifying a desired program code
      and producing a gate signal indicative thereof; and
PA1  means actuated by the gate signal for passing the desired program of video
      and audio frames for recording.
NUM  3.
PAR  3. The apparatus for recording and playing back video and associated audio
      signals as claimed in claim 2 wherein the gate signal producing means
      further includes means for identifying an end code in the input signal and
      producing a signal indicative thereof to terminate the recording of video
      and audio frames.
NUM  4.
PAR  4. The apparatus for recording and playing back video and associated audio
      signals as claimed in claim 1 wherein said magnetic recording medium is in
      the form of a magnetic audio storage loop.
NUM  5.
PAR  5. The apparatus for recording and playing back video and associated audio
      signals as claimed in claim 4 wherein both said audio and video storage
      loops are provided with a plurality of parallel spaced tracks, with the
      length of the tracks on both said loops being selected to each accommodate
      a frame signal.
NUM  6.
PAR  6. The apparatus for recording and playing back video and associated audio
      signals as claimed in claim 5 wherein the video frame storing means
      further includes means for driving said video storage loops into rotation;
      and
PA1  means for mechanically coupling said audio storage and video storage loops
      to each other during the recording of video and audio frame signals.
NUM  7.
PAR  7. A method for displaying on a television display a television program
      formed of still video frames with accompanying explanatory audio formed
      into frames associated with the video frames comprising the steps of
PA1  recording the audio frames on an audio magnetic medium,
PA1  recording a video frame on at least one track on a video recording medium
      for repetetive playback and display on a television display,
PA1  playing back the video frame recording on said track,
PA1  moving the audio magnetic medium for the normal audio playback and
      projection on the television display of an audio frame associated with the
      video frame on said track,
PA1  sensing an audio end signal at the end of the audio frame being played back
      to replace the video frame on said track with a successive video frame,
PA1  playing back another audio frame associated with the successive video frame
      and
PA1  continuing the video frame replacing and audio frame playing back steps
      until the entire television program has been displayed on the television
      display.
NUM  8.
PAR  8. A method for displaying on a television display a television program
      formed of still video frames with accompanying explanatory audio formed
      into frames associated with the video frames comprising the steps of
PA1  forming a composite signal wherein a plurality of individual still video
      frames are time separated by associated audio frame signals which are
      compressed in time at an elevated carrier frequency,
PA1  moving an audio magnetic medium at an elevated speed to record the frames
      of audio at the elevated carrier frequency,
PA1  recording a video frame from the composite signal on at least one track on
      a recording medium for repetetive playback and display on a television
      display.
PA1  playing back the video frame recorded on said track,
PA1  moving the audio magnetic medium at a reduced speed for the normal audio
      playback and projection on the television display of an audio frame
      associated with the video frame on said track,
PA1  sensing an audio end signal at the end of the audio frame being played back
      to replace the video frame on said track with a successive video frame,
PA1  playing back another audio frame associated with the successive video frame
      and
PA1  continuing the video frame replacing and audio frame playing back steps
      until the entire composite signal representative of the television program
      has been displayed on the television display.
NUM  9.
PAR  9. An apparatus for recording and playing back video and associated audio
      frame signals for display and sound projection on a conventional
      television display comprising
PA1  an audio tape belt and a video tape belt, each of said belts having
      sufficient width to accommodate a plurality of tracks;
PA1  means for recording video and associated audio frame signals on respective
      tracks of the audio and video belts, said audio frame signals including
      detectable signals respectively identifying the start and end of an audio
      frame;
PA1  means driving the audio belt at a low playback speed, and a higher search
      speed;
PA1  means for playing back the video and associated audio frame signals, means
      for detecting the start and end signals of the played back audio frame
      signals;
PA1  means actuated by the audio end signal for advancing the video and audio
      playback means to successive associated tracks; and
PA1  means controlled by the audio start and end signals to energize the search
      speed of the driving means at the end of the playback of an audio frame
      and terminate the search speed at the start of the audio frame on the
      successive track.
NUM  10.
PAR  10. An apparatus for playing back video and associated audio signals for
      display and sound projection on a television set comprising
PA1  storing means including a magnetic video frame storing loop, having at
      least one video frame signal bearing track, for storing a plurality of
      video frames for projection on the television set;
PA1  a magnetic audio frame storing medium for storing a plurality of audio
      frame signals, with an audio frame being associated with a video frame
      recorded on the video frame storing loop to form a composite playback
      signal for display and sound projection on the television set;
PA1  means for playing back a video frame from the video frame storing loop for
      display on the television set;
PA1  means for playing back audio frames from the magnetic audio frame storing
      medium for sound projection on the television set during the visual video
      display of an associated video frame played back from the video frame
      storing loop;
PA1  means responsive to a played back audio frame signal for detecting an audio
      end signal indicative of the end of the played back audio frame; and
PA1  means responsive to the audio end signal for playing back another video
      frame signal on the magnetic video frame storing loop for display with an
      associated audio frame signal.
NUM  11.
PAR  11. The playback apparatus as claimed in claim 10 wherein the storing means
      further includes a magnetic video storage loop carrying a plurality of
      parallel spaced video frame storing tracks, with said means responsive to
      the audio end signal being effective to advance the video playback means
      to another video frame storing track for playback of another video frame
      signal.
NUM  12.
PAR  12. An apparatus for recording and playing back video and associated audio
      signals for display and sound projection on a conventional television
      display comprising
PA1  a magnetic video frame storing loop having a plurality of parallel spaced
      tracks, means for driving the video loop into rotation and means for
      recording and playing back video frame signals on the tracks of the video
      loop;
PA1  a magnetic audio frame storing loop having a plurality of parallel spaced
      tracks, means for driving the audio loop into rotation and means for
      recording and playing back audio frame signals on the tracks of the audio
      loop;
PA1  said audio and video recording and playing back means being selectively
      placed over their respective loops to associate video frame signals on the
      video loop with audio frame signals on the audio loop;
PA1  means for receiving an input signal formed of video frame signals and
      associated audio frame signals;
PA1  means responsive to video input signals for producing video start and video
      end signals respectively indicative of the beginning and end of a video
      frame;
PA1  means responsive to audio input signals for producing audio start and audio
      end signals respectively indicative of the beginning and end of an audio
      frame;
PA1  means for driving said audio and video loops at an input recording speed;
PA1  means controlled by the video start and end signals for passing the input
      video frame signals to the video recording and playback means and means
      responsive to the video end signal for advancing the video recording and
      playback means to a successive track;
PA1  means controlled by the audio start and end signals for passing the input
      audio signals to the audio recording and playback means, and means
      responsive to the input audio end signal for advancing the audio recording
      and playback means to a successive track;
PA1  means producing a signal to the audio drive means for driving said audio
      loop at an audio playback speed;
PA1  means for detecting an audio end signal from the audio loop during audio
      playback and producing an advance signal indicative thereof, said advance
      signal being applied to the audio and video recording and playback means
      for advance to a successive track.
NUM  13.
PAR  13. The recording and playback apparatus as claimed in claim 12 and further
      including
PA1  means actuated by the advance signal for increasing the rotational drive of
      the audio loop; and
PA1  means responsive to an audio start signal for terminating the increased
      rotational drive at the beginning of the audio frame on the successive
      track.
NUM  14.
PAR  14. The recording and playback apparatus as claimed in claim 13 and further
      including
PA1  means for producing an actual track signal indicative of the track location
      of audio and video recording and playback means;
PA1  means producing a desired track signal representative of a desired track to
      be played back; and
PA1  means responsive to the desired and actual track signals to produce
      positioning signals to the audio and video advancing means for an audio
      and video playback of frames recorded on the desired track.
NUM  15.
PAR  15. An apparatus for playing back video and associated audio signals for
      display and sound projection on a conventional television display
      comprising
PA1  a magnetic video frame storing loop having a plurality of parallel spaced
      video frame signal bearing tracks;
PA1  a magnetic audio frame storing loop having a plurality of parallel spaced
      audio frame signal bearing tracks, said audio and video frame bearing
      tracks being selectively located on their respective loops with an audio
      frame being associated with a video frame to form a composite playback
      signal for display and sound projection on the conventional television
      receiver;
PA1  means mounted for movement over both said audio and video loops from track
      to track to play back respective associated audio and video frame signals;
PA1  means responsive to the played back audio frame signal for detecting an
      audio end signal indicative of the end of an audio frame;
PA1  means responsive to the audio end signal for advancing said playback means
      to a successive track for the playback of a successive composite playback
      signal.
NUM  16.
PAR  16. The playback apparatus as claimed in claim 15 and further including
PA1  means for driving said audio loop into rotation at an audio playback speed;
PA1  means for detecting an audio start signal from the audio pilot signals;
PA1  means actuated by the audio end signal and effectively rendered inactive by
      the audio start signal for increasing the rotation of the audio loop
      during track changes.
NUM  17.
PAR  17. The playback apparatus as claimed in claim 16 and further including
PA1  means for producing an actual track signal indicative of the track over
      which said playback means is located;
PA1  means for producing a desired track signal indicative of the desired track
      to be played back; and
PA1  means responsive to the actual track signal and the desired track signal
      for delivering position signals to the advancing means to position the
      playback means over the desired track.
NUM  18.
PAR  18. The playback apparatus as claimed in claim 17 wherein said advancing
      means includes
PA1  an audio track drive and a video track drive respectively operative on the
      playback means for the audio and video loops;
PA1  both said track drives having forward and reversing inputs to position the
      playback means over any drsired track;
PA1  a plurality of OR gates respectively coupled to drive the forward and
      reversing inputs of the track drives;
PA1  a first AND gate coupled to the forward coupled OR gates and enabled with
      the audio end signal and disabled during track changes for advancing the
      playback means to successively located tracks;
PA1  and wherein said position signal producing means further includes
PA1  a comparator circuit coupled to the actual and desired track signals, a
      threshold network coupled to the comparator output to produce a matching
      signal when the comparator output indicates a match between the actual and
      desired track signals, a pulse generator and means responsive to the
      pulses from the pulse generator and the match signal for delivering pulses
      to the OR gates until said actual and desired track signals match.
NUM  19.
PAR  19. An apparatus for recording and playing back associated input video and
      audio signals which are being transmitted on a reduced time scale at
      elevated carrier frequencies comprising
PA1  a video magnetic recording medium and an audio magnetic recording medium;
PA1  means including separate heads for respectively recording the input video
      and audio signals onto the video and audio magnetic medium and playback
      means using said separate heads for playing back signals from the magnetic
      media;
PA1  means for moving the audio recording medium relative to the recording means
      and playback means at a first audio recording speed and a second slower
      audio playback speed;
PA1  means for sensing individual frames of the input video and audio signals to
      be recorded;
PA1  means activated by the frame sensing means for moving the recording means
      to correspondingly different tracks of the recording medium and record the
      input video and audio signals as frames on separate tracks; and
PA1  means responsive to signals from the playback means for playing back video
      signal frames recorded on separate tracks in correspondence with
      associated audio signals frames.
NUM  20.
PAR  20. The recording and playback apparatus as claimed in claim 19 wherein
      playback means includes a low speed audio playback head and wherein the
      recording means includes a high speed audio recording head.
NUM  21.
PAR  21. The recording and playback apparatus as claimed in claim 20 wherein the
      recording and playback means includes a video recording and playback head
      mounted in synchronized relationship with the audio recording and playback
      heads.
NUM  22.
PAR  22. The recording and playback apparatus as claimed in claim 19 wherein the
      means for playing back video signal frames with associated audio signal
      frames further includes
PA1  means for sensing individual frames of playback audio signals; and
PA1  means actuated by the audio playback frame sensing means for moving the
      playback means to different tracks of the magnetic recording media at the
      end of the playback of an audio frame.
NUM  23.
PAR  23. The recording and playback apparatus as claimed in claim 22 and further
      including
PA1  means for detecting a predetermined set of frames in the input video and
      audio signals; and
PA1  means actuated by the detecting means for recording the predetermined set
      of frames on the recording media.
NUM  24.
PAR  24. The recording and playback apparatus as claimed in claim 22 wherein the
      means for sensing individual frames of playback audio signals produces
      audio frame defining signals representative of the start and end of an
      audio frame.
NUM  25.
PAR  25. The recording and playback apparatus as claimed in claim 24 wherein
      said magnetic recording media includes a pair of magnetic belts for
      respectively storing the video and audio frames.
NUM  26.
PAR  26. The recording and playback apparatus as claimed in claim 25 wherein the
      circumferential length of the video belt is selected commensurate with the
      length needed to record a video frame or whole multiple thereof.
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ABST
PAL  A system for storing and retrieving information-bearing units or modules,
      such as magnetic tape cassettes, including a fixed two-dimensional storage
      array, a fixed processing or play station for extracting information from
      the units, and a movable selection mechanism, having three degrees of
      freedom, for retrieving individual modules from the storage area,
      transferring them to the processing area and then returning them to the
      storage area after the information contained therein has been extracted.
      Additionally, the system includes means for automatically sequencing a
      series of units, as well as a preprocessing station for cueing up
      individual units for intra-unit accessing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a system for storing and retrieving
      information bearing units or modules, and in particular to a special
      purpose retrieval system which provides automatic random access of a
      larger number of items stored in a fixed area.
PAR  There are many types and kinds of information retrieval systems presently
      available, each having its own advantages and disadvantages. For example,
      large scale computer based information retrieval systems are well known in
      the art (see U.S. Pat. No. 3,405,457). However, they require expensive
      high speed mass storage devices such as disk packs and relatively
      sophisticated central processes as controllers.
PAR  A number of random access retrieval mechanisms exist which bring together a
      processing station with a stored item, usually by moving the stored items.
      Many such devices use a rotating one-dimensional array of stored items
      (for example, slides, U.S. Pat. No. 3,510,215; microfiche, U.S. Pat. No.
      3,704,451; or tape cassettes, U.S. Pat. No. 3,484,055); however, when a
      large number of items are to be stored, a two dimensional storage area is
      required. Such mechanisms use either a storage array capable of movement
      in two directions (U.S. Pat. No. 3,243,780) or an array moving in one
      dimension with moving selection mechanism (U.S. Pat. No. 3,164,059) or
      moving processing station (U.S. Pat. No. 2,918,656). These devices have
      the disadvantage of requiring considerable power to accelerate a large
      storage array and/or processing station, and to decelerate into a precise
      position required for processing. One device which attempts to overcome
      power requirements utilizes a continuously rotating array of items (U.S.
      Pat. No. 3,378,827). However, the storage array is restricted to one
      dimension and requires specially designed items. Another disadvantage of
      these devices is mechanical complexity and associated high cost.
PAR  Inexpensive random access tape cassette players exist for the home
      entertainment market (U.S. Pat. Nos. 3,524,949 and 3,682,483) but the
      number of cassettes these devices will accommodate is exceedingly limited
      (about 20 maximum) and preselection capabilities are extremely limited.
PAR  Electronic control of automated selection mechanisms is seen in devices
      related to audio entertainment such as juke boxes. Controllers
      incorporating memory to store selections are known (U.S. Pat. Nos.
      3,511,351; 3,555,509 and 3,739,342) as well as controllers which allow
      multiple program options (3,541,514). Such systems, however, have limited
      storage capabilities and accommodate only storage of single addresses,
      i.e. there is no secondary addressing within an information unit.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore, a primary object of this invention to provide simple and
      inexpensive access to a large fixed store of information-bearing units, or
      other stored material.
PAR  Another object of this invention is to provide a random access retrieval
      system having minimum cost and size and maximum reliability. Another
      object of the invention is to provide an improved storage and retrieval
      system having a fixed, self-contained two-dimensional storage area and
      fixed processing station with a mechanically simple, movable selection
      mechanism having three degrees-of-freedoms to locate, transfer and restore
      information-bearing or other units under the control of a central
      controller.
PAR  Another object of this invention is to provide an improved retrieval system
      having a variable and specifiable sequencing of retrievals through the use
      of a small memory storage associated with the central controller.
PAR  Another object of this invention is to provide an improved storage and
      retrieval having a minimum of access time by providing means for cue-up of
      the appropriate information unit.
PAR  Another object of this invention is to provide intra-unit access by
      providing a fixed preprocessing station to search an information unit
      under control of the central controller with its prestored selection
      sequence.
PAR  Another object of this invention is to provide a large retrieval device
      which can be operated simply and easily by a human operator having a
      minimum of training and no special technological skills.
PAR  A further object of this invention is to provide a retrieval system
      providing automatic operation including special start up and shut down
      procedures and automatic shutoff mediated by the central controller.
PAR  Another object of this invention is to provide a retrieval system having a
      simple addressing scheme which allows, with only minor modifications, the
      use of a variety of different sized information bearing or other retrieved
      units.
PAR  Another object of this invention is to provide a reliable selection and
      retrieval mechanism by having fault detection, automatic-error correction
      and calibration procedures maintained by the central controller.
PAR  Another object of this invention is to provide automatic accounting of
      units retrieved.
PAR  In accordance with the present invention, an improved storage and retrieval
      system is provided which includes a fixed area for storing a plurality of
      information-containing units or modules, a fixed processing or play
      station, situated remotely from the storage area for extracting
      information from the modules, and a movable selection mechanism having
      three degrees of freedom for retrieving an individual module from the
      storage area, transferring it to the fixed processing station and,
      finally, restoring it to its designated position within the storage area
      after information has been extracted from it.
PAR  According to another aspect of the invention, a memory is provided remote
      from the storage area for storing a predetermined schedule of modules to
      be sequenced through the processing station. Input means, such as a
      keyboard, is provided for entering a series of selections to be sequenced
      within said memory. The selection mechanism is then automatically
      controlled and directed to sequentially retrieve, process and restore the
      stored schedule of modules.
PAR  According to yet another aspect of the present invention a fixed
      preprocessing station is provided, most desirably, near the processing or
      play station. The preprocessing station serves as a cueing up and decueing
      area for units about to be processed at the play station. That is, the
      preprocessing area serves as a location where intra-unit access can be
      carried out. This has the desirable effect of reducing the overall
      accessing time.
PAR  One particular application of the present invention is audio magnetic tape
      cassette storage and playback. A typical memory for this application
      includes a collection of 1000 audio tape cassettes stored by fixed
      numerical address and available by random access. The user, aided by a
      display panel, enters the desired sequence of addresses of audio tapes to
      be played. In addition to controlling selection machanism movements, a
      special controller is responsible for scheduling the operation of the
      selection mechanism preprocessing, and play stations. The control
      mechanism starts up the apparatus, sequences the system's components under
      normal operation, and at the end shuts down the apparatus after ensuring
      that all items have been returned to storage. Because of a unique
      buffering preprocessing station, there is negligible delay between
      successive plays. The display is continually updated and shows the address
      number of the currently entered informational item and the currently
      playing item.
PAR  Diagnostic procedures continually check the entire system for any apparent
      fault and a portion of the display is devoted to advising the user of any
      such faults which occur. A record of usage for accounting purposes or
      copyright obligations can be kept and be available upon request from a
      special part of the main information store.
PAR  The ease of human interaction is an important feature of the invention
      along with moderate cost so that direct access to the very large
      information store is compatible with employment of the device in a home
      entertainment situation or other applications involving general consumer
      usage.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram representation of the storage and retrieval
      system of the present invention.
PAR  FIG. 2 is a perspective view of the mechanical arrangement of the retrieval
      system components schematically described in FIG. 1, including a
      cylindrical storage area.
PAR  FIG. 3 is a detailed perspective view of the mechanical arrangement of the
      retraction/insertion mechanism of FIG. 2.
PAR  FIG. 4 is a cross-section drawing of the preprocessing/play station
      transfer mechanism.
PAR  FIG. 5 is a plan view of the interface control console.
PAR  FIG. 6 is a schematic diagram of the system power supply circuitry.
PAR  FIG. 7 is a block diagram showing the relationship between the central
      controller and the surrounding controlled sub-systems.
PAR  FIG. 8 is a block diagram representation of the central controller and its
      control functions.
PAR  FIG. 9A-9C is a flow diagram of the logical operations performed by the
      sequence control of FIG. 8.
PAR  FIG. 10 is a diagram showing the address arrangement and address position
      decoding scheme.
PAR  FIG. 11 is a schematic diagram of the peripheral motor controller of FIG.
      7.
PAR  FIG. 12 is a schematic diagram of the preprocessing peripheral control
      circuitry including gap detector circuitry.
PAR  FIG. 13 is an alternate embodiment of the mechanical arrangement of the
      retrieval system components schematically described in FIG. 1, including a
      flat, planar storage area.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  This invention in the preferred embodiment is an information retrieval
      system, more specifically one designed for retrieval of digital or analog
      information stored on magnetic tape cartridges such as audio cassettes or
      cartridges, and video tape cassettes. Other applications of this invention
      include retrieval of general information bearing units or modules such as
      phonograph records, microfilm or microfiche, photographic slides, film
      cassettes, etc., or non-informational items such as stock selection from a
      warehouse.
PAR  The overall organization of the storage and retrieval system of the present
      invention is shown in FIG. 1. Human access to stored information is
      through a fixed processing or play station 1. In the particular embodiment
      illustrated, the processing station 1 is conventionally available except
      modified so that its control functions, such as play forward or reverse,
      rewind and stop, are remotely controlled by a central controller 6. Human
      control of selected material is through the central controller 6 via
      interface unit 5. This interface unit also functions to alert the human
      user of the status of the retrieval unit and prompts him for appropriate
      address information as will be explained in greater detail subsequently.
PAR  The addresses of tape cassette units selected for retrieval by the user are
      stored under the direction of the central controller 6 within the
      selection address memory 7, a small random access memory (RAM). The
      central controller 6 withdraws from this selection list, in the preferred
      embodiment, on a first in first out basis (FIFO), an address of a tape
      cassette to be retrieved. The controller 6 then manipulates a movable
      selection mechanism 3 to fetch the proper cassette from a fixed
      two-dimensional storage area 4 and transfers it to the fixed preprocessing
      station 2. Thereafter certain cueing operations are performed, as will be
      described subsequently, the unit or module is transferred to the fixed
      play station 1. The central controller 6 is also responsible for returning
      the cassette to its proper storage area after use, again by appropriate
      manipulation of the selection mechanism 3. Details of the operation of
      each one of the foregoing sub-systems will be made apparent in the
      following description.
PAR  FIG. 2 shows the mechanical layout of the storage retrieval system of the
      present invention. A base 10 supports the selection mechanism 3, the play
      and preprocessing stations 1, 2 and the two-dimensional fixed storage area
      4. The interface unit 5 is contained remotely and separately in a housing
      9 which also contains the central controller 6. The fixed storage area 4
      is cylindrical in shape with, in the preferred embodiment, 20 standard
      cassettes 11 (FIG. 3) stored horizontally around a 21/2 foot diameter ring
      and 50 cassettes stacked vertically allowing for storage of 1000
      cassettes.
PAR  Referring additionally to FIG. 3, the selection mechanism 3 is located in
      the center of the cylindrical storage area 4 and consists of a remotely
      controllable retraction/insertion mechanism 17 mounted so as to have three
      degrees of freedom for holding and releasing cassettes. A small motor 19
      drives the retraction mechanism 17 which consists of a push plate 16, a
      pull rod 15, and guide pins 14 to push the cassette into and out of the
      storage area 4.
PAR  The pull rod 15 is used only on retraction. The end of pull rod 15 is
      hooked and is used to "grab" the cassette 11 by a 90.degree. rotation
      caused by retraction activator solenoid 20. For cassette insertion the
      push plate 16 is utilized. The guide pins 14 are movable in and out of
      storage area alignment holes 13 to provide self-centering. The retraction
      mechanism 17 is mounted on support plate 18 which is driven vertically by
      drive screw 21 and vertical motor 24 (FIG. 2). Rotational positioning is
      achieved by guide rails 26 mounted on rotating disc 27 driven by
      rotational motor 23. All motors are controlled by the central controller
      6, as well as detailed later, for correct positioning of the retraction
      mechanism 17.
PAR  The preprocessing station 2 serves, in the preferred embodiment, two
      important functions: (1) to act as a buffer area between the selection
      mechanism 3 and play station 1; and (2) to search the tape for the
      preselected intra-cassette address. Thus, the preprocessing station 2
      helps reduce the cassette access time by holding the next cassette to be
      played, ready for quick transfer to the fixed play station after the
      current cassette being played has been completed. Immediately after
      completion of a play, the preprocessing station 2 trades the "readied" or
      "cued-up" next play cassette for the cassette just played upon which,
      after certain operations are performed, it is returned to the storage area
      4 by the selection mechanism 3.
PAR  The preprocessing station 2 provides another major advantage of this
      invention, the ability to select a specific intra-cassette address; that
      is, the selection for play of a specific song (or movement or piece) from
      the collection of songs normally found in a prerecorded tape cassette.
      While the cassette is held within the preprocessing station, it is
      searched for the song specified by a procedure to be detailed later. Thus,
      when transfer to the play station occurs, the cassette tape can be
      positioned to play at the preselected intra unit address.
PAR  To ensure all stored tapes are in the full rewind position, the
      preprocessing station 2 performs this operation on all justplayed tapes
      before the selection mechanism 6 returns them to the storage area 4. The
      processing station itself is similar to a cassette player except modified
      for operation only at high tape speed.
PAR  Referring to FIG. 4, preprocessing play station transfer is easily achieved
      by a rotating support plate 150 since both stations are fixed. For each
      transfer the tape heads 141, 142 and play pinch roller 156 are first
      withdrawn by retraction bars 154 as lifting cam 155 driven by motor 139
      raises the support plate 150 through the support plate cam follower 160.
      After the support plate 150 is sufficiently high so that the cassettes
      151, 152 clear capstan 145, take up 146, and rewind 147 drive shafts the
      lifting cam drive gear 158 engages the support plate pinion 157 to rotate
      the support plate 150 by 180.degree. after which the lifting cam 155
      lowers the suppport plate 150 disengaging the support plate pinion 157 and
      causing the heads to be repositioned via retraction bars 154. This final
      action releases a play cue transfer cycle switch 159 to send a "step
      complete" signal to the preprocessing peripheral controller 66 (FIG. 7)
      and on to the central controller 6. Thus, as the readied next play
      cassette 151 moves to the play station 1, the just played cassette 152 is
      transferred to the preprocessing station 2 for decueing (rewind).
PAR  Alternatively, another embodiment of this invention uses the selection
      mechanism 3 with a temporary holding bin to achieve preprocessing-play
      station transfer without the need for special transfer means. In still
      another form, multiple play and/or record stations (2 or more) can be used
      in the processing area, and the selection mechanism would load these
      directly. In such an embodiment, the functions of cueing and decueing, if
      necessary, take place at the play/record stations, and automated or
      semi-automated transfer of information between files in the storage area 4
      can be carried out.
PAR  In order to aid human access to stored material a simple library of
      available cassettes, their storage addresses, and their contents is
      maintained. Establishment and expansion of this library is easily handled
      by taking advantage of industry convention in prerecorded tapes. With each
      prerecorded cassette a label of standard size is supplied which includes
      information on cassette title and contents. A label organizer, a small
      booklet which contains 1000 numerical sequenced pockets of a size to
      nearly contain the standard cassette tape label is utilized. The pockets
      are covered in a clear plastic so the titles and contents with their
      associated storage addresses are available at a glance.
PAR  FIG. 5 is a detail of the interface unit 5 which functions as a control
      console for the storage and retrieval system. Addresses of cassettes to be
      retrieved are entered via the entry keyboard 30 with the present entry
      shown on numerical display 33. In general, a retrieval address can have up
      to three parts: (1) a cassette number; (2) a side number; and (3) an
      intra-cassette selection number; and the user is prompted for the
      appropriate entry via the prompting lites 32. The cassette number
      currently being played is shown in the play numerical display 34. The
      interface unit provides other control features including alarm indicators
      37, on-off switches 35 and 39, auto-off mode selector 31, and controls
      associated with the audio playback system 38.
PAR  The entire system is powered by the power supply and control 58 shown in
      FIG. 6. Activation of the "power-on" switch 35 causes the power relay 52
      to close and remains closed due to a latching circuit through the
      shut-down relay 53. The power relay supplies switched AC power to a pilot
      lite 55 and to the power supply module 54 which in turn produces the
      various DC voltages required by system electronic components.
PAR  Output from the power supply 54 is also capacitively coupled to the
      "power-clear" one-shot multivibrator 56 to generate a initializing reset
      pulse over power-clear line 51 and is used by the entire system upon start
      up. The latched power relay 52 can be opened under normal operation only
      by interruption of the latching pathway through the closure of the
      shut-down relay 53. This relay is activated under direct control of the
      central processor over line 57 and thus only the central processor can
      shut off the system.
PAR  The relationship of the central controller to the various peripheral
      sub-systems previously described is shown in FIG. 7. The peripheral
      devices are all either commercially available or are common assemblies
      well known to those in the art. The electrical components of each device
      along with examples of possible model numbers are given in the following
      Table 1, or in the case of the peripheral processors, are described later.
TBL                Table 1                                                     
     ______________________________________                                    
     Device Name    Parts                                                      
     ______________________________________                                    
     Keyboard 30    1 std. keyboard (Alco CR-015)                              
     Enter Display 33                                                          
                    3 seven segment display readouts                           
                    3 BCD-seven segment decoder                                
                     drivers (MC 7447)                                         
     Play Display 34                                                           
                    Same as Enter Display                                      
     Prompting Display 32                                                      
                    4 std. 6 volt lites                                        
                    1 hex driver                                               
     Tape Players 144                                                          
                    1 automatic cassette player                                
                     (Creig)                                                   
     Preprocessing Peri-                                                       
                    Later described, see FIG. 13                               
     pheral Controller 66                                                      
     Peripheral Motor                                                          
                    Later described, see FIG. 12                               
     Controller and                                                            
     Selection Mechanism 62                                                    
     ______________________________________                                    
PAR  The central controller 6 is a major feature of this invention and its
      operation is shown diagrammatically in FIG. 8. Implementation of the
      operational features of this special processor can be accomplished with
      standard hard-wired logic circuitry well known in the art, or, as in the
      preferred embodiment, with a small digital computer (microcomputer), along
      with an output multiplexor of standard design to increase the number of
      available output control lines. Each major function of the central
      processor 6 is handled by a particular subsection. The major functions
      performed by this unit and the subsection to perform these functions
      include:
PAR  a. Overall scheduling of system operation sequencing selection mechanism 6,
      preprocessing 2, and play station 1 operation is provided by the
      scheduling controller 45.
PAR  b. Detailed control of selection mechanism 6 sending appropriate signals to
      the rotational, vertical, retraction mechanism advance motors 23, 24, 19,
      and the retraction activation solenoid 20 including obtaining and decoding
      the next play address is provided by the selection mechanism controller
      44.
PAR  c. Detailed control of preprocessing and play stations is provided by the
      preprocessing and play station controllers 47 and 48, respectively.
PAR  d. Address inputs from the keyboard 30 including entry display is provided
      by the keyboard interface 40.
PAR  e. Address storage in the sequence selection memory 7 prompting lite
      control is provided by the memory and prompting lite control 41.
PAR  f. Fault detection and automatic start up and shut down procedure is
      provided by the scheduling control 45.
PAR  g. Accounting of units retrieved through a second internal memory 46.
PAR  The overall operation of the storage and retrieval system of the present
      invention will now be described. As discussed above, many of the following
      operational activities are carried out under the direction of the central
      controller 6 which, in turn, itself is programmed to direct the system
      operation. The computer software listing for one actual embodiment of the
      invention is given in Table 2 at the end of this specification. The
      following description of the operation of the system is keyed to this
      computer listing, by use of the symbol cc followed by the applicable
      computer listing line numbers.
PAC  Automatic Start [CC100-CC119]
PAR  To start up the system, power-on switch 35 is closed and the central
      controller 6 receives a reset pulse on power-clear line 51 from the
      power-clear one-shot multivibrator 56 located in the power supply area
      (FIG. 6). This pulse is used to initialize the processor, clearing the
      selection address memory 7, resetting the scheduling control 45 and
      clearing numerical displays and other registers. Since the selection
      address memory 7 is initially empty, the scheduling control does not
      initiate the retrieval of a cassette as will be detailed later, but as
      throughout systems operation, checks the keyboard 30 for a depressed key.
PAC  Keyboard Entry (d) [CC120-CC199] [CC275-CC299]
PAR  Once a depressed key is detected over keyboard input lines 77, the keyboard
      interface 40 decodes it and, if it is a number, places it in an internal
      input buffer 40A (cleared initially) and display the contents of the input
      buffer 40A on the entry numerical display 33. Detection of any additional
      numbers causes the keyboard interface 40 to shift the contents of the
      input buffer 40A left one decimal place and store the new number in the
      vacated right most position. The new number so formed is then displayed on
      the entry numerical display 33. When the "enter" key is depressed the
      contents of the input buffer 40A are transferred to the memory and
      prompting lite control 41 and both the input buffer 40A and numerical
      display 33 are cleared.
PAR  In general, each retrieval address is composed of three parts; a cassette
      address, and two intra-unit addresses: the side selected and song
      selection. The keyboard interface 40 also tests for erroneous entries such
      as multiple keys and performs the "debouncing" operation to eliminate
      false entries.
PAC  Prompting Lights (d) [CC200- CC219, CC270- CC274]
PAR  The memory and prompting lite control 41 uses an internal register, the
      enter status register 41A, to keep track of which part of the address is
      currently being entered and informs or prompts the user by liting the
      appropriate message on the prompting lites 32 via control lines 73.
PAC  Sequence Selection Memory (e) [CC220- CC269]
PAR  After the memory and prompting lite control 41 obtains the complete
      address, the address is stored in the appropriate selection address memory
      7 location as determined from the last play address register 41B, and the
      memory is checked to see if the memory is "full". If so, the appropriate
      prompting lite is displayed advising the user of this condition, and the
      keyboard 30 is inhibited via keyboard inhibit line 41C until memory status
      returns to the "not full" condition. The other non-numerical keyboard
      input is the "reject" entry which causes the current play to be rejected
      by simulating a "play complete" signal directly from the keyboard
      interface 40 to the sequencing subsection 45 over reject line 40B.
PAC  Sequence Control (a) [CC300- CC499]
PAR  Scheduling of system operations is the responsibility of the sequence of
      scheduling control subsection 45. Sequencing decisions are based on the
      current activity of each device under control of the sequencing control
      and other inputs, such as off or alarm signals, through the use of two
      status registers: the system status word (SSW) 45A, and the play status
      word (PSW) 45B. The systems status word 45A keeps track of the particular
      operation being performed through a coding scheme detailed in Table 3
      below.
TBL                Table 3                                                     
     ______________________________________                                    
     SYSTEM STATUS WORD CODE                                                   
     OPERATION             CODE NUMBER                                         
     ______________________________________                                    
     Fetch Required        0                                                   
     Fetch in Progress     1                                                   
     Cue Required          2                                                   
     Cue in Progress       3                                                   
     Play-Preprocessing Required                                               
                           4                                                   
     Play-Preprocessing in Progress                                            
                           5                                                   
     Start-Required        6                                                   
     Decue Required        7                                                   
     Decue in Progress     8                                                   
     Restore Required      9                                                   
     Restore in Progress   10                                                  
     Restore Complete      11                                                  
     ______________________________________                                    
PAL  Generally, the initiation of an operation increments the SSW 45A (setting
      it to an "in progress" mode) while the completion of a process, sensed by
      the scheduling control over input line 49, again increments the SSW 45A to
      indicate the next process should be initiated.
PAR  The play status word 45B is coded on a bit by bit bases since it must
      indicate several different independent functions. Thus, in addition to
      indicating play status, the PSW 45B also indicates if an initial or final
      cycle is in progress, and whether or not a new cassette is required for
      the next play. The coding of the PSW 45B is shown in Table 4 below.
TBL                Table 4                                                     
     ______________________________________                                    
     PLAY STATUS WORD CODE                                                     
     INDICATION         BIT SETTING                                            
     ______________________________________                                    
     First Cycle In Progress                                                   
                         Bit 0 (MSB) = 1                                       
     Last Cycle in Progress                                                    
                         Bit 1       = 1                                       
     Same Cassette for Next Play                                               
                         Bit 2       = 1                                       
     New Cassette for Next Play                                                
                         Bit 2       = 0                                       
     Play Station Active Bit 3 (LSB) = 1                                       
     Play Station Idle   Bit 3       = 0                                       
     ______________________________________                                    
PAR  The detailed functioning of the scheduling control is shown in FIGS. 9A, 9B
      and 9C. The first operation is a check by alarm section 106 for an error
      condition. Errors such as cassette jams and control failures are sensed by
      remotely located devices, mechanical switches, and sent to the sequence
      controller 45 over special signal lines 50. An error detected forces the
      sequence control 45 to branch to a special error sequence which determined
      the nature of the error. A failure or other error such as a jam usually
      calls for user interaction. The sequence controller 45 activates the
      appropriate error message on error display lites 37 and suspends further
      operations until the error reset switch 59 is activated by the user which
      reinitialized the system in a manner similar to the start up sequence.
PAR  As shown in FIG. 9, the scheduling of operations proceeds, in general, in
      the sequence presented in Table 3. Several contingencies alter the
      scheduling sequence; most frequently when a play-cue transfer is deferred
      in the initiate play/cue transfer section 100 due to a currently active
      play station, as indicated by the PSW 45B. When cassette play is conplete
      a play complete signal is sent to the scheduling control 45 on line 79
      resetting the PSW 45B and the sequence continues as stated.
PAR  Another alteration occurs if the new selection address is the same as the
      last selection address as occurs when two sequential selections reference
      the same cassette, but with different intra-unit addresses. This condition
      detected in the initiate fetch section 100 causes the "same cassette" flag
      in the PSW 45B to be set and the normal fetch and cue sections to be
      skipped. The same cassette flag is tested in the initiate play section 103
      and if set, play start is deferred and the scheduling sequence is modified
      by setting the SSW 45A to "cue required".
PAR  Special sequencing must occur during start up and shut down operations.
      Sequence alterations in these two operations are handled in the initiate
      fetch and off test sections 100 and 107, the two end points of the normal
      sequence. Both operations are indicated by the condition: last play
      pointer 43 equals next play pointer 41B, as occurs when no selections have
      been made or all selections have been played. The former case, as
      indicated by the "1st cycle" flag of the PSW 45B, causes normal sequencing
      to be aborted in the initiate fetch section 100. The 1st cycle flag is
      also used to skip restore operations in the initial sequence cycle and is
      reset in the off test section 107. If the 1st cycle flag is not set, the
      latter condition is indicated and the initiate fetch section 100 sets the
      "last cycle" flag of the PSW 45B. The fetch and cue operations are again
      skipped as in the play start operation.
PAR  The last cycle flag is used in the off-test section 107 to indicate
      appropriate device conditions for systems shutdown if the auto-off or off
      switch line 60, 61 are active. If neither of these lines are active the
      last cycle flag is reset and the 1st cycle flag is set to reinitialize the
      scheduling sequence. If a shutdown is indicated, the scheduling controller
      6 activates the shut-down relay 53 over control line 57 and the special
      processor halts.
PAC  Manual `Off` Operation
PAR  Depression of the off switch 39 causes a "reject play" to occur by forcing
      a play complete signal on sense line 79, and sends an off signal to the
      special controller 6 over line 60. The off signal causes the next play
      pointer 43 to be set to the last play pointer 41B simulating a selection
      address memory 7 "empty" condition. This condition causes the scheduling
      control to enter a "last cycle" condition as described above, and the
      detection of the off signal in the off-test section 107 of the scheduling
      sequence will cause a system shutdown as described above. Essentially a
      manual off command combines a reject, selection address empty condition,
      and auto-off to force the same sequence which would occur in a normal
      auto-off operation.
PAC  Selection Mechanism Control (b) [CC350-CC399, CC450-CC479, CC550-CC690] and
      Peripheral Motor Control
PAR  The selection mechanism controller 44 subsection of the special controller
      is responsible in conjunction with the peripheral motor controller 62, for
      sequencing commands to each of the three selection mechanism motors 19, 23
      and 24 and the solenoid 20 which activates the retraction mechanism 17.
      This subsection is composed of an address decoder 44A containing the
      next-play address pointer 43, decode address buffer 44E and current-play
      address buffer 44C which receives from the selection memory 7 under
      control of the scheduling control 45 that part of the selection address
      which refers to the cassette storage location; and position controller 44B
      which receives from the scheduling control 45 the directive that a fetch
      or restore operation is to be initiated. Preceeding a fetch, the next play
      address is loaded into the decode address buffer 44E for decoding. A
      play-cue transfer causes the contents of decode address buffer 44E and
      current play address buffer 44C to switch so the just played cassette
      address can be decoded for a restore operation. The new contents of the
      current play address buffer is then sent to the current play display 34
      over control lines 76 and to the accounting memory 46.
PAR  The cassette storage addresses range, in the preferred embodiment, between
      0 and 999 with positions 0-19 in the lowest storage tier, positions 20-39
      in the tier immediately above, and so on, with the highest tier holding
      address positions 980-999. To decode the 3 digit BCD selection address
      into a rotational and vertical position number, the scheme illustrated in
      FIG. 10 is used. The rotational position number 115, 116 is formed from
      the low order address word 112 and the first bit of the middle word 111
      (which is a one if the middle address number is odd). The vertical or
      Y-address 113 and 114 is the higher and middle words 110 and 111,
      respectively, right shifted one position with carry (which has the effect
      of dividing the selection address by 20).
PAR  The decoded rotational and vertical position numbers 115, 116 and 113, 114
      respectively are used by the selection mechanism controller 44 to control
      the peripheral motor controller 62 over control lines 70. The next
      movement is determined from the position addresses and an internal
      movement sequence register, the fetch internal status word (FISW) 44D. The
      movement sequence for a fetch operation and the coding of the FISW 44D is
      shown in Table 5 below:
TBL                                    Table 5                                 
     __________________________________________________________________________
     FETCH INTERNAL STATUS WORD (FISW) CODE                                    
     CODE                                                                      
         FETCH MECHANISM                                                       
                    MOVEMENT   RETRACTION FISW                                 
         MOVEMENT   TYPE       MECHANISM                                       
     __________________________________________________________________________
     0   Reference (Idle       Open                                            
          position)                                                            
     1   Moving +.THETA.                                                       
                    Variable (.THETA. posi-                                    
                               "                                               
                    tion address                                               
     2   Moving +Y  Variable (Y posi-                                          
                               "                                               
                    tion address)                                              
     3   Moving +Z (in-out)                                                    
                    Fixed      "                                               
     4   Moving -Z  "          Closed                                          
     5   Moving -Y  Variable (Y posi-                                          
                               "                                               
                    tion address)                                              
     6   Moving (-.THETA.)                                                     
                    Variable (.THETA. posi-                                    
                               "                                               
                    tion address)                                              
     7   Reference  Fixed      "                                               
     8   Moving +Z (PS)                                                        
                    "          "                                               
     9   Moving -Z (PS)                                                        
                    "          Open                                            
     __________________________________________________________________________
PAR  The sequence for a restore is similar except the sequence is entered at
      step 7, continues with step 0 after step 9 through step 6, and the
      retraction mechanism position is reversed.
PAR  Commands for the next movement from the position controller 44B are
      implemented by the peripheral motor controller 62 shown in FIG. 11. The
      movement command is decoded by decoder 121 and implemented by latch or
      gate 120, relay driver 122 and motor control relays 124, 125, 126, 127
      when the position sensor 12 detects a new address position. Gross position
      information is fed back to the peripheral motor control 62 and the
      selection mechanism control 44 from an electro-optical device, the
      position sensor 12, mounted on retraction support plate 18 (FIG. 3). This
      device responds to the presence of reflective tape 8 mounted adjacent to
      cassette storage locations in the fixed storage area 4.
PAR  Detection of the next address position via the position sense 12 enables
      the motor latch 120 causing the next movement control word 44C to be
      latched and effect movement control as well as sending a step-complete
      signal over line 42, signaling the position control subsection 44A that
      the one position movement has been completed. Self alignment of the
      selection mechanism is provided by the feedback nature of address position
      sensing, and guide pins 14.
PAR  Completion of either a fetch or store operation causes the position
      controller 44A to increment the SSW 45A by sending a "process complete"
      signal to the scheduling control 45 over line 49.
PAC  Processing Controller 47 [CC400-CC449, CC540-CC549] and Preprocessing
      Peripheral Controller 66
PAR  Preprocessing or cue station control is managed by another subsection of
      the special controller, the preprocessing control 47, in conjunction with
      the preprocessing peripheral controller 66. This subsection receives from
      the scheduling control 45 the directive that a cue or decue operation is
      to be initiated and in the former case, from the selection address memory
      7, that part of the selection address which refers to the intra-cassette
      address. In a decue operation, the controller 47 merely sends over
      preprocessor control lines 71, a command to activate the "rewind" motor in
      the cue station.
PAR  The preprocessing peripheral controller 66 shown in greater detail in FIG.
      12, implements this command via gate or latch 130, motor driver 135 and
      rewind motor 138. The command is deactivated automatically by the
      peripheral controller 66 upon reception via line 136 of an "end of tape"
      signal from the cue station. This signal is also sent to the preprocessing
      controller 47 over line 140 indicating a step complete which in turn is
      sent to the schedule control 45 over "process complete" sense line 49 to
      update the SSW 45A.
PAR  A primary feature of this invention is the ability to access intra-unit
      information. The cue function of the preprocessing station 2 achieves this
      by insuring that the cassette tape is positioned such that after transfer
      to the play station, playback begins at the appropriate place on the tape.
      This intra-cassette addressing is conveniently achieved without special
      tape preparation by referencing to tape side and to the normal
      inter-record gaps found in industry standard pre-recorded tapes; that is,
      the several second (3-6 sec) period of silence which separates one song
      from another.
PAR  Thus, the intra-cassette portion of the selection address consists of two
      sections: the side (A or B) address, and the position of the song on a
      given side. Assuming all tapes are stored in a full rewind condition, as
      assured by the decue operation, to select the third song on side one the
      processing station moves the tape forward at higher than normal speeds,
      i.e. "fast forward" motor speed 137, until the second interrecord blank is
      sensed by blank detection circuitry in the special controller. If a song
      on side 2 is selected, the tape is first wound to the "full forward"
      position and rewound at 138 the appropriate number of blanks.
PAR  In some applications, specialized intra-unit addressing can be used instead
      of utilizing the inter-record gaps. For example, a time or other code can
      be pre-recorded on the tape and used to identify the location of songs or
      other information recorded on the tape.
PAR  In a cue operation, the fast forward motor 137 is activated until the
      appropriate number of inter-record blanks have passed a detection head
      141. Blank detection is via a magnetic tape head 141 feeding a threshold
      device 133 through amplifier 134 to a timing circuit composed of a one
      shot multivibrator 132 and gate 131. The presence of a blank or
      inter-record gap is used to lead the next command into latch 130 and is
      sent to the preprocessing control 47 over line 140 to indicate a step
      complete. As with selection mechanism control, the preprocessing control
      47 commands the peripheral controller 66 to either continue or halt tape
      movement based on the intra-unit address. When the cue process is
      complete, the preprocessing control 47 sends a process complete signal
      over line 49 to update the SSW 45A.
PAR  The preprocessor control 47 and peripheral controller 66 also handle the
      movement of the preprocessing/play station transfer mechanism 149 over
      preprocessor control lines 71, latch 130, motor driver 135 and
      preprocesing /play transfer motor 139. The preprocessing processor and
      peripheral control also sends the appropriate signals to increment the SSW
      45A upon completion of the transfer.
PAC  Play Station Controller 48
PAR  Control of the play station 1 is achieved in a manner similar to that of
      the preprocessing mechanism. The play station controller 48 activates the
      play station to play over control lines 72 upon command from the
      scheduling control 45. A blank detector similar to that in the
      preprocessor peripheral control 66 is used to send a play complete signal
      to the controller over sense line 79. The processor either halts the play
      station if a single song is selected or until a side complete signal is
      sensed over line 80 if a side has been selected. When the play station
      control 48 halts the play station, a process complete signal is sent to
      the scheduling control 45 over line 49 to update the PSW 45B.
PAR  In the embodiment described, the sequence of set retrieval is determined by
      human operation of the key board 30. However, it should be understood that
      other sources can be utilized to instigate and carry out retrieval
      sequencing. For example, a remote computer, another cassette unit, or
      random sequencing can be used for this purpose.
PAR  The play or processing station described in this embodiment can function
      not only to play back prerecorded tape cassettes but can be used to record
      signals as well. In this mode of operation, it is apparent that automated
      or semi-automated cassette tape recordings can be carried out.
PAR  FIG. 13 illustrates an alternate design to the cylindrical storage area
      illustrated in FIG. 2. Here the cassettes are arranged in a rectilinear or
      planar matrix and the retrieval/retraction mechanism 17 is operated along
      x, y linear coordinates rather than along the angular coordinate system of
      the storage area of FIG. 2.
PAR  Another advantage of the invention is its ability, in one embodiment, to
      withstand severe failure conditions such as an abrupt power failure. The
      decode address buffer 44E and current play address buffer 44C are
      implemented with external registers powered by a small independent
      re-chargable battery source. Upon initial start-up the contents of the
      buffers must be zero or a last cycle is automatically entered which
      restores cassettes left in the selection mechanism 3, cue station 2, or
      play station 1 to their proper storage location before new selections are
      accepted.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     COMPUTER LISTING                                                          
     INITIALIZATION SECTION                                                    
     __________________________________________________________________________
     CC100        FIM    P4     /INIT ENTER STATUS                             
                  8                                                            
                  FIM    P2     /INITIALIZE PROMPTING LITES                    
                  40                                                           
                  JMS    2;                                                    
     CC110        OUTP                                                         
     /INPUT SECTION                                                            
     /INPUT KEYBOARD CHARACTER                                                 
     CC120                                                                     
          IN,     FIM    P2     /REG4 = WEIGHT (-4 INT)                        
                  205           /REG5 = -3                                     
                  FIM    P0                                                    
                  0                                                            
          INLOOP, CLB                                                          
                  LDM    4      /INCR WEIGHT BY 4                              
                  ADD    4                                                     
                  XCH    4      /AND RESTORE                                   
                  SRC    P0     /SELECT FOR ROM READ                           
                  INC    O      /INCR ROM READ                                 
                  RDR           /READ INPUT LINE                               
                  JCN ANZ                                                      
                         ;                                                     
     DECODE /GO TO `DECODE`IF AC 1 = 0                                         
                  ISZ    5;                                                    
     INLOOP /LOOP IF NOT THE LAST LINE                                         
                  LD     6      /ELSE CLEAR BIT 3 OF KBD                       
                  RAR           /SATUS WORD (INDICATING NO                     
                  CLC           /INPUT RECEIVED), AND JUMP TO                  
                  RAL           /`EXECUTIVE SECTION`                           
                  XCH    6                                                     
                  JUN    0;                                                    
                  EXC                                                          
     /DECODE KEYBOARD ENTRY                                                    
     DECODE,      KBD           /DECIMAL ADJUST INPUT                          
                  RAL           /TEST FOR MULTIPLE KEY STRUCK                  
                  JCN CNZ                                                      
                         ;                                                     
                  IN            /JUMP TO BEGINNING IF ENTRY                    
                                /ERROR                                         
                  RAR           /`ELSE RESTORE AND DECODE INPUT`               
                  CLC                                                          
                  ADD    4                                                     
                  XCH    3      /AND STORE TEMP. IN REG 3                      
                  LD     6      /CHECK TO MAKE SURE KBD RELEASE                
                  RAR           /HAS OCCURRED SINCE LAST                       
                                /ENTRY (DEBOUNCE)                              
                  JCN CNZ                                                      
                         ;                                                     
                  EXC           /ELSE JUMP TO `EXECUTIVE                       
                                /SECTION`                                      
                  INC    6      /SET KBD STATUS TO INACTIVE                    
                  LDM    12     /TEST FOR REJECT ENTRY                         
                  SUB    3                                                     
                  JCN ANZ                                                      
                         ;                                                     
                  IN1                                                          
                  JMS    ;                                                     
                  REJ                                                          
                  JUN    ;                                                     
                  EXC                                                          
     IN1,         LDM    12     /TEST FOR ENTER ENTRY                          
                  SUB    3                                                     
                  JCN AZ ;                                                     
     ENTER /AND JUMP TO `ENTER SECTION IF APPROPRIAT                           
                  CLB                                                          
                  LDM    10     /ELSE TEST FOR "O" ENTRY (10)                  
                  SUB    3                                                     
                  JCN ANZ                                                      
                         ;                                                     
                  PDS           /IF "O" ENTRY (10) THEN STORE                  
                  XCH    3      /A O IN TEMP IR 3                              
          PDS,    FIM    P0     /ELSE INITIALIZE FOR PUSHDOWN                  
                                /STORE                                         
                  32            /INTO RAMO, REG3, RD2                          
                  SRC    P0     /GET MOST SIGNIFICANT WORD                     
                  RD1           /PUSH DOWN STORE (RD1 TO RD0)                  
                  WR0                                                          
                  RD2           /AND PUSH DOWN STORE(RD2 TO RD1)               
                  WR1                                                          
                  LD     3      /GET NEW ENTRY AND STORE IN RD2                
                  WR2                                                          
                  JMS    2;                                                    
          DISPL                                                                
                  JUN    ;                                                     
     CC199        EXC           /GO TO EXC SECTION                             
     /ENTER SECTION                                                            
     CC200                                                                     
          ENTER,  JMS    ;                                                     
                  LDLP          /LAST PLAY POINTER TO IR 1                     
                  FIM    P0     /SET UP FOR ACCESSING                          
                  32     0      /ROM 0,REG 2, RD 0-2                           
                  LD     9      /CHECK ENTER STATUS WORD FOR                   
                  RAL           /ENTER SIDE NUMBER MODE                        
                  JCN CNZ                                                      
                         ;                                                     
          CASS                  /JUMP IF ENTER CASSETTE NUMBER                 
                                /MODE                                          
                  RAL           /CHECK OF ENTER SIDE NU                        
                  JCN CZ ;                                                     
          SONG                                                                 
     /ENTER SIDE NUMBER                                                        
                  LDM    2      /SET ENTER STATUS TO SONG MODE                 
                  XCH    9      /AND RESTORE                                   
                  SRC    0      /GET SIDE NUMBER FROM TEMP                     
                                /(RAM 0,)                                      
                  RD2                                                          
                  DAC           /CHECK IF SIDE 1 SELECTED                      
                  JCN AZ ;                                                     
          SIDE 1                                                               
                  LDM    1                                                     
          SIDE 1, WR3           /STORE 0 (FOR SIDE 1) OR 1                     
                                /IN TEMP WR3                                   
                  PAUSE                                                        
                  JUN    ;                                                     
     CC219        PTDIS         /AND GO TO NEXT SECTION                        
                                /ENTER CASSETTE NUMBER                         
     CC220                                                                     
          CASS,   SRC    0      /GET MOST SIGNIFICANT WORD                     
                                FROM TEMP                                      
                  RDO                                                          
                  XCH    8      /AND STORE INN REG 8                           
                  CLB                                                          
                  JMS    ;                                                     
          STORE                 /STORE IN APPROPRIATE RAM LOCATING             
                  RD1           /REPEAT FOR 2ND AND 3RD WORDS                  
                  XCH    8                                                     
                  LDM    1                                                     
                  JMS    ;                                                     
          STORE                                                                
                  RD2                                                          
                  XCH    8                                                     
                  LDM    1      /INCREMENT REG NUMBER BY 1 (NO)                
                  JMS    ;                                                     
          STORE   LDM    4      /SET ENTER STATUS WORDD FOR                    
                  XCH    9      /SIDE NUMBER                                   
                  JUN    ;                                                     
                  PTDIS         /GO TO NEXT SECTION                            
                                /ENTER SONG NUMBER                             
          SONG,   LDM    8      /SET ENTER STATUS TO CASS. NU                  
                  XCH    9                                                     
                  SRC    0                                                     
                  RD2           /GET SONG NU, SHIFT AND STORE                  
                                /TEMP                                          
                  RAL                                                          
                  XCH    8      /STORE TEMP                                    
                  RD3           /GET SIDE NO & ADD SONG NU                     
                  ADD    8                                                     
                  XCH    8      /AND PLACE IN REG 8                            
                  LDM    3      /SET UP TO STORE IN RAM REG 3                  
                  JMS    ;                                                     
          STORE                 /STORE IN APPROPRIATE RAM                      
                                /LOCATION                                      
                  JMS    ;                                                     
                  LDLP          /GET LAST PLAY POINTER                         
                  JMS    ;                                                     
                  LDNP          /RESTORE NEXT PLAY POINTER                     
                  JMS    ;                                                     
                  INCR          /INCR AND COMPARE POINTERS                     
                  JMS    ;                                                     
                  COMP1         /TO CHECK FOR FULL MEMORY                      
                  JCN AZ ;                                                     
                  NORM          /IF AC=1 MEMORY FULL SET                       
                                /ENTER STATUS                                  
                  XCH    9                                                     
                  JUN    ;                                                     
     CC269        PTDIS                                                        
          NORM,   JMS    ;                                                     
                  STLP          /STORE INCR LAST PLAY POINTER                  
                                /DISPLAY PROMPTING LITE                        
     CC270                                                                     
          PTDIS,  LDM    2      /SELECT PROMPTING LITES                        
                  XCH    4      /DEVICE NUMBER 2 = PROMPTING LITES             
                  LD     9      /GET ENTER STATUS WORD                         
                  JMS    2;                                                    
     CC274        OUT1          /AND OUTPUT                                    
                                /CLEAR TEMP INPUT AREA (RAM 0,                 
                                /REG 2 RD 0-3)                                 
                                /AND CLEAR INPUT NUMERICAL DISPLAY             
     CC275        FIM    0      /SET UP TO STORE IN RAM 0, REG 2 RB            
                  32     0                                                     
                  SRC    0                                                     
                  CLB           /CLEAR AC                                      
                  WRO           /AND STORE IN RD 0-3                           
                  WR1                                                          
                  WR2                                                          
                  JMS    2;                                                    
          DISPL                 /CLEAR DISPLAY                                 
          /                                                                    
          EXC,    JUN    1;                                                    
     CC299               0      /PAGE JUMP                                     
          PAUSE                                                                
     SCHEDULING SECTION                                                        
     CC300                                                                     
          EXC,    FIM    P0     /SET UP TO READ RAM 3                          
                  48                                                           
                  SRC    0                                                     
                  RDR           /READ ALARMS                                   
                  RAL           /AND TEST                                      
                  JCN CNZ                                                      
                         ;                                                     
                  FINT          /INTERRUPT OR STEP COMPLETE                    
                                /SERVICE                                       
                  RAL                                                          
                  JCN CNZ                                                      
                         ;                                                     
          PSHALT                                                               
                  RAL           /TEST FOR OFF                                  
                  JCN CZ ;                                                     
                  EXC1                                                         
                  JMS    ;                                                     
                  LDLP          /FORCE A LAST CYCLE CONDITION                  
                  LD     2      /BY SETTING LLPAP = NPAP                       
                  XCH    4                                                     
                  LD     3                                                     
                  XCH    5                                                     
                  LD     6      /SET OFF STATUS                                
                  RAL                                                          
                  STC                                                          
                  RAR                                                          
                  XCH    6                                                     
                  JMS    ;                                                     
                  STNP                                                         
          PSHALT, JMS    ;                                                     
                  REJ                                                          
          /                                                                    
          EXC1,   LD     6      /RESET INTR SERVICE BIT                        
                  RAR;                                                         
                  RAR                                                          
                  CLC                                                          
                  RAL;                                                         
                  RAL                                                          
                  XCH    6                                                     
          /                                                                    
          /                                                                    
     /SKEDULING CONTROL                                                        
                                /TEST SSW TO DETERMINE NEXT                    
                                /STEP INITIATE                                 
          /                                                                    
          EXC2,   CLB                                                          
                  LD     12     /SSW                                           
                  JCN AZ ;                                                     
          FETCH                                                                
                  DAC;                                                         
                  DAC                                                          
                  JCN AZ ;                                                     
          CUE                                                                  
                  DAC;                                                         
                  DAC                                                          
                  JCN AZ ;                                                     
                  PCT                                                          
                  DAC;                                                         
                  DAC                                                          
                  JCN AZ ;                                                     
                  PS                                                           
                  DAC                                                          
                  JCN AZ ;                                                     
          DECUE                                                                
                  DAC;                                                         
                  DAC                                                          
                  JCN AZ;                                                      
                  DEFETCH                                                      
                  DAC;                                                         
                  DAC                                                          
                  JCN AZ;                                                      
                  CYCOM                                                        
                  JUN    ;                                                     
     CC349        IN            /RETURN TO BEGIN                               
     CC350                                                                     
          /FETCH SECTION                                                       
          FETCH,  JMS    ;                                                     
                  COMP          /COMP ADR POINTERS                             
                  JCN AZ ;                                                     
          FETCH1                / CONTINUE IF UNEQUAL                          
                  LD     10     /ELSE TEST FOR 1ST CYC                         
                  RAL;                                                         
                  RAL           /IF 1ST CYC DO NOT FETCH                       
                  JCN CZ ;                                                     
          EXIT                                                                 
                  CLB                                                          
                  LDM    2      /SET LAST CYC FLAG                             
                  ADD    10                                                    
                  XCH    10                                                    
                  LDM    4      /SET SSW TO PC/T REQ AND EXIT                  
                  XCH    12                                                    
                  JUN    ;                                                     
          IN                                                                   
          FETCH1, CLB                                                          
                  LDM    8      /FLIP PS ACTIVE FLAG                           
                  ADD    10                                                    
                  XCH    10                                                    
          /                                                                    
          /                     ADDRESS LOAD --LOAD NEW FETCH/                 
          /                     DEFETCH ADR AND CUE ADDRESS INTO               
          /                     APPROPRIATE STORAGE BUFFERS                    
                  JMS    ;                                                     
                  LDNP                                                         
                  FIM    P0     /SET UP FOR REG 0, RAM 1                       
                  64                                                           
                  LDM    13     /SET UP TO LOOP                                
                  XCH    8                                                     
          ADV,    SRC    P2                                                    
                  RDM                                                          
                  SRC    P0                                                    
                  WR2                                                          
                  INC    0                                                     
                  INC    4                                                     
                  ISZ    8;                                                    
                  ADV                                                          
                  SRC    P2                                                    
                  WRM           /LOAD NEG CUE ADR TO STORAGE BUFFER            
                  RAR;                                                         
                  CMA                                                          
                  XCH    13     /CUE BUFFER                                    
                  JMS    1;                                                    
                  FETLD         /DECODE & LOAD CURRENT FETCH ADR               
                  CLB           /SET FETCH INTERNAL STATUS (FIS)               
                                /WORD                                          
                  XCH    11                                                    
                  JMS    ;                                                     
                  INCNP         /INCR NP POINTER                               
                  JMS    ;                                                     
                  STNP                                                         
                  LD     9      /CHECK ENTER STATUS FOR FULL                   
                  RAR                                                          
                  JCN CZ ;                                                     
          FETCH 2                                                              
                  LDM    8      /IF FULL, RESET AND OUTPUT NEW                 
                  XCH    9      /STATS                                         
                  FIM    P2                                                    
                  40                                                           
                  JMS    2;                                                    
                  OUTP          //CHECK OLD ADR=NEW ADR                        
     CC399                                                                     
          FETCH 2,                                                             
                  JUN    1;                                                    
                  FEXIT                                                        
     CC400                                                                     
          CUE,    LD     13     /IF CUE ADRO, SKIP                             
                  JCN AZ ;                                                     
                  IN EXIT                                                      
                  FIM    P2     /INITIATE CUE (F.FWD)                          
                  20            /DS=1, D=4                                     
                  JMS    2;                                                    
                  OUTP                                                         
                  JUN    1;                                                    
                  EXIT                                                         
                                /PLAY-CUE TRANSFER                             
          PCT,    FIM    P2     /INITIATE PLAY-CUE TRANSFER                    
                  17            /DS=1, D=1                                     
                  JMS    2;                                                    
                  OUTP                                                         
                  JUN    1;                                                    
                  EXIT                                                         
                                /START PLAY STATION SECTION                    
          PS,     LD     10     /CHECK PS FOR NOW PLAYING                      
                  RAR                                                          
                  JCN CNZ                                                      
                         ;                                                     
                  EXIT          /EXIT IF NOW PLAYING                           
                  JMS    1;                                                    
                  MOVE          /SWITCH & DISPLAY CURRENT PLAY ADR             
                  LD     10                                                    
                  RAR;                                                         
                  RAR                                                          
                  JCN CNZ                                                      
                         ;                                                     
                  INEXIT        /SKIP PLSY START IF LAST CYC                   
                                //TEST "SAME CASSETTE" FLAG AND                
                                //SET SSW=CUE REQ. IFE                         
                  FIM    P2                                                    
                  18            /DS=1 D=2 (START PS)                           
                  /MODIFIED FOR SINGLE PS                                      
                  INC    10     /SET PSW=PLAY                                  
                  /                                                            
          CTEXIT, JMS    2;                                                    
                  OUTP                                                         
          INEXIT, INC    12     /INCR SSW                                      
     CC499                                                                     
          EXIT,   JUN    ;                                                     
                  IN            /RETURN TO BEGINNING                           
          /                                                                    
          /                                                                    
                                /DECUE SECTION                                 
     CC450                                                                     
          DECUE,  LD     10     /TEST 1ST CYC FLAG                             
                  RAL;                                                         
                  RAL           /IF SET, SKIP DECUE AND DEFETCH                
                  JCN CNZ                                                      
                         ;      /SECTIONS                                      
                  DCUE1                                                        
                  LDM    11     /SET SSW=CYC COMPLETE                          
                  XCH    12                                                    
                  JUN    ;                                                     
                  IN                                                           
          DCUE1,  FIM    P2     /INITIATE DECUE(REWIND)                        
                  18            /DS=1, D=2                                     
                  JMS    2;                                                    
                  OUTP                                                         
                  JUN    1;                                                    
                  EXIT          /                                              
                                /DEFETCH SECTION                               
          DEFETCH,                                                             
                  JMS    1;                                                    
                  FETLD                                                        
                  LDM    7      /SET FIS TO DEFETCH                            
                  XCH    11                                                    
                                /DEFETCH SECTION                               
          DEFETCH,                                                             
                  JMS    1;                                                    
                  FETLD                                                        
                  LDM    7      /SET FIS TO DEFETCH                            
                  XCH    11                                                    
          FEXIT,  INC    12     /INCR SSW                                      
                  FIM    P7     /INITIATE TO ONE STEP                          
                         2                                                     
          FINT,   JMS    2;                                                    
                  INT           /FORCE INTERRUPT (TO INITIATE)                 
                  JUN    0;                                                    
     CC479                                                                     
          /IN                                                                  
                                /CYCLE COMPLETE SECTION                        
     CC480                                                                     
          CYCOM,  LD     10     /TEST LAST CYC. FLAG                           
                  RAR;                                                         
                  RAR                                                          
                  JCN CZ ;                                                     
                  CYCM1                                                        
                  CLB                                                          
                  XCH    10     /RESET LAST CYC, 1ST CYC, ACT                  
                                /PS FLAG                                       
                  LD     6      /TEST FOR OFF                                  
                  RAL                                                          
                  JCN CZ ;                                                     
                  CYCM2         /OFF                                           
          OFF,    FIM    P2     /SHUTDOWN                                      
                         96     /DS=6                                          
                  JMS    2;                                                    
                  OUTP                                                         
          HALT,   JUN    1;                                                    
                  HALT          /DYNAMIC HALT                                  
          CYCM1,  LDM    4      /RESET LAST CYC, 1ST CYC FLAGS                 
                  XCH    8      /STORE "4" TEMP                                
                  LD     10     /LOAD PSW TEMP AND SAVE PLAY                   
                                /STATUS                                        
                  RAR                                                          
                  LDM    0      /CLEAR ACC                                     
                  ADD 8         /"4" + CY (PLAY STATUS)                        
                  XCH    10                                                    
          CYCM2,  CLB           /RESET SSW = FETCH REQ                         
                  XCH    12                                                    
                  JUN    ;                                                     
     CC499        IN            /RETURN TO BEGINNING                           
                                /INTERRUPT SERVICE ROUTINES                    
                                /CALLED WHEN "STEP COMPLETE"                   
                                /SIGNAL ACTIVE                                 
                                /HANDLES FETCH STEPS, DECUE                    
                                /(AND CUE) STEPS                               
                                /                                              
                                /CHECK IF NEW INTERRUPT SIGNAL                 
     CC500                                                                     
          INT,    LD     6      /CHECK FOR INTR. SERVICE                       
                  RAR;                                                         
                  RAR                                                          
                  JCN CNZ                                                      
                         ;                                                     
                  EXIT          /EXIT IF NOT NEW CALL                          
                  STC;                                                         
                  RAL;                                                         
                  RAL           /SET INTR SERVICE BIT                          
                  XCH    6                                                     
                                /CHECK IF STEP COMPLETE                        
                  CLD           /CHECK WHICH STEP COMPLETE                     
                  LDM    2                                                     
                  SUB    12                                                    
                  JCN AZ ;                                                     
                  CUE                                                          
                  LD     12                                                    
                  DAC                                                          
                  JCN AZ ;                                                     
                  FSTEP                                                        
                  CLB                                                          
                  LDM    10                                                    
                  SUB    12                                                    
                  JCN AZ ;                                                     
                  FSTEP                                                        
                  JUN    2;                                                    
                  DCUE                                                         
     CC539                                                                     
          EXIT,   BBL                                                          
          /                                                                    
     /CUE-DECUE SECTION                                                        
     CC540                                                                     
          CUE,    ISZ    13;                                                   
                  EXIT          /INCR CUE ADR, SKIP IF 0                       
          DCUE,   INC    12     /INCR SSW                                      
                  FIM    P2     /HALT CUE/DECUE                                
                         16     /DS=1 D=0                                      
                  JMS    2;                                                    
                  OUTP                                                         
     CC549        BBL                                                          
                                /FETCH STEP SERVICE                            
                                /                                              
                                /DECREMENT STEP NUMBER AND CHECK               
                                /IF LAST STEP                                  
     CC550                                                                     
          FSTEP,  JMS    2;                                                    
                  WDC                                                          
                  JCN AZ ;                                                     
                  EXIT                                                         
          SEQ,    CLB                                                          
                  INC    11     /LAST STEP: INCR FIS, SEL NEXT E               
                  LD     11     /BASED ON FIS                                  
                  DAC                                                          
                  JCN AZ ;                                                     
                  X1                                                           
                  DAC                                                          
                  JCN AZ ;                                                     
                  Y1                                                           
                  DAC                                                          
                  JCN AZ ;                                                     
                  Z1                                                           
                  DAC                                                          
                  JCN AZ ;                                                     
                  Z2                                                           
                  DAC                                                          
                  JCN AZ ;                                                     
                  Y2                                                           
                  DAC                                                          
                  JCN AZ ;                                                     
                  X2                                                           
                  DAC                                                          
                  JCN AZ ;                                                     
                  PSY1                                                         
                  DAC                                                          
                  JCN AZ ;                                                     
                  PSY3                                                         
                  DAC                                                          
                  DAC                                                          
                  JCN AZ ;                                                     
                  Z1                                                           
                  DAC                                                          
                  JCN AZ ;                                                     
                  PSY 3                                                        
                  DAC                                                          
                  DAC                                                          
                  JCN AZ ;                                                     
                  Z2                                                           
                  DAC                                                          
                  JCN AZ ;                                                     
                  PSY2                                                         
                  DAC                                                          
                  JUN    2;                                                    
                  RLAST                                                        
     /X1          +X MOVEMENT                                                  
     X1,          LDM    1      /LOAD X ADDRESS                                
                  JMS    2;                                                    
                  LDADR                                                        
                  LDM    2      /OUTPUT X STEP 8(0010)                         
                  JUN    2;                                                    
                  FOUT                                                         
     /Y1          +Y MOVEMENT                                                  
     Y1,          CLB           /LOAD Y ADDRESS                                
                  JMS    2;                                                    
                  LDADR                                                        
                  LDM    4      /OUTPUT Y STEP (0100)                          
                  JUN    2;                                                    
                  FOUT                                                         
     /Z1          +Z MOVEMENT                                                  
     Z1,          FIM    P7     /ONE STEP ONLY                                 
                  1                                                            
                  JMS    2;                                                    
                  GTEST         /SET FINGER CNTL BIT                           
                  LDM    6      /OUTPUT Z STEP (0110)                          
                  JUN    2;                                                    
                  FOUT                                                         
     /Z2          -Z MOVEMENT                                                  
     Z2,          FIM    P7     /ONE STEP ONLY                                 
                  1                                                            
                  JMS    2;                                                    
                  GTEST                                                        
                  LDM    14     /OUTPUT -Z STEP (1110)                         
                  JUN    2;                                                    
                  FOUT                                                         
     /Y2          -Y MOVEMENT                                                  
     Y2,          CLB           /LOAD Y ADR                                    
                  JMS    2;                                                    
                  LDADR                                                        
                  LDM    12     /OUTPUT -Y STEP (1100)                         
                  JUN    2;                                                    
                  FOUT                                                         
     /X2          -X MOVEMENT                                                  
          X2,     LDM    1      /LOAD X ADR                                    
                  JMS    2;                                                    
                  LDADR                                                        
                  LDM    10     /OUTPUT -X STEPS (1010)                        
                  JUN    2;                                                    
                  FOUT                                                         
          /                                                                    
                  PAUSE                                                        
          /                                                                    
                                /PSX POSSIBLE +X MOVE TO PS1                   
          PSY1,   LD     12     /IF DEFETCH, EXIT HERE                         
                  DAC                                                          
                  JCN ANZ                                                      
                         ;                                                     
                  FEXIT                                                        
                  FIM    P7                                                    
                         8      /MOVE 8 STEPS                                  
                  CLC           /CLEAR FINGER CNTL BIT                         
                  LDM    4      /OUTPUT +Y STEPS (0100)                        
                  JUN    2;                                                    
                  FOUT                                                         
          /PSY2                 /STEP BACK DOWN (8) IF FETCH                   
          PSY 2,  LD     12     /IF DEFETCH SKIP THIS SECTION                  
                  DAC                                                          
                  JCN ANZ                                                      
                         ;                                                     
                  SEQ                                                          
                  FIM    P7     /SET UP STEPS                                  
                         8      /MOVE 8 STEPS (DWN)                            
                  CLB           /CLEAR FINGER CONTROL BIT                      
                  LDM    12     /OUTPUT -Y STEPS (1100)                        
                  JUN    2;                                                    
                  FOUT                                                         
          /                                                                    
          /PSY3                 /STEP UP OR DWN (1) IF DEFETCH                 
          PSY3,   LD     12     /IF FETCH, SKIP THIS SECTION                   
                  DAC                                                          
                  INC    11     /EXTRA FIS INCR FOR FINGER CNTL BIT            
                  JCN AZ ;                                                     
                  SEQ                                                          
                  FIM    P7                                                    
                         1                                                     
                  CLB                                                          
                  LDM    9      /TEST IF ARM IN (FIS=9)                        
                  SUB    11                                                    
                  JCN AZ ;                                                     
                  DWN           /IF SO, MOVE UP                                
                  LDM    4      /OUTPUT +Y STEP                                
                  JUN    2;                                                    
                  FOUT                                                         
          DWN,    LDM    12     /OUTPUT -Y STEP                                
                  JUN    2;                                                    
                  FOUT                                                         
                                /RLAST MOVEMENTS COMPLETE RESET                
                                /APPROPRIATE FLAGS                             
          RLAST,  LD     12     /IF FETCH, EXIT HERE                           
                  DAC                                                          
                  JCN AZ ;                                                     
                  FEXIT                                                        
                  CLB           /IF DEFETCH RESET FIS AND CONTINUE             
                  XCH    11                                                    
                  JUN    2;                                                    
                  SEQ                                                          
          FEXIT,  INC    12     /INCR SSW                                      
                  FIM    P7     /CLEAR FETCH WORKING STORAGE                   
                  0                                                            
                  CLB           /STOP ALL MOVEMENTS                            
     CC690        JUN 2;                                                       
                  FOUT                                                         
     SUBROUTINES                                                               
                                /THESE SUBROUTINES ON PAGE 0                   
                                /LOAD POINTERS: TO LOAD `LAST                  
                                PLAY` AND `NEXT PLAY` POINTER                  
                                INTO IR1                                       
                                /                                              
                                /ASSUMES LAST PLAY POINTER IN                  
                                REG 001 OF RD0 RAM CHIP 0                      
                                /                                              
                                /NEXT PLAY POINTER IN REG 001                  
                                OF RD1 RAM CHIP 0                              
     LDLP,        FIM    P0     /SET UP TO GET `LAST PLAY`                     
                  0      0                                                     
     A1,          SRC    0                                                     
                  RD0           /GET 1ST HALF OF `LAST PLAY`                   
                  XCH    2      /POINTER & STORE IN IR                         
                  RD1           /GET 2ND HALF OF `LAST PLAY`                   
                  XCH    3      /POINTER & STORE IN IR                         
                  BBL    0      /RETURN                                        
     /                                                                         
     /                                                                         
     LDNP,        FIM    P0     /SET UP TO GET `NEXT PLAY`                     
                  16     0                                                     
     A2,          SRC    0                                                     
                  RD0           /GET 1ST HALF OF `NEXT PLAY`                   
                  XCH    4      POINTER AND STORE IN IR                        
                  RD1           /GET 2ND HALF OF `NEXT PLAY`                   
                  XCH    5      POINTER & STORE IN IR                          
                  BBL    0      /RETURN                                        
     /                          /STORE POINTERS: TO STORE `NEXT                
     /                          /PLAY` AND `LAST PLAY` POINTERS                
     /                          /IN REG 0 & 1 OF RD0 and RD1                   
     /                          /OF RAM CHIP 0                                 
     /                                                                         
     /                          /ASSUME `LAST PLAY` POINTER IN                 
                                /IR1 and `NEXT PLAY` POINTER                   
                                /IN IR2                                        
     STLP,        FIM    P0     /SET UP TO STORE `LAST PLAY`                   
                  0      0                                                     
     A3,          SRC    0                                                     
                  LD     2      /LOAD 1ST HALF OF `LAST PLAY`                  
                  WRO           /POINTER AND SOTRE IN RAM                      
                  LD     3      /LOAD 2ND HALF OF `LAST PLAY`                  
                  WR1           /POINTER AND STORE IN RAM                      
                  BBL    0      /RETURN                                        
     /INCR POINTER: TO INCREMENT POINTER                                       
                                /ASSUMES POINTER IN IR1 (2&3)                  
     INCR,        CLC           /CLEAR                                         
                  LDM    15     /TEST TO SEE IF POINTER                        
                  SUB    3      /IS ON LAST RAM WORD                           
                  JCN AZ ;                                                     
                  LAST          /JUMP IF ACC=0                                 
                  INC    3      /INCR MEMORY NUMBER                            
                  BBL    0      /RETURN                                        
     LAST,        LD     2      /CHECK CHIP NUMBER                             
                  JCN AZ ;                                                     
                  CPO           /JUMP IF NOW CHIP 0                            
                  FIM    P1     /INITIALIZE TO CHIP 0                          
                  0      0      /MEMORY LOC 0                                  
                  BBL    0      /RETURN                                        
     CPO,         FIM    P1     /INITIALIZE TO CHIP 1                          
                  64     0      /MEMORY LOC 0                                  
                  BBL    0      /RETURN                                        
     STNP,        FIM    P0                                                    
                         16                                                    
                  SRC    P0                                                    
                  LD     4                                                     
                  WR0                                                          
                  LD     5                                                     
                  WR1                                                          
                  BBL                                                          
                  PAUSE                                                        
                                /                                              
                                /STORE: SAVE REG 8 IN RAM REG                  
                                /INDICATED BY ACC RAM LOC                      
                                /SPECIFIED BY IR1                              
                                /GET REGISTER POINTER AND                      
     STORE,       ADD    2      /INCREMENT APPROPRIATELY                       
                  XCH    2                                                     
                  SRC    P1     /SELECT RAM                                    
                  LD     8      /LOAD DATA TO ACC                              
                  WRM           /AND STORE IN RAM                              
                  SRC    P0     /SET UP FOR ANOTHER READ                       
                  BBL    0                                                     
                                /COMPARE POINTERS: TO CHECK IF                 
                                /`LAST PLAY` POINTER EQUALS                    
                                /`NEXT PLAY` POINTER                           
                                /                                              
                                /COMP1 ENTRY ASSUMES LAST PLAY                 
                                /AND NEXT PLAY POINTERS IN                     
                                /CORRECT REGISTERS                             
     COMP,        JMS    ;                                                     
                  LDNP          /LOAD POINTERS                                 
                  JMS    ;                                                     
                  LDLP                                                         
     COMP1,       CLC                                                          
                  LD     2      /LOAD 1ST HALF OF `LAST PLAY`                  
                  SUB    4      /SUB 1ST HALF OF `NEXT PLAY`                   
                  JCN    4;                                                    
                  EQ1           /JUMP IF EQUAL                                 
     UNEQ,        BBL    0      /UNEQUAL RETURN                                
     EQ1,         CLC                                                          
                  LD     3      /LOAD 2ND HALF OF "LAST PLAY"                  
                                /POINTER                                       
                  SUB    5      /SUB 2ND HALF OF NEXT PLAY                     
                  JCN ANZ                                                      
                         ;                                                     
                  UNEQ          /IF NOT 0, JMP TO UNEQUAL RET                  
                  BBL    1      /EQUAL RETURN                                  
                                /SUBROUTINE REJECT (REJ)                       
                                /IF PS PLAYING, STOPS PS AND                   
                                /RESETS PS SW                                  
     REJ,         LD     10     /TEST FOR PS PLAYING                           
                  RAR                                                          
                  JCN CZ ;                                                     
                  REJ1          /IF NOT, RETURN                                
                  LD     10     /SET PLAY BIT OF PSW TO NOT PLAY               
                  DAC                                                          
                  XCH    10                                                    
                  FIM    P2     /STOP PS                                       
                  17            /DS=1 D=1 (REJ)                                
                  JMS    2;                                                    
                  OUTP          /DS=2 D=0                                      
     REJ1,        BBL                                                          
                                /SUBROUTINE TO INCR NEXT PLAY                  
                                /POINTER (INCNP)                               
                                /INCREMENTS NEXT PLAY POINTER                  
     INCNP,       JMS    ;                                                     
                  LDNP          /LOAD NEXT PLAY POINTER                        
                  LD     4      /AND INCREMENT                                 
                  XCH    2                                                     
                  LD     5                                                     
                  XCH    3                                                     
                  JMS    ;                                                     
                  INCR                                                         
                  LD     2                                                     
                  XCH    4                                                     
                  LD     3                                                     
                  XCH    5                                                     
     END0,        BBL                                                          
                                /LOAD CURRENT FETCH X AND Y                    
                                /ADDRESSES INTO RSO-1                          
                                /BOTH FINT AND DFINT USE THIS                  
                                /SECTION                                       
     FETLD,       FIM    P2     /SET UP TO WRITE X & Y ADR                     
                         64                                                    
                  FIM    P0     /SET UP TO READ FETCH ADR REG 0-2              
                         64                                                    
                  LDM    10     /STORE TEMP                                    
                  XCH    8                                                     
                  CLB                                                          
                  SRC    0      /READ HIGHEST ORDER WORD (Y ADDRESS)           
                  RD2                                                          
                  RAR           /DIVIDE BY 2                                   
                  SRC    P2     /AND STORE IN HIGHEST PART OF Y ADR.           
                  WR0                                                          
                  INC    0                                                     
                  SRC    0      /GET NEXT HIGHEST WORD                         
                  RD2                                                          
                  JCN CZ ;                                                     
                  FETLD1                                                       
                  CLC                                                          
                  ADD    8      /ADD 10 TO ACC IF CARRY SET                    
     FETLD1,      CLC                                                          
                  RAR           /DIVIDE BY 2 WITH CARRY FROM HIGH              
                  SRC    P2     /ORDER WORD                                    
                  WR1           /STORE IN LOW ORDER Y ADR.                     
                  INC    4      /INCR STORE REG                                
                  SRC    P2                                                    
                  TCC           /STORE CARRY ONLY IN HIGH ORDER                
                  WR0           /X ADR                                         
                  INC    0                                                     
                  SRC    0                                                     
                  RD2           /READ LOW ADR. WORD                            
                  SRC    P2                                                    
                  WR1           /AND STORE                                     
                  BBL    0                                                     
                                /                                              
                                /SUBROUTINE MOVE FETCH ADR TO                  
                                /DEFETCH ADR LOCATION AND VISA-                
                                /VERSA CALLED BY PLAY-CUE TRANSFER             
                                /ALSO DISPLAYS CURRENT PLAY                    
     MOVE,        FIM    P0     /SET UP FOR REG 0, RAM 1                       
                         64                                                    
                  LDM    13     /SET UP LOOP                                   
                  XCH    8                                                     
                  FIM    P2     /SET UP FOR DISPLAY                            
                  208                                                          
     MO1,         SRC    0                                                     
                  RD2                                                          
                  XCH    5                                                     
                  RD3                                                          
                  WR2                                                          
                  LD     5                                                     
                  WR3                                                          
                  JMS    2;                                                    
                  OUTP                                                         
                  INC    4                                                     
                  INC    0                                                     
                  ISZ    8;                                                    
                  MO1                                                          
     END1,        BBL                                                          
     DISL,        LDM    7      /SELECT DISPLAY NUMERALS                       
                  XCH    4                                                     
                  SRC    P0     /GET MOST SIG. WORD                            
                  RD0           /FROM APPROPRIATE RAM                          
                  JMS    2;                                                    
                  OUT1          /AND DISPLAY                                   
                  INC    4      /REPEAT FOR OTHER TWO WORDS                    
                  SRC    P0                                                    
                  RD1                                                          
                  JMS    2;                                                    
                  OUT1                                                         
                  INC    4                                                     
                  SRC    P0                                                    
                  RD2                                                          
                  JMS    2;                                                    
                  OUT1                                                         
                  BBL           /RET                                           
                                /                                              
                                /OUTP: TO OUTPUT DATA STORED IN                
                                /REG 5 (OR AC) IN OUTPUT DEVICE                
                                / SELECTED BY REG 4                            
     OUT1,        XCH    5      /A4, ENTRY FOR DATA IN AC                      
     OUTP,        FIM    P1     /SET UP FOR DEVICE SELECT                      
                         48     SELECT ROM3                                    
                  SRC    P1                                                    
                  LD     4      /SELECT DEVICE                                 
                  WRR           /AND OUTPUT                                    
                  FIM    P1     /SET UP FOR DATA OUTPUT                        
                         32                                                    
                  SRC    P1                                                    
                  LD     5      /OUTPUT DATA                                   
                  WRR                                                          
                  BBL    0      /RETURN                                        
                  PAUSE                                                        
                                /FETCH SERVICE SUBROUTINES                     
                                /SUBROUTINE WDC (WORD COUNT)                   
                                /SUBROUTINE CHECKS AND DECREMENTS              
                                /FETCH                                         
                                /                                              
                                /                                              
                                /FETCH SERVICE SUBROUTINES                     
                                /                                              
                                /                                              
                                /SUBROUTINE WDC                                
                                /DECREMENTS TWO BCD NUMBERS IN P7              
                                /AND RETURNS WITH ACC=1 IFB                    
     WDC,         LD     15     /LOAD AND DECR LOW ODER ADR NUMBER             
                  JMS    2;                                                    
                  TEST          /*TI                                           
                  LD     15     /*TI                                           
                  JCN AZ ;                                                     
                  WD1                                                          
                  DAC                                                          
                  JCN AZ ;                                                     
                  WD1                                                          
                  XCH    15     /IF NONZERO, RESTORE AND RETURN                
                  BBL    0                                                     
     WD1,         LD     14     /CHECK AND DECR HIGH ORDER ADR                 
                  JCN AZ ;                                                     
                  WD2                                                          
                  DAC                                                          
                  XCH    14                                                    
                  LDM    10                                                    
                  XCH    15                                                    
                  BBL    0                                                     
     WD2,         BBL    1      /LAST STEP RETURN                              
                                /SUBROUTINE LDADR(ADDRESS LOAD)                
                                /GET EITHER X (IF ACC=1) OR Y                  
                                /(IF ACC=0) DECODED ADR FROM RAM               
                                /AND STORE IN FETCH WORKING                    
                                /STORAGE (P7)                                  
     LDADR,       CLC                                                          
                  FIM    P2                                                    
                         64                                                    
                  ADD    4      /SELECT EITHER X (REG 1) OR Y                  
                                /(REG 0)                                       
                  XCH    4      /BASED ON ACC (0 OR 1)                         
                  SRC    P2                                                    
                  RD0                                                          
                  XCH    14                                                    
                  RD1                                                          
                  XCH    15                                                    
                  BBL                                                          
                  PAUSE                                                        
                                /                                              
                                /SUBROUTINE GTEST                              
                                /DETERMINES WHETHER TO GRAB OR                 
                                /NOT GRAB BASED ON FIS, COMPLEMENTED           
                                /BY SSW (LSB=1 IF FETCH, 0 IF DEFETCH          
     GTEST,       CLB                                                          
                  LD     11     /LSB=1 IF AT STORAGE STATION-IN                
                                /OR AT PLAY STATION-OUT                        
                  ADD    12     /COMPLEMENT LSB IF FETCH                       
                  RAR           /ISOLATE LSB AND STORE TEMP IN CY              
                  CMC           /COMPLEMENT CY                                 
                  BBL           /                                              
                                /SECTION TO OUTPUT DATA IN ACC                 
                                /TO FETCH CNTROL LATCH (LATCH E)               
     FOUT,        XCH    8      /STORE TEMP                                    
                  TCC           /TRANSFER CARRY(FINGER CONTROL)                
                  ADD    8      /ADD MOTOR CONTROL                             
                  XCH    5      /STORE FOR OUTPUT                              
                  LDM    4      /SELECT OUTPUT DEVICE 4                        
                  XCH    4      /(CATCH E)                                     
                  LD     5      /*TI                                           
                  JMS    2;                                                    
                  TEST          /*TI                                           
                  JMS    2;                                                    
                  OUTP          /AND OUTPUT                                    
     END2,        BBL                                                          
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for storing and retrieving information contained within
      discrete information-bearing modules, comprising:
PA1  a. a fixed storage area for storing a plurality of discrete
      information-bearing modules in a two-dimensional array, each of said
      modules having a designated location within said array;
PA1  b. a fixed processing station remotely situated from said fixed storage
      area for extracting information from individual modules;
PA1  c. a movable selection mechanism having three degrees of freedom for
      retrieving an individual module from said storage area and for
      transferring it to said fixed processing station and for restoring the
      same to its designated position within said storage area after information
      has been extracted therefrom;
PA1  d. memory means remote from said storage area for storing a predetermined
      schedule of modules to be sequenced through said fixed processing station;
PA1  e. input means for enabling said predetermined schedule of modules to be
      entered in said memory means;
PA1  f. means for automatically controlling said selection mechanism to
      sequentially retrieve, process and restore modules according to said fixed
      predetermined schedule stored in said memory means; and
PA1  g. additional means for initializing each information-bearing module before
      next being processed at said fixed processing station.
NUM  2.
PAR  2. A system as in claim 1 wherein said automatic control means operates to
      sequence said modules on the basis of the first module entered in said
      memory means is the first module sequenced.
NUM  3.
PAR  3. A system as in claim 1 wherein said storage area comprises a generally
      cylindrical volume having an open central core along the axis thereof for
      accepting said selection mechanism, and having a plurality of compartments
      therein for storing modules, said compartments being accessible by said
      selection mechanism for retrieving and restoring said modules.
NUM  4.
PAR  4. A system as in claim 3 wherein said selection mechanism includes a
      gripping mechanism for selectively engaging a module and includes means
      for moving said gripping mechanism along the axis of said cylinder, for
      rotating said gripping mechanism about said axis, and for moving said
      gripping mechanism radially of said axis to retrieve or restore a selected
      module.
NUM  5.
PAR  5. A system as in claim 1 wherein said modules comprise magnetic tape
      cassettes and wherein said processing station includes a magnetic tape
      pick-up assembly.
NUM  6.
PAR  6. A system as in claim 5 wherein said input means comprises a keyboard.
NUM  7.
PAR  7. A system as in claim 1 wherein said storage area comprises a generally
      rectilinear volume having a plurality of compartments therein for storing
      modules, said compartments being accessible by said selection mechanism
      for retrieving and restoring said modules.
NUM  8.
PAR  8. A system as in claim 1 wherein said automatic controlling means includes
      means for automatically shutting down the system after said predetermined
      schedule has been completed.
NUM  9.
PAR  9. A system for storing and retrieving information contained within
      discrete information-bearing modules, comprising:
PA1  a. a fixed storage area for storing a plurality of discrete
      information-bearing modules in a two-dimensional array, each of said
      modules having a designated location within said array;
PA1  b. a fixed processing station remotely situated from said fixed storage
      area for extracting information from individual modules;
PA1  c. a fixed pre-processing station remotely situated from said storage area;
PA1  d. means for transferring a module within said pre-processing station to
      said processing station and returning the module back to said
      pre-processing station after information has been extracted therefrom; and
PA1  e. a selection mechanism having three degrees of freedom for retrieving an
      individual module from said storage area and for transferring it to said
      preprocessing station and for restoring the same to its designated
      position within said storage area after it has been returned to said
      pre-processing station.
NUM  10.
PAR  10. A system as in claim 9 including:
PA1  a. memory means remote from said storage area for storing a predetermined
      schedule of modules to be sequenced through said fixed processing station;
PA1  b. input means for enabling siad predetermined schedule of modules to be
      entered in said memory means; and
PA1  c. means for automatically controlling said selection mechanism to
      sequentially retrieve, process and restore modules according to said
      predetermined schedule stored in said memory means.
NUM  11.
PAR  11. A system as in claim 10 wherein said memory means additionally includes
      means for storing intra-module addresses to selected portions within a
      given module, said input means including means for enabling said
      intra-module addresses to be entered in said memory means, and wherein
      said pre-processing station includes means for cuing up said selected
      portions, if any, for each module prior to being transferred to said
      processing station, whereby the overall access time of the system is
      reduced.
NUM  12.
PAR  12. A system as in claim 11 wherein the information is stored linearly
      within said modules and wherein said cuing means cycles through said
      linearly stored information until it locates the addressed selected
      portion.
NUM  13.
PAR  13. A system as in claim 12 wherein said pre-processing station
      additionally includes means for de-cuing a module after returning from
      said processing station whereby said module is returned to its normal
      storage state.
NUM  14.
PAR  14. A system as in claim 11 wherein said pre-processing station
      additionally includes means for de-cuing a module after returning from
      said processing station whereby said module is returned to its normal
      storage state.
NUM  15.
PAR  15. A system as in claim 12 wherein said automatic control means operates
      to sequence said modules on the basis of the first module entered in said
      memory means is the first module sequenced.
NUM  16.
PAR  16. A system as in claim 12 wherein said storage area comprises a generally
      cyclindrical volume having an open central core along the axis thereof for
      accepting said selection mechanism, and having a plurality of compartments
      therein for storing modules, said compartments being accessible by said
      selection mechanism for retrieving and restoring said modules.
NUM  17.
PAR  17. A system as in claim 14 wherein said selection mechanism includes a
      gripping mechanism for selectively engaging a module and includes means
      for moving said gripping mechanism along the axis of said cylinder, for
      rotating said gripping mechanism about said axis, and for moving said
      gripping mechanism radially of said axis to retrieve or restore a selected
      module.
NUM  18.
PAR  18. A system as in claim 13 wherein said modules comprise magnetic tape
      cassettes and wherein said processing station includes a magnetic tape
      pick-up assembly.
NUM  19.
PAR  19. A system as in claim 18 wherein said input means comprises a keyboard.
NUM  20.
PAR  20. A system as in claim 12 wherein said storage area comprises a generally
      rectilinear volume having a plurality of compartments therein for storing
      modules, said compartments being accessible by said selection mechanism
      for retrieving and restoring said modules.
NUM  21.
PAR  21. A system as in claim 10 wherein said automatic controlling means
      includes means for automatically shutting down the system after said
      predetermined schedule has been completed.
NUM  22.
PAR  22. A system as in claim 18 wherein said intra-module addresses comprise
      identification of non-recorded blanks between recordings on said magnetic
      tape.
NUM  23.
PAR  23. A system as in claim 11 wherein said intra-module addresses comprise
      identification of non-recorded blanks between recordings on said magnetic
      tape.
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ABST
PAL  A document containing analog data is vacuum retained on a transparent
      rotating drum. A data illumination head and a light responsive reading
      head are mounted on a carriage which moves parallel to the axis of
      rotation. The heads transversely scan the existing analog data as the drum
      rotates generating a digital new data base. The carriage is supported on
      air bearings that constrain movement in pitch, yaw and roll, and is driven
      by a precision lead screw. The sample rate of the read head is controlled
      by a step accumulator in response to a shaft encoder which monitors the
      drum rotation.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a data convertor system, and more particularly to
      a large system having rotary and traverse scanning motions.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore rotary digitizers have employed mechanical slides or rolling
      contact mounted carriages to provide the traverse scan motion. The moving
      surface to stationary surface contact transmits externally generated
      vibrations into the carriage causing distortions in the data reading.
PAR  It is therefore an object of this invention to provide a rotary digitizer
      in which the traverse bearing isolates the carriage from external
      mechanical disturbances.
PAR  Further, the surfaces of the traverse motion were never completely free of
      warpage and machine error. These small imperfections generated low
      intensity high frequency vibrations within the traverse carriage which
      introduced tiny errors in the data reading. In a high resolution device
      such tiny errors are unacceptable.
PAR  It is, therefore, another object of this invention to provide a high
      resolution rotary digitizer in which mechanical imperfections in the
      traverse bearing structure do not cause sampling error.
PAR  The mechanical contact of the traverse surfaces of the prior art digitizers
      caused standing friction which inhibited increments of traverse motion.
      The traverse force required to overcome this standing friction caused a
      start-up jerk which required a finite time interval to subside or
      stabilize. Damping devices were sometimes required to absorb the start-up
      disturbance.
PAR  It is, therefore, a further object of this invention to provide a rotary
      digitizer having a traverse bearing not subject to standing friction.
PAR  The contact of the traverse surfaces introduced motion friction resulting
      in mechanical wear. The closely machined surfaces ultimately deteriorated
      until the resolution requirements could not longer be maintained.
PAR  It is, therefore, an additional object of this invention to provide a
      rotary digitizer in which the traverse motion is free from moving friction
      and operational wear.
PAR  The pitch, yaw, roll and height position of the prior art carriage were
      fixed at the installation of the carriage, or were adjustable during
      standstill or non-scan conditions. The tilt position of the carriage could
      not conveniently be adjusted or reset during operation of the digitizer.
PAR  It is, therefore, still another object of this invention to provide a
      rotary digitizer in which the pitch, yaw, roll, and height characteristics
      of the traverse motion may be adjusted during operation of the digitizer.
PAR  The alignment retaining forces of the prior art traverse motion were also
      fixed at installation. No adjustment was convenient for changing the
      mechanical response time of the traverse system during operation.
      Oscillations generated during operation could not be tuned out. Errors in
      traverse motion alignment could not be compensated for during operation.
PAR  It is, therefore, still a further object of this invention to provide a
      rotary digitizer in which the spring rate or response time of the traverse
      motion system may be adjustable during operation.
PAR  Briefly, these and other objects are accomplished by providing a hollow
      rotating drum for retaining the existing data base. The bearing at one end
      of the drum has a large bore permitting an arm of a traverse carriage to
      enter the drum. The carriage has another arm extending outside of the
      carriage. The arms carry an illumination head and a reading head which
      scan the surface of the existing data base as the drum rotates and the
      carriage traverses. An air bearing is provided between the carriage and a
      guide surface to establish a friction free, vibration isolating traverse
      motion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further objects and advantages of the present data convertor and the
      operation thereof will become apparent from the following detailed
      description taken in conjunction with the drawings in which:
PAR  FIG. 1 is an isometric view of the complete rotary digitizer system;
PAR  FIG. 2 is a side view in section along lines 2--2 of FIG. 1 showing the
      internal structure of the drum and the optical system mounted on the
      carriage;
PAR  FIG. 3 is a plan view of an aerial photograph data medium showing fiducial
      marks and registration slots;
PAR  FIG. 4 is an elevation view in section of a swivel air pad used in the air
      bearing of FIG. 1;
PAR  FIG. 5 is a top view in section along lines 5--5 of FIG. 1;
PAR  FIG. 6 is an isometric view of a zero deviation embodiment showing the
      scanning spot positioned at the intersection of the pitch, yaw, and roll
      axes;
PAR  FIG. 7 is a front view of a bevel guide surface embodiment in which the
      vertical and lateral forces are provided by a single air thrust on each
      bevel surface; and
PAR  FIG. 8 is an end view taken along lines 8--8 of FIG. 1 showing the coupling
      between the encoder and the drum drive shaft.
DETD
PAR  FIG. 1 shows a data convertor system 10 with a rotating transparent drum 12
      for supporting a data medium 14. The original data on medium 14 is read by
      scanner 16 as drum 12 is turned on a shaft 17 by a drum drive 18.
PAR  Scanner 16 advances axially along a lead screw 20 incrementally turned by a
      stepping motor 22. A drive controller 24 coordinates the radial and axial
      motion between medium 14 and scanner 16; and an accumulator device 26
      periodically activates scanner 16 in response to an encoder 28 which is
      mounted on the axis of drum 12 for monitoring the rotation thereof. The
      existing data base of medium 14 is read and processed in digital form as a
      new data base into a storage device 30. The entire convertor system 10 is
      mounted on a suitable foundation such as a granite slab 32 which is
      vibration-isolated by a servo-controlled three-point suspension air cusion
      34.
PAR  Drum 12 of the FIG. 1 example is a glass cylinder 33 inches long having an
      outside diameter of 15.25 inches for supporting a data film 35 .times. 35
      having a data area of 30 .times. 30 inches. Larger drums may be provided
      for larger data films. A cylinder wall thickness of 0.50 inches is
      sufficient to rigidly support medium 14. Drum 12 is preferably mounted on
      end bells 40 and 42 which fit snugly into the ends of drum 12. Driving end
      bell 40 supports the front end of glass drum 12 and rests on a suitable
      support structure such as duplex front bearings 44 which radially bears
      the drum weight, but prevents axial movement. Pin 46 cooperates with
      aligned notches along the interface of driving bell 40 and the front edge
      of drum 12 to transmit driving torque and reduce slippage. The rear of
      drum 12 is supported by driven end bell 42 which rests on a wide bore rear
      bearing 48 shown in the broken away portion of FIG. 1. Rear end bell 42
      idles and does not require a pin and notch feature. Rear bearing 48 is
      preferably a radial type which allows axial movement of bell 42 for
      accommodating thermal expansion of drum 12. The drum, end bells, and
      bearings are supported above slab 32 by front and rear legs 50, providing
      room thereunder for the lower arm of scanner 16. Scanner 16 is mounted on
      an optical carriage 60, which is vertically supported and laterally
      aligned by an air slide bearing 62. Air slide bearing 62 has large
      diameter swivel-mounted air pads threaded into it. The swivel pads 140
      bear vertically against table surface 64 and lateral guide blocks 66. The
      swivel features reduces the manufacturing tolerances of the air pads (See
      FIGS. 4 and 5). Table surface 64 and the side surfaces of guide blocks 66
      are maintained to a flatness of 0.000150 inch. The large diameter pads
      provide the vertical and alignment forces required, and in addition
      integrate out small variations in the straightness and flatness of table
      surface 64 and guide surfaces 66. Carriage 60 advances along lead screw 20
      as stepping motor 22 is activated by controller 24. A pusher rod 70
      extends from carriage 60 and contacts a nut or rider flange 72 which moves
      on lead scrw 20. Rider 72 has a threaded collar 73 which engages lead
      screw 20 over a length of 2 inches in the FIG. 1 embodiment to reduce
      thread error. The rider-pushrod contact is maintained as rider flange 72
      moves along lead screw 20 by a suitable spring device such as constant
      torque spool 76 which is connected to carriage 60 by a cable 74. The
      free-abutting contact between pushrod 70 and rider flange 72 prevents the
      transmission of lateral pitch and yaw forces into carriage 60. A shock
      absorber 78 positioned between pushrod 70 and rider flange 72 protects the
      system during film-loading and maintenance operations. Cable 74 preferably
      extends parallel to the traverse motion and axis of rotation, and is
      positioned with respect to the pushrod 70 so as to prevent lateral
      displacement (yaw motion) of carriage 60.
PAR  FIG. 2 shows an upper arm 80 of carriage 60 extending into drum 12 through
      large bore bearing 48, and a lower arm 82 extending under drum 60. Lower
      arm 82 carries a suitable light source such as laser 84 providing a
      horizontal laser beam incident onto a penta-prism 86 which refracts the
      beam upwards into a lens 88. Lens 88 focuses the laser beam onto data
      medium 14 forming an illuminated scanning spot 90 having a diameter
      consistent with the resolution of convertor 10. Light spot 90 moves
      axially on data medium 14 as carriage 60 advances. The rotation of drum 12
      simultaneously with this slow axial movement causes spot 90 to scan the
      entire surface of the data area on medium 14. For each scanning rotation
      of drum 12, stepping motor 22 turns a miniumum of one step, causing lead
      screw 20 to axially advance and traverse carriage 60 a small increment
      which defines the traverse resolution of convertor 10. If desired, one or
      several rotations of drum 12 may elapse between scanning rotations to
      permit carriage 60 to advance and stabilize. The diameter of light spot 90
      is preferably no greater than the traverse step of carriage 60, and the
      rotational distance between data samples.
PAR  The laser beam passes through data medium 14 acquiring data modulation on
      an analog or greyscale basis in accordance with the opacity or
      transparency of medium 14. The darker the data image on medium 14, the
      lower becomes the intensity of the modulated beam. If the original data
      medium 14 has a binary-two state base, the beam will have two intensities
      of modulation, a high intensity for the clear areas of medium 14 and a low
      intensity for the dark areas. The beam continues upward through the
      cylinder wall of drum 12 striking read lens 92 which is mounted on upper
      arm 80 directly above spot 90. Read lens 92 focuses the modulated beam
      into a read penta-prism 94 which refracts the beam horizontally through
      end bell 42 toward the main portion of carriage 60.
PAR  A light sensor 96 receives the modulated laser beam and processes the data
      samples from medium 14 through an output cable 98 to data storage 30
      during the scanning rotations. The new data base in storage 30 may have
      grey-scale states or may be binary two state. Light sensor 96 is
      responsive to sample rate coordinator 26 at control input 99 ot pass data
      samples at predetermined arcuate intervals of rotating drum 12. The
      arcuate interval is the distance between data samples on medium 14 and may
      be controlled by adjusting the step increment or COMPARE condition in
      sample rate coordinator 26 as described in copending application Ser. No.
      499,273 by Ansis Pommers and Robert Lotz entitled, "Sample Rate
      Coordinator and Data Handling System" filed herewith and assigned to the
      present assignee. The sampling interval defines the resolution of the new
      data base passing into data storage 30 along the circumferential dimension
      of the old data base of medium 14. The resolution along the axial
      dimension may be controlled by adjusting the stepping rate of motor 22
      which advances carriage 60 along lead screw 20. Allowing more steps
      between each scanned rotation causes larger axial steps which reduce the
      resolution of the new data base. The axial step may be reduced by reducing
      the stepping rate of motor 22, or by changing the linkage ratio in gear
      box 100 which may be included in the system to connect stepping motor 22
      to lead screw 20. Both the axial resolution (stepping rate) and the
      rotational resolution (sample rate) of the new base may be reduced to
      increments smaller than the residual vibration of drum 12. The resolution
      limitation of data convertor system 10 is determined by the tolerance of
      bearings 44 and 48, the stiffness of legs 50, the mass of slab 32, and the
      isolation of air cushion 34.
PAR  In the example of FIGS. 1 and 2, the resolution is limited to about 1/2
      mil. In this example, drum 12 is 151/4  inches in diameter and turns at
      four revolutions per minute leaving 160 microseconds for sampling each 1/2
      mil circumferential step. Higher resolving power may be obtained by
      providing suitable supporting structures, and faster sampling circuitry.
PAR  In order to obtain the highest resolution, it is preferred that the laser
      beam pass through data medium 14 prior to passing through the cylinder
      wall of drum 12. The beam is optically diffused slightly by the glass in
      the cylinder wall, and also to some extent by the film thickness of data
      medium 14. This diffusion causes a certain arbitrariness in the size of
      spot 90. It is preferred that this lack of definition of spot 90 occurs on
      the digital or read side of medium 14, and that the analog or illumination
      side have a crisp finely focused spot capable of resolving the detail of
      medium 14. Data medium 14 could clearly be mounted around the inside
      surface of drum 12, in which case the laser head would be mounted inside
      drum 12 proximate medium 14 and the read head mounted outside for the
      optimum resolution.
PAR  In the example of FIGS. 1 and 2, data medium 14 is mounted around the
      outside of drum 12 and positioned by registration slots 109 on film 14 and
      registration pins 110 preferably, pins 110 are mounted on double eccentric
      111 to permit precise positioning of film 14. Data medium 14 is retained
      in place by a peripheral vacuum groove 112 which urges the edges or
      sealing border 113 of medium 14 (See FIG. 3) against the surface of drum
      12. The vacuum is provided to groove 112 through a vacuum port 114 leading
      through the cylinder wall into the interior of drum 12. Port 114 connects
      to a short vacuum hose 116 which communicates with a rotating elbow vacuum
      connector 118 positioned inside drum 12 on the end of hollow turning shaft
      17. Elbow 118 is caused to rotate by driver 119 so as to relieve hose 116
      of strain. A vacuum line 122 extending through the interior of hollow
      shaft 17 connects at one end to rotating elbow 118 and at the other end to
      a vacuum source 120. Additional ports 114 and hoses 116 may be provided in
      drum 12 for distributing the vacuum force throughout peripheral groove
      112. A vacuum force of 5 to 10 psi is suitable for 35 inch .times. 35 inch
      films, and may varied to accommodate other film sizes and conditions.
PAR  After data medium 14 has been mounted on drum 12, visible air pockets may
      be eliminated by hand squee-geeing them into vacuum groove 112. The
      presence of air bubbles disturbs the position correspondence between film
      14 and the surface of drum 12 introducing error into the new data base.
      Sub-visible air bubbles differentially migrate slowly toward groove 112
      through microscopic channels caused by the surface roughness of drum 12,
      grain boundaries in film 14, etc.
PAR  Once data medium 14 is in intimate contact, drum 12 is checked for
      alignment. It is preferable that the center line of drum 12 be coaxial
      with drive shaft 17 and parallel with lead screw 20. If the coaxial
      condition is not met, drum 12 will wobble destroying the correspondence
      between the X and Y axis of film 14 and the rotational and traverse
      scanning motion. If the parallel condition is not met, drum 12 will rotate
      out-of-round defocussing spot 90 and introducing error in the position of
      spot 90. Both conditions must be met within the resolution requirement of
      convertor 10. The alignment is corrected by providing a suitable drum
      positioning device such as drum shoes 126 mounted in end bells 40 and 42
      along the inner surface of drum 12. Shoes 126 are radially positioned by
      turning adjustment screws 128 accessible from the inside of drum 12
      causing drum 12 to tilt into the coaxial-parallel position. Preferably,
      three aligning shoes 126 are provided spaced about the periphery of each
      end bell with additional locking shoes to further secure the position of
      drum 12 after alignment. The alignment of drum 12 may be established and
      periodically confirmed by observing the size and position of spot 90 from
      the inside of drum 12 through a bore sight 130. The spot image is provided
      at sight 130 by a suitable optical device such as a half silvered mirror
      132 mounted between read prism 94 and photo sensor 96.
PAR  The alignment of X and Y centerline fiducial marks 134 of film 14 (See FIG.
      3) also be monitored through bore sight 130. The longitudinal axis is
      positioned parallel with lead screw 20 by adjusting double eccentrics 111
      are of equal eccentricity and provide about .+-.60 mils to accommodate
      mechanical skew-error between the positions of fiducial marks 134 and
      slots 109. Further, eccentrics 11 can accommodate image skew-error between
      fiducial marks 134 and the X and Y axis of data area 136 on film 14 (See
      FIG. 3).
PAR  FIG. 4 shows a swivel air pad assembly 140 mounted in carriage slide 62
      used to establish air bearing convertor 10. A pad member 142 pivots about
      a swivel joint 144 to maintain the flat pad surface 146 of pad 142 paralel
      to table surface 64 of slab 32. Air bearing 61 is maintained by air
      pressure from an air hose 142 extending through slide 62. The air passes
      downward through a center channel 150 in assembly 140 and then
      horizontally through an air bearing gap 152 between flat surface 146 and
      table surface 64. Pad assembly 140 has a threaded cylindrical housing 154
      which mates with a threaded cylindrical sleeve 156 cast into carriage
      slide 62. Assembly 140 may be screwed upward into slide 62 or downward
      toward slab 32 to adjust the height H of slide 62. Gap 152 is maintained
      constant by the air rushing therethrough, and turning assembly 140 changes
      the position of slide 62.
PAR  FIG. 5 shows four pairs of swivel air pads for vertically elevating slide
      62 and carriage 60 above table surface 64 and laterally positioning slide
      62 between guide blocks 66. A first pair of forward vertical pads 160a and
      160b are supplied with pressure regulated air through pressure hose 162
      from regulator 164. A second pair of rear vertical pads 170a and 170b are
      supplied with pressure regulated air through pressure hose 172 from
      regulator 174. Air pads 160 and 170 cooperate to maintain slide 62 in a
      level position above table 64. Differentially, adjusting the pressure
      provided by regulators 164 and 174 will vary the pitch of slide 62 and the
      spacing of the illumination head and read head from the wall of drum 12.
      The height and pitch of slide 62 may also be controlled by extending or
      retracting pads 160 and 170. The roll of slide 62 may be adjusted by
      extending air pads 160a and 170a together or pads 160b and 170b together.
      A third pair of left lateral air pads 180a and 180b  are supplied with
      pressure regulated air through hose 182 from regulator 184, and a fourth
      pair of right lateral air pads 190a and 190b are supplied with pressure
      regulated air throught hose 192 from regulator 194. Differentially
      adjusting the air pressure provided by regulators 184 and 194 will vary
      the lateral position of slide 62 and the position of the scanning head and
      reading head relative to drum 12. The yaw position and the lateral gap may
      be adjusted by extending or retracting pads 180 and 190. Increasing the
      air pressure uniformly to lateral pad pairs 180 and 190 will increase the
      stiffness or response of the lateral air bearing. Carriage 60 together
      with slide 62 weighs about 400 pounds and a vertical air pressure of about
      45 psi is suitable to maintain a one mil vertical gap between the vertical
      air pads 160 and 170 and table 64. A lateral air pressure of about 40 psi
      is suitable to maintain the lateral gap which was adjusted to one mil by
      extending pads 180 and 190. Clearly, other air pressure configurations are
      possible to provide the pitch, roll, and yaw positioning. For examples,
      each air pad may be independently pressure adjusted to orient slide 62.
PAR  The swivel feature of the air pads permits them to self align with table 64
      and lateral sides 66. Flat surface 146 reaches a pressure equilibrium with
      the opposed bearing surface which constantly shifts in response to
      imperfections in the bearing surfaces or alignment. The importance of
      machining tolerances of the bearing surfaces is thus reduced. The swivel
      pad also accommodates orientation imperfections in casing threaded sleeve
      156 into slide 62 and out-of-flat conditions of pad surface 146 by
      pivoting to maintain a generally uniform gap spacing across pad surface
      146.
PAR  FIG. 6 shows a zero deviation embodiment of convertor 10 in which carriage
      base 210 and foundation slab 212 have a spaced configuration permitting
      spot 90 on drum 12 to appear at the point of zero yaw, zero pitch, and
      zero roll deviation. The point of zero deviation is the intersection of
      the yaw axis 214, pitch axis 216, and roll axis 218. As the carriage (not
      shown) on base 210 traverses parallel to the axis of drum rotation, the
      focus of zero deviation points forms a line which is parallel to the
      traverse motion and approximately tangent to the surface of the film 14 on
      drum 12, and coincides with the axis of roll 218. The zero deviation
      embodiment minimizes distortions in the new data base produced by spurious
      movements of base 210.
PAR  FIG. 7 shows a single component embodiment employing a pair of beveled
      guide surfaces 230 for air bearing 232. Both the vertical and lateral
      components are provided in a single air thrust perpendicular to each
      surface 230. Bearing 232 can be established and fully controlled as to
      pitch, yaw and roll positioning by two pairs of air pads 234, one pair
      thrusting against each bevel surface 230.
PAR  FIG. 8 shows a force coupling device 240 connected between shaft 17 and
      encoder 28 for eliminating lateral bending forces that could damage
      encoder 28 or create spurious outputs from it. An eccentric pin 242
      extending from the input rotor 244 of encoder 28 engages a driving dog 246
      mounted on the end of drive shaft 17. As torque motor 18 rotates shaft 17
      and drum 12, dog 246 applies a pure linear force against pin 242 which
      produces a pure torsion force for turning encoder 28. Extraneous bending
      moments, vibrations and torsion are eliminated from encoder 28. A spring
      248 constantly urges dog 246 into contact with pin 242 to negate the
      effect of any small variations in drive speed. Preferably, pin 242 and dog
      246 have circular cross sections permitting them to tangentially engage at
      universally pivot table point 250. The pivoting action at point 250
      prevents the transmission of unwanted moments that would damage encoder 28
      and generate false counts.
PAR  It will be apparent to those skilled in the art, that various changes may
      be made in the described convertor system and technique. Accordingly, the
      scope of the invention should be determined by the wording of the
      following claims and their legal equivalents.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A system for reading an original data base and new data base,
      comprising:
PA1  an annular member adapted to retain the original data base;
PA1  means for rotatably supporting the annular member;
PA1  rotary drive for turning the annular member on the bearing means about an
      axis of rotation;
PA1  scanning member for illuminating and reading the original data base;
PA1  traverse drive for establishing relative traverse motion between the
      members parallel to the axis of rotation by moving at least one of the
      members;
PA1  guide means for retaining the members in parallel relationship during the
      traverse motion;
PA1  drive controller for coordinating the rotary drive and traverse drive to
      scan the desired area of the original data base and establish the desired
      format of the new data base; and
PA1  air bearing means for spacing the traversely movable member from the guide
      means during the traverse motion for reducing the friction and vibration
      coupling therebetween.
NUM  2.
PAR  2. The system of claim 1, wherein the air bearing means has a vertical
      component for lifting the traversely movable member and a lateral
      component for maintaining the spacing between the traversely movable
      member and the guide means.
NUM  3.
PAR  3. The system of claim 2, wherein the guide means define a generally
      horizontal surface and two spaced non horizontal surfaces; and
PA1  the vertical component is provided by air pads mounted on the traversely
      movable member downwardly directed against the horizontal guide surface,
      and the lateral component is provided by opposed air pads mounted on the
      traversely movable member and directed sideways against the spaced non
      horizontal guide surfaces.
NUM  4.
PAR  4. The system of claim 3, wherein the air, pressures in the downwardly
      directed air pads are adjustable to provide height positioning of the
      traversely movable member.
NUM  5.
PAR  5. The system of claim 4, wherein the air pressures in the downwardly
      directed air pads are differentially adjustable to provide pitch
      positioning of the traversely movable member.
NUM  6.
PAR  6. The system of claim 4, wherein the air pressure in the downwardly
      directed air pads are differentially adjustable to provide roll
      positioning of the traversely movable member.
NUM  7.
PAR  7. The system of claim 2, wherein the traverse drive moves the scanning
      member traversely in step increments between rotor scans, and the air
      bearing reduces mechanical disturbance incident to each stop by minimizing
      standing friction.
NUM  8.
PAR  8. The system of claim 7, wherein the traverse drive comprises:
PA1  a threaded lead member;
PA1  means for turning the lead member;
PA1  a threaded rider means mounted on the lead member which abuttingly engages
      the scanning member, and is displaced along the lead member as the lead
      member is turned for establishing the traverse motion of the scanning
      member.
NUM  9.
PAR  9. the system of claim 8, wherein the means for turning the lead member is
      a stepping motor for displacing the threaded rider means a predetermined
      amount for each motor step.
NUM  10.
PAR  10. The system of claim 9, wherein a cable with one end wound on a constant
      torque spool is secured at the other end to the scanning member for urging
      the scanning member into contact with the threaded rider.
NUM  11.
PAR  11. The system of claim 10, wherein the cable extends parallel to the
      direction of traverse motion along the center line of the scan member to
      avoid developing turning moments in the scanning member.
NUM  12.
PAR  12. The system of claim 7, wherein the annular member is light transparent
      and is hollow having an inside surface and an outside surface, one surface
      of which is adapted to retain the original data base;
PA1  the scanning member has an inside arm extending into the annular member for
      scanning the inside surface and an outside arm for scanning the outside
      surface; and
PA1  an illumination head is head mounted on one of the arms and a light sensor
      reading head is mounted on the other arm.
NUM  13.
PAR  13. The system of claim 12, wherein the outside surface is adapted to
      retain the original data base, the illumination head is mounted on the
      outside arm, and the reading head is mounted on the inside arm.
NUM  14.
PAR  14. The system of claim 3, wherein:
PA1  the annular member is a light transparent hollow cylinder;
PA1  the scanning member comprises:
PA2  an inner support extending into the interior of the hollow cylinder
      proximate the inside surface thereof,
PA2  an outer support extending proximate the outside surface of the cylinder,
PA2  a light source device mounted on one of the supports for illuminating the
      hollow cylinder, and
PA2  a light sensitive device mounted on the other one of the supports;
PA1  the scanning member is traversely movable and adjustable in pitch, yaw, and
      roll orientation to position the light device relative to the hollow
      cylinder and to maintain the traverse motion parallel to the axis of
      rotation of the hollow cylinder.
NUM  15.
PAR  15. The system of claim 14, wherein the bearing means include end means at
      each end of the hollow cylinder, and further include shoe means for
      engaging the hollow cylinder which shoes are position adjustable for
      adjusting the tilt or pitch and yaw orientation of the hollow cylinder.
NUM  16.
PAR  16. The system of claim 14, wherein the hollow cylinder includes
      selectively positioned double eccentric registration pins adapted to
      engage registration slots on the original data base for properly
      orientating the original data base on the hollow cylinder.
NUM  17.
PAR  17. The system of claim 14, wherein the light source device provides a spot
      of light which is modulated by the original data base and then detected by
      the light sensitive device, and which spot is incident on the surface of
      the hollow cylinder proximate the intersection of the pitch axis, the yaw
      axis, and the roll axis.
NUM  18.
PAR  18. The system of claim 4, wherein the air pressure in the laterally
      directed air pads is adjustable to provide yaw positioning of the
      traversely movable member.
NUM  19.
PAR  19. The system of claim 4, wherein the air pads are swivel-mounted to
      maintain a close clearance with the adjacent guide surfaces.
NUM  20.
PAR  20. The system of claim 4, wherein the downwardly directed air pads are
      adjustable in extension to provide pitch and roll positioning of the
      traversely movable member.
NUM  21.
PAR  21. The system of claim 4, wherein the laterally directed air pads are
      adjustable in extension to establish a close clearance with the adjacent
      guide surfaces.
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ABST
PAL  This invention relates to a method of manufacturing a spindle assembly for
      a disc drive comprising a drive shaft with a centering hub and support
      plate which interfit in a manner to support and center a disc pack on the
      disc drive.
PARN
PAR  This is a continuation of application Ser. No. 441,172, filed Feb. 11,
      1974, now abandoned.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This invention relates to a spindle such as that used in U.S. Pat. No.
      3,768,083, Baseplate Assembly for a Disc Drive, Pejcha, issued on Oct. 23,
      1973; and U.S. Application Ser. No. 432,009, filed Jan. 9, 1974 and
      entitled Carriage Assembly for Magnetic Storage Drive.
PAC  BACKGROUND OF THE INVENTION
PAR  Direct access storage devices of the type commonly referred to as disc
      drives employ a rotating disc or a plurality or stack of rotating discs as
      a storage media. In such devices, one or more discs are mounted for
      rotation about a fixed vertical axis in proximity to an access mechanism
      which carries an array of read/write heads on a supporting mechanism. The
      access mechanism usually includes a linear motor mounted on an extension
      which is radially positioned from the centerline of the recording discs to
      facilitate movement of the read/write heads radially of the disc surfaces.
PAR  The disc pack is rotated at a constant speed while the read/write heads are
      moved to discrete positions along a radius of the discs so data can be
      recorded and read back from data tracks forming concentric circles on the
      disc surface. In present day devices, these data tracks are very closely
      spaced, thereby requiring that the read/write heads be positioned with
      great accuracy for recording and retrieving the data.
PAR  The disc packs are removable and replaceable on a disc drive. The packs
      have centering and support surfaces which contact cooperating surfaces on
      a spindle of the disc drive. The spindle is power driven for rotation of
      the disc pack at a constant speed. Because the disc packs are removable
      and replaceable, the interfitting surfaces on the spindle and the disc
      pack must be located and machined with precision on each disc drive
      because the packs are also interchangeable between drives. In the past,
      such spindles have generally been formed as a single piece structure
      requiring the total spindle body to be hardened and machined. It is the
      purpose of this invention to provide an improved and more economical
      spindle assembly for use in disc drives.
PAC  SUMMARY OF THE INVENTION
PAR  A method of manufacturing a spindle assembly for a disc drive having a
      baseplate and utilizing a disc pack having centering surfaces and
      horizontal support surfaces spaced radially outward from the centering
      surfaces, a method of manufacturing a spindle assembly comprising the
      steps of providing a main shaft, fixing a hardened centering hub around
      one shaft end having exterior surfaces for contacting the pack centering
      ring and fixing a hardened support plate around the shaft adjacent the
      centering hub having a horizontal support surface spaced radially
      outwardly from the shaft for supporting the disc pack.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view, partially in cross-section, of a disc drive
      apparatus; and
PAR  FIG. 2 is an enlarged view in cross-section of a disc pack and spindle
      assembly of the subject invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 are shown the major components of the disc drive used to read and
      record data on a disc pack 10 and including a read/write head assembly 11
      and a linear motor 12 mounted on a baseplate assembly 13 for the purpose
      of reading and writing information in digital form on magnetic surfaces
      (not shown) on the individual discs 15. The disc pack 10 comprises a
      plurality of the recording discs with each having on the upper and lower
      surfaces thereof the magnetic material on which data can be recorded
      magnetically.
PAR  For reading and writing information on disc pack surfaces, a read/write
      head 16 is supported in close proximity to each associated disc magnetic
      surface by an arm 17. In the drawing only one arm is shown for
      illustration purposes. The arms are held by a support assembly 18
      comprising a carriage 20 provided with a plurality of rollers 21 for
      movement along a pair of parallel disposed rails 22 fixed to a spindle
      assembly 14. Linear movement of the support assembly shifts the heads in a
      direction radially across the disc surfaces. By proper energization of the
      read/write heads, information in digital form can be transferred to and
      from the disc surfaces. Since the disc pack is rotated, the information is
      recorded on concentric data tracks on each disc surface. A more complete
      explanation of such an apparatus can be obtained by referral to U.S. Pat.
      No. 3,578,075, issued on June 22, 1971, and having as inventors Stanley
      Brown, et al.
PAR  Referring now more particularly to FIG. 2, one example of a disc pack
      suitable for use with the disc drive heretofore described comprises a
      lower plate 25 to which is fixed an inner support member 26 by a plurality
      of bolts 27. A guard disc 29 is provided to shield the discs. The discs 15
      are held between a plurality of cylindrical spacers 30 extending upward
      from a recess 31 in the lower plate 25. The discs are held in place by the
      upper lip 34 of the inner support member pressing against the spacers and
      clamping the discs between the spacers and against the lower plate. A
      lower guard disc 35 is also fixed to a centering ring 36 attached to the
      lower surface of the lower plate 25.
PAR  For supporting the disc pack, a plurality of vertically extending hardened
      inserts 37 are fixed into openings in the bottom of the lower plate with
      downwardly facing surfaces 38 which ride against a spindle flange 40 of
      the disc drive. Also an insert 41 is fixed into a central opening 42 of
      the lower plate having inwardly facing surfaces 44 for the purpose of
      centering the disc pack on the spindle.
PAR  The spindle shaft itself is held in the spindle assembly 14 by a pair of
      bearings 46 and 47 rigidly held in a central opening 48A in the spindle
      housing 48. The opening extends vertically such that the spindle shaft
      passes through the opening in a manner to allow attachment of a drive
      pulley 49 which is power driven by a belt 50 for rotation of the spindle
      and the supported disc pack. The pulley is fixed to the spindle shaft by
      means of the pin assembly 53. Thus, by driving the spindle with the drive
      belt, the disc pack is revolved for moving the discs past the read/write
      heads for reading and writing data on the disc surfaces.
PAR  In accordance with the present invention, the spindle is formed of an
      assembly of a plurality of parts in a manner to provide an economical yet
      improved structure for supporting and centering the disc pack.
      Accordingly, the spindle comprises a main or central drive shaft 51 which
      is cylindrically shaped and hollow, with the top end bored to present an
      opening 52 and the bottom end bored to a diameter 54. Fixed around the top
      end of the shaft is a centering hub 55 which preferably is welded or
      otherwise attached to the top outer surface of the shaft. Just below and
      abutting the centering hub is mounted a support flange or plate 56 which
      extends radially outward from the drive shaft to support the disc pack.
      Within the opening 52 is fixed a sleeve 57 with a square hole extending
      therethrough to prevent the upper locking shaft of the disc pack (not
      shown) which fits down into the spindle from turning when the pack is
      locked into the spindle.
PAR  The centering hub 55 has the top outer surface machined to form a bevel 58
      with the remaining outer surface providing an outer facing cylindrical
      surface 59. Thus, the insert 41 of the disc pack will first contact the
      bevelling surface which serves to center the pack over the spindle and
      then slip downward over the hub for centering the pack thereon.
PAR  The spindle flange 56 includes a raised outer facing ring 60 thereon which
      is machined to present a horizontal surface 61 for cooperating with the
      insert surfaces 38 to support the weight of the disc pack. Similarly, the
      top outer edge of the ring 60 is bevelled at 61 such that the centering
      ring will contact the bevelled surface and serve as a centering guide as
      the disc pack is placed on the spindle.
PAR  Thus in the manner shown, there is provided a spindle which is assembled
      from a plurality of parts of which each may be formed in a rather
      simplified manner to lower the cost of machining. By this construction, it
      is necessary only to harden the centering hub 55 and the support plate 56
      since these parts present the precisely machined surfaces on which the
      disc pack is centered and supported. Further, because the individual parts
      are much smaller than the overall spindle shaft assembly, hardening and
      machining can be accomplished in much smaller apparatus thereby further
      reducing the costs of manufacture of the spindle.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A method for manufacturing a spindle assembly for use in a disc drive
      apparatus having a baseplate and utilizing a disc pack having centering
      surfaces formed by inwardly facing insert members in a central opening in
      the bottom thereof and having horizontal support surfaces spaced radially
      outward from the central opening, said method comprising the steps of:
PA1  forming an elongated central drive shaft having first and second ends with
      the first end being adapted for attachment to a drive means;
PA1  fixing a hardened centering hub to the second end of the drive shaft; and
PA1  fixing a hardened support plate to the drive shaft at a position
      intermediate the centering hub and drive means whereby the hardened
      centering hub and support plate will contact and support the disc pack.
NUM  2.
PAR  2. The method for manufacturing a spindle assembly as described in claim 1
      wherein said centering hub and support plate include beveled surfaces for
      centering the disc pack relative to the spindle assembly.
NUM  3.
PAR  3. The method for manufacturing a spindle assembly as described in claim 2
      wherein said central drive shaft is hollow and in combination with a
      sleeve fixed within the hollow drive shaft to interfit with the disc pack
      and prevent relative rotation between the disc pack and the spindle
      assembly.
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ABST
PAL  Described is a magnetic transducer head assembly provided with a wear
      indicator to produce an indication when the head wear has proceeded to a
      predetermined point. For this purpose, the magnetic shield of the head
      includes a portion aligned with the pole faces of the head and which
      portion is subject to wear with the pole faces, such that the electrical
      continuity of the magnetic shield is interrupted upon the occurrence of a
      predetermined amount of wear of the pole faces. The magnetic shield
      further includes terminals for connection to an electrical device to test
      the electrical continuity of the shield portion, and thereby to provide an
      indication of the occurrence of the predetermined amount of wear.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to magnetic transducer head assemblies such
      as are commonly used for recording, reproducing, or erasing information
      with respect to a magnetic record medium, such as a tape or disk.
PAR  Magnetic transducer head assemblies include a magnetic head, or more
      usually, a plurality of heads each having a magnetic core defining a pair
      of pole faces and a gap therebetween constituting the flux generating and
      receiving portion of the head. For optimum operation, the pole faces
      should be located as close as possible to the record medium; some heads
      operate while in actual contact with the record medium, which causes wear
      to occur in the pole faces. The dimensions of the gap are very critical,
      and the wear may unknowingly proceed to a point where the gap dimensions
      are so changed as to produce an intolerable degradation of the recording
      signal. This may result in the loss or distortion of valuable data. It may
      also result in a substantial down-time of the apparatus to replace the
      worn-out head by another, particularly if replacement heads are not
      readily available at the location where the apparatus is being used.
PAR  It has already been proposed (see for example U.S. Pat. No. 3,495,049) to
      provide magnetic transducer heads with wear indicators in the form of
      embedded colored beads or bars, electrical conductors, or electrical
      contacts, which provide an indication when the head wear has proceeded to
      a predetermined point. Such constructions, however, require significant
      changes in the design of the head, and/or manufacturing techniques for
      producing them in order to incorporate the wear indicator, and therefore
      add substantially to the cost of producing such heads.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a magnetic transducer head assembly which
      may use substantially the existing designs and manufacturing techniques
      for constructing the assemblies, involving but a simple and uncostly
      modification in the design to incorporate the wear indicator feature.
PAR  Briefly, this is attained by modifying the construction of the magnetic
      shield, commonly included in magnetic transducer head assemblies, for
      providing the wear indication.
PAR  More particularly, in accordance with the present invention, the magnetic
      transducer head assembly comprises a magnetic shield of
      electrically-conductive material which includes a portion aligned with the
      pole faces and is subject to wear therewith such that the electrical
      continuity of said shield portion is interrupted upon the occurrence of a
      predetermined amount of wear of the pole faces. The magnetic shield
      further includes terminals for connecting to an electrical device to test
      the electrical continuity of the said shield portion and thereby to
      provide an indication of the occurrence of the predetermined amount of
      wear.
PAR  According to a more specific aspect of the invention, the said magnetic
      shield portion includes a sheet of magnetic material extending in a plane
      laterally of the magnetic core. The sheet is of a configuration defining a
      pair of legs joined by a connecting web, the connecting web being aligned
      with the gap and the outer edge of the web being flush with the pair of
      pole faces. The connecting web is of a length spanning the pair of pole
      faces and the gap therebetween, and is of a width corresponding to the
      said predetermined amount of wear. The said pair of legs constitute or
      include the mentioned terminals for testing the electrical continuity of
      the connecting web.
PAR  According to a still more specific feature, the magnetic shield includes a
      plurality of mutually-insulated sheets of magnetic material laminated
      together, at least one of the sheets being continuous to provide a
      continuous shield for the magnetic head, and at least another one of the
      sheets being formed with a cut-out and defining the mentioned pair of legs
      and connecting web to provide the wear indication.
PAR  In the described embodiment, the head assembly includes at least a pair of
      magnetic heads each having a core defining a pair of pole faces and a gap
      therebetween, the magnetic shield being disposed between the pair of
      magnetic heads for preventing cross-talk therebetween.
PAR  It will be seen that by the present invention the wear indication feature
      may be incorporated in magnetic transducer heads of conventional existing
      designs by merely providing the cut-out, defining the connecting web and
      legs, on one of the laminated sheets in the magnetic shield. This can be
      done in a very simple and inexpensive manner, when making the laminated
      sheets of the shield, and therefore the normal design manufacturing
      techniques and assembly procedures commonly used in making head assemblies
      need not otherwise be changed.
PAR  Further features and advantages of the invention will be apparent from the
      description below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is herein described with reference to a preferred embodiment
      thereof illustrated in the accompanying drawings, wherein:
PAR  FIG. 1 is a top plan view of a three-head assembly constructed in
      accordance with the invention;
PAR  FIG. 2 is a sectional view along lines II -- II of FIG. 1, and particularly
      illustrating the construction of a conventional magnetic sheet used in the
      magnetic shield lamination in such a head assembly;
PAR  FIG. 3 is a sectional view along lines III -- III of FIG. 1, and
      particularly illustrating the construction of another sheet in the
      magnetic shield, the latter sheet having been modified to incorporate the
      wear indicator feature of the invention; and
PAR  FIG. 4 is a diagram illustrating an indicator circuit that may be used with
      the head of FIGS. 1-3 to provide an early warning of a predetermined
      amount of wear thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The magnetic transducer head assembly illustrated in FIGS. 1-3 of the
      drawings is a multiple-head assembly commonly used in cassette type
      magnetic tape systems and in floppy-disk systems. In FIG. 1, a three-track
      head assembly is illustrated, the heads being designated 2a, 2 b, 2 c, but
      it will be appreciated that the invention is equally applicable with
      respect to assemblies having a greater or smaller number of heads.
PAR  Each head includes a magnetic core 3 of substantial C-shape defining a pair
      of pole faces 4, 6, and an air gap 8 therebetween. The cores are embedded
      in plastic and are provided with the appropriate electrical windings (not
      shown) for recording or reproducing information with respect to the
      magnetic recording medium. In this case, the recording medium is shown
      (see FIG. 2) as magnetic tape T which moves in the direction of the arrow
      with respect to gap 8 while the information is recorded thereon or
      reproduced or erased therefrom.
PAR  Each head 2a, 2 b, 2 c is separated from the next adjacent one by a
      magnetic shield composed of laminated sheets of mutually-insulated
      magnetic material. Each shield is disposed in a plane laterally of and
      substantially parallel to the respective core being shielded. Such shields
      are commonly provided to reduce cross-feed and cross-talk, and to confine
      the magnetic field within the respective gap area. Thus, as shown in FIG.
      1, magnetic shield 10a is interposed between heads 2a and 2b, and magnetic
      shield 10b is interposed between heads 2b and 2c.
PAR  The individual sheets (e.g. 12, FIG. 2) of each shield 10a, 10b are
      commonly made of Mu-material, and they are usually insulated from each
      other by varnish coatings which also bond them together into a laminated
      sheet assembly.
PAR  The transducer head illustrated in the drawings further includes a casing
      14 of non-magnetic material, such as brass or copper.
PAR  During use of the transducer head, as noted above, the abrading action of
      the recording medium (e.g. magnetic tape or magnetic disk) causes the pole
      faces 4, 6 of the core 3 to become worn. If this proceeds to the point
      where the critical dimensions of gap 8 between the pole faces are
      significantly altered, this will produce a sufficient degradation in the
      recorded or reproduced signal as to require the replacement of the
      magnetic head assembly. The broken line W in FIG. 2 illustrates the extent
      of wear permitted before replacement of the head is required.
PAR  In the conventional magnetic head assembly, each of the sheets 12 included
      in the laminated magnetic shield is of substantially rectangular shape so
      as to completely span the magnetic core 3 including its pole faces 4, 6,
      and gap 8. The conventional sheet 12 is seen in FIG. 2. As shown, the
      upper edge 16 of each sheet is flush with the upper surfaces of the pole
      faces 4, 6, and conform to their convex curvature so as to provide a
      smooth flush surface for the tape T.
PAR  According to the present invention, at least one of the sheets, designated
      12a in FIG. 3, in one or both laminated sheet assemblies 10a, 10b is
      formed with a cut-out 18 so as to define a pair of legs 20, 22, jointed by
      a connecting web 24. The connecting web is aligned with the gap 8 of the
      magnetic core, and with the outer edge 16' of the connecting web 24 flush
      with the outer surface of the pole faces 4, 6. As particularly shown in
      FIG. 3, the length of the web 24 is sufficient to span the pair of pole
      faces 4, 6, and the gap 8 therebetween, and is of a width corresponding to
      the predetermined amount of wear permitted (as indicated by broken-line W)
      before replacement of the head is required.
PAR  Preferably, wear line W is determined to be at about 70% of the design life
      of the transducer head assembly, to provide adequate early warning and
      time to replace the head by the maintenance man during his next service
      call, or to order a replacement head from inventory.
PAR  It will be appreciated that web portion 24 of the specially-configured
      magnetic sheet 12a included in the shield assembly 10 is subjected to the
      same abrading action by the recording medium as the pole faces 4 and 6,
      and will therefore wear down with them. When the head has been worn to the
      predetermined line W requiring replacement, the electrical continuity of
      web portion 24 is interrupted.
PAR  Legs 20 and 22 of the specially-configured magnetic sheet 12a in the
      laminated shield assembly 10a, 10b are used as the terminals for
      connection to an electrical device to test the electrical continuity of
      web portion 24, and thereby to provide the indication of the occurrence of
      the predetermined amount of wear.
PAR  FIG. 4 illustrates an electrical indicator circuit that may be used. This
      circuit includes a voltage source (e.g. + 5 volts) applied via resistor R1
      to terminal 20 of the head assembly 30, namely to its specially-configured
      magnetic sheet 12a, the other terminal 22 of that sheet being connected to
      ground. A connection is made from terminal 20 to a wear indicator 32, such
      as an indicator lamp.
PAR  So long as electrical continuity exists between terminal 20 and 22, as
      determined by the lack of interruption of interconnecting web 24, terminal
      20 is substantially at ground voltage, and therefore no signal will be
      produced by wear indicator 32. However, as soon as interconnecting web 24
      is interrupted, the + 5 volts from the source is applied to wear indicator
      32 which indicates this fact, which means that the head assembly has been
      worn to the point requiring, or shortly requiring, replacement.
PAR  The user or maintenance man, therefore, may only inspect indicator 32 to
      determine whether the head requires replacement.
PAR  It will be appreciated that the invention enables magnetic transducer head
      assemblies to be constructed according to conventional designs and
      manufacturing techniques, requiring only that one of the magnetic sheets
      (12a) of the shield assembly be specially configured as described above,
      in order to include the wear indicator feature. The special configuration
      of that magnetic sheet can be easily done by a simple stamping operation,
      and therefore including this feature adds very little to the cost of
      making such magnetic transducer head assemblies.
PAR  The invention is preferably used in a multiple-head assembly, wherein the
      magnetic shield is interposed between two magnetic heads. If three or more
      heads are included, the specially-configured magnetic sheet (12a) need
      only be included in one of the laminated shield, although of course it
      could be included in more than one particularly if the head may be subject
      to different rates of wear on different surfaces thereof.
PAR  Further, while the invention has been described with respect to head
      assemblies in which the individual heads are embedded in plastic, it will
      be appreciated that it could advantageously be used in other head assembly
      constructions, such as those in which the heads are retained in slots
      formed in an aluminium body.
PAR  Many other variations, modifications and applications of the illustrated
      embodiment will be apparent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic transducer head assembly comprising a magnetic head including
      a magnetic core defining a pair of pole faces and a gap therebetween, the
      pole faces being subject to wear during use with respect to a recording
      medium, and a magnetic shield of magnetic material disposed adjacent to
      said magnetic core for shielding same, said magnetic shield being
      electrically-conductive and including a pair of terminals electrically
      connected together only by a bridging portion aligned with the pole faces
      and subject to wear therewith so that the electrical continuity between
      said terminals is interrupted upon the interruption of said bridging
      portion occurring upon a predetermined amount of wear of the pole faces,
      said terminals being connectable to an electrical monitoring device for
      monitoring the electrical continuity of said shield bridging portion and
      thereby for providing an indication of the occurrence of the predetermined
      amount of wear.
NUM  2.
PAR  2. A head assembly according to claim 1, wherein said magnetic shield
      bridging portion is included in a sheet of magnetic material extending in
      a plane laterally of the magnetic core, said sheet being of a
      configuration defining a pair of legs joined by a single connecting web,
      the connecting web being aligned with the gap with the outer edge of the
      web flush with the pair of pole faces, the connecting web being of a
      length spanning the pair of pole faces and the gap therebetween, and being
      of a width corresponding to said predetermined amount of wear, said pair
      of legs constituting said terminals for testing the electrical continuity
      of the connecting web.
NUM  3.
PAR  3. A head assembly according to claim 2, wherein said magnetic shield
      includes a plurality of mutually-insulated sheets of magnetic material
      laminated together at least one of said sheets being continuous to provide
      a continuous shield for the magnetic head, and at least another one of
      said sheets being formed with a cut-out and defining said pair of legs and
      connecting web to provide the wear indication.
NUM  4.
PAR  4. A head assembly according to claim 2, wherein the assembly includes at
      least a pair of magnetic heads each having a core defining a pair of pole
      faces and a gap therebetween, said magnetic shield being disposed between
      said pair of magnetic heads for preventing cross-talk therebetween.
NUM  5.
PAR  5. A head assembly according to claim 1, in combination with means
      monitoring the electrical continuity of said magnetic shield bridging
      portion and providing an indication upon the interruption thereof.
NUM  6.
PAR  6. A magnetic transducer head assembly comprising a magnetic head including
      a magnetic core defining a pair of pole faces and a gap therebetween, the
      pole faces being subject to wear during use with respect to a recording
      medium, and a magnetic shield of magnetic material for shielding the head,
      said magnetic shield being electrically-conductive and including a portion
      aligned with the pole faces and subject to wear therewith so that the
      electrical continuity of said shield portion is interrupted upon the
      occurrence of a predetermined amount of wear of the pole faces, said
      magnetic shield portion including a sheet of magnetic material extending
      in a plane laterally of the magnetic core, said sheet being of a
      configuration defining a pair of legs joined by a connecting web, the
      connecting web being aligned with the gap with the outer edge of the web
      flush with the pair of pole faces, the connecting web being of a length
      spanning the pair of pole faces and the gap therebetween, and being of a
      width corresponding to said predetermined amount of wear, said pair of
      legs constituting terminals for testing the electrical continuity of the
      connecting web.
NUM  7.
PAR  7. A head assembly according to claim 6, wherein said magnetic shield
      includes a plurality of mutually-insulated sheets of magnetic material
      laminated together at least one of said sheets being continuous to provide
      a continuous shield for the magnetic head, and at least another one of
      said sheets being formed with a cut-out and defining said pair of legs and
      connecting web to provide the wear indication.
NUM  8.
PAR  8. A head assembly according to claim 6, in combination with means
      monitoring the electrical continuity of said magnetic shield bridging
      portion and providing an indication upon the interruption thereof.
PATN
WKU  039381943
SRC  5
APN  4110633
APT  1
ART  235
APD  19731030
TTL  Method of and apparatus for obtaining synchronous movement between two
      media
ISD  19760210
NCL  6
ECL  1
EXP  Eddleman; Alfred H.
NDR  1
NFG  2
INVT
NAM  Freudenschuss; Otto
CTY  Vienna
CNT  OE
ASSG
NAM  Vockenhuber; Karl
CTY  Vienna
CNT  OE
COD  05
ASSG
NAM  Hauser; Raimund
CTY  Vienna
CNT  OE
COD  05
PRIR
CNT  OE
APD  19721031
APN  9255/72
CLAS
OCL  360 71
XCL  352 12
XCL  360 80
XCL  360 91
XCL  360  3
EDF  2
ICL  G11B 1518
ICL  G11B 3100
ICL  G03B 3100
FSC  352
FSS  5;12;15;17;20
FSC  360
FSS  71-74;90-91;52;80;26-27;69;3
FSC  179
FSS  100.1 R;100.1 C;100.1 S;100.1 TC
UREF
PNO  2693127
ISD  19541100
NAM  Ortman
OCL  360 80
UREF
PNO  3266862
ISD  19660800
NAM  Wagoner
OCL  352 12
LREP
FR2  Montague; Ernest G.
FR2  Ross; Karl F.
FR2  Dubno; Herbert
ABST
PAL  A method and an apparatus are described to enable one of two independently
      driven strips to be stopped for a predetermined period and then restarted
      in synchronism with the other strip which has been running continuously.
      Stoppage markers are provided on the first strip and synchronizing
      markers, which are interrupted when this first strip is to be stopped, are
      provided on the second strip. An integrator accumulating the output of a
      first sensor, responsive to the synchronizing markers on the second strip,
      feeds a coincidence circuit, also receiving the output of a second sensor
      responsive to the appearance of a stoppage marker on the first strip,
      which arrests the drive of the latter strip upon detection of a stoppage
      marker and restarts that drive after a period of interruption determined
      by the time constant of the integrator.
BSUM
PAC  THE FIELD OF THE INVENTION
PAR  My present invention relates to a method of and apparatus for ensuring that
      a high degree of synchronization is maintained between the movements of
      two traveling data-carrying media, such as a film strip and a sound tape,
      which are to be run simultaneously.
PAC  THE PRIOR ART
PAR  Arrangements have been proposed for synchronizing an image medium with
      another data medium, both media being provided with control markers for
      changing the velocity of one of them; one such control marker appears on
      the second medium for each first of the image medium and gives rise to
      synchronizing signals during reproduction, the absence of such a control
      marker on the second medium resulting in stoppage of the image-carrying
      first medium for a corresponding length of time. A difficulty of this
      known system is that the correct coordination of the two data media cannot
      be restored after a synchronizing pulse is missed, thus resulting in a
      relative dephasing of the media. This also applies in the event that
      signal failure occurs in the middle of a synchronizing pulse which is then
      effectively divided into two smaller pulses separately advancing the image
      medium.
PAC  OBJECT OF THE INVENTION
PAR  My invention aims at providing an improved method of and apparatus for
      restoring synchronization of movement between two data strips or media
      after synchronization is temporarily lost, as by an intentional halting of
      one medium for a limited period.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one aspect of the invention, in an apparatus having
      means for simultaneously processing two independently movable data strips
      or media, I provide first drive means for intermittently advancing the
      first medium, second drive means for continuously advancing the second
      medium, a first sensor positioned to scan the first medium and providing
      an output on detecting a first marking referred to hereinafter as a
      stoppage marker, and a second to detect a discontinuous sequence of second
      markings, referred to hereinafter as synchronizing markers, a for stepping
      the first drive means in response thereto. A control circuit, having a
      normal state in which it allows the first drive means to be stepped and an
      off-normal state in which this drive means is deactivated, is connected to
      a coincidence circuit responsive to the outputs of the two sensors
      stoppage marker by the first sensor causes the coincidence circuit to
      switch the control circuit to its off-normal state in which it is held as
      long as synchronizing markers and the stoppage marker are present; the
      subsequent disappearance of synchronizing markers causes the coincidence
      circuit to return the control circuit to its normal state so that stepping
      of the first drive means resumes as soon as synchronizing markers are once
      again read from the second medium.
PAR  The halting of the advance of the first medium, in response to a switching
      signal from the coincidence circuit, occurs in a position in which the
      first sensor is confronted by a stoppage marker identifying a part of the
      first medium, such as an image frame of a film strip, which enters the
      processing means of the apparatus substantially simultaneously with a
      stoppage zone on the second medium in which there exists a discontinuity
      in the sequence of synchronizing markers. With the aid of delay means
      connected to the coincidence circuit, specifically an integrating network
      inserted between that circuit and the second sensor, the switching signal
      is maintained for a period sufficient to confront the second sensor with
      the discontinuity in the sequence of synchronizing markers whereas the
      effect of a recurrence of these markers upon the coincidence means, after
      the discontinuity has passed, is retarded to enable renewed stepping of
      the first drive means by the first synchronizing marker following that
      discontinuity.
PAR  As a result of minor relative dephasing of the two media or strips during
      their concurrent run, the appearance of a stoppage marker at the first
      sensor may coincide with the reading of different synchronizing markers at
      the end of a series of such markers by the second sensor; this may
      somewhat modify the length of the ensuing standstill interval but will not
      otherwise affect the subsequent resynchronization.
PAR  In accordance with another aspect of the invention I provide a method of
      controlling the movement of two independently driven strip media by
      reading from the first medium a first track containing stoppage markers,
      reading from the second medium a second track containing synchronizing
      markers stopping the drive of the first medium when a stoppage marker is
      detected while continuing the drive of the second medium, responding to
      the disappearance of synchronizing markers on the second medium by
      preparing the drive for the first medium to recommence as soon as
      synchronizing markers are again read, resuming the drive of the first
      medium when synchronizing markers recur, and synchronizing the first drive
      with the repetition rate of the recurring synchronizing markers. Such a
      synchronizing system can be produced with relatively low expenditure in
      terms of construction. A further advantage is that interruption of the
      movement of the second data medium, e.g. a sound tape, is not required in
      order to restore synchronization. Thus it follows that a further saving is
      made because control means for stopping and restarting or changing the
      speed of the second data medium are unnecessary. The second data medium
      could also be another image strip, if desired.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in more
      detail, by way of example, with reference to the accompanying drawing, in
      which:
PAR  FIG. 1 shows two strip media whose movement is to be synchronized and
      illustrates various markings on the media which facilitate such
      synchronization; and
PAR  FIG. 2 is a block diagram of a synchronization circuit utilizing the
      markings on the media of FIG. 1 to restore synchronization after it has
      been interrupted.
DETD
PAR  It is to be understood that the drawing shows only the circuitry necessary
      to carry out the invention, within an otherwise conventional system not
      further illustrated, for playing a sound tape while simultaneously
      projecting a film strip.
PAR  In such a system it is sometimes desirable to prolong the exposure of a
      particular image frame over an extended period while continuing to play
      the sound tape so that, for instance, a description of the projected image
      frame can be played off the sound tape without having to waste a
      considerable length of film. Obviously it is necessary to resume
      projection of the film in strict synchronism with the sound I shall now
      describe an arrangement for assuring such synchronism.
PAC  PREFERRED EMBODIMENT
PAR  In FIG. 1, a film strip 1 carries a series of image frames 2 and marginal
      perforations 3. The image medium 1 is to be projected while a further data
      medium, i.e. a recording tape 4 in the illustrated embodiment, is played.
      The recording tape has a sound track 5 and a control track 6 carrying an
      interrupted sequence of synchronizing markers 7. Any image frame 2 and
      perforation 3 is individually associated with respective marker 7.
      Synchronization is maintained in normal operation by the markers 7 which
      control a magnetic stepping drive including a conventional traction claw.
      However, the absence of markers 7 in a zone a of the tape 4 results in
      stoppage for a correspondingly long period of time and continues the
      projection of the frame last exposed when zone a was reached. Supplemental
      synchronizing markers 7' occur in the first part of stoppage zone a.
PAR  In accordance with my invention a stoppage marker 9 is recorded on a
      control track 8 of the film 1 at a location adjoining to the frame which,
      with proper synchronization, immediately precedes the stoppage zone a.
PAR  In the illustrated relative position the stoppage marker 9 registers
      precisely with the end of the series of synchronizing markers 7 ahead of
      the stoppage zone a. Marker 9 is shown aligned with a frame F to be
      projected for a prolonged period, but it may also be recorded in line with
      a preceding or following frame F' or F", depending on the position of an
      associated reading device such as a sensor 20 shown in FIG. 2.
PAR  A second reading device or sensor in the form of a transducer head 11,
      scanning the control track 6 of the recording tape 4, serves for
      synchronizing the transport of the two strips. The head 11 reads the
      synchronizing markers 7, 7' and supplies an output stepping signals via an
      amplifier 12 to two circuit branches 13 and 17. Branch 13 feeds the
      stepping signals, derived from the synchronizing markers 7 by head 11, to
      an amplifier 14 forming part of a switching circuit for the actuation of a
      magnet 15 to advance the film 1 through a traction claw 16. The second
      branch 17, energized from amplifier 12 in parallel with the first branch,
      13, comprises an integrator 18 including a diode 23 for rectifying the
      stepping signals and for an RK network 24, 25 storing them for a
      predetermined period of time. The integrator supplies one input of an AND
      gate 19 when the charge stored in its capacitor 25 exceeds a predetermined
      value. The other input of the AND gate 19 is connected to the first
      reading device 20 which responds to the passing of a stoppage marker 9 on
      the film 1. The illustrated sensor 20 comprises a light source 21 and a
      photoelectric transducer 22. It is not essential for the stoppage marker 9
      to be optically detectable inasmuch as many other types of markers are
      equally suitable.
PAR  The output of the AND gate 19 is fed to the amplifying element 14 to
      control its switching function.
PAC  OPERATION OF PREFERRED EMBODIMENT
PAR  For as long as the transducer head 11 detects markers 7, 7' on the control
      track 6 of the sound tape 4, the resulting stepping pulses pass into the
      integrator 18 to provide a capacitor charge sufficient to maintain an
      operating voltage on one input of the AND gate 19. Initially however, gate
      19 does not conduct as there is no signal on the other input therof tied
      to the reading device 20. It is only when the reading device 20 recognizes
      the presence of a stoppage marker 9 that the second input of AND gate 19
      is energized to generate a switching signal which open-circuits the
      amplifier 14. The circuit from conductor 13 to the magnet 15 is thus
      interrupted so that film motion ceases. During this period the markers 7'
      are ineffectual to stop the film 1, in view of the deactivation of the
      film drive 15, 16, but are nevertheless fed into the integrator 18 to
      maintain the gate 19 open since the film 1 is stopped and the stoppage
      marker 9 remains in the zone of the reading device 20. The amplifier 14
      remains open-circuited until the disappearance of supplemental markers 7',
      owing to the continuing energization of the input of the lower AND gate 19
      bu sensor 20. Even after the transducer head 11 has ceased to emit
      stepping signals, the AND gate 19 continues to be conduct for a short time
      determined by the time constant of network 24, 25 in integrator 18.
PAR  Eventually, in the second part of zone a (FIG. 1), the AND gate 19 closes
      and the energizing circuit 13 for the magnet 15 is once again completed.
      Initially this does not result in operation of the drive claw 16 since
      this part of zone a is devoid of markers and therefore does not produce
      any stepping signals. The claw 16 recommences operation only on the
      resumption of reading of a new series of synchronizing markers 7 on the
      right of zone a In FIG. 1, synchronization being then assured because the
      frame which registers with the perforation engaged in response to next
      exposed is the one which the first marker 7 causing resumption of the claw
      motion.
PAR  The integrator 18 acts not only as an accumulator for the stepping pulses
      but also as a delay device. If integrator 18 were absent, the first marker
      7 to follow the zone a would immediately reopen the AND gate 19 whose
      other input is still energized from the stoppage marker 9 which throughout
      the zone a has been read by the device 20. In this case the AND gate 19
      would cut off the amplifier and the film drive would not be stepped. The
      integrator 18 takes time to charge its capacitor 23 once again from the
      markers 7 when they reappear in the wake of the zone a. During this time,
      the AND gate 19 is prevented from opening and the stoppage marker 9 on the
      film is stepped out of the reading area of the device 20. Synchronization
      is nevertheless assured by the signals from the head 11 applied to the
      claw 16 by way of the branch 13, the amplifier 14 and the magnet 15.
PAR  If the synchronous progress of the two data media 1, 4 is subject to phase
      deviations during a performance, the stoppage marker 9 may coincide with
      the penultimate marker 76 or the antepenultimate marker 7a instead of the
      last marker 7c of a series, or with one of the supplemental markers 7'.
      This will have no effect on resynchronization because these phase
      deviations are compensated for by a longer or shorter standstill of the
      stopped image F and in all cases the first image F" to follow the stopped
      image is projected upon the occurrence of the first marker 7d which
      follows the zone a.
PAR  The described embodiment of the invention admits of numerous modifications;
      thus, for example it permits operation with negative markers on film 1
      whose absence then initiates stoppage provided of course that the circuits
      of FIG. 2 are suitably modified.
PAR  The independent drive means for continuously advancing the strip 4 and
      intermittently advancing the film 1 have been indicated by arrows and
      legends in FIG. 1. The drive for tape 4 has been shown at 27 in FIG. 2.
PAR  While I have disclosed several embodiments of the present invention, it is
      to be understood, that this embodiment is given by example only and not in
      a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus having means for simultaneously processing two
      independently movable recordbearing stips, in combination:
PA1  first drive means for intermittently advancing a first record strip
      provided with at least one first marking;
PA1  second drive means for continuously advancing a second record strip
      provided with a sequence of second markings having a discontinuity in a
      zone entering the processing means substantially simultaneously with a
      part of said first strip identified by said first marking;
PA1  first sensing means for detecting said first marking on said first strip
      and emitting a first output signal in response thereto;
PA1  second sensing means for detecting said second markings on said second
      strip and emitting a series of second output signals in response thereto,
      said first drive means being connected to said second sensing means for
      actuation by said second output signals to step said first strip in
      response to said second markings;
PA1  coincidence means connected to said first and second sensing means for
      emitting a switching signal upon simultaneous reception of said first and
      second output signals;
PA1  control means for said first drive means connected to said coincidence
      means for halting the advance of said first strip in response to said
      switching signal in a position in which said first marking confronts said
      first sensing means; and
PA1  delay means inserted between said second sensing means and said coincidence
      means for retarding the effect of a recurrence of said second markings
      upon said coincidence means, thereby enabling renewed actuation of said
      first drive means by said second output signals in response to the second
      markings which follow said discontinuity.
NUM  2.
PAR  2. The combination defined in claim 1 wherein said delay means comprises an
      integrating network for said second output signals effective to maintain
      said switching signal for a limited period following interruption of said
      sequence.
NUM  3.
PAR  3. The combination defined in claim 2 wherein said first sensing means is
      provided with an output circuit including a first branch leading to said
      first drive means and a second branch leading to said coincidence means,
      said integrating network being included in said second branch.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said coincidence means
      comprises an AND gate generating said switching signal, said control means
      including an amplifier in said first branch connected to be cut off by
      said switching signal.
NUM  5.
PAR  5. The combination defined in claim 1 wherein said first strip is provided
      with perforations and said first drive means comprises a reciprocating
      traction claw engageable in said perforations.
NUM  6.
PAR  6. A method of controlling the movement of an intermittently driven first
      record strip and a continuously driven second record strip, comprising the
      steps of scanning a first track on the first strip containing at least one
      stoppage marker, scanning a second track on the second strip containing
      synchronizing markers, advancing the first strip by one step in response
      to any snychronizing marker detected on said second track in the absence
      of a stoppage marker on said first track, halting the advance of the first
      strip upon detection of a stoppage marker on said first track while
      continuing the drive of the second strip, responding to the disappearance
      of synchronizing markers on the second track by temporarily making the
      drive for the first strip insensitive to the presence of a control marker
      on said first track, and thereupon resuming the advance of the first strip
      in response to the recurrence of synchronizing markers on said second
      track.
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ABST
PAL  A fast foward mechanism, for use in a magnetic tape player having a housing
      with an opening adapted to receive an exchangeable tape cartridge,
      includes a bracket mounted to the play capstan housing for providing
      support for a fast forward capstan. The bracket is movable between a first
      position wherein the fast forward capstan is disengaged from a drive motor
      when the cartridge is in the playing position against the play capstan,
      and a second position wherein the fast forward capstan is driven by the
      drive motor and is positioned to engage the magnetic tape in the cartridge
      when the cartridge is out of the play position. Control means operatively
      connected to the bracket is provided to move the fast forward mechanism
      between the first position and the second position to advance the magnetic
      tape in the cartridge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the operation of magnetic tape cartridge players adapted to receive an
      exchangeable cartridge having magnetic tape thereon, because the reverse
      of the endless magnetic tape cannot be effected, it is desirable to have a
      fast forward feed mechanism to provide rapid selection of the desired
      reproduction. Previous tape playing devices have utilized apparatus
      wherein the fast forward feed of the magnetic tape is attained by speeding
      up the rotational speed of the play capstan for driving the tape. Such
      devices may increase the speed of the drive motor for the purpose of
      speeding up the rotational speed of the capstan to effect fast forward of
      the tape within the cartridge. However, when the play capstan is driven at
      a speed which is substantially greater than the record speed, effectuating
      a fast forward movement of the tape, the flywheel coupled to the capstan
      tends to resist this change in rotational speed. The initial resistance of
      the flywheel to either an increase or a decrease in rotational speed
      requires the utilization of an expensive powerful motor capable of at
      least two rotational speeds and capable of rapidly accomplishing the
      change in rotational speeds. In such systems a problem is presented that
      if the flywheel is even slightly misaligned the rotation of the flywheel
      at high speeds can result in damaging vibrations which impair the
      efficiency of the tape drive mechanism.
PAR  Still other fast forward mechanisms utilize idler rollers engageable with
      the play capstan to effect the fast forward drive of the tape within the
      cartridge by rotating the play capstan at a higher speed. However, such
      structures are mechanically complicated, costly to manufacture and require
      precise manufacturing tolerances in order to obtain the desired result.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a fast forward mechanism for
      use in a magnetic tape player adapted to receive an exchangeable
      cartridge.
PAR  Another object of this invention is to provide a fast forward mechanism for
      use in a magnetic tape cartridge player which utilizes a single speed
      drive motor for normal operation and to drive the fast forward capstan to
      advance the magnetic tape within the cartridge.
PAR  A further object of this invention is to provide a fast forward mechanism
      for use in a magnetic tape cartridge player wherein the fast forward
      capstan is provided to engage the magnetic tape when the cartridge is out
      of the play position to drive the same in a fast forward manner.
PAR  Briefly, a preferred embodiment of the fast forward mechanism according to
      the present invention includes a bracket mounted to the play capstan
      housing. The bracket pivots about the play capstan housing and includes a
      bearing housing for the fast forward capstan, which housing positions and
      holds the fast forward capstan parallel to the play capstan. The fast
      forward capstan includes a pulley mounted thereto which is connected by a
      belt to the drive motor. The drive motor includes a drive shaft which
      includes twin drive pulleys mounted thereto, one pulley connected by a
      drive belt with the flywheel attached to the play capstan and the other
      pulley connected by a drive belt to the fast forward capstan. The bracket
      is movable by a control arm between a first position wherein the fast
      forward capstan is disengaged from the drive motor when the cartridge is
      in the play position with the tape therein against the play capstan, and a
      second position wherein the cartridge is moved out of the play position
      and the fast forward capstan is positioned to engage the magnetic tape in
      the cartridge to advance the same, and the fast forward capstan is driven
      by the drive motor through the drive belt.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic perspective view of a tape player utilizing the
      fast forward mechanism of this invention;
PAR  FIG. 2 is a perspective view in partial section of a portion of a magnetic
      tape player incorporating the fast forward mechanism according to the
      invention;
PAR  FIG. 3 is a top view of the fast forward mechanism when a cartridge is
      inserted into the tape player in playing position; and
PAR  FIG. 4 is a top plan view showing the operation of the fast forward
      mechanism when the cartridge is out of the playing position and the fast
      forward mechanism is in operation.
DETD
PAC  DETAILED DESCRIPTION
PAR  The fast forward mechanism of this invention has particular utility when
      used in conjunction with a magnetic tape player, particularly of the
      cartridge type. Referring now to FIG. 1, there is seen a magnetic tape
      player, designated generally by reference numeral 10, which includes a
      housing having an entryway 12 for receiving a cartridge 14. A quantity of
      endless tape is supported within the cartridge 14 and a magnetic head 26
      (FIG. 2) is provided within the player 10, as is well known in the art.
      The cartridge 14 may include an indexing notch 15 which receives a camming
      wheel or roller mounted to a cartridge locking mechanism (not shown)
      preferably of the type disclosed in U.S. Pat. No. 3,485,500 issued on Dec.
      23, 1969 and assigned to the same assignee as this application. Volume and
      tone controls 16 and 18, respectively, may be provided as necessary. Also,
      a fast forward control button 19 is provided at the front panel of the
      player.
PAR  As shown by FIG. 2, a cartridge receiving chamber 20 is formed within the
      magnetic tape player 10 by a sheet metal chassis 24 which includes a
      cartridge support member 21 having a side support wall 22. Mounted to the
      cartridge support member 21 is a capstan housing 23 which houses the play
      capstan 25 in a predetermined position with respect to the cartridge
      locking mechanism of the type disclosed in U.S. Pat. No. 3,485,500. A
      transducer head 26 is positioned on support member 21 to cooperate with
      the magnetic tape within the cartridge 14. Additionally, projecting
      through an opening 29 in support member 21 is a cartridge disengaging
      lever 31 slidably mounted to support member 21, which lever is engaged by
      the fast forward mechanism to disengage cartridge 14 from the playing
      position, as will hereinafter be described. When cartridge 14 is in the
      playing position, a cartridge or pinch roller 30 (FIG. 3) mounted within
      the cartridge holds the tape against the play capstan 25 to permit the
      play capstan to drive the tape at a predetermined speed.
PAR  A motor 32 having a shaft 33 extending outwardly therefrom is mounted to
      the support member 21. Coaxially mounted on the shaft 33 are twin drive
      pulleys 34 and 35, respectively. Drive pulley 34 is connected by drive
      belt 37 to flywheel 38 mounted to the capstan 25. Drive pullye 35 is
      selectively connected by drive belt 39 to the fast forward mechanism
      through a fast forward pulley 40, coaxially mounted with the fast forward
      capstan 42, as will hereinafter be described.
PAR  The fast forward mechanism of the present invention includes a pair of
      brackets or plates 44 connected together by bar 47 which are mounted to
      the capstan housing 23. The brackets 44 provide an upper and lower support
      for the fast forward capstan 42, which is mounted to the brackets by
      seating the fast forward capstan 42 in bearings 45 mounted in brackets 44.
      The bearings 45 support and hold the fast forward capstan 42 in a vertical
      aligned relationship with respect to the play capstan 25. The fast forward
      pulley 40 is selectively connected by drive belt 39 to drive pulley 35 on
      shaft 33 of motor 32. A guide bracket 60 mounted to side member 22 and
      having an opening 62 therein is adapted to receive and guide end portion
      49 of a fast forward actuator arm 50 mounted in the housing 12. The fast
      forward actuator arm 50 extends outwardly from housing 12 and is attached
      to the fast forward control button 19 (FIG. 1). Spring means 65 is
      provided to bias actuator arm 50 to the outward at rest position. The
      actuator arm 50 includes an arm portion 52 mounted by pin 53 to
      operatively connect top bracket 44 to the fast forward control button 19
      (FIG. 1). Actuator arm 50 includes also an ejector arm portion 54 which is
      engageable with pivot arm 55 mounted to support member 21 by fastener 56.
      Pivot arm 55 is engageable with ejector portion 36 of disengaging lever 31
      to control the disengagement of cartridge 14 away from engagement with
      capstan 25, as will hereinafter be described.
PAR  In FIG. 3, a cartridge 14 has been inserted into the cartridge receiving
      chamber 20, such that the roller of the cartridge locking mechanism (not
      shown) engages the cartridge notch 15 to hold the cartridge 14 and the
      attendant cartridge pressure roller 30 against the capstan 25 in playing
      position, in a manner well known in the art. In such a case, the magnetic
      tape is pressed between the capstan 25 and pressure roller 30, the capstan
      being rotationally driven by drive belt 37 connecting drive pulley 34 of
      drive motor 32 with flywheel 38 to impart motion to the magnetic tape to
      drive the same across the transducer head 26. When the cartridge 14 is
      held in the playing position, the drive belt 39 selectively connecting the
      drive pulley 35 of motor 32 with the fast forward pulley 40 on the fast
      forward capstan 42 is slack such that the fast forward capstan is not
      rotating or being driven. Additionally, when the cartridge is in the
      playing position, the fast forward capstan 42 is positioned and held by
      brackets 44 such that the fast forward capstan does not engage the
      cartridge.
PAR  When it is desired to advance the magnetic tape within cartridge 14 in a
      fast forward manner, the fast forward control button 19 is pushed inwardly
      thereby causing the fast forward actuator arm 50 and arm portion 52 to
      rotate bracket 44 about the capstan housing 23. The inward movement of
      actuator arm 50 causes ejector arm portion 54 to engage pivot arm 55 to
      rotate arm 55 about fastener 56. As pivot arm 55 rotates, it engages
      ejector portion 36 of disengaging lever 31 to move the lever 31 forwardly.
      As the disengaging lever 31 moves forwardly, it engages the cartridge
      locking mechanism, as is well known in the art, such that the cartridge 14
      remains engaged in the player but is moved a predetermined distance from
      the play capstan. When the cartridge has been moved a predetermined
      distance, the rotation of bracket 44 about the capstan housing 23
      positions and engages the fast forward capstan 42 with the magnetic tape
      in cartridge 14 between the fast forward capstan and pressure roller 30.
      At this point the slack in drive belt 39 connecting drive pulley 35 of
      drive motor 32 with the fast forward pulley 40 has been removed and the
      fast forward capstan 42 is rotationally driven by motor 32 to drive the
      magnetic tape in a fast forward manner, as illustrated in FIG. 4.
PAR  When it is desired to stop the fast forward movement of the magnetic tape
      in cartridge 14, control button 19 is released and spring means biases the
      actuator lever 50 to the outward at rest position. The outward movement of
      actuator lever 50 pivots bracket 44 and the fast forward capstan 42 away
      from the magnetic tape in cartridge 14 and provides slack in the drive
      belt 39 to disengage drive motor 32 from the fast forward pulley 40.
      Release of control button 19 permits the cartridge locking mechanism to
      return the cartridge 14 to its original play position against the play
      capstan, as is well known in the art.
PAR  Because the diameter of the fast forward pulley 40 is substantially less
      than the diameter of flywheel 38, the fast forward capstan 42 is driven at
      a rotational speed substantially greater than the rotational speed of
      capstan 25. Such an increased rotational speed permits the user of the
      magnetic tape player to advance the magnetic tape within the cartridge 14
      at a tape speed of about ten times the normal speed of the tape when
      engaged by capstan 25. Importantly, the fast forward mechanism of the
      instant invention does not alter or interfere with the normal play
      operation of the magnetic tape player 10, with respect to the speed of
      operation of the play capstan 25 when the cartridge is in the playing
      position, because the fast forward mechanism operates independently of the
      tape drive mechanism. Consequently, the fast forward mechanism does not
      degrade wow or flutter characteristics, as takes place in many of the
      prior attempts to develop a fast forward mechanism in magnetic tape
      players.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a magnetic tape cartridge having a housing with an opening adapted to
      receive an exchangeable cartridge having magnetic tape thereon, and a
      transducer head positioned to be adjacent the tape in the cartridge for
      cooperating therewith, the combination including:
PA1  a play capstan mounted in the housing for engagement with a pressure roller
      in the cartridge to drive the magnetic tape past the transducer head,
PA1  drive means mounted in the housing including a tape drive motor operatively
      connected to said capstan for rotating said capstan,
PA1  fast forward means selectively engageable with said drive means, and having
      means adapted to engage the pressure roller in the cartridge to move the
      same,
PA1  bracket means mounted in the housing for providing support for said fast
      forward means, said bracket means being movable between a first position
      wherein said fast forward means is disengaged from said drive means when
      the cartridge is in the play position against said capstan and a second
      position wherein said fast forward means is engaged by said drive means
      and said means thereof is positioned to thereby engage the pressure roller
      in the cartridge when the cartridge is out of the play position to advance
      the magnetic tape therein, and
PA1  actuating means operatively connected to said bracket means to move the
      same between said first position wherein said fast forward means is
      disengaged from said drive means and said second position wherein said
      fast forward means is engaged by said drive means to advance the magnetic
      tape in the cartridge.
NUM  2.
PAR  2. The magnetic tape player according to claim 1 further including
      disengaging means mounted in the housing for moving the cartridge a
      predetermined distance away from the play position against said play
      capstan.
NUM  3.
PAR  3. The magnetic tape player according to claim 2 wherein said disengaging
      means includes a pivot arm mounted to the housing and a release lever
      engageable with the cartridge, said pivot arm being engageable with said
      actuating means and said release lever such that upon movement of said
      actuating means from said first position to said second position, said
      pivot arm is rotated to move said release lever thereby moving the
      cartridge a predetermined distance away from the play position against
      said capstan.
NUM  4.
PAR  4. The magnetic tape player according to claim 1 wherein said drive means
      includes a tape drive motor having a shaft extending therefrom and first
      and second drive pulleys coaxially mounted therein, with said first pulley
      being coupled to said capstan and said second pulley being coupled to said
      fast forward means.
NUM  5.
PAR  5. The magnetic tape player according to claim 1 wherein said means adapted
      to engage the magnetic tape in the cartridge includes a fast forward
      capstan.
NUM  6.
PAR  6. The magnetic tape player according to claim 1 wherein said actuating
      means includes a control button and linkage means coupling said control
      button to said bracket means, said control button being movable to cause
      said linkage means to move said bracket means between said first and said
      second positions.
NUM  7.
PAR  7. The magnetic tape player according to claim 1 wherein said bracket means
      includes first and second mounting plates each having bearings therein for
      receiving and holding the fast forward means in vertical aligned position
      with respect to said capstan.
NUM  8.
PAR  8. The magnetic tape player according to claim 1 wherein said fast forward
      means includes a capstan having a pulley coaxially mounted thereto
      selectively engageable with said drive means.
NUM  9.
PAR  9. In a magnetic tape cartridge player having a housing with an opening
      adapted to receive an exchangeable cartridge having magnetic tape thereon,
      and a transducer head positioned to be adjacent the tape in the cartridge
      for cooperating therewith, the combination including:
PA1  a capstan having a flywheel coaxially mounted thereto,
PA1  a capstan housing mounted in the player housing for receiving and
      positioning said capstan for engagement with a pressure roller in the
      cartridge to drive the magnetic tape past the transducer head when the
      cartridge is in the play position against the said capstan,
PA1  a drive motor mounted in the housing and having an armature and first and
      second drive pulleys coaxially mounted to said armature, said drive motor
      operatively connected to the flywheel for rotating said capstan,
PA1  a fast forward capstan having a pulley coaxially mounted thereto, said
      pulley being selectively engageable with said drive motor for rotating
      said fast forward capstan with said fast forward capstan adapted to engage
      the pressure roller in the cartridge to move the magnetic tape,
PA1  bracket means mounted in the housing for providing support for said fast
      forward capstan, said bracket means being movable between a first position
      wherein said fast forward capstan is disengaged from said drive motor when
      the cartridge is in the play position against said capstan and a second
      position wherein said fast forward capstan is engaged by said drive motor
      and said fast forward capstan is positioned to engage the pressure roller
      in the cartridge when the cartridge is out of the play position to advance
      the magnetic tape therein, and
PA1  actuating means operatively connected to said bracket means for moving the
      same between said first position wherein said fast forward capstan is
      disengaged from said drive motor and said second position wherein said
      fast forward capstan is engaged by said drive motor to advance the
      magnetic tape in the cartridge.
